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Abstract

Since antiquity, Piper betel Linn (betel vine; family Piperaceae) has been an important medicinal agent in the
various traditional and folk systems of medicine in Southeast Asia countries. The leaves are the most valued plant
part and in the past were routinely used as a chewing agent to prevent halitosis. The leaves are also supposed to
harden the gum, conserve the teeth and to prevent indigestion, bronchitis, constipation, congestion, coughs and
asthma. Innumerable scientific studies have validated the ethnomedicinal claims. Betel leaves are an integral
component of the betel quid that consists of areca nut (Areca catechu Linn.), tobacco (Nicotiana tabacum L) and
slaked lime; a highly abused agent with carcinogenic properties. Regular chewing of betel quid is associated
mainly with oral cancer and detail studies with individual constituents of the quid have shown that both tobacco
and areca nut are carcinogenic, while slaked lime is shown to promote the process of carcinogenesis. However
unlike other constituents of the betel quid, the betel leaves devoid carcinogenic effects and on the contrary
possesses cancer preventive effects including against the carcinogens present in tobacco. This review for the
first time provides information on cancer preventive effects and also addresses the various mechanisms which
might be involved.
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Introduction Table 1. Name of Betel in Various Languages

. . . . . Indian Languages Names

Piper betel Linn., (family Plp'era(?eae). (Figure Sanskrit Nagavalli, Nagavallari, Nagini
1) commonly known as the betel vine is a important Hindi, Bengal, Gujraji, Urdu Paan
medicinal and recreational plant in Southeast Asia. The Kannada Vilya, Veeleya, Villayadel
most probable place of origin of betel vine is Malaysia Konkani Phodi paan
but today the plants are also cultivated in India, Srilanka, Malayalam Vettila, Vettilakkoti
Bangladesh, Burma and Nepal (Kumar et al.,2010; Guha Marathi Vidyache pan
et al.,2006). The names of beetle vine in various Southeast Tamil Vetrilai
Asian languages are enlisted in Table 1 (Warrier et al., Telugu. Tamalapaku
. Other Asian Languages
1995). Betel leaves are the most important plant part . .
o o . . Vietnamese Trau
and are of m.edlcmal,'re.h.glous and ceremonial value in Arabic Tanbol
Southeast Asia. In India it is customary to serve betel leaf Mon Plu
on various social, cultural and religious occasions and is Khmer Maluu
also offered to guests as a mark of respect (referred to as Thai Plue
tambool) (Warrier et al., 1995). Based on the color, size, Sinhalese Bulath
taste and aroma there are many varieties of betel leaf and Persian Burg-e-Tanbol
some of the most popular Indian varieties are the Magadhi, Chamorro Papulu
Venmony, Mysore, Salem, Calcutta, Banarasi, Kauri, Malay Daun sirih
Kapampangan Bulung samat

Ghanagete and Bagerhati (Satyavati et al., 1987; Warrier
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etal., 1995).

Betel vines are one of the highly investigated plants
and phytochemical studies show that Piper betel contains
a wide variety of biologically active compounds whose
concentration depends on the variety of the plant, season
and climate. The aroma of betel leaf is due to the presence
of essential oils, consisting of phenols and terpenes.
The various phytochemicals found in the betel plants
are chavibetol, chavicol, hydroxychavicol, estragole,
eugenol, methyl eugenol, hydroxycatechol, caryophyllene,
eugenol methyl ether, cadinene, y-lactone, allyl catechol,
p-cymene, cepharadione A, dotriacontanoic acid,
tritriacontane, p-cymene, terpinene, eucalyptol, carvacrol,
sesquiterpenes, cadinene, caryophyllene, dotriacontanoic
acid, hentriacontane, pentatriacontane, stearic acid,
n-triacontanol, triotnacontane, piperlonguminine,
allylpyrocatechol diacetate, isoeugenol, 1, 8-cineol,
a-pinene, [-pinene, sitosterol, -sitosteryl palmitate,
v-sitosterol, stigmasterol, ursolic acid, ursolic acid
3p-acetate (Rastogi and Mehrotra, 1993; Kumar et al.,
2010). Some important phytochemicals are depicted in
Figure 1.

The leaves and the stalk of the betel vines have been
used since time immemorial to treat various ailments in
Ayurveda, the traditional Indian system of medicine and
also in various folk medicines in Southeast Asia. Chewing
betel leaf is supposed to prevent bad breath (halitosis),
improve the vocalization, harden the gum, conserves
the teeth and sweetens breath. The infusion prepared
from the leaves and stems are supposed to be useful in
treating indigestion, bronchitis, constipation, congestion,
coughs and asthma. The leaf juice is given systemically
to treat cough and indigestion in children. The Essential
oil isolated from the leaves is supposed to be useful in
treating respiratory catarrhs and as an anti-septic (Chopra
etal., 1982, Satyavati et al., 1987).

Several workers have reported on the different
biological activities of Piper betel in various in vitro
and in vivo test models. Many of these studies have
validated the traditional uses, while some experiments
have been on exploratory lines and have no traditional use
for the performed pharmacological activity. Preclinical
experiments have shown that betel leaf possess anti-

Figure 1. The Piper betel Plant with Some Important
Phytochemicals Possessing Cancer Preventive Effects
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bacterial, anti-cariogenic, anti-fungal, anti- larval, anti-
protozal, anti-filarial, anti-allergic, anti-diabetic, anti-
inflammatory, hepatoprotective, anti-ulcer, anti-fertility,
cardioprotective, anti-hyperlipidaemic, anti- platelet,
vasorelaxation and immunomodulatory effects (Kumar
et al., 2010).

Beetle Quid and Cancer

General

Irrespective of the uses, betel vine is arguably the
most maligned plant whose regular consumption is
believed to cause cancer of the oral cavity. This infamous
accreditation is principally due to the fact that habitual
chewing of beetle quid consisting of areca nut or betel
nut (Areca catechu), betel leaf, catechu, slaked lime, and
often tobacco (Nicotiana tabacum) causes cancer of the
oral cavity (Brunnemann and Hoffmann 1992; IARC,
2004). Innumerable studies have been performed with the
individual constituents of the betel quid and observations
have conclusively shown that tobacco (Sundqvist et al.,
1989; Boetta et al., 2008) and areca nut (Bhide et al., 1979;
Canniff and Harvey, 1981; Sundqvistet al., 1989; Jin et al.,
1996; Wang and Peng, 1996, Jeng et al.,2000; Wang et al.,
2003;TARC, 2004; Lee et al., 2005) are both carcinogenic
and slaked lime to promote carcinogenesis (Jeng et al.,
1994; Thomas and MacLennan, 1992). However contrary
to the accepted belief, scientific studies have shown that
betel leaf is devoid of mutagenic and carcinogenic effect.
Pioneering studies by Bhide et al., (1979) reported for
the first time that aqueous extract of betel leaf failed to
induce any tumor in mice in both Swiss mice and C17
mice thereby proving that unlike believed betel leaf was
not carcinogenic (Bhide et al., 1979). Subsequent studies
by have conclusively shown that the betel leaf and some
of its phytochemicals also prevented chemical induced
cancers in experimental animals. In the following sections
the various chemopreventive effects of betel leaf and its
constituents are accordingly addressed.

Betel leaf prevents oral carcinogenesis:

Globally, oral cancer is one of the ten most common
cancers with nearly 90% of them being reported from
the South East Asia region, where the habits of tobacco
chewing and smoking are common (WCRF/AICR,2007).
In one of the earliest studies, Rao (1984) observed that
topical application of betel leaf extract inhibited B(a)
P-induced oral tumorigenesis in hamsters (Rao, 1984).
Subsequent studies have shown that betel leaf was
effective in preventing tobacco-specific nitrosamines
the N’-nitrosonornicotine and 4-(methyl nitrosamino)-
1-(3-pyridyl)-1-butanone-induced carcinogenesis of
tongues against the lower dose of the carcinogen N’-
nitrosonornicotine (Padma et al., 1989a). Experiments
with Syrian hamsters have also shown that the betel-
leaf extract and two of its constituents, B-carotene and
a-tocopherol were also observed to be effective in
inhibiting the decreasing the incidence, reducing tumor
burden, enhancing tumor latency period and to regress the
established frank tumors. The combination of betel leaf
extract with turmeric was also observed to be effective



suggesting a cooperative effect between the two dietary
agents (Azuine and Bhide, 1992).

Prevention of forestomach carcinogenesis:

Globally gastric cancer is the fourth most common
cancer and the second most lethal cancer with higher
incidence in Asian countries where consumption
of betel quid and Helicobacter pylori infection is
considerable (WCRF/AICR, 2007). Supplementation
of betel leaf extract in drinking water significantly
reduced the benzo[a]pyrene-induced forestomach
neoplasia in a concentration dependent manner in mice
(Bhide et al., 1991a). Subsequent studies with eugenol,
hydroxychavicol, [-carotene and a-tocopherol also
showed that they were also effective against the benzo
pyrene-induced forestomach carcinogenesis in mice
(Bhide et al., 1991a). Recently, Manikandan et al. (2010)
have also reported that eugenol induces apoptosis and
inhibits invasion and angiogenesis in N-methyl-N’-nitro-
N-nitrosoguanidine induced gastric carcinogenesis in
rats. Preclinical studies have shown that eugenol possess
antimicrobial effects on thirty strains of Helicobacter
pylori indicating its usefulness (Ali et al., 2005). Cell
culture studies human gastric epithelial AGS cells have
also shown that B-carotene inhibited the Helicobacter
pylori-induced expression of inducible nitric oxide
synthase and cyclooxygenase-2 known to be important
in H. pylori-induced gastric diseases (Jang et al., 2009).
Together all these observations indicate the usefulness of
betel leaf phytochemicals in prevention of gastric cancer.

Prevention of skin carcinogenesis:

Skin cancers are globally the leading form of cancer
and a major health problem in many countries. The basal
cell carcinoma accounts for nearly 75%, while squamous
cell carcinoma and melanoma makes up 15% and 10%
respectively. Of these, melanoma is highly metastatic and
more harmful than the other two (WCRF/AICR, 2007).
Animal studies have shown that the topical application
of betel leaf extract, B-carotene and o-tocopherol was
effective reducing the tumor formation significantly in
both Swiss mice Swiss bare mice, while hydroxychavicol
was highly effective only in Swiss bare mice (Azuine et
al., 1991). Detailed studies by other investigators have also
shown that eugenol inhibited DMBA croton oil induced
skin carcinogenesis in mice (Sukumaran et al., 1994; Pal et
al.,2010) and to induce antiproliferative and pro-apoptotic
activity of eugenol-related biphenyls on malignant
melanoma cells (Pisano et al., 2007). Mechanistic studies
have shown that eugenol precludes cutaneous chemical
carcinogenesis in mouse by preventing oxidative stress
and inflammation and by inducing apoptosis (Kaur et
al., 2010) and to downregulate c-Myc and H-ras, and
concomitantly activate of p53 dependent apoptosis to
eliminate the mutated cells (Pal et al., 2010). Together
these observations clearly indicate the usefulness of
betel leaf and its phytochemicals in preventing skin
carcinogenesis.

Chemoprevention of mammary carcinogenesis:
Globally breast cancer is the second most common
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cancer and also the second leading cause of cancer
related death (after lung cancer) in women (WCRF/AICR,
2007). The aqueous extract of the betel leaf prevented
DMBA-induced mammary carcinogenesis in rats, when
administered during the initiation phase only. However
when fed to the rats already bearing DMBA-induced
mammary tumors the extract was ineffective indicating
that the betel leaf possessed only chemopreventive effects
and did not have anticancer (chemotherapeutic) effects
(Rao et al., 1985). Subsequently, Bhide et al., (1994) also
observed that administration of betel leaf extract through
the drinking water decreased tumor burden and tumor
incidence, and delayed the onset of mammary tumors in
the DMBA model of rat mammary tumorigenesis (Bhide
etal., 1994). Betel leaf was also effective in preventing
the mammary tumorigenesis in the genetically predisposed
C3H (Jax) mice, where a high incidence of spontaneous
mammary tumors is observed. Feeding of betel leaf also
caused a significant decrease in tumor incidence and tumor
burden (Bhide et al., 1994).

Mechanism Responsible for the Cancer
Preventive Effects

General

Carcinogenesis is a multistage process and its
prevention or delaying involves myriad process. In the
following sections some of the important process involved
in the prevention of cancer is addressed (see Figure 2).

Free radical scavenging effects:

Free radicals are constantly produced during the
normal cellular metabolism, mainly in the form of
Reactive Oxygen Species (ROS) and Reactive Nitrogen
Species (RNS) (Halliwell, 2007). At low concentrations
free radical are beneficial while in excess are deleterious
and cause cytotoxicity, mutagenesis, and inflammation,
steps that initiate/enhance carcinogenesis (Devasagayam
etal.,2004). In vitro studies have shown that the aqueous
extract of the inflorescence of Piper betel extract was
effective in scavenging H O,, superoxide radical and
hydroxyl radical. The extract also prevented the hydroxyl

Free radicalscavenging T

1 Apoptosis cell death

DNA damage l

Figure 1. Molecular Targets for Chemoprention of the
Piper betel Plant and its Constituents
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radical-induced DNA strand breaks in the PUC18 plasmid
(Lei et al., 2003). The ethanol extracts of Bangla, sweet,
and Mysore varieties of betel leaf were effective in
scavenging DPPH radicals in vitro, with best effects being
observed with the Bangla variety (Rathee et al., 2006).
The aqueous extracts of three Indian varieties the Kauri,
Ghanagete and Bagerhati were also investigated and
observed to be effective in scavenging DPPH, superoxide
radical and hydroxyl radical with best effects being
observed in the Kauri and lowest in Bagerhati variety
(Dasgupta and De, 2004). Recently, Manigauha et al.,
(2009) have also observed that the methanolic extracts of
the betel leaves possess reducing power, DPPH radical,
superoxide anion scavenging and deoxyribose degradation
activities. Studies have also shown that the hydroalcoholic
extract of the betel leaf possess nitrogen oxide scavenging
effect in vitro (Jagetia and Baliga, 2004).

Increase in antioxidant effects:

Eukaryotic cells possess antioxidant molecules [like
glutathione, vitamin E (0—tocopherol), vitamin A (retinol),
vitamin C (ascorbic acid) carotenoids thioredoxin, lipoic
acid, and ubiquinol] and the antioxidant enzymes (like
SOD, GPx and catalase) to protect against the free
radical-induced damage, mutagenesis and carcinogenesis
(Devasagayam et al., 2004; Halliwell, 2007). Animal
studies by betel leaf extract increased the hepatic levels
of vitamin A and vitamin C (Padma et al., 1989a),
GSH and SOD (Choudhary and Kale, 2002). The betel
leaf constituent’s eugenol, hydroxychavicol and alpha-
tocopherol are also shown to enhance the levels of GSH
in mouse skin (Azuine et al., 1991) and liver (Bhide et al.,
1991a). Together all these observations clearly indicate
that the betel leaf extracts and some of its constituents
increase the cellular antioxidants and mediate the
chemopreventive effects at least in part.

Induction of detoxification enzymes:

Induction of phase II drug metabolizing enzymes
especially the GST is a very important mechanism for
protecting cells against the electrophilic insults induced by
mutagens, carcinogens and the carcinogenic metabolites.
GST conjugates the toxic metabolites and facilitates
its excretion (Percival 1997). Accordingly, agents that
activate phase Il enzymes are considered to be extremely
important as chemopreventive agents. Animal studies have
shown that the intraperitoneal administration of the betel
leaf extract and its constituent’s B-carotene, o-tocopherol
and hydroxychavicol significantly increased the levels of
GST in mouse skin (Azuine et al., 1991) and liver (Bhide
et al., 1991a). However eugenol the other important
constituent was effective in increasing GST only in the
skin and not in the liver indicating an organ specific action
(Bhide et al., 1991a). Together these observations clearly
indicate that by increasing GST levels, betel leaf extract
and its phytochemicals mediate the chemopreventive
effects at least in part.

Inhibition of lipid peroxidation:
The polyunsaturated fatty acids present in cell
membranes are highly vulnerable to peroxidative attack
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by free radicals. This damage consequently leads to loss
of fluidity, decrease in membrane potential, increase in
permeability for protons and calcium ions and eventually
the loss of cell membrane function (Devasagayam et al.,
2004). Additionally the aldehydic end product of lipid
peroxidation especially malondialdehyde is mutagenic and
may contribute to the process of carcinogenesis. In vitro
studies with rat liver mitochondria have shown that the
alcoholic extract of the betel leaf inhibited the radiation
induced lipid peroxidation (Bhattacharya et al., 2005).
The aqueous extracts of Kauri, Ghanagete and Bagerhati
variety of betel leaves were also effective in inhibiting the
FeSO4-induced lipid peroxidation in egg yolk (Dasgupta
and De, 2004). With regard to phytochemicals studies
have shown that chevibetol, allylpyrocatechol and their
respective glucosides were effective in preventing lipid
peroxidation induced by Fe(II) in both liposomes and
rat brain homogenates in vitro with best effects being
observed with allylpyrocatechol (Rathee et al., 2000).
Animal studies have also shown that betel leaf extract
and its phytochemical allylpyrocatechol inhibited/reduced
indomethacin-induced gastric ulceration and decreased the
levels of lipid peroxidation (Bhattacharya et al., 2007a,
b). A similar mechanism might have contributed to the
cancer preventive effects of betel leaf extract in gastric
carcinogenesis induced by benzo (a) pyrene and other
carcinogens.

Anti-inflammatory effects:

Laboratory and clinical studies have confirmed
that chronic inflammation initiates/aggravates many
human diseases, including cancer (Halliwell, 2007). The
betel leaf is used as a common household remedy for
inflammation in the oral cavity (Satyavati et al., 1987).
Scientific studies have shown that the ethanolic extract of
betel leaf has been reported to possess anti-inflammatory
activities at non toxic concentrations in the complete
Freund’s adjuvant-induced model of arthritis in rats.
Mechanistic studies showed a concentration dependent
decrease in the extracellular production of nitric oxide
in murine peritoneal macrophages. This decrease in the
generation of reactive nitrogen species was mediated by
the down-regulating transcription of inducible nitric oxide
synthase in macrophages with concomitant decrease in
the expression of interleukin-12 p40. This study indicates
the ability of betel leaf to down-regulate T-helper 1 pro-
inflammatory responses (Ganguly et al., 2007).

Eugenol, one of the principal constituent of betel
leaf has also been shown to possess anti-inflammatory
effects in various animal models of studies with various
inflamogens (Dohi et al., 1989; Lee et al., 2007).
Mechanistic studies with in vitro systems showed that
eugenol blocked the release of the bone resorbing
mediators, including IL-1f, TNF-a, and PGE2 from
of LPS-stimulated human macrophages by suppressing
the messenger RNA expression of LPS-induced IL-1p,
TNF-a and COX-2 in macrophages (Lee et al., 2007b).
Eugenol suppressed the COX-2 gene expression in
LPS-stimulated mouse macrophage cells (Kim et al.,
2003). Allylpyrocatechol has also been demonstrated to
possess anti-inflammatory effects in an animal model



of inflammation and mechanistic studies suggest the
allylpyrocatechol targets the inflammatory response of
macrophages via inhibition of iNOS, COX-2 and IL-12
p40 through down regulation of the NF-xB pathway
(Sarkar et al., 2008). Hydroxychavicol isolated from the
chloroform extraction of aqueous extract of leaves are also
shown to possess potent antioxidant and anti-inflammatory
activities (Sharma et al., 2009).

Antimutagenic effects:

Infliction of DNA damage and the fixation of the
induced mutation is a cardinal event in the process
of carcinogenesis. Oxidative and nitrative occurs
during stress and damage the cellular DNA and cause
mutations (Waris and Ahsan, 2006; Devasagayam et al.,
2004). The changes in DNA such as base modification,
rearrangement of DNA sequence, miscoding of DNA
lesion, gene duplication and the activation of oncogenes
play an important role in the initiation and progression of
multistage carcinogenesis in various organs (Halliwell,
2007; Weisburger, 2001).

Multiple studies have shown that the betel leaf is
devoid of mutagenic activities in both prokaryotic and
eukaryotic assay systems (Umezawa et al 1981; Shirname
etal., 1983; Bhattacharya et al., 2005) and also to possess
antimutagenic (Shirname et al., 1983) and anticlastogenic
effects (Bhattacharya et al., 2005). In vitro studies with
cultured cells have shown that betel leaves did not
cause any morphological transformation of the hamster
embryo cells or induce sister chromatid exchanges in
both virally transformed cells and PHA-stimulated human
Ilymphocytes (Umezawa et al., 1981). Additionally, the
ethanolic extract of betel leaf is also reported to possess
v-ray induced clastogenesis in plasmids (Bhattacharya et
al., 2005).

With respect to the antimutagenic effects, seminal
studies by Bhide and her co investigators have shown
that the betel leaf was effective against different mutagens
of environmental significance in Ames test with and
without S9 mix (Shirname et al., 1983; Nagabhushan et
al., 1987). Betel leaf extracts suppressed the mutagenicity
of N’-nitrosonornicotine and 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone, benzo(a)pyrene and dimethyl
benzanthracene in a dose dependent manner. The acetone
extract was more potent than water extract in inhibiting
mutagenicity of environmental mutagens (Nagabhushan
et al., 1987; Padma et al., 1989b; Bhide et al., 1991b).

Betel leaf extract also suppressed the mutagenic
effects of these nitrosamines in both Ames Salmonella/
microsome assay (with TA100 +S9) and also in mice bone
marrow micronucleus test (Padma et al., 1989b). The
tobacco-specific N-nitrosamines [N’-nitrosonornicotine,
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone and
4-(N-nitroso methyl amino)-1-(3-pyridyl)-1-butanone]
are carcinogens present in unburnt forms of tobacco,
including chewing tobacco and occupies important role in
tobacco carcinogenesis (Padma et al., 1989b). Further in a
study that has immense social relevance and significance,
Trivedi et al., (1994) observed that the aqueous extract
of betel leaf protected against the genotoxic effect of pan
masala (with or without tobacco) extract in the Chinese
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hamster ovary (CHO) cells. The authors observed
that the leaf extract decreased the pan masala-induced
chromosome aberration and sister chromatid exchange
when compared with the pan masala only (Trivedi et al.,
1994).

With regard to the betel phytochemicals Amonkar
et al., (1986; 1991) have observed that neither eugenol
nor hydroxychavicol was mutagenic when tested in
various strains of Salmonella typhimurium with or
without metabolic activation. Both compounds exhibited
dose-dependent suppression of dimethylbenzanthracene-
induced mutagenesis in the S. typhimurium strain TA98
with metabolic activation. Hydroxychavicol was observed
to be more potent than eugenol (Amonkar et al., 1986,
1991) and that it was effective against the mutagenicity
of the N’-nitrosonornicotine and 4-(nitrosomethylamino)-
1-(3-pyridyl)-1-butanone in both Ames Salmonella/
microsome assay and the micronucleus test in mice
(Amonkar et al., 1989).

Studies have shown that both hydroxychavicol
and eugenol exhibited dose-dependent suppression
of nitrosation in vitro in the Salmonella typhimurium
strain TA100 and TA1535 (devoid of S9 mix) without
affecting the bacterial survival. Structure based studies
showed that the blocking of hydroxy group(s) in the
benzene ring by acetylation abolished the anti-nitrosating
activity of the molecule (s) indicating that these groups
are important for the antimutagenic effects. The authors
suggest that the nitrosation inhibition by hydroxychavicol
is through scavenging of nitrite ions (Amonkar et al.,
1989). Sukumaran and Kuttan (1995) have also observed
that eugenol significantly inhibited tobacco-induced
mutagenicity and nitrosation of methylurea in a dose-
dependent manner.

In another important study, Yokota et al. (1986)
observed that in the Ames test, direct addition of eugenol
into the assay mixtures could not prevent the mutagenic
activity of benzo (a) pyrene while the S9 fraction prepared
from the livers of rats pretreated with eugenol suppressed
mutagenesis. This indicates that eugenol inhibits the
activation of the cytochrome P-450, which metabolizes
benzo (a) pyrene to ultimate mutagens. The mutagenicity
of benzo (a) pyrene catalyzed by microsomes from rats
fed ad libitum on a diet containing 5% eugenol in the
Ames test was significantly decreased (Yokota et al.,
1986). Mutagenicity was also suppressed in the Ames
test when the liver microsomes were used instead of
the S9 fraction. Quantitative assays showed that in
eugenol-treated microsomes the levels of cytochrome
P-450, arylhydrocarbon hydroxylase and total benzo (a)
pyrene hydroxylase activities were decreased and this had
contributed for a reverse correlation between mutagenicity
of benzo (a) pyrene with the dose of eugenol fed to animals
(Yokota et al., 1986). Taken together, all these studies
accentuate that the betel leaf and its constituent’s eugenol
and hydroxychavicol are good antimutagens, are effective
against a range of environmentally important carcinogens
and effective in both prokaryotes and eukaryotes.

Antitumor-promoting activities
Carcinogenesis is a multi stepped process and
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innumerable studies have conclusively shown that tumor
promoters that are agents which can enhance the effects
of carcinogens without being carcinogenic themselves
enhance carcinogenesis by allowing illegitimate
reinitiation of replication within a single cell cycle. One
such tumor promoter 12-O-tetradecanoylphorbol-13-
acetate (TPA) is widely used in promoting skin cancer in
laboratory animals. At the biochemical levels TPA enhance
the generation of ROS, decreases ROS detoxification
enzymes and bind and activate protein kinase C, causing
a wide range of effects in cells and tissues (Mechali et al.,
1983). Exploratory studies by Murakami et al., (2000)
using the 12-O-hexadecanoyl phorbol-13-acetate-induced
Epstein-Barr virus activation in Raji cells have shown
that the betel leaf extract was effective as an antitumor-
promoting agent. These studies clearly suggest that betel
leaf could develop as a potential chemopreventive agent
for preventing cancers of different histological origins and
that it could develop as a novel agent.

Induction of selective apoptosis and cell death of
neoplastic cells:

Apoptosis, a form of programmed cell death, plays a
fundamental role in the maintenance of tissues and organ
systems by providing a controlled cell deletion to balanced
cell proliferation. Studies have confirmed that many
dietary chemopreventive agents can preferentially inhibit
the growth of mutated, preneoplastic and tumor cells by
targeting one or more signaling intermediates leading to
induction of apoptosis (De Flora and Ferguson, 2005).
Recently Wagh et al., (2011) have shown that NPB001-05,
a standardized extract of Piper betle (500 mg/kg once or
twice a day for two weeks) was observed to be effective
in inhibiting the growth of human chronic myelogenous
leukemia in xenograft models. The extract was observed
to be more effective than imatinib and with no relevant
toxicity in animal models during the study period. At a
molecular level, the extract reduced the tyrosine kinase
activity, decreased Bcer-Abl protein levels and increased
apoptosis. Microarray based transcription profiling studies
also showed that NPB001-05 dysregulated ER stress,
PI3BK/AKT, MAPK pathways genes (Wagh et al., 2011).
Studies have also shown that the vital phytochemicals
hydroxychavicol (Chang et al., 2002; Jeng et al., 2004),
ursolic acid (Kassi et al.,2007; Yamai et al.,2009; Yu et al.,
2010; Shao et al., 2011), chlorogenic acid (Rakshit et al.,
2010), eugenol (Ghosh et al., 2005; Pisano et al., 2007;
Manikandan et al., 2010; Jaganathan et al., 2011) also
induce apoptosis in tumor cells of different histological
origins, thereby clearly indicating the possibility of
a possible cooperative activities between the various
phytochemicals to mediate the chemopreventive effect.

Conclusion

Scientific studies in the past have demonstrated
unequivocally that betel leaf and some of its compounds
possess chemopreventive effects against cancers of
different histological origins. Several mechanisms are
likely to account for the observed pharmacological effects,
the most important being the free radical scavenging,
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antioxidant, antimutagenic, anti-inflammatory and
possible induction of selective apoptosis in the neoplastic
cells are the most important. Further studies should be
aimed at understanding the efficacy and the mechanism
of action of the standardized extracts of the betel leaves
and the important phytochemicals like hydroxychavicol.
Due to its abundance, low cost and safety in consumption,
Betel leaf remains a species with tremendous potential and
countless possibilities for further investigation.
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