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QEGPMﬂbeIE CyAoporu Bbi3biBalOT CHUXKEHUe N0J14 Updascs,

Kanbuun-npoHuuaeMbix AMPA-peuenTopoB B CMHancax
NnMpaMUAHbIX HEUPOHOB KOPbl U FUMMOKaMMa Kpbic
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AHHOTALMA

(OebpunbHble cygoporu (DC) ABNATCA 0OHUM M3 Hanboriee pacnpoOCTPAHEHHBIX HEBPOSIOrMYECKMX PacCTPOMCTB B AETCKOM
Bo3pacte. OHM MOryT Bbi3BaTb HeobpaTUMble PYHKLMOHANBHBIE U3MEHEHWA B HEMPOHHBIX CETAX U MPUBECTU K PasBUTUIO
3NUNENCUM U KOTHUTMBHBIX HapylleHui [1]. B paHHeM Bo3pacTe B rMmnokaMme M Kope rofloBHOr0 Mo3ra Habniopaet-
CA MOBLILLEHHbIN YPOBEHb COLepHKaHMA Kanbuuin-npornuaemslx AMPA-peuentopos (CP-AMPARS, He sKcnpeccupyioLmx
cybbeauumuy GluA2). CP-AMPARSs y4yacTByIOT B pasnnyHbIX NacTUYeckux uaMeHennsx B LIHC, BKouan Kak HopMaribHble
¢u3ronormyeckme npouecchl (CMHaNTUYecKas NNacTUYHOCTL), TaK W PAL NATONOMMYECKUX COCTOAHUM, Korda 3T peLen-
TOpbI BKIOYAlOTCA B MeMOpaHy HEVMPOHOB, e TaKue peLenTopbl B HOPMe He aKcnpeccupyloTcA. bbino nokasaxo, uto CP-
AMPARS MoryT TaKe BCTpamMBaTbCA B CUHaNChl BO BpeMA cyaopor [2]. OcTaétca HeAcHbIM, Kak OC BAMAIOT Ha 3Kcnpeccuio
CP-AMPARS, K KaKMM HapyLLeHWAM B paboTe HEMPOHHBIX CETEN MOryT NPUBOANUTL 3TU U3MEHEHWS.

LUenb uccnegosanua. Onpenenuts, naMeHsetca nn gona CP-AMPARS B cvHancax nupaMupaanbHbIX HEMPOHOB SHTOPU-
Ha/IbHOM Kopbl M FMANoKaMna Kpbickl cpasy (epes 15 MuH) 1 yepes 48 4 nocne OC.

[lecATaHEBHbIX KPbICAT NogBepraiv Bo3LenNCTBUI0 NoToKa Ténnoro Bosmyxa (46 °C) B TeueHne 30 MUH, 4T0bbI BbI3BaTh M-
nepTepMuio, NpuBoAALLYyio K passuTtuio OC. B nccnepoBaHue 6binv BRIIOYEHbI TONBKO Te UBOTHBbIE, Y KoTopbix OC gnvamcs
He MeHee 15 MyH. KoHTponbHaA rpynna cocTosna 13 KpbiC-0AHOMOMETHUKOB, OTCaKeHHBIX 0T MaTepy Ha aHamnorUyHbIv nepuos
BpPEMEHW, HO COAEPHKaBLUMXCA NMPU KOMHaTHoW Temnepatype. [Ina oueHkn gonu CP-AMPARs B runnokaMne vcrnonb3oBanu
M30/IMpOBaHHbIE NMPaMUAANbHbIE HeMpoHbl, B KoTopbix AMPAR-onocpeoBaHHble TOKM MHAYLMPOBAAM NYTEM MpUMEHEHWA
100 MKM KauHata. B aHTOpMHanbHOW Kope BO3bypalowime noctcuHanTuyeckue Toku (EPSCS) Bbi3biBanMCh BHEKNETOUHOM
ctumynaumen. CenektmeHan 6nokaga CP-AMPARs 6bina gocturiyta ¢ nomolubto aHtaroHucta |EM-1460. [na panbHenwwen
oueHku Bknaga CP-AMPARs mbl onpegenvnm nHgekc BoinpamneHna AMPA-onocpegosanHbix EPSC. [Ina Busyanvsaumm Hen-
POHOB, 3Kcnpeccupytowmx CP-AMPARS, mcnonb3oBanu MeTo[ MOroLLeHMA KobanbTa, BbI3BaHHOrO KauMHatoM. Cpesbl Mo3ra
CTUMYNMPOBAM KauHaToM B npucytcTeumn AP-5 n TTX. [Ins nogteepsaeHns Toro, uto nputok Co?* 6bin onocpenosaH AMPARs,
Mbl ucnonb3oBanu bnokatop DNQX. ba3oBas cMHanTMYecKan nepefaya OLEHMBaNAch MyTEM permcTpaLmy MoneBbix MocTcu-
HaNTUYeCKMX NOTEHLMANOB B MMMMOKaMIIe B OTBET Ha CTUMyNAUMI0 Konnatepanei LLagdepa npum pasnuyHoii cune Toka.

Mbl 06Hapyunm, uto OC Bbi3biBaloT bbICTPoe CHUMKeHWe KonuvectBa CP-AMPARs Ha MeM6paHax nupamMuaanbHbIX Hew-
POHOB rMMMoKamna. Tak, B HEMPOHaX, BblOeNeHHbIX U3 ruMnnoKaMna Kpbickl Yepe3 15 MuH nocne OC, M3M-1460 Bbisbian
3HauMTENIbHO MeHblUylo 6510Kaly BbI3BaHHOrO KaMHaTOM TOKa, YeM KoHTponb (22% npotus 14%, p <0,05). AHanormyHbin
pe3ynbTaT bbin NofyYeH ANA BHEKNETOYHO Bbi3BaHHbIX EPSCs B sHTopuHanbHow Kope (OC: 10% npotue KoHTpons: 3%,
p <0,05). Kpome Toro, vHgekc BoinpaMnenns EPSC 6bin 3HaUMTENbHO BbIlLe B HEMPOHAX 3SKCMEPUMEHTANbHOW rpynmbl
Mo CPaBHEHMIO C KOHTPOMbHOW. Yepe3 aBa aHA nocne OC pasnuumin Mexay rpynnamm He 6bi1o. 3T0 MOXKET bbITb CBA3aHO
c TeM, yTto gons CP-AMPARS B nupaMuzanbHbix HepoHax bbICTPO YMeHbLUAEeTCA B 3TOM Bo3pacTe. MeTof nor/oLeHns Ko-
banbTa NoATBEpAMN Pe3ynbTathl MEKTPOPU3NONOrMYECKUX UCCNIeA0BAHUM, MOKA3aBLUMX, 4To bonee 3HaUMTENBHOE OKpa-
WwmBaHWe Habnoganock B nofe CA1 runnokaMna v SHTOPMHANBHOW KOPe Y KOHTPOSbHBIX KPbIC MO CPaBHEHMIO C KpbiCaMMy,
nogseprHyTeiMu OC. 3ToT addeKT Habnopanca yre yepes 15 MuH nocne OC, a yepe3 ABa OHA pa3fMuMIA MexIy rpynnamMu
He 6bIno. HecMoTpa Ha cHukeHue fonu CP-AMPARS, ypoBeHb 63a30B0I HEMPOTPAHCMUCCKMM B Cpe3ax Mo3ra KpbIc, nog-
BepriumxcA OC, He OTAMYANCA OT KOHTPOJIbHBIX 3HAYEHUH.

Takum obpasoM, OC 3HaumMTeNbHO CHMMKaIOT 3Kcnpeccuio CP-AMPARs B nupamMuaanbHblx HeMpoHaX 3HTOPMHANBHOW Kopbl
M TMNNOKaMNa y MonodblX KpbIC. 3TV M3MEHEHUA He BAIMAIOT Ha CBOMCTBA 6a30BOM CMHANTUYECKOW Nepedayn B rUMMoKamne.

KnioueBbie cnoBa: gpebpunbHble Cyqoporu; runnokaMn; SHTOPMHaNbHaA Kopa; Kanbuuii-npoHuuaeMble AMPA-peuen-
Topbl; N3IM-1460.
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Febrile seizures cause a decrease
in calcium-permeable AMPA receptors at synapses
of rat cortical and hippocampal pyramidal neurons

T.Yu. Postnikova*, A.V. Griflyuk, A.S. Zhigulin, E.B. Soboleva, 0.1. Barygin, D.V. Amakhin,
A.V. Zaitsev

Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of Sciences, Saint Petersburg, Russian Federation

ABSTRACT

Febrile seizures (FS) are a prevalent childhood neurological disorder that can result in lasting functional alterations in
neural networks, contributing to the onset of epilepsy and cognitive impairment [1]. Higher levels of calcium-permeable
AMPA receptors (CP-AMPARs), which lack the GluA2 subunit, are detected in the hippocampus and cortex at an early age.
CP-AMPARs are involved in various plastic changes within the central nervous system (CNS), including regular physiological
processes (synaptic plasticity) and various pathological conditions. Such changes occur when these receptors are included
in the neurons’ membrane, where they are not typically expressed. CP-AMPARs were demonstrated to incorporate into
synapses during seizures [2]. The effect of FSs on CP-AMPAR expression is uncertain, and the resultant alterations in
neuronal network function are unclear.

The aim of this study was to determine whether the proportion of CP-AMPARs at synapses of pyramidal neurons in the rat
entorhinal cortex and hippocampus alters immediately (at 15 min) and 48 h post FS.

Ten-day-old rats were exposed to a stream of warm air (46 °C) for 30 minutes to induce hyperthermia, resulting in
the development of FS. Only animals with FS that lasted for a minimum of 15 minutes were included in the study. The control
group was comprised of littermates removed from the dam for an equivalent period but kept at room temperature. Isolated
pyramidal neurons were used to determine the proportion of CP-AMPARs in the hippocampus. AMPAR-mediated currents
were induced by application of 100 pM kainate. Excitatory postsynaptic currents (EPSCs) were evoked by extracellular
stimulation in the entorhinal cortex. The antagonist IEM-1460 was used to selectively block CP-AMPARs. The rectification
index of AMPA-mediated EPSCs was calculated to better assess the contribution of CP-AMPARs. Neurons expressing
CP-AMPARs were visualized using the kainate-induced cobalt uptake method. Brain slices were stimulated with kainate
while AR-5 and TTX were present. The DNQX blocker was used for the determination that the influx of Co?* was mediated
by AMPARs. Basal synaptic transmission was assessed by recording field postsynaptic responses in the hippocampus
stimulated by Shaffer collaterals at different current strengths.

FS induced a rapid decrease in the levels of CP-AMPARSs on the membranes of pyramidal neurons in the hippocampus.
As a result, 15 min after FS, [EM-1460 caused significantly less blockade of kainate-evoked current in neurons isolated
from rat hippocampus compared to control (22% vs. 14%, p <0.05). A similar finding was observed for EPSCs evoked
extracellularly in the entorhinal cortex, with a frequency of 10% in the FS group compared to 3% in the control group
(p <0.05). Furthermore, the FS group’s neurons exhibited a significantly greater rectification index of EPSCs compared to
the control group’s neurons. However, two days post-FS, no significant differences existed between the two groups. This
observation may be attributed to the rapid decrease in the proportion of CP-AMPARs in pyramidal neurons at this stage.
The cobalt uptake method supported electrophysiological findings, revealing higher staining levels in the CA1 field of the
hippocampus and entorhinal cortex of control rats compared to FS rats. The observed effect surfaced 15 minutes after FS,
and no divergences emerged between the groups after two days. Although the proportion of CP-AMPARs was reduced,
basal neurotransmission levels in brain slices obtained from rats that underwent FS did not differ from control values.

In summary, the expression of CP-AMPARs in entorhinal cortex and hippocampal pyramidal neurons in young rats decreases
significantly with FS. These alterations do not impact the characteristics of basal synaptic transmission in the hippocampus.
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