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INTRODUCTION

Chronic exercise training induces left ventricular (LV)
hypertrophy known as physiological hypertrophy.t?
This adaptation compensates hemodynamic overload
following increased venous return, LV posterior wall
thickness and LV end diastolic volume® during physical
activity associated with sarcomeres added in series and
in parallel to lengthen the cardiac cell.™ In general,
these cardiac mass changes are supposed to increase LV
stroke volume (SV), percent of ejection fraction (EF%),
and cardiac output.”

Correspondingly, physiological hypertrophy is induced
by regulatory triggers such as kinases activation that
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signal downstream processes. Alteration of these
signaling pathways may enhance the reprogramming
of cardiac gene factors which lead to cardiac gene
expression and myocyte growth. In this regard, it is
widely accepted that PI3K signaling through Akt is an
important regulator of membrane trafficking, adhesion,
actin rearrangement, cell growth, and cell survival.”®!
Interestingly, PI3K/Akt pathway upregulates crucial
cardiomyocytes hypertrophic-inducing transcriptional
activation of several genes, such as Hand2 and Gata4.P'!

Considering this signaling pathway, several studies
reported that constitutive activation of PI3K increases
heart weight/body weight (BW) ratio without any
pathological sign.”'l Meanwhile, there are some
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evidences verifying that PI3K knock-out mice had smaller
heart with decreased cardiac function.”! In the downstream,
the regulation of Hand2 (Heart and neural crest derivatives
expressed 2) gene is a crucial trigger for encoding Hand?2
protein. This gene in synergy with Gata4 upregulates
cardiac-specific promoters that results in cardiac cell
proliferation, remodeling, and cardiac development,?%!
while blocking Hand2 gene causes severe cardiovascular
developmental malformations.'** Taking the above findings
into consideration, the synergy between an upstream (PI3K)
and a downstream regulator (Hand?2) of cardiac hypertrophy
after different training regimens seems interesting. Although
a few studies reported the accompany of PI3K in cardiac
hypertrophy following endurance training (ET),”'! little is
known aboutits role in cardiac remodeling after high-intensity
interval training (HIIT). For the downstream, to the best of
our knowledge, there is only one published scientific-based
training method by Fathi and Gharakhanlou which reported
increase in Hand2 gene expression after ET,'"”) and no data
exist about this mediating gene regarding to HIIT discipline.
HIIT is characterized by repeated sessions of short-time
intermittent efforts performed at relatively high intensities.
This training type is a potent strategy to induce cardiac
remodeling that might be resemble to changes associated
with ET.®1 However, few existed studies focused on the
benefits of HIIT due to shorter time, higher stimulation, and
rapid phenotypic changes on cardiovascular rehabilitation!"
and athletic performance!’®' compared to ET."!6!

Given the presumable changes in cardiac remodeling
upregulated by HIIT or ET, the present study tested
the hypothesis that 12 weeks of brief, intense interval,
or continuous swimming training would regulate PI3K
concentration and Hand2 gene expression and causes
physiological hypertrophy of the cardiac tissue in rats.

MATERIALS AND METHODS

Experimental approach to the problem

Twenty-four adult male Wistar rats (weighing 210-250 g)
obtained from Pasteur Institute of Iran, hospitalized and
trained at the Exercise Physiology Laboratory-Shahid
Rajaee Teacher Training University, in collective cages
(three rats per cage) at 22°C + 2°C and 12/12 h light/dark
period, whereas they had free access to water and standard
chewing rodent food ad libitum. After randomly dividing
into (ET, n =6), (HIIT, n=6), Sham (SH, n = 6), and Control
(C, n = 6), they accustomed to swimming (Animal Pool,
Danesh. Salar. Co, Tehran, Iran) with moderate stable
current generated by circulating water pump (to avoid rats
to stay on floatability) for 5 days before the main protocol
starts. Swimming training executed in individual chambers
(60 cm height x 30 cm diameter) with water temperature at
32°C + 1°C while the surface of the walls of tank was clear
and smooth. The study was approved by Ethics Committee
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of Iran University of Medical Sciences (IUMS.95.06.10.04)
and conformed to the Declaration of Helsinki.

Procedure

Training protocol

The swimming training was conducted for 12 weeks, 5 days
per week (rest at Monday and Friday) between 11.00 a.m.
and 15.00 p.m. The load was attached to the animal lower
back while individually adjusted every weekend according
to animal body mass. The progression of load, time of
interval (ratio of rest to workout), and time of continuous
training were adopted from da Rocha ef al. research
protocols.””! Regarding to load selection, Gobatto et al.
reported that lactate threshold was achieved by bearing
a weight in 5%—6% of rats’ body mass.l*" Therefore, the
continuous protocol in this study was done without any
external load and interval protocol was considered as
high-intensity training (incremental load between 5% and
16% of individual body mass). Table 1 shows swimming
training protocols. Sham group was put on the water for
3 min without any artificial current on all of the training
days, whereas control stayed at the cages in animal house
all the period of training.

Tissue sampling and heart structure

Forty-eight hours after finishing the last training session,
animals were anesthetized using ketamine/xylasine
(5 and 50 ml/kg, respectively). Rats were sacrificed after
measuring the length of body from the mouth to the root
of the tail. Three milliliters of blood sample was donated
from LV and cardiac tissue was harvested and weighed
after washing completely with ddH2O to assess heart
weight (HW) and heart weight/HW/BW. Immediately,
the atriums and right ventricle were trimmed off and the
LV weighed, snap frozen in liquid nitrogen (in RNAase
free tubes) and stored at — 80°C until further use to assess
LV weight (LVW), LVW/BW and LVW to body surface
area (LVW/BSA). To count BSA, we used the procedure
mentioned with Farriol et al. for rats.?!

RNA extraction, cDNA synthesis, and real time-polymerase
chain reaction

Tissue samples were weighed (40-50 mg) and the total RNA
was isolated according to the AccuZol™ manufacturer’s
instructions (BIONEER) from LV and resolved in 50 ul
RNase-free water. The 260/280 nm absorbance ratio was
used to determine the quality of RNA samples in a
NanoDrop 2000c(r) Spectrophotometer (Thermo Scientific,
Wilmington, DE, EUA). Samples with ratios <1.7 were not
included in the study. cDNA for Hand2 as Target gene
and B-actin as reference gene were then synthesized using
2X real time-polymerase chain reaction (RT-PCR) Pre-Mix
(Taq, Biofact) protocol. Then, 1 ug of synthesized cDNA
utilized for SYBR Green-based RT-PCR through using
two-step procedure of 2X RT-PCR Master Mix (Biofact)
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protocol. In this protocol, 5.00 u¢ Master Mix, 3.5 ut
Deps water, and 0.5 pf Hand2 Primer (0.25 Forward
and 0.25 Reverse) gathered with 1.00 put template cDNA.
Thermocycling parameters were as follows: One cycle at
95°C for 10 min, one cycle at 95°C for 20 s, and one cycle
at 58°C for 45 s followed by 40 amplification cycles at
95°C for 30 s. Values from fB-actin were used to loading
normalization for each sample. Relative change in
expression was determined using the AACt method relative
to gene expression values for control (f-actin).

Primer pairs that were used are as follows: Hand2
Forward GACACCAAACTCTCCAAA and Reverse
TTCTTCCTCTTCTCCTCT,; f-actin Forward
GGAGAAGATTTGGCACCACAC and Reverse
GGATGGCTACGTACATGGCTG.

PI3K concentration assay

PI3K enzymatic concentration was determined using
a competitive ELISA kit (CK-E 30310, Hangzhou East
Biopharm Co). The blood that was taken directly from
LV (3 ml) was replaced gently into EDTA Glass tube and
centrifuged to separate plasma from blood cells. Extracted
plasma (~ 1.5 ml) was assayed for PI3k concentration by
ELISA, according to the manufacturer’s instructions.

Echocardiogram recording and analyzing

Rat echocardiography was performed 24 h after last
training session as previously described.” Briefly,
following the induction of anesthesia for echocardiography
(Ketamine 5 ml/kg-Xylasine 50 ml/kg), the anterior chest
was shaved and rats were placed in the left lateral decubitus
position. A rectal temperature probe was placed and the
body temperature was carefully maintained between 37°C
and 37.5°C with a heating pad throughout the study.

Conventional M-mode and two-dimensional
echocardiography images (GE-Vingmed Ultrasound, USA)
were obtained in the parasternal long-and short-axis views

with a 10-MHz probe. A representative cross-sectional
echocardiogram is shown in Figure 1. Using these
recordings, left ventricle end diastolic volume (LVEDV),
SV, EF%, fractional shortening (FS%), LV posterior wall
thickness in systole (LVPWs), and diastole (LVPWd)
were measured. One operator, blinded to genotype and
treatment, performed all echocardiograms using dedicated
software (EchoPac v113; GE Healthcare).

Statistical analysis

Data were expressed as mean + standard deviation. The
normality of data was assessed using the Shapiro-Wilk test.
To compare the cardiac performance characteristics, PI3K
concentration and Hand2 gene expression values between
ET, HIIT, Sham and C groups, one-way analysis of variance
utilized followed by the Tukey honestly significant difference
post hoc test for pair-wise comparison. The statistical
significance level was set at P < 0.05 for all comparisons.

RESULTS

The Shapiro-Wilk test approved the normality of the data

Kinase (ng/ml)

Phosphatidylinositol-3-
N W s U Y 0 0 O

Control Sham ET HIIT

Figure 1: Changes of phosphatidylinositol-3-kinase concentration in
trained (high-intensity interval training and endurance training) and
untrained (Sham and Control) rats (values are means + standard deviation).
*P < 0.001 compared with Control group; P < 0.05 compared with sham group

Table 1: 12-week swimming training protocol in endurance training and high-intensity interval training

ET HIT
Week Swimming time (min) Week Swimming time (s) Rest time (s) Repetitions Percentage body weight load (g)
1 30 1 60 60 5 2-5
2 45 2 60 60 5 7
3 60 3 60 60 5 8
4 60 4 60 60 5 10
5 60 5 20 10 14 13
6 60 6 20 10 14 14
7 60 7 20 10 14 15
8 60 8 20 10 14 16
9 60 9 20 10 14 16
10 60 10 20 10 14 16
11 75 1 20 10 16 16
12 75 12 20 10 16 16
ET=Endurance training; HIIT=High-intensity interval training
3 Journal of Research in Medical Sciences | 2019 |
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distribution. Swimming training was performed in ET
and HIIT for 12 weeks. PI3K concentration, Hand2 gene
expression, echocardiography characteristics, BW, HW,
LV, and relative weights of the heart and LV were assessed.

PI3K concentration

The findings approve that PI3K in ET (6.58 ng/ml;
P =0.00) and HIIT (6.67 ng/ml; P = 0.00) is significantly
different form control (4.70 ng/ml). Furthermore, there
was a statistically significant difference between Sham
(56.32 ng/ml) and HIIT (P =0.04) but not ET. However, there
was no statistically significant difference between HIIT and
ET [Figure 1].

Relative gene expression changes

The differences between Hand2 gene expression of HIIT
and ET (Hand2 Change folds in HIIT 6.76; P =0.00 and ET
6.15; P=0.01) with Control (change fold 1) were statistically
significant. Furthermore, there were significant differences
between HIIT (P = 0.01) and ET (P = 0.00) with Sham
(Hand2 change fold 1.05). However, the difference between
HIIT and ET was not significant [Figure 2].

Heart and left ventricular structural changes

As shown in Figure 3a, there were insignificant changes
in BW between Control (335 g) in comparison with Sham
(310 g), ET (308 g), and HIIT (298 g). HW was significantly
different between ET (P = 0.01) and HIIT (P = 0.01) with
Control. Furthermore, the difference between ET (P = 0.04)
and HIIT (P = 0.03) with Sham was significant. LVW
revealed significant differences between HIIT (P <0.01) and
ET (P <0.04) with Sham, whereas control was significantly
different only with HIIT (P =0.01). The normalized LVW/BW
was significantly different between HIIT (P = 0.00) and
ET (P=0.01) with control. These differences were significant
between HIIT (P = 0.01) and ET (P = 0.01) with Sham.
Furthermore, the normalized ratio of LVW/BSA showed
statistically significant differences between HIIT (P = 0.02)
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Figure 2: Expression of Hand2 in the left ventricle of trained (high-intensity interval
training or endurance training) and untrained (Sham and Control) rats (values are
means + standard deviation). *P < 0.001 compared with control group; P < 0.001
compared with sham group
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and ET (P = 0.02) with Control. These differences were
significant between HIIT (P = 0.03) and ET (P = 0.04) with
Sham [Figure 3b].

Cardiac functional changes

Echocardiography was performed in anesthetized rats.
The results are summarized in Table 2. Both of the training
groups demonstrated significantly thicker LVPWs in
comparison to Control (HIIT: P = 0.00, ET: P = 0.01) and
Sham (HIIT: P=0.00, ET: P =0.02). Furthermore, there were
significant differences in LVEV of systolic (HIIT: P = 0.02;

Table 2: Observation of echocardiographic
characteristics between groups (values are
meansz=standard deviation)

Observation MeanzSD
Control Sham Endurance HIT

LVEDV 0.380+0.073 0.368+0.120* 0.736+0.147% 0.545+0.196*+
LVPWs 0.240+0.020 0.251+0.011 0.280+0.0127 0.286+0.022F
LVPWd 0.152+0.004 0.163+0.013 0.160+0.008 0.168+0.011
Y 0.284+0.055 0.303+0.077 0.536+0.143" 0.524+0.119*
EF (%) 82.83+0.205 82.26+3.32 86.16+0.74  81.03+4.09
FS (%) 44.38+0.163 45.10+4.65 51.45+3.46* 51.04+4.88*

*Significant difference with control (P<0.05), 'Significant difference with

sham (P<0.05), :Significant difference with ET (P<0.05). SD=Standard deviation;
HIIT=High-intensity interval training; SV=Stroke volume; EF=Ejection fraction;
FS=Fraction shortening; LV=Left ventricle; LVEDV=LV end diastolic volume;
LVPWs=LV posterior walls; LVPWd=LV posterior wall
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Figure 3: (a) Heart weight and left ventricle weight of rats in high-intensity
interval training, endurance training, Sham or Control groups; (b) left ventricle
weight to body weight ratio and left ventricle weight to body surface area ratio
of rats in high intensity interval training, endurance training, Sham and Control
groups (values are means * standard deviation). *P < 0.05 compared with Control
group; #P < 0.05 compared with sham group
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ET: P = 0.01) and diastolic (HIIT: P = 0.01; ET: P = 0.03)
phases in both swimming-trained groups in comparison
to Control. Furthermore, LVEDV was significantly different
between HIIT (0.736 ml; P=0.01) and ET (0.535 ml; P=0.03)
in comparison to Control (0.368 ml).

SV was significantly elevated throughout ET (0.536 ml)
and HIIT (0.524 ml) rather than Control (0.284 ml) (HIIT:
P =0.04, ET: P = 0.04). However, EF was not significantly
increased. Furthermore, FS% was significantly higher in
HIIT (51.04%) and ET (51.45%) than Control (44.38%) (HIIT:
P=0.04, ET: P=0.03).

DISCUSSION

This study was designed to determine if ET and HIIT
mediate PI3K and Hand2 gene expression that accompany
physiological cardiac hypertrophy. Increases in HW, LVW,
and LVW/BW after both of the training schedules approved
physiologic hypertrophy of the heart. This adaptation
regulates with different intrinsic kinase activations together
with a wide range of the gene expressions. In this regard,
PI3K is assumed to be a key factor for programming this
hypertrophy. Furthermore, significant changes in LVEDYV,
LV posterior wall (LVPW), SV, and FS% approved the
functional improvement due to physiologic hypertrophy.
These observations provided the rationale for our
hypothesis that both of the training schedules are efficient
for triggering the cardiac hypertrophy.

The increases in LVEDd together with greater SV and FS%
in ET group seems to be made by more blood return to the
heart because of muscle vasomotor pump and Frank-Starling
Mechanism which is an adaptive response to continuous
hypertrophic stimulations.® It is in accordance with studies
that noted ET causes physiological hypertrophy in the heart
specially in LV.>#24

To certify this, findings from echocardiography showed
thicker LVPWs, increased LVEDV, higher SV, FS%, and
EF in ET rather than control and Sham. In line with these
findings, a prior study revealed that swimming, cycling,
rowing, and running increased LV wall thickness, SV, and
dilatation of LV.P!

In addition, we showed that LVEDV is significantly higher in
HIIT than ET. It is not in accordance with the biggest LVEDV
in ET?**! and decreased LVEDV after interval training.!
Meanwhile, several studies declared that exercise training
does not significantly change structural and functional
characters same as LVDd, LVDs, and FS in adult rats,?>?>%"
whereas increased EF after both of endurance and interval
running trainings was reported in a study.™ Similarly,
several studies reported that exercise training had no
significant effect on systolic septal wall thickness, diastolic
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septal wall thickness, systolic posterior wall thickness, and
diastolic posterior wall thickness,'#”?! whereas others found
greater LVPW in athletes than controls.! Different heredities
of physical activities (running on treadmill or ground vs.
swimming) might be the reason of these discrepancies.

In HIIT trained rats, similar adaptations seem to establish
stronger and thicker septal wall of the heart. Reports of
Wolfe et al. (1978) and West (1998) for increased LVEDV,
more rapid LV diastolic filling and enhanced systolic
contractility in athletes compared to nonathletes confirm
these findings.®" Contrarily, Adler et al. and Vinereanu
et al. reported no change in systolic and diastolic function
after HIIT between athletes and nonathletes. They presumed
that this is related to enhanced early relaxation of myocardia
in athletes.?"*

In addition to mentioned findings of this study, EF% in
ET and HIIT was not significantly more than Control and
Sham. This finding seems to be in contrast with higher
LVPW, LVED, and SV in both training groups. It might be
as a cause of anesthetization. As mentioned in Rottman et al.,
the systolic phase is more influenced from anesthetizes than
diastolic phase. This reverse influence may cause similar
%EF in trained and untrained rats.

Other main findings of present study about kinases
concentration and Hand2 gene expression showed
significant increases after both of physical trainings. In this
line, previous evidences approved the role of PI3K and
Hand?2 gene on cardiomyocytes growth.®21314

For example, in endurance swimming trained mice,
McMullen and Jennings reported 32% increase in HW/BW
in nontransgenic mice and 39% increase in cnPI3K mice
after 4 weeks of training.” Furthermore, Shioi ef al. showed
significant structural and functional increases in cardiac PI3K
activity, HW/BW and LVPWd but not FS% and LV diameters
in caPI3K transgenic mice."! Contrarily, PI3K activity was
decreased in dnPI3K transgenic mice and HW/BW decreased
by 20%, PI3K decreased by 70% and cardiac function was
devastated.? In a study by Lu ef al. (2015) that compared
HIIT and ET, although the amount of PI3K was less in
training groups compared to myocardial infarction (MI),
but FS% and EF% were increased in ET and HIIT compared
to ML Even though cardiac structural characteristics of
mentioned study were in line with the present findings, EF%
and FS% increased more significantly in HIIT than ET. The
difference between the participants of this study and this
mentioned article (healthy rats vs. MI rats) assumes to be
the reason of different results for PI3K.

To the best of our knowledge, this is the first study which
investigates the effect of HIIT on Hand2 gene expression.
In the field of exercise biology, only one research study
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has been investigated the effects of treadmill running (ET)
on Hand2 Expression who found significant increase in
Hand2 gene, HW and LVW in trained than untrained
rats.”l Considering the role of this gene on cardiac gene
programming, remodeling and development,®** it can
be concluded that 6-fold increased expression in training
groups after significant increase in PI3K might led to cardiac
development known as “athlete’s heart.”? Accordingly,
present findings confirm several lines of evidences attesting
that Hand2 acts as a key regulator gene associated with
a large number of genes which are functioning during
heart development and cardiomyocytes cushion®*! and
blocking this gene causes cardiovascular developmental
malformations.['*°]

CONCLUSION

Collectively, the present results provided the rationale
for our hypothesis that physical training in both types
of endurance (alactic) and high-intensity interval (lactic)
swimming regimens led to increased PI3K concentration
and Hand2 gene expression which are crucial for cardiac
hypertrophy. These considerations approved by the
differences in heart and LVWs and echocardiography
characters as well. Although mostly same results between
different training schedules approved the benefits of both
training regimens on physiological hypertrophy, the
benefits of HIIT due to shorter time (~234 min comparing
to ET executed for ~ 3525 min) and same advantage are
debatable.® Accumulation of lactate during HIIT? assume
to create similar responses after this training regimen
compared to ET. Based on this rationale, we recommend
HIIT as a more beneficial training regimen than ET.
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