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BuHozpadosa Onbza CepzeeeHa
(1929 - 2001)

3acnyxkeHHblid nestenb Hayku PO mpod. O.C. Bunorpamosa Obuta OJHUM U3
HanOoJIee 3HAYUTENBHBIX MPEJCTABUTENCH POCCUNCKON KOTHUTUBHON HEHPOHAYKH.

C mepBbIX IIAroB HAay4yHOM Kapbhepbl €l NOCUACTIMBWIOCH paboTaTh IMOJ
PYKOBOJICTBOM BBIJAIONTUXCA YUeHBIX. OHA BBHITIOJHUIIA CBOM MEPBbIE MCCIIEIOBAHUS
M0 HEUPOTICUXOJOTUM W TICUXO(U3MOJIOTHU OPUEHTUPOBOYHOTO peduiekca Moj
pykoBoactBoM npodeccopoB A.P. Jlypus u E.H. Cokonosa. [lepBbie nccnemoBanus
no kiueroyHoi Qusuonoruun O.C. BuHorpasosa BBINOIHWIIA TOJ PYKOBOACTBOM
npodeccopa . Bypema. Otu paborsl Be3Bamu Oonbmoit uatepec B CCCP u 3a
pyOexoM.

B 1969 1. ona opranuzoBaiia 1ab0opaTopui0 CUCTEMHOW OpraHu3alui HEUPOHOB
B Uucturyre Ouonornueckoin ¢puzuku AHCCCP (IlymunHo) ¥ BO3mIaBisuia €e 10
coerr cmeptu. B maboparopun O.C. BunorpamoBoii Ha OCHOBaHMHM MHOTOJIETHHUX
CUCTEMaTHYECKUX UCCIEeI0BaHMN ObUl TMOJYYEH YHUKAJIbHBIA Marepuan o0
aKTUBHOCTH HEHPOHOB JUMOWYECKOW CHUCTEMBI MpH 00pabOTKe HOBOM 3HAUUMOM
unpopmanmu. Ha ocHoBanuu stux pesynsratoB O.C.BuHorpanosa pa3zsuiia runoresy
0 MexaHu3Max 00paboTku mHpopmaruu B runmnokammne. OHa caenana 3aKiIlO4YeHHeE,
YTO THMIOKAMII WrpaeT pemalollyl0 pojib B MEXaHW3MaX OPHUEHTHUPOBOYHOTO
pedraexca Ha CEHCOpPHBIE CTHMYJIBI U pabOTaeT KaK KOMITApaTOp, OIMPEACIISIOIIHNIA
OyZeT M MmocTynuBInas WH(POPMAIMS COXpPaHEHA B MaMATH (€CJIM OHA HOBAasl), WU
OpOMTHOpHpOBaHAa (ecnmd OHa Oblla COXpaHeHa paHee). OTH UAeU ObUIU



OITyOJTMKOBAHbBI B KHUTaxX «OpUEHTUPOBOUHBIN pednekc u ero
Herpodusnonornueckue mexanm3mbly (MockBa, 1962), «[umnmokamMm W TaMATh»
(Mockga, Hayxka, 1975), «The Hippocampus» (Plenum Press, 1984), u B 00630pe
«Hippocampus as Comparator System» (Hippocampus, 2001, v. 11: 578-98).
Bbonbimoi nukin pador O.C.BuHorpasoBoil MOCBAILIEH aHAIU3y POJIM TE€Ta-puTMa B
¢yukuun tunnokamna. O.C. BunHorpamoBa u ee COTPYIHUKH IOKa3aliH, 4YTO
SHAOTEHHBIM TE€HEPATOPOM THUIIMOKAMIAILHOIO TETa-pUTMa SIBISETCS MeaualibHas
cenTajibHas 00JacTh, a YaCTOTa T€TAa-PUTMa 3aBUCUT OT UHTEHCUBHOCTH BOCXOJSLIEH
adpdepenranuu (O.S. Vinogradova, Progr. Neurobiol. 1995, v.37: 523-83). pyroi
3HAYUTENIbHBIA MK padOT TOCBAIIEH HEUPOTPAHCIUIAHTALMKA TUIIOKAMIA Kak
IIOAXO0/1A K U3YUYEHUIO MEXaHU3MOB HEMPOHAIIBHOM IIJIACTUYHOCTU U HEMPOTEHE3A.

O.C. BunorpanoBa BHecl1a 0OJbIION BKJIa B Pa3BUTHE MEKIYHAPOIHBIX CBSI3EH
COBETCKOM U poccuiickoil HeiipoHayku. B 1958 rogy ona Obuia unenom OprkomMuTeTa
MOCKOBCKOTO CHUMIO3MyMa IO HEWpPOOMONOTHMH, Ha KOTOPBIA BIIEPBBIE OBLIU
NpUIIAIIEHBI 3apyOeKHbIe y4yeHble. DTOT CHUMIIO3UYM MOJIOKUJI HAyajo pPa3BUTHUIO
COTPYAHMYECTBA COBETCKOM M MeEXIyHaponHoW HelpoHayku. PabGorsr O.C.
BuHorpagoBoi nojiyuuiv MUpPOKOE MEXAyHapoaHoe npuszHanue. B 1979 rony ona
crana saypeatroM npemun uM. Kennera Kpaiika (KoMOpUIKCKUN YHUBEPCHUTET,
BenukoOpurtanus) 3a GyHAaMEHTAIbHBIA BKJIaJ B M3ydeHUE (DYHKUMNA TUIIOKaMIIA.
Omna Obu1a wieHoM MexayHapoaHoit Opranuzaiuu o uccienoBanuio mosra (IBRO)
C MOMEHTa ee OopraHusaiuu, a Takke EBpomeiickoit Hayunoii Accormanus, Oblia
YJIIEHOM PEIKOJUIETUH MEXKIYHApPOIHBIX M POCCHUUCKUX KYPHAJIOB, BBICTyNAJIa C
JEKUUSIMM BO MHOTMX BEIyUIMX YHUBEpPCUTETaX MHpa. MHOTHE IOKOJEHUs
COBETCKHX W  POCCHHWCKMX  YYEHBIX M3y4aJd THUIIOKaMII 10  TpydaMm
O.C.BuHorpaioBoi.

O.C. BunorpamoBa o0nanana HUCKJIIOUUTENBHO SPKOW HHIMBUAYATbHOCTHIO.
JIto60Bb K HayKe, CaMOOTBEPKCHHBIH TpyHA, YHUKAJIbHbIC 3HAHHS KOTHUTHBHOU
HEHPOHAYKU U NICUXOJIOTMH, TOTOBHOCTh NPUITH Ha MOMOIb, UHTEJUIMTEHTHOCTh U
IOMOD NPUTATUBAIN K HEH MHOTUX Jitofied B Poccuu u 3a pyoexoMm.
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MeXHenpoHHble B3auMoaeucTBMA U NaMATb
Neuronal interrelations and memory

1. CuHanTU4ecKas NNacTMYHOCTb B HEMPOHaNbHOM KynbkType
rmnnokKammna ¢ HanpaBfieHHOM apXUTEKTYypoOun CBA3en

Komnmakos B.H.'*, Aatunora O.0.!, I'mankoB A.A.'2, Kazanues B.b.!, MyxuHna
N.B.1'2, ITnmamkuna A.C.!

1. Huorcecopoockuu eocyoapcmeennsiii ynugepcumem um. Jlobauesckoco, Huowcnuii
Hoezopoo, Poccus;

2. IIpusonsicckuil uccnedosamenbCkutl MeOUyuHcKuil ynusepcumem, HuoxcHuti

Hoezopoo, Poccus;
* kolpakov-v@mail.ru

CuHanTryeckas IIIaCTUYHOCTh CYUTAETCS OCHOBHBIM MEXAaHU3MOM, CBSI3AHHBIM
¢ (hopmupoBaHreM NamsATU U 00ydeHHUs B Mo3re. MI3MeHeHUs: CHHATHYECKUX CBA3EH
MEXAY OTIECIbHBIMH HEHPOHAMM ONPEIENSET IMyTH PaclpOCTpaHEeHHs] U 00pabOoTKy
CUTHAJIOB B HEMPOHHON ceTH. VI3BECTHBI 3aKOHOMEPHOCTH YCHJIEHHUS U OCIA0IeHUs
CUHANTUYECKUX CBA3€H MEXIY OTICIbHBIMM HEHPOHAMU HCHOJb3Ys pa3InvHbIe
IIPOTOKOJIBI ANEKTPUUECKON CTUMYISALMU. B TO ke Bpems BIMSHUE ITHUX U3MEHEHUUN
Ha CETEBOM YpPOBHE OCTAIOTCS Majlo U3ydeHHBIMH. Llenbio maHHONM paboThl ObLIa
pa3paboTKa JKCHEPUMEHTAIbHOW MOAENU Ui JIOKAIM30BAHHOW  HMHAYKIIMH
IJJACTUYHOCTU B KYJIBTypaX HEWPOHOB HAa MUKPOAIJIEKTPOIHOW MaTpULE U aHAIU3
r100aibHBIX A (HEKTOB HA CETEBYIO0 AKTUBHOCTb.

B pabore ucnosnp30BaINCh TUCCOUMUPOBAHHBIE KYJIBTYPhl TUIIIIOKAMIIA MBIIIEH
(E18) na 20-30 nenp pa3BuTHS, KyJbTUBUPYEMbIE BHYTPH MHKPO(DIIOUIHOTO YHUTIA.
Yunsl cOCTOSIIM W3 JABYX KaMep A OTAENIbHBIX KYJIbTYp KJIETOK, COECAMHEHHBIX
MUKpOKaHaJlaM{, 4Yepe3 KOTOpbIE POCIH TOJBKO OTPOCTKH HEUpPOHOB. 3a CUéT
aCUMMETPUYHON (OPMBI MHUKPOKAHAJIOB OOECHEYHMBAJICS POCT AKCOHOB B OJHOM
HaIpaBJICHUH. DTO MO3BOJISIIO ONPENEsATh NPUOIU3UTENBHOE PACIIOIOKEHUE TIpe- U
MOCT-CUHANTUYECKUX HEHPOHOB sl  CBSI3U, C(OPMUPOBAHHOW aKCOHaMH B
MUKpOKaHanax. Vcrnonp30Banuch [Ba MPOTOKOJA AJIEKTPUUECKOM CTUMYJISALINH,
OCHOBAHHBIX Ha (PEHOMEHE 3aBHUCSIICH OT BpPEMEHM HMMIYJIbCa CHHANTHUYECKON
wiactuaHoctu (STDP).

bbuM 1oka3aHo, 4TO MPUMEHEHHUE JAHHOTO IPOTOKOJIA IPUBOAUT K U3MEHEHUIO
(GYHKIIMOHAIBHOW aKTUBHOCTU HEHWPOHHOW CETH, B YacTHOCTH, 3(P(HEKTHBHOCTH
pacupoOCTPaHEHUs IEKTPUUYECKOM AKTUBHOCTH - MA4€K HMIIYJIbCOB MEXAY ABYMS
OTHACJIbHBIMA ~ HEHPOHAIBHBIMU  KyJbTypamMH,  CBSI3aHHBIMH  OTPOCTKaMHU.
HccnenoBanne Obuio mopanep:kaHo rpantoMm llpesmaenta Poccuiickoit @enepanuu
(MK-6795.2018.4).
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Synaptic plasticity in neuronal culture with unidirectional connectivity
architecture

Kolpakov V.'*, Antipova O.!, Gladkov A.!?, Kazantsev V.!, Mukhina I.!2, Pimashkin
Al

1. Lobachevsky State University of Nizhni Novgorod, Nizhni Novgorod, Russia,

2. Research Medical University of Volga region, Nizhni Novgorod, Russia;

* kolpakov-v@mail.ru

Synaptic plasticity is considered to be a main mechanism associated with the
formation of memory and learning in the brain. Changes in the synaptic connectivity
between neurons determine the propagation pathways and signal processing in the
neural network. A potentiation and depression of synaptic connections between
individual neurons can be induced various protocols of electrical stimulation. At the
same time, the impact of these changes on the whole network remains mainly
unknown. The aim of this work was to develop an experimental model for localized
induction of plasticity in cultures of neurons grown on a microelectrode array and
analysis of global effects on network activity.

Hippocampal neurons of mice (E18) were cultured in microfluidic chip. The
chips consisted of two chambers for plating and growing individual cultures,
connected by microchannels, through which only axons could grew dominantly in
one direction. Such approach determined localization of pre- and post-synaptic. We
studied two electrical stimulation protocols based on the time-dependent synaptic
plasticity (STDP) were used.

We showed that the application of this protocol leads to a significant change of
functional activity in the neural network, in particular, the efficiency of the
propagation of electrical activity - the bursts between two separate neuronal cultures,
connected by axons. This research was supported by the grant of the President of the
Russian Federation (MK-6795.2018.4).

2. AHanu3 ocUMNNATOPHON aKTUBHOCTU BO BpeMsi 06paboTku
CEHCOpHON nHcpopmauum B Mo3re.

Actamesa E.B.'*, AcrameB M.E.2, Knunrnna B.®.!
1. Mucmumym meopemuueckoui u s3xcnepumenmanvhou ouogusuxu PAH, [1ywutno,
Poccus;

2. Unemumym 6uogusuxu xnemrxu PAH, Ilywuno, Poccus;
* litgara@rambler.ru

Ocummisiuy HeOOXOAUMBI JUTSI BBITIOJHEHUS] MHOTUX KOTHUTHBHBIX (DYyHKIIHH.
J1o HenaBHEro BpeEMEHH YAEISUIOCh MAJI0O BHUMAHUS BOIIPOCY O TOM, KaK pa3juyHbIC
THUIIBI OCIWUISALUNA CUHXPOHU3UPYIOTCS BO BpeMsi 00paOOTKH MOCTYIAOMIEH B MO3T
uHQOpMaMK ¥ KAaK W3MEHEHHs B PUTMUYECKOM AaKTUBHOCTH BIUSIOT Ha
B3aUMOJICVCTBUS PA3JIMYHBIX CTPYKTYP MO3ra.
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OKCIIEpUMEHThl OBbUTM TMPOBENECHbI Ha OOAPCTBYIOIIUX MOPCKHX CBUHKAaX.
UccnenoBanu ctpykrypsl: (1) sHTopunansuyto kopy (9K), (2) cynpamamusuisipHoe
anpo (CM), (3) uentpanbHoe simpo amurnaisl (CA), (4) MenuanbHOE CENTalbHOE
anpo (MC), (5) 3zybuarywo dacuuto (3®), (6) runmokamn (mome CAl), (7)
(bpoHTaNIbHYIO KODY, (8) arepanbHoe centaibHoe sapo (JIC).

OcuumigaropHasi akTUBHOCTh MCCIIEJOBAIACH B TPEX YACTOTHBIX MOJOCAaX: B TETA
(4-8 Tu), ampda (10-12 I'm) u ramma (30-80 I'm) nmamazoHax y KUBOTHBIX,
HAXOJIMBIIMUXCS B JBYX TOBEICHYECKMX COCTOSIHUSIX: BO BpeMs CIIOKOMHOIO
00ApCTBOBAHUS U BO BPEMsl BOCIIPUSATUSI CEHCOPHBIX CUTHAJIOB (BcrbImku cBeTa 0,3
['m).

Ocummisiuy, Kak HU3KOYaCTOTHBIE (TeTa W anb(da), TaK M BHICOKOYACTOTHBIC
(raMMa), IPUCYTCTBYIOT BO BCEX MCCIIETOBAHHBIX KOPTUKAIBHBIX M CYOKOPTHUKATIBHBIX
o0nacTsx.

B nacrosieit paboTe BIiepBble MPOBEJAEH aHAINW3 U3MEHEHUN BBIPAXKEHHOCTU U
KOPPETSIUU PUTMUYECKON AaKTHMBHOCTH B HECKOJBKUX (TeTa, aidbpa M TamMma)
JMana3oHax, PEruCTPUPYEMBIX B KOPTUKAJIBHBIX U CYOKOPTHKAIbHBIX CTPYKTYpax BO
BpEMsl BOCIIPUSTUSI )KUBOTHBIM CEHCOPHBIX CUTHAJIOB.

Tera, anbda W ramMma OCHWIUIALMM HAONIONATU BO BCEX KOPTHKAIbHBIX U
CyOKOpTHKaNbHbIX 00nacTsiX. OCHOBHBIM pE3yJbTaTOM MPEICTaBIECHHON padOThI
SBJIICTCSI BBISIBJICHUE PE3KOr0 YCWICHHS KOT€PEHTHOCTH BCEX PHUTMOB, KaK B
KOPTUKAJIbHBIX, TaK W B CYOKOPTHKaJbHBIX CTPYKTYypax BO BpeMs 00paboTKu
CEHCOpPHOM MH(MOPMALIHH.

DTO MOATBEPKIACT, YTO CHHXPOHHU3AIMS PUTMUYECKON aKTUBHOCTHU Pa3IMYHBIX
CTPYKTYp HeoOxoauma Jijisi o0paboTku uH(OpMAIUU B MO3TE.

Analysis of Oscillations in the Brain during Sensory Stimulation

Astasheva E.V.'*| Astashev M.E.2, Kitchigina V.F.!

1. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia,
2. Institute of Cell Biophysics of RAS, Pushchino, Russia;

* litgara@rambler.ru

Oscillations are necessary for the execution of many cognitive functions. Little
attention has been given to the problem of how various types of oscillations are
synchronized during information processing and how changes in the expression of
rhythmic activity affect the interrelations between brain structures.

Experiments were performed on waking guinea pigs. The structures were: (1)
entorhinal cortex (EC), (2) supramamillary nucleus (SM), (3) central nucleus of
amygdala (CA), , (4) medial septal nucleus (MS), (5) dentate gyrus (DG), (6)
hippocampus (Hip, CAl field), (7) frontal cortex (FC), (8) lateral septal nucleus (LS).

Oscillatory activity was recorded in three frequency ranges — theta (4-8 Hz),
alpha (10-12 Hz) and gamma (30-80 Hz), in two different functional animal states:
during quiet wakefulness and during processing of sensory signal (flash of light, 0.3
Hz).
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Theta, alpha, and gamma oscillations occur in various cortical and subcortical
areas and that they sharply increase during sensory stimulation in many structures,
thought not everywhere. The main result of our work was that cross-frequency
relations in all oscillatory ranges studied sharply increased during the processing of
sensory signals. This fact testifies that the synchronization of rhythmic activities in
various structures promotes information processing in the brain. The findings of our
study correspond to the data of other authors obtained in experiments on animals in
working memory, matching, and attention tasks.

3. AHanu13 NIOTHOCTU UCTOYHUKOB TOKa BO BPeMSA PpaHHUX
rmnnokamMnarnibHbIX OCTPbIX BOSH

Perukora B.C.'*, Baneesa I'.P.!, flnakoBa C.2, HacpernunoB A.P.!, Xa3umos P.H.!?,
Jlenk-Cantunm I1.-I1..2
1. Kazanckuii (Ilpusonoicckuti) pedepanvusiii ynusepcumem, Kazanw, Poccust,

2. Cpeduzemnomopckuii uHcmumym Hetipoouonozuu, Mapcenv, @panyus;
* veronika8d@rambler.ru

Pannue octpeie BomHbl (pOB) sBusitorcss npeoOnafaroM — MaTTEPHOM
AIIEKTPUYECKON AKTUBHOCTH B THUIIOKAMIIE HOBOPOXKIAEHHBIX KPBIC U MBIIIEH,
KOTOPBIM MEpBBIM MOABISIETCS B Tmporecce paszButusd. s pOB  xapaktepHsl
HETaTUBHBIA MUK JIOKaJIbHOro moiyieBoro moreHimana (JIIIIT) B str. radiatum wm str.
lacunosum-moleculare CA1 oGnacTtu, peBepcUpyONIUil B MUPAMHUIHOM CIIOE, a TAK¥Ke
MonHbi  paspsa CAl nupamMuaHbIX HEWpPOHOB. MeXaHM3MBl TE€HEpalMU WU
¢usnonoruyeckas poinb pOB y HOBOPOXKICHHBIX KUBOTHBIX HA CETOAHSIIHUI JEHb
JI0 KOHIIA HE U3yYEHBI.

C 1noMOIIbIO  MHOTOKAHAJIBHBIX ~ OKCTPAKIETOYHBIX  AJIEKTPOIOB  MbI
peructpupoBaiu pOB Ha pasHoit miyomne CAl ob6mact  TuUIIOKamIa
HOBOPOXKJIEHHBIX KPBIC in Vivo. AHaIM3 IUIOTHOCTH MCTOYHHKOB TOKA TMOKa3aj, 4TO
Bo Bpems pOB B runmokammne HaOMIOMAIOTCS JBa y4YacTKa C BBIPAKCHHOU
IUIOTHOCTBIO BXOJSIIETO TOKA (CUMHKHU), COOTBETCTBYIOIIMX 00JacTAM CHHAIITUYECKON
aktuBaiuu. Tak, cuHk 1 pacmomarancs B str. radiatum, a cuHK 2 — B str. lacunosum-
moleculare, rie HaxoAATCS CUHANTUYECKHUE KOHTAKTHI HEUPOHOB 3 CJI0s MeIUaTbHON
sHTOpUHANBHOU KOpbel (MOK) ¢ nenapuramu CAl nupamuaHbIx KieTok. M3BecTHO,
yTO cMHK | Habmogaercs Takxke Bo Bpemss OB y B3pOCIbIX )KMBOTHBIX, U, BEPOSITHO,
orpaxkaer aktuBanuioo CA3-CAl cunancoB. OQHaKO CHHK 2 BO BpeMs B3pOCIIOU
dbopmel OB He HaOmromaeTcsi, M, KpoMe TOro, MPEXkJAe HE OMUCHIBAJICSA KaK CHHK,
xapaktepHeii st pOB. Bo BpeMss OTBETOB Ha JJIEKTPUYECKYIO CTUMYJISALIUIO
BEHTPaAJIbHOM TUIIMOKAMIAIBHON KOMHUCCYPBI M aHTYJsIpHOrO myuka (Bxoa u3z MOK)
MbI TakXe HaOJrolany JBa XapaKTEpHBIX CHUHKA, COBHAJAIOUIUX C PACIOJOKEHUEM
cuHKOB | u 2 Bo Bpems pOB.

Takum oOpa3om, Moy4eHHbIC JaHHBIC MPEIoaraloT yyactue apdepeHTHOro
Bxoga u3 MOK B renepaunu pOB Hapsigy ¢ akTUBalMedl BHYTPUTUNIOKAMIIAIbHON
HEUPOHHOM CETH.
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The current-source density analysis of the early hippocampal sharp
waves

Rychkova V.S.'*, Valeeva G.R.!, Janackova S.2, Nasretdinov A.R.!, Khazipov R.N.!2,
Lenck-Santini P.-P..?2

1. Laboratory of Neurobiology, Kazan (Volga region) Federal University, Kazan,
Russia;

2. INMED, Aix-Marseille University, INSERM, Marseille, France;

* veronika8d@rambler.ru

The early sharp waves (eSPWs) are the first and predominant network activity
pattern to appear in rodent hippocampus in vivo during development. The eSPWs are
recurrent non-periodic events characterized by the prominent negative local field
potential (LFP) deflection in str. radiatum and the robust discharge of CA1 pyramidal
cells. The mechanisms of generation and the physiological role of the eSPWs in the
neonatal hippocampus are still not fully understood.

Using extracellular multichannel silicone probes we recorded eSPWs at different
depths of CA1 rat hippocampus in vivo. The current source density analysis of
eSPWs revealed two main sinks. The Sink 1 was located in str. radiatum, and the
Sink 2 — in str. lacunosum-moleculare, where the inputs from entorhinal cortex
establish synapses on the distal dendrites of CA1 pyramidal cells. While the Sink 1 is
also observed during the SPWs in adult animals and likely reflects the activation of
CA3-CA1 synapses, the Sink 2 was not previously described both during adult SPWs
and eSPWs. We also observed that the responses evoked by electrical stimulation of
the ventral hippocampal commissure and angular bundle (guiding entorhinal
afferents) were characterized by main sinks matching the eSPWs’ Sink 1 and 2,
respectively. We suggest that the generation of eSPWs in neonatal rat hippocampus
are supported by both entorhinal-hippocampal and intrahippocampal neuronal
circuits.

4. BnusiHne pa3HbIX TUNOB BBeAEHMUA METOKTPaMMHA Ha KOHconuaauuro
HaBblKa NAaCCMBHOIo nsberaHusa N xapakTepMCcTUKUN BbI3BaHHbIX OTBETOB
nonda cal rmnnokamna

Jobpsikora FO.B.'*, I'ypckas O.41.1, Mapkesuy B.A.!
1. @edepanvhoe cocyoapcmeeHHoe O100xcemuoe yupexcoenue Hayku Muncmumym

Buvicweri Hepenoi /leamenvnocmu u Hetipogpuzuonoeuu PAH;
* julkadobr@gmail.com

MyckapuHOBbIE alleTUIXOIUHOBBIE perenTopbl (MAChR) UrparT BaxkHyIO poJib
B mporeccax oOydeHuss W mnamsaTu. [loka3aHo, 4YTO BBEJEHHWE AHTArOHHCTOB
MYCKApPUHOBBIX PELENTOPOB BBI3BIBAET AMHE3UI0 B PA3JIMYHBIX MOBEACHYECKHUX
Tectax. B Hamed paboTe Mbl MNPEANPUHSIIM MOMNBITKY H3yYUTh BOBJIEYEHHOCTD
mMAChR B perymsnuio CHHANTHYECKON TIUIACTUYHOCTH THUIIOKAMIIA B TEPUOJ
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KOHCoNUanuy naMsaTu. Pabora nmpoBommuiack Ha camiax auHun Wistar Becom 250-
300 . 3a 7 nmHeW A0 TECTUPOBAHUS HAPKOTHU3UPOBAHHBIM >KUBOTHBIM BXKHBIISLIA
AIIEKTPOJIBI JI AIEKTPUUECKOW CTUMYISIIMUA U peructpanuu oTBeTtoB B nojie CAl
TUIIIOKaMna.  METOKTpaMHH, CEJEKTHBHBIA  aHTaroHucT M2  penentopos
MHBELUPOBAJIA BHYTPUOPIOIMHHO (B/0) B 103€ 2 MI/KTI MOCIE MOJYy4YEHHS] )KMBOTHBIM
00JI€BOro 3JEKTPUYECKOro pazapaxutens. MccienoBanue BiausHUS Oiokaropa Ha
(dbopMHUpOBaHUE HABBIKA MACCUBHOTO M30€raHusi MPOBOAMIOCH B YCTAHOBKE «TEMHO-
cBeTNIas» Kamepa. B kadecTBe Kpurepusi oOyudeHHsS HCIONb30BAIM 3HAUUMBbIE
W3MEHEHUs JIATEHTHOTO MEPUOJAa BXOJa JKUBOTHOTO B  TEMHBIA  OTCEK.
OneKTpOoPU3NOIOTHUYECKUE UCCIIEN0BAHUS OCYIIECTBISUIUCH Y CBOOOIHOMOABMKHBIX
KPBIC JI0 TIOJIy4eHHsI O0JIEBOTO paslpakeHusi, B TeueHue 1.5 yacoB mocie oO0ydeHus
(mepuon KOHCONMUIAUMKM) W 4yepe3 24 yaca OpH NPOBEPKE COXPAHEHHUSI HaBBIKA.
MeTokTpaMHUH 3HAUUMO YBEJIMYMBAJ JIATEHTHbIE NEPUOJIBI BXOJOB B TEMHBIA OTCEK
KaMephbl MpU BHYTPUOPIOMIMHHOM BBeAeHUH. OMHAKO B/0 MHBEKIIMU aHTAaroHUCTA
3HAYMMBIX WU3MEHECHHH B 3JEKTPOPUZHOIOTHICCKUX XaAPAKTEPUCTUKAX (HOKATHHBIX
noreHnuanoB mnoiss CAl runmokamiia He BbI3BaIM. BHYTpUMO3roBbIE HWHBEKIIUU
Onokaropa B 103€ 12.5 MKI/KpbICY TaKK€ BBISIBUIM yXYAIICHUE B BIPAOOTKE HaBbIKa
naccuBHoro wuszoeranusa. OJIHaKO aMIUIUTYyAa BbI3BaHHBIX OTBeTOB mnois CAl
TUIINOKaMna OblJIa 3HAYMMO BBIIIE 110 CPABHEHUU C KOHTPOJIBHBIMHU >KMUBOTHBIMH. B
LEJIOM MOXKHO CHENarb BBIBOA, 4YTO MYCKAapUMHOBBIE pELENTOPHl ONOCPEMYIOT
MIPOLIECCHI KOHCOMUAAUMU clenoB namsatu. OQHako B JaHHOW NMOBEAEHYECKOM 3a/1a4e
U3MEHEHUE  AKTUBHOCTH  XOJIIMHEPIHUYECKMX  HEHPOHOB W  CHHANTHYECKas
IUIACTUYHOCTh HE CBSI3aHbl Ha MpAMYI0 C¢ oOydeHueMm. Pabora BBINIOJIHEHA TIpU
noajiepkke rpanta POOU Ne 16-04-01762

Different types of methoctramine administration induce changes in
passive avoidance learning and in synaptic transmission in ca1 area of
hippocampus.

Dobryakova Y.V.'* Gurskaya O.Y.!, Markevich V.A.!

1. nstitution of Russian Academy of Sciences Institute of Higher Nervous Activity and
Neurophysiology of RAS ;

* julkadobr@gmail.com

Muscarinic acetylcholine receptors (mAChR) are known to be related to
learning and memory processes. Inactivation of mAChR by cholinergic antagonists
have been shown to produce amnesia in a variety of behavioral tasks. In this study,
we investigated the role of M2 AChR on passive avoidance (PA) learning and
plasticity of synapses formed by Schaffer collaterals in freely moving rats.
Experiments were performed with Wistar male rats weighing 250-300 g. Seven days
before testing, a recording electrode was lowered in the CA1 region under chloral
hydrate anaesthesia to register the fEPSP in response to Schaffer collateral (SC/C)
stimulation. Selective M2 receptor antagonists methoctramine (2 mg/kg) was
intraperitoneally (i.p.) injected immediately after training. The effects on memory
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retention were examined using passive avoidance training. We measured latency of
the first entry into a dark compartment of the chamber. fEPSP amplitude and slope
ratio were measured before shock presentation (baseline), 90 min after the shock
(consolidation period), and 24 hour after the shock (retention period). Methoctramine
significantly impaired behavior in the passive avoidance test compared to control. On
the other hand methoctramine didn’t suppress the amplitude of fEPSPs. We also
examined the effects of intracerebroventricular methoctramine administration (12.5
ug/rats) and found that M2 receptor antagonist impaired PA learning and increased
the amplitude of fEPSP. Our results suggest that M2 receptors play important role in
the learning processes. However, it showed that memory consolidation after passive
avoidance learning is dependent on the muscarinic cholinergic system but it had no
direct connection with the hippocampal CA1 fEPSP. This work was supported by
RFBR Ne 16-04-01762

5. BnuaHue ataHona Ha 351eKTPNYECKYH aKTUBHOCTb U BO3SHUKHOBEHUE
¢nypoTMn-MHAYLUPOBAHHOMU 3NUIIENTUYECKON aKTUBHOCTU B
rmnnokammne y HOBOPOXAEHHbIX KPbIC

Yepuosa K.A."*, bypxanosa I.®.!, ['epacumona E.B.!, Cutaukosa [.O.!
1. Kazanckuu (Ilpusonsicckuti) gpedepanvusiii ynusepcumem, Kazanw, Poccust,
* aksinia.92@mail.ru

[ToTpebnenrie ankoroiass BO BpeMsi OEpEMEHHOCTH OKa3bIBAET MOBPEXKIAOIIEE
neiicTBue Ha pa3BuBaroiuiicss mo3r. [loBpexnaromniue 3pheKThl aqKoroyis BKIIOUYAOT
WHIYKIIMIO MAaCCHUBHOIO aroroTo3a, 4YTO SBISIETCA CHEIU(UUHBIM HMEHHO IS
He3penoro Mo3ra. Takke OJHUM U3 OCIOKHEHUH (DETaTbHOTrO aJKOroJbHOTO CHEKTpa
HApYIICHUN SIBISCTCS DIUJICNICUS, MPUYUHOW KOTOPOH SBIISICTCS TIOBBIIIIEHHAS
Bo3OymuMocth CA3 oOmactu runmokamma. llenpto Hamet pabGoTel  OBLIO
UCCIIEOBAHUE OCTPOrO0 BBEACHHUS HJTAHOJIA Ha DJIEKTPUYECKYI0 aKTHUBHOCTH
TUNINOKaMIa U BIUSHUS QJIKOTOJIbHOW aOCTHHEHIIMM Ha BO3HUKHOBEHHE (PIypOTHII-
WHIyIUPOBAHHOMN CYyJOPOKHOM aKTUBHOCTH Y HOBOPOKJICHHBIX KPBIC.

OKCHNEPUMEHTHl TMPOBOJWIUCH HAa HOBOPOXKJEHHBIX Kpbicax JUHMM Bucrap
BO3pPACTHOM TpyIIibl 5—9 MocTHaTaldbHBIX JHEW. Perucrpanus JOKadbHBIX MOJIEBBIX
MOTEHIIMAJIOB W MHOXXECTBEHHBIX IOTCHIIMAJIOB JCHCTBUS MPOU3BOAMIACH C
MOMOIIbI0 MHOTOKAHAJIbHBIX KPEMHUEBBIX JATYMKOB B 00JACTH TUINIOKaMMa. DTaHO
BBOAWIM BHYTPUOPIOIIMHHO B KOHLEHTpauusx 6 Trp/kr ¢ nocienyroumen
perucrpanueid B TeueHue 3 4acoB, a Takke uepe3 12 yacoB mocne BBenaeHus. s
WHIYIIUPOBAHUSA CYIOpPOKHOM akTUBHOCTH ¢uypotwn 0,1 M B IUIACTUKOBOM
HaAMOpPJHUKE B T€UEHHE 2 MUHYT MOMEIIAIM Ha HOC JKMBOTHOMY. BBeleHue 3TaHoIa
MPUBOAWIIO K 3HAUYUTEIPHOMY CHWXEHUIO J3JIEKTPUYECKOW akTUBHOCTH 10 38 %
(p<0.05) mo oTHOIIEHUIO K KOHTpOmto. Takxke HaOmonaaoch cHkenue, 10 37 % ot
HCXOJHOTO YPOBHS, 4YacTOTbl BO3HUKHOBEHUS «OCTPBIX BOJIH», XapaKTE€pPHBIX
IIAaTTEPHOB DJIEKTPUYECKOM AKTUBHOCTH B THUIIOKaMmIie. JIaTeHTHBIA IEpUOI
Gy pOTUII-MHAYIIMPOBAHHBIX CYJOPOT B OTBET Ha momavy (piaypoTwuiia ObUl KOpode B
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ATaHOJILHOM rpymmne u coctaBui 15+1,15 ¢, yeM y koHTpoabHOM rpynnsl - 30£19,2 ¢
(p<0,05). AMmunTyna >MUIECNTAYECKUX Pa3psiioB B KOHTPOJIbHOW U 3TAHOJIBHOMU
rpyIlIie OAMHAKOBA U COCTaBmwia 2 mV.

Takum 00pa3zom, BBEJEHUE 3TaHOJA )KUBOTHOMY B IIEPUOJI IEPBOI HEJIEIH TOCIIE
POKJICHUS] PUBOJIUT K 3HAYUTEIHLHOMY YMEHBIIICHUIO JIEKTPUUECKON aKTUBHOCTU B
runmnokammne. aucOanaHc TMPOLECCOB BO30YKIECHHS M TOPMOXKEHHUS BbBI3BIBAET
MOBBIIIIEHHYIO BO30YIUMOCTh, M YBEJIMYMBAET PUCK PA3BUTHS TUIICTICUU.

The effect of ethanol on the electrical activity and the emergence of
flurothyl-induced epileptic activity in the hippocampus of neonatal rats

Chernova K.A."*, Burkhanova G.!, Gerasimova E.!, Sitdikova G.!

1. Kazan Federal University, Kazan, Russia,
* aksinia.92@mail.ru

Ethanol induce massive neuroapoptosis in the developing brain. Also, one of the
complications of fetal alcohol spectrum disorders is epilepsy, which is caused by
increased excitability of CA3 of the hippocampus. The aim of our work was to study
the acute introduction of ethanol into the electrical activity of the hippocampus and
influence of alcohol withdrawal on the occurrence flurothyl-induced seizure activity
in newborn rats.

Wistar rats from postnatal day (P) P5-P9 were used. Recordings of the sharp
waves on the local field potential and the multiple unit activity were performed from
the hippocampus using linear silicone probes. Ethanol was administered
intraperitoneal at concentrations of 6 g/kg, followed by registration for 3 hours, and
12 hours after administration. To induce seizure activity flurothyl 0.1 ml in a plastic
muzzle for 2 minutes were placed on the animal's muzzle. The introduction of ethanol
led to a significant decrease in electrical activity to 38 % (p<0.05) in relation to
control. There was also a decrease, up to 37% of the initial level, the frequency of
"sharp waves", characteristic patterns of electrical activity in the hippocampus. The
latent period flurothyl-induced convulsions in response to the submission flurothyl
was shorter in ethanol group and was 15£1,15 sec than in the control group and
30+£19,2 sec (p<0.05). The amplitude of epileptic discharges in the control and
ethanol groups is the same and amounted to 2 mV.

Thus, the introduction of ethanol to the animal during the first week after birth
leads to a significant decrease in electrical activity in the hippocampus. The
imbalance of processes of excitation and inhibition causes increased excitability, and
increases the risk of developing epilepsy.
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6. Bo3aMOXHble MexaHU3Mbl MHAYKLUU ONTIUTENBbHON NOCTTETHUYECKOWN
noteHunauum B none CA1 runnokamna KpbiC B ycroBusax geduumra
aueTunxornuHa

PaBoguna A.M."*, Cunbkuc W.I'2, MapkeBuu B.A >

1. Mockoeckuii eocyoapcmeentuiti yHugepcumem um. M.B. Jlomonocosa, Poccus,

2. Unemumym evicuietl HepsHOU desamenvHocmu u Hetipogusuonoeuu PAH, Mockaa,
Poccus;

* isa-silkis@mail.ru

Ha cpe3ax runmokammna kpbic MoaenupoBain aeduiut aneruinxonuda (AX) ¢
MOMOLIBIO ANIJIMKALMA MHTMOUTOpa 3axBaTa XOJIMHA (XeMHMXOJIMHA) U MHTUOMTOpa
Tpancnopra AX B Be3uKylbl (Be3amukoia). OLEHUBAIM TOCTTETAaHUYECKUE
u3MeHenust amrunTynael ¢okansHoro BIICIT (¢BIICIT) B nmone CAl B oTBeT Ha
ctumyisiiuio  koytarepaieit Illaddepa. Jlns olleHKHM HOCTOBEPHOCTH H3MEHEHUH
MCIOJIb30BaNIU BYX(haKTOpHbIN nucniepcuonHblit aHamu3 (ANOVA). [Tokazano, 4to B
IPUCYTCTBUM XEMHUXOJIMHA WM BE3aMHUKOJIA B HCCIEAYEMOM IIyTH MOXHO
WHIYLIUPOBATh BBICOKOKAMIUIUTYHYO JUIUTEIBHYIO MOCTTETAHUYECKYIO
norennmanuio GBIICIL. Jledunut HECKOTBLKUX HEHPOMOTYISITOPOB MOJESITHPOBAIIH C
NOMOIIBbIO MATUMUHYTHOM MHKYyOallMM Cpe30B B PacTBOpPE C MOBBIIICHHOU
KOHILICHTPALMEH KaJIHsl, IPUBOAILEH K HCTOIICHHIO BbIICJICHUS BEIIECTB U3 HEPBHBIX
okoH4aHuil. [lokazaHo, 4TO B pe3ysibTaTe 3TOM MPOLEAYpPHI B IIyTHU OT KOJJIaTepajei
[Maddepa Taxxke paszpuBaercs gurenbHas noreHuunanus GBIICIL. Ha ee ¢done B
YCIOBUSIX Jepuiita HEHPOMOIYIATOPOB B Ccpe3ax IOMOJHUTEIBHO HHIYLUHPOBAIN
JUIMTEJIbHYIO MOCTTETaHWYECKYyl0 mnoTeHuuanuo. [lo aMmiuTyne oHa 3HAYMMO HE
OTJIMYaIach OT aMIUTUTY/AbI JUIMTEIbHON MOTEHUIMALUUA B KOHTPOJIE, HO Obljla MEHBIIIE,
YeM IPU HCHOJb30BAaHWU BE3aMHKOJA WIM XEMUXOJIUHA. 110CKOIBKY M3BECTHO, YTO
nedUIUT CepOTOHMHA, HOpaJpeHaanHa, JopaMuHa U TIyTaMara MOXET YMEHbIIUTh
BBIPAKEHHOCTh JUIMTENIbHOM TMOTEHIMAIMK B TyTH oT koyuiarepaieit I[addepa,
NIOJIyYEHHBII pEe3yJIbTaT YKa3blBa€T HA BO3MOXHOCTb YaCTUYHONW KOMIIEHCALUU
Takoro ymeHblieHusi B ycnoBusix naepuuura AX. C yuyeToM H3BECTHBIX JaHHBIX O
pPacnoJi0)KEHUN HUKOTUHOBBIX MU MYCKapUHOBBIX XOJMHOPELENTOPOB Pa3HBIX THUIIOB
KaKk Ha MUPaMUIHBIX KJIETKaX, TaK U Ha TOPMO3HBIX HWHTEPHEHPOHAX, MPOBEIEH
aHalIu3 BO3MOXHOTO BiUsAHHUSI AX Ha 3(PQPEKTUBHOCTH BXOAOB OT KoOJIIarepajei
[[Taddepa. Ha ocHOBaHMM HTOr0 aHajau3a W C YYETOM TOJYYEHHBIX JaHHBIX
BBIJIBUHYTO TNPEIINOJIOKEHHE, 4TO B YyclnoBusAx naepuuura AX mnpeobiagaroiiee
BIUsiHUE Ha 3((PeKTUBHOCTH BO30YKJIeHUs nupaMuiHbix kierok mnonst CAl co
CTOpOHBI HEMPOHOB NoJis1 CA3 0Ka3pIBAET paCTOPMaKUBAHUE.

Pabora Beimonnena npu noaaep;xkke Poccuiickoro HayyHoro ¢onga, rpaHt No
16-15-10403.
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Possible mechanisms of induction of postteanic LTP in rat hippocampal
CA1 area under the conditions of acetylcholine deficiency

Ravodina A.M."*, Silkis 1.G.2, Markevich V.A 2
1. Moscow State Uiversity, name. M.V. Lomonosov, Russia ;

2. Institute of Higher Nervous Activity and Neurophysiology RAS, Moscow, Russia;
* isa-silkis@mail.ru

Acetylcholine (Ach) deficiency was simulated in the hippocampal slices from
rats by inhibitors of choline uptake, hemicholinium and vesicular ACh transport,
vesamicol. Posttetanic changes of amplitude of focal excitatory postsynaptic
potentials (fEPSP) evoked by stimulation of Shaffer collaterals (SC) in the CA1 area
have been estimated. Two-factor analysis of variance (ANOVA) was used to assess
the changes reliability. It was shown that in presence of hemicholinium or vesamicol
a high-amplitude LTP of fEPSP could be induced in the investigated pathway.
Deficiency of several neuromodulators was simulated by a five-minute incubation of
slices in a solution with high potassium concentration that depleted the release of
different substances from terminals. As a result of this procedure, LTP of fEPSP was
induced in the pathway from the SC to CA1 pyramidal cells. In addition to this LTP,
in the conditions of deficiency of neuromodulators, subsequent high-frequency
stimulation also induced LTP. The amplitude of this posttetanic LTP did not
significantly differ from the amplitude of LTP in the control but was less than those
obtained in the presence of hemicholinium or vesamicol. Given that the deficiency of
serotonin, dopamine and norepinephrine can reduce the LTP amplitude in the
pathway from SC, the obtained result indicates the possibility of partial compensation
of such decrease in the conditions of ACh deficiency. Taking into account the location
of different types of nicotinic and muscarinic receptors on pyramidal cells and
inhibitory interneurons, an analysis of the possible effect of ACh on the efficacy of
the inputs from SC was carried out. It follows from this analysis and from obtained
data that under the conditions of ACh deficiency, the predominant effect in the
excitation of the pyramidal cells in the CA1l area by neurons of the CA3 area is
disinhibition.

This work is supported by Russian Scientific Foundation, grant Ne 16-15-10403.

7. 'vnnokamn U HaBUrayuusa: NOUCK CKprTOI7I MULLUEeHU NOo
,CI,OCbaMVIHOBOMy rpaaveHTy Ha KrnetTkax MecTa

Maiiopos B.1.'*
1. Mockoeckuii eocyoapcmeentulii yHusepcumem um. M.B.Jlomonocosa, Mocksa,

Poccus,
* vimaiorov@mail.ru

Heitponsl runmokamiia perucTpUpyrOT MECTO, B KOTOPOM HAXOAUTCS KUBOTHOE
(«kneTkn MecTay). mmmokaMm Kak Iiejloe oOecleurBacT HABHTAIMIO OTCIOAA K
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MeCTy, MPUBJIEKATEIHFHOMY JJI )KUBOTHOTO IO TIponuioMy ombITy [Poucet et al., 2004;
Eichenbaum, 2017; Lisman et al., 2017]. PaccmarpuBaroTcss MO HaBUTaIlMK Ha
ocHoBe KieTok Mecta [Poucet et al., 2004; Ponulak, Hopfield, 2013; Erdem,
Hasselmo, 2014; Khajeh-Aljjani et al., 2015] u na npumepe Tecra Moppuca (“Morris
water maze’’) npejjaraeTcs emeé ojHa.

1. Bo Bpemsi mpeaBapuTenbHOro oOciefAoBaHMs OacceilHa KIETKH COCEIHMX
MECT aKTUBUPYIOTCS C NEPEKpbITUEM BO BpeMeHU. B ycrnoBusx podamMuHOBON
MOIYJISILMK CBA3M Mexay HeilpoHamu mnonss CA3, paspspKalomuMHCS B Mpeaenax
OJTHOTO BpeMEHHOTo OKHa, ycwiuBarorcs [Chuan Zhang et al., 2009]. B pesynbrare
dbopMupyeTcsi «KOTHUTHUBHAS KapTa», B KOTOPOH TOJBKO HEHPOHBI COCETHUX MECT
CBs13aHbI MeX 1y coboii [Bush et al., 2010].

2. Korma kpeica B MepBBIA pa3 HAXOAUT IIATGOpPMY, TEHEPUPYETCS «CUTHAI
6e3omacHocTH» omumouHoN mpuponsl (“safety signal” [Fernando et al., 2014]) c
komruiekcamu SPW-Rs B CA3 [Buzsaki, 2015]. Tlog BiaussHUEM ONMHUOUIHOTO
TOPMOXKEHHSI TOPMO3HBIX HHTEpHEHPOHOB 1011 CA3 BO30yK/I€HHE OT KJIETOK MECTa
0€30MacCHOCTH PacCIpOCTPAHIETCS B BHUJE 3aTyXaroLIel BOJHBI MO (PYHKIMOHAJIBHO
3 (HEKTUBHBIM CBSI3SIM KOTHUTUBHOM KapThl.

3. OnuougHOE MOAAaBIEHHE TOPMO3HBIX BXOAOB K JO0(PaMUHOBBIM HEHpoOHaM
cpennero mosra [Fields, Margolis, 2015] co3na€r ycnoBust [uist yCUI€HUS CBSA3€H OT
KJIeTOK MecTa K aodamuHoBbIM Heiiponam [De Lavilléon et al., 2017] B oOpatHoii
3aBUCUMOCTH OT PACCTOSHUSA 10 MIAT(POPMBI.

4. B cnenyrolei MOMbBITKE >KUBOTHBIE BHIOMPAIOT MApHIPYyT B COOTBETCTBUU C
nohaMHHOBBIM TPAJUEHTOM Ha KIETKaXx MecTa: Bo30ykjaeHue a10(haMHUHOBBIX
HEHPOHOB TOBBIIIACT JBUTATEIILHYI0O AaKTUBHOCTh JKMBOTHOTO B HampaBlIeHUU
CKPBITOH TUIAT()OPMBI.

Hippocampus and navigation: the search for a hidden target on the
dopamine gradient on the place cells

Maiorov V.I.1*

1. Lomonosov Moscow state university, Moscow, Russia;
* vimaiorov(@mail.ru

Hippocampal neurons record the place in which the animal is ("place cells").
The hippocampus as a whole provides navigation from here to a place attractive to
the animal from past experience [Poucet et al., 2004; Eichenbaum, 2017; Lisman et
al., 2017]. Navigation models based on place cells are considered [Poucet et al.,
2004; Ponulak, Hopfield, 2013; Erdem, Hasselmo, 2014; Khajeh-Alijani et al., 2015]
and one more is proposed for the Morris water maze.

1. During the preliminary survey of the basin, the cells of neighboring places are
excited with overlapping in time. Under the conditions of dopamine modulation, the
connections between CA3 field neurons discharging within one time window are
enhanced [Chuan Zhang et al., 2009]. As a result, a "cognitive map" is formed, in
which only neurons of neighboring sites are linked [Bush et al., 2010].
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2. When the rat first finds the platform, an opioid "safety signal" [Fernando et
al., 2014] is generated (with SPW-Rs complexes in CA3 [Buzsaki, 2015]). Under the
influence of opioid inhibition of inhibitory interneurons in the CA3 field, excitation
from the safety place cells extends as a damped wave along functionally effective
cognitive map connections.

3. Opioid suppression of inhibitory inputs to dopamine neurons in the midbrain
[Fields, Margolis, 2015] creates conditions for enhancing links from place cells to
dopamine neurons [De Lavilléon et al., 2017] in inverse relationship to the distance
from the platform.

4. In the next probe, the animals select a route according to the dopamine
gradient on the place cells: the excitation of dopamine neurons increases the motor
activity of the animal towards the hidden platform.

8. lenctBue HoonenTta Ha CNOHTAHHYI aKTUBHOCTb NUPaMUAHbIX
HEMPOHOB N UHTEPHEUPOHOB paauanbHoro cnos nonsa CA1 runnokamna
KpbIC Ha hoHe bnokaabl a7 XONMHOpeLenTopoB

[ToBapos U.C."*, Konaparenko P.B.!, /lepeBsrun B.1.!, Kon6aes C.H.!
1. Hayunwiti yenmp nesponocuu, Mockea, Poccus ;
* povarovigor@mail.ru

Hootponnsiii npenapar Hoonent (HII) ycuinBaer CHOHTaHHYO M BBI3BaHHYIO
TOPMO3HYIO Iepenady B runnokamme. B To ke BpeMs ecth JaHHbIe 0 BoBieueHun HII
B PEryJsilIMI0 XOJIMHEPTrMYECKOM TMepenadd, 3aJ€MCTBOBAHHOW B aKTUBALIMU
TOPMO3HBIX HHTEPHENPOHOB TUIIOKaMIIA.

Hamu mposeneHo wuccinenoBanue nenictBusg HII Ha CriOHTaHHYXO aKTMBHOCTH
MMPaMUJIHBIX HEUPOHOB M HHTEPHEMPOHOB paauanbHoro cnos mnons CAl
NEPEKUBAIOIIUX CPE30B TUIIOKaMIla KPhIC BO BpeMsi OJOKaAbl XOJIUHEPIHUECKOU
nepenaund. Beegenme HII (5 MxM) B nepdy3uoOHHBIH pPacTBOP  BBI3BAJIO
OTHOCHUTEJIbHOE YBEIMYEHUE YaCTOThl CIOHTAHHBIX TOPMO3HBIX MOCTCHHANTHYECKUX
tokoB (TIICT) B nmupamuansix Heilponax nonst CAl mo 203+36% (p<0.05, n=5), a
ammmutyasl 10 149+£23% (p<0.05, n=5) ot xoHTponsHOro ypoBHs. I[locinenyroiee
noOaBieHne OoKaTopa HUKOTMHOBBIX 07 XomuHopenenTtopoB methyllycaconitine
(MLA) B xoHuenTparuu 1 HM npuseno k cHmkenuto yactotel TTICT no 103+14% u
ammutyael 10 113+10%, 4YTO0 3HaYMMO HE OTIMYAIOCh OT KOHTPOJIBHBIX
nokazareneil. C napyroit ctoponsl, anmiukanus HIT na ¢doune neticteuss MLA (1 HM)
HE BbI3BAJIa 3HAYMMOIO W3MEHEHHUS XapakTepucTuk crnoHTaHHelix TIICT B
3apeTUCTPUPOBAHHBIX MUPAMUIHBIX HepoHax (n=5). Takxe ObLIO YCTAaHOBIIECHO, YTO
BBeneHue HII (5 mMxM) B nepdy3uoHHBI PAcTBOP BBI3BIBAIO YCHUJICHUE YaCTOTHI
CIIOHTAaHHBIX Pa3psIOB TOPMO3HBIX MHTEPHEUPOHOB panuanbHOro cios nons CAl
(n=4) B cpeanem 110 120 + 3% oTHOcUTENbHO KOHTpos. Anmukarus MLA (10 €M)
ocia0msiia 1aHHbIM A()QEKT, CHMKasg YacToTy paspslia dTUX HMHTEPHEHPOHOB B
cpeaseM 110 89 £ 7%0T KOHTPOJIS.

JlanHble  pe3ynapTarbl  CBUAETENIBCTBYIOT O  CHHEPIMYHOM  XapakTepe
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B3auMozencteusa HII u XonmuHepruyeckod CHCTEMBI B THUIIIOKAMIIE. YCHIJICHUE
CIIOHTAHHBIX Pa3psAI0B TOPMO3HBIX UHTEPHEHPOHOB paanaibHOro cios noist CAl u
COMYTCTBYIOIIEE €My YBEIMYEHUE aMIUIMTYyAbl W 4acToTbl crnoHTaHHbIX TIICT B
NPaMUIHBIX HeHMpoHax nox Aercteruem HII 3aBUCUT OT XOMMHEPTUYECKON NIEPENAYH.
[Tonnepxano rpantom PH® 16-15-00235.

Effect of Noopept on rat hippocampal CA1 pyramidal neurons and str
radiatum interneurons spontaneous activity under a7 ACh receptors
blockade

Povarov [.S."*, Kondratenko R.V.!, Derevyagin V.1.!, Kolbaev S.N.!

1. Research Center of Neurology, Moscow, Russia;
* povarovigor@mail.ru

Investigation was performed on acute hippocampal slices of rat. Nootropic
dipeptide Noopept (NP) administration (5 mkM) increased the frequency of
spontaneous inhibitory post-synaptyc currents (IPSC) to 203+36% (p<0.05, n=5) and
enhanced their amplitude to 149+23% (p<0.05, n=5) relative to control. Further
application of a7 ACh receptor blocker methyllycaconitine (MLA) in concentration
of 1 nM abolished Noopept effect by decreasing frequency and amplitude of
spontaneous IPSCs to control level. Accordingly, NP effect on IPSC parameters was
prevented by MLA pretreatment. Also, increase of spontaneous discharge in str
radiatum interneurons under NP action was detected. Action potentials frequency
increased to 120 + 3% (n=4) relative to control. This effect was also inhibited by
MLA (10 nM) perfusion. Thus, it seems to be that some kind of synergy between NP
action and hippocampal cholinergic transmission exists.

Supported by Russian Science Foundation (Grant-16-15-00235)

9. Oco6eHHOCTN BNUAHUA pPa3finvHbIX KOHLI,eHTpaLIVIVI aueTUurnxorimvHa Ha
(byHKLIVIOHVIpOBaHMe rmnnokKammna (I'VII'IOTeTVI‘-IeCKVIﬁ MexaHMSM)

Cunpkuc W.I.1*
1. Uncmumym evicutell HepsHotl dessmenvrocmu u Hetipogusuonoeuu PAH, Mocksa,

Poccus;
* isa-silkis@mail.ru

[IpoBenen aHaJIu3 0COOEHHOCTEN BJIMSTHUS alleTUIXOJINHA Ha
dbyHKIMOHMpOBaHUe Tunmnokammna. OH 6a3upyercss Ha MPEIJIOKEHHBIX HaMHU paHee
npaBwiax  MOAyIsuu  3(PEOEKTUBHOCTH  BO3OYIUTETBHOW M TOPMO3HOM
CHHANTUYECKOW Tiepenadu. Takke HCMHOJIb30BaHBI  M3BECTHBIE  JIAHHBIE O
pacloJIOKEHUM TIpe- W TMOCTCHUHANTUYECKUX MYCKapUHOBBIX U HUKOTHHOBBIX
pPELIENTOPOB B Pa3HBIX MOJISIX Tuinokamna. CormiacHO 3TUM MpaBUJiaM, aKTHUBALUS
MOCTCHHANTHYCCKUX MYCKapHHOBBIX M1/M3 M HHUKOTHHOBBIX PEIEHTOPOB JIOJDKHA
CIIOCOOCTBOBATh JJIMTEIIPHOM ITOTEHIIMAIIMK BO30YIUTEIIBHOTO BXOJa M JICIPECCUU
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TOPMO3HOTO BXOJa K HEWpOHY, TOrma Kak BozaehcTBUe Ha M2/M4 penentopsl
JOJKHO ~CIIOCOOCTBOBATh JIJTUTENBHOW JIEMIPECCHU  BO3OYIMTEIHLHOTO BXOIa U
CHIDKCHUIO BBIJCIICHHS HeWpoMmenuaropa. EciuM TOpPMO3HBIA BXOJ  CHIJIbHEE
BO30YUTEIBHOTO, JUIUTEIbHAS MOTEHIMAIUS (JIeTPEeCcCusi) BO30YIUTEIHHOTO BXO/I0OB
K MHTEPHEHPOHY JOJKHA CHOCOOCTBOBATh JJIMTEIIBHOU Jienpeccuu (MOTEHIUAIIUN )
BO30OYIUTEILHOIO BXOJla K MNHUPAMHUJAHOM KJIETKe-MHUIICHU. W3 mpemasioxkeHHOTo
MeXaHU3Ma CJIEIyeT, UTO MPU XapaKTepHOM i 0oJjie3HU AJplreiiMepa CHUKEHUH B
TUNIIOKAMIIE KOHIICHTpAIllMU alleTWIXOJWHAa | 1ioTHoctu M1, M3 u 04p2
peLenTOpOB, a TaKXe YBEJIMYEHUM CBs3bIBaHUS M2 penentopoB, nepeaada
nH(poOpMalMK MO TPUCHUHANITUYECKOMY IYTH 4Yepe3 THUIIIOKAMII HE JeNpPeCcCHpPYeTCs,
TaK YTO BBIMOJHSIIOTCS YCJIOBHS Ui (DOpMUpOBaHUS HEHPOHHBIX OTOOpPaKCHUIA
acconmanuii “o0beKT — MecTo”’, HeOOXOIUMBIX IS KPAaTKOBPEMEHHOIO OOy4YeHUS,
TOTJa Kak peakuuu nupaMuaHbix HelpoHoB monedt CA3 u CAl Ha curHansl,
MOCTYNAIOIINE U3 SHTOPUHAIBLHOM KOPBI, yMEHbIIaloTcA. C y4eToM TOro, 4TO MpHU
BCIIOMUHAHUU SIHU30/I0B AKTUBHOCTh B SHTOPHMHAIBHOW KOpPE YEJIOBEKA CXOJHA C
aKTUBHOCTHIO B MpedpPOHTAIBLHON KOpe, MbI MojlaraeM, 4TO OCjiabjieHHe peakiui
HEWPOHOB TUIIOKAMIIA HA CUTHAJBI U3 SHTOPUHAIBLHOW KOPbl M 3aTPYAHEHHOCTH
BCJIEACTBUE OTOr0  B3aUMOJCMCTBUS  XPAHALIEHMCS B KOPE CEMaHTHUYECKOMN
uHOpMaLIMK C XpaHslleicss B rummnokamine uHpopMauuei o0 3MU30[e MOXKET
Jie)KaTh B OCHOBE HApyILICHUM W3BJICUEHUsS] MH(POpMalMKM W3 TaMsITH MpU OOJIE3HU
Aunbrreiimepa.

Pabora BeImonHeHa Tipu noxaepxkke Poccuiickoro HayuHoro ¢onga, rpant No
16-15-10403.

Features of influence of various concentrations of acetylcholine on
hippocampal functioning (a hypothetical mechanism)

Silkis [.G.1*
1. Institute of Higher Nervous Activity and Neurophysiology, Russian Academy of

Sciences, Moscow, Russia;
* isa-silkis@mail.ru

Analysis of features of influence of acetylcholine on the hippocampal
functioning was performed It is based on the modulation rules for the efficacy of
excitatory and inhibitory synaptic transmission we earlier proposed. The known data
about location of pre - and postsynaptic muscarine and nicotinic receptors were also
taken into account. According to these rules, activation of postsynaptic muscarine
M1/M3 and nicotinic receptors should promote LTP of excitatory and LTD of
inhibitory input to a neuron, whereas action on M2/M4 receptors should promote
LTD of excitatory input and a decrease in neuromodulator release. If inhibitory input
is stronger than excitatory, LTP (LTD) of excitatory input to the interneuron should
promote LTD (LTP) of excitatory input to a target pyramidal cell. It follows from the
proposed mechanism that a characteristic for Alzheimer's disease low concentration
of acetylcholine in the hippocampus, a decrease in density of M1/M3 and 042
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receptors, and augmenting binding of M2 receptors must not prevent transmission of
information through trisynaptic hippocampal pathway, so that the conditions are
fulfilled for the formation of neuronal representations of "object-place" associations
which are necessary for short-term learning. At the same conditions, responses of
pyramidal neurons in the CA3 and CAl areas to signals from the entorhinal cortex
must decrease. Given that during recall of episodes, activity in the entorhinal cortex is
similar to that in the prefrontal cortex we assume that the weakening of the reactions
of the hippocampal neurons to signals from the entorhinal cortex and subsequent
hindering in the interactions between the semantic information, stored in the cortex,
with the information of an episode stored in the hippocampus can underlie
disturbances of recall of information in Alzheimer's disease.

This work is supported by Russian Scientific Foundation, grant Ne 16-15-10403.

10. Ponb rnoKo3bl B 3HEpreTu4ecKkom metabonmame BO BpeMs ramma
ocLUNNALUN

BazernuroBa A.A.'*, PaxmarymiuHa ©.®D.!, Po3os A.B.!?

1. Uncmumym gpynoamenmanvuou meouyunsl u ouonoeuu, OpenlLab Hevpobuonozus,
K(I)®Y;

2. Kagpeopa puszuonocuu u namogusuonoeuu, Ietidoenvbepeckuti ynusepcumemn,
Tetioenvoepe, I'epmanusi;

* alina-vazetdinov@maill.ru

beictppie  konebaHusi B JAMana3oHe — raMMa-4acToT — 00eCHeuMBaroT
(yHIaMEHTAJIbHBIH ~ MEXaHU3M  KOMIUIEKCHOM  o0paboTku  uHpOpMalnuu B
HEUPOHAJIIBHOW CETH THUIIIOKaMIa W HEOKOPTEKCa MIIEKOnUTaromux. [amma-
KoJIeOaHUs CBSI3aHbI C 00Jiee BHICOKUMH (YHKIMSIMU MO3Ta, TAKUMHU KaK CEHCOPHOE
BOCIIPUSITUE, JBHUTaTelbHAasi aKTUBHOCTh W ¢dopMupoBaHue mnamsTu. OCHULISAINN
BO3HUKAIOT 32 CUET OMNPEAECTICHHBIX CHHANTUYECKUX B3aUMOAECHCTBUI MEXKIY
BO30YXIArONMMHU KiIeTKaMu U TopMo3HbiMU [AMKepruueckumu MHTEpHEHpOHAMH,
KOTOpble TpPeOyIOT BBICOKMX 3arpar dSHepruu. OCHOBHBIM HCTOYHUKOM DHEPTUU
ABISIETCA TIoKo3a. OnHako uccnenoBaHud Hadana 1990-x romoB mocTaBWIMA MO
COMHEHHE WHACI0 O TOM, YTO DHEPreTUYECKHE MOTPEOHOCTH HEPBHBIX KIIETOK
YIOBJICTBOPSIOTCS MCKIIOYUTENBHO TIIIOKO30M. MccmemoBanus in vivo u in vitro
MOKa3ajiu, YTO B YCJIOBUSAX JAe(UIINTA YHEPTUH TITIOKO3a MOXKET 3aMEHSIThCS JIAKTaTOM
U OBITh aJbTEPHATUBHBIM HCTOYHMKOM OSHEprud B wmo3re. OpHako HeIaBHUE
AKCIIEPUMEHTHI MOKa3aJid, 4TO JIAKTaT B KOHIIEHTpaluu 10 MM BbI3bIBa€T yrHETEHUE
raMMa OCHWUISILIUA B TUIIIOKAMIIE U B MOCJEACTBUU MPUBOAUT K BO3ZHHUKHOBEHUIO
sanujencun. B aKcnepuMeHTax HCMOIb30BAIMCH CPE3bl TOJIOBHOTO MO3ra KPBIC
passbix BozpacToB (P14-P25). Path-clamp peructpaiiyst HOHHBIX TOKOB TPOBOAMIIACH
OT CHMHANTHUYECKU CBA3aHHBIX HEHPOHOB (OBICTpOCHAMKYIOMIAsl KIIETKa-MMpaMuIHas
kierka) CA3 oGmacTu TUIIOKaMa. ANIUIMKAIKS J1akTara B KoHIeHTparuu 10 MM
NPUBOAMIIA K JOCTOBEPHOMY CHIKCHHIO aMIUIUTYIAbl BBI3BAHHBIX TOPMO3HBIX
MOCTCUHANTUYECKUX TOKOB K 15 MHHYTE OJKCIEpUMEHTa MO CpPaBHEHUIO C
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KOHTpOobHBIMU 3HaUeHUAMH (0.35+0.12,n=5,p<0.001). Takum 0O6pa3om, MOITyIeHHBIC
JTAHHBIEC TIOKA3bIBAIOT, YTO 3aMEIICHUE MIIOKO3bI JIAKTATOM MPUBOIUT K CEPbE3HOMY
CHUKEHUIO MePUCOMATUYECKOTO TOPMOXKEHUS, o0ecrneurnBaeMoro
OBICTPOCTIAMKYIOIIUMHM  KJIETKAMM W KakK  pe3ylbraT —  BO3HUKHOBEHUIO
AMWIENTHYECKOM aKTUBHOCTH. MOXHO cClienaTh 3aKJIIOYEHUE O TOM, YTO IJIFOKO3a
ABJISIETCS HauOosiee MOIXOMSIIMM CyOCTpaToM JJisl MOAJIEPKAHUSI PUTMHUYECKON M
CHUHAITUYECKOW aKTUBHOCTH TUMNIIOKAMITAJIbHOM aKTUBHOCTH.

Pabora BBITIOJIHEHA B paMKax [Tporpammsl MOBBIIIICHUS
KOHKypeHTocrocoOHocTu Kazanckoro penepanbHOT0 yHUBEPCUTETA.

The role of glucose in energy metabolism during gamma oscillations

Vazetdinova A.A."*, Rakhmatullina F.F.!, Rozov A.V.!2

1. Institute of Fundamental Medicine and Biology, OpenLab Neurobiology, KFU;
2. Department of Physiology and Pathophysiology, University of Heidelberg,
Heidelberg, Germany;,

* alina-vazetdinov@mail.ru

Rapid fluctuations in the gamma-frequency range provide a fundamental
mechanism for complex information processing in the neural network of the
hippocampus and the neocortex of mammals. Gamma-oscillations are associated with
higher brain functions, such as sensory perception, motor activity and memory
formation. Oscillations arise as a result of synaptic interactions between the
excitatory cells and inhibitory GABAergic interneurons, which require high energy
costs. The main source of energy is glucose. However, studies of the early 1990s
questioned the idea that the energy needs of neurons are satisfied exclusively by
glucose. In vivo and in vitro studies have shown that in conditions of energy
deficiency, glucose can be replaced by lactate as an alternative source of energy in the
brain. However, recent experiments have shown that lactate at a concentration of 10
mM causes suppression of gamma oscillations in the hippocampus and subsequently
leads to epilepsy. Experiments were done on rat hippocampal brain slices (P14-P25).
Postsynaptic inhibitory responses were evoked in CA3 pyramidal cell in response to
suprathreshold stimulation of synaptically connected Fast-Spiking interneuron.
Inhibitory postsynaptic currents (IPSPs) were recorded in current clamp mode.
Substitution of glucose (10 mM) by lactate at a concentration of 10 mM led to a
significant decrease in the amplitude of IPSCs by the 15 minute of the experiment
compared to the control values (0.35 +0.12, n =5, p <0.001). Thus, the obtained data
show that the replacement of glucose by lactate leads to a serious decrease in the
perisomatic inhibition provided by Fast-Spiking cells and, as a result, the appearance
of epileptic activity. It can be concluded that glucose is the most suitable substrate for
maintaining the rhythmic and synaptic activity of the hippocampal network.

25



11. ®opmupoBaHue PyHKLUNOHANBbHbIX CBA3€ B HEMPOHarbHOW
KynbType nopa BfMSAHUEM XPOHUYECKON INEeKTPUYECKOU CTUMYNSALUN

[Murapesa SA.1.'*, I'mankoB A.A.2, KonnakoB B.H.!, Autunosa O.0.!, Myxuna 1.B.2,
Kazannen B.b.!, [Tumamkun A.C.!
1. Huoicecopoockuii ecocyoapcmeennuiii ynueepcumem um. H.U. Jlobauesckoeo,

2. Ilpusoncckuii uccnedosamensCKuti MEOUYUHCKUL YHUBEPCUMEm,
* pigareva@neuro.nnov.com

Pa3BuTre HEWPOHHBIX CETEM B MO3TE€ MPOUCXOAUT IOJ BIHUSHUEM CEHCOPHBIX
CUTHAJIOB BHEIIHETO MUPA, BBI3BIBAIOLIUX 3PPEKThl CHHANTUYECKON MIACTHYHOCTH,
bopMHUpOBaHUE  APXUTEKTYpbl  CBsI3ed  MEXAY HEHpPOHaMM U  NATTEpHOB
(GYHKIIMOHAIBHOM  aKTUBHOCTH. KynbTypbl IHCCOLMHPOBAHHBIX HEWPOHATBHBIX
KJIETOK SIBJISIIOTCSL YIOOHOW MOJENbIO I UCCIEAOBaHUS HEPBHOW CHUCTEMBbI Ha
MOJIEKYJISIPHO-KJIETOYHOM M CE€TE€BOM ypoBHsX. Habmromaemas B HEHPOHHBIX CETAX 1n
vitro OMo3eKTpUYecKass aKTUBHOCTh OTJIMYAETCS OT HOPMAJIbHON (PU3HUOIOrHYECKON
aKTUBHOCTU B KMBOM MO3T€, OJHOW W3 NPHUYMH ITOTO MOXKET OBITb OTCYTCTBHUE
MOCTOSIHHBIX addepeHTHBIX curHaioB. [1oaTomMy 11e1bt0 paboThI OBLIIO MCCIIEIOBAaHUE
BIIMSTHUSL TOCTOSIHHOM 3JIEKTPUYECKOM CTUMYJISALMUA, CUMYJIUPYIOMIEH CEHCOPHBIE
BXOJIbl, Ha pa3BUTHE (PYHKIMOHAIBLHOM AKTUBHOCTH HEHPOHHOW CETH B YCIOBHUAX
JUIMTEIBHOTO  KYJIBTUBUPOBAaHUS  NEPBUYHBIX  HEUPOHOB  THUNIOKaMIla  Ha
MHKPODJIEKTPOAHON MATPHIIE.

Crumyssiusa OCylmecTBIsIach ¢ 2 0 25 A€Hb Pa3BUTUS KYJIBTYPhI C IIOMOIIBIO
CHeuaibHO pa3pabOTaHHOTO YCTPOMCTBA, pa3MEIIEHHOro B MHKyOarope. [Iporokon
CTUMYJISIIUM ObUT OCHOBAaH Ha OCOOCHHOCTAX PUTMHUYECKOM AaKTUBHOCTU B
TUMNOKaMIIE )KUBOTO Mo3ra (TeTa puTM M raMMa pUTM) C YUETOM MapaMeTpOB paHee
pa3pabOTaHHBIX MPOTOKOJIOB CTUMYJISIMU HEUPOHAIBHBIX KYJIBTYDP, BBI3BIBAIOLIUX
M3MEHEHHS (PYHKIIMOHAIBHBIX CBA3EH B KyJbTypax KieToK. CTUMYISLUS COCTOsIIA U3
MOCJIEIOBATEIbHOCTU MMOBTOPSIOMIMXCS cepuil OM(a3HbIX UMITYJILCOB (5 UMITYIBCOB C
amrutynoit 800 MmB ¢ uaTepBanioM 20 Mc U UHTEpBaJIOM Mexay cepusiMu 120 mc).

XpoHUYECKasi CTUMYIISIUSL yBEIMYMBaJa YacTOTy HMMITYJIbCOB B KYJIbTYpE IO
CpPaBHEHHIO ¢ KOHTpojeM Ha 15 u 20 gHu pa3BUTHS M yBEJIMYMBAJIa YacCTOTy MaYeK
UMITYJIbCOB Ha TNPOTSHKEHWH BCErO PA3BUTHSA HEHWPOHAIBHOM KYyJIBTYpbl. MBI
IpearoyiaraeM, 4ro cUMyisiuus ad@epeHTanuy MOXKET BbI3BaTh JIOJTOBPEMEHHbBIE
3p(dEeKTbl TOMEOCTaTUYECKOM M CHHANTUYECKOM IUIACTUYHOCTH, YTO BbBI3BIBAET
M3MEHEHHS XapaKTEpUCTUK OHO3IEKTPUUECKOW akTUBHOCTU. HMccnmepoBanue ObLIO
noaaepsxkano rpantoM [Ipesunenra Poccuiickoit @enepanuu (MK-6795.2018.4).
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Functional connectivity development in the cultured neural networks in
conditions of chronic electrical stimulation

Pigareva Y.I.'*, Gladkov A.A.2, Kolpakov V.N.!, Antipova O.0.!, Mukhina [.V2,
Kazantsev V.B.!, Pimashkin A.S.!

1. Lobachevsky State University of Nizhni Novgorod;

2. Research Medical University of Volga region,

* pigareva@neuro.nnov.com

Functional development of neural networks in the brain is modulated by
persistent sensory inputs, which induce synaptic plasticity. The cultures of dissociated
neuronal cells are widely used in study of the nervous system at the molecular,
cellular and network levels. A bioelectrical activity of the neural networks in vitro is
significantly different from normal physiological activity in the living brain. It can be
explained by lack of afferent sensory signals. We study an effects of chronic electrical
stimulation on the functional activity of the neural networks cultured in
microelectrode arrays during first three week of the development. The cultures of
primary hippocampal cells was stimulated from the 2nd to the 25th day in vitro
(DIV). We used a custom device that allowed to stimulate the neuronal cultures inside
the incubator. The stimulation protocol corresponded to the rhythmic activity in the
hippocampus and also were based on the stimulation protocols that induced changes
in functional connections of the neuronal cultures. The stimulation consisted of series
of bipolar pulse trains (5 pulses with 20 ms interval and an 120 ms interval between
train).

Chronic stimulation increased the spiking and bursting frequency during the
development of culture. We suggest that such functional changes were caused by
chronic stimulation and might be associated with homeostatic and synaptic plasticity
effects. This research was supported by the grant of the President of the Russian
Federation (MK-6795.2018.4).
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HdeknapaTtMBHasa namMsTb U NnoBeAeHNe
Declarative memory and behavior

12. BnusiHne NoBbIWEHHbIX 403 rOMOUMCTEMHA B nNpe- "
NOCTHaTanbHbIN NEepUoA Ha NPOCTPAHCTBEHHYIO NaMATb U Npouecc
oby4yeHus Kpbic

SIxkoBneBa O.B.'*, Akcenona JI.1O.!, 3uranmmua A.P.!, Cutoukosa I.D.!

1. Kazanckuti @edepanvuviii Yuusepcumem, Kazans, Poccus;
* a-olay@yandex.ru

['unepromonnrennemust (I'TL[) — 3aboneBanue, CBA3aHHOE C TOBBIMICHUEM
YPOBHSI TOMOIIMCTEHHA B KPOBH, NMPUUYMHON KOTOPOTO SIBJISIIOTCS KaK T€HETHUYECKHE
nedexTel hepMeHTOB MeTaboM3Ma METHOHWHA, TaK W oOpa3 ku3HU. [loBbImIcHHE
YPOBHSI TOMOIIMCTENHA KOPPEIUPYET C Pa3BUTHEM KOTHUTHUBHBIX JTUCHYHKIUN TIPH
CTapeHHH, pa3BUTHH Ooje3HH Adjbureiimepa, IlapknHcoHa u aMHUOTpOdHUECKOTrO
ookoBoro ckiepo3a. ['TL[ Bo BpeMs OepeMEHHOCTHM NPUBOAUT K IUIALlEHTApHOU
HEJ0CTATOYHOCTH, MAaTOJIOTHSM Pa3BUTHSA IJI0JAa M COMPOBOXKIACTCS HApyUICHUSIMU
pa3BUTHS TOTOMCTBA.

B Hacrosiiiem uccneoBaHUM ¢ TOMOUIBIO TECTOB: BOJHBIN J1JaOupuHT Moppuca
(BJIM, P21) u ycrnoBueii peduekc axtuBHoro wusderanus (YPAU, P100)
aHAIM3UPOBAIM TIPOCTPAHCTBEHHYIO MaMATh U OOYYEHHE KPBIC, IOJIBEPKEHHBIX
BJIMSTHUIO BBICOKHMX J103 TOMOIIMCTEHMHA BO BpPEMS BHYTPUYTPOOHOTO Pa3BUTHUA U B
MEPUOJI MOJIOYHOTO BCKapMJIUBAHUSI.

beiio chopmupoBaHo 2 Tpynmel KphIC: KOHTPOJIbHASI TPYIIa — KPBICHI,
POXKJICHHBIE OT CAMOK, HAXOMSIIMXCA Ha CTaHAAPTHOM pamuoHe nutaHus (n=30);
['TL rpynna - KpbIChl, POKJICHHBIE OT CaMOK, MOTYYaBIINX TUTAHUE C MTOBBIIICHHBIM
conepxkanneM metuonuHa (7.7 r/kr B cyT., n= 30).

Pesynbratel BJIM mnokazanu, 4to B XO0J€ OOy4YeHHUS YK€ K TPETbeMy
NPEIBbABICHUIO CTUMYJa Y KpbICAT O0EUMX Tpynn JareHTHOE BpeMsl IOMCKa
m1ar(opMbl  JOCTOBEPHO CHUXKANIOCh, MPOLEHT O0y4aeMOCTH B 00euX Trpymmax
coctaBmin 90%. B xoje mpoBepkH 3alOMUHAHMS BBISIBUIIM, YTO B KOHTPOJBHOMU
rpynne uepes 24 4 78% oOyuuBIIUXCS KPBICAT MMOMHST PACTIONOKEeHHE MI1aThOpMBbI, B
To Bpems Kak B [ T'L] rpynme nunis 44%.

B Tecre YPAU Obiio mokazaHo, 4utro mocie oOyudeHus peduiekc Obll
chopmupoBan y 100% >xkuBoTHBIX. Yepe3 72 waca peduexc coxpanwica y 74%
YKMBOTHBIX KOHTPOJIbHOM TpynIibl U TOJIbKO Y 56% xuBoTHbIX [Tl rpynmnel. Yepes 7
CYTOK TIOKAa3aTeW KOHTPOJIBHOW Tpymmbl Obutn Takxke Bbime (60%), wem y I'TT]
rpynimst (34%).

TakuMm 00pa3oM, MOKHO CZENIaTh BBIBOJ, YTO BBICOKHE J03bl TOMOLIUCTENHA HE
3aTparuBaroT MPOLIECC HAYUYEHUs >KUBOTHBIX, HO HETaTMBHO BJIMSIOT HAa MPOLECCHI
XpaHEHMs U BOCIPOU3BEICHUS MOIYYEHHOU B Mpouecce 00ydeHus: HHPOpMalUu.

[Mopnepxano hougom PH® No- 14-1500618.
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The effect of increased doses of homocysteine in the pre- and postnatal
period on spatial memory and the learning process of rats

Yakovleva O.V."*, Aksenova L.Yu.!, Ziganshina A.R.!, Sitdikova G.F.!

1. Kazan Federal University, Kazan, Russia,
* a-olay@yandex.ru

Hyperhomocyteinemia (HHcy) is a disease associated with an increase level of
homocysteine in the blood, which is caused both by genetic defects in metabolic
enzymes of methionine and by way of life. An increase in homocysteine levels
correlates with the development of cognitive dysfunctions in aging, the development
of Alzheimer's, Parkinson's and amyotrophic lateral sclerosis. HHcy during
pregnancy leads to placental insufficiency, pathologies of fetal development and is
accompanied by impaired development of offspring.

In the present study, using the tests: the Morris water maze (MWM, P21) and the
conditioned reflex of active avoidance (CRAA, P100) analyzed the spatial memory
and training of rats exposed to high doses of homocysteine during fetal development
and during the period of milk feeding.

Two groups of rats were formed: a control group - rats born from females on a
standard diet (n=30); Hcy group - rats born from females fed with increased content
of methionine (7.7 g/kg per day, n=30).

The results of the MWM showed that during the training, the latency of the
search for the platform decreased significantly during the third stimulus presentation
in both groups, the percentage of learning in both groups was 90%. During the check
of memorization revealed that in the control group after 24 hours 78% of the trained
rats remember the location of the platform, while in the Hcy group only 44%.

In the CRAA test it was shown that after training the reflex was formed in 100%
of the animals. After 72 hours, the reflex was preserved in 74% of the animals in the
control group and only in 56% of the animals of the Hcy group. After 7 days, the
control group values were also higher (60%) than for the Hcy group (34%).

Thus, it can be concluded that high doses of homocysteine do not affect the
learning process of animals, but negatively affect the processes of storage and
reproduction of information obtained during the training process.

Supported by the FRN Ne 14-1500618.
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13. F'Mnnokamn Kak CACTeMHbIN 3Hepru3aTtop MOTMBaLMOHHOIO
COCTOSIHUA

Huxonsckasg K.A.'*, Tomuennnkosa B.B.!
1. Mockosckuii 2cocyoapcmeentulil yHusepcumem um. M.B.Jlomonocosa, Mocksa,

Poccus;
* nikolskaya.kira@yandex.ru

HaxkomnneHHsle kK HacTOALIEMY BpeMeHHU (DaKThbl, MOIYYCHHbBIE B HKCIIEPUMEHTAX
no ynanenuto runnokamna (HPC) B paznuuHbIX cUTyalusx, yKa3plBalOT Ha TO, YTO
€ro yyacTue B Iipoleccax 00y4eHHH U MPOLeccax MaMsITH HE CTOJIb OYEBUIHO.

Hcnonp30BaHuE CIOXKHOM MNOBEACHYECKOM MOJEIM MOKa3ano, YTO yHAJIEHUE
nopcanbHoro HPC kak y kpeic Bucrap, tak u mpiueit F1 (C57BL/6XDBA/2) ne
BJIMSJIO HU HAa CHOCOOHOCTh K (uKcauuu HMHPOpMAlMK, HA HAa COXpAaHEHUE paHee
c(OpMUPOBAHHOTO MaMATHOTO CJIE/Ia, HU Ha IPOCTPAHCTBEHHYIO OPUEHTALUIO, HU Ha
KOTHUTHBHBIE BO3MOYKHOCTH JKMBOTHBIX — (DOPMHUPOBATH CIIOXKHBIE IIETHbIE
pedrekchl, ocynecTBIATh nepeaenku, nupdepeHnupoBku u yramenue. Haubonee
3HaUMMble  U3MEHEHUs OblIM  OOYCIIOBJIEHBl MEpPEeCTPOMKaMHU B  PHUCYHKE
BO30yIUTENbHO-TOPMO3HBIX ~ OTHOIIEHUH, XapakTep  KOTOpBIX  3aBUCET  OT
WHIUBUIYAJIBHBIX OCOOCHHOCTEW ATHX IPOLIECCOB. DTH M3MEHEHMS CKa3aluCh Ha
MOTHBAaLlMOHHOU AKTUBHOCTH, CIIPOBOLIMPOBAIHN IICUXO3MOLIMOHAIBHY IO
YIUIOUIEHHOCTh M MPHUBEIM K YCUJIEHUIO MHEpUMOHHBIX cBoicTB BHJI, oOycimoBus
CEpbE3HBbIE TPYAHOCTH IPU BOCHPOM3BEICHUM NAaMIATHOro cieaa. OnepupoBaHHBIM
KUBOTHBIM  TpeOOBaJUCh  JIOTIOJHUTENbHBIE «MOTHBALMOHHO-IHEPTETUYECKHUE
yCWIIMSI, YTOOBl TAMSTHBIA CcJieJl HE TOJBKO W3BIEKAJCsA, HO M yIAEp>KUBAJICA
JUIMTENIbHOE BpeMsi B oreparuBHoM pexume. HecnocoObnocts HPC-xHUBOTHBIX
CBOEBPEMEHHO IpEPHIBATh TEKYIllee BO30YKIECHUE U IEPEXOUTh Ha 00JIee BBICOKUH B
KOTHUTUBHOM U «3HEPIeTUYECKOM» OTHOLIEHHHM YpPOBEHb (DYHKIMOHUPOBAHUS,
CBUJICTEIBCTBOBAIM O CHW)KEHUUM  (YHKIMOHAJIbHOW  JaOWIBHOCTH  OYaros
BO30Y>KJIeHUs, 00eCIeUNBAIOIINX PeaIn3allkio M03HABATEILHOTO Mpoliecca.

BrickasbeiBaetcsa npeactapienHue, uto HPC BKIIIOUEH B CHCTEMY, OTBETCTBEHHYIO
3a ONEpaTHBHYIO OpPraHU3alUIO0 JIOMUHAHTBl M YCJIOBUA €€ (YHKIIMOHUPOBAHUS.
Hapymenue HEPBHO-TOPMOHAJIBHOMN COIIPSIKEHHOCTH, BBI3BAHHOM
TMIITIOKAMIIDKTOMMEN, YBEJIIMYMBAECT «3aTpaTbD) Ha aKTUBALMIO W YAEpP/KAHHE
MIaMSITHOTO CJIEAA B ONEPAaTUBHOM pEKHMME. B Ciydae OLIEHKH MaMATH 1O KOJINYECTBY
3aTpauyeHHbIX Mpo0 3TOT (EHOMEH MHOTMMHU  HMCCIENOBATENIIMH  MOXET
BOCIIPUHUMATBCS KAK CEPhE3HOE YXYAIIEHUE TTaMSITH.

30



Hippocampus as a system power energiser of motivational state

Nikolskaya K.A."*, Tolchennikova V.V.!

1. Moscow State University, Moscow, Russia;
* nikolskaya.kira@yandex.ru

The facts accumulated to date, obtained in experiments on the removal of
hippocampus (HPC) in various situations, indicate that its participation in learning
processes and memory processes is not so obvious.

The use of a complex behavioral model showed that removal of dorsal HPC in
both Wistar rats and F1 mice (C57BL/6 x DBA/2) did not affect either the ability to
fix information, nor to preserve a previously formed memorable trace, nor to spatial
orientation, nor on cognitive possibilities of animals — to form complex chain
reflexes, to carry out alterations, differentiation and extinction. The most significant
changes were due to changes in the pattern of excitatory-inhibitory relations, the
nature of which depended on the individual characteristics of these processes. These
changes affected motivational activity, provoked psycho-emotional flatness and led to
an increase in the inertial properties of cognitive activity , causing serious difficulties
in the reproduction of the memorable trace. Additional "motivation-energy" efforts
were required for the operated animals, so that the memorable trace not only was
extracted, but also kept for a long time in the operative memory. The inability of the
HPC to interrupt current excitation in a timely manner and to move to a higher level
of functioning in the cognitive and "energy" level, indicated a decrease in the
functional lability of the excitation foci, which ensure the realization of the cognitive
process.

It is suggested that HPC included in system responsible for the operative
organization of the dominant and the conditions for its functioning. Lesion of the
hippocampus provoked neuroendocrine disintegration, increasing the "costs" for
activation and retention of a memory trace in the operative mode. In the case of
estimating of memory by the number of trials needed for learning, this phenomenon
can be perceived by many researchers as a serious memory impairment.

14. UccnepoBaHMe BNUAHUA NakTOOaKTepMn Ha KOrHUTUBHbIE PYHKLUN
MbILLIEX NPU HAPYLUEeHMU MUKPO(IIOPbI KULLEeYHUKA

ApcnanoBa A.H."*, Pynuu M.IL.!, HoBocenosa B.A.!, Anexcanaposna A.1O.!,
Spymmna JI.P.!, SIxoBnesa O.B.!

1. Kazanckuu @edepanvusiit Ynusepcumem, Kasanwv, Poccus;

* alicel998@yandex.ru

Kumieynass Mukpob6mora — 3TO COOOIIECTBO MHMKPOOPTaHW3MOB, KOTOPHIE
MOMOTAlOT MOJAJIEPKUBATh METa0OJIMUeCcKoe paBHOBeCHE B opraHuszMe. B mopensx
JKUBOTHBIX TIOKa3aHa HEOOXOJUMOCTh KHIIEYHOW MHKPOOMOTHI JUIsl MHOXKECTBA
(U3HOTOTHYECKHUX TTPOIIECCOB.
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Ienbro maHHOM pabOTHI OBLIO MCCISAOBAHUE BIHMSHUS M3MEHEHHON KHUIIICUHON
MUKPOOMOTHI M WMCIOJIB30BaHUS TPOOMOTHKOB HA MPOIECCHI OOYYCHHUS W TAMATH
MBIIIEH.

OObeKT uccienoBanusi 3 TPyNIbl KUBOTHBIX: 1) KOHTpOIbHAS TpynHmna - MbIIIU
(n=10); 2) rpymnmna MbllIei, NOJy4YaBIINX UHBEKUUU aHTUOMOTUKOB (Ab, n=10); 3)
rpyIIia MBIIIEH, MOTy4YaBIINX UHHEKIIUM aHTUOMOTUKOB C JOOABJICHUEM B MUTHEBYIO
Boay JakroOanumn (4*106 wi/moza, Ab+JIb, n=10). i OllEHKH KOTHUTHUBHOM
(GYHKIMU )KMBOTHBIX MCIOIB30BaIN T-00pa3Hblil TaAOMPUHT U TECT HA pACIIO3HABAHUE
HOBOTO 00BekTa (HO).

Tect T—oOpa3Hblii JTaOUPUHT TO3BOJSET MCCIENOBAaTh MPOCTPAHCTBEHHYIO
NaMsTh TPHI3YHOB, JIEXKAIIYI0 B OCHOBE IOBEJCHUS IMPU «CMEHE» pykaBoB. Kaxnas
MOTIBITKA OIICHWBANACh B OallaX, M MO CymMMe 0ayuioB 3-X TMOMBITOK BBIYUCISIICS
MPOLCHT 3allOMUHAHUSA. B KOHTpPOJBHOM TIpynie CpeIHUM MPOLEHT 3alOMUHAHUS
coctaBui 66+£8%, Torma Kak mociie MHBEKIUNA aHTHOMOTHKOB - 49+5% (p<0.05).
[Tpumenenue nakroOarwin (rpynmna Ab+JIb) HuBenMpoBano CHUXKEHHE MOKa3aTems
rpymmsl Ab u coctaBrito 66+5%, 4T0 HE OTIMYATOCH OT KOHTPOJIBHBIX 3HAYECHH.

B tecte Ha pacno3naBHanne HO o1ieHMBaNOCh OTHOIIEHHME BPEMEHHU, KOTOPOE
YKUBOTHOE TpaTUT Ha uccienoBanne HO, k BpeMeHu nucciaenoBanus cTaporo 00beKTa.
B konTpoasHoit 1 AB+JIb rpynnax Bpemsi, moTpauyeHHoe Ha ucciegopanue HO, Obuio
BbIIIIE, YEM Ha UCCJIEIOBAaHUE CTaporo, Toraa Kak B rpymie Ab Bpemsi oOHIOXUBaHUS
000MX 0OBEKTOB HE OTIUYAIIOCH.

TakuMm 00pa3oM, HCMONB30BAaHUE AHTUOMOTHKOB MPUBOAMIO K HapYIICHUIO
0oOy4YeHHUs U MaMSTH [0 CPABHEHHUIO C KOHTPOJIbHBIMU KUBOTHBIMHU, YTO MOXKET OBITh
cBs3aHo gAedunurom (aktopa BDNF u cHuxkeHHMEM 5SKCHpecCHH penenTopoB
HelpornenTuaa Y, BOBICYCHHBIX B KOTHUTHBHBIC (pyHKIMH. [Ipy 3TOM Hcmonbp30BaHUE
JaKTOOAMIT HUBEIMPOBAJIO HAOMIONAEMblE W3MEHEHHsS, YTO CBHUCTEIBCTBYET O
BOXHOW POJIM HOPMATbHONH MUKPOOHOTHI B Mpolieccax 00yUYeHHs U MaMsTH.

The study of the influence of lactobacilli on the cognitive functions of
mice in the microflora of the intestine

Arslanova A.N."*, Rudich M.P.!, Novoselova V.A.!, Alexandrova A.Yu.!, Yarullina
D.R.!, Yakovleva O.V.!

1. Kazan Federal University, Kazan, Russia;

* alicel998@yandex.ru

Intestinal microbiota is a community of microorganisms that help maintain
metabolic balance in the body. In animal models, the need for an intestinal microbiota
for a variety of physiological processes is shown.

The aim of our work was to study the effect of altered intestinal microbiota and
the use of probiotics on the learning and memory processes of mice.

To assess the cognitive function of animals, a T-maze and a test for recognizing
a new object were used.

In the control group in test T-maze, the mean percent of memorization was 66 +
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8%, whereas after antibiotic injections only 49 = 5% (p<0.05). The use of
lactobacilli ) leveled the decrease in the index of the AB group and was 66 = 5%,
which did not differ from the control values.

In the test for recognizing the new object, the ratio of time that the animal
spends on researching the new object, to the time of examining the old object was
estimated. In the control and AB + LB groups, the time spent on the ND study was
higher than that for the old one, whereas in the AB group, the sniffing time of both
objects did not differ.

Thus, the use of antibiotics led to disruption in learning and memory compared
to control animals, which may be due to a deficiency of the BDNF factor and a
decrease in the expression of neuropeptide Y receptors involved in cognitive
functions. The use of lactobacilli neutralized the observed changes, which indicates
the important role of normal microbiota in learning and memory processes.

15. HapyweHune noBefieHY€CKUX M INEKTPOPMN3INONOrniecKmnx
napamMeTpoB Npu UccrneaoBaHUMN ANN30ANYECKON NAMATU Y XKUBOTHbIX C
MoAenbi0 BUCOYHOU INUMencun.

[ITeBxoBa JI.B.!*

1. Mncmumym meopemuueckoil u skcnepumenmanviou ouoguzuxku PAH, [Iywuno,
Poccus;

* ludadeverandever@gmail.com

Onu3oauyeckas MNaMsiTh — CUCTEMA NaMATH, COJAEp)Kallas COOBITUHHYIO
apToOHorpaduuecKyo HHPOPMAIIUIO B TOJIUMOAATLHON (hopMe, TIe UMEIOT 3HAYEHUE
KOHTEKCTyaJbHble CBOMCTBa (MecTo U BpeMms). JepuuuT maHHOrO BUJA MHaMSITH
SBJISIETCSL OOIIMM KOTHUTHUBHBIM PAacCTPOMCTBOM B BUCOUHOM snuiernicun (BD).

HccnenoBanus MpoBOAMINCH Ha KOHTPOJIbHBIX KUBOTHBIX (N=10) 1 Ha Kpbicax
¢ kanHoBo Monenbio BD (N=7). beutn mpoBefeHbI SKCIEPUMEHTHI TI0 PETUCTpaIlin
JIOKQJbHBIX  TOJEBBIX TOTEHIMAJIOB THUIMOKaMIMa, MNpedpPOHTAIBHON  KOPBI,
SHTOPUHAIBHOM KOPBI M MENHUAIBbHOW CeNTalbHOM 007acTH y KpbIC TMIpHU
MOBEJICHUYECKOM TECTUPOBAHUU («KOTKPBHITOE TOJE» W MOAUGUIIUPOBAHHBIA TECT
pacro3HaBaHUs HOBBIX OOBEKTOB).

B Ttecte «oTKpbITOE TOJIE», )KUBOTHBIE C MOAENbI0 BD mpomemoHcTpupoBain
Oonee BBICOKHA ypOBEHb OECHOKOMCTBA M CHM)KEHHOE MCCIIE0BATEIbCKOE
noBefeHue. bbuta  oOHapykeHa  KOppensiuus MEXIY [OBEICHYECKUMH U
ANEKTPO(U3NOJOTUYECKUMHU TapaMeTpamMd, TaK MOIIHOCTh TeTa- M TraMMa-
OCHWJUISIIUNA B IIEHTPE OTKPBHITOrO TOJISI Y JKUBOTHBIX ¢ BD Obuta BbINIE, yeM Ha
nepudepun. IloneBas akKTUBHOCTh 37I0POBBIX KHUBOTHBIX B IIEHTPE MOJISA U y CTEHOK
HE OTauYaiach. Takke Yy OSHOWICNTU3UPOBAHHBIX JKUBOTHBIX HAOIIOAAIOCH
YBEJIMYEHHE YPOBHS aOHOPMAJIbHOW aKTUBHOCTH, U BBICOKOYACTOTHBIX OCIMILISIIUN
BO BCEX 3apErUCTPUPOBAHHBIX CTPYKTYpax, CBUACTEIBCTBYIOIIEE O pa3BUTHH
TUIEPBO30YIMMOCTH.

B tecte anm3onnueckoil mamMsTH BCE SKMBOTHBIE TIPOSIBIISLIIN OOJIBIIHI HHTEPEC K
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nepeMeniaeMbiM 00BbEKTaM, M JIOCTOBEPHO pa3inyaiv OOBEKThI, MPEIbsBICHHBIE B
Oonee panHuil nepuon. OAHAKO YPOBEHb JUCKPUMHUHAIIMYU MPEIBIBICHHBIX OOBEKTOB
ObLI1 HUXKE y AKUBOTHBIX ¢ MOZENIbI0 B, 10 CpaBHEHHIO ¢ KOHTPOJIEM, M1O-BUIUMOMY,
3a CYET HapyIIEHUs MCCIEN0BATEIbCKOIO IOBEACHUS M 00Jiee BBICOKOIO YpPOBHS
OecrniokoiictBa. AHanu3z OOl BBIABWI BBICOKYIO CTENEHb KOPPESILUU MEXKIY
UCCJIEeI0BAaTEIbCKUM TTOBEICHUEM U MPOCTPAHCTBEHHO-BPEMEHHBIM NAaTTEPHOM TETa-
U TamMMma- OCHWUISUMA B THUINOKAMIE, M CBS3aHHBIX C HUM CTPYKTypax.
OnHOBpeMEHHasl ~ perucTpauus W aHalu3  JNEKTPO(DU3UOJIOTUYECKUX U
IOBEJICHYECKUX IMapaMeTpPOB y OKCHEPUMEHTAJIbHBIX JKMBOTHBIX MOXET CTaTh
MOIIHBIM UHCTPYMEHTOM J1JIsl BBISIBIIEHUSI HEHPONaToIOTruu.

Impairment of episodic-like memory in experimental models of temporal
lobe epilepsy.

Shevkova L.V.1*

1. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia,
* ludadeverandever@gmail.com

Episodic memory is the memory of autobiographical events (“what, when,
where”). Episodic memory deficit is a common cognitive disorder in temporal lobe
epilepsy (TLE).

The experiments were carried out on control rats (N =10) and on animals with
the kainic model of TLE (N =7). Local field potentials (LFPs) of the hippocampus,
prefrontal cortex, entorhinal cortex and medial septal region were recorded in rats
during behavioral testing ("open field" test and a modified test of recognition of novel
objects).

In the "open field" test, animals with the TLE model demonstrated a higher level
of anxiety and reduced exploratory behavior, the frequency of runs, entries to the
central sector, the speed of movement and the distance moved were lower compared
to the control. It was found a correlation between behavioral and electrophysiological
parameters. The power of theta and gamma oscillations at the center of the open field
in TLE animals was higher than at the periphery. The field activity of healthy animals
in the center of the field and at the walls did not differ. TLE animals showed an
increase in the level of abnormal activity, and high-frequency oscillations in all
registered structures, indicating the development of hyperexcitability.

In the episodic memory test all animals showed greater interest in moved objects
and reliably distinguished objects presented 2 hours prior to testing, compared to the
recently presented ones. However, the level of discrimination of the presented objects
was significantly lower in TLE animals than in control, apparently due to an
alteration of exploratory behavior and a higher level of anxiety. LFP analysis revealed
a high degree of correlation between exploratory behavior and the spatio-temporal
pattern of theta and gamma oscillations in the hippocampus and related structures.
Simultaneous registration and analysis of electrophysiological and behavioral
parameters in animals can be a powerful tool for detecting neuropathology.
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16. OTcTaBneHHbIN CriefoBOM YCNOBHBLIU pedineKkc: ycrnoBus
chopMmnpoBaHna U HeMpoHasribHble CyoCcTpaTbl B MO3re y Mblillueun

CaumoB X.M."*, Tuynoa A.A.2, UBamkunra O.1.'3, Toporosa K.A.!3, BopoOreBa
H.C.'?, Anoxun K.B.!3?

1. Hayuonanvnwiii uccneoosamenvckuti yenmp "Kypuamosckuti uncmumym", Mockaa,
Poccus;

2. Unemumym nopmanvnou ¢puzuonocuu um I1. K. Anoxuna PAH, Mockea, Poccus,

3. MI'Y um. M. B. Jlomonocosa, Mockea, Poccus;

* khalid.saidovl@gmail.com

[locnennue wuccienoBaHUsl IMOKa3ald, YTO OOLIME HEWPOHBI THUIIOKAMIIA
CBSI3bIBAIOT B MOBEJICHUU Y MBIIIEH /1B 3MU30/1a MaMSITH O Pa3IMYHbIX 0OCTaHOBKAX,
€CIM OHHU pa3/lesieHbl HECKOJIbKMMM 4yacaMu. llenbto Hamedl paboTel ObLIO
UCCIICIOBAHUE YCJIOBUW M KJIETOYHOTO MEXaHW3Ma acCOLMAlMU B IOBEICHUU Y
MBIIIEN JBYX OTCTABJICHHBIX HA Pa3HbIE HHTEPBAJIbI BPEMEHHU BHEIIHUX BO3ACHCTBUIA.
Jannas ¢Qopma acconmatMBHOW mMaMsITH OblJla Ha3BaHa HAMU OTCTABJICHHBIM
CJIEIOBBIM YCIIOBHBIM peduiekcoM. [IpenmnonaraeMpiM KI€TOUHBIM MEXaHU3MOM TaKoH
aCCOIMAINK SIBJISIETCS TOMajaHue O€3yCIIOBHOTO pa3ApaKUTENsl Ha HEWPOHBI,
AKTUBUPOBABIIKECS OT JABHO JICMCTBOBABILETO M HE MPUCYTCTBOBABIIETO BO BpEMs
0€3yCIIOBHOTO pPa3Apa)K€HUsT HEUTPATbHOIO CTUMyJa. MBIIKM pa3HBIX TPYII
oOcrnenoBaiu HOBYIO 00cTaHOBKY A u uepe3 5, 30 muH., 2, 5 4.,1,3, 7, 30, 120 nn.
oOcnenoBanu 00CTaHOBKY B, B KOTOpOH MoOJydasid 3JIEKTPOKOKHOE pa3ApakeHUe
nan. [Tpu orcraBiennn AByX 3TanoB oOydeHHs B UHTEpBaje oT 5 4. 10 30 JH. MbIIIU
OOsTUCh HE TOJNBKO OOCTaHOBKH, B KOTOpod HaHocuioch OKP, HO u HeillTpanbHON
oOcTaHOBKH. /lanee Mbl Hcce0Baiy NEPEKPHITUE MOMYISIUN aKTUBHBIX HEMPOHOB B
pa3NMYHBIX ~ O0JACTSAX TUIOKAMIIa M MHUHAAJIMHBI C TIOMOIIBIO  METOHa
(hiyopeciieHTHOM 1n situ THOpUIU3AIIMU TTOCIe TECTUPOBAHUS MBIIICH, 00yYCHHBIX B
JByX OOCTaHOBKaxX C MpoMexyTkamu 5 muH. u 24 4u. [lepekpbiThe mOMynsuui
aKTUBHBIX HEHpoHOB B oOmactax runmokamma CAl, CA3, 3yOuartoli W3BWUIMHE, a
TaK)Ke B JIATepaIbHOM M 0a3osarepaibHOM Spax MUHIAAIMHBI BO BpeMs TeCTa ObLIO
BBIIIIEC TIPU OTCTABJICHUU JBYX ATAnoB 00ydeHus Ha 24 4., 4YeM MpU OTCTABICHUU Ha 5
MUH. Hamuy pnaHHbIE JEMOHCTPUPYIOT, YTO OTCTABJICHHBIA CIIENOBOM YCIIOBHBIN
pedexc GopmupyeTcs IpU ONpeNeTeHHBIX YCIOBHUSAX, €ClIM JABa 3Tana oOy4yeHus
OTCTaBJICHbl HA CPEAHECPOYHBbIE M JIOJITOCPOYHBIE, HO HE KOPOTKHE M OYEHb
JUTUTEBHBIA MHTEpBAJIbl. MBI CUUTaeM, 4YTO KJICTOYHBIM MEXaHHU3MOM TaKOM
aCCOIMAIIUU SBJISETCS IEPEKPHITUE TOMYJIANI HEHPOHOB, aKTUBHBIX Ha JABYX dTarax
oOyueHHs 3a CYET M3BJICUEHUSI MO3TOBOM penpe3eHTalMy MaMsITH O MIEPBOM ATare BO
BpEMsI BTOPOTO YepPE3 IKCIIEPUMEHTAIIbHBIE ITPOLIEAYPHI.

Pabora nmonnepxkana rpantoMm PODU No 16-04-01545 A
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17. Peanusauusa ueneHanpaBneHHOro aMOLUOHaribHO
MOTMBUPOBAHHOIO NoBeAEeHUA U AMOLMOHANIbHO HacCbILWeHHas
KOrHUTUBHAs KapTa Mo3ra, 3epKarfibHble HEUPOHbI, UMUTALMNOHHaA
MOTUBaLMA

bazan A.C.'*

1. Mncmumym evicuietl Hepenotl OessmenvHocmu u Hevpoghuzuonocuu PAH, Mockaa,
Poccus;

* bazyan@mail.ru

OnuceiBaeTcss umepapxuueckue cetu Mos3ra. Cur’Han NOpoOXOOHUT — Yepe3
JOPCaNIbHBIN CTpUATYM, SApa MauIMAyMa, YEPHYIO CYOCTAHIMIO U JEIUTCA Ha TpU
yacTu. [lepBas 4yacTh aKTUBHPYET TaJaMOKOPTHUKAJIbHBIE CETU M BO3BPAIAET CUTHAI
B HEoKopTekc. BTopas yacte hopMHupyeT MOTOPHBIN BBIXOJ U3 0a3ajbHbIX T'AHIIIUEB.
Tpetbst yacTb, yepe3 moOanbHbIM JIA CUrHa;m akTHBHpPYET Me3oauMudeckyro JIA
cucteMy U (OpMHpPYeT OHMOLMOHAJIBHO - MOTHBAlMOHHOE cocTosiHue. Ho
LIEJICHANPABJIEHHOE TIOBEJICHNE HEBO3MOXKHO 0€3 OPHEHTALIMU B OKpY’Karollel cpeJie.
Ota (QyHKUHUS BBINOJHAET TUIIIOKamIa, B KOTOPOW JIOKAJIM30BAaHbI KIETKU MECTa,
KJIIETKH BPEMEHH, KJIETKH [OBOPOTAa TOJOBBl (MOHHUTOPWHIA), HaBUTAL[MOHHbBIE
HelpoHbl. ['Unmokamii, HEOKOPTEKC Oa3albHbIE TAHIIIUU OPTaHU3YIOT SMOIMOHAIBHO
HACBIIICHHYI0 KOTHUTUMBHYIO KapTy MO3ra U KOHTPOJMPYIOT LEJICHANPABICHHOE
IIOBEJICHNE. OMOLMOHAIBHO HACHINIEHHAs] KOTHUTHMBHAs KapTa MoO3ra SBISETCA
BHYTPEHHUM MCTOYHMKOM HAalIMX 3HaHWM u onbita. [lpeamonaraercs, dYTO
3epKajbHbIE HEMPOHBI CBA3aHbl C MOTHBALMEN NOApakaHusA 'S TOXKE Xouy' U
oOyuenueM c yuurteneM. Kak pgeru oOydarorcsi roBoputh? CHauajga UMHUTHPYIOT
3BYKHM, 3aT€M CJIOBA, 3aTEM CTEPEOTUIIHO IOBTOPSIEMBIE NpemIokeHuss. CMbICH
BO3HHUKACT KOIZA MHTEIPUPYIOTCS MPOLECCHI JIEBOTO M IIpaBoro mnoiyuapus. Jlesoe
noigymapue 310 peub. IlpaBoe mnomymapue 310 o00pa3. CinoBo u oOpa3
UHTETPUPYIOTCS, 00pa3  MOXET  BOCIPOM3BOAUTH  CJIOBO, CIOBO  MOXET
BOCIIPOM3BOIUTh 00pa3. K 3BYyKOBOW M 3pUTEIBHOM CHCTEME TIOJKIIIOYACTCS M
UHTETpUPYETCS CEHCOMOTOpHasi cucreMa. Takum obpazom, hopMupyercst BepOaibHOe
U o0pa3HO€ MbIIUIEHHE. MBICIIb OTHOCUTCA K OOpa3HOMY MBIIUICHUIO, OHA OY€Hb
KOpOTKast U ObIcTpas. MbICb MPOH3aeT TeOsl Kak CTpesia, a IOTOM JOJIT0€ BPEMs ThI
MPUIYyMbIBAClIb CJIOBA, YTOOBI 00J€4Ybh MBICIL B BepOAbHYIO (QopMy, UTOOBI TEOS
MTOHSLJIN.

Pabora npodpunancupoana nporpammamu PAH u rpantom POOU Ne 17-29-
01005-0¢pu_m.
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Realization of goal-directed emotionally motivated behavior, emotionally
saturated cognitive map of the brain, mirror neurons, motivation for
imitation

Bazyan A.S.'*

1. Institute of higher nervous activity and neurophysiology of RAS, Moscow, Russia;
* bazyan@mail.ru

Hierarchical networks of the brain are described. The signal passes through the
dorsal striatum, nucleus of pallidum, substantia nigra and is divided into three parts.
The first part activates thalamocortical networks and returns the signal to neocortex.
The second part forms the motor output from basal ganglia. The third part, through
the global DA signal, activates the mesolimbic DA system and forms an emotional
and motivation state. But goal-directed behavior is impossible without orientation in
the environment. This function performs the hippocampus, in which place cells, time
cells, head rotation cells (monitoring), navigation neuron are located. The
hippocampus, neocortex, basal ganglia, organizes an emotionally saturated cognitive
map of brain and controls goal-directed behavior. Emotionally saturated cognitive
map of brain is the internal source of our knowledge and experience. It is assumed
that mirror neurons are associated with the motivation for imitation "I also want" and
training with the teacher. How do the children learn to speak? First, imitate sounds,
then words, then stereotyped repetitive sentences. The meaning arises when the
processes of the left and right hemispheres are integrated. The left hemisphere is
speech. The right hemisphere is an image. The word and image are integrated, the
image can reproduce the word, the word can reproduce the image. To the sound and
visual system, the sensorimotor system is connected and integrated. Thus, verbal and
imaginative thinking is formed. Thought refers to figurative thinking, it is very short
and fast. Thought pierces you like an arrow, and then for a long time you come up
with words to put ideas in verbal form, so that you understand.

The study was financed by the RAS programs and the RFBR grant No 17-29-
01005.
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MonekynsipHble U KNeTOYHble MeXaHM3Mbl CUHaNTU4YeCKOM
NJaCTUYHOCTU U NAMATU

Molecular and cellular mechanisms of synaptic plasticity and
memory

18. Ponb TOP-6eTa B KOrHUTUBHOMN AEATENIbHOCTU

Apxunos B.1.12* [Tepmuna E.B.'2, CaBuna T.A.!2, Jlepun C.I".!2

1. Mncmumym meopemuueckoil u skcnepumenmanvtou ouoguszuxku PAH, [lywuno,
Poccus;

2. Ilywunckuii 2ocyoapcmeentblil ecmecmeenHo-Hayuusli uncmumym, [lywuno,

Poccus,
* viarkhipov@rambler.ru

MHoroyHKIIMOHAIBHBIA LUTOKUH TpaHc(hopMupyroluil ¢akrtop pocra Oera
(TOP-6eta) sBisieTcst peryasTopoM KIeTodHOM nponudepanuu, quddepeHnnpoBKH,
IIOABMXKHOCTH, amnomnro3a. JUis BBIACHEHUS POJIM OTOT0 LMUTOKHMHA B PEryJsLUAU
KOTHUTHBHBIX NPOLIeCCOB 00yyanu Kpeic Bucrap runnokamm-3aBUCUMOMY HaBBIKY C
IUIIEBBIM TMOAKPEINICHHEM M IIPOBOJAMIM TECT HAa €ro BOCIPOU3BEIAECHHUE II0CIIE
BBeneHna TDP-Oera B xeiyqouek Moszra. Pesynabrarel MoOKasanaw, YTO 3K30I€HHOE
BBEJICHUE LMTOKMHA HE MOBIMUIO HA BOCIPOW3BEIACHUE HABBIKA, a TAKXKE Ha
CKOIIOJIJAMMHOBYIO aMHE3MI0. B skcrnepuMeHTax ¢ BBIPAOOTKON y KpbIC peakuu
MACCMBHOTO M30€raHus Mbl Takxke He oOHapyxwid BiusHus TDOP-Oera. MoxHO
noJjlaratrb, 4To HK30reHHOE MoBbilieHuEe ypoBHs TMOP-Oera B HOpManbHOM MO3re He
BJIMSIET HAa KOTHUTUBHBIE CIOCOOHOCTU. B MpOTHBONONOXHOCTH ATOMY, ACHUIUT
T®P-6era, kak 0ka3aaoch, MOXKET MIPUBECTH K 3HAYUTEIbHBIM U3MEHEHUSIM. Peakius
AaCCUBHOTO M30eraHus y KpbIC Oblla HapyllleHa, €cilii OHa (opMuUpOBajach MpU
nevicteun SB431542 — ceneKTUBHOTO aHTaroHucTa pernentopoB TOP-6era. Yuactue
UTOKMHA B Mpoleccax OOy4eHUs U MaMsITU ObLIO MOATBEPXKACHO B MOCIEIYIOIINUX
HKCIIEPUMEHTAX, B KOTOPBIX METOAOM HMMYHO(EPMEHTHOTO aHajau3a MPOBOAMIN
omleHKy cojepkanuss TDOP-Oera B HEOKOpPTEKCE W THIIMOKAMIIE XWUBOTHBIX MPHU
BBIPA0OOTKE TMINOKAMII-3aBUCUMOIO0  HaBbIKA € MHILEBBIM IOAKPEIUICHUEM.
[Tomy4yeHHble pe3ynbTaThl MOKa3ajid, YTO B NpeQpPOHTAIBHOM Kope ypoBeHb TOP-
O0era TNOBBICWICA NpH NEPBOM ceaHce OOydyeHHUs, U B JaJbHEHIIEM OCTaBajCs
MOBBIIICHHBIM, BO3Bpalasich K HOPME Yepe3 TPoe CyTOK mocie oO0yuyeHus. B nesom
TUNNOKAaMIIE YpPOBEHb IIMTOKMHA CHWXKAJICS TMOCJI€ TEPBOro JHSA BbIPaOOTKU
NUIIe100bIBATEILHON peakuuud W OCTaBaJICA IOHM)KEHHBIM TpU  JalibHENIIEM
Oo0y4YeHHMH U Yepe3 TpU JHA nocie o0ydeHus. B nmpaBom runmnokamme npu TeHACHIUU
K CHIKEHMIO, JOCTOBEPHBIX W3MEHEHUN B copepkaHun TOP-Oera BBISBICHO HE
Obuto. Paznuuue B cojepkaHMM LMTOKMHA B IPAaBOM M JIEBOM THUIIOKAMIIE IPH
O00y4YeHHH >KUBOTHBIX MOXKET CBUAETEIHCTBOBATH O (PYHKLUHMOHAJIBHON acUMMETpPUU
TUIIIIOKaMIIa TPU B3aUMOJICICTBUU C UMMYHHOU CHCTEMOM.
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PaGora Beimonnena mpu (uHancoBoi moagep:kke PH® (mpoekr Ne 16-15-
10356)

The role of TGF-beta in cognitive activity

Arkhipov V.I.1.2* Pershina E.V.!2, Savina T.A.'2, Levin S.G.!?2
1. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia,

2. Pushchino State Institute of Natural Sciences, Pushchino, Russia;
* viarkhipov@rambler.ru

Multifunctional cytokine transforming growth factor beta (TGF-beta) is a
regulator of cell proliferation, differentiation, motility, and apoptosis. To clarify role
of this cytokine in the regulation of cognitive processes, Wistar rats were trained with
hippocampus-dependent task, and then retrieval was tested after administration of
TGF-beta to the ventricle of the brain. The results showed that the exogenous
cytokine did not influence on the retrieval of the task, as well as on amnesia caused
by scopolamine. In experiments with the use of passive avoidance in rats, we did not
find the effect of TGF-beta also. It can be assumed that the exogenous increase of
TGF-beta level in the normal brain does not affect cognitive abilities. In contrast,
decrease of TGF-beta level can lead to significant alteration in cognitive processes.
Passive avoidance task was disrupted in rats, if it was formed under the influence of
SB431542, a selective TGF-beta receptor antagonist. The participation of cytokine in
learning and memory processes was confirmed in subsequent experiments in which
ELISA was used to evaluate TGF-beta content in the neocortex and the hippocampus
of animals during learning of hippocampus-dependent task with food reinforcement.
The obtained results showed that in the prefrontal cortex TGF-beta content increased
during the first training session, and later remained elevated, returning to the normal
level three days after training. In the left hippocampus, the cytokine level decreased
after the first day of learning, remained lowered with further training, and three days
after the learning. In the right hippocampus with a tendency to decrease, there were
no significant changes in the content of TGF-beta. The difference in TGF-beta
content in the right and left hippocampus during the learning may indicate a
functional asymmetry of the hippocampus.

This study was funded by a grant of the Russian Science Foundation (project
No. 16-15-10356).

19. P53(acetyl-Lys379)-uMmMyHOpeakTUBHOCTb B rmnrnokammne Kpbic

JIncaues I1.J1.'*
1. Mncmumym ewviyucaumensvuovix mexnonozuit CO PAH, Hosocubupck, Poccust;
* lisachev@ngs.ru

TpaunckpunuuoHHbI ¢GakTop pS53 H3BECTEH B OCHOBHOM KaK KIIFOUEBOH
PETYIIATOP arorTo3a, OIHAKO ero (GyHKIMK ropas3no 0ojiee OOMUPHBI, M B HEKOTOPBIX
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Clly4asiX OH IMOBBIIIACT JKU3HECIIOCOOHOCTh KJIIETOK B YCIOBUAX cTpecca. MHayKuus
JIOJITOBPEMEHHOM ToTeHImanuu cuHantudecko mnepenaun (IBII) B mone CAl
CpE30B THMIOKamMIa KpbIC COMNPOBOXKIAETCS YBEIMYEHUEM TPAHCKPUIILIMOHHON
akTuBHOCTH p53. OOHOBpeMEHHO ¢ yBenudeHueM cBsasbiBaHus pS3 ¢ JHK
MPOUCXOJIUT  YMEHBIIIEHUE KOJIMYECTBA CYMMAapHOrOo YpoBHA Oenka  p53.
AuerunupoBanue pS53 UrpaeT BaXXHYI pOJb B €ro CTaOWIM3allMd W aKTUBALIMH.
UTtoObl HM3YYHUTh BO3MOXXHOCTh HCIIOJIB30BAHUS aHTUTEN, CHEHMUPUUHBIX K
alleTWIMPOBAaHHOMY D53, [ OLIEHKM €ro AaxkTUBHOCTH B THUIIOKAMIIE, Mbl
UCCIIeI0BAIH pS3(acetyl-Lys379)-uMMyHOpEaKTUBHOCTD B TUMTOKaMIIe,
(GUKCUPOBAaHHOM  HEIMOCPEACTBEHHO IOCJIE  JIEKAMUTAIlMK  >KUBOTHOTO, W B
MOTEPEYHBIX cpe3ax rumnmnokammna ToamuHon 400 MKM, KOTOpble HHKYOHPOBAJIUCH B
(U3HOJIOTHYECKOM pacTBOpPE B TeueHHUE 4-X 4acoB. B monoBuHE MHKyOUpPOBaHHBIX
cpe3oB mnpoBoauiau uHAykiuio JIBII B mome CAl ¢ momoliblo TeTaHU3AIUU
xkomnarepanet  [lladpdepa 3a 20 ™MmH [0 OKOHYAaHHMS UWHKyOammu. B
cBexxepukcupoBaHHOM rumnmnokamiie pS3(acetyl-Lys379)-umMmmyHOpeakTUBHOCTD ObLiia
Hau0oJiee BhIpAXKEHA B TPAHYISPHBIX KJIETKaX 3y0uaToll M3BWJIMHBI U MUPAMUIHBIX
kietkax CAl. OHa Takyke NpHUCyTCTBOBaJIa B HEKOTOPBIX MUPaMUIHbIX KieTkax CA4
u BeHTpanbHoi yactu CA3. Kpome Toro, p53(acetyl-Lys379)-uMMyHOpeakTUBHOCTD
BBISIBJISIACH B MHOTOUMCJIEHHBIX KIIETKAX 3a MpeAeslaMd OCHOBHBIX HEMPOHHBIX
ciioeB, B ToM uwnciie B S100B-mojoXKUTEABHBIX IIIHAJbHBIX KIIETKaX. Ilocie
uHKyOanmu  cpe3oB  pS3(acetyl-Lys379)-UMMyHOPEaKTUBHOCTh  3HAYUTEIIHHO
CHI)KAQJIaCh BO BCEX OCHOBHBIX HEUPOHHBIX CJIOSX, 32 MCKIIOYEHUEM MUPAMUIHBIX
kierok mnonst CAl, pacnonokeHHbIX B mIyOuHe cpe3a (6oiee 60 MKM OT
NMoBepXHOCTH). OTINYMS MEXKTY TETaHU3UPOBAHHBIMU M KOHTPOJIBHBIMHU CPE3aMH HE
BbIsIBIIEHBI. Pabora mopmepxkanHa  0a30BbIM  MPOEKTOM  (PyHIaMEHTATBHBIX
uccinenoanuii PAH (1V.35.2.6).

P53(acetyl-Lys379)-immunoreactivity in the rat hippocampus

Lisachev P.D.1*

1. Institute of Computational Technologies SB RAS, Novosibirsk, Russia,
* lisachev@ngs.ru

Transcription factor p53 is known mostly as a key factor of apoptosis, but its
function is really much broader and sometimes prosurvival. In the area CA1 of rat
hippocampal slices, the increase in p53 transcriptional activity is observed after the
induction of long-term potentiation of synaptic transmission (LTP). Simultaneously
with the increase in p53 DNA binding, the p53 total protein level decreases.
Acetylation of p53 1s important for its stabilization and activation. To estimate the
possibility to use antibodies specific to acetylated p53 for the assessment of its
activity in the hippocampus, we studied p53(acetyl-Lys379)-immunoreactivity) in the
hippocampus, which was fixed immediately after decapitation of animal, and in
transverse hippocampal slices (of 400 pm thickness), which were incubated in saline
during 4 h. In a half of the incubated slices, LTP was induced by tetanization of
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Shaffer collaterals in the area CA1 20 min before the termination of incubation. In the
freshly fixed hippocampus, p53(acetyl-Lys379)-immunoreactivity was most
prominent in granular cells of dentate gyrus and pyramidal cells of the CA1l. It also
was present in some pyramidal cells in the CA4 and in the ventral part of CA3. In
addition, p53(acetyl-Lys379)-immunoreactivity was observed outside the principal
neuronal layers in numerous cells including S100B-positive glial cells. After the
incubation of slices, p53(acetyl-Lys379)-immunoreactivity was significantly reduced
in all principal neuronal layers, with exception of the CA1 pyramidal cells, which
were located deeply inside a slice (more than 60 um from a surface). Differences
between tetanized and control slices, if present, were not obvious under these
conditions. This work was supported by basic project of fundamental research of
RAS (I1V.35.2.6).

20. AroHuct curma-1 peuentopoB PRE-084 ycunuBaeT anutenbHyto
aenpeccuio, nHayumpoBaHHyto S-DHPG, B none CA1 nepexuBarowmx
Cpe30B rmnnokKkamna KpbicCbl.

Porosun I1.J1.!2*, ITonmoBa O.B.!, Connuea E.N.!
1. Hayunwiti yenmp nesponocuu, Mockea, Poccusi,
2. MI'Y umenu M.B.Jlomonocosa, Mockea, Poccus,
* parogozin@yandex.ru

Curma-1  peuentopbl, paHee CUMATABIIMECS IOAKIACCOM  OMHOUIHBIX
penenTopoB, 00JaJal0T IMIMPOKUM CIEKTPOM JEWCTBUSL W CBSI3bIBAIOT C pa3HOU
CTeNEeHbI0 AQ(PUHOCTU OOJBIIOE YUCIIO JIUTaHA0B. DTH PELENTOPbl CYUTAIOTCS OJHON
U3 NEPCHEKTUBHBIX MUIIEHEHN ISl Tepanvy MHOTHX 3a00JI€BaHUI HEPBHOU CUCTEMBI.
B nanHoit paGoTe Mbl M3yyadau BIMSHHE W30UPATEIbHOIO aroHMCTa Ccurma-l
peuentopoB PRE-084 Ha BbI3BaHHYIO aroHMCToM 1-H Ipynmbl MeTaOOTPOIIHBIX
nIyTaMmatHeix peunentopos  S-DHPG  mmrensHyr0 CHHaNTHYECKYHO JEIPECCHUIO
(LTD), onny u3 (yHIaMEHTalbHBIX U aKTUBHO M3ydaeMbIX ()OpM IIACTUYHOCTH B
Mo3re. BHEKIIETOUHO PErHCTpUPOBANINA MOMYJSLHUOHHBIE CHAMKKA OT NMUpamui MO
CA1 npu crumynsauuu koimarepaneit [laddepa. Koporkas (10 MuHyT) anmiukaius
B nepdysupyronuii pactBop 50 MxM S-DHPG Be3bIBaia AUTEIHRHOE CHUKEHUE
aMIUTMTYbl OTBETA, KOTOpoe cocTapisio 60+14,7% oT 6a30BbIX 3HAUEHHI OTBETA HA
30-o1 MuHyTE OTMBIBa npemnapara. [Ipu npensapurensHor ammmkanuu 10-25 MxM
PRE-084 (10 munyt) m mnocnenyromei koamnmiukanuu PRE-084 u S-DHPG (10
MUHYT) HaOMI0AAI0Ch CHUKEHUE aMILTUTYAbl oTBeTa A0 15,14+5,1% OT KOHTPOJIBHBIX
BenmunH Ha 30-oif MuHyTe oT™mbIBa. Kpome toro, BBeaenue PRE-084 mpuBoauio k
YBEJIMYECHHIO JIATEHTHOTO MEpHoJa BO3Bpara OTBETa K KOHTPOJIbHBIM 3HAYEHUSIM
nociie OTMbIBa mnpenaparoB. Takum oOpa3oM, ObUIO NOKa3aHO B3aWMOJEHCTBUE
curma-1 peuenrtopoB ¢ wmexanmdmamu mGIluR-3aBucumoit LTD B mome CAl

TUMTIOKaMIa KPBICHI.
[Tonnepxano rpantoM PH® Ne 16-15-00235.
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Sigma-1 receptor agonist PRE-084 enhances the long-term depression
induced by S-DHPG in the CA1 area of rat hippocampal slices.

Rogozin P.D.12* Popova O.V.!, Solntseva E.I.!
1. Research Center of Neurology, Moscow, Russia;

2. Moscow State University, Moscow, Russia;
* parogozin@yandex.ru

Sigma-1 receptors, previously described as subclass of opioid receptors, have a
wide range of action inside the cell and bind a large number of ligands with different
affinity, are considered one of the promising targets for the therapy of many diseases
of the nervous system. In this paper, we studied the effect of the selective agonist of
sigma-1 receptors PRE-084 on the long-term synaptic depression (LTD), initiated by
the agonist of the 1st group of metabotropic glutamate receptors S-DHPG, one of the
major and actively studied forms of plasticity in the brain. Extracellular population
spikes (PS) from CA1l pyramids were recorded during stimulation of Shaffer
collaterals.Short (10 minutes) application of 50 uM S-DHPG to the perfusion
solution caused a decrease in the PS amplitude to 60 £ 14.7% of the baseline 30
minutes after washout. After 10 minutes pre-application of 10-25 PRE-084 and
subsequent 10 minutes co-application of PRE-084 and S-DHPG, amplitude of the PS
was reduced to 15.1 = 5.1% of baseline 30 minutes after washout. In addition, we
observed an increase in the latency of S-DHPG washout under the administration of
PRE-084. Thus, the interaction of sigma-1 receptors with the mechanisms of mGluR-
dependent LTD in the CA1 field of the rat hippocampus was demonstrated.

Supported by RSF (Grant-16-15-00235).

21. AkTnBauus akcnpeccumn c-fos B petpocnneHman.Hou Kope, HO He
rmnnokamnmne, conpoBoxaaet hopMmpoBaHue accouuauum mexay
06CcTaHOBKOMU U 6e3yCnoBHbLIM CTUMYJSIOM U ee nocneayouiee
u3BrevyeHue y Mbiluen

Topomosa K. A.12*, Tpomes /1.B.2, UBamkuna O.1.'2, Anoxun K.B.!23

1. HUI] "Kypuamosckuti uncmumym", Mockea, Poccusl;

2. Mockosckuil 2ocyoapcmeennsii ynusepcumem umenu M.B. Jlomonocosa, Mockaa,
Poccusy

3. Hayuno-uccneoosamenvckuti uncmumym nopmanviou guszuonocuu umenu I[1LK.

Anoxuna, Mockea, Poccus;
* xen.alexander@gmail.com

YCTaHOBJIEHUE HEPBHBIX MEXAHU3MOB ACCOLMATUBHOM IAMATH  SBIISIETCS
dbyHIaMeHTaIbHON 3a/adyeil HelipoHayku. B Hactosmieit paboTe Mbl MCIOIB30BaIU
MOJIEJIb aCCOIMATUBHOTO OOYyYEHHs MBIIICH, B KOTOpOH (PopMUpOBaHHE TaMSATH O
HEUTpaJlbHOW OOCTAHOBKE U TMOCJIEAYIOI[as acCoUUalusi KpPaTKOBPEMEHHOTO
MPEIBSBICHUS ATOW OOCTAaHOBKH C OE3yCIIOBHBIM 3JIEKTPOKOKHBIM Pa3ipakeHUEM
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(OKP) Obun pa3HeceHbl BO BpEMEHU. DTO MO3BOJUIIO U3YUYUTh 3aBUCUMOCTh Pa3HBIX
3TarnoB (OPMHUPOBAHUS TAKOW MAMSITH OT CHHTE3a OeliKa M MCCIE0BATh TEHOMHYIO
aKTUBAIMIO PA3IMYHBIX CTPYKTYp MO3ra B XOJ€ acCOLHMalMk M MaMATH 00
o0crtanoBke ¢ OKP. Mbl mokazanu, 4to Onokana cuHTE3a Oellka KaKk BO BpEMs
oOcyenoBaHNs HOBOW OOCTaHOBKH, TaK U BO BpeMsi HaHeceHHsI HemeiieHHoro DKP B
y>K€ 3HAKOMOW OOCTaHOBKE HapylIaeT YCIOBHO-pPE(IIEKTOPHOE 3aMUpPAHHE Ha ATy
00CTaHOBKY. Accoluaiusi HW3BJICYEHHOT0 HANOMHUHAHMEM clleja NaMsiITh 00
o0cranoBke ¢ DKP comnpoBokganach akTUBAIMEN SKCIPECCUU TPAHCKPHUIIIMOHHOTO
dakropa c-Fos B perpocriieHHanbHOW Kope. PerpocruieHunanbHas — kopa
cnenupUYecK aKTHUBUPOBAJACh TakKe M TMPU TMOCIEAYIOIIEM HW3BICYECHUU
aCCOITMAaTUBHOW TaMATH Ha OOCTAHOBKY. TakoWl akTHBallUM HE HAOII0AaIoCh Yy
MBIIIIEH C HApyINIEHHOW TaMAThio. B rumnmokamme moJoOHBIX pa3auduii He
HaOMoJanoch, a aKTUBauus JSKcopeccud c-Fos mpoucxoawia B CBS3M €
oOciieqoBaHNEeM HOBOM 0OcTaHOBKHM, HO He ee accoruarueit ¢ DKP. [lomyuennsie
pe3yabpTaTbl CBUAETENIBCTBYIOT O TOM, YTO PETPOCIUICHHAIbHAS KOpa MOXET
BBICTYIIaTh KaK 00JacTh HEOKOPTEKca, o0ecreunBaromas (opMupoBaHue accouualuu
MeXIy 0OCTAaHOBKOW M aBEPCUBHBIM O€3YCIOBHBIM CTUMYJIOM.
[Tonnepxano rpantoM PH® Ne 14-15-00685.

Association between context and unconditioned stimulus and
subsequent retrieval of this memory involves retrosplenial but not
hippocampal c-fos expression in mice

Toropova K.A.12?*, Troshev D.V.2, Ivashkina O.1.'2, Anokhin K.V.123
1. NRC Kurchatov Institute, Moscow, Russia,
2. Lomonosov Moscow State University, Moscow, Russia;

3. PK. Anokhin Institute of Normal Physiology, Moscow, Russia;,
* xen.alexander@gmail.com

Neural bases of associative memory is a fundamental problem in neuroscience.
Here we studied transcriptional activation of brain structures specific to the process
of context-footshock association. For this purpose we employed a model of fear
conditioning in mice, in which context exploration and its association with footshock
are separated in time. Using this behavioral model, we measured c-Fos activation of
retrosplenial cortex and hippocampus after association of previously acquired
memory of a context with immediate footshock. We found that such association is
accompanied by specific activation of the retrosplenial cortex, while hippocampal
activation was due to the novel context exploration but not to its association with the
footshock. Moreover, the retrosplenial cortex was also specifically activated after
retrieval of normal but not impaired associative contextual memory. The hippocampal
activity did not show such difference. All together, we hypothesize that the
retrosplenial cortex but not hippocampus is specifically involved in association
between the context and footshock in contextual fear conditioning model.

Supported by RSF 14-15-00685.
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22. BBegeHue npoBocnanuTtenbHbIX (pakTOpoB B Te4eHUe paHHero
NoCTHaTanbHOro nepuoAa HapylaeT pasBUTUE KOrHUTUBHbIX OYHKLUN
N 3KCMNpPeccuro cBA3aHHbIX C HEUPOMNNACTUYHOCTLIO FeHOB

[Bapu A.IL™, Tpodpumon A.H.!, Bennamunosa E.A.2

1. Uncmumym sxcnepumenmanvrot meouyunsvl, Cankm-Ilemepoype, Poccus;

2. Ilepsviii Mockoeckuii 2cocyoapcmeeHHblll MeOUYUHCKuU yuusepcumem um. V.M.
Ceuenosa Munszopasa Poccuu, Mockea, Poccus;

* Aleksandr.Pavlovich.Schwarz@gmail.com

[IpoBocnanuTenbHble LUTOKUHBI, Takue Kak uHTepaeiikun (MJI)-1B, WJI-6 u
(bakTop HEKpo3a OIyXOJIH, SBISIOTCA OCHOBHBIMM MEIUATOPaMH HEUPOMMMYHHBIX
B3aUMOJIEUCTBUN. I3BECTHO, 4YTO IIOBBILIEHHBIM YPOBEHb IPOBOCIAIUTEIBHBIX
LIATOKMHOB BJIMSET HAa MEXaHWU3Mbl HEUPOIUIACTUYHOCTH, A& INPU BO3HUKHOBEHUU
TAKOro TMOBBIIIEHUS B IEPUHATAJIBHOM INIEPUOJE BO3PACTAET PUCK OTAAIEHHOIO
pa3BUTHSI HEMPOIICUXMYECKUX HApYLICHWH B 3peIoM Bo3pacTe. BiusHue paHHero
BocnasieHus Ha co3peBanue LIHC B nepuHaTanbHOM nepuojie TpedyeT n3ydeHus.

B nmannoit paGore wuccnemoBanbl dddextel  BBeneHudt MJI-1B  nubo
0akrepuanbHoro gunononucaxapuaa (JIIIC) B Teuenne 3-it HeeIH )KU3HUA KPBIC, YTO
COOTBETCTBYET NIEPUHATAIILHOMY NIEPHOAY YEJIOBEKA ¢ TOUKM 3peHus 3penoctu [THC,
Ha pa3BUTUE MOBEIEHUS M SKCIPECCHI0 TIeHOB HeiporiactuaHoctM B I[HC.
Beenenust MJI-13 B panHeM Bo3pacTe HapylIalOT pabouyro MaMaTh, B TO BpeMs Kak
JITIC moBBIMIAIOT TPEBOKHOCTH. J[onrocpouHas mnamsTh IpU BhIPAOOTKE YCIOBHOTO
pediekca akTUBHOTO M30eraHnd M OOy4eHUH B BOAHOM JabupuHte Moppuca, a
TAKXKE CTPECC-PEAKTUBHOCTD HAPYILIEHBI Y B3POCIBIX KPBIC Kak 1ocie BBeaeHun NJI-
1B, tak u mpu JIIIC, Torma kak y MOAPOCTKOB H3MEHEHO MCCIEN0BATEIbCKOE
MOBEJCHHE M JIOKOMOTOPHAs AaKTUBHOCTb. Y JKHUBOTHBIX, mony4aBmmx WJI-1p,
BBISIBJIEHBI OTCTaBlieHHbIe HapyuieHus: B ypoBHe MPHK penentopa nopamuna D2 u
T€HOB MpoTeoauTHueckoi cucrembl Mmp9 u Timpl B MmeananbHo#M npedpoHTAIBHON
KOpE€ W TUIIIOKAMIIE B 3aBUCHUMOCTH OT KOTHUTHMBHOW Harpy3ku. Beemenus JIIIC
BBI3BAJIM KPaTKO- U JOJATOCPOYHbIE U3MEHEHHUs sKcnpeccurd reHoB Mmp9 u Timpl B
THMTIOKaMIIE ¥ MEIUATbHOM MpePpOHTATHLHOMN KOpeE.

Hapymienusi, BbI3bIBa€MbIE  ITOBBIIIEHUEM YPOBHS  IPOBOCHAIUTEIBHBIX
LIUTOKMHOB B PAHHEM IOCTHATAJIbHOM MEPUONE, MOTYT OBITh CBSI3aHBI C Pa3BUTHUEM
IICUXOHEBPOJOTUYECKOM CUMIITOMAaTUKH Y MOJOIBIX WM B3pPOCIBIX MALUEHTOB C
CUHAPOMOM  JedulMTa BHUMAHUSA C TUINEPAKTUBHOCTHIO WM  JIPYTUMU
KOTHUTUBHBIMU IUChHYHKUIUAMH. Hucperynsauus AKCIIPECCUU T€HOB
HEHUPOIJIACTUYHOCTH SIBJISIETCS OJHUM M3 MEXaHU3MOB Takux HapyuieHuid. Pabora
noaaepxxkana PODU, npoektsl Ne 17-04-02116 A, 16-34-00873 mon_a, 16-34-00316
MOJ_a.
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Early postnatal pro-inflammatory treatment affects the development of
cognitive functions and brain neuroplasticity-related gene expression

Schwarz A.P.'*, Trofimov A.N.!, Veniaminova E.A .2

1. Institute of Experimental Medicine, Saint-Petersburg, Russia;

2. .M. Sechenov First Moscow State Medical University, Moscow, Russia;
* Aleksandr.Pavlovich.Schwarz@gmail.com

Proinflammatory cytokines such as interleukin(IL)-1p, IL-6, and tumor necrosis
factor are the main mediators of the neuro-immune interactions. Increased
proinflammatory cytokine level is well known to affect the neuroplasticity
mechanisms, while occurring during neonatal period this elevation is associated with
high risk of neuropsychiatric symptoms in later life. The effects of early
inflammation on the maturation of brain functions during early postnatal
development are not completely defined.

We have investigated the effects of the treatment with IL-10 or bacterial mimetic
lipopolysaccharide (LPS) during the 3rd week of life in rats, which corresponds to
human perinatal period in terms of the CNS maturity, on the development of behavior
and brain gene expression. Early life IL-1p injections impaired working memory,
while LPS enhanced anxiety. Long-term memory in active avoidance and Morris
water maze paradigms as well as the stress-reactivity were affected in adult rats both
after neonatal IL-1B and LPS treatment, whereas in adolescent animals, exploratory
behavior and locomotor activity were changed. IL-1p treated animals had long-lasting
changes in the D2 dopamine receptor, TIMP1 and MMP9 mRNA expression in the
medial prefrontal cortex and hippocampus in the region- and task-dependent manner.
The treatment of rats with LPS during early postnatal ontogenesis induced the short-
term and long-term changes in the expression of TIMP1 and MMP9 genes in the
hippocampus and medial prefrontal cortex.

The impairments induced by the elevation of proinflammatory cytokine level
during the early postnatal period may be associated with the development of psycho-
neurological decline of young and adult patients with attention deficit hyperactivity
disorder or other cognitive dysfunctions, and the mechanisms of that may be
explained by dysregulation of brain neuroplasticity-related gene expression.
Supported by RFBR projects 17-04-02116 A, 16-34-00873 mol a, 16-34-00316
mol_a.
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23. BnuaHue okncneHHou popmMbl roMmoumcTenHa - L-romoumcTuHa Ha
CMOHTaHHYHO CeTEBYHO aKTUBHOCTb rMMnokKkamna HOBOPOXAEHHbIX
KPbICAT

[Naraynuna 2./1.'*, Kypmamosa E.JI.!
1. Kazanckuu @edepanvubiii YHusepcumem,

2. Kazanckuii @edepanvhwiii Yuusepcumem;
* maileen20l3@yandex.ru

I'omomucrenn (I'Ll) sBAsETCS TOKCHYHBIM HPOMEKYTOUHBIM HPOAYKTOM B
Merabonusme L-metrnonuna. B opranusme '] 6bicTpo okucisiercs B L-romouucTus.
N3BeCcTHO, YTO OCHOBHOM MEXAaHU3M JEeUCTBUs BbICOKMX 103 'Ll Ha HENMpOHBI MO3ra
cBa3aH c runepaktuBaunei HMJIA-penenTtopoB, 4YTo B MTOre OKa3bIBAET
Tokcuueckui 3Qdekt. M3BecTHO, UTO nepBbie ABE MOCTHATAIbHBIC HEACIHU SIBISIFOTCS
BaXXHBIM JTarioM (POPMUPOBAHMS U CO3PEBAHUSI HEUPOHAIBHBIX CETEH TOJIOBHOTO
MO3ra KpbICHI.

[enpio manHOM paboOTHI OBLIO MCCIEAOBATh BIUSHUE OKUCIeHHOU (opmbr I'1] -
L-romonucTrHa Ha CETEBYX0 AKTUBHOCTH T'MIIIOKAMIIA KPBICHI B IIEPBYIO HEIEIIO
IIOCTHATAJILHOTO Pa3BUTH.

DKCIEpUMEHTHI IPOBOJWINCH HA CPe3ax MO3ra HOBOPOXJIEHHBIX KPBICAT ¢ 3 MO
7 nenb noctHaranbHOro pazsutus (P3-7). Peructpaiust nomnynsiiimoHHON aKTUBHOCTH
HEHPOHOB M TUTAHTCKUX Jenoiisapusytomux noreHnuanos (I/II1) ocymectsisnack
BHEKJIETOUHBIM 3JiekTponoM ¢ CA3 obmactu runmnokamma. B ananuse cOHTaHHOU
CETEBOIl aKTUBHOCTU OBUIM PACCMOTPEHBI CIEAYIOIIME MapaMeTphl: 00Ias yacToTa
['JITI, o6mast wactora moteHuuanoB aevctust (I1M1), wacrora IIJI mexmy [JIII,
coobiTust BHyTpu [/II1, ammutyna u amurensHocts [JII1. Cratuctuyeckuit aHanus
MapaMeTPUUYECKUX JAHHBIX NPOBOAWICSA MO KpuTrepuii MaHHa-YUTHU C YpPOBHEM
nocroepHoctu p < 0.05.

JHlob6apnenne L-romonucrriHa B KoHIeHTpamuu 0.05-0.5 MM mnpuBoamiio K
YCWIEHHUIO CIIOHTAHHOW CETEBOM AaKTUBHOCTH runmnokamna. Hwuskue m03e1 L-
romonctuHa (0.05MM) mpUBOAMIAM TOJIBKO K 3X-KPaTHOMY YBEJIMYEHHIO YaCTOTHI
[ITT (n=35, p<0.05) 6e3 uzmenenus yactotsl [1/1. L-romonuictun B koHueHTparuu 0.5
MM BbI3BIBaN 7-KpaTHOE yBennueHue 4actoTsl /{11 n 4-xpaTHOe ycuiieHHe 4acTOThI
I (n=5, p<0.05). B Toxke BpeMs aMIUIUTyAHO-BpeMeHHble mnapamerpbl /{11 He
u3MeHsMCch. OTKIIFOUeHHME TMoAayu L-roMOLMCTHMHA BBI3BIBAJIO BOCCTAHOBJIEHUE
ceTeBoil akTUBHOCTU K 20-40 muH oTMmbIBKH. [lo-Buaumomy, 3ddextel qumepa I'L]
CBsI3aHbI ¢ IpsAMbIM JeiicTBueM Ha HMJIA-penentopsl riyramara.

Pabora nonnepxana rpantoMm PODU 18-015-00423A.
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The effects of the oxidized form of homocysteine - L-homocystine on
the spontaneous network activity of the daeveloping hippocampus

Gataulina E.D."*, Kurmashova E.D.!
1. Kazan Federal University,

2. Kazan Federal University;
* maileen2013@yandex.ru

Homocysteine (HCy) is a toxic intermediate in of L-methionine the metabolism.
Under physiological conditions the HCy is rapidly oxidized to L-homocysteine. It is
known that the main mechanism of effects of high doses of HCy on neurons is
hyperactivation of NMDA receptors, which has a toxic effects. The first two postnatal
weeks are critical for network formation and maturation in rats brain.

The aim of this work was to investigate the effect of the oxidized form of HC -
L-homocysteine on the spontaneous network activity of the rat hippocampus in the
first week of postnatal life.

Application of L-homocystine at a concentration of 0.05-0.5 mM led to an
increase in the spontaneous network activity of the hippocampus. Low doses of L-
homocystine (0.05 mM) resulted only in a 3-fold increase in the frequency of the
GDP (n = 5, p <0.05) without changing the frequency of the action potentials (AP).
L-homocystine at the concentration of 0.5 mM caused a 7-fold increase in the
frequency of the GDP and a 4-fold increase in the frequency of (n = 5, p <0.05) AP.
At the same time, the amplitude-time parameters of the GTP did not change.
Disabling the supply of L-homocystine caused the restoration of network activity to
20-40 min of washing.

Thus, L-homocystiny enhances the spontaneous network activity of the rat
hippocampus on the first of postnatal week. The effects of the L-homocysteine dimer
are possibly related to direct action on the NMDA receptors.

24. AnuTenbHoe oTAeneHne oT MaTepen B paHHUM Nepuoa XXU3HU
NPUBOAUT K KOTHUTUBHbLIM U NOBeAEeHYEeCKUM HapyLUeHNAM Yy B3pOChbIX
CaMOK MbILLEeN: KfoYeBasi posib rmnnokamna

Pemernukos B.B.'*, Kopaep A.B.!, PaOymkuna F0.A.!2, Jlenemko A.A."?, Bounaps
H.IL.!'?

1. Uncmumym yumonoauu u eenemuxu CO PAH, Hosocubupck, Poccus.,

2. Hosocubupckuil HayuoHaIbHO-UCC1e008amMeNbCKULL 20CY0aAPCHEEeHHbL

yuugepcumem, Hosocubupck, Poccus,
* vasiliyreshetnikov@bionet.nsc.ru

['unmokamMm - KitoueBasi 4acTh JTUMOMYECKOW CHCTEMbI, KOTOpas BOBJICUCHA B
PETYJSALUIO KaK MPOLECCOB MaMsTH, TaK U PEAKLU Ha cTpecc. Y TPhI3yHOB MEPBBIC
HEJIEN KU3HU SIBIISIOTCA BaXKHBIM MEPUOAOM IJis pa3BuUTHs runmnokammna. Ctpecc B
ATOT TMEPUOJ MOXKET HAPYUIUTh pPa3BUTHE HEPBHOM CHUCTEMbl W TPUBECTH K
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Hapymieausim  perymsiunn [THC B orBeT Ha mnocnenyromuii  ctpecc. Mbl
WCIOJB30BAJIM JBA THUIIA [IOCTHAaTAJIBHOIO CTPECCA: UIUTEIBHOE OTIEIICHUE
nerenbimieir ot marepeit (3 u/menn, J{O) u kpatkoBpemeHHoe pasaenenue (15
mus/feHs, KO). B mepBoil yacTu Haliero MCCiIeAOBaHUS Mbl MPOAHATU3UPOBAIH
BIIMSIHUE CTPECCA B PAaHHUM MEPUOJ] KU3HU HA KOTHUTUBHOCTh. B KauecTBEe MapKepoB
HEMPOHAJIIBHOW W CUHANTAYECKOW AaKTUBHOCTH MBI H3MEPHUIIM YHUCIO 3PEJIbIX
HelipoHoB (NeuN+ kjeTku) ypoBeHb 3Kcnpeccuu reHoB panHero orseta (qQPCR) B
TUIINOKaMIIE, a TaKKe YUCIIo co3peBatoux HeilpoHoB (DCX+ kieTkH) U KOJIMYECTBO
npoiudepupyromux HelpoHoB (Ki67+ kieTku) B 3y0uaToil M3BHIIMHE TMIIOOKAMIIA.
MpI1 ucciieoBaiy TOIBKO CAMOK MBIIIEH, TTOCKOJIBKY OHU TOpa3lo MEHEE U3YyYEHHI,
HO YacTo Ooyiee 4yBCTBUTENIBHBI K CTpEcCy, 4YeM camilbl. Bo BTOpoil yacTu Haiiero
HCCIIEIOBAHUS Yy CaMOK, IOABEPKECHHBIX CTPECCY B PAHHUM MEPUON KU3HU, MBI
OIICHWIM YPOBEHb MATEPUHCKOM 3a00ThI K CBOMM COOCTBEHHBIM JICTCHBIIIAM.
MarepuHCKkO€ TOBEACHUE SBISETCA BAXHOW IOBEACHYECKOM XapaKTEPHUCTUKOU,
3aBHCAIIEH Kak oT runmnokamma, Tak 1 oT [ THC. Msl oOHapyXuiau, 4To B3pOCIbIE
caMku, mnoasepxkeHHele JIO B neTCTBE NIPOAEMOHCTPHUPOBAIM  CHUKEHUE
JIBUTAT€JIbHOM aKTUBHOCTH, HAPYIICHUs MAMSATH U CHH>KECHUE YPOBHS MAaTEPUHCKOU
3a00TbI, TorAa Kak rpynmna KO mpopeMoHCTpupoBalia HE3HAYUTENIbHbIE U3MEHEHUS.
Kpome toro, IO B paHHMI NepUOA KU3HU IPUBEIO K CHWKEHHIO YHCIIA 3PENBIX
HelipoHoB B CA3 o0nacTu THIIIOKamIia, YTO MMEET pellalllee 3HAYEHUE s
oOyueHus u mnamsaTH. TakuMm o00pazoM, UIUTENIBHOE HO HE KparKoBPEMEHHOE
OTIEJICHWE OT Marepel, NPUBOAUT K HAPYLICHUSIM TOBEACHUS, NaMATH H
yMeHbIIeHU0 uuciaa HedpoHoB B CA3 3one. Pabora mnomuepkaHa TpaHTOM
Poccuiickoro Hayunoro ®@onna (16-15-10131).

Prolonged maternal separation in early life lead to cognitive and
behavior impairments in adult female mice: crucial role of the
hippocampus

Reshetnikov V.V.'* Kovner A.V.!, Ryabushkina J.A.!2, Lepeshko A.A.'2, Bondar
N.P.12

1. Institute Cytology and Genetics the Siberian Branch of the Russian Academy of
Sciences;

2. Novosibirsk National Research State University, Novosibirsk, Russia;
* vasiliyreshetnikov@bionet.nsc.ru

Hippocampus is crucial part of limbic system that involved both in the cognitive
processing such as memory and in the regulation of responses to stress. In the rodent,
the first postnatal weeks are crucial time for the hippocampal development. Adverse
experiences in early life can disrupt neural and behavioral development and
impairment of the HPA-axis responsive to subsequent stressors. In our study, two
types of early life stress were used: prolonged separation of pups from their mothers
(for 3h/day, maternal separation-MS) and brief separation (for 15min/day, handling-
HD). In first part of our study, we analyzed the effects of early-life stress on cognition
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(by using Morris water maze and Novel object recognition tests). As markers of
neuronal and synaptic activities number of mature neurons (NeuN+ cells) and level of
expression of immediate early genes (qPCR) in the hippocampus as well as number
of maturing neurons (DCX+ cells) and number of proliferating neurons (Ki676+
cells) in the dentate gyrus were measured. We examined only female mice, since they
are much less investigated, but often more sensitive to stress than males. In second
part of our study we investigated the level of maternal care of females with history of
early life stress as a key female behavior, that is dependent on both hippocampus and
HPA-axis. We found that adult female mice in the MS group demonstrated reduced
locomotor activity, spatial long-term and recognition memory impairments and
reduced level of maternal care, while the HD group showed mild changes.
Additionally, MS in early-life resulted in reduced number of mature neurons in the
CA3 area of the hippocampus that is crucial for learning and memory. Thus,
prolonged maternal separation but not brief leads to memory and behavioral
impairments and reduced number of neurons in the CA3. Supported by the Russian
Science Foundation, grant (16-15-10131).

25. KoHuenTtyanbHaa Mmogernb NOCTCUMHANTU4Y€CKON CEHCOPHOW CUCTEMbI
HEeMPOHOB KaK 6a3bl KOTHUTUBHbIX PYHKLUN

Parymnsk A.C."*, CopokoymoB E.JI.!, TIpockypa A.JI.!
1. Uncmumym Boiuuciumenvroix Texnonoeuti CO PAH, Hosocubupck, Poccus;
* ratushniak.alex@gmail.com

[ TaBHBIM BBI30BOM HACTOSIIIETO BPEMEHH SBIISCTCS HEOOXOAMMOCTh MMOHUMAaHUS
MIPUHITUIIOB M MEXaHW3MOB Pa0OThI MO3Ta. AKTYyalbHOCTh MPOOJEMbI O0YyCIOBIICHA
HEOOXOMMOCTBIO TPOJBIKEHUST B OO0JIACTAX CBS3aHHBIX KakK C TMpoOjieMaMu
37IpaBOOXPAHEHUs, pa3pad0TKA METOMOB JUATHOCTHUKH, MPOMUIAKTUKN M KOPPEKIIUU
HEHPOWHIYIIUPOBAHHBIX IIaTOJOTHH, TaK W C CO3/JaHWEM HOBBIX IOKOJICHUH
WHOOPMAIIMOHHBIX ~ CUCTeM. B OONbIIMHCTBE  Clly4aeB,  HMCCJIEIOBaHUSA
OpPUEHTUPOBAHHBIC HA aHAJU3 PaObOThl MO3Ta B 3HAUYUTEIHHON CTETNIEHU Pa3pO3HEHBI,
MPOBOAATCS B PA3HBIX OTPACHAX HA PA3HOM TMOHATUHHOM W TEXHOJIOTHYECKOM
ypOBHE. JTO CIOCOOCTBYET TOMY, YTO OOJNBIIMHCTBO JOMUHUPYIOIMIUX KOHICTIIAN
COBpPEMEHHOMW HeilpoHayku ObuIH pa3zpabotansl 6osee 50-100 net Hazan [Hamp. Stern,
2017, http://science.sciencemag.org/content/358/6362/464.full]. Ognum wu3 Takux
pactupoOCTPaHEHHBIX M JO HACTOSIIETO BPEMEHH IMUPOKO HCIOJIB3YEMBIX, HO HE
BIIOJIHE COOTBETCTBYIOIIMX CYIIECTBYIONIUM 3HAHUSIM SIBISICTCS TIOCTYJIaT O
MpUHIUANE PabOThl CHHANTHYECKOTO CEHCcopa HeiMlpoHa — mpaBuio Xeb66a [Hebb,
1949].

OnHO¥ U3 pealbHBIX BO3MOXKHOCTEH BBISIBIICHUS TIPUHITUIIOB PabOTHl HEMPOHOB
SIBTISIETCSl MCIIONIb30BaHUE OMOWH(MOPMAIMOHHBIX METOJIOB aHaliW3a OTPOMHOTO
KOJIMYECTBA JIAaHHBIX O MOJICKYJISIPHOM YPOBHE OpraHu3aiuu kierok. dopmupoBanue
WHTEPAKTUBHBIX 0a3 NTaHHBIX, MEPEBOJ WX U3 CHUMBOJILHOTO OMUCAHUS B CHCTEMBI
JTUHAMUAYECKON TpaduKu, TO3BOISET HMHTETPUPOBATH PAa3pPO3HEHHBIC JaHHBIE B
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CUCTEMY 3HAHUU.

B nanHOoli pa0oTe Ha OCHOBE TEOPETHUKO-IKCIEPUMEHTAIBHOIO aHaln3a
chopMupoBaHa KOHIIENITyajdbHAs MOJECNM JEHAPUTHOTO IIUMUKA THIIMOKaMIIa Kak
MHOTOYPOBHEBOUM (PYHKIIMOHAJIBHON CUCTEMBI, OCHOBbI KOTHUTUBHBIX (PyHKLH. DTO
MIO3BOJIMT pEIIATh CYUIECTBYIOIIME 3a7ayd HE B OTAAJICHHOW IIEPCIIEKTUBE U
MOJyYUTh 3HAUYUTEIbHOE MPEUMYIIECTBO B 001aCTH HEUPOTEXHOJIOTHIA.

B pabote ucnonb30BaHbl JaHHbIE, TOJyYEHHbIE PU BBIMOIHEHUH nTpoekTa PAH
No 1V.35.2.6 u npoexta PODOU Nel7-04-01440a.

Conceptual model for neuronal postsynaptic sensory system, a
cognitive function unit

Ratushnyak A.S.'*, Sorokoumov E.D.!, Proskura A.L.!
1. Institute of Computational Technologies of SB RAS, Novosibirsk, Rossia;
* ratushniak.alex@gmail.com

Identifying the basis and mechanisms for brain function is a principal challenge
of present time. The urgency of the problem is set by the need for advancement in
broad fields, from health service (finding new approaches for diagnosis, preventing
and alleviating neuroinduced pathologies) to the area of developing information
framework of the new generations.

In most cases, different studies subjecting brain function are distinct and
independent, being conducted at different conceptual and technological levels. This
contributes to the fact that the majority of the concepts dominating the field of
modern neuroscience emerged over 50-100 years ago [Stern, 2017,
http://science.sciencemag.org/content/358/6362/464.ful]. One of such concepts, well-
known and extensively used, but not corresponding to the existing knowledge is a
postulate describing principles for neuron synaptic sensor function - the Hebb's rule
[Hebb, 1949].

A valuable prospect of revealing the principles for neuron function could be
explored by the use of bioinformatic approach to analyze the huge amount of existing
data describing the molecular level of cell organization. Filling the interactive
databases, transforming them from a symbolic description into dynamic graphics
systems promotes the integration of disparate data into solid knowledge system.

In this paper, underlied by the theoretical and experimental analysis a conceptual
model of dendritic spine (the basis for cognitive function) from hippocampus is
described as a multi-level functional system. In prospect this could be used to solve
the existing problems and gain a significant advantage in the field of
neurotechnology.

In this paper the data obtained during the implementation of RAS 1V.35.2.6 and
the RFBR 17-04-01440a projects are used.
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26. MexaHnsmbl aencTBus aoHopa h2s B nMpaMmuaHbIX HeMpoHax
rmnnokamna Kpbicbl

Kypmamosa E.J[.!2*, I'ataynuna 3./1.'2, SlkoBneB A.B.!2
1. Kazanckuu Ilpusonowcckuti @edepanvrulii Yuueepcumem,

2. Kazanckuii Ipusonscckuit @edepanvhuviii Yuusepcumem;
* kurmashovaed@gmail.com

OHporeHHbil cepoBonopos (H2S) BXoaWT B ceMEMCTBO ra3oTpaHCMUTTEPOB U
NPOAYyLUMPYETCS BO MHOTHX KIETKax MIEKonuraromux. B oprammzme H2S
oOpa3yercsi U3 LUCTEUHA, NIPU NOMOLIM UUCTATUOHUH--CUHTAa3bl U HUCTAaTUOHUH-Y-
auasbl. 3a@UKCUPOBAHHAS BBICOKAs OJKCIpECCHs JaHHOro (QepMeHTa B pPaHHHM
NepHUO pPa3BUTUSI HEOOXOUMA JIJIsi CO3PEBAHUSI HEMPOHAIBHBIX CETEH U UX 3aIIMTHI.
N3BecTHO, UTO OHOW U3 MIABHBIX MULIEHEW AeicTBUs H2S B eHTpalbHOM HEPBHOMU
cucteMe siBnsgercs N-methyl-D-aspartate (HM/IA)-penenitopsl 1 nAM®D-3aBrcumas
MpoTEeMHKHWHAa3a A. 3a cu€T akTUBauuM aaeHunaruukiassl H2S ycuimBaer HMJIA-
TOK B IIEPBUYHON KyJIBTYpE MO3KeuKa, KOpbl U mnn. OJIHAKO, B HE3PENBIX HEHPOHAX
HaOmonaeTcss 00paTHbIit A EKT.

[lenpr0 MAHHOIO MCCIIEJOBaHUS CTAJIO BBIABICHHWE POJM  AKTUBHOCTH
ajeHmwIaTiukiasel B 3¢dexrax monopa H2S ma HMJIA-omocpenoBaHHbIE TOKH B
NUpaMUAAIBHBIX HEMPOHAX TMIINOKaMIa KPbIC B TEYEHUE MOCTHATAIIBHOTO Pa3BUTHUS
IUNNoKamna KpbIChI.

OKCNEpUMEHThl  MPOBOAWINCH HA TOPU3OHTAIBHBIX Cpe3ax THUIIoKamIa
HOBOPOXKJIEHHBIX U B3pocibiX KpeiciAT (P3—P7 u P18-26, rne PO-gens poxnenus).
HM/IA-onocpeioBaHHbIE TOKM MNHUPAMHUIHBIX HEWPOHOB PETUCTPUPOBAIA MPHU
MOMOILIM METOAMKM TATY-KJIaMII, B PEXHUME «leias KieTka» ¢ (uxcanuein
noreHnuaisa Ha -60mB. B kawectBe ponopa H2S wucnons3oBancs NaHS B
koHreHTpauuu 100uM. Jlng wHruOupoBaHUs aJCHWIATIIMKIA3BI MPUMEHSIICA
cesniekTuBHbIN O61okarop MDL-12330A(10uM).

Honop H2S oka3piBan HeOOpaTUMbIN WHTHOUPYIOMINI 3PdEKT Ha aMILTUTYILY
HMJIA- BbI3BaHHOTO TOKa HEWPOHOB Y HOBOPOXKJIEHHOTO KpbiceHka B CA3 obmactu
runnokamna. OJHaKo B TMIIIIOKAaMII€ B3POCIbIX KpbICAT anmuiikanus H2S Bei3biBasia
HOTECHIIUAIUIO HMJIA-vHIynupoBaHHBIX OTBETOB. [IpenBapurenpHOE
MHIMOMpPOBAaHUE aJICHUIATIIMKIA3bl HE YCTPAHsIO HHrHOUTOpHOE AeiictBue NaHS Ha
HM/IA-BbpI3BaHHBIE TOKM INHPAMHUAHBIX HEMPOHOB THIIOKAMIIA HOBOPOXKIECHHBIX
KpBIC.

Takum o0Opa3zoMm, MOXHO MPeANnonokuTh, uto 3hpdextet H2S na HMJIA-
BbI3BAHHBICE  TOKM  NUPAMUAHBIX  HEUPOHOB  OMOCPEAYIOTCS  BO3PACTHBIMU
m3MmeHeHussMu HMJIA penentopoB U He 3aBUCAT OT aKTUBHOCTH aJICHUJIATIMKIIA3bI B
MAPaMUIHBIX HEHPOHAX TMIIOKaMIIa KpPbIC.

Pabora monnepxkana rpantom PH® Ne 14-15-00618
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Mechanisms of the h2s donor action in rat hippocampus pyramidal
neurons

D. E.D.12*, Gataulina E.D.!'2, Yakovlev A.V.!2
1. Kazan Federal University,

2. Kazan Federal University;
* kurmashovaed@gmail.com

Endogenous hydrogen sulfide (H2S) is a gas transmitter and is produced in
many mammalian cells. In the body, H2S is formed from cysteine by cystathionine-[3-
synthase and cystathionine y-lyase. The fixed high expression of these enzymes in the
early period of development is necessary for the neural networks maturation their
protection. One of the main targets of the H2S action in the central nervous system is
N-methyl-D-aspartate (NMDA) receptors and cAMP-dependent protein kinase A. By
activating adenylate cyclase, H2S enhances the NMDA current in the primary culture
of the cerebellum, cortex and glia. However, an inverse effect is observed in
immature neurons.

The purpose of this study was to identify the adenylate cyclase activity role in
H2S donor effects on NMDA-mediated currents in rat hippocampal pyramidal
neurons during its postnatal development.

The experiments were performed on hippocampus horizontal slices of newborn
and adult rats(P3-P7 and P18-26, where PO is the birthday). NMDA-mediated
currents of pyramidal neurons were recorded using patch-clamp method, in the
"whole cell" mode with the potential fixation at -60mV. As a H2S donor, NaHS was
used at a concentration of 100uM. To inhibit adenylate cyclase, a selective blocker
MDL-12330A(10uM) was used.

The H2S donor irreversibly inhibited the amplitude of the NMDA-induced
neuronal current in the newborn rat CA3 hippocampus region. However, in the adult
rat hippocampus, the H2S application caused potentiation of NMDA-induced
responses. The preliminary inhibition of adenylate cyclase did not eliminate the
inhibitory effect of NaHS on NMDA-induced currents of the newborn rats
hippocampus pyramidal neurons.

Thus, it can be assumed that the H2S effects on NMDA-induced currents of
pyramidal neurons are mediated by age-related changes in NMDA receptors and do
not depend on the activity of adenylate cyclase in the rat hippocampus pyramidal
neurons.

The work is supported by the grant of the RNF No 14-15-00618
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27. MoHomeTunupoBaHue H3K4 yyacTByeT B chopMupoBaHUUN NaMATU Y
MeAOHOCHOM Nnyenbl

3auenuno T.I.'2* Tpodumosa A.B.!, Jlomaruna H.I".!
1. Uucmumym gpusuonoeuu um. U.11. [lasnosa PAH;

2. Poccuitickuti 2cocyoapcmeeHntblil nedazo2udeckuil yuusepcumem um. A. U. I'epyena;
* polosatayaZ2@mail.ru

N3BecTHO, YTO (OPMHUpPOBAHUE TMAMATH  COINPOBOXKAAECTCS  AKTHUBALMEH
DKCIIPECCUM TEHOB M pEMOAECNIMpOBaHUEM XxpomaruHa. [locienHee 3aBucHT OT
snurenernyeckux Moaudukauuii JIHK u rucroHoB. MoHOMETHIMPOBaHUE TMCTOHA
H3 no musuny 4 (H3K4mel) BcTpeuaercss B mpoMoTopax M SHXaHcepax. Poib
H3K4mel B ¢opMupoBanuun mnamsTd paHee He u3ydanacb. MccienoBanue
BBITIOJIHEHO Ha MEIOHOCHOM Muesie — YHUKaJIbHOM MOJIEIIbHOM OOBEKTE JUIsl U3yUeHUs
MaMsITH, KaK Ha IOBEAECHYECKOM, TaK U Ha MOJIEKYJISIPHOM YPOBHSIX.

C mnoMouipl0 HMMMYHOTHCTOXMMHUYECKOTO OKpAaIllMBaHUS HAaMH  BIIEPBbIC
MOKa3aHO, YTO Y MEIOHOCHOM Mm4esbl B Tpoiiecc (HOpMHPOBAHUS OJIb(HAKTOPHOU
acconuatuBHoW mamsaTH BoBiekaercss H3K4mel. Monomerminpoanne H3K4
YCWJIMBAETCS B HEHPOHAX KAJIMKCOB TPUOOBHAHBIX Tel ((YHKIIMOHAIBHBIA aHAJIOT
TUMIOKAaMIIa) - CTPYKTYP, OTBEYAIONINX 33 OOyUYCHHUE U MaMsITh Y HACEKOMBIX — Yepe3
1, 3 u 6 yacoB nocne oOyuenusa. Ycunenne H3K4mel uvepe3 1 u 6 yacoB mocie
oOy4eHus, MO-BUAMMOMY, CBSI3aHbI HAOIIOJAEMBIMU B 3TH NEPHOABI ABYMsI BOJHAMU
tpanckpunuuu reHoB (Lefer et al., 2013). Torna xak ycunenue H3K4mel uepes 3
yaca nocjae oO0y4eHHs] MOKET OBbITh CBSI3aHO U C MU3MEHEHHMEM CTaTyca HHXaHCEPOB.
[lonyyeHHble NaHHbIE BHOCAT BKJAJ B MOHUMAaHWE SIUTCHETUYECKUX MEXAHU3MOB
MaMsITH.

PaGora mnposenena Ha kuBoTHBIXx u3 IIKII buokomnekmus WO PAH,
MOAJCPKAHHOU

[Tporpammoit ®AHO Poccum mo coxpaHEHUIO W Pa3BUTUIO OMOPECYPCHBIX
KOJUICKLIMH.

H3K4 monomethylation is involved in the memory formation in the
Honeybee

Zachepilo T.G.">*, Trofimova A.V.!, Lopatina N.G.!
1. Pavlov Institute of Physiology of RAS;

2. Herzen State Pedagogical University of Russia;
* polosatayaZ2@mail.ru

Memory formation is accompanied by gene expression activation and chromatin
remodeling. These phenomena depend on epigenetic modifications of DNA and
histones. Monomethylation of histone H3 on lysine 4 (H3K4mel) occurs in
promoters and enhancers. The role of H3K4mel in the memory formation has not
previously been researched. The study was performed on the Honeybee - unique
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model for studying memory, both at the behavioral and molecular levels.

We first have shown that H3K4mel is involved in the formation of olfactory
associative memory in the Honeybee by immunohistochemical staining. H3K4mel is
enhanced in neurons of calixes of mushroom bodies (functional analog of
hippocampus) - structures responsible for learning and memory in insects - 1, 3 and 6
hours after training. The increase in H3K4mel at 1 and 6 hours after training is
apparently related to two waves of gene transcription observed during these periods
(Lefer et al., 2013). While increase in H3K4mel at 3 hours after training may be
associated with a change in the status of enhancers. The data obtained contribute to
the understanding of epigenetic mechanisms of memory.

The work was carried out on animals from the Biocoilection Center of Pavlov
Institute of Physiology of RAS, supported by Program of the FASO Russia on the
conservation and development of bioresource collections.

28. HapyweHusa cuHanTM4yeckom niacTUYHOCTU B rMNnoKamne Kpbic
nocre anunenTU4yecKoro cratyca

3aiineB A.B.'2* IToctaHukosa T.}O.!:2

1. Mucmumym ssontoyuonnoii huzuonozuu u buoxumuu PAH, Cankm-Ilemepbype,
Poccus;

2. Unemumym 26omoyuonnot gusuonoeuu u ouoxumuu um. U.M. Ceuenosa PAH;
* aleksey zaitsev@mail.ru

Onunentudyeckuil craryc (O3C), BbI3BaHHBIA Pa3IWYHBIMM HPUYMHAMHU, MOXKET
NPUBOJIUTH K PAa3BUTHIO SMUJIENCUU. B MHUIOKapIMHOBOM MOJAENTU Yepe3 HECKOIbKO
Heaenb nocie DC MpakTUYECKHM Y BCEX JKMBOTHBIX PA3BUBAIOTCS CIIOHTAHHBIE
cynoporu, toraa kak mnocie OC B NEHTUICHTETPA30JO0BOM MOJETU CIOHTAHHbBIE
CyIOpOrd OOBIYHO HE HaOJIIoAaoTCs. ONUIIENTOreHe3 OOYCIOBIEH IIeJIbIM
KOMIUIEKCOM TPUYMH, BKJIIOYAs HAPYLICHHWS CHUHAITUYECKOW IUIACTUYHOCTH.
OneKTpoPU3NONIOTUYECKUE  HCCIEOBaHUS  MMOKa3biBalOT, 4to mociae OC
XapakTEpUCTUKM  KPAaTKOBPEMEHHOM M JOJTOBPEMEHHOW  CUHAIITUYECKOM
IUIACTUYHOCTU MOTYT U3MEHAThCA. OHAKO XapakTep 3THUX U3MEHEHUI U MEXaHU3MBI,
JeXallue B MX OCHOBE, OCTalTCS HEACHbIMU. llenbro paboOThl CTano cpaBHEHHE
O0COOCHHOCTEN KPaTKOBPEMEHHOU U TOJATOBPEMEHHOW CHHANTHUYECKOW MIACTUYHOCTH
B cpe3ax rummnokamna mnocie OC, BBI3BAHHOIO NEHTUJIEHTETPA30JOM WU
NUJIOKapIUHOM. MBI UCCIEI0BaIM CHHAITUYECKYIO IUIACTUYHOCTh cpasy nocie IC
(octpas (aza), B TeueHue nepBoil Henenu (IareHTHas ¢asa), a TaKKe 4epe3 MecsI]
(xponuueckas (aza). Mbl 0OHapYKUIJIK U3MEHEHUSI KPATKOBPEMEHHOM TIIACTUYHOCTH
(yBenmnueHue ¢acuiauTanuu) TOJNbKO B TMepBble cyTku mnocie DC, BBI3BAHHOTO
NEHTUJICHTETPA30JOM. JTO CBUJETEIBCTBYET 00 YMEHBUICHUU BEPOATHOCTHU
BBICBOOOXK/ICHHSI MEIMATOpa B CUHAIICAX TUIIOKAMIIA, YTO MOXKET SIBIATHCS OJHUM U3
MEXaHHU3MOB, PEJOTBPALAOLINX ITHIICIITOTEHES.

JlonroBpemMeHHasi CHMHANTHYECKasi IUJIACTUYHOCTh Oblla oclablieHa B 00eux
MOJIETSIX HA BCEX CpoOKax M3ydeHHs. lIpu 3TOM B MEHTWIEHTETPA30JI0BOM MOAEIU
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HauOONbIINE OTKJIOHEHUS OBUIM BBISBICHBI B IMEPBbIE CYTKH, KOIZAa MeEXaHU3M
WHAYKUUU JOJTOBPEMEHHOM IOTEHIMAMU ObLI HapylleH. B ocranbHble CpOKH
MexaHu3M wuHAyKuuu Obul NMDA-3aBucumbiM, Kak ¥ B KOHTposie. B
NUJIOKApIUHOBOM MOJIENU, BO BpeMs JIATEHTHOW (pa3bl, MHAYKIUS IJIACTUYHOCTU
Obuta HezaBucuMoil ot GluN2B-cogepxanmux NMDA-penentopoB, a BO Bpems
xpoHuyeckoil (¢as3pl  crama mnonHoctbio NMDA-He3aBucumoi. [lomyyeHHbie
pe3yabTaTbl CBUIETENBCTBYIOT O BO3MOXHOM ydactue NMDA-He3aBucuMBbIX (Hopm
JOJITOBPEMEHHON CMHANTUYECKON MJIACTUYHOCTH B SMUJIENITOTEHESE.
Pabora nonnepxana rpantom PH® Ne 16-15-10202.

Alterations of synaptic plasticity in the rat hippocampus after status
epilepticus

Zaitsev A.V.12* Postnikova T.Y.!2

1. Sechenov Institute of Evolutionary Physiology and Biochemistry of RAS, Saint-
Petersburg, Russia,

2. Sechenov Institute of Evolutionary Physiology and Biochemistry,

* aleksey zaitsev@mail.ru

Status epilepticus (SE), caused by various convulsants, can induce the
development of epilepsy. In a pilocarpine model, almost all animals develop
spontaneous seizures in a few weeks after SE, whereas in the pentylenetetrazole
model, spontaneous convulsions are usually not observed. The mechanisms of
epileptogenesis are diverse, including the alterations in synaptic plasticity.
Electrophysiological studies show that after SE the characteristics of short-term and
long-term synaptic plasticity can change. However, the mechanisms of these changes
remain unclear. The study aimed to compare the characteristics of short-term and
long-term synaptic plasticity in hippocampal slices after SE induced by
pentylenetetrazole or pilocarpine. We examined synaptic plasticity immediately after
SE (acute phase), during the first week (latent phase), and also after a month (chronic
phase). We found changes in short-term plasticity (an increase in facilitation) only
during the first day after pentylenetetrazole-induced SE. This result suggests a
decrease in the probability of mediator release in the hippocampal synapses, which
can be one of the mechanisms that prevent epileptogenesis.

Long-term synaptic plasticity was weakened in both models at all time points
tested. In the pentylenetetrazole model, the most significant deviations were found
one day after SE, when the induction mechanism of long-term potentiation was
disturbed. In the remaining periods, the induction mechanism was NMDA-dependent,
as in control. In the pilocarpine model, during the latent phase, plasticity induction
was independent of GluN2B-containing NMDA receptors, and during the chronic
phase, it became entirely NMDA-independent. The obtained results indicate the
possible participation of NMDA-independent forms of long-term synaptic plasticity
in epileptogenesis.

Supported by RSF project No. 16-15-10202.

55



29. HapyweHusa cuHanTM4eckom niacTUYHOCTU B rMnnokKamne
IOBEHUJIbHbIX KPbIC, BCrieACTBME HeOHaTanbHbIX BBEAEHUN
GakTepuanbHoOro nunononucaxapuga

[Toctaukona T.FO.'?*, 3y6apesa O.E.!, I'pudmrox A.B.!2, 3aiiiie A.B.!

1. Uncmumym ssontoyuonnou huzuonozuu u ouoxumuu um. U.M. Ceuenosa PAH,
Canxm-Ilemep6ype, Poccuiickas @edepayus;

2. Cankm-Ilemepoypeckuu nonumexnudecxkuti ynusepcumem llempa Benuxoeo,
Canxm-Ilemep6ype, Poccutickas @edepayus;

* tapostZ@mail.ru

bakrepuanbHble UMH(EKUUU, TEPEHECEHHbIE B paHHEM JE€TCTBE, MOTYT
BIIOCJICJICTBUM BbI3BIBaTh JACMUIIMT KOTHUTUBHBIX (DYHKIIMH, B TOM YHCIIE MAMSITH.
MexaHn3M Takux HapyLIEHWU HEU3BECTEH. B paHHEM IOCTHAaTaJbHOM OHTOI€HE3E
MIPOUCXOIUT MepecTpoiika cyobenuHnyHoro cocraa NMDA-penentopoB, KOTopbie
KPUTUYECKH BAXKHBI I (OPMHUPOBAHUSA JOJTOBPEMEHHOM CHHANTHYECKOU
noreHimanuu  (JABII),  saBnsromiedics  HEMPOHHBIM  MEXaHU3MOM  TaMSITH.
[Ipennomnaraercs, uro 6akTepuanbHble HHOEKIIUH MOTYT U3MEHATh CyOhEAMHUYHBIN
coctaB NMDA -peuienTopoB 1 u3-3a 3Toro Hapymars uHaykuuto JIBIL.

ens pabotel: m3yuuth ocobeHHoctu ¢GopmupoBanus JIBII B mome CAl
TUIIIOKaMIIa KPBIC Mocie BBeAeHUI OakrepuanbHoro nunomnonucaxapuna (JIIIC) B
paHHEM NOCTHATAJIbHOM NEPHOJE.

Uccnenosanue [IBII mpoBomunum Ha KpbicaX, KOTOPBIM BHYTPUOPIOIIMHHO
Beoawin 25 Mkr/kr JIIIC tpexkparHo B Bo3pacte 1, 3 u 5 nueil. Cpessl Mo3ra
NoJly4aJii OT HUBOTHBIX B Bo3pacte 21 nenb. [loneBple mocTcMHANTHYECKUE
MOTEHIMAJIBI OTBOJIMIM OT paauanbHoro cios nosss CAl runmokammna, CTUMYIUpPYS
kosatepanu [laddepa. Unaykuuro JIBII BeI3bIBaIN TETa-CTUMYIISIIHCH.

B KOHTpOnBHOM rpylne TETa-CTUMYJSANWS NPUBOAWIA K BbIpaxkeHHoOUW JIBII
(1,5040,10 y.e.). Y KMBOTHBIX IKCHEpPUMEHTaNbHONU rpynmbl BenuunHa JIBIT Obina
menbie (1,25+0,07 y.e., p<0,05) mo cpaBHeHHIO C KOHTpoyieM. B mpucyrcTtBun
omokaropa NMDA-penenitopoB AP-5 JIBII He BhipabGaThiBasiach B 00eux Tpymmax.
Udennponun, cenextuBHbIi anTaroHUCT GluN2B-coaepxkammx NMDA-penentopos,
camwkan BemuunHy JIBII mo 1,25+0,06 y.e. B KOHTpOJNBHOW TpyIme, a B
HKCIIEPUMEHTAIBHOMN MOTHOCTHIO OJIOKUPOBAI €€.

Takum 00pa3oMm, TOKa3aHO, YTO Yy KpbIC B MOJEIM HEOHATAJIbHON
OakTepuanbHoi nHpexuun unaykuus JIBIT ocnabnena B 2 paza. Unayknus [ABII y
HKCIIEPUMEHTAIBHBIX JKMBOTHBIX ompenensercs Ttonbko GluN2B-conepxkamumu
NMDA-peuentopamu, Torna Kak y KOHTPOJbHBIX UBOTHBIX - KaK COJAEpKAIIUMHU,
TaK U He coJepkaiuMu 3Ty cyoreaunuily NMDA -penientopamu. Haiu pesynbrars
MOATBEPKAAOT rumnoresy o NMDA-3aBUCHMOM  MEXaHHU3ME KOTHUTHBHBIX
HapylIeHU# nociie MHPEKIMOHHBIX 3a00JIeBaHUI B paHHEM BO3pacTe.

Pabora monnepxkana rpantoMm PODU Ne 17-04-02116.
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Impairments of synaptic plasticity in hyppocampe of juvenile rats
following the neonatal administration of bacterial lipopolysaccharide

Postnikova T.Yu.!2*, Zubareva O.E.!, Grifliuk A. V.12, Zaitsev A.V.!

1. Sechenov Institute of Evolutionary Physiology and Biochemistry St. Petersburg,
Russian Federation;,

2. Peter the Great St.Petersburg Polytechnic University, St. Petersburg, Russian
Federation;

* tapost2@mail.ru

Infectious diseases in early childhood can subsequently cause a deficiency of
cognitive functions, including memory. The mechanism of such impairments is
unknown. In early postnatal ontogenesis, the subunit composition of NMDA
receptors (NMDARSs) is changed. These changes are critical for the induction of long-
term synaptic potentiation (LTP), which is a neural memory mechanism. We assume
that bacterial infections can alter the subunit composition of NMDARSs and, because
of this, disrupt the induction of LTP. In this study, we investigated the properties of
LTP in hippocampal slices of rats that were administered with bacterial
lipopolysaccharide (LPS) in the early postnatal period. LPS was injected three times
at the age of 1, 3, and 5 days in a dose of 25 pg/kg. Field excitatory postsynaptic
potentials (fEPSP) were recorded from the stratum radiatum of the CA1 field of the
hippocampus. LTP was induced by theta-burst stimulation protocol. In the control
animals, stimulation resulted in a significant LTP (1.50 + 0.10). In the experimental
rats, the LTP was smaller (1.25 + 0.07, p <0.05) compared to the control animals. An
antagonist of NMDARs, AP-5, blocked the induction of LTP in both groups. A
selective antagonist of GluN2B-containing NMDARs, ifenprodil, completely blocked
the induction of LTP in experimental rats and reduced the amount of LTP to 1.25 +
0.06 1in slices of the control. Thus, we found that the induction of LTP is weakened in
rats after the neonatal administration of LPS. The induction of LTP in experimental
animals is determined only by GIluN2B-containing NMDARs, whereas in control
animals by NMDARs which contain and do not contain GluN2B subunit. Our results
support the hypothesis about an NMDA-dependent mechanism of cognitive
impairment after infectious diseases at an early age.

This work was supported by Russian Foundation for Basic Research (projects
No. 17-04-02116).
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30. OcCO6GeHHOCTU U3MEHEeHUWN TPAHCKPMNTOMA rMnnokKkamMmna roriloBHOro
Mo3ra 15-T AHeBHbIX Mbillen, NoABepPraBLUMXCA paHHEMY
nocTHaTanbHOMY CTpeccy

Jlenemko A.A.'2*, PaOymkuna F0.A.'2, PemiernukoB B.B.2, bongape H.I1.!?
1. Hosocubupckuii cocyoapcmeennvwiil ynusepcumem, Hosocubupck, Poccust;
2. Unemumym Lumonoeuu u I'enemuxu CO PAH, Hosocubupck, Poccus,

* arina94 123@mail.ru

W3BecTHO, 4YTO paHHUM [OCTHATaldbHBIA TEPHOA  SBISETCA OCOOEHHO
YyBCTBUTEJBHBIM K Pa3JIMYHbIM CTPECCOBBIM cTUMyJiaM. (CTpecc B paHHEM
MOCTHAaTAIbHOM TNEPHOAE JI€30praHU3yeT cleuuuueckue HEHPOHHBIE CBS3H,
MPUBOAUT K M3MEHEHUSIM B MOPGOJIOTUU U (PYHKIIMOHUPOBAHUU MO3ra, UHIYIUPYS
COOBITHSI, KOTOPBIE MOTYT MIPOSIBIISTHCS HEMOCPEACTBEHHO, JTUOO UMETh OTCPOUCHHBIC
3¢ dexTbl. XOpoIIo U3BECTHO, YTO ACTEHBIIIN OYEHb YYBCTBUTEIbHBI K OTACICHUIO OT
Marepell Ha  HEOHATaJbHOM CTaJWHh, BO BpeMs KOTOPOM  HM3MEHSIOTCS
HEHWPOIHIOKPUHHBIE OTBETHI, YPOBHU HeWpoTrpoduyeckux QaktopoB u T.a. s
BBISICHEHHUS (PyHIaMEHTaIbHBIX MEXaHHU3MOB HEMOCPEICTBEHHOTO OTBETa Ha paHHUU
MOCTHATAJIHBIA CTPECC, HEOOXOIUMO MCCIEA0BATh MOJIEKYISIPHO-TEHETHUYECKHE
0COOEHHOCTH U3MEHEHUN B PA3IMYHBIX OTJEIAaX TOJIOBHOTO MO3Ta JICTCHBIIICH.

B Hnamieit pabote Mbl MPOBEIM MOJTHOTCHOMHBIM aHAW3 YPOBHS SKCHPECCUU
reHoB (RNA-seq) B rummokamiie roJJOBHOIO MO3ra MbIIIeH B Bo3pacte 15 nHei,
IIOJIBEPTaBIIMXCA CTPECCY B PAaHHHWM NMOCTHATaJIbHBIM Iepuona. B kadecTtBe monenu
MOCTHATAJIBHOTO CTpecca ObUI0 MCIHOJB30BaHO JBa BHUAA PAHHETO OTAEICHUS
JIETEHBIIIed OT Marepeld - Ha 3 yaca B JIeHb B T€UYEeHHE 2-X HejeNb (MOBTOPHOE
OTJICJICHNE) U OJHOKPATHO Ha 24 4daca Ha 9-U JIeHb KU3HU. AHAJIN3 TPAHCKPUIITOMA
BBISIBUJI JIOCTOBEPHBIE M3MEHEHMSI YPOBHS 3KcHpeccuu 47 T€HOB y JECTEHBILIEH U3
IPYIIIbl C HOBTOPHBIM OTJEJIEHUEM OT MAaTepeil Mo CpaBHEHUIO ¢ KOHTpoJsieM. Cpenu
muddepeHnanbHO  OKCIIPECCUPYIOMIMXCS  T€HOB  OBUIM  BBISABICHBI  T'CHBI,
3a/ICICTBOBAaHHbIE B PpAa3BUTHM HEPBHOM CHUCTEMBI, a TaKXE€ B pEryIsiluu
akcoHanbHOro pocra (Dok6, Cdc42, Plcgl, Ppp3rl). Ha ocHoBaHMM mMOIy4YeHHBIX
JAHHBIX MOXKHO TMPEATOJIOKUTh, YTO ATH TEHBI MPEACTABISIIOT COOOW BO3MOKHBIC
MUILIEHH  JEUCTBUSI MOCTHATaJbHOIO CTpecca U TpeOyroT  JajdbHEWIIero
u3ydenus.Padora nonnep:xana rpanrom PH® 16-15-10131.

Features of transcriptome alterations in the hippocampus of 15-day old
mice exposed to early postnatal stress

Lepeshko A.A.!>*, Ryabushkina J.A.!2, Reshetnikov V.V.2, Bondar N.P.!2
1. Novosibirsk State University, Novosibirsk, Russia;

2. Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia;
* arina94 123@mail.ru

It is known that early postnatal period is particularly sensitive to various stress
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stimuli. Early postnatal stress disorganizes specific neural network and leads to
functional and morphologic alterations in brain inducing events that can manifest
directly, or have delayed effects. It is well known that pups are sensitive to maternal
separation on the neonatal stage, when neuroendocrine responses and levels of
neurotrophic factors are changed. To find out fundamental mechanisms of direct
response to early postnatal stress it is important to investigate molecular and genetic
features of alterations in different brain areas of pups.

In this investigation we conducted whole-genome analysis of gene expression
levels (RNA-seq) in the hippocampus of 15-day old mice exposed to early postnatal
stress. There were used two types of maternal separation — for 3 hours at day during 2
weeks (repeated separation) and once for 24 hours on the 9th day of life. cDNA-
libraries for RNA-seq were prepared from 12 hippocampus of pups. Transcriptome
analysis revealed significant changes in expression levels of 47 genes in the group
with repeated maternal separation in comparison with the control group. Among the
differentially expressed genes there were some (Dok6, Cdc42, Plcgl, Ppp3rl)
involved in the neuronal development and the regulation of axonal growth. Based on
the data obtained, it can be supposed that these genes are possible targets of postnatal
stress and require further study.

31. OTcTaBneHHbIN CreaoBoOU YCIOBHbLIU pedriekc: ycnosus
chopmMumnpoBaHna U HeMpoHaribHble CyoCTpaTbl B MO3re y Mblilluen

Canyno X.M.'*, Tuynosa A.A.2, Uamkuna O.1.'3, Toponora K.A.'?*, BopoOGseBa
H.C.'2, Anoxun K.B.132

1. Hayuonanvuwui uccneoosamenvckuti yenmp "Kypuamosckuti uncmumym", Mockaa,
Poccus;

2. Unemumym nopmanwvhou ¢puzuonocuu um I1. K. Anoxuna PAH, Mockea, Poccusi,

3. MI'Y um. M. B. Jlomonocosa, Mocksea, Poccus,
* khalid.saidov@gmail.com

[Tocnmeqaue wucciaenoOBaHUS IMOKa3alld, 4YTO OOIME HEHPOHBI THIIOKaMIIa
CBSI3BIBAIOT B TIOBEACHUHU Y MBIIICH J1Ba 3MU304a IMaMATH O Pa3IuYHBIX 00CTaHOBKAX,
€CIM OHHU Ppa3ACieHbl HECKOJbKMMH dYacamu. llenapio Hamed paboTel  OBLIO
UCCIICIOBAaHUE YCIOBUM M KJIETOYHOTO MEXaHW3Ma acCOlLMAllMM B TOBEICHUU Y
MBIIIEN JBYX OTCTABJICHHBIX HA pa3HbIE HHTEPBAJIbI BPEMEHU BHEIIHUX BO3ACHCTBUIA.
Jannass ¢opma accouMaTUBHOM TMaMsITH ObUIa Ha3BaHA HAMHU OTCTaBIICHHBIM
CJIEIOBBIM YCIIOBHBIM peduiekcoM. [IpenmnonaraeMbIiM KJIETOYHBIM MEXaHU3MOM TaKOU
accolMaluy SIBJIIETCS TOMajlaHue Oe3yCIOBHOTO pa3apakKuTelsi Ha HEHPOHBI,
aKTUBUPOBABIIKECS OT JJABHO JICMCTBOBABIIIETO W HE MPUCYTCTBOBABIIETO BO BpEMs
0€3yCIIOBHOTO pa3fpaXeHUs HEUTPaJbHOTO CTUMYyJia. MBIIIM Pa3HBIX TPYIII
oOcreoBaau HOBYIO 00CTaHOBKY A u uepe3 5, 30 muH., 2, 5 4.,1,3, 7, 30, 120 nH.
oOcrnenoBaau 00CTaHOBKY B, B KOTOpOH MoOdydainy 3JIEKTPOKOKHOE pasJipakeHue
nan. [Ipu orcraBineHun IByX 3TaroB oOydeHHUs B MHTepBasie OoT 5 4. 10 30 aH. MBIIIH
OOsTUCh HE TOJNBKO OOCTaHOBKH, B KOTOpod HaHocuioch DKP, HO u HelTpanbHON
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oOcTaHOBKH. J/lanee MbI Hccen0Bau IEPEKPHITUE TTOMYJISAIUN aKTUBHBIX HEUPOHOB B
pa3nu4HbIX O0JacTSIX TUIIOKaMIIa M MHMHJQJIMHBI C  TIOMOLIBIO  METOMA
¢uryopectieHTHOH in situ THOpUAM3AIMH TTOC]IE TECTUPOBAHUS MBbIIIEH, 00yUYEeHHBIX B
JIBYX OOCTaHOBKAax C MpoMEeXyTKamMu 5 MuH. u 24 4. IlepekpbiTe nomyasuui
aKTUBHBIX HeWpoHOB B obOmactax runmnokamma CAl, CA3, 3yOuatoii u3BUIIMHE, a
TaKKe B JIaTepaJibHOM M 0a3zonarepaibHOM SApax MUHAAIUHBI BO BpeMs TecTa ObLIO
BBIIII€ MIPU OTCTABJIECHUU JBYX 3TanoB 00ydeHHs Ha 24 4., 4yeM Mpu OTCTABJICHUU Ha 5
MUH. Hamum pnaHHble JEMOHCTPUPYIOT, YTO OTCTABJICHHBIM CJIENOBOW YCIOBHBIN
pedraexc dopMupyercs Mpu OINpeneNeHHBIX YCIOBUSAX, €ClIM JBa dTana oOydyeHus
OTCTaBJEHbl HA CPEIHECPOYHBIE W JIOITOCPOYHBIE, HO HE KOPOTKHME U OYEHb
JUINTEJIbHBIA MHTEpBaibl. Mpbl CcuMTaeM, YTO KJIETOYHBIM MEXaHU3MOM TaKOU
ACCOLIMALIMM SIBJISIETCS NIEPEKPBITHE MOy HEUPOHOB, AKTUBHBIX HA JIByX 3TaIax
0O0y4eHHMsI 3a CYET U3BJICUEHUSI MO3TOBOI pernpe3eHTaluy MaMATH O IEPBOM 3Tarle BO
BpEMsI BTOPOTO 4€PEe3 IKCIIEPUMEHTAIIBHBIE ITPOLIEAYPBI.
Pabora nonnepxana rpantom PODU No 16-04-01545 A

32. MNacTUYHOCTL B 3pUTESIbHON KOpe: KaK pa3Hblie (popMblI
NsacTUYHOCTU NoaaepXXUBarT 6anaHc CUHANTUYECKNX NU3MEHEHUN

Bonrymes M.A.'*

1. Yuusepcumem wmama Kounexmuxym, Cmoppc, CLLIA; Hncmumym Bovicweu
Hepenoti /lesmenvnocmu u Hetipoghuzuonocuu PAH, Mocksa,

* maxim.volgushev@uconn.edu

3puTtenbHas Kopa IUIACTUYHA — KaK BO BpeMsl pa3BUTHUS Mpu (HOPMUPOBAHUU
KOPKOBBIX CETE€H, TaK U B TEUEHHUE KU3HU MPHU OOYUYEHHUHM OIO3HABAHUIO HOBBIX
CTUMYJIOB. AcCollMaTUBHAs CUHANITUYECKas TUIACTUYHOCTh XeOOOBCKOTO THIA JICKHUT
B OCHOBE CIIELMAU3allMi HEUPOHHBIX ceTed U oOyuenus. OmgHako XeOOOBckue
nmpaBuia JieJaloT oOydaroliuecss CUCTEMbl HECTAOWJIbHBIMH U HE OO0EeCIeYHBaIOT
HEO0OXOIMMOTO YPOBHSI CHHANTUYECKON KOHKYpEeHIIMH. bronornyeckue cucteMbl He
UMEIOT JTUX HENIOCTATKOB, a 3HAYMT, O0JIAJAI0T JOMOIHUTEIbHBIMA MEXaHU3MaMHU.
JIeUCTBUTENBPHO, TEOPETUYECKHE W  MOJECJBHBIE  MCCICHOBAaHMUS  IOKA3aJd
HEOOXOIMMOCTh MEXaHW3MOB, OTPAHMYMBAIONINX HEKOHTPOIHUPYEMOE YCHIICHHUE
CUHANTUYECKUX BECOB W  yCWIMBAIOIIMX CHHANTUYECKYIH)  KOHKYPECHUIUIO.
buonornueckre 0CHOBBI TAKMX MEXAHU3MOB OCTAKOTCS MaJIOU3yYEHHBIMM.

S paccMOTprO HEKOTOpbIE OMOJOTMYECKHE MEXAaHHM3MBbI, MpEIaraeMble JUIs
BBITIOJIHEHUSI ATUX (YHKIMI: TOMEOCTAaTUYECKOE CHHANTHYECKOE CKAJIUpPOBaHUE,
reTepocMHanTeyecKass Jenpeccuss U HoBas (¢GopMa  TeTepOCHMHANTHYECKOU
IJJACTUYHOCTH 3aBHUCALIAs OT HadajJbHOro Beca. CBOMCTBA IeT€pOCHMHANTHYECKOU
IJJACTUYHOCTH, 3aBUCAIIECH OT HAYaJlbHOIO BECA, IO3BOJSIOT €M BBINOJHATH
TEOPETUUYECKH Tpe/acKka3aHHble (yHKIMU. [erepocMHanTHYeCKue W3MEHEHUs He
TpeOYIOT aKTUBHOCTH IPECHUHAIICa, U MOTYT COMPOBOXKJATh TOMOCHHANTHYECKYIO
MJIACTHYHOCTh, BBI3BAaHHYIO OOBIYHBIMU MPOTOKOJIaMU. boree Toro, momymsius
reTEPOCHUHANTUYECKOM IUIACTUYHOCTA MOXKET y4YacTBOBaTb B  NOMJICPKAHUU
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rOMEOCTAa3MCca CUHAIITUYECKUX BECOB Ha JUIMTEIIBHOM BPEMEHHOMW ILIKAJE, B TEYEHUE
LIPKAJIHOrO IMKiIa. Hamm HOBBIE pe3ynbTarsl MOKA3add, YTO IeTEPOCUHANTHYECKAS
IUTACTUYHOCTh MOAYJIUPYETCS aZJleHO3MHOM — (DaKTOPOM YCUJICHHSI TOTPEOHOCTH CHA.
Hcnone3yss MOAenuM HEWPOHOB MBI IIOKA3aldd, 4YTO Takass MOAYJISALUUA MOMKET
NEPEKIIOYaTh ONEPAlMOHHBIA MOIYC HEWPOHOB MEXIy HecOaJaHCUPOBAHHBIM
PEXKUMOM, B KOTOPOM AaCCOLMATHBHAS IUIACTUYHOCTh JOMHUHUPYET W NPHUBOIUAT K
CUJIBHBIM M3MEHEHUSM CHUHANTUYECKUX BECOB, U T'OMEOCTATUYECKHM PEXKHUMOM, B
KOTOPOM HM3MEHEHUS CHHANTHYECKUX BECOB OIPaHUYEHBI, a DKCTPEMAJIbHBIE BECA
BO3BpalllalOTCs B pabounii AUaIa3oH.

Plasticity in visual cortex: how different forms of plasticity help
maintaining balance of synaptic changes

Volgushev M. *

1. University of Connecticut, Storrs CT, USA; Institute of Higher Nervous Activity
and Neurophysiology RAS, Moscow, Russia. ;

* maxim.volgushev@uconn.edu

Visual cortex is plastic — both during development as cortical networks are
formed, and over the lifetime as visual system learns to recognize new stimuli.
Hebbian-type associative synaptic plasticity mediates the refinement of connectivity
in development and future learning. However, Hebbian-type rules make learning
systems prone to runaway dynamics, and support only weak synaptic competition.
Biological learning systems do not have these drawbacks, implying the existence of
additional mechanisms. Indeed, the need for mechanism(s) which constrain the
tendency for runaway dynamics and reinforce synaptic competition has been well-
articulated by theoretical and modeling studies. However, biological basis of such
mechanisms remains elusive.

I will consider several biological candidate mechanisms to serve these roles,
such as homeostatic synaptic scaling, heterosynaptic depression and heterosynaptic
weight-dependent plasticity. I will argue that a novel form of heterosynaptic plasticity
— weight-dependent heterosynaptic plasticity — represents a strong candidate to fulfill
theoretically predicted roles of maintaining synaptic homeostasis and reinforcing
synaptic competition. Heterosynaptic changes do not require activity at the
presynapse for the induction, and can accompany homosynaptic plasticity induced by
conventional protocols, such as spike-timing dependent plasticity (STDP). Moreover,
modulation of heterosynaptic plasticity may help to maintain homeostasis on a longer
time scale during sleep-wake cycle. Our recent results show that adenosine, a factor
mediating sleep pressure, modulates heterosynaptic plasticity. Computer simulations
show how this modulation may switch the mode of operation of neurons between an
unbalancing regime, which is dominated by associative plasticity and supports drastic
changes of synaptic weights, and a homeostatic regime of tightly constrained synaptic
changes.
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33. Perynauua xpaHeHMs NaMATU NPU peKoHconuaauuu.

Bana6an [1.M.1*

1. Uncmumym evicuieli nep8HotU desimensHocmu u Hetipoguzuonocuu PAH,
* pmbalaban@gmail.com

XOpoILIO U3BECTHO, YTO PEAKTUBALMSA JOJTOBPEMEHHOM MaMATH B YCIOBHSX
Onmokaapl CHHTE3a OCJIKOB MPUBOAWT K HAPYIICHWIO TAMSTH, YTO IOApPa3yMeEBaeT
MPOIIECC CTUPAHMSI/ACCTAOMIN3AIIMN UMEIOIIECHCS TTaMATH ¥ HE0OXOIMMOCTh CHHTE3a
HOBBIX O€JIKOB ISl YCIIEUTHOW PEKOHCOIUAALIMH.

Posib okcuga azora B oOpa3oBaHUM MaMsITH MHOTOKPAarTHO OMKCAHA y MHOTHX
JKUBOTHBIX. HemaBHO B OJKCIEpUMEHTaX Ha HA3€MHBIX MOJUIIOCKaX  ObLIO
YCTAHOBJIEHO, 4YTO uepe3 24 4Jaca MocCie peakTUBALMM ABEP3UBHOM KOHTEKCTHOM
naMsITH B yCJIOBHUSIX OJIOKaJbl CMHTE3a Oejika aHU3OMHUIIMHOM HApyIIaeTCs, OJHAKO
no0aBiieHWe K aHU30MMIIMHY OJIOKaTopa CHHTE3a OKCHAA a30Ta (MM CKaBEHJKepa
OKCHJIa a30Ta) B TAKUX K€ YCJIOBHSIX MPUBOAUT K OTCYTCTBUIO HApyIICHUIN MamsTH.
OTU JaHHBIE YKa3bIBAlOT HA TO, YTO OKCHJ a30Ta Y4YacTBYeT B JCCTaOMIM3AIUU
(ctupanuu) KoHconmuaupoBaHHOW mamsaTH  (Balaban et al,, 2014). Mm
MIPOTECTUPOBAJIM YYACTHE OKCHJIa a30Ta B PEKOHCOJMAALMHA aBEP3UBHOM MAMSTH Y
kpeic. [lpumenenue OmnokaropoB cuHTe3a aszora 3-Br-7-NI mmu  ARL  npum
PEKOHCONMIAIIMA B YCJIOBHSX OJOKaAbl CHHTE3a O€Ka Takke TPeIOTBPATHUIIO
HApyUIEHHE NaMSITH, TO €CTh HAPYILIWJIO MPOLECC PEKOHCOMUIALUHUH. JTH JIAHHBIE
MOJATBEPKIAIOT POJIb OKCHJA a30Ta B JECTAOWUIU3AIMU/CTUPAHUN TaMATH MpPHU €€
PEAaKTUBALMM Y MPEAMNOJIAral0T HAPYLICHUE MPoIecca PEKOHCOMUIALMU B YCIOBUSIX
omokaasl NO.

BosmoxkapiM  MexaHu3zMoMm  aerctBugd  NO  MOXET OBITH  JIOKAJIBLHOE
HUTPO3WIMPOBAaHUE OEIKOB B MOCTCHHAICE WJIM 3allyCK MPOTEaCOMHOM Jlerpajialiuu
O0enkoB. MblI HccneaoBaly BIUSHUE SHAOTEHHON npoaykiuu NO Ha MpoTeacoMHYIO
nerpajainuio 0enkoB. Pe3ynbraTel mOKa3bIBalOT, 4TO OJIOKaJa CHUHTE3a OKCHJA a30Ta
MPEISITCTBYET YMEHBIIEHUIO CEHCOpa MPOTEaCOMHOM JErpajald B OTPOCTKAX
HEWPOHOB TUIINIOKaMIIa B MEPBUYHOU KYJbTYpe€ TKaHHW. Pe3ynpTarbl MOATBEPKIAIOT
POJIb OKCHJIA a30Ta B PETYIISAIMH JIETPalaliiid OSJIKOB B MIPOTEACOMaX.
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34. dopmMmupoBaHue nosien mecta y HeMpOHOB runnokKkamna B xoae
uccrieqoBaHUsi HOBOU cpeAbl: aHannM3 ¢ NOMOLLLIO ONMTUYECKOro
KaribLMeBOro MMUAKUHra y Mbille B CBO6G0AHOM noBeaeHUN

CorckoB B.I1.12*, ITntocaun B.B.23, Taruk A.B.!, Koncrantunos /[.B.2, KprokoBa
E.K.2, Anoxun K.B.134
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Poccus;
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* vsotskov@list.ru

[Ipn monagaHuM B HOBBIM KOHTEKCT B THIIIOKaMIIE >KUBOTHBIX (Qopmupyercs
KOTHUTHBHAS KapTa MPOCTPAHCTBAa, KOTOpas 0OecneuynBaeTcsi MPOCTPaHCTBEHHBIMU
CIECLHAIN3ALMAMU HOBBIX TIPYIII HEUPOHOB. MexaHuU3M BO3HUKHOBEHHUS TaKHUX
CIELMAIN3alMAd BO MHOIMX AacCIIeKTax OCTaércs He H3y4YeHHbIM. B wyacTHOCTH,
OCOOCHHYIO Ba)KHOCTh MPEACTABISAIOT IOJyYE€HHBIE B JaHHOM pabore mpsMble
U3MEpPEeHHUs] HEWPOHHON AaKTHUBHOCTH U TOBEIEHHUS OOAPCTBYIOIIMX IOABHIKHBIX
KUBOTHBIX, (POPMUPYIOIINX KOTHUTUBHBIE KAPThl HOBOIl OOCTAHOBKH.

Jljis peructpauu HEUPOHHOW AKTUBHOCTU ObLIT UCIOJIb30BaH HOBBIN MOAXOA —
ONTUYECKUI  (QuiyopeclieHTHbIH  MuHUMHKpockon NVista HD  wmaccoit 2,
MOHTHPYEMBI Ha ToJIOBy MbIIM. /Jlng Busyanuszanuu HeilipoHoB mnonss CAl
TUNIIOKaMIa MbIIIAM IPEABAPUTENBHO BBOAWJICA B MO3I T€HETUYECKU KOAUPYEMBbIN
KanbiueBbli ceHcop GCaMP6s, mociie yero, yepe3 ABE HEAECHU, HaJ TOU Ke
CTPYKTYypOH OBLIM MMIUIAHTUPOBAHBI LUIUHApUYEcKre MUKpod3Haockonbl (GRIN —
nuH3bl). CycTs el 1Be HEAEIHN NPOU3BOIWIACH PETUCTPALIMS KaJbLIMEBOTO CUTHAIA
B X0jie 00CJIeIOBaHMS MBIIIAMH HOBOMW JJIsI HUX OOCTAaHOBKH (KOJIBIICBOTO TPEKa) C
nomotso MuHUMHKpockora NVista HD, 3akperi€éHHoro Ha rojioBe )KUBOTHBIX.

W3 momyuyeHHOro (ayopecleHTHOr0 CUTHaja MpH MOMOIIM pPa3pabOTaHHOTO
aBTOpaMHM aBTOMAaTUYECKOrO IOTOKOBOIO alropuTtMa oO0pabOTKH KaJbIIHEBOIO
cUrHajga OBLTM W3BICYCHBI MECTOIOJOXKECHUSI HEHPOHOB M UX aKTUBHOCTD,
CUHXPOHM3UPOBAHHAS C TPACKTOPHUEW JKMBOTHBIX, 4 TAK)KE C JAHHBIMU ITOBEICHUS,
CErMEHTHPOBAHHOIO HAa OTHEJbHbIE MOBEACHUECKUE aKThbl. M3 3TUX MAHHBIX OBLIU
HaWJICHbl ITapaMeTpbl IOJIEM MecTa Uil AKTHBHBIX KIETOK, BKIIIOYas BPEMEHA
NpPUOOPETEHUST KJIETKOW YCTOMYMBOM MPOCTPAHCTBEHHOM crenuain3aiuu. beuin
BBISBIICHBI WM NPOAHAIM3UPOBAHbI  AKThl  HCCIIEIOBATEIBCKOIO  ITOBEJICHHS,
npenuecTrytonme GopMUPOBAHUIO MOJIEH MeCTa.
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Behavioral determinants of place cells specialization during novel
context exploration in mice

Sotskov V.P.12* Plusnin V.V.23, Tiaglik A.B.!, Konstantinov D.V.2, Kryukova E.K.2,
Anokhin K.V.1:34

1. Lomonosov Moscow State University, Moscow, Russia;

2. Moscow Institute of Physics and Technology, Dolgoprudny, Russia;

3. National Research Center "Kurchatov Institute”, Moscow, Russia;

4. P. K. Anokhin Institute of Normal Physiology Russian Academy of Science,

Moscow, Russia;
* vsotskov@list.ru

Novel context is represented as a cognitive map in the hippocampus, encoded by
new groups of spatially-specialized neurons. To date, the mechanism underlying this
specialization remains poorly understood. To address this issue, we employed in vivo
imaging of neuronal activity and behavioral tracking in freely behaving mice,
exploring a novel context.

Neural registration of unrestrained animals was performed with a novel
approach - miniature fluorescent microscope NVista HD with a total weight of 2g,
directly mounted on mouse head. First, mice were infused with viral vector
containing GCaMP6s calcium sensor in the hippocampus CA1 area. In two weeks,
animals were implanted with GRIN lens above the site of the injection. After two
weeks recovery, mice were head-mounted with miniature microscope prior to
behavioral testing in the novel context, represented by circular o-maze track.

The acquired calcium signal was processed with automated in-house software,
allowing identification of neuronal location and its firing rate. Identified calcium
events were synchronized with animals running track and segmented behavioral acts.
This data preprocessing allowed us to identify the parameters of place field
corresponding to active cells and time onset of stable spatial specialization for these
cells. In addition, we identified and analyzed exploratory behavioral acts preceding
the formation of place fields.

35. AnureHeTuka n anekTpocratuyeckue ceoncrtea JHK

OcwunioB A.A.12* Tlonosa .10 .2

1. Uncmumym evicuieti Heprou oesmenvhocmu u Hevpoghuzuonocuu PAH, Mockaa,
Poccusy

2. Unemumym meopemuueckoti u sxcnepumenmanvrou ouogusuxu PAH, Ilywuno,

Poccus,
* aosypov@gmail.com

JIHK - cuibHO 3apsbkeHHass MOJIEKYJa, €€ JJIEKTPOCTaTUYECKHE U JPYTue
bu3NYecKrue CBOWMCTBA OMPENEISIOT €€ B3aMMOJCHCTBUS C Pa3IMYHBIMHU O€IKaMHu,
O0COOEHHO PEryIHPYIONTUMHU TPAHCKPHUTIITHIO.
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DneKTpoCcTaTUUYEeCKU MOTEeHIMAN pacupenensercss HepaBHoMepHO Baoyib JJHK u
Koppenupyet ¢ coaepxkanueM GC, HO CUIBHO 3aBUCUT OT MOCJEA0BATEIIbHOCTH U €€
KOHTeKCTa. CallThl CBA3BIBAHUS TPAHCKPUMNIIMOHHBIX (PaKTOPOB PA3IMYHBIX CEMEUCTB
PaCIlOJIOKEHBI B MPOTSHKEHHBIX OOJACTAX TMMOBBIIIEHHOTO 3JIEKTPOCTAaTHUYECKOTO
MOTEHI[Majla, MHOTOKPAaTHO TMpeBbIIAIIKNX pa3Mmep Oenka. Pacnpenenenue
AIIEKTPOCTATUYECKOTO MOTEHI[MAa HA TMOBEPXHOCTU TPAHCKPUMIIMOHHBIX (DAKTOPOB
OTPAXAET CTPYKTYPY CANTOB CBA3bIBaHUSA. [[pOMOTOpBI B CpeaHEM HMMEIOT BBICOKOE
3HaYeHUEe MPOMUIIS JIEKTPOCTATUUECKOTO MOTEHIINANIA.

CoTHU CalTOB CBSI3bIBAHUSI TPAHCKPUIITMOHHBIX (PAKTOPOB JIeKaT B 00JACTAX
KOIUpOBaHUs Oejka, OOIMA TMPOIEHT WX HE OYEeHb BBICOK, HO 3HAUYUTEIICH.
CyliecTBYIOT CIABUTM MPEANOYTCHUN KOJIOHOB M JaK€ aMHHOKHMCJIOT BOKPYT
IIPOMOTOPOB M CAWTOB CBS3BIBAHHUS TPAHCKPHUIIIIMOHHBIX (PAKTOPOB, OXBATHIBAIOIIINX
HECKOJILKO COTEH KOJOHOB, M ATH CIBHUTH OOYCJIOBJICHBI (PH3NUYESCKUMH CBOMCTBAMHU
PACCMOTPEHHBIX KOJIOHOB, OOECIICUYHMBAIONIMMH IIPABUIIBHBIC 3JIEKTPOCTATHYCCKHE
aTTPAKTOPHI JJisl OETTKOB, PETYIUPYIOIIUX TPAHCKPUIIIIUIO.

ONUIreHETUYECKUE CHUTHAJIBI, TaKue KakK METUIMPOBAHUE u
TUAPOKCUMETUIIUPOBAHUE IUTO3WHA, BIIUSIFOT Ha pacrnpeneieHue
aneKTpocrarudyeckoro noreHuana Bokpyr JHK u, Takum oOpa3oM, MOTyT urparhb
CBOIO PETYJISITOPHYIO POJIb 3a CYET U3MEHEHUS SJIEKTPOCTATUUECKUX B3aUMOJICUCTBUM
Mexay Oenxkamu u JIHK. Jlpyrodt Tum sSnUreHeTMYEeCKOM CHCTEMbI, TaKOM Kak
MoaudUKaIMi TUCTOHOB (alleTHIMPOBAHUE, METUIUpoBaHue, (HochopriinpoBaHue,
YOMKBUTHHHUPOBAHUE U CYMOWJIMPOBAHUE), U3MEHSET AICKTPOCTATUUECKUE CBOWCTBA
camux cBsa3pBaromux JIHK OenkoB, 4To BiIMseT Ha WX MOBEACHHEC M BBI3LIBACT
perynsTopabie 3Q(EKTHI.

[ToCKOMBKY MOJEKYJISIPHBIE MEXaHU3Mbl CHHANTHYECKOM IUIACTUYHOCTH U
MaMATH CBSI3aHBI C PETYJSAINEH SKCIIPECCUN OETKOB, AIEKTPOCTATUKA UTPAET BAXKHYIO
POJIb B 3THUX MPOLECCAX B TECHOU CBA3U C SMUTC€HETUKOM.

Pabota 6bu1a noaaepskana rpantom PH® Ne 14-25 00072.

Epigenetics and DNA electrostatic properties

Osypov A.A.12* Popova [.Yu.?

1. Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia;
2. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia;

* aosypov@gmail.com

DNA is a highly charged molecule and its electrostatic and other physical
properties define its interactions with different proteins, especially those regulating
transcription.

Electrostatic potential is distributed nonuniformly along DNA and correlates
with GC content, strongly depending on the sequence arrangement and its broad
context. Binding sites of transcription factors of different protein families in different
taxa are located in wide areas of high electrostatic potential, multiple times of the
protein size. Electrostatic potential distribution on transcription factors protein

65



surface reflects that of binding sites. Promoters in average have high value of
electrostatic potential profile.

Hundreds of transcription factors binding sites lie in protein coding areas. The
overall percentage of them is not very high but significant. There are codons and even
amino acids biases around promoters and transcription factors binding sites spanning
for some hundred of codons and these biases are due to physical properties of the
considered codons providing proper -electrostatic attractors for transcription
regulating proteins.

Epigenetic signals such as cytosine methylation and hydroxymethylation affect
electrostatic potential distribution around DNA and thus may play their regulatory
role through altering electrostatic interactions between proteins and DNA. Other type
of epigenetic system such as histone proteins modifications (acetylation, methylation,
phosphorylation, ubiquitination and sumoylation) alters electrostatic properties of the
DNA-binding proteins themselves, thus affecting their behavior and causing
regulatory effects.

Since molecular mechanisms of synaptic plasticity and memory involve protein
expression regulation, electrostatics plays important role in that processes in close
relation with epigenetics.

The work was supported by RSF grant 14-25 00072.

36. dnureHeTUYeCKMe N3MEHEHNS B pa3HbIX 30HaxX rMnnokKammna nocne
ANMUTEeNbHOro AMOLMOHaNbLHO-0051€BOro CTPECCOPHOro BO3AeNCTBUA Y
KpbIC ABYX JIMHUNA C KOHTPACTHOW BO30YyAMMOCTLIO HEPBHOW CUCTEMBbI

HroxxukoBa H.A.'*, TTanoBa M.B.!, Jleuna A.C.!, Baiimo A.l.!

1. Uncmumym gpusuonocuu um. U.11. Ilasnosa PAH, Cankm-Ilemep6ype, Poccus;
* dyuzhikoval@mail.ru

ONUTreHETUYECKUE MEXAaHU3Mbl PEryisiiui (QyHKIHUA MO3Ta M TOBEACHHS IO
BIIMSIHUEM IIaTOT€HHOTO IICUX03MOLIMOHAIBHOIO CTPECCAa MHTEHCUBHO UCCIIENYIOTCS B
nocineaue roipl. OAHAKO, MX 3aBUCUMOCTb OT (DYHKIIMOHAJIBHOIO COCTOSHUS
HEPBHOM CHCTEMBLM €ro OCHOBHOIO IMapameTpa — BO30yAMMOCTH, H3y4Y€Ha B
MeHbIIeH cTeneHu. VccnenoBanu BIMSHUE UIMTEIHHOTO 3MOIMOHAIBHO-00IEBOTO
ctpeccopHoro BozaeiicTBus ([IIBC) (cxema K.I'exta) B pa3Hble CpPOKHU IOCIE €ro
okoHuaHus (24 wyaca, 2 Henenu, 2 mecsia) Ha ypoBeHb MetwinpoBanus JIHK (5-
METWILUTO3UH) U MeTWiIupoBaHus ructoHa H3 (mo nusumHy B mnojoxeHuu 4,
H3K4me2-3) B HelpoHaxX pa3HbIX pPAOHOB JOPCAIbHOTO U BEHTPAIbHOTO
TUIIIIOKaMIia 'y KpbICc cenektupoBaHHbIXx JuHu BII u HII ¢ xoHTpactHOI
B030ynuMocTbio HepBHOM cuctembl (BII — Beicokuit mopor, HII — Hu3kuii nmopor).
Hcnonp30Basii METOABI MMMYHOTMCTOXMMHWH. DbBBUIM BBISIBICHBI MEXKIJIMHEIHBIC
paznuuus B 6a30BoM ypoBHe H3K4me2-3 B CA3 u CA4 nonsix rUnmnokamia: y Kpbic
munuu BII nzyuyaemsbie nmokazarenu ObUTH BhIlie, yeM y kpbic iuaun HII. [InutensHoe
CTpECCUpPOBaHUE KPbIC HU3KOBO30OYynuMon JuHuu BII oka3bpiBaeT BIUsHUE HA POIECC
MetwiupoBanuss JHK B BeHTpasbHOM runmokammne, NOPUBOAS K CHUXEHHUIO
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n3yyaeMoro nokasaresns B noje CA3 depe3 2 Helelu U K MOBBIIEHUIO - B rtosie CA4
yepe3 2 Mecsia mnocie BozaeicTBus. BoicokoBo30ymumble >kuBoTHbIe JuHun HIT
pearupytoT Ha JIDBC orcpouenHsiM 10 2-X Henenb noBbiieHueM H3K4me2-3 B none
CA3, coxpansroniemcs 10 2-X mecsueB. Bmecte ¢ TeM B 3y0uaToil U3BWIMHE Y KPBIC
ATOW JIMHUM BBISBICHO CHW)XECHUE YPOBHS METWIMpPOBaHMS ructoHa H3 uyepe3 nBe
Henenu 1iocne JIOBC, cMensromeecs TMOBBIIIEHMEM K 2-M MecAllaM TocCHe
BO3NelcTBUA. TakuMm o00pazom, mpoucxojsiiue moj BiausHueMm [IObC u3MmeHeHus
metwinpoBanuss JIHK wu wMerunupoBanus rtucrona H3K4 B pmopcanbHOM U
BEHTPAJBHOM THUIIIIOKAMIIE MMEIOT CTPYKTYPHYI0 U BpPEMEHHYIO CIEHU(UYHOCTS,
00yCJIOBJIEHHYO T€HETHUYECKHU JNETEPMUHUPOBAHHBIMU O0COOEHHOCTSIMU
BO30YyIMMOCTH HEPBHOW CUCTEMBI IKCIIEPUMEHTAIbHBIX )KUBOTHBIX.

The epigenetic changes in different areas of the hippocampus after
long-term emotional painfull stress in rats of two lines with contrast
excitability of the nervous system

Dyuzhikova N.A.'*, Pavlova M.B.!, Levina A.S.!, Vaido A.I.!
1. Pavlov Institute of Physiology of RAS, St. Petersburg, Russia;
* dyuzhikova@mail.ru

The epigenetic mechanisms of regulation of brain functions and behavior under
the influence of pathogenic psycho-emotional stress have been intensively studied.
However, their dependence on the functional state of the nervous system,and its main
parameter — excitability, studied in less degree. The effect of long-term emotional-
painfull stress exposure (LEPS) (the scheme of K. Hecht) in different time after its
end (24 hours, 2 weeks, 2 months) on the level of DNA methylation (5-
methylcytosine) and methylation of histone H3 (at lysine in position 4, H3K4me2-3)
in neurons of different areas of the dorsal and ventral hippocampus in rats of selected
lines HT and LT with contrasting excitability of the nervous system (HT — high
threshold, LT — low threshold) was investigated. The methods of
immunohistochemistry were used. The interline differences in the base level
H3K4me2-3 in CA3 and CA4 fields of the hippocampus were identified: the studied
indicators in HT line rats were higher than in LT line rats. The exposure of the long-
term stress on the HT rats has the influence on the process of DNA methylation in the
ventral hippocampus, leading to the reduction of the studied parameter in field CA3 2
weeks after exposure and to its increasing in the field CA4 2 months after exposure.
Animals of the LT line respond to LEPS by improving H3K4me2-3 in field CA3,
deferred for 2 weeks and persisting up to 2 months. However, in the dentate gyrus in
rats of this line a decrease in the level of methylation of H3 histone two weeks after
LEPS was revealed, replaced by an increase in 2 months after exposure. Thus, the
changes of DNA methylation and histone H3K4 methylation in dorsal and ventral
hippocampus, occuring under the influence of LEPS, have structural and temporal
specificity caused by genetically determined peculiarities of nervous system
excitability of experimental animals.
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37. AHanu3 perynsaTopHbIX KOHTYPOB B MHTEPAKTOME BHOBb
o6pa3oBaHHbIX HEUPOHOB 3yOG4YaTON N3BUINNHbI B3POCSIOro MO3ra MbiLlIKn

[Tpockypa A.JL.'*, Parymnsk A.C.!
1. Uncmumym Boruuciumenvuwvix mexnonoauii CO PAH;
* annleop@mail.ru

B runmokammne HOBbIE HEHPOHBI (QOpMUpPYIOTCS B CyOrpaHylIspHON 30HE
3yOuyaroit Qaciuu. 3HauMTeNIbHAs YaCTh TakuxX HEHpoHOB TuUOHET. I[loaToMmy,
WCCJIEI0BAaHUE PETYJIMPOBAHMS MPOLECCOB BBDKMBAHMS M POCTAa HOBBIX HEHPOHOB
ABJIAETCS. BBICOKO akTyasibHOM 3amaded. C ucnonb3oBaHueM TexHosnoruu GeneNet
(POCITIATEHT Ne 990006 ot 15/02/1999) Obin peKOHCTPYHpPOBAH HHTEPAKTOM
HOBBIX HEHPOHOB, O0OECNEUYMBAIOIIMN UX POCT U BBDKMBAHUE BO B3POCIOM MO3Ie
(http://wwwmgs.bionet.nsc.ru/mgs/gnw/genenet/viewer).

OmHuUM U3 KITIOYEBBIX PETYISATOPOB BBDKMBAHUS U MUTPAIIMU HOBBIX HEUPOHOB
B0 B3pocioM Mosre Bbictynaer BDNF (Brain-derived neurotrophic factor). BDNF
3amyckaet kackana B3aumonenctsuii (BDNF — TrkB — PI3K — [PIP2 — PIP3] —
PDK1 — Akt — mTOR cucrema), nojaaep>xuBasi pOCT HOBBIX KJIETOK.

benok Girdin (Akt phosphorylation enhancer) BricTynaeT B KauecTBe OCTOBa
MaKpOKoMILJIekca OelkoB, B KOTOpOM THpocTpaHcTBeHHO cOmmkarorcs PI3K, Akt,
PIP3. On Taxxke B3ammoneicteyer ¢ NR2B cyOwemunuieit HMJIA peuentopos,
KOTOpBbI€ TMPUCYTCTBYIOT HA CHHANTHYECKUMX KOHTAKTaX HOBBIX HEWPOHOB BO
B3pOCIOM runmnokammne. Ero mpsiMoe B3aMMOAEUCTBUE C HUTAMHU AKTHHA MOMKET
o0ecreunBaTh peryJIMpoBaHUE MPOTEMHKWHA3aMU PEMOJIETMPOBAHMS LIUTOCKETIETA H,
COOTBECTBEHHO, MUTPALIMIO KIIETOK.

Girdin npamo B3aumozgeiictByet ¢ 6enxkom DISC1 (Disrupted in schizophrenia 1
protein), KOTOpPbIA OCHabIseT €ro CBsA3M B KoMIuiekce. MIMeroTcs JaHHbIE, YTO
nonasieHre akTuBHOCTH DISC1  yckopsuio HEHWpOHaNbHYIO HWHTETPALUIO, YTO
PUBOJIUIIO K MOP(OJIOTUYECKUM HapyLIEHUSM u HETMPaBUIHLHOMY
MO3UIIMOHUPOBAHUIO HOBBIX KJIeTOK 3yOdaroi ¢acuuu. Takum obpazom, DISCI,
oKa3bIBasi MHruOMpytomee BiausiHue Ha Girdin, oOecreunBaeT TOHKYIO MOMYJISIIHIO
MPOLIECCOB MUTPAIIMU M MHKOPIIOPALIUKA HOBBIX HEUPOHOB B 3yOuaToi (pacimm.

B pabote ucnonb30BaHbl TaHHBIE, TTOTYYCHHBIC PU BBIMOTHEHUH TTpoekTa PAH
No IV.35.2.6 u mpoekra PODU Nel7-04-01440a.
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Analysing regulation pathways in the adult-born hippocampal dentate
gyrus neurons interactome

Proskura A.L.'*, Ratushnyak A.S.!

1. Institute of Computational Technologies SB RAS;
* annleop@mail.ru

Hippocampal dentate gyrus (DG) is a region where neurons are continuously
produced throughout life. Significant portion of these adult-born neurons gets
eliminated. Consequently, it is of great importance to investigate the process of
survival and growth displayed by adult-born neurons. With the help of GeneNet
technology (ROSPATENT No. 990006 from 15/02/1999) the interactome of adult-
born neurons responsible for their growth and survival was reconstructed
(http://wwwmgs.bionet.nsc.ru/mgs/gnw/genenet/viewer).

BDNF (Brain-derived neurotrophic factor) is one of the key regulators affecting
survival and migration of juvenile neurons in the adult brain. BDNF triggers a
cascade of interactions (BDNF — TrkB — PI3K — [PIP2 — PIP3] — PDK1 — Akt
— mTOR system), supporting adult-born cells growth.

Girdin protein (Akt phosphorylation enhancer) acts as a core of a macrocomplex
that spatially brings together PI3K, Akt, and PIP3. It also interacts with the NR2B
subunit of NMDA receptors present at the synaptic contacts of adult-born neurons. Its
direct interaction with actin strands can provide the proteinkinase-mediated
regulation of cytoskeleton remodeling, which could be important for cell migration.

Girdin directly interacts with the DISC1 protein (Disrupted in schizophrenia 1
protein), which weakens its bonds in the complex. There is evidence that suppression
of DISC1 activity accelerated neuronal integration, which resulted in morphological
disturbances and incorrect positioning of new neurons in the dentate gyrus. Thus,
DISC1, having an inhibitory effect on Girdin, finely modulates migration and
incorporation of the juvenile neurons into the dentate gyrus.

In this paper the data obtained during the implementation of RAS 1V.35.2.6 and
the RFBR 17-04-01440a projects are used.
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38. BnusHue o6ny4yeHus Mbiwen NPOTOHaMMU Ha HEMpPOreHe3 B3pPOCIOro
Mo3ra n noBeaeHue

Peumun A.B.2*, Tlepenenkuna O.B.!, [Tantenees /1.}0.2, Hukonaes ['M.!,
[MTamansikoBa J[.B.2, Tapacosa A.1O.!, Oruenko H.O.!, Comroc ['M.2, Konunans 1.B.3,
[Toneraesa N.1.!
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2. Unemumym buonoeuu I ena PAH, Mockea, Poccus;
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O6nyuenne camuoB Mbiuei F1 (CBAxXCS57BL/6J,n=25) npoBoauiu My4KkoM
nporoHoB (1, 2 u 4 Gy 150 M»sB) u B comocraBienun ¢ KoHTposieMm (n=39)
OLICHMBAJIM UX MOBEJCHHE U HeWporeHes B3pocioro mosra. Helipomopdonornueckue
UCCIIeIOBaHus MPOBOAWIN 4Yepe3 2, 4 u 6 mecsueB nocie obinyudeHus. Bo Bcex
Cllyyasix HaWJEHO YMEHbBIIEHHE KOJMYECTBAa MNPOJU(EpUpYIOMUX KIETOK B
CyOrpaHysipHOM CJI0€ 3y04aroi (aciuu TUIINOKaMIIa U B CYOBEHTPHUKYJISIPHON 30HE
OOKOBBIX KEIYIOUYKOB TIpH 1103ax oOmydeHus: 2 u 4 Gy. JlocToBepHbIX M3MEHEHUMN
KOJTMYECTBA HEHUPOHOB, MMMYHOINO3UTUBHBIX MO NeuN, B 3yOuaroil dacuuu u
dbpoHTanpHON 00JacTH KOpbl HE HalijeHo. Pe3koro majeHus Beca >KUBOTHBIX W
PE3KUX U3MEHEHUU B aJICKBATHOCTU BBIMOJHEHHUS JKUBOTHBIMU KOTHUTUBHBIX TE€CTOB
(3KCTpanosLys, HEUCYE3aeMOCTh, PEAKIMsl HA HOBHU3HY) U TECTOB, OLEHMBAIOIIHMX
TPEBOKHOCTh HE BBIABIIEHO.BBICTPOTA BBINIOJIHEHUS TECTA HA TOMCK BXOAA B YKPBITHE
(OCHOBaHHOTO Ha OOOPOHUTENLHOM MOTHBAlMM W JOCTAaTOYHO MPOCTOrO MO CBOEH
JIOTUYECKOUN CTPYKTYpe) HE OTIMYaiach OT KOHTpoJs. Ho qonu mbliiel AByX rpyni,
pelMBIINX Hanbosee ClIokKHbIe MPOoObI TecTa (C 3aMaCKUPOBAHHBIM JIA30M B TEMHYIO
4acThb Kamephl), paznuyaiuck. Cpeau O0OMyYEeHHBIX OBLJIO MEHBIIE O0COOeH,
pPEHIMBIINX MPOOBI C Ja30M, MPUCHITAHHBIM CTPY>KKOM, TOTJIa Kak Mpoly € Ja3om,
3aKpBITBIM TMPOOKOW, OHM JOCTOBEPHO peIiaiu 0ojiee YCIENIHO, YeM KOHTPOIIb.
[IpeaBapuTeabHBIN XapaKTEP JAHHBIX HE MO3BOJIAET I€JIaTh PEIIUTEIbHBIX BBIBOJOB O
BJIMSHUM MCIOJIb30BAHHOTO BO3JCHCTBUS, OJHAKO YCTOMYMBOCTH IOBEACHUS B
WCIIOJIb30BAHHBIX TECTaX C TEUEHHWEM BPEMEHH IMOCie OOIydYeHHUs 3aciIyKHUBaeT
BHUMaHus. [lognepxano OPHU—wm, rpant Nel7-29-01001 u IIporpammoii N NIOKTR
AAAA-A16-116021660055-1.
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The influence of proton irradiation on mouse adult neurogenesis and
behavior

Revishchin A.V.2*  Perepelkina O.V.!, Panteleev D.Yu.2, Nikolaev G.M.!,
Shamadikova D.V.2, Tarasova A.Yu.!, Ogienko N.A.!, Solius G.M.2, Koshlan [.V.3,
Poletaeva L.1.!

1. Biology Department Moscow State University, Moscow, Russia;

2. Institute of Gene Biology, Russian Academy of Sciences, Moscow, Russia;

3. Joint Institute for Nuclear Research, Dubna, Russia;

* revishchin@mail.ru

Male F1 hybrid (CBA x C57BL/6J) mice were irradiated by proton beams (1, 2
and 4 Gy 150 MeV, n=25) and their behavior and adult brain neurogenesisu were
compared with those of control animals (n=39). Neurogenesis analysis was
performed in 2, 4 and 6 months after the treatment. The decrease of proliferating cells
numbers in subgranular dentate layer and in subventricular zone was detected in all
cases after irradiation doses of 2 and 4 Gy. No significant changes in the neuronal
numbers (immunopositivity to NeuN) were found in dentate fascia and frontal
cortical areas. No acute decrease in body weight was found as well as no abrupt
changes in logic task performance (extrapolation, puzzle box and novelty tests) and in
tests which evaluate anxiety. The puzzle-box test latency (based on avoidance
motivation and rather simple by logic structure) was similar in experimental and
control groups. At the same time there were differences in the proportion of
experimental and control mice able to solve the puzzle-box trials which required the
penetration into the dark compartment when the respective underpass was masked.
The irradiated mice were less successful, than controls, when the task required to dig
the wood shavings which masked the underpass, while their proportion was
significantly higher when the task was to remove the light plug by teeth. The
preliminary nature of these findings don’t permit to make the firm conclusions on
treatment effects, although the stable pattern of behavior in tests used during long
period after the irradiation deserves the attention. Supported by OFI-m, grant #17-29-
01001 and the Program N NIOKTR AAAA-A16-116021660055-1.

39. BnusiHue ycnoBumn «oboralweHHON cpeabl» Ha YpOBeHb HeMporeHesa
B rMnnokKamrie B3pOCJioro Mo3ra y Mbille CeNneKTUPOBaHHbIX JIMHUN

[lepenenkuna O.B."*, Tapacosa A.}O.!, Oruenko H.A.!, Pusuiuun A.B.2, [TaBnosa
['B.2, 3opuna 3.A.!, [loneraesa N.11.!
1. bBuonoeuueckuii gpaxynomem MI'Y umenu B.B. Jlomonocosa, Mocksa, Poccus;

2. Unemumym 6uonoeuu ecena Poccutickoii Akademuu nayx, Mockea, Poccus.;
* o perepel73@mail.ru

[IpoBogmim OIIEHKY YpOBHsS HeWporeHeza B 3yO4aroil (acuuu TUIIOKaMIia y
MBIIIIEH JABYX Tap JIMHUA TOCIe MPeObIBaHUS B YCIOBHUSIX «OOOTAIICHHOW CPEIbD» -
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OC (GompIne KIETKHA ¢ BOBMOXKHOCTBIO «Oerarh B Kojiecax» W T.I1.). 2 JTUHUU ObLIN
cenektupoBanbl Ha Oonbiioi (BM) m maneiii (MM) OTHOCHTENBHBIM BEC MO3Ta.
Hpyras mapa JUHHI - 3TO MBIIIU, CEIEKTHUPYEMbIE Ha BBICOKYIO CIIOCOOHOCTH K
AKCTPAIOJISIIUM M HU3KYIO TPeBOXKHOCTh B 3ToM Tecte (DKC) U KOHTposibHas
nonyssiuus (KoOKC, nogaepxusaercst 6e3 oroopa).

C mbimmamu BM u MM 6b110 nipoBesieHo 2 3kcniepuMenTta. B 1-m skcniepumenTe
Mblien noMemanu B Bozpacte 30 nH. B OC Ha 60 gHeid, BO 2-M - HaXOJUJIUCh TaM C
poxnenust 10 Bo3pacta 90 nH. KaptuHa ypoBHSI HeiiporeHe3a ObLla MJICHTHUYHA B
o0oux nskcriepuMeHTax. CpeaHee 4YUCIO MOCT-MUTOTUYECKMX KIIETOK (OKpacka ¢
HCIIOIb30BaHMEM aHTUTeN K Oenky Ki-67) Ob110 10CcTOBEpHO OOJBINe y MbIiel MM
u3 OC, yem y 3 npyrux rpynn. Bo3mMo)kHO, 3TO CBsI3aHO ¢ KOMIIEHCAlMen Oolee
HU3KON (HOHOBOM mponudepaTuBHON aKTUBHOCTHIO Y MM (B cBsizu ¢ oTOOpoM Ha
MaJiblil pa3Mep MO3Tr U BO3MOKHBIM MOBBIIIEHHBIM anonto3oM). Meimei nuanit 9KC
u KoOKC nomemanu B «oborameHnyto cpeay» B 25 nH. Bo3pacte Ha 60 nH. Cpennee
YUCJIO MOCT-MUTOTHYECKUX KIETOK HAa Cpe3 B 3yOuarod Qaciuu rummokamia ObLIo
noctoBepHo Oosbiie y Mblimed rpynnsl OKC u3 OC no cpaBHEHUIO ¢ TpynnaMu
KoOKC. Bo3moxkHO, 4To Ha 6osee Bricokui ypoBeHb Heliporene3a y 9KC nmocne OC
MOBJIUSJIA MCTOpUSI OTOOpa CeJEKIMU HHU3KO TPEBOXKHBIX ocolel. 3MmeHeHus
MOBeJeHUsT B 00€MX TMapax TEHOTHIIOB UMW CIOXKHBIM XapakTep, 4YTO
CBUJICTENbCTBYET O auddepenniuanibHoM (u cioxHoM) BiausHuu OC Ha Mblen
pa3Hbix reHoTunos. [logaep:xxano rpantoMm PODU Nel6-04-01169 u I'octiporpammoii
N NIOKTR AAAA-A16-116021660055-1.

Environment enrichment and adult hippocampal neurogenesis in mice
of selected strains

Perepelkina O.V.'*, Tarasova A.Yu.!, Ogienko N.A.!, Revishchin A.V.2, Pavlova
G.V.2, Zorina Z.A.!, Poletaeva 1.1.!
1. Biology Department Moscow State University, Moscow, Russia;

2. Institute of Gene Biology Russian Academy of Sciences, Moscow, Russia ;
* o perepel73@mail.ru

The adult neurogenesis level in hippocampal dentate gyrus was analyzed in mice
of 2 pairs of genotypes (lines) as the result of environmental enrichment (EE). During
EE animals lived in large cages where they could move via tunnels, move in running
wheels etc. Two lines were selected for large (LB) and small (SB) relative brain
weight. Another pair of genotypes were mice, selected for high capacity for
extrapolation and low anxiety in this test (EX) and mice of control unselected
population (CoEX).

Two EE experiments were performed with LB and SB mice. In the 1st one 30
days old age mice were placed into EE for 60 days. In the 2nd experiment mice were
maintaind in EE for 90 days starting from neonatal age. The patterns of adult
neurogenesis changes were similar in both cases. The mean numbers of post-mitotic
cells (staining using antibodies to Ki-67 proteins) were significantly higher in SB
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mice from EE in comparison with 3 other groups. It is possible that this effect was
due to presumably higher apoptosis in SB line which was compensated by
maintenance in EE. 25 days old EX and CoEX mice were placed in EE for 60 days.
The mean numbres of post-mitotic cells per slice in hippocampal dentate gyrus were
significantly higher in EX mice samples from EE in comparison with both groups of
CoEX mice. It is possible that this effect could be connected to the history of EX
selection for the reduced anxiety. The behavioral changes in both pairs of genotypes
were complecated which evidence for differentiated (and complex) influence of EE
on mice of different genotypes. Supported by RFBR grant Ne16-04-01169 and State
N NIOKTR AAAA-A16-116021660055-1.

40. 3ameHeHMe Yynucna pereHepupyroLwmnx HepPBHbIX BOJIOKOH B
nepenasrieHHOM cefariMLHOM HepBe KpbICbl NOCne BBeAeHUA
HeuparnbHbIX KIeTOK-npeALlecTBEeHHUKOB

[TerpoBa E.C.'*, UcaeBa E.H.!
1. ®I'BHY "Hucmumym sxkcnepumenmanvroi meouyunsl ", Cankm-Ilemep6ype,

Poccus;
* morphologija@yandex.ru

Ilenp HacTOsimiel paboOThl - U3yYEHUE BIUSHUS AJUIOTPAHCILIAHTATOB,
COCTOSIIIUX W3 KIETOK HMOPHOHAIBHOTO CHMHHOTO MO3ra, Ha pEreHepalfio
NEPEaBICHHOTO HEPBAa KPBICHI, HCIONB3YS MMMYHOTHCTOXMMHUYECKOE BBISBICHUE
OerKa MPOMEeXYyTOYHBIX (pumaMeHTOB — nepudeprHa. IKCIEPUMEHTHI OCYIIECTBIISLITN
c yderom «lIpaBuim paGoT C HCIONB30BAHUEM HKCTICPUMEHTATBHBIX KUBOTHBIX)
(mpuka3z Ne 755 ot 12.08.1977 .. M3 CCCP). Cenanuninsle HepBbl Kpbic Bucrap
(n=14) nepepaBmuBasiu (nurarypa, 40 c¢) U cyOnepUHEBPaIbHO BBOJUJIU B3BECH
JUCCOLIMMPOBAHHBIX KJIETOK CIIMHHOTO MO3ra 3MOpPHOHOB KpbIC 15 CyT pa3BHUTHA.
CrniuHHOM MO3T 15-cyTouHBIX YMOpPHOHOB COACPKUT HelpaibHbIe
CTBOJIOBBIE/IIPOT€HUTOPHBIE KIIETKH, KOTOPbIE CLIOCOOHBI BbIpabaThiBaTh POCTOBBIE U
HellpoTpoduueckue ¢aktopel. PaHee moka3aHO, YTO TakKWe TPaHCIUIAHTAThI
COXPaHSIOT KU3HECIIOCOOHOCTh B TeueHue 2 Mec. YacTh nepecakeHHBIX KIIETOK
muddepenupyercs B HEHPOHBI ¥ TIHOIUTHL. B HacTosmel paboTe mpoBOAUIN aHATN3
¢bparMeHTOB HepBa pEIUNHEHTAa AUCTaJbHEE MeCTa MOBpexIeHus uepe3 21 cyT
nocne  omepanuu. JIsS  BBISIBICHHS  AKCOHOB — HMCIOJB30BAIM  KPOJIHYBH
nojiMkJIoHanbHble aHtutena K nepudepuny (PE) (Abcam, BenukoOpuranus). PE
COAEPIKUTCS B OCEBBIX IMIJIMHAPAX MepruEepHUUeCKIX HEPBHBIX BOJIOKOH U BBHITIOTHSIET
GyHKIUIO cTaOUIM3alMU AUaMeTpa akcoHa. AHaIU3 MONEPEYHbIX CPE30B Yepe3 HEPB
nmokaszai, 4ro d4epe3 21 cyT mociie TepeaaBIWBaHUS W BBEACHHS HEHpPaTbHBIX
IPEIIECTBEHHUKOB YHCJIO AKCOHOB Ha €IMHUIY IUIOLIaJM IPEBBIIIAET KOHTPOIb
(nepenapnuBanue Oe3 BBeACHUS KJIETOK) Ooiyee, uem B 1,5 paza. Takum oOpazom,
[OKa3aHO, YTO TPAHCIUIAHTALMs B MMOBPEKICHHBIH HEPB AMCCOLMUPOBAHHBIX KJIETOK
HMOPUOHAILHOTO CIHMHHOTO MO3ra CIHOCOOCTBYET PpOCTY HEPBHBIX BOJIOKOH
pELMITHUEHTA.
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Changing the number of regenerating fibers in the damaged sciatic
nerve of the rat after transplantation of neural progenitors

Petrova E.S.'*, Isaeva E.N.!

1. FSBSI “ Institute of Experimental Medicine”, St. Petersburg, Russia ;
* morphologija@yandex.ru

The aim of this study is to investigate the effect of rat embryonic spinal cord
cells on the regeneration of a damaged rat nerve, using an immunohistochemical
detection of peripherin, an intermediate filament protein. All experiments were
conducted according to the International Rules of the Declaration of Helsinki on
Humane Treatment of Animals and “Regulations for Studies Using Experimental
Animals” (USSR Ministry of Health Decree no. 775 of August 12, 1977). The sciatic
nerve of Wistar rats (n = 14) was damaged (ligature, 40 sec) and the suspension of
dissociated spinal cord cells of 15-day gestation rat embryos was injected
subperinearally. The spinal cord of the 15-day embryo contains neural stem /
progenitor cells that produce growth and neurotrophic factors. Previously, it was
shown that such grafts survive for 2 months and a part of the transplanted cells
differentiate into neurons and gliocytes. In the present study, we analyzed the nerve
fibers in the distal segment of the injured nerve of the recipient 21 days after the
operation. Rabbit polyclonal antibodies to peripherin (Absam, UK) were used to
detect axons. 21 days after injury and injection of rat embryonic spinal cord cells, the
number of axons in the nerve increases by more than 1.5 times in comparison with
the control (damaged nerve). Thus, transplantation of dissociated cells of the
embryonic spinal cord into a damaged nerve promotes the growth of the nerve fibers
of the recipient.

41. MPT-AHAJNIN3 3PPEKTUBHOCTUN CTUMYNALIUN HEWPOIEHE3A B
NIMMBUYECKOU CUCTEME B3POCIJIbIX XKUBOTHbIX

3anapa T.A.'*, Pomamenko A.B.!, Beukarosa C.O.!

1. Unemumym svruucaumensvuvix mexnonozuti CO PAH, Hoseocubupck, Poccust;
* zapara t@mail.ru

B nocnennue ronpl monxyyeHsl yOeIuTEIbHbIE JOKA3aTeIbCTBA MOCTHATAIBHOTO
HeliporeHeza B rummnokamiie. KJeTku TuMmokammna CrnocoOHBI JIENUTBCS ¢
oOpazoBaHueM (PYHKIIMOHAJILHO aKTUBHBIX HEHPOHOB, TCHEPUPOBATH MEKXHEHPOHHBIX
CBSI3H, CO3/IaBaTh HOBBIE MEXKKJIETOUHbIE KOHTAKThl. OOpa3oBaHNE HOBBIX HEUPOHHBIX
ceTelt aBigercss MHOrodasHbsIM mporeccoM. OqHako B OOJIBIIMHCTBE MCCIEIOBAaHUMN
UCIIOJIb3YIOTCSI MHBA3UBHBIE METOJIbI, KOTOpPhIE 00ECMEUUBAIOT TOJIBKO MPEPHIBUCTHIN
[0 JTallHbIM aHaJau3 TMPOLECCOB, BEAYIIMX K CO3JAHUI0 HOBBIX CETEM.
[IpencraBnsercs 1enecoo0pa3HbIM UCTIOIH30BaHNE HEMHBA3UBHBIX METO/IOB aHAJN3A,
00eCreYnBaIONIMi  HEMPEPHIBHBI HHCTPYMEHTAIBHBIM  KOHTPOJb  HECKOJIBKHUX
nocienoBaresib  (azax  COCTOSHHS ~ CTPYKTyp  MO3ra y  KOHKPETHOTO
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AKCIIEPUMEHTATILHOTO 00bekTa. [IpoBeeH aHanu3 M3MEHEHUI THMNIOKaMIa MBIIIEH,
BBI3BAHHBIX (DHM3NYECKUMH Harpy3kamu (CBOOOIHBIN JOCTYIT K KOJECY aKTUBHOCTH)
BBITIOJIHEHHBIII € TMOMOIIBID MarHUTHO-pe3oHaHcHoW Tomorpabpuu (MPT) Ha
cBepxBbicokonoiapHOM Tomorpade BioSpec 117/16 USR (Bruker, I'epmanust) — 11.7
Tecna.

OOHapyXusid, YTO TMpeAoCTaBleHHE (U3UUYECKOW HArpy3kd MbIIIaM He
OTpa3ujIoCh Ha o0ieM oObeMe runmnokamia. OaHaKo B IPYIINE KUBOTHBIX, UMEBIIUX
CBOOOIHBIN AOCTYI K KOJIECY aKTUBHOCTH, pa3HHIa 00beMa MEX/y MpaBoOd U JIEBON
YacTsIMU TUIIOKaMIla yepe3 2 HeAeslu Obla JTOCTOBEPHO HIKE MO CPABHEHUIO C
KOHTPOJIbHOW TPYIIIIOMN.

Takum oOpazom, ucnonbdys MPT meronm mbl mokazanu, 4to duznueckas
AKTUBHOCTh MBIIIM aCCOLUMUPOBAHHAS C MHAYKIHUEW MOCTHATAJIBHOTO HEHWporeHes3a
CHUKAET MEKIOIYIIAPHYI0 aCUMMETPHIO TUIIITOKAMIIOB.

B pabote ucnonb30BaHbl TaHHBIE, TTOTYYCHHBIC PU BBHIMTOTHEHUH TTpoekTa PAH
No 1V.35.2.6 n npoexta PODOU Nel7-04-01440a.

MRI-ANALYSIS OF THE EFFECTIVENESS OF STIMULATION OF
NEUROGENESIS IN THE LIMBIC SYSTEM OF ADULT ANIMALS

Zapara T.A."*, Romachenko A.V.!, Vechkapova S.O.!

1. Institute of Computational Technologies of SB RAS, Novosibirsk, Russia,
* zapara t@mail.ru

In recent years, convincing evidence of postnatal neurogenesis in the
hippocampus has been obtained. Hippocampal cells are able to divide with the
formation of functionally active neurons, generate inter-neural connections, created
new intercellular contacts. The formation of new neural networks is a multiphase
process. However, most studies use invasive methods that provide only intermittent,
continuous analysis of the processes leading to the creation of new networks. It seems
expedient to use non-invasive methods of analysis that provides continuous
instrumental monitoring of several successive phases of the state of brain structures
in a particular experimental object. The analysis of changes in the hippocampus of
mice caused by physical activity (free access to the activity wheel) performed by
magnetic resonance imaging (MRI) on the ultra-high-resolution tomograph BioSpec
117/16 USR (Bruker, Germany) - 11.7 Tesla.

It was found that the provision of physical activity to mice did not affect the
total volume of the hippocampus. However, in the group of animals that had free
access to the activity wheel, the volume difference between the right and left parts of
the hippocampus was significantly lower after 2 weeks compared to the control
group. Thus, using MRI methods, we showed that the physical activity associated
with the induction of postnatal neurogenesis reduce hemispheric asymmetry of the
hippocampus

In this paper the data obtained during the implementation of RAS 1V.35.2.6 and
the RFBR 17-04-01440a projects are used

75



42. MopgenupoBaHue TpaBM Mo3ra in vitro n HoBble MeToAbl
BOCCTaHOBIEHUSA reTeporeHHOM CTPYKTYpPbl HEMPOHHbIX CETeN.

Antunona O.0."*, [Turapesa S.11.!, I'mankoB A.A.'2, Kazanues B.b.!, MyxuHna
N.B.%!, [Tumamkun A.C.!

1. Huoicecopoockuii ecocyoapcmeennuiii ynueepcumem um. H. U. Jlobauesckoeo,
Huoicnunt Hoseopoo, Poccus;

2. Ilpusonsicckuil ucciedosamenbCkutl MeOUYyuHCKul ynusepcumem, HuowcHuti
Hoezeopoo, Poccus;

* antipoval@neuro.nnov.ru

[ToBpexaeHus EHTPATIbHON HEPBHOM CUCTEMBI SIBJSFOTCA OAHOM U3 KIFOUEBBIX
npo0jeM B COBPEMEHHON MEIUIIMHE B CBSI3U CO CJIOKHOW OpPTraHU3alMu HEHPOHHBIX
ceTell M OrpaHMYEHHON CHOCOOHOCTHIO K pereHepanuu. OIHON U3 MEPCIEKTUBHBIX
HaANpaBJICHUH SIBISETCA HUCIOJIb30BaHHE CKaPQOIIOB - MMIUIAHTOB-KapKaCOB s
MIPOTEHUTOPHBIX U CTBOJIOBBIX KJIETOK. OJHAKO, HA CErOAHSIIHUNA IeHb cKaddomabl
MMEIOT HEYNOPSJOYCHHYI0 CTPYKTYpY M II03TOMY HE IIO3BOJISIFOT BOCCO31aTh
MOPGOJIOTHIO HEHPOHAIBHOM CETH B MeCTe JI0 MOBpexaeHus. Jlns paspaboTku
METO/Ia MHTETpallid HEUWPOHHOH CETH B CeTh €O CHOPMHUPOBAHHON TIeTEPOTCHHOM
CTPYKTypOH MBI WCIOJIb30BaIM MHUKpodtonHbie ynmbl. st manHON 3amadu ObLI
pa3paboTaH dYWIl C TpeMs KaMmepaMH, B KaXKIOW W3 KOTOPHIX IO OTACIBHOCTH
BBIPAIIMBAIIMCh  KYJBTYpbl HEUPOHOB. Mexay KyabTypamu (opMUpOBaIUCh
OJTHOHAIPABJICHHBIE CHUHANTUYECKUE CBSI3U, YTO OBUIO MOKa3aHO B MPEIbLAYIIUX
paboTax KOJUIEKTHUBA.

Mpb1 cmopenupoBanin  noBpexaeHue LIHC, BeipacTMB 2 H30JIMpPOBaHHBIC
KynbTypbl (E18) B kpaitHux kamepax yuna. Ha 12-ii 1eHb TUCCOLMUPOBAHHBIC KIETKH
MOJICAXKUBAJIUCh B CPEIHIOID KaMepy, JUIsl BOCCTAHOBJICHHS WIM YCUJICHUS CIAOBIX
CBSI3eM MEXOY CeTSIMHU KJIETOK. Yke Ha 18 nenw 3anonHenuwe coctaBuio 100%.
AHanu3 OMOANEKTPUUECKOW aKTHBHOCTH BBIPAIICHHBIX MOCIIEI0BATENLHO KYJIBTYP B
YHUMe MoKa3ajd, 4YTo cjabble CHHANTHYECKUE CBS3U MEXKAYy ABYMS MOMYJISIUSIMU
KJIETOK HEMPOHOB THIMIOKaMIa MOTYT OBITh YCWJICHBI 3a CYET WHTErpalud HOBOU
MOMYJSINMKA KJIIETOK Ha MECTO POCTa aKCOHOB - B CPEIHIO Kamepy. l[lomydeHHbIn
pe3yabTaT MOXKET WCIIOJIB30BAaThCsl NIl CO3MaHMsl HOBOTo Tuma ckaddongoB ¢
PEaNMCTUYHOM TETEPOTCHHOW AapXHUTEKTYpOM CBS3€M MEXKIy HEUpOHAMH IS
WHTETpaly C MECTOM TpPaBMbl MO3Ta. Takxke JaHHBIN YU MOXKET OBITh UCIIOJIB30BaH
I MOJEJIMPOBAHUS TPUCHUHANTHUYECKOTO MYyTH TUNNOKAMNa Ui HW3Y4YCHUS
KJIETOYHBIX U MOJIEKYJISIPHBIX MEXaHU3MOB MaMSTH.

UccnenoBanue ObUIO BBITIOJHEHO TMpU TOAjAepKke rpanTa [IpesuaeHta
Poccuiickorn denepanid Ha TOCYAAPCTBEHHYHO MOAJIEPKKY MOJIOJBIX POCCHUUCKUX
y4eHBIX - KauauaaroB Hayk (MK-6795.2018.4).
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Modeling brain injuries in vitro and development of new methods for
recovering the heterogeneous structure of neural networks.

Antipova O.'*, Pigareva Y.!, Gladkov A.'2, Kazantsev V.!, Mukhina [.>!, Pimashkin
Al

1. N.I. Lobachevsky State University, Nizhni Novgorod, Russia;

2. Research Medical University of Volga region, Nizhni Novgorod, Russia;

* antipova@neuro.nnov.ru

Injury of the central nervous system is one of the key problems in modern
medicine due to the complex organization of neural networks and limited ability for
regeneration. One of the perspective fields in methods of the brain injury repair is the
using a scaffolds as a skeleton for progenitor and stem cells and an implant for
recovery. However, the scaffolds have uniform structure and the morphology of the
neural network in the connectivity of the injury area can not be recovered to initial
state. We used microfluidic technology to develop a method for integrating the
neurons into the neural network with a heterogeneous structure,. We developed a
microfluidic chip which consisted of three chambers and in each of them the neuronal
cultures were grown separately. Between the cultures a unidirectional synaptic
connectivity was formed, which was shown in previous works of our team. In this
study we developed a model of the brain damage by growing two isolated cultures
(E18) in the chambers of the chip. On 12th days in vitro new dissociated cells were
plated into the chamber between two mature cultures to restore or strengthen weak
connections between the networks. Analysis of the bioelectrical activity of
sequentially grown cultures in the chip showed that the weak synaptic connections
between two populations of hippocampal neuronal cells can be enhanced by
integrating new neurons into the network. Such methods can be used to create a new
type of scaffold which can repair a realistic heterogeneous architecture of brain injury
area. Also it can be used to engineer a trisynaptic loop of the hippocampus to study
cellular and molecular mechanisms of information processing, learning and memory.

This research was supported by the grant of the President of the Russian

Federation for state support of young Russian scientists - candidates of sciences (MK-
6795.2018.4).

43. [MamMmATb U CTBOJIOBbIE KNETKU

Acnanuu K.b.'*
1. Mlncmumym meopemuueckoil u skcnepumenmanviou ouoguszuxku PAH, [Iywuno,

Poccus,
* kbaslanidi@gmail.com

CpaBHUTENBHBIN aHaNU3 TPOSBIECHUN (EeHOMEHa MaMATH y MPECHOBOIHBIX

IJIaHAPHUH M BBICIINX JKMBOTHBIX, BKJIFOUAs YEJIOBEKa, IO3BOJIMI 00CYIUTh HEKOTOPHIS
00111e010I0rnuecKue MOHITHS. B 4aCTHOCTH, MOKA3aHO:

71



« Ouojoryueckass MNaMsITh Ha YpPOBHE OpraHu3Ma SBISETCA CHUCTEMHBIM
IIPOLIECCOM, BKJIFOYAIOIIUM COIVIACOBAHHBIE JEMCTBUS MHOTHMX THUIIOB CTBOJIOBBIX
KJIETOK;

* CTBOJIOBBIE KJIETKM UTPAIOT BAXKHYIO POJb B IPOLIECCAX MONYUYEHUS, XPAHECHUS
Y UCIIOJIb30BaHUsI MH(POpPMALIMHU, KAK Ha YPOBHE F€HOMA, TaK U Ha YPOBHE UMMYHHOU
CUCTEMBI WJIM HA YPOBHE HEMPOHHOU MaMSTH;

« HAa ypOBHE OpraHu3Ma TIeHeTHYecKas NaMmsATh CIOCOOHa, a HMMMYHHas U
HEHpPOHHAsT TaMATH HE CHOCOOHBI COXpaHATh HH(POPMAIMIO O BHEIIHUX
BO3/JICMCTBUAX HA BPEMEHAX JKU3HU UHAUBUAYYMa,;

* Ha KJIETOYHOM YpOBHE MEXaHU3MBbI N1epepabOTKi MHPOPMALIUY Y TUITAHAPUHA U Y
YeJI0BeKa CXOAHBI 10 MHOTMM IapaMeTpaM U CIOCOOHBI COXPAaHATh MH(OPMALIKIO O
BHEIIIHUX BO3/ICMCTBUAX HA BpPEMEHAX KU3HU NHIUBHYYMA;

* Ha MOJEKYISIPHOM YPOBHE MaMsTh JKHUBBIX CHCTEM CIIOCOOHA COXPAHSThH
uHGOpPMAIMIO O BHEIIHUX BO3JCHCTBUSX HAa BpEMEHAX >KM3HU WHAUBUAYYMa U HE
OTJINYAeTCs] OT MaMATH, CBOWCTBEHHOM TaKMM OOBEKTaM HEKHUBOW MPUPOABI, Kak
IIJTACTUJIMH WU MEHAs IMPOBOJIOKA.

AHaNM3 UMEIOIIMXCS IKCIEPUMEHTANBHBIX (PAKTOB MO3BOJIAET YTBEPKIATh, UYTO
Heo0JIacThl MJIAHAPUH MOTYT MOMOYb B OyIyIIEM pa3peliuTh caMble MHTPUTYIOLIUE
3arajiIkui COBPEMEHHOM OWOJIOTHH, TaKuWe KaK MapaJoKCaIbHOCTh H30BITOYHOCTH
reHOMa U HEMOCTHXKUMOCTh MOJIEKYJISIPHBIX OCHOB OOYYEHUS U NaMSITH.

Memory and stem cells

Aslanidi K.B.'*

1. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia,
* kbaslanidi@gmail.com

A comparative analysis of the manifestations of the memory phenomenon in
freshwater planaria and higher animals, including humans, allowed us to discuss
some general biological concepts. It was shown:

- biological memory at the organism level is a systemic process, including
coordination of actions of many types of stem cells;

- stem cells play an important role in the processes of obtaining, storing and
using information, both at the genome level and at the level of the immune system or
at the level of neural memory;

- the genetic memory is capable, but the immune and neural memory are not
able, to store information about external influences on the individual's lifetimes;

- the mechanisms for processing information in planarians and in humans are
similar in many ways and are able to preserve information about external influences
at the cellular level on the individual's lifetimes;

- the memory of living systems at the molecular level is capable of storing
information about external influences on the individual's lifetimes and does not differ
from the memory inherented in such inanimate objects such as clay or copper wire.

An analysis of the available experimental facts allows us to state that the
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planarian neoblasts can help in the future to solve the most intriguing mysteries of
modern biology.

44. PazButne n yHKLMOHNPOBaHME TPaHCNNaHTUPOBAHHOU TKaHU B
YCNOBUSIX U30MNSALMU OT MO3ra: UHTPAOKYNsApHblIe HEMPOTPaHCNaHTaThbI

Kypasnesa 3.H.'*

1. Mncmumym meopemuueckoil u skcnepumenmanviou ouoguszuxku PAH, [lywuno,
Poccus;

* zhuravleval@iteb.ru

WNHTtpaokynspHas TpaHCIUIAaHTALUS SIBASIETCST OAHOU U3 (GOpM KyJIBTUBUPOBAHUS
iIn vivo. ODTOT METOA HAaxOAWUT IIMPOKOE MPUMEHEHUE B SKCIIEPUMEHTAIBHON
HEUPOONOTIOTHUH. [Tepenusst KaMmepa rasa obnagaer UMMYHHOMU
MIPUBUJIETUPOBAHHOCTHIO, YTO oOecrieynBaer AKU3HECTIOCOOHOCTh
TPAHCIUIAHTUPOBAHHON 3MOpPHUOHANIBHONW TKAHM B TEUEHHUE JUIMTEIbHOTO BpeMeHu. B
JAHHOW paboTe MHTPAOKYJspHAs TPAHCIUIAHTALMS KCIOJIb30Bajach B Ka4yeCTBE
MOJIETIM I W3Yy4YeHHs OCOOEHHOCTEH (YHKIIMOHHUPOBAHUS HEPBHOM TKaHU B
JIEHEPBUPOBAHHOM YYacTKE T'OJOBHOTO Mo3ra. YacThyHas WiId TOJIHAs JeHEpBalus
HEUPOHOB MOXXET BO3HHUKaTh B PE3YJIbTaT€ YEPENHO-MO3IOBBIX TPaBM WIH
HelposereHepaTuBHbIX Oone3Heil. B nmokmnane OymyT mHpencTaBieHbl Pe3yNbTaThl
AKCIIEPUMEHTATBHBIX Pa0O0T, BBHINOJHEHHBIX HAa TPAHCIUIAHTaTaX THUIIOKaMIIA,
HEOKOPTEKCa M CEeNTAJIbHOW 001acTH B Ja0OpaTOpHUH, MpEeXae PYKOBOAUMOM MHpod.
O.C. BunorpanoBoil.

C nomomibo KOHPOKATBLHOM U AIEKTPOHHON MUKPOCKOMHH ObLIO MOKA3aHO, YTO
B UHTPAOKYJISpHbIE  HEHWPOTpPAHCIUIAHTaTbl M3  PAAy’KHOM  OOOJIOYKH MO
MEPUBACKYJISIPHBIM MPOCTPAHCTBAM BPACTAlOT CHUMIATUYECKUE HEPBbI, KOTOPHIC
3aTeM MPOHUKAIOT B MAPEHXUMY TPAHCIUIAHTATOB, MPUOOPETAIOT YEPThl AKCOHOB
HEHTPAIBHOTO TUMA U (POPMUPYIOT C HelipoHamu runmnokamia tunuynbie as [THC
CUHANTUYECKUE KOHTAKThl. VMMyHOXMMHUYECKUN aHaJU3 TPAHCIUIAHTUPOBAHHOMN
TKaHM HEOKOPTEKCa BBIABWI HapylieHue (eHotunuyecko mauddepeHnpoBKu
HEWpPOHOB M 3HauMTelbHOE CHIKeHue uncia [AMK-epruyeckux TOPMO3HBIX
HEUPOHOB. B paMkax COBpEMEHHBIX MNPEACTABICHUN O «TPEXYACTHOM» CTPOCHUU
CUHAICOB OBbUIO MPOBEIECHO HW3YyYEHHE NINAJbHO-CHHANTHYECKUX B3aWUMOACHCTBUI
npu GopMupoBaHuy (HyHKIIMOHAIBHBIX CBSA3EH ¢ Hecnenu(pUueCKUMU HEUPOHHBIMU
muiieHsiMu.  CpaBHeHHE  MOP(OMETPUYECKUX  XapaKTEPUCTUK  CHUHAICOB B
TPaHCIUIAHTaTaxX CEeNTyM M CENTAJbHBIX sApax 1n situ moka3ajno, 4YTO MpuU
YCTAHOBJIEHUM AaTUIMMYHBIX KOHTAKTOB MPOUCXOJUT YBEIUUYCHUE CTEIICHU OKPYKEHUS
CHHANTUYECKUX OKOHYAHMM acCTpOLUMUTAPHBIMU OTPOCTKaMH. B TO ke Bpemsi B
TPAHCIUIAHTATaX C MaTOJOTUYECKON 3MMIeNTU(POPMHON aKTUBHOCTHIO HAOII0AAIOCH
CHUKEHHUE JIOJIM MIEPUCUHANITUYECKON aCTPOIIIHNH.

Pabora nognepxana PODU (rpant Ne 17-04-00786).
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Development and functioning of transplanted tissue isolated from the
brain: intraocular neurografts

Zhuravleva Z.'*

1. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia,
* zhuravleva@iteb.ru

Intraocular transplantation is one of the forms of tissue culture in vivo. This
method is widely used in experimental neuroscience. The anterior chamber of the eye
has an immune privilege, which ensures the viability of transplanted embryonic tissue
for a long time. In this work, intraocular transplantation was used as a model for
studying the functioning of a nervous tissue in a denervated area of the brain. A
partial or complete denervation of neurons can result from craniocerebral traumas or
neurodegenerative diseases. The report presents the results of experimental studies
performed on transplants of the hippocampus, neocortex and septal region in the
laboratory formerly directed by Prof. O.S. Vinogradova.

It was shown using confocal and electron microscopy that sympathetic nerves
grow into the intraocular neurotransplants from the iris along the perivascular spaces,
then penetrate into the graft parenchyma, acquire features of the central type axons,
and form typical CNS synaptic contacts with hippocampal neurons. An
immunochemical analysis of grafted tissue of the neocortex revealed a disturbance of
the phenotypic differentiation of neurons and a significant decrease in the number of
GABAergic inhibitory neurons. In accordance with the modern "tripartite synapse"
concept, the study of glia—synapse interactions during the formation of functional
communications with nonspecific neuronal targets was performed. A comparison of
the morphometric characteristics of synapses between septal transplants and normal
septum showed an increase in the degree of surrounding of synapses by astrocytic
processes in atypical contacts. At the same time, a decrease in the proportion of
perisynaptic astroglia was observed in transplants with pathological epileptiform
activity.

This study was supported by the Russian Foundation for Basic Research (project
no. 17-04-00786).

45. XapakTepMcTMUKa runnokamMmnanbHOro HemporeHesa y KpbIiC IMHUN
KpywmnHckoro-MonoakuHon n ero posnb B anunentoreHese

Hacny3osa E.B.'*, KynukoB A.A.!, I'mazoBa M.B.!, Uepnurosckas E.B.!
1. Dedepanvhoe cocyoapcmeeHHoe 010icemHuoe yupedcoenue Hayku Mucmumym

agonoyuoHHoU gusuonocuu u ouoxumuu um. .M. Ceuenosa Poccuiickoti akademuu
Hayk (U2®D5 PAH),
* nelizabeth@yandex.ru

Kpsbicel nuaun Kpymmnckoro-Mononkunoit (KM) ncnonb3yrorcs st u3ydeHust
MexaHu3MOB  (popmupoBanus smwientu@opmMHo  aktuBHOCTH.  CymopokHas
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rOTOBHOCTH y Kpblc KM pa3zBuBaeTCs B X0JI€ MOCTHATAJIbHOIO OHTOTE€HE3a, U K KOHILY
3-ro Mecsila XU3HU KPBICH IEMOHCTPUPYIOT CTaOWJIbHBIE ayIMOTEHHbIC MPUTIAIKH.
[lenpro Hamieil paboOThI OBUIO W3ydYEHHE THMIOKAMIAIBHOTO HEHWpOTeHe3a y KpPBIC
muHnn KpymmHackoro-Monogknao B Bo3pacte oT 14 nHet no 4 MmecsueB U Ha
HayaJIbHbIX CTAUAX SMUICTITOICHE3a.

C nomormipio aByx MapkepoB nponudeparuu (BrdU u Ki67) Mbl mokaszanu, 4To
ypoBeHb mpoiudepanud Ha 14 1eHb KU3HU ObUI 3HAYUTENBHO BBIIIE, YEM Y
B3POCIIBIX KpbIC, HO y KpbICc TuHUi KM u Bucrap He otnuyancs. B Bo3pacre 30 nuei
y kppic KM B 2 pa3a Bblllle YpPOBEHb MNPOIU(PEPATUBHON aKTHUBHOCTU B
CyOrpaHyJIsIpHOW 30HE THUIIIIOKamma [0 CPaBHEHHIO € KpblcamMu JuHUM Bucrap.
CXoznHble JaHHBIEC MOJIYYEHBI JUISl JBYXMECSYHBIX KpPBIC M JJII YETBIPEXMECSYHBIX
KppIC. OTO TO3BOJSET MPEANOJOXKUTh, YTO IMOBBIIIEHHAs MpoiaudepaTuBHas
AKTUBHOCTHh KJIETOK B THUMINOKaMIE JEXKHUT B OCHOBE PAa3BUTUA CYIOPOKHOU
TOTOBHOCTH.

Hcnonw3ys nBoitHOE MMMyHOrucTtoxumuueckoe medenne Ha BrdU um mapkep
3penbix HelpoHOB NeuN, Mbl IPOAEMOHCTPUPOBAIIN, YTO Y YETBIPEXMECAYHBIX KPBIC
muHnn KM, nepeHecmmx OJHOKPATHBIN CYIOPOXKHBIM NPUMNAAOK WA CEMHKPATHBIE
CYIOPOXKHBIE€ MPUIAJKH, CYTOPOKHASI aKTUBHOCTh CIIOCOOCTBYET aupepeHnpoBKe
BHOBb OOpAa30BAaHHBIX KJIETOK MO HEUPOHAIBHOMY THILY, YCKOPSSl CO3pPEBaHUE ITHUX
kietok. [lpu sTtom HaOmionaercs abeppaHTHash MUTpalMsi BHOBb OOpa30BaHHBIX
KJIETOK B XWJIYC.

Takum 00pa3zoM, MBI IPOJIEMOHCTPUPOBAJIM, YTO B Bo3pacte oT 14 nHeit no 4
MecsteB y kpeic TuHun KM HabmogaeTcsi MOBBIIIEHHBIN YPOBEHb Mpoiudepanuu u
yCWJICHHE a0eppaHTHON MUTpAIMU, YTO CIIOCOOCTBYET (DOPMHUPOBAHUIO CYIOPOKHOU
rotoBHOCcTH. CdopmupoBanHas »snwientudopMHas aKTUBHOCTh CIOCOOCTBYET
muddepeHnpoBKke BHOBb 00Pa30BAHHBIX KJIETOK MO0 HEHPOHAIILHOMY THITY.

Pa6ora nognepxana ¢pounom PODU (Ne 16-04-00777) u l'oc.3ananus no teme
Ne AAAA-A18-118012290371-3.

Hippocampal neurogenesis in Krushinskii-Molodkina rats and its
participation in epileptogenesis

Nasluzova E.'*, Kulikov A.A.!, Glazova M.V.!, Chernigovskaya E.!

1. Sechenov Institute of Evolutionary Physiology and Biochemistry Russian Academy
of Sciences;

* nelizabeth@yandex.ru

Krushinskii-Molodkina rats (KM) are used for studying of epileptogenetic
mechanisms. Seizure activity in this model is formed during postnatal life and stable
audiogenic seizures occur only by the end of third month after birth. The aim of our
research was to investigate hippocampal neurogenesis in KM rats from 14 days till 4
months and during first stages of epileptogenesis.

We used two proliferative markers (BrdU and Ki67) to demonstrate that
proliferative activity at P14 was considerably higher than in adults but was the same

81



in Wistar and KM. However, at P30 it was twice as much in KM rats as in Wistar.
Similar data were obtained for P60 and P120. All things considered, we propose that
increased proliferative activity in hippocampus underlies epileptogenesis.

We used double immunohistochemical labelling of BrdU and NeuN (marker for
mature neurons) to demonstrate that seizure activity promotes neuronal
differentiation of newborn cells by accelerating the neuronal maturation in 4 month
old KM rats which were exposed to audiogenic stimulation one or seven times. Also
we detected aberrant migration of newborn cells into hilus.

Eventually, we demonstrated that increased proliferative activity and aberrant
migration in KM rats from P14 till P120 promote epileptogenesis. Epileptiform
activity stimulates neuronal differentiation of newborn cells.

46. XpOoHN4YECKUUN HenpeacKkasyeMbin CTpecc yCuniuBaeT HeMpoOHasribHYHO
andcgepeHUNPOBKY B runnokamMne Kpbic

CrenannueB M.IO.'*, Annon B.A.!, Manonosa A.O.!, JlazapeBa H.A.!, I'ynsesa H.B.!
1. Uncmumym evicuieli nep8Hot desimenvHocmu u Hetipoguszuonoeuu PAH, Mocksa,

Poccus;
* mikhail stepanichev@yahoo.com

XPpOHUYECKUN CTPECC MOXKET MPUBOAUTH K PA3TMYHBIM TATOJIOTHUSM MO3Ta, B
TOM YHCIIC JEeTPEeCCHd ¢ TOCT-TPaBMAaTUYECKUM paccTporcTBaMm. Mopenb
XpoHHueckoro Hempeackazyemoro crpecca (XHC) ucnonb3yercs 1jsi uccieqoBaHus
pa3BHUTHS JIETTPECCUBHO-TIOJOOHOTO COCTOSIHUS Y JKMUBOTHBIX. MeXaHU3MBI, KOTOPhIC
MPUBOIAT K ATOMY, TIO-BHIMMOMY, aHAJIOTHYHBI TEM, YTO HAONIOMAIOTCS Y YeIOBEKa
IIPY Pa3BUTHH CTPECC-MHAYIIMPOBAHHOW Jaenpeccur. B pabore m3ydann m3MeHEHUs
MPOIIECCOB HEeWporeHes3a B THIIIOKaMIIe caMIloB Kpbic Bucrap, moaseprayTeix XHC.
[Tpouenypa XHC cocrosuia B mpenbsBieHUH Ha0Opa cTpeccHpyrommx (akTopoB
(mempuBany ebl U/WIKA MUThSI, MOKPOU MOACTUIIKY, HAKIIOHHOM KJIETKH, CKyYHBaHUS
WIM W30JIALUMA, WU3MEHEHHUS CBETOBOTO PEXMMa) B TEUYEHHE & HEI. C UX CMEHOH
nBaxabl B cyTtku. Yeped 4 wnen. XHC kpeicam BBoguiau BrdU mns oneHkwm
JONITOBPEMEHHBIX 3(PGHEKTOB CTPECCOPHOTO BO3ACHCTBUS Ha AU(PGEPEHIIUPOBKY
kietok. XHC mnpuBogmin K Pa3BUTHIO JIETIPECCHBHO-TIOMIOOHOTO  COCTOSTHUS
(aarenonun). B 3yOuaroii ¢aciuu He ymanock oOHApY UTh n3MeHeHus uncia BrdU-
no3uTuBHbIX KiIeTok. XHC Takke He Bausil Ha npoiudepanuio KIETOK-
IIPEALIECTBEHHUKOB, OLEHEHHYI0 1o uunciy PCNA-nosutuBHBIX saep. Takum
o0pa3oM, He HaOIIOAANOCh CYHIECTBEHHBIX W3MEHEHUH mponudepanuu KIETOK B
THMIOKaMIIE KaK B XOJIE, TaK U B PE3yJIbTaTe XPOHHUUECKOTO BO3JICHCTBUS CTPECCOPOB.
B TO ke BpeMs, YHCIO KJIETOK, JKCIPECCHPYIOIUX MapKep HeHpOoHATbHON
nuddepeHIUPOBKU TaOIKOPTHH, YBEIUUHUBAIOCH B CyOrpaHy/IsipHON 30HE 3yOuaToii
dacuuu. DTO0  CBUAETENLCTBYET O crumyhupyromeMm 3¢pdekre XHC Ha
muddepeHupoBKy KJIETOK [0 HeHpoHajdbHOMY TUMy. Pesynbrarsl  paboThi
YKa3bIBAIOT Ha CIIOKHBI XapakTep perysiliud HeHporeHe3a MpU XPOHUYECKOM
CTpecce U MPENoJaraioT, yTo yBenudeHue nudQepeHupoBKr M0 HEUPOHAIBHOMY
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TUIy MOXKET BHOCHUTBH OIpPEAETCHHBIA BKJIAJ B Pa3BUTHE JEMPECCHUBHO-NMOTOOHBIX
WU3MEHEHHI ITOBEJEHUS KPBIC.
ITonnepxano rpantom PH® No 14-25-00136.

Chronic unpredictable mild stress stimulates neuronal differentiation in
the rat hippocampus

Stepanichev M.Yu.'*, Aniol V.A.!, Manolova A.O.!, Lazareva N.A.!, Gulyaeva N.V.!

1. Institute of Higher Nervous Activity and Neurophysiology RAS, Moscow, Russia;
* mikhail stepanichev@yahoo.com

Chronic stress results in a variety of brain pathologies, including depression and
post-traumatic stress disorder. The model of chronic unpredictable stress (CUS) is
used to study the development of depressive-like condition in animals. The
mechanisms that lead to this seem to be similar to those observed in humans in the
development of stress-induced depression. The changes in neurogenesis in the
hippocampus of male Wistar rats subjected to CUS were studied. CUS procedure
consisted of presentation of a set of stressful factors (deprivation of food and/or
drink, wet litter, cell inclination, bored or isolated, change of light regime) for 8
weeks with their change twice a day. In 4 weeks, the stressed rats were injected with
BrdU to assess the long-term effects of stress on cell differentiation. CUS led to the
development of depressive-like state (anhedonia). Changes in the number of BrdU-
positive cells were not detected in the dentate gyrus. CUS also did not affect the
proliferation of precursor cells, estimated by the number of PCNA-positive nuclei.
Thus, there were no significant changes in the proliferation of cells in the
hippocampus, both during and as a result of chronic exposure to stressors. At the
same time, the number of cells expressing the marker of neuronal differentiation
doublecortin increased in the subgranular zone of the dentate gyrus. This indicates the
stimulating effect of CUS on cell differentiation by neuronal type. Our data show
more complex regulation of neurogenesis in chronic stress and suggest that increased
differentiation by neuronal type may contribute to the development of depressive-like
changes in rat behavior.

This study was supported by RSF, grant no. 14-25-00136.
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MatemaTuyeckoe moaenmpoBaHne KOrHUTUBHbIX PYHKLUU U
puTMoreHesa

Mathematical modeling of cognitive functions and
rhythmogenesis

47. N'mnnokamnanbHasa pyHKLMUA aNuM3oaM4eckon naMsaTu B
BbIYMCNUTENbHbLIX MOAENbHbIX UCCNea0BaHUAX

yxepman B.JI.'*, Eputenko H.A.2, Koxxun A.A.?

1. Akademus buonocuu u ouomexrnonoauu um. .M. Ueanosckozco FODY, Pocmos-na-
Jlony, Poccus;

2. FOorcnolii gpedepanvuvwiil ynusepcumem, Pocmos-na-/{ony, Poccus ;

3. Pocmoeckuii eocyoapcmeenmulii meouyunckuil ynusepcumem, Pocmos-na-/[ony,

Poccus,
* vtsukermanl7@gmail.com

OyHAAMEHTABHYI0 POJIb B KOJUPOBAHWU M BBI30BE M3 MAMSTHU SIHU30]I0B,
dbopMUpPOBAaHUYU TPEICKA3AHUN U TUTAHHUPOBAHUU TIPEICTOAIINX JEHCTBUI HUTpaeT
o0y4yeHHE MOCIIe0BATEILHOMY BPEMEHHOMY MOPSAKY COOBITHII B 3HTOPUHAIBHO-
TMOIIOKAMIAJIBHOM  CcUCTEME€ W €€ B3aMMOACHCTBHE C IAPUETAIBHOU W
npedpoHTaNIbHOW  KOpOW  MO3ra. Ha  ocHoBe  XxOpomo  M3y4YEHHBIX
HeliponuHamuyeckux (¢enomeHoB Phase—Amplitude Coupling (PAC), Cross-
Frequency Coupling (CFC), ¢a3oBoii npereccuu, pa3iudHbIX (a30BbIX OTHOLICHUM
MEXy OBICTPBIMHU M MEJJICHHBIMA HEHPOHHBIMH PUTMAMHU MO3ra U CBS3aHHBIX C
HUMH (YHKIUM KOAMPOBAHUST W BBI30BA DMU30JAMYECKON maMaTH, pa3paboTaHa
CcBOOOHO-MacHITabupyemas HelpoceTeBas KOTHUTHBHAs apXUTEKTYpa.
BeluncnuTenbHble UCCIEOBAHUS ATOM apXUTEKTYpbl, MOKa3aldd €€ IOJE3HOCTh B
Ka4eCTBE MOJEJIbHOM CUCTEMBI PEIICHHS 3a]a4 MPOCTPAHCTBEHHAs HABUTALMH, Kak
OCHOBHOM MOZEJIM  LIEJICHAIIPABICHHOIO IOBEACHUS B  OKCIEPHMEHTAIBHON
KOTHUTUBHOW  HEHpPOHAayKe, BBICOKOYPOBHEBOIO  KOAUPOBaHUSA B  3aJayax
KaTeropus3aiyy, a Takke peann3anuu 06a30Boi (QYyHKIUU IMU30IAYECKON MaMsITH —
(GOpMHUpPOBaHUU  IPOCTPAHCTBEHHO-BPEMEHHOI'O MOPSAJKA  MOCIEA0BATEIbHOCTH
COOBITUII MHAMBUAYAJBHOTO OINbITA OPraHM3Ma C HMCHOJIb30BAHUEM ILTACTUYECKHUX
HEUPOCETEBBIX CBOMCTB.
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Hippocampal function of episodic memory in computational model
studies

Tsukerman V.D.'*, Jeritenko N.A.2, Kozhin A.A.}

1. Academy of Biology and Biotechnology SFEDU, Rostov-on-Don, Russia;
2. Southern Federal University, Rostov-on-Don, Russia ;

3. Rostov State Medical University, Rostov-on-Don, Russia;

* vtsukermanl7@gmail.com

A fundamental role in coding and recalling episodes from memory, forming
predictions and planning for forthcoming actions is training in the sequential
temporal order of events in the entorhinal-hippocampal system and its interaction
with the parietal and prefrontal cortex of the brain. Based on the well-studied
neurodynamic phenomena Phase-Amplitude Coupling (PAC), Cross-Frequency
Coupling (CFC), phase precession, various phase relationships between fast and slow
neuronal brain rhythms and associated coding and episodic memory functions, a free-
scalable neural network cognitive architecture was developed. Computational studies
of this architecture have shown its usefulness as a model system for solving spatial
navigation problems as the main model of purposeful behavior in experimental
cognitive neuroscience, high-level coding in categorization problems, as well as the
realization of the basic function of episodic memory — the formation of a space-time
order of the sequence of events of individual experience organism with the use of
plastic neural network properties.

48. [leTanbHOE KOMMbIOTEPHOE MoAeNIMpoBaHMe 3NeKTPUYECKoro nons B
Mo3re

Anues P.P.12* Ammxmun A.B.2

1. Mncmumym meopemuueckoil u skcnepumenmanvou ouoguszuxku PAH, [Iywuno,
Poccus.,

2. Mockosckuii @usuxo-Texnuueckuti Uncmumym, Jloneonpyousiii. ;

* rubaliev@gmail.com

Mpbl  co3manud  KOMIIBIOTEPHYIO  MOJAENb,  YYWUTHIBAIOLIYID  H3MEHEHHE
MPOBOAMMOCTH B OAMHHAALATU CpeAax MpH MPOXOKIECHUHU IEKTPUUYECKOrO TOKa MpU
TpaHCKpaHUAJbHOM  CTUMyJIANMM  ciadbiM  TokoM  (tDCS).  Paccumrtansl
pacnpesieJieHue DJIEKTPUYECKOr0 TMOoJs M TOKa B MO3[€ C HCHOJIb30BaHUEM
AHATOMUYECKHU JIETAJbHOM TPEXMEPHOW MOJEIM TOJIOBBI M MO3ra 4YeJOBEKa.
Paccuntano BIHsSHUE PACHOJIOKEHUS W OPHEHTALMU DJIEKTPONOB HA BEJIUYHHY
AIIEKTPUUYECKOTO TOJISl B KOpe U B INIyOMHHBIX CTPYKTypax mo3ra. OOHapyKWIH, YTO
TUIIMYHO Hcnonb3dyeMmble npu  tDCS  BapuaHTBl  pacloNIOKEHHs  JIEKTPOAOB
YCTOWYMBBI, T.€. NMPUBOAAT K HE3HAYMTEJBbHBIM BapHalUsAM IIOJI1 MPU HU3MEHEHHH
pa3Mepa U IOJIOKEHHU AIEKTposa. Bapuanuu pacnpeneneHus 3JIeKTpUYECcKoro Mo,
BBI3BAHHBICE M3MEHEHHEM IapaMETPOB OIHOPOAHOCTH W HM30TPOIMH, 3aJaHHbIE B
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MOJIETTM TOJIOBBI, CYIIECTBEHHbI. MoJenb TMO3BOSIET OIECHWIH ONTHUMAIbHOE
pacloyiOKeHNEe CTUMYIHPYIONIUX OJIIEKTPONOB miia obecreueHuss 3(PGEeKTUBHOTO
BO3JICHCTBUS HA THUMIIOKAMII, MO3KEYOK U JIPYTHUE CTPYKTYPHI.

Detailed computer modeling of the electric field in the brain

Aliev R.R."2* Ashikhmin A.V.2

1. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia.;
2. MIPT, Dolgoprudny, Russia.;

* rubaliev@gmail.com

We have created a computer model that takes into account maps of conductivity
in eleven media to simulate transcranial stimulation with a weak current (tDCS). The
electric field and current distribution in the brain is calculated using an anatomically
detailed three-dimensional model of the human sculp and brain. The influence of
location and orientation of electrodes on the magnitude of the electric field in the
cortex and in deep structures of the brain is calculated. It was found that the typical
electrodes placement for tDCS is stable, i.e. lead to insignificant variations in the
field when the size and position of the electrode vary. The variations in the
distribution of the electric field caused by the change in the parameters of
homogeneity and isotropy specified in the model of the head are significant. The
model allows one to evaluate the optimal location of the stimulating electrodes to
ensure effective action on the hippocampus, cerebellum, and other structures.

49. Moagenb rno6anbHON UHTErpauum n cerperaumm nHopmauuv B
Mo3re: Krno4yeBas pofib CeNnTo-rmnnoKkarbHON CUCTEMbI

KprokoB (urymen ®@eodan) B.1.1*

1. Ceamo-/]anunoe MoHacmulps;
* kryukov@msdm.ru

AKTHUBHOCTb ~ MO3ra,  pPErucTpupyeMas  COBPEMEHHBIMH  CpPEICTBAMH
HEWpOBU3YyaIIM3alMH, IPEACTABISAET COOOM CIOXKHBIN, IMHAMUYECKUN MATTEPH KBa3H-
CUHXPOHHBIX  KoneOaHuil. OTu  KoieOaHUs  HM3y4yalOTCS C  MOMOIIBIO

KPOCCKOPPEJISIHUOHHBIX OLICHOK B3aUMOIEHUCTBUS AKTUBHOCTH, JAIOIIMX OLECHKY
MPEANOaraeMbIX CTPYKTYPHBIX U (PYHKIMOHAJIBHBIX CBSI3€H («(KOHHEKTOMMKAY).
3apyOekHasi HayKa MpujaraeT OTPOMHBIC YCWIIMS M CPEACTBa ISl paciiu(ppoBKU
CKPBITOTO MEXaHW3Ma »JSTUX B3aUMOJCWUCTBUM B HAAEKIEC MOHATH NPUPOIY
HEUPONICUXUATPUYECKUX  3a00JieBaHUW W MOJNYYUTh OOBEKTUBHYIO  OIEHKY
KOTHUTUBHBIX M TBOPUYECKUX CIOCOOHOCTEeM uyenoBeka. OJHAKO XapakTep
MEXOOJIACTHBIX CBSI3€H 10 JAHHBIM HEHPOBU3YaAIU3AI[MU YPE3BBIUAMHO CIOXKEH, U €r0
WHTEpHpeTalnsi HEBO3MO)KHA 0€3 MareMaTH4YeCKUX MOJeNeld dIIeKTPUUECKOU
AKTUBHOCTM B HEHWPOHHBIX CETAX. B JOKnaze mnpencraBieHa NONBITKA TOHATH
MOCJIETHAE JIaHHBIE B 3TOM 00JacTH C MOMOIIBI0 paHee OMyOJTUKOBAHHOW MOENH
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«Heiiponokarop», cierka MoaudUIUPOBAHHOW C y4€TOM HOBBIX JaHHBIX. Monenb
OCHOBaHA Ha TpeX MPHUHIMNAX, Pa3pabOTaHHBIX B OTCUECTBEHHOW HAayKe: MPUHITUI
noMUHAHTHl  (YxToMckui, 1923), mnpuHUMN TUONOKAMIIAJIBHOTO KOMMaparopa
(Vinogradova, 2001) u mpunuun ¢azoBsix nepexonoB (Kryukov et al, 1990). B
YaCTHOCTH, MOJIEIb MPEJJIaracT pelIeHue YeThIpex MpoosieM, chopMyTupOBaHHBIX
pPa3IMYHBIMU aBTOpPaMHU, CIICIIMAICTAMU B 3TOM 00J1aCTHU:

1) «MexaHnu3M HMHTErpaly W cerperamuu HepocrarouHo scen» (Deco et al,
2015; 2018).

2) PacxogumocTh GyHKIIMOHAIBHBIX M CTPYKTYPHBIX CBsI3€H , KaK pacXOIUMOCTb
CTPYKTYpbl U (PYHKIIMH MPEACTABISIET «BOMUIOIMN TTapalokCc U TpedyeT pa3padoTKu
TEOPETUUECKUX MOjIeTiel HEeHpOHHO 00padoTKM B KOrHUTHUBHOUM Hayke» (Park and
Friston, 2013).

3) «KakoBa pombp um Helpodusmomoruueckoe MpouCcXoxacHue [106aIbHOTO
Curnana B r100ambHOM MPT-korepeHTHOCTH 51 B KOTHUTUBHOU
nestenbHOCTH?»(Cabral et al, 2017).

4) «Kakas oOmacte Mo3ra Haubonee BaxkHas M (PyHKIUOHAJIHLHOU
koHHeKTOMUKHU?» (Deco et al, 2016; Vatansever et al, 2015; Geib et al, 2017; Misic et
al, 2014; Cole et al, 2013).

The model of global segregation and integration of information in brain:
key role of septo-hippocampal system

Kryukov (Hegumen Theophan) V.I.'*

1. Ceamo-/{anunos monacmolpb,
* kryukov@msdm.ru

Brain activity registered by contemporary neuroimaging techniques exhibits
complex dynamic pattern of stochastic quasi-synchronous oscillations. These
oscillations are studied by means of cross correlational measures of interactions
between activity, derived from macro- and microelectrodes, which supposedly
estimate structural and functional connections (“connectomics”). Tremendous effects
are being made to decipher the hidden mechanisms of these interactions in hope to
understand the nature of psychiatric disorder as well as the perspective of estimation
of human cognitive and innovative abilities. However, the connectivity patterns
observed through the neuroimaging are highly complex, interdependent and
nonstationary and therefore to unveil their mechanism is impossible without
computational models of neuronal activity in neural networks. The report is an
attempt to understand the latest data in this field by means of early published model
“Neorolocator”, slightly modified by recent experimental facts. The model is based
on three following principles elaborated in domestic science: principle of dominanta
(Ukhtomsky, 1923), principle of hippocampal comparator (Vinigradova, 2001) and
principle of phase transitions (Kryukov et al, 1990). In particular, the model proposes
the solution to the four major questions that have been formulated by various authors,
specialists in this field:
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1) “The mechanisms of integration and segregation are not fully understood”
(Deco et al, 2015; 2018).

2) Divergence of functional and structural connections as divergence of function
and structure “is challenging paradox that require theoretical models of neuronal
processing in cognition” (Park and Friston, 2013).

3) “What is neurophysiological origin and role of Global Signal in global BOLD
coherence and cognitive processing?” (Cabral et al, 2017).

4) “What is the most relevant brain region for functional connectivity?” (Deco et
al, 2016; Vatansever et al, 2015; Geib et al, 2017).

50. Ponb konnatepanen Waddepa B «<npnBaske» paspaaoB pasfivHbIX
rmnnokamMnanbHbIX HEMPOHOB K onpeaeneHHoun hase TeTa-BOSHbI.
BblYMCNUTENbHasA Moaenb

Mpeicun U.E.'*, Knuuruna B.®.!, Kazanosuu S1.B.2

1. Mucmumym meopemuueckou u sxcnepumenmanvrou ouogusuxu PAH, [1Iywutno,
Poccus;

2. Unemumym mamemamuyeckux npoonem ouonocuu PAH ¢unuan Hnemumyma

npukaaonou mamemamuxu um. M.B. Kenoviwa PAH, Ilywuno, Poccus;
* imysin@mail.ru

Tera-puT™M — 3TO BBICOKOAMIUIMTYIHBIC KOJIEOAHHs TMOJEBOTO TMOTEHIMANA C
yactotoil 8-12 I'u, HauOosiee BhIpaXEHHBbIE B rUnnokamie. Bo3HUKHOBeHHE TeTa-
pUTMa B THIIOKAMIIE CUJIBHO KOPPEIHMPYET C MpOlLiecCaMu IMPOCTPAHCTBEHHOM,
AMU30IUYECKON NaMATH, TP OOHAPYKEHUU HOBU3HBI M CcTaauu ObICTporo cHa. Hama
paboTa mMOCBSIIEHa MOCTPOCHUI0 MOJENM TeHepauuu TeTa-putMa B none CAl
runnokamna. Ha cerogHsimHuil JeHb B JIMTEpaType CIOKWIOCH MHEHHUE, 4YTO
MeauanbHas centaibHas obnacts (MCO) BeimonHSET (YHKIUIO MEcMeKepa TeTa-
putma. beuta BbickazaHa runore3a, uyto [ AMKepruueckue Heriponst MCO
PUTMHUYECKH TOPMO3SAT B NpPOTHBO(a3e mNapBajbOyMHH-COJEPIKAIINE KOP3UHYAThIE
HelipoHbl 1 OLM HMHTEpHEHPOHBI THUIMMOKAMIIA, YTO MPUBOJUT K PUTMHUYECKOMY
pacTOPMaXMBAaHUIO TEJ W AlNUKAIBHOIO JEHAPUTA MUPAMHUIHBIX HEHPOHOB Ha
MIPOTUBOMOJIOKHBIX (pa3zax Tera-puTMa. B Hamedt pabore Mbl OOHAPYXKWIH, YTO
JaHHAsi CXeMa He MO3BOJIIET OOBACHUTH (pa30BbI€ OTHOILICHUS MEXIY paspsiaaMu
WHTEPHENUPOHOB U TETAa-PUTMOM, HAOIIOAAaEMbI€ B IKCIEPUMEHTAX 1N VIiVO, B KOTOPBIX
MOKa3aHO, YTO KOpP3WHAThle HEHPOHBI pa3psKaloTcsd Ha HHUCXoAslen ¢dase Ttera-
pUTMa, T.€. B MOMEHT JACNOIApHU3aLUN TEJI NUPAMUAHBIX KIETOK (IKCTPAKIETOUHBIN U
BHYTPHUKJIETOYHBIA MOTEHIIMAJ CIEAYIOT B IPOTUBO(A3e IPYr OTHOCUTENBHO JPyTra).
B nameit Mmogenu Mbl NpeAnonoxkuian, uro Teta-putM B CAl MoxkeT coznaBaThCs
putMuyeckuM BxooM u3 moisi CA3, 3To MO3BOJISET OYEHb MPOCTO OOBSICHUTH
JTUHAMUKY DPa3psiioB KOP3WHYATHIX HEMPOHOB, MOCKONbKY koiarepanu lladdepa
BO30YXKJAlOT, U KOp3MHYAThIE HEHPOHBI M Tejia MUPAMUIHBIX KIETOK, CO37aBas
HUCXOAAIYI0 (pa3y TeTa-putMma. JlaHHOE NPEANONOKEHHE HE MPOTUBOPEUUT TOUKE
3penus o ToM, uTo MCO sBisieTcsi meiicMekepoM TeTa-putMa, nockoibky CA3 Takke
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nosryyaet putMmuueckuid curaain ot MCO, kotopeiii nepenaercs B CAl.

A role of the Schaffer collatrals in phase coupling of the hippocampal
neurons to the theta wave. Computional study

Mysin LE.'*, Kitchigina V.F.!, Kazanovich Ya.B.2

1. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia,
2. Institute of Mathematical Problems of Biology, The Branch of Keldysh Institute of
Applied Mathematics RAS, Pushchino, Russia;

* 1mysin@mail.ru

The hippocampal theta rhythm (4-12 Hz) is one of the most important
electrophysiological processes in the hippocampus, it participates in cognitive
functions of the hippocampus, such as navigation in space, novelty detection, and
declarative memory. We use neural network modeling to study the mechanism of
theta thythm emergence in the CA1 microcircuitry. Our model of the CA1l field
includes biophysical representation of major cell types related to the theta rhythm
emergence: excitatory pyramidal cells and two types of inhibitory interneurons, PV+
basket cells and oriens lacunosum-moleculare (OLM) cells. The main inputs to the
CA1 network come from the entorhinal cortex via perforant pathway, the CA3 field
via Schaffer collaterals, and the medial septum via fimbria-fornix. By computer
simulations we investigated the influence of each input, intrinsic parameters of
neurons, and connections between neurons on phase coupling between the theta
rhythm and the firing of pyramidal, PV+ basket and OLM cells in the CA1. We found
that the input from the CA3 field via Schaffer collaterals plays a major role in the
formation of phase relations that have been observed in experiments in vivo. The
direct input from the medial septum participates in the formation of proper phase
relations, but it is not crucial for the production of the theta rhythm in CA1l neural
populations.

51. CMHXpOHMSaLWIﬂ N KOrHUTUBHbLIE q.)yHKLIMM Moa3ra - 4To MOryT
npeaAnoXnTb MmatTeMmaTnyeckume moaenu?

Kazanosuu f.b.'*, bopucrok P.M.!2
1. Mncmumym mamemamuuecxux npoonem ouonocuu PAH, Ilywuro, Poccus;

2. Yuusepcumem 2. Ilnumym, I[lnumym, Berukoopumanusi,
* kazanovichyakov@gmail.com

Hannune puUTMUYECKMX KOMIIOHEHT B JJIEKTPUUYECKOM AKTUBHOCTH MO3ra
XOpOIIO  M3BECTHO CO  BpeMeH  u300peTeHusi  ayeKTposHuedanorpadum.
HccnenoBarensiMu HaKOIJIEH OOJIBIION SKCIIEPUMEHTATIBHBIN MaTepua, yoeauTeaIbHO
MOKA3bIBAIOIINMA, YTO TUI KOJICOAHUI M TOMUHUPYIOIIAsl B HUX YACTOTa KOPPEIUPYIOT
KaK C TUIOM BHEIIHEW CTUMYJSIIUU, TaK U C BHYTPEHHUM IICUXOJOTUYECKUM
COCTOSSHUEM OpraHW3Ma. YCTOWYMBBIE MPOCTPAHCTBEHHO-BPEMEHHBIE ITaTTEPHBI
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AKTUBHOCTU ObUTM OOHAPYKEHBI B PA3IMYHBIX OOJACTAX MO3ra B IKCIEPUMEHTAX in
VIVO U in Vitro Ha ypOBHE OJMHOYHBIX HEHPOHOB, HEUPOHHBIX AaHCAMOJICH U CTPYKTYP
(obmacreii) Mosra. MMmeromuecs: AaHHbIE O XapaKTepe HEWPOHHOW AaKTUBHOCTH M
IIPUHLANAX HEUPOHHBIX B3aMMOJICWCTBUN II0KA YTO HE NPUBEIM K IMOHUMAaHUIO
MEXaHU3MOB 00pabOTKM HMHPOpMAUUMU B MO3re, TaKUX Kak KOJUPOBaHHUE,
3allOMMHAHNE, BCIOMUHAHUE, pacliO3HaBaHUE, MPUHATHE PEUICHHUH, MBIIIJICHHE | T.1I.
OcTaroTcsi HESCHBIMM M MEXaHU3Mbl (YHKIIMOHUPOBAHUS BHHUMAaHUs, pa3lelieHUs
Oecco3HaTeNbHBIX U 0CO3HABAEMBIX MICUXUUYECKHUX MPOIIECCOB, BIUSHUS dMOIHi. be3s
TEOPETUYECKOTO OCMBICICHHUSI 3TUX PE3YJbTaTOB HEBO3MOXKHO II€JICHANIPABICHHOE
nanpHeiiee uccienoanue. B Jlaboparopuu Heiiponnbix cereri UMIIb PAH Obin
pazpaboran Ha0Op MoOje/iel KOTHUTHUBHBIX (PYHKIIMI MO3ra, OCHOBaHHBIX Ha
CUHXPOHU3AIUKA KOJIEOATEIbHOW AaKTHBHOCTH, PE30HAHCE M aJalTalli YacTOTHI.
OtoT Ha0Op BKIIOYAET CIEAYIOIIKWE MOJENN: MOJENIb BHUMAHUS, MOJEIb JIETEKIUU
HOBU3HBI, MOJIEITb MOCIIEA0BATEIHLHOTO BEIOOpa OOBEKTOB HA M300paKEHUHU, MOMIEITH
BBIJICJICHUS] OTACIbHBIX OOBEKTOB HA M300paKEHWM, MOJETIh 3PUTEIHHOTO TOUCKA,
MOJIENIb OAHOBPEMEHHOTO CJIEKEHHUSI 32 HECKOJbKUMU OOBEKTaMU. DTH MOAETH
UMEIOT OOIIMe NPUHIUIB (YHKIHOHUPOBAHUS OCHOBAaHHBIE HA HCIIOJIB30BAHUU
ceTtell (a3zoBbIX OCHWLISATOPOB C UEHTpPaJIbHBIM 3JeMEHTOM. B nokiane OyayT
MIPECTaBICHbI OCHOBHBIC PE3YIBTAThl MOJIEIIMPOBAHUS.
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NMaTonornsa runnokamna v cBA3aHHbIX C HUM CTPYKTYp
Pathology of the hippocampus and related structures

52. BnusitHue meamn Ha XXMU3HECNOCOOHOCTb U (pYHKUMOHalNbHbIE
CBOMCTBA HEMPOHOB runnokamna in vitro.

Kankaea M.P.'*, IToroBa O.B.!, Konaparenko P.B.!, Poro3un I1./1.!, I'enpuxc E.E.1,
Crenpmamyk E.B.!, Ckpebunkmii B.I'.!, Xacnekos JI.I'.!, Ncaes H.K.!

1. Hayunwiu yenmp nesponoeuu, Mocksa, Poccus,

* MapmHa KankaeBa mareengal@yandex.ru

Menp (Cu2+) — He3aMEHHMBIM MHUKPO3JIEMEHT, MPUCYTCTBYIOUIMNA B MO3Te
MJIEKOIUTAIOMIMX U BBICBOOOXKIAEMBI M3 CHHANTHUYECKHUX ITy3bIPbKOB B pE3yJbTare
HEWpoHaIbHOU nenoisipuzaiuu. B 1o ke Bpems HapyumieHue Cu2-+-romeocrtasa
COIPOBOXKJIAETCS HEHMPOTOKCHYHOCTHIO. B Hamield pabore Mbl BIEpBbIE MPOBEIU
KOMILUTIEKCHOE MOP(POPYHKIMOHAIBHOE HCCIEOBAHUE LHUTOTOKCUYECKOTO ACHCTBUS
Cu2+ Ha KyJIbTUBHPOBAHHbIE HEMPOHBI TMIIIIOKaMIIa SMOPUOHOB MbILIEH, BIMSHUS
Cu2+ Ha CHOHTAaHHYK  CIAWKOBYIHO  AKTHMBHOCTh  HEHPOHAIBHOM  CETH,
chopMUpOBAaHHONW HEHPOHAMHU THUIINOKaMIIa Ha MYJIBTUIJIEKTPOAHOM MaTpulle, U
pa3BUTHS JJIUTENbHOM mnoctrerannueckord norteHnuanuu (JIITII) B cpesax
runmnokamna kpoeic B npucytctBun Cu+. Bozneiicteue CuCl2 (0,2 MM) B TeueHue
24 yac CHWXKAJ0 BBDKMBAEMOCTh KYJbTUBUPOBAHHBIX HEHPOHOB MO CPABHEHUIO C
koHTposieM j10 40+6%, torma kak 0,01 MM CuCl2 u3MmeHss1 ee HE3HAUYUTEIBHO.
Opnako B mocinemneit koHueHTpanmuu CuCl2 BbI3bIBaT TOPMOXKEHHE CETEBOU
CIIAKOBOM AaKTUBHOCTM W IpersaTcTBoBail Bo3HUKHOBeHHIO JIIITII B cpe3ax
TMIIIOKaMIIa, WHAYLHPYEMOM BBICOKOYACTOTHOW CTUMYJBIIUEN KOJIaTepayieu
[Madpdepa mnupamumaeix HelipoHoB monst CA3.  Antumokcumant Tposutoke,
BOJIOPACTBOPUMBI aHaNOr BUTaMHHA E, mpenoTBpalai HEWpOTOKCUYECKH 3PPexT
M U3MEHEHHS CETEBOM AaKTMBHOCTH TMOA BiusHUEeM Cu2+, HO HE MPENSITCTBOBAJ
topmoxennto [IITII B cpe3ax runmokamma, NOABEPrHYTHIX aAeucTBuio Cu2+.
[lonmy4yeHHbIE JAHHBIE TO3BOJSIOT MPEANOJIOKUTh, YTO CIOHTAaHHAsI CETEBasd
HEWpOHAJIbHAs AaKTUBHOCTb SIBISIETCA OJHOW W3 MOTEHUHAIbHBIX MUILIECHEH
Tokcuueckoro nerctus Cu2+, B KOTOpoe BOBJIEUEHBI CBOOOIHBIE paIuKalibl. B ToO ke
BpEMsI, BEPOSITHO, 4TO HHAyuupyemble Cu2+ HM3MEHEHHS JIUTEIbHBIX CIEIOBBIX
npoueccoB (takux kak JIITII) He omocpenyroTcsi BIUSHUEM OKHUCIUTEIBHOIO
cTpecca.

PaGora BeimonHeHa nipu nojiepxke Poccuiickoro HaydHOTo (poH/IA, TPOESKTHI No
16-15-10108 (skcnepuMeHTHl Ha KyJlbTypax KJIETOK rummnokammna) u 16-15-00235
(3KCIEpUMEHTHI Ha Cpe3ax TMIIOKaMIIa).
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Effects of copper on viability and functional properties of hippocampal
neurons in vitro.

Kapkaeva M.R."*, Popova O.V.!, Kondratenko R.V.!, Rogozin P.D.!, Genrikhs E.E.!,
Stelmashook E.V.!, Skrebitsky V."G.!, Khaspekov L.G.!, Isaev N.K.!

1. Research Center of Neurology, Moscow, Russia;
* MapmHa KankaerBa mareengal@yandex.ru

Copper (Cu2+) is an essential metal presented in the mammalian brain and
released from synaptic vesicles following neuronal depolarization. However, the
disturbance of Cu2+ homeostasis results in neurotoxicity. In our study we performed
for the first time a combined functional investigation of cultured mouse embryonal
hippocampal neurons under Cu2+ exposure, its effect on spontaneous spike activity
of hippocampal neuronal network cultured on multielectrode array (MEA), and
development of long-term potentiation (LTP) in acute rat hippocampal slices in the
presence of Cu2+. Application of 0.2 mM CuCl2 for 24 h reduced viability of
cultured neurons to 40+6%, whereas 0.01 mM CuCl2 did not influence significantly
on the neuronal survival. However, exposure to 0.01 mM CuCl2 resulted in
pronounced reduction of network spike activity and abolished LTP induced by high-
frequency stimulation of Schaffer's collaterals in CAl pyramidal neurons of
hippocampal slices. Antioxidant Trolox, the hydrosoluble vitamin E analogue,
prevented neurotoxic effect and alterations of network activity under Cu2+ exposure,
but didn't change the impairment of LTP in Cu2+-exposed hippocampal slices. We
hypothesized that spontaneous network neuronal activity probably is one of the
potential targets of Cu2-+-induced neurotoxicity, in which free radicals can be
involved. At the same time, it may be suggested that Cu2+-induced alterations of
long-lasting trace processes (like LTP) are not mediated by oxidative damage.

This work was done with financial support from the Russian Science Foundation
projects No. 16-15-10108 (experiments performed on cultured hippocampal neurons)
and No. 16-15-00235 (experiments performed on hippocampal slices).

53. BnusaHue HeoHaTanbLHOro NpoBoCNanuTesibHOro cTpecca Ha
3KCNpeccuro reHoB, acCOLMMPOBaHHbLIX CO CTPECCOBbLIM OTBETOM, B
HeOKOpPTeKCe U rmnnoKkammne Kpbic

Bonobyesa M.H.'*, Ksuuanckuit A.A.!, Manonosa A.O.!, bonbmakos A.IL.!, I'ynsieBa
H.B.!

1. UBH/[ u H® PAH, 2. Mockea, Poccus;
* Volobuevamaria@yandex.ru

PanHuii moCTHAaTanbHBINA CTpPECC SABISETCS OJHUM M3 KIIIOYEBBIX (HAaKTOPOB
BO3HUKHOBEHUS JIEIPECCUU BO B3POCIOM BO3pacTe.

N3BeCTHO, YTO OH NPUBOAUT K JIOJITOBPEMEHHBIM MU3MEHECHUSIM B CUTHAJIbHBIX
CHUCTEMaX, YJacCTBYIOIIHUX B (JOPMUPOBAHUM OTBETA Ha cTpecc. Jlo cux mop HesCHO,
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KaKHe MOJIEKYJIAPHO-KJIETOUHbIE MEXAHU3MBI JIEJKAT B UX OCHOBE.

MpbI uccnenoBaiy OTCPOYEHHOE BIMSAHUE HEOHATAJIBHOIO MPOBOCHAIUTEIHHOIO
ctpecca (HIIC) B pa3auyHbIX YacTsIX HEOKOPTEKCAa W TUIMOKaMIla CaMIlOB U CaMOK
KPBIC Ha 3KCIIPECCUIO T€HOB, BOBJICUCHHBIX B pa3BuTHe HelipoBocnanenus (IL-1b, IL-
6, TNF-a, AIF1 (Iba-1), Salll, ¢dpakrankuna(CX3CL1) u ero peuentopa (CX3CR1)).
[TomuMo 3TOrO0 B pabore ObUIM PACCMOTPEHBI M3MEHEHUSI B DKCIPECCUU TEHOB,
BOBJICYCHHBIX B (OpMUpOBaHHME OTBEeTa Ha CTpecC (KOPTUKOTPOMUH-PUIUZUHT
ropmoH (CRH) wu ero penenrop (CRHRI,CRHR2)) wu BoBiedeHHBIX B
(bYHKIIMOHUPOBAHUE TUIOoTaIaMO-TUnopu3apHO-HAATOYEYHUKOBOM ocHu
(rmroxokoptukouaHbli (GR) u munepanoxopruxkouausii (MR) peuentopsr). Mol
obnapyxwunu, uro HIIC He BbI3bIBaeT M3MeHeHHMH B skcnpeccuu reHoB IL1b, IL6,
TNFa, Iba-1 u Salll B uccnemoBannbix cTpykrypax. Omnako HIIC nmpuBomut x
YBEJIMYCHHUIO DJKCIPECCHH TEHOB (paKTAIKHWHA, €Tr0 perenTtopa B BEHTPAIbLHOM
runmnokamne y camioB, HO He y camok. HIIC Ttakke npuBOOUT K HM3MEHEHUSIM
skcripeccuu reHoB GR, accolMupoBaHHBIX C CUCTEMHBIM CTPECCOBBIM OTBETOM B
JIOpCcaJbHOM M BEHTPaAJIbHOM THIIOKaMIax camIloB U caMOK Kpwic. Mcxonst u3 Toro,
YTO U3MEHEHHUS B OCHOBHOM 3aTParMBarOT TMIINOKAMII, MOKHO MPEANOI0XKUTh, O €r0
BEIyIIEH PO B MATOJOIMYECKUX U3MEHEHMIX, MHAynnpoBaHnHbix HIIC.

Effect of neonatal proinflammatory stress on expression of genes
associated with stress response in neocortex and hippocampus of rats

Volobueva M.N."*, Kvichansky A.A.!, Manolova A.O.!, Bolshakov A.P.!, Gulyaeva
N.V.!

1. Institute of Higher Nervous Activity and Neurophysiology of RAS,Moscow, Russia,;
* Volobuevamaria@yandex.ru

Early postnatal stress is a key factor in the onset of depression in adulthood.

It is known that it leads to long-term changes in the signaling systems involved
in the formation of a stress response. It is still unclear what molecular and cellular
mechanisms underlie them.

54. 'mnnokamMn Kak HenporymoparbHbIA UHTEerpaTop

TomuennukoBa B.B.!2* Huxonbckas K.A.!2
1. M ockoeckuii I ocyoapcmeennwiil Yuugsepcumem um. Jlomonocosa, buonocuyeckuti
gaxynemem, Mockea, Poccus;

2. Buonoauueckuit paxynomem MI'Y, Mockea, Poccus;
* dulsin@mail.ru

B mocneanee Bpemsi pe3ko BO3POCIO BHUMAaHUE MCCIENOBaTeNe K mpoodiieMe
y4acTHsi TUNIOKaMIia B HEUPOIHAOKPUHHOMN perymsiuu. OpHako, B OOJBIIWHCTBE
paboT paccMarpuBaeTCs BIUSHUE TUIINOKAMIIA HA TMPOSBICHUU AKTUBHOCTH
€IMHUYHBIX TOPMOHOB BHE CBSI3U C JPYTUMHU MeTabonndeckumu dakropamu. B cBs3u
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C OTUM, [eJIb HAaCTOAIIEr0 MCCIENOBaHUS COCTOSUIAa B M3y4YEHMM OTBETA
MYJIBTUTOPMOHAJIBHOTO aHCcaMmOJsl - TpelivH, JIENTUH, HeilponenTtun Y, TUPOKCHH,
TPUUOATUPOHHUH, KOPTUKOCTEPOH, TECTOCTEPOH — HAa META0OJIMYECKUA H
KOTHUTUBHBIN (pakTopel y Mbimeil rudpuaos F1 (C5S7BL\6xDBA\2) B HopMe U nipu
MOBPEXJICHUU JOPCATBHOTO TUIIIIOKAMIIA.

Omnepainust Tpor3BOAUIACE METOAOM AJIEKTPOJIMTHUECKOTO pa3pylIieHus, 3a00p
KPOBU Ha aHaJIM3 COAEpP>KaHUS TOPMOHOB OCYILUECTBISJICS B TpeX (YyHKIMOHAIbHBIX
COCTOSIHUAX: 1)CBITOCTB, 2) rosion u 3) oOydeHue.

[IpoBeneHHbIE MCCIENOBAHNS TIOKA3aJIM, YTO ONEpalus MPUBENa K U3MEHEHHUIO
0a30BOr0 YpOBHSI COZEpKAHHUS TOPMOHOB B CBHIBOPOTKE KPOBH JJIsi OOJIBLIMHCTBA
UCCIIEyEMbIX TOPMOHOB, a TAK)KE CEPhE3HO MOBJIUSIA HA XapaKTep OTBETa FTOPMOHOB
B pSAy CBITOCTBH-TOJIOA-IIMIIEBAs MOTUBaLKA. VICHOIb30BaHNE KIIACTEPHOIO aHAIM3a
MOKa3aja0, 4YTO €CIM B KOHTPOJIE HCCIEeTyeMbI MYJIbTUTOPMOHAIbHBINA aHCaMOJIb
XapaKTEepPU30BaJICS YCTOMYMBBIMU CBSA3SIMH, HE3aBUCUMO OT (PyHKIMOHAIBLHOTO
COCTOSIHHSA, TO NPH MOBPEXKICHUU THUMIOKamMIa, CTENEHb OPraHW30BaHHOCTHU
aHcaMOJid MOJ BIMSHUEM KOTHMTHBHOro (aktopa pesko ocnadmsiack. [Ipu 3Tom
orepauus NPUHUUIIMAIBHO U3MEHSJIA XapaKTep KOPPESILIMU UCCIIEyEMbIX TOPMOHOB
C YCJIOBHOpPE(DIEKTOPHBIMU XapaKTEPUCTUKAaMU TOBEACHMS, B TO BpeMs Kak
KOPPEJSILIUOHHBIA PUCYHOK TOPMOHOB C ICHUXO3MOLMOHANIBHBIMU IOKA3aTeasiMU U
UCXOJIHbIMU Xapakrepuctukamu BH/I octaBasicst npuHIMIIUAIBHO CXOHBIM.

Ha ocHOBe NpoOBElEHHBIX MCCIENOBAaHUS BBICKA3BIBACTCS IPEICTaBICHUE 00
y4acTUM  TUNIOKaMIlia B  HEMpOrymMOpaJlbHOM  MHTErpauMM B IpOLEcce
YCIIOBHOPE(IEKTOPHOM  JEATEIbHOCTH,  HAlpaBICHHOM  Ha  oOecrieyeHue
ONTUMANIbHBIX ycioBui (ynkumronupoBanusi [JHC B mpomecce mo3HaBarenbHON
NEATENBHOCTH.

Hippocampus as a neuroendocrine integrator

Tolchennikova V.V.!:2* Nikolskaya K.A.!?
1. Lomonosov Moscow State University, Moscow, Russia;

2. Faculty of Biology, Lomonosov Moscow State University, Moscow, Russia;
* dulsin@mail.ru

Recently, the attention of researchers to the participation of hippocampal in
neuroendocrine regulation has sharply increased. However, most of this studies
consider the influence of the hippocampus on the manifestation of the activity of
individual hormones outside of the connection with other metabolic factors. In this
regard, the purpose of this investigation was to study the response of a multi-hormone
ensemble, which includes hormones of different nature and different mechanism of
action: ghrelin, leptin, neuropeptide Y, thyroxine, triiodothyronine, corticosterone,
testosterone for metabolic and cognitive factors in F1(C57B\6xDBA\2) mice in intact
state and in case of lesion of the dorsal hippocampus.

The surgery was performed by electro coagulation, blood sampling for analysis
of hormones content was carried out in three functional states: 1) satiety, 2) food
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deprivation for 24 hours and 3) in information load, the mice were presented with the
task of solving a food-procuring problem in a multiple-choice maze.

The studies showed that surgery changed the baseline level of majority of
hormones, and also seriously affected the nature of the hormone response in the
satiety-hunger-food motivation series. Cluster analysis showed that in intact state the
multiorormal ensemble was characterized by stable connections in all states, the
lesion of hippocampus reduced the organization of the ensemble during the
information load. At the same time, surgery dramatically changed the correlation of
the hormones with the characteristics of conditioned behavior, while the correlation
pattern of hormones with emotional and physiological characteristics were similar.

Based on this data we suppose, that hippocampus involved in neuroendocrine
integration during the conditioned reflex for providing an optimal energy conditions
for cognitive activity.

55. l'MnnokamMmn KaKk CUCTEMHbIN 3HepPru3aTop MOTUBaALMOHHOIO
COCTOSIHUA

Huxonbckasg K. A.'*, Tormuenaukosa B.B.!
1. Mockosckuii ecocyoapcmeentulil yHusepcumem um. M.B.Jlomonocosa, Mocksa,

Poccus;
* nikolskaya.kira@yandex.ru

HakornneHHble K HAcTOSIIEMY BpeMEHH (DaKThl, MOJYYEHHBIE B SKCIEPUMEHTAX
o ynanenuto HPC B paznuuHbIX CUTyanMsax, YKa3bIBalOT Ha TO, YTO €r0 y4acTHE B
npolieccax 00y4eHHH U MPOIeccax NamMsTH HE CTOJIb OYEBUIHO.

Hcrnonp30BaHue CIOKHOM TOBEACHUYECKOM MOZEIX IMOKA3aJI0, YTO YAAIECHUE
nopcanbHoro HPC kak y kpeic Bucrap, tak u mbimeit F1 (C57BL/6XDBA/2) ne
BJIMSJIO HU HA CHOCOOHOCTh K (uKcanuu WHPOpMAllMU, HA HAa COXpAaHEHUE paHee
c(hOpMHPOBAHHOTO MAMSTHOTO CJI€/Ia, HU HA MMPOCTPAHCTBEHHYIO OPUEHTAIINIO, HU Ha
KOTHUTHBHBIE BO3MOXXHOCTH KUBOTHBIX — (DOPMHUPOBATh CJIOKHBIC IICTTHBIC
pedrekchl, oCcylecTBIATh nepeaenku, nuddepeHupoBku u yramenue. Haubonee
3HAYMMBIE HW3MEHEHHS ObUM  OOYCIIOBJIEHBI TEPECTpOMKaMH B  PHUCYHKE
BO30YIUTEITLHO-TOPMO3HBIX ~ TPOIIECCOB,  XapakTep  KOTOPBHIX  3aBUCET  OT
WHIUBUIYAJBHBIX OCOOCHHOCTEH ATHX MPOLECCOB. DTH M3MEHEHMS CKa3aluCh Ha
MOTHUBAIIMOHHOM AKTUBHOCTH, CIIPOBOLIMPOBAIHN IICUXO3MOLIMOHAIBHY IO
VIUIOIIEHHOCTh W TPHUBEIU K YCUJICHUIO HHEPIIMOHHBIX CBOMCTB IO3HABATEIHHOMN
NEeSATENbHOCTH, 00YCIOBUB CEpbE3HbIE TPYAHOCTH MPU BOCHPOU3BEACHUH MAMSITHOTO
ciena. OneprpoBaHHBIM KUBOTHBIM TpeOOBaIUCH JOTIOJTHUTEJIbHbBIC
«MOTUBALIMOHHO-PHEPI€TUUECKUE)» YCWIIMS, YTOObl MaMSTHBIA CJel HE TOJIbKO
U3BJICKAJICA, HO W YACPKUBAICS JUIMTEIBHOE BpEMsI B OIEPAaTUBHOM pEKUME.
Hecnoco6Hocts HPC-XMBOTHBIX CBOEBPEMEHHO MPEPHIBATH TEKYIEEe BO30YKIEHUE
U TIEPEXOJUTH Ha O0Jiee BBICOKHI B KOTHUTUBHOM M «9HEPIeTUYECKOM) OTHOIIICHUU
YPOBEHb (PYHKIIMOHUPOBAHUS, CBUACTEIHCTBOBAIM O CHIDKEHUU (DYyHKIIMOHAIHHOM
JTa0UIBHOCTH 04YaroB BO30YXKICHMUS, 00€eCcneunBarOIINX peanu3anuio
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IIO3HABATEJILHOTO IPOLIECCa.

BrickaspiBaeTcs npeacrasienue, yto HPC BKIIIOYEH B CUCTEMY, OTBETCTBEHHYIO
3a OMEpaTHBHYIO OpPraHU3alMI0 JIOMUHAHTHl U YCJIOBHUA €€ (YHKIIMOHHPOBAHUS,
ompeaess YpOBEHb BHUMaHUs. YCuieHne nHepuoHHbIX cBocTB [IHC npossurcs B
CHW)KEHUM CKOPOCTH M3BJI€UEHUs 3a(DUKCUPOBAHHOIO COOBITHS M3 JIOJITOBPEMEHHOU
MIaMsITH, YTO MHOTUMH HCCJIEAOBATEISIMU B CIy4ae OLEHKHU MAMATH IO KOJIUYECTBY
3aTpavyeHHbIX MPOO MOXKET BOCIIPUHUMATHCS KaK €€ CEepbe3HOE YXYILIECHUE.

Hippocampus is a system power energizer of motivation state

Nikolskaya K.A."*, Tolchennikova V.V.!

1. Moscow State University, Moscow, Russia;
* nikolskaya.kira@yandex.ru

The facts accumulated to date, obtained in experiments on the removal of LDCs
in various situations, indicate that its participation in learning processes and memory
processes is not so obvious.

The use of a complex behavioral model showed that removal of dorsal HPC in
both Wistar rats and F1 mice (C57BL / 6 x DBA / 2) did not affect either the ability
to fix information, nor to preserve a previously formed memorable trace, nor to
spatial orientation, nor on cognitive possibilities of animals — to form complex chain
reflexes, to carry out alterations, differentiation and extinction. The most significant
changes were due to changes in the pattern of excitatory-inhibitory relations, the
nature of which depended on the individual characteristics of these processes. These
changes affected motivational activity, provoked psycho-emotional flatness and led to
an increase in the inertial properties of cognitive activity , causing serious difficulties
in the reproduction of the memorable trace. Additional "motivation-energy" efforts
were required for the operated animals, so that the memorable trace not only was
extracted, but also kept for a long time in the operative memory. The inability of the
HPC-animals to interrupt current excitation in a timely manner and to move to a
higher level of functioning in the cognitive and "energy" level, indicated a decrease in
the functional lability of the excitation foci, which ensure the realization of the
cognitive process.

It is suggested that HPC are included in the system responsible for the
operational organization of the dominant and the conditions for its functioning,
determining the level of attention. Strengthening the inertial properties of the central
nervous system will manifest itself in reducing the rate of recovery of a fixed event
from long-term memory, which many researchers may perceive as a serious
impairment of memory if it is estimated by the number of expended trials.
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56. 3aBUCUMbIe OT KOPTUKOCTEPOUAOB MEeXaHU3Mbl ANCTAHTHOIO
noBpeXaeHUs runnokamna

['ynsesa H.B.!2*
1. Mncmumym evicuieti Hepenoul dessmenvhocmu u Hevpoghuszuonocuu PAH, Mockaa,
Poccusy

2. Hayuno-npaxmuuecxkuii ncuxonesponocudeckuu yewmp A3M;
* nata gul@mail.ru

l'unnmokamn (I'm) B3pocHOro Mo3ra CEJNEKTUBHO YYBCTBUTENEH K JEHCTBUIO
HeOmaronpusTHeIX (paktopoB. B I'm B mepByro odepenb pa3BUBAIOTCS BbI3BAHHBIC
CTPECCOM BOCHAJICHUE, HEUpOJEreHepauus, HapylleHus HeulporeHe3a. DakTopsl
Pa3IMYHON MOJABHOCTH BIMSIOT HA MJIACTUYHOCTD [T, @ OCHOBHBIMU CUTHAJIbHBIMU
MOJICKYJIaMH, OTIOCPEAYIOIIMMU aJalTUBHBIC U MATOJIOTUYECKUE COOBITUS, SBIISIFOTCS
CTpPECCOpPHBIE TOPMOHBIL. VX mepBUYHBIE MUILIEHHU - KOPTUKOCTEPOUIHBIE PELEIITOPHI
(rmoxokopTukouanble, I'P u munepanokoptukounsie, MP), mIoTHOCTh KOTOPBIX B
I'm BBIIIIE, YEeM B IpYrUX CTPyKTypax mo3ra. Ilo-BuaumMomy, narrepHsl skcnpeccuu [p
u MP B I'm1 © 0COOEHHOCTH CHTHaJIbHON TPAaHCAYKIMU 4Yepe3 HUX 00YyCIOBIMBAIOT
CEJIEKTUBHYI0 UYYyBCTBHUTEIBHOCTH [T, YaCTHOCTH, K Pa3BUTHUIO HEHWPOBOCHAJICHUS.
D710 MO3BOJNIsAET OOBACHUTH (DEHOMEH JUCTAHTHOTO MOBPEXKACHUS [T, BaXKHBIM IS
dbyHaaMEHaNbHOW M MPAKTHYECKOM MeAuIMHBL. B  pe3ynbrare KOpTUKAIbHBIX
VMHCYJIBTOB U YE€PEMHOMO3TOBBIX TPAaBM, HE 3aTParMBAIOIINX HEMOCPEACTBEHHO [k,
pPa3BUBAIOTCA Marojornyeckue u3MeHeHus: ['k, B T.4. HeWpojereHepanus u rudelb
HEMPOHOB, UHBOJIIOLMSA [T, KOppenupyrmue ¢ pa3BUTUEM JEMEHUHUHU. MeXaHUu3Mbl
JIUCTAHTHOTO TMOBPEXJAEHHUS [T TECHO CBS3aHBl C €ro JOPCO-BEHTPAIbHBIMU
rpagueHTamMu. [IpoBocHanuTENbHBIM CTPECC IMO-pa3HOMY BIMSET Ha Pa3BUTHUE
HelpoBocHalieHuss U cBsi3biBaHuE KopTukocTepoHa (Kc) B popcansHoM (al'm) u
BeHTpaibHoM ['m (BI'm). PaGouass rumoreza mpemmonaraer, uro moBpexaeHue [k
uHayuupyercs cBs3biBanueM Kc ¢ I'P u MP, npu 31oM pasnuuust CBs3bIBaHUS C
peuentopaMu U TpaHcAyKuuu curHana Kc B al'm u BI'm accounupoBaHbl € JIexKaT B
OCHOBE pa3JM4Mii BIUSHUS IATOJOTMYECKOTO (akTtopa Ha HEHpOBOCHAJIEHNUE,
HEHPOTPOPUHOBYIO cucTeMy u HedporeHe3. Ha wmogenmn ¢dokanpHON wHiieMun
HEOKOpPTEKCa MOKa3aHO, YTO Ha PAaHHHUX CPOKaxX MPOUCXOJIUT BbIOpOC B KpoBb Kc u
nosisnenrue Kc B ['m umeMnueckoro u KoHTpajiarepaibHOro nonymapuid. BI'm Gonee
YyBCTBUTEJICH K JUCTAHTHOMY TMOBPEXICHHIO, a pa3BuTthe orBeta Kc wu
HeHpoBOCHalleHus NpoucxoauT B BI ' o6oux nomymapuid. [lognepxano nporpaMMmoit
[TPAH dynnameHTanbHbIe OCHOBBI TEXHOJOTHH (DU3UOJIOTMYECKUX alalTalui.
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Corticosteroid-dependent mechanisms of distant hippocampal damage

Gulyaeva N.V.1.2*
1. Institute of Higher Nervous Activity and Neurophysiology RAS, Moscow, Russia;

2. Moscow Research and Clinical Center for Neuropsychiatry,
* nata gul@mail.ru

Adult hippocampus (Hip) is selectively vulnerable to unfavorable external
factors.  Stress-induced inflammation, neurodegeneration, disturbances of
neurogenesis are distinctive for Hip. Various factors affect plasticity of Hip, stress
hormones representing major signal transduction molecules with targets in Hip and
mediating adaptive and pathological responses. Their primary targets are
corticosteroid receptors (glucocorticoid, GR, and mineralocorticoid, MR), the density
of them being higher in Hip than in other brain structures. Patterns of GR and MR
expression in Hip and specific features of signal transduction seem to underlie
selective vulnerability of Hip. This explains the phenomenon of distant hippocampal
damage which is extremely relevant for fundamental and practical medicine. Cortical
strokes and traumatic brain injuries not involving Hip directly result in development
of alterations in Hip, including neurodegeneration, neuronal cell death, involution of
Hip correlating with progression of dementia. Mechanisms of distant damage to Hip
are closely related to hippocampal dorso-ventral gradients. Proinflammatory stress
differently affects inflammation and corticosteron (Cort) accumulation in dorsal
(dHip) and ventral Hip (vHip). The working hypothesis proposes that distant damage
to Hip is a result of Cort binding to GR and MR, the differences of binding with the
receptors and Cort signal transduction in dHip and vHip underlying different effect of
external factors on inflammation, neurotrophins and neurogenesis. Using a model of
focal cortical ischemia it was shown that during the early postischemic period release
of Cort into blood and appearance of Cort in Hip of ischemic and contralateral
hemisphere occured. vHip is more vulnerable to distant damage as compared with
vHip, Cort response and neuroinflammation developing in vHip of both hemispheres.
The study is supported by RAS Presidium Program Fundamental bases of
physiological adaptations technologies.

57. N3ameHeHue aKkcnpeccum reHoB cybbeamHuy NMDA n AMPA
rnmyTamMaTHbIX peLenTopoB U TPAaHCNOPTEPOB rnyTamara npu
3KCnepuUMeHTanbHbIX MOoAenNAX anNunencumn

KoBanenko A.A.'*, Kanemenes C.B.!, Kapskun B.B.!, 3y6apesa O.E.!, [TocTHukoBa
T.}O.!, 3aiiieB A.B.!

1. Uucmumym 3eonroyuonnotu gpuzuonocuu u ouoxumuu um. U.M. Ceuenosa PAH,
Canxm-Ilemepbype, Poccus,

* kovalenko 0911l@mail.ru

ONHNCIICUS — TIKEII0C HCPBHO-IICUXHUYCCKOC 3216OJ'ICBaHI/Ie, IMaTOr¢He3 KOTOPOro

98



CBSI3aH C HapylIeHHEeM OanaHca MEXIy aKTUBHOCTHIO BO30YXKIarommx (IIyTamar u
ap.) u topmo3Hbix (TAMK u 1p.) HelipoMeaMaTOpHBIX CUCTEM MO3ra, OIHAKO
MEXaHU3MBbI ATHX U3MEHEHUN OCTAIOTCsA Majon3ydeHHbIMU. Llenbro manHoOl paboTh
SBWJIOCh U3yYEHUE 3KCIPECCHH T€HOB TPAHCIIOPTEPOB BO30YKIAIOIIUX AMUHOKHUCIIOT
EAAT1-3 u cyObenuuun miyramatHbix peuentopoB NMDA (GIuN1, GluN2a,
GluN2b) u AMPA (GluAl, GluA2) B 1ByX 3KCHEpPUMEHTAIBHBIX MOJEISIX SMUIETICUU
— TMEHTUIEHTETPA30JIOBOM M JIMTUH-NIUIOKApHIUHOBOM. MccimenoBanuss mpoBOAWIU
yepe3 Heaento mocie cyaopor. Ypoenb MPHK ompenensimu merogom OT-IILP B
pealbHOM BPEMEHU.

[Tocne AMTUI-NTUIIOKAPITUHOBBIX CYIOPOT HAOIIOAAINCH U3MEHEHHS SKCIIPECCUU
T€HOB CyOBEAMHMI] PELENTOPOB U TpaHCHOpTepa IiyTamara, XapakTep KOTOPBIX
3aBUCEN OT CTPYKTyphl Mo3ra. CHwxkenue npoaykiun MPHK wuccrnenoBanHbIX
cyobenuanit. NMDA u AMPA penentopoB OBLIIO BBISBIEHO B BEHTPAIBHOM
runmokamne  (GluN2a, GluAl), Bucounori (GluNI, GluN2a, GluA2) wu
sHTOpuHANBHOU (GluN2a) kope, B TO BpeMs Kak B JOp3aJbHOM THIIIIOKAMIIE U
MeAUaNIbHOW MNpPePpPOHTAIBbHON KOpe ObUIO OOHApYKEHO YBEIWYEHHUE HKCIPECCUU
tpancnoprepa nryramara EAAT2. IIponykuust MPHK GIluN2b He mensnace, ogHako
B BHCOYHOW KOpP€ M BEHTPAIbHOM TMIIOKAMIIE CHHUXAaJIOCh COOTHOILIEHHUE
GluN2a/GluN2b mPHK. Ilocne mNeHTHJICHTETPA30JIOBBIX CYAOpPOr HaOII0IaI0Ch
camkenue skcnpeccun reHoB GluN2a u GluAl B meauansHOM TpedpoHTaTBHON
KOope, HO He Apyrux o0nacTsX KOpbl M HE B rumnmnokamie. M3MeHnenuii skcrpeccuu
JIPYTUX UCCIEAOBAHHBIX TEHOB HE BBISIBICHO.

Takum 00pa3oM, CpaBHUTEIBHBIN aHAIN3 PE3yJAbTAaTOB IOKa3ajd, YTO JIMTHIM-
NWIOKApPIUHOBBIE CYyJOpOTM  BBI3bIBAIOT 0OoJiee  BBIPAKEHHBIE OTCPOUYCHHbBIE
HapyIIEHUs SKCIIPECCUH TEHOB CyObEIMHUI] PELIENITOPOB U TPAHCIIOPTEPA IIIyTaMmara,
HapyIlICHUs] B THUIINOKaMIe OOHApYy>KEeHbl TOJBKO MOCHE JIUTHU-IMHIOKAPIUHOBBIX
CYAOpOT.

[Tognepxano PH®, rpant Ne 16-15-10202.

Changes in NMDA and AMPA subunits of glutamate receptors and
EAAT1-3 genes’ expression in experimental models of epilepsy

Kovalenko A.A.'*, Kalemenev S.V.!, Karyakin V.B.!, Zubareva O.E.!, Postnikova
T.Yu.!, Zaitsev A.V.!
1. Sechenov Institute of Evolutionary Physiology and Biochemistry, St. Petersburg,

Russia,
* kovalenko 0911@mail.ru

Epilepsy i1s a severe neuropsychiatric disease, the pathogenesis of which is
associated with an imbalance between the activity of the excitatory (glutamate) and
inhibitory (GABA) neurotransmitter systems of the brain, but the mechanisms of
these changes remain poorly understood. This research aims to study the gene
expression of the glutamate NMDA (GluN1, GluN2a, GluN2b) and AMPA (GluAl,
GluA2) receptors and transporters EAAT1-3 in two experimental models of epilepsy -
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pentylenetetrazole and lithium-pilocarpine. Studies were performed one week after
the seizures. The level of mRNA was determined by quantitative RT-PCR.

After the lithium-pilocarpine seizures, we observed the changes in glutamate
receptor subunits and transporter genes’ expression, which depend on the region of
the brain. Reduction of the mRNA production of the subunits of NMDA and AMPA
receptors was detected in the ventral hippocampus (GluN2a, GluAl), temporal
(GluN1, GluN2a, GluA2) and entorhinal (GluN2a) cortex, while in the dorsal
hippocampus and medial prefrontal cortex we found the increase in the expression of
EAAT?2 gene. The production of GIuN2b mRNA did not change. However, the ratio
of GluN2a / GluN2b mRNA decreased in the temporal cortex and the ventral
hippocampus. After pentylenetetrazole-induced seizures, the expression of the
GluN2a and GluAl genes was reduced in the medial prefrontal cortex, but not in
other areas of the cortex and the hippocampus. There were no changes in the
expression of other studied genes.

Thus, a comparative analysis of the results showed that lithium-pilocarpine
seizures caused more expressed delayed impairments of glutamate receptor subunits
and transporters genes’ expression, disturbances in the hippocampus were found only
after lithium-pilocarpine seizures.

Supported by RSF project No. 16-15-10202.

58. UameHeHua DAl B paHHeM nepuoae YepenHo-MoO3roBou TpaBMbl Y
KpbIC

®pankeBuy C.0.21*, Komonsues U.I'.!, [llupobokosa H.M.!2

1. Uncmumym mosea wenosexa um. H.I1. Bexmepesoii Poccuiickoti akademuu Hayk
(UMY PAH), Mockea, Poccus;

2. Poccuiickuti Hayuonanvnoiii Mccneoosamenvckutl Meouyunckuii Ynusepcumem

um. H U Ilupocosa (PHUMY), Mockea, Poccus,
* stepan.frankevich@yandex.ru

[TaTonornyeckre U3MEHEHUS B KOPE FOJIOBHOIO MO3Tra 4Y€JI0OBEKA MTOCJIE YEPEHO-
mo3roBoi  TpaBMbl (UMT) wMoryr mnpuBomuth K  MOPQHOJIOTHUYECKUM U
GYHKIIMOHAIBHBIM HM3MEHEHHUSIM B Kope W Tummokammne.B manHoit pabGore
paccMOTpeHbl u3MeHeHus B DOI' B paHHEM MOCTTPAaBMaTUYECKOM MIEPUO/IE.

3anaun.BeisiBieHre W aHanW3 paHHEH AMWIENTUPOPMHON akTUBHOCTH (DA) y
KPBIC B SKCIIEPUMEHTE C HAHECEHUEM KOHTPOJIUPYEMOM YEPEITHO-MO3TOBOM TPABMBI.

Martepuansl u Meronsl.Pabora BeimoiaHeHa Ha 18 Oenblx camiiax KpbIC JIMHUU
Sprague-Dawley B Bo3pacte 6 wmec.BxKuBmsiium snuaypajibHbIC 3JIEKTPOIbI: JBa
POCTpaIbHBIX,/IBa KayJdadbHbIX U pedepeHTHhIN. [IpoBoAMIM HEeNpephIBHBIA BUJIEO-
O3I" MmoHuTOpUHT B TeueHue 7 cyT. 1o u nocie UYMT. I'maponunamudeckuid ygap 3,4
aTM. HAHOCWJIM B 00JacTh CEHCOMOTOPHOM KOpBI ClipaBa 4Yepe3 7 CyT. Mocie
BKUBJICHUS EKTpoaoB (n=11). JloxxHoonepupoBaHHble KpbICH (N=7) HE MOIy4alu
yaap B XOJI€ 3KCIIEpUMEHTA.

Pesynbrarsl. B niepBoie 24 4 nocne Hanecenuss YMT y 70% TpaBMHUpPOBaHHBIX
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KpBIC BBISBHIIM MpeXojsiiee 3aMeasieHue (pOHOBON aKTMBHOCTU B KOPE HAa CTOPOHE
nopaxxkeHust. Y 20% 3KCepUMEHTAIIbHBIX KUBOTHBIX, IEPEHECIINX TPABMY,0TMEUYECHO
MOSBJICHUE SMMICTITU(OPMHBIX KOMIUIEKCOB CIIaK-MeJIEHHAs! BOJIHA B MEpBbIe 6-12
Y IIOCJIE TPABMBI.

Penxue 7-I'm Ou@pOHTaNbHBIE CHAWKKM PETHCTPUPOBAIIUCH y BCEX KpBIC B
done.YUepez 7 cyr. mocine HaHeceHuss UMT 50% TpaBMUPOBAHHBIX >KHUBOTHBIX
pOJEeMOHCTpUpoBanu 20-KpaTHOE yBEIWYEHUE YHUCHA D3IO0X, COACPKAMUX ITY
aKTUBHOCTb, TOrna Kak npyrue 50% coxpaHuwiM npexHuil ee ypoBeHb.Koppensuuun
ATUX U3MEHEHUH ¢ 3aMe]IeHneM (POHOBOM aKTUBHOCTH HE OOHAPYKEHO.

VY J10’)KkHOOIIEPUPOBAHHBIX KPbIC TO1I00HBIE U3MEHEHUSI OTCYTCTBOBAJIH.

BriBon. UYepenHo-mo3roBas TpaBMa B OCTPOM INIEPUOAE Yy YAaCTH KpBbIC
COIPOBOXKJIAETCS BO3HUKHOBEHUEM OSMUICOTU(POPMHON aKTUBHOCTH,UYTO MOXKET
ABJISITBCS OJHUM M3 PAHHMX MEXaHU3MOB PAa3BUTHS MTOCTTPABMATUYECKOM ITaTOJIOTHH,
koMmopouaHort UMT.

PabGora BoimonHeHa mTpu  (PUHAHCOBOW TMOAJEPKKE OIOKETHOW  TEMBI
NBH/IuH® PAH Ne 0129-2014- 0001 «®yHaameHTadbHblE HEHPOOMOIOIHYECKUE
MEXAaHHU3Mbl MOBEJEHUS W BBICIIMX NCUXMUYECKUX (PYHKIMH, MaMITH U OOy4YeHHs B
HOpME U nipu naronorun» u rpanra POOU Ne 18-315-00146

EEG changes in early period of traumatic brain injury in rats

Frankevich S.0.2'*, Komolcev 1.G.!, Shirobokova N.I.!2

1. Institute of Higher Nervous Activity and Neurophysiology, RAS, Moscow, Russia;
2. Pirogov Russian National Research Medical University (RNRMU), Moscow,
Russia;

* stepan.frankevich@yandex.ru

Introduction: Pathologic changes in human cortex after traumatic brain injury
(TBI) may result in morphologic and functional changes in cortex and hippocampus.
In this study we researched EEG changes in early posttraumatic period.

Aims: Detection and analysis of early epileptiform activity in rats after
experimental TBI.

Materials and methods: study was performed in 18 white male 6-months-old
Spague-Dawley rats. Epidural electrodes were implanted: two rostral, two caudal and
one referent. Continuous EEG reading and video record was performed during a two
weeks: one before TBI and one after.

3-4 atm. lateral fluid percussion was applied to right sensomotor cortex a week
after the electrodes implantation (n=11). Sham rats (n=7) did not receive fluid
percussion during the experiment.

Results: In the first 24 hours after TBI 70% of injured rats demonstrated
transient slowing of background activity on the injured side. In first 6-12 hours after
TBI 20% of injured rats developed epileptiform spikes.

Rare 7-hz bifrontal spikes were registered in all 18 rats in background. 7 days
after TBI the number of epochs containing this activity has increased 20 times in 50%
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of injured rats, while the other 50% has maintained it on an initial level. No
correlation has been found between this phenomena and a slowing of background
activity.

Neither of aforementioned EEG changes appeared in sham rats.

Conclusion: The acute period of TBI in rats is associated with epileptiform
activity, which may be one of the early mechanisms of posttraumatic pathology
development.

59. KOrHUTUBHbIE UBMEHEHUA Y OONbHLIX C ONMYXONMAMU XMa3ManbHO-
cennsapHon obnacTn, npunexawmmm K runnokamny

AnekceeBa A.H.'*, I'ankun M.B.!, lanunos I'B.!, Kpotkoa O.A.!
1. Hayuonanvuwiii meouyuncxkuii uccie0o8amenbCKull YeHmp Hetpoxupypeun umMeHu

akaoemuxa H. H. Bypoenko, Mocksa, Poccus;
* braindoneziyalyandex.ru

KoruutvBHbIE M3MEHEHUSI Y OOJBHBIX C OIMyXOJSIMH XHa3MaJbHO-CEIUIIPHON
o0nacTu, MPUJICKAIUMHU K TUIITIOKAMITY

A.H.AnekceeBa, M.B.I'ankuHn, I'.B.[lanuios, O.A.KpoTtkoBa

Mocksa, Poccust

braindoneziya@yandex.ru

N3BecTHO, YTO BHYTPUMO3TOBBIE OMYXOJU U COCYAUCTBIE MOPAXKEHUS 00JIacTH
TUIIIOKaMIa MPUBOJAT K BEIPAXKEHHBIM HApPYIICHUSIM NaMsITH U BHUMaHuA (bykivHa
C.b., 2016). Ilpm »>TOM KOTHUTHBHAs MaroJIOTMsl NpPU  BHEMO3TOBBIX
HOBOOOpA30BaHUAX, KOTOPHIE CIIABJIMBAIOT BEIIECTBO MO3ra HE MH(DWIBTPUPYS €T,
dbaxkTudyecku He wuccienoBaHa. llenplo HacTosIied paOOThl SIBISIOCH H3y4YEHUE
KOTHUTUBHBIX M3MEHECHHH y MAIlMEHTOB C MEHUHTHOMAaMHU XHa3MaJbHO-CEJUISIPHOM
00J1aCcTH, BBI3BIBAIOIIMX KOMIIPECCHUIO TUIIIOKAMIIA.

B wuccnepoBanuu mnpuHsAno ydactue 14 mamueHTOB € COOTBETCTBYIOIIMMU
HOBOOOpA30BaHUSIMU T€pejl TPOBEIECHHWEM JiydyeBoi Tepanuu. HccnemnoBanue
MPOBOJIUIIOCH C TOMOUIBIO HEHPONCUXOJIOTHYECKUX M HEWPOBU3yaIU3alMOHHBIX
MeToJI0B. Bo Bcex ciydasx OBLIM BBISIBICHBI CHABICHHE U CMEIIEHUE OITYXOJbIO
MEAUAJIbHBIX OTAEI0B UIICHIAaTEpAIbHOM BUCOYHOM JOJIM M runmnokamMna. [{ins TouHou
OLICHKH BEJIUYUHBI OMYyXOJIM, €€ MPOCTPAHCTBEHHOTO PACIOJOXKEHUS U CTENEHU
CHAABJIEHUS TUMIOKaMMa MPOBOAWIOCh OKOHTYPHMBAHHUE OIYXOJM U THUMIIOKAMIIA.
OkoHTypHBaHUE TUIIOKaMIIa TPOBOAMIOCH Ha 0cHOBaHUM npoTtokona RTOG 0933 u
pabot Chera (Chera et al. 2009) Ha akcHaJIBHBIX HU300PAKEHUSX, MTOCIEAOBATEIBHO
BPYYHYIO Ha KaXKJIOM CPE3€ C UCMOIb30BaHUEM BCEX JIOCTYITHBIX MOJATBLHOCTEH.

Bce OonbHBIE MNPOXOAWIW CTAHAAPTU3UPOBAHHOE HEHUPOIICHUXOIOTHUYECKOE
UCCJIeIOBAaHUE U CHENHAIbHO pa3paboTaHHbIE 3a/JaHMs, HalpaBlICHHbIE Ha
HCCIeI0BaHrEe BOBMOKHOCTH nuddepeniuanuu narrepuoB nndopmaruu (Stark et al.
2013).

HabGmronaBmmasics y OONBHBIX HEMPOICUXOJIOTHMYECKAash CHMIITOMAaThKa HOCHIIA
«CTEPTHI» XapakTep, OJHAKO HMeEJIa OTYETJIMBBIC JaTepaN3alliOHHbIE 3HAaKH,
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CBS3aHHBIE CO CTOPOHOM  pacmnoioxeHuss omyxonu. ComocraBleHHEe ¢
HEHPOBU3YAJIM3ALMOHHBIMIA  JAaHHBIMHU HE  BBIABWIO 3aBUCUMOCTH  TSKECTH
KOTHUTUBHBIX HapywmieHud oT oObema onmyxond. OJHako MposABIIAChE HX
3aBUCHMOCTB OT CTENIEHU KOMIIPECCUHA BUCOYHOM JOJIH.

NccnenoBanne nognepxkano rpantoM PH® 17-15-01426.

Cognitive changes in patients with parasellar meningiomas situated
close to the hippocampus

Alekseeva A.N.'*, Galkin M.V.!, Danilov G.V.}, Krotkova O.A.!
1. N .N. Burdenko National Scientific and Practical Center for Neurosurgery,

Moscow, Russia;
* braindoneziyalyandex.ru

Cognitive changes in patients with parasellar meningiomas situated close to the
hippocampus

AN Alekseeva, MV Galkin, GV Danilov, OA Krotkova

Moscow, Russia

braindoneziya@yandex.ru

It is well known, that intracerebral tumors and vascular lesions of the
hippocampus cause memory and attention impairments (Buklina SB, 2016). At the
same time the effects of the extra-cerebral tumors which compress the brain tissue
without invasion have not been investigated. The purpose of this work was to study
cognitive changes in patients with parasellar meningiomas which cause compression
of the hippocampus.

The investigation included 14 patients with parasellar meningiomas who were
referred to the radiation therapy. The study involved neuropsychological and
neuroimaging methods. In all patients ipsilateral medial temporal lobe and
hippocampus were compressed and displaced by the tumor. Tumor and hippocampus
were contoured to evaluate the size and location of the tumor and degree of
compression of the hippocampus. The contouring of the hippocampus was performed
according to RTOG 0933 and Chera works (Chera et al., 2009). Contouring was
performed on axial images, manually on each slice using all available modalities.

All patients were tested with standardized neuropsychological methods and
special pattern separation tasks, estimating possibility of differentiating patterns of
information (Stark et al., 2013).

All revealed neuropsychological symptoms were mild, but they had distinct
lateral signs associated with the side of the tumor. Comparison with neuroimaging
data did not reveal association between the severity of cognitive impairment and
tumor volume. However, there was found a correlation between these impairments
and degree of the temporal lobe compression.

This study was funded by Russian Scientific Foundation (grant 17-15-01426).
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60. KomopbuagHble paccTpomcTBa NoBeAeHUA B NIUTUN-NUINOKAPNMHOBOM
MoAenn BUCOYHOM anusencum

Cwmonenckuit 1.B.12* Jléemuna A.B.2, KanemeneB C.B.!, Kapenanos A.A.2,
JlaBpentneBa B.B.!, 3ybapesa O.E.!, 3aiinie A.B.!

1. Uncmumym ssontoyuonnoui huzuonocuuu u ouoxumuu um. U.M. Ceuenosa PAH,
Canxm-Ilemepbype, Poccus,

2. Canxkm-Ilemepbypeckuii cocyoapcmeennsiii ynugepcumem, Cankm-Ilemepoype,
Poccus,

* smolensky.ilya@gmail.com

Bucounas snuiencusi MOKeT IPOSBISATHCS HE TOJIBKO B CIOHTAHHBIX Cy10pOrax,
HO ¥ B KOMOPOUIHBIX TIICHUXWYECKHX HapylleHusx. Jns pa3paboTKu HOBBIX
3G (EKTUBHBIX METOJOB KOPPEKLUUU ATUX HAPYIICHUH HEOOXOAMMBI ONTHUMAalbHBIC
JKCIIEpUMEHTabHbIe MoJenu. JlaHHas paboTa MOCBSAIIEHA OLEHKE HapylIeHUH
IICUXO3MOIIMOHAJIbHBIX, COLMAJIBHBIX U KOTHUTUBHBIX (DYHKIUH y KpbIC B JIMTHH-
IIAJIOKAPIIMHOBOW MOJIEJIM BUCOYHOU JITUJICIICHM.

JUis MHOYKOUM CYIOPOXKHOTO cocTostHust KpbeicaM BBomwin LiCl, a Ha
CIIEAYIOIIUN JIeHb METWJICKONMAJaMMH M MWIOKapnuH. B skcrepumeHT oTOupanu
KpPBIC C TSDKEIBIMH W JUIMTEIbHBIMU cyznoporamu. lloBeneHueckue HapyLIeHHUs
OLICHMBAJINCH Yy Pa3HbIX Ipynn B jJareHTHYO (JID, 2 Henenun mocne nuioKapnuHa) U
xpoHuyeckyro (XD, 6-8 Henenp) (azbl STUIETICHH.

[lokazaHo, 4YTO KpBICHI, MEPEHECIINE TSIKENIbIE CYIOpPOrdM MOCJIE BBEICHUSA
nuiokapnuHa, kak B JI®, tak u XO neMOHCTpUPYIOT TUIIEPAKTUBHOE IOBEACHUE —
YBEJIMYECHHUE JBUTATEIbHOM aKTUBHOCTU B IO MOKAa3aTessiM MPOWIEHHON NHUCTaHIINH,
CpelHEe M MaKCHUMaJIbHOW CKOPOCTH B OTKPBITOM II0JI€, [0 BPEMEHU B OTKPBITHIX
pyKaBax MPUIOAHATOTO KpeCcToOOpa3HOro JaOMPUHTA U AKTUBHOTO IJIABAHUS B TECTE
BbIHYX/IeHHOro IuiaBaHus llopconra. B JI® y Kkpbic HapylieHa CIIOCOOHOCTh K
MPOCTPAHCTBEHHOMY OOydYeHHI0O B BOJHOM JjabupuHte Moppuca. B XD vy
HKCIIEPUMEHTAIBHBIX KPBIC CHUKEHO KOMMYHUKATUBHOE MOBEJICHUE B TECTE «UyXKaK-
pe3uzieHT» (BpeMsl TpyMHUHra W OOHIOXMBaHHs uyxkaka). Kpome Toro, B curtyauuu
B3aUMOJICHCTBHS C YYXKAKOM OIIBITHBIE KPBICHI OTJIMYAIOTCS MOBBILIEHHBIM YPOBHEM
TPEBOKHOCTU (YBEJIMYEHO BpEMsl aBTOTPyMHUHIa). ATpEeCCHBHOE M 3alMTHOE
NOBEJICHUE HE M3MEHsAETCs. B TecTe mpenmnouTeHrs caxapo3bl 3KCIEPUMEHTAIbHbBIE
KPBICHl MOTPEOJSIIOT OOJbIIE KUJIKOCTH, HO HE OTIMYAIOTCA MO MNPEAIOYTEHUIO
caxapo3sbl.

TakuMm 00pa3oM, JAUTHI-MHIOKAPIUHOBAS MOJIETh MOXKET OBbITh MCIOJb30BaHA
JUISL  MOJICJIMPOBAaHUSI ~ HEKOTOPBIX  TNICMXO3MOLIMOHAJBHBIX, COLHUAIBHBIX U
KOTHUTUBHBIX HApYyIICHUHA IIOBENCHMSI, XAPAKTEPHBIX JJII BHCOYHOM DSIMICIICHU
YeJI0BEKa.

Pabora nomnepxana rpantom PH® (mpoext 16-15-10202).
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Psychoemotional, social and cognitive disturbances of rat's behavior in
litium-pilocarpine model of temporal lobe epilepsy

Smolensky [.V.'2* Dyomina A.V.2, Kalemenev S.V.!, Karepanov A.A.?, Lavrent'eva
V.V.!, Zubareva O.E.!, Zaitsev A.V.!

1. Sechenov institute of evolutionary physiology and biochemistry, St. Petersburg,
Russia;

2. St. Petersburg State University, St. Petersburg, Russia,

* smolensky.illyal@gmail.com

Temporal lobe epilepsy can exhibit not only spontaneous seizures, but also
comorbid mental disturbances. Developing new effective therapeutical methods to
deal with these disturbances needs optimal experimental models. This work is
devoted to estimation of psychoemotional, social and cognitive disturbances in rat
lithium-pilocarpine model of temporal lobe epilepsy.

To induce status epilepticus rats 1/p received LiCl and next day
metilscopalamine and pilocarpine. Only rats with severe and long convulsions were
selected to experiment. Behavioral changes were estimated in different groups in
latent (two weeks after pilocarpine) and chronic (six-eight weeks after pilocarpine)
phases if epilepsy.

It was shown that rats with heavy pilocarpine-induced convulsions demonstrate
hyperactive behavior both in latent and chronic phases — increased motor activity
(distance, average and maximal speed) in open field, time in open arms of elevated
plus maze and climbing time in Porsolt forced swimming test. In latent phase rats
have impaired ability to spatial learn in Morris water maze. In chronic phase
experimental rats have decreased communicative behavior in resident-intruder
paradigm (time of grooming and sniffing of intruder). Experimental rats have also
increased anxiety during contact with intruder (by autogrooming time). However,
aggressive and defensive behavior don't change in rats with epilepsy. In sucrose
preference test experimental rats drink more liquid but don't differ from control by
sucrose preference.

Thus lithium-pilocarpine model can be used to model some psycoemotional,
social and cognitive disturbances comorbid with temporal lobe epilepsy.

This work was supported by Russian Scientific Foundation (grant 16-15-10202).
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61. MaTtemaTnyeckoe moaenMupoBaHue aNUeNTUYECKUX pa3psaaos,
HabnwpaemMbiX B cpe3ax SHTOPUHANbHOU KOpPbI

UmxoB A.B.12* Amaxun /[.B.2, 3aiineB A.B.%?

1. Quzuxo-mexuuueckul uncmumym um. Mopgpe PAH, Cankm-Ilemepoype, Poccus,
2. Unemumym 26onmoyuonnot gusuonoeuu u ouoxumuu um. U.M. Ceuenosa PAH;

3. Uncmumym skcnepumenmanviou meouyunvl, PedepanbHulil cegepo-3anaonblil

MEOUYUHCKULL YeHmp um. Aimazosa;
* anton.chizhovl@mail.ioffe.ru

IlarTepHbl CHHXPOHU30BAHHOW AKTMBHOCTH HEHWPOHOB, 3apPETHUCTPUPOBAHHBIE B
AKCIIEPUMEHTATBLHON MOJIEIM BHCOYHOM OMNUJIETICUM Ha cpe3ax THUIIoKaMIa-
SHTOPUHAIBHON KOPBI KPBICHI B YCIOBUSIX JIEUCTBUS MPOAMUIEIITOTCHHBIX (DAKTOPOB
(TOBBIIIEHHOW KOHIICHTPAIlMK KaJlusl, CHM)KCHHOM KOHIIEHTpanuu Maraus u 4-AP),
ObLTM BOCHpou3BeJeHbl B Maremarnuecko mojenu. AMPA, NMDA u GABAA-
MPOBOAMMOCTH VISl pa3HBIX THIOB UHTEPUKTANBHBIX pa3psanoB (IID) Obuin orieHeHBI
C TIOMOIIbI0 opuruHanbHOU MeToauku (Amakhin et al. // Front.Cell.Neurosc.2016).
JAvHamuka TPOBOIMMOCTEN ToOKazanma, 4To nepBbld Tun paspsaoB (IID1)
omnpenensieTcsi aKTUBHOCThIO Tolbko GABAA kaHanoB ¢ Aenojiipu30BaHHBIM
noTeHuuanoM pesepcuu. Btopoit Tun paspsgoB (IID2) omnpenensieTcs paHHUM
GABAA u cinenyronmumu 3a HuMm AMPA u NMDA komnoneHtamu. Tpetuid Tun
(IID3) xapakrepusyercss Tonbko AMPA-TokamMmm u HaOmomaercss npu Onokaze
OCTaJbHBIX CHHANTUYEeCKUX KommoHeHToB (YmwxkoB wu ap. // JAH 2018).
buodusnuecku-neranbHas ~ mMareMaTH4eckass ~ MOJEIb  B3aUMOJICUCTBYIOIINX
HEUPOHHBIX MOMYJISIIIUNA BOCIPOU3BOIUT 3aPETUCTPUPOBAHHBIE CUHANITUYECKUE TOKH
Y MPOBOJMMOCTH, U €T MpeACcKa3aHus 0 Mexanusmax reaepauuu [ID1, IID2 u IID3.
Mexanusmbl [ID1: pexyppeHTHOE€ BO30YXXJIEHHE HWHTEPHEUPOHOB TOCPEICTBOM
nenosspusytonux GABA-cHHAICOB; MOANOPOroBast IEMONsIpU3aIus B30y IAr0IUX
HEWpPOHOB MHTEpPHEHpPOHAMU; CHUHaNTH4YecKas jaenpeccus. Mexanusmel [1D2:
CIIOHTAaHHOE BO30YXJICHHE CETH MHTEPHEUPOHOB; CBEPXIIOPOTOBAs JCTIOSPU3AIUS
BO30YXKIAIONUX HEHPOHOB HMHTEPHEUPOHAMH; PEKYPPEHTHOE IIyTamMarepruvecKoe
BO30YXeHHUE; cHHanTu4eckas aenpeccusi. Mexanusmbl [1D3: cnoHTaHHO BRI3BAHHOE
peKyppeHTHOe B030ykaeHue mocpeactBom AMPA-penentopoB; CHHaNTUYECKas
JENpeccusi U ciefoBasi NOCTCHANKOBasi TUIIEPIOJIAPU3ALMS MOCPEACTBOM KallbIIHii-
3aBUCHUMBIX KAJIMEBBIX KaHaJoB. [IpuMeuarenbHO, UTO TJIaBHYIO pOJib B TeHEpaluu
[ID1 u IID2 urpaeT CMHXpOHU3aLUsI CETH UHTEPHEUPOHOB, & OCHOBHBIM (DaKTOPOM,
OTNPEACIISIIONINM JJTUTENBHOCTh Pa3ps/ioB - CUHANTHYECKas Aenpeccusi. DTH JTaHHbIE
JIal0T HOBOE MOHUMAaHNE MEXaHW3MOB T€HEPAIIUU HHTEPUKTAIBHBIX Pa3psiIOB.

Pabota BrInionHEHA TIpH nofiepskke rpanta PH® 16-15-10201.
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Mathematical modeling of epileptiform discharges registered in
entorhinal cortex slices

Chizhov A.V.'2* Amakhin D.V.2, Zaitsev A. V.23

1. loffe Physical-Technical Institute of RAS, St.-Petersburg, Russia;

2. Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian
Academy of Sciences, Saint Petersburg, Russia;

3. Institute of Experimental Medicine, Federal Almazov North-West Medical

Research Centre, Saint Petersburg, Russia ;
* anton.chizhovl@mail.ioffe.ru

Patterns of synchronized neuronal activity in the hippocampus-entorhinal cortex
slices of a rat under the pro-epileptogenic conditions (increased potassium, reduced
magnesium concentrations and 4-AP) were reproduced in a mathematical model.
AMPA, NMDA and GABAA-mediated conductances of various types of interictal
discharges (IID) were evaluated with a novel technique (Amakhin et al., Front. Cell.
Neurosc. 2016). Dynamics of synaptic conductances reveals that the first type of
discharges (IID1) is determined by the activity of only GABAA channels with a
depolarized reversal potential. The second type (IID2) is determined by the early
GABAA and subsequent AMPA and NMDA components. The third type (IID3)is
characterized only by AMPA-currents and observed if the rest components are
blocked (Chizhov et al., DAN 2018). Our biophysically-detailed mathematical model
of interacting neuronal populations reproduces the registered synaptic currents and
conductances, and explains the mechanisms. Those of IIDI include: recurrent
excitation of interneurons via depolarizing GABA-synapses; subthreshold
depolarization of excitatory neurons by interneurons; and synaptic depression of
GABA-synapses. Mechanisms IID2 include: spontaneous excitation of interneurons;
suprathreshold depolarization of excitatory neurons by interneurons; recurrent
excitation through glutamatergic synapses; and synaptic depression. Mechanisms
IID3 include: spontaneous and recurrent excitation by AMPA receptors; synaptic
depression and slow afterspike-hyperpolarization by calcium-dependent potassium
channels. Note that the main role in the generation of IID1 and 1ID2 is played by the
synchronization of the GABA-ergic interneuron network, and the duration of the
discharges 1s determined by the synaptic depression. These data provide a new
understanding of the mechanisms of generation of interictal discharges.

This work was supported by the Russian Science Foundation (project 16-15-
10201).
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62. MaTpuKc3aBMCUMble UBMEHEHUSA IKCNPECCUPYHOLLNXCS FeHOB B
rmnnokKkamne, akTMBHOCTU HEMPOHOB U nNoBeAeHYecKkoro oeHoTUNa
MblLuen

Myxuna U.B.">*, Ilepmnn B.1.'2, banamosa A.H.2, Tkauenko H.M.!2, CokonoB
P.A.2, 3a6opckas O.I.12, Kyp6aros JIL.K.3, I'ypseB E.JI.12, [Naitnymina M.P.!

1. Ilpusondicckuil ucciedosamenbeKuii Mmeouyunckul ynueepcumem, H. Hoe2opoo,
Poccus;

2. Huocecopoockuti cocyoapcmeennsiit ynusepcumem um. H.U. Jlobauesckozo,

3. HUH 6uomeouyuncxoti xumuu um. B.H.Opexosuuwa PAH, Mockea, Poccus,
* mukhinaiv@mail.ru

Hapymienue ctpykrypsl BHekieTouHOro Marpukca (BKM) pasnuuHbIx CTPYKTYp
MO3ra, B YaCTHOCTH THUIIOKaMIIA, BBI3bIBAET HM3MEHEHUE IUIACTUYECKUX CBOMICTB
HEHPOHHBIX CETEH, YTO CKa3bIBAaCTCS HA TMOBEACHMM M BBICHIUX KOTHUTHUBHBIX
byaknusax [HC, Takux kak: mamarb, oOyueHue, BHMUMaHue W T.J. OgHUM H3
MOJIXO/IOB ISl U3YYEHUS MEXaHM3MOB MAaTPUKC3aBUCUMbBIX M3MEHEHHI ObLI BhIOpaH
TPAHCKPUIITOMHBIN aHAJIN3, KOTOPBIA MO3BOJIAET IMPOBOAMTH CKPUHHUHI H3MEHEHUS
DKCIIPECCUU BCEX I'€HOB OJHOBPEMEHHO U BBISBISATH BO3MOXHBIE CUTHAJIbHBIE MYTH,
oOyclaBiuBaloONie HW3MEHEHWE MeTtabonmm3mMa W (YHKIIMM KIETOK B OTBET Ha
pa3pyllieHuE BHEKJIETOYHOrO Marpukca wmosra. llenpio maHHON pabOThl OBLIO
BBISIBJIEHUE 3aBUCUMOCTH MEXIY KIIOYEBBIMH (PYHKIIMOHAIBHBIMUA M3MEHEHUSIMU B
HKCIIPECCUU TE€HOB KJIETOK TKaHU THIMIOKAMIa MBIIIM B OTBET Ha pa3pyllieHue
BHEKJIETOUHOT'O MaTrpuKca MO3Ta U MHTErpaJbHBIMU MOKa3aTensiMU (YHKUIMU KIIETOK
runmnokammna u noseneHus: Moieid C56BL/6. [Iuddepennanbaas skcrpeccusi reHOB
ObUla  HCclleoBaHa METOAOM  JBYXIIBETHOM KOHKYPEHTHOW ruOpuauzanuu
dbnyopecuientHo MedueHor kPHK nHa Mukpouunmax ¢upmber Agilent, BKIIOYarommx
T€HbI MTOJIHOTO TeHOMa MbIU. [IpoBeieHHbIN TPaHCKPUTITOMHBIN aHaIu3 BbIBHII 806
CTaTUCTHUUYECKU-3HAYNMBIX JuddepeHmanpHo-3Kcnpeccupytonmxea resa (adj. p-
value<(0.05). Ha ocHoBanum (QyHKIMOHATBLHOM aHHOTAIMK OblIa MPOBENICHA
Kinactepusanusa auddepeHnanbHO-3KCIPECCUPYIONINXCS TeHOB. M3MeHeHus B
HKCIIPECCUU T€HOB KOPPEIUPOBAIIN C BBISIBIEHHBIMH 3aKOHOMEPHOCTSIMH B PETYJISLNN
COOTHOIICHHUS KaJbLIMA MPOHUIIAEMBIX W HENpOHHUIaeMbIX cyobeannuny AMPA
penenTopa, KalabI[MEBBIX TOKOB, OMO3JIEKTPUUYECKON aKTMBHOCTH HEHPOHHBIX CeTel
runmnokamna in vitro v in vivo. PaspylieHue marpukca B THIIOKamIe MbIIIEH
BBI3bIBAJIO HapyILIEHUE UX OOYYEHHS M MaMsTH, B HEKOTOPBIX CIIydasiX — pa3BUTHUE
ANWIENTONONO0OHOTO  cocTosiHUs. Takum  oOpa3oMm, O€nKH, CTPYKTypHO U
(GYHKIMOHAIBHO CBSI3AHHBIE C CHHANITUYECKOW Nepe/ladyeid, U TeHbl, X KOAUPYIOUIHE,
B HauOOJIbIIEH CTENEHU MOJIBEPKEHBI PETYISTOPHOMY BO3ACHCTBUIO BHEKJIECTOYHOTO

MaTpHKCa MO3ra.
Pabora nmonnep:xkana rpantom PODU 16-04-01763
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Extracellular matrix dependent changes in expression genes in the
hippocampus, neuron activity and mouse behavioral phenotype

Mukhina I.V.12* Pershin V.I.12, Balashova A.N.2, Tkachenko N.M.!'2, Sokolov R.A.2,
Zaborskaya O.G.'2, Kurbatov L.K.3, Guryev E.L.'?, Gaynullin M.R.!

1. Privolzhsky research medical university, Nizhny Novgorod, Russia;

2. Lobachevsky State University of Nizhni Novgorod, Nizhny Novgorod, Russia;

3. Orekhovich Institute of Biomedical chemistry, Russian Academy of Medical
Sciences, Moscow, Russia;

* mukhinaiv@mail.ru

The destruction of the brain extracellular matrix (ECM) structure, in particular
hippocampus, causes a change in the neural networks plasticity, which affects the
behavior and higher cognitive functions of the Central nervous system, such as:
memory, learning, attention, etc. One of the approaches to study the mechanisms of
matrix-dependent changes was the transcriptomic analysis, which allows screening
changes in expression of all genes simultaneously and identify possible signaling
pathways that cause changes in metabolism and cell function in response to the
destruction of brain extracellular matrix. The aim of this work was to identify the
relationship between the key functional changes in the expression of the mouse
hippocampal tissue cell genes in response to the destruction of extracellular matrix of
the brain and the integral parameters of hippocampal cell function and mice behavior.
Transcriptomic analysis was performed by mouse full-genome 2-colour Agilent
Microarrays. Functional annotation clustering was made by David bioinformatics
resource. Analysis revealed 806 statistically-significant differentially-expressed genes
(adj. p-value<0.05). Clustering of differential-expressing genes was carried out based
on functional annotation. Changes in gene expression correlated with the revealed
mechanisms in the regulation of the ratio of calcium permeable and nonpermeable
AMPA receptor subunits, calcium currents, bioelectrical activity of hippocampal
neural networks in vitro and in vivo. The destruction of the matrix in the
hippocampus of mice caused the failure in their learning and memory, in some cases,
the development of seizure activity. Thus, the proteins structurally and functionally
related to synaptic transmission, and the genes encoding them, are the most exposed
to controlling effect of the extracellular matrix of the brain.

This work was supported by RFBR grant 16-04-01763
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63. MexaHu3Mbl HenpoaereHepauumn y Kpbic IMHMK KpyLumHCKoro-
MonogkuHon

Kynukos A.A.'?*, Hacny3osa E.B.!2, bepezosckas A.C.!?, I'mazoBa M.B.!,
Yepuurosckas E.B.!

1. Uncmumym ssontoyuonnou ¢huzuonocuu u ouoxumuu um. .M. Ceuenosa
Poccuiickoti akademuu nayx (M9®F PAH), Cankm-Ilemepbype, Poccus,

2. Canxkm-Ilemepbypeckuii cocyoapcmeennsiii yuusepcumem (CII01'Y), Canxkm-
Ilemepbype, Poccus;

* alekskulikovaa95@gmail.com

[TokazaHo, YTO AMUIENTHYECKAs AKTUBHOCTH MPUBOIUT K KJIETOYHOW TMOeNu u
HelpoaerenepatuBHbIM — noBpexkaeHussM runnokammna (I'TIK). VYV  kpeic nuHumn
Kpyummnckoro-Monoakunoit  (KM),  sBisommxcss  MOJAENbI0  pedieKTOpHOU
ayIMOTE€HHON DIWIENICUM YEJIOBEKA, CYyJOPOKHBIE IPUIAAKHA BO3HHMKAIOT K KOHILY
TPETHETO MeCsA XKU3HHU, YTO JIeJaeT UX YI0OHON MOJEIbIO JUIsl OTBETa HA BOIPOC O
NpUYMHAX U cheAcTBusX norepu HeripoHoB ['TIK: cynoporu nu npuBomsT K rudenu
HEHpOHOB, THleNb HEHPOHOB MPHUBOAUT K CyIOporaM WiIM 00a 3TU YTBEPXKIEHUS
BEPHBI?

B cBa3u ¢ stuM ObUTO TIpOBENEHO 2 CepuM JKCIEPUMEHTOB. B mepBoi
IIPOBOJMIIOCH CpaBHEHME KpbIC mHUKM Buctap n KM B Bo3pacte 15 nuei, 30 nueut n
3 mecaneB . A BBISICHEHHsI XapakTepa BIMSHUSA CyJOPOXHOM AKTHBHOCTH Ha
anonnto3 B ['TIK Obum mpoananu3upoBanbl Kpbickl KM ¢ pa3HOil cTeneHbio
AMWIENTU3UPOBAHHOCTH MO3ra (KpBICHI, MEpPEHECIIMe OJHOKPATHbIA NPHUMNANOK U
nepeHecuire 7 NpunaakoB B TEUCHUE HEJIEIH ).

Ha 15 nenp nocrtHaransHOro paszsutus y kpsic KM B I'TIK orcyrcrByer
NOBBILIEHHE THOENM KJIETOK, HECMOTPS Ha aKTUBALMI0 MHUTOXOHAPUAIBHOTO IIyTH
arnonTo3a. YpoBeHb cUHTE3a M akTUBHOCTU pS3 u Bcel2 y kpbicaT KM Huxe, uem y
Bucrap storo Bo3pacra. Ha 30 nens y kpeic KM HabmomaeTcsi moBbIlIEHUE YPOBHS
anonto3a B ['TIK: moBbIlieHne sKcrpeccuu U akTUBHOCTH Kacnassl 3, pS3. B I'TIK 2
MecsiuHbIX Kpbic KM 1o cpaBHeHUIO ¢ kpbicamu Bucrap He HabmtomaeTcst ycuiaeHus
rubenu HEWpPOHOB. Y OTOM K€ TPYIIBl YPOBEHb OKCIPECCHUH W aAKTUBHOCTHU
IPOANONTO3HBIX OEJIKOB HE OTIMYalCSd OT KOHTPOJBHBIX Kpbic. [lpm sTOM
cogepkanue u akTuBHOCTh Bcl2 y KM nonwmxensl. [lpu cpaBHeHHH 3 MECSYHBIX
KpBIC MBI TOKa3aJd, 4YTO B TpaHysipHOM cioe DG y koHTponbHOM rpynnel KM
HaOJIro1aeTCA MOBRIIIEHNE unciaa Tunel «+» KIeTOK.

beio nokazano ycunenue anonto3a B DG n B CA3 mosie npy MHOTOKpaTHBIX
cynoporax. Ilokazano, 4yto mpu MHOrokparHeix cynoporax B ['TIK mpoucxonur
aKTUBALAsI MUTOXOHJPHAIIBHOTO U p53 3aBUCUMBIX IIyTEH 3aIlyCKa aroITo3a, HO NpU
aTOM HaOmonaercs yBenuueHue aktuBHOcTH Bcl2. Ilpu stom uuncnmo TAMK-
epruyeckux HelpoHoB B DG He yMeHbIIaeTcs, BO3MOXHO, 3a CUET YBEIUYCHUS
AKCIIPECCUH U aKTUBHOCTH Bcl2.
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Mechanisms of neurodegeneration in Krushinskii-Molodkina rats

Kulikov A.A.1?*, Nasluzova E. V.2, Berezovsky A.S.!2, Glazov M.V.},
Chernigovskaya E.V.!

1. Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian
Academy of Sciences, Saint Petersburg, Russia;

2. Saint Petersburg State University (SPbU), Saint Petersburg, Russia;

* alekskulikovaa95@gmail.com

It has been shown that epileptic activity leads to cell death and
neurodegenerative injuries of the hippocampus. In Krushinsky-Molodkina (KM) rats,
which are a model of human reflex audiogenic epilepsy, seizures occur at the end of
the third month of life. It makes them a convenient model for answering the question
of the causes and consequences of loss of the hippocampal neurons: whether seizures
lead to the death of neurons, the death of neurons leads to seizures, or are both of
these statements true?

In connection with this, 2 series of experiments has been done. In the first, the
Wistar and KM rats have been compared at the age of 15 days, 30 days and 3 months.
To clarify the nature of the effect of convulsive activity on apoptosis in the
hippocampus, rats with different degrees of epilepticization of the brain have been
analyzed.

On the 15th day of postnatal development there is no increase in cell death in
KM rats in hippocampus, despite the activation of the mitochondrial pathway of
apoptosis. The level of synthesis and activity of p53 and Bcl2 in KM rats is lower
than in Wistar rats of this age. On day 30 in KM rats an increase in the level of
apoptosis in hippocampus has been observed, e.g. an increase in the expression and
activity of caspase 3, p53 has been notice. In the hippocampus, 2 months KM rats
show no increase in neuronal death compared to Wistar rats. In the same group, the
level of expression and activity of proapoptotic proteins did not differ from control.
At the same time, the level of expression and activity of Bcl2 in KM are reduced.
Comparing 3 months rats, we showed that an increase in the number of Tunel "+"
cells is observed in the granular layer of DG in the control group of KM.

The increase of apoptosis has been shown in DG and in the CA3 field in
multiple seizures group.

64. HapyweHus KorepeHTHbIX TeTa U raMMa OCLUNNALUNA KaK paHHUN
GMomapkep BUCOYHOM Inunencum un bonesun Anourenmepa.

Kuunruna B.d.1*

1. I'BYH Unucmumym meopemuueckoll u dKCnepumeHmanbHou ouopusuxu,
* vkitchigina@gmail.com

bonesnr Aumnbureitmepa (BA) u Bucounas osnunencusi (BD) - nambonee
pacupoCTpaHEHHBIE dbopMbI HEUPOAEreHEPATUBHBIX 3a00J1€BaHU,
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XapaKTePU3YIONMIUXCSl ~ THOENbI0  KJIETOK W TMPOTPECCHBHBIM  HapyIlIEHHUEM
KOTHUTUBHBIX (DYHKIIUN, TaKUX, KAK BHUMAHUE U MaMsITh. bA MOXeT ObITh BaXKHOUN
MPUYAHON SNWICNICUHA y TOXWIBIX JIOAeH. B Hacrosimee Bpemsi HE CYILIECTBYET
HaJEeXHBIX MpenaparoB i gedeHus BO, a tepanus BA orHocurensHO 3 pexTuBHA
TOJILKO HAa pAaHHUX CTaAusX marojoruu. B panneit nuarnoctuke BO u bA B HenaBHee
BpEMsI TOSABUJIMCH HOBBIC TOJXOAbI, BKJIIOYAs HCCIEAOBAHUS CIIMHHOMO3TOBOM
JKUJIKOCTA W TUIa3Mbl, a TaKX€ SMUCCHUOHHO-TIO3UTPOHYIO Tomorpaduro. Tem He
MEHee, YTOObI MOJTYYUTh WH(POPMAIIUIO O KOTHUTUBHBIX HAPYLICHUSIX Y MAIUCHTOB,
CyILIECTBYeT OoJblIas MOTPeOHOCT, B OHMOMapkepax, KOTOpbIE OTpaxaiu Obl
GyHKIIMOHANBHBIE JIMHAMUYECKUE W3MEHEHHUS aKTMBHOCTHM MO3ra B YpE3BBIYAWHO
KOPOTKHE BPEMEHHBIE MUHTEPBAJIBI, TAKWE, KaK MWUIMCEKYH/bl. YCIICIIHAs PaHHsIA
muarHoctuka BO u Ab TpeOyeT CeNneKTHBHBIX MapKEpOB, C TMOMOIIBIO KOTOPBIX
MOXXHO ObUTO OBl OTIMYMTH MAIIMEHTOB C Tporpeccupytonumu BD wumu BA ot
TAKOBBIX C JAPYTMMHM TATOJIOTHUAMM, TaKXE€ HAPYIWAIMMH KOTHUTHUBHYIO
JEATENBHOCTbD.

B nannom 0030pHOM AOKIaZe€ paccCMaTpPUBAIOTCS pe3yJbTaThl HEAABHUX PadoT,
MO3BOJISAIONIME TIpeAnojararb, 4YTO MCHOJIb30BaHUE MarHutosHuedanorpabun u
KOT€PEHTHOIO aHajdu3a OCUWUIATOPHOM AaKTUBHOCTH Hapsy C KOTHUTHUBHBIMU
T€CTaMH MOTYT OBITh MOJE3HBIM TOAXOIOM B paHHeW nuarHoctuke BD u BA.
[IpuBoMMBbIE MAHHBIE BKJIIOYAIOT aHAJIW3 BHYTPU-YACTOTHOM U KPOCC-4aCTOTHOM
dazoBoit U (Ha30BO—aMIUTUTYAHOH KOTEPEHTHOCTH B HOpPME M TMPU MATOJOTHUSX.
OCHOBHBIE SKCIIEPUMEHTANIbHBIE M KIMHUYECKUE (aKThl B3ATHl M3 PabOT MO

HCCJICIOBAHUIO TE€TA U TaMMa OCIUJUISIIUM B TUIIIIOKAMIIE U HEOKOPTEKCE.
Pabora monnepxkana rpantamMmu PODU Ne 17-44-500312 u Ne 18-015-00157

Alterations of coherent theta and gamma network oscillations as an
early biomarker of temporal lobe epilepsy and Alzheimer’s disease

Kitchigina V.F.1*

1. Institute of Theoretical and Experimental Biophysics,
* vkitchigina@gmail.com

Alzheimer’s disease (AD) and temporal lobe epilepsy (TLE) are the most
common forms of neurodegenerative disorders characterized by the loss of cells and
progressive irreversible alteration of cognitive functions, such as attention and
memory. AD may be an important cause of epilepsy in the elderly. At present, there is
still no cure for TLE and AD, and actual treatments are moderately effective only in
early stages of the pathologies. A great deal has been done with the aim of defining
new biomarkers of these diseases. Significant advances have been recently made in
the validation of several AD and TLE biomarkers, including cerebrospinal fluid and
plasma measurements and glucose positron emission tomography. But there is a great
need for the biomarkers that would reflect functional brain dynamic changes within
an extremely short time period such as milliseconds to provide information about
cognitive deficits. Successful early detection of AD or TLE requires specific
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biomarkers capable of distinguishing individuals with the progressing disease from
ones with other pathologies that affect cognition.

In this report, we review recent evidence suggesting that
magnetoencephalographic recordings and coherent analysis of oscillations coupled
with behavioral assessments can be a useful approach to an early detection of AD and
TLE. The provided data include the analysis of within-frequency and cross-frequency
phase and phase—amplitude coherence in norm and pathologies. The most clinical
and experimental facts are taken from works researching the theta and gamma
oscillations in the hippocampus and neocortex.

Work is supported by grants of the RFFI No.17-44-500312 and No.18-015-0015

65. HempoBocnaneHune B runnokamMmne B paHHeM nepuoae YepenHo-
MO3roBOM TpaBMbl Yy KPpbIC pa3BMBaeTCA He3aBUCUMO OT
anunenTMopMHON aKTUBHOCTU B KOpe

[upoboxkora H.W.!->* KomonsiieB W.I'2, ®pankeBud C.0.!2
1. PHUMY um. [lupocosa, Mockea, Poccus;
2. Unemumym Buvicwen Hepesnoti /{eamenvnocmu u Hetipoguzuonocuu PAH, Mocksa,

Poccus;
* schirobokovanatalial@yandex.ru

Beenenne. HeiipoBocnaneHne B TUIIIOKAaMIIE CYUTAETCS OJHUM M3 BayKHBIX
MEXaHU3MOB  pa3BUTHs  IOCTTPABMATUYECKOM  omwiencud. Ponb  paHHeEH
snunentu@opMHor akTUBHOCTH (DA) B KOpe B pa3BUTUU HEHUPOBOCHAJICHUS B
runmnokamiie nociie YMT ocTaérca HEQOCTATOUHO U3YUYEHHOM.

Lenp wuccnenoBaHusA: OLEHHUTh CTENEHb W XapaKTEP HEMPOBOCHANECHUS B
TUINOKAaMIIE U BbISICHUTh B3aMMOCBSI3b MTOBPEKICHUS TUIIIIOKAMIIa C TIOSIBICHUEM DA
B panHeM niepuoae UMT y kpsic.

Marepuansl u metonbl.Pabora BoimoniHeHa Ha 15 kpbicax Sprague-Dawley. UMT
HAaHOCWJIM IIPU MOMOUIY JIAT€PaJIbHOTO THIPOJIMHAMUYECKOTO yaapa cuioil 3,4 at™m y
10 xpsbic, ocTanbHble ObUTH JIOKHOOTIEpUpOoBaHHBIME (JIO). DIeKTpOKOPTUKOTpAMMY
perucTpupoBaiu y Bcex Kpbic B TeueHue 7 cyT. 1o UMT u 7 cyt. nocine UMT. Cpessl
MO3ra KpbIC OKpammBainu no metoxy Huccns, Ha Isolectin B4 — mapkép mukporimu,
nu GFAP — mapkép actpormuu. Mukpodororpapuu nosydand ¢ HCIOIb30BAaHUEM
MMMEPCUOHHOW MUKpOCKonnu. CpaBHEHMS ITpoBOAMIn Mexay rpynnamu UMT u JIO
(Tect ManHa-YUTHH) U MEXAY MOJyIIapUuAMH Mo3ra (TecT Buikokcona).

Pesynbrarsl.Y kpeic rpynnel UMT npu cpaBHeHnn ¢ kpbicamu rpynmnsl JIO B
3yO4aroil ¢acuuu rumnmnokamna oOOMX MONyLIapUi YBETUYHIIOCH YUCIO HEHPOHOB,
oOnafaromux MNpu3HaKaMu uiieMur. HamOosbiiiee 4uciio U3MEHEHHBIX HEUPOHOB
MPUJIEKANIO K CIIOK TPAHYJISPHBIX M NMUpaMUIHbIX KieTok. [Tocne UMT mioTHOCTH
KJIETOK MHUKpPOIIMM Oblla BBIIIE B MIICHWJIATEPAJIbHOM THUIMOKaMIIe, TOTAa Kak
IJIOTHOCTh aCTPOIIUTOB HE U3MEHUIIACK.

[To pesynbratam ananmusza I2I kpeickl mocne UMT Owbuin pasneneHsl Ha 2
Ipynnsl: ¢ yBenudeHneMm DA (n=5), u 6e3 u3MEHEHUs MPECTaBICHHOCTH DA B Kope
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(n=5). OTcyTcTBOBaNA KOPPEIALMS IJIOTHOCTH INIMHU B TUIIOKamIe ¢ DA B paHHEM
nepuoge UMT.

BreiBon: B octpom mepuone UMT HaGmiomaercs yBelIWYEHHE IJIOTHOCTH
MUKpPOIIMM ¥ YHUCJA TOBPEXKIECHHBIX HEMPOHOB B MOIMMOP(PHOM cioe 3yOuaroi
V3BWIMHBl  THUNNOKaMOa. OTH  W3MEHEHUs  HE3aBUCHUMBl OT  YBEJIMYEHUS
MIPEACTABIEHHOCTH DA B KOpE.

PaGora BbImonHeHa mnpu  (PUHAHCOBOM MOIJEP)KKE OIOMKETHOM  TEMBI
NBHAunHO® 0129-2014-0001 "®dyH1amMeHTalbHbIC HEUPOOMOTOTUUECKUE
MEXAaHHU3MBbI TOBEJCHUS W BBICHIUX NCUXMUYECKUX (PYHKIMH, MaMsITH U OOy4eHHsS B
HOpMe U nipu natojoruu" u rpanta POOU 18-315-00146

Neuroinflammation in hippocampus in acute period after traumatic brain
injury develops independently on epileptiform activity in rat neocortex

Shirobokova N.I.!2* Komoltsev 1.G.2, Frankevich S.O.!2
1. Pirogov Russian National Research University, Moscow, Russia;

2. Institute of Higher Nervous Activity and Neurophysiology RAS, Moscow, Russia,
* schirobokovanatalial@yandex.ru

Introduction.Neuroinflammation in hippocampus is considered as one of the
most important mechanisms of posttraumatic epilepsy (PTE). The role of early
cortical epileptiform activity in development of the neuroinflammation in
hippocampus remains unclear.

The aim of the study was to assess neuroinflammation in hippocampus and to
find out the correlation between hippocampal injury and appearance of epileptiform
activity in the acute period after TBI in rats.

Materials and Methodes.

The research was carried out in 15 male Sprague-Dawley rats. TBI was
modelled using lateral fluid percussion (3,4 atm).10 rats received trauma(TBI
group),5 rats did not(sham group).EEG was registered in all rats of both groups
during 1 week before and 1 week after TBI. Brain slices were stained using Nissl
method, Isolectin B4 (microglial marker), GFAP (astroglial marker). Micrographs
were obtained using immersion microscopy.A comparison was made between the TBI
and Sham groups(Mann-Whitney test)and between the hemispheres (Wilcoxon test).

Results.Increased number of neurons with ischemic morphology was observed
in the dental gyrus (DG) of both hemispheres in rats with TBI compared to sham
rats.Most of the damaged neurons were adjacent to the layer of granular and
pyramidal cells.The density of microglial cells was higher in the ipsilateral
hippocampus than in contralateral one, whereas astrocyte density did not change.

According to the results of the electrophysiological part of the research,the rats
after TBI were divided into two groups: rats with of epileptiform activity(EA) in
cortex(n=5), and rats without EA in cortex(n=5).There was no correlation between
density of glial cells in the hippocampus with EA in the early period of TBI.

Conclusion.Increase of the number of damaged neurons in the polymorphic
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layer of the dentate gyrus of the hippocampus and the density of microglia is
observed in the acute period of TBI.These changes occur regardless of the presence
of EA in the cortex.

66. HeMpoH-acTpouuTapHbie B3aMMOAENCTBTUA B rMNnoKamne nocre
status epilepticus

CembsiHOB A.B.!2*
1. Uncmumym buoopeanuueckou Xumuu PAH, Mocksa, Poccus,

2. HHT'Y um Jlobauesckoeo, Huoswcnuii Hoseopoo, Poccusi,
* semyanov@neuro.nnov.ru

Epilepsy 1s a group of neurological disorders commonly associated with
malfunction of neurons, that leads to their pathological synchronization and
generation of seizures. Recent reports pointed to a possible contribution of astrocytes
into this pathology. We used the lithium-pilocarpine model of status epilepticus (SE)
in rats to monitor changes in astrocytes. Experiments were performed in hippocampal
slices two weeks after SE induction, just before the onset of spontaneous seizures.
Nissl staining revealed significant neurodegeneration in pyramidal cell layers of
hippocampal CA1, CA3, and hilus, but not in granular cell layer of the dentate gyrus.
A significant increase in density of astrocytes stained with astrocyte specific marker,
sulforhodamine 101, was observed in CA1 stratum (str.) radiatum. The astrocytes in
this area were also loaded with morphological tracer, Alexa Fluor 594, through patch
pipette for two-photon imaging. Sholl analysis showed no changes in the size of the
astrocytic domain or in the number of primary astrocytic branches, but significant
reduction in the number of distal branches. Astrocytic branches resolved with
diffraction-limited light microscopy are relatively thick and contain Ca2+ stores, such
as mitochondria and endoplasmic reticulum. The atrophy of astrocytic branches
correlated with reduced sizes of Ca2+ events, but not their overall frequency. Possible
changes in volume fraction of unresolved perisynaptic astrocytic leaflets were
assessed by comparing their fluorescent profile to the level of fluorescence in the
soma. No significant differences between control and SE animals were detected. The
results of spatial entropy-complexity spectrum analysis were also consistent with
changes in ratio of astrocytic branches vs. leaflets. In addition, we observed
uncoupling of astrocytes trough the gap-junctions, which was suggested as a
mechanism for reduced K+ buffering.
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Neuron-astrocyte interactions in hippocampus after status epilepticus

Semyanov A.V.12*

1. Institute of Bioorganic Chemistry RAS, Moscow, Russia,

2. University of Nizhny Novgorod, Nizhny Novgorod, Russia;
* semyanov@neuro.nnov.ru

Epilepsy is a group of neurological disorders commonly associated with
malfunction of neurons, that leads to their pathological synchronization and
generation of seizures. Recent reports pointed to a possible contribution of astrocytes
into this pathology. We used the lithium-pilocarpine model of status epilepticus (SE)
in rats to monitor changes in astrocytes. Experiments were performed in hippocampal
slices two weeks after SE induction, just before the onset of spontaneous seizures.
Nissl staining revealed significant neurodegeneration in pyramidal cell layers of
hippocampal CA1, CA3, and hilus, but not in granular cell layer of the dentate gyrus.
A significant increase in density of astrocytes stained with astrocyte specific marker,
sulforhodamine 101, was observed in CA1l stratum (str.) radiatum. The astrocytes in
this area were also loaded with morphological tracer, Alexa Fluor 594, through patch
pipette for two-photon imaging. Sholl analysis showed no changes in the size of the
astrocytic domain or in the number of primary astrocytic branches, but significant
reduction in the number of distal branches. Astrocytic branches resolved with
diffraction-limited light microscopy are relatively thick and contain Ca2+ stores, such
as mitochondria and endoplasmic reticulum. The atrophy of astrocytic branches
correlated with reduced sizes of Ca2+ events, but not their overall frequency. Possible
changes in volume fraction of unresolved perisynaptic astrocytic leaflets were
assessed by comparing their fluorescent profile to the level of fluorescence in the
soma. No significant differences between control and SE animals were detected. The
results of spatial entropy-complexity spectrum analysis were also consistent with
changes in ratio of astrocytic branches vs. leaflets. In addition, we observed
uncoupling of astrocytes trough the gap-junctions, which was suggested as a
mechanism for reduced K+ buffering.

67. HeoHaTanbHbIe BBeAeHUA nunononucaxapmuaa BNuUsilOT Ha
noBeaeHne n akcnpeccuio reHa GluA1 B kneTkax runnokamna B3pocnbIxX
KpbIC

3ybapesa O.E."*, KapenanoB A.A.!, Iémuna A.B.!, Koasienko A.A.!, PotoB A.1O.!
1. ®EJ[EPAJIBHOE I'OCYIAPCTBEHHOE BFIO/PKETHOE YUYPEX/[EHUE
HAVKH UHCTHUTYT 2BOJIFOIJHOHHOH ©®HU3HUOJIOT MU U BUOXUMUH M.

UM. CEHEHOBA POCCUHCKOH AKAJJEMMUH HAVK, C.-Ilemepbype, Poccus;
* BybapeBa O.E.zubarevaoel@mail.ru

I[J'H/ITCJ'ILHBIG KOTHUTUBHBIC HAPYHUICHUSA, IIOABIAIOINIUCCA YKC B PaHHCM
BO3pacCTC, MOTYT BOSHUKATh HC TOJILKO IT1OJ I[CIZCTBPICM ICHCTUYCCKHUX OCO6CHHOCTCI>1,
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HO M TOJ JEeHCTBHEM HETaTHUBHBIX (DAKTOPOB Cpeabl — MEpPUHATATbHON THUIIOKCHUH,
UHQPEKIUOHHBIX U Apyrux 3a0oneBaHuil. OJHUM K3 MEXaHHU3MOB ATHX HapyIIEHUMN
MOTYT OBITh M3MEHEHUsI (PYHKIIMOHAJIbHON aKTUBHOCTH IIyTaMaTHBIX PELIENTOPOB B
TUIONOKaMIE U IPYruxX OOJAcTSAX MO3ra, BOBJIEYEHHBIX B PETYJSLUI0O KOTHUTHBHBIX
¢ynkuuii. @yHkumoHanbHas aktTuBHOCTh NMDA u AMPA rimyTamMaTHbIX peuentopoB
3aBUCUT OT HX CYObEIMHUYHOIO COCTaBa, KOTOPbIA (OpMUpYETCS B paHHEM
MOCTHATAJIbHOM OHTOT€HE3€.

JlanHoe wuccienoBaHuE OBUIO TOCBSALIEHO UCCIEIOBAHUIO KOTHUTUBHBIX
HapylmIeHUu u HKcnpeccud TeHoB cyOpeauHUINMDA u AMPA B kierkax
TUIIOKaMIa B3POCIbIX KPBIC, KOTOPHIM BBOAMIIA OaKTEPHAIbHBIN JIUTIOMOIUCAXAPH/T
(JITIC) B xputmyeckuii nnsi (HOPMHUPOBAHUSA OSTUX PELENTOPOB TMEPUOA PAHHETO
MOCTHATAJILHOTO OHTOTEHEe3a (3 HeleNu KU3HN).

Cammam kpsic Buctap BBogunm B/6 anuporennsiii ¢puz. p-p wiu JIIC (25 umm
50 mxr/kr) Ha 15, 18, 21 cyTku xu3HHU. TecTrupoBaan KphIC B BO3pacTe 3-4 MECSAIICB.
[loBenenne ouenuBain B Tectax: «OTkpeitoe mnone», «lIpunogHsAThINA
KpecTooOpa3HbIi J1aOUPUHTY, «Y-00pa3Hblil 1a0upuHTY. DKcnpeccuss reHoB NMDA
(GluN1, GluN2a, GluN2b) u AMPA (GluAl, GluA2) cyObeauHuIl TIyTaMaTHBIX
penenTopoB ObL1a uccienoBana metogoM OT-IILP B peansHOM BpeMeHH.

[TokazaHo, 4TO B3pOCIbI€ 3KCIEPUMEHTANIbHBIE KPBICHI MMEIU MOBBIIIEHHYIO
aktuBHOCTBIO B OIl m aHomanbHO HU3KYI0 TpeBoxkHOCTh B IIKJI. ¥V HuX Takxke
BbISIBJICHA TIOBBINIEHHAs odkcnpeccuss reHa GIluAl B kieTkax Jop3alibHOTO
rUNnokaMna. OTH U3MEHEHUS XapaKTEPHBI IJIs )KUBOTHBIX, KOTOpbIM BBOAMIH JITIC B
no3e 50 MKI/KT.

Takum oOpa3zom, uH(DEKIMOHHBIE 3a00JIeBaHMS, TEPEHECCHHbIE B pPaHHEM
MOCTHAaTAJIBHOM OHTOI€HE3€ NPHUBOJAAT BO B3POCIOM BO3pacTe€ K HapyLIECHUSIM
MOBEJCHMS, KOTOPHIE COMPOBOXKIAIOTCS BbICOKOW mpomykinuer reHa GluAl
cyobenuunnbl AMPA penienTopoB B KJI€TKaX TMIIITOKAMIIA.

[Topnepxano PO®U, rpant 17-04- 02116 A.

Neonatal lipopolysaccharide treatment affects the behavior and GluA1
gene expression in hippocampus of adult rats

Zubareva O.E."*, Karepanov A.A.!, Demina A.V.!, Kovalenko A.A.!, Rotov A.J.!
1. SECHENOYV INSTITUTE OF EVOLUTIONARY PHYSIOLOGY AND

BIOCHEMISTRY RUSSIAN ACADEMY OF SCIENCES, S.-Petersburg, RUSSIA;
* BybapeBa O0.E.zubarevaoelmail.ru

Long-lasting cognitive impairments appearing even in early life can emerge not
only due to genetics, but also may be evoked by negative environmental factors in
early development — perinatal hypoxia, infections, etc. One of the mechanisms of
these disorders may be changed functional activity of glutamate receptors in
hippocampus and other regions involved in the regulation of brain cognitive
functioning. The functional activity of NMDA and AMPA glutamate receptors
depends on their subunit composition, which is completely formed during early
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postnatal ontogenesis.

The present work was aimed in the investigation of delayed cognitive
impairments and expression of genes encoding NMDA and AMPA receptor subunits
in the hippocampal cells of adult rats after bacterial lipopolysaccharide (LPS)
administration (the model of neonatal infection) during critical for the formation of
glutamate receptors early-life period of postnatal development (3rd week of life).

Male Wistar rats were injected ip with apyrogenic saline or LPS (25 or 50
ug/kg) at P15, 18, 21. The rats were tested at the age of 3-4 month. The behavior was
estimated in the tests: “Open field” (OF), “Elevated plus maze” (EPM), “Y-maze”.
Gene expression of NMDA (GluN1, GluN2a, GluN2b) and AMPA (GluA1l, GluA2)
receptors subunits was identified by real-time RT-PCR.

We observed that adult rats from experimental group were overactive in OF and
had an abnormally low level of anxiety in EPM. They demonstrated the elevated
expression of GluAl gene in the dorsal hippocampus. These changes are
characteristic of animals, which were injected with 50 mcg/kg LPS.

To sum up, we concluded the infection diseases in the early postnatal life lead to
behavioral disorders in adulthood which areaccompanied by high expression of
GluA1 subunits of AMPA receptors in the cells of hippocampus.

Supported by RFBR projects No. 17-04- 02116 A.

68. OQHOCTOPOHHMMN NaTepanbHbIM FIMAPOANHAMUYECKUU yaap
NPUBOAUT K ABYCTOPOHHEMY NOBPEXAEHUIO rMnnokKkamna y Kpbic

BonkoBa A.A."*, Komonsnes U.I'.!

1. UBH/[ u H® PAH, Mocksa, Poccus,
* Kitemmman@gmail.com

B pannem nepuoje uepenno-mo3ropoit TpaBMbl (UMT) npu nokanuzanuu oyara
MOBPEXKJICHUS B HEOKOpTEKCEe HaOIIonaeTcss TakKe IMOBPEXKICHUE TUIIOKaMIIA.
[enpto nmaHHOM pPabOTHI SIBISIETCS KOJWYECTBEHHAs OIIEHKA CTENEHH AaKTHUBalUU
MHUKPOTJIMM M HapyIIeHUs reMaTto-3Hiedannueckoro 6aprepa (I'9b) y kpric.

PaGora Brimonaena Ha 10 cammax kpbic auaE Wistar: kpeickl ¢ YUMT (n=5) u
JIO)KHOOTIEPUPOBAHHBIE (JIO, n=5). OnHOCTOPOHHMUIA JaTepaIbHbINA
rUApoAMHAMUYECKUN yaap (2,8 aTM.) HAaHOCWIA B 00JIaCTh CEHCOMOTOPHOM KOPBI.
Yepe3 7 cyTOK cpe3bl MO3ra OKpammBanu Ha Mapk€p nospexaeHus [Ob — IgG,
Mapkep HeiipoHoB NeuN, Mapkep mukporiuu [solectin 4B. CpaBHeHHe uncia KIETOK
npoBoawin Mexnay rpynnamu UMT u JIO mo kputeputo Mann-Whitney, mexmy
nosymapusiMu — o kputeputo Wilcoxon. Bce nmpuBenéHubie pazinyus J0CTOBEPHBI
(p <0.05).

Y Bcex kpbic rpynnsl UMT BBIABICH OYar MNOBPEXICHUS B HOBOW KOpE
UIICWJIaTEPAIbHOTO ToNylmapus. B runmokamiie UIncuiaarepaibHOTO MNOMYIIApUS Y
kpoic Tpynnbsl UYMT mo cpaBuenuto ¢ JIO yucno 1gG-no3uTuBHBIX HEHPOHOB OBLIO
BbIie. Kpome TOro, MX 4MCIO YBEIMYMBAIOCH B TMOJIMMOPGHOM cjoe 3yOuaroi
daciuu KoHTpanarepanbHOoro mnonymapusi. Bce [gG-mo3uTuBHBIE KIETKH OBLIU
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KOJIOKanm30BaHbI ¢ NeuN.

B 3y0Ouaroit ¢acruu rumnmokamma y kpeic ¢ UMT Habmomany BeIpaKEHHYIO
JIBYCTOPOHHIOK) aKTHMBAalMI0O MHUKPOIJIMM, KOTOpas B MIICHJIATEPATLHOM THIIIIOKAMIIE
CONMPOBOXKJANach  yMEHBUIEHWEM  4YUCIa  HEHPOHOB (IO  CPAaBHEHHIO C
KOHTpaJjlaTepalibHbIM ToiymapueM U ¢ kpeicamu rpynnsl JIO). B nonsx CAl, CA2
aKTUBALIMIO MUKPOIIIMY HAOIOJAIH TOJIBKO UIICUIIaTEPaIbHO.

Takum o6pazom, UMT B ocTpoM mnepuoje NPUBOIUT K JIBYCTOPOHHEMY
MOBPEXKJICHUIO THUIIMOKaMMa. YBennyeHue uyucia [gG-MO3UTUBHBIX HEUPOHOB B
runmnokammne oOouX MOJIyIIapuidi, BEpOSITHEE BCEro, BCieACTBUE HapyiueHus ['Ob,
MIOKAa3aHO HAaMH BIIEPBBIC; OHO CONPOBOXKIAETCS AKTHBAUMEW MUKPOIJIMA H
YMEHBIIICHUEM YHCJIa HEMPOHOB B THIIIOKAMIIE.

PaGora BbimonmHeHa mnpu  (PUHAHCOBOM  TOMJCP)KKE OIOMKETHOM  TEMBI
NBH/IuH® PAH Ne 0129-2014- 0001 «®dyHmameHTanbHbIE HEHPOOHUOIOTHYECKUE
MEXaHHW3MBbI TOBEJCHUS W BBICIIMX NCUXHYCCKUX (PYHKIIHH, MaMITH W OOy4YCHHS B
HOpMeE U nipu naronorum» u rpanra POOU Ne 18-315- 00146

Focal lateral fluid percussion induces bilateral damage of hippocampus
in rats

Volkova A.A."*, Komoltsev I.G.!
1. IHNA&NPh RAS;
* Kitemmman@gmail.com

Acute period of traumatic brain injury (TBI) with primary damage in neocortex
1s accompanied with hippocampal damage as well. This research was aimed to assess
neuroinflammation and damage of blood-brain barrier (BBB) in the acute period of
TBI.

TBI was modeled using focal lateral fluid percussion (2,8 atm) on sensorimotor
cortex in 5 adult male Wistar rats (TBI group). 5 sham rats (sham group) did not
receive a trauma. On 7 th day after TBI brain slices was stained for IgG (BBB
disruption marker), NeuN(neuronal marker) and Isolectin 4B (microglial marker).
Number of IgG-positive neurons and microglial cells was compared between TBI and
Sham groups by Mann-Whitney test, between hemispheres by the Wilcoxon test. All
shown differences are significant (p < 0.05).

Lesion in ipsilateral neocortex was detected in all rats of the TBI group. Number
of IgG-positive neurons in ipsilateral hippocampus in TBI group was higher than in
sham-operated rats. Moreover, this number was higher in polymorph layer of dental
gyrus (DG) of contralateral hippocampus. All IgG-positive cells were colocalized
with NeuN.

In the DG of ipsilateral hippocampus bilateral microglial activation was
observed; it accompanied by decreased number of neurons (in comparison with the
contralateral hemisphere and rats of the Sham group). In the fields CAl, CA2
microglial activation was observed only in ipsilateral hippocampus.

Thus, TBI leads to bilateral damage of hippocampus in acute posttraumatic
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period.

The increased number of IgG-positive neurons in hippocampus of both
hemispheres is most likely due to a BBB damage and we had shown it for the first
time; it is accompanied by microglial activation and a decreased number of neurons
in hippocampus.

69. Oco6eHHOCTU BNUAHUSA CTPECCOPHbIX (paKTOPOB Ha COOTHOLLUEHUe
paHHen u no3agHen ANUTeNbLHOM NOTeHLMaUMM B runnokamMmne Kpbic:
3aBMCUMOCTb OT nofa

Kynpsimmosa 1.B."*, Manonosa A.O.!, I'ynseBa H.B.!
1. Mncmumym evicuwietl Hepenotl desmenvhocmu u Hetipoghuzuonocuu PAH, Mockaa,

Poccus;
* iv_kudryashovalmail.ru

JlonroBpeMeHHas IJJAaCTUYHOCTh CHHAICOB OTHOCUTCS K TEM CBOWMCTBaM
LEHTPAJIbHOW HEPBHOM CHUCTEMBI, KOTOpPHIE JIEXKAT B OCHOBE CTPECC-PEAKTUBHOCTH,
OBICTpOH peaklM¥ Ha W3MEHEHHUs BHEIIHEeH cpenbl. HeogHo3HAYHOCTh M3MEHEHUS
CBOMCTB n0aroBpeMeHHoi noreHuanuu (LTP) B oTBET Ha KpaTKOBPEMEHHBIN CTpECC
MpEAIoaaraeT  y4aCTHE€  pPa3HbIX JIOKYCOB  IUIACTUYHOCTH,  OINPEACISIOLINX
npeoOialanie akTUBUPYIOIIEro win WHrHOupyromero BiausHus. B mome CAl
MEPEKUBAOIIMX CPE30B THMIIOKAMIIA KPBIC HCCIEA0BaIM U3MEHeHue cBouWcTB LTP
o AeicTBreM (PaKTOPOB, UCHOIb3YEMbIX MPU MOACIUPOBAHUM «HEMPEICKA3yEeMOTro
ctpeccay. CpaBHUBANM BIUSHUE CTpecC (PaKTOPOB HA pa3HbIC MO MexaHu3Mam (asbl
LTP u ux cootHomenue. Bo Bcex rpymnmax aOCONIOTHBbIE 3HAUEHUS OCTAaTOYHOMN
noTeHIManuu 4vepe3 yac mnocie teranuzanuu (100 I'm, 1 ¢) xoppenupoBanu ¢
BEJIMYMHOM pAaHHEW TMIOTEHUMAUMM C BBICOKOM CTEINEHBI) JIOCTOBEPHOCTH.
[Ipeqnmaraercss  CTaTUCTUYECKUM  TOAXOA,  IO3BOJAIOUIMH  KOHTPOJIUPOBATH
WHIUBUIyaJIbHbIE Pa3iMyisl B yYpOBHE paHHEW MOTEHIMAlMU, YTOObI HCKIIIOYUTH
BIUSIHUE OTOro (akropa mpu onpeneneHud >GHEKTUBHOCTH KOHCOMUIAIUU U
noanepxkanus. OOHapyxeno, uto gebunutr LTP cBs3aH mnpeumyliecTBEHHO C
HApyUIEHHEM MEXaHU3MOB HWHIYKIMH, YTO CKa3bIBACTCA HA CPEAHEH BEIMYUHE
paHHel u, Kak cuencteue, no3aHedl LTP. AktuBupyroniee BIUsSHHE CTpecca
HaOmoanoch B (pa3ze KOHCONMMIANIMKA W TIOAJCPXKAHUS, O YeM CBHUACTEIbCTBYIOT
CTaTUCTUYECKU 3HAYMMOE B3auMOJEHCTBHE (PAKTOPOB «cTpecc» X «CKOPOCTh
JETOTCHIMALIMM» W Pa3uuusi B  BEJIWYMHE OTHOCUTEIBHBIX IOKa3areeu
nojJiepKaHusi. 3HaUUMbIe OTJIMYMS OT KOHTPOJIS Mpeodiiaiaiid B TUIIOKAMIIE CAMOK.
B runnokamriie camiioB oOHapy>kKeHa JIMIb TEHACHIUS K YIYUYIICHUIO TOAIePKAHUS
LTP, uto cBsi3aHO ¢ 0OJIbIlIeH UHANBUYTLHON BapraOeIbHOCTHIO.

Pabota BrinonHeHa nipu huHaHcoBou noaaepxkke PH® (rpant Ne 14-25-00136).
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70. Pasznuuua ¢peHOTUNNYECKNX N3MEHEHUN B XOSNTMHEPru4yecKkux
HeMpoHax 6a3anbHbIX AA4ep Y KPbIC U MblLLeN nocrie yaaneHus
OOOHATENbHbLIX NMYKOBUL,

Henorpeesa O.A.'*, Crenannue M.10O.!, I'ynsesa H.B.!

1. Mncmumym evicuwieti Hepenoul dessmenvhocmu u Hevpoguzuonocuu PAH, Mockaa,
Poccus;

* nedogreewaolgal@gmail.com

VYnanenue 0OOHATENBHBIX JIYKOBUI] Y TPHI3yHOB MPUBOAUT K IIKPOKOMY CHEKTPY
(YHKUMOHAIBHBIX HApyLIEHUH, KOTOPBIM BKJIIOYAET W3MEHEHHUs IOBEJICHUS,
onoxumMuu U MOpQoJOrMM Mo3ra. Y  KpbIC HapyuleHUS TOBEACHUS U
HEUPOXHUMHUYECKUX MEXaHU3MOB B MO3I€ NPHUHATO HMHTEPIPETUPOBATH KAaK MOJACIb
Jenpeccuu ¢ JIe(UIMTOM CEpOTOHMHA W THUIEPAKTUBHOCTHIO. Y MbIIIEH O4YeHb
IOXO)KWE W3MEHEHHsA TMOBeAeHMs M Ouoxumuueckux mpouecco B [IHC
UHTEPIPETUPYIOT KaK Mozaenb Oone3Hu Ausbureiimepa. HelpoHsl 0OOHSTENBHBIX
JYKOBUI] HUHHEPBUPYIOTCSI MPOEKLUAMU XOJIMHEPIMUECKUX KIIETOK Oa3aibHbIX SEp.
[Tooromy  OynabOSKTOMHS  MOXKET NPUBOAUTH K  JIETEHEpalMd  HEWPOHOB
XOJIMHEPTUYECKON CUCTeMBbl mepenHero Mmosra. OgHako, y KpbIC OylIbO’KTOMUS,
KOTOpasi CONPOBOXKIAETCS BO3HUKHOBEHHEM T'MIIEPAKTUBHOCTH, KOIHUTHUBHBIM
NeUIIUTOM M YMEPEHHO BBIPAKEHHBIM JEMPECCUBHO-TIOAOOHBIM TOBEICHUEM, HE
CBA3aHA C M3MEHECHUSAMH MAPAMETPOB XOJIMHEPTHUYECKOW HEMpOTpaHcMuccuu. B To
e BpeMsl OylbOIKTOMUSL Y MBIIIEH NPUBOAUT K MOXOKUM HU3MEHEHHUSAM MOBEICHUS,
KOTOpPBIE COMPOBOXKAAIOTCS XOJIMHEPTrUYECKOW TMNO(yHKIHMEH. DTo mposBIseTca B
CHI)KCHUM 4YHWCJa HEHUPOHOB, SKCHPECCUPYIOLIUX XOJIMHALETHWITpaHchepasy, B
MEIMaJIbHOM CENTAJIbHOM SIJIPpE U SIAPE NMAroHajJbHOM IMOJOCKH. BMecTe ¢ Tem, 31O
HE MPUBOJIUT K yTpaTe HEHPOHOB B YKa3aHHBIX 00JacTiIX Mo3ra. BozMoxHo, yTpara
XOJIMHEPTUYECKOro (EeHOTUIIA CBSI3aHAa CO YXYIIIEHHEM HeHpOoTpo(UIECKOro
o0ecrieueHus: HEHUPOHOB Oa3aJlbHBIX SJIEP, BBIPAXKEHHOTO B CHIKEHUU YPOBHS
¢akTopa pocTa HEPBOB B THIIOKAMIIE y MbIIIEH, HO HE Kpbic. Takum obOpazom,
MOCIIEACTBUS yAajJeHUs] OOOHSTENbHBIX JTYKOBHI], CXOAHbIE IO CBOMM IpHU3HAKaM
MOTYT 0a3UpOBaThCSl HA Pa3HBIX HEUPOXMMHUECKHX MEXaHH3MaX JaKe y JOBOJBHO
OJM3KHUX PBOIIOIMOHHO BUIOB JIA00PATOPHBIX TPHI3YHOB.

Pabora Beinonnena npu nogaepxxkke PODOU, npoekt Ne 16-04-01054.

Differences in phenotypic parameters of cholinergic neurons of the
basal nuclei in rats and mice after olfactory bulbectomy

Nedogreeva O.A.'*, Stepanichev M.Yu.!, Gulyaeva N.V.!

1. Institute of Higher Nervous Activity and Neurophysiology, RAS, Moscow, Russia;
* nedogreewaolga@gmail.com

Olfactory bulbectomy in rodents induces a wide spectrum of functional
disturbances, including behavioral, neurochemical, and neuromorphological
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alterations. It is considered that in rats, the impairments of behavior and
neurochemical mechanisms in the brain may serve as a model of serotonin-deficient
depression with hyperactivity. In mice, similar behavioral abnormalities and
biochemical modifications in the CNS are considered as a model of Alzheimer’s
disease. Cholinergic cells of the basal nuclei are known to innervate olfactory bulb
neurons; therefore, olfactory bulbectomy may result in degeneration of neurons of the
basal forebrain. However, in rats, olfactory bulbectomy, which results in the
appearance of hyperactivity, cognitive deficit, and moderately expressed depressive-
like behavior, is not related to alterations in the indices of the cholinergic system.
Olfactory bulbectomy in mice is followed by similar behavioral impairments, which
are accompanied by cholinergic hypofunction. This is reflected in a decrease in the
number of cholinergic neurons in the medial septal nucleus and diagonal band of
Broca. However, it is not associated with a decrease in the number of neurons in
these brain areas. Probably, the loss of cholinergic phenotype was related to the lower
content of nerve growth factor in the hippocampus of mice but not rats. Thus, very
similar behavioral consequences of olfactory bulbectomy in mice and rats may be
based on different neurochemical mechanisms in these closely related laboratory
rodent species.
This study was supported by RFBR, project #16-04-01054.

71. CHUXXeHue NNOTHOCTN HEMPOHOB, «CMPAYTUHI» MLUMCTbIX BOJIOKOH
3yb4yaTomn chacumm runnokammna B Moaenm XpoHU4YeCcKoro
LepebpanbHOro runometTabonnama rnroKo3bl.

Camoxuna E.N.'*, ManwkoB A.E.!, [Tonosa 1.10.!
1. Uncmumym meopemuueckoul u sxkcnepumenmaivrol ouoguszuxu PAH, Ilywuro,

Poccus;
* evgeniia.sam@iteb.ru

MHOTro4HCIEHHbBIEC UCCIICIOBAaHUS JICUCTBUS Pa3IMUYHBIX XEMOKOHBYJbCAHTOB Ha
YPOBEHB 1IepeOpaIbHOTO PHEPTETHUYECKOTO OOMEHA PACKPBUIM €r0 PEe3KOe CHIDKCHHE
HEIIOCPEJCTBEHHO mepe MaHudecTanue cymnopor. Takke, MoclIeIHUe MOTyIeHHBIC
HaMH JIaHHBIE BIIEPBBIC TMOKA3QJIM, YTO XPOHHYECKOE OTPAHUYCHHE YTHIM3ALHUU
[JIIOKO3bl MO3TOM  SIBJISIETCSL HEMOCPEICTBEHHON NPUYMHOM pa3BUTHS B MO3Te
snuiaentopopMHO  akTUBHOCTU. OpHAKO, TpPUITEpPHAs POJb XPOHUUYECKOTO
TUIOMETa00JIM3Ma [IFOKO3bl B MO3I€ B Pa3BUTHM CTPYKTYPHBIX HApYIICHUN MO3Ta J0
CUX TOp UCCIe0BaHHA C1a0o.

[lenbto Hamero wuccieaoBaHUs ObLIO OLGHUTh BKJIAJ  XPOHHUYECKOTO
1epedpabHOTO TUIOMETA00IM3Ma TJIIOKO3bl B TOSIBJICHUE CIIOHTAaHHOUM CYIOpPOXKHOM
aKTUBHOCTH, HEHPOJEreHEPAaTUBHBIX HAPYIICHUH, B YaCTHOCTH THOEIH KIIETOK
TUIIOKaMna ¢ o0pa3oBaHHMS BO3BPATHBIX KoJularepajied 3yOuaroil dacuuu
(cnpayTunr). B kauecTBe 00BEKTa HCCIEAOBAHUS MCIOJb30BAIUCH KPBICH JIUHUU
Bucrap (camibli, Bec 240-300 1, n=17). ['unmomerabonu3M TIIIOKO3BI B MO3T€ KpPBIC
co37aBajics JUIMTEIBHBIM BBeJeHUEM 2-ae30KcH-D-rirroko3sl (2-211, 2,5 mkL, 20mMM)
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B JKEIYJ0OYKM MO3ra Ha NpoTsbkeHHH 4 Henenb. Ha mpoTsbkeHHH 4eTBepToi Henenu
HKCIIEPUMEHTA ObUI MPOBEJEH HETPEPHIBHBIM BUIC0O MOHUTOPHHT, a M0 OKOHYAHHUH -
NEHTUJICHTETPA30J0BbId TECT. B KOHIlE SKClepUMEHTa MO3r M3BJIEKaIu s
ructonorui. Kontponem ciyxunu xuBoTHeie ¢ BBeaenuem 0,9% NaCl.

Buieo MOHUTOPUHT NO3BOJIUI 3APUKCUPOBATH MOSBJIEHUE CIIOHTAHHBIX CyJOPOT
y KMBOTHBIX C BHYTPHMMO3IOBbIM BBeneHHEM 2-/11. PaHee crioHTaHHas CylopoOXHas
aKTUBHOCTb OblIa 3adukcupoBaHa ¢ nomoibio D3I Takke ObUIO MOKa3aHO, YTO
BBesieHue 2-/I" mpuBOOUT K JIOCTOBEPHOMY YBEIMYEHHIO UYYyBCTBUTEIBHOCTH K
MOJIMIOPOTOBLIM J103aM XEMOKOHBYJIbCAaHTa MEHTHIeHTeTpaszona (B/0, 35 mr/kr). Ha
CTPYKTYPHOM YpPOBHE Yy OJKCIEPUMEHTAIbHON TpPYNIbl >KUBOTHBIX Mbl BBISIBUIN
3HAYUTENIbHYI0 KieTouHyto rubenp B mone CAl runmokamma ( p<0,02) wu
«CTIPAyTHUHT» MIIUCTBIX BOJIOKOH 3yOuaroil Qaciuu. Y KOHTPOJBHOW TPYIIIbI
KUBOTHBIX HE OBLIO BBISBICHO JIOCTOBEPHBIX OTJIMYMI MO CPAaBHEHUIO C HAaTUBHBIMU
YKUBOTHBIMH.

Pabora nognep:xana rpantom PH® Nel7-75-20245.

72. LLInsochpeHusa un natopmsanonorms runnokamna: gecpmumnt
CBAI3bIBaHMA U NPUBbLIKAHUS

Maiiopos B.1.'*

1. Mockoeckuii eocyoapcmeennulii yHusepcumem um. M.B.Jlomonocosa, Mockaa,
Poccus,

* vimalorov@mail.ru

MHOXECTBO MaHHBIX TOBOPHUT 3a TO, YTO THMMIIOKAMI HMMEET I[EHTPAIBHOE
3HaueHue B narodusuonoruu muzodpenuun [Harrison, 2004].

Ha3zsanne «mmzodpenus» [bnednep, 1911] mnomuépkuBaer pacuierieHue
NICUXUKHU (BOCIIPUSTHUS, MBIIILJICHHUS, CBA3€H C BHEITHUM U BHYTPEHHUM MUpOM). «Bcé
u3 OutoB. BBl ckiajpiBacTe KapTUHY B ToJIoBe OMT 3a Outom» [Sass et al., 2017].
OYHKIIMOHAIBHOCTh THUIINOKAMIIA — HEOOXOJUMOE YCIIOBUE [UJISi CBS3BIBAHUS
MIPOCTPAaHCTBEHHO-BPEMEHHBIX jAeTaied smm3oma [DuBrow, Davachi, 2016], B
YaCTHOCTH, NIl BHIPAOOTKM M BOCIPOU3BEACHUS CJEMOBBIX YCIOBHBIX pediexcos.
CoxpaneHnue ciena akTHBHOCTH OOecmeunBarOT ‘“‘persistent” — m “time” - cells B
MeauanbHON SHTOpUHANBHOM Kope u nosie CAl. [lepBble moAAepKUBAOT AKTUBHOCTh
B TE€UCHHME BCEr0 MEpHoAa 3aJCpPXKKH, BTOPHIE - H30MpATENbHO AKTUBUPYIOTCA B
OTJENbHbIE HMHTEpBajbl BpeMeHU B TeueHue 3aaepxkku [Kitamura et al., 2015;
MacDonald et al., 2011; 2013].

Jpyroii xapakTepHblii TpU3HAK IICUXONAToJoruu Mmu3oppeHun “salience
dysregulation syndrome” [Kapur, 2003; van Os, 2009] — ne3opranuzaius sSpKOCTH
BOCIIPUSITUSI, BHUMAaHMsI, MOOYXKICHHUI, B OCHOBE KOTOPOW, KaK MOJAraroT, JIKUT
HECIOCOOHOCTh MOAABISITH BHUMAHUE K HECYIIECTBEHHBIM U 3HAKOMBIM CTUMYJIaM
[Nelson et al., 2014]. Xopoiio HM3BECTHO 3HA4YE€HHE THUIIMOKaMIia B (yramieHUH)
OPUEHTUPOBOYHO-UCCIIEIOBATENILCKON  AesTenbHOCTH [BuHorpamosa, 1983]. B
OCHOBE yTallleHHs], a TakKe B OCHOBe paboueit mamstu tuna “delayed non-matching
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to place” nexxut nempeccus CHHANTHYECKOH mepenayu; N30MpaTesibHOE MOAaBICHUE
CHUHANTUYECKOW JIETIPECCMM B THUIIMIOKAaMIE Hapymaer 3TU (OpMBbI TOBEICHUS
[Tonegawa et al., 2001; Kandel et al., 2006; Duffy et al., 2008] u nezopranuzyer
BJIIMSIHUE THNIOKama Ha 1o aMuHOBBIE HEHpOHEI [Perez, Lodge, 2014].

OO0cyxnaaeTcst MPeArnoNIoKeHUe O TOM, YTO Je(DULMT CBSA3bIBAHUS U IPUBBIKAHUS
3aBUCSAT OT OJHOM npuunHbl — runodynkunn NMDA-penentopos.

Schizophrenia and pathophysiology of the hippocampus: a lack of
binding and habituation

Maiorov V.I.1*

1. Lomonosov Moscow state university, Moscow, Russia,
* vimaiorov@mail.ru

A lot of data speak for the fact that the hippocampus is of central importance in
the pathophysiology of schizophrenia [Harrison, 2004].

The name "schizophrenia" [Bleuler, 1911] underscores the cleavage of the
psyche (perception, thinking, connections with the outer and inner worlds).
"Everything is in bits. You put the picture up bit by bit into your head."[Sass et al.,
2017]. The functionality of the hippocampus is a necessary condition for linking the
spatiotemporal details of the episode [DuBrow, Davachi, 2016], in particular, for the
development and reproduction of trace conditioned reflexes. Preservation of a trace
of activity is ensured by "persistent" - and "time" - cells in the medial entorhinal
cortex and the CAIl field. The former maintain activity throughout the delay period;
second - selectively activated at separate intervals during the delay [Kitamura et al.,
2015; MacDonald et al. 2011; 2013].

Another characteristic feature of the psychopathology of schizophrenia is the
"salience dysregulation syndrome" [Kapur, 2003; van Os, 2009] - disorganization of
the salience of perception, attention, motivation, which is believed to be based on the
inability to suppress attention to unimportant and familiar stimuli [Nelson et al.,
2014]. The importance of the hippocampus in (extinction) of orienting-exploratory
activity is well known [Vinogradova, 1983]. The extinction, as well as the "delayed
non-matching to place" working memory, is due to the depression of the synaptic
transmission; the selective inhibition of synaptic depression in the hippocampus
disrupts these behaviors [Tonegawa et al., 2001; Kandel et al., 2006; Duffy et al.,
2008] and disorganizes the effect of the hippocampus on dopamine neurons [Perez,
Lodge, 2014].

The suggestion that the deficiency of binding and habituation depends on one
reason - the hypo function of NMDA receptors - is discussed.
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73. 39IN-aHanu3 NnpoCcTpaHCTBEHHOMN OpraHu3auum LepebpanbHbIX
hbyHKLUMOHaNbHbIX CBA3EeW NMPU 3aNOMUHAHUN 3pUTENbHbIX CTUMYNOB Y
300pPOBbLIX NoAEN U Yy NaUMEHTOB C MEHUMHITMOMOW Xna3marbHO-
cennsipHon oonacrtu.

SApen MLIO."*, IllapoBa E.B.?, Kynesa A.1O.3

1. Uncmumym Buvicweti Hepsnoti [lesasmenonocmu u Hetipogusuonoeuu PAH, Mockaa,
Poccus;

2. Unemumym Boicwen Hepenoui /lesmenvnocmu u Hetipoghuzuonoeuu PAH, Mockaa,
Poccus;

3. Mockosckuii cocyoapcmeennsiii ynugepcumem um. M.B.Jlomonocosa Poccus,

Mockesa,
* ya—-akella@yandex.ru

AHanu3  (QyHKIMOHAJIBHBIX  MEXIEHTPAIbHBIX  CBSI3€M, KaKk  OCHOBBI
dbopMUpOBaHUS Pa3HBIX BUIOB JACITEIBHOCTH, MPEACTABISIETCS HHOOPMATUBHBIM JIJIS
U3YYECHHS] CUCTEMHBIX HEUPOPU3NOIOTHIECKUX MEXAaHW3MOB 3alIOMUHAHUS YEJIOBEKa
B HOpPME W TpHU 1epedpasbHON maTojgoruu. HapyiieHus nmaMsTé OTHOCSATCSA K YHCITY
XapAKTEPHBIX MJI OIMYXOJEBOTO MOPAXKEHUS XWAa3MaJbHO-CEJUISIPHOM M BHCOYHBIX
oOJacteit Mo3ra.

3ajava: McciaenoBaTh MPOCTPAHCTBEHHYIO OPraHU3alMI0 KOTEPEHTHBIX CBS3El
90T (KorD3T') npu 3anoMuHanuu 3puTeiabHbiX cTUMynoB (33C) y 310pOBbBIX JItOEH
Y TAIMEHTOB C MEHMHTMOMOM XHMa3MaJIbHO-CEUIAPHOIN O0JIACTH.

OO0l peructpupoBanu y 12 310pOBBIX HUCHBITYEMBIX U Yy 6 HEONEPHUPOBAHHBIX
NAlMEHTOB C MEHUHTHOMOM XHa3MaJlbHO-CEJUIAPHOM 00JlacTh W BTOPUYHOU
KOMIIpeccuel mpaBoii (3 uenoBeka) WiM jeBoi (3 denoBeka) BUCOYHOU oOnactu. B
rpynnax HaOJIOAEHUM CTaTUCTHYECKU OICHUBAJIU IMPOCTPAHCTBEHHBIE H3MEHEHUS
KorD3I' mo numanazoHam OCHOBHBIX (uzuonoruyeckux putmoB mpu 33C 1o
CpaBHEHHUIO C (DOHOM TPHU OTKPHITHIX Ta3zax. CoOCTOSHUE MAMSITH OMpPENEsUTH 10
JAHHBIM ~HEHPOIICUXOJIOTHYECKOT0 TecTupoBaHus u 1o dddexkruBHoct 33C
[KpotkoBa ¢ coanr., 2016; Enikolopova et al., 2017].

[Tokazano, uto 33C compoBoxkaaercsa nuddy3apiMu n3meHeHusimu KorD3I™ no
CpPaBHEHHIO C (DOHOM: MPEUMYIIECTBEHHBIM OCIIa0JICHUEM BHYTPU- M OCOOEHHO
MEXIONYIIAPHbIX ~ CBA3€H B HOPME;  YCHUJIEHHUEM  BHYTPHUIIOIYLIAPHOU
CUHXpOHM3alUHM, Oonblle B “3A0pOBOM~  TONYIIApUM  NpPU  PEAyKUUHU
MEXKIMOJIYIIAPHOW PEAKTUBHOCTU B Taroyiorud. AHamu3 BUCOYHBIX KorDJI' Ttera-
JMana3oHa Kak BEpOSTHBIX MapKepOB aKTUBHOCTH Tumnokamna [bonbipeBa ¢ coasrt.,
2000] BeigBun mpu 33C uX JIEBOMOJYIIAPHOE CHUXKEHHWE B HOpME, OoJibliiee
MEXIONMYIIApHOE OcJiablieHne TMpU MPaBOCTOPOHHEM TMOBPEXKACHUM MO3ra, HO
YCWJICHHE 3a/JIHEBUCOYHBIX CBSI3eM MpaBoil  “310poBOM”  reMucdepbl mpu
JIEBOIOJIYLIAPHOM NATOJIOTHUH C XYALIEeH pe3ynsraruBHOCThIO 33C.

Taxum oOpazom, ycuiienue BHyTpunonymapasix KorD9T, mpeumyiiecTBeHHO B
“3m0poBOI” TeMucdepe, MOTyT OTpaKaTh TPYAHOCTH 3aMOMUHAHUSA U “‘OOJBIIYIO
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Harpy3Ky’’ Ha THIIOKaMII Y ITaIlMEHTOB C IIepeOpaIbHOM MMaToIOTHE.
ITonnepxxano I'pantom PH® 17-15-01426.

EEG-analysis of the spatial organization of the cerebral functional
connections during memorizing visual stimuli by healthy people and
patients with meningioma of chiasmatic-selar region.

Yarets M.Y.'*, Sharova E.V.2, Kuleva A.Y.?

1. 1Institute of Higher Nervous Activity and Neurophysiology, Russian Academy of
Sciences;

2. Institute of Higher Nervous Activity and Neurophysiology, Russian Academy of
Sciences;

3. Moscow State University M V Lomonosova, Russia, Moscow;

* ya—-akella@yandex.ru

Systemic neurophysiological mechanisms of memorization in norm and cerebral
pathology have not been adequately studied. Analysis of functional inter-center
connections as the basis for the formation of different types of activities, seems to be
informative for their study. Memory disorders are among the characteristic for the
tumor lesion of the chiasmally-sellar and temporal regions of the brain.

Objective: To investigate the spatial organization of coherence of the EEG
(CogEEG) for memorizing visual stimuli (VS) in healthy subjects and patients with
meningioma of chiasmatic-selar region.

EEG was recorded in 12 healthy subjects and 6 non-operated patients with
meningioma of chiasmatic-selar region with secondary compression of the right (3
persons) or left (3 persons) temporal region. In the observational groups, the spatial
changes of CogEEG were statistically estimated from the ranges of the main
physiological rhythms when VS was memorized compared to the state with open
eyes. The memory state was determined from the data of neuropsychological testing
and the effectiveness of memorization of the VS [Krotkova et al., 2016; Enikolopova
etal., 2017].

It is shown that the memorization of VS is accompanied by diffuse changes of
CogEEG in comparison with the state with open eyes. Against this backdrop, analysis
of intra- and interhemispheric temporal CogEEG teta-range as probable markers of
hippocampal activity [Boldyreva et al., 2000] revealed a left-hemispheric decrease in
the norm, a greater interhemispheric weakening with right-sided brain damage, but an
intensification of the posterior-temporal connections of the right "healthy"
hemisphere with left hemisphere pathology.

Thus, the enhancement of intra-hemispherical CogEEG, predominantly in the
"healthy" hemisphere, may reflect the difficulty of remembering and the "heavy
burden" on the hippocampus in patients with cerebral pathology.

This study was funded by RSF 17-15-01426.
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74. 3hpeKTUBHOCTbL NPUMEHEHUA aHTaroHUcTa ampa rinytamMaTHbIX
peuenTopoB UaM-1925 ana KoppeKkuMn KOrHUTUBHbIX HapyLUeHUN B
NINTUN-NUITOKAPNUHOBOMN MoAeNn BUCOYHOMN INUMEencum

Kanemenes C.B."*, 3ybapeBa O.E.!, JlaBpentreBa B.B.!, Kum K.K.!, JIykomckas
H.A.', Marazanuk JI.I'.!, 3aiiieB A.B.!

1. Uncmumym 36ontoyuonnon guzuonocuu u ouoxumuu um. U.M. Ceuenosa
Poccuiicroti akaoemuu nayx (M3®F PAH) ,Cankm-Ilemepbype, Poccus,

* kalemeneff@yandex.ru

[Ipennonaraercs, 4TO BO3HMKAIOUIME Yy MALMEHTOB C BUCOYHOM SMHJIEIICUU
HEHpOJereHepaTUBHbIE MPOLIECChl M KOTHUTHUBHBIA JA€PUUUT B 3HAYUTEIBHOU
CTENIEHU OMOCPEAYIOTCS IIyTaMaTHbIMU penentopaMu. B nanHoi pabote u3yuanach
CHOCOOHOCTh  crienu(uueckoro OoKkaTopa DITyTaMaTHBIX KaJbLIMH-POHUIIAEMBIX
AMPA penentopoB UDM-1925 HuBmIMpoBaTh HapyIIeHUS KOTHUTUBHBIX (DYHKITUH,
BO3ZHUKAIOUIUE Y KPBIC B JIMTUU-TUITOKAPITMHOBON MOJIEITH SMHIICTICUU.

[Munoxaprmun (PC, 30 Mr/kr) BBoguiIn kpbicaM camiiaM Bucrap Ha 43-45 cyTku
*u3HH, yepe3 24 yaca nocie BBeaenust LiCl (127 wmr/kr). B skcnepuMeHTanbHYIO
rpynmy OTOMpanu Kpbic, uMeBIUX AnutenabHbie (180 mun u 6omee) cynoporu. UOM-
1925 BBogunm B/6 uepe3 3 yaca nociie PC B mo3e (5 MI/KT), KOHTPOJIBHBIM KpbhICaM
BBOAWIN  (PU3HOJIOTUYECKHA  pacTBOp.TecTUpOBaHHE HApyLIEHUH IOBEACHUS
npoBoawin yepe3 7-14 nueit nocne BBenenus PC (nareHTHas ¢aza MOJEnH) B TECTAX
«OTtkpbITOE nojnie» u «Bonubli 1abupuHT Moppucay.

[lokazaHo, YTO HeJIEYEHbIE KpPBICHI HUMEBIIUE TSKENbIE CYyJOpOTH TIOCIe
BBeleHua PC oTnyaroTcs OT KOHTpOJIA MO MOKAa3areiasiM HCCIeA0BaTENbCKOTO
MOBEJACHUS — Yy HHUX CHIKEHO BpeMsl JIOKOMOLIMM B HOBOM mpoctpaHcTBe (PC—
12.2£3.7 ¢; kouTposb —22.4+1.4 ¢; t=3.3; p=0.004) u Bpems o0OcieI0BaHUS HOPOK
(PC- 4.6£1.8 c; xontpons — 9.1£1.1 c; t=2.2; p=0.045). Beenenue MOM-1925
HUBEJUPOBAJIO 3TH HAPYIICHHs TOBEICHUS: HOPMAIH30BAIOCHh BPEMS JIOKOMOIIUU
(PC+ UDM-1925 — 20.0+£2.2 c; koHTponb —22.4+1.4 c; t=0.9; p=0.40) u Bpems
obcnenoBanus Hopok (PC+ UDOM-1925 — 8.8+2.4 c; xoHTpoas — 9.1+1.1 c; t=0.8;
p=0.43). Omnako NUDOM-1925 okazancsi HeCOCOOHBIM OJIOKHUPOBATH HAPYIICHUS
IPOCTPAHCTBEHHOM MaMATH, BhIABIsieMbIe TIociie BBeAeHus PC B BogqHOM J1aOupUHTE
Moppuca.

Takum oOpa3zom, wucnons3zoBanue WMOM-1925 mno3Bonser nperoTBPATUTH
CHW)KCHHME JIBUTaTeIbHOW M MCCIIEOBATENbCKON AKTUBHOCTH, HO HE HapyLICHUS
NaMsATH, BBI3BAHHbBIE JTUTHI-MIMIIOKAPITMHOBBIMU CYJIOPOTaMH,

Pabora nognepxana nporpammoit IIpesuanyma PAH Ne42 u rpantamu POOU
16-04-00664 u 16-04-00998
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The efficiency of AMPA receptor antagonist IEM-1925 for correction of
cognitive deficits in a lithium-pilocarpine model of temporal lobe
epilepsy

Kalemenev S.V.'*, Zubareva O.E.!, Lavrentyeva V.V.!, Kim K.K.!, Lukomskaya
N.Y.!, Magazanik L.G.!, Zaitsev A.V.!

1. Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian

Academy of Sciences, Russia, Saint-Petersburg,;
* kalemeneff@yandex.ru

Glutamate receptors primarily mediate the neurodegenerative processes and
cognitive impairments in patients with temporal lobe epilepsy. In present work, we
analyzed the ability of specific blocker of glutamate calcium-permeable AMPA
receptors (IEM-1925) to prevent the cognitive function impairments observed in the
lithium-pilocarpine model of epilepsy.

Pilocarpine (PC, 30 mg/kg) was administered to male Wistar rats at 43-45 days
of life, 24 hours after administration of LiCl (127 mg/kg). The rats with prolonged
seizures (180 min and more) were selected for the experiment. Injections of IEM-
1925 (5 mg/kg) or saline were done 3 hrs after injection of PC. Behavioral tests were
performed 7-14 days after the PC injections (the latent phase of the lithium-
pilocarpine model) in the “Open field” test and the “Morris water maze.”

We found that the untreated experimental rats differ from control animals in the
exploratory activity in “Open field” test. They have the shorter time of locomotion
(PC — 12.2£3.7 s; the control —22.4+1.4 s; t=3.3; p=0.004) and the smaller time of
hole exploration (PC — 4.6+1.8 s; the control — 9.1x1.1 s; t=2.2; p=0.045). The
treatment with [EM-1925 reduced these behavioral changes, it normalizes the
locomotor (PC + IEM-1925 — 20.0+2.2 s; control —22.4+1.4 s; t=0.9; p=0.40) and the
hole exploration (PC + IEM-1925 — 8.8£2.4 s; control — 9.1£1.1 s; t=0.8; p=0.43)
activity. However, IEM-1925 was unable to prevent the seizure-induced spatial
memory impairments in Morris water maze.

Thus, the treatment with IEM-1925 minimizes the alterations in locomotor and
exploratory activity but does not prevent the memory deficit induced by seizures in a
lithtum-pilocarpine model of epilepsy.

128



HoBble noaxoAabl AnNs co3aaHuA NPOTEKTOPHbIX CPeacTB B
npeaynpexaeHMu pasBuTus HempoaereHepaTUBHbIX
3aboneBaHU U ANA UX Tepanuu

New approaches in development of protective medicaments
for preventing and treatment of neurodegenerative diseases

75. OnTochapmakosnormyeckass MoaynAaLmMa CUHaNTUYECKUX peLenTopoB
HepPBHbIX KINeToK

bpexectopckuii I1.b.12*, Maneesa ['M.2, Byt I.B.3, Konur b.K.3, Topoctuna I1.T.4
1. Kazanckuui I'ocyoapcmeennwiii Meouyunckuii Ynusepcumem, Kazamnw, Poccus;

2. Uuemumym cucmemnuix nevponayx, MHCEPM 1106, Ynusepcumem Oxc-Mapcens,
Mapcenv, Opanyus;

3. Uncmumym Opeanuuecxou xumuu, Ynusepcumem Pezenoypea, Pezenoype,
l'epmanus,

4. [lenapmamenm nanonpo6 u nanonepexmodamenei, ICREA/IBEC, bapcenona,

Hcnanus,
* pbreges@gmail.com

VYHUKanbHbIMU MOJIEKYJIIPHBIMU UHCTPYMEHTaMHU s TOYHOTO
IIPOCTPAHCTBEHHOIO M BPEMEHHOI'O YIPABJICHHUS AKTUBHOCTHIO HEPBHBIX KJIETOK U
KJIETOUHBIX aHcaMOuell sBJstoTCs (hoToXpoMHbIe coeanHeHus. HoBoe HampaBieHue,
dbotodhapmakoIoTrs, OCHOBAHO HA CTIOCOOHOCTH HEKOTOPHIX MOJIEKYI (a300€H3€HOB U
Jp.) U3MEHATH CBOIO KOH(OPMAIIMIO MOl BO3JICHCTBHEM OIPEIEICHHBIX BOJH CBETA.
B mouckax co3nanusi 3¢(GEeKTUBHBIX (POTOMOIYISITOPOB TOPMO3HBIX PEIEHTOP-
YOPABIAEMBIX XJIOPHBIX KaHajJOB, Mbl pa3padoTalii HOBOE coeauHeHue A3o-
Huazenam-1 (Azo-Dzl), koTopoe mnpencrasisieT co0Oil Aua3ernaMoOByI0 OCHOBY B
COYETaHUU JAHa3eNaMHON MOUTHI U (POTOM30MEPU3UPYEMOM TPYIIIBI a300€H3011a.

Bnusnue Azo-Dz1 Ha MOHHBIE TOKH, T€HEPUPYEMbIE Pa3HbIMU CYyObEeIUHULIAMU
IT'AMKA u TAMKC peuenropoB nskcnpeccupyeMmbix B JmHMM CHO  Kkietok,
aHAJIM3UPOBAJIM C MOMOLIBIO MATY-KJIaMI MeTofa. Ha kieTkax skcrpeccHpyrommx
rerepoMmepubii  TAMKA penentop, Azo-Dzl (50uM) B TpaHC-KOHpUTYpanuu
yrHETAJI AaMIUIMTYJly HOHHBIX TOKOB, BbI3BIBAEMBIX KaK HHU3KMMH, TaK H
Hachlmaomumu koHueHTpauusmMu AMK. Tlpu ocBemnieHUuM CBETOM, IMEPEBOSIIIUM
Azo0-Dzl B mmc-koHburypanuo (360 M), Onokupyronmi 3GpQGeKT mpekpariaics.
OddextuBHOCTh aAeiicTBUS (poToxpoMa Obuta TOpa3no Oosiee BBIpaKEHA MpU
MOJIOKHUTENBHBIX TOTeHIManax. OPdext Azo-Dzl Takxke aHanM3UpoBaIM Ha
romoMmepHbix pl um p2 T'AMKC peuentopax. B TpaHc-koHpurypamuu Azo-Dzl
yYrHETaJ aMILIUTYyLy TOKOB, reHepupyeMbix p2 TAMKC penenropamu, a Ha KieTkax
skcrpeccupyomux pl peunentopsl, QoroxpoMm Obul He akTthBeH. [loTeHuman
3aBUCUMOCTh U BbICOKasi 3((EeKTUBHOCTh AecTBUS Azo-Dzl npu HachIarOmmX
KOHIICHTPALIUSIX arOHKMCTA, TMO3BOJIMIU MPEANONIOKUTh, 4TO (HOTOXpOM OJIIOKUPYET
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noH-npoBosiyto nopy 'AMK peuentopoB. Toueunbie Mmytaunu B TM2 pl u p2
CyObEAMHUI] ¥ TOCIEAYIOMMNA 3IEeKTPO(YU3NOIOTMUECKI aHaIu3 IMO3BOJIMIN
NOJATBEPANTh THUIOTE3y KaHAIOOMOKUpYyromero aeictsusa Azo-Dzl. B oOwewm,
MOJIyYEHHBIE PE3YJbTaThl IOKA3bIBAIOT, YTO HOBBIA (POTOXPOMHBIN MOIYISATOP
aktuBHoctu ['AMK  peuentopoB (QyHKIMOHHUPYET Kak yOpPaBISEMbId CBETOM
OJIOKaTOp HMOH TMPOBOJMSIICH TOPHI, C MPEUMYIIECTBEHHBIM JEUCTBUEM B HUKHEU
00J1acTH XJIOP-U30UpaTEIHLHOTO TPAHCMEMOPAHHOTO JIOMEHA.

76. l'mnnokamn v agantauus

3axaposa E.N."*, CropoxkeBa 3.11.2, MonakoB M.I1O.!, ®egoposa M.M.3, JlymueHko
AM.!

1. Dedepanvhoe cocyoapcmeennoe 6100 cemHoe Hayunoe yupexcoenue « Hayuno-
uccie0o8amenbCKull uncmumym ooweti namosnoauu u namoguzuonocuuy, Mockaa,
Poccus;

2. DedepanvHoe cocyoapcmeenHoe 6100xcemuoe yupexcoenue « DedepanvbHulli
MEOUYUHCKUU UCCTe008AMENbCKUL YeHmp ncuxuampuu u Hapkoaro2uuy Munsopasa
Poccuu, Mockea, Poccus;

3. @edepanvroe Iocyoapcmeennoe brodscemnoe Obpazosamenvroe Yupesxcoenue
Jlononnumenvnozo Ilpogeccuonanvroco Obpazosanus "Poccuiickas Meouyunckas
Axaodemuss Henpepuisnoco Ilpogeccuonanvnoeo Oopasosanus”" Munzopasa Poccuu,
Mockea, Poccus;

* zakharova-ei@yandex.ru

Ucnons3yss Metoabl (PpaklMOHUPOBAHMUS MO3ra U pPaguOMETPUUYECKUE U
OMOXMMHUYECKUE METO/IbI OnpeAcIeHUs AKTUBHOCTU dbepMeHTOB
xonuHaneruntpancdepassl (XAT, Mapkep XonuHepruueckux, X9, crpykryp) u Na,K-
AT®a3p1, Ha KpbICAX UCCIIEIOBANIACH CBA3b AANTAMU K TUIIOKCUU C XD CUCTEMOU U
Na,K-HacocoM CHHANTHYECKOro Myja KOpPbI, THIINOKAMIIA U KaylaJlbHOIO CTBOJIA.
YMmepennass runobapudeckas rumnokcusi (I'BI, 10% O2, 60 MuH) mMOBBIIIAET
YCTOWYUBOCTh K UIIEMUU U TsoKenon runokcuu (T, Bpemsi 10 HACTYIUICHUS aIllHOE).
3nauenus T nocne I'BI" koppenupyroT ¢ BEIUYMHON MPEACTUMYIBHOTO TOPMOKEHUS
(IICT) B akyctuueckoit peakuuu ctpaxa (mareHT P® Ne 2571603). ¥ uHTaKTHBIX
kpbic [ICT xoppenupoBainio ¢ aktuBHOCTEI0O XAT BO BceX Tpex CTPYKTypax Mo3ra, a
nociie I'BI" Tonbko ¢ runnokamnom. Bo Becex cTpykrypax mosra I'bI' mpoBonupoBana
YCHETCHUE WM aKTUBAIMIO XD aKTUBHOCTH, a B THUMONOKAMIIE MPOSBUIACH
pa3HOHAaNpaBlIeHHas peakuus aktuanuu B noarpymre ¢ [ICT>40% u TopmoxkeHus B
noarpynne ¢ I[ICT<40%. Takoe xe pazaenenue 3>¢dextoB, B Touke [ICT=40%,
HaOJII0IAJIOCh MPHU JECHCTBUM arOHUCTAa HUKOTHHOBBIX perientopoB o7 PNU282987 u
ctumyistTopa X2 ¢pynkuun aumetwicyiabdokcuna. Peakuua X3 npoekuuii u B kope,
U B TUNIOKaMIIE KOppeJlrpoBaja C TakoBol XD myna B KayJaJbHOM CTBOJIE,
CBA3AHHOTO C HUMH aHaToMuueckd. Jlaiee, TspKenass OIHOpa30OBasi THUIIOKCHUS
dbopMupoBaia aganTanuio K MOCIEIYIONIEH Yepe3 MecsI] UIIeMUU Mo3ra (MOIeihb
2VO), cauxas B 2-3 pa3za CMEPTHOCTb y aIAaTHPOBAHHBIX KPBHIC. AKTUBHOCTh X
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yJla y aJalTUPOBAHHBIX KPBIC HE OTVINYAJIACh OT MHTAKTHBIX HU B TMIIIOKAMIIE, HU B
KOpe, OJJHaKO M30MpareiabHO B TUIIIIOKaMIE Bo3pacTana MoimHocTh Na,K-Hacoca B 3-
10 pa3. ['unnokaMn ¥ nmamsATh — HEPA3pPHIBHBIE NOHATHSA, OJHAKO MAMATH IO CYTH -
BbiclIass (opma anantauud. HoOBbIE JaHHBIE pacIUPSIIOT MPEACTABICHUE O
(GYHKUIMOHAIBHOM HA3HAYEHWM TMIIOKaMIa M MO3BOJISIOT MpEIoiararb KII0YEBOE
MECTO THNINOKaMIla B aJanTalud K THUIOKCMM W  BaXHYK poOib B
IIPOTUBOUILIEMAYECKOH 3aIUTE MO3Ta.

Hippocampus and Adaptation

Zakharova E.I.'*, Storozheva Z.1.2, Monakov M.Yu.!, Fedorova M.M.3, Dudchenko
AM.!

1. Institute of General Pathology and Pathophysiology, Moscow, Russia;

2. Federal Medical Research Centre for Psychiatry and Narcology, Moscow, Russia,

3. Russian Medical Academy of Continuous Professional Education, Moscow, Russia;,
* zakharova-ei@yandex.ru

Using the brain fractionation methods and radiometric and biochemical methods
for estimation of choline acetyltransferase (ChAT, cholinergic, ACh, marker), and Na,
K-ATPase activity, the relationship between adaptation to hypoxia and ACh activity
and the Na, K-pump of the synaptic pool of the cortex, hippocampus and caudal
brainstem. Moderate hypobaric hypoxia (HBH, 10% O2, 60 min) increases resistance
to ischemia and severe hypoxia (T, time to apnea). The T values after HBH correlate
with the values of prepulse inhibition (PPI) in the acoustic startle reaction (RF patent
# 2571603). In intact rats, PPI correlated with the activity of ChAT in all three brain
structures, whereas after HBH only with the hippocampus. In all structures, HBH
provoked inhibition or activation of ACh activity, whereas in the hippocampus there
was a multidirectional reaction of activation in the subgroup with PPI> 40% and
inhibition in the subgroup with PPI <40%. The same separation, at the PPI point
40%, was observed with the action of the nicotinic a7 receptor agonist PNU282987
and of the ACh stimulator dimethylsulfoxide. The reaction of ACh projections both in
the cortex and hippocampus correlated with that of the ACh pool in the caudal
brainstem, related anatomically to them. Further, a serious one-time hypoxia formed
an adaptation month later to the cerebral ischemia (2VO model), decreasing the
mortality in the adapted rats by 2-3 times. The activity of the ACh pool in adapted
rats did not differ from the intact ones either in the hippocampus or in the cortex
while the power of the Na, K-pump increased selectively in the hippocampus by 3-10
times. The hippocampus and memory are inseparable concepts. At the same time,
memory is per se the highest form of adaptation. The new data broaden the
conception of functional purpose of the hippocampus and allow to assume a key
meaning of the hippocampus in adaptation to hypoxia and its important role in anti-
ischemic protection of the brain.
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77. MeTaaHanus 3KCcnpeccumn reHOB B MO3re MOXeT BbIABUTb OCHOBbI
MeTabonuyeckoro aHeprogeduumnTa, odwero ans
HeupoaereHepaTUBHbLIX 3aboneBaHUU

ITonmosa N.10.!, Meicua U.E.!, OcumoB A.A.>!'*

1. Uncmumym meopemuueckoii u skcnepumenmanviou ouoguzuxku PAH, [lywuno,
Poccus;

2. Unemumym evicuietl HepHol desmenvHocmu u Hetipogusuonoeuu PAH, Mockaa,

Poccus,
* aosypov@gmail.com

['unomMeTabonm3M, XapakTepU3yIOIIUIC CHIKEHHBIM TTOTPEOJIECHUEM TIIFOKO3bI B
Mo3re, sBIsieTca OOIEed uepTod MHOTMX HEWpOJEreHepaTUBHBIX 3a00JIEBaHUM.
Hedunut Mmetaboau3ma NIFOKO3bl, BEPOSTHO, SBISETCS MHUIUUPYIOIUM (aKTOpOM, a
TUCHYHKIMS ~ HEMPOHOB  JIOMOJHUTEIBHO  CIOCOOCTBYET  METa0OJIMYECKOMY
nucOanancy. Merabonuueckasi KOppeKIus, BeAylllas K HOpMaJIU3allid aHOMalui B
MEeTa0O0M3Me TJIIOKO3bI, MOXKET OBITh A((HEKTUBHBIM HHCTPYMEHTOM I JICUCHUS
HEBPOJIOTUYECKUX HAPYILICHHM, MPOTUBOACHCTBYSI MX MEPBUYHBIM MATOJIOTUUYECKUM
MeXaHU3MaM.

Metaananu3 nudQepeHInaIbHOON HSKCIPECCUN TIO3BOJIUT BBISBUTH OCIKH,
nporIIn KOTOPHIX COOTBETCTBYIOT BCEM HEHWPOJETCHEPATHUBHBIM 3a00JEBAHUSM WU
OTJIMYAIOTCSI KaK OT HOPMBbI, TaK M OT Mpoduiei mpu onpeIeICHHbIX 3a00JIEBaHUSAX,
TaKMX Kak »JOWIencus wWikd O0oJe3Hb Adjpureiimepa. 3To0 OT(HIBTPOBBIBAET
OCOOCHHOCTH CHENU(PUUYECKUX HEHPOMATONOTUN U BBISIBISET KOT€PEHTHbBIEC T'PYIIIbI
ICHOB, JIeXalllkMe B OCHOBE THUIOMETaboinM3Ma B  HEHpPOJEreHepaTuBHBIX
3a00J1€BaHUSIX M CBSI3aHHOM C HUM HEHpOMarojoruu. JOMOJHHUTENbHBIN aHaIu3
npoduiiel 3Kcnpeccud NpH IpUeMe YHEProMeTadoNIMTOB (HampuMmep, NupyBara) B
HOPMQJIbHBIX M NATOJOTHYECKHUX YCIOBUAX, MOMOXET BBISIBUTH TE€HHYIO OCHOBY
HEHPONPOTEKTOPHBIX I(P(HEKTOB IHEPrOMETAOOTUYECKON KOPPEKIIMU U JAIBHEHUIIYIO
pa3paboOTKy CTpaTeruu JICUCHUSI.

JpyruM 3aniaHMpOBaHHBIM HAMPABICHUEM UCCIICIOBAHUS SIBIIETCS BKIIOUEHUE
B aHanu3 WHGOPMAIMA WHIWBHUIYATbHOW J>KU3HECIMOCOOHOCTH K TATOJIOTHYECKUAM
dbakTopaMm, KOTOpPbIE MOTYT BBISBUTH CJa0ble W CHJIBHBIE YaCTH CHCTEMBI U
MOTEHIMANIbHBIC 1EU IJI UHIMBUAYAJIBHOIO JICUCHHS], a TaKKE BO3MOXKHbBIEC 00IIIHeE,
XOTSl U HE 00IIIME COMPOTUBRIICHUS U JIAOUIIbHBIE MEXAHU3MBI.

PaGora mnogaepxkana (QyHIAMEHTAIBHOM UCCIEAOBATEILCKOM IpPOrpaMMoi
IIpesnmuyma Poccuiickor akagemun Hayk «DyHIamMEHTaJIbHbIE UCCIECIOBAHUS ISk
OMOMEIUIIMHCKUX TexHouorui» Ha 2018 rox.
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Gene expression in brain meta-analysis may help to reveal the basis of
energy metabolic deficiency common to neurodegenerative diseases

Popova i.Yu.!, Mysin LE.!, Osypov A.A .>!*

1. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia,

2. Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia;
* aosypov@gmail.com

Hypometabolism, characterized by decreased brain glucose consumption, is a
common feature of many neurodegenerative diseases. Deficient glucose metabolism
i1s likely a primary initiating factor for these diseases, and resulting neuronal
dysfunction further promotes the metabolic imbalance, establishing an effective
positive feedback loop and a downward spiral of disease progression. Therefore,
metabolic correction leading to the normalization of abnormalities in glucose
metabolism may be an efficient tool to treat the neurological disorders by
counteracting their primary pathological mechanisms.

Differential expression meta-analysis reveal the proteins whose expression
profiles match under all neurodegenerative diseases and differ both from that in the
normal healthy stage as well as under specific diseases such as epilepsy or
Alzheimer's disease. This filter out the particulars of specific neuropathologies and
bring ahead the coherent groups of genes underlying the characteristics of the
problem of the vicious circle of hypometabolism in neurodegenerative diseases and
the consequent neuropathology itself. Future planned addition to the analysis of the
expression profiles from the individuals treated with the energy supply metabolites
(i.e. pyruvate) under the normal and pathological conditions will help to reveal the
gene basis of the neuroprotective effects of energy metabolic correction and further
elaborate the patients treatment strategy.

Another planned direction of the research is to include into the analysis the
information of the individual viability to the pathological factors that may reveal the
weak and strong parts of the system and the potential targets to individual treatment
as well as possible common though not total resisting and labile mechanisms.

The work is supported by the fundamental research program of the Presidium of
the Russian Academy of Sciences "Fundamental Research for Biomedical
Technologies" for 2018.

78. HapyweHus Be3nKynspHbIX npoueccoB ayTodarnm B KMLLEYHUKE
npu 6one3Hn KpoHa Kak Mofiefnib CXOXUX NpoLLeccoB Npu 60mne3Hu
MapkuHcoHa

HaGaroB A.A.'*
1. Hosonocckasa TADKCuT Kazanckuii cocyoapcmeennviii MeOyHugepcument,
* rastoska@mail.ru

DHTepoxpoMaUHHBIC KICTKH KHIIEYHHUKA TPom3BOAAT 10 90% cepoToHMHA
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yenoBeka. lIporecc oOpa3zoBaHus >HTEPOXpPOMAPPUHOBBIX KIETOK U3 CTBOJOBBIX
KJIETOK KHIIIEYHUKA, TIEPEHOC CEPOTOHWHA W3 IIUTOIUIa3Mbl B BE3UKYJIbl U
MOCTOSIHHBIN  Hemu(PGEepeHITMPOBAHHBIN CTaTyC CTBOJIOBBIX KIIETOK 3aBHUCST OT
YPOBHSI KUCJIOTHOCTH BE3HMKYIN (B T.4. JJU30COM), UX YUCJIA U YPOBHS BOBJICUCHHOCTHU
BO BHYTPHUKJIETOUHBIC TMpoIlecchl (B T.4. ayTodaruu). Bce manHbie mporeccsl B TOM
WIM WHOW CTETICHW HApYIICHBl Kak mpu Oone3Hu KpoHa, Tak W mpu OO0Ne3HU
[Tapkuncona. Ilocnennue paHHble O maroreHese OoJsie3HuW IlapkuHCOHA TaKXke
CBUJCTCIBCTBYIOT O HapyIIeHUsAX ayTodaruu (HAKOIUICHHE alib(a-CHHYKIIEHHA,
HEBO3MOXXHOCTh HU30aBUTHCSA OT JE(EKTHBIX MHUTOXOHAPHUI), a TaKXkKe O NIyOOKHX
HapylIeHUusIX B paboTe KuIlleyHuWKa. boiee Toro, CymiecTBYIOT JaHHBIC, 4YTO
nonmumoppusm reHoB LRRK2 u NOD2 pmaer mpenpacnoiiokeHHOCTh K 000UM
3a0oneBanusiM. B xonme m3ydenus mutoriazmatudeckoro 6enka NOD2 namu Obu1o
OOHapy»KEHO, YTO OH pEeTyJIUpyeT YPOBEHb KHUCIOTHOCTH IUTOTIAMATUYECKHUX
BE3UKYyJ, a TaKke Crenuuuecku B3aUMOICUCTBYET C  3-Cyib(O-ragakTo-
1epeOpo3nI0M, OJHUM M3 OCHOBHBIX JIUIIKOB, BXOJSIINX B COCTaB MHUEITHHOBOU
0000ukr HEWpoHOB. TakuMm o0O0pa3oM, TMOSBISIETCS BO3MOXHOCTh NPUMEHUTH
HAKOTUICHHBIN ombIT Oosie3nn KpoHa k Oojee rmmyOOKOMY MOHUMAaHHWIO TAaTOTEeHE3a
6one3nu [TapkuHCOHA U QYHKITMOHATHHOW OCH MO3T-KHITICUHUK.

Crohn's disease associated vesicular changes affecting autophagy as a
model of similar processes in Parkinson's disease

Nabatov A.A.1*
1. Kazan State Medical University Volga Region State Academy of Physical Culture,

Sport and Tourism;
* rastoska@mail.ru

Intestinal enterochromaffin cells produce up to 90% of human serotonin. The
differentiation of enterochromaffin cells from intestinal stem cells, the transfer of
serotonin from the cytoplasm into vesicles and the constant undifferentiated status of
stem cells all depend on the level of vesicle acidity (i.e. lysosomes), their number and
the level of involvement in intracellular processes (e.g. autophagy ). All these
processes are changed in both Crohn's disease and Parkinson's disease. The current
data on the pathogenesis of Parkinson's disease also indicate autophagy malfunction
(accumulation of alpha-synuclein, inability to get rid of defective mitochondria), as
well as profound intestinal changes. Moreover, there are data that the polymorphism
of the LRRK2 and NOD2 genes is somehow related to both diseases. Recently we
found that cytoplasmic protein NOD2 regulates the acidity level of cytoplasmic
vesicles, and also interacts specifically with 3-sulfo-galacto-cerebroside, one of the
main lipids of myelin sheath. Altogether our results suggest that our findings can help
in better understanding of the pathogenesis of Parkinson's disease and the functional
brain-gut axis.
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79. HooTponHbIN U HENPOMNPOTEKTOPHbIN Npenapat Cemakc moaynupyeT
aktmuBHocTb FTAMKA 1 CTPUXHUH-YYBCTBUTENbHbIX MULNHOBbIX
peuenTopoB B KrneTkax NMypknHbe Mo3xe4yka U nupaMmaHbIX HeMpOoHax
runnokamna

[Taponosa N.H.'*, bykanosa FO.B.!
1. Hayunwiti yenmp nesponocuu, Mockea, Poccusi,
* sharonova.irina@gmail.com

AHTHaMHECTUYECKUN U HEMPONPOTEKTOPHBIN npenapar "CeMakc" nmpeacTaBisieT
co0oil cunTeTmueckuil ananor ¢parmenta AKTI'(4-10), crpykTypa KOTOpOro
Bkimoyaer B cebs  ¢parment AKTI'(4-7) (Met-Glu-His-Phe) u C-xoHueBoi
tpunentug PGP (Pro-Gly-Pro), yBenunuuBaromuii cTaOUIBHOCTH 3TOTO MHENTHAA.
Mexanu3mbl HOOTpONHBIX A (dekToB CeMakca U ero pelenTopHble MUIIIEHH JI0 KOHIIA
HE sAcCHbl. B Hacrosmell paboTe Ha H30JUMPOBAaHHBIX MHUPAMHUIHBIX HEUPOHAX
runmnokamna M kietkax IlypkuHbe MO3KEUYKa UCCIEeNI0BaId B3aMMOICHCTBUE
Cemakca C JMraHA-yInpaBJISIEMbIMM HEUPOHAJIBHBIMH PELENTOPAMHU, PETUCTPUPYS
Moayssinuio rytamar-, TAMK- ¥ TIMIUH-aKTUBUPYEMBIX TOKOB IIOJ JEHCTBUEM
storo npenapara. ComectHas anmunkanus [AMK B konuentpaunu 2 MM (EC20)
n CeMakca He BbI3bIBajla KAKUX-IMOO U3MEHEHHH aMIUIMTYJbl U KUHETUKH OTBETOB
Ha 'AMK, onnako mpu BBenenuu Cemakca B nepdy3upyroIIHii pacTBOp HaOIIOAATN
IIOCTENEHHBIM pocT aMIunTyabl [AMK-Toka, KOTOpBIM IOOCTMran MaKCHMAJIbHOU
BenuuMHbl (B cpenHeM 147% ot koHTposid) Ha 5-7-0i MHMHYTE MOCI€ Hayala
anruIMKauy nentuga. B nupamuaHeix HelipoHax runmnokamna Cemakc He BbI3bIBAJ
JIOCTOBEpPHBIX M3MeHeHui amruuTyabl [AMK-akTuBupyemMoro Toka Mpu BBEACHHUU
nentuaa B nepdy3upyromuii pacteop. B HeilpoHax runmnokammna npu Ko-anIuiuKauu
munyHa 1 CeMakca HaOII01aIM YCKOPEHUN KUHETUKY Cla/la NHUIUH-aKTUBUPYEMOTO
TOKa, a BBeZileHne CeMakca B eppy3upyoIuil pacTBOP MPUBOAMIO K BBIPAKECHHOMY
nojaBiICHUI0 OTBeTOB Ha mmiuH. Ilpu konuentpauuss Cemakca 0.1 MM
YMEHBIIICHUE TMKOBOM aMIUIUTYJIbl TOKa cocTaBisuio 68.5% oOT KOHTpOIS.
VYBenunuenue koHueHTpauuu Cemakca 10 1 MKkM BbI3bIBaIO OoJiee 3aMETHOE Ma/IeHUE
aMIUIMTYbl TokKa - 10 47.3%. W3MeHeHuil DiyTaMar-aKTUBUPYEMBIX TOKOB IOJ
neiicteuem Cemakca oOHapyxeHo He Obuto. Hamm maHHBIE  MO3BOJSIOT
MPENIOIIOKUTh, YTO HEUPONpoTEeKTOpHbIE 3PPekThl CeMakca MOTYT OBbITh CBSI3aHBI C
€ro CIOCOOHOCTBbIO YCHUJIMBaTh OBICTPBIE TOPMO3HBIE IPOLECCHI, OMOCPELYEMbIE
TAMKA peuentopamu, ¥ OCHa0giATh TOHHYECKOE TOPMOXKEHHUE, BbI3bIBAEMOE
aKTUBAllUE€ BHECHMHANTUYECKUX MIUIMHOBBIX peuentopoB. [loanepkaHo rpaHTom
POOU Ne 17-04-00817.

135



Nootropic and neuroprotective drug Semax modulates the activity of
GABA and strychnine-sensitive glycine receptors in the cerebellar
Purkinje cells and pyramid neurons of the hippocampus

Sharonova I.N.'*, Bukanova J.V.!

1. Research Center of Neurology, Moscow, Russia;
* sharonova.irina@gmail.com

In experiments on isolated rat brain neurons using the methods of patch-clamp
recording and the concentration jump, it was found that bath application of the
nootropic and neuroprotective drug Semax (1 uM) increases the amplitude of GABA-
activated currents in cerebellar Purkinje cells by an average of 147%. At
concentrations of 0.1 and 1 uM, Semax applied to the bath solution reduced the
amplitude of glycine-activated chlorine currents in the hippocampal pyramidal
neurons to 68.5% and 47.3% of the control, respectively. Both the potentiating and
inhibitory effects developed slowly and were weakly reversible, indicating the
possible involvement of intracellular second messenger systems in the observed
effects. In addition, Semax accelerated the kinetics of glycine current desensitization,
both during short co-application with an agonist, and when peptide was applied to the
bath solution. Our data suggest that the neuroprotective effects of Semax may be
associated with its ability to enhance rapid inhibitory processes mediated by GABAA
receptors, and to suppression the tonic inhibition of hippocampal neurons mediated
by extrasynaptic glycine receptors. Supported by RFBR Grant Ne 17-04-00817.

80. MNenTupeprnyeckan perynsaumsa CUHaNTU4YeCKoOM nepeaaymn B norne
CA1 runnokamna

CkpeOunikuii B.I"1*

1. Hayunwii [{enmp Hesponoeuu, Mockea, Poccusi;
* skrebitsky@yahoo.com

boimo u3yueHo nedictBue mnponuHcoaepxkamiero gunentuna Hoomenra (HII),
00Jaaroero HOOTPOMHBIMU M HEUPOMPOTEKTOPHBIMU CBOWCTBAMU M IIUPOKO
NPUMEHSAEMOT0 B HeBposiornueckor npaktuke (OctpoBckas u ap.2002). Ha cpesax
runmnokamna mMetogoM patch- clamp B konpurypanuum whole-cell 6bu10 okazano, 4To
HIT yBennmuuBaer wactoty u ammumryny crnoHtanHeix TIICT B nupamuaHbIx
HelpoHax. B ombITax ¢ TETPOJOTOKCHUHOM OBLJIO YCTaHOBJIEHO, YTO 3TO YBEJIMYEHUE
KacaeTcs TonbKO cnaik- 3aBucuMbIX TIICT, Torma kak aHaJOTHYHBIC COOBITHS,
BBI3BAHHBIE CIIOHTAHHBIM BBIJEIEHUEM TOPMO3HOIO MEAMATOPA,HE MEHSIOTCS. bbLIo
BBICKA3aHO MPEIIONIOKEHUE, YTO KJIeTouHOW mumeHbto HII sBisroTcs TOpMO3HBIE
WHTEPHEUPOHBI. DTO MPEANOJIOKEHUE OBLUIO TOJAKPEIUICHO 3alUChI0 HECKOJIBKHUX
uHTEpHEepoHOB B stratum radiatum (SR),cmaiikoBas aKTHUBHOCTh KOTOPBIX
Bo3pactasa noxa aericrteuem HII, a Takke B skCepuMEHTax Ha KyJIbTUBUPOBAHHBIX
cpe3ax ¢ peructpanueit Ca- curuana, rje 4actora u JIUTelbHOCTh Ca-TpaH3UEeHTOB
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n30MpaTeNbHO yBEIMYMBAJIACh B OTOM CJIO€ THUIIMOKaMIa. TOT (akT, 4To JAeHCTBUE
HIT npuBogut K yBenuyeHuto Bxoma Ca2+ B HEWpPOHBI, Jadl OCHOBaHHUE
NPEANONOXKUTh, YTO MHIIEHBIO JTOrO TMpemnapara MOryT sBiaarbess Ca2+
MPOHUIIAEMBIE  O07COAEPXKAIIME HHUKOTHHOBBIE  ALETHIXOJIUMHOBBIE  PELEHTOPHI
(a7nAChR), skcrnpeccupyromuecss npeuMmyniecTBeHHO B Hedponax SR. Ilposepka
ATOTO MPEAIONOKECHUSI MOKa HE Jaja OJHO3HAYHBIX PE3YJIbTATOB: B MHUPAMUIHBIX
Heriponax Omokatop o7nAChR merunmmukakonutnd (MLA) nonasnsn sddexr HII,
TOTJa Kak B WHTepHeWpoHax SR Tonmbko B 1 KiI€TKe U3 5 3aperucTpupOBaHHBIX,
YBEJIMYEHHE  YacTOThl  pa3psioB, BbizBanHoe HII  momaBnsanmocs  (wiim
npenorBpamanocsk). MLA. Bo3moxno, B 3¢dexre HII mpuHuMarT yuyactue He
TOJIBKO MHTEpPHEHPOHBI SR, HO M KOp3MHYAThIC KIETKHM MUPAMUIHOIO CJIOS. DTOT

BOIIpOC OyJeT NpeaMETOM HamMX JajdbHEHIUX wucciaenoBanuii. I[lommepskaHo
rpanToM PO®U Ne 17-04-00817

Peptidergic regulation of synaptic transmission in the area CA1 of
hippocampus

Skrebitsky V.G.'*

1. Research Center of Neurology, Moscow, Russia;
* skrebitsky@yahoo.com

Prolin-containig dipeptide Noopept(NP)is a structural analog of piracetam, one
of the first generation nootropics.Its positive effect was confirmed in patients with
mild cognitive impairment of cerebro-vascular and traumatic origin,in animal models
of brain ischemia, Alzheimer and Parkinson diseases(Ostrovskaya et
al.,2008).Although the effectiveness of NP was shown in a number of studies, the
mechanism of its action,are still poorly understood.Our previous results
demonstrated,that NP significantly increased AP frequency in stratum
radiatum(SR)interneurons and the frequency of AP dependent IPSC in pyramidal
cells. In this study we continued this line performing direct measurements of neuronal
[Ca2+]i in hippocampal organotypic slices from postnatal (p6) rats. We showed for
the first time that NP activates neuronal calcium dynamics in regional specific
manner in cultured hippocampus slices. It selectively increased the frequency of Ca
transients in hippocampal neurons located in SR without significant changes in
pyramidal layer (SP) and basal level of Ca in all investigated neurons. Taking into
account layer specificity of neuronal distribution in hippocampus we conclude that
NP selectively changes [Ca2+]i activity in SR interneurons without significant
changes in SP neurons. The most straightforward assumption is that NP affects
glutamate or cholinergic transmission. Besides the fact that both types of synapses are
abundant in CAl, they also have Ca-permeable postsynaptic targets selectively
expressed in SR interneuron: Ca-permeable AMPAR and a7 containing nicotinic
AChR. Selective stimulation of cholinergic transmission may explain compensatory
effect of NP in experimental models of memory loss (Belnik et al.,2007).Involvement
of cholinergic transmission is supported by our -electrophysiological results
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demonstrating the block of NP effect on IPSCs in pyramidal neurons by selective
antagonists of a7-containing nicotinic AChR. Supported by RFBR:Grant17-04-00817

81. Pa3spaboTka KomnnekcHon nHopMaLMOHHON CUCTEMbI ANS
N3y4yeHnA obLien He[OCTaTOYHOCTU IHepromeTabonmama npum
HenpoaereHepaTUBHbIX 3aboneBaHUAX

ITonmosa N.10.!, Meicun U.E.!, OcumoB A.A.>*

1. Mncmumym meopemuueckoil u skcnepumenmanvrou ouoguszuxku PAH, [Iywuno,
Poccus,

2. Unemumym evicuteii nepsHotl Oessmenvrocmu u netipoguszuonoeuu PAH, Mocksa,

Poccus;
* aosypov@gmail.com

['mmomeTab0IM3M, XapaKTepU3YIOMUNCS CHIKEHHBIM TOTPEOJICHUEM TITIFOKO3HI B
Mo3re, siBIsieTcs OOIed uepTod MHOTUX HEWpOJereHepaTUBHBIX 3a00JIeBaHUM.
Hedunut merabonn3ma TIIOKO3bI, BEPOSTHO, ABISAECTCS HHUITUUPYIOIUM (DakTOopoM, a
TUCHYHKIIUS ~ HEMPOHOB  JIOMOJHUTEIBHO  CIOCOOCTBYET  METa0OJIMYECKOMY
nucOanancy. Merabonuyeckass KOppEKIMsl, HOpMaau3alus MeTa0ojM3Ma TIIFOKO3bI,
MOXXET OBITh J(PGEKTUBHBIM HWHCTPYMEHTOM IS JICYCHHS HEHPOJOTUYECKHUX
HapYIICHUH, MPOTUBOJCHCTBYS NX IEPBUYHBIM MATOJIOTUIECKIM MEXaHU3MaM.

Mp1 pazpabaThiBaeéM HHTETPATUBHYIO HHGOPMAITMOHHYIO CUCTEMY JIJISI XPaHCHHUS
W aHanmW3a BCEX THIIOB [AHHBIX, MOCTYMAOIINX U3 HCCIEAOBAaHUA OOBEKTOB
HEUPOJETEHEPATUBHBIX 3a00J1€BaHUA. K HUM OTHOCSTCS JTAHHBIE
muddepeHIranbHOM  dKCpecCMM W MHAMBHUAYaJIbHOTO  aHajiu3a TIeHOMa,
METa0OJMYECKUE W PETYISITOPHBIE NMYyTH W HMX MOJCIHPOBAHUE, METa0OIMYeCKOe
npoduiupoBanue ¢ nomoibio AMP, hepMeHTHBIA aHATU3 U MOHUTOPHUHT In Vitro u
n Vivo, UCCIIeIOBaHUSI MUTOXOHAPUM, dJIEKTPO(PU3NOIOTHS 1N VIVO U TaHHBIE 1n Vitro
U UX MOJEIMPOBAHME, MOBEACHYECKUE U KOTHUTHUBHBIE TECThI, TUCTOJIOTUYECKUE U
MOP(OJIOTUYECKHE TAHHBIE U T. I.

Bce nannbie coOuparoTcs B KOHTPOJIE, MPU ONPESICHHBIX 3a00JIEBaHUSIX, TAKHX
KaK SIUJIENCUsl Wik 0oJie3Hb AlblreiiMepa, a TakKe HECKOJIBKHX MaTOIOTHYECKHUX
MOJIEJIEH, U B YCIIOBHSIX JOMOJHUTEILHOTO CHaOKEeHHsI YHEproMmeTadbonmuramMu (Hamp.,
MUPYBAaTOM) B HOPMAJIbHBIX U MAaTOJIOTUYECKUX yCIOBHSIX.

DTO TOMOXKET BBIIBUTH OCHOBOIIOJIATAIONIYI0 OCHOBY HEHPOJETeHEepPATHBHBIX
3a00JIEBaHUI W HEHUPONPOTEKTOPHbIE 3PPEKTHl IHEPreTHUECKOM META00IMUECKOU
KOppPEKIIMM ¥ pa3paboTarh CTpaTrerdio JiedeHus. JlpyrmMm 3arIaHuPOBAHHBIM
HaIpaBJICHUEM SBISICTCS aHaIW3 WHGOPMAIMA WHIWBHIYyAIBHOW yCTOWYHUBOCTH K
MaTOJOTHYCCKUM (haKTOpaM, KOTOPBhIE MOTYT BBISBUTH CjaOble W CHUJIBHBIC YacTH
CUCTEMBbl W TMOTEHIMAJbHbIC IENU s HHAUBUAYaJIbHOTO JIEYEHUS B paMKax
MEPCOHATM3UPOBAHHON MEIUIIMHBI.

PabGora mnopnepxana (QyHAaAMEHTANIBHOW HCCIIEIOBATEIBLCKOM TPOrpaMMOi
[Ipesuauyma PAH «®yHnaMeHTanbHBIC HWCCICIOBAHUS IS OMOMEIUITMHCKHX
TexHosiorui» Ha 2018 ro.
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Development of a complex information system to study common energy
metabolic deficiency under neurodegenerative diseases

Popova i.Yu.!, Mysin LE.!, Osypov A.A .>!*

1. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia,
2. Institute of Higher Nervous Activity and Neurophysiology RAS, Moscow, Russia;
* aosypov@gmail.com

Hypometabolism, characterized by decreased brain glucose consumption, is a
common feature of many neurodegenerative diseases. Deficient glucose metabolism
is likely a primary initiating factor, and resulting neuronal dysfunction further
promotes the metabolic imbalance, establishing an effective positive feedback loop.
Metabolic correction leading to the normalization of abnormalities in glucose
metabolism may be an efficient tool to treat the neurological disorders by
counteracting their primary pathological mechanisms.

We develop an integrative information system to hold and analyze all the data
types that originate from complex biological studies of neurodegenerative diseases
model objects. These include data from differential expression and individual genome
analysis, metabolic and regulatory pathways and their modeling, metabolic profiling
by NMR, enzymology essays and in vitro and in vivo monitoring, mitochondria
studies, electro-physiology in vivo and in vitro data and their modeling, behavioral
and cognitive tests, histological and morphological data etc.

All data is collected in normal healthy stage as well as under specific diseases
such as epilepsy or Alzheimer's disease and several pathology models as well as
individuals treated with the energy supply metabolites (i.e. pyruvate) under the
normal and pathological conditions.

That will help to reveal the underlying basis of neurodegenerative diseases and
the neuroprotective effects of energy metabolic correction and further elaborate the
patients treatment strategy. Another planned direction is the analysis of the
information of the individual viability to the pathological factors that may reveal the
weak and strong parts of the system and the potential targets to individual treatment
in the frame of individualized medicine.

The work is supported by the fundamental research program of the Presidium of
the Russian Academy of Sciences "Fundamental Research for Biomedical
Technologies" for 2018.

82. Anunencus: 3BonoOLUA B3rNn40B HA MeXaHN3Mbl U NevYeHue,
pelleHHble N He peLUueHHble Npobrnembl

bparun A.I.'*
1. Kanugpopruiicxuii ynueepcumem, Jloc Anoscenec, CILLA;
* abragin@mednet.ucla.edu

BBFJ'ISII[BI Ha MCXaHU3MBbI BO3HHMKHOBCHMHA SIUJICIICUHA 3aBHUCCIIN oT
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CYILIECTBYIOIIMX METOAOB MCCJIENOBAHUSA B TOT WM MHOM NEPUOJ PAa3BUTH HAYyKH.
OHM MeHsSIMCh OT (POPMHMPOBAHMSI B MO3TE Pa3ApakarolUX pPyOLOB M HAIUYUS
SMUJICNITHYECKUX HEHPOHOB /10 MU3MEHEHHS CBOMCTB MEMOpaH, CHHAICOB, KaHAJIOB,
reHoB. B HacTosee BpeMss B IOHUMAHHWH SIAJIENTOJIIONOB CYHIECTBYET KOHIIEHCYC,
YTO ANWIENCHUS — 3TO mpouecc (popMuUpoBaHUs CHEHUPUUECKHX 3X-MEPHBIX CETel
HEHPOHOB W WU, ACCOUMUPYIOIIMXCS C H3MEHEHHWEM B paboTe HMMYHHOW U
cocynucToil cuctem opranuzma. @apmakonornueckue ¢pupmsel 3a nepuoa 1990-2010
roJIoB pa3paboTaiu U BHEAPUIN B KIMHUKY OKOJIO 40 HOBBIX aHTH-3MUJIEOTUYECKUX
npenaparoB. OQHAKO JIEUEHHUE SMNUIICIICHM YIYyYIIHIOCh TOJNbKO Ha 2-3%, moka3aB
Oeccuiiie MEIUIMHBI TIepel A3Tol mpobiremoil. B Hacrosiiee Bpemsi Oosblioe
BHUMAHUE CTaJIO YAENAThCS pPa3pabOTKe METOJOB MPEAOTBpAILEHUSI pa3BUTHUS
snwiencud. OpHako Af  TPEBEHTHUBHOW  Tepanmuu  HEOOXOAMMO  Haluuue
OroMapKepoB, KOTOpbIE Obl AETEKTUPOBAIU HAM4KMe OOJE3HU HA PAaHHUX €€ HTarax.
OnuvH W3 Takux OMOMapKepOB, MATOJOTHYECKUE BBICOKOYACTOTHBIE OCHUIUISALUU
(ITIBO), 61 otkpeiT B Hawmel jgadoparopuu B 2000-2004 romax. CyiiecTBEHHBIM
HepocrarkoM [IBO  sBasieTcss HEOOXOAMMOCTh BXKHMBICHHSI 3JEKTPOJIOB, UYTO
VCKJIFOYAET NMPUMEHEHHs €T0 B KJIMHUKE B KAa4E€CTBE IMAarHOCTHUYECKOro mertona. B
HACTOSIIEE BpeMs, IIPU MoIJepkke amepukanckoro NIH, co3gan mexayHapomHbIv
HAy4YHBI KOHCOPLIMYM I10 MOMCKY HEMHBA3UBHBIX OMOMapKepoB 3MuienToreHesa. B
paMKax OJTUX HWCCIEIOBAHUM MApAJIIEIbHO KOJUIEKIMOHUPYIOTCS JaHHBIE IIO
IIOCTTPAaBMATUYECKOM DIWIECNICUM Ha KUBOTHBIX M Ha JIIOAAX. YIOp JEJIaeTCs Ha
WCCJIEIOBAHUN BOCMAJIUTEIBHBIX TMPOIECCOB B mepudepuyeckoil KpoBM U Ha
U3MEHEHUHU IapaMeTpOB MarHUTHO-PE30HAHCHOM TOMOrpaduu Mo3ra Ha pa3HbIX
JTamnax I0CIe YeperHO-MO3roBOM TpaBMbl. ECTh Hazmexzaa, 4To B pe3yibTrare 3TUX
UCCIIEZIOBAaHUN OyayT OTKpPBITHl HEWHBA3HUBHBIE OHMOMapKephbl SIWIENITOTCHE3a C
IIEPCIIEKTUBOM BHEAPEHUSA B KIMHHUKY, UTO B CBOIO OYEpE/b AACT TOIYOK K PA3BUTHIO
IIPEBEHTUBHOM TEPANMM U NPEIOBPALCHUIO BO3HUKHOBEHUS DIUJICIICHA HA PAaHHUX
CpOKax, 10 €€ KIIMHUYECKOTO MPOSABICHUS.

Epilepsy: the evolution of views on mechanisms and treatment, solved
and unsolved problems

Bragin A.B."*

1. University of California, Los Angeles, USA,
* abragin@mednet.ucla.edu

The views on the mechanisms of the onset of epilepsy depended on the existing
methods of research in this or that period of the development of science. They
changed from the formation of irritating scars in the brain and the presence of
epileptic neurons, to the changes in the properties of membranes, synapses, channels,
and genes. At present, there is a consensus, between epileptologists, that
epileptogenesis is a process of forming specific 3-dimensional networks of neurons
and glia associated with a change in the functioning of the immune and vascular
systems of the body. Pharmacological firms developed about 40 new anti-epileptic
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drugs. However, the treatment of epilepsy only improved by 2-3%, showing the
impotence of medicine in front of this problem. At present, much attention has been
paid to the development of methods for preventing the development of epilepsy.
However, for preventive therapy, it is necessary to have biomarkers that detect the
presence of the disease in its early stages. One of these biomarkers: pathological
high-frequency oscillations (pHFOs), was discovered in our laboratory in 2000-2004.
A significant disadvantage of pHFOs is the need for implantation of electrodes, which
excludes its use in the clinic as a diagnostic method. Currently, with the support of
the NIH, an international scientific consortium has been established to search for non-
invasive biomarkers of epileptogenesis. Within the framework of these studies, data
on posttraumatic epilepsy in animals and on humans are collected. The focus is on the
study is on inflammatory processes in the peripheral blood and on the changes in the
parameters of MRI of the brain at different stages after TBI. It is hoped that as a
result of these studies, non-invasive biomarkers of epileptogenesis will be discovered
with the prospect of introduction into the clinic, which in turn will give impetus to the
development of preventive therapy for epilepsy before its clinical manifestation.
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O6wue Bonpocbl buonorun mo3sra
General problems of brain biology

83. AKTUBHOCTb MIO- U m-KanbMNanHa nocrie TOKCUYeCKoro crtpecca B
rmnnokamne, npecpoHTanbLHOMN Kope U cTpuatyme

Kpunkas JI.B."*, Kapnenko M.H.!, [{ukynos C.I'.!
1. DI'BHY "Hucmumym skcnepumenmanvuou meouyunwl”, Canxkm-Ilemebype,

Poccus,
* darya uladzimirawna@mail.ru

JIunononucaxapuy (JITIC) B BBICOKUX KOHIIEHTPALMIX BO3JCHCTBYET HA OTICIIBI
MO3ra, He 3aluiineHHbie ['9b; npyu HU3KUX KOHUEHTPALMAX 3aMyCKAET CEKPELUI0 U3
MOHOIIUTOB/MAaKpO(aroB BOCHAIUTENBHBIX ITMTOKWMHOB, WHIYIHPYS SKCIPECCHIO
MeanaropoB BocmnaneHus. Cerncuc-acCoIMupoBaHHas JHIEAIonaTus CBsI3aHa C
MOBBIIIEHUEM BHYTPUKJIETOYHON KOHIIEHTPALIMM KaJIbI[Usl, aKTUBATOPa KAJIbIIAaUHOB —
CEMEMCTBAa BHYTPUKJIETOYHBIX I[MCTEUHOBBIX MPOTEA3, CPEIU KOTOPHIX M- U MIO-
HauOoyiee W3yuyeHbl. [UNepakTUBAIMi KaJIbIAaMHOB HAOJIOMAETCSI HAa MOMACIIX
OCTPOr0 BOCIAJIUTENIBHOIO TPOLIECCAa U CETNCUCA B MOBPEKAECHHBIX TKAHAX. Takum
oOpa3oM, Mpu LEJbI JAaHHOTO UCCIEAOBaHUS OBbUIO OMNPEACIUTh AKTUBHOCTH
KaJIbIIAauHOB B MPeQPOHTANIBHON KOpe, TUIITIOKaMIIe U cTpuaryme Ha 1-i, 3-i, 10-i u
50-i1 [HU TTOCTIe TEPEHECEHHOTO TOKCUYECKOTO CTpecca.

Tokcuueckuii ctpecc moaenupoBanu Ha 20 camuax Kpeic JduHuUM Bucrap,
MOJyYalOIINX OJHOKpaTHO wuHTpaneputoHeanbHo JIIIC B go3e 1Mmr/kr Beca,
cpaBHUBas ¢ 10 UHTAKTHBIMU KpPbICAMHU. 3HAYMMOCTD PA3IUYUI MEXKIY aKTUBHOCTBIO
KaJlbllanHa Ha Pa3HBIX CpPOKaxX OIIEHWBAJACh C HMCIOJIH30BaHHEM OMHO(MAKTOPHOTO
JMCIIEPCUOHHOIO aHAJIN3a C MOCIEAYIONIUM TpuMeHeHrueM kpurepusi Ouriepa.

AKTUBHOCTh KaJbIIAaWHOB OMNPEAEISIM METOJOM Ka3eHMHOBOUW 3uMorpaduu B
resie. BoisBiieHO, YTO B Ipe(POHTAILHON KOPE aKTUBHOCTh MIO-KaJIbIIaWHA B JTOOHOH
kope Ha 10-e cyTkm T1Oclie HaHECEHHs TpaBMbl OKA3bIBAIACH CHHMXKECHHOU
OTHOCHUTEJILHO 1-X CYTOK TOCJI€ TPaBMbl, MPU ITOM HE OTIUYAACh OT KOHTPOJbHBIX
3HaueHuM, Ha 50-¢ CyTKM aKTUBHOCTh HE OTJIMYAJaCh OT KOHTPOJIbHON. AKTUBHOCTD
MIO-KaJbllanHa TUIIIIOKaMIla ToBbIIaeTcss Ha 10-e CcyTkM T1oclie crpecca,
BO3BpPAIIasCh K KOHTPOJIbHBIM 3HaY€HUsIM Ha 50-€ CyTKU. AKTUBHOCTb M-KaJIb[IauHa
JOOHOM KOpBI, TUINOKAMIIA U CTpHATyMa, a TaK)Ke MIO-KajbllanHa CTpUaTyMa He
oTJMYanach OT KOHTPOJBHBIX MOKasarejeld Ha BCEM mepuoje HaOmromeHui. Takum
oOpa3zoMm, ObuUTM OOHApYXEHBI 3aBUCAIIME OT JIOKAIM3AIMU W CpPOKa IOCTe
BO3JICUCTBUS pEaKUMM KajlbllalHa HAa HAHECEHHWE TOKCHYECKOro CTpecca.
OOHapy>XeHbl W3MEHCHHS AaKTUBHOCTH MIO-KaJbllanHa KJIETOK NpPePPOHTATLHON
KOPbI U TUNIIOKaMIIa Ha paHHUX CPOKaX Mociie TOKCUYECKOro cTpecca.
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The activity of mu - and m-calpain after toxic stress in the hippocampus,
prefrontal cortex and striatum

Krytskaya D.U.'*, Karpenko M.N.!, Georgievich S.G.!

1. Institute of Experimental Medicine, St.Petersburg, Russia;
* darya uladzimirawna@mail.ru

Lipopolysaccharide (LPS) in high concentrations affects parts of the brain that
are not protected by GEB; at low concentrations it triggers secretion from
monocytes/macrophages of inflammatory cytokines, inducing expression of
inflammatory mediators. Sepsis-associated encephalopathy is associated with an
increase in intracellular calcium concentration, an activator of calpains — a family of
intracellular cysteine proteases, among which m - and MJ - are most studied.
Hyperactivation of calpains is observed in models of acute inflammatory process and
sepsis in damaged tissues. The aim of this study was to study the activity of calpains
in the prefrontal cortex, hippocampus and striatum on the 1st, 3rd, 10th and 50th days
after the toxic stress.

Toxic stress was modeled on 20 male Wistar rats with once intraperitoneally
LPS injection at a dose of Img/kg body weight, compared with 10 intact rats. The
significance of the differences between the activity calpain during different periods
was assessed using one-way ANOVA with the post-hoc criterion of the Fisher.

The calpain activity was determined by casein zymography in the gel. It was
revealed that in the prefrontal cortex the activity of mu-calpain in the frontal cortex
on the 10th day after the injury was reduced relative to the Ist day after the injury,
while not differing from the control values, on the 50th day the activity did not differ
from the control one. The activity of mu-calpain hippocampus increases on the 10th
day after stress, returning to control values on the 50th day. The activity of m-calpain
of the prefrontal cortex, hippocampus, and striatum, as well as mu-calpain striatum,
did not differ from the control. It was discovered depends on the localization and the
period after exposure of the reaction calpain on the application of toxic stress.
Changes in the activity of mu-calpain of prefrontal cortex and hippocampus cells in
the early stages after toxic stress were found.

84. UccnepgoBaHMe HeMPOHaNIbHOM U CUHANTU4YeCKOWN NNAacTUYHOCTU Ha
kadeape ncnxocpusmnonorum MIry

[TanuxoBa T.A.'*
1. Mockoeckuii [ocyoapcmeennswiiit Ynusepcumem um. M.B. Jlomonocosa, Mocksa,

Poccus,
* palikhova@mail.ru

Ounbra CepreeBHa BI/IHOFpaI[OBa Ha4yajla CBOHM HCCICOOBAHHUA MCXaHHM3MOB

namsATH Ha (aKylIbTeTe ICUXOJIOrorTud MOCKOBCKOTO YHUBEPCHUTETa, TIAE €€
HayyHbIMH pykoBoguTensmMu Obumn A.P. Jlypus um E.H. Coxonos. EBrenuit
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HukomaeBnu Obur  co3marerieM ©  OECCMEHHBIM  pPyKOBOAHUTENIEM  Kadeapsl
NCUXO(U3NOJIOTUA M CTPATETHUI0 «YETIOBEK — HEHPOH — MOIeby». MeXxaHU3Mbl
oOy4eHHusl U maMATH ObUIM M OCTAIOTCS OJHOM M3 BEIyUIUX TEM U S MPEJICTABIISIO
pe3yapTarbl pabOT MO HW3YYEHHIO KIETOYHBIX MEXaHHW3MOB IUIACTHYHOCTU Ha
Ha3eMHOM JIETOYHOM MOJLTIOCKE, BUHOTrpaaHou ynutke (Helix pomatia\lucorum L.) ¢
MOMOIIbI0 BHYTPUKJIETOYHOM pPErucCTpalii aKTUBHOCTU UIACHTU(DUIIMPOBAHHBIX
HEUPOHOB.

- HW3ydeHwnl penentuBHbIE W MOTOPHBIM MO KOMaHIHBIX HEUPOHOB
napueTalbHbIX TaHIJIMEB W JMHAMUKA CHHANTHYECKUX OTBETOB HA CEHCOPHBIN
ctumyn (Apakenos I.I, Illextep E.JI., [Tanmuxosa T.A.).

- C moMouip0 OTHOBPEMEHHON BHYTPHUKIIETOUHOW PETMCTPALMU CEHCOPHBIX U
KOMaHIHBIX HEWPOHOB U3y4Y€HA AWMHAMHUKA DJIEMEHTApPHBIX MOCTCHHANTHYECKUX
noteHuuanoB (3BIICII) npu BHYTPUKIETOYHOW MNPECHHANTHYECKON CTUMYISLHUU
(ApakenoB [I'I., Ilanuxoa T.A.) u aunammka SBIICII Bo Bpemsi oTBera Ha
CEHCOPHBIN CTUMYI -«HEMeAJIeHHas macTuaHocTh» (TepmuH E.H. CokomnoBa).

- OCHOBHBIE BHJIbl CHUHANTUYECKOW IUIACTUYHOCTH «UJICHTU(PUIIUPOBAHHOTO
cUHarca»,dprusiHoctb (AX) M YMCIO KOHTAKTOB "WJIEHTHU(UIIMPOBAHHOIO CHHArca"
MBI HMCCJIEIOBAIM C KoJleramMu ¢ Ouosorudeckoro ¢akymnsrera MI'Y (ITuBoBapos
A.C)).

- I3yueH peHOMEH «BHYTPHUKIETOUHON HUPKYJISLKUUA BO30YKIEHUS» B HEHPOHAX
C HECKOJIbKUMHU TpurrepHbiMu 30Hamu (Ilanmmuxosa T.A.).

- IlpoBeneHbl OSKCHEPUMEHTHI 1O H3YyYEHUS BIUSHUS  MOIYISTOPHBIX
MEMATOPOB Ha MOBEJIEHNE U aKTUBHOCTh HEUPOHOB MPOBOISTCS HA YAUTKAX MPHU UX
COJIEp’)KaHUM Ha MOHOJIMETAaX C pa3HbIM conepkanuem Tpunrodana (I[Tamuxosa T.A.).

IlepcriekTUBBI UCCIIEIOBAHUM CBA3aHbI C U3YUYEHHEM IJIACTUYHOCTU Pa3HBIX MO
OPTUYHOCTH  UACHTU(MUIMPOBAHHBIX  CHHAIICOB, C  TPOBEPKOM  THITOTE3BI
«MPECUHANTUYECKOTO OXKHMJIAHUS OTBETa», U C OJHOBPEMEHHOW BHYTPHUKIETOYHBIX
perucTpanuen u ¢ perucTpalye CyMMapHbIX TOTEHI[MATIOB TaHIJIMEB YIUTKHU.

Researches of neuronal and synaptic plasticity at the psychophysiology
department of Moscow State University

Palikhova T.A.'*

1. Moscow M.V.Lomonosov State University, Moscow, Russia;
* palikhova@mail.ru

Professor Olga S. Vinogradova began her investigation of memory at the
psychological faculty of Moscow University under scientific direction of A.R. Luria
and E.N. Sokolov. Evgeny Nikolaevich, who established and was permanent leader of
psychophysiological department, proposed “man — neuron — model” strategy. I am
going to present results of experiments on plasticity obtained by intracellular
recording from identified neurons of land snail Helix pomatia\lucorum L.at the
psychophysiological department.

- Receptive and motor fields of avoidance command neurons and dynamics of
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neuronal responses to the sensory stimuli and morphology of these neurons by cobalt
and cadmic staying were studied in the snails parietal ganglia (Arakelov G.G.,
Shekhter E.D., Sakharova T.A., Krilova A.L.).

- Simultaneous intracellular recording were used studying elementary potentials
(eEPSPs) dynamics in postsynaptic command neurons (eEPSPs) in response to
intracellular stimulation of the presynaptic sensory neurons (Arakelov G.G.,
Palikhova T.A.). For synaptic plasticity during response to sensory stimulus E.N.
Sokolov proposed the term “immediate plasticity™.

- Synaptic plasticity of identified synapses,its engicity and strucrure we studied
together with colleges from biological department (Pivovarov A.S.)

- The phenomen of “intracellular circulation of excitation” has been shown for
neurons with several trigger zones(Palikhova T.A.)as a mechanisms of complex
patterns generations in neurons.

- The experiments to study modulatory neuromediators influences to behavior
and neuronal activity were made on the snails maintaining on mono-diet containing
high and low levels of precursor for serotonin, amino acid tryptophan (Palikhova
T.A)).

Perspectives are we connect with comparing of synaptic plasticity of different
ergicity, with verification of “presynaptic waiting hypothesis” and with

simultaneous recording of intacellular activity and compound potentials of
ganglia.

85. OcobeHHOCTU BereTaTUBHOro o6ecne4yeHms KOrHUTUBHbIX PYHKLMW
npv peayKUuMmn 3HAOreHHOM ONMUOUAHON CUCTEMbI Y HAPKOMaHOB

[Tonesas C.A.'2, barusa }0.0.2, baxunna A.B.?, Knabenrod M.A.3, bynanos H.A 4,
[Tapun C.b.>*

1. Huosicecopoockas eocyoapcmeennas meouyunckas akaoemus, Huowcnuti Hoszopoo,
Poccus;

2. Huorcecopoockuti 2ocyoapcmeennblil yHusepcumem um. H.U.Jlobauesckoeo,
(Poccus, Huoicnuu Hoeeopoo),

3. Canxkm-Ilemepoypeckuii cocyoapcmeennulii yrueepcumem, (Poccus, Cankm-
Ilemepbype);

4. Bvicuwas wikona sxonomuku, Mocksa, Poccus,

* polevaia@ipfran.ru

OnporeHHas omnuoujHas cucrema (D0C) sBasercs ApeBHeHed U3
pErylsaTOpHBIX cucTeM. HakormieH orpoMHBIN MacCUB JaHHBIX B pycie (Gpu3nosoro-
(hapMaKoJIOTHYECKOTO aHajiu3a, TMO3BOJISIONMIMX YTBEPXKJaTh, YTO OHA WIpaer
KIIFOYEBYIO POJIb B YIPABICHUM BeTreTaTUBHbIMU (yHKuUMsIMHU npu crpecce [Ilapun
2008]. 3nauntenbHO MeHee u3BecTHa poiib JOC B yNpaBI€HUH KOTHUTHUBHBIMU
byskiusaMu. [lepcrieKTUBHBIM OOBEKTOM TAKUX HCCIEIOBAHUMN SBISIOTCS OMHATHHIC
HapkoMaHbl, Tak kKak ux D0C ecTeCcTBEHHBIM 00pa30M PeaylUpOBaHA B PE3yNbTaTe
aaIVKIIHH.
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B 1ByX cepusix 3KCIEpPUMEHTOB HCCIEI0BAJIUCh PEKHUMBlI BEreTaTuBHOU
peryJiillMiM puTMa CepAua NpHU PEIIEHHMH KOTHUTHBHBIX 3a7ad. KOHTpOJIbHYIO
BBIOODKY COCTaBWJIM CTYyJEHTBl B Bo3pacre 17-24 gjer - 71 denosek,
DKCIIEPUMEHTAJIBHYIO - ITAIIMEHTHI HAPKOJOTUUECKON KIMHUKM B Bo3pacte 20-40 ner -
64 yenoseka. /{1 MOHMTOPUHIA PUTMa CEpPALA B IPOLIECCE BBINOJIHEHUS TECTOB HA
CEHCOMOTOPHYIO ~aKTHMBHOCTh MPUMEHEHAa TEXHOJOTUsl COOBITUHHO-CBA3AHHOU
TeaeMeTpun puTMma cepaua Ha 6aze Web-mardpopmsr Cognitom (cogni-nn.ru, HHI'Y
uM.Jlo6aueBckoro) [Ilonesas, [Tapun u ap., 2016].

YcranoBneHo, uTo npu peaykuun JOC y onuaTHbIX HAPKOMAHOB YMEHbIIIAETCS
KapAUOTPOIIHASl AKTUBHOCTh BET€TATMBHON HEPBHOW CHCTEMBI, a B IIOKa3aTENsX
BapuaOENbHOCTH pUTMA Cepjla ucue3aroT 3(PQeKThl, CBI3aHHBIE C COOBITHMIHBIM
KOHTEKCTOM. Y 90% HapKo3aBHCUMBIX BO BCEX KOHTEKCTaX MPOSBIISIETCS TaXUKAPIUSL.
B mpocToit ceHCOMOTOPHO# aKTUBHOCTU BBISBIICHBI MApaJ0KCaTbHBIE 0COOCHHOCTH:
MOBBIIIICHHE OBICTPONEHCTBUSL COUETACTCS C YBEJIMUYEHUE MPOAODKUTEIBHOCTH
MOTOPHOTO KOMIIOHEHTA aKTUBHOCTH (3 PEKT 3amumnanus).

Takum oOpazom, peaykius DOC NOBBIIAET HAPSIKEHUE PETYIISITOPHBIX CUCTEM
Y CHWXAET aJalTUBHOCTh BEr€TATUBHOW PETYJALMHU NPU PEIIEHHMH KOIHUTHBHBIX
3a1ay.

PabGora BbINONHEHAa TpU YaCTHMYHOM mopajepxke rpaHToB POOU, 16-06-
00501 a, 16-06-00133 a, 18-013-01225 a

Autonomic regulation for cognitive functions at reduction of
endogenous opioid system at drug addicts

Polevaia S.A.'2, Bagian Y.O.2, Bakhina A.V.2, Knabenhof M.A .3, Bulanov N.A 4,
Parin S.B.>*

1. Nizhny Novgorod State Medical Academy, Nizhny Novgorod, Russia,

2. Lobachevsky State University, Nizhny Novgorod, Russia;

3. St Petersburg State University, St Petersburg, Russia,

4. Higher School of Economics, Moskow, Russia;
* polevaia@ipfran.ru

Endogenous opioid system (EOS) is the oldest of regulatory systems. A huge
amount of data has been accumulated in the course of physiological and
pharmacological analysis, which makes it possible to assert that it plays a key role in
controlling autonomic functions under stress [Parin 2008]. The role of EOS in the
management of cognitive functions is much less well known. A promising target of
such studies is opiate addicts, since their EOS is naturally reduced as a result of
addiction.

In two series of experiments, regimens of vegetative regulation of heart rhythm
were studied in cognitive tasks. The control sample consisted of students aged 17-24
years - 71 people, experimental - patients of the narcological clinic aged 20-40 years -
64 people. To monitor the rhythm of the heart during the tests for sensorimotor
activity, the technology of event-related heart rate telemetry was applied on the basis
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of the Cognitom Web platform (cogni-nn.ru, NNSU after Lobachevsky) [Polevaya,
Parin et al., 2016].

It has been established that the reduction of EOS in opiate addicts reduces the
cardio-tropic activity of the autonomic nervous system, and in the parameters of heart
rate variability, the effects associated with the event context are disappearing. In 90%
of drug addicts, tachycardia appears in all contexts. In a simple sensorimotor activity,
paradoxical features were revealed: the increase in speed is combined with an
increase in the duration of the motor component of activity (the zaplani effect).

Thus, reduction of EOS increases the tension of regulatory systems and reduces
adaptivity of vegetative regulation in cognitive tasks.

The work was partially supported by grants from the RFBR, 16-06-00501 a, 16-
06-00133 a, 18-013-01225 a

86. NnacTnyHoCTbL AEHAPUTOB MayTHEPOBCKUX HEUPOHOB 30510TOM
pPbIOKM B YCNOBUAX MOHOKYNSIPHOM AenpuBauvun

Muxaitnosa I'.3.*, [lltangaes P.I11.!
1. Ulncmumym meopemuueckoii u skcnepumenmanviou ouogusuxku PAH, [Iywuno,

Poccus;
* mihailova glrambler.ru

N3BecTHO, 4YTO 3pUTENbHAs KOpa TOJIOBHOIO MO3ra pPa3BUBAETCS JIOJKHBIM
o0pa3oM, TOJNBKO €ciau mnojy4aeT HHPOpMaIUMi0 OT O000MX IJ1a3 B TEUYEHUE
KPUTUYECKOr0 Nepuoaa pa3Butusa. Ecnu oMH 11a3 JIMIIEH 3pEHUs B TEYEHHE 3TOTO
nepuoia, TO 3TO MPUBOAUT K aMOJUONUU U HAPYUICHUSM 3PUTEIbHO-IBUTATEIbHBIX
peakiuii. [{enpto 1aHHOM pabOTHI SBISETCS BBISBICHHUE JIOJTOCPOYHBIX M3MEHEHUI
CTPYKTYpPHhI JIEHPUTOB KOMAH/IHBIX HEUPOHOB, MPUHUMAIOIINX 3PUTEIbHBIC CUTHAIBI
U TMpeoOpa3yrollux MX B JIBUraTelbHble akThl. Mbl  pa3paboTain MeTon
MOHOKYJISIPHOM JIETIPUBAIIMHU, CyTh KOTOPOTO 3aKJII0YAETCsl B 00paTUMOM 3aKpbIBaHUU
ofHOro 1a3za MaibkoB pbiO Carassius auratus pasznoro Bospactra (0,5-2,5 rona)
KJIIeeBOM Mackou. JJIs1 OLEeHKW HapylLIeHuHd CEHCOMOTOPHOW HHTErpauuu y
JENPUBUPOBAHHBIX PHIOOK M3yYalld aCUMMETPHUIO onTOMOTOpHOTO pedekca (AOP).
Marepuanom Juisi UCCIENOBAHUN CIIYXKWUJIM MapHble MayTHEpoBckue Heilponsl (MH)
MPOJIOJITOBATOTO0 MO3ra, CTPYKTYPHBIE M3MEHEHHUS KOTOPBIX aHAIM3UPOBAIU C
IIOMOIBI0 METO/a TPEXMEPHOU PEKOHCTPYKLHUHM II0 CEPUMHBIM cpe3aM. bblio
IO0Ka3aHo,uTo creneHb AOP nenpuBupoBaHHBIX MalbKOB 6-8 Mec Bo3pacTa Iocie
OTKJICMBAaHMs TJIa3HOM MacKu CHIDKaeTcs B 1,5 pa3za B OTIMUME OT aHAJOTHYHBIX
nokasaresieil B KOHTpoje. AHalW3 MOPQOJOTUM MOKA3all, YTO Y BCEX MaJlbKOB BHE
3aBUCUMOCTH OT WX BO3pacTa HaOJIOJAeTCs TPEXKparHOE YMEHbIIEHHE o0beMa
BEHTpabHOTrO JieHapuTta neagdepentuporannoro MH. V manbkoB 6-8 Mec Bo3pacra,
MOMHMO 3TOT0, HaOIIOManu runepTpoduio arepalbHOro AeHApuTa nannoro MH, a
TaKXke TajieHne 00bEeMOB OCHOBHBIX JCHAPHWTOB M yBEIWYEHHE OObeMa MOOOUYHBIX
neaapuroB  MH, mapHoro pgeaddepentupoBanHomy. Ilpenmonoxeno, d4To
MOHOKYJISIpHAsl JCTPUBAIMS TPUBOIUT K TIOBBIINICHUIO YPOBHS CTPYKTYpPHOU
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IJIACTHYHOCTH JeHapuToB MH ManbkoB 3070TBIX PBIOOK 6-8 Mec Bo3pacra.
[lomy4yeHHble JaHHBIE WHTEPECHBI C TOYKM 3pPEHUS TIOWCKAa TIOAXOMOB K
BOCCTAHOBJICHUIO 3PUTEIHHON (PYHKIIMH MO3Ta MOCIE MOHOKYJISIPHOW JCTPUBAIIHH.
Pabora Beinonnena npu ¢punancoBoil nogaepxke POOU (npoekt Ne 16-04-01759a).

Plasticity in dendrites of the goldfish mauthner neurons following
monocular deprivation

Mikhailova G.Z.'*, Shtanchaev R.S.!

1. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia;
* mihailova g@rambler.ru

It is known that visual cortex is normally developed only when it receives the
information through both eyes during the early stages of life (sensitive period). If one
eye 1s deprived of vision during this period, it results in amblyopia and disorders in
visual motor behavior. The purpose of this work is to identify long-term changes in
the structure of dendrite morphology of a second-order sensory neurons which
receive visual signals and convert them to motor acts. We have developed the method
of monocular deprivation which is initiated by reversible sealing one eye of the
goldfish fry Carassius auratus (0.5-2.5-years-old). The sealing was maintained for 1-3
weeks. To assess the sensorimotor integration in deprived fish, asymmetry of the
optomotor reflex (AOR) was studied. The material for the studies was paired
mauthner neurons (MN) of the medulla oblongata, the structural changes of which
were analyzed using the method of three-dimensional reconstruction by serial
sections. After eye re-opening, the degree of AOR of the 6-month-old deprived
goldfish i1s reduced by 1.5 times, in contrast to similar indicators in the control.
Analysis of the morphology showed that in all fry, regardless of their age, the
threefold decrease in the volume of the ventral dendrite of deafferented MN is
observed. In fry of 6-8 months of age, in addition, hypertrophy of the lateral dendritis
of this MN was observed, as well as a decrease in the volume of the main dendrites
and an increase in the volume of the medial dendrites of MN which is paired to the
deafferented one. It is assumed that monocular deprivation leads to an increase in the
structural plasticity level of MN dendrites of 6-month-old goldfish. The data obtained
are interesting from the point of view of searching for approaches to recovery the
visual function of the brain after monocular deprivation. This work was supported by
the Russian Foundation for Basic Research (project No. 16-04-01759a).
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87. NpumeHenne DREADDs ana usyyeHusa aBuraTesibHbIX HapyLleHUN
npu 6one3Hu NapkMHcoHa

Hosukos H.I.'*, bpaxxuuk E.C.!

1. Hayuonanonoiu Hncmumym Hesponoeuueckux Hapywenuii, Mepuneno, CLLA;
* nikolay novikov@hotmail.com

B  mocmermme rompl  pa3paboraHpl  (pApMaKOTCHETHYECKHE  METOIBI,
ucHojb3yomue  MoauduiupoBaHHble  G-0eNKOBbIE  pEUENTOpPBl,  KOTOPHIE
AKTUBUPYIOTCS WM TOPMO3SITCS WHEPTHBIMU HU3KOMOJIEKYJISIPHBIMH BEIIECTBAMU.
[locne skcrpeccuu 3THX PELENTOPOB HAa HEMpPOHAX M B AKCOHHBIX TEPMHHAISX
NOSIBJISIETCS.  BO3MOXKHOCTh M30MpaTelbHO W HEMHBA3WBHO BO3/CHCTBOBAaTH Ha
aKTUBHOCTb HEWPOHHBIX CeTel. DTa MeTOoAMKa B HACTOSIIEe BpEeMsl ILIUPOKO
NpUMEHSIETCA ISl WM3Y4YeHMsI TMpoIeccoB (GopMupoBaHUsl TMaMsITH, OOydYeHHUS,
MPUHATHS PEUIEHUM, Pa3BUTHS JIEKAPCTBEHHOM M HapKOTHYeCKoW 3aBUcuMocTH. C
nomortnbio DREADDs (the designer receptors exclusively activated by designer drug)
YIAETCS BBISABISITH B3aWMOOTHOIICHUS  3JIEKTPOPU3UOIOTHYECKOW aKTUBHOCTU
OTIPE/ICNICHHBIX CTPYKTYp MO3ra U TOBEJACHHUEM Ha MOJENSIX Jenpecuu, neduimra
BHUMaHWMs, 00N, HEHpoaereHepaTuBHBIX 3a0oneBaHuil. OXKUmaeTCs, YTO JaHHAs
TEXHOJIOTUSI B KOHEYHOM MTOTE MOXKET UMETh TEPANEBTUUYECKOE IPUMEHEHUE.

Haiiu ocHOBHBIE yCUIIHS HAlIPABIICHBI HA U3yUYEHUE U KOPPEKIIUIO HAPYIICHUH B
HEHPOHHBIX CETAX 0a3aibHBIX raHmiveB npu Oone3nu [lapkuncona (BII). OcHoBHOM
Mopdonoruyeckuit cyoctpar BIl — rubenp nonmamMuHEpruuecKUx HEHPOHOB, B
pe3yapTare 4ero pa3BUBAIOTCS JIBUTaTelIbHbIE HApYIICHUs (TMUIIOKUHE3Us, TPEMOpP U
Ip). 3aMecTUTeNIbHAsl JIEKapCTBEHHAas Tepanus NPUBOJUT B KOHEYHOM HTOTe K
BO3HUKHOBEHHUIO HEMPOU3BOJILHOM HEKOHTPOJIUPYEMOW MBIIIEYHOM aKTUBHOCTH
(nuckuHe3un). B Hactosimem cooOleHnn Mbl MPECTaBIsieM OOIIUE KOMIIOHEHTHI
Metonukd DREADDs 1 coOCTBEHHBIC PE3yNIbTaThl €€ MCIOJIb30BAHUS JIJIs U3YUYEHUS
Y KOPPEKILMHU JBUTaTENbHBIX paccTporcTs ipu bII.

The use of DREADDs technique: Applications to the behavioral
pathology in Parkinson’s disease

Novikov N.'*, Brazhnik E.!

1. National Institutes of Health, Maryland, USA;
* nikolay novikov@hotmail.com

Recent advance in genetics has led to development of novel chemogenetic tools
that allow selectively and remotely interrogate neural circuits using engineered G
protein-coupled receptors, which can be activated by the inert drug-like small
molecules. These new chemogenetic tools are being rapidly applied to many aspects
of neuroscience including research on learning and memory, decision making, and
goal-directed behavior. By using DREADDs (the designer receptors exclusively
activated by designer drug) to monitor the electrophysiological, biochemical, and
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behavioral outputs of specific neuronal types, the links between brain activity and
behavior can be better evaluated. Additionally, DREADDs are beneficial in studying
the pathogenesis of neurological conditions, such as depression, anxiety, pain, drug
addiction, as well as neurodegenerative diseases, and may ultimately have therapeutic
potential.

A major goal of our research is to understand and control the impairments of
basal ganglia-thalamocortical circuitry in Parkinson’s disease. Degeneration of
dopamine (DA) neurons in PD causes hypokinesia, but DA replacements therapy can
eventually initiate the development of exaggerated involuntary behavior
(dyskinesias). Here, we discuss the fundamental elements of chemogenetic technique
and highlight how designer receptors technology can be applied in the study of motor
dysfunction in Parkinson’s Disease (PD) to advance our knowledge of circuit and
signaling properties inherent to PD pathology and develop innovative therapeutic
options for PD patients.

88. NMpuHuun NaBnoBa

Hynun-bapkosckuit B.JL.!>*, ConosbeBa K.I1.12
1. HUU cucmemmnvix uccreoosarnuu PAH,

2. Mockosckutl puzurxo-mexuuueckuii uncmumym, /{oneonpyonsiii, Poccus;
* wldbar@gmail.com

[Ipennaraemsplii [Ipunuun IlaBmoa (IIII) Obul BmepBble copmynupoBaH B
noknane "ba3oBble NPUHIMIOBI HEWPOHHOW oOpraHu3anuu" Ha KOH(EpeHLIHH
"['unmokami 1 namsThb, 2015".

[Ipunuun npexacrasiusier (u3nUeckoe 000OIIEHHEe, TUIOTE3Y, 00bEIUHSIONIYIO
OO0JIBIIIYI0 COBOKYITHOCTh IKCIIEPUMEHTANIBHBIX JAHHBIX, KAK HEUPOPU3UOIOTHIECKUX
(u3y4yeHHe yCIOBHBIX pe(IeKCOB) TaK M BBIUMCIUTEIBHBIX (pa3paboTKa 3JIEMEHTOB
UCKYCCTBEHHOI'O MHTEJUIEKTa B cuUcTeMax IiIyOokoro oOyudenus ¢ 2012 1., a Takxke
paboThI 110 TEXHUYECKUM IPUMEHEHUSIM UCKYCCTBEHHBIX HEHPOHHBIX CETell, HaunHas
c 1943 ).

W.I1. [TaBnoB (1849-1936) npuiiien B cBO€ BpeMsi K BBIBOJLY, UTO OOHAPYKEHHBIC
U HUCCIIEJIOBAHHbIE UM YCIOBHBIE pe(UIeKChl B UX COBOKYIMHOCTH M MHOrooOpasuu
MOTYT COCTaBUTh OCHOBY (POPMHUPOBAHUS NICUXUUYECKUX PEAKIMIA BCEX KUBOTHBIX U
yenoBeka. Onucanue peduiekcoB [1aBioB gaBan Ha CUCTEMHOM ypOBHE, HE JTOBOJS
€ero 10 HEWpOHHbIX MexaHu3MOB. [lociegHee ObUIO (PaKTUUECKH pEATM30BAHO B
tpynax KO.M. Konopckoro (yuenuka WM.I1. I1aBnoBa) u JI. Xe606a (yyeHuka yuyeHUKa
N.II. I1aBnoBa).

Kitouom x ¢dopmynupoBanuto IIIT mocmyxxkun 1ot (akt, yto HelpoMopdHbIe
KOHCTPYKLMH C U3MEHSIEMbIMU MEKXHEUPOHHBIMU CBA3SIMH, 00J1a/1at0T CIIOCOOHOCTBIO
K CaMOOpraHu3aliy, IO3BOJSIONIEN YCIENIHO pealu30BbIBaTh IIOJE€3HBIE IS
oOmanarenet HEWpOHHBIX CTPYKTYp (QyHkuuu. Ilocine toro, kak IIII Obun
chopMyIHpOBaH, B JABYX KOHKPETHBIX CIIy4asX BBIUHMCIMTEIBHO OblIa OOHapykKeHa
3(pPEKTUBHOCTh CXEM, apXUTEKTypa KOTOPbIX HemocpencTBeHHo cieayeT u3 III1.
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Omnwupasce Ha [1I1 MOXXHO TIPEIIOKUTH CTPATETHIO Pa3paObOTKH HOBBIX KOHCTPYKITHI
HEHPOMOP(HOTO UCKYyCCTBEHHOTO HHTEIIeKTa. Kpome Toro, [1I1 momoraer oueptuth
"IpaHUIBl BO3MOXHOTO" JUIsi OOHIMX M YaCTHBIX TEOpUH (PyHKIIMOHUPOBAHUS
HEUPOHHBIX CUCTEM.

B nenowm, I1I1 mo3BossieT yTBEpKAaTh, YTO IMEMEHTH MHTEJUIEKTA TEXHUUECKUX
(BBIYMCIIUTENIBHBIX) KOHCTPYKIIUH M MHTEJUICKTYallbHbIE CIIOCOOHOCTU KUBOTHBIX U
YeJI0BEeKa UMEIOT OOIIYI0 MPUPOTY.

Pabora mnomnepxkana rpaHToM POOU No 16-07-01059 wu mnpoextom
"UckyccTBeHHbIM HeWpounTe/uiekT iPavlov" HarnuonansHONW TEXHOJIOTHYECKON
UHULATUBEI (PD).

Pavlov principle

Dunin-Barkowski W.L."?* Solovyeva K.P.!2
1. NIISI RAS;

2. Moscow Institute of Physics and Technology, Dolgoprudny, Russia,
* wldbar@gmail.com

The Pavlov Principle (PP) was first formulated in the report "The basic
principles of neural organization" at the conference "The hippocampus and memory,
2015".The principle yields a hypothesis combining a large set of experimental data,
both neurophysiological (conditioned reflexes) and computational (Deep Learning
since 2012, as well as older works on artificial neural networks, since 1943).

L.P. Pavlov (1849-1936) came at the time to the conclusion that the conditioned
reflexes discovered and studied in his laboratory, in their totality and diversity can
form the basis for the formation of the psychic reactions of all animals and man. I.P.
Pavlov gave the description of the reflexes at the system level, not considering their
neural mechanisms. The latter was actually realized in the works of Yu.M. Konorsky
(I.P. Pavlov's intern in 1931-1933) and D. Hebb (a student of the I.P. Pavlov's
student).

The key to the formulation of PP was the fact that the neuromorphic structures
with modifiable interneuronal connections have the ability for self-organization,
which allows successfully to realize the functions useful for the possessors of neural
structures. After the PP was formulated, in two specific cases, the effectiveness of
schemes, the architecture of which follows directly from the PP, was found
computationally. Based on the PP, it is possible to propose a strategy for the
development of new designs for neuromorphic artificial intelligence. In addition, the
PP helps to delineate the "limits of the possible" for general and particular theories of
the functioning of neural systems.

In general, PP allows us to assert that the elements of intelligence of technical
(computing) structures and the intellectual abilities of animals and humans are of a
common nature.

The work is supported by RFBR grant No. 16-07-01059 and the project
"Artificial Neural Intelligence iPavlov" of the National Technological Initiative (RF).
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89. Ponb HennHenHOCTU B (hopMUPOBaAHUN PUTMUYECKUX KOMMOHEHT
CMeKTpa 3NeKTPUYEeCKON aKTUBHOCTU NUMOUYECKUX CTPYKTYpP MOo3ra
MOPCKOW CBUHKU

bounape A.T.!>*, [lly6una JI.B.!?

1. Mncmumym ouoghuzuxu knemxu PAH, Ilywuno, Poccusi;

2. Unemumym Teopemuueckou u Ixcnepumenmanvuou buogusuxu PAH;
* a bond@rambler.ru

PutMuueckass aneKkTpuyeckass aKTUBHOCTh HEPBHOW CHCTEMBI IPOSIBISIETCS B
OYEHb IIMPOKOM Auana3zoHe 4yactor, oT 1 po Oosee 100I'u. OHM HE MpeACTaBISAIOT
co00ll KOHTHHYYM, a UMEIOT P AUCKPETHBIX ypoBHei: nenvra (1-4I'm), Tera (4-
8l'm), ampda (8-13I'm), Gera (14-40I'm) m ramma (40-100T'm). B nurteparype
CYILLIECTBYIOT HEMHOTOYMCIIEHHbIE W TPU 3TOM MPOTUBOPEUYMBBIE MOMBITKM HAWTH
cUCTEMY (3aKOHOMEPHOCTb) BO B3aUMOOTHONIICHHSX JTUX puTMOB. Hammu
MCCJIEIOBAaHUS JIOKAJIbHBIX TOJIEBBIX MOTEHIUAJIOB JUMOMYECKUX CTPYKTYp MO3ra
MOPCKOM CBUHKH MPHU (POPMUPOBAHUU SIMIECIITUUECKOTO CTAaTyCa BbIIBUIM OKTABHbBIC
COOTHOIICHUS 3TUX PUTMOB MEXKIY COOOMN, YTO MPOSBISIIOCH B KACKaJHOM YIBOCHHUU
HCXOJHOTO JOMUHHUpYylomero B crekrpe putma (1.8-2I'm) mo wmepe pa3ButTus
ANUJIENTHYECKOIO CTaTyca.

bbuio moka3zaHo, YTO NOMHUMO TPAaJULUMOHHBIX PUTMOB MPHU PA3ITHYHBIX
(YHKIMOHAIBHBIX COCTOSHUSIX M Harpy3Kkax, B CIIEKTPAX AJIEKTPUUYECKOW aKTUBHOCTH
CTPYKTyp MoO3ra MOTYT HaOJIOAaTbCAd TaKK€ TapMOHMYECKUE KOMIUIEKCHI,
npencrasisomme codoit psasl dypse. B nmaHHOM paboTe paccMaTpHUBarOTCA
MEXaHU3Mbl (HOPMHUPOBAHUA ITUX PSIOB U UX (PyHKIMOHANbHAasA poib. [Ipeanaraercs
cienyronias Kiaccuukarms:

1) IlepBblif THUN - TapMOHMKH, CBSA3aHHBIE C HEJIMHEHHBIM XapaKTepoM
BBI3BAHHOW AKTUBHOCTHU B OTBET HAa PUTMUYECKYIO CTUMYJSINIO. DTU TapMOHHUKHU
OPEACTAaBISIOT COOOM  CaMOCTOATENbHBIE IPOLECChl, OHU MPOCTPAHCTBEHHO
pas3zeneHsl ¥ UMEIOT pa3IndHoe QyHKIMOHAIbHOE NpeJHa3HAuYCHHE;

2) Bropoii TUm — TapMOHMKHM, BO3HHUKAIOIIME TMPU SHIHIECNITHYECKUX
napokcusMax. B 3ToMm ciydyae, rapMOHUKH — SMU(DEHOMEH, OHU HE SBISIOTCS
CaMOCTOSITENIFHBIMA TIPOIIECCAaMHU, a OTpaxarT (opMy MNEPHOAHMUECKOTO OCTPO-
BOJIHOBOTO mpouecca. [lpeamonaraercs, 4To 3TW JBa TUIA KOMIIOHEHT CIEKTpa
GOpMUPYIOTCSI B  PEKYPPEHTHBIX HEPBHBIX CETSAX, KOTOPBIE  BBIMOJIHSIOT
AIIEMEHTAPHYIO HEIMHEHHYI0 OINEepaluio aMIUTUTYAHOW MOIYJISUMU BXOASIIUX
PUTMUYECKUX CHUTHAJIOB PEKYPPEHTHBIMM pUTMaMH, BO3BPAIAIOMIMMUCS IO
oOparHbIM cBsi3aM. HeilpoanHamuka Takux CeTeil SBISETCS UTEPAlMOHHOM, 4TO U
orpezesieT uX HeoObIYHbIE CBOICTBRA.

Pabora nognepxkana rpantamu POOU (NeNel6-34-00457, 17-44-500312, 18-
015-0015) u PTH® (Ne16-06-00133).
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The role of nonlinearity in the formation of the rhythmic components of
the spectrum of limbic structure electrical activity in guinea pig

Bondar A.T.!2* Shubina L.V.!2
1. Institute of Cell Biophysics of RAS, Pushchino, Russia;
2. Institute of Theoretical and Experimental Biophysics of Russian Academy of

Sciences;
* a bond@rambler.ru

Rhythmic electrical activity of nervous system is seen across a very broad range
of frequencies, from 1 Hz, up to 100Hz. These frequencies do not represent a
continuum, but have discrete levels: delta (1-4Hz), theta (4-8Hz), alpha (8-13Hz),
beta (14-40Hz) and gamma (40-100Hz). In the literature there are few, but
contradictory attempts to find a system (regularity) in the relationship of these
rhythms. Our studies of local field potentials in guinea pig limbic structures during
the development of status epilepticus revealed octave relationships of these rhythms
with each other consisting in a cascade doubling of the dominating initial rthythm
(1.8-2Hz) during the status epilepticus progression.

It was shown that in addition to traditional rhythms under different functional
states and loads, harmonic complexes representing Fourier series can be observed in
the spectra of the electrical activity of brain structures. In the present study, we
consider the mechanisms of formation of these complexes, as well as their functional
role. The following classification is proposed:

1) the first type is harmonics associated with the non-linear nature of the evoked
electrical activity in response to rhythmic photostimulation. These harmonics
represent independent processes; they are spatially separated and have different
functional purposes;

2) the second type is harmonics arising during epileptic paroxysms. In this case,
the harmonics are an epiphenomenon, they are not independent processes, but reflect
the form of a periodic sharp-wave process. It is assumed that these two types of
spectrum components are formed in recurrent nerve networks that perform
elementary nonlinear operation of amplitude modulation of incoming rhythmic
signals by recurrent rhythms returning through feedbacks. The neurodynamics of
such networks is iterative, which determines their unusual properties.

Supported by the RFBR (NNo. 16-34-00457, 17-44-500312, 18-015-00157) and
RHSF (No. 16-06-00133).
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90. CocTosiHUe HEPBHOU U UMMYHHOM CUCTEM KpPbIC NMpwU
HenpoaoMKNTEeNIbHOM UHTPaHa3anbHOM BBeAEHUUN HEOONbLUMX 03
OOHOCJIOMHbIX YrnepoaHbIX HAHOTPYOOK

Jlocesa E.B.'*

1. Mncmumym evicuwieti Hepenoul dessmenvhocmu u Hevpoguzuonocuu PAH, Mockaa,
Poccusy

* losvnd@mail.ru

VYrneponubie HanoTpyOku (YHT), Omaromaps yHUKaJIbHBIM — CBOMCTBaM
(TMOBBIIIEHHBIM TMPOYHOCTH, TEIUIO- U DIIEKTPONPOBOAHOCTH, TUOKOCTHU), OYEHBb
MEePCIIEKTUBHBI JJISI KUCIOJB30BAaHUS BO MHOTHX OOJIACTSX MPOMBINIICHHOCTH H
meaunuHe. Tokcuueckue 3hdextet YHT npu uHTpaHa3aJbHOM MONAJaHUU B
OpraHu3M XapakTepHbl I Ooibinux J103. Bo3zgeiictBue manbix a03 YHT Ha
opranusM Mainio usydeHo. llenp Hamelt paboThl cocTosiia B UCCIAEAOBAHUM BIHMSIHUS
HeOonbpmux 103 ogHocnoHbix YHT (OCYHT) Ha cocTossHMe HEPBHOM U UMMYHHOMN
cUCTeM KpbiC. Y Kpbic Bucrap wuccrnegoBaid ITMTOKHMHOBBIA NpodUib MO3Ta,
CeNe3EHKH, MeYeHN U KPOBU U aKTUBHOCTH PAa3HBIX CTPYKTYpP MO3ra (10 AKCIPECCUU
paHHero reHa c-fos) uepes CyTKH Moclie OAHOKPATHOTO WHTPaHa3aJbHOTO BBEICHUS
B3Becu OCYHT B mamoit mo3e (4 MKI/KT), a Tak e IOBEJICHHWE B TECTax Ha
TPEBOKHOCTH (OTKPBITOE TIOJIE, CBET-TEMHOTA, NPHUIOAHATHIA KPECTOOOPA3HBIM
nabupunt - [1KJI) u nenpeccuto (BbIHYXIAECHHOE IJIABaHUE) MIPU €xXeAHEBHOM (OT 1
10 5 nueit) untpanazanbHoMm BBeseHur OCYHT B manoit (5,2 MKI/KT) uWian cpeHen
(52 mxr/Kkr) no3e. bpuio mokazaHo, 4YTo OJHOKpaTHOE BBeAeHue Manoi 10361 OCYHT
MPUBOAWIO K yrHeTeHUo npoaykiuu MPHK 6oibmHCTBa IUTOKMHOB B CEIe3EHKE U
MO3re, TO €CTh, OKa3blBAJIO HMMMYyHHOCynpeccuBHbI »ddext. Ilpu 3TOM
HaOMOaNoCh yCWJIEHHE JKcrpeccuu c-fos B OOOHSATENBHOM JYKOBUIIE U
nupudopmuoit kope. Kpoickl mocne ogHokparHoro BeaeHus obeux g03 OCYHT
JIEMOHCTPUPOBAJIM B OTKPBITOM IOJE YCHIEHHE TPEBOKHOIO IMOBelIeHHsS. B Tecrax
ceer-reMHoTa u [1KJI mocne 3-x mnm 4-x xpatHoro BBeneHus odenx 103 OCYHT y
KpbhIC HaOmrofanach TUIMEpaKTUBALUS TOBeACHUS (B Ooiblled cTenmeHu Ha (oHE
CpPEeIHEHl 103bl), YTO BBIPAXKAJIOCh B YaCTOM M JJIUTEILHOM MOCEIICHHH CBETIIOrO
OTCEKa WJIM OTKPBITOIO PyKaBa M B YBEIWYEHUU BEPTUKAIBHON M TOPU30OHTAIBLHOU
aKTUBHOCTU. B TecTe BBIHYKIAEHHOIO IUJIABAHUS TOJI BO3JACUCTBUEM S-KPAaTHOTO
BBegeHus1 0oenx 103 OCYHT pasBuBanoch jaenpeccuBHONOA00HOE moBeneHue. To
€CTh, JAXE HEMPOAOJDKUTEILHOEC MHTPAHA3AJIBHOE BBEACHUE MAJOM WIIA CPEIHEHN
10361 OCYHT MOXET W3MEHUTH MOBENCHUE KPBIC, YCUIIUB TPEBOKHOCTD, MTPUBEIS K
TUNIEPaKTUBAIIMN W/WIIH JISTIPECCUU.
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State of the rat nervous and immune systems after intranasal injection
of single-walled carbon nanotubes in small doses

Loseva E.B.'*

1. Institute of higher nervous activity and neurophysiology of RAS, Moscow, Russia;
* losvnd@mail.ru

Carbon nanotubes (CNTs) are very promising for use in many areas of industry
and medicine due to their unique properties (increased strength, thermal and electrical
conductivity, flexibility). Toxic effects of CNT are typical for large doses after
intranasal exposure to the organism. The influence of CNT in small doses on the
organism is little studied. The aim of our work was to study the effects of single-
walled CNT (SWCNT) in small doses on the state of the rat nervous and immune
systems. The cytokine profile of the Wistar rat brain, spleen, liver and blood was
examined and the activity of different brain structures (by expression of the early c-
fos gene) one day after a single intranasal administration of a SWCNT suspension in
a small dose (4 pg/kg)/ as well as rat behavior in anxiety (open field, light-dark,
elevated plus-maze -EPM) and depression (forced swimming) tests after intranasal
injection of SWCNT in small (5.2 pg/kg) or medium (52 pg/kg) daily (from 1 to 5
days) dose. It was shown that a single injection of SWCNT in small dose of resulted
in suppression of mRNA production of most cytokines in the spleen and brain that is
it had an immunosuppressive effect. In this case, there was an increase of c-fos
expression in the olfactory bulb and pyriform cortex. Rats showed an increase in
anxiety behavior in the open field after single injection of SWCNT in both doses. In
light-darkness and ERM tests after 3 or 4-fold injection of SWCNT in both doses
hyperactivation of the rat behavior was observed, which was expressed in frequent
and prolonged visits to the light compartment or open arm and in the increase of
vertical and horizontal activity. In the forced swimming test, after fivefold CWCNT
injections, signs of depressive-like behavior were seen. So, even a short intranasal
injection of SWCNT in small and medium doses can alter the behavior of rats,
increasing anxiety, leading to hyperactivation and / or depression.
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