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ABSTRACT
Previous experimental research showed an attenuated vasoconstrictor response after acute exercise. This
study aims to determine the effect of aerobic physical exercise on the endothelium-derived circulating nitric
oxide (NO) concentrations among healthy young persons. A total of 10 subjects (5 men and 5 women)
aged 21–28 were examined for the difference in concentrations of serum and plasma NO metabolites
(NOx) before and after a single bout of aerobics, in which they performed cycling exercises at a constant
workload corresponding to 90% of the subject-specific anaerobic threshold. A paired t-test resulted in no
statistically significant differences between pre- and post-exercise concentrations of serum or plasma NOx.
It is suggested that the acute effect of aerobic exercise on the vasoconstrictor/vasodilator response is not
mediated by an increase in the endothelial NO release.
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INTRODUCTION
The beneficial effects of engaging in moderate physical activity for the primary prevention
of hypertension have been frequently reported.1) In a follow-up of normotensive persons with no
history of cardiovascular disease, those who were highly fit were found to be at significantly
lower risk for developing hypertension.2) Previous laboratory experiments have demonstrated that
the peripheral vasodilatory responses induced by acetylcholine (Ach) were augmented by exercise
training,3) and that these enhanced vasodilations were attributable to a greater release of nitric
oxide (NO) from the arterial endothelium of trained animals.4) Moreover, an augmented Achinduced NO release was suggested in the forearm of both hypertensive patients and normotensive
subjects who completed 12 weeks of aerobic exercise training.5)
Along with these long-term influences of physical activity, the short-term effects of dynamic
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exercise on blood pressure (BP) have also been vigorously investigated. One report showed
that, in hypertensive subjects, dynamic exercise subjects caused a marked BP rise followed by
a prompt post-exercise fall to BP levels significantly lower than their corresponding pre-exercise
values, and this effect lasted throughout the 90-minute post-exercise period without persistent
tachycardia accompanying hypotension.6)
Among a number of physiological roles played by endothelium-derived NO,7) the vasodilatory
function is considered to be especially important in reducing BP.8) In the light of previous reports
showing the effects of chronic exercise on the increase of NO release, there has been considerable
speculation as to involvement of NO in the post-load BP reduction after acute exercise. This
speculation requires confirmation. Attenuation of the α-adrenergic vasoconstrictor response after a
single bout of acute exercise has been experimentally observed,9) suggesting an exercise-induced
increase in NO release. However, the effect of acute exercise on endothelium-derived NO in
humans has not been sufficiently investigated, and no significant difference was found in the
NO production in saliva samples withdrawn prior to and those following a 10,000-m run in 24
healthy subjects.10)
The purpose of this study is to determine the effect of aerobic physical exercise on concentrations of circulating NO derived from endothelium among healthy young individuals.

SUBJECTS AND METHODS
Subjects
A total of 10 subjects (5 men and 5 women) ranging 21–28 years in age were recruited for
the study. A self-administered questionnaire, which covered a subject’s present history of disease
and such lifestyle characteristics as smoking status, drinking habit, and regular physical activity,
revealed that all the subjects were in good health. Body mass index (BMI, kg/m2) was calculated
using the self-reported data on height and weight.
Physical exercise protocol
To determine the subject-specific anaerobic threshold (AT), all subjects performed an incremental exercise test of the ramp type on a mechanically braked cycloergonometer (ERGONOMICS
232C-XL, COMBI Wellness Corp.) at a bench height to facilitate the most effective pedaling.
After a 3-minute warm-up at 20 W, the work rate was increased every minute by 20 W for men
and 15 W for women. Throughout the test, the pedaling rate was set at 60 rpm. The subjects
were monitored on the CM5 lead for electrocardiogram (ECG) and heart rate (HR), and were
required to estimate their level of exhaustion every minute on Borg’s Ratio of Perceived Exertion
scale.11) The incremental workload was discontinued when one of the following criteria was met:
abnormal ECG finding, HR of 220–age, or the maximum level of exhaustion on Borg’s scale; a
further 3-minute workload at 10 W followed for cooling down before completion of the exercise
test. Breath-to-breath data on oxygen uptake (V̇O2), carbon dioxide output (V̇CO2), and minute
ventilation (V̇E) were obtained during the test by means of a system measuring expired gas
(AE-280S, MINATO Medical Science Co., Ltd.). AT was quantified according to the V-slope
method,12) which depends on graphic observations to identify the time point of a disproportionate
V̇CO2 increase in relation to the linear VO2 increase.13)
To familiarize our subjects with this exercise procedure, a rehearsal test was performed once
a week before the AT determination. The subjects were instructed to avoid heavy exercise and
drinking on the preceding day, have a restful overnight sleep, abstain from smoking on the day
of the test, and fast during the 2-hour period before the test.
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NO assay in serum and plasma
After a 1-week recovery period from the first test for AT determination, the subjects performed
the second test, in which a constant workload corresponding to 90% of the predetermined AT
level was applied for 20 minutes to each subject in combination with identical warm-up and
cool-down procedures.
In the second test, venous blood samples were collected before the start of the test and immediately after its completion. Whole blood was drawn into two vacuum collection tubes each
time, one plain and the other containing sodium EDTA as an anticoagulant, for the respective
serum and plasma NO assays. Since NO is unstable and quickly auto-oxidized after production
to stable metabolites, i.e., the NOx (nitrate plus nitrite), concentrations of NOx in serum or
plasma were instead determined using a commercial kit (Nitrate/Nitrite Colorimetric Assay Kit,
CAT No. 780001, Cayman Chemical). Briefly, the subjects’ samples were ultrafiltered (molecular
cut-off of 10,000) at 6,000 × g for 60 minutes at 4°C. The ultrafiltrate was then incubated for
3 hours with nitrate reductase and its cofactor and allowed to react with Griess reagents for 20
minutes. Absorbance was measured at 540 nm with a microplate reader (Molecular Devices).
The within-day and between-day coefficients of variation for this assay were less than 5% at a
concentration of 50 μmol/l.14)
The subjects were instructed regarding the objectives and procedure of the study and gave
written informed consent. The exercise tests for AT determination and blood sampling for NO
assay were performed in May of 2007 in an air-conditioned laboratory kept at around 25oC.
The Ethics Committee of the Nagoya University Graduate School of Medicine, Nagoya, Japan,
approved the study protocol.
Statistical analysis
Since NOx concentrations were found to be skewed in their distribution, they were normalized
with a logarithmic transformation in advance of all analyses. The paired t-test was conducted to
compare the NOx concentrations in both serum and plasma before and after exercise. A genderspecific subanalysis was also conducted. All statistical analyses were performed using the SPSS
statistical package for Windows version 11.0 (SPSS Inc.), and 2-sided p values of < 0.05 were
considered statistically significant.

RESULTS
The male and female subjects averaged 23.0 ± 0.7 (mean ± SD) and 23.2 ± 2.9 years in
age, respectively (Table 1). All had a BMI of < 21.0 kg/m2. While there were 2 smokers among
the men, none of the women smoked. The range of determined 90% AT levels for a constant
workload in the second bout test was 66–99 W in men and 56–75 W in women with a mean
of 83.6 W and 65.9 W, respectively. Figure 1 showed serum and plasma NOx concentrations of
all the individuals in pre-exercise and post-exercise pairs.
No statistically significant differences in the means of serum NOx concentrations were detected
in the pre- vs. post-exercise comparison (Table 2). Comparison of plasma NOx concentrations
also failed to yield any statistically significant differences. Moreover, in the gender-specific
subanalysis, neither men nor women showed significant differences between before and after
exercise in either serum or plasma NOx concentrations.
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Table 1 Basic characteristics of 10 subjects.

Age (y)
Body mass index (kg/m2)
90% ATa) workload (Watt)

Men (n = 5)

Women (n = 5)

Mean ± SD (Min, Max)

Mean ± SD (Min, Max)

23.0 ± 0.7 (22, 24)
20.2 ± 0.6 (19.5, 21.0)
83.6 ± 14.1 (66, 99)

23.2 ± 2.9 (21, 28)
19.4 ± 0.9 (18.5, 20.6)
65.9 ± 8.0 (56, 75)

Frequency
Smoking habit
Yes
No
Drinking habit
Yes
No
Regular physical activity
Yes
No
a)

2
3

0
5

4
1

4
1

2
3

2
3

AT, Anaerobic threshold

Fig. 1 Paired NOx concentrations in plasma (left panel) and serum (right panel). Solid circles
indicate men, and open circles women.

Table 2

Paired t-test for comparison of NOx concentrationsa) before and after exercise (Mean ± SD)

Total (n = 10)

Men (n = 5)

Women (n = 5)

Plasma
Pre-exercise

3.50 ± 0.33

Post-exercise

3.49 ± 0.37

p = 0.84

3.44 ± 0.38
3.37 ± 0.48

p = 0.59

3.56 ± 0.30
3.61 ± 0.20

p = 0.63

Serum

a)

Pre-exercise

3.49 ± 0.33

Post-exercise

3.55 ± 0.36

Log-transformed

p = 0.44

3.47 ± 0.43
3.47 ± 0.44

p = 0.95

3.51 ± 0.22
3.62 ± 0.29

p = 0.43
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DISCUSSION
The strength of this study is the use of the V-slope method for AT quantification, which has
been considered the gold standard.13) Since gender, habitual exerciser, or other factors influenced
AT, it varies widely from individual to individual. Precise AT determination is thus thought to
be critical to maintain the constant aerobic workload under a specifically controlled metabolic
condition.
We originally hypothesized that the concentrations of circulating NOx, reflecting the postexercise increase in NO release from the endothelium, increase immediately after the test. This
hypothesis was advanced in connection with a previous report suggesting an attenuated vasoconstrictor response in Sprague-Dawley rats after acute exercise.9) Contrary to our expectations,
however, our subjects showed no acute effects of aerobic exercise on either their serum or plasma
NOx concentrations. This result agrees with the previous study by Gonzales et al. indicating a
lack of any significant pre- to post-exercise variation in NO production.10) Nevertheless, how the
endothelium-derived NO release was reflected in saliva samples has been called into question.
The result of the present study suggested that the presumed acute post-exercise augmentation
of vasodilation is not mediated by an increase in the NO release from the endothelium. However,
our subjects were not examined for exercise-induced changes in vasculocirculatory markers such
as BP, which might be correlated with NOx concentrations. In line with the conclusion of Bennett
et al., we considered that the exercise-induced BP response was less prominent in normotensive
subjects due to their greater ability to cope with interventions likely to cause a BP reduction.6)
One explanation of the unexpected results of our study is that the workload was metabolically
insufficient to affect the endothelial function due to the high coping capability of our healthy
young subjects. Similar studies with the inclusion of generationally or medically diversified
populations are warranted to draw more definitive conclusions.
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