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Abstract
This study was aimed to investigate the effects of acute and chronic High Intensity
Interval Training (HIIT) on Irisin, BDNF (brain-derived neurotrophic factor), and Apelin
levels. The study included twenty-one male soccer referees. Blood from the participants
was collected at the beginning of study (1. first measurement: baseline value). HIIT was
conducted and blood was immediately collected (2. second measurement: acute effect).
Next, HIITwas carried out for 20minutes of 4 days a week in bouts of running (75meters
in 20 seconds) and walking (25 meters in 20 seconds). Blood was collected at the end
of 12 weeks (3. third measurement: chronic effect). HIIT was performed and blood was
again collected (4. fourth measurement: acute effect after the chronic effect). There was
a gradual increase in irisin, BDNF, and apelin levels (p < 0.001). The increase for irisin
was 2% in the second measurement, 106% in the third, and 111% in the fourth compared
to the first measurement. The increase for BDNF was 39% in the second measurement,
116% in the third, and 133% in the fourth. Apelin levels were increased by 11%, 19%
and 28%, respectively. These results demonstrated that irisin and BDNF might increase
only in response to chronic HIIT (4 times a week) while apelin levels might change with
both acute and chronic HIIT in healthy trained referees.
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1. Introduction

Myokines are the proteins secreted from skeletal muscle hav-
ing autocrine, paracrine or endocrine functions. Exercise has
an essential role in myokines release. Myokines’ maintain the
skeletal muscle functionality and increase the exercise capac-
ity. This study is hypothesized to investigate the myokines
response towards exercise in regularly exercising referees.
Myokines function as the paracrine regulators of fuel oxi-
dation, hypertrophy, angiogenesis, inflammatory processes,
and extracellular matrix to regulate the adaptive processes of
skeletal muscle [1].
Irisin is one of the last members identified in myokine

family. It improves and prevents physiological functions,
treats and rehabilitates chronic disorders, and balances energy
metabolism [2].
Brain-derived neurotrophic factor (BDNF) as the essential

member of neurotrophic factor family is necessary for the
nervous system’s development [3]. Significant quantities of
BDNF protein are present in the hippocampus, hypothalamus,
cortex and cerebellum. It can also be observed in dendrites,
soma and terminals [4]. BDNF downregulation is involved in
the pathophysiology of depression [5]. BDNF promotes the
survival of major neuron types affected in Alzheimer’s and

Parkinson’s disease [4]. Adipose tissue and muscle are the two
tissues expressing apelin and its receptor. Daily apelin intake
reverses the effects of muscle atrophy, diminished strength
and poor treadmill performance caused by the muscular apelin
removal [6].
High-intensity interval training (HIIT) consists of exercise

performed at the intensities close to or above the capacity of
aerobic energy systems. It improves the athletes’ physical
conditioning. This type of training can enhance players’ per-
formance [7]. HIIT is a time-efficient alternate for maintaining
the physically active lifestyle as it has benefits equal to or more
significant than the traditional continuous aerobic training [8].
HIIT elicits rapid improvements in cardiorespiratory fitness
[9]. HIIT enhances aerobic capacity, lowers blood pressure
[10], increases insulin sensitivity [11], and optimizes body
composition [12]. Soccer has various physiological demands
from referees. The referee performance in the match is as-
sociated with better sprint and cardiovascular function [13].
Therefore, training methods are required to be designed based
on the physiological demands of referees.
Previous studies have determined the exercise being associ-

ated with myokines release. However, few have examined the
myokine release because of acute and prolonged exercise in the
same experimental group. This studywas aimed to evaluate the
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effect of acute and chronic HIIT on irisin, BDNF and apelin
levels. Moreover, the acute and chronic effects of HIIT were
determined regarding the exercise-myokine relationship.

2. Materials and methods

2.1 Participants
Twenty-one male soccer referees volunteered for the study.
The participants mean age was 24.52 ± 2.01, body height
as 178.78 ± 3.68 cm, and body weight as 74.14 ± 2.32
kg. G*power 3.1.9.2 software (Germany) was employed to
determine the sample size. Thus, 21 participants were enough
based on the effect size of 0.80, test power of 0.95, and
significance level of 0.05.
The study excluded those with chronic diseases such as

diabetes mellitus, heart disease, arthritis, hypertension or mus-
culoskeletal injuries involving the muscles, ligaments, bones,
cartilage or tendons. Those not attending the training for any
reason were also excluded. All referees attended the training
sessions. The participants signed informed consent form.

2.2 Study design and procedures
Blood samples collection: At the beginning of study (first
measurement), 5 mL blood was collected from the partici-
pants (4:00 PM). HIIT was performed (acute training), and
5 mL blood was again collected (acute effect). Participants
performed HIIT for four days a week for 12 weeks (chronic
training), followed by taking 5mL blood (chronic effect). HIIT
was then conducted, and 5 mL blood was collected (acute
effect after the chronic effect). Participants abstained from the
food for two hours before blood sampling. Fig. 1 illustrates the
study design.

2.2.1 Blood sampling and analyses
Blood samples (5 mL) were drawn from the antecubital veins
of participants before and after the exercise training for an-
alyzing serum irisin, BDNF and apelin levels. Serum irisin
levels were worked out with Human Irisin ELISA kit (Sun-Red
Bio Company, Cat No. 201-12-5328, Shanghai, China), serum
BDNF concentrations by Human BDNF ELISA kit (Sun-Red
Bio Company, Cat No. 201-12-1303, Shanghai, China), and
serum apelin concentrations by Human Apelin (AP) ELISA
Kit (Sun-Red Bio Company, Cat No. 201-12-2015, Shanghai,
China). These tests were performed in Ondokuz Mayis Uni-
versity Faculty ofMedicineMedical Biochemistry Department
Research Laboratory by employing double-antibody sandwich
enzyme immunoassay method. The irisin, BDNF and apelin
concentrations were calculated from the standard curve formed
by using standard values. The obtained concentrations were
expressed as ng/mL. Intra-assay Coefficients of Variability
(CV) was <10%, inter-assay CV <12%, and sensitivity 0.157
ng/mL. Samples of high concentrations were confirmed by
working in duplicate.

2.2.2 HIIT protocol
HIIT consisted of the short bursts or exercise requiring maxi-
mal aerobic capacity and causing high tensile stress on skeletal
muscle as with endurance training [7]. Participants ran 75

meters in ~20 seconds and walked 25 meters in 20 seconds.
Heart rate variability (HRV) increased to 180–190 beats during
75-meter run which did not fall below 120–130 beats in 25-
meter distance. HRV was monitored by the Polar watches.
The study got completed in 20 minutes. A training program
was implemented for the referees with performance demands
equivalent to those in matches. HIIT sessions were conducted
on the athletics field. The researchers participated in all HIIT
sessions of the study.

2.3 Statistical analysis
The normality assumption and homogeneity tests were con-
ducted before starting the data analysis. The data had normal
distribution (p > 0.05) as obtained from the Shapiro Wilk and
Levene tests. The confidence interval was 95%. Repeated
measures analysis of variance (ANOVA) was employed for the
intragroup and test-retest change analysis. The Bonferroni test
determined the difference between groups.

3. Results

The study data were collected, and descriptive analysis of the
participants was performed. The changes in irisin, BDNF and
apelin are shown in Fig. 2.
The changes in irisin levels are illustrated in Table 1.
The changes in BDNF levels are illustrated in Table 2.
The changes in apelin levels are illustrated in Table 3.

4. Discussion

In this study, an increase in irisin, BDNF and apelin levels was
observed because of the acute and chronic exercise. This study
was important as it investigated the effect of acute and chronic
HIIT on myokines in the same experimental group. Wadley et
al. [14] depicted that the degree of increase in cytokines as a
result of exercise depended on the intensity of exercise. High-
intensity interval training (HIIT)might be an effective alternate
of traditional endurance training for yielding similar or better
physiological adaptations in healthy individuals [15]. HIIT
needed investigations for its skeletal muscle and metabolic
effects. Fédération Internationale de Football Association
(FIFA) introduced the athletic performance tests for referees
to demonstrate their required fitness levels for the game [13].
Referees trained regularly to pass these tests. This study was
thus critical for providing an individualized exercise program
to referees.
Murawska-Cialowicz et al. [16] reported increase in the

irisin levels of 8-week HIIT group. Similar results were de-
picted by Huh et al. [17] in the acute HIIT group. Archundia-
Herrera [18] found that HIIT increased the irisin levels in
obese women compared to the aerobic exercise. Pekkala et al.
[19] stated that the irisin increase was incidental. However,
the increase obtained in the same exercise group of study
herein was different from this finding. Both acute (1) and
chronic (2) exercises increased the irisin levels in this study.
Kabak et al. [20] reported that the acute HIIT (participants
performed 4 × 30-s Wingate test separated by 4 minutes of
rest) decreased the irisin levels in kickboxers. The reported



122

FIGURE 1. The study design. HIIT: High Intensity Interval Training.

FIGURE 2. Changes in irisin, BDNF and apelin levels. BDNF: brain-derived neurotrophic factor.

TABLE 1. Comparison of the irisin values.
Mean Standard Deviation Sum of Squares Mean square F p

Irisin ng/mL (1) 8.49 2.91

1753.014 584.338 33.485 <0.001
Irisin ng/mL (2) 8.67 3.59
Irisin ng/mL (3) 17.50 7.72
Irisin ng/mL (4) 17.92 8.15
Pairwise comparisons: 1 < 3–4, 2 < 3–4, 2 < 4 (<0.001). The irisin levels did not have significant change following the acute
High-Intensity Interval Training (HIIT), however, a significant increase was observed after 12 weeks of chronic HIIT (p< 0.001).

TABLE 2. Comparison of the BDNF values.
Mean Standard Deviation Sum of Squares Mean square F p

BDNF ng/mL (1) 1.92 1.42

92.970 30.990 13.248 <0.001
BDNF ng/mL (2) 2.67 2.02
BDNF ng/mL (3) 4.15 3.65
BDNF ng/mL (4) 4.48 4.23
Pairwise comparisons: 1 < 3–4, 2 < 3–4, 2 < 4 (<0.001). The BDNF levels did not have significant change following the acute
High-Intensity Interval Training (HIIT), however, a significant increase was observed after 12 weeks of chronic HIIT (p< 0.001).



123

TABLE 3. Comparison of the apelin values.
Mean Standard Deviation Sum of Squares Mean square F p

Apelin ng/mL (1) 15.28 2.69

202.459 67.586 39.496 <0.001
Apelin ng/mL (2) 16.96 3.38
Apelin ng/mL (3) 18.15 3.42
Apelin ng/mL (4) 19.52 3.66
Pairwise comparisons: 1< 2< 3< 4 (p< 0.01). The apelin levels were increased in response to acute and chronic High-Intensity
Interval Training (HIIT). This increase was also observed when acute HIIT was performed after 12-week training period.

and our results indicated that irisin release might be related
to the type of exercise performed. He et al. [21] revealed
that various training practices might have different responses
to myokines. Irisin being an essential modulator of cognition
was induced by the physical activity, and was a potential
therapy for cognitive disorders such as Alzheimer’s disease
[22], obesity, osteoporosis, muscle atrophy and liver injury
[23]. Irisin exhibited protection for the nervous system, which
was observed in correlation with exercise. Different forms
of exercise caused the irisin secretions at varying levels [24].
This study exhibited that HIIT increased the serum irisin levels.
Like irisin, there was also an increase in BDNF.

BDNF was known as a hormone released from brain,
however, it was found in the liver, pancreas, adipose tissue,
heart, endocrine system, reproductive system, smooth muscle
and skeletal muscle [25]. It was found in current study
that BDNF levels were increased because of the chronic
training. Tsai et al. [26] had similar findings for irisin and
BDNF with acute HIIT in the participants aged 60.62 ±
4.96 years. Cabral-Santos [27] revealed that BDNF had
exercise-dependent changes. Saucedo Marquez et al. [28]
applied two exercise protocols, (Continuous exercise: 70%
of maximal work rate and a high-intensity interval-training;
90% of maximal work rate for 1 minute alternating with 1
minute of rest; both protocols lasted for 20 minutes) and
reported greater BDNF release in HIIT group. Li et al. [29]
depicted that 20 minutes of HIIT was more effective than
30 minutes to improve cognitive functions. The effects of
exercise on BDNF release improved the cognitive functions.
A protective effect was observed in the Parkinson’s disease
[30]. Furthermore, BDNF increase had positive impact on
children with attention deficit hyperactivity disorder (ADHD).
This effect was induced by the moderate to high-intensity
interval training [31]. BDNF increase found in the referees
through this study supported this effect. The 20-minute
HIIT (75 meters run in 20 seconds, 25 meters walk in 20
seconds) applied in this study was a valid protocol and thus
recommended for increasing the myokines and improving the
cognitive functions.

Apelin being a hormone released from various tissues in-
cluding skeletal muscle [32], had varied release according to
the exercise. Apelin supported the physiological processes of
building bones, enhancing muscle metabolism, and generating
the skeletal muscle [33]. Bilski et al. [34] reported the
increased amount of apelin in Wingate test. Kon et al. [35]
depicted that the sprint interval training increased the apelin
levels in healthy men. Sabouri et al. [36] exhibited through

the animal study that exercise increased the apelin levels,
regardless of exercise type. Krist et al. [37] and Sheibani et al.
[38] reported that the exercise training diminished the apelin
value and apelin mRNA in plasma and fat tissue, respectively,
in obese individuals and impaired the glucose-tolerant patients.
Furthermore, apelin levels in diabetes patients had direct re-
lation with the amount of physical activity [39]. The results
of this study demonstrated that HIIT might be important for
disease prevention through the increase in apelin levels. Apelin
modifications of cardiac contractility and blood pressure [40],
increased due to exercise might regulate the insulin release
[41]. The increased apelin release because of these metabolic
effects was thus important for health. HIIT method applied
in this study could be employed to protect health and improve
athletic performance.

5. Conclusions

In summary, the results of this study exhibited that acute and
chronic HIIT increased the levels of irisin, BDNF and apelin.
Irisin and BDNF were increased only with chronic HIIT, while
apelin was increased with the acute and chronic HIIT. This
increase for irisin was 2% in the second measurement, 106%
in the third and 111% in the fourth compared to the first
measurement. The increase in BDNF levels were 39% in
the second measurement, 116% in the third and 133% in the
fourth. Apelin levels were increased by 11%, 19% and 28%,
respectively. These findings were important pertaining to
the increase in release of these myokines, being effective in
metabolic processes. HIIT regimen consisting of bouts of
75 meters of intense running in 20 seconds and 25 meters of
walking in 20 seconds increased the irisin, BDNF and apelin
levels. Implementing this protocol in the training programs of
referees engaged in high-intensity sprints duringmatches could
be beneficial for their performance in the game. However,
long-term HIIT applications might not be feasible. Future
studies would test the chronic effects based on the acute effects
at four-week intervals.
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