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Introduction: Exfoliated buccal epithelial cells serve as an ideal site for an assessment of genotoxic events. Exfoliative cytology is 
economical and minimally invasive, its specificity and sensitivity of over 95% makes it an ideal diagnostic tool for mass screening 
purposes. An assessment of micronuclei in buccal epithelial cells gives a fair idea about the genotoxic events occurring in the oral cavity. 
Subjects and Methods: A case controlled study was performed on 300 participants. The participants were divided into four broad 
categories according to their pattern of consumption of smokeless tobacco. Thereafter they were subdivided in to various age groups. The 
distribution was done equally with 60 participants in each broad category. Results: The results in our study show that young adults 
consume the packaged form of smokeless tobacco while adults above 50 consumed tobacco leaves. Oral lesions were more common in 
young adults. Cellular alterations in the form of micronuclei were observed to have progressively increased from the control group to 
tobacco to gutkha users and the frequency of micronuclei was found to be highest in the oral lesions group. Conclusion: Certain lifestyle 
factors, such as consumption of smokeless tobacco are one of the major factors causing oral lesions. Frequency of micronuclei was 
assessed in exfoliated buccal epithelial cells. Maximum number of micronuclei was found in the oral lesion group. The age group with 
maximum cellular alterations was between 30-40 years. Hence we conclude that an assessment of micronuclei can be used as a biomarker 
for mass screening purposes since it is economical and a non- invasive procedure. 
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Introduction 

 
As age advances the physiological efficiency decreases 
leading to homeostatic imbalance thus making old age prone 
to illness. There are various studies that suggest increased 
genomic instability which is often associated with aging 
owing to decreased repair of damaged DNA [1,2]. There are 
reports which also suggest that peripheral lymphocytes [3,4] 
and exfoliated epithelial cells are a good source to assess any 
kind of genomic damage. Apart from age related factors 
certain other factors such as various medical procedures, 
micronutrient deficiency, lifestyle factors may affect DNA 
metabolism or repair [5] Chewing and smoking of tobacco 
along with consumption of alcohol are some of the common 
social habits in India [6].Dry tobacco-areca nut preparations 
such as paan masala, gutkha and mawa are very popular 
amongst individuals and have a very high addictive 
potential. According to a survey, it has been estimated that 
there are 250 million smokeless tobacco users who are ten or 
more than ten years of age [7].Tobacco consumption is one of 
the most important risk factors for oral cancer. Nearly 50% 

males and 25% females are affected by cancers related to 
tobacco [8].Oral squamous cell carcinoma may develop de 
novo or may arise from various premalignant lesions. A 
timely intervention at appropriate levels may help in 
prevention and control of lesions associated with tobacco 
It is therefore essential to have reliable, relevant and 
minimally invasive biomarkers to improve the 
implementation of bio monitoring diagnostics for treatment 
of diseases caused by or associated with genetic damage. 
The micronuclei assay is an excellent method to serve as a 
biomarker which detects chromosomal loss or malfunction 
of mitotic spindles [9]. 
 

Subjects and Methods 

 
The case controlled study was conducted on 300 participants 
after an ethical committee clearance. A written informed 
consent was taken from each participant. 
The participants were divided into four broad groups (each 
group had 60 participants), those who consume tobacco, 
those consuming gutkha, those subjects with lesions and the 
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control group. 
Participants were split into various age groups according to 
their consumption patterns 
Upto 20years 
20-30years 
30-40 years 
40-50years 
50years and above 
 
Smear Preparation Using Exfoliative Cytology 
Before sampling, each individual was asked to rinse his/her 
mouth thoroughly with tap water. The exfoliated cells were 
obtained by scraping the buccal mucosa with a moistened 
wooden spatula, the scraped cells were placed on clean glass 
slides and smears were prepared. The smears were fixed 
with 95% ethyl alcohol. All the cytologic smears were 
stained withPapanicolaou stain (fig 1) andhaematoxylene 
and eosin stain (fig 2). At least 2 smears per individual were 
prepared and100cellsper smear were examined for 
micronuclei under 40x and 100x magnification using 
Tolbert’s criteria. 
 
Tolbert et al criteria  
States that for an assessment of micronuclei the cells must 
have; 
1. Round smooth perimeter of a cell with an intact 

membrane 
2. Diameter of the micronucleus must be less than one 

third the diameter of the                associated nucleus, 
but large enough to discern shape and colour. 

3. Staining intensity and hue should be similar to the 
nucleus. 

4. Texture should be similar to nucleus. 
5. Micronuclei should be in the same focal plane as 

nucleus. 
6. Absence of overlap of cells or nuclei with a bridge to 

the nucleus. 
 

 
Figure 1: Shows a buccal smear stained with PAP, arrows 
indicate micronuclei as seen under a light microscope (40 x 
magnification) 

 

 
Figure 2: shows a buccal smear stained with haematoxylin 
and eosin as seen under a light microscope (40x magnification) 

 

Results  

 
After an evaluation of the participants according to a 
structured questionnaire and an interview we found that 
participants under 20years were habituated to gutkha (a 
preparation of areca nut with tobacco). We found that in the 
age group of 20-30 yrs youngsters were not only habituated 
to gutkha but were also diagnosed with oral lesions. 
Participants in the age group between 30-40 years not only 
used tobacco and gutkha but were diagnosed with oral 
lesions as well. We found that although the consumption 
pattern of participants in the age group of 40-50 years was 
same yet they were not diagnosed with any oral lesion.   
 
Table 1:  
Age Group Mean SD Min. Max

. 
Kruskal Wallis 
Test 
chi sq p-value 

Till 20 
yrs 

Normal 1.00 .000 1 1 7.596 0.006 

Gutkha 1.71 .896 1 4 

20 - 30 
yrs 

Gutkha 2.13 1.22
9 

1 6 8.873 <0.001 

Lesion 2.42 1.12
9 

1 6 

30 - 40 
yrs 

Normal 1.00 .000 1 1 41.005 <0.001 

Tobacco 1.50 .650 1 3 

Gutkha 1.82 1.14
4 

1 6 

Lesion 2.54 1.14
5 

1 5 

40 - 50 
yrs 

Normal 1.03 .183 1 2 45.097 <0.001 

Tobacco 1.47 .733 1 4 

Gutkha 1.74 .857 1 4 
Lesion 2.13 .963 1 5 

above 50 
yrs 

Tobacco 1.49 .843 1 6 55.646 <0.001 
Gutkha 2.38 1.17

6 
1 6 
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In the age group below 20 years, the mean frequency/cell of 
Micronuclei formation was found to be more in the Gutkha 
group (1.71±1.10) than the group of normal subjects 
(1.00±0.00). 
According to the Kruskal Wallis Testtest the difference in 
mean frequency/cell of Micronuclei formation among the 
two groups is found to be highly significant (p=0.006). 
In the age group below 20 - 30 years, the mean 
frequency/cell of Micronuclei formation was found to be 
more in the Lesion group (2.42±1.13) than the group of 
normal subjects (2.13±1.23). 
According to the Kruskal Wallis Testtest the difference in 
mean frequency/cell of Micronuclei formation among the 
two groups is found to be highly significant (p<0.001). 
In the age group 30 – 40 years, the mean frequency/cell of 
Micronuclei formation was found to be highest in the lesion 
group (2.54±1.15) followed by the group of Gutkha users 
(1.82±1.14) and tobacco users(1.50±0.65). 
The mean frequency/cell of Micronuclei formation was 
minimum (1.00±0.00) in the group of normal subjects. 
According to the Kruskal Wallis Test the difference in mean 
frequency/cell of Micronuclei formation among various 
groups in the age group 30 – 40 years is found to be highly 
significant (p<0.001). 
In the age group 40 – 50 years, the mean frequency/cell of 
Micronuclei formation was found to be highest in the lesion 
group (2.13±0.96) followed by the group of Gutkha users 
(1.74±0.86) and tobacco users(1.47±0.73). 
The mean frequency/cell of Micronuclei formation was 
minimum (1.03±0.18) in the group of normal subjects. 
According to the Kruskal Wallis Test the difference in mean 
frequency/cell of Micronuclei formation among various 
groups in the age group 40 – 50 years is found to be highly 
significant (p<0.001). In the age group above 50 years, the 
mean frequency/cell of Micronuclei formation was found to 
be more in the Gutkha group (2.38±1.18) than the group of 
tobacco users (1.49±0.84). According to the Kruskal Wallis 
Testtest the difference in mean frequency/cell of 
Micronuclei formation among the two groups is found to be 
highly significant (p=0.006). 
 

 
Graph 1: Age wise Inter-Group Comparison of Micronuclei 
Frequency/cell in Oral Mucosal Cells 

 

Discussion 
 
Smokeless tobacco use among young adults 
Stigler MH et al in 2006 found that smokeless tobacco is an 

emerging trend among young adults[10].The younger children 
are more susceptible than the older ones. Packaged forms of 
tobacco products are more common in young adults. Arora 
M et al in 2013 found that the easy availability, peer 
pressure and curiosity are the prime factors responsible for 
usage of tobacco products among teenagers [11]. In our study 
we found that young adults below the age of 20years 
consumed packaged tobacco products that aregutkha. 
 
Oral lesions 
Tobacco users consume commercially prepared packaged 
preparations. Tilakratne WM et al 2006 described Oral 
submucous fibrosis (OSMF) as a chronic disorder 
characterized by fibrosis of the lining mucosa of the upper 
digestive tract involving the oral cavity, oropharynx and 
frequently the upper third of the oesophagus[12].Except in 
early forms of the disease, the clinical presentation is 
characteristic due to fibrosis of lamina propria and 
submucosa with an increasing loss of tissue mobility. OSMF 
is particularly associated with areca nut chewing, the main 
component of betel quid. In our study we found that oral 
submucous fibrosis was the commonest oral lesion that was 
prevalent among individuals below 50 years of age. 
 
Exfoliative cytology 
Several studies have shown good results with conventional 
oral brush cytology for the assessment of oral precancerous 
lesions. Cytopathologic evaluation of oral brush biopsies 
from leukoplakias and erythroplakias as a single method 
yields sensitivities for the detection of oral cancer, ranging 
from 92-100% and specificity between 92-94%. Studies by 
Giunta J et al 1969, Sciubba JJ et al 1999, Svirsky JA et al 
2002, Eisen D et al 2005 stated that exfoliative cytology is 
non-invasive, there is more chance of compliance with 
screening by this method in the general population[13-16].We 
found that there was a compliance in sample collection since 
exfoliative cytology is minimally invasive. 
 
Measurement of micronuclei in oral exfoliated cells 
Autrup et al 1985, Vondracek et al 2001, Spivack S.D 2004 
found that buccal cells form the first barrier in the oral 
cavity when anything is inhaled or ingested[17-19]. Buccal 
cells are capable of metabolizing carcinogens to reactive 
products. Tolbert et al 1992 found that the basal layer 
contains the stem cells that may express genetic damage 
(chromosome breakage or loss) as MN during nuclear 
division[20].Casartelli et al in the year 2000 observed MN 
frequencies in exfoliated buccal cells in normal mucosa, 
precancerous lesions, and squamous cell carcinoma[21]. They 
concluded that the gradual increase in MN counts from 
normal mucosal to precancerous lesions to carcinoma 
suggested a link of this biomarker with neoplastic 
progression. We found a progressive increase in the number 
of micronuclei from the tobacco group to gutkha group to 
the group with oral lesions. 
 
Age and micronuclei 
As age advances the physiological efficiency decreases 
leading to homeostatic imbalances thus making old age 
prone to illness. 
Certain studies indicated that oral squamous cell 
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carcinomaaffected young people who were in the age group 
between 20-40 years[22,23].In our study most of the 
individuals affected by oral lesions were between 20-40 
years. 
A recent trend shows that at least 17% patients have 
malignancy in their 40’s[24], however in our study we found 
that the age group between 30-40 years of age was the high 
risk group 
We did not find any individual above 50 years of age with 
oral lesion. An increased number of micronuclei in our study 
were found in exfoliated buccal cells of participants with 
oral lesions. In the elderly micronuclei are eliminated by 
apoptosis thus explaining a deficiency of micronuclei in this 
age group [25,26,27]. 
 

Conclusion 

 
Our study thus clearly explains the importance of early 
detection of cellular alterations for recognizing cases that 
need immediate or early intervention even if the there is an 
absence of changes of changes within the mucosa on oral 
inspection. An evaluation of precancerous and cancerous 
lesions with methods that assess the smears quantitatively 
will definitely improve the diagnostic potential of oral 
exfoliative cytology. Specific biomarkers such as 
micronuclei can help to establish preventive measures but 
will not predict whether a particular tissue may change to 
malignancy. No molecular biomonitoring can undermine the 
importance of medical health check-ups or 
histopathologicaldiagnosis, however it can be useful in 
screening high risk individuals who are exposed to lifestyle 
related factors inducing genotoxic events. 
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