POCCUHNCKNI ®NU3NOJOT'NYECKUN XKYPHAJ um. U.M. CEUEHOBA 2022, Tom 108,
Ne 5, c. 686—696

OKCIIEPUMEHTAJIBHBIE CTATbU

BJIMSTHUE UHIYKTOPA HEVIPOBOCITAJIEHVSI HA KOMITOHEHTEI
HENPOBACKYJIAPHOM EJIVWHUIILI TOJIOBHOTO MO3TA IN VITRO

© 2022 r. E. B. Crempmamyk!, M. P. Kankaesa!, H. A. Posanosa!,
0. I1. Anekcanaposal, E. E. Tenpuxc!, B. B. O6mo:ios! 2,
C. B. Hosukosal, H. K. Ucaes! % *

IHay'mbzﬁ yenmp Heepoaoeuu, Mockea, Poccus
2Mockoscxuii eocydapcmeennvtit ynueepcumem um. M. B. Jlomonocosa, Mockea, Poccus
*E-mail: nisaev61@mail.ru

IMocrynuina B pegakumio 15.02.2022 1.
IMocne nopa6otku 05.04.2022 r.
IMpunsara x nyomukamun 06.04.2022 r.

CyuiecTByeT TecHas CBsI3b KalWUISIPOB Mo3ra ¢ (DyHKIIMOHAJIbHOI Harpy3koil Hellpo-
HOB U IMAJIbHBIX KJIETOK, YTO ITO3BOJISIET PACCMAaTPUBATh UX KaK €MUHBII CTPYKTYPHO-
(YHKIIMOHABbHBIN KOMITIEKC — HEMPOBACKYJISIDHYIO eAMHUILY. MI3ydeHO BIUSIHUE JIU-
nonoaucaxapuna (JITIC, 5—30 Mxr/mi, 24 9) Ha TPOAYKIIMIO OKCHIA a30Ta U IeiCTBUE
MmeHaguoHa (5—50 MKM, 24 9) Ha XU3HECIIOCOOHOCTh KJIETOK B KYJIbTypaX 3€pHUCTHIX
HEMPOHOB, KJIETOK SHAOTEIUSI KOPbI TOJJOBHOTO MO3ra M acTPOLIUTOB, OLIGHEH MUTO-
XOHAPUOH B pa3HBIX THITAX KjieToK. HaiineHo, yto npumenenue 5 Mkr/mi JITIC BbI3bI-
BaJI0O MHTEHCUBHYIO TTPOAYKIIMIO OKCHUIA a30Ta B KIIETOYHBIX Ky/IbTypax. HanGomnbimii
3 dexT ObLI MoKa3zaH IJjIsd acTpoLUTOB, B KOTOphIX JITIC BBI3BIBA TOCTOBEPHOE YBE-
JIMYEeHUE MPOAYKIIMM OKCHIa a30Ta bosiee, yeM B 8 pa3. B KynbTypax 3epHUCTBIX Heli-
POHOB JIaHHOE BO3JEHCTBUE BHI3bIBAJIO YBEJIMUEHUE MPOAYKIIMHM OKCHIA a30Ta ITOYTHU B
5 pa3. CaMpblii ¢J1aObIii OTBET Ha CTUMYJISILIUIO TTPOAYKIIMY OKCHAA a30Ta ObLT ITOKa3aH
IUISL KJIeTOK aHaoTenust — B 1.7 pasa. 1s1 MHIYKIIMU OKUCIUTEIBbHOTO MOBPEXACHUS B
cpeny KyJIbTUBMPOBaHUsI BHOCWIM MeHanuoH. 10 MKM MeHanroHa ObLIO TOCTaTOUHO
JUJISI TIOJTHOM rMOey 3epHUCTBIX HepOHOB. [ToBpeXaeHUe KJIETOK IHAOTEIUs U aCTPO-
LIMTOB HAOJIIOAAIOCH TOJILKO MPU MOBBILLIEHUY KOHUEHTPALIMK MeHaaMoHa 10 50 MKM.
Tak KaKk OKMCIMTEIbHBINM CTPECC NP IEUCTBMM MEHAIMOHA OMOCPEIOBaH MUTOXOH-
NpUSIMUA, ObLIAa BHITTOJIHEHA OLIEHKA MUTOXOHAPMOHA B MHTAKTHBIX KieTkax. [loka3a-
HO, YTO B aCTPOLIMTaX Y SHIOTEJIMU MUTOXOHIPUU MHOTOUYMCIEHHBI U MPEACTaBISIIOT
0001 JUIMHHBIE U30THYTHIE TSKU, TOTIA KaK B 36PHUCTBIX HEipOHAX 3TW OpraHesUIbI
ropasao Mejibue Mo pasMepy, oKpymioil ¢opmbl. TakuM oO6pa3oM, B HEMPOBACKYJISIP-
HOI eAMHMIIE TOJIOBHOTO MO3ra MpY pa3BUTUU HEMPOBOCIAJIEHUS TJIABHBIMU MPOAIY-
LIEHTAaMU OKCHJIa a30Ta SIBJISTIOTCSI aCTPOLIUTHI, a HanboJiee YyBCTBUTEIbHBIMU K OKUC-
JINTEJILHOMY CTPECCy, HECMOTPSI HA OTHOCUTEIbHO ¢1ab0e pa3BUTHE MUTOXOHIPHUOHA,
SIBJISIIOTCSI HEHPOHBI, MIPU 3TOM KJIETKU LIepeOpaIbHOTO SHAOTENUSI JEMOHCTPUPYIOT
MUWHMMAaJIbHBIN BKJIa[ B IPOAYKIIMIO OKCHUIA a30Ta.

Kurouesvie crosa: HIOTETMOLUT, ACTPOLIMT, 3€PHUCTBIN HEXPOH, JIUITOMOIMCAXAPHII,
MEHAINOH, MUTOXOHIPU
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l'onoBHOIT MO3r oO6JiamaeT BBICOKOW WMHTEHCHUBHOCTBIO ITOTPEOJIEHUsI KUCIOpoda U
IJIIOKO3BI TI0 CPABHEHUIO C IPYTMMU OpTaHamu, 1 ero (hyHKIIMOHUPOBaHUE OYeHb 3aBU-
CHUMO OT MPUTOKA DIIOKO3bl U3 KPOBU. DTO CBSI3aHO MPEX/]E BCErO C TEM, UTO COOCTBEH-
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HbIe 3arachl JAaHHOTO YIJIeBOAAa B TKAHU MO3ra He3HayuTelbHbl. ClenoBaTeibHO, HOP-
MaJibHasl AesITeJIbHOCTh TOJJOBHOIO MO3Ta HEBO3MOXHa 0e3 3¢h(eKTUBHOI pabOThI CU-
cTeM, OOecIeuMBalOIIMX 3TOT OpraH KHUCJIOPOJAOM U TJIIOKO30i, YTO BBITIOJHSIETCS
KaMMUISIPHBIM 3BEHOM COCYIMCTOM CUCTEMBbI, HAXONSIIeHCsl B TECHOM B3aUMOICHCTBUN
C Pa3JIMYHBIMU KJIETKAMU HEPBHOM CUCTEMBI. TO €CTh CYIIECTBYET TECHAS CBSI3b KaIuJl-
JIIpOB Mo3ra ¢ (yHKIIMOHAJIbHOW HArpy3kKoil HEMPOHOB U MMAJIBHBIX KJIETOK, YTO MO3-
BOJISIET paccMaTpUBaTh MX KaK €IUHBIA CTPYKTYPHO-(PYHKIIMOHAJIbHBIA KOMIUIEKC —
HelipoBacKysipHyto equHuIy [1]. CoBpeMeHHbIe (haKTUUYeCKUe TaHHbIE MOATBEPXKAAIOT
KOHIIETIIUIO “COCYIUCTO-HEPBHOIO KOMILIEKCA”, COCTOSIIIETO U3 CETMEHTapHO pa3Ho-
00pa3HbIX (DYHKIIMOHATBHBIX MOJYJIei, KOTOPbIE Peau3yloT CKOOPAMHUPOBAHHBIE CO-
CYIUCThIE peaKlM1 B OTBET Ha LIEHTPAJIbHbIC U MepudepruiecKre CUTHaIbI ISl TOnaep-
KaHus roMeocTa3a Moara [2]. CinoxHasi CBsI3b MEXIY HEPBHBIMU U COCYIUCTBIMU CTPYK-
TypaMu HeoOxoauma it ObICTPOro U TOYHOTO COOTBETCTBUSI KPOBOTOKA META0O0IU3MY
HEMPOHOB B LICHTPAJIbHOU HEPBHOM CUCTEME.

IMonnepxaHue COXpaHHOCTU HEUPOBACKYJISIPHOI eTUHULIBI MU KOPPEKTHOE B3aMOAeHi -
CTBHME €€ COCTABJISIOLIMX SIBJISIETCS OCHOBOW (DYHKIIMOHMPOBAHMS rOJIOBHOTO Mo3ra. Mc-
KITIOYUTETbHOCTb HEMPOBACKYJISIPHOU €AMHUIIBI B TIOAAEpKaHUW MeTaboIm3Ma Beex Liepe-
OpaJIbHBIX IIPOIIECCOB OOOCHOBEIBAET OOJIMTAaTHOCTh €€ Y9acTHsI B ITaTO(PU3NOIOTUN 00-
IIMPHOM TPYyMIbl HEBPOJOTUYECKUX 3a00JieBaHUII M TIATOJOTMUYECKUX COCTOSIHUI
roJIOBHOTO Mo3ra. B Hacrosiiiiee BpeMsl MOKa3aHO CXOACTBO CTPYKTYPHBIX U3MEHEHUI B
HEHPOBACKYJISIDHOM €IMHUIIE HA pPAaHHUX CTaAWsIX CTApEHUS W TUIIEPTCH3UBHOM liepe-
OpaJbHOI MMKPOAHTUOIIATU U, YTO IMO3BOJISIET MPEAIoJiaraTb eIMHCTBO MAaTOTeHETUYECKUX
MEXaHU3MOB IMOBPEXICHUSI HEMPOBACKYJISIPHOI ETMHULIBI TPY PA3HBIX TUIIAX ITATOJIOTUYe-
ckux mipoiieccoB [3]. [ToaToMy u3yyeHMe CTPYKTYPhI, KJIETOUHBIX U MOJIEKYJISIPHBIX MeXa-
HU3MOB (PU3MOJIOTUUYECKOTO 1 NTaTO(U3NO0IOTUYECKOTO (hYHKIIMOHUPOBAHMS HEITPOBAaCKY-
JIIPHOM eNMHULIBI SBJISIETCS KpaiiHe BaXKHBIM M HEOOXOAUMBIM JJIsl TOHUMAaHUSI BO3MOX-
HOCTEe# 310pOBOT0, CTAPEIOIIETO U UBMEHEHHOTO MpY 3200JIeBaHUSIX TOJIOBHOTO MO3Ta.

HapymeHnue cocynucTo-HepBHO# KOOpAMHALIMM HAOII0HaeTCs TIPY pa3InIHbIX 3260-
JIEBAaHUSIX TOJIOBHOTO MO3Tra, CBS3aHHBIX C BOCMAJIEHUEM U OKUCIUTEIbHBIM CTPECCOM,
TaKMX Kak MHGOEKIMOHHbIE 3a00eBaHUsI, UHCYIBLT, COCYIMCTast NEMEHLIMSI U paccesTH-
HbI cKiepo3. BocnannTenbHble peakliny, BO3HUKAIOIIWE B pe3yibTaTe MHMEKINi win
MOBPEXISHW FOJJOBHOTO MO3Ta, a TakKe ITpU HelipoiereHepaly, akTHBUPYIOT SHIOTe-
JIVI ¥ IIMabHBIE KJIETKU B Pa3IMIHOM CTeTICHU B 3aBUCUMOCTH OT THIIa, TUTPA WJIM CHJTBI
¥ IIPOOOIKUTEIBHOCTH BO3ACUCTBUS areHToB [4]. B du3monornyeckux m maTrojorude-
CKHUX YCJIOBUSIX OMH U3 ra30BbIX TPAHCMUTTEPOB — OKCUJ a30Ta — BHICTYIIaeT B KAUECTBE
MeIMaTopa MEXKJIIETOYHBIX B3aUMOJECHCTBUI B HEMPOBACKYJISIPHOM €AUHULIE TOJIOBHOTO
Mosra. M3BecTHO, 4TO pa3IMYHbIe KJIETKU, BXOJISIIIIME B COCTaB HEHPOBACKYJISIDHOM enr-
HUIIBI, CIOCOOHBI TTPOIYLIMPOBATH OKCHUJI a30Ta, YTO IMTOKa3aHo TSI HepOoHOB [5], acTpo-
HUTOB [6], KIleToK uepebpanbHoro sHporenus [7]. Ilpomykuust okcuaa a3ora Cylle-
CTBEHHO MEHSIeTCs TIpM HelponereHepaliy W HEMPOBOCITAJICHUM, YTO OTIpenelisieT He
TOJIbKO U3MEHEHMSI MUKPOLIMPKYJISILIMY, HO M BHOCUT BKJIaJl B pa3BUTHE HUTPO3ATHBHOTO U
OKMCJIMTEIBLHOTO CTpecca U oOpa3oBaHUe HUTPO3UITMPOBAHHBIX MO TUPO3UHY OEJIKOB, 3a-
MyCKalOIIMX MEXaHU3Mbl aOeppaHTHOI CUTHAJIbHOW TpaHCAYKIIMK U MuUcdoaauHra [8, 9].
OnHaKo ocTaeTcsT HesSICHBIM, KaKOM BKJIaIl KJIETKU HeMPOBACKYJISIPHOM eMWHUIIBI BHOCST
B Takue 3¢ @GEKThI, YTO He TO3BOJISIET UASHTUOUIIMPOBATh MOTeHIIMATbHbBIE KIETKH-MU-
1meHu s apMakoJoruyeckoi Koppekuuu. s uccienoBaHusl 3TOro Borpoca Obuiu
HCITOJIb30BaHbI TEPBUYHBIE KYJIbTYPHI, TaK KakK nccieaoBanue NO-curHajamHra B Heiipo-
BAaCKYJISIPHOHM eNUHUIIEe Ha OTAEIbHBIX KYJIbTypaxX N30JMPOBAHHbBIX KJIETOK SIBJISIETCS He-
00XOIMMBIM 3TANOM U3YyYEHUsl ITOro Mpollecca B HEMPOBACKYJISIPHOM eAUHULIE.

3amayveil HacTosIIeil paboThl ObUIO MCCIeOOBaHUE YPOBHS IPOMYKIIMM OKCHIA a30Ta
OCHOBHBIMHU KJIETOYHBIMUA KOMIIOHEHTAMM HEMPOBACKYJISIPHOM €TUHUIILI ITPU MOJIETN-
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pPOBaHUM BOCIIAJIEHUsI C TIOMOIIIbIO JTUTTONONNCAXapyua in vitro, a TakxKe onpenesieHue 1
CpaBHEHME UX YYBCTBUTEJIBHOCTHU K OKUCIUTEIBHOMY CTPECCY.

METO/IbI NCCIIEAOBAHHWA

BCC IIpoucaypbl, BBINMIOJIHEHHBIC B UCCIICNOBAHUAX C YYACTUEM KMBOTHBLIX, COOTBET-
CTBOBaJIM STUYCCKUM CTaHIAapTaM, YTBCPXKIACHHBLIM IIPAaBOBBIMHN aKTaMU P(D, IIpUHI U -
Inam Ba3eﬂbCKOﬁ JCKIapalilii 1M pEeKOMEHIAlUAM JIOKAJIbHOI0O 3THMYECKOIO0O KOMUTETA
®TBHY HIIH (npotokon Ne 12-16/19 ot 25.12.2019 1.).

B pabote ucnonab3oBaHbl MOHOCIOMHBIE TUCCOIMUPOBAHHBIE KYIbTYPhl HAOTENS,
acCTPOILMTOB 1 3€PHUCTBIX HEMPOHOB TOJIOBHOTO MO3ra KpbIC JIMHUK Wistar.

DHpoTeauaabHble KYJIbTYPbI ITOJIyJalIu 110 olMcaHHOMY paHee meTony [10]. ¥V aHecTe-
3UPOBAHHBIX Y CTEPWJIM30BAHHBIX 14-THEBHBIX KPBIC N3BJIEKAIN TOJIOBHOM MO3T U Tiepe-
KaThIBAJIM 110 CTEPUIILHOM (DUIIBLTPOBAIBHOM OyMare misl ynaneHus obonodek. [Tocne yma-
JIEHUST KPYITHBIX KPOBEHOCHBIX COCYIOB M O€JIOTO BEIecTBa KOPY OOJBIIMX MOTyIIapuit
MPOMBIBAJIM HECKOJIBLKO pa3 XOJoaHbIM pactBopoM XeHkca (HBSS, Gibco Life Technolo-
gies, BeaukoOpuTaHust), uamenbuyaan M neHtpudyrupoBaan 5 MuH npu 1000 06./MuH.
K ocanky nomuBanu 25%-Hblii 619Ut CHIBOPOTOUHBIN anbOyMuH (BSA, Sigma, CIIIA) B
o0BeMe, B 2 pa3a IIpeBHIIAIOIINM 00beM OcaaKa, U muieTupoBanu 25—30 pa3 IBIKEeHU -
SIMU BBEPX M BHU3 C TIOMOIIIBIO IMAacTepOBCKO MUIeTKU. [oMoreHaT eHTpubyrupoBain
10 muH npu 2000 06./MuH. Hagocanok nunetrpoBaiu noBTOpHO 25—30 pa3 U LeHTpHU-
dyrupoBanu. K ocanky mobapmsuin 0.1%-Hblil pacTBop KosutareHasbl (Sigma-Aldrich,
CIIIA) Ha docparHoMm 6ydepe (Gibco Life Technologies, CIIIA) Ha 40 mun tipu 37°C.
depmeHTUPOBaHHBIE MUKPOCOCYIbI LIeHTpUudyrupoBaau 5 MuH 1ipu 1000 06./muH. Oca-
JIOK pecyCcrieHOIUPpOBaIN B cpele KyJIbTUBUPOBaHUS, comepxkanieilt 80% Momubuiimpo-
BanHoIt cpensl Mrma (DMEM-F12, GIBCO Invitrogen Corporation, CIIIA), 20% sM-
opuoHanbHoii Tenssubeii ceiBopoTKH (HyClone, ABctpus), 2 MM miyrammHa (glutaMAX,
Gibco, Benukobpuranusi), 16.6 MM IJTIOKO3bI, ¥ BEICAXXWBAJIM HA ILIACTUKOBYIO YaIlIKy
IMerpu muamerpom 40 MM (Mennonumep, Poccust). JABaxnbl B HeAeal0 MPOU3BOAWIN
CMEHY Cpeibl KyJIbTUBUPOBaHUsI. B MeTo/ie MpuMeHsIeTCs INTUTeIbHOE MUTNETUPOBAHUE U
LEeHTPUGYTUPOBAHKE, YTO TIPUBOAUT K TUOETN OOJBIIEH YaCTU KJIIETOK [JIUU, TTO3TOMY
HET HeOOXOMUMOCTH B XUMUYECKOM MOJIABJIEHUH POCTA aCTPOIIUTOB.

JrcconMmpoBaHHYIO KYJIbTYPY aCTPOLIMTOB TOJYyYaJld M3 |-THEBHBIX, a HEMPOHOB
MoO3Xeuka — U3 7-THEBHBIX KPbIC, METOAOM (DEPMEHTHO-MEXaHUYECKOUN NUCCOIUAIIMN
o paHee onucaHHoii Mmetoauke [11, 12]. BeiaeneHHble CTPYKTYPhI MPpOMBIBaIU pocdat-
HbIM Oydepom (Gibco Life Technologies, CIILIA), muiiieHHBIM MOHOB KaJIblIMsI U MarHus,
U3MeIbYaIn CKaibIlesieM U MHKyouposBanu 15 muH nipu 37°C B 0.05% tpunicuna u 0.02%
BJITA (Gibco Life Technologies, CILIA), mpoMbIBaau B IByX cMeHax pocdarHoro Oydepa u
OIVH pa3 Cpenoit U AMCCOLIMMPOBATIN MEXaHMIECKH CTYIIEHYAThIM ITUTIETUPOBAHUEM B CpEJIe
KyJabTuBUpoBaHus. CycreH310 KJIeToK HeHTpudyrupoBanu 3 MuH npu 1000 06./MuH,
0CaZloK pecycreHAUPOBaIN B MUTATENbHON Cpele U BhICAXUBAIM Ha KYJIbTYPATbHbBIM
MIAaCTUK, TOKPBITHINA mosunu3uHoM (Sigma, CILA). IMurtarenbHast cpena copepxkaia
90% wmuHuManabHOUM cpenbl Mrima Ha comsx Opiaa (MEM Gibco, Benukobpuranus),
10% smbproHanbHoOM Tenssubeit chiBopotku (Hy Clone, Benuko6purtanmst), 2 MM miryTa-
makca (Gibco, Beatukoopuranust), 10 MM 6ydepa HEPES (Sigma, CIIA). ITocie o6pazo-
BaHMSI MOHOCJIOS HAOTEIMAIIBHBIC M aCTPOILIUTAPHBIE KYJIBTYPHI MepecakuBaiv B 96-I1y-
HOUHBIe TacTukoBbie taHieTsl (Eppendorf, Tepmanust) 1 paboranu Ha 1 maccaxe Imocie
o6pa3oBaHUst MOHOCIOs1. KyTbTUBUPOBaHHbBIC HEMPOHBI MO33KEUKa BbICAXKUBAJIM CPasy B
96-yHOUHBIe TTacTUKOBBIe ruiaHmeTsl (Eppendorf, I'epMaHus): B KaXIylo JIYHKY O0-
Gapisumy 1o 0.1 MJT CyCTIeH3MH KJIETOK, CO31aBasi KOHEUHYIO IIOTHOCTB 3—5 X 103 kieTok

Ha MM2. Ha 2-e cyTKH in vitro xoHueHtpaunio KCI B cpene moBomwti 10 25 MM, 4TO SIB-
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JIsieTcs TpodudecKUM (hpakTopoM ISl JaHHOTo Buaa KyabTyp [13]. AJ1st npenoTBpallie HUs
npoymdepannu KJIeToK Iiuu B cpeay nooasisiau 0.001 MM muro3uH-apabuHo3uaa.

BpeMeHHOIi TaTTepH 9KCIEPUMEHTOB B paboTe 0OYCIOBIIEH BpeMEeHEM Pa3BUTUS KYJlb-
TYp — AOCTHKEHMSI MOHOCJIOS aCTPOIIMTAMU WJIN SHIOTEIMATbHBIMU KJIETKaMM, CO3peBa-
HUSI pEeLIETITOPOB HEPOHOB. DKCIEPUMEHTHI Ha KYJIbTUBUPOBAHHBIX HEMPOHAX ITPOBOIM -
Jm Ha 7-i1 neHb. KyibsTypsl pazsuBanch B CO,-uHkybaTope (“Nuaire”, 5% CO,, 95% Bo3-
nyxa), ipu Temmepatype 35.5°C 1 OTHOCUTENbHOM BiaxHOCTH 98%.

KynbTypsl mogBeprajii OKUCIUTETLHOMY CTPECCY, KOTOPBIM MHIYIIUPOBAIM T0OaBIIe-
HMEM B MUTaTeIbHYIO cpeay MeHanuoHa (ButamuH K3, 2.5—50 MkM, 24 4, Sigma, CI1IA), a
BOCHaJieHre BBbI3BIBAJIM Jiunonoaucaxapuaom (5—30 MM, 24 yq, JITIC, Sigma, CILA).
[Mpukn3HeHHbIE HAOTIONEHUS 32 COCTOSTHUEM KYJIBTYP MPOBOIUIIM C TIOMOIIIBIO (pa30BoO-
KOHTPACTHOM MMKPOCKOITMU, WCIIONB3YysI WHBEPTUPOBAHHBIM MUKpockom “Olympus
CKX41” (Slmonust) mim cuctemMy Budyanusannu nzodopaxenus “EVOS M7000” (Termo
Fisher Scientific, CILIA). YpoBeHb oKcuaa a3oTa onpenesisiyin MmeromoMm Ipucca (Sigma-
Aldrich, CIIIA), ocHOBaHHOM Ha IOJYY€HUHU TUa30COeANHEHI, KOTOpbIE B pe3yJibTaTe
peakuuu ¢ anbda-HaDTUIAMUHOM OKpAaIlIMBAIOT PacTBOP B KpacHbIN 1BeT. DoToMeT-
PWIO BEITIOTHSUIM C ITOMOIIILIO MUKPOIUIAHIIIETHOTO cKaHepa (SpectraMax M2, Molecular
Devices, CIIIA) nipu 540 uMm. BersiBieHne Mop@oIorni MUTOXOHAPUIA IIPOBOIMIIN TP
okpacke acdupoM TerpameTwiiponamuaa (TMPD, 250 aM, 15 muH, Sigma, CIIIA) ¢ mo-
MOIIbI0O KOH(POKaIbHOTo MuKpockora Olympus IX71 (SImoHust) co BCTpOSHHBIMU CITMH-
HMHT-IUCKOM, 00bekTuBOM X 100 1 mazepom OBIS (CIIA), ynpasisseMoro nporpaMmmoi
Coherent Connection 3. ®nyopeciieHTHbIe U300paXkeHUsI KJIETOK ObUTU CIeJIaHbI C U3JTY-
yeHueM npu 590 HM ¥ Bo30yxkneHueM mpu 560 HM. IS 3TUX 9KCIEPUMEHTOB KIETKU
KYJIBTUBUPOBAINCH Ha 4Yamkax IleTpw co CTEeKIISHHBIM OTHOM guaMmeTpom 35 X 10 Mm
(Eppendorf, I'epmanust).

JInst craTucTHYecKoil 00pabOTKM HaHHBIX MCIONIb30BaJM IIporpaMMmy Statistica 13.3
(StatSoft, Inc), omHodakTopHLI gucriepcnoHHBIN aHammu3 ANOVA ¢ moctrectomM Dun-
nett Mpu cpaBHEHUM C KOHTpoJieM win Bonferroni mpu momapHom cpaBHeHMU. QTS
MEXIy rpynmnaMy CUYMTaad CTaTUCTUYeCKU 3HauMMbiMu ipu p < 0.05. Pe3ynbTaThl Bbipa-
»KaJii KakK cpenHee ¢ oluokoii cpenHero (M = SEM).

PE3VJIBTATHI UCCIIENOBAHUA

Jnsa MonenupoBaHUs TIpoliecca BOCHAJICHUS B Cpelly KyJIbTUBUPOBAHMS aCTPOIIUTOB,
KJIETOK DHIOTEJIMS U 36PHUCTHIX HEMPOHOB Mo3xkeuka Ha 24 1 BHocwiu JITIC. Pesynbra-
ThI 9KCIIEPUMEHTOB MOKA3aJI1, YTO 110 CPABHEHUIO C KOHTPOJIEM BO BCeX KYIbTypax JAaH-
HOE BO3/CHCTBUE BBI3BIBAJIO JOCTOBEPHOE IMOBBIIICHUE MPOAYKIIMU OKCHUIIA a30Ta MpU
BCEX UCIOJIb30BAaHHBIX KOHIleHTpalusx (puc. 1). Hanbonpimit apdexr Ob11 nmoxkaszaH
IUJTsSI KyJIbTUBMPOBAHHBIX aCTPOLIMTOB, B KOTOPbIX JITIC B KOHIIEHTpAIIuu 5 MKT/MJI BbI-
3pIBAJI YBEJIMUCHME MPOAYKIIMM OKCcHAa a3oTa Ooiiee 4eM B 8 pa3 (puc. 1). B xkynbrypax
3epHUCTHIX HEPOHOB AJaHHOE BO3ACHCTBUE BHI3BIBAIO YBEJIWUEHUE TTPOMYKIIMA OKCHIA
azoTa noutu B 5 pa3 (puc. 1) npu Ttakoii xxe koHueHTtpauuu JITIC. Camplii cnabbiit oTBET
Ha CTUMYJISILUIO IPOAYKIIMY KJIETKAMM OKCHIIa a30Ta ObUT TTOKa3aH IS KJIETOK SHIIOTe-
. [Tpoaykiys okcuaa a3oTa B 3TOM cjiydyae Bo3pacTajia Tojibko B 1.7 pasa (puc. 1).
CrenmoBaTesIbHO, I CTUMYJISIIIMU BBIPAKEHHOTO POCTa OKCHIA a30Ta BO BCeX THUITaX
KYJIBTYP JOCTaTOUYHO Mcnoib3oBaTh JITIC B KOHLIEHTpALMU 5 MKT/MJI.

M3BecTHO, YTO BOCIAJUTEIBHBIN TPOIIECC COMPOBOXIACTCS IOBBIIICHUEM YPOBHS
snakTata. B mocnenyomunx skcriepumeHtax BMecte ¢ JITIC (5 Mmxr/mi, 24 4) B cpeny Kysib-
TUBUPOBAHMS aCTPOLIMTOB, HEUPOHOB M SHIOTEJINAIBHBIX KJIETOK BHOCHJIM 5 MM J1aKkTa-
Ta HaTpus. OQHAKO AOCTOBEPHOIO BIMSHUS JlaKTaTa Ha MPOAYKIIMIO OKCHUIA a30Ta BO
BCEX TUIAX KyJbTYp He ObLIO OOHApYyXeHO, KaK B KOHTPOJIE, TaK U BO BpeMsl IeMCTBUS
JITIC (puc. 2).
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Puc. 1. UHTEHCUBHOCTD BHIPAaOOTKM OKCHJIa a30Ta B KYJIbTMBUPOBAHHBIX 3HIOTeIMaIbHBIX KieTKax (Endothe-
lial cells), actpouuTax (Astrocytes) u 3epHUCTbIX HelipoHax (Granule neurons) Mpy CTUMYJISILIUM BOCHAJICHUS
sunononucaxapuaoM (LPS). ITo ocu abeurce otokeHa KOHLUEHTpaLMs JTUTTOToincaxapuia B MKT B MJI CpeJibl
KynbruBupoBaHus. [To ocu opamHar — npoxykuust okeuaa azota (Production NO) B nporieHTax OTHOCUTENBHO
KoHTpoJIs1. * p < 0.01 1o cpaBHeHUIO ¢ KOHTpoJieM (0).
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Puc. 2. UHTEHCUBHOCTb BHIPAaOOTKM OKCHJIa a30Ta B KYJIbTMBUPOBAHHBIX 3HIOTeIMaIbHBIX KieTKax (Endothe-
lial cells), actpouutax (Astrocytes) u 3epHUCTbIX HelipoHax (Granule neurons). ITo ocu opauMHAT OTJIOXKEHA
npoaykiust okcuaa azota (Production NO) B mpolieHTaX OTHOCUTEIbLHO MCXOAHOTO YypoBHs. Ha ocu abcuumce
OTMEYEHO HaJlnyue 100aBOK B cpele KyJIbTUBHMPOBAHUS: OTCYTCTBUE (—), TIPU n00aBiieHUM JaktaTta (5 MM,
Lactate, +) winu tunononucaxapuna (LPS, 5 mxr/mi, +).

11 MHAYKUMKY OKUCIUTEILHOIO MMOBPEXICHUS B CPeny KYJIbTUBMPOBAHUS BHOCUJIN
meHanuoH (VK3) Ha 24 4. Pe3ynabTaThl 2KCIIEpUMEHTOB nokazaiu, yTo 10 MkM MeHanu-
OHa OBIJIO YK€ TOCTATOYHO JIJIsT TTOJTHOM TMOEIN BCEX 3epPHUCTHIX HEMPOHOB B KYJIbTypax
(puc. 3). B Hopme (Control) 3epHUCTbIE HEMPOHBI JIETKO UACHTU(DUIIMPOBATH TTPUXKU3-
HEHHO Kak HeOosbinne, 7—10 MKM B [uaMeTpe, OKPYIJIble MU OBaJIbHbIE KJIETKU, OOJIb-
LIYIO0 YaCTh T€JI KOTOPBIX 3aHUMAET SIAPO, OKPY>KEHHOE TOHKMM OO0OIKOM IIUTOILIA3MBI.
IIpy TOKCHMYECKOM BO3ACHCTBUM IMEPBOHAYAIBHO IIPOMCXOIUT OTEK LIMTOILIA3MBI, B
JMaTbHEHIIIeM — KOHACHCAIIUS XpOMAaTHHA sIpa U IM3UC KJIETKU, KOTOpast orudaeT ¢ 00-
pa3oBaHMEM MUKHOTUYECKOTO siapa (3—4 MkM). [TuKHOTUYECKHE siapa NOTUOIINX Hell-
POHOB BUIHBI TTpU (pa30BOM KOHTPACTE Ha MTPaBOi YaCTH PUC. 3 KaK IPKUE TOYKH.

KieTku sHIOTeNnsT M aCTPOLIMTHI OKa3aJIuCh 3HAYMTEIBHO 00Jiee YCTOMUMBEI K OKKC-
JINTEJIBHOMY CTpecCy. DTO HOBOJIBHO KPYITHBIE PACIUIACTAHHBIE ITO CYyOCTpAaTy KIIETKH,
o0Opasylolire MOHOCIOM. TToBpeXaeHNe KJIETOK B 9TUX KYJIbTypax Ha0II0IaI0Ch TOJIBKO
IIPH MOBBILIEHNH KOHILIEHTPAIMK MeHaaroHa 10 50 MKM. B Takux yCIOBUSIX CHIKAETCS
pacIUIaCTaHHOCTh KJIETOK, M OHU CXXMMAIOTCsI, HEKOTOPbIe KJIETKM OILIApUBAIOTCS U, B
KOHEYHOM UTOre, MX SiIpa CTAaHOBSATCS MUKHOTUYECKMMU (TIpaBble MUKpodoTorpabuu
Ha puc. 3).
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Endothelial cells

Control VK325 uM VK3 50 uM

Astrocytes

Granule neurons

Control VK35 uM VK3 10 uM

Puc. 3. Brusaue menanmona (VK3, 24 4) Ha XXK1U3HECOCOOHOCTD KyJIbTUBUPOBAHHBIX SHIOTEINATBHBIX KIETOK
(Endothelial cells), actpouunToB (Astrocytes) u 3epHUCTbIX HeiipoHOB (Granule neurons). @a30Bblii KOHTPACT.
2KuBble KynbTypbl. MaciTabHbIit oTpe30k 70 MKM.

Endothelial cells Astrocytes Granule neurons

Puc. 4. Mopdonorusi MUTOXOHIPHUIL B KYJTbTUBUPOBAaHHbBIX SHIOTeMaIbHBIX KieTkax (Endothelial cells), act-
pouuTax (Astrocytes) u 3epHuUcCTBIX HelipoHax (Granule neurons). diyopeciieHTHasE MUKPOCKOIMSI XUBbIX
KyJbTYp, okpaieHHbIXx TMP3D. MaciurabHblii 0Tpe30K 15 MKM.

OlLieHKa MUTOXOHIPUOHA B MHTAKTHBIX KJIETKaX KOHTPOJIBHBIX KYJIBTYp IIOKa3aa, 4To
B acTpOLIMTaX W DHAOTEIUU MHUTOXOHAPUU MHOTOYMCJIEHHBI U TIPEACTABISIOT COOOi
IUTMHHBIE M30THYTHIE TSIKU, TOrIa KakK B 36PHUCTBIX HEMPOHAX 3TU OpPraHesUIbl Topas3io
MeJibue 1o pa3Mepy, BOJIU3U siapa OKPYTJIble, TTaJJOYKOBUIHBIE B OTPOCTKAX, M He 00JIana-
OT HUTEBUIHOM MOp(doI0Treii, Kak B acTpolLUTax M 3HAOTeUHU (puc. 4).
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OBCYXIEHMUE PE3YJIbTATOB

B rosioBHOM Mo3re cyiiecTByeT TecHasl GyHKIIMOHANIbHAS CBSI3b KaNWUISIPOB € (hyHK-
LIMOHAJIbHOM Harpy3Koil HeMPOHOB 1 INTUATBHBIX KJIETOK, YTO MO3BOJISIET paccCMaTpUBaTh
UX KaK €IUHBIA CTPYKTYPHO-(DYHKIMOHAIbHBIM KOMIUIEKC — HEUPOBACKYJISIDHYIO €11~
Huny [1]. Jlaxke He3HaUUTEIbHBIC HApYILICHUSI B HEMPOBACKYJISIPHOI eIMHUIIE MOTYT B
HEKOTOPBIX ClIydasix HeoOpaTUMO TOBJIMSITh Ha TOMEOCTa3 TOJIOBHOro Mo3ra. B HacTosi-
11iee BpeMsi MoKa3aHo, YTO aCTPOLIUTHI SIBJISIOTCS KJIIIOUYEBBIMU MTOCPETHUKAMU B CUCTEME
MOMYJISIIAU COCYAMCTOTO TOHYCa TOJIOBHOTO Mo3ra. OMHUM M3 MEXaHU3MOB 3TOTO CHUT-
HaJIMHTA TIPU CTUMYJISIIIUM HEUPOHOB SABJISIETCS BBICBOOOXIEeHUEe acTpouTamMmu AT®D u
€€ MeTaboJIUTOB, CITOCOOCTBYIOIINX BBIPA0OOTKE SHAOTEIMAIbHOIO OKCUAA a30Ta U pac-
mupeHuto cocynos [14]. Kunetuka u aheKTMBHOCTh 3TUX CUTHAJIOB, B CBOIO OYepelb,
OIPENEISIIOTCS METa00IUUYECKUM COCTOSTHUEM TKaHU, YPOBHEM TOHYCa 6a3ajibHbIX apTe-
pUOJI U/WJIM BEJIMYUHON M TUIIOM BBbI3BaHHOTO cTumyia [15]. BodaMoxHo 1 camocTosi-
TeJIbHOE yJyacTue HeMpOHOB B rurniepeMun. Harpumep, BHyTpu HelipoHa, aKTUBUPOBAH-
HOTO TJIyTaMaTOM, YCUJIMBAIOTCSl CUHTE3 U BbIIEJIEHNE BO BHEKJIETOUHYIO Cpely OKcuaa
azoTa, a Takke AT® u anmeHo3uHa, KOTOpble MOTYT MPSIMO BO3IEMCTBOBATh Ha TIAIKO-
MBIIIIeYHbIe KIeTKH [16]. TakuM 06pa3oM, B HEHPOBaCKYISIPHOMN eAUHULIE TIPU CTUMYJISI -
IMY HEHPOHOB IJIaBHBIMU MPOAYLIEHTAMU OKCHUJIA a30Ta SIBJISIIOTCS] KJIETKHU SHAOTEJIUS U
HEMPOHBI, HO HE acTpoUUThl. OJHAKO M3BECTHO, YTO aCTPOILIMTHI U KJIETKW SHIOTEIUS
npu ctumynsaiuu JITIC moryTt npoayimpoBatsk okcup azora [17—19]. I[MonucaxapunHas
MoJIeJb SBJIsIeTCSl HauboJliee XapaKTepu30BaHHOM MOJIEJbIO BOCIIAJIEHUS in Vitro, B KOTO-
poil B psiie IEPBUYHBIX KYJIBTYp MEAUATOPOM BOCHAJIEHUS SIBJSIETCSI OKCUI a30Ta. B Ha-
1reit pabore MbI mokKasayiu, 4yto npu ctumyJsiiiuu JITIC uMeHHO acTpoLMThI TOpasno 6oJjiee
MHTEHCHUBHO TMPOIYLIMPYIOT OKCUJT a30Ta MO CPAaBHEHUIO C KJIETKAMU SHIOTENIUST U HEMpPO-
Hamu. [loydeHHBIe HAMM pe3yJIbTaThl HOOTBEPKAAIOTCS JaHHBIMU Wong ¢ coaBT. [17],
KOTOpPBIE IEMOHCTPUPYIOT, YTO TIEPBUYHBIE KYJIbTYPbI KJIETOK SHIOTEINS MO3Ta IMPU CTU-
mysnssiuuu JITIC nponyuupytoT HU3KUit ypoBEHb OKCHUT a30Ta.

Takum ob6pa3oM, Hallle MCCIIeNOBaHEe YKa3bIBaeT, YTO MPH MATOJOTUIECKUX BOCIIAa-
JINTEJTBHBIX MpolleccaxX B HEMPOBACKYJISIPHOM eIMHUIIe OMHUM U3 IJTaBHBIX TTPOAYLIEHTOB
OKCHJa a30Ta SIBJISIIOTCS] aCTPOLIUTHI, HO He KJIETKU DHAOTENS Y HEHPOHBI. DTO 3aKITIO-
YeHMe TTOATBEPKIAETCS TEM, YTO aCTPOLIMTHI CUMTAIOTCS OAHUMU U3 KITIOUEBBIX (DUTYD B
VHULMUPOBAHUN BOCHAJIMTEIBbHON peakiiuu B roloBHOM Mo3re. Oty kiaetku IIHC Mo-
TyT TOBJIMSATH Ha JIOKAJbHYIO MUKPOCPENY U, TAKUM 0Opa3oM, OMPENeIUTh CTENeHb 0~
BpeXIeHUs U MOCJIeayIolIero BocctaHoBneHus [20].

Kpome Toro, u3BeCTHO, UTO BOCMAIMTEIbHBII MPOLIECC COMTPOBOXIAETCS MOBBILLIEHU -
eM ypoBHs Jakrtara [21]. Jlakrar, Oyay4yd TPOAYKTOM IJIMKOJIM3a, BBIMOJTHSIET CBOU
(yHKIIMM HEe TOJBKO B KAYECTBE SHEPTETUYECKOTo cyOcTparTa it HEpOHOB, HO MOXET
OCYIIECTBIISITh U HEKOTOphIe Apyrue pyHkimu. Tak, JakTaT, MOCPEACTBOM B3auMoeii-
ctBus ¢ pernentopom HCARI1 Ha kieTkax nepedpajbHOIO HOOTENS, CIIOCOOEH BbI3bI-
BaTb MHTMOMpOBaHUeE MpoleccoB BocnasieHus [22]. CHUXXeHHe 9KCIIPECCUU PELIeNITOPOB
U TPAHCIIOPTA JIaKTaTa Ha LiepeOpaTbHbIX SHAOTEIMOLIMTAX U COMYTCTBRYIOIIEE MOBbILIEHUE
KOHIIEHTPpAIlUU BHEKJIETOUHOTO JlaKTaTa PerMCTPUPYIOTCSI B IEPBUYHOM KYJIbType KJIETOK
SHIOOTEINS MUKPOCOCYIOB roioBHOro Mo3ra mon Bo3aeiictsueM JIIIC u Polyl:C [23]. On-
HAKO B Hallleil MOJIEIbHOI CUCTeMe Mbl He OOHAPYKWUIM BIUSIHUS JIaKTaTa Ha TIPOIYKIIUIO
OKCHJIa 230Ta KJIETOYHBIMU KYJIBTYPaMU aCTPOLIUTOB, SHAOTEMS U HEUPOHOB.

Elre omHUM TaToreHeTUYeCKHM 3HAYMMBbIM (DaKTOPOM, CITOCOGHBIM HapyliaTh (GyHK-
ILIMOHUPOBaHWE HEUPOBACKYJISAPHON €IMHUIIBI, SIBIISIETCS OKUCIMTENbHBIN cTpecc. [1o-
5TOMY B psifie¢ SKCIIEPUMEHTOB MbI OLIEHUBAIU YCTONYMBOCTb K 3TOMY IMOBPEXICHUIO
2JIEMEHTOB HEWPOBACKYJISIPHOI equHUIIbl. OMTHUM U3 TIaBHBIX UCTOYHUKOB CBOOOIHBIX
paavkajaoB B KJIeTKe sIBJIsiIoTcsl MuToxoHapuu. Komruiekcsl 1 u 111 npixarenwHoli nenu
MUTOXOHAPHUI MPOAYLMPYIOT paguKayibl B BUIE CYTIEPOKCUI-aHUOHA U MIEPEKUCU BOIIO-
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pola, KOTOpble UTParOT POJib CUTHAJIBbHBIX MOJIEKYJI, HEOOXOMUMBIX UIsT nUuddepeHIn -
POBKM KJIETOK, Mpoaudepalmy, uX BbDKMBAHUS M alalTUBHBIX UMMYHHBIX DeaKIIWiA.
[Toutn Bce obOpasyroniyecss aHHMOHEI cyliepokcuaa 3P@OEeKTUBHO HEUTPaTU3YIOTCS Cy-
MEPOKCUATNCMYTA30i ¢ 06pa3oBaHUEM ITEPEKMCU BOIOPOAA, KOTOpas CIY>KUT BaKHBIM
MPEIIIeCTBEHHUKOM [IJISI IPYTUX CBOOOMHBIX PATUKaIOB M AEHCTBYeT KaK BTOPUYHBII
MOCPETHUK CO CITOCOOHOCTHIO MU OYHIMPOBATH Yepe3 MUTOXOHIPHUAJIbHYI0O MEMOpaHY,
B3aUMOMEMCTBYSI CO CIIELIMAJIM3UPOBAHHBIM OEIKOM M3 ceMelicTBa aKBallOpUHOB [24].
OnHako B MOBPEXIAEHHBIX MUTOXOHIPUSIX MPOMYKIIUSI CBOOOMHBIX PAAMKATIOB MOXET
MHOTOKPAaTHO BO3pacTaTh, BbI3bIBasl MOBPEXIEHUE KJIETKU. MoAeaMpoBaTh 3TOT MPO-
IIECC MOXHO C TIOMOIIBI0 MeHaAuoHa. BHYTpY KJIIETKM MEHAIWOH BBI3bIBACT OKUCIM-
TEBHBIN CTPECC 3a CYeT CITOCOOHOCTH TTPUHUMATD 3JIeKTpOoHBI oT DT-anadopassl, Mu-
Hy$ KOMILIEKC |, 4To mepeHamnpasisieT IoToK 31eKTpoHoB oT NADH HenocpencTBeHHO
B Q-1uki [25], TeM caMbIM MOBBIIIAST YTEUKY 3JEKTPOHOB C 1IeNU MepeHoca, U KakK ClIe-
CTBUE, HabJIIogaeTCsl Bo3pacTaHue MPOAYKIIMU cyiepoKcua-aHruoHa. Ilo nanHeiM Bayol-
Denizot ¢ coaBT. [26], HEMPOHBI MPOAYLIUPYIOT TOCTOBEPHO MEHBIIIE CYyIepOKCHaa Mpu
NMEeUCTBUM MEHAIWOHA TT0 CPAaBHEHUIO ¢ SHIOTEIMATbLHBIMU KJIETKaMU, TOTIa KakK acTpO-
LIUTHI U SHIOTEINI TPOAYIUPYIOT TPUOGIN3UTETHLHO OMMHAKOBOE KOJUYECTBO CYITepOK-
cuna. Tak Kak MpoayKIIMs CyriepoKcuaa pyu MeTaboIu3Me MeHaIMOHa OCYIIEeCTBIISIETCS
MUTOXOHAPUSIMU, YPOBEHb T€HEepallUu 3TUX aKTUBHBIX MOJIEKYJ KOPPEJUPYIOT C BEIU-
YUHOI MUTOXOHAPUOHA B KJIETKaX U YpOBHEM MEMOPAHHOTO MTOTEHIIMAala MUTOXOHAPUIA.
[To mpuBeneHHBIM HaMU B 3TOil paboTe MaHHBIM MUTOXOHIPUOH UMEET HAaWMEHBIIIYIO
BEJIMUMHY B HEMpOHaX M ropasno OoJibIle pa3Mepbl B aCTPOLIMTAaX U SHIOTETUATbHBIX
kietkax (puc. 4). [1o cpaBHeHMIO ¢ TIepUdEepUIeCKUMY COCYIAMMU IJIs KJIETOK SHIOTEIIHS
TOJIOBHOTO MO3Ta XapaKTepHO OOJIBIIIOE KOJIMYECTBO M BBHICOKAsST aKTUBHOCTh MUTOXOH-
npuii. BuaguMo, 310 He06X0MMMO, YTOOBI (hYyHKIIMOHUPOBAIM MHOTOUMCIIEHHBIE CUCTE-
MBI aKTUBHOTO TpaHcrnopta, Takue kKak GLUTI1, P-rmukonporenH u T.4. [27]. OmHako
HauboJiee YyBCTBUTEJIbHBIMU K OKMCJIUTEJIBHOMY CTPECCY, BHI3BAHHOMY MEHAIWOHOM,
OKa3aJInCh HEUPOHBI. Pe3ynbraThl 3KCIEPUMEHTOB MoKa3aiau, uto 10 MKM MeHaanoHa
ObLIO YK€ TOCTATOYHO TSI TMOEIM BCeX 3ePHUCTBIX HEMPOHOB B KYJIbTypax, TOTAa Kak
MOBpeXIeHNEe KIETOK DHAOTEMS U aCTPOILIMTOB HAOIIONANIOCH MPU TTOBBIIIEHUW KOH-
HeHTpaluu MeHaaruoHa 10 50 MkM.

IToBbIIIeHHAs] YYBCTBUTEIBHOCTD K OKHUCIIUTETLHOMY CTPECCY, BHI3BAHHOMY MEHAIM -
OHOM, 3€pPHUCTBIX HEMPOHOB OOBSICHSIETCS TEM, UTO OHM SIBIISTIOTCS TITyTaMaTepruiecKUMU 1
IJIyTaMaT4YyBCTBUTEIILHBIMU HelipoHaMu (MMEIOT PEelenTophbl K 3TOMY HelipoMenauaTropy).
OKMCIUTENbHBIN CTpecC, B CBOIO O4Yepeb, MPUBOAUT K BHICBOOOXKACHUIO HIOTE€HHOTO
mIyTaMaTa, Ype3MepHOil CTUMYJISILIMKA PEeLeNnTOPOB IIyTaMaTa U rubean HeiipoHoB [28].
Bosiee TOro, OKMCIUTENIBHBIN CTPECC, BBI3BAHHBIN MapaKBATOM, SIBJISIETCSI CUJIbHBIM (haK-
TOPOM, MOIYTUPYIOIINM ITOBPEXIEeHUE HE3PEIbIX HEIPOHOB ITyTaMaToMm [29].

B 1iesioM, B HEMpOBACKYJISIPHO eNUHUIIE TOJIOBHOTO MO3Ta IPU Pa3BUTUN HEMPOBOC-
najeHus TJIaBHBIMU MPOAYLIEHTaMU OKCHUIAa a30Ta SIBJSIOTCS acTPOLUTHI, a HamboJee
YYBCTBUTEIbHBIMU K OKWCIUTEILHOMY CTpecCy, HECMOTPSI Ha OTHOCHUTEIBbHO ciaboe
pa3BUTHE MUTOXOHIPHOHA, SIBJISIIOTCS HEHPOHBI, TIPU 3TOM KJIETKU 1IepeOpaibHOro 3H-
OTEJINS AEMOHCTPUPYIOT MUHUMAJIBHBII BKJIa/ B MPOIYKIIMIO OKCHIA a30Ta.

NCTOYHUKU ®PUUHAHCHUPOBAHUA

WccnenoBanue BbIMOMHEHO 1O 1aHOBbIM TeMam (PI'BHY HayuHoro LieHTpa HEBpPOJIOTUM U
®dIrbOYBO MT'Y um. M.B. JloMmoHOCcOBa.

KOH®DIUKT UHTEPECOB

ABTOpBI IEKJIapUPYIOT OTCYTCTBHE SIBHBIX U IIOTEHIIMAJIBHBIX KOH(MJIMKTOB MHTEPECOB, CBSI3aH-
HBIX ¢ MyOJMKaluel JaHHOM CTaTbU.
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Effect of the Neuroinflammation Inducer on the Components
of the Neurovascular Unit of the Brain in vitro

E. V. Stelmashook?, M. R. Kapkaeva“®, N. A. Rozanova“, O. P. Alexandrova®’,
E. E. Genrikhs?, V. V. Obmolov* %, S. V. Novikova?, and N. K. Isaev® % *

4 Research Center of Neurology, Moscow, Russia
b1 omonosov Moscow State University, Moscow, Russia
*e-mail: nisaev6 1@mail.ru

There is a close connection of the brain capillaries with the functional load of neurons
and glial cells, which allows us to consider them as a single structural and functional
complex — a neurovascular unit. The effect of lipopolysaccharide (LPS, 5—30 pug/mL,
24h) on the production of nitric oxide and the effect of menadion (5—50 pgM, 24 h) on
cell viability in cultures of granule neurons, endothelial cells of the cerebral cortex and
astrocytes was studied, mitochondrion in different cell types was evaluated. It was found
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that already 5 pug/mL of LPS caused intensive production of nitric oxide in cell cultures.
The greatest effect was shown for astrocytes, in which LPS caused an increase in nitric
oxide production by more than 8 times. In cultures of granular neurons, this effect
caused an increase in nitric oxide production by almost 5 times. The weakest response to
stimulation of nitric oxide production by cells was shown for endothelial cells. In this
case, the production of nitric oxide increased only 1.7 times. To induce oxidative dam-
age, menadion was introduced into the culture medium. In neuronal cultures, 10 uM of
menadion was already enough for the complete death of granular neurons. Damage to
endothelial cells and astrocytes was observed only when the concentration of menadion
increased to 50 WM. Since oxidative stress under the action of menadion is mediated by
mitochondria, an assessment of the mitochondrion in intact cells was performed. It has
been shown that in astrocytes and endothelium, mitochondria are numerous and repre-
sent long curved strands, whereas in granular neurons these organelles are much smaller
in size, rounded in shape. Thus, our results indicate that in neuroinflammation, astro-
cytes are the main producers of nitric oxide, and neurons are the most sensitive to oxida-
tive stress, despite the relatively weak development of the mitochondrion, whereas brain
microvessel endothelial cells do not contribute significantly to the production of nitric
oxide within the neurovascular unit.

Keywords: endotheliocyte, astrocyte, granule neuron, lipopolysaccharide, menadion, mi-
tochondria
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