ORIGINAL ARTICLE
Anatomy Journal of Africa. 2019. Vol 8 (1):1460 - 1469

MICRONUCLEUS EVALUATION OF EXFOLIATED BUCCAL
EPITHELIAL CELLS FROM AUTOMOBILE SPRAY PAINTERS – A
PRELIMINARY STUDY
Nkiruka Chinonyelum Azubuike1*; Okechukwu Steven Onwukwe1; Anulika Obianuju Onyemelukwe1; Uzoamaka Charity
Maduakor1; Iniekong Philip Udoh; Ikenna T. Ikele2; Cornelius O. Ogu1; Valentine Chinwendu Okafor1
1

Department of Medical Laboratory Sciences, Faculty of Health Sciences and Technology, College of Medicine,
University of Nigeria, Enugu Campus.
2
Department of Anatomy, Faculty of Basic Medical Sciences, College of Medicine, University of Nigeria, Enugu
Campus.
*CORRESPONDENCE TO: Nkiruka C. Azubuike; E-mail: nkiruka.azubike@unn.edu.ng Phone:
+2348036711136
ABSTRACT
Automobile spray painters in the Mechanic village at Coal Camp, Enugu State, Nigeria are exposed to genotoxic
agents such as the automobile paints and spent engine lubricants which contaminate the soil of their working
environment. The present study applied the micronucleus (MN) test on exfoliated oral mucosal cells as a means
to assess the genotoxicity risk associated with occupational exposure to genotoxic agents. Two (2) groups of
subjects which comprised 30 automobile spray painters and a control group of 30 apparently healthy unexposed
volunteers were enrolled in the study. The study participants were all males. Moistened wooden spatulas were
used to obtain buccal smears of the participating individuals, and the smears were stained. The presence of MN
was assessed under light microscopy and a total of 1000 cells per individual were scored. The results obtained
showed that statistically significant increase in MN frequency in buccal epithelial cells of automobile spray
painters when compared with the control group (p<0.05). Elevated MN frequency was also observed with
increased age, smoking and alcohol consumption habits. MN frequency was significantly affected by the duration
of working experience (years) of the spray painters whereas no difference was observed with number of working
hours/day. In conclusion, the present study has revealed that automobile spray painters in the Mechanic village
of Coal Camp, Enugu State could be under risk of cytogenetic damage from exposure to genotoxic chemicals.
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INTRODUCTION
The health of humans is influenced either positively
or negatively in various ways. Health threats from
Damage to DNA or chromosomes in humans have
environmental sources are increasing and have
been identified by obtaining tissue biopsies or blood
become a growing concern over the years. Many
samples for lymphocyte and erythrocyte assays
individuals in various settings are occupationally
(Holland et al, 2008). Micronuclei (MN) assay
exposed to agents that can cause congenital defects,
presented greater advantages over the other
mutations and even cancer (Hirvonen, 1995). The
techniques, being a minimally invasive method
various routes of exposure to hazardous substances
(Stitch and Rosin, 1983). It has continued to gain
are by inhalation, ingestion and dermal absorption
popularity over the years as a biomarker of genetic
(Benites et al, 2006) which lead to genomic damage.
damage (Majer et al, 2001) and has served as a tool
Several types of cancer that affect the skin, pancreas
for the detection and quantification of genotoxic
and urinary tract have been attributed to exposure
effects of carcinogenic agents. Its information can
to occupational agents (Santos-Mello and
be used as an early warning of potential risk of
Cavalcante, 1992).
developing long-term health problems (Au, 1991).
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The MN test involves examination of exfoliated
epithelial cells to determine the occurrence of cells
containing small extranucleus separated from the
main nucleus (Obe and Natarajan, 1990; Ramirez
and Saldanha, 2002).
Previous studies have shown increased MN
frequency among petrol station workers, mechanics,
foundry workers, agricultural workers and
hairdressers exposed to chemical substances who
are occupationally exposed to hazardous chemicals
(Benites et al, 2006; Pastor et al., 2001; Çelik et al.,
2003; Rickes et al., 2010; Singaravelu and Sellappa,
2013). Painters are exposed to hazardous
compounds in the environment that has drawn
major public health concern and these compounds,
mostly found in complex mixtures of organic
solvents and metals and are known to be potential
toxic, mutagenic and carcinogenic agents (IARC,
1989).
Mechanic village at Coal camp (MVCC) is
popular area situated in Enugu metropolis, Enugu
State, Nigeria. It is occupied by several automobile
mechanics, spray-painters, spare-part dealers, autoelectricians, panel beaters and welders. Recently, it
has been documented that high levels of polycyclic
aromatic hydrocarbons (PAHs) were detected in the
water and soil samples within and around MVCC in

Enugu State, Nigeria (Ogbuagu and Ogbonna,
2013). This is due to the wrong disposal of more
than 80% of the used transmission and engine oil on
bare grounds around the workshop areas by the
workers. These spent engine lubricants are the most
commonly generated hazardous wastes in autorepair shops (Iwegbue, 2007; Ipeaiyeda and
Dawodu, 2008). Individuals working within MVCC
environment are exposed the mixtures of waste
chemicals. In addition, automobile spray painters
are also exposed to the spray paints upon handling.
Since occupational exposure to hazardous chemical
agents is of great public health concern (Franco et
al., 2008), a provision of further information
regarding genetic risks related to exposure to
genotoxic agents is pertinent. Therefore, the major
objective of the present study was to determine
cytogenetic damage in exfoliated epithelial cells of
the buccal mucosa of MVCC automobile spray
painters
by
quantitative
determination
of
micronuclei cells (MNC). A relationship between the
frequency of micronuclei with other factors such as
age, years of working experience, duration of time
in working environment/day, alcohol consumption
and smoking were also established.

MATERIALS AND METHODS
The study population comprised 30 automobile
to participate in the study were apparently healthy
spray painters selected randomly in Mechanic Village
and they answered the questionnaire.
at Coal Camp, Enugu and a control group of 30
Prior to sample collection, the participating
apparently healthy unexposed individuals. The study
individuals thoroughly rinsed their mouths with
was conducted in accordance with Helsinki
water to remove unwanted debris. Buccal smears
declaration and ethical clearance was obtained from
were obtained by scrapping the inside of both right
the Health Research and Ethics Committee of the
and left cheeks using a pre-moistened sterile
University of Nigeria Teaching Hospital, Ituku-Ozalla
wooden spatula. Smearing unto two slides was done
[NHREC/05/01/2008B-FWA00002458and the slides were air-dried, fixed immediately with
1RB00002323]. Selection of subjects was based on
methanol and stained using May-Grunwald Giemsa
information obtained from questionnaire which
staining procedure. Presence of micronuclei cells
included age, smoking habit, alcohol consumption,
(MNC) were assessed under light microscopy at x40
use of drugs, occupational and non-occupational
magnification and a total of 1000 cells per individual
exposure according to established protocol
were scored using the criteria described by Tolbert
(Carrano, 1988). Based on occupational exposure,
et al., (1992). A single person blindly scored the
only subjects who have worked for five years and
randomized slides, and cells that were binucleated,
above were recruited. The study participants were
dead or in degeneration process, revealing evidence
all males and written consent from the selected
for nuclear fragmentation, karyorrhexis and
subjects were obtained. The individuals who obliged
karyolysis were not included in the assessment.
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Overall
effects
of
age,
exposure
duration/day, alcohol consumption and smoking

were determined
(ANOVA).

using

analysis

of

variance

RESULTS
The summary of general characteristics of the
and the unexposed control group (Table 2).
participating individuals obtained from the
However, a statistically significant increase was
questionnaire is represented in Table 1. It includes
observed in ASP when compared to the control
the responses of the subjects on their age, number
(p<0.05). Increase in age and years of working
of working hours/day, number of sticks of cigarette
experience were observed to significantly increase
smoked/day, alcohol consumption. Micronuclei (MN)
(p<0.05) MN frequency in ASP (Figures 1 and 2b);
cells were found in the exfoliated buccal epithelial
however, no difference in MN was observed
cells of both MVCC automobile spray painters (ASP)
Table 1: Summary of the general characteristics of the participating individuals
Characteristics
Age Range (years)
18 – 25
26 – 35
>35
Smoking Status
Yes
No
Number of sticks smoked/day
1–5
>5
Nil
Alcohol Status
Yes
No
Daily Alcohol Consumption
(bottles)
1-3
>3
Nil
Lifestyle
Smokers only
Alcohol drinkers only
Smokers and Alcohol drinkers
Nil
Working hours/day (hours)
4-6
7-9
Working experience (years)
5 - 10
11 - 16
> 16

Control (n = 30)

Spray Painters (n
= 30)

Total

9 (15.0%)
9 (15.0%)
12 (20%)

13 (21.7%)
13 (21.7%)
4 (6.7%)

22 (36.7%)
22 (36.7%)
16 (26.7%)

26 (43.3%)
4 (6.7%)

22 (36.7%)
8 (13.3%)

48 (80%)
12 (20%)

12 (20%)
14 (23.3%)
4 (6.7%)

15 (25%)
7 (11.7%)
8 (13.3%)

27 (45%)
21 (35)
12 (20%)

29 (48.3%)
1 (1.7%)

25 (41.7%)
5 (8.3%)

54 (90%)
6 (10%)

16 (26.7%)
13 (21.7%)
1 (1.7%)

20 (33.3%)
5 (8.3%)
5 (8.3%)

36 (60%)
18 (30%)
6 (10%)

3 (5%)
26 (43.3%)
1 (1.7%)

3 (5%)
22 (36.7%)
5 (8.3%)

0 (0%)
6 (10%)
48 (80%)
6 (10%)

-

10 (33.3%)
20 (66.7%)

10 (33.3%)
20 (66.7%)

-

10 (33.3%)
11 (36.7%)
9 (30%)

10 (33.3%)
11 (36.7%)
9 (30%)
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in ASP who work between 4 – 6 hours and those
who work above 6 hours daily (Figure 2a).
Increased MN frequency (p<0.05) was observed in
control and ASP groups who have a smoking habit
compared to individuals who do not smoke in their
respective groups (Figure 3a) although markedly
increased MN values were obtained in smoking and
non-smoking ASP. MN frequencies were also
observed to increase with increased number of
cigarette sticks smoked/day (p<0.05) (Figure 3b).
Alcohol consumption was also observed to increase

Table 2:

MN frequency significantly (Figure 4a), and
increased number of bottles consumed per day was
also observed to increase MN frequency (p<0.05)
(Figure 4b). In general, based on lifestyle habits,
slightly raised MN frequency was observed among
individuals who do not smoke but have alcohol
drinking habit. However, significantly increased MN
frequency (p<0.05) was observed in individuals who
both have alcohol drinking and smoking habits when
compared with individuals who neither smoke nor
drink alcohol (Table 3).

Cytological observations in exfoliated buccal epithelial cells of control and MVCC Automobile Spray
painters
Study Group
Auto Spray Painters
Control

MNC
17.73±6.51*
6.80±3.77
F-ratio
62.949
Sig.
0.000
MNC: Cells with micronuclei. Data expressed as Mean±Standard deviation
(SD). * = value is significantly different at p<0.05 when compared with
control

Table 3: Effect of lifestyle habits on Micronuclei frequency on exfoliated buccal epithelial of participating
individuals.
Study Groups

MNC

Alcohol drinkers only
Smokers and Alcohol drinkers
Nil

8.50±6.32
13.96±7.17*
2.67±2.66
F-ratio
8.344
Sig.
0.001
MNC: Cells with micronuclei. Data expressed as Mean±Standard
deviation (SD). * = value is significantly different at p<0.05 when
compared with individuals who neither smoke nor drink alcohol [Nil]
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Figure 1:

Bar chart showing Micronuclei frequencies of Automobile spray painters and control group in relationship with age.

Figure 2:
Bar charts showing Micronuclei frequencies of Automobile spray painters in relationship with (a): working hours/day and
(b): years of working experience.
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Figure 3: Bar charts showing Micronuclei frequencies of Automobile spray painters and control group in relationship with (a): smoking
habit and (b): number of cigarette sticks smoked/day.

Figure 4: Bar charts showing Micronuclei frequencies of participating individuals in relationship with (a): alcohol drinking habit and
(b): number of bottles consumed/day
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DISCUSSION

(Singaravelu and Sellappa, 2013; Tomanin et al.,
1991; Azubike et al., 2012). Previous authors have
reported that lifestyle factors such as smoking habit
and alcoholism are considered as implicative
parameters for high degree of nuclear anomalies in
people who are exposed to other environmental
genotoxins (Holland et al., 2008; Dittberner et al.,
1997; Rajkokila et al., 2010; Diler and Ergene,
2010). This is similar to the findings from the present
study as these lifestyle habits increased the MN
frequencies of the automobile spray painters.

Genotoxin exposure may result from occupational
environment, natural and environmental factors,
non-specific contamination or industrial accidents
(Anderson, 1999). Micronucleus (MN) arise in mitotic
cells due to the dysfunction of the mitotic process
and breakages of chromosome (Jadhav et al., 2011)
and its detection serves as a biomarker to predict
cancer risk (Blotching et al., 2000). In the present
study, increased frequency of micronuclei (MN) was
observed in exfoliated buccal epithelial cells of autospray painters in the Mechanic village at Coal Camp
(MVCC) when compared to the unexposed control
group. The findings of our study are similar to
previous works which documented elevated levels of
MN and other nuclear abnormalities in buccal
epithelial cells of spray painters in South India (Khan
and Sellapa, 2003). Increased MN frequencies have
also been detected in foundry workers, building
construction workers, tannery workers and petrol
station attendants (Çelik et al., 2003; Singaravelu
and Sellappa, 2013Liu et al., 2010; Sellappa et al.,
2011).

Among the older exposed workers, increased MN
frequency was found connoting an association
between aging and the formation of MN. This finding
may be attributed to the longer duration of exposure
(in years) for most of the older workers than the
younger participants. Conversely, Benites et al.,
(2006) documented no significant change in MN
frequency due to age in a study involving gas station
attendants. However, other previous studies have
also shown association between increased
chromosomal instability and aging in correlation with
micronucleus formation (Zijno et al., 1996;
Bolognesi et al., 1999). A biphasic character in MN
frequencies change with regards to age have been
documented (Orta and Günebakan, 2012), where a
positive correlation exists with ages up to 50 years
and a negative correlation with ages beyond 50
years. In this study we report the highest increase
in MN frequency of exposed subjects of >35 years
(i.e. 35 and above), and the lowest value in ages
below 25 years.

The epithelium of the oral mucosa maintains itself
by continuous renewal of cells. The new cells which
are produced by mitosis migrate from the basal layer
to replace shed cells in the surface epithelium
(Holland et al., 2008). Buccal cell changes such as
micronuclei are practical biomarkers of cancer risk in
humans. Upon exposure to genotoxins, the basal
layer of the mucosa which contains stem cells that
may express genetic damage are affected (Reali et
al., 1987; Livingston et al., 1990) resulting to
chromosome breakage/loss and MN formation
(Holland et al., 2008). There is a correlation between
buccal cell changes and the development of
malignant tumours (Proia et al., 2006).

In conclusion, our results indicate clearly that
automobile spray painters in Mechanic Village of
Coal Camp, Enugu State who are occupationally
exposed to genotoxins have an increased frequency
of cells with MN connoting potential health risks. It
is thus necessary to educate the automobile spray
painters and all other workers in the Mechanic village
about the genotoxic effects of substances they are
exposed to, the need to wear protective automotive
clothing, proper handling and disposal of chemicals
and engine lubricants used in the workshops so as
to alleviate the health hazards they may encounter.

Our study also showed that alcohol consumption
increased MN frequency both in exposed and
unexposed groups. However, we observed that
smoking only cigarettes is rare in the participating
individuals as most of the smokers are also alcohol
drinkers. The significant increase in MN frequency in
participants with both smoking and alcohol drinking
habits could have been potentiated by the cigarette
smoking since alcohol consumption only did not
cause increased MN induction. However, the effect
of smoking on MN induction still seems controversial
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