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ABSTRACT: 

 Bisphenol A (BPA) is one of the most produced chemicals in the world and has been widely employed in the 

food industry. Continuous and widespread exposure to BPA through drinking water and food leads to health 

concerns for humans. 

  BPA-mediated oxidative stress in male albino mice.Mice were equally divided into 2 groups; Water was 

given orally to the control group; 40 mg/kg of BPA dissolved in olive oil was given orally to the second group. 

2nd group animals received the same dose of BPA orally for 30 days. The administration of BPA significantly 

decreased antioxidant enzyme levels and increased TBARS levels in mice tissues of  Liver, Pancreas, Kidney 

and blood of mice were augmented, with BPA treatment. Besides, BPA treatment adversely altered 

biochemical parameters and caused damage to the cell integrity of mice tissues. 

Introduction 

Oxygen is critical for energy production and existence of all organisms on earth. 

However, it can also produce highly reactive free radicals that can cause significant damage.  

In addition tobeing anessentialelement, oxygen also has a potentially damaging effect on organisms. I

t results in the production of oxygen centered free radicals. These radicals are highly reactive and can cause a 

great deal of damage.However, there are potentially damaging effects also associated with it leading to 

production of oxygen centered free radicals. These radicals are highly reactive and can cause damage to various 

biomolecules. Presence of a physiological antioxidant defense system keeps these free radicals in check. Any 

imbalance in the levels of free radicals or reactive oxygen species (ROS) leads to oxidative stress in the body 

and may culminate in various patho-physiological conditions. 

Over the pastfew years,considerableattentionhasbeen paid to the environmental and human health imp

acts of endocrine disrupting chemicals, prompting questions as to their levels of exposure. Bisphenol A (BPA) 

is one of the world's most widely used chemicals.(Ritter 2011) used in polycarbonate plastics in many 

consumer products and epoxy resins lining food and beverage containers (EU 2008). BPA is a kind of potential 

endocrine disruptor. It is a ubiquitous xeno estrogen that can leach into the contents during processing and 

storage. Moreover, BPA–based resins are commonly used in dentistry. Due to its major applications in the 
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production of plastic food or beverage containers and the coating of food cans, people of different ages are 

inevitably exposed to BPA in daily life. BPA has been detected in the human placenta (Schonfelderet al., 

2002), cord blood (Wanet al.,), amitotic fluid fetal liver and breast milk, making exposure of human neonates 

and infants a very real concern. Evidence suggests that conditions experienced during early development play 

an important role in determining the long term health of individuals. 

Food Safety Authority (EFSA) decreased the tolerable daily intake (TDI) to 4 μg/kg bw/day from the 

50 μg/kg bw/day in 2015 (EFSA Panel on Food Contact Materials & Aids, 2015). EFSA also claimed that the 

average levels of BPA exposure are far below the TDI and BPA will not increase the health risks for any 

population including unborn children, infants and youngsters. Owing to the widespread and frequent exposure, 

the increased concerns about BPA use drove several governments to enforce limits on BPA use leading to the 

abandonment of the use of BPA by manufacturers. In 2008, Canada became the first country to classify BPA 

as a toxic chemical and banned the use of BPA in baby bottles (Modern Testing Services, 2013). Subsequently, 

the U.S. and some European countries, as well as some Asian countries, enforced bans on the use of BPA 

(Modern Testing Services, 2013; The Ministry of Health of China, 2008; Ministry of Health, Labour and 

Welfare, 2014.). 

 

Bisphenol A (BPA) is a chemical produced in large quantities for use primarily in the production of 

polycarbonate plastics. It is found in various products including shatterproof windows, eyewear, water bottles, 

and epoxy resins that coat some metal food cans, bottle tops, and water supply pipes. 

The primary source of exposure to BPA for most people is through the diet. While air, dust, and water are other 

possible sources of exposure, BPA in food and beverages accounts for the majority of daily human exposure. 

Bisphenol A can leach into food from the protective internal epoxy resin coatings of canned foods and from 

consumer products such as polycarbonate tableware, food storage containers, water bottles, and baby bottles. 

The degree to which BPA leaches from polycarbonate bottles into liquid may depend more on the temperature 

of the liquid or bottle, than the age of the container. BPA can also be found in breast milk. 

One reason people may be concerned about BPA is because human exposure to BPA is widespread. The 2003-

2004 National Health and Nutrition Examination Survey (NHANES III) conducted by the Centers for Disease 

Control and Prevention (CDC) found detectable levels of BPA in 93% of 2517 urine samples from people six 

years and older. The CDC NHANES data are considered representative of exposures in the United States. 

Another reason for concern, especially for parents, may be because some animal studies report effects in fetuses 

and newborns exposed to BPA. 

Some animal studies suggest that infants and children may be the most vulnerable to the effects of BPA. Parents 

and caregivers can make the personal choice to reduce exposures of their infants and children to BPA: 

Don’t microwave polycarbonate plastic food containers. Polycarbonate is strong and durable, but over time it 

may break down from over use at high temperatures. 

 Plastic containers have recycle codes on the bottom. Some, but not all, plastics that are marked with 

recycle codes 3 or 7 may be made with BPA. 

 Reduce your use of canned foods. 

 When possible, opt for glass, porcelain or stainless steel containers, particularly for hot food or liquids. 

 Use baby bottles that are BPA free 
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 Generally, BPA is white colorless crystalline solid substance with a mild phenolic odour under ambient 

conditions. The melting point of BPA is 153–159 °C  and the boiling point of BPA is 220 °C. The logKow 

value of BPA is 3.32 indicating that the solubility of BPA is good in fats but low in water. 

BPA has been widely used in industrial production after it was first synthetized in 1891. Nowadays, BPA is an 

industrial component widely used in the synthesis of polycarbonate plastics, epoxy resin and other polymer 

materials. Polycarbonate plastics made from BPA have excellent chemical and physical properties, including 

good strength and hardness, thermal stability and resistance to acids and oils. The above materials are widely 

used to produce food and beverages containers, such as plastic bottles and baby feeding bottles, and also used 

in toys, glasses, CDs, etc. (ANSES, 2013). The epoxy resin is mainly used to produce the linings for metal 

products. Moreover, BPA is employed as a stabilizer and as an antioxidant in the production of polyvinyl 

chloride plastics. It is also used as a component in the production of dental sealants and thermal paper. 

Food Safety Authority (EFSA) decreased the tolerable daily intake (TDI) to 4 μg/kg bw/day from the 

50 μg/kg bw/day in 2015 (EFSA Panel on Food Contact Materials & Aids, 2015). EFSA also claimed that the 

average levels of BPA exposure are far below the TDI and BPA will not increase the health risks for any 

population including unborn children, infants and youngsters. Owing to the widespread and frequent exposure, 

the increased concerns about BPA use drove several governments to enforce limits on BPA use leading to the 

abandonment of the use of BPA by manufacturers. (Meeker et al., 2010). In 2008, Canada became the first 

country to classify BPA as a toxic chemical and banned the use of BPA in baby bottles (Modern Testing 

Services, 2013). Subsequently, the U.S. and some European countries, as well as some Asian countries, 

enforced bans on the use of BPA (Modern Testing Services, 2013; The Ministry of Health of China, 2008; 

Ministry of Health, Labour and Welfare, 2014.) 

BPA has multi-system and multi-organ toxicity in animal models. However, the effects of BPA exposure to 

humans still needs lots of answered questions. Therefore, this review is aimed at gathering epidemiological 

data on the effects of BPA on human health in the last ten years and provides a comprehensive review of the 

relationships between BPA and its adverse effects. We also summarize the possible mechanisms of BPA 

toxicity using the available in vivo and in vitro experimental data from the last few years. 

 

 

BPA has been detected in amniotic fluid, cord blood and human breast milk, which demonstrates the 

potential of this compound to pass from mother to fetus (Groff T .2010). Evidence suggests that conditions 

experienced during early development play an important role in determining the long-term health of individuals 

(Fall C.H. 2013). The mechanism of BPA interference with glucose metabolism is not fully clear, but 

estrogenic effects are implicated. Increasing evidence shows that adverse effects of BPA on health are 

miscellaneous, varying with duration, doses and route of BPA exposure, as well as sex difference. 

In addition, BPA is capable of inducing toxic effect on non-reproductive vital organs; several studies in the 

literature have reported absorption of large amounts of BPA through skin which has been shown to cause 

extensive damage to the liver and kidney in humans (Suarezet al., 2000).  

 

BPA molecules in polycarbonate plastics and resins resulting in an increase in the rate of leaching of BPA 

(Lim et al., 2009). In addition, another potential source of human exposure is water used for drinking or 

bathing. Studies conducted in Japan (Kawagoshiet al., 2000 ) and in the united  

 

Several studies reported the occurrence of oxidative toxicity after BPA exposure in rats and mice ( 

Chitra et al., 2003; Gong and Han, 2006).  BPA can cause liver, kidneys, brain, and other organs injury by 

forming Reactive oxygen species (ROS). Moreover, the study revealed that low doses of BPA generate ROS 

by decreasing the activities of antioxidant enzymes and increasing lipid peroxidation thereby causing oxidative 

stress in liver of rats. ROS are cytotoxic agents causing oxidative damage by attacking cell membrane and 

DNA. The liver has a range of antioxidant defense system.ROS are scavenged by the endogenous antioxidant 

http://www.ijcrt.org/
https://basicandappliedzoology.springeropen.com/articles/10.1186/s41936-018-0015-9#ref-CR40
http://www.sciencedirect.com/science/article/pii/S2090989615000120#b0230


www.ijcspub.org                                           © 2022 IJCSPUB | Volume 12, Issue 1 January 2022 | ISSN: 2250-1770 

IJCSP22A1001 International Journal of Current Science (IJCSPUB) www.ijcspub.org 4 
 

defense system, including superoxide dismutase (SOD), catalase (CAT) and reduced glutathione (GSH) in 

cells. When the capacity of this antioxidant system decreases, the level of inactivated ROS rises. Antioxidants 

are scavengers by preventing cell and tissue that could be expected to result in cellular damage and disease. 

Thiobarbituric acid reactive substance (TBARS) assay is another method to detect lipid oxidation. This 

assay measures malondialdehyde (MDA), which is a split product of an endoperoxide of unsaturated fatty acids 

resulting from oxidation of lipid substrates. Antioxidant enzymes is a class of enzymes which catalyses the 

dismutation of superoxide into oxygen and hydrogen peroxide. antioxidant activity is usually lower with the 

increased oxidative stress, so serum TBARS and antioxidant enzyme levels are two typical parameters of 

oxidative stress. Moreover, several studies have shown that BPA induces oxidative stress in vital organs as the 

liver, kidney, lungs, heart, testis etc.The importance of oxidative stress is commonly emphasized in the 

pathogenesis of various degenerative diseases, such as diabetes, cancer, cardiovascular disorders or 

neurodegenerative diseases. 

The present study is investigate whether BPA affects antioxidant enzymes and create oxiadative damage in 

tissues like Liver, Kidey and pancreas and Blood. 

Oxidative stress is an important process in which the natural balance between pro-oxidants and 

antioxidants is shifted toward the oxidant side to cause biological damage (Sies 1991). In the aerobic 

environment, the most dangerous by-product are the species of reactive oxygen. The role of antioxidants is to 

detoxify reactive oxygen intermediates (ROI) in the body. Over the past several years, nutritional antioxidants 

have attracted considerable interest in the popular press as potential treatment for a wide variety of disease 

states, including cancer and other causes eg. atherosclerosis, chronic inflammatory diseases and aging (Sies 

1991). 

Materials and methods 

Animals 

Male albino mice weighing around 40 to 50 gms were purchased from Tamilnadu Veterinary and 

Animal Sciences University, Chennai. The Animals were acclimatized to the laboratory conditions, fed with 

commercial pelleted chow and had free access to water. The experiments were designed and conducted in 

accordance with the guidelines of institutional animal ethics committee. 

Experimental Protocol 

The mice were divided into 2 groups comprising of 10 animals in each group. 

Group I Control-sham operated animals (C) 

Group II BPA induced (by oral) 30 days animals-Control (EC) 

The study was carried out to assess the oxidative stress (TBARS) antioxidant enzymes (SOD, CAT 

GPx and GST) in the BPA induced animal tissues of Kidney, Liver, Pancreas and Blood and in control animals. 

BPA induction: 

BPA was given to the mice by oral 40mg/ kg body weight for 30 days. 

Sample Preparation 

The experimental animals were sacrificed by cervical dislocation at the end of the appropriate 

experimental period. The control and  experimental control groups viz. C, EC, were dissected and tissues of 

Liver, Pancreas, and Kidney were taken and  heart was punctured and blood samples were collected for  

analysis. 
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Oxidative damage assay 

Oxidative damage in the muscle tissue was assessed by measuring the levels of TBARS in all the blood 

samples  and tissues of Liver, Pancreas, and Kidney viz C, and EC were estimated according to the standard 

procedures described below. 

TBARS (MDA) 

TBARS (MDA) was measured in all the blood samples and tissues of Liver, Pancreas, and Kidney  viz. 

C and EC animals using the method of Sajid et al, 2010 

Antioxidant enzyme assay 

Super oxide dismutase, Catalase, Glutathione S transferase , Glutathione peroxidase enzymes were 

measured in all the blood samples and tissues of Liver, Pancreas, and Kidney viz. C and EC animals according 

to the standard procedures described below. 

Super oxide dismutase (SOD) (EC. 1.151.1) 

Super- oxide-dismutase enzyme was assayed in all the blood samplesand tissues of Liver, Pancreas, 

and Kidneyviz. C and  EC animals by using the method of Kakkar et al (1984). 

Super-oxide-dismutase (SOD) enzyme activity was expressed as Units / mg protein / min (one unit of 

SOD activity is defined as the enzyme reaction, which give 50% inhibition  of  NBT reduction in one minute 

under the assay condition). 

Catalase (CAT) (EC. 1.11.1.6) 

Catalase was measured in all the blood samplesand tissues of Liver, Pancreas, and Kidney viz. C and 

ECanimals by using the method of Sinha et al (1972). 

Catalase (CAT) enzyme activity was expressed as µ moles of H2 O2   consumed / min / mg protein. 

Glutathione Peroxidase: (GPx) (EC. 1.6.4.2) 

The activity level of glutathione reductase was measured in all the blood samplesand tissues of Liver, Pancreas, 

and Kidney viz. C, EC animals by using the method of Rotruck et al, 1973. 

Glutathione Peroxidase (GPx) enzyme activity was expressed as µ moles of NADPH oxidized/min/mg protein. 

Glutathione S transferase: (GST) (EC. 1.6.4.2) 

The activity level of glutathione s transferase was measured in all the blood samples and tissues of Liver, 

Pancreas, and Kidney  viz. C and EC animals by using the method of Rotrucket al, 1973. 

Glutathione S transferase (GST) enzyme activity was expressed as µ moles of NADPH oxidized/min/mg 

protein. 

Statistical Analysis 

The statistical analysis of the various parameters of the present study in all animal groups was carried 

out.  Student‘t’ test was conducted to test the difference between two sample means by using given formula as 

suggested by Gupta (1978) 
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Result and Discussion 

The activity levels of thiobarbituric acid reactive substances was significantly elevated to 44%, 58%, 130%, 

23% in Liver , Pancreas, Kidney and blood respectively  when compared to that of control (Table-1) The 

activity levels of antioxidant enzymes viz. super oxide dismutase (SOD) -27.27%, -39.13%, -32%, -16% in 

Liver , Pancreas, Kidney and blood respectively ; catalase (CAT) 16.22%, -16.67%, -23.46%, -35.71 in Liver 

, Pancreas, Kidney and blood respectively;    glutathione s transferase (GST) -13.63%, -71.43%, -55.88%, -

22.26% in Liver , Pancreas, Kidney and blood respectively ;  Glutathione peroxidase to -77.93.28%, -53.85%, 

-52.94%, -52.29 in Liver , Pancreas, Kidney and blood respectively   decreased  in the BPA induced albino 

mice when compared to that of control (Table -1) 

 

It’s worth noting that the increased apoptosis induced by BPA took several weeks to become visible  in vivo, 

but the in vitro results demonstrated that BPA had a direct effect on tissues and blood. There are two reasons 

may explain the discrepancy. In vivo, the apoptotic cells will soon be phagocytized by the neighboring 

macrophage . When the injury induced by low dose of BPA was not serious, we could not observe a significant 

increase in apoptosis cells. But it did not mean there was no potential injury. Some studies reported that early 

environmental stress during the initial stages of development could set a precedent for “priming” of the 

mitochondria to cause changes in mitochondria observed in adulthood. Thus, more early sensitive markers 

associated with mitochondrial injury should be explored in the future studies for better understanding the effect 

of BPA on mitochondrial in vivo. 
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DISCUSSION 

The oxidative stress leading to increased lipid peroxidation in the BPA induced albino mice was indicated by 

elevated levels of TBARS. Small amounts of malondialdehyde were produced during peroxidation and can 

react in the thiobarbituric acid test to generate a coloured product for photometric measurement.  The 

measurement of level of TBARS  which is the marker of oxidative stress induced lipid peroxidation reveal 

significant elevated levels in the BPA induced   albino mice blood and tissues from Liver, Pancreas  and Kidney 

Similar observations, where the free radicals generated lipid peroxidation were recorded in previous studies 

during BPA induction in albino mice  blood sample. The increased levels of TBARS  in the BPA induced mice 

blood sample  indicating elevated lipid peroxidation which might be due to increased oxidative stress and/or 

decreased levels of antioxidant enzyme defense mechanism in the blood sample. 

Further probe into the antioxidant defense mechanism of the BPA induced albino mice blood sample was 

carried out. The activity level of the cytosolic enzyme super-oxide-dismutase (SOD) recorded a significant 

decrease indicating decreased inhibition of formation of hydroxyl ion (∙OH) from hydrogen peroxide, thereby 

increasing the free radical concentration leading to oxidative stress. The enzymes catalase (CAT) [Whose 

activity levels recorded depletion in the present study] prevent the formation of hydroxyl radicals that can 

initiate lipid peroxidation by converting the hydrogen peroxide into water and diatomic oxygen. The enzymatic 

antioxidant viz. superoxide dismutase (SOD), which catalyses the conversion of the oxygen radical (O2∙) to 

H2O2 (Somaniet al. 1996; Husain and Somani 1997) and H2O; the enzyme catalase (CAT) which then converts 
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H2O2 to H2O and oxygen (O2); Further catalase (CAT) is involved in detoxification of high concentration of 

H2O2. Hence working in concert, the peroxidase/reductase couple counter act oxidative stress in the blood. 

The decreased levels CAT  in BPA induced mice blood sample in the present study might suggest reduce 

detoxification of H2O2 and other peroxides which might lead to production of hydroxyl and peroxyl radical in 

the presence of iron (Gutteridge and Halliwell 1994; Rice-Evans and Burdon, 1994; Halliwell, 1996; Mares-

Perlman et al. 1996; Bast and Barr 1997). The depleted activity levels of Glutathione reductase (GR) in the 

BPA induced albino mice blood sample, which is an important enzyme for the maintenance of intra cellular 

concentration of reduced glutathione (Chandra, 1992; Gutteridge and Halliwell 1994; Rice-Evans and Burdon, 

1994; Diplock, 1995; Halliwell, 1996). 

Thus the study on the oxidative stress and antioxidant enzyme defense system in BPA induced albino mice 

blood sample revealed an augmented oxidative stress due to BPA level in albino mice blood sample and 

decreased antioxidant enzyme defense which might decrease the blood pumping efficiency and  leading to the 

probable increase of oxidative stress in blood and tissues. 

 

The increased lipid peroxidation in the BPA induced in albino mice blood  might be due to increased generation 

of reactive oxygen species (ROS) in the muscle thereby disturbing both enzymatic and non enzymatic 

antioxidant defense system in the blood.. Excess generation of ROS may overwhelm natural antioxidant 

defenses such as serum vitamin E leading to lipid peroxidation in further contributing to serum damage 

(Ohyashiki et al. 1986; Bowles et al. 1991; Meydaniet al. 1993; Ohyashiki et al. 1998). 

The decrease levels of TBARS in the present study indicate the reduced lipid peroxidation which might be due 

to the non enzymatic antioxidant vitamin E impact on the BPA induced in albino mice blood.  

Conclusion: 

In conclusion, the current studies have shown that BPA could enter the body via gastrointestinal, respiratory 

and dermal tract and have multiple organ toxicity on humans. BPA could bind to receptors and activate 

downstream pathways to cause biological effects. Also, BPA could interfere with enzyme function and induce 

oxidative stress and inflammatory response leading to the dysfunction of cells.  
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Table 1. Parameters of antioxidant enzymes in control and BPA induced of male albino rats. Values are 

mean ±SD (n=10). Values with different letters are significantly   different (P < 0.005).                                                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

S NO              PARAMETERS CONTROL  % OF CHANGES EXPERIMENT 

                  LIVER    

1 Glutathione S-Transferase 0.44 ± 0.022 -13.63 0.38 ± 0.11 

2 Glutathione Peroxidase 2.22 ± 2.08 -77.93 0.49 ± 0.028 

3 Superoxide Dismutase 0.22 ± 0.019 -27.27 0.16 ± 0.028 

4 Catalase 0.74 ± 0.033 -16.22 0.62 ± 0.033 

5 TBARS 0.29 ± 0.019 44.8 0.42 ± 0.081 

     

              PANCREAS    

1 Glutathione S-Transferase 0.42 ± 0.05 -71.43 0.12 ± 0.017 

2 Glutathione Peroxidase 0.13 ± 2.000 -53.85 0.06 ± 0.019 

3 Superoxide Dismutase 0.23 ± 0.017 -39.13 0.14 ± 0.015 

4 Catalase 0.60 ± 0.033 -16.67 0.50 ± 0.021 

5 TBARS 0.17 ± 0.022 58.82 0.27 ± 0.037 

     

                  KIDNEY    

1 Glutathione S-Transferase 0.34 ± 0.02 -55.88 0.15 ± 0.018 

2 Glutathione Peroxidase 0.17 ± 0.020 -52.94 0.08 ± 0.023 

3 Superoxide Dismutase 0.25 ± 0.018 -32 0.17 ± 0.019 

4 Catalase 0.81 ± 0.0203 -23.46 0.62 ± 0.018  

5 TBARS 0.10 ± 0.013 130 0.23 ± 0.030 

     

 BLOOD    

1 Glutathione S-Transferase 3.19 ± 2.993 -22.26 2.48 ± 2.323 

2 Glutathione Peroxidase 1.09 ± 0.036 -52.29 0.52 ± 0.027 

3 Superoxide Dismutase 0.75 ± 0.019 -16 0.63 ± 0.037 

4 Catalase 0.14 ± 0.015  -35.71 0.09 ± 0.015 

5 TBARS 0.51 ± 0.030 23.53 0.63 ± 0.034 
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