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Abstract

Background and aims: The purpose of this study was to investigate the effect of high-intensity interval training combined with
calorie restriction on the expression of HSP70 and HSP60 in the myocardium of male rats.

Methods: A total of 27 male rats were randomly divided into three groups (9 rats in each group): control, caloric restriction, and
caloric restriction with high-intensity interval training. During the study, the control group had free access to water and food, but
the amount of food in the food restriction group was limited to 50% and the calorie restriction-exercise group was limited to 25%
of the control group. The restriction-exercise group was subjected to intense interval training for eight weeks. The gene expression
of apoptotic indicators HSP70 and HSP60 was assessed using the real-time PCR method. The data were analyzed using Shapiro-
Wilk test and ANOVA test.

Results: Body weight in both calorie restriction groups significantly decreased (P=0.001). The results of the post hoc test showed a
significant increase in the expression of HSP70 and HSP60 genes in the myocardium of male rats in the calorie-restricted-exercise
group compared to the calorie-restricted and control groups (P=0.001). Additionally, no significant difference was observed
between the two restriction and control groups in terms of HSP70 and HSP60 (P=0.102).

Conclusion: The combination of high-intensity interval training and mild food restriction significantly increased HSP60 and HSP70

expression.
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Introduction

Oxidative stress caused by the production of free radicals
is one of the main factors in myocardial ischemic damage,
which is very important in the development of diseases
such as heart attack (1,2). In an ischemic heart, the delivery
of oxygen to the mitochondria of the heart muscle is not
enough. This leads to an increase in the leakage of electrons
from the electron transport chain, which in turn reacts
with the residual oxygen and produces reactive oxygen
species (3,4). On the other hand, maintaining a suitable
weight is an important determining factor for survival
and continuation of life. In the past decade, appetite, food
intake, balance, and energy homeostasis have always been
among the main and favorite topics of researchers in the
field of various sciences (5). Improper diet and reduced
physical activity increase reactive oxygen species, reduce
antioxidant activity, and induce apoptotic mechanisms,
which can lead to cardiovascular diseases (6). Apoptosis
or programmed cell death is a genetic process that is an
integral part of the growth and development of a living
organism. It is used to eliminate unnecessary cells in

a targeted way and plays an important role in normal
tissue homeostasis and the development of diseases (7).
One of the most specific cellular responses to stress is
the production of heat shock proteins (HSPs) (8,9). The
increase and accumulation of HSP70 protein levels are
induced by several stimuli in natural conditions, including
overheating, ischemia, hypoxia, energy depletion,
acidosis, and the formation of reactive oxygen species (10).
HSP60 in mitochondria helps to facilitate protein folding
and is considered one of the most important proteins
for cell survival due to its essential role in supporting
mitochondrial function (11). HSP60 mRNA levels have
been reported to be doubled in subjects with ischemic
cardiomyopathy compared to normal controls (12). In
one study, after 20 minutes of ischemia followed by 30
minutes of repercussion, HSP60 mRNA levels remained
unchanged in the rat heart (12). The reduction of HSP60
expression in cardiomyocytes leads to the breakdown of
interchaperone complexes (Bak and Bax), induction of
apoptosis, release of cytochrome C, activation of caspase
3, and induction of DNA fragmentation (13). Since HSP60
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can affect cardiac apoptosis, this chaperone is thought
to be involved in the pathogenesis of heart failure. This
condition is basically a chronic inflammation and injury
to the heart muscle, which leads to cell death and thus a
decrease in the pumping function of the heart (14).

On the other hand, physical activities, especially high-
intensity interval training, have significant effects on
weight loss, reducing calorie intake, improving cellular
redox, and increasing mitochondrial biogenesis (15-17).
Pouzesh Jadidi et al showed that eight weeks of interval
exercise program significantly decreased the expression
of the caspase 3 gene in the heart muscle of rats in the
heart attack model in the exercise group (14). McMillan
et al reported that 6 weeks of endurance training reduced
DNA fragmentation and release of cytochrome c¢ and
Bax protein (16). Moreover, using more than 25% calorie
restriction, especially intermittent calorie restriction, is
one of the other methods of weight loss, which is very
popular among both weightlifting athletes and ordinary
people (18). However, this method has disadvantages such
as reduction of muscle mass, mental discomfort caused by
hunger, and lack of improvement in physical functions
(19). For this purpose, some researchers have suggested
that adding exercise training to the calorie restriction
program can increase the benefits of each of these two
methods and achieve similar benefits with the use of a
lower amount of calorie restriction (20-22). Therefore, the
aim of this research was to investigate the combined effect
of high-intensity interval training and caloric restriction
on HSP70 and HSP60 gene expression in the myocardium
of male rats.

Materials and Methods

The present research was an experimental study. The
statistical population consisted of 8-month-old rats
obtained from the Pasteur Institute of Iran. A total of 27
rats were selected with a mean weight of 318.22+18.2 g.
In order to avoid stress and change in the physiological
conditions, the rats were subjected to new conditions for
two weeks in the central animal house of the laboratory of
Islamic Azad University Central Tehran Branch. During

this period, all rats had free access to standard animal
food. Their diet consisted of 50% carbohydrates, 25%
protein, 5% fat, 7% fiber, 13% moisture and ash (11 ). In the
present study, all rules and regulations of handling animals
(familiarization, training, anesthetizing, and killing of
animals) were observed according to the Association for
Assessment and Accreditation of Laboratory Animal Care
(AAALAC). Nine mice were included in the control group
and the rest were included in the experimental groups. The
familiarization phase lasted for 1-2 weeks, which included
5 sessions of running on the treadmill for 10 to 15 minutes
at a speed of 8-10 m/min. At the end of this period, after
weight matching, the rats were randomly divided into two
groups: food restriction and food restriction +interval
training (23).

In the food restriction protocol of the research, the
mice in the control group had free access to standard
food and water. During the period, in order to determine
the amount of food consumed by the food restriction
and food restriction-exercise groups, the exact amount
of food consumed by the control group was measured
and recorded daily, and the mean food consumption
of these subjects was 24+2 g/d. In this way, the food
restriction group received 50% and the interval exercise
restriction group received 25% of the food consumed by
the control group, which was approximately 12+1 and
18+1 g/d,These restrictions were applied in two 12-hour
periods (24) (Figure 1).

The high intensity interval training (HIIT) protocol
used in this research was performed on a treadmill for 8
weeks and 5 sessions per week, in such a way that in each
session there were ten 4-minute bouts of activity with an
intensity equal to 85%-90% of VO2max and active rest
periods of 2 minutes with an intensity of 40%-45% VO2
max. The training intensity increased progressively until
the eighth week (by changing the treadmill speed by 0.02
m/s), but the incline of the treadmill remained unchanged
(zero) throughout the training period. In each session,
before starting the main training phase, the warm-up was
done for 10 minutes at a speed of 5 m/s (25) (Table 1).

Aerobic capacity was estimated using a treadmill based

A | 24+2 grams per day

Control (n=9)

27 rats (8-month-

old, 318.22+18.2)

— | Restriction-8-week interval training (n=9)
85-90% of VO2max interval training for 8§ weeks

25% of the consumption amounts of control groups

4 | Restriction (n=9)

50% of the consumption amounts of control

Figure 1. Study Scheme
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on an indirect protocol. Accordingly, after 10 minutes of
warm-up, the running test started and the speed of the
treadmill increased by 0.03 m/s (1 to 2.8 m/min) every 2
minutes until the rats were not able to run. (The criteria
for failure was three falls from the treadmill). The speed of
reaching the resting state was recorded as vVo2 max (24).

Laboratory Animal Surgery and Sample Extraction

All rats were killed 24 hours after the last training session,
after being anesthetized with Avertin (0.2 mL/kg of body
weight). The heart was removed from the body after cold
saline injection. Then, it was extracted and weighed.
Tissue samples were extracted by homogenization in lysis
buffer at a concentration of 100 mg of tissue per mL of
the buffer. The homogenous samples were centrifuged on
ice for 40 minutes at 12000 rpm. Then, the supernatant
was collected after centrifugation and kept at -80 degrees
until analysis. After being washed in physiological serum,
the sampled cardiac muscle tissue was immersed in 1.8
microtubes containing 20% RNAlater™ solution and
transferred to a genetic testing laboratory. Gene expression
measurement of cardiac muscle tissue was measured by
real-time PCR technique and after quantification of gene
expression values, it was analyzed using ctAA formula
(Table 2). The PCR reaction was performed using PCR
master mix (Applied Biosystems) and SYBR Green in the
machine (Applied Biosystems, Sequence ABI Step One
Detection Systems. Foster City, CA) according to the
manufacturer’s protocol. To quantitatively measure the
expression of the desired genes, a kit (SYBR-green Real-
Time RT-PCR, TAKARA, Japan) was used and 1.20, 1.10,
and 1.50 puL concentrations of cDNA were prepared. The
concentration of 1.20 uL was used as the template for real-

Table 1. High-intensity interval training protocol

time PCR. cDNA was amplified with specific primers for
HSP60 and HSP70 genes. The Ct values obtained for each
sample were normalized using the internal control U6
snRNA (cat #4373381, Ambion). Specifically, the relative
mRNA expression was obtained by subtracting the ct of
the U6 snRNA from the Ct value of the target mRNA,
which was again subtracted from the value obtained in the
reference (control) sample. Fold change was calculated
using the equation 2AACt. All measurements were
repeated three times.

Data were collected using SPSS software version 22.0.
The normality of the data distribution was checked by
the Shapiro-Wilk test. It was found that the data had a
normal distribution. ANOVA test was used to compare
differences between groups.

Results

The distribution of data in all variables was normal
according to the results of the Shapiro-Wilk test. There
was no difference between the rats at the beginning of the
research and some of their characteristics are presented in
Table 3. The mean weight of rats in both calorie restriction
groups decreased continuously during the research stages
and a significant difference was observed between the
control group and the two restriction groups regarding
the final weight and heart muscle weight (P=0.001). One-
way analysis of variance for the comparison of HSP70
and HSP60 gene expression level in the heart muscle of
male rats in three groups of caloric restriction exercise
restriction and control showed a significant difference
between the means of the three groups (P=0.001). The
results of the follow-up test showed a significant increase
in the expression level of HSP70 and HSP60 genes in the

Week Warn.1-up time Numl?efr of Work:rest Intensity/ exercise Treadmill.speed Intensity/rest Treadmill'speed Cooling time Tota?l
(minutes) repetitions ratio (vo2max) (m/min) (vo2max) (m/min) duration
1 10 10 4:2 85-90 17 50-60 8 5 60
2 10 10 4:2 85-90 18 50-60 9 5 60
3 10 10 4:2 85-90 19 50-60 9 5 60
4 10 10 4:2 85-90 20 50-60 10 5 60
5 10 10 4:2 85-90 21 50-60 10 5 60
6 10 10 4:2 85-90 22 50-60 11 5 60
7 10 10 4:2 85-90 23 50-60 11 5 60
8 10 10 4:2 85-90 24 50-60 12 5 60
Table 2. Sequence of primers for HSP60 and HSP70 gene expression
Sequence (5'->3") Template strand Length Start  Stop Tm GC% complz::fe-n tarity comp?:rl:egr: tarity
HSP60
Forward primer ATCCAAGACCAGGGTGGCTG Plus 20 577 596 61.86 60.00 4.00 1.00
Reverse primer ~ CACAGTCCAAGGCAGTGGGA Minus 20 726 707 62.06 60.00 4.00 2.00
HSP70
Forward primer ~ GGAGCTTGGAACGGTACGCT Plus 20 194 213 62.50 60.00 4.00 2.00
Reverse primer AGTCCACTGACTTGCTCCCA Minus 20 311 292 60.76  55.00 5.00 0.00
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cardiac muscle of male rats in the restriction-exercise
group compared to the calorie restriction and control
groups (P=0.001). Besides, no significant difference was
observed between the calorie restriction and control
groups in terms of HSP70, HSP60, weight, and cardiac
muscle weight (P=0.102) (Table 3 and Figure 2).

Discussion

The present study showed that two months of food
restriction with and without exercise caused a significant
decrease in the body weight of rats. In this regard, the
body weight of the rats in the restriction and restriction-

Table 3. Characteristics of male rats in research groups

Food Food restriction-

Variables Control . . P value
restriction exercise

P,=0.99

- ]
l/he‘? 'Et‘t'a' 313.25420.3 317.78+22.3 321.65+23.6  P,=0.99
8 P,=0.99
P,=0.001

1 1
Ivh;f;:;al 378134235 241.25+18.7 237.68+17.5  P,=0.001
& P,=0.99
Cardiac P,=0.001
muscle 0.9940.06 0714005  0.75£0.08  P,=0.001
weight (g) P,=0.99

P1=comparison between food restriction and control groups, P2 = comparison
between food restriction-exercise and control groups, P3=comparison
between food restriction and food restriction-exercise groups.
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Figure 2. (A) Mean expression level of HSP60 in research groups.
Mean expression level of HSP70 in research groups. Res, restriction group,
HIIT-R, restriction-high-intensity interval training group; C, control group. *
Significant compared to Res, # significant compared to C
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exercise groups was 35% and 33% lower compared to the
control group, respectively, which was predictable due to
the restriction of food intake in both groups, as observed
in all previous studies. Carbone et al have reported that
along with calorie restriction and negative energy balance,
whole body proteolysis and oxidation of amino acids
increase, which can reduce the synthesis of muscle fibers
(26). In this regard, Weinheimer et al reported that the
combination of exercise training and caloric restriction
reduces skeletal muscle atrophy (27). However, without
examining the body composition and changes in fat and
lean tissue, it is difficult to discuss about the reduction of
muscle mass in rats, which is one of the limitations of the
present research.

Based on the findings of the present study, two months
of caloric restriction and intermittent vigorous exercise
caused a significant increase in the mean gene expression
level of HSP60 and HSP70, which was not observed in
the 50% calorie restriction group. In confirmation of the
results of the present study, Delfan et al showed that 5
weeks of interval training with a relative intensity of 85%-
90% of VO2max significantly increased the expression of
HSP60 and decreased DNA fragmentation in the skeletal
muscle of aged rats (28). These researchers stated that the
significant increase in HSP60 expression level following
interval exercise was associated with a decrease in the
expression level of pro-apoptotic factors such as Bax
protein and the ratio of Bax to Bcl-2 protein, as well as
a significant increase in anti-apoptotic Bcl-2 protein.
This decrease in the potential of mitochondrial apoptosis
following intermittent exercise in aged rats was probably
associated with a decrease in the release of apoptotic
factors such as protein ¢ and Apaf-1, which has caused a
significant decrease in the expression of caspase-3 (28).
Ho et al also indicated that the expression of HSP70 in
the excessive endurance exercise training group was
significantly lower compared to the control group (29).
In the cardiac ischemia reperfusion injury that occurs
in the post-stroke condition, the excessive production
of free radicals, the increase of circulating HSP60, the
increase of intracellular calcium, the leakage of H into
the mitochondrial surfaces, and inflammation lead to
the opening of the mitochondrial permeability transition
pores. This can lead to the reduction of ATP, irreversible
oxidation of protein, fat, and DNA in cardiomyocytes, and
initiation of apoptosis (30). In this way, most researchers
have considered the increase of HSP60 as a risk factor
and aggravating damage, but in a new study, therapeutic
benefits of protein-protein interactions between various
types of HSPs, including HSP60, in the treatment of heart
attack and damage caused by ischemia-reinjection have
been supported. However, given that there is no certainty
in this field and that the function and ultrastructure
of the heart have not been investigated in the present
study, it is not possible to clearly interpret the result of
the increased expression of the HSP60 and HSP70 genes
in the hearts of rats following intermittent training and
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calorie restriction of 25%. It seems that the main reason
for the contradiction between the present study and some
other studies is the age of the rats, and in this regard,
oxidative stress, inflammatory cytokines, and disruption
of cell stress protection are possible mechanisms that
contribute to the increase in apoptosis of old tissues (8). In
other words, aging is associated with a significant increase
in apoptosis, in which case the possibility of the effect of
exercise training on apoptotic indicators becomes more
and more obvious (18). Moreover, the difference in the
type of tissue studied and the time of tissue harvesting can
also affect the expression and occurrence of the involved
variables. For example, in the present study, heart tissue
was extracted 24 hours after the last training session,
but in the study conducted by Ho et al, heart tissue was
extracted immediately after the last training session (29).
In addition, in the present study, it was not possible to
evaluate inflammatory indicators such as tumor necrosis
factor-alpha (TNF-a) and interleukin-6 (IL-6) due to some
limitations. However, it is also possible that the increase of
plasma TNF-a and IL-6 by directly activating caspase-3
is mediated through the external route (19). Because the
increase in circulating TNF-a levels leads to an increase
in the binding of the ligand to the TNF-a receptor in
the sarcolemma and causes an increase in apoptosis
through the external pathway (20). In addition, in stress
conditions, factors such as glucocorticoids and cytokines
cause changes in the permeability of the mitochondria by
causing stress, and cytochrome c, which is located in the
inner membrane of the mitochondria, is released into the
cytosol and activates apoptotic protease factor 1 (Apaf-1).
Therefore, this combination causes apoptosis through the
activation of procaspase 9, caspase 9, and caspase 3 (18).

Some studies also indicate that food restriction and
exercise can stimulate and increase the expression of
proteins involved in mitochondrial biogenesis. In this
regard, Zhao et al observed an increase in SOD2 and
SIRT3 by applying a 30% calorie restriction (30). Although
the exact mechanisms of apoptosis induced by exercise
activity and caloric restriction are not precisely known,
there are many possible hypotheses that require further
investigation. One of the important hypotheses in this field
is that exercise increases muscle metabolism and leads to
ROS production by reducing fat mass in response to the
limited food intake. A large amount of ROS can produce
oxidative damage and thus lead to apoptosis through the
intrinsic pathway (21).

According to the results of the above-mentioned study,
it seems that a calorie restriction of 50% for eight weeks,
despite the positive effects on the reduction of the fat mass
and weight of rats, has not been able to have the same
effect as a calorie restriction of 25%. However, interval
training is effective on HSP values and probably causes
muscle atrophy through the reduction of beta-catenin and
the increase of glycogen synthase kinase 3 beta, which
ultimately leads to the cessation of protein synthesis
and muscle hypertrophy. Therefore, the combination of

interval training and milder food restriction is likely to be
effective in slowing down the process of skeletal muscle
protein synthesis. Therefore, it seems that, regardless of
the type and form of training, two months of interval
training and caloric restriction of 25% have a good effect
on apoptotic mechanisms in rat myocardium. However, it
is difficult to express a definitive opinion about the effect
of exercise training and caloric restriction on the indices
related to apoptosis without examining the functional
indices of the heart and inflammatory factors, evaluating
the actual occurrence of cell death, and measuring it.
Apoptotic proteins are subject to further studies and such
recommendations are based on direct confirmation of
results in human samples.

Conclusion

This study showed that the combination of high-intensity
interval training and mild food restriction significantly
increased HSP60 and HSP70 expression.
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