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AHHOTALMA

PacnpocTpaHatowanca genonapusauma (Pl) — 370 BoNHa MHTEHCUBHOW HEMPOrNManbHOW Aenonapu3aLmi, ABNALLAACA
0[HUM M3 KOMMOHEHTOB OCTPOM peaKLyM MO3ra Ha ero moBpexgeHne pas3fimyHoi npupodbl. B xode KAMHUYeCKMX uc-
CNefoBaHNM C MOMOLLbI0 BHYTPMYEPENHOW PermcTpaLmm akTMBHOCTM KOpbl Y MaLMeHTOB C pasHbiMUA GopMaMmn UHCyNbTa
W YepernHo-Mo3roBoi TpaBMbl bbiio 06HapyXeHo, uTo P[] ¢ BbICOKOW BEPOATHOCTbIO BO3HMKAET B KOpe MpW 3TUX TUMnax
noepexaeHnsa mosra [1]. CTouT oTMeTUTb, YTO NOKaMbHblE BHYTPUMO3MOBbIE MHBEKLMM NpenapaToB 3KCNepUMEHTaNbHbIM
YKMBOTHBIM MM GYHKLIMOHAMbHBIE CTEePeOTaKCUYeCKMe onepaLym y NaLMeHToB CBA3aHbI C MOBPEXAEHUEM He TOMbKO Kopbl,
HO W MOJKOPKOBBIX CTPYKTYp Mo3ra. BonbLUMHCTBO MCCNeAoBaHMIA OrpaHuyeHo u3yyeHueM P[] B HeoKopTeKce, 0fHaKo
W3BECTHO, Y4TO OHA MOXET BO3HMKATb NOYTW BO BCEX CTPYKTYpax rofI0BHOMO MO3ra, XOTA UX YA3BUMOCTb K P[] MoeT cunb-
HO oTnMyaThbeA [2]. MexaHn3Mbl pasHoi YyBCTBMTENBLHOCTM MTyBOKMX CTPYKTYP MO3ra K pacnpocTpaHsioLLeica genpeccum
nccnefoBaHbl KpaHe cnabo. HepasHo Mbl 06Hapysunu, uto P MoxeT BO3HMKaTb NpK NIOKaNbHOM MUKPOMOBPEXAEHNH
MWUHAaNMHBI, HO C 6oniee HW3KOW BEPOATHOCTBLIO, YeM B HeoKopTekce [3]. MuHaanMHa — 370 CTPYKTypa, HaxoAAwanca
B BMCOYHOW [0 FOI0BHOMO MO3ra, BbICOKO YA3BMMAA K MOBPEMAEHMI0 1 y4acTBylOLaA B perynAaLumMyM IMOLMOHANBLHOM0
nosedenuA [4]. OHa urpaet KnioyeBylo ponib B GOPMUPOBAHMM aBEPCMBHON NaMATU W NaToreHese NOCTTPaBMaTUYECKMX
CTPeccoBbIX paccTpoicTB. [peanonaraetcs, YTO OHa MOMKET y4acTBOBATb B Pa3BUTUW NOBEEHYECKWX HapyLUEHWiA nocne
NoBpeXAEHNA MO3ra. Y NaLmMeHTOoB, NepeHECLLMX YepenHO-MO3roByYH TPAaBMY UIIK MHCYNbT, HacTo HabI0AAIOTCA KOTHUTUB-
Hble HapyLUeHMA, NOCTTpPaBMaTUYecKoe CTPECCOBOE PacCTPOMCTBO, reHepanM30BaHHOe TPEBOXKHOE PAacCTPOMCTBO M Apyrue
MCUX03MOLMOHANbHbIE HapyLLeHNA. MexaHn3Mbl, ferallue B OCHOBE TaKoro NoBefeHYeckoro fAedpuunTa, a Takxe ponb PL
B UX Pa3BUTUM OCTAIOTCA MaNOU3yYeHHbIMU.

B HacToALLEeM MccnefoBaHUM Mbl OLEHWIW BIAHKE JIOKaNbHOM0 MUKPOMOBPEKAEHUA MAHLANMHBI U BbI3BaHHOW UM BOJI-
Hbl pacrpocTpaHALLeACA AenonAPM3aLMM Ha aBepCUBHYI0 NaMATb Y KpbIC. [1A NOBpeXAeHWA HEPBHOW TKaHU Mbl UC-
nonb30Banu MeTof, KOTOPbIM UCMONb3YeTCA [ANA IOKANbHOM0 BHYTPUMO3r0BOro BBEAEHWA npenapaToB. [ 3Toro ToHKyio
urny (30 G) BBoAMAM Yepe3 XPOHUYECKM BHKUBNEHHYIO HaNpaBnAloLLyio KaHionio (23 G) B MuHaanuHy. MoBeneHWe HuUBOT-
HbIX OLIEHWBANW C WUCMO/b30BaHMEM MapafMrMbl KNacCMYecKoro NaBfOBCKOrO YCNoBHOpe(ieKTOpHOro cTpaxa. BHavane
Y *MBOTHbIX BbipabaTbiBanu yCNoBHbIN 060pOHNUTENBHBIN pedeKe Ha 3BYK. YcnelwHocTb BbipaboTku pedneKca oLeHMBanm
B TecTe 1 yepe3 24 yaca. bunatepanbHoe MMKpOMoBPeHAeHNe MUHAANMHLI NPoBOAMAK Yepe3 1 yac nocne Tecta 1. Bamna-
HWe MUKPOMOBPEKOEHNA MUHAANMHBI Ha NOBeeHNe OLeHUBanu Yepe3 24 yaca B TecTe 2. 3aTeM B TeyeHue [ByX nocne-
A0BaTeNIbHbIX AHEN NPOBOAWAM YralleHne YCNOBHOPeNeKTOPHOro cTpaxa.

Y YacTn Mu1BOTHbIX bunatepanbHoe MoBpeAeHe MUHAANMHLI MHAYUMpoBano BonHy Pl B oboux nonywapwax, y apy-
rMX — TONbKO B OHOM MOAYLIApUK, Uy TpeTbkx BoniHa PL] He Bo3HMKana. Hu nospekaeHwe, HY P He BbI3biBanu 3Hauu-
MbIX U3MEHEeHWI YCII0BHOpPe(IeKTOPHOr 0 CTpaxa Yepe3 24 yaca (TecT 2), HO BIMANK Ha nocrefyloLLee yralleHne aBepcus-
How namATW. [JaHHbIN 3QdeKT 3aBMcen 0T TOro, BO3HMKNA M BosiHa P[] B 0TBET Ha noBpemaeHue unu Het. Ecnum BonHa P
He BO3HWMKNA, TO yralleHue YCIoBHOPe(NeKTOPHOro cTpaxa bbino HapyLLEeHO, W KMBOTHbIE NPOABMANM BbICOKWIA YPOBEHb
3aMVpaHMA Ha 3BYK. ECnK e MUKpoOnoBpeaeHe MUHAANMHLI MHAyLMpoBano P[], To aBepcMBHaA NaMATL yCMeLLHO yra-
wanack. 3TV faHHble CBUAETENbCTBYIOT 0 BO3MOXKHOM ponu P[] B yralueHWy aBepcmBHOM NaMATH.

MonyyeHHble pe3ynbTaTbl BaxHbl 41A NOHUMAHWA 6330BbIX MEXAHM3MOB MCUXO3MOLIMOHAMBHBIX HAPYLLEHWIA, CBA3AHHBIX
C MoBpeXaeHneM Mo3ra, U AnA novcka spdeKTMBHOK TepaneBTUYECKON CTpaTernmn nx nedveHna. KpoMe Toro, nonyyeHHble
AaHHble MOrYT BbITb NONE3HbI NPU NAaHMPOBAHWW WU WHTEpPNpeTaLmMK pesynbTaToB 3KCMePUMEHTOB C MCMONIb30BaHWEM J10-
KanbHbIX BHYTPMMO3r0BbIX MUKPOUHBEKLIMI.
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Effects of spreading depolarization induced
by amygdala micro-injury on fear memory in rats

M.P. Smirnova*, I.V. Pavlova, L.V. Vinogradova

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

ABSTRACT

Spreading depolarization (SD) is a wave of intense neuroglial depolarization that is widely recognized as a component
of the acute brain response to various types of injury. Clinical studies conducted on patients with different types of stroke
and traumatic brain injury which used intracranial recordings of cortical activity revealed a frequent incidence of cortical
SD [1]. Site-specific intracerebral microinjections of drugs in experimental animals, or functional stereotactic surgery in
patients, cause damage to both the neocortex and subcortical structures in the local area. Currently, most studies on SD
are limited to the neocortex, but research shows that SD can be triggered in nearly all brain structures, albeit with varying
levels of effectiveness [2]. The underlying mechanisms that render deep brain structures more vulnerable to SD remain
unclear. Our recent research found that local injury to the amygdala can also lead to SD, although with a reduced likelihood
compared to the neocortex [3]. The amygdala, a structure located in the temporal lobe, is highly susceptible to brain injury
and plays a significant role in emotional behavior [4]. Specifically, it serves as a pivotal hub for fear memory and post-
traumatic stress disorder pathogenesis. The post-injury neurobehavioral impairments are attributed to the limbic structure.
Patients suffering from traumatic brain injury and stroke often exhibit cognitive dysfunction, generalized anxiety disorder,
posttraumatic stress disorder, and other neuropsychiatric states. The role of SD in the pathogenesis of the behavioral deficit
and its underlying mechanisms are not well understood.

In this study, we examined the impact of amygdala micro-injury and associated SD on fear memory in rats. Neuronal tissue
damage was induced using the standard method of intracerebral injection of substances through a thin 30 G needle inserted
into a guide cannula (23 G) previously implanted in the amygdala. We used the classical Pavlovian fear conditioning paradigm
to assess animal behavior. Twenty-four hours following the acquisition of fear, fear memory was evaluated during the first
test. An hour after the first test, bilateral microinjury of the amygdala was performed. The influence of amygdala microinjury
on aversive memory was assessed during the second test 24 hours later. Following the second test, rats underwent a two-
day fear extinction process one to two days later.

We found that bilateral micro-injury to the amygdala resulted in bilateral SD, unilateral SD, or no SD. Neither the injury nor
the SD induced significant changes in fear conditioning during test 2, but they did affect subsequent fear extinction. The
effect depended on whether the SD was triggered by the injury. If no SD occurred, fear extinction was disrupted, and rats
exhibited high levels of freezing in response to sound. However, if bilateral SD was triggered by amygdala damage, fear
memory was extinguished successfully and rapidly. The results of the present study suggest a strong involvement of SD
induced by amygdala micro-injury in fear memory extinction.

This information is crucial in comprehending the fundamental mechanisms behind post-traumatic stress disorder and
exploring novel therapeutic approaches for treating this condition. The discoveries could be valuable in designing and
interpreting experiments that involve local intracerebral microinjection.
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