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AHHOTALMA

lMamATb — onpegensioLLee CBOWCTBO KOTHUTMBHBIX cUCTeM. KrioueBasa ¢yHKUMA NaMATH, OCYLLECTBAAEMas MO3roM Ye-
7I0BEKA M MMBOTHBIX, — BO3MOXHOCTb C O[JHOrO pas3a W HafoNro, HepedKo Ha BCIO KU3Hb, 3aMOMUHATL PefeBaHTHbIE
cobbITUA, He HapyLasA [aHHbIA NaMATHBIN cnef 0bydeHVeM B Apyrux 3afadvax. BoiAiBneHne MexaHM3MOoB TaKoW JoNroBpe-
MEHHOM NaMATK ABNIAETCA 0QHON U3 KNIOYEBbIX HEPELLEHHBIX 3afay HermpoHayKu. OQHaKo HaJEHHOW IKCNepUMeHTabHOM
MOZENM OHOKPATHOM MOMMU3HEHHON NaMATU Y NabopaTopHbIX UBOTHBIX, MO3BONAKLLEN UCCNEA0BaTh NEXallye B e€ oc-
HOBE HEMPOBMONOrMYecKMe MexaHU3Mbl, 0 CUX Nop pa3paboTaHo He 6bbino. Mbl MPeANONOMXKMAM, YTO TaKas MOAENb MO-
KeT ObiTb CO3[jaHa Ha OCHOBE KMBOTHOWM MOAENM MOCTTpaBMaTMyecKoro cTpeccoBoro pacctpoictsa ([TCP) [1]. B Mogenu
Ha Mbiwax MTCP MHAyuMpyloT HaHeCEHWEM CUIBHOMO 3NEKTPOKOMKHOI0 pasgpamenna nan (IKP), BcnefcTere Yero Mbiwin
(GOopMMpYIOT YCTOMUMBYIO K yralleHWo NaMATb 0 TPaBMe, COMPOBOXKAIOLLYIOCA NEPECTPOMKaMU B NOBEEHWUM, KOTOpble HO-
CAT JONroBpeMeHHbIN xapakTtep [1]. Mbl npegnonoxumnu, 4to nofobHana Modesb MOXKET CTaTb OCHOBOW [NIA UCCe0BaHWA
MEXaHM3MOB, NIEXaLLMX B OCHOBE YCTOMYMBOW [0NITOBPEMEHHOMN NaMATM.

OCHOBHbIM apryMeHTOM B Nofib3y mMcnonb3oBaHua mogenu MTCP Kak Mogenu Tako [ONroBpeMeHHOW NaMATU ABNAETCA
MOBbILLIEHHAA YCTOMYMBOCTb TPABMATMUECKOW NaMATK MO CPABHEHMIO C 06bIYHOI aBEPCMBHOM NaMATbIO [2]. B KavecTBe MH-
CTPYMeHTa [N1A OLEHKM YCTOMYMBOCTM NaMATU MOrYT BbITb MCMONb30BaHbl aMHECTUYECKME areHTbl, Tak1e Kak 6aoKaTopbl
cuHTe3a benka, B CBA3M C TeM, 4T0 cuHTe3 benika HeobXoauM [LNIA KOHCONMAAUMM [onroBpeMeHHow namaAty [3]. Takke
bbIno NoKa3aHo, YTo BBeAeHWe b6roKaTopa CUHTe3a benka MbiluaM nepef TpaBMaTUYECKUM OMbITOM HapyLUaeT y HUX pas-
sutue [1TCP B Mogenu nHayKLMM paccTpoicTBa Npy NpegbABNEHUM 3amnaxa XMLHMKa [4]. 0gHaKo HEM3BECTHO, KaK BNUAET
HapyLLeHVe TpaBMaTMyecKou naMATu Ha passutue [TCP npu HaHeceHun cunbHoro IKP 1 yTo NpomcxoguT ¢ NaMATbIo
B [0/ITOCPOYHOM MEPCMEKTBE — COXPaHAETCA IV HapyLUeHWe, HanpuMep, CNYCTA MeCAL, Nocsie BO3OeNCTBUA.

YunTbiBaA Hannume cTaguM KOHCONMAALMK, 3aBUCUMOW OT CUHTe3a benka, npy (popMMpOBaHUM TpaBMaTUYECKOW NaMATH,
1 NepecTpoeK CUCTeMbl CTPECCOPHOro 0TBeTa, conpoBorpatowwmx MTCP, Siegmund n Wotjak [1] npeanounm oByxxoMm-
MOHEHTHYI0 TMNoTe3y MHAOyKUMK pacctporcTea. CornacHo atom runotese, ¢popmuposanHue [TCP BknovaeT accoumatve-
HbI KOMMOHEHT — MaMATb 06 06CTaHOBKe COBLITUSA, U HEACCOLMATUBHBIA — CEHCUTM3aLMI0 CUCTEMBI OTBETA Ha CTpecc,
KOTOpble B3aUMHO yCUAMBAlOT Apyr opyra. KpoMe Toro, M3BecTHO, Y4T0 GOpPMMPOBaHME HOPMaNbHOM aBEPCMBHOM MaMATK
HapyLLaeTcA, ecnn npu 06y4eHUM HUBOTHbIE NOMY4alOT HEMEIEHHOe aBePCUBHOE pPa3fparKeHune, He MMeA TakuM obpasoM
BpeMeHu 51A popMMpoBaHUA 06CTaHOBOYHOM NaMATK [5]. YunTbiBanA BbilLecKa3aHHOE, Mbl MPeanooXmMiK, YTo pasgene-
HWe BO BPEMEHM [1BYX KOMMOHEHTOB TPaBMaTUUECKOro OMbITa, 3KCMO3MLMM B 06CTaHOBKe TPaBMbl U CaMOro TpaBMaTuye-
CKOr0 BO3JEMCTBMA, MOMET NPUBECTU K HapyLleHmto passutumsa MTCP.

LUenb uccnepoBaHuA. 3KCnepUMeHTaNbHOE MOLENMPOBAHUE U U3Y4eHWE HEMPOBMONOrMYECKMX MeXaHU3MOB (opMu-
poBaHMA 0c060 YCTOMYMBOW [0/IrOBPEMEHHOM MaMATM MOCKe OJHOKPATHOro 06yyeHMs Yy B3POC/bIX Mbllweil. B pabote
Mbl 0XapaKTep130Bany NoBeJeHYECKUE MOKa3aTenu HMBOTHBIX Yepe3 pasHble Mepuoabl BPEMEHU Nocrne TpaBMaTUYecKoro
WY aBEPCMBHOTO OMbITa, @ TaKKe OLEHWN YCTOMYMBOCTb TPAaBMATUUECKOWM U HOPMaNbHOW aBepCUMBHOW NaMATK npu bno-
Kage cuHTe3a benka B Mo3re. KpoMe Toro, Mbl McciefoBany BO3MOXKHOCTb GOPMUPOBaHWUA [0NITOBPEMEHHOMN TpaBMaTU-
UECKOW NaMATM Y MbILLEN Noc/e HaHeceHWA UM cunbHoro 3KP B npeBapuTeNibHO HE3aNOMHEHHOW 06CTAHOBKE, a TaKKe
Mpw paccTaBieHnn BO BpeMeHU GopMMpoBaHUA NaMATK 06 06CTaHOBKE M TPaBMaTUYECKOr0 BO3LENCTBUA.

B pabote ncnonb3oBanu camuoB Mbilwm nuHum C57BL/6 B Bo3pacte 3—4 MecAua u 15-18 MecALeB (B IKcnepUMeHTe Ha no-
WUMbIX MbIwax). v uHaykumm MTCP *1BOTHBIX NOMeLLany B KamMepy ¢ 31eKTpMmMLMpoBaHHbIM nosioM 1 vepe3 170 ¢ noa-
Bepranu TpaBMaTMyecKoMy onbITy (3 yaapa TokoM, cunor 1,5 MA, onutensHocTbio 10 ¢) 3aTeM ocTaBnsanm B Kamepe Ha 60 c.
[na dopMmpoBaHMs HOPManbHOW aBepPCMBHOM NaMATK HaHocuiM 3KP yMepeHHOM MHTEHCMBHOCTM (1 yaap TOKOM, cunoi
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1,0 MA, onuTenbHOCTBLIO 2 ¢), KOTOpoe NPUMBOAMT K GOPMUPOBAHMIO YCNOBHOIO pedniekca 3amupanua (YP3). [dna tectupo-
BaHWA CHOPMMPOBAHHON MAMATU KMBOTHBIX BHOBb MOMeELLANM B OCTAHOBKY 00y4eHMA yepe3 7 aHel. [na TecTMpoBaHuA
MoBeIEHYECKON CeHCMTU3aumK, conpoBoxpaalolen passutue [TCP, — B HOBYI0O HE3HAKOMYI0 OCTAHOBKY, HE MOXOMYI0
Ha 06CTaHOBKY 00yYeHUA, Ie HUBOTHBIM NPeabABNANN HE3HAKOMbIN 3BYK B HOPME HE Bbi3bIBAIOLLMIA 3aMUPaAHMUA Y Mbl-
Len. [1nA OLEHKM CTemneHn reHepanmu3aLmm cTpaxa, eweé ogHoro TunuyHoro cumnroma MTCP, Mbllweit noMelLany B obcTa-
HOBKY, HaNOMMHaloLLYl0 06CTaHOBKY 06y4eHMA. KpoMe Toro, B HEKOTOPBIX 3KCMEPUMEHTaX JOMONHUTENBHO UCMOMb30BaNu
6e3onacHyio AnA HMBOTHbIX 06CTAHOBKY. YPOBEHb CTPaxa MMBOTHbIX OLEHUBANW MO A/IMTENbHOCTY 3NU30A0B 3aMUPaHUA.
YpoBeHb TPEBOMHOCTU OLEHMBANM B KNACCUHECKOM TECTE «MPUNOAHATLIA KpecToobpasHbii nabupuHTs (MKJT).

B pamKax pa3paboTki MoZenu NoKU3HEHHON NaMATU Mbl CPaBHUBaNV NOBEAEHYECKME MOKA3aTeNIN MUBOTHbIX, 06yYeHHbIX
B Mogenu MTCP (rpynna MTCP), napagurmel YP3 (rpynna YP3) v rpynnbl aktuBHoro KoHTpona (AK), MBOTHbIE KOTOpOU
He MonyyYanu aBepcMBHOIO BO3AEMCTBUA B 0OCTaHOBKe 3KCMEpUMeHTa, cnycta 7 gHew, 1 v 3 Mecsua nocne obyyeHus.
Mocne uHayKumm MTCP MbIluM AeMOHCTPMPOBanK NOBLILIEHHBIA YPOBEHb CTpaxa A0 3 MecALEB W MOBbILLIEHHbIA YPOBEHb
CEHCUTU3ALMM U FeHepanusaumu cTpaxa yepes 7 gHen nocne Bo34enCTBMA No cpaBHeHuio ¢ rpynnamm YP3 n AK. Kpome
Toro, AnA rpynnbl [ITCP 6bin xapakTepeH 6onee BbICOKWY ypoBeHb 3aMMpaHUA [0 1 MecALa U CHUMKEHHOE KOJIMYEeCTBO 3a-
X0[0B B 3aKpbITble pykasa [KJ/T oo 3 MecALeB nocne MHAYKLMK No cpaBHeHuto ¢ rpynnamm YP3 u AK. 'pynna YP3 takxe
LEMOHCTPMpOBasa NoBbILIEHHBIV YPOBEHb CTpaxa B TeyeHUe 3 MecALEB B 06CTaHOBKe 06y4YeHWA N0 CpaBHEHMIO C Fpynnon
AK, oiHaKo AaHHbIN NoKa3aTesb He NpeBbILLan YpoBHA cTpaxa xapaktepHoro ana rpynnbl [TCP. MNonyyeHHble pesynbTatsl
M03BONAKT CAeNaTb BbIBOS 0 TOM, YTO accoumMaTuBHaA namATb, Gopmupytowanaca B Mogenu MTCP y Mbiwen, coxpaHsaeTca
B TEYEHME KaK MUHUMYM 3 MecALEB, TOra Kak 06bl4HaA aBepcvBHAA NaMATb K 3TOMY MOMEHTY yracaeT 1 cnabo MaHude-
CTMpyeTcA B noBefeHuW. Takum 0bpa3oM, npefBapuTenbHble pe3ynbTaTbl 4aloT 0CHOBaHWe nonaratb, 4To uHAyKumA MTCP
LENCTBUTENBHO MOET CNYMKUTb MOLENbI0 YCTOMYMBOW [ONTOBPEMEHHOM MaMATU Y NabopaTopHbIX HMBOTHBIX, B OTIMYME
oT napagurmbl YP3.

B cBA3n ¢ TeM, yto npu pa3paboTke MOLENM MOMM3HEHHOW MAMATM MpeamnoniaraeTcA NpoBefeHUe TECTUPOBAHWA ChyCTS
nojirofa v rog nocne o0byyeHums, TO ecTb Y [OCTaTOMHO MOMKMIILIX MBOTHbIX, BCTAET BOMPOC O TOM, KaK BNUSET CTapeHue
Ha (opMmMpoBaHue 1 xpaHeHue namatu B Mogenu MTCP n napagurme YP3. Ytobbl oxapakTepu3oBatb GopMMpoBaHMe TpaBMa-
TMYECKOM M aBEPCMBHOM MaMATU Y HUBOTHBIX NMPU CTapeHMM N1abopaTopHbIX MbILLen Mbl uccienoBanu gopmmposanue MTCP
1 YP3 y Mblwer BospactoM 15—18 MecAues. Y Mbiwwei rpynnbl [TTCP 6611 NoBbILLEH YpOBEHb CTPaxa B 06CTaHOBKE 06y4eHUs,
a TaKMKe MPOMCXOAMIO YCUNEHUE CTpaxa B HOBbIX 06CTaHOBKaX, N0 CPABHEHWIO C HUBOTHBIMU C 06bIYHOM aBEPCUMBHOM NaMA-
Thl0, @ TaKMKe NOBbILIEHUE YPOBHA TpeBOKHOCTU B TecTe KJT o cpaBHEHMIO C KOHTPOJIBHBIMM HUBOTHBIMU. TakuM 06pasoM,
Y MOMMUMbIX MbILLIEN MPOUCXOAMT OpMMpOBaHME TPaBMaTUYECKOM NaMATK U pa3BuTve cumntomoB [TTCP, yto no3sonseT npo-
BOAMTb TECTUPOBaHWe Npy pa3paboTke Mogenu JONrOBPEMEHHOM NaMATU Ha MO3[HUX CPOKAX HU3HU HUBOTHBIX.

[InA XapaKTepUCcTUKKN YCTOMYMBOCTM TPaBMaTUUECKOWM NaMATU Mbl UCMONb30BanyM 61oKaTop CMHTe3a benka — LIMKIOreK-
cumug (LUMM). Briokatop BBOAMAK BHyTpMbpIowuHHO 3a 30 MUHYT Ao uHayKumm MTCP unu obyyeHua B napagurme YP3
B gose 95 mr/kr (rpynnel MTCP-UIMM un YP3-LI'M). KoHTponbHble Fpynnbl ¥UBOTHBIX MOy4anu MHBEKLMIO dU3Monoru-
yeckoro pacteopa (®P; rpynnbl MITCP-OP n YP3-OP). Mpynna YP3-LI'M gemMoHcTpUpoBana CHUMKEHHbIN YpOBEHb CTpaxa
Mo CpaBHEHWIO C rpynnon, nonyuvsLierd MHbekumio OP cnycta 7 u 30 gHen mocne Bo3gencTBuA. Torga Kak MMBOTHblE
rpynnbl MTCP-LI'M nmenu Takom e ypoBeHb cTpaxa, Kak Mbiwm rpynnbl YP3-OP, 1 He feMOHCTPUPOBaNM MoBbILLEHHO-
ro YPOBHA CEHCUTM3aLMM WAW FeHepanu3aumu. TakuM obpa3oM, B 0TiMuMe OT 06bl4HOW aBEpCMBHOWM MaMATH, KoTopas
MOJHOCTbIO HapyLLaeTcA BBeeHMeM 6/i0KaTopa cMHTe3a benka npy 0byyeHum, TpaBMaTUYecKas NaMATb MOMKET ObITb NULLb
yacTuyHo ocnabneHa B pesynbrate 610Kaabl CUHTe3a 6enka B MOMEHT eé (popMMpOBaHMA, YTO rOBOPMT 0 eé 0coboi YCTON-
UMBOCTM K HapyLUaOLLMM BO3[ENCTBUAM.

[nA TecTMpoBaHMA runoTesbl 0 TOM, YTO MpYU GOPMMpOBaHUM ycToMuMBOM NamMATM B Mogenu [TCP uMeloT MecTo ABa
B3aMMOCBA3aHHbIX npouecca — (opMMpoBaHME 06CTaHOBOYHOM NaMATM UM MHAYKUMA HecneumuyecKux nepectpoex
CMCTEMbI CTPECCOPHOr0 OTBETA KaK peakuMA Ha caMO TpaBMaTW4YecKoe BO3AEMCTBUE — Mbl UCCNIe0BaNM BO3MOMKHOCTb
(GopMMpOBaHUA TpaBMaTUYECKOW MaMATU MPY OTCTaBNEHUM MO BPEMEHU 06CNefoBaHMA 06CTaHOBKM U HaHeceHua KP.
Kak npu paccTaBneHny Bo BPEMEHM 3KCMO3ULMM B 06CTaHOBKe M cubHOro IKP, TaK M npy NoNyYeHUM HUBOTHBIMM TOJIBKO
HeMeaneHHoro cunbHoro 3KP Mbllwm [eMOHCTpUpoBanu B 06CTaHOBKE 06y4eHWA TaKoM e YPOBEHb CTpaxa, KaK W MblLLK,
nonyuvsmne IKP ymepeHHoW cunbl ciiycTA 7 OHeW mocne Bo3dencTBuA. Kpome Toro, Npu paccTaBneHMM BO BpPEMEHM
3KCMO3MLMKN U TPaBMAaTMYECKOr0 BO3[EMCTBUA HUBOTHbIE HE Pa3BMBanM MOBLILLEHHOrO YPOBHA CTpaxa, CBOMCTBEHHOMO
AnA ®mBoTHbIX ¢ [TTCP, npu nonagaHum B He3HaKoMyl0 06CTaHOBKY, a TaKKe UMenu boiee HU3KMIA YpOBEHb TPEBOXKHOCTY.
TakuM 06pa3oM, Npu paccTaBneHUM Mo BPEMEHM NPeSsKCNO3ULMM B 0BCTAHOBKE M TPAaBMaTUMYECKOM0 BO3MEWUCTBUA, a TaK-
e NMpy HEMe[JIeHHOM TPaBMaTUYECKOM BO3OEMCTBUM Y MbllLei He HapyluaeTcA GOopMMpOBaHME acCoLMaTUBHOW aBep-
CMBHOM NaMATH, HO He npoucxoauT uHayKumu MTCP. CnefoBatenbHo, Hannumne cGpopMMpoBaHHOW 06CTaHOBOYHOM NaMATH
ABNAETCA He06X0AMMBbIM AnA GOpMMUPOBaHUA TpaBMaTMUUeCKoW nNaMATK 1 pa3uTuaA MTCP y Mbiwe.

V'a
ECOeVECTOR Avrticle can be used under the CC BY-NC-ND 40 International License
© Eco-Vector, 2023

743


https://creativecommons.org/licenses/by-nc-nd/4.0/

MATEPNAJTTE KOHOEPEHLIM TOM 8, N2 4, 2023 [eHBI 1 KNEeTHN
CONFERENCE PROCEEDINGS 18 (4) 2023 Genes & cells

Ha ocHoBe monydyeHHbIX HaMK pe3ynbTaToB Mbl CAENanM crefylolime BbiBOAbl. ABEpCMBHAA NaMATb UMEET TEHOEHLMIO
K yracaHuio cO BpeMeHeM, TOra Kak TpaBMaTU4ecKan MaMATb OCTAeTCA YCTOMYMBOM MO KpalHeln Mepe cnycta 3 mecAua
nocne UHAyKumm, yto aenaet MNTCP nogxoaswen KaHamgaTHoM nabopaTopHoW MoLenbio 0co60 YCTOMYMBON [ONTOBpPeMeH-
HOM NaMmATU. Y noxunbix Mblwen (15-18 mecaues) B Mogenn uHayKumm MTCP nponcxoduT TaKoe e, Kak U Y MoNodblX
¥UBOTHBIX (3—4 MecAua), dopMUpoBaHWe TpaBMaTUYecKoM NamMATW U passutue cumntomos MTCP. Ona passutua MTCP
Yy MblLLel HeobXx0AMMO coBrafeH e No BpeMeHu GopMMUPOBaHMA NaMsATH 06 06CTaHOBKE, B KOTOPOI NMPOM30LLIO NOAYYEHME
TpaBMbl ¥ CaMOr0 TPaBMMPYIOLLEr0 BO3AENCTBUA.

KnioueBble cnoBa: nocTTpaBMaTUYecKoe CTPECCOBOE PacCTpOMCTBO; 06CTaHOBOYHAA MaMATb; aBepCMBHaA MaMATb;
[0/ OBPEMEHHas NaMATb; MOLeNb Ha HUBOTHbIX; YCNIOBHO-PedIeKTOPHOE 3aMUpaHue; 610Kaaa CUHTe3a beslka; LIMKIo-
reKcuMua.

Kak uutuposatb:
3amopuHa T.A., Toponosa K.A., MeatwkuHa 0./., AHoxuH K.B. ®opMurpoBaHme 0cob0 yCTOMYMBOM [0ONTOBPEMEHHOI NaMATW B MOZENN NOCTTPABMATUHECKOTO
CTPECCOBOr0 paccTpoicTaa y Mblluieid // Fenbl v knetku. 2023. T. 18, N 4. C. 742-747. DOI: https://doi.org/10.17816/gc623279

AO0MOJIHUTE/IbHAA UHOOPMALIUA

WUcTouHuk puHaHcupoBaHua. VicciiejoBaHMe BINOHEHO NPV NOAAEPHKKe MeramcumMnIMHapHo Hay4Ho-06pa3oBaTeslbHOM
LUKonbl MOCKOBCKOro yHUBepcuTeTa «Mo3r, KOrHUTVIBHbIE CUCTEMBI, MCKYCCTBEHHBIA MHTENNEKT», rpaHTa POOU N° 20-015-
00427, a Takke Herommepyeckoro MoHaa passuTHA HayKm v 06pa3oBaHuA «HTenneKT.

CMUCOK JIUTEPATYPbI

1. Siegmund A., Wotjak C.T. A mouse model of posttraumatic stress disorder that distinguishes between conditioned and sensitised fear //
Journal of Psychiatric Research. 2007. Vol. 41, N 10. P. 848-860. doi: 10.1016/j.jpsychires.2006.07.017

2. Milad MR, Orr S.P., Lasko N.B., et al. Presence and acquired origin of reduced recall for fear extinction in PTSD: results of a twin study //
Journal of Psychiatric Research. 2008. Vol. 42, N 7. P. 515-520. doi: 10.1016/j.jpsychires.2008.01.017

3. Kwapis J.L., Jarome T.J., Schiff J.C., Helmstetter F.J. Memory consolidation in both trace and delay fear conditioning is disrupt-
ed by intra-amygdala infusion of the protein synthesis inhibitor anisomycin // Learning & Memory. 2011. Vol. 18, N 11. P. 728-732.
doi: 10.1101/lm.023945.111

4. Kozlovsky N., Kaplan Z., Zohar J., et al. Protein synthesis inhibition before or after stress exposure results in divergent endocrine and
BDNF responses disassociated from behavioral responses // Depression and Anxiety. 2008. Vol. 25, N 5. P. E24-E34. doi: 10.1002/da.20366
5. Rudy JW., Huff N.C,, Matus-Amat P. Understanding contextual fear conditioning: insights from a two-process model // Neuroscience
& Biobehavioral Reviews. 2004. Vol. 28, N 7. P. 675-685. doi: 10.1016/j.neubiorev.2004.09.004

KOHTAKTHAA UHOOPMALIUA

*T.A. 3amopwHa; afpec: Poceuiickan Oepepaumn, 119234, Mockea, yn. JleHuHckme ropsl, 4. 1, cTp. 12; e-mail: motorina1814@mail.ru

&
ECO®VECTOR Article can be used under the CC BY-NC-ND 40 International License
© Eco-Vector, 2023

744


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/gc623279
https://doi.org/10.1016/j.jpsychires.2006.07.017
https://doi.org/10.1016/j.jpsychires.2008.01.017
https://doi.org/10.1101/lm.023945.111
https://doi.org/10.1002/da.20366
https://doi.org/10.1016/j.neubiorev.2004.09.004
mailto:motorina1814@mail.ru

MATEPNAJTTE KOHOEPEHLIM Tom 18, N\e 4, 2073 [eHBI 1 KNEeTHN
CONFERENCE PROCEEDINGS Vol 18 (4) 2023 Genes & cells
745

DOI: https://doi.org/10.17816/gc623279

Highly stable long-term memory in a mouse model
of post-traumatic stress disorder

T.A. Zamorina'*, K.A. Toropova', 0.l. Ivashkina', K.V. Anokhin'-2

! Lomonosov Moscow State University, Moscow, Russian Federation;
2 Institute of Normal Physiology named after P.K. Anokhin, Moscow, Russian Federation, Moscow, Russian Federation

ABSTRACT

The retention of information represents a defining trait of cognitive systems. The primary function of an organism’s memory
is to retain engrams of unique experiences for extended periods, without interrupting memory trace during new learning
processes. One of the cardinal unsolved issues in neuroscience lies in unveiling the mechanisms responsible for long-term
memory. Despite this, a trustworthy experimental animal model for single-trial long-term memory remains undeveloped. To
address this challenge, we aimed to create an animal model to study lifelong memory formation with a single trial. We used
a mouse model of post-traumatic stress disorder (PTSD) for this purpose [1]. In this model, mice exposed to a powerful
electrical foot shock develop highly persistent traumatic memories, which results in long-term behavioral changes [1]. Our
hypothesis was that this model could uncover the mechanisms related to lifelong memory.

The primary rationale for adopting the PTSD model as a model of lifelong memory pertains to the heightened durability
of traumatic memories in comparison to conventional aversive memories [2]. Protein synthesis inhibitors, which are needed
for long-term memory consolidation, can be used as amnesic agents to evaluate memory stability [3]. In a PTSD model using
predator scent, the administration of a protein synthesis blocker prior to a traumatic experience disrupts the development
of PTSD in mice [4]. However, it remains unclear how traumatic memory impairment affects PTSD development in
the footshock model and whether the impairment persists long-term.

Based on the evidence that the formation of PTSD necessitates the consolidation of associative memory, which is reliant
on protein synthesis and coincides with changes in the stress response system, Siegmund and Watzhek [1] present
a two-part proposal concerning the onset of PTSD. The two-part hypothesis regarding PTSD posits that PTSD formation
involves sensory conditioning and sensitization processes that mutually reinforce one another. In line with this theorem, we
considered the effects of studying context and exposure timing on the development of post-traumatic stress disorder, as it
could potentially interfere with sensory conditioning formation [5].

The aim of this study is to create an experimental approach for developing enduring long-term memory through a single
trial event on adult mice. We methodically analyzed behavioral expressions and the endurance of normal and traumatic fear
memory, as well as their sensitivity to protein synthesis inhibition. Additionally, we investigated the effects of separating
the timing of the associative and aversive elements of traumatic memory on PTSD development in a mouse model.

The experiment involved male C57Bl/6 mice, aged between 3-4 months and 15-18 months (for an investigation into aged
mice), which were placed in an electrified chamber. After 170 seconds, the mice experienced either one footshock (1.5 mA,
2 s) to elicit fear memory or three footshocks (1.5 mA, 10 s) for PTSD induction. After receiving the footshock, the mouse
was held in the chamber for 60 seconds before being returned to its home cage. A memory test was conducted seven days
later by placing the mice back in the same context. To assess the existence of standard PTSD symptoms, like sensitization
and generalization, the creatures were exposed to an unfamiliar context and an unexpected auditory stimulus, respectively.
In the experiment, animals were placed in unfamiliar or familiar safe contexts that differed from their previous ones. The
duration of freezing was measured to assess fear and evaluate memory retention, sensitization, and generalization. Anxiety
levels were evaluated using the elevated plus maze test.

In the process of constructing a highly stable long-term memory model, we evaluated the behavioral performance
of PTSD-induced (PTSD), fear-conditioned (FC), and active control (AC) groups of animals at 7 days, 1 month, and
3 months after exposure. As a result of PTSD induction, mice displayed increased fear levels for up to 3 months in
the training context, along with heightened fear sensitization and generalization at 7 days following exposure, relative to
the FC and AC groups. The PTSD group exhibited heightened freezing behavior within @ month and a decreased number
of entries to the closed arms during the initial three months following exposure when contrasted with the FC and AC
groups. We additionally noted that the FC group displayed raised fear levels in contrast to the control animals up to
3 months post-exposure, albeit lower in magnitude than that of the PTSD group. The FC group, similar to the PTSD
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group, showed increased sensitization and generalization compared to control animals at 1 week post-exposure, but
to a lesser extent than we observed in the PTSD group. The findings suggest that traumatic memory remains present
for a minimum of three months, whereas fear memory in the fear conditioning paradigm diminishes in intensity during
this time. Hence, PTSD induction effectively functions as an animal model of profoundly stable long-term memory, in
opposition to the fear conditioning paradigm.

As the high stable long-term memory model is designed for testing in senior animals, the impact of aging on traumatic
memory formation and storage becomes an important inquiry at six months and one year following exposure. We analyzed
the formation of both aversive and traumatic memory in mice aged 15-18 months, one week after footshock exposure.
In the study involving older mice, the PTSD group exhibited increased levels of fear memory and sensitization when compared
with both the FC and AC groups, in addition to displaying higher levels of generalization and anxiety when compared with
the AC group. Furthermore, mice that underwent rear-conditioning showed heightened levels of fear during learning, fear
sensitization, and generalization, although not anxiety. These findings demonstrate the formation of traumatic and aversive
memory in aged mice, indicating that conducting memory tests six months and a year after exposure is an appropriate
approach.

To evaluate the durability of traumatic and aversive memory, we administered a protein synthesis inhibitor called cycloheximide
(Chm) to interfere with memory formation. Mice were given a cycloheximide solution (95 mg/kg) via intraperitoneal injection
30 minutes before footshock (Chm-PTSD and Chm-FC groups) while control animals received a saline injection (Sal-PTSD,
Sal-FC). After training, the Chm-FC group displayed a decrease in freezing rate when compared to the saline-injected
group at the 7- and 30-day marks. The Chm-PTSD group exhibited fear levels comparable to those of the Sal-FC group in
the training context, and did not display sensitization or generalization of fear. These findings suggest that inhibiting protein
synthesis during memory formation resulted in complete amnesia for standard aversive memory and merely weakened
traumatic memory. As a result, only the associative component of traumatic memory remained intact, while nonspecific
symptoms of PTSD were absent. The strong resilience of memory in the PTSD model to severe disruptions, such as protein
synthesis blockade, also confirms its stability, which facilitates exploration of lifelong memory mechanisms in the PTSD
model.

To examine the timing effect of the associative and aversive component of PTSD development, we evaluated traumatic
memory formation when contextual memory formation was absent, and contextual exploration occurred three days before
shock cessation. A week after exposure to immediate and intense footshock, mice in the experimental group exhibited
lower levels of fear, reduced fear sensitization, and less anxiety compared to those in the PTSD-induced group. If an intense
foot shock was preceded by a contextual study three days earlier, the animals exhibited lower levels of fear in an unfamiliar,
safe context, and reduced anxiety compared to the mice induced with PTSD. In both cases, the fear level after the shock
cessation was identical to that of the mice who experienced an immediate, moderate shock. Based on our findings, we
concluded that aversive memory forms in the absence or prior formation of contextual memory in relation to traumatic
exposure. However, PTSD induction does not occur under such circumstances. This indicates that contextual memory needs
to be formed simultaneously with the traumatic event for the development of traumatic memory in the mouse model
of PTSD.

In summary, our findings indicate that aversive memory tends to fade over time, while traumatic memory remains stable
for a minimum of 3 months following its induction. Therefore, PTSD proves to be a fitting candidate laboratory model for
high, stable, and long-term memory. Aged mice aged between 15-18 months display the formation of traumatic memory
and experience PTSD symptoms in a manner similar to adult animals aged between 3—4 months in the PTSD model. For
the induction of PTSD in mice, contextual memory formation about the traumatic environment and the traumatic event
occurrence may coincide, which is crucial.

Keywords: post-traumatic stress disorder; fear memory; contextual memory; aversive memory; long-term memory; ani-
mal model; fear conditioning; protein synthesis blockade; cycloheximide.
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