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ABSTRACT

Objective: The aim of this study was to assess the potential cytogenetic damage associated with occupational exposure to polycyclic aromatic 
hydrocarbons (PAHs) among automobile mechanics (AMs) using micronuclei (MNs) and other nuclear abnormalities (NAs) such as binucleate cell 
(BN), karyorrhexis (KR), and karyolysis (KL) as biomarkers of genotoxicity.

Methods: The study was conducted on 60 AMs between age group of 20–40years who were working in automobile garages for more than 1year from 
western Maharashtra, and 60 healthy males with same socioeconomic status were chosen as controls. AMs were divided into three groups based on 
their duration of exposure, i.e.1–5years, 6–10years, and more than 11years. The exfoliated buccal cells were obtained and fixed with methanol for 
10min. Then, air-dried and stained it with Giemsa stain. Statistical analysis was done using unpaired t-test for two groups and one-way ANOVA for 
multiple groups of exposures.

Results: The mean values of MN, BN, KR, and KL in AMs (8.20, 13.57, 16.70, and 22.10, respectively) are significantly increased as compared to 
controls (5.10, 8.82, 12.30, and 16.12, respectively). As the year of exposure increased, the mean values of MN and other NAs were significantly 
increased in AMs (p<0.05).

Conclusion:MN and other NAs reflect genetic changes and events associated with carcinogenesis. Therefore, the results of this study indicate that AMs 
exposed to PAHs are under risk of significant cytogenetic damage. Therefore, it is important to provide and to create better awareness of occupational 
hazards among these workers to promote occupational safety.
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INTRODUCTION

To live in the 21stcentury means to live in a toxic world, where daily we 
get exposed to large number of toxic substances. Millions of workers 
in a variety of occupational settings have the potential to get exposed 
to toxic substances. They can be present in the form of gases, vapors, 
fumes, and particles [1]. Automobile mechanics (AMs), because of their 
occupation get exposed to toxic substances, which include polycyclic 
aromatic hydrocarbons (PAHs), which are found in petroleum 
products. PAHs are a major class of environmentally hazardous organic 
compounds due to their known or suspected carcinogenicity [2,3] and 
are known to be toxic.

Micronuclei (MNs) originate from chromosome fragments or whole 
chromosomes that lag behind at anaphase during nuclear division [4]. 
Biomarkers of genotoxicity (MN) have received a considerable interest 
as tools for detecting human genotoxic exposure to various chemical 
carcinogens. Different types of bioassays have been widely used for 
assessing the genotoxic, mutagenic, and carcinogenic potencies of 
different substances. Biomarkers have been defined by the National 
Academy of Sciences (USA) as an alteration in cellular or biochemical 
components, processes, structures, or functions that are measurable 
in a biological system or sample. The traditional classification of 
biomarkers is of three main categories-biomarkers of exposure, effect, 
and susceptibility - depending on their toxicological significance [5]. 
Cytogenetic biomarkers are the most frequently used end points in 
human biomonitoring studies and are used extensively to assess the 

impact of environmental, occupational, and medical factors on genomic 
stability [6]. The present study incorporates all three categories of 
biomarkers to promote occupational safety.

MN assay is one of the most sensitive markers for detecting DNA damage 
and has been used to investigate genotoxicity of a variety of chemicals. 
Exposure to gasoline vapors is classified by the International Agency 
for Research on Cancer as possibly carcinogenic to humans, mainly on 
the basis of the well-established carcinogenicity of some components 
such as benzene [7]. Benzene is proven to be carcinogenic in nature. 
Several studies have shown that benzene can induce various forms of 
genetic damage including chromosome aberrations, sister chromatid 
exchanges, MNs formation, and DNA damage [8].

In western Maharashtra, automobile garages are located on the road, 
and workers at the garages have a higher opportunity for exposure. 
AMs are engaged in doing routine maintenance and repairing the 
automotive vehicles. They are commonly exposed to PAH due to 
sucking of petrol or diesel through tube from the vehicle tank, while 
repairing the vehicles. They also often wash vehicle parts with petrol 
without wearing gloves. They are usually negligent regarding use of 
protective measures. Therefore, the occupational exposure to PAHs and 
other derivatives may possess genotoxic risk. Occupational exposure to 
carcinogens is of great public health concern.

Regeneration of cell is dependent on the number and division rate of the 
proliferating (basal) cells, their genomic stability, and their propensity 
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for cell death. These events can be studied in the buccal mucosa (BM), 
which is an easily accessible tissue for sampling cells in a minimally 
invasive manner and does not cause undue stress to study participants. 
Buccal epithelial cell is an indication of the regenerative capacity of the 
tissue that is why we collect sample from BM.

In the light of the above discussion, we applied MNs and other nuclear 
abnormalities (NAs) as a biomarker of genotoxicity in exfoliated buccal 
cells of AMs of western Maharashtra.

METHODS

After the approval by institutional ethical committee, a cross-
sectional study was carried out on 60 automobile workers of western 
Maharashtra (Sangli, Satara, and Kolhapur district) with age group of 
20–40 years. They were further divided into three groups depending 
on their duration of exposure as Group  I (1–5  years), Group  II (5–
10 years), and Group III (more than 10 years). Sixty control participants 
were chosen from paramedical staff of the same age, gender, and 
socioeconomic status from Bharati Vidyapeeth Medical and Dental 
College and Hospital Sangli. Workers were evaluated as per standard 
pro forma, which included a questionnaire regarding health status. 
Randomly selected 60 automobile workers were eligible to whom the 
experimental protocol was explained, and written informed consent 
was obtained from them. Workers with <1 year exposure and tobacco/
mawa/gutkha chewers were excluded from the study.

Before buccal cell collection, the participants’ mouth was rinsed 
thoroughly with water to remove any unwanted debris. The exfoliated 
cells of the BM were obtained by a sterile wooden spatula. For each 
individual, the slides were prepared in triplicate by smearing the cells 
onto pre-cleaned slides. The slides were then air-dried and fixed with 
methanol for 10 min. Then, air-dried again and stained it with Giemsa 
(Biolab diagnostic Pvt., Ltd.) stain for 15–20 min.

Scoring method
Slides were evaluated using classification for NAs by Tolbert et al. [9]. 
Frequencies of MNs, binucleation, karyorrhexis (KR), and karyolysis 
(KL) in exfoliated 1000  cells were scored per slide. Nuclei less than 
one‑third the diameter of the main nucleus were determined as MNs 
(Fig.  1b). Cells with two nuclei were considered as binucleate cells 
(BNs) (Fig.  1c). Nuclei fragmented into irregular pieces were scored 
as KR (Fig.  1d). Nuclear dissolution, ghost‑like image of the nucleus 
remains, was evaluated as KL (Fig. 1e).

Results were presented as mean±standard deviation (SD). Unpaired 
t-test and ANOVA test were used to find the significance of study 
parameters using SPSS 16.0 version. p>0.05 was considered as 
statistically significant.

RESULTS AND DISCUSSION

MNs test has been getting attention as a simple and sensitive short-term 
assay for the detection of environmental genotoxicity [10]. Analysis of 
exfoliated buccal cells provides evidence of other NAs such as BNs, KR, 
and KL [11].

Urbanization has led to enormous increase in number of automobiles 
and accordingly to increased number of petrol filling stations and 
workshops for repairing the vehicles. Workers engaged in these places 
are continuously exposed to petrol and diesel fumes. The particles 
generated from petrol exhaust are extremely small and are present 
in the nuclei or accumulation modes, with diameters of 0.02  nm and 
0.2 nm, respectively [12].

The occupational solvents such as benzene in petrol and diesel fumes 
get absorbed into the human body either through the respiratory tract 
or through epidermal contact [13].

Biomarkers of genotoxicity have received a considerable interest as 
tools for detecting human genotoxic exposure and its effects, especially 

in health surveillance programs dealing with chemical carcinogens. 
Petroleum products are a complex mixture of aliphatic and aromatic 
hydrocarbons with high volatility. Such types of hydrocarbons exhibit 
co‑mutagenic and co‑carcinogenic properties [14]. Benzene is one 
of such hydrocarbon and is the natural component of petroleum 
products  [15]. Its content in petrol is in range of 1–5%. In India, 
gasoline contains 3% benzene. The percentage of benzene may be as 
high as 30% in gasoline in some countries [16].

In the present study, we have tried to assess MN and other NAs as 
biomarkers of genotoxicity in AMs. In the present study, we found that 
frequency of MN and other NAs were significantly increased in AMs 
as compared to control group as shown in Table  1. Furthermore, as 
the year of exposure increases, frequency of MN and other NAs was 
significantly increased in AMs as shown in Table 2.

Our findings coincide with the findings of other authors, Khan et al. [17] 
and also our finding are confirm with the findings from the previous 
studies, which report the increased frequency of MN formation in oral 
buccal epithelial cells of automobile car mechanics (Sudha Sellappa), 
petrol pump workers (Paul et al.; Metgud et al.), and painters (Khan 
et al.) as compared to control [18-21].

BNs are probably indicative of failed cytokinesis following the last 
nuclear division in the basal cell layer [22]. KR is indicative of more 
extensive nuclear chromatin aggregation which leads to disintegration 
of the nucleus [23]. Binucleus formation is considered as indicator 
of cytotoxicity, while KR and KL are considered as indicators of 
apoptosis  [21]. It has been postulated that repeated exposure to 
cytotoxicants can result in chronic cell injury, compensatory cell 
proliferation, chronic cell injury, and ultimately tumor development [24].

Increased frequency of MN and other NAs in our study reveal that 
AMs are under the risk of significant cytogenetic damage. MN assay 
can be regarded as an important biomarker to predict the relative 
risk of occurrence of cancer [25,26]. MN assay is rapid, easy, cheap, 

Fig. 1: (a) Normal cell, (b) micronucleate cell, (c) binucleate 
cell, (d) karyorrhexis, and (e) karyolysis. Micronuclei and other 
nuclear abnormalities in exfoliated buccal cells of automobile 

mechanics and in control group

Table 1: Mean±SD of MN and other NAs in automobile workers 
and control group

Parameters Mean±SD t‑test p value

Automobile 
workers

Control 
group

MNC 8.20±6.134 5.10±3.722 3.347 0.001*
BNC 13.57±7.892 8.82±3.855 4.189 0.00*
KRC 16.70±10.818 12.30±5.176 2.842 0.05*
KLC 22.10±11.685 16.12±6.370 3.483 0.01*
*: Significant, MNCs: Micronucleated cells, BNCs: Binucleated cells, 
KRC: Karyorrhectic cell, KLCs: Karyolytic cells, SD: Standard deviation, 
MNs: Micronuclei, NAs: Nuclear abnormalities
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and sensitive tool for the detection of mutagens [27,28]. Micronucleus 
test in exfoliated epithelial cells seems to be a useful biomarker of 
occupational exposure to genotoxic chemicals. As demonstrated in this 
study, other NAs, such as binucleates, KL, and KR, are also useful indices 
of chemical exposure and toxic response.

These AMs are not aware that they have been exposed to genotoxic 
agents. Therefore, there is a need to educate those mechanics, about the 
potential occupational hazards and the importance of using protective 
measures.

CONCLUSION

MN and other NAs reflect genetic changes and events associated 
with carcinogenesis so it is considered as biomarkers of genotoxicity. 
Therefore, the results of this study indicate that AMs exposed to PAHs 
are under the risk of significant cytogenetic damage. Therefore, it is 
important to provide and to create better awareness of occupational 
hazards among these workers to promote occupational safety.
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