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TEPHOMI/IbCbKUM HALIOHATbHUA MEANYHWUA YHIBEPCUTET IMEHI 1. . TOPEAYEBCBHKOIO
MO3 YKPAIHU*

TEPHOMI/IbCbKU HALIOHAIbHVIA TEXHIYHWUA YHIBEPCUTET IMEHI IBAHA I1Y/THOSF

E®EKTMU BIOJIOT'TYHOI A1 MOJIEKY/IAIPHOI'O BOJJHIO

Bcmyn. Y cmammi npedcmas/ieHo 0271510 HayKosoiI iimepamypu w000 B8ri/iusy MOJEKY/ISPHO20 BOOHIO, 3a-
JIEXHO BIO W/IsIXiB BBEOEHHSI, Ha PI3HI piBHI opaaHizayii op2aHi3My npu pi3HUX namosioaiyHux cmaHax. Kopomko
rodaHo icmopito BIOKPUMMS MOJIEKY/ISIPHO20 BOOHIO SIK 6i0/102/4HO20 a2eHma i cmaHoB/1eHHs1 BOOHEBOI bioMedu-
YuHu. Oxapakmepu308aHO MOJIEKY/ISIPHI, K/IIMUHHI ma cucmeMHi acriekmu 6i0/102i4HOI Oif MO/IEKY/ISIPHO20 BOOHIO.
PO3KpuUMO Br/1UB MOJIEKY/ISIPHO20 BOOHIO Ha PI3HI ry/1u K/IMUH i ipoyecu pezeHepayii, io2ao aHmuokcudaHmHi ma
aHmuarnonmudyHi echekmu. OrnucaHo fnpomusanasbHy 0ito | peay/isiyiro nipornmo3sy MOJIEKY/ISPHUM BOOHEM. Y il
cmammi iHghopmayjto rnpoaHasizosaHo 3 BUKopucmaHHsaM 6a3 daHux PubMed, PubChem, ScienceDirect, €spo-
nelicbkoi Papmakornel ma Haykosoi limepamypu.

Mema 0ocnidxeHHs1 — ripoaHasiysamu HayKosy simepamypy i cucmemamu3ysamu iHghopmayito ujodo yss-
JIeHb PO MPUPOSY Ma W/IsIXU HAOXOOXEHHS MOJIEKY/ISPHO20 BOOHIO B OpaaHi3Mm, ocob/iusocmeli i MexaHi3mis Jo2o
MOIEKY/ISIPHUX, K/IIMUHHUX, Op2aHHO-MKaHUHHUX ma cucmeMHUX 6io/102i9HUX eghekmis.

BucHosku. MonekynsipHuli B00eHb — Halsieawul i HalnowupeHiwul medudHul 2a3s, skuli Mae wupokull
cnekmp 6io/102i4HOi akmusHocmi U Xxapakmepu3yembCsi @aHMUOKCUOAHMHOI0, IPOMU3ana/ibHo ma aHmuarnonmuy-
Hoo OisiMuU. BiH makox b6epe ydyacmb y pe2ynsyii ekcripecii YuC/IeHHUX 2eHis, 3axucmi 6ioMakpoMOoseKys1 Bio
OKUCHIOBA/TbHO20 YWKOOXKEHHS, CmuMy/isiyii sUpobHUYmMsa eHepeii (AT®) mowjo. BoOHouac, He3gaxarodu Ha pi3ke
36I/1bWEHHS KiZIbkocmi 00C/IOXKeHb | ny6/1ikayili ujooo 6ioMeduyHO20 3acCmocyBaHHsI MOJIEKY/ISPHO20 BOOHIO, Mu-
maHHs1 (1020 BUKOPUCMAHHSI SIK IpopeaeHepamusHo20 azeHma rnompebye 000amkoB8020 BUB4YEHHS. 3acmocyBaH-
Hs1 0aHOI MO/IEKY/IU Mae YUC/IeHHI epesaau 3asosiKu WUPOKOMY CrieKmpy MO/IEKY/ISIPHUX peakyil, siki BOHa BUK/IU-
Kae. ToMy rnpoBedeHHs YiiecrpsiMosaHux 00C/1i0XeHb y Yill 2asy3i Moxe BIOKpUMU HOBi 20pU30HMU peaeHepamus-
HOI' MEOUYUHU ma cmsopumu iHHOBayiliHy mexHO/102i0 NMPUCKOPEHO20 BIOHOB/IEHHST OpaaHi3My.

KNMHKOYOBI C/IOBA: MoneKynsipHuii BoAeHb; BOAHEBa BOAA; OKCUAATUBHUI CTPEC; paK; aHTUOKCUAAHTU.

OcTaHHIM Yacom 0cobnrBe MicLe B MeANYHIi
rasoTepanii 3aliHB MonekynsapHuii BogeHs (H,) 3
YHIKa/TbHMU XapakTepucTukamu. Lieli ras, akmii He
Mae cnewLmgivyHoro Konbopy Ym 3anaxy, yTBOPHETb-
CS 3 HaW/Ierworo XiMiyHoro efleMeHTa, € BCloamcy-
UMM i, 3aBASKN CBOEMY PO3MIpYy Ta MiHIMaUIbHii
MOJIEKYNAAPHIV Maci, MOXe NPOHMKaTV Yepes byab-
AKuii GionoriyHnii 6ap’ep [1-3]. bBaratbom fo6aBkam
i aHTMOKCUAAHTaM HeOOXiAHI cneumdiyHi TpaHcnop-
Tepu, WO6 noTpanutn B KIITUHW Ta peanisysaTtu
CBil edpexT, Togj K H, He NoTpebye ix yepes MeHLLy
MoeKyApHY macy/po3mip (puc. 1). Bucoka 6iogo-
CTYMHICTb H,3a40B0/bHAE NepLLY BUMOTY ByAb-AKO-
ro dpapMako/1oriyHOro areHTa LWoAo 6io1orivHOb Aii.
OpHak iCHYOTb [0AATKOBI B/1TACTUBOCTI, SKi He0b-
XigHi 4119 NOACHEHHS WMPOTU GIOMOAY/TIOYOI i,
BiZNOBIAHO, NiKyBaJIbHOI AjiA LbOro rasy.

2022 p. nposefeHo 6nu3bko 100 paHa0Mi30BaHMX
KOHTPO/IbOBaHMX AOCIXEHb i Ony6/1ikoBaHo Mo-
Hag 2000 cTaTteit. [leTanibHO Po3rNsAatoTbCs Pi3Hi
acreKTy BNAMBY MOJIEKYNISAPHOTO BOAHIO, aUle (OKYC
[OcnimpKeHb 3HAYHOK MIPOHO 3MILLEHWI y Bk Kap-
AionoriyHoi [2, 4], HeBpororivHoi [5, 6] Ta pagionpo-
TEKTOPHOI [7, 8] Aili BoAHI0. € paa AocniopKeHb, nig,
yac AKMX OLiHIOBa/IM MOX/IMBICTb | AOLISIBHICTb
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3aCTOCYBaHHSA BOLHIO MPW OHKOJOTYHMX 3aXBOPHO-
BaHHAX [9-11]. 3 iHWOro 60Ky, KNITUHHI edekTy,
MPUHLMNOBO 3HaYYLLi 415 pereHepaTtuBHoOI Meau-
LUMHW, NPOAB/IAOTLCA SIMLLIE ONocepenKoBaHo. Y
3B'A3KY 3 LM, METOK [AHOro Ornsaay € cucrtema-
TM3auia ysaB/eHb Npo npupoay, ocobnunsocCTi Ta
MeXxaHi3mMy Br/MBy H, Ha pi3Hi cructemn, opraHu,
TKaHWHW | KNITUHW.

IcTopifa BiAKPUTTA MOMEKYNAPHOIO BOAHIO
AK 6I0/10riYHOro areHTa i CTaHOB/IEHHSI BOAHEBOT
GioMmeAuLHN

BriepLue BoageHb Y BiNbHI hopMi ekcneprMeH-
TaslbHO OTpMaB y 1671 p. R. Boyle [12] i Bu3HauvB
SIK CAMOCTINHWIA XIMIYHUIA enemeHT y 1766 p.
H. Cavendish [13]. LlikaBo, L0 HanpukiHui XVIII cT.
T. Beddoes 3aBepLuvB nepLly 3a/10KyMeHTOBaHy
Cnpoby MeaMyHOro BUKOPUCTaHHA BOAHIO AN1A i-
KyBaHHS XBOPUX Ha Ty6epkynbo3 [14, 15]. Mpnbnns-
HO 10 1969 p. MOX/IMBICTb EHZIOrE€HHOro BUPOGEeH-
HA H, B opraHisMi NI0AVHN KULLKOBUMY HaKTepisMu
He 6yna Bigoma [16, 17].

OpHieto 3 nepLUnx cnpob NPSMOro 3acTocyBaH-
HS1 BOZHIO Gy/10 MOr0 BUKOPUCTaHHSA Npwy rAmMboKo-
BOAHOMY 3aHypeHHi. Tak, E. H. Lanphier y 1972 p.
BMKopucToByBas Hydroliox (Cymill BOAHIO, renito Ta
KUCHIO) N5 3anobiraHHA PO3BUTKY AeKOMMpeciii-
HOro CYHAPOMY Y BOAONA3iB, AKi NpaLolTb Ha
BeNUKUX rMunbnHax [18]. OgHa 3 HaliBigoMiLnX
paHHix ny6nikawii y uiin ranysi HanexuTts M. Dole
Ta cniBaBT. (1975), Aki noka3asiv NOMITHY perpecito
M/TIOCKOK/TITUHHOT KapLMHOMM LUKIpW B MULLER nig,
BNMBOM H,, AkniA nogasanv nig nigBnLLEHUM THC-
koM (8 atm) [17]. BOHM BUMKOPWUCTOBYB&U/IN ra3oBy
CyMiL, sika micTnna 97,5 % BoAH0 Ta 2,5 % KUCHIO.
3 TOro yacy 3'ABUNCb OKPEeMi MOBIAOM/IEHHS MPO
epeKTMBHICTb 3acTOCyBaHHA H, Npu iHWKWX naTo-
norisx [19, 20]. OgHak nuwe ctatTa |. Ohsawa
Ta cnieasT. (2007) cTasia NOLUTOBXOM A/151 LLIBUAKO-
ro 3pocCTaHHs iHTepecy axiBuiB A0 GIONOMYHUX i
MeanyHUX edpekTiB BogHIo [21]. Y cTarTi HaBeaeHo
pesynbTaTy YCNilHOro 3aCTOCyBaHHSA iHranAuil H,
ONA 3anobiraHHA YLWKOKEHHIO, CNPUYMHEHOMY
iLLemieto-penepdysieto nicns illemiyHoro iHCynsTy
Ha MogZeni wypis [21]. JoCiAHUKA NPUNYCTUN, L0
OCHOBHWM MEXaHi3MOM [OCATHEHHS KNiHIYHOro
epeKTy € 3MEHLLEHHS OKCUAATMBHOTIO CTPECY, KNI
BUK/IMKaUIM Li NATONOrYHI CTaHW.

BogHeBy Tepanito HelloaBHO Oy/10 BK/IHOUEHO
[0 MpoToKO/y BeAeHHA nauieHTiB i3 COVID-19 y
KuTali (Kutaicbki KniHivHi pekomeHgauii (7-me Bu-
[aHHSA) WoA0 AiarHOCTUKM Ta JSliKyBaHHSA NMHEBMOHIT
COVID-19, saki Buaasnia HauioHanbHa KoMicisi 0xo-
POHM 340pOB’A Kutaw). Ha OCHOBI 06WMPHUX
eKcrnepuMeHTasIbHUX i KNiHIYHKX JOoCNioKeHb BCTa-
HOBJ/IEHO, LLIO BAMXaHHSA CyMmiLli 66,6 % H,i 33,3 %
KMCHIO 3HAQYHO 3MEHLUYE LIBUAKICTb MOTipPLUIEHHS
pecnipaTopHOI (PyHKLiT 1ereHb Npu HOBIli KOPOHa-

BIPYCHIi1 IHQDEKLIiT, & TaKOX PO3BUTOK emcpizemun Ta
3anasibHYIX peakLiii y ereHeBii TKaHVHI Npu pi3HMX
FOCTPUX | XPOHIYHMX 3aXBOPHOBAHHSAX [22].

LLINAXyn HaaXoMKEeHHA MOIEKYNSIPHOIo BOA-
HIO B OpraHism

Ha cborofiHi fliana3oH LWNAXIB HAAXOAKEHHS H,
B OpraHi3m JOCUTb LUMPOKKMiA. Baxknmeo nigkpecnu-
TW, O PI3Hi LWASAXM XapakTepusyTbCa He Tiflbku
3PYUHICTIO 3aCTOCYBaHHS NPU KOHKPETHI naTonorii
(Hanpuknag, y pasi nikyBaHHs OepMaToorivyHmX
3axBOPOBaHb MNepeBarod MoXxyTb GyTU BOAHEBI
BaHHW), asie i hapMakoKiHETUKO, OCKINIbKM MOne-
Kyna H, 3miHto€ Ti dpapMakosioriyHy akTuBHICTb [23].

IcTOpUYHO NepLLYM CNOCO60M BBEAEHHSA BOAHIO
€ BYKOPUCTaHHSA rinepbapnyHnx kamep, 3d6aradyeHnx
rasonofi6Hnum BogHeM [17]. He3Baxkatoum Ha 06Ha-
AinuBI pesynbtartu, siki OTpUMany nig, yac ekcne-
pumeHTiB M. Dole Ta iH., poo6iT i3 3aCTOCYyBaHHAM
TaKoi TEXHONOriT He NMPOAOBXW/IN, O MOXe ByTu
MOB’A3aHO 3 TPYAHOLLAMU X MPaKTUYHOT peanisadii
[17].

HavinowmpeHiwmnmy BapiaHTaMu MoJeKynsp-
HO-BOAHEBOT Tepanii € iHransuis H,-BMiCHUX ra3o-
BUX CyMiLLIEli pi3HOTro ckagy, BUKOPUCTaHHS Hacu-
YyeHol BoAHEM BOAW Ta iHQY3iA/iH eKLI PO3UnHY
Xnopuay HaTpito, HacuyeHoro H, [3]. KoxeH i3 Lmx
LWNAXiB Ma€e CBOI 0COG/IMBOCTI, NepeBaru Ta Hefo-
NiKK, a TaKoX MOX/IMBI Pi3HI MONIEKY/IAPHI MeXaHi3-
MK Ail.

Mig yac npoBeAeHHNA BifbLLOCTI AOCNIIKEHD,
CNpsIMOBaHMX Ha OLHKY e(peKTVBHOCTI BUKOPUCTaH-
HA H,, 3aCTOCOBYBaIN BOLHEBO-HACWYEHi PO34MHY
(To6TO BOAgHEBaA BOAA, BOAHEBMIA PO34MH TOLLO).
BogHouvac 36inbLIYyeTbCA KiNIbKICTb AOC/IAXKEHD
LLIOA0 BAMXaHHSA BOAHIO, 0COOMBO NPU KITiHIYHOMY
3acTocyBaHHi [2, 8, 21, 22]. BanxaHHA H, € focntb
MPOCTVM CNOCO6OM BM/IMBY SIK Ha 1abopaTopHUX
TBapwH, Tak i Ha ntogeli. Lieid meTog, BUkopucTanu
I. Ohsawa Ta iH. i3 3aCTOCYyBaHHSM LLypsiyOi Moje-
ni iwewmii-penepdysii [21]. Kpim TOro, BaxMBolo
nepeBaro TEXHOOTIT € MOX/IMBICTb KOHTPOJILO-
BAHOIO [,03YBaHHA BOAHIO LUISIXOM PerysitoBaHHs
yacy BUTPUMKM Ta KOHLeHTpaLji H,y ra3osili cymi-
Wi [23, 24]. 3 iHWoro 60Ky, MONeKyNSPHUIA BOLEHb
€ TOpPHYMM | BUOYXOHE6E3MEYHVIM ra3oM Y pasi ioro
peakuii 3 kucHeM. BBaxaloTb, L0 PU3MK Takoro
HeraTMBHOIO eq)eKTy JOCUTb BENUKWIA, SKLLO KOH-
ueHTpauia H,y rasosiin cymiwi nepesuwye 4 %
[8, 23, 24]. NpoTe B AeAKMX BUNALKaxX BUKOPUCTO-
BYIOTb ra3oBi CyMilli 3 BYCOK/M BMICTOM BOAHIO,
asne 3 ocobnmBMMM BUMoramm 6esneku. Hanpukniag,
66,67 % H,i 33,33 % O, 3acToCcoBYylOTb A1 JiKy-
BaHHA nauieHTiB i3 COVID-19, Wo € TMM camum
MPOTOKO/IOM BOAHEBOI Tepanii, Skuii 6ys10 3anpo-
BapKeHo B Kutai [25]. Takox nosigomasnocs npo
e)eKTUBHICTb iHranauii H, npu XpoHiyHOMy 06-
CTPYKTMBHOMY 3axXBOPIOBaHHI fereHb [26, 27] i
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TSOKKIV GpOHXiasbHIN acTmi [28]. JouinbHICTb Tako-
ro nigxony noe’3aHa 3i 3MiHHOK [030BOK0 3as1EX-
HICTIO @HTMOKCUAAHTHUX | NpOTU3anasibHNUX B/1acTu-
BocTeit H,[23, 29].

3 ornaay Ha di3nKo-XiMiYHI XapakTepucTukm Ta
HaA3BMYainHO Masli po3Mip | MONeKyNApHy macy H,,
MOro BOMXaHHA Mae€ LUMPOKI MOX/MBOCTI AN
cucTeMHol Aji. OCKi/IbKM BOAEHb NIerKo AUdyHAYE
yepes CTiHKM a/lbBEOS, BiH MPOXOAUTL Y nnasmy
KPOBI 1 TPAHCMOPTYETLCA A0 Pi3HUX OpraHiB i TKa-
HVH. EKCnepuMeHTas1bHI JOCMIIKEHHS, SiKi NPOBeu
y 2021 p. A. R. Cole Ta iH., nokasanu, Lo y 340po-
BWX TBapPWUH BAUXAHHS ra30BO1 CyMillli, ika MiCTUTb
2,4 % BopHI0, 6e3MepepBHO NPOTArOM 72 rof He
BUK/IVKAE XOAHWX 3MiH (pi3ionoriyHnx napameTpis
[30]. BogHouac naToreHeTUYHWUIA BNAUB Ha Pi3Hi
opraHu i TKaHnHW By/10 NPOAEMOHCTPOBAHO B YuC-
NEeHHUX JoCNimKEHHSAX [22—28].

Jpyrvm, HainbinbLll 3py4HUM, CNoco6oM BBe-
[OEHHS MOJIEKYIAPHOIO BOAHIO B OPraHi3M € nuTHa
BOAa, HacuyeHa H,. BiH ycyBae Hebe3neky B1byxy
i noxexi Ta 3a6e3nevye MOGINLHICTL Tepanii, Bia-
Kp1Baroum MOX/IUBICTb A/151 LUMPOKOrO BUKOPUCTaH-
HA BOAW, WO MICTUTb H,. OgHakK Leli nax Takox
Ma€ HeaoslikK, NoB’sA3aHi 3 HU3bKOK PO3YMHHICTHO
rasy [23]. Bigomo, WO HacuyeHHA PO3YMHEHOTO
BOAHIO cTaHoBUTb 0,78 MM (1,57 mr/n) npn Hop-
Ma/IbHOMY aTMOCepPHOMY TUCKY | KIMHATHI TeM-
nepartypi [31]. Lia o6¢cTtaBrHa MoXe 6y TH ICTOTHOIO,
TOMY LU0 He 3aBX/V [,03BOJISE LOCATTU HEOOXiAHOT
0o3u monekynu H, onsa 3abesneyeHHs MOBHOMoO
KNiHiYHOro ecdpekTty. KpiM TOro, BUKOPUCTOBYHOUU
JaHuin lWnsax, cnig BpaxoByBatu Te, L0 NigroToB-
NeHy BOAHEBY BOAY HEO0OXiJHO 3acTOoCOBYBaTu
HeraviHO, OCKi/IbKV BOHA Ma€ Ay>Xe KOPOTKMiA nepiog,
36epexeHHs1 KOHLeHTpauii H,, a Takox Toi dakT,
O nif, Yac NpuiMaHHSA BOAHEBO!T BOAM 3HAaYHa
KinbkicTb H, (>90 %) BTpayaeTbca Npy HopMaslb-
Homy BUanXxy [32]. Lie Bka3ye Ha BUCOKe NOr/ivMHaH-
Hs H, Ipy NpOXO4KeHHi Yepes LLYHKOBO-KULLKOBWIA
TPaKT i KDOBOHOCHY CUCTEMY, Yepe3 sKYy BOAEHb
Jocsarae nereHb Ta BUAMUXaeTbCA. [pu LboMy po3-
NoAiN BOAHKO B Pi3HUX TKaHMHaX i opraHax nicas
CMOXVBaHHSA BOAHEBOT BOAN HEO4HAKOBWI. 30Kpe-
Ma, MPOHWKHEHHSA H, Y KNITUHW MO3KY NpY BUKOPUC-
TaHHI PO3rSHYTOrO LWASAXY BBEAEHHSA € MiHIMasb-
HVUM [33], WO MOXe MaTu NPUHLMNOBE 3HAYEHHS
0151 BU3HAYEHHS MoKasaHb A0 /0ro KAiHIYHOro 3a-
CTOCYBaHHS.

3a3HaveHi BULLEe NMPUYNHN 3yMOBW/IN HEOOXia-
HICTb MOLUYKY a/lbTEPHATUBHUX LLJIAXIB LOCTaBKM
H, 0O TKaHVH, Yy TOMY YMC/Ti CTBOPEHHSA HAHOKOM-
NMo3uTiB 3 YNOBINIbHEHUM BUAISTEHHAM ra3y [34].
Mepepb6ayasiocs, WO X 6ye BKIYEHO [0 nepo-
pasibHOT TabneToBaHoi popmMu, a ue 3abesneuntb
MaKCUMasibHW edpekT 15 nauieHTiB. Taky cnpsiMo-
BaHy H,-Tepanito MoXHa NpoBOANTU 3 BUKOPUCTaH-

HAIM ri6pUAHNX HAHOKPUCTaIB Nasagjto. Lieli miaxia
Oyno nepeBipeHo B eKCnepuMeHTasIbHUX YMOBax
Ha mMoZeni OHKoMaTosorii, Wo [03BONNSIO MiATBEP-
[ONTW HE TifIbKW 0r0 aHTUKaHLEePOreHHY akTUBHICTb,
asie M 3axXUCT HE3MIHEHUX KMITVH Bif rinepTepmil
[35], a TaKoX OKCMAATUBHOIO CTPECY Ta YLLKOKEH-
HA, CNpuYrHeHoro iwemieto [34, 36]. Cnig, nigkpec-
TN MOX/IMBICTb BUKOPUCTaHHSA PI3HNX €NIEMEHTIB
AK OCHOBW [/19 HAHOKOMMO3WTIB, L0 BUAIMIAKOTH
BOZEHb (30KpeMa, YaCTUHOK KpeMHito) [34].

TexHosnorif, dyHaameHTanbHO nofibHa [o
CTBOPEHHS HAHOKPUCTaNIB 5K HOCITB H,, nonsrae y
BMKOPUCTaHHI crucTem Mikpobynbballok. B ocTaHHi
POKV 6Y/10 BMUC/IOB/IEHO MPUMYLLEHHS, WO Cnewu-
(hiuHa foCTaBKa BOAHHO 3a JONOMOrot Mikpooy/ib-
6aLlok 3abesneyye MakCuMasibHy Giof0CTYMHICTb
i MiHIMi3aLito “TpaHCNOPTHUX BTPAT” MOsiekynu [37].
Baxx/1MBOIO NepeBaroto Lboro LLUSAXY € MOX/IMBICTb
BBE/leHHS 3HaYHO Oi/IbLLOT KifIbKOCTI ra3y nopisHA-
HO 3 HaAXOMKEHHAM BOAMW, HacuyeHoi H,. Edek-
TUBHICTb METOAY NMPOAEMOHCTPOBAHO Ha Mogeni
iLLeMiYHOTO ypaxxeHHs Miokapaa y wypis [37].

TpeTiM, OCHOBHUM, LUIAXOM HaAXOKEHHA H,
B OpraHiamMm € BUKOPWCTaHHSA iH'EKLI Ta iHQy3ii
HacnyeHoro H, i30TOHIYHOIO POo34nHy Xopuay
HaTpito [23, 24]. 3a3HaueHuli WIAX TakoX Mae
nepesarn Ta Hefonikv. BiH J0O3BONSE 3 BUCOKOK
TOYHICTIO [103yBaTV BBELEHY Ki/IbKiCTb BOAHIO, BU-
KOPMCTOBYBATW PI3Hi KOHLEeHTpaLii, niasuysaTu
6iof0CTYNHICTL Npenaparty A/1s opraHa-MilleHi, a
npw HeobXiAHOCTI — 34iiCHIOBATM MICLEBUIA BM/IMB
Ha CTPOro BU3HAYeHi OiNAHKA TKaHWH (Hanpuknag,
noBepxHeBa JloKavlizaLlisi abo 30HU KaTeTepu3auii
Ta iH’ekuiT). BogHoyac iH'EKLIT pO34MHIB BOAHIO
CTaAHOBNATb MEBHWI PU3MK IHBA3MBHOCTI Ta, fK
Hac/ifoK, iHiKyBaHHS, a TakoX BUMararlTb 3ay-
YeHHs [OCBIAYEHOr0 MeAMYHOro nepcoHasny ans
NPOBEAEHHSA MaHinyauii. BBoaATb Ui po3unHu
nepeBaXHO BHYTPILUHLOBEHHO (NaLjieHT) abo BHYT-
piLLHbOYEPEBHO (B eKCnepuMeHTasIbHUX [0C/Ii-
[DKEHHSX 3 BUKOPVCTaHHAM 1abopaTopHMX TBAPWH)
[8]. Ha Hawy aymky, KAiHiYHUIA NOTeHLian Takoro
LWNSXY BBEAEHHS Le He MOBHICTI pOo3po6/eHo,
Mpo WO CBig4MTL Garatnii AOCBIA BHYTPILUHbOBEH-
HOI 030HOTepanii, TakoX OCHOBAHOI Ha Ajii Meauny-
Horo rasy [38—40].

Ha cborogHi B nitepartypi onvcaHo anbrepHa-
TUBHI LL/IAAXM BUKOPUCTAHHSA MOMEKY/IAPHOTO BOAHIO,
AKi nepefdayaroTb K CUCTEMHY, Tak i MiCLEeBY Aji.
30Kpema, NprKNasoM etpekTMBHOIO 3aCTOCYBaHHS
H, B fiepmartosnorii i KOCMETO/OriT € 3aCTOCYBaHHSA
BOZHEBUX BaHH npu ncopiasi [41] Ta ninocakuji [42].
Bnv3bKkvM [0 Liel TexHonorii BapiaHTom H,-Tepanii
€ BYKOPUCTaHHS OYHMX Kpanesib, HaCUYeHnX AaHnM
rasom, A4/19 MikyBaHHS iLLeMIYHKX ypakeHb paigyx-
HOI 0060/I0HKM OKa, a TaKOoX MPUrHIYeHHSA anonTo-
3y [43].
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Ocob6nunBwuii iIHTEPEC BUK/IMKAE CTUMYNSALIN
€H0reHHOoro cuHTe3y H, CMBioTUYHO MiKpodh/1o-
poto. MNokasaHo, Wo nepopasibHe NpPUAMaHHSA
NaKTyn1o3n 36inbLUye cMHTEe3 H, 6akTepisMu LWTyH-
KOBO-K/LLUKOBOro TpakTy [44]. Kpim Toro, 6ysno 3a-
MPONOHOBAHO BOAHEBUIA ANXasibHWI TeCT A1 BU-
3HaYeHHS CTaHy KULWKOBOI Mikpodniopu 3a Ti
30aTHICTIO reHepyBaTy MOJIEKYNAPHUI BOAEHD [45].
BaxnmBo nigkpecnutu, Wo BOAEHb CUHTE3YIOTb
MIKpOOpraHiaMu pasoM 3 iHWMK razamu (Hanpu-
knap, metaHom) [46]. BogHouac KinbKicTb yTBOpE-
HOro BOJHIO € pe3ynsraTtoM GanaHcy Ais/IbHOCTI
H,-npoaykytounx (rigporeHHux) i H,-yTunnisyoumx
(rioporeHOTPOdOHMX) KALIKOBMX MIKPOOGIB [47].

Cnip, TakoX BiA3HAUUTY LLE [eKifibKa eKCKIH0-
3UBHUX LUNAXIB BBEAEHHA H,, BK/THOYAKOUM XXUBEH-
HS Yepes 30HA, i3 BKIIOYEHHAM PO34UHY, HACUYEHO-
ro H, [48], BBefeHHA nig yac remopgianisy [49],
MicLieBe NiKyBaHHA NoBepxHi LWkipn [50], fofaBaH-
HA BOAHIO [0 CepefoByLLLa 36epeXeHHs TpaHCnnaH-
TOBaHWX OpraHiB A/1a 3anobiraHHs YLUKOKEHHIO
xonogom [51], a Takox /1 NPOMUBAHHS Pi3HUX
MOPOXHWH Tina.

AK 3rafyBaUiv paHillle, pi3Hi LWIAXN BBEAEHHSA
XapaKkTepusyTbCA He TiNIbKN CBOEHD BNN3bKICTIO
[0 TOUKM BMNIMBY, aU1e Ii CBOEO (hapMakoKIHETUKOO
[23]. 3okpema, 6y/n10 BCTAHOB/EHO, WO KOHLIEH-
TpaLis BOAHIO Y KPOBI LWBUAKO 3pOCTaE Nicns iH-
rasauii, ane yepes 3 xB Nic/1A NPUNUHEHHA 3HU-
XyeTbca A0 1/40 nikoBoro 3HaveHHA [52]. Mpu
LbOMY KiNIbKICTb BOAHIO B apTepiasibHili KpOBi
3aBXAU NepeBuLLYE Taky y BEHO3HIl KpOBi, L0
MOXe CBIgYMTU NPO ANPY3ito raszy B TKaHUHM [52].
MokasaHo TakoX, L0 MiKOBI 3HAYEHHS Nif Yac iH-
ranauii H, i Hagxo4pkeHHs1 BOAHeBOI BOAM focsra-
I0TbCSA 0AHOYacHO (Hanpukniag, 10—-30 XB 3a/1eXXH0
Bi, KOHUeEeHTpaL,ii/go3n). OgHak yac, Ha skuid H,
3aNMWAaETbCs B OpraHiaMmi 40 MOBEPHEHHS [0
BMXiZHOrO PiBHSA, cTaHOBUTL NoHa 30 xB [53]. Crig
3a3HaunTK, Lo BIM/IMB HA MOJMEKYNAPHI Kackaau
(Hanpuiknag, Ha ekcnpecito NF-kB Ta iHWux pery-
NATOPHMX BINKIB y TKAHWHI NeYiHKkK) BiNbLL BUpa-
YKEHWI ANst BOAHEBOI BOAM, @ NOEAHAHHS Ti NpUiA-
MaHHA 3 iHransuietro H, nocunioe edpekt [53]. Lli-
KaBo, L0 TKaHNHHA KOHLeHTpaLis H, 6yna 3HauyHo
BULLOO Ta 36epiranacs NpoTAaromM G6inbLU TpUBasio-
ro yacy nicsia BAMXaHHS NOPIBHAHO 3i CNOXUBaH-
HAM BoZHeBOT BoaM [33]. Mpu BHYTPILLHLOBEHHO-
MY BBEeEHHi i30TOHIYHUX PO3YMHIB, HACUYEHUNX
BOZHEM, MiKOBa KOHLIEHTpaLlis MONEKY/N B NOBITPI,
O BUAUXAETLCA, AOCArAETbLCA MaKCUMasibHO
LWIBWUAKO — NpoTarom 1 xs [1].

TakyuM YMHOM, Ha CbOrOAHI ICHYE LUMPOKMIA
CNEKTP LU/IAXiB BBEAEHHA MOMEKY/IAPHOIO BOAHIO

XapakrepucTuka MoneKynsipHUX i KNITMHHUX
acnekTiB 6i0N0rivYHOI Aii MOMIEKYNSIPHOro BOAHIO

YHiKka/1bHi epeKTN MOIEKYAPHOIO BOAHIO OMo-
CepenKoBYHTLCS Pi3HOMAHITHUMU MOJIEKYIAPHUMMU
MexaHizmamu (puc. 2).

HapxomxeHHa H, B opraHiam npu3Bogutb [0
peanizauii YNC/TEHHMX BIONONYHUX | KOPUCHUX
edpekTiB i€l razonogiéHol monekynu. Croamn BXo-
[OATb aHTMOKCMAAHTHA, aHTanonTo3Ha, npoTm3a-
nasibHa akTUBHICTb, perynsalis ekcnpecii reHis
TOLLO.

AHTUOKCUAAHTHI epeKTU MOJIEKyNspHOro
BO/AHIO

ICTOPMYHO nepLunM i HalibinbLl 3HaYYLLMM
MOJIEKYNAPHUM MexaHi3Mom gii H, € inoro Bnave
Ha BiNlbHOpaAMKasibHi npouecy B 6ioNoriyHux pi-
AvHax (Hacamnepepg y KpoBi) i TkaHuHax [21].
OKcuaaHTHUIA roMeocTas — Lie B3aemMogist i 6anaHc
reHepauji Ta ytunisauii BinbHUX pagukais ep-
MEHTHUMU | HePePMEHTHUMW aHTUOKCUAAHTHUMU
cuctemamuy [54, 55]. CneKkTp OCHOBHWUX MOJIEKYN
Ta ioHIB, AKi 6epyTb y4acTb Yy BisibHOpPaAKaIbHUX
peakuisix, BK/IYae Habip BUAO3MIHEHOIO KUCHIO
(Hanpuknag, rigpoKCUbHWA pagukan, cynep-
OKCUAHWI pajmnKkas, 030H, CUHIIETHUI KUCEHb,
nepeknc BOAHIO TOLLO), a30Ty (Hanpukiag, okcug,
as0oTy, HITPO30HIi, MEPOKCUHITPUT), a TaKOX raso-
reHHi (Hanpvknag, rinoxnopuT) i ninigHi (Hanpvik-
nap, NinooKcUNbHWI pagukan) pagmkaim [54-56].
3a disionoriyHmx ymoB Ui 6i0oKncHIoBaYi 6epyTb
yyacTb Y PI3HUX NO3aKNITUHHUX | BHYTPILUHBOK/TI-
TUHHUX NpoLLecax, BK/IOYaKoUy CUrHa/bHi Kackaau,
B SIKMX BOHW fjl0Tb SIK NePBUHHI a60 BTOPUHHI Me-
ceHpxepu [54]. BinbLicTb aKTUBHNX DOPM KNCHIO
BCEpeVHi KNITUHW TeHepyETLCA B MITOXOHAPIasTb-
HOMY NIaHLIOTy TPAHCMOPTY €/IEKTPOHIB, NepeBax-
Ho komnnekcamu 1 i 3 [57]. Kpim TOro, BinbHi pa-
Oukann yTeoprotoTbea 3 ydacTio NADPH-okcraasu,
NO-cuHTa3, KcaHTUHoKCHaasu, umtoxpomy P450,
anbaerigaerigporeHasu, reMonpoTeiHiB Ta iH. [58].
Mig, BNIVMBOM HECNPUATANBUX (DAKTOPIB PI3HOI
npupoam (disnyHMX, XiMiYHKX, BIONOMYHNX Ta iH.)
ab60 3a HasiBHOCTI CUCTEMHOI Y1 MiCLLeBOI NaToso-
rit nopyLyeTbca ancbanaHc MK HaMipHO reHe-
pauji€ero LIMX OKCUAaHTIB Ta akTUBaLer iX 4ETOKCU-
Kauii dpepMeHTaTMBHUMM i HedhepMeHTaTUBHUMU
aHTUOKCMAaHTamu cucTemMu Ta hopMy€eTHLCSA 0CO6-
JIMBWIA NATONOTIYHNI CTaH — OKCUAATVUBHUIA CTpec
[59-62]. faHwnii cTaH € OAHMM i3 HANGINbLL YHIBEP-
CaUTbHUX | C/TYrYE KOMMOHEHTOM MaToreHesy Wmpo-
KOro CrekTpa 3axBopoBaHb, iHAYKYOUM YLLKOIKEH-
HA KNITUH [61, 63]. Tomy nikBigaL,ito OKCUAATUBHO-
ro CTpecy C/lif, BBaXaTu BaX/IMBOKO METOH KOMI-
JIEKCHOTrOo NiKyBaHHS.

B OpraHi3m, LLL0 XapaKkTepusyTbCs He TisTbKX TOMiu- Barato gocnigHuKiB npunyckae, Wo srnive H, {:—E[
HUMK Ta I3MKO-XIMIYHMMW MapaMeTpamn, afie i Ha CTaH OKUCHIOBa/TbHOTO MEeTab0/i3My Nnonsrae B E
hapMakoKIHETUKOIO A MONEKY/IN. 6e3nocepeiHbOMY 3axXOrJ/IeHHI BiIbHUX paankasis @)
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Puc. 2. MonekynsipHi echekTvi BOAHIO Y XXMBUX OpraHiamax. Ha pucyHKy nokasaHo fesiKi i3 3anpornoHoBaHMX MEXaHi3MmiB, 3a
[L,0MOMOrOH0 SIKUX OCHOBHI epeKTn BOAHIO ONocepeAKoBYOTLCS HA MONEKY/IAPHOMY Ta KIITUHHOMY PIBHAX. Y 6innx 61okax Ha-
BEAEHO 3MiHV B PerynsiTopHUX Mosiekyiax, ki NprU3BOASTb 40 PO3BUTKY CneundiyHNX KTITUHHMX ehekTiB (Mo3Ha4YeHo cipmmn
6nokamun). Abpesiatypn: MAPK — mMiToreHakTBoBaHa npoTeiHkiHaza, HO-1 — remokcureHasa-1, TNF-a — dpaktop Hekposy
nyxnunHu-a, SOD — cynepokcngamcmyTtasa, MPO — mienonepokcngasa, GPx — rnytatioHnepokeungasa, NOS — cuHTasa okemay
asoty (eNOS - eHpgoTtenianibHa; INOS — iHgyunbensHa), IL — inTepnelikiH, HMGB1 — 6i/10K rpynu BMCOKOI pyx/MBocCTi B1,

NLRP3 — HykNneoTnao03B’aA3yBasibHUI OMEH Ofliromepu3alii.

i NnapanensHo B PerynsiTopHoOMY BMJ/IMBI HA aHTU-
OKCUAaHTHI cucTeMn opraHiamy. lNeplia cknagosa
aHTMoKcuaaHTHOI aii H, peanisyeTbcsa 3aBAsiku
6e3nocepeaHin B3aeMOAii BOAHK 3 TOKCUYHUMU
OKCUZaHTamu, Hacamnepes rigpoKCUNbHUM paau-
kanom ("OH) i nepokcuHiTputom (ONOO") [21], wo
Mae fiy>Xe BaXK/IMBE 3HAYEHHS, OCKiNIbKM came AaHi
MOJIEKY/TN-OKMCHIOBaYi BOMOAIOTb MakCUMaslbHO
OKUCHIOBa/TbHOKO aKTMBHICTHO. Lle 3acBigyeHo 3a
[0MoMoroto crneymdivHoro do1yopecueHTHOro 30H-
pa (2',7'-gpnxnopgurigpocnyopecumnH; DCF).
OKUCHIOBa/IbHWIA NOTEHLLia/1 OCHOBHUX GIOOKNCHHO-
BauiB NokasaHo Ha pucyHky 3 [64]. BapTo Haronocu-
™, Wo H, € HOBUM TUNOM aHTUOKCUAAHTA, OCKiflb-

K BiH BMBIpKoBO yTunidye "OH ta ONOO™, npu
LbOMY iCTOTHO He BMNJIMBA€E Ha PiBEHb MepeEKMcy
BOLHIO | CyNnepoKCUAHOIo pajvikana, ToMy He no-
pyLUyE MexaHi3MiB K/TITUHHOT curHanisau,i [23, 65].
BcTaHoBMEHO, WO HelTpanisauis pagukasis mose-
KyNSIpHUM BOAHEM MOXE Bif0yBaTMUCS B MO3aK/ITUH-
HOMY MpocTopi (Y TOMY umncsi B 6ionoriyHux pign-
Hax), a TakoX y Oyab-SKNX KOMNAPTMEHTaX K/TITUHN,
BK/IHOYAK4YM nsiasMaTuUyHi Ta MITOXOHApPIabHi
MeMbpaHu, 3aBAKM YHIKa/TlbHOMY MasioMy po3mipy
Mosiekynin H,, Lo 3yMOB/IOE Ti BUCOKY NMPOHWKHICTb
yepes byab-sKi 6ionoriyHi bap’epu [65, 66].

TakoX BCTAHOB/EHO, L0 BOAEHb MOXe NPOsiB-
NATN aHTUOKCUAAHTHY Ait0 Yepe3 CTUMYISALI
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Puc. 3. BigHOCHWI OKNCHIOBa/IbHUIA NOTEHLia/T AESIKNX BI0OKMCHIOBaYiB [64].

NeBHUX aHTUOKCUAAHTHUX hepmeHTiB. Y 2001 p.
B. Gharib Ta iH. nokazanu, Wo BaMxaHHs H, nocu-
J0E KaTaniTMyHi BNacTUBOCTI CynepoKcuaancmy-
Tasu [67] BHacnigok iHaykuii wnsxy Nrf2 [68]. Liei
thakTop 6e3nocepenHbO 36iMbLUYE eKcrnpecito
Ki/TbKOX aHTUOKCUAAHTHUX DEPMEHTIB | IPOTEOCOM,
a Takox remokcureHasu-1 [69, 70]. Big3HavyeHO
TakoX CTUMY/IOBaUTbHY fAito H, Ha akTUBHICTb KaTta-
naswimienonepokcugasu[71]. Kpim toro, BCTaHOB-
NIeHO 34aTHICTb H, NpurHiyyBaTy eKCnpecito reHis,
AKi BIANOBIJAIOTb 3@ NPOLAYKYBaHHS NepPOKCUHITPY-
TY[72].

JloatkoBum MexaHisMoM peavltisaLlii aHTUOKCK-
OaHTHOI Ail BOOHIO € BMJ/IMB Ha CUrHa1o0perysnto-
BaslbHY KiHa3y-1 (ASK1) Ta perynsiTopHui Lsx
MiTOreHakTMBOBaHOI npoTeiHkiHasn (P38 MAPK)
[24]. CTumynauia umx Kackagis npu3BoauTb 40
npurHiveHHs aktmeHocTi NADPH-okeugasn Ta, Ak
HacnifokK, 3MeHLIEHHS LUBUAKOCTI reHepavii BiflbHUX
pagukanis. CyKynHicTb LMUX edheKTiB L03BOMSE
oxapakTepusyBati H, sk yHiBepCasibHWiA aHTUOKCU-
OaHT LWMPOKOro cnekrpa Ail.

MpoTusananbHa A MONEKYIIPHOro BOAHIO

MpoTtusananbHa ais H, TicHo noB’A3aHa 3 oro
AHTUOKCUOAHTHUMU edpekTaMu i BKoYaE NomioHi
ab0 ifeHTYHI MexaHi3Mu 1T peanisavyi. Hanpuknag,
MOSEKYNSAPHUIA BOAeHb BnavBae Ha ASK1- i p38
MAPK-3aexHi perynatopHi wnasaxu, ki 6epyTtb
y4yacTb Y 3anasieHHi. HagmipHa reHepauis 6iopa-
OVKauliB MOXe CTUMYNIoBaTK 3anasibHy BiAgnoBigb
yepes aktmBaujito NF-kB, reHa p53, thaktopa-1q,
iHZYKOBaHOTrO TiNoKCIie0, MaTpUYHUX METasToNpPoTe|-
Ha3 ToLo [73, 74].

BcTaHoOBMEHO, LU0 HA paHHiii cTagji 3ananbHoi
peakuii 3acTocyBaHHA H, 3MeHLUYe CTYNiHb iH(INb-
Tpauii HeilTpodpiniB i Makpodoaria LWAAXOM iHri-
OyBaHHA eKkcrnpecii Monekyn KNiTUHHOI ajaresii
(ICAM-1) Ta psapy xeMokiHiB (Bkntovatoum MIP-1a i
MIP-2) [75]. KpimM TOro, BOAEHb 3HNXYE KOHLIEHTPa-
Ljto npo3anasibHuxX uMTokiHIB (IL-1[3, IL-6, TNF-q,
IFN-y Ta iH.) i pagy KONOHIECTUMYNIOBANIbHUX

thakTopiB (GM-CSF, G-CSF), a Takox thaktopa
HMGBL [76].

Cnip, 3BepHYTM 0COOGNMBY yBary Ha faHi npo Te,
L0 HacM4eHa BOAHEM BOAA MPUrHiYye OCHOBHUIA
perynsaTopHuiA 3ananbHWil Kackag, SKvii 3anycka-
eTbesa NF-kB [77]. Lieii dhakTop, iHaykoBaHwuii IL-1(3
i TNF-0, a TakoX akTuBHUMMK hopmMamm KMUCHIO,
perynioeTbes H, 3a TakuMu MexaHiamamu, [K:

— iHribyBaHHs akT1BHOCTI camoro NF-kB i noB's-
3aHNX 3 HUM UUTOKIHIB [78];

— 6nokaga TpaHcokauii oaktopa i3 yuronnas-
Mu B a4p0 [79, 80];

— nigBuULLEHHSA piBHA IKB, WO nepeLukomxae
3B’A3yBaHHI0 NF-kB 3 HK [79-81].

[HWXM NOTEHUiHUM MeXxaHi3MOM MpoTu3a-
nanbHoi ail H, € aktueauia IL-10, skuii 6e3noce-
pefHbO NPUrHIYY€E IHTEHCUBHICTL 3anasibHOI Bigno-
BiZi HA NOKaNbHOMY PiBHI (Hanpuknag, y TKaHUHax
paHun) abo Ha piBHI BCbOro opraHiamy [79, 80]. Kpim
TOro, NOBIZOM/IANOCS NP0 NO3UTUBHWIA BNIMB BOA-
HI0 Ha GanaHc nigTunis T-xennepis Ta ix cniBsig-
HOLWEHHA 3 T-perynAaTopHuMn nimcoumnTamu i
onacucTumu knituHamm [9, 80, 81]. Li edhekTn
MOXYTb CMPUATY NiABULLEHHIO KOHLEeHTpauii IL-10
nicns BeefeHH:A H,.

AHTManNonNTuU4Hi ehekTn MONeKynsipHoro
BO/AHIO

Bigomo, Lo anonTo3 € K1acu4yH1Um NpoLecom
3anporpamoBaHoi KITMHHOT CMepTI, Ik1ii 403BOSISE
SHULWATK KNITUHY-MilLleHb 6e3 3anycky 3anasibHoT
peaxuii [79]. AnonTos, 3a/1eXHO Bif A0ro 0co6/m-
BOCTEl, MOXe AiATN B Pi3HMX i3i0N0riYHuX i naTo-
NOTiYyHMX Npouecax, TOMy 0ro perynsuis IpuHLM-
NMoBO Bax/vBa A/ (PYHKLIOHYBaHHA opraHiamy
[81, 82]. CyyacHi ysABNeHHA Npo MOeKyNsApHi Me-
XaHi3Mu anonTo3y BK/IHHatoTb NOC/iLO0BHY aKT1Ba-
Lit0 LUMCTETHOBMX NpoTeas — epeKTopHUX Kacnas
[83], eHOoHyKea3 Ta arperartis 6iskiB poguHu Bcl
[82, 84].

MokasaHo, Lo H, Moxe maTu 6aratodhakTopHuii
BNAMB Ha npouec aytodarii [29]. 3arasiom ueli ras

OTJISI]T
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MPUrHiYy€e anonTo3s, Br/MBaUM Ha CUTHaUTbHI LUS-
XY, WO PEry/iolTb anonTo3 Ta Mnos’aA3aHi 3 HUM
6is1KK, BKNOYatoUn chocdatnamniiHo3nTosN-3-KiHasy
(PI3K), npoteinkiHasy B (Akt) i 3[3-KiHa3y rnikoreH-
cuHTasy (GSK3[p) [85]. 3acTtocyBaHHSA BOAHIO Mpu-
rHiYye akTmBalito kackagis, 30kpema ASK1/INK
[86], ERK 1/2 i MEK 1/2, Ta aKTUBHICTb Kacnas 3,
8, 9, a Takox cuctemy Bcl/Bax [86, 87].

Kpim TOro, aHtmanontuuHuii ecpekt H, TicHO
NOB’A3aHuiA 3 ABOMa ehekTamu, on1caHMm BurLLe,
OCKI/IbKM 3MEHLLIEHHS TSHXKKOCTI 3anasibHUX peakLiii
i 3HATTSA OKCMAATUBHOIO CTPECY 3MEHLLYIOTH NoTpe-
Oy y BUAANEHHI KNITUH WnsAxom anonTto3sy [88].
MopnibHWii edpekT cnpasnsie BNMBK, SKi CNPUSIOTb
NiATPUML, LiSTICHOCTI Ta (PYHKLOHaUTbHOT aKTUBHOC-
Ti MiTOXOHApIV [89]. Perynsauia aytodarii cnyrye
0151 3HVDKEHHS IHTEHCUBHOCTI anonTosy, yTBOPHOKO-
YM BaXX/IMBUIA GanaHc MK LMy npoLecamu.

Cnif 3a3HaunTy, LLIO B fesKMX BUNagkax 3acTo-
CyBaHHA H, TakoX MOXe maTtu npoanonTUyHWi
ecpekT. 30Kpema, Npu AesKNX BUAAX paky Moneky-
NApHUIA BOAEHb CTUMY/OE PaHHIN Ta Mi3Hil
anonTos, Wo gae 3Mory epekTMBHO BMBOAUTH
NYXIVHHI KNITUHW 3 OpraHiamy, 3HWXyBaTu piBeHb
nponidoepadii NyX/IMHHOT TKAHWHW Ta 36i/1bLLYyBaTU
LUBMAKICTb i pyiiHyBaHHs [90]. BogHouac MexaHis-
MiB, LLIO /1IeXaTb B OCHOBI TaKOro napagokcasibHoro
ecpekTy, NPaKTUYHO He BUBYEHO.

Perynsuisa nipontody MonekynsipHUM BOfA-
HeM

MiponTo3 € BiAHOCHO HOBOK (POPMOKD 3anpo-
rpamoBaHOi KIITUHHOT CMEpTI, Ka MPUHLMUMNOBO
BiPI3HAETLCA Bif anonTo3y TUM, WO BUK/INKAE
3anasnibHy peakLito. 3anaseHHs B LboMy BUNaaKy
NPOBOKYE akTMBaLjis peLenTopiB y cneujiasibHUX
CTPYKTYpax — iHpnamacomax [91]. BBaxatoTb, LLO
[JaHnin MexaHi3M Mae 3axvCHe 3HaYeHHs, ane Haj-
MipHa CTUMY/IALSA LbOro NpoLecy Crpusie Po3BuT-
Ky abo nporpecyBaHHO natosnorii. ®aktopu, Lo
CNpUAKTL IHAYKLIT NiPONTO3Y, BK/IOYAOTL aKTUBHI
dhopmu kucHro, Kacnasy 1 Ta iHdpnamacomn [92].
3rifHO 3 HaBefeHVMM BULLIE AAaHUMKU, MONEKYNAP-
HW BOAEHb Ma€ NpPoTM3anasibHy i aHTUOKCUAAHT-
Hy Ail, Wo A03BONATL 6/10KyBaTK BCI Lii pakTopu,
3anobiraoun HaaMipHil akTBauii nipontosy. Kpim
TOro, BOAEHb MOXe iHridyBaTy 3anasibHi 3axXBopIo-
BaHHSA, iHiLiiloBaHi NipONTO30M, LL/IAIXOM 3MEHLLEH-
HA BiZIbHUX pajvkanis, AK cyocTpartiB oKCcuaaTvBe-
Horo cTpecy, i genpecii NLRP3, wo gossonse
36epertn (PyHKLUiI0 TKaHUHW Ta 1i MIiKpO- i Makpo-
CTpyKTYypy [93].

Mopaynsuia ayTtocparii MonekynapHum Bog-
HeM

AyTodparisi, Ky TakoX HasuBalTb YaCTKOBO
MakpoayTodoarieto, € KatabosIivyH1UM NPOLECOM, LLLO
NiATPUMYE KNITUHHWUIA rTOMeOoCTas i peanisyeTbcs 3
y4acTHo Ni30coM Ta YBIKBITUH-NPOTEaCOMHOI CUC-

Temu [94]. Llei npouec, Skuii cnovatky mMae BU-
K/TIOYHO (Pi3iosioriyHe 3HaYEeHHs, 3a NeBHUX YMOB
(30kpema, nig Aieto cTpecopis aHOMas1bHOT IHTEH-
CVBHOCTI Ta/abo TprBas10CTi) HabyBae Ae3aaanTuB-
Horo xapakTtepy [95]. Byno nokasaHo, wo H, moxe
MaTu noABiliHMA BNAMB Ha npouec aytodparii. 3
ofHoro 60Ky, BOAEHb MOXe CTUMY/OBATU Cnewu-
ivHWIA HYKNEeOTUAHWMIA AOMEH, NPUrHivyBaTu
NLRP3 y makpocharax i o6mMexysaty 3anasibHi
peaxuji [79, 96]. Lle fo3BONSAE [OCATTM 3aXUCHOMO
ecbekTy WNAXOM CTUMYNOBaHHA ayTodoarii Ta 3a-
6e3neyeHHA npouesypy “BHYTPILLHLOKNITUHHOIO
OHOBJ/IEHHA”. 3 iHWOro 60Ky, Npu AesKnX naroso-
riyHMX cTaHax aytodparia HabyBae xapakTepy no-
pyLUeHoT abo HaaMIpHOI. 3a X YMOB AO0L/TbHO He
CTVMY/IOBaTW, a rasibMyBaTy AaHuii npouec [24].
30Kpema, npuv roCTpiii ereHesiit NaTonorii, Ky
CMPUYMHMB NiNonoslicaxapuwa naTtoreHHrX 6akTepii,
BMKOpUCTaHHA H, 06mexye HagMmipHy ayTtodparito
[24]. MopgibHUM YMHOM NpW TpaBmax rof10BHOIO
MO3Ky BOZHeBa Teparis Cnpusie NPUrHiYeHHo ay-
Tocparii, Lo 36iNbLUYE BUXKMBAHHS eHA0Te TiasTbHUX
KNITUH Y MIKPOLMPKYNATOPHOMY PYC/li MO3KOBOI
TKaHWHU [7].

BnavB MonekynsapHOro BOAHIO Ha K/iTUHU
i TKAHUHKN

UncneHHi MonekynsapHi ecpekT MonekynsipHo-
ro BOAHO 32aKOHOMIPHO BUK/TMKAKOTb 3MiHW Y (DYHK-
LliOHYBaHHI KNITUH i TKAHWH, a XapakTep MOy 1tot0-
yoi pii H, 6e3nocepefHbO 3a/1eXUTb Bif, LWAXY
HaXOKEHHSA CMONYKM B opraHiam (puc. 4).

Tak, npu 3acTocyBaHHi H, y Burnagi iHranauji
abo cnoxmBaHHA H,-HacuyeHol BoAM HeoO6XifHO
nogonaTy TKaHWHHI 6ap’epn 4718 NOWMPEHHS Mo
opraHisaMy (remaToanibBeOsIIPHUIA UM eHTepasib-
HWIA). Y LIbOMY BUNaaKy BOAEHb NPOHUKAE B a/1bBEO-
nounTu/eHTepoumTn, BUKINKaKUYM KOMOIHAL0
MOJIEKYNAPHNX epekTiB, NoKa3aHUX Ha PUCYHKY.
Hainbinblu 3HauyLwmmmn cepeg, unx epekTiB € aHTU-
OKCUZaHTHa fjsl, NOCTTpaHCNsALiliHi Mogudikauii,
3MiHW pPiBHA hocdopunoBaHHs pi3HUX GiNkiB, Mo-
Oynauia CTPYKTYPHO-OYHKLOHA/IbHOTO CTaHy Mi-
TOXOHZAPI. TakoX MOX/MBe NMPOHUKHEHHA H, B
A0PO, e MOXe BifbyBaTuca perynsauis ekcrpecii
reHiB, a TakoX enireHeTUYHNUIA KOHTPO/b, MOX/IMBO,
yepes 3anobiraHHs OKMCHIOBaUTbHIV Mogmndikauii
[OHK i 6inkiB-ricTOHiB.

lMicna nogonaHHAa TKaHMHHUX 6ap’epiB y MicLi
NMEePBMHHOIO KOHTAKTY, & TakoX Npwv 3acToCyBaHHi
iH'EKLi pO34MHIB BOAHIO H, noTpansisie y kpos, Ae
TakoX Mae Kifibka 3HauvyLmx edpekTiB. Y Ui 6iono-
MYHIR PigWHI HAPDKHUM NPUHLMNOM Aji € MOAY /IS
OKVCHIOBAJ/IbHOTO MeTabo/i3My i3 3aXOMnIeHHAM
TOKCUYHWX pafuKanis i OMOSTIOMKEHHAM EHOOTEHHUX
aHTuokcuaaHTie. OfHaK Cnif TakoX BpaxoByBaTu
afisTepHaTUBHI eDeKTI, BK/THYatoum Br/IMB Ha dhak-
TOPW 3ropTaHHsA KPOBi Ta NMOBEPXHEBI pPeLenTopHi
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/
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BHYTPILIHBLOKITYHHE

nepeHeceHHA

1. 3MiHV aKTUBHOCTI LIUTOXPOMIB.
2. 3MiHU oyHKLiA MiTOXOHAPIN

i cTumynsuia metaboniamy
eHepril.

3. AHTUOKCUAAHTHUIA edDEKT.
4. MpotusanasibHuii eOekT.
5. 3MiHu perynauii cuHTesy i

BUZiINIEHHSA LUTOKIHIB.

6. EnireHeTnyHi 3miHu.
7. 3MiHa piBHa chocthopuioBaHHA

6iNKiB.

8. Perynsuis anonTtosy Ta iHWnX

dopM KNITMHHOT cMepTi (niponTos,
theponTos, aytodparisi)

\ 4
BHyTpiLquo;q.qepH\"

. AHTUpaanKanbHWin edekT

(3MeHLLEeHHR piBHA -OH, -ONOO).

. Perynsuis dakTopis 3roptaHHs
KPOBI.

. 3MiHK peLenTopiB Ha NOBEPXHI
KNITUH KPOBI.

. AHTMaTepoCKNepOTUYHNIA eddekT
(3MEHLLIEHHS CTYNeHs OKUCHEHHS
6iNKiB Ta IHTEHCUBHOCTI
NepPOKCUAHOTrO OKUCHEHHS
ninigis).

. 3MEHLUEHHS piBHSA
rNiko31IbOBaHOro reMor1o6iHy.

. “PeHoBauin” eHA0reHHNxX
aHTUOKCUAAHTIB.

. MonoBHeHHs ByhepHux cnuctem
KpOBi

nepeHeceHHs

1

CucteMHwuii edoekT

1. Perynsiuis ekcnpecii reHis.
YWKOKEHHS | MyTaUild.
3. EnireHeTUYHNIA KOHTPONb.

4. leokcugauis 6inKiB-ricTOHIB.

TennoBoro oKy

2. 3axuct AHK Big OKMCHIOBaNIbHOMO

5. 36epexeHHst hyHKUiOHaNLHOCTI 6ifkiB

©oO~NOUAWNR

. 3axucT opraHis.

. Kopekuis iwemivyHo-penepdy3iiHuX yLUKOMKEHb.
KOHTpO/Ib CUCTEMHOT 3anasibHOI BignoBigj.

. MpWrHiYeHHA OKCUAATUBHOTO CTPECY.

. AHTVBIKOBUIA edpekT.

. AHTVIKaHL,eporeHHuiA edpexT.

. AHTVMaTepOCKNEePOTUYHNI edDeKT.

. MoKpaleHHS BULLMX PO3YMOBUX COYHKLLINA.

. 36iNbLUEHHS CTIKOCTi opraHiamy Ao disnyHmx

BN/MBIB Ta Pi3HWUX TPaBM

Puc. 4. 3aranbHi KNiTVHHI, TKAHWHHI Ta CUCTEMHI eDeKTV MOIEKY/IAPHOIO BOAHIO. Ha pucyHKy nokasaHo hapMakoKiHETUKY
MO/IEKY/IIPHOTO BOAHIO 3aU1€XKHO Bif LUMISAXY MOr0 HAAXOMKEHHS B OPraHiam. Y Tux Micusx, fe 6e3nocepefHbo fie BO4eHb, Ha-

BeJEeHO 0ro MOMEeKyNAPHI MeXaHi3Mu.

CTPYKTYpU. TakoX MOX/IMBUIA aHTUATEPOreHHW
ebekT 3aBAsKM 3aXUCTy eHA0TeNioLmnTIB Bif, OKMC-
HIOB&UTbHOTO YLLIKOKEHHS.

MoganbLunii TpaHcnopT H, 40 pi3HNX OpraHiB i
TKaHWH 3a6e3neyye po3BUTOK CUCTEMHIUX eDEKTIB,
00 AKUX Hasiexarb OpraHoMNpPOTEKTOPHI edhekTy,
MiHiMi3aLia Hacnigkis ilwemiyHo-penepdy3iiHnx
ypaXkeHb, 0OMEXEHHSI CUCTEMHUX 3anasibHUX pe-
akuiii, NpOTUNYX/IMHHA Ais, aHTUBIKOBUI edhekT,
NiABULLEHHA CTIliKOCTI opraHiaMy [0 CTPeCcoBUX
(hakTopiB Pi3HOro XapakTepy, nokpalleHa nepeHo-
CUMICTb (Pi3NYHMX HaBaHTaxeHb [97].

Kpim TOro, € flokasu MoAyo4ol Ail Moneky-
NPHOro BOAHIO Ha pi3Hi BUAM MmeTaboniamy (30kpe-
Ma, ninigHwia, 6inkoBuii | ByrnesogHuii o6miH) [98].
MoegHaHHA MONEKYNAPHO-KNITUHHUX | CUCTEMHUX
echekTiB nepenbdavae perynsatopHy posbs H, B yrnpas-

NiHHI CTaHOM PI3HUX K/ITUH, BKOYaK4M CTOB-
OypoBi.

Bnnue MmonekynsapHoro BOAHIO Ha pPi3Hi
nNynv KNiTUH i npouecu pereHepauit

Ak ye 6yso 3a3HaveHo, baratopakTopHa 6io-
JIoriyHa aKTMBHICTb H, CTBOPIOE NepesyMoBu A1
oro MoAy YOI Aii Ha NPOLECH KNITUHOYTBOPEH-
HS, NOYMHAKOUM 3 PaHHIX nonepesHuKiB — CTOBOY-
poBUX KNITVH. Lifo rinoTesy NigTBepiKyoTb HasBHI
eKkcnepumeHTasibHi faHi, OTpUMaHi in vitro Ta in vivo,
LLLO CBiAYaTb NP0 NO3UTMBHWI BNANB H, Ha BCi eTa-
nn chopmyBaHHA AnudepeHLiioBaHNX KiTUH
(puc. 5).

Y BOCnifXeHHAX, NpoBefeHUX Ha mogeni
annacTuyHoi aHeMii, Y10 NokasaHo, Lo BUKOPUC-
TaHHA H, BNvBae Ha Me3eHxiMmasibHi CTOBOYPOBI
KNITVHW, OCKiSIbKM CMPUSE 30i/IbLLEHHIO KiNTbKOCTI

OTJISI]T
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PicT KniTuH

1 CuHTe3
KonareHy

1 36epiraHHA
Ginka

[ MpoTtusananbHuii edpekt ]\

MokpaleHHs
MiKPOOTOUYEHHSA
KNIiTUH

1 EKcnpecia
TpaHcnopTy
€/1IeKTPOHIB
NaHLroBUX
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(oco6nueo
complex 1)

1T mtUPR (elF2a,
ATF4, ATF5)

MiToxoHApianbHi
edhekTu:
1 Maca
10,
1 MemMOpaHHUii
rnoTeHLjian

[ 1 AudbepeHuiavis }

.

i

1 dyHkujn
MiTOXOHAPIVi

Puc. 5. Bnnve MONeKyNsipHOro BOAHIO Ha CTaH CTOBOYPOBYUX KAITUH. Ha pucyHKY nokasaHo MOMEKYNSAPHI perynatopu (TEeMHO-
cipi 6710kKM) i KNITUHHI edekTn, BUKAVKaHI HAMK (CBITNO-Cipi 6/10KkKM), SKi BaXXNMBI 415 (DYHKLIOHYBaHHA CTOBOYPOBUX KAITUH.
Abpesiatypu: HSP 60 — 6in10k TennoBoro wwoky, HO-1 — remokcureHasa-1, TNF-a — dhaktop HEKpO3y Nyx/IMHU-0, IL — iHTepneiikiH,
IFN-y — iHTepcbepoH-y, CDs — Mapkep knactepHoi andepeHuiaii, MSC — me3eHxiMasibHa cToBOypoBa KiTuHa, GFAP — rniasibHuii

hibpunspHUIA KUCnii Ginok.

KOJTOHIEyTBOPIOBaUTbHUX OAnHULBL [76, 99]. Kpim
TOro, BBEAEHHSA BOLHIO MO3UTUBHO MOAY/OE CTaH
i PYHKLIOHa/TbHY aKTUBHICTb MITOXOHAPIN Y Pi3HUX
pakoBux kiTuHax [100]. 3okpema, Lie 3abe3nevye
aKTUBaLlis reHiB, BiAMNOBifa/IbHUX 38 CUHTES KOMIO-
HEHTIB KOMMNIEeKCY | naHuora TpaHCnopTy enekTpo-
HiB [100]. IcHYlOTb TakoX AaHi, Wwo H, BUknvnkae
36i/IbLUEHHS MacK MITOXOHAPIN, KOHUEHTpaLi cy-
NepoKCMAHOro pajukana B HUX i NigBULLEHHSA
MembpaHHoro noteHujiany [100]. Lii echekTn pazom
3a6e3neuytoTb 30i/bLIEHHS KNITUHHOT Nponidyepa-
Uil NpUHaNMHI AeAKUX TUMIB PAKOBUX KAITUH.
OcobnuBy yBary cnif 38epHy TV Ha BrsiMe H,Ha
MtUPR SK HellofaBHO iieHTUgikoBaHOro Mejjia-
TOpa, SKMiA 6epe yyacTb y OYHKLOHYBaHHI MITOXOH-
Apii [101] i BMKMBAHHI KNITUH Y HECNPUSATANBUX
ymoBax [102]. Lleli edhekT Moxe 6yTn NoB’A3aHuit
3i cTuMynALieto BUpo6eHHA HSP [103]. Ctumynio-
BaslbHa Aist BoAHIO Ha MUPR nposiBNAETbCA SK
3MiHa piBHA dhocopunoBarHHa elF2a [103] Ta
3pyLueHHs B ekcripecii ATF4 [104] i ATF5 [105]. Taka

KackajjHa BinoBiab 3a6e3mneyye akTuaaLito npowe-
ciB 3ropTaHHs 6inka. Kpim Toro, Lili Bignosigi cnpu-
A€ iHaykuis HSP60 [106], wo npn3soauTb A0 nia-
BULLIEHHA CUHTE3Yy KonareHy, HeobxigHoro Ak Ans
POCTY KNITUH, TaK i 415 OPMYBaHHS MXKKNITUHHOI
PeYoBUHU. [HWMM (hakTOpoM, 3aBAAKN AKOMY BO-
OeHb MOXe 36iNbLUMTY KNITUHHY nponichepaljto, €
Moro 3aaTHicTb akTuByBaT GFAP (rnianbHuit gib-
PUNSPHWIA KNCAKIA BINOK) — Mapkep avdepeHLiavii
B KNiTMHax rniobnactomu [107].

BaxnmBum acnektom, WO 3abesnevye akTu-
BaLlito npoLiecis nponichepadii, AncbepeHLitoBaHHS
Ta POCTY HOBUX KNITUH, € PO3BUTOK MiKPOOTOUEH-
HS1 CTOBOYPOBUX K/ITUH. LibOMy cnpusie 36inbLueH-
HS KINIbKOCTI KONTOHIEYTBOPHOBaUIbHUX (PakTopiB, a
TakoX perynioBasibHa fis LUTOKIHIB. 30Kpema,
BMKOpUCTaHHA H, iHaykye aktmBauito CCL-2, wWwo
NPU3BOAUTL A0 3HWXKEHHA PiBHA Mpo3anabHuX
unTokiHiB (TNF-a, IL-6, IFN-y) [104]. Opyrum me-
XaHi3MOM, LLI0 BM3HA4Ya€e 3MEHLLUEHHS KOHLIeHTpa-
LiT LMX LMTOKIHIB, € iHribyBaHHsa NF-kB, sikuii Takox
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Moxe 6yTu aktuBoBaHuin H, [108]. Kpim Toro, iH-
LWMM aHTMOKCUAAHTHMUM/AEeTOKCHKauiiHum dep-
MEHTOM, Lo iHAYKYETbCA H,, € reMokcureHasa-1.
Lleit hepMeHT gje sk cunbHUiA aHTMoKeaaHT [109]
i cnpusie CTUMYNAUIT CUHTE3Yy NPoTU3anasibHoro
uMTOKiHY IL-10 Ta yTBOpPEHHI0 Mapkepis Andyeper-
LitoBaHHA Ha NoBepxHi KNitnuHu [108]. Xoya nig vyac
KiNIbKOX AOC/iAXEHb BUKOPUCTOBYBAN Pi3Hi TUMK
KNITWH, CYKYMHI pe3ynbsratu nokasyTb, Wwo H,
MOXe CTBOPUTU YMOBW A1 NPUCKOPEHOI Npori-
hepavuii, AndepeHLitoBaHHS Ta pocTy CTOBOYPO-
BUX KNiTUH.

Lis BnactusicTb H, Mae Benvike 3Ha4eHHs ons
pereHepaTMBHOT MeQULMHU, OCKISIbKM I OCHOBHE
3aBjaHHA — POo3pobKa MaKCUMaUTbHO LLAAHUX TEX-
HOMOrI CTUMYAALIT NPOLECIB pereHepawii TKaHUH.
MoeaHaHHA MONEKYNAPHUX, KNITUHHWX | TKARHUHHNX
ecpekTiB H, CBigUMTbL NPO Moro 6aratorpaHHy Npo-
pereHepaTUBHY akTUBHICTb, AEeAKi acrnekTn AKol
NPeACcTaB/IeHO Ha PUCYHKY 6.

dyHAaMeHTaNbHOK LHHICTIO H, € iioro 3aart-
HICTb 3MEHLLYBaTU YLUKOMKEHHSA KTITUHHMUX CTPYK-
TYP BiNIlbHUMW pagukasiamn. SHATTS BUPaXKEHOTO
OKCUAATVMBHOIO CTPECY, AKMIA HEMUHYYe BUHMKAE B
TKaHWHaxX paHu, abo iHWOoro AedekTy TKaHWHN €
K/IIOYOBUM /18 KNITUHHOT pereHepadui [110, 111].
CTBOpPEHHSA CNPUATANBUX YMOB O/151 BiIHOB/IEHHS
KNITUHHOTO CKM1afy TKaHVWHU TakoX [OCAraeTbCs
npoTmnsanasibHow it H, [111-113], a TakoxX CTu-
MY/IALIED YTBOPEHHS KOMIMOHEHTIB MDKKNITUHHOT
peyoBUHY (Hanpvkiag, konareHy). MNpsmve 3amilleH-
HA KNITUHHOTO AeddiuuTy BifbyBaeTbCA 3a paxyHoK

akTuBaLil Me3eHXiMasibHUX CTOBOYPOBUX KNITVH, a
TakoX cTUmynAuii ix nponidepavii Ta gudpepen-
LitoBaHHA Mig, BNVMBOM MOJIEKYNAPHOIO BOAHIO.
Llei npouec 0OAAaTKOBO IHAYKYETbCA Ta peryso-
€TbCA HAbOPOM MpopereHepaTUBHUX LUTOKIHIB i
MirpaLjieto KNiTMHN y AeiHITUBHY HiLLly, YOMY CrpK-
A€ aKTVBaLis eKCnpecii MOMeKys KAITUHHOT aaresil
[114]. 3aranom cnig BBaxaty CNpUAT/IMBUM epexT
H, Ha cTaH Me3eHXiMasIbHUX CTOBOYPOBUX KNITUH i
npoLecn pereHepawii TKaHuH.

Takym 4mMHOM, Tpeba BIgMITUTA, LLO MOJSEKY-
NAPHUA BOAEHb, HaWIErwunin i HalinoLWMpPeHiLLniA
ras, Mae LUMPOKWIA CNekTp GioNI0rYHOT aKTUBHOCTI
A B OCHOBHOMY XapaKTepu3yeTbCs CBOIMW aHTW-
OKCUaHTHO, MPOTU3anasibHOoK Ta aHTUanonTuy-
HOl JisMu. BiH Takox 6epe yyacTtb y perynsauii
eKCrpecii YACNEHHUX TeHIB, 3axX1CTi BioMakpomo-
NeKyn Bif, OKUCHIOBASTbHOTO YLLKOKEHHS, CTUMY-
nauii BupobHuuTBa eHepril (AT®) [115, 116] Ta mae
iHWIi edpekTn. BogHouac, He3Baxatoum Ha piske
36iMIbLUEHHST KiNIbKOCTI AOCAIMKEHD | Ny6ikauin, y
TOMY YMC/i B YKpaiHi, oo 6ioMmeanmyHoro 3acTo-
CyBaHHS MOJIEKYNIIPHOTO BOAHIO, NMUTaHHSA 10ro
BMKOPUCTaHHA 5K NPOpereHepaTnBHOro areHTa Ao
KIHLIS1 He BUBYEHO. 3aCTOCYBaHHA laHOi MOJIEKY TN
Mae YMCIeHHI NnepeBar 3aBAsKM LLMPOKOMY CMeKT-
pY MONEKYNSAPHUX peakLiit, ki BoHa BUKIukae [117,
118]. Tomy npoBefeHHS UinecnpsasMOBaHUX
[OCnimpKeHb Y L ranysi MoXe BiAKPUTU HOBI ropu-
30HTU pereHepaTuBHOT MeJULMHU Ta CTBOPUTU
iHHOBALJjiiHY TEXHO/OTiH0 MPUCKOPEHOTO BiAHOB/EH-
HSA TKaHVH.

MokpauieHHs
MiKPOOTOUYEHHSA

KNiTUH

1 CuHTe3 eHeprii
B MITOXOHAPIAX

1 MpopereHepauis
UMTOKIHIB (IL-22,
TGF-B, VEGF, IGF-1)

1

3MeHLUEeHHs
OKCUAATUBHOIO
cTpecy i
CniBBigHOWEHHSA
ROSIRNS

MpoTtusananbHuii

AkTuBaLis MSC /

edekT

/

1 Mponidepauisn,
AndbepeHuiauis
Ta picT KNiTUH

\ Bn/vB Ha MOsieKyu

agresii
(ICAM, MCP-1)

1 CUHTe3 KonareHy

1 BHYTPILUHBOKAITUHHWIA
npocrip

Puc. 6. BB MONEKyNsipHOrO BOAHIO Ha pereHepawito TKaHUH. PUCYHOK intocTpye edekT MONEKYISIPHOrO BOAHIO,

NOTEHLIIHO BaXX/IMBI 4151 CTUMYNSLiT pereHepadii Ta gudepeHuitoBaHHA CTOBOYPOBUX KNiTUH. ABpeBiaTypu: IL — iHTepnenkiH, E‘[
TGF-B — chakTop pocTy nyxmHu-B, ROS — akTuBHi hopmu kncHio, RNS — akTtuBHi hopmm azoty, VEGF — BackynoeHgoTeniasibHuii =
thakTop pocTy, IGF-1 — iHcyniHonogibHuin chakTop pocTy-1, ICAM — Monekynia MixXKNiTUHHOI agresii, MCP-1 — moHouuTapHuiA —
XEMOTaKCUYHWIA Ginok-1. @]
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BnavB MoeKynsipHOro BOAHIO Ha OHKOJO-
riyHuiA npouec

Pak 3anuwaeTbcsa CKIafHOK MILLEHHIO O/1A
NiKyBaHHS1, OCKINbKK Cy4acHi TepaneBTUYHI MeToau
He MOXYTb NMPOAEMOHCTPYBATH BiHOBMOBASIbHUX
pe3ynbTaTiB 6e3 cepiio3HMX HEraTUBHNX HAC/TiKIB.
MoBifOMNSAETLCSA, WO MONEKYAPHUI BOAEHb €
MepCcrneKTUBHO AOMNOMDKHOI Teparieto 414 Niky-
BaHHS paky, OCKifIbkv Ma€ aHT1nponicpepaTuBHUi,
aHTVMOKCUAAHTHUIA, NPOANONTUYHUIA | IPOTUMYX/INH-
HWi1 echekTn. Ha cborogHiicHye 6513bko 700 pisHux
cTaTeil Npo MexaHi3M, pe3y/braTv JliKkyBaHHS Ta
3arasibHy ehekTUBHICTbL H,-Tepanii y nikyBaHHi paky.

J. B. Chen 3 koneramun y 2019 p. ogepxas
opuriHasIbHi pesynsTaTy B JOC/iLKeHHi Ha 82 na-
uieHTax i3 pakom Il i IV cTagiid, ki oTpuMyBasin
iHranayito BoAH. Micns 4 TWXHIB iHranauii BOHU
MoBiJOMW/IN NPO 3HaYHEe 3MEHLLEeHHSA BTOMM, 6e3-
COHHSA, aHopekcil Ta 6onto. Kpim Toro, B 41,5 %
nayieHTiB noainwmecsa i3NyHWiA CTaH, NpU4omMy
Halikpaloro edekTy 6yno JOCArHyTO y XBOPUX Ha
pak fiereHb, a HanripLoro — y naujieHTiB 3 pakom
NiALWNYyHKOBOT 3aU1031 Ta MHEKO/I0TIYHMMU OHKO3a-
XBOpOBaHHAMU. 3 58 BuNagkiB 3 NiABULLEHHAM
piBHA 04HOro abo Kisibkox aHOMasIbHUX OHKOMap-
KepiB Mapkepu Oynin 3HMXKeHi Yyepe3 13-45 aHiB
(mepiaHa 23 gHi) nicns iHransauyii BogHwo B 36,2 %.
Hali6inbLUIOro 3HXEHHS PiBHA Mapkepis 6yno ao-
CArHYTO MpW paky siereHb, a HaiMeHLLOoro — npu
3/10AKICHMX MyX/IMHaX MigLWIyHKOBOT 3a/1031 Ta
nedviHkn. Y 80 Bunagkax 3 nyxavHamu B 57,5 %
nicnsa iHransuii BOAHIO cnocTepiraam rnoBHY Ta
4YacTKOBY peMicito, Lo HacTasa Yepes 21-80 AHIB
(megiaHa 55 pgHiB). EdhekTnBHICTL Byna 3HayHO
BULLOK Y nauieHTiB 3 Il cTagieto, HX Y XBOPUX i3
IV cTagieto (83,0147,7 % BiANOBIAHO), 3 HANHWKYMM
piBHEM Y NaLiEHTIB 3 PaKkoMm MiLL1yHKOBOT 3a/103U.
[HransAuinHWii BOAEHb MOXE MOKPaLLUTU AKICTb
XUTTA NaUEHTIB i3 NPOrpecyoymM pakom i KOHTPO-
NoBaTU NPOrpecyBaHHsA paky. IHranauisa BOAHIO €
NPOCTUM i HEAOPOrMM NiKyBaHHAM 3 HEBEJIMKO
KIMIbKICTHO MOBGIYHUX peakujii, Lo BMMarae nogasib-
LLIOrO JOCNIMKEHHS AK cTpaTeril K/iHiYHOoT peabini-
Tauii nayieHTiB i3 nowmnpeHuMm pakom. MpoTokon
OOCHIIKEHHA OTPYMaB eTUYHE CXBasleHHSA KomiTe-
TY 3 €TUKN OHKOSOTIYHOT JlikapHi ®yaa yHiBepcuTe-

Ty U3iHaHb 7 rpyaHa 2018 p. (HOMep CXBasIeHHS:
Fuda20181207) [119].

BvBYEHHS BNMBY MOJIEKYIAPHOTO BOAHIO HA
pak LWNiik1 MaTK1 NpoAeMOHCTpyBao, wo H, cyT-
TEBO 3HWXXYBaB PiBEHb PEAKTVBHMX (DOPM KMCHIO
MOPIBHAHO 3 KOHTPO/IbHOO rpynoto (p<0,01) [120].
Ha TBapuHH1X Mogensx 6yno nokasaHo NpuUrHivyeH-
HA POCTY MyX/IMH Nif, BNAYBOM H, Yyepes pi3Hi npo-
TUMYX/IMHHI MexaHi3mu. D. Kawai Ta iH. (2012) [121]
3acBigunnu, WO BOAHEBA BOAA MAE 3HaYHi aHTU-
OKCUAAHTHY Ta NPOTUKaHUEepOoreHHy Aii. ABTopu
NPOLAEMOHCTPYBasIN, WO H, 3HWXYE eKCrnpecito
K/IIO4OBUMX reHiB MeTaboniamy Minigis, BNAMBaoum
Ha MeYyiHKOBY EKCMPECItO FeHIB CUHTE3Y i OKUCHEH-
HS XKUPHUX KAC/I0T Yepes B3aEMOZII0 3 peLienTtopa-
MW, LLIO aKTUBYHOTLCA NEPOKCUCOMHUMMW nponice-
patopamy (PPAR). 3arasiom Ui AOCNiMKEHHS nia-
TBEPAXKYIOTb, WO H, MOxe 6yTv HagiliHM [onoB-
HIOB&UTbHUM 3aCO00M Y J1iKyBaHHI paky.

D. Wang Ta iH. (2018) [122] y pocnigpKeHHsX
Ha TBapumHax NPOLEMOHCTPYBasIM iHTGyBaHHA 3a
npucyTHocTi H, nponidhepadii, iHBasii i mirpauii
pakoBUX KITUH BHAC/IOOK 3HUXEHHA ekcrpecil
SMC3, LLIO MPU3BESIO A0 3HKEHHSA MYX/IMHOTEHE3Y
[123]. J. B. Chen Ta iH. (2020) [124] npoBe/nn Lwu-
POKi AOC/iIKEeHHA edpeKTUBHOCTI H, NpoTun paky i
3po6UN BUCHOBOK, L0 BOAEHb MOXeE BifirpasaTu
NeBHy Posib Y MOAYNIOBaHHI fleikouunTie. Ha aymky
C. D. Madsen Ta E. Sahai (2010), nigsueHHsA
PIBHSA NTEAKOLUTIB CNPUSIE iHBA3Il PakoBMX KNITWH,
a OTXe, MOCU/IEHHIO TSXKKOCTI OHKOJIOTYHOTO Npo-
Lecy B nauieHTis [125]. JocnimkeHHs Ha naujieHTax,
Aki nposenn J. B. Chen TaiH. [124], Takox nigTeep-
[XKyHOTb loKa3un Toro, wo H, Moxe 6yTy HOBUM
nigxoAoMm [0 NiABULLEHHS BUKMBAHHSA | NONIMNLIEH-
HA AKOCTI XXUTTA XBOPUX Ha pak.

Takum ymHom, H, Bigirpae 6aratoobiudtouy
TepaneBTUYHY POJIb i SIK cCaMOCTiliHa Tepanis, i 5K
af’toBaHT y KOMOGIHALLT /TiKyBaHHA paky, Lo NprBo-
ONTb [0 3aranbHOro MosinweHHA BUXUBAHOCTI,
AKOCTI XWUTTA, MNOKA3HWKIB KPOBi Ta 3MEHLUEHHSA
NyxX/IMHW. 3 ornsay Ha 6aratooobiusatodi pesyssraTu
NO3MTMBHOIO BNAMBY H, Ha OHKOMOriYHUIA NpoLiec,
y NepcrnekTnBi HeOOXiAHI GifbLL KOMMNIEKCHI [OCTi-
[)KeHHs, a H, BapTo po3rnsagatu 415 BUKOpUCTaH-
HS SIK IONOBHEHHS [0 ICHYHUOT Teparnii paky.

ISSN 2410-681X. MenuuHa Ta KiIiHiyHa Ximisa. 2023. T. 25. Ne 2



CMCOK NITEPATYPU

1. Beneficial biological effects and the underlying
mechanisms of molecular hydrogen—comprehensive
review of 321 original articles / M. Ichihara, S. Sobue,
M. Ito [et al.] // Med. Gas Res. — 2015. — 5. — P. 1-21.

2. Areview of experimental studies of hydrogen as
a new therapeutic agent in emergency and critical care
medicine / M. Shen, H. Zhang, C. Yu [et al.] // Med. Gas
Res. —2014. — 4 (17).

3. A “philosophical molecule”, hydrogen may over-
come senescence and intractable diseases/S. |. Hirano,
Y. Ichikawa, R. Kurokawa [et al.] // Med. Gas Res. —
2020. —10. — P. 47-49.

4. Molecular hydrogen: Current knowledge on
mechanism in alleviating free radical damage and
diseases/G. Tao, G. Song, S. Qin, [etal.] // Acta Biochim.
Biophys. Sin. — 2019. — 51. — P. 1189-1197.

5. Hydrogen gas treatment improves the neurological
outcome after traumatic brain injury via increasing miR-21
expression / L.Wang, C. Zhao, S. Wu [et al.] // Shock. —
2018. — 50. — P. 308-315.

6. Hydrogen postconditioning promotes survival of
rat retinal ganglion cells against ischemia/reperfusion
injury through the PI3K. Akt pathway / J. Wu, R. Wang,
D. Yang [et al.] / Biochem. Biophys. Res. Commun. —
2018. —495. — P. 2462-2468.

7. Molecular hydrogen as a potential clinically
applicable radioprotective agent/ S. I. Hirano, Y. Ichika-
wa, B. Sato [et al.] // Int. J. Mol. Sci. — 2021. — 22. —
P. 4566.

8. Molecular hydrogen: A potential radioprotective
agent / Q. Hu, Y. Zhou, S. Wu [et al.] // Biomed. —
Pharmacother. — 2020. — 130. — P. 110589.

9. Hydrogen-water enhances 5-fluorouracil-induced
inhibition of colon cancer / J. Runtuwene, H. Amitani,
M. Amitani [et al.] // Peer J. — 2015. — 3. — P. 859.

10. Molecular hydrogen as a novel antitumor agent:
Possible mechanisms underlying gene expression /
S. I. Hirano, H. Yamamoto, Y. Ichikawa [et al.] // Int. J.
Mol. Sci. — 2021. — 22. — P. 8724.

11. Hydrogen gas inhibits lung cancer progression
through targeting SMC / D. Wang, L. Wang, Y. Zhang
[et al.]// Biomed. Pharmacol. —2018. -104. — P. 788—797.

12. Tracts written by the honourable Robert Boyle
Containing New Experiments Touching the Relation
Betwixt Flame And Air: And About Explosions: An
Hydrostatical Discourse Occasion’d by Some Objections
of Dr. Henry More Against Some Explications of New
Experiments Made by the Author of these Tracts: To
Which is Annex’t, an Hydrostatical Letter, Dilucidating an
Experiment about a Way of Weighing Water in Water /
Boyle, R. // Printed for Richard Davis, Book-Seller in
Oxon. — 1672. — Access mode: https://quod.lib.umich.
edu/e/eebo2/A29057.0001.001/1:21.1?rgn=div2;view=f
ulltext (accessed on 22 January 2023).

13. Cavendish H. Three papers, containing experi-
ments on factitious air / H. Cavendish // Phil. Trans. R.
Soc. —1766. — 56. — P. 141-184.

14. Beddoes T. A Letter to Erasmus Darwin, M.D. On
ANew Method of Treating Pulmonary Consumption, and
Some Other Diseases Hitherto Found Incurable /

16. Levitt M. D. Production and excretion of hydrogen
gas in man / M. D. Levitt // N. Engl. J. Med. — 1969. —
281. - P. 122-127.

17. Hyperbaric hydrogen therapy: A possible treat-
ment for cancer / M. Dole, F. R.Wilson, W. P. Fife //
Science. — 1975. — 190. — P. 152-154.

18. Lanphier E. H. Human respiration under in-
creased pressures / E. H. Lanphier // Symp. Soc. Exp.
Biol. — 1972. — 26. — P. 379-394.

19. On the relationship between affinity for molecu-
lar hydrogen and the physiological directionality of
hydrogenases / D. J.Van Haaster, P. L. Hagedoorn,
J. A. Jongejan [et al.] // Biochem. Soc. Trans. — 2005. —
33 (1). —P. 12-14.

20. Electrolyzed hydrogen-saturated water for drin-
king use elicits an antioxidative effect: A Feeding Test
with Rats / T. Yanagihara, K. Arai, K. Miyamae [et al.] /
Biosci. Biotechnol. Biochem. — 2005. — 69. — P. 1985—
1987.

21. Hydrogen acts as a therapeutic antioxidant by
selectively reducing cytotoxic oxygen radicals /. Ohsawa,
M. Ishikawa, K. Takahashi [et al.] // Nat. Med. — 2007. —
13. — P. 688-694.

22. Strategies for the prevention and management
of coronavirus disease 2019 / W. J. Guan, R. C. Chen,
N. S. Zhong // Eur. Respir. J. — 2020. — 55. — P. 2000597

23. Hydrogen, a novel therapeutic molecule, regu-
lates oxidative stress, inflammation, and apoptosis /
Y. Tian, Y. Zhang, Y. Wang [et al.] // Front. Physiol. —
2021.—-12. — P. 789507.

24. Molecular hydrogen is a promising therapeutic
agent for pulmonary disease / Z. Fu, J. Zhang // J.
Zhejiang Univ. Sci. B. — 2022. — 23. — P. 102-122.

25. Hydrogen/oxygen mixed gas inhalation improves
disease severity and dyspnea in patients with Coronavirus
disease 2019 in a recent multicenter, open-label clinical
trial /W. J. Guan, C. H. Wei,A. L. Chen[etal.]// J. Thorac.
Dis. — 2020. — 12. — P. 3448-3452.

26. Hydrogen coadministration slows the develop-
ment of COPD-like lung disease in a cigarette smoke-
induced rat model / X. Liu, C. Ma, X. Wang [et al.] // Int.
J. Chron. Obstruct. Pulmon. Dis.—2017.—-12. —P. 1309-
1324.

27. Hydrogen/oxygen therapy for the treatment of
an acute exacerbation of chronic obstructive pulmonary
disease: Results of a multicenter, randomized, double-
blind, parallel-group controlled trial / Z. G. Zheng,
W. Z. Sun, J. Y. Hu [et al] // Respir. Res. — 2021. — 22. —
P. 149.

28. Hydrogen gas inhalation enhances alveolar
macrophage phagocytosis in an ovalbumin-induced
asthma model / P. Huang, S. Wei, W. Huang [et al.] / Int.
Immunopharmacol. — 2019. — 74. — P. 105646.

29. Anew approach for the prevention and treatment
of cardiovascular disorders. Molecular hydrogen
significantly reduces the effects of oxidative stress /
T. W. LeBaron, B. Kura, B. Kalocayova [et al.] // Molecu-
les. — 2019. — 24. — P. 2076.

30. Safety of prolonged inhalation of hydrogen gas
in air in healthy adults / A. R. Cole, F. Sperotto,

T. Beddoes // Bulgin & Rosser: Bristol, UK. — 1793. D. J. A. Nardo [et al.] / Crit. Care Explor. — 2021. — 3. — =
15. Beddoes T. Considerations on the Medicinal Use, P. 543. =N
and on the Production of Factitious Airs / T. Beddoes // 31. Effects of hydrogen-rich water prepared by alter- E
Ann. Med. — 1796. — 1. — P. 245-265. nating-current-electrolysis on antioxidant activity, DNA @)
ISSN 2410-681X. MenuuHa Ta KiaiHigHa XimMis. 2023. T. 25. Ne 2 113




oxidative injuries, and diabetes related markers/R. Asa-
da, K. Tazawa, S. Sato [et al.] // Med. Gas Res. —2020. —
10. — P. 114-121.

32. Estimation of molecular hydrogen consumption
in the human whole body after the ingestion of hydrogen-
rich water / A. Shimouchi, K. Nose, M. Shirai [et al.] //
Adv. Exp. Med. Biol. — 2012. — 737. — P. 245-250.

33. Estimation of the hydrogen concentration in rat
tissue using an airtight tube following the administration
of hydrogen via various routes / C. Liu, R. Kurokawa,
M. Fujino [et al.] // Sci. Rep. — 2014. — 4. — P. 5485.

34. Oral administration of Si-based agent attenuates
oxidative stress and ischemia-reperfusion injury in a rat
model: A novel hydrogen administration method / M. Ka-
wamura, R. Imamura, Y. Kobayashi [et al.] // Front.
Med. — 2020. - 7. — P. 95.

35. Local generation of hydrogen for enhanced
photothermal therapy / P. H. Zhao, Z. K. Jin, Q. Chen
[et al.] // Nat. Commun. — 2018. — 9. — P. 4241.

36. Acid-responsive H2-releasing Fe nanopatrticles
for safe and effective cancer therapy / Z. Kou, P. H. Zhao,
Z. H. Wang [et al.] // J. Mater. Chem. B. — 2019. — 7. —
P. 2759-2765.

37. Image-guided hydrogen gas delivery for protec-
tion from myocardial ischemia-reperfusion injury via
microbubbles / Y. He, B. Zhang, Y. Chen, [et al.] // ACS
Appl. Mater. Interfaces. — 2017. — 9. — P. 21190-21199.

38. Influence of the course of treatment by injections
of ozonized saline on rheological properties of erythrocytes
in patients with complex pathology / L.N. Katiukhin /Hum.
Physiol. — 2016. — 42. — P. 672-677.

39. Ozone therapy in patients with burn disease /
A. K.Martusevich, S. P. Peretyagin, M. V.Ruchin [etal.] /
J. Biomed. Sci. Eng. — 2018. - 11. — P. 27-35.

40. Potential cytoprotective activity of ozone therapy
in SARS-CoV-2/COVID-19 / G. Martinez-Sanchez,
A. Schwartz, V. Di Donna // Antioxidants. — 2020. — 9. —
P. 389.

41. Positive effects of hydrogen-water bathing in
patients of psoriasis and parapsoriasis en plaques /
Q. Zhu, Y.Wu, Y. Li[ etal.]// Sci. Rep. —2018. — 8. — P. 8051.

42. Effects of hydrogen-rich water bath on visceral
fat and skin blotch, with boiling-resistant hydrogen
bubbles/R.Asada, Y. Saitoh, N. Miwa // Med. Gas Res. —
2019. — 9. - P. 68-73.

43. Protection of the retina by rapid diffusion of hy-
drogen: Administration of hydrogen-loaded eye drops in
retinal ischemia-reperfusion injury / H. Oharazawa,
T. Igarashi, T. Yokota [et al.] // Invest. Ophthalmol. Vis.
Sci. —2010. — 51. — P. 487-492.

44. Lactulose ameliorates cerebral ischemia-reper-
fusion injury in rats by inducing hydrogen by activating
Nrf2 expression / X. Zhai, X. Chen, J. Shi [et al.] // Free
Radic. Biol. Med. — 2013. — 65. — P. 731-741.

45. Application of methane and hydrogen-based
breath test in the study of gestational diabetes mellitus
and intestinal microbes / M. Zhang, Y. Xu, J. Zhang
[et al.] // Diabetes Res. Clin. Pract. — 2021. — 176. —
P. 108818.

46. The effects of methane and hydrogen gases
produced by enteric bacteria on ileal motility and colonic

intestinal barrier / L. Ge, J. Qi, B. Shao [et al.] // Gut
Microbes. — 2022. — 14. — P. 2013764.

48. Hydrogen water intake via tube- feeding for pa-
tients with pressure ulcer and its reconstructive effects
on normal human skin cells in vitro / Q. Li, S. Kato,
D.Matsuoka, // Med. Gas Res. —2013. - 3. — P. 20.

49. Hydrogen-rich saline attenuates neuronal isch-
emia-reperfusion injury by protecting mitochondrial
function in rats / Y. Cui, H. Zhang, M. Ji [et al.] // J. Surg.
Res. —2014. —192. — P. 564-572.

50. Ostojic S. M. Molecular hydrogen in sports
medicine: New therapeutic perspectives/S. M. Ostojic //
Int. J. Sports Med. — 2015. — 36. — P. 273-279.

51. Anovel method of preserving cardiac grafts using
a hydrogen-rich water bath / K. Noda, N. Shigemura,
Y. Tanaka [etal.] // J. Heart Lung Transpl. —2013. —32. —
P. 241-250.

52. Pharmacokinetics of a single inhalation of hydro-
gen gas in pigs / M. Sano, G. Ichihara, Y. Katsumata
[etal.] // PLoS ONE. — 2020. — 15. — P. 0234626.

53. Simultaneous oral and inhalational intake of
molecular hydrogen additively suppresses signaling
pathways inrodents / S. Sobue, K. Yamai, M. lto [et al.] //
Mol. Cell Biochem. — 2015. — 403. — P. 231-241.

54. Oxyl radicals, redox-sensitive signalling cascades
and antioxidants / M. Genestra // Cell Signal. — 2007. —
19. - P. 1807-1819.

55. Oxidative stress: A concept in redox biology and
medicine /H. Sies// Redox Biol. —2015. - 4. —P. 180-183.

56. Reactive oxygen species and mitochondria:
Anexus of cellular homeostasis/J. Dan Dunn, L. A. Alva-
rez, X. Zhang [et al.] // Redox Biol. — 2015. — 6. —
P. 472-485.

57. Generation of reactive oxygen species by the
mitochondrial electron transport chain /Y. Liu, G. Fiskum,
D. Schubert// J. Neurochem. — 2002. — 80. — P. 780-787.

58. B. Halliwell, J. Gutteridge Free Radicals in Biol-
ogy and Medicine, 5th ed.; Oxford University Press:
Oxford, UK. — 2015.

59. Oxidative stress and endothelial dysfunction: Say
no to cigarette smoking! / D. Grassi, G. Desideri, L. Ferri
[etal.]// Curr. Pharm. Des. —2010. — 16. — P. 2539-2550.

60. Measuring plasma oxidative stress biomarkers
in sport medicine / M. I. Harma, M. Harma, O. Erel // Eur.
J. Appl. Physiol. — 2006. — 97. — P. 505-508.

61. Oxidative stress in angiogenesis and vascular
disease/Y.W. Kim, T. V. Byzova// Blood. —2014. - 123. —
P. 625-631.

62. Cigarette smoking induced oxidative stress may
impair endothelial function and coronary blood flow in
angiographically normal coronary arteries / H. Tanriverdi,
H. Evrengul, O. Kuru [et al.] // Circ. J. — 2006. — 70. —
P. 593-599.

63. Burton G. J. Oxidative stress / G. J. Burton,
E. Jauniaux // Best Pract. Res. Clin. Obstet. Gynaecol. —
2011. — 25. — P. 287-299.

64. Development of novel fluorescence probes that
can reliably detect reactive oxygen species and dis-
tinguish specific species / K. Setsukinai, Y. Urano,
K. Kakinuma [et al.] // J. Biol. Chem. — 2003. — 278. —
P. 3170-3175.

= transit time / J. Jahng, I. S. Jung, E. J. Choi [et al.] // 65. Ohta S. Molecular hydrogen as a preventive and
N Neurogastroenterol. Motil. — 2012. — 24. — P. 185-192.  therapeutic medical gas: Initiation, development and
E 47. Microbial hydrogen economy alleviates colitisby  potential of hydrogen medicine / S. Ohta // Pharmacol.
e reprogramming colonocyte metabolism and reinforcing  Ther. — 2014. — 144. — P. 1-11.

114 ISSN 2410-681X. MemuuHa Ta KaiHigHa XimMist. 2023. T. 25. Ne 2




66. Molecular hydrogen as a novel antioxidant:
Overview of the advantages of hydrogen for medical
applications / S. Ohta // Methods Enzymol. — 2015. —
555. — P. 289-317.

67. Anti-inflammatory properties of molecular hydro-
gen: Investigation on parasite-induced liver inflammation /
B. Gharib, S. Hanna, O. M. Abdallahi [et al.] // Comptes
Rendus Acad. Sci. Ill —2001. — 324. — P. 719-724.

68. Oxidative stress response and Nrf2 signaling in
aging/H. Q. Zhang, K. J. A. Davies, H. J. Forman [et al.] //
Free Radic. Biol. Med. — 2015. — 88. — P. 314-336.

69. Hydrogen attenuates sepsis-associated en-
cephalopathy by NRF2 mediated NLRP3 pathway
inactivation / K. L. Xie, Y. Zhang, Y. Q. Wang [et al.] //
Inflamm. Res. — 2020. — 69. — P. 697-710.

70. Hydrogen gas reduces HMGBL release in lung
tissues of septic mice in an Nrf2/ HO-1-dependent
pathway / Y. Yu, Y. Y. Yang, M. Yang [et al.] // Int.
Immunopharmacol. — 2019. — 69. — P. 11-18.

71. Treatment with hydrogen molecule alleviates
TNFo-induced cell injury in osteoblast / W. W. Cai,
M. H. Zhang, Y. S. Yu [et al.] // Mol. Cell. Biochem. —
2013.-373.-P. 1-9.

72. Breathing nitric oxide plus hydrogen gas re-
duces ischemia-reperfusion injury and nitrotyrosine
production in murine heart/ T. Shinbo, K. Kokubo, Y. Sato
[et al.] // Am. J. Physiol. Circ. Physiol. — 2013. — 305. —
P. 542-550.

73. Reactive oxygen species in metabolic and inflam-
matory signaling/ S. J. Forrester, D. S. Kikuchi, M. S. Her-
nandes [et al.] // Circ. Res. —2018. — 122. — P. 877-902.

74. Mitochondrial reactive oxygen species and
inflammation: Molecular mechanisms, diseases and
promising therapies / A. Rimessi, M. Previati, F. Nigro
[etal.]// Int. J. Biochem. Cell Biol. — 2016. — 81 (B). —
P. 281-293.

75. Hydrogen protects lung from hypoxia/re-oxygen-
ation injury by reducing hydroxyl radical production and
inhibiting inflammatory responses / M. Chen, J. Zhang,
Y. Chen [et al.] // Sci. Rep. — 2018. — 8. — P. 8004.

76. Therapeutic effects of hydrogen-rich solution on
aplastic anemia in vivo/ S. Zhao, K. Mei, L. Qian [etal.] //
Cell. Physiol. Biochem. — 2013. — 32. — P. 549-560.

77. Hydrogen-rich saline resuscitation alleviates
inflammation induced by severe burn with delayed re-
suscitation / X. Wang, P. Yu, Y. Yang [et al.] // Burns. —
2015. —41. — P. 379-385.

78. Redox signalling by transcription factors NF-kB
and AP-1 in lymphocytes / K. Schulze-Osthoff, M. Los,
P. A. Baeuerle // Biochem. Pharmacol. — 1995. — 50. —
P. 735-741.

79. Hydrogen-rich saline attenuated subarachnoid
hemorrhage-induced early brain injury in rats by suppres-
sing inflammatory response: Possible involvement of
NF-kB pathway and NLRP3 inflammasome / A. Shao,
H. Wu, Yu. Hong [et al.] // Mol. Neurobiol. — 2016. - 53. —
P. 3462-3476.

80. The anti-inflammatory effect of hydrogen on lung
transplantation model of pulmonary microvascular endo-
thelial cells during cold storage period / G. Zhang, Z. Li,
C. Meng [et al.] /I Transplantation. — 2018. — 102. —

82. Apoptosis: A review of programmed cell death /
S. Elmore // Toxicol. Pathol. — 2007. — 35. — P. 495-516.

83. Regulation of apoptosis in health and disease:
The balancing act of BCL-2 family proteins / R. Singh,
A. Letai, K. Sarosiek // Nat. Rev. Mol. Cell Biol. —2019. —
20. - P. 175-193.

84. Old, new and emerging functions of caspases /
S. Shalini, L. Dorstyn, S. Dawar [et al.] // Cell Death
Differ. — 2015. — 22. — P. 526-539.

85. Building blocks of the apoptotic pore: How Bax
and Bak are activated and oligomerize during apoptosis /
D. Westphal, R. M. Kluck, G. Dewson // Cell Death
Differ. — 2014. — 21. — P. 196-205.

86. Hydrogen-rich saline attenuates brain injury in-
duced by cardiopulmonary bypass and inhibits micro-
vascular endothelial cell apoptosis via the PI3K/Akt/
GSK3p signaling pathway in rats / K. Chen, N. Wang,
Y. Diao [et al.] // Cell. Physiol. Biochem. — 2017. — 43. —
P. 1634-1647.

87. Hydrogen-rich saline attenuates skin ischemia/
reperfusion induced apoptosis via regulating Bax/Bcl-2
ratio and ASK-1/INK pathway / Y. Q. Liu, Y. F. Liu,
X. M. Ma [et al.] // J. Plast. Reconstr. Aesthetic Surg. —
2015. - 68. — P. 147-156.

88. Hydrogen-rich saline protects rat from oxygen
glucose deprivation and reperfusion-induced apoptosis
through VDAC1 via Bcl-2 / X. Y. Mo, X. M. Li, C. S. She
[et al.] // Brain Res. — 2019. — 1706. — P. 110-115.

89. Hydrogen-rich saline promotes the recovery of
renal function after ischemia/ reperfusion injury in rats via
anti-apoptosis and anti-inflammation / J. Li, Z. J. Hong,
H. Liu [et al.] // Front. Pharmacol. — 2016. — 7. — P. 106.

90. Protective effects of hydrogen-rich saline against
experimental diabetic peripheral neuro-pathy via acti-
vation of the mitochondrial ATP-sensitive potassium
channel channels in rats / Y. Jiao, Y. Yu, B. Li [et al.] //
Mol. Med. Rep. — 2020. — 21. — P. 282-290.

91. Hydrogen inhibits endometrial cancer growth via
a ROS/NLRP3/caspase-1/GSDMD-mediated pyroptotic
pathway / Y. Yang, P. Y. Liu, W. Bao [et al.] // BMC
Cancer. — 2020. — 20. — P. 28.

92. Shi J. J. Pyroptosis: Gasdermin-mediated pro-
grammed necrotic cell death / J. J. Shi, W. Q. Gao,
F. Shao // Trends Biochem. Sci. —2017.—-42. — P. 245-254.

93. ATP-induced inflammasome activation and py-
roptosis is regulated by AMP-activated protein kinase in
macrophages / Q. B. Zha, H. X. Wei, C. G. Li [et al.] //
Front. Immunol. — 2016. — 7. — P. 597.

94. Hydrogen gas inhalation alleviates myocardial
ischemia-reperfusion injury by the inhibition of oxidative
stress and NLRP3-mediated pyrop- tosis in rats / C. Nie,
X.A.R.Ding, M. Zheng [et al.] // Life Sci. —2021. - 272. —
P. 119248.

95. Mammalian autophagy: Core molecular machin-
ery and signaling regulation / Z.F.Yang, D.J.Klionsky //
Curr. Opin. Cell Biol. — 2010. — 22. — P. 124-131.

96. Self-eating and self-killing: Crosstalk between
autophagy and apop-tosis / M. C. Maiuri, E. Zalckvar,
A. Kimchi [et al.] // Nat. Rev. Mol. Cell Biol. — 2007. — 8. —
P. 741-752.

97. Hydrogen alleviates mitochondrial dysfunction

P. 1253-1261. and organ damage via autophagy-mediated NLRP3 =
81. Radyuk S. N. Mechanisms underlying the bio- inflammasome inactivation in sepsis / H. Chen, X. Mao, =N
logical effects of molecular hydrogen / S. N. Radyuk //  X. Meng [et al.] // Int. J. Mol. Med. — 2019. — 44. — E
Curr. Pharm. Des. — 2021. — 27. — P. 626-735. P. 1309-1324. @)
ISSN 2410-681X. MenuuHa Ta KiaiHigHa XimMis. 2023. T. 25. Ne 2 115




OIJIA

98. Hydrogen improves cell viability partly through
inhibition of autophagy and activation of PI3K/Akt/GSK3[3
signal pathway in a micro- vascular endothelial cell model
of traumatic brain injury /Y. Wang, L. Wang, T. Hu [et al.] //
Neurol. Res. — 2020. — 42. — P. 487—-496.

99. Long-term and daily use of molecular hydrogen
induces reprogramming of liver metabolism in rats by
modulating NADP/NADPH redox pathways /Y. M. Adza-
von, F. Xie, Y. Yi[etal.]/ Sci. Rep. —2022. - 12. — P. 3904.

100. Hydrogen gas treatment prolongs replicative
lifespan of bone marrow multipotential stromal cells in
vitro while preserving differentiation and paracrine
potentials / H. Kawasaki, J. Guan, K. Tamama // Biochem.
Biophys. Res. Commun. — 2010. — 397. — P. 608—-613.

101. Molecular Hydrogen Enhances Proliferation of
Cancer Cells That Exhibit Potent Mitochondrial Unfolded
Protein Response / T. Hasegawa, M. Ito, S. Hasegawa
[etal.] // Int. J. Mol. Sci. — 2022. — 23. — P. 2888.

102. The Transcription Factor ATF5 Mediates a Mam-
malian Mitochondrial UPR / C. J. Fiorese, A. M. Schulz,
Y. F. Lin [etal.]// Curr. Biol. - 2016. — 26. — P. 2037—-2043.

103. Mitochondrial unfolded protein response trans-
cription factor ATFS-1 promotes longevity in a long-lived
mitochondrial mutant through activation of stress res-
ponse pathways / Z. Wu, M. M. Senchuk, D. J. Dues
[et al.] // BMC Biol. — 2018. — 16. — P. 147.

104. Metabolism and the UPR(mt) / Y. F. Lin,
C. M. Haynes // Mol. Cell. — 2016. — 61. — P. 677—682.

105. Hydrogen and Oxygen Mixture to Improve Car-
diac Dysfunction and Myocardial Pathological Changes
Induced by Intermittent Hypoxia in Rats / Y. S. Zhao,
J. R. An, S. Yang [etal.]// Oxidative Med. Cell. Longev. —
2019. — 7415212.

106. Cardioprotection by the mitochondrial unfolded
protein response requires ATF / Y. T. Wang, Y. Lim,
M. N. McCall [et al.] // Am. J. Physiol. Heart Circ. Phy-
siol. — 2019. — 317. — P. H472-H478.

107. Mitochondrial function controls intestinal epi-
thelial stemness and proliferation / E. Berger, E. Rath,
D. Yuan, [etal.] // Nat. Commun. —2016.—-7.—P. 13171.

108. Molecular hydrogen suppresses glioblastoma
growth viainducing the glioma stem-like cell differentiation /
M.-Y. Liu, F. Xie, Y. Zhang [et al.] // Stem Cell Res. Ther. —
2019.-10. — P. 145.

109. Hydrogen gas inhalation protects against
cutaneous ischaemia/reperfusion injury in a mouse model
of pressure ulcer / W. Fang, G. Wang, L.Tang [etal.] // J.
Cell. Mol. Med. — 2018. — 22. — P. 4243-4252.

110. Hydrogen-enriched preservation protects the
isogeneic intestinal graft and amends recipient gastric
function during transplantation / B. M. Buchholz, K. Ma-
sutani, T. Kawamura [et al.] // Transplantation. — 2011. —
92. — P. 985-992.

111. The Role of Oxidative Stress and Antioxidants
in Diabetic Wound Healing / L. Deng, C. Du, S. Pong
[et al.] // Oxidative Med. Cell. Longev. — 2021. — 2021. —
P. 8852759.

112. Anti-Inflammatory and Skin Barrier Repair Effects
of Topical Application of Some Plant Oils / T.-K. Lin,
L. Zhong, J. L. Santiago // Int. J. Mol. Sci. —2017.-19. —
P. 70.

113. Hyaluronic acid in inflammation and tissue
regeneration / M. Litwiniuk, A. Krejner, M. S. Speyrer
[et al.] // Wounds. — 2016. — 28. — P. 78-88.

114. Werner S. Regulation of wound healing by
growth factors and cytokines / S. Werner, R. Grose //
Physiol. Rev. — 2003. — 83. — P. 835-870.

115. Molecular hydrogen in drinking water protects
against neurodegenerative changes induced by traumatic
brain injury / K. Dohi, B. C. Kraemer, M. A. Erickson
[etal.] // PLoS ONE. — 2014. — 9. — P. 108034.

116. Hydrogen-supplemented drinking water protects
cardiac allografts from inflammation-associated de-
terioration / K. Noda, Y. Tanaka, N. Shigemura [et al.] /
Transpl. Int. — 2012. — 25. — P. 1213-1222.

117. NMokotuno O. CTaH i nepcnekTBm BUKOPUCTaH-
HS1 MOSIEKY/IIPHOTO BOAHIO A/1s cnopTemeHis / O. MNoko-
TWno, |. 3axapuyk, b. BuxosaHeLb // Cropt. BicH. Mpu-
AHinpos’a. — 2020. — Ne 1. — C. 443-450.

118. Mokotuno O. C. JocnigpKeHHs 3aKOHOMIpHOC-
Tell yTBOPEHHS €/1eKTPOHOAOHOPHOT BOAM HA OCHOBI 3MiH
pH i OBI1 Bog, B Tepmocax-ioHi3aTopax-reHeparopax
“Living Water”/ O. C. Nokotuno, M. I. Fonosay, C. O. No-
KkoTuno // Hayk. 3an. TepHon. Hal. Ned. yH-Ty iMeHi
Bonogumupa MHatioka. Cepia “bionorisa”. — 2019. —
Ne 4 (78). — C. 24-29.

119. Xiao L. Hydrogen-rich water achieves cyto-
protection from oxidative stress injury in human gingival
fibroblasts in culture or 3D-tissue equivalents, and wound-
healing promotion, together with ROS-scavenging and
relief from glutathione diminishment / L. Xiao, N. Miwa //
Hum Cell. Apr. — 2017. — 30 (2). — P. 72-87.

120. Mechanism of hydrogen on cervical cancer
suppression revealed by high throughput RNA sequencing /
J. Chu, J. Gao, J.Wang [et al] // Oncol Rep. — 2021. —
46. —P. 141.

121. Hydrogen-rich water prevents progression of
nonalcoholic steatohepatitis and accompanying hepato-
carcinogenesis in mice / D. Kawai, A. Takaki, Nakatsuka
[et al.] // Hepatology. — 2012. — 56. — P. 912-21.

122. Hydrogen gas inhibits lung cancer progression
through targeting SMC3 / D. Wang, L. Wang, Y. Zhang
[et al.] // Biomed. Pharmacother. — 2018. — 104. —
P. 788-797.

123. Therapeutic efficacy of hydrogen rich saline
alone and in combination with PI3K inhibitor in non small
cell lung cancer /Y. Jiang, G. Liu, L. Zhang [et al] // Mol.
Med. Rep. — 2018. — 18. — P. 2182-2190.

124. A narrative review of hydrogen oncology: from
real world survey to real world evidence / J. B. Chen,
Y. Y. Lu, K. C. Xu// Med. Gas Res. — 2020. - 10. — P. 130.

125. Madsen C. D. Cancer dissemination — Lessons
from leukocytes / C. D. Madsen, E. Sahai // Dev. Cell. —
2010. —19. — P. 13-26.

ISSN 2410-681X. MenuuHa Ta KiIiHiyHa Ximisa. 2023. T. 25. Ne 2



REFERENCES

1. Ichihara, M., Sobue, S., Ito, M., Ito, M., Hi-
rayama, M., et al (2015). Beneficial biological effects
and the underlying mechanisms of molecular hydrogen-
comprehensive review of 321 original articles. Med. Gas
Res., 5, 1-21.

2. Shen, M., Zhang, H., Yu, C., Wang, F., Sun, X.
(2014). Areview of experimental studies of hydrogen as
a new therapeutic agent in emergency and critical care
medicine. Med. Gas Res., 4, 17.

3. Hirano, S.1., Ichikawa, Y., Kurokawa, R., Takefuiji, Y.,
Satoh, F. (2020). A “philosophical molecule”, hydrogen
may overcome senescence and intractable diseases.
Med. Gas Res., 10, 47-49.

4. Tao, G., Song, G., Qin, S. (2019). Molecular
hydrogen: Current knowledge on mechanism in alleviating
free radical damage and diseases. Acta Biochim. Biophys.
Sin., 51, 1189-1197.

5. Wang, L., Zhao, C., Wu, S., Xiao, G., Zhuge, X.,
et al. (2018). Hydrogen gas treatment improves the
neurological outcome after traumatic brain injury via
increasing miR-21 expression. Shock., 50, 308-315.

6. Wu, J., Wang, R., Yang, D., Tang, W., Chen, Z,
et al. (2018). Hydrogen postconditioning promotes
survival of rat retinal ganglion cells against ischemia/
reperfusion injury through the PI3K. Akt pathway. Bio-
chem. Biophys. Res. Commun., 495, 2462-2468.

7. Hirano, S.-I., Ichikawa, Y., Sato, B., Yamamoto, H.,
Takefuji, V., et al. (2021). Molecular Hydrogen as a
Potential Clinically Applicable Radioprotective Agent. Int.
J. Mol. Sci., 22, 4566.

8. Hu, Q., Zhou, Y., Wu, S., Wu, W., Deng, Y., et al.
(2020). Molecular hydrogen: A potential radioprotective
agent. Biomed. Pharmacother., 130 , 110589.

9. Runtuwene, J., Amitani, H., Amitani, M., Asaka-
wa, A., Cheng, K.C., et al. (2015). Hydrogen-water
enhances 5-fluorouracil-induced inhibition of colon
cancer. Peerd., 3, 859.

10. Hirano, S.-l., Yamamoto, H., Ichikawa, Y.,
Sato, B., Takefuji, Y., [et al] (2021). Molecular Hydrogen
as a Novel Antitumor Agent: Possible Mechanisms
Underlying Gene Expression. Int. J. Mol. Sci., 22, 8724.

11.Wang, D., Wang, L., Zhang, Y., Zhao, Y., Chen, G.
(2018). Hydrogen gas inhibits lung cancer progression
through targeting SMC. Biomed. Pharmacol., 104,
788-797.

12. Boyle, R. Tracts written by the honourable Robert
Boyle Containing New Experiments Touching the Relation
Betwixt Flame And Air: And About Explosions: An
Hydrostatical Discourse Occasion’d by Some Objections
of Dr. Henry More Against Some Explications of New
Experiments Made by the Author of these Tracts: To
Which is Annex’t, an Hydrostatical Letter, Dilucidating an
Experiment about a Way of Weighing Water in Water;
Printed for Richard Davis, Book-Seller in Oxon. 1672.
Accessmode: https:/quod.lib.umich.edu/e/eebo2/A290
57.0001.001/1:21.1?rgn=div2;view=fulltext (accessed on
22 January 2023).

13. Cavendish, H. XIX. (1766). Three papers, con-
taining experiments on factitious air. Phil. Trans. R. Soc.,
56, 141-184.

15. Beddoes, T. (1796). Considerations on the
Medicinal Use, and on the Production of Factitious Airs.
Ann. Med., 1, 245-265.

16. Levitt, M.D. (1969). Production and excretion of
hydrogen gas in man. N. Engl. J. Med., 281, 122-127.

17. Dole, M., Wilson, F.R., Fife, W.P. (1975). Hyper-
baric hydrogen therapy: A possible treatment for cancer.
Science., 190 , 152-154.

18. Lanphier, E.H. (1972). Human respiration under
increased pressures. Symp. Soc. Exp. Biol., 26, 379-394.

19.VanHaaster, D.J.,Hagedoorn, P.L., Jongejan, J.A,,
Hagen, W.R. (2005). On the relationship between affinity
for molecular hydrogen and the physiological directio-
nality of hydrogenases. Biochem. Soc. Trans., 33, Pt 1,
12-14.

20. Yanagihara, T., Arai, K., Miyamae, K., Sato, B.,
Shudo, T., et al. (2005). Electrolyzed Hydrogen-Saturated
Water for Drinking Use Elicits an Antioxidative Effect: A
Feeding Test with Rats. Biosci. Biotechnol. Biochem., 69,
1985-1987.

21. Ohsawa, l., Ishikawa, M., Takahashi, K., Wata-
nabe, M., Nishimaki, K., et al. (2007). Hydrogen acts as
atherapeutic antioxidant by selectively reducing cytotoxic
oxygen radicals. Nat. Med., 13 , 688-694.

22. Guan, W.J., Chen, R.C., Zhong, N.S. (2020).
Strategies for the prevention and management of coro-
navirus disease 2019. Eur. Respir. J., 55, 2000597.

23.Tian, Y., Zhang, Y., Wang, Y., Chen, Y., Fan, W.,
et al. (2021). Hydrogen, a Novel Therapeutic Molecule,
Regulates Oxidative Stress, Inflammation, and Apoptosis.
Front. Physiol., 12, 789507.

24. Fu, Z., Zhang, J. (2022). Molecular hydrogen is
a promising therapeutic agent for pulmonary disease. J.
Zhejiang Univ. Sci. B., 23, 102-122.

25. Guan, W.J., Wei, C.H., Chen, A.L., Sun, X.C.,
Guo, G.Y,, et al. (2020). Hydrogen/oxygen mixed gas
inhalation improves disease severity and dyspnea in
patients with Coronavirus disease 2019 in a recent multi-
center, open-label clinical trial. J. Thorac. Dis., 12, 3448-
3452,

26. Liu, X., Ma, C., Wang, X., Wang, W., Li, Z., et al.
(2017). Hydrogen coadministration slows the development
of COPD-like lung disease in a cigarette smoke-induced
rat model. Int. J. Chron. Obstruct. Pulmon. Dis., 12, 1309-
1324.

27. Zheng, Z.G., Sun, W.Z., Hu, J.Y., Jie, Z.J.,
Xu, J.F,, et al. (2021). Hydrogen/oxygen therapy for the
treatment of an acute exacerbation of chronic obstructive
pulmonary disease: Results of a multicenter, randomized,
double-blind, parallel-group controlled trial. Respir. Res.,
22, 149.

28. Huang, P., Wei, S., Huang, W., Wu, P,, Chen, S.,
etal. (2019). Hydrogen gas inhalation enhances alveolar
macrophage phagocytosis in an ovalbumin-induced
asthma model. Int. Immunopharmacol., 74, 105646.

29. LeBaron, T.W,, Kura, B., Kalocayova, B., Tribu-
lova, N., Slezak, J. (2019). A new approach for the
prevention and treatment of cardiovascular disorders.
Molecular hydrogen significantly reduces the effects of
oxidative stress. Molecules, 24, 2076.

14. Beddoes, T. (1793). A Letter to Erasmus 30. Cole,A.R., Sperotto, F., DiNardo, J.A., Carlisle, S., =
Darwin, M.D. On A New Method of Treating Pulmonary  Rivkin, M.J., et al. (2021). Safety of prolonged inhalation o]
Consumption, and Some Other Diseases Hitherto Found  of hydrogen gas in air in healthy adults. Crit. Care Explor., E
Incurable; Bulgin & Rosser: Bristol, UK. 3, e543. @)
ISSN 2410-681X. MenuuHa Ta KiaiHigHa XimMis. 2023. T. 25. Ne 2 117




31.Asada, R., Tazawa, K., Sato, S., Miwa, N. (2020).
Effects of hydrogen-rich water prepared by alternating-
current-electrolysis on antioxidant activity, DNA oxidative
injuries, and diabetes related markers. Med. Gas Res.,
10, 114-121.

32. Shimouchi, A., Nose, K., Shirai, M., Kondo, T.
(2012). Estimation of molecular hydrogen consumption
in the human whole body after the ingestion of hydrogen-
rich water. Adv. Exp. Med. Biol., 737, 245-250.

33. Liu, C., Kurokawa, R., Fujino, M., Hirano, S.,
Sato, B., et al. (2014). Estimation of the hydrogen con-
centration in rat tissue using an airtight tube following the
administration of hydrogen via various routes. Sci. Rep.,
4,5485.

34. Kawamura, M., Imamura, R., Kobayashi, Y., Ta-
niguchi, A., Nakazawa, S., [et al.] (2020). Oral admi-
nistration of Si-based agent attenuates oxidative stress
and ischemia-reperfusion injury in a rat model: A novel
hydrogen administration method. Front. Med., 7, 95.

35. Zhao, P.H., Jin, Z.K., Chen, Q., Meng, J., Lu, X.,
(2018). Local generation of hydrogen for enhanced
photothermal therapy. Nat. Commun., 9, 4241.

36.Kou, Z., Zhao, P.H., Wang, Z.H., Jin, Z., Chen, L.,
et al. (2019). Acid-responsive H,-releasing Fe nanopar-
ticles for safe and effective cancer therapy. J. Mater.
Chem. B., 7, 2759-2765.

37.He, Y., Zhang, B., Chen, Y., Jin, Q., Wu, J., et al.
(2017). Image-guided hydrogen gas delivery for protection
from myocardial ischemia-reperfusion injury via micro-
bubbles. ACS Appl. Mater. Interfaces, 9, 21190-21199.

38. Katiukhin, L.N. (2016). Influence of the course
of treatment by injections of 0zonized saline on rheological
properties of erythrocytes in patients with complex
pathology. Hum. Physiol., 42, 672-677.

39. Martusevich, A K., Peretyagin, S.P., Ruchin, M.V.,
Struchkov, A.A. (2018). Ozone Therapy in Patients with
Burn Disease. J. Biomed. Sci. Eng., 11, 27-35.

40. Martinez-Sanchez, G., Schwartz, A., Di Donna, V.
(2020). Potential Cytoprotective Activity of Ozone Therapy
in SARS-CoV-2/COVID-19. Antioxidants., 9, 389.

41. Zhu, Q., Wu, Y., Li, Y, Chen, Z., Wang, L., et al.
(2018). Positive effects of hydrogen-water bathing in
patients of psoriasis and parapsoriasis en plaques. Sci.
Rep., 8, 8051.

42.Asada, R., Saitoh, Y., Miwa, N. (2019). Effects of
hydrogen-rich water bath on visceral fat and skin blotch,
with boiling-resistant hydrogen bubbles. Med. Gas Res.,
9, 68-73.

43. Oharazawa, H., Igarashi, T., Yokota, T., Fujii, H.,
Suzuki, H., et al. (2010). Protection of the retina by rapid
diffusion of hydrogen: Administration of hydrogen-loaded
eye drops in retinal ischemia-reperfusion injury. Invest.
Ophthalmol. Vis. Sci., 51, 487-492.

44. Zhai, X., Chen, X., Shi, J., Shi, D, Ye, Z., et al.
(2013). Lactulose ameliorates cerebral ischemia-reper-
fusion injury in rats by inducing hydrogen by activating
Nrf2 expression. Free Radic. Biol. Med., 65, 731-741.

45. Zhang, M., Xu, Y., Zhang, J., Sun, Z., Ban, Y.,
et al. (2021). Application of methane and hydrogen-based
breath test in the study of gestational diabetes mellitus
and intestinal microbes. Diabetes Res. Clin. Pract., 176,

colonic transit time. Neurogastroenterol. Motil., 24, 185-
e92.

47. Ge, L., Qi, J., Shao, B., Ruan, Z., Ren, Y., et al.
(2022). Microbial hydrogen economy alleviates colitis by
reprogramming colonocyte metabolism and reinforcing
intestinal barrier. Gut Microbes., 14, 2013764.

48. Li, Q., Kato, S., Matsuoka, D., Tanaka, H.,
Miwa, N. (2013). Hydrogen water intake via tube- feeding
for patients with pressure ulcer and its reconstructive
effects on normal human skin cells in vitro. Med. Gas
Res., 3, 20.

49. Cui, Y., Zhang, H., Ji, M., Jia, M., Chen, H., et al.
(2014). Hydrogen-rich saline attenuates neuronal ische-
mia-reperfusion injury by protecting mitochondrial function
inrats. J. Surg. Res., 192, 564-572.

50. Ostojic, S.M. (2015). Molecular Hydrogen in
Sports Medicine: New Therapeutic Perspectives. Int. J.
Sports Med., 36, 273-279.

51. Noda, K., Shigemura, N., Tanaka, Y., Kawamu-
ra, T., Hyun Lim, S., [et al] (2013). A novel method of
preserving cardiac grafts using a hydrogen-rich water
bath. J. Heart Lung Transpl., 32, 241-250.

52.Sano, M., Ichihara, G., Katsumata, Y., Hiraide, T.,
Hirai, A., et al. (2020). Pharmacokinetics of a single
inhalation of hydrogen gas in pigs. PLoS ONE, 15,
€0234626.

53. Sobue, S., Yamai, K., Ito, M., Ohno, K., lwamoto T.
(2015). Simultaneous oral and inhalational intake of
molecular hydrogen additively suppresses signaling
pathways in rodents. Mol. Cell Biochem., 403, 231-241.

54. Genestra, M. (2007). Oxyl radicals, redox-sen-
sitive signalling cascades and antioxidants. Cell Signal.,
19, 1807-18109.

55. Sies, H. (2015). Oxidative stress: A concept in
redox biology and medicine. Redox Biol., 4, 180-183.

56. Dan Dunn, J., Alvarez, L.A., Zhang, X., Soldati, T.
(2015). Reactive oxygen species and mitochondria: A
nexus of cellular homeostasis. Redox Biol., 6, 472-485.

57.Liu, Y., Fiskum, G., Schubert, D. (2002). Genera-
tion of reactive oxygen species by the mitochondrial
electron transport chain. J. Neurochem., 80, 780-787.

58. Halliwell, B., Gutteridge, J. (2015). Free Radicals
in Biology and Medicine, 5th ed.,; Oxford University Press:
Oxford, UK.

59. Grassi, D., Desideri, G., Ferri, L., Aggio, A.,
Tiberti S., et al. (2010). Oxidative stress and endothelial
dysfunction: Say no to cigarette smoking! Curr. Pharm.
Des., 16, 2539-2550.

60. Harma, M.l., Harma, M., Erel, O. (2006). Measu-
ring plasma oxidative stress biomarkers in sport medicine.
Eur. J. Appl. Physiol., 97, 505-508.

61. Kim, Y.W.,, Byzova, T.V. (2014). Oxidative stress
in angiogenesis and vascular disease. Blood, 123, 625-
631.

62. Tanriverdi, H., Evrengul, H., Kuru, O., Tanriverdi, S.,
Seleci, D., Enli, Y., Kaftan, A.H., Kilic, M. (2006). Cigarette
smoking induced oxidative stress may impair endothelial
function and coronary blood flow in angiographically
normal coronary arteries. Circ. J., 70, 593-599.

63. Burton, G.J., Jauniaux, E. (2011). Oxidative
stress. Best Pract. Res. Clin. Obstet. Gynaecol., 25, 287-

= 108818. 299.

oN] 46. Jahng, J., Jung, I.S., Choi, E.J., ConkKlin, J.L., 64. Setsukinai, K., Urano, Y., Kakinuma, K., Majima, H.J.,
E Park, H. (2012). The effects of methane and hydrogen Nagano, T. (2003). Development of novel fluorescence
) gases produced by enteric bacteria on ileal motility and  probes that can reliably detect reactive oxygen species
118 ISSN 2410-681X. MemuuHa Ta KaiHigHa XimMist. 2023. T. 25. Ne 2




and distinguish specific species. J. Biol. Chem., 278,
3170-3175.

65. Ohta, S. (2014). Molecular hydrogen as a pre-
ventive and therapeutic medical gas: Initiation, deve-
lopment and potential of hydrogen medicine. Pharmacol.
Ther., 144, 1-11.

66. Ohta, S. (2015). Molecular hydrogen as a novel
antioxidant: Overview of the advantages of hydrogen for
medical applications. Methods Enzymol., 555, 289-317.

67. Gharib, B., Hanna, S., Abdallahi, O.M., Lepidi, H.,
Gardette, B., et al. (2001). Anti-inflammatory properties
of molecular hydrogen: Investigation on parasite-induced
liver inflammation. Comptes Rendus Acad. Sci. I, 324,
719-724.

68. Zhang, H.Q., Davies, K.J.A., Forman, H.J. (2015).
Oxidative stress response and Nrf2 signaling in aging.
Free Radic. Biol. Med., 88, 314-336.

69. Xie, K.L., Zhang, Y., Wang, Y.Q., Meng, X.,
Wang, Y., et al. (2020). Hydrogen attenuates sepsis-
associated encephalopathy by NRF2 mediated NLRP3
pathway inactivation. Inflamm. Res., 69, 697-710.

70. Yu, Y., Yang, Y.Y., Yang, M., Wang, C., Xie, K.,
et al. (2019). Hydrogen gas reduces HMGBL release in
lung tissues of septic mice in an Nrf2/ HO-1-dependent
pathway. Int. Inmunopharmacol., 69, 11-18.

71. Cai, W.W., Zhang, M.H., Yu, Y.S., Cai, J.H. (2013).
Treatment with hydrogen molecule alleviates TNFa-
induced cell injury in osteoblast. Mol. Cell. Biochem., 373,
1-9.

72. Shinbo, T., Kokubo, K., Sato, Y., Hagiri, S.,
Hataishi, R., et al. (2013). Breathing nitric oxide plus
hydrogen gas reduces ischemia-reperfusion injury and
nitrotyrosine production in murine heart. Am. J. Physiol.
Circ. Physiol., 305, 542-550.

73. Forrester, S.J., Kikuchi, D.S., Hernandes, M.S.,
Xu, Q., etal. (2018). Reactive oxygen species in metabolic
and inflammatory signaling. Circ. Res., 122 , 877-902.

74. Rimessi, A., Previati, M., Nigro, F., Wieckow-
ski, M.R., Pinton, P. (2016). Mitochondrial reactive oxygen
species and inflammation: Molecular mechanisms,
diseases and promising therapies. Int. J. Biochem. Cell
Biol., 81 Pt B, 281-293.

75. Chen, M., Zhang, J., Chen, Y., Qiu, Y., Luo, Z.,
et al. (2018). Hydrogen protects lung from hypoxia/re-
oxygenation injury by reducing hydroxyl radical pro-
duction and inhibiting inflammatory responses. Sci.
Rep., 8, 8004.

76.Zhao, S., Mej, K., Qian, L., Yang, Y., Liu, W., et al.
(2013). Therapeutic effects of hydrogen-rich solution on
aplastic anemia in vivo. Cell. Physiol. Biochem., 32, 549-
560.

77.Wang, X., Yu, P., Yang, Y., Liu, X., Jiang, J., et al.
(2015). Hydrogen-rich saline resuscitation alleviates
inflammation induced by severe burn with delayed
resuscitation. Burns, 41, 379-385.

78. Schulze-Osthoff, K., Los, M., Baeuerle, P.A.
(1995). Redox signalling by transcription factors NF-kB
and AP-1 in lymphocytes. Biochem. Pharmacol., 50,
735-741.

79. Shao, A., Wu, H., Hong, Yu., Tu, S., Sun, X., et al.
(2016). Hydrogen-rich saline attenuated subarachnoid

80. Zhang, G., Li, Z., Meng, C., Kang, J., Zhang, M.,
et al. (2018). The anti-inflammatory effect of hydrogen
on lung transplantation model of pulmonary microvascular
endothelial cells during cold storage period. Trans-
plantation, 102, 1253-1261.

81. Radyuk, S.N. (2021). Mechanisms Underlying
the Biological Effects of Molecular Hydrogen. Curr.
Pharm. Des., 27, 626-735.

82. Elmore, S. (2007). Apoptosis: A review of
programmed cell death. Toxicol. Pathol., 35, 495-516.

83. Singh, R, Letai, A., Sarosiek, K. (2019). Regu-
lation of apoptosis in health and disease: The balancing
act of BCL-2 family proteins. Nat. Rev. Mol. Cell Biol., 20,
175-193.

84. Shalini, S., Dorstyn, L., Dawar, S., Kumar, S.
(2015). OId, new and emerging functions of caspases.
Cell Death Differ., 22, 526-539.

85. Westphal, D., Kluck, R.M., Dewson, G. (2014).
Building blocks of the apoptotic pore: How Bax and Bak
are activated and oligomerize during apoptosis. Cell
Death Differ., 21, 196-205.

86. Chen, K., Wang, N., Diao, Y., Dong, W., Sun, Y.,
etal. (2017). Hydrogen-rich saline attenuates brain injury
induced by cardiopulmonary bypass and inhibits
microvascular endothelial cell apoptosis via the PI3K/Akt/
GSK3p signaling pathway in rats. Cell. Physiol. Biochem.,
43, 1634-1647.

87. Liu, Y.Q., Liu, Y.F., Ma, X.M., Xiao, Y.D.,
Wang, Y.B., etal. (2015). Hydrogen-rich saline attenuates
skin ischemia/reperfusion induced apoptosis via regu-
lating Bax/Bcl-2 ratio and ASK-1/INK pathway. J. Plast.
Reconstr. Aesthetic Surg., 68, 147-156.

88. Mo, X.Y,, Li, X.M., She, C.S,, Lu, X.Q., Xiao, C.G.,
etal. (2019). Hydrogen-rich saline protects rat from oxygen
glucose deprivation and reperfusion-induced apoptosis
through VDACL via Bcl-2. Brain Res., 1706, 110-115.

89. Li, J., Hong, Z.J., Liu, H., Zhou, J., Cui, L., et al.
(2016). Hydrogen-rich saline promotes the recovery of
renal function after ischemia/ reperfusion injury in rats via
anti-apoptosis and anti-inflammation. Front. Pharmacol.,
7, 106.

90.Jiao, Y., Yu, Y., Li, B, Gu, X,, Xie, K., etal. (2020).
Protective effects of hydrogen-rich saline against experi-
mental diabetic peripheral neuro-pathy via activation of
the mitochondrial ATP-sensitive potassium channel
channels in rats. Mol. Med. Rep., 21, 282-290.

91.Yang, Y., Liu, P.Y,, Bao, W., Chen, S.J., Wu, E.S.,
etal. (2020). Hydrogen inhibits endometrial cancer growth
via a ROS/NLRP3/caspase-1/GSDMD-mediated
pyroptotic pathway. BMC Cancer, 20, 28.

92., J.J., Gao, W.Q., Shao, F. (2017). Pyroptosis:
Gasdermin-mediated programmed necrotic cell death.
Trends Biochem. Sci., 42, 245-254.

93. Zha, Q.B., Wei, H.X,, Li, C.G., Liang, Y.D.,
Xu, L.H., et al. (2016).ATP-induced inflammasome
activation and pyroptosis is regulated by AMP-activated
protein kinase in macrophages. Front. Immunol., 7, 597.

94. Nie, C., Ding, X.A.R., Zheng, M., Li, Z., Pan, S,
et al. (2021). Hydrogen gas inhalation alleviates myo-
cardial ischemia-reperfusion injury by the inhibition of
oxidative stress and NLRP3-mediated pyrop- tosis in rats.

hemorrhage-induced early brain injury in rats by Life Sci., 272 , 119248. =
suppressing inflammatory response: Possible involvement 95. Yang, Z.F, Klionsky, D.J. (2010). Mammalian =N
of NF-kB pathway and NLRP3 inflammasome. Mol. autophagy: Core molecular machinery and signaling E
Neurobiol., 53, 3462-3476. regulation. Curr. Opin. Cell Biol., 22, 124-131. @)
ISSN 2410-681X. MenuuHa Ta KiaiHigHa XimMis. 2023. T. 25. Ne 2 119




96. Maiuri, M.C., Zalckvar, E., Kimchi, A., Kroemer, G.
(2007). Self-eating and self-killing: Crosstalk between
autophagy and apop-tosis. Nat. Rev. Mol. Cell Biol., 8,
741-752.

97.Chen, H., Mao, X., Meng, X., Li, Y., Feng, J., et al.
(2019). Hydrogen alleviates mitochondrial dysfunction
and organ damage via autophagy-mediated NLRP3
inflammasome inactivation in sepsis. Int. J. Mol. Med.,
44, 1309-1324.

98. Wang, Y., Wang, L., Hu, T., Wang, F,, Han, Z.,
et al. (2020). Hydrogen improves cell viability partly
through inhibition of autophagy and activation of PI3K/
Akt/GSK3 signal pathway in a micro-vascular endothelial
cell model of traumatic brain injury. Neurol. Res., 42,
487-496.

99. Adzavon, Y.M,, Xie, F.,, Yi, Y., Jiang, X., Zhang, X.,
et al. (2022). Long-term and daily use of molecular
hydrogen induces reprogramming of liver metabolism in
rats by modulating NADP/NADPH redox pathways. Sci.
Rep., 12, 3904.

100. Kawasaki, H., Guan, J., Tamama, K. (2010).
Hydrogen gas treatment prolongs replicative lifespan of
bone marrow multipotential stromal cells in vitro while
preserving differentiation and paracrine potentials.
Biochem. Biophys. Res. Commun., 397, 608-613.

101. Hasegawa, T., Ito, M., Hasegawa, S., Terani-
shi, M., Takeda, K., et al. (2022). Molecular Hydrogen
Enhances Proliferation of Cancer Cells That Exhibit
Potent Mitochondrial Unfolded Protein Response. Int. J.
Mol. Sci., 23, 2888.

102. Fiorese, C.J., Schulz, A.M., Lin, Y.F., Rosin, N.,
Pellegrino, M.W., et al. (2016). The Transcription Factor
ATF5 Mediates a Mammalian Mitochondrial UPR. Curr.
Biol., 26, 2037-2043.

103. Wu, Z., Senchuk, M.M., Dues, D.J., John-
son, B.K., Cooper, J.F,, etal. (2018). Mitochondrial unfol-
ded protein response transcription factor ATFS-1 pro-
motes longevity in a long-lived mitochondrial mutant
through activation of stress response pathways. BMC
Biol., 16, 147.

104. Lin, Y.F., Haynes, C.M. (2016). Metabolism and
the UPR(mt). Mol. Cell., 61, 677-682.

105. Zhao, Y.S.,An,J.R., Yang, S., Guan, P, Yu, F.Y.,
et al. (2019). Hydrogen and Oxygen Mixture to Improve
Cardiac Dysfunction and Myocardial Pathological
Changes Induced by Intermittent Hypoxia in Rats.
Oxidative Med. Cell. Longev., 7415212.

106. Wang, Y.T., Lim, Y., McCall, M.N., Huang, K.T.,
Haynes, C.M., et al. (2019).Cardioprotection by the
mitochondrial unfolded protein response requires ATF.
Am. J. Physiol. Heart Circ. Physiol., 317, H472-H478.

107. Berger, E., Rath, E., Yuan, D., Waldschmitt, N.,
Khaloian, S., etal. (2016). Mitochondrial function controls
intestinal epithelial stemness and proliferation. Nat.
Commun., 7, 13171.

108. Liu, M.-Y., Xie, F, Zhang, Y., Wang, T.-T., Ma, S.-N.,
etal. (2019). Molecular hydrogen suppresses glioblastoma
growth via inducing the glioma stem-like cell diffe-
rentiation. Stem Cell Res. Ther., 10, 145.

109. Fang, W., Wang, G., Tang, L., Su, H., Chen, H.,
et al. (2018). Hydrogen gas inhalation protects against

preservation protects the isogeneic intestinal graft and
amends recipient gastric function during transplantation.
Transplantation, 92, 985-992.

111. Deng, L., Du, C., Song, P., Chen, T., Rui, S.,
et al. (2021). The Role of Oxidative Stress and Antioxi-
dants in Diabetic Wound Healing. Oxidative Med. Cell.
Longev., 2021, 8852759.

112. Lin, T.-K., Zhong, L., Santiago, J.L. (2017). Anti-
Inflammatory and Skin Barrier Repair Effects of Topical
Application of Some Plant Qils. Int. J. Mol. Sci., 19, 70.

113. Litwiniuk, M., Krejner, A., Speyrer, M.S.,
Gauto, A.R., Grzela, T. (2016). Hyaluronic Acid in Inflam-
mation and Tissue Regeneration. Wounds, 28, 78-88.

114. Werner, S., Grose, R. (2003). Regulation of
wound healing by growth factors and cytokines. Physiol.
Rev., 83, 835-870.

115. Dohi, K., Kraemer, B.C., Erickson, M.A., McMil-
lan, P.J., Kovac, A., et al. (2014). Molecular hydrogen in
drinking water protects against neurodegenerative
changes induced by traumatic brain injury. PLoS ONE,
9, 108034.

116. Noda, K., Tanaka, Y., Shigemura, N., Kawamu-
ra, T., Wang, Y., et al. (2012). Hydrogen-supplemented
drinking water protects cardiac allografts from inflam-
mation-associated deterioration. Transpl. Int., 25, 1213-
1222.

117. Pokotylo O., Zakharchuk I., Vykhovanets B.
(2020). State and prospects of using molecular hydrogen
for athletes. Sportyvnyi visnyk Prydniprovia, 1, 443-450
[in Ukrainian].

118. Pokotylo, O.S., Holovach, P.I., Pokotylo, S.O.
(2019). Study of patterns of formation of electron-donating
water based on changes in pH and ORP of water in
thermoses-ionizers-generators “Living Water”. Naukovi
zapysky Ternopilskoho natsionalnoho pedahohichnoho
universytetu imeni Volodymyra Hnatiuka. Ser. Biolohiia.
Ternopil: TNPU im. V. Hnatiuka, 4 (78), 24-29 [in
Ukrainian].

119. Xiao, L., Miwa, N. (2017). Hydrogen-rich water
achieves cytoprotection from oxidative stress injury in
human gingival fibroblasts in culture or 3D-tissue equi-
valents, and wound-healing promotion, together with
ROS-scavenging and relief from glutathione diminishment.
Hum Cell. Apr., 30 (2), 72-87.

120. Chu, J., Gao, J., Wang, J. (2021). Mechanism
of hydrogen on cervical cancer suppression revealed by
high throughput RNA sequencing. Oncol Rep., 46, 141.

121. Kawai, D., Takaki, A., Nakatsuka, A. (2012).
Hydrogen-rich water prevents progression of nonalcoholic
steatohepatitis and accompanying hepatocarcinogenesis
in mice. Hepatology., 56, 912-921.

122. Wang D., Wang L., Zhang Y., Zhao Y., Chen G.
(2018). Hydrogen gas inhibits lung cancer progression
through targeting SMC3. Biomed Pharmacother., 104,
788-797.

123.Jiang, Y., Liu, G., Zhang, L., et al. (2018).
Therapeutic efficacy of hydrogen rich saline alone and
in combination with PI3K inhibitor in non small cell lung
cancer. Mol. Med. Rep., 18, 2182-2190.

124. Chen, J.B., Lu, Y.Y., Xu, K.C. (2020). A narrative
review of hydrogen oncology: from real world survey to

= cutaneous ischaemia/reperfusion injury ina mouse model  real world evidence. Med Gas Res., 10, 130.
N of pressure ulcer. J. Cell. Mol. Med., 22, 4243-4252. 125. Madsen, C.D., Sahai, E. (2010). Cancer
E 110. Buchholz, B.M., Masutani, K., Kawamura, T., dissemination — Lessons from leukocytes. Dev Cell., 19,
e Peng, X., Toyoda, Y., et al. (2011). Hydrogen-enriched = 13-26.
120 ISSN 2410-681X. MemuuHa Ta KaiHigHa XimMist. 2023. T. 25. Ne 2




0. O. Pokotylo?, O. S. Pokotylo?, M. M. Korda?
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY?
IVAN PULYUI TERNOPIL NATIONAL TECHNICAL UNIVERSITY?

EFFECTS OF BIOLOGICAL ACTION OF MOLECULAR HYDROGEN

Summary

Introduction. The article presents a review of the scientific literature on the effect of molecular hydrogen
depending on the ways of introduction on different levels of the body's organization in various pathological conditions.
The history of the discovery of molecular hydrogen as a biological agent and the development of hydrogen biomedicine
is briefly presented. The molecular, cellular and systemic aspects of the biological action of molecular hydrogen are
characterized. The effect of molecular hydrogen on various cell pools and regeneration processes, antioxidant and
antiapoptotic effects of molecular hydrogen are revealed. The anti-inflammatory effect and regulation of pyroptosis
by molecular hydrogen are described. In this article, the information was analyzed using PubMed, PubChem,
ScienceDirect, European Pharmacopoeia and scientific literature databases.

The aim of the study — to analyze the scientific literature and systematize information about the nature of
molecular hydrogen and its ways of entry into the body, as well as about the features and mechanisms of molecular,
cellular, organ-tissue and systemic biological effects of molecular hydrogen.

Conclusions. Molecular hydrogen is the lightest and most common medical gas, which has a wide range of
biological activity and is characterized by antioxidant, anti-inflammatory and anti-apoptotic effects. It is also involved
in regulating the expression of numerous genes, protecting biomacromolecules from oxidative damage, stimulating
energy production (ATP), etc. At the same time, despite the sharp increase in the number of studies and publications
on the biomedical application of molecular hydrogen, the issue of its use as a pro-regenerative agent requires
additional study. The use of this molecule has numerous advantages due to the wide range of molecular reactions
it induces. Therefore, targeted research in this field can open new horizons of regenerative medicine and create
innovative technology for accelerated body recovery.

KEY WORDS: molecular hydrogen; hydrogen water; oxidative stress; cancer; antioxidants.
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