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Introduction
Breast cancer is one of the leading causes of morbidity and 
mortality among women. Worldwide, it is the second most 
common type of cancer. The incidence of breast cancer is 
lowest in less developed countries.[1,2] 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 exposures to 
exogenous estrogens are 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. The primary route of metastasis is the lymphatic 
system or blood stream.[3]

Breast cancer can be induced by 7,12‑dimethyl 
benzanthracene  (DMBA), a procarcinogen with selectivity 
for breast cancer in experimental female Wistar 
rats. It undergoes metabolic activation to carcinogen 
dihydrodiolepoxide.[4] The carcinogenic and mutagenic 
activity of DMBA requires metabolic activation by 
mixed function oxidases located in rat liver microsomes. 
The dihydrodiolepoxide binds with adenine residues 
of deoxyribonucleic acid, resulting in mutagenesis and 
carcinogenesis.[5,6]

The aim of the present study was to evaluate the effect 
of myricetin on lipid peroxidation in plasma and breast 
tissue the antioxidant enzymes like thiobarbituric acid 
reactive substances (TBARS), superoxide dismutase 
(SOD) and to compare its efficacy with vincristine a 
well‑known anticancer agent used in the treatment of 
breast cancer.
Myricetin is a major flavonol distributed ubiquitously in 
edible plants and is one of the most potent antioxidants 
of plant origin.[7] The daily intake of myricetin in western 
diet is estimated to range between 0 and 30  mg with a 
median of 10 mg.[8] It is abundantly found in Allium cepa, 
Solanum lycopersicum, Vitis vinifera, Olea europa, Morus 
alba, Thea sinesis, and Crataegus cuneata. Myricetin is 
claimed to have antioxidant antiallergic, antiatherogenic, 
anti‑inflammatory, and antiangiogenic actions.[9‑13]

Materials and Methods
Chemicals and carcinogen
DMBA was purchased from Sigma chemical company  (St. 
Louis, MO, USA) and myricetin from allergic research 
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group USA. All other chemicals and reagents used were of 
analytical grade.
Preparation of the drug
Myricetin powder was used as suspension in 0.1% 
carboxymethyl cellulose and each rat received a daily dose 
of 50, 100, and 200  mg/kg body weight of myricetin in 
2 mL of suspension. DMBA was dissolved in an emulsion 
of sunflower oil  (0.75  mL) and physiological saline 
(0.25 mL) just prior to use.
Animals and experimental design
A total of 36  female Wistar rats  (total 6 groups, 
n  =  6 per group) 6-8 weeks old, weighing 150 gm 
were randomised into control and experimental 
group. Group  1: Normal control, given distilled water 
orally daily. Group  2: Cancer control, DMBA was 
given at the dose of 7.5  mg/kg subcutaneously in 
the mammary region once a week for 4 consecutive 
weeks to induce breast cancer. Group  3: Standard 
drug (DMBA  +  vincristine), vincristine was given in 
the dose of 500  µg/kg intraperitoneal every week for 
4 consecutive weeks. Group  4: Test drug low dose 
(DMBA  +  myricitin), myricitin 50  mg/kg/wt given orally 
every day for 16  weeks. Group  5: Test drug medium 
dose  (DMBA  +  myricitin), Myricitin 100  mg/kg/wt given 
orally every day for 16  weeks. Group  6: Test drug high 
dose  (DMBA  +  myricitin), myricitin 200  mg/kg/wt given 
orally every day for 16  weeks. Myricitin was given 
along with DMBA on the same day in respective groups. 
We used vincristine as standard drug as it does not act 
through estrogen receptors unlike other drugs. Cancer 
was induced by a chemical carcinogen and staging of 
breast cancer was not done. The study was started after 
getting approval from the institutional animal ethical 
committee. The rats were housed in the animal house, 
Rajah Muthiah Medical College, Annamalai University in 
an air conditioned room with a 12 h 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). The total period of study was 16  weeks. The 
weights of the rats were 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 
5.0  mL 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 great sensitivity to oxidative damage. The presence 
of high concentration of iron in erythrocytes makes 
it vulnerable to oxidative damage.[14] Reactive oxygen 
species interacts with ferric ion to form ferrous ion which 
generates a very highly reactive hydroxyl ion that is 
critical in causing molecular damage.[15]

Preparation of tissue homogenate
The breast tissue was excised immediately and washed 
with chilled isotonic saline. The tissue homogenate were 
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 TBARS
TBARS in tissues and plasma were determined by the 
method of Ohkwava.[16] The level of superoxide dismutase 
was estimated by the method of Kakkar et al.[17] The results 
were compared with vincristine group.
Statistical analysis
The statistical significance of the data was determined 
using one‑way analysis of variance and the significant 
difference between the treatments groups were evaluated by 
Duncan’s multiple range test. The results were considered 
as statistically significant at P < 0.05.

Results
General observation
No change in body weight and growth rate was observed 
in the treated groups. The final body weight  (g) 
body weight gain/loss  (g) food intake  (g/day), food 
efficiency  (body weight gain  (g/day)/food intake) remained 
the same with no change in all the experimental rats 
there were no signs of toxicity and cachexia was not 
observed even in DMBA‑treated rats. Generally, cachexia 
is regulated by a variety of factors involving duration and 
severity of cancer .
Plasma TBARS
When compared with DMBA group  (group  2) the plasma 
TBARS levels of all the myricetin treated groups that 
is group  4 myricetin 50  mg/kg body weight, group  5 
myricetin l00  mg/kg body weight, group  6 myricetin 
200  mg/kg body weight and vincristine  (group  3) are 
statistically significant. But group  4 and group  6 are 
statistically not significant when compared with vincristine 
group, but group  5 is statistically significant when 
compared with vincristine group but not significant when 
compared with control group.
Breast TBARS
When compared with DMBA group  (group  2) the breast 
TBARS levels of all myricetin‑treated groups that 
is group  4 myricetin 50  mg/kg bodyweight, group  5 
myricein 100  g/kg bodyweight, group  6 myricetin 
200  mg/kg bodyweight, and vincistine group are 
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statistically significant. Group  5 and vincristine  (group  3) 
are not statistically significant when compared with control 
group and group  4 when compared with group  6 is also 
statistically not significant  [Table  1].
Lysate SOD
When compared with DMBA  (group  2) the 
myricetin‑treated groups that is group 4 myricetin 50  mg/
kg body weight, group  5 myricetin l00  mg/kg body 
weight and group 6 myricetin 200 mg/kg bodyweight, and 
vincristin group 3 are statistically significant. Group 4 when 
compared with group  6 is not statistically significant. But 
the vincristine group when compared with group  5 is also 
statistically is not significant.
Breast SOD
When compared with DMBA (group 2) the myricetin treated 
groups that is group  4 myricetin 50  mg/kg body weight, 
group  5 myricetin l00  mg/kg body weight and group  6 
myricetin 200  mg/kg bodyweight and vincristin  (group  3) 
are statistically significant. Vincristine group when compared 
with group 5 is statistically not significant  [Table 2].

Discussion
In this present study, the breast cancer efficacy of myricetin 
was determined by its action on plasma and breast tissues; 
the parameters such as lipid peroxidation, erythrocyte 
lysate superoxide dismutase were studied. The results were 
compared with vincristine, a standard drug used in the 
management of breast cancer.
When compared with the control group the inhibition 
of DMBA‑induced elevated TBARS in plasma was 
significantly higher in 100  mg/kg of myricetin than 
vincristine  (P > 0.05). DMBA administered rats resulted in 
decreased lipid peroxidation in breast tissue. This inverse 
relationship between concentration of lipid peroxidation 
and the rate of cellular proliferation and differentiation in 
a carcinogen treated animal is well‑documented.[18]

In breast cells the TBARS levels at myricetin 50  mg/kg 
dose was more effective than the other two doses. All 
three dose ranges of myricetin were equieffective to 
vincristine  (P  >  0.05) and were comparable to the control 
value indicating that 100% recovery was achieved by 
myricetin. This proves that myricetin completely neutralized 
the toxic effects of DMBA on breast cancer cells and useful 
indication, can be utilized in the prevention of cancer.[19]

The erythrocyte lysate SOD levels  (in plasma) in 
DMBA‑treated rats were reduced when compared with 
the control group. The SOD levels were replenished 
significantly by myricetin at all three dose levels and 
increased erythrocyte lysate SOD by myricetin at 100  mg/
kg dose was maximum and were comparable to the 
experimental group treated with vincristine. Myricetin at 
50  mg/kg was almost equieffective to myricetin 100  mg/
kg dose.
In breast cells DMBA resulted in significant reduction 
of breast SOD when compared with the control group. 
Myricetin‑treated groups showed an increase of this 
antioxidant in breast tissue at 100; 200  mg/kg and was 
not significant at 50  mg dose, the anticancer effects were 
comparable to vincristine and control groups. SOD being the 
primary antioxidant plays a greater role in the protection of 
cells against the oxidative damage induced by DMBA.[20‑22]

Myricetin elevated the level of both erythrocyte lysate and 
breast SOD to near normal values these results proved 
preventive factor of breast cancer. All the above results 
were correlated in our macroscopical pictures  [Figure  1] 
and also ulcers, tumors  [Figures  2 and 3] produced in 
rat treated with DMBA which were attenuated in the 
treatment groups. Thus, myricetin was found to be either 
equieffective or more effective than vincristine in all 
the parameters studied. Myricetin proved the capacity of 
flavonols to act as antioxidant in cells definitely represents 
a potential in the field of oncology.[23‑27]

Conclusion
The capacity of flavonols to act as antioxidant in cells 
definitely represents a potential in the field of oncology. 

Table 1: Effect of myricetin and 7,12‑dimethyl 
benzanthracene on thiobarbituric acid reactive 
substances levels of control and experimental groups
Groups Plasma TBARS* 

(nmoles/mL plasma)
Breast TBARS* 

(mmoles/mg tissue)
1  (control) 1.97±0.18a 0.25±0.02a

2  (DMBA*) 6.70±0.58b 0.08±0.01b

3  (Vincristine) 2.22±0.22c 0.27±0.07a

4 DMBA+Myricetin 
(50 mg/kg b.wt.)

2.90±0.21c 0.29±0.03a,c

5 DMBA+Myricetin 
(100 mg/kg b.wt.)

2.05±0.20a 0.26±0.03a

6 DMBA+Myricetin 
(200 mg/kg b.wt.)

2.89±0.29c 0.30±0.03a,c

Data are presented as the means±SD of six rats.  (a-c)P<0.05, the values not 
sharing a common superscript letter are statistically significant in difference 
between the groups, *TBARS=Thiobarbituric acid reactive substances, 
DMBA=7,12‑dimethyl benzanthracene

Table 2: Effect of myricetin and 7,12‑dimethyl 
benzanthracene on superoxide dismutase activities 
of control and experimental groups
Groups Erythrocyte lysate 

SOD* (U/mg Hb)
Breast SOD* 

(U/mg protein)
1  (control) 3.23±0.28a 6.87±0.60a

2  (DMBA*) 2.10±0.19b 3.12±0.30b

3  (vincristine) 3.53±0.32c 6.98±0.62a

4 DMBA+myricetin 
(50 mg/kg b.wt.)

2.92±0.28d 5.86±0.51c

5 DMBA+myricetin 
(100 mg/kg b.wt.)

3.72±0.30c 7.01±0.72a

6 DMBA+myricetin 
(200 mg/kg b.wt.)

2.88±0.30d 6.14±0.62d

Data are presented as the means±standard deviation of six rats. (a-d)P<0.05, 
the values not sharing common superscript letter are statistically significant 
in difference between the groups. *SOD=Superoxide dismutase, 
DMBA=7,12‑dimethyl benzanthracene
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Although basic research in cancer biology has provided 
new targets into a sharp focus, new and novel approaches 
to cancer prevention and treatment are needed. Myricetin 
is given orally while vincristine can be given only through 
parenteral route. In this preclinical study orally administered 
myricetin on DMBA‑induced breast cancer was evaluated 
and compared with vincristine. Myricetin increased the level 
of plasma erythrocyte lysate, breast superoxide dismutase, 
and inhibited the plasma lipid peroxidation. The effect was 
either comparable or superior to the action of vincristine.
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