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Abstract 
In the present study renal and hepatic toxicity was assessed by histopathological and ultrastructural 

evaluation of liver and kidney tissues of rats exposed to lead and cadmium alone and in combination. 

Forty eight male albino Wistar rats were divided into 4 groups 12 rats in each group; group 1(control) 

was given deionized water, group 2 (lead group) was given water with lead acetate @ 30 mg/kg b.wt, 

group 3 (cadmium group) was given water with cadmium chloride @15 mg/kg b.wt, and group 4 

(combined group) was given water with both lead acetate@ 30 mg/kg b.wt and cadmium chloride @15 

mg/kg b.wt for 28 days. The histopathological changes in liver revealed congestion, sinusoidal dilatation, 

vacuolar degeneration, infiltration of MNCs in hepatic parenchyma and bile duct hyperplasia. Kidney 

sections showed degenerative changes in tubules, congestion, inter tubular hemorrhages and presence of 

casts. Scanning electron microscopy of liver revealed abnormal erythrocytes and accumulation of lead 

and cadmium in the tissues.   

Transmission electron microscopy of liver of group 2, group 3 and group 4 revealed swollen to 

condensed and pyknotic nucleus, electron dense material in nucleus, mitochondrial changes like swollen 

to condensed mitochondria, increased number of mitochondria and ruptured endoplasmic reticulum. 

Kidney showed swollen nucleus with condensed nucleolus and margination of chromatin, cytoplasm 

showed vacuolation, swollen mitochondria with electron dense material, epithelium of tubules showed 

dilation of nuclear pore along with margination of chromatin. 
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Introduction 

Environmental pollution is a global problem for man and animals. Pollutants from industrial 

waste enter into the livestock production systems and then into food chain. Lead and cadmium 

are the two most abundant toxic metals in the environment. The common sources of lead and 

cadmium are diverse in nature including natural and anthropogenic processes such as 

combustion of coal and mineral oil, smelters, mining and alloy processing units and paint 

industries. Constantly increasing environmental pollutants due to increased urbanization, 

industrialization and through the scientific and technical advances have stimulated interest in 

the study of toxic substances and its consequences to biological system [18]. Lead toxicity is 

largely due to its capacity to mimic calcium and substitute it in many of the fundamental 

cellular processes that depends on calcium. Thus the highest concentration of lead are usually 

found in bone, liver and kidneys [9]. Cd toxicity promotes the induction of various pathological 

events via free radical initiation mechanism which produces active oxidative free radicals from 

biological components of cells such as lipids, proteins and DNA. 

 

Material and Methods 

Chemicals 

Lead acetate and cadmium chloride were procured from Thermo Fisher Scientific India. Pvt. 

Ltd. Mumbai. 

 

Experimental animals 

Adult male albino rats (Wistar strain) weighing 250-280g and 6 weeks of age, were procured 

from Sanzyme laboratories Ltd., Hyderabad. The experiment was carried out according to the 

guidelines and prior approval of the Institutional Animal Ethics Committee (IAEC) (No.18-

2017 SA). 

 



 

~ 408 ~ 

The Pharma Innovation Journal 

Experimental design 

A total of 48 male albino Wistar rats were randomly divided 

into 4 groups consisting of 12 in each group. Group 1(control) 

was given deionized water, group 2(lead group) was given 

water with lead acetate @30 mg/kg b.wt, group 3(cadmium 

group) was given water with cadmium chloride @15 mg/kg 

b.wt and group 4 (combined group) was given water with 

both lead acetate @ 30 mg/kg b.wt and cadmium chloride 

@15 mg/kg b.wt for 28 days respectively.  

 

Methods 

To study the gross and histopathology, six rats from each 

group were sacrificed on 14th and 28th day of experimental 

period. Detailed necropsy was conducted and gross changes if 

any recorded. Pieces of liver and kidney were collected in 

fixative neutral buffered formalin (NBF) for histopathology. 

Samples were processed, sectioned (5μm), stained with 

Hematoxylin and Eosin (H&E) as per the standard protocol [14].  

 For electron microscopic study, tissue samples of liver and 

kidney were fixed in 2.5% (percent) gluteraldehyde (PBS 

based EM grade) and processed as per the standard protocol [4]. 

 

Results 

Grossly liver of Group 1 rats showed normal appearance 

where as liver of Group 2 and Group 4 rats on 14th day 

showed mild hepatomegaly and congestion. In Group 3, on 

14th day no appreciable gross lesions were observed. On 28th 

day, mild to moderate hepatomegaly in Group 2 and Group 3 

and slightly pale and friable liver was noticed in Group 4. 

Normal appearance of kidney was noticed in Group 1 rats 

whereas mild congestion was noticed in Group 2, Group 3 

and Group 4 on 28th day of experimental period respectively. 

Histopathological examination of liver section from control 

(Group 1) rats on 14th day and 28th day of experimental period 

showed normal hepatic parenchyma with central vein and 

portal triad. 

The section of liver of Group 2 rats on 14th day showed 

dilated sinusoidal spaces along with congestion, mild 

infiltration of mononuclear cells (MNCs) in the hepatic 

parenchyma (Fig.1) and moderate vacuolar degeneration. On 

28th day severe vacuolar degenerative changes, necrosis of 

hepatocytes with marked infiltration of MNCs was noticed 

(Fig 2). The section of liver on 14th day of experimental 

period of Cd intoxicated rats (Group 3) showed mild MNCs 

infiltration and vacuolar degeneration (Fig. 3). On 28th day, 

liver section revealed moderate dilatation of sinusoids, mild to 

moderate MNCs infiltration in hepatic parenchyma as well as 

in the portal triad and multifocal areas of coagulative necrosis. 

In Group 4 rats the liver section showed mild bile duct 

hyperplasia (Fig. 4), severe vacuolar degeneration (Fig. 5) and 

necrosis of hepatocytes with mild to moderate infiltration of 

MNCs at 14th day of the experiment and the above mentioned 

changes were severe on 28th day of the experiment (Fig. 6). 

Section of kidney of Group 1 rats showed normal parenchyma 

of kidney. The kidney of Group 2 rats on 14th day showed 

mild to moderate vacuolar degeneration, desquamation of 

epithelial cells from basement membrane, mild to moderate 

congestion and inter tubular hemorrhages. On 28th day severe 

degenerative and necrotic changes in tubules was noticed 

(Fig. 7). The lesions in glomeruli were characterized by 

increased Bowmen’s space, atrophy, vacuolation and 

hemorrhages in glomerulus tufts. Epithelial and hyaline casts 

were noticed in the lumen of tubules (Fig. 7). 

Kidney sections of Group 3 rats on 14th day showed tubular 

degeneration, mononuclear cell infiltration in the interstitium, 

congestion and marked inter tubular hemorrhages. In addition 

glomeruli showed atrophy and increased glomerular space. 

On 28th day, mononuclear cell infiltration in the interstitium 

(Fig. 8) and presence of casts was seen in the lumen of 

tubules (Fig. 9). The intensity of lesions was more 

pronounced in Group 4 as compared to Group 3 (Fig.10).  

Scanning electron microscopy of Group 2 and Group 3 rat 

liver showed abnormal RBC (folded, hat shaped) (Fig.11) and 

electron dense granular material deposition around the vein 

(Fig. 12 and 13) on 14th and 28th day of experiment.  

Liver of Group 4 rats showed multiple deposition of electron 

dense granular material (lead and cadmium) on surface area 

(Fig.14) and complete loss of architectural details on 14th and 

28th day of experiment. 

TEM (Transmission electron microscopy) section of Group 2 

rat liver showed dilated sinusoids, swollen to condensed and 

pyknotic nucleus and electron dense material in nucleus. 

Cytoplasm of these cells showed vacuolation, granular 

cytoplasm and electron dense material in cytosol. 

Mitochondrial changes like swollen to condensed 

mitochondria, increased number of mitochondria and ruptured 

rough endoplasmic reticulum (RER) (Fig.15) were observed. 

Group 3 showed loss of architecture of the hepatocytes, 

cytoplasmic vacuolation, electron dense material in 

mitochondria and thickened intercellular junction (Fig.16). In 

addition some sections showed eccentrically placed nucleus, 

collapsed nuclear membrane, pyknotic and rhexis of nuclei, 

clumping of condensed granular chromatin material and 

margination of chromatin (Fig.17). In Group 4 the above 

changes were more marked and severe (Fig.18). 

The ultra structure of Group 2 kidney section revealed loss of 

architecture, severe dilation of intertubular area and loss of 

tubular epithelium topography. A few sections revealed 

swollen nucleus with condensed nucleolus and margination of 

chromatin and intact brush border. Cytoplasm showed 

vacuolation of tubular epithelium, severe dilatation of 

intertubular area and electron dense mitochondria of varied 

size and numerous round electron dense bodies in nucleus 

(Fig. 19). Group 3 kidney showed vacuolar degeneration and 

severe dilation of tubules, some tubules showed degeneration 

of epithelial cells with pyknotic nucleus and swollen 

mitochondria. Epithelium of tubules showed dilation of 

nuclear pore along with margination of chromatin materials 

(Fig. 20). Few other sections revealed disruption of nuclear 

membrane, pyknotic nuclei and electron dense round bodies 

in the nucleus (Fig. 21), retention of brush border and scanty 

cytoplasm along with mitochondria were observed. Kidney of 

Group 4 showed complete loss of architectural details though 

outlines of nucleus and mitochondria remained. Few other 

sections revealed vacuolated cytoplasm, narrow and tight inter 

tubular junction, thick nuclear membrane, increased 

perinuclear space, distorted mitochondria cistern arranged in 

rows around the nucleus, discontinuation of RER, vesiculated 

nucleus and dilation of nuclear pore (Fig. 22). 
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Fig 1: Microphotograph of Group 2 liver, showing sinusoidal 

dilatation and infiltration with MNC in parenchyma on 14th day. 

H&E×400. 

 

 
 

Fig 2: Microphotograph of Group 2 liver showing sinusoidal 

dilatation and infiltration with MNCs in parenchyma and necrosis on 

28th day. H&E×400. 

 

 
 

Fig 3: Microphotograph of Group 3 liver showing mild to moderate 

vacuolar degeneration and mild infiltration of MNCs on 14th day. 

H&E×400.  

 

 
 

Fig 4: Microphotograph of Group 4 liver showing bile duct 

hyperplasia on 14th day. H&E×400. 

 

 
 

Fig 5: Microphotograph of Group 4 liver showing severe vacuolar 

degeneration on14th day. H&E×400 

 
 

Fig 6: Microphotograph of Group 4 liver showing sinusoidal 

dilatation and aggregation of MNCs and necrosis of hepatocytes on 

28th day. H&E×400. 

 

 
 

Fig 7: Microphotograph of Group 2 kidney showing marked inter 

tubular hemorrhages, degeneration of tubular epithelium, necrosis, 

cast in the tubules and glomerular atrophy on 28th day. H&E×100. 

 

 
 

Fig 8: Microphotograph of Group 3 kidney showing severe 

interstitial aggregation of MNC on 28th day. H&E×400 

 

 
 

Fig 9: Microphotograph of Group 3 kidney showing presence of cast 

in most of the tubules on 28th day. H&E×100. 

 

 
 

Fig 10: Microphotograph of Group 4 kidney showing atrophy of 

glomeruli, severe tubular degeneration and necrosis on 28th day. 

H&E×400 
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Fig 11: Scanning electron micrograph of Group 2 liver showing 

abnormal erythrocytes (folded, hat shaped) on 28th day. 

 

 
 

Fig 12: Scanning electron micrograph of Group 2 liver showing 

electron dense granular material deposition (lead) around vein on 

28th day. 

 

 
 

Fig 13: Scanning electron micrograph of Group 3 liver showing 

abnormal erythrocytes and electron dense granular material 

deposition (cadmium) on 28th day 

 

 
 

Fig 14: Scanning electron micrograph of Group 4 liver showing 

multiple electron dense granular material deposition (lead and 

cadmium) deposits of on 28th day. 

 

 
 

Fig 15: Transmission electron micrograph of hepatocyte showing 

clumping of RER, electron dense mitochondria and condensed 

chromatin. UA & LC 6755x (Group 2, day 28). 

 
 

Fig 16: Transmission electron micrograph of hepatocytes showing 

thickened inter cellular junction, cytoplasmic vacuolation, electron 

dense material in cytosol, swollen and condensed nuclei and granular 

nucleoplasm. UA & LC 5790x (Group 3, day 28). 

 

 
 

Fig 17: Transmission electron micrograph of hepatocyte showing 

mild granular material in nucleoplasm margination of chromatin 

material. UA & LC 9650x (Group 3, day 28). 

 

 
 

Fig 18: Transmission electron micrograph of hepatocyte showing 

loose cell junction, shrunken cell with condensed mitochondria and 

nuclei. UA & LC 3860x (Group 4, day 28). 

 

 
 

Fig 19: Transmission electron micrograph of kidney showing altered 

shape of mitochondria, swollen nucleus, condensed nucleolus and 

margination of chromatin material. UA & LC 4825x (Group 2, day 

28). 
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Fig 20: Transmission electron micrograph of kidney showing 

vacuolar degeneration of cytoplasm, electron dense mitochondria, 

swollen nucleus, condensed nucleolus and. UA & LC 4825x (Group 

3, day 28). 

 

 
 

Fig 21: Transmission electron micrograph of kidney showing 

electron dense mitochondria of varied size and shape, swollen nuclei 

and condensed chromatin. UA & LC 9650x (Group 3, day 28). 

 

 
 

Fig 22: Transmission electron micrograph of kidney showing 

Vacuolated cytoplasm, electron dense mitochondria of varied size 

and shape, thick nuclear membrane, distorted Chromatin and severe 

margination of chromatin material. UA & LC 11580x (Group 4, day 

28). 

 

Discussion 

In the present study toxic effects of lead, cadmium either 

alone or in combination on liver and kidneys was studied. In 

Group 2 mild to moderate enlargement of liver and 

congestion was noticed and these were in agreement with 

research workers [1, 26, 27]. These lesions might be attributed to 

the toxic effect and high production of free radicals which 

ultimately created stress on liver [8, 22].  

Mild congestion of kidneys was noticed in Group 2, Group 3 

and Group 4 on 14th and 28th day of experimental period. 

Similar changes were also noticed by [25, 26, 27]. The probable 

reason for the lesions noticed might be due to the toxic effect 

of lead and cadmium.  

Histopathological examination of liver sections from Group 2 

rats on 14th day showed mild congestion, mild infiltration of 

MNCs, sinusoidal dilatation and vacuolar degeneration, 

similar lesions were also noticed by Hegazy and Fouad [10, 27]. 

On 28th day marked vacuolar degenerative changes, necrosis 

of hepatocytes with marked periportal infiltration of MNCs 

was related to the findings of Jarrar and Taib [11, 15].  

Group 3 rats on 14th day revealed mild leucocytic infiltration 

around portal triad, and increased Kupffer cells in sinusoids of 

hepatic parenchyma. On 28th day, intensity of MNC 

infiltration increased in the hepatic parenchyma and around 

portal triad. Moderate dilatation of sinusoids, focal areas of 

lymphoid aggregation, congested blood vessels, multifocal 

areas of coagulative necrosis, swelling of hepatocytes with 

vacuolar degeneration, these results were lined with [21]. 

Lesions in Group 4 rats were severe and progressive where 

lead and cadmium had potentiated effect on co exposure. 

Similarly few investigators also observed synergistic effect of 

lead and cadmium on testicular tissue [16, 17]. 

Histopathological examination of kidney sections from Group 

2 rats revealed mild to moderate vacuolar degeneration, 

desquamation of epithelial cells from basement membrane, 

mild to moderate congestion, intertubular hemorrhages in 

medullary and cortical region and similar changes were 

documented by [2, 27]. On 28th day, severe degenerative and 

necrotic changes noticed which were prominent in tubules 

than the glomeruli. In Group 4 similar lesions were observed 

but were more severe in nature. 

Group 3 rats, kidney revealed tubular degeneration, focal 

areas of necrosis, tubular dilatation, mononuclear cell 

infiltration in the interstitium, congestion, marked intertubular 

hemorrhages, desquamation of epithelial cells from basement 

membrane and casts in the lumen of tubules. The glomeruli 

showed atrophy, increased glomerular space vacuolar 

degeneration and mononuclear cell infiltration [28]. On 28th 

day lesions were progressive and severe. These changes might 

be due to the accumulation of free radicals as the consequence 

of increased lipid peroxidation by free Cd ions in the renal 

tissues of Cd-treated rats [23]. Another possible reason might 

be due to cytotoxic effects of Cd in the liver and kidney which 

promotes apoptotic cell production, formation of nuclear 

DNA fragmentation, and release of mitochondrial apoptotic 

proteins after exposure to CdCl2 and were accompanied by 

ROS generation [12, 13].  

SEM studies of Liver on 28th day showed loss of architectural 

details, abnormal erythrocytes and electron dense granular 

material deposition (lead) around vein in Group 2. In Group 3 

liver showed abnormal erythrocytes and electron dense 

granular material deposition (cadmium) whereas Group 4 

showed multiple electron dense granular material deposition 

(lead and cadmium). Similar changes were noted [7, 10]. The 

changes recorded in Group 2, 3 and 4 was attributed to the 

toxic action of metals. 

TEM section of Group 2 liver showed dilated sinusoids, 

swollen to condensed and pyknotic nucleus with electron 

dense chromatin material in nucleus. Cytoplasm of these cells 

showed vacuolation, granular cytoplasm and electron dense 

material in cytosol. Mitochondrial changes like swollen to 

condensed mitochondria, increased number of mitochondria 

and ruptured endoplasmic reticulum [10, 32, 19].  

Group 3 rats liver showed loss of architecture and most of the 

hepatocytes showed eccentrically placed nucleus, collapsed 

nuclear membrane, pyknotic and rhexis of nuclei, clumping of 

chromatin material at one side. Cytoplasmic vacuolation, 

electron dense material in mitochondria and thickened 
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intercellular junction were also noticed [5, 7].  

Liver of Group 4 rats revealed complete loss of architecture, 

shrunken cell and loose cell junctions. Condensed and 

eccentrically placed nucleus with nucleolus and condensed 

electron dense material in mitochondria were observed in 

addition to the changes mentioned above (Group 2 and Group 

3)(31). These ultrastructural changes were also supported by 

biochemical and histopathological findings of the present 

study and possible reason for these changes might be due to 

the cytotoxicity caused by high production of free radicals 

(ROS and RNS) which was also supported by increased levels 

of TBARS and reduced GSH in liver. 

The ultrastructure of Group 2 kidney section revealed loss of 

architecture, severe dilation of intertubular area and loss of 

tubular epithelium topography. Swollen nucleus with 

condensed nucleolus and margination of brush border were 

also observed in few sections. Cytoplasm showed vacuolation 

and swollen mitochondria with electron dense material in 

matrix [3]. 

Group 3 kidney of rats showed vacuolar degeneration and 

dilation of tubules. Some tubules showed degeneration of 

epithelial cells with loss of nucleus and swollen mitochondria. 

Epithelium of tubules showed dilation of nuclear pore along 

with margination of chromatin material. Other sections 

revealed disruption of nuclear membrane, pyknotic nuclei and 

electron dense round bodies in the nucleus, retention of brush 

border and condensed cytoplasm along with mitochondria.  

Kidney of Group 4 rats showed complete loss of architectural 

details with only nucleus and mitochondria and other 

subcellular organelles were indistinct. Other sections revealed 

thick nuclear membrane, narrow and tight inter tubular 

junction, distorted chromatin, vacuolated cytoplasm and loss 

of nucleus. The perinuclear vesiculation and distorted 

mitochondria arranged in the form of rows around nucleus 

were observed. These ultrastructural changes were in 

agreement with other investigators [3, 6, 25, 30, 31). These changes 

might be due to increased lipid peroxidation and increased 

ROS production due to heavy metal exposures which might 

interfere with mitochondrial sulphyhydral and thiol groups, 

leading to the permeability transition and cell death [29]. 

 

Conclusion 

In conclusion, this study shows that lead and cadmium are the 

potent toxicant which can cause damage of tissue architecture 

and produce subcellular changes. Lead and cadmium 

administered in combination has a potentiated effect. It is also 

concluded that lead and cadmium are the potent inducers of 

oxidative damage of liver and kidney. The present study 

therefore provides investigatory evidence of supporting lead 

and cadmium toxicity in albino Wistar rats. 
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