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TepMuHanbHaA ULLIEMMA XapaKTepu3yeTcA pAAOM 3EKTPOGU3MON0rMYECKMX NPOLLECCOB, KOTOPbIE BKMIOYAIOT rMnepnona-
pv3aumio, TEPMUHANBHYI0 pacnpocTpaHAioLlylocA genonApusauuio (TPL), cBepxMemneHHbIM oTpULaTenbHbIM NOTEHUMan
(COM) [1]. U3BecTHo, uTo BO BpeMaA TPl MeMbpaHa HeMpoHOB [enonApu3yeTca 40 YpoBHA okono 0 MB, 4To cBA3aHO ¢ Npu-
TOKOM MOJIOMKUTENbHBIX MOHOB BHYTPb KNETOK. 3TO MPUBOAWT K NEPEMELLEHNI0 BHEKNIETOUHOM HUOKOCTU BHYTPb Helpo-
HOB U UX HabyxaHuto. [ToMUMO NepeMeLLEHNA BHEKMETOMHOM HUOKOCTM NPOUCXOAMT TaKHKe NEPETOK LepebpocnuHanbHbIi
¥UOKOCTU B NEPUBACKYNAPHYI0 06M1acTb NPOHMKAIOLLMX COCYAO0B. 3TV NPOLECCH NPUBOAAT K YMEHbLLUEHWI0 BHEKNETOUYHOMO
MPOCTPaHCTBa M OTEKY Mo3ra [2], 4To yBeNMYMBaeT BEPOATHOCTL fieTanbHOro Mcxoaa naumenta go 80% [3]. YMeHbLieHme
BHEK/IETOYHOr0 MPOCTPAHCTBA [OMHKHO NPMBOAMTL K YBENMYEHMIO 3IEKTPUYECKOT0 COMPOTUBIIEHUA TKaHW, KOTOPOE TaKUM
06pa3oM MOMKET CTaTb BaKHbIM MOKa3aTeNeM aHaTOMUYECKOro U GYHKLIMOHANBHOM0 COCTOAHUA MO3ra Npu TpaBMax U Kpo-
BOM3NMAHUAX [4].

B naHHo# paboTe MccneoBanock CONPOTUBIEHWE BHEKNETOUHOM Cpefibl H04OHKOBOM KOpbl KPbIC MOCPEACTBOM U3MEPEHNUS
aMNIUTYAbl CKAYKOB HANPAKEHUA, Bbi3bIBAEMbIX MHBEKLMEN TOKa Mexay V1 Kopon 60/bLUMX NONyLLapWiA M XBOCTOBOI Be-
HOWM *KMBOTHOr0. M3MepeHnA NPoV3BOAMUIN MHTPAKOPTUKANbHBIMU IMHEWHBIMU 16-KaHanbHbIMM 30HAAMM C MPUOMEBLIMU
PErucTpUpyIOLLMMU NNIOLLAAKAMM U CTEKNAHHBIMA MUKPO3NIeKTpoAaMK, 3anonHeHHbIMM pacteopoM NaCl, ¢ Ag/AgCl npo-
BOAHMKaMK. B KauecTBe onopHoro ucnonb3oBanu Metannndeckuin Ag/AgCl anekTpog, NOMELLEHHbBIN B MO3XKEYOK. YMepLL-
BNEHWE IKCNEPUMEHTANIbHBIX FMUBOTHbIX OCYLLECTBAANMN MYTEM MHranALMKU U30¢iopaHa B NeTanbHOM KOHLEHTPALMK.
NHoyumpoBaHHas M30diopaHOM OCTAHOBKA [blXaHWs 3amnycKana pasBMTUE HECKOJbKMX 3NEKTPOPU3NONOTMUECKMX NpO-
LieccoB B CneAyloLLei nocnefoBaTesbHOCTU: rMNepnoaApy3aLma, TepMUHabHaA pacnpoCcTpaHAIOLLAnCA fenonApM3auma,
CBEpPXMeIeHHbIN oTpuuaTenbHbii noteHuman. COM anvnca oo KoHua 3anuck (30—-90 MUHYT), U B TeYeHUe 3TOro nepu-
ofla NPOMCXOZWUNO OCHOBHOE YBENIMYEHWE COMPOTUBNEHWA BHEKNETOYHOM Cpefibl, XOTA POCT COMPOTMBEHWUA HAYMHANCA
C MOMEHTa OCTaHOBKM [blxaHuA. OTHOCUTENbHBIM NpUpOCT conpoTuBnenns cnyctA 30 MUHYT NOC/Ee OCTAHOBKM AblXaHWA
coctaBun 40 [23-57]% (MeauaHa [25-bIn—75-bid npoueHTUAK], p=0,002; n=11), yepe3 60 MuHyT 46 [(—15)-64]% (p=0,109;
n=8). ConpoTnBNEHMe MMeNo OAMHAKOBYIO AMHAMUKY Ha Bcex rnybuHax Kopsl. Mpn atomM amnautyaa COM yepes 30 MUHYT
Mocne OCTaHOBKM AblXaHWA KOPPen1poBana C COOTBETCTBYIOLLEW BEMIMYMHOM MPMPOCTa aMMaMTYAbl CKAuKOB MOTeHLMana
(R=-0,713; p=0,014). ConpoTtnBnenus, namepeHHble no curianam Ha Ag/AgCl- n Ir-anekTpoaax, Bo Bcex 3KCMepuMeHTax
He oTnnvanuchb (p=1; n=5).

TakuM 06pa3oM, yCTaHOBNEHO, YTO POCT 3IEKTPUYECKOr0 COMPOTUBIIEHWUA TKAHW MO3ra HaYMHAeTCA B MOMEHT OCTAHOBKM
AbIXaHWA HUBOTHOMO M COMPOBOXAAET TEPMMHANIbHBIE MPOLLECCHI B KOPE MO3ra, KOppPenupys B 4acTHOCTU C AMHAMMUKOM
CBEPXME[IEHHOr0 oTpuLiaTenbHoro noteHumana. Bo Bpema TP u COM npoucxoauT OCHOBHOWM OTEK TKaHW, CBA3aHHbLIN
C NepeToOKOM BOAbl U3 BHEKNETOYHOr0 MPOCTPAHCTBA BHYTPb KIETOK, YTO MPUBOAMT K YMEHbLUEHWI0 06bEMA BHEKNETOUHOMO
MPOCTPaHCTBA M POCTY COMPOTUBIIEHUA. ITOT MPOLLECC MOMKET MPOAOHKATLCA JECATKM MUHYT, YTO Mbl M BUOMM B MPOJOI-
YKaloLLeMCA 0 KOHLA 3KCMepUMEHTa YBENIMYEHUU aMMIMTYabl CKAYKOB NoTeHUMana. Ha ocHoBe 3TUX pe3ynbTaToB MOMK-
HO MPeanoNioXMTb, YTO NpK (OKaNbHOWM MULIEMUMN TaKMKe NPOUCXOAWT YBENIMYEHWE COMPOTUBIIEHUA TKaHU, NOCKOMbKY P
v COIN TaKKe conpoBoaaloT 06pasoBaHMe MLLIEMMYECKOTO o4ara [5].
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ABSTRACT

Terminal ischemia is characterized by several electrophysiological processes, including hyperpolarization, spreading
depolarization (tSD), and negative ultraslow potentials (NUP) [1]. tSD is knowin to induce depolarization of neuron membranes
to roughly 0 mV, accompanied by the influx of positive ions into cells, which results in the displacement of extracellular
fluids into neurons, leading to cell swelling. In addition to the movement of extracellular fluid, cerebrospinal fluid flows into
the perivascular region of the penetrating vessels. These processes result in a reduction of extracellular space and brain
edema [2], which can elevate the likelihood of patient mortality up to 80% [3]. The decrease in extracellular space may lead
to an upsurge in the electrical resistance of the tissue, enabling it to function as an important indicator of the anatomical
and functional state of the brain during traumatic injuries and hemorrhages [4].

Our goal was to assess the resistance of the extracellular space in the rat's barrel cortex by measuring voltage step
amplitudes caused by current injection between the V1 cortex and the tail vein of an animal. We used 16-channel probes
with iridium electrode sites and glass microelectrodes containing Ag/AgCl conductors filled with NaCl solution. We used
a metal Ag/AgCl electrode as a reference, implanted in the cerebellum. The experimental animals were euthanized via
inhalation of isoflurane at a lethal concentration.

Isoflurane-induced respiratory arrest led to the subsequent development of a sequence of electrophysiological processes
that included hyperpolarization, terminal spreading depression, and negative ultraslow potential. The NUP persisted
throughout the entirety of the recording period (30—-90 minutes), with a significant increase in extracellular space resistance
occurring during this time. The rise in resistance began concurrently with the end of respiration. The resistance increased
by 40 [23-571% (median [25th—75th percentile], p=0.002, n=11) after 30 minutes of breath cessation, and by 46 [(-15)-64]%
(p=0.109, n=8) after 60 minutes. The resistance demonstrated equivalent changes in all cerebral cortex depths. Additionally,
the NUP amplitude following respiratory arrest had a correlation with the increase of voltage step amplitudes at 30 minutes
(R==0.713, p=0.014). The resistances measured using signals from both Ag/AgCl- and Ir electrodes did not vary in any
of the experiments conducted (p=1, n=5).

Thus, the rise in electrical resistance in brain tissue was shown to initiate at the point of respiratory arrest in the animal and
progresses alongside the terminal processes in the cerebral cortex. This correlation is specifically linked to the fluctuations
in the negative ultraslow potential. In tDS and NUP, a significant increase in tissue edema occurs due to the movement
of water from the extracellular spaces into the cells, which leads to a decrease in extracellular space volume and an
increase in resistance. The process can last for several minutes and is characterized by a continuous increase in voltage
step amplitudes. These results suggest that tissue resistance increases during focal ischemia, as SD and NUP are also
present during the formation of the ischemic focus [5].
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