


Hepatoprotective Effects of Ethanolic Extract of Syzygium aromaticum Against Mercury Chloride-Induced Liver Toxicity in Male Wistar Rats.



ABSTRACT      
  
Background: Mercury chloride is a highly toxic inorganic compound known to induce oxidative stress and sever hepatic damage. Natural plant products with antioxidant properties are increasingly investigated as protective agents against heavy metal toxicity. 
Aim: This study evaluated the hepatoprotective effects of ethanolic extract of Syzygium aromaticum in male Wister rats exposed to mercury chloride. 
Methodology: Twenty-five rats were randomly assigned into five groups (n = 5). Group A served as the control and was given distilled water and food only. Group B received mercury chloride (7.5 mg/kg), Group C received Syzygium aromaticum extract (400 mg/kg), while Groups D and E received mercury chloride followed by Syzygium aromaticum extract at 200 mg/kg and 400 mg/kg, respectively, for six weeks. Liver function enzymes such as Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT), Alkaline Phosphatase (ALP) and histological architecture were evaluated.
Results: The results showed that mercury chloride significantly elevated liver enzymes and caused marked hepatic degeneration. Treatment with Syzygium aromaticum extract resulted in dose-dependent reductions in liver enzyme profiles and preservation of hepatic histoarchitecture. Histological analysis revealed mild inflammatory changes in treated groups compared to severe degeneration in the mercury chloride only rats. 
Conclusion: These findings demonstrate that ethanolic extract of Syzygium aromaticum exerts significant hepatoprotective effects against mercury chloride-induced liver toxicity and may represent a promising natural therapeutic agent.
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1. INTRODUCTION
Heavy metal pollution constitutes a major global public health challenge arising from rapid industrialization, environmental contamination, and increased human exposure through food, water, and occupational activities (Balali-Mood et al., 2021). Among these toxic heavy metals, mercury is regarded as one of the most hazardous due to its high bioaccumulation potential and severe toxicological effects on both humans and animals. Mercury exists naturally in the environment but is also released through various anthropogenic activities, leading to increased atmospheric levels. Environmental mercury persists within air–soil–water biogeochemical cycles for extended periods, thereby increasing environmental and biological exposure (Rice et al., 2014). 
Inorganic mercury compounds, particularly mercury chloride, exert toxicity primarily through the induction of oxidative stress, interaction with sulfhydryl groups of proteins, and disruption of cellular metabolism (Wu et al., 2024). The liver, being the primary organ responsible for detoxification and metabolism, is especially susceptible to mercury-induced injury. Exposure to mercury chloride has been associated with hepatocellular degeneration, inflammation, and impairment of antioxidant defense systems. Therefore, protecting the liver from mercury chloride-induced injury remains a critical health concern (Ajibade et al., 2021). 
Current treatment for mercury toxicity rely primarily on chelation therapy using agents such as dimercaprol and D-penicillamine. However, these agents are often associated with adverse effects, including nephrotoxicity, hepatotoxicity, immunological disturbances, and poor clinical tolerability (Lauren and Lacey, 2023). Thus, there is growing interest in plant-derived compounds with antioxidant and cytoprotective properties as safer alternatives (Nweke et al., 2021; Nwajiobi et al., 2025)
Syzygium aromaticum (cloves) a member of the family Myrtaceae is medicinal plant widely used in traditional medicine and is rich in bioactive phytochemicals, particularly eugenol which exhibits antioxidant, anti-inflammatory, and metal-chelating properties (Orheruata et al., 2025; Kaur and Kaushal 2019). Previous studies have demonstrated its protective effects of Syzygium aromaticum against chemically induced organ damage, including hepatic injury (Imafiadon et al., 2024). It has also been employed in the management of gastrointestinal disturbances including diarrhea, bloating, nausea, and indigestion and notable immunomodulatory effects (Hussain et al., 2017).

Despite several reports on the antimicrobial, anti-oxidative, anti-inflammatory and free radical-scavenging properties of Syzygium aromaticum. Limited experimental study exist on its protective role against mercury chloride induced hepatotoxicity especially in the study area. Thus, this study therefore aimed to evaluate the hepatoprotective effects of ethanolic extract of Syzygium aromaticum on liver biochemical markers and histological architecture in male Wistar rats exposed to mercury chloride toxicity.


2. MATERIALS AND METHOD
2.1.  Location and Duration of the study 
The study was conducted in the Department of Anatomy, Faculty of Basic Medical Science, Nnamdi Azikwe University, Nnewi Campus. Animals were acclimatized for two weeks and experimental treatment lasted for six weeks.
2.2.  Plant Material Collection and Extraction
Dried flower buds of Syzygium aromaticum were purchased from Nkwo Market, Nnewi, and authenticated at the Department of Botany, Nnamdi Azikiwe University, Awka. The buds were washed thoroughly with distilled water, air-dried in the shade at room temperature, and ground into a fine powder using a mechanical grinder. An ethanolic extract was prepared by macerating 100g of the powdered buds in 300mL of ethanol (70%) for 72 hours, with intermittent shaking. The mixture was then filtered using Whatman No. 1 filter paper, and the solvent was evaporated using a rotary evaporator under reduced pressure to yield a concentrated extract. The extract was stored at 4°C for subsequent use.

2.3. Experimental Animals and Ethical Approval 
Twenty-five male Wistar rats weighing between 150-250g were purchased from a local farm at Nnewi and were acclimatized for two weeks at the animal facility, Department of Anatomy, Nnamdi Azikiwe University Awka. The rats were fed with standard rat chow and water ad libitum throughout the experiment. Animals were handled according to guidelines of the National Institute of Health for care and use of Laboratory Animals. Following ethical approval by the animal research ethics committee of Nnamdi Azikiwe University, Awka.

2.4. Experimental Design
The rats were randomly divided into 5 groups (n= 5) and were housed in five standard cages.
· Group A: Control (rat chow and ad-libitum)
· Group B: Mercury chloride (7.5 mg/kg)
· Group C: S. aromaticum extract (400 mg/kg)
· Group D: Mercury chloride + S. aromaticum (200 mg/kg)
· Group E: Mercury chloride + S. aromaticum (400 mg/kg)
Treatment were administered orally. Animals were sacrificed after six weeks. 

2.5. Biochemical and Histological Analysis
Blood samples were analyzed for Liver function tests such as ALP, AST, and ALT using standard spectrophotometric methods as described by King and Jegathesan (1959). Liver tissues were harvested, weighed, fixed in 10% neutral buffered formalin, processed and stained with hematoxylin and eosin for histological examination.

2.6. Statistical Analysis
Data were analyzed using One-way ANOVA followed by Fisher’s LSD post-hoc test. Results were expressed as mean ± SEM, and statistical significance was set at p ≤ 0.05.


3. RESULTS
3.1 Physical and Behavioral Observations 
Mercury-treated rats showed physical signs of toxicity, including reduced activity, alopecia, abdominal distension, and hair discolorations. These signs were less pronounced in Syzygium aromaticum extract-treated groups.



3.2. Effect On Body Weight of Animals 
Table 1 show the effect of ehtanolic extract of Syzygium aromaticum on the body weight of experimented animals. Rats treated with Syzygium aromaticum extract showed improved weight gain compared to mercury-only rats, particularly at the higher dose indicating possible restorative effects of (400 mg/kg) dose of Syzygium aromaticum

Table 1:  Effect of ethanolic extract of Syzygium aromaticum on body weight in rats

	Group
	Initial Weight (g)
	Final Weight (g)

	A   Control
	162.50 ± 4.09
	257.33 ± 11.84

	B    HgCl₂ (7.5 mg/kg)
	190.25 ± 7.14
	252.00 ± 2.31

	C    ESA (400 mg/kg)
	221.50 ± 7.31
	271.25 ± 8.56

	D   HgCl₂ + ESA (200 mg/kg)
	192.00 ± 2.35
	248.00 ± 18.01

	E    HgCl₂ + ESA (400 mg/kg)
	207.00 ± 3.34
	362.00 ± 12.00


Values are expressed as mean ± SEM.
ESA = Ethanolic extract of Syzygium aromaticum, HgCl2 = Mercury chloride


3.3. Effect on Relative Liver Weight
Table 2 shows the effect of ethanolic extract of Syzygium aromaticum on relative liver weight in rats exposed to mercury chloride toxicity. The Relative liver weight decreased significantly in mercury treated rats (p<0.05) compared to controls, while the Syzygium aromaticum extract treated groups showed partial restoration.  


Table 2: Effect of Ethanolic Extract of Syzygium Aromaticum On Relative Liver Weight 

	Group
	Relative Liver Weight (g) 

	
A    Control
	3.62 ± 0.09

	B    HgCl₂
	3.00 ± 0.06*

	C    ESA (400 mg/kg)
	2.82 ± 0.15*

	D    HgCl₂ + ESA (200 mg/kg)
	2.65 ± 0.22*

	E    HgCl₂ + ESA (400 mg/kg)
	3.15 ± 0.13*



Values are expressed as mean ± SEM and were considered significant at p≤0.05. 
*: significant when compared to group A, #: significant when compared to group B.
ESA = Ethanolic extract of Syzygium aromaticum, HgCl2 = Mercury chloride   


3.4. Effect on Liver Enzymes 
Mercury chloride significantly elevated AST, ALT, and ALP levels. Table 3 shows the effect of ethanolic extract of Syzygium aromaticum on serum liver enzymes. Treatment with Syzygium aromaticum extract resulted in the dose-dependent reductions in these enzyme levels. The mean AST level in groups B, C, D, and E had a statistically significant increase (p<0.05) compared to group A. Also, Syzygium aromaticum extract treated groups had a decrease in the mean AST level when compared to group B (Figure 1). There was an increase in the mean ALT level in groups B, C, D, and E (p<0.05) compared to group A, which had significant difference in-group B.  However, groups C, D, and E had a significant decrease in the ALT level compared to group B (Figure 2). The ALP level had a significant increase in groups B, C, D, and E (p<0.05) compared to group A. Conversely, groups C, D, and E had a decrease in the mean ALP level compared to group B, which had significant difference in groups D and E (Table 3). 


Table 3: Effect of Ethanolic Extract of Syzygium aromaticum on Serum Liver Enzymes (ALT, AST and ALP)

	GROUP
	AST (IU/L)
	ALT (IU/L)
	ALP (IU/L)

	A    Control
	86.26 ± 4.00
	74.01 ± 0.38
	123.62 ± 1.50

	B    HgCl₂
	97.12 ± 0.75*
	80.67 ± 0.85*
	139.16 ± 0.67*

	C    ESA
	101.83 ± 0.45*
	74.70 ± 0.51#
	137.04 ± 0.58*

	D    HgCl₂ + ESA (200 mg/kg)
	95.28 ± 2.42*
	75.85 ± 1.18#
	128.21 ± 2.47*#

	E    HgCl₂ + ESA (400 mg/kg)
	93.15 ± 0.02*
	74.56 ± 1.41#
	133.63 ± 0.51*#


values were considered significant at p≤0.05,  
*: significant when compared to group A, #: significant when compared to group B. 
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Figure 1: Effect of ethanolic extract of Syzygium aromaticum on serum AST levels in rats exposed to mercury chloride toxicity. A= control, B= HgCl₂, C= ESA, D= HgCl₂ + ESA (200 mg/kg), E= HgCl₂ + ESA (400 mg/kg)
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Figure 2: Effect of ethanolic extract of Syzygium aromaticum on Serum ALT level in rats exposed to mercury chloride toxicity.
A= control, B= HgCl₂, C= ESA, D= HgCl₂ + ESA (200 mg/kg), E= HgCl₂ + ESA (400 mg/kg)
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Figure 3: Effect of ethanolic extract of Syzygium aromaticum on Serum ALP level in rats exposed to mercury chloride toxicity.
A= control, B= HgCl₂, C= ESA, D= HgCl₂ + ESA (200 mg/kg), E= HgCl₂ + ESA (400 mg/kg)

3.5. Histopathological Analysis
Histological analysis revealed normal hepatic architecture in control and Syzygium aromaticum extract treated groups. Mercury only rats (group B) showed degenerative and reactive hepatic changes, whereas Syzygium aromaticum extract treated groups displayed mild inflammatory with improve liver architecture.
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Figure 4: Photomicrographs of liver sections showing histological changes across experimental groups (H&E, ×400).
(A) Control showing normal hepatic architecture;
(B) Mercury chloride-treated group showing degenerative hepatocytes;
(C) S. aromaticum-only group showing preserved hepatic structure;
(D) Mercury chloride + 200 mg/kg Syzygium aromaticum extract showing mild inflammation;
(E) Mercury chloride + 400 mg/kg Syzygium aromaticum extract showing improved hepatic architecture.

4. DISCUSSION
The present study demonstrated that mercury chloride induces significant hepatotoxicity in male Wistar rats, as evidenced by elevated serum liver enzyme levels, reduced relative liver weight, and marked histopathological alterations. These findings are consistent with previous reports (Innih and Nwachukwu, 2024; Umeboro et al., 2024), indicating that mercury chloride promotes oxidative stress, disrupts hepatocellular membrane integrity, and impairs normal liver function

Body weight assessment revealed a general increase in weight across all experimental groups when the initial weight was compared to the final weight with Syzygium aromaticum extract-treated rats exhibiting relatively higher weight gains compared to mercury-only animals. This observation suggests that administration of Syzygium aromaticum extract may mitigate systemic toxicity and support metabolic recovery following mercury exposure. These findings are in line with the previous studies done by Orheruata and Tobalu (2025), who reported Similar dose-dependent increases in body weight in rats treated with Syzygium aromaticum extracts. However, contrasting findings have been reported elsewhere, where reductions in body weight were observed following mercury exposure despite plant extract treatment (Abdelrahman et al., 2018), highlighting possible differences in extraction methods, dosage, and duration of exposure.
Mercury chloride administration resulted in significant elevations in serum AST, ALT, and ALP levels, indicating hepatocellular injury and compromised membrane permeability. These enzymes are widely recognized biomarkers of liver damage, and their elevation reflects leakage from damaged hepatocytes into circulation. Treatment with ethanolic extract of Syzygium aromaticum produced a dose-dependent reduction in these enzyme levels, particularly in groups receiving 400 mg/kg of the Syzygium aromaticum extract. This finding suggests restoration of hepatocellular integrity and improved liver function. Our findings are similar to study done by Iwemi et al., (2025) and Adegbola et al., (2022) which reported a decrease in liver enzyme level in animal treated with Syzygium aromaticum extract compare to control. 
The hepatoprotective effect observed in Syzygium aromaticum extract-treated groups may be attributed to the antioxidant and anti-inflammatory properties of Syzygium aromaticum, especially its major bioactive constituent eugenol. Eugenol has been shown to scavenge free radicals, inhibit lipid peroxidation, chelate metal ions, and stabilize cellular membranes, thereby reducing oxidative damage (Kaur and Kaushal, 2019; Buddhakala et al., 2023). The significant reduction in liver enzyme levels in the 400 mg/kg dose Syzygium aromaticum extract group further supports a dose-dependent protective effect.
Histopathological evaluation supported the biochemical findings. Mercury-treated rats exhibited degenerative and reactive hepatic changes characterized by disrupted hepatocyte architecture and inflammatory infiltration. In contrast, rats treated with Syzygium aromaticum extract showed preservation of hepatic architecture, with only mild inflammatory changes observed. The improved histological features in Syzygium aromaticum extract-treated groups indicate effective protection against mercury-induced structural damage. Similar histological recovery has been reported in studies investigating the protective effects of Syzygium aromaticum against chemically induced hepatic injury (Imafiadon and Ayomide, 2024). The biochemical and histological findings of this study suggest that ethanolic extract of Syzygium aromaticum effectively ameliorates mercury chloride–induced hepatotoxicity. The observed protective effects are likely mediated through antioxidant mechanisms, reduction of oxidative stress, and stabilization of hepatocellular membranes.
Though this study provides valuable experimental evidence, further investigations involving molecular oxidative stress markers and longer exposure periods are recommended to show the precise mechanisms underlying the hepatoprotective activity of Syzygium aromaticum.

5. CONCLUSION
Ethanolic extract of Syzygium aromaticum significantly ameliorated mercury chloride–induced hepatotoxicity in male Wistar rats by improving liver enzyme profiles and preserving hepatic histoarchitecture. These effects are likely mediated through antioxidant and anti-inflammatory mechanisms, supporting the therapeutic potential of Syzygium aromaticum against mercury-induced liver injury.
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