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Assessment of antigenotoxic potential of Punica granatum in the reversal of DNA damage in breast cancer patients

INTRODUCTION

Breast cancer is the most common and most feared malignancy in women living in developed and developing countries. Breast cancer incidence is low in India compared with high income countries, but it has increased in recent decades particularly among urban women (Gajalakshmi et al., 2009). Breast cancer is rarely found before the age of 25 years. Thereafter the incidence is reported to increase with age until menopause when the rate of increase is less pronounced. About three quarters of diagnosed cases are postmenopausal women (Marsden, 2003).

India is rapidly stepping towards industrialization vis-à-vis urbanization resulting in change of lifestyle factors. These factors possibly contributed to a gradual increase in the incidence of breast cancer in the country (Murthy et al., 2009). Epidemiological studies have provided much information on important risk factors of breast cancer (Key et al., 2001). Geographical variation in incidence of breast cancer can be attributed to exposure to various risk factors. In the present investigation an attempt was made to find out some of the risk factors of breast cancer among patients attending Valavadi Narayanasamy Cancer Centre, G. Kuppusamy Naidu Memorial Hospital, Coimbatore, Tamilnadu.


Cell biological studies have began to establish that defects in cell-cycle checkpoint controls are fundamentals to the accumulation of genetic damage in the mammary epithelial cells leading to cancer (Deng, 2006).Oxidative damage to DNA promotes mutations thus enhancing the risk of carcinogenesis. Damage to DNA is likely to be a major cause of cancer and other diseases (Ames, 1997). There are many methods available for the assessment of DNA damage and repair. The most commonly used methods are the bacterial Ames test, the scoring of chromosome aberration, micronuclei and sister chromatid exchange (SCE) in proliferating cell populations. The Single Cell Gel Electrophoresis (SCGE)/Comet assay allows the detection of DNA alteration of diverse kinds such as double strand breaks, single strand breaks, alkali labile sites, incomplete repair sites and cross links (Tice et al., 2000). In the comet assay, the extent of migration of the tail of the comet is related to increased DNA damage. These images can be analyzed and compared in a cell to cell basis. Hence in the present study, the extent of DNA damage in the blood lymphocytes of patients undergoing various modalities of treatment viz., chemotherapy, radiotherapy, surgery or combination of these therapies were assessed.

Punica granatum finds wide applications both in Ayurvedic and Unani systems in Asian countries. Analysis of fruits demonstrated that pomegranate contained very high concentration of antioxidants. Antioxidants protect the body against damaging effects of free radicals generated in the body during conversion of glucose and fat to energy. Free radicals generated by metabolic activities are unstable molecules, which can freely interact with electron donors to equilibrate its charge. Oxidative stress is induced by over production of reactive oxygen species like hydroxyl ion and ferryl ion. Pomegranate extract containing ellagic acid and gallic acid acts as a potent free radical scavenger reducing the levels of hydrogen peroxide and superoxide anion and consequently lipid peroxidation and enzyme inactivation restoring enzyme activity. This may also point toward the possible de-novo synthesis of these enzymes induced by components of pomegranate peel extract (Kaur et al., 2006). The pharmacological actions of all P.granatum components suggest a worldwide range of clinical applications for the treatment and prevention of cancer (Lansky and Newman, 2007). Therefore, in the present study, the antimutagenic potential of pomegranate was screened using Ames reverse mutation assay.

Human lymphocytes in culture constitute an ideal test system to evaluate the cytogenetic damage induced by environmental factors (Rossner et al., 2005). The use of chromosomal alterations as markers of early biological effects is well established in genotoxicity studies. Therefore, the DNA repair capacity of pomegranate fruit extract (PFE) in cultures of human peripheral blood lymphocytes was examined.
The objectives of the present study were:

· To study the epidemiology of breast cancer in Western Tamilnadu
· To evaluate the extent of DNA damage using comet assay in breast cancer patients undergoing different modalities of treatments 
· To estimate the antimutagenic potential of pomegranate fruit extracts using Ames reverse mutation assay
· To study DNA repair capacity of pomegranate fruit extracts on cultured lymphocytes of breast cancer patients
 Experimental design

The study was conducted as follows:
 Epidemiological study

A total of 190 breast cancer patients were selected as the study participants. The age group of the patients varied from early 30 to 70 years. Age matched apparently healthy individuals were selected as control group participants. Both control and experimental group participants were administered a questionnaire to obtain information related to their age, lifestyle, dietary habits, anthropometric parameters, medical and genetic history and menstrual and reproductive history.

Evaluation of DNA damage in the breast cancer patients

For the monitoring of DNA damage in the peripheral blood lymphocytes, 5ml blood was collected from 20 control group participants and 40 experimental group participants. These 40 experimental group participants included 12 undergoing only different cycles of chemotherapy, 9 undergoing chemotherapy and surgery, 8 with irradiation and chemotherapy and the remaining 11 cases with the combination of all three therapies, namely chemotherapy, surgery and radiation therapy. The blood samples were lysed and electrophoresed to assess the extent of DNA damage in different modes of treatment using single cell gel electrophoresis - comet assay (Martin et al., 1993).
 Antimutagenic potential of Punica granatum

Pomegranate fruits were procured from a local market. The pomegranate arils were washed in water and shade dried. Fine powder of the arils was obtained by sieving. Soxhlet extraction of powdered arils was carried out using petroleum ether, chloroform, methanol and water as solvents in the increasing order of polarity. Distillation was carried out and after evaporation of solvents, corresponding residues were obtained and stored in the refrigerator for further use. Bacterial tester strains used were Salmonella typhimurium TA 100 and TA 98. Ames Salmonella microsome assay was carried out for PFE for determining mutagenic / antimutagenic potentials. Homogenates of mouse liver (S9 fraction) was added to the bacterial suspension as an approximation of mammalian metabolism (Ames et al., 1975). The S9 fractions induced with phenobarbital along with co-factors was used as the metabolic activation system (Ames, 1971).
Chromosomal alteration assay in the lymphocytes of breast cancer patients

For cytogenetic study, total number of ten blood samples was collected from experimental group participants. Lymphocytes was cultured as described by Moorhead et al., 1960. Forty eight hours cultures of lymphocytes were treated with four different extracts of pomegranate (Methanol, chloroform, petroleum ether and water) and incubated for further 24 hours. After 72 hrs, the cultures were arrested and harvested after addition of colchicines. The slides were prepared and stained with 4% Geimsa solution and screened for chromosomal alterations.
Findings of the present study

Epidemiological study
· A total of 190 breast cancer patients were selected as study participants. Information regarding the age of the patients, religion, diet habits, medical and genetic history, menstrual and reproductive history were obtained.
· Women between the age group 40-50 years had a significantly increased risk of breast cancer (OR 1.63; 95% CI 0.86 - 2.8).The relation of religion to breast cancer risk could not be assessed because major group of the study participants were Hindus (95 out of 190).
· The risk of breast cancer seemed to be increased with consumption of non vegetarian diet (OR 1.31; 95% CI 1.02 - 1.63).Consumption of non - vegetarian diet daily was also found to be associated with greater risk of breast cancer (OR 0.678; 95% CI 0.13 - 1.69; p = 0.05). Women who consumed fried food more frequently was found to have significantly greater risk of breast cancer than those who consumed fried foods less frequently (OR 0.69; 95% CI 0.39 - 1.18). Intake of sunflower oil was found to be significantly associated with increased risk of breast cancer (OR 1.03; 95% CI 0.79 - 2.63).No significant association between intake of junk food and breast cancer risk was found. Also no significant association between intake of snack chips and breast cancer risk was found.

· Fifty one experimental group participants were reported to have history of cancer in relatives. Five control group participants with positive family history of cancer were reported. Family history of cancer was significantly associated with an 8 fold increased risk of breast cancer (OR 8.36; 95% CI 1.63 - 3.84, p=0.42).No significant association between diabetes, hypertension and breast cancer risk was found.

· Women who menarche below 13 years had a significantly increased risk of breast cancer (OR 0.086; 95% CI 0.45 - 1.46). Premenstrual symptoms were not related to breast cancer risk. Irregularity of menstruation and number of days of flow was not significantly related to breast cancer risk.  The age at first child birth ranged from 19 to 30 years among both control group participants and experimental group participants. 24.74 % experimental group participants had their first pregnancy at the age of 26-29 years compared with control group participants (17.89 %). A much higher number of experimental group participants (6.32 %) had their first pregnancy above 29 years when compared with control group participants (3.16 %). Age at first child birth above 29 years was found to be associated with a significant increased risk of breast cancer (OR 0.658; 95% CI 0.35 - 1.10). 69.47% experimental group participants took oral contraceptives compared to the control group participants (28.84%). Intake of oral contraceptives was found to be associated with high risk of breast cancer (OR 0.86; 95% CI 0.51 - 1.68).5.26 % experimental group participants and 12.11 % control group participants had more than three children. Parity more than three was associated with significantly reduced risk of breast cancer (p=0.002). 4.73% experimental group participants and 4.21% control group participants were nulliparous. 110 experimental group participants had menopause above 45 years when compared to the control group participants (57). Early menopause was found to be associated with a significant (58 %) reduction in breast cancer risk (OR 0.068; 95 % CI 0.17 - 1.02). The association between number of pregnancies and breast cancer risk was found to be non significant. Also no significant association between age at last childbirth and breast cancer risk was found.
Evaluation of DNA damage in the breast cancer patients

The single cell gel electrophoresis or comet assay is a state-of-the-art technique for quantitating DNA damage and repair in vivo and in vitro in any eukaryotic cells. The data obtained with regard to comet parameters (tail length, number of damaged cells and head-tail ratio) in peripheral blood lymphocytes of experimental group participants and control group participants is furnished below: 
· Tail length: The experimental group participants who underwent all the three modalities of treatment showed significantly reduced tail length (11.8m) followed by chemotherapy and radiotherapy together (14.6m). In experimental group participants with chemotherapy alone longest tail length was observed (22.15m).In control group participants, tail length was found to be minimum (1.49m).
· No. of damaged cells: The data on number of damaged cells per 50 cells counted with respect to different treatments showed statistically significant results. The data indicated a minimum value in the experimental group participants who underwent surgery + chemotherapy+ radiotherapy (34.5) followed by the rest of the three modalities, chemotherapy + surgery (38.87), chemotherapy + radiotherapy (40.27) and chemotherapy alone (41) which were on par with each other.  In the control group participants, the damaged cells per 50 cells counted were found to be minimum (5.63).
· Head -tail ratio: Though there was marginal difference among the experimental group participants and control group participants, the ratio was found to be not significant.
Antimutagenic potential of Punica granatum 
SR represents Spontaneous Revertant (stock culture) which is equivalent to negative control, SM represents Standard Mutagen, which is equivalent to control.SR + X represents the effect of X as mutagen/antimutagen in the stock culture and SM + X represents X as a mutagen/antimutagen in the Standard Mutagen induced plates where X is the selected sample. Present study is a reverse mutation assay where the reduction in histidine revertant colonies in the Standard Mutagen (SM) induced plates by the addition of sample indicates the antimutagenicity of the sample.

A. TA 98 Strain
· The number of Spontaneous Revertants was found to be 38±4.1 and by the addition of Standard Mutagen (Daunomycin) there was an increase in the revertant frequency by 61±2.1.

· Supplementation of petroleum ether extract of PFE to the Standard Mutagen induced plates (SM) resulted in decrease in the histidine revertant colonies. The number of histidine revertant colonies in the plates supplemented with petroleum ether extract of PFE (SM+PFE) was found to be 47±6.5.

· The reduction of histidine revertant colonies was found to be 50±2.3 by the addition of chloroform extracts of PFE to Standard Mutagen (61±2.1).
· The number of histidine revertant colonies was found to be 44±4.1 in the plates supplemented with methanol extract of PFE when compared to that of the Standard Mutagen induced plates (61±2.1).
TA 98 Strain: In the presence of S9 fraction
· The increase in histidine revertant colonies by Standard Mutagen was found to be 155±4.9 when compared to that of spontaneous revertant (106±8.6).
· Addition of petroleum ether extract of PFE to Standard Mutagen induced plates showed 6.2% inhibition in histidine revertant colonies.
· Addition of chloroform extracts of PFE to Standard Mutagen (155±4.9) showed reduction in the number of histidine revertant colonies to 135±5.2.

· Methanolic extract of PFE showed 27.8% inhibition on histidine revertant colonies. 

· When the water extracts of PFE was added to Standard Mutagen induced plates (155±4.9), the histidine revertant colonies were reduced to 144±4.6.
B. TA 100 Strain
· The number of Spontaneous Revertants was found to be 144±3.7 and by the addition of Standard Mutagen (Sodium azide) there was an increase in histidine revertant colonies by 184±3.2.
· The number of histidine revertant colonies was found to be 184±3.2 in Standard Mutagen induced plates and the addition of petroleum ether extract of PFE decreased the number of histidine revertant colonies to 160±4.7.
· When chloroform extracts PFE was added, the percentage inhibition of histidine revertant colonies was found to be 14.7%.
· The reduction in number of histidine revertant colonies per plate was found to be 158±7.8 when methanolic extracts of PFE was added to the Standard Mutagen induced plates (184±3.2).
· Percentage inhibition of hisitdine revertant colonies recorded was 3.3% for water extract of PFE.
TA 100 Strain: In the presence of S9 fraction
· The number of Spontaneous Revertant colonies was found to be 203 ± 5.8. Addition of Standard Mutagen, showed increase in the number of colonies to 359 ± 5.5.
· Supplementation of petroleum ether extracts to Standard Mutagen (SM+PFE) showed inhibition in number of histidine revertant colonies. The histidine revertant colonies were reduced to 320 ± 8.8 in plates supplemented with petroleum ether extract of PFE.
· The number of histidine revertant colonies in the Standard Mutagen induced plates supplemented with chloroform extract of PFE was found to be 322 ± 10.8 when compared to that of Standard Mutagen induced plates (359±5.5).

· Methanolic extract of PFE when added to Standard Mutagen, reduced the histidine revertant colonies to 309±7.09 when compared to that of Standard Mutagen induced plates 359±5.5.
· As observed in TA98, water extract of PFE showed poor inhibitory effect in TA100 strain of Salmonella typhimurium in the presence of S9 fraction.
· Of the four extracts used methanolic extract of PFE showed antimutagenic activity in both tester strains TA 98 and TA 100.This study throws light on the possibility of reduction of mutagenicity and thereby carcinogenicity in people consuming pomegranate regularly. 
Chromosomal alteration assay in the lymphocytes of breast cancer patients
The chromosome alteration assay is a powerful classical cytogenetic tool for antigenotoxic testing. In the present study Punica granatum extract was assayed for antigenotoxicity in cultured lymphocytes using chromosome alteration assay.
· A total of ten blood samples were collected from breast cancer patients. Samples treated with PFE were taken as experimental group samples and un treated samples were considered as control group samples.
· Age of the experimental group participants ranged from 30 to 70 years. Experimental samples collected were with different stages of breast cancer namely Stage I, Stage II, Stage III and Stage IV.
· The total chromosomal Alteration (CA) was found to be higher when the stage of cancer increased.

· The percentage inhibition of chromosomal alteration after the addition of methanol, chloroform, petroleum ether and water extracts of Punica granatum was found to be 20 - 40 %.
· Of the four treatments, maximum decrease in CA was found in the methanol extract (34.31±6.01) when compared to chloroform, petroleum ether and water extracts (2.92±0.89, 5.3±1.87 and 0±0) and was statistically significant at 5% level.
· There was a significant reduction in the number of chromatid type of aberration (CTA) in the experimental samples treated with methanolic extract (5.75±1.5) than in the control samples; 8.75±3.59 (p<0.01).
· Similarly chromosome type aberration (CSA) was found to reduce significantly in the experimental samples treated with methanolic extract (3.25±1.5) than in controls samples; 5.25±2.06 (p<0.01).
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