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Protective effects of lupeol against benzo[a]pyrene
induced clastogenicity in mouse bone marrow cells
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Fruits and vegetables contain a variety of ingredients that exhibit chemopreventive effects against an
array of xenobiotics. In the present study, the antigenotoxic potential of lupeol, a triterpene, and
mango pulp extract (MPE) was evaluated in Swiss albino mice. Benzo[a]pyrene (B[a]P), a well-
known mutagen, was given at a single dose of 100 mg/kg body weight intraperitoneally. Pretreatment
with lupeol (1 mg/animal) and MPE (1 mL, 20%) was given through oral intubation for 7 days prior
to B[a]P administration. Animals from all the groups were killed at sampling time of 24 h and their
bone marrow tissue was analyzed for chromosomal damage and micronuclei induction. In B[a]P-
treated animals a significant induction of chromosomal aberration and micronuclei was recorded,
with a decrease in mitotic index. In lupeol- or MPE-supplemented groups, a significant decrease in
B[a]P-induced clastogenicity was recorded. The incidence of aberrant cells and micronuclei was
found to be reduced by both lupeol and MPE when compared to the B[a]P-treated group. The anti-
cytotoxic effects of lupeol or MPE were also evident, as observed by significant increase in mitotic
index. Thus, results of the present investigation revealed that lupeol and MPE have protective effects
against B[a]P-induced clastogenic changes in Swiss albino mice.
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1 Introduction

Epidemiological and experimental studies have suggested
that consumption of cereals, fruits and vegetables reduces
the risk of cancers at different organ sites, including the
colon, breast, bladder and prostate [1]. Mango (Mangifera
indica L.), cultivated mainly in tropical countries, is con-
sumed worldwide. Mango extract has been shown to be
anti-mutagenic in Salmonella typhimurium strain TA1538
[2]. Chemical analysis of mango pulp has shown that it con-
tains vitamins, organic acids, carbohydrates, amino acids
[3], polyphenols and volatile compounds [4]. Lupeol [Lup-
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20(29)-en-3B-ol], a pentacyclic triterpene found in fruits
(mango, olive, strawberry, grapes, and figs), vegetables,
and several medicinal plants, is used as a traditional native
medicine in the treatment of various ailments worldwide
[5-7]. Lupeol has been shown to exhibit antioxidant, anti-
inflammatory, anti-arthritic, anti-mutagenic, and anti-
malarial activities in both in vitro and in vivo systems [8—
11]. It also possesses antitumor-promoting effects in mouse
skin carcinogenesis [12]. The oral administration of lupeol
changed the tissue redox system induced by cadmium expo-
sure by scavenging the free radicals and by improving the
antioxidant status of the rat liver [13]. Recently, lupeol and
mango pulp extract (MPE) have been shown to exhibit
apoptotic effects in LNCaP human prostate cancer cells and
to combat testosterone-induced alteration in mouse prostate
by modulating cell-growth regulators [14]. However, there
are no reports showing the effect of lupeol or MPE, on ini-
tial events of carcinogenesis like mutations caused by muta-
genic/carcinogenic chemicals. Therefore, in the present
study we studied anti-clastogenic activity of lupeol/MPE in
Swiss albino mice using cytogenetic end points.
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2 Materials and methods

2.1 Chemicals

Lupeol, benzo[a]pyrene (B[a]P) and colchicine were pur-
chased from Sigma (St Louis, MO, USA). The rest of the
chemicals were of analytical grade of purity and procured
locally.

2.2 Preparation of MPE

Fresh mango pulp (20 g) from ripe mango fruits was homo-
genized with 100 mL 0.1 M PBS (pH 7.0). The resulting
homogenate was filtered through four-layered muslin cloth
and then centrifuged at 6000 x g for 20 min at room temper-
ature. Supernatant was stored at —20°C until further use as
MPE.

2.3 Animals and treatment

Adult male Swiss albino mice (Mus musculus L), 10—
12 weeks old and having a body weight of ~20 g, were used
in the study. The animals were maintained in an air-condi-
tioned animal house at a temperature of 25 + 2°C, relative
humidity of 57 + 2% and photo-cycle of 12:12-h light and
dark periods. Water and food pellets were provided ad libi-
tum. After a quarantine period of 1 week, animals were ran-
domly divided into six groups of ten animals each. The ani-
mals of group I were used as control and no treatment was
given. The animals of group II served as positive controls
and only a single dose of B[a]P (100 mg/kg body weight)
was given intraperitoneally. In groups III and V, lupeol
(1 mg/animal) was given through oral intubation for 7 con-
secutive days. The animals of groups IV and VI received
1 mL 20% MPE through oral intubation for 7 consecutive
days. B[a]P (100 mg/kg body weight) treatment was given
intraperitoneally to the animals of groups II-IV 1 h after
the last dose of lupeol or MPE on day 7. The animals of all
groups were analyzed using cytogenetic assays.

2.4 Chromosomal aberration assay

Following treatment with the mutagen (B[a]P), five animals
from each group were killed after 24 h by cervical disloca-
tion. Colchicine was given at a dose of 4 mg/kg body weight
2 h prior to sacrificing to arrest the metaphase stage. Cyto-
genetic analysis was performed according to the protocol of
Preston et al. [15], Briefly, the bone marrow was flushed
out from both femurs using Hanks’ buffered salt solution
(pH 7.2). The cells were centrifuged at 1000 rpm for 5 min
and the pellet was redispersed in a hypotonic solution of
0.56% KCI for 30 min at 37°C to permit osmotic swelling
of cells. Swollen cells were fixed in ice-cold Carnoy's fluid,
placed onto slides, and stained with phosphate-buffered 5%
Giemsa solution. For each animal, 75 well-spread meta-
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phase plates were analyzed for chromosomal aberrations at
a magnification of 1006 and the mitotic index was calcu-
lated from a scan of 2000 cells per animal. The chromoso-
mal aberrations were classified as breaks, fragments, and
exchanges. The incidence of aberrant cells was expressed
as the percentage of damaged cells (aberrant metaphases).

2.5 Micronuclei induction assay

The remaining animals were killed at 24 h after treatment
with mutagen (B[a]P) and the frequency of micronucleated
polychromatic erythrocytes (MNPCE) was evaluated using
a modification of the protocol described by Schmid [16].
The bone marrow was flushed from both femurs using
Hanks’ buffered salt solution, 1% BSA, and 0.15% EDTA
(pH 7.2). Evenly spread bone marrow smears were stained
using the May-Griinwald and Giemsa protocols. A mini-
mum of 2000 erythrocytes were scored for each treated and
control group.

The suppression percentage of chromosomal aberrations
was calculated as: a=100 — (b/c) x 100, where a is % of
suppressed aberrant cells, b is% of aberrant cells in lupeol-
or MPE-pretreated and B[a]P-post-treated groups, ¢ is % of
aberrant cells in B[a]P alone treated group.

2.6 Statistical analysis

Mean values and standard error for all six groups were sub-
jected to statistical comparison using Student’s #-test;
p <0.05 was considered significant.

3 Results

The chromosomal aberration assay showed that the percent
incidence of aberrant cells in the B[a]P-treated group was
14.13 (Fig. 1A), compared to 5.25 in the untreated control
group [. Administration of the lupeol or MPE prior to B[a]P
injection led to significant inhibition in chromosomal aber-
rations, with the percent incidence declining to 8.14 and
9.25 in groups III and IV, respectively (Fig. 1A). The inhib-
ition of B[a]P-induced incidence of chromosomal aberra-
tions by lupeol and MPE was 42.4% and 34.5%, respec-
tively (Table 1). The mitotic index evaluated as a percent-
age of dividing cells was found to be decreased in group II
treated with B[a]P alone (6.58%) compared to the untreated
group I (15.13%), indicating bone marrow cytotoxicity.
Supplementation with lupeol and MPE increased the
mitotic index to 10.12% and 8.86%, repectively, in group
III and IV (Fig. 1B). However, in the groups treated with
lupeol or MPE alone the mitotic index was almost equal to
that of the untreated group, indicating that they were non-
toxic (Fig. 1B).

Similarly, the frequency of MNPCEs/1000 PCEs was
20.35 in the group treated with B[a]P alone, and was
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Figure 1. Anti-mutagenic activity of lupeol or MPE in Swiss
albino mice. (A) Incidence of aberrant cells. (B) Status of
mitotic index. (C) Status of micronuclei induction towards
B[a]P-induced clastogenicity (C, Untreated control; B, B[a]P;
L, Lupeol; M, MPE). * Significant increase over control
group I, # significant decrease over B[a]P-treated group Il. **
Significant decrease over control group |, * significant increase
over B[a]P-treated group Il. Data are mean + SE of five ani-
mals, with significant at p < 0.05.

reduced to 10.45 and 13.48 in groups III and V (Fig. 1C).
The frequency in the untreated control group was only 5.86.
Inhibition in micronucleus induction towards B[a]P-
induced clastogenicity was found to be 48.6% and 33.8%
by lupeol and MPE, respectively (Table 1).

4 Discussion

There is considerable public and scientific interest in the
role of fruits and vegetables in the prevention of genetic dis-
eases [17, 18]. In the present study, lupeol and MPE were
found to inhibit the incidence of B[a]P-induced chromoso-
mal damage in mice, suggesting their potential as anti-
mutagenic agents. The majority of mutagenic/carcinogenic
compounds, e. g., polycyclic aromatic hydrocarbons, act by
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Table 1. Suppressive effects of lupeol or MPE against B[a]P-
induced clastogenicity in mouse bone marrow

Treatment Suppression of Suppression of
chromosomal micronuclei
aberration (%) induction (%)

Lupeol+ B[a]P 42.4 48.6

MPE+ B[a]P 34.5 33.8

MPE, 1 mL 20% MPE/animal, Lupeol, 1 mg/animal, B[a]P,
100 mg/kg body weight.

generating electrophilic intermediates such as free radicals
via microsomal enzymatic reactions causing mutations [19,
20]. B[a]P is a potential inducer of reactive oxygen species
(ROS), e. g., mitochondrial superoxide anion and hydrogen
peroxide [21]. These species can damage DNA, RNA, lip-
ids, and proteins by nitration, oxidation, chlorination, and
bromination reactions, leading to increased mutations and
altered functions of enzymes and proteins, and thus contri-
buting to the multi-stage carcinogenesis process [22].
Lupeol or MPE supplementation is known to be effective in
reducing ROS generation and can also restore antioxidant
enzyme activities [8], suggesting a role in the detoxification
of free radicals like superoxide anion and hydrogen perox-
ide due to antioxidant properties. Lupeol, which is present
in MPE and other fruits, enhances the level of enzymatic
(superoxide dismutase, catalase, glutathione peroxidase,
glutathione reductase, glucose-6-phosphate dehydrogenase
and glutathione-S-transferase) and non-enzymatic (reduced
glutathione, vitamin C and vitamin E) antioxidants, thereby
accelerating the detoxification of mutagens and carcino-
gens [23].

The anti-carcinogenic potential of lupeol has already
been established through various studies [8, 10, 14, 24],
which postulate that it as an inhibitory agent of liver, pros-
tate, skin and pancreatic carcinogenesis. In addition, the
anti-mutagenic potential of lupeol has also been assessed
[25, 26]. Lupeol significantly reduced the free radical-
mediated DNA-sugar damage and microsomal lipid peroxi-
dation in an iron/ascorbate-free radical generating system
in vitro [27]. Since mutations induced at the cytogenetic
levels are a probable cause of cancer, the inhibition of chro-
mosomal aberration and micronuclei induction by lupeol or
MPE suggest that their anti-mutagenic potential is related
to antigenotoxic and anti-carcinogenic activity. The find-
ings of the present investigation revealed that lupeol and
MPE have antigenotoxic effect on B[a]P-induced cytotoxic
and clastogenic damage. The molecular mechanisms of
anti-mutagenesis of lupeol and MPE are yet to be explored
to understand the chemopreventive effects.
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