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Human exposure to benzene is associated with multiple adverse health 

effects. Its exposure is known to affect many critical organs including the 

hematological, hepatic, renal, lung, and cardiac functions. The purpose of 
this study is to examine the potential of benzene as hepatotoxicant. We used 

Wistar rat as a model and benzene was administrated orally at the doses of 

50mg/Kg body weight/day and 100mg/Kg body weight/day for subchronic 

study of 90 days. Using diagnostic kit, liver function test which are 

biomarker for early detection, antioxidant parameters were estimated and 

compared with unexposed rats. Liver enzymes (ALP, GGT, AST and ALT) 

in treated rats were significant higher compared to control. The benzene 

exposures also led to significant reductions in antioxidant enzyme activities 

and significantly increased malondialdehyde (MDA) levels. Also, on 

microscopic examination, the liver tissues of experimental groups exhibited 

severe damage like sinusoidal dilation and necrosis. Subchronic exposure to 
benzene on rat has potential to develop hepatotoxicity by altering liver 

enzymes activity.  
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Introduction:- 
Benzene is an industrial solvent and widely distributed environmental pollutant that has been linked to adverse 

health effect in humans and animals (Nazia et al., 2008; Uzma et al., 2008). A large section of population is 

occupationally exposed to benzene through work environment (Krewski et al., 2000; Ragia et al., 2014). 

Hematotoxicity is the most noted damage due to the chronic benzene exposure which leads to aplastic anemia, 

leukaemia and leucopenia. Chronic exposure of benzene resulted into consistent structural and numerical 

chromosomal aberrations in lymphocytes and bone marrow cells (Glass et al., 2003; Uzma et al., 2008) 

 

Majority of benzene metabolism occurs in liver by cytochrome P450 and then in bone marrow (Uzma et al., 2008). 
Liver damages due to benzene exposure, ranging from hepatitis, cirrhosis, and carcinoma have been proved to 

associate with the redox imbalance and oxidative stress (Costa et al., 2006; Ragia et al., 2014). The most common 

chemicals known to cause liver injury are the organic solvents such as benzene, acetone, ether, and so on. There is 

some evidence that organic solvents especially benzene may express their toxicity by the way of ROS that was 

found to induce cell damage (AbdEllah et al., 2007; Ragia et al., 2014). Elevated level of ROS induces hepatocyte 

damage which results into altered liver function test (Loganathan et al., 2005).  Therefore, the present study is 

conducted to evaluate the toxic effect of benzene on albino rat as a mammalian model. 

 

Material and Methods:- 
Sixty male Wistar rats weighing 250±20gms were used for present experiment. The animals were kept in neat cages 

in well ventilated animal house of Department of Zoology at The M. S. University of Baroda, Vadodara. All the 

protocols for experiments were approved by IAEC of the Department of Zoology according to CPCSEA, India. 

They had access to 12 hrs of darkness and 12 hrs of daylight and were provided with standard rat feed (PranavAgro 
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Limited, India) and water ad libitum. Animals were divided into following four groups: Group 1, Control; Group 2, 

Low dose (50mg/Kg Body weight/Day); Group3, High dose (100mg//Kg Body weight/Day); Group 4, Vehicle 

control (corn oil) with 15 rats in each group. The animals were sacrificed 24 hrs after the 90 days of benzene 

administration.  Blood was removed from orbital sinus before sacrificing and serum was separated for liver function 

test. Liver tissue was homogenized in PBS, centrifuged and supernatant was separated to measure oxidative stress 

parameters.  
 

Biochemical Analysis:- 

Serum alanine transaminase (ALT, Bergmeyer and Horder, 1980), aspartate transaminase (AST, Bergmeyer and 

Horder 1978), alkaline phosphatase (ALP, Tietz et al., 1983) and gamma glutamyl transpeptidase (GGT, Szasz, 

1969) were measured using standard kits (Reckon diagnostics) on PerkinElmer spectrophotometer. Total protein 

concentration was measured at 660nm according to the method of Lowry et al. (1951). Glucose level was estimated 

using GOD/POD (Trinder, 1969) method and absorbance was measured at 505nm. 

 

Oxidative stress parameters:- 

The lipid peroxidation product present in the tissues was estimated by thiobarbituric acid (TBA) method (Janero, 

1998). Marklund and Marklund (1974) method was used to estimate superoxide dismutase (SOD) activity. Catalase 

activity was assayed by the method of Sinha et al. (1972).  The activity of glutathione peroxidase (GPx), in sample 
was determined by the method of Rotruck et al. (1973). The GSH content remaining after the reaction was measured 

by the method of Ellman et al. (1961). The level of reduced glutathione, a non enzymatic antioxidant, was 

determined by the method of Beutler et al. (1963).  

 

Statistical analysis:- 

Data generated from the experiment were subjected to statistical analysis and presented as mean and standard error 

of the mean. The statistical significance of the differences between the mean values of control and experimental 

groups was evaluated through one-way analysis of variance (ANOVA) followed by Bonferroni’s post-hoc test. 

Statistical analysis was performed using GraphPad prism (version 6) software. 

 

Result:- 
The effects of benzene on certain serum biochemical parameters are summarized in Table 1. After subchronic 

exposure of benzene to rat, significant increased activity of ALT was observed. Values of ALT were significantly 

higher in both low dose (p<0.05) and high dose benzene (p<0.01) groups. Values were observed significantly higher 

in GGT activity in both the treated group of rats (p≤0.05). Benzene intoxication at 100mg/Kg body weight also 

resulted into significant higher activity of AST (p≤0.05). ALP activity was significantly higher in low dose (p<0.05) 

and high dose (p<0.01) benzene groups.  There was no observed change in vehicle control group compared to 

control.  
Table 1:- Effect of benzene on liver function in serum after 90 days of oral exposure to rat.  

Group ALT 

IU/L 

AST 

IU/L 

ALP 

μM pNP released /mg 

tissue 

GGT 

IU/L 

Control  20.7±1.2@  11.4±0.6  62.3±2.9 8.6±0. 5 

Vehicle control 20.6±1.2 11.2±0.6 32.1±2.2 8.4±0.7 

Low dose  24.2±1.6↑*  12.4±1.1  67.8±1.7↑*  10.1±0.7↑* 

High dose  26.2±1.8↑**  13.6±1.2↑*  71.3±3.6↑**  10.2±0.9↑*  

@Values are expressed as Mean±SE; n=5 for each group; * p≤0.05;** p≤0.01  

 

Total protein level was noted significantly higher in both the treated group (p≤0.05, Table-2). The level of serum 

glucose was depleted significantly in both the treated groups as compared to control (P<0.05). 

Table 2:- Effect of benzene on serum biomolecules after 90 days of treatment. 

Biomolecules Control Vehicle Control Low dose High dose 

Protein (gm/dl) 10.3±0.9@ 10.8±0.9 12.6±1.2↑* 13.1±1.5↑* 

Glucose (mg/dl) 25.2±1.4 26.3±1.4 22.3±1.6↓* 21.2±1.9↓* 

@Values are expressed as Mean±SE; n=5 for each group; * p ≤ 0.05 
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The administration of toxic dose of benzene caused a significant increase in MDA level, as determined by the 

increase in TBARS level with reference to that of control group. Sub chronic oral intoxication of benzene 

significantly increased the level of MDA in low dose group (P≤0.05) and high dose group (P≤0.001) of rats (Table 

3). Increased level of MDA in liver tissue indicates a marked production of oxidative stress.  

Table 3:- Effect of benzene on the activities of LPO, antioxidant enzyme and non enzymatic antioxidant after 

subchronic oral exposure in rat liver 

Group  LPO 
(nmol/min/mg 

tissue) 

Catalase 
μmole H2O2 

liberated/ minute/ 

mg protein 

SOD 
(% inhibition 

/min/mg tissue) 

GPx 
(mM of GSH 

consumed/ mg 

tissue 

GSH 
(μg/ gm tissue) 

Control  25.9±1.3@  85.1±3.5  18.3±0.9  8.9±0.7  26.2±1.4 

Vehicle Control 25.2±1.6. 85.9±4.1 19.6±0.9 9.5±1.2 27.5±1.2 

Low dose  29.3±1.6↑ * 75.3±4.2 ↓**© 16.2±1.2 ↓* 7.2±0.9 ↓* 22.8±1.6 ↓* 

High dose  32.9 ±2.1↑*** 66.3±5.2↓*** 14.2±1.3↓**  6.3±1.1 ↓** 20.7±1.5↓**  

@Values are expressed as Mean ± SE; n=5 for each group; * p≤0.05; ** p≤0.01; ***p≤0.001; © significance 

difference with high dose: p≤0.05 

 

Activity of antioxidant enzyme was measured which is the important parameter to analyze the status of reactive 

oxygen species. Table 3 illustrates that the administration of benzene depleted the activity of SOD, catalase, GPx 

and GSH in liver homogenate. The level of SOD activity lowered down significantly at low dose (p≤0.05) and high 

dose (p≤0.01) compared to that of the reference group. Activity of catalase also decreased at the significant level of 

p≤0.01 in 50mg/ Kg body weight and p≤0.001 in 100mg/Kg body weight of dose group. Value was also found 

significant between the treated groups, p≤0.05 with high dose group compared to that of low dose intoxication of 
benzene. GSH activity decreased significantly as compared to that of untreated rats and found highly significant in 

both the treatment groups. Activity of GPx also decreased at the significant level of p≤0.05 in 50mg/Kg body weight 

and p≤0.01 in 100mg/Kg body weight of dose group. Increased activity of stress marker enzyme was found in corn 

oil gavaged group of rats in comparison with control but the value was not found statistically significant.  

 

Microscopic examination of liver of control rats showed normal structure of the central vein, radially arranged 

hepatocytes around the central vein and blood sinusoids (Figure-1 A & B). Structural irregularity of hepatocytes and 

cellular congestion were noticed. Benzene exposure increased vacuoles formations as well as it was also noticed that 

position of the nucleus was shifted from central part. Benzene treatment distortion of liver cord, vacuolation and 

necrosis were noticed which accomplish with hemorrhage and sinusoidal congestion (Figure-1 C, D, E and F). 

 

Discussion:- 
Human exposure to benzene is associated with multiple toxicities affecting the hematological, hepatic, 

immunologic, and chromosomal functions and an increased risk of carcinogenesis (Mark et al., 2014). However, the 

precise mechanism of benzene induced toxic effects is not fully understood. The findings of the present study 

indicate that benzene exposure induces significant alterations in hepatic functions after 90 days of exposure. In 

current work, we assessed liver function by examining the serum levels of ALP, GGT, AST and ALT in rats those 

underwent benzene treatment.  The results demonstrated that the serum levels of ALP, GGT, AST and ALT were 
found to be elevated in the benzene exposed rats compared to the untreated reference group. Several other 

investigators also reported elevated liver enzymes among subjects exposed to benzene or petroleum products and 

organic solvents (Uzma et al., 2008; Mohammadi et al., 2010; Chang et al., 2013; Mark et al., 2014). The increased 

serum levels of these enzymes could be due to the overproduction or release of enzymes from the liver cells in 

response to stimuli of hepatocellular injury or cell death (Mark et al., 2014). Significantly higher concentration of 

total serum protein content was observed in the treated rats after 90 days of benzene exposure. Elevation in total 

protein content may be due to the hepatic detoxification, which results in the inhibitory effect on the activities of 

enzymes involved in detoxification. Significantly decreased serum glucose level was observed for the treated rats. 

Hypothetically, the low glucose level in the treated rats can be correlated to the low food intake or it may be possible 

that benzene affects the process of glucose absorption.  

 

The enzymatic bioactivation of benzene leading to the formation of ROS and subsequent increased oxidative stress 
is thought to play a significant role in benzene-initiated toxicity. Present findings showed high statistical significant 

difference among benzene exposed group compared to control group regarding the level of MDA or lipid 
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peroxidation. This is in agreement with other studies and also with our previous finding of genotoxic effect which 

illustrated that benzene exposure has been associated with elevated level of MDA (Georgieva et al., 2002; Ragia et 

al., 2014; Roy and Pillai, 2015). Results from the present study demonstrate that the antioxidative enzymes like 

SOD, catalase, GSH and GPx activity was lowered down due to benzene treatment which is supported by the 

findings of Ragia et al. (2014) and Khadiga et al. (2011). Nonetheless, the findings of this study reveal that exposure 

to benzene is associated with significant adverse effects on liver. These effects may lead to the impairment in the 
function of hepatic and increased ROS production. 

 

Significantly higher levels of liver marker enzymes in serum were supported by histopathological alteration of 

hepatic tissue. Necrosis was observed in treated tissue of rat liver which is one of the possible causes of increased 

enzyme activity. Benzene and its metabolic molecules lead to hepatocarcinoma via alteration in histoarchitecture of 

liver which has been noticed by many authors (Kari et al., 1992).  

 

Figure 1:- Histological profile of liver after 28 days of benzene intoxication. 

 
(A) Control showing normal histological  profile, 10X; (B) Control section showing  Central Vein and regularly 

arranged hepatic cord, 20X; (C) Low dose treatment with mild sinusoid dilation; Centrilobular destruction and 

vacuolation (D) High dose treatment with hemorrhages (E) Treated section showing sinusoidal dilation, 

necrosiswith gross hepatocellular damage (F) High dose treatment with centrilobular damage and sinusoidal 

dilation 

 

Conclusion:- 
The findings of this study revealed that benzene exposure has a potential to induce hepatic alterations. Increased 

levels of ALP, GGT, AST and ALT in the serum indicate histological alteration of liver via oral intoxication of 

benzene. In addition benzene exposure to animal increases ROS levels which depleted the activity of antioxidant 

system.  
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