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Abstract

Background and aims: Irisin myokine whose secretion is induced by exercise is associated with an increase in thermogenesis. However,
the effect of aerobic exercise with different intensities on the production and release of irisin in overweight individuals is controversial.
This study aimed to investigate the effect of eight weeks of aerobic training with different intensities on PGC-1a, FNDC5, UCP1, and irisin
in obese male Wistar rats.

Methods: In this experimental study, 24 adult obese male Wistar rats (weight: 250-300 g; body mass index [BMI] >30 g/cm2) divided into
three groups, including aerobic training with 28 m/min (moderate intensity [Ml]), aerobic training with 34 m/min (high intensity [HI]), and
control. All training groups exercised for eight weeks walking on a treadmill (five 60-min sessions per week). The paired sample t test and
one-way ANOVA were used to determine the intra- and inter-group differences. Furthermore, Tukey’s post hoc test was used.

Results: The levels of PGC-Ta in muscle tissue in aerobic training groups with Ml and HI increased (P=0.001 and F=11.81) compared to
control group. The levels of irisin (P=0.006 and F=6.10) and UCP1 (P=0.04) were significantly increased in MI group. On the other hand,
FNDC5 increased significantly in both MI and HI groups (P=0.001 and F=12.49). While irisin and UCP1 levels increased in HI group
compared to the control group, the change was not statistically significant (P>0.05). The levels of irisin, UCP1, and FNDC5 increased more
significantly in MI group than in HI group (P<0.05).

Conclusion: Both types of aerobic training (Ml and HI) had a beneficial effect on changes in irisin, UCP1, FNDC5, and PGC-1a levels.
Accordingly, moderate exercise possibly changes the phenotype of white to brown adipose tissue leading to an increase in thermogenesis,

body weight loss, and sensitivity to insulin.
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Introduction

Studies have shown that irisin hormone, as a mediator of
skeletal and fat muscle tissue, facilitates the conversion
of white adipose tissue to brown (1). The contraction of
the skeletal muscle increases the stimulation of various
protein signals, such as peroxisome proliferator—activated
receptors (PPARs) alpha or PGC-la and its secretion
agents, myokines (2). Physical activity, by stimulating the
physiological activities in skeletal muscle, increases the
expression of PGC-1a gene and subsequently, membrane
protein of fibronectin or FNDCS5 in skeletal muscle; this
ultimately leads to the production of irisin and can apply
its biological effects on energy metabolism (3). Physical
activity increases the PGC-1a and thus promotes a number
of functions including: mitochondrial biogenesis, fatty
acid oxidation (lipogenesis), angiogenesis stimulation, and
reduction of pre-inflammatory cytokines.

These changes increase exercise capacity, alter the type
of twitch fibers, and prevent muscle atrophy(4). It seems
that skeletal muscle creates many of these adaptations
from exercise in interaction with adipose tissue (5). The
mechanism by which physical activity can increase PGC-
la in the skeletal muscle and have beneficial effects on
other organs is still unclear. One assumption is that the
muscles involved in exercises with the release of myokines,
circulating proteins, play a role in energy metabolism (2,
6).

Irisin is a kind of protein with a molecular weight of 12
kDa, consisting of 112 amino acids; and it was identified
as a myokines in 2012. Irisin is the product of the cleavage
of the FNDCS5 gene, that is a type of membrane protein
mainly found in the muscle tissue of humans and mice,
where it can be released into the plasma (7). The expression

of FNDC5 gene increases through the mediation of
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PPAR-y and PGC-1a. FNDCS5 gene encodes UCP1, that
is promoted by muscle activity and affects the production
process of irisin (7). Irisin increases the expression of UCP1
gene in white adipose tissue, which is a characteristic
gene of brown adipose tissue and increases the oxidation
of fatty acids, and thus thermogenesis. Therefore, irisin
changes the white adipose tissue into brown adipose tissue,
resulting in increased thermogenesis, energy consumption,
glucose homeostasis, and ultimately weight loss (7).

Although there is a consensus on the importance of
physical activity and many studies have shown its effective
role as a low-cost solution to tackle the prevalence of obesity
and overweight (8, 9), the type and intensity of exercise
to develop physical health is still unclear. The results of
research on the effect of aerobic exercise on the levels of
irisin and PGC-1a are contradictory. For example, some
cases (10,11) reported an increase (7,12) in irisin and PGC-
1a levels. Hoshino et al (13) examined the effect of intense
periodic exercises (10 moves, 1 minute with an intensity
of 30-55 m/min, 2 minutes break, for 4 weeks, and 5 days
a week) on the oxidation of fatty acids in mitochondria in
the white and red muscle tissues, and concluded that the
protein PGC-1a increased in red (22%) and white muscle
tissues (16%), but the receptor interacting protein-140
(RIP-140) did not change significantly. Shirvani and
Aslani (14) investigated the effect of two types of exercise
(medium and severe periodic) on serum irisin levels and
expression of PGC-1a gene expression in muscle tissue of
32 male Wistar rats, and concluded that the expression
of PGC-1a gene expression significantly increased in both
groups compared to control group; but serum levels of
irisin had no significant difference.

A huge body of evidence shows that exercise can activate
brown adipose tissue for prevention and treatment of
obesity. While some studies have shown a significant
relationship between irisin levels and physical activity
and exercise, others have reported an insignificant
relationship. These contradictory results could originate
from differences in research methodologies. Nevertheless,
assuming that irisin, FNDC5, UCP1, and PGC-1a are
among the factors that can activate brown adipose tissue
and have anti-obesity effects, no research has been done
so far to simultaneously study the effect of different
aerobic exercise intensities on irisin, FNDC5, and UCP1
variations. Therefore, the current study aimed to compare
the effect of aerobic exercise with different intensities
on irisin, FNDC5, UCP1, and PGC-1a levels and find
out which intensity or a combination of intensities can
stimulate the variations of some of myokine levels and

Table 1. High-fat and standard food content

adipose tissue in obese Wistar rats.

Materials and Methods

Animals

A total of 24 male Wistar rats (8 weeks old) (weight
range: 250-300 g; body mass index [BMI]>30 g/cm?)
were purchased from the Razi Vaccine & Serum Research
Institute of Iran. After adaptation to the new standard
environment for at least two weeks (temperature 23+1°C,
humidity 50+3%, and 12-hour light/12-hour light-
dark cycle with free access to food and water). After two
weeks of familiarity with lab environment, the rats were
randomly assigned to three equal groups (n=8 in each
group). The groups were as follows: Group 1: moderate-
intensity (MI) aerobic exercise, Group 2: high-intensity
(HI) aerobic exercise, and control.

Induced Obesity Rat

The obese group had a high-fat diet containing more
calories and fat than standard food (energy of 4.8 vs. 3.9
keal in g and fat of 39% vs. 3.5%). All rats were fed in this
way for 14 weeks and had free access to water and food

throughout this phase of the study (Table 1).

Measurement of PGC-10, FNDC5, UCPI, and Irisin
Levels

After 48 hours from the last exercise session, blood
samples, adipose and muscle tissues were collected. After
animal anesthetizing by a combination of Ketamine (30-
50 mg/kg of body weight) and xylazine (3-5 mg/kg of
body weight), 5 ml of blood was taken from the heart of
the rats (15). The samples were centrifuged at 3000 rpm
for 15 minutes at 4°C. After blood collection, a 5 to 6 cm
long cut was made in the abdominal region, and soleus
muscles were quickly removed, washed in normal saline
solution, transferred to a 1.5 mL micro tube and placed
immediately in liquid nitrogen and kept in a freezer at
-80°C for further analysis (15).

After extracting the tissue samples from the freezer,
they were poured into the pounder and smashed
with liquid nitrogen. The produced powder was then
transferred to a homogenizer tube and combined with a
radioimmunoprecipitation assay (RIPA) buffer solution
and mixed with a homogenizer (Potter Elvejheim) set
at 800 rpm and cooled with ice. Finally, the sample was
extracted from the tube via a sampler and poured into a
micro tube of 1.5 mL. The micro tube was centrifuged
for 20 minutes at a speed of 20000 rpm at 4°C. After
centrifuging, supernatants were removed and transferred

Contents Protein Fat Carbohydrate Fiber Ash Calcium Phosphorus Salt Humidity Lysine Methionine Methlorjme Threonine + Olhe.:r Kc':al enersy
+ cysteine  Tryptophan materials  in grams

High fat (%) 18 39 20 2 1 1 0.7 0.5 5 1.15 0.33 0.63 0.95 10 4.8

Standard (%) 20 3.5 25 145 10 1 0.7 0.5 10 1.15 0.33 0.63 0.95 11 3.9
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to a new micro tube and the samples were kept in
the freezer at -80°C. The irisin, PGC-1a, UCPI, and
FNDCS5 levels were measured by a special Rat ELISA Kit
(EASTBIOPHARM, licensed by the US).

Familiarization stage and exercise protocol

The study lasted for eight weeks, with a frequency of 5
sessions per week and 60 minutes per session at different
speeds on treadmill. After an adaptation period, in the first
week, the rats were placed on the rodent motor-driven
treadmill to walk at a speed of 10 m/min with a 00 slope
for 15 minutes. During the second and third weeks, the
speed and duration of the exercise were gradually increased
(HI: 34 m/min ~80%-85% VO,max and MI: 28 m/min
~70%-75% VO,max). The exercise volumes in MI and
HI groups were 8.4 km/wk and 10.2 km/wk, respectively
(16), and finally, 5 minutes of cool down (Table 2).

Statistical Analysis

After determining the normality of data by Shapiro-
Wilk test and the homogeneity of variances by Levene’s
test, paired sample # test, one-way ANOVA, and post-
hoc Tukey tests were employed for analyzing the data
and investigating the differences between the groups.
Moreover, the collected data were analyzed by SPSS 16.0.
Data were presented as mean + SEM, and P<0.05 was
considered to be statistically significant.

Results

According to Table 3, there was no difference between
the protein concentration of UCP1 in adipose tissue of
obese male Wistar rats after eight weeks of moderate- and
high-intensity aerobic exercises (P=0.05 and F=3.28).
However, there was a significant difference between the
groups on serum irisin protein (P=0.006 and F=6.10) and
the FNDCS5 protein levels of muscle tissue in obese male
Wistar rats (P=0.001 and F=12.49). Based on the results
of Tukey’s post hoc test, there was a significant difference
between mean concentrations of UCP1 in adipose tissue
of the moderate intensity group compare to the control
group (P=0.04); however, FNDC5 protein in muscle
tissue in the high-intensity group increased significantly
compared to the control group (P=0.04) and between
moderate intensity compared to the control group have a
significant difference (P=0.02).

According to Figure 1, there was no difference between

Table 2. Moderate and high-intensity aerobic exercise protocol on treadmill
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Figure 1. Changes of PGC-1a levels in different groups. Values are
expressed as M+SD. MI: continuous moderate exercise, HI: high-
intensity aerobic exercise, C: control. *P<0.05 vs. baseline

¥ Significant level compared to the control group

the concentration of peroxisome proliferator-activated
receptor gamma coactivator l-alpha (PGC-1la) in the
muscle tissue of male Wistar rats among MI and HI groups
(P=0.23 and F=0.78). Based on the results of Tukey’s post
hoc test, there was a significant difference between mean
concentrations of PPAR~y coactivator in the muscle tissue
of MI and HI groups with the control group (£=0.001
and F=11.81). Serum irisin level was significantly
increased (16.44%) in the MI group compared to control
(6.23+0.21; P=0.001), while the irisin levels in the HI
group increased by 7.10% compared to control group,
though it was not statistically significant (5.73+0.64 vs
5.35+0.62) (P=0.17) (Figure 2). According to Table 4,
intra-group differences in mean body weight in control
group increased significantly (P=0.001) and decreased
significantly in MI and HI groups (P=0.001). Based on
the results of Tukey’s post hoc test, there was a significant
difference between the MI and control groups (P=0.001),
and between the HI and control groups (P=0.001).

Discussion
This study aimed to compare the effect of 8-week aerobic

Table 3. The variation of UCP1 and FNDC5 proteins in experimental and
control groups after eight weeks of aerobic exercise

Variable ¢ Mi HI
(Mean = SD) (Mean =+ SD) (Mean = SD)

UCP1 (ng/mL) 5.46+0.36 5.82+0.31° 5.59+0.37

FNDC5 (ng/mL) 39.56+1.72 48.24+6.68° 41.85+1.87°

MI: continuous moderate exercise, Hl: high-intensity aerobic exercise, C:
control.
2 The mean difference is significant at 0.05.

Groups/Weeks 1 2 3 4 5 6 7 8
Duration (min) 15 27 34 40 46 52 58 60
M Speed (m/min) 10 15 20 21 23 24 26 28
Duration (min) 15 27 35 45 54 59 60 60
il Speed (m/min) 10 15 20 22 24 27 31 34

MI: Moderate-intensity aerobic exercise, HI: high-intensity aerobic exercise

16
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Figure 2. Changes of Irisin levels in different groups. Values are
expressed as MSD. MI: continuous moderate exercise, HI: high-
intensity aerobic exercise, C: control. *P<0.05 vs. baseline.

¥ Significant level compared to the control group

exercise with two different intensities on PGC-10. levels
of muscle tissue and serum irisin in fat male Wistar rats.
According to the results of the present study, there was
a significant increase in the concentration of PPAR-y
coactivator 1-o (PGCla) protein in the muscular tissue of
obese male Wistar rats in the MI and HI groups compared
with the control group. The reason for the difference in
findings may be attributed to different subjects in research
that were diabetic or obese rats. Also, these differences can
be related to different exercise protocols, including volume
and severity and type of exercise program, measurement
methods of the indicators, or differences in the level of
plasma or serum levels.

The mechanisms by which PGC-la activates the
expression of the gene is not well known. The results of
the studies indicate that the activity of acetyl transfer
(CBP/P300, SRC-1) is activated. In addition, Terminal
C include the SR motif and the RNA binding region.
This region should stimulate the expression of specific
endogenous genes and interact with the proteins involved
in the processing of RNA and the TRAP complex involved
in the initiation of transcription (17). Moreover, PGC-1a.
is associated with two other transcriptional complexes
with acetyl transfer activity including GCN5 and TIP60.
GCN5 secretes PGC-1a in the lysine residue directly,
thereby reducing the PGC-lo transcription activity.
On the other hand, SIRT1 increases the function of
this cofactor by pseudizing the PGC-la. By activating
SIRT1, mitochondrial biogenesis, free radical production,

Table 4. The variation of weight in experimental and control groups after eight
weeks of aerobic exercise

Variable Stages ¢ M HI
8 (Mean + SD) (Mean + SD) (Mean * SD)
Pre-test  295.75+1.81 295.16+1.40 295.41+2.15

Weight (g)

Pos-test  302.58+1.16°  287.41+4.25*> 287.08+4.23*>

C: control, MI: continuous moderate exercise, HI: high-intensity aerobic
exercise.
* Significant compared to pre-tests; ° Significant compared to control group,

and oxidation of fatty acids are controlled by activating
PGC-1a (18). It is believed that two factors of nutrition
and hormonal messages affect the PGC-1a levels (19).
Researchers believe that reducing glucose and increasing
glucagon hormone, catecholamine, and glucocorticoid
hormones trigger SIRT1 activation and increase the
oxidation of mitochondrial fatty acids by activating
PPAR (20). Regular long-term exercises seem to positively
regulate SIRT1 and PGC-1a indices (21-23). SIRT1 can
activate PGC-1a, which activates PPAR-y activation and
lipid oxidation. PGC-1a induces the expression RNA of
UCP2 peak in a PPAR-y-dependent behavior. The effects
of IL-15 on glycolic and oxidative muscles are different.
Conversion of glycolytic to oxidative wires may be a factor
in the oxidation of lower hypertrophy (24). The expression
of SIRT1 during fructose and the increase of IL-15 protein
in various biological processes, including inhibition of
apoptosis, increased insulin sensitivity, and the conversion
of glycolytic metabolism to aerobic metabolism are
involved. However, SIRT1 inhibits muscle differentiation
and myofibrillar protein expression. Therefore, the IL-15
and SIRT1 path are active in catabolic conditions and have
negative effects on hypertrophy and muscle cell production
(25). One of the cellular changes that occurs due to physical
activity is the activation of the path of AMPK and p38 via
the SIRT1 path, leading to the activation of PGC-1a and
mitochondrial biogenesis (26). The activation of AMPK
and SIRT1 is strongly associated with the induction of
PGC-1o, and therefore mitochondrial biogenesis. These
effects are the result of AMPK’s ability to increase the
levels of SIRT'1 and NAD + activating cells, which triggers
SIRT1 activation and allows PGC-1a. to be distillated and
affect other downstream pathways in rat muscle. AMPK
subunit genetic damage Gamma-sensitive AMP in the
muscle damages NAD +. Therefore, activation of PGC-1a
pathway to AMPK is dependent on activation of SIRT1
via AMP-sensitive in NAD + (27).

Based on the results of the present study, the serum
irisin levels in both MI and HI groups were significantly
increased compared to the control group, but these changes
were not statistically significant. The FNDC5 protein is
cleaved and secreted as a new hormone called irisin(7).
FNDC5 mRNA is more pronounced in muscle than other
limbs (28), and expression of FNDCS5 in skeletal muscle is
significantly associated with the levels of irisin circulation
in blood (29). The expression of FNDC5 in skeletal
muscle in rats increased with PGC-1a and decreased in
muscle by eliminating PGC-1a muscle (7). Therefore, a
strong relationship is shown between levels of FNDC5
and FNDC5 mRNAs in skeletal muscle (30,31), which
supports the role of PGC-1a as a regulator of FNDC5 and
irisin. However, in the present study, MI aerobic exercise
may have triggered activation of effective signaling effects
on PGC-la expression stimulation (32), which resulted
in FNDCS5 expression and a significant increase in serum

Journal of Shahrekord University of Medical Sciences, Volume 23, Issue 1, 2021 17



Hejazi et al

irisin in PGC-1a. There is a correlation between the
changes in the level of irisin and lactate, and both of them
increase by intense physical activity; it is suggested that a
high rise in the amount of irisin is due to the amount of
muscle need for energy.

Our results showed that the MI aerobic exercise program
resulted in a more significant increase in the level of UCP1
protein in adipose tissue of obese male rats compared to HI
aerobic exercise. Physical activity causes the norepinephrine
hormone to increase the expression of UCP1 and PGC-
la in adipose tissue through the stimulation of cAMP-
dependent pathways and beta-adrenergic receptors (33).
Probably, the increase in norepinephrine can be one of
the influential factors in UCP1 in subcutaneous fat. On
the other hand, irisin hormone is the main stimulant for
enhancing the expression of UCP1 and the thermogenesis
capacity of adipose tissue. Hence, the increased level of
irisin due to exercise causes the expression of UCP1
mRNA in white adipose cells by activating PPAR-a,
changes white adipose tissue to brown adipose tissue, and
increases energy expenditure through thermogenesis (7).
Since irisin level was significantly increased in MI group
in the current study, the main reason for enhancing UCP1
in subcutaneous fat can be attributed to changes in irisin
level. One of the other most influential factors in UCP1
expression is the expression of PGC-1a (34). Activation of
brown adipose tissue and subsequent activation of UCP1
is controlled by hypothalamus, which can be caused by
the release of norepinephrine by the sympathetic nervous
system, which in itself stimulates the function of brown
adipose tissue (35). This process results in the hydrolysis
of triglycerides stored in small fat droplets and the
activation of free fatty acids UCP1. Like white adipose,
this neurotransmitter activates hormone-sensitive lipase
found in adipose cells and activates the hydrolysis of
triglycerides to fatty acids and glycerol. However, unlike
white adipose, free fatty acids released from multi-
hypophyseal adipocytes are rapidly metabolized and, with
increasing oxygen consumption and thermogenesis, the
increase in temperature in the tissue causes the warming
of local cerebral blood flow, consequently spreading
heat throughout the body. Therefore, the temperature
of the tissue and circulating blood are increased. Heat
production in these cells increases due to the presence of
a membrane protein called UCP1 in the inner membrane
of the mitochondria. UCP1 provides the possibility of the
return of the protons that have already been transmitted
to the mid-membrane space without passing through the
ATP synthase complex. As a result, the energy generated
by the proton leakage is released in the form of heat to
warm up the blood stream (36).

One of the limitations of this study was the inability to
test the expression of the gene expression of the PGC-
lo mRNA. Also, PGC-la values in lipid tissues of

different parts of the rats’ body, such as subcutaneous and

intraperitoneal adipose tissue, were not accepted. Thus,
the researcher compared the levels of PGC-1a in adipose
tissue and muscle tissue. Furthermore, the side effects on
the signaling cascade did not measure the conversion of
white to brown adipose tissue.

Conclusion

Based on the results of this experimental study, the levels
of serum irisin protein, UCPI in the adipose tissue,
and FNDCS5 and PGC-1la in the muscle tissue of obese
Wistar rats increased significantly in MI group compared
to HI group. It scems that acrobic exercise with different
intensities can have a good effect on these factors. Irisin
is affected by a variety of sports activities, plays a role
in the conversion of white to brown adipose tissue, and
contributes to weight loss and increased thermogenesis.
However, the irisin response to a variety of sports activities
with different intensities requires further research.
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