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AHHOTALMA

OebpunbHble cygoporu (OC) ABNAIOTCA pacnpoCTpaHEHHBIM HEBPONOMMYECKM HapYLLEHVEM Y [eTel B BO3pacTe OT 3 MecALeB
[0 5 neT, NpuyéM Hambonbluas YacToTa HabmnogaeTcA Ha BTOpoM rofy ¥u3Hu [1]. MocKkonbKy B 3T0 BpeMA NpoJosKalT pas-
BMBATLCA HEMPOHbI M TMaNbHbIE KNETKK, a TaKKe NPOMCXoanT GOpPMUMPOBaHME CMHANTMYECKMX KoHTaKToB [2, 3], OC moryt
BMMATb Ha 3T npoLiecchl. 0OHaKo cyLiecTBYlOLWME faHHble 0 BAMAHUM OC Ha pa3BMBaloOLLMIACA MO3T NPOTUBOPEYMBI.

Lenb uccnepgoBauua. V3yunts BnuaHue anutenbHbix OC Ha cBOMCTBA NMPaMUAHbLIX HEMPOHOB B FMMMOKaMIe KpbIC pas-
HOro Bo3pacra.

WccnepnosaHuve BbINOHEHO Ha caMuax Kpbic Buctap. IkcnepuMeHTanbHble ¢pebpuibHble Cyaopory MOLENMPOBaM Ha Hu-
BOTHbIX B Bo3pacTte 10 gHeit. [InA 3toro Kpbic Ha 30 MMH NOMeLLany Ha OHO CTEKNAHHOM KaMepbl M NoABepranu Bo3aen-
CTBMIO PerysMpyeMoro noToKa HarpeToro Bo3ayxa. 3T0 MPUBOAMIO K MOBBLILLEHWIO TEMMepaTypbl Tena #1BoTHbIX 4o 39 °C
u passutuio OC. B ganbHelwme nccnenoBaHna bbiNK BKIIOYEHBI TONBKO Te MBOTHBbIE, Y KoTopbix OC Anunmch He MeHee
15 MyH. KoHTponbHaA rpynna — KpbICbl U3 3TUX e MOMETOB, KOTOPLIX HA aHaNorMyHOe BPEMA OTCAXKMBANM OT CaMKM,
HO COZep!Kanu Npu KOMHaTHOW TeMMepaType.

B Bo3pacte 12, 21-23 vnm 51-55 gHel M3HM KpbIC NOABEPrany AeKanuTaLmm, U3BIEKanu Mo3r U U3roTaBnMBam ropu-
30HTanbHble cpesbl Mo3ra TonLmHon 400 MKM. YTo6bl 0xapakTepr30BaTh Bbi3BaHHbIE PebpuIbHBIMU CyA0poraMu M3MeHe-
HWA BUOPU3NYECKMX CBOMCTB NMpaMMAHbIX HeMpoHoB CA1 runnokamna, Mbl NPUMEHUIN MeTOZ, NaT4-KiaMn B KOHPUrypa-
LMK «Lenan KneTkar. B xoge permcrpaumm MHbEKTUPOBANMCh CTYMEHbKU TOKa ANIMTENBHOCTBIO 1,5 ¢, YTO MO BbI3BaHHBIM
MMU U3MEHEHWAM MeMOpaHHOr0 MoTeHUMana Mo3BOUO0 OLEHWTb MOAMOPOroBble MeMbpaHHble CBOMCTBA (MOTeHLMan
MOKOA, BXOQHOE COMpPOTMBIEHWE M BPEMEHHasA KOHCTaHTa MeMOpaHbl), a TaKKe 0XapaKTepu30BaTb COBCTBEHHYK BO36Y-
AVMMOCTb HEMpOHOB. Peructpaumio noneBbix BO36OyOaloLLMX NocTCUHaNTUYeckmx noteHumanos (nBICM) ocywectenAnm
B nyuncToM cnoe nona CA1. [InA Kawporo cpesa paccumTbiBany aMnamTyy NpecuMHanTUYeckoro nonynAaLMOHHONo cnaika
(npMC) n nonesoro Bo36y:xaatowero noctcuHanTyeckoro (NBIICM) noteHumana. IPEKTUBHOCTL CMHANTMYECKOW Nepe-
[auv onpefensanm C NoMoLLblo cUrMouaanbHoi GyHkumm MoMnepua. [InA nccnefoBaHUA BO3MOXHbBIX U3MEHEHUN B Kpa-
TKOBPEMEHHOM CUHANTUYECKOW NAACTUYHOCTM UCMOb30BaNU NapHylo CTUMYNALMIO. [apHble MMNYAbChl NofaBanuCh C UH-
TepsanoM 10-500 mc, 1 BeNIMUMHY MACTUYHOCTM PacCcUMTLIBANM Kak OTHoLeHue amnnuTyasl BToporo nBICI k nepsomy
LA Kawporo MHTepaana. MpespacnonoKeHHOCTb K CyA0POraM Y HUBOTHBIX OLLEHUBA/M C NOMOLLbI0 METOAA MaKCUMMalb-
HbIX 37IEKTPOLLIOKOBLIX cynopor (M3LL) yepes 2 MecAua nocne OC. [1nA Kax[goro *UBOTHOMO ONpeaensnca MUHUMANbHBIA
TOK, MPX KOTOPOM Habmioaanock TOHWYeCKoe pasrmbaHue 3agHNX KOHEYHOCTEN.

Y kpbic B Bo3pacte M 12, n 21 gHew He 6bin0 06HapyKeHO M3MEHEeHUI NOANOPOroBbIX MeMOpaHHbIX cBOWCTB. Ho bbino
06Hapy*KeHO M3MeHEHMEe HECKONMbKMX MoKa3aTenen CoBCTBEHHOM BO36YAMMOCTM HEMPOHOB. MaKcuManbHaA yacToTa re-
Hepaumm noteHumanos genctaua (M) 6bina cHuxKeHa Ha 23% y 12-OHEBHbIX KpbiC, NepeHEcLunX ¢pebpunbHble Cyaoporu,
B CPaBHEHWW C KOHTPONbHBIMM KpPbICaMK TOrO e Bo3pacTa. Takxe apantauma vactotsl My 12-gHeBHbIX Kpbic nocie OC
bbina MeHee BbIparKeHa, YeM Y KOHTPOJbHBIX KMBOTHbIX. 3TV Bbi3BaHHbIE GeOPUIbHBIMU Cy[OPOraMM U3MEHEHMA He Bbl-
ABNANNCH Y KpbiC B Bo3pacTe 21 gHA. CywiecTBeHHbIX pa3nnuni B 3asucumocty amnnutyg nBICM nav nplC ot cunbl ctu-
MyNALMK He HabniogaeTcA y Kpbic B BospacTe 12 u 55 gHeit. OpgHaKo B Bo3pacTe TPEX Hefleslb Mbl 3aMETUIIM YBENMYEHME
amnautyabl npllC 1 yMeHbLUEHWe COOTHOLLEHUA BXoa/Bbixoq Mexay amnautyaamy nBIICMN u npllC nocne ®C. Y MBOTHbIX
B Bo3pacTe 12 gHel Habnioganoch HapyLieHe KpaTKOBPEMEHHOW CUHANTMYECKOM NNAacTUYHOCTK, 0 YEM CBUOETENbCTBYET
3HauMTeNIbHOE YBENMYEHWE OTHOLLEHUA aMMIMTY[ NapHbIX uMnynbcoB. OgHaKo B BospacTe 21 v 55 aHewt pasHuubl Mexay
3KCNEPUMEHTANbHOM U KOHTPOMbHOM rpynnamu He 6bino. Tect M3LU nokasan 3HauMTenbHOE YBENMYEHME Nopora 1A pas-
BUTWA IKCTEH3WUM 3aHUX KOHEYHOCTEN Y KpbiC Yepe3 ABa MecAua nocie OC no cpaBHEHMIO C KOHTPOJIbHBIMU HUBOTHBIMM.
TakuM 06pa3oM, Nony4eHHble AaHHbIe CBUAETENLCTBYIOT 06 U3MEHEHUAX BO36YAMMOCTU HEMPOHOB nocne aauTenbHbix OC.
B Bo3pacte 12 gHel y MBOTHBIX HAbMIOAAETCA CHUMKEHWE CObCTBEHHOW BO36yaUMocTv HermpoHoB CAT, a oTHOLEHWe aM-
NAWTYL NPY NapHOW CTUMYNALMK YBENIMYMBANOCh, YTO YKa3bIBAET Ha CHUMKEHWE BEPOATHOCTM NPECMHANTUYECKOr0 BbICBO-
boXaeHUA riyTamMaTa B HEMPOHaX rMnnoKaMmna. Y TpéxHeLenbHbIX MMBOTHbIX 3QGEKTUBHOCTb CUHANTUYECKOW Nepeaaun
B cHancax CA3-CA1 6bina cHukeHa nocne OC. KpoMe Toro, Tect M3LL nokasan, 4to y Kpbic Yepes gga MecAua nocie OC
Mopor pa3BUTUA SKCTEH3UM 3aHWUX KOHEYHOCTEN ObiN BbILLE MO CPABHEHMIO C KOHTPOSIbHBIMU HUBOTHBLIMU.
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Changes in neuronal excitability in the rat
hippocampus in a prolonged febrile seizures model

A.V. Griflyuk*, T.Yu. Postnikova, D.V. Amakhin, E.B. Soboleva, A.V. Zaitsev

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

ABSTRACT

Febrile seizures (FSs) are a prevalent neurological disorder among children aged 3 months to 5 years, with the highest
incidence observed in the second year of life [1]. Considering that neuronal and glial cell development and synaptic contact
formation are ongoing during this period [2, 3], FSs can potentially influence these processes. However, the present data on
the effect of FSs on brain development remain inconsistent.

This study aims to examine the impact of extended seizures on the attributes of hippocampal pyramidal neurons in rats
of varying ages.

Wistar rats were used in this study. FSs were induced on postnatal day (P)10 through placing pups onto the bottom of
a glass chamber for 30 minutes and exposing them to a controlled stream of heated air, causing their body temperature to
rise to 39 °C and trigger the occurrence of FSs. Only animals that underwent FSs that persisted for at least 15 minutes were
included in the study. Littermates were employed as controls and were placed away from the nest for the same duration
but kept at room temperature.

At postnatal days 12, 21-23, and 51-55, the rats were decapitated, and their brains were extracted. Horizontal brain slices
(400 micrometers) were sliced. The study examined the biophysical properties of CA1 pyramidal neurons using the whole-
cell patch-clamp method. 1.5-second current pulses were injected, and subthreshold membrane properties such as resting
membrane potential, input resistance, membrane time constant, and intrinsic firing properties, were assessed. Extracellular
field excitatory postsynaptic potentials (fEPSPs) were recorded from the CA1 stratum radiatum of the hippocampus to assess
the efficacy of synaptic neurotransmission at CA3-CA1 pyramidal neuron synapses. The amplitude and fiber volley (FV) amplitude
of each fEPSP were measured by applying high amplitude currents to each slice. A sigmoidal Gompertz function was used to
evaluate the efficacy of neurotransmission. Paired-pulse stimulation was used to examine potential alterations in short-term
synaptic plasticity. Paired pulses were administered at intervals spanning from 10 to 500 ms, and the paired-pulse ratio (PPR)
was assessed as the proportion of the amplitude of the second to the first fEPSP for each interval. Maximum electroshock
seizure threshold (MEST) was determined two months after FS to assess the animals’ susceptibility to seizures. The lowest
current at which tonic hind limb extension was exhibited was determined for every animal.

No significant changes in subthreshold firing properties were observed in P12 or P21 rats following FSs. However, we did
observe several changes in intrinsic firing properties. For example, the maximum firing frequency decreased by 23% in P12 rats
exposed to FSs, relative to age-matched control rats. Additionally, we noticed that firing frequency adaptation was significantly
less pronounced in P12 rats that underwent FSs, compared to control rats of the same age. Seizure-induced alterations in firing
characteristics were absent in P21 rats. No significant variations in fEPSP or FV amplitudes were found among the different
groups of P12 and P55 rats at different current intensities. However, a significant increase in FV amplitudes and decrease in
neuronal input-output (I/0) relationships between fEPSP and FV amplitudes were observed in P21 rats following FSs. At P12,
short-term synaptic plasticity was disrupted, evidenced by a significant increase in PPR in rats two days post-FS. However, at
P21 and P55, experimental and control groups were not significantly different. MEST test displayed a significant rise in the hind
limb extension threshold in rats two months following FS as compared to control animals.

Overall, these findings suggest alterations in neuronal excitability after prolonged FS. Two days after FS, neuronal
excitability transiently decreased while PPR increased, indicating a decrease in the probability of presynaptic glutamate
release in hippocampal neurons. The efficiency of synaptic neurotransmission in CA3-CA1 was reduced in three-week-
old animals. Additionally, the MEST test demonstrated that rats, two months following FS, exhibited a higher hind limb
extension threshold in comparison to control animals.

Keywords: febrile seizures; hippocampus; field postsynaptic potential; excitatory postsynaptic potential; maximal
electroshock seizure threshold test.
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