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Abstract: Cancer is a major cause of morbidity and mortality worldwide and represents a tremendous burden to the  

individual, family and society. External factors such as tobacco, chemicals, radiation, viruses and internal factors such as 

inherited mutations and immune status may act together or in sequence to initiate or promote carcinogenesis. Cancer  

chemoprevention is recognized as the most promising and novel approach to prevent, inhibit or reverse the carcinogenic 

processes by intervention with natural products or synthetic chemical substances. A large number of traditional medicinal 

plants and their active principles were reported to have chemopreventive properties. Chemopreventive agents may act on 

one or several steps [initiation, promotion, progression] of carcinogenesis. Agents that possess antimutagenic, anticar-

cinogenic, inhibitory effects on cell proliferation, antioxidant function and modulating effect on carcinogen detoxification 

are considered as good chemopreventive agents. The aim of the present review paper is to provide the list of chemopre-

ventive agents and their mechanism of actions, reported for the past 10 to 15 years, against chemical carcinogen induced 

oral, mammary and skin carcinogenesis. 
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CANCER 

 Cancer, a major public health problem worldwide, is a 
group of diseases characterized by uncontrolled growth and 
spread of abnormal cells. It affects all people, the young and 
old, the rich and poor, men, women and children. Cancer is 
one of the leading causes of death in the world and its inci-
dence is still increasing, particularly in developing countries. 
It is the second leading cause of death in developed coun-
tries, and is among the three leading causes of death for 
adults in developing countries [1]. In a worldwide population 
of 6 billion, in the year 2000, approximately 10 million can-
cers were diagnosed, 5.3 million in men and 4.7 million in 
women. Today, 24.6 million people are living with cancer 
and 6.7 million are dying of cancer every year. A steadily 
increasing proportion of elderly people in the world will  
result in approximately a 50% increase in new cancer cases 
over the next 20 years [2]. More men than women get cancer 
of the lung, stomach, throat and bladder. In richer countries, 
prostate, breast and colon cancers are more common than in 
poorer countries [3]. Cancer thus represents a tremendous 
burden on patients, families and societies. 

 External factors such as tobacco, chemicals, radiation, 
infectious organisms and internal factors such as inherited 
mutations, hormones and immune status can be able to cause 
cancer. These risk factors may act together or in sequence to 
initiate or promote carcinogenesis. The American cancer  
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society reported that more than 175, 000 cancer deaths were 
caused by tobacco use by the year 2005 [4]. Many different 
types of chemical exposures can increase the incidence of 
tumors in humans [5]. The only types of radiation proven to 
cause human cancer are high-frequency ionizing radiation 
and ultraviolet radiation. Exposure to sunlight causes almost 
all cases of basal and squamous cell skin cancer and is a ma-
jor cause of skin melanoma [6]. Cancers triggered by infec-
tions are more prevalent in the developing world. Both DNA 
and RNA viruses were documented as a causative factor of 
experimental carcinogenesis [7]. More than 100 oncogenes 
have been identified to date, and many among them have 
been implicated in carcinogenesis, including ras, c-myc,  
erb-B2 and epidermal growth factor receptor [8, 9]. Cancer 
can be treated by surgery, radiation therapy, chemotherapy 
and immunotherapy. Cancers that are most often cured are 
breast, cervix, prostate, oral, colon and skin, if they are diag-
nosed early. Improving the quality of life of patients living 
with cancer and dying from cancer is therefore an urgent 
humanitarian need. 

MULTI-STEP CARCINOGENESIS 

 The transformation of normal cell to cancer cell occurs 
through three distinct phases, initiation, promotion, and pro-
gression. Initiation of cancer occurs in the normal cells due 
to exposure of carcinogenic and mutagenic agents. The initi-
ated cells are irreversibly altered and are at greater risk of 
neoplastic transformation. However initiation alone is not 
sufficient for tumor formation [10]. In promotion phase,  
tumor promoters convert the initiated cells in to neoplastic 
cells [11, 12]. Progression involves a stepwise evolution of 
neoplastic cells in to higher degree of malignancy. The ma-



Cancer Chemoprevention Mechanisms The Open Nutraceuticals Journal, 2009, Volume 2    53 

lignant tumor thus formed acquires aggressive characteristics 
such as clonality, anaplasia, invasion and metastasis [13].  

CHEMICAL INDUCED CARCINOGENESIS 

 Environmental factors, of either biologic or chemical 
origin, may act as initiators, promoters, or both of carcino-
genesis. Chemical carcinogens such as 7, 12-dimethylbenz[a] 
anthracene [DMBA], benz[a]pyrene [BP], 4-nitroquinoline-
1-oxide, and N-nitroso-N-methylurea are commonly em-
ployed to initiate and promote neoplastic transformation in 
experimental animals. However, the most commonly em-
ployed chemical carcinogen for inducing experimental car-
cinogenesis is DMBA. DMBA induced experimental car-
cinogenesis is preceded by a sequence of hyperplasia, dys-
plasia, and carcinoma [14, 15]. DMBA mediates carcino-
genesis through formation of DNA adducts, DNA damage, 
generating excess reactive oxygen species and by producing 
chronic inflammation. Several studies suggested that DMBA 
mediated molecular, biochemical, genetic and histopa-
thological changes were analogous to those observed in hu-
man cancers [16, 17]. DMBA-induced experimental carcino-
genesis might therefore be used as an ideal model to study 
the chemopreventive potential of medicinal plants and their 
active constituents. The evaluated results reported in DMBA 
induced carcinogenesis may assist the clinician in the  
diagnosis, prognosis and treatment monitoring of the cancer 
patients.  

NUTRITION AND CARCINOGENESIS 

 Nutritional factors have been implicated in the patho-
genesis as well as prevention of carcinogenic process, to-
gether with metabolic and genetic factors. It has been esti-
mated that 3 to 4 million cancer cases worldwide are caused 
by nutritional deficiencies. Nutritional substances function as 

antimutagens, chemical inactivators, enzymatic inducers, 
antioxidants and tumor growth suppressors [18, 19]. Many of 
these substances might influence carcinogenesis through 
more than one mechanism (Fig. 1). High consumption of 
fruits and vegetables is associated with reduced risk of sev-
eral cancers including lung, oral, pancreas, larynx, oesopha-
gus, bladder, stomach and cervical cancers [20]. The influ-
ence of vitamins (vitamin A, E and C) and the trace elements 
(zinc, copper etc.) in the pathogenesis of oral cancer has 
been well documented in experimental oral carcinogenesis. 
High intake of dark yellow cruciferous and green leafy vege-
tables reduced the risk of second primary cancers by 40% to 
60% among patients with oral and pharyngeal cancers [21]. 
Certain nutritional deficiencies such as iron and vitamin A, C 
and E have been associated with oral cavity cancers [22]. An 
association between high-fat diet and breast cancer has been 
suggested from several different sources of data. Persons 
eating diet high in various micronutrients have been shown 
to have a lower incidence of certain cancers, especially those 
of breast, colon and uterus. Risk was found to be higher for 
low intake of beta-carotene, thiamine, riboflavin, folic acid, 
iron, magnesium and copper [23, 24]. Higher intake of total 
fat and lower intakes of -carotene, retinal, vitamin E, vita-
min C, vitamin D and long-chain n-3 fatty acids have been 
associated with increased skin squamous cell carcinogenesis 
in animal studies [25-27]. 

CHEMOPREVENTION  

 Chemoprevention has evolved as a promising and valu-
able strategy to inhibit, suppress or control the incidence of 
carcinogenesis by using specific natural and synthetic agents. 
Chemopreventive agents may act by multiple pathways to 
block tumorigenesis. Among the diverse pathways, modula-
tion of carcinogen-induced genotoxicity, inhibition of car-

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Possible roles of nutritional substances against carcinogenesis. 
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cinogen activation by altering the activities of phase I and II 
detoxification enzymes, and scavenging excess reactive oxy-
gen species [ROS] by improving antioxidant defense sys-
tems have assumed significance [28]. Chemopreventive 
agents inhibit both initiation and promotion during carcino-
genesis [29]. The inhibition of initiation may occur by pre-
venting the carcinogen from becoming fully active by en-
hancing DNA repair and/or the activation of tumor suppres-
sor genes. The inhibition of promotion could result by trig-
gering differentiation. Initiation and promotion may also be 
inhibited by the elimination of transformed malignant clones 
of cells [28, 29]. Agents, natural or synthetic, that exhibit 
any or a combination of these pharmacological characteris-
tics qualify as cancer chemopreventive agents. The most 
useful cancer chemopreventive agents should have signifi-
cant ability to reduce tumor incidence, delay tumor onset and 
prevent tumor progression [30]. Medicinal plants rich in an-
tioxidants and bioactive phytochemicals have received grow-
ing attention over the past few years as potential chemopre-
ventive agents [31].  

CLAS SIFICATION OF CHEMOPREV EN TIV E 
AGENTS 

 Chemopreventive agents are broadly classified in to three 

categories, which include blocking agents, suppressing 

agents and agents that reduce tissue vulnerability to carcino-

genesis. Blocking agents exert a barrier function by prevent-

ing carcinogenic agents from reaching or reacting with criti-

cal target site. Blocking agents can also exert their role by 

preventing metabolic activation of carcinogens and stimulat-

ing detoxification cascade. Chemopreventive agents may act 

as suppressing agents by preventing the evolution of the 

neoplastic process in the target cells. Chemopreventive 

agents make target tissue less vulnerable to neoplastic trans-

formation by producing cellular maturation, decreasing the 

function of target cells and by decreasing cell proliferation 

[32, 33]. The absolute classification of chemopreventive 

agents is however very difficult due to the fact that several 

chemopreventive agents act through more than one mecha-

nism or by unknown mechanisms of action. The possible 

mechanisms of chemopreventive agents in experimental car-

cinogenesis are given in Fig. (2). 

ORAL CANCER CHEMOPREVENTION 

 Oral cancer is defined as the cancer of mouth and phar-
ynx, including cancer of the lips, tongue, floor of the mouth, 
palate, gingiva, alveolar mucosa, buccal mucosa, orophar-
ynx, tonsils, uvula, and salivary glands. Oral squamous cell 
carcinoma comprises 90% of all intra-oral cancers and is the 
fifth most frequent cancer worldwide. The incidence of oral 
cancer is rapidly increasing throughout the world, especially 
in India where it accounts for 40–50% of all cancers. Epide-
miological studies have shown correlation between use of 
tobacco and high incidence of premalignant and malignant 
lesions of the oral cavity. The development of oral squamous 
cell carcinoma in humans is most probably due to carcinogen 
exposure to oral mucosa lining that occurs during tobacco 
and alcohol use. Oral cancer most often occurs in people 
over the age of forty and about half of the patients afflicted 
will die within five years of diagnosis. The over all 5-year 
survival rates for oral cancer are still at 50% despite ad-
vancement in treatment strategy [34, 35]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Possible mechanisms of chemopreventive agents in experimental carcinogenesis. 
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Reported Chemopreventive Agents in Experimental  
Oral Carcinogenesis 

 Manoharan et al. [36] demonstrated the chemopreventive 
potential of curcumin and piperine in DMBA-induced ham-
ster buccal pouch carcinogenesis. They suggested that the 
antilipidperoxidative and antioxidant efficacy of these phy-
tochemicals are responsible for their chemopreventive poten-
tial. Balakrishnan et al. [37] demonstrated the chemopreven-
tive potential of ferulic acid in DMBA induced hamster buc-
cal pouch carcinogenesis. They concluded that ferulic acid 
exerted chemopreventive efficacy through its free radical 
scavenging and antioxidant properties. Manoharan et al. [38] 
recently demonstrated the chemopreventive efficacy of 
Withaferin-A in experimental oral carcinogenesis. They sug-
gested that Withaferin–A significantly inhibited the tumor 
formation, tumor volume and tumor burden in the buccal 
mucosa of hamsters painted with DMBA alone. The chemo-
preventive potential is probably due to its antiproliferative, 
antilipidperoxidative and antioxidant properties. 

 Letchoumy et al. [15] demonstrated the chemopreventive 
potential of the black tea polyphenols and BTF-35 in DMBA 
-induced hamster buccal pouch carcinogenesis. They 
sugested that oral administration of Polyphenon-B and BTF-
35 significantly decreased the tumor incidence, oxidative 
DNA damage, phase-I enzyme activities as well as expres-
sion of CYP1A1 and CYP1B1 isoforms, while enhancing 
phase-II enzyme activities in the buccal pouch and liver. 
Garg et al. [39] reported that the protective effect of dietary 
turmeric converge on augmenting apoptosis of the initiated 
cells and decreasing cell proliferation in DMBA-treated ani-
mals, which in turn, was reflected in decreased tumor burden 
multiplicity and enhanced latency period.  

 Chandramohan et al. [40] reported the combined chemo-
preventive effects of bovine milk lactoferin [bLF] and black 
tea polyphenols [polyphenon-B] in DMBA-induced hamster 
buccal pouch carcinogenesis. They concluded that combined 
administration of bLF and polyphenon-B was more effective 
in inhibiting DMBA-induced genotoxicity and development 
of hamster buccal pouch tumors. Srinivasan et al. [41] re-
ported the chemopreventive and therapeutic modulation of 
green tea polyphenols on drug metabolizing enzymes in 4-
nitroquinoline-1-oxide-induced oral cancer. They suggested 
that green tea polyphenols prevents tumor formation by act-
ing as a detoxifying agent. Meier et al. [42] reported that 1-
alpha, 25-dihydroxy-vitamin D3 inhibited carcinogenesis 
during hamster buccal pouch carcinogenesis. They suggested 
that 1-alpha, 25-dihydroxy vitamin D3 delayed tumor forma-
tion in the hamster buccal pouch model. 

 Chandramohan et al. [43] demonstrated that green and 
black tea polyphenols improved the status of antioxidants 
during DMBA-induced oral carcinogenesis. They suggested 
that Polyphenon–B is more effective in inhibiting oral car-
cinogenesis than Polyphenon-E. Subapriya et al. [44] dem-
onstrated that ethanolic neem leaf extract inhibited the tumor 
formation by improving antioxidant defense mechanism 
against oxidative stress in DMBA induced oral carcinogene-
sis. Han et al. [45] reported the anticarcinogenic potential of 
black raspberries and concluded that growth inhibitory ef-
fects of black raspberries is due to their modifying effect on 
specific components that target aberrant signaling pathways  
 

during cell cycle progression. Tanaka et al. [46] demon-
strated the chemopreventive efficacy of Citrus auraptene in 
4-nitroquinoline-1-oxide induced experimental oral carcino-
genesis. They suggested that Citrus auraptene significantly 
inhibited the development of oral tumors induced by the car-
cinogen. 

 Tanaka et al. [47] have shown the chemopreventive po-
tential of curcumin and hesperidin in 4-nitroquinoline-1-
oxide-induced oral carcinogenesis. They suggested that cur-
cumin and hesperidin caused significant reduction in the 
frequency of tongue carcinoma. Azuine and Bhide [48] re-
ported that betel leaf and turmeric significantly prevented the 
tumor incidence, and tumor burden in experimental animals. 
The chemopreventive potential of neem leaves and turmeric 
powder has been demonstrated in 4-nitroquinoline-1-oxide-
induced oral carcinogenesis [49]. The authors suggested that 
the chemopreventive efficacy of these plant products is due 
to their antilipidperoxidative and antioxidant potential.  

 Manikandan et al. [50] have shown the chemopreventive 
potential of Azadirachta indica leaf in DMBA induced oral 
carcinogenesis. They concluded that the antioxidant property 
of the neem leaf extract is responsible for its chemopreven-
tive potential. Subapriya et al. [51] suggested that the che-
mopreventive potential of neem leaf extract in DMBA-
induced oral carcinogenesis is due to their modulating effect 
on xenobiotics metabolizing enzymes during carcinogenesis. 
Bhuvaneswari et al. [52] have shown the chemopreventive 
potential of tomato and garlic in DMBA-induced oral car-
cinogenesis. They suggested that the chemopreventive po-
tential of tomato and garlic rely on their ability to induce 
apoptosis in tumor cells. Balasenthil et al. [53] have shown 
the protective effect of S-allyl cysteine in DMBA-induced 
hamster buccal pouch carcinogenesis. They suggested that 
the elevation of hepatic glutathione and glutathione depend-
ent enzymes by S-allyl cysteine might play a key role in pre-
venting cancer development in the hamster cheek pouch. 
Karthikeyan et al. [54] have shown the chemopreventive 
effect of Ocimum sanctum in DMBA-induced oral carcino-
genesis. They suggested that Ocimum sanctum has the ability 
to prevent the early events of oral carcinogenesis. 

 Other reported chemopreventive agents of oral carcino-
genesis include garlic, chalcone, 2-hydroxy chalcone, quer-
cetin, beta-carotene, vitamin E, xanthophylls, astaxanthin, 
canthaxanthin, Spirulina fusiformis, limonoid, and Spirulina 
dunaliella [55-63]. The reported chemopreventive agents and 
their mechanism of action in experimental oral carcinogene-
sis are given chronologically in Table 1. 

MAMMARY CANCER CHEMOPREVENTION 

 Breast cancer accounts for the highest morbidity and 

mortality and each year 1.5 million new cases of breast can-

cer are diagnosed and 400, 000 women die by this cancer 

worldwide. The annual incidence of breast cancer is increas-

ing both in industrialized and developing countries. Breast 

cancer is the second most commonly diagnosed cancer 

among American women, and annually 200, 000 women are 

diagnosed with and 40, 000 women die by this cancer. In 

India, breast cancer is the second most common cancer after 

cervix, where 70, 000 new cases of breast cancer are re-

ported every year [64, 65]. 
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Reported Chemopreventive Agents in Experimental 
Mammary Carcinogenesis  

 Liu et al. [66] have demonstrated the chemopreventive 
potential of fresh apples in DMBA induced mammary car-
cinogenesis. They suggested that apple extract suppressed 
the cell proliferation by down regulating the expression of 
proliferating cell nuclear antigen, cyclin D1 and bcl-2 and 
upregulating the expression of Bax and by apoptosis induc-
tion. Moselhy and Al Mslmani [67] reported the chemopre-
ventive effect of lycopene alone or with melatonin against 
the genesis of oxidative stress and mammary tumors induced 
by DMBA in Sprague dawely female rats. They suggested 
that supplementation of diet with lycopene and melatonin 
provided antioxidant defense with strong chemopreventive 

activity against DMBA-induced mammary tumors. Girolami 
et al. [68] have shown time-dependent effects of dietary ace-
tyl salicylic acid on liver CYP1A and antioxidant enzymes in 
DMBA induced mammary carcinogenesis. They proposed 
that the positive modulation of the hepatic antioxidant sys-
tems by acetyl salicylic acid may play a role in the chemo-
prevention of mammary tumorigenesis induced by DMBA in 
the female rat. 

 Fukamachi et al. [69] have shown purple corn color  

suppresses Ras protein level and inhibits DMBA-induced 

mammary carcinogenesis in the rat. They suggested that 
purple corn color exhibited chemopreventive activity by  

inducing apoptosis in mammary tumor cells. Manna et al. 

[70] have shown the chemopreventive potential of dietary 

Table 1. Reported Chemopreventive Agents in Experimental Oral Carcinogenesis 

Medicinal Plants/ Bioactive Constituents Mechanism of Action Reference 

Spirulina dunaliella Suppressed cell proliferation. Schwartz et al. [63] 

Limonoid from oranges Suppressed cell proliferation. Miller et al. [61] 

Betel leaf and turmeric Antitumor promoting effect. Azuine and Bhide [48] 

Curcumin, -carotene and hesperidin Anti-tumor initiating and anti-tumor promoting properties. Tanaka et al. [47] 

Spirulina fusiformis Suppressed cell proliferation. Mathew et al. [60] 

Xanthophylls, astaxanthin and canthaxanthin Suppressed cell proliferation. Tanaka et al. [59] 

Beta-carotene and vitamin E Suppressed cell proliferation Garewal et al. [58] 

Dietary flavonoids chalcone,  

2-hydroxy chalcone, and quercetin 

Suppressed cell proliferation Makita et al. [57] 

Neem leaf Antioxidant property. Manoharan et al. [62] 

Neem and turmeric Antilipidperoxidative and antioxidant potential Nagini et al. [49] 

Citrus auraptene Inhibited the development of oral neoplasms. Tanaka et al. [46] 

Green tea Antiproliferative efficacy. Khafif et al. [56] 

Ocimum sanctum Anti-tumor initiative property. Karthikeyan et al. [54] 

Garlic Antiproliferative efficacy. Meng et al. [55] 

S-allyl cysteine Elevation of hepatic glutathione and glutathione dependent enzymes Balasenthil et al. [53] 

Tomato and garlic Induction of apoptosis in tumor cells. Bhuvaneswari et al. [52] 

Neem leaf extract Modulating effect on xenobiotics metabolizing enzymes during carcinogenesis. Subapriya et al. [51] 

Black raspberries Modifying effect on specific components that target aberrant  
signaling pathways. 

Han et al. [45] 

Azadirachta indica  Improved antioxidant defense mechanism. Subapriya et al. [44] 

Green and black tea polyphenols Enhanced the antioxidant status.  Chandra Mohan et al. [43] 

Black tea Polyphenon-B and BTF-35 Decreased DNA damage and stimulated detoxification cascade. Letchoumy et al. [15] 

1-alpha, 25-dihydroxy vitamin D3  Delayed tumor formation. Meier et al. [42]  

Azadirachta indica leaves Antilipidperoxidative potential. Manikandan et al. [50] 

Green tea polyphenols Stimulated detoxification cascade. Srinivasan et al. [41] 

Bovine Lactoferin [bLF] and polyphenon-B Inhibited DMBA-induced genotoxicity and development of hamster buccal 
pouch tumors. 

Chandra Mohan et al. [40] 

Ferulic acid Free radical scavenging and antioxidant properties Balakrishnan et al. [37] 

Withaferin-A Antiproliferative, antilipidperoxidative and antioxidant properties Manoharan et al. [38] 

Curcumin and piperine Antilipidperoxidative and antioxidant efficacy Manoharan et al. [36] 

Dietary turmeric Augmenting apoptosis of the initiated cells and inhibited cell proliferation. Garg et al. [39] 
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fish oil [eicosapentaenoic acid and decosahexaenoic acid] in 

DMBA-induced mammary carcinogenesis. They suggested 

that dietary fish oil exerted chemopreventive effect by induc-
ing apoptosis and modulating expression of Bax and Bcl-2 

during DMBA-induced mammary carcinogenesis. Liu et al. 

[71] reported that dietary beta-Ionone suppressed mammary 
carcinogenesis by inhibiting cell proliferation and inducing 

apoptosis in the mammary gland of the Sprague-Dawley rat. 

Anbuselvam et al. [72] have demonstrated the protective 
effect of Operculina turpethum against DMBA-induced oxi-

dative stress with reference to breast cancer in experimental 

rats. They suggested that the antioxidant activity of Opercu-
lina turpethum played a protective role against DMBA-

induced breast cancer. 

 Kumaraguruparan et al. [73] have reported that the che-
mopreventive potential of black tea polyphenols in DMBA-
induced mammary carcinogenesis is due to their modulating 
effect on xenobiotics metabolizing enzymes, oxidative stress, 
cell proliferation, apoptosis and angiogenesis. Ray et al. [74] 
suggested that the chemopreventive potential of vanadium, a 
dietary micronutrient, is due to suppression of cell prolifera-
tion, induction of apoptosis and cell cycle arrest during 
DMBA-induced mammary carcinogenesis. Padmavathi et al. 
[75] have demonstrated the chemopreventive potential of 
Propolis, a natural beehive product, in DMBA-induced 
mammary carcinogenesis. They suggested that Propolis ex-
erted its chemopreventive potential by stimulating phase I 
and phase II detoxification enzymes during mammary car-
cinogenesis. Whitsett et al. [76] suggested that resveratol in 
the diet suppressed DMBA-induced mammary cancer in rats 
by modulating mammary gland architecture, cell prolifera-

tion and apoptosis. Kolanjiappan and Manoharan [77] have 
reported that Jasminium grandiflorum flowers have potent 
chemopreventive potential in DMBA-induced mammary 
carcinogenesis, which is probably due to their antilipidper-
oxidative and antioxidants properties. 

 Tepsuwan et al. [78] have demonstrated the chemopre-
ventive potential of neem flowers in DMBA-induced mam-
mary carcinogenesis. They suggested that the chemopreven-
tive potential of neem flowers is due to their modulating ef-
fect on detoxification cascade during carcinogenesis. 
Kavanagh et al. [79] have reported that green tea extracts 
decreased DMBA-induced mammary tumor burden in rats 
by inhibiting cell proliferation during DMBA-induced 
mammary cancer. Lin et al. [80] have reported that dietary 
dibenzoyl methane inhibited mammary gland proliferation 
by inhibiting the formation of DMBA-DNA adducts in 
mammary glands and by lowering the proliferation rate of 
the mammary gland. Tepsuwan et al. [81] demonstrated the 
chemopreventive potential of Siamese cassia leaves in 
DMBA-induced mammary carcinogenesis. They suggested 
that the chemopreventive potential may be partly due to 
phase II detoxification cascade inducing capacity as well as 
phase I detoxification cascade inhibitory activity. The re-
ported chemopreventive agents and their mechanism of ac-
tion in experimental mammary carcinogenesis are given 
chronologically in Table 2. 

SKIN CANCER CHEMOPREVENTION 

 Skin, a major environmental interface for the body, is 
accidentally or occupationally exposed to a number of 
chemical mutagens and carcinogens. Skin cancer accounts 

Table 2. Reported Chemopreventive Agents in Experimental Mammary Carcinogenesis 

Medicinal Plants/ Bioactive Constituents Mechanism of Action Reference 

Siamese cassia Phase II detoxification cascade inducing capacity as well as phase I de-
toxification cascade inhibitory activity. 

Tepsuwan et al. [81] 

Dietary dibenzoyl methane Inhibited the formation of DMBA-DNA adducts Lin et al. [80] 

Green tea  Suppressed cell proliferation. Kavanagh et al. [79] 

Neem flowers Modulating effect on detoxification cascade Tepsuwan et al. [78] 

Jasminium grandiflorum  Antilipidperoxidative and antioxidants properties. Kolanjiappan and  

Manoharan [77]  

Resveratol  Modulating mammary gland architecture, cell proliferation and apoptosis. Whitsett et al. [76] 

Propolis  Stimulating phase I and phase II detoxification enzymes. Padmavathi et al. [75] 

Vanadium Suppression of cell proliferation, induction of apoptosis and cell cycle arrest. Ray et al. [74] 

Black tea polyphenols Modulating effect on xenobiotics metabolizing enzymes, oxidative stress, 

cell proliferation, apoptosis and angiogenesis. 

Kumaraguruparan et al. [73]  

Operculina turpethum Antioxidant activity. Anbuselvam et al. [72] 

Dietary beta-Ionone Antiproliferative and apoptotic potential. Liu et al. [71] 

Dietary fish oil Induction of apoptosis and modulating expression of Bax and Bcl-2 Manna et al. [70] 

Purple corn color Induction of apoptosis. Fukamachi et al. [69] 

Dietary acetyl salicylic acid Positive modulation of the hepatic antioxidant systems. Girolami et al. [68] 

Lycopene Antioxidant potential. Moselhy and Al Mslmani [67] 

Fresh apples Down regulating the expression of proliferating cell nuclear antigen,  
cyclin D1 and bcl-2 and up regulating the expression of Bax and by  

apoptosis induction. 

Liu et al. [66] 
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for 30% of all diagnosed cancers in the world. Epidemiol-
ogical studies have reported that the incidence of skin cancer 
is significantly rising worldwide due to increased cumulative 
ultraviolet exposure. Epithelial tumors, basal cell carcinoma 
and squamous cell carcinoma are the important skin tumors. 
Skin cancer is the most common of all cancers and accounts 
for nearly half of all cancers in the United States. In India, 
skin cancer accounts for approximately 1-2% of all diag-
nosed cancers and the annual incidence of skin cancer will 
increase significantly in future due to its immense population 
[82-84]. 

Reported Chemopreventive Agents in Experimental  
Skin Carcinogenesis  

 Das and Saha [85] reported that the protective effect of 
garlic on DMBA-induced skin cancer in mice. They sug-
gested that the chemopreventive potential is due to the in-
duction of cellular defense systems during carcinogenesis. 
Singh and Kala [86] reported that the chemomodulatory ac-
tion of Foeniculum vulgare in DMBA-induced skin carcino-
genesis is due to the induction of phase I and phase II detoxi-
fication cascade. Alias et al. [87] demonstrated the chemo-
preventive potential of ferulic acid in DMBA induced skin 
carcinogenesis. They suggested that the chemopreventive 
efficacy of ferulic acid is due to its antilipidperoxidative and 
antioxidant potential. Sarfaraz et al. [88] have reported that 
guggulsterone inhibited skin tumor formation by modulating 
NF-kappa B pathway during skin carcinogenesis. Patel et al. 
[89] have demonstrated that polymeric black tea polyphenols 
inhibited cell proliferation during DMBA induced mouse 
skin carcinogenesis. Kim et al. [90] have shown the chemo-
preventive potential of Artemisia capillaries in DMBA-
induced mouse skin carcinogenesis. They suggested that the 
chemopreventive potential is attributed to the presence of 
chemical compounds of camphor, 1-borncol, coumarin and 
achillin. 

 Chaudhary et al. [91] reported the chemopreventive po-
tential of Aloe vera against DMBA induced skin papilloma-
genesis in mice. They concluded that the chemopreventive 
potential is due to their antilipidperoxidative and antioxidant 
functions during papillomagenesis. Bhukari et al. [92] sug-
gested that retinoids inhibited skin carcinogenesis by re-
gressing the formation of premalignant lesions of skin. Ras-
togi et al. [93] have demonstrated the protective effect of 
Ocimum sanctum in DMBA-induced skin carcinogenesis. 
They suggested that the chemopreventive potential is attrib-
uted to its antioxidant and antiproliferative effects and induc-
tion of detoxication cascade during skin carcinogenesis. 
Renju et al. [94] have shown the chemopreventive potential 
of Clerodendron inerme leaves in DMBA-induced skin car-
cinogenesis. They concluded that the chemopreventive effect 
is attributed to its antilipidperoxidative potential. Chung et 
al. [95] suggested that xanthorrhizol inhibited skin tumor 
formation by blocking the expression of ornithine decar-
boxylase, cyclooxygenase-2 and NF-kappaB during skin 
carcinogenesis. Sancheti and Goyal [96] have shown the 
modulatory influence of Rosmarinus officinalis on DMBA-
induced mouse skin carcinogenesis. They suggested that the 
chemopreventive potential is due to their antilipidperoxida-
tive potential during skin carcinogenesis. Koul et al. [97] 
suggested that the chemopreventive potential of Azadirachta 
indica in skin carcinogenesis is due to their modulating ef-

fect on the status of lipidperoxidation, antioxidants and de-
toxification cascade. 

 Sancheti et al. [98] have shown the chemopreventive 
potential of Emblica officinalis on mouse skin carcinogene-
sis. They suggested that Emblica officinalis significantly 
inhibited skin tumor formation in mice. Kyriazi et al. [99] 
have shown the cancer chemopreventive effects of Pinus 
maritima bark extract in DMBA-induced skin carcinogene-
sis. They suggested that Pinus maritime has anticarcinogenic 
effect against DMBA-induced mouse skin carcinogenesis. 
Gills et al. [100] have shown the chemopreventive potential 
of sulforaphane, a natural product from broccoli, in DMBA-
induced skin carcinogenesis. They suggested that sulforap-
hane has significant chemopreventive potential in DMBA-
induced skin carcinogenesis. Prasad et al. [101] have shown 
the modulatory effect of Morus indica in DMBA-induced 
skin carcinogenesis. They suggested that the chemopreven-
tive potential of Morus indica is due to their inhibitory effect 
on the activity of aryl hydrocarbon hydroxylase during skin 
carcinogenesis. Bharali et al. [102] have shown the potent 
chemopreventive action of Boerhaavia diffusa on DMBA-
induced skin carcinogenesis in mice. 

 Saha et al. [103] suggested that the anticarcinogenic ac-
tivity of Swertia chirata in DMBA-induced skin carcino-
genesis relies on its anti-cell proliferative and apoptotic po-
tential. Sultana and Saleem [104] reported that the chemo-
preventive potential of Salix capreal in skin carcinogenesis 
is due to their antioxidant function. De et al. [105] suggested 
that the antilipidperoxidative and antioxidant potential of 
Bitter gourd and tomato are responsible for their chemopre-
ventive effects in DMBA-induced skin carcinogenesis. Alam 
et al. [106] suggested that the chemopreventive effect of 
Vitis vinifera extract on DMBA-induced skin carcinogenesis 
is due to its antilipidperoxidative potential. Koyama et al. 
[107] have shown the chemopreventive potential of emodin 
and cassiamin B in mouse skin carcinogenesis. They sug-
gested that emodin and cassiamin significantly inhibited cell 
proliferation during skin carcinogenesis. Inad et al. [108] 
have shown the chemopreventive activity of odorine and 
odorinol in mouse skin carcinogenesis. They suggested that 
odorine and odorinol significantly inhibited cell proliferation 
during skin carcinogenesis. Davis and Kuttan [109] have 
shown the chemopreventive effect of Withania somnifera in 
DMBA-induced skin carcinogenesis. They suggested that the 
chemopreventive property is due to its antioxidant effect. 
Saleem et al. [110] have shown the chemopreventive effect 
of Tephrosia purpurea in DMBA-induced skin carcinogene-
sis. They suggested that the chemopreventive property is due 
to its antioxidant effect. Ganguly et al. [111] have suggested 
that the chemopreventive potential of Momordica charantia 
in skin carcinogenesis is due to their modulating effect on 
enzymes of the biotransformation and detoxification system 
of the host. 

 Takasaki et al. [112] have shown the chemopreventive 
activity of euglobal-G1from leaves of Eucalyptus grandis in 
DMBA-induced skin carcinogenesis. They suggested that 
euglobal-G1 significantly inhibited cell proliferation during 
skin carcinogenesis. Isbir et al. [113] have reported the che-
mopreventive potential of Brassica oleraceae in DMBA 
induced skin carcinogenesis. They suggested that the anti-
carcinogenicity of Brassica oleraceae might be linked to its 
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Table 3. Reported Chemopreventive Agents in Experimental Skin Carcinogenesis 

Medicinal Plants/ Bioactive Constituents Mechanism of Action Reference 

Dietary curcumin Antiproliferative efficacy. Limtrakul et al. [132] 

Red ginseng  Improved the cell immune system  Xiaoguang et al. [131] 

[6]-gingerol Antiproliferative efficacy. Park et al. [117] 

Genistein Blockage of DNA-adduct formation and inhibition of oxidative and inflam-
matory events. 

Wei et al. [116] 

Black tea polyphenol Modulated genetic and epigenetic pathways. Javed et al. [115] 

Psoralea corylifolia Antiproliferative efficacy. Latha et al. [114] 

Artemisia lactiflora Antiproliferative efficacy. Nakamura et al. [125] 

Brassica oleraceae Enhanced the activity of GSH-dependent antioxidant defense system. Isbir et al. [113] 

Euglobal-G1 Antiproliferative efficacy. Takasaki et al. [112] 

Momordica charantia Modulating effect on enzymes of the biotransformation and  
detoxification cascade. 

Gunguly et al. [111]  

Bitter gourd and tomato  Antilipidperoxidative and antioxidant function. De et al. [105]  

Tephrosia purpurea Antioxidant effect. Saleem et al. [110]  

Withania somnifera Antioxidant effect. Davis and Kuttan [109] 

Odorine and odorinol Antiproliferative efficacy. Inad et al. [108] 

Emodin and cassiamin B Antiproliferative efficacy. Koyama et al. [107] 

Vitis vinifera  Antilipidperoxidative potential. Alam et al. [106]  

Phyllanthus urinaria Antiproliferative efficacy. Bharali et al. [130] 

Beta vulgaris  Antiproliferative efficacy. Kapadia et al. [129] 

Boerhaavia diffusa  Antiproliferative efficacy. Bharali et al. [102] 

Salix capreal Antioxidant function. Sultana and saleem [104] 

Swertia chirata Antiproliferative and apoptotic potential. Saha et al. [103] 

Morus indica Inhibitory effect on aryl hydrocarbon hydroxylase activity. Prasad et al. [101] 

Aspalathus linearis  Antiproliferative efficacy. Marnewick et al. [128] 

Panax ginseng Antimutagenic activity. Panwar et al. [127] 

Syzygium aromaticum  Antiproliferative efficacy. Banerjee et al. [126] 

Emblica officinalis  Antiproliferative efficacy. Sancheti et al. [98] 

Tribulus terrestris Antiproliferative efficacy. Kumar et al. [124] 

Mentha piperita Antiproliferative efficacy. Sharma et al. [123] 

Acacia nilotica  Antimutagenic activity. Meena et al. [122] 

Sulforaphane Antiproliferative efficacy. Gills et al. [100]  

Pinus maritima  Antiproliferative efficacy. Kyriazi et al. [99]  

Azadirachta indica Modulating effect on the status of lipidperoxidation, antioxidants and  
detoxification cascade. 

Koul et al. [97] 

Rosmarinus officinalis Antilipidperoxidative potential. Sancheti and Goyal [96]  

Sarcophine-diol Antiproliferative and apoptotic potential. Zhang et al. [121] 

Lupeol Inhibited DMBA induced DNA damage. Nigam et al. [120] 

Xanthorrhizol  Blocked the expression of Ornithine decarboxylase, cyclooxygenase-2 and 
NF-kappaB 

Chung et al. [95]  

Clerodendron inerme Antilipidperoxidative potential. Renju et al. [94] 

Ocimum sanctum Antiproliferative, antioxidant properties and induction of  
detoxication cascade. 

Rastogi et al. [93] 
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Table 3. Contd…. 

Medicinal Plants/ Bioactive Constituents Mechanism of Action Reference 

Retinoids Regressing formation of premalignant lesions. Bhukari et al. [92] 

Aloe vera Antilipidperoxidative and antioxidant functions. Chaudhary et al. [91] 

Tinospora cordifolia Antiproliferative efficacy. Chaudhary et al. [118] 

Artemisia capillaries Presence of camphor, 1-borncol, coumarin and achillin. Kim et al. [90] 

Polymeric black tea polyphenols Suppressed cell proliferation. Patel et al. [89] 

Guggulsterone Modulating NF-kappa B pathway. Sarfaraz et al. [88] 

Foeniculum vulgare Induction of phase I and phase II detoxification cascade. Singh and Kala [86] 

Resveratrol Induction of apoptosis. Roy et al. [119] 

Ferulic acid Antilipidperoxidative and antioxidant potential. Alias et al. [87] 

Garlic Induction of cellular defense systems. Das and Saha [85] 

 

ability to facilitate or enhance the activity of the natural 
GSH-dependent antioxidant protective system of the epider-
mal cells during the later stages of skin tumor promotion. 
Latha and Panikkar [114] reported the chemopreventive po-
tential of Psoralea corylifolia seeds in DMBA-induced skin 
carcinogenesis. They reported that Psoralea corylifolia seeds 
significantly inhibited the growth and delayed the onset of 
papilloma formation during skin carcinogenesis. Javed et al. 
[115] reported the chemopreventive potential of black tea 
polyphenol in mouse skin carcinogenesis. They suggested 
that black tea polyphenols exerts it’s antitumorigenic effect 
by altering both genetic and epigenetic pathways. Wei et al. 
[116] reported that genistein inhibits the initiation and pro-
motion of DMBA-induced skin carcinogenesis. They sug-
gested that the anticarcinogenic effect is probably through 
blockage of DNA-adduct formation and inhibition of oxida-
tive and inflammatory events in vivo. Park et al. [117] have 
shown the inhibitory effect of [6]-gingerol, a major pungent 
principle of ginger, on phorbol ester-induced inflammation, 
epidermal ornithine decarboxylase activity and skin tumor 
promotion in ICR mice. They suggested that the compound 
significantly inhibited skin tumor formation and inflamma-
tion by suppressing the activity of epidermal ornithine de-
carboxylase. Other chemopreventive agents reported against 
skin carcinogenesis include, Tinospora cordifolia, resvera-
trol, lupeol, sarchophine-diol, Acacia nilotica, Mentha 
piperita, Tribulus terrestris, Artemesia lactiflora, Syzygium 
aromaticum, Panax gingeng, Aspalathus linearis, Beta vul-
garis, Phyllanthus urinaria, Red ginseng and curcumin [118-
132]. The reported chemopreventive agents and their mecha-
nism of action in skin carcinogenesis are given chronologi-
cally in Table 3. 

CONCLUSION 

 The present review paper thus summarized the list of 
chemopreventive agents and their mechanism of actions, 
reported for the past 10 to 15 years, against chemical car-
cinogen induced skin, oral and mammary carcinogenesis. 
Appropriate experimental animal models help to test the 
chemopreventive efficacy of these medicinal plants and their 
constituents. The present review identified various mecha-
nisms of actions reported for the chemopreventive agents 
that include antiproliferative efficacy, induction of apoptosis 

and cell cycle arrest, antilipidperoxidative and antioxidant 
effects, improvement in host immune system and induction 
of detoxification cascade. Experimental studies on cancer 
chemoprevention are continued due to the fact that the cur-
rent status of chemotherapy is for from satisfactory. Fur-
thermore, the efficacy of chemotherapy is limited since se-
vere drug-related side effects are common. The chemopre-
ventive doses arrived from experimental carcinogenesis 
would be extrapolated to human studies. Some of the re-
ported chemopreventive agents such as curcumin and piper-
ine are now under human clinical trails, which were proved 
as anticarcinogenic agents in appropriate animal models. The 
present review therefore helps the oncologist for their cancer 
chemoprevention studies on oral, mammary and skin car-
cinogenesis.  
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