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AKTuBHOCTb HeupoHoB nonAa CA1 runnokamna Sheck

BO BpeMA GOpMUPOBAHUA U peaKTUBALMUK
aBepCUBHOU NaMATU Yy MblLLEeW in vivo

M.A. PowwuHa, M.B. PowwuH, A.A. bopoaunHosa, H.A. Acees, A.b. 3i03uHa*, [1.M. banabaH

WHCTUTYT BbICLUEN HEPBHOW AEATENbHOCTU U Helpoduanonorum Poccuiickoi akafeMum Hayk, Mockea, Poccuiickan Oepepauun

AHHOTALMA

Ha ceropHAWHMIA AeHb cyLlecTByeT 60NblUOe KONMMYECTBO paboT, A0KA3bIBAIOLMX, YTO [OPCAbHBIA MTMMMNOKaMN B LENOM
v none CA1 B YacTHOCTM UrpaloT KPUTUYECKYKD pofib B GOPMUPOBAHWK M peaKTMBaLMM NaMATM 06 onacHoi obcTaHOBKe
B 3afjaye YCnoBHO-pednexTopHoro 3amupanua [1-5]. Tpu atoM Bonpoc o TOM, KakuM 06pa3oM HeMpOoHbI AOPCanbHOro
rUnnoKamna BOBMEKAIOTCA B NpoLieypbl 00y4eHUs UM PeaKTUBaLMM NaMATU 06 0NacHOM KOHTEKCTe B 3afiaye YCNOBHO-
pedneKTOPHOr0 3aMMpaHunA, B HAaCTOALLEe BPEMA OCTAETCA MafIOM3yYeHHbBIM.

Llenb pabotbl. Wccneposats in vivo akTvBHOCTb HevipoHoB nonA CA1 runnokaMna y Mblled BO BpeMA 06y4eHuA u Te-
CTUPOBaHUA MaMATW B 3aja4e YCNOBHO-PePIEKTOPHOr0 3aMMpaHUA Ha 06CTaHOBKY. JKCMEPUMEHT NMPOBOAMAM Ha caMLax
Mbiwwen nuHumn C57BL/6 (N=4). [InA perncTpaumm akTMBHOCTM HeMpoHoB nonsa CA1 Mbl Mcnonb3oBany MUHMaTIOpHbIE dyo-
PeCLEeHTHbIE MMKPOCKOMbI — MMUHUCKOMbI. Mbl BBOAMNN BUPYCHBIN BEKTOP, HECYLLMI KanblLieBbli ceHcop GCaMPés B none
CA1 runnokamna, 3aTeM B Ty e obnacTb umnnaHTMpoBany GRIN-n1H3y, Kak 06bEKTUB AnA MUHUCKoNA. Mblwen obyyanu
3apjaye YCNoBHO-pe(IEKTOPHOM0 3aMUPaAHNA Ha 0HCTAHOBKY U PaccUMTbIBANIN ANUTENBHOCTb 3aMUPaHKA.

Mocne obyyeHMA MbILUM [AEMOHCTPUPOBANM [OCTOBEPHO 60MbLUYI0 AAMTENBHOCTL 3aMWMPaHWA, YTO CBMOETENbCTBOBANO
0 chopMMpoBaBLLENiCA aBepPCMBHOM NaMATM 06 obcTaHoBKe. Mpu 0byyeHnM cymMMapHo 6bin 3aperucTpupoBaH 591 akTuB-
HbI HerpoH (147,8+74,9 HelipoHOB Ha Mbiwb). Mpy TECTUPOBaHUM Mbl 3apPErMCTPUPOBANN HECKOSIbKO MeHbLUe Helpo-
HoB — 512 (128,0+40,6 HeMpoHOB Ha Mbilb). CpegHAA YacToTa KaNbLMEBLIX COOLITUIA 3a BCE BPeMA Ceccum 0bydeHus
coctaBuna 0,037+0,003 cobbiTnir/cerynay, Bo Bpems TectupoBaHus 0,042+0,015 cobbituid/ceryHay. Okono 46% ot Bcex
3aperucTpupoBaHHbIX HEMPOHOB ObINIO aKTMBHO Ha MPOTAMKEHUM BCEM NpoLeaypbl 06yveHuns. VHTepecHo, YTo cpeaHan Ya-
CTOTa KanbLueBbIX COBBITUI TaKWUX HEMPOHOB AOCTOBEPHO YBENWYMBANACh NOC/E HAHECEHWA MBbILLM 3NEKTPO-KOMKHOMO pas-
aparenus, ¢ 0,035+0,007 cobbituin/cerynamy go 0,086+0,013 cobbituii/ceryHay. C noMoLLblo npouedypbl Knactepu3auum
MeTodoM k-means Mbl MOKasanu, YTo OfHW HEVPOHbI YBENMYMBANM CBOK aKTMBHOCTbL nocne HaHecenua 3KP, a gpyrue
CHUMKanu; npu 3ToM TUN U3MEHEHWUA aKTUBHOCTU HE OKa3blBas BAMAHWUA Ha AaNbHEWLLYI0 AUHAMUKY aKTUBHOCTM HEMpOHa
BO BpeMA M3B/eYeHUs NaMATW. Mpn M3BNEYEHUM NaMATM NpU TECTUPOBAHUM Mbl Habniofanu peakTUBaLMI0 B CpegHeEM
30-40% HelpoHOB: Npy 3TOM BO BpeMA 3N130A0B 3aMUPaHMA YUCIO AKTUBHBIX HEMPOHOB 3aMETHO CHUXKANoCh, a BO BpeMs
3MM30[0B ABUMEHWA aKTUBMPOBANUCh NOYTH BCE 3aperMCTpMpOBaHHble HeVpoHbl. KpoMe Toro, cpeHAA YacToTa KanbLm-
€BbIX COObITMI PeaKTUBUPYIOLLMXCA HEMPOHOB He MeHANach 0T 06Y4YEHMA K TECTUPOBaHMIO.

TakvM 06pa3oM, Mbl MONTy4MIM HOBbIE JaHHbIE O TOM, KakMM 06pa3oM HerpoHbl nonA CA1 rnnokamna akTMBUPYIOTCA BO Bpe-
MA GOPMMPOBAHMA 1 U3BJIEYEHWUA NaMATU NpK 00y4eHWM B 3a[ja4e YCNOBHO-PEdIEKTOPHOMO 3aMUPaHNA Ha 06CTAHOBKY.
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Activity of hippocampal CA1 field neurons during
aversive memory formation and reactivation in mice
in vivo

M.A. Roshchina, M.V. Roshchin, A.A. Borodinova, N.A. Aseyev, A.B. Zuzina®,

P.M. Balaban

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

ABSTRACT

According to modern concepts, the dorsal hippocampus, specifically the CA1 field, plays a crucial role in the formation and
reactivation of contextual fear conditioning (CFC) memory [1-5]. However, the extent to which the neurons of the dorsal
hippocampus participate in CFC learning or memory reactivation remains poorly understood. The aim of this study was to
examine the in vivo activity of neurons in the hippocampal CA1 field during CFC memory training and testing. The study
conducted experimentations on male mice of the C57Bl/6 line (N=4). Miniature fluorescence microscopes, also known as
miniscopes, were used to monitor neuronal activity in the CA1 field. The CA1 field in the hippocampus was injected with an
AAV vector carrying the GCaMPés calcium sensor, and implanted with a GRIN lens in the same area as the miniscope lens.
The mice underwent CFC task training and the duration of freezing was then measured.

After the training session, the mice exhibited a notable increase in freezing duration, suggesting the formation of context
aversive memory. Throughout the training, a total of 591 active neurons were recorded (147.8+74.9 neurons per mouse), while
512 (128.0+40.6 neurons per mouse) neurons were recorded. The average frequency of calcium events per second during
the complete duration of training session was 0.037+0.003, while for the testing, it was 0.042+0.015 events/second. Around
46% of the registered neurons remained active throughout the complete training procedure. The mean frequency of calcium
events in these neurons surged considerably following the application of an electric shock (from 0.035+0.007 events/
sec to 0.086+0.013 events/sec). Using k-means clustering, certain neurons showed increased activity after electric shock
exposure, while others showed decreased activity. However, the type of activity change did not affect subsequent neuronal
dynamics during memory retrieval. During memory retrieval, we observed that an average of 30-40% of neurons were
reactivated. The number of active neurons notably decreased during episodes of freezing and almost all registered neurons
were activated during episodes of movement. The average frequency of calcium events in the reactivating neurons did not
change from the training to testing session.

Thus, new data was obtained on the activation of neurons in the hippocampal CA1 area during memory formation and
retrieval in CFC.
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