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ABSTRACT

Relevance. It is shown that strength-trained athletes and track and field athletes have endothelial dysfunction.
However the vascular endothelium activity is not related to the type of physical exercises.

The aim of the study is to characterize the endothelium-dependent vasodilatation in athletes and untrained
persons during the physical activity. Apparently, it can be the adaptive response to regular high-intensity
physical exercises or a risk factor for acute vascular disorders.

Materials and methods. The study involved 27 young man aged 18 to 25 years. None of the subjects had
acute or chronic pathologies and cardiovascular disorders in their anamneses. This study employed three
groups of young men:

Group 1: elite endurance-trained athletes — track and field (middle-distance running) (N = 10).
Group 2: elite strength-trained athletes — weightlifting (N = 7).
Group 3: control group — healthy untrained volunteers (N = 10).

A Doppler study was performed using the Angiodin-PC. We also carried out background measurement of
blood flow indicators in the brachial artery during exercise, and did an occlusive test.

Results. In athletes of high qualification, the functional activity of the endothelium is inhibited, and these
changes are not related to the nature and direction of physical exertion. At the same time, a single physical
exercise of a dynamic nature potentiates the vasodilatation function of the endothelium in all the examined
groups.

Key words: high-intensity physical exertion, acute vascular disorders, adaptive reactions.

INTRODUCTION. processes of the vascular adaptation [1,2]. Physical
exercises have a positive effect on the cardiovascular
system and reduce the risk of cardiovascular diseas-
es. Also physical exercises activate the endothelial
function [3-8]. At the same time, regular high-inten-
>< Anna N. Zakbarova, e-mail: azakharova91@gmail.com. sity thSiCEll loads morphofunctional changes, can

Regular physical exercises stimulate phenotyp-
ic modifications of the vascular endothelium and
smooth muscles. Also physical exercises induce the
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increase the risk of cardiovascular pathologies. The
factors can stimulate such changes is unclear now-
adays. It is also unclear whether the changes in the
vascular system depend on the type, direction and
intensity of physical exercises.

The aim of the study is to characterize the en-
dothelium-dependent vasodilatation in athletes and
untrained persons during the physical activity.

MATERIALS AND METHODS

The study involved 27 young man aged 18 to 25
years. None of the subjects had acute or chronic
pathologies and cardiovascular disorders in their an-
amneses. This study employed three groups of young
men:

Group 1: elite endurance-trained athletes — track
and field (middle-distance running) (N = 10).

Group 2: elite strength-trained athletes — weight-
lifting (N = 7).

Group 3: control group — healthy untrained vol-
unteers (N = 10).

We measured brachial artery blood flow by Dop-
pler (Angiodin-PC). The right hands of volunteers
were subjected to 5 min ischemia followed by a pos-
tocclusive hyperemia test. The pressure rose above
the level of systolic blood pressure by 50 mm Hg.
in subject at rest. After 5 minutes, the pressure was
quickly relieved and the diameter of the artery was
measured immediately after the ischemia, after 15,
30, 60 and 90 seconds. All the time of the study, the
ultrasonic sensor was located strictly in one position.
To assess the degree of growth in the diameter of
the brachial artery, we took the ratio of the origi-
nal diameter to the maximum at 0, 15, 30.60 or 90
seconds. Then, all subjects performed PWC170 test.
The postocclusive hyperemia test was performed
again after the physical exercise.

For statistical analysis the STASTIKA 8.0 appli-
cation software package was used. A non-paramet-
ric Wilcoxon test for coupled samples was used. A
statistically significant level was p<0.05. Data are

presented as a median (Me), the 25th and 75th per-
centiles (Q25, Q75).

RESULTS AND DISCUSSION

The results are shown in the table 1. In the con-
trol group, we identified the vasodilatation of the
brachial artery after the hyperemia test by 13.6%
before dynamic exercise and by 17% after the dy-
namic exercise. According to the literature, in
healthy people vasodilatation after the hyperemia
test is 10-14% or more, a lesser degree of vasodilata-
tion is pathological [10]. Thus, in the control group
was a normal reaction to a test with reactive hy-
peremia. Dynamic exercise promotes the endothelial
function. Dynamic exercises have a positive effect on
the vascular system.

In groups of athletes we observed the abnormal
reaction of vascular endothelium before and af-
ter dynamic exercise [10]. Probably, athletes have
endothelial dysfunction. Endothelial dysfunction
is characterized by a decrease of vasodilatation,
proinflammatory state and prothrombotic proper-
ties. In the group of strength-trained athletes there
was no change in the diameter of the brachial ar-
tery before exercise. After the dynamic exercise
the diameter of the brachial artery was decreased
by 5.3%. In the group of athletes before exercise,
the diameter of the brachial artery increased by
2.9%. After the physical exercise, the vasodilata-
tion was over 4.1%.

The vascular endothelium in strength-trained
athletes adapts to the regular force loads with the
phenomenon of straining. During this state muscles
compress the vessels and cause temporary ischemia.
Significant endothelium-dependent vasodilatation in
such conditions would lead to the steal syndrome.

Endurance-trained athletes also showed a de-
crease in endothelial activity. According to the liter-
ature, cyclic sportsmen (rowing, cross-country ski-
ing, cycling) have the signs of early atherosclerosis
and a tendency to thrombosis in 60.5% of cases [11].

Table

The change of brachial artery diameter during the hyperemia test (% of basal level). Data are presented as a median (Me),
the 25th and 75th percentiles (Q,.. Q..)

Tasxkeroatrersl, n = 7

Characteristic Weightlifters, n = 7

Aerxoaraersl, n = 10
Track and field athletes, # = 10

Kontpoas, n = 10
Controls, n = 10

Before physical exertion 1,0 (0,5; 2,8)

2,9 (1,3; 4,8)* 13,6 (10,4; 15,7)*

After physical exertion =5,3(2,5; 9,7)*#

* statistically significant changes after the occlusion test (» < 0.05).
# statistically significant changes after physical exercise (p < 0.05).

4,1 (3,5; 6,9)"# 17,0 (13,9; 19,6)*#
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The data obtained the decreased endothelial re-
action and endothelial dysfunction in athletes. How-
ever, it is important that dynamic exercise activates
the endothelial function.

The endothelial and vascular system adaptation
may be due to a number of factors. Physical exercise
induces the increases of systolic pressure [12]. The
pressure in the vessels can affect the endothelial
cells. First, the change in pressure can affect the
growth rate of endothelial cells [13]. Secondly, the
pressure stretches the arteries, thereby stretching
the endothelial cells. In response shear stress and
mechanical stimuli in endothelial cells activates the
intracellular signaling pathways, which leads to the
activation of transcription factors and can affect
endothelium and smooth muscle cells [13].

According to some researchers, mechanical stress,
blood pressure alteration, endothelium-dependent
factors can stimulate the atherosclerosis [14]. Shear
stress and arterial pressure induce the NO and ROS
expression, which can cause disadaptation [13].

eNOS induce the production of NO. In earlier
studies, it was shown athletes in power and cyclic
sports have difference eNOS production [15].
Strength-trained athletes have the decrease of
eNOS expression after the physical exercise, and
endurance-trained athletes increased eNOS plasma
content. In addition, studies have shown that after
a test with reactive hyperemia, NO-mediated
vasodilatation in the brachial artery is induced [16].
The differences of eNOS expression can explain
the various reactions to the hyperemia test before
and after physical exercise in strength-trained and
endurance-trained athletes.

CONCLUSION

The results of the study show that elite athletes
have the inhibition of endothelial function. These
changes in athlete’s endothelial function are not
related to the direction of physical exercise. In
this case, a single dynamic exercise induces the
endothelium-dependent vasodilatation in all groups.
Apparently, it can be the adaptive response to
regular high-intensity physical exercise. At the
same time it is a risk factor for acute vascular
disorders. There are numerous studies described
the beneficial effect of physical exercise on the
vascular endothelium and the prevention of diseases
[3, 17]. However, given our results the intensity and
regularity of physical exercise is the most important
factor. It is also possible to recommend using acute
exercise test for the endothelium characteristic in
the athletes.
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PE3IOME

AkryaasHocTs. [IokasaHo, 4TO y CIOPTCMEHOB TAKEAOATAETOB M AETKOATAETOB MMEET MECTO IHAOTEANAAD-
Haf AMCQYHKINA, P ITOM aKTMBHOCTb COCYAMCTOTO SHAOTEAMS He CBA3aHA C XapaKTepoM M HalpaBAEHHO-
CTBIO (PM3NYECKUX HATPY3OK.
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Ieap MccaepoBaHMS — OLEHNUTH XapaKTep IHAOTEANI-3aBICHUMOI Ba30AMAATAINN Y CIIOPTCMEHOB PAa3ANYHBIX
CIenyaAn3anuil ¥ HeTPEeHNPOBAHHBIX ANl Ha (oHe (usnyeckoi Harpysku. Ilo-Buanmomy, aTo MOKHO paccMa-
TPUBATH KaK IPUCIOCOOHTEABHYIO PEAKIMIO K PETYASPHBIM BEICOKOMHTEHCHBHBIM HATPY3KaM i OAHOBPEMEHHO —
KaK (DaKTOp PMCKA OCTPBIX COCYAMCTBIX PAaCCTPOVICTB.

Marepuaasl 1 MeToAbl. B nccaepoBanuy yyactBoBaay 27 myskumH B Bo3pacre 18—25 aer, ycaosHO 3p0-
poBble, Ge3 HapyWeHMI CO CTOPOHBI CEPAEYHO-COCYAUCTON CHCTEMBL DBBIAO chOpMMPOBaHO TpHM TIpyI-
Obl:  BBICOKOKBAAM(MMLMPOBAHHbIE CIOPTCMEHBI LMKAMYECKMX BMAOB CIOPTa — Aerkas araeruka, # = 10
(rpymma 1); BEICOKOKBaAM(HMIMPOBAHHBIE CHOPTCMEHBI CHAOBBIX BMAOB CIOPTAa — TSKeAAs aTAETHKA, # = 7
(rpymmna 2); HeTpenuposaHHble Mykunubl, # = 10 (rpynma 3). Beimoansance pommaeporpadudeckoe HCCAEAO-
Banye Ha anmapare « Aurnoans-IIK», hoHOBOE H3MepeHne morasateaelt KPOBOTOKA Ha MAEYEBON apTEPHH IPH
busnIecKoli HArPy3Ke, OKKAIO3MOHHAS TIPODa.

PesyapraTsl. Y CIIOPTCMEHOB BBICOKOJ KBaAM(UKALIN MMeeT MeCTO yTHeTeHue (DYHKIMOHAABHON aKTHBHOCTH
SHAOTEAMS, MpPMYEM 3TU M3MEHeHNMA He CBA3AHBI C XapaKTepoM ¥ HAIPaBACHHOCTBIO (DU3NYECKUX HATPY3OK.
IIpu sTom opHOKpaTHAs (pu3ndeckas Harpy3Ka AMHAMIYECKOTO XapaKkTepa IHOTEHIMPYeT Ba30AMAATALMOHHYIO
(bYHKIMIO 9HAOTEANS BO BCEX 06CAEAOBAHHBIX IPYIIIaXx.

KAroueBsle CAOBa: BBICOKOMHTEHCHBHbIE (DM3MUECKUE HATPY3KHM, OCTPblE COCYAUCTbIE PACCTPOHCTBA, MPH-
CIOCOOUTEABHBIE PEAKIIMIL.

ITocrymmaa B pepakmuio 20.07.2018
IToanucana B mevats 09.11.2018

Koaorpusosa Barepus BukroposHa, acmmupant, kacdeapa CIOPTUBHO-03A0POBUTEABHOTO TYPU3Ma, CIOPTUBHOM (DU3MOAOTUY
u MepnnuHbl akyaprera dusndeckoin kyaprypsl, HU TTY, r. Tomck.

3axaposa AuHa HukoaaeBHa, poueHT, kKaheApa CIOPTUBHO-O3A0POBUTEABHOTO TYPH3Ma, CIOPTUBHON (DU3MOAOTUN U MEAN-
uyHbl (pakyabTeTa usndeckoir kKyaprypsl, HV TI'V, r. Tomck. ORCID iD 0000-0003-1102-2830.

ITaxomosa EansaBera BaapumuposHa, cTyaeHT, KadeApa CIOPTUBHO-03A0POBUTEABHOTO TYPU3Ma, CIOPTUBHOM (DU3MOAOTUY
u MepnnuHbl akyaprera dusndeckoin kyaprypsl, HU TTY, r. Tomck.

Bacuases Baapumup Huronraesny, A-p 6uoa. Hayk, npodeccop, kadeapa ¢usndeckoit kyaprypst, Cu6I'MY, r. Tomck.

Kamnaesna Aeonnp Brapmmuposud, A-p mea. Hayk, mpodeccop, 3aB. KadeApOil CHIOPTUBHO-O3A0POBUTEABHOTO TypPU3Ma,
crnopTvBHOi dusnororun u meannuusl, HV TT'V; pyrkoBoanteas otaerenns ¢usndeckoit kyaprypsl, HV TITV, r. Tomck. ORCID
iD 0000-0002-2316-576X.

(<) 3axaposa Anna Huxoaaesna, e-mail: azakharova91@gmail.com.

46 Bulletin of Siberian Medicine. 2018; 17 (4): 42-46



