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Abstract

Background: aging is associated with an increase in vascular dysfunction but it can be prevented by exercise training. However, the
effect of circuit resistance training as a useful training method in improving cardio-respiratory and muscular strength is unclear.
Objectives: The aim of this study was to investigate the effect of CRT on plasma endothelin-1, nitric oxide (NO) and vascular size in
aged men.
Methods: Twenty healthy aged men (55± 5 year) were randomly divided into control and CRT groups. CRT group performed circuit
resistance training with 40 - 60 one repetition maximum for twelve weeks (3 times per week). Vascular size, plasma endothelin-1 and
NO, blood pressure and heart rate were measured forty eight hours before and after the training period.
Results: CRT increased the vascular size and decreased endothelin-1 and systolic blood pressure compared to the pre-test; however, it
had no effect on NO concentration and heart rate. In comparison with the control group, CRT significantly increased the vascular size
and decreased endothelin-1 and blood pressure but there was no significant difference in NO concentration and heart rate between
the two groups.
Conclusions: Circuit resistance training as a proper training method could induce the increase in endothelial function in aged
individual and prevents vascular dysfunction related to aging.
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1. Background

In industrialized countries, vascular diseases such as
myocardial infarction, heart attack, and obesity become
more prevalent with age (1). The prevalence of these dis-
eases is associated with increased activity of the endothe-
lial system during aging (1). At endothelial level, aging is
associated with increased endothelial cell disorders, de-
creased endothelium-dependent vasodilation, increased
endothelium-dependent vasodilatation, and decreased ni-
tric oxide activity (2). Endothelin-1, an endothelium-
derived vasoconstrictor, affects the function of various tis-
sues such as the heart, pancreas and the nervous system
(3). Endothelin causes increased vascular contraction, in-
creased cell proliferation, blood coagulation, and inflam-
mation (4) and is associated with the development of
atherosclerosis and increased blood pressure with aging
(5, 6) which can play an important role in disease and ag-
ing processes. However, increase in other substrates can
inhibit the harmful effects of endothelin-1. Nitric oxide is

one of these inhibitors which acts as a vasodilator and anti-
inflammatory and anticoagulant substrate (7). The imbal-
ance between nitric oxide and endothelin-1 plays a role in
the pathology of renal and pulmonary and previous dis-
eases (5).

Exercise is recommended as a treatment for improve-
ment of vascular endothelial dysfunction due to age (7, 8).
Regular exercise usually inhibits endothelin-1 expression
by increasing nitric oxide bioavailability (7). It has been
shown that aerobic exercise reduces arterial stiffness in pa-
tients with hypertension (9, 10). On the other hand, high-
intensity resistance exercises lead to increased arterial
stiffness (11) but low-intensity exercises reduce arterial stiff-
ness (12). Although resistance training is recommended
by the American College of Sports Medicine as a necessary
exercise for individuals (13), its high intensity can have a
detrimental effect on vascular function (3). In this regard,
it has been shown that moderate-intensity resistance train-
ing increases nitric oxide in elderly people but has no ef-
fect on the plasma concentration of endothelin-1 (14). It
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has also been reported that moderate-intensity resistance
training has no effect on the stiffness of arteries in the el-
derly, but aerobic exercise reduces it (15). Therefore, it ap-
pears that the training model can be one of the factors
affecting endothelial function. Resistance exercises have
been shown to increase arterial stiffness, but in combina-
tion with aerobic training, arterial stiffness decreases (16).
Among various training models, circuit resistance training
as a training model has the effects of both aerobic training
and resistance training (17). However, the effect of this type
of exercise on factors affecting vascular function in the el-
derly is still unknown.

2. Objectives

The purpose of this study was to investigate the effect
of circuit resistance training on endothelin-1 and nitric ox-
ide plasma concentrations in the elderly.

3. Methods

The population of this study was elderly volunteers.
They were selected through call in public and administra-
tive centers. Twenty healthy elderly men with an average
age of 55 years were randomly divided into two control and
circuit resistance training groups. Then, after measuring
1 maximum repetition, the resistance training group per-
formed 10 movements (bench press, pec deck flys, barbell
curls, low pulley curls, pushdowns, back lat pulldowns,
seated rows, leg extensions, lying leg curls and, angled leg
press) with the intensity of 40% - 65% 1maximum repeti-
tion 3 sessions per week for 3 months. The control group
continued their routine daily activities during the three-
month study period. The vascular diameter was measured
48 hours before the exercise program and 48 hours after
the last training session using the SUN Doppler method.
To perform sono-doppler, every participant was laid flat to
the back on the bench with hand located beside the body
and a qualified cardiologist performed the test using a 5
- 13 MHz (linear) multi-frequency probe. Blood samples
were collected from the brachial vein before and 48 hours
after the last training session, and after plasma isolation,
the samples were stored at -20°C for measuring levels of
Endothelin-1 and nitric oxide.

3.1. Statistical Method

Data analysis was done using SPSS 21 software. After
verifying data normality, using Shapiro-Wilk test, a t-test
was used to compare intra-group changes. Independent
t-test was used to compare pre-test and post-test changes
between the two groups. The significance level was 0.05.

4. Results

An intra-group analysis showed no significant differ-
ence between the pre-test and post-test in the control
group (P < 0.05) in terms of vascular diameter, endothelin-
1 plasma concentration, nitric oxide, systolic blood pres-
sure and heart rate. However, the systolic blood pressure
decreased significantly (P = 0.44) (Table 1 and Figure 1).

The results of intra-group analysis in circuit resistance
training group showed that, compared to the pre-test, ex-
ercise significantly increased vascular diameter (P = 0.021),
and decreased endothelin-1 (P < 0.001), and systolic blood
pressure (P < 0.001); however, it has no significant effect on
plasma concentration of nitric oxide, diastolic blood pres-
sure and heart rate (P < 0.05) (Table 1 and Figure 1).

The results of the inter-group analysis showed that re-
sistance training significantly increased the vascular diam-
eter in the resistance training group compared to the con-
trol group (P = 0.11). Circuit resistance training also sig-
nificantly decreased endothelin-1 (P < 0.001) and systolic
blood pressure (P < 0.001) of the resistance training group
compared with control group. However, no significant
difference was found between the two groups in plasma
concentration of nitric oxide, diastolic blood pressure and
heart rate (P < 0.05) (Table 1 and Figure 1).

5. Discussion

Elderly is not a disease, but is a biological process asso-
ciated with changes and problems in the body, including
cardiovascular disease, hypertension and coronary artery
problems (18). In general, inappropriate performance
of endothelial cells has been observed to be associated
not only with diseases such as high blood pressure, high
cholesterol, and atherosclerosis but it is also associated
with age. Vascular endothelial cells play an important role
in regulating vascular activity by producing vascular acti-
vating agents, such as endothelin-1 and nitric oxide (19).
Endothelin-1 is the strongest vascular vasoconstrictor, that
its contractile effect is ten times higher than angiotensin-2,
vasopressin and neuropeptide Y. It acts through two recep-
tors A and B that located in the membrane of the cell (19). In
relation to the effect of physical activity on endothelin-1, it
has been determined that exercise increases endothelin B
receptors in smooth muscle and ultimately bronchial con-
traction. Also, endothelin B receptor in endothelial cells
leads to vasodilatation by increasing nitric oxide. Type A
receptors are found mostly in cardiac muscle and vascu-
lar smooth muscle, and the main mediator of vascular con-
traction is by endothelin, while type B is found in the kid-
ney, uterus, central nervous system and vascular endothe-
lial cells, and Its stimulation produces nitric oxide (20).
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Table 1. Blood Pressure and Heart Rate Changes in the Control and Circuit Resistance Training Groupsa

Control Group Training Group

Pre Post Pre Post

Systolic blood pressure 125 ± 0.31 123 ± 0.44 142.4 ± 0.57 127 ± 0.53

Diastolic blood pressure 88 ± 0.41b 83.9 ± 0.36 100 ± 0.71b , c 95.5 ± 0.43

Heart rate 83.6 ± 2.01 85 ± 1.67 82.6 ± 3.03 81.9 ± 3.12

aValues are expressed as mean ± SD.
bSignificant difference with post-test.
cSignificant difference between the two groups (P < 0.05).
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Figure 1. Changes in vascular diameter and endothelin-1 and nitric oxide plasma concentrations in circuit resistance training and control groups (mean ± SD). * Significant
difference with pre-test, $ significant difference with the control group (P < 0.05).

Various factors contribute to the production of this index
various factors in the production of this index include rhe-

ological and neurohumorrhagic factors which these fac-
tors are also affected by exercise. Endothelin-1 produces ni-
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tric oxide and eventually artery vasodilatation with effect
on type B receptors (19).

Aging is associated with elevated endothelin-1 plasma
concentration levels (21) which increases the contraction
tone in the peripheral muscle in the elderly (22). Endothe-
lin causes increased vascular contraction, increased cell
proliferation, blood coagulation, and inflammation (4)
and is associated with the development of atherosclero-
sis and increased blood pressure with aging (5, 6). There-
fore, it can play an important role in increasing blood
pressure. But exercise lowers endothelin-1 plasma and
intramuscular levels in the elderly (23), which is consis-
tent with the findings of the present study. The results of
this study indicated that circuit resistance training can de-
crease endothelin-1 vasoconstrictive plasma concentration
and systolic blood pressure in elderly people. In addition,
it increased the vascular diameter but had no effect on ni-
tric oxide plasma concentration. Contrary to this study,
Maeda et al. reported that moderate-intensity resistance
exercises increases nitric oxide levels in the elderly, but
has no effect on endothelin-1 plasma concentrations (14).
However, in agreement with the current study, one study
showed a decrease in the concentration of endothelin-1 in
healthy young people (24). Also, decreased endothelin-1
concentration has been reported as a result of aerobic ex-
ercise (25).

In addition, it has been reported that exercise lowers
vascular tone induced by endothelin-1 (22). In this study,
the plasma concentration of nitric oxide increased but not
significantly. One of the reasons for lack of change in nitric
oxide can be due to a significant decrease in endothelin-1
since these two substrates are opposed to each other. Given
that decreased endothelin-1 lowered its contractile effect
on the arteries, there was no need for a compensatory
mechanism to increase nitric oxide for vasodilatation. The
decrease in endothelin-1 was also associated with a reduc-
tion in systolic blood pressure. Hence, with a reduction
in endothelin-1, vascular smooth muscle might have re-
turned to their resting condition, resulting in a reduction
in systolic blood pressure. Research has also shown that
circuit resistance training, especially when light weights
used (40% - 60% 1MR), are useful for controlling body
weight (17). In addition, during circuit resistance exercises,
heart rate, metabolic cost, and energy consumption are
higher than those in traditional resistance exercises (26)
and can be a desirable exercise strategy to increase car-
diovascular fitness and strength (17). Results of this study
showed that circuit resistance training can increase vascu-
lar diameter and thereby contribute to increased cardiac
respiratory endurance.

The major mechanism of the main changes of the
effect of vascular training is not clear, but it has been

shown that 12-week circuit resistance training reduces ar-
terial stiffness without altering blood pressure in the el-
derly (27). Previous studies have reported that changes in
the endothelium of arteries are due to chronic changes
in endothelium- and nitric oxide-induced blood flow (28,
29). As the current study showed, the reduction of arte-
rial stiffness due to exercise was because of an increase in
vascular diameter and a decrease in endothelin-1 concen-
tration, which reduces its contractile effect. In addition,
it has been shown that muscle fibers affect the sensitiv-
ity of endothelin-1 so that aging is associated with a de-
crease in endothelin sensitivity in fast twitch fibers (20). In
the current study, the resistance type of exercise was used
that could have a positive effect on increasing fast contrac-
tions. Therefore, in this study, the increased sensitivity of
endothelin-1 is one of the reasons for the decrease of en-
dothelin concentration, but this finding requires more re-
search because due to limitation, the percentage of the
fibers were not examined in this study.

The exact mechanism of nitric oxide and endothelin-
1 changes is not clear from the exercise, but it has been
shown that increased blood flow during the exercise can
increase the sheer pressure to the vascular wall, which can
change the expression of genes in the endothelial (30, 31).
An increase in shear pressure leads to an increase in nitric
oxide and a decrease in endothelin-1 (32, 33). One of the pos-
sible reasons for lack of change in the plasma concentra-
tion of nitric oxide can be due to its base level. People with
endothelial dysfunction have been reported to be more
exposed to nitric oxide performance but it has no effect
on people with normal endothelial function (34). There-
fore, in the present study, the participants might have a
normal endothelial function with no need for an increase
in nitric oxide concentration, and that only reduction of
endothelin-1 has been able to increase endothelial function
and subsequently decrease systolic blood pressure. It has
been shown that low-intensity resistance training inhibits
hypertension (35), which is in agreement with the findings
of the present study.

In this regard, Thijssen et al. In relation to the role of
endothelin-1, on the contraction of the elderly’s leg arter-
ies, showed that increasing the cross-sectional area in leg
vascular contraction with age, partly done by endothelin.
Also 8 weeks of bicycle training in elderly people without
mobility reduced leg vascular contraction and somewhat
decreased endothelin-1 (22). In examining the decrease in
the diameter of the blood vessels with endothelin-1 and its
increase with age in healthy people and reducing it by ex-
ercise, Van Guilder et al. found that endothelin-1 increased
blood pressure by decreasing vascular diameter; This in-
dex increases with age and decreases due to the regular aer-
obic exercise activity (36).
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In one study on the effects of short-term leg resistance
training on arterial performance in older men, artery stiff-
ness did not change with resistance training, and plasma
nitric oxide concentration increased after these exercises
and no changes in endothelin-1 plasma concentrations
were observed (14). The exact mechanism for reducing
endothelin-1 plasma after exercise resistance is uncertain.
The regulation body tropical hormones by physical activ-
ity or changes in body weight and total fat mass, as well
as increased strength and power of skeletal muscle around
blood vessels, is likely to reduce the body’s need to the vas-
cular endothelial cells to function, as a result, the secreted
material of these cells in the plasma also decreases (15, 37).

Overall, the results of the present study for the first
time showed that circuit resistance training as an appro-
priate training method can be used in the elderly’s fit-
ness program to reduce endothelial dysfunction due to ag-
ing. This improvement occurs as a result of a decrease in
endothelin-1 plasma concentrations without altering the
plasma concentration of nitric oxide. Also, the results con-
firmed that the circuit resistance training with decreased
endothelin-1 concentration can reduce blood pressure.
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