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2-T'ekcagenieHalb — HEHACHIILIEHHBIN albAerua, KOTOPhIi obpa3yeTcs Mpu CBOOOTHOpaAUKaIbHON ne-
CTPYKLIMY COUHTOIUITUIOB B YCIOBUSIX OKCUIAATUBHOTO CTpecca M IMPOSBISIET OMOJIOTUYECKYIO aKTHUB-
HOCTh MOCPENCTBOM MHTMOMpPOBaHUS Mpojudepaliuy U MHAyIMPOBaHUs anonTo3a. [IpencraBieHbl pe-
3yJIbTaThl UCCIIETOBAHYSI MOITM(MUIIMPYIOIIETO BIMSIHUS 3TOTO aJIbIeTraa Ha peaoKC-IPOIIECCHI, TTIPOTeKa-
IOIlMe B KJIeTKaxX IIMoMbl KpbeIckl C6. ITokazaHo, 4TO KyJIbTUBHPOBAaHME KJIETOK C 2-TeKcaielieHaleM B
KOHIIEHTpALUAX OT 3,5 10 35 MKMOJIb/JT TIPUBOAUT K 3HAYUTEITLHOMY YBEJIMYEHUIO, a IPU 60Jiee BEICOKUX
KOHLIEHTPALUSX — CHUXKEHUIO BBIXOA MHIYLIUPYEMBIX MEHAIMOHOM CYTNEPOKCUIHBIX aHUOH-PAIUKAJIOB.
BoIsiBIIEHO, UTO HOTIOMHUTENbHAsI TIPOAYyKiwmst O, ~ TpU AeCTBUM 2-TeKCaNelleHANST HA KIIETKHU TIOJTHOCTHIO
MOAABISIETCS B IIPUCYTCTBUY MHTUOUTOPOB cTpecc-akTuBUpyeMbix MAII-KuHa3, yyacTBYIOIIMX B 3aITyCKe
anorniro3a, Takux kak JNK, p38 u ERK1/2. Monudunupyroiime a3ddexTsl 2-reKkcaaelieHalsi HaUMHaT
MPOSIBIISATHCSI HA PAHHUX CTAIMSIX €0 B3aUMOIEMCTBUS C KJIETKaMU, YTO MPOSIBISIETCS] B YBETUYEHUH TTPO-
TYKIIUW CYTIEPOKCUIHBIX aHMOH-PaIuKalIOB MUTOXOHAPUSIMU I YMEHBIIEHUY BHYTPUKIIETOYHOTO YPOBHS
BOCCTaHOBJICHHOTO IIIyTaTUOHA. [1peaItonokeHo, YTo MOaUdUKAIUs PeIOKC-COCTOSTHUS K1eToK C6 siBIsI-
eTCsl Ha9aJIbHBIM 3TaITOM TTpoliecca BHYTPUKIIETOUHOM CUTHATU3AllNK, B KOTOPOM 2-TeKcaaelleHalb UTpa-
€T POJIb CUTHAJILHOI MOJIEKYJIbI.

Knouesvie crosa: 2-eexcadeuyenans, cihuneonrunudvt, akmuseHwie opmol Kucaopoda, kaemku eauomot kpvicot C6,

MUMOXOHOPUU, 2AYMAMUOH.
DOI: 10.1134/50006302919030153

ChuHromumuasl IMUPOKO PaCIpOCTPaHEHbI B
MO3Te U TIPENCTaBJISIIOT KJIacC JUMUIOB, ComepXKa-
X parMeHT aMUHOCIIMPTA, CPEeIN KOTOPBIX Hau-
OoJiee YyacTo BCTpeuaeTcsl COUHTO3UH. DTU COeTUHEe-
HUS YYacTBYIOT B (OPMUPOBAHUM MeMOpaHHBIX
CTPYKTYP, OTIOCPENYIOT B OpraHU3Me MPOLIECChI MEX-
KJIETOYHBIX KOMMYHUKALWA, OCYILIECTBISIIOT JIU-
raHI-pelnenTopHEBIe B3anmoaeiicTeud [ 1]. BermmonHss
pOJIb CUTHAJIbHBIX MOJIEKYJ, C(OUHTOIUIIUIBI PETy-
JIAPYIOT psN BaXXHBIX KJIETOYHBIX (pyHKOWiA. Tak,
C(UHTO3MH U liepaMuj WHAYLUPYIOT B KJIeTKax
amnoriTo3, B TO BpeMs Kak nx (GochopuainpoBaHHEIE
MPOU3BOJIHbIE CPUHTO3UH-1-bocdaT (C1DP) u nepa-
mu-1-gocdar crroco0CTBYIOT POCTY U BBLKMBAEMO-
ctu kJetok [2]. CornacHoO KOHUETIMUU «CGhUHTOIN-
MUTHOTO PEeOCTaTa», CMEIeHUue PABHOBECUS MEXKIY

Cokpamenust: 2-I'J — 2-rekcameneHanb, ADK — akTuBHBIE
dopmbl kuciopona, ®BP — docdarHbiil OydhepHbIil pacTBOp,
PI — momua mponummyma, GSH — BocCTaHOBJIEHHBIN TIyTa-
THOH.

HepamMmuaoM U C1® B cTOpoHy 00pa30BaHMsI OTHOTO
U3 3TUX COUHTOJIUIIMIOB SIBJISIETCS KJIIOUYEBBIM (pak-
TOPOM, OTIpEeACIISIONINM Cyab0y KiieTKU [3]. U3MeHe-
Hue coaepxaHus C1d B KjieTKax MPUBOIUT K MO~
dukanyu nx GyHKUUNA 1 pa3BUTUIO TAKUX MATOJIOT U -
YEeCKHUX COCTOSIHMM, KakK JuabeT, aTepocKiepos,
ocTeonopo3, pak. B yacTHOCTH, TIpU pakKe IIPOCTAaThI,
MOMXKEIyTOYHOM XKeJle3bl, XeIyaKa, MOJIOYHOM Ke-
ne3bl, TuoMe C1M crmocoOCTBYET POCTY OIMYyXOIU U
MeTtactasupoBaHuio [4]. KonmnuectBo C1® KoHTpO-
JApyeTcs B opraHn3Me CHUHTO3MHKMHa3aMu 1 u 2
(2.7.1.91), dochopunupyrommmMu CGUHIO3UH, U
cunro3uH-1-dpochar-nmuazoin (4.1.2.273), KoTopas
KartajausupyeT aectpykuuio Cld® ¢ obGpasoBaHuEeM
HEHAaCBIIIIEHHOTO anudaTU4ecKoro ajabieruga —
2-rexcaneueHans (2-TJ1). B To xxe BpemMs HaMu U
JIPYTMMM aBTOpaMU YCTaHOBJIEH HedepMeHTaTUB-
HEBII ITyTh oopa3oBanwus 2-1'J1 mpu geiictBun y-, YO-
n3nydernus 1 HOCI Ha psa cpUHTOIMONIOB, TAKUX
KakK c(UHTO3UH, cUHTO3NH-1-dhochoxommu, C1D
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u nap. [5-8]. Iloka3zaHo, 4TO HOeiCTBHME Ha KJIETKU
rmaombel HOCI, mpomylmpyeMoil B rajJoOreHupylo-
IeM IUKJIe MUEJIONEePOKCUIA3bl, MHAYLIMPYET CBO-
OOTHOPAIMKAJILHYIO JeCTPYKIINIO COPUHTOIUTIUAOB C
obpazoBanueM 2-T'/ [8].

Bbuonornyeckas posnb 2-I'Jl mpakTuyecku He usy-
yeHa. Saba 1 coaBTOpHI IMoKa3anu, 4yro 2-I'JI mposB-
JISIET OMOJIOTUYECKYIO aKTUBHOCTD IIOCPEICTBOM pe-
OpraHm3anuy MUTOCKeIeTa U MHAYLMPOBAHUS aIlo-
nto3a o JNK-3aBucumMomMy MexaHU3My B KJIETKax
HelLa, HEK293T, NIH3T3 [9]. O61anast BEICOKOI
pE€aKIIMOHHOM CIOCOOHOCTBIO, 3TOT HEHACKHIILIEHHBII
aJIbACTUI B3aMOJIEIICTBYET C O€IKaMHU, YIIIeBOOAMU,
HYKJIEMHOBBIMHM KuCJIoTaMu. BersiBieHo, uro 2-I'J]
0o0pa3yeT KOHBIOTAThl C IIIyTAaTUOHOM M aaayKThI C
aMHHOKMCJIOTaMH U OenkaMu. Takue TpoayKThI ObI-
JI1 oOHapyXeHBbI B In3aTtax KjieTok HepG2, KoToprie
npeaBaputTeabHO MHKyOoupoBanu ¢ 2-I'J1. [10]. Dror
aJIbACTUI BCTYMNAET B peaKIIMU C IE30KCUTYaHO3MHOM
u JIHK, ¢ obpazoBaHMEM LIMKIMYECKOIO aamyKTa,
YTO MOXET IPUBOIUTH K MyTar€ HHLIM ITOCIEACTBUSIM
[11].

Panee Hamu ycraHoBjiieHO, 4To 2-I'J] BBI3BIBacT
CHUXXEHUeE MpoJindepaTuBHON U MUTOTUUYECKON aK-
THUBHOCTH KJIETOK TJIMOMBI KpBICH C6, BBI3bIBas U3-
MEeHEeHUEe TMHAMUKU MUTO3a, MOAUDUIIUPYS LIMTOC-
KeJIeT U MHAYLMPYS anonTo3. beuio Takke mokasa-
HO, YTO B MPOLECCHI PETYISLIUN MPOJUdEepaTUBHOMN
aKTUBHOCTH KJIETOK INIMOMBI TIpu aeiicteum 2-I'/l Bo-
BJIeYeHbI cTpecc-akTuBupyemble MAII-kuHassl [12,
13]. Mcxons 13 3TOro, Mbl IPEANOIOXUIIN, YTO CHU-
XKeHue mnponrdepaTuBHONW aKTUBHOCTA MpU Jei-
crBuu 2-T'Jl Ha kiaeTku C6 conpsizKeHO ¢ U3MEHEHU -
€M MPOTEKAIOLIUX B HUX PENOKC-TIPOLIECCOB, O0Y-
CJIOBJICHHBIX 0OOpa3oBaHMEM AaKTUBHBIX (opM
kuciopoaa (ADK). IMoaTeepxaeHUe 3TOTO MPEeAIio-
JIOXKEHUSI U SIBUJIOCH 1I€JIbI0 HacTosileit pabotnl. B
CBSI3M C 3TUM, HAMU U3y4YeHa MoIMpUKalIMs Criocod-
HOCTH KJIETOK TJIUOMBI Kpbichl C6 TeHepupoBaThb
A®K nociie obpaborku 2-I'Jl, ycTaHOBJIEHO BJIMSI-
HYE€ Ha 3TOT MpoLIecC psiaa cneuduyecKux UHruou-
TOpPOB cTpecc-akTuBUpyeMbix MAII-kuHa3, a Takxe

ornpeeseHo U3MeHeHne MpoayKi Oy~ MUTOXOH-

ApUAMHN U YPOBHA BOCCTAHOBJICHHOTO IJIyTaTUOHA B
OUTOIJIa3ME€ Ha paHHUX CTaausAX JEUCTBUS 3TOTO HE-
HAaCBbIIICHHOTO ajJibACruaa.

MATEPHAJIBI U METO/1bI
Marepuagsl. [TutatenbHasa cpena JIMEM, ceiBo-
poTka 1uiogoB Kopo, SP600125, SB202190,

PD98059, MitoSOX Red, Mmonoxiopoouman (MCB),
MOIMIa MPOMUANYM, ObIYMI CBIBOPOTOUHBIN aibOy-
muH (BCA), TputoH X-100, MeHaguOH, JTIOLIMTEHUH,
(Sigma, St. Louis, MO, USA), reHtamMmuiinH, oc-
datHwbIi OydepHbiii pactBop (pH 7,4) (DBP), Ana-
mm3 X (Munck, Bemapycp). CoamaHcupoBaHHEI OY-
depnsiii coneBoii pactBop (CBCP) Dpna cobcTBeH-
HOTO ITpUTOTOBJIeHUS BKItouan 116,2 mmoins/m NaCl,
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5,4 mmonw/n KCl, 0,9 mmons/a NaH,PO, - H,O,
0,8 mmonp/n1 MgSO, - 7H,0, 1,8 mmomnb/a CaCl2,
26,2 mmoab/1 NaHCO3, 5,6 MMOJIb/JT TTTIOKO3BI.

IIpuroroBienne nucHepcuii  2-rekcameneHass.
2-T'Jl cuHTe3UpoOBaJIM IO METOAY, ONMCAaHHOMY B pa-
oore [14]. IlomyyeHHBII albACTUI PACTBOPSIIA B
cMecu xopodopM/MeTaHoa (cooTHoIIeHue 2 : 1, o
o0beMy). PacTBopuTesih Ha pOTOPHOM MCHAPUTENIE U
BBIIEPKMBAJIM B TOKE a30Ta IS TIOJIHOTO yOaJICHUS
pactBoputens. 2-T'J1 pactBopsiiu B ®BP, comepxa-
mem 0,18% BCA u 150 MMoIb/ XJI0pUIa HATPUS TIPU
SHEPrUYHOM BCTPSIXMBAaHUM, a 3aTeM oOpadaThIiBaInd
Ha yJIbTpa3ByKoBoii 6aHe Bandelin Sonorex (35 kI,
60/120 Br) B Teuenue tpex MuHyT. KoHIeHTpays
2-T'J1 B pabouyeM pacTBope cocTaBiisiia 35 MMOJb/N
[9].

KyabTypa KiieTok rimmomsl Kpbichkl Jiuauu C6. [1epe-
BUBaeMasl JUHUS KJIETOK IIIMOMBI KpbIchl C6 moTyue-
Ha M3 KOJUJICKIIUMU KYJIbTYP KJIeTOK MHCTUTyTa LIUTO-
qnoruu, T. Cankr-IletepOypr. Knetku (70 Thic/Mi)
KyJIbTUBUPOBaJIM B mnuTaTtelbHOU cpene AMEM,
oborameHHoi L-rmortamunoM, NaHCO3 u HEPES,
¢ no6asieHneM 10 % CBIBOPOTKM IUIOJOB KOPOB
u 100 MKT/MJ TeHTaMULIMHA. B ommbITax ucrnoyib3oBa-
JIX IBYXCYTOYHYIO KYIBTYpY, Iociie oopazoBaHus 80—
90 % mMoHOCTOS.

Onpenenenue XKNU3HECNIOCOOHOCTH KJIeTOK. 2K13He-
CITOCOOHOCTD KJIETOK OITPeAcIsiin (hJIyopeCLIEeHTHBIM
METOJOM C MCIOJIb30BaHMEM HOOUIA IIPOIUINyMa
(PI) nra cnekrpodayopumerpe (CM 2203 «Conap»,
benapycse) [15]. K o6pa3nam KiIeTOUYHBIX KYJIBTYP I0-
GaBnmsuin  DBP, comepxammit 0,18 % BCA u
150 MmMmoab/11 xstopuma HaTpus (KOHTpOJIb) i 2-T'J]
B nuama3zoHe KoHueHTpauuii 0,1-350 MKMoub/1 u
KyJbTUBUPOBAIIM KJIeTKM B TeueHne 24 4. [Tocie aTo-
I'o KJIETOYHBI MOHOCJIOi 1Bax bl mpoMbiBaiau @BP,
MEepPEeBOJAMIIN KJIETKHA B CYCIIEH3UIO M BHOCWJIM pac-
tBOp PI B KOHLIeHTpauu 1 MKMoJib/JI. OOpa31bl Te-
peMelrBaId B TeUeHUe 5 MUH U U3MEPSITIU UHTEH-
CUBHOCTb iyopecueHUMU Fy (Mg = 530 HM,

Aper= 640 aM). 3areM KIETKU pa3pyLIId C IIOMO-

mpio 10 % pactBopa TputoH X-100 1 perucTpupoBa-
JI THTEHCUBHOCTD (iryopecueHumu Fy. 2KusHecmno-

COOHOCTB KJIETOK pacCUYUTHIBAIIU 110 (hopmye (1):

(Fn = Fp) = (b

_Fdz)-loo% (D)
(Fy— Fy)

rne Fy, n F;, — nmapameTpbl UHTEHCUBHOCTU (hIIyo-

pecuennun Pl u tputon X-100 B ®BP cootseT-
CTBEHHO.

I/I3y‘leHI/Ie resepanvm CynepokCMaHbIX aHUOH-paau-
KaJIOB KJICTKAMHU. O6p330BaHI/IC CYIIEPOKCHUIHBIX
AHWOH-paauKaJd0B KICTKaMM OLCHHMBAJIN XEMWUJIIIO-
MUWHECOEHTHBIM MCTOAOM C IPUMMCHCHHMEM B Kadec-
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XKuznecnocobHocTh Ki1eTOK C6 Mpu 1eiicTBUM 2-TeKcaie-
LieHAaJIS

Konuenrpauwms 2-I'Jl, MKMOIb/1 XH;I::TC:IS?QH;:CTB
0 (KOHTpOJIb) 100 + 2,1
10 99,01 £ 1,9
35 99,74 £ 3,2
75 98,43 +24
100 96,76 + 2,6
350 62,82 £+ 1,5%*

IMpumeuanue. Bpems KynbTuBupoBanusi ¢ 2-I'J1 coctaBiisiio 24 4.
Nszmepenus nposonuiu ¢ ucnonbsoBanueM PI (A, .6 = 530 HM,
)»per = 640 nHM). PesynbraThl TIpencTaBlieHbl KaK CpeaHee
3HauyeHHUe t cTaHmapTHoe oTKJIoHeHue (n = 3), ** — P < 0.01 no
CPaBHEHMUIO C KOHTPOJIEM.

CTBE DMUTTEPA CBEUEHUS JIIOIIMTEHWHA [TPU TeMIepa-
type 37°C u pH 7,4 Ha ycTaHOBKe IUJISI pETUCTPaLluU
cJ1abbix cBeToBbIX MMoTOKOB bXJI-1 (BI'Y, benapyce)
C MCITOJIb30BaHUEM CUCTEMBI MOJIy4eHUST 1 00padboT-
ku uHdopMaimu «Unichrom» (HoBble aHanmutuye-
ckue cucteMbl, bemapyce) [16]. U3mepeHue momu-
TeHUHOIOCPEAOBaHHOM XEMWJIIOMUHECLEHIUU
(JIrouXJI) mpoBomuian B cOalaHCMpOBaHHOM Oydep-
HOM cojieBoM pactBope (CBCP) Dpma. B o6pa3ubr
KJIETOYHBIX KYJIbTYp BHOCUJIU KOHTPOJBHBINA pac-
Bop 6o 2-I'Jl B KoHueHTpammsax ot 0,1 mo
350 MKMOJIb/N1 1 KyJAbTUBUPOBAIM B TeueHUe 24 4.
Jna muccnepmoBanus BiusHUS 2-TJ1 Ha mpoliiecchl
BHYTPUKJIETOUHOW CUTHANMU3allMU, K KJIeTKaM J10-
Gapimsim 20 mkmonb/n PD98059, 0,3 MKMOJb/1
SB202190 nu6o 0,1 Mkmoab/n SP600125 u uHKyou-
poBayii 06pasiibl B TeueHrue 30 MUH, TTOCJIe Yero A0-
0aBJISIM KOHTPOJIbHBIN pacTBop Jin6o 2-I'Jl B KOH-
LIEHTpaluu 35 MKMOJIb/JI U KYJIbTUBUPOBAIN B TeUES-
Hue 24 4. KnerouHslit MoHOCIOM nTpoMbiBaii CBPD,
KJIETKM MEPEBONUIN B CYCNIEH3UI0, N0OaBIsIIN JIIO-
LUreHuH (2,5 107 MOJIb/JI) U PETUCTPUPOBAIIU KU-
HETUYECKUE 3aBUCMMOCTU MHTEHCUBHOCTU XeMUITIO-

MuHecueHuuu. [eHepaunio O5~ kierkamu C6 uH-
IyLpOBaIM AOo0aBiIeHUEM 3 - 107 MOJIb/JI MEHa-

JIUOHA. 3aTeM ONPENEeNsUIA MHTETPaJbHYI0O UHTEH-
CHBHOCTb XeMWIIOMHAHecUeHUNU (X ) 3a 10 muH,

MPOILIEININX [TOCJIE BBEAECHNUS MEHAINOHA B KJIETOY-
HYIO CYCTIEH3MIO.
HNccaenosanue renepanmu O, B MHUTOXOHIPHSAX

Ki1eTok. O6pazoBaHue O, B MUTOXOHAPUSIX KIIETOK

C6 usydanu GayopecleHTHBIM METOIOM C UCHOJb-
3opa"ueM 3oHAa MitoSOX Red (A;y;5 = 510 HM,

Aper = 580 HM). KiieTouHbli# MOHOCIIOH TPOMBIBAIIN

AMABTIBEPHU u np.

DBP, mepeBoaMIv B CYCIIEH3UIO U1 MHKYOUPOBAIU C
1,25 mxmons/1 MitoSOX Red B reuenue 20 muH. 3a-
TeM KJIETKM ABaxabl oTMbiBaiu PBP, noGasisin
KOHTPOJBHBIN pacTBop 1160 2-TI'J] B tana3oHe KOH-
neHTpanuii 0,1-350 MKMOJIB/JI, THKYOMPOBAJIH B TE-
yeHue 40 muH nipu 37°C u peructpupoBanu (ayo-

pecuennmio. ['enepaunio O, B oOpaslie, comepxka-

IeM KOHTPOJIBHBIM pacTBOpP, NMPUHUMAIM pPaBHOI
100%.

Onpeneienue ypoBHSI BOCCTAHOBJIEHHOTO TJIyTATH-
OHA B KJIeTKaX. YPOBEHb BOCCTAHOBJIEHHOTO TJTyTaTH-
oHa (GSH) B knetkax C6 ompenessiid ¢ ITOMOIIBIO
diryopeciieHTHOro 30Ha1a MoHoxJIopoonmana (MCB,
Msose = 390 HM, A,er = 480 HM). K KiteTkam no6aBis-

JIU KOHTPOJBHBIN pacTBop Jinbo 2-I'J B nuamazoHe
KoHueHTpauuii 0,1-350 MKMOJIb/JI 1 THKYOUPOBaIA
B Teuenue 30 mim 60 muH, 1160 4 4 ipu 37°C. IMony-
YeHHBI MOHOCI0M poMbIBaiu @BP, kieTkn mepe-
BOMWIM B CYCIIEH3UI0O UM HWHKYOMpOBaIU C
10 mxmonbs/n MCB B Teuenue 30 mun npu 37°C, 3a-
TeM nBaxabl npombiBaiu @BP u perucrpupoBain
dayopecueHuno. Pe3yabraThl mpencTaBiIeHBl KakK
otHomeHne ypoBHI GSH B KjleTKax B IMPUCYTCTBUU
2-T'l k ypoBHI0 GSH B KOHTpOJBbHOM 00pas31ie.

Cratuctuyeckas o0pa0oTka pesyabTtaToB. Jlis
CTAaTUCTUYECKOM 00pabOTKU pe3yabTaTOB MCIOJIB30-
BaJIM OXHOMAKTOPHBI HTUCIIEPCUOHHBLIN aHaIu3
(one-way ANOVA). OTinuust MexK1y KOHTPOJIbHOI 1
9KCIEPUMEHTAJbHBIMU TPYTIaM1 aHAJIM3UPOBAJIU C
noMmoliikto Tecta JlaHHeTta. Pesynbrarsl nipeacraBiie-
HbI KaK cpeJHee 3HauYeHue Tpex U 0oJiee He3aBUCH-
MBIX BKCIIEPMMEHTOB t CTaHIapTHOE OTKJIOHEHHE.
Pesynbrathl cunranm nocroBepHbIMU IIpu P < 0,05.

PE3VJIbTATHI

Bamsanaue 2-T'J1 Ha XKHU3HECNIOCOOHOCTD KJIETOK. [1J1s1
TOTO YTOOKI OTIPENCINUTD, IIPU KAKMX KOHIICHTPALISIX
2-I'/I MOXeT oKa3bIBaTh peryJMpylollee BIMSHAE HA
(GYHKIMM KJIETOK, a IPU KaKUX BO3IEHCTBUE 3TOTO
aJIbACTHIA CBSI3aHO C €ro IIUTOTOKCUYHOCTBIO, HAMU
U3ydeHa KU3HECIIOCOOHOCTh KieToK C6 uepe3 24 u
nocie pobdapiaeHus 2-I'J1 B cpeny KyTbTUBUPOBAHUS.
Pesynpratel mpenctaBiaeHbl B Tabimie. Metomom
duyopeclieHIIMU ¢ ucnojib3oBaHnueM Pl BwissBIeHO,
YTO KYyJbTUBUpPOBaHUE KJIeTOK ¢ 2-I'J[ B KOHILIEHTpa-
uusix 10, 35, 75 u 100 MKMOJIb/JT He BIMSIET Ha UX
>KMN3HECITOCOOHOCTh. M3 3TOTO CleayeT, YTo IMpu Ta-
Kux KoHueHTpanusix 2-I'Jl He BBI3BIBAcT paspylle-
Hus KieTok. [Tpu nodasiaeHuu 350 MKMOJIb/1 UCCie-
JIyeMOro ajbIeTuaa B cpedy KyJIbTUBUPOBAHUS Ha-
OrogaeTcsl CHIDKEHME XKM3HECIIOCOOHOCTU KIIETOK
Ha (37,18 = 1,6) %, 9TO CBUIOETEILCTBYET O THOCIIN
YacTH KJIETOK B 3THUX YCJIOBHUSIX IO MEXaHU3MY He-
Kpo3a.

Monudukanus npoueccoB 00pa3oBaHUA CYNEpPOK-
CHJHBIX AHUOH-PAJAMKAJIOB B KJIeTKax IIMOMBI. [l
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Puc. 1. MHayurpoBaHHasi MEHAIUOHOM TeHepalusl CyMepOKCUIHBIX aHWOH-paauKajioB KieTkamu C6, 06paGoTaHHBIMU
(cBeTyIbIE CTOJOMKIM) M HEOOPaOOTaHHBIMU (KOHTPOJIb, TEMHBI CTOJIOUK) 2-reKcanelieHaseM. BpeMst Ky IbTUBUPOBaHUS KJle-
ToK ¢ 2-T'[] — 24 4. ITo ocu opauHaT — cymMMapHasi uHTeHcuBHOCTD JItouXJI, usamMepeHHas B TeueHue 10 MUH rmocie n1o6aBaeHUS
MmeHanunoHa. KoHneHrpamnus momnurenuna 2,5 - 10™° Monb/n, MeHaguoHa — 3 - 10°° MOJIb/71. Pe3ymbTaThl MpeacTaBIeHBI Kak
cpenHee 3HaYeHMe + cTaHmapTHOe oTKIIoHeHue (n = 3); * — P < 0,05, ** — P < 0,01 mo cpaBHEHUIO C KOHTPOJIEM.

usydyeHus: BiausiHus 2-T'J] Ha MpoayKIMIO CynepoK-
CHIHBIX aHUOH-paguKaJioB B KieTKax C6 HaMU MC-
clieloBaHa UHAYyLMPOBaHHAsI MEHAAMOHOM JIIOLIUTEe-
HUH-OIOCPEAOBaHHAS XEMWIIOMUHECLEHIIUS KJle-
TOK, OOpabOTaHHBIX 3TUM aJbAETMAOM 10 Hayasa
KynbTuBUpoBaHus (puc. 1). MeHanuoH (2-MeTWII-
1,4-Ha(TOXMHOH) IPOHUKAET Yepe3 Ijia3Maruye-
CKMe MeMOpaHBI M TIOJIBEpraeTcsl JUOO OTHOIJIEK-
TPOHHOMY, JUOO NBYX3JEKTPOHHOMY BOCCTaHOBJIE-
HUIO BHYTPUKJIETOUYHBIMU OKCUAOPEAYKTa3aMu 10
CEeMUXWHOHA WINW TUIPOXUHOHA COOTBETCTBEHHO
[17]. B mpoliecce ayTOOKUCIIEHUSI CEMUXWUHOH TIPO-
IyLUUpPYeT CYINepOoKCUIHbIE aHUOH-pagukaibl. M3-
BECTHO, YTO MHTEHCUBHOCTb XeMWIIOMUHECLIEHIIUN
kiaeToK C6, 3apeTUCTPUPOBAHHON C MOMOIIBIO JIIO-
LMTeHWHA, KOPPEJINpyeT ¢ oOpa3oBaHueM B HUX O5
[19]. 3 puc. 1 BUIHO, YTO KYJIbTUBUPOBAHUE KIETOK
oMbl ¢ 2-TJT B KoHueHTpauusx 0,1 wu
0,35 MKMOJIb/J1 B TeueHUe 24 4 TIpaKTUYECKU HE BIIU-
sieT Ha reHepaluio CynepoKCUIHBIX aHMOH-paarKa-
JioB. /lobaBneHue ucciieryeMoro ajibaeruaa B imana-
30He KOHIeHTpauuii 3,5—35 MKMOJIb/I IPUBOAUT K
yBemueHnio Bbixona O5 - Ha (80,7 £4,2) — (120 £ 4,6)%.
A TIpu KyJIbTUBUPOBAHUU KJIeTOK C 2-T'Jl B KOHIIEH-
Tpauusix ot 75 1o 350 MKMOJIb/JI B TeueHUe 24 4 Ha-
OomaeTcsl CHUKEHUWE TeHepaluu CyNepOKCUIHBIX

AHMOH-PAJVKAJIOB MO0 CPAaBHEHUIO C KOHTPOJEM Ha
(27,8 £3,8) — (95,8 £ 2,7)%.

CynepoKCuaHble aHUOH-paAuKalbl B KJIEeTKax
TpaHCHOPMUPYIOTCS B MEPOKCHUI BOAOPOIA, KOTO-
DBIi1 B CBOIO 04Yepeb aKTUBUPYET Psifl O€JIKOB, y4acT-
BYIOIIIMX B TIpOIIeCCaX BHYTPUKIICTOYHOM CUTHAT3a~
MU U OTBEYAIOIIMX 3a Mpojndepalinio U aroITo3
[20]. Ha puc. 2 noka3zano BnustHue 2-1'J1 Ha reHepa-
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LIMIO CYyNEePOKCUIHBIX aHUOH-PAaAUKAJIOB KJIETKaMu
TJIMOMBI B TIPUCYTCTBUM CEIUDUIECKUX WHTUOUTO-
poB cTpecc-akTuBupyeMbix MAII-kuHa3. Kak cie-
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Puc. 2. BnusgHue 2-rekcanelieHausl Ha reHepaluuio cy-
MEePOKCUAHBIX AHWOH-PAIUKAJIOB KJIETKAMU TJIMOMBI B
MPUCYTCTBUA WHTUOUTOPOB CTPECC-YYBCTBUTEJIbHBIX
MAIIK (PD98059 — wunrubutop ERKI/2—MAIIK,
SB202190 — p38—MAIIK, SP600125 — INK—MAIIK).
KoHTtponb — KiIeTKH, He 00paboTaHHbIE MHTUOUTOPaMMU;
cepble CTOJIOWMKM — KIJETKU, He obpaboraHHbie 2-T1,
CBETJIbBIC CTOJIOMKW — KIJIETKM, obpaGortanHble 2-IJI.
Bpewmst kynbTuBUpoBaHus KiaeTok ¢ 2-T'J1 — 24 4. I1o ocu
opAuHAT — cyMMapHasi MHTeHcuBHOCTh JIronXJI, nsme-
peHHas B TedeHue 10 MUH moce n1o6aBIeHUSI MEHAINO-

Ha. KoHneHTpanus mouureHuHa 2,5 - 1073 MOJIb/JT, M€~
HammoHa — 3 - 1070 MOJIb/J1. Pe3ynbraThl npencTaBiieHbl
Kak cpeiHee 3HayeHHEe Tt CTaHAAPTHOE OTKJIOHEHUE
(n=23);*— P <0,05, #_p< 0,05 Mo cpaBHEHUIO C COOT-
BETCTBYIOLIIMM UHTUOUTOPOM, He comepxkarmaum 2-T' /1.
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Puc. 3. Biiusinue 2-rekcazelieHassi Ha reHepaluio CyriepokK-
CHUIHBIX aHUOH-PAANKATIOB MUTOXOHIPUSIMU KIIETOK TJIMO-
Mbl. Bpemst makyouposanwms ¢ 2-I'J1 — 40 muH. I3mepenust
MPOBOAMJIN C UCIIOJb30BaHUEM (DITyOPECLIEeHTHOIO 30HIa
MitoSOX Red (Ayq56 = 510 HM, Appor = 580 HM). K — KiteTkn,
HeoOpaboTaHHbIe 2-T'J1, cBeTIbIe CTOJIOUKM — KIIETKU, 00-
pa6oranHble 2-I'J1. Tlo ocu opnvHaT — WHTEHCUBHOCTb
dbayopecueHU. Pe3ynbTaThl IpeacTaBieHbl KaK cpenHee
3Ha4YeHUe T craHgapTHoe oTKIIoHeHue (n = 3); * — P < 0,05
10 CPABHEHUIO C KOHTPOJIEM.

IyeT U3 TIpeICTaBIeHHBIX TaHHBIX, IPEeIBapUTEILHOE
MHKYyOUpoBaHue KiaeTok C6 ¢ mHruoutopamu MAII-
kuHa3 ERK1/2 (PD98059), p38 (SB202190) u JNK
(SP600125) B orcyrctBue 2-I'JI MpUBOOUT K POCTY

nponykuuu Oy B KJIeTKax rromsl Ha (124 £ 0,5) %,
(178,8 £ 4,1) % n (150,9 * 3,5) % coorBeTcTBEHHO. J10-
6aBineHue 35 MkMoJb/n 2-I'J1 K obpasnaM KIIETOK,
CoJiepKallliM UHTMOUTOPHI, IPAKTUUECKU HE BIUSIET
Ha ypoBeHb JI1ouXJI mo cpaBHEHMIO ¢ 0Opa3liaMu, B
KOTOPBIX UHTUOUTOPHI MTPUCYTCTBOBaIH, a 2-1'/] oT-
cyrctBoBasl. CregoBarenpHo, 2-I'J1 B mpucyrcTBun
MHTUOUTOPOB cTpecc-akTuBupyeMbix MAIIK He
CITOCOOEH WHAYIIMPOBATh TOMOTHUTEIBHOE 00pa30-

BaHue O, B kieTkax C6.

BaXXHBbIM MCTOUHMKOM CYIEePOKCUIHBIX aHUOH-
paguKanaoB B KJIeTKaxX SIBIISTIOTCSI MUTOXOHIpUM [21].
B cBs131 ¢ 3TUM Hamu u3ydeHo BiusHUe 2-I'J] Ha re-
Hepaluio CyrepoKCUIHBIX aHUOH-PaAUKaIOB MUTO-
XOHJIPUSIMU KJIETOK TJIMOMBI, KOTOPYIO PETrUCTPUPO-
BaJIY C MCIIOJIb30BaHUEM crieludurueckoro diyopec-
neHTHoro 3oH1a MitoSOX Red uepe3 40 MmuH nocJie
JnobaByieHUs1 3TOro anbaeruaa. M3 puc. 3 BUgHO, 4TO
posneiicteue 2-I'JI B 1mamma3oHe KOHIIEHTpAIIWi
100—350 MKMOJb/1 MPUBOAUT K YBEJIWUYCHUIO TIPO-

aykuuu  O5~  MuTOXOHApUsIMU Kietok C6 Ha

(6 £2,1)— (42 % 3,6) % 110 cCpaBHEHUIO C KOHTPOJIEM.
IIpu cHMXXKEHUU KOHILEHTPALIMU MCCIIENYEMOIO ajlb-
neruga no 0,35 MKMoIb/71 HaGmIIOmaeTCsT He3HAYM-

AMABTIBEPHU u np.
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Puc. 4. Bnusinue 2-rekcanelieHajisi Ha ypOBEeHb BOCCTa-
HOBJIEHHOTO TJIyTaTMOHA B KJIETKaX INIMOMBI. BoccTaHOB-
JICHHBI TJTyTaTUOH U3MEPSIIN C UCTIOIb30BaHUEM (I1yo-
pecueHTHOTO 30HAa MCB (A, 36 = 390 HM, }\per =480 H™m)
yepe3 30 MuH (@), 60 MuH (M) 1 4 4 (A) rTocjie 06pabOTKU
kietok 2-I'l. [GSH], g — ypoBEeHb BOCCTAaHOBJIEHHOTO
[JIyTaTUOHA B KJIeTKax, oopadorannbix 2-I'1. [GSH], —
YpPOBEHb BOCCTAHOBJIEHHOTO TJIyTaTHOHA B KJIETKaX, He-
obpaboTtanHbix 2-I'JI. Pe3ynabraTbl mpeacTaBieHbl KakK
cpemHee 3HaYeHHWE t CTaHIAPTHOE OTKJIOHEeHME (n = 5),
P<0,05.

TEeJbHOE yMEHbLIeHUe MpoayKuuu O;  MHUTOXOH-
IPUSIMU KJIETOK TIroMbl Ha (14 * 2,3) %.

W3meHeHne YPOBHS BOCCTAHOBJIEHHOTO IJIyTATHOHA
B KieTkax C6 mocje o0padoTKH 2-reKcaaelneHasieM.
OJIHUM U3 KJTIOYEBBIX 2JIEMEHTOB aHTUOKCUIAHTHOMN
CUCTEMBI KJIETOK, OOecIieuuBaloInuX MX 3allUTy OT
MPOIYKTOB OKCUAATUBHOIO CTpecca, SIBJSIETCS Ty-
TaTuoH. Hamu wuccliemoBaHO H3MEHEHUE YPOBHS
BoccTaHoBJieHHOro mryratnoHa (GSH) B kietkax C6
nocje nHkyouposanus ¢ 2-I'JI B teuenue 30, 60 MuH
u 4 4 (puc. 4). BugHo, 4To MHKYOMpPOBaHUE KJIETOK C
2-T'J1 B koHueHTpauusx ot 0,35 no 3,5 mkmosnb/n 30
¥ 60 MUH IIpakTUYECKU He BIUsieT Ha ypoBeHb GSH.
YBenuueHre KOHLEHTpALVU UCCIENyEMOrO ajble-
ruga (35 u 100 MKMOJIB/J1) TIPUBOAUT K CHYDKEHUIO
ypoBHs GSH Ha (20 £2,3) % u (36 *+ 3,6) % cooTBeT-
CTBEHHO. bosiee 3HauuTeNbHbIE U3MEHEHUSI COJEep-
>)KaHUS BOCCTAaHOBJIEHHOIO IJIyTaTMOHa (yMEHbIIIe-
Hue Ha (40 = 2,9) % u (54,5 £ 2,2) %) Habm0Ia10Ch
yepes 30 u 60 MUH TTOCTIe BHECEHUS B Cpeay KyIbTH-
BupoBaHust 350 mMxmonb/n 2-I'I. MHKyOupoBaHue
kJieTok rmomsl ¢ 2-T'J1 (ot 0,35 no 100 mkmob/n) B
TedyeHUe 4 4 NpUBOAMIIO K CHIXKeHMIo ypoBHsT GSH
Ha (10 = 1,8) — (22 £ 2,4) %, a B KOHIICHTpAIIUN
350 mxmonn/1 — Ha (80 £ 1,4) %.

OBCYXIEHUE

Penokc-miponieccrl, 0OYCIOBJICHHBIE OOpa30oBa-
HrueM ADK, cunTtarorcst KJIOYeBBIMU B U3MEHEHUU
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MporpamMM KJIETOUHON AuddepeHIIMPOBKU, MPOIU-
depaunu u amonTosa [22]. U3BecTHO, uTo ADK, ¢
OIHOI CTOPOHBI, CTUMYJUPYIOT TIpoJudepainto
OTIyXOJIEBBIX KJICTOK, @ C IPYTOil — MHAYLIMPYIOT aro-
MTO3, MOCPEICTBOM aKTUBALIMU CBSI3aHHBIX C POCTOM
00 TMOENbIO KJIETOK CUTHAIBHBIX ITyTei [23, 24].
INepokcua Bogopoaa peryaupyeT akTUBHOCTh y4acT-
BYIOIIMX B CUTHAJIM3allMU OEJIKOB yepe3 odOpaTrumoe
OKUCJIEHUE UX MUILIeHel, BKJIrodasi TUpo3uHdocha-
Ta3bl, TUPO3UHKUHA3BI U (hAaKTOPbI TPAHCKPUITLINU
[25-26]. B mnana3oHe (DU3MONTOTMYECKUX KOHIICH-
tpauuit H,O, Mmonudunupyer Mmopdonornueckue u
GyHKIIMOHaIbHBIE CBOMCTBA KJIETOK IepeBHUBacMO
IMOMBI KpbICEl C6, ycuimBasl MpojindepaTUBHYIO
aKTUBHOCTD U yBEJUYMBAsI TPOAYKIINIO CYTIEPOKCUI-
HbIX aHMOH-paaukKanos [27]. dns HOCI B Mukpomo-
JISPHBIX KOHLIEHTPALUSIX OOHAPYXEHO CTUMYJIUPYIO-
1iee nefcTBUE Ha KJIETKM, YTO BhIpaxaeTcsl B ycusie-
HUM CEKPETOPHON JerpaHyiasaluud B HeuTpoduiax
[28], a Takzke B CHIDKEHWU IpoJindepaTUBHON 1 M-
TOTUYECKON aKTUBHOCTU KjieToK C6 mocpencTBOM
WHIYLIMPOBaHUS anonTo3a [29].

ITpu OHKOJOTrMYECKUX U HelpoaereHepaTUBHBIX
3a00J1€BaHUSIX, UHCYJIbTE, YEPETTHO-MO3TOBbIX TPaB-
Max MPOUCXOAUT WHUIbTpaLMUs HeUTpobuiaMmu
MOPaKeHHOTO Yy4YacTKa TOJIOBHOrO Mo3ra u (hopMu-
pyeTcsl oyar BocHajieHUsI, B KOTOPOM IMPOUCXOAUT
o0pa3oBaHUe aKTUBHBIX META0OJIMTOB KHUCIOpOaa U
xsnopa [30, 31]. Tunepnponykiins XJIOpHOBATUCTOMN
KMUCJIOThI MOXET BbI3bIBATh (DparMeHTalio chuHIO-
JIATIMIOB ¢ oopa3zoBanueM 2-I'J, Kak 3To ObLIO ITOKa-
3aHO HaMHU paHee I KJIeToK miuoMbl C6 [8]. Dror
JIAECTU/T BBI3bIBAET CHWXXEHUE MNpOoJiudepaTUBHON
1 MUTOTUYECKOM aKTUBHOCTH KJieToK C6, MHIyII-
pysa anonto3 [12]. IIpuMeyaTenbHO, YTO HpU ACH-
crBum 2-1'J1 Ha 3TN KJIIETKH B TIPOLIECCHI PETYIISIIINI TTPO-
JmpepaTtrBHO akTUBHOCTH BoBieueHsl ERK1/2, JINK-
u p38-MAII-kuHa3bl, KOTOpPbBIE 10 JaHHBIM aBTOPOB
pabotsl [13] akTUBUPYIOTCS TTEPOKCHUAOM BOJOPOIA.
CrenoBaTtenbHO, cTpecc-akTuBupyemble MAITK u-

00 BOBJIEUEHBI B TIpo1iecchl TeHepaln Oy KileTKa-

MU TANOMBEI 1104, nevicteueM 2-I'J1, mubo stm Oenkm
sddexTuBHO yrmumsnpyot H,O,, o6pazyemslii mpu

JUCMYTallM CYIICPOKCUAHBIX aHMOH-paIuKaJIOB.

Pesynbrathl, peacTaBieHHbIE B 3TOM paboTe, 1e-
MOHCTPHUPYIOT MonuduImpymoiiee Biusaue 2-I'J1 Ha
peIoKC-aKTUBHOCTh KileToK C6. Ilpy HU3KHUX KOH-
neHTpauusx 2-I'Jl yBeanuymBaeT MHAyLUMPOBAHHYIO
MEHATUOHOM TMPOIYKIINIO CYNEPOKCUIHBIX aHUOH-

panukanos. [1pu 3ToM MakcuManbHbIi Bbixol Oy, B

2,3 paza TpeBbIIIAIOIIUN KOHTPOJbHBIC 3HAYCHUS,
HaOJIrogaeTcs Ipu TakKoil xXe KoHueHTpanuu 2-I'J]
(35 mxMoJib/JT) (puc. 1), mpu KoTopoit HabI0aaI0Ch
3aMEeTHOE MHTMOMpPOBaHMe MpoJindepaTuBHON U MU~
TOTUYECKOM aKTMBHOCTU KJeToK C6 3a cuer ycuie-
Hus anonTo3a [12]. OpHako gajbHelIee ITOBbIIIe-
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Hue KoHueHTpaunn 2-T'J1 BBI3BIBAJIO 3HAYNUTEIBHOE
CHIIXEHHE TI0 CPAaBHEHHUIO C KOHTPOJIEM BBIXOAA Cy-
MMEPOKCUAHBIX aHWOH-pagukaioB. CiemyeT oTMe-
THUTb, YTO TaKOI 3((HEKT He CBSI3aH C IMTOTOKCUYHO-
CTBIO ajpAeruaa IIpA €ro KOHLEHTpauuu 10
100 MxMoab/a (Taba. 1).

MEI nipenmoyioxuim, uro 2-I'J1 MoxkeT BIUSITh Ha
¢yukumu kiretok C6, U3MEHSIST BKJIa[ KOMIIOHEHTOB
CUTHAJILHBIX ITyTeil B reHepanuuio ADPK. Dto npearno-
JIOXKEeHUE TTIOATBEePXKIaeTCsl pe3yJibTaTaMu, MpeacTaB-
JIEHHbIMU Ha puc. 2. BugHo, 4to apdheKT ycuneHus
WHIYLUUPOBAHHOW MEHAaAMOHOM TMPOAYKILIUU Cy-
MEPOKCUIHBIX aHUOH-paguKaioB KieTkamu C6, 06-
padotaHHeIMU 2-T'JI, TomaBisieTcsl B IIPUCYTCTBUU
crieuupuIeCKUX MHTUOUTOPOB KOMITOHEHTOB CHUT-
HaJbHBIX nyTeit, Takux kKak ERK1/2-, p38- u JNK-
MAIIK (puc.2). OTu pe3yabTaTbl KOPPEJIUpPYIOT C
MOJyYeHHBIMU paHee TaHHBIMY O MEXaHU3MaX BIIUSI-
Hus 2-T'J1 Ha npoymdepanuio kiaetok C6 [12]. Kak
yXe OTMEYaJIOCh, TeHepalusl CyNepOKCUIHBIX aHM-
OH-PAIUKAaJIOB IIPU OCHCTBUM MEHAIMOHA SIBJISIETCS
pe3yJabTaTOM OIHO3JEKTPOHHOIO BOCCTAHOBJICHMUS
9TOr0 XMHOHA 0 CEMUXMHOHA MIPU Y4acTUU (pIaBUH-
conepxamux ¢pepMmeHTOB (NADH -yOuMXxuHOH-0KCH-
nmopenykTasa (1.6.5.3) 3JIeKTPOHTPAHCIIOPTHOM LIeNU
muToxoHmpuii, P-450-pemykrasa (1.6.2.4), NADH-
LIUTOXpOM-bs-penykraza (1.6.2.2)), KOTOpbIii 3aTeM
CMIOHTAHHO B3aMMOJEUCTBYET C MOJIEKYISIPHBIM

KHCI0ponoM ¢ obpasoBanuem Oy [32]. B iurepary-

pe HET CBeAeHUI 00 yJacTMU MHTUOUPYEMBIX HaMU
MAIIK B renepaunu A®K, o6yclIOBICHHOI neii-
CTBMEM MEHAIMOHA Ha KJIeTKu. B To Xe Bpems 3Tu
KWHAa3bl SIBIISTIOTCSI CTPECC-YYBCTBUTEIBbHBIMU |[13].
Tak, 1mokazaHo, YTO aKTUBALIMS MEPOKCUIOM BOJIO-
pona curHajibHbIX nyTeit ¢ yyactuem PI3K/AKT u
MAIIK/ERK wurpaetr Kio4eByl0 poJib B peryJsiiiuu
MPOIIECCOB OHKOIeHe3a, aHTMoreHe3a U MeTacTa3u-
poBanus [33]. H,0, aktuBupyer JNK-MAIIK [34,
35], xoTopass MHAKTUBUPYET aHTUANTONTOTUYECKUE
o6enku Bcl-2 u Bel-XL [32]. BosaeiictBue ADPK Ha
KJIeTKU BbI3bIBaeT akTuBaluioo p38-MAIIK, takxke
y4acTBylolleit B mHayKuu arornrosa [33]. Cymmu-
pys IIOJIydeHHBIe HAMM Pe3yJIbTaThl U JINTepaTypHbIE
JTaHHBIE MOXHO M0JIaraTh, YTO MHIYLIMPOBAHHOE Me-
HaIMOHOM JOITOJTHUTEIbHOE 00pa3oBaHMUE CYNIEPOK-
CUIHBIX aHUOH-paguKaioB B KjieTkax C6 uepe3 24 4
nocie nx oopadorku 2-I'Jl HeoOXomumo IJIsT JaTb-
Heireit aktuBauun MAIIK, yyacTBylommx B pery-
JISIUUU TIpoJiuepaliii U 3aITyCcKe arorTo3a.

Baxxubim rctounnkoM ADK B KjieTKax SIBISIIOTCS
mutoxoHapuu. O6paszoBanre ADK B MUTOXOHIPUIX
MPOUCXOAUT B pe3yJbTaTe YTEYKU 3JCKTPOHOB C
komruiekcoB I u Il aeKTpOHTPaHCIIOPTHOM LIETIU
[4]. TTepBuuHOIT PopMoii MUTOXOHAPHUATbHBIX ADK
SIBJISTFOTCSI CYTIEpOKCUIHBIE aHMOH-PaaNKaJbl, KOTO-
pble IpeobpasyloTcs B nepokcun sBomopona. H,O,
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MUTOXOHIPUIA PETYIMPYET MIPOLECCHI Ae3aKTUBAILIUN
TeHOB-CYIIPECCOPOB OITyXoJieit [36], akcnpeccun OH-
koreHoB, mytauuu MJAHK [37]. OnHako, HecMOTps
Ha MmurtoreHHoe aeikictBue AD®K MuToxoHmpuii, B
OOJIBIIMX KOHLEHTPALIUSIX 3TU aKTUBHBIE MHTEPME-
JIMATHI TTPOSIBJISIIOT TOKCUYECKOE ACHCTBUE HA OITyXO-
JIEBBIE KJIETKU, UHAYLMPYS arlonTo3 WK HEKPO3 [38,
39]. Hamu mokaszaHo, 4TO yXe Ha paHHUX CTaausIX
BozneiicTBus 2-T'J1 (yepe3 40 MuH mocie nodaBIeHUS
aJIbJeryaa K KJIeTKaM) HaOJIIogaeTCs J0303aBUCHMOEC
yBeJIMYeHE TIPOAYKIINY CYIIEPOKCUIHBIX AHUOH-Pa-
JIMKAJIOB MUTOXOHIpUsIMU (puc. 3). DTO maeT OCHO-
BaHUeE MoJaraTh, YTO MOBBIIIEHIE BHIXOJA MUTOXOH-
npuanbHbix ADPK mocie 00paboTKU KJIETOK ITTMOMbI
2-T'JI, MO3XKeT OBITh COIIPSKEHO C MHIYUPOBAaHUEM
anorTo3a.

HapymeHnue pemokc-coCTOSIHUSI KJIETOK CBSI3aHO
C M3MEHEHUEM YPOBHSI BHYTPUKIIETOYHOIO BOCCTa-
HoBJIeHHOTO TiryTatuoHa. GSH saBisieTcss aHTMOKCH -
JTAaHTOM Y IPMHUMAET yJ9acThe B PETyJISIINU KJIETOY-
Horo 1ukJia [40], mpoiieccoB BHYTPUKIETOUHOI CHUT-
HaJIM3aluu, aKTUBALIUHA TPaHCKPUIITUOHHBIX
dakTopoB [41]. YMeHbllIeHUE YPOBHSI BHYTPUKIIC-
touHoro GSH cBs3aHo ¢ poctom npoaykuuu ADK u
SIBJISIETCSI CUTHAJIOM K WHAYKLWUW arorTo3a IyTeM
aKTUBAlLIMU pelernTopa CMepTH JUOO 3aIycka MUTO-
XOHIpHUAaJIbHOro amonrtormueckoro nytu [41]. Ilo-
3TOMY IToJIepXKaHue ITocTossHHOro ypoBHst GSH He-
00X0arMO OJ1s1 00eCcIIeYeHISI HOPMAJIbHOM XKM3HEIe -
ATEIbHOCTA KJIeTKU. B Hacrosmiein pabote
IIOKAa3aHO, YTO YMEHBIIEHHE BHYTPHUKIECTOYHOTO
GSH na6mogaercs yxe yepe3 30 MUH T10Ciie 100OaB-
JICHUS B cpeay KyabTuBrpoBaHus 2-1'J1 1 He n3MeHsI-
eTCcsl B TeUCHUE 4 4 JIJISI HETOKCUYHBIX KOHIIEHTpaIit
atoro anbaeruaa (1o 100 MKMOJIb/1 BKIIOUUTEIBHO)
(puc. 4), Mpu KOTOPBIX HaAOJIOAAETCs ITOBBIIIIEHUE
npoaykunn ADK. DTtn maHHBIE TaKKe CBUIETCIb-
CTBYIOT O PaHHUX H3MEHEHUSIX PEIOKC-COCTOSHUS
KJIETOK TI0ciie Bo3nenicTeus 2-17J1.

Takum o6pazoM, 2-I'J B HETOKCUYHBIX KOHIIEH-
TpalMsIX BBI3bIBACT MOAUMDUKALIMIO PEOOKC-TTPOLIEC-
COB B KJIETKaX TJIMOMBI, YTO TTOATBEPXKIACTCS YBEIM-
YeHUEM TIPOAYKIMU CYMEPOKCUIHBIX aHUOH-PaIU-
KaJOB B [UTOIUIa3Me KJIETOK, OOpabOTaHHBIX
MEHAIMOHOM, U MUTOXOHJIPUSIX, a TAKXKE YMEHbIIIE-
HUEM YPOBHSI BHYTPUKIIETOYHOTO BOCCTAHOBJIEHHO-
ro riayratuoHa. [lockonbKy Mmoguduimpylomme 3¢-
dekTel 2-I'Jl HauyMHAIOT TPOSIBIISITECSI Ha paHHUX
CTamMsX eT0 B3aUMOACUCTBUS C KJIETKAMU, a YBEJIHU-
yeHHe MEHaIVMOH-UHIYLIMPOBAHHOTO 00pa30oBaHUs

O; MOJHOCTBIO  TOAABISIETCSl ~ MHTMOUTOpaMu

MAII-xuna3 (JNK-, p38- u ERK1/2), ygactBy1o-
IIIMX B 3aITyCKe aIloIlTo3a, MOXHO MoJjiaraTh, 4YTO MO-
IUdUKALII PETOKC-COCTOSIHU KIIETOK C6 ABIIsIeTCs
HayaJlbHBIM 3TallOM IIpolecca BHYTPUKIIETOUHOM
CUTHaJIU3alMu, B KoTopoM 2-IJI urpaet pojib cur-
HaJIbHOM MOJIEKYJIbI.

IMonyyeHHBIe JaHHBIE MO3BOJISIIOT pacCMaTPUBATh
2-T'l, xoTophIii 0Opa3yeTcst B pe3yIbTaTe CBOOOMTHO-
pamIuKaJIbHOM OECTPYKLUU CHUHTOIUIUIOB, MHIY-
noupyemoit ripu ruriepnponykuuu HOCI, B kagecTBe
HOBOro OuOMapkepa pa3BUTUS OKCHUIATUBHOTO
cTpecca B OpraHusMe.

PaboTa BeImosTHEHA TTpY (PUHAHCOBOU MOAAEPXKKE
MuHucTtepcTBa obpazoBanusi Pecnyonuku bemapych
(Ne rpanTa 20170712).
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BUODPU3NKA

Modification of Redox Processes in C6 Glioma Cells by 2-Hexadecenal,
Formed during Destruction of Sphingolipids

*Belarusian State University, prosp. Nezavisimosti 4, Minsk, 220030 Belarus
**University of Notre Dame, Notre Dame, 46556 Indiana, USA

*** Institute of Biophysics and Cell Engineering, National Academy of Sciences of Belarus,
Akademicheskaya ul. 27, Minsk, 220072 Belarus

2-hexadecenal is an unsaturated aldehyde, which is formed during the free radical destruction of sphingolip-
ids under oxidative stress and exhibits biological activity by inhibiting proliferation and inducing apoptosis.
This paper presents the results from the investigation of the modifying effects of this aldehyde on redox pro-
cesses which occur in rat C6 glioma cells. It has been shown that cultivation of cells with 2-hexadecenal (in
concentrations from 3.5 to 35 umol/1) leads to a significant increase, and at the higher concentrations, a de-
crease in the yield of superoxide anion radicals induced by menadione. It has been ascertained that the addi-
tional production of O2-— under the action of 2-hexadecenal on cells is completely suppressed in the presence
of inhibitors of stress-activated MAP-kinases involved in apoptosis induction, such as JNK, p38- and
ERK1/2 MAP kinase. The modifying effects of 2-hexadecenal were observed during the early stages of inter-
action of this aldehyde with the cells leading to an increase in the production of superoxide anion radicals
by mitochondria and a decrease in the intracellular level of reduced glutathione. It has been suggested that
the modification of the redox state of C6 cells is the initial stage of the intracellular signaling process where
2-hexadecenal acts as a signaling molecule.

Keywords: 2-hexadecenal, sphingolipids, reactive oxygen species, rat C6 glioma cells, mitochondria, glutathione
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