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Abstract:

Carcinogen induced mutation in somatic cells leads to genetic instability, which is considered as an important facet of carcinogene-

sis. Agents that inhibit DNA adduct formation, stimulate DNA repair mechanisms, and possess antioxidant functions are considered

as antigenotoxic agents. Genistein, the major isoflavone of soy products, protects animals against experimentally induced mammary

and prostate cancers. 7,12-Dimethylbenz[a]anthracene (DMBA), a potent site-specific carcinogen, induce mutations in DNA

through its active metabolite, dihydrodiol epoxide, what is a crucial step in cancer initiation. The antigenotoxic effect of genistein

against DMBA-induced genotoxicity has been investigated in the present study by analyzing the frequency of micronucleated poly-

chromatic erythrocytes (MnPCEs) and chromosomal aberrations as cytogenetic end-points. The status of lipid peroxidation, antioxi-

dants and detoxication agents were used as biochemical end-points to assess the antigenotoxic effect of genistein. Elevated MnPCEs

frequency, marked chromosomal aberrations and enhanced status of lipid peroxidation, antioxidants and detoxication agents were

observed in DMBAtreated animals. Oral pretreatment of genistein (20 mg/kg b.w.) for 5 days to DMBAtreated animals significantly

reduced the frequency of micronucleus formation and chromosomal abnormalities as well as reversed the status of biochemical vari-

ables. Our results suggest that genistein has potent antigenotoxic effect against DMBA-induced genotoxicity.
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Abbreviations: CAT – catalase, DMBA – 7,12-dimethyl-

benz[a]anthracene, GPx – glutathione peroxidase, GR – glu-

tathione reductase, GSH – reduced glutathione, GST –

glutathione-S-transferase, MnPCEs – micronucleated poly-

chromatic erythrocytes, NCEs – normochromatic erythrocytes,

PCEs – polychromatic erythrocytes, SOD – superoxide dismu-

tase, TBARS – thiobarbituric acid reactive substances

Introduction

Cytogenetics is the study of the structure and function

of chromosomes, and the cytogeneticists could easily

identify chromosomal defects, subtle deletions, inver-
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sions, insertions, translocations, fragile sites and other

more complex rearrangements and refine break points

[5]. Cytogenetic markers such as chromosome aberra-

tions (abnormality in chromosomal structure and

number), micronuclei frequency and sister chromatid

exchanges are relatively rapid, facile and sensitive in-

dicators of genetic damage, which are useful for the

diagnosis of genetic disorders. Abnormalities in chro-

mosomal structures such as increased chromosomal

breakage or chromosomal loss are associated with en-

hanced risk of carcinogenesis and in the progression

of neoplastic transformation [15]. Bone marrow mi-

cronucleus test and detection of chromosomal aberra-

tions have been widely used as a tool to indicate car-

cinogen induced DNA damage as well as to assess the

antigenotoxic effect of natural or synthetic chemopre-

ventive agents [26]. Assessing micronuclei frequen-

cies and chromosomal alterations in the bone marrow

cells helps to monitor high-risk human population to

cancer [18, 37]. Micronuclei are formed by the action

of chemicals that induce chromosomal breaks or

agents that damage to the spindle apparatus. Micronu-

clei could be formed from either lagging anaphase

chromosomes or anaphase bridges that can be de-

tected in the cytoplasm of a daughter cell after cell di-

vision [27]. Chromosome aberrations such as chromo-

somal breaks and rearrangements can be observed in

metaphase-blocked cells using conventional micros-

copy [14]. Target cells for erythrocyte-based micronu-

cleus assays were traditionally obtained from the bone

marrow compartment [23].

DMBA, a polycyclic aromatic hydrocarbon, is

widely used to induce genotoxicity in rat bone mar-

row [9]. It is an incomplete carcinogen and thus re-

quires metabolic activation for its neoplastic activity.

On metabolic activation, DMBA is converted into its

ultimate carcinogen, diol epoxide, by cytochrome

P450 [11]. Increased micronucleus frequency and

marked chromosomal abnormalities were reported in

DMBA-induced genotoxicity [29].

Oxidative stress, an imbalance in oxidant and anti-

oxidant status, plays crucial role in the pathogenesis

of several diseases including cancer [35]. Overpro-

duction of reactive oxygen species occuring during

metabolic activation of DMBA to diol epoxide, can

cause oxidative damage to structure and functions of

DNA, proteins and lipids [32]. Imbalance in oxidant

and antioxidant status can induce chromosomal aber-

rations through oxidative base damage and strand

breaks in DNA, contributing to mutagenesis and car-

cinogenesis [39]. Monitoring the status of detoxica-

tion agents in liver during carcinogen-induced

genotoxicity can assess the antigenotoxic potential of

the test compound. Altered status of detoxication

agents such as reduced glutathione, glutathione-S-

transferase and glutathione reductase in the liver indi-

cates the insult by toxic foreign agents [12].

Diet and nutrition may play a role in the etiopatho-

genesis of human cancers due to the presence of mu-

tagenic or pre-mutagenic agents. High consumption

of soy products protects Asian women from develop-

ing mammary carcinogenesis. Although beneficial

health effects of soy flavonoids were well docu-

mented, several studies demonstrated their mutagen-

icity and genotoxicity in both bacterial and mammal-

ian experimental systems [10]. Also, it has been re-

ported that high intake of flavonoids may alter drug

and amino acid metabolism, modulate the activity of

environmental genotoxicants, and alter the activity of

other key metabolizing enzymes [10]. In recent years,

genistein, the major phytoestrogen of soy products,

received much attention as chemopreventive agent in

the prevention of several cancers including breast and

prostate cancers. Genistein exerts estrogenic activity

at lower concentrations and antiestrogenic activity at

higher concentrations. The antiestrogenic activity of

genistein is the probable mechanism for its chemopre-

ventive effect [36]. Genistein exerts antioxidant effect

by protecting cells against the reactive oxygen free

radicals [34].

Profound evidences were, however, available for

the dual role of genistein in mutagenesis and carcino-

genesis, which is largely dependent upon the levels of

consumption of genistein. Kulling et al. [21] have

demonstrated that genistein induce structural chromo-

somal aberrations in cultured human peripheral blood

lymphocytes. McClain et al. [25] have reported that

dietary intake of genistein at a dose of 2 g/kg did not

produce any genotoxicity in Wistar rats. Due to these

controversial reports and to focus the exact role of

genistein, the present study was centered to focus the

antigenotoxic potential of genistein against DMBA-

induced genotoxicity. The antigenotoxic potential of

genistein was assessed by the frequency of MnPCEs,

chromosomal aberrations and by measuring the status

of lipid peroxidation, antioxidants and detoxication

agents in DMBA-induced genotoxicity in female Wis-

tar rats.
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Materials and Methods

Animals

Twenty-four female Wistar rats, 8 weeks old, weigh-

ing 128.5 ± 8.5 g, were obtained and maintained in

Central Animal House, Rajah Muthiah Medical Col-

lege and Hospital, Annamalai University. The animals

were housed four or five in a polypropylene cage and

provided standard pellet diet and water ad libitum.

The animals were maintained under controlled condi-

tions of temperature and humidity with a 12 h

light/dark cycle.

Chemicals

Genistein (98% purity by HPLC, soluble in DMSO

and ethanol); DMBA (95% purity, soluble in mineral

oil); colchicine (95% purity, soluble in water),

Giemsa and May-Grunwald’s stains were purchased

from Sigma-Aldrich Chemical Pvt. Ltd., Bangalore,

India. All other chemicals used were of analytical

grade.

Experimental procedure

The Institutional ethics committee, Annamalai Uni-

versity, Annamalainagar, approved the experimental

design. A total number of 24 animals were divided

into 4 groups and each group contained 6 animals.

Group 1 (127.5 ± 8.5 g) animals were orally pre-

treated with 2% DMSO alone for 5 days and served as

negative control. Group 3 (127.5 ± 7.5 g) animals

were pretreated with genistein (20 mg/kg b.w. po in

2% DMSO) for five days. Groups 2 (128.0 ± 8.5 g)

and 3 animals were injected with DMBA (30 mg/kg

b.w. ip in corn oil) after 2 h of administration of genis-

tein. Group 4 (128.5 ± 8.5 g) animals were pretreated

with genistein (20 mg/kg b.w. po in 2% DMSO) alone

for 5 days and were not received DMBA. All animals

were provided standard pellet diet and water ad libi-

tum. All the rats were sacrificed after 24 hours of

DMBA injection by cervical dislocation for the as-

sessment of micronucleus frequency and chromoso-

mal aberrations.

Assessment of chromosomal aberrations

Assessment of chromosomal aberrations in bone mar-

row was carried out according to the procedure of Kil-

ian et al. [20]. The femur bones were removed from

both negative control animals and experimental ani-

mals injected with 0.1% colchicine (1 ml/100 g b.w.

ip), 90 min before sacrificing the animals. The bone

marrow contents were flushed into 5 ml of physio-

logical saline and centrifuged at 500 × g for five min.

The sediments obtained were resuspended in 6 ml of

hypotonic KCl (0.075 M) and incubated at 37°C for

25 min. The pellets were then fixed using methanol :

acetic acid (3:1, v/v) fixative and stained with Giemsa

stain. One hundred well spread metaphase cells were

scored for each animal and structural chromosomal

aberrations were observed and recorded [16].

Bone marrow micronucleus test

Bone marrow micronucleus test was carried out ac-

cording to the method of Schmid [38]. The femur

bones removed from the Wistar rats were cleaned and

the content was flushed into tube containing 1 ml of

calf serum and was centrifuged at 500 × g for 10 min.

The obtained pellet was suspended with few drops of

fresh serum and slides were prepared and air-dried for

18 h. After drying, the slides were stained with May-

Grunwald stain followed by Giemsa stain. The fre-

quency of MnPCEs in each group was calculated by

scoring 2500 polychromatic erythrocytes (PCEs) per

animal [1].

Biochemical estimations

Blood samples were collected into heparinized tubes.

Plasma was separated by centrifugation at 1000 × g

for 15 min. The buffy coat was removed and the

packed cells were washed three times with physio-

logical saline. Tissue samples from animals were

washed with ice-cold saline and homogenized using

appropriate buffer in an all-glass homogenizer with

teflon pestle and used for biochemical estimations.

Lipid peroxidation was estimated as evidenced by

the formation of thiobarbituric acid reactive substan-

ces (TBARS). TBARS in plasma were assayed by the

method of Yagi [44]. Plasma was deproteinised with

phosphotungstic acid and treated with thiobarbituric

acid at 90°C for 1 h. The pink color formed gives

a measure of TBARS, which was read at 530 nm.
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Tissue lipid peroxidation was done by the method of

Ohkawa et al. [28]. The color formed by the reaction

of thiobarbituric acid with breakdown products of

lipid peroxidation was measured colorimetrically at

532 nm. Superoxide dismutase activity in plasma and

liver was assayed by the method of Kakkar et al. [19],

based on the 50% inhibition of formation of NADH-

phenazine methosulfate nitro blue tetrazolium (NBT).

The color developed was read at 520 nm. One unit of

the enzyme is taken as the amount of enzyme required

to give 50% inhibition of NBT reduction. The activity

of glutathione peroxidase (GPx) in plasma and liver

was determined using the method of Rotruck et al.

[33], based on the utilization of reduced glutathione

(GSH) by the enzyme. One unit of the enzyme is

expressed as moles of GSH utilized per minute. The

activity of catalase in plasma and liver was assayed by

the method of Sinha [41], based on the utilization of

H2O2 by the enzyme. The color developed was read at

620 nm. One unit of the enzyme is expressed as

µmoles of H2O2 utilized per min. The reduced gluta-

thione level in plasma and liver was determined by

the method of Beutler and Kelley [3]. The technique

involves protein precipitation by meta-phosphoric

acid and spectrophotometric assay at 412 nm of the

yellow derivative obtained by the reaction of the

supernatant with 5-5’dithiobis-2-nitrobenzoic acid.

The activity of glutathione-S-transferase (GST) in

liver tissue homogenate was assayed by the method of

Habig et al. [17]. GST activity was measured by incu-

bating the tissue homogenate with the substrate

1-chloro-2,4-dinitrobenzene (CDNB). The absor-

bance was followed for 5 min at 540 nm after the re-

action was started by the addition of reduced

glutathione. Glutathione reductase activity in liver tis-

sue homogenate was assayed by the method of Carl-

berg and Mannervik [6]. The enzyme activity was as-

sayed by measuring the formation of reduced glu-

tathione when the oxidized glutathione (GSSG) is

reduced by reduced nicotinamide adenine dinucleo-

tide phosphate (NADPH).

Statistical analysis

The data are expressed as the mean ± SD. Statistical

comparisons were performed by one-way analysis of

variance (ANOVA), followed by Duncan’s Multiple

Range Test (DMRT). The results were considered sta-

tistically significant if the p values were 0.05 or less.
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Tab. 1. Effect of genistein on DMBA induced bone marrow micronu-
clei formation

Group Parameters MnPCEs/2500
PCEs

PCEs/NCEs PCE
(%)�

1

2

3

4

Negative control

DMBA

DMBA + Genistein

Genistein alone

5.66 ± 0.34�

66.59 ± 4.11�

25.32 ± 2.73�

5.31 ± 0.54�

1.00 ± 0.06�

0.71 ± 0.05�

0.82 ± 0.07�

1.01 ± 0.07�

50.01

43.80

47.40

50.00

Values are expressed as the mean ± SD (n = 6; 2500 PCEs were
scored per animal). Values that are not sharing a common super-
script letter in the same column differ significantly at p < 0.05
(DMRT). � Percentage polychromatic erythrocytes were calculated
as follows: [PCEs/PCEs + NCEs] � 100

Tab. 2. Mitotic index and frequencies of chromosomal abnormalities in experimental and control animals in each group

Group Parameter Mitotic
index (%)

Chromosomal aberrations rat �� Total aberration
rat��

Abnormal
metaphase rat��

G B’ B’’ F M

1 Negative
control

4.60 ± 1.06� 0.38 ± 0.03� 1.06 ± 0.02� 0� 1.23 ± 0.02� 0.22 ± 0.02� 2.47 ± 0.52� 1.50 ± 0.09�

2 DMBA 1.66 ± 0.06� 12.82 ± 0.17� 7.40 ± 0.20� 2.35 ± 0.20� 7.04 ± 0.78� 2.26 ± 0.14� 17.63 ± 0.44� 15.05 ± 1.75�

3 DMBA
+ genistein

2.38 ± 0.81� 5.07 ± 0.07� 3.38 ± 0.09� 1.06 ± 0.04� 3.23 ± 0.44� 1.00 ± 0.05� 9.11 ± 1.00� 6.17 ± 1.49�

4 Genistein
alone

4.17 ± 0.98 � 0.34 ± 0.02� 1.04 ± 0.02� 0� 1.55 ± 0.02� 0.21 ± 0.01� 2.33 ± 0.25� 1.36 ± 0.57�

Values are expressed as the mean ± SD; n = 6. Values that are not sharing a common superscript letter in the same column differ significantly at
p < 0.05 (DMRT). G-Gap, B’ – Chromatid Break, B’’ – Isochromatid Break, F – Fragment, M – Minute. A Mitotic index has been calculated by
analyzing 1000 cells/animal (for a total of 6000 cells/treatment) and percentage of the mitotic cells calculated for each treatment group. B – Fre-
quency per 100 cells. Each chromosomal aberration has been counted by analyzing 100 cells/animal (6 animals/group, for a total of 600
cells/treatment) and the means ± SD were calculated per treatment group. * Gaps were not included in total chromosomal aberrations



Results

The frequency of MnPCEs and chromosomal aberra-

tions in negative control and experimental rats in each

group are given in Table 1 and 2, respectively. Rats

treated with DMBA (Groups 2 and 3) showed a high

frequency of MnPCEs and chromosomal aberrations

(chromosomal gap, chromatid break, chromosomal

break, fragment, minute) as compared to negative

control rats (Group 1). However, rats treated with

DMBA alone (Group 2) showed highest frequency of

MnPCEs and chromosomal aberrations as compared

to negative control rats. The frequency of MnPCEs

and chromosomal abnormalities were significantly re-

duced in DMBA treated rats orally pretreated with

genistein (Group 3). Oral pretreatment of genistein

alone displayed no significant differences in MnPCEs
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Tab. 3. Plasma TBARS and antioxidants in control and experimental animals in each group

Group Parameters TBARS
(nmol/ml)

Gpx
(U�/L)

SOD
(U�/ml)

CAT
(U�/ml)

1

2

3

4

Negative control

DMBA

DMBA + Genistein

Genistein alone

1.68 ± 0.20�

2.97 ± 0.44�

2.08 ± 0.41�

1.62 ± 0.30�

107.5 ± 8.8�

136.2 ± 9.6�

117.8 ± 5.3�

109.1 ± 8.2�

3.0 ± 0.17�

4.56 ± 0.41�

3.33 ± 0.26�

3.08 ± 0.11�

1.05 ± 0.07�

1.74 ± 0.15�

1.21 ± 0.16�

1.04 ± 0.09�

Values are expressed as the mean ± SD for 6 animals in each group. Values that are not sharing a common superscript letter in the same col-
umn differ significantly at p < 0.05 (DMRT). A – Micromoles of glutathione utilized/min.; B – The amount of enzymes required to inhibit 50%
nitroblue-tetrazolium (NBT) reduction; C – Micromoles of H�O� utilized/s

Tab. 4. Liver TBARS and antioxidants in control and experimental animals in each group

Group Parameters TBARS
(nmol/100 mg protein)

Gpx
(U�/g protein)

SOD
(U�/mg protein)

CAT
(U�/mg protein)

1

2

3

4

Negative control

DMBA

DMBA + Genistein

Genistein alone

68.1 ± 3.2�

88.6 ± 3.8�

73.5 ± 4.1�

69.2 ± 2.9�

6.02 ± 0.32�

9.4 ± 0.81�

6.8 ± 0.78�

6.0 ± 0.41�

4.52 ± 0.42�

7.21 ± 0.73�

5.10 ± 0.30�

4.70 ± 0.35�

24.5 ± 2.0�

38.2 ± 4.0�

29.1 ± 3.6�

25.2 ± 2.4�

Values are expressed as the mean ± SD for 6 animals in each group. Values that are not sharing a common superscript letter in the same col-
umn differ significantly at p < 0.05 (DMRT). A – Micromoles of glutathione utilized/min.; B – The amount of enzymes required to inhibit 50%
nitroblue-tetrazolium (NBT) reduction; C – Micromoles of H�O� utilized/s

Tab. 5. Activities of detoxication agents in liver homogenate of control and experimental animals in each group

Group Parameters GSH
(mg/g tissue)

GST
(nmol CDNB conjugate
formed/min/mg protein)

GR
(nmol of NADPH

oxidized/min/mg protein

1

2

3

4

Negative control

DMBA

DMBA + Genistein

Genistein alone

2.04 ± 0.15�

2.64 ± 0.17�

2.25 ± 0.14�

2.05 ± 0.13�

146.3 ± 7.8�

172.4 ± 15.4�

167.8 ± 14.6�

145.0 ± 8.0�

32.4 ± 2.1�

50.6 ± 6.2�

37.1 ± 4.4�

31.4 ± 2.4�

Values are expressed as the mean ± SD for 6 animals in each group. Values that are not sharing a common superscript letter in the same col-
umn differ significantly at p < 0.05 (DMRT)



frequency and chromosomal aberrations as compared

to negative control rats.

Tables 3 and 4 show the status of TBARS and en-

zymatic antioxidants in plasma and liver of negative

control and experimental rats in each group. TBARS

and enzymatic antioxidants were increased in DMBA

alone treated rats (Group 2) as compared to negative

control rats (Group 1). Oral pretreatment of genistein

brought back the status of TBARS and antioxidants in

DMBA treated rats (Group 3). No significant differ-

ence was observed between negative control rats

(Group1) and genistein alone (Group 4) treated rats.

Table 5 shows the activities of detoxication agents

[phase II detoxication enzymes (GST and GR) and re-

duced glutathione (GSH)] in liver of negative control

and experimental rats in each group. The activities of

detoxication agents were significantly increased in

DMBA alone treated rats (Group 2) as compared to

negative control rats (Group 1). Oral pretreatment of

genistein brought back the status of detoxication

agents to near normal range in DMBA treated rats

(Group 3). No significant difference was observed be-

tween negative control rats (Group 1) and genistein

alone (Group 4) treated rats.

Discussion

In the present study, we have investigated the anti-

genotoxic potential of genistein against DMBA in-

duced genotoxicity. DMBA, a site-specific carcino-

gen, can oxidize both DNA bases and deoxyribose

sugar through its active metabolite diol epoxides.

Studies have demonstrated the DNA damaging and

mutagenic effects of DMBA in experimental model

[4]. Both in vivo and in vitro studies have demon-

strated polyploidy and sister chromatid exchanges in

DMBA-induced genotoxicity [22, 24]. Elevated MnPCEs

frequency and chromosome structural abnormalities

were observed in DMBA treated animals [29]. De-

toxication of genotoxic chemicals is influenced by the

dietary factors and therefore dietary intervention

helps in cancer prevention. Profound studies on che-

moprevention of breast and prostate cancers offer

genistein as chemopreventive agent due to its diverse

pharmacological properties. It has been reported that

genistein has play a role in the induction of cellular

differentiation, apoptosis, and inhibition of cell prolif-

eration and modification of cell cycle progression

[31]. Previous studies on antigenotoxic effect of

genistein are, however, controversial, both positive

and opposite effects were reported [30, 42]. The re-

view article of Stopper et al. [42] presented informa-

tion on genotoxicity of genistein detected by studies

in vivo and in vitro using higher concentrations. Po-

livkova et al. [30] have reported antimutagenic and

antigenotoxic effect of genistein against three muta-

gens and carcinogens.

The cytogenetic effects of chemical carcinogens or

mutagens have been investigated in humans and ex-

perimental animals using the frequency of micronu-

cleated polychromatic erythrocytes or chromosomal

abnormalities as principal end points [7]. The cyto-

toxic effect of DMBA and the antigenotoxic effect of

genistein in the bone marrow were tested by using the

frequency of MnPCEs, ratio of PCEs/NCEs, percent-

age of PCEs and mitotic index values in the bone mar-

row cells. The ratio of PCEs to NCEs in the bone mar-

row of rats may indicate the cytotoxicity index.

Schmid [38] demonstrated that the ratio of PCE:NCE

in the normal bone marrow is approximately 1:1. In

the present study, DMBA induced a significant in-

crease in the frequency of MnPCEs and decrease in

the ratio of PCEs:NCEs and mitotic index in the bone

marrow, which indicates its potent cytotoxic effect.

Oral pretreatment of genistein (20 mg/kg b.w. po) sig-

nificantly reversed the frequency of MnPCEs and per-

centage of chromosomal aberrations in DMBA treated

rats, which indicates its potent antigenotoxic potential

in DMBA-induced genotoxicity.

Oxidative stress can induce chromosomal aberra-

tions through oxidative base damage and strand breaks

in DNA contributing to mutagenesis [22]. Oxidative

stress mediated DNA damage results in strand break,

abasic sites, alkali-labile sites and oxidized bases. The

mutagenic and carcinogenic action of genotoxic sub-

stances involves overproduction of DNA-attacking re-

active oxygen species [11]. Excessive generation of re-

active oxygen species, as evidenced by increased for-

mation of lipid peroxidation byproducts (TBARS), has

been reported in DMBA-induced genotoxicity [8]. Ele-

vated activities of antioxidant enzymes confirm oxida-

tive stress in DMBA alone treated rats. In the present

study, oral pretreatment of genistein significantly

brought back the status of TBARS and antioxidant en-

zymes to near normal range in plasma and liver, which

suggests their free radical scavenging property during

DMBA-induced genotoxicity.
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Agents that modify the activities of detoxication

enzymes could play a protective role against toxic and

neoplastic effects of carcinogen. DMBA requires

metabolic activation into diol epoxide to mediate its

role as neoplastic agent. Phase II metabolizing en-

zymes detoxify the ultimate carcinogenic metabolite

of DMBA into the forms that are relatively inert and

more easily excreted [43]. Liver, the major metabolic

organ, has crucial role in the detoxication process.

Agents that induce the activity of detoxication agents

are considered to have antigenotoxic potential [13].

GST detoxifies carcinogens by either destroying their

reactive centers or facilitating their excretion by con-

jugation processes. Glutathione reductase catalyzes

NADPH-dependent reduction of glutathione disulfide

to glutathione [2, 40]. The activities of detoxication

agents were found to be increased in DMBA treated

rats. This is probably due to induction of liver detoxi-

cation cascade to detoxify the carcinogenic agent,

DMBA. Oral pretreatment of genistein to DMBA

treated animals brought back the status of detoxica-

tion agents to near normal range. Our results indicate

that genistein has maintained the status of detoxica-

tion agents during DMBA-induced genotoxicity by

suppressing the production of reactive oxygen species

generated during metabolic activation of DMBA and

by improving the antioxidant defense mechanism.

The present study thus demonstrated the antigeno-

toxic, anti-lipid peroxidative and antioxidant proper-

ties as well as modulating effect on detoxication cas-

cade in DMBA-induced genotoxicity.
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