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ABSTRACT

Background: Oral cancer is one of the most debilitating
diseases afflicting mankind. Consumption of tobacco in various
forms constitutes one of the most important etiological factors in
initiation of oral cancer. When the focus of today’s research is to
determine early genotoxic changes in human cells, micronucleus
(MN) assay provides a simple, yet reliable indicator of genotoxic
damage.

Aims and Objectives: To identify and quantify micronuclei in the
exfoliated cells of oral mucosa in individuals with different tobacco
related habits and control group, to compare the genotoxicity of
different tobacco related habits between each group and also
with that of control group.

Patients and Methods: In the present study buccal smears of
135 individuals with different tobacco related habits & buccal

INTRODUCTION

Cancer, a modern epidemic among the non communicable
diseases is the second most common cause of mortality in
developed countries and remains one of the ten most common
causes of mortality in developing countries like India [1]. Based
on the International Classification of Diseases (IDC) oral cancer
includes all cancers of the lip, tongue, gingiva, all of the oral mucosa
and oropharynx but not cancers of the major salivary glands,
hypopharynx and nasopharynx. Various causes includes tobacco
consumption, age, alcoholism, human papillomavirus, poor diet
etc. As we all know that varieties of tobacco products are available
which can cause cancer and it is influenced by the method they
are consumed, which in turn influences the release of carcinogens.
These must be metabolically activated to exert their deleterious
effects, but it is counteracted by detoxification. This determines the
susceptibility of individual to the carcinogenic effects of tobacco.
Some tobacco specific nitrosamines present in tobacco, such as
N-nitrosonor nicotine are potent carcinogens [2].

A micronucleus (MN) is a small extra nucleus separated from the
main one, generated during cellular division by late chromosomes
or by chromosome fragments. It is a microscopically visible round to
oval cytoplasmic chromatin mass in the extra nuclear vicinity. They
are induced in cells by numerous genotoxic agents that damage
the chromosomes. The damaged chromosomes, in the form of
acentric chromatids or chromosome fragments, lag behind in
anaphase when centric elements move towards the spindle poles.
After telophase, the undamaged chromosomes, as well as the
centric fragments, give rise to regular daughter nuclei. The lagging
elements are included in the daughter cells, too, but a considerable
proportion is transformed into one or several secondary nuclei,
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smears of 45 age and sex matched controls were obtained,
stained using Giemsa stain and then observed under 100X
magnification in order to identify and quantify micronuclei in the
exfoliated cells of oral mucosa.

Results: The mean Micronucleus (MN) count in individuals having
smoking habit were 3.11 while the count was 0.50, 2.13, and
1.67 in normal control, smoking with beetle quid and smokeless
tobacco habit respectively. MN count in smokers group was 2.6
times more compared to normal controls. MN count was more
even in other groups when compared to normal control but to a
lesser extent.

Conclusion: From our study we concluded that tobacco in
any form is genotoxic especially smokers are of higher risk and
micronucleus assay can be used as a simple yet reliable marker
for genotoxic evaluation.
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which are, as a rule, much smaller than the principal nucleus and
are therefore called micronuclei [3].

To evaluate the genotoxic effects/risks in tobacco users on buccal
mucosa, DNA damages can be assessed by chromosomal
aberrations, sister chromatid exchanges and micronucleus test.
Out of these, micronucleus test is found to be most sensitive when
compared to other tests as it neither requires tedious procedures
like cell culture and metaphase preparation, nor it requires any DNA
specific stains. To further add, as it is applicable to interphase only,
it is the best indicator of mitotic interference and chromosomal
mutations or breakages. It is a noninvasive and very economical
procedure [3].

Buccal cells are the first barrier for the inhalation or ingestion route
and are capable of metabolizing proximate carcinogens to reactive
products. Approximately 90% of human cancers originate from
epithelial cells [4]. Therefore, it could be argued that oral epithelial
cells represent a preferred target site for early genotoxic events
induced by carcinogenic agents entering the body via inhalation
and ingestion.

MN is induced in oral exfoliated cells by a variety of substances,
including genotoxic agents and carcinogenic compounds in
tobacco, betel nut, and alcohol. Tobacco-specific nitrosamines
have been reported to be potent clastogenic and mutagenic agents
which are thought to be responsible for the induction of chromatid/
chromosomal aberrations resulting in production of MN [5].

It is a known fact that habits such as use of tobacco in various
forms, alcohol consumption, pan chewing and use of commercial
pan products are associated with increased risk of development
oral cancer. The carcinogenic effect of the above mentioned habits
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may be related to inducing genotoxic effects on oral mucosal cells.
Investigations on MN frequencies support the widely accepted
assumption that MN are a product of early events in human
carcinogenic processes, especially in oral regions, especially
because they are virtually absent in unexposed mucosa [3].MN
assay in oral exfoliated cells can be used as a simple reliable
marker to assess the genotoxicity and for the early diagnosis of
premalignant and malignant lesions [6,7]. Although there are studies
already conducted using the MN assay as an indicator of genotoxic
damage in individuals with tobacco habits [8-10] a thorough review
of the literature did not reveal any study which was done to compare
the genotoxic potential of the commonly used varieties of tobacco
consumed by individuals namely traditional betel quid with tobacco,
commercial tobacco products and smoking.

MATERIALS AND METHODS

Ethical committee clearance was obtained from Yenepoya
university, Yenepoya Dental college, Mangalore. Selection of the
subjects for the study was done based on the history of habits. Our
study was a time bond study of one year duration from January
2013 to December 2013. After obtaining informed consent, total
of 135 individuals, visiting Department of Oral Medicine OPD with
history of different tobacco habits were randomly selected using
simple random sampling technique as study group which includes
three groups. Individuals having smoking habit (Group 1), smoking
with betel quid (Group 2) and using smokeless tobacco (Group
3) respectively. Forty five individuals from each study group were
selected after obtaining detailed history of their habits. Healthy
individuals having the above mentioned habits for at least five years
were included in our study. Similarly 45 volunteers without any habits
were randomly selected as controls. Patients with oral mucosal
changes (other than habit induced lesions in the oral cavity), Patients
with known systemic diseases, individuals having tobacco chewing
habit for duration of less than five years, individuals using tobacco
occasionally and individuals having combination of tobacco habits
were excluded from the study.

Sample collection

Once the subject gave the consent, he/she was asked to rinse the
mouth with water and then oral mucosa was scraped gently with a
plastic spatula and the material submersed in 5 ml of saline solution
(0.9% NaCl). The saline solution containing the exfoliated cells was
subjected to centrifugation for 10 minutes at 1500 rpm. Following
the centrifugation, the supernatant was discarded while the pellet of
cells was spread on a clean glass slide and fixed in 3:1 methanol/
acetic-acid for 15 minutes. The fixed slides were allowed to dry
before being stained with Giemsa stain, diluted with phosphate
buffer in the ratio of 1:6 for 10 minutes. The stained slides were
viewed under oil immersion at 100X magnification to identify and
record the MN count. To minimize the bias during evaluation, all
slides were coded before evaluation. All slides were examined to
identify MN, following which the number of MN in 2000 cells were
counted and recorded. While counting, care was taken to avoid
overlapping of the field and repeated counting of the same cells.

To avoid intra and inter-observer bias, the counting of MN was done
by two observers. Both observers evaluated the slides twice at
different intervals.

RESULTS

In our study we observed MN in the exfoliated cells of all the study
groups. The frequency of occurrence of MN in exfoliated cells of oral
epithelium was estimated in different study groups and compared
the results with that of control group. Comparison between groups
was done by Kruskal-Wallis test followed by Dunn’s Multiple
Comparisons Test for non parametric data. A p-value less than
0.05 was considered as significant. Data was analyzed by software
SPSS 16.0.
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The mean number of micronucleus was 3.11 (Smoking group), 2.13
(smoking with betel quid group), 1.67 (Smokeless tobacco group)
respectively. While assessing MN in the controls, out of 45 cases,
22 showed no MN among the cells examined while 10 persons
showed MN ranging from 0-3 out of 2000 cells counted [Table/
Fig-1].

One of the objectives of the study was to compare the genotoxic
potential of the different tobacco products using the MN assay.
For that purpose the results were analyzed by Kruskal-Wallis test
followed by Dunn’s Multiple Comparisons Test for non parametric
data. A p-value less than 0.05 were considered as significant. Data
was analyzed by software SPSS 16.0 [Table/Fig-2].

DISCUSSION

Oral cancer is one of the most debilitating diseases afflicting
mankind. In spite of the best efforts of researchers and clinicians,
the global incidence of cancer is on a high today. Even though it is
an established fact that tobacco and related products are one of
the leading causative agents for oral cancer, their use is still very
prevalent. As the focus is to detect early genotoxic damage, the MN
test provides a simple, non invasive, yet reliable screening technique
for assessing early genotoxic damage much before any clinical of
histological signs of cancer are evident.

The use of MN assay to assess tobacco induced genotoxic damage
has been done since as early as by Stich HF, Stich W & Parida BB
[8] and subsequently further evidence was put forward by Stich
HF, Curtis JR & Parida BB who applied the MN assay in residents

n | Mean | Std. Deviation | Minimum | Maximum
Smoking group 45 | 3.1 0.7 1 4
Smoking with betel quid 45 | 2.13 1.2 0 4
group
Smokeless tobacco 45 | 1.67 0.8 0 3
group
Control group 45 0.5 0.8 0 3

[Table/Fig-1]: Number of MN/2000 cells in different groups

Kruskal-Wallis Statistic KW = 90.99 p<0.0001

Comparison Mean Rank | p-value Remarks
with Difference

Smoking group | Smoking with 37.87 p<0.01 | Significant

betel quid group

Smokeless 56.49 p<0.001 | Highly significant

tobacco group

Control group 100.49 p<0.001 | Highly significant
Smoking with Smokeless 18.6 p>0.05 | Not significant
betel quid group | tobacco group

Control group 62.6 p<0.001 | Highly significant
Smokeless Control group 44.0 p<0.001 | Highly significant
tobacco group

[Table/Fig-2]: Comparison of genotoxic potential of different groups
using Dunn’s Multiple Comparisons Test
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[Table/Fig-3]: Exfoliated buccal epithelial cell with single micronuclei in
control group (Giemsa stain 100X)

[Table/Fig-4]: Budding micronucleus in the exfoliated buccal epithelial
cell in individual having smoking habit (Giemsa stain 100X)
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of Bihar, India in order to determine the genotoxic potential of
powdered tobacco (khaini) consumed with slaked lime and found
an increase in MN frequency in khaini users [11].

We divided our study group into three sub groups, each having 45
subjects with a specific tobacco related habit. We matched these
subgroups with a control group which also had 45 subjects who did
not have any tobacco related habits.

[Table/Fig-5]: Exfoliated buccal epithelial cell with binucleation in
individual having smoking habit (Giemsa stain 100X)

[Table/Fig-6]: Exfoliated epithelial cell with two to three micronuclei in
individual having smoking habit (Giemsa stain 100X)

[Table/Fig-7]: Exfoliated buccal epithelial cell with multiple micronuclei in
individual having smoking habit (Giemsa stain 100X)

[Table/Fig-8]: Exfoliated buccal epithelial cell with karyolysis in individual
having smoking with betel quid habit (Giemsa stain 100X)

The frequency of occurrence of MN in exfoliated cells of oral
epithelium was estimated in different study groups and compared
with the results of that of the control group. The comparison of MN
frequency was done using Kruskal-Wallis test followed by Dunn’s
Multiple Comparisons Test. The mean number of MN was 3.11,
2.13, 1.67 in the group of smokers, betel quid users and smokeless
tobacco users respectively. The results point to the fact that tobacco
in any form can induce genotoxic effect that is observed as MN.

While assessing MN in the controls, out of 45 cases, 13 showed
MN ranging from 0-3 among the cells examined while 22 of them
showed no MN out of 2000 cells counted. This could be because
MN formation is not a phenomenon exclusively related to exposure
to tobacco, it could also reflect the effect of multitude of genotoxic
agents like environmental pollutants, radiations or chemicals [12-
15].

Of the three types of tobacco habits smoking came out to be more
dangerous with respect to genotoxicity, as the MN was maximum
in that group when compared to controls [Table/Fig-3-8]. This
could be because tobacco smoke released contains more than
4,000 substances of which 200 are toxic to human being [16] and
more than 50 substances have carcinogenic action that includes
polycyclic hydrocarbons and specific nitrosamines. Few enzymes
metabolize hydrocarbons of tobacco and convert them into powerful
carcinogens such as aryl hydrocarbon hydroxylase which increases
carcinogenic potential of benzopyrene present in tobacco smoke
along with combustion products released during smoking might
induce more DNA damage than other forms of tobacco consumed
[16].
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Sarto et al., analyzed the aneugenic and clastogenic effects induced
by tobacco on 25 individuals with such exposure (23 who smoked
cigarettes and two who smoked cigars), and compared them with
the same number of non smokers. They observed a significantly
higher frequency of micronuclei consequent to chromosome
breakage among the smokers [17].

We have observed a lower frequency of MN in exfoliated oral epithelial
cells of traditional betel quid users as compared to smokers. Betel
leaf is used as an essential component of the quid, which is a rich
source of antioxidants and other medicinal compound [18]. These
components of the betel leaf may be efficient to nullify the genotoxic
effect of tobacco.

One of the objectives of the study was to compare the genotoxic
potential of the different tobacco products using the MN assay. For
that purpose the results were analyzed by Kruskal-Wallis test followed
by Dunn’s Multiple Comparisons Test. Results showed significant to
highly significant positive difference when compared with controls to
that of different tobacco related habits with p- value <0.05.

Our findings collaborate with those of Stich HF, and Rosin MP who
conducted a study in which the micronucleus test was applied to
exfoliated cells of the buccal mucosa of four population groups:
(A) nonsmokers and nondrinkers of alcoholic beverages, (B)
nonsmokers but alcohol drinkers, (C) smokers but nondrinkers, and
(D) smokers and drinkers. They observed that an elevated frequency
of micronucleated buccal mucosa cells were seen only in group D
(smokers and alcohol drinkers) [10].

Stich W and Parida BB who applied the MN test among people of
north — eastern hilly regions of India who consumed raw betel leaves
with slaked lime and people of Indian state of Orissa who consumed
betel leaf with tobacco and found that the MN frequency was lower
among people who consumed betel leaf without tobacco [8].

Patel PB et al.,, conducted a study to analyze tobacco related
genotoxic effects in chewers monitoring MN and chromosome
aberrations (CA). From their study, they concluded that MN is
a better surrogate biomarker to predict genotoxicity than CA for
tobacco exposure and DNA damage index in tobacco chewers
[19].

Also the study conducted by Sellappa S et al. evaluate the MN in
buccal mucosa of healthy individuals from southern India, who were
regularly chewing a mixture of betel leaf, areca nut and tobacco
showed an increased number of MN in the case group leading to
the conclusion that mixture of betel leaf, areca nut and tobacco was
unsafe for oral health [20].

One of the main reasons for our study was that, there were only
limited studies which compared the genotoxic potential of smoking,
commercial tobacco products and traditional betel quid with
tobacco using the MN assay. Further studies are required to assess
the genotoxic potential of different tobacco products consumed by
the public in our society.

While designing and conducting the study, utmost care was taken to
ensure the accuracy and reliability of the results obtained. Still, while
using a non DNA specific stain like Giemsa stain, there are inherent
chances of counting particles other than MN such as keratohyaline
granules and bacteria, which take up the stain, as MN.

This disadvantage can be overcome while using a DNA specific stain
such as Feulgen stain or Acridine orange. Using a DNA specific stain
and by increasing the number of patients examined we can hope to
gather more data to help prove the utility of MN assay as a cheap,
noninvasive and reliable indicator of early genotoxic damage.

CONCLUSION

From our results we can conclude that tobacco in any form is
genotoxic especially smokers are of higher risk and micronucleus
assay can be used as a simple noninvasive, yet reliable marker for
genotoxic evaluation. MN assay can be used for mass screening
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purpose and to detect high risk individuals. It can also be used

to educate and motivate people regarding the potential risk of
genotoxicity in tobacco users. As we could detect MN in exfoliated

buccal mucosal cells, we can suggest that this makes an alternate

sample to peripheral blood for detecting tobacco induced DNA
damage.
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