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ABSTRACT  
Objective: To clinically evaluate various tobacco-associated 
lesions and to evaluate and compare the micronucleus (MN)  
assay in exfoliated urothelial cells in patients with smoking and 
smokeless tobacco-associated lesions. 
Materials and methods: This study was conducted in the 
Department of Oral Pathology and Microbiology, Mahatma 
Gandhi Mission’s Dental College and Hospital, Navi Mumbai, 
from October 2012 to June 2013. One hundred cases having 
tobacco habits (smoking or smokeless) and clinically detectable 
tobacco-associated lesions were included. Exfoliated urothelial 
cytosmears were prepared, stained with Papanicolaou and 
slides were scored for MN.
Results: All cases (n = 100) were found to have tobacco-
associated lesions that were clinically detectable. Voided urine 
samples were collected from all cases (n = 100) who indulged 
in smoking and smokeless tobacco habit, with males (n = 71) 
and females (n = 29), whose ages ranged from 19 to 75 years. 
We observed that out of the 100 cases evaluated, 12 cases 
showed the presence of MN in the urine cytosmear. Of these 
12 cases, n = 10 were bidi smokers and n = 2 were betel quid 
chewers. Owing to insufficient population of urothelial cells in 
the cytosmear, MN evaluation could not be statistically proved. 
Conclusion: Although, MN score in the urothelial cells could not be 
statistically assessed, due to insufficient number of urothelial cells, 
our observations reveal that MN count seems to be increased in 
smokers than smokeless tobacco users. Thus, we urge the need 
for further studies to highlight the comparative evaluation of MN 
score between smokers and smokeless tobacco on urothelial cells. 
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INTRodUCTIoN    

Oral cancer is the sixth most common cancer worldwide 
and the most common in India.1 Approximately, 70,000 
cases and over 48,000 oral cancer-related deaths occur 
yearly.2 Tobacco usage is one of the prime factors for the 
escalating cancer rates. Epidemiological studies show 
that the risk of developing oral cancer is 5 to 9 times 
greater for tobacco consumers than non-consumers.3 
Tobacco is most commonly smoked as cigarettes, bidis, 
cigars and loose tobacco in pipes. Smokeless tobacco is 
usually placed in the oral and nasal cavities against the 
mucosal sites that permit the absorption of nicotine into 
the body. In India, tobacco is commercially available in 
bidi, cigarette, cigar smoking tobacco forms, or gutkha, 
mawa, mishri, admixed with arecanut and slaked lime—
smokeless tobacco forms.4,5

 Benzo[a]pyrene and other polycyclic aromatic carci-
nogens are the most important carcinogenic agents in 
smoke, while unburnt tobacco contains 28 carcinogens 
of which the most harmful are the tobacco specific  
nitrosamines (TSNAs). The metabolites of nitrosamines, 
such as carcinogenic TSNAs N’-nitrosonornicotine 
(NNN), 4-(N-methyl-N-nitrosamino)-1-(3-pyridyl)-
1-butanone (NNK) and N-nitrosoanabasine as well as 
the volatile nitrosamines N-nitrosodimethylamine and 
N-nitrododiethylamine, have been detected in saliva 
of tobacco chewers.4-6 Other cancer causing substances 
include formaldehyde, acetaldehyde, cortonaldehyde, 
hydrazine, arsenic, nickel, cadmium and benzopyrene.6 
Tobacco smoke contains more than 60 carcinogenic 
combustion products. In particular, NNN, NNK and 
polycyclic aromatic hydrocarbons have been linked 
with genotoxi city.5 Nitrosamines are also produced by 
the alkaloids in arecanut which are also carcinogenic.7 
These agents are known to cause adverse effects at a 
cellular level, either directly at the site of placement or 
by indirect systemic effects. Various tobacco-associated 
clinically detectable oral lesions are tobacco keratosis, 
leukoplakia, oral lichen planus and oral submucous 
fibrosis. These mucosal changes are well documented 
to predispose carcinoma.8 
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 Exfoliative cytology is the study and interpretation 
of the characteristics of cells that flake off, whether natu-
rally or artificially, from mucosa.9 Continuous exfoliation 
of epithelial cells is a part of physiological turnover. 
Deeper cells which are strongly adhered in normal 
conditions become loose in the case of pathology and 
exfoliate along with the superficial cells.10 Thus, the oral 
epithelial cells are the initial site affected by the carcino-
gens. The effect of the carcinogen or its metabolites can 
also be detected in urine, blood, feces, exfoliated cells, 
sweat, nails, etc.11 The normal bladder epithelium, called 
urothelium, formerly known as transitional epithelium, 
reveals neoplastic transformation on exposure to muta-
gens. Exfoliated bladder cells are epithelial cells sloughed 
from the surface of the genitourinary tract that turn over 
in the bladder every 1 to 3 weeks. Because epithelial cells 
are derived from basal cells, recent genetic damage to 
the basal layer of the bladder could be reflected in the 
exfoliated urothelial cells.11 

 Reactive oxygen species (ROS) induced by the carcino-
gens lead to toxic mutagenic changes. Cytogenetic 
markers, such as chromosome aberration assay, sister 
chromatid exchange assay and micronucleus (MN) assay 
have been widely used as an indicator of genotoxic 
events. Micronuclei is an additional small nucleus situ-
ated around the main nucleus formed due to either direct 
damage to chromosomes (clastogens) or of the spindle 
apparatus (aneuploidogens/aneugens).12,13 It is initiated 
by various agents, such as radiation therapy, tobacco and 
alcohol.12,13 Nuclear stains, such as Papanicolaou (PAP), 
Giemsa and Feulgen help as visual aids in MN assay. 
 Thus, this study was undertaken to assess and com-
pare the MN assay in exfoliated urothelial cells of patients 
with clinically evaluated smoking and smokeless tobacco-
associated lesions. 

MATERIALS ANd METhodS

This study included 100 healthy individuals with the  
habit of tobacco consumption either of smoking or smoke-
less form and clinically detectable tobacco-associated 
lesions retrieved from Department of Oral Pathology 
and Microbiology. Nonhabit-associated oral lesions, 
and alcoholics were excluded from this study. Details 
of these cases were recorded in a case history format to 
obtain the history of the relevant habits (either smoking or 
smokeless). The exfoliated urothelial cytosmears involved 
the centrifugation of voided midstream urine with sub-
sequent suspension of the pellet in phosphate buffered 
saline.14 These alcohol (100% methanol) fixed smears were 
stained with PAP and slides were scored for MN. 
 Cytological interpretation of exfoliated urinary sedi-
ments were classified as follows:15

• Negative—normal transitional cells. 
• Atypia—atypical cells in loose clusters with slightly 

increased nuclear cytoplasmic ratio with fine 
chromatin and small nucleoli. 

• Suspicious—cells with abnormal features short of a 
definite diagnosis of malignancy. 

• Positive—loose clusters or isolated cells with 
increased nuclear cytoplasmic ratio with fine to coarse 
chromatin and prominent nucleoli.

 Scoring of MN: Micronucleus in 1,000 well preserved 
urothelial cells (Figs 1 to 3) either single or in groups were 
counted in exfoliated urothelial cytosmear, in different 
areas of the smear in a zig zag manner. Clearly defined 
cells were counted avoiding clumping of folded cells and 
distorted cells. Smears were observed under 100 and 400× 
of a binocular light microscope. Criteria laid down by 
Fenech was used for the identification of MN:16

• Being less than 1/3 and more than 1/16 diameter than 
the main nucleus. 

• Being on the same focus plane. 
• Not superimposing to the main nucleus. 

Fig. 1: cytosmear of voided urine with squamous cell and 
urothelial cell (arrow) (PAP stain—400×)

Fig. 2: urothelial cell with single and multiple MN (arrows)  
(PAP stain—400×)
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• Having the same color, texture and refraction as the 
main nucleus.

• Having a smooth round or oval shape. 
• Having limits clearly distinguishable from the main 

nuclear membrane if touching the main nucleus. 
 Note: All dead and degenerative cells (karyolysis, 
karyorrhexis, nuclear fragmentation) were excluded 
from evaluation. Nuclear blebbing (MN like structure 
connected with the main nucleus with a bridge) was also 
not considered.
 The slides were seen by two independent obser- 
vers, and the number of MN was counted in all the uro- 
thelial cells. 

RESULTS

Clinical Presentation

Male patients (n = 71) indulged in tobacco-associated 
habits and had clinically detected lesions more frequently 
than female patients (n = 29); age of patients ranged from 
19 to 75 years. Most patients indulged in tobacco chewing 
habit (n = 69), i.e. gutkha chewers (n = 12), betel nut chewers 
(n = 28), betel quid users (n = 19), mawa users (n = 2) 
and mishri users (n = 15). While all the smokers (n = 31) 
consumed bidi (Graphs 1 and 2). This study evaluated 
the oral tobacco-associated lesions clinically as oral 
submucous fibrosis (n = 35), leukoplakia (n = 26), tobacco 
pouch keratosis (n = 24), lichen planus (n = 15) (Graph 3). 

Cytological Parameters

Voided urine samples were collected of cases (n = 100) 
who indulged in smoking (n = 31) and smokeless (n = 69) 
tobacco habit. We observed that out of the 100 cases 
evaluated, 12 cases showed the presence of MN in the 
urine cytosmear. Among these 12 cases, 10 cases were 
bidi smokers (n = 10) as well as betel quid chewers (n = 2). 
However, owing to insufficient population of urothelial 
cells in the cytosmear, MN evaluation could not be 
statistically proved.

Figs 3A and B: urothelial cell with single (A) and multiple MN (b) 
(arrows) (PAP stain)

A B

dISCUSSIoN

Micronuclei are small chromatin bodies in the cytoplasm 
that originate from chromosome fragments or whole 
chromosome that lag behind at Anaphase during nuclear 

Graph 2: Number of patients with various smokeless tobacco habits

Graph 3: Various tobacco-associated clinically detectable 
lesions. Oral submucous fibrosis cases were significantly higher

Graph 1: Number of patients having smokeless and smoking 
habits. The cases with smokeless tobacco habits were  
significantly higher
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division.17 In humans, MN can be easily assessed in 
erythrocytes, lymphocytes, and exfoliated epithelial 
cells (e.g. oral, urothelial, nasal) to obtain a measure of 
genome damage induced in vivo. The main aim of this 
prospective study was to evaluate the role of MN in exfoli-
ated urothelial cells as a potential marker, to determine 
the genotoxic effects caused by smoking and smokeless 
tobacco-associated habits. 
 In our study, on correlating gender with tobacco habits 
(smoking and smokeless forms) and tobacco-associated 
lesions, we found, that males (n = 71) accounted for 71% 
and females (n = 29) accounted for 29%. Our findings were 
in agreement with WHO SEARO18 and Sarswathi et al.19 
Relatively increased consumption of tobacco products, 
either in smoking or smokeless forms among males led to 
various clinically detectable oral lesions, when compared 
to female patients. 
 In our study, the patients who indulged in smokeless 
tobacco habit (n = 69) accounted for 69% of sample, while 
smokers (n = 31) accounted for 31% of the sample. As 
documented by World Health Organization, South-East 
Asia Regional Office,18 states of Maharashtra and Bihar, 
predominantly constituted smokeless tobacco users.
 Among the smokeless tobacco users (n = 69), betel 
nut chewers (n = 28) accounted for 40.57%, betel quid 
users (n = 19) accounted for 27.53%, mishri users (n = 15) 
accounted for 21.73% gutkha chewers (n = 12) accounted 
for 17.39%, and mawa users (n = 2) accounted for 2.89%. 
Consumption of betel nut and tobacco products has 
recently increased due to commercially available inex-
pensive sachets. All smokers (n = 31) consumed bidi. In 
India, bidi smoking is more common than cigarette or any 
other forms of smoking tobacco due to affordable rate. 
The carcinogenic metabolites present in smoking and 
smokeless forms of tobacco induce genotoxic changes at 
a cellular level due to excessive formation of ROS.7

 The oral tobacco-associated lesions clinically detected 
in this study were oral submucous fibrosis (n = 35)  
accounted for 35%, leukoplakia (n = 26) that accounted for 
26%, tobacco pouch keratosis (n = 24) accounted for 24% 
and lichen planus (n = 15) accounted for 15%. World Health 
Organization emphasizes that these potentially malignant 
disorders are forerunners to cancer development.20 
 The effect of the ingested or inhaled carcinogen or its 
metabolites can be detected in urine, blood, feces, exfo-
liated cells, sweat, nails, etc.11 The urothelium reveals 
neoplastic transformation on exposure to mutagens. 
Exfoliated bladder cells are epithelial cells sloughed from 
the surface of the genitourinary tract that turn over in 
the bladder every 1 to 3 weeks. Because epithelial cells 
are derived from basal cells, recent genetic damage to 
the basal layer of the bladder could be reflected in the 
exfoliated cells.11 Ribeiro et al, Cid et al, Rosin and Anwar, 

Moore et al, Lehucher-Michel et al, Burgaz et al, Murray 
and Edwards, Fontana et al and Fortin et al11,14 have  
explored the benefits of performing this test in exfoliated 
urothelial cells in urine samples as a biological marker 
of the genotoxic effects of bladder mutagenic agents, like 
ingested chemical poisoning, tobacco, etc. The present 
prospective study also evaluated and compared the MN 
count in urothelial cells of patients (n = 100) with tobacco 
habits. Voided urine samples were collected from all  
(n = 100) cases, with males (n = 71) and females (n = 29); 
who indulged in smoking and smokeless tobacco habit. 
The cytological interpretation of the exfoliated urine 
cytosmears were all graded as grade 1 (negative–normal 
transitional cells) per the criteria laid down by Misra  
et al.15 The MN of 1,000 urothelial cells was scored. Owing 
to the insufficient population of urothelial cells in the 
cytosmear, accurate MN score could not be ascertained. 
Micronuclei evaluation in the urothelial cells of patients 
with habit and detectable lesions could not be statistically 
evaluated owing to insufficient population of urothelial 
cells in the exfoliated urothelial cytosmear. Though we 
observed the presence of MN in urothelial cells among 
only 12 cases on a sampling of 100, it was relatively higher 
among smokers than smokeless tobacco users, we can 
concur that the genotoxic effects of the systemic absorp-
tion of smoking can be evaluated by MN frequency. 
Fontana L et al11 and Zamani AG et al.21 Twenty-two 
observed higher mean MN score in urothelial cells of 
smokers as compared to healthy controls. However due 
to unsatisfactory number of urothelial cells, the same 
could not be statistically proven.

CoNCLUSIoN

A prospective study was performed to evaluate and 
compare the MN count in exfoliated urothelial cells in 
patients with smoking and smokeless tobacco-associated 
lesions. Our observations reveal that MN count seems to 
be increased in smokers than smokeless tobacco users,  
although MN score in the urothelial cells could not be stati- 
stically assessed due to inadequate number of exfoliated 
cells. Thus, we urge the need for further studies to high-
light the comparative evaluation of MN score bet ween 
smokers and smokeless tobacco users on urothelial cells. 
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