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Cytogenetic damage in the buccal epithelium 
of Brazilian aviators occupationally exposed 
to agrochemicals 
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ABSTRACT. The frequency of micronuclei in both buccal cells and 
peripheral blood lymphocytes is extensively used as a biomarker of 
chromosomal damage and genome stability in human populations. 
We examined whether prolonged exposure to complex mixtures of 
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pesticides leads to an increase in cytogenetic damage. The exposed 
group comprised 50 agricultural aviators, mainly from Central and 
Southeast regions of Brazil, who had inhaled agrochemicals for more 
than 10 years without personal protection equipment; the control group 
consisted of 17 men from the same regions, without indication of 
exposure to pesticides, There were three times higher frequencies of 
micronuclei (P < 0.05) and 2.5 times higher frequencies of binucleated 
cells in the aviators when compared to controls. However, cytotoxic 
alterations such as broken eggs and karyorrhexis did not present 
statistically significant differences between the exposed and control 
groups. Therefore, diverse agrochemicals used to combat pests 
in agriculture possess genotoxic effects in the oral mucosa of the 
agricultural pilots, as showed in this study. 
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INTRODUCTION

Occupational exposure to mutagenic agents such as pesticides and fertilizers has in-
creased in developing countries. However, there is no effective control and biomonitoring in 
the use of such products. Of special concern are their undesirable health effects in humans, 
other than acute intoxications. Although pesticides are important for the control of various 
pests, their utilization could be harmful mainly to occupationally exposed human beings (Del-
gado and Paumgartten, 2004).

According to Lucero et al. (2000), human cytogenetic biomonitoring studies carried 
out using somatic cells are considered useful tools to evaluate the possible genotoxic effects 
of a defined exposure. In this context, the biomonitoring of populations exposed to mutagenic 
and carcinogenic agents could be carried out by the micronucleus (MN) assay (da Cruz et al., 
1994; Bonassi et al., 2003; Chen et al., 2006). In the present study, we used the MN assay 
because of its advantages for the screening of cytogenetic damage due to potential environ-
mental mutagens (Lucero et al., 2000). Micronuclei are acentric chromosome fragments or 
whole chromosomes left behind during mitotic cell division and appear in the cytoplasm of 
interphase cells as small additional nuclei. The MN test is faster and easier than metaphase 
analyses and it can be used both in vivo and in vitro in a variety of cells (da Cruz et al., 1994; 
Lucero et al., 2000; Chen et al., 2006; Ünyayar et al., 2006).

There are some criteria that must be observed for the correct classification of micronu-
clei, such as: a size less than one-third the diameter and at least one-sixth of the main nucleus; 
the MN must not be refractive; its staining must show the same color as the other nuclei, but 
it can have greater intensity; and it must not be connected to the main nucleus (Tolbert et al., 
1992; Holland et al., 2007).

There is much uncertainty surrounding studies of pesticide exposure and genotoxic 
damage, including the reliability of exposure assessment, the power of the studies, the suitabil-
ity of control groups and the protocols used for determining genotoxicity. In addition, there is 
by no means agreement as to the significance of an increase in cytogenetic damage for cancer 
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risk and therefore for the health risks associated with pesticide exposure (Bull et al., 2006).
Therefore, the aim of this study was to evaluate the potential genotoxic damage in fifty 

agricultural pilots, from Brazil, mainly Central-West and Southeast regions, occupationally 
exposed to agrochemicals, by means of cytogenetic studies.

Human biological monitoring is a tool of great interest in cancer risk assessment, 
since it allows estimating genetic risk resulting from environmental exposure to chemicals. 
The role of the micronucleus test as an intermediate endpoint of carcinogenesis has received 
much support in the literature, but stronger evidence is available concerning the association 
between the rate of structural chromosomal aberrations and cancer risk (Bonassi and Au, 
2002; Costa et al., 2006).

There are other nuclear anomalies besides micronuclei in the exfoliated cells of the 
oral mucosa. These nuclear anomalies are binucleated cells, karyorrhexis and broken eggs. 
They are related to cell death, cell injuries or mistakes during cell division. The frequencies 
of these anomalies can be evidence of a cytotoxic effect, increasing the specificity of the test, 
where these anomalies are considered important markers of the process of malignant transfor-
mation (Fenech et al., 2007).

MATERIAL AND METHODS

The exposed group (EG) was made up of 50 male agricultural pilots, occupationally 
exposed to agrochemicals, and the control group consisted of 17 healthy individuals, random-
ly selected from the Goiania-GO population, with small differences in sex, age and lifestyle, 
such as smoking and alcohol consumption.

Before collecting the exfoliated oral epithelial cells, the subjects had to rinse their 
mouths with water to eliminate the presence of food remains and to diminish the concentration 
of bacteria on the slides. The mucosa was scraped and the cells were spread on slides previ-
ously cleaned with absolute alcohol. The slides were dried at room temperature and then, fixed 
in ethanol for approximately 15 min.

Next, the slides were submitted to acid hydrolysis using 10% HCl (20 mL concen-
trated HCL in 120 mL distilled water) for 2 min at room temperature. Afterwards, the slides 
were placed in a water bath at 60°C for 6 min and finally for 2 min at room temperature.

The slides were stained by the Feulgen method and were left in a basic fuchsin solu-
tion for 15 min in the dark. Next, the slides were slightly rinsed in water to remove the excess 
stain and finally counterstained in fast green for 10 min and rinsed in 70% ethanol. To test for 
other examples of cytogenetic damage, the slides were processed in the same manner.

A thousand cells of the oral mucosa were counted in each case, using a light micro-
scope (400X). The micronuclei were identified by the criteria established by Tolbert et al. 
(1992). We used the t-test and the Kruskal-Wallis test to evaluate and compare the micronu-
cleus frequencies in the exposed and control groups. We also used the odds ratio to determine 
the relative risk associated with smoking, alcohol consumption and micronucleus frequencies. 
All analyses were performed with BioEstat 3.0® (Ayres et al., 2003).

This study was approved by the Ethics Committee of the Fundação Oswaldo Cruz 
(FIOCRUZ/RJ). All the samples were obtained from the volunteers after obtaining written in-
formed consent. When the samples were collected, all the Brazilian pilots answered a questionnaire 
regarding information about lifestyle habits, as well as a brief occupational and family history.
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RESULTS

The results of the exposed and control groups, taking into consideration age, lifestyle 
habits, such as smoking and alcohol consumption, the frequency of micronuclei and other nuclear 
alterations are listed in Table 1. The mean age of the control group was 37 years old (±10), and the 
mean age of the exposed group was 41.9 years old (±10.6).

The micronucleus frequency observed in the control group was 0.03 and in the exposed 

CG = control group; GE = exposed group; N = sample size; SD = standard deviation; ƒMN = micronucleus 
frequency; ƒBN = binucleated frequency; ƒBE= broken eggs frequency; ƒCA = karyorrhexis frequency.

 Age ± SD    %

  ƒMN ƒBN ƒBE ƒCA Alcohol consumption Cigarette smoking

CG 37.0 ± 10.0 0.03 0.03 0.006 0.02 75 25
N = 17
EG 41.9 ± 10.6 0.09 0.08 0.015 0.02 90 15
N = 50

Table 1. Mean age, cytogenetic analysis, alcohol consumption and cigarette smoking status of control and 
exposed groups.

group 0.09, indicating a 3-fold increase (P = 0.024). The binucleated cells showed a frequency of 
0.03 and 0.08 in the control group and in the exposed group, respectively, i.e., a 2.5-fold increase 
(P = 0.024). The t-test and the Kruskall-Wallis test showed a statistically significant difference (P 
< 0.05) related to the frequencies of micronuclei and binucleated cells.

In relation to the broken eggs, we observed a frequency of 0.015 and 0.006 in the exposed 
and control groups, respectively, demonstrating a 2.7-fold increase (P = 0.21).The frequency of 
karyorrhexis was 0.02 in both groups. 

Features of both the control and exposed groups are shown in Table 2. The odds ratio 
revealed an increase in MN in individuals who consumed alcohol, indicating that they had a 3 
times increase in the frequency of micronuclei, when compared to individuals who did not drink. 
For those who smoked, no difference was found with regard to relative risk. 

Characteristics Exposed group (N = 50) Control group (N = 17)

Smoking habit   8 (16%)   4 (23%)
   Non-smokers 40 (80%) 12 (71%)
   No information on smoking status 2 (4%) 1 (6%)
Alcohol consumption
   Alcohol drinkers 43 (86%) 12 (71%)
   Not alcohol drinkers   5 (10%) 1 (6%)
   Not information on  alcohol drinking 2 (4%)   4 (23%)

Table 2. General characteristics of the exposed and control groups.

DISCUSSION

The pilots who participated in our study had inhaled agrochemicals for more than ten 
years without personal protection equipment, but unfortunately, we did not obtain the list of the 
pesticides to which they had been exposed, which might have allowed us to associate micro-
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nucleus frequency with the types of agrochemicals.
 The use of agrochemicals has grown quickly in developing countries, but there is no 

control in the use of personal protection equipment. Unfortunately, there is no monitoring during 
the occupational exposure to such agents. The agricultural pilots in the study were often occu-
pationally exposed to agrochemicals, and it is believed that these agents showed cytotoxic and 
mutagenic properties.

Balmain et al. (2003), in a study of professionals using chemicals to control crop pests, 
showed the occurrence of chromosomal aberrations. Human exposure to effective mutagenic 
agents in causing DNA damage constitutes one of the major concerns of public health services, 
and it is important to evaluate chromosomal damage.

The occurrence of micronuclei can be indicative of chromosomal breakage or interfer-
ence that might have occurred during cell division, fragmentation of the nucleus and formation of 
extra nuclear structures with small amounts of DNA (da Cruz et al., 1994). When DNA damage 
cannot be repaired, as a consequence, an increase in genetic instability can occur, causing, for 
instance, the development of genetic diseases, such as cancer (Balmain et al., 2003).There is clear 
evidence of a direct relation between the exposure to genotoxic agents, increase in the frequency 
of micronuclei and an elevated risk of cancer, which depends on the individual´s constitution, as 
well as habits and lifestyle (Kausar et al., 2009).

An increase in the frequency of micronuclei in the oral mucosa is related to the develop-
ment of oral carcinoma. Therefore, the determination of micronuclei in exfoliated cells of the oral 
mucosa is important, because it allows the identification of genetic alterations directly in the target 
tissue. The excessive consumption of alcohol and tobacco is a risk factor for oral carcinoma and 
is associated with an increase in micronucleus frequency (Reis et al., 2006).

Age could also influence the frequency of micronuclei, since they can occur due to the 
formation of acentric fragments caused by DNA breakage, induced by clastogenic agents, result-
ing in chromosomal delay in anaphase (Maluf, 2004). 

In this study, we did not observe a statistically significant difference in mean age between 
the exposed group and the controls. Therefore, age did not seem to be a risk factor, according to 
the differences in frequencies of micronuclei observed between the control and exposed groups. In 
2003, Ishikawa et al. in analyzing the occurrence of micronuclei in a Japanese population, found an 
elevated frequency of micronuclei in individuals 40 years old or older.

Lifestyles, such as smoking and alcohol consumption have been described as risk fac-
tors that increase DNA damage. However, we did not find an increase in relative risk in smokers. 
Other studies showed that alcohol facilitates the penetration of carcinogens into the oral mucosa. 
This fact can be explained by the solubility of some genotoxic agents or by the increase of mu-
cosa’s permeability in the presence of alcohol (Reis et al., 2006). In a study of human cells and 
other mammalian cells, ethanol could induce gene mutations and sister chromatid exchange in 
lymphocytes (Maffei et al., 2002).

According to Kehdy et al. (2007), smoking did not influence the cytogenetic parameters 
examined. In the biomonitoring studies of populations occupationally exposed to genotoxic agents, 
the influence of smoking on micronucleus frequency is still controversial. A possible explanation is 
that the damage caused by tobacco could induce cell death in culture or delay the cell cycle, making 
it impossible to carry out the micronucleus test (Bonassi et al., 2003).

Therefore, diverse agrochemicals used to combat pests in agriculture possess some geno-
toxic effects observed in the oral mucosa of agricultural pilots. Studies that monitor human popu-
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lations exposed to pesticides indicate preventive characteristics against diseases, and reinforce a 
need for the use of personal protection equipment.
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