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I. INTRODUCTION 

 

Tobacco is a harmful genotoxic and mutagenic natural 

compound. It is genotoxic due to the chemical components 

contained in it like Nicotine ,phenols, benzene, carbon 

monoxide etc.,. Tobacco smokers are at risk of oral cancers     

due to the genotoxic nature of nicotine present in tobacco, 

which has the capacity to damage the DNA and alter its 

structure, finally resulting in the mutagenic and genotoxic 

effects. Tobacco smoke is harmful to smokers and to those 

exposed to Tobacco smoke in the surrounding. Genomic 

damage is probably the most important fundamental cause of 

developmental and degenerative diseases. It is also well 

established that genomic damage is produced by 

environmental exposure to genotoxins, medical procedures 

(e.g.: Chemicals and Radiations) Life style factors (e.g.: 

alcohol, smoking, drugs, stress, etc.) (Chenet.al 2006 Gabriel 

et.al 2006, V. Martinez et.al 2005. Majer et.al 2001, Kassie 

et.al 2001). The MN assay in exfoliated buccal cells is 

potentially an excellent method to serve as a biomarker to 

biomonitor the genetic damage in human population. 

Tobacco is widely used in cigarettes, cigar, bidis, gutkahs 

etc,. The chewing of tobacco has a physically powerful 

association with the risk of oral leukoplakia, oral submucuous 

fibrosis, oral squamous cell carcinoma and squamous cell 

carcinoma of the head and neck. Oral squamous cell 

carcinoma arise through the accumulation of genetic 

alterations including chromosomal alterations. These events 

are further influenced by exposure to environmental agents 

including tobacco consumption ,smoking, alcoholic bevareges 

and viruses (Mork et al 2001).Chewing tobacco contains 

considerable nicotine, much more than contained in cigarette 

tobacco (Benowitz et al 2000).  

 

Abstract: Tobacco is a harmful genotoxic natural compound. Tobacco smoke is harmful to smokers and to those 

exposed to Tobacco smoke .The chemicals found in bidi smoke are known for their toxicity. Nicotine,the principal 

pharmacologic agent common to all forms of Tobacco .is a powerfully addicting drug.(PHS.DHHS publication no(CDC) 

88-8406,1988).Thus nicotine in bidi smoke puts smokers at risk for addiction..Nicotine also has adverse effect on 

cardiovascular health. Tobacco is widely used in cigarette, cigar, chewing tobacco, gutkahs, etc.,. Exposure showed a 

high risk of human health and development of several types of oral cancers. A total of 50male daily wage workers in R.K. 

Puram area, Hyderabad, Telangana were investigated for genetic damage in buccal cells of exposed and control subjects. 

A questionnaire based survey was conducted and buccal smears were collected from oral cavity and analysed for nuclear 

damage. A high frequency of karyolysis and micronucleated cells were observed among males. The higher percentage of 

nuclear damage was observed in workers who were smokers. The habit of smoking along with consumption of alcohol 

enhanced the frequency of micronuclei in buccal cells when compared with controls. The present study clearly reveals the 

mutagenic and genotoxic nature of tobacco and its products along with alcohol. 

 

Keywords: Micronuclei, Buccal Mucosa, Smokers, Alcoholics. 



 

 

 

Page 136 www.ijiras.com | Email: contact@ijiras.com 

 

International Journal of Innovative Research and Advanced Studies (IJIRAS) 

Volume 3 Issue 10, September 2016 

 

ISSN: 2394-4404 

II. MATERIALS AND METHODS 

 

CHEMICALS 

 

Phosphate Buffer Saline, Fixative (Methanol and Acetic 

acid in the ratio 3:1), Giemsa Stain (HIMEDIA). 

 

METHOD 

 

a. STUDY POPULATION 

 

The study was carried out in 50 daily wage workers who 

were smokers and alcoholics. The control group consists of 45 

healthy individuals with no exposure to any toxicants or any 

other chemicals. Participants are informed about the study 

asked to sign the consent form and complete the questionnaire 

to obtain necessary information on their life style, personal 

habits (age, working duration, smoking habits, health etc). 

  

b. COLLECTION OF BUCCAL CELLS 

 

Exfoliated Buccal mucosa cells can be collected using a 

wooden tongue depressor, a metal spatula or a cytobrush 

moistened with water or buffer to swab or gently scrape the 

mucosa of the inner lining of one or both cheeks  a few studies 

have collected from the inner side of the lower lip and from 

the palate, variability in MN frequency between these areas 

was minimal for control subjects as reported in earlier 

studies.(Korkmaz et.al 2007,  Ayyad  et.al 2006,  Nersesyan 

et.al 2006,  Bonassi et.al 2003, Ramirez et.al 2002). 

 

c. PREPARATION OF BUCCAL CELL SAMPLE  

 

Prior to the collection of buccal cell the smokers and 

alcoholics are advised to rinse their mouth thoroughly with 

water to remove the unwanted debris. Sterile wooden spatula 

was used to obtain the buccal cell sample. The buccal cell was 

transferred to centrifuge tube with PBS (Phosphate Buffer 

saline) solution with P
H
 7.0 and centrifuged for 10 mins at 

1500 Rpm. Supernatant was removed and replaced with fresh 

PBS solution. This process was repeated 2 to 3 times and the 

pellet was smeared on the clean slides. Smeared slides were 

air dried and fixed in 1:3 Acetic Acid and Methanol fixative 

for 10 min slides are air dried and stained with 2% Giemsa for 

10 min and rinsed the slides with distill water and air dried 

and observed under microscope. 

 

d. SCORING METHOD 

 

Scoring criteria for Buccal cytome assay from each 

sample three slides were scored and nuclear abnormalities 

were classified according to the Tolbert et.al (1992) These 

criteria are intended to classify buccal cells into categories that 

distinguish between normal and abnormal based on their 

aberrant nuclear morphology. The abnormal morphologies are 

due to the DNA damage and cell death. 

 

 

 

 

e. STATISTICAL ANALYSIS 

 
To determine the frequency of various cell types, about 

1000 cells were scored for the presence of micronuclei cell, 

binucleated cells, Karyorrhectic and Karyolytic cells. All the 

data were expressed as the Mean Standard Deviation. The 

synergistic effect between smoking and exposure were tested 

with a two way analysis of variance. Multiple comparisons 

were made by using a least significant difference test. The 

error rate was accepted as 0.05 by student + test. 

Micronuclei are identified with the presence of main 

nucleus and one or more smaller nuclei (MN) in the cells. The 

MN are usually round or oval in shape and their diameter may 

range between 1/3 to 1/16
th

 the diameter of the main nucleus. 

Binucleated cells have two nuclei very close to each other, it is 

due to the failed cytokinesis. Karyolytic cells devoid of 

nucleus indicate the very late stage in cell death process. 

Karyohectic cells have dense network of nucleochromatin 

leading fragmentation of DNA 

 

 

III. RESULTS AND DISCUSSION 

   

The control group data was compared with the smokers 

and alcoholic group. There was an increase in the micronuclei 

frequency in the smoker (9.91%) and alcoholics group 

(7.05%) when compared with the control group (nonsmokers) 

(3.73%). The difference in the total percentage of the 

micronuclei between smokers and non smokers (control 

group) was found to be statistically significant (p< 0.05). 

There was an increase in the incidence of micronuclei 

with increased duration of smoking and increased frequency 

of smoking. The increase in th micronuclei at all time intervals 

were significant when compared to the control subjects. The 

differences for micronuclei between the time intervals were 

also significant. There was a significant increase in the 

frequency of micronuclei in smokers when compared to 

control group. 

Totally a significant increase was observed in the 

micronuclei frequency at the exposure duration intervals when 

compared to the control subjects. Further the frequency of 

micronuclei was directly proportional to the duration of 

exposure and also the intensity or frequency of smoking and 

alcohol consumption. 

The results were also analyzed according to the age 

exposure duration, smoking frequency of the smokers group to 

evaluate the effects of these factors on the incidence of 

micronuclei frequency. 

The frequency of Micronuclei in the control group 

(nonsmokers) is shown in the Table-2. The incidence of 

micronuclei in smokers and alcoholics is shown in the Table-

3. 
Individuals(No. 

of samples 

(Age b/w 30-45 

yrs) 

 

89 

 

MNC 

 

BNC 

 

KRC 

 

KLC 

Controls (Non-

smokers & 

Non-

Alcoholics) 

25 3.73±0.02 2.10±1.20 1.01±0.20 3.02±1.01 

Smokers 21 9.91 7.85 2.79 7.01 

Alcoholics 23 7.05 6.72 1.85 6.05 
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Smokers 

+Alcoholics 

20 12.01* 10.89* 2.79 7.51* 

Table 1: Demographic and cytological observations of 

individuals 

The harmful effect of dust in various forms of human 

health have already been demonstrated (Guthrie 1992, Dong 

et.al. 2006). The MN Test, that is scientifically approved, is 

important in demonstrating the genotoxic effects of harmful 

substances on health (Nerseyan,  

2005, Fenech et.al. 2007) such as measuring genotoxicity 

in petrol station employees (Celik 2003, Benities et.al. 2006) 

agricultural workers (Pastor et.al) Cigarette smokers and 

tobacco users ( Prioita et.al. 2006) workers exposed to 

pesticides (Pastor et.al. 2002) Polycyclic Hydrocarbons 

(Karahalil et.al.1999) timber dust (Celik and Kanik 2006) 

Ozone and Cancer patients (Chen et.al. 2006,  Bloching et.al. 

2000).  

The Micronuclei in exfoliated epithelial cells are useful 

biomarkers of occupational exposure to genotoxic chemicals. 

Cigarette smoking is one of the factors that may influence the 

rate of DNA damage such as incidence of micronuclei in 

humans (Celik et.al. 2003). It is reported that cigarette 

smoking significantly increased the frequencies of nuclear 

abnormalities in both controls and exposed subjects. Increase 

in exposure to toxic chemicals such as formaldehyde and 

benzene induces a significant increase in the buccal cell 

micronuclei (Titenko Holland et.al. 1996) .      

Nicotine an important component of tobacco is a widely 

distributed contaminant most of the percent of the nicotine is 

derived from the tobacco and tobacco containing compounds 

like bidi, cigarette, cigar, tobacco dust, chewing tobacco, 

gutkahs etc.,. The occupational exposure to nicotine generally 

takes place in bidi industry and bidi rollers. Epidemiological 

studies showed a clear relationship between the increase in 

micronucleus frequency and exposure to tobacco and tobacco 

containing compounds. 

In the present study, individuals have been exposed either 

by nasal or oral inhalation of the volatile organic compounds 

present in the tobacco smoke. Exposure to tobacco smoke may 

occur directly or indirectly. Increase in the frequency of 

micronuclei in the exfoliated buccal mucosa cells in smokers 

was observed. In this study 28 subjects were smokers, 29 

subjects were alcoholics and 24 subjects were both smokers 

and alcoholic. Predominantly all the male workers included in 

this study were habitual smokers. A higher frequency of 

karyolysis was observed in smokers than the nonsmokers. 

Rural workers without formal education reported habitual 

chewing of tobacco. Smokers (smoking for more than 5 years) 

have higher degree of nuclear anomalies probably due to their 

excessive smoking habit (15cigarettes/day). Alcoholics 

including smokers also revealed higher degree of nuclear 

anomalies. These factors are to be considered as an 

implicative parameter for high degree nuclear anomalies in 

buccal smears of men. 

The micronuclei in exfoliated epithelial cells are useful 

biomarkers of occupational exposure of genotoxic chemicals. 

Cigarette smoking is one of the factor that may influence the 

rate of cytogenetic damage, such as micronuclei in humans. 

(Celik et.al, 2003) reported that cigarette smoking 

significantly increase the frequencies of micronucleus and 

other nuclear abnormalities in both controls and smokers. 

Increase in micronuclei frequency was reported in bidi 

smokers (Suhas et .al, 2004) (Ozkul.Y. et.al, 1997) reported 

that the micronuclei frequency is around 8.40/1000 cells in 

cigarette smokers. In our present study we observed an 

increase in the frequency of micronuclei and nuclear 

anomalies in smokers when compared to the controls. 

A higher frequency buccal cells with MN, binucleate, 

karyolysis and karyohexis was observed in the study subjects, 

probably due to the genotoxic effect of the nicotine .Only 

heavy smoking and other forms of tobacco consumption have 

been associated with oral malignancies. It is necessary to 

educate the working population and the smokers about the 

genotoxic effects of tobacco and its compounds. The present 

results are comparable with our earlier studies such as 

increased frequencies of micronuclei in industrial painters 

(Madhavi 2008) and in shoe factory workers (Jitender Naik et 

al.2005). In summary, this study shows a clear genotoxic 

effect associated with occupational exposure to lead .These 

data are relevant and permit an estimate of genetic risk of lead 

by using biomarkers of exposure. 

The micronucleus assay in human exfoliated cells is one 

of the most sensitive methods used for measuring DNA 

damage rates in human populations; because it is relatively 

easier to score micronucleus compared to other methods, such 

as chromosome aberrations. This assay can be used to identify 

not only groups that are at risk for developing cancer, but also 

specific individuals who are susceptible to cancer 

development.                                   

                    
Figure 1: Cell without Micronuclei 

                        
Figure 2: cell with Micronuclei 
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Figure 3: Binucleated cell 

 
Figure 4: Karyolytic cell 

Fenech [18] showed that, after adjustment for age and 

sex, individuals with high cigarette usage [17] had statistically 

greater MN compared to non-smokers. The evidence 

regarding an effect of drinking alcoholic beverages on 

increased MN is inconclusive. An increase in MN has been 

observed in alcoholics consuming alcoholic beverages but not 

in abstainers of a year or more (Castelli et.al, 1999, Maffei 

et.al 2002). 

 

 

ACKNOWLEDGEMENT 

 

One of the authors J. Karuna Kumari is thankful for 

award of fellowship under the scheme of Maulana Azad 

National Fellowship for Minority Students to University 

Grants Commission and My Supervisor for her Guidance, 

Department of Zoology, Osmania University, Hyderabad. 

 

 

REFERENCES 

 

[1] Castelli, P. Hrelia, F. Maffei, C. Fimognari, F. G. Foschi, 

F. Caputo, G. Cantelli-Forti, G. F. Stefanini, and G. 

Gasbarrini,( 1999.) “Indicators of genetic damage in 

alcoholics: reversibility after alcohol abstinence”, 

Hepatogastroenterology, vol. 46, pp. 1664-1668. 

[2] Maffei, G. C. Forti, E. Castelli, G. F. Stefanini, S. 

Mattioli, P. Hrelia,( 2002).“Biomarkers to assess the 

genetic damage induced by alcohol abuse in human 

lymphocytes”, Mutat. Res., vol. 514, pp. 49-58. 

[3] Martinez, A. Creus, W. Venegas, A. Arroyo, J.P. Beck, 

T.W. Gebel, J. Surralles, R. Marcos, (2005) Micronuclei 

assessment in buccal cells of people environmentally 

exposed to arsenic in northern Chile, Toxicol. Lett. 155 

319–327. 

[4] H.E. Gabriel, J.W. Crott, H. Ghandour, G.E. Dallal, S.W. 

Choi, M.K. Keyes, H. Jang, Z. Liu, M. Nadeau, A. 

Johnston, D. Mager, J.B. Mason, (2006) “ Chronic 

cigarette smoking is associated with diminished folate 

status, altered folate form distribution, and increased 

genetic damage in the buccal mucosa of healthy adults”, 

Am. J. Clin. Nutr. 83 835–841. 

[5] Majer, B. Laky, S. Knasmuller, F. Kassie, (2001)  “Use of 

the micronucleus assay with exfoliated epithelial cells as a 

biomarker for monitoring individuals at elevated risk of 

genetic damage and in chemoprevention trials,” Mutat. 

Res. 489 147–172. 

[6] Kassie, F. Darroudi, M. Kundi, R. Schulte-Hermann, S. 

Knasmuller, (2001)  “Khat (Catha edulis) consumption 

causes genotoxic effects in humans”, Int. J. Cancer 92 

329–332. 

[7] Chen, M. Arjomandi, H. Qin, J. Balmes, I. Tager, N. 

Holland, (2006) “ Cytogenetic damagein buccal epithelia 

and peripheral lymphocytes of young healthy individuals 

exposed to ozone”, Mutagenesis 21 131–137. 

[8] Ayyad, E. Israel, M. El-Setouhy, G.R. Nasr, M.K. 

Mohamed, C.A. Loffredo, (2006) “Evaluation of 

Papanicolaou stain for studying micronuclei in buccal 

cells under field conditions”, Acta Cytol. 50 398–402. 

[9] Korkmaz, E. Uzgoren, S. Bakirdere, F. Aydin, O.Y. 

Ataman, (2007) “Effects of dietary boron on cervical 

cytopathology and on micronucleus frequency in 

exfoliated buccal cells,” Environ. Toxicol. 22 17–25. 

[10] Nersesyan, M. Kundi, K. Atefie, R. Schulte-Hermann, S. 

Knasmuller, (2006) “ Effect of staining procedures on the 

results of micronucleus assays with exfoliated oral 

mucosa cells”, Cancer Epidemiol. Biomarkers Prev. 15 

1835–1840. 

[11] S. Bonassi, M. Neri, C. Lando, M. Ceppi, Y.P. Lin, W.P. 

Chang, N. Holland, M. Kirsch-Volders, E. Zeiger, M. 

Fenech, (2003) “ Effect of smoking habit on the 

frequency of micronuclei in human lymphocytes: results 

from the Human MicroNucleus project”, Mutat. Res. 543 

155–166. 

[12] A Ramirez, P.H. Saldanha, (2002) “Micronucleus 

investigation of alcoholic patients with oral carcinomas”, 

Genet. Mol. Res. 1 246–260. 

[13] Alexander A made C, Stoyan Sonia P and Richardo M, 

(2001)” Occupational exposure to lead and induction of 

genetic damage”. Environ heal per V. 109(3) 295 – 298. 

[14] Bloching M,Hofmann A,Lautenschlager C, Berghaus A 

and Grummt T (2000) “Exfoliative cytology buccal 

mucosa to predict the relative risk of cancer in the upper 

aero digestive tract using the MN” Oncol 36:550-555.  



 

 

 

Page 139 www.ijiras.com | Email: contact@ijiras.com 

 

International Journal of Innovative Research and Advanced Studies (IJIRAS) 

Volume 3 Issue 10, September 2016 

 

ISSN: 2394-4404 

[15] Benites CI, Amado LL, Vianna RAP and Martion – Roth 

MG (2006) “Micronucleus test on gas station”. Genet Mol 

Res. 5:45-54.  

[16] Chen C, Arjomandi A, Qin H, Balmes J, Tager I and 

Holland N,(2006) “ Cytogenetic damage in buck and 

peripheral lymphocytes of young healthy individuals 

exposed to ozone”. Mutagenesis 21:131.  

[17] Celik A, Cava T and Ergene Gozukara S (2003) 

“Cytogenetic Biomonitoring in petrol station attention 

Micronucleus test in exfoliated buccal cells”. Mutagenesis 

18: 417 – 421.  

[18] Celik A, Kanik (2006) “A Genotoxicity of Occupational 

Exposure to wood dust: Micronucleus frequency nuclear 

changes in exfoliated buccal cells”. Environ Mol Mutagen 

47 (9) 693 – 698. 

[19] Dong F, Deng J, Pu ZX and John H (2006) “Pulmonary 

alveolar macrophage cytotoxicity investigation shape 

mineral dusts”. Sheng Wu Yi Xue Gong Cheng Xue Za Zhi 

23 848 – 51.  

[20] Fenech M. Bolognesi C, Kirsch – Volders M, Bonassi S, 

Zeiger E, Knasmuller S and Holland N(2001) “ 

Harmonistation of the micronucleus assay in human 

buccal cells– A Human Micronucleus (HUMN) initiative 

commencing in 2007”. Mutagenesis 22:3-4.  

[21] Guthrie Jr GD(1992) “ Biological effects of inhaled 

minerals. Am Mineral 77: 225 – 243.  

[22] Jithender Kumar Naik,S.,Rudrama Devi,K.Vasundara 

Devi and Molly Krupavaram. (2005)  “Analysis of 

Micronuclei (BNMN) in peripheral blood lymphocytes of 

leather shoe-factory workers exposed to organic solvents 

–A case study”. Indian J.Environ.Toxicol., 15(1):23-25.  

[23] Karahalil B, Karakaya AE and Burzaz S, (1999) “The 

Micronucleus assay in exfoliated buccal cell s: 

occupational exposure to polycyclic aromatic 

hydrocarbons”. Genet Toxicol Envion Mutagen 442:  

[24] Madhavi, (2005) “Cytogenetic and Biochemical Studies 

in Painters. Ph.D. Thesis. (2008)   Nersesyan AK Nuclear 

buds in exfoliated human cells”. Genet Toxicol Environ 

Mutagen 88. 

[25] Prioita NK, Paszkiewicz GM, NascaMSS, Franke GE and 

Pauly Jl (2006) “Smoking and smokeless t associated 

human buccal cell mutations and their association with 

oral cancer- A review”. Cancer Biomarkers Prevent 

15:1061-1077. 

[26] Titenko – Holland N, Moore LE, Smith MT(1994). 

“Measurement and characterization of micronuclei in 

exfoliated human cells by fluorescence in Situ 

hybridization with a centrometric probe”. Mut Res. 

313:39-50.  

[27] PHS. The health consequences of smoking: Nicotine, 

addiction. A report of the surgeon General .DHHS 

publication no (CDC)88-8406.Rock ville, MD: U. S. 

Department of Health services, public Health service, 

centers for Disease control centre for health promotion 

and education ,office on smoking and health 1988. 

[28] Benowitz Nt. Ferrence R, Slade J, Room R,Pope M 

(2000).”Nicotine toxicity. Nicotine and public Health, 

Washington, American Public Health association.pp 65-

75. 

[29] Mork J .Lie AK.Glattre E.Hallmans G.Jellum E,Koskela 

P (2001). “Human papillomavirus infection as a risk 

factor for squamous cel carcinoma of the head and neck”. 

N engl J Med ,344:1125-1131. 

[30] Suhas S, Ganapathy K S, Gayatridevi, Ramesh C (2004). 

“Application of the micronucleus test to exfoliated 

epithelial cells from the oral cavity of beedi smokers, a 

high risk group for oral cancer”. Mut. Res .561: 15 – 21. 

[31] Y. Ozkul, H. Donmez, A. Erenmemisoglu, H. Demirtas, 

N. Imamoglu, (1997) “ Induction of micronuclei by 

smokeless tobacco on buccal mucosa cells of habitual 

users”, Mutagenesis 12 285–287. 

 


