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ABSTRACT

P urpose in this work, to investigate whether interval training program has an effect on Nuclear factor erythroid-derived
2-like 2 (NFE2L2/Nrf2) gene expression in women.The research was made on 12 women. Participants were given a
medium-term interval training program for 8 weeks, 3 days a week. The blood samples of the participants were collec-
ted before and after the 8 weeks of training. RNA isolation was performed using TRIzol Reagent from peripheral blood
mononuclear cells. NFE2L2 gene expression was determined by Biomark Real-Time PCR (RT-PCR). The participants was a
significant increase in heart rate and maximal oxygen use capacity (VO2 max ) after the exercise (p <0.001). There was a
significant decrease in the body weight and body mass index of women after the exercise (p <0.001). There was a decrease
in NFE2L2 gene expressions after 8 weeks of the training program (p <0.05,). It shows that interval exercise reduces NFE2L2
gene expression in women.
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0z

A ralikl antrenman programinin bayanlarda Nuclear factor erythroid-derived 2-like 2 (NFE2L2/Nrf2) gen ekspresyonuna
etkisinin olup olmadigini arastirmaktir. Arastirma 12 kadin Uzerinde yapildi. Katilimcilara, haftada 3 gin olmak Gzere
8 hafta slreyle orta sireli interval antrenman programi uygulandi. 8 haftalik antrenmanlar éncesi ve sonrasi kan ornekleri
alindi. Periferik kan mononukleer hiicrelerinden TRIzol Reaktifi kullanilarak RNA izolasyonu yapildi. NFE2L2 gen ekspresyonu
Biomark Real-Time PCR (RT-PCR) ile belirlenmistir. Calismaya katilan katiimcilarin maksimal oksijen kullanma kapasitesinde
(VO2 Max) egzersiz sonrasi 6nemli 6lgtide artis bulundu (p<0.001). Kadinlarin vicut agirliklari ve vicut kitle indeksinde azal-
ma olmustur (p<0.001). NFE2L2 gen ifadelerinde 8 haftalik antrenman programi éncesine gére sonrasinda azalma olmustur
(p<0.05,). Aralikli yapilan egzersizin bayanlarda NFE2L2 gen ekspresyonunu azalttigini isaret etmektedir.
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INTRODUCTION

According to many studies, it is reported that the
increase in the physical activities of the people ex-
pands life-span by reducing the risk of death. Regular
physical activity contributes to the treatment of vari-
ous chronic diseases, especially lung, heart diseases,
hypertension, metabolic disorders, especially type 2
diabetes and obesity, muscle, bone, joint injuries, can-
cer and neuropsychiatric disorders [1,2]. However, the
type, intensity of exercise, competitions, traumas, and
stress lead to both physiological and metabolic changes
in the human body [3]. During the prolonged/intense
exercise, the amount of consumed oxygen varies de-
pending on the type and severity of the exercise varies,
but generally by increasing in accordance with relaxa-
tion leads to the formation of free radicals (reactive
oxygen species, ROS) that cause oxidative stress. ROSs
are consistently built up in the body, but physical exer-
cise leads to further increases in ROSs and cannot be
removed sufficiently by the antioxidant defense system.
They cause many damages by reacting with various
molecules such as nucleic acids, proteins, membranes,
cells and tissues [4,5]. Mitochondria, which participate
dynamically in various muscle cell activities along with
death, autophagy, differentiation, are generally accep-
ted as the main source of reactive oxygen species (ROS)
in skeletal muscles [6]. Some studies have emphasized
that the ROSs, that emerged as a result of the reduction
of oxygen in the normal metabolic stages, are not only
the toxic. The significance of exercise in the process of
adaptation, which is the most important impact on the
human body, is specifically emphasized. In these studi-
es, it is indicated that the increase in the levels of ROSs
minimizes the damage by increasing the activity of the
antioxidant enzymes during regular exercise, and emp-
hasized that ROSs give more harm to the unprepared
tissues [7,8]. Besides, ROSs play an important role in
regulating the cell signaling and gene expression [9,10].
The transcription factor NFE2L2 is the main organizer of
antioxidant defenses, regulating more than 200 cytop-
rotective genes as a response to oxidative stress. It is
also reported that nuclear factor erythroid-derived
2-like 2 (NFE2L2), acute oxidative and nitrosative stress
regulate antioxidant response and mitochondrial bio-
genesis. In addition, they also noted that NO and ROSs,
that is produced through exercise, activated skeletal
muscle NFE2L2 and required the NFE2L2 expression for
normal mitochondrial biogenesis, acute exercise and an-
tioxidant transcriptional response during regular training.

The studies reported that NFE2L2 activators protect
mice against metabolic diseases and prolong the lifes-
pan of C. Elegans and M. Drosophila [11]. The purpo-
se of this study is to investigate the effect of interval
training program on Nuclear factor erythroid-derived
2-like 2 (NFE2L2/Nrf2) gene expression in women.

MATERIALS and METHODS

Participants:The research was made on 12 women who
have similar ages and physical characteristics that did
not exercise regularly, active, non-smoker, did not take
any of food supplement and did not have any health
problem, average of age was 21.88+2.44 years, average
of height was 162.134+5.83 cm, and the average of we-
ight was 58.60+ 2.04 kg. Our study protocol was appro-
ved by Erciyes University Ethics Committee. Our work
was conducted under the direction of Declaration of
Helsinki and local laws.

Experimental Design

Maximal Aerobic Capacity (VO2 max): Maximal oxy-
gen use capacities were determined proportionately
(body weight / lean body mass / ml / kg / min) by app-
lying the Bruce Test Protocol, which was performed be-
fore the training and at the end of the 8-week training.

Training Protocol: At the beginning of the study, parti-
cipants were asked not to take any medication or nut-
ritional supporters for 8 weeks, to avoid heavy physical
activity 48 hours before the training and to be hungry
at least 3 hours before the test time. Two days after
the maximal oxygen use capacities were determined,
8-week training programs were started. Training Prog-
ram: Participants were given a medium-duration in-
terval training program in 3 days a week, for 8 weeks.
The severity of the study was determined according
to the volunteers’ target heart rate (%90-95). Partici-
pants were received height, weight, systolic-diastolic
blood pressure, heart rate and 10 ml peripheral blood
samples with EDTA tubes before and after 8 weeks of
exercise.

RNA Isolation and gene expression studies

2 ml venous blood samples were taken from the partici-
pants for the gene expression study. RNA samples were
stored at the -80°C until analysis. Firstly, peripheral blo-
od mononuclear cells were isolated using standard met-
hods [12,13]. RNA isolation was performed using TRIzol
Reactive (TRIzol, Roche, Almanya) from peripheral blo-
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Table 1. Some of the physical and physiological characteristics of the participants.

Variables BE.Avr+SD

Mass (kg) (n=12) 58.60+2.04

BMI (kg/m?) (n=12) 22.29+2.43
Heart Rate(pulse/min) (n=12) 86.70+6.7

Systolic H.P (mmHg) (n=12) 114.90+£19.9
Diastolic H.P (mmHg) (n=12) 78.60+9.78
VO2 Max (n=12) 35.74+2.5

Paired Samples T Test / SD.: Standard Deviation / *p<0.05 **p<0.001

B.E.= Before Exercise A.E.= After Exercise B.M.l.= Body Mass Index

od mononuclear cells. The amount and quality of RNA
samples were measured with a NanoDrop 2000 Spect-
rometer (Thermo Scientific, Waltham, MA). A reverse
transcription polymerase chain reaction (RT-PCR) was
used to detect the gene expressions through syntheses
of the complementary DNA (cDNA) transcripts from
the total RNA extracts. Complementary DNA (cDNA)
was obtained from the RNA using RT2 HT First-Strand
(Qiagen) kit. When complementary DNA was synthesi-
zed, it was left to incubate for 5 min at 95°C and for 15
min at 42°C. Nuclear factor erythroid-derived 2-like 2
(NFE2L2) gene expression was determined by Biomark
Real-Time PCR (RT-PCR). Biomark Real-Time PCR (Qia-
gen) instrument was used for the expression study. The
expression study was incubated at 95°C for 15 sec and
60°C for 60 sec through 95°C for 10 min and 40 cycles.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was selected as the house keeping gene [14,15] .The
data were collected with the Fluidigm Real-Time PCR
analysis software and quantification cycle (Cq) values of
999. Cq values larger than 23 were removed since these
readings were unreliable. The delta delta Ct (2-AACT)
method was applied for the relative quantification of
the samples that normalized with Glyceraldehyde-3-
phosphate dehydrogenase [12]. Genetic studies were
carried out at Erciyes University Genomic and Stem Cell
Center.

Statistical Analysis

The Comparisons were performed using two indepen-
dent sample T-test, the Mann-Whitney U test, for quan-
titative data and calculated gene expression values. The
statistical significance level was taken as p <0,05.

Results
Some of the physical and physiological characteristics
and the blood samples of the 12 participants, who par-

AE.AvrtSD t P
56.24+1.65 4.2 0.001**
21.37+1.98 4.5 <0.001**
98.90+7.98 53 0.001**
107.70+£12.17 1.2 0.269
73.2045.29 0.8 0.431
46.16+3.25 51 0.001**

ticipated in the study, were prepared and evaluated ac-
cording to the methods mentioned in the related secti-
on. The average age of the participants was 21.88+2.44
years, and the average height was 162.13+5.83 cm (Tab-
le.1.).

There was no difference in systolic and diastolic blo-
od pressures (mmHg) at the beginning and end of the
8-week training programs of participants attended the
study (p>0.05 Table.1).

According to the statistical analysis results, there was a
significant increase in heart rate and maximal oxygen
use capacity (VO2 max) after exercise (p<0.001 Tab-
le.4.1). There was a significant reduction in body weight
(p <0.001) and body mass index of women after the
exercise (p<0.000).

The change in the Nuclear factor erythroid-derived
2-like 2 (NFE2L2) gene expression, performed in the
analyses by the blood samples taken before and after
the 8-week training program, is shown in the table be-
low.

RESULTS and DISCUSSION

It is known that acute exercise systematically causes
to oxidative, metabolic, mechanical and thermal stres-
ses. It is reported that even a single exercise increases
oxidative stress bioindicators in almost all tissues. ROSs
contain one or more unpaired molecules with high
energies. Normal cell metabolism converts about 1-2%
oxygen molecules to ROSs.

This ROS is potentially toxic. Although there are signifi-
cant contributions to the regulation of normal physical
activities, such as ROS muscular contraction, the signifi-
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Table 2. Female NFE2L2 gene expression change before and after the 8-week training program.

Gene BE-W Median - IQR

NFE2L2 15.807+2.986
Mann Whitney U test /IQR: Interquartile range *p<0.05 **p<0.001

B.E.= Before Exercise A.E.= After Exercise W= Woman

8w.AE-W Median - IQR P-value*

12.11+1.087 <0.004

There was a decrease in female NFE2L2 gene expressions after the 8-week training program than before (p<0.05, **p<0.001, Table-2.).

cantincreases in the concentrations of ROS may disrupt
normal cell function and cause to oxidative damage of
various biomolecules (protein, lipid) and cellular DNA
[16-19]. Due to its role in the organ, tissue damage and
the aetiopathogenesis of various diseases, ROS has
been a growing area of interest in medicine recently.
NFE2L2 or Nrf2 regulates basal antioxidant and anti-
oxidant reactions against stress in various organisms
from ferment to Caenorhabditis elegans and mammals.
The cell culture studies using C2C12 skeletal muscle
cells report that Nrf2 is activated by ROS. In a study of
wild-type mice, it was emphasized that a single acute
exercise increased Nrf2 proteins, Nrf2-bound phase I
enzymes and Nrf2 gene expression in the skeletal musc-
le [20,21]. Horie et al. used an electrical impulse stimu-
lation (EPS) to imitate acute exercise and emphasized
that Nrf2 expression is related to both intensity and
duration of the stimulus [22]. Similar to the cell culture
studies, studies on some animals showed that increases
in Nrf2 signalization depend on the duration of exercise.
Less than one hour of running treadmill exercise was
reported to have no effect on Nrf2 mRNA or protein
expression [23,24,]. The data on the NFE2L2 signal rela-
ted to exercise is still very limited in humans, but a re-
cent study indicated that acute exercise increases Nrf2
proteins at all cellular levels measured in peripheral
blood mononuclear cells (PBMCs) in young and old men.
Again in the same study, nuclear accumulation of Nrf2
was observed only in the young group and emphasized
that aging may be related to Nrf2 disruption. Similarly,
in middle-aged women, who do regular exercise, Nrf2
mRNA increased significantly 2 hours after 30 minutes
of moderate treadmill exercise, and sedentary women
did not show any change in Nrf2 gene expression as a
response to exercise [25]. This may suggest that sport
may play a role in preserving the response of acute Nrf2
and aging. The impact of regular exercise training on
the NFE2L2 response is investigated in the studies more
extensively than the acute exercise. It is showed that
medium-intensity or high-intensity interval training for
4-24 weeks activates Nrf2 signalization in several tissu-
es, including skeletal muscle, kidney, brain, liver, testicle,

prostate and myocardium in rodents. It is stated that re-
gular exercise in rats prevents the normal level of Nrf2
from falling due to the oxidative stress. At the same
time, it is also emphasized that antioxidant supplement
weakened the normal activation of NFE2L2 during the
exercise [26] .

Gomes et al. [27] had Sprague-Dawley rats instructed
to exercise using a jumping protocol with a weighted
vest as a resistance training. While no change in Nrf2
expression was observed in young animals, a decrease
in Nrf2 was indicated in elderly animals subjected to the
same training, and this difference was initially explained
by highness in the Nrf2 expression in elderly animals.
There are contradictory results about NFE2L2 gene exp-
ression in the studies. In some studies; increasing with
exercise, a decrease, and no difference is detected. It
is emphasized that these different results in the studi-
es affected by the age of the subjects and periods of
sampling after the exercise [28]. In our study, it was fo-
und that NFE2L2 gene expression in females decreased
after the regular exercises compared to basic level. This
make us consider that the reduction resulted from the
time interval in blood sampling, the initially high level
of NFE2L2 and the duration, intensity and severity of
the exercise.

It is indicated that regular exercise reduces the Nuclear
factor erythroid-derived 2-like 2 (NFE2L2) gene expres-
sion in women. Both animal studies and human studies
are almost limited to male subjects only. We believe
that different exercise protocols and taking samples at
different time intervals may be important to a better
explanation of this variation, activation of NFE2L2 and
to catch different reaction times and general variation
of NFE2L2 in females
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