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AHTMOKCUOAHTHAA AKTUBHOCTb U TOKCUYHOCTb
SATUNMETUNTMAPOKCUNMUPUANHA CYKUUHATA U S3OAPABOHA

B 3KCMNEPUMEHTE IN VITRO

A. B. WynebkuH, 10. B. A6aneHuxuHa, MN. [. EpoxuHa, E. H. Akywega'

Ha xnerounoit nuann HEK293 cpaBHuBany MUTOTOKCHMYECKOE AEUCTBUE U aHTHOKCHIAH-
THYIO aKTMBHOCTb 3THIIMETWITHIpoKcuniupuanHa cykuunara (OMITIC) u snapaBoHa B aua-
na3zoHe koHreHTpamuid 5 — 5000 MxM. [{utoTokcuueckoe netictBue oreHnBanu B MTT-Tec-
te. OkucnurensHbiil crpece (OC) MoaeTupoBaIi HHKYOaueH KIIETOK ¢ TIEPOKCHIOM BOJIO-
pona (H,O,) B xonnenTpanuu 5 MM # JTMTENbHOCTBIO BO3ACUCTBUS 24 4. AHTHOKCHAAHT-
HYIO0 aKTHUBHOCTb TECTUPYEMBIX BEILECTB aHATM3UPOBAIU 10 UX BIUSHUIO HAa YPOBEHb Kap-
OOHMIIBHBIX MPOU3BOAHBIX OenkoB 1 THBK-peakTHBHBIX MPOAYKTOB B JIM3aTe KJICTOK JIMHUN
HEK293. OMITIC cHuxan XU3HEeCHOCOOHOCTh KIJIETOK TOJBKO B KOHIEHTpauuu 5 MM 10
64,5+9.2% (p=0,021), a snapaBoH B KoHueHTpauusx 5, 1 u 0,5 MM no 44,5 +7,4 %,
57,1+ 11,8 % n 67,9 £ 28,1 % (p < 0,05). MonenupoBanue OC conpoBoKaaaoCh CHUKEHH-
€M JKM3HECIOoCOOHOCTH KieTok 10 24,5 + 14,1 % (p = 0,033). OMITIC u s1apaBoH B KOH-
nentpauusax 50 u 100 MkM npenoTBpaliaiy CHUKEHHE BEDKMBAEMOCTH KJIETOK B YCJIOBHUSIX
OC. Ilpu stom B koHueHTpauuu 100 MmxM OMITIC na 30,6 % (p = 0,054) Gonbiie, uem sa-
PaBOH B aHAJOTMYHOM KOHLIEHTPAIMU CHMXKAJ COZIEpKaHWE KapOOHMIbHBIX MPOM3BOIHBIX
0enKoB B JM3aTe KIETOK, a B KoHmeHTpamusax 100 m 50 MM — na 43,8 % (p =0,003) u
38,7 % (p =0,05) coorBeTCTBEHHO CHIXaN ypoBeHb TBK-peakTuBHbIX mpoaykToB. Takum
o0OpazoM, B pe3yiasrare ucciienoBaHus ObuUio mokazaHo, yro OMITIC sBnsercs MeHee
TOKCHYHBIM BEILIECTBOM M 00nanaeT Oojiee BbIPa)KCHHBIMU aHTHOKCHJIAHTHBIMH CBOMCTBA-
MH, 10 CPAaBHEHUIO C HIAPABOHOM.

KuaroueBble ciioBa: STUWIMCTWITUAPOKCUIIUPUANHA CYKIIMHAT; 51apaBOH; OKHCJTUTEIbHBIN

cTpecc; MepoKcua Bogopoaa; kietku maun HEK293.

BBEOEHUE

Oxucnurenpupiid crpece (OC) — TUNOBOM MaTosioru-
YEeCKHUI mpoliecc, BOZHUKAIOMINN B pe3yJibraTe AucOanaH-
ca MeXJy MPOAYKIHeH CBOOOAHBIX paJlKajIoB U UX YTH-
JU3alKel B CTOPOHY YBEJIWYEHHUsI 00pa30BaHUsl aKTHBHBIX
dbopm kucnopona [10]. B HacTosiiee Bpemsi JokazaHa
BaxkHas posib OC B matoreHese MUPOKOTO CIEeKTpa 3a00-
JIEBaHUN: CEPAEYHO-COCYTUCTBIX, OHKOJIOTUYECKHUX, HEH-
poZereHepaTUBHBIX, OPOHXOJETOYHBIX [6], OATOMY TpH-
MEHEHHE AHTHOKCHUIAHTOB B HMX KOMIUIEKCHOM Tepamuu
SIBIISIETCS TATOT€HETUYECKH OTPaBIaHHbBIM.

B knMHMYECKHX HMCCIEeNOBaHUSAX JTOKa3alu CBOIO 3(-
(heKTUBHOCTH JIMIIb €AUHUYHBIE Tpenaparbl. OJHUMHU U3
HUX SABJSIIOTCS  2-3THII-0-METHII-3-THIPOKCUIIMPUITHA
cykmuHar (OMITIC) u 1-benwmn-3-mMeTuin-5-nupazonon
(smapaBoH).

OMITIC (Mekcunon, OOO “HIIK “dapmacodt”, Poc-
CHsl) — OTEYECTBEHHBIH JIeKapcTBEHHBIN Mpemnapar, oona-
JTAIOIIUI BBIPAKEHHOW aHTHOKCHJIAHTHOW M aHTUTUIIOK-

I ®Ir'e0Y BO Pssanckuii TrOCyAapCTBEHHbI MEIUIMHCKUNA YHH-
BepcuteT Munsapasa P®, Poccus, 390026, Pazanb, yn. Beicoko-
BOJIETHAS, 1. 9.
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CaHTHOM aKTHUBHOCTHIO. ITokazaHo, uto DMITIC moxer
CBSI3bIBATh CYNEPOKCHUIHBI aHUOH-paJUKal U TUAPO-
KCWJIBHBIA pajuKal, IOBBIIIATh AKTUBHOCTb AHTHOKCH-
JAHTHBIX (DEPMEHTOB — CYNEPOKCUITUCMYTa3bl, IIIyTaTH-
OHIIEPOKCHU/Ia3bl, YCUIIMBATh 00pa3oBaHUE TPAHCKPUILIMOH-
Horo (haxropa Nrf2 [2, 3]. ODMITIC noarBepaui cBoto 3¢-
(DEeKTUBHOCT TPH  OCTPBIX  HapyLIEHHAX  MO3TOBOIO
KkpoBooOpartenust [1].

OnapaBoH — CHUHTETUYECKUH AHTUOKCHAAHT, IIPOSB-
JSIOIIMN aHTUOKCUIAHTHYIO aKTHBHOCTD 32 CUET CBSI3bIBa-
HUSI THAPOKCHIIBHOTO paiKajia, HHIHONpOoBaHus (hepMeH-
TAaTUBHOTO M HE(DEPMEHTATUBHOTO IIEPEKUCHOTO OKHCIIe-
Hus munuaos (I1OJI) 6e3 BIUSHHS Ha BBIPAOOTKY CyTIep-
OKCHIHOTO aHWOH-paankaina [13].

OnapaBoH 3(p(eKTHBEH NPH OCTPHIX HAPYIICHUIX MO3-
TOBOTO KpoBooOpamieHus [5] 1 BXOAUT B AMOHCKHUE PEKO-
meHpauu 2015 1. (SlmoHust) Mo Tepanuy WIIEMHUYECKOTO
uHcynbTa [7]. Taxxke mpemnapar MpUMEHsIETCS] NPU Tepa-
K OOKOBOTO aMHOoTpoduieckoro ckieposa [15] u ogo6-
pes FDA 1o janHOMy [TOKa3aHHUIO.

OnapaBoH B Poccuiickoit Denepanui Ha JTAHHBIA MO-
MEHT HE 3aperucTpupoBaH. Mekcuaon obOpaluaercs Ha
peiake PO 6omee 20 net. [ToaTOMY 11€/TbIO HACTOSIIIETO HC-
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Puc. 1. BiusHue STUIMETHIATHAPOKCUITUPUANHA CYKIIMHATA U Ha-
paBOHA Ha XH3HECIIOCOOHOCTH KieTok Juaun HEK293.

1 — »opmapaBoH; 2 — 2-3TWI-6-METWI-3-THIPOKCUIIUPUINHA CYKIIMHAT.
* p <0,05, mo cpaBHeHuIO ¢ HOpMOH — 100 % (xputepnit Guiepa).

CJIeJIOBaHUsI OBUIO CPaBHUTh TOKCUYHOCTh U aHTHOKCH-
nanTHyto akTuBHOCTh DOMITIC u spapaBona.

METOAbl NCCNEAOBAHUA

HccnenoBanue BeInoiIHEHO Ha auHUK KiieTok HEK?293
(kJIeTkM 1MoYkH SMOpHOHA YenoBeka). Kinetku KyiabTuBH-
pOBajM coIIacHoO poToKoily Poccuiickoll kojuleKnuy Kiie-
TOYHBIX KyJBTYp MO03BOHOYHBIX (MHCTHTYT mwmTONOrHH
PAH, Cankr-IletepOypr) B 6-IyHOUHBIX ¥ 96-TyHOYHBIX
TUTAHIICTAX.

OC MozpenupoBaau [00aBICHUEM B KYIBTYPATIBHYIO
cpeny nepokcuaa Bogopoxa H,0, (Sigma-Aldrich, CIIIA)
B KOHEYHOW KOHIIeHTparmu 5 MM u WHKyOaruel B Tede-
Hue 24 4.

Knetku BeicenBanu B 96-J1yHOUHbBIE MJIAHIIETHI 115 BbI-
nonHeHust MTT-tecra [12], B X01e KOTOPOTO OLIEHUBAIH
paustane OMITIC (Mekcnpon, OOO “HIIK “dapma-
codt”, Poccus) u amapaBona (Sigma-Aldrich, CIIIA) B
nuana3zone KouneHTpamwii 5 — 5000 MKM u AnmuTeNnbHO-
CTBIO KCIIO3ULMHU 24 4 Ha KU3HECIIOCOOHOCTh KJIETOK, a
TaK)Ke aHTUOKCUJAHTHOE JICHCTBHE JAHHBIX BEIIECTB MPH
MogenupoBanuu OC.

Ha moHOCIOE KIIETOK B G-TyHOUHBIX IDIAHIIETaX HPHU
MozpenupoBanur OC OLECHHBANK aHTHOKCHUIAHTHYIO aK-
tuBHOCT, DMITIC 1 smapaBona B koHneHTpanusx 5, 10,
50 n 100 MkM u anauTensHOCTBIO MHKyOammu 24 4. K
KJIETKaM, CITy>KUBIIUM HOPMOH, T00AaBIISUTH TTUTATCIBHYIO
cpeny ¢ 1 % mamermncynspoxcuna (AMCO — pactBopu-
tens OMI'TIC u snapaBoHa), a B KOHTPOJIBHBIE TyHKH —
MUTaTeNIbHYI0 cpeny, copepxkaiyto 1 % IMCO u 5 MM
H,0,. Ilocae unky6anuu ¢ H,0O, u TecTupyembIMu Belle-
CTBaMH KJIETKM CHMMAQJM C JyHOK pacTBOPOM TPHII-
cua-J/ITA (Sigma-Aldrich, ['epmanus), TPrKIs! TPOMBI-
Baju pactBopoMm Qocdaraoro Oydepa (BioRad, CIIA),
nobaristin 150 Mk nusupytomiero Oydepa (50 MM, pH
7,4 tpuc-HCI, 150 MM KClI, 0,5 % tputona X-100, naru-
6utop npotenHas, Sigma-Aldrich, I'epmanns), BeTpsaxusa-
M Ha IIeHKepe M WHKYyOHpOBaIM HA JBbAY B TCUCHHE
10 mun. 3arem ueHtpudyruposamu 10 mua npu 5000 g
(CM-50, Eppendorf, I'epmanusi). B monmyueHHOM Ju3are
KJIETOK C TIOMOIIBI0 KOMMEPYECKUX HaOOPOB ONpENeIsiin

A. B. llly1bkuH U ap.
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Puc. 2. BnusHue STHIMETWITHAPOKCHIIMPHUANHA CYKIIMHATA U /1A~
paBoHa Ha ku3HecocoOHOCTh KieTok uann HEK293 npu moxe-
JMPOBaHUU OKHUCIMTEIBHOTO CTpecca.

1 — »o5papaBoH; 2 — 2-3THI-6-METHI-3-TMAPOKCUIIMPHIMHA CYKIMHAT.
*p<0,05, mo cpasuenmo ¢ HopMmoil — 100 % (xputepmii Dumrepa);
#p<0,05 — pasnuuns Mexxy DMITIC u smapaBorom (f-kpurepuii CThio-
JICHTA).

KOHIIEHTpanuio mpoxaykToB [10JI — mo peakimu mamoHo-
Boro jquanpiaeruna (MJIA) ¢ nBymst MonekynamMu Tnobap-
outyposoii kuciotel (TBK) (Arar, Poccus) [9] u kapbo-
HWIBHBIX TPOM3BOAHBIX OenkoB (Sigma-Aldrich, CIIIA)
[14]. KonmnuecTBo Oenka B rmpoOax aHAJIM3UPOBAIN METO-
noMm bpeadopna (Pierce Coomassie Plus (Bradford) Assay
Kit, ThermoFisher, CIIIA) [4]. AHaju3 BBINOJHSIA Ha
cniekTpodoTomerpe /s riaHmeToB Stat Fax 2100 (“Awa-
reness Technology”, CIIA).

[TomyueHHBIE pE3yIBTATHl OLIEHUBAIN C IOMOIIBIO TIPO-
rpammbl StatSoft Statistica 13.0, qucriepcHOHHBIM aHAIH-
30M (ANOVA) u kputeprem Ouiiepa monapHOro cpaBHe-
HUSI WK #-KpuTtepueM CTpioneHTa. PesynasTars! mpencTas-
nensl B Buge M £+ SD.

PE3YJNIbTATbI U UX OBCYXAOEHUE

JKu3HecrmocoOHOCTh KIIETOK, WHKyOupyeMbix ¢ 1 %
IMCO (nopma), B xone MTT-tecra cocrasuna 100 %.
DOMITIC cHmxal )XU3HECHOCOOHOCTh KJIETOK B KOHIIEH-
tpammu 5000 MkM 1o 64,46 £ 9,17 % (p =0,021), a sna-
paBoH — B kxouneHTpanusax 5000, 1000 u 500 MmxM no
44,55 £7,43 % (p =0,008), 57,11 £ 11,79 % (p = 0,013),
67,97 £ 28,07 % (p = 0,059) coorBercTBeHHO (pHC. 1).

[Tony4yeHHBIC JaHHBIE CBUICTEIBCTBYIOT O TOM, 4YTO
OMITIC saBnsiercs MEHEE TOKCHYHBIM BEIICCTBOM, YEM
9MIapaBOH, YTO IMOITBEPKAACTCS J03aMH JTAHHBIX BEIIECTB,
ucnonb3yeMmbiMe B kiuHUKE (500 — 1200 mr/cyt SMITIC
B cpaBHeHHH ¢ 60 Mr/cyT snapaBoHa) [1, 5].

YuuTeiBasg TOKCHYECKOE NEeHCTBHE dIapaBOHAa B KOH-
nenrpauu 500 MkM, mpu OIlEHKE AaHTUOKCHIAHTHOM aK-
TUBHOCTH, BEIIECTBA UCIOJIBb30BAIN B O0Jiee HU3KUX KOH-
ueHtpammax — 5, 10, 50 u 100 MxM.

Mogenuposanue OC (uakyOupoBanue kierok ¢ H,0O, B
KOHIIEHTparuu 5 MM B TedeHue 24 4, KOHTPOJIb) COITPOBO-
JKIATOCh CHIDKEHHEM JKU3HECIIOCOOHOCTH KJIETOK [0
24,50 £ 14,14 % (p = 0,033). ODMITIC B KOHLEHTpaLUIX
50 — 100 MkM mpenoTBpamian CHUKEHUE >KU3HECIIOC00-
HOCTHU KJIETOK, BbI3BaHHOE BozaeiicrBueM H,O,, a B KoH-
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nentpamusx 5 U 10 MkM He oka3bIBas BIMSHUS Ha JIaH-
HBIM MOKa3aTelb OTHOCUTENBHO 3HAYEHUH KOHTPOIA —
JKU3HECITIOCOOHOCTh KIIETOK CHH)KAIach OTHOCHTEIILHO
3HaYeHWi HOpMBI Jo 2690+728% (p=0,001) u
41,54 £ 16,07 % (p = 0,041) cooTBeTcTBEHHO (pHC. 2).

AHaJOTHYHbIE Pe3yIbTaThl ObLIH IMOIyYeHBl U B DKCIIE-
PUMEHTax C 31apaBOHOM. JJaHHOE BELECTBO B KOHLIEHTpa-
musax 50 u 100 MmxM mpenoTBpamano CHIKEHUE BBIKH-
Ba€MOCTH KIJIETOK, BBI3BAaHHOE TMEPOKCHJOM BOIOPOJA.
[Ipu xoHmeHTpanmu snapaBoHa S u 10 MkM xu3HecHo-
coOHOCTB KIIeTOK mpH pa3putuu OC CHMXKANAch MO CpaB-
HeHHIO ¢ Hopmoit gm0 41,37+£10,19% (p=0,02) u
69,33 £4,02 % (p = 0,024), coorBeTcTBeHHO. [IpH orieHKe
BIMSHUS TECTUPYEMBIX BEIIECTB Ha JKU3HECIIOCOOHOCTH
kyeTok B ycnoBusix OC moka3aHo, 4To 3/1apaBOH MPEBOC-
xomunn OMITIC B kxonunentpauuu 10 MkM (BbDKHBae-
MOCTh KJIETOK coctaBuna 69,33 £4,02 % B cpaBHEeHUH
41,54 £ 16,07 %, p = 0,044).

Bozneticteue H,O, (koHTponbHas cepust) MPUBOIUIIO K
TIOBBIIICHUIO YPOBHS KapOOHMIIBHBIX MTPOU3BOIHBIX OCIIKOB
Ha 395,8 % (p =0,001) u TBK-peakTHBHBIX IPOAYKTOB HA
181,6 % (p=0,001), o cpaBHEHMIO C MOKA3aTEIIMHU HOP-
MBI, 9TO CBUIETENLCTBYET O pazBuTHu OC (Tabmuia).

[pu npumenennn DMI'TIC wa ¢pone H,O, otmedanocs
CHIDKCHHUC YPOBHSI KapOOHMIBHBIX TIPOU3BOIHBIX OCIKOB B
nuzare kinetrok HEK293 npu xoHUeHTpauusx tectupye-
Mmoro Bemiectsa 100 u 50 MmxM Ha 64,9 u 36,4 % (p < 0,05),
COOTBETCTBEHHO, 110 CPABHEHHIO C KOHTPOJIEM (TaOiuIa).
DOmapaBOH TaKkKe CHIKAN COACp)KaHWE KapOOHMIBHBIX
MIPOU3BOJHBIX OenkoB B KoHUeHTpauuu 100 MkM Ha
49,5% (p=0,051), 50 MmxkM — Ha 46,4 % (p =0,064),
10 MkM — Ha 42,2 % (p = 0,089) Ha done BO3ACHCTBHSA
H,0,. IIpu cpaBHenuu Bnustaus IMITIC u snapaBoHa Ha
YpOBeHb KapOOHWIBHBIX TPOU3BOAHBIX OEIKOB OBLIO IT0-
Ka3aHo, uyTo B ycinoBusax OC npumenenne OMITIC npuso-
JIWIIO K CHIDKEHHIO JTAHHOTO IOKa3arens B Oojbliei cre-

MICHH, M0 CPABHCHHUIO C NPHUMEHEHHUEM IapaBOHA B KOH-
nerarparn 100 MxM =2 30,6 % (p = 0,054) (Tabnuma).

OMITIC mipu monenupoBanuu OC BBI3BIBAI CHUKEHHE
ypoBHs TBK-peakTUBHBIX MPOAYKTOB B KOHLIEHTPALUH
100, 50, 10 u 5 MxM Ha 63,2; 61,1; 41,1 u 31,2 %, coot-
BETCTBEHHO, (p < 0,05) mo cpaBHEHHIO C KOHTpoJieM (Tab-
muna). OnapaBod B koHneHTpamusx 100, 50, 10 u 5 MM
Ha (QoHe BozgmeiictBus H,0, cHmwxan coaepxaHue
TBK-peakTuBHBIX TipotyKTOB Ha 34,6; 36,4; 35,8 u 17,4 %
cootBercTBeHHO (p < 0,05). Ilpu pazsutuu OC 6bUIO 1T0-
KazaHo, 4to Ha (poHe npumeneHust IMITIC B koHIIeHTpa-
musax 100 u 50 MM ypoBens TBK-peakTHBHBIX IPOIYyK-
ToB Obl1 Menbuie Ha 43,8 u 38,7 % COOTBETCTBEHHO
(» £0,05) no cpaBHEHHIO € AABaPOHOM (TabIHIIA).

ITonmyyeHHble NaHHBIE CBHIETEILCTBYIOT O TOM, YTO
npu MoaenupoBanuu OC B ycnoBusix in vitro SMITIC u
9NIapaBOH MPOSBIIIOT 10303aBHCUMYIO aHTHOKCHIAHTHYIO
AKTUBHOCTb.

IIpu sTom OMITIC npeBocXonuT 31apaBoOH 110 AHTUOK-
CHJIaHTHOMY JISHCTBHUIO, O Ye€M CBHUJICTEIILCTBOBAJIO Ooiee
BbIpa)KEHHOE CHWKeHue ypoBHs TBK-peakTuBHBIX Ipo-
JTYKTOB (MaKkCMMaJlbHOE CHIKCHHE Ha 63,2 B CPaBHEHHUH C
36,4 % npu npuMeHeHun 3apasoHa, p = 0,021) u kap0o-
HWIBHBIX MPOU3BOIHBIX OENKOB (MaKCHMaJbHOE CHHIKE-
Hue Ha 64,9 B cpaBHeHuu ¢ 49,5 % npu npUMeHEHUH a-
paBoHa, p = 0,027).

Bomee BbIpa)keHHOE aHTHOKCHIAHTHOE JCHUCTBHC
OMITIC, mo cpaBHEHHIO C 3TapaBOHOM MOXKET OBITH CBSI-
3aHO ¢ KOMIUIEKCHBIM AerictBueM DMITIC — oH oOnana-
©T HE TOJBKO MPSAMOH (CBSA3BIBACT CBOOOAHBIC PAIUKAIIEI),
HO M HEMPSIMON aHTHOKCHUIAHTHOW aKTUBHOCTBIO (TIOBBI-
[IaeT aKTUBHOCTh aHTHOKCUIAHTHBIX (DEPMEHTOB, CTUMY-
mupyet Nrf2) [3], B To Bpemst Kak JijIsl 91apaBoHa, B OCHOB-
HOM, XapaKkTepHa MpsiMas aHTUOKCHJAHTHAS aKTUBHOCTh
[11,13].

B 1o xe Bpemst, SMI'TIC nposiBisizz CBOI0 aKTUBHOCTH B
OoJiee BBICOKMX KOHIIEHTPALMSAX IO CPAaBHEHHIO C dIapa-
BoHOM. IC;, HakomuieHuss TBK-peakTHBHBIX NpPOAYKTOB
st OMITIC cocraBuma 37,9 + 23,5 MkM B cpaBHEHHHU C
7,3 £ 0,3 MM mst smapaBona (p = 0,076). 1C,, Hakorure-
HUSI KapOOHWJIBHBIX TPOM3BOAHBIX OCITKOB JOCTOBEPHO

Banssune DMI'TIC u snapaBoHa Ha KOHIIEHTPALMIO KAPOOHMIBHBIX NMPou3BOAHbIX 0ejKoB U TBK-peakTHBHBIX MPOAYKTOB B JHM3aTe KJIETOK
suaun HEK293 npu MonenmpoBaHuu oOKMCIUTENNbHOTO cTpecca (M + SD)

BKCHepI/IMeHTaHBHaH KOHLIGHTpaLU/ISI Kap60HI/UH)HBIX IIPOU3BOAHBIX 66HKOB, KOHHCHTpaHI/IH TBK—peaKTI/IBHHX IPOAYKTOB,
rpynmna HMOJIB/MT Oenka HMOJIB/MT Oenka
Hopwma 58,4+5,1 11,4 +1,0
H,0,, 5 MM 289,6 + 40,5 32,127
Konuenrpanuu 2-OTtun-6-metuin-3- Onapason + H,0, 2-OTtun-6-meTuin-3- OnapasoH + H,0,
TECTHPYEMBIX BEIIECTB, | THIPOKCU-TTUPHINHA TUAPOKCH-TTHPUATUHA
MKM cykuunat + H,O, cykuunar + H,0,
100 101,6 +7,4" 146,3 +27,8"" 11,8+ 0,3" 21,0 £ 2,4
50 184,3 +26,1° 155,1 + 58,2 12,5+0,2" 20,4 + 5,17
10 264,0 +110,1 167,3 +4,1™ 18,9 £9,5" 20,6 + 4,6
5 305,2 £ 24,6 258,0 £196,0 22,1+3,3" 26,5+2,6™

* » < 0,05 no cpasuenuto ¢ rpynnoit H,O, (kouTposs) (kpurepuii Guiuepa);
* p <0,1 no cpasHenuto ¢ rpynmnoit H,O, (konTposib) (kputepuit Guiepa);

# p = 0,054 — paznuuus mexxay OIMITIC u snapaBonoM (#-kputepuit CThIOICHTA).
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MEKIY BEIIECTBaMHM He ommndyanachk: miast OMITIC — cku, 117(3) — 2, 55-65 (2017); doi: 10.17116 /

11,9 + 13,1 MxM B cpaBHeHuu ¢ 8,4 +2,6 MkM s d1a- jnevro20171173255 — 65.

paBona (p = 0,34). 2. A. B. llynekun, XKyph. neepon. u ncuxuamp. um. C. C. Kopca-
xosa, 112(2), 35 -39 (2012).

3. A. B. llynbkun, Kypu. neepon. u ncuxuamp. um. C. C. Kopca-
kosa, 118(12-2), 87-93 (2018); doi: 10.17116 /
jnevro201811812287.

4. M. M. Bradford, Anal Biochem., 7(72), 248 — 54 (1976); doi:

Ilomy4yeHHble pe3yabraThl CONIACYIOTCS C JAHHBIMU JIU-
Teparypsl. [lokasaHo, 4TO 21apaBoOH MPOSBIIAET AHTUOKCU-
JAHTHYI0 aKTMBHOCTb B JHMAalla30HE€ KOHLEHTpaLUH
1 —10 MxM [8], a OMI'TIC — 50 — 1000 mxM [2].
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ANTIOXIDANT ACTIVITY AND TOXICITY OF ETHYLMETHYLHYDROXYPYRIDINE
SUCCINATE AND EDARAVONE: COMPARATIVE IN VITRO EXPERIMENT

A. V. Shchul’kin', Yu. V. Abalenikhina’, P. D. Erokhina’, and E. N. Yakusheva'
! Ryazan State Medical University, ul. Vysokovoltnaya 9, Ryazan, 390026 Russia

The cytotoxic effect and antioxidant activity of ethylmethylhydroxypyridine succinate (EMHPS) and edaravone were compared in a concentration range of
5 —5000 mM. The cytotoxic effect was assessed on the HEK293 cell line using the MTT test. The oxidative stress (OS) was modeled by incubation of cells
with hydrogen peroxide (H,0,) at a concentration of 5 mM for an exposure duration of 24 h. The antioxidant activity of both substances was analyzed using
their effects on the level of carbonyl derivatives of proteins and TBA-reactive products in the lysate of HEK293 cells. EMHPS reduced the viability of cells
only at a concentration of 5 mM to 64.46 + 9.17% (p = 0.021), while edaravone was effective at concentrations of 5, 1, and 0.5 mM by reducing the viability of
cells to 44.55 + 7.43% (p = 0,008), 57.11 + 11.79% (p = 0.013), and 67.97 + 28.07% (p = 0.059), respectively. The OS modeling was accompanied by decrea-
se in the viability of cells to 24.50 + 14.14% (p = 0.033). Both EMHPS and edaravone at concentrations of 50 and 100 mM prevented decrease in the cell via-
bility under OS conditions. However, the EMHPS effect at a concentration of 100 mM was stronger by 30.6% (p = 0.054) than that of edaravone at a similar
concentration in reducing the content of carbonyl derivatives of proteins in the cell lysate. At concentrations of 100 and 50 mM, EMHPS decreased the level of
TBA-reactive products in the lysate also stronger than did edaravone — by 43.8% (p = 0.003) and 38.7% (p = 0.05), respectively. Thus, results of this study
show that EMHPS is a less toxic substance and has more pronounced antioxidant properties in comparison to edaravone.
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