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Abstract

Background and Aim: The aim of the present study was to investigate the effect of eight weeks of high-
intensity interval training (HIIT) on some molecular markers related to the initiation of the autophagy process,
including FIP200 and ATG13 protein levels and the ULK1/ULK2 ratio in fast-twitch muscle tissue (EDL) of aged
rats.

Methods: In this experimental study, the rats were randomly divided into two groups: a HIIT group and a
control group (6 rats per group). The training group underwent a high-intensity interval training protocol for eight
weeks, while the control group continued their normal activity. After the training period, EDL muscle tissue was
extracted, and the intracellular levels of the target proteins were measured. The data were analyzed using an
independent samples t-test and Cohen's d effect size.

Results: The results showed that HIIT significantly increased the levels of FIP200 (t=9.28; P=0.001; Cohen's
d=5.35) and ATG13 (t=8.61; P=0.001; Cohen's d=4.97) proteins compared with the control group. However, no
significant difference was observed in the ULK1/ULK2 ratio between the two groups (t =1.60; P=0.17; Cohen's
d=0.92).

Conclusion: Overall, the findings indicate that high-intensity interval training can enhance the autophagic
capacity of aged skeletal muscle by increasing key components of the autophagy initiation complex, although the
ULK1/ULK?2 ratio was not affected. These results suggest that HIIT may play a role in improving cellular
clearance mechanisms and mitigating age-related changes in skeletal muscle.

Keywords: High-intensity interval training, autophagy, FIP200, ATG13, ULK1/ULK2, Aging, Skeletal
muscle
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Extended Abstract

Background and Objective

Aging is a complex and multidimensional
process that is accompanied by structural
and functional changes in various tissues
and organs of the body. One of the tissues
that is particularly affected by aging is
skeletal muscle. One of the wvital
mechanisms for maintaining cellular
homeostasis and normal muscle function is
the process of autophagy. Autophagy is a
protective catabolic pathway through which
damaged or  unnecessary  cellular
components, including proteins and
organelles, are degraded and recycled. At
the molecular level, the initiation of the
autophagy process is precisely regulated by
a set of proteins, among which the ULK
complex plays a central role. This complex
includes the kinases ULK1 and ULK2 and
associated proteins such as ATGI3 and
FIP200. One type of exercise that has
attracted considerable attention in recent
years is high-intensity interval training
(HIIT). This type of exercise, by combining
short periods of very intense activity with
periods of rest or low-intensity activity can
induce significant metabolic and functional
adaptations in a relatively short period of
time. A better understanding of the
molecular mechanisms underlying the
effects of high-intensity interval training on
aging skeletal muscle can pave the way for
designing more targeted training programs
to prevent or reduce sarcopenia and
improve the quality of life of the elderly.
Accordingly, the present study was
designed to investigate the effect of eight
weeks of high-intensity interval training on
the intracellular levels of FIP200 and
ATGI13 proteins, and the ULK1/ ULK2
ratio in fast-twitch EDL muscle tissue of
aged rats.

Methods

This study was an experimental study with
a controlled design. The study population
consisted of 12 male Sprague-Dawley rats,
approximately 20 months old and weighing
400 = 30 g. The inclusion criterion was an

age of >20 months. Standard environmental
conditions were carefully maintained,
including a controlled temperature of 22 +
2°C, relative humidity of 40-50%, and a
12-hour light/12-hour dark cycle. The
animals were provided with a standard
rodent diet and fresh water ad libitum. The
rats were divided into two groups by simple
randomization: the first group underwent
the HIIT protocol (6 rats), and the second
group served as the control group (6 rats)
and received no exercise intervention.

The HIIT training program in the first to
fourth weeks consisted of four 2-minute
intervals at an intensity of 85-90% of
maximum speed and four 1-minute
intervals at an intensity of 45-50% of
maximum speed. The fifth and sixth weeks
consisted of five 2-minute intervals at an
intensity of 85-90% of maximum speed
and five 1-minute intervals at an intensity
of 45-50% of maximum speed. The
training program in the seventh and eighth
weeks consisted of six 2-minute intervals at
an intensity of 85-90% of maximum speed
and six 1-minute intervals at an intensity of
45-50% of maximum speed. The training
protocol was performed 5 days a week for
8 weeks. Forty-eight hours after the final
training session, the animals were
anesthetized with intraperitoneal injections
of ketamine (30-50 mg/kg body weight)
and xylazine (3—5 mg/kg body weight) in
accordance with ethical guidelines and
under deep anesthesia. Subsequently, the
extensor digitorum longus (EDL) muscle
was excised from each animal in the
morning.

Results

Analysis of the ULKI/ULK2 protein
content ratio using an independent-samples
t-test showed no significant difference
between the HIIT group and the control
group (t=1.60; P =0.17; Cohen's d = 0.92)
(Figure 1A). In contrast, analysis of FIP200
protein content using an independent-
samples t-test showed a significant increase
in the HIIT group compared with the
control group (t =9.28; P = 0.001; Cohen's
d=15.35) (Figure 1B). Similarly, analysis of
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ATG13 protein content using an
independent-samples  t-test showed a
significant increase in the HIIT group
compared with the control group (t = 8.61;
P =0.001; Cohen's d =4.97) (Figure 1C).

Conclusion

The present study investigated the effects of
eight weeks of high-intensity interval
training (HIIT) on molecular markers
related to the autophagy initiation pathway,
including FIP200, ATG13 proteins, and the
ULKI1/ULK2 ratio in fast-twitch muscle
tissue (EDL) of aged rats. The results
showed that high-intensity interval training
significantly increased the intracellular
levels of FIP200 and ATGI13 proteins,
while no significant change was observed
in the ULK1/ULK2 ratio. These findings
may reflect the complex mechanisms of
autophagy regulation in aged skeletal
muscle in response to exercise stimuli.
Taken together, these findings, together
with previous evidence, suggest that high-
intensity interval training can modulate key
components of the autophagy initiation
pathway in aged fast-twitch muscle. This is
of considerable importance from the
perspective of maintaining cellular health
and preventing sarcopenia.

Enhancing autophagy facilitates the
removal of defective proteins, promotes
mitochondrial turnover, and preserves
muscle function. Furthermore, at a clinical
and applied level, this suggests that even in
old age, the application of appropriate
training stimuli can restore some cellular
repair capacity. Importantly, despite its high
intensity, HIIT, in the form of short-term and
controlled protocols, may be a more efficient
approach than traditional training to promote
muscle health in older adults because, in
addition to increasing aerobic capacity, it
may also activate cellular pathways
responsible for cellular clearance and
regeneration. Overall, the results showed
that high-intensity interval training in aged
rats significantly increased the content of
FIP200 and ATG13 proteins in EDL muscle
but had no significant effect on the
ULKI1/ULK2 ratio. These findings indicate
that HIIT, despite the limited response at the
upstream levels of the ULK pathway, may
enhance the structural components of the
autophagy initiation complex and thus
improve the autophagic capacity of aged
muscle. It appears that high-intensity
interval training may represent an effective
biological strategy to activate cellular
clearance pathways and potentially mitigate
age-related muscle wasting.
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