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ABSTRACT Nowadays, smokeless tobacco consumption in the fogutkhais receiving more popularity among the youth

of India. In the present investigation, cytogenetic studies were carried ougotkBBconsumers and compared with controls,

50 men who did not have habit of smoking, alcohol drinking and consuyntkfa 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 buccalAsigogacant
increase§<0.001) was noted in values of all three cytogenetic markers agudkitaconsumers compared with controls viz.

CA (0.92-3.60), SCE (3.66-6.84), MNC (0.09-0.98he frequency of all end points was higher among high age group
individuals (>31) compared with low age group individuals viz(@&7-2.81), SCE (4.65-5.80), MNC (0.36-0.70he

increased frequency of these end points was found to be significantly corrptatilj 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, significaereifce was found between the mean values @A

SCE amongutkhaconsumers anglutkhaconsumers + drinkers + smokers and also significant increase was found between
gutkhaconsumers + smokers agdtkhaconsumers + drinkers + smokers for CA.

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

Tobacco was introduced in India about 400 Among flavouring agents, use of synthetic
years agoloday a lage number of tobacco prod- flavours like musk ambrette and musk xylene is
ucts are available for human consumption. 40well known and the presence of these agents
percent of the tobacco consumed in India is inhave been detected in the saliva of chewers of
the smokeless fornPén, Pan masala, Zda, betel quid with tobacco and their mutagenicity
Gutkhg (Mukherjee and Hadaye 2008he last have been tested in Salmonella/mammalian
two decades have seen a phenomenal growth imicrosome test (Nair et al. 1986).
the smokeless tobacco indusffyre extensive Lime, another component gutkhacauses
marketing ofgutkhahas led to a widespread local irritation to mucosa and hyperplasia has
addiction amongst school going children. Nair been observed following application of lime to
et al. (2004) has estimated that about 5 millioncheek pouch of hamsters (Dunham et al. 1966).
young Indians are sfefring from oral submu- Catechu, another important ingredient contains
cosa fibrosis (a disease which is precursor o2-10 percent catechin (IARC 2004) and has
oral cancer) as a result of increased popularitthepatoprotective &fcts (Lapis et al. 1986). On
of habits of chewinggutkhaandpan masala. the other hand, it has been reported that cat-
Jyoti et al. (201) have reviewed a lge num-  echu in the presence of lime at an alkaline pH
ber of studies revealing genotoxicity pan is the most reactive producer of reactive oxygen
masalaandgutkha. species (ROS) which are considered to be im-

Areca nut which constitutes 70-80 percentportant in the process of mutagenesis (Nair et
of gutkhacontains some specific alkaloidse-  al. 1992).
coline, the most important alkaloid is present in  Thus,gutkharepresents a complex mixture
1 percent dry weight and is found to be genotoxicof harmful constituents. Keeping in view the
(Dave et al. 1992According to IARC (2004), above, it was considered important to look into
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als who abstained from all tobacco products.air drying method and stained with Hoechst
Cytogenetic end points like chromosomal aber 33258 (Sigma) and 4% Giemsa solution follow-
rations (CA) and sister chromatid exchangesing the method of Perry andlolff (1974). For
(SCE) in peripheral lymphocytes and micro- calculating the frequency of SCE per cell, 30
nucleated buccal mucosa cells (MNC) were evametaphases were analyzed as per standard In-
luated. ternational norms.
For micronucleus assapuccal smears on
MATERIAL AND METHODS glass slides were transported to laboratory on
ice and processed within 3-4 h of sample fixa-
Investigation was carried out on 100 healthytion. The air dried samples were hydrolyzed for
male individuals: 50 controls and §0tkhacon- ~ 8 min in HCI at 6€c. After a rinse in tap water
sumersThe examined individuals were mostly and staining inAcetoorecine (2% in 60% ace-
vegetariansGutkhaconsumers were categorized tic acid for 20 min at 48), the samples were
according to their age, number of years of chewgiven a brief washing in ethanol and distilled
ing and number of pouches (each pouch conWatet Counter staining was done with fast green
tains 2 gmgutkhapowder) consumed per day Solution with final rinse in ethanol and distilled
smoking bidis only) and alcohol drinking his- Watet Slides were air dried and codédleast,
tories. Most of the volunteers belong to Kuruk- 1000 cells were scored and the criteriaalbert
shetraAmbala, Karnal and nearby places. Most 8t @ (1992) were followed for scanning cells
of them were from lower socio-economic groups or_micronuclei.
being labourers, rickshaw pullers, peons, mess, 1WO observers, who were unaware of the
workers and gardeners, not being engaged it€ntity of the sample, in order to remove possi-
any hazardous occupation, that is, they were notPIe laboratory scoring bias, analyzed the coded

exposed to hazardous chemicals at their Worksaml’p])les. | vzed istically b
placesAttention was paid to exclude any indi- | N€ résults were analyzed statistically by two

; - lysis of variance (Edwards 1971), re-
vidual who had been subjected to any X-rayWay ana : : i
treatment or antibiotic therapy three monthsJression analysis and MaWhitney UTest (Si

prior to when samples were taken. Individualseglel 1956) using computer software.
having no history of alcohol use, smoking, to- RESULTS
bacco or areca nut chewing in any form were
selected as control3hey were matched with
exposed individuals having the same socio-eco
nomic status, age, gender and diet.

Blood samples were taken using heparinize

syringes. Short term lymphocyte cultures Weresmonggutkhaconsumers were 181.

set up within 4 hr of sampling according to the " A perysal offable 2 reveals the mean values

technique of Moorhead et al. (1960) with mi- CA, SCE and MNC in controls arglitkha

nor modifications. ) consumers and in the lower age group (<31)
Lymphocytes were cultured by adding 0.5 3 the higher age group (>31). Mean values

ml of blood in 5 ml of RPMI 1640 medium (Hi of cA, SCE and MNC in controls were found

media) supplemented with 20% foetal calf se-to pe 0.92, 3.66 and 0.09 respectively and in

rum and 0.1 ml of phytohaemagglutinin (Sig- gutkhaconsumers came out to be 3.60, 6.84 and

ma). Colchicine (1Qug/ml; Sigma) was added (.98 respectivelyF ratio for the efect ofgutkha

to cultures 1 hrprior to harvesting. consumption on CA, SCE and MNC is 92.15,
Lymphocytes were harvested after 48 h for1785.13 and 190.18 respectively showing sig-

assessing chromosomal aberrations (&g nificant efect (p<.001) ofgutkhaconsumption

slides were prepared and stained with 4% Gion these cytogenetic parameters (ANQV

emsa solution. For each person 100 well spread Mean values of CA, SCE and MNC in indi-

metaphases were analyzed. viduals of lower age group (>31) was 1.67, 4.65
For sister chromatid exchanges (SCE), 5-and 0.36 respectively and in higher age group

bromodeoxyuridine (BrdU, 1@/ml) was added (<31) was 2.81, 5.80 and 0.70 respectivEhe

24h after establishing the cultures. HarvestingF ratio for the g&ct of age on CAs 3.35 show-

was done after 72h. Slides were prepared by theng non-significant géct (>.05) and for SCE

Table 1 presents various types of chromosome
and chromatid type aberrations among controls
OEnd gutkhaconsumersTotal chromosome ab-

rrations among control individuals were 46 and



STUDIES ONTHE GENOTOXICITY OFGUTKHA

Table 1: Types of chbomosomal aberrations ingutkha
consumers and contol individuals

Contmol in- Gutkha con-
dividuals sumers

279

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

Group

No. of individuals 50 50 Table 3: Frequency of chomosomal aberrations (CA),

No.of metaphases 5000 5000 sister chromatid exchanges (SCE) and miamucleated
Chromosome ylpeAberrations buccal mucosal cells (MNC) in contols and gutkha

Dicentrics 0 9(0.18)  consumers with duration of consumption

Rings 0 4 (0.08) -

Acentric fragments 1(0.02) 12 (0.24) Duration Num- CA (Mean SCE (MeanMNC (Mean

Chromosome gaps 4(0.08) 10(0.2) of con-  berof +SD) +SD) +SD)

Chromosome breaks 3(0.06) 12 (0.24) sumption sam-

Translocations 0 6(0.12)  (inyears) ples

Total (without gaps) 4(0.08) 43(086)  Conrol 50 0.92+0.77 3.66+0.25 0.09 + 0.08
Chromatid ypeAberrations Individuals e U R

Gaps 79(1.58) 177.(354)  Guikha 50 3.60+1.82 6.84+0.54 0.98+0.45

Breaks 42 (0.84) 136 (2.72) Consumers

Isochromatid exchanges 0 2(0.04) o5 6 1.83+1.47 6.35+0.58 0.78+0.35

Total (without gaps) 42(0.84) 138(2.72) 419 19 2.84+134 6.73+0.45 0.83+0.38

Total chromosomal 46 (0.92)  181(362) 1335 12 3.75+1.35 6.79+0.63 1.03 +0.36

aberrations (without gaps) 16-20 6 4.16+0.98 7.21+0.24 1.05 %+ 0.53
Values in parentheses indicate aberrations per 10®1-25 5 6.00£1.00 7.30+0.24 1.46+£0.43
Metaphases 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,
Table 2:Mean Values of CA, SCE and MNC in contols analysis R2_‘0'789’ RZ__O'562 RZ_-0.675
and gL_thha consumers as well as in loweage goup (<31) F;%%‘(l)m' F;%%fm' F;%%‘:%Ol'
and higher age goup (>31) b-0.193, b-0.039, b-0.032
Group Number CA SCE MNC t=9.900, t=4.763, t=5.493,
of indi- p<.001 p<.001 p<.001
viduals

Control 50 092 366  0.09  yapi6 4: Frequency of chomosomal aberrations (CA),
(I_B(tlvtvker:'a;ggzurg]uei)rs(<31) ig fg(; i%‘g 0(')9?% sister chromatid exchanges(SCE) and mianucleated
Higher age group (>31) 52 2.81 580 0.0 buccal mucosal cells(MNC) in contols and gutkha

a. significantly higher than control value (AN@Yested)F

consumers with number of pouches consumed per day

being 92.15,1785.13,190.08 respectively for CA, SCE andg‘f“gg‘;‘?f hum- Séé’;ﬂean i%ED)(Mean Z'gg)('v'ea”
MNC, p<.001 ches co- sam-
b. significantly higher than lower age group (AN®O¥sted), nsumed ples
F being 27.28,3.83 respectively for SCE and MR€001 per day
Two way interaction (ExposureAge) is non- significant
being .046,.797,.287 respectively for CA, SCE and MNC Controls 50 0.92+0.77 3.66+0.25 0.09 +0.08
p>.05 Gutkha 50 3.60+1.82 6.84+0.54 0.98+0.45
consumers
and MNC is 27.28 and 3.83 respectivatyq &0 8 175:088 620056 0.50+0.20
. eO 11-15 10 3.00+1.49 6.82+0.47 0.84+0.32
.01) showing significant &fct of age on SCE 1520 14 3.71:1.93 6.85+053 0.99 + 0.48
and MNC.The interactive déct of age Xgutkha  21-25 9 444+174 6.97+0.33 1.24+0.35
consumption (combined) was found to be non-26-30 9 4.88%1.26 7.28+0.21 1.41%0.31
significant. F ratio for CA, SCE and MNC be- Regrelss'.on 52_—06878% E;_-8550é2 52_—06862725’
ing .046, .797 and .374 respectiveby (05) anaysis ' 0 s
Ing .U40b, . . p : F=88.063, F=30.201, F=48.868,
Tables 3 and 4 reveal the frequency of CA, p<.001 p<.001 p<.001

SCE and MNC in controls arglitkhaconsum- b—gélc?S b=é).§1;51, b:%tszsg,

X X P t=9.90, t=5.595,  t=7.583,
ers with duration of consumption in years and p<.001 p<.001 p<.001

with the number of pouches consumed per day
respectivelyLinear regression analysis was ap-
plied to study the &ct of duration of consump-

on parameters investigatedalue of multiple

The value ofR? (which determines the pro-
tion and number of pouches consumed per dayortion of variance in parameters studied jointly
determined by variation in duration of consump-
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tion and number of pouches consumed per day) DISCUSSION
came out to be 0.789, 0.562 and 0.675 respec-
tively. The value of regression cdiefent, that There is a great need to examine the pos-

is, b for duration of consumption was 0.193, sible genotoxic éécts of smokeless tobacco used
0.039, 0.032 respectivelg €. 001) for CA, SCE in the form ofgutkha(Pan masalavith tobacco)
and MNC showing a linear influence of dura- which contains all ingredients of traditional
tion of consumption on SCE, G&d MNC.The  betel quid except betel leaf. Chemo preventive
values ofb for number of pouches consumed effect of betel leaf on the genotoxicity pan
per day for CA, SCE and MNC being 0.193, masalahas been reportedr{¥edi et al. 1994).
0.441 and 0.675 respectively<. 001) showed There is possibility of increased oral submu-
significant positive influence of the number of cosa fibrosis epidemic in near futufmila et
pouches consumed per day on the parameteid. (2011) revealed an increase in micronuclei
considered . in oral sub mucosa fibrosis patients as compared
Gutkhaconsumers were divided into fdi-  to healthy individuals and emphasized that
ent subgroups according to their smoking andgutkhachewing habit in the younger age in-
alcohol-drinking pattern @ble 5). ManiwWhit-  creased the chances of malignant transforma-
ney UTest (Siegel 1956) was applied to studytions. Factors, which may be responsible, are
any significant diference in the value of param- the addition of tobacco content, the absence of
eters showed in diérent subgroups. Significant the betel leaf and its carotenes and the much
difference was found between subgroup 1 and 4igher dry weight opan masala/gutkh@Babu
of only gutkhaconsumers andgutkhaconsum- et al.1996). Metaphase analysis of CA frequency
ers and smokers + drinkers for CA and SOE, has been widely used for identifying the clas-
being 44 and 46.5(<. 05) for CA and SCE togenic compounds (Kliesch ardder 1983)
respectively and the misrepaired chromosomal lesions, which
escape being detected as CA, can be detected
Table 5: Frequency of chomosomal aberrations (CA),  effectively by studying SCE frequenciedich
sister chromatid exchanges (SCE) and mianucleated (1986), and &ch et al. (1990) have widely used
buccal mucosal cells (MNC) in diferent subgroups of the micronuclei assay at a population level for

iilk:asconsNZqurséA e e studying the décts of tobacco/areca nut chew-
p ber  (Meanz SD) (Meanz SD) (Mean SD) :cng habits on buccal mucosa. Increase in the
of in- requency of SCE has been reported in cells of
divi- individuals exposed to various mutagens as in
duals cigarette andidi smokers (Ghosh and Ghosh
Control 50 0.92+0.07 3.66+0.25 0.09+0.08 1987; Husum et al. 198&adav andThakur
Total 50 3.60+1.82 6.84+0.54 0.98+0.45 2000;Yadav et al. 2001) and in betel and to-
gé‘;‘;ﬁ?ﬂers bacco chewers (Ghosh and Ghosh 1984). In-
Subgoups : creased frequencies of micronucleated cells in
1)Only 22 2.95+1.55 6.69+0.55 0.86=+0.35 exfoliated buccal mucosa and high incidence of
gutkha CA and SCE in peripheral lymphocytes have
onsumers been observed in userspdn masalavith and
é)oﬁ;’jﬁ]:rsiz 416180 685+065 1.10£0.43 \ithoyt tobacco in comparison with control in-
Drinkers dividuals (Dave et al. 199Trivedi 1992;Yadav
3)Gutkha 7 2.85+1.06 6.87+0.38 0.85+0.49 and Chadha 2002; Beena and Patel 20R89).
g%'z)sk%f?sﬂs’f dose dependent significant increase in frequency
2)Gutkha 9 5.00 % 2.1257.16 + 0.34 1.21 + 0.57 of chromosom.al aberrations and mlcro_nucle|
Consumers+ was observed in bone marrow cells of mice af-
Drinkers+ ter treatment witlpan masalandgutkha(Moji-
Smokers dra et al. 2009). Using in vitro short term assay

a. Significantly higher than subgroup 1 of ombutkha  the dimethyl sulphoxide (DMSO) extractydn
Consumers.(ManwhitneyU TestU=44, and 46.5p<.05  masalawith and without tobacco has been found

for CA and SCE respectively) ; i
b. Significantly higher than subgroup 3 &utkha to increase the fre.quency of CA’ SCE and mI.C
Consumers+Smokers (MaiWhitney U Test,U=13.5 ,  ronucleated cells in cultures without metabolic

p<.05) activation(Patel et al. 1994). Besides this, aque-
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ous extract opan masalawvhen used in vitro potential to cause canc&o there is a dire need
significantly increased the frequency of CA andto put ban on the manufacture and sale of such
SCE in Chinese hamster ovary cells in dose deproducts and the acceleration of the programmes
pendent manner (Patel et al. 198dhyaryu et  which are aimed at reduction or elimination of
al. 1989). Similarlyincrease in frequency of use of these products.

micronucleated buccal mucosa cells in individu-
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