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ABSTRACT

igh altitude hypoxia and hypoxic exercise may induce oxidative DNA damage.Our study was investigated the effect on the micro-
H nucleus (MN) frequency of performed exercise at 1055m and at 2500m. MN frequency is a biomarker of chromosomal damage,
genome instability. 10 female and 10 male totally 20 subject were included in the study. They performed exercise 3 hours per day during
5 days at each two location. The peripheral blood samples obtained before exercise and immediately after the exercise at 1055 m and
2500 m altitude both first day and fifth day were cultured. The number of MN values was scored in binucleated cells obtained from
mitogen-stimulated lymphocytes of subjects. We found that exercise performed at 1055m conditions induced MN formation (p<0.001);
whereas exercise performed at 2500m induced more MN formation in human lymphocytes (p<0.001). In addition, in the subjects after
ten days came back down to 1055 m from the mountain MN frequencies was decreased that those of at the end of the five day at 2500 m
altitude (p<0.001). Also, this MN frequency was similar to with basal MN frequency at 1055 m (p>0.05).0Our results indicated that exercise
and altitude may cause chromosomal DNA damage and may be closely relative to mutagenic effects.
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Uksek irtifa hipoksi ve hipoksik egzersiz oksidatif DNA hasarina neden olabilir. Calismamiz 1055m ve 2500m’de yapilan egzersizin
Ymikronukleus (MN) sikligi Gzerindeki etkisi arastirildi. MN frekansi, kromozomal hasarin, genom kararsizliginin bir biyolojik isaretidir.
10 erkek, 10 kadin toplam 20 saglikli denek galismaya dahil edildi. Her iki yerde 5 giin boyunca giinde 3 saat egzersiz yaptilar. Egzersizden
once ve egzersizden hemen sonra 1055 m ve 2500 m yikseklikte periferik kan 6rnekleri hem birinci hem de besinci giinde kulttrlendi.
Hastalarin mitojenle uyariimis lenfositlerinden elde edilen gift ¢ekirdekli hiicrelerde MN degerlerinin sayisi kaydedildi. 1055m kosulla-
rinda yapilan egzersizin MN olusumunu indikledigini bulduk (p <0.001); 2500 m’de yapilan egzersiz, insan lenfositlerinde daha fazla MN
olusumuna neden olmustur (p <0.001). Ayrica, on glin sonra dagdan 1055 m’ye geriinen deneklerin MN frekanslari, bes giiniin sonunda
2500 m rakimdakinden daha dustktt (p <0.001). Ayrica, bu MN frekansi, 1055 m’deki bazal MN frekansina benzerdi (p> 0.05). Sonug-
larimiz egzersiz ve rakimin kromozomal DNA hasarina neden olabilecegini ve mutajenik etkilere yakindan gorulebilecegini gostermistir.
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INTRODUCTION

ntense and tiring sports like mountain climbing and

nature sports have important systemic and acute lo-
cal effects on humans [1, 2]. The energy demand during
physical exercise causes an increased oxygen uptake,
which may increase the production of reactive oxygen
species (ROS) [3]. At high altitude we expected lower
production of reactive oxygen derivatives due to lack of
oxygen and low oxygen demand. However, high altitude
exposure leads to altered activity of ROS, which in turn
leads to oxidative damage [4-8]. Although ROS has an
important role in regulating normal physical activities
such as muscle contraction, a dramatic increase in their
concentration may damage normal cell function, bio-
molecules (proteins and lipids) and cellular DNA [9-11].

Previous studies have used a variety of experimental
approaches to measure DNA damage, such as comet
assay, 8-hydroxy-deoxyguanosine (8-OHdG), micronuc-
leus test (MN), and chromosomal aberration [12-14].
Among these, the MN test has been widely used as a
biomarker of chromosomal damage or genome insta-
bility in human peripheral blood lymphocytes [12, 14].
MN originates from either lagging whole chromosomes
or acentric chromosome fragments. These genome
damage events can be measured with the cytokinesis-
block micronucleus (CBMN) assay. The CBMN assay was
developed to score MN specifically in cells that comple-
ted nuclear division by blocking them at the binucleated
stage prior to cytokinesis [14, 15].

The effects of exposure hypoxia and high altitude as-
sociated hypoxic exercise in humans have been investi-
gated for years [16-21]. These studies investigated the
influence of altitude on the generation of oxidative DNA
damage [7, 21-24]. However, there is no study regarding
the effects on MN frequency/chromosomal DNA dama-
ge of exercise performed at high altitudes. Therefore,
the aim of this study was to evaluate the influence of
high altitudes and exercise on micronucleus frequency.

MATERIALS and METHODS

Subjects:Study group was formed with students of Erci-
yes University Collage of Physical Education and Sports.
Students were within similar age and fitness ranges,
mean age 23.35 + 1.66 year, mean height 168.20 + 7.32
cm, mean body mass 60.05 + 8.76 kg, body mass index
21.12 + 2.17 kg/m2 (meanz SD), 10 female and 10 male

totally 20 students were included in the study. There
were no significant differences between their ages and
physical condition. They live at 1055 m altitude above
sea level. All subjects had not experienced high altitude
conditions within a period of at least 6 months.

Informed consent was obtained from all subjects be-
fore the study. The study protocol and the procedures
were approved by the local ethical committee (No;
09/54). The study was conducted in accordance with
the Declaration of Helsinki or local laws depending on
whichever afforded greater protection for the subjects.

Experimental protocols

Test protocols were performed on two locations: at
1055 meters studies were applied on the Erciyes Univer-
sity campus which is located at the skirts of Erciyes Mo-
untain (3917 m above sea level), Turkey/Kayseri. 2500
m high altitude studies were performed at the Erciyes
ski-centre on the Erciyes Mountain.

2500 meters studies; The subjects arrived after an hour
by bus due to the fact that the centre is 25 km away
from the campus of Erciyes Mountain. Experiments
were started after two hours. They did basic interval ski
exercises at 2500m. Their heart rhythm was kept bet-
ween 140-160 beats/minute and they exercised on skis
for 3 hours per day during 5 days. All students stayed at
2200 m altitude at Erciyes Mountain during the 5 days.
Experiments were made in between February 4-8.

1055 meters studies; the students came back down to
1055 m from the mountain after two weeks (February
25-29) began to work again. All the students performed
the same exercises at 1055m as they had at 2500m.
They performed exercise for 3 hours per day during 5
days. Their heart rhythms were kept between 140-160
beats/minute during exercise.

1st day and 5th day oxygen saturation, systolic and di-
astolic blood pressures, heart rate and MN frequencies
were measured before exercise and immediately after
exercise at the two locations.

Whole-blood cultures of human lymphocytes

Three milliliters of heparinised peripheral blood samp-
les were obtained before exercise and immediately af-
ter exercise at 1055 m and 2500 m altitudes on both
first day and fifth day, in addition to, the students came
back down to 1055 m from the mountain, and blood



samples of them were taken while resting after ten days
(February 19).

Approximately 0.4 mL of heparinised whole blood
samples were cultured for 72 hours at 37°C in 5 mL of
peripheral blood karyotyping medium that was supple-
mented with 1.5% PHA-M to stimulate T-lymphocytes
(all sourced from Biological Industries, Kibbutz Beit Ha-
emek, Israel). To determine intra-individual differences,
duplicate cultures were prepared for each sample at
the specified time.

CBMN assay

At forty-four hours after the initiation of cultures, cells
were blocked from entering cytokinesis by the addition
of cytochalasin-B to each culture tube (Sigma-Aldrich,
St Louis, MO; final-concentration, 3 ug/mL) [14]. The
cultures were stopped at 72 hours after initiation, trea-
ted with hypotonic solution (0.1mol/L KCI) for 4 minutes
and fixed using 2 changes of methanol—acetic acid (3:1)
[14, 25]. The fixed cells were spread onto glass slides
and stained with 5% Giemsa (Merck) in Sorensen buffer
for 10 minutes. To determine the intra-individual dif-
ferences, the different slides of the 2 parallel cultures
for each sample were prepared and evaluated. All sli-
des were scored blindly using light optical microscope.
A minimum of 1000 binucleated cells well surrounded
by cytoplasm were scored from each sample and the
number of binucleated cells with MN was recorded.
Published criteria for MN determination were followed
[26]. The MN frequency (%) is the ratio of the number of

micronuclei to the number of binucleated cells scored.
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Statistical analysis

Differences before exercise and immediately after exer-
cise at each of two locations for subjects were investi-
gated using Wilcoxon Sign Ranks Test for two related
samples test. Essentially similar results were obtained
by one-way ANOVA. A significant level was set at a P-
value of < 0.05.

RESULTS and DISCUSSION

Table 1 shows heart rate, arterial oxygen saturation ob-
tained before exercise and immediately after exercise
at 1055 m and 2500 m altitude. Data obtained from
high altitude associated hypoxia (2500 m) were compa-
red with those obtained from 1055 m. In high altitude
associated the first and fifth day maximal heart rate
increased (p<0.05), but arterial oxygen saturation dec-
reased (p<0.05).

MN frequency results at 1055 m altitude above sea
level

Mean values of MN frequencies from both the first and
the fifth day before exercise, and immediately after
exercise are shown in Table 2. The MN freguencies inc-
reased at fifth day compared with the first day (p<0.001,
Table 2). But, no difference was found in MN frequen-
cies between the first and the fifth day before exercise
and immediately after exercise (p>0.05, Table 2).

Table 1. legend. *p<0.05 compared with 1055 metres, p<0.05 compared with value at rest.
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Table 2. legend. ap<0.001: the means of MN fregencies increased at fifth day compared with their at first day in both at 1055 metres
and at 2500 metres. Further, there were differences between found in means of MN frequencies obtained from at 2500 metres com-

pared to their at 1055 metres (bp<0.001).

MN frequency results high altitude associated
hypoxia (at 2500 m altitude above sea level)

MN frequency in both the first and the fifth day before
exercise and immediately after exercise are shown in
Table 2. No difference was found in MN frequencies ob-
tained on the first and the fifth day before exercise and
immediately after exercise (p>0.05, Table 2). However,
there was a highly significant increase in means of MN
frequencies at the fifth day when compared to those on
the first day (p<0.001, Table 2).

Comparison of MN frequency results at 2500 m and
1055 m

There were significant differences found in the means
of MN frequencies obtained at 2500 meters compared
to those at 1055 m (Table 2). No difference was found
between means of MN frequencies from the first day
before exercise and immediately after exercise (p>0.05).
Exercise performed at 2500 m altitude further aggra-
vated the induction of MN frequencies compared with
exercise performed at 1055 m. MN frequencies showed

Figure 1. At 2500 metres altitude, exercise further aggravated the induction of MN frequencies compared with those of 1055 metres

exercise.
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Figure 2. The subjects came back again from 2500m to1055 m at the end of fifth day. In the subjects ,on the tenth day after they return,
the number of micronucleus were found in basal level. High MN frequencies obtained at the end of the fifth day at 2500m was found
to be in basal level at the end of the tenth day at 1055m (p=0.000) , and it equalized with the same level of MN frequency obtained one

day before the exercise started ( p=0.202).

a significant increase after 5 days exercise at 2500 m (
hypoxia altitude ) compared to those after 5 days exer-
cise at 1055 m (p<0.001,).

In addition, a significant decrease in MN frequencies
obtained at the end of the five days at 2500 m altitude
was seen ten days after the students came back down
1055 m from the mountain (p<0.001). Also, this MN fre-
quency value was similar to the basal MN values at 1055
m (p>0.05).

researchers generally agree that exercise increases the
production of ROS and consequently leads to damage
to DNA in the cell [27-31].

The CBMN assay is one of the preferred methods to de-
tect and measure DNA damage and chromosomal ins-
tability phenotype in mammalian and human cells. This
study examined effects on MN frequency of the expo-

sure to two independent inducers (exercise and altitu-
de). In the present study, we found that MN frequency
increased after exercise performed at both 2500 m and
1055 m. In addition, MN frequency at 2500 m altitude
was found to be higher than that at 1055 m altitude.
This is the first report to show increased MN frequency
in peripheral lymphocytes of both exercise and altitude.
It is possible to find many studies on the association
between high altitude and oxidative stress, and some of
these studies reported that high altitude exposure cau-
ses oxidative DNA damage [2; 7, 8, 20]. In addition, Mol-
ler et al. [18] reported that acute hypoxia and hypoxic
exercise induce DNA strand breaks and oxidative DNA
damage in humans. DNA damage may turn into chro-
mosome alterations that are detected by the MN assay.
MN can originate from lagging acentric chromosome or
chromatid fragments formed by misrepair of DNA bre-
aks or unrepaired DNA breaks during anaphase [15]. To
our knowledge, there is no study examining the effects
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on MN frequency of exercise performed at altitude. In
this study we tested whether or not exercise performed
at high altitude induced MN formation. We found that
exercise performed at high altitude (2500m) revealed
more increased MN frequency compared with MN fre-
guency obtained at lower altitude (1055m). According
to our results, it seems that high altitude hypoxia ex-
posure may also lead to chromosomal DNA damage in
humans.

It is reported that altitudes can be divided into low alti-
tude (<2,500 m), high altitude (2,500 m-3,500 m), very
high altitude (3,500 m-5,800 m), and extreme altitude
(>5,800 m) (Moller et al., 2008).We limited the studies
into two classes of altitude (1055 m and 2500 m). In our
study we found that exposure to high altitude is associ-
ated with higher MN frequency. It is well known that UV
radiation is significantly increased at high altitude. UV
radiation gives rise to DNA damage in mammalian cells.
Nair-Shalliker et al. [32] showed that the MN frequency
increased with increasing sun ray exposure. Also, exer-
cise performed with high altitude associated hypoxia
very often results in oxidative damage [18, 33]. Besides,
it has been shown to increase oxidative stress at high
altitude even without exercise Jefferson et al. [2]. On
the other hand, as is well known, ultraviolet rays (UV),
by generating abundant ROS and free radicals, lead to
damage of cells and tissue. According to our results,
exercise performed at low altitude (1055m) conditions
induced MN formation; whereas exercise performed
at high altitude associated hypoxia induced more MN
formation in human lymphocytes. This may be due to
different factors at high altitude such as UV, low oxy-
gen pressure, cold and increased energy demand. It
is reported that factors such as UV, sunlight induces/
increases MN formation [32, 34]. So, we think that at
high altitude conditions such as UV, cold and low oxy-
gen levels, in addition to exercise, may contribute to the
higher MN frequency.

In humans, the available studies submit that immedia-
tely after exercise the level of oxidative damage to DNA
is unchanged, but DNA damage may appear hours after
exercise [15; 35, 36]. In our study, at both altitudes we
found no difference in MN frequency between before
exercise and immediately after exercise. We think that
neither exercise nor altitude is sufficiently strenuous to
cause significant effects on DNA damage immediately
after exercise.

There are studies on the association between exposure
hypoxia and hypoxic exercise and oxidative DNA dama-
ge in samples obtained from humans and animals. Stu-
dies of exercise performed at altitudes between1650-
4559m above sea level found increases in oxidative
DNA damage levels and DNA strand breaks in humans
by comet assay [1, 18, 23, 37]. In our study we found
increasing MN frequency of exercise performed at both
1055m and 2500 m altitudes. Although in general the
comet assay and MN test may be considered as a more
sensitive method to assess DNA damage, different mec-
hanisms are involved [38]. While the comet assay is
used as a method for DNA strand break detection, the
MN test is used to detect structural and/or numerical
chromosome aberrations by indirect DNA damage [38].
According to our results both exercise and high altitude
induced MN formation. It seems to us that exercise and
altitude may be closely relative to mutagenic effects,
and may cause chromosomal DNA damage.

Oxidative DNA damage has been widely investigated in
exercise hypoxia, hypoxic exercise [7, 8] and exercise [31,
39]. However, literature data are controversial. Ohkuwa
et al. [40] have shown that hypoxia and hypoxic training
result in decreased oxidative DNA damage in the livers
of rats. Moller et al. [18] have found that hypoxia and
hypoxic exercise result in increased DNA strand breaks
and oxidative DNA damage. These differences may de-
pend on high altitude associated hypoxia exposure time
and exercise type. In contrast, data on MN frequency in
exercise studies are limited, and six studies have repor-
ted on the effects of exercise on MN frequency in hu-
man peripheral blood lymphocytes in recent review by
Fenech and Bonassi [41]. Some investigators observed
an increase in MN frequency after exercise [42], while
others reported no change [43, 44] or decrease befo-
re and at various times after exercise [45]. We found
no change in MN frequency immediately after exercise,
whereas MN frequencies increased at fifth day compa-
red with the first day. These contradictory results may
be accounted for by the degree, period and exercise
type, and training status of individuals.

MN assay demonstrates damage at the chromosomal
level leading to more severe genome instability, and the
presence of micronucleus in the cell represents irrepa-
rable genomic instability. The maintenance of genomic
stability is one of the most important defenses against
transformation. So, cells respond to DNA damage by



two mechanisms: DNA repair or apoptosis. The process
removes cells with damaged DNA from the pool of repli-
cating cells, avoiding the introduction of mutations into
the genome and associated risk of cancer [46]. Subjects
returned from 2500 m t01055 m at the end of five days.
In the subjects, 10 days after returning MN frequency
was evaluated again, and 10 days after the number of
micronucleus found in basal level. We think that the
cells with micronucleus may be eliminated by apoptosis
for maintenance of genomic stability of cells.

Increased MN frequencies have been shown to be pre-
dictive for cancer and are considered valuable biomar-
kers for early genetic effects [47]. The presence of an
association between the frequency of MN in lymphocy-
tes and pathology of carcinogenesis, neurodegenerati-
ve, diabetes and cardiovascular disease has been sup-
ported by a number of findings [47-50].

Our study show that increased MN frequency in perip-
heral lymphocytes of both exercise and altitude. It is
may lead an increase risk of cancerogenesis, metabolic
syndrome and cardiovascular disease.

We concluded that both exercise and high altitude asso-
ciated exercise may cause mutations at the DNA/chro-
mosomal level in human peripheral lymphocytes; mo-
reover it may increases the sensitivity of an individual’s
cells to normal genotoxic stresses. However, more de-
tailed studies are needed on exercise and altitude indu-
ced mutagenic effects.
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