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AHHOTALMA

MNOKCKMA roN0BHOMO MO3ra XapaKTepu3yeTcA CHUKEHUEM CHabXKEeHWA KUCITIOPOAOM TKaHel M MMeeT peLualoLLee 3HaueHue
LNA NaToreHe3a MHOMECTBA HelpoereHepaTuBHbIX 3abonieBaHWiA. [py rMNOKCUM 3amyCKalTCA BHYTPUKIETOYHbIE CUr-
HaslbHble KacKafbl, NPUBOAALLME K 3aMyCKy pa3nMyHbiX PopM rmbeny HepBHbIX KNeToK. M3BecTHo, uto KmHasa PIPKT B yc-
NIOBMAX TUMOKCUM PerynmMpyeT 3anyck HEKPONTO3a, a e€ 6/10Kafa NOTEHLMANbHO MOMET OKasbiBaTb HEMPONPOTEKTOPHbIN
3¢QeKT B OTBET Ha rMNOKcUYecKoe nosperkaeHue [1-3]. OpgHako UCCneaoBaHUM, U3yvaloWwmX BAMAHWE 6ioKadbl KMHa3bI
RIPK1 Ha dyHKLMOHMpOBaHWE HEMPOH-TNIMaNbHBIX CETEN, B HACTOALLEe BPEMA HET, CriejoBaTeNbHO, JaHHaA KWHa3a ABNA-
€TCA MepCcreKTUBHOW MULLEHbI0 ANA JaNbHENLLEro U3YyYeHuA.

LUenb pa6otbl. M3yueHne ponu KnHasbl RIPKT B aganTaumm HeMpoH-TrNnanbHbIX CETer B YCNOBUAX TUMOKCUM.

061BEKTOM MCCNER0BaHMA CTanW NepBUYHbIE KYNbTYpbl HEPBHBIX KNETOK MMMMNOKaMNa rofloBHOr0 Mo3ra SMOpPMOHOB MbILLK
nAmHmm C57Bl/6. MogenmpoBaHue rMNOKCUM in vitro ocyLecTBAANOCh Ha 14 AeHb KYNbTUBMPOBAHUA MEPBUYHBIX KYNbTYp
HepBHbIX KNeToK. Annnukauma uHrnébutopa kuHasel RIPK1 npouncxogmna 3a 20 MUHYT o, BO BPeMA W Noc/e MOAenupo-
BaHWA rUnokcvn. Yepes 7 cyTok nocrie MOAeNMpoBaHWA CTpecc-aKTopa OLeHUBaNMCh KanbLmeBaa U 61MoaneKkTpuyecKkan
aKTUBHOCTb HEVMPOH-TNINaNbHbIX CeTel. AHanu3 KanbLiMeBOM aKTMBHOCTM MPOBOAMIM C NpUMeHeHWeM KpacuTena Oregon
Green 488 BAPTA-1, AM (Thermo Fisher Scientific, CLLIA) Ha KOHdOKanbHOM Na3epHOM CKaHUpYIOLLEN MUKpOCKone Zeiss
LSM 800 (Carl Zeiss, l'epMaHus). OueHMBanNMCh Takue NapamMeTpbl, Kak 06LLMIA NPOLEHT OCLIMANMPYIOLLMX KNETOK B KYNbTY-
pe, YacToTa U LINTENbHOCTb KanbLMeBbIX COOLITUI. AHanu3 6M03NEKTPUYECKOWA aKTUBHOCTM OCYLLLECTBAANCS C NpUMEHe-
HUEeM MynbTMaNeKTpoaHbIX MaTpuL, MEA 60 (Multichannel systems, [epMaHus), Ha KOTOPbIX KyNLTUBUPOBANMCH NEPBUYHbIE
KYNbTYpbl HEPBHbIX KNETOK. 3aperucTpyupoBaHHbIA CUrHaN ¢ MaTpuyL, noaBepranca 06paboTke ¢ NPUMEHEHWEM anropUTMOB
MEAMAN B nporpamMme MATLAB (cB1aeTenbCTBO 0 rocyapcTBeHHOW permctpaumm nporpammel ana 3BM N2 2012611190).
OueHuBanoch cpefiHee KONMYECTBO MarlblX CETEBLIX NayeK M CpeiHee KONIMYECTBO CMalKoB B CETEBOM NaukKe.

B ¢u3nonormyeckmx ycnoBusx K 21 cyTKaM pasBUTUA HEMPOH-TNIMANbHBIX CETEN B KNETOUHOW KyNbType Habniopaetcs
CMOHTaHHaA KanbLMeBanA aKTMBHOCTb: MPOLIEHT KNETOK, MPOABAAILIMX KanbuueBble cobbiTna coctaBnaeT 60,64+3,68%,
yacToTa Kanbumesblx ocumnnaumii — 1,52+0,22 ocu/MuH, a gamtensHocTb 9,63+0,75 c. Mpu MoaenvpoBaHUM rMnoKcuUm
HabMIoQaeTcA CHUXKEHWE YMCNA KIETOK, NPOABNAIOWMX KanblmeBble cobbiTuA, fo 34,77+4,08% v vacToThl KanbLueBbIX
ocumnnaumi go 0,64+0,08 ocu/MuH. MHrmbrposaHue KnHasbl RIPK1 no3BonifieT CoxpaHMTb NPOLLEHT KNETOK, NPOABNAIOLLMX
KanbLMeBble COBLITUA, HA YPOBHE MHTAKTHBIX KyNbTyp U cocTaBnset 60,38+3,4%.

Take K 21 cyTKaM KynbTMBMPOBAHUA NEPBUYHBIX KYNbTYP HEPBHbIX KNETOK B GM3MONOrMYeckux ycnosuax Gopmmpyetca
CrMOHTaHHanA BMO3NEKTPUYECKas aKTUBHOCTb, 0 YEM CBMAETENbCTBYIOT TaKUe MapaMeTpbl, KaK cpefHee KoNMYecTBO Manbix
CeTeBbIX MayeK U cpefHee KONWYECTBO CnaiKoB. MogenvpoBaHWe rMMNOKCUM OTpULATENbHO BAWAET Ha Pa3BUTME COH-
TaHHOM B1O3NEKTPUYECKON aKTUBHOCTH (CPedHee KOIMYECTBO MasibiX CETEBbIX MAYEK B «MHTAKTHOM» KybType COCTaBNAET
36,12+4,27 nauek/10 MUH, a B KyNbType KNEeToK ¢ runokcmen — 15,87+3,03 nauek/10 MUH; cpeHee KONMYECTBO CMaiKoB
B «MHTaKTHOW» KynbType — 90,22+12,32, a B KynbType KNeTok ¢ runokcuen — 11,58+4,7). OgHako 6nokaga KuHasbl
RIPK1 B ycnoBuaAx runokcum cnocobcTBoBana COXpaHeHMIO CPeHEro KONMMYecTBa Manblx CeTeBblx navek (23,49+2,14 na-
yek/10 MuH).

CnepoBatenbHo, MHrMbupoBaHWe KuHasbl RIPK1 B yCnoBMAX MUMOKCUM NPUBOAMT K COXPAHEHMIO [JONW KNETOK, NpoABAAio-
LLMX CMOHTaHHbIE KaNbLMeBble COBBITUA, U K YaCTUYHOMY COXPaHEHMIO CMIOHTAHHOM B1O3NIEKTPUYECKON aKTUBHOCTY.
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ABSTRACT

Cerebral hypoxia is a condition characterized by a reduced oxygen supply to tissues that plays a crucial role in the pathogenesis
of numerous neurodegenerative diseases. In hypoxia, intracellular signaling cascades are activated, ultimately leading to
various forms of nerve cell death. The initiation of necroptosis under hypoxic conditions is governed by PIPK1 kinase, and its
inhibition could potentially offer neuroprotection against hypoxic damage [1-3]. Studies investigating the effects of blocking
RIPK1 kinase on the activity of neuronal-glial networks are currently lacking. Consequently, RIPK1 kinase constitutes
a promising objective for further exploration. Thus, the aim of this work is to examine the part played by RIPK1 kinase in
the adjustment of neuronal-glial networks amid hypoxia.

The study focused on primary cultures of nerve cells in the hippocampus of mouse embryos belonging to the C57Bl/6 line. Hypoxia
was induced in vitro on the 14th day of culturing the nerve cells. The RIPK1 kinase inhibitor was administered 20 minutes prior
to, during, and after the hypoxia intervention. After 7 days of the stress induction, the calcium and bioelectrical activity of the
neuron-glial networks were evaluated. Calcium activity was assessed via the Oregon Green 488 BAPTA-1, AM (Thermo Fisher
Scientific, USA) using a Zeiss LSM 800 confocal laser scanning microscope (Carl Zeiss, Germany). The experiments assessed
total percentage of oscillating cells in culture, the frequency, and duration of calcium events. The analysis of bioelectrical
activity was conducted using the MEA 60 multi-electrode arrays from Multichannel Systems. The registered signal from
the arrays was processed through the MEAMAN algorithms in MATLAB (Certificate of State Registration of Computer Program
No. 2012611190). The average number of small network packages and spikes was estimated.

Under physiological conditions, spontaneous calcium activity is observed by the 21st day of neuron-glial network development.
The percentage of cells exhibiting calcium events is 60.64 + 3.68%, the frequency of calcium oscillations is 1.52+0.22 osc/min,
and the duration is 9.63+0.75 s. During hypoxia modeling, the percentage of cells exhibiting calcium events decreased to
34.77+4.08%, and the frequency of calcium oscillations decreased to 0.64+0.08 osc/min. The inhibition of RIPK1 kinase maintains
the percentage of cells exhibiting calcium events at the level of intact cultures, which is 60.38+3.4%.

By the 21st day of culturing primary nerve cell cultures under physiological conditions, spontaneous bioelectrical activity
forms. This is indicated by parameters such as the average number of small network clusters and spikes. Hypoxia modeling
has a negative impact on the development of spontaneous bioelectrical activity. In the “Intact” group, the average number
of small network packs was 36.12+4.27 packs per 10 minutes, while in the cell culture with hypoxia, it was 15.87+3.03
packs per 10 minutes. Additionally, the “Intact” group had an average of 90.22+12.32 spikes, while the cell culture with
hypoxia had only 11.58+4.7 spikes. However, blocking RIPK1 kinase during hypoxia preserved the average number of small
network packs (23,49+2,14 packs/10 min).

Thus, inhibiting RIPK1 kinase under hypoxic conditions preserves the proportion of cells that exhibit spontaneous calcium
events and partially preserves spontaneous bioelectrical activity.
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