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Jlucepraliito NpUCBSIYEHO MPOOIEMi BU3HAYEHHS! MEXaH13M1B BIUIUBY OypIITHHOBOL
KHCJIOTH Ta 1i MOXIJHUX Ha MOKpAIICHHS METa0OJIYHHUX OCHOB 3pPOCTAHHS (PI3UYHOI
Ipale3/1aTHOCTI IPU IHTEHCUBHUX HABAHTAXXEHHSX IPAaHUYHOI IHTEHCUBHOCTI.

AHani3 Ta y3arajJlbHeHHsI Cy4acHOI HayKOBO-METOIUYHOI JIITEpaTypH CBIIUUTH IPO
HEJOCTaTHE YSIBICHHS CTOCOBHO HAsIBHOCTI Ta BUPAXEHOCTI SIK 3MIH YJIBTPacTPyKTYpH,
Tak i (QyHKIIIOHYBaHHS MITOXOHAPIAILHOTO anapaTy KJIITHH B MIOKap/l Ta CKEJIETHUX
M’si3ax 3a (pi3uyHuX HaBaHTaxeHb (PH) rpaHUYHOI IHTEHCHBHOCTI. 3aJUIIAETHCS HE
OCTAaTOYHO 3’SICOBAHOIO0 JIOIUJIBHICTh 3aCTOCYBaHHS CHOPTCMEHAMM 3 O3HaKaMu
Je3ajanranii, ocoOJIMBO y CHOPTI BUIIUX JOCSITHEHb, OYPIITHMHOBOI KHUCIOTH Ta ii
noximHux. BigomocTi, $Ki ICHYIOTh Yy TIUIaHI 3aCTOCYBaHHsS IIMX €ProreHHHUX
(dbapMakoJIOTIYHUX Ta HYTPHUIIOJIOTIYHUX 3acO0IB Y JAWHAMIIl TPEHYBaHb, CTOCYIOTHCS
pI3HUX aCMEKTIB BIUIMBY Ha OpraHi3M CIHOPTCMEHIB, a JaHUX MI0J10 €(EeKTUBHOCTI
3aCTOCYBaHHS JJIsl TOKPAILEHHSI €Hepro3ade3neyeH sl IPOLECiB M I30BOI0 CKOPOUYEHHS,
3pocTaHHs  (I3UYHOI  MpAIE3laTHOCTI MPU  CUJIOBUX  HABAHTAXEHHAX  PI3HOL
CIPSIMOBAHOCTI Ta I1HTEHCHUBHOCTI, PAaHHbOI'O BHSBIEHHS O3HAaK Jje3afanTallii mpu
NOCTINHUX TPEHYBAHHAX Ta 3amo0iranHs (OpMyBaHHIO MATOJOTTYHHUX CTAHIB Y HAYKOBIH
JiTepaTypl 0 IBOTO Yacy HEAOCTaTHHO, 10 ¥ BU3HAYWIO AaKTYaJbHICTh JIaHOTO
JIOCITIKEHHS.

MeTtonosoris JOCHiPKeHH 0a3yeTbCsl HA KOMIUIEKCHOMY MiJIXO[1, BKIIOYAIOUH

aCMeKTH III0JI0 PAHHbOIO BWSBJICHHS TINOKCIi HaBaHTaxeHHs 3a @®OH rpaHuyHOi



IHTEHCUBHOCTI y CIIOPTCMEHIB-YOJIOBIKIB, K1 CIEIIaTi3yIOThCS 3 PI3HUX BHJIB CIIOPTY,
0 J03BOJIMIIO CHOPMYBATH IIITICHE YSABJIEHHS CTOCOBHO MEXaHI3MiB €pProTreHHOI il
dhapMakoJIOriyHUX 3aco0iB Ha OCHOBI OypIITHHOBOI KHCJIOTH 3 MOJAIBIIOK METOIO
CTUMYJIALIT Pi3MIHOT Mpare3aaTHOCTI.

HaykoBa HoBH3HAa ojep:xkaHux pe3yabTaTiB. Ha ocHOBI pe3yibTariB
JOCITIKEHHS 13 BUKOPUCTAHHIM 1HPOPMATUBHUX KPUTEPIiB OIIHKK BUPAKEHOCTI 3MIH
POOKCUIAHTHO-aHTUOKCUAAHTHOT pIBHOBAard CcGOPMYJIbOBAHO 1 BHU3HAYEHHS SIK
CUCTEMOYTBOPIOIOUOTO  YMHHHMKA  3HUKEHHS  €HEPrOyTBOPEHHS,  MOTIPIICHHS
mpare3aTHOCTI Ta YMOBUIBHEHHS BIIHOBIEHHA 3a (DI3UYHMX HABAHTAXXEHb T'PAHUYHOL
IHTEHCUBHOCTI Ta MOKA3aHO MO3UTHBHUMN BIUIMB (papMaKOJIOTIYHUX 3acO0IB HA OCHOBI
OYpIITHHOBOI KHCJIOTH Ha MITOXOHJIPIYM CKEJIETHOrO Ta CEPIIEBOTO M 53y, MOKA3HUKHU
OKHCHOT'O TOMEOCTa3y Ta €PEKTUBHICTh TPEHYBAJIbHOI AISUIBHOCTI CIIOPTCMEHIB.

VY xon1 nocaiKeHHs OTPUMaHi J1aHi, sIKi MalOThb HOBH3HY, 30KpeMa:

PO3LIMPEHO ICHYIOYl VYSBIEHHA TIPO oOcoOiMBOCTI (opMyBaHHS SIK 3MiH
yIBTPACTPYKTYpH, TakK W (YyHKIIOHYBaHHS MITOXOHJIPIadbHOIO amapary KIITHH
CKEJIETHUX M fA31B Ta MIiOKapjaa IiJl BIUIMBOM (I3MUYHUX HABAHTAXEHb TPAHUYHOL
IHTEHCUBHOCTI B €KCIIEPUMCEHTAIPHUX YMOBAX, IO BIIKPHUBAE IMIJIXOAH IO ONMTHMI3AIli
MPOIIECiB EHEPTOYTBOPEHHS Y CIIOPTI;

3’SICOBAHO 3arajlbHO-010JI0T1YHI MeXaHI3MHU J1i BUKOPUCTAHUX ISl CTUMYJISIIIT
b13u4yHOT Mpaie31aTHOCTI (apMaKoJIOTTYHUX 3aCO0IB HA OCHOBI OYPIITHHOBOI KUCJIOTH,
0 TPYHTYIOTHCA, B TEPIIy Yepry, Ha CTUMYJAIIi MPOILECIB €HEProyTBOPEHHS 1
OTIOCEPEAKOBYIOTh KOPEKI[II0 TOMAIBIINX TOMEOCTaTUYHUX 3pYIICHb, SKI JIekKaTh B
OCHOBI POCTY €pPrOT€HHUX XapaKTEPUCTUK OPTaHi3MYy;

MOKa3aHO BAXIWBY POJb 3MIH KOPEKIlli MPOOKCHIAHTHO-aHTUOKCUIAHTHOT
pPIBHOBAarM Ha piBHI KJIITUHHUX MeMOpaH 3a rpaHM4YHHX (PI3MYHUX HABAHTAXEHb IMPHU
3aCTOCYBaHHI 3acO0IB Ha OCHOBI OypIITHHOBOI KHUCIOTH Y MOKpAalIeHHI NapameTpiB
reéMaToJIONIYHOTO TOMEOCTa3y, II0 CYTTEBO IMO3HAYAETHCA HAa MOKa3HUKAaX aepoOHOi

npane3aaTHOCTI CHOPTCMEHIB;



JIOBEJICHO YHIBEPCAJbHICTh MEXaHI3MIB CTUMYJIAIII Mpare3faTHOCTI  IpHU
3aCTOCYBaHHI 3acO0IB Ha OCHOBI OYpIITHHOBOI KHCJIOTH 3a (Di3WYHMX HABAHTAKCHbH 3
PI3HUM MEXaHI3MOM €HEepro3ade3rneyeHHs;

MiATBEPIKEHO 3AaTHICTh 3aC00IB HA OCHOBI OyPIITHHOBOT KMCJIOTH MMPUCKOPIOBATH
MPOIIECH AaHTIOT€HE3y a, BIAMOBIIHO, ¥ TPAHCIOPT KHCHIO 10 TMPAIIOIOYUX M SI3iB
CIIOPTCMEHA, 32 PaXyHOK 3pOCTaHHS Y CUPOBATII KPOBI BMICTY OCHOBHOT'O aHT10T'€HHOTO
yuHHUKA — ¢akTopy pocty enmpotenito cyauH (VEGF), mo obrpyHTOBY€e AOLIIBHICTD
3aCTOCYBaHHS TakuX (DapMaKoJOTIYHUX 3ac00iB JJid TMOMNEPEPKEHHS HEraTUBHUX
METa0OJIYHUX 3MIH Ta YINOBUIBHEHHS HACTaHHS CTOMJICHHS Y CIHOPTCMEHIB TIpH
IHTEHCUBHUX (P13MYHUX HABAHTAKEHHSX.

PesynbraTi moCHiKeHHS JOMOBHIOIOTH HAIllll YSIBJICHHS CTOCOBHO POJIi OKMCHOTO
cTpecy sk (GakTopy, 110 MPU3BOJIUTH J0 MOTIPIICHHS I'eéMaTOJIOTTYHUX MOKa3HUKIB, K1
XapaKTEPU3yIOTh KHUCEHb-TPAHCIOPTHY (PYHKIIIO KpOBl, ¥ 3a HAWJIMIIKOBOIO
HakonuyeHHs npoaykTiB [1OJI cTae hakTOpoM raibMyBaHHSI €prOr€HHUX XapaKTEPUCTUK
OpraHi3My Ta IMPOBOKY€ BUHUKHEHHS CTOMJICHHSI.

PesynpTaTi HOCTIIKEHHS MIATBEPKYIOTh ICHYIOYl B HAyKOBIiH JiTepaTypl JaHi
010  MeMOPaHOMPOTEKTOPHOI il 3ac00iB HA OCHOBI OYPIITHHOBOI KHCJIOTH Ta ii
MOX1THUX.

3a pesynbTaTaMu poOOTH OTPUMAHO BIJMOBIJIHI aKTH BIPOBA/KEHHS OCHOBHHUX
MOJIOKEHb, 10 BUTIKAIOTh 3 JUCEPTALIHHOTO JOCIHKEHHS, IK B TPAKTUYHY MiATOTOBKY
CIIOPTCMEHIB, TaK 1 B HAaBYAJIbHUI mpo1iec NpoduTbHUX Kadeap 3akiiajiiB BUIIOI OCBITH.

AHaniz MOpQOMETpUYHUX PE3yJbTaTiB CTOCOBHO OIIIHKK 3arajibHOi KUIBKOCTI
(GYHKUIOHYIOUMX KalUIApIB Ta XapaKTEPUCTHK MITOXOHAPIYyMY CKEJIETHOTO M s3y
EKCIIEPUMEHTAIbHUX TBAapuH (IIypi), TMOKa3aid, IO TpPU TPHUBAIOMY (Pi3HIHOMY
HABAHTAXKEHHI CIIOCTEPITA€THCS 301IBIIECHHS TIepriipaTallii TKAaHWH, SIKe BUPAXKAEThCS Y
HaOpsIKy TICTOTeMAaTHYHOrO Oap’epy 3 CYTTEBUM 3OUIBIICHHSM MOT0 CepeaHbOi
rapMOHIYHOI TOBIIMHU Ha 65,5 % 3a paxyHOK 3pOCTaHHS MEPUKAMUIAPHOTO MPOCTOPY

(ITKTI) nHa 50,0 % Ta aemio 6ibII0K0 Miporo — eHaoTemanbHOo1 yeTinku (EH) kaminsapis
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Ha 57,0 %. B ocranHiii MOpGOJIOTIUHIN CTPYKTYpl CIOCTEPIrain aKTUBAILIIIO MIHOIUTO3Y
3 YTBOPEHHSIM 3HAYHOI KUJTBKOCTI MIHOIIMTO3HUX BE3UKYII, 1[0 CBITYUTH PO MOCHICHHS
OOMIHHUX 1 TpPaHCHOPTHUX TIPOIECIB B KJIITHHI, 1 IE€d TMpolec BITHOCATH JO
KOMIICHCATOPHOI i, HaBITh, aIAIITUBHOT peaKIlii Ha HECTIPUATIINBI 00 HAIPY>KYIOUi EHA0-
yn ex3oreHHl (akrtopu. [lopsn 3 BKazaHMMH 3MIHAMH YJIBTPACTPYKTYpHU y M'si3ax
MO3ai4YHO CIIOCTEpIrajJd YTBOPEHHS BaKyoJed y M’ S30BUX BOJIOKHAaX, MOSIBY JUISTHOK
KpPa€eBOTO HAOPSIKY KIIITHH O1J151 CapKOJIEMH, 10 BKa3y€ Ha HAIBHICTH MPOSIBIB BTOPUHHOL
TKAQHUHHOI TIMOKCii, a TakoX Ha (OPMYBaHHSA YIBTPACTPYKTYPHOTO KOMIIOHEHTY
capKoJIeMaJIbHOT JUCQPYHKIIT, KOTpa CBIAYUTH MPO MOPYUIEHHS MDKKIITUHHOTO OOMIHY
pedoBHH 1 piauHu. [lpu TpuBanoMy (pi3MYHOMY HaBaHTaXEHHI B TKAHUHAX CKEJIETHOTO
M’SI3y CepeliHs KUIbKICTh KalJIApiB HA OJIMHUIIIO TUIONI M 3y 3pocTae OuIble, HIK Ha
57,0 %; mpakTUYHO HE CITOCTEPIraaocs MOPOKHIX, a TAKOXK CTIAIUX, KAITUISIPIB, 0 MOKHA
PO3IIIAJIaTH K 03HAKY IEPBUHHOTO aHT10r€HE3Y, KOTPHl € KOMIIEHCATOPHOIO BIMOBIIIIO
Ha (13UYHE HABAaHTAKCHHS.

3MIHU yJIBTPACTPYKTYPH MiOKapAa Micisl TPUBAJIOTO (PI3UYHOIO HABAHTAXKECHHS €
noAiOHUMH JI0 BUSBJICHHMX Y TKaHHUHI JUTKOBOTO M’SI3y 1 BUPIZHSUIUCS TEPEBAXKHO
CTyneHeMm BupaxeHocti. Tak, rimepriaparauis [Th y miokapal € MmeHmow, HIXK y
BIJIOBITHOMY 0ap’epi M'130BOi TKAHUHH. 3POCTAaHHS 3HAYEHHS CEPEAHBOI TapMOHIYHOI
TOBIIMHM €HJAOTEATbHOI YCTIIKM KaIllJIApIB BIHOCHO HE3HAYHE 1 CTAaHOBUTH YCHOTO
23,3 %, 1110 CBITYUTH PO MEHIII BUPAKEHY YIBTPACTPYKTYPHY CKJIAIOBY €HIOTeNiadbHOI
nuchyHkiii. Takok 3HAYHO MEHIIIOK MIporo 3pocTae nuax audy3ii st Oz, OCKIIbKU
3aragpbHa ToBmMHAa [Th, depes skuii came BigOyBaeTbest audy3iss 3 KpoBi [0
KHCHEBOCIOKMBAIOUMX OpraHell, B MIOKAp/l JIOCTOBIPHO BHU3HAYAETHCA Ha YBEPTh
MEHIIOI0, HIK y M’SI30B1M TKaHUHI. 30UIbLIIEHHS KUIBKOCTI (DYHKLIOHYIOUMX KaIlijspiB
nocsirae 67,5 % BIIHOCHO KOHTPOJIBHOI KIJIBKOCTI, 10 MEPEBUIIYE BETUUUHH, BU3HAYEH]
y M’SI30B1i TKaHUHI.

Pesynbratt MOphOMETPUYHOT OIIHKK XapaKTEPUCTHK MITOXOHIPIyMY y TKaHHHI

JUTKOBOTO M 513y LIypIB MiJ BIUIMBOM TPUBAJIOTrO (PI3MYHOrO HABAHTAXKEHHS BKa3ye Ha



3pOCTaHHsI 3arajibHOI KUIBKOCTI MiToXOHapiH (MX) sik cybcapkonemanbHoi (CC MX), Tak
1 iuTpamiopiopussipoi (IM® MX) cybnonymsmiit (Ha 58,3 % ta 69,0 % BinmosigHO).
[Topsia 3 M B110YBA€ThCS 3pOCTAHHS CYMH TTOBEPXOHBb MITOXOHJIPIA B OJIMHUII 00’ €My
M’s130B01 TKaHuHU: o0 CC MX Ha 47,0 %, momxo IM® MX —na 41,7 %, 110 cki1agac B
abcomoTHUX 3HaueHHsax 10,1+1,5 mxm? Ta 7,6+0,6 Mmxm? BignosinHo (p <0,05). Cepenniii
niamerp MX o0ox (pakiiii € TOCTOBIpHO 30ITBIIICHUM TOPIBHSIHO 3 BiAMOBIIHUMU
JTAHUMU B KOHTPOJIBHIM rpyti i ckiagae B8 CC MX 0,50+0,05 mxm Ta 0,78+0,09 Mmxm — B
IM® MX (B o06ox Bumagkax p<0,05). VYapTpacTpykTypHi mnepeOynoBu B
MITOXOH/JpPiaJIbHOMY arapaTi JIMTKOBOro M’si3y y BianoBiasr Ha ®OH 3HauHOIO MipOIO
HIBEIIIOIOTHCS PI3KUM 3POCTAHHIM KIJTBKOCTI CTPYKTYPHO MOIITKOPKEHUX OpraHe: cepe]
CCMX 1 IM® MX B TKaHWHAaX TBapWH OCHOBHOI IPYIH iX KUIBKICTh ckiaaae 15,4+1,7 %
ta 8,6+3,0 % BiamosigHo (p <0,01).

B wmiokapai mif BIUIMBOM TPHUBAJIOro (Pi3MYHOIO HABAHTAXKEHHSI CIIOCTEPIratoTh
O1IbIII BUpaXEHY akTUBalli0 Mopdorenesy MX, Hixk y M’s130B1ii TKaHUHI. Tak, KITBKICTh
CC MX 3pocrae Ha 60,7 %, a IM® MX — Ha 91,1 %. 30UTbIIIEHHST CEPEAHBOTO JIIAMETPY
MX BianoBiga€e TOMY, IO MA€ MiICII€ B KJIIITHHAX JIATKOBOTO M S13Yy: 3pOCTaHHS CTAHOBUTH
31,5 % y CC MX125,0% — 11010 BUX1JHOTO piBHS 11bOT0 NokazHuka B IM® MX. Takox
JIOCTOBIPHO 1 OUIbII CYTTE€BO, HDK Y M A30BId TKaHWHI, 3pOCTa€ MOKAa3HUK CyMU
noBepxoHb MiToXOHIpii: y CC MX — nHa 64,1 %, y IM® MX — na 52,6 %. KuibkicTh
CTPYKTYPHO TMOIIKO/DKEHUX OpPTaHeNl TaKOX, AK 1 y JUTKOBOMY M’si3i, 30UIBIIYETHCS.
KinbKicTh 3MIHEHMX OpraHen y TKaHUMHI MIOKapJa € 3Ha4HO MEHUIOK MOpPIBHSHO 3
JAHUMU, OTPUMAHUMU TIPH YIBTPACTPYKTYPHOMY JOCTIHKEHH] M’ 30BO1 TKAHUHU: Cepe]]
CC MX B ocHOBHIH rpymi iX KuIbKicTh AopiBHIOE 10,8+2.8 % Ta cepen IM® MX —
6,8+2,2 % BianoBigHO (p <0,01), MOPIBHAHO 13 BUXITHUMH JAHUMHU IIUX 3HAYCHD.

PesynbTaTi AOCIHIKEHb CBIYaTh, 110 3aCTOCYBaHHS OypPIITUHOBOI KUCIOTH MPU
TpuBajJoMy (pi3UYHOMY HaBaHTa)KEHHI B €KCIEPUMEHTI (2-a IOCHiIHA TpyMa) CIpuse

3MEHIIICHHIO TPOSBIB CTPYKTYPHUX O3HAaK EHJOTENIadbHOI Ta MITOXOHAPIATBHOI



TucPyHKII K y M’S30BId TKaHWHI, Tak 1 B MioKapai. Tak, CIOCTEpIrae€ThCs OlIbII
BUpa)keHEe 30UIBIICHHS KUTHKOCTI (DYHKIIOHYIOUMX KAamliJsipiB: B JTUTKOBOMY M’si31 Ha
38,3 % BinmHOCHO AaHuX y 1-1# mocmianiii rpymi (3 @H, ane 6e3 3acTocyBaHHs €proreHHUX
3ac00iB) Ta OUTBIN, HIX Yy JBa pa3u, BIAHOCHO KOHTPOJIIO, a B Miokapai — Ha 26,4 %
BIIHOCHO 3HauYeHb 1-01 mocmigHoi rpynu 1a Ha 71,9 % — BIAHOCHO KOHTPOJIO (B YCIX
Bunaakax p < 0,05). ¥ TkanuHi guTkoBoro m’s3y 3actocyBanHs BK npu ®H crpuse
3MeHIeHHIo Tineprigpatamii I'T'h, a, oTxke, Horo TOBUIMHM: cepeAHs apupMeTHUHA
toBiuHa ['T'B 3menmyeTses Ha 27,6 %, IIKIT —na 17,5 %, a engoTenanpHOTO mapy — Ha
18,4 %. AmnanoriuHa aumHaMika 3MiH croctepiraetbess U B I'Th miokapaa: cepenss
apupmernuna ToBumHAa ITH 3menmyerbcs wa 20,1 %, IIKIT — na 15,0%, a
eHIoTemanpHoro 1mapy — Ha 17,1 % (B ycix Bunazakax p < 0,05).

Bcranosinieno, 1o 3acrocyBanHsi bK Oubi cyTrTeBo ctumyntoe mopdorenes MX,
HIXK OKpPEMHI BIUIUB (PI3MYHUX HABAHTAXXEHb, 1 111 3MIHU HOCATH aJallTUBHUN XapakTep.
3poctanHsi KuibkocTi MX y M’430Bifi TKaHWHI, mopiBHsSHO 3 manumu npu OH 6Ges
3actocyBaHHs bK, € Outbmn 3HauynmmM, Hixk y Miokapai: y CC MX Ha 63,2 % BIAHOCHO
KOHTpOJIto Ta Ha 4,9% — BiAHOCHO AaHuX y 1-1i gocmigHi rpyni; y IM® MX na 81,4 %
BIJIHOCHO KOHTpOJItO Ta Ha 12,4% — y 1-1#1 nocmianii rpymi (B ycix Bumaakax p <0,05). ¥
MIOKap/i 3pOCTaHHS 3arajbHOi KUJIBKOCTI OpPTraHesl Ma€e Ty caMy CIPSIMOBaHICTh, IIPOTE
OUTBIII 3HAYHO BHUPAXKEHY KUIBKICHO Y 3B’S3KY 3 IMOHAJBAXKIMBICTIO ONTHMAIHHOTO
nepediry mpoleciB €eHEProyTBOPEHHS B LbOMY UTTEBO BaXJIMBOMY oprasi. ToOTo,
pE3yNbTaTH HAIIOTO JOCTIIHKEHHS CBI4aTh, 110 3acTocyBaHHs BK crpaBnse moTyxHin
NPOTEKTUBHUIN BIUIMB Ha ONTHUMI3AIII0 €HEPTETUYHOrO MeTabo0IIi3My M’ s130BO1 TKAaHUHU
i, 0co0IMBO, MIOKapJia — TOOTO TUX OCHOBHUX CTPYKTYPHUX YTBOPEHb, IO JIMITYIOTh
3pocTaHHsl (I3MYHOI TPAre3aTHOCTI MPU HABAHTAXEHHSX B3arajl Ta y CHOPTUBHIM
JISITBHOCTI, 30KpeMa.

Takoxx BIIMIYAETHCS 3POCTaHHS CYMH IMOBEpXOHb MX B ojuHHUI 00’€My, IO
cranosuth 111 CC MX 13,8+1,3 Mxm? Ta 19,4+2,3 MKM? y CKEJETHUX M s13aX 1 MioKapi;

s IM® MX — 9,0+£1,0 mxm? ta 14,1+1,5 MxM?, BignosigHo. BapTo 3a3HauunTH, 10 py



3actocyBaHHl bK 3HMKYETBCS KIIBKICTh CTPYKTYPHO MOIIKO/KEHUX MX, mpuyomy, B
KIITUHAX MIOKap/a 11l 3MiHU OUTBII 3HAYYII MOPIBHSAHO 13 KIIITUHAMHU CKEJIETHUX M’ sI31B
(CCMX na 3,8 %, a IM® MX — Ha 2,9 %).

Ha mno3utuBHMii edekT OypIITHUHOBOI KHCIOTH CTOCOBHO 3MIiH CTPYKTYpH
MITOXOHJIpIyMY PI3HHUX TKaHHUH BKa3y€ TaKOX 3HIDKEHHS CEepelHbOro niamerpa MX,
OlMBpII BUpakeHE B MioKapji. 3okpeMa, Iei nmokazHuk 100 CC MX 3HUKYEThCA Ha
14,08 %, a IM® MX — nHa 16,67 % (B ycix Bumaakax p <0,05) OinpIn 3HaYHO, HIXK B
M’SI30B1f TKaHMHI €KCIIEPUMEHTAJIbHUX TBAapUH. 30UIbIIEHHS KIUIBKOCTI 1 3MEHIICHHS
PO3MIpY MITOXOHIp1H Ta HAOYTTS OCTAaHHIMU O1JIBII €HEPTETUYHO BUT1IHOT KyJIeTo10HO01
dbopmu cBimuuTh Npo GopmMyBaHHS MOPPOJIOTTUHUX Ta (Pi310JOTTYHUX aJANTUBHUX
peaxiiiil y TBapuH y Bi/INOB1/Ib Ha TPUBAJIe HABAaHTAKCHHSI.

AHani3 pe3yabTaTiB JOCHIIKEHHA Yy CHOPTCMEHIB y JHWHAMIILl TPEHYBaJIbHOIO
npouecy y macmradi real-time mokasaB, IO 3aCTOCYBaHHS MOXIJHOTO OypIITHHOBOL
KUCIIOTH y BUIUISLAI Tpernapaty apMaaiH®JIOHT CyHmpOBOKYETHCS MOKPAIICHHIM
napameTpiB cHelianbHOi (CUI0BOi) (PI3UYHOI Mpane3faTHocTi. Tak, y CHOPTCMEHIB
OCHOBHOI TPyNu (BaKKOATJIETH) CIOCTEPITAETHCS OUTBIIT BUPAKEHE 3pOCTaHHS BUCOTH
iAoMY INTAaHTH y CTpUOKY 3 wmicisg Ha 15,6 % 3 mapanelbHUM 3HWKEHHSAM Yacy
BUKOHAHHS TECTYBaJIbHOI BpaBu Ha 14,0 % mopiBHsHO 3 rpynoro koHTpoto (Ha 7,11 %
3pOCTa€ BUCOTA MIAMOMY INTaHTH Yy CTpUOKY 3 micis 1 Ha 8,0 % 3HMKYEThCS Yac
BUKOHAHHSI BMpaBH). 3MIHM MOKA3HHUKIB CIEIiadbHOT MPaIe3JaTHOCTI BiJMOBIIAIOThH
3arajbHIA TEHACHIIT — BUCOTA MiIIOMY Y PUBKOBIHM Ts31 BIIHOCHO BUXIAHUX JAHUX JI0
MOYaTKy KypCOBOTO MPUHOMY TOCTOBIpHO 301bIIyeThest Ha 18,07 %, a yac BUKOHAHHS
BIIpaBU 3MeHIyeThes Ha 14,08 %, Ha BiIMIHY BiJl TOKa3HUKIB Y KOHTPOJILHINA TPYIIi, /i€
BIJITIOBIJTHI TIApaMETPH CICIIAIbHOI MPare3JaTHOCTI PI3HOCTIPSIMOBAHO 3MIHIOIOTHCS
BiamosigHo Ha 10,2 % 17,04 %, BIAIOBI1AHO.

AHani3 OTpUMAaHUX IOKA3HUKIB CTPYKTYPHO-(YHKIIOHAIBHOTO CTaHy MeMOpaH
EpPUTPOIUTIB (3aralbHONPUUHATA MOJETh 3arajbHOrO IMyay MeMOpaH OpraHizmy)

CIIOPTCMEHIB CBIYUTH MPO T€, 110 MPEICTABHUKU TPy KOHTPOIIIO MAlOTh 3HAYH1 3MIHU



MPOOKCUJAHTHO-AaHTUOKCUJIAHTHOT ~ PIBHOBAard, WIO0 BiJOOPaKae€TbCsl  3POCTAHHIM
MIPOOKCHIaHTHO-aHTHOKCUIAHTHOTO KoedimieHTy (Ky,) HampukiHI AOCHiIKEHHS 3a
paxyHok 3MiH 000x jaHok [IAP. 3okpema, BmicTt MJIA, sikuii BimoOpaxae aKTUBHICTh
nporieciB Jlinonepokcuanii, s3pocrae Ha 40,8 % i ckmamae 7,21+0,05 amonsx10° ep., a
BMICT OJHOTO 3 OCHOBHUX HE(PEpPMEHTATUBHUX AaHTHUOKCHJIAHTIB — BIJHOBJICHOTO
rnytariony (GSH) — 3meHmyeTscst OumbIl, HIXK Ha TpeTuHy 1 ckiagae 1,45+0,05 10
Pymmonbxep.!. Ile Bkazye Ha (pOpPMyBaHHS OKMCHOIO CTPECY 3a IHTEHCHBHUX (Di3UUHHX
HABaHTAXKEHb, 1 € CYTTEBO TIPIIMM, MOPIBHSIHO 3 pE3yJIbTaTaMU y CHOPTCMEHIB, K1 y
JTMHAMIIIl TPEHYBaHb BUKOPUCTOBYBAJIA 3aCO0M HAa OCHOB1 OypIITUHOBOT KucioTu. [1po e
CBim4MTH 3MeHIIeHHs BMicTy MJIA B MemGpanax eputpouutis 10 6,00+£0,05 amonsx10°
ep. 3 OJHOYACHUM HAKONMYEHHSM B MEMOpPaHHUX CTPYKTypaX OJHOTO 3 OCHOBHHX
OPUPOJAHUX AHTUOKCUAAHTIB HE()EPMEHTATUBHOIO XapakTepy — BIJHOBJIEHOIO
ryTationy, m0 2,47+0,06 10?>mmonsxep.”!. Taki cnopustimei 3MiHM BKasylOTh Ha
NepeBayKaHHS MPOILECIB aHTUOKCUAHTHOTO 3aXUCTy B OpraHi3Mi, 110 HiATBEPAKY€EThCA
BIJIMOBITHAM JTOCTOBIPHMM 3HHXEHHSIM PE3yJbTYIOUOTO TMOKa3HUKAa BHUPAKEHOCTI
okucHoro crpecy Ky, y mperncraBHukiB ocHOBHOi rpynu (2,4440,11 ym.on.) mpotu
3Ha4YeHb y KOHTpo:i (4,97+0,10 ym.oxm.).

[Ipu omiHIl BMICTY JIAaKTaTy (MOJIOYHOT KMCIIOTH), 1110 HAIXOAUTh 10 LHUPKYJALIL 3
JNECTPYKTYPOBAHUX KJIITUH — MIOLMTIB Ta € TPUIrEepOM [Jsl MOAANIBIIONO 3alyCKy
MIKPOTIOIIKO/IP)KEHb CKEJIETHUX M f31B, TO Ha MOYATKY JOCIHIKEHHS OyJI0 BCTAHOBIICHO,
0 Yy CIOPTCMEHIB IPYIU KOHTPOJIIO BMICT JIAaKTaTy BiApa3zy Micisid TPEHYBaJIbHOTO
3aHATTA 3pocTac Bij BUXigHmX 5,61+0,92 Mmomexn?t mo 10,54+1,18 mmonsxn?, mo
MOMEHTY 3aKiHueHHs Bin 7,24+1,16 mmonbxin™ no 14,3242,11 mmonsxa! Bignosiguo, a
uepes 1,5 rox smenmyerses 10 7,45+0,71 MMonbxr! Ha HOYATKY JOCHIIKEHHS Ta BCHOTO
mme 10 9,87+1,44 MMonb ! HampuKiHIG, IO CBiIYMTH HPO PO3BMTOK IPOLECIB
CTOMJICHHS 13 BJIACTUBUMU MOMY P13HOMAaHITHUMU O10XIMIYHUMU MPOSIBAMU, BKIIIOUAIOUH

npupict 3HadeHHS pH 1 HACTYMHI MU3PETYIATOPHI 3pYIICHHS, 30Kpema, 1 B PoOoTi



dbepMeHTHUX cucteM. BumiproBaHHsi 3HaueHHs pH Ha MmoyaTKy Ta HaINpHUKIHII
JOCTIIPKEHHS TI0BEJO, 0 B KOHTPOJIbHIN TPYIIl MPOSIBU allU03y € OUIbII BHPAXKCHUMHU
(7,29+0,02 Ta 7,28+0,02 BiAMOBIAHO) TOPIBHSHO 3 JIaHUMH B OCHOBHIA TpyIIl
cnoprcmeniB (7,30+£0,03 ta 7,35+0,02 BigmoBigHO). Lle cBiAUUTH PO MO3UTHUBHY IO
3ac00i1B Ha OCHOB1 OYPIITUHOBOI KUCIIOTH Ta ii MOX1JHUX HA BAHUKHEHHS JIAKTaT-aI[uI03y
Ta HACTYITHE TOMepeKEeHHST (OpMYBaHHS MIKPOTOIIKO/KEHb CKEJICTHHX M S31B, SIKE
nepeaye PO3BUTKY CTOMJICHHSI.

Y KOHTpPOJIbHIN TPyl NPEACTaBHUKIB CHJIOBUX BUJIB criopTy 3MiHu [IAP 3a
IHTEHCUBHUX (DI3UYHMX HABAHTAXXEHb CHJIOBOIO XapakTepy CYMPOBOKYIOTHCS
BiJITOBITHUMH HETATUBHUMHU 3PYIIICHHSIMHU XapaKTEPUCTHUK EPUTPOITUTAPHUX MEMOpaH Ta
reMaToJIOTIYHUX MapaMeTpiB. 3pOCTaHHS MapaMeTpy CEPEeIHbOro 00’€My UYEpPBOHUX
KJIITUH KpoBi Ha 13,63 % HampuKiHI AOCHIIKEHHS BIIJI3EPKATIOETHCS 301IBIICHHSIM
aH1301MTO3y (PO3KHUJAHHS EPUTPOIUTIB 3a O00’€MOM, IO 3AJCKUTh CaMe€ BIJ
BJIACTUBOCTEH iX MemOpaH) Ha 17,8 % mopiBHSHO 13 JAHUMU JI0 MOYATKY JOCIIIKEHHS.
KpiM Toro, y cnopTcMeHiB B TIpynl IUIane00-KOHTPOJIO0 HAMPUKIHII AOCTIIHKEHHS
BIJI3HAYAETHCA 3TYIICHHS KPOBI, SKE BIJIOOPAKAETHCA 3POCTAHHSM AKTHBOBAHOTO
4acTKOBOTO TpoMOoruiactuHoBoro yacy (AUTY) na 28,3 %. B 000X OCHOBHHX rpymax
CIIOPTCMEHIB, SIKI BAKOPUCTOBYBAJIM 3aCOOM Ha OCHOB1 OYPIITUHOBOT KUCIIOTH, O 1I0HUX
HETaTUBHUX SIBUI HE CIOCTEPIraeThbcs, IO CBIAYUTH IIPO TO3UTHUBHHUM e(eKT
npodIIaKTUYHOTO 3aCTOCYBaHHS MOJIOHUX 3aCO0IB Ta HASIBHICTh Y HUX €Pror€HHHUX
BJIACTUBOCTEH, SIKI PEaTi3yr0ThCS Yepe3 CKIaaH1 010XIMIYH1 3B’ SI3KH.

AHauni3 pe3ynbTariB AOCTIKEHHS! CTOCOBHO BU3HAYEHHSI OCHOBHOTO aHT1OT€HHOTO
dbakTopy CBIiIYUTH, IO TOCTIHHUN BIUIMB TPCHYBAJbHUX CHJIOBUX HaBaHTAKCHb
TPaHUYHOT IHTEHCUBHOCTI MPUBOJUTH JI0 JOCTOBIPHOTO 3POCTaHHS SIK BMICTY (hakTopy,
iHmyKoBaHoro rinokciero (auen. Hypoxia-Inducible Factor, HIF-1a), Tak 1 ocHOBHOTrO
aHT1OreHHOT0 YMHHMKA — (haKTOpy pocTy eHjoreniro cyauH (anen. Vascular Endothelial
Growth Factor, VEGF), 10 onocepeikoBaHO BKa3ye Ha pO3BUTOK TiMMOKCIT HAaBaHTaKCHHS

3 BIAMOBIHOIO aKTUBAIIIEI0 MPOLIECY YTBOPEHHA HOBUX KPOBOHOCHMX cyauH. [loka3aHo,
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mo uepe3 30 XB micisl 3aKiHYEHHS TPEHYBAJIbHOIO 3aHATTS 30UIBIIYETHCS BMICT B
kpoBoHocHoMy pycii HIF-la. Ili 3MiHM y mNpeacTaBHUKIB KOHTPOJBHOI TPyMHH
Bi/[3HAYAIOTHCS 3POCTAHHAM JAHOTO NokasHuka 10 1,38+0,06 arxmir?, B ocHOBHIM rpymi
— 36inmpmenHam 10 2,87+0,04 arxmirl. Ananoriuni 3miau crocytorscs Bmicty VEGF, ne
BIIMIYAa€ThCSA JOCTOBIPHE MEPEBUILEHHS 3POCTAaHHS MOKa3HUKAa B OCHOBHIN TPyMi Haj
KOHTPOJAbHMMH 3HaueHHAMU (39,71#1,28 nrxmn! mporum  35,67+1,59 mrxmn?! B
KOHTPOJIBbHIN, BiAMOBIAHO; p <0,05 B ycix Bumaakax). bimein Toro, 1 yepe3 24 roj micis
3aKIHYEHHS! HAaBAHTAXEHHS y CIIOPTCMEHIB Il 3MIHU TUTBKU TOCHIIIOIOTHCS MOPIBHSHO 3
BUX1IHUMU JaHuMU. Tak, y koHTposai BmicT HIF-1a 30inbmyerses g0 2,61+0,35 Hrxmir
!y npencraBHuKiB 0cHOBHOI Tpymm — 10 3,21+0,38 HrxMirl; MOKa3HUKKM KOHIEHTpaIlii
VEGF 3pocrarors 10 43,95+1,25 nrxmr? Ta 52,11+1,41 nrxmr?, signosiguo (p <0,05 y
BCIX BHMaAKax). TOOTO aHTIOreHHW NOTEHIal Yy CIOPTCMEHIB OUIbII aKTUBHO
pPO3KpUBAEThCs 3a (I3MUHUX HaBaHTaXeHb Ha ()OHI BUKOPUCTAHHS 3ac00IB Ha OCHOBI
OypIUTHHOBOI KMCJIOTH, IO W MPUBOAUTH JO peaii3allii B opraHi3mi Aii eproreHHuxX
YUHHUKIB.

AHaJoriyHi 3a COpsIMOBAHICTIO, MPOTE OUIBIII 33 CTYNEHEM BHPAXEHOCTI, 3MIHU
BUIIEHA3BAaHUX META0OJIYHUX TIOKAa3HUKIB CIIOCTEPIraloThcsi y 68 mpeacTaBHUKIB
UKIIYHUX BUJIIB CHOPTY, sKi Ha yMoBax «IHdopmoBaHOi 3roaw» B3sUIU Y4acTh Y
JUCEPTALITHOMY  JOCHIJKEHHI. binbll  BHpa)keHI 3MIHM [OKAa3HUKIB OKHUCHOTO
rOMEOCTa3y, KHCEHb-TPAHCIIOPTHOI JIAHKU KPOBI, AQHTIOT€HETHYHUX YWHHUKIB TIPH
(GI3MYHMX HABAaHTAXEHHSX Y MPEJICTABHUKIB LIMX BUJIB CIOPTY MiJ Yac 3aHATHh CHUJIOBOL
CIOPSIMOBAHOCTI Ta TPAHUYHOI IHTEHCHUBHOCTI, OOYMOBJICHA HAa Hallly AYMKY, 1HIIUM
MOPIBHSHO 3 TPEJCTABHUKAMHU BaXKO1 aTJIETUKH, MEXaHI3MOM EHepro3abe3nedyeHHs
M’SI30BOi  AISUTBHOCTI, SIKUM TEPEeBaXHO AacoliiioBaHWil 3 aepoOHHM [-OKUCIEHHSIM
BUTBHUX JKUPHUX KHUCJIOT y MITOXOHIpisSX. Tak, Ha MiATBEPIKCHHS MOKpAIICHHS
NEPEHOCY KUCHIO MiJl BILUTMBOM 3ac00iB Ha OCHOBI OYpPILITMHOBOI KHUCJIOTH BKa3zye M

3pOCTaHHS MOKa3HUKA BMICTY BHYTPILIHbOEPUTPOLUTAPHOrO reMoryiodiny Ha 10,21 % y
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CIIOPTCMEHIB OCHOBHOI TpYyNHM TOPIBHSHO JaHMUMH Yy KOHTpPOJIi, Je, HaBIaKH,
CIIOCTEPITAEThCS 3HWKEHHS 3HAaYeHHs IhoTo umHHHMKA Ha 8,72 % (p <0,05 B 000x
BUIIAIKaX).

3actocyBaHHA 3aco0iB Ha OCHOBI OypUITHHOBOI KHCJIOTH TPUBOAHUTH JO
MOKpAIaHHS TMOKa3HMUKIB (I3UYHOI MPale3aTHOCTI y MTPEICTaBHUKIB W IIMX BHIB
CIIOPTY, JI€ CIIOCTEPITa€EThCS TOCTOBIPHE 3MEHIIIEHHS Yacy MPOXOXKEHHS 3MOJ1€TbOBAaHOT
3MarajibHOi JqUCTaHIil y OiryHiB (Ha 5,6 %), 30unbIIeHHs TeMITy TpeOKiB 3a XBIIMHY (Ha
14,8 %) Ta 3HayeHHS NOBKUHHU MpokaTy Joaku (Ha 11,4 %) y BeciyBalbHUKIB Ha
Oaiimapkax 1 KaHoe.

Takum 9rHOM, OTpHUMAaHI PE3yJIbTAaTH JOCTIHKCHHS TO3BOJISIOTH CTBEPIKYBATH,
10 3aCTOCYBaHHS 3aC001B HA OCHOBI OypPIITHHOBOI KUCJIOTH, € I[IJIKOM OOIPYHTOBAHUM
Ta JOLUIBHUM JJI1 KOPEKIll CKJIaJHUX METa0OJIYHUX B3a€EMOBIJHOCUH Ta HACTYITHOTO
3pocTaHHs (PI3MYHOI TpalEe3AaTHOCTI CIOPTCMEHIB 3a I1HTEHCUBHUX  (PI3UYHMX
HABAaHTA>KEHb.

KuirouoBi cjioBa: 1HTEHCHBHI (Pi3WYHI HaBaHTaXXEHHS, (pi3WYHA Mpale3AaTHICTD,
Oir Ha cepeaHl auCTaHIli, KBaM(iKoBaHI BECIyBaIbHUKH, BAXKKOATIETH, OypIITHHOBA
KHCJIOTa, METaOOJITOTPOIHI 3aco0H, CKEJIEeTHI M’S3M, MIOKapJ, CEPIEBHA PHUTM,
EPUTPOLIUTH, MITOXOHJIPIi, E€HEPreTUUHU OOMIH, TIMOKCis, AaHTIOTeHE3, KIITHUHHI
MeMOpaHH, JJaKTaT-alu103, TPOOKCUIAHTHO-aHTHOKCHIAaHTHA PIBHOBAra.

Cnucok ny0Jaikanii 3100yBaya 3a TeMOIO JUcepTamil
Haykogi npaui, é akux onyo6.1iKko6ani 0CHO6HI HAYKOGL pe3yibmamu oucepmayii

1. Botitenko BJI, I'ynina JIM, Onemxo BI, Hocau OB. Ominka mexaHi3miB il
(bapmakoi0riyHOro 3aco0y Ha OCHOBI MOXI1JHOTO OYPIITHHOBOI KUCIOTU NPH (PI3UYHUX
HABaHTAKEHHSAX TpaHM4YHOl iHTeHCHBHOCTI. Ceim Oionocii i meouyunu. 2018;(3(65)):
28—32. doi: 10.26724/2079-8334-2018-3-65-28-32. daxoBe BuUIaHHA YKpaiHH, sKe
BKJIFOYEHO J10 MIDKHAPOIHOT HayKoMeTpuuHoi 6a3u Web of Science. Ocobucmum eneckom
3000y6aua € cmamucmuyHa 00pooKka mamepiany, aHauiz ma y3a2aibHeHHs. OMPUMAHUX

pe3yibmamis, )opmynI08anHs GUCHOBKIE, Y4aChb 8 0OPMAEHHS CIAammi.
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2. Boiitrenko BJI, I'yaina JIM, Hocau OB, Onemko BI', I'onoBamenko PB, Ps6ina
CA, Kouepyb6a JII, Bucouin ®@C. 3aco0u Ha 0OCHOBI OYpIITHHOBOI KUCJIOTH SIK Oe3MeuH1
Ta epeKkTUBH1 (HaKTOPH MIATPUMKHU MapaMeTPiB ToMeocTasy 3a (i3WYHUX HABAHTAKCHD.
Vrpaincoxuti orcypuan meouyunu, 6ionocii i cnopmy. 2019;4(6(22)): 370-376. doi:
10.26693/jmbs04.06.370. ®axoBe BuAaHHS YKpaiHH, SKE BKIIOYCHO 10 MIKHAPOIHOL
HaykoMmeTpu4uHOi 6a3u Index Copernicus. Ocobucmum eneckom 3000ysaua € npogeoenHs
2eMAMONO2IYHUX — OOCNIOJNCeHb, CMamucmu4Ha oopodoka mamepiany, aHalz ma
V3A2aNbHEeHH OMPUMAHUX —pe3ylbmamis, QOpMYII08aHHS BUCHOBKIB, y4acmb 8
oopmnenns cmammi.

3. Boiitenko BJI, I'ynina JIM. 3MiHH yabTpacTpyKTypH TKaHHUH JIMTKOBOTO M'A3y Ta
M10OKap/a IiJ] BIUIUBOM (h13MYHOT'0O HABAHTAKEHHS B €KCIIEPUMEHTI. AKTyallbH1 IPOOIeMU
CydyacHOi MeIMIMHU: BicHux Yxpaincokoi MmeouuHoi cmomamono2iuHoi axaoemii.
2020;20(2): 114—118. https://doi 10.31718/2077-1096.20.2.114. daxoBe BuUAAHHS
VYkpainu, ske BKIIOYCHO 10 MDKHApOJHOI HaykomeTpuuHoi Oasu Index Copernicus.
Ocobucmuii 6Hecok 3000y8aua NosA2ac y HOPMYNO8aAHHI 3A80AHL OOCHIOHNCEHH,
V3a2anbHeHHi ma 0OIpYHMYBAHHI 0coOaUBOCmell KAniiapuzayii mKanun miokapoa 3a
VMO8 2INOKCIi HABAHMANICEHHS 8 eKCNepUMEeHMI, Y4acmb Y (QOPMYII08AHHI BUCHOBKIE Ma
oopmnenns cmammi.

4, Voitenko V, Gunina L, Nosach O, Danilchenko S. Energy producting and apoptosis
at physical loads: the role of the changes the prooxidant-antioxidant balance (a review).
Sporto Mokslas. 2020;2: 84-91. https://doi.org/10.15823/sm.2020.98.10. Ilepioanune
HAyKOBE BHJIaHHS KpalHU-WIeHy €BpPOCOIO3y, SKE BKJIOYEHO JO MIDKHAPOIHOT
HaykomeTpuuHoi 06a3u Index Copernicus. Ocobucmum eneckom 3000y8aua €
OibioepagiuHUll NOWYK ma cucmemamu3ayis o020 pe3yivmamie, Yuacms y HAnuCaHHs.
cmammi.

S. ['yuina JIM, Boiitenko BJI, Hocau OB. [1oxiani OypIuTHHOBOT KUCJIOTH: BILJIUB Ha
MeTaboIiyH1 (aKTOPH PO3BUTKY BTOMH 1 MPAIIE3AATHICTh MPHU (PI3UYHUX HABAHTAKEHHSX.

Honoeioi  Hayionanvnoi  Axademii  Hayxk — Vipainu.  2021;(1):  93-99.
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https://doi.org/10.15407/dopovidi2021.01.093. daxoBe BumaHHs YKpaiHH, SKE BXOIHUTH
70 MDDKHApOJHOTO KaTaJjory >KypHamiB Binkputoro noctymy Directory of Open Access

Journals (DOAJ) Ocobucmum eneckom 3000ysaua € cmamucmuiuia 06pooKa mamepiany,

aHaniz ma y3a2aibHeHHs OMPUMAHUX pe3ybmamis, ii HanucawmHs, GopmynIoeanHs
BUCHOBKIS.
6. Boiitenko BJI, ['ynina JIM. BrumB OypIITHHOBOI KHCIOTH Ha 3MIHU

MITOXOHJIPIAIbHOTO amapaTy KJIITHH CKEeJIeTHUX M’sI31B MPH MOJAETIOBaHHI (I3MUHUX
HaBaHTaXX€Hb B EKCIIEPUMEHTI. Yikpaincoxuii scypuan meduyunu, 0iono2ii i cnopmy.
2021;6(1/29): 293-302. doi: 10.26693/jmbs06.01.293. daxoBe BumaHHsS YKpaiHH, sSKe
BKJIFOYEHO JO MIXKHapoaHOi HaykomeTpuuHoi 0a3u Index Copernicus. Ocobucmum
BHecKoM 3000y8auya € Y3aealbHeHHs ma OOIPYHMYBAHHA 0COOIUBOCMEl  3MiH
MIMOXOHOPIYMY 3a YMO8 6NIUSY MPUBANUX (DIZUUHUX HABAHMANCEHb 68 eKCNepUMEHM,
cmamucmuyHa obpobka mamepiany, aHaniz ma y3a2aibHeHHs OMPUMAHUX Pe3ya1bmamis,
D OpMYI06AHHS BUCHOBKIB, YUaACMb 8 OQOPMIEHHS CIAMMI.

Haykogi npaui, aki 3aceiouyroms anpoodauiro mamepianie oucepmauii
1. Botitenko BJI, Ky3bmenko MB, T'ynina JIM, Onemko BI'. Kopekiiis mpoiieciB
eHepro3ade3neueHHs Ta MpoQUIaKTUKA OKUCHOTO CTpecy MpH (PI3MYHUX HaBaAaHTAKEHHSIX
32 JOMOMOIOI0 MOXIJHUX OypIITHHOBOI KUCIOTH. Di3i00rid — MeauluHI, (hapMarii Ta
nejarorimi: AKTyanabH1 Ipo0IeMH Ta CydacHi JOoCsTHEHHS: MaTepianu V Beeykpaincbkoi
HAyKOBOI KOH(EPEHIll CTYAEHTIB Ta MOJOJUX BUYEHHUX 3 (Pi310J10rii 3 MIKHAPOIHOIO
yudacTtio. XapkiB, 16-17 tpasus 2018. Xapkis, 2018; ¢. 35-37.
2. Boiitenko BJI, I'ynina JIM. MexaHi3Mu €proreHHOro BIUIUBY OypLITHHOBOT
KUCIOTH TIpu  (I3UYHUX HABAHTAKECHHSIX CHJIOBOI CHpsIMOBAHOCTI. ChOTOJICHHS
Oiomoriunoi Hayku: matepiasm [ MixHapoaHoi HaykoBoi koHpepenmii. Cymu, 14-15
yepBHs 2018. Cymu, Bun-so Cym/IITY imeni A.C. Makapenka, 2018; c. 35-38.
3. Boiitenko BJI, I'yaina JIM. BypumtuHoBa kuciaora Ta il MOXIMBOCTI KOPEKIIi

BTOMHU TIPU IHTEHCHUBHUX (PI3MUHUX HaBaHTaxkeHHSX. ChOroAeHHS O10J0TIYHOT HAYKH:
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Mmarepianu Il Mixnapoanoi HaykoBoi koH(pepeniii. Cymu, 09-11 nucromana 2018 p.
Cymu, Bun-so Cym/IITVY imeni A.C. Makapenka, 2018; c. 181—183.

4, Boiirenko BJI. Ilepmumii 1ocBij 3acToCyBaHHS IpemnapaTy apMajaiH Ha OCHOBI
NOXITHUX OYPIUTHHOBOI KHCIOTH TIPH TPHUBAIUX CHJIOBHUX HABAaHTAXECHHAX Y
cnoptcMmeHiB. llleBueHKIBCbKa BecHA: JOCATHEHHS OI1OJIOTIYHOI HAyKd: Marepiaiu
MDKHApOJIHOT HaykoBoi koH(pepeniii. Kuis, 24-27 kBiTHs 2018 p. Kui, Bun-so KHY
im. Tapaca llleBuenka; 2018; c. 121-123.

5. Boiirenko BJI, I'yaina JIM, Ky3smenko MB. Brimus cyOcTpariB eHepreTHYHOTO
MeTaboJ13My Ha 3pYIICHHS aKTUBHOCTI MEPEKUCHOTO OKUCIIEHHS JIMiIB, CTPYKTYpPHO-
(YHKIL10HATIBHOTO CTaHY KJIITUHHUX MEMOpaH 1 (p13UYHOI Mpane31aTHOCTI NP TPUBAITUX
CIWIOBUX HaBaHTaXeHHsAX. CydacHi JOCSTHEHHS CHOPTUBHOI MEIWUMHH, (PI3UYHOI
peabimirTaiii, pi3MYHOro BUXOBAHHS Ta BajieoJiorii: MmaTepiaii XIX HayKOBO-IpaKTUYHOI
KoH(pepeHUli 3 MDKHapoaHOI ydacTio. Opeca, 4-5 xoBtHs, 2018. Opeca, Bun-Bo
OHMenV, 2018; c. 21-23.

6. Boiitenko BJI. OOrpyHTyBaHHS AOLUUIBHOCTI 3aCTOCYBAHHS OypIITUHOBOI KHCIIOTH
py HAAMIPHUX (PI3UYHUX HABAHTAKEHHAX CUJIOBOI cripsiMoBaHocTi. CydacHi mpoosieMu
MPUPOAHUYMX HAYK: TEOpis, MpaKTHUKa, OCBITHI HOBarii: matepianu gomosimei Il
MixHapogHOT HayKOBO-TIpakTUYHOi KoH(epenuii. Hixun, 18-19 xoBTHA 2018 p. HixuH,
Bun-sBo HIIY imeni Muxomau ['oroms, 2018; c. 41—43.

7. Bolitenko BJI. BypmtuHOBa KHcioTa B MNPAKTUII MIATOTOBKH CHOPTCMEHIB:
¢b1310JI0T14HI aCMIEKTH BIUTUBY Ha epuTpouut. CydacHl TEOPETHUHI Ta MPAKTHUYHI aCTIEKTH
KJIIHIYHOT MEIMIIMHYU: MaTepialii HayKOBO-TIPAKTHUYHOT KOHGEpEeHIli 3 MIXKHAPOIHOIO
yuacTio. Oneca, 18-19 kBitHs 2019. Oneca, Bun-so OHMenV, 2019; c. 26.

8. Boutenko BJI. BiusHue CHIOBUX TPEHHPOBOK HA BBIPAKEHHOCTb THIIOKCUU
Harpy30K M akTUBHOCTU aHTHoreHesa. MHHoBauuu B meaunuHe u papmanuu — 2019:
cOOpPHHMK MaTeprajoB AUCTAHIIMOHHON HAYYHO-TIPAKTUYECKONW KOH(EPEHIIUN CTYICHTOB
U MoJjoabix yueHux; moj pea. Cukopckoro AB, Xpsimanosuua BSA. Munck, 1U3n-Bo

bI'MY, 2019; c. 463—465.
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9. Boiitenko BJI. BruiuB 3aco0iB Ha OCHOBI OypIITHHOBOI KHCJIOTH Ha MapameTpu
TOMEOCTa3y 3a IHTCeHCUBHUX (Di3MUHUX HaBaHTaKEeHb. ChOTOJEHHS O010JIOTIYHOI HAYKH:
matepianu Il MixHapoaHoi HaykoBoi koHbpepeniii, Cymu, 15-16 auctomana 2019 p.
Cymu, Bug-so ®@OII Isoma CI1, 2019; c. 16—19.

10. Boiitenxo BJI. [Iponiecu eneprozabe3neueHHs B KIITHHAX MiOKap/a Ta CKEIETHUX
M’si31B TIpH (I3MUHUX HaBaHTaKEHHAX. LLNsxu po3BUTKY HAyKH B Cy4aCHUX KPU30BUX
YMOBax: Te3u aomnoBiael | Mi>kHapoaHOI HAyKOBO-TIPAKTUYHOI 1HTEPHET-KOH(EPEHIIIi.
Huimpo, 28-29 tpaus 2020 p. T. 1; c. 201-203.

11. Boiitenko BJI. EkcnepuMeHTallbHI JOCHIIPKEHHS CTPYKTYpHHUX MepeOyaoB
M’S130BOi TKAaHWHM Ta MIOKapaa MpH CTPECOPHOMY BIUIMBI (PI3MYHUX HABaHTAKCHb
AKTyanpHI TIUTaHHS TATOJIOTii 3a yMOB Jii Haa3BUYAHMX (AKTOPIiB HA OpPTaHi3M.
[amuupki  ywtanHsa-1I.  Marepiamu  XII  BceeykpaiHcbkoi  HayKOBO-IPAaKTHYHOI
KoH(pepeHIii, mpucBaueHoi 3acHOBHUKaM Kadenpu mnatodizionorii TAMI 110-piuuro
npod. E.H. beprepa 1 90-piuuto ipod. O.O. MapxkoBoi. Tepnomninb, 29-30 xoBTHS 2020
p. Tepnomnins, Bun-so TJIMI, 2020; c. 20—21.

12. Tyumna JIM, Boiiteako BJI. HeoOxomumocTh BHEIpEHHS COBPEMEHHBIX
HYTPUIIUOJIOTHYCCKAX TEXHOJOTUH B TPAKTUKY IMOATOTOBKH KBATH(HUITUPOBAHHBIX
CTYAEHTOB-CIIOPTCMEHOB. MaTepuaiibl Mex1yHapoAHOM HAy4YHO-IIPAKTUYECKOU OHJIAlH-
koH(pepeniu «HaydHno-metoaudeckoe obecrnieueHue (U3NYSCKOTO BOCIUTAHUS H
CIIOPTHBHOW TMOATOTOBKM CTyneHTOB», mocBsimienHoi 100-neruro BI'Y». Munck, 28
aaBaps 2021 r. Munck, BI'Y, 2021. C. 262—-265.

Haykoei npaui, AKi 000amKo80 8i000parcaromsv HAYKOBI pe3yibmamu
oucepmauii

1. Gunina LM, Mylashyus Kazys, Voitenko VL. Physiological and hereditary

hyperbilirubinemia in athletes: role in reducing efficiency and correction methodology.
Vrpaincokuti orcypuan meouyurnu, 6ionocii ma cnopmy. 2020;5(5): 386—393. doi:
10.26693/jmbs05.05.386.  3006ysauem ocobucmo  30ilichHeHO  NOWYK — HAYKOBOL

Jlimepamypu 3a memor 00CNIONCEHHS Ma 0QOPMIeHHS CIammii.



16

SUMMARY

Voitenko V. L. Mechanisms of ergogenic influence of succinic acid during physical
loads in the experiment and in athletes. — Qualification scientific work on the rights of a
manuscript.

Dissertation on competition of the degree Doctor of Philosophy in specialty 091 —
Biology (09 - Biology). — Sumy State Pedagogical University named after
A. S. Makarenko, National University of Physical Education and Sport of Ukraine, Sumy-
Kyiv, 2021.

The thesis deals with the problem of determining the mechanisms of the influence
of succinic acid and its derivatives on the increase of physical efficiency under intensive
loads of maximum intensity.

The analysis and generalization of the modern scientific and methodological
literature shows a lack of understanding of the presence and severity of changes in the
ultrastructure and functioning of the mitochondrial apparatus of cells in the myocardium
and skeletal muscle during exercise of maximum intensity. It remains has not been
clarified the usefulness of succinic acid and its derivatives for athletes with signs of
maladaptation, especially in higher-level sports. The information available in terms of its
application in the dynamics of training, relates to various aspects of the impact on the
body of athletes, and data on the effectiveness of the application to improve energy supply
of muscle contraction, increase physical performance under loads of different orientation
and intensity, early detection of signs of maladaptation training and prevention of
pathological conditions in the scientific literature is not enough, which determined the
relevance of this study.

The methodology of this study is based on an integrated approach to the early
detection of hypoxia of the load for the maximum intensity physical loads in male athletes
specializing in various sports and allowed to form a holistic view of the mechanisms of
ergogenic action of ergogenic pharmacological agents based on succinic acid and schemes

drawn up for the use of these agents in order to stimulate physical performance.
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Scientific novelty of the obtained results. Based on the results of the study using
informative criteria for assessing the severity of changes in prooxidant-antioxidant
balance, its definition is formulated as a system-forming factor in reducing energy
production, performance and slow recovery under load of maximum intensity and showed
a positive effect of, indicators of oxidative homeostasis and the effectiveness of training
activities of athletes.

The study obtained data that are new, in particular:

the existing ideas about the peculiarities of the formation of both changes in the
ultrastructure and the functioning of the mitochondrial apparatus of skeletal muscle cells
and the myocardium under the influence of physical loads of maximum intensity in
experimental conditions are expanded;

the general biological mechanisms of action of pharmacological agents based on
succinic acid used to stimulate physical performance are clarified, based primarily on the
stimulation of energy production processes and mediate the correction of further
homeostatic changes that underlie the growth of ergogenic characteristics of the body;

the important role of changes in the correction of prooxidant-antioxidant balance at
the level of cell membranes at maximum physical loads in the use of succinic acid-based
agents in improving the parameters of hematological homeostasis, which significantly
affects the aerobic performance of athletes;

the universality of mechanisms of stimulation of working capacity at application of
means on the basis of succinic acid at physical loads with the different mechanism of
power supply is proved;

The ability of succinic acid-based agents to accelerate the processes of angiogenesis
and, accordingly, the transport of oxygen to the working muscles of the athlete, due to the
increase in serum content of the main angiogenic factor - vascular endothelial growth
factor (VEGF), which justifies the use of drugs based on succinic acid to prevent negative

metabolic changes and to slow the onset of fatigue in athletes during intense loads.
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The results of the study complement our understanding of the role of oxidative
stress as a factor that leads to deterioration of hematological parameters that characterize
the oxygen transport function of the blood and excessive accumulation of LPO products
become a factor inhibiting ergogenic characteristics of the body and fatigue.

The results of the study confirm the existing data in the scientific literature on the
membrane-protective action of products based on succinic acid and its derivatives.

According to the results of the work, the relevant acts of implementation of the main
provisions arising from the dissertation research were obtained, both in the practical
training of athletes and in the educational process of the profile departments of higher
education institutions.

Analysis of morphometric results regarding the assessment of the total number of
functioning capillaries and characteristics of the skeletal muscle mitochondria of rats
showed that with prolonged physical loads (PL) there is an increase in tissue
hyperhydration, which was expressed in edema of the histohematological barrier with a
significant increase in its average harmonic thickness, 5.0 % due to the growth of
pericapillary space (PCS) by 50.0 % and to a lesser extent — endothelial insole (EI) of
capillaries by 57.0 %. In the latter, activation of pinocytosis was observed with the
formation of a significant number of pinocytic vesicles, indicating an increase in
metabolic and transport processes in the cell, and this process is attributed to
compensatory and even adaptive response to adverse or stressful endogenous or
exogenous factors. In addition to these changes in ultra-structure, mosaics observed the
formation of vacuoles in muscle fibers, the appearance of regions of regional cell edema
in sarcolemes, indicating the presence of secondary tissue hypoxia in muscles, as well as
the formation of the ultra-structural component of sarcolemmal dysfunction, which
indicates disruption of the intercellular metabolism and fluid. With prolonged physical
loads in skeletal muscle tissue, the average number of capillaries per unit area of muscle

increased by more than 57.0 %, there were almost no empty and dormant capillaries,
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which can be considered as a sign of primary angiogenesis, which is a compensatory
response to physical loads.

Changes in myocardial ultrastructure after prolonged physical loads were similar to
those found in calf muscle tissue and differed mainly in severity. Thus, HHB
hyperhydration in the myocardium was less than in the corresponding muscle tissue
barrier. The increase in the value of the average harmonic thickness of the capillary
endothelial insole was relatively insignificant and amounted to only 23.3 %, which
indicates a less pronounced ultrastructural component of endothelial dysfunction. The
diffusion pathway for O2 also increased to a much lesser extent, as the total thickness of
HHB, through which diffusion from blood to oxygen-consuming organelles occurs, is
significantly less in the myocardium than in muscle tissue. The increase in the number of
functioning capillaries reached 67.5 % relative to the control amount, which exceeded the
values defined in muscle tissue.

The results of morphometric evaluation of the characteristics of mitochondria in the
calf muscle tissue of rats under the influence of prolonged exercise showed an increase in
the total number of Mc of both subsarcolemmal (SS Mc) and intramyofibrillar (IMF Mc)
subpopulations (58.3 % and 69.0 %, respectively). Along with this, there was an increase
in the sum of mitochondrial surfaces per unit volume of muscle tissue: relative to SS Mc
- by 47.0%, relative to IMF Mc — by 41.7 %, which amounted to 10.1+1.5 ym™ and
7.6+0.6 um, respectively (p<0.05). The mean diameter of mitochondria of both fractions
was significantly increased compared with the corresponding data in the control group
and was 0.50+0.05 pm in subsarcolemmal mitochondria and 0.78+0.09 um in the
intramyofibrillar fraction (p<0.05). Ultrastructural rearrangements in the mitochondrial
apparatus of the calf muscle in response to PL were largely offset by a sharp increase in
the number of structurally damaged organelles: among SS Mc in the main group their
number was 15.4+1.7 % and IMF Mc 8.6+3.0 % (p<0.01).

In the myocardium, under the influence of prolonged physical activity, a more

pronounced activation of Mc morphogenesis was observed than in muscle tissue. Thus,
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the number of SS Mc increased by 60.7 %, and IMF Mc - by 91.1%. The increase in mean
Mc diameter was consistent with that in calf muscle cells: an increase of 31.5 % in SS Mc
and 25.0 % relative to baseline in IMF Mc. The amount of mitochondrial surfaces also
increased significantly and more significantly than in muscle tissue: in SS Mc — by
64.1 %, in IMF Mc - by 52.6 %. The number of structurally damaged organelles also
increased, as in the calf muscle. The number of altered organelles was significantly lower
compared with the data obtained by ultrastructural study of muscle tissue: among SS Mc
in the main group, their number was 10.8£2.8 % and IMF Mc 6.8+2.2 % (p<0.01)
compared with the original data.

Studies have shown that the use of succinic acid during prolonged physical loads in
the experiment (experimental group 2) helps to reduce the manifestations of structural
signs of endothelial and mitochondrial dysfunction in both muscle tissue and myocardium.
Thus, there was an even more pronounced increase in the number of functioning
capillaries: in the calf muscle by 38.3 % relative to the 1st experimental group (with PL,
but without the use of ergogenic agents) and more than 2 times relative to control, and in
the myocardium — by 26.4 % relative to the 1st experimental group and 71.9 % relative to
control (in all cases p<0.05). In the calf muscle tissue, the use of SA in PL helps to reduce
hyperhydration of HHB, and, consequently, its thickness: the arithmetic mean thickness
of HHB decreases by 27.6 %, PKS — by 17.5 %, and the endothelial layer — by 18.4 %. A
similar dynamics of changes is observed in myocardial HHB: the arithmetic mean
thickness of GGB decreases by 20.1 %, PKS — by 15.0 %, and the endothelial layer — by
17.1 % (in all cases p <0,05).

It was found that the use of SA more significantly stimulated the morphogenesis of
Mc. The increase in the amount of Mc in muscle tissue, compared with PL without the
use of SA, was more significant than in the myocardium: in SS Mc by 63.2 % relative to
control and 4.9% relative to data in the 1st experimental group; in IMF Mc by 81.4 %
relative to control and by 12.4 % in the 1st experimental group (in all cases p <0.05). In

the myocardium, the growth of the total number of organelles has the same direction, but
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more significantly quantified due to the importance of the optimal course of energy
production in this vital organ. That is, the results of our study show that the use of SA has
a powerful protective effect on the optimization of energy metabolism of muscle tissue
and especially the myocardium - that is, the main structural entities that limit the growth
of physical performance during exercise in general and in sports in particular.

There was also an increase in the sum of Mc surfaces per unit volume, which was
13.8+1.3 um™2and 19.4+2.3 um™ for SS Mc; for IMF Mc —9.0+1.0 pm?and 14.1+1.5 pm’
2, respectively. It should be noted that the use of SA reduces the number of structurally
damaged Mc, in the myocardium is more significant compared to skeletal muscle cells
(SS Mc is decreasing by 3.8 %, and IMF Mc 2 by 2.9 %).

The positive effect of succinic acid is also evidenced by a decrease in the average
diameter of Mc, more pronounced in the myocardium — SS Mc is decreasing by 14.08 %,
and IMF Mc | by 16.67 % than in the muscle tissue of animals — SS Mc is decreasing by
16 %, and IMF Mc is decreasing by 11.54 %, respectively, relative to the 1st experimental
group (in all cases, p <0,05). The increase in the number and decrease in the size of
mitochondria and the acquisition of the latter more energetically advantageous spherical
shape, indicates the formation of adaptive responses in animals in response to prolonged
physical loads.

Analysis of the results of the study in athletes in the dynamics of the training process
on a real-time scale showed that the use of a derivative of succinic acid in the form of the
drug armadine long is accompanied by an improvement in the parameters of special
(strength) physical performance. Thus, the athletes of the main group have a more
pronounced increase in the height of lifting the barbell in the jump from a place by 15.6 %
with a parallel decrease in the time of the test exercise by 14.0 % compared to the control
group (by 7.11 % increases the height of the barbell in the jump) from the place and by
8.0 % reduced exercise time). Changes in special performance indicators correspond to
the general trend — the height of the rise in the jerk relative to the initial data before the

start of the course significantly increases by 18.07 %, and the exercise time decreases by
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14.08 %, in contrast to the control group, where the height of the rise barbells in a jerk,
increases by 10.2 %, and the exercise time decreases by 7.04 %.

Analysis of the obtained indicators of the structural and functional state of erythrocyte
membranes (conventional model of the total pool of organism membranes) of athletes
shows that the control group has significant changes in prooxidant-antioxidant balance,
which is reflected in the growth of prooxidant-antioxidant by the coefficient (C,,) at the
end of the study due to changes in both part of PAB. In particular, the content of MDA,
which reflects the activity of lipoperoxidation processes, increases by 40.8 % and is
7.21+0.05 nmolx10°er, and the content of one of the main non-enzymatic antioxidants —
reduced glutathione (GSH) — decreases by more than a third and is 1.45+0.05x10?2
mmolxer?. This indicates the formation of oxidative stress during intense physical loads,
and is significantly worse than the results of athletes who used products based on succinic
acid in the dynamics of training. This is evidenced by the decrease in the content of MDA
in the membranes of erythrocytes to 6.00 +0.05xnmolx10%r, with the simultaneous
accumulation in them of one of the main natural antioxidants of non-enzymatic nature —
reduced glutathione, which is 2.47+0.06x10*> mmolxer?®. Such favorable changes
indicate the predominance of antioxidant defense processes in the body, which is
confirmed by a corresponding significant decrease in Cp, in the main group (2.44+0.11
um. od.) against the values in the control (4.97+0.10 um. od.).

When assessing the content of lactate (lactic acid), which enters the circulation from
destructured cells - myocytes and is a trigger for further triggering of microdamages of
skeletal muscles, at the beginning of the study, it was found that the athletes of the control
group lactate content immediately after training increased from baseline
5.61+0.92 mmolxI* to 10.54+1.18 mmolxI?, until the end of from 7.24+1.16 mmolxI? to
14.32+2.11 mmolxI?, respectively, and after 1.5 hours decreased to 7.45+0.71 mmolxI™
at the beginning of the study and only up to 9.87+1.44 mmolxI* at the end, which indicates

the development of fatigue processes with its inherent various biochemical
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manifestations, including an increase in pH and subsequent dysregulatory changes.
Measurement of the pH value at the beginning and end of the study showed that in the
control group the manifestations of acidosis are more pronounced (7.29+0.02 and
7.28%0.02, respectively) compared with the data in the main group of athletes (7.30+0, 03
and 7.350.02, respectively). This indicates a positive effect of products based on succinic
acid and its derivatives on the occurrence of lactic acidosis and the subsequent prevention
of the formation of microdamages of skeletal muscles, which precedes the development
of fatigue.
In the control group of representatives of power sports, changes in surfactants during
intense physical loads of a forceful nature are accompanied by corresponding negative
shifts in erythrocyte characteristics and hematological parameters. An increase in mean
red blood cell volume of 13.63 % at the end of the study was reflected in an increase in
anisocytosis (scattering of erythrocytes by volume, which depends on the properties of
their membranes) of 17.8 % compared with the data before the study. In addition, athletes
in the placebo control group at the end of the study showed blood clotting, which is
reflected in an increase in ACHV by 28.3 %. In both main groups of athletes who used
products based on succinic acid, such adverse effects were not observed, which indicates
a positive effect of prophylactic use of such drugs and their ergogenic properties, which
are realized through complex biochemical relationships.

Analysis of the results of the study to determine the main angiogenic factor showed
that the constant influence of training strength loads of maximum intensity leads to a
significant increase in both the content of hypoxia-induced factor HIF-1o and the main
angiogenic factor VEGF, which indirectly indicates the development of load hypoxia
formation of new blood vessels. It is shown that in 30 min after training the content in a
blood-groove HIF-1a. These changes in the control group are marked by an increase in
this indicator to 1,38+0,06 ngxml, in the main group — an increase to 2,87+0,04 ngxml-
1. Similar changes apply to the content of VEGF, where there is a significant excess of

indicator in the main group over the control values (39.71+1.28 pgxml? againts
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35.67+1.59 pgxml in the control, respectively; p <0.05 in all cases). Moreover, 24 hours
after the end of the load in athletes, these changes only intensify compared to the original
data. Thus in the control of HIF-1a increases to 2.61+0.35 ngxml™, in the main group —
to 3.21+0.38 ngxml?*; VEGF concentration values increase to 43.95+1.25 pgxml? and
52.11+1.41 pgxml?, respectively (p <0.05 in all cases). That is, the angiogenic potential
of athletes is more actively developed under physical stress with the use of succinic acid,
which leads to the realization of ergogenic factors in the body.

Similar in direction, but more in degree of expression, changes of the above-
mentioned metabolic indicators are observed in 68 representatives of cyclic sports, who
on condition of «Informed consent» participated in the dissertation research. More
pronounced changes indicators in oxidative homeostasis, oxygen-transport of blood,
angiogenetic factors under physical loads in members of these sports during strength
training and extreme intensity, are in our opinion due to different compared to
weightlifting, the mechanism of energy supply of muscular activity , which is mainly
associated with aerobic B-oxidation of free fatty acids in mitochondria. Thus, to confirm
the improvement of oxygen transport under the influence of succinic acid-based means
and an increase in intra-erythrocyte hemoglobin by 10.21% in athletes of the main group
compared with the data in the control, where, conversely, there is a decrease of this factor
by 8.72 % (p <0.05 in both cases).

The use of succinic acid-based products leads to improved physical performance in
representatives of these sports, where there is a significant decrease in the time of the
simulated competitive distance in runners and increase (by 5.6 %) and the rate of rowing
per minute (by 14.8 %) and the value of the length of the boat rental (by 11.4 %) for
kayakers and canoeists.

Thus, the results of the study suggest that the use of products based on succinic acid

IS quite reasonable and appropriate for the correction of complex metabolic relationships
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and the subsequent increase in physical performance of athletes during intense physical
loads.

Keywords: intense physical activity, physical performance, middle distance
running, skilled rowers, weightlifters, succinic acid, metabolitotropic drugs, skeletal
muscle, myocardium, heart rate, erythrocytes, mitochondria, energy metabolism, hypoxia,

angiogenesis, prooxidant and antioxidant balance.



