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ABSTRACT

Chewing and smoking of tobacco as well as drinloh@lcohol have been reported as the risk factorsdral
cancer. The high incidence of oral cancer in Indiad gradual increase of oral cancer patients at @et Patient
Department of Acharya Harihar Regional Cancer CeiedHRCC) Cuttack, Odisha (the only Government Htasp
of the state dedicated for the treatment of theceapatients) prompted us to undertake this stuyhis hospital-
based case-control study, the genotoxic effealmddco and alcohol was evaluated through microruskest. The
percentage of micronucleated cells were recordetbdathe highest in chewer-smoker-alcoholics gra2y8q in
males and 3.35 in females) and the least in smbigessip (0.68 in males and 0.65 in females). Thiies were
found to be statistically significant at 1% levélconfidence (Z-test). But, the occurrence of nriaaeated cells in
higher percentage in non-addicted cancerous grdug3 in males and 1.20 in females) than the siagldicted
groups (such as chewers, smokers and alcoholiciyate the causes of genetic susceptibility folbveg oral
unhygienic condition and modern life style in fqudtern among the people of Odisha. Thereforeeéds special
attention for which further investigation is sugggbs
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INTRODUCTION

Oral cancer is one of the ten most common cancers &sldtg World Health Organization (WHO) and eachryea
5,75,000 new cases and 3,20,000 deaths occur wadkl{1]. In India, oral cancer is a major healtblgem which
accounts for 30-40% of all cancers diagnosed arntigégssixth common cause of death in males and #even
females [2]. In Orissa, tobacco related oral camedound to be very common which may be due todhewing
habit of different forms of tobacco (oral snuff,dkhi, betel, betel-quid, gutkha and paan masald)smoking of
bidi (a type of native cigarette prepared from driebacco leaves powder, rolled in a piece of tamhiheaves),
cigarettes etc. Registration of more number of-&iége oral cancer patients for first time treatirianthe Out
Patient Department (OPD) of Acharya Harihar Rediofiancer Center (AHRCC), Cuttack, and Odisha has
prompted us to undertake this study. The presamstigation aims at the study of genotoxicity dfaoco and
alcohol on the buccal mucosa of oral cancer patiant to assess the relevance of micronucleusntéise early
detection of oral cancers.
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MATERIALS AND METHODS

2.1 Collection of samples

Exfoliated cytosmears were collected by scrapingmfrthe clinically diagnosed 136 patients sufferiingm
precancerous lesions and oral squamous cell canei®@SCC) at the Out Patient Department (OPD) dfafya
Harihar Regional Cancer Center (AHRCC), Cuttackisbal during May 2007-May 2009. Smearing was dame o
the pre-cleaned-coded microslides and the slides fiseed in aceto-alcohol (1:3) fixative, immedigteTwo slides
were smeared and prepared from each affectedafitbe patient. Prior to the collection of samplesse-history of
the patients related to their age, sfqd, habits, oral hygiene and occupation were csied recorded for detail
analysis. A parallel set of 136 samples were atdtected from the non-addicted and non-cancerodwitfuals
from different regions of Odisha which are callsdcantrol group.

2.2 Staining protocol and scoring of micronuclei

The wet fixed smears were stained by adopting Replaou’s staining protocol and counter-stainechv@iemsa’s
solution. One thousand cells were screened andanibeonucleated cells were scored from each stagssdple
following standard criteria [3,4,5]. Although motkan one micronuclei were observed in oral squanualis
(Figs.1-4), the scored elements were MNCs and ®htmber of micronuclei [6]. Photomicrographs wialeen
out as the supporting evidence.

2.3 Statistical analysis

Findings were statistically analyzed, interpretad aorrelated with the age group, sex and degrgatbiogenicity.
Test of proportion (Z-test) was followed and thdtical ratio (Z-value) was calculated for the test
significance. The following formula was used foettalculation of Z-value [7].

7 = Ip, — p,!
PG, PG
n n

Where, p = Proportion of the MNCs in control group (samplep, = Proportion of the MNCs in affected
group (sample-Il), g¢ 1-p; (in case of percentage, 10Q:pa,=1-p, (in case of percentage, 10Q-gn;=size of
the sample-I, §= size of the sample-II,

and /ﬁ +% = Standard error of difference between the twoamroportions.
n n,

The observed Z-values for normal distribution at %%d 1% level of confidence are 1.96 and 2.576
respectively.

RESULTS

The general characteristics of the oral cancerscageh as age group, food habit, addiction, ocaupand oral
hygiene were taken into account (Table.1). Out 8 patients, 82 (60.3%) were males and 54 (39.7%ew
females. More number of oral cancer patients weserved in 50-69 years of age group than the dth@igroups.
The highest percentages of the OSCC patients wereded to be 41.5 and 66.7 in males and femaspecdvely,
whereas, the lowest percentages were found to 384l males and 12.9% in females in the age godufD-89
years.

Basing on the food habits of the patients, 92.7%ewmn-vegetarian who prefer to take meat, fish eggbs while
7.3% were vegetarian. In non-vegetarian group, gbecentage of males was more (96.3%) than the &smal
(87.1%). On the contrary, the percentage of fem@esiore (12.9%) than the males (3.7%) under veigeta
category.
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It is reported that out of 136 oral cancer patiefi26 (92.6%) were addicted to different forms aifacco and
alcohol for more than 15 years, while 10 (7.4%) evapon-addicted completely. The addicted individuatre

categorized into five different groups, such aswars, smokers, alcoholics, chewer-smokers and ahemeker-

alcoholics. The chewers’ group having 43 patieras vecorded to be the highest (31.61%) and the erslofroup

having 11 patients was found to be the lowest.tiddl patients were reported to brush their teetbagt once in a
day, but in different ways.

Table 1 Sex-wise general characteristics of the dreancer cases

Number of cases| % Number of cases % Number of cases %

Age group

1 30-49 33 40.2 11 20.4 44 324
50-69 34 415 36 66.7 70 414
70-89 15 18.3 07 12.9 22 16.2
Food habit

2 | Vegetarian 03 3.7 07 12.9 10 7.4
Non-vegetarian 79 96.3 47 87.1 126 92.6
Addiction
Chewers 23 27.8 20 37.02 43 31.61
Smokers 09 10.9 02 3.7 11 8.08

3 | Alcoholics 12 14.7 18 333 30 22.05
Chewer-smokers 24 29.5 04 7.4 28 20.58
Chewer-smoker- alcoholics 08 9.8 06 11.2 14 10.29
Non-addicted 06 7.3 04 7.4 10 7.35
Occupation
Labourer 17 20.7 22 40.7 3.9 28.7

4 | Farmer 08 9.7 Nil Nil 08 5.8
Teacher 15 18.3 03 5.6 18 13.2
Others(heterogenous) 42 51.3 29 53.7 71 52.3
Oral hygiene: Tooth brushing

5 Plant stick only 36 43.9 26 48.1 62 455
Plant stick+ toothpaste/powde 15 18.2 09 16.6 24 17.6
Tooth brush with paste/powdef 31 37.9 19 34.3 50 36.9

Source: Primary data.

The genotoxicity of tobacco and alcohol on buccakosal cells of human being has been evaluatedigtiro
micronucleus test (MNT). Because, MNT is one of thest widely applied short term test used in geneti
toxicology and has become one of the most importasts implemented by the regulatory authorities of
different countries to evaluate mutagenicity ofdaensitivity to, xenobiotics [8, 9]. Since, therfation of
micronuclei in the eukaryote cells is an end paihtchromosomal damage or segregation errors [1, t
presence of micronuclei reflects a genotoxic exp@slihe micronucleated cells were observed to reather
one or more than one micronuclei (Figs.1-4). Irstpiesent study, the scored elements were micreated
cells and not the number of micronuclei [3, 4, 6].

The frequencies of micronucleated cells (MNCs) iontcol and addicted cancerous and non-addicted
cancerous groups exhibit an increasing order fromel to higher age groups (Table 2). In controlugroall

of 82 males and 54 females were non-addicted andcaacerous individuals. In the age group of 3050869
and 70-89 years, the number and percentage of Mi¢Ged from 33, 34 and 15 males were 07, 09 anahd6
0.021, 0.026 and 0.068 accordingly. The number faaguencies of MNCs from 11, 36 and 07 females were
scored to be 02, 07 and 02 and 0.018, 0.019 an280i® 30-49, 50-69 and 70-89 years of age groups,
respectively (Figs.5-8). The mean percentage wdsuleded to be 0.026 in males and 0.020 females
respectively.

The MNCs in chewers’ group (Table 2) were scorebeadl 41, 99 and 109 from 11,07 and 05 samples ¢ ma
individuals having the percentage 1.28, 1.41 ari® 2n 30-49, 50-69, 70-89 years of age group retbypaly.
The mean percentage of MNCs in male was calcul&tedde 1.51. The scoring of MNCs in females were
recorded to be 63, 137 and 82 from 06, 11 and 6tafes with the percentage of 1.05, 1.25 and 2.tBemage
group of 30-49, 50-69 and 70-89 years, respectithalying the mean percentage 1.41. In comparisoh thi
control group, the critical ratios were found to 8409 in males and 16.628 in females and are higidy
significant (p < 0.01).
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Fig.1 Monomicronucleated oral squamous cell (Giem&astain x400)
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Fig.2 Bi-, tri- and tetramicronucleated condition d oral squamous cells (Giemsa'’s stain, x400)
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Fig.4 Pentanucleated trimicronucleated conditiorf an oral

squamous cell (Papanicolaou’s stain, x 400).

The number and frequencies of micronucleated éellanokers’ group were observed to be 12 and alRi
males in the age group 30-49 years. No female casee reported to register in this age group. 1690
years, 32 MNCs from 05 males and 13 MNCs from Qfdkes having percentage 0.64 and 0.65 were scored
respectively. In 70-89 years, no female cases weperted and hence 28 MNCs were enumerated from 02
males having the percentage 0.90. Thus, the mearemage of MNCs in males and females were caledlat
to be 0.680 and 0.65 respectively. In smokers’ grdbe critical values were calculated to be 7.68 8.504

in males and females respectively (Figs.5-8). Sintcese values are greater than the normal obseralec
(Z=2.576), it indicates that smoking has a genatoedfect on buccal mucosa for the development @il or
carcinoma.
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In alcoholic group, 24, 40 and 28 numbers of MNGasravcalculated from 04, 05 and 03 males having the
percentage of 0.60, 0.80 and 0.93 in the age godug0-49, 50-69 and 70-89 years respectively. Theam
percentage of MNCs in males was 0.76. The numbdrfeeguencies of MNCs in females were scored to be
22, 87, 19 and0.55, 0.725, 0.95 from 04, 12 anfe@tales in 30-49, 50-69 and 70-89 years of agepgotlhe
mean percentage of the MNC was calculated to bg ib.females. The Z-values, in alcoholic groups, éines
calculated to be 9.235 in males and 10.937 in feméFigs.5-8), which implies that alcohol has aesgistic
effect on oral mucosa in the process of micronuienation followed by oral carcinogenesis.

Referring to the chewer-smokers group, the MNCsewsmored to be 142 from 09 males with a frequerfcy o
1.571 per cent in 30-49 years of age group. In &igis group, no MNCs were scored from the femalestdu
unreported female oral cancer patients. In 50-6&y@f age group, 215 and 63 MNCs were scored ft@m
males and 03 females. The calculated frequenciee Ww&9 in males and 2.10 in females. The numbdr an
frequencies of MNCs were reported to be 71 and p&6cent in 03 males and 23 and 2.30 per cennhin o
female of 70-89 year age group. The average frezjaerwere calculated to be 1.78 in males and 2115 i
females. The critical ratios in chewer-smokers growere recorded to be 20.506 in males and 9.28dnrales
(Figs.5-8). It signifies that both chewing and simgkof tobacco have a greater impact on oral squenoells
than those of chewers or smokers.

The number and frequencies of MNCs in chewer-smakawholics group were observed to be very high. It
was estimated that, 86 MNCs from 04 males havidé Der cent frequency was calculated in the 30€&y

of age group. Female cases were not recorded sratig group because of unreported situation. 16%0Qears,

the number and frequencies of MNCs observed frorm@8s were 106 (3.53 per cent) and from 06 females
213(3.55 per cent) respectively. No female but ddiilymale was recorded in 70-89 years of chewer-gmok
alcoholics group. The number and percentage of MM@se found to be 37 and 3.70 in this age group
respectively. Hence, the average percentage of MiN@sales was 2.802 and in females, it was 3.5% Zh
values in this group was calculated to be 15.20miales and 14.772 in females and were found to be
significantly higher than the normal value (Z=2.5a6 1% level of significance (Figs.5-8).

In non-addicted cancerous group, the numbers of BIM@re reported to be 17, 34 and 23 in 03, 02 @nd O
male and having the percentage 0.56, 1.70 andif.30-49, 50-69 and 70-89 year of age groups rdspsy.
The mean percentage of MNCs in males was calculatdne 1.23. In females, 07, 26 and 15 MNCs were
reported from 01, 02 and 01 females with the frexies of 0.70, 1.30 and 1.50 in 30-49, 50-69 anéB90
years of age group. In females, the mean percerdhfee MNCs was calculated to be 1.20. The Z-value
non-addicted cancerous group were calculated t8.4%4 in males and 6.849 in females and were fdaore
significant (p<0.01). Though, very few non-addictedividuals (06 males and 04 females) suffer froral
carcinoma, the existence of significant number adronuclei in their exfoliated samples were, prolyakue

to genetic susceptibility, oral unhygienic, modéfa style in food habit or even multifactorial efit.
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Table 2 Frequencies of micronucleated cells (MNCs) control, addicted and non-addicted cancerous gnaps

No Group Age group in Number of Samples screened Number of cells MNCs seal | Percentage of MNCs| Mean percentage of MNCs$ C(nztl\clzllurz?*o
years Male Female Male Female Male Female Male Female Mal | Female
30-49 33 11 07 02 0.021 0.018

1 | Control 50-69 34 36 09 07 0.026 0.019 0.026 0.020 - -
70-89 15 07 06 02 0.068 0.028

Total 30-89 82 54 22 11 0.026 0.020 0.026 0.020 - -
30-49 11 06 141 63 1.28 1.05

2. Chewers 50-69 07 11 99 137 1.41 1.25 1.51 1.41 18.409% 16.628
70-89 05 03 109 82 2.18 2.73
30-49 02 Nil 12 Nil 0.60 Nil

3 Smokers 50-69 05 02 32 13 0.64 0.65 0.68 0.65 7.53* 3.504*
70-89 02 Nil 18 Nil 0.90 Nil
30-49 04 04 24 22 0.60 0.55

4. | Alcoholics 50-69 05 12 40 87 0.80 0.725 0.76 0.71 9.235*| 10.973]
70-89 03 02 28 19 0.93 0.95
30-49 09 Nil 142 Nil 1.57 Nil

5. | Chewer- Smokers 50-69 12 03 215 63 1.79 2.10 1.78 2.15 20.506*  9.284*
70-89 03 0l 71 23 2.36 2.30

Chewer- smoker- 30-49 04 Nil 86 Nil 2.15 Nil

6. alcoholics 50-69 03 06 106 213 3.53 3.55 2.86 3.55 15.20* 14.772%
70-89 01 Nil 37 Nil 3.70 Nil
30-49 03 01 17 07 0.56 0.67

7. Non-addicted cancerous 50-69 02 02 34 26 1.70 1.30 1.23 1.20 8.454* 6.849*
70-89 01 01 23 15 2.30 1.50

Total 30-89 82 54 1234 770 1.504 1.425 1.504 1.425 34.4727.353*

Source: Primary data. * Significant at 1% levek({01) of confidence, where tabulated figure of Z575.
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Looking into the above analysis, it was observeat the number and frequency of MNCs were in indreas
trends along with the increase of age, in both drend addicted groups. It has also been obsetivadthe

mean frequencies of MNCs were recorded to be thaedd (0.68 in males and 0.65 in females) in smoker
group and the highest (2.86 in males and 3.55 mafes) in chewer-smoker-alcoholic group. But, the

frequency of MNCs in non-addicted cancerous grdug3 per cent in males and 1.20 per cent in females
found to be more than those of smokers (0.68 pat ikemales and 0.65 per cent in females) and alich
group (0.76 per cent in males and 0.71 per cerfemales) which needs further investigation. Thespré

study corroborates the earlier findings of [11, 12].
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Micronucleated cells are, no doubt, a type of plegshic diagnostic cell in oral squamous cell caoona
(OSCC) having its own significance. Formation ofcronuclei in the epidermal squamous cells is arclea
indication of genetic alteration in these cellsthe present study, it has been found that tobacabalcohol

are not the only factors of micronucleation but sowther causes responsible for this may be genetic,
environmental, biological and physical factors. iDgrthis investigation, it was established thatdenthe
duration of abuse of tobacco and alcohol, greates the number of MNCs. It has also been provedutiiro
the test of significance that chewing and smokirfigabacco and drinking of alcohol enhance the rmaite
formation of micronuclei along with other cytologicatypias followed by oral squamous cell carcinoma
(OscQO).

DISCUSSION

Micronuclei are either acentric chromosome fragmentwhole chromosome lagging in the normal kanyekis[4,
6, 14]. These laggards or fragments of chromosomes aled®d from the post-mitotic daughter cells andrfor
nuclei. Thus, these micronucleated cells (MNCs)rapgesented either chromosomal breakage (clastiggror a
failure in the spindle fibre mechanism (tubragem)aiduring cell division.

The induction of micronucleus in oral mucosal caéems to be due to the presence of genotoxic agerhe
tobacco and alcohol. According to Livingstoeeal. [15] , saliva soluble compounds present in tobacco could
diffuse into the basal cell layer and disturb tlproductive mechanism of the underlying prolifergticell
population, thereby bringing about genotoxicity amétronuclei formationNagler and Dayarileé] have also
reported that the interaction between redox actie¢als in saliva and the low reactive free radidaisng chewing
and smoking of tobacco enhance the potency of geiwitly. The result may be that saliva loses itticidant
property and instead, it becomes a potent pro-oxidalieu. This leads to oral mucosal cells to beaherrant one
and promotes for oral carcinogenesis.

It has also been reported that chewing of beted-guoduces reactive oxygen species (ROS) that hauéple
detrimental effects upon the oral mucosa. The ptioln and release of ROS occurs under alkaline itiong
during the auto-oxidation of areca-nut polypherinlghe saliva of betel-quid-chewelt7] . Prokopczyket al. [18]
have opined that , areca-nut- specific-nitrosamaiesg with tobacco-specific-nitrosamines (TSNAg &und to be
mutagenic, genotoxic, and carcinogenic and capaftileducing tumors in the oral cavity.

Alcohol, acting both independently as well as sgisically with smoking has been implicated in oral
carcinogenesig19]. More importantly, alcohol may act as a solvert anhance the penetration of carcinogens into
target tissues. In fact, alcohol (ethanol) is meliabd by an enzyme alcohol dehydrogenase andne sxtent, by
cytochrome f° to acetaldehyde which is found to be carcinogddi; 21]. The growing evidences associate
increased alcohol consumption with risk of develgpOSCC[22, 23]. The combined effects of tobacco use and
alcohol consumption are found to be multiplicati@@mpared with persons who neither drink nor smtherisk of
developing OSCC is increased 80 fold in personb thie highest level of smoking and alcohol consuiomgd4].

Earlier reports suggest that the micronucleus itediuman exfoliated oral mucosal cells providesdemce of
exposure to carcinogens and measure of degreedmagen exposure in the tissue from which caneselbps.
Increase in micronucleus frequency in buccal muooslés of tobacco and alcohol-users indicatesgh hisk group

of oral canceif11, 12, 14, 25, 26]. Gandhi and Kauf13] have reported that the mean frequency of MNCs among
paan masala chewers was 0.303+0.058 and was faubé significant when compared with the controlugro
(mean frequency was nil), but non-significant amtmgdifferent age groups of paan masala chewerse&uthors
have described sex as an important variable inrtiseonucleus tesi27, 28, 29], with males generally being more
sensitive than females to the induction of micrdeu¢30, 31]. But, other studies have shown no sex related
differences in micronucleus test resyfi, 33, 34, 35].

In the present study, the mean percentages of thi€dvivere found to be significantly the highest §2i8 males
and 3.35 in females) in chewer-smoker-alcoholiazugrand the lowest (0.68 in males and 0.65 in feg)ain

smokers group. It is also observed that, the meaceptage of MNCs was calculated to be more in ehegroup
(1.15 in males and 1.41 in females) than the alécdhgroup (0.76 in males and 0.71 in females)., Ehe recorded
percentage of MNCs in chewer-smokers group (1.7#8ales and 2.15 in females) was found to be higter the
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independent groups of chewers and smokers. Thermréading indicates that the combined effectaifacco and
alcohol is proved to be highly genotoxic to thedalanucosal cells in both sexes. No doubt, the aimeffect of
smoking is observed to be the lowest, but it enbanhe formation of micronuclei in the buccal matalls of
human being along with the chewing of tobacco atikihg of alcohol. The percentage of MNCs in natdiated
cancerous group was found to be more (1.23 in nzaddsl.20 in females) than the chewers, smokersiaontiolics
groups, but less than the mixed groups, which neague to oral unhygiene, modern life style (mostimsuming
fast food) and genetic susceptibility, which nespscial attention for further research.

CONCLUSION

The present investigation was a hospital-basedcasteol study. The findings indicate that the camell effect of
tobacco and alcohol has shown more genotoxicity the single use on the buccal mucosal cells. thadtion of
more number of micronucleated cells in chewer-smaksoholics group followed by in chewer-smokerartiother
addicted (chewers, smokers and alcoholics) groagsphoved the genotoxic effect of tobacco and alcoh oral
mucosal cells. The results also support the fatesadier findings that longer the addiction, méhe number of
micronuclei formation in oral mucosal cells. Furihere, higher percentage of micronucleated cellwim-addicted
oral cancer patients has proved the micronuclee¢#ld to be an onco-indicator and micronucleus tedte the
simplest tool for the test of genotoxicity as waslfor the early detection of cancer of the oraltga
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