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AHHOTALMA

PasBuTME MILEMMYECKOTO MOPaXKEHWA KOpbl MO3ra COMPOBOMAETCA NOLABNEHWUEM 3MIEKTPUYECKON aKTMBHOCTU BO BCEX
YaCTOTHbIX AWana3oHax M NOABMEHMEM TaKMX NaToNIOrMYeCKMX NEKTPOPU3NONIOrMYECKMX NATTEPHOB, KaK pPacmpoCcTpaHa-
towasica genonapmsaums (PL) v ceepxMedneHHbI oTpuuaTenbHblin noteHuman (COM) [1, 2]. OgHako AMHaMMKa U3MeHe-
HWUIM 3NEKTPUYECKOM aKTUBHOCTM BO BPEMSA ULLEMUM B TPEX M3MEPEHUAX KOpbl MO3ra OCTAETCA He MOJHOCTBIO ONMCAHHOM
Y He [0 KOHLA MOHATON.

[nA oHOBPEMEHHOr0 UccneoBaHUs U3MEHEHUI NEKTPUYECKOW aKTUBHOCTU B HaNpaBNneHUsX NepreHaUKYNApHOM U na-
pannefbHOM COAM Kopbl MO3ra Mbl MPUMEHUIM KOMOWMHMPOBaHHYIO PEFUCTPALMI0 OABYMA JIMHEMHBIMU 16-KaHanbHBIMU
30HaMm Ha KpeMHueBoii ocHoBe (Neuronexus, CLUA), rubkoi npospauHoit 60-KaHanbHoW MaTpuLeit cybaypanbHbIX anek-
TpopoB (MOTU, Poccua) n BuaeoperucTpaLmio BHyTPeHHero ontuyeckoro curHana (BOC, 665 HM B peuMe «Ha NPoCBET»).
Pervctpaumio npoussogunn Bo BpeMA (OKaNbHOW WMLLEMWUM, Bbi3bIBAEMOW WMHTPAKOPTWKANbHOW MHDBEKLMEN Ba30KOH-
cTpuKTopa aHaoTenuH-1 (3T-1) B KoHueHTpaumm 1 MKM (06BEM MHBEKLMM 1 MKN). IKCNEePUMEHTLI NPOBOAMNIN Ha HUBOT-
HbIX C GVMKCMPOBAHHOM roM0BOV C MPUMEHEHWEM ypeTaHoBOM aHecTeuu (1,5 r/Kr).

(OopMupoBaHMe MLEeMUYecKoro ovara nocne BBefeHua 3T-1 conpoBoxpanock nosasneHneM rpynn P, 3HauuTenbHO
Pas3/IMYaBLUMXCA XapaKTepOM pacnpoCTpaHeHUA, KaK B BEPTMKANbHOM HamnpaBfieHnu, Tak U BLOSb CNIOEB Kopbl. [lepBbie
PLl Bo3HuKanu B 06nactu MHbeKumm IT-1 1 pacnpocTpaHANMCh B CTOPOHbI OT HEE WU BO BCE CNOM Kopbl Mo3ra. Touka
uHMuMauum nocnepyowmx P nocteneHHo cMewanack B riybokue cnou. py 3TOM 3aneKTpUyecKan akTUBHOCTb MpaK-
TUYECKU He BoccTaHaBnuBanach Mexpy PL B6nmsu Mecta nHbekuuun. P[l, BO3HMKaBLUME B YAaNEHHbLIX TOYKaX KOpbl,
He MpOHWMKanW B 06nacTb, 6NIM3KYI0 K MECTy MHBEKLMM, @ PacnpPoOCTPaHANNCL BOKPYT, 4acTo 3ax0fA NULb B MOBEPX-
HOCTHble cflon Kopbl. HekoTopble PLl 3axogunum TofbKo B FNy60KMe Cou Kopbl, @ HEKOTOpPLIE PErUCTPUMPOBANCh NINLLb
NOBEPXHOCTHbIMM 3eKTpodamMm u Ha BOC, 6e3 TMNUYHOro oTparkeHUs Ha MHTPAKOPTUKANbHbIX 3NEKTPOAAX. INeKTpU-
YecKas aKTMBHOCTb CM/IbHO MOAABNANACh, B YaCTHOCTM B MOBEPXHOCTHbIX CNOAX, B6/IM3M MecTa MHBEKLUM Yepe3 Tpu
yaca nocne BeefeHnda 3T-1. [lpu 3TOM Ha yAanéHHbIX 3NeKTpogax Habnwaanoch BOCCTAHOBMIEHWE [0 KOHTPObHOO
YPOBHA C NPOCTPAHCTBEHHBLIM rPafMeHTOM, HabMo4aBLUMMCA C MOMOLLbH MaTpuLbl CybaypanbHbIX 3NeKTpoaoB. Xapak-
Tep ¢YHKLMOHAMbHBIX NOpaXKeHWA COOTBETCTBOBAJ MMCTONOrMYECKMM NapaMeTpaM 04aroB Ha KOpOHanbHbIX cpesax. Pl
AaBany Ha4yano HeflaBHO OTKPLITbIM CBEPXMEAEHHbIM 0TPULLATENbHBIM NOTEHLMaNnaM, KoTopble bbiiin 6onee BblparKeHbl
Ha 6nuKanumx K MecTy MHbekumK 3T-1 anekTpopax, rae OHW JOCTUrany MakCMManbHOM aMnUTyabl B TeYeHUe Yaca
1 ybbiBanu Yepe3 3 yaca nocie MHbeKkumm 3T-1.

CpenaHHble HabnioaeHUA FOBOPAT O CIOMHOW JUMHaMUKe 06BEMHOr0 GOpPMUPOBAHMA ULLEMMYeCKOro ovara. llonyyeH-
Hble [aHHble MOKa3blBaloT, YTO Pa3BUTUE MOBPEMNOEHUA MO3ra npy GOKaNbHOM ULIEMUM CBA3AHO ¢ GopMUpPOBaHMEM
oYara, KoTOpbIv PacTeT B FOPM30HTaNIbHOM M BEPTMKaNbHOM U3MepPeHUAX Npu y4actum PLl, reHepupyeMbix B ULLeMuYe-
CKOW neHymbpe.

KnioueBble cnoBa: nweMMYecKniA oYar; sHAOTENMH-1; pacnpocTpaHAiowan aenonapusaums; anektpopumanonorua; BOC;
MHOrOMOJaNbHaA perucTpauus.
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ABSTRACT

Ischemic injury in the cerebral cortex results in decreased electrical activity across all frequency bands and the emergence
of abnormal electrophysiological patterns, including spreading depolarization (SD) and negative ultraslow potential (NUP)
[1, 2]. Despite this, the specific dynamics of these changes in electrical activity within the three-dimensional cortical space
during ischemia remain incompletely described and poorly understood.

To simultaneously investigate changes in electrical activity across the layers of the cerebral cortex and in the horizontal
cortical space, we used two linear 16-channel silicone probes (Neuronexus, USA) in combination with a flexible transparent
60-channel matrix of subdural electrodes (MIPT, Russia) and intrinsic optical signal imaging (I0S, 665 nm, transillumination
mode) during focal ischemia induced by intracortical injection of the potent vasoconstrictor endothelin-1 (ET-1, 1 pL, 1 pM).
These experiments were carried out in head-restrained rats under urethane anesthesia (1.5 g/kg).

Formation of the ischemic lesion following ET-1 administration was correlated with clusters of SDs that demonstrated
considerable variability in their propagation patterns within both vertical and horizontal planes. The initial SDs originated
from the injection site of ET-1 and diffused across all cortical layers. Subsequently, the initiation point of the ensuing SDs
gradually shifted towards the deeper layers while the electrical activity showed inadequate recovery between SDs within
the injection site. SDs originating in the surrounding cortex did not invade the area near the injection point. Instead, they
tended to spread around, often compartmentalizing in the superficial layers of the cortex. Some SDs were observed deep in
the cortex, while others were detected on the surface via superficial electrodes and 10S, without leaving typical intracortical
electrode traces. Electrographic activity was significantly depressed, especially in the superficial layers around the injection
site, three hours after ET-1 administration. However, it returned to pre-ET-1 levels at the remote site, with a spatial gradient
observed in subdural electrodes. Functional impairments corresponded to the histological lesion observed in coronal brain
sections. Recently discovered NUPs were initiated by SD and were most prominent in the electrodes closest to the ET-1
injection site. These NUPs reached their maximal amplitude at one hour and subsided three hours after ET-1 injection.

Our research indicates intricate dynamics in the creation of an ischemic focal point. The data gathered suggest that
the emergence of cerebral harm during focal ischemia is associated with the growth of a focus extending both horizontally
and vertically across cortical dimensions. This growth is fueled by the generation of SDs within the ischemic penumbra.
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