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Abstract

Background: Recent studies have shown that obesity and metabolic disorders are major contributors to heart diseases, and exercise
training and proper diets can prevent these diseases.

Objectives: The present study aimed to investigate the effect of continuous and interval training with adenosine consumption on
adenosine Al and A2A receptors in the heart tissue of obese rats.

Methods: We randomly divided 56 obese rats with a high-fat diet (40% fat, 13% protein, and 47% carbohydrate) into seven groups,
including (1) control, (2) continuous training (CT), (3) high-intensity interval training (HIIT), (4) CT + adenosine consumption, (5)
HIIT + adenosine consumption (6), adenosine consumption, and (7) sham. Groups 2 and 4 performed continuous training for 12
weeks, 15 - 31 min at 20 - 25 m/min, and groups 3 and 5 performed HIIT at 7- 10 one-minute intervals at 31- 55 m/min and six intervals
and active rest at 15 - 25 m/min. The adenosine consumption groups received adenosine at 0.2 mg/kg daily in the peritoneum. The
independent samples t-test, two-way Analysis of Variance (ANOVA), and Bonferroni’s post hoc test were used to analyze the data (P
< 0.05).

Results: Adenosine consumption decreased the levels of A1 and A2A gene expression (P < 0.05). Continuous and interval training
decreased A1 gene expression. The combination of training and adenosine consumption significantly reduced A1 gene expression (P
< 0.05). Exercise training and the combination of training and adenosine consumption showed no significant effect on A2A gene
expression (P> 0.05).

Conclusions: It seems that adenosine consumption decreases the expression of Al and A2A in the heart tissue of obese rats. Also,
training and training with adenosine consumption significantly decrease A1 expression in the heart tissue of obese rats.
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1. Background

Over the past few years, obesity has been the focus of
many researchers. A high percentage of people with car-
diovascular disease are obese. There are also strong as-
sociations between obesity and atherosclerosis, increased
risk of myocardial ischemia, and stroke (1, 2). Studies have
shown that pathological cardiac hypertrophy, hyperten-
sion, endothelial dysfunction, and increased physiological
markers of heart disease occur following obesity (2, 3).

The heart, as a vital organ, pumps a lot of blood into
tissues, which requires a lot of energy. Much of this en-
ergy is produced by the oxidation of various energy sub-
strates and Adenosine Triphosphate (ATP) (4). Adenosine
is a key extracellular molecule whose activity is activated
by four G protein-coupled receptors, including A1, A2A, A2B,

and A3, present in smooth muscle and coronary endothe-
lial cells (4, 5). On the other hand, the activation of potas-
sium channels and the inhibition of adenylate cyclase ac-
tivity in cardiac, smooth muscles and microscopic vessels
have been reported as factors for adenosine receptors dys-
function following metabolic disorders (6). In the present
study, we focused on adenosine Al and A2A receptors be-
cause these receptors are abundantly expressed in cardiac
tissue and are the most important receptors among other
types of adenosine receptors in the cardiac system (4-6).
The rat Al receptor gene was cloned in 1992, and subse-
quent studies showed its protective effect on cardiac tissue
during stress/injury. The activation of the A2A receptor can
cause vasodilation in the coronary artery (4-6).

Previous studies have shown that lifestyle changes and
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physical activity can have beneficial effects on the health
of people with obesity and metabolic syndrome (7, 8).
Researchers have suggested that exercise may facilitate
insulin-induced glucose uptake and contraction during ex-
ercise through the adenosine Al receptor (9).

Various studies have assessed the effect of exercise
training on cardiac tissue metabolism. It seems that the
type and intensity of exercise have different effects on
cardiac metabolism. For example, moderate-intensity en-
durance training increased the protein levels of adenine
nucleotide hydrolyzing enzymes and nucleotidase in rats
(10). One session of high-intensity training significantly re-
duced R-phenyl isopropyl adenosine in the heart tissue of
rats (11). On the other hand, adenosine is one of the key
regulators of metabolisms of body tissues and endocrine
purine nucleosides that are released from hypoxic tis-
sues and contribute to hypoxia-induced angiogenesis. Re-
searchers believe that adenosine increases the adenosine
levels following sports activity, increases coronary blood
flow and angiogenesis, and improves low tissue oxygen in
the myocardial muscle (12).

Based on research, adenosine consumption increases
glucose uptake and decreases lactate levels in the heart tis-
sue (13). In addition, nowadays, the use of proper diet along
with physical activity, has attracted the attention of sports
scientists. Studies conducted on the simultaneous ef-
fect of exercise training and adenosine drug consumption
have shown that glucose and lactate metabolism following
adenosine consumption and hypoxia-induced muscle con-
dition due to exercise training can increase adenosine re-
ceptors in skeletal muscles of young men (9). The interac-
tion of interval training and adenosine consumption was
significant in reducing adenosine expression in the liver
tissue of obese rats with a high-fat diet (14).

2. Objectives

Given the importance of modulating the metabolism
of the heart tissue as the main organ affected by obesity,
the present study tried to provide more information on
the interactive effects of aerobic training and adenosine
consumption on adenosine receptors. As far as we know,
there is no study to specifically evaluate the interactive ef-
fect of these two interventions on adenosine receptors in
the heart tissue. Thus, the present study aimed to investi-
gate the effect of continuous training with adenosine con-
sumption on the adenosine A1l and A2A receptors in the
heart tissue of obese rats.

3. Methods

In this experimental study, 64 eight-week-old male Wis-
tar rats, weighing 156.71 + 27.42 g, were purchased from the

Pasteur Institute of Amol and keptin animal house (Mazan-
daran University of Medical Sciences) in laboratory condi-
tions at 12:12 h dark/light cycle, 22 £ 3°C, and 50% - 60% hu-
midity in transparent polycarbonate cages for one week.

The present study was conducted in two stages, includ-
ing making obesity and training. For making rats obese, a
high-fat diet with 40% fat(20% soybean oil and 20% animal
fat), 13% protein, and 47% carbohydrate was used before
and during the study protocol. This study was conducted
following the guidelines for the use and care of laboratory
animals (15).

To measure obesity indices, the Lee index was used. In
this standard, rats over 310 g are known to be obese (16).
Based on the body weight, obese rats were divided into
seven groups, including (1) control, (2) continuous train-
ing (CT), (3) high-intensity interval training (HIIT), (4) CT
and adenosine consumption, (5) HIIT and adenosine con-
sumption, (6) adenosine consumption, and (7) sham. It is
noteworthy that eight healthy rats with a regular diet (Beh-
parvar Company, Karaj) containing 58% carbohydrate, 13%
fat,and 28% protein were used to examine the changes and
effects of obesity on the variables of the study.

3.1. Training Protocol

After obtaining the average of maximum speed to de-
termine the maximum oxygen consumption (VO2max),
the Bedford et al. (16) incremental test was performed
on all rats for 12 weeks of continuous and interval train-
ing. At the beginning of each session, a warm-up was done
consisting of running for three minutes at 10 m/min, fol-
lowed by HIIT at 85% to 90% VO,max €quivalent to seven at-
tempts of one minute, speed of 31 m/min, and active rest
between intervals with six attempts, speed of 15 m/min in
the first week; with an average gradual increase of 2 m/min
per week, it reached 10 one-minute attempts at a speed of
55 m/min and active rest with 9 one-minute attempts (be-
tween intervals)ata speed of 25 m/min in week12. Continu-
ous training started at 65% VO,max €quivalent to 20 m/min
for 15 min in the first week, which gradually reached 25
m/min for 31 min in week 12. The training was completed
bywarming up for3 min at10 m/min and 2 min at15 m/min
and cooling for one minute at 15 m/min and 2 min at 10
m/min. Rats were trained in both groups for five days a
week, with two days of rest in the middle and weekend days
for 12 weeks (15).

3.2. Adenosine Supplementation

The adenosine groups received adenosine at 0.2 mg/kg
body weight intraperitoneally for 12 weeks, while the sham
group received adenosine solvent (physiological serum)

(14).
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3.3. Tissue Collection

After 48 h of the last training session, rats were anes-
thetized by the intraperitoneal injection of a combination
of ketamine (30 - 50 mg/kg) and xylazine (3 - 5 mg/kg) (17).
The heart was excised and washed by ice-cold saline. Left
Ventricle (LV) was removed and frozen in liquid nitrogen
and stored at-80°C.

3.4. Gene Expression Measurement

The RNA was extracted from LV tissue (80 - 100 mg) of
rats using the RNA extraction kit (Bioneer, Catalog Num-
ber k3090, Korea). Then, the RNA was added to a spe-
cific kit (Bioneer, Korea) to make cDNA. The real-time PCR
was performed using the SYBR Green kit (Qiagen, Cata-
log Number 204052, Germany) and specific primers us-
ing the Corbet real-time PCR machine. All stages were
performed following the instructions of kit manufactur-
ers. The sequences of specific primers are presented in Ta-
ble 1. We used glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) as the housekeeping gene, as it is commonly used
by biological researchers. Finally, after obtaining CTs, the
data were calculated using the Pfaffl method (17,18).

Table 1. Specific Primers Used in Real-Time PCR

Primers Name Primer Sequence
A1
Forward GTGCTTCATCGTGTCACTGG
Reverse GCAGGTGTGGAAGTAGGTCT
A2A
Forward GAACACGAGCAAGAGGGA
Reverse GAGACACTTCACAGGGCAG
GAPDH
Forward AGTGCCAGCCTCGTCTCATA
Reverse GAGAAGGCAGCCCTGGTAAC

3.5. Statistical Analysis

The Shapiro-Wilk test showed that the data had nor-
mal distributions. Thus, the independent samples t-test,
two-way Analysis of Variance (ANOVA), and Bonferroni’s
post hoc test were used for inferential analysis. Because
of the low sample size, non-parametric tests were also con-
ducted, but this did not alter the interpretation of the find-
ings. Therefore, we only present the results of the paramet-
ric tests. The data were analyzed using SPSS version 16 soft-
ware (P < 0.05).
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4. Results

The mean and standard deviation of Al and A2A gene
expression in the study groups are presented in Table 2. The
results of independent samples t-test showed the signifi-
cant effect of high-fat diet on the increase of A1 (¢t =-5.20, P
=0.03) and A2A (t =-3.28, P = 0.01) gene expression in the
heart tissue of rats.

Table 2. Heart A1 and A2A|GAPDH Gene Expression in Different Study Groups®

Variables

Groups

A1 A2A
Control® 0.001 = 0.00001 0.0003 £ 0.00001
Control® 0.9 £ 0.06 0.09 £ 0.06
Sham® 0.27 4+ 0.06 0.10 4 0.08
o1 d 0.09 & 0.01 0.00001 % 0.000001
HIIT® 0.01+ 0.001 0.06 + 0.04
CT +Adenosine 0.0006 4 0.00001 123 4 0.89
consumption®
HIIT+ Adenosine 0.007 % 0.0001 0.72 £ 0.001
consumption®
Adenosine consumption® 0.01+ 0.001 1.06 £ 0.53

Abbreviations: CT, continuous training; HIIT, high-intensity interval training.
?Data are expressed as mean =+ standard deviation.

PNon-obese.

“Obese.

The effect of interval and continuous training was in-
vestigated on Al and A2A gene expression in the heart tis-
sue of obese rats. The results of two-way ANOVA in Table
3 show that adenosine consumption (7 = 0.87, F = 115.57,
P = 0.001) and endurance training (1 = 0.86, F = 50.56, P
= 0.001) had significant effects on the reduction of Al ex-
pression in the heart tissue of obese rats. Also, the com-
bination of training and adenosine consumption (interac-
tion effect) had a significant effect on the reduction of A1
expression. The results of Bonferroni’s post hoc test in Fig-
ure1show thatinterval training (P=0.001) and continuous
training (P=0.001) compared to no training (P=0.001) had
significant effects on the reduction of A1 gene expression in
the heart tissue of obese rats. Also, interval training had a
greater effect than regular training on decreasing Al gene
expression in the heart tissue of rats (P =0.001).

Adenosine consumption had a significant effect on de-
creasing A2A gene expression in the heart tissue of obese
rats (n = 0.49, F = 23.78, P = 0.001). However, endurance
training had no significant effect on reducing A2A gene ex-
pression (1 = 0.03, F = 0.14, P = 0.61). Also, the combina-
tion of training and adenosine consumption (interaction
effect) did not show a significant effect on the reduction of
A2A expression (1= 0.05, F=0.70, P= 0.50) (Figure 2).
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Table 3. Results of Two-Way Analysis of Variance on the Effects of Exercise Training, Adenosine Consumption, and Their Interaction on A1 and A2A/GAPDH Gene Expression in

the Heart Tissue of Obese Rats

Variables/Groups F Df Sig. Partial Eta Squared

A1
Supplement® 115.57 1 0.001 0.87
Exercise trainingb 50.56 2 0.001 0.86
Interaction® 45.08 2 0.001 0.84

A2A
Supplement® 23.78 1 0.001 0.49
Exercise trainingb 0.14 2 0.61 0.03
Interaction® 0.70 2 0.50 0.05

?Adenosine supplement groups vs. non-supplement groups.
PExercise training groups vs. no training groups.
“Interaction effect of exercise training and adenosine supplement.
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Figure 1. Effects of high-intensity interval training (HIIT) and continuous training
(CT) with and without adenosine supplement on heart A1/GAPDH gene expression in
rats. *Significant changes vs. no training group. ”Signiﬁcant changes vs. CT group.
¥Adenosine consumption vs. no adenosine consumption.

No Adenosine Consumption

Adenosine Consumption

Heart A2A/GAPDH Gene Expression
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Figure 2. Effects of high-intensity interval training (HIIT) and continuous training
(CT) with and without adenosine supplement on heart A2A|GAPDH gene expression
in rats. “Adenosine consumption vs. no adenosine consumption.

5. Discussion

The results showed that the high-fat diet increased At
and A2A levels in the heart tissue of rats. Researchers
believe that adenosine interacts with the nervous sys-
tem to control vital functions and muscle function (19).
The increased levels of adenosine receptors following a
high-fat diet depend on increased oxidative stress, pro-
inflammatory factors, and inflammatory factors. Also, the
decreased entry of energy substrates into the cell activates
proteins to increase adenosine receptor expression as a
compensatory mechanism to reduce nutrients within the
cell, thereby absorbing more fat from intestinal cells (19).

The results of the present study showed that a high-fat
diet could induce an increase in A1 and A2A gene expres-
sion in the heart. On the other hand, HIIT and CT programs

induced a decrease in Al gene expression in the heart.
A high-fat diet can increase lipogenesis proteins such as
Sterol Regulatory Element-binding Protein (SREBP). The in-
hibition of AMP-activated Protein Kinase (AMPK) reduces
adiponectin expression, which is dependent on increased
Alreceptor expression thatinterferes with triglyceride syn-
thesis and fat storage (14). A high-fat diet increases adeno-
sine receptor 2B (A2BR) expression and inflammatory fac-
tors in the intestinal colon (19), increases Al protein expres-
sion in liver tissue (14), and increases A2A expression in
white adipose tissue of rats with high-fat diet (20). Adeno-
sine is known to be a regulator of metabolism in coronary
arteries (21). Increased blood adenosine increases the lev-
els of Equilibration Nucleoside Transporter 1 (ENT1) and
Concentrative Nucleoside Transporter 2 (CNT2) receptors,

Gene Cell Tissue. 2020; 7(2):€97210.
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both of which can increase AMPK activity. A consequence
of this event is the increased lipid entry into the cell, which
can lead to decreased Al and A2A expression (14, 22). How-
ever, one of the most important mechanisms of adenosine
consumption is the activation of potassium channels and
inhibition of calcium channels through adenosine Al re-
ceptor interference with the G protein. Further, this Al-type
interfering pathway can indirectly decrease calcium cur-
rents and inhibit vestibular cell membrane hyperpolariza-
tion in the heart (23). Researchers recognized the effects of
adenosine drug to be dose-dependent. In a study, adeno-
sine consumption decreased Al expression in the liver tis-
sue of rats with a high-fat diet (14) at a dose and dura-
tion of administration that were similar to those of the
present study. An increase in the serum levels or injections
of adenosine also activated a similar pathway in both of
the studies. Adenosine consumption at 1.2 pmol/day had
cardiac inotropic and chronotropic effects through adeno-
sine Alreceptor (24), and a dose of 2 ug/kg body weight in-
creased the expression of lipolysis proteins in the adipose
tissue of obese rats (25).

The results also showed that interval and continuous
training had significant effects on decreasing Al levels in
the heart tissue of obese rats. However, interval training
was more effective than continuous training. On the other
hand, interval and continuous training did not have sig-
nificant effects on decreasing A2A gene expression levels
in the heart tissue of rats. Previous studies have reported
the functional and structural roles of adaptations, such as
angiogenesis following exercise. Regular exercise seems
to increase the angiogenesis and connectivity of coronary
arteries by increasing angiogenesis regulatory molecules
such as Vascular Endothelial Growth Factor (VEGF), thereby
increasing adenosine levels in coronary blood and myocar-
dial tissue (10). The promoted oxidation pathway follow-
ing exercise increases lipolysis, activates the AMPK path-
way, and decreases adenosine receptors. However, the lack
of a significant decrease in A2A gene expression levels can
be justified by the fact that the A2A receptor is less impor-
tant than the Al receptor in regulating the metabolism in
the heart tissue and its density is less correlated with in-
creased adenosine levels and increased blood flow to the
coronary and myocardial arteries.

Previous studies have also reported that the A2A lev-
els were not significantly different between athletes and
non-athletes (26). Changes in adenosine receptors are also
highly dependent on the type and intensity of training. In
line with the present study, aerobic and interval training
had the same effects on the reduction of A1 in the liver tis-
sue of obese rats (14). One session of high-intensity train-
ing reduced adenosine receptors in the heart tissue of rats
exposed to oxidative stress (11). This study showed that
adenosinereceptors are effective in enhancing antioxidant

Gene Cell Tissue. 2020; 7(2):€97210.

and anti-inflammatory systems and reducing lipid peroxi-
dation induced by high-intensity exercise in the heart tis-
sue. Also, the combination of training and adenosine con-
sumption was significant in reducing A1, but adenosine
consumption and endurance training were not significant
in decreasing A2A in the heart tissue of obese rats.

Previous studies have shown that exercise activities
through the increase of fatty acid oxidation, activation of
the AMPK pathway, and increase of angioplasty can de-
crease adenosine receptors at the cell surface (10, 14) and
adenosine consumption can decrease the expression of
adenosine receptors by increasing ENT1 and CNT2 recep-
tors, increasing AMPK, activating potassium channels, and
inhibiting calcium channels in the heart (14, 22, 23). How-
ever, the upstream AMPK pathway in these changes is dif-
ferent in the two interventions. In this regard, a study by
Heinonen et al. showed that A2A changes were less affected
by exercise (26).

The combination of training and adenosine consump-
tion was more effective in the reduction of A1 expression
in the liver tissue than either of these interventions alone
(14). Exercise training and adenosine consumption in
these two studies could decrease Al expression by enhanc-
ing the AMPK activity. Also, the combination of exercise
and adenosine consumption increased lipolysis of white
adipose tissue and enhanced Uncoupling Protein 1 (UCP1)
in brown adipose tissue (25), indicating increased lipoly-
sis following adenosine administration along with exer-
cise training.

5.1. Limitations

One of the limitations of the present study is the lack
of the measurement of AMPK, ENTI, and CNT2 receptors.
Therefore, it is suggested that these factors be evaluated
along with adenosine receptors. Another limitation of the
present study is the lack of the measurement of serum
levels of adenosine as an important factor in the extent
of changes in adenosine receptors. Thus, it is suggested
that future studies examine the serum levels of this factor,
along with the variables used in the present study.

5.2. Conclusion

Adenosine consumption appears to decrease the gene
expression levels of both adenosine receptors. The Al ex-
pression decreased after training alone or in combination
with adenosine consumption. However, training and the
combination of training and adenosine did not signifi-
cantly affect the A2A expression.
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