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Abstract: Problem statement: Vincristine a commonly used anticancer agent in the treatment of 
breast cancer results in serious adverse effects like teratogenicity, neurotoxicity and carcinogenicity on 
long term use. Drug resistance is also a common problem encountered with vincristine. Hence the 
effect of flavonol quercetin, a known antioxidant with no known documented adverse effect was tried 
in treatment of DMBA induced breast cancer in female rats and its effect was compared with 
vincristine. Approach: Quercetin at the dose of 50, 100-200 mg kg−1 body weight was administered in 
DMBA induced breast cancer in female wistar rats and its effects were compared with Vincristine. The 
anti oxidant enzymes, catalase, glutathione peroxidase and superoxide dismutase and Thiobarbituric 
Acid Reactive Substances (TBARS) level in cancerous breast tissue, TBARS and catalase in plasma 
and superoxide dismutase and glutathione peroxidase in erythrocyte lysate were estimated. Results: 
Quercetin supplementation at the dose of 100 mg kg−1 body weight was most effective in alleviating 
cancer symptoms and was comparable to vincristine. The plasma TBARS were reduced and breast 
tissue TBARS were elevated. The antioxidant enzymes were rejuvenated by quercetin supplementation 
at all three dose levels. Conclusion: Quercetin is found to be an effective chemotherapeutic agent in 
the treatment of breast cancer on par with vincristine. Being a plant product, quercetin can also be used 
in chemoprophylaxis in high risk individuals with genetic predisposition towards breast cancer. 
Besides, it can be given orally and has a wide margin of safety. 
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INTRODUCTION 
 
 Breast cancer is the leading cause of morbidity and 
mortality in women. Worldwide, it is the second most 
common type of cancer. The incidence of breast cancer 
is highest in developed North American and North 
European countries and lowest in South America and 
Asia (Althuis et al., 2005). The higher incidence is 
attributed to delayed first child birth, shorter duration of 
breast feeding, family history of breast cancer, early 
menarche and late menopause. Westernization of 
lifestyle, changes in dietary habits, indiscriminate 
exposure to exogenous estrogen is often considered to 
be reasons for the higher incidence reported in 
developing countries. Breast cancer originates from 
breast tissue most commonly from inner lining of milk 
ducts or lobules that supply the ducts with milk 

(Sariego, 2010). The primary route of metastasis is the 
lymphatic system or blood stream. 
 Quercetin is a major flavonol distributed 
ubiquitously in edible plants and is one of the most 
potent antioxidants of plant origin (Erdman et al., 
2007). The daily intake of quercetin in western diet is 
estimated to range between 0 to 30mg with a median of 
10 mg (Egert et al., 2008). It is abundantly found in 
Allium cepa (onion), Solanum lycopersicum (tomato), 
Vitis vinifera (grape), Olea europa (olive), Morus alba 
(white mulberry), Thea sinesis (tea) and Crataegus 
cuneata (thorn apple). Quercetin is claimed to have 
antioxidant (Filipe et al., 2004), anti allergic (Marozzi 
et al., 1970), anti atherogenic (Janisch et al., 2004), 
anti-inflammatory (Wadsworth and Koop, 1999) and 
antiangiogenic (Chan et al., 2000) actions. 
 Breast cancer can be induced by 7, 12-Dimethyl 
Benzanthracene (DMBA), a site specific pro-
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carcinogen with selectivity for breast cancer in 
experimental rats. It undergoes metabolic activation to 
become the ultimate carcinogen dihydrodiol peroxide 
(Miyata et al., 2001). The carcinogenic and 
mutagenic activities of DMBA require metabolic 
activation by mixed function oxidizes located in rat 
liver microsomes (Yang and Dower, 1975). The 
dihydrodiol epoxide binds with adenine residues of 
DNA resulting in mutagenesis and carcinogenesis 
(Garcia-Segura et al., 1992).  
 The aim of the present study is to evaluate the 
effect of quercetin on thiobarbituric acid reactive 
substances, antioxidant enzymes like superoxide 
dismutase, glutathione peroxidase and catalase in breast 
tissue, thiobarbituric acid reactive substances and 
catalase in plasma and superoxide dismutase and 
glutathione peroxidase in erythrocyte lysate and to 
compare its efficacy with vincristine, a well known 
anticancer agent used in the treatment of breast cancer. 
 

MATERIALS AND METHODS 
 
Chemicals and carcinogen: 7, 12-Dimethyl 
Benzanthracene (DMBA) was purchased from Sigma 
chemical company (St. Louis MO, USA) and quercetin 
from Allergic research group, USA. All other chemicals 
and reagents used were of analytical grade. 
 
Preparation of the drug: Quercetin powder was used 
as suspension in 0.1% carboxymethyl cellulose and 
each rat received a daily dose of 50, 100 and 200 mg 
kg−1 body weight of quercetin in 2 mL of suspension. 7, 
12-dimethyl benzanthracene was dissolved in an 
emulsion of sunflower oil (0.75 mL) and physiological 
saline (0.25ml) just prior to use. 
 
Animals and Experimental design: 36 female wistar 
rats (n = 6 per group) 6-8 weeks old, weighing 150 g 
ms were used in the study (Table 1). 7, 12-dimethyl 
benzanthracene was given at the dose of 7.5 mg kg−1 
subcutaneously in the mammary region once a week for 
four consecutive weeks. Vincristine was given in the 
dose of 500 µg kg−1 intraperitoneally every week for 
four consecutive weeks. 
 The study was started after getting approval from 
the Institutional Animal Ethical Committee (IAEC). 
The rats were housed in the animal house, Rajah 
Muthiah Medical College, Annamalai University in an 
air conditioned room with a 12h light and dark cycle. 
The animals were provided with vitamin enriched pellet 
diet consisting of 23% Wheat flour, 60% roasted 
Bengal gram powder, 5% skimmed milk powder, 4% 
casein, 4% refined oil, salt mixture with 4% starch and 
choline. The rats were maintained in accordance with 
the Indian National Law on animal care and use (Reg 
No 190/2007/CPCSEA). 

Table 1: Experimental Design 
Group 1   Rats received pellet diet for  
n=6 Control 16 weeks and served as control 

Group 2 7, 12-dimethyl  Rats received pellet diet for 
n=6 benzanthracene 16 weeks and were administered  
  7, 12-dimethyl benzanthracene   
  (7.5 mg kg-1)   subcutaneously once  
  a week for 4 weeks. 
Group 3 Vincristine Rats received pellet diet for 
n=6  16 weeks and were administered  
  7, 12-dimethyl benzanthracene   
  (7.5 mg kg-1)   subcutaneously and  
  Vincristine 500 µg/kg intraperitoneally  
  once a week for 4 weeks. 
Group 4 Quercetin Rats received pellet diet along with  
n=6 50 mg quercetin 50 mg through oral gavages for  
  16 weeks and were administered 7, 12 
  -dimethyl benzanthracene (7.5 mg kg-1)  
  subcutaneously once a week for 4 weeks. 
Group 5 Quercetin Rats received pellet diet along with quercetin  
n=6 100 mg 100 mg through oral gavage for 16 weeks and  
  were administered 7, 12-dimethyl  
  benzanthracene (7.5 mg kg-1) subcutaneously  
  once a week for 4 weeks 
Group 6 Quercetin Rats received pellet diet along with quercetin  
n=6 200 mg 200 mg through oral gavage for 16 weeks and  
  were administered 7, 12-dimethyl  
  benzanthracene (7.5 mg kg-1) subcutaneously  
  once a week for 4 weeks 

 
Experimental design: The total period of study was 16 
weeks (Table 1). The weight of the rats was recorded at 
the beginning of the experiment at weekly intervals and 
at the end of the study period. The animals were 
sacrificed after overnight fasting at the end of 16 weeks. 
 
Blood collection and preparation of erythrocyte 
lysate: After sacrificing the rats, blood was collected 
into 5.0ml heparinized tubes and plasma was separated 
by centrifugation at 800× g for 5 min at 4°C. After 
separation of plasma, the buffy coat was removed and 
packed cells were washed thrice with ice cold 
physiological saline containing glucose (5.5 mM). 
 Erythrocyte lysate was prepared by lysing a 
known volume of erythrocytes by addition of two 
volumes of distilled water to packed erythrocytes and 
were centrifuged at 3000× g for 10 min at 4°C to 
separate the erythrocyte lysate. 
 Mammalian erythrocytes have a limited life span 
and greater sensitivity to oxidative damage. The presence 
of high concentration of iron in erythrocytes makes it 
vulnerable to oxidative damage (Glass and Gershon, 
1984). Reactive Oxygen Species (ROS) interacts with 
ferric ion to form ferrous ion which generates a very 
highly reactive hydroxyl ion that is critical in causing 
molecular damage (Masotti et al., 1988). 
 
Preparation of tissue homogenate: The breast tissue 
was excised immediately after animal was sacrificed 
and washed with chilled isotonic saline. 
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The tissue homogenate was prepared in ice cold 0.1M 
Tris-HCL buffer at pH 7.2. The homogenate was 
centrifuged and the supernatant was used for assays. 
 
Estimation of antioxidant enzyme activity and 
thiobarbituric acid reactive substances: 
Thiobarbituric Acid Reactive Substances (TBARS) in 
tissues and plasma were determined by the method of 
Ohkawa et al. (1979). The level of superoxide 
dismutase was estimated by the method of Kakkar et al. 
(1984). Catalase was assayed through the method of 
Sinha (1972). The level of glutathione peroxidase was 
determined by the method of Rotruck et al. (1973). The 
results were compared with vincristine group. 
 
Statistical analysis: The statistical significance of the 
data was determined using one way Analysis of 
Variance (ANOVA) and the significant difference 
between the treatments groups were evaluated by 
Duncan’s Multiple Range Test (DMRT). The results 
were considered as statistically significant at p<0.05. 
 

RESULTS 
 

General observations: There was no statistically 
significant difference in the final body weight (g) body 
weight gain loss (g), food intake (g−1) and food 
efficiency (body weight gain (g−1) food intake) among 
the experimental groups (data not shown). 
 
Effect on lipid peroxidation product: Plasma 
thiobarbituric acid reactive substances (Table 2) were 
significantly elevated (<0.05) while breast 
thiobarbituric acid reactive substances were 
significantly reduced (<0.05) in the DMBA treated 
group. Quercetin supplementation at all three dose 
levels 50, 100 and 200 mg kg−1 (groups 4, 5, 6) along 
with DMBA altered these levels. The plasma 
thiobarbituric acid reactive substances were reduced 
and breast thiobarbituric acid reactive substances were 
elevated significantly in the quercetin treated group. 
The difference in the level of thiobarbituric acid 
reactive substances was more evident with the 
supplementation of 100 mg kg−1 of quercetin (group 5) 
and was comparable to vincristine group (group 3). 
 
Effect on antioxidant enzymes superoxide 
dismutase, catalase and glutathione peroxidase The 
levels of erythrocyte lysate and breast superoxide 
dismutase (Table 3) and glutathione peroxidase (Table 
4) were significantly reduced in DMBA treated group.  

Table 2: Effect of quercetin and DBMA on Thiobarbituric Acid Reactive 
Substances (TBARS) level in control and experimental groups 

 Plasma TBARS Breast TBARS 
Groups (nmoles/ml plasma) (mmoles/mg tissue) 
Group 1 control 1.97±0.18a 0.25±0.02a 
Group 2 DMBA* 6.70±0.58b 0.08±0.01b 
Group 3 DMBA+ Vincristine 
(500µg kg−1.b.wt) 2.22±0.22c 0.27±0.07c 
Group 4 DMBA + Quercetin 
(50 mg kg−1 b.wt.) 2.83±0.23d 0.29±0.03d 
Group 5 DMBA + Quercetin 
(100mg kg−1 b.wt.) 2.16±0.41a,c 0.27±0.03c 
Group 6 DMBA + Quercetin 
(200 mg kg−1 b.wt.) 2.98±0.26d 0.28±0.03d 

All the values are expressed as mean ± S.D. of 6 rats in each group. 
Values that have a different superscript letter (a,b,c,d) differ significantly 
with each other (p<0.05, DMRT). *: 7, 12-dimethyl benzanthracene 

 
Table 3: Effect of quercetin and DBMA on Superoxide Dismutase 

(SOD) activity in control and experimental groups 

 Erythrocyte lysate  Breast SOD 
Groups SOD (U/mg Hb) (U/mg protein) 

Group 1 Control 3.23±0.28a 6.87±0.60a 

Group 2 DMBA* 2.10±0.19b 3.12±0.30b 

Group 3 DMBA+ Vincristine 
(500µg kg−1 .b.wt) 3.53±0.32c 6.98±0.62a 

Group 4 DMBA + Quercetin 
(50 mg kg−1 b.wt.) 3.12±0.30d 6.63±0.63c 

Group 5 DMBA + Quercetin 
(100 mg kg−1 b.wt.) 3.38±0.42c,e 7.73±0.78a,d 

Group 6 DMBA + Quercetin 
(200 mg kg−1 b.wt.) 2.70±0.31f 6.85±0.74a 

All the values are expressed as mean ± S.D. of 6 rats in each 
group. Values that have a different superscript letter (a,b,c,d) 
differ significantly with each other (p<0.05, DMRT). * 7, 12-
dimethyl benzanthracene 

 
Table 4: Effect of quercetin and DBMA on Glutathione Peroxidase 

(GPx) activity in control and experimental groups 
 (µ moles of GSH  (µ moles of GSH  
 utilized/min/mg Hb) utilized/min/mg  
Groups Erythrocyte lysate GPx protein)breast GPx 
Group 1 Control 28.40±2.01a 6.90±0.66a 

Group 2 DMBA* 15.90±1.12b 3.90±0.37b 

Group 3 DMBA+ Vincristine 
(500µg kg-1.b.wt) 28.89±2.46a 6.33±0.62a 

Group 4 DMBA + Quercetin 
(50mg kg-1 b.wt.) 21.58±2.64c 5.63±0.43c 

Group 5 DMBA + Quercetin 
(100mg kg -1b.wt.) 27.31±2.85a,d 6.73±0.58a 

Group 6 DMBA + Quercetin 
(200mg kg-1 b.wt.) 23.81±3.02c 5.86±0.55c 

All the values are expressed as mean ± S.D. of 6 rats in each 
group. Values that have a different superscript letter (a, b, c, d) 
differ significantly with each other (p<0.05, DMRT). * 7, 12-
dimethyl benzanthracene 
 
Similarly the levels of plasma and breast catalase 
(Table 5)  was reduced significantly in DMBA treated 
group when compared to control, vincristine and 
quercetin treated groups indicating the oxidative 
damage induced by DMBA. Quercetin supplementation 
at the dose of 50-200 mg kg−1 (group 4, 6) rejuvenated 
these antioxidant enzymes and quercetin at the dose of 
100 mg kg−1 (group 5) further increased their levels. 



Am. J. Pharm. & Toxicol., 7 (2): 68-72, 2012 
 

71 

Table 5: Effect of quercetin and DBMA on Catalase (CAT) level in 
control and experimental groups 

 Plasma CAT Breast CAT 
 (µ moles of H2O2 (µ moles of H2O2  
Groups utilized/min/mg Hb) utilized/min/mg protein) 
Group 1 Control 2.60±0.23a 64.50±4.22a 

Group 2 DMBA* 1.50±0.13b 35.80±3.42b 

Group 3 DMBA+ Vincristine 
(500µg kg-1.b.wt) 2.85±0.27a 63.52±6.34a 

Group 4 DMBA + Quercetin 
(50mg kg-1 b.wt.) 3.04±0.33c 60.25±6.13c 

Group 5 DMBA + Quercetin 
 (100mg kg-1 b.wt.) 3.34±0.58d 63.46±6.09a 

Group 6 DMBA + Quercetin 
 (200mg kg-1 b.wt.) 2.22±0.29e 58.17±5.87d 

All the values are expressed as mean ± S.D. of 6 rats in each 
group. Values that have a different superscript letter (a, b, c, d) 
differ significantly with each other (p<0.05, DMRT). * 7, 12-
dimethyl benzanthracene 
 

DISCUSSION 
 
 Superoxide anion, the main reactive oxygen 
species is potentially toxic and can be mutagenic or 
carcinogenic (Nordberg and Arner, 2001). Superoxide 
dismutase, superoxide and hydrogen peroxide affects 
the basic biology of cells and tissues (Buettner, 2011). 
Generation of free radicals in vivo will affect cellular 
proliferation and invasion. Although a cell can tolerate 
the toxic effects of small amounts of free radicals, 
extensive cellular damage can be the result of enormous 
free radical production (Nakagami et al., 1999). The 
inverse relationship between lipid peroxidation and the 
rate of cellular proliferation, seen in our study indicates 
that the tumor cells proliferate extensively when lipid 
peroxidation is minimal. The thiobarbituric acid 
reactive substances in plasma were significantly 
increased whereas its level in breast tissue was 
significantly reduced in DMBA treated rats. The 
tumor cells in breast tissue showed a distinctly low 
level of peroxidation creating a favorable atmosphere 
for the proliferation of cancer cells (Schmelz et al., 
2000). Quercetin supplementation significantly altered 
the lipid peroxidation status. The most significant 
effect of quercetin supplementation was seen at the 
dose of 100 mg kg−1 body weight and was comparable 
to vincristine group. 
 The antioxidant enzymes superoxide dismutase, 
catalase and glutathione peroxidase play a key role in 
the cellular defense against free radical damage (Sun, 
1990). Superoxide dismutase is necessary for 
scavenging superoxide anions formed during the early 
stages of oxidative damage. Quercetin rejuvenated the 
levels of the key antioxidant enzyme superoxide 
dismutase in erythrocyte lysate and in plasma of 
experimental rats treated with DMBA. The action of 
quercetin 100 mg kg−1 (group 5) was greater than the 
action of vincristine in breast tissue and was 
comparable to the action of vincristine in plasma. 
Superoxide dismutase, being the primary antioxidant 
enzyme plays a greater role in the protection of cells 

against the oxidative damage induced by DMBA. By 
elevating both erythrocyte lysate and breast 
superoxide dismutase to near normal values, quercetin 
can be considered as an effective agent in the 
prevention of cancer. Catalase catalyses the formation 
of water and oxygen from hydrogen peroxide and has 
a rapid turnover rate. Catalase decreases the 
chromosomal aberrations and delays the onset of 
neoplastic transformation in mouse fibroblasts 
epidermal keratinocytes (Jones et al., 1985). DMBA 
decreases the level of catalase in both plasma and 
breast tissue when compared to control. Quercetin at 
all three dose levels increased the levels of plasma 
and breast catalase. The action of quercetin 100 mg 
was greater than the action of vincristine. 
 Glutathione is needed for the stability of 
erythrocytes. Oxidation of glutathione leads to 
hemolysis. The level of glutathione peroxidase of 
DMBA treated rats in erythrocyte lysate and breast 
tissuewere low when compared with the control group. 
Quercetin at 100 mg kg−1 resulted in almost 100% 
replenishment of breast glutathione peroxidase level and 
increased the levels of erythrocyte lysate glutathione 
peroxidase level on par with vincristine group. 
 Vincristine, a semisynthetic analogue of the plant 
Catharanthus roseus is an antimitotic anticancer agent used 
extensively in leukemia, neuroblastoma, Wilms tumor, 
carcinoma of breast, lung, ovary, cervix, colon, hodgkins, 
non-hodgkins lymphoma and in many other types of 
cancer. It acts by stimulating microtubule 
depolymerization and mitotic spindle destruction. 
Vincristine also increases apoptosis by increasing the 
concentrations of cellular tumor antigen p53-p21 and by 
inhibiting Bcl-2 activity. Drug resistance is a common 
problem encounterd with vincristine in cancer 
chemotherapy. It is given intravenously and long term use 
may be associated with the risk of carcinogenicity. As a 
known teratogenic agent, it can cause gonadal suppression, 
neurotoxicity, alopecia and other side effects. 
 Quercetin, a bioflavonoid and plant product has the 
following advantages over vincristine. It can be given 
orally and has wide margin of safety. No serious 
adverse effects have been reported so far. It has been 
reported to inhibit the p-glycoprotein mediated drug 
efflux and can overcome the drug resistant. 
 

CONCLUSION 
 
 The capacity of flavonols to act as antioxidant in 
cells definitely represents a fascinating potential in the 
field of oncology. Our study also reveals that quercetin 
can be a potential chemo preventive agent in breast 
cancer. It is most effective at the dose of 100 mg kg−1 
body weight. Quercetin at 100 mg kg−1 was either 
comparable or superior to the action of vincristine. It 
can be given prophylactically in high risk groups with a 
genetic preponderance towards breast cancer. 
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