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B nccnenoBaHuM NpeaCTaBICHbI PE3yNbTaThl BIMSHUS MHTEHCUBHOH (U3MYECKOl Harpy3KkH, JOBEACHHOH 110
npezerna (Do 0TKa3a), Ha KOHIEHTPAIMIO KaTeXOJaMHUHOB U L-nnokcudennnanannia B KpoBu y GpyT601mcToB
16-17 mer. Ilo pe3ympraraM HCCIIEOBAaHUS y CIOPTCMEHOB HAOJIONANOCh JOCTOBEPHOE YBEIMYCHHE
KOHIICHTpAallUd HOpaJIpeHallHa, YTO FOBOPUT O IPEUMYIIECTBEHHOM HCIIOJIb30BAHUM HOPAJpCHANIMHA B
Iporecce afanTanuy K (U3HdecKkod Harpy3ke. B To ke Bpems, y IOHOIIEH 0e3 CIIOPTUBHOHM IOATOTOBKH
npeoOiafaeT  agpeHaAJMHOBBI  THI  afanTalUM, XapakTepusylomuiics  OblcTpoil  MoOmim3anmeit
SHEPreTHYECKUX BO3MOXKHOCTEH M UCTOIIEHUEM PECYPCOB OPTraHU3Ma, YTO MPUBOJUT K CKOPOMY YTOMIIEHHIO.
VY ¢yTO0NUCTOB BBIABIEH 3HAYUMBIA NpuUpocT KoHeHTpammu L-JIODPA B kpoBu mocne Harpyskd, 4TO
YKa3bIBaeT Ha €ro y4acTue B JUTUTEIbHOM OCYLIECTBICHHH JBUTaTElbHBIX QYHKLIUI U COXPaHEHHH BBICOKOM
MOIITHOCTH paboTHI Gi1arofapsi CIoCOOHOCTH BOCCTAHABIMBATE AKTUBHOCTD CHMITATO-aIPEHAIOBON CUCTEMBIL.
Kniouesvie cnoesa: anpenanuH, HopaapeHanuH, katexonamunsl, JIODA, cumnaro-ajgpeHanoBas cCHUCTEMA,
¢u3myeckas Harpyska, GyTooII.

BBEJIEHUE

®duznueckas aKTHUBHOCTb SIBJISICTCS HEOThEMJIEMOM YacCThIO SKU3HU
po(heCCHOHANBHBIX CIIOPTCMEHOB, OCOOEHHO B TaKMX JMHAMHUYHBIX BHIAaX CIIOPTa, KaK
(byr60n. CriopTHBHBIE HATPY3KH BBI3BIBAIOT Pa3IMUHbIC (HPU3MOJIOTHUYECKHE NU3MEHECHUS B
OpraHu3Me, PEeryJMpyeMble BHYTPEHHUMH OMOXUMUYECKUMH MPOIECCAMH, UTO SIBIISICTCS
OCHOBOW ajanranuu. MelieyHas padoTa akTHBUPYET CHMITATO-aJAPEHAIOBYI) CUCTEMY
(CAC), xoTopast y4aCTBYET B OCYIICCTBICHHH aJalTallMOHHBIX IEPECTPOCK OpraHu3Ma.
Jannass cucremMa  Omarojgaps — HEMpOTYMOpanbHOW  pEeryisanuud  oOecreYnBacT
TOMEOCTAaTUYECKOE PAaBHOBECHE.

[Mpucnocobnenne opranm3ma K (Qu3HYeckoll Harpyske peanusyercss depes
KaTeXoJOBble aMHHBI, COOTHOIIEHHE W YPOBEHb KOTOPBIX SIBISETCS Ba)KHOM
WHGOPMAITMOHHOM COCTABIISIONICH sl aHaM3a (PU3NOJIOTHIECKHUX TpoIieccoB. 3BecTHO,
YTO aJApeHANIMH W HOPAJApPEHATWH WrpaloT 3HAYMMYI0 pOJb B  MOOWIHM3AINN
SHEPTeTHYECKUX NCTOYHHUKOB M PECYpCOB OopraHmu3Ma desoBeka [1]. B psae pabort yuensie
YCTaHOBWIH, YTO 3TH TOPMOHBI TIPHU JIBUTATEIBHOU ACSTEILHOCTH PETYIHPYIOT paboTy
cepaua [2-5], pecnupatopHoit cuctemsl [6, 7], a Takke y4acTBYIOT B SHEPIETUYCCKOM
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oOMeHe TyTeM aKTHUBAllMd OCHOBHBIX (PEPMEHTOB TIHKOTCHONM3a M IiMKonu3a [8],
TIOBBIIIAsT KOHIICHTPAIMIO TIIFOKO3bI B KPOBH I OOECTIEUeHHS] XMMHUYECKUX PEaKIuid B
KJIETKAaX CKEJICTHBIX MBILII] 1 MUOKapa.

KarexonamuHsbl, BO3AeHCTBYS Ha aipeHOPELENTOPHI CEPALA U COCYAOB, U3MEHSIOT UX
paboty [9], 9To0BI 00OECIeYnTh ONTHMAIBLHYIO BHYTPEHHIOIO CpeAy OpraHu3Ma Ipu
¢usnueckoit Harpyske. HopagpeHanuH B MHOKapAe OKa3bIBAaeT IOJIOKHUTEIBHBIN
UHOTpOmHBIA  3ddektr [2], uro obecneunmBaeT OBICTPYIO pEaKUUIO cepaua Ha
BO3pacTarolye MoTPeOHOCTH OpraHu3Ma B KHCIOPO/IE.

CkeneTHple  MBIIIBL, YYacTBYIOIIME B METaOONMYECKHUX TIpoleccax IpHU
JOBUTATENIbHON Harpyske, SBJSIIOTCS BaXXHOM LENEBOW TKaHBIO [UIi TOPMOHOB
HaamoyeyHUKoB. OpHAKO B 3HAYATENBHON CTEIEHH HEW3BECTHO, BIHMACT JIU
KpaTKOBpPEMEHHOE BBHICBOOOKACHNE aJpeHAINHA M HOpaIpeHaINHa BO BpeMs (PU3NIECKOi
Harpy3Kky Ha afanTamnuio CKeJETHBIX MBI K JOJATOCPOYHBIM TpeHupoBkaM [10].

BnaronpusarHoii peakuneii CAC Ha (QU3HYECKYI0 HArpy3Ky SBISIETCS YBEJIUYCHHUE
KOHIICHTpAINH aipeHAIMHA U HOpaJpeHaINHa B KPOBU C OJHOBPEMEHHBIM MOBHIIICHUEM
ux mnpenmectBeHHuka L-muokcupenmnanannna (L-JJODA), koTopwlii ydacTByeT B
aKTUBAUMK (YHKIUOHAIBHBIX BO3MOXXHOCTEH M CO3MAeT YCJIOBHSA Ul yCTOWYHMBOM MU
IUTUTENbHON (u3mdeckoir pabotel [11]. M kak mpeamonararoT 3apyOekKHBIE YUCHBIC,
CKEJIETHBIE MBIIIIIBI SBISIOTCA OCHOBHBIM HCTOUYHUKOM JJODA B apTepuanbHO# Ta3Me,
MOJIy4aeMOU MyTeM CHHTE3a U3 CUMIIATUYECKUX HEPBHBIX OKOHYaHMi [12].

N3ydenne nuHAMUKK KOHIIEHTPAaLWMH KaTeXOJAaMHHOB M WX IPEANIECTBEHHHKA B
KPOBH B OTBET Ha IMpelNeNbHYI0 HAarpy3Ky Yy IOHBIX CIIOPTCMEHOB MOXET CTaTh
WHIUKATOPOM JJIsl OLEHKH (U3MUECKONH pabOTOCIOCOOHOCTH M COCTOSIHUSI 3[OPOBBSI B
NpaKkTUKE CHOPTa, a TAKKE ONMPEAEINUTh, YTO MPOUCXOIUT C OPraHU3MOM Ha 3Tale OTKasa
OT IBUTATEIHHOU PabOTHI.

Lenplo maHHOM CTaThbH SBISETCS HMCCIEJOBAaHUE BIUSHHUA OOJNBILONW (QHU3MUYECKON
Harpys3Kkd, JOBEIEHHOHM 110 mpenena (OO OTKa3a), HA KOHLEHTPALMIO KaTeXOJaMHUHOB U
L-IODA B kxpoBH y IOHBIX (yTOONHCTOB. DTO IMO3BOJIMT JIYUIIEC MOHITH MEXaHU3MBI
aZlanTayy opraHu3Ma K 00oibmoi pusmdeckoit paboTe U BBISIBUTH BO3MOKHBIE CTPATETHH
JUTSL OTITUMHU3ALUH TPEHUPOBOYHOTO MpoIiecca.

MATEPHAJIBI 1 METO/bI

Jl1st mpoBeieHUs UcClie0BaHus ObLIM 0TOOpaHbl podeccroHanbHble (yTOOIUCTH U
IOHOIIU, HE 3aHUMAIOIINecs] CIOpTOM, B Bo3pacte oT 16 mo 17 ner. Ha momeHT Hauana
9KCIIEPUIMEHTA BCE YYAaCTHUKH HE WMENH TPaBM U OTKIOHEHHH B COCTOSHHHM 3[IOPOBBS, a
TaK)Ke BO3JEPKUBAINCH OT MIPHEMa METUKAMEHTOB M IMPOIYKTOB, BIMSIONIUX HA YPOBEHb
KaTE€XO0JIaMHHOB B KPOBH, 3@ CYTKH J10 U3MEPEHUI.

Konuentpanun agpenanuna (A), HopaapeHanuHa (HA) n L-ZIO®PA B nnazme kpoBu
M3MEPSUINCh OMOXMMHYECKMMH METOJaMH JO U TIOCTie BBHIMONHEHUS TPeIeTbHON
(hU3MYECKOM HATPY3KH.

Jns onpeneneHns KOHLIEHTPALMK afipeHaluHa, HopaapeHanuHa u L-JJODA B mnazme
KpPOBH TIPUMEHSJIICS BBICOKOYYBCTBUTEIIbHBIH u CEJIEKTHBHBIH METOT
BBICOKOO((MEKTUBHOM  JKUIKOCTHOH  XpoMatorpaguu  C  DIEKTPOXUMHUYECKHM
nerexktupoBanueM (BOXKX-2]1).
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Kapamosprocrupomerpudeckass  Harpy3odyHas TnpobOa  BKIOYada TeCT  Ha
BO3PACTAIOIIYI0 10 MHTEHCUBHOCTH CTYINEHYATO-AO3MPOBAHHYIO (PM3UUYECKYIO HArpy3Ky
«10 OTKa3a» Ha Bemodpromerpe e-Bike basic (CIIIA). Tect BKIItOYaa HECKOJIBKO ATAIOB:
COCTOsIHME TOKOA (2 MMHYTBHI), pa3MUHKa ¢ Harpyskoi 60 Bt (2 MuHYT), mocTeneHHoe
MOBBIIICHUE HArpy3KW dYepe3 Kaxkaple 2 MuUHYTHI ¢ marom 20 BT mo MomeHnTa
HEBO3MOYKHOCTH TPOJOIDKATH MEeAATMPOBAHUE TPH MOAAEPKUBAEMON YacTOTE BpAIlEHUS
60 00/MuH, a 3aTEM HEIIOJTHOE BOCCTaHOBIICHUE (2 MUH).

Cratuctuueckass 00paboTKa pe3yNbTaTOB MPOBOJWIACE C  HCIOJIb30BaHHEM
nporpammHoro obecrmedenuss Microsoft Excel m SPSS 10.0 (StatSoft, CIIA). s
aHaJM3a WCIONb30BAUCH TaKWE METONBI, KaK HemapaMeTPUYSCKUE KPUTEPUU IS
He3aBUCUMBIX BBIOOPOK (U-kputepuil Bunkokcona-ManHa-YUTHH), HemapaMeTpUYECKHE
TECTHI JUIS CBSI3aHHBIX BRIOOPOK (mapHbIi T-TecT BMiikokcoHa), MpoBepKa HOPMATHHOCTH
pacnpenenenus (kputepuit lanupo-Yunka). KonnuecTrBeHHbIE JaHHBIE TP HOPMAJIHLHOM
pacnpeelieHuu MPEACTABIUINCEH B BUAC CPEIHEr0 3HAYCHHUS U CTAHJAPTHOTO OTKIIOHCHHS
(M+£SD), a mpu Hanmmuuu OONBIIOTO pa3dpoca Mokaszareneid — B GopMe MemuaHbl U
kBaptmwier (Me (Q1; Q3)). CraTHCTHYECKH 3HAYUMBIMH CUHUTAINCH PE3YyIbTaTBl C
ypoBHeM 3Haunmoctu p < 0,05.

Bce nponenypsl, BBIOTHEHHBIE B UCCIEAOBAHMUX C YUACTUEM JIFOJIEH, COOTBETCTBYIOT
STHYECKHM CTaHAapTaM HAIMOHAJHHOTO KOMHTETa II0 WCCIEI0BATENbCKON JTHKE U
XenbCUHKCKOM nekmapaimuu 1964 roga M ee  NOCHCAYIONIMM —W3MEHCHUSIM WU
COIIOCTAaBUMBIM HOpMaM 3THKH. OT Ka)XI0T0 U3 BKIFOUCHHBIX B HCCIICAOBAHUE YIACTHUKOB
OBIIO TIONy4YeHO WH(POPMHUpPOBAHHOE JOOpPOBOILHOE cortacue. McciemoBaHwe 0moOpeHO
JoKabHEIM ~ dTHdeckuM  KommuretoM @OI'BOY BO «Kazanckwii rocymapcTBEHHBIN
MEIUIMHCKUN YHUBEpCUTET» (IIPOoTOKOM 3aceqanus NeS ot 24.05.2022 r.).

PE3YJIBTATBI U OBCY X XJIEHUE

CormacHO [aHHBIM  BEIIOOPTOMETPUYECKOTO TECTUPOBAHUS  BBISBICHO, YTO
MaKCHUMaJIbHass MOIIIHOCTh B MOMEHT IMHUKOBOTO TOTPEOJICHUS KHCIOPOJIa, JOCTHTHYTOTO
BO BpeMs TecTa, 3HAYMTENILHO BBIIIE y CIIOPTCMEHOB IO CPAaBHEHHWIO C KOHTPOIBHOM
rpynmoil (CIOPTCMEHBI: MOIIMHOCTh B MOMEHT NHKOBOTO TIOTPEONCHHS KHCIOpOojaa
309,5243748 Bt, n = 22, p<0,05; KOHTpOJb: MOLIHOCTH B MOMEHT IHKOBOTO
notpedneHus kucnopoaa 158,53+25,05 Br, n = 17) (puc. 1). Takue BbICOKHE TTOKAa3aTEeIU
MOIITHOCTH TEAaJNpPOBaHUA B MOMEHT ITHKOBOTO TOTPEOIIEHNsT KHUCIOpPOAa MOTYT
OOBSCHITHCS BOSHUKHOBCHHEM METAa0OJIMYECKOTO CTpecca, KOTOPHIH aKTUBHPYET padoTy
BBICOKOTIOPOTOBBIX ABUTATENbHBIX equHull [13].

Ponw L-JIODbI onpenensieTcst ero crmocOOHOCTHI0 CHHTE3UPOBATH B TIEPBYIO OUepeab
HelipoMmenuaTtop nodamuH, CrOCOOCTBYIOMINN TOBBIMICHHIO IBUTATCIIBHONW aKTHBHOCTH
Omarojapss  CTUMYJSIMHM  DKCTPAMPaAMHUIHOM  CHCTEMBL.  3HAYUMBIH  TPUPOCT
koHueHTpanuu L-IODA B kpoBu y yrboauctoB (1o Harpysku 6,71 (6; 7,87) nMois/mi,
mocyie Harpy3ku 7,76 (6,54; 8,54) nmoms/Mi, n = 22, p<0,05) yka3pIBaeT Ha pe3epBHBIC
BO3MOXXHOCTH CHUMITATO-aJJPEHAIIOBOM CHUCTEMBI, YTO JaeT Moyiarath 00 €ro yd4acTUHu
JUTUTEIBHO OCYIIECTBIISATh JIBUTATCIbHBIC (PYHKIIMU M COXPAHSATh BBICOKYHO MOIIHOCTH
paboter (tabnm. 1) [11]. Ilpm »TomM mnokazarenun L-JIODPA y IOHBIX CHOPTCMEHOB
3HAYUTENPHO HIDKE KaK 10, TaK W TOCJe HAarpy3KH OO0 OTKasza, 4eM y KOHTPOJIHHOU
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IPYNIBL.  JTO SABISETCA TIOKa3aTeJieM MOOHIM3AUU  aJIalTUBHBIX BO3MOXKHOCTEH
opranuzMa (yTOOJNHCTOB, 3aKIIOYAIONIMXCS B BBIOJIHEHUH OOJBIIAX (UIMUECKUX
HAarpy30K MpH HAaUMEHBIIMX 3HAa4YCHUSX L-AuoKcuQeHnnasaHnHa, BCIEICTBHE €ro
BBICOKOI'O TOTPEOJCHUS B MOMEHT aKTHBHOM MBIIIEYHOH AeATenbHOCTH. CHIDKEHHE
koHneHTparuu L-JIODA mocne mpenenbHOW HArpy3kd y KOHTPOJBHOW TPymHmsl (70
Harpy3ku 9,28 (6,9; 10,8) nmons/mi, nocie Harpysku 8,7 (7,7; 11,9) nmons/mi, n = 17,
p<0,05) ykasplBaeT Ha TOPMOXKEHHME CHMIIATO-3APEHAIOBOM CHCTEMBI BMECTO €€
CTHMYJISIIIAN, B CBSI3M C HEOKOHOMHBIM PaCXOJIOM €€ (YHKIIMOHAIBHBIX BO3MOXKHOCTEH.
JlaHHBIT MeXaHW3M OOBSICHAETCS YCHJIEHHBIM CHHTE30M KaTeXOJIaMUHOB IJII BBICOKOW
mobmnuzanun CAC u uctomeHneM GyHKIHOHAIBHBIX PECYPCOB.

MomtHocTE Harpysku, Bt
400 a
[ 1
300 1 B pyTOONMHCTEI
200 - T
O KOHTPOIBHAS
100 1 158,53 rpymma
0 = 1

Puc. 1. IToka3zaTeny MOIIHOCTH HArpy3Kd B MOMEHT JOCTHKEHHS MAaKCUMAaJbHOTO
MOTPeOICHUS KUCTIOPO/Ia.
Ipumeuanue: * — HanuuMe CTATHCTUYECKH 3HAYMMBIX pa3WYuid B IOKa3aTessIx
KOHTPOJIBHOU Tpynmbl u hyToomucToB (p<0,05)

IlpenenpHbIe HArpy3KH BBI3BATM 3HAYMTEIBHBIC HW3MECHCHHS B KOHIICHTPAIHH
KaTeXOJIaMMHOB 32 CYET aKTHUBAllMM CHUMIIATUYECKON HEPBHOM CHUCTEMBI, KOTOpas
OTBEYacT 3a MOOMJIM3AIHIO PECYPCOB OpraHu3Ma B YCIIOBHIX CTpecca.

CTaTUCTHYECKH [OCTOBEPHOE YBEJIHYECHHE Yy CIOPTCMEHOB IOCHe (PU3NUECKOMH
HArpy3Ku HaOJIFOaeTCs MO MOoKa3arelsIM HopajpeHannHa B kposu ¢ 1,67 (1,47; 2,04) no
2,97 (2,12; 3,55) nMosb/MiI, 94TO OTpa)kaeT HEPBHBIA MeXaHW3M peryisnuu (tabn. 1). B
KOHTPOJILHOM TpymIe TMocie NpeneabHOW NBHTAaTEIhHOW MEATCILHOCTH YCTAaHOBIJICHO
CTATUCTUYECKU 3HAYMMOE MOBBIIICHHUE KOHIEHTpauuu aapenanuHa ¢ 1,68 (1,2; 2,1) mo
2,96 (2,2; 3,6) mMOJIB/MJI, 9TO OTOOPAXKAET TyMOPAIHLHOE SHIAOKPUHHOE 3BEHO PeaKiuy Ha
MBIIICYHYIO HATPYy3KY.

HaGmromaemast  peakiuss opranm3mMa  (yTOONHMCTOB  IIOKa3bIBa€T  MPOLIECCCHI
JIOJITOBPEMEHHOM afanTalliy K ABUTATEILHON NEATEIbHOCTH. Y BEeIMYCHUE KOHIICHTPALIUU
HOpaJpeHAJIMHA B KPOBH CO3JACT MPEANOCHUIKM B TOIJICPKAHUU BBIHOCIUBOCTH U
KOHIICHTPAI[MK BO BPeMsl [UTMTEIbHBIX (PU3NUECKUX HArpy30K. [I0CKOIBKY HOpaapeHanH,
KaK OCHOBHOH HEWPOMEIMAaTOp CHUMIIATUYECKOW HEPBHOW CHUCTEMBI, BBIPaOaTHIBACTCS
HEPBHBIMH OKOHUYAHHSIMH, €T0 TIOCTETICHHOE BHICBOOOXKICHNUE 00ECIICUNBACT JTUTCIHHBIN
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3¢ dekt, oka3piBas BIMSHUE HA pa3IMyHbIC (PU3MOJIOTHYECKUE MPOLECCH (yBEIUYCHUC
CepICYHOTO BEIOpOCa, Cy’)KEHHE COCYIOB, pacuIupeHue OpoHxoB u nup.) [14, 15].

HocroBepHo Ooslee HHU3Kas KOHIEHTpAIMs KaTeXOJAMHHOB KaK /IO, TaK H IIOCIe
Harpy3ku y @yTOOJUCTOB B OTJIIMYHME OT KOHTPOJSI TOBOPHUT O CYIIECTBEHHBIX PE3EPBHBIX
BO3MOKHOCTAX OpPraHM3Ma M SKOHOMH3AaIHUK pPaboThl CHMIATO-aJ[PeHAIOBON CHUCTEMBI
[16]. He wuckmioueHo, 9TO y CIOPTCMEHOB TMPH QJaNTallMd K CHCTEMAaTHYCCKUM
(hr3rueCKUM Harpy3kaMm MPOUCXOANUT YBEIUYCHUE YYBCTBUTECILHOCTH PELIEITOPOB TKAHEH
K KaTexOoJaMHHaM, B PE3yJIbTaTe Yero yMEHBIIIaeTCs NOTPeOHOCTh B UX KonmuecTse [17,
18]. CxeneTHBIC MBIIIIIEI dKcTIpeccupyioT B 1 — u B 2 — agperopenenTops! (f 2 sBIsSETCS
npeobnanaromei m3ohopmoii). [lockonbky B2 — agpeHEepruYecKre PenenTophl CHIIbHES
pearupyrooT Ha aJpEHANIMH, TEM CaMbIM CKEJIETHBIC MBIIIIBI 00JIee BOCHPUUMYUBEI K
aJpeHaIMHy, 9eM K HopaJpeHanuHy. [loaToMy HH3KHEe KOHIIEHTpPAIllMU aJpeHajJnHa Y
FOHBIX (PyTOOJIMCTOB CBS3aHBI C YCHIICHUEM TyBCTBUTEIBHOCTH [3 2 — allpeHOPEIICITOPOR B
CKeJIeTHBIX MbImax [10].

s orieHkn mpeoOiaaHsl TOPMOHATIBFHOTO WIIH HEPBHOTO PETYIUPOBAHUS CHMIIATO-
aJpEHANIOBOM CHCTEMBI OIpPENesUTd OTHOIICHWE BBLACNCHHS HOpaApeHaanHa |
aaperanuHa (mo koaduuuenty HA/A) no u mocne ¢u3uueckold Harpy3kud A0 OTKasa
(trabn. 1). HccnemoBanme mnokaszano, 4ro y ¢yrOomucToB ObicTpas ajanranus K
(u3nveckoil Harpyske JI0 OTKa3za COIPOBOXKIACTCS MPEHMYIIECTBEHHO MeEIUATOPHBIM
3BCHOM, a aKTHBHOCTh TOPMOHAJIBHOW PETYJSAIUU CHIKACTCS, MOCKOJbKY BEINYHHA
koadpdumenta HA/A yBemnumBaercs ¢ 2,16£0,91 mo 3,75+1,73. Urto xapakrepusyeT
nepexoa (QYHKIIMOHUPOBAHHS OpPraHW3Ma OT QJIpCHaIMHA K HOPAJpEHAINHY KaK 4acTh
TOMEOCTaTUIECKOTO MeXaHU3Ma, MTO3BOJISAIOIETO OpTraHu3My 3pPEKTHBHO
aJanTUpoBaThCs K (U3MYSCKUM Harpy3kaM. AJpEHaIHWH, BO3JEHCTBYs Ha P2 -
aJIpEHEPTUUECKUE PELENTOPbl, AaKTHBHPYET BBICBOOOXKIEHHE HOPAAPEHANINHA, YTO
YBEJIMYHUBACT €T0 KOHIIEHTparuio B kpoBH [18]. Hopanpenanmuu obmamaet 6os1ee CHIIBHBIM
COCYIOCYKMBAIOIIUM  JIeHCTBMEM, 4YeM aJpeHaJldH, TEeM caMblM oOecreynBaeT
nepepacnpeielieHue KpoBOToKa K paboTatormM Mbimmam [ 18].

CHmxeHne cofiep KaHus aJpeHalInHa y IOHBIX CIOPTCMEHOB BO3MOYKHO CBSI3aHO C €r0
aKTHUBHBIM TIOTJIOIICHHEM MHUOKAPIOM U3 IUPKYIHPYIOIIEH KPOBH KOPOHAPHBIX COCY/IOB B
camMoM Hayaje u3HYecKux Harpy3ok [2, 14]. He uckirodeHo, 4To CHIKEHHE apeHaInHa
y CIIOPTCMEHOB CBSI3aHO C €T0 y4YacTHEeM B aKTHBAIMH JIUIIONW3a B agUNOLUTaX MpU
JUTNTEIbHBIX ~(PU3MYECKHX Harpy3KaX, IIOCKOJIBKY OpraHH3M TepeKIioyaeTcs Ha
UCIIOJIb30BaHUE JKUPOB B KAaueCTBE OCHOBHOIO HCTOYHHMKA SHEPTUU. AJpEHAJIMH,
B3aMMOJEHCTBYSI CO CBOUM PELIETITOPOM, 3aITyCKAET LIEMb PEAKIINH, TJIe B KOHEUHOM UTOTre
TATl'-nmunaza OTIIETIISIET OT TPHAIITIMIEPONIOB KXUPHYIO KHCIOTY € O00pa3oBaHHEM
Iuanuiarauuepona [19, 20].

Takxke WHTEHCHUBHAasS (U3UYECKass Harpy3ka COMPOBOXIACTCS  YBEIUYCHUEM
00pazoBaHmsi CBOOOTHBIX PAJMKAIOB KHUCIOPOa, OCOOEHHO B MBIMIICYHBIX KJIETKaX. JTH
CcBOOOIHBIE paauKajdbl MOTYT B3aWMOJEWCTBOBATh C aJPECHAIMHOM, WHHUIMHPYS €ro
OKHUCJICHUE Yepe3 XMHOUTHBIN myTh [21-23].

Takol TUN (QYHKIIMOHHPOBAHUS SIBISIETCS SKOHOMHBIM W O3HAYaeT aJeKBaTHYIO
peaknuro u ananranuto CAC Ha Harpy3Ky 10 mpeaena.
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OpnHako MPOTHUBOIIONIOXKHBIA Pe3yabTaT HAOMIOJAeTCS y KOHTPOJBHON TPYIIBI, TOe
MIPOU3OIILIO JOCTOBEpHOE CHIKeHue kodddunnenta HA/A ¢ 4,15+1,66 no 1,92+0,86, uro
YKa3bIBaCT Ha TOPMOHAIBGHYIO PEAKIMIO CHUMIIATO-apPEHATIOBOM CHCTEMBI. JTO, CKOpee
BCEro, OOBACHSIETCS  BBICOKOW  aKTUBHOCTBIO  (epMeHTa  (CHHIITAHOJIAMUH
N-MetunTpancdepazsl B MO3TOBOM CIIO€ HATIIOYCUYHUKOB, KOTOPBIA OBICTPO Mpeodpaszyer
HOpaJpeHaJIMH B aJpeHanuH npu octpoMm ctpecce [10]. BepostHee Bcero MelmeyHoe
YTOMJICHHE, KOTOPOE BO3HHUKJIO BCIICACTBHEC HWHTCHCUBHOW (U3NYECKOW HArpy3Kd Y
IOHOIIIEH KOHTPOJBHOW TPYMIBI, BBI3BAJIO MOBBIINICEHHE KOHIEHTPAIMH aJpeHalnHa B
kpoBH. llockombKy anpeHepruyeckas CTUMYJIISAIHS CKEJIETHBIX MBI YBETHYHUBAET WX
(yHKIMOHANBHYIO CIOCOOHOCTD [24].

B To e BpeMa NOpPOJOJDKUTENBHOE BO3JIEMCTBUE BBICOKHMX KOHIIEHTpAIUi
aJipeHaIMHA BHI3BIBAET MHTEHCUBHBINA pacmaji OeKOB, YTO BeIEeT K CHIYKEHUIO MBIIIETHON
MacChl U UCTOIICHUIO Opranusma [25, 26].

Taéauna 1
IMoka3aTesin KATEX0JIAMMHOB 10 U MOCJIe HATPY3KH 10 0TKAa3a
Hccnenyembie DyTOONMHCTHI KonTponbHas rpynna
ToKasaTe/n o Harpy3ku ITocne Jlo Harpy3ku [ocne
Harpy3Ku HArpy3Ku
L-IODA, 4 ¢
TIMOJTB/MJT 6,71 (6; 7,87)* | 7,76 (6,54; 9,28 (6,9; 8,7 (7,7, 11,9)
8,54)* 10,8)
HA, nmons/mna ¢
1,67 (147; 2,97 (2,12; 6,5 (4,4;7,9) 5,36 (3,5; 8)
2,04)* 3,55)*
A, IMOJIB/MIT ¢
0,87 (0,65; 0,85 (0,74; 1,68 (1,2; 2,1) | 2,96 (2,2; 3,6)
1,03)* 0,96)*
HA/A \ ’
2,16:091* | 3,75+1,73* | 4,15+1,66 | 1,92+0,86

Ilpumeuanue: # — HaU4Me NOCTOBEPHBIX pa3IUUUil B OKa3aTeNax A0 U nocie Harpysku (p<0,05);
* — HaJW4Me JOCTOBEPHBIX Pa3IMYMil B IOKa3aTeNsiX KOHTPOJIbHOW rpynnbl U (yTOOIHCTOB
(p<0,05); L-TODA — L-nuokcudenmnananny, HA — Hopagpenanus, A — aapeHaInH.

CorracHO BBHIIECKA3aHHOMY y IOHOIIICH 0e3 CIIOPTHBHOM MOATOTOBKH Ipeo0iamaeT
aJIpCHATIMHOBBIN THI aJanTalliil Ha HArpy3Ky JIO OTKasa, KOTOPBIA XapaKTepH3yeTcs
OBICTPON MOOWIIM3AIMEH SHEPreTUYECKUX BO3MOXKHOCTEH W HUCTOIICHHEM PECypCOB
OpraHu3ma, 4To MPUBOJIUT K CKOPOMY YTOMIICHHIO. B TO BpeMs kak HOpaJapeHATMHOBBIN
tan 'y ¢yrdonucToB o0ecreuynBacT IIIUTEIBHOE TOIACpKAaHUE DHEPreTHUSCKOTO
MOTEHIHAIA.
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3AKIIOYEHHUE

Takum o00pazom, y CHOPTCMEHOB HaONIONAeTCsl HKOHOMHAS peakis CHUMIaTo-
aJpeHANIOBOM CHCTEMBl Ha (U3WYECKYI0O HArpy3Ky OO TIpefiena, YTO TPOSBIISETCS
yBenmmueHneM kodddunmenta HA/A, a taxke nosbimieHueM KoHueHTpanuu L-JJODA B
KpOBHU. Y FOHOIICH, HE 3aHMMAIONIUXCS CIOPTOM, IMPEOo0IagacT TOPMOHAIBHBIA THI
agantaiuu  (cHmwkeHne kodbduiuenra HA/A), XapakTepu3yrOIIMHCS  OBICTPOM
MOOMIH3aIe YHEPreTUIECKNX BO3MOKHOCTEH M HCTOIIEHNEM PECYPCOB OPraHU3Ma, YTO
MPHUBOJUT K CKOpoMy yTomiieHuto. IIpeobnanatomas meauaroprnas aktuBHOCTh CAC y
(hyTOonucTOB Ha (hOHE HHM3KOW TOPMOHAJILHOW CBHIETENIBCTBYET O Ooiiee 3((HEKTUBHOM
peaKIuy OpraHu3Ma Ha IpeieIbHYI0 pu3nIecKyio padoTy.

CymectBenHble pe3epBHbie Bo3MOx)HOCTH CAC y (yTOOMUCTOB Kak IMPOSBICHUE
JIOJITOBPEMEHHOM aJlanTallii BRIPAXKAIOTCS B JJOCTOBEPHO OOJiee HU3KUX KOHICHTPAIIHSIX
KaTE€XO0JIaMHHOB B OTJIMYHE OT KOHTPOIBHOM TPYIIIHL.

Bmecre ¢ Tem, pazmuums Mexay IOHOmAaMu (yTOonmMcTaMu W IOHOIIAMH  0e3
CIIOPTUBHOM TOATOTOBKY HAOIIOJAIOTCS U TI0 YPOBHIO KOHIICHTPAIMH MPE/IICCTBEHHUKA
kaTexojaMuHOB L-JJODA.

[lomyueHnHsle maHHBIE CBUACTEIBCTBYIOT O pPa3NWYHBIX THMAX aJaNnTaludl K
AKCTPEMAJIbHBIM (DPU3MYECKUM HArpy3kaM y CHOPTCMEHOB U JIWIl, HE 3aHUMAIOUIUXCS
CIIOPTOM.
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The body's adaptation to physical activity is realized through catechol amines, the
ratio and level of which is an important information component for the analysis of
physiological processes.

A favorable reaction of the SAS to physical activity is an increase in the
concentration of adrenaline and noradrenaline in the blood with a simultaneous increase in
their precursor L-dioxyphenylalanine (L-DOPA), which is involved in the activation of
functional capabilities and creates conditions for sustainable and long-term physical work.

The purpose of this article is to study the effect of high physical activity, brought to
the limit (to failure), on the concentration of catecholamines and L-DOPA in the blood of
young football players. This will allow us to better understand the mechanisms of
adaptation of the body to high physical work and identify possible strategies for
optimizing the training process.

Methods. Professional football players and young men not involved in sports, aged
16 to 17 years, were selected for the study. To determine the concentration of adrenaline,
noradrenaline and L-DOPA in blood plasma, a highly sensitive and selective method of
high-performance liquid chromatography with electrochemical detection (HPLC-ED) was
used.

The cardioergospirometric exercise test included a test of increasing in intensity step-
dosed physical activity "to failure" on an e-Bike basic bicycle ergometer (USA).

Statistical processing of the results was carried out using Microsoft Excel and SPSS
10.0 software (StatSoft, USA).

All procedures performed in studies involving people comply with the ethical
standards of the National Research Ethics Committee and the 1964 Helsinki Declaration
and its subsequent amendments or comparable ethical standards. The study was approved
by the local ethics committee of the Kazan State Medical University (minutes of meeting
No. 5 dated 05.24.2022).

Results. According to the data of bicycle ergometric testing, it was revealed that the
maximum power at the moment of peak oxygen consumption achieved during the test was
significantly higher in athletes compared to the control group (athletes: power at the
moment of peak oxygen consumption 309.52+37.48 W, n = 22, p<0.05; control: power at
the moment of peak oxygen consumption 158.53+25.05 W, n = 17). A significant increase
in the concentration of L-DOPA in the blood of football players (before the load 6.71 (6;
7.87) pmol/ml, after the load 7.76 (6.54; 8.54) pmol/ml, n = 22, p<0.05) indicates the
reserve capacity of the sympathetic-adrenal system, which suggests its participation in
long-term motor function performance and maintaining high work power. A decrease in
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the concentration of L-DOPA after maximum exercise in the control group (before
exercise 9.28 (6.9; 10.8) pmol/ml, after exercise 8.7 (7.7; 11.9) pmol/ml, n = 17, p < 0.05)
indicates inhibition of the sympathoadrenal system instead of its stimulation, due to the
wasteful use of its functional capabilities. A statistically significant increase in athletes
after exercise is observed in blood norepinephrine levels from 1.67 (1.47; 2.04) to 2.97
(2.12; 3.55) pmol/ml, which reflects the nervous mechanism of regulation. In the control
group, after extreme physical activity, a statistically significant increase in the
concentration of adrenaline was found from 1.68 (1.2; 2.1) to 2.96 (2.2; 3.6) pmol/ml,
which reflects the humoral endocrine link in the reaction to muscle load.

The study showed that in football players, rapid adaptation to physical activity to
failure is accompanied mainly by the mediator link, and the activity of hormonal
regulation decreases, since the value of the HA/A coefficient increases from 2.16+0.91 to
3.75%1.73. This characterizes the transition of the body's functioning from adrenaline to
norepinephrine as part of the homeostatic mechanism that allows the body to effectively
adapt to physical activity. Norepinephrine has a stronger vasoconstrictor effect than
adrenaline, thereby ensuring the redistribution of blood flow to the working muscles.

However, the opposite result is observed in the control group, where there was a
reliable decrease in the HA/A coefficient from 4.15+1.66 to 1.92+0.86, which indicates a
hormonal response of the sympathoadrenal system.

Conclusion. Thus, athletes have an economical response of the sympathoadrenal
system to physical exertion to the limit, which is manifested by an increase in the HA/A
coefficient, as well as an increase in the concentration of L-DOPA in the blood. In young
men who do not play sports, the hormonal type of adaptation predominates (a decrease in
the HA/A coefficient), characterized by a rapid mobilization of energy capabilities and
depletion of the body's resources, which leads to rapid fatigue.

Keywords: adrenaline, noradrenaline, catecholamines, DOPA, sympathoadrenal
system, physical activity, football.
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