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ABSTRACT: The present study investigated the alternation in liver function parameters such as serum glutamic 

oxaloacetic transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT), bilirubin (Bil), albumin (Alb), 

alkaline phosphatases (ALP) and lactate dehydrogenase (LDH) of cadmium exposed Wistar rats. The study also 

evaluated the possible ameliorative effects of jamun (Syzygium cumini) seed and orange (Citrus sinensis) peel 

extracts on liver biomarkers in rat treated with cadmium. Six groups of Wistar rats were treated as Group A: 

Control; Group B: cadmium (10 mg/kg b wt.); Group C: cadmium (10 mg/kg b wt.) and jamun seed extract 

(200mg/kg b wt.); Group D: cadmium (10 mg/kg b wt.) and orange peel extract (200 mg/kg b wt.); Group E: 

orange peel extract (OPE) (200 mg/kg b wt.) and Group F: jamun seed extract (JSE) (200 mg/kg b wt.). Liver 

biomarkers were estimated on day 7 and day 14. Serum SGOT, SGPT, bilirubin, ALP, and LDH were increased 

on day 7 and 14 after cadmium treatment. Serum albumin levels decreased on day 7 and day 14. The SGOT, 

SGPT, bilirubin, ALP, LDH and albumin levels showed a tendency for restoration after treatment with JSE and 

OPE. There were no alterations in these liver parameters after treatment with OPE and JSE. The results clearly 

indicate that JSE and OPE were effective in recovering liver biomarkers which were altered by cadmium 

exposure to rats. 
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1. INTRODUCTION 

Cadmium (Cd) is a heavy metal naturally present in earth crust [1]. Contamination of cadmium spread 

in the environment through the industrial wastes, agriculture, pesticides, fertilizers, coal, sewage, cigarette 

smoking and smelting of plastic and rubber products [2]. Cadmium enters into the animal’s body including 

human through the drinking water, respiration, food chain and contact through skin [3]. Cadmium is a well-

known harmful substance in  nature which affects morphology, physiology and histology of hepatocytes in 

mammals [4]. Cadmium has also been recognized as a neurotoxic, carcinogenic, hepatotoxic and nephrotoxic 

heavy metal [5]. Akintunde et al. [6] have reported that cadmium suppressed the antioxidant defense function 

and also increase the level of reactive oxygen species as well as oxidative stress in mammalian tissues and cells. 
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Cadmium enters and accumulate into the mammalian hepatic cells and can manifest physiological, 

morphological, biochemical, inflammation, apoptosis and haemorrhage and cause damage to several cellular 

organisations [7]. Cadmium has been reported to alter liver biomarkers, degeneration, vacuolization and 

vascular constriction in liver tissues [3]. 

Natural antioxidants suppress the effect of cadmium induced toxicities and control the impairments of 

liver enzymes, cells or tissues which are induced by free radicals and prevent  malfunction in hepatic cells [8]. 

The jamun (Syzyzium cumini) seed is botanically related to the family Myrtaceae which contains various 

powerful antioxidants like ellagic acid, flavonoids and phenolic compounds. These phytochemicals 

neutralize/prevent the effects of free radicals and reduce blood pressure, inflammation in the liver and act as an 

antidiabetic, antioxidant, anti-bacterial and anti-inflammatory [9]. Jamun seed extract possesses 

hepatoprotective activity against oxidative damage as a free radical’s scavenger and prevents damage in liver 

tissues or cells [8,9]. Tahir Abbas et al. [10] also reported that the flavonoid contained in jamun pulp extract can 

repair the hepatic tissues  and  has hypoglycaemic function.  

Orange (sweet orange) peel (Citrus sinensis; Rutaceae family) contains several alkaloids such as ascorbic 

acid, flavonoids, tannins, saponins and hesperidin, and also contains anti-bacterial and anti-inflammatory 

properties [9,11]. Orange peel extract acts as hepatoprotective against cadmium induced toxicity in Wistar           

rats [12]. 

Analysis of hepatic biomarkers such as serum glutamic oxaloacetic transaminase (SGOT), serum 

glutamic pyruvic transaminase (SGPT), bilirubin (Bil), albumin (Alb), alkaline phosphatases (ALP) and lactate 

dehydrogenase (LDH) are good indicators to determine liver damage, its severity, pharmacologic source, or the 

type of hepatotoxicity. Hence, the present study investigated the alternation in liver function parameters such 

as serum glutamic oxaloacetic transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT), bilirubin 

(Bil), albumin (Alb), alkaline phosphatases (ALP) and lactate dehydrogenase (LDH) of cadmium exposed 

Wistar rats. The study also evaluated the possible ameliorative effects of jamun (Syzygium cumini) seed and 

orange (Citrus sinensis) peel extracts on liver biomarkers in rats treated with cadmium. 

2. MATERIALS AND METHODS 

In this study Wistar rats (Rattus norvegicus) (120; 50-60 g; age 2 months) were procured from Asia 

Scientific Emporium, Varanasi, India and were divided into six groups of 20 rats each. Rats were kept in 

polypropylene cages under laboratory conditions at room temperature (27-30°C; 12 h dark/light cycle) for 2 

weeks  acclimatization. They were provided standard food and water ad libitum. In this study, the oral doses of 

cadmium, JSE and OPE were selected near about/in between doses used by previous investigators, Cadmium 

(5 mg/kg and 10 mg/kg wt. [13]; 8 mg/kg body weight [14]; JSE (200 mg/kg bwt. [9,15]; 250 mg/kg body 

weight [16]; 5 to 160 mg/kg body weight [17] and OPE (200 mg/kg body weight [9,15]; 250 and 500 mg/kg 

body weight [18]. 

2.1. Experimental Design 

The rats were treated as Group A - No treatment; Group B - Cadmium; Group C - Cadmium and JSE; 

Group D - Cadmium and OPE; Group E - OPE; and Group F - JSE. The doses of cadmium (group B, C, D) 

were 10 mg/kg b wt.; doses of JSE (group C, F) was 200 mg/kg b wt. and doses of OPE (group D, E) was 200 

mg/kg b wt. All treatments (at 8:00 a.m.)  were orally administered  daily to rats with the help of gavages. 

Preparation of JSE and OPE were  performed according to  Srivastava et al. [9,15]. Ethical clearance and     

experimental design was approved by the Research Degree Committee, D.D.U. Gorakhpur University 



Yadav et al.   Toxic effects of cadmium on liver biomarkers in Wistar rats 89 

European Journal of Biological Research 2024; 14(3): 87-96 

(RC/FSc/ZOO/2019-20/07/22). The study was conducted in accordance with “Guide for the Care and Use of 

Laboratory Animals”. 

Blood was collected from rats (10 rats from each group after overnight fasting) on day 7 and 14 under 

light ether anaesthesia. Blood was centrifuged at 3000 rpm for 10 min and sera were separated and stored at -

20℃ for further analysis. Serum SGOT (serum glutamic oxaloacetic transaminase), SGPT (serum glutamic 

pyruvic transaminase), bilirubin, albumin, alkaline phosphatases (ALP) and lactate dehydrogenase (LDH) were 

analysed in duplicate using diagnostic kits (Beacon Diagnostics Private Ltd, India).  

2.2. Statistical Analysis  

Each data represents mean ± Standard Error (S.E) of six groups.  For multiple group comparisons, one 

way Analysis of Variance (ANOVA) was used. Differences between groups were tested by Student's t test and 

Bonferroni post hoc test. The p<0.05 was set for statistical significance. 

3. RESULTS 

Serum SGOT levels increased after treatment with cadmium (group B) as compared to control (group 

A) in rats at 7 and 14 days (Figure 1). The cadmium when given to rats in combination with JSE (group C) or 

OPE (group D) significantly decreased serum SGOT at 7 and 14 days as compared to Group B (cadmium 

treated). It is clearly evident that extract of JSE and OPE showed protective effect against cadmium exposure 

to rats. There were no significant changes noticed after treatment with OPE (group E) and JSE (group F) at 7  

and 14 days in rats. ANOVA indicates that the treatments were significant (7 day - F=18.134, P< 0.0001; 14 

days - F= 147.86, P< 0.0001). 

 

 
Figure 1. Serum SGOT levels (U/L) of Wistar rats treated either with cadmium, cadmium+jamun seed extract, 

cadmium+orange peel extract, orange peel extract or jamun seed extract. All values indicate mean ± SE of six specimens. 
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Figure 2. Serum SGPT levels (U/L) of Wistar rats treated either with cadmium, cadmium+jamun seed extract, 

cadmium+orange peel extract, orange peel extract or jamun seed extract. All values indicate mean ± SE of six specimens. 

 

Cadmium treatment to rats (group B) provoked an increase in serum SGPT levels on 7 and 14 days 

(Figure 2) as compared to Group B (cadmium treated). There was a progressive decrease in serum SGPT levels 

from day 7 to day 14 in Group C (Cd+ JSE) and Group D (Cd+OPE) as compared to Group B (Cd treated) 

which clearly indicates that JSE and OPE are effective in recovery the SGPT levels which was induced by 

cadmium (Figure 2). No significant changes were observed after treatment with OPE (group E) and JSE (group 

F) at 7 and 14 days in rats. ANOVA indicates that the treatments are significant (7 day - F=19.280, P< 0.0001; 

14 days - F= 307.99, P< 0.0001). 

Rats treated with cadmium (group B) had decreased serum albumin levels at 7  and 14 days as compared 

to control (Figure 3). A progressive increase was recorded in serum albumin levels after treatment with 

cadmium and JSE (group C) or OPE (group D) from 7  to 14 days as compared to group B (cadmium only) 

which is an indication of hepatoprotective action of JSE and OPE against cadmium toxicity. No significant 

changes were noticed in rats treated with OPE (group E) and JSE (group F) in rats at 7 and 14 days. ANOVA 

indicates that the treatments are significant (7 day - F=11.540, P<0.0001; 14days - F=36.897, P<0.0001). 

The bilirubin levels increased progressively in rats after treatment with cadmium (group B) from 7 to 14 

days as compared to control (Figure 4). The bilirubin levels were restored to almost near control levels in group 

C (Cd+ JSE) and group D (Cd+ OPE). These results showed hepatoprotective nature of JSE and OPE against 

cadmium induced alternation in serum bilirubin levels in rats. In OPE (group E) and JSE (group F) treated rats 

there was no change in serum bilirubin levels at 7 and 14 days. ANOVA indicates that the treatments are 

significant (7 day - F=10.584, P<0.0001; 14 days - F=26.357, P<0.0001). 

There was an increase in serum alkaline phosphatase (ALP) levels in rats after treatment with cadmium 

(group B) at 7 and 14 days as compared to control (group A) (Figure 5). The serum ALP levels decreased from 

7 to 14 days as compared to group B when cadmium was administrated with JSE (group C) or OPE (group D). 
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It clearly indicates hepatoprotective role of JSE and OPE. Rats treated with OPE (group E) and JSE (group F) 

showed no changes in serum ALP levels at 7  and 14 days. ANOVA indicates that the treatments are significant 

(7 day - F=23.525, P< 0.0001; 14 days - F= 119.56, P< 0.0001).  

 

 
Figure 3. Serum albumin levels (g/100 ml) of Wistar rats treated either with cadmium, cadmium+jamun seed extract, 

cadmium+orange peel extract, orange peel extract or jamun seed extract. All values indicate mean ± SE of six specimens. 

 

 
Figure 4. Serum bilirubin levels (mg/100 ml) of Wistar rats treated either with cadmium, cadmium+jamun seed extract, 

cadmium+orange peel extract, orange peel extract or jamun seed extract. All values indicate mean ± SE of six groups. 
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Figure 5. Serum ALP levels (mg/100 ml) of Wistar rats treated either with cadmium, cadmium+jamun seed extract, 

cadmium+orange peel extract, orange peel extract or jamun seed extract. All values indicate mean ± SE of six specimens. 

 

 

Figure 6. Serum LDH levels (U/L) of Wistar rats treated either with cadmium, cadmium+jamun seed extract, 

cadmium+orange peel extract, orange peel extract or jamun seed extract. All values indicate mean ± SE of six groups. 
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Cadmium treatment to rats increased serum lactate dehydrogenase (LDH) levels at 7 and 14 days as 

compared to Group A (Figure 6). Serum LDH levels showed significant decrease after treatment with cadmium 

and JSE (group C) or OPE (group D) at 7 and 14 days in rats as compared to group B (only cadmium). The 

restoration of serum LDH levels in group C and group D is indication of hepatoprotective role of JSE and OPE 

against cadmium induced liver toxicity. No alternation occurred  in serum LDH levels after treatment with OPE 

(group E) and JSE (group F) in rats. ANOVA indicates that the treatments are significant (7 day - F=32.369, 

P< 0.0001; 14 days - F= 87.894, P< 0.0001). 

4. DISCUSSION 

There are several heavy metals including cadmium present in environment which are highly hepatotoxic 

[7]. Cadmium exposure caused severe toxic effects in mammals like nephrotoxicity, neurotoxicity 

hepatotoxicity, genotoxicity and teratogenicity [2,15]. In this study, JSE and OPE showed protective effects 

against cadmium induced hepatotoxicity such as serum SGOT, serum SGPT, serum albumin, serum bilirubin, 

serum alkaline phosphatase and serum lactate dehydrogenase levels in rats. Administration of cadmium 

significantly increased serum SGOT,  SGPT,  bilirubin,  alkaline phosphatase and lactate dehydrogenase levels 

and decreased serum albumin levels in rats. 

In this study, serum SGOT levels significantly increased after treatment with cadmium. This is on 

conformity with other reports of increased serum SGOT level in rats was recorded after exposure to toxicants 

such as lead [19]; carbon tetrachloride [20] and rifampicin [21]. Rat treated with cadmium and jamun seed 

extract (group C) or orange peel extract (group D) exhibited levels of serum SGOT decreased at 7 day and 14 

day which clearly indicates that both JSE and OPE may restore the serum SGOT levels in rat.  

Cadmium treatment to rats increased levels of serum SGPT. Other investigators have also reported 

increased serum SGPT levels in rat after treatment with toxicants carbon tetrachloride [20] and rifampicin [21]. 

When combined treatment of cadmium with JSE (group C) or OPE (group D) were given to rats, serum SGPT 

level significantly reduced as compared to Group B. It clearly evident that JSE and OPE showed 

hepatoprotective effect against cadmium induce hepatotoxicity in rats.  

Increased bilirubin levels were noticed in rats after treatment with cadmium (group B) at 7 and 14 days. 

The present study derives support from the earlier reports which also describe increased serum bilirubin levels 

in rats exposure to various toxicants cisplatin [22], malathion [23] and arsenic [24]. When rats were treated with 

cadmium and jamun seed extract (group C) or orange peel extract (group D) the levels of bilirubin significantly 

decreased at 7 and 14 days. It confirms that extract of jamun seed and orange peel possess hepatoprotective role 

against cadmium induced hepatotoxicity in rats.  

Decreased serum albumin levels were observed in cadmium treated rats (group B) at 7 and 14 days. 

Similar results have also been reported by other investigators after treatment with different toxicants aflatoxin 

and cypermethrin [25], sodium fluoride [26] and aluminum chloride [27]. The combined dose of cadmium and 

jamun seed extract (group C) or orange peel extract (group D) was effective in restoration of serum albumin to 

near control levels which is an indication of hepatoprotective action of these extract.   

 Furthermore, increased serum ALP levels were observed in rats after treatment with cadmium at 7 and 

14 days. This is in conformity with the observations of other investigators who have reported increased ALP 

levels in rats after treatment with various toxicants acetaminophen and thioacetamide [28], arsenic and 

quinalphos [29], monosodium glutamate [30], deltamethrin [31], fluoride and chlorpyrifos [32]. The 

hepatoprotective role of JSE and OPE is evident by the observed decrease in serum ALP levels when cadmium 
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was given in combination  with JSE and OPE. Ndubuisi et al. [11] have also noticed similar results when the 

rats were treated with aqueous extract of zest of Citrus sinensis in combination with cadmium. 

There was significant increase in serum LDH levels after treatment with cadmium in rats (group B) at 7 

and 14 days. Previous studies also observed an increase in serum LDH levels after treatment with toxicants 

carbofuran [33], lead [34] and endosulfan [35]. Serum LDH levels were progressively decreased after treatment 

with combined dose of cadmium and JSE or OPE from 7 to 14 day as compared to group B. It depicted 

hepatoprotective role of JSE and OPE against cadmium induced hepatotoxicity in rats. In past, jamun seed and 

orange peel extracts have been reported to ameliorate the toxic changes induced by cadmium in kidney 

biomarkers such as blood urea, uric acid and creatinine of rat [15]. Also protective role of jamun seed and 

orange peel extracts have been reported for cypermethrin induced nephrotoxicity in rats [12]. Srivastava et al. 

[9] have reported protective role of jamun seed and orange peel extracts in cypermethrin-induced alterations in 

serum calcium and phosphate of rats 

No significant changes occurred in serum SGOT,  SGPT,  albumin,  bilirubin,  alkaline phosphatase and  

lactate dehydrogenase levels in rats That were treated with JSE and OPE alone. There exists no study regarding 

the effect of JSE and OPE on liver biomarkers in rats.  

5. CONCLUSIONS 

The results indicate that cadmium negatively affects the liver biomarkers in rats. Treatment with JSE 

and OPE were effective in recovering liver biomarkers which were altered by cadmium exposure.  
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