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INTRODUCTION 
Carcinogenesis is a multistage process involving cellular 

and molecular alterations, consisting of three linked but 

separate stages- Initiation, Promotion and progression. 

Initiation involves a chain of cellular changes arising 

spontaneously or induced by exposure to carcinogenic 

agent. In contrast to initiation, tumor promotion is 

recognized by further proliferation, leading to 

accumulation of actively proliferating preneoplastic 

cells. Progression is the final stage, in which successive 

changes in neoplastic transformation give rise to 

malignant sub populations.
[1,2]

 

 

Cancer Chemoprevention is a mean of cancer control by 

the use of relatively non toxic chemical substance, either 

of natural or synthetic origin, to inhibit initiation and to 

act as suppressing agents. The use of herbal extracts and 

phytochemical contents derived from them have been 

extensively employed in cancer treatment.
[3,4,5]

 It was 

also reported that phytochemicals with antioxidative and 

anti inflammatory properties can inhibit tumor initiation, 

promotion and progression.
[6]

 Therefore, scientific 

validations of antitumor promoting agents present in 

medicinal plants should be done for its possible cure in 

the prevention and treatment of cancer. 

 

Aegle marmelos, commonly known as Bael, is an 

indigenous medicine due to its various medicinal 

properties
[7]

 and found all over the Sub-Himalayan 

forests, in Central and South India. It is a rich source of 

Coumarins, Vitamin C and Riboflavin.
[8]

 It possesses 

antioxidant
[9]

, antidiabetic
[10]

, hepatoprotective
[11]

, as 

anticarcinogenic agent during promotion/progression 

stages of different cancer
[12]

 and antigenotoxic effects 

against doxorubicin induced micronucleus.
[13]

 The fruit 

as well as the bark of the plant was reported to be a 

valuable Ayurvedic medicine for dysentery and various 

intestinal complaints. Thus, the present study was 

designed to investigate the chemopreventive potential of 

Aegle marmelos bark extract with reference to its 

antioxidative efficacy in Papilloma bearing mice.  
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ABSTRACT   

Background: Cancer is among the second fatal diseases, next to cardiovascular diseases. Surgery, chemotherapy 

and radiotherapy or a combination of these are used worldwide for the treatment of Cancer. But, all these 

therapeutic options results in various side effects, to overcome these side effects, medicinal plants and herbs have 

now been used for their pharmacological active contents to treat cancer. Aim: The present study was aimed at 

evaluating the Chemopreventive and Antioxidant effects of hydromathanolic Aegle marmelos bark extract against 

7, 12-dimethylbenzeneanthracene (DMBA) induced Papilloma in Swiss albino mice. Material and Methods: 

Crude extraction protocol was employed for the preparation of Hydromethanolic Aegle marmelos bark extract and 

Tumor was induced by the application of single dose of DMBA on the dorsal, shaved surface of mice and 

promotion by croton oil started after 2 weeks and in the treatment group, A. marmelos bark extract (900 mg/kg 

b.wt.) was given one hour before each application of croton oil 2 times/week up to 16 weeks. After the completion 

of the assay, Reduced Glutathione (GSH) level was estimated in control, Carcinogen control and treatment group. 

Results: In this Skin Papilloma model, Significant reduction in tumor burden, tumor incidence and cumulative 

number of papillomas and a marked increase in average latent period of tumor appearance and Reduced 

Gluatathione concentration was observed in Aegle marmelos bark extract treated group as compared to animals 

treated with DMBA and croton oil (carcinogen control) group. Thus, the present study suggests that the Aegle 

marmelos bark extract has antitumor and antioxidant potential against Chemical induced skin papillomagenesis. 

 

KEYWORDS: Anticancer, Chemopreventive, Antioxidant, Hydromethanolic, Aegle marmelos, Papillomagenesis. 
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MATERIAL AND METHODS 

Identification of plant material 

Identification of the plant Aegle marmelos (Family: 

Rutaceae) was done by competent botanist Dr. Shaukat 

S. Khan, Department of Botany, Saifia Science College, 

Bhopal, M.P.  

 

Animals 

The study was conducted on male Swiss albino mice (6-7 

weeks old: Body weight 25±2). These animals were kept 

under controlled conditions of temperature (25±1
o
c) and 

light (12 light: 12 dark). All animal studies were 

conducted according to the guidelines of the Committee 

for the purpose of Control and Supervision of 

Experiments on Animals (CPCSEA), Government of 

India. The animals were fed on standard mice feed 

procured from Golden feeds, New Delhi, and water ad 

libitum. Three days before the treatment, the dorsal hair 

of all the animals was shaved (2x2cm). 

  

 Investigation was approved by Institutional Animal 

Ethical Committee (IAEC), project no. 

500/01/a/2001/19
th

/proj-1/27-7-09. 
 

Chemicals 

The known skin initiator DMBA and Croton oil (used as 

promoter) were obtained from Sigma Chemicals Co. (St. 

Louis, USA). DMBA was prepared in acetone at a 

concentration of 104µg/100µl. Croton oil was diluted in 

acetone to give a solution of 1% dilution. 

 

Experimental protocol 

Experiment was performed as per the method reported 

by Berenblum (1975)
[14]

 and standardized by Agrawal 

et. al (2009).
[15]

 A total of 30 animals were randomly 

divided in to 5 groups of 6 mice in control and 

experimental group. Initiation of tumor was done by 

application of single dose of DMBA on the dorsal, 

shaved surface and promotion by croton oil started after 

2 weeks. 

 

Group-I: Vehicle Control- received topical application of 

acetone (100µl/mouse) on the shaven dorsal skin, 2 

times/week up to 16 weeks. 

Group-II: DMBA alone- a single dose of 104µg DMBA 

in 100µl of acetone was applied topically over the 

shaven area of the skin of the mice. 

Group-III: Croton oil alone- 100µl of 1% croton oil in 

acetone was applied two times per week until the end of 

the experiment. 

Group-IV: Drug treated Control- 100µl of AMB at the 

dose of 900 mg/kg was applied two times per week until 

the end of the experiment. 

Group-V: Carcinogen treated (Positive control) - applied 

topically with a single dose of DMBA (104µg/100µl of 

acetone) over the shaven area of the skin of the mice. 

Two weeks later, croton oil (1% in acetone) was applied 

two times per week up to 16 weeks.  

Group-VI: AMB Experimental- applied topically with a 

single dose of DMBA over the shaven area of the skin of 

mice. Two weeks later, they were treated with A. 

marmelos stem bark extract (900 mg/kg b.wt.) which 

was given one hour before each application of 1% croton 

oil 2 times/week up to 16 weeks. 

 

The body weights of the animals from each group were 

recorded at the beginning and at the termination of the 

experiment. The mice from all the groups were sacrificed 

at 16 weeks after the last dose of AME for the following 

studies. 

 

a) Morphological observations of papilloma 

development 
During the study, each animal in all the groups of all 

stages were weighed and shaved weekly for an easy 

application of the carcinogens/tested extracts and skin 

lesion observation. 

 

The following morphological parameters were studied in 

the following groups: 

 Cumulative no. of Papillomas 

 Tumor incidence  

 Tumor yield 

 Tumor burden 

 Average latent period 

 

(b) Biochemical 
The whole liver and blood from eye was taken out for 

each mouse for the study of Glutathione activity (GSH). 

The level of reduced GSH was determined by the method 

of Moron et. al., 1979.
[16]

 The GSH content in both the 

samples was measured Spectrophotometrically using 

Ellman’s reagent with 5, 5’-dithiobis 2-nitrobenzoic acid 

(DTNB) as a coloring agent, according to the method of 

Beutlar et al, (1963).
[17] 

 

Data Analysis 
Values are given as Mean ± SE of six mice per group. 

The results were statistically evaluated using Student’s t-

test. The differences between the groups were considered 

as significant at *p<0.05. 

 

RESULT 

Morphological Analysis 

As shown in Table 1. Control group-V, with a single 

topical application of DMBA followed by repeated 

application of croton oil (twice a week) 2 weeks later, 

skin papilloma appeared in all animals which started 

appearing from 5
th

 week onwards and the cumulative no. 

of Papillomas induced during the observation period was 

40. In the treated group it was only 7. Tumor incidence 

was to be 100% in Carcinogen treated control (group V) 

and drug treted group (group VI) it was 50%. The 

average no. of Papilloma per mouse (tumor yield) as well 

as the Papilloma per Papilloma bearing mice (tumor 

burden) was found to be 6.6±1.4 in Carcinogen treted 

control group and in drug treted group it was 2.3±0.6 and 

1.16±0.5, respectively. The average latent period in 

carcinogen treated control and drug treated group was 

5.1±1.5 and 7.8±2.1. 
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Biochemical Analysis 

A considerable reduction in the level of GSH in blood 

and liver was observed in carcinogen treated control 

group. Treatment with Aegle marmelos bark extract 

resulted in an enhanced level of antioxidant protein GSH 

in blood and liver in group III (Table 2). 

 

TABLE. 1. Effect of Aegle marmelos Bark extract on Mouse Skin Papillomagenesis.  

Group Treatment 
Cumulative no. of 

Papilloma 

Tumor 

Incidence 

(%) 

Tumor 

Burden 

Tumor 

Yield 

Average 

Latent 

Period 

Number of 

Papilloma with 

Tumor size, mm 

       <2 2-4 

I 
Vehicle alone 

(100µl acetone) 
0 0 0 0 0 0 0 

II DMBA alone 0 0 0 0 0 0 0 

III Croton oil 0 0 0 0 0 0 0 

IV AMB extract alone 0 0 0 0 0 0 0 

V 
DMBA+CO 

(carcinogen control) 
40 100 6.6±1.4 6.6±1.4 5.1±1.5 31 9 

VI 
DMBA + Croton oil + 

AMB(Drug treated) 
07 50 1.16±0.5* 2.3±0.6* 7.8±2.1 7 0 

 

(*) denotes Level of significance as compared to carcinogen control at p<0.05, n= no. of animals in each group. 

 

Table. 2. Showing the level of Glutathione (GSH) in blood and liver sample of Papilloma bearing Swiss albino 

mice receiving treatment of Aegle marmelos extracts. 

S.No. Treatment Group 
Glutathione level 

Blood (µg/ml) Liver (µmoles/gm) 

I. Normal mice 5.1±.06 54.9±0.67 

II. 
Carcinogen control 

(DMBA+CO) 
2.27±0.09 23.2±1.3 

III. 

DMBA+Aegle marmelos 

bark extract (900 

mg/kg)+CO 

4.8±0.06* 33.2±1.8* 

 

Data are reported as Mean ±SE, n=6. 

* Significance level among different groups at p< 0.05. 

 

 
Figure (1). 

 

 
Figure (2). 
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Figure (3). 

 

 
Figure (4). 

 

   
Photograph. 1 CARCINOGEN CONTROL. 

 

  
Photograph. 2 DRUG TREATED. 

 

DISCUSSION 

Today, human beings have been exposed to a variety of 

mutagenic and carcinogenic agents which may drive the 

formation of cancer. Carcinogenesis is a process 

exemplified by initiation, promotion and progression in 

which different events determine the neoplastic 

conversion of normal cells.
[18, 19]

 Initiation phase is a fast, 

irreversible reaction and usually begin with spontaneous 

mutations, supported by normal occurrence such as DNA 

depurination, deamination and errors in DNA 

replication.
[20]

 Initiation is done by the application of 7, 

12-dimethyl benzanthracene (DMBA), is a well known 

carcinogen and is further promoted by croton oil 

application. The last stage of carcinogenesis is 

progression, in which transformation of preneoplastic 

lesions in to malign lesions occurs and is characterized 

by irreversibility, genetic instability, invasion and 

metastization. DMBA toxicity is elucidated by its 

oxidative stress created due to the formation of free 

radicals, being highly reactive binds to nucleophilic sites 

on cellular macromolecules eliciting cancerous 

responses.
[4,5]

 

 

Meanwhile, chemoprevention has evolved as an effective 

strategy fight against this deadly disease. Medicinal 

plants or herbs with a great diversity in their 

phytochemical constitution have been shown to be a rich 

source of cancer chemoprevention.
[3]

 The present study 

showed the chemopreventive activity of Aegle marmelos 

bark extract on DMBA and croton oil induced 

papillomagenesis in Swiss albino mice. Significant 

reduction in tumor incidence, tumor burden, and 

cumulative number of papilloma was observed, with a 

marked increase in the average latent period of tumor 

appearance and Reduced GSH concentration in Aegle 

marmelos bark extract treated group as compared to the 

animals treated with DMBA and croton oil. 

 

Significant effects were observed indicating that the 

extract may have either inhibited the metabolism of 

DMBA to its active form, delayed the promotion of 

carcinogenesis phase or downregulated ROS (Reactive 

oxygen species) formation. The chemopreventive 

activity of the plant extract is may be due to the presence 
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of secondary metabolites such as tannins, terpenoids, 

glycosides, and flavonoids present in the 

hydromethanolic Aegle marmelos bark extract 
[21]

. 

Evidences have also been present which showed that 

these secondary metabolites possess anticancer 

activity.
[4,22] 

 

Thus, the present piece of work demonstrates that 

hydromethanolic Aegle marmelos bark extract exhibited 

antitumor and antioxidant activity against DMBA 

induced skin papillomagenesis. 

 

CONCLUSION 
The biochemical fluctuations observed in papilloma 

bearing mice may be due to the presence of free radicals 

which resulted in low levels of GSH in carcinogen 

control group followed by DMBA application. The data 

obtained from the present study inferred the 

chemopreventive and antioxidant potentiality of Aegle 

marmelos bark extract on DMBA and croton oil induced 

papilloma in Swiss albino mice. Further investigation 

can be carried out to know the molecular mechanism of 

the drug action.  

 

REFERENCES 

1. Parmar J, Sharma P, Verma P, Goyal PK (2010). 

Chemopreventive Action of Syzygium cumini on 

DMBA-induced Skin Papillomagenesis in Mice, 

Asian Pacific Journal of Cancer Prevention, 11:  

261-266. 

2. P Uma Devi. Basics of Carcinogenesis, Health 

Administrator, XVII(1): 16-24. 

3. Goyal PK, Verma P, Sharma P, Parmar J, Agarwal 

A (2010). Evaluation of Anti-Cancer and Anti-

Oxidative Potential of Syzygium Cumini Against 

Benzo[a]pyrene (BaP) Induced Gastric 

Carcinogenesis in Mice, Asian Pacific Journal of 

Cancer Prevention, 11: 754-758. 

4. Hamizah S, Roslida AH, Fezah O, Tan KL, Tor YS, 

Tan CI (2012). Chemopreventive Potential of 

Annona Muricata L Leaves on Chemically-Induced 

Skin Papillomagenesis in Mice, Asian Pacific 

Journal of Cancer Prevention, 13: 2533-2539. 

5. Ojeswi BK, Khoobchandani M, Hazra DK, 

Srivastava MM (2010). Protective effect of Thuja 

occidentalis against DMBA-induced breast cancer 

with reference to oxidative stress, Human and 

Experimental Toxicology, 29(5): 369-375. 

6. Sharma P, Parmar J, Verma P, Goyal PK (2009). 

Anti-tumor activity of Phyllanthus niruri (a 

medicinal plant) on chemical-induced skin 

carcinogenesis in mice. Asian Pacific Journal of 

Cancer Prevention, 10: 1089-94. 

7. Brijesh S, Daswani P, Tetali P, Anita N, Birdi T 

(2009): Studies on the antidiarrhoeal activity of 

Aegle marmelos unripe fruits: Validating its 

traditional usage. BMC complementary and 

Alternative medicine, 9(47): 1-12. 

8. Kaur P, Walia A, Kumar S, Kaur S (2009): 

Antigenotoxic activity of polyphenolic rich extracts 

from Aegle marmelos (L.) Correa in Human blood 

lymphocytes and E.coli PQ37. Rec. Nat Prod, 3(1): 

68-75. 

9. Siddique NA, Mujeeb M, Najmi AK, Akram M 

(2010): Evaluation of antioxidant activity, 

quantitative estimation of phenols and flavonoids in 

different parts of Aegle marmelos. African Journal 

of Plant Science, 4(1): 001-005. 

10. Sabu MC and Kuttan R (2004): Antidiabetic activity 

of Aegle marmelos and its relationship with its 

antioxidant properties. Indian J. Physiol 

Pharmacology, 48(1): 81-88. 

11. Kalaivani T, Premkumar N, ramya S, Siva R, 

Vijayakumar V, Meignanam E, Rajasekaran C, 

Jayakumararaj R (2009): Investigations on 

Hepatoprotective activity of leaf extracts of Aegle 

marmelos (L.) Correa (Rutaceae). Ethnobotanical 

leaflets, 13: 47-50. 

12. Lampronti I, Martello D, Bianchi N, Borgatti M, 

Lambertini E, Piva R, Jabbar S, Choudhari MS, 

Khan MT, Gambari R (2003): Antiproliferative 

effects on human tumor cell lines of extracts from 

the Bangladeshi medicinal plant Correa. 

Phytomedicine, 10(4): 300-308. 

13. Venkatesh P, Shantala B, Jagetia GC, Rao KK, 

Baliga MS (2007): Modulation of Doxorubicin-

induced genotoxicity by Aegle marmelos in mouse 

bone marrow: A micronucleus study. Integr Cancer 

Ther, 6(1): 42-52. 

14. Berenblum I (1975): Sequqntial aspects of chemical 

carcinogenesis: skin in cancer “A comprehensive 

treatise”. Plenum Press, New York, 1: 323-344. 

15. Agrawal RC, Jain R, Raja W and Ovais M (2009): 

Anticarcinogenic effects of Solanum lycopersicum 

fruit extract on Swiss albino and C57BL mice. Asian 

Pacific Journal of Cancer prevention, 10(1-4):    

379-382. 

16. Moron MS, Depierre JW and Mannervik B (1979): 

Levels of Glutathione, Glutathione Reductase and 

Glutathione-s-transferase activities in rat lung and 

liver. Biochimica et Biophysica Acta, 582: 67-78. 

17. Beutler E, Duron O, Kellin BM (1963): Improved 

method for the determination of blood glutathione. 

Journal of Laboratory and Clinical Medicine, 61: 

882-888. 

18. Gills JJ, Jeffery EH, Mathsheski NV, et al (2005). 

Sulforaphane prevents mouse skin tumorigenesis 

during the stage of promotion, Cancer Letters, 236: 

72-79. 

19. Zoumpourlis V, Solakidi S, Papathoma A, 

Papaevangeliou D (2003). Alterations in signal 

transduction pathways implicated in tumour 

progression during multistage mouse skin 

carcinogenesis, Carcinogenesis, 24: 1159-1165. 

20. Sancheti G, Goyal PK (2006). Modulatory Influence 

of Rosemarinus officinalison DMB Ainduced 

Mouse Skin Tumorigenesis, Asian Pacific Journal of 

Cancer Prevention, 7: 331-335. 

21. Gupta N, Agrawal RC, Shrivastava V, Roy A & 

Prasad P (2012). In vitro Antioxidant activity and 



www.ejpmr.com 

 

Gupta et al.                                                                     European Journal of Pharmaceutical and Medical Research 

 

 

314 

phytochemical screening of Aegle marmelos 

extracts, Research J. Pharmacognosy and 

Phytochemistry, 4(2): 80-83. 

22. Minari JB, Okeke U (2014). Chemopreventive effect 

of Annona muricata on DMBA-induced cell 

proliferation in the breast tissues of female albino 

mice, The Egyptian Journal of Medical Human 

Genetics, 15: 327-334. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


