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The effect of eight weeks of interval and continuous endurance training on
PGC-1α and FNDC5 gene expression in the gastrocnemius muscle of male
Wistar rats
Shaghayegh Farjad Fard1, Masoud Sahimirad2, Mandana Gholami3*, Melika Zahedi4

The purpose of this study was to investigate and compare the effect
of eight weeks of continuous and interval training on PGC-1α and
FNDC5 gene expression in the gastrocnemius muscle of male Wistar
rats. 30 eight-week-old rats with an average weight of 192 ± 10 were
randomly divided into 3 groups (n=10): control group (Ctrl), interval
endurance training group (IET) and continuous endurance training
group (CET). The exercise groups participated in 8 weeks of
continuous or interval training program (5 days per week). 24 hours
after the last training session, all the rats were anesthetized and their
gastrocnemius muscles were collected and transferred to the
laboratory to measure the mRNA levels of PGC-1α and FNDC5 genes
by Real Time-PCR method. The results showed that the expression
level of FNDC5 in the gastrocnemius muscle was significantly higher
in the interval and continuous endurance training groups than in the
control group. Also, the expression of this gene was higher in the
interval group than in the continuous group. It was also found that the
expression of PGC-1α gene was significantly increased in both
training groups compared to the control group. Also, the expression of
this gene increased significantly in the interval training group
compared to the continuous. It seems that interval endurance training
has a greater effect on the expression of PGC-1α and FNDC5 factors
in the gastrocnemius muscle.
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Introduction
Today's industrial life has caused people to stay away from
physical activity, and this factor leads to physical poverty and
obesity. During the recent years, the prevalence of obesity and
overweight has grown a lot and now it has become a serious
problem in the world (Rosiek et al., 2015). Obesity plays a
negative role in health mammals. It has also been stated in
recent research that acute and chronic exercise induces a
brown adipose tissue phenotype to white adipose tissue
through a number of key molecular factor. The results also show
that regular physical activity will increase the expression of
peroxisome proliferation activator alpha gene (PGC-1α) in
human skeletal muscle. PGC-1α is a transcription regulator that
can facilitate multiple transcription factors to regulate the
complex network of genes. So that it plays a role in controlling
tissue mitochondrial content and the program that leads to the
formation of brown fat tissue (Bostrom, 2012; Cannon &
Nedergaard, 2004; Lshibashi & Seale, 2010; Norrbom et al.,
2004). Recently, a study has shown that exercise training
causes the expression of PGC-1α in skeletal muscle, which can
regulate the conversion of fibronectin type III domain containing
(FNDC5) to irisin (Bostrom, 2012).It has also been stated that
the expression level of FNDC5 was increased in the muscles of
transgenic mice that overexpressed PGC-1α and in mice that
performed endurance training (Maak et al., 2021).
Although PGC-1α plays an important role in regulating cellular
energy metabolism, it is most likely involved in metabolic
disorders such as obesity, diabetes, and cardiomyopathy.
However, how it relates and affects the expression of FNDC5 is
unclear, especially during exercise training (Dong et al., 2018;
Liang & Ward, 2006). For this reason, the aim of this study was
to considering the effect of eight weeks of continuous and
interval training on the expression of PGC-1α and FNDC5
genes in the gastrocnemius muscle of male Wistar rats.
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Ethics statement
The investigation was conducted in accordance with the Guide
for the Care and Use of Laboratory Animals published by the US
National Institutes of Health (NIH Publication no. 85-23, revised
1996) and the professional governmental guidelines, in
compliance with the Institutional Animal Care and Use Committee
(IACUC) at Azad University (Science and Research Branch
Tehran, Iran), were complied with in all experiments.

Animals

which gradually increased to a speed of 15 m/min and a duration
of 60 min at end week.
The rats of the interval endurance training group perfprmed eight
weeks of interval training (5 days a week) in the form of a 6minute warm-up at a speed of 10 meters per minute, 3 intervals
of 4 minutes at a speed of 20-30 m/min. Along with a 2-minute
active rest at a speed of 10 m/min between high intensity
exercise. Finally reached 5 repetitions at the end of the eighth
week. A duration of 6 minutes with a speed of 10 m/min was also
considered for cooling down (Jones, 2007).

Thirty 8-week-old male Wistar rats with an average weight of 192
± 10 grams were purchased from Pasteur Institute, Tehran, Iran.
The rats were kept in the animal laboratory under controlled
conditions of light to dark (12/12), light start at 6 o'clock in the
morning and turn off at 6 o'clock in the evening, temperature (22
± 3 C), and humidity (about 45%). Three to five rats were kept in
Plexiglas cages with mesh lids, measuring 25 x 27 x 43 cm. All
animals had free access to food and water. The animals were
randomly divided into three groups: control group (Ctrl), interval
endurance training group (IET) and continuous endurance
training group (CET).

Tissue Processing

After 48 hours of adapting the rats to the environment and
keeping conditions in the laboratory, they were exposed to the
treadmill for one week in order to familiarize them with the
exercise training. The familiarization program for all rats included
5 sessions of walking on the treadmill at a speed of 10 m/min and
a 0-degree slope for 10 minutes. Also, the training groups
participated in 8 weeks of continuous or interval training program
(Figure 1).

Gene expression was measured by real time-PCR quantitative
method using RealQ Plus 2x Master Mix Green of AMPLIQON
company and using 250 ng concentration of cDNA in duplicate.
The design of primers was done based on the information of
PGC1α and GAPDH genes in NBCI gene bank and by the
company (Pishgam, Iran). Amplification was considered in each
PCR cycle at a temperature of 95 °C for 15 seconds and
according to the annealing temperature of the primers, each cycle
was considered for 30 seconds (40 cycles). GAPDH was used as
a reference gene. The expression level of the desired genes was
measured by the formula.

Exercise training programs
The rats in the continuous endurance training group in this study
started running on a rodent treadmill for eight weeks (5 days a
week) at a speed of 10 m/min and for 20 minutes in each session,

After 48 hours from the last training session, the rats were
anesthetized with a combination of ketamine (90 mg/kg) and
xylazine (10 mg/kg) by intraperitoneal injection. After making sure
that the animals are anesthetized and taking blood from the heart
tissue, the gastrocnemius muscle was immediately extracted and
washed in physiological serum. Then the extracted tissue was
frozen in liquid nitrogen and kept in a freezer at -80 oC until the
test.

Gene expression (Real time PCr)

Statistical Analysis
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Figure 1. Timing of exercises performed for experimental groups.
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Table 1. Sequence of primers used in the study.
PGC-1α
Sequence

ab

F: 5-GTCTCCCACCACCATCTT-3
R: 5-TCTGTCTCTGAGTGTAGCCTTAGC-3
F: 5-CACAACCGCAGTAACAT-3

PGC-1α

R: 5-GGAGGAGTCGTGGGAGGAGTTA-3
GAPDH

F: 5- AGACAGCCGCATCTTCTTGT -3
R: 5- CTTGCCGTGGGTAGAGTCAT -3

In order to check the normality and homogeneity of the data,
Shapiro-Wilk and Levene tests were used respectively. Also,
one-way analysis of variance (ANOVA) test followed by Tukey's
post hoc test was used to determine the statistical significance of
mRNA level. These procedures were performed using SPSS 20.0
software (SPSS Inc., Chicago, IL).

Results
Body weight
Comparison of body weight of animals in different research
groups (post-test) is shown in Table 2. As can be seen,
performing 8 weeks of CET and IET caused a significant
decrease in the body weight of the animals (p<0.01 for both). The
highest weight loss was related to the IET group (Table 2).

PGC-1α mRNA
The changes in the PGC-1α mRNA in the gastrocnemius muscle
are shown in figure 2. Results shows that there is a significant
difference between the gene expression of PGC-1α in the
gastrocnemius muscle between the three interval endurance
training groups, the continuous endurance training group and the
control group (F=38.894, p = 0.001). Also, Tukey's post hoc test
shows that there is a significant difference between the PGC-1α
mRNA at gastrocnemius muscle in the interval endurance
training group and the continuous endurance training group with
the control group (p ≥ 0.001). Also, expression of this gene was
higher in the interval endurance training group compare to
continuous endurance training group (p<0.05).

FNDC5 mRNA
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Figure 2. Expression of PGC1- α at different groups of studies. Date
were show as mean ± SD. a: Sign of significant compare to Ctrl group,
b: Sign of significant compare to IET group. Ctrl: Control group, CET:
Continuous endurance training group, IET: Interval endurance training
group.

The changes in the FNDC5 mRNA at gastrocnemius muscle are
shown in figure 3. There is a significant difference between the
FNDC5 mRNA in the gastrocnemius muscle between the three
interval endurance training groups, the continuous endurance
training group and the control group (F=126.342, p<0.001). the
results of Tukey's post hoc test shows that there is a significant
difference between the gene expression of FNDC5 in the
gastrocnemius muscle in the interval endurance training group
and continuous endurance training group compare to the control
group (p ≥ 0.001). Also the expression of FNDC5 mRNA was
higher at interval endurance training group compare to
continuous endurance training group (p<0.001).

Discussion
In the present study, the effect of eight weeks of continuous and
interval training on the expression of PGC-1α and FNDC5 RNA
in the gastrocnemius muscle of Wistar rats was investigated.
The obtained results showed that interval and continuous
endurance training increases the mRNA levels of PGC-1α and
FNDC5 genes in the gastrocnemius muscle of rats. In this regard,

Table 2. Comparison of the body weight between different groups (mean ± SD)
Groups

Ctrl

CET

IET

Body Weight

360±22

318±17*

310±25*

*: sign of significant compare to control group. Ctrl: Control group, CET: Continuous endurance training group, IET: Interval endurance training group
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Figure 3. Expression of FNDC5 at different groups of studies. Date were
show as mean ± SD. a: Sign of significant compare to Ctrl group, b: Sign
of significant compare to IET group. Ctrl: Control group, CET:
Continuous endurance training group, IET: Interval endurance training
group

Bostrom et al. (2012) reported an increase in FNDC5 mRNA
expression in rat and human skeletal muscles after 12 weeks of
continuous aerobic exercise, which caused browning of white
adipose tissue and increased thermogenesis (Bostrom, 2012). It
should be noted that the type of exercise seems to be very
important in this effect (FNDC5). Based on previous studies,
evidence shows that FNDC5 expression is positively regulated by
endurance exercise in mice or humans. This is not unexpected
because endurance exercise activates PGC-1α, which has been
shown to be an upstream regulator of FNDC5 gene expression,
whereas resistance exercise appears to activate another isoform
of PGC-1α (ie PGC-1α4) (Roas et al., 2012). In another
research, this result has been mentioned, that acute exercise
sessions in the form of running and swimming with low intensity
and in the long term increase the content of PGC-1α protein in
the skeletal muscles of rats (Terada & Tabata, 2004). In addition,
in this research, the results show that the level of PGC-1α gene
expression in the interval endurance training group is higher than
the continuous endurance training and control groups. In line with
this evidence, Hoshino and colleagues have reported a
simultaneous increase in PGC-1α in skeletal muscles after HIIT
training (Hoshino et al., 2013). According to previous reports,
probably one of the reasons stated in relation to the increase in
the expression of PGC-1α in interval exercises is related to the
increase in skeletal muscle cell metabolism. which may lead to
specific responses in type II muscle fibers including improvement
of mitochondrial biogenesis by AMPK, PGC-1α, SIRT1 and ROS
pathway as well as modulation of Ca2+ homeostasis (Torma et al.,
2019). Although these factors were not investigated and measur-

-ed in the present study. However, it is probably due to the effect
of interval training on increasing the expression of PGC-1α. Our
evidence shows that the level of FNDC5 gene expression in the
interval endurance-training group is higher than the continuous
endurance training and control groups. Khalafi et al also pointed
out the effect of high-intensity interval training on diabetic rats,
that the increase in PGC-1α gene expression stimulated the
increase in FNDC5 expression (khalafi et al., 2020). The
upstream signaling pathway for PGC-1α activation is not fully
understood, but appears to be ADP/AMP-ATP intracellular
changes are the reason for this activation (Chen et al., 2000).
However, the present study have many limitations such as the
measurement of irisin level as well as the upstream and
downstream pathways of PGC-1α and FNDC5. However, due to
the important role of exercise on the level of PGC-1α expression
and its effect on FNDC5, extensive research is needed in the
future.

Conclusion
It seems that interval and continuous endurance training in the
gastrocnemius muscle of Wistar rats increases the expression of
PGC-1α mRNA and subsequently FNDC5 mRNA. However, this
effect is greater in interval training. However, more studies are
still needed in this area.

What is already known on this subject?
Although PGC-1α plays an important role in regulating cellular
energy metabolism, it is most likely involved in metabolic
disorders such as obesity, diabetes, and cardiomyopathy.

What this study adds?
Interval endurance training in the gastrocnemius muscle of Wistar
rats increases the expression of PGC-1α mRNA and
subsequently FNDC5 mRNA more than continuous endurance
training.

Acknowledgements
None.

Funding
There is no funding to report.

Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict
of interest.

Journal of Exercise & Organ Cross Talk

Research article

Ethical approval The investigation was conducted in accordance
94

Journal of Exercise & Organ Cross Talk. 2022; 2 (3): 91-95. doi: 10.22034/jeoct.2022.363215.1053

with the Guide for the Care and Use of Laboratory Animals
published by the US National Institutes of Health (NIH Publication
no. 85-23, revised 1996).
Informed consent Animal study.

Author contributions
Conceptualization: SH.F.F, M.GH.; Methodology: M.S, M.Z.;
Software: M.GH, M.S; Validation: M.Z, SH.F.F.; Formal analysis:
SH.F.F, M.S.; Investigation: M.GH, M.Z.; Resources: M.Z; Data
curation: M.S; Writing - original draft: SH.F.F.; Writing - review &
editing: M.S, M.GH; Visualization: M.Z; Supervision: M.GH;
Project administration: SH.F.F; Funding acquisition: SH.F.F.

References
Bostrom, P. et al. (2012). A PGC1α-dependent myokine that drives
browning of white fat. Nature, 481(7382), 463–468.doi:
https://doi.org/10.1038/nature10777.A
Cannon, B., & Nedergaard, J. (2004). Brown Adipose Tissue: Function
and Physiological Significance. Physiological Reviews, 84(1), 277–
359. doi: https://doi.org/10.1152/physrev.00015.2003
Chen, Z.-P., McConell, G. K., Michell, B. J., Snow, R. J., Canny, B. J.,
& Kemp, B. E. (2000). AMPK signaling in contracting human skeletal
muscle: acetyl-CoA carboxylase and NO synthase phosphorylation.
American Journal of Physiology-Endocrinology And Metabolism,
279(5),
E1202–E1206.
doi:
https://doi.org/10.1152/ajpendo.2000.279.5.E1202
Dong, X., Pang, M., Yang, J., Rao, J., Wang, H., Zhang, J., Wang, S.,
& Chen, X. (2018). Time-Dependent Changes in Increased Levels of
Plasma Irisin and Muscle PGC-1α and FNDC5 after Exercise in Mice.
Tohoku J. Exp. Med. Tohoku J. Exp. Med, 244(2442), 93–103. doi:
https://doi.org/10.1620/tjem.244.93.Correspondence
Hoshino, D., Yoshida, Y., Kitaoka, Y., Hatta, H., & Bonen, A. (2013).
Fatty Acid Oxidation in Rat Red and White Skeletal Muscle. 333(July
2012), 326–333. doi: https://doi.org/10.1139/apnm-2012-0257
Jones, J. H. (2007). Resource Book for the Design of Animal Exercise
Protocols. American Journal of Veterinary Research, 68(6), 583.
https://doi.org/10.2460/ajvr.68.6.583
khalafi, mousa, Ravasi, A. A., Soori, R., Moradi, M., & Soleimani, M.
(2020). The acute effects of high intensity interval training (HIIIT) on
PGC-1α and FNDC5 genes expression in diabetic rats. Journal of
Sport
Biosciences,
12(3),
249–261.
doi:
https://doi.org/10.22059/jsb.2020.119643.902
Liang, H., & Ward, W. F. (2006). PGC-1α: A key regulator of energy
metabolism. American Journal of Physiology - Advances in Physiology
Education,
30(4),
145–151.
doi:
https://doi.org/10.1152/advan.00052.2006

(5982), 1113–1114. doi: https://doi.org/10.1126/science.1190816
Maak, S., Norheim, F., Drevon, C. A., & Erickson, H. P. (2021).
Progress and Challenges in the Biology of FNDC5 and Irisin. Endocrine
Reviews, 42(4), 436–456. doi: https://doi.org/10.1210/endrev/bnab003
Norrbom, J., Sundberg, C. J., Ameln, H., Kraus, W. E., Jansson, E., &
Gustafsson, T. (2004). PGC-1α mRNA expression is influenced by
metabolic perturbation in exercising human skeletal muscle. Journal of
Applied
Physiology,
96(1),
189–194.
doi:
https://doi.org/10.1152/japplphysiol.00765.2003
Rosiek, A., Maciejewska, N. F., Leksowski, K., Rosiek-Kryszewska, A.,
& Leksowski, Ł. (2015). Effect of television on obesity and excess of
weight and consequences of health. International Journal of
Environmental Research and Public Health, 12(8), 9408–9426. doi:
https://doi.org/10.3390/ijerph120809408
Terada, S., & Tabata, I. (2004). Effects of acute bouts of running and
swimming exercise on PGC-1α protein expression in rat epitrochlearis
and soleus muscle. American Journal of Physiology - Endocrinology
and
Metabolism,
286(2
49-2),
208–216.
doi:
https://doi.org/10.1152/ajpendo.00051.2003
Torma, F., Gombos, Z., Jokai, M., Takeda, M., Mimura, T., & Radak, Z.
(2019). High intensity interval training and molecular adaptive response
of skeletal muscle. Sports Medicine and Health Science, 1(1), 24–32.
doi: https://doi.org/10.1016/j.smhs.2019.08.003

Journal of Exercise & Organ Cross Talk

Research article

Lshibashi, J., & Seale, P. (2010). Beige can be slimming. Science, 328
95

