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TponudeparrBHast aKTUBHOCTb KJIETOK 9HAOTE IS LiepeOpaibHbIX MUKPOCOCYIOB SIB-
JISIETCS1 0OBEKTOM PETYJISILIMU LIIMPOKOTO CIeKTpa (haKTOPOB: PEryIsiTOPHBIX MOJICKYII,
TOKCUYECKHMX COeNMHEHUI, MEXXKIIETOUHBIX B3auMoneiicTuii. [unepBackysipusanus U
pa3BUTHE OKUCITUTEIBHOTO M HUTPO3AaTUBHOTO CTPECca SIBJISTIOTCST BaXKHBIMU KOMITOHEH -
TaMM TaTOreHe3a XPOHUYECKOU HelponaereHepaluv. AKTUBHbIE (hOPMbI KUCIOpOAa U
a30Ta, MMOMUMO TPSIMOTO MTOBPEXKIAIOIIETO ACHCTBUSI Ha KJIETKU TOJIOBHOTO MO3ra, Cy-
LIECTBEHHBIM 00Opa30M BJIMSIIOT Ha MTpoindepaTUBHYIO aKTUBHOCTbh U aHTUOTEHHbII 110~
TEHLIMAJ KJIETOK LiepeOpaibHOro HA0TeNMsI. B akcrnieprMeHTax in vitro, BHITOJIHEHHBIX
C HMCMOJIb30BAHUEM TIEPBUYHOM KYJIBTYPhI KJIETOK LIEPEOPATLHOIO DHAOTEIUST KPBIC,
MBI OLIEHWJTH MTPOJIU(epaTUBHYIO aKTUBHOCTh SHIOTEJIMOLMTOB C ITOMOILBIO TEXHOJIO-
rum “xCelligence”, mpenHa3HaYeHHOM IJIST aHAJIM3a Mpoaudepalny KIETOK B peXuMe
pealbHOTO BpeMeHH, B TeueHue 24—72 4. ICTOYHUKOM aKTUMBHBIX (hOpM KUCIOpoaa 1
a30Ta BBICTYMaJIM BOIHbIE pACTBOPHI aMMMaKa U THOLIMaHaTa, 00paboTaHHbIE HEPABHO-
BECHOI IJ1a3MOoii. YKa3aHHbIE PaCcTBOPbI JOOABJISUIMCH B MUTATEbHYIO CpPEly KJIETOK B
pas3IMYHbIX KOHLEHTpalusiX. Hamu BriepBblie YyCTAHOBJIEHO, YTO MTPUCYTCTBUE aKTUBHBIX
dopm Kucopona 1 a30Ta B cOCTaBe IIa3MEHHOM KUCJIOTHI MTOAABJISIET MTpoJrdeparumio
KJIETOK, BEPOSITHO, BCJICNCTBUE TOMUHUPOBaHHUsI 3(D(HEKTOB LIMTOTOKCUYECKOTO MEPOK-
CUHUTPUTA U MPOAYKTOB €r0 B3aMMOACUCTBUSI C KJIETOYHBIMU OEJIKaMU, a IPUCYTCTBUE
B pacTBOpe aMMMaKa CTUMYJIUpPYeT Mposindepaliio KJIeTOK B 10303aBUCMMOI MaHepe.
TTpucyrcTBylolKii B CBEXENPUTOTOBJIEHHOM PAacTBOpE TUOLIMAHAT aHMOH CHMXAeT
UHTUOMpYIOLee NeliCTBUE TJIa3MEHHOM KUCIOTHI Ha Mpojvdepanuio KIeToK dHI0Te-
JIMSI, OMHAKO MPU JUTUTEIbHOM MHKYOALMU TIa3MeHHast KUCJIOTa ¢ POJaHUIOM HATpHUsl
MPOSIBJISIET CYLIIECTBEHHBIN LIMTOTOKCUYECKMi moTeHIman. CyMMUpyst HaOIIOIEHUS O
MOZYJISIUMU LUTOTOKCUUECKUX 2(DGHEKTOB MIa3MEHHOM KUCIOTHI B OTHOLLIEHUU KJe-
TOK 1iepeOpaIbHOro SHAOTEUS B cliydae 00pabOTKM BOJbI HEPaBHOBECHOI IJIa3MOi B
MPUCYTCTBUM aMMMaKa M THMOLlMaHaTa, MOXHO MPEAINOJIOXUTb Y4aCTHEe OKUCIUTEIb-
HOTO Y HUTPO3aTMBHOTO CTPEcca B U3yUYEHHbIX HAMU TpoLieccax.

Knroueswie crosa: akTuBHBIE POPMBI KMCIIOPONIA, aKTUBHBIE (DOPMBI a30Ta, aMMUAK, TH-
MOTHOLIMAHAT, poJindepalysi, HepedpaabHblil SdHAOTEIUI
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OKUCIUTENbHBIM U HUTPO3AaTUBHBIN CTPECCHl UTPAIOT CYIIECTBEHHYIO POJib B MaTtore-
He3e HeliponereHepauuu [1, 2]. OCHOBHBIMU MPOLECCAMHU, IIPUBOASIIMMU K Pa3BUTHIO
OKMCJIMTEJIbHOTO M HUTPO3aTUBHOTO CTPECCa, BBICTYIAIOT TUCGHYHKIINS MUTOXOHIPUIA,
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akruBauuss HAJ®H-okcunas, reHepalidss NPOAYKTOB KaTaJIMTUYECKON KOHBEPCUU
SKMPHBIX KMCJIOT BCJIEACTBUE MOBPEXKICHUS KIETOK U Pa3BUTUS HelipoBocnaneHus |3, 4].
MeHee u3ydyeHa pojib OKMCIUTEIIBHOTO U HUTPO3aTUBHOTO CTpecca B HapyLIEHUM lie-
JIOCTHOCTU TeMaTosH1edannueckoro 6aprepa (I'Db) u moBpexxaeHUU KJIeTOK SHIOTEIUS
1epeOpabHBIX MUKPOCOCYIOB, OMTHAKO U3BECTHO, UTO 3TU COOBITUSI BHOCST BKJIaJ B pa3-
BUTHE TAaTOJOTMYECKOUM MpoHULIaeMocTu I'Db, 4To MOXET OBITh CONPSIKEHO C pa3BUTU-
eM (beHOMEeHa TUIepBaCKysIpru3alui (M30BITOYHOTO HEOAHTHOTeHe3a) B TKAHU T'OJI0OB-
Horo Mosra [2, 5—7]. B ¢BsI3u ¢ 3TUM 3HAOTEIMOLIUTHI LIepPeOPaATbHBIX MUKPOCOCYIOB,
XapaKTepu3ylolmecs: creluuYecKMMU CBOMCTBAMU, OTJIUYAIOIIMMU UX OT KJIETOK DH-
NOTEJINS IPYTUMX TKaHel (B YaCTHOCTU MPUCYTCTBUEM B LIepeOpaIbHOM 3HIOTEJIMU OOJb-
11IeTO KOJIMYECTBA MUTOXOHAPUi1), SIBISIOTCS UHTEPECHBIM OOBEKTOM IJIS1 U3YUYEHUST Me-
XaHU3MOB HelipojereHepalu U noBpexnaeHus Db, accounmpoBaHHBIX ¢ eiicTBEM
IIMPOKOTO CIEKTPa COEAMHEHU, 00pa3yIOIIMXCS B KJIETKaX MPU OKUCIUTETbHOM U HUT-
po3atuBHOM cTpecce [8]. [IpumeuaTenbHO, YTO OKMCIUTENIBHBINM CTpecC Yallle paccMaT-
puBaeTcsl B KaueCTBE MHIYKTOpa MpoudepaTuBHONM aKTUBHOCTH KJIETOK 3HAOTe s [9],
a MOJIEKYJIbl C TIPOAHTMOTEHHON aKTUBHOCTHIO, B YACTHOCTU COCYIMCTO-3HAOTEINAb-
Hblil (pakTop pocta VEGF, nunayuupyoot runepakruBanuio HAJI®H-okcnnasbl u reHe-
panyo akTUBHBIX ¢opM kuciopona (ADPK) [9]. B To ke BpeMsl, HAKOTUIEHHUE B KJIeTKaxX
HUTPOTUPO3UHA KaK MPOAYKTAa HUTPO3ATMBHOTO MOBPEXIEHUS OeKOB TMOMABIISEeT aH-
ruoreHes [10]. KpoMe Toro, nepeOGpajibHbI SHAOTEINI SIBIISIETCSI MUILIEHBIO OECTBUS
TSI IPYTOTO COEIMHEHUSI — aMMUaKa, KOTOPbIil B YCJIIOBUSIX in Vivo 0Opa3yeTcs B poliec-
Cce XMMUYECKUX MpeBpalleHUl CBOOOTHBIX aMMHOKMCIOT [11], mpuyeM neiicTBUe aMMU-
aKa MOXET COMPOBOXIAThCS YBEJIMYEHUEM TPOIYKIIMM MOHOKCHIA a30Ta, KOJIb CKOPO
aMMMaK CrocoO0eH MHIYyLIUPOBaTh 3Kkcrnpeccuio NO-cUHTa3bl U pa3BUTUE HUTPO3ATUB-
HOTO cTpecca, HarpuMep, B actpouuTtax [12]. OnHako nHdopMalys 0 MexaHU3Max JIeii-
CTBUSI aMMHUaKa B YCJIOBUSIX OKUCIUTEIbHOTO 1 HUTPO3ATUBHOIO CTpecca B JIMTeparype
OTCYTCTBYET.

MzyuyeHre MexXxaHM3MOB OKMCIMTEJIBHOIO U HUTPO3aTMBHOIO ITOBPEXIECHUS KJIETOK,
Kak mpaBwio, 6a3upyeTcsl Ha TIPUMEHEHUN XMMUYECKUX COEMHEeHMW, 001a1aoluX CIlo-
cobHocThIO reHeprpoBaTh ADK mnu azora, 1160 UHAYLUPOBATH UX 00pa30BaHUE B KJIET-
Kax-muieHsx [7]. He MeHee MHTepeCHbIM MOXKET OBITh MOIXO0M, OCHOBAaHHBIN Ha UCTOb-
30BaHUM in Vitro COeIMHEHUH, GOPMUPYIOIIUXCS TIPU IEMCTBUM HEPABHOBECHOM T1J1a3Mbl
Ha BOIHbBIC PACTBOPbI, 3HAYUTEIbHAS YacTh KOTOpbIX npencraBieHa ADK u azora [13].
K HM3KOMOJIEKYISIpHBIM aKTUBHBIM (hopmaMm azoTa (ADPA) MOKHO OTHECTH OKCHJI a30Ta
(NO), anokcun azota (NO,), okcuaoHuTpuT (ONOO™), HuTpokcui-aHuoH (NO™) u ripo-
TOHUPOBAHHYIO (hOPMY OKCHUAO-HUTPUTA — Tlepokcuazotuctyio kuciaory (HOONO) [14].
IMepeuncnenubie ADA MOTYT ObITh MOJIYYEHBI B (PU3NOJIOTMYECKU 3HAYMMBIX KOHILICH-
TpauusIX B pe3yJibTaTe 00JIydeHUsI ra30pa3psiAHOi Mia3Moii B aTMocghepHOM BO3OyXe BO-
bl ¥ BOAHBIX pacTBOpoB [15]. Hapsny ¢ nepeuncienusiMmu ADA B pesyibraTe XuMUye-
CKMX npeobpasosanuii ¢ popmupyromumucs AOK — (HO,/0;), (OH), (H,0,) — npo-
WCXOOUT TOCTENEHHOE HAKOIUIEHUE CTaOWIbHBIX HUTPUT- U HUTPAT-aHUOHOB M, KakK
ciaencteue, cHuxkeHue pH pactBopa. [Toatomy Bona, oopadboraHHast TakuM 00pa3oM, To-
Jlydujia HazBaHMe “rutasMeHHast kuciaorta” [16, 17]. CocraB m1a3MeHHOM KUCIOTHI U3Y-
4yeH B psiae padot [18—21].

B Hacrosiiiee Bpemsi BeAyTCSI MHTEHCUBHbBIE UCCIENOBAaHUSI COEAMHEHU I, BOCCTaHAB-
JIMBaOIIUX (DYHKIIUIO SHIOTENS. B 3TOM KOHTEKCTE TTepCIeKTUBHBIMU CJIEAYET CUMTATh
HeopraHuueckue TuouraHatel Me(SCN), [22], dyHKUMOHUMpPYIOLIME B KAYECTBE aHTU-
OKCHUIIAaHTOB U MHIMOMUTOPOB aronro3a [23]. OgHako nHGOpMallMy O MeXaHU3Max ACii-
CTBMSI TMOLIMAHAT-aHMOHA Ha KJIETKM LepeOpabHOTO SHAOTENUSI B YCIOBUSX OKUCITU-
TEJIbHOTO U HUTPO3aTUBHOTO cTpecca (haKTUUECKHU HET.
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Llenbio paGoThl SIBUJIOCH U3YyUY€HUE BIMUSIHUS TUIa3MEHHOI KMCIOThl Ha mpojudepa-
TUBHYIO aKTUBHOCTb LIEpEOPATbHBIX 9HIOTEJIUOLUTOB M Vitro B IPUCYTCTBUM aMMUaKa U
TUOLIMAHAT-aHWOHA.

METOAbI MCCIIEJOBAHUA

Bce mporienypbl, BBITTOJIHEHHBIE B UCCIEIOBAHUSIX C Y9aCTUEM KUBOTHBIX, COOTBET-
CTBOBAJIM 3TUYECKUM CTaHAapTaM, TPOBOIMIINCH C COOTIOACHUEM TTPUHIIUIIOB TYMaHHO -
ctu, u3noxeHHbIx B JlupektuBe EBponeiickoro coobuecta (2010/63/EC) u B ipukase
Munszapasa Poccun Ne 267 ot 19.06.2003 r. “O6 yTBepKIeHUHU MpaBUi J1abOpaTOPHOM
npaktuku B Poccuiickoii @enepaliun”, peKOMEHIAIUSIX OMOITUIECKOM KOMUCCUU 1O
paboTe ¢ 1a60paTOPHBIMU XMBOTHBIMU P JIOKATBHOM 3TUYECKOM KOMUTETE U JIOKAJTb-
HBbIM 3TUYECKUM KOMHUTETOM KpacHOSIpCKOro rocyaapCTBEHHOTO MEIUIIMHCKOTO YHU-
BEpCUTETA.

O0paboTKa BOIHBIX PACTBOPOB OOBEMOM 5 MJI MPOU3BOAMIIACH TIJIa3MOil KCKPOBOTO
paspsiia B HErepMETUYHO 3aKPBITOM CTEKJISIHHOM CTaKaHYMKe eMKOCThio 50 MJT1 U aua-
metpoMm 30 MM. PaccTostHUe OT MCKpOBOTO KaHaa 10 TIOBEPXHOCTU PacTBOPa COCTABIIS -
Ji0 20 MM. DJeKTpoAbl ObUTM BBITIOJHEHBI M3 HEpXKaBelollleil cTanu. MexXaneKTponHoe
paccrosiHue coctaBiisiio 15 Mmm. YacToTa ciiemoBaHus uMny/abcoB coctanisiia 10 I, s
06paboTKU PacTBOPOB MCIOJIb30BaNach aKkcrnosuuus 103 ummynascos. st opMuposa-
HUSI UICKPOBOTO pa3psifia Mbl IPUMEHSITA YHUTIOJISIPHBI HAHOCEKYHIHBIN BBICOKOBOJIBT-
HBIIl TeHepaTop MMITYJIbCOB ¢ HampstbkeHueM 40 kB, maureabHocThiO MMITysibca 50 HC U
sHeprueit 0.2 JIk, ornmucaHHbIl HaMK paHee [24]. O6paboTKa Mpou3BoaMIaACh B aTMO-
chepHOM BO3Iyxe MPU KOMHATHOM TeMIlepaTtype, TepMOCTabWIn3alns He TTPOU3BOIM -
nack. Bo Becex akcnepuMeHTax MCHOab30BalIcsT pexkxuM oopabotku 200000 uMmIimynbcaMu
HMCKpoBOro paspsna. Jiasg o0paboTku Iura3Moit MICKPOBOTro pa3psiia Mbl MCIIOJIb30BaINd
CJIeyIole PACTBOPDI:

1. Boga mist mabekumii. 1o o6pa6otku pH 6.9, mociie 06padotku 200000 uMmyibcaMu
nckpoBoro paspsima pH 1.3.

2. PactBop ammuaka 0.11 M (Boma mist uHbekumii 5 ma + 100 mxit pactBopa NH; ¢
maccoBoii noneit 10%). 1o oopadorku pH 11.0, mocie o6padotku 200000 uMmynbcaMmu
KncKpoBoro paspsina pH 4.6.

3. PactBop pomanuna Hatpus (1 MM pactBop NaSCN). 1o o6pa6orku pH 6.8, mocie
o6padotku 200000 nmmyascaMu UCKpoBoro paspsina pH 1.2.

J71s1 IpUTOTOBJIEHUSI PACTBOPOB MCIOJIB30BAIM ClIEAYyIOIIMe KOMIIOHEHThI: BoAa s
nHbeKIMit 6ydyc 5 mi, Penesan IMM®K (Poccus), ammuak 10%-Hblii pacTBOp IJIsT Ha-
PYXHOTrO IpUMeHeHUsI U MHranssuuii, ViBaHoBckast (papmanieBTudecKkast padbpuka (Poc-
cHsT), HATpUs TUOLMaHaT, 99% xumudecku yucThiit (X. 4.) TOCT 10643-75, (Poccus).

[Tocne 06paboTKM UCKPOBBIM pa3psiioM ITPOU3BOIMIUCH onipeneeHue pH pactBopa ¢
nomombio pH-metrpa “Anunon 4100” (Mudpacma-Anamut, Poccus) 1 3anmuch criekTpa
nomnomeHus B oomactu 200—450 HM ¢ moMotpio cnekrpoMerpa CM2203 (Comap, bena-
pych). ITosrydeHHBIE PU AeICTBUY MCKPOBOTO pa3psiia paCTBOPHI MCTOJb30BAINCH IS
00paboTKHU KyJbTYypaJdbHBIX Cpell B Pa3JIMYHbIX KOHILIEHTpalusaIX. MeTogoM crieKTpogo-
TOMETPpUM 0O6pabOTaHHOTO TJIa3MOI UCKPOBOTO pa3psifia BOAbI ISl UHBEKIIUI oTipeaeie-
HO TIPUCYTCTBUE, HUTPUT- Y HUTPAT-aHUOHOB MO XapaKTEPHBIM IMMKaM MOIJIOIIEHUS Ha
350 u 300 HM COOTBETCTBEHHO 1 OJIM3KO paCHOJIOKEHHBIX ITMKOB MONIOoIeHNsT Ha 210 1
205 uM [25]. Hannuure yka3zaHHBIX aHHMOHOB 00eCIIeUnBaIo IIpuoOpeTeHNe BOIOM HU3-
kux 3HaueHUt pH. Hanudare ykazaHHBIX aHUOHOB B PACTBOPE TaKXKe ITPOBEPSIIIOCH C UC-
MOJIb30BAaHMEM CHUCTEMbl KamwursipHoro siekrpodopesa Kamens-105 (JIFOMBKC,
Cankr-IletepOypr). I1ocKobKy Ipu YBEIUMYEHUM BpeMeH 00paObOTKU UCKPOBBIM pa3-
PSIIOM TIPOMCXOIOUT TTOCTEIIEHHOE HAKOIUIEHUE YKa3aHHBIX aHMOHOB [19—21], To KOH-
TPOJIb KaUeCcTBa IUIAa3MEHHOI KUCJIOTHI IPOBOIUIICS 10 YPOBHIO NOCTUTHYTOTO pH.
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M cTOYHUMKOM 3HIOTENMOLMTOB CIAYXXKUJIU KpbIChl 10-gHEBHOTO Bo3pacTta JUHUU Bu-
crap. BoimeneHue u KyaIbTUBUPOBAHUE KJIETOK TTPOU3BOIMIN MO MOIUMDUITMPOBAHHOMY
npoTokoiy [26]. Moaudukauus 3aKirodyagach B 3aMeHE ObIYBETO CHIBOPOTOUYHOIO ajlb-
oymmHa (BSA) Ha dpeTanbHyI0 0619610 CEHIBOPOTKY (FBS) B paBHBIX 110 6€IKy KOHIIEHTpa-
uusx. [Nocne nekanurauuy XMBOTHBIX Y HUX M3BJIEKAIN TOJOBHON MO3T, ynaisiian 000-
JIOYKU U KPYTHbIE TOBEPXHOCTHBIE cocynbl. OTAESIU KOPY TOJIOBHOTO MO3Tra U Hape3aiu
Ha Kycouku 1 MM, mocie uero neHTpudyruposanu B TeueHne 3 muH npu 150 g. TTocne
yIaJeHusl cyniepHaTaHTa K ocanky no6asisuiv 25%-ubiii FBS, npoBonniu TpuTypaiumio
1 ueHtpudyruposanu 10 Mmun ripu 600 g. Yoaasuiv cyrepHaTaHT U MOBTOPSUIN MPOLIETY-
py ¢ nobasnenueM 25%-noro FBS, tpurypupoBanuem u ueHTpudyruposanueM. Ocagok
cobupanu n gobasnstii 1 ma 0.1%-Horo pacTtBopa KojutareHassl 11. depmeHTaTUBHAS
ob6padoTka mmtack 35 muH ripu 37°C B yenosusix CO,-uHKy6aTopa (5% CO,) ¢ epro-
IUYeCKNM ItepeMemnmBanueM. [locie o6padboTku pepMeHTaMM K CYCITIEH3UN TO0aBIISIIN
NIBOMHOM 00bEeM MUTATENIbHOU CPE/ibl, PECYCTIEH3UPOBAIU U LIEHTPUDYTUPOBAIN O0CATOK
npu 150 g B TeueHue 5 muH. KynbTuBUpOBaHME TTOJYUYEHHBIX OTAEIbHBIX SHAOTEINOLIM-
TOB 1 (DparMeHTOB COCYI0B OCYLLECTBIsIOCH B yenoBusix CO,-uHky6aropa (Binder, I'ep-
Manwusi) ipu 37°C, 5% CO, B KyabTypaJbHBIX (IaKOHAaX, MPENBAPUTETLHO MOKPBITHIX
xematuHoMm (Gelatin Solution 0.1%. Biological Industries, CIIIA) B cpene DMEM
(IMTandxko, Poccust) ¢ nobasneHnem 20% smoprioHanbHOI Tensubeit ceiBopoTkr (HyClone,
CHIA), 2 MM mnyramuna (ITan®ko, Poccus), 100 En/mn nennuwuinHa u 100 mr/mn
crpentomuninHa (ITan®ko, Poccust). CMeHY cpeabl OCYILIECTBIISUIM KaXXOble TPU ITHS.
IMpu noctkenun 90%-HoM KOHMIIOEHTHOCTU Cpeny YAallsulv, KJIETKU BO (JIaKOHE
OpoMBIBaIM ABaXAbl pacTBopoMm XeHkca (Ilan®xo, Poccust) m obpabareiBaau pacTBO-
pom 0.25%-noro pactBopa TpuricuHa u DJATA (ITandxko, Poccus).

Jns HenmpepbIBHOTO MOHUTOPUWHTA MIPOJMMEpaNK in Vitro SHIOTSITMOIUTHI TIEPEHO-
cuiuch B 16-TyHOUHBIE IUIAHILETHI KJIeTouyHoro aHanu3zaropa “xCelligence” (Roche,
HlIBeiiapust). B nyHKku 1uiaHIera cHavyaja BHOCUJIACh KyJbTypajbHasl cpefa B oobeme
50 MKJT 1 perucTpupoBajcs HyJieBoi (0a3aibHbIi1) YpOBEeHb. 3aTeM B JIYHKU TUIaHILIETa
no6asisuiu 1o S0 MKJT cycrieH3uM KiieTok ¢ KosimyectBoM 30000 KIeToK B Kaxk10 JIyHKe.
B nyHku Takke 1o6apisiioch 100 MK KyIbTypadbHOM Cpelbl C BHECEHHBIM B pa3TMYHBIX
KOHIIEHTpAIIMsAX 00paboTaHHOTO TIJIa3MOi pacTBOpOM. B KOHTPOJIbHYIO JIYHKY H00aBIIsI-
Jach KyJabTypayibHas cpena (o0muii oobeM B TyHKe coctasiisia 200 mxir). st kaxkmoro
BapuaHTa “IJIa3MEHHOM KHCIOThI” 3aceBajiy MO TPU OAUMHAKOBBIX JYHKU C KJI€TKaMU.

B kauyecTBe KOHTPOJIST TAKKE MCTIOJIb30BAIach KyJIbTypaibHasl cpena 6e3 Kiietok. MH-
KyOarus mpoBoauiack B ycioBusx CO,-unkybaropa mpu 5% CO, u temneparype 37°C.
Perucrpanms ocymecTBisiachk ¢ Ucnoiab3oBaHueM aHanu3aTopa “xCelligence” , mpenHa-
3HAYEeHHOTO UISI aHajIn3a npojimdepann KIETOK B peXuMe pealbHOTO BpeMeHH [27], B
TeyeHue 24—72 4. DieKTpoabl B IyHKax IuiaHieToB xCelligence peructpupyioT uaMeHe-
HUSI COIPOTUBJICHMSI, BBI3BAHHbBIEC TIPUCYTCTBUEM KJIETOK, a CHELMATU3UPOBAHHOE TIPO-
rpaMMHOe obecredyeHue pacCUMThIBaeT MmokasaTelsb kietoyHoro nHaekca (C). Kierou-
HBII MHIEKC SIBJISIETCS] UMITeJaHC-3aBUCUMBIM U OTIPEEISIeTCS KOJIMYECTBOM M pa3Me-
paMU KJIETOK.

st craTucTiyeckoii 06paboTKM MCTIONIb30BAIMCh METO/IbI OMMCATEIbHON CTATUCTUKU U
MeToI HelTapaMeTpudeckoii Koppeisuun CrpMeHa B ITakeTe Statsoft Statistica.

PE3VJIBTATBI UCCIIEJOBAHUA

YcpenHeHHbIe KpUBBIE KJIETOUHOTO MHAEKCA U151 Pa3JIMYHbIX COCTABOB U 00BEMOB 10-
0aBOK K MUTATEIbHBIM CpelaM MpencTtaBiieHbl Ha nuarpamme (puc. 1). Kak BugHoO u3
MpeacTaBIeHHbIX rpadUKOB, TMHAMKMKA SKCITOHEHIIMAbHOTO POCTa KJIETOK liepedpab-
HOTO DHAOTENUS CMEHSIETCS JIMHEeTHBIM pocToM mnocie 8—10 4. KietouHblit uHAEKC Cy-



BJIUSAHUE MJIASMEHHOM KUCJIOThI 921

0 L L L L L L L L L L L

2 4 6 8§ 10 12 14 16 18 20 22 24
Time, h
= <NH;(10) === NH;(2.5)===NH;(0.6)— -H,0(10)

=== H,0(2.5) =——H,0(0.6) e Control

Puc. 1. YcpeaHeHHbIe KpUBbIE 3aBUCMMOCTH KJIETOYHOTO MHIAEKCA OT BPEMEHH JUTsl LIEPEOPATbHBIX SHIOTENO-
LIUTOB, MHKYOMPYEMBIX B CpellaX, ColepKalliux o6paboTaHHbIe TIa3MOil KICKPOBOTO pa3psifia pacTBOPbI. 31ech
U Jajiee yKa3aHbl 3HAYEHUST 0ObeMa IJIa3MEHHOI KUCIOThI, BHECEHHOTO B JIYHKY TUTAHILETA B MKJI.

LIECTBEHHO 3aBUCUT HE TOJIbKO OT COCTaBa “IJIa3MEHHOTO pacTBopa”, HO U OT €ro Ko-
HEYHOU KOHIIEHTPALIUU.

J7s1 cpaBHUTEIbHOM OLIEHKW MHTMOUPOBAaHUS/CTUMYIUPOBaHUS MpoandepaTUuBHON
AKTUBHOCTU MBI UCITOJIb30BAJIM HOPMUPOBAHHBIN Pa3HOCTHBII KJ1€TOUYHBIN nHaekc dC;,
KOTOPBI BEIYUCIISIICS TI0 clieaylolieit popmyie

G —¢C

dCf = N
€0

TIe ¢; — CPEOHUN KJIIETOYHBIN MHAEKC i-TOI0 pacTBoOpa, ¢y — CPEAHNIA KJIETOYHBII MHIEKC
KOHTPOJILHOM TPYMIIbI.

Kak BugHO 13 npeacTaBieHHBIX TuarpaMm (puc. 2), Ha CTaguu JMHEHHOro pocTa Kiie-
TouHoro mHaekca (7' > 10 4) mocturaercs cTalMoHapHas (asa Ijsi HOPMHUPOBAHHOTO
Pa3HOCTHOTIO KJIETOYHOTro uHaeKca dC;, YTO MO3BOJISIET OLIEHUBATh MHTMOMPOBaHUE/CTHU-
MyJMpoBaHUe NpojudepaTuBHON aKTMBHOCTU MYTEM CPaBHEHUS UX JIMHEHHBbIX (a3
CpaBHEHUEM CPEIHMUX.

Kak BumgHO 13 npencTaBiieHHbIX aguarpaMm (puc. 3), Ipyu MCIIOJIb30BAaHUM PACTBOPOB
Ha OCHOBE aMMMaKa MpU HU3KUX KOHLIEHTPALIMSIX UMEET MECTO CYLIECTBEHHAs CTUMYJISI-
s mpoJiudepaTuBHON aKTUBHOCTU, B TO BpeMsl KaK MCHOJIb30BaHUE NTUCTUJIMPOBAH-
HOIi BO/IbI, 00pabOTaHHOI UCKPOBBIM pa3psiioM, OMHO3HAYHO MHTUOUPYET Tpojudepa-
TUBHYIO aKTUBHOCTb S3HIOTETUOLIUTOB. C pOCTOM KOHLIEHTpAIlUK NpojudepaTuBHas aK-
TUBHOCTb CHWXKAETCS 10303aBUCMMBIM 00pa3oM. Bricokasi 3HaumMasi oTpuliaTe/ibHast
koppesssuusi Cnupmena r, = —0.94, p = 0.01 umeeT MecTo ISl MJIA3MEHHOMN KUCJIOTHI,
conepkaiieit ammuak. Jist umeronierocsi Habopa JaHHBIX IS YUCTOM TJIa3MEHHOM KUc-
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Puc. 2. HopMypoBaHHBII Pa3HOCTHBIN KJIIETOYHBIN MHIEKC TSI Pa3IMYHbIX YCJIOBUIl MHKYOALMK KJIETOK Liepe-
OpaJIbHOTO HAOTENUS. 3HAYUMbIE U3MEHEHUST TOCTUTAIOTCSI TIPU TPEBBIIEHUH aMTUTUTYAbl OTKJIOHEHUS KO-

puUIOpa OLIMOKHU CPEIHETO ISt KOHTPOJIBHOIO PacTBOpa.
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In(c/0.6), rel.un.

—— Control = Control 4 NH3 H,O
(+st. err) (—st. err)

Puc. 3. 3aBUCMMOCTb HOPMUPOBAHHOI'O PA3HOCTHOTO KJIETOYHOTO MHIEKCa LepeOpabHbIX SHIOTEIMOLUTOB
JIMHEeHOM a3kl oT Jorapudma od6bemMa MIa3MEHHOI KHUCIOThI, BHECEHHOTO B JIYHKY, HODMHUPOBAHHOTO Ha

MUHUMaIbHOE 3HaYeHue (0.6 MKJI) ¥ cocTaBa pacTBopa.

JIOTHI Koppensiuusl CnupMeHa He JOCTUIIAa YPOBHS 3HauuMoi r, = —0.77, p = 0.09. He-
00X0AMO OTMETUTH, YTO HECMOTpPs Ha n3MeHeHue pH “mma3zMeHHBIX pacTBOPOB”, BBI-
3BaHHOTIO 0O0pa30BaHMEM a30THOM KUCIIOThI 32 CUET MCKPOBOTO pa3psijia, 100aBJIeHHUE ee
B IMUTATEJIbHYIO CPeIy B HEBBICOKMX KOHIIEHTPALIUSIX HEe TIPUBOIMIIO K 3HAYMMOMY U3MEHE-
Huio pH KoHeyHOro pactBopa 3a c4eT OydepHBIX CBOMCTB (COITIACHO TEXHWYECKOM WH-
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Puc. 4. CKOpOCTb pocTa KJIETOYHOTO MHEKCA LIEPeOpaIbHBIX 9HAOTETUOLIMTOB 151 PA3JTUYHBIX COCTABOB IJ1a3-

MEHHON KUCJIOTHI.

dopmanum npousBoauTelIs, OydepHast eMKOCTh KyabTypanbHoii cpeasl DMEM cocrabisi-
et He MeHee 10.5 M) A pH < 0.01, 1 He 06HapY>KUBAJIOCh B HALLIMX 9KCITIEPUMEHTAX.

Bropoii mapameTp, olleHUBaeMbIil B HAIITMX SKCIIEPUMEHTaX — 3TO BPEeMsI TOCTVKEHUST
MaKCUMAaJIbHOIM CKOPOCTU pOCTa KJIETOUHOTO MHAeKca. JIJIsl 3TOro Mbl MpoaHaIu3upoBa-
JI 9KCITIOHEHIMabHYI0 (ha3y. B ykazaHHoOIT aze cTpOuInCh AMarpaMMbl CKOPOCTH PO-
cra kjiletouyHoro uHaekca dC/dT — npou3BoaHas OT KJIETOYHOTO UHAeKca (puc. 4).

Junarpamma 3aBUCUMOCTE# BpeMEHU HACTYTUICHUSI MAKCUMaIbHOIM CKOPOCTH POCTa OT
JjjorapudMa KOHIIEHTPAIlMX JIEMOHCTPUPYET MO303aBUCUMBINM XapaKTep TOJbKO IS
IJIa3MEHHOM KMCIIOTHI 0e3 aMMuaka (puc. 5).

Hanee MbI OLICHUBAJIY BIUSHHE TUIA3MEHHOM KMCIIOTH HA OCHOBE PACTBOPOB POIaHM-
I1a HaTpusI. YCpenHeHHble KPUBBIEC KIETOYHOTO MHIEKCA 10 TPYyMIaM KJIETOK, KYJTbTUBH-
PYEMBIX B OIMHAKOBBIX IO COCTaBY MUTATEIbHBIX Cpenax, MpeACTaBIeHbl Ha TuarpaMmme
(puc. 6).

Ha craguu crauumonapHoit ¢asel (7 = 24 4) Mbl 400ABISUIA B MUTATEIbHYIO Cpeay
TUTa3MEHHYIO KMCJIOTY B OIMHAKOBOM 00beMe Kaxmoro pactsopa 10 MKJI ¥ OLIeHUBAJIU B
JaJTbHEeNIlIeM HOPMUPOBAHHBII Pa3HOCTHBIN K1eTOUHbIN nHaekc dC; (puc. 7). buuim uc-
MOJIb30BAHbI PACTBOPHI MJIA3MEHHO# KUCIOTHI C pa3IMUYHBIM BpEMEHEM T10CTIE €€ MPUTO-
TOBJICHUSI, aBasi BO3MOXKXHOCTb IMPOTEKAHWIO B HEM OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX
peakuuii. Ha puc. 6 u 7 BpeMst mocjie 00paboTKM yKa3aHO B yacax.

OBCYXIEHMUE PE3VJIbTATOB

M3BecTHO, UTO B COCTaBe MJa3MEHHOI KUCJIOTHI, MOJY4eHHOU NMpu o0paboTKe pac-
TBOPOB HEPaBHOBECHOI I1a3MOil, pEerucTpupyeTcsl MPUCYTCTBUE psila COCAUMHEHMIA:
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In(C/0.6), rel.un.

R=—0.3946
p=0.439

R=—0.9607
p=0.002

Tmaxr h

~o— NH3 H20

Puc. 5. 3aBucumocTtb BPEMCHU NJOCTHXKECHUA MaKCUMyMa CKOPOCTH poCTa KJIIECTOYHOTO MHACKCa I_leCGpﬂJ'le])IX

OHOOTCIIUOLIMTOB OT COCTaBa U KOHLCHTpallUX pacTBOpa MJIa3MEHHOM KUCJIOTHI.

12

C, a.u.

2 1 1 1 1 ) AN 1
20 30 40 50 60 70
Time, h
=+ 1. Plasma Acid+NaSCN (48 h) ****** 2. Plasma Acid+NaSCN (24 h)
==<=-= 3 Plasma Acid+NaSCN (0h) == =4, Plasma Acid (0 h)
= 5. Plasma Acid (24 h) = = 6. NaSCN

e Control

Puc. 6. YcpenHeHHbIE KpUBbIE TUHAMUKY KJIETOYHOTO MHIEKCA JIJIST SHAOTEJIMOLIMTOB, MHKYOUPYEMBIX B Cpe-

Jax, CoacprKaulmx 06pa60TaHHHe TU1a3MOI MICKPOBOTO pa3psifia paCTBOPHI.

HUTPUTHI, HUTPATBI, IIEPOKCUHUTPUT, MEepOKCcHA Bogopona u ap. [18—21]. Ml oOHapy-
2KHJIN, YTO B 3aBUCUMOCTHU OT COCTaBa aKTMBMpOBaHHOﬁ MJ1a3Moi BOIbI MOTYT OBITH MO~
JiydeHbl 3P eKThl CTUMYJISILIMM U TIOJABJICHUST MpoarudepaTUBHONW aKTMBHOCTHU KJIETOK
11epe0paibHOTO SHIOTENUS in Vitro, KOTOPbIE HOCAT T0303aBMCUMBII XapaKTep U MPOsiB-
JISTIOTCSI KaK B 9KCIIOHEHIIMAIbHOM (HaYaJbHOM CTaaguu ASJIeHMs ), TaK U JIMHEMHOM (ha3ze.
IIpeoGnanaHue a3oTocoaepXKalMX COEAMHEHUM Mpy 100aBJIeHU aMMUaKa IMPUBOIUT K
addexram cTumynsauMu Tipojidepalni, BhIpakamIlIUMCcs B YBEJIMYEHUN aMILIUTYIbI
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Puc. 7. HopMUpOBaHHBII PAa3HOCTHBIN KJIETOYHBIN MHIECKC ISl PA3IUYHbBIX YCIOBUI MHKYOMPOBAaHUSI SHIOTE-
JIMOUMTOB. 3HAYUMbIE U3MEHEHUS TOCTUTAIOTCS TPU MPEBBILIEHUN aMIUTUTYIbI OTKJIOHEHUSI KOPUI0pA OLING-

KM CPEOHETO IJIsI KOHTPOJIBHOTI'O pacTBoOpa.

nuHeiiHoi da3sbl. [Tpeobaaganue ADPK u APA B m1a3MeHHOM KUCIOTe, MOJTYYEHHOM Ha
OCHOBE OWCTUJUTMPOBAHHOIW BOMBI, AEMOHCTPUPYET MHTUOMpOBaHUE TMpoiudepanuu
KJIETOK KakK 10 aMTUTUTY/Ie JIUHEWHOM (ha3bl, TaK U 1Mo 6oJiee paHHEMY TOCTUKEHWIO MaK-
CUMaJIbHOUM CKOPOCTM POCTa B 3KCIOHEHIMaJIbHOU (ha3e (yBeauuyuBaeTcs OTpULaTeb-
HOE YCKOpPEeHUE — TOPMOXKEHUE).

JByHarpaBieHbI XapakTep AeHCTBUSI HEPAaBHOBECHO T1JIa3Mbl CKOJIB3SIIETO pa3psiia
Ha BHAOTEJIMOLIMTHI ObUT MPOAEMOHCTPUPOBAH HAMU paHee METOIOM UMMYHOTHUCTOXM-
MuU ¢ peructpanmeit akcnpeccun Ki67 kak mapkepa nponudeparuu [24]: npu aeiictBumn
MaJIbIX KOHIIEHTPAILMI pernCTpUpPOBaiach CTUMYJISILIVS, TIPU JEACTBUU OONBIITNX — UHTH-
OupoBaHUue TIpoJindepalui KIETOK lepeOpaibHOTO 3HAOTENUs. BO3MOXHBIM KiTtoue-
BBIM MEIMATOPOM 3TUX 3G PEKTOB SIBIIsSICTCSI oOpa3yroliuiics okcua azora NO, u3BecT-
HBII KaK MOIYJISITOP Hpojmdepannu, apecTa KISTOYHOro MuKia u amnonrosa [28]. [Ipu
MCIOJIb30BaHMU HEPABHOBECHOM T1J1a3Mbl B Tapax aMMUaka Jijisl peIBapuTesIbHOM 00pa-
OOTKM TIOBEPXHOCTU KYJbTYpPaJbHBIX SUY€eK HAOJMIOAaIM CTUMYJSLIMIO Mpoiaudepaiumu
aHaoTeInouTOoB [29]. CurHaibHAas poJib aMMKaKa COTIpsiXKeHa ¢ MPOAYKIIMEeil MOHOOK-
cuna a3zota [12], a BBeaeHHe aMMuaKa I0o3BOJISIET YIYYIIUTh BBDKMBA€MOCTb 9HIIOTEINO-
LIMTOB 3a CYET yBeJMUEeHUs dKcrpeccuun remokcureHassl HO1 ¢ mociemytonmm poctom
npoaykumy MoHokcuaa yriepoga CO [30]. IToBblreHHas 3KCIIpeccusl HeipOHaILHOM
cuHTa3bl okcuaa azota (nNOS) u unaynuoeabHou dpakuuu pepmenTa iNOS Habmoma-
Jlach B CTpUAaTyMe MOPTOKABAJIbHBIX IIIYHTUPOBAHHBIX KPBIC C MOIEIbIO XPOHUYECKOM
runepamMmmonuemun [11]. IloBelanace aKcnpeccuss MHAYIMOEIbHON CUHTa3bl OKCHAA
azota (iNOS) B KyTbTUBHUPYEMBIX aCTPOLUTAX IO IeCTBMEM aMMH1aKa B ITaTo(hU3MOJIO-
TMYECKU peJIeBaHTHBIX KOHIeHTpalusx [31]. Mbl nipearosiaraeM, 4To HECMOTPS Ha pas3-
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HbIE MEXaHU3MBbI PETYJISILIMNA AaKTUBHOCTU UHAYLIMOEIbHOM U KOHCTUTYTUBHOM M30(opM
CUHTa3bl OKCcHAa a30Ta [32], MHTepeCHBIM OBII0 OBl B AaJbHEMIIIEM IIPOTECTUPOBATh I'M-
noTesy 00 aMMHUaK-UHIYLIUPYEMOIl THIMEpNpOAyKIIMU OKCHIAa a30Ta KJIETKaMM ILepe-
OpaJIbHOTO SHIOTENUSI U BBIZBAHHOUW 3TUMU COOBITUSIMU CTUMYJISILIMU TIpoanudepalvi.
IMpumeuarenbHo, yTo eNOS UrpaeT JOMUHUPYIOILYIO POJIb B MHIYLIIUPOBAHHOM COCYIM -
CTO-3HIOTeIMaIbHBIM (pakTopoM pocta VEGF aHrnoreHese v moBBIIIIEHUY IIPOHUIIAEMO -
CTU cocynoB [33], Mo3ToMy MeXaHU3Mbl Y4acTUsI 3TOro hepMeHTa B PEryJIsMU npoaude-
pPaTUBHOTIO CTaTyca KJIETOK LepeOpaibHOrO 3HAOTEUS TIPU TUTIEPAMMOHUEMUU 3aCITY KU -
BaloT BHUMaHMs. KpoMe Toro, BO3MOXHYIO pOJIb aMMHaKa B Pa3BUTUM XPOHWUYECKOM
HelipoiereHepaly B MOCJIEAHUE TO/Ibl CTAIM BCe DoJiee CBA3BIBATD C €r0 MOBPEXKAAIOIINM
neiicteueM Ha 'Ob [34] n umToToKCHMYecKM 3(pheKTOM, aCCOLMMPOBAHHBIM C Pa3BUTH-
€M MUTOXOHIpuaibHOI nuchyHkuuu [35]. Kietku nepedpaibHOro 3HAOTENIMS, UMEIO-
1[I€ MHOTO MUTOXOHJIPUIA, SIBJISIIOTCSI B 3TOI CBSI3U OYEBUIHO MUILIEHBIO IJISI TOKCUYE-
CKOTO NeMCTBUSI aKKYMYJIMPYIOIIErocs Mpy HelipoJiereHepaly B TKAHU TOJIOBHOTO MO3-
ra amMMMaka, KOTOpbIil, KaK TlOoKa3aJy Halllu pe3yJabTaThl, CIIOCOOEH WHIYyLMPOBaTb
nponrdepaTUBHYIO aKTUBHOCTb SHAOTETUOLUTOB. Koib CKOpo xapaKTepHbIii ISl XpO-
HUYECKOI1 HelipoereHepaluy U30bITOUHBIN 1IepeOpaTbHbIi HEOAHTMOTEHE3 COTIPSIKEH C
00pa3oBaHMEM COCYIOB C BHICOKOW IMPOHUIIAEMOCTHIO SHAOTEINAIBHOTO citos [36, 37],
BKJIaJl aMMMaKa B MpOrpeccupoBaHre HepOoBOCTIAJIEHUS TPU HelipoJereHepaluu siBJisi-
€TCsl BeCbMa BEPOSITHBIM.

OoOpataer Ha ce0s1 BHUMaHUE BBICOKAS LIUTOTOKCUYHOCTDH TJIA3MEHHON KUCJIOTHI C
POIAaHUIOM HATPUSI MOCJIE €ro JUTUTEIbHOTO OTCTAuBaHUS MEPe/] BHECEHUEM B UTATEIb-
HYIO Cpelly, yBeJUUUBaloliasics co BpeMeHeM. BeposiTHOM MpUUMHOi TAKOTO MOBEICHUS
MOXeT ObITh 00pa30BaHUE IIUAHUAOB B Pe3yIbTaTe OKUCJICHUS TUOLIMAHAT-aHUOHA aK-
TUBHBIMU (DOpMaMU KHUCJIOPOZIA 1 a30Ta ruia3MeHHo# kuciaoThl [38]. Kak v B mpeabiny-
11IeM LIUKJIe SKCTIEPUMEHTOB, BHECEHME CBEXEN TJIa3MEHHOM KUCIIOTHI 6e3 100aBOK Mpu-
BOIWJIO K MHTUOMpYyoIeMy ITpoiardepainio 3pdexTy.

Hanb6omnee BepoSITHBIM KaHAWIATOM U3 COCIMHEHUI B COCTaBe TJIa3MEHHOMN KUCJIO-
Thl Ha MPOSIBJIEHUE OKUCIUTEbHBIX CBOWCTB, HEOOXOAUMBIX JJISI TIOIABJICHUS TIPOJIU -

depatuBHOI1 aKTUBHOCTH, BbicTynaeT nepokcuHuTpur ONOO™ [15], Torna kak ¢dop-
Mupyoluecs yepes 24 4 cTabWiIbHbIE HUTPUTBI U HUTPAThl, HAOOOPOT, CTUMYJIUPYIOT
nponudepanuno. Bmecre ¢ TeM, HUTPOTUPO3UH, 00Pa3yOIIMNIACS B pe3yJbTaTe NeCTBUS
MEePOKCUHUTPHUTA Ha KJIIETOYHBIE O€JIKM, ITOaBIIsIeT aHTMOTeHHYIO0 aKTUBHOCTH [10], mo-
3TOMY JJOTUYHO MPEANOJOXUTh, YTO HAOJI0JaeMOe HaM1 aHTUTIPOJU(epaTUBHOE Ieii-
CTBUE TIJIA3MEHHOM KUCJIOTHI SIBJISIETCSI CJICICTBUEM aKKYMYJISILIUU B KJIeTKaX HUTPOTH -
po3uHa. B To e BpeMsi ciaenyeT OTMEeTUTh, YTO MEPOKCUHUTPUT 001aaeT MPOAHTUO-
TeHHOW aKTUBHOCTBIO B OTHOIIEHUM KJETOK liepeOpasbHOTO DJHAOTENUS WU
aHTUAHTUOTEHHOW aKTUBHOCTHIO B OTHOILIEHWM 3SHAOTEIMOLIUTOB TeprudepuyecKunx
TKaHei [39], mosToMy MeXaHU3Mbl TIPO- U aHTUAHTUOTEHHON aKTUBHOCTHU TLJIa3MEH-
HOI KHCJIOThl B OTHOLIEHUHM KJIETOK LIepeOpasibHOTO HAOTEJMUS] MOTYT HOCUTH OoJsee
KOMIIJIEKCHBIN XapaKTep U OMpeaessiTbCs MPUCYTCTBUEM B €€ COCTaBe IIIMPOKOTO CIeK-
Tpa COCIVHEHUM.

NHTtepecHo, yTO BHECeHME HEOOpabOTaHHOTIO MJIa3MOM pacTBOpa poJaHuIa HE BIIUSI-
JIO Ha POCT MOMYJISILIUUA SHAOTETUOLIMTOB U, O60Jiee TOro, CBEXUil pacTBOp IJIa3MEeHHOM
KMCJIOTHI C POJAHUIIOM HATPUSI TAKXKe HE BJWS Ha Mposudepaluio KieTok. MoxHO
MPEAnoIoXUTh, YTO pacTBOp ponaHuaa Beictynaet tymutensem ADK u ADA [40, 41], a
HE TOJIbKO TIPOSIBJISIET aHTMOKCHUIAHTHBIE CBOIMCTBA, KaK 3TO ObLIO TMOKAa3aHO paHee B
TMPUCYTCTBUU MMEJIONEPOKCUIa3bl, KOHKYPEHTHO WHTMOUPYST O0Opa3oBaHWE OIMACHOTO
runoxioputa [42, 43]. Takoii MexaHM3M MO3BOJISIET MpeAIIogaraTb HaIu4Iue IIPOTUBO-
BOCHAIUTENIbHOTO 3(hekTa THoLMaHaTa, peaiu3yeMoro B CUCTEME C y4acTUEM KJIETOK
SHIOTEIUS U JIEUKOLUTOB, HO 3TO TPEOYET NOMOJTHUTEIBHBIX 3KCIIEPUMEHTATbHBIX UC-
CJIENOBAHWIA.
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CyMMupysl HAOMIONEHUSI O MOAYJISIHUM ILIUTOTOKCUYECKUX 2(PDDEKTOB I1a3MEeHHOM
KMCJIOTBI B OTHOLLIEHWM KJIETOK LIepeOpaIbHOIo 3HAOTENHUS B cayyae 0OpabOTKH BOJIBI HE-
PaBHOBECHOI TUIa3MOU B MPUCYTCTBUM aMMMaKa U THOLMAHATA, MOXHO TMPEITTOI0XUTh
y4acTue OKUCIUTEIBHOTO M HUTPO3aTUBHOTO CTpecca B U3yYEHHBIX HAMU TTpolieccax.
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Effects of Plasma Acid on Proliferation of Rat Brain Endothelial Cells in vitro

E. D. Khilazheva?, E. V. Lychkovskaya“, V. A. Kutyakov’,
A.V. Morgun“, and V. V. Salmin* *

“Voyno-Yasenetsky Krasnoyarsk State Medical University, Krasnoyarsk, Russia
*e-mail: vsalmin @gmail.com

The proliferative activity of endothelial cells of cerebral microvessels is subject to the reg-
ulation of a wide range of factors: regulatory molecules, toxic compounds, intercellular
interactions. Hypervascularization and development of oxidative and nitrosative stress
are important components in the pathogenesis of chronic neurodegeneration. Reactive
oxygen and nitrogen species, in addition to a direct damaging effect on brain cells, sig-
nificantly affect the proliferative activity and angiogenic potential of cerebral endothelial
cells. In the in vitro experiments performed on a primary culture of rat brain endothelial
cells, we assessed the proliferative activity of endothelial cells using the “xCelligence”
protocol designed to analyze cell proliferation in a real time mode for 24—72 hours.
Aqueous solutions of ammonia and thiocyanate treated with non-thermal plasma served
as the source of reactive oxygen and nitrogen species. These solutions were added to the
culture medium at various concentrations. We have established for the first time that due
to reactive oxygen and nitrogen species, plasma acid suppresses cell proliferation, proba-
bly because of dominating effects of cytotoxic peroxynitrite and products of its interac-
tions with cell proteins, whereas presence of ammonia in solution stimulates cell prolif-
eration in a dose-dependent manner. Thiocyanate anion present in the freshly prepared
solution reduces the inhibitory effect of plasma acid on the proliferation of endothelial
cells, however, prolonged exposure to plasma acid with sodium thiocyanate exhibits a
significant cytotoxic potential. In sum, we have found the effects of plasma acid on the
proliferative activity of cerebral endothelial cells. These effects are modulated in the
presence of ammonia and thiocyanate, thereby suggesting contribution of oxidative and
nitrosative stress to the effects observed.

Keywords: reactive oxygen species, reactive nitrogen species, ammonia, hypothiocyanate,
proliferation, cerebral endothelium
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