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ABSTRACT

Mercuric chloride (HgClz) pollution and poisoning has been a worldwide health concern for
decades, especially after the industrial revolutions. The aim of this study was to investigate
the role of resveratrol in reversing the deleterious effects of HgClz exposure to resume the
normal functions of hepatocyte. To achieve the study, mature Sprague Dawley rats were
assigned to five groups. Negative control group (C) kept without any treatment; vehicle-
treated group (D) received dimethyl sulfoxide (DMSO); resveratrol-treated group (R),
received 100 mg/kg of resveratrol; HgClz-intoxicated group (HD), received i.p. injection of
HgCl: at a dose of 1 mg/kg for 30 consecutive days along to oral gavage of DMSO; and finally
HgClz-intoxicated group treated with resveratrol (HR) as same treatment strategy of R-
group. At the endpoint of the experiment, blood samples were collected for biochemical liver
function tests along with serum concentrations of malondialdehyde (MDA), glutathione
(GSH), body weight, as well as histopathological investigation was done too. Study results
revealed a significant (P<0.05) elevation in serum AST, ALP, GGT, and MDA in HD group in
comparison with HR group. However, resveratrol treatment has led to a significant (P<0.05)
increase in serum levels of GSH in HR group in comparison with the HD group.
Histopathological sections showed vacuolar degeneration in HD hepatocytes while
resveratrol treatment protected the hepatocytes against the chemical injury. Altogether, It
is concluded that resveratrol administration has the ability to increase the resistance of liver
against the HgClz-induced hepatotoxicity via increase the antioxidant yields such as GSH
resulted in reduction of hepatocellular texture damage.
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INTRODUCTION

hemical poisoning is one of the recent era health

problems due to exponentially progress of
industrial revolution and many heavy metals are
introduced to manufacture different daily demanded
materials led to poor quality of air as well as water (1).
Mercury (Hg) is a harmful heavy metal to human health.
Inorganic Hg (Hg**) is produced through the combustion of
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application. Numerous studies have shown that Hg is
hazardous to a variety of organs, including the brain system
and immune system (2), mercury poisoning can happen by
eating, inhalation, or skin absorption. It can also infiltrate
red blood cells or plasma. Mercury is mostly metabolized in
the liver, where it can build up and cause severe hepatic
damage (3). Mercury and its products contain a wide range
of contaminants. The aquatic environment causes
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destruction effects on aquatic animals. Many common
forms of mercury in ecosystems. This is "elemental
mercury”, an organic substance such as ethyl],
methylmercury, and inorganics (4, 5).

The liver is a vital organ that is engaged in numerous
metabolic processes and a frequent target for several
toxicants. The liver has been linked to the accumulation and
excretion of mercury. One of the primary processes
implicated in hepatotoxins-induced liver damage is
oxidative stress, which is constantly increased by a
combination of reactive oxygen species (ROS)
overproduction and endogenous antioxidant capacity
decrease (6).

Resveratrol, which is present in some plants, fruits, and
derivatives like red wine, has a variety of health benefits,
which it may be because of the way it is structured (7). It
functions as an antioxidant activity by scavenging free
radicals and chelating metal ions, which reduces or stops
lipid oxidation (LPO) through altering many cellular
antioxidant pathways. As an antioxidant, anti-platelet, anti-

inflammatory, cytoprotective, neuroprotective, anti-
hyperlipidemic, anti-carcinogenic, cardioprotective,
immunomodulatory, vasorelaxant, and antidiabetic,

resveratrol has attracted increasing attention (8).
Resveratrol has been well-documented as anti-
inflammatory (9), anti-asthmatic (10), inhibitor of early
parasitemia in dogs (11), anti-oxidant (12), anticancer (7)
and so many other biological properties. This study aimed
to investigate how natural antioxidants, such as resveratrol,
can ameliorate the severity of liver injury exposed to
mercuric chloride.

MATERIALS AND METHODS
Ethical Approval

Before performing any experiment, the experimental
design and protocols used in current study were examined
and approved by the Ethics Committee of the College of
Veterinary Medicine, University of Baghdad, Baghdad, Iraq
under Animal Utilization Protocol Certificate P.G. 1293.

Experimental Animals

Forty-five of 8-10-week-old female Sprague Dawley rats
weighed between 170-220 g were obtained from the animal
house of the College of Veterinary Medicine, University of
Baghdad. All rats were housed in specific room belong to
the Department of Physiology, Biochemistry and
Pharmacology, College of Veterinary Medicine, University
of Baghdad. The rats were accommodated in plastic cages
(20x30x50 cm3) with stainless-steel wire mesh lids and
were allowed a two-week adaptation period prior to the
commencement of the experiment. Food and drink were
freely accessible, in addition, the dark/light cycle were
approximately equal all the experiment periods.
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Experimental Design

The animals were randomly allocated into five groups,
each undergoing a distinct treatment regimen. The
Negative Control Group (C) served as the baseline, where
rats were kept without any medication, ensuring a standard
reference for comparison. In contrast, the Vehicle Group (D)
involved rats receiving an oral administration of dimethyl
sulfoxide (DMSO) for 30 consecutive days, prepared at the
same diluted rate as the resveratrol discussed in the
subsequent section. The Resveratrol (R)-Treated Group
was provided with an oral resveratrol supplement at a dose
of 100 mg/kg daily, continuing this treatment for 30 days,
as informed by methodologies outlined in references 9, 13,
and 14. The Challenged Group (HD) differed in its approach,
with rats receiving daily intraperitoneal injections of
mercuric chloride (HgClz) at a dose of 1 mg/kg, coupled
with oral DMSO administration, spanning a 30-day period,
following protocols detailed in studies 15 and 16. Finally,
the Challenged/Treated Rats (HR) experienced a combined
treatment, receiving both HgCl2 and resveratrol (HgCI2 +
RES) in the same regimen as defined for the R and HD
groups.

Preparation of Resveratrol (RES)

Supplement capsules of 200 mg trans-resveratrol (Now,
USA) was used in order to prepare homogenous solution,
contents of two supplement capsules which were mixed
rigorously with 500 puL of DMSO and once the solution
became homogenized, 3500 pL of distilled water was added
to achieve 100 mg/mL resulted then the RES-treated
animals were administered 0.1 mL per each 100 g body
weight (100 mg/kg BW).

Preparation of HgCl, Solution

The following method is used to create HgCL2 solution.
Ten mg of mercury chloride was dissolved in distilled water
up to 10 ml, and the final concentration was 1 mg/mL. Thus,
every 10 g of body weight of rats received 0.1 mL of the
HgCl2 solution.

Blood Samples

At the endpoint of the experiment, all animals were
anesthetized deeply with an overdose of 4 mg/kg of
xylazine and 150 mg/kg of ketamine mixture (17). Blood
samples were obtained by using capillary pipettes to
rupture the retro-orbital plexus vein to collect the dripping
blood in a gel-enhancing blood clot tubes at the endpoint of
the experiments.

Perfusion the Organs

In order to obtain clear histopathological images, the
blood was perfused to avoid it from the extravasation into
internal organs during the euthanasia process. Briefly, once
the animal being under deep anesthesia, the ribcage was
opened up and the right atrium was cut then heparinized
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PBS was perfused through the heart ventricle to wash out
the blood before collecting the target tissues for
histopathology investigation.

Liver Collection

The liver was excised and weighed accurately by using
sensitive electronic balance. The liver was preserved in
formalin for histology after being weighed.

Studied Parameters

Liver function tests were evaluated following previous
study (19) by using liver enzyme Kits.

Aspartate transaminase (AST), Alanine transaminase
(ALT) and Alkaline phosphatase (ALP) kits (Abbott, USA).
Briefly, AST present in the sample catalyzes the transfer of
the amino group from L-aspartate to 2-oxoglutarate, in the
presence of pyridoxal-5'-phosphate, forming oxaloacetate
and L-glutamate. ALT presents in the sample catalyzes the
transfer of the amino group from L-alanine to 2-
oxoglutarate, in the presence of pyridoxal-5'-phosphate,
forming pyruvate and L-glutamate. Pyruvate in the
presence of NADH and lactate dehydrogenase (LD) is
reduced to L-lactate. The Activated the AST and ALT
reagent is based on the optimized formulation as
recommended by the International Federation of Clinical
Chemistry (IFCC). Moreover, ALP in the sample catalyzes
the hydrolysis of colorless p-nitrophenyl phosphate (p-
NPP) to give p-nitrophenol and inorganic phosphate. In
term to prepare serum samples for analysis, 0.85% to
0.90% NaCl saline was used to dilute the samples by using
the Architect Systems auto dilution following to the
manufacturer recommendations.

Gamma-Glutamyl Transferase (GGT) assay

GGT kit (MyBioSource, Canada) is an Enzyme-Linked
Immunosorbent Assay (ELISA). All reagents, samples and
standards, were prepared at room temperature, then 40 pL
of biological samples were used then mixed with 10 pL of
anti-GGT antibody in the sample wells. Later, 50 pL of
streptavidin-HRP added to sample wells and standard
wells. Then the plate was covered with a sealer. Incubated
for 60 minutes at 37 °C. Between each step, the plate was
washed 4-5 times. Substrate solution A and B were added.
Incubated for 10 min at 37 °C and then added stop solution
and color was developed. The OD value was read within 10
min (19, 21).

Antioxidant status was evaluated in serum by
measuring the Glutathione (GSH) assay: This experiment
utilized a rat-specific kit (MyBiosource, Canada) of double-
sandwich ELISA technique to measure the serum levels of
GSH. All reagents, samples and standards were prepared
and incubated at 37 °C for 90 min with shaking, then
washed the plate, added the biotinylated antibody working
solution, incubated at 37 ° for 60 min then washed three
times before adding the enzyme working solution, and then
added the color reagent solution, incubated at 37° for 30
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minutes. At the end, OD values were recorded within 10
minutes after stop solution being added.

Malondialdehyde (MDA) assay: This experiment used
double-sandwich ELISA technique and the ELISA Kit
(MyBiosource, Canada). The pre-coated antibody is the
human MDA monoclonal antibody, and the detecting
antibody is polyclonal antibody with biotin labeled.
Samples and biotin labeling antibody were added into
ELISA plate wells and washed out with TBS. Then Avidin-
peroxidase conjugates were added to ELISA wells in order;
Use TMB substrate for coloring after reactant thoroughly
washed out by PBS or TBS. TMB turns into blue in
peroxidase catalytic and finally turns into yellow under the
action of acid. The color depth and the testing factors in
samples were positively correlated. 450 nm detection
wavelength filter, 570 nm or 630 nm correction wavelength
filters.

Body weight was measured weekly from the beginning
of the study till the end of the experiment.

Histopathology exam was applied to collected liver
specimens by using hematoxylin and eosin staining
techniques.

Statistical Analysis

Collected data were statistically analyzed by using
GraphPad Prism 8 software (GraphPad Inc., USA). Five rats
per group were used as determined by power analysis
unless stated differently. Average value* standar error
mean (SEM) was represented in every parameter value.
When there was comparison between two experimental
groups, the students t-test was used to calculate the
statistical differences post Holm-Sidak correction for
multiple comparisons. While statistical comparison was
achieved among three or more of experimental groups, the
One-way ANOVA and Tukey’s multiple comparisons post-
hoc test was performed. Two-way ANOVA test was
performed to calculate the two factorial effects of time and
treatment strategy on the body weight of experimental
animals. A P-value less than 0.05 was considered significant
difference for all experiments and depicted as follows,
*P<0.05, **P<0.01, ***P<0.001 and #P<0.0001, or different
alphabet letters were used too to denote the statistical
differences among the groups in table-based data
visualization.

RESULTS

Ameliorative effects of resveratrol treatment on the
liver function

Current study results revealed significant (P<0.05)
increase in the serum levels of AST enzyme in comparison
to all other study groups (Figure 1A). GGT, concentrations
were significantly (P<0.05) higher in HD group in
comparison with the HR group (Figure 1B). Moreover,
resveratrol treatment to R-group led to significant (P<0.05)
reduction in ALP concentration in comparison to the HD
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group (Figure 1C), but ALP enzyme levels were not changed
among the other groups. In other hand, the mercuric
chloride toxicity did not change the ALT in comparison with
the other groups (Figure 1D). Interestingly, neither
administration of DMSO nor resveratrol to healthy rats
caused significant changes in AST, ALP or ALT levels in
comparison to the control group (Figure 1A, C, and D).

Redox system rebalanced by administration of
resveratrol to the rats exposed to HgCl2-mediated
hepatotoxicity

Administration of resveratrol has improved the balance
between the concentration of oxidant agent represented by
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malondialdehyde (MDA) concentration in study groups and
enhanced the antioxidants production in other side. Study
results showed that there was a significant increase
(P<0.05) in MDA concentrations in HD group in comparison
with all other study groups (Figure 2A). Interestingly, the
administration of resveratrol to the HgCl2-intoxicated
group (HR) led to significant increase (P<0.05) of total
glutathione level in comparison with HD group (Figure 2B).
Furthermore, treating healthy rats with DMSO or
resveratrol did not cause any oxidative stress concluded via
concentrations of MDA levels.
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Figure 1. Evaluation of liver function via some serum biochemical tests in experimental rats post HgCl2 exposure. (A)
Aspartate transaminase (AST). (B) Gamma-glutamyl transferase (GGT). (C) Alkaline phosphatase (ALP). (D) Alanine
transaminase (ALT). (n=5). *P<0.05, **P<0.01, ***P<0.001, #P<0.0001; ns=non-significant
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Figure 2. Evaluation of redox system post exposure to HgCI2 intoxication in
experimental rats. (A) Malondialdehyde (MDA) concentration. (B) Glutathione
(GSH) concentration. (n=5); *P<0.05, **P<0.01, ***P<0.001, #P<0.0001.
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Ameliorative effects of resveratrol treatment on the
biomass of the chemical-injured rats
Weekly monitoring of the body weight changes had

revealed that chemical injury by mercuric chloride led to
significant (P<0.05) decline in the body mass in HD group

after three weeks in comparison to beginning of the
experiment (Table 1). Furthermore, administration of
resveratrol to HgCl2-injured rats (HR) led to significant
(P<0.05) increase in body weight of this group when
compared the initial and terminal weights four weeks post
HgCI2 poisoning (Table 1).

Table 1. Effect of different treatments and experimental timeline on the body weight deviation percentages (%) normalized to the initial weight at Day-0

Day Control (C) Vehicle (DMSO) Resveratrol HgCl + DMSO HgCl: + Resveratrol
0 100+7.80 Ba 100£7.90 42 100+6.70 B2 100+8.40 42 100+2.80 42
7 105+5.80 ABa 102+4.90 42 104+4.10 ABa 95.8+2.30 42 104+1.50 4=
14 109+5.20 ABa 110£3.30 42 107+4.40 282 97.6+2.60 A2 108+1.90 42
21 116+2.50 4Ba 110+£2.70 Aab 113+£3.70 ABab 98.6+2.70 4b 110+£2.20 Aab
28 120+1.70 42 111+3.90 Ab 119+3.60 42 99.2+2.50 4b 111+42.10 4ab

Mean+SEM, n=5. A-BUppercase superscripts denote significant differences among different time points within the same treatment group. #bLowercase superscripts indicate
significant differences among treatment groups at the same time point. Two-way ANOVA test was used for statistical analysis. DMSO, Dimethyl sulfoxide

Figure 3. Histopathological sections of liver tissues following a 30-day period (H&E stain, 40x). (A) Control group (C) shows no pathological lesions. (B)
HgCl, + DMSO (HD) group shows degenerative changes (red arrows) and rare apoptotic or necrotic cells (black arrow) of hepatocytes. (C) HgCl. + DMSO
(HD) group following 30 days period shows infiltration of inflammatory cells (white arrows). (D) HgClz-intoxicated (HD) group shows vacuolar
degeneration (green arrows). (E) HgClz + Resveratrol (HR) group shows normal histological structure with mild dilatation in sinusoids (yellow arrows)
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Resveratrol administration protected the hepatic
tissue and enhanced the repair of oxidative stress-
mediated damaged liver parenchyma

Microsection of control liver did not show any
pathological lesions except mild sinusoid dilatation (Figure
3A). Exposing rats to mercuric chloride contamination for
30 days was enough to cause deleterious effects on the
hepatic tissue represented by degenerative features such as
increase apoptotic cells (Figure 3B) and profound of
infiltrating inflammatory cells (Figure 3C) and vacuolar
degeneration of the hepatocytes (Figure 3D).
Supplementing animals with resveratrol led to protect the
hepatic tissue against the toxic effects of HgClz poisoning to
look like normal tissue at the end of the experiment with
mild sinusoid dilatation (Figure 3E).

DiscussioN

The clinical biochemical parameters ALT, AST, and ALP
are thought to be helpful in determining liver toxicity. In
Figure 1A, the concentration of serum AST in HD group is
higher than other groups. The current study showed an
increase in AST concentration that was consistent with
other values, the interpretation is the outcome of tissue
damage due to hepatocellular necrosis (22). The
concentration of serum ALT did not significantly change in
the study groups. However, Figure 1C showed increase of
serum ALP in HD group, such a shift in liver enzyme activity
may also be accompanied by a change in the balance of
oxidants and antioxidants (Figure 2). Important indicators
as biomarkers of liver dysfunction in clinical observations
are an acute intoxication-induced hepatocellular injury and
an increase in serum ALT, AST, and ALP activities. These
findings are confirmed by earlier research. (23). Figure 1A
shows significant increase of AST in HD group that could
explain the increase of apoptosis or necrosis in hepatocytes
(24). Furthermore, significant elevation of GGT levels in HD
groups (Figure 1B) could also be helpful indicator for
presence of oxidative stress, (25) through the metabolism
of GSH which in turn plays important role of redox
homeostasis (26) as shown in Figure 2A, B. These changes
collectively could explain the histopathological findings of
our study highlighting the exacerbation of necrosis or
apoptosis rate as well as infiltrating of immunocytes to the
hepatic parenchyma (27, 28). Immunological response
against the mercury exposure could be pleomorphic forms
depending on the animal species and its sensitivity (29).
However, immunotoxicity is one of the expected outputs
generated by immune system against exposure to mercuric
chloride intoxication may lead to multiple organs
dysfunction (29).

Exposure to mercury chloride toxicity led to an increase
in the oxidative stress that in turn enhanced the MDA
production (Figure 2A) and reduction in production of GSH
(Figure 2B), these results came in consistence with results
of previous research who found that exposure to mercury
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chloride results in increase the MDA along with reduction
in GSH concentrations in mice (30) and elevation of MDA
levels in rats (16). GSH plays specific functions in defending
the body against mercury toxicity. Mercury attaches to GSH,
forming a complex that stops mercury from attaching to
cellular proteins and harming enzymes and tissue. Mercury
binds to GSH, and the removal of intracellular GSH as a
consequence lowers the levels of GSH in the cell and lowers
the antioxidant capacity of the cell (26, 31-33).

In Table 1, we can notice in group HD significantly
decrease weight in HD group that exposed to HgCl:
intoxication in comparison with the control group, this
could be due to alterations in metabolism rate and
neuropathic complications that derive loss of appetite (34)
and agree with the findings of (16). In addition, we noticed
a gradual increase in the weight of the rat in group HD in
the fourth week of the experiment. This increase in weight
seen in our study could be resulted from body's adaptive
response to systemic toxicity being minimized (35, 36) and
this also was declared by other researcher who found that
the immunological response to mercury toxicity is varied
according to the animal species and strain, particularly that
the rats are more tolerant to mercury toxicants than mice
or even Brown rats (29). Or it could be due to increase the
status of oxidative stress (Figure 2A) which is also may lead
to disturbance in the animal development ends with an
increase in the body mass index (37). In other hand,
treatment of resveratrol to HgClz-intoxicated rats (HR
group) has reversed most of deleterious markers, AST
(Figure 1A), GGT (Figure 1B), MDA (Figure 2A) which
reflected on the liver tissue soundness (Figure 3E) and the
body weight gaining (Table 1). These positive effects of
resveratrol might be due to its chemical nature as
polyphenolic antioxidant and other properties (7-11).

Current study results of resveratrol are streamed with
other studies who have found that administration of
resveratrol led to ameliorative effects during exposure to
different metal intoxication (38), such as cadmium (39, 40),
aluminum (41). Collectively, it can conclude that chemical
poisoning such as in mercuric chloride contamination is a
health concern thatleads to liver injury even in small traces.
While the resveratrol has the potent ability to ameliorate
oxidative stress status through its well-known antioxidant
and anti-inflammatory and could be used as protective
supplement during the exposure to mercuric contaminants
through mentioned properties and repair or at least
prevent the parenchymal damage of hepatic tissue
especially to workers who deal with mercury composed
products.
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