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Introduction
Micronucleus  (MN), a microscopically 
visible round or oval cytoplasmic chromatin 
mass in the extranuclear vicinity, originates 
from aberrant mitosis and consists of 
eccentric chromosomes, chromatid 
fragments, or whole chromosomes, which 
have failed to reach spindle poles during 
mitosis.[1] MN assay in exfoliated buccal 
cells is a useful and minimally invasive 
method for monitoring genetic damage 
in humans in comparison to obtaining 
blood samples for lymphocyte and 
erythrocyte assays or tissue biopsies.[2] 
There are definite chances of inhalation of 
the volatile fraction of petrol during vehicle 
refueling by petrol station workers, and 
these petroleum products contain a large 
amount of benzene. Chronic occupational 
exposure to such derivatives possesses 
genotoxic risk and said to be carcinogenic 
in nature.[3,4] Acute myeloid leukemia and 
non‑Hodgkin’s lymphomas have been 
found to be increasingly associated with 
those who are occupationally exposed to 
benzene.[3]
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Abstract
Background: Liquid‑based cytology (LBC) can be used for the evaluation of micronucleus (MN) in 
exfoliated buccal epithelial cells of populations occupationally exposed to potentially carcinogenic 
agents. Aim: This study was undertaken to evaluate the frequency of MN of exfoliated buccal 
epithelial cells using LBC preparation in petrol station workers. Materials and Methods: Fifty 
petrol station workers  (cases) and fifty hospital administrative staffs  (controls) were recruited and 
evaluated for MN by May‑Grunwald Giemsa, Hematoxylin and Eosin, and Papanicolaou stains 
using LBC preparation. Statistical analysis was performed with Student’s t‑test, and P  <  0.05 was 
considered statistically significant. Results: Regardless of staining method used, the mean frequency 
of MN for cases was significantly higher than that of controls (P < 0.001). Conclusion: The present 
study concluded that petrol station workers are under risk of significant cytogenetic damage. The 
MN in exfoliated buccal epithelial cells found to be a useful biomarker of occupational exposure 
to genotoxic chemicals. LBC can be used for sample preparation to evaluate the frequency of 
MN in those who are occupationally exposed to potentially carcinogenic agents in view of overall 
improvement on sample preservation and visualization of cell morphology.
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Buccal epithelial cells form the first barrier 
for the inhalation or ingestion route and 
are capable of metabolizing carcinogens 
to reactive products. About 90% of human 
cancers originate from epithelial cells. 
Hence, they represent a preferred target 
site for early genotoxic events induced 
by carcinogenic agents entering the body 
through inhalation and ingestion.[5]

Application of liquid‑based cytology  (LBC) 
in the field of gynecologic cytology goes back 
almost three decades.[6] Since its introduction, 
majority of laboratories have started to apply 
LBC to exfoliative and nongynecological 
aspiration.[5] The advantages of LBC include 
rapid fixation, even distribution of cells over 
a smaller slide area, and decreased obscuring 
background elements, such as blood, 
inflammation, and mucus.[7] The present study 
was undertaken to evaluate frequency of MN 
of exfoliated buccal epithelial cells using 
LBC preparations in petrol station workers.

Materials and Methods
This prospective study was undertaken 
at the Department of Pathology in our 
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institution, conducted during the period from August 
2015 to October 2015, after obtaining approval from the 
Institutional Ethical Committee. Informed written consent 
was obtained from each patient.

A total of 100 healthy participants with devoid of any 
oral lesions formed the study population. Of these, fifty 
males were petrol station workers  (cases) and remaining 
fifty were hospital administrative staffs  (controls). All 
the participants were asked to complete the questionnaire 
to obtain demographic data such as age, history of 
smoking/alcohol, duration of work, and family history of 
cancer. All participants in both groups were nonsmokers 
and nontobacco chewers.

All the 100 healthy participants were advised to rinse their 
mouth thoroughly with water to remove unwanted debris 
prior collection of exfoliated buccal epithelial cells. Sterile 
wooden spatula was used to obtain cell samples from buccal 
mucosa, and material was preserved in alcohol‑based liquid 
preservative. The material was centrifuged at 1500 rpm 
for 5  min. The supernatant was discorded and pellet was 
agitated to get homogeneous sample. One drop of normal 
saline was added to pellet and it was mixed well. About 
50 µl of diluted pellet was placed on clean slides with a 
drop of fixative solution and was subsequently stained 
with May‑Grunwald Giemsa  (MGG), Hematoxylin and 
Eosin  (H  and  E), and Papanicolaou stain  (Pap). The slides 
were examined under light microscope by pathologist.

The frequency of MN in 1000 exfoliated cells was scored 
using criteria established by Tolbert et  al. and El‑Setouhy 
et  al.[8,9] Tolbert et  al. criteria used for both choosing 
of cells and for identification of cells; the following 
parameters for cell inclusion in the cells to be scored: 
(a) intact cytoplasm and a relatively flat cell position on the 
slide,  (b) little or no overlap with adjacent cells,  (c) little 
or no debris, and  (d) normal, intact smooth, and distinct 
nuclear perimeter; the criteria used to identify the MN: 
smooth and round perimeter, size less than one‑third of the 
main nucleus diameter but large enough to discern shape 
and color, texture and intensity of the staining similar to 
that of the nucleus, same focal plane as the nucleus, and 
no overlap or connection to the nucleus. El‑Setouhy et  al. 
criteria for identification of MN: opaque extranuclear 
intracytoplasmic bodies viewed under an oil immersion lens 
and by phase contrast. However, binucleate cells or cells 
with fragmented nuclei, karyolysis, and nuclei appearing as 
broken eggs were not counted as MN.

All the statistical analyses were performed using the 
International Business Machines  (IBM) Corporation 
Statistical Package for the Social Sciences Statistics for 
Windows  (version  20.0. Armonk, New  York, USA: IBM 
Corporation). The mean frequencies of MN cases and 
controls were compared for all stains using Student’s t‑test. 
P < 0.05 was considered statistically significant.

Results
The characteristics of the both groups are presented in 
Table  1. The mean age and alcohol habits were similar in 
both cases and controls. The mean frequency of MN stained 
with MGG  [Figure  1a], H  and  E  [Figure  1b], and Pap 
stain  [Figure  1c] using LBC preparation was significantly 
higher in cases than that of controls (P < 0.001) regardless 
of staining method used [Table 2].

Discussion
Benzene is a widely distributed environmental contaminant, 
which is an important component of petrol. Approximately 
98% of the benzene is derived from the petrochemical and 
petroleum refining industries. Hence, occupational exposure 
to benzene in humans generally takes place in factories, 
refineries, and other industrial settings. Furthermore, the 
general population is exposed to benzene contained in 
petrol, vehicle exhaust, diesel fuel, and cigarette smoke.[10]

The most important fundamental cause of developmental 
and degenerative disease is probably due to genomic 
damage.[11] Those who are occupationally exposed to toxic 
environmental agents such as solvents, polycyclic aromatic 
hydrocarbons  (benzene), emissions of sugarcane straw 
burning, gasoline, arsenic, and antineoplastic drugs have 
been demonstrated high frequencies of MN in exfoliated 

Table 1: Demographic characteristics of participants
Cases Controls

Individuals 50 50
Mean age±SD (years) 37±9 35±6
Alcoholics (%) 14 (28) 12 (24)
Family history of cancer (%) 5 (10) 4 (8)
Length of time working in petrol filling 
station

19.36±8.41

SD – Standard deviation

Figure  1: Cytosmears prepared using liquid‑based cytology showing 
exfoliated buccal epithelial cells with micronucleus.  (a) May‑Grunwald 
Giemsa, ×400, (b) H and E, ×400, (c) Papanicolaou stain, ×400
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buccal cells compared to the controls.[5] Due to its ease 
of use and handling, low capital investment requirements, 
and the accuracy achieved, MN assay in exfoliated buccal 
epithelial cells has received special attention to assess the 
impact of environmental and genetic factors and lifestyle 
habits on genomic instability in humans.[12,13] Hence, 
buccal epithelial cells provide an alternative source of 
tissue in human subjects monitoring for occupational and 
environment toxic exposures.[14] However, oral mucosa 
permeability in different regions of the mouth is an 
important aspect to consider when analyzing the local 
effects of carcinogenic effects. Nonkeratinized tissues, 
such as the buccal mucosa, are shown to be much more 
permeable than keratinized tissues, such as the palate and 
gingiva.[15,16]

However, the data on cytogenetic damage in petrol station 
attendants are rather controversial. Pitarque et  al.[17] found 
no statistically significant increased frequencies of MN 
in cultured blood lymphocytes from a group of filling 
station attendants. Surrallés et  al.[18] studied molecular 
cytogenetic analysis of buccal cells and lymphocytes from 
benzene‑exposed workers in a petrochemical complex 
in Estonia and found that there was no increase in the 
frequency of cytogenetic damage compared to the controls.

The present study evaluated the genotoxicity in the 
petrol station workers, and we found that they had higher 
frequencies of MN compared to that of controls, regardless 
of staining method used. These findings were considered 
statistically significant  (P  <  0.001). Hence, this study 
reveals that it is possible to analyze the frequency of 
MN using LBC preparation in both cases and controls. 
Celik et al.,[3] done a study on cytogenetic biomonitoring 
in petrol station attendants by evaluating MN in buccal 
epithelial cells and they found that a significant increase 
in the frequency of MN. These findings were comparable 
to the current study and works done by Singaraju et al.,[11] 
Rajkokila et  al.,[14] Sellappa et  al.,[19] and Gadhia et  al.,[20] 
and they found a significant increase in the frequency of 
nuclear abnormalities in the exfoliated buccal epithelial 
cells of petrol station workers than the controls.

LBC offers many advantages such as complete preservation 
of collected material, reduced reading time, due to the 
decrease in the area of cell concentration and optimal cell 
preservation, and staining which improves the clarity and 
visibility of cytomorphological features, thus facilitating 

the detection of cellular changes.[21] Kujan et  al.[22] first 
applied LBC in buccal epithelial cells and authors found 
a uniform distribution of cells. Authors also demonstrated 
improved cytomorphology and visibility of nuclear detail 
and thereby offering a superior and unbiased sample while 
controlling cell density, reducing scanty preparations, and 
eliminating air‑drying artifacts. A  study done by Hayama 
et al.[23] demonstrated that the technique of slide preparation 
can be enhanced by the use of LBC which showed a 
statistically significant improvement in smear thickness, 
cell distribution, and a reduction in cell overlapping 
and the presence of blood; authors also concluded that 
LBC demonstrated an overall improvement on sample 
preservation, specimen adequacy, visualization of cell 
morphology, and reproducibility. Similar to these studies, 
the current study also showed improved cytomorphology, 
uniform cell distribution with visibility of nuclear details. 
Hence, slides prepared by LBC technique provide good 
quality smears with elimination of confounding factors. 
Thus, application of LBC in MN assay is one way to refine 
and improve the assessment of this biomarker with very 
less false‑positive results.

Conclusion
The present study concluded that petrol station workers 
are under risk of significant cytogenetic damage. The MN 
in exfoliated buccal epithelial cells found to be a useful 
biomarker of occupational exposure to genotoxic chemicals. 
LBC can be used for sample preparation to evaluate the 
frequency of MN in those who are occupationally exposed 
to potentially carcinogenic agents in view of overall 
improvement on sample preservation and visualization of 
cell morphology.
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