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ABSTRACT

The toxicity of polychlorinated biphenyls in the living systems is associated with oxidative effects among others. In 
view of the involvement of antioxidant defense mechanisms in the detoxification of persistent organic pollutants, the 
present study was undertaken to assess the toxic effects of low dose (0.1 and 1 mg/kg/days) and long exposure (7, 14, 
21, and 28 days) of Aroclor 1254 on glutathione content, specific activities of few antioxidant-related enzymes, and 
histopathological changes in the liver tissue of male mice. The obtained results indicated alterations in the enzyme 
activities of antioxidant-related defense mechanisms. The superoxide dismutase and glutathione peroxidase showed 
a significant increase in the specific activity, while, glutathione-S-transferase and reduced glutathione showed a 
significant duration dependent decreasing trend. Further, Aroclor 1254 induced oxidative stress might have caused 
the observed histopathological alterations, such as intravascular blood corpuscles accumulation, lipid granulomas, 
lipid deposition, cellular fibrosis, sinusoidal degeneration, and cellular aggregation in the liver tissue of mice. These 
pathophysiological changes in the liver tissue could be due to the generation of free radicals.

1. INTRODUCTION

Polychlorinated biphenyl (PCB) congeners have been widely used 
since 1930s, mainly in transformers and capacitors. Varying quantities 
of the PCBs were also used as plasticizers, hydraulic lubricants, 
flame-retardants, heat-transfer fluids, sealants, pesticide extenders, 
and in carbonless copy paper [1]. Although the production of PCBs 
is barred in many countries since 1970s, considerable amount of it 
is still persistent in the soil, water, and air due to its low degradation 
rate. The exposure of PCBs to the living system is continuous because 
of its resistance to biological and chemical degradation and thereby 
accumulation in the food chain. The widespread use for decades along 
with improper disposal of these compounds resulted into significant 
damage to the ecosystems through contaminated soil and water. 
Reports on the physiological impact of PCB exposure have revealed 
endocrine disruption and few other physiological impairment [1-4]. 
Since the PCBs are highly lipophilic and less biodegradable, they 
bioaccumulate in the lipid-rich tissues of the living organisms, 
ultimately reaching to human [3,5-7]. PCB exposure was reportedly 
responsible for a wide range of adverse effects on the endocrine, 
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neurological, metabolic, and reproductive systems of mammals [8]. 
Experimental reports are available on few of these effects such as 
hepatotoxicity, endocrine disorders, neurotoxicity, and impaired lipid 
metabolism [9-14]. Therefore, various information on the cellular and 
tissue responses of PCBs exposure to different organ systems are very 
much useful for characterizing the toxicity level as well as the overall 
health status [15-16]. In general, xenobiotics are known to induce 
oxidative stress by facilitating free radicals or reactive oxygen species 
(ROS) [17-19]. Experimental evidences indicated that PCB exposure 
generates a high amount of ROS in almost all kind of mammalian 
tissues [20]. Mammalian systems have well-developed physiological 
antioxidant system involving various antioxidant enzymes such 
as glutathione-S-transferase (GST), glutathione peroxidase (GPx), 
catalase (CAT), and superoxide dismutase (SOD) [21]. This system 
is supported by scavengers of free radical such as reduced glutathione 
(GSH) and vitamins. All these antioxidant systems work together to 
counter the imposed oxidative stress generated from the excessive 
production of ROS [22]. Excess ROS is an important toxicological 
consequence of Aroclor 1254 that can subsequently mediate 
cytoskeletal disruption and apoptosis of hepatocytes [23]. These free 
radicals and intermediate products of peroxidation can damage the 
structural integrity of the cellular membrane systems and thereby alter 
their functions creating pathological lesions [24]. In the present study, 
we investigated the toxic effects of a sublethal oral dose of Aroclor 
1254 on the antioxidative system and the induced pathological changes 
in the liver tissue of the male Swiss albino mice.
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2. MATERIALS AND METHODS

2.1. Experimental Animal

Male Swiss albino mice of about 30–40 g were used for the experiments, 
which were conducted as per the ethical norms of CPCSEA (Regd. No. 
CP6EA/CH/RF/ACK-2003, 29-07-2003).

2.2. Chemicals and Reagents
Aroclor 1254 (CAS No. 11097-69-1) and other fine chemicals and 
enzyme substrates were procured from Sigma Chemical Company Inc. 
All other chemicals used were of AR grade from reputed companies.

2.3. Experimental Design
For each experiment, four groups of animals were used. Experiments 
were conducted with two sub-lethal doses (0.1 and 1 mg/kg/d) and four 
different exposure durations 7, 14, 21, and 28 days. Each experiment 
was repeated at least thrice.

2.4. Homogenate Preparation
For the experiments, 10% homogenate of liver tissue was prepared 
as per Bhor et al. [25]. The obtained supernatant was used for all the 
assays.

2.5 GPx Activity
The GPx activity was measured as per Rotruck et al. [26] and expressed 
as μg of GSH consumed/min/mg protein. GSH level was determined 
as per Ellman [27] and expressed as mg/100 g of the tissue concerned.

2.6 GST Activity
The GST activity was determined as per Habig et al. [28] and expressed 
as μmoles of GSH-CDNB conjugate formed/min/mg protein using an 
extinction coefficient of 9.6/mM/cm.

2.7. SOD
The activity of SOD was determined using the specific kit procured 
from Sigma-Aldrich Ltd. and read the absorbance at 450 nm using 
microplate reader.

2.8. Protein
Protein was measured by the method of Lowry et al. [29]. The protein 
content in the tissue extract was used only to calculate the specific 
activity of the enzymes studied.

2.9. Statistical Analysis
The obtained data from this study were subjected to ANOVA tests as 
per Sokal and Rohlf [30].

2.10. Histopathological Studies
Samples of the liver tissue from the exposed mice were cleaned, 
dehydrated in graded serial of alcohol, and embedded in paraffin wax 
to make tissue blocks [31]. 8–10 µm thick sections were cut and stained 
in standard hematoxylin and eosin. Properly stained sections were 
examined for histopathological changes using a Carl Zeiss Axioscop 
2 compound microscope. Microphotography was done in the same 
microscope fitted with CCD color vision camera (DONPISHA XC-
003) with Carl Zeiss Axiovision image analyses software.

3. RESULTS

3.1. Effects on Antioxidant Enzymes

GSH levels were significantly declined after the exposure of 0.1 and 
1 mg/kg/d dose of Aroclor 1254 for 7, 14, 21, and 28 days, except in 
0.1 mg/kg/d dose of Aroclor 1254 exposure for 28 days [Figure 1a]. 
However, the GST activity was significantly increased after the 
exposure in 0.1 and 1 mg/kg/d Aroclor1254 for 7, 14, 21, and 28 days 
(P < 0.05 and P < 0.01) [Figure 1b]. On the other hand, the GPx activity 
in 0.1 mg/kg/d was increased with increasing exposure duration 
reaching the maximum after 14 and 21 days exposure (P < 0.05). This 
was followed by a significant increase in the GPx activity after 28 days 
exposure (P < 0.01) while, GPx activity in the 1 mg/kg/d group was 
significantly increased after 7, 14, 21, and 28 days of Aroclor 1254 
exposure [Figure 1c]. SOD activity in the 0.1 and 1 mg/kg/d group was 
significantly increased after 7, 14, 21, and 28 days exposure of Aroclor 
1254 (P < 0.05 and P < 0.01) [Figure 1d].

3.2. Hepatic Histopathology
In the present study, mortality of the experimental mice was observed 
in all the treated groups during the experiment [Figure 2]. Slight 
pathological changes were observed with the increase in exposure 
durations after 0.1 mg/kg/ddoses of Aroclor 1254 in the liver tissue 
of mice as compared to control. However, notable histopathological 
lesions were visible in mice liver after 1 mg/kg/d dose of Aroclor 
1254 with increasing exposure durations [Figure 3]. The details of 
histopathological changes at various exposure durations after 0.1 and 
1 mg/kg/d dose of Aroclor 1254 are given in Table 1.

4. DISCUSSION

Our earlier studies report that Aroclor 1254 was induced significant 
alterations in the specific activities of few membrane ATPases 
by indirect way after a relatively short-term exposure in mice 
liver [32,33]. In the present study, we have examined the way the 
oxidative stress was induced by oral dosing of Aroclor 1254 leading 
to structural alterations in the mice liver cells. The important 
outcome of the present study was that even the sub-lethal doses 
and very short-term exposures of Aroclor 1254 also induced 
oxidative stress in the liver tissue of mice that ultimately caused 
histopathological alterations and necrosis [Figures 2 and 3]. Previous 
reports have indicated that the PCB generated oxidative stress played 
a significant role in the onset of the pathological lesions [34]. The 
higher degree of the ROS generation might have induced oxidative 
stress and disturbed the normal redox state of the mice [35]. It was 
reported that the PCBs normally utilize their oxidative effects by 
oxidation using 1st phase metabolism by oxidases and quinone cycle 
of the metabolites [36]. It can also be done indirectly by releasing 
metabolic enzymes induced by the toxic exposure [37]. Plenty of 
evidences were reported which indicate that the oxidative stress was 
becoming an important concern in the toxicological effects [38-40]. 
It was also reported earlier that the production of excess ROS 
triggered the alteration of the phosphorylation state of hepatocytes 
as a responses of the antioxidant system [39]. It may also be possible 
that the antioxidant system reacted to the ROS thereby reducing the 
oxidative stress using the antioxidant enzymes. SOD catalyzed the 
conversion of superoxide to H2O2 and the CAT could have reduced 
the produced H2O2 to H2O [41]. On the other hand, tGpx protects 
the cell from oxidative damage [42]. The results of the present study 
showed significant alterations of these antioxidant enzymes which 
might have relieved the imposed oxidative stress in the liver tissue 
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[Figure 1c and d] to eliminate the over-production of ROS induced 
by 0.1 and 1 mg/kg/ddose of Aroclor 1254 [43].

As observed in the present study, an increase in the GST activity 
[Figure 1b] was perhaps related to the detoxification of ROS 
produced by the xenobiotics, such as MCs, PCBs, and GSH in the 
liver cells. These findings are consistent with previously available 

reports [21,39,44,45]. Further, the Aroclor 1254 exposure might have 
caused a significant decrease in the glutathione level in the hepatocyte 
cells [Figure 1a]. However, the GSH, which was probably involved 
in the toxication of PCBs, perhaps initiated the conjugation reaction 
to GSH non-enzymatically catalyzed by GST [21]. This GSH, on the 
other hand, conjugates to aid the excretion of PCBs [36]. It is well 
supported by the report that xenobiotics caused GSH efflux which, 
in turn, damages the membranes of the hepatocytes [46]. From the 

Figure 1: Effects of oral dosage of 0.1 and 1 mg/kg/dAroclor 1254 on various enzyme activities in the liver of mice. (a) Reduced glutathione, (b) glutathione-
S-transferase, (c) glutathione peroxidase, and (d) superoxide dismutase. Data denoted as a mean ± standard error (n = 3). Differences relative to control were 

statistically significant at P ˂ 0.05 (*) and P ˂ 0.01 (**)
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Figure 2: Photomicrographs (×400) of mice liver tissue from control and 
treated animals. The photomicrographs are showing the histopathological 
alterations in the liver of mice after the exposure of 0.1 mg/kg/ddose of 

Aroclor 1254 for 7, 14, 21, and 28 days as a compared control. (a) Control 
revealed the normal liver parenchyma with central vein (CV), portal vein 

branch (PVB), bile duct (BD); (b) after 7 days exposure: Lesions (L), 
Intravascular blood corpuscles accumulation (IBA), interstitial gap between 
two adjacent cells (IG), and portal fibrosis (PF); (c) after 14 days exposure: 

Fragmentation of nuclear material (FNM) and lipid granulomas (LG); (d) after 
21 days exposure: Cellular destruction (CD), lysis of nucleus (LN), and lipid 
granulomas (LG); and (e) after 28 days exposure: Cellular destruction (CD)
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Figure 3: Photomicrographs (×400) of mice liver tissue from control and 
treated animals. The photomicrographs are showing the histopathological 

alterations in the liver of mice after the exposure of 1 mg/kg/ddose of Aroclor 
1254 for 7, 14, 21, and 28 days as a compared control.(a) Control revealed 
the normal liver parenchyma with central vein (CV) and portal vein branch 

(PVB); (b) after 7 days exposure: Intravascular blood corpuscles accumulation 
(IBA), lipid granulomas (LG), and cellular fibrosis (CF); (c) after 14 days 
exposure: Nuclear fragmentation associated with intra- and inter-cellular 

lipid accumulation (LA), and sinusoidal degeneration (SD); (d) after 21 days 
exposure: Maximum lipid deposition (LD) and nuclear material fragmentation 
(NMF); and (e) after 28 days exposure: Massive cellular destruction (MCD), 

complete cellular destruction (CCD), and cellular aggregation (CA)
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histopathological studies, the observed cytological changes in 
mice liver appeared to coincide with the significant changes in the 
intracellular antioxidant system. Therefore, the alterations in the 
intracellular antioxidant system might have a close relationship with 
alterations in the tissue morphology in the mice liver to certain extent. 
It was earlier reported that exposure to microcystins might have caused 
histopathological changes in the liver, kidney, spleen, heart, and gills 
tissues of fish [47-49]. Liver is the site of all major metabolic cycles, 
which produce energy to keep the organism alive. It has been reported 
that the entry of lipophilic toxicant can cause asphyxia, which, in turn, 
damage hepatocyte cells [50]. In the present study, a dose and duration 
dependent histopathological changes in the liver tissue of mice were 
observed. Most severe hepatic lesions were observed at 21 and 28 days 
exposure of 1 mg/kg/d dose of Aroclor 1254 [Table 1]. Therefore, 
the results of the present study revealed an increased severity of the 
damage with increasing exposure duration, which, possibly indicative 
of both, direct and indirect toxic effect of Aroclor 1254 to the liver of 
mice.

From the results, it can be concluded that the PCB induced dose and 
duration dependent oxidative stress severely affected the liver tissue 
and generated histopathological lesions. The results provided evidence 
of oxidative stress by marked changes in the GSH content and specific 
activities of SOD, GST, and GPx. Excessive generation of ROS and 
depletion of GSH might have caused series of severe histopathological 
alteration in mice liver cells after the exposure of 1 mg/kg/d dose of 
Aroclor 1254 for 21 and 28 days.
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