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Abstract. Frequency of micronuclei (MN) in peripheral blood lymphocytes is a measure of genotoxicity and spontaneous
chromosomal instability with many modifying factors. The aim of this work was to examine the relation between results of
micronucleus test and set of socio-demographic parameters in healthy population in south-east Serbia using structure
equation approach. Cytokinesis—block (CB) technique was used for analysis of MN frequency in peripheral blood
lymphocytes on 133 healthy volunteers of various ages. Socio-demographic data was collected through a questionnaire. The
mean frequency of MN gradually rose with age from 0.56+0.71 in new-borns to 5.48 +3.65 in the 61-80 years age group
(AG), with a decrease in the 81-92 years AG. MN frequency was positively correlated with age, altitude of birth place,
altitude of place of residence, nuclear buds and nucleoplasmatic bridges, and negatively with education level and
smoking habits. Linear structural model revealed age to be related to all of the examined variables, and indicates
probable existence of another factor, independent of age, influencing all of these except nuclear buds. It can be
concluded that the frequency of micronuclei is influenced by age and factor/s resembling socioeconomic status or

lifestyle and this influence is independent of age.
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Introduction

Micronuclei (MN) are chromatin particles that are cre-
ated as a result of chromosomal break or elimination of
whole chromosomes as a consequence of mitotic spin-
dle damage and a biomarker of genotoxic events [1-3]
(and chromosomal instability [4]. Frequency of MN in
peripheral blood lymphocytes of healthy subjects is en-
vironment specific [5] and increases with chronological
age [6-13]. Specific increase of MN frequency with age
was found in mice [14]. The origins of MN formation
are reviewed recently [4,15].

According to [15] factors that affect MN frequency
in healthy subjects are: type of cell line, gender, age,
genotype, smoking, species and diet. For gender, results
are conflicting: some studies report higher MN in
women than in men [8,10,12,16-19] but some studies
report no gender effect on MN frequency [13]. MN fre-
quency increases with age. Mayer et al. (1989) report
age and gender differences in DNA repairing mecha-
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nisms: “Decline in double-strand DNA break damage
induction occurs more rapidly (by a factor of ca. 2) in
women than in men” [20].

Results on the effects of smoking are also conflict-
ing with some studies reporting no effect of smoking on
MN frequency [10,13]. Kazimirova et al. (2006) did not
find significant differences in micronucleus frequency
between vegetarians and non—vegetarians across differ-
ent age groups [17]. Regarding the relation between
occupational exposure to electromagnetic fields and
incidence of micronuclei, Lakshmi et al. (2010) point
out that overall DNA damage and incidence of micro-
nuclei showed no significant differences between the
subjects with occupational exposure to electromagnetic
fields emitted from video display terminals and control
group. Only long-term users of video display terminals
(more than 10 years) showed higher induction of DNA
damage and increased frequency of micronuclei and
micro nucleated cells [21].

In studies where no correlation was found between
MN and gender, one explanation could be that although
statistics show that women live longer than men,
women’s health conditions after the age of 80 are worse
than those of men of equal age [22,23].

Many studies explore different social, biochemical,
lifestyle and genetic factors that may influence health
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status especially in people over 70 years of age
[22,24-28]. A decline in T cell function during aging is
thought to contribute to reduced response to infection
and vaccination and an increase in autoimmunity [29].

Steves et al. (2012) discussed why DNA sequence-
identical twins might age differently [27]. Discussing
epigenetic and early developmental hypotheses of age-
ing, Steves et al. (2012) suggest that longevity and
lifespan seem not to be so heritable [27]. Some envi-
ronmental factors like exercise, smoking and diet can
strongly influence aging [27]. Other authors [30] found
that long-lived parents tend to have children with longer
life than their age peers.

Different organs age at different speeds [27,31]
probably due to different antioxidant response and DNA
repair [32,33)]. Liochev (2013) suggests that reactive
oxidative species such as hydrogen peroxide and super-
oxide are not just causative agents of aging but may also
be agents that in small concentrations increase the life
span by increasing the upregulation of proteins that act
as protective factors in oxidative stress thus providing
adaptation (33].

The goal of the current study was to examine the
relation between results of micronucleus test and set of
socio-demographic parameters: personal factors such as
gender, education level and microclimate factors of the
environment a person lives in indicated by the altitude
of birthplace and of current place of residence using
structure equation approach. A working hypothesis was
that people who lived in places with higher altitude,
non-smokers and people with higher education will
have lower frequency of MN due to life style and re-
duced risk factors for increased MN frequency.

Materials and Methods
Sample

One hundred thirty three healthy volunteers of various
age (from new-borns — 0 years of age to 92 years) par-
ticipated in the study. Participants were divided into 5
groups as follows: age group 1 — new-borns (29 partici-
pants of which 13 were females (f) and 16 were males
(m); mean age was O years, second age group from 21-
40 years (30 participants- of which 16 were f and 14
were m, mean age 25.1+4.56); third age group from 41-
60 years (29 participants of which 16 were f and 13
were m, mean age 47.47+5.02); fourth age group from
61-80 years (26 participants of which 18 were f and 8
were m; mean age 71.88+4.55) and fifth age group -81
years and above (19 participants-of which 13 were f and
6 were m; mean age 85.18+3.33). Guided by the experi-
ence from previous studies (9) we have taken 5 different
age groups (for population from 0-100 years) were each
age group covers the period of 20 years.
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Sampling procedure

From each participant 2 ml of blood was taken from
elbow vein (v. cubitalis). From new-borns, blood was
taken from umbilical cord after birth at the Clinic for
Gynaecology and Obstetrics, Clinical Centre Nis, Ser-
bia. New-borns from healthy mothers that fulfilled the
above-mentioned criteria, without gestational diabetes
[34], natural conception, regular pregnancy, without
infections during pregnancy or consumption of antibi-
otics during pregnancy, term labour with regular dura-
tion, vaginal delivery, and Apgar score 9 or 10, were
included in the study. New-borns whose mothers had
prolonged labour or caesarean section were excluded
from the study. New-borns that had elevated levels of
bilirubin or C reactive protein within three days after
birth were excluded from the study.

Variables and participants

Spontaneous chromosomal aberration was assessed by
using the micronucleus test. Volunteers were recruited
during regular control examinations in: the Health Cen-
tre Nis, Student Policlinic Nis, Gerontological Centre
Nis, Clinic for Gynaecology and Obstetrics, Clinical
Centre Nis, Brestovac medical station, and Health cen-
tre Bela Palanka, Serbia.

The study was approved by the Ethical committee of
the Faculty of Medicine, University of Nis, Serbia (01-
9068-7) and the Ethical committee of Clinical Centre
Nis, Serbia (2280/11). All participants gave informed
consent.

Participants were screened for health status that was
assessed on the basis of biochemical (general blood
count, sedimentation, blood sugar) and anamnesis data
in order to exclude participants with health conditions
known to influence the frequency of micronuclei. Ex-
clusion criteria used were absence of diabetes, chemo-or
radiotherapy at the moment and in the past, tumour/s,
operations of tumour of any kind in the past, exposure
to chemical and physical mutagens, alcohol and/or
drugs abuse (absolute alcohol non-users, and occasional
alcohol use, absolute narcotics and related substances
non-users), HCV (Hepatitis C virus) and/or HBV (Hep-
atitis B virus) infection, dementia, heart attack survi-
vors. Participants who passed exclusion criteria were
considered healthy and included in the study. For col-
lecting demographic and anamnestic data of interest
(range of altitude of birthplace and place of residence,
smoking habits, education level) a short questionnaire
was used. Range of altitude of birthplace (300£184.14m
above sea level, min 77m, max 1310m above sea level)
and current place of residence (237.59+90.34m min
194m, max 574m above sea level) were used as a holis-
tic indicator of the environment a person lives in. In the
part of Serbia where the study was conducted, places of
higher altitude (above 255m above sea level) tend to
have colder climate with more snow and to be more
sparsely populated and less developed compared to
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places of lower altitude (city in the valley at 194m
above sea level). Also, a number of studies have indi-
cated that biological processes can be affected by alti-
tude [35-38] (e.g. haemoglobin affinity for oxygen).
Altitude of birthplace and of current place of residence
were derived by looking up the data for the place par-
ticipants indicated living or being born in and expressed
in meters above sea level.

Analysis of MN frequency in peripherals blood lym-
phocytes was conducted by cytokinesis-block tech-
nique-modification according to the Fenech and Morley
[4,5,9].

NDI was calculated according to the method of
Eastmond and Tucker using http://www.nature.com/
nprot/journal/v2/n5/full/nprot.2007.77.html - B107 the
formula:

NDI = M, +2M, +3M, +4M
500

where M1-M4 represents the number of cells with 1-4

nuclei.

+ [39]

Anamnestic/sociodemographic data

Smoking status was determined by asking participants if
they were smokers (3), former smokers (2) or non-
smokers (1). They were also asked to specify the num-
ber of cigarettes they smoke daily (0 for former and
non-smokers). Age was registered as number of years
since birth at the time the study was conducted (0 for
new-borns). Education level was registered as the high-
est completed level of education (education level of
mothers was registered for the new-borns).

Cytokinesis block micronucleus test (MN)
protocol

The culture of peripheral blood lymphocytes was set up
according to the modified Fenech and Morley method
[9]. After 44 h of incubation at 37°C (Celsius degree) in
fully-supplemented medium for culture of peripheral
blood lymphocytes for cytogenetic studies (PB-MAX
karyotyping medium, Life Technologies 12557), cyto-
chalasin B in final concentration of 4pg/ml was added.
After that, cell cultures were incubated for another 24
hrs. Preparation was done in 0.56% KCI hypotonic so-
lution. Fixation of material was conducted by fixative
that consisted of glacial acetic acid and methanol
(1:3v/v), according to the protocol: fixative was mixed
with prepared sample and incubated for 15 min. After
that, sample was centrifuged for 12 min on 1700r/min,
than supernatant was discarded. This fixation procedure
was repeated 3 times. Preparations were stained with
2% Giemsa solution. The analysis of MN as well as
nucleoplasmatic bridges (NPB), nuclear buds were done
on 1000 binucleated cells per each of 133 tested indi-
viduals. Nuclear division index (NDI) was calculated
for each individual. The culture of peripheral blood
lymphocytes from participants over 80 years of age was
set up in double culture.
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Statistics

Average value and standard deviation of micronuclei
frequency per 1000 binuclear cells were calculated for
each age group as well as correlations between the re-
sults of MN test and other variables included in the
study. To further examine the nature of relationship
between the examined variables a linear regression
analysis was conducted. Finally, a linear structural model
of the examined relationships was created using
asymptotically distribution-free discrepancy estimation
method as implemented by AMOS software.

Results

Average value and SD of MN and NDI for each age
group are presented in Table 1. Distributions of NDI,
BN cells with 1, 2 and 3 MN across age groups are
shown in Figure 1. MN1 and MN2 increased signifi-
cantly with age (Spearman’s correlation r = 0.650, p <
0.0001; r = 0.289, p < 0.001 respectively). NDI did not
show significant differences across age groups. Corre-
lations between the results of micronucleus test and
other variables included in the study were calculated.
Results are shown in Table 2. To test if there are gender
differences in NDI, BN cells with 1, 2 and 3 MN in the
same age group the analysis of variance was performed.
There were no significant differences between genders
in tested variables, and this finding persisted throughout
the age groups as can be seen in Table 3. Significant
negative correlation was found between NDI and nucle-
oplasmatic bridges (NPB) (r = —-0.183, p < 0.05)

Table 1 Mean micronuclei frequencies and nuclear
division indices in studied age groups.

n MN NDI
Age range in years (mean+SD) (meanxSD)
1 0 29 056+0.71 1.52+0.30
2 2140 30 0.82+0.78 1.72+0.26
3 41-60 29 126 £1.48 1.68+0.35
4 61-80 26 548 +£3.65 1.55%0.24
5 81-92 19 448+269 162+0.34

Total mean £ S.D. 133 236+2.92 1.62+0.30
Legend: n — number of participants in a group. MN — micronuclei
frequency per 1000 binuclear cells. NDI — nuclear division index.
Means and standard deviations for each of the five age groups and
for the total sample are presented.

Correlations between gender and micronuclei fre-
quency were not statistically significant. In the current
sample 66.9% were non-smokers, 40.6% of which fe-
males, 7.5% former smokers, 25.6% smokers, 15% of
which females. Mean value of number of cigarettes/day
and time period of smoking in years rise in the third age
group (Fig. 2). New-borns were excluded from analysis
of smoking status. Distributions of smoking status
across age groups for females and males are presented
in Figure 3.
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Fig. 1 Distribution of NDI, MN1, MN2, MN3 across
age groups. Age groups (1-5) are presented on the
horizontal axis. On vertical axis are mean values
of NDI, MN1, MN2 and MN3 in each age group.

Table 2 Correlations of micronuclei frequency and
studied socio-demographic factors

tested variables Spearman  p
correlation
coefficient

Age (in years) 0.61 <0.001

Altitude of birth place 0.34 <0.001

(in meters above sea level)

Altitude of current place of residence 045 <0.001

(in meters above sea level)

Nuclear buds (number of cells with 034 <0.001

nuclear buds per 1000 binuclear cells)

Nucleoplasmatic bridges 018 <0.05

(number of cells with nucleoplasmatic

bridges per 1000 binuclear cells)

Education level -0.39 <0.001

Smoking -0.28  <0.05

(1-Non-smoker, 2-former smoker, 3-smoker)

Number of smoked cigarettes per day -0.25 <0.05

Table 3 Effect of gender and age interaction with NDI,
MN1, MN2 and MN3

Source Dependent df F Sig.
Variable
Gender X Age
NDI 4 032 0.87
MN1 4 050 0.74
MN2 4 0.37 0.83
MN3 4 1.26 0.29

Legend: NDI — nuclear division index. MN1 — number of cells
with one micronucleus per 1000 binuclear cells. MN2 — number
of cells with two micronuclei per 1000 binuclear cells. MN3 —
number of cells with three micronuclei per 1000 binuclear cells.

Older participants from the current sample tended to
be born and live at higher altitude (10.5% of participants
in the fifth age group live at 574m 36.8% at 395m and
47.4% at 194m above sea level; 53.8% of participants in
the fourth age group live at altitude of 395m, 26.9% at
altitude of 194m above sea level, 58.6% of participants
in the third age group live at altitude of 200m 82.8% of
participants in the first age group and 100% of partici-
pants in the second age group live at 194m above sea
level), to be less educated (18.9% of participants did not
finished primary school of which 6.8% and 6.1% belong
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to the fourth and fifth age group respectively; 12.9%
finished primary school of which 5.3% and 3.8% belong
to the fourth and fifth age group respectively; 23.5%
have secondary school of which 9.1% belong to the
third age group; 3.8% have college of which 1.5% be-
long to the fourth age group; 39.4% have faculty of
which 22.7% belong to the second age group; 1.5%
have PhD and they all belong to third age group), non-
smoking and had a larger percentage of nuclear buds
(NB) and nucleoplasmatic bridges, as can be seen in
Fig. 4. All these correlations were statistically sig-
nificant, and are presented in Table 2.
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Fig. 2 Mean value of number of cigarettes /day and time
period of smoking in years across different age
groups. Age group 1, new-borns; Age group 2,
21-40 years; Age group 3, 41-60 years; Age group
4, 61-80 years; Age group 5, 81 years and above.

Taking into account the obtained results, further
analyses were conducted in order to examine possible
relationship between predictors that would shed addi-
tional light on nature of the obtained results. These in-
vestigations demonstrated a systematic relationship
between age and the number of other included variables.
To further examine the nature of relationship between
the examined variables a linear regression analysis was
conducted. Results show that, when age is included in
the model, direct effects of a number of other predictors
become statistically insignificant. Finally, a linear
structural model of the examined relationships was cre-
ated using asymptotically distribution-free discrepancy
estimation method as implemented by AMOS software.
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Fig. 3 Distributions of smoking status across age groups
for females and males Age group 1, new-borns;
Age group 2, 21-40 years; Age group 3, 41-60
years; Age group 4, 61-80 years; Age group 5,
81 years and above.
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Fig. 4 MN of peripheral blood lymphocytes: A. from new-born baby-boy. B. from man of 90 years of age.

NC bridges are visible on B.

This model is presented in Figure 5 and Table 4. The
model has good fit parameters: GFI=0.988, AGFI=
0.972, CFI=0.985, NFI=0.899, RMSEA= 0.034, Chi-
Square Statistic=17.129, Chi-Square p=0.311), Degrees
of freedom=15. The model depicts age influencing MN,
altitude of birth and living place, smoking habits,
nucleoplasmatic bridges, and nuclear buds. It also shows
that correlations of altitude of birthplace and of current
place of residence, smoking habits, education level,
nucleoplasmatic bridges, nuclear buds with results of
micronucleus test, are in fact due to all of them being
influenced by age. Results suggest the existence of an-
other factor, independent of age, that influences all these
variables expect nuclear buds. For the purposes of pro-
posing and testing a structural model, regression weight
of the proposed unknown factor with education level
has been constrained to 1.

Table 4 Structural model parameter estimates

To From Regression Standard Statistical
estimate  Error significance

Micronuclei Age  0.505 0.049  p<0.001

Birthplace altitude Age  0.436 0.070  p<0.001

Altitude of the place Age  0.418 0.075  p<0.001

person lives in

Education Age -0.374 0.079  p<0..001

Micronuclei X -0.845 0.283 0.003

Education X 1.000

Smoking X 1.122 0.340  p<0.001

Nucleoplasmic X -.0992  0.420 0.018

bridges

Smoking Age -0.204 0.078 0.009

Nucleoplasmic Age 0.130 0.057 0.022

bridges

Elevation of the X -1.916 0.461  p<0.001

place person lives in

Birthplace elevation X -2.028 0.474  p<0.001

Nuclear buds Age 0.249 .0066  p<0.001

Discussion

The results presented here showed that mean MN fre-
quency does not increase linearly with age; in the 5th
age group (participants over 80 years of age) it de-
creases, compared to the 4th age group. A probable ex-
planation for this finding is that 80+ year olds that also
pass the exclusion criteria to be included in the study are
a group of individuals with much better health com-
pared to an average person of this age. As the age of 80
is well above the mean life expectancy for the popula-
tion of Serbia (which is around 75), it can be argued that
80+ year olds that lived to this age have unique genetic
background that allowed them to live and stay healthy
up to the age they have. The MN frequency is just one
of the indicators of this. It is possible that in this age
group, spontaneous chromosomal instability is stabilised
at the lower level. In support of this hypothesis are re-
sults of the study [40] which reported no correlation
between telomeres shortening and age in 79 years old
subjects. Harrisa et al. (2012) found that telomeres
shortening in people of 70 years of age did not correlate
with their socio-economic status [26]. Telomere short-
ening is connected with oxidative stress and it is possi-
ble that the level of oxidative stress is lower in this age
group [40]. Beside long-life experience and adaptation
to stressful situations [41], lower level of stress in this
age group could be explained by reduced caloric intake
and gradual decrease in proliferative cell capacities
[9,43] suggesting that mechanisms leading to the for-
mation of micronuclei containing sex chromosomes
differ with age. They also report the nonlinear increase
of MN frequency with age-after 70 years of age it de-
creases [42].



52

0.44
Age
0.42
0.51
03
025
029 1
Micronuclei
0.84
Factor X

-0.99 | Nucleoplasmatic

A. Hedrih, S. Najman, V. Hedrih, O. Milosevi¢-Djordjevi¢

Birthplace altitude

—
e
=
@a‘

-2.03

0.29

Altitude of place
1192 of living

1oo | Education level

ge

0.92

L12 Smoking

3

0.34

®

bridges

0.66

Nuclear buds

5

Fig. 5 Structure linear model relationship between age and unknown Factor X and altitude of birth and living place,
education level, smoking habits, nucleoplasmatic bridges, nuclear buds and micronuclei. Numbers represent

structural coefficients for each relation.

Cigarette smoking is an important and established risk
factor in many age-related diseases, and is associated
with increased cumulative and systemic oxidative stress
and inflammation like increased circulating blood leuco-
cytes [43] and have been linked to poorer health out-
comes and associated with shorter telomeres (Valdes et
al. by [26]. Negative correlations between MN frequency
and number of smoked cigarettes/day were obtained.
Some recent studies reported smoking having no effect
on MN frequency [10,13], while other reported positive
correlations between MN frequency and smoking [11,12].
Smoking more than 30 cigarettes/day increased the MN
frequency [8]. Our results showed negative correlation
between education level and MN frequency which is in
accordance with results of study in Poland (Szklarska and
Rogucka 2001), they found relation between education
level and biological age: better-educated men were bio-
logically younger than their poorer educated peers [44].
Linear structural model shows that age is the factor ex-
plaining all of the above mentioned variables, although
we know that the linear relationship does not hold with
the oldest age group (if it did, the relationship with age,
described by using linear statistics, would be even
stronger). The explanation for this could be in social
changes that occurred during the second half of the 20"
century, like migration to cities, increasing education
levels and changes in smoking habits.

Tobacco is a habit originating in cities [45,46] and
so elder participants in the current sample who live in
villages at high elevation tend to be non-smokers.
Chromosomal changes that can cause NPB and NB be-
come more frequent with age [4]. In the current sample

there were no gender differences in MN frequency
across different age groups.

In the study of 50 healthy children from urban areas
in Croatia, ages from 4-14 years, girls showed higher
mean values of the mean frequency of MN, mean fre-
quency of nucleoplasmic bridges (NPBs), nuclear buds
and the mean nuclear division index (NDI) compare to
boys, but only total number of NPBs was statistically
significant [5]. In the current study the mean frequency
of MN for all subjects was 2.32+0.28 per 1000 BN cells
which is higher value than the level obtained for the
second age group. That could be due to differences in
environmental factors in urban area [47]. As Regan et
al. reported [23], when female-specific health dimen-
sions are considered, females are found to accumulate
more deficits than males and speculate that such oppo-
site trends for males and females can result in no gender
differences. In the current sample there were no differ-
ences in MN frequency between males and females for
the same age group. Results of [23] suggest that aging
rates approximated by the rates of changes in respective
deficit indices (Dis) are not altered by gender but are
specific for place of living. Similar results were ob-
tained [28] with Italian siblings of 90 years of age and
older from different parts of Italy. Large longitudinal
study of aging Danish twins confirmed negative influ-
ence of sun exposure, smoking and of low BMI on fa-
cial ageing. This study indicated that high social status,
low depression score and being married are associated
with a younger appearance, but the strength of the asso-
ciations varied between genders [24]. Basal level of MN
frequency in healthy population is different in different
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nations and may vary due to characteristics and genetic
origin of the sample [4,9,10,11,13].

Relative to the unknown factor that independently of
age, influences all these variables expect nuclear buds,
we are free to suggest that it could be a lifestyle compo-
nent that varies across age groups (middle age people
tend to live in urban areas and lead more stressful lives,
while elderly people from the current sample are 20-30
years in retirement, lead active but non—stressful lives. It
is possible that in the 5th age group natural selection
was the most pronounced - in childhood they were ex-
posed to more stressful environmental factors than par-
ticipants in other age groups (they survived Second
World War, and scarcity of basic goods in the post-war
years), and other large social changes, like massive mi-
grations to cities, occurred during their lifetimes. Stud-
ies showed that animals exposed to stress early become
more adaptive to stress [7]. Relation between lifestyle
and telomere length was discussed by Lin et al. [48]
suggesting several inter-related biochemical pathways:
stress hormones, inflammation and oxidative stress [48].
It is possible that unique selection factors that were
present in generation born in the previous century as
well as cultural differences contributes to results we
obtained, but more detailed study is required to test
these hypotheses.
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