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Peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC-1a) is the main regulator in energy
metabolism. Training stimulates many processes like mitochondrial biogenesis, glucose metabolism, and fatty acids
metabolism. It also increases the capacity of fat oxidation. The purpose of this study was to investigate the effects of
eight-week aerobic training of different intensities on PGC-1a, interferon regulatory factor 4 (IRF4), and atherogenic
index in obese male Wistar rats. Twenty-four obese male rats induced by a high-fat diet (weight: 250 to 300 gr, BMI
>30g/cm?) were divided into three groups: aerobic training of moderate intensity (MI), aerobic training of high intensity
(HI), and the control group (C). The MI and HI training groups carried out exercise training by eight weeks of walking
on a treadmill for five sessions/week, 60 min per session, and at a speed of 28 m/min and 34 m/min, respectively. The
levels of PGC-1a in the MI and HI groups significantly increased compared to the C group (p < 0.05). Moreover, there
was no significant differences between IRF4 levels of MI and HI groups (p > 0.05). The serum HDL-C levels increased
only in the MI group compared to the C group (p < 0.05). The LDL-C, TG, TC, and atherogenic index levels reduced
more significantly in MI and HI groups than in the C group (p < 0.05). The results show that eight-week aerobic training
of two moderate and high intensities may be the signaling pathways to the activation of the PGC-1a. protein (i.e., a key

regulator of energy metabolism and mitochondrial biogenesis) in skeletal muscle.

Number of Figures:
Aerobic training, PGC-1a, IRF4, atherogenic index Number of Tables:

Number of References:

Abbreviations Pages:

PGC-1a: Peroxisome proliferator-activated receptor gamma HDL-C: High lipoprotein lipase-C
coactivator 1-alpha LDL-C: Lipoprotein lipase-C
IRF4: Interferon regulatory factor 4 TG: Triglyceride
FNDCS5: Fibronectin type III domain-containing protein 5 TC: Total cholesterol
AMPK: AMP-activated protein kinase BMI: Body mass index
MI: Moderate intensity aerobic exercise M + SD: Mean + Standard Deviation
HI: High-intensity aerobic exercise PPAR-y: Peroxisome proliferator-activated receptor gamma
C: Control UCP1: Uncoupling protein 1
https://IJVST.um.ac.ir mosaferi@um.ac.ir

M. Mosaferi Ziaaldini +98 (51) 3880-5394



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

besity is one of the most common health

problems worldwide [1]. It happens when ex-
cess adipose tissue is accumulated in the body [2]. The
body contains two types of white and brown adipose
tissue that can easily be distinguished through their
color. Although white adipose tissue is used to store
extra calories in the body, the brown adipose tissue
burns adipose tissue in the body and produces heat
[3]. In recent studies, researchers have shown that the
interferon regulatory factor 4 (IRF4) plays a key role
in the process of producing heat in the brown adipose
tissue and regulating energy consumption and cold
resistance. In this process, some specific hormones,
including epinephrine, are activated with a reduction
in temperature, and brown adipose tissue produces
heat by the activities of a group of genes, collective-
ly referred to as the heat-generating gene expression
program. One of the most famous of these genes en-
codes the uncoupling protein 1 (UCP1) [4, 5].

Peroxisome proliferator-activated receptor gam-
ma coactivator 1-alpha (PGC-1a) is one of the well-
known UCP1 encoding genes, the expression of
which in the muscular tissue could be effective on
UCP1 gene expression and the resultant thermogen-
esis of brown adipose tissue outside the muscle tissue
[6]. The PGC-1a protein is a transcriptional cofactor
with a molecular weight of 90 kD with an SR region
and a specific RNA adhesion, which can lead to many
thermogenesis adaptations [7, 8]. Besides, it is capable
of indirect transcriptional stimulation of genes such
as UCP1. PGC-1a is a PPAR-y activating factor that
exerts many of its biological effects on energy metabo-
lism [6]. In addition, it has been shown that this factor
is expressed as a result of exercise, and it stimulates
many processes, such as mitochondrial biogenesis,
angiogenesis, alteration of the type of the fiber, and
prevention of muscle atrophy [9]. This cofactor is not
capable of binding to DNA [5]. According to studies,
IRF4 has been identified as a transmitter of the effects
of PGC-1a on DNA, which has led to an increase in
heat production [5]. Therefore, IRF4 is a key factor in
the formation of adipose tissue, the management of
fats, and the production of IRF4 with reduced fat in-
take. On the other hand, animals with adipose tissue
lacking IRF4 become obese and are resistant to insu-
lin, and cannot withstand cold [5].

One of the best treatments for obesity is one that
simultaneously involves modifying the diet, changing
physical activity, and behavioral therapy. The results
of the studies have shown that regular exercises could
lead to a type of adaptation in antioxidant systems and
increased resistance to oxidative stress by increasing
the function and the level of PGCl-a & IRF4 and
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decreasing excess body fat [5, 10, 11]. In this regard,
Suwa et al. investigated the effect of low-intensity aer-
obic exercise (20 meters per minutes per day for 90
days) and high-intensity (30 meters per minutes, for
60 days); they concluded that after 14 days, in both
test groups, the levels of SIRT1 and PGC-1a, hexoki-
nase, mitochondrial proteins, and glucose 4 (GLUT4)
are increased in the soleus muscle of male rats [12].
Norheim et al. studied the effects of 12 weeks of com-
bined exercise (aerobic-resistance) each week with
four sessions of exercise on 26 inactive men aged 40
to 65 years old. However, before the 12 weeks of exer-
cise, the participants experienced an acute endurance
activity for 45 minutes with an intensity equal to 70%
of the maximum oxygen consumption. They con-
cluded that there is a significant relationship between
the increases of muscle mRNA PGC-1a and FNDC5
mRNA after 12 weeks of exercise. Also, despite the re-
duction of irisin levels after 12 weeks of exercise, its
levels increased after severe activity [13]. Gurd et al.
reported that six-week intense periodic exercise could
lead to an increase in skeletal muscle enzymes by 36%
and in PGC-1a protein by 16% after four days of ex-
ercise [14].

Participating in regular physical activities, espe-
cially aerobic exercises, relying on muscle glycogen
fuels, together with the evacuation of these reservoirs,
improves the metabolism of lipids in the body, and
by using them, it can increase the energy supply [15].
The beneficial effects of regular exercise in preventing
obesity, diabetes, and its complications, and improv-
ing health have already been proven [16], but the mo-
lecular mechanisms of these beneficial effects remain
elusive. The results are not precise about administer-
ing the most effective intervention program and their
mechanisms for changing the adipose tissue pheno-
type. Therefore, the purpose of this study is to answer
the question that which of the aerobic exercise inten-
sities can stimulate the expression of muscle protein
PGC-1a, IRF4, adipose tissue, and atherogenic index
in obese male Wistar rats.

At the end of the eight-week aerobic training, the
body weight of rats was reduced. Moreover, there was
a significant difference between the effects of mod-
erate and high-intensity aerobic exercises on body
weight (p < 0.05) (Table 1).

According to Table 2, there was no difference
between the effects of the eight-week moderate and
high aerobic exercise on the concentration of PGC-
low in the muscle tissue of male Wistar rats (p > 0.05).
Based on the results of Tukey's post hoc test, there
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was a significant difference between mean concen-
trations of PGC-1la in muscle tissue of the moder-
ate and high-intensity groups and the control group
(p < 0.05); while there was no significant difference
in IRF4 protein concentration between the moderate
and high-intensity groups (p > 0.05).

The serum HDL-C level significantly increased in
the moderate intensity aerobic exercise group com-
pared to the control group (p < 0.05); however, serum
HDL-C levels in the high-intensity group increased

Table 1.
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compared to the control group, but these changes were
not statistically significant (p > 0.05). There was a sig-
nificant difference in mean concentrations of LDL-C
(p < 0.05), serum TG concentration (p < 0.05), serum
TC concentration (p < 0.05), and atherogenic index
(p < 0.05) between the moderate and high-intensity
groups and the control group. There was no difference
between the eight-week moderate and high aerobic
exercise on the atherogenic index in obese male Wis-
tar rats.

The variation of PGC-1a, IRF4 proteins, lipid profile, and atherogenic index in the experimental and control groups

after eight weeks of aerobic exercise.

MI®

Variable & HI
(Mean + SD)* (Mean + SD)* (Mean + SD)*
PGC-la (ng/ml) 0.27 £ 0.01 0.31%0.01 0.30 % 0.00¢
IRF4 (ng/l) 41.70 + 1.85 44.04 + 4.03 4335+ 5.54
HDL-C (mg/dl) 25.37 +3.01 28.72 + 337 27.58 +2.52
LDL-C (mg/dl) 10.42 + 1.08 9.33 + 0.98¢ 9.24 + 0.63
TG (mg/dl) 68.33 +2.16 48.35 +9.32¢ 48.50 + 9.73*
TC (MG/pL) 85.62 + 8.35 74.11 + 5.37* 72.63 + 9.40°
ﬁfgg‘z%e;‘t; 241 +0.52 1.73 + 0.32¢ 1.68 + 0.52¢

*: Data are presented as Mean + Standard Deviation; $: The mean difference is significant at 0.05. C % control, MI ®: moderate exercise,

HI < high-intensity aerobic exercise

Table 2.
The content of high-fat and standard food
= o
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& 2 + L] 2 5
T 17}
High fat (%) 18 39 20 2 1 0.7 0.5 5 1.15 0.33 0.63 0.95 10 4.8
Standard (%) 20 3.5 25 14.5 10 1 0.7 0.5 10 1.15 0.33 0.63 0.95 11 3.9
Discussion in the muscular tissue of obese male rats compared

The purpose of this study was to compare the ef-
fect of eight weeks of aerobic exercise with two differ-
ent intensities on IRF4 and PGC-1a levels and lipid
profile of obese male Wistar rats. Based on the study
results, the moderate-intensity aerobic exercise pro-
gram and high-intensity aerobic exercise resulted in
a significant increase in the concentration of PGC-1a

The effects of aerobic training with different intensities on PGC-1a

with the control group. This finding is consistent with
the results of Jung et al., Oliveira et al., and Norheim
et al. [13, 22-23], but this result is inconsistent with
Pekkala et al. [24]. Jung et al. conducted an eight-week
ladder-climbing exercise, performed three sessions a
week on male rats and found that PGC-1a, AMPK,
and mitochondrial biogenesis significantly increased
at the end of the period [23].
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Oliveira et al. examined the effect of running on a
treadmill at speeds of 0.8 to 1.2 km/h, 50 min/day five
days a week for eight weeks, on obese male rats. Their
results showed that the values SIRT1, AMPK, PGC-
la, and metabolic enzymes increased significantly
[22]. Norheim et al. assessed the effect of one session
of acute endurance activity for 45 minutes with an in-
tensity of 70% of maximal oxygen consumption and
then 12 weeks of combined exercise (aerobic-resis-
tance), four sessions a week, on 26 inactive men aged
40 to 65 years, and concluded that there was a sig-
nificant relationship between the increase of muscle
mRNA PGC-1la and FNDC5 mRNA after 12 weeks
of combined exercise. Irisin levels decreased after 12
weeks of combined exercise and increased after an
acute activity session, and there was no relationship
between uncoupling protein 1 mRNA and expression
of FNDCS5 in subcutaneous adipose tissue or skeletal
muscle or plasma irisin levels [13]. On the other hand,
Pekkala et al. examined the effects of four types of ex-
ercises, one hour of low-intensity aerobic exercise,
high-intensity exercise, 21 weeks of long-term aer-
obic exercise, and a combination of exercises (long-
term exercise + resistance exercise) on irisin levels
and FNDC5 mRNA expression. They concluded that
there was no significant change in PGC-1a, FNDC5
skeletal muscle, and serum irisin in low-intensity aer-
obic exercise groups, 21 weeks of long-term aerobic
exercise, and combined exercise [long-term exercise
+ resistance exercise] [24].

The difference in findings may be attributed to dif-
ferent subjects in research that were diabetic or obese.
These differences can also be related to the different
exercise protocols, including volume and the intensi-
ty and different types of exercise programs, measure-
ment methods of the indicators, or differences in the
level of plasma or serum levels. The PGC-1a protein
encoded by the PPARGCI1A gene is a transcription-
al activator and acts as an activator of PPARy, and
regulates the expression of the UCP1 gene and ther-
mogenesis in the brown adipose tissue. Also, in some
cases, it was observed that this protein controlled
mitochondrial biogenesis and oxidative metabolism
in many cells. This protein can cause mitochondrial
biogenesis, angiogenesis, and changes in the type of
muscle fibers in the skeletal muscle. It also has resis-
tance to dystrophy and muscle atrophy [25].

It acts as a mediator in many of the biological
mechanisms involved in energy metabolism. PGC-1a
was named upon identifying its role in PPARYy acti-
vation. Studies have reported an increase in the gene
expression of this protein in a cold environment. This
activator controls the mitochondrial biogenesis and
respiration by the UCP1 proteins and the respirato-
ry factors of the nucleus [26]. Although this protein
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is essential for the thermogenetic reaction of brown
adipose tissue, it does not affect the browning pro-
cess, and in various experiments that increased PGC-
la expression in the subcutaneous tissue resulted in
a change in the phenotype of the adipose tissue in
brown adipose tissue; this change was associated with
increasing the expression of the UCP1 gene, the re-
spiratory chain proteins, and the oxidative enzymes
of fatty acids [27]. In rats whose body fat is resistant
to PGC-1a, the expression of mitochondrial genes
and exothermic in the subcutaneous fat is slower.
However, in rats lacking the PGC-1a gene, the ex-
pression of biogenic mitochondrial genes in white
adipose tissue was not dependent on PGC-1a. How-
ever, its presence was indispensable for inducing the
expression of UCP1 and other brown adipose-specif-
ic genes. This protein may also be involved in con-
trolling blood pressure, regulating cellular cholesterol
homeostasis, and developing obesity [28]. Despite
the important roles that have been reported for PGC-
la in the browning process, data on PGC-1p is still
not widely available, and researchers do not con-
sider a significant role for that. The mechanisms by
which PGC-1a activates the expression of the gene
is not well known. Besides, C-terminals include the
SR motif and the RNA binding area. This area needs
to stimulate the expression of specific endogenous
genes and interact with the proteins involved in the
processing of RNA and the transport protein particle
(TRAPP) complex involved in the initiation of tran-
scription [29]. Moreover, PGC-1a is related to two
other transcriptional complexes with acetyl transfer
activity, including GCN5 and TIP60. GCN5 directly
acetylated the PGC-1a in the lysine residue, thereby
reducing the PGC-1a transcription activity. In con-
trast, SIRT1 increases the function of this cofactor by
distilling the PGC-1a. By SIRT1 activation through
activating PGC-1a, mitochondrial biogenesis, free
radical production, and oxidation of fatty acids are
controlled [30]. It is believed that two factors of nu-
tritional and hormonal messages affect the levels of
PGC-1a [31]. Researchers believe that reducing glu-
cose and increasing glucagon, catecholamine, and
glucocorticoid hormones triggers SIRT1 activation
and PGC-1a deacetylation and increases the oxida-
tion of mitochondrial fatty acids by activating PPAR
[32]. Regular long-term exercises seem to positively
regulate SIRT1 and PGC-1a indices [33-34].
According to the study results, the HDL-C se-
rum levels in the moderate-intensity aerobic exer-
cise group were significantly higher than the control
group, while serum HDL-C levels in the high-inten-
sity group increased compared to the control group,
but these changes were not statistically significant.
Differences in the mean concentrations of LDL-C,
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TG, TC serum, and atherogenic index were signifi-
cantly different between the two moderate intensity
exercise groups and the high-intensity exercise group
compared to the control group. These findings are
consistent with the results of Adrien et al. [35], but this
result is inconsistent with the findings of Freitas et al.
and Romero et al. [36-37]. Adrien et al. found that the
concentration of low-density lipoprotein, triglyceride,
and total cholesterol serum decreased significantly at
the end of the training period by examining the effect
of eight weeks of aerobic exercise four sessions a week,
along with a diet on lipid profiles [35]. Freitas et al.
studied the effects of resistance exercise and aerobic
exercise on the lipid profile of inactive young men;
they concluded that 14-week exercise in the resistance
group only led to a significant decrease in total choles-
terol, and it has a significant effect only on triglyceride
levels in the aerobic exercise group; it did not lead to
significant changes in other variables [36]. Romero et
al. reported that 24 weeks of aerobic exercise on tread-
mill resulted in no significant changes in the serum
level of high density lipoprotein [37].

Given the nature of the intervention in this study,
which is aerobic, it can be stated that this type of ex-
ercise can play a significant role in reducing the level
of fatty acids. However, the interference of different
variables, such as different laboratory methods, for
estimating the results, exercise type, the number of
sessions, the duration of the exercise session, and the
intensity of exercise, can be other reasons for the dif-
ference in our research results [38-39]. But there is
still debate about whether the intensity or duration of
exercise is effective in reducing body fat [40]. It has
been reported that intense exercise reduces appetite
and increases resting metabolism, ultimately leading
to an increase in the negative energy balance [39].
Therefore, by controlling the volume of exercise, we
can examine the effect of exercise intensity, which is
another aspect of exercise. But in a low-intensity ex-
ercise causes a more considerable decrease in body
fat compared to high-intensity exercise. It has been
shown that lipolytic activity is heterogeneous in var-
ious fat stores [subcutaneous or intra-abdominal].
Intraperitoneal adipose tissue is the most active site
for lipolytic activity [41]. Despite the high rate of lip-
olytic activity of the intra-abdominal fat, it is unlikely
to have an important role in providing fatty acids for
muscle oxidation during exercise. Therefore, most fat-
ty acids entering the bloodstream are extracted from
subcutaneous adipose tissue [42].

During moderate aerobic exercise, approximately
half of the needed fatty acids are supplied by subcu-
taneous adipose tissue, where the fatty acid share of
trunk and upper limbs adipose tissue is greater than
the lower limbs [43]. The relative share of plasma
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fatty acid and intracellular triglycerides to the total
amount of fat oxidation during exercise with varying
intensity has been studied more in athletic individuals
than those non-athletic. During moderate-intensity
exercise, most of the oxidized fatty acids result from
plasma fatty acids, which, with increasing exercise in-
tensity, the relative share of muscular triacylglycerols
increases and can account for half of all fat oxidation.
The amount of energy consumed during the intensive
exercises (more than 70% of maximum oxygen con-
sumption) is relatively high, and the total fatty acid
oxidation is suppressed over its levels during the mod-
erate-intensity exercise [44].

In summary, it can be said that eight-week aerobic
exercise with two moderate and high levels of intensi-
ty by increasing the amount of muscular PGC-1a pro-
tein and improving lipid profile, including high-den-
sity lipoprotein increase and a significant decrease in
low-density lipoprotein, total cholesterol, triglyceride,
and the atherogenic index, can play an important role
in changing the phenotype of adipose tissue from
white to brown and be effective in preventing obesity
and insulin resistance. Therefore, for more accurate
results, further research has to be conducted on the
effects of exercise on levels of myokine.

Materials & Methods

Animals

The present research was an experimental study on Wistar rats.
Twenty-four healthy Wistar male rats (14 weeks, weighing 250 to
300 g, BMI higher than 30 g/cm?) were used. The BMI was deter-
mined using the formula: BMI = Body weight (g) /body length >
(cm?). The rats were fed with a standard diet (Behparvar Factory,
Mashhad, Iran) for a week to adapt to the laboratory conditions. In
order to induce obesity, the obese group had a high-fat diet from
week 6 for nine weeks; the high-fat diet contained higher calories
and fat than the standard food (energy of 4.8 vs. 3.9 kcal/g and fat
of 39 vs. 3.5%). All rats were fed this way for 14 weeks and had free
access to water and food throughout this study phase (Table 3). At
the end of week 14, the approximate weight of rats reached 250
to 300 grams. All rats had free access to water and food. Animals
were randomly divided into three groups: 1) moderate aerobic
exercise (n = 8), 2) high-intensity aerobic exercise (n = 8), and
the control group (n = 8). It should be noted that the principles
of the Helsinki Declaration and the opinions of the Ethics Com-
mittee were respected in all research phases. The ethics approval
was also obtained from the Ethics Committee for the Research of
the Ferdowsi University of Mashhad (Ethic code: IR MUM. FUM.
REC.1396. 131).

Familiarization Stage and exercise protocol

According to Table 4, a moderate and high-intensity aerobic exer-
cise program was designed for eight weeks, five days a week, and
one session per day for 60 minutes between 08:00 and noon at
different speeds on a rodent treadmill (Mobin Bionic Research
Group, Mashhad, Iran; with the ability to adjust the slope of the
device from -15 degrees to + 15 degrees, set several successive
programs, adjust speed, slope, shock, and acceleration for each
individual program). After completing the adaptation level, the

Hejazi et al. IJVST 2020; Vol. 12, No. 2
DOI:1 0.22067/ij\'5t.202] .64211.0



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

animals (to learn how to adapt to the aerobic exercise protocol)
were placed on the treadmill during the first week and walked at
a speed of 10 m/min with a zero-degree gradient for 15 minutes.
During the second and third weeks, the speed and duration of the
training gradually increased so that the average speed rate on the
treadmill was 28 m/min, 70-75% of the maximum use of oxygen,
and the speed of the high-intensity group on the treadmill was at
34 m/min, equal to 80-85% of the maximal oxygen consumption.
In total, the exercise volume in the moderate group was 8.4 km/
week, and the high-intensity exercise group was 10.2 km/week
[17-19]. After completing the training program, to cool down, the
speed of the device was reduced inversely so that the machine's
speed reaches zero.

Biopsy and measuring the variables

After 48 hours of the last exercise session and 12 hours fasting,
rats of all groups were transferred to the Pharmacology Faculty of
the Ferdowsi University of Mashhad. In the first place, the animals
were anesthetized in a special sampling space (sterile environ-
ment) by a combination of Ketamine (30-50 mg/kg) and Xylazine
(3-5 mg/kg). After the confirmation of anesthesia, 5 ml of blood
was taken by syringe from the right ventricle of each rat and im-
mediately poured into non-anticoagulant test tubes (20). The adi-
pose and soleus tissue were then quickly removed and transferred
to a microtube of 1.5 ml and immediately stored in liquid nitrogen
and kept at 80 °C.

The tissue samples were poured into the homogenizer tube

RESEARCH ARTICLE

and combined with RIPA buffer solution and then mixed with a
homogenizer (Potter Elvehjem, Mashhad, Iran) for 15 seconds.
All the steps were taken in an ice container. At the last step, the
sample was drawn from the tube by the sampler and poured
into a 1.5 ml microtube. The microtube was centrifugated for 20
minutes at a rate of 20,000 RPM at 4 °C. After the completion
of the centrifuge, the microtube was removed from the device
and supernatants were removed again and transferred to the new
microtube, and then the samples were kept in a freezer at -80 °C.
The PGC-1a. protein level of muscle tissue and IRF4 level of ad-
ipose tissue was measured with a rat-specific ELISA kit (EAST-
BIOPHARM, Hangzhou, China) with Cat. No. CK-E91412 and
Intra-Assay CV of <10%. Serum lipid profile level was measured
with Pars Azmoon kits (Tehran, Iran). Equation (1) was used to
measure the atherogenic index [21]:

Equation (1) = Atherogenic index: High density lipoprotein/
(high density lipoprotein - total cholesterol)

Statistical analysis

The data were analyzed by SPSS 16 at a significant level of p <
0.05. After ensuring the normal distribution of the data, using
the Shapiro-Wilk statistical test and the homogeneity of vari-
ances by Levene’s test, one-way analysis of variance (ANOVA)
with Tukey's post hoc test was used to examine the differences
between groups. Furthermore, the criteria for accepting or reject-
ing hypotheses were considered at the level of p < 0.05.

Table 3.
Program exercise with moderate and high intensities
weeks Moderate intensity High intensity

First 15 min/speed 10 m.min 15 min/speed 10 m.min
Second 27 min/speed 15 m.min 27 min/speed 15 m.min
Third 34 min/speed 20 m.min 35 min/speed 20 m.min
Fourth 40 min/speed 21 m.min 45 min/speed 22 m.min
Fifth 46 min/speed 23 m.min 54 min/speed 24 m.min
Sixth 52 min/speed 24 m.min 59 min/speed 27 m.min
SEVENTH 58 min/speed 26 m.min 60 min/speed 31 m.min
EiGHTH 60 min/speed 28 m.min 60 min/speed 34 m.min

Table 4.
The variation of weights in experimental and control groups before and after eight weeks of aerobic exercise.
) MI® HI®
Variable Stages C* (Mean + SD)*
(Mean + SD)* (Mean + SD)*
Weight Pre test 295.75 £ 1.81 295.16 £ 1.40 29541 +£2.15
(g1) Post test 302.58 £ 1.16**€ 287.41 £ 4.25°%€ 287.08 £ 4.23**€

*: Data are presented as Mean + Standard Deviation

#: The mean difference is significant at 0.05

**: The mean difference is significant in compareison with pre-test values
€: The mean difference is significant in comparison with control group
C*: control, MI : moderate exercise, HI < high-intensity aerobic exercise

Hejazi et al. IJVST 2020; Vol. 12, No. 2
DOI:1 0.22067/ij\'5t.2021 .64211.0

The effects of aerobic training with different intensities on PGC-1a



RESEARCH ARTICLE

Acknowledgments

We gratefully acknowledge Dr. Gorgi and Mr. Akbari
from the laboratory of Pharmacy of the Ferdowsi
University of Mashhad for their participation in this
study. This study was funded by the Department of
Sports Sciences, Ferdowsi University of Mashhad,
Iran (Grant No. 2/45972).

Authors' Contributions

KH: Conception of the study, designed research,
conducted research, analyzed data, edited the final
version of the paper, had responsibility for the fi-
nal content of the paper. SRAH: Conception of the
study, designed research, conducted research, ana-
lyzed data, edited the final version of the paper, had
responsibility for the final content of the paper, had
primary responsibility for the content of the paper.
MEF: Designed research, data interpretation, edited
the final version of the paper. MMZ: Conception of
the study, designed research, conducted research, an-
alyzed data, edited the final version of the paper, had
responsibility for the final content of the paper.

Competing Interests

The authors declare that they have no competing
interests.

References

1. Baker, A., H. Sirois-Leclerc, and H. Tulloch, The Impact of
Long-Term Physical Activity Interventions for Overweight/
Obese Postmenopausal Women on Adiposity Indicators,
Physical Capacity, and Mental Health Outcomes: A System-
atic Review. Journal of Obesity, 2016. 2016.

2. Geneva, S., D. Haslam, and W. James, Report of a WHO Con-
sultation.: Obesity. Lancet, 2005. 366: p. 1197-1209.

3. Arias-Loste, M.T, et al, Irisin, a Link among Fatty Liver Dis-
ease, Physical Inactivity and Insulin Resistance. International
journal of molecular sciences, 2014. 15(12): p. 23163-23178.

4. Eguchi, ], et al., Transcriptional control of adipose lipid han-
dling by IRF4. Cell metabolism, 2011. 13(3): p. 249-259.

5. Kong, X,, et al., IRF4 Is a Key Thermogenic Transcriptional
Partner of PGC-1a. Cell, 2014. 158(1): p. 69-83.

6. Wenz, T, et al,, Increased muscle PGC-1a expression protects
from sarcopenia and metabolic disease during aging. Pro-
ceedings of the National Academy of Sciences, 2009. 106(48):
p- 20405-20410.

7. Baar, K, et al., Adaptations of skeletal muscle to exercise:
rapid increase in the transcriptional coactivator PGC-1a. The
FASEB Journal, 2002. 16(14): p. 1879-1886.

The effects of aerobic training with different intensities on PGC-1a

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

Wende, AR, et al., A role for the transcriptional coactivator
PGC-1a in muscle refueling. Journal of Biological Chemistry,
2007. 282(50): p. 36642-36651.

Xu, X., et al., Exercise ameliorates high-fat diet-induced met-
abolic and vascular dysfunction, and increases adipocyte
progenitor cell population in brown adipose tissue. American
Journal of Physiology-Regulatory, Integrative and Compara-
tive Physiology, 2011. 300(5): p. R1115-R1125.

Canto, C,, et al.,, Interdependence of AMPK and SIRT1 for
metabolic adaptation to fasting and exercise in skeletal mus-
cle. Cell metabolism, 2010. 11(3): p. 213-219.

Little, J.P, et al, An acute bout of high-intensity interval
training increases the nuclear abundance of PGC-1a and ac-
tivates mitochondrial biogenesis in human skeletal muscle.
American Journal of Physiology-Regulatory, Integrative and
Comparative Physiology, 2011. 300(6): p. R1303-R1310.

Suwa, M., et al., Endurance exercise increases the SIRT1 and
peroxisome proliferator-activated receptor y coactivator-la
protein expressions in rat skeletal muscle. Metabolism, 2008.
57(7): p. 986-998.

Norheim, F, et al., The effects of acute and chronic exercise on
PGC-1a, irisin and browning of subcutaneous adipose tissue
in humans. FEBS Journal, 2014. 281(3): p. 739-749.

Gurd, B.J., et al., High-intensity interval training increases
SIRT1 activity in human skeletal muscle. Applied Physiology,
Nutrition, and Metabolism, 2010. 35(3): p. 350-357.

Hulston, CJ., et al., Training with low muscle glycogen en-
hances fat metabolism in well-trained cyclists. Medicine and
science in sports and exercise, 2010. 42(11): p. 2046-2055.

Shrestha, P. and L. Ghimire, A review about the effect of life
style modification on diabetes and quality of life. Global jour-
nal of health science, 2012. 4(6): p. 185.

Garekani, E.T,, et al., Exercise training intensity/volume af-
fects plasma and tissue adiponectin concentrations in the
male rat. Peptides, 2011. 32(5): p. 1008-1012.

Jashni, H.K,, et al., Caloric restriction and exercise training,
combined, not solely improve total plasma adiponectin and
glucose homeostasis in streptozocin-induced diabetic rats.
Sport Sciences for Health: p. 1-6.

Shepherd, R. and P. Gollnick, Oxygen uptake of rats at differ-
ent work intensities. Pfluegers Archiv, 1976. 362(3): p. 219-
222.

Lee, S. and R.P. Farrar, Resistance training induces mus-
cle-specific changes in muscle mass and function in rat. ] Ex-
ercise Physiol Online, 2003. 6(2): p. 80-87.

Yoshida, H., K. Murakami, and G. Mimura, Study on lipid
and glucose metabolism in patients with vasospastic angina.
Jpn ] Med, 1989. 28(3): p. 348-54.

Hejazi et al. IJVST 2020; Vol. 12, No. 2
DOI:1 0.22067/ij\'5t.2021 .64211.0



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Oliveira, N.R., et al., Treadmill training increases SIRT-1 and
PGC-1a protein levels and AMPK phosphorylation in quad-
riceps of middle-aged rats in an intensity-dependent manner.
Mediators of inflammation, 2014. 2014: p. 987017.

Jung, S., et al., The effects of ladder climbing exercise training
on PCG-1a expression and mitochondrial biogenesis of skel-
etal muscle in young and middle-aged rats. Exerc Sci, 2014.
23:p. 339-45.

Pekkala, S., et al., Are skeletal muscle FNDC5 gene expres-
sion and irisin release regulated by exercise and related to
health? The Journal of physiology, 2013. 591(21): p. 5393-
5400.

Medina-Gomez, G., S. Gray, and A. Vidal-Puig, Adipogenesis
and lipotoxicity: role of peroxisome proliferator-activated re-
ceptor y (PPARy) and PPARycoactivator-1 (PGC-1a). Public
health nutrition, 2007. 10(10A): p. 1132-1137.

Ye, L., et al., Fat cells directly sense temperature to activate
thermogenesis. Proceedings of the National Academy of Sci-
ences, 2013. 110(30): p. 12480-12485.

Goldwasser, J., et al., Transcriptional regulation of human
and rat hepatic lipid metabolism by the grapefruit flavonoid
naringenin: role of PPARa, PPARy and LXRa. PloS one,
2010. 5(8): p. e12399.

Chen, M., R. ] Norman, and L. K Heilbronn, Does in vitro
fertilisation increase type 2 diabetes and cardiovascular risk?
Current diabetes reviews, 2011. 7(6): p. 426-432.

Dong, W., et al,, Electroacupuncture upregulates SIRT1-de-
pendent PGC-1a expression in SAMP8 Mice. Medical sci-
ence monitor: international medical journal of experimental
and clinical research, 2015. 21: p. 3356.

Uguccioni, G. and D.A. Hood, The importance of PGC-1a
in contractile activity-induced mitochondrial adaptations.
American Journal of Physiology-Endocrinology and Metab-
olism, 2010. 300(2): p. E361-E371.

Olusi, S., Obesity is an independent risk factor for plasma
lipid peroxidation and depletion of erythrocyte cytoprotectic
enzymes in humans. International Journal of Obesity & Re-
lated Metabolic Disorders, 2002. 26(9).

Schilling, M.M., et al., Gluconeogenesis: re-evaluating the
FOXO1-PGC-1a connection. Nature, 2006. 443(7111): p.
E10.

Little, J.P, et al., A practical model of low-volume high-in-
tensity interval training induces mitochondrial biogenesis in
human skeletal muscle: potential mechanisms. The Journal of
physiology, 2010. 588(6): p. 1011-1022.

Handschin, C,, et al., Skeletal muscle fiber-type switching, ex-
ercise intolerance, and myopathy in PGC-1a muscle-specific
knock-out animals. Journal of Biological Chemistry, 2007.
282(41): p. 30014-30021.

Hejazi et al. IJVST 2020; Vol. 12, No. 2
DOI:1 0.22067/ij\'st.202] .64211.0

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

RESEARCH ARTICLE

Adrien, N. and N. Felix, Effect of 8 weeks of aerobic exercise
training combined to diet control on lipid profile in obese
person. International Journal of Sports Sciences & Fitness,
2017. 7(2): p. 1-10.

Freitas, A., et al. Effects of endurance versus strength train-
ing programs in the lipid profile of sedentary young adults.
in Proceedings of the International Congress of the Research
Center in Sports Sciences, Health Sciences & Human Devel-
opment (2016). Motricidade. 2017.

Romero Moraleda, B., et al., Can the exercise mode determine
lipid profile improvements in obese patients? Nutricién hos-
pitalaria, 2013. 28(3): p. 607-617.

Slentz, C.A., et al., Effects of the amount of exercise on body
weight, body composition, and measures of central obesity:
STRRIDE—a randomized controlled study. Archives of inter-
nal medicine, 2004. 164(1): p. 31-39.

Marra, C.C,, et al,, Effect Of Moderate And High Intensity
Aerobic Exercise On Body Composition In Over Weight
Men. Medicine & Science in Sports & Exercise, 2003. 35(5): p.
S308.

Donnelly, J.E., et al,, The role of exercise for weight loss and
maintenance. Best Practice & Research Clinical Gastroenter-
ology, 2004. 18(6): p. 1009-1029.

De Glisezinski, L., et al., Aerobic training improves exer-
cise-induced lipolysis in SCAT and lipid utilization in over-
weight men. American Journal of Physiology-Endocrinology
and Metabolism, 2003. 285(5): p. E984-E990.

Martins, C., et al.,, Effects of exercise on gut peptides, energy
intake and appetite. Journal of Endocrinology, 2007. 193(2):
p. 251-258.

Horowitz, J.E, Fatty acid mobilization from adipose tissue
during exercise. Trends in Endocrinology & Metabolism,
2003. 14(8): p. 386-392.

Horowitz, J.E and S. Klein, Lipid metabolism during endur-
ance exercise-. The American journal of clinical nutrition,
2000. 72(2): p. 5585-563S.

The effects of aerobic training with different intensities on PGC-1a



COPYRIGHTS
©2021 The author(s). This is an open access article distributed under the terms of the Creative @

Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproductic
in any medium, as long as the original authors and source are cited. No permission is required
from the authors or the publishers.

How to cite this article

Hejazi K, Mosaferi Ziaaldini M, Attarzadeh HSR, Fathi M (2020). The impact of aerobic training intensity on skeletal muscle PGC-1q,
Interferon Regulatory Factor 4 and atherogenic index in obese male Wistar rats. Iran J Vet Sci Technol. 12(2): 50-58.

DOI: https://doi.org/10.22067/ijvst.2021.64211.0

URL: https://ijvst.um.ac.ir/article_39718.html

The effects of aerobic training with different intensities on PGC-1a Hejazi et al. IJVST 2020; Vol. 12, No. 2
DOI:1 0.22067/ij\'5t.202] .64211.0



Iranian Journal of Veterinary Received: 2019- Dec- 17
Accepted after revision: 2020- Dec- 24

Published online: 2021- Feb- 27

Abstracts (in Persian)

9 F 1950 psl oS i §giS6 ¢ PGC—\at Sl oNGs 9 (5 319B o9 w03 iy il
Sl g 313 9 S0 Gl b Oy 10 SWijg T el

¥ 558 O3 390 ¢ (i 0013 JUas Lo ) duw T (aWslud (g Sluwo oo ¢! (5 > 1S

LR Sl 6)lg s @S o8l ((o2))5 pole 0aSiails (5555 (S3el 5328 095 )
Ol Rl eede agiin (ogd 8 olRisls (B9 pole 0aSisly (B39 Sielg e 09,5 Y

oS>

(80 gin 35gm disle A T8 51 (6 by o3 Job j0 el (655] sl g C gy ol 00isS pudais 005,85 PGC-1a
Ban 358 (oo (257 OgemlienST EGd b Gl Cel izmen WS (0 S5 1) 02 Slades] e plie 5 556l ]l
P Ere e e S TSl i ipn eog aled @ S T BYO: (59) b jbang ol 5 &) VT 0g Ly ol 3l o
b Nl el (o A) J5S 09,5 9 (o A) 3Ly ol L (6519 (2 p05 09,5 (e A) Lawgio Sl L (6519 (2 ye5 095 A
VF ol ol g YA lavgin ol 09,5 10 (0090 S pw 392 9, 50 480 Fo Do 4y dlan )0l iy cdlan Sl (55len (el
<l gyl e il S 09,5 b dnslie ;0 Vb g lawgle Sals 09,5 90 2 0 PGC-1a zshwog cod 5 4 aids 1o e
o Jasgio Dol 05,5 10 1add HDL-C o ps oo .aiid 0093 09,5 95 10 10 IRFY zolas 0 (6l e Solds c(piman
9 L‘AH (R L| 6)‘3A u—’)—o-' 05; 9o, O ;:.u)j))] ua.‘>l...ujLDL-C‘ TG« TC lea...uu&l.v )L) >R u,..u‘)ﬂl J)...»S 05; Le)
e 0L g dawgie ol 90 b (g5ler 1y el aan Cuia aS ae oo lid mliicdl ghly pme 1SS ]S 09,5 4 s YU
‘) L;JS“J alac ) (d)é.»S}»..uo )4)5_\.) 9 Lg))"‘ M}JL@ L,;Lol IRVELY p.a.b.».: (5""’) PGC-1la L)"‘i"s)" &JL&.&» ‘_ng).».m.c oW
e JUs

Hejazi et al. IJVST 2020; Vol. 12, No. 2 Eight weeks aerobic training with different intensities on PGC-
DOI: la

98



	84710-HD_Corrected proof.pdf (p.1-9)
	84710-persian abs-2015.pdf (p.10)

