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Is pan masala-containing tobacco carcinogenic?

KISHORE CHAUDHRY

ABSTRACT
Bdckground. Pan masa/a'containing tobacco (PM-T) was

introduced in the Indian market during the 1970s. It is a mixture
of areca nut, tobacco, lime, catechu and spices. Despite mounting
evidence of health hazards of tobacco, tobacco manufacturers as
well as policy-makers often seek evidence regarding the carcino-
genicity of newer tobacco mixtures such as PM- T.

Methods. All the studies on pan masala (with or without
tobacco) listed on MEDlARS, and the studies known to the
expert committee on the subject constituted by the Directorate
General of Health Services, were reviewed. The studies on
individual components and PM- T like substances were also
reviewed. The interpretation of carcinogenicity of PM- T has been
made, based on studies on (i) PM-Tj (ii) PM-T like mixturesj and
(iii) the effect of individual ingredients of PM- T and the likely
effect of their combination.

Results. Studies on Chinese hamster ovary cells and Ames test
indicate that PM-Tis mutagenic. Ther-e is limited evidence that it
may be carcinogenic to animals. The proportion of areca nut and
tobacco in PM-Tis in between the proportion of these substances
in two known tobacco-areca nut mixtures of India (Mainpuri
tobacco and mawa). Studies on Mainpuri tobacco indicate that it
is carcinogenic, while literature suggests an association between
mawa use and oral submucous fibrosis.

Conclusion. Human studies on PM- T like mixtures and the
limited studies on PM- T suggest that PM-Tis likely to be carcino-
genic.
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INTRODUCTION
Betel quid chewing is an ancient, socially acceptable habit in
India. This has helped in popularizing tobacco chewing practices.
The introduction of pan masala in 1975 offered an easy way to
carry the mixture which removed the inconvenience of its prepa-
ration. The increasing popularity of pan masala helped in intro-
ducing pan masala-containing tobacco (PM-T). In 1994, in Agra
and Mainpuri regions, 52 brands of pan masala and 47 brands of
PM-T were available. Thirty-five brands of pan masala were
found to be popular among children. Twelve companies sold pan
masala without a brand name. Pan masala (with or without
tobacco) is available in tins as well as in small sachets. The sachets
generally contain 3-5 g of the mixture. However, some brands
have 2 g and 10 g packs as well. The price of these sachets varied
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from Re 0.25 to Rs 2.25 in Agra in 1994 (Lahiri VL, unpublished
data, 1994).

Despite mounting evidence of the health hazards of smokeless
tobacco, evidence is sought (especially by tobacco manufacturers
and policy-makers) regarding the carcinogenicity of newer mix-
tures of tobacco. Human studies are the most important evidence
for deciding the carcinogenicity of any substance, which means
that to prove such an association one would have to follow up the
users for a long time after introduction of these substances, or wait
for 15'-20 years to initiate case-control studies. Such an approach
is against the principles of prevention. Therefore, it is important
that the existing data are analysed for the possible health hazards
of newer formulations of tobacco.

METHODS
This paper was prepared to help an expert committee of the
Directorate General of Health Services, New Delhi, to decide on
the health hazards of PM-T. All the studies on pan masala (with
or without tobacco) listed on MEDLARS, and the studies known
to the members of the expert committee were reviewed. The
studies on individual components of PM-T and PM-T like sub-
stances were also reviewed.

CONTENTS OF PAN MASAIA
The contents ofpan masala vary from brand to brand and the exact
details about their contents are closely guarded secrets. Three
types ofpan masala are available in the Indian market-plain pan
masala; sweet pan masala; and PM-T. The constituents listed on
the packets of various pan masalas include areca nut, catechu,
lime, sandal oil, menthol, cardamom, flavours, spices, aniseed,
sugar, waxes, oil seeds, colours, etc. Thus, pan masala has all the
ingredients of betel quid except the betel leaf and some additives
which are occasionally used in betel quid. Dry dates replace most
of the areca nut in sweet pan masala. PM-T contains tobacco in
addition to varying proportions of substances found in pan
masala. On washing, pan masala has been found to have soft
wooden particles other than areca nut (Lahiri VL, unpublished
data, 1994). Areca nut forms about 80% of pan masala; catechu
about 10%; lime about 1% of weight; and the remaining 9%
includes various spices.' Areca nut also accounts for about 70%-
80% of the weight of PM-T.2

The long shelf-life of pan masala is achieved by keeping the
mixture free of moisture. The manufacturing process of pan
masala involves cutting the areca nut into small pieces and drying
it in ovens, till all the moisture evaporates. All the ingredients are
then mixed manually or with the help of mixers. The mixture is
immediately packed and sealed.

Other mixtures of tobacco, areca nut and slaked lime
Although PM-T was introduced in the 1980s, mixtures of areca
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nut, lime and tobacco (with or without additives) have been
popular for a long time in different parts of India. Mainpuri
tobacco is a mixture of mainly tobacco with finely cut areca nut,
slaked lime, camphor and cloves.' However, the shelf-life of this
mixture is about 10-15 days, after which it is not used, due to a
change in colour, even though the manufacturers believe that it
has the same effect. For this reason, the consumption of Mainpuri
tobacco is limited to the Mainpuri district of Uttar Pradesh and
areas around it.

Mawa is a mixture of 5-6 g of areca nut shavings, 0.3 g of
tobacco and a few drops of watery slaked lime. The mixture is
placed on cellophane and tied with a thread into a ball. Just prior
to its use, the packet is rubbed vigorously to homogenize the
contents, and a portion is rubbed on the palm and then chewed.'
The use of mawa is popular in Gujarat, but it is also prevalent in
other regions of India.

Chemical analysis of pan masala
Chemical analysis of five common popular brands of pan masala
showed the presence of polyaromatic hydrocarbons, nitrosamines,
and toxic metals such as lead, cadmium and nickel.' Another
analysis offour brands of pan masala and three brands of PM-T
showed the presence of polyaromatic hydrocarbons and residual
pesticides, with wide variation between different brands. In this
limited experiment, the variations did not seem to be due to the
presence or absence of tobacco (National Institute of Occupa-
tional Health, Indian Council of Medical Research, Ahmedabad,
unpublished data, 1989).

HEALTH HAZARDS OF PAN MASAIA WITH TOBACCO
Human observations of the health hazards of pan masala (with or
without tobacco) are not available. Some studies on its in vitro
mutagenic and genotoxic potential, and a few animal studies have
been reported. PM-T contains a known carcinogen-tobacco.
Areca nut, the major ingredient, is suspected to be associated with
oral cancer and submucous fibrosis (a pre-cancerous condition).

Information on the use of PM-Tin the community is not
available. As the consumption of PM-T increased during the late
1980s, it is possible that the proportion of persons currently using
PM-T alone, for a period longer than the incubation period of oral
cancer, may be small. Due to the long incubation period of oral
cancer, epidemiological studies may not show any association
between PM-T and oral cancer (even if it exists), unless the
incubation period of the mixture is shorter than betel quid contain-
ing tobacco.

The main ingredients of pan masala, mawa and Mainpuri
tobacco are areca nut and tobacco, though their relative propor-
tions may vary in these mixtures. The proportion of areca nut and
tobacco in PM-Tis somewhere between that ofmawa and Mainpuri
tobacco. Lime is added to all the three mixtures. Presence of
catechu in PM-Tis a variation. Catechu is known to liberate
tannins and polyphenols." Since PM-Tis likely to encompass the
health hazards which are present in both mawa and Mainpuri
tobacco, a comparative study of all these substances would be in
order to determine the health hazards of PM-T. Thus, the likely
health hazards of PM-T to human beings in this review have been
based upon studies on (i) PM-T; (ii) PM-T like mixtures; and (iii)
the effects of individual constituents of PM-T and the likely effect
of their combination.

ANIMAL STUDIES
Very few studies 7,8 have been reported on the effects of pan
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masala (with or without tobacco) in animals, and there is only one
study on PM-T and carcinogenesis.

Sinha? applied 0.5 g of PM-T in paste form on alternate days
for six months on the entire buccal mucosa of 21 albino rats
weighing 150-200 g, excluding two periods of two weeks each
following the biopsy. Biopsies of the buccal mucosa were taken'
from both cheeks (by micro laryngeal biopsy forceps on one side
and punch biopsy forceps on the other side) at the beginning of the
study and every 2 months thereafter. The histological findings
were compared with a control group of 14 albino rats. Fibronectin
levels in serum and biopsied tissue (by combining 3 samples due
to small amount) were also measured in both the groups. The
proportion of animals with hyperkeratosis, oedema and increased
vascularity in both the groups was not significantly different at
any time during the study. Papillomatous changes were observed
in 4 rats in the experimental group after 2 months, and in only 1
rat after 6 months. Such changes were not observed in the control
group. Dysplasia was seen in 7 (3 moderate and 4 mild) of the 18
slides examined after 2 months. The number of animals with dys-
plasia gradually increased, and by the end of the study, 20 out of
21 animals showed dysplasia (6 severe, 9 moderate, and 5 mild).
In contrast, 2 out of 14 controls showed mild dysplasia. Compared
to controls, there was a significant decrease in the tissue levels and
increase in serum levels of fibronectin in the experimental group.
A previous study" had shown that the development of carcinoma
in the hamster buccal mucosa pouch model was preceded by
hyperkeratotic, dysplastic lesions which were similar to the dys-
plastic leukoplakia of humans.

Painting 1 g of pan masala in the oral cavity of albino rats on
alternate days for 6 months also resulted in a mild-to-moderate
loss of nuclear polarity, and increase in keratoses, parakeratoses,
inflammatory cell infiltration and vascularity, as compared to
controls." The increase in mitotic figures was statistically not
significant and no definite changes in the pigmentation of atypical
cells were seen. Submucosal collagen increased steeply and
steadily throughout the study period and at the end of 6 months,
88% of biopsies showed thickened and condensed submucosal
collagen, suggesting submucous fibrosis. Although the compari-
son at the end of six months of intervention was statistically signi-
ficant, the trend of increasing percentage positivity with time was
observed only for submucosal collagen and vascularity. In this
study, the effect of local injury as a confounder on these two
parameters cannot be ruled out, as the biopsy quantum was more
and the duration between the biopsies was less than that in the
experimental group.

Earlier studies have suggested that the combined effect of an
extract of tobacco and areca nut mixture on hamster cheek pouch
is likely to be more than their individual effects. Suri et al."
showed that the development of leukoplakia and tumours in the
buccal pouch mucosa of male golden Syrian hamsters was faster
after the application of a dimethyl sulphoxide (DMSO) extract of
a 2:1mixture of tobacco and areca nut, compared to the extract of
the individual substances. The extent of growth of tumours was
also greater after application of the extract of mixture. Ranadive
et al. II reported cheek pouch malignancy in male Syrian hamsters
after application of DMSO extract of tobacco and areca nut, but
not after application of extracts of the individual components. In
another experiment, the proportion of Syrian hamsters developing
buccal pouch malignancy was more with an aqueous extract of
tobacco and areca nut (with and without lime) compared to an
extract of areca nut, while an aqueous extract of tobacco or betel
quid (with or without tobacco) did not result in malignancy."
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Chronic gavage feeding of pan masala in rats has been
reported to result in impaired liver function (indicated by elevated
serum glutamic oxaloacetic transaminase, glutamic pyruvate tran-
saminase, and alkaline phosphatase), decrease in relative weights
of the gonads and brain," increase in sperm head abnormalities,
and increase in the frequency of X- Y univalents and breaks." A
dose-dependent increase in sperm head abnormalities, sister chro-
matid exchange and cell cycle delay has been reportedby intra-
peritoneal injection of pan masala in mice." The same study
reported a dose-dependent increase in chromosomal aberrations
in the bone marrow after one month of feeding mice pan masala
or PM-T. A significant dose-dependent increase in sperm head
abnormalities was noted, but no significant changes in the weight
of testes and total sperm count was seen.

MUTAGENICITY
Mutations in Salmonella typhimurium (Ames test)
Two reports on the mutagenicity of pan masala using Salmonella
typhimurium are available. 16,17 Both the studies did not specify if
the pan masala used in the experiment contained tobacco. Using
the tester strain TA98 and TAl 00, Polasa et at. 16 tested aqueous
extracts of 8 varieties of pan masala, 6 varieties of scented supari
and areca nut. Three tested concentrations of dry extracted mate-
rial (100, 200 and 300 ug/plate) showed statistically significant
higher frequency of revertants, as compared to controls, except
for one variety at 100 J..1gextract/plate with TA98, An enhance-
ment of the effect was seen by activation with S9 mix, A dose-
response relationship was also observed. All the 6 samples of
scented supari (200 J..1gof extract) showed significantly higher
revertants in both TA98 and TA100. Metabolic activation gener-
ally enhanced the effect. The effect was the same after addition of
500 ppm of saccharin to 2 samples of scented supari. The TAIOO
strain showed statistically significant results more often than
TA98, and after S9 activation all the values with scented supari
in TA100 were significantly higher than those in controls. The
mutagenic effects ofpan masala and scented supari extracts were
similar to those produced by areca nut extract.

Bagwe et at. 17 tested polar and non-polar extracts of a popular
brand of pan masala on Ames test using TA98 and TA100 tester
strains of Salmonella typhimurium. No mutagenic response was
seen in aqueous extracts, aqueous:ethanolic extracts and chloro-
form extracts. Pre-treatment with 300 J..1gof sodium nitrite at an
acidic pH or metabolic activation did not change the results. How-
ever, the ethanolic extracts elicited a weak mutagenic response in
strain TA98 without metabolic activation, suggesting the pres-
ence of direct-acting frameshift mutagens in pan masala. A dose-
dependent increase in the number of revertants was seen up to a
dose of 25 mg, after which there was a negation of the mutagenic
response, The reason for the difference in these two studies is not
clear,

Bhide et at. 18 found that only ethanolic extract of Nicotiana
tobaccum induced mutations in Salmonella typhimurium TA98
but not in TA100, TA1535 and TA1538. However, Shimame et
at. 19 reported a dose-dependent increase in revertants in Salmo-
nella typhimurium TA1535 and TA100 (but not in TA98 and
TA1538) by aqueous extracts of betel quid (with or without
tobacco) and areca nut. An aqueous extract of betel leaf was not
mutagenic in all the four strains, and in fact reduced the mutage-
nicity of areca nut in TA100 strain in the presence of S9 mix.
Arecoline induced mutagenicity of areca nut in all the four
systems in the absence as well as presence of S9, while arecaidine
required S9 for inducing mutations in all these systems.
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The addition of S9'mix in different studies has shown variable
effect-no effect to potentiation of mutagenicity, The reasons for
these variations need to be studied. Some probable factors are a
batch-to-batch variation in the raw product, processing of the raw
product, proportions of various ingredients in the mixture, storage
conditions and ageing of the raw product or the mixture. Also,
procedural differences in the conditions under which these experi-
ments were conducted may have been different.

Even though there is no study on the mutagenicity of PM-Ton
Ames test, the existing literature suggests that PM-Tis likely to be
mutagenic on Ames test, at least on one of the four strains used
(two studies reporting the mutagenesis of pan masala on Ames
test did not specify the presence or absence of tobacco in the
samples). This impression is based on the fact that studies have
found aqueous extracts of betel quid (with as well as without
tobacco), areca nut and areca nut alkaloids to be mutagenic,
Ethanolic extracts of tobacco have also been found to be muta-
genic. However, aqueous extracts of betel leaf have been found to
protect against the effect of areca nut in the TA100 system, Neu-
tralization of the mutagenic effect in a PM-T mixture is unlikely
as all the ingredients have individually been found to be muta-
genic,

Studies using Chinese hamster ovary (CHO) cells
The mutagenicity of pan masala and PM-Ton CHO cells has been
studied using their aqueous, ethanolic and DMSO extracts. Simi-
lar studies have also been carried out on betel quid (with and with-
out tobacco), as well as on individual ingredients of betel quid and
pan masala. Application of aqueous extracts of pan masala to
CHO cells for 3 hours followed by recovery for 17hours, resulted
in a dose-dependent and statistically significant elevation in sister
chromatid exchange (SCE). 20 A dose-dependent increase was also
seen in the Ml fraction (with a corresponding decrease in the M3
fraction), average generation time, number of chromosomal aber-
rations (CA) per cell, and the proportion of aberrant metaphases.
However, the increase was statistically significant only for aber-
rations per cell for cultures treated with the highest dose of the
extract.

Another similar study showed significant elevation of CA,
SCE, and micronucleated cells (MNC) in a dose-dependent man-
ner in cultures without metabolic activation, 21 Addition of the S9
activation system generally resulted in suppression of chromo-
somal damage, suggesting that pan masala and PM-T contain
water-soluble direct-acting mutagens, A DMSO extract of pan
masala or PM-Twas also found to significantly increase the
frequency of CA, SCE and MNC in CHO cells, with the S9 mix
resulting in suppression of CAs and MNC formation, However,
there was no significant change in SCE counts." The cytogenetic
damage was greater with the DMSO extract than the aqueous
extract.

A study of the combined effect of aqueous extracts of 1,11 mg
of pan masala or PM-T and alcohol (in varying strengths) for 3
hours on CHO cells showed that alcohol alone, pan masalal PM-
T alone, as well as their combinations (irrespective of the sequ-
ence of exposure) increased CAs in a dose-dependent manner."
Simultaneous exposure to alcohol and pan masalal PM-T showed
a higher increase than sequential exposure. Exposure to 4%
alcohol with pan masalalPM- T resulted in necrotic cells. A 20-
hour treatment of CHO cells with alcohol (0.25% and 0,5%) and
combinations of 0.22 and 0.55 mg of pan masalalPM-T also
showed a similar increase in CAs, However, significant changes
were not noticed by the application of individual substances. The
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proportion of chromatid type aberrations was higher with PM-T
extract, while it was about the same with pan masala extract (with
or without alcohol). Ethanol alone as well as a combination of
ethanol with PM-T extract resulted in a sharper increase in
chromosomal type of aberrations.

Similar studies conducted on CHO cells showed significant
increase in CAs and SCEs, using aqueous extract of Nicotiana
tobaccum." aqueous extract of areca nut,25,26nicotine.P-" areco-
line,25,29and combinations of nicotine and arecoline." A dose-
response increase in CAs and SCEs was seen in all these experi-
ments. A combination of nicotine and arecoline produced
significantly higher cytogenetic damage than the corresponding
concentration of either substance alone." Betel leaf extract was
not mutagenic, and resulted in decrease in CA and SCE frequen-
cies due to pan masalalPM-TY

Chinese hamster V79 cells
Shimame et at.32noticed that only ethanol extract of tobacco
produced mutations in Chinese hamster V79 cells with S9 mix
enhancing the effect. This extract also induced micronuclei in
bone marrow cells of Swiss mice.

EFFECT ON HUMAN LYMPHOCYTES AND BUCCAL
MUCOSA
Dave et al.' measured the CA and SCE frequency in peripheral
lymphocytes and frequency of MNCs in the buccal mucosa in 30
healthy vegetarian teetotallers, with no history of viral infection
or antibiotic therapy during the last six months, and who were not
engaged in any hazardous occupation. The 10pan masala and 5
PM-T chewers used the same brand as studied by the team for its
effect on CHO cells," and had no other concomitant tobacco,
areca nut or betel quid habit for at least one year. Fifteen controls
did not take tobacco, pan masala or areca nut. The habitues had
no clinically detectable changes in the oral mucosa, but showed
significantly higher frequency of MNC in buccal mucosal cells,
and CA and SCE in peripheral blood lymphocytes. The mean
values of SCE, CA and MNC did not differ among pan masala and
PM-T chewers.

The effect of mawa chewing on human peripheral lympho-
cytes and buccal mucosal cells has been found to be similar to that
ofpan masala and PM-T. A study on three groups of non-smoking
teetotaller mawa chewers (with oral cancer, oral submucous
fibrosis and without oral lesions) found statistically significant
elevation of per cell values of SCE and CA in peripheral blood
lymphocytes, as compared to controls." The number of CA and
SCEs per metaphase showed a gradual increase from controls to
healthy chewers to submucous fibrosis to oral cancer patients.
Chromatid aberrations (majority being gaps) were more frequent
than chromosome type aberrations. The MNC frequency in buccal
mucosal cells was significantly higher among healthy mawa
chewers and patients with oral submucous fibrosis (OSMF)
compared to controls.

The CA and SCE frequencies in CHO cells were found to be
significantly elevated following treatment with urine concen-
trates of tobacco with areca nut chewers (type not specified)
compared to the urine concentrates of non-chewers." Urine
creatinine levels were comparable between controls and T/AN
chewers. The saliva of pan masala chewers has also been found
to be clastogenic to CHO cells."

Kayal et at.36studied the frequency of MNCs in the exfoliated
buccal mucosa of normal healthy individuals from different parts
of India who were regularly using either areca nut alone, mawa,
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tamol, tobacco with lime, dry snuff, or masheri. The analyses
were also carried out among OSMF patients who chewed either
mawa or areca nut. Compared with healthy individuals with no
habit, all the chewer groups irrespective of their type of habit, had
significantly higher frequency of MNCs. However, no difference
in frequency ofMNCs was observed according to type of chewing
habit, presence or absence of tobacco, type of areca nut used for
chewing, and the presence or absence of OSMF.

Chromosomal aberrations were found in 6 out of 9 chewers of
betel quid with tobacco, and masheri users, gaps and chromatid
breaks being the commonest aberrations." SCE frequency was
also significantly higher in tobacco chewers than that in controls.
Tobacco chewers and oral cancer patients exhibited significantly
higher frequency ofMNCs than the controls. Urine samples from
female habitues exhibited higher levels of cotinine, and direct
mutagenicity to TAlOO, while control samples were non-mu-
tagenic. Treatment with ~-glucuronidase decreased the mutagenic
potency of urine of tobacco habitues, but increased the potency of
urine of controls. Nitrosation of samples increased the mutagenic-
ity to TAlOO, but the increase was higher in controls.

Higher values of CAs and SCEs per cell have also been detec-
ted among vegetarian and teetotaller areca nut chewers with or
without oral cancer or oral submucous fibrosis," dry snuff users, 39
and chewers of tobacco with lime."

STUDY OF PRECANCEROUS LESIONS IN HUMANS
Oral leukoplakia
'There have been no studies on the association of PM-T and oral
leukoplakia. However, chewing of Mainpuri tobacco has been
shown to be associated with a higher prevalence of oral leuko-
plakia as compared to no chewing." Association of leukoplakia
and tobacco chewing (generally as a component of betel quid) has
been demonstrated in prospective studies,":" as well as in case-
control studies.r-" These prospective studies have also shown
malignant transformation of oral leukoplakia to oral cancer.

Oral submucous fibrosis (OSMF)
Oral submucous fibrosis (OSMF) has long been suspected to be
associated with areca nut chewing.The precancerous nature of
submucous fibrosis was first mentioned by Paymaster in 1956,46
who observed the development of a slow-growing, squamous cell
carcinoma in one-third of patients with submucous fibrosis. On
examination of 220 biopsies of OSMF, Pindborg? found atypia in
13.2% of biopsies, suggesting that it is a precancerous condition.
Histopathological studies of the silver-staining nucleolar orga-
nizer region in mucosal biopsy samples of normal, leukoplakic,
neoplastic and submucous fibrosis tissues showed the highest
count in carcinoma followed by submucous fibrosis tissues."
Prospective studies on malignant transformation of oral submu-
cous fibrosis proved that it is a precancerous condition.43.48-50

In a study of 36 patients with OSMF-12 each in grade I to
III-and 12 healthy volunteers, attending two dental colleges in
Chennai (Madras), it was noted that all patients had the habit of
chewing betel nut, pan masala or the traditional betel quid."
Eighteen patients (9 with grade I, 7 with grade II, and 2 with grade
III OSMF) consumed pan masala, 6 (3 each with grade I and II
OSMF) chewed betel nut alone, and 12 (2 with grade II and 10
with grade III OSMF) chewed amixture containing betel nut, betel
leaf and lime. Ten of the 12patients with grade III OSMF chewed
tobacco along with the mixture. Patients who chewed pan masala
were below 30 years of age and they had started the chewing habit
2-3 years prior to the diagnosis; whereas the patients chewing
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traditional mixtures developed OSMF 20-25 years after starting
the habit. Thirteen patients (5 with grade I, 7 with grade II, and 1
with grade III OSMF) were smokers. The much shorter history of
chewing habit among pan masala users (addition of tobacco or
smoking unknown) is alarming.

Another comparison of the chewing habits of 50 OSMF
patients attending a dental department showed that chewers of
pan masalalPM-T were younger in age and had a shorter history
of the habit of chewing compared to betel quid chewers (2.7 years
v. 8.6 years, respectively)." Patientswho were smokers were not
included in the study. Even though the duration of presence of
OSMF was not indicated, the similar interincisal distance be-
tween these categories suggests a shorter incubation period of the
disease among users of pan masala.

A study on 60 OSMF patients and age, sex, religion and socio-
economic status-matched healthy controls showed that 98% of
patients chewed areca nut regularly in one form or the other,
whereas among controls 35% chewed areca nut, giving an overall
relative risk of 109.6.53 Areca nut chewing was practised most
commonly in the form of mawa. Mawa chewers and those who
chewed mawa along with other substances showed very high
relative risk. The relative risk increased with increase in frequency
as well as duration ofthe chewing habit. In a bivariate analysis, the
effect of frequency and duration of chewing appeared to be
multiplicative.

Bhargava et al.42 in a two-year follow-up study of 43 654
industrial workers in Gujarat reported the incidence of new cases
of OSMF to be 712105 (0.3%) among persons chewing betel quid
with areca nut; 6/9506 (0.1%) among chewers and smokers;
3/1161 (0.3%) among tobacco chewers alone; and 1017065(0.1%)
among those with no such habit. In the lO-year follow-up survey,"
all 11 new cases (out of 39 828 villagers) of OSMF in Ernakulum
occurred among chewers of tobacco or betel quid or those with a
mixed habit (including smoking); in Bhavnagar, of the 4 new
cases seen among 38 818 persons, 2 had no tobacco habit, while
1 chewed tobacco and 1 smoked it. Some well conducted case-
control studies have demonstrated an association between chew-
ing of areca nut and development of OSMF.43.45•54

EPIDEMIOLOGICAL STUDIES
No epidemiological studies have been reported on the association
of consumption of pan masala (with or without tobacco) and oral
cancer. However, a high risk of developing oral cancer due to the
use of a mixture of tobacco, areca nut and lime has been reported
in a large, community-based, prospective study. This mixture
(Mainpuri tobacco) amounts to PM-T without catechu (although
the proportion of areca nut is much lower than pan masala). After .
analysing the cancer occurrence data for 31 months in a popula-
tion of over 1 million, Wahi" reported that chewing of Mainpuri
tobacco was the most important factor identified in the causation
of oral cancer, the prevalence rate being 4.51 per 1000, as com-
pared to 0.8 among those using other kinds of tobacco, and 0.18
per 1000 among those with no habit of smoking or chewing.
Smoking and drinking alcohol showed an additive effect with
Mainpuri tobacco, although smoking and drinking also increased
the risk of chewing other tobacco mixtures (as also among persons
with no chewing habit). The prevalence of oral cancer wils cross-
tabulated according to various combinations of tobacco usage
habits and other factors such as sex, age, education, residence,
religion, food, smoking, drinking, income and occupation. A con-
sistently higher rate was observed among those who chewed
Mainpuri tobacco than among those who chewed other kinds of
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tobacco, which in turn was higher than that for persons without the
habit.

Some case--control studies have concluded that chewing of
betel quid with tobacco has an association with cancers of the oral
cavity and/or pharynx.P?' Cross-sectional surveys and prospec-
tive studies also showed an association between chewing of betel
quid with tobacco or tobacco chewing (with or without smoking)
and development of oral cancer.41-44,62 Many case--control studies
have reported an increased relative risk of developing cancers of
the oral cavity and/or pharynx and oesophagus due to use of betel
quid with or without tobacco.63-69 Khaini (a mixture of tobacco
and lime) use has also been implicated in the aetiology of oral
cancer."

DISCUSSION
In 1985, an IARC (International Agency for Research on Cancer)
expert group" concluded that chewing of betel quid with tobacco
is carcinogenic to humans. However, there was inadequate evi-
dence to implicate chewing of betel quid without tobacco. The
study on chewing of Mainpuri tobacco was considered as evi-
dence for association of oral cancer with chewing of betel quid
containing tobacco. This probably was due to the fact that the
habit of chewing PM-Thad not gained popularity till then. How-
ever, it would be more appropriate to group this study separately,
as the habit of chewing Mainpuri tobacco (as well as mawa) would
be equivalent to chewing PM-T without catechu. The relative
proportions of areca nut and tobacco in pan masala is between
their relative proportions in Mainpuri tobacco and mawa. Thus, if
Mainpuri tobacco and mawa chewing are found to have the same
harmful effects on humans, it can be safely concluded that PM-T
would also have these. It would be'necessary, however, to exam-
ine the effect of adding catechu to mixtures such as Mainpuri
tobacco and mawa.

Epidemiological studies from India suggest that chewing of
tobacco and lime has a higher risk for cancer than chewing of betel
quid with tobacco.I':" The addition of tobacco leaf extract in the
drinking water of Swiss male mice has been observed to reduce
the occurrence of tumours by two tobacco-specific nitrosamines,
N-nitrosonornicotine and 4-(methylnitrosoamino )-1-(3-pyridyl)-
l-butanone." The individual anti-carcinogenic components of
betel leaf extract (eugenol and hydroxychavicol) and catechu-
catechin, have been observed to inhibit the interaction of
3(H)benzo(a)pyrene with DNA, in the presence of both rat and
mouse liver S9 fraction." Of the other two studied components of
betel leaf extract, ~-carotene was effective in the presence of
mouse S9 mix only, but a-tocopherol was not effective at all.
Another study showed that hydroxychavicol, catechu--catechin,
~-carotene and a-tocopherol (but not eugenol) inhibited the
interaction between-7,12 dimethylbenzanthracene and DNA in
the presence of mouse skin S9.75 Aqueous extract of betel leaf
reduced the mutagenicity of an aqueous extract of areca nut in
Salmonella typhimurium TA100 in the presence of S9 mix.'? A
three-hour application of aqueous extract of betel leaf along with
pan masala or PM-T resulted in a smaller increase of CAs and
SCEs in CHO cells, as compared to the action ofpan masala alone
or PM-T alone, respectively."

Thus, the existing literature suggests that betel leaf may pro-
vide partial protection against the carcinogenic effect of tobacco,
areca nut and lime mixture. There is also a suggestion that catechu
may be anti-carcinogenic. However, the presence of both these
substances in betel quid-containing tobacco is not enough to
negate the carcinogenic effect of areca nut, tobacco and lime. If
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the betel leaf is removed from betel quid-containing tobacco (PM-
T has such a composition), catechu alone is not enough to negate
the carcinogenic effect of the areca nut, tobacco and lime mixture.
On the other hand, a recent study observed that ofthe various betel
quid components, catechu in the presence of lime at alkaline pH
is the most active producer of reactive oxygen species." Reacti ve
oxygen species are considered to be important in the process of
mutagenesis.

The pH of saliva of 20 children and 25' adult users of pan
masala at Agra was measured, ten minutes after its consumption.
The pH varied between 7.5 and 8.5 (Lahiri VL, unpublished data,
1995). This finding suggests that the environment of the oral
cavity after consumption of PM-Tis suitable for generation of
reactive oxygen species as well as nitrosamines specific for
tobacco and/or areca nut.

Recent studies suggest that processing of areca nut prior to use
may be important in determining its carcinogenicity. Measure-
ment of active components of areca nut, arecoline and polyphe-
nols showed their presence to be the maximum in the unprocessed
nut, followed by sun-dried or roasted nut, and the minimum levels
were detected in nuts processed by soaking and boiling." Weak
carcinogenicity in mice fed areca nut alone was noticed only with
unprocessed areca nut." The findings point towards a higher
carcinogenic potential of PM- T (which contains roasted areca
nut) than betel quid mixtures using soaked or boiled areca nut.

The existing literature does suggest that if betel leaf is removed
from the traditional betel quid-containing tobacco (PM- T), the
carcinogenicity of the mixture would still remain. The finding that
pH of the saliva is alkaline after chewing PM-T would hasten the
process of carcinogenesis, especially for a mixture of areca nut,
tobacco and lime. Experimental studies indicate that a mixture of
tobacco and areca nut results in a higher degree of clastogenicity,
as compared to the independent action of the same dose of indivi-
dual components. Animal studies also suggest that a combination
of areca nut and tobacco results in a shorter incubation period of
cancer.

Experimental studies have shown that pan masala (addition of
tobacco not known) is mutagenic in the Salmonella typhimurium
test system; PM -T as well as pan masala induces cytogenetic i
damage in Chinese hamster ovary cells; intraperitoneal injection'
of pan masala results in increased SCE and delays in cell cycle';
pan masala as well as PM-T induces significant increase in CAs
and SCEs in peripheral blood lymphocytes and increase in MNCs
in buccal mucosa in humans. Thus, there is enough evidence to
label PM- T as mutagenic.

Animal experiments provide only a suggestion that PM- T may
be carcinogenic. Based on the then available information, an
IARC expert group in 19856 concluded that there was limited
evidence that areca nut with tobacco (and without tobacco) is
carcinogenic to experimental animals. One of the experiments
considered by them included application of areca nut, tobacco arid
lime to the buccal pouch of hamster. 12 Considering that the effect
of PM-Tis likely to be similar to that of areca nut, tobacco and
lime mixture, the same conclusion can be made about PM- T, i.e.
there is limited evidence that PM-T is carcinogenic to animals.

There is no study reported on carcinogenicity of PM- T. For the
reasons mentioned earlier, conducting such a study at this time
may show an association only if PM- T shortens the incubation
period of oral cancer. Recent studies point towards this possibil-
ity, by showing that 50% of OSMF cases had a two- to three-year-
old habit of chewing pan masala (addition of tobacco not speci-
fied for individual groups). Combined with the earlier knowledge
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of a shortened incubation period with a mixture of areca nut and
tobacco, this may be an important area for investigation. Mainpuri
tobacco, which is a PM-T-like mixture, has been shown to be
carcinogenic to human beings in a prospective study.' Although
no study on carcinogenicity of mawa has been carried out, the fact
that 15 patients of histologically confirmed oral cancer habituated
to mawa chewing (with no other habit of chewing, vegetarians,
teetotallers, and not engaged in any hazardous occupation) could
be enrolled in a study" suggests a strong association of mawa
chewing with oral cancer. Association of Mainpuri tobacco" as
well as mawa chewing" with OSMF has been demonstrated. As
pointed out earlier, if a mixture of areca nut (95%) with tobacco
and lime (mawa), and a mixture of areca nut with tobacco (major
constituent) and lime (Mainpuri tobacco), are found to be carci-
nogenic in human beings, it is only logical that a mixture of areca
nut (70%-80% by weight) with tobacco and lime (PM- T), would
be carcinogenic to human beings. Thus, there is sufficient evi-
dence to suspect that PM-Tis carcinogenic to human beings.
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