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ABSTRACT

This study designed to evaluate the ameliorative effect of Selenium and vitamins A, C, E
combination administration in the form of film coated tablets (Se-ACE) on induced neurological and
reproductive disorders resulted from mercuric chloride (HgCl,) toxicity in rats. Twenty four adult
female rats were allocated into four groups each of six rats. Group I: served as control, group II: was
administrated Se-ACE (5 mg/kg), group III: intoxicated with HgCl, (4 mg/kg) and group IV: received
both HgCl, + Se-ACE. Rats were given all treatments orally for 14 consecutive days. Intoxication with
HgCl, caused a significant increase in Hg concentration in brain and ovary homogenates,
histopathological alterations in rat brain hippocampus and striatum as well as ovary architecture, DNA
damage, and marked reduction in acetylcholine esterase (AChE) activity, progesterone (Ps), luteinizing
(LH) and follicle stimulating hormones (FSH) levels. Also, HgCl, toxicity generated imbalance in
antioxidant-oxidant status in neuronal and ovarian tissue through raising the reactive oxygen species
(ROS), lipid peroxidation (LPO) and nitric oxide (NO) levels and a decrease in activity of super oxide
dismutase (SOD) and glutathione (GSH) levels compared to rats of control group. Concurrent treatment
with HgCl, and Se-ACE pharmaceutical combination restored these parameters near to normal range
when compared to HgCl, intoxicated animals. Hence, our results suggest that Se-ACE tablets exhibited
a protective and ameliorative potential against neurological and reproductive impairments caused by
HgCl, toxicity.
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Introduction

Mercury (Hg) is considered to be one of the most prevalent heavy metals. For as far as 3000
years, it was resorted to in medicines (as disinfectants and vaccines), in gold mining, and in the
industrial field (fluorescent lamps, batteries, thermometers and thermostats); moreover, it was used
therapeutically as a cathartic, diuretic, anti-inflammatory and also in dental amalgams (Clarkson et
al., 2003). Mercury is an extremely toxic and continual heavy metal that can bio-accumulate and bio-
magnify in the food chain which in turn would render it dangerous to living organisms (Deepmala
et al., 2013). Furthermore, there are substantial studies exploring the destructive activity of mercuric
chloride on the DNA that causes genotoxicity (Ghosh et al., 1991). The harmful effects of heavy metals
can, in part, be owing to oxidative damage by the development of reactive oxygen species (ROS) (Stohs
and Bagchi, 1995). The oxidative stress emerging with the formation of ROS can bring forth the
increase of many pathological alterations (Morakinyo et al., 2012). Vitamin C (ascorbic acid) is
regarded as a powerful antioxidant and enzyme cofactor which can protect essential molecules in the
body, e.g. proteins, lipids, and nucleic acids from being harmed by free radicals and ROS that are
produced during normal metabolism and through the exposure to toxins (Combs Jr and Geradd 2012).
Vitamin C also has the ability to regenerate vitamin E (a-tocopherol) from its oxidized form (Bruno et
al., 20006) that shields cellular membranes and lipoprotein surfaces from lipid peroxidation (Al-Othman
et al., 2011). The simultaneous effect of antioxidants like selenium and vitamin E is being the
most decreasing agent of ROS toxicity (Aslam et al., 2010). Selenium is a vital trace element for
animals and humans, that can defend the cells against oxidative damage by the expression of
selenoprotein genes and through anti-inflammatory means (Said et al., 2014). Furthermore, vitamin A
(retinol) plays different roles that include sustaining the stability of cell membranes and nerve sheaths,
and the synthesis of adrenal cortical hormones (Maya-Soriano et al., 2013)
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To the best of our knowledge, no previous research has investigated the protective effects of the
pharmaceutical combination of Se with vitamins A, C, E treatment on Hg-induced brain and ovary
toxicities. Hence, the current study was conducted to assess the beneficial effects of this combination
treatment on the oxidative stress induced by HgCl, in the brain and ovary in female albino rats.

Materials and Methods

Materials
Mercuric chloride (HgCl,; 99% purity) was obtained from Sigma Aldrich (Germany). Selenium-
ACE film Coated Tablets were purchased from Sigma pharmaceutical industries.

Animals

A number of 24 healthy female albino rats weighing between (170-200 g) were subjected to this
study. The rats were obtained from the animal house of the National Organization for Drug Control and
Research Egypt (NODCAR). They were kept in plastic cages, six animals in each cage and they were
left to adapt to the laboratory conditions for the period of one week before starting the experiment. The
rats were kept under regulated conditions at 224+3°C and 12:12 h light-dark cycle. Their basic diet
consists of 10% casein, 4% cotton seed oil, 4% salt mixture, and 1% vitamin mixture, 80.8% of
carbohydrates (sucrose and starch 1:1) and choline chloride 0.2% (American Institute of Nutrition,
1980). The procedures of the study were approved by state authorities in line with the scientific
protocols for animal protection (NODCAR/ 11/26/19).

Experimental Design

The rats were allocated into four groups randomly each of which consisted of six rats. All the
groups were fed orally through the use of a gastric gavage for the period of 14 successive days. The
groups were labeled as : group 1, normal control group, given 1 ml of distilled water per day; group 2
received the therapeutic dose of Se-ACE which was calculated based on the average dose prescribed
for human and was converted to equivalent dose for rat according to Paget and Barnes (1964). Hence,
a rat, whose weight ranges between 170-200 g, was given a dose of 5 mg/kg b wt. dissolved in 1ml
distilled water daily. Group 3 was administered mercury chloride (HgCl,) at dose of 4 mg/kg b wt. daily
dissolved in 1 ml distilled water based on the method of Sheikh ef al. (2013) and group 4 was treated
with a mixture of 4 mg/kg b wt of HgCl, + 5 mg/kg b wt. of Se-ACE per day.

General Toxicity Test

There were no mortality cases in either the treated or the untreated groups of rats throughout the
experiment. In addition, clinical signs that indicate toxicity e.g. unusual salivation, flicking movements,
shiver, head and forelimb clonuses, spasms, in coordination, diarrhea, increased dieresis didn't show on
any of the rats treated with HgCl, intoxicated group control, Se-ACE treated control alone or HgCl,+
Se-ACE intoxicated treated group.

Tissue Preparation

On day 15 of the experiment, all rats were decapitated. Blood samples were collected and serum
was separated for assessing hormones levels and acetyl cholinesterase activity. The brain and ovary
tissues were instantly dissected out. Parts of tissues were fixed in stained slides for light microscope
investigations and DNA damage examination. The other parts of tissues were homogenized in ice-cold
Tris—HCL buffer (150 mM, pH 7.4), centrifuged and kept at -80°C for the biochemical analysis. The
w/v ratio of the tissue to the homogenization buffer was 1: 10 w/v.

Concentration of Hg in Brain and Ovary

The Hg residual in the brain and the ovary of the rats in each group was determined by Hg
analyzer (ICP-MS Triple quad 8800) based detection of Hg concentration in tissues in accordance with
a technique that resembles the one applied in Parker et al. (1976). Each sample was operated in 3
replicates, with 6 rats in each replicate. The findings were stated as micrograms per gram dry weight.
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Direct total concentration of Hg was measured rather than HgCl, due to the fact that over 90% of
Hg in brain and ovary was in the form of HgCl, (Bloom, 1992 and Amlund et al., 2007).

Sex Hormone Assays

Follicle-stimulating hormone (FSH), luteinizing hormone (LH) and progesterone (P4) levels were
assessed in serum through the use of enzyme -linked immunosorbent assay (ELISA) kits (NanJing
Jiancheng Co. Lot DF00008) according to the guidelines of the manufacturer.

Determination of Acetyl cholinesterase Activity

Serum cholinesterase activity was assayed following method of Ellman et a/. (1961) and its
modifications added by (Gorun ef al., 1978). This method is based on the measurement of the frequency
of production of thiocholine rate in consequence of acetylthiocholine hydrolysis.

Determination of reactive oxygen species (ROS) content

In order to measure the level of ROS generated in the brain and ovary tissues, the method of
Vrablic ef al. (2001) was used which was built upon assessing the intracellular conversion of nitro
blue tetrazolium (NBT) to formazan by superoxide anion.

Assessment of lipid peroxidation (LPO)

In the tissues of the brain as well as the ovary, the technique of Uchiyama and Mihara (1978) was
adapted to measure the thiobarbituric acid reactive substances (TBARS) formation that were regarded
as an evident of lipid peroxidation .

Determination of Nitric oxide (NO) level
Nitric oxide was assayed calorimetrically in the brain and ovary homogenates according to the
technique of Green ef al. (1982).

Determination of superoxide dismutase (SOD)

The activities of neuronal and ovarian antioxidant enzyme as superoxide dismutase (SOD)
activity were assessed by the technique of Nishikimi et al. (1972). This assay depends on the capability
of the enzyme to hinder the phenazine methosulfate-mediated decrease of nitroblue tetrazolium (NBT)
dye. NBT method is considered to be suitable to define the two forms of SOD which are MnSOD, and
Cu/ ZnSOD.

Assay of reduced Glutathione concentration (GSH)
Decreased glutathione (GSH) concentration levels in the brain and ovary homogenates were
measured according to the method of Ellman (1959).

Histopathology preparation

In order to record histological changes, autopsy samples from various groups were dissected
and fixed in Bouan's solution (for brain) and10% formalin (for ovary) for about 24 hours then the
samples were washed, dehydrated , made clear in xylene and inserted in paraffin for tissue blocks
preparations. Blocks were made into section each at 4-5 microns thickness by microtome. The acquired
tissue sections were put on glass slides, deparaffinized, stained by hematoxylin and eosin (H&E) for
microscopic investigation (Banchroft et al., 1996).

Analysis of Apoptosis by AO/EB.

Acridine orange/ethidium bromide (AO/EB) dual stain was applied for the discovery of the mode
of cell death after administering each treatment. A positive slides paraffin sections of rat brain and ovary
stained by fluorescent DNA-binding dyes based on Coligan et al. (1995) and Ribble et al. (2005)
methods, (AO/EB: 100 pg/mL each in phosphate buffer saline; PBS) (Sigma-Aldrich, St. Louis, MO,
USA). Fluorescence microscopy enabled the observation and visualization of the cell morphology.
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Statistical Analysis

The data of this work were examined through the use of SPSS version 20. The significance of
discrepancies in the values between the control and treated animals was identified using one-way
analysis of variance (ANOVA), which was succeeded by Duncan’s test for multiple comparisons.
Figures were drawn by Origin Program version 8. All values were stated as means + SEM considering
a level of significance between values at P<0.05.

Results

Effect of Se-ACE on the Accumulation of Hg in Tissue

There was a significant increase in the concentration of Hg (p < 0.05) in the tissues homogenates
of the brain and ovary of the rats that were given HgCl, at a dose of 4 mg/kg for the period of the 14
days of the experiment compared to the normal control group. Alternatively, the level of this heavy
metal didn't change significantly in the group that was treated with Se-ACE at a dose of 5 mg/kg.
Besides, the administration of Se-ACE accompanied by the treatment with HgCl, significantly lessened
Hg accumulation in both tissues in comparison with the rats treated with HgCl, alone but still kept
higher levels than that of the control group (Tablel).

Table 1: Levels of mercury chloride (HgClz) in brain and ovary tissues homogenate of female albino
rat in the four groups after 14 consecutive days experimental period treatments.
Mercury (Hg) level (ug/ kg rat b.wt.)

Groups Brain Homogenate Ovary Homogenate

Control 0.27 + 0.006 0.48+ 0.006

Se-ACE 0.26 + 0.004 0.46+ 0.005

HgCl: 17.29 + 0.207* 18.54+ 0.115°

HgCL+Se-ACE 13.23+0.069 9.43+ 0.064™
Values are Mean + SEM,

HgCl,: mercury chloride, Se :selenium, ACE: Vitamins A, C and E.
“P<0.05: Significantly different from control
bP<(.05: Significantly different from HgCl,-treated group.

Effect of Se-ACE and Hg on Serum Levels of Progesterone, LH, FSH and AChE

The data in table (2) presented the changes in the female sex hormone that resulted from Hg
exposure. The treatment with HgCl» (4 mg /Kg b.wt./day) significantly reduced (p < 0.05) serological
progesterone, LH and FSH as they are compared to their equivalent levels in normal control rats. In the
meantime, the administration of Se-ACE to animals treated with HgCl, ameliorated this decrease. The
rats that were treated with both Se-ACE and HgCl, exhibited a noticeable rise in P4, LH, and FSH
concentration, in comparison with the rats that were treated with HgCl, only.

Table 2: Effects of Selenium-ACE pharmaceutical combination on serum Follicle-stimulating hormone
(FSH), Luteinizing hormone (LH) and Progesterone (P4) levels and acetylcholine esterase
(AChE) enzyme activity in rats exposed to mercuric chloride (HgCl) in female albino rat
after 14 days experimental period of treatments.

Serum Sex Hormones Levels ( nIU/ml ) Serum AChE
Groups LH FSH Progesterone (U/L)
(P4)
Control 10.56+ 0.166 6.43+ 0.289 0.74+ 0.026 1075+ 36.05
Se-ACE 13.68+ 0.495 7.4124+0.335 0.875+ 0.043 1086+ 43.12
HgCL» 5.02+0.376* 3.42+0.189* 0.39+0.011° 735+ 34.09*
HgClL+Se-ACE 7.65+0.361% 5.54+ 0.165° 0.64+0.019° 973+ 43.15°

Values are Mean + SEM,

HgCl,: mercury chloride, Se :selenium, ACE: Vitamins A, C and E.
“P<0.05: Significantly different from control

bP<(.05: Significantly different from HgCly-treated group.
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Nevertheless, the LH level was kept significantly lower than the normal control group. Also, the present
findings signified that HgCl, led to significant prevention in the activity of serum AChE in the rats for
it returned to its normal level as that of the control group when treated with Se-ACE which shielded the
rats against toxicity of mercury.

Effect of Se-ACE on Hg-Induced Oxidative Stress in the neuronal and ovarian Tissues

The rats that were subjected to HgCl, exhibited a disturbance in the redox status in the brain and
ovary homogenates as shown by the apparent rise (p < 0.05) of ROS (Figure 1), LPO and NO (Figure
2). The increase of these oxidants was accompanied by a decline in GSH content and the activity of
SOD (Figure 3) in comparison with their levels in the control rats. Se-ACE -gavages rats did not exhibit
a significant change in the levels of the aforementioned oxidative stress indicators after 14 days of the
treatment. In addition, Se-ACE co-treatment with HgCl. - exposed rats restored the oxidant/antioxidant
balance in both organs homogenates.
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Fig. 1: Effects of Selenium-ACE film coated tablets on reactive oxygen species (ROS) levels in brain
and ovary of rats exposed to mercuric chloride (HgCly). All values are expressed as mean +
SEM (n = 6),

“P<(.05: Significantly different from control

bP<(.05: Significantly different from HgCl-treated group.
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: Effects of Selenium-ACE film coated tablets on lipid peroxidation (LPO) and nitric oxide (NO)
levels in brain and ovary of rats exposed to mercuric chloride (HgCl»). All values are expressed
as mean £ SEM (n = 6).

2P<(.05: Significantly different from control
bP<(.05: Significantly different from HgClo-treated group.
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Fig. 3: Effects of Selenium-ACE film coated tablets on reduced glutathione (GSH) content and
superoxide dismutase (SOD) activity in brain and ovary of rats exposed to mercuric chloride
(HgCl). All values are expressed as mean + SEM (n = 6).

2P<(.05: Significantly different from control

bP<(.05: Significantly different from HgClo-treated group.

Effect of Se-ACE on Hg-Induced -DNA Damage in Tissues

AO/EB stained sections were applied to visualize nuclear alterations and apoptotic body
construction that are attributes of apoptosis. AO (Acridine Orange) is a nucleic acid selective
fluorescent cationic membrane-permeable dye that has the ability to stain all cells, thus making the
nuclei appear green. Whereas, EB (Ethidium Bromide) is a dye that is taken up by cells only when
cytoplasmic membrane integrity is lost, consequently, the DNA of the nucleus will keep a red stain. AO
pervades all cells and stains the nuclei green, while EB is only taken up by the cells that lose their
cytoplasmic membrane wholeness and stains the nucleus red. Hence, the colors of the cells are as
follows: live cells possess a normal green nucleus; early apoptotic cells possess bright green to yellow
nucleus with condensed or disjointed chromatin; late apoptotic cells exhibit fragmented orange
chromatin and cells that died from direct necrosis possess a structurally dark orange to red nucleus. In
the present work, the apoptotic and necrotic alterations in the rat brain and ovary tissues were examined
through the use of fluorescent microscopy (Figure 4). Sections of control group (Figure 4A and a) and
treated group with Se-ACE alone (Figure 4B and b) represent viable cells (green stained) with no zones
of necrosis (orange cells) or apoptosis (yellow cells). Sections of the Brain (Figure 4 C) and ovary
(Figure 4 c) of the group treated with HgCl, represent zones of necrosis (orange stained cells) with few
presence of viable cells. Besides, sections of the group treated with HgCl, + Se-ACE showed viable
cells but with many zones of sporadic underwent apoptotic cells in addition to the presence of zones of
necrotic cells. (Figure 4D and d).
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Fig. 4: Fluorescent imaging of sections in brain (capital letters) and ovary (Small letters) tissues stained
by EB/AO stain; [A,a]: Stained section of control group, [B,b]: Se-ACE treated rats, [C,c]:
HgCl2- intoxicated animals. [D,d]: received HgCI2+ Se-ACE treated group. Ethidium bromide
(dead cells, Orange red); while, acridine orange (living cells, Green and apoptotic cells,
yellow).

Histopathological Changes in Neuronal Tissue Following Se-ACE and/or HgCl,

The investigation and recording of histopathological changes in stained brain sections of the
rats in the control group and the rats in the Se-ACE treated group exhibited regular histological structure
of the brain regions including the cerebral cortex and subiculum , fascia dentate and hilus of
hippocampus (Figure 5A and B) .
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Fig. 5: A photomicrographs of sections of brain hippocampus and cerebral cortex after different
treatments; [A]: Stained section of control rats showing normal histological structure of the
cerebral cortex , hippocampus ( normal neuron ‘arrow’, subiculum , fascia dentate and hilus),
[B]: Se-ACE treated animals showing normal cellular architecture , [C]: intoxicated- HgCl»
rats, showing congestion in the blood vessels of cerebral cortex and nuclear pyknosis and
degeneration in neurons of the fascia dentate and hilus [D]: received HgCl,+ Se-ACE treated
section showing no histopathological alteration in cerebral cortex and hippocampus . H and E
stain, X40.

In addition, normal striatum and cerebellum structure were noted (Figure 6A and B). Contrarily,
administering only HgCl: led to intense toxicity in sections of the cerebral cortex signified by congestion
in the blood vessels. Still there was no histopathological change in the subiculum of the hippocampus
while some neurons in the fascia dentate and hilus exhibited nuclear pyknosis and degeneration (Figure
5C). Additionally, the striatum in this group revealed focal astrocytosis with neuronal damage besides
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focal gliosis (Figure 6C). Also, HgCl+ Se-ACE treated sections exhibited normal histological
architecture of cerebral cortex and hippocampus (Figure 5D), but they also showed focal gliosis and
astrocytosis in the striatum (Figure 6D).

Fig. 6: A photomicrographs of sections of brain striatum ‘St” and cerebellum after different treatments;
[A]: Stained section of control rats showing normal histological structure of the striatum and
cerebellum, [B]: Se-ACE treated section showing normal cellular architecture , [C]: section of
intoxicated - HgCl, group showing focal astrocytosis with neuronal damage in the striatum as
well as focal gliosis [D]: received HgClx+ Se-ACE treated section showing mild focal gliosis

and astrocytosis in the striatum . H and E stain, X40.

Histopathological Changes in Ovarian Tissue Following Se-ACE and/or HgCl,

As shown in Figure 7 , the histopathological examination with light microscopy of the ovary of
the rats in both the control group and Se-ACE treated group (Figures 7A and B, respectively) displayed
a typical histological structure of different phases of follicular maturation and corpus Iuteum in the
female rat ovary.

Fig. 7: A photomicrographs of sections of rat ovary after different treatments; [A]: Stained section of
control ovary showing normal histological structure of different stages of follicular maturation
and corpus luteum(CL) [B]: Se-ACE treated section showing no histopathological alteration in
normal architecture,[C]: section from intoxicated - HgCl, demonstrating the proliferation of
the interstitial stromal cell (Int) with congestion in the blood vessels in medullary portion as
well as multiple numbers of corpus luteum in the cortex region [D]: received HgCl,+ Se-ACE
treated section showed restoration of histopathological alterations. H and E stain, X40.

The ovary from the animals treated with Hg revealed some histopathological changes, including
proliferation of the interstitial stromal cell with congestion in the blood vessels in medullary portion
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along with multiple numbers of corpus luteum in the cortex region of the ovary (Figure 7C), whereas
giving Se-ACE orally to HgCl, treated rats significantly alleviated these abnormalities (Figure7D).

Discussion

The consumption of fishes that live in the rivers, oceans and lagoons that are contaminated with
mercury (Hg) imposes a high risk factor on human health because the intoxication with Hg can cause
a large number of adverse neurological (Patrick, 2002), renal, respiratory, immunological,
dermatological (Risher and Amler, 2005), reproductive and developmental disorders (Kalender et al.,
2013). These disorders include congenital abnormalities (Elghany et al., 1997), anovulation (Davis et
al., 2001), decreased pregnancy probability, increased early abortion and deaths (Burbacher et al.,
1988). Furthermore, the exposure to Hg whether due to the occupational or the environmental aspects
is proven to have damaging effects on cellular, hematological, cardiovascular and endocrine systems
(Souza deAssis et al., 2003 and Rice et al., 2014). Hence, the current work concentrates on the
limitation of mercuric chloride (HgCl>, 4 mg/kg) toxicity in female rats by orally ingestion and treating
with Se-ACE (5 mg/kg) for the 14 days of the experiment period through the evaluation of oxidative
markers levels, DNA damage, level of hormone secretion and histological observations. Exposing the
rats to HgCl led to an extremely significant rise in Hg content in brain and ovary. These results were
reinforced and demonstrated by Altunkaynak ez al. (2016) who detected that after exposing the rats to
Hg, it could be deposited and stored in the ovaries of young rats and cause the disorder of follicular
atresia, impact the architectures of ovary, lead to abnormalities in ovulation and hormonal irregularity.
In the current study, this follicular toxicity is associated with significant decrease of blood P4, FSH
and LH levels. Besides, FSH and LH are the main constituents of the hypothalamic pituitary-gonadal
axis and play an essential part in adjusting reproductive function (Petersen et al., 2003). So, this
decrease denoted that the elevation of follicular atresia due to Hg exposure was connected to the reduced
secretion of P4, FSH, and LH levels .Oxidative stress has a key role in the process of reproductive
toxicity, such as increasing follicular atresia and disturbing sex hormone secretion (Mirzaei et al., 2017).
In addition, Hg exhibits its central nervous system toxicity by producing high levels of ROS (Xu et al.,
2012; Vanithasri and Jagadeesan, 2013), hence varying the functions and structure of cerebrum,
cerebellum and medulla oblongata (Rao and Purohit, 2011). HgCl, leads to the death of pyramidal
neurons of the cornu ammonis3 (CA3) with alteration of the layered microanatomy of the neurons with
some neurons exhibiting characteristics matched with pyknosis and some with karyolysis (Stevens and
Lowe, 2000). These findings go in accordance with the results that were published by Owoeye and
Farombi, (2015). The deterioration of Purkinje cells detected in HgCl inducted cerebellum especially
the complete loss of nuclear materials evidently displays the harm done to DNA by its toxicity (Uma et
al., 2012 and Bernhoft, 2012). Therefore, we explored the effect of HgCl, and the treatment with Se-
ACE on neuornal and ovarian antioxidant- oxidative status in female rats. Reactive oxygen species
(ROS) and its metabolites undergo a lot of research due to their vital role in cellular physiology
and pathogenesis of different ailments (Mehta ef al., 2009). Formerly, it was stated that HgCl, raised
the creation of ROS that may cause lipid peroxidation as shown by MDA level in tissues and instigate
oxidative stress (Durak et al., 2010 and Haibo et al., 2011). MDA is considered to be a sign of raised
production of free radicals which could harm and disturb the lipid bilayer of membrane causing cellular
dysfunction (Abolaji et al., 2016). The current findings showed that the increase of MDA content and
ROS level in the brain and ovary of HgCl, intoxicated group brought cell injury which goes in
accordance with data of Bharathi et al. (2012). Moreover, rats which are terrestrial animals, have
developed non-enzymatic and enzymatic antioxidant systems to shield from the oxidative stress and
balance the cellular generation of ROS. SOD and GSH are essential constituents of the antioxidant
defense system and perform crucial roles in reducing the potential toxicity of ROS (Finkel and
Holbrook, 2000). It was stated in a preceding study that antioxidant enzymes could present a shielding
role against oxidative stress caused by Hg and promote the essential components of the antioxidant
defense system in the ovary of laying hens (Ma et al., 2018). Remarkably, the current work revealed
that the activities of SOD and decreased GSH contents were all significantly reduced as a result of Hg
exposure. As the antioxidant system became unable to remove or neutralize the extra of ROS, the risk
of oxidative injury as a result of lipid peroxidation accumulation increased. This could consequently
reduce the enzyme activities or even deteriorate main constituents of the antioxidant defense system.
These findings were in accordance with report of Morcillo ef al. (2016). The achieved findings go in

177



Middle East J. Appl. Sci., 10(2): 169-182, 2020
EISSN: 2706 -7947 ISSN: 2077- 4613 DOI: 10.36632/mejas/2020.10.2.19

accordance with preceding reports that detected tissue damage from administering HgCl,. It has been
connected with oxidative damage following the formation of extremely reactive hydroxyl radical (OH)
and other intermediate outcomes which induced lipid peroxidation after mercuric ingestion. This may
result in the damage and change of the role of biomembranes, eventually leading to the development of
various pathological processes (Bharathi et al., 2012). Furthermore, free radicals from the mercuric ion
has the ability to inactivate several enzymes by obstructing the functional sites through binding to
sulthydryl groups, which are part of catalytic or binding domains (Rao and Purohit, 2011). The increase
in the SOD activities and GSH may be regarded as an adaptive process to counteract the raised free
radicals produced by HgCl, exposure in the brain which goes in accordance with the reports of
Ebokaiwe et al., (2013). It was stated that mercuric chloride can significantly hinder the antioxidant
enzyme activities in different rat tissues (Kalender ef a/., 2013 and Aslanturk ez al., 2014). The reduced
SOD activity in the mercuric chloride-treated rats may be because of an extreme construction of
superoxide anions that could have an effect on the enzyme structure (Bharathi ez al., 2012).
Furthermore, Mahboob et al. (2001) reported that when the rats were subjected to HgCl,, changes in
LPO, glutathione reductase (GR), glutathione peroxidase (GPx), SOD and GSH levels in different
organs took place.

The toxic consequences of mercury have also been evident in oligodendrocytes, astrocytes,
cerebral cortical and cerebellar granular neurons taken from embryonic and neonatal rat brains (Yee
and Choi, 1996). Moreover, (Howard et al., 1991) stated the possible ability of HgCl, toxicity to damage
the DNA.

Se-ACE coated film tablets possess an anti-oxidant potential through their noted ability to
suppress oxidative stress biomarkers such as ROS, NO and LPO which were amplified according to
HgCl, toxicity. The antioxidant activity of these tablets is due to the existence of selenium as well as
some vitamins including A, C and E. Chiefly, selenium, which is considered to be a vital trace element
for animals and humans, enjoys a detoxification effect on different heavy metals and can shield the cells
against oxidative harm by the expression of selenoprotein genes and via anti-inflammatory mechanisms
(Said et al., 2014). Vitamin E (a-tocopherol) exists naturally and is considered to be the most essential
lipid-soluble, chain-breaking antioxidant that shields cell membranes and lipoprotein surfaces against
oxidation by reacting with the free radicals developed in the lipid peroxidation chain reaction (Rendon-
Ramirez et al., 2007; Traber and Atkinson, 2007). It was established that vitamin E has a defensive role
against the heavy metal toxicity in the animals that were subjected to experiments and it can also prevent
protein oxidation resulting from mercury intoxication (Agarwal et al., 2010). The synergistic effect of
antioxidants such as selenium and vitamin E plays the most influential role in decreasing the storing
and toxicity of ROS (Aslam er al., 2010). Vitamin E has the ability to eliminate the free radical
intermediates, stop the oxidation reaction from being prolonged and hence, decrease lipid peroxidation
in different brain regions. Vitamin C, which is regarded as a powerful antioxidant, can stop the oxidative
stress prompted by other toxicants e.g. hexavalent chromium and sodium arsenite( Samuel ez al., 2011).
Thus, vitamin C can counteract the unwanted effects of HgCl, through the inhibition of oxidative stress.
Moreover, vitamin C can remove free radicals and shield proteins against their damaging effect;
consequently stopping the loss of proteins and the decrease in the thickness of zona pellucida and
volume of the oocyte and its nucleus (Mehranjani and Mansoori , 2016).

The findings established that administering mercury chloride at a dose of (4 mg/kg b.wt.)
significantly inhibited the activity of AChE in the serum of the rats that were treated with HgCl, in
comparison with the control group rats. AChE is an enzyme which is responsible for hydrolysis and
hence acetylcholine deactivation in the nervous system. The activities of AChE and antioxidant
enzymes were also recovered concurrently in comparison with the rats treated with HgCl, only after
administering Se-ACE and this goes in accordance with Giiney et al. (2007) observation. He stated that
the enhancing effect of vitamins E and Con AChE raised level and ovarian toxicity in rats caused by
methidathion. In addition, the existence of Se against Hg produced an improvement in the toxic effect
of Hg on the activity of AChE. Consistent with the present results, El-Demerdash (2001) established
that serum and brain AChE were reduced in Hg-inducted rats. The influence of mercury could be due
to its combination with the SH group of the enzyme causing conformational alterations and subsequent
inactivation. The extremely lipophilic nature of methyl mercury (Me Hg) leads to its ability to unite
with the active phospholipid constituent of the enzyme, producing subsequent inhibition. Furthermore,
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the inactivation of AChE enzyme, which is a consequence of the occupation of its active sites by
pollutants, was also proposed (Shaw and Panigrah, 1990).

In short, the biochemical and histological observations of this study implies that co-
administration of Se-ACE and HgCl, could protect female rats from the neurological and ovarian toxic
effects of Hg, through the antioxidant potential of Se-ACE pharmaceutical formula.

Conclusion

Treating female rats with mercuric chloride for 14 consecutive days induced massive disturbances in
the measured biochemical, molecular, hormonal parameters and histological architecture of brain and
ovary. However, the concomitant treatment with Se-ACE coated film tablets, efficiently protected the
rats against these toxic changes via their potent antioxidant capacity. Therefore, it is recommended to
present this potent antioxidant combination to persons who are vulnerable to mercuric chloride toxicity
to protect them against its adverse influences.

Competing interests
The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

References

Abolaji A.O., O.A Adesanoye, I. Awogbindin and E.O. Farombi, 2016. Endocrine disruption and
oxidative stress implications of artemether—lumefantrine combination therapy in the ovary and
uterus of rats. Hum Exp Toxicol, 35: 1173-1182.

Agarwal R., S.K. Goel, R. Chandra and J.R. Behari, 2010. Role of vitamin E in preventing acute
mercury toxicity in rat. Environ Toxicol Phar., 29: 70-78.

Al Othman, Z.A., Y.B.H. Ahmed, M.A. Habila and A.A.Ghafar, 2011. Determination of Capsaicin and
Dihydrocapsaicin in Capsicum Fruit Samples using High Performance Liquid Chromatography.
Molecules, 16: 8919-8929.

Altunkaynak, B.Z., N. Akgiil, A. Yahyazadeh, M.E. Altunkaynak, A.P. Turkmen, H.M. Akgiil and B.
Unal, 2016. Effect of mercury vapor inhalation on rat ovary: stereology and histopathology. J
Obstet Gynaecol Res., 42(4):410-416.

American Institute of Nutrition, 1980. Second report of the ad hoc committee for experimental animals.
J. Nutr. 107: 1726.

Amlund, H., A.K. Lundebye and M.H.G. Berntssen, 2007. Accumulation and elimination of
methylmercury in Atlantic cod (Gadus morhua L.) following dietary exposure. Aquat Toxicol
83; 323-330.

Aslam, F., A. Khan, M.Z. Khan, S. Sharaf, S.T. Gul and M.K. Saleemi, 2010. Toxico-pathological
changes induced by cypermethrin in broiler chicks: Their attenuation with Vitamin E and
selenium. Exp Toxicol Pathol., 62: 441-450.

Aslanturk, A., M. Uzunhisarcikli, S. Kalender and F. Demir, 2014. Sodium selenite and vitamin E in
preventing mercuric chloride induced renal toxicity in rats. Food Chem Toxicol., 70: 185-190.

Banchroft, J.D., A. Steve and D.R. Turner, 1996. Theory and practice of histological techniques.
Fourth Ed. Churchil Livingstone ,New York , London , San Francisco , Tokyo.

Bernhoft R.A., 2012. Mercury Toxicity and Treatment: A review of the literature. J Environ and Pub
Health, Article ID 460508, 1010; 1155-1156.

Bharathi, E., G. Jagadeesan and T. Manivasagam, 2012. Influence of s-allyl cysteine against mercuric
chloride induced nephrotoxicity in albino rats. J. Chem. Pharma. Res., 4(3), 1470-1474.

Bloom, N.S., 1992. On the chemical form of mercury in edible fish and marine invertebrate tissue. Can
J Fish Aquat Sci., 49, 1010-1017.

Bruno, R.S., S.W. Leonard, J. Atkinson, T.J. Montine, R. Ramakrishnan, T.M. Bray and M.G. Traber,
2006. Faster plasma vitamin E disappearance in smokers is normalized by vitamin C
supplementation. Free Radical Biology & Medicine, 40(4): 689-697.

Burbacher, T.M., M.K. Mohammed and N.K. Mottett, 1988. Methylmercury effects on reproduction
and offspring size at birth. Reprod. Toxicol., 1(4): 267-278.

179



Middle East J. Appl. Sci., 10(2): 169-182, 2020
EISSN: 2706 -7947 ISSN: 2077- 4613 DOI: 10.36632/mejas/2020.10.2.19

Clarkson, T.W., L. Magos and G.J. Myers, 2003. The toxicology of mercury - current Exposures and
clinical manifestation. N Engl J Med. ; 349; 1731-1737.

Coligan, J.E., A.M. Kruisbeek, D.H. Margulies, E.M. Shevach and W. Strober, 1995. Current protocols
in immunology. In: Coico R, editor. Related isolation procedures and functional assays, vol. 1.
John Wiley & Sons, Inc. 3.17.1.

Combs, J.R. and F. Gerald, 2012. Chapter 9 - Vitamin C. In: COMBS, GERALD F. The Vitamins
(Fourth Edition). Academic Press, San Diego, USA.

Davis, B., H. Price, R. O’Connor, R. Fernando, A. Rowland and D. Morgan, 2001. Mercury vapor and
female reproductive toxicity. Toxicol Sci., 59(2):291-296.

Deepmala, J., M. Deepak, S. Srivastav, S. Sangeeta, S.A. Kumar and S.S. Kumar, 2013. Protective
effect of combined therapy with dithiothreitol, zinc and selenium protects acute mercury induced
oxidative injury in rats. J Trace Elem Med Biol., 27; 249-256.

Durak, D., S. Kalender, F.G. Uzun, F. Demir and Y. Kalender, 2010. Mercury chloride induced
oxidative stress and the protective effect of vitamins C and E in human erythrocytes in vitro. Afr
J Biotechnol.,9: 488-495.

Ebokaiwe, A.P., [.A. Adedara, O. Owoeye and E.O. Farombi, 2013. Neurotoxicity of Nigerian bonny
light crude oil in rats. Drug Chem Toxicol., 36 (2), 187-195.

El-Demerdash, F.M., 2001. Effects of selenium and mercury on the enzymatic
activities and lipid peroxidation in brain, liver and blood of rats. J Environ Sci
Health, Part-B 36: 489-99

Elghany, N.A., W. Stopford, W.B. Bunn and L.E. Fleming, 1997. Occupational exposure to inorganic
mercury vapor and reproductive outcomes. Occup Med., 47(6):333-336.

Ellman, G.L., 1959:Tissue sulfhydryl groups. Arch. Biochem. Biophys., 82: 70-77.

Ellman, G.L., K.D. Courney, V.Jr. Andres and R.M. Featherstone, 1961. A new and rapid colorimetric
determination of acetylcholinesterase activity. Biochem. Pharmacol., 7; 88-95.

Finkel, T. and N.J. Holbrook, 2000. Oxidants, oxidative stress and the biology of aging. Nature,
408(6809):239-247.

Ghosh, A.K., S. Sen, A. Sharma and G. Talukder, 1991 Effect of chlorophyllin on mercuric chloride-
induced clasogenicity in mice. Food Chem Toxicol., 29; 777-779.

Gorun, V., 1. Proinov, V. Baltescu, G. Balaban and O.Barzu, 1978. Modified Ellman procedure for
assay of cholinesterases in crude enzymatic preparations. Anal Biochem., 86(1):324-6.

Green, L.C., D.A. Wagner, J. Glogowski, P. L. Skipper, J.S. Wishnok, and S.R. Tannenbaum, 1982.
Analysis of nitrate, nitrite and [15N] nitrate in biological fluids. Anal. Biochem., 126(1); 131-
138.

Giiney, M., H. Demirin, B. Oral, M. Ozgiiner, G. Bayhan and I. Altuntas, 2007. Ovarian toxicity in rats
caused by methidathion and ameliorating effect of vitamins E and C. Human & Experimental
Toxicology, 26; 491-498.

Haibo, Y., X. Zhaofa, L. Wei, D. Yu and X. Bin, 2011. The protective role of procyanidins and lycopene
against mercuric chloride renal damage in rats. Biomed Environ Sci., 24: 550-559.

Howard, W., B. Leonard, W. Moody and T.S. Kochhar, 1991. Induction of chromosome changes by
metal compounds in cultured CHO cells, Toxicol. Lett., 56, 179-186.

Kalender, S., F.G. Uzun, F. Demir, M. Uzunhisarcikli and A. Aslanturk, 2013. Mercuric chloride-
induced testicular toxicity in rats and the protective role of sodium selenite and vitamin E. Food
Chem Toxicol., 55: 456-462.

Kevin, M.R., M.W. Ernest, W. Miaozong, G. Chris and R.B. Eric, 2014. Environmental mercury and
its toxic effects. J Prev Med Public Health, 47(2):74-83.

Ma,Y., M. Zhu, L. Miao, X. Zhang, X. Dong and X. Zou, 2018. "Mercuric Chloride Induced Ovarian
Oxidative Stress by Suppressing Nrf2-Keap1Signal Pathway and its Downstream Genes in
Laying Hens". Biological Trace Element Research

Mahboob, M., K. F. Shireen and A. Atkinson, 2001. Lipid peroxidation and oxidant enzyme activity in
different organs of mice exposed to low level of mercury. J Environ Sci Health. Part B, 36: 687—
697.

Mehranjani, M.S. and T. Mansoori, 2016. Stereological study on the effect of vitamin C in preventing
the adverse effects of bisphenol A on rat ovary. Int J Reprod Biomed (Yazd). 14(6): 403—410.

180



Middle East J. Appl. Sci., 10(2): 169-182, 2020
EISSN: 2706 -7947 ISSN: 2077- 4613 DOI: 10.36632/mejas/2020.10.2.19

Mehta, A.K., N. Arora, S.N. Gaur and B.P. Singh, 2009. Choline supplementation reduces oxidative
stress in mouse model of allergic airway disease. Eur J Clin Invest., 39(10):934-41.

Mirzaei, M., M. Razi and R. Sadrkhanlou, 2017. Nanosilver particles increase  follicular atresia:
correlation with oxidative stress and aromatization. Environ Toxicol., 32(10):2244-2255.
Morakinyo, A.O., B.O. Iranloye, G.O. Oludare, O.J. Oyedele and O.0. Ayeni, 2012. Mercury chloride-

induced glucose intolerance in rats: Role of oxidative stress. Br J Pharmacol Toxicol., 3: 7-12.

Morcillo, P., M.A. Esteban and A. Cuesta, 2016. Heavy metals produce toxicity, oxidative stress and
apoptosis in the marine teleost fish SAF-1 cell line. Chemosphere. 144:225-233.

Nishikimi, M., N.A. Rao and K. Yagi, 1972. The occurrence of superoxide anion in the reaction of
reduced phenazine methosulphate and molecular oxygen. Biochem. Biophys. Res. Co. 46: 849—
864.

Owoeye, O. and E.O. Farombi, 2015. Tomato pomace protects against mercuric chloride-induced
neurodegeneration and motor abnormality in adult rat. Int. J. Biol. Chem. Sci., 9(3): 1142-1153.

Paget, G.E. and J.M. Barnes, 1964. Evaluation of drug activities, In: Pharmacometrics. Lawrence DR
and Bacharach AL, editors, New York :Academic press., Vol.1. Pp. 161.

Parker, M.M., F.L. Humoller and D.J. Mahler (1976): Determination of heavy metals in biological
material. Clin. Chem., 13,40.

Patrick, L., 2002. Mercury toxicity and antioxidants: Part 1: role of glutathione and alpha-lipoic acid in
the treatment of mercury toxicity. Review. Altern Med Rev.,7(6):456-71.

Petersen, S.L., E.N. Ottem and C.D. Carpenter, 2003. Direct and indirect regulation of gonadotropin-
releasing hormone neurons by estradiol. Biol Reprod., 69(6):1771-1778.

Rao, M. and A. Purohit, 2011. Neuroprotection by Melatonin on Mercury Induced Toxicity in the Rat
Brain. Pharmacology & Pharmacy, 2, 375-385.

Rendén-Ramirez, A., J. Cerbon-Solorzano, M. Maldonado-Vega, M.A. Quintanar-Escorza and J.V.
Calderon-Salinas, 2007. Vitamin-E reduces the oxidative damage on delta amino levulinic
dehydratase induced by lead intoxication in rat erythrocytes. Toxicol., 21, 1121-1126.

Ribble, D., N.B. Goldstein, D.A. Norris and Y.G. Shellman, 2005. A simple technique for quantifying
apoptosis in 96-well plates. BMC Biotechnol., 10: 5-12.

Rice, K.M., E.M. Walker, M. Wu, C. Gillette and E.R. Blough, 2014. Environmental mercury and its
toxic effects. J Prev Med Public Health., 47(2):74-83.

Risher, J.F. and S.N. Amler, 2005. Mercury exposure: evaluation and intervention the inappropriate use
of chelating agents in the diagnosis and treatment of putative mercury poisoning.
Neurotoxicology, 26; 691- 699.

Said, R.S., A.M. Badr, A.S. Nada and E. El-Demerdash, 2014. Sodium selenite treatment restores long-
lasting ovarian damage induced by irradiation in rats: Impact on oxidative stress and apoptosis.
Reprod Toxicol., 43; 85-93.

Samuel, J.B., J.A. Stanley, G. Vengatesh, R.A. Princess, S. Muthusami and D.P. Roopha, 2011..
Ameliorative effect of vitamin C on hexavalent chromium-induced delay in sexual maturation
and oxidative stress in developing Wistar rat ovary and uterus. Toxicol Ind Health, 28; 720-733.

Sheikh, T.J., B.J. Patel, D.V. Joshi, R.B. Patel and M.D. Jegoda, 2013. Repeated dose oral toxicity of
inorganic mercury in Wistar rats: biochemical and morphological alterations, Vet World, 6(8),
563-567.

Shaw, B.P. and A.K. Panigrah, 1990. Brain AChE activity studies in some fish species collected from
a mercury contaminated estuary. Water Air Soil Poll., 53, 327-334.

Souza, de Assis G.P., C.E.C. Silva, I. Stefanon and D.V. Vassallo, 2003. Effects of small concentrations
of mercury on the contractile activity of the rat ventricular myocardium. Comp Biochem Physiol.,
134: 375-383.

Stevens, A. and J. Lowe, 2000. Pathology. (2th edn). Mosby: Edinburgh, 28-33.

Stohs, S.J. and D. Bagchi, 1995. Oxidative mechanisms in the toxicity of metal ions. Free Radic Biol
Med., 18:321-336.

Traber M.G. and J. Atkinson, 2007. Vitamin E, antioxidant and nothing more. Free Radic. Biol. Med.,
43; 4-15.

Uchiyama M. and M. Mihara, 1978. Determination of malondialdehyde precursor in tissues by
thiobarbituric acid test. Anal Biochem; 86:271-278.

181



Middle East J. Appl. Sci., 10(2): 169-182, 2020
EISSN: 2706 -7947 ISSN: 2077- 4613 DOI: 10.36632/mejas/2020.10.2.19

Uma C., K. Poornima, S. Surya, G. Ravikumar and V.K. Gopalakrishnan, 2012. Nephroprotective effect
of ethanolic extract of Tabernaemontana coronaria in mercuric chloride induced renal damage in
Wistar albino rats. Int J of Chem Eng and App., 3(4): 269.

Varadharajan, Vanithasri, and G. Jagadeesan, 2013. Restoration of Antioxidant Activity by N-
acetylcysteine and Gallic Acid on Kidney Tissue of Mercuric Chloride Intoxicated Wistar Rats. ”
Int J Appl Biol Pharm., 4.4: 302-307.

Vrablic A.S., C.D. Albright, C.N. Craciunescu, R.I. Salganik and S.H. Zeisel, 2001. Altered
mitochondrial function and overgeneration of reactive oxygen species precede the induction of
apoptosis by  1-O-octadecyl-2-methyl-racglycero-3-phosphocholine  in  p53-defective
hepatocytes. Federation of American Societies for Experimental Biology Journal, 15: 1739-1744.

Xu F., S. Farkas, S. Kortbeek, F.X. Zhang, L. Chen, G.W. Zamponi and N.I. Syed, 2012. Mercury-
induced toxicity of rat cortical neurons is mediated through N-methyl-D Aspartate receptors. Mol
Brain, 5: 30.

Yee S. and B.H. Choi, 1996. Oxidative stress in neurotoxic effects of methylmercury poisoning.
Neurotoxicology, 17, 17-26.

182


http://en.wikipedia.org/wiki/Federation_of_American_Societies_for_Experimental_Biology



