
Studies on the Genotoxicity of Gutkha

Pooja Chadha1 and Joginder Singh Yadav2

1Department of Zoology, Guru Nanak Dev University, Amritsar, Punjab, India
2Human Genetics Unit, Department of Zoology, Kurukshetra University, Kurukshetra,

Haryana, India

KEYWORDS  Gutkha. Smokeless Tobacco. Chromosome Aberrations. Sister Chromatid Exchanges. Micronucleated Cells

ABSTRACT  Nowadays, smokeless tobacco consumption in the form of gutkha is receiving more popularity among the youth
of India. In the present investigation, cytogenetic studies were carried out on 50 gutkha consumers and compared with controls,
50 men who did not have habit of smoking, alcohol drinking and consuming gutkha, tobacco and areca nut in any form.
Frequency of chromosome aberrations (CA) and sister chromatid exchanges (SCE) were evaluated in peripheral blood
lymphocytes, whereas frequency of micronucleated cells (MNC) was evaluated in exfoliated buccal mucosa. A significant
increase (p<0.001) was noted in values of all three cytogenetic markers among gutkha consumers compared with controls viz.
CA (0.92-3.60), SCE (3.66-6.84), MNC (0.09-0.98). The frequency of all end points was higher among high age group
individuals (>31) compared with low age group individuals viz CA (1.67-2.81), SCE (4.65-5.80), MNC (0.36-0.70).  The
increased frequency of these end points was found to be significantly correlated (p<.001) with duration of consumption (b =
0.193, 0.039, 0.032 for CA, SCE and MNC respectively) and number of pouches consumed per day (b being 0.193, 0.441,
0.429 for CA, SCE and MNC respectively).  Besides this, significant difference was found between the mean values of CA and
SCE among gutkha consumers and gutkha consumers + drinkers + smokers and also significant increase was found between
gutkha consumers + smokers and gutkha consumers + drinkers + smokers for CA.
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INTRODUCTION

Tobacco was introduced in India about 400
years ago. Today a large number of tobacco prod-
ucts are available for human consumption.  40
percent of the tobacco consumed in India is in
the smokeless form (Pan, Pan masala, Zarda,
Gutkha) (Mukherjee and Hadaye 2006). The last
two decades have seen a phenomenal growth in
the smokeless tobacco industry. The extensive
marketing of gutkha has led to a widespread
addiction amongst school going children. Nair
et al. (2004) has estimated that about 5 million
young Indians are suffering from oral submu-
cosa fibrosis (a disease which is precursor of
oral cancer) as a result of increased popularity
of habits of chewing gutkha and pan masala.
Jyoti et al. (2011) have reviewed a large num-
ber of studies revealing genotoxicity of pan
masala and gutkha.

Areca nut which constitutes 70-80 percent
of gutkha contains some specific alkaloids. Are-
coline, the most important alkaloid is present in
1 percent dry weight and is found to be genotoxic
(Dave et al. 1992). According to IARC (2004),

areca nut chewing has been classified to be car-
cinogenic.

Among flavouring agents, use of synthetic
flavours like musk ambrette and musk xylene is
well known and  the presence of these agents
have been  detected  in the saliva of chewers of
betel quid with tobacco and  their mutagenicity
have been tested in Salmonella/mammalian
microsome test (Nair et al. 1986).

Lime, another component of gutkha causes
local irritation to mucosa and hyperplasia has
been observed following application of lime to
cheek pouch of hamsters (Dunham et al. 1966).
Catechu, another important ingredient contains
2-10 percent catechin (IARC 2004) and has
hepatoprotective effects (Lapis et al. 1986).  On
the other hand, it has been reported that cat-
echu in the presence of lime at an alkaline pH
is the most reactive producer of reactive oxygen
species (ROS) which are considered to be im-
portant in the process of mutagenesis (Nair et
al. 1992).

Thus, gutkha represents a complex mixture
of harmful constituents. Keeping in view the
above, it was considered important to look into
the genotoxic potential of gutkha. The present
investigation was carried out on gutkha consum-
ers, including those who use gutkha only, those
who use gutkha and smoke, those who use gut-
kha and drink and those who use gutkha, drink
and smoke as well as on those control individu-
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als who abstained from all tobacco products.
Cytogenetic end points like chromosomal aber-
rations (CA) and sister chromatid exchanges
(SCE) in peripheral lymphocytes and micro-
nucleated buccal mucosa cells (MNC) were eva-
luated.

MATERIAL  AND METHODS

Investigation was carried out on 100 healthy
male individuals: 50 controls and 50 gutkha con-
sumers. The examined individuals were mostly
vegetarians. Gutkha consumers were categorized
according to their age, number of years of chew-
ing and number of pouches (each pouch con-
tains 2 gm gutkha powder) consumed per day,
smoking (bidis only) and alcohol drinking his-
tories. Most of the volunteers belong to Kuruk-
shetra, Ambala, Karnal and nearby places.  Most
of them were from lower socio-economic groups
being labourers, rickshaw pullers, peons, mess
workers and gardeners, not being engaged in
any hazardous occupation, that is, they were not
exposed to hazardous chemicals at their work
places. Attention was paid to exclude any indi-
vidual who had been subjected to any X-ray
treatment or antibiotic therapy three months
prior to when samples were taken. Individuals
having no history of alcohol use, smoking, to-
bacco or areca nut chewing in any form were
selected as controls. They were matched with
exposed individuals having the same socio-eco-
nomic status, age, gender and diet.

Blood samples were taken using heparinized
syringes. Short term lymphocyte cultures were
set up within 4 hr of sampling according to the
technique of Moorhead et al. (1960) with mi-
nor modifications.

Lymphocytes were cultured by adding 0.5
ml of blood in 5 ml of RPMI 1640 medium (Hi
media) supplemented with 20% foetal calf se-
rum and 0.1 ml of phytohaemagglutinin (Sig-
ma). Colchicine (10 µg/ml; Sigma) was added
to cultures 1 hr. prior to harvesting.

Lymphocytes were harvested after 48 h for
assessing chromosomal aberrations (CA). The
slides were prepared and stained with 4% Gi-
emsa solution. For each person 100 well spread
metaphases were analyzed.

For sister chromatid exchanges (SCE), 5-
bromodeoxyuridine (BrdU, 10µg/ml) was added
24h after establishing the cultures. Harvesting
was done after 72h. Slides were prepared by the

air drying method and stained with Hoechst
33258 (Sigma) and 4% Giemsa solution follow-
ing the method of Perry and Wolff (1974).  For
calculating the frequency of SCE per cell, 30
metaphases were analyzed as per standard In-
ternational norms.

For micronucleus assay, buccal smears on
glass slides were transported to laboratory on
ice and processed within 3-4 h of sample fixa-
tion. The air dried samples were hydrolyzed for
8 min in HCl at 600c. After a rinse in tap water
and staining in Acetoorecine (2% in 60% ace-
tic acid for 20 min at 400c), the samples were
given a brief washing in ethanol and distilled
water.  Counter staining was done with fast green
solution with final rinse in ethanol and distilled
water.  Slides were air dried and coded. At least,
1000 cells were scored and the criteria of Tolbert
et al. (1992) were followed for scanning cells
for micronuclei.

Two observers, who were unaware of the
identity of the sample, in order to remove possi-
ble laboratory scoring bias, analyzed the coded
samples.

The results were analyzed statistically by two
way analysis of variance (Edwards 1971), re-
gression analysis and Mann Whitney U Test (Si-
egel 1956) using computer software.

RESULTS

Table 1 presents various types of chromosome
and chromatid type aberrations among controls
and gutkha consumers. Total chromosome ab-
errations among control individuals were 46 and
among gutkha consumers were 181.

A perusal of Table 2 reveals the mean values
of CA, SCE and MNC in controls and gutkha
consumers and in the lower age group (<31)
and the higher age group (>31).  Mean values
of CA, SCE and MNC in controls were found
to be 0.92, 3.66 and 0.09 respectively and in
gutkha consumers came out to be 3.60, 6.84 and
0.98 respectively. F ratio for the effect of gutkha
consumption on CA, SCE and MNC is 92.15,
1785.13 and 190.18 respectively showing sig-
nificant effect (p<.001) of gutkha consumption
on these cytogenetic parameters (ANOVA).

Mean values of CA, SCE and MNC in indi-
viduals of lower age group (>31) was 1.67, 4.65
and 0.36 respectively and in higher age group
(<31) was 2.81, 5.80 and 0.70 respectively. The
F ratio for the effect of age on CA is 3.35 show-
ing non-significant effect (p>.05) and for SCE
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Table 1: Types of chromosomal aberrations in gutkha
consumers and control individuals

Control in- Gutkha con-
dividuals sumers

Group
No. of individuals     50     50
No. of metaphases 5000 5000

Chromosome Type Aberrations
Dicentrics       0       9 (0.18)
Rings       0       4 (0.08)
Acentric fragments       1 (0.02)     12 (0.24)
Chromosome gaps       4 (0.08)     10 (0.2)
Chromosome breaks       3 (0.06)     12 (0.24)
Translocations       0       6 (0.12)
Total (without gaps)       4 (0.08)     43 (0.86)

Chromatid Type Aberrations
Gaps     79 (1.58)   177 (3.54)
Breaks     42 (0.84)   136 (2.72)
Isochromatid exchanges       0       2 (0.04)
Total (without gaps)     42 (0.84)   138 (2.72)
Total chromosomal 46 (0.92)   181 (3.62)
aberrations (without gaps)

Values in parentheses indicate aberrations per 100
Metaphases

and MNC is 27.28 and 3.83 respectively (p <
.01) showing significant effect of age on SCE
and MNC. The interactive effect of age X gutkha
consumption (combined) was found to be non-
significant. F ratio for CA, SCE and MNC be-
ing .046, .797 and .374 respectively (p>.05).

Tables 3 and 4 reveal the frequency of CA,
SCE and MNC in controls and gutkha consum-
ers with duration of consumption in years and
with the number of pouches consumed per day
respectively. Linear regression analysis was ap-
plied to study the effect of duration of consump-
tion and number of pouches consumed per day
on parameters investigated. Value of multiple

Table 2: Mean Values of CA, SCE and MNC in controls
and gutkha consumers as well as in lower age group (<31)
and higher age group (>31)

Group Number CA SCE MNC
of indi-
viduals

Control 50 0.92 3.66 0.09
Gutkha consumers 50 3.60a 6.84a 0.98a

Lower age group (<31) 48 1.67 4.65 0.36
Higher age group (>31) 52 2.81 5.80b 0.70b

a. significantly higher than control value (ANOVA tested), F
being 92.15,1785.13,190.08 respectively for CA, SCE and
MNC, p<.001
b. significantly higher than lower age group (ANOVA tested),
F being 27.28,3.83 respectively for SCE and MNC, p<.001
Two way interaction (Exposure X Age) is non- significant, F
being .046,.797,.287 respectively for CA, SCE and MNC
p>.05

correlation (multiple R) for dependent variables
CA, SCE and MNC came out to be 0.888, 0.750
and 0.822 respectively showing highly signifi-
cant values (p <. 001).

Table 3: Frequency of chromosomal aberrations (CA),
sister chromatid exchanges (SCE) and micronucleated
buccal mucosal cells (MNC) in controls and gutkha
consumers with duration of consumption

Duration Num- CA (Mean SCE (MeanMNC (Mean
of con- ber of ± SD) ± SD) ± SD)
sumption sam-
(in years) ples

Control 50 0.92 ± 0.77 3.66 ± 0.25 0.09 ± 0.08
Individuals

Gutkha 50 3.60 ± 1.82 6.84 ± 0.54 0.98 ± 0.45
Consumers

0-5 6 1.83 ± 1.47 6.35 ± 0.58 0.78 ± 0.35
6-10 19 2.84 ± 1.34 6.73 ± 0.45 0.83 ± 0.38
11-15 12 3.75 ± 1.35 6.79 ± 0.63 1.03 ± 0.36
16-20 6 4.16 ± 0.98 7.21 ± 0.24 1.05 ± 0.53
21-25 5 6.00 ± 1.00 7.30 ± 0.24 1.46 ± 0.43
26-30 2 7.50 ± 0.70 7.34 ± 0.02 1.90 ± 0.14
Regression R=0.888, R=0.750, R=0.822,

analysis R2=0.789, R2=0.562 R2=0.675
F=88.063, F=30.201, F=30.201,
p<.001 p<.001 p<.001
b=0.193, b=0.039, b=0.032,
t=9.900, t =4.763, t=5.493,
p<.001 p<.001  p<.001

Table 4: Frequency of chromosomal aberrations (CA),
sister chromatid exchanges(SCE) and micronucleated
buccal mucosal cells(MNC) in controls and gutkha
consumers with number of pouches consumed per day

Number Num- CA (Mean SCE (Mean MNC (Mean
of pou- ber of ± SD) ± SD) ± SD)
ches co- sam-
nsumed ples
per day

Controls 50 0.92 ± 0.77 3.66 ± 0.25 0.09 ± 0.08
Gutkha 50 3.60 ± 1.82 6.84 ± 0.54 0.98 ± 0.45

consumers
6-10 8 1.75 ± 0.88 6.20 ± 0.56 0.50 ± 0.20
11-15 10 3.00 ± 1.49 6.82 ± 0.47 0.84 ± 0.32
16-20 14 3.71 ± 1.93 6.85 ± 0.53 0.99 ± 0.48
21-25 9 4.44 ± 1.74 6.97 ± 0.33 1.24 ± 0.35
26-30 9 4.88 ± 1.26 7.28 ± 0.21 1.41 ± 0.31
Regression R=0.888, R=.750, R=0.822,

analysis R2=0.789 R2=0.562 R2=0.675
F=88.063, F=30.201, F=48.868,
 p<.001 p<.001 p<.001
b=0.193, b=0.441, b=0.429,
t=9.90, t=5.595, t=7.583,
p<.001 p<.001 p<.001

The value of R2 (which determines the pro-
portion of variance in parameters studied jointly
determined by variation in duration of consump-

STUDIES ON THE GENOTOXICITY OF GUTKHA 279



tion and number of pouches consumed per day)
came out to be 0.789, 0.562 and 0.675 respec-
tively. The value of regression coefficient, that
is, b for duration of consumption was 0.193,
0.039, 0.032 respectively (p <. 001) for CA, SCE
and MNC showing a linear influence of dura-
tion of consumption on SCE, CA and MNC. The
values of b for number of pouches consumed
per day for CA, SCE and MNC being 0.193,
0.441 and 0.675 respectively (p <. 001) showed
significant positive influence of the number of
pouches consumed per day on the parameters
considered .

Gutkha consumers were divided into differ-
ent subgroups according to their smoking and
alcohol-drinking pattern (Table 5). Mann Whit-
ney U Test (Siegel 1956) was applied to study
any significant difference in the value of param-
eters showed in different subgroups. Significant
difference was found between subgroup 1 and 4
of only gutkha consumers and gutkha consum-
ers and smokers + drinkers for CA and SCE, U
being 44 and 46.5 (p <. 05) for CA and SCE
respectively.

Table 5: Frequency of chromosomal aberrations (CA),
sister chromatid exchanges (SCE) and micronucleated
buccal mucosal cells (MNC) in different subgroups of
gutkha consumers.

Groups Num- CA SCE MNC
ber (Mean± SD) (Mean± SD) (Mean± SD)
of  in-
divi-
duals

Control 50 0.92 ±0.07 3.66 ± 0.25 0.09 ± 0.08
Total 50 3.60 ± 1.82 6.84 ± 0.54 0.98 ± 0.45
Gutkha
Consumers

Subgroups :
1) Only 22 2.95 ± 1.55 6.69 ± 0.55 0.86 ± 0.35
Gutkha
Consumers
2) Gutkha 12 4.16 ± 1.80 6.85 ± 0.65 1.10 ± 0.43
Consumers+
Drinkers
3) Gutkha 7 2.85 ± 1.06 6.87 ± 0.38 0.85 ± 0.49
Consumers+
Smokers
4) Gutkha 9 5.00 ± 2.12-a,b 7.16 ± 0.34a 1.21 ± 0.57
Consumers+
Drinkers+
Smokers

a. Significantly higher than subgroup 1 of only Gutkha
Consumers.(Mann Whitney U Test,U=44, and 46.5,  p<.05
for CA and SCE respectively)
b. Significantly higher than subgroup 3 of Gutkha
Consumers+Smokers (Mann Whitney U Test, U=13.5 ,
p<.05)

DISCUSSION

There is a great need to examine the pos-
sible genotoxic effects of smokeless tobacco used
in the form of gutkha (Pan masala with tobacco)
which contains all ingredients of traditional
betel quid except betel leaf. Chemo preventive
effect of betel leaf on the genotoxicity of pan
masala has been reported (Trivedi et al. 1994).
There is possibility of increased oral submu-
cosa fibrosis epidemic in near future. Anila et
al. (2011) revealed an increase in micronuclei
in oral sub mucosa fibrosis patients as compared
to healthy individuals and emphasized that
gutkha chewing habit in the younger age in-
creased the chances of malignant transforma-
tions. Factors, which may be responsible, are
the addition of tobacco content, the absence of
the betel leaf and its carotenes and the much
higher dry weight of pan masala/gutkha (Babu
et al. 1996). Metaphase analysis of CA frequency
has been widely used for identifying the clas-
togenic compounds (Kliesch and Alder 1983)
and the misrepaired chromosomal lesions, which
escape being detected as CA, can be detected
effectively by studying SCE frequencies. Stich
(1986), and Stich et al. (1990) have widely used
the micronuclei assay at a population level for
studying the effects of tobacco/areca nut chew-
ing habits on buccal mucosa.  Increase in the
frequency of SCE has been reported in cells of
individuals exposed to various mutagens as in
cigarette and bidi smokers (Ghosh and Ghosh
1987; Husum et al. 1986; Yadav and Thakur
2000; Yadav et al. 2001) and in betel and to-
bacco chewers (Ghosh and Ghosh 1984). In-
creased frequencies of micronucleated cells in
exfoliated buccal mucosa and high incidence of
CA and SCE in peripheral lymphocytes have
been observed in users of pan masala with and
without tobacco in comparison with control in-
dividuals (Dave et al. 1991; Trivedi 1992; Yadav
and Chadha 2002; Beena and Patel 2009). A
dose dependent significant increase in frequency
of chromosomal aberrations and micronuclei
was observed in bone marrow cells of mice af-
ter treatment with pan masala and gutkha (Moji-
dra et al. 2009). Using in vitro short term assay,
the dimethyl sulphoxide (DMSO) extract of pan
masala with and without tobacco has been found
to increase the frequency of CA, SCE and mic-
ronucleated cells in cultures without metabolic
activation (Patel et al. 1994).  Besides this, aque-
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ous extract of pan masala when used in vitro
significantly increased the frequency of CA and
SCE in Chinese hamster ovary cells in dose de-
pendent manner (Patel et al. 1994; Adhyaryu et
al. 1989). Similarly, increase in frequency of
micronucleated buccal mucosa cells in individu-
als consuming pan masala and gutkha were
observed by Gandhi and  Kaur   (2000), Siddique
et al.(2008)and Fareed et al. (2011).

During the present investigation, a signifi-
cant increase in the frequency of CA, SCE and
MNC has been observed in individuals consum-
ing gutkha when compared with controls. Be-
sides, this investigation has revealed a signifi-
cant positive correlation of duration of consump-
tion and frequency of daily use with all the end
points studied viz. CA, SCE and MN. Signifi-
cant positive correlation between frequency of
micronuclei in buccal mucosa and consumption
of tobacco was earlier reported by (Sarto et al.
1987). The role of age in determining these end
points was also studied during the present in-
vestigation. Mean values of SCE and MNC are
significantly higher in higher age group indi-
viduals and mean value of CA is also greater in
higher age group than lower age group but not
significantly. As such, age plays an important
role in determining these cytogenetic markers.
Similarly, role of the age on the frequency of
spontaneous micronucleus formation was ear-
lier reported (Tice and Stelow 1985; Fenech and
Morely 1985; Ghosh et al. 1990). Earlier stud-
ies by Yadav and Chadha (2002) on pan masala
(without tobacco) also showed significant effect
of age on all these end points. The values of CA
and SCE showed significant increase in case of
those gutkha consumers who also smoked and
drank. These parameters showed higher values
even when compared with gutkha consumers
who smoked. Thus, drinking increase the geno-
toxic potential of gutkha. Genotoxic potential
of drinking alcohol was earlier reported (Patel
et al. 1994).

Although enough care was taken for match-
ing the exposed and the controls, it was not pos-
sible to match them 100%, for example, the food
they take and the particular habitat in which
they live. Some of them may be forced to be
passive smokers and occasional drinkers. Even
then we find that the consumption of gutkha
(pan masala containing tobacco) in association
with smoking and drinking caused sufficient
damage to genetic material and thus has the

potential to cause cancer. So there is a dire need
to put ban on the manufacture and sale of such
products and the acceleration of the programmes
which are aimed at reduction or elimination of
use of these products.
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