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Abstract: Arsenic is an ubiquitous element in the environment. In the present study we investigated the effects of arsenic 

trioxide (AsIII) on lipid peroxidation and on the activity of antioxidant enzymes in the kidney of albino mice. Albino mice 

were divided into three groups. Group I were kept as control. Group II were administrated an oral dose of arsenic trioxide 

(3mg/kg b.w.). Group III were given an oral dose of arsenic trioxide (6mg/kg b.w.). They were acclimatized for 15 days before 

administration of arsenic trioxide. The autopsies were done from all the groups at 15 days post-treatment. Malondialdehyde 

(MDA) and activities of Superoxide dismutase (SOD) and Catalase (CAT) were analyzed in kidney of albino mice. The results 

showed a significant increase in concentration of MDA (p<0.05). Activities of SOD and CAT were found to decrease 

significantly (p<0.05). The results indicated that arsenic induced oxidative stress in albino mice by producing free radicals and 

lipid peroxidation where antioxidant enzymes were used as biomarkers.  
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1. Introduction 

Arsenic occurs in both organic and inorganic forms in 

nature but inorganic species of arsenic [As(III) and As(V)] 

represent a potential threat to the environment, human and 

animal health due to their carcinogenic and other effects [1]. 

Humans and animals are generally exposed to arsenic by 

consumption of contaminated ground water or through food 

chain [2]. Arsenic has an affinity toward the SH group of 

proteins [3] that leads to inhibition of cellular respiration, 

impaired glycolysis and oxidative process [4] and finally 

death of cells. Though almost all the systems are being 

affected, liver and kidneys are most susceptible to arsenic 

toxicity [5].  

The exact mechanism by which arsenic induces cancer still 

remains poorly understood. Many different mechanisms of 

action have been proposed and some potential mechanisms 

include genotoxicity, cell proliferation, altered DNA repair 

and DNA methylated oxidative stress, co-carcinogenesis, and 

tumor promotion [6]. Among them, the oxidative damage is 

considered to play an important role in arsenic 

carcinogenesis. 

Arsenic initiates cytotoxicity by introducing oxidative 

damage [7]. Oxidative stress arises when reactive oxygen 

species (ROS) such as free radicals, lipid hydroperoxides, 

aldehydes, hydrogen peroxides are generated, which can 

react with cellular constituents such as thiols and lipids and 

alter the antioxidant defense systems [8-10]. During a 

metabolic process arsenic gets methylated in liver by arsenic 

methyltransferase to form organo-arsenics that are excreted 

by kidney through urine. Continuous exposure to arsenic 

damages the kidney through generation of excessive free 

radicals inside the nephrons. This study was undertaken to 

assess the impact of arsenic exposure on the antioxidant 

defense system in kidney of albino mice. 

2. Materials and Methods 

2.1. Test Animals 

Albino mice were procured from Central Research 

Institute, Kasauli. They were kept and acclimatized to the 

laboratory conditions for 15 days under optimal conditions of 

light and temperature and ad libitum access to distilled water. 

The animals were handled with humane care in accordance 

with the guidelines of the Institutional Animal Ethical 

Committee. 
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2.2. Chemicals 

Arsenic trioxide was obtained from Qualikems fine 

Chemical Pvt. Ltd., New Delhi. The dose was prepared by 

preparing stock solution and administered orally to mice. 

2.3. Experimental Design 

The mice were divided into three groups. Group I – 

Animals were given distilled water and kept as control. 

Group II – Mice were administered a single oral dose of 

3mg/kg body weight of arsenic. Group III – Mice were given 

a single oral dose of 6 mg/kg body weight of arsenic. Mice 

were autopsied 15 days post treatment. Kidneys were 

removed and blotted dry.  

 

Figure 1. Division of Albino mice into different groups under experimental 

setup. Group I represents control mice. Group II and III represent exposed 

mice to different arsenic concentrations. 

2.4. Biochemical Studies 

Kidney homogenates were prepared with the help of tissue 

homogenizer in 3 ml of phosphate buffer and used for 

estimation of SOD, CAT and Malondialdehyde. 

2.5. Statistical Analysis 

Significance of the results between control and 

experimental data was compared using Student’s t-test. All 

the statistical analyses were performed using windows 

statistical software Minitab v14 (Minitab Inc.). p<0.05 was 

taken as statistical significant value. 

3. Results and Discussion 

Arsenic exposure produces free radicals that cause damage 

to lipid, protein, and DNA of the body [11]. Though the exact 

mechanism by which arsenic exposure brings about 

deterioration of kidneys is still not known but ROS 

production may be one of the causes and is also observed in 

this present work with both doses of arsenic. Arsenic 

treatment led to a significant increase in MDA content as 

compared to control (Figure 2). Increased lipid peroxidation 

is thought to be the consequence of oxidative stress which 

occurs when the dynamic balance between peroxidant and 

antioxidant mechanism is impaired [12]. The amount of ROS 

in cells is dependent on both the production of ROS by the 

mitochondrial electron transport chain and their removal by 

ROS-detoxifying enzymes. Recently, some researchers have 

evaluated the effects of arsenic intermediate metabolites 

(monomethylarsonous acid, MMA III, and trivalent 

dimethylarsinous acid, DMAIII) on the induction of ROS. It 

has been clearly confirmed that the generation of ROS is 

specifically induced in the endoplasmic reticulum by 

exposure to DMA III, while previous studies have shown that 

MMA III induces ROS generation specifically through 

inhibition of the activities of complexes II and IV in 

mitochondria [13-14]. Increased lipid peroxidation has been 

reported even at low doses of arsenic treatment in rats [15]. 

Arsenic attaches to the glomerular membrane due to its 

lipophilicity and increases lipid peroxidation [16]. 
Further, Arsenic exposure leads to significant decrease in 

superoxide (SOD) and Catalase (CAT) content in kidneys 

(Figure 3). Antioxidant enzymes are considered to be the first 

line of cellular defense against oxidative damage. SOD is an 

antioxidant metalloenzyme that reduces superoxide radicals 

to water and molecular oxygen [17]. CAT is a haemoprotein, 

which reduces hydrogen peroxide to molecular oxygen and 

water gutteridge [18]. Arsenic intoxicated kidneys in 

experimental mice showed decreased activities of antioxidant 

enzymes in the present study. SOD is an important 

antioxidant enzyme responsible for the elimination of 

superoxide radical and plays an important role in maintaining 

cellular ROS balance. A marked decrease in activity of SOD 

(p<0.05) was observed in mice administered with 6mg/kg 

body weight of arsenic as compared to Group I control mice 

and is probably due to the over production of free radicals in 

the kidney [19-20]. A decrease in the activity of SOD can be 

owed to an enhanced superoxide production during arsenic 

metabolism [21]. SOD catalyzes the dismutation of 

superoxide anions and prevents the subsequent formation of 

hydroxyl radicals [22].  

 
Figure 2. Concentration of MDA in control and arsenic treated groups. 

Wang et al. [23] also reported decreased SOD activity in 

serum, liver and kidneys of pigs after arsenic intoxication and 

suggested that the accumulation of superoxide anion radicals 
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might be responsible for increased lipid peroxidation. They 

also observed decreased CAT activity in kidneys which may 

be due to impaired ability of catalase to detoxify 

overproduction of H2O2 in arsenic exposed pigs. Use of 

MDA in assessing oxidative stress has been validated by 

different researchers [24, 25]. In one of our previous study, 

MDA has also been found to increase under higher oxidative 

stress conditions, even in humans [26]. Therefore, it is 

concluded that the arsenic exposure leads to varying degree 

of changes in antioxidant defense mechanisms and tissue 

architecture.  

 
Figure 3. Concentration of SOD and CAT in control and arsenic treated 

groups. 
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