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Administration of cadmium (Cd) significantly increased the peroxidation markers such as malondialdehyde and protein 

carbonyls along with significant decrease in antioxidant markers such as super oxide dismutase and reduced glutathione in 

liver and kidney tissues. Cadmium also caused a significant alteration in hepatic and renal functional markers in serum viz. 

total protein, albumin, alanine transaminase, blood urea nitrogen and creatinine. Prominent pathological changes observed in 

liver were severe vascular and sinusoidal congestion with diffuse degenerative changes and mononuclear infiltration into 

peripheral areas, while the kidney showed vascular and glomerular congestion, cloudy swelling of tubular epithelium. Co-

administration of ethonolic extract of T. terrestris or vitamin E along with Cd significantly reversed the Cd induced changes 

along with significant reduction in Cd load.  
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Cadmium (Cd) is a very toxic heavy metal and an 

important environmental pollutant in soil, water, air, 

food and smoke
1
. Cadmium is mainly used in the 

industry for coating steel, glass and plastics (including 

polyvinyl chloride), and for nickel cadmium battery 

production
2
. Phosphate fertilizers also show a big 

cadmium load
3
. Cadmium contamination of soil and 

water has raised concern because this metal 

bioaccumulates in the upper levels of food chain 

including humans and has a very long biological half-

life (10-30 years) in the body and its toxicity is 

dependent on the route, amount and the duration of 

exposure
4
. Chronic exposure to low doses of cadmium 

results in its accumulation in liver and kidney, 

rendering them primary target organs
5
. Cadmium 

induces toxicity in various target organs through 

several mechanisms. However most of its toxic 

effects are believed to result from a mechanism 

related to its ability to generate free radicals, at a rate 

enough to overwhelm the antioxidant defense system 

of the body
6
. 

 Oxidative damage induced by free radicals can be 

prevented by the use of antioxidants such as ascorbic 

acid, tocopherols, carotenoids and certain herbs
7
. 

Several Indian plants are considered as potential 

sources of antioxidants which can counter the 

peroxidative stress in biological system due to several 

stresses, including, heavy metals, pesticides and 

mycotoxins
8
. 

 Tribulus terrestris (TT) is a flowering plant (family 

Zygophyllaceae) native to warm temperature, and 

tropical regions. It has long been used in the 

traditional Chinese and Indian systems of medicine, 

for the treatment of various ailments and is popularly 

claimed to improve sexual functions in man
9
. TT and 

its related species have been reported to have 

antioxidant effects in various forms of experimentally 

induced oxidative stresses
10-12

. In this back drop, the 

present work is designed to study the protective effect 

of TT on the liver and kidney of the rats exposed to 

cadmium toxicity.  
 

Materials and Methods 

 Chemicals—All the chemicals were of analytical 

grade and obtained from commercial sources like 

Qualigens Pvt Ltd., Mumbai and Sisco Research 

Laboratories, Mumbai. 

 Animals—Adult Wister albino male rats (40), aged 

about 60 days with average body weight of 147 g 

were obtained from M/s Mahaveer Enterprises  
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(Regn. No. 46/1999/CPCSEA), Hyderabad. The 

experimental design was approved by Institutional 

Animal Ethics Committee.  

 Preparation of ethanolic extract of Tribulus 

terrestris (eTT)—The whole plant material at flower 

and fruit bearing stage was collected from NTR 

College of Veterinary Science farm and identified by 

Botanist. Whole plant material was air dried in shade 

and ground to coarse powder. Powdered plant 

material (20) was taken in a conical flask and 

analytical grade ethanol was added in 1:10 ratio. The 

conical flask was closed air tight with non absorbent 

cotton and aluminum foil. Then it was subjected to 

constant stirring over night using an orbital shaker at 

room temperature. Next day the plant material was 

filtered through filter paper and the filtrate was 

subjected to slow evaporation by keeping in a water 

bath at 60°C until a consistent solid mass was formed. 

This ethanolic extract was made into suspension with 

double distilled water before administration. 

 Experimental design—The rats were divided into 

four groups of 8 rats each. Group 1 was maintained as 

control and group 2 rats received CdCl2 at the rate of 

3 mg/ kg body weight SC once a week for 4 weeks. 

Group 3 rats received CdCl2 like the rats in group 2 

along with eTT at the rate of 5 mg/kg body weight. 

po, daily for 6 weeks starting from day of cadmium 

administration. Rats in group 4 were administered 

with CdCl2 along with vitamin E at the rate of  

75 mg/kg body weight, po daily for 6 weeks. After 

collecting approximately 1-1.5 mL of blood from 

retro-bulbar plexuses of the right eye for obtaining 

serum, all the rats were sacrificed at the end of 6
th
 

week by cervical dislocation. Liver and kidney were 

collected immediately and kept in ice cold phosphate 

buffer. A portion of the organs was homogenized with 

tissue homogenizer individually to make 10% of 

homogenate to assay the tissue antioxidants such as 

super oxide dismutase (SOD), catalase (CAT) and 

reduced glutathione (GSH) and tissue peroxidation 

markers such as thiobarbituric acid reacting 

substances (TBARS) and protein carbonyls. Liver and 

kidney functional markers such as total protein, 

albumin, globulin, alanine transaminase (ALT), blood 

urea nitrogen (BUN) and creatinine were assayed in 

serum. Pieces of tissues from livers and kidneys were 

immediately kept in 10% formalin fixative to study 

histopathology. The remaining liver and kidney 

portions were kept in hot air oven for 24 h for further 

processing to estimate concentration of cadmium.  

Biochemical analysis 
 Estimation of antioxidant markers of liver and 

kidney—SOD was estimated by the method involving 

inhibition of superoxide dependant reduction of 

tetrazolium dye MTT to formazan
13

. Catalase activity 

was determined by monitoring the decrease in 

absorbance at 240 nm due to decomposition of H202
14

 

and GSH was estimated based on a reaction of 

reduced glutathione with 5-5’ dithiobis-2-nitrobenzoic 

acid (DTNB)
15

. 

 Estimation of peroxidation markers of liver and 

kidney—Malondialdehye, the product of lipid 

peroxidation was estimated by reaction with 

thiobarbituric acid as per the method prescribed by 

Balasubramanian et al.
16

 Protein carbonyls were 

estimated based on the reaction of amino carbonyls 

with 2, 4-dinitrophenyl hydrazine to form hydrazones, 

which can be detected spectrophotometrically at  

372 nm
17

. Total protein in liver and kidney tissue 

homogenate was quantified as per Lowry et al
18

. 

 Estimation of liver and kidney functional markers—

Total protein, albumin, ALT, BUN and creatinine of 

serum were estimated by using the standard kits.  

 Histological studies—Formalin fixed liver and 

kidney pieces were processed by paraffin embedding, 

sections of 4-5 µ thickness were cut and stained by 

routine Harris haemotoxylin and eosin method.  

 Estimation of cadmium concentration—Dry ashing 

procedure was used for the mineral analysis in organs. 

Wet tissue was dried at 100° C for 24 h. Dried sample 

was transferred to a cool muffle furnace and the 

temperature was slowly raised to 450°C and ashed 

overnight. The ash was dissolved in 2 mL HNO3 plus 

double distilled water (DDW). After filtering, the 

digesta was made up to 25 mL with DDW and 

concentration of Cd was determined with Atomic 

Absorption Spectrophotometer (NOVA 300)
19

.  

 Statistical analysis—The data was subjected to 

statistical analysis by applying one way ANOVA 

using statistical package for social sciences (SPSS) 

12
th
 version. Differences between means were tested 

using Duncan’s multiple comparison test and 

significance was set at P<0.05. 

 

Results  
 The average body weight gain was significantly 

reduced in group 2 compared to control. But co-

administration of eTT or vitamin E with Cd exposure 

showed a significant increase in weights compared to 

Group 2 (Fig. 1).  
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 The level of antioxidants in liver and kidney such 

as superoxide dismutase (SOD), catalase (CAT) and 

reduced glutathione (GSH) were significantly reduced 

while the level of peroxidation markers such as 

thiobarbituric acid reacting substances (TBARS) and 

protein carbonyls were significantly increased in Cd 

treated rats compared to control rats. Administration 

of eTT and vitamin E significantly reversed the above 

values (Table 1). 

 The functional markers of liver in serum such as 

total protein and albumin were significantly decreased 

while the ALT levels were significantly increased 

following Cd administration. Kidney functional 

markers such as serum creatinine and BUN were also 

significantly increased compared to those of control 

group. The above altered functional markers were 

significantly reversed with eTT or vitamin E 

administration (Table 2).  

 Cadmium treated group liver showed severe 

vascular and sinusoidal congestion with diffuse 

degenerative changes as evidenced by cloudy 

swelling. In addition periportal areas showed 

infiltration of mononuclear cells in large numbers 

(Fig. 2). In Group 3 that was given eTT along with 

Cd, the liver sections revealed very mild cloudy 

swelling of hepatocytes (Fig. 2) and in group 4, 

treatment with Vitamin E along with Cd, revealed 

near normal architecture with very mild degenerative 

changes in hepatocytes in few cases (Fig. 2). 

Microscopic examination of kidney sections from 

group 2 revealed severe vascular and glomerular 

congestion. Degenerative changes were also observed 

in proximal tubular epithelium showing cloudy 

swelling (Fig. 2). In few cases the kidney tubular 

lumen contained eosinophilic hyaline casts. The 

lesions in group 3 were mild degenerative changes in 

the proximal tubular epithelium (Fig. 2) and in group 

4 the kidney sections exhibited near normal 

architecture with only mild cloudy swelling in 

proximal tubular epithelium (Fig. 2). 

 Significantly higher levels of cadmium were found 

in liver and kidney of cadmium treated group 

compared to control, where as following 

supplementation with eTT extract and vitamin E in 

groups 3 and 4 respectively, a significant reduction in 

Cd level was observed in these organs when 

compared to those in group 2.  

 

 
 
Fig. 1—Effect of ethanolic extract of T. terrestris on body weight 

gain in cadmium intoxicated rats 

Table 1—Effect of ethanolic extract of T. terrestris on antioxidant and peroxidation markers of liver and kidney tissues of cadmium 

intoxicated rats (values are mean±SE from 8 animals in each group) 

   

Tissue antioxidant markers Peroxidation markers 

SOD 

(U/mg protein 

CAT 

(mM H2O2 

utilized.min.mg of 

protein 

GSH 

(µm/mg of protein) 

TBARS 

(M of MDA/g of 

protein) 

Protein carbonyls 

(nM/mg of protein) 

     

 

Group 

Liver Kidney Liver Kidney Liver Kidney Liver Kidney Liver Kidney 
           

1 21.34± 

0.17c 

21.51± 

0.18c 

65.50± 

0.41c 

12.04± 

0.15c 

54.54± 

0.35c 

31.74± 

0.42c 

63.75± 

0.21c 

36.16± 

0.84c 

2.65± 

0.05c 

6.49± 

0.1c 

2 10.00± 

0.25a 
10.53± 

0.25a 

33.0± 

0.30a 

4.85± 

0.15a 

27.67± 

0.58a 

17.35± 

0.41a 

95.70± 

0.21a 

110.84± 

0.4a 

8.89± 

0.10a 

10.57± 

0.06a 

3 20.90± 

0.19b 

20.83± 

0.25b 

64.35± 

0.65b 

11.37± 

0.11b 

53.28± 

0.33b 

31.03± 

0.39b 

64.15± 

0.21b 

36.84± 

0.06c 

3.11± 

0.09b 

6.92± 

0.08c 

4 20.74± 

0.17b 

20.52± 

0.22b 

64.46± 

0.69b 

11.78± 

0.14b 
53.97± 

0.31b 

31.11± 

0.38b 

63.85± 

0.21c 

36.17± 

0.65c 

2.95± 

0.11c 

6.66± 

0.11c 

           

Values are mean±SEM (n=8) One way ANOVA (SPSS) 

Means with different superscripts differ significantly (P<0.05). 
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Discussion 
 Cadmium is one of the ubiquitous environmental 

pollutant and 7
th
 most hazardous substance

20
 and is 

also a carcinogen
21

. In the body Cd produces toxic 

effects by a mechanism related to its ability to 

generate free radicals at a range high enough to 

overwhelm the natural antioxidant defense system of 

the body
6
 and results in a condition known as 

oxidative stress.  

 In the present study Cd toxicity with particular 

reference to liver and kidney was assessed in terms of 

tissue antioxidant markers, peroxidation markers, 

functional markers and extent of Cd accumulation in 

liver and kidney.  

 Accumulation of Cd in liver and kidney in Cd 

administered rats was reported previously by Jihan  

et al
22

. In the present experiment, Cd accumulation in 

the liver and kidney of group 2 rats had significantly 

reduced the antioxidant markers viz. SOD, CAT and 

GSH, while the peroxidation markers viz. TABRS 

and protein carbonyls were found significantly 

increased, when compared to those in control group. 

The results of the present study are in agreement with 

earlier findings of reduction in the antioxidant 

markers with simultaneous increase in peroxidation 

markers in rats under Cd influence
23,24

. The tissue 

peroxidation induced by Cd lead to liver and kidney 

dysfunction which was reflected as alteration in 

various functional markers in serum. These alterations 

consisted of significant decrease in total protein and 

albumin with significant increase in ALT levels 

indicating hepatotoxicity and significant increase in 

serum levels of BUN and creatinine levels suggesting 

nephrotoxicity.  

 Cadmium induced tissue damage was also reveled 

by severe pathological changes in liver and kidney of 

Cd treated rats. The liver exhibited severe vascular 

and sinusoidal congestion with diffuse degenerative 

changes and mononuclear infiltration was noticed in 

peripheral areas. Kidney sections revealed severe 

vascular and glomerular congestion, cloudy swelling 

of tubular epithelium. Severe histological changes in 

liver and kidney of Cd exposed rats were also 

reported by El-Sokkary et al
25

. Thus the results 

indicated that Cd at the administered dose in the study 

produced severe oxidative damage in liver and 

kidney.  

 Trebulus terrestres, a traditional aphrodisiac herb, 

contains ‘protodioscin’ which significantly increases 

testosterone and dihydrotestosteron in primates, 

rabbits and rats and was reported useful in mild to 

moderate cases of erectile dysfunctions
26

. In addition 

TT also exhibited antioxidant properties
11

. In group 3 

rats, simultaneous administration of eTT along with 

Cd significantly reduced the Cd burden in liver and 

kidney and also caused restoration of antioxidant, 

peroxidation and functional markers when compared 

to Cd alone treated group 2. The favourable recovery 

in these biochemical profiles is further indicated by 

the less severe histological changes in liver and 

kidney.  

 Vitamin E has been found to have antioxidant and 

cytoprotective role
27

 in Cd induced oxidative stress 

and lipid peroxidation
28

. In group 4, administration of 

vitamin E along with Cd, showed a good protective 

effect by restoration of biochemical profiles in liver 

and kidney tissue and the hepatic and renal functional 

indicators in serum. This was also well correlated 

with near normal histological architecture and Cd 

concentration in liver and kidney. 

 In conclusion it can be interpreted that ethanolic 

extract of TT possesses antioxidant property that  was  

Table 2—Effect of Tribulus terrestris on liver and kidney functional markers and cadmium level of cadmium intoxicated rats. 

(values are mean±SE from 8 animals in each group for tissue functional markers and 6 animals for Cd concentration) 

   

*Tissue functional markers #Cadmium concentration 

(µg/g wet tissue) 

Liver Kidney 

 

Group 

Total protein 

(g/dl) 

Albumin 

(g/dl) 

ALT 

(IU/L) 

BUN 

(mg/dl) 

Creatinine 

(mg/dl) 

 

Liver 

 

Kidney 

        

1 3.8±0.02c 1.46±0.02c 18.9±0.10c 7.86±0.06c 0.146±0.006c 0.07±0.066c 0.02±0.004c 

2 2.02±0.07a 1.01±0.04a 61.16±0.11a 12.66±0.14a 1.54±0.03a 0.13±0.011a 0.38±0.002a 

3 3.57±0.06b 1.40±0.02b 32.66±0.20b 7.97±0.04b 0.15±0.008b 0.08±0.005c 0.15±0.01b 

4 3.75±0.03c 1.45±0.03c 19.68±0.10b 7.87±0.05b .14±0.05c 0.09±0.007c 0.11±0.013b 
        

Values are mean±SEM (*n=8; #n=6) One way ANOVA (SPSS) 

Means with different superscripts differ significantly (P<0.05). 
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Fig. 2—Light microscopic study of (A) cadmium treated group rat liver showing vascular congestion and periportal infiltration with 

mononuclear cells. (B) cadmium treated group rat kidney showing glomerular congestion and cloudy swelling of tubular epithelium. (C) 

Cd and TT extract treated rats liver showing mild cloudy swelling. (D) Cd and TT extract treated rats kidney showing mild cloudy 

swelling of tubular epithelium. (E) Cd and vitamin E treated rats liver showing near normal architecture with very mild cloudy swelling. 

(F) Cd and vitamin E treated rats kidney showing near normal architecture with very mild cloudy swelling of tubular epithelium. VC: 

vascular congestion; PI: periportal infiltration with mononuclear cells; GC: glomerular congestion; CS cloudy swelling of tubular 

epithelium; MCS: mild cloudy swelling. Figs A-E: H&E, 400×; Fig. F: H&E, 100×  
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able to protect the liver and kidney from cadmium 

insult. 
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