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Abstract
Introduction: Mercury as the source of free radicals can trigger the activation 
of oxidative stress pathways. With its high toxicity, it can cause hepato-renal 
injuries. There have been many studies on mercury toxicity in various organs, but 
there are still few scientific studies that examine the hepato-renal injuries caused 
by mercury through the oxidative stress pathway. This study was conducted to 
investigate the triggering of the oxidative stress pathway due to mercury exposure 
in hepato-renal injuries. Methods: Research using randomized true laboratory 
experiment method with post-test control group design. The number of samples 
used was 28 Wistar rats. The research group consisted of 2 groups, control 
group was given aquadest ad libitum, and intervention group was given water 
contaminated with mercury per oral once a day (15 kg/WB). The treatment period 
was 14 consecutive days and on the 15th day, blood samples were taken. Oxidative 
stress marker was assessed by examining MDA and GPx levels and hepato-renal 
injuries were assessed by examining liver function (ALT and AST) and kidney 
function (ureum and creatinine). The collected data were analyzed by independent 
t-test with 95% confidence level; significant if p>0.05. Results and Discussion: 
The study found that mercury can trigger the activation of oxidative stress 
pathways and have an impact on hepato-renal function. Conclusion: Research 
still needs to be continued to prove that impaired hepato-renal injuries also occur 
at the cellular histomorphologic and discover other biomolecular mechanisms 
such as activation of inflammatory pathways that can also cause organ damage.
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INTRODUCTION 

Mercury, a naturally occurring heavy metal 
found throughout the earth, has been utilized by humans 
in numerous activities throughout history. It has been 
utilized across multiple sectors, significantly increasing its 
atmospheric emissions and environmental accumulation 
(1–3). However, exposure to mercury, even in low 
concentrations, has been known to be toxic. The extent 
and duration of exposure of living organisms to mercury 

determine its level of toxicity. Mercury exposure may 
result in intoxication and multi-organ damage including 
hepato-renal injuries (4-5).

Mercury (Hg) is classified as a heavy metal and 
is recognized for its significant toxicity, particularly when 
evaluated against the chemical and physical properties 
of other heavy metals in its category. Mercury induces 
notable alterations in cellular biochemistry. Mercury 
can release oxygen radicals when it breaks down and 
releases ROS and induces significant cellular damage 
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by initiating the lipid peroxidation cascade of the cell 
membrane. When mercury circulates in the body, it 
produces disulfides that strongly bind to the sulfide 
groups of other proteins, changing protein structure 
and enzyme function. Reduced antioxidant defense and 
mercury exposure that elevates reactive species levels 
leads to an imbalance in the pro-oxidant/antioxidant 
system, causing oxidative stress (6-7). HgCl2, recognized 
for its high toxicity among mercury salts, undergoes 
metabolism mainly in the liver and accumulates in the 
kidneys. The decreased of epithelial cell osmotic water 
permeability brought on by mercury poisoning in the 
kidneys may hinder active water transport and osmotic 
water equilibration, leading to fluid buildup that may 
eventually cause kidney injury (8).  The hepatotoxicity of 
mercury related to ROS production that actived oxidative 
stress (6). There have been many studies on mercury 
toxicity in various organs, but there are still few scientific 
studies that examine the hepato-renal injuries caused by 
mercury through the oxidative stress pathway. Therefore, 
this study was conducted to investigating the triggering 
of oxidative stress pathway due to mercury exposure in 
hepato-renal injuries. With this discovery, it will be the 
basis for finding the right antioxidant agent in preventing 
the occurrence of hepato-renal injuries due to mercury 
exposure.

METHODS 

Research using randomized true laboratory 
experiment method with post-test control group design. 

Research Tools and Materials 
The study subjects were 28 male Wistar strain 

Rattus Norvegicus rats, aged 8 to 12 weeks, and weigh 
between 200 and 250 grams.  Determination number of 
samples using the Federer formula (commonly used for 
laboratory experimental research) and adult male rats 
were employed in this experiment for the homogenization 
of the research subject. Commercial enzyme-linked 
immunosorbent test (ELISA) kits were used to measure 
of MDA, GPx, ALT, AST, ureum, and creatinine levels 
(Elabscience TBARS/MDA Colorimetric Assay Kit 
(TBARS) cat. No E-BC-K025-S, Biovision Glutathione 
Peroxidase Activity Assay Kit cat. No K762-100, Medik 
Bio Alanine Transaminase Assay Kit cat No.MDE0753Ra, 
Medik Bio Aspartate Transaminase Assay Kit cat.
No.MDE0761Ra., Medik Bio Ureum Assay Kit cat. No 
MDB0057 and Medik Bio Creatinine ELISA Kit cat. No 
MDB0058). The product’s guidelines were carefully 
followed throughout the testing process. The reagents, 
standard solutions, and samples obtained underwent 
preparation and analysis at room temperature. 

Figure 1. Research Flow

Research Procedure 
Procedures, including the usage of rat, were 

conducted  from the management and utilization of 
all laboratory animals adhered to the guidelines set 
forth by the guidelines of Indonesian Food and Drug 
Administration (BPOM) (9). The Ethical Committee of 
the Faculty of Medicine and Health Science Lambung 
Mangkurat University, South Kalimantan has granted 
ethical approval for this study (No: 042/KEPK-FKIK/
EC/2024).

Acclimatization stage
The Wistar strain Rattus norvegicus underwent 

a one-week acclimatization period in cages of 40 cm 
x 60 cm x 60 cm within a controlled animal laboratory. 
The environment was maintained at a temperature 
of 20°C to 22°C, with humidity controlled between 
50% and 60%, and a 12-hour light-dark cycle was 
implemented. Standard commercial rodent pellets and 
water were provided to the rats on an ad libitum basis. 
The experiment began with a one-week acclimation 
period, during which rats were housed individually to 
standardize physical and psychological conditions. Each 
rat was given a standard diet, and daily assessments 
of their behavior and physical health were conducted 
to identify any changes. Acclimatization was finalized 
on the eighth day. The exclusion criteria for this study 
included rats that died during the acclimatization phase 
and HgCl2 induction process and those that appeared 
unwell after 3 days of induction (9).

Intervention and termination stage
The research procedure included establishing 

the requisite equipment and techniques and identifying 
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research objects and subjects that fulfilled the inclusion 
requirements. Post acclimatization for 7-days, the rats 
were allocated into two groups (N = 19) as follows: control 
group rats received purified water, and the intervention 
group (Hg) received water contaminated with HgCl2 
per oral once a day (15 kg/WB) for 14 days. HgCl2 
was dissolved in 0.5% DMSO and given orally via oral 
gavage. The administration was carried out via the oral 
route. Feed and water were provided ad libitium (10). 

Blood serum collection and ELISA examination
On the fifteenth day, the rats were anesthetized 

with lethal dose ketamine injection. After the rat died, 
the process of taking blood through intracardium was 
continued. After anesthesia and euthanasia, blood 
is taken and put in an EDTA tube, 10 ml of blood was 
obtained from the inferior vena cava to yield serum, 
which later was utilized to assess oxidative stress by 
measuring MDA and GPx levels, hepat0-renal injuries by 
evaluating ALT and AST levels for hepar and urea and 
creatinine levels for renal. The serum was permitted to 
clot for 10 to 20 minutes at room temperature, followed 
by centrifugation at 2000–3000 RPM for 20 minutes at 
2–8℃. The supernatant was then collected, ensuring no 
sediment was included, to carry out the assay. Enzyme-
linked immunosorbent assay (ELISA) kits, available 
commercially, were used to assess the levels of MDA, 
GPx, ALT, urea, and creatinine. The ELISA specimens 
and reagents were introduced to each well and 
incubated for one hour at 37°C, followed by five washes 
of the plates. After that, substrate solutions A and B 
were added, and the mixture was incubated at 37°C for 
10 minutes. The stop solution was introduced once a 
color change was visible, and the optical density (OD) 
values were measured within 10 minutes. The mean OD 
findings were computed utilizing computer-based curve 
fitting software, and the optimal fit line was established 
by regression analysis. 

Statistical analysis 
The Shapiro-Wilk test was employed for data 

analysis to assess normality, and Levene’s test was 
implemented to determine homogeneity. The data were 
homogeneous and normally distributed (p >0.05), and 
then independent t-tests were used. Statistical analysis 
was performed using SPSS software, v. 27 (IBM, 
Chicago, IL, USA). A p-value < 0.05 was considered 
statistically significant. The measured variables tested 
by the independent t-test were MDA (uM), GPx (uM), 

ALT (U/L), AST (U/L), ureum (mmol/L) and creatinine 
(ug/mL) levels.

RESULTS 
Oxidative Stress Analysis by Examining MDA and 
GPx Levels

On day 14, after mercury treatment 
administration, a total of 10 mL of blood was drawn from 
the inferior vena cava to acquire blood serum for the 
assessment of lipid peroxidase and antioxidants from 
the measurement of MDA and GPx levels. In Table 1 and 
Figures 1, the mean MDA value increased significantly 
in the intervention group (r=4.77 ± 1.72) compared to 
the control group (r=2.82 ± 1.79). At the same time, the 
GPx level decreased significantly in the intervention 
group (r=37.22 ± 23.25) compared to the control group 
(r=72.28 ± 23.92).

Tabel 1. Effects of Mercury Administration on Markers of 
Oxidative Stress, Liver Cell Failure, and Kidney Function
Variables Control (ctrl) Intervention (Hg) p-value
MDA (uM) 2.82±1.72 4.47±1.89 0.00*
GPx (uM) 72.28±23.92 37.22±23.25 0.00*
ALT (u/L) 51.77±14.07 70.54±28.60 0.02*
AST(u/L) 45.04±8.57 65.01±4.65 0.00*
Ureum (mmol/L) 18.59±4.72 27.58±7.13 0.01*
Kreatinin(ug/mL) 28.69±4.32 49.61±2.88 0.00*
*P < 0.05 (significanty compared with the control group) ; independent t-tests 

Hepato-Injuries Analysis by Examining AST and ALT 
Levels 

Ten milliliter of blood was drawn from the 
inferior vena cava on day 14 after mercury treatment 
administration to obtain serum for determining liver cell 
faring ALT and AST levels. In Table levels 1 and Figure 
2, the mean ALT value increased significantly in the 
intervention group (r=51.77 ± 14.07) compared to the 
control group (r=70.54 ± 28.60). The AST level also 
increased significantly in the intervention group (r=45.04 
± 8.57) compared to the control group (r= 65.01 ± 4.65). 

Renal Injuries Analysis by Examining Ureum and 
Creatinin Levels 

On day 14, after mercury treatment administration, 
blood serum obtained form 10 ml of the inferior vena 
cava blood was used to determine renal function from 
the measurement of serum and creatinine levels. In 
Table 1 and Figure 3, the mean ureum value increased 
significantly (p=0.01) in the intervention group (r=51.77 
± 14.07) compared to the control group (r=27.58 ± 7.13). 
The creatinine level also increased significantly in the 
intervention group (r=49.61 ± 2.88) compared to the 
control group (r=28.69 ± 4.32). 
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(A) MDA levels in the control group and the intervention. (B) GPx levels in the control and intervention groups. Data were expressed in standard mean ± from 2 
independent research groups. *P < 0.05 (compared with the control group)

Figure 2.  Mercury's Impact on Oxidative Stress Conditions

ALT levels in the control group and the intervention. AST levels in the control and intervention groups. Data were expressed in standard mean ± from 2 
independent research groups. *P < 0.05 (compared with the control group)

Figure 3.  Mercury's Impact on Cell Liver Failure

Ureum levels in the control group and the intervention. Creatinin levels in the control and intervention groups. Data were expressed in standard mean ± standart 
from 2 independent research groups. *P < 0.05 (compared with the control group) 

Figure 4.  Mercury's Impact on Renal Fuction 

DISCUSSION 

Our findings suggest that mercury administration, 
as an exogenous free radical, triggers a state of oxidative 
stress in rats treated with oral HgCl2 15/kgBB for 14 days, 
resulting in hepato-renal function disruption. To prove our 
research hypothesis, we used oxidative stress markers, 

namely the antioxidant class of glutathione (glutathione 
peroxidase/GPx) and the final product of oxidative stress 
from lipid peroxidation (malondialdehyde/MDA) to show 
that the administration of mercury may trigger oxidative 
stress conditions and this is proven in our research by 
decrease in GPx levels and increase in MDA levels.  
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The impact of damage to organs due to oxidative stress 
conditions, because the administration of mercury to the 
liver is characterized by increased ALT and AST levels, 
and disturbances in kidney function, are marked by 
increased urea and creatinine levels.

Oxidative Stress Activated by Mercury 
Administration

Reactive oxygen species (ROS) can arise 
from various external influences, including ionizing and 
ultraviolet radiation, environmental pollutants, dietary 
sources, pharmaceuticals, and recreational substances. 
The biological processes by which external factors 
contribute to ROS production involve mitochondrial injury, 
reduced activity of antioxidant enzymes, alterations in 
the glutathione (GSH)/glutathione disulfide (GSSG) ratio, 
heightened activity of enzymes like nicotinamide adenine 
dinucleotide phosphate hydrogen (NADPH) oxidase 
(NOX) and nitric oxide synthase (NOS), activation of 
nuclear factor kappa-light-chain-enhancer of activated 
B (NF-kB), incomplete reduction of molecular oxygen 
(O2), and the radiolysis of water (H2O), and increased 
levels of redox-active metals such as iron (Fe2+). The 
oxidation of lipids, such as malondialdehyde (MDA) 
and 4-hydroxynonenal (4-HNE), and modifications in 
deoxyribonucleic acid (DNA) are consequences reactive 
oxygen species (ROS) production. Mercury is one of the 
sources of ROS that is sourced from pollutants (11).  The 
pathogenesis of ROS toxicity comes from heavy metal 
pollutants using the redox reaction principle. Based on 
their redox function, heavy metals can be grouped into 
two distinct groups: those that are redox-active (such as 
Fe, Cu, Cr, and Co) and those that are redox-inactive 
(including Cd, Zn, Ni, Al, and Hg). Redox-active metals 
play a crucial role in cellular redox reactions, engaging in 
the Haber–Weiss and Fenton reactions alongside H2O2 
and O2− to generate OH. Redox-inactive metals can 
generate reactive oxygen species via indirect pathways, 
including electron transport chain disturbance, defense 
mechanism disruption, or lipid peroxidation promotion 
due to elevated lipoxygenase activity (12). It is also 
recognized that certain enzymes utilize metal ions as 
cofactors; consequently, the replacement of one metal 
ion with another can lead to the inhibition or complete loss 
of enzymatic activity (13).  The formation of free radicals 
mediated by heavy metals leads to various modifications 
of DNA bases, an increase in lipid peroxidation, and 
alterations in calcium homeostasis and sulfhydryl groups 
(14).

Free radicals cause changes in both enzymatic 
and nonenzymatic processes in cells. The alterations 
manifest in the respiratory chain within mitochondria, 

the cytochrome P450 system located in the endoplasmic 
reticulum, oxidative processes occurring in peroxisomes 
and during phagocytosis, as well as reactions catalyzed 
by transition metal ions, all serving as examples of 
enzymatic reactions that generate free radicals (15-16). 
The antioxidant defense system in healthy organisms 
roughly balances the creation of free radicals. This 
equilibrium is not flawless. Because free radicals are 
beneficial in moderation, cells cannot eradicate reactive 
oxygen and nitrogen species (ROS/RNS). An imbalance 
between oxidants and antioxidants brought on by either a 
rise in oxidants, a fall in antioxidants, or both is known as 
oxidative stress (17). Glutathione peroxidase, glutathione 
reductase, superoxide dismutase, and catalase are 
among the major enzymatic antioxidants directly involved 
in the neutralization of ROS. Cells experiencing oxidative 
stress are unable to neutralize the reactive intermediates 
or repair the consequent damage. Oxidative stress can 
lead to either oxidative damage or adaptability. Cells 
gradually lose their prior adaptability if the stress intensity 
continues (15-16,18). Cell damage may result from 
oxidative stress. Oxidative damage typically happens 
when vital biological components, such as proteins, DNA, 
or lipids in cell membranes, lose electrons and undergo 
chemical changes that can cause cellular malfunction. 
Every cell is continuously undergoing oxidative damage. 
Protein oxidation, lipid peroxidation, and DNA strand 
breaking are a few instances of oxidative damage. It 
is possible to replace or repair oxidatively damaged 
molecules. Severe oxidative stress results in cell death 
(apoptosis or necrosis) (19).

Malondialdehyde (MDA) is a dialdehyde 
compound that represents one of the final products 
resulting from the metabolic outcomes of reactive 
oxygen species (ROS), specifically as the end product 
of lipid peroxidation in the body. It is utilized more often 
as a marker of oxidative stress than other compounds. 
Numerous Research indicates that MDA serves as a 
reliable and precise metric for lipid peroxidation and 
can provide an overview of the metabolic results of 
lipid peroxidation from oxidative stress processes. 
Lipid peroxidation describes a process wherein free 
radicals target lipids containing carbon-carbon double 
bonds, particularly focusing on polyunsaturated fatty 
acids (PUFAs). PUFAs are integral constituents of lipid 
bilayer cellular membranes. The permeability properties 
of biological membranes largely depend upon the lipid 
bilayer’s integrity. The permeability properties of the bilayer 
facilitate the maintenance of concentration gradients of 
metabolites and electrolytes between the intracellular 
and external environments. Damage to PUFAs results 
in a fast deterioration of membrane integrity, disruption 



Jurnal Kesehatan Lingkungan/10.20473/jkl.v17i2.2025.159-167 Vol. 17 No.2 April 2025 (159-167)

164

of gradients, and impairment of organelle or cellular 
function. The degradation of membrane lipids due to 
free radical damage and the resultant lipid peroxidation 
byproducts are detrimental to cellular survival (19-20). 
The glutathione system serves as a principal cellular 
antioxidant defense, consisting of the reduced form of 
glutathione (GSH) and the enzymes responsible for its 
production, renewal, or utilization as an electron donor 
to neutralize reactive species. Glutathione is a tripeptide 
that is present in a variety of tissues and is essential for 
regulating immune system function, mitigating oxidative 
stress by improving the metabolic detoxification processes 
for both enobiotic and endogenous substances, and 
maintaining redox balance. Its function involves the 
catalytic detoxification of lipid peroxides, peroxynitrites, 
and hydroperoxides, while also actively engaging with a 
range of oxidants, such as nitric oxide, carbon radicals, 
superoxide anion, and hydroxyl. Glutathione serves as 
a protective agent for cellular macromolecules against 
reactive oxygen species (ROS) and reactive nitrogen 
species (RNS) originating from both internal and external 
sources, addressing the root causes of oxidative stress, 
including harmful metals (21-22). The finding that the 
intervention (Hg) group exhibited reduced GPx levels 
compared to the control group indicates that GPx, as 
the main endogenous antioxidant enzyme, does not 
have sufficient capacity to protect the biological system 
against free radicals; in this case, mercury.  The results 
of our study are consistent with the research which 
showed that The oral administration of HgCl2 at a dose 
of 1 mg/kg body weight for 9 weeks ad libitum results 
in a reduction of GPx activity and an elevation of MDA 
levels in the brain, thymus, and lung (23). Other studies 
have also shown mercury to be a trigger for oxidative 
stress conditions and damage to hepato-renal organs 
(24-25). Organ damage including hepato-renal injuries 
as the target organ of the mercury also can be triggered 
by inflammation pathways that can  caused defects in 
the intracellular calcium homeostasis, endoplasmic 
reticulum stress, mitochondrial dysfunction, cytoskeletal 
rearrangements, disturbances in cell adhesion and cell 
transporters, intracellular calcium, DNA methylation and 
reduced cellular viability with result in cell injury and cell 
death (26–28).

Hepato Injuries Due to Mercury Toxicity
The investigation focused on liver organs for 

integrating accumulation and toxicity data, considering 
their significance in the toxicokinetics and toxicodynamics 
of mercury (8,29-30). Transaminase enzymes in the 
liver include alanine transaminase (ALT) and aspartate 
transaminase (AST). Measuring their activity in serum can 

indicate the presence of certain liver cell abnormalities. 
ALT is present in liver, kidney, heart, and skeletal muscle 
and cells. Most are found in liver cells and the cytoplasm 
of liver cells. AST is found in the liver, kidney, pancreas, 
spleen, lung, brain, heart, and skeletal muscle cells. 
Heart cells exhibit the highest concentrations. AST is 
distributed with 30% located in liver cell cytoplasm and 
70% found in the mitochondria of liver cells. Elevated 
AST levels correlate directly with the extent of cellular 
damage. Following cellular injury, AST levels rise within 
a 12-hour and persist in the bloodstream for 5 days. The 
liver contains transaminase enzymes such as alanine 
transaminase (ALT) and aspartate transaminase (AST). 
The AST/ALT ratio is a valuable tool in evaluating the 
extent of liver cell damage. During inflammation and 
the initial stages of hepatocellular injury, there is a 
cell membrane leakage, resulting in the release of 
cytoplasmic contents. This process leads to an elevation 
of ALT levels surpassing those of AST, with an AST/
ALT ratio of 0.8 suggesting significant or chronic liver 
damage.  Research by Nabil et al showed the impact of 
mercury exposure on changes in liver function through 
increased ALT and AST levels (31).

In this study, the AST/ALT ratio = 1.15, meaning 
that the rats’ liver given mercury has severe liver 
damage. This study is in line with the research which 
found that the group exposed to Hg demonstrated the 
highest levels of transaminase enzymes (AST and 
ALT) compared to the other groups exposed to heavy 
metals like Cd and Pb (32). Increased AST or ALT is 
due to changes in permeability or damage to the liver 
cell wall, so it is used as a marker of impaired liver cell 
integrity (hepatocellular). The study also showed that 
HgCl2 treatments in animal models demonstrated Hg-
induced hepatotoxicity. The assessment of mercury’s 
hepatotoxicity involved a histological investigation and 
the evaluation of increased liver enzyme levels, including 
alanine transaminase (ALT), aspartate transaminase 
(AST), and alkaline phosphatase (ALP) (31).

Renal Injuries due to Mercury Toxicity 
The biochemical signs of renal damage, such as 

serum and urinary markers of renal functional integrity, 
can be used to evaluate kidney damage caused by 
mercury. The increased urea and creatinine levels 
are the markers for severe kidney oxidative damage 
(27,33-34). The antioxidative system in the rat kidney 
was impaired due to renal damage induced by HgCl2. 
Reduced glutathione peroxidase activity, elevated levels 
of oxidative lipids and proteins, and morphological 
alterations in renal tissue (35–37). A research found 
that the administration of HgCl 4 mg/kgbw i.p. induced 
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renal damage (38). One of the parameters of renal 
function measured is increased plasma urea levels. 
Slightly different from the research conducted, another 
study found  kidney function deteriorated by mercury 
associated with oxidative stress, glomerular damage, 
subsequent worsening of inflammation and cell death 
(18).

Mercury Toxicity Pathomechanism
Mercury (Hg), as a heavy metal, ranks first in the 

order of toxicity to tissues based on physical and chemical 
properties (Hg2+ > Cd2+ >Ag2+ > Ni2+ > Pb2+ > As2+ > Cr2+ 
Sn2+ >Zn2+) (29). Because of their exceptional binding for 
proteins (containing sulfur, thiol, and selenium groups), 
ease of accumulation, and difficulty of biodegradation, 
elemental mercury, and organic and inorganic 
mercury compounds pose a significant danger to the 
ecological environment and human well-being. These 
unique characteristics of mercury cause physiological 
malfunction and irreversible physiological harm once 
they enter organisms. The damage caused by mercury 
stress is intricately connected to the onset of oxidative 
stress and the disturbance of redox balance, stemming 
from two mechanisms. The initial mechanism involves 
mercury as an external toxin that can directly disrupt 
the structure of biological molecules, leading to cellular 
damage. An additional process involves mercury binding 
to intracellular sulfhydryl groups found in antioxidants 
such as thiols and proteins, so diminishing or nullifying 
their antioxidant capabilities. This mechanism leads to a 
redox imbalance and increased reactive oxygen species 
(ROS) levels (39-40). With a typical mechanism of 
toxicity, mercury (HgCl2) interacts through its active sites 
on enzymes involved in the biological metabolism of 
cells. The presence of such metals can interact with and 
replace the native metal in proteins or metalloenzymes, 
leading to cellular impairment and toxicity. These metals 
primarily engage with the -SH and -NH2 groups of 
proteins, modifying their structure and leading to enzyme 
inactivation (18). The formation of free radicals within 
cells caused by ionic heavy metals results in damage 
through oxidation. ROS are produced and used during 
regular metabolic processes. Nonetheless, disruption of 
homeostasis and loss of regulatory control contribute to 
the etiology and progression of various human diseases, 
including hepatic and renal disorders (18,41).

Based on this study, it was found that the 
pathomechanism of mercury triggers the activation of 
oxidative stress pathways that have an impact on hepato-
renal injuries through disturbances in liver and kidney 

function. This study has limitations, it cannot prove that 
hepato-renal injuries occur at the cellular level, so next 
research is needed to observe damage in liver cells and 
kidney cells through examination with a microscope. 
Also, this study did not investigate other biomelocellular 
mechanisms that can cause hepato-renal injuries such 
as inflammatory pathways that can trigger as well defects 
in the intracellular calcium homeostasis, endoplasmic 
reticulum stress, mitochondrial dysfunction, cytoskeletal 
rearrangements, disturbances in cell adhesion and cell 
transporters, intracellular calcium, DNA methylation and 
reduced cellular viability with result in cell injury and cell 
death. However, the results of this study, it will be the 
basis for finding the right antioxidant agent in preventing 
the occurrence of hepato-renal injuries due to mercury 
exposure.
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CONCLUSION

Our findings indicate that the mercury exposure 
results in hepato-renal injury through liver (increases 
levels of ALT and AST) and kidney function disruption 
(increases levels of ureum and creatinine).  Our data 
also suggest that the the antioxidant functions of GPx 
are crucial in protecting against ROS induced by mercury 
(increases level of MDA). This study still has limitations 
but also gived potential to conduct further research on 
how the pathomechanism of involvement mercury in 
oxidative stress and inflammation causes toxicity in 
other organs such as endoplasmic reticulum stress, 
mitochondrial dysfunction, cytoskeletal rearrangements, 
disturbances in cell adhesion and cell transporters, 
intracellular calcium, and reduced cellular viability with 
result in cell injury and cell death. Also from this study, it 
will be the basis for finding the right antioxidant agent in 
preventing the occurrence of hepato-renal injuries due to 
mercury exposure.



Jurnal Kesehatan Lingkungan/10.20473/jkl.v17i2.2025.159-167 Vol. 17 No.2 April 2025 (159-167)

166

REFERENCES
1.  Onan E, Ulu S, Güngör Ö. Heavy Metals and 

Kidney. Turkish J Nephrol. 2024;33(3):244–251. 
https://10.0.20.32/turkjnephrol.2024.22497

2.  Javaid A, Akbar I, Javed H, Khan U, Iftikhar H, Zahra D, 
et al. Role of Heavy Metals in Diabetes: Mechanisms 
and Treatment Strategies. Crit Rev Eukaryot Gene 
Expr. 2021;31(3):65–80. https://doi.org/10.1615/
CritRevEukaryotGeneExpr.2021037971

3.  Ali SS, Elsamahy T, Al-Tohamy R, Zhu D, Mahmoud 
YAG, Koutra E, et al. Plastic Wastes Biodegradation: 
Mechanisms, Challenges and Future Prospects. 
Sci Total Environ. 2021;780(1):146590. https://doi.
org/10.1016/j.scitotenv.2021.146590

4.  Ali SS, Abdelkarim EA, Elsamahy T, Al-Tohamy R, Li 
F, Kornaros M, et al. Bioplastic Production in Terms 
of Life Cycle Assessment: A State-of-the-Art Review. 
Environ Sci Ecotechnology. 2023;15(1):100254. 
https://doi.org/10.1016/j.ese.2023.100254

5.  Sarker A, Masud MA Al, Deepo DM, Das K, Nandi 
R, Ansary MWR, et al. Biological and Green 
Remediation of Heavy Metal Contaminated Water 
and Soils: A State-of-the-Art Review. Chemosphere. 
2023;332(1):138861. https://10.0.3.248/j.
chemosphere.2023.138861

6.  Balali-Mood M, Naseri K, Tahergorabi Z, Khazdair 
MR, Sadeghi M. Toxic Mechanisms of Five Heavy 
Metals: Mercury, Lead, Chromium, Cadmium, and 
Arsenic. Front Pharmacol. 2021;12(1):643972. 
https://doi.org/10.3389/fphar.2021.643972

7.  Ciacci C, Betti M, Abramovich S, Cavaliere M, 
Frontalini F. Mercury-Induced Oxidative Stress 
Response in Benthic Foraminifera: An in Vivo 
Experiment on Amphistegina lessonii. Biology 
(Basel). 2022;11(7):960. https://doi.org/10.3390/
biology11070960

8.  Wu YS, Osman AI, Hosny M, Elgarahy AM, 
Eltaweil AS, Rooney DW, et al. The Toxicity of 
Mercury and Its Chemical Compounds: Molecular 
Mechanisms and Environmental and Human 
Health Implications: A Comprehensive Review. 
ACS Omega. 2024;9(5):5100–5126. https://doi.
org/10.1021/acsomega.3c07047

9.  Indonesian Food and Drug Authority. Regulation 
of Indonesian Food and Drug Authority No. 18 
year 2021 Preclinical Pharmacodynamic Testing 
Guidelines for Traditional Medicines. Jakarta: 
Indonesian Food and Drug Authority; 2021. https://
peraturan.bpk.go.id/Details/181757/peraturan-
bpom-no-18-tahun-2021

10.  Kouam AF, Masso M, Kouoh FE, Fifen R, Njingou I, 
Tchana AN, et al. Hydro-ethanolic Extract of Khaya 
Grandifoliola Attenuates Heavy Metals-Induced 
Hepato-Renal Injury in Rats by Reducing Oxidative 
Stress and Metals-Bioaccumulation. Heliyon. 
2022;8(11):e11685. https://doi.org/10.1016/j.
heliyon.2022.e11685

11.  Aranda-Rivera AK, Cruz-Gregorio A, Arancibia-
Hernández YL, Hernández-Cruz EY, Pedraza-
Chaverri J. RONS and Oxidative Stress: An Overview 
of Basic Concepts. Oxygen. 2022;2(4):437–478. 
https://doi.org/10.3390/oxygen2040030

12.  Zheng F, Gonçalves FM, Abiko Y, Li H, Kumagai 
Y, Aschner M. Redox Toxicology of Environmental 
Chemicals Causing Oxidative Stress. Redox Biol. 
2020;34(1):101475. https://doi.org/10.1016/j.
redox.2020.101475

13.  Saito K, Nakagawa M, Mandal M, Ishikita H. Role 
of Redox-Inactive Metals in Controlling the Redox 
Potential of Heterometallic Manganese-Oxido 
Clusters. Photosynth Res. 2021;148(3):153–159. 
https://doi.org/10.1007/s11120-021-00846-y

14.  Paithankar JG, Saini S, Dwivedi S, Sharma 
A, Chowdhuri DK. Heavy Metal Associated 
Health Hazards: An Interplay of Oxidative 
Stress and Signal Transduction. Chemosphere. 
2021;262(1):128350. https://doi.org/10.1016/j.
chemosphere.2020.128350

15.  Abdelazim AM, Abomughaid MM. Oxidative Stress: 
An Overview of Past Research and Future Insights. 
All Life. 2024;17(1):1-11. https://doi.org/10.1080/26
895293.2024.2316092

16.  Pisoschi AM, Pop A, Iordache F, Stanca L, Predoi 
G, Serban AI. Oxidative Stress Mitigation by 
Antioxidants - An Overview on Their Chemistry 
and Influences on Health Status. Eur J Med Chem. 
2021;209(1):112891. https://doi.org/10.1016/j.
ejmech.2020.112891

17.  Touyz RM, Rios FJ, Alves-Lopes R, Neves KB, 
Camargo LL, Montezano AC. Oxidative Stress: A 
Unifying Paradigm in Hypertension. Can J Cardiol. 
2020;36(5):659–670. https://doi.org/10.1016/j.
cjca.2020.02.081

18.  Singh D, Bist P, Choudhary S. Co-exposure to 
Multiple Heavy Metals and Metalloid Induces 
Dose Dependent Modulation in Antioxidative, 
Inflammatory, DNA Damage and Apoptic Pathways 
Progressing to Renal Dysfunction in Mice. Environ 
Toxicol Pharmacol. 2024;111(1):104537. https://
doi.org/10.1016/j.etap.2024.104537

19.  Lushchak VI, Storey KB. Oxidative stress concept 
updated: Definitions, Classifications, and Regulatory 
Pathways Implicated. EXCLI J. 2021;20(1):956–
967. https://doi.org/10.17179/excli2021-3596

20.  Zhao Y, Zhou C, Guo X, Hu G, Li G, Zhuang Y, et 
al. Exposed to Mercury-Induced Oxidative Stress, 
Changes of Intestinal Microflora, and Association 
between them in Mice. Biol Trace Elem Res. 
2021;199(5):1900–1907. https://doi.org/10.1007/
s12011-020-02300-x

21.  Santacroce G, Gentile A, Soriano S, Novelli A, Lenti 
MV, Di Sabatino A. Glutathione: Pharmacological 
Aspects and Implications for Clinical Use in 
Non-Alcoholic Fatty Liver Disease. Front Med. 
2023;10(1):1124275. https://doi.org/10.3389/
fmed.2023.1124275

22.  Pérez LM, Hooshmand B, Mangialasche F, Mecocci 
P, Smith AD, Refsum H, et al. Glutathione Serum 
Levels and Rate of Multimorbidity Development 
in Older Adults. J Gerontol A Biol Sci Med Sci. 
2020;75(6):1089–1094. https://doi.org/10.1093/
gerona/glz101

23.  Ezejiofor AN, Orish CN, Akaranta O. Multi-Organ 
Inducedtoxicity of Metal Mixture (CdCl2, HgCl2, 



Jurnal Kesehatan Lingkungan/10.20473/jkl.v17i2.2025.159-167 Vol. 17 No.2 April 2025 (159-167)

167

Pb(NO3)), and the Ameliorative Potentials of 
Plantain Musa paradisiaca (F. Musaceae) Stem 
Juice on Male Wistar Rats. Int J Physiol Pathophysiol 
Pharmacol. 2022;14(4):211–224. https://pubmed.
ncbi.nlm.nih.gov/36161263/

24.  Vieira JCS, Braga CP, Queiroz JV de, Cavecci-
Mendonça B, Oliveira G de, Freitas NG de, et al. 
The Effects of Mercury Exposure on Amazonian 
Fishes: An Investigation of Potential Biomarkers. 
Chemosphere. 2023;316(1):137779. https://doi.
org/10.1016/j.chemosphere.2023.137779

25.  Bittarello AC, Vieira JCS, Braga CP, da Cunha 
Bataglioli I, de Oliveira G, Rocha LC, et al. 
Metalloproteomic Approach of Mercury-Binding 
Proteins in Liver and Kidney Tissues of Plagioscion 
squamosissimus (Corvina) and Colossoma 
macropomum (Tambaqui) from Amazon Region: 
Possible Identification of Mercury Contamination 
Biomarkers. Sci Total Environ. 2020;711(1):134547. 
https://doi.org/10.1016/j.scitotenv.2019.134547

26.  Al-Doghaither H, Elmorsy E, Al-Ghafari A, Ghulam 
J. Roles of Oxidative Stress, Apoptosis, and 
Inflammation in Metal-Induced Dysfunction of 
Beta Pancreatic Cells Isolated from CD1 Mice. 
Saudi J Biol Sci. 2021;28(1):651–663. https://doi.
org/10.1016/j.sjbs.2020.10.056

27.  Kang B, Wang J, Guo S, Yang L. Mercury-induced 
Toxicity: Mechanisms, Molecular Pathways, 
and Gene Regulation. Sci Total Environ. 
2024;943(1):173577. https://doi.org/10.1016/j.
scitotenv.2024.173577

28.  Vig S, Lambooij JM, Zaldumbide A, Guigas B. 
Endoplasmic Reticulum-Mitochondria Crosstalk 
and Beta-Cell Destruction in Type 1 Diabetes. Front 
Immunol. 2021;12(1):1–10. https://doi.org/10.3389/
fimmu.2021.669492

29.  Jyothi NR. Heavy Metal Sources and Their Effects 
on Human Health. Rijeka: IntechOpen; 2020. 
https://doi.org/10.5772/intechopen.95370

30.  Abu-Taweel GM. Effect of Administration of Mercuric 
Chloride on the Social Behavior, Neuromuscular 
Coordination, Motor Activity, Blood Parameters and 
Liver Structure Alterations in Mice Offspring. Pak J 
Zool. 2020;52(3):957–969. https://doi.org/10.17582/
journal.pjz/20180711040734

31.  Nabil A, Elshemy MM, Asem M, Gomaa 
HF. Protective Effect of DPPD on Mercury 
Chloride-Induced Hepatorenal Toxicity in Rats. 
J Toxicol. 2020;2020(1):4127284. https://doi.
org/10.1155/2020/4127284

32.  Yuliana I, Prenggono MD, Oktaviyanti IK, Ulfah 

F. The Effects of Heavy Metal Contamination on 
Liver Function in a Rat Model. MAGNA MEDICA. 
2024;11(1):145–153. https://doi.org/10.26714/
magnamed.11.2.2024.145-153

33.  Peng R, Liu K, Li W, Yuan Y, Niu R, Zhou L, et al. Blood 
Urea Nitrogen, Blood Urea Nitrogen to Creatinine 
Ratio and Incident Stroke: The Dongfeng-Tongji 
cohort. Atherosclerosis. 2021;333(1):1–8. https://
doi.org/10.1016/j.atherosclerosis.2021.08.011

34.  Gao Z, Wu N, Du X, Li H, Mei X, Song Y. Toxic 
Nephropathy Secondary to Chronic Mercury 
Poisoning: Clinical Characteristics and Outcomes. 
Kidney Int Reports. 2022;7(6):1189–1197. https://
doi.org/10.1016/j.ekir.2022.03.009

35.  Han B, Lv Z, Han X, Li S, Han B, Yang Q, et al. 
Harmful Effects of Inorganic Mercury Exposure on 
Kidney Cells: Mitochondrial Dynamics Disorder and 
Excessive Oxidative Stress. Biol Trace Elem Res. 
2022;200(4):1591–1597. https://doi.org/10.1007/
s12011-021-02766-3

36.  Vieira JVDA, Marques VB, Vieira LV, Crajoinas R 
de O, Shimizu MHM, Seguro AC, et al. Changes in 
the Renal Function After Acute Mercuric Chloride 
Exposure in the Rat are Associated with Renal 
Vascular Endothelial Dysfunction and Proximal 
Tubule NHE3 Inhibition. Toxicol Lett. 2021;341(1):23–
32. https://doi.org/10.1016/j.toxlet.2021.01.014

37.  Barregard L, Sallsten G, Lundh T, Mölne J. Low-
level Exposure to Lead, Cadmium and Mercury, 
and Histopathological Findings in Kidney Biopsies. 
Environ Res. 2022;211(1):113119. https://doi.
org/10.1016/j.envres.2022.113119

38.  Hazelhoff MH, Torres AM. Effect of Erythropoietin on 
Mercury-Induced Nephrotoxicity: Role of Membrane 
Transporters. Hum Exp Toxicol. 2021;40(3):515–
525. https://doi.org/10.1177/0960327120958109

39.  Zhang X, Zhang L, Cheng X, Liu S, Fang S, Zhang 
L, et al. Fluorescence Imaging to Probe Mercury 
Induced Oxidative Stress in Living Systems. 
Sensors Actuators B Chem. 2022;366(1):131982. 
https://doi.org/10.1016/j.snb.2022.131982

40.  Yang L, Zhang Y, Wang F, Luo Z, Guo S, Strähle 
U. Toxicity of Mercury: Molecular Evidence. 
Chemosphere. 2020;245(1):125586. https://doi.
org/10.1016/j.chemosphere.2019.125586

41.  Jalili C, Kazemi M, Cheng H, Mohammadi H, Babaei 
A, Taheri E, et al. Associations between Exposure 
to Heavy Metals and the Risk of Chronic Kidney 
Disease: A Systematic Review and Meta-Analysis. 
Crit Rev Toxicol. 2021;51(2):165–182. https://doi.or
g/10.1080/10408444.2021.1891196


