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Our study pertains to the potential ability of vitamin C and/or vitamin E, used as nutritional 
supplements, to alleviate oxidative stress induced by cadmium. Male rats were randomly divided into 
five groups of eight each. Group I served as the controls; group II received in their drinking water CdCl2 

(200 mg/L); group III received both CdCl2 and vitamin C (1.5 g/L
 
of water); group IV was treated with 

CdCl2 and vitamin E (400 mg/kg diet); and group V received CdCl2 + vitamin C + vitamin E. The exposure 
of rats to cadmium chloride for 30 days resulted in a significant decrease in body weight gain. Cadmium 
treatment also produced oxidative liver injury characterized by increasing serum glucose 
concentration, glutamate-pyruvate transaminase (GPT), alanine aminotransaminase (GOT) and alkaline 
phosphatase (ALP) activities. Meanwhile cadmium supplementation decreased serum total protein and 
albumin in animals. In addition, liver glutathione level, catalase and glutathione peroxidase (GSH-Px) 
activities were diminished. With vitamin C and vitamin E administration during intoxication of cadmium, 
corrective effects on Cd-induced oxidative stress in the liver was observed. In conclusion, this study 
demonstrates that oral exposure to Cd caused reduction in LPO and antioxidant enzyme activities in 
rat’s liver, and vitamin C or vitamin E may have partial ameliorative effects on these disturbances, 
whereas vitamin C and vitamin E together assured a more efficient protection of the organ against the 
noticed oxidative stress. 
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INTRODUCTION 
 
Cadmium is a very toxic metal, and also an 
environmental and industrial pollutant which is present in 
soil, water, air and food (Cinar, 2003; Kaplan et al., 
2011). This metal enters surface water from the industrial 
wastes and found in soil by leaching of sewage sludge 
through soil (Joshi and Bose, 2002). So, the population 
can be affected by Cd through food consumption, 
drinking water and incidental ingestion of soil 
contaminated by Cd (Hardej and Trombetta, 2004; 
Valadez-Vega et al., 2011). After absorption, cadmium 
transported in the plasma is bound to albumin and 
accumulated mainly in kidney and liver. This metal 
causes variety of toxic effects on various body  tissues  of  
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both human and animals (Kaya et al., 2002). Cadmium is 
known to cause reproductive disorders, renal and hepatic 
dysfunction, osteomalacia, neurological impairment, 
pancreatic activity changes (Hooser, 2007). It also affects 
various structures and metabolic processes, such as 
nucleic acids, carbohydrates energy metabolism, protein 
synthesis and enzyme systems (Cinar, 2003). Chronic 
cadmium toxicity also causes an oxidative stress through 
lipid peroxidation and consumption of some antioxidant 
systems (Cinar et al., 2010). In several reports, 
administration of antioxidants such as zinc (Uyanik et al., 
2001), selenium (Li et al., 2010 ), diallyl tetrasulfide (Pari 
and Murugavel, 2005) and quercetin (Morales et al., 
2006) have been shown to have protective effect against 
Cd toxicity. Vitamin C and vitamin E are recognized as 
essential nutrients for all species of animals. In other 
words,   these  vitamins   have   been    shown    to   have  
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protective effect against metal induced toxicity (Rao and 
Sharma, 2001; Jiraungkoorskul et al., 2007). Therefore, 
the present study was designed to evaluate the effect of 
vitamin E and vitamin C separetely and in combination 
against cadmium chloride induced oxidative liver injury in 
rats. 
 
 
MATERIALS AND METHODS 

 
Chemicals 

 

Vitamin E, vitamin C, cadmium chloride (CdCl2), 5, 5’ dithiobis-2-
nitrobenzoic acid (DTNB) and reduced glutathione were purchased 
from sigma Chemical Co. (St Louis, France), and all other 
chemicals used in the experiment were of analytical grade. 
 
 
Animals 

 
Male albino (Wistar) rats with a body weight of 180 to 210 g were 
obtained from Pasteur Institute (Algiers, Algeria). Animals were 
acclimated for two weeks under the same laboratory conditions of 
photoperiod (12 h light/12 h dark) with a relative humidity of 40% 
and room temperature of 22 ± 2°C. Food and water were available 
ad-libitum. 
 
 
Experimental design 

 
Animals were randomly divided into five groups of eight animals 
each. A control group of animals received tap water and four 
experimental received either Cd (200 mg/L as CdCl2), Cd + vit E 
(200 mg/L CdCl2 + 400 mg/kg diet vit E), Cd + vit C (200 mg/L 
CdCl2 + 1.5 g/L vit C in drinking water) or Cd + vit E + vit C (200 
mg/L CdCl2 + 400 mg/kg diet vit E +1.5 g/L

 
vit C). We chose to 

administer the three elements by oral route because it is the main 
mode of exposure to cadmium in human and animals. The doses of 

CdCl2, vitamin E, vitamin C and the period of treatment were 
selected on the basis of previous studies (Chowdhury et al., 1987; 
Kim et al., 2001; Grosicki, 2004). The experimental procedures 
were carried out according to the National Institute of Health Guide-
lines for Animal Care and approved by the Ethics Committee of our 
Institution. The treatments of rats continued for a period of four 
weeks. At the end of the experiment, total body weight was 
recorded and animals were sacrificed by decapitation. At the time of 

the sacrifice, blood was transferred into ice cold centrifuged tubes. 
Tubes were then centrifuged for 10 min at 3000 rpm and serum 
was used for glucose, total protein, albumin, GOT, GPT and 
alkaline phosphatase assays. Liver was removed immediately and 
one part was processed immediately for assaying glutathione and 
antioxidant enzymes activities. The other part was used for light 
microscopic studies. 
 
 
Analytical methods 

 
Determination of biochemical parameters 

 
Serum glucose level was estimated with a commercial kit 
(Spinreact, Spain, ref; 41011) and determined by enzymatic 
colorimetric method using spectrophotometer (Jenway 6505, 
Jenway Ltd, UK). However, GOT, GPT and alkaline phosphatase 
activities were determined with commercial kits from Spinreact, 
Spain, refs; GOT-1001161, GPT-1001171 and ALP- 1001131 
respectively.  Total  protein  and  albumin  concentration  were  also  

 
 
 
 
measured utilizing commercial kits (Spinreact, Spain, refs; total 
protein- 1001291 and albumin– 1001020). 
 
 
Tissue preparation 
 
About 1 g of liver was homogenized in 2 ml of buffer solution of 
phosphate buffer saline 1:2 (w/v; 1 g tissue 2 ml TBS, pH = 7.4), 
homogenates were centrifuged at 10000×g for 15 min at 4°C, and 
the resultant supernatant was used for the determination of reduced 
glutathione and protein levels on one hand and the estimation of 
catalase and GSH-Px activities on the other hand. 
 

 
Estimation of reduced glutathione level (GSH)  
 
Liver GSH content was estimated using a colorimetric technique, as 
mentioned by Ellman (1959) modified by Jollow et al. (1974), based 
on the development of yellow color when DTNB (5, 5’ dithiobis-(2-
nitrobenzoic acid) is added to compounds containing sulfhydryl 
groups. In brief, 0.8 ml of liver supernatant was added to 0.3 ml of 
0.25% sulfosalycylic acid, and then tubes were centrifuged at 2500 

×g for 15 min. Supernatant (0.5 ml) was mixed with 0.025ml of 0.01 
M DTNB and 1 ml phosphate buffer (0.1 M, pH = 7.4). The 
absorbance at 412 nm was recorded. Finally, total GSH content 
was expressed as nmol GSH/mg protein. 
 
 

Determination of glutathione peroxidase (GSH-Px) 
 
Glutathione peroxidase (GSH-Px) (E.C.1.1.1.1.9) activity was 

measured by the procedure of Floche and Gunzler (1984). 
Supernatant obtained after centrifuging 5% liver homogenate at 
15000 ×g for 10 min followed by 10000 ×g for 30 min at 4°C was 
used for GPx assay. One milliliter (1 ml) of reaction mixture was 
prepared which contained 0.3 ml of phosphate buffer (0.1 M, pH = 
7.4). 0.2 ml of GSH (2 mM), 0.1 ml of sodium azide (10 mM), 0.1 
H2O2 (1 mM) and 0.3 ml of liver supernatant. After incubation at 
37°C for 15 min, the reaction was terminated by addition of 0.5 ml 

5% TCA. Tubes were centrifuged at 1500 ×g for 5 min and the 
supernatant was collected. 0.2 ml of phosphate buffer (0.1 M, pH = 
7.4) and 0.7 ml of DTNB (0.4 mg/ml) were added to 0.1 ml of 
reaction supernatant. After mixing, absorbance was recorded at 
420 nm. 

 
 
Assay of catalase activity 
 

The activity of catalase was determined according to the method of 
Aebi (1984). The reaction mixture (1 ml) that contained 0.78 ml of 
phosphate buffer (0.1 M, pH = 7.4), 0.2 ml of liver supernatant, and 
0.02 ml of H2O2 (0.5 M) was prepared. The reaction was started by 
adding H2O2 and the decomposition of H2O2 was monitored 
following the decrease in absorbance at 240 nm for 1 min. The 
enzyme activity was calculated by using an extinction coefficient of 
0.043 mM 

-1
 cm 

-1
. 

 
 
Protein determination 
 
The protein content of tissues samples were measured by the 
method of Bradford (1976) using bovine serum albumin as a 
standard. 

 
 
Histological studies 
 
For histological examination, liver was dissected and immediately
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Table 1. Body weight gain and liver weights of control male rats, treated with Cd, Cd-vit C, Cd-vit E and Cd-vit C-vit E after 4 
weeks of treatment. 
 

Parameter 
Experimental group 

Control (n = 8) Cd (n = 8) Cd-vit C (n = 8) Cd-vit E (n = 8) Cd-vit C-vit E (n = 8) 

Initial body weight (g) 206 ± 6.4 209.1 ± 7.6 197.4 ± 8.0 190.9 ± 3.7 183.8 ± 5.6 

Final body weight (g) 201 ± 3.2 108 ± 4.8*** 159.1
 
± 8.1***

cß
 163.1

 
± 5.9***

cß
 181.1 ± 4.1***

c
 

Liver weight (g)          9.0 ± 0.3 12.2 ± 0.3*** 10.4 ± 0.4*
bµ

 10.2 ±
 
0.2***

cß
 8.8

 
± 0.3

c
 

 

Statistically significant differences
 
from control:

 
*p < 0.05,

 
***p < 0,001; from Cd: 

b
p < 0.01, 

c
p < 0,001; from Cd-vit E-vit C: 

µ
p < 0.05, 

ß
p < 0.01. Values are given as mean ± SEM, n = number of animals.  

 
 
 

Table. 2. Changes of biochemical parameters of control male rats, treated with Cd, Cd-vit C, Cd-vit E, and Cd - vit C- vit E after 4 

weeks of treatment.  
 

Parameter 
Experimental group 

Control (n = 8) Cd (n = 8) Cd-vit C (n = 8) Cd-vit E (n = 8) Cd-vit E-vit C (n = 8) 

Glucose (mg/100 ml) 107.7 ± 2.4 193 ± 2.4*** 160.1 ± 2.6***
cβ

 146.8 ± 5.6***
c
 138.8

 
± 5.3***

c
 

Total protein (g/100 ml)   8.7 ± 0.3 6.1 ± 0.3*** 7.45 ± 0.3*
aβ

 7.28
 
± 0.3*

aβ
 8.5 ± 0.1

c
 

Albumin (g/100 ml)    4.9 ± 0.2 3.2 ± 0.3*** 4.2 ± 0.1***
bβ

 4.5 ± 0.2**
c
 4.7 ± 0.1

c
 

GOT (U/L)                 62.4 ± 4.6 135.2 ± 3.9*** 71 ± 3.6
 cµ

 76.2 ± 3.6*
cβ

 58.3 ± 2.1
b
 

GPT (U/L)                42.9 ± 3.9 78.6 ± 1.5*** 46.7 ± 3.7
 c
 58.1 ± 2.7*

cK
 45.6 ± 0.4

 c
 

(ALP) (U/L)             109.9 ± 2.5 292.3 ± 2*** 245.2 ± 9.5***
c
 218.5 ± 11.4***

c
 213.6 ± 10.2***

c
 

 

Statistically significant differences from control: *P < 0.05, **P < 0.01, ***P < 0.001; from Cd:
 a
P < 0.05, 

b
P < 0.01, 

c
P < 0.001; from Cd-vit 

C-vit E: 
µ
P < 0.05, 

β
P < 0.01, 

K
P < 0.001. Values are given as mean ± SEM, n = number of animals.

 

 
 
 

fixed in bouin solution for 24 h, processed by using a graded 
ethanol series, and then embedded in paraffin. The paraffin 
sections were cut into 5 µm thick slices and stained with 
hematoxylin and eosin for light microscopic examination (Haoult, 
1984). The sections were then viewed and photographed. 
 

 

Statistical analysis 
 

Data were given as means ± SEM. Statistical significance of the 
results obtained for various comparisons was estimated by applying 
one way analysis of variance (ANOVA) followed by Protected Least 
Significant Difference Fisher’s test (PLSD Fisher) and the level of 
significance was set at p < 0.05. 

 
 
RESULTS 
 

Effects of treatments on body weight gain, absolute, 
and relative liver weights  
 

In this investigation, the body and liver weights of rats 
subjected to different treatments are shown in Table 1. In 
Cd-treated animals, the results showed obviously 
significant decrease (p < 0.001) in body weight as 
compared to the control group. In addition, a significant 
increase of Cd-treated group in liver weight was noticed 
(p < 0.001). However, vitamin C, vitamin E and vitamin C 
+ vitamin E supplies, the body weight gain became 
significantly greater (p < 0.001) than in rats exposed to 
cadmium and the liver weight decreased p < 0.01 and p < 
0.001. 

Effect of treatment on serum biochemical parameters 
 
Treatment with Cd caused significant increase of serum 
glucose, GOT, GPT and ALP (p < 0.001) compared to the 
control group. Meanwhile the concentration of serum total 
protein and serum albumin were diminished (p < 0.001). 
Whereas, the supplementation of vitamin C or vitamin E 
either alone or together with cadmium produced a 
recovery in the above mentioned biochemical parameters 
p < 0.05 (Cd-vit C), p < 0.05 (Cd-vit E) and p < 0.001 (Cd-
vit C-vit E) for total protein and p < 0.01 (Cd-vit C), p < 
0.001 (Cd- vit E) and p < 0.001 (Cd-vit C-vit E) for 
albumin and p < 0.001 (Cd-vit C), p < 0.001 (Cd-vit E) 
and p < 0.001 (Cd-vit C-vit E) for glucose (Table 2). In 
addition, the activities of serum hepatospecific enzymes 
serum GOT, GPT and alkaline phosphatase were 
generally significantly decreased (p < 0.001) in animal 
groups treated with vitamin C and vitamin E either alone 
or in combination. Moreover, vitamin C and E together 
showed more efficacy than vitamin C or vitamin E alone 
when comparing Cd-vit C and Cd-vit E with Cd-vit C-vit E 
animals (Table 2). 
 
 
Effect of treatment on hepatic oxidative stress 
parameters 

 
The exposure to Cd produced a significant adverse effect 
on  the  liver   redox   status,   which   is   indicated   by  a  
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Figure 1. Values of glutathione and catalase and GSH-Px in liver of control male rats, treated with (Cd), 
Cd-vit E, Cd-vit C and Cd-vitE-vit C after 4 weeks of treatment. Statistically significant differences from 
control: *P < 0.05, **P < 0.01, ***P < 0.001; from Cd,

 a
P < 0.05, 

b
P < 0.01,

 c
P < 0.001; from Cd-vit C+vit E: 

µ
P < 0.05; 

β
P < 0.01;

 K
P < 0.001. Values are given as mean ± SEM, for group of 8 animals each. 

 
 
 

significant reduction (p < 0.001) in reduced glutathione 
level, catalase and GSH-Px activities (Figure 1). 

Treatments with vitamin E, C and a combination of both 
vitamins restored and ameliorated these biomarkers. 
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Figure 2. Effect of cadmium (cadmium chloride) on histological damage in 

the liver. Control (A), treated with Cd (B). Optic microscopy section were 

stained using the haematoxylin-eosin method (400×). CV: Central vein, H: 
Hepatocytes. 

 
 
 
Histological results 
 

Histopathological investigations showed that the 
administration of Cd produced severe hepatic damage 
including extensive degeneration of hepatocytes with 
necrosis, inflammation, the presence of cellular debris 
within a central vein and cytological vacuolization (Figure 
2B) when compared with control rats (Figure 2A). 
However, the combination groups of Cd-vit C, Cd-vit E 
and Cd-vit C-vit E showed prominent recovery in the form 
of the liver histo-architecture such as the reduced 
cytoplasmic vacuolization and the normal sinusoidal 
spaces, but still binucleated cells were seen, though, the 
lamellar pattern of hepatocytes was restored to almost 
normal (Figure 3). 
 
 

DISCUSSION 
 

The decreased weight gain of rats observed in this  study 

is consistent with some previously published reports 
(Horiguchi et al., 1996). Weight gain depends on 
availability of nutrients. Therefore, the observed reduction 
in weight gain could have been due to the decrease in 
food intake, or due to the overall increased degeneration 
of lipids and proteins as a result of cadmium toxicity 
(Erdogan et al., 2005). The findings from this 
investigation also indicate an increase of liver weight. 
Thus, the administration of cadmium chloride might have 
led to selective accumulation of cadmium in certain 
organs especially liver. However, the co-administration of 
vitamin C and/or vitamin E to the cadmium treated 
animals improved body and liver weights. Cadmium 
chloride group animals also showed a high level of 
glucose. The elevation in serum glucose is a common 
result of heavy metal toxicity and is usually linked with 
inhibition of insulin release from Langerhans’ islets 
(Dormer et al.,1973; Kechrid et al., 2006) or with a block 
of glucose  utilization  by  cells  even  in  the  presence  of  

 

 

 

A 
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Figure 3. Effect of vitamin E and vitamin C coadministred with cadmium 

on histological damage in the liver. Cd-vit C (A), Cd-vit E (B), and Cd-vit 
C-vit E (C). Optic microscopy section were stained using the 
haematoxylin-eosin method (400×). Vitamin E and vitamin C 
coadministrated with Cd maintained granular cytoplasm and normal 
histoarchitectural pattern of hepatic parenchyma. 

 
 
 
elevated concentrations of insulin (Sunderman et al., 
1976) or due to disruption in glucagon secretion result in 

high glycogen breakdown and new supply of glucose 
production from other non carbohydrate  sources such as  
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proteins (Massanyi et al., 1995). However, there is an 
amelioration of blood glucose concentration in cadmium 
animals treated either with vitamin E or vitamin C alone 
or in combination.  

There are several possible explanations for the serum 
glucose reduction. Supplementation of vitamin E or 
vitamin C might alter insulin receptors in muscle or 
adipose tissue by increasing membrane motility, 
secondary to enhance glucose uptake by the diaphragm 
(Bierenbaum et al., 1985). In this investigation it was also 
found as a significant diminution in serum total protein 
and albumin. The decrease in serum total protein and 
albumin of Cd-treated mice might be due to changes in 
protein synthesis and/or metabolism (Dostal et al., 1989; 
Das and Dasgupta, 2000). This result is in agreement 
with other findings (Yousuf, 2002). Cadmium is one of the 
heavy metals which induce membrane damage (Uyanik 
et al., 2001). In the present study, the activities of serum 
GOT, GPT and alkaline phosphatase were significantly 
increased, compared to their normal levels. It could be 
attributed to the hepatic damage resulting in increased 
release and leakage out of these enzymes from the liver 
cytosol into the blood stream which gives an indication on 
the hepatotoxic effect of this metal (Pari and Murugavel, 
2005). Consequently, the biochemical perturbations 
seem to be correlated with the liver histological alteration 
such as the presence of cellular debris within a central 
vein and a cytoplasmic vacuolization.  

Previous histological studies on liver have documented 
that Cd-induced changes are characterized by cellular 
hypertrophy and enlarged nuclei, hepatocyte necrosis, 
hepatocyte vacuolization and hepatocytes with dilated 
central vein (Brzóska et al., 2002). The combination 
treatment of vitamin E or vitamin C with nickel separately 
or joined, improved the histological alteration induced by 
nickel, which could be attributed to the 
antiradicals/antioxidant. The protective action of ascorbic 
acid on heavy metal toxicity is well documented via its 
free radical scavenging mechanism and detoxification 
effect (Suzuki, 1990). However, vitamin E due to its 
solubility in lipids, plays an important role in protecting 
lipid-rich structure like liver from free radicals damage 
and an effective inhibitor of autocatalytic process of lipid 
peroxidation (Sodhi et al., 2008). It has been shown to be 
effective in reducing exercise-induced oxidative stress in 
rats (Metin et al., 2002). In addition, these findings are in 
good agreement with those obtained by other studies 
which postulated the beneficial role of vitamin E and 
vitamin C on histological and enzymatic changes of rats 
(Das et al., 2006; Ben Amara et al., 2010). Therefore, the 
supplementation of vitamin E or vitamin C had protected 
liver function from cadmium intoxication as indicated by 
the significant restoration of serum total protein, albumin, 
serum glucose, GOT, GPT and alkaline phosphatase. 
The diminution of glutathione level in cadmium treated 
animals may be as a result of oxidative stress, which has 
occurred in cadmium toxicity. In other words the  reduced  
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antioxidant production due to the increased oxygen 
metabolites and the elevated free radicals, which caused 
a decrease in the activity of the anti-oxidant defense 
system (Gstraunthaler et al., 1983).  

Several pathways have been proposed to show the 
depletion of GSH level in heavy metals toxicity. Firstly, 
the sulfhydryl group of cysteine moiety of glutathione has 
a high affinity of metals, forming thermo-dynamically 
stable mercaptide complexes with several metals. These 
complexes are inert which can be excreted via the bile 
(Aposhian, 1989). Secondly, GSH may be oxidized, due 
to the interaction with the free radicals, induced by nickel. 
Therefore, GSH level could be consumed during nickel 
detoxification (Manna et al., 2008). In addition, the 
decreased activity of hepatic catalase and glutathione 
peroxidase in cadmium treated animals suggests that 
either there is an interaction between the accumulated 
free radicals and the active amino acids of this enzymes 
(Das et al., 2001) or there is a direct binding of the metal 
to the active sites of the enzyme (Misra et al., 1990). In 
group III (cadmium- vit C), group IV (cadmium-vit E) and 
group V (cadmium-vit C-vit E), the significant 
improvement of the glutathione level was noticed when 
compared with that of Group II (cadmium). Thus, the 
observed normalization of GSH levels, GSH-Px, and 
catalase activities following vitamin C or vitamin E 
treatment could be because these vitamins caused a 
decline in LPO accompanied by an increase in the 
activities/ level of catalase, GSH-Px and GSH in liver. In 
other words these vitamins played an action in reducing 
the levels and accumulation of oxygen reactive species. 
However, vit C plus vit E proved more effective as 
compared to individual vitamins alone. 
 
 
Conclusion 
 
In conclusion, this study demonstrates exposure to 
cadmium provoked oxidative liver injury by inducing lipid 
peroxidation, which led to depletion of liver reduced 
glutathione, reduction in antioxidant enzyme activities 
and biochemical parameters variations of rats. However, 
vitamin E or vitamin C treatment may have partial 
ameliorative effects on these disturbances caused by 
cadmium toxicity by increasing GSH level and the 
activities of antioxidant enzymes ameliorated some 
biochemical parameters, but vitamin E and vitamin C 
together exercise a more synergistic effect against the 
observed oxidative stress. 
 
 
ACKNOWLEDGEMENTS 
 
This work was supported by research project N

o
. FOI 

120070054 funded by the Ministry of Higher Education, 
Algeria. The authors thank members of Algiers Pasteur 
Institute for  providing  rats,  Lazhar  Tichati  for  technical  



16020        Afr. J. Biotechnol. 
 
 
 
assistance and the head of anatomy pathology 
department, Hospital Ibn Rochd, for histological study. 
 
 
REFERENCES 
 
Aebi H (1984). Catalase in vitro In: Methods in Enzymology. Packer, L. 

(2nd) Vol.105. Academic Press. Orlando. FL. pp. 121-126. 
Aposhian HV (1989). Biochemical toxicology of arsenic. Rev. 

Biochem.Toxicol. 10:265-299. 

Ben Amara I, Soudani N, Troudi A, Bouaziz H, Boudawara T, Zeghal N 
(2010). Antioxidant effect of vitamin E and selenium on hepatotoxicity 
induced by dimethoatein female adult rats. Ecotoxicol. Environ. Saf. 

74(4):811-819. 
Bierenbaum ML, Noonan FJ, Machlin LJ, Machlin S, Stier A, Watson 

PB, Naso AM, Fleischman AI (1985). The effect of supplemental 

vitamin E on serum parameters in diabetics, post coronary and 
normal subjects. Nutr. Rep. Int. 31(6):1171-1180. 

Bradford M (1976) .A rapid and sensitive method for the quantities of 

microgram quantities of protein utilizing the principle of protein-dye 
binding. Anal. Biochem. 72:248-254. 

Brzóska MM, Moniuszko-Jakoniuk J,  Piłat-Marcinkiewicz B, Sawicki B 

(2002). Liver and kidney function and histology in rats exposed to 
cadmium and ethanol. Alcohol Alcohol. 38(1):2-10.  

Chowdhury BA, Freil JK, Chandra RK (1987). Cadmium–induced 

immunopathology is prevented by zinc administration in mice. J. Nutr. 
117:1788-1794 

Cinar M (2003). Cadmium and effects at biological system. Veterinarium 

14:79-84. 
Cinar M A, Yigit A, Eraslan, G (2010). Effects of vitamin C or vitamin E 

supplementation on cadmium induced oxidative stress and anaemia 

in broilers. Revue. Med. Vet. 161:449-454. 
Das KK, Dasgupta S (2000). Effect of nickel on testicular nucleic acid 

concentrations of rats on protein restriction. Biol. Trace. Elem. Res. 

73(2):175-180. 
Das KK, Das SN,  DasGupta S (2001). The influence of ascorbic acid 

on nickel-induced hepatic lipid peroxidation in rats. J. Basic Clin. 

Physiol. Pharmacol. 12(3):187-195. 
Das KK, Gupta AD, Dhundasi SA, Patil AM, Das SN, Ambekar JG 

(2006). Effect of L-ascorbic acid on nickel-induced alterations in 

serum lipid profiles and liver histopathology in rats. J. Basic Clin. 
Physiol. Pharmacol. 17(1):29-44. 

Dormer RL, Kerbey AL, McPherson M, Manley S, Ashcroft SJH, 

Schofield JG, Randle PJ (1973). The effect of nickel on secretory 
systems: Studies on the release of amylase, insulin and growth 
hormone. Biochemistry 140:135-140. 

Dostal LA, Hopfer SM, Lin SM, Sunderman FW (1989). Effects of nickel 
chloride on lactating rats and their suckling pups, and the transfer of 
nickel through rat milk. Toxicol. Appl. Pharmacol. 101(2):220-231. 

Ellman GL (1959). Tissue sulfhydryl groups. Arch. Biochem. Biophys. 
82:70-77. 

Erdogan Z, Erdogan S, Celik S, Unlu V (2005). Effects of ascorbic acid 

on cadmium-induced oxidative stress and performance of broilers. 
Biol. Trace. Elem. Res. 104:19-31. 

Floche L, Gunzler WA (1984). Assays of glutathione peroxidase in: 

Methods in Enzymology. Packer L, Ed, Orlando, Florida, 
USA.Academic Press pp. 115-121. 

Grosicki A (2004). Influence of vitamin C on cadmium absorption and 

distribution in rats. Trace Elem. Med. Biol. 18:183-187.  
Gstraunthaler G, Pfaller W, Kotanko P (1983). Glutathione depletion 

and in vitro lipid peroxidation in mercury or malate induced acute 

renal failure. Biochem. Pharmacol. 32:2969-2972. 
Haoult R (1984). Techniques d’histologie et de cytopatologie.Ed 

Maloine. 

Hardej D, Trombetta L D (2004). Metals. In: Clinical Toxicology 
Principles and Mechanism. Barile FA: CRC Press, USA. pp. 295-317. 

Hooser SB (2007). Cadmium. In: Veterinary Toxicology, Gupta, RC. 

Macmillan Company, USA. pp. 422-427. 
Horiguchi H, Sato M, Konno N, Fukushima M (1996). Long term 

cadmium exposure induces anaemia in rats through hypoinduction of 

erythropoietin in the kidney. Arch. Toxicol. 71:11-19. 

 
 
 
 
Jiraungkoorskul W, Sahaphong S, Kosai P, Kim MH (2007). The effect 

of ascorbic acid on cadmium exposure in the gills of Puntius altus. 

Int. J. Zool. Res. 3:77-85. 

Jollow DJ, Mitchell JR, Zamppaglione Z, Gillerre JR (1974). 
Bromobenzen induced liver necrosis, protective role of glutathione 
and evidence for 3, 4-bromobenzene oxide as the hepatotoxic 

metabolites. Pharmacology 11:151-157. 
Joshi PK, Bose M (2002). Toxicity of cadmium: A comparative study in 

the air breathing fish, Clarias batrachus and in non-air breathing one, 

Ctenopharyngodon idellus. Proceedings of the Symposium on 

Aquatic Toxicology: Mechanism and Consequences, (ATMC'02), the 
Applied Linguistics Association of Korea (ALAK), Korea pp. 109-118. 

Kaplan O, Yildirim NC, Yildirim N, Cimen M (2011). Toxic elements in 
animal products and environmental health. Asian. Anim. Vet. Adv. 
6:228-232. 

Kaya S, Pirincci I, Tras B, Unsal A, Bilgili A, Akar F, Dogan A, Yarsan E 
(2002). Metals, Other Inorganic vet Radioactive Agents. In: 
Toxicology in Veterinary Medicine, Kaya S I. Pirincci and A. Bilgili 

(Eds.). 2nd Edn., Medisan Press. Ankara. pp. 207-250.  
Kechrid Z, Dahdouh F, Djabar RM, Bouzerna N (2006). Combined 

effect of water contamination with cobalt and nickel on metabolism of 

albino (Wistar) rats. Environ. Health Sci. Eng. 3(1):65-69. 
Kim KR, Kim JK, Rhee SJ (2001). Effects of vitamin E on arachidonic 

acid cascade in platelets and aorta of acute cadmium-poisoned rats. 

Nutrition 21:657-665. 
Li JL, Gao R, Li S, Wang JT, Tang ZX, Yu SW (2010). Testicular toxicity 

induced by dietary cadmium in cocks and ameliorative effect by 

selenium. Biometals 23:695-705. 
Manna P, Sinha M, Sill PC (2008). Arsenic-induced oxidative 

myocardial injury: protective role of arjunolic acid. Arch. Toxicol. 

82:137-149. 
Massanyi P, Toman R, Valent M, Cupka P (1995). Evaluation of 

selected parameters of a metabolic profile and levels of cadmium in 

reproductive organs of rabbits after an experimental administration. 
Acta. Physiologica Hung. 83:267-273. 

Metin G, Atukeren P, Gümüştaş MK, Belce A, Kayserilioglu A (2002). 

The effect of vitamin E treatment on oxidative stress generated in 
trained rats. Tohoku. Exp. Med. 198(1):47-53. 

Misra M, Rodriguez RE, Kasprzak KS (1990) . Nickel induced lipid 

peroxidation in the rat: correlation with nickel effect on antioxidant 
dense systems. Toxicology 41:601-611. 

Morales AI, Vicente-Sanchez C, Sandoval JMS, Egido J, Mayoral P et 
al (2006). Protective effect of quercetin on experimental chronic 

cadmium nephrotoxicity in rats is based on its antioxidant properties. 
Food Chem. Toxicol. 44:2092-2100. 

Pari L, Murugavel P (2005). Role of diallyl tetrasulfide in ameliorating 
the cadmium induced biochemical changes in rats. Environ. Toxicol. 
Pharmacol. 20:493-500. 

Rao MV, Sharma PS (2001). Protective effect of vitamin E against 

mercuric chloride reproductive toxicity in male mice. Reprod. Toxicol. 
15:705-712. 

Sodhi S, Shamara A, Brar APS, Brar RS (2008). Effect of tocopherol 

and selenium on antioxidant status, lipid peroxidation and 
hepatotoxicty induced by malathion in chicks. Biochem. Physiol. 
90:82-86. 

Sunderman Jr, Kasprzak KS, Horak E, Gitltz P, Onkelinx C (1976). 
Effect of triethylenetetramine upon the metabolism and toxicity of 
63

NiCl2 in rats. Toxicol. Appl. Pharmacol. 38:177-188. 

Suzuki Y (1990). Synergism of ascorbic acid and glutathione in 
reduction of hexavalent chromium in vitro. Ind. Health 28:9-19. 

Uyanik F, Eren M, Atasever A, Tuncoku G, Kolsuz AH (2001). Changes 

in some biochemical parameters and organs of broilers exposed to 
cadmium and effect of Zinc on cadmium induced alteration. Israel. 
Vet. Med. 56:128-134.  

Valadez-Vega C, Zúñiga-Pérez C, Quintanar-Gómez S, Morales-
González JA, Madrigal-Santillán E (2011). Lead, cadmium and cobalt 
(Pb, Cd, and Co) leaching of glass-clay containers by pH effect of 

food. Int. Mol. Sci. 12(4):2336-2350.  
Yousuf MB (2002). Effect of high dietary intake of nickel in the west 

African dwarf goat. Ghana. J. Agric. Sci. 35:147-151.  

http://agris.fao.org/?query=%2Bauthor:%22Bierenbaum,%20M.L.%22
http://agris.fao.org/?query=%2Bauthor:%22Noonan,%20F.J.%22
http://agris.fao.org/?query=%2Bauthor:%22Machlin,%20L.J.%22
http://agris.fao.org/?query=%2Bauthor:%22Machlin,%20S.%22
http://agris.fao.org/?query=%2Bauthor:%22Stier,%20A.%22
http://agris.fao.org/?query=%2Bauthor:%22Watson,%20P.B.%22
http://agris.fao.org/?query=%2Bauthor:%22Watson,%20P.B.%22
http://agris.fao.org/?query=%2Bauthor:%22Naso,%20A.M.%22
http://agris.fao.org/?query=%2Bauthor:%22Fleischman,%20A.I.%22
http://agris.fao.org/?query=%2BcitationTitle:%22Nutrition%20reports%20international%22
http://alcalc.oxfordjournals.org/search?author1=M.+M.+Brz%C3%B3ska&sortspec=date&submit=Submit
http://alcalc.oxfordjournals.org/search?author1=J.+Moniuszko-Jakoniuk&sortspec=date&submit=Submit
http://alcalc.oxfordjournals.org/search?author1=B.+Pi%C5%82at-Marcinkiewicz&sortspec=date&submit=Submit
http://alcalc.oxfordjournals.org/search?author1=B.+Sawicki&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=Das%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=11049209
http://www.ncbi.nlm.nih.gov/pubmed?term=Dasgupta%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11049209
http://www.ncbi.nlm.nih.gov/pubmed?term=Effect%20of%20nickel%20on%20testicular%20nucleic%20acid%20concentrations%20of%20rats%20on%20protein%20restriction
http://www.ncbi.nlm.nih.gov/pubmed?term=Das%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=11762690
http://www.ncbi.nlm.nih.gov/pubmed?term=Das%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=11762690
http://www.ncbi.nlm.nih.gov/pubmed?term=DasGupta%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11762690
http://www.ncbi.nlm.nih.gov/pubmed?term=Das%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=16639878
http://www.ncbi.nlm.nih.gov/pubmed?term=Gupta%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=16639878
http://www.ncbi.nlm.nih.gov/pubmed?term=Dhundasi%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=16639878
http://www.ncbi.nlm.nih.gov/pubmed?term=Patil%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=16639878
http://www.ncbi.nlm.nih.gov/pubmed?term=Das%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=16639878
http://www.ncbi.nlm.nih.gov/pubmed?term=Ambekar%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=16639878
http://www.ncbi.nlm.nih.gov/pubmed?term=Effect%20of%20L-ascorbic%20acid%20on%20nickel-induced%20alt%C3%A9rations%20in%20s%C3%A9rum%20lipid%20profiles%20and%20liver%20histopathology%20in%20rats
http://www.ncbi.nlm.nih.gov/pubmed?term=Effect%20of%20L-ascorbic%20acid%20on%20nickel-induced%20alt%C3%A9rations%20in%20s%C3%A9rum%20lipid%20profiles%20and%20liver%20histopathology%20in%20rats
http://www.ncbi.nlm.nih.gov/pubmed?term=Metin%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12498314
http://www.ncbi.nlm.nih.gov/pubmed?term=Atukeren%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12498314
http://www.ncbi.nlm.nih.gov/pubmed?term=G%C3%BCm%C3%BC%C5%9Fta%C5%9F%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=12498314
http://www.ncbi.nlm.nih.gov/pubmed?term=Belce%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12498314
http://www.ncbi.nlm.nih.gov/pubmed?term=Kayserilioglu%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12498314
http://www.ncbi.nlm.nih.gov/pubmed?term=The%20effect%20of%20vitamin%20E%20treatment%20on%20%20oxidative%20stress%20generated%20in%20trained%20rats

