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Introduction and purpose: Age-related changes in the expression of
angiogenesis-stimulating and inhibitory genes are characteristics of aging and
endothelial dysfunction. Aerobic exercise can stop or reduce this disorder.
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Extended Abstract

Changes in lifestyle and decreased physical activity in old age lead to many
physiological and biokinetic changes. One of the most important of these changes is the
decrease in cardiovascular system function, endothelial dysfunction, and angiogenesis
(1). Therefore, endothelial dysfunction and decreased angiogenesis precede the
development of other cardiovascular diseases associated with aging and senility (2,3). It
has been shown that regular exercise in the elderly can, as a non-pharmacological
intervention, lead to the return of many lost physiological abilities and, in particular, an
increase in endothelial activity and angiogenesis (4). In this regard, it has been shown
that angiogenesis begins with the proliferation and migration of endothelial progenitor
cells (EPCs) in two forms: sprouting and bifurcation of existing capillaries (4). According
to studies, the most important stimulatory factors involved in the angiogenesis process
include: hypoxia-inducible factor-1 (HIF), vascular endothelial growth factor (VEGF),
stromal cell-derived factor-1 (SDF) (4,5) which are secreted from endothelial cells in
response to stimuli such as hypoxia, ischemia and shear stress, growth and stress
hormones and inflammation. On the other hand, one of the important factors in
inhibiting angiogenesis is vascular endothelial growth inhibitory factor (VEGI), this factor
is known as a member of the tumor necrosis factor family and it seems that VEGI is
generally expressed at a low level in tissues and little information is available about it
(6). Compared to aerobic exercise, there is little information regarding resistance
exercise in the context of examining the response and adaptation of angiogenic
stimulatory or inhibitory genes. Therefore, it has been shown that the stress imposed on
the vascular system in response to a session of resistance exercise leads to a greater
ischemic stimulus than to a session of aerobic exercise (7). It has been shown that a
session of resistance exercise can affect the angiogenic process, possibly due to the
creation of muscle tension, shear stress, local hypoxia and ischemia, increased growth
and stress hormones, microcellular damage, inflammation, and Ca2+ signaling (14).
Regarding the adaptation of angiogenic factors to resistance training, studies have
shown that changes in these factors vary following resistance training and depend on
factors such as intensity and duration of training. It has also been shown that resistance
training may increase HIF-1 gene and protein expression levels by activating the mTOR
signaling pathway (16). Therefore, according to the study background, there is still no
clear information available regarding the response and adaptation of angiogenesis-
related factors to resistance exercise. Therefore, in the present study, our hypothesis is
based on the fact that following an eight-week resistance training intervention in elderly
individuals, the acquired adaptations can modulate the stresses introduced into the
vascular system following a session of resistance exercise that can inherently lead to
hemodynamic fluctuations, especially shear stress, ischemic conditions, hypoxia, and
recording changes in the gene expression of angiogenesis-stimulating and -inhibitory
cytokines, especially HIF-1, VEGF, SDF-1, and VEGI, and therefore have an effect on
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the angiogenesis process in a different way than other types of exercise. Therefore, the
present study aimed to investigate the consistency in the response of gene expression
of angiogenesis-stimulating (HIF-1, VEGF, SDF-1) and inhibitory (VEGI) factors after
resistance exercise intervention in the elderly.

Methodology

The statistical population of the present study included 100 elderly men over 65 years of
age present at the daily care facility of Kahrizak Charity Hospital in Alborz Province.
According to the definition of the World Health Organization, an elderly person is
someone who has passed the age of sixty (22, 23), and the subjects of the present
study were people with an age range of 65-75 years. The statistical sample of the study
was 24 people who were selected from the aforementioned community in an accessible
and purposeful manner and were randomly assigned to two equal groups in terms of
experimental (n=12) and control (n=12) numbers. Before implementing the study
process, the protocol of the present study was approved at the Sports Sciences
Research Institute based on the ethical standards of the Ministry of Science under the
number IR.SSRI.REC.1397.219 (43453). The inclusion criteria for the study were no
history of orthopedic surgery in the past 5 years, no cardiovascular, pulmonary, or
diabetes diseases, no history of falling in the past year, ability to walk independently, no
regular exercise program, and no history of taking any specific medications or sports
supplements (1). After 12 hours of overnight fasting, a "pre-test" blood sample of 5 ml of
venous blood was taken from the vein of the non-dominant arm of the subjects. After 2
hours, the subjects of both groups performed 1 session of resistance exercise (24)
including 6 movements of chest press, calf press, squat, leg press, leg curl and
underarm pull-up in 3 rounds at an intensity equal to 70% of one repetition of the
previous exercise for 30 minutes using a device. Immediately, a "post-test" blood
sample of 5 ml was taken. The intensity of the resistance exercise instruction for each
subject was 70% of the maximum maximum strength (25). After 48 hours, the 8-week
resistance training program (26) (front of arm, back of arm, front of thigh, back of leg,
chest, shoulder, and abdomen) was performed by the training group 3 times a week for
8 weeks. In the first 2 weeks, each exercise from the program was performed in 4
rounds, 10 repetitions, and an intensity of 50%-45% of one repetition maximum with 60-
second rest periods between each round and 180-second rest periods between each
exercise for 25 minutes. In order to comply with the principle of overload, 5% of one
repetition maximum was added to the training intensity at the end of every two weeks.
After eight weeks and exactly 48 hours after the last training session, a "secondary pre-
test" blood sample was taken. After that, the subjects of both groups performed a
resistance exercise session as instructed and immediately a "secondary post-test"
sample was taken from both groups. Real Time PCR was used to measure the gene
expression of HIF-1, VEGF, SDF-1 and VEGI in blood tissue. The difference in the
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values of the variables was evaluated by the analysis of variance with repeated
measures mixed design at the P<0.05 level using SPSS version 25 software .The gene
expression values of HIF-1, VEGF and SDF-1 in the training group increased in the
initial post-test (after one session), secondary pre-test and secondary post-test (after 8
weeks), and VEGI had no gene expression.

Gene expression

After collecting blood samples in tubes containing anticoagulant, RNA extraction and
then cDNA synthesis were performed. For this purpose, the RNA extraction kit (RNX)
and cDNA synthesis kit manufactured by T Bioneer were used. After RNA extraction
and synthesis, the cDNA PCR reaction was performed in a volume of 10 uL. First, the
Master Mix2x primer and DEPC-treated water were brought to room temperature and
after a centrifugation, they were ready for use. The strips (100 pL tubes connected
together for the Real-Time PCR device) of the device were placed on ice under the
hood and 5 pyL (Master Mix 2x) and 3 uyL DEPC-treated water and 0.5 L of the primer
were added to them. At this stage, the cDNA was thawed on ice and after a short
centrifugation, 1 uL was added to each strip. Finally, the desired sample was placed in
the PCR device (Corbett 6000) and 45 amplification cycles were performed. The
resulting data was collected and recorded. In order to quantify the expression values of
the desired gene, first the optical absorption coefficient data obtained in the Corbett
device were converted into numerical data by the Rotor Gene 6000 series-Virtual Mode
software designed by the German Corbett company. Then the formula 2-AAct (2 to the
negative power of AAct) was used in Excel software. Then the expression levels of the
genes were measured relatively compared to the control gene b-actin. In this formula,
the necessary sizes were obtained through the following steps and placed in the
formula and the fold change values were calculated. Also, the primers were designed
by Sina Clone Company and the control gene b-actin was used as a control gene to
normalize the reaction.

Finding

The findings of the present study showed that eight weeks of resistance training could
lead to an increase in the expression of angiogenic cytokines, especially HIF-1, SDF-1
and VEGF, and in relation to the expression of the VEGI gene, although this gene had a
basic expression, no increase or decrease was observed. Therefore, it can be
cautiously stated that resistance training of sufficient intensity and volume, independent
of its role in improving quality of life, increasing muscle mass, and reducing the risk of
falling, can, as a supplement to aerobic training in old age, increase angiogenesis in the
body, and thus provide benefits to health care providers in the field of preparation and
treatment of cardiovascular diseases. In addition, our study suggests that important
factors affecting the angiogenesis process at the gene and protein expression levels
should be investigated using other training methods such as aerobic and combined
training.
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