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ﬂMHaMMKa MeXnonywapHou CBA3HOCTU Mo3ra, Updates.
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AHHOTALMA

Bcé 6onbluee KOMMYeCTBO 3KCMEPUMEHTANbHBIX M KIIMHUYECKMX OaHHbIX MOKa3biBalOT KPUTUMYECKYI0 POfib CETEBbLIX Hapy-
LUEHU B MaTOreHe3e HeBPOIOrMYecKUx 3aboneBaHUi, B TOM YMCNe MUTPEHU — OHOMO M3 CaMblX PAcnpOCTPaHEHHbIX
XPOHWYeCKMX 3abosieBaHNi Mo3ra. MuUrpeHb CBA3aHa € ANM304MYECKMMM NPUCTYNaMM rofI0BHOM 60NK, Yalle BCEro 0gHO-
CTOPOHHMMM, KOTOPbIM MOMKET MPe/LecTBoBaTb aypa. MurpeHosHana aypa npeacTaBnAaeT coboi HEBPONOrMYecKoe cocTo-
fIHVe, XapaKTepu3yloLLeecs PasBUTMEM BPEMEHHbIX OAHOCTOPOHHMX CEHCOPHbIX, MOTOPHLIX WM/WUAM PeYEBbIX HapYLIEHWA.
CunTtaetca, YTO CUMNTOMbI OTPaKaloT BPEMEHHYH LiepebpanbHylo AMCOYHKLUMIO Kopbl 60MLLUMX MOMYLLApWIA, Bbi3BaHHYIO
KOPKOBOW pacnpocTpaHsiowenca genonapusaument (PLl) — BONHOW MHTEHCMBHOWM KNETOYHOM AenonAapu3aumum, MeaneHHo
PacrpoCTPaHAIOLLENACS MO KOpPe CO CKOpocTbio 3—5 MM/MUH. 3neKTpoduanonormyeckn Kopkosasa BonHa P nposensetcs
B BMJE BbICOKOAMMIUTYAHOMO MEAJIEHHOr0 HEraTMBHOMO CABMra BHEKNETOYHOMO MOTEHLManNa M BPEMEHHOr0 YrHeTeHWA
3MEKTPUYECKON aKTUBHOCTM Kopbl (genpeccua 330). CABMI BHEKNETOYHOr0 NOTEHLMaNa CBA3aH C C UHTEHCUBHOWM HeMpo-
rNVanbHOM fenonApusauyein U HapyLweHWeM NIOKabHOMo MOHHOr0 roMeocTasa, Kotopoe anutca 1-2 MuH (B 340poBOM
HEepBHOW TKaHM). PacnpocTpaHAloLancA [enonApu3auns Bbi3blBaeT BPEMEHHOE YrHETEHWE CMOHTAHHOM 3/EeKTPUYECKON
aKTMBHOCTM KOpbl, KOTOPOMY Mpe/LIecTBYeT KPaTKOBPEMEHHOe BO30yaeHWe HepoHOB.

OZHOCTOPOHHUI XapaKTep HEBPOJIOMMYECKOM CUMNTOMATMKM aypbl CBUAETENBCTBYET O HAPYLIEHUN MEXKMONYLLIAPHBIX B3au-
MOAENCTBUIA B paHHIol0 $a3y npuctyna. B HawweM mMccnefoBaHMM U3yyanu BANAHWE OOHOCTOPOHHEW pacnpoCTpaHAKLLEN-
A KOPKOBOM [enonsApu3saumm (BeposTHOro NatoduU3noNorMiecKoro MexaHu3Ma MUIPEHO3HOM aypbl) Ha MeXNOoMyLLapHyHo
(YHKLMOHanbHYI0 CBA3b Y CBOOOAHO NOABMMKHBIX KPbIC C UCMONIb30BaHNEM NOKANbHBIX MONIEBLIX NMOTEHLMANIOB 3pUTESBLHOM
1 MOTOPHOW Kopbl. [InA aHanM3a CBA3HOCTM MCMONb30BanM [Be Mepbl: GYHKUMA B3aUMHOM MHPOPMaLMK, pacCuMTaHHanA
Mo MeTOAMKe, NpeanoKeHHom B [1], M KoagPuUMeHT (pa3oBoOM CUHXPOHM3ALMM, pacCHUTaHHbIM No MeToaumKe [2] and 4 va-
CTOTHbIX AMana3oHos: genbta (1-4 Iw), Teta (4—10 Tu), 6eta (10-25 M'y) n ramma (25-50 I'y). Bece pacuéTtbl npoBoaum
Ha HenepeKpbIBaLLMXCA ABaALATUCEKYHAHbIX MHTEpPBanax. 3BOMOLUMI0 QYHKLMOHANBHOM CBA3HOCTM OLiEHWMBaNM Nno 3a-
MUCAM JI0Ka/bHbIX MONEBbIX MOTEHLMAMNOB, MOMYYeHHbIX B FOMOTOMMYECKMX TOYKAX MOTOPHOW W 3PUTENbHOM KOpbl ABYX
nonyLiapui y cBo60HO NOABMMKHBIX KPbIC NOCE MHAYKLMM OOUHOYHON OAHOCTOPOHHEN PacnpOCTPAHAIOLLENCA KOPKOBOI
[enonAp13aLmmn B COMaTOCEHCOPHOM Kope.

KopKoBaa pacnpocTpaHsioLanca [enonAapu3aumnsa conpoBoXkaanach peskuM (B 3—4 pasa) LUMPOKOMOIOCHBIM CHUMEHU-
€M MEMMOMYLLAPHOM (YHKLMOHANLHOM CBA3HOCTM B 3PUTENbHOM U MOTOPHOM 06nacTsax Kopbl. OYHKUMOHaNbHOE pa3ob-
LLieHWe MONyLUApUA HAaYMHAMOCh MOCNe OKOHYaHWA BOJHbLI AEnoNiApM3aLMM, NOCTENeHHO Yraybnanock M NpeKpallanoch
yepe3 5 MMH nocne MHAYKUMM KopKoBow BonHbl PL1. CeTeBble HapyLLeHWA, Bbi3BaHHble BOfHOM P[], nMenu cneuuguyeckune
PErmoHanbHO-4acTOTHbIE XapaKTEPUCTMKU 1 BbINn bonee BbpaeHbl B 3pUTENbHOM Kope, YeM B MOTOpPHOMN. lepuop nage-
HUA QYHKLMOHAMbHOW CBA3HOCTM COBMafdasn C aHOMaslbHbIM NOBEEHWUEM HMBOTHbIX M abeppaHTHON aKTUBHOCTbIO MNCKUna-
TepanbHOM Kopbl, Pa3BMBAIOLLENCA NOCe OKOHYaHWA BoAHbI PLL.

WccneposaHne nokasano, YTO OQHOCTOPOHHAS PacnpoCTPaHAIOLLANACA KOPKOBaA AenonApu3aumsa Bbi3blBaeT 00paTUMyto
noTepio GpyHKLUMOHANBHOM MEMKMONYLIAPHOM CBA3HOCTM B Kope 60ApPCTBYIOLLMX MMUBOTHBIX. YUMTLIBAA KPUTUHECKYID POSb
CMHXPOHU3ALMM KOPKOBbIX OCLMNNALMIA B 06paboTKe CEHCOpHOM MHMOPMaLMKM U CEHCOMOTOPHOW MHTErpauum, obHapy-
¥EHHOE HaMW HapyLLeHNe BHYTPUKOPKOBBIX (YHKLIMOHANBbHBIX B3aUMOAENCTBUN, BbI3BaHHOE OHOCTOPOHHeN BofHOM PL,
MOMKET Y4acTBOBaTb B HEMPOMATONOrMYECKMX MeXaHM3Max GOpPMMUPOBaHUA MUIPEHO3HOM aypbl U AUCHYHKLMM CEHCOPHOM
06paboTKM BO BpPEMA NPUCTYNa MUMPEHM.

KnioyeBble cnoBa: KOpKOBaA PacnpoCTpaHAIOLLAnACA [enonApu3aLma; MUrpeHb; aypa; GyHKUMOHANbHAA CBA3HOCTD;
B3aUMHaA MHpopMaLMA; pa3oBanA CUHXPOHWU3ALMSA; 3pUTeNbHaA KOpa; ABUraTeNbHaA Kopa.
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AOMOJIHUTE/IbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTopbl N0ATBEP<AAI0T COOTBETCTBME CBOEM0 aBTOPCTBa MexayHapoaHsIM kputepuaM ICMJE (Bce aBTo-
Pbl BHEC/W CYLLIECTBEHHbIN BKMaf B pa3paboTKy KoHLienLmMm, NpoBefeHue UCCef0BaHMA U MOAroTOBKY CTaTbii, MPOYM 1 0406-
pUAK GUHaNBHYI0 BEpCUMIo Nepef nybnunKaumen).

WUcTounuk dpuHaHcupoBanua. PaboTa BbiNoHeHa Npy nofaepKe Poccuickoro HayyuHoro doHaa, rpaHT N° 22-15-00327.
KoHnuKT uHTepecoB. ABTOPLI AEKNApUPYIOT OTCYTCTBIME ABHbIX M MOTEHUMAMbHBIX KOHDIMKTOB MHTEPECOB, CBA3aHHbIX C My6-
JIMKaLWen HaCTOALLIe CTaTbu.
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Interhemispheric connectivity dynamics of brain activity
indused by cortical spreading depolarization in rats

T.M. Medvedeva*, E.M. Suleymanova, L.V. Vinogradova

Institute of Higher Nervous Activity and Neurophysiology Russian Academy of Sciences, Moscow, Russian Federation

ABSTRACT

Growing experimental and clinical evidence indicates the crucial role of network dysfunction in neurological disorders’
pathogenesis, including migraine, one of the most prevalent chronic brain diseases. Episodic headache attacks, frequently
unilateral, accompanied by an aura, are associated with migraine. Migraine aura is a neurological condition characterized by
the temporary development of unilateral sensory, motor, and/or speech disturbances. The symptoms are thought to indicate
transient cerebral dysfunction in the cerebral cortex resulting from cortical spreading depolarization (SD), a wave of strong
cellular depolarization that gradually spreads through the cortex at a rate of 3-5 mm/min. Electrophysiologically, the cortical SD
wave is revealed by a high-amplitude slow negative shift in the extracellular potential and temporary suppression of the electrical
activity of the cortex (EEG depression). The change in extracellular potential is associated with strong neuroglial depolarization
and disruption of local ion homeostasis, which lasts for 1-2 min in healthy neuronal tissue. The SD results in a momentary
suppression of the spontaneous electrical activity within the cortex, which is preceded by a brief excitation of the neurons.

The neurological symptoms of the aura suggest a unilateral impairment of interhemispheric interactions during the early
phase of a migraine attack. Our study investigated the effect of unilateral SD (a probable pathophysiological mechanism
of migraine aura) on interhemispheric functional communication in freely behaving rats using local field potentials of the
visual and motor cortex. Two methods were used to examine connectivity: mutual information function, computed using
the method proposed in [1], and phase synchronization, calculated through the method [2], for four frequency bands: delta
(1-4 Hz), theta (4—10 Hz), beta (10-25 Hz), and gamma (25-50 Hz). This was done by performing calculations on non-
overlapping twenty-second intervals. Functional connectivity evolution was analyzed using local field potential records
collected from homotopic points of the motor and visual cortex of two hemispheres in freely moving rats after inducing
a single unilateral cortical SD in the somatosensory cortex.

Cortical SD caused a significant wide-band decline (3—4 times) in interhemispheric functional connectivity in both the visual
and motor cortex areas. Following the depolarization wave, the functional decoupling of the hemispheres began and
progressively intensified, concluding by 5 min after the induction of the cortical SD wave. The network impairment displayed
region- and frequency-specific features, with greater prominence observed in the visual cortex than in the motor cortex.
The decline in functional connectivity was concurrent with abnormal animal behavior and aberrant activity in the ipsilateral
cortex that appeared after the SD wave had ended.

The study indicated that unilateral SD leads to a reversible decline in the functional interhemispheric connectivity in
the awake animal cortex. Given the crucial role of synchronizing cortical oscillations for processing sensory information and
integrating sensorimotor functions, the intracortical functional interactions disruption resulting from a unilateral SD wave,
which we discovered in our present study, could contribute to the neuropathological mechanisms of migraine aura and
sensory processing dysfunction during a migraine attack.

Keywords: cortical spreading depolarization; migraine; aura; functional coupling; mutual information; phase synchroniza-
tion; visual cortex; motor cortex.
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