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ABSTRACT

A preliminary study was conducted to determine the level of oxidative DNA
damage, fruits and vegetables intake among 50 breast cancer patients (cases)
as compared to 50 healthy women (controls) with no known medical history of
breast cancer in Klang Valley. Both groups were matched for age and ethnicity.
Data on socio-demographic, health status and medical history, fruits and
vegetablesintake, and supplements intake wer e obtai ned through an interview-
based questionnaire. Anthropometry measurements included weight, height,
and waist and hip circumference were also carried out on subjects. A total of
3mL fasting venous blood was drawn to assess lymphocytes oxidative DNA
damage using Alkaline Comet Assay. Results indicated that the mean intake of
fruits and vegetables was lower in cases (4.09 £+ 1.17 servings/d) than controls
(4.77 £ 0.90 servings/d)(p < 0.05) The intake of fruits and vegetables from
family groups of solanaceae, myrtaceae, caricaceae, apiaceae, brinjal, rutaceae,
broccoli, orange, carrot, watermelon were 0.5 - 1 servings/week significantly
higher among controls as compared to cases (p < 0.05 for all parameters).
However, theintake of fruits fromrosaceae family and apple was higher among
controlsthan cases (p < 0.05). The estimated intake of -carotene, carotenoids,
vitamin A, vitamin C (p < 0.001), a-carotene and lycopene (p < 0.05) from
fruitsand vegetableswer e higher among controlsthan cases. Mean DNA damage
level of cases (4.55 + 1.78 % DNA in tail, %TD; 0.35 £ 0.21 tail moment, T™)
were 3.5 and 3.9 times higher than the value of controls (1.3 + 0.70% TD; 0.09
+ 0.09 T™) (p < 0.001) and the damage increased with higher values of waist
hip ratio (% T, r = 0.396, p < 0.05; ™™, r = 0.349, p < 0.05) and waist
circumference (% TD, r = 0.334, p < 0.05; ™™, r = 0.360, p < 0.05). Therewas
an inverse relationship between oxidative DNA damage with intake of total
fruitsand vegetables, cauliflowersand water convolvulusand also consumption
from rutaceae and solanaceae families. Smilar trend was noted for estimated
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intake of vitamin A, carotenoids, vitamin C, S-carotene and lycopene. In
conclusion, the intake of fruits and vegetables of five servings/d and the
consumption of specific familiesand types of fruitsand vegetables might protect
against oxidative bDNA damage and further reduce breast cancer risk.

Keywords: DNA oxidative damage, Breast cancer, Alkaline Comet Assay,
Fruits and vegetables

ABSTRAK

Satu kajian awal telah dijalankan untuk menentukan tahap kerosakan
oksidatif DNA, pengambilan buah-buahan dan sayur-sayuran di kalangan 50
pesakit kanser payudara (kes) berbanding dengan 50 wanita sihat yang tidak
mengalami kanser payu dara (kawalan) di sekitar Lembah Klang. Kedua-dua
kumpulan dipadankan dari segi umur dan bangsa. Data sosio-demografi,
status kesi hatan dan sejarah perubatan, pengambilan buah-buahan dan sayur-
sayuran, serta pengambilan supplemen telah diperolehi melalui temu duga
menggunakan soal selidik. Pengukuran antropometri yang merangkumi berat,
tinggi, ukurlilit pinggang pinggul juga dilakukan ke atas subjek. Sgjumlah
3mL darah venus berpuasa telah diambil untuk menilai kerosakan oksidatif
DNA limfosit dengan kaedah Asai Komet Beralkali. Hasil menunjukkan bahawa
pengambilan buah-buahan dan sayur-sayuran adalah lebih rendah di
kalangan kes (4.09 + 1.17 hidangan/h) berbanding kawalan (4.77 + 0.90/h)
(p < 0.95). Pengambilan buah-buahan dan sayur-sayuran daripada kumpulan
keluarga solanaceae, myrtaceae, caricaceae, apiaceae, brinjal, rutaceae,
brokoli, oren, lobak merah dan tembikai di kalangan subjek kawalan adalah
0.5 - 1 hidangan/minggu lebih tinggi secara signifikan berbanding dengan
kes (p < 0.05 untuk semua parameter). Walau bagaimanapun, pengambilan
buah-buahan daripada keluarga rosaceae dan epal adalah lebih tinggi di
kalangan subjek kes berbanding dengan kawalan (p < 0.05 untuk kedua-dua
parameter). Pengambilan nutrien 5-karoten, karotenoid, vitamin A, vitamin C
(p < 0.001), o-karoten dan likopen (p < 0.05) adalah lebih tinggi di kalangan
subjek kawalan berbanding dengan kes. Min aras kerosakan DNA subjek kes
(4.55+ 1.78% DNA in tail, % TD; 0.35 + 0.21 tail moment, T™M) adalah 3.5 dan
3.9 kali lebih tinggi berbanding kawalan (1.3 + 0.70 % TD; 0.09 + 0.09 T™)
(p < 0.001), dan kerosakan ini meningkat dengan peningkatan nisbah
pinggang pinggul (% T, r = 0.396, p < 0.05; ™™, r = 0.349, p < 0.05) dan
ukurlilit pinggang (% TD, r = 0.334, p < 0.05; ™™, r = 0.360, p < 0.05).
Terdapat hubungan songsang di antara kerosakan DNA dengan pengambilan
buah-buahan dan sayur-sayuran total, bunga kobis dan water convolvulus
dan pengambilannya dari keluarga rutaceae dan solanaceae. Tren yang sama
diperolehi bagi anggaran pengambilan vitamin A, karotenoids, vitamin C, -
carotene dan likopen. Kesimpulannya, pengambilan buah-buahan dan sayur-
sayuran sebanyak lima hidangan/h dan pengambilannya dari kumpulan
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keluarga dan jenis tertentu mungkin melindungi kerosakan oksidatif DNA dan
dijangka mengurangkan risiko kanser payudara.

Kata kunci: Kerosakan oksidatif DNA, Kanser payudara, Asai Komet
Beralkali, Buah-buahan dan sayur-sayuran

INTRODUCTION

Breast cancer istheleading cause of cancer mortality inwomen. Intheyear 2005,
breast cancer contributed to 502,000 deaths globally (wHo 2006). In Malaysia,
3738 incidence of breast cancer was reported in the year 2003 (National Cancer
Registry 2004). According to the Second Report of National Cancer Registry
(2004), age-standardized incidence rate of breast cancer are 52.8 in 100,000
populations. Several factors, such asfamily history, null parity, and later age at
giving birth arewell established breast cancer risk factors (Collaborative Group
on Hormonal Factors in Breast Cancer 2002). Many studies suggested that
environmental factors (Hejar et al. 2004) and genetic susceptibility (Parsons
2005) also contributed to breast cancer risk.

Oxidative DNA damage might play an important role in the process of
carcinogenesis(Vako et a. 2006). At high concentration, reactive oxygen species
wereimportant mediatorsto the damage of cell structures, nucleic acids, lipids
and proteins(Valko et a. 2006). Dueto this, consumption of fruitsand vegetables
which containing amixture of natural antioxidant and phytochemical compounds
arelinked to the protection of biological system from the oxidative DNA damage
and further reduced breast cancer risk. In Malaysia, studies on breast cancer
are scarce, and limited only to health risk factors as compared to diet and
oxidative DNA damage. For example, astudy (Suzanaet al. 2004) reported that
fiber intakelessthan 10 gram per day contributed to 2.2 times breast cancer risk.
Other studies showed that obesity, family history, use of oral contraceptive
(Norsa adah et al. 2005) and breast feeding (Hejar et a. 2004) reduced breast
cancer risk. Therefore, the aim of this study wasto eval uate the relationship of
fruits and vegetables consumption and oxidative DNA damagein breast cancer
patients and healthy women.

EXPERIMENTAL METHODS

STUDY DESIGN

Thisisapreliminary comparative study on 50 breast cancer patients (cases) and
50 healthy women (controls) with respect to oxidative DNA damage and fruits
and vegetables intake. Cases were newly diagnosed breast cancer patients (as
diagnosed using biopsy), not at the 4" stage of breast cancer, not undergoing
chemotherapy or radiation, not |actating and not suffering from any other chronic
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diseases. They wererecruited from outpatients department and surgical ward of
Kuala Lumpur Hospital (HKL), Selayang Hospital and Hospital Universiti
Kebangsaan Malaysia (HUKM). Controls were healthy women without past
medical history of breast cancer and had undergone self-examination or
mammaogram, not suffering from any chronic diseases and not |actating. They
were staffsat HKL, Universiti Kebangsaan Malaysia (KualaLumpur’s campus)
or residents of housing areaat Sri Gombak and Titiwangsa. Cases and controls
were matched according to age (+ 5 years) and ethnicity. Sample size was
calculated with 95% confidence interval and 80% study power following the
method of Sample Size Determination in Health Studies (Lwanga & Lemeshow
1991). Socio-demographic data, health status and medical history, fruits and
vegetablesintake and supplementsintake were obtai ned through interview based
guestionnaire. In addition, anthropometric measurements including weight,
height, wai st and hip circumferenceswere also carried out on subjects. In asub-
sample of 30 subjects, atotal of 3 mL fasting venous blood samplewas collected
using heparinized tubefor genotoxicity analysisusing theAlkaline Comet Assay.
The study has been approved by the Research and Medical Research Ethical
Committee of the Universiti Kebangsaan Malaysia (NN-026-2004). Thisstudy is
part of alarger study investigating the relationship between diet, lifestyle, body
composition, physical activity and hormone level and breast cancer asreported
earlier (Rabetaet a. 2007).

FOOD FREQUENCY QUESTIONNAIRE (FFQ)

A pre-tested quantitative FFQ which consists of 58 vegetables and 26 fruits
commonly consumed by Malaysian population was used in thisstudy. Participants
were asked to describe the frequency of consuming aparticular food per day, per
week, per month or per year over the past one year. The FFQ was also used to
estimate the intake of selected antioxidant nutrients namely o.-carotene,
B-carotene, total carotenoids, cryptoxanthin, lutein, lycopene, vitamin A and
vitamin C. The nutrient was analyzed using the Nutritionist Pro software based
on Malaysian Food Composition Table (Tee et al. 1997) for vitamin A, and C
[-carotene, and UsDA food database (USDA 2007) for other nutrientsinvestigated.
Fruits and vegetabl es consumed were quantified according to the Atlas of Food
Exchanges & Portion Sizes (Suzana et al. 2002). One serving of vegetablesis
equal to half cup of cooked dark green vegetables with edible stem, root
vegetables or sweet potatoes. While one serving of fruits equal to half cup or
half medium size guava; one slice papaya, watermelon or pineapple; and one
medium banana, orange, pear or apple.

ALKALINE COMET ASSAY

TheAlkaline Comet Assay conducted in this study was modified according to
the standard method (Singh et al. 1988). All of the steps were performed in the
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dark. A total of 100 ul 5% normal melting point (NMA) agarose was spread on top
of each frosted dides. The dlideswereimmediately covered with cover slipsand
kept at room temperaturefor 5 minutesto allow the agarose gel to solidify. Fresh
wholeblood of 10 ul wasmixed with 80 ul of low melting point (LMA) agaroseto
form a suspension. The cover dlips were gently removed and the suspension
was gently pippeted onto the first layer of agarose, then covered with cover
dlipsagain and kept onicefor 5 minutesto solidify. After removal of the cover
dips, thedlideswereimmersedin coldlysing solution (2.5M NaCl, 10uM NaEDTA,
10mM Tris, pH 10) with Triton X-100 and 10% DMSO prepared one hour before
used. After one hour, the slides were removed from the lysing solution, drained
and placed in electrophoresis tank. Electrophoresis tank was then filled with
freshly prepared electrophoresis solution (ImM Na,eDTA and 10N NaOH, pH
13) to cover al slides. Before electrophoresis, the slideswereleft in the solution
for 20 minutes to alow unwinding of DNA double helix. Electrophoresis was
conducted at 25 volt, 300 mA, and 20 minutes. After electrophoresis, the slides
weretaken out of the tank and neutralized using neutralizing buffer (0.4M Tris,
pH 7.5) for 5 minutes and repeated three times. Onto each slide, 35 ul ethidium
bromide (EtBr 10 ug/ml) was added and covered with acover dip. All slideswere
placed inahumidified airtight container to prevent drying of the gel and analyzed
the very next day. A total of 100 cellswere captured by Leical eitz Laborlux S,
Germany and analyzed by Comet Score™.

STATISTICAL METHODS

Statistical tests were conducted using Statistical Packages for Social Sciences
(sPss) Version 12.0. Descriptive data were presented as mean and percentage
between casesand controls. In order to investigate the difference of lymphocytes
oxidative DNA damage, fruits and vegetables intake among cases and controls,
Independent Sample t-test were used. Chi sguared test was used to analyze
categorical data. The relationship between oxidative bNA damage and
consumption of fruits and vegetables were analyzed using Pearson Correlation
Coefficient.

RESULTS

One hundred women aged 26 - 65 years, consisted of fifty breast cancer patients
and fifty controls participated in this study. The ethnic composition of the cases
was 70% Malays, 18% Chinese, 12% Indians, and controls was 70% Malays,
18% Chinese, and 12% Indians. The mean age of cases (49.62 + 7.56 years) was
comparable with controls (47.04 + 8.99 years). The mean weight of cases and
controlswere 60.39 + 9.46 kg and 58.83 + 10.93 kg, respectively; height 156.65 +
5.35cmand 158.02 + 7.82 cm, body massindex (Bm1) 24.65 + 3.91 kg/m?and 23.58
+4.18kg/m?.
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As shown in Table 1, a higher percentage of cases had larger waist
circumference and waist hip ratio (WHR) as compared to controls (p < 0.05 for
both parameters). Cases were also more likely to have family history of breast
cancer (32%) and use hirth control (36%) as compared to controls (14% for
family history and 18% for use of birth control) (p < 0.05) and use of oral
contraceptive (p < 0.05) were significantly associated with breast cancer risk in
this study. The association for acohol consumption and smoking could not be
computed due to small percentage of subjects who had these attributes.

Table 2 shows that the mean intake as expressed by serving size per day of
fruits (1.49 £ 0.60 servings/day), vegetables (3.29 + 0.73 servings/day) (p < 0.05)
and total fruits and vegetables (4.77 + 0.90 servings/day) (p < 0.01) of controls
were higher than cases (1.23 + 0.51, 2.86 + 0.98, 4.09 + 1.17 servings/day,
respectively). When consumption of fruits and vegetables were classified
according to family group, the intakes from the family of apiaceae caricaceae,
myrtaceae, rutaceae and solanaceae were significantly higher among controls
than cases (p < 0.05 for all parameters). However, cases showed a higher
consumption of fruits in rosaceae family and apple than controls (p < 0.05).
Controls consumed a significantly higher amount (approximately half to one
serving/ week) of specific typesof fruitsand vegetablesnamely brinjal, broccoli,
carrot, orange and watermel on than cases (lessthan half to one serving/week) (p
<0.05for al parameters). Figure 1 showsthat theintake of o-carotene, lycopene
(p<0.05), B-carotene, carotenoids, lutein, vitamin A and vitamin C (p< 0.001 for
all parameters) estimated from fruits and vegetables among controls were
significantly higher than cases.

Table 3 showsthat cases (5.35 + 1.79 % TD; 0.435 + 0.257 T™) displayed a
significantly higher oxidative DNA damage as assessed using alkaline Comet
Assay compared to controls (1.41 + 0.81 % TD; 0.086 + 0.086 T™)(p < 0.001).
Oxidative DNA damage (% TD and TM) among casesin the 31 - 40 yearsold (p <
0.05),41-50yearsold (p< 0.001) and above50yearsold (p < 0.001) weresignificantly
higher than controls. Among cases, it appeared that DNA damage wasthe highest
among those aged > 50 years old. Furthermore, a higher oxidative DNA damage
was showed in subjectswithwHR (% TD r =0.396, p< 0.05; T™M r =0.349, p< 0.05)
andwaist circumference (% TD r =0.334, p< 0.05; M r =0.360, p < 0.05).

There was an inverse relationship between oxidative damage with total
fruitsand vegetablesintakes (% 17D r =-0.279, p< 0.05; T™M r =-0.298, p < 0.05)
(Table4). Similar trend was noted for fruits and vegetabl esintake from rutaceae
family (% TD r =-0.284, p < 0.05), solanaceae family (TM r =-0.298, p < 0.05),
cauliflowers(T™m r =-0.571, p < 0.05) and water convolvulus(T™M r =-0.674, p<
0.05). As shown in Table 5, there was an inverse relationship between the
estimated intake of sel ected antioxidantsfrom fruitsand vegetableswith oxidative
DNA damage, particularly vitamin A, carotenoids and vitamin C that showed
significant association in both % TD and T™M. Whilst, 3-carotene and lycopene
only showed significant association with either % TD or T™ only.
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TABLE 1. Physical and health characteristics of cases and controls

Cases (n=50) Controls (n = 50) p

Characteristic
n (%) n (%)
BMI
> 25 kg/m? 19 (398) 15 (30) 0.398
< 25kg/m? 31(62) 35 (70)
Waist (cm)
>80cm 36 (72) 22 (44) 0.005**
<80cm 4 (28) 28 (56)
WHR
>0.85 30 (60) 18 (36) 0.016*
<0.85 20 (40) 32 (64)
Alcohol intake
Yes 10 (20) 24 -
No 40 (80) 47 (94)
Smoking
Yes 6 (12) 0(0) -
No 46 (92) 50 (100)
Family history
Yes 16 (32) 7(14) 0.031*
No 34 (78) 43 (86)
Menopausal status
Yes 27 (54) 23 (46) 0.424
No 23 (46) 27 (54)
Ageof menarche (year)
<11 5(10) 24 0.240
>11 45 (90) 48(96)
First pregnancy (year)
>30 42 (84) 39 (78) 0.444
<30 8(16) 11 (22)
Lactation
Yes 35 (70) 35 (70) 1.000
No 15 (30) 15 (30)
Use of birth control
Yes 18 (36) 9(18) 0.043*
No 32 (64) 41 (82)
Use of Hormone Replacement Therapy
Yes 24 0(0)
No 48 (96) 50 (100) 0.15

* p < 0.05, **p < 0.01, Chi square
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TABLE 2. Mean (+ sD) intake of fruits and vegetables, fruits and vegetables according
to family classification and types of fruits and vegetables frequently consumed

among cases and controls

Cases(n=50) Controls (n = 50) p

Food groups
Mean + SD Mean + SD

Fruits (servings/day) 123+ 0.51 1.49 + 0.60 0.022*
Vegetables (servings/day) 2.86 + 0.98 329 £ 0.73 0.015*
Total fruits and vegetables (servings/day) 409 + 1.17 4,77 £ 0.90 0.001*
Fruits & vegetables according to family
classification (servings/week)
Alliacese 1.62 + 2.06 176 + 1.76 0.732
Amaranthaceae 0.80 + 0.80 1.37 + 0.95 0.053
Anacardiaceae 0.52 £ 0.76 0.56 + 1.15 0.856
Apiaceae 110+ 1.28 222+ 134 0.013*
Asteraceae 0.38 £ 0.70 0.48 £ 0.76 0.507
Brassicaceae 5.06 + 2.00 6.03 + 3.20 0.128
Caricaceae 0.56 + 1.20 1.09 + 0.88 0.013*
Convolvulaceae 058+ 14 094 + 1.15 0.165
Cucurbitacese 3.40 + 2.03 275+ 315 0.223
Leguminosae 226 £ 2.23 227+ 222 0.459
Malvaceae 0.53 £ 0.50 1.30 + 0.52 0.216
Musaceae 1.08 + 1.98 1.70 + 1.47 0.079
Myrtaceae 0.24 + 0.83 0.60 + 0.48 0.029*
Rosaceae 255+ 1.19 1.29 + 1.59 0.002*
Rutaceae 094 + 1.28 1.75 + 0.99 0.001*
Solanaceae 363+ 227 477 + 2.68 0.037*
Vitaceae 0.49 + 0.45 0.79 £ 0.92 0.224
Fruits and vegetables frequently
consumed (>1 servings/week)
Apple 212 + 0.63 1.76 + 0.66 0.006*
Banana 1.84 + 0.62 1.98 + 0.65 0.274
Brinjds 1.54 + 0.58 184 +0.74 0.026*
Broccoli 152+ 071 2.00 + 0.83 0.002*
Cabbage 172 + 0.73 2.00 £ 0.86 0.661
Carrot 1.70 £ 0.70 216 £ 0.71 0.002*
Cauliflowers 1.90 + 0.81 1.98 + 0.65 0.589
Chinese cabbage 1.72 + 0.76 1.96 + 0.76 0.112
Chinese mustard leaves 172 + 0.73 2.00 + 0.86 0.062
Four angled beans 1.72 + 0.70 1.80+0.64 0.552
Galic 192 + 0.83 1.96 + 0.63 0.798
Grapes 184+ 0.71 2.00 £ 0.78 0.287
Kae 1.78 + 0.74 1.90 + 0.81 0.448
Mung beans 1.74 + 0.80 1.78 + 0.76 0.799
Orange 1.68 + 0.47 1.96 + 0.53 0.006*
Papaya 1.82 + 0.69 212 £ 0.82 0.051
Potatoes 2.04 £ 0.67 1.94 + 0.77 0.489
Spinach 198 + 0.75 192 + 0.74 0.683
String beans 1.82 + 0.75 2.00 + 0.85 0.266
Tomatoes 1.88 + 0.77 218 + 0.75 0.051
Water convulvolus 168 + 0.71 1.96 + 0.75 0.059
Watermelons 1.64 £ 0.69 212 +0.75 0.001*

*p < 0.05, Independent sample t-test
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FIGURE 1. Mean antioxidantsintake from fruits and vegetabl es among
cases and controls

TABLE 3. Oxidative DNA damage according to age group among cases and controls

% TD? p TMP® p
Cases Control Cases Control

(n=30) (n=30) (n=30) (n=30)
Mean + SD 535+179 141+081 0.000** 0.435+0.257 0.086+ 0.086 0.000**
AgeGroup (year)
>30 373+ 0.00 1.12+0.64 0.157 £ 0.000 0.110 + 0.060
31- 40 445+ 155 213+0.72 0.006* 0.279+0.060 0.130+0.116 0.006*
41 -50 372+ 142 1.03+0.57 0.000* 0.286+ 0.140 0.046 + 0.053 0.000**
>50 535+ 179 1.41+0.81 0.000** 0.440* 0.257 0.086 = 0.086 0.000**

2% DNA damage in tail
® Tail moment
*p < 0.05, ** p < 0.001, Independent sample t-test

DISCUSSION

Thefindingsthat family history of breast cancer and usage of oral contraceptive
were associated with breast cancer were consistent with other studies reported
previously (Antoniou et a. 2003; Gammon et al. 2004; Nagataet al. 2006). Inthis
study, it was found that abdominal obesity as measured using WHR and waist
circumferencewould increaserisk of breast cancer by approximately threetimes.
Thisfinding is consistent with other study in Malaysia(Kamarudin et a. 2006).
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TABLE 4. Correlation between oxidative DNA damage, fruits and vegetablesintake,
and fruits and vegetablesintake according to family classification,
fruits and vegetables frequently consumed among subjects

% TD? T™M?®

Food groups

r p r p
Fruits -0.207 0.113 -0.301 0.019*
Vegetables -0.227 0.082 -0.181 0.166
Total fruits and vegetables -0.279 0.031* -0.298 0.021*
Fruits & vegetables according to family
classification
Alliaceae -0.169 0.196 -0.201 0.123
Amaranthaceae -0.128 0.329 -0.065 0.619
Anacardiaceae -0.067 0.610 -0.117 0.375
Apiaceae -0.063 0.632 -0.034 0.799
Asteraceae 0.046 0.729 0.123 0.351
Brassicaceae -0.007 0.961 0.067 0.610
Caricaceae -0.162 0.217 -0.198 0.129
Convolvulaceae -0.204 0.117 -0.211 0.105
Cucurbitaceae 0.155 0.237 0.098 0.456
L eguminosae 0.080 0.542 0.116 0.376
Malvaceae 0.022 0.866 0.071 0.590
Musaceae -0.165 0.207 -0.201 0.123
Myrtaceae -0.236 0.070 -0.196 -0.134
Rosaceae 0.178 0.173 -0.029 0.825
Rutaceae -0.284 0.028* -0.195 0.136
Solanaceae -0.165 0.207 -0.298 0.021*
Vitaceae 0.024 0.854 0.078 0.554
Fruits and vegetables frequently consumed
(2 1 serving/week)
Apple 0.177 0.176 0.012 0.930
Banana -0.409 0.130 -0.319 0.247
Brinjas -0.233 0.403 -0.240 0.389
Broccoli -0.214 0.444 0.065 0.819
Cabbage 0.056 0.843 0.249 0.370
Carrot -0.194 0.489 -0.063 0.822
Cauliflowers 0.408 0.131 -0.571 0.026*
Chinese cabbage -0.065 0.817 -0.018 0.949
Chinese mustard |eaves -0.112 0.624 0.033 0.906
Four angled beans -0.172 0.541 -0.041 0.884
Garlic -0.238 0.394 -0.328 0.232
Grapes -0.330 0.230 -0.284 0.304
Kale -0.165 0.556 0.285 0.303
Mung beans -0.544 0.036* 0.331 0.227
Orange -0.318 0.249 -0.193 0.491
Papaya -0.207 0.460 -0.284 0.305
Potatoes -0.165 0.556 -0.237 0.394
Spinach -0.185 0.510 -0.221 0.429
String beans -0.272 0.326 0.092 0.743
Tomatoes -0.091 0.747 -0.172 0.539
Water convulvolus -0.487 0.065 -0.674 0.006*
Watermelons -0.203 0.469 -0.285 0.303

2 9% DNA damage in tail
® Tail moment
*p < 0.05, Pearson Correlation Test
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TABLE 5. Correlation (r) between oxidative DNA damage, antioxidant nutrients
from fruits and vegetables among cases and controls

) . % TD? TMP®
Micronutrients
r p r p

o-carotene -0.031 0.821 0.067 0.611
[B-carotene -0.367 0.004* -0.217 0.096
Carotenoid -0.396 0.002* -0.316 0.014*
Criptoxanthin 0.120 0.363 0.079 0.550
Lycopene -0.223 0.087 -0.260 0.045*
Lutein -0.224 0.086 -0.140 0.280
VitaminA -0.477 0.000** -0.316 0.004*
VitaminC -0.323 0.012* -0.278 0.032*

29 DNA damage in tall
5 Tail moment
*p < 0.05, ** p < 0.001, Pearson Correlation Test

Studies on breast cancer and fruits and vegetables intake are usually
controversial. Case controls study (Adzersen et al. 2003), cohort study (Fung et
al. 2005) and meta-analysis (Gandini et al. 2004) showed protective effects of
fruits and vegetables consumption to breast cancer risk. However, some other
studies (Smith-Warner et a. 2001 & Malin et al. 2003) did not found positive
association between fruits and vegetabl es consumption with breast cancer risk.
The controversial results might be due to variation of study methodology and
subjects characteristics. A randomized controlled trial might giveaclearer picture
of specific anti-carcinogenic effects of bioactive compounds but it takes longer
time and the process is complicated. However, case control study or cohort
study might provide or identify a potential compoundsin fruits and vegetables
beneficial to prevent breast cancer risk.

In this study, the classification of fruits and vegetables according to family
group which contain specific phytochemical compoundsidentical to the specific
families might deepened the horizon of study on breast cancer. It wasfound that
the consumption of fruitsand vegetablesfrom the family of apiaceae, caricaceae,
myrtaceae, rutaceae and solanaceae were significantly higher among controls
than cases. Fruits belonged to myrtaceae family; such asguavaisrichinvitamin
C, flavonoids and phenolic compoundsthat exert freeradical scavenging ability
especially at hypoclorousacid (Neergheenaet al. 2006). Rutaceae family which
ismore commonly known ascitrusfamily isrich source of vitamin C and secondary
limonoids compounds. The seedsand fruits of citrus contain triterpenoi ds complex
such as aglycon and glucoside that are potent antibacterial and antitoxicity
agents (Rodrigues et al. 2000). In addition, carrots and coriander leaves that
belonged to apiaceae family are highin B-carotene and o-carotene contents (Tee
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etd. 1997). Coriander leavesare highin polyphenol compoundsthat are potential

hydrogen peroxide scavenger (Hashim et al. 2005). Papayaisthe representative
of caricaceaefamily that ishighinlycopene, criptoxanthin and carotenoids (Tee
et al. 1997). A study showed that consumption of 400 g/day papaya increased
antioxidant level in healthy male subjects (Rahmat et al. 2004). Vegetables such
as tomatoes, brinjals, pepper and potatoes those are bright in colors belong to
solanaceae family. For example, tomatoes are high in lycopene that exert two
times higher ability than -carotene and one time higher than a-tocopherol to
guench singlet oxygen (Agarwal & Rao 2000). In thisstudy, controlsreported a
higher intake of specific fruits and vegetable (ie. amost half to one serving per
week morethan cases) namely brinjal, broccali, carrot, orange and watermel on.

Thefinding of thisstudy issimilar to the results of previous study (Smith-
Warner et d. 2001) that showed 0.5 serving/week consumption of broccoli reduced
(RR 0.86; 95% CI 0.72-1.02) breast cancer risk by 14%. Broccoli isthe source of
sulfur compounds such asisothiosianate and dithiolthion that manageto activate
phase | and phase Il detoxification enzyme (Finley 2003). Interestingly, this
study and also other study (Simon et al. 2000) showed that rosaceae family, such
as apple and plum exerts inverse association with breast cancer risk. This may
requirefurther investigation.

The findings that selected antioxidant nutrient intake from fruits and
vegetables namely o-carotene, lycopene, B-carotene, carotenoids, lutein, vitamin
A and vitamin C were higher among controls than cases, thus might contribute
to protective effect against breast cancer were similar to other case-control
studies among Germany (Adzersen et al. 2003), Korean (Do et a. 2003) and
African American populations (Simon et al. 2000). A meta-analysis (Gandini et
al. 2004) also showed that 3-carotene reduced therisk of breast cancer. Study on
antioxidant showed that subjects with alower level of antioxidant displayed a
higher breast cancer risk (Ching et al. 2002).

In this study, the lymphocyte levels of oxidative DNA damage seen among
casesand controlsweresimilar or slightly lower to those reported from previous
studies (Andreoli et a. 1997; Zhu et al. 1999; Colleu-Durel et al. 2004). In the
present study, the breast cancer patients participated as cases were newly
diagnosed patients and did not suffer from other chronic diseases. While cases
were healthy subjectswithout any chronic diseases and history of breast cancer
that might contributeto thelower lymphocytes oxidative DNA damagelevels. In
this study, oxidative DNA damage increased proportionally with advanced age
among cases. Comet assay studies of the effect of age on DNA damagein human
results have reported conflicting results (Zhu et al. 1999 & Smith etal. 2003). The
higher bNA damage was al so noted among subj ects with higher wHR and waist
circumference dueto thelarger accumulation of adiposetissuein the abdominal
which are indicator for diseases related to obesity and oxidative stress.

Thehigher theintake of fruitsand also from specific family namely rutaceae,
solanaceae, cauliflowers and water convolculus the lower oxidative damage
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were observed. This study is the first study of its kind to show the association
between oxidative DNA damage with fruits and vegetables intake according to
family group classification. Other studies of oxidative DNA damage and fruits
and vegetablesintake showed controversia results(Zhu & Loft 2001; Giovannelli
et al. 2002). However, different study population might gives variation in the
results. Fruits and vegetables that contain abundant phytochemicals and
antioxidant showed the ability to lower oxidative DNA damageinvivo (Cao et a.
1998; Pool-Zobd et al. 1998; O’ Neill et al. 2002). Theahility of fruitsand vegetables
to reduce oxidative DNA damage might work in synergy or thereare magic bullets
that manage to quench specific carcinogenic compounds.

Fruits in rutaceae family contain flavonol, flavones and flavonon that are
powerful infreeradical quenching (Rodrigueset a. 2000). Vegetablesin solanaceae
family display colorful appearance dueto specific flavonoids. For example, brinjas
contain nasunin as specific bioactive compounds that are powerful in hydroxyl
radicals (Noda et al. 2000). Red and green bell peppers contain capsaicins that
manage to reduce oxidative stress (Toskulkao & Tekittipong 1996). These
antioxidant compounds might be the contributing factors for the selected fruits
and vegetables to reduce oxidative DNA damage and further reduced breast
cancer risk. Studies have shown that cruciferous vegetables have the ability to
reduce oxidative DNA damage (Giovannelli et al. 2002). So far, no study examined
the ability of water convolvulusto reduce oxidative DNA damage. However, this
vegeTable 1shighin carotenoidsthat might explain the protective effectstowards
oxidative DNA damage.

Inthisstudy theintake of selected antioxidants nutrient, particularly vitamin
A, C, carotenoid, -carotene and lycopene reduced oxidative damage. Study
have shown that high consumption of vitamin C and 3-carotene reduced oxidative
damage (Giovannelli et al. 2002) but other study showed inverse correlation
(Bianchini et al. 2000). Study showed that lymphocytes treated with ascorbic
acid and a-tocopherol haslower DNA damage when the cellsare pretreated with
hydrogen peroxide (Sierenset a. 2001). Vitamin C iswater soluble vitamin that
manages to quench radicals present in water soluble phase and it is able to
recycle vitamin E to its original form. Carotenoids that are pro-vitamin A can
scavengefreeradicalsand prevent lipid peroxidation and repair the DNA damage.

In conclusion, this study suggested that consumption of fruits and
vegetables of specific family groups and types and atotal serving of more than
four per day might protect against oxidative DNA damage and further reduced
therisk of breast cancer. Further larger population study need to be conducted
to investigate the effects of fruits and vegetables consumption particularly the
tropical kind and also ‘ulam’ on oxidative DNA damage.
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