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Abstract

environment as the trained-aged animals, except they

Objective: To investigate the protective effects of

were remained freely in their cages. In sham group, rats

exercise training against aged-induced the reduction of

were immersed in cylindrical tanks filled with water to a

cardiac angiogenic capacity associated with VEGF,

depth of 5 cm that controlled temperature at 33-36 oC

phospho-Akt1, and eNOS in middle-aged rat hearts.

for 30 minutes/day, 5 days/week for 8 weeks.

In

Exercise trained – middle-aged group, rats swam in
Methods: Rats were divided into three groups:

cylindrical tanks filled with water to depth of 50-55 cm-

Sedentary - young group (aged 4 months), Sedentary -

controlled temperature at 33-36 oC for 60 minutes/day, 5

middle-aged sham group (aged 14 months), and

days/week

Exercise-trained middle-aged group. In the younger

malondialdehyde level (MDA), the thiobarbituric acid

group, rats were subjected to the same swim

reactive substances assay (TBARS) were used in this

for
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To

evaluate

the
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study. The level of phospho-Akt1, eNOS, and VEGF in

one of major underlying causes of cardiac diseases [2].

heart tissue homogenate were determined by sandwich

Recent study done by Iemitsu M, et al., 2006,

immunoassays.

demonstrated that the exercise training could improve
the aging- induced decrease in capillary density in the

Results: There were significant difference in systolic

heart [3]. Moreover, they also found that mRNA and

blood pressure, diastolic blood pressure and mean

protein of vascular endothelial growth factor (VEGF),

arterial blood pressure among the sedentary- young

vascular endothelial growth factor receptor (VEGFR),

group and sedentary-middle aged. However, the

phosphorylation Akt, eNOS protein, and capillary

exercise trained middle aged group showed the lower

density in cardiomyocyte were reduced with advance

value than in the sedentary middle-aged group but not

aged.

significant. The levels of phospho-Akt1, eNOS, and

indicated that the exercise training could attenuate these

VEGF were significantly increased in the exercise

abnormalities of cerebral angiogenic capacity by which

trained middle group when compare with sedentary -

the increased VEGF expression in coordinated with

middle aged groups.

increased capillary density were demonstrated in the

The recent data done by our research team

aging rat model. As the result, it turned into the
Conclusion: The present study demonstrated that the

importance of exercise training on beneficial adaptation

protective effect of exercise training on age-induced

described by the increased capillary network that could

cardiac microvascular changes are involved the up-

increase oxygen supply and energy substances for aging

regulation

[4].

of

VEGF

eNOS

and

phospho-Akt1

However, little is known about the relation of

expression in association with changes in the ROS

exercise training in cardiac angiogenic capacity in

balance.

middle aged heart. Therefore, the objective of this study
is to investigate the protective effects of exercise

Keywords: Exercise; VEGF eNOS; Phospho-Akt1;

training against aged-induced the reduction of cardiac

Middle-aged rat heart

angiogenic capacity associated with the multiple factors,
VEGF, phospho-Akt1, eNOS, in middle-aged rats.

List of abbreviations
VEGF = vascular endothelial growth factor

Material and methods

eNOS = endothelial nitric oxide synthase

Animals

phospho-Akt1 = AKT1 phosphorylation on Serine 473

Animal were purchased from the National Laboratory

SE = Sedentary group

Animal Center (Salaya, Mahidol University, Thailand).

ET = Exercise-training group

They were housed 3-4 rats per cage, in the animal room

MDA = malondialdehyde level

with controlled temperature in 20±2oC and 12:12 h

ROS = reactive oxygen species

light: dark cycle (on 7.00 a.m. off 19.00 p.m.) with free
access to food and water ad libitum. The experimental

Introduction

protocol was conducted in accordance with the

Cardiovascular disease is a leading cause of death in

guidelines for experimental animals by National

people aged 65 and older both in men and women [1].

Research Council of Thailand, and authorized by the

In aging process, the reduction of angiogenic capacity

Committee of animal care and use protocol (CU-

leading to myocardial infarction has been described as

ACUP), Faculty of Medicine, Chulalongkorn University
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(NO.023/2561). Rats were divided into three groups:

Lipid peroxidation

Sedentary - young group (aged 4 months; n=5): SE-

To evaluate the malondialdehyde level (MDA), the

Young rats were subjected to the same swim

thiobarbituric acid reactive substances assay (TBARS)

environment as the trained-middle-aged rats, except

were used in this study. The TBARS assay were

they were remained freely in their cages.

Sedentary -

performed according to the procedure described by the

middle-aged sham group (aged 14 months; n=5) SE -

kit (Cayman, USA). The MDA concentration were

Middle-aged were immerse in cylindrical tanks filled

measured at a wavelength of 540 nm. The difference in

with water to depth of 5 cm that controlled temperature

absorbance were calculated and MDA concentration

o

at 33-36 C for 30 minutes/day, 5 days/week for 8

were determined from a standard curve which expressed

weeks. Exercise trained – middle-aged group (aged 14

as mmol/mg protein.

months; n=5) ET – Middle-aged were subjected to
swim in cylindrical tanks filled with water to depth of
o

Sandwich immunoassay

50-55cm with the controlled temperature at 33-36 C for

The level of phospho-Akt1, eNOS, and VEGF in heart

60 minutes/day, 5 days/week for 8 weeks.

tissue homogenate were determined by commercial
ELISA kits (DYC2289C-2, DY950-05, MMV00,

Exercise training protocol

DY1679-05, R&D system, USA, respectively). All

The swimming exercise protocol modified from the

techniques were performed under the manufacture’

method of Iemitsu et al. [3] and Viboolvorakul et al. [4]

protocol. All values were determined from a standard

was a non-impact endurance exercise with moderate

curve which expressed as pg/mg protein.

intensity. Each day, animals were transported to an
exercise training room, and individually swam in

Statistics

cylindrical tanks with a diameter and height of 44 and

Data were represented as mean ± standard error of mean

63 cm, respectively, in water at a depth of 50-55 cm.

(SE). Comparisions between groups were statistically

Rats were exercise once per day, between 9.00-12.00

assessed by one-way analysis of variance (ANOVA),

a.m., 5 days/week. The rats swam for 15 min/day for the

and the difference between means were evaluated by

first 2 days, and then the swimming time was gradually

Least significant difference (LSD) test. P-value ≤ 0.05

increased by 1-week periods from 15 to 60 min/day.

were considered to be statistically significant. Data were

After that, the trained middle -aged group continued the

analyzed by SPSS 22 for Windows (SPSS Inc.,USA)

swim training for 7 weeks. Therefore, the exercise
training groups received 8 weeks of swim training. To

Results

minimize stress associated with cold or hot water

Exercise

exposure, water temperature was monitored at 33-36 °C.

parameters

At the end of each training session, rats were dried with

Table 1 shows the significant difference in systolic

towel and hairdryer and returned to their cages. After 8-

blood pressure, diastolic blood pressure and mean

weeks, all animals were rested for at least 24 hours

arterial blood pressure among the sedentary- young

before they were conducted to the experiment.

group and sedentary-middle aged.

training

effects

on

hemodynamic

However, the

exercise trained- middle- aged group showed the sign of
lowering values than in the sedentary middle-aged
group with no significant.
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SE-Young
(n=5)

SE - Middle-aged (n=5)

ET – Middle-aged (n=5)

Systolic blood pressure, mmHg

112.65±2.51

124.07±1.97**

120.07±2.19*

Diastolic blood pressure, mmHg

87.33±2.39

102.40±3.64*

102.41±5.28*

Mean arterial blood pressure, mmHg

95.72±2.35

109.56±2.35**

108.20±3.51**

Heart rate, beats/min

362±5.83

350±9.49

358±11.58

Values are means±SE.
SE-Young = sedentary - young group, SE-Middle aged = sedentary - middle-aged sham group. ET-middle aged
groups= exercise trained –middle aged rats.
* = P<0.05 compared to the SE-Young, ** = P<0.01 compared to the SE-Young,
Table 1: Hemodynamic parameters in sedentary-young, sedentary middle aged, and exercise trained –middle aged
rats.

The level of MDA in heart was significantly increased with increasing aged, and the level of MDA was significantly
decreased after exercise training (Figure 1)

MDA
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Figure 1: The level of MDA in heart of sedentary young (n=5), sedentary –middle aged (n=5), exercise trained –
middle-aged (n=5). Data are expressed as means±SE
*** = P<0.001 compared to the SE-Young
###

= P<0.001 compared to the SE- Middle-aged group
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Exercise training effects on cardiac angiogenic capacity
The protein level of VEGF in heart was significantly increase in the sedentary –young rats compare with sedentarymiddle and sedentary-aged rats. The level of VEGF was significantly increased in the exercise trained middle group
when compared with sedentary group control (Figure 2).
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Figure 2: Expression of VEGF protein in heart of sedentary young (n=5), sedentary –middle aged (n=5), exercise
trained – middle-aged (n=5). Data are expressed as means±SE
*** = P<0.001 compared to the SE-Young; ## = P<0.01 compared to the SE- Middle-aged group
The protein levels of phospho-Akt1 in heart was significantly increase in the sedentary –young rats compared with
sedentary-middle aged rat. The level of phospho-Akt1 protein was significantly increased in the exercise trained
middle group compared with sedentary group control (Figure 3).
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Figure 3: Expression of phosphor-Akt1 protein in heart of sedentary young (n=5), sedentary –middle aged (n=5),
exercise trained – middle-aged (n=5). Data are expressed as means±SE.
*** = P<0.001 compared to the SE-Young; ### = P<0.001 compared to the SE- Middle-aged group
Cardiology and Cardiovascular Medicine Vol. 4 No. 1 - February 2020. [ISSN 2572-9292]

62

Cardiol Cardiovasc Med 2020; 4 (1): 058-065

DOI: 10.26502/fccm.92920102

The protein levels of eNOS in heart was significantly increase in the sedentary –young rats compare with sedentarymiddle-aged rats. The level of eNOS significantly increased in the exercise trained middle-aged group when
compared with sedentary group control (Figure 4).
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Figure 4: Expression of eNOS protein in heart of sedentary young (n=5), sedentary –middle aged (n=5), exercise
trained – middle-aged (n=5). Data are expressed as mean±SE.
*** = P<0.001 compared to the SE-Young; ### = P<0.001 compared to the SE- Middle-aged group

Discussion and Conclusion

demonstrated that the elevation of ROS and impairment

The present study demonstrated that middle-aged rats had

of antioxidant system were found in the aging heart [8].

tendency in developing hypertension as shown in Table 1.

It was also suggested that oxidative stress could be

Our results showed that there was a tendency of the

consequently caused by the decreased peripheral

exercise training to prevent the developing hypertension

vascular compliance and augmented afterload leads to

in middle-aged group. As shown by the previous studies,

increased oxygen consumption, and energy deficits [9-

they indicated that the incidence of hypertension related

11].

cardiovascular disease is higher in the aged than in the
young [5-6]. The prevalence of hypertension and

In addition, the effect of age-induce downregulation of

cardiovascular disease was confirmed as age-associated

cardiac angiogenic capacity as described by VEGF,

changes

The

eNOS and phospho-Akt1 in the middle-aged heart were

in

indicated in our results (Figures 2-4). The present study

cellular,

demonstrated that exercise training improved the

in

pathophysiology
cardiovascular

cardiovascular
of
system

physiology.

age-associated
appear

at

changes
the

extracellular, and whole-heart levels [5-7].

reduction of phosphorylation of Akt protein and eNOS
protein in the heart, and these corresponded to the

Moreover, our findings also demonstrated that lipid

changes in VEGF protein levels. These results suggest

peroxidation, MDA, was significantly increased with

that

increasing age (Figure 1). The previous study

downregulation of VEGF angiogenic signaling cascade

exercise
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in the middle-aged heart. Thus, the exercise training in
middle aged should be recommend. The sedentary
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