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Studies on endothelial dysfunction and its relationship with adaptive disorders in highly skilled athletes are few in number and
mainly carried out in cyclic kinds of sports due to larger volumes and higher intensities of training loads associated with endurance
performance gain. Stress and sex hormones and growth hormone play an important role in the regulation of endothelial function,
but factors, which can stimulate negative vascular changes, remain a matter of debate. It is also unclear, whether changes in
the vascular system depend on the type, mode or intensity of physical activity.

The aim of the work was to perform a comparative assessment of endothelial function and to study the role of some hormones
in its regulation in highly qualified athletes in the process of adaptation to various training loads.

Material and methods. After signing a written informed consent, the study involved 104 athletes (80 men and 24 women) qua-
lifying from the First-Class athletes to Masters of Sports of International Class (MSIC): 63 - athletes, who mainly trained endu-
rance performance (triathletes, swimmers, long-distance runners, rowers), 31 — strength performance (weightlifters, powerlifters,
kettlebell lifters), 10 — speed performance (sprinters). The mean age of the examined athletes was 21.75 + 3.32 years. Among
them, there were Masters of Sports of International Class (MSIC) - 2 athletes, Masters of Sports (MS) — 25, Candidates Master
of Sports (CMS) - 48, First-Class athletes — 29.

Plasma levels of endothelin-1, 6-keto-PG, erythropoietin, growth hormone, testosterone, free testosterone were determined by
enzyme-linked immunoassay on a Seac ELISA-Reader Sirio S (Seac Radim Company, ltaly).

Results. There was no statistically significant difference in endothelin-1 levels between the endurance and strength athletes, but
the strength-trained athletes showed a tendency towards endothelin-1 level predominance (0.77 + 0.04 fmol/mlvs.0.72 + 0.06
fmol/ml; P = 0.176) and 2 times (P = 0.017) higher levels of 6-keto-PG. The endothelin-1 and 6-keto-PG levels did not differ
significantly between the endurance and speed athletes. The strength-trained athletes exhibited 5.2 % (P = 0.016) higher en-
dothelin-1 levels than speed-trained athletes. However, these athletes did not differ statistically in the 6-keto-PG (292.30 + 70.38
pg/ml against 106.92 + 74.44 pg/ml; P = 0.834) level. A positive correlation was found between the levels of erythropoietin and
6-keto-PG in the endurance-trained (r = 0.57; P = 0.00001) and strength-trained (r = 0.46; P = 0.013) athletes.

Analysis of testosterone and free testosterone levels did not reveal statistically significant differences between endurance-,
strength- or speed-trained athletes. At the same time, there was a trend towards higher levels of testosterone and free testos-
terone in the strength-trained athletes as compared to those in the endurance- or speed-trained athletes. The strength athletes
showed a positive correlation (r = 0.46; P = 0.013) between the levels of free testosterone and endothelin-1. The highest level
of somatotropic hormone was in the speed-trained athletes (11.74 + 3.13 mlU/l), 2 times less — in the endurance-trained athletes
(5.69 £ 1.19 mlU/), and the lowest one — in the strength-trained athletes (2.66 + 1.32 mlU/l). A positive correlation between
the growth hormone and erythropoietin levels (r = 0.29; P = 0.038) was revealed in the endurance athletes.

Conclusions. The endurance and speed athletes did not differ in the levels of endothelin-1, 6-keto-PG, erythropoietin, and
testosterone. The strength-trained athletes showed signs of endothelial dysfunction: higher endothelin-1 levels with significantly
reduced growth hormone and a tendency of increase in the serum testosterone level, as well as a compensatory increase in
6-keto-PG to maintain the balance between vasoconstrictors and vasodilators.

OyHKLifA eHAOTEAII0 Y cnopTCMEHiIB y npoueci apanTauii A0 TpeHyBaAbHUX HaBaHTa)XKEHb
pi3HOi cnpsAAMOBaHOCTI

C. M. KanwuriHa, B. B. CuBonan, M. C. lMotaneHko

[ocnimkeHHs enpgoTenianbHoi AMCYHKUT Ta Ti 38’A3Ky 3 afanTauiiHMMM NOPYLUEHHSIMI Y BUCOKOKBAsi(DiKOBaHWX CMIOPTCMEHIB
HeuncrneHHi. 3aeBinbLUoro iX 3AICHIONTb Y LMKMIYHUX BUAAX CMOPTY, WO 3yMOBMEHO iIHTEHCMBHILLMMM Ta Binblunmi 3a obecsrom
TPEHyBarnbHUMI HAaBaHTAXXEHHSMU, ki CNIPSIMOBAHI Ha PO3BUTOK BUTPUBAIOCTI. Baxnuey ponb y perynsuii doyHKUin eHgoTenito
BiAirpaloTb FOPMOHM CTPECy, CTaTeBi FOPMOHM Ta FOPMOHY POCTY, arne NUTaHHs Npo Te, ski (pakTopu MOXYTb CTUMYIIOBATU Hera-
TUBHI CYAMHHI 3MiHW, 3aNLIAETLCA ANCKYCIMHUM. TaKoX HESICHO, YW 3anexatb 3MiH1 CYAUHHOI CUCTEMW Bif BUAY, CNIPSIMOBAHOCTI
11 IHTEHCMBHOCTi (Di3NYHNX HABAHTaXEHb.

MeTa po60TH — NOpiBHSANbHE OLIIHIOBAHHS MOKa3HWKIB (hyHKLLii eHZOTENi Ta BUBYEHHS! PO OKPeMMX FOPMOHIB B i perynsuii y
BMCOKOKBanichikoBaHMX CNOPTCMEHIB Y NpoLeci aganTawii 40 TPeHyBanbHWUX HaBaHTaXEHb Pi3HOT CPSIMOBAHOCTI.

Marepianu Ta metogwm. icns nignmMcaHHs NMCbMOBOT iIHOPMOBaHOI 3roam B AOCTimKeHHS 3any4unnu 104 cnoptcmenm (80 vonosikis
i 24 iHkw) piBHSA MaicTepHocTi Big 1 po3psgy 4o MCMK: 63 — atneTu, siki po3syBany nepeBaxHo SKiCTb BUTPUBANOCTI (TpiaTno-
HicTu, nnaBui, GiryHn Ha JOBri AucTaHLil, akagemivHa rpebns), 31 — akicTb cunm (BaxkoaTneTy, NaBepnidhTUHN, TMpbOBMIA CMOPT),
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10 —sikicTb WwewnakocTi (GiryHn-cnpuHTepu). CepeHiit Bik ctaHoBuB 21,75 + 3,32 poky. OBCTEXMNM MaRCTPIB CNOPTY MiXKHAPOAHOTO
knacy (MCMK) — 2 cnoptcmenu, maictpis cnopty (MC) — 25, kaHauaaTis y manctpu cnopty — 48, nepLuopo3psigHukis — 29.
MeTogom IPA Bu3Haumnm piBHi eHgoTeniHy-1, 6-keto-M1I, epuTPONOETHHY, FOPMOHA POCTY, TECTOCTEPOHY, BiflbHOTO TECTOCTEPOHY.

PesynkraTi. Y cnopTcMeHiB, ki yA0CKOHaNBanm SkoCTi BUTpUBAnNocTi abo cunu, BinCyTHS CTaTUCTUYHO BIporigHa pisHNLA 3a
BMICTOM eHZOTeniHy-1, NpoTe y CMOPTCMEHIB, ki PO3BUBANY SIKICTb CUIW, BCTAHOBINEHA TEHAEHLA 40 NepeBaXaHHs BMICTY eHA0-
TeniHy-1 (0,77 + 0,04 domons/mn npotv 0,72 = 0,06 domone/mn; p = 0,176) TaBagivi (p = 0,017) GinbLumi BmicT 6-keTo-M1I. 3a
BMiCTOM eHpoTeniHy-1 i 6-keto-T1" cnopTcMeHu, siki po3BMBani SIKOCTi BUTPUBANOCTi abo LUBMAKOCTI, BIPOTiAHO HE Bipi3HANMCS.
Y CnopTCMEHiIB, Siki pO3BMBaM SIKICTb CUMKW, BMICT €HAOoTENiHy-1 GinbLUMIA, HX Y CMOPTCMEHIB, ki PO3BMBANM SKICTb LUBMAKOCTI,
Ha 52 % (p = 0,016). Ane Li CNOpTCMEHM CTaTUCTUYHO He BiAPI3HANMCA 3a BMicToM 6-keTo-MI (292,30 + 70,38 nr/mn npoTu
106,92 + 74,44 nr/mn; p = 0,834). Mix BMicTOM epuTponoeTuHy Ta 6-keTo-IN" BCTaHOBUIM NO3UTUBHWIA KOPENALIAHNA 3B'330K
Yy CMOPTCMEHIB, AIKi yA0CKOHantoBanu skictb BuTpueanocri (r = 0,57; p = 0,00001), Ta cnopTCMeHiB, siki po3BMBanu SKiCTb CUIN
(r=1046;p = 0,013).

AHarni3 BMICTy TECTOCTEPOHY Ta BiflbHOMO TECTOCTEPOHY HE NOKa3aB CTATUCTUYHO BiPOTiAHY Pi3HULIKD MK rpynamm CopTCMEHIB,
SKi po3BMBaNM SKOCTI BUTPUBANOCTI, CUMW abo LUBMAKOCTI. Ane BU3HAYUIM TEHAEHLIiIIO A0 NepeBaxaHHs BMICTY TECTOCTEPOHY Ta
BiNbHOrO TECTOCTEPOHY Y CMIOPTCMEHIB, SiKi YAOCKOHANOBaNM SKiCTb CUIK, Haf aHanorvyHUMK NOKasHUKamu y CNopTCMEHIB, sk
po3BWBanM SKOCTi BUTPMBANOCTI ab0 LBMAKOCTI. Y CMOPTCMEHIB, siki pO3BMBAM SIKICTb CIU, MiXK BMICTOM BIfTbHOrO TECTOCTEPOHY
Ta eHpoTeNiHy-1 BUSIBUMM NO3UTUBHWIA KOPENALiNHWIA 38'A30K (r = 0,46;p = 0,013). HanbinbLumii BMiCT COMATOTPOMHOTO FOPMOHa
BW3HAYMIM Y CMIOPTCMEHIB, SiKi po3BMBanM skicTb wamakocTi (11,74 + 3,13 MkMOg/mn), yaBivi MEHLUMIA — y CMOPTCMEHIB, sKi
yhockoHantoBanu sikict BuTpueanocti (5,69 + 1,19 mkMOp/mn), HaMeHWWiA — y cunoBux atneTis (2,66 + 1,32 mkMOg/mn).
Y cnopTcMeHiB, siki B4OCKOHaoBanm sKicTb BUTPWUBAOCTI, BUSIBUNM NO3UTUBHUIA KOPENALIIHWNA 3B'S30K Mixk BMICTOM rOpMOHa
pocTy Ta eputponoeTuHy (r = 0,29; p = 0,038).

BucHoBku. CnopTcmeHy, siki po3BrBanu SKOCTi BUTPMBANOCTi abo LWBMAKOCTI, He Bipi3HANMCS 3a BMICTOM eHOoTeniHy-1,
6-keto-I1, epUTPONOETUHY, TECTOCTEPOHY. Y CMOPTCMEHIB, SIKi PO3BMBaNY SKICTb CUIU, BUSIBUNM O3HAKW eHAoTeNianbHoi Auc-
dpyHKU;i: GinbLUKIA BMICT eHAO0TeNiHy-1 Ha TNi iCTOTHOTO NPUrHIYEHHSI FOPMOHA POCTY 1 TeHAEHLT 40 30iNbLUEHHS TECTOCTEPOHY,
KoMneHcaTopHe 36inbLueHHs BMiCTY 6-keTo-[1I, ske nigTpMMano piBHOBary Ba3okOHCTPYKTOPIB | Ba30AMNSATATOPIB CYAMHHOMO
eHpaoTenito.

DYHKUUA 3HAOTEAUA Y CMIOPTCMEHOB B NpoLecce ajanTauuu K TPEHUPOBOYHbIM Harpyskam Kniouesble crosa:

- DYHKUMA IHAOTEAUS,
pa3AUvYHOU HaNnpaBA€HHOCTU BLIHOCAUBOCTH,

C. H. KaHbiruna, B. B. CbiBonan, M. C. MotaneHko cuAg, CKOpOCTE.
Wccneposanue sHAOTENManbHoN AUCKHYHKLMAN 1 ee CBS3M C afanTaLUMOHHbIMI HAPYLUEHNSMU Y BbICOKOKBANM(ULMPOBAHHBIX  3anopoxckuii
CMOPTCMEHOB HEMHOOUMCIIEHHDBI. B OCHOBHOM WX NPOBOAST B LMKINYECKUX BUAAX CMOPTa, YTO 0BYCMOBNEHO BONee UHTEHCHB-  MeaMUMHCKMIL XypHan.
HbIMM 11 06BbEMHBIMY TPEHMPOBOYHBIMU Harpy3kamu, HanpaeNeHHbIMU Ha Pa3BUTME BBIHOCIIMBOCTU. BaxHyto ponb B perynsuun  2021. T. 23, Ne 1(124).
(DYHKLMM 3HOOTENMS UrPaIOT TOPMOHBI CTPECCa, MONOBbIE FOPMOHBI M TOPMOH POCTa, HO BOMPOC O TOM, Kakie thaktophl MoryT  C-52-59
CTUMYNUPOBATb HEraTUBHbLIE COCYAMCTbIE M3MEHEHWS!, OCTAETCS AUCKYCCUOHHBIM. TakKe HESCHO, 3aBUCAT NN M3MEHEHMS COCy-

[MCTOI CUCTEMbI OT BiAA, HaNPaBMNEHHOCTY U UHTEHCUBHOCTM (PU3NYECKNX Harpy3ok.

Llenb paGoTbl —nNpoBeaeHWe CpaBHUTENBHO OLIEHK NokasaTeneit (pyHKLMY 3HAOTENNS 1 M3y4eHne PO HEKOTOPbIX TOPMOHOB
B €€ perynsiuuy y BbICOKOKBaNMLMPOBaHHbIX CIOPTCMEHOB B NPOLIECCe afanTaL K TPEHMPOBOYHBIM HArpy3kam pasnuyHoi
HanpaBneHHOCTU.

Marepuans! n metoab!. ocre nognMcaHns MMCbMEHHOTO MHKOPMUPOBAHHOTO COrMaLLEHNs B UCCMEA0BaHME BKtodeHb! 104
cnoptcmeHa (80 MyXUMH 1 24 XeHLMHBI) ypoBHS MacTepcTsa oT 1 paspsiga 1o MCMK: 63 — atneTbl, KoTopble pa3suBani npe-
VIMYLLECTBEHHO KaY€CTBO BbIHOCIIMBOCTM (TPUATIIOHNCTbI, NIOBLbI, OEryHbl Ha ANMWHHBIE AUCTAHLMKW, akagemnieckas rpebns),
31 — Ka4yecTBO CUnbl (TSKENOBECHI, NaY3apIMATLHT, rMpeBoli cnopT), 10 — Ka4ecTBO CkopoCTH (BeryHbl-CnipuHTepbl). CpenHuii
Bo3pacT cocTasun 21,75 + 3,32 roga. Obcnegosanu MacTepoB cnopta MexayHapoaHoro knacca (MCMK) — 2 cnopTcmeHa,
mactepos cnopta (MC) —25, kaHanaaTos B MacTepa cnopTta —48, nepeopa3psigHnkoB —29. Metogom NOA onpegenvnm yposHn
3HpoTenuHa-1, 6-keto-M1I, SpUTPONO3ITMHA, FOPMOHA POCTa, TECTOCTEPOHA, CBOBOAHOMO TECTOCTEPOHA.

Pesynkrarthl. Y COPTCMEHOB, KOTOPbIE COBEPLLEHCTBOBANM KA4ECTBA BbIHOCIIMBOCTM UIW CUlbl, HE YCTaHOBIEHA CTATUCTUYECKM
[0CTOBEPHas pasHuLa No CoAepxXaHnio SHAOTENMHa-1, oAHaKo y CNOPTCMEHOB, Pa3BMBAIOLLMX KAYECTBO CUIlbl, OTMEYEHA TEH-
LeHuus K npeobrniagaquio conepanns aHgotenuHa-1 (0,77 + 0,04 dpmons/mn npotus 0,72 + 0,06 omons/mn, p = 0,176) n B
2pa3sa(p = 0,017) bonbluee cogepxarue 6-keto-I1I. Mo conepxaHnto aHaoTenuHa-1 1 6-keto-MI" cnopTCMeEHbI, pa3BuBatoLLme
KayecTBa BbIHOCTIMBOCTY UM CKOPOCTU, JOCTOBEPHO HE OTNNYanmMCh. Y COpPTCMEHOB, KOTOPbIE Pa3BMBany Ka4ecTBo CUMbI, Co-
fepxaHue aHaoTenuHa-1 6onblue, YeM y CNopTCMEHOB, KOTOpbIE pa3BKBanv ka4ecTso ckopocTi, Ha 5,2 % (p = 0,016). OaHako
3TV CMIOPTCMEHbI CTATUCTUYECKM He OTIIMYanmMChb No coaepanmto 6-keto-M (292,30 + 70,38 nr/mnnpotus 106,92 + 74,44 nr/mn,
p = 0,834). Mexay coagepxaHuem apuTponoaTuHa u 6-keto-MI" ycTaHoBNeHa NonoXuTenbHas KOppensunoHHas CBsasb Y
CMOPTCMEHOB, COBEPLUEHCTBOBABLUMX Ka4eCTBO BbiHochmMBocTH (r = 0,57; p = 0,00001), n cnopTCMEHOB, KOTOpble pa3suBanv
kavectBo cunbl (r = 0,46; p = 0,013).

AHanus cogepxaHus TeCTOCTepoHa 1 cBODOAHOTO TECTOCTEPOHA He NOKa3an CTaTUCTUYECKM JOCTOBEPHYIO Pa3HULYY MEXy rpyn-
namm CNopTCMEHOB, KOTOPbIE Pa3BMBANK Ka4ecTBa BbIHOCTIMBOCTH, CUIbI UM CKOPOCTU. TEM He MeHee OTMeYeHa TeHAEHUMS K
npeobnagaHunio cogepxaHus TeCToCTePOHa U CBOBOAHOMO TECTOCTEPOHA Y CMOPTCMEHOB, COBEPLLEHCTBOBABLUMX KAYECTBO CUIlbl,
Hap aHanornyHLIMK NokasaTensmm y CiopTCMEHOB, Pa3BMBAIOLLMX Ka4eCTBa BbIHOCAIMBOCTM U CKOPOCTU. Y CIOPTCMEHOB, KOTO-
pble pa3ByBanM kKa4eCcTBO CUIbl, MEXY ConepXaHnemM cBODOAHOO TECTOCTEPOHA U SHAOTENMHA-1 yCTaHOBMEHa NONOXUTENbHAs
koppensiumoHHas cessb (r = 0,46;p = 0,013). Hanbonbluee copepaHne COMaToOTPONHOM FOPMOHa OTMEYEHO Y CMIOPTCMEHOB,
pasBuBaroLLMX ka4yecTBo ckopocTh (11,74 + 3,13 MkMEg/Mn), B 2 pa3a MeHbLLe —Y CMOPTCMEHOB, COBEPLLEHCTBOBABLLIMX KQYECTBO
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BblHoCNMBOCTK (5,69 1,19 MKMEgR/Mn), HanMeHbLuee — Y cunoBbIX atneTos (2,66 + 1,32 mkMEa/mn). Y cnopTcmeHoB, KOTo-
pbl€ COBEPLLEHCTBOBAIN KAa4ECTBO BbIHOCIIMBOCTM, OGHapYKEHA MONOXMTENbHAS KOPPENSALIMOHHAS CBA3b MEXY COAepX)aHeM

ropmMoHa pocta v aputponoatuHa (r = 0,29; p = 0,038).

BbiBogbl. CﬂOpTCMeHbI, pasBuBatoLLlme Ka4eCTBa BbIHOCINBOCTU Ui CKOPOCTU, HE OTNUYanncb No cogepXaHuto SHA0TeNu-
Ha-1, 6-keTo-Mr, SPUTPONOITNHA, TECTOCTEPOHA. Yy CNOPTCMEHOB, KOTOPbIEe pa3BMBari Ka4eCTBO CUibl, OTMEYEHbI NMPU3HaKN
3HOOTENManbHOM ,D,VIC(*)yHKLI,l/IVIZ Gonbliee copgepxaHune aHpoTenuHa-1 Ha (bOHe 3HAYUTENBHOIO YrHETEHUA ropMoHa pocTa
W TeHOEeHUUN K yBENnn4eHuto TeCToCTepoHa, KOMNEeHCaTopHOoe yBeNn4eHne coaepxaHna 6-keTo-I1I, KOTOPOE COXPaHMIO
paBHOBECKE Ba30OKOHCTPUKTOPOB 1 Ba3oAnatatopoB COCyAMUCTOro SHAOTENNUA.

Special attention is now being paid to studying vascular en-
dothelial dysfunction as its biological role in the development
of pre-pathological and pathological conditions remains
poorly known, and the prevention of endothelial dysfunction
can be important for achieving performance benefits.

Higher volumes of exercise can accelerate the de-
velopment of endothelial dysfunction, and high-intensity
exercise can increase the risk of cardiovascular disease
(CVD). The severity of vascular damage depends on training
volumes, undertaken by an athlete throughout life. CVD risk
is likely to be associated with the type of sports discipline
practiced [9].

However, there was evidence of no differences in
endothelial function in athletes, who performed different
intensity and duration of exercise [15].

In modern high-achievement sports, intense physical
activity leads to multidirectional changes in the body, in
particular, contributes to the development of universal bio-
chemical and physiological phenomena - chronic oxidative
stress and associated tissue hypoxia [4], which is one of
the components of vascular endothelial dysfunction [8].

Endothelial cells are less sensitive to hypoxia and are
damaged by ischemia much less than other cells due to
their ability to switch to anaerobic energy metabolism, as
well as to synthesize heat shock proteins, glucose-regulated
proteins, enzymes involved in glycolysis (glyceraldehyde
3-phosphate dehydrogenase and non-neuronal enolase),
that increases the resistance of cells to damage [23]. Stress
hormones, sex hormones and growth hormone (GH) play an
important role in the regulation of endothelial function, but
whatkind of factors can stimulate negative vascular changes,
remains a matter of debate. It is also unclear, whether
changes in the vascular system depend on the type, mode
or intensity of physical activity [7].

Endothelial dysfunction is recognized as a universal
mechanism modulated by all risk factors associated with
cardiovascular disorders. To assess the adaptation level
to training loads in athletes, the dynamics of changes in
the vascular endothelium regulators is used [1]. However,
studies on endothelial dysfunction and its relationship with
adaptive disorders in highly skilled athletes are few in num-
ber [13] and mainly carried out in cyclic kinds of sports due
to larger volumes and higher intensities of training loads
associated with endurance performance gain.

Aim

Therefore, the aim of the work was to perform a comparative
assessment of endothelial function and to study the role
of some hormones in its regulation in highly qualified

athletes in the process of adaptation to various training
loads.

Material and methods

After signing a written informed consent, the study involved
104 athletes (80 men and 24 women) qualifying from
the First-Class athletes to Masters of Sports of International
Class (MSIC): 63 —athletes, who mainly trained endurance
performance (triathletes, swimmers, long-distance runners,
rowers), 31 —strength performance (weightlifters, powerlif-
ters, kettlebell lifters), 10 —speed performance (sprinters).
The mean age of the examined athletes was 21.75 + 3.32
years. The mean age of the examined athletes was
21.75 t 3.32 years. Among them, there were Masters of
Sports of International Class (MSIC) -2 athletes, masters
of sports (MS) — 25, candidates masters of sports — 48,
athletes of the 1 category —29.

Plasma levels of endothelin-1, erythropoietin, 6-ke-
to-prostaglandin, testosterone, free testosterone and GH
were determined by enzyme-linked immunoassay on a
Seac ELISA-Reader Sirio S (Seac Radim Company, Italy).

The results were processed by methods of variation
statistics using the software package Statistica 13.0 (Stat-
Soft, USA), license number JPZ8041382130ARCN10-J).
The Shapiro-Wilk test was used to test the hypothesis of
normal distribution of quantitative indicators. The quanti-
tative indicators were presented in the form of arithmetic
mean and standard error (M £ m), Me (Q25; Q75) taking
into account the normality of the data distribution; qualitative
indicators —in the form of absolute and relative frequency.
The quantitative indicators of independent groups were
compared by the method of parametric statistics using
the two-sample Student’s t-test with a two-sided test index
for a statistical significance value, and the non-parametric
Mann-Whitney U test. The differences were considered
statistically significant at a value of P < 0.05.

Results

Endothelial function in athletes was assessed by the levels
of endothelin-1 and 6-keto-prostaglandin (6-keto-PG). There
was no statistically significant difference in endothelin-1 lev-
els between the endurance and strength athletes (Table 1,
Fig. 1), but the strength-trained athletes showed a tendency
towards endothelin-1 level predominance (0.77 + 0.04
fmol/ml vs. 0.72 + 0.06 fmol/ml; P = 0.176) and 2 times
(P = 0.017) higher levels of 6-keto-PG (Table 1, Fig. 2).
The levels of endothelin-1 and 6-keto-PG in the endu-
rance- and speed-trained athletes did not differ significantly
(0.72 £+ 0.06 fmol/mlvs.0.73 + 0.05fmol/ml;P = 0.176)
and (138.24 = 26.12 pg/ml vs. 106.92 = 74.44 pg/ml;
P = 0.834), respectively.

Acomparison of endothelin-1 level between the strength
and speed athletes showed significantly 5.2 % higherits con-
centrations in strength-trained athletes (0.77 + 0.04 fmol/ml
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Table 1. The levels of endothelin-1, 6-keto-PG, erythropoietin, growth hormone, testosterone, free testosterone in endurance-, strength- and speed-
trained athletes, M + m, Me (Q25; Q75)

e Y :

E1risdurance — Speed

Value,

units of measure

P2-3
Strength — Speed

Endurance Speed Endurance - Strength
(n = 63) (n = 10) Mann-Whitney U Test Mann-Whitney U Test | Mann-Whitney U Test
Erythropoietin, mlU/ml 766 + 0.63 8.52 + 147 10.57 + 4.95 0.803 0.460 0.304
6.12 (4.94; 8.82) 6.47 (4.94; 10.23) 5.53 (4.59; 9.69)
Endothelin-1, fmol/ml 0.72 £ 0.06 0.77 + 0.04 0.73 £ 0.05 0.176 0.160 0.016
0.72 (0.64; 0.79) 0.74 (0.68; 0.82) 0.76 (0.75; 0.79)
Testosterone, ng/ml 7.78 + 0.59 8.14 + 0.68 583 + 1.55 0.792 0.126 0.873
7.93 (4.04; 11.8) 8.69 (4.90; 11.80) 5.64 (2.07; 10.6)
Testosterone free, pg/ml 11.37 £ 1.18 13.00 + 1.59 6.78 + 2.05 0.459 0.071 0.873
9.04 (2.98; 17.39) 11.77 (7.40; 16.84) 6.75(2.10; 8.14)
Growth hormone, mIU/I 569 + 1.19 2.66 £ 1.32 11.74 + 313 0.014 0.021 0.011
1.02 (0.09; 10.70) 0.09 (0.05;1.5) 8.26 (4.47;18.7)
6-keto-PG, pg/ml 138.24 + 26.12 292.30 + 70.38 106.92 + 74.44 0.017 0.065 0.834
67.34 (27.96; 198.06) 132.82 (46.95; 353.19)  20.22 (10.09; 54.68)
Categ. Box & Whisker Plot: Endothelin-1, fmol/ml Categ. Box & Whisker Plot: 6-keto-PG, pg/ml
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Fig. 1. The level of endothelin-1 in the endurance-, strength- and speed-trained athletes. Fig. 2. The level of 6-keto-PG in the endurance-, strength- and speed-trained athletes.

vs. 0.73 = 0.05 fmol/ml; P = 0.016). Although the con-
tent of 6-keto-PG did not differ statistically between these
athletes, there was a tendency to a predominance of
6-keto-PG in the strength-trained athletes compared with
the speed-trained athletes (292.30 + 70.38 pg/ml against
106.92 + 74.44 pg/ml, P = 0.834).

Thus, the levels of endothelin-1 and 6-keto-PG did
not differ between the endurance and speed athletes, who
shared the same pattern of endothelial function. At the same
time, the strength athletes showed signs of endothelial
dysfunction because they had higher levels of endothelin-1.
However, this increase in vasoconstrictor was compensated
by a 2-fold increase in the level of 6-keto-PG —a biologically
active substance with vasodilating properties.

An analysis of erythropoietin level (Table 1, Fig. 3)
revealed an upward trend in its concentration in the speed-
trained athletes. The lowest level of erythropoietin was
observed in the endurance athletes. However, the difference
in erythropoietin levels between the groups of endurance-,
strength- and speed-trained athletes was not statistically
significant.

A positive correlation was found between the levels
of erythropoietin and 6-keto-PG (Fig. 4) in the endu-
rance-trained athletes (r = 0.57; P = 0.00001) and in
the strength-trained athletes (r = 0.46; P = 0.013).

Zaporozhye medical journal. Volume 23. No. 1, January — February 2021

An analysis of testosterone and free testosterone (Table
1, Fig. 5,6), despite the expectations, did not reveal a statisti-
cally significant difference between the groups of endurance-,
strength- and speed-trained athletes. But even so, there
was a trend towards higher levels of testosterone and free
testosterone in the strength-trained athletes as compared to
those in the endurance- or speed-trained athletes.

In the strength-trained athletes (Fig. 7), a positive
correlation was found between the levels of free testoste-
rone and endothelin-1 (r = 0.46; P = 0.013), which may
indicate the ability of the active fraction of testosterone to
induce endothelin-1 synthesis in the vascular endothelium.

The athletes of all three studied groups differed
significantly in GH level (Table 1, Fig. 8). The highest
level of somatotropic hormone was in the speed-trained
athletes (11.74 + 3.13 mIU/l), 2 times less — in the endu-
rance-trained athletes (5.69 + 1.19 mIU/l), and the lowest
one —inthe strength-trained athletes (2.66 + 1.32 mIU/).

A positive correlation between the GH and erythropoi-
etin levels (r = 0.29; P = 0.038) was revealed in the en-
durance-trained athletes (r = 0.29; P = 0.038).

Thus, the endurance and speed training in the athletes
was associated with a significant increase in the somatotropic
hormone level, due to the need to ensure an adequate level
of aerobic energy metabolism during muscular exercise.

ISSN 2306-4145  http://zmj.zsmu.edu.ua



Ole r’MMHaAbHbl€e UCCAEAOBAHNA

Categ. Box & Whisker Plot: Erythropoietin, mlU/ml
30
25 — 1289.84
1161.50
20 £
E £
5 — S 92193
E® j
O]
= o
2 10 o & 690.91
o E“:l 8
8 © 49412
S 5
= 368.93
0 _— 244.66
123.50
5 E— 2.71
-10 o Mean 129 1081 26.54 49.56
Strengt  Endurance Speed [ +SE 6.12 15.81
Performance T +SD Erythropoietin, miU/ml
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Fig. 4. Correlation between erythropoietin and 6-keto-PG levels in the endurance-
trained athletes.
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Fig. 8. The level of growth hormone in the endurance-, strength- and speed-trained
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athletes.

Discussion

Endothelial dysfunction is characterized by a shiftin the en-
dothelium towards a pro-inflammatory and prothrombotic
state with a decrease in vasodilation or paradoxical vaso-
constriction. Paradoxical vasoconstriction and impaired
NO-dependent vasodilation are of particular clinical signi-

ficance in conditions of mental and physical stress. Some
studies have proven a decreased endothelial response and
endothelial dysfunction presence in athletes [7,13].

In the work of Smirnov |E. it has been shown that young
swimmers of both sexes had the most significant increase
in plasma endothelin-1 concentrations: 3 times —in female
swimmers, 3.4 times — in male swimmers compared with
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the reference group levels. However, the serum nitric oxide
content in all the examined young swimmers was not diffe-
rent from the control group. Derangements in endogenous
production of nitric oxide and endothelin-1 in the examined
swimmers was accompanied by a significant decrease (1.4
times) in the plasma concentration ratio of these bioregu-
lators in both boys and girls, indicating a shifted balance
towards higher endothelin-1 production [13].

In the study of V. V. Kologrivova et al. among weight-
lifters during the reactive hyperemia test before exercise,
there was no change in the brachial artery diameter,
and after exercise it decreased by 5.3 %. In the group
of athletes before exercise, the brachial artery diameter
increased by 2.9 %, after exercise there was the vessel
dilation by 4.1 %. That is, there was an increase in endo-
thelial function in response to exercise training. According to
the researchers, the endothelial functional state in strength
sports athletes should be considered as an adaptive factor
to regular exercise, as there was a temporary cessation of
blood flow due to compression of blood vessels by muscle
tensing. Significant endothelium-dependent vasodilation in
such conditions may result in steal syndrome [7].

Athletes trained in cyclic sports also showed a decrease
in endothelial activity [7]. According to D. J. Green and
co-authors, signs of early atherosclerosis and a tendency
to thrombosis were revealed in 60.5 % of athletes in cyclic
kinds of sports (rowing, skiing and cycling). The researchers
believe, that constant exposure of endothelium to shear
stress, increased blood pressure and production of endo-
thelium-dependent factors may stimulate the development
of atherosclerosis [19].

The researchers attributed different responses to
the reactive hyperemia test before and after exercise among
athletes in cyclic and strength kinds of sports to variations
in the endothelial nitric oxide synthase (eNOS) expression.
Strength athletes demonstrated a sharp decrease in plasma
eNOS after exercise training, while its contrasting increase
was found in track-and-field athletes. In addition, the studies
showed that the reactive hyperemia test induced NO-me-
diated brachial artery dilation [19].

Our study has shown no statistically significant
differences in endothelin-1 and 6-keto-PG levels in
the endurance- and speed-trained athletes. Meanwhile,
the strength-trained athletes showed signs of endothelial
dysfunction. They exhibited higher levels of endothelin-1,
but the increased vasoconstrictor level was compensated
by significantly increased level of 6-keto-PG.

When analyzing the levels of hormones with a potential
effect on endothelial function, the significant difference only
in somatropic hormone has been found.

It is known, that one of the most permanent biological
effects of GH is the dilation of peripheral blood vessels.
This effect is thought to be mediated by insulin-like growth
factor-1 (IGF-1), for which there are high-affinity binding
sites on the endothelial cells. IGF-1 directly stimulates
the release of NO, which is a known mediator of vasodila-
tion, inhibitor of platelet aggregation, leukocyte adhesion
and smooth muscle cell growth. In healthy volunteers, infu-
sions of IGF-1 caused a pronounced dilation of the forearm
blood vessels, which was prevented by the administration
of L-NG-monomethylarginine [2]. Recombinant growth
hormone (rGR) replacement therapy had a positive effect
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on the vascular parameters: improvements of endothelial
function, vascular elasticity, a reduction in total cholesterol,
LDL cholesterol and an increase in HDL cholesterol. In
GH-deficient adults, rGR treatment reversed early athe-
rosclerotic changes in major arteries. In a small number
of GH-deficient adults, rGR replacement therapy for 6-24
months reduced the intima-media complex thickness of
the common carotid artery to normal [16]. Discontinuation
of rGR therapy in adults (but not in adolescents) with se-
vere GH deficiency led to an increase in the intima-media
complex thickness and cardiovascular risk [17].

We have found the highest levels of GH in the speed-
trained athletes, the endurance-trained athletes have shown
half of this level, and the lowest levels of the hormone have
been revealed in the strength-trained athletes.

Changes in GH level in athletes were also obtained in
another study [12]. Anincrease in GH and a decrease in in-
sulin levels after muscle work (30-minute ergometric cycling
load with an intensity of 75 % of ischemic preconditioning
(IPC)) were observed in endurance-trained athletes. These
changes occurred due to the need to ensure proper muscle
energy metabolism, as enforced by somatotropin — an
insulin antagonist. In individuals with muscle adaptations to
the load effect, there was a significant increase in insulin at
constant levels of somatotropin. Athletes, who developed
anaerobic capacity through graduated ergometric loads,
were characterized by high stability of GH and insulin.
According to the researchers, such changes in the plasma
GH and insulin concentrations at rest and after graduated
ergometric loads indicated the presence of specific shifts
in hormonal and metabolic status due to the level and
peculiarity of daily physical activity [12].

Although the erythropoietin levels showed no signi-
ficant differences between the endurance-, strength- and
speed-trained athletes, it exhibited a clear upward trend in
the speed-trained athletes as compared to this hormone
levels in the strength athletes, and the lowest levels of eryth-
ropoietin were determined in the endurance athletes. The
most interesting fact was the positive correlation between
the levels of 6-keto-PG and erythropoietin that we thought
was indicative of the endothelioprotective properties of
the latter. The association between the erythropoietin and
6-keto-PG levels was observed in both the endurance- and
strength-trained athletes, i.e. regardless of the training
mode. The data obtained suggest the positive effect of
erythropoietin on endothelium-independent vasodilation. A
possible pathophysiological mechanism of this erythropoi-
etin action should be considered as its ability to increase
circulating plasma titer of endothelial progenitor cells,
which effectively help to maintain the vascular endothelium
integrity. The process of endothelial progenitor cells homing
or recruitment of circulating ones to endothelial injury or
ischemic sites is regulated by key angiogenic chemokine
stromal cell-derived factor-1 (SDF-1). In conditions of ische-
mia, inflammation, discrete regions of hypoxia in the bone
marrow undergo an increase in the hypoxia inducible
factor-1 (HIF-1) transcriptional activity, which is respon-
sible for an expression of SDF-1. Nitric oxide, estrogens,
high-density lipoproteins, vascular endothelial growth factor
and erythropoietin also increase the plasma titer of endo-
thelial progenitor cells and recruit them to the site of injury
through activating the phosphatidyl-inositol-3-phosphate
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(PIP3)/Akt pathway. Cell adhesion molecules, such as
P/E-selectin and ICAM-1, mediate the binding of endothelial
progenitor cells to the injured endothelium. Subsequently,
under the influence of the laminar shear stress of the blood,
the attached endothelial progenitor cells differentiate into
endothelial cells [5].

We have not obtained the statistically significant as-
sociation between testosterone or free testosterone and
exercise training mode in our study. However, there was a
trend towards higher levels of testosterone and free testos-
terone in the strength-trained athletes as compared to those
in the endurance- or speed-trained athletes.

The study [10] has proved a significant impact of sports
specialization and sports experience, as well as the amounts
and types of food intake and daily physical activity on
the plasma levels of sex hormones, such as testosterone,
progesterone, estradiol, follicle-stimulating and luteinizing
hormone. Performing a 30-minute ergometric bicycle load
with an intensity of 75 % of the IPC led to a decrease in
the serum concentration of sex hormones in persons with dif-
ferentlevels and specifics of daily physical activity compared
to baseline values. The combined use of muscular loading
and nutritional supplementation was accompanied by a pro-
nounced gradual recovery of serum hormone levels in both
athletes training in different exercise modes and non-athletes
relative to the baseline values. The serum concentration of
sex hormones in the athletes, who trained in different modes
of energy expenditure, was highly resistant to muscular load
in contrast to the control group [10].

The literature data on the effects of male sex hormones
on the cardiovascular system and endothelial function
are contradictory. The negative effect of androgens on
the course of cardiovascular pathology is confirmed by a
decrease in HDL cholesterol during puberty-related surge of
androgens in boys and in the testosterone esters treatment
for adolescents with delayed puberty [11], early onset CVD
in athletes who used anabolic androgenic steroids. The
monograph [6] presents 17 cases of anabolic androgenic
steroid-related CVD (11 acute myocardial infarctions, 2
strokes and 4 cases of cardiomyopathy) in young athletes
engaged in bodybuilding.

However, according to C. B. Severo (2013), anabolic
androgenic steroid-users athletes and non-users did not
differ regarding endothelium-independent function, but
the brachial artery flow-mediated dilation was significantly
reduced in anabolic androgenic steroid-users athletes
compared to non-users (P = 0.03). In addition, flow-me-
diated dilation was positively associated with high-density
lipoprotein cholesterol levels (r = 0.49, P = 0.03) [22].

Despite the prevailing ideas about the negative
effects of testosterone and the cardioprotective effect of
estrogens, such a dichotomy is conditional. Callou de Sa
E.Q. et al. found an association between estradiol (E2),
rather than testosterone, and coronary heart disease,
confirmed by coronography, in young and middle-aged
men [14]. Approximately 30-40 pg of E2, the most active
estrogen, is synthesized per day in men. About 20 % of
this hormone is secreted directly from the testes by Ley-
dig cells, the remaining 80 % is derived from peripheral
aromatization of circulating androgen precursors, mainly
testosterone, in different tissues (fat, prostate, endothelium
and other tissues).

Meanwhile, in clinical observations, androgen therapy
in men with coronary heart disease has been found to
increase ST-segment depression [3]; conversely, other
studies have shown improvements in coronary blood flow
and the functional class of chronic heart failure, a decrease
in blood pressure and left ventricular myocardial mass [20].
Testosterone replacement therapy stimulates stem cells-de-
rived endothelial progenitor cells via androgen receptors,
contributing to myocardial healing and reduction in necrotic
lesion size [18].

The reason given by the vast majority of studies for
the protective effect of endogenous androgens on the heart
and blood vessels is the conversion of the hormones into
estrogens, butin the work of D. Liu et al., the protective effect
of dehydroepiandrosterone sulfate on the endothelium was
not prevented by estrogen receptor inhibition [21].

Thus, in the strength-trained athletes, we have found
the highest level of endothelin-1, which was associated with
elevated testosterone levels, as evidenced by the direct
correlation, and the lowest growth hormone concentration.
However, the increase in endothelin-1 level in strength-
trained athletes was accompanied by the significant in-
crease in the level of 6-keto-PG. It is clear that shear stress,
induced by strength exercise, on endothelial cells is caused
by an increase in vasoconstrictors, which contributes to
changes in testosterone and growth hormone levels, but
the balance is restored by a compensatory increase in
the vasodilator 6-keto-PG synthesis.

Conclusions

The endurance and speed athletes did not differ in
the levels of endothelin-1, 6-keto-PG, erythropoietin, and
testosterone. The strength-trained athletes showed signs
of endothelial dysfunction: higher endothelin-1 levels with
significantly reduced growth hormone and a tendency of
increase in the serum testosterone level, as well as a com-
pensatory increase in 6-keto-PG to maintain the balance
between vasoconstrictors and vasodilators.
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