
Opposite effect of acute aerobic exercise on plasma 
endothelin levels in trained and untrained men

Antonis Matsakas1,2
ABCDEF, Vassilis Mougios1

ADE

1 Department of Physical Education and Sport Science, Aristotle University of Thessaloniki, Thessaloniki, Greece
2 Institute of Morphology and Tumor Research, German Sport University Cologne, Cologne, Germany

Source of support: Departmental sources.

Summary

 Background: Endothelin, a natural peptide exhibiting potent vasoconstrictor activity, may play a crucial role in 
cardiovascular disease. The purpose of the present study was to compare the effect of an aerobic 
exercise bout on plasma ET levels in trained and untrained subjects.

 Material/Methods: Nine healthy physically active males and nine sedentary controls cycled at 60% of their maximal aer-
obic power for 30 min. Plasma endothelin was determined by enzyme immunoassay at rest and 30 
min after the end of the exercise. Endothelin values were compared through two-way (training sta-
tus × time) analysis of variance with repeated measures on time. Changes in plasma volume, calculat-
ed from hematocrit and hemoglobin data, were compared through independent Student’s t test.

 Results: We found a signifi cant interaction of training status and time (p=0.05) resulting from opposite 
changes in the trained and untrained group (decrease in the former from 4.3±1.1 to 2.0±0.6 pg/ml 
vs. increase in the latter from 2.6±0.6 to 3.3±1.1 pg/ml). Changes in plasma volume with exercise 
were signifi cantly different (decrease in the trained group vs. increase in the untrained group, 
p=0.03).

 Conclusions: Our data indicate that aerobic training may reverse the augmentative effect of acute exercise on 
plasma endothelin levels. This adaptation may represent a novel benefi cial effect of regular phys-
ical activity on human health.
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BACKGROUND

One of the vasoactive substances produced by the endothe-
lium is endothelin (ET), a 21-amino-acid peptide present as 
three isoforms, ET-1, ET-2, and ET-3. ET-1 is the predomi-
nant isoform and is secreted by vascular endothelial and ep-
ithelial cells, interstitial fi broblasts, phagocytes, cardiomyo-
cytes, and cancer cells. ET-1 exhibits potent vasoconstrictor 
activity, induces bronchospasm and mitosis, possesses growth-
promoting properties in different cell types, and may play 
a crucial role in cardiovascular disease [1,2].

A great number of studies conducted on humans have in-
vestigated the effect of acute exercise on plasma ET con-
centration [3–10]. Most studies have found increased ET-1 
values after exercise in both healthy individuals [3,7,8] and 
patients with cardiovascular disease [5,9]. One study re-
ported no signifi cant change [4], another reported a bi-
phasic response consisting of an initial reduction and then 
an increase to pre-exercise levels [10], and another report-
ed opposite effects depending on exercise mode (jogging 
vs. cycling) [6].

Recent studies have examined the effect of chronic exer-
cise on plasma ET concentration [11–13]. Aerobic training 
decreased resting plasma ET-1 concentration in young men 
[11] and older women [12], as well as prevented the abnor-
mal increase in plasma ET-1 induced by acute exercise in 
normotensive offspring of hypertensive parents [13]. The 
purpose of the present study was to examine whether aero-
bic exercise training modulates the response of plasma ET 
to acute exercise in healthy individuals with no family his-
tory of hypertension.

MATERIAL AND METHODS

Subjects

Nine young non-obese (body mass index, BMI <30 kg m–2), 
non-smoking, moderately trained males, who responded to 
a public invitation, participated in the study. They had been 
exercising at a moderate intensity for at least six months, 
three to four times per week, at least 45 min per session. An 
additional group of nine untrained male volunteers of sim-
ilar age, body mass, and height to the trained group served 
as controls. All subjects were not suffering from any chronic 
or acute disease and were not receiving medication or nu-
tritional supplements. In particular, all were normotensive 
and none had a family history of hypertension. They were 
informed of the design of the study orally and in writing 
and consented to participate. The study was designed and 
carried out according to the guidelines of the University of 
Thessaloniki Ethics Committee.

Experimental protocol

Subjects were initially familiarized with the cycle ergom-
eter that was used in the study (Kettler KX1, Ense-Parsit, 
Germany) and then performed a graded test for the assess-
ment of maximal aerobic power (Wmax). Subjects started at 
a power output of 40 W for 5 min and power was increased 
by 40 W every 2 min thereafter. Resistance was controlled 
by a microprocessor so that power output, once set, was 
independent of pedaling frequency (within certain lim-

its). Heart rate was monitored by a Polar Accurex monitor 
(Kempele, Finland). When subjects reached 5 beats/min 
below their theoretical maximal heart rate (220 – age) or 
when it was subjectively obvious that pedaling was becom-
ing so diffi cult that a normal increment in power output 
would cause termination of exercise, increments were lim-
ited to 15 W. The test was terminated when pedaling fre-
quency fell below the minimum required to maintain the 
set power output for 10 s.

Three days after the maximum test, the subjects cycled at 
60% of Wmax for 30 min after a 5-min warm-up. Exercise 
was performed in the morning after an overnight fast and 
the subjects had free access to water. All subjects refrained 
from vigorous exercise (in particular, training sessions for 
the trained group) three days before the maximum test and 
between the two trials.

Blood sampling

Volunteers provided two blood samples in a sitting position 
from an antecubital vein into chilled evacuated test tubes 
containing EDTA. The fi rst blood sample was obtained at 
rest and the second 30 min after the end of the 30-min exer-
cise. An aliquot of each sample was removed for hemoglob-
in and hematocrit measurement, while the rest was centri-
fuged immediately at 4°C. Plasma was separated promptly 
and stored at –20°C until assayed for ET.

Assays

ET was measured in duplicate by enzyme immunoassay us-
ing a kit from Cayman (Ann Arbor, MI) after extraction and 
purifi cation from plasma on Sep-Pak C18 cartridges from 
Tech Elut (Cheshire, UK). The intra- and inter-assay coeffi -
cients of variation of the method were 4 and 5%, respective-
ly. Changes in plasma volume were determined after meas-
uring hemoglobin with a kit from Spinreact (Santa Coloma, 
Spain) and hematocrit by microcentrifugation. The follow-
ing formula was used: Plasma volume post-exercise relative 
to plasma volume pre-exercise = [(100 – hematocrit post) 
× hemoglobin pre]/[(100 – hematocrit pre) × hemoglobin 
post], where hematocrit is expressed in percent [14].

Statistical analysis

All values are expressed as the mean ± SEM. Anthropometric 
and performance data as well as changes in plasma vol-
ume were compared through independent Student’s t test. 
Heart rate during exercise and ET values were compared 
through two-way (training status × time) analysis of variance 
with repeated measures on time. A signifi cant interaction 
was followed-up with pair-wise comparisons through simple 
main-effect analysis. Linear correlation analysis was done by 
Pearson’s product-moment correlation. Differences were 
considered signifi cant at p≤0.05.

RESULTS

Anthropometric and performance data of the participants 
are presented in the Table 1. There were no signifi cant dif-
ferences between the trained and untrained groups in age, 
body mass, height, or BMI, as a result of the experimental 
design. Both Wmax and power at the 30-min exercise bout 
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were signifi cantly higher in the trained than in the untrained 
group (p<0.001). The two groups had the same mean rest-
ing heart rate (80 beats/min). The trained group exhibit-
ed consistently lower heart rates during the exercise trial 
(Figure 1), although not signifi cantly different from the un-
trained group (p=0.16). Average heart rate during the exer-
cise trial was 149 and 155 beats/min, respectively.

With regard to ET, we found a signifi cant interaction of train-
ing status and time (p=0.05), resulting from opposite chang-
es in the trained and untrained group. That is, ET decreased 
in the trained group 30 min after the 30-min exercise bout 
(from 4.3±1.1 to 2.0±0.6 pg/ml), whereas it increased in the 
untrained group (from 2.6±0.6 to 3.3±1.1 pg/ml), as illus-
trated in Figure 2. These changes were exhibited by the ma-
jority of the subjects in each group (i.e. seven trained sub-
jects showed a decrease and six untrained subjects showed 
an increase). None of the pair-wise comparisons with regard 
to training status or time produced signifi cant differences. 
Changes in ET concentration correlated signifi cantly with 

pre-exercise concentrations in the trained group (r=–0.87, 
p=0.002), but not in the untrained group.

The trained group experienced a slight reduction in plasma 
volume with exercise (0.99 relative to rest), while the un-
trained group experienced a plasma expansion (1.05 rela-
tive to rest). The difference between the two groups regard-
ing plasma volume changes was signifi cant (p=0.03).

DISCUSSION

In the present study we compared for the fi rst time the ef-
fect of acute aerobic exercise on plasma ET levels in sub-
jects of different training status who were healthy and with 
no family history of hypertension. Attesting to the difference 
in training status between the two groups is the signifi cant 
difference in Wmax and the fact that the trained group cy-
cled at a lower heart rate than the untrained group, while 
producing a power output higher by 27%. We chose male 
volunteers in order to avoid the confounding effect of es-

Trained group
(n=9)

Untrained group 
(n=9)

Age (year)  29.0±2.1  25.2±1.7

Body mass (kg)  79.5±3.2  74.3±1.6

Height (m)  1.79±0.1  1.79±0.1

BMI (kg m–2)  24.9±1.0  23.4±0.9

Maximal power (W)  276±14*  206±10

Power at the 30-min trial (W)  163±7*  128±6

* p<0.001, signifi cantly diff erent from the untrained group.

Table 1.  Anthropometric and performance data of participants 
(mean ±SEM). 180
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Figure 1.  Mean heart rate of trained and untrained subjects at rest 
(–5 min), after 5 min of warm-up, and during 30 min 
of cycling at 60% of Wmax. Error bars denote SEM.
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Figure 2.  Left panel: Mean pre- and post-exercise plasma ET concentrations of trained and untrained subjects. Error bars denote SEM. Right panels: 
Individual values of the two groups. 
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trogens on vascular function and plasma ET levels [15–17]. 
Moreover, we chose our subjects to be neither smokers nor 
obese nor suffering from cardiovascular disease because 
plasma ET levels are elevated in these population categories 
[18]. Finally, we chose to take the post-exercise blood sam-
ple 30 min after the completion of exercise, as ET has been 
found to reach its peak in plasma at that time [8].

We observed opposite effects of acute exercise on plasma 
ET levels in the trained and untrained groups (decrease vs. 
increase, respectively). This is in agreement with the fi nding 
that 30 min of cycling at 145 beats/min decreased plasma 
ET-1 concentration in mostly trained subjects [6]. It also fi ts 
with the recent report that training prevented the abnormal 
increase in plasma ET-1 induced by acute exercise in normo-
tensive offspring of hypertensive parents [13]. Additionally, 
our fi nding of a decreasing effect of an exercise bout on 
plasma ET in trained but not untrained subjects may pro-
vide a mechanism for the reported lower resting concen-
trations in trained humans [11,12]. It should be pointed 
out that, although the trained group had a higher resting 
ET concentration than the untrained group in the present 
study, this difference was not signifi cant and may be attrib-
uted to inter-individual differences. Finally (concerning our 
ET data), worthy of attention is the strong negative correla-
tion between the resting ET concentration and its change 
with exercise in the trained group, which suggests a greater 
decreasing effect of exercise on higher ET levels.

The training-dependent response of plasma ET to acute ex-
ercise observed in the present study was accompanied by 
training-dependent alterations in plasma volume. Changes in 
ET concentration with exercise are reportedly infl uenced by 
the hydration status: the greater the dehydration, the greater 
the increase in plasma ET concentration [8]. In this sense, 
it may appear surprising that ET decreased in the trained 
group despite a slight decrease in plasma volume, where-
as it increased in the untrained group despite an increase 
in plasma volume. However, one has to bear in mind that 
changes in plasma volume were assessed 30 min after ces-
sation of exercise and that changes during recovery are in-
versely related to changes during exercise [19]. It is there-
fore possible that the ET increase in the untrained group 
was triggered by hemoconcentration during exercise (fol-
lowed by hemodilution during recovery), whereas ET was 
“allowed” to decrease in the trained group since no hemo-
concentration occurred during exercise.

Fluctuations in plasma ET levels have been proposed to 
contribute to the redistribution of blood fl ow during exer-
cise, but the mechanism regulating ET release during ex-
ercise is not known [7]. It has been hypothesized that both 
neurohumoral factors (such as catecholamines and angi-
otensin II) and mechanical factors (such as hemodynam-
ic shear stress) may trigger ET release [20]. Nevertheless, 
the precise role of ET in the physiological responses (both 
acute and chronic) to exercise as well as its origin during 
exercise remain to be elucidated.

CONCLUSIONS

Our data provide evidence for a reducing effect of aerobic 
exercise training on post-exercise plasma ET levels, as op-
posed to the increase observed in untrained individuals in 
both the present and other studies. This adaptation may rep-
resent a novel benefi cial effect of regular physical activity on 
human health, which may explain vascular effects of physical 
conditioning and may be of particular interest in patholog-
ical situations exhibiting abnormally high ET levels.

REFERENCES:

 1. Geny B, Piquard F, Lonsdorfer J, Haberey P: Endothelin and 
heart transplantation. Cardiovasc Res, 1998; 39: 556–62

 2. Piacentini L, Gray M, Honbo YN, Chentoufi  J: Endothelin-1 stim-
ulates cardiac fi broblast proliferation through activation of protein ki-
nase C. J Mol Cell Cardiol, 2000; 32: 565–76

 3. Ahlborg G, Weitzberg E, Lundberg J: Metabolic and vascular ef-
fects of circulating endothelin-1 during moderately heavy prolonged 
exercise. J Appl Physiol, 1995; 78: 2294–300

 4. Cosenzi A, Sacerdote A, Bocin E et al: Neither physical exercise 
nor a1- and b-adrenergic blockade affect plasma endothelin concentra-
tions. Am J Hypertens, 1996; 9: 819–22

 5. Letizia C, Barilla F, Cerci S et al: Dynamic exercise induces ele-
vation of plasma levels of endothelin-1 in patients with coronary artery 
disease. Angiology, 1995; 46: 819–26

 6. Lewczuk P, Sohnchen N, Kele H et al: Endothelin-1 concentra-
tion in plasma is increased after jogging but decreased after cycling in 
healthy men. Clin Exp Med, 2003; 2: 166–70

 7. Maeda S, Miyauchi T, Sakane M et al: Does endothelin-1 par-
ticipate in the exercise-induced changes of blood fl ow distribution of 
muscles in humans? J Appl Physiol, 1997; 82: 1107–11

 8. Maeda S, Miyauchi T, Waku T et al: Plasma endothelin-1 level 
in athletes after exercise in a hot environment: exercise-induced dehy-
dration contributes to increases in plasma endothelin-1. Life Sci, 1996; 
58: 1259–68

 9. Mangieri E, Tanzilli G, Barilla F et al: Isometric handgrip exer-
cise increases endothelin-1 plasma levels in patients with chronic con-
gestive heart failure. Am J Cardiol, 1997; 79: 1261–63

 10. Richter EA, Emmeluth C, Bie P et al: Biphasic response of plasma en-
dothelin-1 concentration to exhausting submaximal exercise in man. 
Clin Physiol, 1994; 14: 379–84

 11. Maeda S, Miyauchi T, Kakiyama T et al: Effects of exercise training of 
8 weeks and detraining on plasma levels of endothelium-derived fac-
tors, endothelin-1 and nitric oxide, in healthy young humans. Life Sci, 
2001; 69: 1005–16

 12. Maeda S, Tanabe T, Miyauchi T et al: Aerobic exercise training reduc-
es plasma endothelin-1 concentration in older women. J Appl Physiol, 
2003; 95: 336–41

 13. Tanzilli G, Barilla F, Pannitteri G et al: Exercise training counteracts 
the abnormal release of plasma endothelin-1 in normal subjects at risk 
for hypertension. Ital Heart J, 2003; 4: 107–12

 14. Dill DB, Costill DL: Calculation of percentage changes in volumes of 
blood plasma, and red blood cells in dehydration. J Appl Physiol, 1974; 
37: 247–48

 15. Luscher TF, Barton M, Wight E et al: Action of natural estrogens on the 
vessel wall: molecular mechanisms and clinical implications. Schweiz 
Med Wochenschr, 1996; 126: 1748–55

 16. Spence JD: Cerebral consequences of hypertension: where do they lead? 
J Hypertens Suppl, 1996; 14: S139–S145

 17. Morey KA, Razandi M, Pedram A et al: Oestrogen and progesterone in-
hibit the stimulated production of endothelin-1. Biochem J, 1998; 330: 
1097–105

18. Haak T, Jungmann E, Raab C, Usadel KH: Elevated endothelin-1 levels 
after cigarette smoking. Metabolism, 1994; 43: 267–69

 19. Fellmann N: Hormonal and plasma volume alterations following en-
durance exercise. Sports Med, 1992; 13: 37–49

20. Takamura M, Parent R, Cernacek P, Lavallee M: Infl uence of dual ETA/
ETB-receptor blockage on coronary responses to treadmill exercise in 
dogs. J Appl Physiol, 2000; 89: 2041–48

Med Sci Monit, 2004; 10(10): CR568-571 Matsakas A et al – Endothelin and exercise

CR571

CR


