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Abstract 

Lead (Pb++), a persistent and ubiquitous environmental pollutant, without any 
beneficial biological role continuous to pose a major health problem due to its 
interference with natural environment. In the present study, we evaluated the 
time dependent changes in the serum biomarker of hepatic injury, ALT and 
liver tissue histopathological changes at time interval of 6, 12 and 24 hrs after 
single intra peritoneal injection of lead acetate (10 or 100 mgKg-1). Lead 
acetate at 10 mgKg-1 dose causes a mild significant elevation of serum ALT 
only after 24 hrs (p<0.05) while at 100 mgKg-1, it causes a significant time 
dependent increases in serum ALT (p<0.001), when compared to the control 
untreated group. Lead also caused a dose and time dependent increases in the 
liver tissue MDA level, a biomarker of lipid peroxidation in the treated group 
(p<0.05, 0.001). Histopathological findings revealed no prominent detectable 
changes in the liver architecture after 6 hrs of lead acetate exposure. At 12 hrs 
post exposure, hepatocytes from liver of 100 mgKg-1 group, exhibited 
significant increases in binucleated hepatocytes, hepatocytes with apoptotic 
morphology around the portal tract and hypertrophy of the kupffer cells, the 
resident macrophage of liver. At 24 hrs of post exposure, hepatocytes 
surrounding centrilobular area of liver displayed increase in apoptotic 
morphology and cytoplasmic vacuolation. This study demonstrates that acute 
lead acetate exposure causes significant alteration in the morphology of liver 
parenchyma cells. 
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INTRODUCTION 
The anthropogenic activities of human being lead to contamination of the natural environment which 
further causes disturbances in the natural balance of the ecological system. Heavy metal deposition 
has increased dramatically over the last decades as a result of anthropogenic activities leading to 
heavily polluted areas worldwide. Exposure to lead (Pb++) mainly occurs from automobile exhaust in 
areas where leaded gasoline is still used and from drinking waters in areas where lead pipes are being 
used. With stringent environmental law enforcement in developed countries, exposure to Pb++ 
compounds has decreased. However in developing countries such as India, control of Pb++ pollution 
has been much slower and more sporadic. 
Of all the heavy metals that contaminate the environment and pose hazards to public health, Pb++ has 
been of major concern. Pb++ is an environmental pollutant and metabolic poison with a variety of 
toxic effects. Recent studies have proposed that one possible mechanism of Pb++ toxicity is the 
disturbance of prooxidant and antioxidant balance by generation of reactive oxygen species (ROS) [1, 
2]. This can evoke the oxidative damage of critical biomolecules such as lipids, proteins, and DNA. It 
has been also reported that lead exposure has a dose-response relationship with changes in antioxidant 
enzyme levels and their activities [3]. 
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Exposure to Pb++ occurs mainly through the respiratory and gastrointestinal routes. Approximately 30-
40 percent of inhaled Pb++ is absorbed into the bloodstream [4]. Elevated Pb++ levels in the body have 
been associated with renal and cardiovascular disease, hematologic toxicity, and irreversible 
neurologic damage [5]. Acute high-level Pb++ exposure has been associated with hemolytic anemia [6, 
7]. The primary site of action of Pb++ is the central nervous system, and exposure to the metal is 
associated with several neurobehavioral and psychological alterations [8, 9].  
In the present study, the effect of acute lead acetate exposure on the histopathological changes in liver 
of mice has been investigated.  

MATERIAL AND METHODS 
Animal and experimental design: All experiment was done in accordance with Institutional ethical 
guidelines. 45 nos. of male swiss mice have been procured from stock animal facility of Rajiv Gandhi 
University. The animals were allowed to acclimatize to the laboratory condition for seven days. The 
animals were then treated i. p with 0 mgKg-1, 10 mgKg-1 and 100 mgKg-1 lead acetate dissolved in 
distill water. Five numbers of animals from each treated group were then sacrificed at an interval of 6, 
12 and 24 hrs. Animals were sacrificed by cervical dislocation after ketamine hydrochloride (10 
mgKg-1) anaesthesia. Blood was collected by heart puncture in microcentrifuge tubes allowed clotting 
for 10-15 mins at room tempterature. Serum was collected after spinning the tubes at 1000 rpm. The 
median part of the whole liver of each animal was fixed in neutral buffered formalin for 
histopathological studies. The lateral lobe of the liver from each animal was processed for estimating 
malonaldehyde (MDA) a marker of lipid peroxidation.            
Serum ALT, Lipid peroxidation and Liver Histopathology: Serum level of ALT, a potential 
biomarker of hepatic injury was estimated using a commercial kit (Coral system, Goa) based on 
Reitman and Frankel, 1975 [10]. Lipid peroxidation in liver tissue was estimated following the 
method of Ohkawa et al, 1979 [11]. Liver tissues were dehydrated, cleared in xylene and embedded in 
paraffin. 5 µm thick sections were cut and processed for routine hematoxyline and eosin staining. 
Microphotographs of liver sections were captured using canon digital camera attached to Nikon E200 
microscope.      
Statistical analysis: The values were presented as mean ± SEM. The differences between means of 
different groups were tested with student t-test.   

RESULT AND DISCUSSION 
The experimental findings of the present investigation demonstrate the ability of lead acetate to causes 
general disturbances in the normal physiological function of the liver.  
Fig 1 represents the time dependent changes in the serum ALT level of the animals with or without 
lead acetate exposure. The serum ALT level in the control untreated group remains fairly constant 
throughout the experimental time period. The serum ALT level of 10 mgKg-1 exhibited no changes 
until 12 hrs after lead exposure, however after 24 hrs of exposure it exhibited a significant increases 
when compared to the control group (p<0.05). The animals in 100 mgKg-1 lead acetate treated group 
exhibited a significant 2 fold and 3 fold increases in serum level of ALT at 12 hrs and 24 hrs after 
exposure (p<0.001). The serum enzyme ALT are recommended for the assessment of hepatocellular 
injury in preclinical studies as it is considered a more specific and sensitive indicator of hepatocellular 
injury that include hepatocellular necrosis, injury, or regenerative/reparative activity [12]. ALT is 
found mainly in the liver, but also in smaller amounts in the kidneys, heart, muscles, and pancreas. 
ALT was formerly called serum glutamic pyruvic transaminase (SGPT). ALT is a specific diagnostic 
tool for the estimation of liver liver damge in response to drugs or toxic substances. Low levels of 
ALT are normally found in the blood. But when the liver is damaged or diseased, it releases ALT into 
the bloodstream, which makes ALT levels go up. Most increases in ALT levels are caused by liver 
damage. Gradual elevation of ALT, serum biomarker of hepatic injury in the lead acetate treated 
group suggest the adverse effect of the chemical in the liver tissue that results in the hepatic necrosis, 
which causes the release of the cellular enzymes into the extracellular fluid. Similar elevation of 
serum transminases after lead acetate intoxication was also reported by [13].   
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Fig 1: time dependent changes in the serum ALT level after acute exposure to lead acetate. values are 

Mean ± SEM, n=5 for each group, Asterisks denote statistically significant differences to the 
respective controls: *p < 0.05; ** p < 0.001. 

 

Fig 2 represents the MDA concentration in the liver tissue after lead acetate exposure. In comparison 
to the control untreated group lead acetate caused a significant increase in the MDA level of the liver 
tissue in 100 mgKg-1 group at 12 and 24 hrs of post exposure (p<0.001). MDA concentration in 10 
mgKg-1 group however remain unchanged until 12 hrs post exposure, after which it exhibited 
significant elevation over control group (p<0.05).  

 

Fig 2: Thioburbitaric acid reactive substances (TBARS) in the liver tissue expressed as MDA 
concentration (nmol/mg) after acute lead acetate expsoure. Values are Mean ± SEM, n=5 for each 

group, Asterisks denote statistically significant differences to the respective controls: *p < 0.05; ** p < 
0.001. 

 

Lipid peroxidation refers to the oxidative degradation of membrane lipids in the cellular and 
subcellular compartments. Lipid peroxidation is a well-established mechanism of cellular injury in 
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both plants and animals, and is used as an indicator of oxidative stress in cells and tissues. 
Measurement of malondialdehyde is widely used as an indicator of lipid peroxidation [14]. Similar 
elevation of liver MDA level after lead acetate exposure was also reported earlier [15]. Extensive lipid 
peroxidation caused damage to the cell membrane, which consists mainly of lipids. In addition, end-
products of lipid peroxidation may be mutagenic and carcinogenic [16].   
For instance, the end product malondialdehyde reacts with deoxyadenosine and deoxyguanosine in 
DNA, forming DNA adducts [16].  Although the source of prooxidant during lead-induced oxidative 
stress is not known, it is suggested that autooxidation of excessively accumulated aminolevulinic acid 
due to inhibition of amino levulinic acid dehydratase may result in formation of highly reactive 
cytotoxic compounds like oxidative free radicals like superoxide and hydrogen peroxide [17].   
Fig 3 represents the histopathological changes in the liver tissue of mice after acute lead acetate 
exposure. The control group of animals reveals no histopathological abnormalities at any sampling 
time point (Fig 3. A). The animals from lead acetate treated groups did not exhibit any detectable 
histopathological changes at 6 hrs time point post exposure (Fig 3. B). However, after 12 hrs of lead 
acetate exposure, hepatocytes surrounding portal tract exhibited morphological criteria of apoptosis 
[detachment from the surrounding tissue, chromatin condensation, 18] as well as increases in the 
number of binucleated hepatocytes (Fig 3. C and D). No such changes were observed in the control 
group.  These changes reflect that the hepatic cells are entering the early phases of the apoptotic 
process. Apart from apoptotic death Pb++ also caused massive necrosis in the liver tissues (Fig 3. C). 
Exposure to lead nitrate also induced similar apoptotic death of hepatic cells as reported previously 
[19].        

 

Fig 3: Microphotograph of liver of control (A) and mice exposed to lead acetate. (B-D). (A) Portal 
tract of control group of organism. (B) Hepatocytes around portal tract showing characteristic of  
apoptotic morphology (arrowhead) and binucleate pattern (arrow); (C) Balloning (arrow) and 

apoptotic (arrowhead) hepatocytes around central vein; (D) Shrunken nuclear morphology  
resembling apoptotic cells. X40 in A, B and C; X100 in D. Hematoxylin and Eosin stain. 

 

The results of the present experiment clearly indicate that acute exposure to lead acetate causes 
significant hepatocyte necrosis, which can be correlated with the time dependent increases in the 
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serum level of ALT enzyme. Lead causes an imbalance of the oxidant status of the cells which is 
reflected in the rising level of liver tissue MDA level.  
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