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HccrnenoBaHbl OTBETHI KYJIBTUBHPYEMBIX KJIETOK YEJIOBEKa — KEPAaTHHOLIMTOB — Ha BO3JCHUCTBHE YIbTpadroiIeToBoro
W3ITy4YeHUs KOPOTKOBOJIHOBOTO JAWarna3oHa 0e3 pacTUTENBHBIX MONMU(EHONBHBIX COSIUHEHNI U COBMECTHO C PAIOM H3
HuX. [loyyeHHBIE SKCIIEpUMEHTANIbHbIE IaHHBIE CBUAETENLCTBYIOT O HAJMYMU LUTOIPOTEKTOPHOTO NEWCTBHS YKa3aH-
HBIX COEIMHEHHUI, NOOaBIEHHBIX cpa3y HOcie Bo3zaeiicTBHsA ynbrpaduoneToM. LlutonpoTekTopHas akTHBHOCTh CHUKa-
Jach B PAAY aKaleTnH — CUIMONH — OalKaJeH — JICOHTOITOANEBAs KMCIIOTa — KBEPLETHH — [IMaHUINH XJIOPHI — TAKCH-
¢donuH — depynopas kuciora. cciaenoBaHo BIUsHEE yIbTPadHOIETOBOIO 00Iy4eHHs KOPOTKOBOJIHOBOTO AUaIa3oHa 0e3
aKaleTHHA U B €0 NPUCYTCTBUH Ha peakuuro Gpochoprnrpoanus ructoHoB H2AX, 3amyckaroniyro npomece pernapanin
onHOoHNTEBBIX oBpexaeHnit JIHK. YcranoBieHo, 4To B OTBET Ha Takoe 00Iy4eHHe B KEPaTHHOLUTAX aKTUBHpYyeTcs (oc-
(hopunupoBanue ructoHoB H2AX, 1 akarieTHH OKa3bIBaeT CYIIECTBEHHOE BIMSHUE HA KHHETUKY dTOH peakiun. CroenaH
BBIBOJ], YTO PacTUTEJIbHBIC NMOIU(EHOIBHBIE COSANHEHUS CIOCOOHBI YMEHBIIATh AECTPYKTUBHOE BO3/IEHCTBHE YIBTpa-
(h1ONIeTOBOTO M3NTyUSHHS Ha KIIETKH KOXKH, aKTUBHPYS IPOIIECC penapaliiii TeHeTHYSCKUX MOBPEKICHNH.

Knroueswie cnosa: ynerpaduoneroBoe nznyuenue; YOC; pacTuresnsHble TONU(PEHOIBHBIE COCIUHEHNS; penaparys

JHK; amonto3; keparnHonuThl; Tucton H2AX.
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DNA REPAIR ACTIVATION AND APOPTOSIS SUPPRESSION
IN KERATINOCYTES AS A POSSIBLE MECHANISM
OF CYTOPROTECTIVE ACTION OF PLANT POLYPHENOLS
UNDER CONDITIONS OF UV-IRRADIATION
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The work investigated the responses of cultured human keratinocytes to ultraviolet radiation in the C range (UVC)
with and without a number of plant polyphenolic compounds. The experimental data obtained in this work indicate a cy-
toprotective effect of the PPs added immediately after UVC exposure. The cytoprotective activity of plant polyphenolic
compounds was reduced in the series: acacetin, silybin, baikalein, leontopodium acid, quercetin, cyanidine chloride,
taxifolin, trans-ferulic acid. The effect of UVC irradiation with and without of acacetin on the process of phosphorylation
of histones H2AX, the triggering mechanism for the repair of single-stranded DNA damage, was also investigated in
keratinocytes. It has been established that, H2AX phosphorylation is activated in response to UVC radiation and acacetin
has a significant effect on the kinetics of this process. It is concluded that the PPs can reduce the destructive effect of UVR
on the skin cells, activating the process of repairing genetic damage.

Keywords: ultraviolet radiation in the C range; UVR; plant polyphenolic compounds; inflammatory mediators; kera-
tinocytes; histone H2AX.

BBenenue

OKcIieprMeHTaIbHBIE TaHHBIC, TIOATBEPK/ICHHBIE ATHIEMHOJIOTHYECKIMU UCCIICAOBAHUSIMHE, CBHJETEIh-
CTBYIOT, 9YTO COJIHEUHOE ynbTpaduoneroBoe nznydeHue (YOUW) sBusercs HanOonee BaXHBIM KaHIIEPOTEHOM
OKpY’KaIoIIel cpebl, MPUBOAIINM K pa3BUTHIO paka Koxu. CorslacHO COBpeMEeHHOH Kiaccupurannn Mex-
nyHapoaHo# komuccuu 1o ocsemieHuro (CIE), YOU nenurcs Ha Tpu muamna3oHa:

o VOA, mii JyTMHHOBOJTHOBEIH (320—400 HM);

o YOB, unn cpeaneBonHOBHIH (280—-320 HM);

o YOC, nnn kopoTkoBoHOBBIH (200-280 HM).

YOU criocoOHO BO3IEHCTBOBATH HA KIETKH KOXKH, KaK HEMOCPEACTBEHHO TOBpeXaas xpomaruH [1], Tak
Y WHUIMHAPYS CUTHAJBHBIE MIPOIECCH], BEAYIIHE K BBIOPOCY MPOBOCHAIUTENBHBIX IUTOKHHOB U MPOTEONH-
TUYECKUX (PEPMEHTOB, CTUMYIHPYIOIINX Pa3BUTHE BOCIAJICHI, XpOHHUYECKas (opMa KOTOPOTO SIBISIETCA
MPUYHNHON 3HAYMTEIHHON YacTH BCEX OHKOJIOTHMYECKHX 3a0orneBanmii [2; 3]. Pe3ynbprarsl MHOTOYHCIEHHBIX
WCCIIeZIOBaHUH, HAIPaBIIEHHBIX Ha BBISCHEHWE CHeNM(PUUECKHX MyTed mepefadd CHTHala, yYacTBYIOIIMX
B YO-uHAYIMPOBAHHOM KaHIEpOTeHe3€e KOXKH, CBUAETEIBCTBYIOT O TOM, YTO KJIETOYHBIN CUTHAJHHBINA OTBET
3aBHICHT OT JJIMHBI BOHEI YOU. BMmecTe ¢ TeM cHUTrHabHBIE KacKa [bl MUTOTE€HAKTUBUPYEMBIX IIPOTEHHKUHA3
(MAPK), urparomux Ba)xHyI0 poJib B pa3BUTUN MHOXKECTBa YD-WHAYIIUPOBAaHHBIX KIIETOYHBIX OTBETOB, B TOM
Yyclie NHUIIMAPOBAHUHU allolTo3a, aKTHBHPYIOTCS MPHU BO3ACHCTBUU Ha KIETKH KOXH YD-u3mydeHHs Bcex
Jiara3oHoB [4; 5].

OcHoBHOU muieHbto Y®-uznyuenus spigercs siaepHas JJHK, B aToM ciayuae kieToyHble OTBETHl UHU-
MUUPYIOTCS B PE3yJIbTaTe IMOSBIEHUS OMHOIIETIOUEYHBIX pa3phiBOB. OHH BO3HUKAIOT MPU BO3IEHCTBUH Ha
kieTku koxu YOC, HO MoryT OBITh ciencTBueM BozzeiicTBus YOB u YDA [1]. OOpasytromasics mpu 3ToM
KOBaJICHTHAS CBSI3b MEXKY ABYMS COCETHHUMH MUPUMHUIVNHOBHIMH OCHOBAaHUSMHU (THMUHOM HITU ITUTO3WHOM)
MIPUBOJUT K BO3HUKHOBEHUIO JMEPOB MUPUMHUIMHA: TIUKIOOyTaHOBBIX quMepoB (CPDs) n mupumuana-(6, 4)-
MUPUMUATUHOBEIX (oTOpoayKToB (6-4PPs). B ocHOBe MKII00yTaHOBOTO JUMeEpa JIS)KHUT YETHIPEXYTIIEPOIHOE
KOJIBII0, 00pa3yroleecs Ha MECTE Pa3phiBa ABYX JIBOMHBIX CBSA3EH COCEAHHUX MUPUMHUIMHOBEIX OCHOBAHHM [6].
Kunerounsiii orBet Ha Bo3HuKHOBeHUE CPDs u 6-4PPs BkitouaeT akTUBALMIO SKCIU3UOHHOM penapauuu Hy-
KJICOTHUOB — OJTHOTO U3 MeXxaHn3MOB perapanuu JJHK, KoTopblii 03BOJISET HCIIPaBUTh OTHOHUTEBEIE TIOBPEXK-
nenust JJHK, ucnonp3ys B KauecTBe MaTpULbl HEIOBPEXKICHHYIO KOMIUIEMEHTapHyo uens [1]. [Ipu Henonnoi
penaparun nmoBpexaeanit JIHK 3amyckaeTcsi CHTHANBHBIN KacKa/l, BBI3BIBAIOIIHIA TPHOCTAHOBKY KIETOYHOTO
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1UKJIa ¥ (WIK) MHALTMUpOBaHue arnonTo3a. OHo U3 Hanbosee panuux coowituii penaparuu JJHK — dochopu-
nupoBaHue Oenka, HazbiBaeMoro ructoHoM H2AX [7]. DT1o BapuaHT ructona H2A, sBnstomuiicss KOMIIOHEH-
TOM KOPOBOM CTPYKTYphI HYKJIEOCOM, BOKPYT KoTopoii obepuyTta JHK. ®ochopunupoannslii 6emok, 0603Ha-
yaeMblid kak YH2A X, HeoO0Xo1iM JUTS IPUBIICYSHHUS K YYACTHIO B perapaiuu Apyrux 0enkos. OCHOBBIBAsICh HA
MIPUBEJCHHBIX JaHHBIX JUTEPATyphl, MBI onaraeM, 4to YOC-uHAYIMPOBaHHOE MOBPEKICHUE KIETOK KOKHU
SIBJISIETCS /ICKBAaTHOM MOJIENBIO, BOCIIPOU3BOJIAINEH MOJNEKYISIPHO-OMOIOTHYECKHE MTOCIEICTBHS (POTOXUMH-
YECKHX MPOIECCOB B KOXKE, MHUIIMUPYEeMbIX YOI, 1 03BOJISIET MPOBOAUTH MMOUCK HOBBIX () (MEKTHBHBIX MTPH-
pOIHBIX (HOTOIPOTEKTOPOB, CIIOCOOHBIX MHTHOMPOBATh HETATHUBHBIE MPOLECCHI, YMEHbBINAs IECTPYKTUBHOE
Bo3zericteue YOU. B nannoit padore 6110 nccnenoano Biugane YPC-o0iydeHus Ha KU3HECTIOCOOHOCTh
keparuHonmToB muHUN HaCaT u mponeccsl penaparuu JJHK 6e3 pactutenbHbIX moaueHOIbHBIX COESANHE-
Huil (PIIC) u B ux npucyTcTBUN.

MaTepHaJ'lbl U METOAbI UCCJICAOBAHUSA

PeakTuBbl. B paboTe ucnonbs3oBainck KoMMepYecKre Nonru(eHONbHbIE COSNMHEHUS: KBEPUETUH, MPaHC-
(dhepynoas kucnora (Sigma, CIIA); TakcuponuH, CUIMOUH, TUAHUIUH XJIOPHI, JICOHTOIOUEBAS KUCIIOTA,
akanertuH, Oalikanend (Extrasynthese, ®panuus). Bo Bcex skcniepuMeHTax Moau(eHoIbl pacTBOPSUIN B AHMe-
tuncyibdokeune (JIMCO). Taxke npuMeHsMch TpuricuH, cpena JIMEM, akpuIuHOBBIN OpaHXeBbIH, STUANYM
opomun (Sigma-Aldrich, Tepmanus), nuzoronnueckuii pocoarnwiii 6ypep (UDB, pH 7,4) (Lonza, benvrus),
antubmnoruku (Gibco, CIIA), smOpuonansHas 0b149bst ceiBopoTka (OBC) (Capricorn, Ilonbma).

Knerounbie KyJabTyphl. B KauecTBe 00BbEKTa HCCIIEIOBAHMUS UCTIONB30BAN KYJIETHBHPYEMBIE KepaTHHO-
uThl yenoBeka muaun HaCaT, momapok nokropa H. E. ®y3enwura (Deutsches Krebsforschungszentrum, I'eii-
nensoepr, [epManust), SBISIOIIUECS OCHOBHBIM KJIETOUYHBIM 3JIEMEHTOM DITHAJICPMHCA, ECTECTBEHHOTO Oapbepa,
3alIMIIAIOIIETO PACTIONOKEHHBIE HUKE CJIOM KOXKHM OT BHEILIHETO BO3JIEUCTBUS, B TOM yucie u YOU. Knetku
pactuiu B cranaaptHeix yciosusax (37 °C, 5 % CO,) B 96- unu 6-nyHOuHBIX IUTaHmieTax B cpene JMEM
¢ 10 % 3BC no 70-80 % xoHdmroeHTa.

Moneaupoanue YOC-oonyuenus. B nanHoit pabore npumensuin Oaxkrepuiiuanyio samny G30W Sylva-
nia, 95 % uznydenus koropoit sensercs YOC ¢ mmHoi BoiHb 253,7 HM. JlaMna pacronaraiachk Ha paccTosi-
Huu 10 cM OT TUTaHIIeTa ¢ KIeTKaMu, 00ecreunBas HHTEHCUBHOCTH 00my4ueHus 1,0 MBt/cM’. UccnenoBanmue
BiusiHus YOC Ha )KU3HECOCOOHOCTh KyJIBTUBUPYEMBIX KieToK 0e3 PIIC u B MX MPUCYTCTBUU MPOBOIMIH
B 96-TyHOUHBIX TUIAHIIETax yepe3 24 4 mocie Bo3neicTBus. Mcnonb30Bain ABa SKCIIEPUMEHTAIBHBIX MPO-
TokoJsia. B cooTBeTcTBHM ¢ mpoTokooM 1 3a 30 MUH 10 00IyUeHHs K KieTkaM a00apisum cpeny JJMEM 6e3
CBIBOPOTKH, coaepxarryto JIMCO unu pactBopsl PIIC B IMCO B no3e 50 mxmounb/i1. KneTku KyasTuBUpOBa-
JMCh Tpu cTanAapTHeIX ycnoBusx (37 °C, 5 % CO,). HenocpenctBenHo nepes 00myueHneM KylbTypalbHYTO
cpeny 3amensuta Ha UDB. Cpazy nocne oonyuenns UDb 3amensum Ha cpeny JIMEM 6e3 ceiBopoTku. Kitetku
KyJIBTUBUPOBAINCH IIpU cTaHaapTHbIX ycsoBusax (37 °C, 5 % CO,). B coorBeTcTBUU € IPOTOKOJIOM 2 HETO-
CPEICTBEHHO Tiepe] o0yueHueM cpeay 3amensin Ha DB, Cpa3sy nocne oonyuenus MDD 3amensiu Ha cpeny
JIMEM o6e3 ceiBopoTkH, comepxkaiyto JJMCO wiu pacteopsl PIIC B JIMCO B no3e 50 mxmonb/n. Kietku
KyJIBTUBUPOBAJIUCH NIPU cTaHJapTHBIX yciosusx (37 °C, 5 % CO,).

Onpenesienne nurorokcnyeckoro aeiicreusa YPC 6e3 PIIC u B ux npucyrecrsun. KomudecTBo xu3He-
CIIOCOOHBIX KJIETOK ONpEIeNsy ¢ HOMOIIBIo peakTusa PrestoBlue™ Reagent (Introvigen, CIIIA) B cooTBeT-
CTBUM ¢ MHCTpYKIHeH. DiyopeclieHInio 00pasyrolierocs npoaykra (Bo30yxaenue 560 uM, smuccus 590 HM)
U3MepSUTM Ha TUIAHIIETHOM (uryopuMmeTpe. YepenHEeHHYI0 HHTEHCHBHOCTD (PiIyopeclieHIINH JIYHOK, COepIKa-
IIMX KOHTPOJIbHBIE KIETKH, npuHUMaiu 3a 100 %.

IIporounas uuroduayopumerpusi. CHUMaIN ¢ 6-TyHOUHOTO IJIaHIIETa KOHTpoibHbIE U YPC-06pabo-
tanHble kepatusouutsl HaCaT (0,5 - 10° kneTok Ha obpasen) yepe3 8 4 mocie BO3IEHCTBUS, OKPAIIHBAIIA
unnukaropamu anHekcHOM V-FITC (An) u npormaus uoaunom (I1H1), ucnonezys Habop Annexin V-FITC
Apoptosis Detection Kit (Sigma, CIIIA) B COOTBETCTBUU ¢ HHCTPYKIIUEH TPOU3BOIUTENIS, U aHATU3UPOBAIIU
¢ moMoIIbko nmporouHoro nuromerpa FACScan (Becton-Dickinson, CILIA). ®myopecIeHITUIo0 KpacUTeNIeH BO3-
Oy>xnany J1azepoM ¢ JuinHoN BoiHB! 488 HM, amuccuio AH u [T uzmepsmu ipu (530 £ 30) um u (613 +20) HM
COOTBETCTBEHHO.

TecT Ha :KMBbIe M MepTBbIe KaeTkn. Uepes 18 u mocne YPC-o6myuenus (0,06 Jx/cm®) 6e3 PIIC
U B UX NpHUCyTCTBUU (50 MKMOJIB/JI) IPUKPETUICHHBIE KIETKH MOJBEpPrayid IBOHHOMY (QIyopecieHTHOMY
OKpalINBaHUIO aKpUAMHOBEIM opamkeBbIM (AO) u atunuym Opomunom (Ob). Knetku BusyanusupoBaiu
u (oTorpadupoBay, UCIOIL3Ys] HHBEPTUPOBAHHBIN (DIyopecleHTHBIH MUKpockonm Axiovert 25 (Zeiss,
I'epmanus).

HNmmyHodayopecuennus. Dochopunmpoannsie ructoHbl H2ZAX — YH2AX — B KynbType KepaTHHOLUTOB
HaCaT oueHnBamu ¢ mOMOIIbI0 MMMYHO(IYOPECIIEHTHOTO OKPAIIMBAHUSI, HCIIONB3YS TICPBUYHBIC aHTHTEIA

31



Kypuaa Besopycckoro rocyrapcrseHHOro yuusepcurera. buonorus. 2019;2:29-35
Journal of the Belarusian State University. Biology. 2019;2:29-35

k YH2AX (pS139) u BrOpHYHBIE aHTHBHJIOBBIE aHTHUTENA, KOHBIOTHpoBaHHbIE ¢ Alexa Fluor488. Knetku
npensaputenbHo GukcupoBanu B 10 % gopmanune (pH 7,0). JocTyn aHTUTEN K MUILIEHH 00ecIieunBaly 3a
cueT nepMeaduIM3ay KICTOYHOH U sinepHoii MemOpan 0,3 % pactBopom TputoHa X-100 B UDE. Hecnenu-
¢udeckoe CBsA3bIBAaHME MHHMMHU3MPOBAIM WHKyOalueid KiIeTok B OnokupyrouieMm Oydepe, comepkaiiem
ObIYMi CHIBOPOTOUHBIM anbOyMuH. Jlsl BU3yanu3aluu KJIETKH JOMOJHUTENBHO OKPAIIWBAIHM IPONMUAMS
HOJUIOM.

CrarucTuyeckas o0padoTka pe3ybTaroB. [lonydeHHbIC JaHHBIE 00pabaThIBaIM C HUCIOIB30BaHH-
€M CTaHJapTHOW KOMIBIOTEPHOW mporpammbl Excel. CTaTHCTHYECKUE MaTepHalbl MPEACTABISUINCH B BUIC
(M £ SD), tne M — cpennee apudmernyeckoe; SD — cTaHAapTHOE OTKIOHEHHE. [[JIs OLIEHKH pa3HULIBI MEXIY
SKCIIEPUMEHTAIIBHBIMY TPYIIIaMHU NIpUMEHsUTH {-kpurepuii CTeioneHTa, u 3Hadenus p < 0,05 cunrtanuce 1o-
CTOBEPHBIMH.

Pe3y.]'ll)TaTl)l HCCJICA0BAHUSA U UX 06cy>lc)1e1me

HuroTrokcuueckoe aeiicteue YOC Ha kepaTruHouuThl yeaoBeka Junuu HaCaT 6e3 PIIC u B ux
NPUCYTCTBUH. B mpeiBapuTenbHBIX SKCIEPUMEHTaX ObUIO MccienoBaHO BiausHue YDC-uziyueHus Ha
KU3HECTIOCOOHOCTh KepaTHHONMTOB 4esoBeka nuHuu HaCaT depes pasnuyHble WHTEPBAIBl BPEMEHH TI0-
cie obnyuenus. Kak cinemyer u3 tabn. 1, YOC B gozax 0,03 u 0,06 I[)K/CM2 HE OKa3bIBAET JOCTOBEPHOIO
BIIUSTHUS Ha )KU3HECITOCOOHOCTh KePATHHOIIUTOB Yepe3 4 U IMocie BO3ASHCTBUS, IIPH 3TOM depe3 24 9 KOJr-
YEeCTBO KU3HECTIOCOOHBIX KEPaTHHOIIUTOB YMeHbIIaeTcs Oornee ueM Ha 80 % B cpaBHEHUH C HEOOITYICHHBIM
KOHTPOJIEM.

Ta6auna 1
Biansinne YOC Ha KU3HECNOCOOHOCTDh KYJIbTHBHPYEMBbIX
HaCaT uepe3 4 u 24 4 nocJie Bo3AeiicTBUSA
Table 1
The effect of UV radiation on the viability
of cultured HaCaT 4 and 24 h after exposure
KomunuectBo kieTok, %
VenoBus aKcriepuMeHTa
4 4 mocne obmyueHus 24 4 mocne o0ay4eHust
Kontposns 100,0 £ 14,3 100,0 + 8,3
YOC:
0,03 JIx/cm? 90,0 + 12,3 12,8+6,17
0,06 Jlx/cm® 89,7+£9,4 16,9+3,9 *

’p < 0,001 OTHOCHTENHHO KOHTPOIISL.

UroOBl OLIEHUTH POJb aloNTo3a B peaju3alud IUTOTOKCHUecKoro neiictBusi YOC, KOHTpOIbHBIE U 00-
Jy4EeHHBIE KJIETKU 4epe3 8 4 mociie BO3ACHCTBUS OKpaimBanu uHaukatopamu AH u [1W u ananusupoBanu
coctaB kietoyHbrx monymsanuii (Ae u [TW momoxutensubie, AH u [1M oTpunatensHbie), HCIIONB3YS METOJ
MPOTOYHOM nuTo(IyopuMeTpuu. Pe3ynsrarsl, IpeacTaBIeHAbIe Ha pUC. 1, CBUIETENBCTBYIOT, UTO OOIydYeHre
kepatnHOIUTOB YOC NMpPHUBOIUT K CYIIECTBEHHOMY CHIDKCHHMIO WHTAKTHBIX KieToK (AH u [IW orpumarens-
HBIE) U BO3pACTaHMIO KOIMYECTBa MO31HUX anonTtoTnyeckux (AH u [11 momoxurensHbe) U HEKPOTHUECKUX
(An orpunarensusie, [11 monoxxurensHbIe) KIESTOK.

B nocnenyrommx skciepuMeHTax UCCIIeA0BaIH IIUTONPOTEKTOPHYO akTUBHOCTE psiaa PIIC, noGaBnseMbix
K KJIeTKaM B KoHIeHTparuu 50 MKMonb/1 kak g0 Y®C-Bo3neicTBrsA, Tak U 1Mocie Hero. B mepBoM cirydae
kieTky npenHkyouposanu ¢ PIIC B tedenne 30 MuH, HO 0OIydeHHE KIETOK W MOCIEAYIONIYI0 WHKYOAIHIO
MIPOBOIIIIH B cpefie, He comeprkamieii PIIC. Bo Bropom ciydae PIIC mobamisiii k KJIeTKaM cpasy mocie 00my-
YCHHMSI, 1 OHU HaXOAMJIUCh B CpeJie IPU MOCISAYIOIIeH HHKyOaIK KIIeToK. [laHHbIe, TPUBEICHHBIC B Ta0II. 2,
cBUACTEIbCTBYIOT, uT0 PIIC, noOaBieHHbIC IOCIIE 00IyUYCHHS, IOCTOBEPHO YBEIMYUBAIOT KOJIMYCSCTBO KU3HE-
CIOCOOHBIX KEPAaTHHOIUTOB Yepe3 24 4 mocie Bo3AeHCTBUS B cpaBHeHUU ¢ YDC-00Iy4eHHBIMU KICTKAMH,
nakyoupyembimu 6e3 PIIC. [lutonporekropHas aktuBHOCTh PIIC cHI>Kanace B psy akaleTHH — CHIITMOUH —
OaifKasienH — JIEOHTOIOMEeBAst KHCIIOTa — KBEPIETHH — IUAHUINH XJIOPH] — TaKCU(OIINH — mpauc-pepyrnoBast
kuciota. Bmecre ¢ Tem PIIC, nobasnennsie 3a 30 MUH 10 OOITYYICHHSI B yIaJIeHHBIC HETIOCPEICTBEHHO TIEPET
o0nmy4yeHrneM, ObuUTH HeI(PPEKTUBHBIL.

32



Knerounas 6uonorus u gpuzunonorus
Cell Biology and Physiology

ala 6/b

10* 10°

10°F 10°
T : e
‘j 10k 1,7 % S 10° 342 %
= 187.9% -

10F . 10t

10,4 % b 0
el—o b . I ek I
10° 100 100 100 10 10° 100 100 100 10*
FLI-H FL1-H

Puc. 1. Pe3ynsrarsl IpoTOYHOHN HUTOGIYOPUMETPUH KOHTPOJIBHBIX (&)
u nozBeprayThix YOC-o6myuenmo (0,06 x/cM’) (6) keparuronuros HaCaT.
Knetku ogHOBpeMeHHO okpaniuBaiu [T u AH, 1 FHTEHCUBHOCTb COOTBETCTBYIOLIECH (IyopeceHIMI
ObL1a KOJIMYEeCTBEHHO onpeneneHa i 100 Thic. KiIeToK. PacmionokeHHbIe B HIDKHEM JIEBOM KBaJIpaHTE TOUKU
COOTBETCTBYIOT )KMBBIM KJIETKaM, B HIDKHEM IIPAaBOM — PAaHHUM allONTOTHYECKUM,
B IIPaBOM BEPXHEM — ITO3IHUM aIlONTOTHYECKUM U B JIEBOM BEPXHEM — KJICTOUHBIM ()parMEHTaM U HEKPOTHYECKUM KIIETKaM

Fig. 1. Flow cytometry analysis of control HaCaT cells () and cells exposed to UVC irradiation (0.06 J/cm®) (b).
Cells were simultaneously stained with propidiumiodide and annexin V-FITC. Fluorescence signal intensities
of 100 thousand cells were quantified. Bottom left quadrant represents live cells; bottom right quadrant represents
early apoptotic cells; top left quadrant represents necrotic cells and top right quadrant represents late apoptotic cells

Tabnauma 2

Bausinne YOC (0,06 JI/cM’) Ha KU3HECNOCOGHOCT KyIsTHBHpyeMbIx HaCaT
yepe3 24 4 noc.e Bo3aeiicTeus 6e3 PIIC u B ux npucyrcreuu (50 MKMOJIb/J1)

Table 2

Effect of UVC radiation (0.06 J/cm®) on the viability of cultured HaCaT 24 h
after exposure without and in the presence of PPs (50 pmol/L)

o p———t D¢ dekTHBHOCTD IUTONPOTEKTOPHOTO
YenoBus sKcIiepUMEHTa ’ nevictaus PIIC
PIIC nmocne YOC PIIC no Y@®C PIIC mocae YOC PIIC no YO®C

KoHTpoh 100 + 13,5 100 + 13,5 - -

VoC 12,8+6,17" 12,8+6,17 - -
YOC + Bk 22,9 +457" 15,1 +6,2 1,8 1,2
Y®C + Cn 38,5+7,97" 14,7+2,7 3,0 1,1
VOC + KB 21,1+£6,77° 15,8+ 6,7 1,6 1,2
YOC + Tdp 159492 16,4+9,2 1,2 1,3
YOC + Ak 396+7,67° H/o 3,1 H/o
VOC + JIk 23,3+52"° H/o 1,8 H/o
VOC +IIx 19,3+6,57° H/o 1,5 H/o
VOC + Ok 13,7+5,0 H/o 1,1 H/o

Ipumeuanue. PaccunThBaIM KaK OTHOIICHHE KOIHYECTBA KM3HECIOCOOHBIX KiEToK B cepun YDC + PIIC K KonudecTBy

TakoBbIX B cepunl YOC; ***ap < 0,001 oTHOCUTENHHO KOHTPOJIS; **bp <0,01,™ ’» < 0,001 orHocurensHo YOC; bk — Gaiikanenn; Ci —

cunubul; KB — kBepuernn; T — Takcudonmnn; Ak — akaneTns; JIk — ieoHTOnOnMeBast KHCI0Ta; LIX — mmanunun xiaopun; Ok — mpanc-
(depynosas kuciora. H/o — He onpenensiock.

HuTonpoTrekTopHoe AelcTBHE akaneTnHa (puc. 2, 8), KBepUeTHHA (pUC. 2, &), ICOHTONOANEBON KUCIOTHI
(puc. 2, 0) u cunubuna (puc. 2, e) npu YOC-uHAYIHPOBaHHOM NOBPEKACHUH KEPATHHOLUTOB MTOATBEPKACHO
CTaHJApPTHBIM TECTOM Ha >KUBBIE M MEPTBBIE KJIETKH C MCIOJIb30BAaHHEM BHUTAJIBHBIX (PIyOpEeCLEeHTHBIX Kpa-
cuteneil — AO u Ob. AO okpaimBaeT Kak KUBbIE, TAK U HEKPOTHUYECKUE KIIETKHU (3€JeHOe Ap0), TOTAa Kak
OB — TONBKO KJIETKH, KOTOPBIE MOTEPSUIN LETOCTHOCTh MeMOpaHbl (OpaHXeBoe HiIH KpacHoe sipo). Kak cie-
IyeT 13 MPUBEACHHBIX Ha pHC. 2 (ryopeceHTHBIX MukpogoTorpaduii, uepes 18 u mocne Bozaeticteus YOC
B 03¢ 0,06 J[/CM® CyIeCTBEHHO CHIDKAeTCs 0Olee KOTMIECTBO KIETOK MO CPABHEHHIO ¢ KOHTPOILHBIMU
o0pasuamu, py 3TOM OOJIbIIAsl YacTh OCTABLIMXCS UMEET HHTCHCUBHYIO KpacHYIO (IIyOPECIICHIIUIO 32 CUET
okpammBanus siaep Ob. B npucyrcreun PIIC (50 MxMmonb/m) octaercst 00IbII0N NPOLEHT KIETOK, OKpaIIeH-
HBIX TOJBKO AO (3KUBBIE KJIETKH).
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Puc. 2. PenpesenraruBHbie (uyopecieHTHbIe MuKpodoTorpaduu kiaetok HaCaT 1o (a)
w1 uepes 18 u (6) mocrne BosneiicTeia YOC B nose 0,06 Ix/cm’, a Takxe YPC COBMECTHO ¢ aKALIETHHOM (6),
KBEPIIETHHOM (&), IEOHTOIIOUEBOM KUCIOTOU (0) M CHIIHOWHOM (€) B KOHIEHTpauu 50 MKMOJIb/T

Fig. 2. Representative fluorescent micrographs of HaCaT cells before (a)
and 18 h after exposure to UVC at a dose of 0.06 J/cm® (b), UVC together with: acacetin (c),
quercetin (d), leontopodievoy acid (e) and silybin (f') at a concentration of 50 pmol/L

Bimsnue YOC-06ayvyenusi 0e3 akaneTHHa M B ero NPUCYTCTBHH Ha mpouecc ¢ochopunnpoBanns
ructoHoB H2AX. M3BecTHO, yTo npu nospexaeanu JJHK nnnnnnpyercs npouecc 3KCU3NOHHON penapaiun
HYKJIEOTH/I0B, KOTOPBIH MO3BOJISET UCTIPaBUTh OHOHUTEBBIE noBpexaeHus [JHK, ncnons3ys B kauecTBe ma-
TPHILIBI HETIOBPEXAEHHYIO KOMIIJIEMEHTapHYIO 1IeTlb. B ToM cilydae, Koraa He MPOMCXOAUT MOIMHOM penaparuu
noBpexaennit JJHK, 3amyckaercsi curHaibHBINH Kackaj, BBI3BIBAIONIMN TMOENb KIETOK MyTeM amonTtosa. Kak
CBUJICTEIbCTBYIOT JaHHBIE MPOTOYHON HUTOMIYOPHUMETPUH (CM. pUC. 1), Takas CHTyallHs UMEET MECTO IpHU
BO3/ICHCTBHY Ha KepaTMHOLMTHI yenoseka mmani HaCaT YOC-n3nyuenus B nose 0,06 Tx/cm’. Tlockonbky 3a-
muTHEIH 3ddekT PIIC B aTOM ciydae MoxeT ObITh 00ycioBieH ycuinenneM penapanuu JJHK, B mocnemyrommx
SKCIIEpUMEHTax ObUI0 HccienoBano BiusiHue YOC-o0myuenus 6e3 Hanbosee 3p(heKTHBHOTO HUTONPOTEKTOpa
aKaleTHHa M B €ro NPUCYTCTBUM Ha mpornecc ¢pochopunuposanust ructoHoB H2A X, 3amyckaronmii MexaHH3M
penapanuy ogHoHuTeBIX noBpexkaenuii JJHK. Keparunonutsr HaCaT o6myuamu YOC B go3e 0,06 Ix/cm’
u onpeaensian koaudectBo YH2AX uepes 1 u 4 4 mocie BO3AEHCTBHS ¢ TOMOIIBI0 MMMYHO(GITYOPECLIEHTHOTO
OKpaIIMBaHUs, UCIIOJIB3Ys nepBruHbie antuTena kK YH2AX (pS139) (puc. 3).

B 3THX 3KCliepUMEHTax yCTaHOBIEHO, 4TO B OTBeT Ha YDC-00nyueHre B KepaTHHOLMTAX yxke uepe3 1 4
nocie BO3ACHCTBUsI akTUBUpyeTcs: GocdopunupoBanne H2AX u Bospacraer koinmdectBo YH2AX, xoropoe
JOCTHTaeT MakcuMyMma udepe3 4 4 (CM. puc. 3), 4TO MOJHOCTBIO COBMAAAET C JaHHBIMH, TONYYEHHBIMU paHee
T. Maptu ¢ coaBropamu [8]. CoBepilieHHO JIpyroi B MMeeT KuHeTHKa (ochopuinmposanus H2AX B oTBer
Ha BozaelicTBue YOC-u3mydeHus B MPUCYTCTBUH akaleTHHa. B 3ToM citydae MakcumyM (ochoprrpoBanus
H2AX nabnromaercst yxe uepe3 1 1 mocie Bo3neiictBus YOC Ha KepaTHHOLMTEL, a 4epe3 4 4 HHTCHCHBHOCTh
¢dodopunrpoBanus Bo3Bpainaercsi K ucxoguomy yposHio. C. Xanacore u M. FOHrman nokasaso [9], uro ¢oc-
¢dopuwmupoBanue H2AX nocne Y®-o0mydyeHus 3ammyckaeTcss MHTepMeauaTamu Tporiecca perapanun JJHK
W yBEJIMYEHHE KOJIMYECTBA TAKUX UHTEPMEANATOB B pe3ynbrare nHruoupoanus JJHK pemaparusHoro cunTe3a
MPUBOAMUT K 3aMETHOMY YCHJIEHHIO (ochopuinpoBanust. B mpucyTcTBum akaneTnHa npotecc Gochopuniposa-
Hust H2AX cymecTBeHHO yckopsics 1 copepxkanre YH2AX B 00ydeHHBIX KepaTHHOLHUTaX depe3 4 4 He OTIIH-
YaJoCch OT €r0 COACPKaHUs B KOHTPOJIBHBIX KJIETKAX, YTO MOYKHO paccMaTpHBaTh KakK J0Ka3aTeJIbCTBO CIIOCO0-
HOCTH aKalleTHHA aKTUBUPOBATh U YCKOPATH Iporiecc penaparuBHoro cunte3a JIHK nmocne Bosneiicteus YOC.
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Puc. 3. PenpesenraruBHbie GuyopecieHTHbie MukpodoTorpaduu kiaetok HaCaT 1o (a), uepes 1 4 (6) u 4 4 (8)
nocye Boszeiictrus YOC B no3e 0,06 [ix/cm® Ge3 akaueTHa (—AK) H COBMECTHO ¢ HUM (+AK) B KOHIIEHTPALMH 50 MKMOJIB/I.
VMMyHO(ITyOpECIEHTHOE OKPAIIMBAHNE TIPOBOMITH, UCIIONB3Ysl IEPBHYHbBIE aHTUTENA
k YH2AX (pS139) u BropuuHslie anTuTena, KoHblorupoannsie ¢ Alexa Fluor488

Fig. 3. Representative fluorescent micrographs of HaCaT cells before (a), after 1 h (b) and 4 h (c)
after exposure to UVC at a dose of 0.06 J/cm* without (—Ax) and with acacetin (+Ax) at a concentration of 50 umol/L.
Immunofluorescent staining was performed using primary antibodies to YH2AX (pS139)
and secondary anti-antibodies conjugated with Alexa Fluor488

3akaoueHune

B pesynbrare uccienoBaHusi MOJIEKYISIPHO-OMOIOTHIECKIX MTPOIIECCOB, HHUITMUPYEMbIX YDC-n3myueHneM
B KepaTHMHOIIUTaX 0€3 MOTEHIMATHHBIX YD-POTEKTOPOB U B UX MPHUCYTCTBHUU, MOXHO CJIEIaTh BBIBOI, YTO
cpeau PIIC ecthb psia coeMHEHUH, CITIOCOOHBIX YMEHBIIIATh HEraTUBHBIC MOCIEACTBUS Bo3aeicTBus YDOU Ha
KJIETKU KOXKH, aKTUBUPYS perapaliio reHeTUYEeCKUX MOBPEXKACHUN U TOPMO3s1 MEXaHU3MBbI allONTO3a.
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