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ABSTRACT

Introduction:Mercury chloride is commonly used in our daily lives due to its diverse Keywords:

applications and can induce hepatorenal toxicity even at low doses. The present investigation Mercuric chloride

studies the preventive effects of lipoic acid and Cleome droserifolia extract against mercury- Lipoic acid

induced hepatorenal toxicity. Cleome droserifolia extract
Methods: Thirty male albino rats were randomly assigned to six experimental groups. The Fibrosis

first group served as the normal control. The second group was treated with alpha-lipoic acid Necrosis

(ALA) at a dose of 10 mg/kg. The third group received Cleome droserifolia extract (CD) at the
same dose. The fourth group was exposed to mercuric chloride (HgClL) at 35 mg/kg (equivalent
to 21% of the LD, ). The fifth group was co-treated with alpha-lipoic acid (10 mg/kg) and
mercuric chloride (35 mg/kg), while the sixth group received Cleome droserifolia extract (10
mg/kg) together with mercuric chloride (35 mg/kg). All treatments were administered orally
once daily for a period of eight weeks.

Results: Mercury induced a slight decline in body weights and relative organ weights for
the liver and kidney compared to the normal control group. It caused significant elevations
(p<0.05) in hamoglobin concentration and white blood cell (WBC) count; however, bone
marrow cell count was not affected. Mercury triggered considerable disruption in liver
and kidney functions. It also promoted a significant decline in catalase (CAT) activity and
a significant elevation in malondialdehyde (MDA) levels. Mercury-induced degeneration,
fibrosis, and necrosis in the liver and kidney tissues. Administration of alpha lipoic acid and
Cleome droserifolia extract showed marked improvement in the different parameters under
investigation.

Conclusion: Lipoic acid was found to be more effective against mercury chloride-induced
hepatorenal toxicity than Cleome droserifolia extract.

Introduction fectants, antiseptics, electronics, pigments, chemicals,
Mercury chloride (HgCl)) is widely used in disin- and textile manufacturing. It is considered one of the
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most toxic forms of mercury because it can easily pass
through biological membranes and form organomercury
complexes with proteins (Joshi et al., 2017). Numerous
toxicological and biological studies have reported that
HgCl, causes neural (Abdel Moneim, 2015), hepatic
(Joshietal., 2014), nephrotic (Caglayan et al., 2019), and
hematologic disturbances (Uzunhisarcikli et al., 2016) in
experimental animals. The mechanism of HgCl, toxicity
is related to the production of high amounts of reactive
oxygen species (ROS), resulting in oxidative stress and
depletion of glutathione and thiols (Hussain et al., 1997,
Rao and Purohit, 2011). Evidence suggests that alpha-li-
poic acid (ALA) is naturally present in most prokaryotic
and eukaryotic organisms (Packer et al., 1997). ALA is
produced by plants (Goraca et al., 2011), animals, and
humans (Carreau, 1979). Alpha-lipoic acid is a lipid-sol-
uble antioxidant (Packer et al., 1995).

Alpha-lipoic acid (ALA) acts as a coenzyme in the
mitochondria, facilitating the activity of pyruvate dehy-
drogenase and a-ketoglutarate dehydrogenase enzymes
(Evans and Goldfine, 2000). It combats oxygen radicals
and is renowned for capturing the radicals of hydroxyl
and nitric oxide, as well as peroxynitrite and hydrogen
peroxide anions, and for producing single oxygen atoms
(Wong et al., 2001; Shay et al., 2009). In both its oxi-
dized (ALA) and reduced (DHLA) forms, it serves as
a potent antioxidant, demonstrating activity in both fat-
and water-soluble environments (Goraca et al., 2011).
Alpha-lipoic acid lowers reactive oxygen species (ROS)
levels and regenerates the activity of other antioxidants
(Sudheesh et al., 2013).

Samoa (Cleome droserifolia), a member of the Cleo-
maceae family, is commonly grown in various areas of
North Sinai, Egypt. Cleome droserifolia holds medicinal
and ecological significance. It is used in folk medicine
for its digestive properties, as a rubefacient, and in the
treatment of scabies, rheumatic fever, and inflammation
(El-Shenawy and Abd El Nabi, 2006). It also possesses
anticancer and hepatoprotective properties (Abdel-Kad-
er et al., 2009). Samoa is used in the therapy of diabetes
mellitus (El-Askary, 2005). These effects are attributed
to its antimicrobial, analgesic, antipyretic, antioxidant,
anti-inflammatory, and anti-schistosomiasis properties
(Muhaidat et al., 2015; Sarhan et al., 2016; Ndamba et
al., 1994). Cleome droserifolia enhances lipid metabo-
lism, combats obesity, and enhances antioxidant activity
in diabetic rats and mice (Marles, 1995). Studies on the

beneficial effects of lipoic acid and Cleome droserifolia
against mercuric chloride-induced toxicity have been
limited. Therefore, this study aims to investigate the
protective efficacy of lipoic acid and Cleome droserifo-
lia extract against mercury-induced hepatorenal toxicity.

Materials and Methods

Chemicals

Mercuric chloride (HgCl,, 99% purity) and alpha li-
poic acid (1,2-Dithiolane-3-pentanoic acid, 6,8-Dithio-
octanoic acid, DL-a-Lipoic acid, DL-6,8-Thioctic acid,
Lip(S,); C,H,,0,S,, >98% purity) were purchased from

87147272 —

Sigma-Aldrich, Germany.

Animals

Thirty (30) male albino rats (Rattus norvegicus), 10
weeks old and weighing 150 £+ 25 g, purchased from
the animal house at Suez Canal University, Egypt, were
used as experimental animals. Animals were housed in
plastic cages in six groups during the study.

Animals were maintained on a 12-hour light-dark cy-
cle at a controlled temperature of 25 = 2 °C and a relative
humidity of 45 + 5%. Animals were fed a standard, bal-
anced diet and water and acclimatized for 15 days to the
lab conditions. The protocol for the animal experimenta-
tion was approved by the Research Ethics Committee of
the Faculty of Science, Arish University, with approval
ID “ARU/SF.09.” Our experimental procedures follow
the guidelines for the care and use of laboratory animals,
8" ed., with strict adherence to ethical guidelines that
comply with the ARRIVE guidelines.

Preparation of plant extract

The raw material of Cleome droserifolia (Forssk.)
Delile, Cleo-maceae, was collected from Arish, North
Sinai, Egypt, according to local and national rules and
regulations. The plant material was recognized and tax-
onomized in the Faculty of Science at Arish University.
Plant leaves were dried. To prepare Cleome droserifo-
lia extract, 1 g of dried plant leaves was added to 100
ml of deionized water, stirred, then autoclaved at 121
°C for 20 min. After cooling, the mixture was filtered
(Yang et al., 2019). The filtered extract was transferred
to freeze-drying trays. The trays were frozen overnight
at -80 °C, then inserted into a Freeze dryer (Labconco
FreeZone freeze dryer, United States) for 72 hours at
—50°C at 0.500 mbar to remove moisture, according to


https://arriveguidelines.org/
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(Phing et al., 2022). The dried material was weighed,
placed into flakes, and milled into powder using a
food processor (Panasonic Smart Food Processor MK-
F800SSL, Japan). The dried powder extract was stored
in an airtight container, away from light and moisture,
until further use.

Experimental design

The animals were randomly subdivided into six
groups of five rats. The first group served as the normal
control. The second group received orally 10 mg/kg/day
of alpha-lipoic acid (ALA group) (Adikwu et al., 2019).
The third group received orally 10 mg/kg/day of Cleome
droserifolia extract (CD group) (Al-Yahya, 2020). The
fourth group received 35 mg/kg/day (21% of LD,)) of
mercuric chloride (HgCl, group) (Clarkson, 2001). The
fifth group received orally 10 mg/kg/day of alpha lipo-
ic acid and 35 mg/kg/day of mercuric chloride (ALA +
HgCl,). The sixth group received orally 10 mg/kg/day of
Cleome droserifolia extract and 35 mg/kg/day of mercu-
ric chloride (CD+HgCL,).

Duration time

After 8 weeks of treatment, animals were anesthetized
using intramuscular injection of 50 mg/kg of ketamine,
then rapidly dissected and tissues processed.

Collection of plasma samples

Blood samples were collected from the abdominal
vein in EDTA tubes, then centrifuged for 15 minutes at
1000 g and stored at -30 °C until further biochemical
analysis.

Hematological indices

Hematological measurements (hemoglobin and total
white blood cell (WBC) count were conducted using a
Diagon Ltd. D-Cell 60 fully automatic hematological
analyzer.

Bone marrow collection and count

The right femur was cut from both ends, and bone
marrow was washed with 2 mL of 0.9% NaCl in a tube.
A 0.1 mL of bone marrow suspension was mixed with
0.9 mL of 0.2% eosin stain solution. Total bone marrow
cells were counted on a hemocytometer using the meth-
od described by Dacic and Lewis (1991).

Preparation of tissues for microscopical examination

After animal dissection, the liver and kidney were im-
mediately excised, blotted on filter paper, and weighed.
Each organ was divided into two parts; the first part was
kept in a 10% formalin solution for histological studies.
The second part was stored at -30 °C.

Histopathology techniques

Five-micron-thick histological sections were stained
with hematoxylin and eosin. The specimens were an-
alyzed microscopically in a blinded manner (Edrissi,
2022).

Biochemical analysis

Parameters indicating oxidative stress were measured
using biodiagnostic kits in Egypt. Catalase (CAT) ac-
tivity was measured using the Aebi (1984) method. The
malondialdehyde (MDA) concentration was determined
using the technique of Ohkawa et al. (1979). Alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) activities were measured using a modified meth-
od of Schumann and Klauke (2003). Uric acid was mea-
sured utilizing Spinreact kits in Spain using the tech-
nique of Fossati et al. (1980). Creatinine was quantified
using Diamond Diagnostics kits, Holliston, USA, by the
Heinegard and Tiderstrom (1973) technique. Mercury
concentration was determined by spectrometry in blood
plasma using the method of Kopp et al. 1972.

Statistical analysis

The results represent the means + standard deviation
(SD) for five rats in each group. Data from the control
and treated groups were analyzed using a one-way anal-
ysis of variance (ANOVA). The Tukey test was used for
multiple comparisons. The difference was considered
significant at p < 0.05. Statistical Package for Social Sci-
ences (SPSS) software for Windows version 22.0 was
used for statistical analysis.

Results

Body, liver, and kidney weights

Treatment with Mercury for eight weeks induced a
slight decrease in body and relative organ weights (Fig-
ure 1A). However, insignificant increases in body and
relative organ weights were observed in the ALA, CD,
ALA & HgCl,, and CD & HgCl, groups (Figure 1B, C)
after eight weeks of treatment.
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FIGURE 1. Effects of alpha-lipoic acid and Cleome droserfolia against mercuric chloride-induced effects on body weight (A), relative liver
weight (g/100 g bw) (B), and relative kidney weight (g/100 g bw) (C) of rats. HgC12: mercuric chloride; ALA: alpha lipoic acid; CD: Cleome
droserfolia; bw: body weight. Data are expressed as mean + SD for five rats per group. a: Significantly different from the control group (p <
0.05, Tukey’s post hoc test). b: Significantly different from the alpha-lipoic acid group (p < 0.05, Tukey’s post hoc test). c: Significantly differ-
ent from the Cleome droserifolia group (p < 0.05, Tukey’s post hoc test). d: Significantly different from the mercuric chloride group (p < 0.05,

Tukey’s post hoc test). e: Significantly different from the mercuric chloride and alpha-lipoic acid groups (p < 0.05, Tukey’s post hoc test). f:
Significantly different from both the mercuric chloride and Cleome droserifolia groups (p < 0.05, Tukey’s post hoc test)
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FIGURE 2. Effects of alpha-lipoic acid and Cleome droserfolia against mercuric chloride-induced effects on hemoglobin (A), total white
blood cell count (B), and bone marrow cell count (C). HgCI2: mercuric chloride; ALA: alpha lipoic acid; CD: Cleome droserfolia; bw: body
weight. Data are shown as mean + SD for five rats per group. a: Statistically different from the control group (p < 0.05, Tukey’s post hoc test).
b: Statistically different from the alpha-lipoic acid group (p < 0.05, Tukey’s post hoc test). ¢: Statistically different from the Cleome droserifolia
group (p <0.05, Tukey’s post hoc test). d: Statistically different from the mercuric chloride group (p <0.05, Tukey’s post hoc test). e: Statistical-
ly different from the mercuric chloride and alpha-lipoic acid groups (p < 0.05, Tukey’s post hoc test). f: Statistically different from the mercuric
chloride and Cleome droserifolia groups (p < 0.05, Tukey’s post hoc test).

Hematology

Mercuric chloride-induced a significant elevation in
hemoglobin concentration by 38.31% compared to nor-
mal after 8 weeks of treatment (Figure 2A). However,
Cleome droserifolia was more effective than lipoic acid
in improving this effect. Total white blood cells sig-
nificantly increased by 102.2% in the HgCl, group by
102.2% compared to the control group after 8 weeks of
treatment (Figure 2B). Treatment with lipoic acid and
CD exacerbated this effect. It could be noticed that bone
marrow cell count is not affected in the different groups
under investigation (Figure 2C).

Biochemistry

A significant (p<0.05) increase in MDA activity was
observed in the HgCl -intoxicated group by 144.7%
compared to normal controls after eight weeks of treat-
ment (Figure 3A). ALA was found to reduce this effect
better than Cleome droserifolia. Mercuric chloride in-
duced a significant decrease in plasma catalase activity
by 59.66% compared to normal rats after completing 8
weeks of treatment. On the other hand, administration
of lipoic acid and Cleome droserifolia ameliorated this
effect. However, lipoic acid is the most effective (Figure
3B).

A significant increase in mercury concentration was
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FIGURE 3. Effects of alpha-lipoic acid and Cleome droserfolia against mercuric chloride-induced alterations in plasma CAT activity (A),
MDA concentration (B), and mercury concentration (C). HgCl12: mercuric chloride; ALA: alpha lipoic acid; CD: Cleome droserfolia; bw: body
weight. Data are reported as mean + SD for five rats in each group. a: Significantly different from the control group (p < 0.05, Tukey’s post hoc
test). b: Significantly different from the alpha-lipoic acid group (p < 0.05, Tukey’s post hoc test). c: Significantly different from the Cleome
droserifolia group (p < 0.05, Tukey’s post hoc test). d: Significantly different from the mercuric chloride group (p <0.05, Tukey’s post hoc test).
e: Significantly different from the mercuric chloride and alpha-lipoic acid groups (p < 0.05, Tukey’s post hoc test). f: Significantly different from
the mercuric chloride and Cleome droserifolia groups (p < 0.05, Tukey’s post hoc test).

TABLE 1: Effects of mercuric chloride on liver and kidney function tests and the protective effects of alpha lipoic acid and

Cleome droserifolia extract in male rats.

AST (U/L) ALT (U/L)
Control 117.4+15.82 38.445.22
ALA 80.410.924 et 9303 16 et
cp 102:15.04 & 28+4.74 9ot
HgCl2 205.2+10.75 beer 55.645.72ubcc
ﬁ]gél; 132.8+21.04 b 43.246.01 b4
fllg)a ) 1604, 52 #bs 48.2+6.64 ¢

Urea (mg/dl) Creatinine (mg/dl)
40.8+5.06 0.73£0.089
13+1.58 2edef 0.56+0.076 ¢of

30 244 43 bdef 0.65+0.093 ¢f
8149.027 sbesf 1.2+0.117 beef
4746.32 bedt 0.82+0.11 b4

65.6+8.7 wbede 0.96+0.14 sbd

Data is presented as means + SD for five rats per group. a. Significantly different from the control group (p < 0.05, Tukey’s
post hoc test). b: Significantly different from the alpha lipoic acid group (p < 0.05, Tukey’s post hoc test). c¢: Significantly
different from the Cleome droserifolia group (p < 0.05, Tukey’s post hoc test). d: Significantly different from the mercuric
chloride group (p < 0.05, Tukey’s post hoc test). e: Significantly different from the mercuric chloride and alpha lipoic acid
group (p <0.05, Tukey’s post hoc test). /- Significantly different from the mercuric chloride and Cleome droserifolia group (p <
0.05, Tukey’s post hoc test). HgCI12 = mercuric chloride; ALA = alpha lipoic acid; CD = Cleome droserifolia; AST = aspartate

aminotransferase; ALT = alanine aminotransferase

observed in the HgCl, group, amounting to 64.6% com-
pared with normal controls after completing 8 weeks
of treatment; however, using lipoic acid and Cleome
droserifolia modulated this effect (Figure 3C). The
data show that the plasma levels of Hg are lower in
the ALA+Hg and CD+Hg groups compared to the Hg
group. Plasma aspartate aminotransferase was increased
significantly (p<0.05) under mercury toxicity for 8
weeks, with a magnitude of 74.78% compared with the

control group. Both lipoic acid and Cleome droserifolia
ameliorated this effect, but lipoic acid had the best effect
(Table 1). Plasma ALT activity increased significantly by
44.79% compared to normal after completing 8 weeks
of treatment. However, lipoic acid and Cleome droser-
ifolia improved this effect, which was more evident
with the lipoic acid supplement (Table 1). A significant
elevation in creatinine concentration was observed in
the group supplemented with mercuric chloride, which
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Control ALA CD

HgCl,

ALA+HgCl,  CD+HgCl,

FIGURE 4. Effects of alpha-lipoic acid and Cleome droserfolia against mercuric chloride-induced alterations in kidney tissue. Microscopic
pictures of Hematoxylin & Eosin stained kidney sections show normal glomeruli (G) and tubules (T) in the control group and the group re-
ceiving alpha-lipoic acid and Cleome droserifolia. Meanwhile, marked congestion was observed in kidney sections from the mercuric chloride
group (thick arrows), swollen Bowman’s capsule with eosinophilic proteinaceous material and shrunken glomerular tuft (thin black arrows),
severe tubular hydropic degeneration (opened arrowhead) and coagulative necrosis (closed arrowheads). Renal sections from the treated group
showed congestion (thick arrows), Cleome droserifolia + HgCl, showed a swollen Bowman’s capsule, and a shrunken glomerular tuft (thin
black arrows). Renal sections from the treated group HgCI +lipoic acid show a slightly swollen Bowman’s capsule with a slightly shrunken and
congested glomerular tuft (thin black arrows). Low magnification X: 100 bar 100 and high magnification X: 400 bar 50

Control ALA CD HgCl, ALA+HgCl,  CD+HgCl,

FIGURE 5. Effects of alpha lipoic acid and Cleome droserfolia against mercuric chloride-induced alterations in liver tissue. Microscopic
pictures of Hematoxylin & Eosin stained liver sections show normal hepatocytes arranged in radiating plates around the central vein (CV) with
normal portal areas and sinusoids in the control group and the groups receiving lipoic acid and Cleome droserifolia. Hepatic sections from
group HgCl, showed marked congestion (red arrows), portal edema, and fibrosis (thick arrows) with bile duct proliferation (thin black arrows)
and neutrophil infiltration (arrowheads). Hepatic sections from the HgCI+ Cleome droserifolia group showed markedly decreased congestion
(thick arrows), portal fibrosis (thin arrows), and bile duct proliferation (arrowheads). Hepatic sections from the treated group HgCI +lipoic acid
show mild portal vein congestion (red arrows). Low magnification X: 100 bar 100 and high magnification X: 400 bar 50.

amounted to 64.38% of normal controls after complet-
ing 8 weeks of treatment (Table 1). Both lipoic acid and
Cleome droserifolia improved this effect, but lipoic acid
had the best action. Mercuric chloride-induced signifi-
cant increases in plasma urea concentration amounted
to 98.5% higher than normal controls after completing 8
weeks of treatment (Table 1). Supplementation with li-
poic acid and Cleome droserifolia improved this effect;
lipoic acid was more effective.

Histopathological findings

Normal kidneys have a typical glomerular and tubu-
lar architecture and histological appearance. Mercuric
chloride treatment resulted in significant tubular degen-
eration and necrosis eight weeks after exposure. Rats re-
ceiving lipoic acid and Cleome droserifolia supplements
showed slight glomerular affection, less for lipoic acid
than the plant extract (Figure 4).

The livers of normal rats showed normal hepatocyte
architecture. Eight weeks after mercury ingestion, liver
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tissue displayed congested blood vessels. It infiltrated
white blood cells in the vicinity, portal edema, fibrosis,
necrosis, and degeneration in hepatocytes after com-
pleting 8 weeks of treatment. Supplementation with al-
pha-lipoic acid and Cleome droserifolia improved these
effects (Figure 5).

Discussion

Exposure to mercuric chloride resulted in a modest
decrease in body weight (Figure 1A ), which may be
attributed to decreased food intake or nephrotoxicity
(Mahboob et al., 2001; Haouem et al., 2015). Reducing
body weight is a vital indicator of a rat’s overall health
disturbance, and the decline in organ weight is essential
in evaluating organ toxicity (Uzunhisarcikli et al., 2016;
Jaiswal et al., 2013). Mercury induces insignificant
changes in body weight compared to the control group,
consistent with the findings of Rao and Sharma (2001),
who observed that body weight in adult male mice re-
mained unaffected after 45 days of HgCl, treatment.

According to Uzunhisarcikli et al. (2016), increased
liver weight may be caused by the body’s adaptive
mechanisms for mercury toxicity. Additionally, Ca-
glayan et al. (2019) introduced 1.23 mg/kg of body
weight of HgCl, daily for seven days to rats, and that
didn’t affect liver weights, which supports our results.
It seems mercuric chloride’s influence on liver weight is
not due to certain behaviors.

Mercury exposure can damage the gastrointestinal (GI)
tract (Rodriguez-Viso et al., 2023), leading to reduced
food intake and malabsorption. Mercury can trigger ox-
idative stress and disrupt cellular metabolism (Dufault
et al., 2009), causing increased protein catabolism (Lee
et al., 2020). It can provoke a severe immune response,
releasing cytokines such as tumor necrosis factor-alpha
(TNF-a) and leading to neural cell death (Toyama et al.,
2021). These toxic effects of Mercury may result in re-
duced nutrient absorption, muscle wasting, depletion of
body fat reserves, and weight loss. Mercury induces fi-
brosis, apoptosis, and necrosis of hepatocytes (Wadaan,
2009; Vergilio et al., 2015, Debashis et al., 2019). As
liver cells die and tissue shrinks, the overall liver weight
decreases.

Mercury accumulates in the kidneys (Shalan 2022),
leading to damage of renal tubules, which can cause
tubular necrosis and glomerular damage (Figure 4), re-
sulting in the shrinkage of the kidney due to cell death.

Mercury enhances the disruption of the renal tubular
system, reducing filtration capacity and impairing fluid
and electrolyte balance (Talbott et al. 1937). Damaged
tubular cells may die and slough off, further reducing
kidney mass and weight. Chronic mercury exposure
interferes with cellular repair mechanisms, preventing
the regeneration of damaged kidney cells (Bridges and
Zalups, 2017), further reducing kidney weight.

In the present investigation, it was observed that
body weight and organ weight decrease proportional-
ly. However, the relative organ weight may not change
significantly or show only slight, statistically insignif-
icant variations. Some tissues may be more sensitive
to mercury toxicity than others. For instance, if body
weight decreases due to muscle and fat loss while or-
gan weights decrease slower, the relative organ weight
may not show noticeable changes. Treatment of animals
with lipoic acid and Cleome droserifolia elevated body
weights significantly; this may be linked to the lipid
nature of lipoic acid and the complex composition of
Cleome droserifolia.

Elevated plasma levels of aspartate transaminase and
alanine transaminase indicated impaired functioning of
hepatocytes due to cellular necrosis and increased mem-
brane permeability in mercury-exposed animals (Karup-
panan et al., 2014). Xie et al. (2021) demonstrated that
damage to hepatic cells can result in the release of ALT
and AST, which correlate with the extent of hepatic
cell damage. Eight weeks after mercury intake, liver
tissue exhibited significantly congested blood vessels
and infiltration of white blood cells around hepatocytes
(Figure 5), providing insight into the behavior of white
blood cells under mercury toxicity. Supplementation
with both alpha-lipoic acid and Cleome droserifolia im-
proved these effects.

From a histological perspective, HgCl, caused hepat-
ic necrosis, hemorrhage, degeneration, and hyperemia
(Caglayan et al., 2019). Mercuric chloride has been
shown to enhance the expression of p53, caspase-3, and
Bax, leading to significant morphological alterations.
These changes include a reduction in ribosomes linked
to the rough endoplasmic reticulum and an expansion of
the Golgi apparatus (Achapelle et al., 1993). The toxici-
ty of Mercury boosts the production of reactive oxygen
species (ROS), such as superoxide and hydrogen perox-
ide. These ROS cause oxidative stress, which damages
hepatocyte cell membranes, induces lipid peroxidation,
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and activates liver enzymes (Hussain et al., 1999; Jalili,
2019).

Based on Patel and Rao (2015) and Mumtaz et al.
(2019), Mercury toxicity is linked to its ability to bind
to thiol groups in various proteins and peptides, the
decline in cellular antioxidants like SOD, glutathione
(GSH), and CAT, and to promote the increase in MDA
concentration. Plasma MDA content was significantly
increased, and CAT was highly reduced after 56 days of
mercuric chloride treatment (Figure 3A); however, sup-
plementing with alpha lipoic acid and Cleome droserifo-
lia at 10 mg/kg bw doses could potentially reduce these
effects. Malondialdehyde is the final byproduct of lipid
peroxidation, and its elevation indicates the production
of free radicals under mercuric chloride toxicity. Ac-
cording to Su et al. (2008), MDA concentration reveals
the proportion of damaged tissues and cells. Agarwal et
al. (2010), Aslanturk et al. (2014), and Kalender et al.
(2013) found elevated levels of MDA in various tissues
and plasma under mercury intoxication. High MDA lev-
els have been demonstrated to indicate damaged liver
tissue (Uzunhisarcikli et al., 2016). Evidence showed
that the cellular antioxidant defense mechanism (e.g.,
SOD and CAT) controls the potentially harmful effects
of free radicals generated by mercuric chloride (Faix et
al., 2003). The superoxide dismutase enzyme promotes
the dismutation of superoxide radicals to hydrogen per-
oxide and molecular oxygen (Boujbiha et al., 2009).
Catalase converts H202 into H20 and oxygen, safe-
guarding cells from oxidative damage (Renugadevi and
Prabu, 2010). Oxidative stress is well known to be a fac-
tor in liver damage, regardless of the underlying etiolo-
gy (Stankovi et al., 2014). ALA increases liver weight
significantly (Figure 1A). Shay et al. (2009) concluded
that ALA injection significantly decreased the weight of
ZF livers, which is not in line with our findings Shay et
al. (2009). They showed that AL A may have antioxidant
properties and is hepatoprotective. Shaw et al. (2010)
highlighted ALA’s hepatoprotective antioxidant and an-
ti-inflammatory properties in chronic hepatic fibrosis,
cirrhosis, and acute liver injury.

Our results showed increased WBCs in rats that re-
ceived mercury chloride (Figure 2B). The histopatho-
logical changes induced by Mercury could induce an
elevation in WBC count (Kalender et al., 2010). Mercu-
ric chloride causes abnormal leukocytosis, which may
deteriorate the organ’s tissues through an immune re-

sponse (Mahour and Saxena, 2009). The results present-
ed in Figure 2B indicate that administering alpha-lipoic
acid and Cleome droserifolia extract alone significantly
increases WBC counts, suggesting their potential im-
mune-enhancing effects. The elevation of WBCs also
points to their potential importance as antioxidant and
anti-inflammatory mediators (Sztolsztener et al., 2022;
Panicker et al., 2020). Alpha-lipoic acid and Cleome
droserifolia may also impact cytokine production (Liu
et al., EI-Komy et al., 2017), which are signaling mol-
ecules that play a crucial role in the regulation and re-
cruitment of immune cells, including WBCs.

Hemoglobin concentrations were significantly in-
creased under the influence of mercuric chloride (Figure
2A). It was shown that mercuric chloride elevated RBCs
and hemoglobin concentration by increasing the expres-
sion of erythropoietin, leading to enhanced activation of
the Jak2/STATS signaling pathway in the bone marrow,
which increased the number of erythrocyte progenitors
in the bone marrow and did not affect the clearance of
red blood cells He et al., (2021). Results from Ibegbu et
al. (2014) and Shalan et al. (2023) showed that Mercury
promoted a general decrease in erythrocytes and hemo-
globin concentration. They attributed this to mercury-in-
duced alterations in hemoglobin’s oxygen-binding ca-
pacity, a decrease in band 3-mediated ion exchange, and
an elevated risk of hemolytic and aplastic anemia due
to Mercury competing with iron for binding to hemo-
globin, which can hinder hemoglobin production. These
findings suggest that the impact of mercuric chloride on
hematologic indices is probably not linear.

The results of the present study (Table 1) showed sig-
nificant elevations in liver and kidney functions (ALT,
AST, uric acid, and creatinine). These elevations retained
average values after treating the animals with ALA and
CD. The marked increase in hepatic enzymes reflects
poor liver function (Al-Attar, 2011). ALA increases the
amount of cysteine in the liver while maintaining the ac-
tivities of the glutathione metabolism enzymes (Konrad
etal., 2001).

Plasma urea and creatinine serve as the primary mea-
sures of renal function. The elevation of these markers
after exposure to Mercury demonstrates the negative
impact of Mercury on kidney function. It is postulated
that decreased renal excretion of these chemicals leads
to glomerular injury and impaired renal function, result-
ing in elevated plasma urea and creatinine levels (Sala-
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zar, 2014). Nabil (2014) found that exposure to Mercury
decreases glomerular function. Naghibi et al. (2006) in-
dicated that the body’s antioxidant levels may decrease
directly in response to elevated urea and creatinine lev-
els. Higher urea levels can lead to oxidative stress by
increasing the body’s level of free radicalsNaghibi et al.
(2006). Inorganic Mercury accumulation in the kidneys
can result in acute renal failure (Tanaka-Kagawa et al.,
1998). The uptake, buildup, and toxicity of inorganic
Mercury in the kidney are associated with its affinity for
endogenous thiol-containing compounds (Zalups et al.,
2000). Mercury has been identified as a target for the
thiol-containing enzyme aminolevulinate dehydratase
(Emanuelli et al., 1996). A decrease in glutathione lev-
els due to binding of mercuric ions to sulthydryl groups
can increase reactive oxygen species, including super-
oxide radicals, hydroxyl radicals, and hydrogen perox-
ide (Stohs, 1995). By damaging biological substances,
including DNA, proteins, and lipids, it alters enzyme
function and leads to cell damage and death. Additional-
ly, creatinine levels reflect the efficiency of the visceral
layer of the Bowman’s capsule in filtering substances
and indicate hyperplasia in the proximal tubules (Rule
etal., 2004).

This may be caused by increased intratubular pressure
after protein casts clog the tubule, a direct mercury-re-
lated effect on the tubular basement membrane, or the
alteration of the membrane, making it less elastic and
more distensible. Mercuric chloride-enhanced tubular
degeneration and necrosis were observed eight weeks
after exposure. Rats subjected to mercuric chloride be-
gan to retain normal kidney architecture after receiving
the lipoic acid supplement rather than Cleome droserifo-
lia extract (Figure 4).

Zhang et al. (2016) showed that ALA prophylax-
is increases glomerular filtration while lowering renal
tubular injury indices, urine damage markers, kidney
structural damage, and urinary damage scores. ALA can
also reduce inflammation by focusing on NF-kB and
reducing the release of inflammatory cytokines. Conse-
quently, it has been demonstrated that AL A can enhance
glomerular function and decrease renal inflammation
by scavenging oxygen-free radicals (Gao et al., 2022).
Studies have also shown that ALA therapy can lessen
acute renal damage by reducing levels of tumor necro-
sis factor-alpha (TNF), interleukin-6 (IL-6), and inter-
leukin-1 beta (IL-1), which in turn reduces endothelin-1

vasoconstriction, neutrophil diffusion, and inflamma-
tion in the kidneys. The accumulation of hydroxyl free
radicals in the blood, liver, and kidney cortex was re-
moved, and plasma urea and creatinine levels were de-
creased by lipoic acid. Treatment with a-lipoic acid and
CD improved plasma urea, creatinine levels, malondi-
aldehyde (MDA), and catalase activity (Table 1, Figure
3A, B). Data indicated that mercury exposure signifi-
cantly elevated plasma mercury concentrations (Figure
3C). However, the ALA+Hg and CD+Hg groups exhib-
it lower plasma Hg levels than the Hg group. Since all
treatments were administered orally, alpha-lipoic acid
or Cleome droserifolia extract may decrease the oral
absorption of Hg during co-administration. Due to this
reduced absorption of Hg, lower toxicity is observed in
the liver and kidney. The observed healing effect may be
attributed to decreased mercury absorption rather than
antioxidant effects at the tissue level.

It has been suggested that vitamin C, found in Cleome
species, prevents the production of mutagenic electro-
philic metabolites and stimulates 7-alpha-hydroxylation
of lipids and cholesterol nuclei, increasing their degra-
dation to bile acids that can be excreted from the body.
Vitamin C could protect cells from oxidative damage
through its antioxidant activity, decreasing cytotoxicity
(Acharya et al., 2003).

Conclusion

The current study highlighted the modulatory effects
of ALA and CD on mercury-induced hepatorenal toxic-
ity, with the most pronounced modulation observed in
rats supplemented with ALA rather than CD. Consider-
ing the results of this study, ALA and CD could be used
as protective agents against mercuric chloride-associat-
ed hepatorenal toxicity.

Author contributions

Mohamed Gaber Shalan: conducted experimental de-
sign, all experimental procedures, measurements, and
statistical analysis, and wrote and reviewed the manu-
script.

Acknowledgment
The author extends gratitude to all those who assisted

in completing this work.

Conflicts of interest



Physiology and Pharmacology 29 (2025) 450-463 | 459

Shalan

The authors confirm that they have no competing in-
terests.

Data availability

The datasets from this study are accessible from the
corresponding author upon reasonable request.

Sources of Funding

The author declares no sources of funding.

References

Abdel Moneim AE. The neuroprotective effect of berberine
in mercury-induced neurotoxicity in rats. Metabolic Brain
Disease 2015; 30(4): 935-942. https://doi.org/10.1007/
s11011-015-9652-6

Abdel-Kader MS, Algasoumi SI, Al-Taweel AM. Hepatopro-
tective constituents from Cleome droserifolia. Chemical
and Pharmaceutical Bulletin 2009; 57: 620-624. https://doi.
org/10.1248/cpb.57.620

Achapelle M, Guertin F, Marion M, Fournier M, Denizeau
F. Mercuric chloride affects protein Secretion in rat pri-
mary hepatocyte cultures: a biochemical ultrastructural
and gold immunochemical study. Journal of Toxicology
and Environmental Health 1993; 38: 343-354. https://doi.
org/10.1080/15287399109531723

Acharya U R, Rathore R M, Mishra M. Role of vitamin C on
lead acetate induced Spermatogenesis in Swiss mice. Envi-
ronmental Toxicology and Pharmacology 2003; 13: 9-14.
https://doi.org/10.1016/S1382-6689(02)00107-2

Adikwu E, Ebinyo N C, Bokolo B. Melatonin and alpha lipoic
acid attenuate methotrexate/cisplatin-induced kidney toxic-
ity in albino rats. Journal of Nephropharmacology 2019;
9(2): el7. https://doi.org/10.34172/np;j.2020.17

Acbi H. Catalase in vitro. Methods in Enzymology 1984; 105:
121-126. https://doi.org/10.1016/S0076-6879(84)05016-3

Agarwal R, Goel S K, Chandra R, Behari J R. Role of vita-
min E In preventing Acute mercury toxicity in rat. Environ-
mental Toxicology and Pharmacology 2010; 29(1): 70-78.
https://doi.org/10.1016/j.etap.2009.10.003

Al-Attar A M. Vitamin E attenuates liver injury induced by
exposure to lead Mercury, cadmium and copper in albino
mice. Saudi Journal of Biological Sciences 2011; 18: 395-
401. https://doi.org/10.1016/j.sjbs.2011.07.004

Al-Yahya A A 1. Repeat dose toxicity of Celeome Amblyo-
carpa water decoction in rats. Biochemical and Cellular Ar-
chives 2020; 20(1): 2751-2755.

Aslanturk A, Uznhisarcikli M, Kalender S, Drmir F. Sodi-

um selenite and Vitamin E in preventing mercuric chlo-

ride Induced renal toxicity in rats. Food and Chemical
Toxicology 2014; 70: 185-190. https://doi.org/10.1016/j.
fct.2014.05.010

Boujbiha M A, Hamden K, Guermazi F, Bouslama A, Omez-
zine A, Kammoun A, El Feki A. Testicular toxicity in
mercuric chloride-treated rats: association with oxidative
stress. Reproductive Toxicology 2009; 28: 81-89. https://
doi.org/10.1016/j.reprotox.2009.03.011

Bridges C C, Zalups R K. The aging kidney and nephrotoxic
effects of Mercury. Journal of Toxicology and Environmen-
tal Health 2017; 20(2): 55-80. https://doi.org/10.1080/1093
7404.2016.1243501

Caglayan C, Kandemir F M, Yildirim S, Kucukler S, Eser G.
Rutin protects mercuric chloride-induced nephrotoxicity
via targeting of aquaporin 1 level, oxidative stress, apop-
tosis and inflammation in rats. Journal of Trace Elements
in Medicine and Biology 2019; 54: 69-78. https:/doi.
org/10.1016/j.jtemb.2019.04.007

Carreau J P. Biosynthesis of lipoic acid via unsaturated fatty
acids. Methods in Enzymolog 1979; 62: 152-158. https://
doi.org/10.1016/0076-6879(79)62212-7

Clarkson T W. Inorganic and organometal pesticides. Hand-
book of pesticide toxicology: Elsevier; 2001. p. 1357-428.
https://doi.org/10.1016/B978-012426260-7/50064-1

Dacie J, Lewis S. Practical haematology. Churchill Living-
stone. Edinburgh, London, Melbourne and New York.
1991:521-4.

Debashis R, Aayush V, Vinod R. Mercury exposure and risk
of non-alcoholic fatty liver disease and advanced fibrosis:
findings from the 2011-2016 national health and nutrition
examination survey. The American Journal of Gastroen-
terology 2019; 114: S1615. https://doi.org/10.14309/01.
aj2.0000601440.80672.c8

Dufault R, Schnoll R, Lukiw W J, LeBlanc B, Cornett C,
Patrick L, Wallinga D, Gilbert SG, Crider R. Mercury ex-
posure, nutritional deficiencies, and metabolic disruptions
may affect learning in children. Behavioral and Brain Func-
tions 2009; 5: 44. https://doi.org/10.1186/1744-9081-5-44

Edrissi A. Routine Histological Techniques. Sudan, Univer-
sity of Elimam Elmahdi press, 2022.El-Askary H 1. Ter-
penoids from Cleome droserifolia (Forssk.) Del. Molecules
2005; 10: 971. https://doi.org/10.3390/10080971

El-Komy M M, Serag M H, Emsalam A A. The ameliorative
effect of Cleome droserifolia (Samwa) on myocardial inju-
ry associated with diabetes in male rats. The Egyptian Jour-
nal of Hospital Medicine 2017; 69(4): 2222-2231. https://
doi.org/10.12816/0041521


https://doi.org/10.1007/s11011-015-9652-6
https://doi.org/10.1007/s11011-015-9652-6
https://doi.org/10.1248/cpb.57.620
https://doi.org/10.1248/cpb.57.620
https://doi.org/10.1080/15287399109531723
https://doi.org/10.1080/15287399109531723
https://doi.org/10.1016/S1382-6689(02)00107-2
https://doi.org/10.34172/npj.2020.17
https://doi.org/10.1016/S0076-6879(84)05016-3
https://doi.org/10.1016/j.etap.2009.10.003
https://doi.org/10.1016/j.sjbs.2011.07.004
https://doi.org/10.1016/j.fct.2014.05.010
https://doi.org/10.1016/j.fct.2014.05.010
https://doi.org/10.1016/j.reprotox.2009.03.011
https://doi.org/10.1016/j.reprotox.2009.03.011
https://doi.org/10.1080/10937404.2016.1243501 
https://doi.org/10.1080/10937404.2016.1243501 
https://doi.org/10.1016/j.jtemb.2019.04.007 
https://doi.org/10.1016/j.jtemb.2019.04.007 
https://doi.org/10.1016/0076-6879(79)62212-7 
https://doi.org/10.1016/0076-6879(79)62212-7 
https://doi.org/10.1016/B978-012426260-7/50064-1
https://doi.org/10.14309/01.ajg.0000601440.80672.c8 
https://doi.org/10.14309/01.ajg.0000601440.80672.c8 
https://doi.org/10.1186/1744-9081-5-44
https://doi.org/10.3390/10080971
 https://doi.org/10.12816/0041521
 https://doi.org/10.12816/0041521

Effect of lipoic acid and Cleome droserifolia extract against mercury toxicity

Physiology and Pharmacology 29 (2025) 450-463 | 460

El-Shenawy N S, Abdel-Nabi I M. Hypoglycemic effect of
Cleome droserifolia ethanolic leaf extract in experimen-
tal diabetes, and on non-enzymatic antioxidant, glycogen,
thyroid hormone, and insulin levels. Diabetologia Croatica
2006; 35: 15.

Emanuelli T, Rocha J B T, Pereira M E, et al. Effect of mer-
curic chloride intoxication and dimercaprol treatment on
delta-aminolevulinate dehydratase from brain, liver and
kidney of adult mice. Pharmacology and Toxicology 1996;
79: 136-143. https://doi.org/10.1111/1.1600-0773.1996.
tb00257.x

Evans J L, Goldfine I D. Alpha-lipoic acid: a multifunctional
antioxidant that improves insulin sensitivity in patients with
type 2 diabetes. Diabetes Technology & Therapeutics 2000;
2(3):401-413.https://doi.org/10.1089/15209150050194279

Faix S, Faixova Z, Michnova E, Varady J. Effects of per os
administration of Mercuric chloride on peroxidation pro-
cesses in Japanese Quail. Acta Veterinaria Brno 2003; 72:
26-23. https://doi.org/10.2754/avb200372010023

Fossati P, Prencipe L, Berti G. Use of 3,5-dichloro-2-hy-
droxybenzenesulfonic acid/4-aminophenazone chromogen-
ic system in direct enzymic assay of uric acid in serum and
urine. Clinical Chemistry 1980; 26(2): 227-231. https://doi.
org/10.1093/clinchem/26.2.227

Gao W W, Chun SY,KimB S, HaY S, Lee J N, Lee E H,
Kim I'Y, You S, Kwon T G. Locally transplanted human
urine-induced nephron progenitor cells contribute to renal
repair in mice kidney with diabetic nephropathy. Biochem-
ical and Biophysical Research Communications 2022; 629:
128-134. https://doi.org/10.1016/j.bbrc.2022.09.015

Gorgca A, Huk-Kolega H, Piechota A, Kleniewska P, Ciejka
E, Skibska B. Lipoic acid-biological activity and therapeu-
tic potential. Pharmacological Reports 2011; 63: 849-858.
https://doi.org/10.1016/S1734-1140(11)70600-4

Haouem S, Najjar M F, El Hani A. Simultaneous effects of
cadmium and Mercury on some biochemical parameters of
kidney function in male rats. Journal of Current Chemical
and Pharmaceutical Sciences 2015; 5(1): 26-30.

HeJ, Zhao Y, Zhu T, Xue P, Zheng W, Yao Y, Qu W, Jia X, Lu
R, He M, Zhang Y. Mercury chloride impacts on the devel-
opment of erythrocytes and megakaryocytes in mice. Tox-
ics 2021; 9(10): 252. https://doi.org/10.3390/toxics9100252

Heinegard D, Tiderstrom G. Determination of serum creat-
inine by a direct colorimetric method. Clinica Chemica
Acta 1973; 43: 305-310. https://doi.org/10.1016/0009-
8981(73)90466-X

Hussain S, Rodgers D A, Duhart H M, Ali S F. Mercuric chlo-

ride-induced reactive oxygen species and its effect on an-
tioxidant enzymes in different regions of rat brain. Journal
of Environmental Science and Health 1997;32(3):395-409.
https://doi.org/10.1080/03601239709373094

Hussain S, Atkinson A, Thompson S, Khan A. Accumula-
tion of Mercury and its effect on antioxidant enzymes in
brain, liver, and kidneys of mice. Journal of Environmen-
tal Science and Health 1999; 34(4): 645-660. https://doi.
org/10.1080/03601239909373219

Ibegbu A O, Micheal A, Abdulrazaq A A, Daniel B, Sadeeq A
A, Peter A, Hamman W O, Umana U E, Musa S A. Amelio-
rative effect of ascorbic acid on mercury chloride induced
changes on the spleen of adult Wistar rats. Journal of Exper-
imental and Clinical Anatomy 2014; 13: 60-65. https://doi.
org/10.4103/1596-2393.154402

Jaiswal N, Kumar D, Rizvi S I. Red onion extract (Allium cepa
L), Supplementation improves redox balance in oxidative-
ly stressed rats. Food Science and Human Wellness 2013;
2(2): 99-104. https://doi.org/10.1016/j.fshw.2013.05.003

Jalili C, Roshankhah S, Jalali A, Salahshoor MR. Hepatopro-
tective activity of royal jelly on mercuric chloride-induced
damage model-In rats. Journal of Reports in Pharmaceuti-
cal Sciences 2019; 8(2): 181-187. https://doi.org/10.4103/
jrptps JRPTPS 27 19

Joshi D, Mittal D K, Shukla S, Srivastav A K, Srivastav S
K. N-acetyl cysteine and selenium protect mercuric chlo-
ride-induced oxidative stress and antioxidant defense
system in liver and kidney of rats: a histopathological
approach. Journal of Trace Elements in Medicine and Bi-
ology 2014; 28(2): 218-226. https://doi.org/10.1016/j.
jtemb.2013.12.006

Joshi D, Srivastav S K, Belemkar S, Dixit V A. Zingiber of-
ficinale and 6-gingerol alleviate liver and kidney dysfunc-
tions and oxidative stress induced by mercuric chloride in
male rats: A protective approach. Biomedecine and Phar-
macotherapie 2017; 91: 645-655. https://doi.org/10.1016/j.
biopha.2017.04.108

Kalender S, Uzun F G, Durak D. Malathion-induced hep-
atotoxicity in rats: the Effects of vitamins C and E. Food
and Chemical Toxicolog 2010; 48: 633-638. https://doi.
org/10.1016/j.fct.2009.11.044

Kalender S, Uzun F G, Demir F, Uzunhisarcikli M, Aslan-
turk A. 2013. Mercuric chloride-induced testicular toxicity
in rats and the protective role of sodium selenite and vita-
min E. Food and Chemical Toxicolog 2013; 55: 456-462.
https://doi.org/10.1016/j.fct.2013.01.024

Karuppanan M, Krishnan M, Padarthi P, Namasivayam E.


https://doi.org/10.1111/j.1600-0773.1996.tb00257.x 
https://doi.org/10.1111/j.1600-0773.1996.tb00257.x 
https://doi.org/10.1089/15209150050194279
https://doi.org/10.2754/avb200372010023 
 https://doi.org/10.1093/clinchem/26.2.227
 https://doi.org/10.1093/clinchem/26.2.227
https://doi.org/10.1016/j.bbrc.2022.09.015
https://doi.org/10.1016/S1734-1140(11)70600-4
https://doi.org/10.3390/toxics9100252 
https://doi.org/10.1016/0009-8981(73)90466-X
https://doi.org/10.1016/0009-8981(73)90466-X
https://doi.org/10.1080/03601239709373094
https://doi.org/10.1080/03601239909373219 
https://doi.org/10.1080/03601239909373219 
https://doi.org/10.4103/1596-2393.154402
https://doi.org/10.4103/1596-2393.154402
https://doi.org/10.1016/j.fshw.2013.05.003
https://doi.org/10.4103/jrptps.JRPTPS_27_19
https://doi.org/10.4103/jrptps.JRPTPS_27_19
https://doi.org/10.1016/j.jtemb.2013.12.006
https://doi.org/10.1016/j.jtemb.2013.12.006
https://doi.org/10.1016/j.biopha.2017.04.108
https://doi.org/10.1016/j.biopha.2017.04.108
https://doi.org/10.1016/j.fct.2009.11.044
https://doi.org/10.1016/j.fct.2009.11.044
https://doi.org/10.1016/j.fct.2013.01.024

Physiology and Pharmacology 29 (2025) 450-463 | 461

Shalan

Hepatoprotective and antioxidant effect of Mangifera in-
dica leaf extracts against mercuric chloride induced liver
toxicity in mice. Euroasian Journal of Hepato-Gastroen-
terology 2014; 4: 18-24. https://doi.org/10.5005/jp-jour-
nals-10018-1091

Konrad D, Somwar R, Sweeney G, Yaworsky K, Hayashi
M, Ramlal T, Klip A. The antihyperglycemic drug al-
pha-lipoic acid stimulates glucose uptake via both GLUT4
translocation and GLUT4 activation: Potential role of p38
mitogen-activated protein kinase in GLUT4 activation. Di-
abetes 2001; 50: 1464-1471. https://doi.org/10.2337/diabe-
tes.50.6.1464

Kopp J F, Longbottom M C, Lobring L B. “Cold vapor”
method for determining Mercury. Journal-American Wa-
ter Works Association1972; 64(1): 20-25. https://doi.
org/10.1002/j.1551-8833.1972.tb02624.x

Lee J'Y, Hwang G W, Naganuma A, Satoh M. Methylmercury
toxic mechanism related to protein degradation and chemo-
kine transcription. Environmental Health and Preventive
Medicine 2020; 25: 30. https://doi.org/10.1186/s12199-
020-00868-3

Liu W, Shi L J, Li S G. The immunomodulatory effect of
alpha-lipoic acid in autoimmune diseases. BioMed Re-
search International 2019; 2019(1): 8086257. https://doi.
org/10.1155/2019/8086257

Mahboob M, Shireen K F, Atkinson A, Khan A T. Lipid per-
oxidation and antioxidant enzyme activity in different or-
gans of mice exposed to low level of mercury. Journal of
Environmental Science and Health, Part B 2001; 36: 687-
697. https://doi.org/10.1081/PFC-100106195

Mabhour K, Saxena P N. Assessment of haematotoxic poten-
tial of mercuric chloride in rat. Journal of Environmental
Biology. 2009;30(5):927-928.

Marles R J, Farnsworth N R. Antidiabetic plants and their ac-
tive constituents. Phytomedicine 1995; 2: 137-189. https:/
doi.org/10.1016/S0944-7113(11)80059-0

Mubhaidat R, Al-Qudah M, Samir O, Jacob J, Hussein E, Al-
Tarawneh I, et al. Phytochemical investigation and in vitro
antibacterial activity of essential oils from Cleome droseri-
folia (Forssk.) Delile and C. trinervia Fresen (Cleomaceae).
outh African Journal of Botany 2015; 99: 21-28. https://doi.
org/10.1016/j.sajb.2015.03.184

Mumtaz S, Ali S, Khan R, Andleeb S, Ulhaq M, Khan M
A, Shakir H A. The Protective role of ascorbic acid in the
hepatotoxicity of cadmium and Mercury in rabbits. Envi-
ronmental Science and Pollution Research 2019; 26(14):
14087-14096. https://doi.org/10.1007/s11356-019-04620-5

Nabi S. Toxic effects of mercury: Springer; 2014. https://doi.
org/10.1007/978-81-322-1922-4

Naghibi B, Ghafghazi T, Hajhashemi V, Talebi A, Taheri D.
The effect of vitamin E in prevention of vancomycin-in-
duced nephrotoxicity in rats. Research in Pharmaceutical
Sciences 2006; 2: 104-111.

Ndamba J, Nyazema N, Makaza N, Anderson C, Kaondera K.
Traditional herbal remedies used for the treatment of urinary
schistosomiasis in Zimbabwe. Journal of Ethnopharma-
cology. 1994;42(2):125-32. https://doi.org/10.1016/0378-
8741(94)90106-6

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction. Ana-
Iytical Biochemistry 1979; 95(2): 351-358. https://doi.
0rg/10.1016/0003-2697(79)90738-3

Packer L, Witt E, Tritschler H J. Alpha-lipoic acid as a bi-
ological antioxidant. Free Radical Biology and Medi-
cine 1995; 19: 227-250. https://doi.org/10.1016/0891-
5849(95)00017-R

Packer L, Tritschler H J, Wessel K. Neuroprotection by the
metabolic antioxidant a-lipoic acid. Free Radical Biology
and Medicine 1997; 22: 359-378. https://doi.org/10.1016/
S0891-5849(96)00269-9

Panicker N G, Balhmar S O MS, Akhlaq S, Qureshi M M,
Tehman N U, Al-Harrasi A, Hussain J, Mustafa F. Or-
ganic extracts from Cleome droserifolia exhibit effective
caspase-dependent anticancer activity. BMC Complemen-
tary Medicine and Therapies 2020; 20(1): 74. https://doi.
org/10.1186/312906-020-2858-0

Patel T A, Rao M V. Ameliorative effect of certain antioxi-
dants against Mercury induced genotoxicity in peripheral
blood lymphocytes. Drug and Chemical Toxicology 2015;
38(4): 408-414. https://doi.org/10.3109/01480545.2014.97
5354

Phing P L, Abdullah A, Sin C L, Foong S C Y. The effect
of drying methods on the physicochemical and antioxidant
properties of Bintangor orange (Citrus nobilis) powders.
Acta Scientiarum Polonorum Technologia Alimentaria
2022; 21(1): 111-122. https://doi.org/10.17306/J.AFS.0901

Rao M V, Purohit A R. Neuroprotection by melatonin on
Mercury induced toxicity in the rat brain. Pharmacology
& Pharmacy 2011; 2: 375-385. https://doi.org/10.4236/
pp.2011.24049

Rao MV, Sharma P S N. Protective effect of vitamin E against
mercuric chloride reproductive toxicity in male mice. Re-
productive Toxicology 2001; 15: 705-712. https:/doi.
org/10.1016/S0890-6238(01)00183-6


https://doi.org/10.5005/jp-journals-10018-1091
https://doi.org/10.5005/jp-journals-10018-1091
https://doi.org/10.2337/diabetes.50.6.1464
https://doi.org/10.2337/diabetes.50.6.1464
https://doi.org/10.1002/j.1551-8833.1972.tb02624.x
https://doi.org/10.1002/j.1551-8833.1972.tb02624.x
https://doi.org/10.1186/s12199-020-00868-3
https://doi.org/10.1186/s12199-020-00868-3
https://doi.org/10.1155/2019/8086257
https://doi.org/10.1155/2019/8086257
https://doi.org/10.1081/PFC-100106195
https://doi.org/10.1016/S0944-7113(11)80059-0
https://doi.org/10.1016/S0944-7113(11)80059-0
https://doi.org/10.1016/j.sajb.2015.03.184
https://doi.org/10.1016/j.sajb.2015.03.184
https://doi.org/10.1007/s11356-019-04620-5
https://doi.org/10.1007/978-81-322-1922-4
https://doi.org/10.1007/978-81-322-1922-4
https://doi.org/10.1016/0378-8741(94)90106-6 
https://doi.org/10.1016/0378-8741(94)90106-6 
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/0891-5849(95)00017-R 
https://doi.org/10.1016/0891-5849(95)00017-R 
https://doi.org/10.1016/S0891-5849(96)00269-9
https://doi.org/10.1016/S0891-5849(96)00269-9
 https://doi.org/10.1186/s12906-020-2858-0
 https://doi.org/10.1186/s12906-020-2858-0
https://doi.org/10.3109/01480545.2014.975354
https://doi.org/10.3109/01480545.2014.975354
 https://doi.org/10.17306/J.AFS.0901 
https://doi.org/10.4236/pp.2011.24049
https://doi.org/10.4236/pp.2011.24049
https://doi.org/10.1016/S0890-6238(01)00183-6
https://doi.org/10.1016/S0890-6238(01)00183-6

Effect of lipoic acid and Cleome droserifolia extract against mercury toxicity

Physiology and Pharmacology 29 (2025) 450-463 | 462

Renugadevi J, Prabu S M. Cadmium-induced hepatotoxicity
in rats and the protective effect of naringenin. Experimental
and Toxicologic Pathology 2010; 62: 171-181. https://doi.
org/10.1016/j.etp.2009.03.010

Rodriguez-Viso P, Domene A, Sanchez A, Velez D, Monede-
ro V., Devesa V, Auniga M. Challenges and strategies for
preventing intestinal damage associated to mercury di-
etary exposure. Toxicology 2023; 494: 153580. https://doi.
org/10.1016/j.tox.2023.153580

Rule A D, Larson T S, Bergstralh E J, Slezak J M, Jacob-
sen S J, Cosio F G. Using serum creatinine to estimate
glomerular filtration rate: accuracy in good health and in
chronic kidney disease. Annals of Internal Medicine 2004;
141(12): 929-937. https://doi.org/10.7326/0003-4819-141-
12-200412210-00009

Salazar J H. Overview of urea and createnine. Lab Med 2014;
45(1): 19-20. https://doi.org/10.1309/LM920SBNZPJRJ-
GUT

Sarhan W A, Azzazy H M, El-Sherbiny I M. Honey/chitosan
nanofiber wound dressing enriched with allium sativum and
cleome droserifolia. enhanced antimicrobial and wound
healing activity. ACS Applied Materials & Interfaces 2016;
8: 6379-6390. https://doi.org/10.1021/acsami.6b00739

Schumann G, Klauke R. New I F CC reference procedures for
the determination of catalytic activity concentrations of five
enzymes in serum: preliminary upper reference limits ob-
tained in hospitalized subjects. Clinica Chimica Acta 2003;
327: 69-79. https://doi.org/10.1016/S0009-8981(02)00341-
8

Shalan M G. Amelioration of mercuric chloride-induced
physiologic and histopathologic alterations in rats using
vitamin E and zinc chloride supplement. Heliyon 2022; 8:
€12036. https://doi.org/10.1016/j.heliyon.2022.e12036

Shalan M G, Al-Bakry N A, Rashwan H M. The ameliorative
effects of lactoferrin against lead acetate toxicity in female
albino rats. Egyptian J Zool 2023; 80: 35-49. https://doi.
org/10.21608/ejz.2023.166927.1087

Shaw J E, Sicree R A, Zimmet P Z. Global estimates of the
prevalence of diabetes for: 2010 and 2030. Diabetes Re-
search and Clinical Practice 2010; 87: 4-14. https://doi.
org/10.1016/j.diabres.2009.10.007

Shay K P, Moreau R F, Smith E J, Smith A R, Hagen T M.
Alpha-lipoic acid as a dietary supplement: molecular mech-
anisms and therapeutic potential. Biochimica et Biophysica
Acta (BBA)-General Subjects. 2009;1790(10):1149-1160.
https://doi.org/10.1016/j.bbagen.2009.07.026

Stankovic M N, Mladenovic D, Ninkovic M, Duricic I, Soba-

jic S, Jorgacevic B, de Luka S, Vukicevic R J, Radosavljevic
T S. The effects of a-lipoic acid on liver oxidative stress and
free fatty acid composition in methionine-choline deficient
diet-induced NAFLD. Journal of Medicinal Food 2014;
17(2): 254-261. https://doi.org/10.1089/jmf.2013.0111

Stohs S J, Bagchi D. Oxidative mechanisms in the toxicity of

metal ions. Free Radical Biology and Medicine 1995; 18:
321-336. https://doi.org/10.1016/0891-5849(94)00159-H

Su L, Wang M, Yin S T, Wang H L, Chen L, Sun L G, Ruan

D Y. The interaction of selenium and Mercury in the accu-
mulations and oxidative stress of rat tissues. Ecotoxicology
and Environmental Safety 2008; 70(3): 483-489. https://
doi.org/10.1016/j.ecoenv.2007.05.018

Sudheesh N P, Ajith T A, Janardhanan K K. Hepatoprotec-

tive effects of DL-alpha-lipoic acid and alpha-tocopherol
through amelioration of the mitochondrial oxidative stress
in acetaminophen challenged rats. Toxicology Mechanisms
and Methods 2013; 23: 368-376. https://doi.org/10.3109/15
376516.2013.769289

Sztolsztener K, Hodun K, Chabowski A. a-lipoic acid ame-

liorates inflammation state and oxidative stress by reducing
the content of bioactive lipid derivatives in the left ventri-
cle of rats fed a high-fat diet. Biochimica et Biophysica
Acta-Molecular Basis of Disease 2022; 1868(9): 166440.
https://doi.org/10.1016/j.bbadis.2022.166440

Tanaka-Kagawa T, Suzuki M, Naganuma A, Yamanaka N,

Imura N. Strain difference in sensitivity of mice to renal
toxicity of inorganic Mercury. The Journal of Pharmacol-
ogy and Experimental Therapeutics 1998; 285: 335-341.
https://doi.org/10.1016/S0022-3565(24)37406-3

Talbott J H, Coombs F S, Consolazio W V. Electrolyte balance

during recovery from mercury bichloride poisoning. Ar-
chives of Internal Medicine 1937; 60(2): 301-311. https://
doi.org/10.1001/archinte.1937.00180020125009

Toyama T, Hoshi T, Noguchi T, Saito Y, Matsuzawa A, Na-

ganuma A, Hwang G W. Methylmercury induces neuro-
nal cell death by inducing TNF-a expression through the
ASK1/p38 signaling pathway in microglia. Scientific Re-
ports 2021; 11: 9832. https://doi.org/10.1038/s41598-021-
89210-7

Uzunhisarcikli M, Aslanturk A, Kalender S, Apaydin F G, Bas

H. Mercuric chloride induced hepatotoxic and hematologic
changes in rats: The protective effects of sodium selenite and
vitamin E. Toxicology and Industrial Health 2016; 32(9):
1651-1662. https://doi.org/10.1177/0748233715572561

Vergilio C S, Carvalho C E V, Melo E J T. Mercury-in-

duced dysfunction in multiple organelles leading to cell


https://doi.org/10.1016/j.etp.2009.03.01
https://doi.org/10.1016/j.etp.2009.03.01
https://doi.org/10.1016/j.tox.2023.153580 
https://doi.org/10.1016/j.tox.2023.153580 
https://doi.org/10.7326/0003-4819-141-12-200412210-00009
https://doi.org/10.7326/0003-4819-141-12-200412210-00009
https://doi.org/10.1309/LM920SBNZPJRJGUT
https://doi.org/10.1309/LM920SBNZPJRJGUT
https://doi.org/10.1021/acsami.6b00739
https://doi.org/10.1016/S0009-8981(02)00341-8
https://doi.org/10.1016/S0009-8981(02)00341-8
https://doi.org/10.1016/j.heliyon.2022.e12036
https://doi.org/10.21608/ejz.2023.166927.1087
https://doi.org/10.21608/ejz.2023.166927.1087
https://doi.org/10.1016/j.diabres.2009.10.007
https://doi.org/10.1016/j.diabres.2009.10.007
https://doi.org/10.1016/j.bbagen.2009.07.026
https://doi.org/10.1089/jmf.2013.0111
 https://doi.org/10.1016/0891-5849(94)00159-H
https://doi.org/10.1016/j.ecoenv.2007.05.018
https://doi.org/10.1016/j.ecoenv.2007.05.018
https://doi.org/10.3109/15376516.2013.769289 
https://doi.org/10.3109/15376516.2013.769289 
https://doi.org/10.1016/j.bbadis.2022.166440
https://doi.org/10.1016/S0022-3565(24)37406-3
https://doi.org/10.1001/archinte.1937.00180020125009 
https://doi.org/10.1001/archinte.1937.00180020125009 
https://doi.org/10.1038/s41598-021-89210-7 
https://doi.org/10.1038/s41598-021-89210-7 
https://doi.org/10.1177/0748233715572561

Physiology and Pharmacology 29 (2025) 450-463 | 463

Shalan

death. Toxicology in Vitro 2015; 29(1): 63-71. https://doi.
org/10.1016/j.tiv.2014.09.006

Wadaan M A M. Effects of mercury exposure on blood chem-
istry and liver histopathology of male rats. Journal of Phar-
macology and Toxicology 2009; 4(3): 126-131. https://doi.
org/10.3923/jpt.2009.126.131

Wong A, Dukic-Stefanovic S, Gasic-Milenkovic J, et al.
Anti-inflammatory antioxidants attenuate the expression
of inducible nitric oxide synthase mediated by advanced
glycation endproducts in murine microglia. European Jour-
nal of Neuroscience 2001; 14(12): 1961-1967. https://doi.
org/10.1046/j.0953-816x.2001.01820.x

Xie M, Zhou W, Xie Y, LiY, Zhang Z, Yang Y, Olsen RE, Ran
C, Zhou Z. Effects of Cetobacterium somerae fermentation

Product on gut and liver health of common carp (Cypri-

nus carpio) fed diet supplemented with ultra-micro ground
mixed plant Proteins. Aquaculture 2021; 543: 736943.
https://doi.org/10.1016/j.aquaculture.2021.736943

Yang T H, Chen-Yuan C, Ting-Jang L, Shing-Hwa L, Meng-
Tsan C. The anti-obesity effect of polysaccharide-rich red
algae (Gelidium amansii) hot-water extracts in high-fat di-
et-induced obese hamsters. Marine Drugs 2019; 17(9): 532.
https://doi.org/10.3390/md17090532

Zalups R K. Molecular interactions with mercury in the kid-
ney. Pharmacological reviews. 2000;52(1):113-43. https://
doi.org/10.1016/S0031-6997(24)01438-8

Zhang J, McCullough P A. Lipoic acid in the prevention of
acute kidney injury. Nephron 2016; 134: 133-140. https://
doi.org/10.1159/000448666


https://doi.org/10.1016/j.tiv.2014.09.006
https://doi.org/10.1016/j.tiv.2014.09.006
https://doi.org/10.3923/jpt.2009.126.131
https://doi.org/10.3923/jpt.2009.126.131
https://doi.org/10.1046/j.0953-816x.2001.01820.x 
https://doi.org/10.1046/j.0953-816x.2001.01820.x 
https://doi.org/10.1016/j.aquaculture.2021.736943
https://doi.org/10.3390/md17090532
https://doi.org/10.1016/S0031-6997(24)01438-8 
https://doi.org/10.1016/S0031-6997(24)01438-8 
https://doi.org/10.1159/000448666
https://doi.org/10.1159/000448666

