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B manHOM 0030pe mHUTEpaTyphl pacCMaTPUBACTCS BOIPOC HATHYUS M BEIPAXXEHHOCTH IProreHHOro 3ddexra y
MOJIEKYJISIPHOTO BOJIOPOJA, KOTOPBII MOXET OBITh OOYCIOBJIICH €ro AaHTHOKCHUIAHTHBIM BIIMSHHEM,
BO3JICHCTBHEM Ha KHCIOTHO-OCHOBHOE PaBHOBECHE, a TAkke Ha ITOKA3aTeNM METa0oJIM3Ma M BOCIAICHHS.
AHaMM3UPyYIOTCs BBIPKEHHOCTh M HANPABICHHOCTh BIHMSHHUS MOJIEKYJIIPHOTO BOIOPOAA Ha HCCIEHyeMbIe
MOKa3aTeNIM UCIBITYEeMbIX, METOJOJIOTHYECKHE OCOOCHHOCTH MCCIICIOBAHUMN; AKLEHTHUPYETCs BHUMAaHHE Ha
HPOTHBOPEYMBOCTH  PE3YJITATOB, KOTOpbIE IIOJy4YEHbl pPa3IMuHbIMM  aBropamu. OOOCHOBBIBaeTCS
aKTyaJIbHOCTh MCCJICIOBAaHMH 110 BBIACHEHMIO BIMSHUS BOAOPOJA HAa KHCIOTHO-OCHOBHOE DaBHOBECHE,
MeTaboJM3M M Jpyrue MOKa3aTeld CIOPTCMEHOB. [lo HMTOry NpOBEIEHHOro 0030pa JIMTEpPaTypHBIX
HUCTOYHHKOB KOHCTATHPYETCS, YTO MOJICKYJSIPHBI BOJOPOXA SIBISICTCSl IIEPCIEKTHBHBIM  CPEACTBOM
YBEIMYEHHSI CIIOPTHBHON paboTOCHOCOOHOCTH, HO TPeOYIOTCS HaIpaBICHHBIE CTPYKTypHPOBAHHEIE
HCCIIEOBAHUSA TI0 JOKA3aTeNILCTBY €I0 SPIOTPOIHOTO P deKTa.

Knrouegvte cnosa: Bomopon, paboTocmocoGHOCTb, MeTabO0IM3M, SPrOTeHHBIH S (eKT, aHTHOKCHIAHTHBIN
3¢ deKT, NPOTHBOBOCTIATUTEIBHBIN P PEKT.

BBEJIEHUE

OmHMM U3 BaXXHEWIIUX HAMPABICHUI B CIIOPTUBHOW (DU3HMOJIOTHH SIBISCTCS ITOWCK
HOBBIX BHETPECHUPOBOYHBIX CPEJCTB IMOBBIIICHUS PabOTOCIOCOOHOCTH, KOTOpBIE HE
SBISIOTCS gormmHroM [1, 2]. B mociemHee pAecATHIETHE MPHUCTATLHOS BHUMAaHHE
COCPEIOTOYEHO HAa UW3YYCHUHM BIUSHUSA MoJeKyspHoro Bojopoaa (H,) Ha
(hyHKIIMOHANBHBIC TIOKA3aTeIN OpraHu3Ma 4YeJIOBeKa, B TOM YHCJE pabOTOCIOCOOHOCTh
CIIOPTCMEHOB Pa3TUIHOTO YPOBHS KBATH(PUKAIIH.

[lomapnsromee  OONMBIIMHCTBO — MEPBBIX  WCCIEAOBAHWN  OBIO  TIOCBAIICHO
WCCIICJIOBAHUIO BIUSHHS BOJABI, oOoraméHHoii Bogopogom (BOB). Tak Aoki ¢
coaBropamu [3] wmsyuannm »ddextsi BOB Ha MblmedHoe yToMIleHHE Y BIUTHBIX
CIIOPTCMEHOB. B 1BOHHOM cleIoM TEepeKpECTHOM DKCIEpUMEHTe ydacTBoBam 10
npodecCHOHANBHBIX SIMOHCKUX (yTOomuctoB (20,9 £ 1,3 ner), ymorpebnsBmux 1,5 n
BOB (0,92-1,02 mmons/n H,) B Teuenue cyrok (3 paza mo 0,5 m). B pesynbrate ObLIO
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3aukcupoBano, uto H, CHMXKAET MOCT-Harpy304Hy0 KOHIIEHTPALHIO JIaKTaTa B KPOBHU Ha
25% (p<0,05) B cpaBHenmn c mane0o. ABTOpBI Takke cooOmamT, 4to H,
HE3HAYUTEIBHO 3aMEUIsUT CHIDKEHHE COKPATHTENFHOM CIIOCOOHOCTH MBI B TECTE HA
M30KMHETHYECKOe pasrubaHue KoiieHa. Takuwe pe3ynbTaTbl XOTS M HE YOEeKAaloT B
HaJMYUN BBIPQKEHHOTO 3ProreHHoro s¢dexra y H,, HO 3TOT MMIIOTHBIN SKCIIEPUMEHT B
2012 romay ctan BaXKHBIM TOJIYKOM Ul M3y4eHHs NaHHOW TeMbl. K TekyiemMy MOMEHTY
uccleioBaTeNnbckue padoTel MO HM3YYEHHIO, B TOM 4HCIe, dproreHHoro 3ddexra
MOJIEKYJISIPHOTO BOJOPOAA BEIYTCS JOCTAaTOUHO MHTEHCHUBHO M Ppe3yJbTaThl TaKUX
HCCIICIOBAaHUH IUPOKO IIPECTABIECHB! B HAYYHOH nuTeparype. Cienyer cka3aTh, YTO 3TH
UCCIICIOBAHUSl  XapaKTEPU3YIOTCSI IIUPOKUM pazHooOpasueM Ccroco0OB — BBEICHHS
MOJIEKYJSIDHOTO  BOJOpOAA, €ro JO3UPOBKOM, KpaTHOCTbIO U  JJIUTEIbHOCTBIO
BO3JCHCTBHS, BHIOOPOM I'PYIIT UCTIBITYEMBIX, METOIaMH ¥ METOUKAMH OLIEHKHU 3((PEKTOB
MOJIEKYJISIPHOTO BOJOPOAA U T.1. B cBS3M ¢ 3TUM B HacTOALIEM JUTEPATYPHOM 0030pe MBI
COCPEIOTOYMINCh Ha PACCMOTPEHHHM TpPEX BaKHBIX COCTAaBISIOMUX B 3ddexrax
MOJIEKYJISIPHOTO BOAOPO/a, KOTOPbIE MOT'YT JI€KaTh B OCHOBE €r0 3PTOr€HHOTO BIMSHUS:
AHTHUOKCHJAHTHOE W TPOTHUBOBOCIAIUTEIBHOE BIIMSHUE, BO3ACWCTBHE HAa KHUCIIOTHO-
OCHOBHOE PaBHOBECHE M META0OIH3M.

AHTHOKCHUJIAHTHBI DJ®®EKT H, U ®AKTOP TPEHWPOBAHHOCTH
OPI'AHU3MA

3HaYnMBIM HCclieioBaHKeM 1o BiusHUIO H, Ha ¢usnyeckyro paboTOCOCOOHOCTH
CIIOPTCMEHOB sABJsieTcsi pabora Javorac u coaBTopoB [4], BbINONHEHHas B (opmare
PaHIOMHU3UPOBAHHOTO JIBOMHOTO CIIETIOTO IUIANEeO0-KOHTPOIUPYEMOTO MEPEKPECTHOTO
skcnepuMenTa. B HEM mpunsim  ydactme 20 ¢Qusnyeckn aKTUBHBIX —CcepOCKMX
nmobpoBosblieB (22,9 + 1,5 ner), koropeie monydanu 4 % H, B cMecu ¢ BO3AyxXoM
mocpenctBoM 20-MHHYTHBIX HMHTAIAIANA B TedeHue 7 mHed. B pesymbrare H,, mo
CpaBHEHHIO C TuIanebo, NPUBOAMI K YBEIMUEHHIO ITHUKOBOM CKOpoCcTH Oera Ha
1 nponeHTHBI TYHKT (I.I.) ¥ 3aMEAJICHUIO MaJCHUS MaKCUMAIbHOW H30METPUUYCCKOU
cuibl MbII Topca Ha 3 m.am. (06a — p < 0,05), T.e. CHIKAN MBIIIEYHOE YTOMIJICHHE.
ABTOpBI CBS3BIBAIOT Takue dPQPEKTH ¢ CHIIBHBIMH aHTUOKCHIAHTHBIMHU CBoWcTBaMU H,,
KOTOpble BHepBbie OblmM moaTBepkacHbl emé B 2007 rogy Ohsawa u coaBTopamu [5].
ITozxe Shibayama u coaBTopsI [6] cCMOITIM NOATBEPAUTH JAHHOE MPEATIONIOKEHUE — OHU
YCTaHOBWIIH, 9TO H, CHIKAaeT KOHIIEHTpAITHIO MapKepa OKUCIUTEILHOTO cTpecca 8-OHAG
B Moue ucnbITyeMbix (p < 0,05), u arto koppemupyer (r=-0,78, p <0,01) c BwICOTOHI
MOBTOPHOTO BEPTHKAIBHOTO NpbDKKa ¢ KoHTpABwkeHHeM (CMJ). Takum oOpazom,
ompezeneHa CBs3b MeXAQy H,-BHI3BaHHBIM CHW)KEHHEM OKHCIUTEIFHOTO CTpecca |
MOBBIIIIEHHEM paboTOCTIOCOOHOCTH. BripodeMm, CTOMT OTMETHTB, YTO 3TO TMEPEKPECTHOE
UCCIIeIOBAaHUE TPOBOAMIOCH Ha Majiol BBIOOpPKE SIMOHCKUX J00poBonbLeB (n = §;
20,9 £ 0,3 ner). B nuteparype HpHCYTCTBYIOT M JApyrue paboThl, B KOTOPHIX TOKa3aH
aHTHOKCHUIAHTHBIA 3 dext H, [7-11], HO Koppemsauuu C YIydIIeHHEM CIIOPTHBHBIX
pe3yabpTaToB MO0 He 00HApYKEHO, TH00 3aaa4a e€ BHIIBUTh U3HAYAILHO HE CTABHUIIACK.

N3BecTHO, 4TO €MKOCTH AHTHMOKCHUIAHTHOM CHUCTEMBI M €€ OTBET HAa HAKOIUICHUE
aKTUBHBIX (opM Kuciopona Bo BpeMs (H3MYECKON HArpy3kd 3aBHCUT OT YpPOBHS
TpeHUpOBaHHOCTH opranu3Ma [12, 13]. 3nauut, ¢u3nUeckas MOATOTOBKA HCHBITYEMBIX
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MOXET BIUATH Ha BhIpaxeHHOCTh 3ddexroB H,. M Timon c¢ coaBropamu [14] Hamum
3TOMY S3KCIEPUMEHTAbHBIC MOKa3arenbcTBa. OHHM CPaBHWIIM MEXITy COOOW BIMSHHE,
KoTopoe okasbiBaeT H, (BOB, 7 mmeét mo 1,9-2,2 n/mens, 1,9 ppm) Ha HCmaHCKHX
BEJIOCUTIEAUCTOB-TFoOuTeNne (n=12; 25,5+ 5,5 ner) U HETPCHUPOBAHHBIX JIOACH CO
CpemHHM YpoBHeM ¢u3mdeckod aktmBHocth (n=15; 26,3+59 ner). ABTOpHI
YCTaHOBHWIIH, YTO B adpOOHOM TecTe Ha BeyodpromMeTpe H, MOBNHSIT TONBKO Ha yPOBEHB
JaKTaTa BEJIOCUIIEAMCTOB: HaOmonanock cHmwkeHue Ha 9 % (p <0,05). OmHako, B
aHa’poOHOM TecTe H, y BEIOCHIIEUCTOB MOBBIMIAN CPEIHIO MOIIHOCTH Ha 9 %,
MTUKOBYIO MOIIIHOCTH Ha § %, a MHAEKC YTOMJICHHS CHIDKAN Ha 2,5 m.11. (Bcé — p < 0,05) mo
CPaBHEHHUIO C TUIAle00, MPU 3TOM Y HETPCHUPOBAHHBIX JIMI[ CTATUCTUYCCKH 3HAUUMBIX
HM3MEHEHHI He HAOII0aa0Ch.

Bonee BoipakeHHble 3(dexTsi Hy y TpeHUPOBaHHBIX JIMII TAK)KE€ OTMEUYAIHMCh B
pabore Mikami u coaBTopoB [15], rae nmocne omHokparaoro ynorpedieans BOB (0,5 i,
1 mMr/n) y mronmedt, 3aHmMaromuxcs ¢utHecom (n= 60, 20-70 ner), HaOMOIANOCH
YBEIMYCHHE MaKCUMaIBHOTO TOTpeOnenns kuciopoga (VO,max) Ha 9 ILII. 1O
cpasreHuto ¢ mwianebo (p < 0,05), korma B rpymme HeTpeHnpoBaHHBIX (n = 99, 40-70 ner)
Takoro 3 Qexra He 0OHAPYKEHO.

YCTaHOBICHO, YTO CIOPTCMEHBI 3IUTHOTO YPOBHS, JOCTUTIIHE BBICOKHUX
pPE3yNIbTaTOB Ha COPEBHOBAHUAX, IMEIOT 00Jiee BBHICOKHH aHa’poOHBIH mopor u VO,max
[16, 17]. CBunerenbctBa, uro H, ymyumraer VO,max MeHee yOemutenbHbl [15, 18], B
OTJIMYME OT MOBBIMICHUSI PabOTOCIOCOOHOCTH B aHa’poOHBIX Tectax [9, 14, 19]. Dro
MO3BOJISIET TIPEIIONOKHUTh, YTO 3proreHHble ddextsl H, nydime mposBISIOTCS TpU
aHa’pPOOHBIX HArpy3Kax, XoTs B HcclieqoBanuu Jebabli n coaTopos [20] Ha 22 TYHHCCKHX
Oerynax Ha cpenuue auctaniu BOB (0,5 1 3a 30 mun no Harpy3ku, 0,55-0,65 MMonb/n
H,) oxazama sproreHHbI 3¢ (eKT TONBKO B a3pOOHBIX TECTaX, HO HE aHadPOOHEIX.
CremoBaTeNbHO, TPEICTABICHHBIC PE3yIbTAaThl MCCICAOBAHUMN BIMSHHUS MOJICKYJISIPHOTO
BOJIOPOZIa Ha pabOTOCIIOCOOHOCTh CIIOPTCMEHOB OTJIMYAIOTCS U, IIOPOH, MPOTHUBOIIOIOKHEI
Ipyr-apyry. B cBsi3u ¢ yka3zaHHBIM (DaKTOM, IO HAlleMy MHEHHWIO, U MHCHHIO JIPYTHX
aBTOpOB, Hampumep, Zhou K. ¢ coaBropamu [21] BeisicHeHue crierudukyu Biusans H, Ha
a’po0HYI0 M aHa’pOOHYI0 PabOTOCIIOCOOHOCTH, B TOM YHCIE, CIOPTCMEHOB TpeOyeT
JMATbHEMNINNX CIEeIHANbHEIX JETAaIbLHBIX UCCIIETOBAHUIA.

H, 1 KHCJIOTHO-OCHOBHOE PABHOBECHE

B mokoe »HepreTmueckuit MeTaboamM3M obOecrieuMBaeTCs OallaHCOM  MEKITY
a’pOOHBIMM W aHa’POOHBIMHM IMPOIECCAMM, a TaKkKe paboToit Oy(hepHBIX CHCTEM,
ColepIKaIMX aKLENTOPhl HOHOB Bogopoaa (HY), Takue xak 6uxapoonar (HCOs") [22, 23].
OnmHako, MHTCHCHUBHBIEC (PM3WYECKHUE HArpy3KH MOTYT HapyliaTh MeTaOOIMIecKuid 6amanc
[24, 25]. Orto mposiBigercs B cHmwxeHnn pH kpoBu [26, 27], majgeHNn KOHIEHTPAINH
HCO;™ [28, 29] u ypoBHS mapuuaibHOTO naBieHus yriekucioro raza (pCO,) [30, 31],
YTO MPHUBOAMT K Pa3BUTHUIO anumo3a. [Ipu 3ToM, 3aKuCIIeHHWE KPOBU U MBIIICUYHONW TKaHU
CUMTACTCS OTHOW W3 TPUYMH CHIDKCHHS pabOTOCIIOCOOHOCTH W BO3HHKHOBEHUS
yromienus [32—-34] u nokazaHo, uyto H, MoxeT 3ToMy npoTuBoaeiicTBoBats [35, 36].

Tax Ostojic u Stojanovic [35] mpoBenu uccienoBaHne Ha cepOCKUX CIIOPTCMEHaX-
nmobpososbiiax  (n=152, 20-30 mer), koropele 14 ngueit mmmu BOB (2 n/mews,
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OKHCITUTEIIBHO-BOCCTAHOBHUTEIBHEIN ToTeHIMan —372 + 52 MB) u ycranoswim, urto H, B
nokoe moBbimaer pH kpoBu B myueBoit aprepun Ha 1 ma. m HCO;” — Ha 7 m.m. mo
cpaBHeHumIo ¢ mwanebo (p < 0,05). [locae TpeaMUI-TECTUPOBAHUS, PE3YJIBTATHI CTAIN EIIE
spue: H, noseiman pH kposu Ha 1 nm.n., HCO;™ — Ha 6 m.i. u pCO, — Toxe Ha 6 I
(p <0,05). Bopouem, pH BOB, uncnonszyemoii B TaHHOM 3KCIIEpUMEHTE, OBLI BechbMa
BBICOK (9,3) — o npuumnne Toro, uro BOB nonyuanu myTéM HachIEHUS BOJBI MarHueM
(Mg + 2H,0 — Mg(OH), + H) — wu3-3a d4ero BO3HUKaeT BONPOC, HAOIFOTaEMBIi
3amenadnBaromuil dpdexr BeBBaH H, wmim BcE xe Mg(OH),? Drtor Bompoc B
MIPEJICTABICHHBIX MyOIMKAIIUAX HE HAIIE] CBOETO OTBETA.

B npyrom skcnepuMeHTe 3TOH e MccIeI0BaTeNbCKOM rpynns! [36] Ha q310I0MCTKAax
(n=38; 21,4 £2,2 met) ycranorneno, yro BOB (0,3 n 3a 30 MuH M0 Harpy3ku) depes
5 MHHYT TOCJIE CHENHAIBHOTO JI3I0/I0-TECTa IPUBOANT K MOBBIIIEHHIO pH B maTepanpHOI
MOJKOXHOM BeHe pyku Ha 0,7 % (7,47 vs 7,42; p < 0,05) ¥ CHW)KEHHIO YPOBHS JIaKTaTa Ha
30% (6,81 vs 9,67 mmons/n H,; p<0,01). OgHako, aBTOpHl HE YKa3bIBAIOT HU
koHneHTpanmio H, B BOB, vu e€ pH, a B apyrux momoOHBIX HCCIEZOBaHUSAX Ha
CIIOPTCMEHAX He ObUIO OOHapykeHo BiusHUS H, Ha Mmokaszarenu KUCIOTHO-OCHOBHOTO
paBHOBecHsI KpoBH [37-39].

Uro ke KacaeTcsi JIlaKTara, TakKe SBIIONIEroCcsS MapKepoM anuio3a, HO HE ero
npuannoi [40, 41], To TOMHMO paHee YK€ YIMOMSHYTHIX HUCCICIOBaHWHA O TOoM, 4TOo H,
CIOCOOCH CHIDKATh €T0 KOHIICHTPAIMIO BO BPEMsI U TIOCJIE HArPy3KH, JTOCTATOYHO MHOTO
pabot orMeuaroT, uTo 3¢ dekra HeT [4, 18, 37, 42-44]. EquHudHbIe HCCIeA0OBaHUS TaKKe
co001IaroT, 9T0 Hy MOXET MOBBIIIATE YPOBEHB TEMOTIIOONHA B KpoBH [7, 45], a 3HAYHT, B
TEOpHH, YIIydIIaTh paboTy TeMoriIo0MHOBOTO Oydepa.

Takum 00pa3oM, eCTh OCHOBaHHUS MOJIAraTh, YTO YaCTh 3PTrOTCHHBIX 3dexToB H,
MOJKET OBITh CBSI3aHA C €ro BIMSIHUEM Ha KHCIOTHO-OCHOBHOE PABHOBECHE, HO CEPhEZHBIX
JIOKA3aTeNIbCTB  3TOMY HET, 4YTO OOYyCJaBIMBaeT HEOOXOIUMOCTh NaJbHEHUITHX
UCCJICIOBAaHNH TIO0 BO3IeicTBHIO H), Ha moOKa3aTenu KUCIOTHO-OCHOBHOTO DPaBHOBECHS
CITOPTCMEHOB 1 CBSI3H 3TUX 3P (HEKTOB ¢ pabOTOCTIOCOOHOCTHRIO.

BJIMAHUE H, HA METABOJIN3M U MAPKEPBI BOCITAJTIEHUSA

VYcranosneno, urto H, Taxkxke crocoOeH OKa3bIBaTh BO3JAEHCTBHE HAa OOMEH BEIIECTB
[39, 46, 47], 1 3TO MOXET OOBACHITH 4acTh ero 3proreHHbix 3¢dexros. Tak Grepl u
coaBTOpHl [47] B paHIOMU3UPOBAHHOM JBOWHOM CJIETIOM IUIANe00-KOHTPOIUPYEMOM
uccaenoBanny Ha 20 YEMICKUX CIIOPTCMEHKaX-CTyneHTKax (22,1 + 1,6 meT) BBISBUIM, 9TO
60-munytHas unransuua H, (300 min/mun, 99,8 % 4ucToThl) B COCTOSHUU MOKOSI CHUXKAET
MUHYTHYIO BeHTHIIHIO JNETkux (VE) Ha 13 %, 00bEM BBIIBIXaEMOr0 YIJIEKHCIOTO rasa
(VCO,) — Ha 5%, npIXaTenbHBIH koadduireHT RER — Ha 3 %, a OKUCIIEHHE KUPOB
(FATox) mpu atom yBenuuuBaetcs ¢ 47 no 56 % (Bc€ — p < 0,001) mo cpaBHEHUIO C
wiane0o, 4To roBOpHUT O Oonee dp¢exTHBHON pabore mertabonm3ma. M xoTs aBTOpHI
COOOIIAIOT, YTO pa3IN4us B 00IeM 0OMEHE MTOKOSI CTATUCTUICCKH HE3HAYUMEI, B IPYTOM
HCCIIENOBaHNM, 3a aBTOpPCTBOM Ito m komrer [39], Takme oTimuus BCE K€ OBLTH
OOHapyXeHbI: Yy SMOHCKUX CTyIEHTOB-TpUamioHUCTOB (n=12; 20,0+ 1,3 ner)
omHOKpaTHoe yrmoTpednerrne BOB (0,9 ) mpuBoamio K CHIKCHHIO PacxXoja dHEPTHHA BO
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BpeMs TECTUPOBaHUS Ha Benmo3promerpe, ¢ 13,7 mo 13,2 kkan/muH (p < 0,05), HO mpH
3TOM YPOBEHB pabOTOCITOCOOHOCTH HE OTIIMYIANICS OT KOHTPOJIS.

H, Taxoke obsiafaeT MOTEHIUAIBHO KIMHUYECKH 3HAYMMBIM IPOTUBOBOCIAIUTEIbHBIM
adpdexrom [48-52], ogHaKO B CIOPTUBHOM (PU3HONOTUH MPUCYTCTBYIOT JHIIb €INHUIHBIC
CBeJieHus Toro, uTo H, CHM)KaeT KOHIEHTpalluio MapkepoB Bocniasienus [7, 11], 1 Toiabko B
YK€ YIOMSHYTOH paHee paboTe Javorac U coaBTOpOB [4] oTMeuaeTcst proreHHbIi 3pdexrt
H, na ¢one cumwxkenus ypoBHs C-peaktuBHoro Oenka Ha 43 % (0,7 mr/nm vs 0,4 mr/m;
p < 0,05) B BEeHO3HOI1 KPOBU 110 CPABHEHHUIO C TLIAIIe00.

CrenosarenbHoO, Bolipoc BiausHUs H, Kak Ha mokasaTenn MeTadoau3Ma CIIOPTCMEHOB,
TaKk ¥ Ha COJCp)KaHHUE MapKepOB BOCHAICHHUS OCTaeTCid OTKPBITBIM M, Ooiee TOoro,
HEOOXOIUMBI HallpaBJICHHBIC UCCIIEAOBAHNUS MO BBISICHEHHIO B3aMOCBSI3H 3TUX P PEKTOB
MOJIEKYJISIPHOTO BOAOPOJA C PabOTOCIIOCOOHOCTHIO CIOPTCMEHOB.

3AK/IIOYEHHUE

Takum obpasom, H, obnamaer mupokuM crnekTpoMm Ouonormyeckux 3¢pdekros,
KOTOpBIE, BEPOATHO, OTBETCTBEHHBI 3a €ro OJProreHHblii mnoreHiman. OfHako, B
CIIOPTUBHON (DHM3HOJIOTMKM HMCIIOJB3YIOTCSA pa3jinuHble crmocoOsl Beemenuss H, (BOB,
WHTAIALUN, BaHHBI W Jp.), HO3UPOBKH W UINTEIBHOCTh HMPUMEHEHUsS (OT OCTPOro 10
xpoHndeckoro). [lepeuncnenHbie (akThl 3HAYUTEIBHO BIHMSIOT Ha BBIPAKECHHOCTH
a¢pdexroB Hy, KoTOpBIE K TOMY K€ MPOABISIOTCS HE Y BCEX HCIBITYyeMbIX. OTMETHM, UTO
HanboJiee MEePCIEeKTUBHBIM METOIOM BBEIEHHS MOJIEKYJSPHOTO BOAOPOJAa B OPraHHM3M
YyenoBeKa, 0 MHEHMIO Psila aBTOPOB, SIBISIETCS NMpuUMeHeHUe uHramsiuuii H,, kotopsie
CIOCOOHBI BBI3BIBATH OoOJiee BBIPAKEHHOE BO3JCHCTBHE HAa OpPraHU3M H3-3a JIydIIeil
ouonocrymHoctu [53-55].

B wurore, H, siBrsieTcs mepcrneKTUBHBIM BHETPEHUPOBOYHBIM CPEICTBOM YBEIHUYCHUS
CITIOPTUBHON PabOTOCTIOCOOHOCTH, a WHTAISAIHM — MHOTOOOCHIAIONIMM BHIOM €T0
BBeneHus. llpu 3TOM, TpeOyroTCsl HampaBI€HHBIE CTPYKTYPHUPOBAaHHBIE HCCIEIOBAHUS
BiusaHus H, Ha mokaszatenn paboOTOCIOCOOHOCTH CIIOPTCMEHOB ¢ (OPMHPOBAHHEM
aZIeKBaTHBIX TPYIII cpaBHeHUs [21, 56].
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This literature review examines the ergogenic potential of molecular hydrogen, which

may be due to its diverse biological effects: antioxidant, anti-inflammatory, metabolic, and
possible impact on blood acid-base balance.

The antioxidant properties of molecular hydrogen are considered by many authors to

be the most important in terms of its ergogenic effects. In sports physiology, considerable
data has accumulated regarding the antioxidant properties of molecular hydrogen, but a
correlation with improved performance in an exercise test has only been established in one
study. In other cases, it is simply assumed that if the ergogenic effect of hydrogen is
accompanied by improvements in indicators characterizing antioxidant status, then there is
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a cause-and-effect relationship. Although this may seem obvious, the results of some
studies indicate that the ergogenic effect of hydrogen is not necessarily accompanied by
improvements in oxidative stress indicators, and vice versa — the antioxidant properties of
hydrogen do not guarantee an ergogenic effect. Furthermore, the physical fitness level is
important, as it is known to influence antioxidant capacity. Studies show that molecular
hydrogen has a more pronounced ergogenic effect on trained individuals, while untrained
individuals may not show any statistically significant improvement in performance.

The anti-inflammatory properties of molecular hydrogen have been well-described
and proven in various preclinical disease models, and even in some clinical studies.
However, in sports physiology, this issue has been poorly studied, particularly in terms of
its relationship with ergogenic effects.

It is known that physical exercise, especially intense exercise, causes metabolic
acidosis, acidification of the blood and muscle tissue, and this is believed to be one of the
causes of muscle fatigue. Accordingly, alkalizing agents should, in theory, improve
performance, and in the last decade, various substances that counteract acidosis have been
tested for their ergogenic effects. Molecular hydrogen is no exception; however, there is still
no convincing evidence that hydrogen has any significant effect on the acid-base balance of
athletes, either alkalizing or acidifying. The situation is further complicated by the fact that
some hydrogen-enriched sports drinks have a high pH and may have an alkalizing and
ergogenic effect unrelated to the hydrogen. There is evidence that hydrogen significantly
reduces lactate during and after exercise; however, other publications have not observed
such an effect. Furthermore, lactate, according to current thinking, is only an indirect marker
of acidosis and is more indicative of how well the body tolerates a given physical activity.

Researchers have obtained more definitive results regarding the effect of molecular
hydrogen on metabolism. It has been established that hydrogen can increase lipid
oxidation, decrease carbohydrate oxidation, and generally make metabolism more energy-
efficient. This is manifested by a decrease in pulmonary ventilation and a reduction in the
amount of exhaled carbon dioxide, among other things. However, linking this to improved
athletic performance in exercise tests is not always possible. Furthermore, there is reason
to believe that for significant and lasting metabolic effects, hydrogen should be
administered for weeks or even months.

Molecular hydrogen has ergogenic effects, manifested as increased running speed,
muscle strength, and performance in bicycle ergometry and jump tests. Presumably, its
antioxidant and metabolic properties are primarily responsible for this. However, a
detailed examination of such studies raises many questions: small sample sizes,
controversial methodology, and the plethora of different methods for assessing athletic
performance. Furthermore, the use of molecular hydrogen also varies greatly: the route of
administration (enriched water, inhalation, baths), dosage, and duration (from a single
dose to chronic use). There is reason to believe that hydrogen inhalation should be the
most effective, as its bioavailability should be higher. Therefore, sports physiology still
urgently needs high-quality research into the ergogenic effects of hydrogen, establishing a
connection with its biological effects, and standardizing experiments so that the results
obtained in different laboratories can be compared with each other without difficulty and a
number of caveats.
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