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ABSTRACT

Mercuric chloride (HgCly,) is a highly toxic form of mercury and a harmful environmental
py . pollutant. This study investigated the protective effects of Turbo cornutus visceral extract against
=+ the damaging impacts of HgCl, exposure on growth rate, blood parameters, and histopathological
changes in various organs of rats. Turbo cornutus is a sea snail species whose visceral extract is
composed of a variety of antioxidants and could be easily available for the treatment of the
harmful effects induced by mercuric chloride. In this study, 40 male rats were randomly divided
into 4 groups (10 rats per 2 cages): control group (G1), group ingested with 200 mg/kg of T.
cornutus visceral extract (G2), group exposed to 1/20 of the LDsy dose of HgCl, (G3), and the last
group was toxic plus treatment group (G4) receiving the same doses as G2 and G3. After 5 weeks
of feeding, the rats were euthanized, and the results were recorded. The T. cornutus-treated rats
(group 2) showed stable measurements compared to the control group (G1). Exposure to HgCl,
resulted in alterations in growth rate, blood parameters, and histopathological changes, including
Kupffer cell enlargement in the liver, renal tubular damage, and heart edema. However, the
administration of Turbo cornutus visceral extract reduced the HgCl,-induced damage and
preserved the integrity of the organs. The obtained results demonstrate the protective effects of
Turbo cornutus visceral extract against HgCl,-induced toxicity in rats. The antioxidant properties
of the extract may contribute to its ability to mitigate the harmful effects of mercuric chloride
exposure. Further studies are needed to elucidate the underlying mechanisms and explore the
potential therapeutic applications of T. cornutus visceral extract in heavy metal toxicity
management.
Key words: Chromosomes; Histochemistry; Histopathology; Mercuric chloride; Protective effect;
Turbo cornutus.

INTRODUCTION (GSH), the Hg leaves the cell to circulate in lymph and
is deposited in other organs, there have been a lot of

Mercury is a potent environmental pollutant that studies in both humans and animals on the impacts of

poses significant risks to human health and wildlife.
Exposure to mercury, particularly in its inorganic form
such as mercuric chloride (HgClz), can lead to severe
pathological changes in various tissues, including the
liver, kidneys, and brain. These changes are often
characterized by oxidative stress, inflammation, and
cellular damage, ultimately resulting in compromised
organ function and increased morbidity. As a result,
there is a growing interest in identifying natural
compounds that can mitigate the harmful effects of
mercury exposure (Oriquat et al., 2012). Human body
accumulates the in-taken amounts of mercury in r
kidney, liver, and other tissues, mercury and its
compounds have the toxic scope of changing the nature
of biological proteins, enzymes, and the uptake and
release of neurotransmitters (Ezeuko et al., 2007).

The degree of mercury toxicity depends on its type
and chemical formula, mercuric chloride is a mercury
salt type, and it is found in a very poisonous form. It
has strong acute toxic effects and produces nephritis,
which affects the nervous system, besides
gastrointestinal dysfunction (Huang et al., 1996).
HgCl, forms organomercury complexes with proteins.
Once mercuric chloride is bound to the glutathione
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mercuric chloride in the renal system, liver, and
cardiovascular system (Boujbiha et al., 2009).

Human exposure to mercury primarily occurs
through the consumption of contaminated fish and
seafood, inhalation of mercury vapors, and dermal
contact with mercury-containing products. The effects
of mercuric pollution on the human body can be
profound and varied, impacting multiple organ
systems. Acute exposure can lead to neurological and
cognitive impairments, while chronic exposure is
associated with serious health issues, including kidney
damage, respiratory problems, and developmental
disorders in children. In addition, mercuric chloride
(HgCl) has been shown to induce significant
genotoxic effects in rats, affecting their chromosomes.
Moreover, exposure to mercuric chloride can lead to
DNA damage in various cells, including leukocytes.
This damage manifests as chromosomal aberrations,
which are indicators of genotoxicity and can lead to
various health issues in the affected organisms
(Paramijit et al., 2001). Understanding the sources and
effects of mercuric pollution is essential for developing
effective strategies to mitigate its impact on public
health and the environment.
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Protective Effects of Turbo cornutus Extract on HgCl,-Induced Damage in Rats

Turbo cornutus, commonly known as the horned
turban sea snail or Japanese turban shell, is a marine
gastropod mollusk found along the southern coast of
Korea, particularly on Jeju Island. The main habitats of
Turbo cornutus are the rocky intertidal zone and
shallow subtidal areas at depths up to 20 meters,
hallow subtidal areas at depths up to 20 meters, beds of
articulated coralline algae and rocky habitats with
water temperatures ranging from 20 to 25°C, occurring
along the Kuroshio Current in the northwestern Pacific
Ocean (Kim et al.,, 2022). In Egypt, this sea snail
inhabits regions rocky intertidal zones, coralline algae
beds and shallow subtidal areas that offer hard
substrates and abundant algae, making these
environments crucial for its survival and ecological
role in the marine ecosystem.

Turbo cornutus has several important aspects for
human health and the ecosystem. Among its
importance are their nutritional values where T.
cornutus is a good source of protein, lipids, and various
nutrients. It contains high levels of beneficial fatty
acids like arachidonic acid and n-3 docosapentaenoic
acid (Kim et al., 2022). T. cornutus also has potential
health benefits, where extracts from T. cornutus viscera
have demonstrated antioxidant effects against hydrogen
peroxide-induced oxidative stress in cells by regulating
MAPK and Akt signaling pathways. The ethanolic
extract of T. cornutus viscera also exhibits anti-
inflammatory properties (Kim et al., 2022; Saito and
Aono, 2014).). Meanwhile, it possess bioactive
peptides that may have important roles in promoting
anti-inflammatory mechanisms and protecting different
cell types.

Mitigating the effects of mercuric toxicity involves a
combination of prevention, treatment, and public health
strategies. Among the treatment that can be active and
ecofriendly is using T. cornutus extracts. Therefore our
study was designed to investigate the protective effects
of Turbo cornutus visceral extract (TCVE) against
pathological changes induced by mercury chloride
(HgCl,) in albino rat tissues. This includes assessing
various biological parameters such as growth rate,
chromosomal integrity, hematology, physiological
parameters, and histopathological changes that
occurred in liver, kidney and heart, in the treated rats.
By evaluating the chromosomal and histopathological
alterations in response to mercury exposure and
subsequent treatment with T. cornutus extract,
elucidation the potential of this marine mollusk as a
natural therapeutic agent could contribute to the
development of novel strategies for mitigating the
adverse effects of mercury toxicity, thereby enhancing
both environmental and public health.

MATERIALS AND METHODS

Ethical approval

This study was conducted in accordance with the
ethical procedures and policies established by the
Animal Care Committee at the Faculty of Science, Port
Said University, Port Said, Egypt (ERN: PSU.Sci.41).
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Chemical used: dosage and delivery Methods

Mercury(II) chloride (HgCl.), used in this study as a
toxic agent, was purchased from Sigma-Aldrich. The
lethal dose 50 (LDsg) of HgCl. was 75 mg/kg (Oriquat
et al., 2012). It was administered to rats in equal doses
in G3 and G4 cages (toxic and toxic plus treatment),
dissolved in saline solution (1:1 for W/V), and given
orally through the drinking water of the rats twice
weekly.

Turbo cornutus visceral extract (TCVE)

The T. cornutus snail was obtained from a seafood
market in Port Said, Egypt. The first step involved
washing its surface with distilled water and removing
the viscera. Afterward, the viscera were washed again
with distilled water, dried, and ground into a powder
using a grinding machine. The powder was then
dissolved in methanol (1:4 for W/V) for one day,
followed by filtration, which was performed three
times. The resulting mixture was placed in a rotary
evaporator at a temperature of 60°C, yielding a
concentrated extract. This extract was stored in glass
vials at -15°C for future use. The preparation method
was based on the protocols established by Cunha et al.
(2004) and Abu Almaaty et al. (2022).

Experimental design

This study was performed at the animal house in the
Faculty of Science, Port Said University. Forty male
albino rats (117-120 g) were obtained from the
veterinary animal center in Helwan City and randomly
classified into 4 groups, with each cage containing 10
rats (Figure 1). G1 served as the control group. G2
received a treatment dose of 200 mg/kg of T. cornutus
viscera extract (TCVE) (Abu Almaaty et al., 2022). G3
received a mercuric chloride dose of 1/20 of the LD50
(Oriquat et al., 2012). G4 received both the toxic dose
from G3 and the treatment dose from G2.

All groups had access to drinking water, regular
nutrients, and growth supplements in their diet. G2 and
G4 received their treatment dose three times weekly,
while G3 and G4 received their toxic dose twice
weekly. All cages were provided with a regular diet.
The experimental rats were maintained under ideal
constant environmental conditions, including a
temperature of 25+3°C, humidity of 45+3%, and a
suitable light-dark cycle. They were housed in plastic
cages.

This study was conducted for a period of 5 weeks.
Blood samples were collected in plastic tubes
containing anticoagulant. Subsequently, tissue proce-
ssing was performed on the kidneys, liver, and heart for
histopathological and histochemical examinations.

Measurement parameters

Growth rate

In this experiment, the body weight of each rat was
measured daily, three times per week. Body weight
gain was calculated using the following equation:

Weight current week _ Wel\ght pervious week
Welght pervious week
This calculation was performed for each group of
rats (n=10).

Growth rate =
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Figure (1): Experimental design showing different treatment groups
and the measured parameters.

Chromosomal preparation

After 5 weeks, the rats were fasted for one day. Five
rats from each group were injected intraperitoneally
with 0.5 ml of 1% colchicine one hour before sacrifice
to prepare for chromosomal examinations. Bone
marrow samples were then collected from the rats'
bones and processed using the method described by
Singh and Sankhla (2010). The chromosomal slides
were stained with Giemsa stain and subsequently
examined under an optical microscope.

Blood chemistry

An additional five rats in this study were euthanized,
and blood samples were collected from them (n=5 for
each group) in tubes containing anticoagulant. The
samples were mixed thoroughly to ensure homogeny-
ization and then centrifuged at 3000 rpm for 20 mins.

The obtained plasma was analyzed using a
spectrophotometer. Lactate dehydrogenase (LDH)
activity was evaluated according to the method
described by King and Weber (1986). Creatinine
kinase (CK) activity was determined following the
protocols established by Francis et al. (2023) and
Norman et al. (1977). Glucose levels were assessed
based on the method outlined by McMillin (1990).
Total protein concentration was determined following
the method of Waterborg (2009). The assay kits were
obtained from Bio-Diagnostic (Giza City, Egypt).
Histopathological and histochemical examinations

Samples of the liver, kidneys, and heart were
removed, washed with saline solution, then fixed with
neutral formalin solution (10%), and passed through
the tissue processing steps of dehydration, clearing,
embedding, and making paraplast wax blocks. Then
they are cut with a 5-micron thickness microtome
device, then hematoxylin and eosin (H and E) stains for
prepared tissues (Fischer et al., 2008), and Masson
trichrome stain (MT) is used to visualize connective
tissue and collagen in tissue sections, it is a special
stain used for hepatic tissues and stains a red
background against the blue color of collagen. Also, it
is used to identify hepatic pathologies or kidney
pathologies (Almatrafi, 2024; Krishna, 2013), finally
examined under a light microscope.

89

Statistical analysis

Statistical analysis was conducted on the data
obtained, which are presented as the mean of three
replicates + standard error (SE). The significance of the
results for the experimental rats was assessed using
Tukey's test, with the following designations based on
the level of significance: *** indicates a highly
significant difference at p<0.001; ** denotes a
significant difference at p<0.05. The analyses were
carried out using the SPSS version 21 software.

RESULTS

Impact of T. cornutus Extract on Mercuric Chloride
Toxicity

Growth rate

The results of weekly average gain weights (Figure
2), showed that the weight gain trends seem to differ
across the groups, with some groups gaining more
weight than others over the 5-week period. The G1
(control) had a decrease in weight at the 4™ week (20
g). However, TCVE Group (G2) recorded an increase
in weight across the time period of the experiment. For
HgCl. Group (G3), a significant weight loss highlights
the severe toxicity associated with mercuric chloride.
The weight drop from 25 g to less than 5 g indicates a
critical impact on the rats' health. However, G4
recoded a mixed results in which recovery in weight
gain was observed by 4™ and 5" week of the
experiment. This may indicate a complex interaction
between HgCl. and TCVE. This may reflect the
mitigation effect of TCVE against the toxicity of
HgCl..

Chromosomal examinations

The genotoxicity induced by mercuric chloride on
chromosomal aberrations was examined in comparison
to the control groups G1 and G2. For the control
groups G1 and G2, normal chromosomal appearance
without any alterations was recorded (Figure 3A-B). In
contrast, for group G3 (HgCl,), chromosomal
abnormalities were observed, including ring chrom-
osomes, deletions, breaks, and fragmentation of
chromosomes (Figures 4A-B). Meanwhile, for group
G4 (HgCl,+TCVE), the appearance of the
chromosomes was better preserved compared to G3,
showing a decrease in the incidence of deletions,
breaks, and fragments (Figure 5A-B).

Evaluation of the blood biochemistry

The evaluation of biochemistry parameters measured
in different groups was represented in Figure (6). LDH
value was significantly increased in the blood plasma
of rats intoxicated with mercuric chloride compared to
the control group (G1). In addition, treatment with
TCVE in G4 (HgCl,+TCVE) showed reduction in
LDH levels compared to G3 in which treated only with
HgCl,. The enzymatic activity of LDH significantly
increased from 125.29+0.41 U/L in the control group
(G1) to 134.71+2.22 U/L in the HgCl, group (G3).
However, the TCVE group (G2) maintained at normal
levels of 125.28+0.52 U/L. In contrast, the G4 showed
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Figure (2): Impact of T. cornutus extract on mercuric chloride toxicity of different experimental group showing the growth rate, mean+SE,
represented by weight gain across five week periods. G1, control group; G2, rats administrated TCVE; G3, rats treated with HgCl,, and G4, rats
treated with a mixture of HgCl, and TCVE.

L il b3 N
Figure (3): Normal chromosomes (42n) of Albino rats in control and TCVE groups (G1 and G2, respectively A, control
group (G1); B, group received TCVE (G2). Gemisa stain, 1500X.

Figure (4): Chromosomal aberrations in Albino rats in G3 showing different abnormalities. Del; deletion, BK, break;
RC, ring chromosome; and Fr: fragments Gemisa stain, 1500X.
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Figure (5): Chromosomal aberrations in Albino rats in G4 showing different abnormalities with less abundance.
A, showing chromosomal break (BK) and fragments (Fr). B, chromosomal fragment (Fr) is seen. Gemisa stain, 1500X.

moderate reduction in LDH value (130.1944+ 1.79)
compared to G3 (134.71+£2.22 U/L) (Figure 6A).

The creatine kinase (CK) levels were significantly
increased in the blood plasma of intoxicated rats. In
contrast, the TCVE-treated group (G2) exhibited full
protection, with CK values returning to normal levels
similar to those of the control group (142.13+3.89 U/L
for G2 and 153.41+4.95 U/L for G1). Conversely,
group G3 recorded the highest CK value at
162.83£3.59 U/L compared to the other groups (Fig.
6B). Meanwhile, group G4 showed an increase in CK
levels, but this was not significantly different from the
normal range recorded in the control group (G1).

The detected total protein value, in experimental
groups, showed variation among treated groups (Fig.
6C). The protein value detected in G3 treated with
mercuric chloride, reported a significant decrease value
(3.284+0.39 g/dL) compared to G1 (5.40+0.23 g/dL).
For G2, (TCVE) protein value detected showed normal
range as in G1 and no significant difference was
recorded (5.58+0.23 and 5.40+0.23 g/dL, for G2 and
G1, respectively). Meanwhile, G4 showed a decreased
value of the total protein (4.12+0.33 g/dL) compared to
G1 (5.40+0.23 g/dL).

In addition, the measured level of glucose,
represented in Fig. (6D) was significantly increased in
mercuric chloride-treated rats. The lowest glucose
value was seen in G1 (control), while the highest
glucose value was found in the HgCl,-treated rats; the
G2 group (TCVE) is in the normal value compared to
the G1 group (control). The G4 group (HgCl,+TCVE)
shows a downward in the glucose value to the HgCl,
group and an upward in the glucose value compared to
the G1 (control). The value of glucose increased from
90.20+4.50 mg/dL in the G1 (control group) to
132.20+7.19 mg/dL in the HgCl, group (G3). The
TCVE group (G2) showed a value of 91.00+ 4.16
mg/dL and the HgCl,+TCVE group (G4) showed a
value of 127.00+4.75 mg/dL decreased than the rate of
the HgCl, group (G3).

Histopathological examinations

The liver tissues were stained with hematoxylin and
eosin (H&E) to evaluate the toxic effects HgCl. and the
protective effects of Turbo cornutus (Fig. 7). Liver
tissues from group G1 display healthy architecture,
with normal cellular structures characterized by healthy
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Figure (6): Blood biochemistry showing lactate dehydrogenase
(LDH), Creatinine kinase (CK), total protein, and glucose levels in
the four experimental groups. G1, control group; G2, TCVE; G3,
HgClI2 and G4 group, HgCI2+TCVE. Columns with different
letters are significantly different at p<0.05
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central veins and hepatic cells that have oval or
rounded nuclei. The interstitial zones between liver
strands contain numerous capillaries, known as liver
sinusoids, which appear normal (Fig. 7A). The Kupffer
cells are also observed to be normal. Group G2 exhibits
a structure similar to that of group G1 (Fig. 7B). In
contrast, the tissues of group G3, which were exposed
to HgCl,, show dilation of the central vein, enlarge-
ment of the sinusoidal spaces, and hypertrophy of the
Kupffer cells (Fig. 7C). Meanwhile, the tissues from
group G4 (HgCl. + TCVE-treated) recoded reduction
in dilation of the central vein, narrower liver sinusoids,
and healthier nuclei compared to the HgCl. group (Fig.
7D).

To explore the nature of connective tissues and
collagen fibers, the Masson trichrome stain (MT) was
employed. In groups G1 and G2, the normal
architecture of the liver was observed (Fig. 8A-B).
However, in group G3, treated with HgCl, (Figure 8C),
dense fibrous septa, collagen fibers, and proliferation
of the bile ducts were noted. In parallel, group G4
exhibited connective tissues and collagen fibers that
were less dense and began to appear more normal
(Figure 8D).

For kidney tissues, glomerulus with normal renal
tubules and normal proximal tubules were observed
(Figure 9A). In G2, the TCVE-treated tissues show a
normal structure similar to the G1 (Figure 9B).
However, the renal tissues exposed to HgCl, of the G3
showed degeneration of endothelium of some renal
tubules and show some hyaline casts, a loss of nucleus,
cells necrosis, and degeneration of glomerulus (Figure
9C). In contrast, G4 (HgCl. + TCVE-treated) showed
less degeneration of glomerulus surrounded by
bowman's capsule and less degeneration of the renal
tubules (Fig. 9D).

S5

Figure (7): Hepatic tissue section photomicrographs of the four experimental

HgCl, treatment resulted in significant deteri-oration
of tubular cells, characterized by pyknotic nuclei and
loss of nuclei, edema of the proximal tubules, atrophy
of the glomeruli, and enlargement of Bowman’s
capsule, as demonstrated in the H&E-stained kidneys
of HgCl,-treated rats. Investigate the nature of the
connective tissues and collagen fibers, using Masson
trichnrome (MT) stain, it was clear that G1 and G2,
reflected normal architecture of the kidney (Figs. 10A-
B). In contrast, group G3 exhibited a pattern of fibrous
tissue formation within the glomeruli and in the
interstitial tissue of the kidney (Fig. 10C). Markedly,
an improvement in renal tissue and fibrous structures
was observed in the HgCIl, + TCVE-treated rats (G4,
Fig. 10D).

For studying the histopathological elements of the
myocardium, the G1 and G2 groups appear normal
architecture of rats' myocardial, with normal muscle
fibers branched with normal striation, normal nuclei,
and normal intercalated disks (Figs. 11A-B). The G3
group shows degeneration of the branched muscle
fibers, breakdown of striation and edema were found,
and necrosis of nuclei also appeared within muscle
fibers branched (Fig. 11C), the G4 shows little
distortion of myofibers with improving striation,
numerous normal nuclei are also present and detraction
of the edema within muscle fibers (Fig. 11D).

For heart, with Masson's trichrome stain, groups G1
and G2 show the normal structure of cardiac muscle
fibers (Figs. 12A-B), characterized by red staining of
the healthy myocardium. In contrast, group G3 exhibits
bright blue staining, indicating the presence of fibrotic
tissue in the pericardium (Figure 12C). The fourth
group (G4) shows a smaller amount of fibrosis and a
less pronounced blue staining compared to the toxic
group (G3), suggesting a lower degree of fibrotic

groups showing C.V, central vein; H, hepatocytes and S, sinusoids.

A, G1 (control); B, G2 (TCVE), C, G3 (HgCl,) and D, G4 (HgCI2+TCVE). (H&E, 400X).
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Figure (9): Renal tissues section photomicrographs of the four experimental groups showing B.C, Bowman's capsule; G, glomerulus, and R.T:
renal tubules. A, G1 (control); B, G2 (TCVE); C, G3 (HgCl,) and D, G4 (HgCl,+TCVE). (H&E, 400X).
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Figure (11): Myocardial tissue section photomicrographs of the four experimental groups showing M.F, muscle fibers; N, nuclei and F, inflammatory
cells. A, G1 (control); B, G2 (TCVE); C, G3 (HgCl,) and D, G4 (HgCl,+TCVE). (H&E, 400X).
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Figure (12): Myocardial tissue section photomicrographs of the four experimental groups showing M.F, muscle fibers; N, nuclei; F, inflammatory
cells and B, blood engorged. A, G1 (control); B, G2 (TCVE); C, G3 (HgCl) and D, G4 (HgCl,+TCVE). (MT, 400X).

changes in the myocardium (Figure 12D). The
Masson's trichrome stain differentially colors healthy
muscle fibers red, while fibrotic regions appear blue
due to the accumulation of collagen

DISSCUSION

The study highlights the significant toxic effects of
mercuric chloride (HgCl2), a potent environmental
pollutant, and the potential protective role of Turbo
cornutus visceral extract (TCVE) against these effects.
HgCl: exposure is known to adversely impact various
biological systems, leading to detrimental alterations in
growth rates, blood parameters, and histopathological
changes in organs. This highly toxic form of mercury is
present in various environments, such as air, water, and
soil, and can result in kidney failure and digestive
issues. Nevertheless, studies have indicated that the
Turbo cornutus visceral extract utilization may
mitigate the toxic effects of HgCl,. This extract has
exhibited anti-inflammatory properties and has been
shown to decrease the production of nitric oxide and
prostaglandin (Kim et al., 2022). Mercuric chloride
leads to a decrease in the body weight of male albino
rats, which is considered a significant indicator of rat
health. These results are align with data obtained by
Uzunhisarcikli et al. (2016). In parallel, our findings
are consistent with Necib et al. (2013), who observed a
decrease in rat weights due to mercuric chloride
exposure. Exposure to HgCl, resulted in various
chromosomal abnormalities that were not present in the
control or TCEV groups, including fragments, breaks,
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ring chromosomes, and fractions in the G3 and G4. The
data obtained in this study aligns with the results of
Boujbiha et al. (2012), who also observed multiple
types of chromosomal aberrations caused by mercuric
chloride

Biochemical analysis of blood of the four
experimental rats, focusing on LDH, glucose, protein,
and CK levels, which serve as important indicators of
various pathological conditions, showed significant
variation among the groups. Our findings revealed that
LDH levels were elevated in the G3 (HgCl,) group,
indicating liver damage caused by mercury poisoning,
consistent with previous studies (Jagaadesan and
Bharathi, 2014). Meanwhile, CK levels, used to assess
heart and brain damage, were also increased in rats
injected with HgCl, but decreased in the TCVE and
HgCl,-treated group compared to the HgCl,-poisoned
group (EL-Sawi et al., 2017). This result prove the
protective effect of TCVE which compensate the
damage effect of HgCl, Blood glucose levels were also
measured, revealing significantly higher levels in the
G3 (HgCl,) group, consistent with data obtained by
Setiyowati et al. (2019), which reported that exposure
to mercury can lead to hyperglycemia and impaired
glucose metabolism. The TCVE treatment helped
reduce glucose levels compared to the poisoned group.
Total protein levels, which indicate liver function, were
found to be lowest in the G3 (HgCl,) group, suggesting
liver dysfunction. However, the TCVE treatment
improved the protein levels in the G4 (HgCl,+TCVE)
group compared to the G3 (HgCl,) group, consistent
with the findings of EL-Demerdash (2001).
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Histopathological analysis revealed critical insights
into the organ-specific damage caused by HgCl.. The
observed Kupffer cell enlargement in the liver, renal
tubular damage, and heart edema in the HgCl-exposed
group underscore the severity of mercury toxicity.
These findings are corroborated by prior studies that
have documented similar pathological changes in
response to mercury exposure (Theissen et al., 2024).
Histopathological examinations using H&E staining
revealed liver abnormalities such as central vein
dilation and sinusoidal space dilation, consistent with
previous studies by Goudarzi et al. (2017);
Uzunhisarcikli et al. (2016); Karuppanan et al. (2014);
and Miah (2012). HgCl, led to endothelial debilitation
in renal tubules, glomerular decay, and hyaline casts,
aligning with findings from Miah (2021), Yadav et al.
(2019), Youcef et al. (2013), and Al-Madani et al.
(2009). The heart exhibited muscle filament alterations,
nucleus necrosis, and striation breakdown, consistent
with Karaboduk et al. (2015); Vijayakumar et al.
(2014); and Azevedo et al. (2011). Masson's trichrome
stain highlighted collagen filament differences among
the groups, showing thick fibrous septa, collagen
filaments, and bile duct accumulation in the liver.
Additionally, fibrous casts increased in renal glomeruli
in the G3 (HgCly), in line with Nabil et al. (2020).
Furthermore, fibrous deposits in the heart of G4
(HgCl,+TCVE) were enhanced. The administration of
TCVE in the HgCl. + TCVE-treated group (G4)
showed a marked reduction in the severity of these
pathological changes, indicating that the antioxidants
present in the extract may play a crucial role in
preserving organ integrity and function. This protective
effect aligns with the growing body of evidence
supporting the use of natural antioxidants in mitigating
heavy metal toxicity. In addition, the results of this
study suggest that TCVE has the potential to counteract
the toxic effects of mercuric chloride, enhancing
growth rates and maintaining biochemical homeostasis.
However, further research is warranted to elucidate the
specific mechanisms through which TCVE exerts its
protective effects and to explore its therapeutic
applications in managing heavy metal toxicity. Under-
standing these mechanisms could cover the way for
developing effective treatments for mercury poisoning
and other related environmental health issues.

CONCLUSION

Evaluation the data obtained in this study, it was
evident that mercuric chloride had detrimental effects
and was toxic to the organs and variables under
investigation. Over a period of five weeks, rats exposed
to mercuric chloride exhibited a decrease in body
weight, while those treated with T. cornutus showed
improved growth and survival rates. Exposure to HgCl»
also resulted in chromosomal abnormalities, including
deletions, rings, breaks, and fragments. Furthermore,
the presence of mercuric chloride led to increased
levels of lactate dehydrogenase (LDH), creatine kinase
(CK), and glucose, along with a decrease in total
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protein levels. In contrast, rats treated with TCVE
extract demonstrated stability and improvement in
these biochemical parameters. Histological and
histochemical analyses of the liver, kidney, and heart
revealed pathological changes induced by mercuric
chloride. The use of TCVE extract showed promise in
enhancing growth rates, maintaining chromosomal

integrity, improving biochemical parameters, and
mitigating  histopathological and  histochemical
alterations.
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