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Summary 
 
Cobalt is natural element found throughout the environment. Cobalt is an essential 
trace element being an integral part of vitamin B12 but deficiency of cobalt has not 
been reported in humans. Cobalt has also been used as treatment for anemia 
because it stimulates RBC production. The present study was undertaken to study 
the hepatotoxic effect of cobalt chloride (CoCl2.6H2O) in male Wistar rats. Cobalt 
chloride (100 mg/kg b.wt/day) was administrated orally in rats for 60 days. 
Administration of cobalt chloride caused a significant increase in the activity of 
hepatic marker enzymes like serum glutamate oxaloacetate transaminase (SGOT), 
serum glutamate pyruvate transaminase (SGPT), alkaline phosphatase and total 
bilirubin in serum. The level of serum total protein was also decreased. There was 
significant increase in the lipid peroxidation (TBARs) and decline in total glutathione, 
ascorbic acid, glycogen, protein and cholesterol in liver of treated rats as compared 
to control rats. The histopathological study indicates marked degenerative changes 
in the hepatocytes and infilteration of polymorphonuclear leucocytes. The results of 
this study indicate that subchronic treatment of cobalt chloride induces hepatotoxicity 
in rats. 
Key words- Lipid peroxidation, SGOT, SGPT, Alkaline phosphatase, Total bilirubin 
 

Introduction 
 

Cobalt, a natural element present in certain ores of the earth’s crust, is essential to 
life in trace amounts, but excess dietary cobalt causes toxic effects in mammals (1). 
Everyone is exposed to low levels of cobalt in air, water and food. There are few 
reports which has indicated that exposure to cobalt might cause adverse effects on 
the liver (2,3).  

 
Occupational exposure to various cobalt compounds is of concern because of thier 
mutagenic (4) and carcinogenic (5) effects. Polycythemia, goiter, cardiomyopathy, 
hyperglycemia, allergic dermatitis and respiratory impairment have been linked to 
chronic exposure to cobalt (6). Since cobalt and its salts are widely used in industry 
as components in paints, grinding wheels, hygrometers and electroplating, 
varnishes, in vitamin B12, as a foam stabilizer in beer and as a catalyst in the 
petrochemical industry (7). Cobalt is also being used as a treatment of anemia and 
as illicit compound by athletes (8). 
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It has been reported that cobalt chloride produces oxygen-derived free radicals, 
which leads to a greater oxidative stress damage. Moreover, it has been 
demonstrated that cobalt salts activate the expression of several stress-responsive 
proteins, such as heme oxygenase. It is assumed that enhanced heme oxygenase 
activity may have important antioxidant significance by increasing the liver oxidative-
stress defense capacity (9). 
 
In a study Gonzales et al.,(10) observed cobalt chloride (375 µmol/kg body weight, 
single injection) increase lipid peroxidation and decrease glutathione, SOD and 
catalase concentration in rat liver.In another study, it was shown that cobalt chloride 
produced hepatic and renal damage, characterized by increased activity of alanine 
and aspartate transaminases (GPT, GOT) and alkaline phosphatase. However 
lactate dehydrogenase activity (LDH) was decreased. In addition, serum urea, serum 
creatinine, serum total protein and serum bilirubin concentrations were significantly 
elevated (11).  
 
The aim of the present work is to further investigate the effects of cobalt chloride on 
rat liver and its functions. 
 
 

Materials and methods 
 

Test chemicals 
Cobalt chloride hexahydrade (CoCl2.6H2O) was obtained from Merck, India Ltd., 
Mumbai, India.  
 
Animals 
Colony bred, adult male Wistar rats, weighing 170 - 210 g, were used in the present 
study. They were housed in well-ventilated cages and maintained under standard 
environmental conditions (22 ± 3°C, 60 - 70% relative humidity, 12 h dark/light cycle) 
and provided standard rat pellet feed (Lipton, India Pvt. ltd.) and water ad libitum. 
The study was approved by Institutional ethical committee. 
 
Experimental Protocol 
The rats were randomly divided into 2 groups of 8 animals each. 
Group A: Control rats received 0.5 ml/day of the vehicle (distilled water).  
Group B: Rats treated with cobalt chloride (100 mg−1 kg −1 day−1) dissolved in distilled 
water.  
All the rats received treatment for 60 days duration. 
 
Autopsy 
After 60 days of treatment, the overnight fasted animals were sacrificed under light 
ether anesthesia. Their body weights were recorded. Blood was collected by cardiac 
puncture. Serum was separated and stored at -20°C for biochemical estimations. 
Liver was excised immediately, cleaned in ice-cold normal saline, blotted and 
weighed on digital balance. Pieces of liver tissue were fixed in 10% buffered 
formaline for histopathological study. The remaining liver tissue samples were frozen 
at -70°C for biochemical analysis. 
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Biochemical parameters in serum 
Serum samples were used for the estimation of the activities of serum glutamate 
oxaloacetate transaminase (SGOT) and serum glutamate pyruvate transaminase 
(SGPT) (12), alkaline phosphatases (ALP) (13) and levels of total bilirubin (14) and 
total protein (15). 
 
Biochemical parameters in liver 
Fresh/frozen liver samples were analyzed for glycogen (16), lipid peroxidation 
(TBARS) (17), glutathione (18) and ascorbic acid (19). 
Statistical analysis 
Data are expressed as mean ± S.E.M. Student's t test was used for statistical 
comparison.  
 
 

Results 
 

Body and liver weight 
There was significant (p≤0.001) gain in the mean body weight of control rats 

when compared to their initial body weight. The rats receiving cobalt chloride 
treatment at 100 mg/kg b.wt/day dose also exhibited a slight significant (p≤0.05) 
increase in their body weight. There was a significant (p≤0.001) increase in the 
relative liver weight of cobalt chloride treated rats as compared to normal rats.  
 
Table1. Changes in body weight of rats. 
 

 
Data are expressed as Mean±SEM of 8 animals, Groups B was compared with 
Group A, aNon significant (p≤0.05), bSignificant (p≤0.01), cHighly significant 
(p≤0.001) 
 

 
 

Biochemical parameters in serum 
 

A significant increase in the activities of SGOT (p≤0.001), SGPT (p≤0.001) 
and ALP (p≤0.001) was observed in serum of cobalt chloride treated rats as 
compared to rats of normal group. Serum total bilirubin concentration also showed 
an elevation (p≤0.001) while the protein concentration declined significantly (p≤0.01).  
 
 
 
 
 

Body weight (gm) Initial Final 

Group A 180±2.86 
 

205±3.19 c 

Group B 177.51±2.67 189.12±4.94 a 
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Table2. Changes in relative liver weight and serum biochemical parameters in 
rats. 
 

 
Data are expressed as Mean±SEM of 8 animals, Groups B was compared with 
Group A, aNon significant (p≤0.05), bSignificant (p≤0.01), cHighly significant 
(p≤0.001) 
 
Biochemical parameters in liver 
Cobalt chloride treatment caused a significant rise (p≤0.001) in the lipid peroxidation 
(TBARS) with a concomitant decline in glutathione (p≤0.001), ascorbic acid 
(p≤0.001) and glycogen (p≤0.01).  
 
Table3. Effect on hepatic glycogen, lipid peroxidation (TBARS), ascorbic acid 
and glutathione parameters of rats. 

 
Data are expressed as Mean±SEM of 8 animals, Groups B was compared with 
Group A, aNon significant (p≤0.05), bSignificant (p≤0.01), cHighly significant 
(p≤0.001) 
 
Histology 
 

The sections of the liver of control rats showed normal histological features 
with the hepatic lobules showing irregular hexagonal boundary defined by portal tract 
and sparse collagenous tissues. The hepatic portal veins, bile ductules and hepatic 
artery within the portal tract were all visible. (Fig.1). Following exposure to cobalt 
chloride (Fig.2), the trabecular structure of the lobules was slightly or distinctly 
blurred. The cytoplasm of hepatocytes, contained empty vacuole-like spaces and 
were enlarged. Some sinusoids were overfilled with erythrocytes and the walls of 
most sinusoids showed numerous Kupffer cells.  

Treatment Liver weight 
(mg/100 g b.wt) 

SGOT 
(unit/ml) 

SGPT 
(unit/ml) 

ALP    (KA 
units) 

Total 
bilirubin 
(mg/dl) 

Total 
protein 
(mg/dl) 

Group A 3705.37±90.42 60.81±2.41 42.37±2.76 12.78±0.98 0.79±0.07 6.88±0.31 

Group B 4193.52±131.27 b 138.04±6.98 c 131.54±6.00 c 27.23±1.26 c 1.75±0.18 c 5.65±0.28 b 

 

Treatment Glycogen 
(mg/gm) 

Lipid 
peroxidation 
(TBARS) 
(nmoles/mg 
tissue) 

Ascorbic acid 
(mg/gm tissue) 

Glutathione 
(µmoles/g 
tissue) 

Group A 5.98±0.32 2.41±0.12 1.19±0.07 3.51±0.11 
 

Group B 4.67±0.28 b 6.75±0.33 c 0.81±0.04 c 2.49±0.09 c 

 



Pharmacologyonline 2: 179-185 (2011)                                         Mathur et al. 

 

 

 

183 

 
Figure 

                                                      
 
 
 
 
 

Discussion 
 

It is well established that normal body weight gain is a sign of optimal health and 
efficient metabolic homeostasis (20,21,22). The control rats showed normal body 
weight gain throughout the dosing period. The body weight gain of the animal treated 
with cobalt chloride was markedly less in comparison to control. Cherroret et al. (23) 
suggested that the reduction in body weight of metal treated rats could be attributed 
to the decrease in food consumption and absorption or may be due to increase 
degeneration of lipids and proteins as a result of the direct effect of cobalt (24). 
Subchronic administration of cobalt chloride (100 mg/kg b.wt./day) for 60 days in rats 
caused a significant increase in the relative liver weight. A significant increase in the 
relative weight of liver observed in present study may be the first reaction of liver to 
the toxic agent. The liver accumulates cobalt to the greatest extent (25). Cobalt 
chloride caused a significant decrease in glycogen content of liver, which 
corroborates the findings of previous workers who have reported that insulin release 
was inhibited by cobalt (26). Assessment of liver function can be made by estimating 
the activities of marker parameters like SGOT, SGPT and ALP, which are originally 
present in higher concentration in cytoplasm. When there is hepatocellular damage 
these enzymes leak in the blood circulation (27). Elevated levels of these marker 
enzymes in serum of cobalt chloride treated rats correspond to extensive liver 
damage. Hyperbilirubinemia observed in cobalt chloride treated rats indicates 
impairment of glucuronyltransferase system leading to inhibition of bilirubin 
elimination (28). In the present investigation a significant increase in lipid 
peroxidation (TBARS) and a concomitant decline in liver glutathione (GSH) and 
ascorbic acid concentration, was observed in cobalt chloride treated rats. Similar 
enhancement in lipid peroxidation and decline in antioxidants defense system after 
cobalt chloride treatment in animals were observed by earlier workers (9). Thus, it is 
plausible to speculate that cobalt treatment may result in peroxidation of 
polyunsaturated fatty acids, leading to the degradation of phospholipids and 
ultimately result in cellular deterioration in the liver. Cytotoxic hydroxyl radicals may 
form when cobalt ions interact with ROS. Hydroxy radicals may than cause 
production of further free radicals which reduce cellular glutathione, ascorbic acid 

Figure 1-Group A: Control 
section of the liver (Mag. X100). 
 

Figure 2-Group B: Treatment section of the liver, 
showing atrophic and degenerative changes 
(Mag. X100). 
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concentration and NADPH activity. The resulting oxidative stress leads to DNA and 
cellular protein damage (29).  
 
Cobalt chloride caused degenerative and necrotic changes in the histology and 
function of liver. Similar or more advanced changes in liver histology and function 
under cobalt influence have been reported by others (10). The cellular damage 
observed in this experiment may have been caused by the cytotoxic effect of cobalt 
on the liver. This obviously will affect the normal detoxification processes and other 
functions of the liver.  
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