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ABSTRACT
Article info: :  Introduction: Aging affects cardiac function and heart output. Regular exercise can improve
Received: 23 Dec 2021 :  heart function in old age. This experimental study evaluated the effects of high-intensity
Accepted: 30 Apr 2022 :  interval training (HIIT) and moderate-intensity continuous training (MICT) on cardiomyocyte

Available Online: 01 Jan 2023 autophagy and cardiac fimction.

Methods: In this study, 24 older male Wistar rats (>20 months) were divided into three groups
of Control, HIIT, and MICT. The animals in the control group received no training, while the
HIIT and MICT groups performed high and moderate training intensities at different intervals.
Aerobic power and training capacity (VO,max) were also assessed before the training. After
eight weeks of training (5 days/week), two-dimensional echocardiography was used for the
sonographic assessment of the heart, and the tissue samples of the left ventricle were dissected
for assessing gene expression (PGC-Io. and FOXO-30). Data were analyzed using SPSS
software, version 19 and presented using Mean=SD. P<0.05 was considered as statistically
significant.

Results: The expression of the PGC-la gene significantly increased, while the FOXO-
3o gene expression significantly decreased in the HIIT and MICT groups compared to the

Keywords: : control animals (P<0.05). Left ventricle end-systolic dimension decreased (P<0.05), while the
High-intensity interval training left ventricular end-diastolic diameter, ejection fraction, and fractional shortening increased
(HIIT), Moderate-intensity ¢ (P<0.05) in the training groups compared to the control animals. These changes were also
continuous training (MICT), . significant in the HIIT group compared to the MICT group (P<0.05)

Autophagy, FOXO03-30, PGC- Conclusion: HIIT can reduce the expression of autophagy genes and improve cardiac function
1o, Aged heart in aged heart more than MICT.
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1. Introduction

ging, as a dynamic physiological process,
involves all body parts [1], especially the
cardiovascular system [2]. The aged heart
represents unique biochemical and histo-
logical features such as apoptosis and myo-
cyte hypertrophy [3]. Besides, the production of reactive
oxygen species (ROS) also increases with age, leading
to the disturbance of enzymatic function involved in the
oxidative phosphorylation chain in the mitochondria of
the heart [4]. Autophagy is an essential cellular process
for the elimination of damaged cellular components.
Disruptions of autophagy are associated with a variety
of diseases, including cancer, neurodegeneration, meta-
bolic disorders, and aging [5]. Fluctuations in oxygen
concentrations caused by cellular oxidative activities are
balanced using autophagy [6]. One of the main indica-
tors of this process is the forkhead transcription factor O
subfamily member-3a (FOXO-3a) protein, which pre-
vents pathological hypertrophy of myocardiocytes [7].
The peroxisome proliferator-activated receptor-gamma
coactivator-la. (PGC-1a) regulates metabolism. Any
suppression in the expression of PGC-1a leads to cardiac
hypertrophy and related morbidity [8]. Echocardiogra-
phy is a non-invasive and safe procedure for diagnosing
cardiomyopathy and grades of cardiac diseases [9]. Ejec-
tion fraction (EF) is the percentage of blood flow from
the left ventricle during a heartbeat. FS is the measure-
ment of cardiac contractility commonly used in echocar-
diography. It is calculated as the percentage changes in
the left ventricular internal dimension from end-diastole
to end-systole. LVEDD is obtained during echocardiog-
raphy and provides valuable data about the size of the
left ventricle during diastole, and LVESD represents the
function of the left ventricle [10]. Intermittent training
reduces the ROS level by accelerating Sirt-3 in mito-
chondria, and moderate-intensity training increases the
amount of superoxide dismutase and total antioxidant
capacity in cells [11]. It is reported that the Sirt1/AMPK/
PGC-1a pathway is associated directly with the aging
in skeletal and cardiac muscles [12]. Since exercise is
important for health improvement, a particular type of
training can lead to proper cardiac function. Therefore,
this study aims to assess the beneficial effects of HIIT
and MICT on the expression of autophagy-associated
genes (PGC-1o and FOXO-3a) and cardiac function in-
dicators (EF, FS, LVESD, and LVEDD).

2. Materials and Methods
Laboratory animals

The present experimental research was conducted on
24 older (>20 months) male Wistar rats with an average
weight of 350+50 g. The animals were prepared by the
Pasteur Institute (Tehran, Iran). All research processes
were conducted in compliance with the ethical issues,
according to the instructions of the ethics committee
for animal care and use. All rats were housed in nor-
mal physiological conditions, including environmental
conditions, temperature, and humidity. In all stages of
the assessment, the weight of animals was recorded for
future analysis. All laboratory materials were also pro-
vided by Sigma Aldrich (St Louis, MO, USA), NexGen
(USA), and SinaClon companies.

Training capacity and VO,max assessment

The VO,max test measures the maximum level of
oxygen uptake, representing an indicator of cardiovas-
cular health and endurance capacity. The test involves
measuring the O, consumption of rodents running on
a treadmill, typically at increasing intensities, until the
maximum oxygen uptake rate is reached. The VO,max
test was performed two days before the training. After 3
minutes of warming up on the treadmill at 5 m/min, the
treadmilling speed was accelerated to 4 m/min every 2
minutes. The maximum speed of treadmilling was sta-
bilized at the specific time point when the animals were
unable to run continuously for 90 seconds. VO,max can
be calculated from the recorded data by dividing the
highest oxygen consumption value by the body weight
of the rodent. The result is typically expressed in mLO,/
kg/min [13].

Study groups and training protocols

The animals (n=24) were categorized into three groups
of 8, including control, HIIT, and MICT. Treadmilling
(Model 12638, Mahour Co.) was set at 3 m/min for
the HIIT and MICT groups, while the control animals
had no training program. Each group performed the as-
sociated protocol five days/week for eight weeks. On
the sixth day of each week, the maximum oxygen con-
sumption (VO,max) was measured, and the last day of
the week was designed for animal rest. Both MICT and
HIIT protocols were applied based on Hoydal’s study
[14]. The HIIT protocol was having exercise for 30 min-
utes, including a 5-minute warm-up with four 3-minute
intervals. The MICT protocol involved warming up on a
treadmill with an increase in the speed by 2 m/min ev-
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ery 2 minutes until the mice were unable or unwilling to
continue.

Protocol of aerobic power and exercise capacity

The exercise capacity test was performed two days be-
fore the training program and at the end of each week.
After 3 minutes of warming up (5 m/min), the treadmill’s
speed was increased to 4 m/min every 2 minutes. The
maximum speed was set until the animal had no physical
activity to run at a constant speed for at least 90 seconds
(treadmill tilt was 0°). Since there is a high correlation
between treadmill speed and VO, max, it is possible to
obtain the level of VO,max according to the maximum
running speed. The intensities were adjusted according
to the obtained speed [15].

Continuous training protocol

The protocol typically involves gradually increasing
the speed and duration of the treadmill running sessions
to improve the rodent’s cardiovascular fitness and endur-
ance capacity. According to the design of animal exer-
cise protocols, a typical training protocol for laboratory
animals might include short runs to 70-80% of their peak
treadmill speed 2 or 3 days per week. In this study, the
aerobic exercise included running on a treadmill (tread-
mill tilt was 0°) for eight weeks and five sessions/week
with an intensity of 60-65% of the speed at peak oxygen
consumption (vVO,max). The duration of each training
session was designed as 10, 15,22, 30, 36, 42, 48, and 50
min with 5 min of warming up and cooling down (inten-
sity of 30-40% VO,max) and 5 min of cooling (intensity
of 30-40% VO, max) [13].

Animal sacrificing and tissue sampling

24 h after the last training session, the animals were
anesthetized by intraperitoneal (IP) injection of ketamine
(90 mg/kg, Sigma Aldrich, CAT NO: 1867-66-9) and xy-
lazine (10 mg/kg, NexGen, CAT NO: NC-0107). 20 min
later, the cardiac puncture was applied, and the blood
samples were collected directly from the heart. Centrifu-
gation (3000 rpm, 15 min, Cent Machine Co, Product
NO: 12-CM-HQ1) was conducted, and blood serum was
isolated for future laboratory assays. The cardiac tissue
(left ventricle) was also dissected and stored in liquid ni-
trogen for gene assessments [16].

Assessment of the genes expression

Total RNA was extracted using the QITAGEN RNA
purification mini kit according to the manufacturer’s in-
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structions. In this procedure, 30 mg of tissue was placed
in RLT buffer; ethanol (96%) was added to the lysate and
centrifuged. The supernatant was added to the RNeasy
mini spin column. Then, the total RNA bounded to the
column membrane, the contaminants were efficiently
washed away, and high-quality RNA was eluted in
RNase-free water. The quality of the extracted RNA was
checked by a spectrophotometer (UV1240, Shimadzu,
Kyoto, Japan) in 260/280 nm wavelength absorbance
ratio. DNA was synthesized using a commercial BioFact
kit (BioFact RT Series, Korea). According to the kit in-
structions, 1 ug of total RNA, 10 pL of mastermix, 0.5
uL of oligo-d (T) primer, and 0.5 puL. of Random Hex-
amer primers were added. Then, the final volume with
RNase-free water was increased to 20 pL. The RT re-
action was conducted at 70 °C (45 min), followed by
heat inactivation at 95 °C (3 min). The expression of
p53, BAX, and Bcl-2 were evaluated using High ROX
BioFact™ 2X Real-Time PCR Smart mix SYBR Green
PCR master mix. Real-Time PCR light cycler device
(StepOne™ Real-Time PCR System, U.S.) was based on
the manufacturer’s instructions. The PCR primers were
designed by Oligo software, the sequences were blasted
in the NCBI database, and the genes’ sequences were
listed as PGC-1a and FOXO-3a. The PCR reactions for
mRNA expression consisted of 95 °C for 5 min (dena-
turing cycle) followed by variable amplification cycles
(38-42 cycle) at 90 °C for 30 s (annealing cycle) and 72
°C for 1 min (extension cycle). All qRT-PCR reactions
were duplicated, and B-actin was used as a housekeeping
gene. Gene expression levels were measured using the
Ct (222 method (fold changes). GAPDH was also hired
as an internal control (Table 1) [17].

Two-dimensional echocardiography

24 h after the last training, two-dimensional (2D) chest-
connected echocardiography was performed (M-mode
model, GE-VIVID-7, V.5, USA) equipped with the 10
MHz transducer. Following anesthesia induction using
IP injection of Sodium Thiopental (30 mg/kg, CAT BO:
978), various cardiac-associated indices were measured,
including LVESD, LVEDD, EF, and SF [18].

Data analysis

After extracting the statistics, the Kolmogorov—
Smirnov test was first conducted to confirm the normal
data distribution. One-way analysis of variance (one-
way ANOVA) was used for statistical analysis, and the
Tukey post hoc test was used to determine the difference
between the groups. SPSS software, version 19, was
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Table 1. Primers used in real-time PCR

Primer Primer Sequences Product Size (bp) TM  Annealing Temperature Product Size (bp)
GAPDH F : 50-GGCACCACACCTTCTACAATG-30 20 >8.53 53 22
R: 50-GGGGTGTTGAAGGTCTCAAAC-30
19 58.32
F: 50-AGCCATATTTGCCGTCCTTCTC -30 23 60.31
PGC-1a R:50-AAGGACAAGTGGTCCGAGTA- 60 146
AAG-30 23 64.94
FOXO-30t F:50- AAGCAAACAGGGCCAATGTC-30 22 605 60 132
R:50- GGGAAGGACAAGATCGTCCTT-30 2 613

used for data analysis, and the results were expressed as
Mean£SD, and P<0.05 was considered significant.

Results

Following the application of both HIIT and MICT
training, no significant (P>0.05) changes were detected
in total body weight among all treatment and C groups
(Table 2). A significant (P<0.05) acceleration in PGC-1a
gene expression was detected in HIIT and MICT ani-
mals than in the control group. Also, a significant incre-
mental change in PGC-1a gene expression was found in
the HIIT group than in the MICT group (Figure 1A). A
significant (P<0.05) decrease in FOXO-3a gene expres-
sion was detected in the HIIT group than in the control
and MICT groups. No significant difference (P>0.05)
in FOXO-30. gene expression was found between the
MICT and control groups (Figure 1B). The LVEDD in-
dex increased significantly in the HIIT and MICT groups
compared to the control animals (P<0.05). Also, this in-
dex showed a significant decrease (P<0.05) in the HIIT

group compared to the MICT group (Figure 1C). The
LVESD index decreased significantly (P<0.05) in the
MICT and HIIT groups compared to the control animals.
No significant difference (P>0.05) was found between
the HIIT and MICT groups regarding LVESD (Figure
1D). The EF index increased significantly (P<0.05) in
the MICT and HIIT groups compared to the control ani-
mals. There was also a significant (P<0.05) higher rate
of EF index in the HIIT group compared to the MICT
group (Figure 1E). The FS index increased significant-
ly (P<0.05) in the MICT and HIIT groups compared
to the control animals. The FS index also significantly
increased (P<0.05) in the HIIT group compared to the
MICT group (Figure 1F).

Discussion

Aging is a physiological process causing a decrease in
cardiac output. Numerous studies have shown that exer-
cise can delay aging or suppress its negative effects by
multiple biological mechanisms. Since different exercise

Table 2. The values of weight and echocardiographic indicators in different study groups

Mean+SD
Variables
Category Control (n=8) HIIT (n=8) MICT (n=8)
Before experiment 350430 349124 361+33
Weight (g)
After experiment 358435 370431 374439
LVEDD 7.2+0.8 13.440.3" 12.9+0.5
LVESD 5.410.6 2.1+0.2" 3.4+0.3"
Echocardiographic indices
EF 75.4+8.4 92.3+4.9" 87.1+8.2"
FS 55.2+5.1 76.2+4.9" 78.319.1"*

Abbreviations: HIIT: High-intensity interval training; MICT: Moderate-intensity continuous training; LVEDD: Left ventricular
end-diastolic diameter; LVESD: Left ventricular end-systolic diameter; EF: Ejection fraction; FS: Fractional shortening.

" #Significant differences compared to the control and HIIT groups.
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Figure 1. The findings for different study groups
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A) PGC-1a gene expression with GAPDH as internal control, B) FOXO-30. gene expression with GAPDH as internal control, C)

LVEDD, D) LVESD, E) EF, F) FS

Abbreviations: HIIT: High-intensity interval training; MICT: Moderate-intensity continuous training; LVEDD: Left ventricular
end-diastolic diameter; LVESD: Left ventricular end-systolic diameter; EF: Ejection fraction; FS: Fractional shortening.

"P<0.05, "P<0.01, "P<0.001, ""P<0.0001.

protocols are defined and used in the science of exercise
physiology, the purpose of this study was to investigate
the therapeutic effect of HIIT and MICT on cardiac func-
tion. The findings of the present study showed that HIIT
and MICT can potentially increase the PGC-1a gene ex-
pression. The assessment of FOXO-3a gene expression
showed that only HIIT had a considerable decremental
trend compared to the C group; besides, the MICT had
no significant changes compared to the C group. Follow-
ing the echocardiography assessment, the results showed
a significant increase in LVEDD in both HIIT and MICT
training groups compared to the control animals. Con-
cerning LVESD, the results showed a significant de-
crease in LVESD in both training groups compared to
the control animals. Regarding EF and SF, the results
showed that following training, a significant increase in
EF can occur in both HIIT and MICT training groups
compared to the C group. Apoptosis, a programmed cell
death process, has long been considered irreversible,
with caspase activation leading to cell demise. Stem cell
studies have shown that enforced expression of specific

genes can influence the transcription of genes relevant to
different cell types. GABAergic neurons are susceptible
to BAX-dependent apoptosis, with changes in microg-
lia morphology and cytokine gene expression following
exposure to certain stimuli. Studies on stroke recovery
have highlighted the importance of gene expression
changes post-injury, indicating critical periods for motor
training and rehabilitation [19]. Additionally, research
on the molecular basis of herpes simplex virus latency
has shown alterations in gene expression following the
reversal of silencing mechanisms, with implications for
apoptosis regulation. Furthermore, investigations into
pancreatic B-cell death in diabetes have revealed the role
of pro- and anti-apoptotic gene expression in disease
progression [20]. Genome editing technologies, such as
CRISPR, have been utilized to study changes in gene
expression after cancer drug therapy, offering insights
into targeted therapy approaches. Overall, the regula-
tion of apoptotic gene expression following training in
animal experiments is a complex process influenced by
various factors, including cell type, stimuli, and disease
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conditions. Further research in this field is essential for
understanding the mechanisms underlying apoptosis and
developing targeted therapeutic interventions. The re-
search findings regarding the gene expression of FOXO-
3a showed that the implementation of HIIT and MICT
induced a significant alteration in the expression of the
FOXO-3a gene. A decrease in the expression of this gene
following HIIT is consistent with the results of the study
by Kavazis et al. [21] and inconsistent with the findings
of Holloway et al. [22]. Also, a decreasing trend was ob-
served in FOXO-3a gene expression following MICT
which was inconsistent with the results of Louis et al.
[23] and consistent with the findings of Slopack et al.
[24]. Contrary to the findings of the present study, Tanya
Holloway et al. [22] investigated the effect of CT and
HIIT training on atrophy-associated factors in rats. They
observed that four weeks of CT and HIIT training caused
no detectable change in atrophy-related proteins. Among
these, the FOXO-3a, muscle atrophy F-box (MAFbx),
and muscle RING finger protein-1 (MuRF1) did not in-
crease after applying HIIT and MICT [22]. In the study
of Kavazis et al. [21]. the effect of 10 sessions of endur-
ance training on doxorubicin side effects and FOXO-3a
gene expression was investigated. They found that this
type of training can potentially increase mitochondrial
biogenesis through PGC-lo. gene expression in aged rats.
Also, they found that high expression levels of PGC-Ia
induce FOXO-3a suppression and MuRFI inhibition.
Besides, the endurance exercise could not change the
expression of the MAFbx gene or reduce the side effects
of doxorubicin on cardiac muscles [21]. Slopack et al.
investigated the effects of training for 7, 10, and 14 days
on the FOXO-3a gene expression and protein levels in
male and female mice [24]. They showed that FOXO-
3o was increased considerably. They also reported that
the protein levels remained unchanged following seven
days and decreased after 10 and 14 days of training. This
finding represented that preservation of high levels of
FOXO-3a gene expression requires persistent training
sessions [24]. In the present study, the expression level
of the FOXO-3a gene also decreased following persis-
tent training, which is consistent with Slopack et al.’s
study. In another study, eight weeks of treadmilling could
potentially increase mitochondrial adaptations, includ-
ing high levels of PGC-Ia and Tfam and low levels of
FOXO-3a.[25]. This finding is consistent with the results
of the present study. A recent study showed that HIIT im-
proves the cardiovascular system more than other types
[26]. Also, the effects of HIIT exercises on improving
mitochondrial density and insulin sensitivity were no-
ticed [26]. According to the results of various studies,
the amount and intensity of training are effective factors

in energy consumption and generation of cardiac adapta-
tion. However, some studies reported the beneficial ef-
fects of moderate-intensity aerobic training on reducing
insulin resistance, which was similar to the effect of HIIT
[27]. The echocardiography indices following training in
animal experiments have also been explored in cardiol-
ogy. However, the literature review does not directly ad-
dress this specific topic. Instead, studies such as Willems
et al. [28] focused on catheter ablation of persistent atrial
fibrillation, while Becker examined post-stroke aphasia
telerehabilitation. These studies demonstrate the diverse
range of research topics within the medical field. Fur-
thermore, the importance of randomized controlled trials
in assessing the effectiveness of interventions is evident
in several of the provided documents. For instance, Du-
rand conducted a multicentric cluster randomized con-
trolled trial to assess the impact of health literacy training
for general practitioners on colorectal cancer screening
in underserved areas. Overall, the literature highlights
the significance of training and interventions in various
medical specialties and emphasizes the need for rigorous
research methodologies, such as randomized controlled
trials, to evaluate their effectiveness. Further research
focusing specifically on echocardiography indices fol-
lowing training in animal experiments could provide
valuable insights into this area of study. In the present
study, the EF increased and the LVESD decreased in
HIIT animals, indicating the improvement of the cardiac
response to this type of training. In HIIT, high activity of
the cardiac and respiratory systems can increase the car-
diac preload, improving both diastole and systole effects
[29]. However, a recent study showed that gene regula-
tion completely depends on the training intensity, which
was observed in HIIT [30]. In an animal study, swim-
ming training for 20 weeks can accelerate the function
and structure of the heart’s left ventricle [9], which is
consistent with our findings. According to the effects of
HIIT and MICT on biomarkers of mitochondrial biogen-
esis and PGC-1a, it is suggested to investigate other fac-
tors involved in longevity, including telomerase enzyme
and other age-related factors, for future investigations.

Conclusion

The results of the present study showed non-significant
changes in the weight of elderly animals following train-
ing. Also, the findings represented a high expression of
PGC-1a and a low expression of FOXO-30 autophagy
genes after HIIT and MICT. Investigation of the echo-
cardiographic indicators showed high levels of EF, FS,
and LVEDD and a low level of LVESD following HIIT
and MICT. The HIIT is more beneficial in reducing the
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expression of autophagy genes and improving echocar-
diographic indicators than the MICT.
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