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Introduction 
Cadmium (Cd) is a ubiquitous environmental pollutant 
and is widely distributed in the environment due to 
extensive use of cadmium based products. It has special 
importance due to its long half life and it can threaten 
human health both through environmental and 
occupational exposure1. 
Under normal conditions, the intake of Cd depends on 
the Cd concentration in natural sources such as air, 
land and water which usually does not exceed 
20mg/day2. Consumption of contaminated food due to 
excessive use of phosphate fertilizers3 and 
contaminated water through galvanized pipes have 
become the major ways of human exposure to 
cadmium4,5. Moreover, in many countries, 
contamination of rivers and adjoining seas by Cd and 
other heavy metals have been reported because of 
excessive discharge of the waste liquid matter from 
industrial sites and residual sludges of fertilizers and 
pesticides6. The first reports of the severe health 
problems due to Cd intoxication arose in 1940s in 
Japan, where the Itai-Itai disease was endemic and its 
major reported symptoms were bone and renal 
damage, which were caused by eating Cd-polluted rice7. 
International Agency for Research on Cancer (IARC) 
has classified Cd as “category I” human carcinogen8,9. 
Cadmium can also lead to bone defects, high blood 
pressure, myocardiac dysfunctions, proteinuria and 
pulmonary oedema10. 
The liver and kidneys are among the major target 
organs of cadmium accumulation and intoxication11, 12, 
including testes and ovaries. Approximately, half of the 

cadmium absorbed systematically accumulates rapidly 
in the liver, resulting in reduced availability of the 
cadmium to the other organs such as kidneys and 
testes, which are more sensitive to its toxic actions13. 
Hence, the aim of the present study was to evaluate and 
compare the hepatotoxic effects of different doses of 
cadmium by considering biochemical analysis in albino 
mice. 
Materials and Methods 
Chemical 
Cadmium chloride (CdCl2) was purchased from S.D. 
Fine –Chemical Limited, Mumbai, India. The lethal 
median dose (LD50) of cadmium in mice was considered 
to be 3.2mg/kg body weight14. Hence, an acute dose of 
2mg/kg body weight (0.60 LD50) and chronic dose of 
0.01mg/kg body weight (0.032 LD50) were selected for 
this study. 
Experimental animals 
Albino mice weighing 23-25g were procured from 
Central Research Institute, Kasauli (H.P, India). They 
were kept and acclimatized to the laboratory 
conditions for 15 days under optimal conditions of 
temperature and light (25±1ºC, 12h light-dark cycle). 
They were fed standard mice feed (purchased from 
Ashirwad Private Limited, Chandigarh) and water ad 
libitum. The animals were handled with humane care in 
accordance with the guidelines of the ‘Committee for 
the Purpose of Control and Supervision of Experiments 
on Animals (CPCSEA)’, India and all experimentation 
procedures were approved by Institutional Animal 
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ABSTRACT 
Cadmium is an extremely hazardous heavy metal, which is widely distributed 
throughout the biosphere due to increase in industrialization. Its 
accumulation in blood affects various organs and causes many clinical 
dysfunctions. The main purpose of this study was to evaluate the toxic effects 
of different doses of cadmium (Cd) on liver function through biochemical 
analysis. For this, animals were divided into three groups. Group 1: Control 
group. Group 2: received a single dose (acute dose) of 2mg/kg body weight of 
CdCl2 intraperitoneally where autopsies were done on 1, 7, 15 and 30 days 
post treatment. Group 3: received 0.01mg/kg body weight/day (chronic 
dose) of CdCl2 intraperitoneally daily for 15 and 30 days. It was observed that 
Cd led to significant increase in the level of serum cholesterol, LDL-c, VLDL-c 
and triglycerides on 15 and 30 days post treatment in both acute and chronic 
dose treated mice as compared to control. Similarly, in the case of 
transaminases, activity of SGPT was found to be increased significantly 
(P<0.05) in cadmium treated groups (2 and 3) compared to control mice but 
SGOT was increased significantly (P<0.01) only in chronic dose treated mice. 
Hence, the present study shows that chronic doses of cadmium to mice 
showed more deleterious results. 
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Ethical Committee (Reg No. 107/1999/CPCSEA/2009-
03).  
Experimental design: Forty two mice were divided 
into three groups of six animals in each. Animals of 
group 1 were received distilled water and kept as 
control. Animals of group 2 were administrated a single 
dose (acute dose) of 2mg/kg body weight of CdCl2 

intraperitoneally and were sacrificed on 1, 7, 15 and 30 
days post treatment. Mice of Group 3 were further 
divided into two sub groups and 0.01mg/kg body 
weight (chronic dose) of CdCl2 were injected for 15 and 
30 days and autopsies were done on respective days. 
Biochemical analysis: On the day of autopsy, the 
blood sample was collected in separate eppendorf 
tubes from each mouse under ether anesthesia. The 
blood sample was centrifuged (3000 rmp at 2°C for 15 
minutes) and serum was collected in fresh separate 
clean tubes. Serum was then stored at -20 °C for later 
use for biochemical analysis: 
Lipid profile: Quantitative estimation of cholesterol 
concentration in serum was determined by Cholesterol 
oxidase–peroxidase/ Phosphotungstate method using 
commercially available kit (Reckon Diagnostics Private 
Limited, Baroda, India). Triglycerides were determined 
by Glycerol-3-phosphate oxidase-Peroxidase method 
by using kit (Medsource Ozone Biomedicals Private 
Limited, New Delhi, India). High density lipoprotein-
cholesterol (HDL-c) was determined by standard 
method (kit supplied by Transasia Bio-Medicals, Baddi, 
India). Very low density lipoprotein-cholesterol (VLDL-
c) was determined by using the formula: VLDL-c 
(mg/dl) = Triglycerides (mg/dl)/ 5. Low density 
lipoprotein-cholesterol (LDL-c) was determined 
indirectly by Friedewald’s formula LDL-c (mg/dl) = 
Total cholesterol–HDL-c–(0.20 x triglycerides). 
Serum transaminases activity: The estimation of 
serum transaminases including serum alanine 
transaminases (ALT) or glutamic pyruvate 
transaminases (GPT) and aspartate transaminases 
(AST) or glutamic oxaloacetate transaminase (GOT), 

which were determined according to IFCC 
(International Federation of Clinical Chemistry and 
Laboratory Medicine) on autoanalyzer by using 
biochemical kits procured from Transasia Bio-Medicals 
Limited., Baddi, India. 
Statistical analysis: The values are expressed as 
Mean±Standard Error. The data was analyzed by using 
One Way ANOVA followed by post hoc comparison with 
the level of significance at P<0.05. 
RESULT 
During experimental period, no mortality was recorded 
in any of the exposed groups. However, mice treated 
with CdCl2 (group 2 and 3) showed mild signs of 
toxicity such as reduced feed intake, indigestion, 
anxiety, dizziness, fatigue, aggression, ruffled hair coat 
and marked weight loss whereas controls appeared 
normal. 
Tables 1 and 2 depict the lipid profile of experimental 
groups. The Cholesterol, LDL-c, VLDL-c and triglyceride 
level was also found to be significantly increased in 
both acute and chronic dose treated mice in 
comparison to control group. Although, the elevation of 
lipid profile was pronounced at 15 and 30 days post 
treatment in both groups (2 and 3) of Cd treated mice 
(Table 1 and 2), more devastating results (P<0.001) 
were obtained in chronic dose treated mice (group 3). 
In contrast, HDL-c level in cadmium treated mice 
showed significant reduction in comparison to control 
mice. But in chronic dose treated mice, the reduction 
was more prominent (P<0.001) on 30 days post 
treatment. 
In the case of serum transaminases activity, the 
glutamic pyruvate transaminases (GPT) was found to 
be increased significantly (P<0.05) in both acute and 
chronic dose treated mice (at 15 and 30 days post 
treatment, Fig.1 and 2) as compared to control group 
but serum glutamic oxaloacetate transaminase (GOT) 
was increased statistically significant (P<0.01) only in 
chronic dose treated mice (Fig. 2). 

 
Parameters 

(mg/dl) 
Autopsy days 

Control 1 7 15 30 

Cholesterol 85.30±1.59 88.13±0.78 89.33±0.89 94.00±1.29* 96.33±0.99* 

HDL-c 56.47±0.53 54.62±0.42 50.25±1.19* 48.16±1.31* 46.83±1.63* 

LDL-c 7.66±1.89 10.35±0.74 17.08±1.76* 15.83±1.49 ̊ 18.69±2.57* 
VLDL-c 21.17±0.60 23.16±0.47 26.67±0.56* 29.99±0.51* 30.80±0.72* 

Triglycerides 105.85±3.00 115.80±2.35 133.35±2.81* 149.95±2.55* 154.00±3.60* 
Table 1: Comparison of serum lipid profile in control and cadmium treated mice (acute dose).** Significance at P<0.001, * P<0.01,  ̊  
P<0.05HDL: High-density lipoprotein; VLDL: Very-low-density lipoprotein; LDL: Low-density lipoprotein  
 

Table 2: Comparison of lipid profile in control and cadmium treated mice (chronic dose).* Significance at P<0.01,   ** P<0.001 
HDL: High-density lipoprotein; VLDL: Very-low-density lipoprotein; LDL: Low-density lipoprotein. 

Parameters 
(mg/dl) 

Autopsy days 

Control 1 7 

Cholesterol 85.30±1.59 96.97±0.94** 99.46±0.79** 

HDL-c 56.45±0.53 47.00±2.02* 44.50±3.77** 

LDL-c 7.66±1.89 21.27±1.67** 24.8±1.98** 
VLDL-c 21.17±0.60 28.70±0.80** 30.16±0.73** 

Triglycerides 105.85±3.00 143.5±4.02** 168.83±3.64** 
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Figure1: Comparison of serum transaminases in control and cadmium treated mice (acute dose). 

º Significant variations at P<0.05. SGOT: Serum glutamic pyruvate transaminases; SGPT: Serum glutamic oxaloacetate    transaminases 

 

 
Figure-2: Comparison of transaminases in control and cadmium treated mice (chronic dose). 

º Significant variations at P<0.05 and * P<0.01. SGOT: Serum glutamic pyruvate transaminases; SGPT: Serum glutamic oxaloacetate 
transaminase 

 
Discussion 
The liver is a major target organ for toxicity of 
xenobiotics and drugs, because most of the orally 
ingested chemicals and drugs are initially metabolized 
in liver into toxic or non toxic intermediates. Excessive 
exposure to hepatotoxins may induce severe liver 
injury characterized by abnormality of hepatic 
function15. In this study, we evaluated the effect of 
cadmium exposure on lipids and transaminases activity 
in mice, which act as biomarkers of liver damage and 
thus used for estimation of liver diseases with some 
degree of intact liver function. 
During present study, cadmium exposure caused a 
dose-dependent increase in plasma Cholesterol and 
triglyceride levels which is thus  associated with 
increased concentration of the triglycerides-rich 
lipoproteins i.e. LDL+VLDL fraction. Further, a 
significant increase in SGPT in liver of mice treated 
with acute and chronic dose was observed but SGOT 
increased significantly only in chronic dose treated 
mice. These results are in confirmation with the results 
of various studies 16,17,18,19. 
 The gradual rise in serum cholesterol level could 
probably be due to cadmium induced changes in the 
gene expression of some hepatic enzymes such as 
hydroxyl-methyl-glutaryl Co A reductase (HMG-CoA), 
which in turn depresses LDL receptors gene expression 

resulting in reduced endocytosis of cholesterol-rich 
LDL into the cell20. Besides this, the elevated serum 
triglycerides may attribute to hypoactivity of 
lipoprotein lipase in blood vessels, which helps in 
breaking up triglycerides into fatty acid and glycerol21.  
According to Ghorbe22 rise in the level of transaminases 
in serum may be due to increased cellular basal 
metabolic rate, irritability and destructive changes of 
liver. Thus, increased level of SGPT and SGOT indicate 
necrotic lesions in the liver23, which is also supported 
by histopathological alterations observed in liver of 
heavy metals treated animals in previous reports24, 25, 

26. The biochemical changes observed in Cd treated 
mice during present study may also arise due to Cd 
induced oxidative stress by generating superoxide, 
hydroxyl and nitric oxide radicals  via fenton reaction27 
result in lipid peroxidation which alters the fluidity of 
the cell membrane and DNA28,29. Hence, increased 
concentration of lipids and serum transaminases in the 
present study may partly be attributed to oxidative 
damage of hepatocytes.  
In this study cadmium chloride caused dose and time 
dependent hepatotoxicity. It is observed that daily 
exposure to a low dose of cadmium (chronic dose) 
exhibited more deleterious effects to hepatic tissue 
than acute dose (single dose) and thus can cause 
serious health hazards to almost all the organisms of 
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the biosphere including human beings. Therefore, the 
extensive toxic potential of the cadmium has warranted 
the humanity to restrict undesired abuse of the metal 
so as to save the planet from its dangerous clutches.  
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