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Abstract

Purpose An imbalance in the production of adipokines and myokines impairs the energy expenditure, increases adipocyte
and develops metabolic pathologies. Physical exercise is able to regulate the secretion of myokines and adipokines. The
present study considers the metabolic cross talk between skeletal muscle and adipose tissue in high-intensity interval training
vs. moderate-intensity continuous training by regulation of PGC-1a.

Methods A sample of 32 male Wistar rats (8 weeks old with mean weight 250+ 55 g) were divided into four groups ran-
domly: control of base (CO), control of 8§ weeks (CO8w), moderate-intensity continuous training (MICT), and high-intensity
interval training (HIIT). The rats were fed with standard chow diet. The CO group was killed at the start of the study and the
CO8w group was kept alive for the same time as the experimental groups, but did not participate in any exercise. MICT and
HIIT groups for 8 weeks were placed under the moderate-intensity continuous training (15—60 min, with speed of 15-30 m/
min) and high-intensity interval training (8—4 intense period for 1 min, with speed of 28-55 m/min, with 3—7 slow-intensity
period for 1 min, with a speed of 12-30 m/min) for 8 weeks, respectively. To measure the levels of serum irisin, nesfatin,
and resistin the ELISA method was used and real-time PCR method was used to evaluate the relative expression of soleus
PGC-1a gene mRNA.

Results The levels of irisin and nesfatin significantly increased in the HIIT compared with control groups (p=0.001). Resistin
values in both training groups showed a significant decrease compared to the control groups (p =0.005). The level of PGC-1a
gene expression in both HIIT and MICT groups was significantly increased in comparison with the control groups (p =0.001).
Discussion The results showed that HIIT and MICT increase the transcription of the PGC-1a gene and possibly the increased
expression of this gene after HIIT and MICT plays a central role in the secretion of skeletal muscle myokines and adipokines
of adipose tissue.

Level of evidence No Level of evidence: Animal study.

Keywords High-intensity interval training - Moderate-intensity continuous training - Irisin - Nesfatin - Resistin - PGC-1a

Introduction

The benefit of exercise is attributed to its anti-inflammatory
effects that are achieved by reducing the visceral fat mass,
or by inducing an anti-inflammatory environment with any
modality of regular exercise [1, 2]. Such effects may be due
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to muscle-stimulated peptides called myokines. Myokines
have autocrine, paracrine, and endocrine effects. The skel-
etal muscle upon contraction, releases myokines in an endo-
crine manner, which has anti-inflammatory effects or special
effects on other tissues, especially adipose tissue [1, 2]. Irisin
is one such myokine that should be mentioned here [3]. The
fibronectin type III domain-containing protein 5 (FNDCS5)
gene promotes the coding of the irisin protein in the skeletal
muscle. Physical activity or peroxisome proliferator-acti-
vated receptor-gamma coactivator 1 alpha (PGC-1a) induces
expression of FNDCS5 and secretion of irisin from the skel-
etal muscle in human and animal subjects [4]. The PGC-1a
belongs to a relatively large family of nuclear receptors that
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is associated with a wide range of transcription factors [5].
A coactivator is a protein or a set of proteins that increases
the amount of gene expression by binding to an activator or
transcription factor that has a DNA-binding domain. Studies
have shown that PGC-1a is increased in response to acute
[6] and chronic [7, 8] exercises. This marker is able to modu-
late the metabolism of muscle and fat tissue through the
irisin myokine.

Irisin is a newly identified myokine that is expressed
from the skeletal muscle during exercise and promotes the
white fat cells to change into brownish or white-brown or
phenotypic forms similar to brown fat cells [9]. In human
subjects, the plasma levels of irisin increase significantly
after 10 weeks of regular endurance training. It is suggested
that muscle irisin induced by physical activity is capable
of treating metabolic disease, namely human obesity [10].
Several studies have shown that training protocols with high
intensity are effective in increasing the amount of irisin in
the human bloodstream [11, 12]. The recent discovery of the
muscle hormone irisin [9] and its ability to modify adipose
tissue metabolism, formed the background for our under-
standing of muscle—fat cross-talk and metabolic disorders
[3].

The function and secretion of irisin as a novel molecu-
lar agent of adipose tissue browning as well as its activity
can be regulated by adipokines. The adipokines have many
physiological functions, including the regulation of energy
metabolism [13]. White adipose tissue that exists in the sub-
cutaneous, abdominal, inguinal, perineum, gonads, and peri-
cardial area [14] is capable of storing energy as triglyceride,
lipolysis, and adipokine secretion. The way in which adipose
tissue secretes adipokines to produce positive and negative
signals, and also the effect of the myokine irisin on white
adipose tissue, can cause the adipocyte—myokine cycle. Hor-
mones such as leptin, ghrelin, NUCB2/nesfatin-1 and irisin
can be synthesized in order to keep the fat distribution in
balance in the increased white adipose tissue. Among the
many factors that are produced from adipose tissue [13], two
adipokines, i.e., nesfatin-1 and resistin can induce positive
and negative effects, respectively, for homeostasis, energy
expenditure, and pathology.

Nesfatin-1 is a new adipokine that was discovered in
2006, initially attributed to appetite and weight control in
rats [15]. Nesfatin-1 and irisin are involved in the regu-
lation of energy homeostasis. Nesfatin-1 is expressed in
human adipose tissue and tumor necrosis factor-alpha
(TNF-a), interleukin 6 (IL-6), insulin, dexamethasone,
and physical activities can increase the secretion of this
adipokine [16]. It has been shown that nesfatin-1 regulates
the inflammatory responses and cell apoptosis in rats [17].
Human studies have confirmed that this adipokine has a
cardioprotective effect [18]. Studies on the effect of exer-
cise on the nesfatin levels are limited and contradictory.
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For example, some studies have shown that two types of
exercise including one session of endurance training [19]
and one session of aerobic exercise in elderly people [20]
had an insignificant effect on the plasma levels of nesfatin.
But other studies stated that 20 weeks of resistance train-
ing could significantly increase the level of plasma nes-
fatin-1 in adults [21]. The effect of exercise on irisin and
nesfatin-1 hormones has been shown in the regulation of
energy homeostasis [22]. Most studies considered separate
reviews of these factors with different training modalities.
Ahmadizad et al. considered the effect of 6 weeks of HIIT
and MIT on levels of nesfatin in 30 inactive obese men.
They showed that HIIT caused a significant increase in
nesfatin-1 compared to the control group (p “0.05). Finally,
HIIT exercises increased the survival levels of nesfatin-1
after detraining [23].

In contrast to irisin and nesfatin-1, resistin is a member
of the protein family found in inflammatory zone (FIZZ),
belonging to the group of hormones associated with adi-
pose tissue (adipokine) [24, 25]. In rodents, high plasma
levels of resistin with a diet-induced obesity model were
associated with insulin resistance increase [26]. The rela-
tionship between obesity and increased plasma resistin has
been confirmed [24]. It has been shown that resistin plays a
role in metabolism and physiology with inflammation [27],
endothelial dysfunction [28], cardiomyocyte function [29],
and cholesterol metabolism [30]. In skeletal muscle cells,
chronic incubation with resistin reduced the consumption
and metabolism of fatty acids by reducing the content of
FAT/CD36 levels of cellular and acetyl-co-carboxylase lev-
els [31]. Resistin also reduces glucose-stimulated insulin, its
oxidation, and glycogen synthesis in an AMPK-dependent
manner by altering the insulin receptor and Akt activity
and reducing the displacement of glucose transporter type
4 (GLUT-4) [32]. All of this reflects the potential role of
resistin in obesity and glucose homeostasis disorder in con-
trast to irisin and nesfatin-1, which as an adipokine expresses
the effects at both the autocrine and endocrine levels. The
goal of performing aerobic exercises and HIIT are to reduce
and improve the metabolism of muscle and fat tissue. Hence,
exercising can neutralize the adverse effects of the resistin
adipokine. PGC-1a regulates genes in response to nutri-
tional and physiological conditions [33]. Physical activity
by increasing the muscle PGC-1a can modulate the muscle
genes and adipose tissue. Several studies have examined the
positive effects of various exercise training modalities on
the increase of irisin myokine and nesfatin adipokine, and
the reduction of resistin adipokine. Yet, no study has inves-
tigated the cross-talk between these markers with a focus
on PGC-1a. Thus, the aim of this study was to consider the
metabolic cross talk between skeletal muscle and adipose
tissue in high-intensity interval training vs. moderate-inten-
sity continuous training by regulation of PGC-1a.
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Methods

An experimental laboratory study was conducted wherein
male Wistar rats weighing 250-300 g were used (8 weeks
age). The sample consisted of 32 male rats divided into
main groups of control and training. The study protocol
conformed to the Declaration of Helsinki and was approved
by the Ethical Committee supervising procedures on
experimental animals at Baqiyatallah University of Medi-
cal Sciences (Ethical cod#IR.BMSU.REC.1396.818). The
experiment was conducted at the Baqgiyatallah University
of Medical Sciences. The animals were randomly grouped
with a 12:12 h light cycle, temperature of 22 +2 °C, relative
humidity of 55%. The rats were maintained under standard
conditions and fed standard rat chow with water ad libitum.
Prior to the experiment, they were randomly grouped and
interventions were performed on them. The experiments
were conducted in accordance to the Iranian Society for the
Protection of Animals used for laboratory purposes. The
site of the rats’ holding and training was at the animal’s
house of the University of Medical Sciences, Baqgiyatallah
(AS). The animals were grouped and placed in cages made
of transparent polyethylene with metal and doors, marked
appropriately to tell them apart. Drinking water was supplied
in special plastic containers placed on the cages’ door and
during the research; the rats were given ad libitum access to
water and food. In each cage, four rats were kept. The rats
were divided into two main groups of control and exercise
training. The control group was divided into two subgroups
of control (CO) and control group for 8 weeks (CO8w). The
CO group was killed at the start of the study and the CO8w
group was kept alive for the same period as the experimental
groups, i.e., 8 weeks. They did not participate in any exer-
cise program, but to create the same environmental condi-
tions five times, they were immobilized on the treadmill for
10-15 min per session. The exercise group was divided into

Exercise training protocol

The animals were trained for 8 weeks after 2 weeks of famil-
iarization (6 sessions). The exercise intensity in the famil-
iarization period was 5, 10, 15 m/min, with duration of 5, 10,
15 min. During the familiarization, rats that did not practice
and resisted running was excluded from the exercise. In the
training groups, warm-up was performed for 3 min at an
intensity of 15-20 m/min and cool-down was done for 2 min
at an intensity of 15-20 m/min. The MICT protocol started
at speed of 15 m/min (for 15 min). The intensity and dura-
tion of training increased more and more so that the rats
completed the MICT protocol at the end of eighth week at
speed of 30 m/min (for 60 min) (Table 1). Also, the HIIT
protocol increased incrementally (both set and speed). Each
session after warm-up the rats performed the HIIT protocol
with an intense interval followed by a slow interval (active
rest) (respectively), to complete the session with the speci-
fied number of sets (Table 2). Both protocols performed, 5
sessions per week for 8 weeks. The full schedule of exercise
protocols is mentioned in Tables 1 and 2.

The treadmill slope was zero degrees throughout the
training. The basis for the intensity of exercise in this study
was based on previous studies, which indicated that a speed
of 30 m/min results in 70% of the maximum oxygen con-
sumption in rats [34].

Biochemical measurement
For measurement of serum irisin, resistin and nesfatin-1,

5 cc of blood was extracted into a tube. After 15-20 min,

Table 2 High-intensity interval training program (8—4 intense periods
for 1 min, with speed of 28-55 m/min, with 3—7 slow-intensity period
for 1 min, with a speed of 12-30 m/min)

two groups: moderate-intensity continuous training (MICT) ~ Weeks  Intense interval Slow interval
and high-intensity interval training (HIIT). Then, after about Set (1 min)  Speed (m/min) Set (1 min) Speed (m/min)
48 h from the last training session and 12 h of fasting, the
. . . 1 4 28-30 3 12-15
rats were anesthetized and surgically operated. Then, using
. 2 5 30-32 4 12-15
a syringe, 5 cc of blood was taken from the heart of each
. . 3 5 32-35 4 12-15
rat and immediately transferred to the test tube. The soleus
. C o 4 6 35-40 5 15-17
muscle tissue of the rats were removed and placed in liquid
. . . 5 6 41-45 5 17-20
nitrogen. Then the tissue and serum were stored in a freezer
o 6 7 46-50 6 20-25
at a temperature of — 80 °C.
7 7 46-50 6 20-25
8 8 50-55 7 25-30
Tabl.e 1 Mode@te—intensity Weeks 1 3 4 5 6 7 3
continuous training program
(with speed of 15-30 m/min, Speed (m/min) 15 20 20 25 25 30 30 30
duration 15-60 min) Duration (min) 15 20 25 30 40 45 50 60
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the centrifuge machine was isolated for 15 min at 3000 rpm,
it was kept at —20 °C for up to the time of measurement
in special vials. The serum levels of irisin and nesfatin-1
were measured by ELISA using commercial kits (Bioassay
Technology Laboratory, China) with a sensitivity of 0.03 ng/
ml for irisin and 16.23 ng/l for nesfatin-1. The serum levels
of resistin were measured by ELISA using a commercial
kit (Biovendor Research and Diagnostic Products, Czech
Republic) with a sensitivity of 0.25 ng/ml.

Measurement mRNA of PGC-1a gene

The total RNA of the muscle tissue samples was extracted
using TRIzol (Invitrogen cat n: 15596-026, USA). The con-
centration and purity of the RNA obtained by spectropho-
tometer were evaluated. The cDNA was made using a spe-
cial kit in two steps. The polymerase chain reaction (PCR)
was performed using the SYBR® Green I PCR Master Mix
kit. Each reaction was done twice. The primer design was
extracted from the National Biotechnology Information
Center (NCBI) database, and the primer design and con-
trol were done using preprimer, Primer3, and oligo online
programs. The characteristics of the PGC-1a gene primers
were: F:5/-CACCAAACCCACAGAGAACAG-3/ and R:5/-
GGTGACTCTGGGGTCAGAG-3/. The 2-AACT method
was used to evaluate the quantitative expression of the
PGC-1a gene. All analyses were performed separately for
the sample groups.

Relative fold change in gene expression =

ACT =CT target gene — CT reference gene.

AACT = ACT test sample — ACT control sample.

2~ AACT

Statistical analysis

Descriptive statistics were used for data categorization. One-
way ANOVA was used to analyze the data and to compare
the groups (more than two groups). To compare the differ-
ences between the groups, post hoc Tukey’s test was used.
The independent ¢ test was used for comparison between
groups in dual groups. SPSS Statistics v21 software was
used to calculate the data and a statistically significant dif-
ference was found at p <0.05.

Results

1. It was found that 8 weeks of training enhanced the
plasma levels of irisin. The circulating levels of irisin
were higher in the MICT and HIIT group than in the
control groups after 8 weeks (Fig. 1). This increase was
significant in the HIIT group.

2. The plasma levels of nesfatin-1 were enhanced after
8 weeks of HIIT. Since training may induce brown-
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Fig.1 Serum irisin concentrations in basic-control (CO), 8-week
control (CO8w), moderate-intensity continuous training (MICT),
and high-intensity interval training (HIIT) groups. The results are
expressed as mean+ SD. *p <0.05; **p <0.01; ***p <0.001
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Fig.2 Serum nesfatin-1 concentrations in basic-control (CO), 8-week
control (CO8w), moderate-intensity continuous training (MICT),
and high-intensity interval training (HIIT) groups. The results are
expressed as mean+ SD. *p <0.05; **p <0.01; ***p <0.001

ing of subcutaneous fat in rodents, we investigated the
effect of training on nesfatin-1 adipokine in the rats. The
serum levels of nesfatin-1 were higher in the training
groups compared with the control group after 8 weeks
(Fig. 2). The levels of nesfatin-1 were not significantly
enhanced in response to MICT training; however, in the
HIIT group this increase was significant.

3. The plasma levels of resistin decreased after 8 weeks
of HIIT. The levels of plasma resistin with HIIT and
MICT exercise significantly decreased compared to the
control group, this decrease was higher in the MICT
group (Fig. 3).

4. The expression of PGC-1a mRNA in the rat skeletal
muscle was also investigated. It was found that the total
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Fig.3 Serum resistin concentrations in basic-control (CO), 8-week
control (CO8w), moderate-intensity continuous training (MICT),
and high-intensity interval training (HIIT) groups. The results are
expressed as mean+ SD. *p <0.05; **p <0.01; ***p <0.001
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Fig.4 The real-time PCR of skeletal muscle tissue PGC-la relative
mRNA expression in basic-control (CO), 8—week control (CO8w),
moderate-intensity continuous training (MICT), and high-inten-
sity interval training (HIIT) groups. The results are expressed as
mean=+ SD. *p <0.05; **p <0.01; ***p <0.001

PGC-1a mRNA is a constitutive expression in the skel-
etal muscle influenced by two modalities of MICT and
HIIT exercises (Fig. 4). This data illustrates that mRNA
levels of PGC-1a gene in both MICT and HIIT exercises
showed a significant increase compared to the control
group. The increase was slightly higher in the group
HIIT.

Discussion

The enhanced benefits of exercise are attributed to the
increased energy consumption caused by the muscles’ con-
traction, which consequently increases the metabolism in
the muscle tissue and the adipose reserve, and thus through
the molecular mechanisms can also have anti-inflamma-
tory and protective effects. The purpose of this study was
to consider the metabolic interrelationships and cross-
talk of signals between the skeletal muscle and adipose
tissue through two HIIT and MICT exercise modalities
to regulate the expression of PGC-1a. Physical exercise
(especially chronic or with long duration) can enhance the
expression of PGC-1a [35]. In the present study, the lev-
els of PGC-1a gene in both HIIT and MICT groups were
significantly higher than in the control group for 8 weeks
(chronic exercise). Various studies have argued that an
increased expression of muscle PGC-1a defends weight
loss, inflammation, oxidative stress, and muscle atrophy
in the mice. In the current study, through the two training
modalities, the increase in this gene showed protective
effects in the whole body [36]. It has been shown that a
higher expression of PGC-1a in the Morin mice causes
changes in the type of muscle fiber, increased fatty acid
oxidation, mitochondrial biogenesis, and angiogenesis [37,
38]. This gene can have autocrine effects because it has
been shown that increased expression in muscle PGC-1a
will improve metabolic parameters such as sensitivity and
insulin signaling in the same muscle [36]. However, many
studies have still not been able to determine how this gene
has extensive systematic effects on the overall metabo-
lism of the body. Bostrom et al. determined that this gene
(PGC-1a) could have systematic effects by modulating the
muscle secretome [9]. Few studies have been conducted on
the effects of different training modalities and the effects
of exercise time on the expression of PGC-1la gene in
muscle tissue. The specific PGC-1a (an initial factor in
irisin secretion) increases after 2-3 h of exercise activ-
ity [4, 39, 40]. The expression of PGC-1a increased with
acute [6] and severe chronic exercise [8] (consistent with
this study), which showed beneficial effects of this gene in
Morin model rats [35]. In the present study too, the MICT
and chronic HIIT exercise activity significantly increased
the expression of this gene.

The contractile muscle secretes the myokines that
engage the cross-talk tissues. PGC-1a induces and pro-
duces new myokine irisin due to muscle contraction,
which increases the energy consumption without increas-
ing the food intake [9]. Bostrom et al. stated that chronic
exercise increases the irisin levels in mice [9]. In the pre-
sent study, it was found that physical activity increased the
levels of irisin in both groups, HIIT and MICT, compared
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to the control group, and was significant in the HIIT group.
Bostrom et al. [9] showed a twofold significant increase
of plasma irisin after 10 weeks of endurance training,
whereas in contradiction with this study, Huh et al. and
Pekkala et al. [12, 41] showed that there was no increase
in irisin after 8 weeks of periodic interval training run-
ning and after 21 weeks of endurance and strength train-
ing, respectively. The difference in the findings of these
studies and the present study can be attributed to the time
difference and exercise modality. In relation to the time
of exercise, Czarkowska et al. reported that one session
of endurance training had no effect on serum levels of the
rats’ irisin [42]. In this study, two modalities of exercise
were performed in chronic form that increased plasma
irisin. In contradiction with this study, Fain et al. [43]
reported that long-term exercise did not increase either
the FNDCS5 gene and its protein in skeletal muscle or the
serum levels of irisin in healthy pigs. The difference in
the findings could be attributed to the type of subject.
But the significant increase in the irisin level of the HIIT
group compared to the MICT group can be attributed to
the greater depletion of cellular energy charge with intense
interval training. Huh et al. [12] reported that the level
of serum irisin increased after an acute speed training
in an untrained human subject, while levels of irisin in
subjects training with the same exercise were unchanged.
The levels of irisin increase when the ATP level drops.
But when the levels of ATP do not change, the amount of
irisin remains unchanged. In their study, they expressed
an increase in the production of irisin when the concen-
tration of ATP in the muscles decreased. Therefore, the
significant increase in the irisin group of the HIIT group
can be attributed to the cellular homeostasis with respect
to the energy charge and the amount of ATP [12]. It has
also been stated in several studies that the high-intensity
interval protocol is effective in increasing the amount of
irisin in the human blood flow [4, 44]. FNDC5/irisin has
been recently postulated as beneficial in the treatment of
obesity and increasing energy expenditure. In addition to
irisin, nesfatin-1 also plays an important role in regulation
of energy homeostasis.

The cross-talk between the muscle tissue and adipose
tissue plays a role in regulating the feedback mechanism
to increase the PGC-1a and irisin secretion [45]. Clinical
studies showed that the level of serum irisin determined
the body weight [46], insulin sensitivity [47], hepatic tri-
glyceride [48], and urea nitrogen and creatinine [49], fur-
ther proposing that irisin stimulated with PGC-1a plays a
decisive role in reducing the body weight and improving
metabolic diseases through its effects on the adipose tissue
[9]. The function of nesfatin is responsible for reduction
in hunger and satiety, and therefore plays a role in reduc-
ing body fat and body weight [15]. The nesfatin-1 levels
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are influenced by physical activity too. In this study, the
levels of nesfatin-1 in the HIIT group showed a significant
increase compared to the control group for 8 weeks, while
the increase in nesfatin-1 in the MICT group was not signifi-
cantly different from the control group for the same period
of time. Mohebbi et al. [50] showed a decrease in plasma
levels of nesfatin-1 and leptin in a special training session
at an anaerobic threshold that remained at a low level for up
to 45 min. Finally, they introduced this type of exercise to
the anaerobic threshold as an appetite stimulant. The differ-
ence in their research findings with the present study is in
the choice of the training modality [50]. In agreement with
the present study, Ahmadizad et al. [23] examined the effect
of 6 weeks of HIIT and MIT (3 days a week with 1 day of
inactivity) on levels of nesfatin-1 in 30 obese men. They
showed that nesfatin-1 had a significant increase only in the
HIIT group compared to the control group (p <0.05). After
a period of detraining, the plasma levels of nesfatin-1 in
the HIIT group did not return to the earlier training level.
As stated, HIIT seems to have an anorectic effect compared
to MIT [23]. In this study, the increase of nesfatin-1 and
the increase of irisin with PGC-1a intervention may also be
effective in increasing the brown adipose tissue [51]. How-
ever, unlike irisin and nesfatin-1, resistin is able to increase
the risk of metabolic pathology.

In contrast to the role of PGC-1a, resistin in the muscle
tissue reduces the glucose-induced insulin, its oxidation, and
AMPK-dependent glycogen synthesis by altering the insu-
lin receptor and Akt activity and decreasing the displace-
ment of GLUT4 [52]. All of this reflects the potential role
of resistin in obesity and glucose homeostasis disorders, for
which physical exercise is able to modify the plasma levels
of this adipokine. In this study, the plasma levels of resistin
with HIIT and MICT significantly decreased compared to
the control group. This decrease was higher in MICT group.
Studies on the effect of physical exercise on levels of resistin
are limited. Contrary to the current study, Giannopoulou
et al. stated that changes in the levels of resistin and insulin
resistance were not observed after 14 weeks of aerobic train-
ing [53]. The lack or low decreasing level of resistin in aero-
bic exercise groups (low intensity) can be due to the lower
weight loss attained by these exercises, since in the absence
of weight loss, exercise cannot improve the resistin profile
[54]. In line with the results of this study, Jones et al. showed
that increasing the duration of aerobic exercise can result
in variations of resistin levels. After 8 months of aerobic
training, there was a significant reduction in serum resistin
and no change in the insulin resistance in obese adolescents
[55]. Prestes et al. reported a significant reduction in serum
resistin with 16 weeks of resistance training [56]. Research
concerned with the evaluation of HIIT exercise in relation
to changes in resistin levels is limited. However, based on
the ability of these exercises (HIIT) to reduce body weight
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due to the training system and the widespread metabolism
change, it is expected that a reduction in resistin levels will
be noticeable.

This study was limited by the amount of food consumed
as well as the control of genetic factors with other epigenetic
changes that could affect the results of the research. These
variables were outside the researcher’s control.

The effects of physical exercise on the expression of
the PGC-1a gene in terms of improved performance and
improved pathological conditions is evaluated [57]. Increas-
ing the expression of this gene in muscle tissue with irisin
upregulation can have endocrine effects on adipose tissue
and adipokines as well. The function of some adipokines is
consistent with myokines that is to enhance the protective
effects of exercise. As a result, in consideration of pathologi-
cal damage and the development of therapeutic approaches,
attention should be given to metabolic interrelationships and
the cross-talk of signals between muscle tissue and adipose
tissue. One of the important points in this study was that the
positive markers (PGC-1a, irisin, and nesfatin-1) affecting
pathological conditions and metabolism showed a greater
and significant increase in the HIIT group, while the nega-
tive marker (resistin) affecting the pathological conditions
and body metabolism showed a significant decrease in the
MICT group.
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