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Abstract  

This study investigated the corrective effects of aqueous leaf extract of Spondias mombin (SM) on liver and kidney 
function in Wistar rats co-exposed to mercury and cadmium toxicities. Thirty (30) male rats weighing 120–150g were 
randomly divided into ten (10) groups of three (3) rats each. Group I which served as negative control received normal 
rat feeds and distilled water ad libitum; Groups II and V received different doses of CdCl2 and HgCl2 respectively, with 
no plant extract administered. Groups III and VI received toxicants and 500 mg/kg b. w. of SM daily; Groups IV and VII 
received toxicants and 100 mg/kg b. w. of silymarin; Group VIII rats were co-exposed to CdCl2 and HgCl2 toxicants. Group 
IX rats were administered with CdCl2, HgCl2 and SM while Group X received CdCl2, HgCl2 and silymarin. The experimental 
animals were sacrificed at day 28; blood samples were collected for biochemical assays while the liver and kidney were 
harvested for histological investigations. Administration of CdCl2 and HgCl2 to rats resulted in significant (P<0.05) 
increase in serum liver enzymes activity. However, treatment of the exposed groups with SM resulted in reduced ALT 
activity. Administration of the toxicants also resulted significant (P<0.05) detrimental changes in kidney function; 
Creatinine levels increased from 159.67±0.88µmol/l in Group I to 213.67±34.21µmol/l in the CdCl2 + HgCl2 group. 
Histological assessment revealed that liver architecture was preserved by the administered leaf extract. Findings 
suggest that S. mombin leaves exhibit ameliorative effects against mercury and cadmium-triggered stress and organ 
damage in Wistar rats.  
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1. Introduction 

Human activities have caused massive increases in human exposure to heavy metals [1, 2]. The unprecedented increase 
in metal exposure has been aided by modern industrialization and anthropogenic activities such as mining, smelting 
and domestic as well as agricultural use of metals and metal-containing compounds [3]. Metals, among other 
environmental pollutants, may also occur naturally and remain in the environment and as such, human exposure to 
metals is inevitable [4]. Mercury, lead, chromium, cadmium, and arsenic have been the most common heavy metals that 
induce human poisoning [1]. Heavy metals, unlike most organic pollutants, are not degraded rather accumulate in the 
environment and food chain [5]. Cadmium (Cd) and mercury (Hg) have proved to be extremely toxic to mankind [6]. 
There is a growing appreciation of the effects that exposure to heavy metals such as Hg may have on the body and, in 
particular, the brain and nervous system. This is because some of these metals can cross the blood-brain barrier and 
accumulate in the brain and cause damage [7]. Balali-Mood et al. [8] reported acute and chronic toxic effects of heavy 
metals to include gastrointestinal and kidney dysfunction, nervous system disorders, skin lesions, vascular damage, 
immune system dysfunction, birth defects and cancer. Simultaneous exposure to two or more metals may have 
cumulative effects [9 – 11]. Several metals have emerged as human carcinogens. The toxicity and carcinogenicity of 
heavy metals are dose-dependent. Carcinogenic metals such as arsenic, cadmium, and chromium can disrupt DNA 
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synthesis and repair [12, 13]. The interaction between Cd and Hg has been previously reported. Cd and Hg have proved 
to be extremely toxic to mankind despite their usage in various industries [14]. 

Cd is classified by the International Agency for Research on Cancer (IARC) as carcinogenic to humans (Group 1) [15]. 
High levels of Cd in water, air, and soil can occur following industrial activities which could be a substantial human 
exposure to Cd. Moreover, the ingestion of contaminated food will cause major exposure to Cd. Cd exposure may also 
occur through smoking, which is capable of elevating blood and urine Cd concentrations. Presence of Cd in contaminated 
water could disturb the necessary mechanisms in the body, possibly resulting in short-term or long-term disorders [16, 
17]. The outbreak of Itai-itai disease in Japan, where patients suffered from painful degenerative bone disease, kidney 
failure, gastrointestinal and lungs diseases, was due to the mass Cd contamination of food and water supplies [18]. Cd 
is more efficiently taken from the lungs via industrial dust and acute or chronic inhalation in industrial areas might lead 
to renal tubular dysfunction and lung injuries. Balali-Mood et al. [1] reported that Cd blood concentration in smokers is 
almost twice higher than that of non-smokers.  

Hg represents the third most toxic element on the planet [19]. It is found in air, water, and soil and exists in three forms: 
elemental or metallic mercury (Hg0), inorganic mercury (Hg+, Hg2+), and organic mercury (commonly methyl or ethyl 
mercury) [20]. The toxicity of mercury can result from vapor inhalation and ingestion or absorption through the skin. 
Nervous, digestive, and renal systems are most commonly affected by Hg exposure, while children and pregnant women 
are most vulnerable to Hg exposure [21]. Once absorbed, Hg distributes widely to all tissues. The principal target organs 
of the inorganic mercury are kidney and liver. Previous studies have revealed that HgCl2 caused histopathological and 
ultrastructural lesions in the liver evidenced by periportal fatty degeneration and cell necrosis [22, 23]. Mercury 
chloride (HgCl2) is one of the active ingredients of skin brightening creams which are used to remove freckles and spots 
of the skin due to excessive accumulation of melanin. HgCl2 inhibits tyrosinase activity irreversibly, an enzyme which 
functions in melanin formation, by replacing the copper cofactor [24].  

Over the past decade, interest in drugs derived from plants, especially the phytotherapeutic ones, has increased 
expressively [25]. Spondias mombin (SM) is a tree found in the rainforest and is known by various names across various 
languages in West Africa [26]. The leaves contain saponins, tannins, alkaloids, and flavonoids. Traditionally, various 
parts of SM are used for different medicinal purposes, including the treatment of diseases and as forage for domestic 
animals [27, 28]. Scientific investigations have shown that it has anthelmintic, antioxidant, antimicrobial and anti-
inflammatory actions. S. mombin leaves have been reported to be responsible for various actions such as smooth muscle 
relaxant, antispasmodic, abortifacient, sedative and anticonvulsant and anxiolytic [29]. 

In real life, the human population is exposed to combination of heavy metals. Consequently, this study was performed 
to investigate toxicity triggered by cadmium and mercury on the liver and kidney, and the corrective effects of aqueous 
leaf extract of SM against cadmium and mercury co-exposure. 

2. Materials and methods  

2.1. Experimental Animals 

Healthy adult male Wistar rats weighing 120-150g were obtained from the Animal House, Department of Biochemistry, 
University of Port Harcourt Nigeria. The rats were allowed to acclimatize under standard conditions (25 ± 2 °C, 12 h of 
light and 12 h of darkness) for 10 days and then assigned randomly into ten (10) groups of three (3) rats each. 
Experimental animals were fed standard chow diet and were given access to water ad libitum. All treatments were 
carried out via oral gavage and daily for a period of twenty-eight (28) days. 

2.2. Chemicals/Reagents/Drug 

All reagents used in this study were of analytical grade: Cadmium chloride (CdCl2), Mercuric chloride (HgCl2), Silymarin, 
Chloroform, Distilled water and Assay Kits. Diagnostic kits for serum alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), total bilirubin (TBIL) and total protein (TP) were purchased from 
Randox Laboratories Ltd., London, UK. All other chemicals and solvents were obtained either from Sigma Aldrich or 
Merck, UK. Silymarin drug was purchased from a Pharmacy in Alakahia Port Harcourt, Nigeria.  

2.3. Plant collection and validation 

Fresh leaves of Spondias mombin (SM) plant were obtained from a farm land in Omoku Community in Rivers State, 
Nigeria. The plant was identified and validated at the Department of Plant Science and Biotechnology, University of Port 
Harcourt, Nigeria and deposited in an Herbarium with voucher number UPH/N/324. 
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2.4. Preparation of aqueous Leaf Extract of Peperomia Pellucida  

The harvested leaves of SM (320g) were thoroughly washed with both tap water and distilled water. The leaves were 
air-dried at 33°C ± 2°C, ground into a fine powder using mechanical grinder and kept in air-tight jars. Aqueous extract 
of the plant leaves was prepared according to a previously reported by Lemhadri et al. [30]. Thirty grams (30g) of dry 
powder was soaked in 300 ml distilled water for three days. The resultant suspension was filtered into sterile beakers, 
and filtrates collected were re-filtered using Whatman No.1 filter paper into sterile sample bottles and stored in the 
refrigerator before use in the study.  

2.5. Experimental Grouping 

Experimental rats received different doses of CdCl2, HgCl2, Silymarin drug and SM aqueous leaf extract as shown in Table 
1. 

Table 1 Experimental Groups in the study  

Experimental Group Group Description 

Group-I Normal Control Received Normal Rat Feed + Water Only (for 28 days). 

Group-II (CdCl2 only) Received standard feed and water + 1.5 mg/kg b. w. of CdCl2 (for 28 days). 

Group-III (CdCl2 + SME) 

 

Received standard feed and water + 1.5 mg/kg b. w. of CdCl2 + 500mg/kg b. w. of SM 
daily (for 28 days). 

Group-IV (CdCl2 + 
Silymarin) 

Received standard feed and water + 1.5 mg/kg b. w. of CdCl2 + 100 mg/kg b. w. of 
silymarin daily (for 28 days). 

Group-V (HgCl2 only) Received standard feed and water + 1.2mg/kg b. w. of HgCl2 (for 28 days). 

Group-VI (HgCl2 + SME) Received standard feed and water + 1.2mg/kg b. w. of HgCl2 + 500mg/kg b. w. of SM 
daily (for 28 days). 

Group-VII (HgCl2 + 
Silymarin) 

Received standard feed and water + 1.2mg/kg b. w. of HgCl2 + 100 mg/kg b. w. of 
silymarin daily (for 28 days). 

Group-VIII (CdCl2 + HgCl2)   Received standard feed and water + 1.5 mg/kg b. w. of CdCl2 + 1.2mg/kg b. w. of HgCl2 
(for 28 days). 

Group-IX (CdCl2 + HgCl2 + 
SME) 

Received standard feed and water + 1.5 mg/kg b. w. of CdCl2 + 1.2mg/kg b. w. of HgCl2 
+ 500mg/kg b. w. of SM daily (for 28 days). 

Group-X (CdCl2 + HgCl2 + 
Silymarin) 

Received standard feed and water + 1.5 mg/kg b. w. of CdCl2 + 1.2mg/kg b. w. of HgCl2 
+ 100 mg/kg b. w. of silymarin daily (for 28 days). 

2.6. Acute toxicity study for Spondias mombin leaf extract  

Acute toxicity level for S. mombin leaf extract was considered by leveraging a previous investigation by Nwidu et al. [31] 
that determined the approximate median lethal doses of S. mombin leaf extract.  

2.7. Assay for Biochemical Parameters  

Serum levels of ALT, AST, ALP, TBIL and total protein (TP) were assessed using Randox diagnostic kits. These analyses 
were performed at the Department of Chemical Pathology, University of Port Harcourt Teaching Hospital, Port Harcourt, 
Rivers State, Nigeria. 

2.8. Sample preparation and metal analysis  

Preparation and digestion of liver and kidney samples for heavy metals analysis were done according to method 
described by Bortey-Sam et al. [32]. Concentrations of metals were expressed in mg/kg dry weight (mg/kg d. w.). 

2.9. Histological Investigation 

Liver and kidney specimens were cut into pieces and fixed in 10% formalin, routinely processed for dehydration, and 
embedded in paraffin wax. Sections (5 mm-thick) were cut, fixed onto glass slides, and stained with hematoxylin and 
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eosin for light microscopic examination [33]. The slides were examined under a high-resolution microscope (Canada 
balsam) at a magnification of x400. 

2.10. Statistical Analysis 

All values were expressed as mean ± SD and then subjected to analysis of variance (ANOVA) using the Statistical Package 
for Social Sciences (SPSS) version 17.0 (SPSS Inc., Chicago Illinois). Statistical significance was considered at P=0.05. 

3. Results and discussion  

3.1. Effects of S. mombin Aqueous leaf extract on liver function parameters 

Table 2 shows the activity of serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline 
phosphatase (ALP) activities following administration of aqueous leaf extract of S. mombin in Wistar rats co-exposed to 
mercury and cadmium toxicities. Both heavy metals induced toxicity in the experimental animals as indicated by 
significant (P<0.05) increases in plasma AST, ALT & ALP activity in the CdCl2 only, HgCl2 only and CdCl2 + HgCl2-groups 
at day 28. However, administration of S. mombin aqueous leaf extract caused significant reduction in the activity of AST, 
ALT and ALP in the groups that were exposed to either individual or combined effects of mercury and cadmium. The 
drug, silymarin showed similar effect in decreasing activity of liver enzymes in the CdCl2, HgCl2 and CdCl2 + HgCl2-groups 
at day 28. This is an indication that S. mombin leaves have potentials to restore heavy metal-triggered reno-hepatic 
tissue dysfunction in Wistar rats. 

While groups II, V and VIII showed decreases in the levels of total protein, significant (p<0.05) improvement in the 
plasma total protein was observed in groups III, IV, VI, VII, IX and X, following co-administration of S. mombin aqueous 
leaf extract and Silymarin.  

For total bilirubin (TBIL), there was an attempt by S. mombin aqueous leaf extract and silymarin to reverse the 
significant (p<0.05) increases in TBIL levels observed in the CdCl2 only, HgCl2 only and CdCl2 + HgCl2-groups. Thus 
groups III, IV, VI, VII, IX and X showed reduction in TBIL levels at day 28. 

3.2. Effects of S. mombin Aqueous leaf extract on kidney function parameters 

Tables 3 shows the effects of S. mombin aqueous leaf extract on kidney function indices in Wistar rats co-exposed to 
mercury and cadmium toxicities. There was significant (p<0.05) increase in urea in the CdCl2 only, HgCl2 only and CdCl2 
+ HgCl2-groups, compared to the control group which recorded 2.17 ± 0.18 mg/dl at day 28. Similarly, creatinine levels 
in groups II, V and VIII increased significantly (p<0.05) when compared to groups the control group (group I) and groups 
III, IV, VI, VII, IX and X at the end of the 28-day treatment period. 

3.3. Results for Histological Studies 

3.3.1. Liver Photomicrographs  

Plates L-G1 to L-G10 are light microscope photographs of liver paraffin sections obtained from groups 1 -10 at day 28, 
stained with hematoxylin and eosin.  

3.3.2. Kidney Photomicrographs  

Plates K-G1 to K-G10 are light microscope photographs of kidney paraffin sections obtained from groups 1 -10 at day 
28, stained with hematoxylin and eosin. 
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Table 2 Effect of S. mombin Aqueous leaf Extract on some liver function markers in cadmium and mercury co-exposure 

Experimental Group AST (IU/I) ALT (IU/I) ALP (IU/I) TP (g/l) TB (µmol/l) 

Group-I (Control) 6.67 ± 0.33 7.33 ± 0.67 63.00 ± 22.50 11.00 ± 1.16 3.00 ± 0.58  

Group-II (CdCl2 only) 9.00 ± 0.58a 9.67 ± 0.33a 85.67 ± 7.86a 6.00 ± 0.58a 8.00 ± 0.58a 

Group-III (CdCl2 + SME) 7.33 ± 0.33b 7.87 ± 1.33d 79.00 ± 12.74b 7.33 ± 0.67b 5.00 ± 0.58b 

Group-IV (CdCl2 + Silymarin) 6.77 ± 0.33e 7.42 ± 1.00e 69.33 ± 7.22c 10.33 ± 1.33 5.00 ± 0.58c 

Group-V (HgCl2 only) 11.33 ± 2.6a 10.00 ± 0.58a 79.67 ± 7.06a 5.33 ± 0.67a 11.00 ± 1.53a 

Group-VI (HgCl2 + SME) 7.67 ± 0.67c 8.67 ± 0.33 74.33 ± 7.80b 7.33 ± 0.33b 7.67 ± 0.33b 

Group-VII (HgCl2 + Silymarin) 7.00 ± 0.58e 7.59 ± 1.20e 65.67 ± 4.26a 10.00 ± 1.16 4.00 ± 0.58c 

Group-VIII (CdCl2 + HgCl2) 8.67 ± 0.33b 9.33 ± 0.33a 76.33 ± 8.45a 8.00 ± 0.58a 9.33 ± 0.33a 

Group-IX (CdCl2 + HgCl2 + SME) 7.67 ± 0.33c 7.67 ± 0.33d 68.00 ± 6.56b 10.00 ± 0.58 7.00 ± 0.58b 

Group-X (CdCl2 + HgCl2 + Silymarin) 6.67 ± 0.33 d 7.64 ± 1.33e 67.00 ± 2.52b 9.33 ± 0.88c 4.67 ± 0.33c 

Values are reported as Mean ± Standard Deviation, (n =3). Treatment with same or similar superscripts “a,b,c,d” are not statistical significantly 
difference (P≤ 0.05)  from one another while treatments with different superscript are statistically significantly different from one another. 

Table 3 Effect of S. mombin aqueous leaf extract on some renal function markers in cadmium and mercury co-exposure  

Experimental Group Creatinine (µmol/l) Urea (mg/dl) 

Group-I (Control) 159.67 ± 0.88 2.17 ± 0.18 

Group-II (CdCl2 only) 169.67 ± 4.26a 4.9 ± 0.4a 

Group-III (CdCl2 + SME) 155.67 ± 2.91d 3.13 ± 0.15 

Group-IV (CdCl2 + Silymarin) 145.00 ± 11.53e 2.77 ± 0.35e 

Group-V (HgCl2 only) 182.33 ± 18.67a 5.3 ± 0.23a 

Group-VI (HgCl2 + SME) 172.67 ± 18.82bd 3.63 ± 0.26 

Group-VII (HgCl2 + Silymarin) 173.67 ± 14.99c 3.07 ± 0.09 

Group-VIII (CdCl2 + HgCl2) 213.67 ± 34.21a 5.90 ± 0.23a 

Group-IX (CdCl2 + HgCl2 + SME) 181.00 ± 12.29bd 3.70 ± 0.29e 

Group-X (CdCl2 + HgCl2 + Silymarin) 182.33 ± 12.02ce 3.43 ± 0.52e 

Values are reported as Mean ± Standard Deviation, (n =3). Treatment with same or similar superscripts “a,b,c,d,e” are not statistical significantly 
difference (P≤ 0.05) from one another while treatments with different superscript are statistically significantly different from one another. 
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Table 4 Estimation of cadmium and mercury in the liver of Wistar rats co-exposed to cadmium and mercury  

 

Experimental Group 

Cadmium (Cd) 

(mg/kg dw) 

Mercury (Hg) 

(mg/kg dw) 

Group-I (Control) 2.78E-02 2.51E-03 

Group-II (CdCl2 only) 1.35E-02a 1.25E-03a 

Group-III (CdCl2 + SME) 5.58E-03bd BDL 

Group-IV (CdCl2 + Silymarin) 1.49E-02c 3.13E-03ce 

Group-V (HgCl2 only) 1.37E-02a 3.96E-03a 

Group-VI (HgCl2 + SME) 1.07E-02b 1.35E-03bd 

Group-VII (HgCl2 + Silymarin) 7.30E-02ce 3.72E-03c 

Group-VIII (CdCl2 + HgCl2) 3.06E-02 5.45E-03a 

Group-IX (CdCl2 + HgCl2 + SME) 5.94E-03bd BDL 

Group-X (CdCl2 + HgCl2 + Silymarin) 1.17E-02ce 2.93E-03e 

Values are reported as Mean ± Standard Deviation, (n =3). Treatment with same or similar superscripts “a,b,c,d,e” are not statistical significantly 
difference (P≤ 0.05)  from one another while treatments with different superscript are statistically significantly different from one another. 

Table 5 Estimation of cadmium and mercury in the kidney of Wistar rats co-exposed to cadmium and mercury 

 

Experimental Group 

Cadmium (Cd) (mg/kg dw) Mercury (Hg) 

(mg/kg dw) 

Group-I (Control) 6.89E-02 1.01E-02 

Group-II (CdCl2 only) 8.22E-02a 1.06E-03 

Group-III (CdCl2 + SME) 1.57E-02bd 4.80E-03bd 

Group-IV (CdCl2 + Silymarin) 6.44E-03e BDL 

Group-V (HgCl2 only) 6.27E-02 5.28E-03a 

Group-VI (HgCl2 + SME) 1.37E-02bd 3.95E-03bd 

Group-VII (HgCl2 + Silymarin) 2.66E-01ce 9.06E-03ce 

Group-VIII (CdCl2 + HgCl2) 9.35E-02a 2.80E-03a 

Group-IX (CdCl2 + HgCl2 + SME) 1.23E-02bd 1.54E-03bd 

Group-X (CdCl2 + HgCl2 + Silymarin) 7.98E-02ce 3.26E-03c 

Values are reported as Mean ± Standard Deviation, (n =3). Treatment with same or similar superscripts “a,b,c,d,e” are not statistical significantly 
difference (P≤ 0.05)  from one another while treatments with different superscript are statistically significantly different from one another. 
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Figure 1 Plates L-G1 to L-G10. Light microscope photographs of liver paraffin sections (H & E stained), (Mag *400) 
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Figure 2 Plates K-G1 to K-G10. Light microscope photographs of liver paraffin sections (H & E stained), (Mag *400) 

Results obtained in the present investigation showed that toxicity in Wistar rats triggered by exposure to mercury and 
cadmium resulted in elevated liver enzyme activity. Analysis of the activity of basic liver function enzymes in serum is 
used to indirectly access the integrity of tissues after exposure to pharmacological agents [34].  Mercury and cadmium 
triggered reno-hepatic tissue dysfunction in the experimental rats. Co-administration with S. mombin was effective in 
restoring reno-hepatic tissue dysfunction caused by the individual and synergistic effects of mercury and cadmium. 
Both toxicants are hepato- and nephrotoxic, but they affect these organs in different ways [35]. Liver injury following 
cadmium and mercury exposure is well established and evidenced by elevated levels of serum hepatic marker enzymes, 
indicating the cellular leakage and loss of functional integrity of hepatic membrane architecture [36, 37]. High activity 
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of aspartate transaminase (AST) and alanine transaminase (ALT) are the crucial parameters to detect liver damage [38]. 
This finding in the present study is similar to previous reports by Hwang et al. [39] and Hu et al. [40] who both observed 
liver damage in Cd-treated experimental animals which resulted in elevation of AST and ALT levels in the serum. 
Similarly, Youcef et al. [41] reported that mercury intoxication induces a significant elevation in serum AST and ALT 
activities which may be may be due to cellular necrosis of hepatocytes, which causes increases in the permeability of 
cell. Histological studies showed distorted liver in groups II, V and VIII. 

Interestingly however, S. mombin aqueous leaf extract at the dosage administered (500 mg/kg) effectively and 
significantly lowered plasma activity of AST, ALT, ALP and TBIL levels, compared to groups II, V and VIII. In addition, 
treatment with S. mombin aqueous leaf extract significantly normalized TP levels compared to the mercury and 
cadmium-induced rats. These findings corroborate a previous report by Nwidu et al. [42] that S. mombin extracts were 
effective at significantly lowering conjugated bilirubin, total bilirubin, and ALP levels compared to the positive control 
group, in a study where hepatotoxicity was induced with carbon tetrachloride. 

Studies have repeatedly shown that the kidney is one of the tissues most sensitive to the toxic effects of heavy metals. 
In cadmium administered rats, the heavy metal gets accumulated in the kidney, hence there is a defect in glomerular 
filtration. Increases in plasma levels of urea and creatinine is an indication of renal-tubular damage due to cadmium 
induced nephrotoxicity [43]. The present study showed that the level of plasma creatinine and urea increased in the 
mercury and cadmium-induced rats when compared to control rats. Also, histological studies showed distorted kidney 
tissues in groups II, V and VIII, similar to findings by Aughey et al. [44]. Mercuric chloride treatment has been shown to 
cause a significant increase in serum creatinine and serum urea indicating an impaired renal function. The increased 
blood urea and creatinine is in agreement with the results obtained by Dardouri et al. [45], Sheikh et al. [46] and Alam 
et al. [47] in rats treated with heavy metals. 

The protective effect of plant extracts against heavy metal-triggered hepatotoxicity has been attributed to the presence 
of endogenous phytochemicals such as flavonoids, tannins, triterpenoids, and alkaloids [48, 49]. Flavonoids represent 
the most common and extensively distributed group of plant polyphenols, and serve as free radical scavengers and 
strong antioxidants that could protect against oxidative stress-induced cellular damage [50]. Igwe et al. [51] reported 
that flavonoids and saponins are present in S. mombin leaves. Antioxidant chemicals in S. mombin, particularly 
polyphenols, could contribute to its antioxidant and hepatoprotective activities [52]. The restoration of reno-hepatic 
tissue dysfunction indicates a protective and therapeutic effect of S. mombin leaves against hepatic and renal toxicity 
resulting from mercury and cadmium exposure.  

4. Conclusion 

From the present investigation, S. mombin aqueous leaf extract was found to exhibit hepatoprotective effects by 
stabilizing hepatocyte cell membranes, promoting repair of injured hepatic tissues, and has showed potentials to restore 
heavy metal-triggered reno-hepatic tissue dysfunction in Wistar rats. This finding is attributable to the wide array of 
phytochemicals reported to be present in the plant.  

Compliance with ethical standards 

Disclosure of conflict of interest 

Authors have declared that no competing interests exist. 

Statement of ethical approval 

All authors hereby declare that "Principles of Laboratory Animal Care" (NIH Publication no. 85- 23, revised 1985) were 
followed. All experiments were examined and approved by the appropriate ethics committee. 

References 

[1] Balali-Mood M, Naseri K, Tahergorabi Z, Khazdair MR and Sadeghi M. Toxic Mechanisms of Five Heavy Metals: 
Mercury, Lead, Chromium, Cadmium, and Arsenic. Frontiers in Pharmacology. 2021; 12:643972.  

[2] Dardouri K, Haouem S, Gharbi I, Sriha B, Haouas Z, El Hani A, Hammami M. Combined Effects of Cd and Hg on 
Liver and Kidney Histology and Function in Wistar Rats. Journal of Agricultural Chemistry and Environment. 
2016; 5:159-169. 



World Journal of Biology Pharmacy and Health Sciences, 2025, 21(02), 339-350 

348 

[3] Bradl H. Heavy metals in the environment: origin, interaction and remediation: Elsevier; 2005. 

[4] Tchounwou PB, Yedjou CG, Patlolla AK, Sutton DJ. Heavy metal toxicity and the environment. Molecular, Clinical 
and Environmental Toxicology. 2012; 101:133–164.  

[5] Jagadeesan G, Sankarsami PS. Hepatoprotective Effects of Taurine against Mercury Induced Toxicity in Rats. 
Journal of Environmental Biology. 2007; 28:753-756.  

[6] Chul-Whan, CMD. A Study on Effect of Garlic to the Heavy Metal Poisoning of Rat. Journal of Korean Medical 
Science. 1987; 2:213-223. 

[7] Valko M, Morris H, Cronin MT. Metals, toxicity and oxidative stress. Current Medicinal Chemistry. 2005; 12:161 
– 208. 

[8] Balali-Mood M, Naseri K, Tahergorabi Z, Khazdair MR, Sadeghi M. Toxic mechanisms of five heavy metals: 
mercury, lead, chromium, cadmium, and arsenic. Frontiers in Pharmacology. 2021;12. 

[9] Cobbina SJ, Chen Y, Zhou Z, Wu X, Zhao T, Zhang Z, et al. Toxicity assessment due to sub-chronic exposure to 
individual and mixtures of four toxic heavy metals. 2015; Journal of Hazardous Materials. 294, 109–120.  

[10] Costa M. Review of arsenic toxicity, speciation and polyadenylation of canonical histones. Toxicology and Applied 
Pharmacology. 2019; 375:1–4.  

[11] Gazwi HSS, Yassien EE, Hassan HM. Mitigation of lead neurotoxicity by the ethanolic extract of Laurus leaf in rats. 
Ecotoxicology and Environmental Safety. 2020; 192:110297.  

[12] Clancy HA, Sun H, Passantino L, Kluz T, Muñoz A, Zavadil J, et al. Gene expression changes in human lung cells 
exposed to arsenic, chromium, nickel or vanadium indicate the first steps in cancer. Metallomics. 2012; 4(8):784–
793.  

[13] Koedrith P, Kim H, Weon JI, Seo YR. Toxicogenomic approaches for understanding molecular mechanisms of 
heavy metal mutagenicity and carcinogenicity. International Journal of Hygiene and Environmental Health. 2013; 
216(5):587–598.  

[14] Chul-Whan, CMD.  A Study on Effect of Garlic to the Heavy Metal Poisoning of Rat. Journal of Korean Medical 
Science. 1987; 2:213-223. 

[15] Kim TH, Kim JH, Le Kim MD, Suh WD, Kim JE, Yeon HJ, et al. Exposure assessment and safe intake guidelines for 
heavy metals in consumed fishery products in the Republic of Korea. Environmental Science and Pollution 
Research. 2020; 27:33042–33051.  

[16] Richter P, Faroon O, Pappas RS. Cadmium and cadmium/zinc ratios and tobacco-related morbidities. Int. J. 
Environ. Res. Public Health. 2017; 14 (10):1154.  

[17] Cao ZR, Cui SM, Lu XX, Chen XM, Yang X, Cui JP, et al.  Effects of occupational cadmium exposure on workers’ 
cardiovascular system. Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi. 2018; 36(6), 474–477.  

[18] Nishijo M, Nakagawa H, Suwazono Y, Nogawa K, Kido T. Causes of death in patients with Itai-itai disease suffering 
from severe chronic cadmium poisoning: a nested case–control analysis of a follow-up study in Japan. BMJ Open. 
2017; 7 (7):e015694. 

[19] Rice KM, Walker Jr EM, Wu M, Gillete C, Blough ER. Environmental mercury and its toxic effects. Journal of 
Preventive Medicine and Public Health. 2014; 47:74e83. 

[20] Li R, Wu H, Ding J, Fu W, Gan L, Li Y. Mercury pollution in vegetables, grains and soils from areas surrounding 
coal-fired power plants. Scientific Reports. 2017; 7:46545.  

[21] European Commission. 101 communications from the commission to the council and the European parliament 
on community strategy concerning mercury extended impact assessment 101: 20 final vol. 28. 2005. p. 12. 

[22] Sanchez DJ, Belles M, Albina LM, Sirvent JJ, Domingo JL. Nephrotoxicity of Simultaneous Exposure to Mercury and 
Uranium in Comparison to Individual Effects on These Metals in Rats. Biological Trace Element Research. 2001; 
84:139-154.  

[23] Waan MAM. Effects of Mercury Exposure on Blood Chemistry and Liver Histopathology of Male Rats. Journal of 
Pharmacology and Toxicology. 2009; 4:126-13. 

[24] Chen J, Ye Y, Ran M, Li Q, Ruan Z, Jin N. Inhibition of tyrosinase by mercury chloride: spectroscopic and docking 
studies. 2020; Frontiers in Pharmacology. 11:81. 



World Journal of Biology Pharmacy and Health Sciences, 2025, 21(02), 339-350 

349 

[25] Shu YZ. Recent natural products-based drug development: a pharmaceutical industry perspective. Journal of 
Natural Products. 1998; 61:1053-107. PMID: 9722499. 

[26] Okwu DE, Okwu ME. Chemical composition of Spondias mombin plants. Journal of Sustainable Agriculture and 
the Environment. 2004; 6(2):140-147. 

[27] Igwe CU, Onyeze GOC, Onwuliri VA, Osuagwu C.G, Ojiako AO. Evaluation of the chemical compositions of the leaf 
of Spondias mombin Linn from Nigeria. Australian Journal of Pure and Applied Sciences. 2010; 4(5):706-710. 

[28] Ayoka AO, Akomolafe RO, Akinsomisoye OS, Ukponmwan OE. Medicinal and economic value of Spondias mombin. 
African Journal of Biomedical Research. 2008; 11(2): 129-136. 

[29] Asuquo OR, Ekanem TB, Eluwa MA, Oko OO, Ikpi DE. Evaluation of Toxicological Effects of Spondias Mombin in 
Adult Male Wistar Rats. Journal of Natural Sciences Research. 2012; 2:7.  

[30] Lemhadri A, Zeggwagh NA, Maghrani A, Jouad H, Eddouks M. Anti-hyperglycaemic activity of the aqueous extract 
of Driganum vulgare growing wild in Tafilalet region. Journal of Ethnopharmacology. 2004; 90:251–256. 

[31] Nwidu LL, Elmorsy E, Oboma YI, Carter WG. Hepatoprotective and antioxidant activities of Spondias mombin leaf 
and stem extracts against carbon tetrachloride-induced hepatotoxicity. Journal of Taibah University Medical 
Sciences. 2018; 13(3):262-271. 

[32] Bortey-Sam N, Nakayama SM, Ikenaka Y, Akoto O, Baidoo E, Yohannes YB, Mizukawa H, Ishizuka M. Human health 
risks from metals and metalloid via consumption of food animals near gold mines in Tarkwa, Ghana: Estimation 
of the daily intakes and target hazard quotients (THQs). Ecotoxicology and Environmental Safety. 2015d; 
111:160-167. 

[33] Bankroft JD, Stevens A. Theory and practice histological technique. Churchill Livingston, Edinburgh, London; 
1982. 

[34] Uboh FE, Okon IE, Ekong MB. Effect of aqueous extract of Psidium guajava leaves on liver enzymes, histological 
integrity and haematological indices in rats. Gastroenterology Research. 2010; 3(1):32-38.  

[35] Brzóska, MM, Moniuszko JJ, Marcinkiewicz BP, Sawicki B.  Liver and Kidney Function and Histology in Rats 
Exposed to Cadmium and Ethanol. Alcohol and Alcoholism. 2003; 38:2-10.  

[36] Renugadevi J, Milton PS. Cadmium-Induced Hepatotoxicity in Rats and the Protective Effect of Naringenin. 
Experimental and Toxicological Pathology. 2010; 62:171-181. 

[37] Bharat BP, Atish R, Soumik A, Shelley B. Induction of Oxidative Stress by Non-Lethal Dose of Mercury in Rat Liver: 
Possible Relationships between Apoptosis and Necrosis. Journal of Environmental Biology. 2010; 31:413-416. 

[38] Ford EJH, Boyd JW. Cellular Damage and Changes in Biliary Excretion in a Liver Lesion of Cattle. Journal of 
Pathology. 1962; 83:39-48. 

[39] Hwang DF, Hour JL, Cheng HM. Effect of Taurine on Toxicity of Oxidized Fish Oil in Rats. Food and Chemical 
Toxicology. 2000; 38, 585-591.  

[40] Hu CC, Yem CJ, Jang ML, Liu CB, Chen WK, Chung C. Cadmium Induced Serum Biochemicals Changes in 
Subchromically Exposed Rats. Chung Shan Medical Journal. 1991; 2:97-102. 

[41] Youcef N, Ahlem B, Sakina Z. Amelioration of Mercuric Chloride Toxicity on Rat Liver with Argan Oil and Sodium 
Selenite Supplements. International Journal of Pharma and Bio Sciences. 2013; 4:839-849. 

[42] Nwidu LL, Elmorsy E, Oboma YI, Carter WG. Hepatoprotective and antioxidant activities of Spondias mombin leaf 
and stem extracts against carbon tetrachloride-induced hepatotoxicity. Journal of Taibah University Medical 
Sciences. 2018;13(3):262e271. 

[43] Oluwafemi AO, Basiru OA, Babatunji EO, Adebola BO, Olaide, IO. Protective Effect of Irvingia gabonensis Stem 
Bark Extract on Cadmium-Induced Nephrotoxicity in Rats. Interdisciplinary Toxicology. 2014; 7:208-214. 

[44] Aughey E, Fell GS, Scott R, Black M. Histopathology of Early Effects of Oral Cadmium in the Rat Kidneys. 
Environmental Health Perspectives. 1984; 54:153-161. 

[45] Dardouri K, Haouem S, Gharbi I, Sriha B, Haouas Z, El Hani A, Hammami M. Combined Effects of Cd and Hg on 
Liver and Kidney Histology and Function in Wistar Rats. Journal of Agricultural Chemistry and Environment. 
2016; 5:159-169. 



World Journal of Biology Pharmacy and Health Sciences, 2025, 21(02), 339-350 

350 

[46] Sheikh TJ, Patel BJ, Joshi DV, Patel RB, Jegoda MD. Repeated Dose Oral Toxicity of Inorganic Mercury in Wistar 
Rats: Biochemical and Morphological Alterations. Veterinary World. 2013; 6:563-567.  

[47] Alam MS, Kaur G, Jabbar Z, Javed K, Athar M. Eruca Sativa Seeds Possess Antioxidant Activity and Exert a 
Protective Effect on Mercuric Chloride Induced Renal Toxicity. Food and Chemical Toxicology. 2007; 45:910-920. 

[48] Tran QI, Adnyana IK, Tezuka Y, Nagaoka T, Tran QK, Kadota S. Triterpene saponins from Vietnamese ginseng 
(Panaxvietnamensis) and their hepatocytoprotective activity. Journal of Natural Products. 2001; 64:456e461.  

[49] Gupta M, Mazumder UK, Kumar TS, Gomathi P, Kumar RS. Antioxidant and hepatoprotective effects of Bauhinia 
racemosa against paracetamol and carbon tetrachloride-induced liver damage in rats. Iranian Journal of 
Pharmacology and Therapeutics. 2004; 3: 12e20.  

[50] Salah N, Miller NJ, Paganga G, Tijburg L, Bolwell GP, RiceEvans C. Polyphenolic flavonols as scavenger of aqueous 
phase radicals and chain-breaking antioxidants. Archives of Biochemistry and Biophysics. 1995; 322:339e346.  

[51] Igwe CU, Onyeze GOC, Onwuliri VA, Osuagwu CG, Ojiako AO. Evaluation of the chemical compositions of the leaf 
of Spondias mombin linn from Nigeria. Australian Journal of Basic and Applied Sciences. 2010; 4:706e710.  

[52] Adewusi EA, Afolayan AJ. A review of natural products with hepatoprotective activity. Journal of. Medicinal Plants 
Research. 2010; 4:1318e1334.  


