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Abstract  Thioacetamide (TAA) is a potent hepatotoxin that causes centrilobulal necrosis and nephrotoxic damage 
following acute administration. Prolonged exposure to TAA can result in bile duct proliferation and liver cirrhosis 
histologically similar to that caused due to viral hepatitis infection. Hepatic cirrhosis is a complex disease in which 
several biological, biochemical and chemical alterations are combined, none of these alone being sufficient for 
diagnosis. The morphological characteristics of the final stages of cirrhosis are well known, but the initial lesions 
and intermediate stages still have not been fully clarified. Therefore, this work aimed to use of Proliferating cell 
nuclear antigen (PCNA) immunohistochemistry as a marker to differentiate between the control liver and 
hepatotoxicity by thioacetamide intoxicated group in the male rats. Eight rats were equally divided into 2 groups; the 
first group was the control group and the second group was injected with TAA by 200 mg/kg body weight twice a 
week for 12 week. Our results showed that the liver of normal control rats negatively react with PCNA-ir, and the 
liver sections of the rats intoxicated with TAA showed strong positive reaction for PCNA. Further, we recommend 
the PCNA index a useful marker for hepatotoxicity. 
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1. Introduction 
Liver fibrosis is a multi step process resulting from the 

chronic effect of noxious elements of different nature 
[1,2,3,4]. Cirrhosis is the end-stage of this reaction, which 
is characterized by the ensuing of fibrous septa and the 
formation of hepatocytes nodules. Irrespective of the 
underlying aetiology, the mechanisms that participate in 
the induction of the fibrotic process are fairly constant. 
They include necrosis, apoptosis [5]. inflammatory 
reactions [6] and the activation of hepatic stellate cells 
(HSCs). Oxidative stress provokes and participates in all 
of these intermediate mechanisms [7].  

Thioacetamide, a thiono-sulfur containing compound 
(CH3CSNH2), undergoes an extensive metabolism to 
produce acetamide (CH3CONH2) and thioacetamide-S-
oxide (TAA-S-oxide) [8]. TAA-S-oxide thus produced is 
further metabolized, at least in part, by cytochrome P-450 
monooxygenases. The subsequent product formed is 
TAA-S-dioxide, which exerts hepatotoxicity by binding to 
hepatocyte macromolecules and causes centrilobular 
necrosis by generation of reactive oxygen species (ROS) 
[9-14]. The produced ROS cause a variety of 
pathophysiological conditions by enhancing lipid 
peroxidation in biomembranes. It subsequently can cause 

structural and functional degeneration of different 
enzymes and DNA inside the cell. Prevention against 
hepatotoxicity and oxidative stress can be obtained by 
administration of free radical scavengers, antioxidants 
such as pyrilidine dithiocarbamate [11], 
tetramethylpyrazine [11], melatonin [13]. 

Proliferating cell nuclear antigen (PCNA) is a well-
known 36-kDa nuclear matrix protein, which is essential 
for multiple cell cycle pathways, including DNA 
replication, DNA elongation (leading strand synthesis), 
and DNA excision repair [15,16]. It is also utilized in cell 
cycle control through direct interaction with cyclin/cdk 
complexes, allowing progression through the G1/S 
boundary of the cell cycle [17]. PCNA is an essential 
component of the DNA replication machinery, acting as 
the processing factor for polymerases [18]. In addition to 
its role in replication, PCNA is also required for 
nucleotide excision repair and plays a role in 1 pathway of 
base excision repair [19,20]. Analysis of proteins that 
interact with PCNA has shown that it not only interacts 
with enzymes involved in the mechanics of DNA repair 
and replication but also binds to cell cycle regulatory 
proteins such as p21 and Gadd45 [21,22]. Proliferating 
cell nuclear antigen is useful for the diagnosis of germinal 
arrest because there are significantly reduced PCNA levels 
in germinal arrest, which is an indication of DNA 
synthesis deterioration [23]. Hepatic cirrhosis is a complex 
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disease in which several biological, biochemical and 
chemical alterations are combined, none of these alone 
being sufficient for diagnosis. The morphological 
characteristics of the final stages of cirrhosis are well 
known, but the initial lesions and intermediate stages still 
have not been fully clarified. Therefore, this work aimed 
to use of PCNA immunohistochemistry as a marker to 
differentiate between the control liver and hepatotoxicity 
by thioacetamide intoxicated group in the male rats.  

2. Materials and Methods 
The experiments were performed on twenty male albino 

rats (Rattus norvigicus) weighing 120 g (±10 g) and of 6-7 
week’s age. They were obtained from Helwan laboratory 
farms for the Egyptian Organization for Vaccine and 
Biologic Preparations. The rats were kept in the laboratory 
for one week before the experimental work and 
maintained on a standard diet and water available ad 
libitum. The temperature in the animal room was 
maintained at 23±2°C with a relative humidity of 55±5%. 
Light was on a 12:12 hr light -dark cycle. The 
experimental protocol was approved by Local Ethics 
Committee and Animals Research. The rats were equally 
divided into two groups; the 1st group was the control 
group in which rats never received any treatment while the 
2nd group was the experimental group (Thioacetamide 
intoxicated group) in which rats were injected 
intraperitoneally with 200 mg/kg body weight 
thioacetamide (TAA) extra pure Merck, Darmstadt 
Germany twice/week for 12 weeks [13].  

At the end of the experimental period, rats from each 
group were euthanized with intraperitoneal injection with 
sodium pentobarbital and subjected to a complete 
necropsy. The thorax was opened with surgical incision on 
the sternum and the perfusion was done from left ventricle 
and right atrium. A rinsing solution was perfused before 
the fixation solution (10% neutral formalin). To make 
rinsing solution, 9.0 g NaCl, 25 g Polyvinyl Pyrrolidone, 
0.25 g Heparin, and 5.0 g Procain-HCL were dissolved in 
one liter of water by thorough stirring. The pH was 
adjusted to 7.35 with 1 N NaOH and twice filtered 
through Millipore filters of 3.0 μm or less pore size. The 
perfusion of both solutions was performed by using a 
scalp vein attached to a 50cc syringe. Liver tissues were 
immediately removed taking care to handle specimens 
gently, and then transferred to 70% ethyl alcohol. The 
fixed liver were dehydrated through a graded series of 
ethanol and embedded in paraffin according to standard 
procedures. Paraffin sections (5μm thick) were mounted 
on gelatin chromalum–coated glass slides and stored at 
room temperature until further processing. Some paraffin 
sections were stained with hematoxylin and eosin (H&E) 
were reported by Bancroft and Stevens [24].  

The rest of paraffin-embedded rat liver sections were 
deparaffinized and hydrated. Endogenous peroxidase 
activity was blocked by incubation using 3% H2O2 for 5 
min. The tissue sections were incubated over night with 
proliferating cell nuclear antigen (PCNA) monoclonal 
antibody (Dako Corporation, Carpentaria, CA, USA) and 
washed with phosphate buffer saline (PBS) for 5 min. The 
monoclonal antibody was then linked with biotinylated 
goat anti-mouse IgG antibody (Daco, LASB Universal Kit) 

for 30 min. After being washed with PBS for 5 min, the 
sections were incubated with streptavidin-conjugated 
peroxidase for 30 min. A brown coloured reaction was 
developed by exposing sections to 3,3-diaminobenzidine 
(DAB) tetrahydrochloride solution for 5 min and washed 
in distilled water. The number of PCNA-positive cells was 
counted in 10 randomly selected sections and non 
overlapping fields and expressed as the number of PCNA 
positive cells/mm2. 

3. Results 

 

Figures 1-6. Photomicrographs of rat liver sections stained by PCNA 
immunoreactivity. 1&2: Control group showing the negative immune 
reaction indicated by blue stains due to normal central hepatic vein and 
hepatocytes. 3-6: Liver sections in group 2 that injected with 
thioacetamide revealed advanced cirrhosis in the form of macronodular 
and micronodular structure surrounded by fibrous tissue (White arrows) 
and strong positive reaction for PCNA in the most damaged hepatocytes 
in liver sections. All hepatocytes nuclei (Black arrows) showed strong 
positive reaction for PCNA while the blood vessels and the connective 
tissues (White arrows) of macronodular and micronodular showed a 
negative reaction for PCNA-ir. 

Examination of liver sections of control rat shows 
radially arranged cords of hepatocytes which extend from 
a central vein to the periphery of the hepatic lobules. The 
hepatocytes are polygonal in shape with eosinophilic 
granular cytoplasm and vesicular basophilic nuclei. A few 
hepatocytes nuclei displayed faint stain of PCNA (Figure 
1 & Figure 2). On the other hand., liver sections in the G2 
that injected with thioacetamide exhibiting advanced 
cirrhosis in the form of macronodular and micronodular 
structure surrounded by fibrous tissue., in addition to the 
central veins were disappeared in most of nodules. Strong 
positive reaction for PCNA in the most damaged 
hepatocytes in liver sections in the G2 (Figure 3 - Figure 
6). All hepatocytes nuclei in liver sections of experimental 
group showed positive reaction for PCNA while the blood 
vessels and the connective tissues of macronodular and 
micronodular showed a negative reaction for PCNA-ir 
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(Figure 3 – Figure 6). PCNA-labeling index in control 
(16.9±69 cells/field) and in experimental group (3.1±0.5 
cells/field respectively). This index is significantly higher 
(P<0.05) in rats treated with TAA (experimental group) 
compared with control group. 

4. Discussion 
The liver is an important organ responsible for the 

metabolism, bile secretion, elimination of many 
substances, blood detoxifications, synthesizes, and 
regulation of essential hormones. Thioacetamide induced 
toxicity and its mechanisms have been extensively 
investigated after oral administration to rodents 
[3,4,13,14]. Thioacetamide is a typical hepatotoxin to 
cause centrilobular necrosis [11,12,13,14]. Thioacetamide 
induces an obligatory hepatotoxicity by binding to 
hepatocyte macromolecules and causes centrilobular 
necrosis by generation of reactive oxygen species (ROS). 
The ROS thus produced can cause a variety of 
pathophysiological conditions by enhancing lipid 
peroxidation in biomembranes, increases in cytosolic 
calcium, glutathione depletion and a reduction in the SH-
thiol groups. It subsequently can cause structural and 
functional degeneration of different enzymes and DNA 
inside the cell. When the oxidative stress is severe, it may 
end in cell death. 

An obvious sign of hepatic injury is the leakage of 
cellular enzymes into the plasma due to the disturbance in 
the transport function of hepatocytes. When liver cell 
membrane is damaged a variety of enzymes located 
normally in cytosol is released into blood stream, causing 
increased enzyme level in the serum. The estimation of 
these enzymes in the serum is a useful quantitative marker 
for the extent and type of hepatocellular damage [25]. Our 
histological observations basically supported the results 
obtained from serum enzyme assays. The liver of TAA 
intoxicated rats showed massive fatty changes gross 
necrosis, broad infiltration of lymphocyte and kupffer 
cells around the central vein and loss of cellular 
boundaries.  

Mitosis counts, tritiated thymidine ([3H] Thy) or 5-
bromodeoxyuridine (BrdU) labeling have traditionally 
been used for the assessment of cell proliferation. 
However, these methods are less suitable for use under 
certain experimental conditions. For instance, [3H] Thy 
labeling requires use of radioisotopes, visualization by 
autoradiography, and in vivo administration, thus not 
enabling the use of this method in post mortem tissue [26]. 
With the development of monoclonal antibodies to DNA-
incorporated BrdU, the use of radioisotopes and 
autoradiographic visualization was eliminated. However 
variability in BrdU concentration during the incubation 
period can affect the quality of labeling and thus influence 
the labeling index value [26]. Moreover, these methods 
require long fixation and development periods. Recently, 
the use of immunocytochemical assays, based on 
antibodies to cell proliferation-related antigens, has been 
shown to be effective in the assessment of cell 
proliferation [27]. One such cell proliferation-related 
protein is PCNA that has been identified as an auxiliary 
protein of DNA polymerase δ [28], is found in the nuclei 
of proliferating cells. This antigen, which is differentially 

expressed during the cell cycle, reaches its maximum level 
of expression during late G1/S phase and begins to 
decrease during late G2/M to G1 phase [29]. Comparisons 
of PCNA and BrdU labeling indices have shown that not 
only does PCNA labeling produce similar results to that of 
BrdU labeling, but it is a faster and easier method to use 
for detection of cell proliferation [30]. In addition, because 
the PCNA method is based on an antigen-antibody 
reaction it can be performed in situ, on routinely processed 
tissue sections. Quantitation of PCNA expression is 
becoming routinely used as a diagnostic tool in clinical 
pathology, for the assessment of tumour cell proliferation. 
However, we believe that because PCNA expression and 
synthesis is linked to cell proliferation [27], and its 
presence subsequent to immunohistochemical processing 
can be observed microscopically, this technique may be 
used for the purpose of providing direct visual evidence of 
cell proliferation under various experimental conditions. 

In the current study, we used immunohistochemistry to 
map the distribution of PCNA immunoreactivity in the 
liver sections of the control and hepatotoxicity in TAA-
induced of liver rats. PCNA has been used extensively in 
the identification of proliferating damage hepatocytes and 
its nuclei, which we observed as brownish black stained 
cells in our samples. Few numbers of hepatocytes showed 
expression of PCNA in control animals while their 
expressions were increased in TAA-treated group, this 
may attributed to response of hepatocytes to liver damage. 
This result is in greement with Sakr et al. (2009) reported 
that proliferating cell nuclear antigen (PCNA) elevated in 
hepatocytes of male Sprague-Dawley rats injected 
intraperitioneally with a 12-fold dose range of 
thioacetamide fungicide.  
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