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Summary
The principal aim of the present work was to evaluate the chemopreventive effect of hydro-alcoholic extract of
the whole plant of Aegle marmelos, in 6-7 weeks old male Swiss albino mice, on two stage process of skin
carcinogenesis induced by a single topical application of 7, 12-dimethylbenz (a) anthracene (DMBA) and two
weeks later promoted by repeated application of croton oil till the end of experiment (i.e. 16 weeks).The oral
administration of A. marmelos at 50 mg/kg/b.wt./day during peri- initiational and post-initiational phases of
papillomagenesis significantly inhibited the decrease in reduced glutathione (p ≤ 0.001), catalase (p ≤ 0.001)
and proteins (p ≤ 0.001) as well as the increase in lipid peroxidation (p ≤ 0.001) levels in skin and liver of
experimental mice while compared to carcinogen treated control. The results from the present study suggest the
chemopreventive effect of Aegle marmelos fruit extract in DMBA induced skin papillomagnesis.
Key Words: Chemoprevention, Aegle marmelos, Lipid peroxidation (LPO), Reduced Glutathione (GSH),
Oxidative stress, Antioxidant defense system
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Introduction

Despite a remarkable progress in the development of anticancer therapies, cancer still remains as a major global
health burden. The number of cancer related deaths is expected to increase by two-fold in the next 50 years.
Since many types of cancers are preventable, the current cancer control strategy involves a paradigm shift from
chemotherapy to chemoprevention.
Chemoprevention refers to the use of non-toxic chemical substances of either natural or synthetic origin to
prevent carcinogenesis by stimulating detoxiﬁcation of carcinogens and their potentially reactive metabolites or
by halting, delaying or reversing the proliferation and subsequent malignant transformation of damaged cells. In
fact, the promising results from numerous preclinical and limited clinical studies highlight the chemoprevention
strategy as a realistic approach to ﬁght cancer 1,2. According to the report from the World Cancer Research Fund
(WCRF), about 30–40% of cancers can be prevented by appropriate food and nutrition, physical activity and
avoidance of obesity 3.
Antioxidants are emerging as prophylactic and therapeutic agents, which scavenge free radicals and prevent the
damage caused by them 4. Experimental investigations provide evidence supporting the role of reactive oxygen
species (ROS) such as singlet oxygen (1O2), superoxide anions (O2.-), hydrogen peroxide (H2O2), and hydroxyl
radicals (.OH) in the etiology of cancer 5. Human body is equipped with various antioxidants visualizing
superoxide dismutase (SOD), glutathione peroxidase (GPx), catalase (CAT), glutathione (GSH) etc., which can
counteract the deleterious action of ROS and protect from cellular and molecular damage. Antioxidants act as
radical scavengers inhibiting LPO and other free radical–mediated processes thereby protecting the human body
from various diseases 6.
Aegle marmelos, commonly known as bael, is a spinous tree belonging to the family Rutaceae. It is widely
found in India, Bangladesh, Burma and Sri Lanka. It is distributed mainly within the sub-himalayan forest, in
dry hilly regions. It is called “Shivadume” the tree of lord Shiva. Aegle marmelos has an important place in
indigenous system of medicine. Its edible leaf, root, bark, seed and fruit are valued highly in Ayurvedic
medicine in India 7. In fact, as per Charaka (1500 BC) no drug has been longer or better known or appreciated
by the inhabitants of India than the bael 8.The fruit is bitter, acrid , sour, astringent, aids digestion and stomach
irritation, and is useful in treating diarrhea, dysentery and stomachalgia. Aqueous aegle marmelos fruit extract
exhibits an anti-hyperlipidaemic 9 and hypoglycemic 10 effects in streptozotocin-induced diabetic rats. The ripe
fruit used in different formulation for treatment of chronic diarrhea 11.
Looking towards the medicinal properties of this plant, the present study is undertaken to obtain insight into the
possible anti-oxidant activity of A. marmelos against DMBA-induced skin tumorigenesis in mice.

Materials and Methods

Animal care and handling: The study was conducted on random-bred, 6-7 weeks old and 24 ± 2 gm body
weight bearing, male Swiss albino mice. Animals were maintained under controlled conditions of temperature
(25°C ± 2°C) and light (14hrs. light: 10hrs. dark).The animals were fed a standard mouse fed procured from
Aashirwad Industries, Chandigarh (India), and water ad libitum. These animals were housed in polypropylene
cages containing saw dust (procured locally) as bedding material. As a precaution against infection tetracycline
hydrochloride water was given to these animals once each fortnight. The Departmental Animal Ethical
Committee approved this study.
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Chemicals: The initiator 7, 12-Dimethyl Benz (a) anthracene (DMBA) and the promoter croton oil were
procured from Sigma Chemical Co., USA. DMBA was dissolved at a concentration of 100 µg/ 100µl in
acetone. Croton oil was mixed in acetone to give a solution of 1% dilution.
Preparation of Aegle marmelos Extract (AME): The fruits of Aegle marmelos L. were collected locally after
their proper identification by a competent botanist (Voucher Specimen no: RUBL-20438) from the herbarium,
Department of Botany, University of Rajasthan, Jaipur, Rajasthan (India). The pulp was removed from the fruit
and shade dried, after that pulp was powdered in a mixture and the hydro-alcoholic extract was prepared by
refluxing with the double distilled water (DDW) and alcohol (3:1) for 36 (12 x 3) hrs at 40ºC. The liquid extract
was cooled and concentrated by evaporating its liquid contents. The prepared Aegle marmelos extract (AME)
was stored at low temperature until its further use. Such extract was redissloved in DDW prior for the oral
administration in mice.
Experimental Design
Mice selected from the above mentioned random-bred colony, were assorted in to control and experimental
groups; each group (I- V) comprised of 10 animals. The hair on the interscapular region of the mice was shaved
3 days prior to the experiment. Only the mice showing no hair growth were considered for the study.
Group-I: Vehicle treated (Negative control)
Animals belonging to this group received topical application of acetone (100 µl/ mouse) on the shaven dorsal
skin, and double distilled water (DDW) equivalent to AME (100 µl/ mouse) by oral gavage for 16 weeks.
Group-II: AME alone treated (Drug treated control)
Animals of this group were administered AME orally at a dose of 50 mg/kg b. wt, dissolved in 100 µl of DDW
as vehicle to each mouse, once in a day for the 16 weeks study period.
Group-III: Carcinogen treated (Positive Control)
These animals were applied topically a single dose of DMBA (100 µg/ 100 µl of acetone) over the shaven area
of the skin of the mice. Two weeks later, croton oil (1% v/v in acetone) was applied three times per week until
the end of experiment. This group received double distilled water (DDW) equivalent to AME (100 µl/ mouse)
by oral gavage for 16 weeks.
Group –IV: AME treated (Experimental -1)
These mice were given the same treatment as in Group-III and also received AME at a dose of 50 mg/ kg b. wt.
/ animal/ day, orally for 7 days before and 7 days after DMBA application.
Group –V: AME treated (Experimental- 2)
Animals in this group received the same treatment as for Group-III and were administered AME (50 mg/kg b.
wt. / animal/ day) by oral gavage, starting from the time of croton oil treatment until the end of the experiment
(i.e. 16 weeks).
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Biochemical Study
Biochemical alterations were studied in the animals of all the groups at the time of the termination of the
experiment (i.e. the 16th week). At the end of the 16th week, the animals were killed by cervical dislocation.
The dorsal skin affected by tumors was quickly excised and washed thoroughly with chilled saline (pH 7.4). It
was then weighed and blotted dry. A 10% tissue homogenate was prepared from part of the sample (skin) in
0.15 M Tris-KCl (pH 7.4), and the homogenate was then centrifuged at 2000 rpm for 10 minutes. The
supernatant thus obtained was taken for estimation of lipid peroxidation (LPO) and reduced glutathione (GSH).
The following biochemical parameters were estimated in the liver and skin of mice.
(a) Lipid peroxidation (LPO) estimation
The level of LPO was estimated spectrophotometrecally by thiobarbituric acid reactive substances (TBARS)
method, as described by Ohkhawa et al. (1979)12. Briefly, thiobarbituric acid (0.6%), sodium dodecyl sulphate
(0.1%), and trichloroacetic acid (20%) were added to 200 µl of the tissue homogenate (10%) prepared as
described above. This mixture was heated for 60 minutes, cooled, and extracted with N butanol- pyridine (15:1),
the optical density (OD) was recorded at 532 nm and the contents were expressed as nmol/mg of tissue.
(b) Glutathione (GSH) estimation
The level of reduced GSH was estimated as total nonprotein sulphahydryl group by the method of Moron et al.
(1979) 13. The homogenate was immediately precipitated with 100 µl of 25% trichloroacetic acid (TCA) and the
precipitate was removed after centrifugation. Free endogenous-SH was assayed in a total volume of 3 ml by the
addition of 200 µl of 0.6 mM 5, 5′ dithio-bis (2-nitrobenzoic acid) dissolved in 0.2 M phosphate buffer (pH 8.0)
to 100 µL of the supernatant and the absorbance was recorded at 412 nm using a UV-VIS Systronics
spectrophotometer. Reduced GSH was used as a standard. The levels of GSH were expressed as µmol/gm of
tissue.
(c) Catalase (CAT)
The catalase activity was assayed by the method of Aebi (1984) 14. The change in absorbance was followed
spectrophotometrically at 240 nm after the addition of H2O2 (30 mM) to 100 µL of the supernatant (10% of skin
homogenate was prepared in 50 mM phosphate buffer and centrifuged for 10 min.) in 50 mM phosphate buffer
(pH 7).The activity of the enzyme is expressed as U/mg of tissue, where U is µmol of H2O2 disappearance/min.
(d) Total Proteins
Total proteins were estimated by the method of Lowery et al. (1951) 15. using bovine serum albumin as a
standard and the level was expressed as mg/ ml.
Statistical Analysis
The results are expressed as the mean ± standard error of the mean. The data of biochemical determinants from
different groups were analyzed using the Student’s t test.
Results
Lipid peroxidation (LPO)
A considerable elevation in LPO level was demonstrated in the liver and skin of Group III animals. Whereas,
administration of AME significantly (p ≤ 0.001) reduced the level of LPO in both the experimental groups (IV
& V) as compared with the carcinogen treated control (Group III). However, no significant alteration in LPO
level was observed in Group I and II as compared to Group III (Fig. 1).
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Reduced Glutathione (GSH)
Treatment with A. marmelos extract resulted in significantly enhanced level of the non-enzymatic antioxidant
protein GSH in liver and skin of animals belonging to experimental groups IV & V as compared with the
carcinogen treated control (Group III). On the other hand, a significant decrease (p ≤ 0.001) from the normal
level of GSH was recorded in Group III as compared with Groups I and II (Fig. 2).

Catalase activity
Administration of DMBA/Croton oil (Group III) significantly reduced (p ≤ 0.001) the Catalase activity in liver
and skin while compared with the Group I and II. Oral administration of AME in Group IV and V increased
Catalase levels significantly (p ≤ 0.001) in both the tissues as compared to the carcinogen treated control (Group
–III; Fig.3).
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Total Proteins
A. marmelos treatment during peri- and post- initiational stage significantly (p ≤ 0.001) elevated the level of
total proteins in the liver and skin when compared with positive control (Group- III; Fig. 4).

Discussion
Chemoprevention, involving the use of synthetic or natural products to inhibit or reverse the
carcinogenic process, is an effective approach to control cancer 16,17. 7,12-dimethylbenz (a) anthracene, a
polycyclic aromatic hydrocarbon (PAH) is widely present in our environment and is implicated in
various types of cancer. Sources of PAHs include industrial and domestic oil furnaces, gasoline and
diesel engines 18.
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Reactive oxygen species generation is a major factor involved in all steps of carcinogenesis, i.e.
initiation, promotion and progression19.Oxidant-antioxidant balance impacts the rate of cell proliferation and
tumor cells generally display low levels of lipid peroxidation which in turn can stimulate cell division
and promote tumor growth 20 . Oxidative stress induced due to the generation of free radicals and/or
decreased antioxidant level in the target cell and tissues has been suggested to play an important role in
carcinogenesis 21 .
Free radicals are involved both in the initiation as well as promotion stage of tumorigenesis, and their
biochemical reactions in each stage of the metabolic process is associated with cancer development 22 . The
end products of lipid peroxidation are known to induce cellular damage and have been responsible for oxidative
free radical induced human disease 23. It is evident from the results that lipid peroxidation level was found to
be significantly increased in positive control (Group III) animal when compared to vehicle treated animals
(Group I). On contrary, reduced level of LPO was observed in experimental animals indicating that it is
a potent free radical scavenger, which indicates that AME acts as a potent free radical scavenger. The similar
findings have been reported while using Emblica officinalis and Tinospora cordifolia extract against chemical
induced skin carcinogenesis 24, 25.
Reactive oxygen and/or nitrogen oxide species-induced stress (RONOSS) and its downstream events are clearly
important for carcinogenesis. RONOSS can be induced by exposure to carcinogenic xenobiotics and
microorganisms 26, and the various cellular alterations induced by RONOSS play a crucial role in
carcinogenesis 27. Antioxidants are expected to inhibit RONOSS because of an alteration in relevant enzyme
profiles and quenching 28, 29.
GSH is major antioxidant that is found in large amount in all cells. GSH has many functions in metabolism, free
radical scavenging, and regeneration of other antioxidants. The most important function of GSH is to provide
protection against oxidative damage induced by reactive oxygen species, many of which are generated during
normal cellular metabolic processes30. Glutathione acts as most important antioxidants in living system because
it is a remover of H2O2 lipid peroxides and their products like 4-hydroxinonenal 31. In the present study, GSH
level was found to be significantly (p ≤ 0.001) lower in liver and skin of positive control animals (Group III).
On the other hand, significantly increased level of GSH was observed in A. marmelos treated experimental
group (IV& V).
Superoxide dismutase is a metalloprotein, widely distributed in all the cells and plays a protective role against
ROS-induced oxidative damage. It converts superoxide radical into hydrogen peroxide whereas glutathione
peroxidase (GPXs) and catalase (CATs) convert H2O2 into water and oxygen 32. In the present report, the
catalase activity (CAT) was found to be significantly (p ≤ 0.001) lower in liver and skin of positive control
animals than that observed in the AME treated experimental mice.
In addition to lipids, proteins are also affected by ROS 33. Protein oxidation is also common in ROS-induced
carcinogenesis. Significantly decreased level of total proteins in liver and skin of animals belonging to Group
III (carcinogen treated control) clearly reflects the overproduction of free radicals or inability of antioxidant
defense system. In contrast, A. marmelos administration significantly (p ≤ 0.001) increased such antioxidants
levels, which might be responsible for the decrease in the activity of tumor promoter used in the present study.
Aegle marmelos, used in various medicinal systems, a rich source of proteins, polysaccharides, calcium,
phosphorous, potassium, vitamin C & B, has been found to have anti-inflammation, anti-ulcer, antidyslipidemic, anti-initiating and anti-promoting properties. The current study demonstrates that A. marmelos
extract can activate the defense system, following exposure to the carcinogen, by elevating the level of
antioxidant enzymes.
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When administration at different stages of tumorigenesis, A. marmelos not only lowers the carcinogenic activity
of DMBA but also modulates the effect of the promoter, i.e. croton oil. The major mechanism for its action and
efficacy seems to be the effectiveness of the fruit extract to intercept the free radicals and protect cellular
molecules from oxidative damage. Further, it modulates the glutathione level and inhibits lipid peroxidation in
liver and skin. Since Aegle marmelos has shown no toxic effect at the tested doses, it could well be applied in
cancer chemoprevention to reduce the risk of cancer.
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