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ARTICLE INFO ABSTRACT 

Keywords   Mercury is given particular attention, because of its detrimental impacts on both human and 

animal health. It is claimed that it accumulates in the liver, causing liver toxicity and tissue 

damage. Consequently, it was intended in the current research to explore the potential 
antioxidant activity of coenzyme Q10 (CoQ10) against mercuric chloride (HgCl2)-induced 

hepatotoxicity. Twenty-eight male albino rats were divided into four groups: control group; 

given saline, CoQ10 group; given CoQ10 (10 mg/kg b.wt.); HgCl2 group; given mercuric 
chloride (1 mg/kg b.wt.); and the co-treated group, given coenzyme Q10 (10 mg/kg b.wt.) 

plus HgCl2 (1 mg/kg b.wt.). All treatments were received orally for 4 weeks.  The HgCl2 

group had significantly higher serum concentrations of alanine aminotransferase, aspartate 
aminotransferase, alkaline phosphatase, and lactate dehydrogenase enzymes, while total 

protein and albumin values were significantly decreased. Rats also showed a significant 
increase in mercury concentration and exhibited a notable spike of lipid peroxidation levels 

with concurrent declines in antioxidant enzyme (GSH). This result was concomitant with 

histopathological changes of examined liver tissues. Treatment with Co-treatment with 
CoQ10 ameliorated the hepatotoxicity induced by HgCl2 as indicated by improved serum 

biochemical parameters, oxidative markers, histopathological features of hepatic tissues. In 

conclusion, CoQ10 could be the best choice to counteract the liver toxicity produced by 
mercuric chloride exposure through its antioxidant effect. 
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1. INTRODUCTION 

 
Mercury is one of the most harmful environmental toxic 

metals to both human and animal health (Rahman and 

Singh, 2019). Environmental exposure to mercury in its 

metallic, organic, and inorganic forms is a result of 

anthropogenic and natural sources including mining, 

incineration, volcanic activity, industrial wastewater 

discharge, and medical usage (Ye et al., 2016). Because of 

the element's volatility or some of its derivatives, mercury 

is known to be a poisonous, persistent, and mobile 

pollutant. In addition, it does not break down in the 

environment and can travel far within air masses (Pacyna et 

al., 2020) .  

Among the most dangerous forms of mercury is mercuric 

chloride (HgCl2), due to its ability to quickly permeate 

biological membranes and form organ-mercury complexes 

by binding with proteins (Joshi et al., 2017). Since HgCl2 is 

weakly absorbed in the digestive tract, it is primarily 

eliminated in feces. It has been demonstrated that mercuric 

chloride is absorbed, goes through the cycle of hepatic 

biliary, also is released into the bile and then returns to the 

liver after being partially reabsorbed into the bloodstream 

(Kalender et al., 2013). Due to its ability  to bind with 
protein and non-protein sulfhydryl complexes, HgCl2 

causes oxidative stress and a disequilibrium in the body's 

pro-oxidant and antioxidant defence mechanisms, which 

lead to substantial amounts of reactive oxygen species 

(ROS) (Martinez et al., 2014).  

Since the liver is essential for physiological metabolism as 

well as several detoxification functions, it serves as the 

body's primary organ for processing toxins (Zhang et al., 

2017). According to numerous studies, exposure to HgCl2 

generates liver damage via a variety of complex pathways, 

such  as oxidative stress, DNA damage, induction of the 

apoptotic pathway, as well as mitochondrial malfunction 

(Elblehi et al., 2019). In order to counteract these issues, 

researchers thought that using antioxidant compounds was 

a novel approach (Karuppanan et al., 2014; Mohamed, 

2018). 

Coenzyme Q10 (CoQ10) is a naturally existing  antioxidant 

found in every organisms, its formed from  benzoquinone 

ring with ten isoprenoid side chain (Rodick et al., 2018). It 

is found in organs with high energy demand and high 

mitochondrial content like the liver, kidney, and heart 

(Gutierrez-Mariscal et al., 2019). It is essential for the 

generation of ATP by transferring electrons from 

complexes I and II to complex III in the mitochondrial 

electron transport chain (Lee et al., 2017). Also, CoQ10 is 

considered a potent antioxidant in the inner mitochondrial 

membrane, either actively by removing free radicals or 

passively by reviving the active form of vitamins E and C 

(Gutierrez-Mariscal et al., 2019).  

Numerous investigations have indicated that CoQ10 has an 

ameliorative effect against oxidative stress induced by 
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acute  cadmium toxicity (Paunović et al., 2017) and 

nephrotoxicity induced by lead by regenerating antioxidant 

activity (AL-Megrin et al., 2020). Given CoQ10's ability to 

suppress inflammation, apoptosis and oxidative stress, it 

might be a potential therapeutic approach (Yousef et al., 

2019). Therefore, this research was conducted to 

investigate into the preferential impacts of CoQ10 

supplementation against HgCL2-induced liver oxidative 

stress damage. 

 

2. MATERIAL AND METHODS 
2.1. Chemicals: 

Sigma Aldrich Co., USA provided the pure form of 

mercury chloride (HgCl2, 99%) (Cat #M1136). Coenzyme 

Q 10® was obtained from MEPACO in Cairo, Egypt. 

 

2.2. Animals and experimental design:                                                                                          

Twenty-eight male albino rats, weighing 130–150 g, were 

used in the current investigation. The Animal Laboratory at 

the Faculty of Veterinary Medicine, Benha University, 

Egypt donated them. Rats were acclimatized for 2 weeks 

before the experiment in a standard laboratory setting with 

an ambient temperature of 25°C and receiving pelleted 

rodent food and unlimited amounts of water. This study 

was approved by the Ethics Committee, Faculty of 

Veterinary Medicine, Benha University (Ethical Approval 

No. BUFVTM 19.03.22).                                                           

The rats were randomly divided into 4 group (7 per each 

group) as following:           

Group1: deal as vehicle control received physiological 

saline at dose 1 ml/ kg b.wt.                                                                                                                    

Group2: rats were given CoQ10 at dose10 mg/kg b.wt. 

(Chen et al., 2017).                                                                                                              

Group3: rats were administrated HgCL2 at dose 1 mg/ kg 

b.wt. (Aslanturk et al., 2014) 

Group4: deal as co-treated group, received CoQ10 one hour 

before HgCL2 (at dose10 mg/kg b.wt.) and HgCL2 (1 mg/ 

kg b.wt.). 

All treatments were applied orally for 4 weeks per day. 

Animals were weighed after the treatment period, 

euthanized under mild ether (Othman et al., 2014), and 

then blood samples were gathered in dry, clean test tubes  

for serum separation and was kept at -20 °C to evaluate 

biochemical indices. Wet weight was measured after the 

liver tissues separation from the surrounding tissue. Using 

the following formula: 

Organ weight / body weight × 100, the relative organ 

weight of the liver was then determined.  

After that, the liver split into two portions. One was soaked 

in paraformaldehyde solution for histopathological 

analysis, and the other portion in ice-cold phosphate-

buffered saline (PBS) for antioxidant evaluation. 

 

2.3. Biochemical assays: 

2.3.1. Evaluation serum biochemical markers of liver 

functions 

The activities of ALT, AST, ALP, LDH, albumin and total 

protein levels were assessed in collected sera according to 

former authors (Bergmeyer et al., 1986; Randox, 2011; 

Kumar and Gill, 2018) by using commercial kits((Spectrum 

Diagnostics company, cairo, Egypt) and following strictly 

the instructions issued by the manufacturers. 

 

 

2.3.2Asessment the oxidative markers:                                                                               

The MDA concentration in hepatic tissue homogenate was 

measured according to method Uchiyama & Mihara 

(1978), and liver antioxidants; reduced glutathione (GSH); 

as described by Beutler et al. (1963) were measured using 

specialized diagnostic kits obtained from the Laboratory 

Bio Diagnostic Company Bio Diagnostic Company, Giza, 

Egypt. 

2.3.3 Assessment of mercury residue in liver tissue: 

Mercury residues in liver tissue homogenate were 

evaluated using atomic absorption spectrometry (AAS) in 

accordance with the procedure described by Seady et al. 

(2001). Acid digestion solution in 5 ml (3 ml HNO3: 2 ml 

HCLO4) were added to each gram of samples, left for the 

length of the night at room temperature. To ensure the 

samples' thorough digestion, the water bath was heated for 

three hours at 70 °C. The resultant clear homogenates were 

kept at room temperature, adjusted with 20 ml of deionized 

water, and then filtered through filter paper (Watt man No. 

42). Samples and standards were contrasted within the 

linear range of the calibration. 

 

2.3.4. Histopathological evaluation:                                                                                        

Small tissue specimens were collected from liver of rats in 

all groups and immediately fixed in 10% formalin. Then 5-

μm thickness sections were routinely prepared, and stained 

by hematoxylin and eosin (H&E) for light microscopy 

analysis (Bancroft and Gamble, 2008) 

 

2.3.5. Statistical analysis data:                                                                                     

Statistical analysis of the experimental results was carried 

out using SPSS (Version 20; SPSS Inc., Chicago, USA). 

One-way ANOVA was performed to estimate the 

differences between the groups, and the Duncan test was 

employed as the post hoc analysis. Values were presented 

as Mean ± standard error, with a P-value of ≤ 0.05 

indicated a significant difference. 

 

3. RESULTS  

 
3.1. Effect of CoQ10 and/or HgCl2 on absolute and relative 

weight of liver: 

HgCL2 significantly reduced absolute liver weight 

compared to the CoQ10, control, as well as co-treated 

groups. pretreatment with CoQ10 (in HgCl2+ CoQ10 

group) significantly (p< 0.05) improved the values of 

absolute liver weight. Moreover, the relative liver weight 

was unchanged across all groups (p> 0.05). When 

compared to the control group, body weight dramatically 

dropped in the HgCL2 group, but significantly (p< 0.05) 

elevated in the HgCl2+ CoQ10 group compared to the 

HgCL2 group (Table 1).  

 

3.2. Effect of CoQ10 and/or HgCl2 on serum biochemical 

liver parameters: 

As illustrated in figure (1), HgCl2 induced hepatotoxicity as 

indicated by increasing serum liver biomarkers (AST, ALT, 

ALP, and LDH) than those of the control and CoQ10 

groups
Table 1 Effect of COQ10 on absolute and relative liver weight of HgCL2 treated rats:  
 

Groups 

Liver weight Body weight 

Absolute (g) Relative (g/100g) Initial Final 

Control 10.17±.62a 3.61± .12 154.43±17.51 286.43±23.85a 

CoQ10 8.25±.29b 3.45 ±.11 129±8.65 240.72±10.88a,b 

HgCL2 3.38 ±.21c 2.95 ±.48 131.71±6.04 126.5±12.65 c 

CoQ10+ HgCL2 7.17±.38b 3.37±.19 143.43±4.94 215±12.91b 

Data are presented as the mean ± SE (n = 7). Means with different superscript within the same row. 
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While the activities of such parameters were lowered in the 

HgCl2+ CoQ10 group in relation to HgCl2 group (p< 0.05). 

Substantially lower amounts of total protein and albumin 

after receiving HgCl2. In contrast, the total protein and 

albumin were noticeably improved in the HgCl2+CoQ10 

group in relative to the HgCl2 group (p< 0.05).  

 

 
Figure 1 Effect of CoQ10 and/or HgCl2 on serum biochemical liver parameters of treated 

rats. All data are expressed as the mean ± SE, n = three. Superscript letters in the same 

row indicate a statistically significant difference (P ≤ 0.05). 

 

3.3. Effect of CoQ10 and/or HgCl2 on liver oxidative stress 

As showed in figure (2), HgCL2 induced hepatic oxidative 

stress confirmed by significantly increase in MDA levels 

and significantly decline in GSH levels. Concurrent CoQ10 

therapy considerably reduced the oxidative damage brought 

on by mercury. The HgCl2+ CoQ10 group in particular 

showed a considerable improvement. 

 

3.4 Effect of CoQ10 and/or Hgcl2 on mercury residue in 

liver tissues: 

According to figure (2), there was a significant increase of 

mercury residues in HgCl2 group in relative to control 

group, while CoQ10 supplementation significantly   

decrease mercury accumulation in liver tissue in compared 

to the HgCl2 group (p< 0.05). 

 

3.5. Impacts of CoQ10 and/or Hgcl2 on hepatic 

histopathological changes: 

As shown in figure (3), the examined liver of rats in control 

and CoQ10 group had regular distributed of hepatocytes 

forming hepatic cords. Whereas, HgCl2 treatment induced 

hepatic damage evidenced by irregular distribution  of 

hepatic cords with pyknotic nuclei and vacuolated 

cytoplasm of hepatocytes, congestion of central veins and 

perivascular mononuclear cellular aggregation, fibrosis, 

and dilated blood vesseles were seen. Area of portal vien 

show a sever congestion suurounded by cellular infiltration. 

On the other hand, CoQ10 +HgCl2 treatment appeared 

improvement of histoarchitecture of liver tissues more or 

less like control group. 

 

 
Figure 2 Effect of CoQ10 and/or HgCl2 on hepatic lipid peroxidation (MDA), antioxidant 

parameter (GSH), and mercury accumulation of treated rats. All data are expressed as the 

mean ± SE, n = three. Superscript letters in the same row indicate a statistically 

significant difference (P ≤ 0.05).        
 

 
Figure 3 Effect of HgCl2 and/or CoQ10 on liver histopathology in treated rats. A: liver 

tissue from the control and CoQ10 groups show regularly arranged hepatocytes (H) 

forming hepatic cords around a central vein (CV) lined with flat endothelium (×400). B 

and C: HgCl2 treated group, respectively, showing highly distributed irregular pattern of 

hepatic cords with congestion of central vein (CV) and perivascular mononuclear 

infiltration, dilated congested portal vein ruptured from different areas (PV) that 

surrounded by cellular infiltration (CI), fibrosis, dilated blood sinusoid (S) and 

vacuolation of the cytoplasm (V) with pyknotic nuclei of hepatocytes (P) (×400). D: The 

co-treated group exhibit improvement of the histological picture in the form of regularly 

arranged hepatocytes (H) forming hepatic cords around a central vein (CV) separated by 

blood sinusoid (S) more or less like control group (H&E, ×400). 

 

4. DISCUSSION  

 
Mercury is the third-most dangerous heavy metal in regards 

of its toxicity, and because of its detrimental physiological 

and pathological effects, it poses serious health risks 

(Othman et al., 2014). Exposure of human and animals  to 
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mercury  toxicity in any of its forms by multiple routs like 

ingesion, inhalation or dermal because it extensively  

dispersed in the environment (Kim et al., 2016). According 

to the experimental data that is currently available, the 

buildup of HgCl2 in the liver causes oxidative stress, and 

glutathione reduction because intracellular mercury 

interferes with activities of enzymes, impairing ATP  and 

protein synthesis (Joshi et al., 2017). Consequently, it has 

been proposed in the current study that the antioxidant can 

assist in mitigating the detrimental effect of mercury 

exposure. 

In toxicological studies, alterations in organ weight are 

among the main criteria for assessing organ toxicity, and 

reductions in body weight are represented as a signal for 

the rat's general health status to deteriorate. In this 

investigation, rats treated with HgCl2  appeared 

significantly lose body weight gain  in compared to control 

animals, as mentioned earlier (Uzunhisarcikli et al., 2016). 

Loss in weight, which is known as the main sign of 

mercury toxicity, has been associated with animals eating 

less food (Jaiswal et al., 2013) . While the absolute and 

relative liver weight of HgCl2 treated rats was significantly 

decreased in comparison to the control group, those results 

were consistent with prior reports (Abarikwu et al., 2018). 

However, our finding in contrast with those of Abarikwu et 

al. (2017), who found that HgCl2 adminstration (5 mg/kg, 

ip, three times per week) for 21 days, not affected body 

wight and liver weight.whereas, the CoQ10-treated group 

with HgCl2  was able to maintain body weight and liver 

weight. 

The present finding showed that HgCl2 induced 

hepatotoxicity was evidenced by biochemical and 

histopathological changes.Exposure to HgCl2 caused 

significantly increased  of transaminases (ALT, AST, ALP 

and LDH) enzymes in HgCl2 group. These enzymes are 

potential indicator of hepatocellular injury and dysfunction. 

Owing to hepatic necrosis which changed the cell 

membrane's permeability (Joshi et al., 2017), and may be 

causing releasing of the liver enzymes from cytoplasm into 

blood. These results consistent with prior studies (Caglayan 

et al., 2019). LDH enzyme is crucial for recycling NAD+ 

during anaerobic respiration so that glycolysis can continue 

(Shi and Pinto, 2014). Impairment of ATP production as   

HgCl2 exposure that shift glucose metabolism from aerobic 

to anaerobic glycolysis which may explain the significant 

increase of serum LDH. The reduction in the serum total 

protein, and albumin levels in HgCl2 group. The most 

prevalent plasma protein synthesised in the liver is 

albumin. The liver's production or metabolism of proteins 

are impacted by HgCl2 (Uzunhisarcikli et al., 2016).  

While serum hepatic function indicators (ALT, ALP, AST, 

total protein, and albumin) developed in the CoQ10-treated 

group with HgCl2. This indicates that CoQ10 has the 

propensity to prevent liver injury, hence preventing the 

leakage of enzymes across membranes and exhibiting 

hepato-protective effects. In response to CoQ10 treatment, 

serum LDH levels return to normal, which may be 

attributable to CoQ10's part in ATP synthesis, which shifts 

glucose metabolism into aerobic glycolysis. 

The HgCl2 group displayed   hepatic injury in the form of 

hepatocellular necrosis, dilated blood vessels, and an 

uneven distribution of hepatic cords with pyknotic nuclei, 

perivascular mononuclear cellular aggregation. Parallel 

results were shown in earlier investigation (Caglayan et al., 

2019). Conversely, the hepatic lesions in the CoQ10+ 

HgCl2 co-treated rats improved more or less in line with the 

control group. Our findings were in agreement with those 

of Mwaeni et al., (2021), who discovered that oral 

administration of CoQ10 (200 mg/kg, for 15 days) and 

continued with arsenate (15 mg/kg, for a further 30 days) 

alleviated the elevation of biomarkers enzymes of livers 

and histopathological changes of  hepatic tissues caused by 

arsenic poisoning. 

The degree of liver damage is connected with the intensity 

of intracellular and extracellular oxidative stress, which is 

based on an excessive synthesis of free radicals and an 

insufficient concentration of antioxidants (El-Sayed et al., 

2015). Our findings showed that the HgCl2 treatment 

substaintial elevation the levels of lipid peroxidation  

(MDA),while significant  reduction in the levels of 

antioxidant as reduced glutathion (GSH) in liver tissues. 

GSH serves as first line of cellular protection against Hg 

poisoning. The level of GSH in the cell decreased as a 

result of Hg2+ binding to it, which diminished its 

antioxidant power and increased the degree of oxidative 

damage in the hepatic tissues (Mohamed, 2018). Our 

findings were confirmed by an increase in mercury 

concentration within hepatocytes, which causes oxidative 

stress and subsequent liver damage. our findings  were   

agreed with several previous studies (Elblehi et al., 2019; 

Alhusaini et al., 2021; Raeeszadeh et al., 2021). 

CoQ10 acts  a naturally occurring part of the electron 

transport chain, acts as a mobile redox agent involved in 

oxidative phosphorylation process for ATP synthesis (Lee 

et al., 2017). CoQ10 is regarded as a special mitochondrial 

antioxidant because it depletes the production of NADPH 

oxidase, a large source of oxygen (Ratliff et al., 2016) . It  

slows the progression of lipid peroxidation by preventing 

its onset and development as well as replenishing vitamin E 

from alpha tocopheroxyl radicals (Varela-López et al., 

2016).  

In light of this, treatment with CoQ10 brought considerable 

protection against oxidative stress caused by HgCl2 as 

evidenced by improvements in biochemical parameters, 

mercury accumulation and histopathological changes in the 

hepatic tissues. These changes might be due to marked 

enhancement of levels of GSH as well as decreased MDA 

because of the ROS-scavenging activity of CoQ10. 

Our finding concur with those obtained  from Eftekhari et 

al. (2018), who disscussed that CoQ10 may be useful in 

preventing mitochondrial dysfunction and oxidative 

damage caused by dichlorvos in hepatic tissue.This  

preventative measure was in line with our finding. 

Moreover, CoQ10 reduced the production of ROS and 

MDA while also increasing GSH levels. In a separate 

investigation, Khalifa et al. (2020) found that CoQ10 

protects against kidney damage induced by  

cisplatin,Where  CoQ10 increased the activities of CAT 

and SOD, increased GSH levels, and decreased MDA 

caused by cisplatin in renal tissue.  

The protective effect of CoQ10 against piroxicam(PM) -

mediated hepatotoxicity was also  noted in a subsequent 

investigation by Abdeen et al. (2020), who showed that the 

CoQ10 supplementation reduced the detrimental  hepatic 

oxidative damage and apoptosis caused by PM, Also this 

study , was consistence with our result. 

 

5. CONCLUSION 

 
According to the current study, Coenzyme Q10's 

antioxidant properties alleviate oxidative stress-induced 

liver damage. Moreover, our investigation suggested that 

the use of CoQ10 like a novel therapeutic for HgCl2 

induced hepatic damage through amelioration serum 

biomarkers of liver tissues, hepatic oxidative damage, 
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pathological changes of liver tissues and mercury 

accumulation in liver tissues. 
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