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Effect of Acute Exercise on Plasma
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Abstract
Objective: Since nitric oxide (NO) plays an important role
in regulating vascular tone and changes in the plasma
concentration of the end product of NO (nitrite/nitrate)
have been observed during exercise, we studied the
influence of acute exercise on nitrite/nitrate plasma lev-
els in a group of semiprofessional football players and in
younger and older sedentary subjects. Methods: The
subjects exercised for 10 min on a cycle ergometer and
blood samples were obtained at rest and immediately
after exercise. Plasma samples were analysed for nitrite/
nitrate. Results: The acute physical exercise induced a
significant increase in nitrite/nitrate plasma levels both in
sedentary and in active subjects. No difference was evi-
dent between the younger and older subjects, both in the
basal level and after exercise, indicating that the changes
could not be due to age. The higher basal plasma level of
nitrite/nitrate observed in the active subjects compared
with sedentary groups indicates that the state of physical
conditioning had an effect on resting NO concentration.
Conclusion: It seems that either acute exercise, even for
a short time, or training can induce an increase in circu-
lating NO.

Copyright © 2001 S. Karger AG, Basel

Introduction

Nitric oxide (NO) derived from the vascular endothe-
lium and other cells has important roles in the physiologi-
cal regulation of blood flow and may have pathophysio-
logical functions in cardiovascular disease. Two general
classes of stimuli have been found to elicit release of endo-
thelial NO: pharmacological stimuli such as norepineph-
rine, acetylcholine and bradykinin and physical stimuli
such as shear stress or some distortional force on the
blood vessel wall. Both of these general classes of stimuli
increase intracellular calcium concentration in the endo-
thelial cells [1]; the increase of calcium, in turn, leads to
activation of constitutive NO synthase [2]. Following the
stimulating of the constitutive endothelial NO synthase,
NO diffuses to the underlying vascular smooth muscle to
activate guanylate cyclase [3], resulting in vasodilation.
During exercise vasodilation is observed in the systemic
arteries, but the factors contributing to the mechanism are
controversial. An increase in cardiac output during exer-
cise causes a rise in shear stress which could trigger NO
production. A number of studies performed on animals
provide evidence that supports the contention that NO
contributes to exercise hyperaemia [4, 5] and that it may
coordinate the vascular response to exercise [6]. However,
studies performed in humans are conflicting, some sup-
porting [7–9] and others rejecting [10, 11] the involve-
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ment of NO in the acute hyperaemic response to exercise.
Similarly, the influence of exercise training on endothelial
NO response remains controversial. Although studies per-
formed in animals provide evidence in favour of NO
modulation, there are few studies which have been per-
formed in humans, and those that have been conducted
are contradictory [12–14].

The aim of the present study was to investigate changes
in the plasma concentration of NO in systemic blood in
response to acute physical exercise in younger and older
sedentary subjects and whether physical conditioning in-
duced by a repetitive exercise stimulus would elicit
changes in NO synthesis. For this purpose we determined
changes in the plasma concentration of NO in response to
acute physical exercise in younger sedentary volunteers,
in older sedentary men, and the same parameters in a
group of semiprofessional football players were studied
for comparison of their basal levels during training with
those of the sedentary groups.

Materials and Methods

Characteristics of the Subjects
For this study three groups have been considered. The first group

consisted of athletes who were male football players (n = 8; median
age 22; range 17–25 years) belonging to a semiprofessional team. The
training programme of the team consisted of one daily training ses-
sion (90–120 min) 4 times a week with one competition on Sundays.
The training programme consisted of aerobic (endurance running)
and anaerobic (intense short-distance running) exercise. The second
group consisted of younger sedentary males (n = 12; median age 22;
range 18–27 years), and the third group of older sedentary males (n =
10; median age 66; range 58–72 years). All subjects had no evidence
of present or past hypertension, hypercholesterolaemia, or cardiovas-
cular disease. The characteristics of active subjects and sedentary
subjects did not differ significantly. All subjects were kept on a
nitrate low diet for 3 days before the test. The study was performed in
the morning, after the intake of a light breakfast, in a quiet air-condi-
tioned room that was maintained at a constant temperature (22–
24°C). Informed consent was obtained from all subjects.

Exercise
The study protocol constituted a bicycle ergometer exercise test.

The subjects began exercise at a workload of 25 W, which was in-
creased in stepwise increments until submaximal conditions, when
the heart rate attained 80% of the maximal rate. This exercise inten-
sity was then maintained for 10 min. Systolic blood pressure and
heart rate were recorded immediately before and after exercise.
Peripheral venous blood samples were drawn by antecubital veni-
puncture immediately before exercise and immediately after the
acute physical exercise. Blood was collected into sterile heparinized
tubes and centrifuged for 5 min at 2,000 g at 4°C. Plasma samples
were analysed for nitrite/nitrate (NO–

2/NO–
3), the major metabolite of

NO. Nitrite accumulation in the plasma was determined by first

reducing the nitrate using a bacterial nitrate reductase prepared from
Escherichia coli ATCC 25922. Nitrite was assayed colorimetrically
after reaction with the Griess reagent [15]. The absorbance was eval-
uated with a microplate reader (Argus 400, Canberra Packard) at
550 nm (OD 550). All measurements were performed in duplicate.
The intra- and interassay variations were 6.9 and 8.4%, respec-
tively.

Statistics
All the data are expressed as mean B SD. The statistical signifi-

cance of the difference between groups was determined by one-way
analysis of variance followed by Bonferroni t test. A probability (p)
value of 0.05 or less was taken to indicate statistical significance.

Results

The age, weight, and height of the subjects are present-
ed in table 1. Clinical history, physical examination, elec-
trocardiogram and routine laboratory tests showed that
these subjects had no evidence of present or past hyper-
tension, hypercholesterolaemia or cardiovascular disease.
All subjects presented the same characteristics, were non-
smokers, did not consume alcoholic beverages, and none
had any symptom of illness or infection or had taken
drugs at the time of the study.

The values of the end products of NO from the football
players, the younger and the older sedentary subjects
before and after acute exercise test are shown in table 2. In
the sedentary subjects the age did not modify significantly
the basal levels of plasma NO–

2 (younger 23.78 B 5.74;
older 22.17 B 6.14). In contrast, we observed significant-
ly higher basal levels of plasma NO–

2 in the athletes com-
pared to the sedentary subjects (41.40 B 6.06; p ! 0.001).
The acute exercise test induced significant changes in
nitrite concentrations of systemic venous blood whether
in active or inactive subjects. Production of NO–

2 during
exercise was more pronounced in active subjects, even if
not significantly compared to inactive subjects. No differ-
ence was found in NO–

2 concentrations after the acute
exercise test in the younger sedentary subjects and the old-
er subjects.

Discussion

The findings of the present study indicate that acute
exercise may increase concentration of the end product of
NO in systemic venous blood both in sedentary subjects
and athletes. No difference was evident between the youn-
ger and older subjects, both in the basal and after-exercise
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Table 1. Characteristics of subjects

Groups Age, years Weight, kg Height, cm

Athletes 21.5B2.88 69.3B4.95 180B5.35
Sedentary subjects

Younger 22.5B3.45 71.3B6.12 177B5.21
Older 65.7B6.14 69.2B4.27 170B4.27

All values expressed as mean B SD.

Table 2. Changes in plasma NO–
2 before and after exercise

Groups NO–
2, Ìmol/l

before exercise after exercise

Athletes 41.40B6.06 (n = 8)* 56.00B9.90 (n = 8)a

Sedentary subjects
Younger 23.78B5.74 (n = 12) 44.73B6.48 (n = 12)a

Older 22.17B6.14 (n = 12) 45.88B9.84 (n = 12)a

All values expressed as mean B SD of the number of subjects
shown in parentheses. Data were analysed by one-way analysis of
variance followed by the Bonferroni t test.

* p ! 0.001 when compared with inactive younger and older sub-
jects; a p ! 0.05 when compared before exercise.

level, indicating that this change could not be influenced
by age. The plasma increase of NO concentration ob-
served after acute exercise suggests that even short peri-
ods of exercise can increase circulating NO. The higher
basal plasma level of nitrite in the active subjects com-
pared with sedentary groups indicates that the state of
physical conditioning had an effect on resting NO concen-
tration. The endogenous nitrovasodilator NO is contin-
uously synthesized enzymatically by NO synthase from
L-arginine and is released mainly from endothelial cells,
although other cells are involved. The release of NO can
be stimulated by various local and circulating factors. The
exact mechanisms causing augmentation of NO produc-
tion in athletes are not entirely clear. It is possible that
physical training in athletes might be associated with an
increased expression of the cNOS gene, resulting in a
higher level of NO release compared with sedentary sub-
jects.

Ex vivo experiments performed in animals have dem-
onstrated an increase in constitutive NO synthase gene
expression in exercised dogs relative to controls [16]. Our
results did not distinguish the gene expression of different

NO synthase isoforms, and the type of isoform that con-
tributes to the increase of NO in athlete group remains to
be clarified. The cells normally express the constitutive-
type NO synthase isoform and may even express the indu-
cible isoform under pathological conditions.

The excessive production of NO by an inducible NO
synthase has been implicated in pathological events. The
factors that regulate the synthesis and release of endoge-
nous NO by constitutive enzymes likely to be involved in
a physiological process and by inducible enzymes that
may underlie certain pathological events will thus be of
importance to the understanding of pathophysiological
mechanisms following repeated exposure to physical exer-
cise and tissue integrity. It is possible that heavy physical
training in athletes might be associated with the expres-
sion of inducible isoform. Further studies are certainly
required to explore the effects of exercise training on NO
synthase expression in endothelial cells.
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