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A B S T R A C T

In the present study, we evaluated the effects of biological factors, lifestyle factors, and environmental conditions
on the induction of DNA damage in exfoliated cells of the oral mucosa. Age, sex, medication use, and environ-
mental conditions were analyzed in individuals residing in the cities of Caarap�o and Itapor~a. The individuals were
assessed by a questionnaire, and oral mucosa cells were collected and subjected to mutagenicity analysis. We
observed no statistical differences in DNA damage related to sex. However, the mutagenic effect was found to be
proportional to age, with higher frequencies of DNA damage observed in individuals between the ages of 46 and
65 years. In addition, higher frequencies of DNA damage were found in individuals who continuously used
medication and for prolonged periods, and greater DNA damage was observed in individuals who used antihy-
pertensive drugs than those who took antidepressants. In terms of environmental conditions, Caarap�o residents
had a significantly higher frequency of DNA damage than that of residents from Itapor~a. Based on the analysis of
land use and occupation, this result can be attributed to the smaller fraction of forest fragments and the higher
proportion of buildings in Caarap�o than Itapor~a. We concluded that age, continued medication use, and envi-
ronmental conditions can lead to greater DNA damage.
1. Introduction

An individual's lifestyle and exposure to various environmental fac-
tors can cause adverse health effects, including damage to DNA integrity
[1]. The term “exposure” refers to all types of exposures throughout an
individual's life and the manner in which such exposures interfere with
health [2].

In addition to analyzing exposure to different contaminants on a daily
basis, it is necessary to consider relevant biological factors, such as age
and sex [3]. Several studies have indicated that the extent of genetic
damage in older individuals is greater than that observed in younger
individuals, which could be attributed to the accumulation of unrepaired
DNA and/or a decrease in DNA repair capacity, which in turn promotes
genetic instability [4].

In addition to age, studies have indicated that sex can contribute to
the occurrence of genetic damage [5, 6]. However, the differences in
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genetic alterations between men and women are very small, displaying
only point aspects [7, 8]. Furthermore, the frequency of DNA damage is
also influenced by lifestyle factors. For instance, smoking habits, alcohol
consumption, long working hours, few hours of sleep, sedentary lifestyle,
diet, and psychological stress are known to contribute to DNA damage
[6].

Drug use also contributes to DNA damage. Continuous, generalized,
and long-term drug use, as well as the consumption of multiple types of
drugs, such as antidepressants [9, 10] and antihypertensives [11], may
further promote DNA damage [12]. In addition to biological factors and
lifestyle habits, the exposure of a population to contaminated environ-
ments should be considered. For example, individuals who reside in areas
that are close to agricultural industries or regions experience greater
exposure to contaminants present in the air, water [13], or food [14].

Micronucleus testing (MN), which is employed to detect mutagenic
damage and evaluate metanuclear abnormalities, can be used to measure
ay 2019
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genotoxic damage in exfoliated cells of the oral mucosa and is considered
an effective method for evaluating genetic damage [15]. The present
study aimed to evaluate whether age, sex, drug use, and environmental
conditions influence micronucleus frequencies and nuclear alterations.

2. Materials and methods

The present study was based on a study conducted by Maran et al.
[16], which reported the prevalence of agropastoral activities in the
municipalities of Itapor~a and Caarap�o that are located in the south of the
State of Mato Grosso do Sul, Brazil. Based on the questionnaire data,
which evaluated biological parameters and lifestyle habits of the resi-
dents, 35 volunteers were selected from the cities of Caarap�o and Itapor~a.
The sample group was divided according to gender (male and female),
age (15–75 years), and medication use (antidepressants and antihyper-
tensives). We excluded individuals who used commercial mouthwash or
orthodontic appliances, as well as those who recently underwent oral
surgery or presented lesions in the oral cavity. Individuals who smoked
and/or consumed alcohol did not participate in the study.

Informed consent was obtained from all volunteers in accordance
with the Declaration of Helsinki. The study protocol was approved by the
Human Research Ethics Committee of the UFGD, with the approval
certificate in Platform Brazil 417.582/2013.

Genetic alterations were evaluated based on the presence of micro-
nuclei and metanuclear alterations in desquamated cells of the buccal
mucosa. Preparation, staining, and analysis of slides of exfoliated buccal
mucosa cells were conducted following the protocol described by
Thomas [15]. The cellular patterns related to the nuclear alterations
(micronucleus, pyknosis, chromosomal bridge, karyorrhexis, binucleate
cells, and karyolysis) were observed under an optical microscope
(Nikon). Images captured at 400� magnification are shown in Fig. 1.

The use and coverage of land was mapped based on aerial images
obtained from Google Earth Pro® software with a cell size of 10 m � 10
m. For the study limit, a 1-km buffer radius was generated around each
sampling site, considering the pressure exerted by an area of this
Fig. 1. Micrographs of the nuclear alterations analyzed at 400� magnification. (A)
bridge, and (F) micronucleus.
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magnitude on the cities. Land use forms were classified under the
following categories: agriculture, forest fragments, forest plantations,
exposed soil, water bodies, building areas, pasture land, or secondary
vegetation. For the interpretation of the images, visual classification was
performed using the digitalization tools provided by ArcGIS 10.4® soft-
ware, which was used to calculate the areas and percentages of each
category of land occupation.

For the statistical analysis, the frequencies of the mutagenic and
genotoxic alterations were analyzed by the Kruskall-Wallis non-para-
metric test (p ¼ 0.05) using R software [17].

3. Results

Results showed no significant difference in nuclear abnormalities
between men and women (p > 0.05). Karyorrhexis was the most
frequently observed genetic alteration. Compared to other factors (city,
age, and drug use), significant differences in karyorrhexis were observed
between men and women, indicating genotoxicity (Fig. 2). Individuals
aged between 46 and 65 years showed higher frequencies of karyorrhexis
(p < 0.01) in. In addition, individuals taking antihypertensive drugs
showed significantly higher frequencies of karyorrhexis compared to
individuals taking antidepressants or those who do not consume drugs.

In terms of location, higher frequencies of nuclear alterations were
observed in individuals residing in Caarap�o (p < 0.05). This result could
be related to the land use and land cover of these cities, considering that
Caarap�o has a smaller fraction of forest fragments and a higher propor-
tion of buildings (8% and 55%) compared to Itapor~a (31.8% and 20%).
Itapor~a has a larger agricultural area (49%) than Caarap�o (36%) (Fig. 3).

4. Discussion

Studies on human exposure to various factors, such as biological
conditions, environmental exposure, and lifestyle habits, are funda-
mental for obtaining a more detailed understanding of the causes of
genetic alterations. Our findings showed no significant differences in
karyolysis, (B) pyknosis, (C) binucleate cell, (D) karyorrhexis, (E) chromosomal



Fig. 2. Frequency of karyorrhexis in relation to cities (A), age (B), and drug use (C).

Fig. 3. Map of land use and coverage of the cities analyzed.
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genetic alterations between men and women. Previous studies showed
that men and women have very small differences in MN, corresponding
to single base pair differences [7]. Evidence in the literature indicated
that older age is associated with increased damage to the genetic material
[6, 18, 19]. According to Nassour et al. [16], these results can be
explained by the association between aging and genetic instability. Thus,
the effects of aging appear to be a combination of genetically pro-
grammed processes and genetic changes induced by exogenous and
endogenous factors. During aging, enzyme deficiencies, such as de-
ficiencies in DNA repair enzymes, occur progressively, which increases
the susceptibility of cells to the effects of genotoxic agents [20].
Kirsch-Volders et al. [21] suggested that failures in cell defense systems
and impaired DNA repair efficacy can lead to the accumulation of
3

mutations that, either alone or in combination with other age-related
changes, can contribute to aging and the development of age-related
diseases. Individuals taking antihypertensive and antidepressant medi-
cations have been reported to have higher frequencies of MN compared
to individuals who do not take any medication. These results are
consistent with the studies conducted in Lima et al. [12], wherein sig-
nificant differences in DNA damage were observed among individuals
who use these same type of medication. Other studies also reported a
positive relationship between genetic alterations and the use of antihy-
pertensive drugs, such as losartan, irbesartan [22], captopril, and ena-
lapril maleate [23]. Cells in the buccal mucosa are constantly exposed to
various agents with genotoxic and/or mutagenic potential, and the
damage caused by these substances depends on the intensity of the
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mutagenic effect of the chemical agent. Damaged DNA can be repaired
when the mutagenic effects are minimal; however, in cases of moderate
aggression, the damage cannot be repaired, and the cells are eliminated
through mechanisms of cell death, as evidenced by the nuclear alter-
ations [24], such as karyorrhexis. Regarding the analyses of land use and
cover, individuals from Caarap�o presented significantly higher fre-
quencies of karyorrhexis than Itapor~a individuals, which could be asso-
ciated with the smaller fraction of forest fragments and higher proportion
of buildings. Thus, urban and industrial areas also contribute to the
reduction of native vegetation cover that act as natural filters for the
purification of soil contaminants [25, 26]. The frequency of nuclear al-
terations in the buccal mucosal cells of the participants can be related to
soil conditions near their residence. The two cities have significant pro-
portions of arable land, which could have contributed to the increase in
the frequency of alterations found in these individuals. According to
Ergene et al. [27], residence in places close to plantations where complex
pesticide mixtures are used could present a potential risk to the genetic
material, which was observed in the individuals analyzed in the present
study. Based on the current findings, we concluded that age, use of
antihypertensive and antidepressants drugs, and environmental condi-
tions can induce DNA damage. The high frequency of karyorrhexis found
in individuals analyzed in our study warrants public attention. Our
findings provided the basis for future research on the detrimental effects
of various endogenous and exogenous factors on the DNA.
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