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Cucrema AHTHOKCHAAHTHOM 3aIIIUTHI: peryjasaumns MeTa00IuYeCKHuX
INPpoHECCOB, ICHCTUIECCKUE JCTCPMUHAHTDBI, METOAbI OIIPECAC/ICHUA

O.A. Hukutnna, M.A. lapenckas, H.B. Ceménona, JI.U. Kosiecunkona

Hayunwiii yenmp npobnem 300posbsi cemblt U penpooyKyuu Yeno8exd
664003, 2. Upxymck, yn. Tumupszesa, 16

Pe3rome

[ToBbIlIeHHE AKTHBHOCTH CBOOOAHOPAANKAIBLHOIO OKHCICHHS pacCMaTPUBACTCs KakK Hecnenu(UIecKuit mpoiecc, xa-
PaKTepHBIN U MATOTCHE3a Pa3IMYHBIX 3a00JICBaHUHN, COMPOBOKIAAIONINXCS AHTHOKCHIAHTHOW HEIOCTATOYHOCTEIO.
bynydn OGuoperyasTopaMu, CrioCOOHBIME MOBBIIIATH 3AIUTHBIC CHJIbI, aHTHOKCHUIAHTHI SBJISIFOTCS Ba)KHBIMH 3BCHbSI-
MH B MHOTOCTYTIEHYATOHN CHCTEME PEryIIIH ¥ KOOPIUHAIINK Pa3HOOOpa3HEIX (QyHKIWi opranusMa. Ha cTpykrypy u
(GbyHKIHIO PEPMEHTOB, 3a1CHCTBOBAHHBIX B PETYIISIIIUN OKUCIIUTEILHOTO CTPECCa, MOTYT OKa3bIBaTh 3HAYMMOC BIMSHUE
TeHeTHYecKre moauMopdu3Mel. Ha ceromHsAmHui 1eHp B MaToreHe3e MHOTHX 3a00JeBaHUI OcTaeTCs HEH3YYCHHOH
POJIb TCHOB, KOAUPYIOIINX aKTUBHOCTH (PEPMEHTOB aHTHOKCHIAHTHON CHCTEMBI, YTO MPEACTABISCT OOJIBIION HHTEPEC
JUTS MCCIIIOBATEIICH 13 pa3aimdHbIX oOacTeil. B cTarhe mpencTaBiieH 0030p 1 aHAIN3 JAHHBIX COBPEMEHHON HaydHOH
JIUTEPATYPhl [0 UCCICIOBAHUIO POJIM KOMIIOHCHTOB aHTHOKCHIAHTHOW 3aIlUTHl B PETYIMPOBAHHUA META0OINYCCKHIX
MPOIECCOB, UX TCHETUYCCKHUX NETEPMHUHAHT U 00OOIICHBI TaHHBIC 10 COBPEMCHHBIM METOaM OIIPEIEICHUS HEKOTO-
pBIX aHTHOKCcHAaHTOB. [Ipy HanmMcanuu 0630pa OblIa HCIOIB30BaHA 0a3a NaHHBIX HAYYHOM 3MEKTPOHHON OMOIHOTEKH
eLibrary, KroueBBIe CI0Ba — OKHUCIUTEIBHEBIN CTpecc, CBOOOTHOPAINKATIFHOE OKHACICHUE, aHTHOKCUIAHTHAS 3aIlHTa,
AHTHOKCHIAHTBI, aHTUOKCHAHTHBIC (PEPMEHTHI, TeHbI (PEPMEHTOB, aHTHOKCHAAHT-PECIIOHCHBHBIN 3JICMECHT, METOBI
HCCIICAOBaHUS; QUIBTPHI — ToAbl myoOmukaruu 2012—-2022; myOnukanuy, UMEIOIIUE MOTHBIN TEKCT; MyOIUKaInH, 10-
CTYIHBIC [T TPOCMOTPA; a TAKIKE aHIVION3bIYHAS 0a3a JTaHHBIX MEIUIIMHCKUAX U OMOJOTHYECKUX MyOIHKaIHiA, CO3aH-
Hast HarmoHansHEIM LieHTpoM OnoTexHonorndeckoit napopmammu (NCBI), kmoueBslie cinoBa — free radical oxidation,
antioxidant protection, antioxidants, antioxidant enzymes, enzyme genes, oxidative stress, metabolism, methods.

KuroueBble ¢J10Ba: OKHCIUTEIBHBIN CTpecc, CBOOOAHOPAINKAIBFHOE OKHCICHNE, aHTHOKCHIAHTHl, aHTHOKCHIAHT-
HbIE (PEpPMEHTBI, TeHBI ()EPMEHTOB, METOABI.
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Antioxidant defense system: regulation of metabolic processes,
genetic determinants, methods of determination

0O.A. Nikitina, M.A. Darenskaya, N.V. Semenova, L.I. Kolesnikova

Scientific Center for Family Health and Human Reproduction
664003, Irkutsk, Timiryazev str., 16

Abstract

An increase in peroxidation activity is considered as a nonspecific process characteristic of the pathogenesis of various
diseases accompanied by antioxidant deficiency. As bioregulators that can increase defense, antioxidants are important
links in a multi-stage system of regulation and coordination of various body functions. The structure and function of
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enzymes involved in the regulation of oxidative stress can be significantly affected by genetic polymorphism. To date, the
role of genes encoding the activity of enzymes of the antioxidant system in the pathogenesis of many diseases remains
unexplored, which is of great interest to researchers from various fields. The article presents a review and analysis of data
from modern scientific literature on the role of antioxidant defense components in the regulation of metabolic processes,
their genetic determinant, and summarizes data on modern methods for the determination of some antioxidants. When
writing the review, the database of the scientific electronic library eLibrary was used, the keywords are oxidative stress,
free radical oxidation, antioxidant protection, antioxidants, antioxidant enzymes, enzyme genes, antioxidant response
element, research methods; filters — publication years 2012—-2022, publications with full text, publications available
for viewing; English-language database of medical and biological publications, created by the National Center for
Biotechnology Information (NCBI), keywords — lipid peroxidation, antioxidant protection, antioxidants, antioxidant
enzymes, enzyme genes, oxidative stress, metabolism, methods.

Key words: oxidative stress, free radical oxidation, antioxidants, antioxidant enzymes, enzyme genes, methods.
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AHTHOKCH/IAHTHASI CHCTEMA 3aIIHUTHI, POJb B
peryJIMpoBaHHH MeTa(0INYeCKUX MPOIeCcCOB

UpesmepHOe 00pa3oBaHUE aKTHBHBIX (DOPM KHC-
JI0poJa IpU HEAOCTATOYHOM aHTMOKCHUIAHTHOW 3a-
IIUTE TPUBOIUT K OKHCIUTEIHLHOMY CTPECCy WU
HApyIIEHUIO  MPOOKCHIAHTHO-aHTUOKCHIAHTHOTO
OaylaHca B MOJNB3y MPOOKCHAAHTOB, YTO MOXET BBI-
3bIBaTh MOBPEKACHUE KIETOK, M TEM CAMBIM BIICUET
3a co00i pa3BUTHE psAa MATONOTHUECKUX H3MEHe-
Huit [1].

Ha ceromHsmHmMii eHb HET €IWHOTO B3INIANA
Ha MEXaHU3MBI PETYISIUU CKOPOCTH CBOOOMHOpA-
JIUKAIbHBIX PEAKIMA U JEHCTBHS 3allUTHBIX CHII,
o0ecreunBaouX YTHIU3AIUI0 KOHEYHBIX IPo-
IOYKTOB CBOOOIHOpagUKalbHOTO oOKHciaeHust [1].
AHTHOKCHJIaHTHAsI CHCTeMa BKIIIOYaeT (epMeHTa-
THBHOE (CyNEepOKCHINCMYTa3a, Karajas3a, TIyTa-
THOHTIEpOKCH Ia3a, TIyTaTHOHTpaHcdepasza u Jip.) u
He(epMEHTAaTHBHOE 3BEHO (0-TOKO(EpOI1, PETUHOII,
ackopOuHOBas KucioTa u Ap.). K OnoaHTHokcumaH-
TaM OTHOCSITCS BelllecTBa OMOTEHHOTO MPOUCXOMKIE-
HUSI, CIIOCOOHBIE TTPH XUMHUYECKOM B3aNMOICHCTBUHU
TOPMO3UTH CBOOOJHOPAINKAIBHOE OKUCIICHHE He3a-
BUCHMO OT MEXaHHM3Ma HMX IEeHCTBHs, HO Oe3 HEeoO-
paTuMoi MHAKTUBAIMU (DEPMEHTATHBHBIX M TEHETH-
YeCKUX CHCTeM. B HOpManmbHBIX (HU3MOIOTHIECKIX
KOHIICHTPALUSIX OHU HEOOXOMUMBI JIJIsl OCYIIECT-
BJIGHUSI OMOOKHCIICHUS (IbIXaHWs, TIMKOIN3a) M
00 CTUMYIHUPYIOT, 100 HOopManu3yloT ero. Cos-
JlaHWEe CYMMAapHON aHTHOKHCIUTEIHLHOW aKTUBHO-
CTU TKaHEil — CIeACTBUE COBMECTHOIO JEHCTBUA
HECKOIIbKUX TPYHI OWOAHTHOKUCIUTEINECH: >KUPO-
pacTBOpUMBIX  (CL-TOKO(EpOi), BOJOPACTBOPHMBIX
(cynbrunpuibHbie COCOUHCHUS) W CUHEPIHCTOB
(ackopOuHOBass u nauMoHHast kuciotel) [2, 3]. Ilo

MEXaHU3MY JeHCTBHS OMOAHTHOKHCIUTEIN MOKHO
pa3fenuTh Ha aHTHPaAWKaIbHblE WHTHOUTOPHI ((e-
HOJIBI); COCIMHEHHUS, BOCCTAHABIMBAIOIINE IEPOK-
CHIBI (CepocoepIKallre); BEIEeCTBa, CBI3BIBAIOIINE
KaTaau3aTopbl — MOHBI METAJJIOB NEPEMEHHOU Ba-
JICHTHOCTH; TYIIUTENH, Oe3bI3IyyaTelbHO HHAKTH-
BUPYIOIIME CHHIJIETHBIM KHCIOpOX (a-ToKogepod,
KapoTuHOUBI) [1].

HedepMmeHTaTUBHBbIE AHTUOKCHIAHTHI

Yacte OMOAHTHOKHCIHTENEH cpeau HedepMeH-
TATUBHBIX AHTHOKCHAAHTOB TMPEICTaBICHA BHTa-
MUHAMH — HU3KOMOJICKYJSIPHBIMH OPTaHHYECKUMHU
COCIMHEHUSAMM DPA3NMYHON XUMHUYECKOW NPUPOJBI
U pa3InYHOrO CTPOCHUS, KOTOPhIe CHHTE3UPYIOTCS
[JIaBHBIM 00pa30oM pacTeHHSIMH U YACTUYHO MUKPO-
OpraHM3MaMH, a B )KUBOTHBIX TKaHSX 00pa3yloTCs U3
MIPEANISCTBEHHUKOB JIMOO MTOCTYIAIOT ¢ muield. OHu
00J1a/1a10T BBICOKOH OMOJIOIMYECKOH aKTUBHOCTBIO U
cnenn(UYHOCTRIO CTPOCHUSI MOJEKyibl. Jlaxe He-
3HAUUTEJIbHbIE M3MEHEHUs JeTajed UX CTPYKTYpHI
(mepeMerieHNEe MECTONONOXKEHUSI ABOHHBIX CBSI-
3ei, 3aMeHa OJHMX OOKOBBIX PAAMKAJIOB APYTUMH,
BapHaly YHUCia 3aMEIIAIoIIUX BOXOPOA OOKOBBIX
IPYIIIIUPOBOK) BIEKYT 3a COOON M3MEHEHHs U OHo-
Jorudeckoil akTuBHOCcTH. HedepmeHTaTuBHBIC aH-
THOKCHJIAHTBI CIIy’aT CTPOHUTEIBHBIM MaTepHUaIoM
Uil OMOCHHTE3a KOPEPMEHTOB W MPOCTETHYECKUX
rpyIn OeNKOB WIIM UCXOTHBIM MaTepHalioM sl CHH-
T€3a TOPMOHOB M B CBSI3U C 3THM BBICTYNAIOT B Ka-
YECTBE PEry/IsSTOPOB 0OMEHHBIX mporieccoB [4]. OHu
TaKXe HHAKTHBHPYIOT CBOOOIHBIE PAJUKAIIBI U TOP-
MO3SIT CBOOOJHOPAINKAIBHOE OKUCIICHHE, 0COOCH-
HO aKTUBUpyeMoe MpH 0o0my4deHuH [5]. 3amurtHOE
JIeiCTBUEC BUTAMUHOB-aHTHOKCHIAHTOB peaiu3yeTcs
[IOCPENICTBOM CIEAYIOIINX MEXaHU3MOB:
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1. [Ipssmoe B3auMozericTBIE CBOOOMHBIX paIuKa-
JIOB C aHTHOKCHJJAHTHBIMU BUTAMHHAMH.

B cBs3u ¢ TeM UTO B KIIETKE MPUCYTCTBYET MHO-
JKECTBO CyOCTpaToOB, aMHHOKHCIIOT, OCITKOB, (hepMeH-
TOB ¥ APYTHX MaKPOMOJIEKYII, SP(PEKTUBHO 3aXBaThI-
BAaIOIIMX aKTUBHBIE (POPMBI KUCIOPOAA, OYEBUAHO,
9T0 He(h)epMEHTATHBHBIE AHTHOKCHIAHTHI TPOSIBIIS-
IOT CBOUM AHTHOKCHUIAHTHBIE CBOHCTBA TONBKO TPH
BBICOKHX KOHIIEHTPAIUAX, ¥ 3alTUTHBIN ekt Oy-
JieT HaOIIoIaThesl TIPU YCIIOBHU:

k,S,>kTH + > kS,

rie S, — KOHLEHTPalMs BUTAMHHOB-aHTHOKCHIAH-
TOB; TH — KOHIICHTpAIUSI MOJICKYJI-MHIIICHEH; ), S —
CyMMa KOHIICHTPALMH BHYTPHUKIIETOYHBIX MOJICKYI,
BBICTYIIAIOIINX B Kaue€CTBE CKIBEHIXKEPOB; k, , k,
k,, — COOTBETCTBYIOIIYE KOHCTAHThI CKOPOCTEN B3au-
MOJICHCTBHSI MOJIEKY/I-MHUILIEHEH cO CBOOOAHBIMU pa-
nukanamu. [ToaToMmy MamoBEpOSTHO, UTO 3alIUTHBIN
3pPEeKT BUTAMUHOB-aHTUOKCHUIAHTOB peau3yeTcs
3a CYeT MPSMOTO B3aMMOJIEHCTBHS C KUCIOPOTHBIMU
paaukamamu. OfHAKO KaKOW-TO BKJAJl 3TOTO Mexa-
HU3Ma BO3MOKEH B CBSI3U C HEPaBHOMEPHBIM pacrpe-
JleleHneM He(epMEeHTaTUBHBIX AHTUOKCHIAHTOB B
JUMHUTHON (PpaKkUry KIETOYHBIX MEMOpaH M BOJHON
(aze, YTO MOXKET MPUBOIUTH K UX JOKAIBHO BBHICO-
KHM KOHIIEHTpanusaM. [ uapodoOHbIe BUTAMUHBI, Ta-
KHE KaK O.-TOKO(epoin W [-KapoTHH, paCTBOPEHBI B
JUMUAHOM OHMciioe MeMOpaH KIIETKH, a, HalmpuMmep,
acKopOMHOBAS KUCJIOTa HAXOMUTCS B BOXHOH (haze.

2. KoMmIutekchl aHTHOKCHIAHTHBIX BUTAMUHOB U
Ko(epMeHTOB ¢ OenkaMu 1 pepMEeHTaMHU.

MHuorue 06enKku cofiep’kar BCTPOSHHBIE aHTHOK-
CHJIAaHTHBIC CUCTEMBI, OpPTaHM30BaHHBIC W3 AMHHO-
KHCIIOTHBIX ocTaTkoB. Kpome Toro, asst psna OenkoB
u (GEepMEHTOB HAOIIOAAOTCS MUTPAIHs DHEPTHH,
MEPEHOC DJIEKTPOHOB, 3aXBau€HHBIX KaKUMHU-THOO
OOKOBBIMHU AIIEKTPOHOAKIICTITOPHBIMUA TPYIIIaMH, K
aKTHBHOMY IICHTPY, OpPTraHH30BaHHOMY B KIlacTep
AMHHOKHCIJIOTHBIMH OCTaTKaMH C BBICOKHMH 3JICK-
TPOHOAKIEITOPHBIMA CBOWCTBaMu. Eciam B 3TOM
AHTUOKCHJAHTHOM LIEHTPE WJIH B €r0 pallOHe MpOouC-
XOJIUT CBSI3BIBAHHE aHTUOKCHUJAHTA WU KOo(epMeH-
Ta, TO TIEPBHIA (4) BBICTyIaeT B KaueCTBE JIOBYIIKH,
B KOTOPYIO CTEKAlOTCS JJIEKTPOHBI, MOTIOUICHHBIE
OOKOBBIMH OcTaTKaMmH Oenka (P):
kf
A+ P=C.

k

b

SammTHBIH 3(G(EKT a1 TaHHOH MaKpoMoJe-
Kynbl uin (depMeHTa OyleT TeM BbIlIe, YeM ¢ 0o-
jiee BBICOKOW KOHCTAaHTOW CKOPOCTH CBSI3bIBAETCS
aHTHOKCUJIAHT C MaKpOMOJICKYIIOi (k) 1 ueM Bbliue
KOHCTaHTa CKOpPOCTH Aucconuanuu (k,). Bpems cBs-
3BIBAHUS aHTHOKCHJIAHTA UK KoakTopa ¢ GeskoMm,

WK BpEMs pelaKCallii K PaBHOBECHUIO, OIIMCBIBACT-
Cs YpaBHCHUCM:

v =k=k(4+P)+k,

k
Takkax K = —/ | To mocyenHee PaBEHCTBO
b
MOYKHO MPEJCTaBUTh TaK:
t ' =K, k,(4+P)+k,

[TosTOMy TIpH OBICTPOM CBS3BIBAHHH (Mayioe T)
MaJtasi KOHIICHTpaIis aHTHOKCHIaHTa OOMEHUBAETCS
3a JaHHBIA MPOMEKYTOK BPEMEHH C OOJIBIINM YHC-
JIOM MaKpOMOJICKYJI, T.C. HaOJIIOaeTCsl €ro ObICTpast
MUTpAIHs MEXIY MOJIEKyIaMu Oeka. DTO MO3BOIIs-
€T MaJIBIMHU KOHIICHTPAIUAMY aHTHOKCHU/IaHTA 3aIllH-
TUTH OTIPENICTICHHBIN Kiacc OEIKOB, KOTOPHIE CBS3bI-
BAIOT €r0 C BBICOKUM CPOZACTBOM (BBICOKOE 3HAUCHHE
K, .., ONIPENENAET N3OMPATENLHOCTD CBA3BIBAHUSA) U €
BBICOKMMH 3HaYECHUAMH KOHCTAaHT CKOPOCTEii k, M
TIpH yCIOBUH k,>> k.

3. AHTHOKCHIAHTHBIE BUTAaMUHBI KaK OHOPHI
BOJOPOJIA.

Hekotopeie  BHUTaMUHBI-aHTHOKCHIAHTBI ~ MO-
TYT BBITIOJNHATH 3aIUTHYIO (DYHKIMIO BCIEICTBHE
penapauiy, BOCCTAHOBIICHHUS IOBPEXICHHOW Ma-
KPOMOJIEKYJIbI, BBICTYIasi JOHOPaMHU BOAOPOJA.
O¢ddexTrBHOE 3axBaThIBaHWE CBOOOIHBIX PaJIUKa-
JIOB MOJIeKy/oii Oenka Bbicoko. OOpa3oBaBIInecs
cBOOOMHOpaauKaabHble (OpMbI Oenika, wnu dep-
MEHTa, Je3aKTUBUPYIOTCS He(pepMEeHTHATUBHBIMU
AHTHOKCHUIAHTaMH. DTOT MEXaHW3M MOXKHO TMpe.-
CTaBHUTh CIECAYIOLUIMM 00pa3oM:

OH +PH—> P
P'+AH — PH+ A"
A"+ A — A-A

4. KoMIIiekchl ¢ HOHAMH METaJUIOB TIepeMEHHOM
BaJICHTHOCTH.

AYTOOKHCIICHHE HOHOB TIEPEXOIHBIX METaJIOB
CONPOBOXKIAETCS 00pa3oBaHHEM CYNEPOKCHAHO-
ro aHHOH-paJuKalla U THAPOKCHIBHOTO pajuKaia.
AHTHOKCUJIAHTHBIC BUTAMUHBI MOTYT CBSI3bIBAaTh
WOHBI TIEPEXONHBIX METaJuIOB, 00pa3ys XesaTsl,
i ke (HOpMUPOBATH TPOHHBIE KOMILIEKCHI: Oe-
JIOK — aHTUOKCHJAHT — Me™, 4TO CIIoCOOCTBYET CHHU-
KEHHUIO COAepKaHUs CBOOOTHBIX OPM METAIIOB U,
Kak CIIeJICTBHE, MPOIECCOB TE€HEepallMd AaKTUBHBIX
dbopm kucnopona. 3ammuTHEIN 3HHEKT MOKET OBITH
00yCJIOBJI€H, BO-TIEPBBIX, YMEHBIIEHHWEM JOCTYII-
HOCTH KaTHOHOB Metamna aeWcrsuto H,O, wim op-
TaHUYECKHUX TEPOKCHIOB, BO-BTOPHIX, CBOOOIHBIE
KHUCJIOPOJHBIE paJKalibl, 00pa30BaBIIMECS IPH
OKHCJICHUY MOHOB METAaJlIa, B3aUMOJICHCTBYIOT C aH-
THOKCHJIAHTOM, HaXOJSAIIIMCS B OJM3KOM COCEACTBE
C MOHOM [6].

6 SIBERIAN SCIENTIFIC MEDICAL JOURNAL 2022; 42 (3): 4-17



Huxumuna 0.A. u op. Cucmema anmuoKCUOGHMHOU 3aujumbl. pe2yisayus Memabonuieckux npoyeccos...

PernHONM M 0-TOKOGEPON ABISIOTCA 3P(HEKTHB-
HBIMH OMOAHTHOKCHUJAHTaMH. ByIlydyl MUHOPHBIMU
KOMIIOHEHTaMH OMOMEMOpaH, OHHM UTPAIOT Ba)KHYIO
pOITb B 00ECIICUCHNN UX CTPYKTYPHO-(PYHKIIHOHATE-
HOW TIOJHOLIGHHOCTH. 3alluTa JHUMUAOB OT mepe-
KHCHOTO OKHCIJICHUS SIBJISIETCSI HanOoJiee N3y4eHHON
¢dbynkmuelt ButamuHa E; mposBieHneM ero aHTH-
OKCHAAHTHBIX CBOMCTB TaKxke CJIIY)KUT BJIMAHUC HaA
OmocuHTE3 (PepMEHTOB Ki1acca OKCUaopenykras [7].
[Mon BnwsiHMEM O-TOKO(Epoia, CHHEPrHCTa acKop-
OMHOBOM KHCJIOTBI, HNPOHUCXOAUT BOCCTAHOBJICHHUC
MPOHUIIAEMOCTH MEeMOpaH, U3MEHEHHON H30BITKOM
MPOIYKTOB CBOOOTHOPANKAIEHOTO OKHCIICHHS.

B nunmpax ¢eHonbHBIE OMOAHTMOKCHAAHTHI
CYIIECTBYIOT B JOBYX (popMax — OKHCIEHHOW (Xu-
HOHHOW) W BOCCTAHOBIEHHOH ((EHONMBHOI), U C
KHCJIOPOAHBIMHU PaJIiKajlaMi aKTUBHO PEarupyroT
TOIBKO BOCCTAHOBJIEHHBIE (DOPMBI, MMEIOIINE CBO-
0OIHYIO0 THAPOKCHIIBHYIO Tpymity. DeHonpHbIE (op-
MBI NIEPEXOAAT B XMHOHHBIE B PEaKHUAX OKUCICHUS,
IJIe OHU BBHITIONHAIOT (DYHKITMIO aHTHOKHCIHUTENEH.
Iepexom u3 omxHOM (POPMBI B IPYTyIO0 — 3TO CIIOCOO
PETYASAINA MHTEHCUBHOCTH OKHCIHTEIHHO-BOCCTA-
HOBHUTEJBHBIX pPEaKIrii, MPOTEKAONMUX B JIUMTHAAX
MeMOpaH. DeHonbHBIE (GOopMBI TOKOPEPOTIOB (6-0K-
CUXPOMAaHBI) SBISIOTCS YCTOWYHBBIMH, YTO JAET UM
MPEUMYIICCTBO NEPE APYTUMH IPUPOJIHBIMU aHTHU-
OKCHZaHTaMH. XPOMaHOBOE KOJNBLO C-TOKOQepoa
pacrionaraercs Ha TPaHUIIE TOJSPHOW M YTIEBOIO-
pomHOW oOyacTeld JHIMUAHOTO OHCIOS, a THIPOK-
CHJIbHasE Tpymma oOpa3yeT BONOPOAHYIO CBS3b C
aTOMOM KHCIIOpOJa CIOXHOAHUPHOH Tpymiibl (oc-
darugmixonnHa. B 3TuX ycnoBusx o-Tokodepon
aBysiercst (Q(GEKTUBHON JIOBYIIKOH CBOOOIHBIX pa-
nukaimoB. OKucIIeHHbIe (OPMBI O-TOKO(epoiIa BOC-
CTaHaBJIMBAIOTCS CHHEPTUCTAMH — acKopOaToM H
HEKOTOPBIMH JIPYTUMH BOJOPAcTBOPHUMBIMH OHO-
AHTHOKUCIUTEISIMA [7]. AcKOopOWHOBas KHCIIOTa
MOXET HETMOCPEACTBEHHO B3aWMOACHCTBOBATh C
CUHTIIETHBIM KHCJIOPOAOM, THUAPOKCHIBHBIM paju-
KaJIoM ¥ BOCCTaHABIMBAaTh NEPEKUCH Bomopoaa [8].
PeruHon yuacTByeT B CTaOWIM3alUU MPOHUIIAEMO-
CTH KJIETOYHBIX MEMOpaH W TaKKe OrpaHUYHBaET
pa3BuUTUC N30BITOYHOTO OKHCJIEHUS. HpI/I 9TOM OH
MOXXET TPOSBIATh W MPOOKCHIAHTHOE [EHCTBUE.
Cunraercs, 4YTO MpPEAOXpaHSIET PETHHON OT JaHHOH
¢yukyn o-tokogepon [9]. Mcnons3oBanue acBura
(o-Toxo(heponia M peTHHONA B COBOKYITHOCTH) JIaeT
emie Oomee BRIpakeHHBIN d(h(PeKT, YeM 00BsACHIETCS
YCOCUIHOCTDb €TI0 IPUMCHECHUA B MeHHHHHCKOﬁ Impak-
Tuke [9].

(I)epMeHTaTHBHLIe AHTHOKCUIAHTBI

K ocHOBHBIM (hepMEHTAaTUBHBIM aHTHOKCH-
JaHTaM OTHocATcs cymnepokcupaucmytaza (COL),
Karajasa, [Ty TaTHOHIEPOKCHa3a, Ty TaTHOHPETyK-
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taza [10]. CO/] oka3bIBaeT MONOKUTENBHBIN ek
MIPH JICYEHUU CEPJEUHBIX MPHUCTYTOB, CBA3aHHBIX C
MOBpeXIeHUEeM cepiaedHor mouiel [11]. Tmyratu-
OHITEPOKCHa3a 3aHUMAET BAXHOE MeCTO B (hepMeH-
TaTUBHOM 3B€HE CHCTEMBl aHTHOKCHIAHTHOM 3aIliu-
TBI ¥ SIBJISIETCS] OMHUM M3 KOMIIOHEHTOB KOMILIEKCA,
KOTOPBIN BKITFOYAET TAK)Ke TIIyTaTHOH W TIIyTaTHOH-
penykrasy. [yTaTmoHHepokcHugaza KaTaJu3upyer
BOCCTaHOBJIEHHE TIIyTAaTHOHOM IEPEKHCH BOAOPOAA
W OpraHWYeCcKHX THApomNepeKknceid ¢ oOpa3zoBaHH-
€M COOTBETCTBEHHO BOJBI U OKCHKHCIIOT, KOTOpHIE B
JANBHEHIIEeM MOTYT MeTaOONU3UPOBaThCS KIIETOY-
HBEIMU cucteMami [12]. Tlpu ygacTtuu reMonpoTenHa
KaTaJia3bl U3 MIEPEKUCH BOJOPOa 00pa3yroTcs BoJa U
MOJIEKYJISpHBIA kucnopon. Karamasy Haxomsar B Kpo-
BH, KOCTHOM MO3T€, CITM3UCTBIX 000JI0UKax, IIEYCHH,
MOYKaxX, T.€. B KJIETKaX, IJ1€ MPOUCXOAUT UHTEHCUB-
HOe okucieHue ¢ oopazosanuem H,0, [13].

Takum 00pa3oMm, B OpraHu3Me CyLIECTBYET Lie-
TR pAN  B3aUMOCBSI3aHHBIX  aHTHOKCHIAHTHBIX
CHCTEM, OCHOBHAs pOJb KOTOPHIX 3aKiiodaeTrcs B
MOJICPKAHUN  OKHCIUTENLHO-BOCCTAHOBUTEIIBHBIX
peaknuii Ha cTanroHapHOM ypoBHE. CyMMapHOCTb
B3auMOZCUCTBHS (pepMEHTATUBHBIX U HeepMeHTa-
TUBHBIX AHTHOKCHJAHTHBIX CHCTEM OO0ECIeYrBaeT
YCTOMYMBOCTH OpraHM3Ma K 3KCTpeMalIbHBIM (haKTo-
pam, o0naIaloIM MPOOKCUAAHTHBIME CBOWCTBAMH,
T.€. CIOCOOHOCTBIO K CO3[JaHUIO B OPTaHHU3ME yCIIO-
BHH, MPEIpacIioNaralonux K BHIPa0OTKE aKTHBHBIX
($hopM KHCIOpOJa M aKTUBALMK PEaKUuil cBOOOAHO-
paauKaIbHOrO OKHUCeHus [2].

CpBIB aHTHOKCHIAHTHOM 3aIIUTHI XapaKTepusy-
eTcs pa3BUTHEM CBOOOJHOPAAMKAIBHBIX MOBPEXK-
JEHUHA pa3HBIX KOMIIOHEHTOB KIIETKH U TKaHEH, CO-
CTaBJIAIONIUX CHHIPOM JHIUAHON MEPOKCUAALNH,
1 BKJIFOYAET CIENYIOIUE N3MEHEHUS: TOBPEXKACHNE
MeMOpaH, WHAKTHBAIIMIO W TpaHcopmarmio dep-
MEHTOB, MOJaBJIEHUE JETICHUs KJIETOK, HaKOTUIEHUE
B KJIETKE MHEPTHBIX IPOTYKTOB IMOJIMMEPH3AIINH, Ha-
npumep, munodycrmaa [14].

I'eHeTyeckue  J€TEPMHHAHTBI
AHTHOKCUIAHTHOM 3aIUThI

CHCTEMBI

IeHeTnyeckass U3MEHUUBOCTh (PEPMEHTOB aHTH-
OKCHJIAHTHOM CHCTEMBl OpraHu3Ma B TIOCICIHUC
TO/IbI cTaxa Hanbolee 3HAYMMBIM OOBEKTOM B H3y4e-
HUU MaToTeHe3a MHOTHUX 3a00s1eBaHUil. AKTUBHOCTD
AHTHOKCUIAHTHBIX ()EPMEHTOB TCHETHYECKH JIETEP-
MUHUpOBaHa Onarofapsi HaJMYUIO B CTPYKTYpe KO-
JTUPYIOLIMX MX TEeHOB MoMMMOp(HBIX ammenei [15].
lenernueckuit nonumMopdu3M MokeT ObITh 00YCIIOB-
JIEH 3aMEHON HYKJIEOTHIOB, NYIUIMKAIMEed, BCTaB-
KaMU, BBIMAJCHUSIMH, HYKICOTHIHBIMUA TTOBTOPAMHU.
Hexoropsie monmumMophu3Mbl BCTPEUArOTCS IOBOIBHO
9acTo, a HEKOTOPEIE — O4eHb penko [16]. B mocnen-
HUE TOJbl IIUPOKO PACIPOCTPAHEHBI UCCIICOBAHUS
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B3aMMOCBS3H MEXIy NONUMOpGHU3MaMi T€HOB aHTH-
OKCHJAHTHBIX (PEPMEHTOB U WX aKTHBHOCTBIO MpPHU
MHOTOYHCIICHHBIX 3a0o0neBanusix [16-30].

CO/l naxonuTcss BO BCEX KIETKax, MOTPeOIs-
IOIUX KHUCIOPOA. Y MIIEKONMTAIONUX H3BECTHBI
tpu tuna COJl — nurtoszompHas (SOD1), MuToxoH-
npuanbHast (SOD2) u BHekierounas (SOD3). I'en
SOD1 noxanuzoBaH Ha 21-it xpomocome (21q22.11),
u u3BectHO Oosiee 150 ero myraruii. OHU B OCHOB-
HOM TOYEYHBIE U XapaKTEPU3YIOTCS 3aMEHOU OHOU
AMHHOKHCIIOTH U3 153 aMUHOKHCIIOTHBIX OCTaTKOB
[15]. UByuenne nomumopdusma rena SOD ] mmpoko
pacnpocTpaHeHO NP UCCICAOBAHUY PA3IMYHbIX 3a-
OoreBaHUi Kak y B3pOCHbIX, Tak U y aereit [17-20].
Bo MHOTHX 3KCHIEpUMEHTABHBIX PA00TaX MOKA3aHbI
u3MeHeHusl dkcupeccun reHa SODI [21-23]. B pa-
oore I.®. MyxamMmMaaueBa 1 JIp. TPOAEMOHCTPHPO-
BaHbI pa3nuuus npoduis skcnpeccun rena SODI B
3aBHUCHMOCTH OT 3THOJIOTMH TOKCHMYECKOTO TeMaTH-
ta. MccrnenoBanue aBTOPOB IMO3BOJISIET OLICHUBATDH
3Ty SKCHPECCHIO KaK JIOTIOJIHUTENbHBI MapKep Io-
BPEXICHUsI IIEUCHU 07 BO3ACHCTBUEM Pa3IMYHBIX
TOKCUKaHToB [22]. Ilpu MomenupoBaHUU CaXxapHOTO
muabera B rummokamrie y kpoic [°B. Kapanteimr u ap.
YCTaHOBWJIM KOPPEJSIIMOHHYIO CBSI3b MEXKAY aKTHB-
HOCTEIO (hepMeHTa U 3Kcnpeccuen rena SODI. Ilpu
STOM M3MEHEHHE aKTUBHOCTU U cogepxkanus MPHK
JIPYTHUX aHTHOKCHJAHTHBIX (EPMEHTOB HE BCErIa
HMMeEJId B3aUMOCBs3b [23].

MyTauuu B reHax, KOHTPOJIHPYIOIINX JbIXaTellb-
HYI0 IIeTlb MUTOXOHJAPHH, COIPOBOXKIAIOTCA Hapy-
HIEHUEM MPOIECCOB OKUCIUTENBHOTO (ochopuu-
pOBaHUSI — Ba)KHEWIIIETO0 MCTOYHUKA SHEpruu. IeH
SOD?2 noxanuzoBaH Ha 6-ii xpomocome (6q25.3) u
uMeeT okoJio 60 OMHOHYKICOTHIHEIX MyTanwii. Hau-
Oosiee WUPOKO M3ydeH ero nomumopdusm Alal6Val,
KOTOPBI MOKET MPUBOIUTH K UCTOIIEHUIO (pepMeH-
ta [15]. JlaHHBIH TOTMMOP(H3M YCTICIITHO H3y9aeTCs
IIPU MHOTHUX 3a00JeBaHusx [24—26].

I'en SOD3 pacmnonoxeH B JIOKyCE€ XPOMOCO-
Mbl 4 (4q21). Hanbonee u3ydeH ero nonuMopgusm
Arg213Gly. Y.M. Yang et al. ycranoBuin, 4T0 nHna
¢ nonmumopduzmom Ala40Thr rena SOD3 umeror
MOBBIIICHHBI PUCK Pa3BUTHSA caxapHOro auabera
Broporo tuma [27]. Jpyro#i rpymnmoii 3apyOeKHBIX
yUeHBIX OBUIO BBICKA3aHO YTBEPXKACHHE, YTO IIO-
mumopdmsmer SOD2 n SOD3 MoryT OBITH TE€HETH-
YeCKMMHU (pakTopaMu pHCKa BOCIPHUUMYHBOCTH H
MPOTPECCUPOBAHUST BUTHIIUTO: TIOBBIIICHUE AKTHB-
Hoctu AaHHbIX u3odopm COJl MOXKeT MPUBOIUTH K
HAKOIUICHHIO MEPEeKHCH BOIOpPOJa B IUTOMJIa3MaTH-
YECKHX, MUTOXOHIPUAIBHBIX U BHEKJIETOYHBIX KOM-
MapTMEHTax, a B JJAJTbHENIIEM — K OKHUCIUTEIEHOMY
TTOBPEKICHUTO MEJIAHOIUTOB [28].

Ienbl cymepcemeiicTBa IiyTaTuoH-S-TpaHche-
paz — GSTTI, GSTMI n GSTP1 — XxapakTepu3yoorcs
3HAUUTEIIHbHBIM HOMYJISIIAOHHBIM MOTUMOP(HUIMOM.
[HomumopdHBIE BapHAHTHI 3THX TEHOB OMPEIEISIOT
pa3Nu4HyI0 EepMEHTAaTUBHYIO AKTUBHOCTH COOTBET-
CTBYIOIINX OEIKOBBIX MPOAYKTOB. Hammume B opra-
HU3ME YeJIOBeKa (PYHKIIMOHAIBHO OCIa0ICHHBIX Ba-
PHAHTOB TOBBIIIAET BOCIPUHUMYHUBOCTH OpPTraHHU3Ma
K BpPEeIHBIM BO3JCHCTBHSIM U, KaK CIEICTBUE, K YBe-
JYEHHIO PUCKA Pa3BUTHSI HEKOTOPBIX 3a00eBaHUit
[29, 30]. BeisBiieno 3Ha4eHre nonuMopdu3ma reHa
GSTPI B pOrHO3UPOBAHUU TeYCHUS U IPPEKTHB-
HOCTH TEpaIlny TAaIUeHTOB ¢ JTUM(OMON XOmKKH-
Ha [29]; moka3aHa B3aMMOCBS3b MOJIUMOP(HU3MOB
Ile105Val, Alal14Val rena GSTPI c 6ecruonueM y
My>xuuH [30].

I'en xaramassl pacmonoxeH Ha 11-if xpomocome
(11p13) u cocrout u3 13 sx30H0B. M3BecTHO 755 mO-
TUMOP(HU3MOB 3TOTO TeHa, KOTOPBIE ACCOITMUPOBAHBI
¢ m3MeHeHneM (hepMeHTaTHBHOM akTUBHOCTH [31]. B
pabore O.A Epmosoii u T.A. BaupoBoii mpoBeneHbI
WCCIENOBaHUs 10 BKIamy monmMopdusma 262-C/T
reHa Karajiasbl B (QOpMUPOBAHUE apTePHATLHOU TH-
MEePTEH3MHU Y IOAPOCTKOB Pa3HbIX pac (€BpOIEONI0B
¥ MOHTOJIOWJIOB), TTOKA3bIBAIOIIUE PA3HYIO B3aUMO-
CBSI3b MONUMOp(H3Ma W aKTUBHOCTH (epMeHTa B
nByx uccaepyembix rpymmax [31]. FO.C. Tpertsbs-
KOBOM W JIp. BBHIMOJHEHA OLEHKA (QYHKIMOHAIb-
HOM 3HAYUMOCTH MOJUMOp¢U3Ma TeHa KaTaias3bl
CAT-262GM B TspKECTH TEUCHHUS SI3BEHHOT'O KOJIHTA.
Pesynbrars! nccinenoBanus MOTYT OBITh IPUMEHEHBI
B NIPOTHO3WPOBAHUM XapaKTepa TEUECHUs 3a00ieBa-
HUS ¥ BBIOOPE TaKTUKH JieueHus [32].

[[Iupoko pacmpoCTpaHEHO KOMIUIEKCHOE HC-
CJIEJIOBAaHUE HECKOJBKUX T€HOB aHTHMOKCHIAHTHBIX
tdbepmenToB. Tak, rpymma poCCHHCKUX YYEHBIX IpPH
HCCJIEZIOBAHUM HMHTEHCHUBHOCTU IIPOIIECCOB IEpe-
KHCHOTO OKHCJIEHHA JHUMNHUIOB TPU XPOHHYECKOM
MapoJIOHTHTE HM3y4Yalla YacTOTy BCTPEYaEMOCTH TIO-
numopdusmop reHoB COJl, karanasbl U TITyTaTUOH-
S-tpancdepaspl. [lomydeHHBIE aBTOpamMul JaHHEIE
CBHUJIETEJIbCTBYIOT O Ba)XHOM pPOJM TE€HETUYECKOU
COCTaBJISIFOLIEH, CBSI3aHHOM C HaJM4HMEM IOJIMMOp-
¢uzmoB B reHax depmentor [33]. B.B. BuykoB u
Jp. WCCIIEJOBANHM B3aMMOCBS3b MEXAY IOIHMOp-
(hM3MamMu reHOB aHTHOKCUIAHTHBIX (JEPMEHTOB U UX
AKTUBHOCTBIO TIPH TOCTTPaBMaTHYECKOM OCTeoap-
TPO3€ KOJICHHOTO CYCTaBa. Y UeHbI€ yCTaHOBUIIN, YTO
HU3MeHeHue OajaHca akTHBHOCTH aHTHOKCHIAHTHBIX
(hepMEHTOB MOXKET BIMSTH Ha KHU3HECIIOCOOHOCTH
MOHOHYKJIEAPHBIX KJIETOK [34].

B HacTosiee Bpemst STHUUECKas TeHETHKA SIBIIS-
€TCsl OTHUM U3 MEePCIIEKTUBHBIX HAMpPaBICHUN. YUeT
STHUYECKOro (akropa KpaiiHe HEOOXOIUM sl T0-
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HUMaHHS MEXaHW3MOB TaTOTeHe3a MaTOJOTHYECKUX
MIPOIIECCOB U Pa3pabOTKU TapreTHOM Teparuu.

[IpoBeneHsl MHOTOYHMCIEHHBIE HCCIETOBAHHUA,
KOTOPBIE XapaKTepHU3yIOT 0COOEHHOCTH (HOpPMHpPOBa-
HUS ¥ TEYEHHs Pa3IUYHbIX 3a00JI€BaHUN C TeHETH-
YECKOH TOUKH 3pEHHUs Y KOPEHHBIX HapoaoB Cubupu
[35-38]. AuTHOKCHIAHTHAs CHUCTEMa TPU OJHOU U
TOM K€ TaTOJIOTHM MOKET UMETh CBOM ITHHYECKHE
ocobenHoctH. B nccnenopanusax ®I'BHY Hayunsrit
HEHTP MPo0IIeM 310pPOBbSI CEMBH M PETIPOAYKIINHU Ye-
JIOBEKA MPU M3yUEHUH TAaKHUX MATONOIMH, KaK Hapy-
menne cHa [39], oxupenue [40], caxapHslii muabder
[41], occennmanbpHas aprepuanbHas THIIEPTEH3HA
[31], myxckoe Oecruionue [30], akTUBHO TpPUMEHSI-
I0TCSl TeHeTHIeckue Metosl. [lomydennsle aBTopa-
MU Pe3yJIbTaThl CBUCTEIBCTBYIOT O HEOOXOMMOCTH
UCCIIeIOBaHUM NOMMMOP(HU30B TEHOB AHTHUOKCH-
JMAHTHBIX (J)EPMEHTOB C LETHI0 OIEHKH yCTOWYMBO-
CTH OpraHu3Ma K JaHHBIM 3a00JI€BaHUAM U JJIS BO3-
MOYXHOCTH NEPCOHATU3UPOBAHHOIO MOAXOAA K HX
MPO(UITAKTHKE U KOPPEKITHH.

B mocnexnue roasl Bce GONbIIMK WHTEpEC BBI-
3BIBAIOT MCCJICIOBAHUS B OONACTH W3ydYeHUS Ouo-
AHTHOKCHIAHTHBIX W (hapMaKOJOTHYECKHX CBOHCTB
(heHonbHBIX coenuHeHwmit [42—44]. Co3nanue U pas-
paboTKa TaKWX BEIIECTB C YCUIICHHEM aHTUOKCHIAHT-
HOM M aHTUPAIUKAIHLHON aKTHBHOCTH, a TaKXke BO3-
MOXHOCTh KOHCTPYHPOBATh MOJIH(PYHKINOHATBHBIC
AHTUOKCUIAHTHI SBISIETCS OJHWUM W3 TEPCIEKTHB-
HBIX HallpaBieHni. Hannmume y CKoHCTpyHpPOBaHHBIX
(heHONBHBIX COEIMHEHHH HENmpsIMOi Ouomoruye-
CKOW aKTHBHOCTH TIO3BOJISIET M PEaN30BaTh CBOE
neficTBue depe3 curHaidbHbie mMyTH [42]. Ceromms
MPEINPUHUMAIOTCSI TIOTIBITKU «HETPSIMBIX» aHTHOK-
CHUJIAaHTHBIX BO3JIEUCTBUN Ha PEIOKC-UYyBCTBUTEb-
HyIo curHanbHyto cuctemy Keap1/Nrf2/ARE [45]. B
cBoeli pabore E.b. MeHbIIMKOBa U IIp. TOKA3bIBAIOT
BJIMSTHAE CHHTE3WPOBAHHBIX aBTOPAaMHU BOJOPACTBO-
PUMBIX CTPYKTYpHO-POJCTBEHHBIX MOHO(EHOJIOB Ha
cucremy Keapl/Nrf2/ARE Ha ocHOBaHMH BO3xei-
CTBHS Ha KJIIOYEBBIC DJIEMEHTHI ¢ MHAyKIuH [42].
C.E. XpanoBbIM 1 Jip. U3ydeHa 3aBUCUMOCTb MEXIY
CTPYKTYpPOH CHHTETHYECKUX MOHO(EHOIBHBIX CO-
€IMHEHUI U UX CIIOCOOHOCTHIO BIMATH HA HKCIIpEC-
curo reHoB aytodarmn um Nrf2-omocpenoBaHHBIX
npoueccoB [44]. Ilo pe3ynbrataM H3y4eHUsS] OHKO-
JUTHYEKOH AaKTHBHOCTH HOBOTO CHHTETHYECKOTO
MOHO()EHOJIHHOTO aHTUOKCHUJAHTA TPYIIION YUICHBIX
YCTaHOBIIEHO, YTO 3(PPEKT peTOKC-aKTUBHBIX COEIH-
HEHHH, B TOM 4uciie (EHOJNOB, HE OTPaHUYMBACTCS
curHanbHOU cucremoit Keapl/Nrf2/ARE, pacmpo-
CTpaHSACh Ha MHOTHE JIPyTHE CHTHANBHBIE MyTH C
YYacTHEM TPaHCKPUIIMOHHBIX (PaKTOPOB M OHKOpE-
rynaropoB [46]. HecoMHEeHHO, akTyallbHBI NadbHEN-
M€ UCCIIEOBAaHMs B 3TOM HaIpaBJIeHUH 1O pa3pa-
00TKE TEOPETHUECKUX KOHIICMIINN B3aUMOJICHCTBUS

Pa3IUYHBIX PEIOKC-YyBCTBUTEIBHBIX CHUTHAIBHBIX
CHCTEM U WX POJIA B Pa3BUTHU MHOTHX 3a00JICBaHAN.

COBpeMeHl—ILIe METOAbI ONPEACICHUSA

AHTHOKCHIAHTBI C KaXKABIM TOJOM BBI3BIBAIOT
Bce OonpIIMi MHTEpec Omarogapsi CBOEH 3allUTHOM
POIM OT OKUCIUTENBHOIO Pa3pyLICHUS U OT MarTo-
JIOTMYECKUX IPOLECCOB, OINOCPEIOBAHHBIX OKHUC-
JUTETBHBIM CTPECCOM, HE TOJNBKO B OpraHU3Me 4e-
JIOBEKa, HO U B PAaCTEHMSX, & TAK)KE B MHILIEBBIX U
(apmaneBTHUECKUX NpoayKTax. CKpUHUHT aHTHOK-
CHUJIAHTHBIX CBOMCTB pacTE€HWUA W COEAMHEHHUMN pac-
TUTEJBHOTO MPOUCXOKACHHS TpeOyeT COOTBETCTBY-
IOLIMX METOJOB, KOTOPbIE 00paIAIOTCA K MEXaHU3MY
AHTHOKCUAAHTHOH aKTUBHOCTH M COCPEIOTOUEHBI Ha
KHHETHKE peaklnii, BKIIOYAIOIINX aHTHOKCHIAHTEHI.

Mertozipl, OCHOBaHHbIE HA 