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AHHOTALMA

HapaboTaH MHOrOMETHMIA OMbIT aHanM3a CUHANCOB M UX FXANBHOr0 OKPYXKEHWUS B HOpPME, B MPUPOLHBIX U 3KCTEPUMEH-
TaNbHbIX MOAENAX ¢pYHKLUMOHANBHOM NNAaCTUYHOCTM U pa3BUTUA NaTosorum Mo3ra. 0HaKo 60/bLIMHCTBO Takmx paboT npo-
BOJAT 3/1EKTPOOM3MON0rMYECKUMI METOAAMM B COMETAHWUM C (yOpECLIEHTHBIM MMUIMKWUHIOM, TOFAA KaK TOHKaA CTPYKTypa
CMHAMCOB M OKPYMAIOLLMX MX acTPOLMTApHbIX OTPOCTKOB HepaspeluMbl MeToAaMn CBETOBOM M [are OTAENbHbIMU Me-
TOAaMK 3MEKTPOHHOW MUMKPOCKoNWK. BBnAay cBOen TpyAOEMKOCTM MCCER0BAHMA IKCMIEPUMMEHTANbHOM NaTonorm Mos-
ra MetofaMu 06 EMHOM 3NEKTPOHHOWM MUKPOCKoMuKM [1] 10 HejaBHEro BpeMeHM ObiM CUNBHO OrpaHuyeHbl. BHeopeHue
aBTOMATM3MPOBaHHbIX MeTOLOB MOArOTOBKM 06pa3LoB M MX aHanM3a Ha 0CHOBE MALUMHHOMO 3PEHUA U UCKYCCTBEHHOMO
WHTENNEKTa 3HAYMTENIbHO 06MIeryaeT 3Ty 3agavy.

B paHHOM MccnefoBaHMM MeTo4aMmM NpOCBEYMBAIOLLEW SIEKTPOHHOW MUKPOCKONUK U 3D-peKoHCTpyKumiA B Str. radiatum
CA1 obnactu rnnokamna KpbIC B XPOHUYECKOW NIUTUIA-NNOKAPNMHOBOM MOAENMW 3NUAENCUM NOKA3aHO CHUMEHWE YMcna
CMHANCOB C YBENIMYEHNEM UX Pa3MepOoB HapAQY CO CHUKEHUEM acTpOLMTapPHOM M30NALMK aKTMBHBIX 30H. CoueTaHue Takux
(aKTOpOB, KaK CHUMKEHUE MIOTHOCTU FMaNbHOM M30NALMM YBENIMUYEHHBIX aKTUBHBIX 30H U, KaK cnefdcTBue, obneryeHue
Anddy3nm HEMPOTPAHCMMTTEPA K aKTUBHBIM CMHANCaM MOMKET OKasbiBaTb MyNIbTUMNIMKATUBHBIA 3GQEKT Ha pa3BuTHE 3NK-
NenTUOPMHOM aKTUBHOCTU U IKCAUTOTOKCUYHOCTY.

370 «ynpoLieHMe» acTpOLUTApPHOM CETW MpM 3SMUNENCUMM CXOOHO C TaKoBbIM B 2/3 Coe COMaTOCEHCOPHOM Kopbl M03ra,
no cpaBHeHWMIo co cnoeM 1. Mpu 3TOM U3BECTHO, YTO MUPAMMAHbIE HEMPOHbI €A 2/3 NOTEHLManbHO cnocobHbI K anunen-
TU(HOPMHOIM aKTUBHOCTM NPU CHUMKEHUM TOPMO3HOTO BIUAHWA cNoA 1, YTo MO3BOAET UCNOIb30BaTb CTPYKTYPHO-PYHKLMO-
HambHble 0C06EHHOCTM BEPXHUX CNIOEB KOPbI B KA4eCTBE NPUPOSHOM KIETOUHOM MOLENW pas3BUTUA 3MUNENCUU.

CHkeHne Ca’*-coBbITWIA B OTPOCTKAX acTpOLMTOB B IUTUI-MWIIOKApMIMHOBOM MOAENM 3MUIENCUN MOMET BbiTb CBA3AHO
C HU3Ko BydepHoit EMKOCTbIO MoHOB CaZ* rnagKoro sHgonnasMaTuyeckoro petukynyma (3MP) u/unm ¢ HapylweHneMm nepe-
a4 BonHbl Ca?* MOCPeICTBOM LLIE/IEBbIX KOHTAKTOB ME[y acTpOLMTapHLIMM OTPOCTKaMM. 1A aHann3a LenesbIX KoH-
TaKTOB HEOHX0AMMO BbICOKOE pa3peLLeHue, a AnA BU3yanu3aumum umuctepH rnagkoro 3P B nepucMHanTUyecKMx 0TpoCTKax
acTpoLMTOB — CreLmanbHble METOAbI €r0 BbIABMEHWA.

Mbl paspaboTanu opurmHanbHble MeTofbl OKpPacKM ragKkoro 3HA0MIA3MaTMYECKOro PeTUKYNyMa [2], YTo Mo3BoamMmo Konu-
YECTBEHHO OLLEHMTB LLiefIeBble KOHTaKTbI U uucTepHbl 3P B acTpoumTapHbix ceTax B 1 1 2/3 cnoAx coMaToceHCOpPHOM Kopbl.
Mnowaab LeneBbIX KOHTAKTOB B NepecyéTe Ha 06bEM acTpouuTa B cnoe 1 B 2 pasa mpeBbiluana 3Ha4yeHuA B coe 2/3.
3epKarnbHble 0THOLIEHWA BbiK nonyyeHbl anA 06bEMa rnagkoro 3MP: B cnoe 2/3 cyMMapHbIA 06BEM LUCTEPH PETURYAYMA
B Nnepecyéte Ha 06EM acTPoLMTapHbLIX OTPOCTKOB B TKAHW B 2 pa3a npesbllan 3HayeHus B cnoe 1 [3]. Mpy 3ToM B 3nu-
nencum Mbl HabniogaeM [BYKpaTHOE YBeNWYeHWe MAOLAAM OTAEbHOr0 acTpoLMUTApHOro LLENeBOro KOHTaKTa Ha doHe
CHUKEHWUA KanbLMeBbIX COBBITUN.

MonyyeHHble pe3ynbTaTbl NO3BOMAIOT NPeAnoNarath CyLIeCTBOBaHME B HopMe b6anaHca Mesay 6ydepom moHos Ca?* (rnapa-
KuM 3MP) U LieNeBbIMU KOHTAKTaMK, HapyLLEHWe KOTOPOro Morio 6bl cnocobcTBOBaTh PasBUTMIO CYLOPOHKHbIX COCTOAHMUN.
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Ultrastructure of neuron-glia interaction
in the norm and experimental pathology

E.A. Shishkova*, V.V. Rogachevsky

Institute of Cell Biophysics of the Russian Academy of Sciences, Federal research Center “Pushchino Scientific Center for Biological Research
of the Russian Academy of Sciences”, Pushchino, Russian Federation

ABSTRACT

Long-term experience was gained in analyzing synapses and their glial surroundings in normal, natural, and
experimental models of functional plasticity and brain pathology development. However, most studies in this area rely
on electrophysiological techniques combined with fluorescent imaging. Notably, fine synapse structure and astrocytic
processes cannot be resolved using light or some electron microscopy techniques. Studies on experimental brain
pathology using volume electron microscopy methods [1] were previously restricted due to their high labor intensity.
However, automated methods for sample preparation and analysis, using machine vision and artificial intelligence,
significantly simplified this task.

Using transmission electron microscopy methods and 3D reconstructions, this study examined the Str. radiatum CA1
hippocampal region of rat brains in a chronic lithium-pilocarpine model of epilepsy. The results indicate a decrease in
synaptic number along with an increase in their size and a reduction in astrocytic isolation of the active zones. A decrease
in glial ensheathment of enlarged active zones and facilitation of neurotransmitter diffusion to active synapses may have
a multiplicative effect on epileptiform activity growth and excitotoxicity.

The simplification of the astrocytes meshwork in the somatosensory cortex’s layer 2/3 is comparable to that of layer 1. This
decrease in layer 1's inhibitory action enables pyramidal neurons in layer 2/3 to potentially exhibit epileptiform activity. Thus,
the superficial cortical layers’ structural-functional aspects can be used as a natural cellular model in epilepsy development
studies.

Reduction of Ca’* events in astrocyte processes in lithium-pilocarpine induced epilepsy may result from the low buffer
capacity of Ca?* ions in the smooth endoplasmic reticulum (sER) and/or impaired Ca?* wave transmission through the gap
junctions between astrocytic processes. High resolution is necessary to analyze the gap junctions, and special methods are
required for sER visualization in perisynaptic astrocytic processes.

We developed original sER staining methods [2] to quantitatively evaluate gap junctions and sER cisternae within astrocytic
meshworks in layers 1 and 2/3 of the somatosensory cortex. In layer 1, the area of gap junctions in relation to the volume
of an astrocyte was twice as high as in layer 2/3. The proportion of SER volume differed between layer 1 and layer 2/3 tissues.
Specifically, the total sER cisternae volume in layer 2/3 was twice as high as in layer 1, relative to the volume of astrocytic
processes [3]. Additionally, a doubling of single astrocytic gap junction area concomitant with decreased calcium events
was observed.

The results suggest a normal balance between Ca?* stores (SER) and gap junctions, whose disruption may contribute to
the development of seizures.

Keywords: perisynaptic astrocytic processes; smooth endoplasmic reticulum; somatosensory cortex; hippocampus; epi-
lepsy; transmission electron microscopy; 3D reconstruction.
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