
 

 

PSM 

Biological Research 
 

 

 

 

 
©2022 PSM. This work at PSM Biological Research; ISSN (Online): 2517-9586, is an open-
access article distributed under the terms and conditions of the Creative Commons Attribution-
Non-commercial 4.0 International (CC BY-NC 4.0)licence. To view a copy of this licence, visit 
https://creativecommons.org/licenses/by-nc/4.0/. 

 
69 

PSM Biol Res | https://journals.psmpublishers.org/index.php/biolres 

Research Article                                                          2022 │Volume 7│Issue 2│69-78 

Open Access 
 
Article Information 

 
Received: February 20, 2021 
 
Accepted: February 24, 2022 
 
Online first: February 24, 2022 
 
Published: March 24, 2022 
 
Keywords 

Aroclors 1242 and 1254, 
Quercetin,  
Rats,  
Oxidative stress,  
Antioxidants,  
IgG,  
Biochemical parameters. 
 
Authors’ Contribution 

MIY designed the study; MIY, MH, 
and SSO performed 
experiments;  MIY and MH 
analyzed data; SSO wrote and 
MIH revised the paper; SSO gave 
the final approval for publication. 
 
How to cite 

Othman, S.S., Haroun, M., 
Yousef, M.I., 2022. Role of 
Quercetin against Polychlorinated 
Biphenyl (Aroclors 1242 and 1254) 
induced Changes in Biochemical 
Parameters and Antioxidant 
Status in Liver, Kidney, Brain, 
Heart and Testes of Rats. PSM 
Biol. Res., 7(2): 69-78. 
 
*Correspondence 

Sarah Samir Othman 
Email: 
sarahosman2014@yahoo.com 
 

 
Possible submissions 

Submit your article  
 

 

 
SCAN ME 

 
Scan QR code to visit this journal 
on your mobile device. 

 Role of Quercetin against Polychlorinated 
Biphenyl (Aroclors 1242 and 1254) induced 
Changes in Biochemical Parameters and 
Antioxidant Status in Liver, Kidney, Brain, Heart 
and Testes of Rats  
 
Sarah Samir Othman

1
*, Medhat Haroun

2
, Mokhtar Ibrahim Yousef

3
  

 
1
Pharmaceutical Bioproducts Research Department, Genetic Engineering and Biotechnology 

Research Institute, City of Scientific Research and Technological Applications, Alexandria, 
Egypt.

 

2
Department of Biotechnology, Institute of Graduate Studies and Research, Alexandria 

University, Egypt.
 

3
Department of Environmental Studies, Institute of Graduate Studies and Research, Alexandria 

University, Egypt. Delta University for Science and Technology, Gamasa, Egypt.
 

 

Abstract: 

Polychlorinated biphenyls (PCBs) are lipophilic environmental pollutants that have 
been found in practically every component of the world's ecosystem as 
contaminants. PCBs have been proven to induce lipid peroxidation via causing 
oxidative damage to biomolecules, antioxidant enzyme regulation, and oxidative 
stress. In this research, we looked into the effect of quercetin on the antioxidant 
status of PCBs(Aroclors 1242 and 1254)-induced toxicity in male rats. The 
protective role of quercetin (50 mg/kg body weight/day) was evaluated in the mixture 
of Aroclors 1242 and 1254-induced toxicity in rat blood, liver, kidney, brain, lung, 
heart, and testes. Animals were classified into four equal groups, control, quercetin 
(50 mg/kg BW), the mixture of Aroclors 1242 and 1254 (1:1, 2 mg/ kg body 
weight/day), and quercetin plus the mixture of aroclors, respectively. The respective 
doses of quercetin and the mixture of Aroclors were orally treated daily for 30 days. 
The mixture of aroclors induced an increase in plasma, liver, kidney, brain, lung, 
heart, and testes thiobarbituric acid reactive substances (TBARS), while the 
activities of antioxidant enzymes (GST, SOD, and GPx) were decreased. 
Transaminases and phosphatases were elevated in plasma and decreased in liver. 
Aroclors increased glucose, urea, and creatinine, while decreased immunoglobulin 
G (IgG), total protein, albumin, globulin, and bilirubin. Quercetin alone reduced 
TBARS, urea, creatinine, and bilirubin and increased antioxidant enzymes. The 
presence of quercetin with the mixture of Aroclors minimized its toxicity. In 
conclusion, administration of quercetin with 1242 and 1254 Aroclors mixture may 
alleviate its harmful effects. 
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INTRODUCTION 

For more than 30 years, people have been 

becoming more conscious of the persistent toxic 

substances (PTS) threats to human health and 

the environment. Organic compounds are 

among the most dangerous substances because 

of their long-term stability in the environment, 

resistance to breakdown, and acute and chronic 

toxicity. These substances are incorporated and 

accumulated in the tissues due to their lipophilic 

character. These substances can cause major 

health and environmental problems, such as 

cancer and reproductive problems, changes in 

the developmental and immunological systems, 

as well as endocrine disturbance, provide a risk 

of reduced reproductive success, as well as the 

loss of biological variety in extreme 

circumstances (IOMC, 2002). 

PCBs (polychlorinated biphenyls) are chemicals 

widely used in industry that are made up of 209 

distinct compounds or congeners that have been 

commercially available since 1929. Under a wide 

range of chemical, thermal, and electrical 

conditions, PCBs are generally stable 

substances. PCBs bio-concentrate and bio-

accumulate as a result of their lipophilic nature 

and stability, and are thus regularly identified in 

fatty tissues (Kimbrough and Jensen, 2012). 

Animal studies demonstrate a rise in liver tumors 

in rats and mice, as well as thyroid cancers in 

male rats exposed to various PCB combinations 

(Knerr and Schrenk, 2006). PCBs have been 

proved to cause oxidative stress (McCann et al., 

2021). 

Although cells have mechanisms to defend 

themselves against toxic species, these defense 

systems deteriorate dramatically under 

physiological and environmental conditions that 

cause excessive production of reactive oxygen 

species (ROS), resulting in levels of oxidation 

that are unaffected by endogenous mechanisms 

(Bobadilla et al., 2021). Therefore, additional 

dietary supplements with antioxidant nutrients 

are needed to protect against oxidative stress 

and the consequent pathologies such as 

atherosclerosis, ischemia, inflammation, cancer, 

cardiovascular disease, and neurological 

diseases (Bobadilla et al., 2021).  

Flavonoid molecules have been studied for their 

antioxidant activities, which appear to be linked 

to their protective activity against oxidative 

processes in many in vivo and in vitro models 

(Zeng et al., 2020). Plasma antioxidant status 

has been shown to be significantly higher in 

quercetin-treated animals (Olayinka et al., 2015). 

Quercetin is the most abundant bioflavonoid 

found in vegetables and fruits (David et al., 

2016). Therefore this study aimed to estimate 

the protective effect of quercetin as an 

antioxidant against the harmful effects of the 

mixture of polychlorinated biphenyls on 

biochemical and immunological indices. 

 

MATERIAL AND METHODS 

Chemicals and Doses 

Aroclor 1254 (1,2,3-Trichloro-4-(2,3-

dichlorophenyl)benzene), Aroclor 1242 (1,2-

dichloro-3-(2,4-dichlorophenyl)benzene) and 

quercetin (2-(3,4-dihydroxyphenyl)-3,5,7-

trihydroxychromen-4-one) dihydrate were 

obtained from Sigma Chemical Company, St 

Louis, MO, USA. The dose of polychlorinated 

biphenyls was used in this research according to 

Venkataraman et al. (2008) and Kunz et al. 

(2005) previous studies. On the other hand, 

quercetin dose was used based Morales et al. 

(2005) studies. 

Animals and Treatments 

Thirty two Wistar rats weighting 200 - 250 g 

were used. The animals used in this 

investigation were obtained from the Faculty of 

Agriculture at Alexandria University in 

Alexandria, Egypt. Animals were housed four to 

a cage and fed commercial diets and ad libitum 

tap water. After two weeks of adaptation, the 

rats were classified into four equal group. The 

first group served as a control group, while 

groups 2, 3 and 4 were treated with quercetin 

(50 mg/kg BW), the mixture of biphenyls 2 mg/kg 

BW (1 mg/kg BW of Aroclor 1254 and 1 mg/kg 

BW of Aroclor 1242; 1:1) and the combination of 

polychlorinated biphenyls and quercetin, 

respectively. Aroclor 1254 and Aroclor 1242 

were dissolved in corn oil. Rats were orally 
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administered by gavage (stomach tube) their 

respective doses daily for one month. The 

dosage volume was 0.2 ml/100 gm BW rat. 

Body weight and relative organs weight 

The body weight of rats was measured at the 

end of the study. Animals were sacrificed by 

decapitation 24 hours after the last treatment, 

and the liver, lung, kidney, brain, heart, spleen, 

and testes were promptly removed and weighed, 

with the organs weight ratio computed. Organ 

relative weight (percentage) was computed 

using the formula g/100 g body weight. 

Biochemical parameters  

Plasma total protein (TP), albumin (A), glucose, 

urea, creatinine, total bilirubin, aspartate 

transaminase (AST), alanine transaminase 

(ALT), alkaline phosphatase (AlP), and acid 

phosphatase (AcP) were measured using kits 

from Bio Systems S.A. Costa Brava, 30. 08030 

Barcelona (Spain).  

Liver, kidney, lung, brain, heart and testes 

glutathione S-transferase (GST), superoxide 

dismutase (SOD), glutathione peroxidase (GPx), 

and thiobarbituric acid-reactive substances 

(TBARS) were measured by the methods of 

Habig et al. (1974), Mishra and Fridovich (1972), 

Paglia and Valentine (1967), and Tappel and 

Zalkin (1959), respectively. Liver, kidney, lung, 

brain, heart and testes protein concentration was 

assayed using Lowrey et al. (1951) method. 

Plasma immunoglobulin G (IgG) was estimated 

by the methods of Engvall and Perlmann (1971) 

and Engvall (1977). 

 

RESULTS 

Body weight and organs relative weights 

Table 1 represents the variations in body weight 

and relative weight of liver, kidney, brain, lung, 

heart, testes, epididymis, and spleen of male 

rats treated with quercetin, the mixture of 

polychlorinated biphenyls (PCBs; Aroclors 1242 

and 1254) and their combinations. The results 

showed that quercetin treatment alone did not 

cause significant changes in body weight and 

the relative weights of liver, lung, testes, kidney, 

brain, heart, epididymis, and spleen. While, 

treatment with PCBs mixture alone decreased 

body weight and the relative weight of testes and 

increased the relative weights of liver, kidney 

and spleen. On the other hand, PCBs had no 

significant effect on the relative weights of heart, 

brain, lung, and epididymis. The presence of 

quercetin with the mixture of polychlorinated 

biphenyls minimized its toxic effect on body 

weight and organs weight.  

Plasma protein 

The mean values of plasma total protein (TP), 

albumin (A) and globulin (G) after 30 days 

experimental period are shown in Table 2. 

Treatment with quercetin alone increased TP, A, 

and G compared to control. While, treatment 

with the mixture of polychlorinated biphenyls 

resulted in a significant decrease in TP, A and 

G. The presence of quercetin with the mixture of 

polychlorinated biphenyls decreased its toxic 

effect and increased the reduction in TP, A and 

G.  

Plasma glucose 

Results illustrated that treatment with quercetin 

alone does not cause any change in plasma 

glucose. While, treatment with polychlorinated 

biphenyls alone caused a significant increase in 

plasma glucose compared to the control group. 

Rats treated with polychlorinated biphenyls in 

the presence of quercetin combinations 

indicated a significant decline in plasma glucose 

as compared with polychlorinated biphenyls 

group meaning that quercetin alleviated the toxic 

effect of polychlorinated biphenyls mixture 

(Table 2).  

Bilirubin 

The values of plasma bilirubin are shown in 

Table 2. Treatment with quercetin alone had no 

significant effect on plasma bilirubin. While, 

treatment with polychlorinated biphenyls mixture 

alone decreased plasma bilirubin. The presence 

of quercetin with polychlorinated biphenyls 

mixture decreased its toxic effect.  
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Plasma urea and creatinine 

Results indicated that quercetin decreased 

creatinine while polychlorinated biphenyls 

mixture increased plasma urea and creatinine 

(Table 2). The presence of quercetin with PCBs 

mixture decreased its toxic effect. 

 

Table 1. Body weight (BW) and relative weight of liver, kidney, brain, lung, heart, testes, epididymis, and spleen of 

male rats treated with quercetin, polychlorinated biphenyls (PCBs)   mixture and their combinations. 

Parameter 
Experimental groups 

Control Quercetin PCBs mixture Quercetin+ PCBs mixture 

BW (gm) 26410.4
a 

26412.4
a 

2229.6
b 

24814.9
ab 

Liver (g/100gm) 2.80.07
b 

2.80.05
b 

3.20.05
a 

2.90.08
b 

Kidney (g/100gm) 0.760.043
ab 

0.690.022
b 

0.850.038
a 

0.740.089
ab 

Brain (g/100 gm) 0.730.055
a 

0.670.029
a 

0.690.044
a 

0.740.060
a 

Lung (g/100 gm) 0.690.052
a 

0.720.020
a 

0.630.025
a 

0.710.065
a 

Heart (g/100 gm) 0.400.012
a 

0.370.003
a 

0.400.007
a 

0.410.035
a 

Testes (g/100 gm) 1.130.037
a 

1.210.025
a 

0.870.079
b 

1.180.108
a 

Epididymis (g/100 gm) 0.920.073
a 

0.870.038
a 

0.830.037
a 

0.870.109
a 

Spleen (g/100 gm) 0.450.046
ab 

0.400.016
b 

0.550.069
a 

0.420.047
ab 

Results are demonstrated as means ± SE; n = 8 for each treatment group
 
 

Mean values within a row not sharing a common superscript letters (a, b) were significantly different, p<0.05. 

 

Table 2. Plasma biochemical parameters of male rats treated with quercetin, polychlorinated biphenyls (PCBs) 

mixture and their combinations. 

 

Parameter 

Experimental groups 

Control Quercetin PCBs mixture Quercetin+ PCBs mixture 

Total protein (g/dl) 5.320.486
a
 5.520.268

a
 4.340.111

b
 5.310.123

a
 

Albumin (g/dl) 3.720.051
a
 3.850.234

a
 3.130.106

b
 3.710.154

a
 

Globulin (g/dl) 1.600.094
a
 1.670.115

a
 1.210.091

b
 1.600.126

a
 

Glucose (mg/dl) 109.251.991
b
 111.861.417

b
 139.602.434

a
 116.199.215

b
 

Bilirubin (mg/dl) 0.660.076
a
 0.650.054

a
 0.500.054

b
 0.650.076

a
 

Urea (mg/dl) 42.131.136
b
 43.193.380

b
 51.701.148

a
 45.251.524

b
 

Creatinine (g/dl) 0.940.068
bc

 0.810.054
c
 1.410.067

a
 1.110.088

b
 

Results are demonstrated as means ± SE; n = 8 for each treatment group.  

Mean values within a row not sharing a common superscript letters (a, b, c,) were significantly different, p<0.05. 

 

Transaminases and phosphatases 

Table 3 represents the mean values of the 

activities of aspartate transaminase (AST), 

alanine transaminase (ALT), acid phosphatase 

(AcP) and alkaline phosphatase (AlP) in plasma 

and liver of male rats treated with quercetin, 

PCBs mixture and their combinations. Results 

indicated that the exposure to quercetin alone 

did not affect plasma and liver AST, ALT, ALP 

and AcP activities. Whereas, exposure to PCBs 

mixture caused elevated plasma AST, ALT, ALP 

and AcP activities, while decreased in liver. The 

presence of quercetin with the mixture of PCBs 

minimized its toxic effect.  

Thiobarbituric acid reactive substances and 

Antioxidant enzymes 

Thiobarbituric acid reactive substances (TBARS) 

concentrations and the activities of glutathione 

S-transferase (GST), superoxide dismutase 

(SOD), and glutathione peroxidase (GPx) in 

plasma, liver, kidney, brain, lung, heart, and 

testes are expressed in Table 4. The presented 
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data showed that treatment with quercetin alone 

reduced the levels of TBARS in plasma, liver, 

testes, brain, kidney, heart, and lung. While, 

treatment with PCBs mixture significantly 

(p<0.05) increased the levels of TBARS in 

plasma and all tested organs. The presence of 

quercetin with PCBs mixture reduced the 

elevation in TBARS. Also, results showed that 

quercetin elevated GST, SOD, and GPx, but 

polychlorinated biphenyls (PCBs) mixture had 

significantly decreased them in plasma and all 

tested organs, while the combination overcame 

the oxidative effect of PCBs mixture.  

Immunoglobulin G  

Results showed that treatment with quercetin 

alone had no significant effect on the level of 

plasma IgG. Whereas, the mixture of 

polychlorinated biphenyls decreased it. The 

presence of quercetin with PCBs mixture 

decreased its immunosuppressive effect and 

increased the decrease in the level of plasma 

IgG of combination group (Table 5). The results 

obtained are consistent with Ross et al. (1996) 

who discovered that polychlorinated biphenyls 

are immunotoxic (decreased antibody production 

by erythrocytes in sheep and changes in the 

proportion of T helper and T suppressor cells) 

among treated monkeys. Meanwhile, Bugianesi 

et al. (2000) reported the accumulation of 

evidence emphasizing the importance of 

intracellular quercetin levels in maintaining 

immune functions. Lugli et al. (2009) suggested 

that quercetin cannot induce apoptosis in normal 

cells under various conditions, but it can impair 

the function of effector T cells, thus inhibiting 

normal immune function such as T cell 

proliferation and activation. 

 

DISCUSSION 

The decrease in body weight and relative testis 

weight (Table 1) is consistent with the results of 

Muthuvel et al. (2005) who suggested that 

weight loss may be due to reduced androgen 

availability and production in rats exposed to 

Aroclor 1254. Also, Murugesan et al. (2005) 

illustrated that decreased testosterone levels 

resulted in weight loss in animals treated with 

Aroclor 1254.  

The significant decrease in total protein, albumin 

and globulin of rats treated with polychlorinated 

biphenyls agree with Murugesan et al. (2005) 

who found that Aroclor 1254 alters the activity of 

liver metabolic enzymes such as 

phosphoenolpyruvate carboxykinase and malic 

acid enzymes involved in protein regulation. 

 

 

Table 3. The activities of plasma and liver enzymes of male rats treated with quercetin, polychlorinated biphenyls 

(PCBs) mixture and their combinations 

Parameters Control Quercetin PCBs mixture Quercetin +PCBs mixture 

Plasma     

AST (U/L) 36.461.120
b
 37.501.811

b
 49.462.586

a
 40.252.135

b
 

ALT (U/L) 24.542.239
b
 23.271.316

b
 31.192.216

a
 25.211.193

b
 

AlP (U/L) 68.572.885
b
 66.095.556

b
 84.112.451

a
 72.165.701

ab
 

AcP (U/L) 7.431.005
b
 6.380.327

b
 9.620.327

a
 8.080.822

ab
 

Liver     

AST (U/mg protein) 76.003.047
a
 74.072.390

a
 65.291.932

b
 62.711.778

b
 

ALT (U/mg protein) 39.650.538
a
 38.152.551

ab
 33.940.918

bc
 33.271.846

c
 

AcP (U/mg protein) 10.730.310
a
 10.110.360

ab
 9.210.341

b
 8.990.457

b
 

AlP (U/mg protein) 72.252.413
a
 70.7311.289

a
 63.252.124

a
 60.001.046

a
 

Results are demonstrated as means ± SE; n = 8 for each treatment group.  

Mean values within a row not sharing a common superscript letters (a, b) were significantly different, p<0.05. 

AST = Aspartate aminotransaminase, ALT = Alanin aminotransaminase, ALP = Alkline phosphatase, AcP= Acid Phosphatase. 
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Table 4. Plasma TBARS, GST activity, GPx activity and SOD activity of male rats treated with quercetin, 

polychlorinated biphenyls (PCBs) mixture and their combinations. 

Parameters Control Quercetin PCBs mixture Quercetin +PCBs mixture 

Plasma     

TBARS (nmol/ml) 0.250.036
b
 0.120.005

c
 0.310.015

a
 0.260.005

ab
 

GST (µmol /hr/ml) 1.080.122
ab

 1.270.095
a
 0.860.021

b
 1.030.053

ab
 

SOD (U/ml) 1.010.064
ab

 1.140.052
a
 0.740.079

c
 0.840.044

bc
 

GPx (U/g wet tissue) 8.180.141
b
 9.090.115

a
 6.190.100

d
 7.140.173

c
 

Liver     

TBARS (nmol/g tissue) 42.371.769
a
 33.530.480

b
 43.411.203

a
 42.831.787

a
 

GST (µmol/hr/ mg protein) 0.930.061
ab

 1.070.050
a
 0.750.063

c
 0.860.066

bc
 

SOD (U/mg protein) 9.080.320
b
 10.860.268

a
 6.190.277

d
 7.680.499

c
 

GPx (U/g wet tissue) 31.381.523
b
 37.080.898

a
 21.960.416

d
 27.491.202

c
 

Kidney     

TBARS (nmol/g tissue) 21.020.340
bc

 20.020.379
c
 23.280.532

a
 21.520.509

b
 

GST (µmol/hr/ mg protein) 0.520.049
ab

 0.620.038
a
 0.390.029

c
 0.450.012

bc
 

SOD (U/mg protein) 16.560.450
b
 19.380.223

a
 12.560.307

d
 14.390.352

c
 

GPx (U/g wet tissue) 29.610.964
b
 34.531.458

a
 21.772.684

c
 25.210.506

bc
 

Brain     

TBARS (nmol/g tissue) 15.811.115
c
 13.490.979

d
 22.100.333

a
 19.440.276

b
 

GST (µmol/hr/mg protein) 0.430.014
b
 0.520.020

a
 0.310.008

c
 0.390.043

b
 

SOD (U/mg protein) 9.320.107
b
 10.390.206

a
 6.980.219

d
 8.260.225

c
 

GPx (U/g wet tissue) 22.351.002
a
 24.630.985

a
 17.780.804

b
 19.760.566

b
 

Lung     

TBARS (nmol/g tissue) 19.440.852
b
 15.920.709

c
 21.780.361

a
 20.310.490

ab
 

GST (µmol/hr/ mg protein) 0.500.034
b
 0.670.024

a
 0.360.028

c
 0.430.007

bc
 

SOD (U/mg protein) 10.930.398
b
 12.610.211

a
 8.420.364

d
 9.370.170

c
 

GPx (U/g wet tissue) 24.370.749
b
 28.361.092

a
 19.490.990

c
 21.200.503

c
 

Heart     

TBARS (nmol/g tissue) 13.620.505
b
 12.390.438

b
 17.351.480

a
 14.841.080

ab
 

GST (µmol/hr/mg protein) 0.740.020
b
 0.830.018

a
 0.600.021

c
 0.680.032

b
 

SOD (U/mg protein) 9.860.522
b
 11.140.286

a
 7.760.137

c
 9.090.276

b
 

GPx (U/g wet tissue) 22.650.853
b
 25.500.932

a
 18.090.937

c
 20.661.137

b
 

Testes     

TBARS (nmol/g tissue) 12.800.694
c
 11.750.490

c
 16.800.757

a
 14.810.344

b
 

GST (µmol/hr/ mg protein) 0.530.055
ab

 0.640.073
a
 0.370.035

c
 0.460.079

bc
 

SOD (U/mg protein) 16.940.389
b
 18.910.264

a
 13.470.262

d
 14.690.196

c
 

GPx (U/g wet tissue) 27.170.591
b
 29.600.842

a
 20.050.614

d
 22.970.772

c
 

Results are demonstrated as means ± SE; n = 8 for each treatment group.  

Mean values within a row not sharing a common superscript letters (a, b, c, d) were significantly different, p<0.05. 

TBARS= Thiobarbituric acid reactive substances, GST= Glutathione S-transferase, GPx= glutathione peroxidase, SOD= Superoxide 

dismutase. 

 

Table 5.  Plasma IgG of male rats treated with quercetin, polychlorinated biphenyls   (PCBs) mixture and their 

combinations. 

 Experimental groups 

Parameter 

 
Control Quercetin PCBs mixture Quercetin+ PCBs mixture 

IgG (μg/ml) 0.540.010
a
 0.540.005

a
 0.310.015

c
 0.460.013

b
 

Values are demonstrated as means ± SE; n =8   for each treatment group.  

Mean values within a row not sharing a common superscript letters (a, b, c) were significantly different, p<0.05. 
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The significant increase in glucose of rats 

treated with polychlorinated biphenyls mixture 

are in agreement  with Kim et al. (2019) who 

significantly found that Polychlorinated biphenyls 

(PCBs) have been shown to be associated with 

diabetes. Plasma glucose is mainly regulated by 

complex interactions between the liver and the 

hypothalamus, pituitary gland, and adrenal 

glands. Therefore, persistent organochlorine 

compounds can interfere with glucose regulation 

at multiple checkpoints. They alter the activity of 

liver metabolic enzymes, such as 

phosphoenolpyruvate carboxykinase and malic 

enzyme that are responsible for protein, glucose, 

and lipid regulation (thereby altering blood 

concentrations of protein and glucose (Lorenzen 

et al., 1999). 

Quercetin did not affect plasma glucose levels 

(Table 2), which is consistent with Lügli et al. 

Match. (2009) who concluded that quercetin; 

antioxidant flavonoids may regenerate 

pancreatic islets and increase insulin release in 

diabetic rats thus has its beneficial anti-diabetic 

effect. 

The significant decrease in bilirubin, the final 

product of heme degradation, is generally 

considered a cytotoxic and fat-soluble waste that 

must be excreted, of rats treated with mixture of 

polychlorinated biphenyls are in agreement with 

Arnold et al. (1993) who found a decrease in 

cholesterol and total bilirubin. Sinclair et al. 

(1997) found that PCBs stimulate the rate of 

bilirubin degradation. The decrease in urea and 

creatinine was explained by Chu at al. (2009) 

who suggested that long-term exposure to PCB 

mixtures can cause renal dysfunction.    

The results of transaminases and phosphatases 

agree with Kutlu et al. (2007) who found that the 

exposure to PCBs caused changes in the 

activities of liver enzymes which is attributed to 

liver toxicity since the activities of AST, ALT and 

AlP is proved to be the most sensitive marker 

used in the diagnosis of hepatotoxicity. 

The oxidative stress results agree with Kumar et 

al. (2004) who found that result of Aroclor 1254 

exposure, antioxidant enzyme (SOD) activity 

and endogenous antioxidant (GSH) levels are 

reduced, suggesting that the intracellular 

antioxidant defense system is damaged. The 

present study found that treatment with 

quercetin increased GST, SOD and GPx. Also, 

Rao and Vijayakumar (2007) found that 

quercetin increased the levels of glutathione, 

catalase, and superoxide dismutase. Vercelino 

et al. (2009) reported that quercetin protects 

cells by inducing antioxidant enzymes.  

Lipid peroxidation (LPO) was estimated via 

evaluating plasma levels of thiobarbituric acid-

reactive substances (TBARS), liver, kidney, 

brain, lung, heart and testes of male rats treated 

with polychlorinated biphenyls, quercetin and 

their combinations. The significant increase of 

plasma TBARS in rats treated with 

polychlorinated biphenyls mixture agree with 

Twaroski et al. (2001) who stated that PCB-

induced toxic symptoms were proved to be 

associated with oxidative stress by initiating a 

self-proliferating LPO response. Significantly 

increased cytosol concentration of thiobarbituric 

acid-reactive substances was obtained (Moreira 

et al., 2004). 
 

The significant decrease in plasma TBARS in 

rats treated with quercetin (Table 4) are in 

agreement with Bhatt and Flora (2009) who 

found that quercetin reduced reactive oxygen 

substances (ROS) in liver and kidney. Papiez et 

al. (2008) suggested that quercetin may have 

anti- as well as pro-oxidant role. Also, Wagnera 

et al. (2006) found that quercetin was able to 

prevent TBARS formation. Moreover, Rao
 
and 

Vijayakumar (2007) found that quercetin 

significantly inhibited the lipid peroxidation.
 

Results confirmed that treatment with quercetin 

alone decreased plasma, liver, kidney, brain, 

lung, heart and testes TBARS. While, treatment 

with polychlorinated biphenyls mixture alone 

increased them. The presence of quercetin with 

polychlorinated biphenyls mixture decreased its 

toxic effect and decreased the elevated TBARS 

due to treatment with PCBs mixture. 
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CONCLUSION 

The results of the present investigation 

convincingly demonstrated that PCBs exposure 

elevated lipid peroxidation (TBARS), decreased 

the activities of antioxidant enzymes and IgG 

and resulted in changes in biochemical 

parameters in rats. Quercetin is a nutritional 

supplement that helps in preventing disorders 

involving PCBs-induced toxic effects on liver, 

kidney, brain, lung, heart and testes. Quercetin 

is a powerful antioxidant because of its ability to 

remove free radicals and to prevent lipid 

peroxidation reactions. Also, quercetin treatment 

improved the immunity of rats treated with PCBs 

mixture and decreased their immunosuppressive 

effect. 
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