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Abstract The present study was aimed to evaluate the
antigenotoxic effect of Mosinone-A on 7,12-dimethylbenz
[a]anthracene induced genotoxicity. The frequency of
micronucleated polychromatic erythrocytes [MnPCEs],
chromosomal aberrations [CA], DNA damage (comet
assay) as cytogenetic markers and the status of lipid
peroxidation byproducts, antioxidants and phase II detox-
ification agents were used as biochemical markers to assess
the antigenotoxic effect of Mosinone-A on DMBA induced
genotoxicity. A single intraperitoneal injection of DMBA
(30 mg/kg b.wt) to golden Syrian hamsters, resulted in
marked elevation in the frequency of MnPCEs, aberrations
in the chromosomal structure were found in bone marrow
and DNA damage (comet assay) was found in blood cells
and altered level of lipid peroxidation, antioxidants, and
phase II detoxification agents. Oral pretreatment of
Mosinone-A (2 mg/kg b.wt) for 5 days to DMBA treated
animals significantly reduced the frequency of MnPCEs,
chromosomal abnormalities such as chromosomal break,
gap, minute, fragment, DNA damage and reversed the
status of biochemical variables. Our results thus demon-
strated the antigenotoxic effect of Mosinone-A on DMBA
induced genotoxicity in male golden Syrian hamsters.
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Abbreviation
DMBA 7, 12-dimethylbenz[a]anthracene
MnPCEs Micronucleated polychromatic erythrocytes
NCEs Normochromatic erythrocytes
PCEs Polychromatic erythrocytes
CA Chromosomal aberrations
CAT Catalase
GPx Glutathione peroxidase
SOD Superoxide dismutase
GR Glutathione reductase
GST Glutathione-S-transferase
GSH Reduced glutathione
TBARS Thiobarbituric acid reactive substances

Introduction

Cytogenetics is the study of inheritance in relation to the
structure and function of chromosomes [1]. Genotoxicity is
characterised by genetic instability, which has often been
examined at the single base mutation level, caused by both
genetic and environmental factors, also evidenced by gross
chromosomal abnormalities. These abnormalities include
altered DNA repair capacity, segregation of DNA, DNA
damage with normal replication process and abnormal cell
division [2, 3]. A variety of genotoxic related markers such
as metaphase chromosomal aberrations, micronuclei and
comet parameters (% tail DNA, tail length, tail movement
and olive tail movement in alkaline version) as a rapid,
simple and reliable markers for evaluating DNA damage in
mammalian cells [4].

Agents which induce genotoxic abnormalities can be
assessed by determination of chromosomal aberration and
frequency of micronucleated polychromatic erythrocytes
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(MnPCEs) [5]. Micronuclei are formed by the action of
genotoxic agent which induce chromosome breaks or agent
that causes damage to the spindle apparatus [6]. A high
frequency of MnPCEs is associated with pathogenesis of
several diseases including diabetes, cancer and neoplastic
transformation [7]. Increased micronuclei frequency and
alteration of chromosomal structure in the bone marrow
compartment helps to assess the risk of cancer in human
population [8]. Several studies reported that detect and
migration of DNA fragment in single cell electrophoresis
(Comet assay) during the DMBA induced genotoxicity [9].

7, 12-dimethylbenz[a]anthracene (DMBA), a polycyclic
aromatic hydrocarbon, potent organ and specific carcino-
gen, is widely used to induce genotoxicity in experimental
animals [10]. On metabolic activation, DMBA is converted
into its ultimate carcinogen dihydrodiol epoxide, mediates
genotoxicity by inducing mutation and over production of
reactive oxygen species (ROS) [11]. Increased micronucleus
frequency and marked chromosomal abnormalities were
reported in DMBA induced genotoxicity [12].

Oxidative stress, an imbalance between oxidants and
antioxidants, plays an important role in the pathogenesis of
several diseases including cancer [13]. Over production of
reactive oxygen species (ROS) due to oxidative stress
during metabolic activation of DMBA to diol epoxide cause
oxidative damage to the structure and functions of macro-
molecules DNA, proteins and lipids [14]. Previous studies
were reported that elevated levels of TBARS in liver and
plasma of DMBA treated hamsters could therefore be due
to over production of reactive oxygen species [15]. An
imbalance between antioxidants (Plasma, liver) and cyto-
genetic markers includes Micronuclei and chromosomal
aberration (bone marrow) were reported in carcinogen
induced genotoxicity [16]. Screening the levels of detoxi-
fication agents in liver homogenate during carcinogen
induced genotoxicity can also assess the antigenotoxic
potential of Mosinone-A. An altered level of detoxification
agents such as GST, GR and GSH in the liver homogenate
indicates that disturbance of detoxification process by the
carcinogen, DMBA [17].

Chemoprevention is a good and promising approach to
control, inhibit or suppress tumor formation using naturally
occurring or synthetic chemicals [18]. Several studies
reported that medicinal plants and their products exhibit
chemopreventive and chemotherapeutic effects in animals
[19]. It has been suggested that medicinal plants possess
anticarcinogenic and antimutagenic activities are consid-
ered novel chemopreventive agents through the variety of
mechanisms such as inhibition of genotoxic effects,
induction of apoptosis, alteration of signal transduction,
modulation of antioxidant activities, scavenging free
radicals, and enhancing the activities of detoxification
enzymes [20].

Annona squamosa (annonaceae) is commonly known as
custard apple, a native of West Indies and is now cultivated
throughout India. Chavan et al. reported that Annona
squamosa possess several medicinal properties and used
in folkoric medicine for the treatment of degenerative
diseases including cancer [21]. Annonaceous acetogenins
constitute a series of natural products isolated exclusively
from annonaceae species that are widely distributed in
tropical and sub-tropical regions [22]. Most annonaceous
acetogenins are potentialy bioactive, but the mode of action
of these compounds was unknown. Londerhausen et al.
reported that Mosinone-A act to inhibit complex I mito-
chondrial oxidative phosphorylation with an activity several
times greater than that of rotenone [23]. Mosinone-A
(Fig. 1) is one of the novel mono-tetrahydrofuran ring
acetogenin, from the bark of Annona squamosa, showing
cytotoxic selectivities for the human pancreatic carcinoma
cell line [24]. However, no scientific reports were available
on literature about anti genotoxic effect of Mosinone-A on
DMBA induced genotoxicity in male golden Syrian
hamsters. Thus, in the present study we investigated the
antigenotoxic effect of Mosinone-A on DMBA induced
genotoxicity in male golden Syrian hamsters.

Materials and Methods

Animals

Male golden Syrian hamsters, 8–10 weeks old, weighing
80–120 g were purchased from National Institute of
Nutrition, Hyderabad, India and maintained in Central
Animal House, Rajah Muthiah Medical College and
Hospital, Annamalai University. The animals were housed
in polypropylene cages and provided standard pellet diet
and water ad libitum. The animals were maintained under
controlled conditions of temperature and humidity with a
12 h light/dark cycle.

Chemicals

The carcinogen 7,12-dimethylbenz[a]anthracene (DMBA),
colchicine (95% purity, soluble in water), Giemsa and May-
Grunwald’s stains, ethidium bromide, low melting point
agarose (LMA), normal melting point agarose (NMA), Triton
X-100, EDTA and sodium sarcosinate were purchased from
Sigma-Aldrich Chemical Pvt. Ltd., Bangalore, India. All
other chemicals used were of analytical grade.

Isolation of Mosinone-A

Mosinone-A was isolated from Annona squamosa bark by
the method of Maclaughlin [25]. The dried and pulverized
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bark of Annona squamosa was extracted with ethanol. The
residues were portioned between chloroform and water,
further portioned between 90% methanol and hexane to get
hexane soluble residues. The hexane soluble residue was
subjected into column chromatography over silica gel using
hexane and chloroform followed by chloroform and
methanol solvent system. The resulting fractions were
combined on the basis of HPTLC analysis. Then, the
combined fractions were run into column chromatography
to get the final product of Mosinone-A, a whity waxy solid
substance. The identity of isolated Mosinone-A was done
by LC-MS and NMR. The isolated Mosinone-A was
compared with the reference Mosinone-A purchased from
Lock chemicals, china. The yield and purity of the isolated
Mosinone-A was found to be 0.21% and >90% respectively.
The isolated Mosinone-A was first dissolved in 0.5%
DMSO and used for experimental studies.

Experimental Protocol

The institutional animal ethics committee, Annamalai
University, Annamalainagar, approved the experimental
design. A total of 24 hamsters were divided into 4
groups of 6 animals each. Group 1 hamsters were
untreated control. Group 3 hamsters were pretreated with
Mosinone-A (2 mg/kg b.wt) for 5 days. Groups 2 and 3
hamsters were injected with DMBA (30 mg/kg b.wt ip in
liquid paraffin). Group 4 hamsters were pretreated with
Mosinone-A (2 mg/kg b.wt) alone for 5 days and were not
received DMBA. All the hamsters were sacrificed by cervical
dislocation for the assessment of micronucleus frequency,
chromosomal aberrations, comet assay (single cell gel
electrophoresis), antioxidant status and detoxification
enzymes.

Bone Marrow Micronucleus Test

Bone marrow micronucleus test was carried out according
to the method of Schmid [26]. The femur bones removed
from the hamsters were cleaned and the content was flushed
into tube containing 1 ml of fetal 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 frequency of MnPCEs in each group was
calculated by scoring 2,500 polychromatic erythrocytes
(PCEs) per hamsters.

Assessment of Chromosomal Aberrations

Assessment of chromosomal aberrations in bone marrow
was carried out according to the procedure of Kilian et al.
[27] The femur bones were removed from hamsters injected
intraperitonealy with 0.1% colchicine (1 ml/100 g bw)
90 min before sacrificing the animals. The bone marrow
contents were flushed into 5 ml of physiological saline and
centrifuged at 500 g for 5 min. The sediments obtained
were resuspended in 6 ml of hypotonic KCl (0.075) and
incubated at 37°C for 25 min. The obtained pellets were
then fixed using methanol: acetic acid (3:1) fixative and
stained with the Giemsa stain. A total of 100 well-spread
metaphase cells were scored or each animal and structural
chromosomal aberrations were observed and recorded.

Alkaline Single Cell Gel Electrophoresis (Comet) Assay

The comet assay was carried out according to the protocol
described by Singh et al. [28]. With minor modification,
hamsters were decapitated and 2 ml of blood was collected
in an eppendorff tube containing 100 μl of 10% EDTA, the
blood samples were stored in a dark box at 4°C until use. In
brief, frosted microscopic slides were covered with 200 μl
of 1% normal melting agarose (NMA) in PBS at 45°C and
were kept at 4°C for 10 min to allow the agarose to solidify
the second layer of 200 μl of 0.5% low melting point
agarose (LMA) containing approximately 7 μl blood was
added. After solidification for 15 min on ice, the slides
were placed in the chilled lysing solution containing 2.5 M
Nacl, EDTA, 100 mM Tris–HCl at PH10 and 1% DMSO,
1% Triton X- 100, and 1% sodium sarcosinate for 1 h at 4°C.
The slides were removed from the lysing solution and were

Fig. 1 The structure of
Mosinone-A
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placed on a horizontal electrophoresis tank filled with alkaline
buffer (300 mM NaoH, EDTA, and 0.2% DMSO PH13) for
20 min. The electrophoresis was carried out at 25 V, 300 MA
for 20 min. After electrophoresis, the slides were washed
gently with 0.4 M Tris–HCl buffer (pH7.4) and the slides
were stained with 50 μl of ethidium bromide and visualized
using a Nikon fluorescent microscope. The images were
captured with high performance Nikon camera. The quanti-
fication of the DNA strand breaks of the stored images were
done using the CASP software by which comet attributes
could be obtained directly.

Biochemical Estimations

Blood samples were collected into heparinized tubes.
Plasma was separated by centrifugation at 1,000 g for
15 min. The buffy coat was removed and the packed cells
were washed three times with physiological 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 substances
(TBARS). TBARS in plasma was assayed by the method
of Yagi [29]. 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. Tissue lipid peroxidation was done by the
method of Ohkawa et al. [30]. 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. [31], based on the
50% inhibition of formation of NADH phenazine methosul-
fate (PMS), 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. [32], 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

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

Group Parameters Mitotic
index (%)

Chromosomal aberrations hamster−1 Total
aberration
hamster−1

Abnormal
metaphase
hamster−1G B’ B” F M

1 Control 4.33±0.57a 0.39±0.05a 1.09±0.11a 0a 1.28±0.11a 0.29±0.03a 2.70±0.44a 1.44±0.15a

2 DMBA 1.87±0.17b 7.13±0.85b 6.48±0.71b 3.42±0.42b 6.79±0.79b 2.38±0.23b 12.5±1.24b 14.5±1.42b

3 DMBA +
Mosinone-A

3.44±0.35c 3.85±0.34c 3.92±0.38c 1.40±0.15c 3.88±0.35c 1.54±0.15c 9.99±0.94c 6.52±0.63c

4 Mosinone-A
alone

4.34±0.46a 0.40±0.04a 1.07±0.10a 0a 1.27±0.13a 0.28±0.03a 2.69±0.25a 1.43±0.16a

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
1,000 cells/animal (for a total of 6,000 cells/treatment) and percentage of the mitotic cells calculated for each treatment group. B–Frequency per
100 cells. Each chromosomal aberration has been counted by analyzing 100 cells/animal (6 hamsters/group, for a total of 600 cells/treatment) and
the mean ± SD were calculated per treatment group. * Gaps were not included in total chromosomal aberrations

Table 1 Effect of Mosinone-A on DMBA induced bone marrow micronuclei formation

Group Parameters MnPCEs/2500 PCEs PCEs/NCEs PCE (%)*

1 Control 5.17±0.50a 1.04±0.13a 50.05a

2 DMBA 57.6±5.69b 0.85±0.07b 42.70b

3 DMBA + Mosinone-A 20.8±2.18c 0.93±0.09c 45.40c

4 Mosinone-A alone 5.13±0.49a 1.03±0.12a 51.00a

Values are expressed as the mean ± SD (n=6; 2500 PCEs were scored per hamster). Values that are not sharing a common superscript letter in the
same column differ significantly at p<0.05 (DMRT)

*Percentage of polychromatic erythrocytes was calculated as follows: PCEs=PCEsþ NCEs½ � 100
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the method of Sinha [33], 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 glutathione level in plasma
and liver was determined by the method of Beutler and
Kelley [34]. 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.
[35]. GST activity was measured by incubate in the tissue
homogenate with the substrate1-chloro-2,4-dinitrobenzene
(CDNB).The absorbance was followed for 5 min at 540 nm
after the reaction was started by the addition of reduced
glutathione. Glutathione reductase activity in liver tissue
homogenate was assayed by the method of Carlberg and
Mannervik [36]. The enzyme activity was assayed by
measuring the formation of reduced glutathione when the
oxidized glutathione (GSSG) is reduced by reduced
nicotinamide adenine dinucleotide 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 statistically
significant if the p values were 0.05 or less.

Results

The frequency of MnPCEs and chromosomal aberrations in
control and experimental hamsters in each group are given
in Tables 1 and 2, respectively. Hamsters 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 control hamsters (Group 1). However, hamsters
treated with DMBA alone (Group 2) showed highest
frequency of MnPCEs and chromosomal aberrations as
compared to control hamsters. The frequency of MnPCEs
and chromosomal abnormalities were significantly reduced in
oral pretreatment of Mosinone-A to DMBA treated hamsters
(Group 3). Oral pretreatment of Mosinone-A alone displayed
no significant differences in MnPCEs frequency and chromo-
somal aberrations as compared to control hamsters.

Tables 3 and 4 shows the status of TBARS and enzymatic
antioxidants in plasma and liver of control and experimental
hamsters in each group. The TBARS levels were increased
and as well as enzymatic antioxidants status decreased in
DMBA alone treated hamsters (Group 2) as compared to
control hamsters (Group 1). Oral pretreatment of Mosinone-A
brought back the status of TBARS and antioxidants to near
normal range in DMBA treated hamsters (Group 3). No
significant differences were observed between control
(Group 1) and Mosinone-A alone (Group 4) treated hamsters.

Table 5 shows the levels of detoxification agents (Phase II
detoxification enzymes, GST, GR and GSH) in liver of

Table 3 Plasma TBARS and antioxidants in control and experimental animals in each group

Group Parameters TBARS (nmol/ml) GPx (U A/L) SOD (UB/L) CAT (UC/L)

1 Control 1.65±0.18a 109.4±12.0a 3.52±0.45a 1.10±0.12a

2 DMBA 2.81±0.26b 78.5±7.65b 2.31±0.21b 0.55±0.07b

3 DMBA + Mosinone-A 2.10±0.21c 98.4±9.75c 3.10±0.30c 0.99±0.10c

4 Mosinone-A alone 1.64±0.15a 107.1±11.9a 3.51±0.36a 1.09±0.11a

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). A Micromoles of glutathione utilized/min.; B The amount of enzymes required to inhibit 50% nitroblue-tetrazolium (NBT)
reduction; C Micromoles of H202 utilized/s

Table 4 Liver TBARS and antioxidants in control and experimental animals in each group

Group Parameters TBARS (nmol/100 mg protein) GPx (U A/g protein) SOD (UB/mg protein) CAT (UC/mg protein)

1 Control 64.4±6.15a 6.87±0.83a 5.65±0.67a 29.3±3.21a

2 DMBA 88.4±10.7b 3.87±0.37b 2.95±0.28b 17.4±0.16b

3 DMBA + Mosinone-A 77.6±8.31c 5.45±0.55c 3.81±0.37c 23.4±2.36c

4 Mosinone-A alone 63.8±6.12a 6.86±0.79a 5.64±0.62a 28.7±3.19a

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). A Micromoles of glutathione utilized/min.; B The amount of enzymes required to inhibit 50% nitroblue-tetrazolium (NBT)
reduction; C Micromoles of H2O2 utilized/s
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control and experimental hamsters. The activities of detox-
ification agents were significantly decreased in DMBA alone
treated hamsters (Group 2) as compared to control hamsters

(Group 1). Oral pretreatment of Mosinone-A brought back
the status of detoxification agents to near normal range in
DMBA treated hamsters (Group 3). No significant differences
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Fig. 2 Showing the effect of Mosinone-A on DMBA induced genetic
damage of blood cells (Comet assay). 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). a
Comet length, b% Tail DNA, c Tail movement, d Olive tail movement

Table 5 Activities of detoxification agents in liver homogenate of control and experimental animals in each group

Group Parameters GST (nmole CDNB conjugate
formed/min/mg protein)

GR (nmole NADPH
oxidized/min/mg protein)

GSH (mg/g tissue)

1 Control 145.1±15.9a 36.4±3.99a 1.97±0.18a

2 DMBA 99.4±8.34b 18.5±1.83b 1.05±0.11b

3 DMBA + Mosinone-A 132.4±13.6c 29.3±2.83c 1.50±0.65c

4 Mosinone-A alone 144.0±15.3a 35.3±3.91a 1.96±0.17a

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)
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were observed between control (Group 1) and Mosinone-A
alone (Group 4) treated hamsters.

Figure 2 shows the extent of DNA damage (comet
length,% tail DNA, tail movement, and olive tail movement)
in blood cells of control and experimental animals in each
group. Increased the levels of all comet parameters (comet
length,% tail DNA, tail movement, and olive tail movement)
in DMBA alone treated hamsters (Group 2) as compared to
control hamsters (Group 1). Oral pretreatment of Mosinone-A
to DMBA treated hamsters significantly decreased the levels
of comet attributes. No significant differences were observed
between control (Group 1) and Mosinone-A alone treated
hamsters.

Discussion

ties were observed in topical application of DMBA with
hamsters [39]. Dietary intake of chemopreventive agents has
been suggested as an effective strategy for minimizing the
toxic effects of genotoxins and carcinogens [40]. Profound
studies on chemoprevention of human pancreatic and
prostate carcinoma cell line offers Mosinone-A as chemo-
preventive agent due to its diverse pharmacological proper-
ties [41]. It has been pointed out Mosinone-A has played a
role in the induction of cellular differentiation, apoptosis, and
inhibition of cell proliferation and modification of cell cycle
progression [42].

The carcinogenic potential of chemical carcinogen and
mutagens have been investigated in experimental animal
models using the frequency of micronucleated polychro-
matic erythrocytes, chromosomal abnormalities and DNA
damage as principal cytogenetic parameters [43]. The
genotoxic effect of DMBA and protective effect of
Mosinone-A in the bone marrow were tested by using the
MnPCEs frequency and ratio of PCEs/NCEs mitotic index
and DNA damage (comet assay) in the blood cells [44].
Elevated MnPCEs frequency and percentage of chromosomal
aberration were shown during DMBA induced genotoxicity.
The comet assay (single cell gel electrophoresis) detects DNA
damage such as strand breaks, alkali-labile sites and incom-
plete excision repair [45]. It has been used to investigate the
antigenotoxic effect of Mosinone-A in DMBA induced
genotoxicity. The size and shape of DNA within the comet

have been correlated with the extent of DNA damage. Tail
movement is a virtual measure calculated by the computerized
image analysis system considering both the length of DNA
migration in the comet tail and the tail intensity [46]. Our
results corroborate these observations. Oral pretreatment of
Mosinone-A (2 mg/kg b.wt) significantly reversed the
frequency of MnPCEs and percentage of chromosomal
aberrations in DMBA treated hamsters, which indicates its
potent antigenotoxic potential of Mosinone-A in DMBA
induced genotoxicity.

Human body has an array of antioxidant defense
mechanisms to combat the harmful effects of reactive
oxygen species generated by genotoxic agents [47]. ROS
mediated oxidative stress has been implicated in the
pathogenesis of several diseases including oral cancer and
intracellular modifier of DNA [48]. Previous studies
reported that increased the levels of lipid peroxidation
byproducts (TBARS) in DMBA induced genotoxicity and
decreased the activities of antioxidant enzymes to confirm
oxidative stress in DMBA alone treated hamsters. Oral
pretreatment of Mosinone-A significantly brought back the
status of TBARS and antioxidant enzymes to near normal
range in DMBA treated animals which suggest that
Mosinone-A has potent antilipid peroxidative potential
during genotoxicity.

Chemopreventive agents convert DNA damaging entities
into excretable metabolites through the induction of
detoxification agents [49]. Schawartz and Shklar pointed
out that any agents, which induce the activity of
glutathione-S-transferase has significant chemopreventive
potential during genotoxicity [50]. Decreased activities of
phase II detoxification agents were reported in DMBA
treated hamsters. Oral administration of Mosinone-A to
DMBA treated animals brought back the status of phase- II
detoxification agents to near normal range.

Our results implies that Mosinone-A has maintained the
status of detoxification agents during DMBA induced
genotoxicity by enhancing the antioxidant defence mecha-
nism to neutralize the toxic effects of reactive oxygen
species generated by carcinogen, DMBA. The present study
thus demonstrated the antigenotoxic, antilipidperoxidative
antioxidative and modulating effects on detoxification
enzymes in DMBA induced genotoxicity.

Acknowledgement Financial assistance from the Department of
Science and Technology (DST) New Delhi, India is gratefully
acknowledged.

References

1. Britto AP, Ravindran G (2007) A review of cytogenetics and its
automation. J Med Sci 7:1–18

Anti Genotoxic Effects of Mosinone-A on 7, 12-Dimethyl Benz[a] 75

In the present study, we have investigated the antigenotoxic
potential ofMosinone-A during DMBA induced genotoxicity.
DMBA, an aryl hydrocarbon, used in mutagenesis and
experimental carcinogenesis generates excess reactive oxygen
species and induce lipid peroxidation, resulting different types
of diseases including cancer [37]. Several studies have
demonstrated the DNA damage and mutagenic effects of
DMBA in experimental genotoxicity [38]. Elevated
MnPCEs frequency and chromosome structural abnormali-



2. Limoli CL, Kaplan MI, Philips JW et al (1997) Differential
induction of chromosomal instability by DNA strand-breaking
agents. Cancer Res 57:4048–4056

3. Sancar A (1994) Mechanism of DNA excision repair. Science
266:1954–1956

4. Tice RR, Agurell E, Anderson D et al (2000) Single cell gel comet
assay: guidelines for in vitro and in vivo genetic toxicology
testing. Environ Mol Mutagen 35:206–221

5. Zimonjic DB, Savkovic N, Andjelkovic M (1990) Genotoxic
agents: the effects, principles and methodology of detection.
Naucna Knjiga Beo-grad: 1–395

6. Schriever-Schwemmer G, Klieshch U, Adler D (1997) Extruded
micronuclei induced by colchicine or acrylamide contain mostly
lagging chromosomes identified in paint brush smears by minor
and major mouse DNA probes. Mutagenesis 12:201–207

7. Panjamurthy K, Manoharan S, Menon VP et al (2008) Protective
role of withaferin-A on 7,12-dimethylbenz[a]anthracene induced
genotoxicity in bone marrow of Syrian golden hamsters. J
Biochem Mol Toxicol 22:251–258

8. Bonassi S, Znaor A, Cappi M et al (2007) An increased
micronuclei frequency in peripheral blood lymphocytes predicts
the risk of cancer in humans. Carcinogenesis 28:625–631

9. Henderson L, Wolfreys A, Fedyk J et al (1998) The ability of the
comet assay to discriminate between genotoxin and cytotoxins.
Mutagenesis 13:89–94

10. Manoharan S, Panjamurthy K, Vasudevan K et al (2006)
Protective effects of Jasminum grandiflorum Linn on DMBA
induced chromosomal aberrations in bone marrow of wistar rats.
Int J Pharmacol 2:406–410

11. Miyata M, Furukawa M, Takahahsi K et al (2001) Mechanism of
7,12-dimethyl benz[a]anthracene induced immunotoxicity: role of
metabolic activation at the target organ. Jpn J Pharmacol 86:302–
309

12. Bhuvaneswari V, Velmurugan B, Abraham SK et al (2004) Tomato
and garlic by gavage modulate 7,12-dimethyl benz [a]anthracene
induced genotoxicity and oxidative stress in mice. Braz J Med
Biol Res 37:1029–1034

13. Ray G, Husain SH (2002) Oxidant, antioxidants and carcinogenesis.
Indian J Exp Biol 40:1213–1232

14. Manoharan S, Kavitha K, Senthil N et al (2006) Evaluation of
anticarcinogenic effects of Clerodendron inerme on 7,12-dimethyl-
benz[a]anthracene induced hamster buccal pouch carcinogenesis.
Singapore Med J 47:1038–1043

15. Suresh K, Manoharan S, Panjamurthy K et al (2006) Chemo-
preventive and antilipid peroxidative efficacy of Annona squamosa
bark extracts in experimental oral carcinogenesis. Pakistan J Biol Sci
9:2600–2605

16. Mayer C, Schmezer P, Freese R et al (2000) Lipid peroxidation
status, somatic mutations and micronuclei in peripheral lympho-
cytes: a case observation on a possible interrelationship. Cancer
Lett 152:167–169

17. Bhuvaneswari V, Abraham SK, Nagini S (2005) Combinatorial
antigenotoxic effects of tomato and garlic through modulation of
xenobiotic-metabolizing enzymes during hamster buccal pouch
carcinogenesis. Nutrition 21:726–731

18. Park EJ, Pezzuto JM (2002) Botanicals in cancer chemoprevention.
Cancer Metastasis Rev 21:231–255

19. Nepka C, Asprodini E, Kouretas D (1999) Tannins, xenobiotic
metabolism and cancer chemoprevention in experimental animals.
Eur J Drug Metab Pharmacokinet 24:183–189

20. Aruna K, Sivaramakrishnan VM (1992) Anticarcinogenic
effects of some Indian plant products. Food Chem Toxicol
30:953–956

21. Chavan MJ, Wakte PS, Shinde DB (2010) Analgesic and anti-
inflammatory activity of caryophyllene oxide from Annona
squamosa L.Bark. Phytomedicine 17:149–151

22. Fujimoto Y (1988) Squamosin, a new cytotoxic bis-tetrahydrofuran
containing acetogenin from Annona squamosa. Chem Pharm Bull
36:4802–4806

23. Londerhausen M (1991) Molecular mode of action of annocins.
Pestic Sci 33:427–438

24. Hopp DC (1997) Novel mono tetra hydro furan ring acetogenins
from the bark of Annona squamosa, showing cytotoxic selectivities
for the human pancreatic carcinoma cell line PAC-2. J Nat Prod
60:581–586

25. Maclaughlin JL, Hoop DC (2004) Selectivity cytotoxic acetogenin
compound. United States patent US6242483: 242–42

26. Schmid W (1973) Chemical mutagen testing on in vivo somatic
mammalian cells. Agents Actions 3:77–85

27. Kilian DJ, Moreland FM, Benge MC et al (1977) Collabora-
tive studies to measure inters laboratory variation with the in
vivo bone marrow metaphase procedure. In: Kilbey BJ,
Legator M, Nichols W, Romel C (eds) Handbook of mutage-
nicity test procedures. Elsevier, Amsterdam (North-Holland),
pp 243–260

28. Singh NP (2000) Micro gels for estimation of DNA strand breaks,
DNA protein crosslinks and apoptosis. Mutat Res 455:111–127

29. Yagi K (1987) Lipid peroxides and human diseases. Chem Phys
Lipids 45:337–351

30. Ohkawa H, Ohishi N, Yagi K (1979) Assay for lipid peroxides in
animal tissues by thiobarbituric acid reaction. Anal Biochem
95:351–358

31. Kakkar P, Das B, Viswanathan PN (1984) A modified spectro-
photometric assay of superoxide dismutase. Indian J Biochem
Biophys 21:130–132

32. Rotruck T, Pope AL, Ganther HE et al (1973) Selenium:
biochemical role as a component of glutathione peroxidase.
Science 179:588–590

33. Sinha AK (1972) Colorimetric assay of catalase. Anal Biochem
47:389–394

34. Beutler E, Kelley BM (1963) The effect of sodium nitrite on RBC
glutathione. Experientia 29:96–97

35. Habig WH, Pabst MJ, Jakoby WB et al (1974) Glutathione-S-
transferase, the first enzymatic step in mercapturic acid formation.
J Biol Chem 249:7130–7139

36. Carlberg I, Mannervik B (1985) Glutathione reductase assay.
Methods in Enzymol Academic Press New York 113: 484–490

37. Osaka M, Matsuo S, Koh T et al (1996) Specific N-ras mutation in
bone marrow with in 48 hrs of 7,12-dimethylbenz[a]anthracene
treatment in Huggins-sugiyama rat leukemogenesis. Mol Carcinog
16:126–131

38. Chandra Mohan KVP, Bhuvaneswari V, Abraham SK (2003)
Dose-dependent protection of tomato against 7,12-dimethylbenz
[a]anthracene induced genotoxicity and oxidative stress in mice. J
Med Food 6:169–173

39. Pugalendhi P, Manoharan S, Panjamurthy K, Balakrishnan S,
Nirmal MR (2009) Antigenotoxic effect of genistein against 7,12-
dimethylbenz[a]anthracene induced genotoxicity in bone marrow
cells of female Wistar rats. Pharmacol Rep 61:296–303

40. Ragers AE, Zeisel SH, Groopman J (1993) Diet and carcinogenesis.
Carcinogenesis 14:2205–2217

41. Hopp DC, Zeng L, Gu Z et al (1996) Squamotacin: an annonaceous
acetogenin with cytotoxic selectivity for the human prostate tumor
cell line (PC/3). J Nat Prod 59:97–99

42. Zeng L (1996) Novel mono tetra hydro furan ring acetogenins
from the bark of Annona squamosa, showing cytotoxic selectivities
for the certain specific human tumor cell line PAC-2. J Nat Prods
59:1035–1042

43. Celik A, Cavas T, Ergene-Gozukara S (2003) Cytogenetic
monitoring in petrol station attendants: micronucleus test in
exfoliated buccal cells. Mutagenesis 18:417–421

44. Schmid W (1975) The micronucleus test. Mutat Res 31:9–15

76 G. Sugunadevi et al.



45. Fairbairn DW, Olive PL, O’Neill KL (1995) The comet assay: a
comprehensive review. Mutat Res 339:37–59

46. Piperakis SM, Visvardis EE, Tassiou AM (1999) Comet assay for
nuclear DNA damage. Meth Enzymol 300:184–194

47. Ames BN, Shigenaga MK, Hagen TM (1993) Oxidants, antiox-
idants, and the degenerative disease of aging. Proc Natl Acad Sci
USA 90:7915–7922

48. Dreher D, Junod AF (1996) Role of oxygen free radicals in cancer
development. Eur J Canc 32:30–38

49. Wilkinson J 4th, Clapper ML (1997) Detoxification enzymes and
chemoprevention. Proc Soc Exp Biol Med 216:192–200

50. Schwartz JL, Shklar G (1996) Glutathione inhibits experimental
oral carcinogenesis, P53 expression and angiogenesis. Nutr cancer
26:229–236

Anti Genotoxic Effects of Mosinone-A on 7, 12-Dimethyl Benz[a] 77


	Anti Genotoxic Effect of Mosinone-A on 7, 12-Dimethyl Benz[a] Anthracene Induced Genotoxicity in Male Golden Syrian Hamsters
	Abstract
	Introduction
	Materials and Methods
	Animals
	Chemicals
	Isolation of Mosinone-A
	Experimental Protocol
	Bone Marrow Micronucleus Test
	Assessment of Chromosomal Aberrations
	Alkaline Single Cell Gel Electrophoresis (Comet) Assay
	Biochemical Estimations
	Statistical Analysis

	Results
	Discussion
	References


