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Abstract

Purpose Cardiac miRNAs are the recently discovered key modulators of gene expression in the heart which have been
shown to contribute to both transcriptional and post-transcriptional regulation in diabetic cardiomyopathy. The aim of this
study was to evaluate the protective effects of interval and continuous aerobic training on diabetic hearts by examining the
expression of myocardial miR-126, miR-222 and miR-29a genes.

Methods Thirty male wistar rats (200420 g) were randomly divided into six groups of healthy control (HC), diabetes control
(DC), continuous training (CT), interval training (IT), continuous training with diabetes (CTD), and interval training with
diabetes (ITD). Nicotinamide and Streptozotocin (STZ) were injected to induce type 2 diabetes. CT was performed with a
speed of 10 to 22 m/min and 20 to 30 min and IT was performed with 10 to 39 m/min and total time of 15 min, five sessions
per week for 6 weeks. Muscle expression of miR-126, miR-29a and miR-222 was determined by the RT-PCR method.
Results The results show that gene expression of miR-126 was higher in IT (p <0.01) compare to other groups. Also expres-
sion of miR-126 was higher in the CT compare to DC (p <0.05) group. Gene expression of miR-222 was higher in aerobic
groups than other groups (p <0.01). Also expression of miR-222 was higher in ITD compare to the DC and CTD (p <0.01)
groups. Expression of miR-29a gene was higher in the aerobic groups compare to other groups. Also miR-29a was higher
in the IT compare to CT (p <0.01) group.

Conclusion Diabetes decreased the expression of genes associated with the development of cardiac function. It seems that IT
played a more effective role in cardiac protection than CT through higher miR-126, miR-222 and miR-29a gene expression.

Keyword Diabetic cardiomyopathy - Interval training - Continuous training - MicroRNAs

Abbreviations Introduction

STZ Streptozotocin

DHD Diabetic heart disease Sedentary lifestyles increase all causes of mortality, double
CHD Chronic heart disease the risk of cardiovascular diseases, diabetes, and obesity
CAD Coronary artery disease [1]. Sedentary lifestyle and physical inactivity can induce
HF Heart failure diabetes. Diabetes have a destructive effect on body tissue
miRNAs MicroRNAs specially on heart [2, 3]. It has been show that diabetic heart
CDKC Cyclin-dependent kinase disease (DHD) is prevalence in diabetic patients [4]. DHD
HIIT High intensity interval training refers to the heart disease and develops in people with type

1 and 2 diabetes [5]. DHD is a set of chronic heart disease
(CHD) or coronary artery disease (CAD), heart failure (HF),
Cardiac autonomic neuropathy (CAN), or diabetic cardiomy-
opathy (DCM) that are characterized by structural, molecu-
lar, and functional changes. DCM has been defined as a left
B4 Hossein Shirvani ventricular dysfunction in diabetics without symptoms of

shirvani @bmsu.ac.ir hypertension, congestive heart failure, or any other heart dis-
ease [6]. It has been show that diabetes, activate a network
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of myocardial-related internal stress signaling pathways that
change the gene expression in diabetic heart disease [7].

Metabolic disorders adversely affect the cellular pathways
from the earliest stages of diabetes, and are eventually mani-
festing as structural and functional heart changes [8]. These
pathological changes are related to changes in expression
of miRs as protected non-coding protein molecules that can
regulate the transcription or post-translational process [9].
MicroRNAs (miRNAs) are small non-coding RNAs that
play an essential role in regulating cardiac development and
maintenance of cardiac function. It has been show that miR-
29 overexpression in different organs, such as heart, kidney,
liver, and lung, has resulted in suppression of fibrosis-related
genes [10]. MiR-29 is involved in the growth, differentiation,
and cardiac hypertrophy mechanisms[11]. MiR-29 regulates
the expression of Types I and III collagens. Cardiac collagen
expression increases in response to damage or overload that
is rooted in all heart diseases, leading to mechanical heart
stiffness and impaired cardiac contractility [12]. Incremen-
tal regulation of miR-29 is associated with an increase in
ventricular dilatation and a significant reduction in the gene
expression and types I and III collagens [11, 13]. The studies
indicate that an increase in the expression of miR-29 plays
an important protective role in cardiac collagen control and
cardiac hypertrophy [12].

MiR-126, known as "AngiomiR-126", is expressed only
in endothelial cells [14]. MiR-126 regulates the myocyte
apoptosis, cardiac reconstruction after MI, and vascu-
lar inflammation [15]. Fukushima et al. [16]indicated the
lower serum levels of miR-126 in patients with ischemic
heart disease. In this regard, Zampetaki et al. indicated the
low levels of miR-126 expression in the plasma of type 2
diabetic patients [17] and suggested it as a new diagnos-
tic tool for the HF in patients with type 2 diabetes. It has
been show that the expression of miR-126 in heart rat after
aerobic exercise training increased and leading to cardiac
angiogenesis through affecting the MAPK and PI3K/Akt/
eNOS [18]. Also, miR-222 has been reported to play impor-
tant roles in a variety of physiological and pathological pro-
cesses in the heart. MiR-222 has been recently known as an
important mediator of cardiac growth due to exercise train-
ing by inhibiting Cyclin-dependent kinase (CDKC) (p27),
HMBOX1 and HIPK1/2 pathways. In the ischemic injury
model, miR-222 protects against changes in heart structure
and dysfunction of heart tissue[19].

It has been show that the high intensity interval train-
ing (HIIT) is more effective and useful in developing the
aerobic training capacity and cardiovascular functions in
healthy individuals and cardiovascular patients compared to
moderate-intensity continuous training [20]. Carvalho et al.
(2021) show that HIIT promotes cardiomyocyte hypertrophy
and interstitial fibrosis, and modulates the apoptosis signal-
ing pathway in healthy rat myocardium. Intermittent fasting
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reduces pro-apoptotic and increases antiapoptotic signaling,
besides attenuating HIIT-induced cardiomyocyte hypertro-
phy and myocardial interstitial fibrosis [21]. Jeremic et al.
(2020) show that cardioprotective effects of high-intensity
interval training are mediated through microRNA regula-
tion of mitochondrial and oxidative stress pathways[22]. In
DCM Cassidi et al. (2017) show that high-intensity inter-
val training impact on glucose control and cardiometabolic
health [23]. Also it has been show that high-intensity exer-
cise reduces cardiac fibrosis and hypertrophy but does not
restore the nitroso-redox imbalance in diabetic cardiomyo-
pathy [24]. Another study showed no difference between
moderate- and high-intensity exercises, although this later
did not include the assessment of cardiac parameters [25].
More studies have concluded that the HIIT led to better
performance in healthy people and diseases [26]. Limited
studies investigated the comparison of this type of training
with moderate-intensity continuous exercise with reference
to signal pathways of miR relating to diabetic heart disease.
Therefore, the hypothesis of this study was that dose the
HIIT and MICT can affect on miR-126, miR-29a and miR-
222 of diabetic cardiac muscle.

Methodology
Research methods and samples

Thirty wistar male rats (200 + 20 g) were obtained from Pas-
teur Institute, Tehran, Iran. The rats were kept in the dark
light cycle (12:12), humidity of 50%, and a temperature of
approximately 22 °C. The rats had free access to water and
food. The study was conducted according to the guidelines
of the Declaration of Helsinki and approved by the ethics
committee of the Baqgiyatallah University of Medical Sci-
ences (ethical code: IR.BMSU.REC.1396.633). Rats were
randomly divided into 6 groups (n=>5 in each) of healthy
control (HC), diabetes control (DC), continuous training
(CT), interval training (IT), continuous training with dia-
betes (CTD), and interval training with diabetes (ITD). The
control group did not receive any intervention.

Diabetes induction

Nicotinamide and Streptozotocin (STZ) were injected to
induce type 2 diabetes. So that the nicotinamide solution at
a dose of 110 mg/kg body weight of rats was first injected
intraperitoneally. After 15 min, the freshly prepared solution
STZ was solution in citrate buffer with pH=4.5 and was also
injected intraperitoneally at a dose of 60 mg/kg. Rats with a
blood sugar above 150 mg/dl were included in the study as
diabetic rats [27].



Journal of Diabetes & Metabolic Disorders (2022) 21:189-195

191

Protocol for assessing rat aerobic capacity

All Rats after prepared for exercise test before of main train-
ing protocol. This test consists of 10-20 min of running with
40% to 50% intensity of VO,,,.., the speed of the treadmill
increased every 2 min equal to 0.03 m/s (1.8 to 2 m/min),
so that other animals were unable to run. The lack of any
increase in VO, .. despite the increase in speed was the
criterion for achieving VO,,..... Speed of recorded VO,_,.,
was the speed at which VO2 reached the plateau. The pla-
teau could be reached a lactate concentration above 6 mm/L
and respiratory ratio of VCO2/VO?2 equal to 1.05. Studies
indicated a high correlation between treadmill speed and
VO, of rats (r=0.94-0.98, p <0.0005). Therefore, it was
possible to calculate the VO, of rats according to running
speed of rats. Since the studies indicated that VO, before
0.06 to 0.15 m/s was obtained from the final speed in all rats
completed the aerobic capacity test, it was deducted from the
final speed equal to the average value, i.e. 0.075 m/s, and the
intensities were adjusted according to the speed [28].

Exercise training protocol

At first week, the training groups exercised for 3—5 days
to get familiarized with running on the treadmill [29]. The
training protocol in the continuous group in the first week
included:

e Warming up at a speed of 5 m per minute for 5 min

e Main training: 20 min of continuous running at a speed
of 10 m per minute

e Cooling down at a speed of 5 m per minute for 5 min.

According to the principle of overload and development
of aerobic readiness and the development of rats in the sixth
week, it included warming up at a speed of 10 meters per
minute for 2 minutes, 30 minutes of continuous running at a
speed of 22 meters per minute, and cooling down at a speed
of 10 meters per minute for 2 minutes.

Table 1 primer design for variable study

The high intensity interval group in the first week
included:

e Warming up for 5 min at a speed of 8§ m/min,

e Main training: 5 sets of high intensity exercise for 2 min
at a speed of 15 m/min with 5 sets of slow intensity exer-
cise for 1 min intervals at a speed of 10 m/s

e Cooling down lasted for 5 min at a speed of 8 m per
minute.

It was performed based on the principle of overload and
the development of aerobic readiness and development of
rats in the sixth week, including warming for 5 minutes at a
speed of 8 meters per minute, 5 fast 2 minute intervals at a
speed of 39 meters per minute with 5 slow 1 minute intervals
at 12 m/s, which was periodically repeated, and then cooling
down for 5 min at 8 m/min.

Sampling and measurements

Twenty-four hours after the last exercise session, rats were
sacrificed after a night of fasting. To collect the samples,
the animals' weights were first measured, and they were
then anesthetized with a combination of xylazine (10 mg/
kg) and ketamine (75 mg/kg) as an intraperitoneal injection.
The heart of rats was removed and washed in a physiologi-
cal serum and weighed with a precision of 107 g at a digital
scale. The left ventricle was immediately removed from the
heart and weighed with a scale. To measure the level of heart
hypertrophy and the left ventricle, the weights of heart mus-
cle and the left ventricle were used as the best predictors of
the hypertrophy. The left ventricular tissue was then frozen
using liquid nitrogen and frozen at -80 °C for subsequent
measurements.

Total RNA was extracted from tissue samples using Kia-
zol (Kiazist, Iran) according to the manufacturer’s instruc-
tions (Stem-loop sequence in 1). A cDNA kit was used to
reversely transcribe RNA to cDNA (Parstous, Iran) accord-
ing to the manufacturer’s protocol. Real-Time PCR were
run for 30—40 cycles using SYBR® Premix Ex Taq ™ II

Variable Primer

miR-29a-3p miR-29a-3p Stem loop: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACtaaccg
miR-29a-3p Forward: GGCGGGTAGCACCATCTGAAATC

miR-222-3p miR-222-3p stem-loop: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACacccag
miR-222-3p Forward: CGGCGGAGCTACATCTGGCTA

miR-126-5p miR-126-5p stem-loop: GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACcgcgat
miR-126-5p Forward: CGGCGGCATTATTACTTTTGG

Univeral Reverse Primer CCAGTGCAGGGTCCGAGGTA

Stem-loop U6 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACaaaata

Forward U6 CCCGCAAGGATGACACGCA
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(TliRNaseH Plus, RR820Q) on a Rotor-Gene Q Splex Sys-
tem. GAPDH was employed as internal control. The 2-AACt
method was used to normalize the expression levels of each
target gene to internal control expression.

ACT =CT - CT,

target reference
AACT = ACTleslsample - ACTcomrolsample
Relativeexpression : 27AACE

The results are represented as the Mean (+ SEM) fold
changes with respect to the sham control.

Statistical analysis

The necessary data were processed after collection by
SPSS-19 (Chicago, USA); and all results were expressed
as Mean + SEM and then analyzed at a significant level
(¢<0.05). The Kolmogorov—Smirnov test was used to inves-
tigate the normal distribution of data. The one-way analysis
of variance (ANOVA) and the Tukey's post hoc test were
used to compare differences between groups (p < 0.05).

Results
Heart morphology

Statistical results indicated that there was a significant dif-
ference between groups in the data on weight, heart weight,
and ratio of heart weight and left ventricle to body weight
(»<0.01). Tukey’s post hoc test indicated that diabetic rats'
weights were significantly lower than nondiabetic rats’
(»<0.01), but heart weights of diabetic groups were higher
than other groups. The heart weight of DC was significantly
higher than all other groups (p <0.01). In ITD (p <0.05) and
CTD (p <0.01), the heart weights were also higher than the
HC. Furthermore, the CTD showed higher values of heart
weight than the CT and IT (p <0.01). Heart weight to body
weight ratio in DC was significantly higher than all groups
(p<0.01) and also higher in the CTD than the HC (p <0.05),
but data of left ventricular to body weight ratio was higher
in the DC than other groups (p <0.05) (Table 2).

Expression of mir-126

Result show that significant differences in changes of mir-
126 gene expression in different groups (p <0.01). Results
of Tukey's post hoc test indicated the higher values of mir-
126 gene expression in the interval aerobic training group
compared to other groups (p <0.01). Furthermore, the con-
tinuous aerobic training group indicated higher values of
mir-126 gene expression than the diabetes group (p <0.05)
(Fig. 1).

Expression of mir-222

Result show that significant differences in changes of mir-
222 gene expression in different groups (p <0.01). Values
of mir-222 gene expression in the interval and continuous
aerobic training were higher than other groups (p <0.01).
Diabetes + interval group had higher amounts of mir-222

oo
1

Fold Cheange
£ o
<4 e *

N
1

AL ] o B9

‘3‘0 00 & N 0«0 60

Groups

Fig. 1 Expression of miR-126 in different groups of studies. Data
were show as Mean+SEM.* indicates the difference between group
IT with other groups; and # indicates difference with the CT. HC,
healthy control; DC, diabetes control; CT, continuous training; I7,
interval training; CTD, continuous training with diabetes; ITD, inter-
val training with diabetes

Table 2 Heart and body weights, and food intake of rats in different groups of study

Groups HC DC CT IT CTD ITD

Body weight 441.80+33.34* 325.40£53.57 413.80+13.53* 411.40+28.50* 382.80+£23.95 348.80+£19.74
Heart weight 1.14£0.05* 1.75+£0.06 1.17+0.05%$ 1.17£0.04%$ 1.38 +0.06*# 1.29+0.09%#
Heart/ Body 2.59+0.07* 555+1.18 2.84+0.05* 2.85+0.17* 3.61+£0.08%# 3.36+0.15*
Left ventricle/ body 1.78 £0.13* 2.90+0.49 2.09+0.09* 2.03+0.07* 2.24+0.20% 2.15+0.13*

* indicates a significant difference with the DC. # indicates a difference with the HC, and $ indicates a difference with CTD (P <0.01)
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Fig.2 Expression of miR-222 in different groups of studies. Data
were show as Mean +SEM.* indicates the difference between group
CT and IT with other groups; and # indicates difference with the DC
and CTD. HC, healthy control; DC, diabetes control; C7, continuous
training; /7, interval training; CTD, continuous training with diabetes;
ITD, interval training with diabetes

than diabetes and diabetes + continuous aerobic training
(p<0.01) (Fig. 2).

Expression of mir-29a

Result show that significant differences in changes of mir-
29a gene expression in different groups (p <0.01). Values of
mir-29a gene expression in the interval and continuous aero-
bic training were higher than other groups (»p <0.01). Fur-
thermore, the gene expression of mir-29a was lower in the
continuous group than the interval group (p <0.01) (Fig. 3).

Discussion

The available evidence indicates that miRNAs can regulate
cardiac hypertrophy, myocardial fibrosis, oxidative stress
and apoptosis, mitochondrial dysfunction, epigenetic modi-
fication,13 cardiac electrical remodelling and other patho-
physiological changes, which are associated with diabetic
cardiomyopathy [30]. The present study first measured the
effects of high intensity interval training and moderate-
intensity continuous training on the expression of miR-
126, miR-222 and miR-29a genes in heart tissues of type
2 diabetes rats. MiR-126 with expression of 6.4 fold in the
interval aerobic training group than other groups showed a
significant increase. Furthermore, the expression of this gene
in the continuous group was more than the diabetic group.
In diabetic groups, interval and continuous training were
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Fig.3 Expression of miR-29a in different groups of studies. Data
were show as Mean + SEM.* indicates the difference between group
CT and IT with other groups; and # indicates difference with the CT.
HC, healthy control; DC, diabetes control; CT, continuous training;
IT, interval training; CTD, continuous training with diabetes; ITD,
interval training with diabetes

unable to prevent a significant reduction in the expression
of this gene in the cardiomyocytes. However, the expression
values of this gene were higher in the diabetic interval train-
ing group than the healthy control group, but lower in the
diabetic continuous group than the healthy control group.
The data suggest that the high intensity interval training in
the diabetic group was able to partially enhance its protec-
tive effects by increasing the expression of miR-126, but
the moderate-intensity continuous training with diabetes was
unable to overcome effects of diabetes. Diabetes suppresses
the expression of miR-126 gene in cardiomyocytes [31]. In
the present study, we had the lowest values of this gene in
the diabetes group. It seems that miR-126 stimulates angio-
genesis in the heart muscle by targeting the important signal-
ing cascades AMPK PI3K/AKT/eNOS [32] that is severely
reduced and suppressed by diabetes. High intensity interval
training in the interval training group was able to stimulate
the pathway by increasing miR-126, but the increase was
not significant with interval aerobic training in the diabetic
group. It seems that exercise training lead to higher expres-
sion of GLUT4 values at the cellular level [33]; and the
reduction of serum glucose as well as insulin decreases the
amount of inflammation, and paves the way for increasing
the cellular signaling pathways leading to the higher angi-
ogenesis. It has been reported that exercise training has a
great potential for the development of cardiac angiogenesis
through the expression of miR-126 and VEGF protein [34].
The positive effects were associated with increasing VEGF/
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Raf-1/ERK and VEGF/PI3K/AKT pathways [35]. Exercise
training was also able to suppress SPRED1 and PIK3R2 pro-
teins by increasing the miR-126 expression [18]. However,
a limitation of the present study was the lack of measuring
VEGF protein and capillary density. It seems that the high
intensity interval training group in the present study could
better increase the cardiac angiogenesis capacity that further
increased the expression of miR-126.

An important intervention marker in the development of
cardiac myocytes is miR-222 that increases in response and
adaptation to exercise, and can be considered as a differ-
ence between physiological and pathological hypertrophy
[19]. In the present study, the miR-222 gene expression of
cardiomyocytes was significantly higher in the interval and
continuous aerobic groups than other groups. Furthermore,
values of gene expression in the diabetic interval group were
significantly higher than the diabetes group and the diabetes
group with continuous training. Base on this results it seems
that the high intensity of aerobic training seems to play a
very effective role in creating greater cardiovascular compat-
ibility in diabetic patients as positive cardiovascular changes
than low intensity of aerobic training. Liu et al. identified a
key role of miR-222 in the proliferation of smooth endothe-
lial cells of vessels [19]. When endothelial cells are chal-
lenged under conditions such as high glucose or the aging
process in rats, they prevent the cell cycle from starting, and
thus the endothelial cells migrate to stimulate the VEGF. It
occurs at the same time as the decrease in miR-222. In fact,
aerobic exercise training appears to reduce these conditions
by developing the insulin sensitivity and lowering blood glu-
cose and adjusting conditions in favor of further expression
of miR-222 [19]. It has been found that the inhibition of
miR-222 increases the apoptosis of cardiac cells, and thus
its high expression in rats stimulates the growth and prolif-
eration of cardiac myocytes that are associated with physi-
ological symptoms of hypertrophy [19]. In general, aerobic
training can be a powerful therapeutic strategy to replace the
persistent loss of cardiomyocytes in diabetics by activation
of miR-222 [19].

It has been show that cardiomyocytes MiR-29a
decreases the amount of collagen protein and increases
the ventricular compliance by targeting collagen I and
IIT genes [36]. In fact, this gene is a main differentiation
point between physiological and pathological hypertrophy
phenomena. The heart muscle size increases by creating
the training adaptations of the muscle through develop-
ing its function, but the collagen expression increases in
the pathological type that is associated with ventricular
stiffness and reduction of contractility [12]. In the present
study, interval and continuous training groups significantly
indicated the higher values of gene expression than other
groups; and the increase in the high intensity interval
training group was higher than the moderate-intensity
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continuous training. MiR-29 has been reported to be down-
regulated in several fibrosis-related diseases in rodents as
well as in humans, and has been shown to target mRNAs
that encode fibrosis-promoting proteins in different cell
types/organs [37]. In apparent agreement with this, experi-
mental elevation of miR-29 was found to repress collagen
transcripts in cultured cardiac fibroblasts [38]. It seems
that non-diabetic training groups had developed cardiac
functions; hence, there is a need for further study due to
the lack of measurement of collagen in the present study.
In the present study, the heart weight to body weight
ratio in diabetic rats indicated a significant increase com-
pared to other groups. In the diabetic group with continu-
ous aerobic training, the increase was observed compared
to the healthy control group, but the diabetes group along
with interval aerobic training did not show any increase.
However, the ratio of left ventricular weight to body weight
increased significantly only in the diabetes group compared
to all other groups. It seems that diabetes caused the cardiac
hypertrophy in diabetic control rats and was to some extent
controlled by training. However, the interval aerobic train-
ing was more effective in preventing the structural changes
than continuous aerobic training. In the present study, an
increase in heart mass of diabetic groups was higher than
non-diabetic groups; however, the increase was associated
with much lower levels of expression of miR-126, miR-222
and miR-29a gene in diabetic groups, indicating pathologi-
cal changes caused by diabetes. Due to exercise training
interventions in diabetic groups, values of the pathologi-
cal changes were moderated to some extent, and the high
intensity interval training had a greater effect on reducing
the pathological changes than continuous aerobic train-
ing. In the present study, proteins and structural changes in
cardiac muscle tissue were not measured and also the dose
of exercise training was equalized in two protocols. If the
limitations are overcome, roles of miRs seem to be closely
investigate in training interventions in the diabetic heart.
Diabetes with down-regulation of miR-126, miR-222 and
miR-29a genes can develop diabetic cardiomyopathy, while
exercise, especially interval exercise, can play a preventive
role in diabetic cardiomyopathy with increase of miR-126,
miR-222 and miR-29a. While during diabetes, regular and
interval and continuous exercise can minimize the damage
of diabetes on the heart tissue. However, more studies are
needed in this area, especially on the human sample.
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