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Effects of age on the frequency of micronudlei and degenerative
nuclear abnormalities

Abstract

The effects of aging, gender and lifestyle factors on inducing chromosomal damage
(micronuclei) and nuclear degenerative changes were assessed using the micronucleus
test on exfoliated cells of the oral mucosa. The sample included 80 healthy subjects
divided into four groups according to age and gender: men and women aged 19-29
years (M19, W19) and men and women aged over sixty years (M60, W60). An interview
questionnaire was used to characterize the sample and to determine an index reflecting
lifestyle (HLI). The frequency of micronuclei and nuclear degenerative changes was
significantly higher among the elderly (»<0.001) and did not differ by gender among
young people (p>0.05). The occurrence of micronuclei was similar among elderly men
and women (p>0.10), but karyorrhexis and karyolysis were more frequent among men
(p<0.005 and p<0.025, respectively), who also had a lower HLI than the other groups
(p<0.0004). The results of the study indicate that age is the main factor associated with
the induction of genetic material damage.

! Universidade Estadual de Feira de Santana, Departamento de Ciéncias Bioldgicas, Laboratdrio de Genética

Toxicolbgica. Feira de Santana, BA, Brasil.

Correspondence
José Roberto Cardoso Meireles
E-mail: jremeireles@gmail.com

Gregory Alves Ferraz/
Ant6nio de Oliveira Costa Neto'

Eneida de Moraes Marcilio Cerqueird’

José Roberto Cardoso Meireles'

Keywords: Age Groups;
Gender; Micronucleus;

Apoptosis

ORIGINAL ARTICLES

627



Rev. Bras. GeriaTe. GeronToL., Rio D Janeiro, 2016; 19(4):627-634

INTRODUCTION

Advancing age is characterized by a general
reduction in physiological efficiency, resulting in
homeostatic imbalance and the subsequent onset
of illnesses inherent to the aging process. Studies
suggest that this process is associated with an
increase in genomic instability due to the reduced
capacity to repair damaged DNA."? It has been
reported that, in old age, biomarkers of genomic
instability, such as micronuclei (MN), are more
common in the peripheral lymphocytes™ and
exfoliated epithelial cells.>

The accumulation of DNA damage is a
significant event in the aging of cells. During this
process, there is a progressive decrease in metabolic
enzymes and DNA-repair enzymes, which increases
the predisposition and susceptibility of the cells to
exogenous and/or endogenous genotoxic agents.
These factors contribute to an increase in age-
related spontaneous DNA damage.™

Therefore, modifications to genetic material do
not only occur as a result of exposure to mutagens.
They can also be caused by chemical reactions
related to physiological processes.” In addition to
age, studies have shown that differences in the
occurrence of genetic damage can also be related
to gender.""!* Trzeciak ef al" reported that the
removal of active carcinogens through tobacco is
lower in women, thereby indicating biochemical
differences between the genders. Larmarcovai
et al'’ and Kazimirova et al.'* reported a greater
occurrence of MN as a result of age and gender.

The prevalence of DNA damage is also
influenced by factors related to lifestyle. Smoking,
drinking alcohol, working long hours, not sleeping
enough, physical inactivity, type of diet and
psychological stress contribute to an increased
prevalence and the consequent development of
illnesses, including cancer.">'*!>

Cancer leads to alterations in the genes involved
in controlling cellular proliferation, cellular
differentiation, DNA repair and apoptosis. Thus,
the quantification of genetic damage is important

when assessing the risks of developing cancer.'*"

The micronucleus test for exfoliated cells
from the oral mucosa is considered an effective
method of identifying genetic damage through
chromosomal losses and breaks, particularly
when conducted in accordance with the protocols
described by Tolbert ¢ a'*' and Thomas e al”
These protocols calculate MN and degenerative
nuclear alterations that are indicative of apoptosis
and necrosis.

Therefore, the aim of the present study was
to assess the effects of age and gender on the
prevalence of micronuclei and degenerative nuclear
alterations, while also considering lifestyle factors.

METHODS

Ethical aspects

The present study was conducted in accordance
with the legislation of the Brazilian National
Health Council (CNS 196/96), which is based on
the Declarations of Helsinki/Hong Kong. The
research received approval from the Research
Ethics Committee of the Universidade Estadual de
Feira de Santana (Feira de Santana State University)
(Protocol 063/2009). All of the participants signed
a free and informed consent form.

Study period

The present study was conducted between
March and November of 2010.

Sample

The sample contained 80 individuals, who were
divided into four groups of twenty:

e M19: men aged between 19 and 29 years;
e W19: women aged between 19 and 29 years;
¢ MOo60: men aged 60 years or more;

¢ W60: women aged 60 years or more.



Characterization of the sample

The sample was characterized using an
interview questionnaire (adapted from Caires™)
that contained questions about gender, age, diet,
smoking, alcohol consumption, hours of sleep,
professional occupation, physical exercise, stress
levels, the use of oral antiseptics, chronic illnesses
and exposure to genotoxic agents and/or toxic
products. All of the variables except age and gender
were used to calculate the Healthy Living Index.

Healthy living index

Lifestyle was assessed using the Healthy
Living Index (HLI), based on the parameters
adopted by Morimoto e/ a/.,*' which are: don’t
smoke; don’t consume alcoholic beverages
on a daily basis; eat breakfast every day; sleep
between seven and eight hours per night; work
less than ten hours per day; exercise at least once
a week; maintain a nutritionally-balanced diet;
and suffer a moderate level of mental stress (self-
reported by the interviewee). The following extra
variables were also considered: the use of oral
antiseptics; the absence of chronic illnesses and
the non-exposure to genotoxic agents and toxic
products. One (1) point was attributed for each of
the variables classified as healthy. Answers that
differed from these specifications were attributed a
score of zero (0). The HLI of each participant was
calculated by summing the scores obtained in the
abovementioned parameters. Three HLI categories
were applied: good (11-12 points); moderate (9-10
points) and poor (0-8 points).

Micronucleus test

Exfoliated cells of the oral mucosa of each
individual were collected using an endocervical
brush and transferred by smear to microscopic
slides containing two drops of physiological saline
(0.9% NaCl). After drying to room temperature,
the slides were submerged in methanol / acetic
acid (3:1) for fixation. After 24 hours, the material
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was stained using the reactive shift method and
counter-stained using fast green (1%0).

Cytological analysis of the data obtained
via the questionnaires was conducted under an
optical microscope (blind test). In total, 2000
cells were analyzed for each individual. The MN
identification criteria described by Sarto ez al.** were
adopted. Thus, MN structures were considered to
be morphologically similar to a nucleus when they
exhibited up to 1/3 of its size and wete visible on the
same plane. Degenerative nuclear alterations (INA)
indicative of apoptosis (karyorrhexis, condensed
chromatin, pyknosis) and necrosis (karyolysis)

were also calculated.

Statistical analysis

The mean age and HLI values for the groups
were compared using the Kruskal-Wallis test.
The occurrence of MN and NA in the groups
was compared using a conditional test for the
comparison of proportions in situations of rare
events.” The Kruskal-Wallis test was also used
to assess the (mean) occurrence of MN and NA
in relation to HLI and age group.

RESULTS

Table 1 displays the mean * standard deviation
values for the age and HLI of the participants.

The Kruskal-Wallis test showed that the mean
age of the individuals in the younger groups was
significantly lower than that of the older groups
(»<0.00001). In a single age group, men and women
did not differ in terms of age. Individuals in the
M19, W19 and W60 groups exhibited a significantly
higher HLI value (»p<0.0004).

The statistical analysis comparing the
frequencies of MN and NA (Fig. 01) confirmed
significant differences between the individuals
aged between 19-29 years and those aged 60 years
or more (Table 2).
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Figure 1. Photomicrogtraphs of cells exfoliated from the oral mucosa (stained using the Felgen/Fast

green method) exhibiting normal nuclear morphology: (A) a micronucleus (B); condensed chromatin ©;

pyknosis (D); karyolysis (E); karyorrhexis.

Table 1. Mean age and HLI of the sample. Feira de Santana, Bahia, 2010.

Group Mean age * standard deviation Mean HLI * standard deviation
Mo60 69.00 £ 9.30 7.65 £ 1.31
W60 81.25 £ 9.11 8.65 £ 0.81
M19 2220+ 179 9.15 £ 0.99
W19 2190+ 171 9.20 £ 1.11

HLI = Healthy Life Index.

Table 2. Occurrence of micronuclei and nuclear alterations in individuals from two different age groups.

Feira de Santana, Bahia, 2010.

. Observed Expected
Endpoints X p
19-29 260 19-29 260

Micronuclei 5 38 21.50 21.50 25.3256 <0.001

Karyolysis 2 56 29.00 29.00 50.2758 <0.001
Karyorrhexis 12 209 110.50 110.50 175.6064 <0.0001
Condensed chromatin 192 533 362.50 362.50 160.3876 <0.0001
Pyknosis 151 740 445.50 445.50 389.3614 <0.00001

Endpoints = markers of chromosomal damage (micronuclei) and nuclear alterations (karyolysis, karyorrhexis, condensed chromatin and pyknosis).



No differences were found between men and
women in the younger group for the occurrence
of any of the endpoints. In the elderly group, the
frequency of karyolysis and karyorrhexis was

higher among men (Table 3).

The assessment of the occurrence of MN and
NA in relation to HL.I and age was conducted by
dividing the sample into two groups (poor HLI
and moderate HLI), since only three individuals
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(one man and two women from the younger
group) were classified with a good HLI. These
groups were divided into two subgroups based on
age group. The analysis revealed that there were
no significant differences in the frequency of MN
and NA in the same age group, regardless of HLI
score. Conversely, older individuals exhibited a
greater occurrence of the endpoints analyzed,

irrespective of their HLI score (Table 4).

Table 3. Occurrence of micronuclei and nuclear alterations in men and women aged =60. Feira de

Santana, Bahia, 2010.
Observed Expected
Endpoints e p
Men Women Men Women

Micronuclei 23 15 19.00 19.00 1.6842 >0.10
Karyolysis 37 19 28.00 28.00 5.7857 <0.025
Karyorrhexis 130 79 104.50 104.50 12.4450 < 0.005
Condensed chromatin 264 269 266.59 266.59 0.0469 > (.10
Pyknosis 370 370 370.00 370.00 0.0000 =1.000
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Endpoints = markers of chromosomal damage (micronuclei) and nuclear alterations (karyolysis, karyorrhexis, condensed chromatin and pyknosis).

Table 4. Mean quantity of micronuclei and nuclear alterations caused by the Healthy Living Index (HLI)
and age. Feira de Santana/BA. 2010.

Poor HLI Moderate HLI
Endpoints Above 60 Between 19 and 29 Above 60 Between 19 and 29
(n = 15) (n = 15) (n = 25) (n = 22)
Micronuclei 1.09 + 0.90* 0.00 £ 0.008 0.76 £ 0.66* 0.12 £ 0.33®
Karyolysis 1.30 + 1.46% 0.00 £ 0.008 1.53 £ 2.35% 0.04 £0.208
Karyorrhexis 5.04 + 3434 0.30 £ 0.67® 5.47 £ 5.374 0.23 £ 0.518
Condensed N R
. 12.48 £ 4.47 5.20 + 2158 10.53 + 4.05 4.50 + 2.358
Chromatin
Pyknosis 18.91 £ 6.634 3.00 + 1.63% 17.94 + 13.224 3.88 £ 2.67%

Endpoints = markers of chromosomal damage (micronuclei) and nuclear alterations (karyolysis, karyorrhexis, condensed chromatin and pyknosis);
Different letters on the same line indicate a statistical difference (p<0.05).
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DISCUSSION

The micronucleus test of exfoliated cells is an
effective method of detecting genetic damage and
has been widely used in population biomonitoring,**
Micronuclei are structures that cause chromosomal
breaks or complete chromosomes that fail to bond
with the spindle during cellular division and are not
included in the nucleus of daughter cells. Therefore,
the micronucleus is an endpoint of chromosomal
damage caused by a clastogenic or aneugenic event.

As well as chromosomal damage, other
endpoints that are indicative of apoptosis and
necrosis can be identified by this test. Alterations in
the level of apoptosis, inferred by the occurrence of
karyorrhexis, condensed chromatin and pyknosis,
demonstrate genotoxic effects and have been
correlated with the onset of cancer.”"* Necrosis,
in turn, is inferred by the occurrence of karyolysis,
which demonstrates the cytotoxic effect associated
with cancer promotion."” In this context, the
calculation of these endpoints is significant in order
to increase the sensitivity of the micronucleus test.

One of the many possible applications of this
test includes the assessment of the mutagenic
effects of smoking and/or consuming alcoholic

25,26
beverages,”*

as well as the effects of the depletion
of nutrients in the diet.”” The effects of age and
gender on the prevalence of micronuclei have been
more commonly assessed in lymphocytes than in
isolation (as was the case in the present study). This
may have affected the results of studies related to
other variables.?**

According to Bonassi 7 al.,”” the effects of gender
on the frequency of MN in exfoliated cells are not
significant, unlike those observed with lymphocytes
(where women tend to exhibit higher frequencies). In
the present study, gender did not affect the frequency
of MN, although karyolysis and karyorrhexis
were more common among men aged =060 years,
which may be associated with the lower HLI
scores exhibited by this group. The assessments of
associations between the occurrence of micronuclei,
nuclear alterations and lifestyle (inferred by the HLI)
recorded no significant differences in the present
study. Further investigations of the influence of
gender and lifestyle on the occurrence of nuclear

alterations are required, given that a greater
occurrence of MN has previously been associated
with an unhealthy lifestlye.””

The influence of age on the promotion of
damage to genetic material has been widely
discussed in literature. In terms of this association,
the results of the present study corroborate the
findings of several other authors who have
reported a higher occurrence of genetic damage
among more eldetly individuals."**** According
to Huang ¢# a/.,” this is due to the fact that aging
is linked with genetic instability. However, further
studies with larger samples are required, given
that the quantity of individuals analyzed could
be considered a limitation of the present study.

According to Fenech and Bonassi,” the increase
of MN over time is probably due to a combination
of factors, including: (a) the cumulative effect
of mutations in genes involved in DNA repair,
chromosomal segregation and checkpoints of the
cellular cycle; and (b) numerical and structural
alterations in chromosomes that are induced by
endogenous and/or exogenous genotoxins, as well
as a wide range of unhealthy lifestyle factors.

Thus, the effects of aging seem to be a
combination of genetically programmed processes
and genetic alterations caused by exogenous and
endogenous factors. During the aging process, the
enzymes involved in DNA repair become less and
less common, which increases the susceptibility
of cells to genotoxic agents.”** Kirsch-Volders ¢z
al” suggested that flaws in the cellular defense
systems that protect against DNA damage, as well
as the reduced efficiency of DNA repair, can lead
to an accumulation of mutations. These mutations,
either in isolation or in combination with other
age-related alterations, can contribute to aging and
the development of age-related illnesses.

CONCLUSION

The results of the present study suggest that
age is consistently associated with damage to
genetic material. Thus, the adoption of healthy
lifestyle habits could help minimize the effects
of aging, thereby reducing the risks of developing
degenerative illnesses.
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