RESEARCH ARTICLE

Assessment of Karyorrhexis Incidence in Exfoliated Buccal
Mucosa Epithelial Cells among Fuel Station Employees in
Sleman, Special Region of Yogyakarta, Indonesia

Regina TC Tandelilin, Tang Sze Mun?, Tetiana Haniastuti®

ABSTRACT

Introduction: Benzene exposure from petrol vapor possesses a health risk to humans, particularly fuel station employees through the inward
breath of the unstable portions of petrol during vehicles refueling. This may trigger an increase in nuclear abnormalities and lead to DNA
impairment pieces of evidence. The purpose of this study was to evaluate the incidence of karyorrhexis occurred in buccal mucosa epithelial
cellsamong fuel station employees in Sleman, Special Region of Yogyakarta, Indonesia, to explore the possible cytogenetic risk on occupational
exposure to petrol derivatives.

Materials and methods: A total of 15 fuel station employees and 15 control subjects within the age group of 20-55 years were initiated. Buccal
smears were obtained from the oral cavity with cytobrush and smeared into slides. Afterward, these specimens were stained with Papanicolaou’s
method and then analyzed for nuclear abnormalities. Karyorrhexis incidence was recorded as per 1,000 cells counted using a light microscope
and then statistically analyzed with an independent T-test (p < 0.05).

Results: The result revealed that there were statistically significant higher frequencies (p < 0.05) of karyorrhexis incidence between the exposed
employees compared to the controls. The result revealed that among the exposed employees compared to the controls there were statistically
significant higher frequencies (p < 0.05) of karyorrhexis incidence.

Conclusion: This research concluded that exposure to petrol derivatives such as benzene increases the karyorrhexis incidence of exfoliated
buccal mucosa epithelial cells on fuel station employees in Sleman, Special Region of Yogyakarta, Indonesia.

Clinical significance: This study indicates increased karyorrhexis incidence of exfoliated buccal mucosa epithelial cells caused by repeated
exposure to benzene.
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INTRODUCTION

Benzene is a product of crude oil refinement, which is derived
from petroleum refining."* International Agency for Research on
Cancer (IARC) 1989 expressed that risk to fuel vapors is conceivably
carcinogenic to humans, mainly due to the premise of the well-
established carcinogenic nature of benzene.** A great concern was
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historically given to this well-known genotoxic as an occupational
health hazard.®

The Environmental Protection Agency of the United State of
America (1998)’ limits the current permissible benzene exposure
level in the air to one part per million (ppm) for 8 hours.® However,
petrol station employees are continuously subjected to petroleum
refinement products essentially through inhalation of the
volatile fraction of petrol during vehicle refueling, furthermore
retain the fuel fumes and the products transmitted by the
engines.#>°10

Grandjean and Andersen'’ stated that excess risk for lung
cancers was accounted for in petrol station employees who were
exposed to petroleum products for a drawn-out stretch of time.’
A study by Carere et al.'”? has demonstrated that benzene can
induce different types of geneticimpairment such as chromosome
aberrations, sister chromatid exchanges (SCE), micronuclei
formation, and DNA damage. A similar study conducted by
Metgud et al.® about nuclear irregularities in exfoliated buccal
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epithelial cells of petrol station employees in Udaipur, Rajasthan.
They found that the cytogenotoxic effects of petrol exposure cause
asignificantincrease in the incidence of nuclear abnormalities such
as micronucleus (MN), binucleation, karyorrhexis, and karyolysis in
the buccal cells of petrol station employees.

Nuclear abnormalities (NAs) are biomarkers to observe
individuals or populations exposed to the mutagenic, genotoxic,
or teratogenic event. According to Tolbert et al.,'* besides
physiological cellular differentiation, NA is also observed in cell
death with DNA damage." Nucleus cells may be degraded into
concise chromatin, fragmented nuclei (karyorrhexis), pyknotic
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nuclei, or totally lose their nuclear material (karyolysis). Some cells
are rarely may be blocked in a binucleated stage or may show
nuclear buds, a biomarker of gene amplification.”

The oral cavity is the port of entry of various hazardous agents
into the body and its affection can indicate systemic condition.' It
reflects an individual’s health-being since oral mucosa often shows
disease changes.' Oral cavity has a moist lining that communicates
with the exterior known as oral mucosa. The oral mucosa primarily is
to protect the deeper tissues of the oral cavity."” It serves as the first
barrier against potential carcinogens. Consequently, it is vulnerable
to damage by these agents and shows pathological changes before
reflecting a systemic condition.™

Rosin'® stated that approximately 90% of human cancers are
originated from the epithelial origin. It might be a suitable approach
to using these types of cells for tracking down elevated cancer risk
in humans.”” The buccal mucosa epithelial cells serve as a target
site that presents to evaluate earlier cytotoxic and genotoxic
events initiated by carcinogenic agents entering the body through
inhalation and ingestion. Buccal mucosa epithelial cells provide
the first barrier which is adequate for metabolizing proximate
carcinogens to reactive products.?’ Therefore, oral buccal mucosa
has been proposed as a reflection that shows an individual’s health,
owing to its vulnerability to harm by hazardous agents before
reflecting a systemic condition.™

On top of that, petrol gets absorbed more easily in tropical
than in temperate countries.?! Indonesia is a tropical country with
five main islands, namely Sumatra, Java, Kalimantan, Sulawesi, and
Papua.?? Accordingly, petrol pump employees pose a higher risk
for exposure to toxic chemicals of petroleum products.?> Moreover,
the employees engaged in filling petrol mostly do not take any
protections and hence remain unhygienic.?! As a consequence,
occupational exposure to benzene derivatives poses genotoxic
risks. In light of this issue, employees are more prone to have nuclear
abnormalities in their buccal cells.’

Taking into consideration that occupational hazards to such
by-products may carry genotoxic risk, this study is done to examine
the cytogenotoxic damage of exfoliated buccal cells obtained from
petrol station employees and control subjects in Sleman, Special
Region of Yogyakarta, Indonesia.

MATERIALS AND METHODS

Subjects of this study consist of 15 fuel station employees who are
occupationally exposed to petrol vapor and vehicle exhaust for at
least one year regularly at the petrol stations in Sleman, Special
Regency of Yogyakarta. The control group consists of 15 healthy
volunteers from UGM students and staff who are without indication
of any exposure to petrol derivatives or other potential genotoxic
substances.

Before sampling, an issued letter of ethical clearance was
obtained in accordance with the Ethics and Advocacy Unit of the
Faculty of Dentistry, University of Gadjah Mada (UGM) for approving
this current study, as well as a permission letter from the Faculty
to conduct study case in PT. Pertamina, Laboratory of Pathology
Anatomy at Faculty of Medicine, Public Health and Nursing UGM
and Laboratory of Clinical Pathology at Faculty of Veterinary
Medicine UGM.

The study was briefed to all the participants in detail,
explanation of the procedures, their roles in the study, and the
content of the informed consent form. The participants were

asked to sign informed consent forms under ethical clearance as
an agreement to take part in this study. Then, participants have to
complete a standardized questionnaire to obtain necessary data on
lifestyles and personal factors (age, gender, working period, medical
health, alcohol consumption, smoking habit, etc.).

Before buccal epithelial cell collection, rinsing their mouth
thoroughly with distilled water were advised to subjects to avoid
contamination of debris in the oral cavity and to remove exfoliated
dead cells. Buccal epithelial cells were collected from each individual
by swabbing the buccal mucosa gently with a sterile cytobrush
moistened with 0.09% NaCl. Epithelial swabbing was done by
rotating cytobrush at least 360° on the buccal mucosa.

Exfoliated buccal mucosa epithelial cells were smeared on
the object-glass containing two drops of physiological solutions
(NaCl 0.09%) by rotating the cytobrush oppose the direction of
rotation on the buccal mucosa. Cytologic smears were dried and
fixed in a 95% ethanol solution. Slides were stained by means of
the Papanicolaou reaction. Specimens had undergone hydrolysis
by immersing the slides briefly in 95% ethanol solution at room
temperature for 15 minutes and then rinsed with a tap water bath
for 10-15 minutes. The specimens were firstly nuclear stained
by soaking in Mayer’s hematoxylin for 3-5 minutes and then
rinse with running taped water for 2 minutes until clear water
was visualized. Then, specimens were dehydrated by immersing
the slides in 95% ethanol solution with two changes for 10 dips
each. After that, the specimen was contrasted by cytoplasmic
stained with OG-6 counterstain for 2 minutes, followed by rinsing
it with 95% ethanol solution in 10 dips three times. Then, the
slides were specifically stained with a Second EA-50 stain for
cytoplasmic and nucleolar staining (RNA) in 3—-4 minutes. After
that, specimens were dehydrated by immersing the slides in 95%
ethanol solution with two changes for 10 dips each, followed by
absolute ethanol solution with three changes for 10 dips each.
Later, the specimens were cleared by immersing into xylene in 10
dips three times at different jars. Last, the specimen was allowed
to dry, mounting with a coverslip, and evaluated to determine
nuclear anomalies.

Interpretation of cells was performed under a light microscope
(magnification of 1,000 times) with the aid of immersion oil. A
total of, at least, 1,000 exfoliated cells were screened per slide for
karyorrhexis incidence. Before the karyorrhectic (KR) nuclei were
interpreted, the cells which fulfill Tolbert’s criteria below were
chosen for scoring. It consisted of the following parameters:

- Intact cytoplasm and relatively flat cell position on the slide.

«+ Little or no overlapped with adjacent cells.

. Little or no debris.

« Normal nucleus and intact, nuclear perimeter smooth and
distinct.

Criteria needed for identification of KR nucleus was a
fragmented nucleus that had undergone integrity loss which has
more extensive nuclear chromatin aggregation relative to cells with
condensed chromatin as shown in Figure 1. Karyorrhectic nuclei
that were identified and fulfilled the criteria above were counted
by using a handy counter. The incidence of KR nuclei was recorded
as per 1,000 cells counted.

The normality and homogeneity of the research data were
tested by using the Shapiro-Wilk test and Levene’s test. The
collected data were then analyzed by using an independent T-test
with a value p < 0.05.
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REsuLTs

The assessment of karyorrhexis incidence in exfoliated buccal
epithelial cells of petrol station employees was performed about
the buccal smear from that of the control subjects. Karyorrhectic
cells were characterized by a densely speckled nuclear pattern
indicative of nuclear fragmentation. Both of the groups showed
distinct alterations in the total incidence of KR cells in the cell count.
The normal nucleus and the other typical nuclear abnormalities
of exfoliated buccal epithelial cells were seen in both the control

Fig. 1: Photomicrograph indicates that the exfoliated buccal epithelial
cells undergo karyorrhexis (arrow) that are observed and counted
under a light microscope with a magnification of 1,000x with the aid
of immersion oil (Papanicolaou, 1,000x)

group and petrol station employees as shown in Figure 2. However,
thereis a higherincidence of nuclear abnormalities in petrol station
employees. There was anincrease in karyorrheticincidence in petrol
station employees compared to control groups as shown in Figure 3.

In the present study, the exfoliative cytology technique was
used to evaluate cellular changes in the buccal mucosa of petrol
station employees in comparison with control subjects. Thirty male
subjects with ages ranging from 20 to 55 years were enrolled in this
study. Demographic characteristics of the groups studied were
summarized in Table 1.

Both of the groups were almost similar in age distribution. In
addition, the petrol station employees chosen were matched with
the inclusion and exclusion criteria.

With regard to the mean values and standard deviation of
karyorrhexis incidence in the exfoliated buccal epithelial cells of
petrol station employees comparison demonstrated that there were
no apparent differences in key characteristics between both of the
groups, thus providing reasonable assurance that the results of the
incidence of karyorrhexis analyzes are representative of the entire
study population, and does not appear to have introduced a source
of bias by disproportionately the representing study groups and
control subjects, an intercomparison bar chart (Fig. 4) was made.

Based on the facts shown in Figure 4, it was noticed that
intercomparison of mean values and standard deviations for
karyorrhexis incidence were relatively higher in petrol station
employees in contrast to control subjects. Normality and
homogeneity of the data were calculated using Shapiro-Wilk and
Levene’s test, respectively, as shown in Table 2. The data of control
subjects and petrol station employees were normally distributed
and have the same variance or in homogeny, as determined by
Levene's test for equality of variances. Furthermore, the data were

Figs 2A to D: Exfoliated buccal epithelial cells showing various nuclear anomalies at 1,000x with PAP: (A) Normal cell; (B) Pyknosis; (C) Karyolysis;

(D) Micronucleus
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Apartfrom age, the incidence of karyorrhexis is also influenced
by gender. Singaraju et al.** documented that the number of female
petrol station employees is less than male subjects as it is customary
for men to be engaged more in this occupation. To consider
those female hormones, such as estrogen and progesterone,
influence the growth and development of epithelial cells, and
male hormones will affect bone metabolism and connective tissue
matrix, cytomorphometric alterations, or oral mucosa are certainly
affected by hormones.**8 Considering these, the current study only
included male individuals as the study groups.

In addition, lack of personal protective equipment (PPE)
application during petrol refuel handling however can be one of
the contributing factors for the reduced quality of health among
the petrol station employees. Most of them were not concerned
about any health problems due to their occupational exposures
and thereby the use of personal protection is abysmally low.
The use of appropriate PPE should give a significant preventive
impact on benzene exposure among petrol station employees.
However, the usage of PPE, as observed in this study can be
regarded as unsatisfactory. During field observation of the working
environment, most of the employees do not use a facial mask or
hand gloves as minimum personal protective measures. Hence, they
are more liable to inhale or contact volatile organic compounds
emitted during the vehicle refueling, which highly likely may cause
cytotoxic and genotoxic effects on oral epithelial cells.

On the other hand, it is known that the genomic and cytotoxic
damage can be affected by demographic factors, such as genetic/
ethnic/cultural background, medical procedures (radiotherapy
or chemotherapy within 1 year), local or systemic disease, dental
procedures (wearing a denture or orthodontic appliances within
1 month), micronutrient deficiency and lifestyle factors (e.g., diet,
alcohol, smoking, drugs, and stress). In the questionnaire analysis for
the study group, we did not detect inappropriate health behaviors on
lifestyle questions. The self-reported medical history showed that the
main health problems were related to acute symptoms; determined
slight changes appeared to be mainly associated with the direct
irritant action of fuel vapor in eyes, and also to have an oral ulcer
in a frequent manner previously. Borthakur et al.3® suggested that
chemical substances limit the proliferative ability of the epithelium,
producing thinning and ulceration manifested predominantly in the
oral mucosa. However, due to a lack of complete medical history
and nutritional status data, a direct association of the manifested
symptoms with benzene exposure could not be established.
Hematological and neoplastic diseases were not alleged from
petrol station employees, which was most likely due to the quiet
character of the natural history of these diseases and the fact that
the diseases lead quickly to absence from work. Also, these late
manifesting diseases might not be present in the average young
population studied. Therefore, all these demographic factors were
set as controlled to avoid bias in the current study.

CONCLUSION

Petrol station employees had a significant increase in karyorrhexis
incidence in exfoliated buccal mucosa epithelial cells who are
occupationally exposed to petrol derivatives such as benzene.

CLINICAL SIGNIFICANCE

This study indicates increased karyorrhexis incidence of exfoliated
buccal mucosa epithelial cells caused by repeated exposure to
benzene.
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