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Resumo

Estudo de toxicologia ocupacional com énfase na atividade citotoxica e mutagénica em trabalhadores
com exposicao a gasolina. Este artigo teve por objetivo investigar os efeitos citotoxicos e mutagénicos da gasolina
em células esfoliadas da mucosa bucal de frentistas de postos de combustiveis. O estudo foi realizado por meio
do levantamento de dados, aplicacdo de questionarios de saude e analise citogenética, com aplicacdo do teste
de micronucleo em células da mucosa oral. A populagdo estudada foi composta do Grupo Teste, constituida de
20 frentistas, expostos a gasolina, na cidade de Picos (PI) e um Grupo Controle, composto por 20 individuos
previamente selecionados. Os resultados deste estudo mostraram que a frequéncia de micronticleos e de morte
celular dos individuos expostos a gasolina foi estatisticamente significante (p < 0,001) em comparagdo ao
grupo ndo exposto. Essa substancia também induziu citotoxicidade em epitélio bucal de individuos expostos
(p <0,001) pelo aumento da frequéncia de células binucleadas. Resultados estes semelhantes aos relatados na
literatura, com relagdo ao efeito mutagénico e citotoxico desse aditivo. Além disso, observou-se que nenhum
dos individuos do Grupo Teste utiliza equipamentos de prote¢do individual (EPI) e nem conhecem a agdo toxica
desses compostos. Assim, mostra-se necessario esclarecer aos trabalhadores expostos quanto a agdo mutagénica
e citotoxica da gasolina, enfatizando a importancia da utilizagdo dos EPI, tendo em vista o risco a saude que
essa exposi¢do pode trazer.
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Abstract

This article aimed to examine the cytotoxic and mutagenic effects of gasoline on exfoliated buccal
mucosa cells among gas station attendants. The study was conducted through data survey, application of health
questionnaires, and cytogenetic analysis, by applying the micronucleus test in oral mucosa cells. The population
under study consisted of the Test Group, made up by 20 attendants, exposed to gasoline, in the city of Picos, Piaui,
Brazil, and a Control Group, made up by 20 previously selected individuals. The results of this study showed
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that the frequency of micronuclei and cell death among individuals exposed to gasoline has been statistically
significant (p < 0.001) when compared to the non-exposed group. This substance also induced cytotoxicity in
the oral epithelium of exposed individuals (p < 0.001), by increasing the frequency of binucleated cells. These
results are similar to those reported in the literature, regarding the mutagenic and cytotoxic effects of this additive.
Furthermore, it was observed that none of the subjects in the Test Group has used personal protective equipment
(PPE) and they do not know the toxic action of these compounds. Thus, there is a need for providing information
to the exposed workers on the mutagenic and cytotoxic action of gasoline, emphasizing the importance of using
PPE, in view of the risk posed to health that such exposure can bring.
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Introduction

Cancer is a genetic disease which manifests due
to the accumulation of DNA mutations over a period
of time. Chemical, physical, and biological agents
are found in workplaces; they are capable of causing
problems for workers and triggering various types of
cancer, such as oral, skin and larynx, among others.
Accordingly, occupational exposure can silently induce
DNA damage; and there is an increasing number of
production processes considered as being potentially
carcinogenic (GATTAS, 2006).

Among the risk environments, gas stations expose
their workers to several highly toxic compounds, such as
gasoline containing benzene, ethyl benzene, toluene, and
xylene (called BETX), among other substances. Toxic
and mutagenic effects of benzene derivatives can be
detected by hematological and mutagenic biomarkers.
In Brazil, the occupational exposure to these organic
solvents is a public health problem, though little reported
and neglected by gas stations managers (CERQUEIRA
et al., 2010b).

A method used to analyze the effects in an exposed
population is to conduct monitoring studies employing
biological parameters, such as cytogenetic tests, which
help to identify the damage resulting from exposure.
Several short-term tests are available for assessment
of genetic hazards (CEBULSKA-WASILEWSKA et
al., 2007). Among the tests used, the micronucleus test
is the option of choice for measuring chromosomal
damage because it can detect both chromosomal loss and
breakage, since these are biomarkers that are expressed
in the short term after exposure and whose frequency is
high in exposed tissues before clinical signs are evident.

In this way, a high frequency of micronuclei in exfoliated
cells reveals the genotoxic activity and can be used to
identify population groups at high risk of developing
cancer (SANTOS, 2012).

There are several studies in the literature that
demonstrate the issue of occupational exposure, but
studies reporting occupational exposure to gasoline in
Brazil’s Northeastern region are scarce (CERQUEIRA
etal.,2010a). In this context, this study aimed to analyze
cytotoxic and mutagenic effects of gasoline in exfoliated
buccal mucosa cells and epithelial cells of gas station
attendants daily exposed to this substance, through the
micronucleus frequency test.

Material and Methods

This was a cross-sectional, exploratory, and
quantitative study, which was carried out by means of
data collection, application of health questionnaires and
cytotoxic and mutagenic analysis through micronucleus
test in exfoliated buccal mucosa cells.

Volunteers had to be over 18 years old and
be regularly working for over 6 months. Trained
undergraduate students in Biological Sciences from a
Higher Education institution applied the questionnaire.

Participants were given all details of the study.
Afterwards, they signed a free and informed consent
term and completed the personal health questionnaire,
which was prepared in accordance with the requirements
of the International Commission for Protection against
Environment Mutagens and Carcinogens (ICPEMC)



(CARRANO; NATARAJAN, 1988). Data collection was
conducted from January to August 2014 by supervised
students. Simultaneously, the snowball method was
used, in which the first respondents indicated others
who, in turn, indicated others, and so on (BIERNACKI;
WALDOREF, 1981), in order to facilitate the identification
of the attendants who were off work, on vacation, or
working in different shifts.

This study was approved by the Research Ethics
Committee of the Federal University of Piaui (CAAE
18191213.7.0000.5188).

The study population consisted of attendants
of the city of Picos, Piaui, Brazil. This city has the
second largest road junction in Brazil’s Northeastern
region, which connects the state of Piaui to the states of
Maranhao, Ceara, Pernambuco, and Bahia. Thus, it has
a wide network of gas stations, justifying the execution
and the importance of this study.

To calculate the sample size, a total of 70 attendants
of gas stations in the urban area and macro-region were
used. Initially, an ideal sample size of 20 attendants was
established for the development of this study. Thus, the
sample consisted of 40 individuals divided into 2 groups:
(1) the Test Group, comprising 20 attendants exposed
to benzene and its derivatives in the city of Picos,
Piaui, Brazil; and (2) the Control Group, comprising
20 individuals previously selected after an analysis of
health and lifestyle data. The number of individuals
in the sample is in compliance with the standards of
international control in the use of the micronucleus test
as a biomarker of genotoxicity (SILVA, 2005; UNAL et
al., 2005; BAKOPOULOU et al., 2008; LEAL, 2009).

The micronucleus test is currently used as standard
of the chromosomal mutagenicity test and follows
the OECD standard — Guidelines for the Testing of
Chemicals/section 4: Health Effects — Mammalian
Erythrocytes. Micronucleus Test: Number 474 and the
recommendation of Gene-Tox Program, Environmental
Protection Agency — EPAIUS. The analysis of nuclear
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changes can be made by counting micronuclei in
exfoliated cells from oral mucosa. The micronucleus
test can be used to demonstrate the mutagenic action
of physical agents, both in vivo and in vitro studies
(FENECH, 2000).

The protocol was standardized according to
Cerqueira et al. (2004) with some modifications. The
buccal mucosa was scraped with disposable spatulas,
and transferred to a 5 mL saline solution (0.9% NaCl).
After this procedure, the material was centrifuged at
1,500 RPM for 10 minutes and washed 3 times with
saline. Next, 50-100 pL of cell suspension was dropped
onto slides (preheated to 37°C), and dried on hot plate
for 15 minutes. Fixation was with methanol: acetic acid
(3:1) for 15 minutes and drying at room temperature.
After this last step, slides were immersed in distilled
water for 1 minute and stained with 2% Giemsa for 15
minutes. Around 3,000 cells per individual (1,000 cells
per slide) were observed under an optical microscope,
at 100 x magnification, and frequencies of micronuclei,
binucleate cells, karyolysis, and karyorrhexis were
analyzed and calculated.

The differences between the two groups were
tested by non-parametric Mann-Whitney U test at a
significance level of p < 0.001. Relationships between
exposure to gasoline and personal health habits were
compared using the chi-squared test at p < 0.05. The
software STATISTIC, version 8.0, was used.

Results

Health and lifestyle data, such as age, ethnicity,
exposure time, weekly workload, smoking habit, use
of alcohol and food, and the use of personal protective
equipment (PPE), characterized the study population
based on information obtained from attendants through
the health questionnaire (Table 1). Attendants were
between 23 and 42 years old, with an average age of 31
years, mostly Caucasians (45%). Regarding workers’
habits, 100% did not smoke; 70% used alcohol, 45%
used non-prescription drugs, and meat consumption
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TABLE 1: Characteristics of the population of gas station attendants in the city of Picos, Piaui, Brazil (2014).

Population characteristics

Exposed to gasoline (N = 20)

Non-exposed (N = 20)

Age 31+6.08 24 +5.82
(23-42) (19-39)

Ethnic group

* White 20% 20%

* Black 35% 25%

 Caucasian 45% 55%

Working time at the site (years) 3.85+3.96 0.55+1.28
(1-18) (0-5)

Use of PPE

* Yes -

* No 100% -

Weekly workload 48+ 0

Smoking

* Yes - -

* No 100% 100%

‘Weekly alcohol consumption

* Yes 70% 45%

* No 30% 55%

Medication per day

* Prescribed - 15%

» Non-prescribed 45% 50%

Meat consumption on weekdays 100% 100%

Consumption of only vegetable foods

* Yes

* No 100% 100%

PPE: personal protective equipment.

prevailed over the use of vegetables in the diet. Workers
exposed to gasoline reported that, on average, they have
been exposed to the work environment for 3 years, with a
weekly workload of 48 hours, and not using PPE during
the whole day.

With the Personal Health Questionnaire, it was
found a relationship between the exposure to gasoline
and the smoking habit, as well as a statistically
significant difference between exposed and non-exposed

individuals, considering the smoking habit, with a
higher incidence of smoking individuals among the
exposed ones (p < 0.05). Alcohol consumption, use of
medication, and food type were also associated with
exposure to gasoline, but with no significant difference
between them.

The results of the micronucleus test of the
gas station attendants are listed in Table 2. The
frequency of micronuclei and binucleated cells in these

TABLE 2: Assessment of mutagenicity and nuclear abnormalities indicative of apoptosis and cytotoxicity in oral epithelium

from attendants exposed to gasoline.

S Micronuclei I.(aryorrhexis . Karyolysis Binucleated cells in
in 3,000 cells in 3,000 cells in 3,000 cells 3,000 cells
Exposed (n = 20) 52.35 £ 21.12%** 11.10 + 7.82%** 108.25 £ 44.30%*** 9.90 &£ 5.15%**
Non-exposed (n = 20) 1.35+2.21 0.05+0.22 7.25+5.43 0.70 £0.85

Significant data for *** p < 0.001 compared to the non-exposed group. Non-parametric Mann-Whitney U test.
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workers was statistically significant and considerably
higher (p < 0.001) when compared to non-exposed
individuals, indicating the possibility of mutagenicity
and cytotoxicity, respectively. An indicative of apoptosis
was also verified by the mechanisms of nuclear
fragmentation and dissolution in all individuals exposed.

Discussion

The results of the questionnaire regarding the use
of PPE corroborate other studies that show low use
of PPE among workers (CERQUEIRA et al., 2010b;
MARTINS et al., 2012). The employees alleged that
PPE are uncomfortable, hinder their movements and are
unnecessary, since the time of fueling is relatively short.
The same reasons were described by Leite et al. (2005).

Moreover, a recommendation to minimize
occupational exposure is to promote the use of PPE
that are appropriate to the risk, as well as educational
activities that help workers to realize the risk they
are exposed to, with potential damage to their health.
According to Mota (2011), these public health measures
aim to decrease the incidence of poisoning cases and
the problems arising from it, as well as to prevent
outbreaks caused by exposure to chemicals, such as
those investigated in this study.

The results for the micronucleus test are in
accordance with the study of Celik et al. (2003) with gas
station employees; they found a significant increase in
the frequency of micronuclei in exfoliated buccal mucosa
cells. Similarly, the frequency of binucleated cells,
karyorrhexis, and karyolysis was higher in the exposed
individuals. Hogstedt et al. (1991) reported a significant
increase in the frequency of micronuclei in lymphocytes
of workers exposed to gasoline. An increased level of
chromosomal deletions in a cytogenetic study performed
with attendants was also evidenced by Santos-Mello
and Cavalcante (1992). Likewise, Andreoli et al. (1997)
also registered an increased DNA damage in peripheral
lymphocytes in these workers.

Other researches mentioned metabolic and
functional changes caused by the exposure to gasoline
and its derivatives, in different biological systems, which
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may even lead to cancer and death. When there is dermal
contact, problems are related to dermatitis, scaling,
and liver damages; when the individuals are poisoned
through the respiratory tract, the effects are more
severe and they can lead to respiratory, hematological,
musculoskeletal, ocular, immunological, neurological,
reproductive, developmental and genotoxic effects,
cancer, and death (DAMBROS, 2012). Tochetto et al.
(2012) observed that the exposure to gasoline caused
damage in the central portion of the auditory system or
in the brainstem, induced by organic solvents observed
in gasoline.

In the same way, Ramadan et al. (2000) investigated
the immunological and toxicological consequences
of occupational exposure to gasoline, and showed
that this exposure increased the risk of genotoxicity
and immunotoxicity. Workers with chronic benzene
poisoning showed chromosomal breaks and losses in
their cells, thus relating the chromosomal damage with
excessive exposure to benzene (OLIVEIRA, 2008).
Santos (2012) applied the CBMN micronucleus assay to
cells from workers poisoned by benzene, and observed
that the values of MN and nucleoplasmic bridges were
3 times higher than in the control group. All of the
aforementioned studies corroborate with the results of
this study in terms of the genotoxic activity of gasoline
and its compounds.

In addition, in this work, it was observed that
gasoline induced cytotoxicity to the oral epithelium of
exposed individuals by means of the significant (p <
0.001) increase in the frequency of binucleated cells,
which was caused by the absence of cytokinesis at the
end of cell division. Studies on workers with chronic
benzene poisoning observed a tendency for lower values
of mitotic index, when compared with the control group
(OLIVEIRA, 2008).

Analysis of exfoliated cells from oral mucosa also
provides evidence of other nuclear changes, such as
binucleated cells (two nuclei in one cell), karyorrhexis
(nuclear fragmentation), and karyolysis (nuclear
dissolution) (TOLBERT et al., 1992). The presence
of binucleated cells is considered as an indicator of
cytotoxicity, while karyorrhexis and karyolysis are
considered as indicators of apoptosis. Nuclear changes



140

indicative of apoptosis observed in this study were
significantly more frequent in the exposed group, similarly
to those observed by Revazova et al. (2001), who reported
an increase in nuclear abnormalities in buccal cells of
women living in an area contaminated with dioxins.

The micronucleus test in exfoliated epithelial
cells has been a useful biomarker of occupational
exposure to genotoxic chemicals (CELIK et al.,
2003). As demonstrated in this study, other nuclear
abnormalities, such as binucleated cells, karyolysis,
and karyorrhexis are also useful indicators of chemical
exposure and toxic response. Thereby, a combination
of micronuclei and nuclear changes may increase
the sensitivity of the micronucleus technique for
evaluating genotoxicity.

All cytotoxic and mutagenic changes observed
herein are related to the power of gasoline and its
compounds, especially benzene, to associate with DNA
causing small and large changes in the structure thereof.
Other studies, which used techniques such as the Comet
assay and mitotic index values, should be added to this
work, in order to show other types of damage that can
be generated by these compounds, which are corrected
or eliminated by the repair mechanism of cells through
programmed cell death (apoptosis).

In this sense, variables related to data of occupational
exposure to gasoline indicated significant effects as to
the presence of micronuclei and nuclear abnormalities.
Furthermore, it was also found a pattern of occupational
exposure related to non-use of PPE.

In brief, there is a need to conduct safety campaigns
at work, in order to clarify the workers who are exposed
to gasoline about its mutagenic and cytotoxic action.
Emphasizing the use of PPE and considering the health
risk posed by BTEX are of paramount importance, since
it contributes to the development of future research in
the area of occupational exposure, both in this state and
in Brazil’s Northeastern region.
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