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ARTICLE INFO ABSTRACT

Keywords: Background: Because clinical use of doxorubicin (DOX) in chemotherapy is limited due to cardiotoxicity, finding

HITT new strategies to alleviate DOX burden and improving patients' health are necessary. Due to positive cardiovas-

Interval training cular impacts of high-intensity interval training (HIIT), here we have investigated the effect of HIIT on DOX-

ggig;ﬁ;‘isc o induced cardiotoxicity by evaluating the myocardial apoptosis mechanism as well as microRNA-499a-5p expres-
sion.

;:imRNA Methods: Male Wistar rats (250-270 g) were randomly allocated into four groups: control, HIIT, DOX, and HIIT
Bcl2 +DOX. HIIT was performed as 7 sets of alternative intervals of high and low trainings for 1 h a day, 5 days a
Caspase week for 6 weeks using a rodent treadmill. After the last session of HIIT, the trained and time-matched control
Exersice rats received intraperitoneal injection of DOX (20 mg/kg). Three days later, the left ventricular samples were ob-
tained to determine the expression of microRNA and genes and proteins regulating apoptosis via real-time PCR.
Myocardial apoptosis was also evaluated using TUNEL staining method.
Results: DOX administration significantly increased the expression levels of Bax and caspase-6 mRNAs, Bax pro-
tein and Bax/Bcl2 ratio, while reduced the expression levels of Bcl2 mRNA and protein in comparison to control
group (P < 0.01). Pre-treatment of DOX-received rats with HIIT significantly up-regulated the Bcl2 and reduced
the Bax, Bax/Bcl2, and caspase-6 expression profiles toward control values (P < 0.05), not affecting GSK-3p3 ex-
pression. In addition, DOX toxicity significantly overexpressed microRNA-499, comparing to control rats (P <
0.01). HIIT significantly reversed this overexpression and also reduced TUNEL-positive apoptotic cells in DOX-
received rats (P < 0.05).
Conclusions: The data suggested that prior training of rats with HIIT had protective effect on DOX cardiotoxicity
through reversing the expression profiles of pro- and anti-apoptotic factors and microRNA-499 and reducing
myocardial apoptosis.
© 2019 Published by Elsevier Inc.

Introduction

Cardiovascular toxicity with doxorubicin (DOX) is the most impor-
tant limiting factors for the universal usage of this drug in treatment
of various cancers [1]. Mechanisms of action of DOX in killing cancer
cells have been thoroughly identified; however, the mechanism of its
complications in healthy tissues, including heart, has not been

* Corresponding author at: Department of Physiology, School of Medicine, Tabriz
University of Medical Sciences, Tabriz, Iran.
E-mail address: badalzadehr@tbzmed.ac.ir (R. Badalzadeh).

https://doi.org/10.1016/j.jelectrocard.2019.02.009
0022-0736/© 2019 Published by Elsevier Inc.

completely ascertained. Determining these interfering mechanisms
can propose new therapeutic targets and open a promising perspective
to reduce the side effects and increase the efficacy of this drug in elimi-
nating the cancer outcomes. The concomitant management of cancer
therapy and DOX-induced cardiomyopathy may substantially prevent
or minimize the risks of DOX treatment [2,3].

Apoptosis or other forms of cell death contribute to DOX-induced
cardiac toxicity, a phenomenon leading to the loss of myocytes function
or irreversible cardiac injury [4]. Both intrinsic and extrinsic pathways
of apoptosis are involved in DOX-cardiotoxicity. Overproduction of
free radicals and oxidative stress, mitochondrial injury, intracellular
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calcium dysregulation can mediate DOX-induced apoptosis in
cardiomyocytes [5]. It has been suggested that myocardial apoptosis is
a common mechanism of acute and chronic cardiomyocyte loss, in
which DNA damage and fragmentation, mitochondrial dysfunction, cy-
toskeleton derangement and other cellular imbalances can contribute to
deteriorating contractile force and cardiac function [5,6]. Therefore,
anti-apoptotic approaches can be considered as the concomitant ther-
apy in DOX challenges.

Furthermore, microRNAs (miR) are the conserved non-coding RNAs
that modulate the mRNA translation rate and thereby hinder the pro-
tein expression of their target genes (7.8). It has been revealed that de-
velopment of certain cardiovascular disturbances are related to the
dysregulation of miRs [7], suggesting the possibility that specific miRs
would modulate the damage pathways and increase the cardiomyocyte
tolerance to DOX toxicity.MiR-499-5p is preferentially expressed in the
myocardium and has the protective effects against cardiomyocyte is-
chemic injuries via it anti-apoptotic impacts [8,9]. Recent studies also
suggest the measuring of circulating miR-499 as a potential biomarker
for acute myocardial infarction [10].

Different types of exercises have long been subjected for treatment
or prevention of many diseases, especially cardiovascular disease. The
duration and intensity of exercise are two important factors that play
a critical role in tolerance to exercise among patients with cardiac injury
[11]. The high-intensity interval training (HIIT) is described as repeated
bouts of high intensity exercise with intervals of rest or low intensity ex-
ercise periods as recovery [12]. It has recently been reported that HIIT
has a considerable protective effects on different tissues in comparison
to normal endurance exercise [11]. In other words, this kind of short-
term, high-intensity exercise not only have no negative effects, but in
most cases, including in pathologic conditions, it induces a more protec-
tive phenotype. For example, a previous study showed that HIIT im-
proves aerobic capacity more effectively than does continuous
endurance exercise in cardiac patients [13]. Additionally, it has been re-
ported that HIIT exercise can improve myocardial hemodynamic pa-
rameters and significantly contribute to the protection of myocardium
against ischemia-reperfusion injury [14]. Thus, these findings point to
this hypothesis that this exercise can be prescribed to patients who do
not tolerate a longer period of exercise.

The identification of mechanisms of action of this interval exercise
could help to find the promising therapeutic targets for the prevention
of cardiac disorders, especially in pathologies such as DOX-induced tox-
icity. Increasing the tissue tolerance to pathological stresses and de-
creasing the cell apoptosis and death are the main ways of aerobic
exercise efficiency [15], but the contribution of these phenomena has
not been demonstrated in the effectiveness of HIIT exercise in DOX-
cardiotoxicity. Considering the potentials of HIIT exercise in developing
a protective phenotype in the heart tissue, the aim of this study was to
investigate the preventive effect of this type of exercise on DOX-
induced cardiac toxicity and the levels of tissue apoptosis and expres-
sion of miR-499a and genes regulating apoptosis in the heart of rats.

Materials and methods
Animals and chemicals

Twenty four male Wistar rats in the weight range of 250-270 g were
prepared and housed in Animal house of the Tabriz University of Med-
ical Sciences. The animals experienced a constant temperature of 23
=+ 2 °C with a controlled cycling of 12 h of light and 12 h of darkness.
They were fed with normal food and water ad libitum. To reduce the ad-
verse effects of any stress on rats, they were kept in their cages for one
week and then the interventions were started [16]. DOX, ketamine,
xylazine, kits and other reagents were obtained in their highest quality.
This study passed the ethical approval of the local animal research com-
mittee and all procedures were performed according to the standard
guidelines.

Study design and animal grouping

Animals were randomly divided in the following groups, in which 6
rats were allocated in each group:

1) Non-treated healthy group (control);

2) HIIT exercise group (HIIT);
3) DOX-receiving group (DOX); and
4) HIIT exercise with DOX-receiving group (HIIT+DOX).

HIIT protocol lasted for 6 weeks with 10 days of habituation period
before exercise and the rats in other groups spent the same time in
their cages without any interventions. Doxorubicin hydrochloride
(20 mg/kg) was intraperitoneally injected to the DOX-receiving groups
at the end of the HIIT exercise period. This dosage has been frequently
used in the previous studies to induce cardiac injury [17]. A similar
amount of normal saline was injected to the animals of DOX-
untreated groups. After 72 h of DOX challenge, the blood and tissue of
all rats were sampled under general anesthesia.

Protocol of HIIT

The HIIT exercise was performed as described previously [18,19]. Be-
fore starting exercise protocol and in order to get familiarized to the en-
vironment, the rats moved on a motor-driven rodent treadmill for
10 days at a speed of 10 m/min and with a gradual increase in duration
of training from 10 to 50 min. After two days of rest, the rats entered to
the main HIIT protocol in which the animals first spent 10 min of
warming period with 40-50% VO2max on treadmill, then they experi-
enced 49 min of alternative running with high and low intensity in
7 cycles. Each cycle lasted for 7 min and included 4 min of high intensity
running (with an approximate intensity of 85 to 90% VO2max) and
3 min of slow running or active rest (approximately 65 to 75%
VO2max). At the end of last cycle, the rats spent 6 min of cooling period
with an approximate intensity of 50 to 60% VO2max. This program was
implemented for 5 consecutive days a week, 60 min each day and totally
for 6 weeks.

Tissue sampling

Seventy-two hours after DOX challenge, the animals were anesthe-
tized with an intraperitoneal injection of ketamine (60 mg/kg) and
xylazine (10 mg/kg). Then, 3 ml of blood was attained from portal
vein and the heart was immediately removed from the body and the
left ventricle was divided in two parts; one part was dissolved in 10%
formalin for TUNEL study and the second part were placed in RNase
Later solution (Qiagen, Germany) in order to preserve RNA from diges-
tion. This sample was used for assaying pro-apoptotic and anti-
apoptotic genes expression.

RNA extraction, cDNA synthesis, and quantitative real-time PCR

The left ventricular samples immersed in RNase Later solution were
firstly underwent the steps of RNA extraction process. Approximately
100 mg of samples was homogenized and then the Trizol method was
used for RNA extraction, according to the manufacturer's instructions
(Roche, Germany). RNA yield and purity were determined using a
NanoDrop spectrophotometer at 260/280 nm (NanoDrop ND-2000C,
Thermo Fisher Scientific, USA). First-strand complementary DNA
(cDNA) was synthesized from the RNA of samples using the Exiqon
cDNA Synthesis Kit, according to the manufacturer's instructions.
Briefly, 1 pl of isolated RNA (30 ng) were firstly mixed with 1 pl of ran-
dom hexamer primer and 6 pl RNASe-free H20 and then incubated at
65 °C for 5 min. Subsequently, micro-tubes were chilled on ice, and a
mixture of reaction buffer 4 pl, RNase inhibitor 1 pl, dNTP mix 2 pl and
reverse transcriptase 1 pl was added to each sample. Samples were
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immediately incubated at 25 °C for 5 min followed by 42 °C for 60 min;
the reaction was finally terminated by heating at 70 °C for 5 min. Re-
verse transcription was performed with the final volume of 20 pl pre
tube.

Light Cycler 96 Roche device was used to evaluate the expression of
miR-499a-5p and pro-apoptotic genes Bax, caspase 6 and glycogen syn-
thase kinase3beta (GSK-3(3), and anti-apoptotic gene Bcl2. Primers
were produced by the custom oligonucleotide synthesis service
Metabion (Martinsried, Germany). Primers were designed using
Primer-3 software and in order to check the specificity, all of them
were blasted by Basic Local Alignment Search Tool on the NCBI website
(http://www.ncbi.nlm.nih.gov/tools/primer-blast/). The primers have
been listed in Table 1. The purity of each amplified product was con-
firmed using melting curve and analyzed to ensure the identity of the
specific PCR product. Relative quantification of miR-499a and target
mRNAs was calculated using 24T formula (Livak method). Relative
amounts of the microRNA and mRNAs were normalized to U6 and
GAPDH transcript levels, respectively.

Western blotting

Left ventricular samples (approximately 50 pug) were subjected to
electrophoresis to separate proteins on 12.57-SDS-PAGE gels and trans-
fer them to a polyvinylidene fluoride (PVDF) membrane (Millipore,
Bedford, MA). The membrane was then blocked by a 5% non-fat skim
milk in phosphate buffer saline containing 0.1% Tween-20 for 60 min,
followed by incubation with monoclonal antibodies against anti-Bax
(1:2000), anti-Bcl-2 (1:2000), and anti-B-actin (1:2500), (from Cell Sig-
naling Technology, USA), at 4 °C overnight. After washing with Tween-
20-containing Tris-buffer saline for 10 min, the membrane was incu-
bated with secondary antibody (1:2500, horseradish peroxidase conju-
gated, Cell Signaling) for an hour at room temperature, with gentle
shaking. Then, the membrane was rinsed again, and the protein bands
were developed using the enhanced chemiluminescence method (ECL,
GE Healthcare) and the optical densities were visualized by a visualizing
machine and Image] 1.6 software (National Institutes of Health, Mary-
land, USA). The intensity of 3-actin bands in each sample was used for
normalization of the protein intensities.

Determination of myocardial apoptosis

Myocardial apoptosis was assessed by TUNEL staining, as previously
described. TUNEL staining was performed with fluorescein UTP accord-
ing to manufacturer instructions (In Situ Cell Death Detection Kit; Roche
Diagnostics) for apoptotic cell nuclei and 49,6-diamidino-2-henylindole
(DAPI) (Sigma) stained all cell nuclei. All assays were performed in a
blinded manner.

Statistical analysis

Quantitative data was demonstrated as mean =+ standard error (SE)
of mean. Statistical analysis was performed using GraphPad Prism 6
software (GraphPad Software, La Jolla California USA). One-way
ANOVA were performed to compare the quantitative data between
different groups. The difference between groups was followed by

Table 1

Primers.
Genes Forward primer Reverse primer
Bax AAGTGCCCGAGCTGATCAGAA TGGGGGTCCCGAAGTAGGAAA
Bcl2 ACCCCTGGCATCTTCTCCTTC TGCAGCTGACTGGACATCTCT
Caspase 6 TGGAGGCCGACTTCCTGTATG GATGAACCATGACCCGTCCCT
GSK-3p GGGTCAACGGGAGAGGTGAAG GCAAAACGCG ATAGCGG
GAPDH CCCATCACCATCTTCCAGGAG GAAGGGGCGGAGATGATGAC

Tukey post-hoc test. Statistical deference was considered significant
when P < 0.05.

Results
Bax and Bcl2 genes expression levels

Administration of HIIT for 6 weeks to healthy rats significantly re-
duced the mRNA level of Bax (P < 0.05) without any significant effect

on Bcl2 gene expression level, as compared with those of control
group (Fig. 1A and B, respectively). In addition, DOX toxicity induced a
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Fig. 1. The expression profiles of Bax and Bcl2 genes and Bax/Bcl2 ratio in experimental
groups. Mean + SE. n = 6 in each group. *P < 0.05 and **P < 0.01 as compared with
control group and *P < 0.05 as compared with DOX group. HIIT: high intensity interval
training, DOX: doxorubicin.
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significant increase in Bax expression level (P < 0.05) and Bax/Bcl2
ratio (P <0.01) (Fig. 1C) and a significant decrease in Bcl2 expression
level (P < 0.01) in comparison to control group. However, pre-
treatment of rats with HIIT significantly reversed the DOX-induced
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Fig. 2. The protein expression profiles of Bax and Bcl2 and Bax/Bcl2 ratio in experimental
groups. Mean + SE.n = 6 in each group. *P<0.05 and **P< 0.01 as compared with control
group and #P < 0.05 as compared with DOX group. HIIT: high intensity interval training,
DOX: doxorubicin. 3-actin gene expression was used as internal control.
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Fig. 3. The expression profile of caspase-6 gene in experimental groups. Mean + SE.n = 6
in each group. **P< 0.01 as compared with control group and #P < 0.05 as compared with
DOX group. HIIT: high intensity interval training, DOX: doxorubicin.

alterations in genes expression, so that the mRNA level of Bax and
Bax/Bcl2 ratio was significantly lower and mRNA level of Bcl2 was
higher than those of DOX group (P < 0.05, all) (Fig. 1 A,B,C).

Bax and Bcl2 protein expression levels

HIIT significantly reduced the level of Bax protein as compared with
the control group (P < 0.05) (Fig. 2A). Bcl2 protein level (P < 0.05) was
significantly reduced and Bax protein level (P < 0.01) as well as Bax/
Bcl2 ratio (P < 0.01) were significantly increased in DOX-treated rats
compared with the controls (Fig. 2A, B and C). Prior administration of
HIT to DOX-receiving rats significantly reversed the expression
levels of Bax and Bcl2 proteins and their ratio toward control values
(all P<0.05) (Fig. 2).

Caspase-6 gene expression level

Our experiments demonstrated that HIIT could not significantly af-
fect the mRNA of caspase-6 gene in comparison to the control group
(Fig. 3). Nevertheless, the mRNA of caspase-6 gene in DOX group
demonstrated a significant up-regulation, comparing to the control
group (P < 0.01). Moreover, administration of HIIT to DOX-treated rats
significantly reduced the expression level of caspase-6 gene in compar-
ison to the DOX group (P < 0.05) (Fig. 3).
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Fig. 4. The expression profile of GSK-3( gene in experimental groups. Mean + SE.n = 6 in
each group. *P < 0.05 as compared with control group. HIIT: high intensity interval
training, DOX: doxorubicin.



A. Alihemmati et al. / Journal of Electrocardiology 55 (2019) 9-15 13

250 4
* ok

200 - 'l'

150 -

100 -

50 - I

Mir-499 expression (fold change)

Control HIT DOX HIIT+DOX

Groups

Fig. 5. The expression profile of miR-499a-5p in experimental groups. Mean + SE.n = 6 in
each group. **P < 0.01 as compared with control group and *P < 0.05 as compared with
DOX group. HIIT: high intensity interval training, DOX: doxorubicin.

GSK-3p3 gene expression level

The expression profile of GSK-33 gene has been shown in Fig. 4. The
expression of this gene was significantly down-regulated in HIIT group
in comparison to control group (P < 0.05). However, the mRNA levels of
GSK-3p was not statistically significant between DOX and control
groups or between HIIT4+DOX and DOX alone groups (Fig. 4).

Expression level of miR-499

Furthermore, the expression of miR-499a-5p was increased in HIIT
group as compared with the control rats (P < 0.05) (Fig. 5). However,
administration of DOX to rats also increased considerably the levels of
this miR, comparing to control group (P < 0.01). Interestingly, pre-
training of DOX-treated rats with HIIT significantly prevented the over-
expression of miR-499a-5p induced by DOX toxicity (P < 0.05; Fig. 5).

Myocardial apoptosis

The histopathological micrographs of TUNEL staining for myocardial
apoptosis are shown in Fig. 6. HIIT group showed a similar feature of
TUNEL staining in comparison to control group; the TUNEL positive
cells and stained nuclei were very low in both groups. However, there
was a numerous apoptotic cells and nuclei in DOX group. In addition,
administration of HIIT considerably reduced the apoptotic cells in
DOX-treated rats (Fig. 6). These results indicated the protective and
anti-apoptotic effects of HIIT in DOX-induced cardiotoxicity.

Discussion

In the present study, we evaluated the effects of six weeks training of
rats with HIIT exercise regimen on the expression levels of genes and
proteins regulating cell apoptosis as well as miR-499 level in the myo-
cardium of healthy and DOX-treated rats. HIIT training in healthy rats
could significantly decrease the expression of pro-apoptotic genes, Bax
and GSK-3p. Additionally, HIIT exercise significantly reduced the DOX-
induced cardiotoxicity by preventing the down-regulation of Bcl2
mRNA and protein and up-regulation of Bax gene and protein as well
as Bax/Bcl2 ratio, and caspase-6 gene. In addition, DOX toxicity led to
the overexpression of miR-499a-5p, while preconditioning with HIIT
in DOX-treated rats significantly inhibited this overexpression. More-
over, HIIT considerably reduced the DOX-induced histological changes
and TUNEL-positive cells indicative of myocardial apoptosis. These find-
ings together suggest that HIIT exercise has beneficial impacts against
cardiotoxicity of DOX treatment.

Apoptosis is involved in both anticancer effects and side effects of
DOX, via distinctly different mechanisms [16]. In the pathophysiology
of DOX-cardiomyopathy, several factors such as overproduction of reac-
tive oxygen species (ROS), intracellular calcium dysregulation, endo-
plasmic reticulum stress, and mitochondrial dysfunction play critical
roles, all of which can lead to the initiation of apoptotic processes in
myocytes [5,6]. DOX-induced apoptosis in cardiomyocytes leads to the
loss of normal mitochondrial function and destruction of the cellular
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Fig. 6. Micrographs of myocytes indicating the apoptosis in experimental groups. Myocardial apoptosis was detected by TUNEL staining. HIIT: high intensity interval training, DOX:

doxorubicin.
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DNA which are necessary for physiological genes expression and
myocytes survival [17,18]. Also, following the onset of apoptosis, other
types of cell death, including necrosis and autophagy are activated
[19], and eventually the phenotype of DOX-induced cardiomyopathy
is manifested. For this reason, finding better interventions for the im-
pediment of DOX-cardiotoxicity and cell apoptosis is an important clin-
ical issue. Therefore, it seems reasonable to use such a therapeutic
approach that increases the effectiveness of DOX in treating cancerous
tissue and, at the same time, prevents drug toxicity in non-cancerous
healthy tissues.

Previous studies have shown that the administration of exercise can
independently cause the regression of the growth of tumor cells and
treat cancers; thus, it is frequently recommended as a part of cancer
treatment, for all cancer patients [20]. Aerobic endurance exercise, as
one of the most effective adjuvants, has been able to double the anti-
tumor effect of DOX and impose the beneficial effects against
cardiotoxicity of DOX [15,21,22]. On the other hand, recently the re-
searchers' attention has been focused on short-term, high-intensity
exercises, which are more easily accepted by patients and have consid-
erable advantageous in comparison with long-term endurance exer-
cises [12,13]. However, the efficiency of this type of exercise on the
side effects of DOX in myocardium and underlying mechanisms has
not been studied yet. Based on the results of the present study, the ad-
ministration of HIIT before DOX challenge significantly reduced DOX-
cardiotoxicity and apoptotic cells via influencing the expression of Bcl-
2, Bax, Bax/Bcl-2 and caspase-6 at gene or protein levels. Both protein
and mRNA levels of Bcl-2, as an anti-apoptotic factor, were increased
by HIIT in DOX-treated group, suggesting the involvement of Bcl-2 in
the cytoprotective mechanism of HIIT against DOX insult. In addition,
HIIT simultaneously reduced the expression of Bax mRNA and protein
following DOX treatment. Although Bax and Bcl2 regulate cell apoptosis
independently, there is also a competition between them [23]. Thus, the
Bax/Bcl2 ratio can determine the fate of cell survival. In view of that, this
ratio was significantly increased by DOX treatment and recovered by
HIIT. The proteins of Bcl2 family maintain the integrity of outer mito-
chondrial membrane and regulates the release of cytochrome-C and
other apoptotic factor like Apaf1 into the cytosol, preventing the devel-
opment of apoptosome [24,25]. By reducing the Bax/Bcl2 ratio, HIIT may
reduce the mitochondrial permeability and inhibit the progression of
apoptotic response induced by DOX. Additionally, Bax expression fol-
lowing apoptosis can increase the expression of caspases like caspase
3 and 6. Caspase-6 is located at the downstream of caspase activation
pathway and is involved in the execution of apoptosis by two ways
[26]. First, increased expression of caspase-6 in DOX-toxicity can de-
grade Lamin B which is required for the normal integrity of nuclear
and cellular morphology and thereby lead to the accumulation of
the condensed chromatin into apoptotic bodies. Moreover, caspase-6
promotes caspase-8 cleavage, as an initiator caspase to promote
cytochrome-C release. By reducing caspase-6 expression, HIIT can also
inhibit these signals of apoptosis.

GSK-3p is another player in increasing the mitochondrial permeabil-
ity [24]. The expression level of this gene did not change after DOX treat-
ment. This finding suggests that GSK-3(3 probably has no or only little
involvement in the apoptotic effects of DOX. Also, HIIT could signifi-
cantly reduce the expression of GSK-3[3 in control rats but its reducing
effect was not statistically significant in DOX-receiving rats. This implies
that other negative effects of DOX (such as inflammatory responses and
oxidative stress) may block the possible effect of HIIT on GSK-3p
expression.

It has been reported that DOX can negatively affect the expression
profile of miRs, altering the normal expression of pro-survival genes
and proteins [27]. Under physiological conditions, MiR-499a-5p is
abundantly present in cardiomyocytes and is believed to have the pro-
tective effect against apoptosis induced by myocardial infarction
[9,10]. In addition, restoration of the expression of miR-499 has reduced
the severity of muscular dystrophy via improving mitochondrial

function and muscular energetics [28]. Therefore, increasing the expres-
sion of this miR following HIIT regimen may activate the cellular anti-
apoptotic pathway and thereby increase the heart's ability to adapt
against DOX toxicity. Contrary to our presumption, the level of miR-
499 has also increased substantially following the DOX challenge. How-
ever, pre-training of DOX-receiving rats with HIIT prevented the sharp
increase in this miR, and this effect was in the same direction of myocar-
dial anti-apoptotic effects of HIIT. It is possible to conclude that the ex-
pression of miR-499 is underwent a compensatory increase in
response to DOX toxicity in order to counterbalance the negative path-
ological effects of DOX, by the mechanisms that need to be identified in
future studies. To test this hypothesis, one should block the DOX-
induced pathological alterations such as apoptotic pathways, and then
assess the direct effect of DOX on miR-499 expression. By modifying
the apoptotic alterations of DOX in the present study, administration
of HIIT prevented, to some extent, the development of this secondary
response and inhibited the sharp increase in miR-499 expression, al-
though HIIT itself also had an incremental (protective, not compensa-
tory) effect in healthy rats.

In this study, the HIIT regimen was used as a preventive protocol to
oppose the DOX-cardiotoxicity. In clinical practice, patients who are at
early stages in cancer diagnosis and yet can tolerate this type of exercise
before starting DOX treatment can benefit from the positive impacts of
HIIT. However, it is still not clear whether concomitant HIIT administra-
tion during cycles of DOX treatment also has a protective effect in cancer
survivors exposed to DOX. Many preclinical studies have reported that
the aerobic regular exercise administered before, during or after DOX
treatment has been able to reduce DOX-cardiotoxicity [29], and thus,
it seems that by optimizing the intensity, timing and duration of HIIT
regimen, the translatability of its concomitant administration in the
treatment plan of a specific category of patients would be achievable.
Additional studies can be helpful for getting better conclusion in this
regard.

In conclusion, training of rats with HIIT regimen prior to DOX
treatment had cardioprotective effects against DOX-toxicity via in-
creasing the expression of anti-apoptotic Bcl2 factor, reducing the
expression of pro-apoptotic factors Bax and caspase-6 and myocar-
dial apoptosis and restoring miR-499a expression. Thus, HIIT might
be a promising therapeutic strategy for the treatment of DOX-
induced cardiac injury.

Acknowledgement

This study was derived from the thesis of F. Ebadi and supported by a
grant from Drug Applied Research Center, Tabriz University of Medical
Sciences, Tabriz-Iran.

Disclosure of conflict of interests
None.

References

[1] De Angelis A, Urbanek K, Cappetta D, Piegari E, Pia Ciuffreda L, Rivellino A, et al.
Doxorubicin cardiotoxicity and target cells: a broader perspective. Cardiol Oncol
2016;2:2. https://doi.org/10.1186/s40959-016-0012-4.

[2] Bloom MW, Hamo CE, Cardinale D, et al. Cancer therapy-related cardiac dysfunction
and heart failure part 1: definitions, pathophysiology, risk factors, and imaging. Circ
Heart Fail 2016;9(1):e002661. https://doi.org/10.1161/CIRCHEARTFAILURE.115.
002661.

[3] Xingiang H, Yun Z, Wendi L. Precision cardio-oncology: understanding the
cardiotoxicity of cancer therapy. Prec Oncol 2017;1(31). https://doi.org/10.1038/
s41698-017-0034-x.

[4] Zhao L, Zhang B. Doxorubicin induces cardiotoxicity through upregulation of death
receptors mediated apoptosis in cardiomyocytes. Sci Rep 2017;7:44735. https://
doi.org/10.1038/srep44735.

[5] Octavia Y, Tocchetti CG, Gabrielson KL, Janssens S, Crijns HJ, Moens AL.
Doxorubicin-induced cardiomyopathy: from molecular mechanisms to thera-
peutic strategies. ] Mol Cell Cardiol 2012;52(6):1213-25. https://doi.org/10.
1016/j.yjmcc.2012.03.006.


https://doi.org/10.1186/s40959-016-0012-4
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002661
https://doi.org/10.1161/CIRCHEARTFAILURE.115.002661
https://doi.org/10.1038/s41698-017-0034-x
https://doi.org/10.1038/s41698-017-0034-x
https://doi.org/10.1038/srep44735
https://doi.org/10.1038/srep44735
https://doi.org/10.1016/j.yjmcc.2012.03.006
https://doi.org/10.1016/j.yjmcc.2012.03.006

A. Alihemmati et al. / Journal of Electrocardiology 55 (2019) 9-15 15

[6] Renu K, Abilash V G, Pichiah TP, Arunachalam S. Molecular mechanism of
doxorubicin-induced cardiomyopathy - an update. Eur ] Pharmacol 2018 5;818:
241-253. doi:https://doi.org/10.1016/j.ejphar.2017.10.043.

[7] Das A, Samidurai A, Salloum FN. Deciphering non-coding RNAs in cardiovascular
health and disease. Front Cardiovasc Med 2018;5:73. https://doi.org/10.3389/fcvm.
2018.00073.

[8] Hoekstra M. MicroRNA-499-5p: a therapeutic target in the context of cardiovas-
cular disease. Ann Transl Med 2016;4(24):539. https://doi.org/10.21037/atm.
2016.11.61.

[9] LiY, Lu], Bao X, et al. MiR-499-5p protects cardiomyocytes against ischaemic injury
via anti-apoptosis by targeting PDCD4. Oncotarget 2016;7(24):35607-17. https://
doi.org/10.18632/oncotarget.9597.

[10] XinY, Yang C, Han Z. Circulating miR-499 as a potential biomarker for acute myocar-
dial infarction. Ann Transl Med 2016;4(7):135. https://doi.org/10.21037/atm.2016.
03.40.

[11] Safarimosavi S, Mohebbi H, Rohani H. High-intensity interval vs. continuous endur-
ance training: preventive effects on hormonal changes and physiological adapta-
tions in prediabetes patients. ] Strength Cond Res 2018;22. https://doi.org/10.
1519/JSC.0000000000002709.

[12] Wisleff U, Ellingsen @, Kemi OJ. High-intensity interval training to maximize cardiac
benefits of exercise training? Exerc Sport Sci Rev 2009;37(3):139-46.

[13] Xie B, Yan X, Cai X, Li J. Effects of high-intensity interval training on aerobic capacity
in cardiac patients: a systematic review with meta-analysis. Biomed Res Int 2017;
2017:5420840. https://doi.org/10.1155/2017/5420840.

[14] Rahimi M, Shekarforoush S, Asgari AR, et al. The effect of high intensity interval
training on cardioprotection against ischemia-reperfusion injury in Wister rats.
EXCLI ] 2015;14:237-46. https://doi.org/10.17179/excli2014-587.

[15] Chen JJ, Wu PT, Middlekauff HR, Nguyen KL. Aerobic exercise in anthracycline-
induced cardiotoxicity: a systematic review of current evidence and future direc-
tions. Am ] Physiol Heart Circ Physiol 2017;312(2):H213-22. https://doi.org/10.
1152/ajpheart.00646.2016.

[16] Salimeh A, Mohammadi M, Mohaddes G, Badalzadeh R. Protective Effect of
Diosgenin and Exercise Training on Biochemical and ECG Alteration in
Isoproterenol- Induced Myocardial Infarction in Rats. 2011;14(3): 264-274.
doi: 10.22038/ijbms.2011.5004.

[17] Wang S, Konorev EA, Kotamraju S, Joseph ], Kalivendi S, Kalyanaraman B. Doxorubi-
cin induces apoptosis in normal and tumor cells via distinctly different mechanisms.
Intermediacy of H(2)O(2)- and p53-dependent pathways. ] Biol Chem 2004 Jun 11;
279(24):25535-43 [Epub 2004 Mar 30].

[18] Badalzadeh R, Mokhtari B, Yavari R. Contribution of apoptosis in myocardial reperfu-
sion injury and loss of cardioprotection in diabetes mellitus. ] Physiol Sci 2015;65
(3):201-15. https://doi.org/10.1007/s12576-015-0365-8.

[19] Mughal W, Dhingra R, Kirshenbaum LA. Striking a balance: autophagy, apoptosis,
and necrosis in a normal and failing heart. Curr Hypertens Rep 2012;14(6):540-7.
https://doi.org/10.1007/s11906-012-0304-5.

[20] Idorn M, Straten P. Exercise and cancer: from “healthy” to “therapeutic”? Cancer
Immunol Immunother 2017;66(5):667-71. https://doi.org/10.1007/s00262-017-
1985-z.

[21] Jones LW1, Eves ND, Courneya KS, Chiu BK, Baracos VE, Hanson J, Johnson L, Mackey
JR. Effects of exercise training on antitumor efficacy of doxorubicin in MDA-MB-231
breast cancer xenografts. Clin Cancer Res 2005:15;11(18):6695-8.

[22] Ahmadian M, Dabidi Roshan V. Modulatory effect of aerobic exercise training on
doxorubicin-induced cardiotoxicity in rats with different ages. Cardiovasc Toxicol
2018 Feb;18(1):33-42. https://doi.org/10.1007/s12012-017-9411-5.

[23] Kale ], Osterlund EJ, Andrews DW. BCL-2 family proteins: changing partners in the
dance towards death. Cell Death Differ 2017;25(1):65-80.

[24] Zhang YW, Shi ], Li Y], Wei L. Cardiomyocyte death in doxorubicin-induced
cardiotoxicity. Arch Immunol Ther Exp (Warsz) 2009;57(6):435-45.

[25] Badalzadeh R, Yavari R, Chalabiani D. Mitochondrial ATP-sensitive K+ channels me-
diate the antioxidative influence of diosgenin on myocardial reperfusion injury in rat
hearts. Gen Physiol Biophys 2015;34(3):323-9. https://doi.org/10.4149/gpb_
2015000.

[26] Parrish AB, Freel CD, Kornbluth S. Cellular mechanisms controlling caspase activa-
tion and function. Cold Spring Harb Perspect Biol 2013;5(6):a008672. https://doi.
org/10.1101/cshperspect.a008672.

[27] Ruggeri C, Gioffré S, Achilli F, Colombo GL, D'Alessandra Y. Role of microRNAs in
doxorubicin-induced cardiotoxicity: an overview of preclinical models and cancer
patients. Heart Fail Rev 2018;23(1):109-22. https://doi.org/10.1007/s10741-017-
9653-0.

[28] LiuJ, Liang X, Zhou D, Lai L, Xiao L, Liu L, Fu T, Kong Y, Zhou Q, Vega RB, Zhu MS, Kelly
DP, Gao X, Gan Z. Coupling of mitochondrial function and skeletal muscle fiber type
by a miR-499/Fnip1/AMPK circuit. EMBO Mol Med 2016 4;8(10):1212-1228. doi:
10.15252/emmm.201606372.

[29] Maia, TauanNunes, Araujo, Gustavo Bento Ribeiro de, Teixeira, José Antdnio Caldas,
Alves Junior, Edmundo de Drummond, & Dias, Katia Pedreira. Cardiotoxicity of doxo-
rubicin treatment and physical activity: a systematic review. International journal of
cardiovascular Sciences, 2017:30(1):70-80. doi:https://doi.org/10.5935/2359-4802.
20170004.


https://doi.org/10.1016/j.ejphar.2017.10.043
https://doi.org/10.3389/fcvm.2018.00073
https://doi.org/10.3389/fcvm.2018.00073
https://doi.org/10.21037/atm.2016.11.61
https://doi.org/10.21037/atm.2016.11.61
https://doi.org/10.18632/oncotarget.9597
https://doi.org/10.18632/oncotarget.9597
https://doi.org/10.21037/atm.2016.03.40
https://doi.org/10.21037/atm.2016.03.40
https://doi.org/10.1519/JSC.0000000000002709
https://doi.org/10.1519/JSC.0000000000002709
http://refhub.elsevier.com/S0022-0736(18)30794-5/rf0055
http://refhub.elsevier.com/S0022-0736(18)30794-5/rf0055
https://doi.org/10.1155/2017/5420840
https://doi.org/10.17179/excli2014-587
https://doi.org/10.1152/ajpheart.00646.2016
https://doi.org/10.1152/ajpheart.00646.2016
doi:10.22038/ijbms.2011.5004
http://refhub.elsevier.com/S0022-0736(18)30794-5/rf0075
http://refhub.elsevier.com/S0022-0736(18)30794-5/rf0075
http://refhub.elsevier.com/S0022-0736(18)30794-5/rf0075
http://refhub.elsevier.com/S0022-0736(18)30794-5/rf0075
https://doi.org/10.1007/s12576-015-0365-8
https://doi.org/10.1007/s11906-012-0304-5
https://doi.org/10.1007/s00262-017-1985-z
https://doi.org/10.1007/s00262-017-1985-z
https://doi.org/10.1007/s12012-017-9411-5
http://refhub.elsevier.com/S0022-0736(18)30794-5/rf0100
http://refhub.elsevier.com/S0022-0736(18)30794-5/rf0100
http://refhub.elsevier.com/S0022-0736(18)30794-5/rf0105
http://refhub.elsevier.com/S0022-0736(18)30794-5/rf0105
https://doi.org/10.4149/gpb_2015009
https://doi.org/10.4149/gpb_2015009
https://doi.org/10.1101/cshperspect.a008672
https://doi.org/10.1101/cshperspect.a008672
https://doi.org/10.1007/s10741-017-9653-0
https://doi.org/10.1007/s10741-017-9653-0
doi:10.15252/emmm.201606372
https://doi.org/10.5935/2359-4802.20170004
https://doi.org/10.5935/2359-4802.20170004

	Effects of high-�intensity interval training on the expression of microRNA-�499 and pro-� and anti-�apoptotic genes in doxo...
	Introduction
	Materials and methods
	Animals and chemicals
	Study design and animal grouping
	Protocol of HIIT
	Tissue sampling
	RNA extraction, cDNA synthesis, and quantitative real-time PCR
	Western blotting
	Determination of myocardial apoptosis
	Statistical analysis

	Results
	Bax and Bcl2 genes expression levels
	Bax and Bcl2 protein expression levels
	Caspase-6 gene expression level
	GSK-3β gene expression level
	Expression level of miR-499
	Myocardial apoptosis

	Discussion
	Acknowledgement
	Disclosure of conflict of interests
	References


