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AHHOTALMA

N3BecTHo, 4To B npouecce GopMUPOBaHUA MAMATU O HOBOM OMbITE Y ¥KUBOTHOrO aKTUBMPYIOTCA HEMPOHBI BO MHOTMX 06-
nactax Mo3ra. B yacTtHocTu, akTuBMpyloTcA HelpoHbl obnactu CA1 runnokamna npu ¢opMyUpoBaHWK NMaMATU O HOBOW 06-
cTaHoBke [1]. OOHaKo He BMOJHE ACHO, KaK U3MEHAETCA aKTMBHOCTb HelpoHoB obnactu CA1 npu dopMupoBaHUM U U3-
BreyeHnn namaTu. Kpome Toro, ocTaércs BONPOC, Kakue M3MEHEHUA B aKTUBHOCTM HEMPOHOB HabMIOAAIOTCA Y MMBOTHBIX
MOXKMNoro Bo3pacta npy GOpPMUPOBaHWM MAMATH, a TaKKe NMpU e€ U3BNEYEHUMN.

B Hawwew paboTe Mbl UCCrie0BaNM U3MEHEHMA KanbLMeBOW aKTUBHOCTU HeMpoHOB 06i1acTi CA1 runnokamna npu ¢popmu-
POBaHWM 1 U3BNEYEHWUWN accOLMATUBHON NaMATU 06 06CTaHOBKe B MOLENM YCUNEHWA NaMATU NpeJobyyeHneM y MONOAbIX
W MOMUIIBIX MBILLEN.

Pervcrpauuio KanbLyeBoi akTUBHOCTU OTAENbHbIX HEMPOHOB MPOBOAMIN C MOMOLLbI0 MUHMATIOPHOT0 MUKPOCKONa (MUHM-
CKoMa), MO3BOJAIOLLEr0 ONTUYECKM JETEKTMPOBaTh aKTVBHbIE HEMPOHbI 6rarofapA GayopecLeHLMM KanbLMeBOro CEHCopa.
[nA 3Toro MbilwaM NpoBoAMIM CTEPEOTaKCUYECKYI0 OMepaLmio, B paMKax KOTOPOM BBOAMAM KamnbLMEBbIA (IyopecLieHT-
Hbl ceHcop NCaMP7 B obnactb CA1 runnokamna [2]. 3aTeM B uccnegyemyio obnacts B#uBnAaM GRIN-nuH3y guametpom
0,5 MM, a Ha ronoBe MbILUKM YCTaHaBAMBaNW KpenaeHua QA MUHUCKOMA. IKCMEPUMMEHT NPOBOAWUMM Yepe3 Hefento nocne
onepauuu. B nepBbifi feHb BbINOAHANM Npoueaypy npefobyyeHnA: Mbillei NoMeLLanu B HOBYID 06CTAHOBKY A1 3HaKOM-
CTBa C HEM B TeYEHWe 5 MUH, B pe3yfbTaTe Yero Y Mblllei 6bi10 cGopMMPOBaHO NPOCTPAHCTBEHHOE NpeLcTaBnieHue 06 06-
CTaHOBKe. Yepe3 TpW [HA MblILLeN KpaTKOBPEMEHHO MOMeELLanu B Ty e 06CTaHOBKY M HEMEAIEHHO HAaHOCUMM 3MEKTPO-
KoHoe pasgparkeHue (3KP) cunoi Toka 1,5 MA B TeyeHue 2 c. TakuM 06pa3oM, chopMUpoBaHHOE paHee NpefcTaBeHne
06 06CTaHOBKe HbINO acCOLMMPOBAHO C COCTOAHWMEM CTPaXxa HUBOTHOr0. TeCTMpOBaHMe accoLMaTUBHOM NaMATU NPOBOAUNM
yepes TpM OHA nocne HaHeceHuA IKP: Mbillel nomeLLany B Ty e 06CTaHOBKY Ha 5 MUWH.

Mepoii chopMMpOBaHHOW accoLMaTMBHOWM NaMATU Y MbllLei ABAANCA YPOBEHb MX 3aMMpaHuA B obcTaHoBKe. Monofbie
MbILUM [EMOHCTPMPOBANMN HU3KUWA YPOBEHb 3aMMPaHWiA B MepBbIi AeHb MOCELeHNA KOHTeKCTa. HU3KUI ypoBeHb 3aMu-
PaHWI Mbl TaKkKe Habnloganu y NoXMbIX MblLLel B NepBbIl AeHb 3KcnepuMeHTa. Mpu 3ToM npy u3BneveHnn chopmmpo-
BaHHOW paHee MaMATU 3HAYMMO BbIPOC YPOBEHb ANUTENILHOCTM 3aMUPaHWN Y MOMWUIbIX MBbILLEN B CPABHEHWUM C NEPBLIM
LHEM. 3T0 FOBOPMUT O TOM, YTO KMBOTHbIE 3TOW rpynmnbl cHOpMUPOBANM accoumaTmBHYyI0 NamATb 06 obcTaHoBKe. [nA aHa-
NIN3a U3MEHEHWA KaNbLMEBON aKTUBHOCTM NpY (OPMUPOBAHUM U U3BNEYEHUM MAMATU Mbl OLLEHMBANIN M3MEHEHWE YPOBHSA
HEMPOHHOM aKTMBHOCTM B KaxKOM OTAENbHOM aKTe 3aMMPaHWUA HUBOTHOMO. KanbLmeBas aKTMBHOCTb OTHEMbHBIX HEMpo-
HoB obnactu CA1 6bina 3aperMctpypoBaHa npy NepeoM MOCELLEHUM 0BCTAHOBKM U NpU U3BIEYEHWUM NaMATW. Y Karmoown
MbILLIM 3aperMcTpupoBanu okono 20 HepoHOB B ABYX MCCNeAYeMbIX Fpynnax B ABYX CECCUAX 3KcmepuMeHTa. [lpy atom
Mbl He 06HapyKM/M 3HAUYMMbIX U3MEHEHUIM B YMCTIE aKTUBHBIX HEMPOHOB Y MOSOAbIX U MOMMIBLIX HKMUBOTHBIX B MOMEHTbI X
3aMUpaHuii B 06CTaHOBKe.

MonyyeHHble pe3ynbTaThbl YKa3biBalOT Ha TO, YTO NpoLecchl GOPMUPOBAHMA M U3BNEYEHWUA acCOLMATUBHOM NaMATU He Npo-
ABNAIOTCA B U3MEHEHUM YMCNA AKTUBHBIX KNETOK B MOMEHT 3aMMpPaHUA HMBOTHOr0. Bo3MorkHO, nccnegyemble npoLecchl
(GOpPMMPOBaHUA M MU3BNEYEHUA NAaMATM OTPAMKAlOTCA B MHBIX (OpPMaX aKTMBHOCTU MO3ra, TaKUX KaK KOFHWUTMBHbIE KapThbl
06CTaHOBKM, NpeAcTaBnAoLLMe COH0I CETb KOrHUTUBHO-CMELMANU3MpOBaHHbIX HEMPOHOB (Nonew MecTa).
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ABSTRACT

It is widely understood that when forming memories of new experiences, neurons in multiple areas of the brain become
active. Specifically, during memory formation when an animal first observes a new context, neurons within the CA1 region
of the hippocampus are activated [1]. Nevertheless, it remains unclear how the activity of CA1 neurons evolves during
memory formation and recall. In addition, we do not know how neuronal activity changes during memory formation and
recall in aged animals.

In our study, we examined alterations in calcium activity among hippocampal CA1 neurons while forming and retrieving
associative memory of the context model of context preexposure facilitation effect in young and aged mice.

Calcium activity of individual neurons was recorded using a miniature microscope (miniscope) that enables optical
detection of active neurons via the fluorescence of the calcium sensor. For this purpose, the mice underwent
stereotactic surgery. The calcium fluorescent sensor NCaMP7 was injected into the CA1 area of the hippocampus [2].
A 0.5-mm-diameter GRIN lens was implanted in the area of study, and miniscope mounts were affixed to the mouse’s
head. One week following the surgical procedure, the experiment was conducted. Pretraining entailed a 5-minute free
exploration in a novel environment on the initial day. This facilitated the development of a spatial perception of the
context by the mice. Three days later, the mice were briefly placed in the same context and received a footshock of 2 s
(1.5 mA) immediately. This associated the previously formed perception of the context with the animal’s state of fear.
Three days after the shock application, we tested the mice’s associative memory by placing them in the same context
for 5 min.

The level of freezing behavior in a given context served as a measure of associative memory formation. Young mice
displayed minimal freezing on their initial visit to the context. Similarly, on the first day of the experiment, we observed
low freezing levels in older mice. However, compared to the initial day, the retrieval of a previously formed memory
notably increased the level of freezing in older mice, indicating the formation of an associative memory for the context.
To investigate alterations in calcium activity during memory formation and retrieval, we evaluated the degree
of neuronal activity during each animal’s freezing behavior. The calcium activity of individual neurons in the CAT
area was recorded during the initial exposure to the environment as well as during memory retrieval. Approximately
20 neurons were recorded in two sessions of the experiment for each mouse in both groups under investigation.
However, no significant alterations were observed in the quantity of active neurons in young and old animals upon their
immersion into the environment.

The findings suggest that changes in the number of active cells during animal freezing behavior are not indicative
of associative memory formation and retrieval. It is possible that the processes of memory formation and retrieval studied
in this experiment are reflected in other forms of brain activity, like the cognitive maps of the context, which are represented
by a network of specialized neurons (place fields).
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