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MuHwmaTiopHas ¢nyopecLeHTHasA MUKPOCKONMUA — 3TO MeTof, KOTOPbI NO3BOIAET HeMpobMonoraM BU3yanu3npoBaThb
W PermcTpupoBaTh HEMPOHHYI0 aKTUBHOCTb ONpeAenéHHoM 06nacTi Mo3ra in vivo y cBo60AHO NepeBUraloLLMXCA KK -
BOTHbIX [1]. Micnonb3oBaHWe MUHUCKONA MOXKET CTaTb HOBLIM MOAXO0A0M K NOJTYYeHMI0 MAaCCUBHbIX [JaHHbIX 0 CTPYKTY-
pe, PYHKLMOHMPOBAHUM M OpraHM3aLMmn HEMPOHHOW CETU MHTEPeCYIOLLen CTPYKTYpbl Ha YpoBHe in vivo [2, 3]. TakuM
06pasoM, MMHUCKON MOXKHO 6bI10 6bl MCMONL30BaTh TaKMHKe 4N1A ONpPefeNeHnUs U3MEHEHWI, MPOUCXOAALLMX U3-3a Na-
TONOrMYECKMX COCTOAHWUM, TaKUX KaK NpUNagKu, HempogereHepaTuBHbIE 3a60/1eBaHNA Y KOTHUTUBHbIE MOCIEACTBHUA,
CBA3aHHble C NepeHeCcEHHOW BUPYCHOW MHOEKLUMeW, HanpuMep BUMpYcoM rpunna. [aHHble, NoAyYeHHbIe C MOMOLLbIO
MWUHUWATIOPHOM (yOpecLeHTHOM MUKPOCKOMNWUM, COAEpXaT MHAOPMALMI0 0 COTHAX OJHOBPEMEHHO 3aperucTpupo-
BaHHbIX HEMPOHOB C UX UCXOLHBIMU CBA3AMM U GYHKLMOHANBHBIMU CBOMCTBAMU. YT06LI MEPENTU OT KaueCTBEHHOIO
aHanM3a 3anucaHHbIX JaHHbIX K KONMYECTBEHHOMY, Halla rpynna pa3paboTtana Habop MHCTPYMEHTOB C OTKPLITbIM UC-
X0[OHbIM KogoM Minian [4]. OH npegocTaBnAeT BO3MOMKHOCTb MOJyYaTb CTAaTUCTUHECKME METPUKM M3 06paboTaHHbIN
3anucu, Nosly4eHHoM ¢ NOMOLLbI0 MUHMCKoNa. C NOMOLLb CaMOCTOATENBHO pa3paboTaHHOro MHCTPYMeHTapus B Te-
KyLLeM uccnefoBaHuy Bbino onpefeneHo COCTOSHUE HEMPOHHOM CETW B HOpManbHbIX ycnoBusx B TecTe «0TKpbiToe
none».

B TeKywieM uccnegoaHum 6bina npoeefeHa MHbeKUMA Bupyca AAV-GCaMPé6f B runnokamn 5-MecauHbIM OVKKUM Mbl-
wam nuuum B6SJL, v yepes 3 Hep Hap obnacTbio MHTEpeca (rMNnoKkaMnoM) bbina MMNNAHTMPOBaHa rpagueHTHan IMH3a
C nocnegytoLei ¢puKcaLmen onopHoW naowagkv. N3MeHeHMA ypoBHA KanbLuuA permcTpupoBanu ¢ nomollbio Minis-
cope V3 B Tecte «OTKpbITOE Mone». [nA KONWYECTBEHHOrO aHanM3a MOYYeHHbIX AAHHLIX 06 aKTMBHOCTWM HEMPOHOB
6bin paspaboTaH NporpaMMHbIV NaKeT, KaKk yxKe YNOMUHanoch Bhbilwe. B pesynbtate 6bino0 onpefeneHo, 4to B TeyeHne
HECKONbKUX AHeN Haubonee CTabUNbHBIMU CTATUCTUHYECKUMU METPUKaMM bbinn KoadduumeHT Koppenauum MupcoHa
ANA METOAa aKTUBHOMO COCTOAHMA (3HAaYeHUA Ko3dGULMEHTa KOpPPENALMU, KOTOPbIA OCHOBaH Ha BUHAPM30BaHHbIX AaH-
HbIX CErMeHTaUmMu aKTUBHOW $asbl) M ypoBEHb CETEBOM aKTUBHOCTM ([ONA MOAK/IYEHHBIX HEMPOHOB B 3aBUCMMOCTYU
OT YPOBHA, ONPefeNnsioLLero Hanuuve NoaKIYEHWA), KOTOPbIA ObIN NPAKTUYECKU HEM3MEHAEMBIM B TEYEHWE NATU AHel
3anucu. bonee Toro, Metog PCA, NpUMEHEHHBIN K PacCcUMTaHHBIM CTaTUCTUYECKUM METPMKaM, NMOKasa 04YeHb TECHYIO
B3aMMOCBA3b MEHAY KOOpPAUHATaMM, ONUCHIBAKOLLUMK aKTUBHOCTb HEMPOHHOM CETU MMMMNOKaMna B HOpMasbHbIX YCNo-
BUAX, B TEYEHUE NATM [JHEN TecTa.

Mbl npegnonaraeM, 4to MCMonb3oBaHWe METOAA MWHMATIOPHOM (AyopecLeHTHOM MWKPOCKOMUM NpU KOMYECTBEHHOM
aHanu3e MOXKET bbITb 0YeHb MONE3HbIM MHCTPYMEHTOM ANA BbIABNEHWA CABUrOB B HEMPOHHBIX CETAX B CNyyae Mporpec-
CMPOBaHWA HeWpoereHepaTMBHBIX 3a601eBaHUI, TaKMX Kak bonesHb AnburenMepa [5], a TakkKe BbIABIEHWUA BO3MOMKHbIX
M3MEHEHUI NOCNe HEBPOIOMUYECKMX OCNIOMKHEHNIA BUPYCHBIX UHPEKLMIA U T.4.
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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 bbina nofaeprkaHa rpaHToM Poccuiickoro HayyuHoro doxaa Ne 21-15-00051.
KoHnuKT uHTepecoB. ABTOPLI AEKNApUPYIOT OTCYTCTBIME ABHbIX M MOTEHUMAMbHBIX KOHDIMKTOB MHTEPECOB, CBA3aHHbIX C My6-
JIMKaLWen HaCTOALLIe CTaTbu.
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Analysis of the hippocampal neural network activity
in vivo by miniature fluorescence microscopy
in neurological pathologies
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ABSTRACT

Miniature fluorescent microscopy is a method that enables neurobiologists to visualize and record neuronal activity
of a specific brain region in vivo in freely moving mice [1]. The use of miniscope presents a novel approach for acquiring
extensive data on the structure, function, and organization of the neuronal network in the region of interest at the in vivo
level [2, 3]. In this way, the use of miniscope could also identify changes caused by pathological conditions, such as
seizures, neurodegenerative diseases, and neurological complications resulting from past viral infections, like influenza
virus. Data obtained through miniature fluorescent microscopy contains information on the functioning properties and
original connections of hundreds of simultaneously recorded neurons. Our group developed an open-source toolbox to move
from qualitative to quantitative analysis of recorded data, providing neurobiologists with statistical metrics from miniscope
processed recordings through “Minian” [4]. Neuronal network state was defined in open-field test conditions under normal
circumstances using a self-developed toolbox in the current study.

In this study, 5-month-old wild B6SJL mice were injected with AAV-GCaMPéf virus in the hippocampus. After 3 weeks,
a gradient lens was implanted over the hippocampus with baseplate fixation. Changes in calcium levels were measured
using Miniscope v3 in the “open field” test. A software package was created for quantitative analysis of the neuron activity
data. As a result, the study concluded that the most consistent data over the course of five days were the Pearson correlation
coefficient for the active spike method (based on binary results from active phase segmentation) and the network degree
level (the ratio of interconnected neurons depending on the presence of a connection). These measures displayed a high level
of stability throughout the recordings. Furthermore, the PCA method applied to the calculated statistics indicated a close
relationship between the coordinates that described the activity of the hippocampal neuronal network during the five-day
testing period.

The miniscope technique appears to be an effective tool for identifying shifts in neuronal networks during the progression
of neurodegenerative diseases, such as Alzheimer’s disease [5]. It may also aid in detecting possible changes following
neurological complications related to viral infections.
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