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A B S T R A C T 
Male Wistar rats were randomly divided into three groups -- A, B and C. Cadmium chloride was administered orally to 
two groups at a dose of 5 mg/kg b wt/day to group B and 10 mg/kg b wt/day to group C. Rats from group A served as 
control. Rats were sacrificed on 1st, 2nd, 4th, 6th, and 8th week after initiation of the experiment.  Liver were removed 
immediately, fixed in Bouin’s fixative, routinely processed and stained with hematoxylin and eosin (HE). In rats 
administered with cadmium, histopathological changes have shown that the hepatic parenchyma is a target to the toxic 
action of this heavy metal. The most frequent alterations noticed were hepatocytic hypertrophy and vacuolation, 
degeneration of hepatocytes and their nuclei, hyperchromatic and hypertrophied nuclei, sinusoidal dilation and focal 
necrosis. However, variable intensities of these changes were noticed depending upon the doses and duration of the 
treatment. 
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INTRODUCTION  
Heavy metals threaten human health through 
environmental and occupational exposure1,2. Cadmium 
has been recognized to pose a considerable environmental 
concern that provoke liver damage3. Under normal 
conditions, the intake of cadmium depends on the 
cadmium concentration in natural sources such as air, 
land and water and varies from 50 to 100 µg/day, 
however, the intake may be higher (150-200 µg) in some 
environmental conditions4. In the organisms which are 
exposed to cadmium, the highest levels of cadmium have 
been detected in liver and kidney cortex5,6. 
Histopathological investigations have been considered as 
an efficient tool for the monitoring of environmental 
pollution in water resources7. There exists many studies 
in which histopathological analysis has been related with 
the animals’ health more effectively than biochemical 
analysis and considered to be better in understanding the 
effects of toxicity at community- and ecosystem-
level8.Liver is a key organ which plays a vital role in 
physiology and acts as a detoxification organ for the 
metabolism and excretion of toxic substances. The 
production of metallothionein (MT) in the liver – a small 
cystein-rich metal binding protein induced by cadmium, 
binds most of the cadmium in the form of Cd-MT 
complex and protects tissues from cadmium toxicity 9. 
Cadmium absorption from the gastrointestinal tract is the 
main route of its entry into human beings10.  
In order to elucidate the importance of food-borne metal 
contamination, the present study has been carried out to 
investigate the cadmium-induced toxico-pathology in the 
liver of rat (orally administered with cadmium chloride at 
different doses for 8 weeks) with the intention to provide 
a basis for understanding similar pathology in humans. 
Oral administration seems to be the most appropriate in 

long-term experiment of cadmium as it enters the 
animal/human body through food and water. Also, oral 
route for cadmium exposure to rats rather than injecting 
(subcutaneous, intraperitoneal or intravenous) it, would 
better reflect the dietary exposure that most human 
population (non-smokers) experiences. Hence, the effects 
due to repeated dose administration by gavage have been 
investigated in this study. 
 
MATERIALS AND METHODS 
Male Wistar rats (procured from the Indian Institute of 
Toxicology Research, Lucknow, India) weighing 
approximately 145-160 g were used in this study. The 
animals were housed in polypropylene cages under 
natural photoperiod.  Food and tap water were given 
during the study period. All treatments were started after 
almost 2 weeks of stabilization from arrival of the rats in 
the laboratory. The animals were randomly divided into 
three groups -- A, B and C, each consisting of 25 animals. 
Cadmium chloride was dissolved in distilled water and 
administered orally to two groups at a dose of 5 mg/kg b 
wt/day to group B and 10 mg/kg b wt/day to group C. 
Rats from group A employed as control. Treatments were 
given at 08:00 each day throughout the experiment 
Rats (five from each group) from all the groups were 
sacrificed 24 h after last dose on 1st, 2nd, 4th, 6th, and 8th 
week after initiation of the experiment under light ether 
anesthesia Animals were fasted overnight before 
sacrifice. Liver were removed, washed with distilled 
water and immediately fixed in Bouin’s fixative. These 
fixed tissues were dehydrated in an ethanol gradient, 
treated with a clearing agent, infiltrated and embedded in 
paraffin, sectioned at 6 μm, floated on a heated water bath 
and mounted to glass slides. After drying overnight, 
paraffin was removed with a clearing agent, tissue was  
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rehydrated in an ethanol gradient and then stained with 
hematoxylin and eosin (HE) for light microscopic 
examination (Olympus CH 20i). At least five fields from 
each liver section (10 sections from each rat) were 
examined for the appearance of various liver structures. 
Photomicrographs were taken with the aid of Olympus E 
420 camera. 
 
OBSERVATIONS 
In control rats liver is composed of cords that extend from 
the central vein to the portal triads. Hepatocytes are  

 
arranged in cords which are separated from each other by 
sinusoids (Fig. 1). Kupffer cells are also present along the 
sinusoidal spaces. Each hepatocyte is polygonal cell with 
a large centrally located spheroid nucleus having 
chromatin structure and a distinct nucleolus. The 
cytoplasm of hepatocytes is faintly granular (Fig. 1).  
The liver showed no marked changes in its histological 
structure after 1 week cadmium treatment (5 mg/kg b 
wt/day). Following 2 week cadmium treatment, 
hepatocytes exhibited densely stained cytoplasm and  
 

  
Figure 1: Liver of control rat showing hepatocytes 
(arrows) and sinusoids (broken arrow). HE x 500. 
 

Figure 2: Liver of 2 week cadmium treated (5 mg/kg b 
wt/day) rat exhibiting hyperchromatic and hypertrophied 
nuclei (arrows). Note densely stained cytoplasm (broken 
arrows). HE x 500 

  
Figure 3: Hypertrophied nuclei and vacuolated cytoplasm 
(arrows) in the liver of 4 week cadmium (5 mg/kg b 
wt/day) treated rat. HE x 500 

Figure 4: Congestion in the sinusoids and blood vessels 
(arrows) in the liver of 6 week cadmium (5 mg/kg b 
wt/day) treated rat. HE x 500. 

  
Figure 5: Vacuolated cytoplasm (arrows) in the liver of 6 
week cadmium (5 mg/kg b wt/day) treated rat. HE x 500. 

Figure 6: Liver of 6 week cadmium (5 mg/kg b wt/day) 
exposed rat displaying focal necrosis (arrow). HE x 500 
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hypertrophy. Nuclei became hyperchromatic and 
hypertrophied (Fig. 2). The sinusoids were dilated. Rats  
exposed for 4 weeks to cadmium    displayed much 
enlarged nuclei and light stained cytoplasm with vacuoles 
(Fig. 3). The sinusoids were more dilated. Nuclear 
degeneration was noticed at few places. After 6 week 
cadmium administration, congestion in the blood vessels 
and sinusoids was noticed due to deposition  of  eosin-
positive  materials (Fig. 4).  Several  crescentric   nuclei  
have been noticed. The cytoplasm of hepatocytes became 
more vacuolar (Fig. 5). At places many degenerated cells 
(Fig. 6) were noticed aggregated (focal necrosis). 
Following 8 week cadmium treatment, the hepatocytes 
exhibited clumped chromatin, irregular nuclear 
boundaries and highly increased cellular boundaries 
having much vacuolated and foamy cytoplasm (Fig. 7). 
Focal necrosis was more frequent. In the liver of 1 week 
cadmium treated (10 mg/kg b wt/day) rat, the hepatocytes 
exhibited densely stained cytoplasm with hypertrophied 
nuclei. Sinusoids were noticed dilated. After 2 week 
cadmium treatment, the nuclear hypertrophy was more 
pronounced. In few cells the cytoplasm became lightly 
stained and vacuolated (Fig. 8). Sinusoids were more  

 
dilated. At places sinusoids were noticed filled with 
eosin-positive substances (Fig. 9). After 4 week cadmium 
treatment, clumped chromatin material was observed in 
few nuclei. The cytoplasm became more vacuolated and 
at places cellular and nuclear degeneration was 
encountered (Fig. 10). 6 week cadmium treatment caused 
complete loss of cord arrangement. Few nuclei became 
crescentric. Cellular and nuclear degenerations were more 
pronounced thus exhibiting focal necrosis. Cytoplasm 
became more foamy and vacuolated. The sinusoids were 
extremely dilated and contain eosin-positive materials. 
After 8 week cadmium administration focal necrosis was 
seen at many places. The changes noticed at earlier 
duration were exaggerated. At certain places the 
cytoplasm appeared cloudy thus resulting into hydropic 
degeneration (Fig. 11). 
 
DISCUSSION 
In rats administered with cadmium, histopathological 
changes have shown that the hepatic parenchyma is a 
target to the toxic action of this heavy metal. The most 
frequent alterations noticed were hepatocytic hypertrophy 
and vacuolation, degeneration of hepatocytes and their 

 

 

 

Figure 7: Liver of 8 week cadmium (5 mg/kg b wt/day) 
exposed rat showing foamy cytoplasm (arrows). HE x 

500. 

Figure 8: Hypertrophied nuclei and lightly stained 
cytoplasm (arrows) in the liver of 2 week cadmium (10 
mg/kg b wt/day) exposed rat. HE x 500. 

 

 

 

Figure 9: Deposition of eosin-positive material in the 
sinusoids and blood vessels (arrows) of liver of 2 week 
cadmium (10 mg/kg b wt/day) exposed rat. HE x 200 

Figure 10: Cytoplasmic vacuolation and nuclear 
degeneration (arrows) in liver of cadmium (10 mg/kg b 
wt/day) treated rat for 4 week. HE x 200. 
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nuclei, hyperchromatic and hypertrophied nuclei, 
sinusoidal dilation and focal necrosis. However, variable  
intensities of these changes were noticed depending upon 
the doses and duration of the treatment. 
In the present study, cadmium-treated rats exhibited 
hypertrophy of hepatocytes. This is in accordance with 
the findings reported in rat11 and fish12 after cadmium 
treatment. The hyperchromatic nuclei in the hepatocytes 
of cadmium-treated rats derives support from the similar 
observations reported from rats treated with 
methamidophos13 and chloroform14. 
The hepatocytes undergo cytoplasmic vacuolation and 
degeneration after cadmium treatment. Similar findings 
have been recorded earlier after cadmium treatment to 
mammals6,11,15,16,17, bird18 and fish12. Treatment with 
various other toxicants also produced vacuolization and 
degeneration of hepatocytes in rat (malathion19, 
dimethoate20, methamidophos13, aluminium21, 
fenitrothion22, cypermethrin23, mixture of metals24, 
lamda-cyhalothrin25), mice (dimethoate26,27), chick 
(cypermethrin 28) and fish (nickel29, chlorpyrifos30,31). No 
changes were noticed in liver of rats treated with 
chlorpyrifos32,33 and FYROL34. Luty et al.35 and 
Gokcimen et al.36 have noticed mild changes in the liver 
of rats treated with alpha-cypermethrin and diazinon, 
respectively. 
In the present study foamy cytoplasm was noticed in the 
rats after cadmium treatment. The porous /foamy 
cytoplasm of liver cells noticed after treatment with 
dichlorvos in rats35 was confirmed by ultrastructural 
studies of these investigators. Empty spaces were filled 
with vacuoles of different sizes and lipid-like bodies35. 
Similar findings were also reported by IARC Working 
Group37 who noted lipid infiltration of liver cells after 
dichlorvos treatment. Focal necrosis of liver as observed 
in this study following cadmium treatment has been 
reported earlier by Jee et al.38 and Ayoola and Ajani39 in 
fish exposed to cypermethrin. It has been stated that 
tissue toxicity usually manifests itself in the form of cell 
degeneration accompanied by formation of large 
vacuoles, accumulation of fat and tissue necrosis40. 

Mollendroff41 opined that vascular formation is a cellular 
defense mechanism against injurious substances to cells, 
these substances were segregated in vacuoles and thus 
were prevented from interfering with cellular metabolism. 
It has also been suggested that cytoplasmic vacuolation is 
mainly a consequence of disturbances in lipid inclusions 
and fat metabolism occurring during pathological 
disturbances42. Durham et al.43 considered vacuolar 
degeneration as an alternation for the collection of 
injurious substances in the cells. 
We conclude that ingestion of cadmium may lead to liver 
function impairment as assessed by toxico-pathological 
changes altering the structural integrity of liver in a dose 
related manner in cadmium-treated rats. Moreover, even 
low concentrations of cadmium caused histological 
alterations in the liver of rats and therefore allows the 
liver of the rats to be used as a biomarker of prior 
exposure to cadmium. 
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