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MexHelpOHHbIE B3aMMOACHCTBUSA U NAMATH
Neuronal interrelations and memory

1. IlpumMeHeHne MeTOAAa KOMIIEKCHOT0 HeNPepPbIBHOIO BeiiBJieT-Npeo0pa3oBaHus
A1l AaHAJIM3A OCHUJIJIITOPHO AaKTUBHOCTH

Acramesa E.B.'*, Acrames M.E.?

1. UHCTUTYT TeopeTrueckol U a3kcnepuMeHTanbHoi Onopusuku PAH, [lymuno, Poccus;
2. Uuactutyt buodusuxu Knerku PAH, Ilymuno, Poccus;

* litgara(@rambler.ru

Putmbl Mo3ra npeicTaBIsIOT CO00M IIEHTPATBHBIN MEXaHU3M ISl BpEMEHHOW KOOPIUHAIIMN aKTUBHOCTH
MPOCTPAHCTBEHHO PA3JIeNEHHBIX, HO (DYHKIIMOHAJIFHO CBA3aHHBIX 00JacTei Mo3ra, OJIHOBPEMEHHO
BOBJICUEHHBIX B KOTHUTUBHBIE MTPOLIECCHI.

OCHOBHBIM IOJIEM NTPUMEHEHUS BEHBIIET-NIPe0OPa30BaHUA SBISETCS aHAN3 HECTAI[HOHAPHBIX (BO
BPEMEHH) WM HEOJHOPOAHBIX (B IPOCTPAHCTBE) CUTHAIOB. B anekTpodusnonorun MeTo 1 BEUBIET-
aHaJIM3a Hallell IPUMEHEHNE IIPU UCCIIEI0OBaHUM YaCTOTHOM CHHXpOHU3auu IO -puTMOB B pa3iInyHbIX
KOPKOBBIX 00JIaCTSIX Ha KOPOTKUX BPEMEHHbIX nHTepBanax (10 100 mMc) npu noucke BepOanbHbBIX
accolyanui ¥ KOTHUTUBHOW JEATEIBHOCTH YEJIOBEKA, a TAK)KE JUIS BBIBIIECHUS S1IN30/0B
KpaTKOBpeMeHHOH (a3oBoii DOI'-cunxponuzanuu. B otnnune ot @ypre-ananusa, B KOTOPOM
aHanmu3upyomas GyHKIUs (CUHYC, KOCUHYC) TIOKPBIBAET BCIO BPEMEHHYIO OCh, BEHBJIETHI MIPEICTABISAIOT
co00i1 ObicTpo3aTyxaromue GyHKINUN C KOMITAKTHBIM HOCUTEJIEM, YTO TIO3BOJISIET BBISIBIIATH HE TOJIBKO
OIpECICHHBIE YaCTOTHBIE XapaKTEPUCTUKH CUTHAJIOB, HO M JIOKAJIM30BaTh UX MPOCTPAHCTBEHHBIE U
BpPEMEHHbIE KOOPANHATHI.

[TapannensHo perucTprupoBa JIOKalbHbIE ToIeBbie noTeHuans! (331 snropuHansHOi Kopsl (DK),
cynpaMamMmuIsipHoOTo siapa (CMSA), ieHTpanbHOTO sapa MUHAATWHE! (MUH), MeTMaaIbHON CeNTaIbHON
obnactu (MC), 3youaroii ¢pactuu (3®), monst CAl runnokammna (I'umm), pporransHoii kopsl (OK) u
naTepaibHOM centanbHOM obmactu (JIC) B KOHTpoIie, BO BpeMs annekTpudeckoit ctumyssiiuu [T u Bo
BpPEMS CEHCOPHOM CTUMYJISILIUH.

KommiekcHoe BeiiBieT-npeodpazoBanre Mopiie HCOAb30BAIOCH ISl U3yUEHUS YaCTOTHO-BPEMEHHOTO
pacnpeneneHuss FTapMOHUUYECKUX COCTAaBIISIFOIIMX CUTHANA B nosioce yacToT 2-250 I'u. YacToTsl
0TOOpaxkaroTcs B TUIEpOOIMYECKOM 1IKaje, T.K. CIEKTP CTPOUTCS MO JIMHEWHOM 1IKajie MepruoIoB.
Hacrosimas paboTa nokasana, 4To B pa3JIM4HbIX 00JIACTSIX MO3ra Y MOPCKHX CBHHOK B COCTOSTHUH
CIIOKOWHOTO 00APCTBOBAHUS PETUCTPUPYETCS OCHMILIATOpHAs DD -aKTUBHOCTD BO BCEX JUANa3zoHax
YaCTOT, OT CAMBIX MEUIEHHBIX (JETbTa) 10 CBEPXOBICTPHIX (PHUIIILI3).

BrIsiBIIEHO, 4TO BO BpeMs T€HEpALMU CyIOPOKHBIX pa3psAA0B OCHHUISTOPHAS aKTUBHOCTh BCEX
JMara30HOB BO3pacTaeT.

Application of comprehensive continuous wavelet transform for oscillatory activity
analysis

Astasheva E.V.1* Astashev M.E.?

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

* litgara@rambler.ru

The rhythms of the brain are the central mechanism for coordination of the temporal separated but
functionally related brain regions activity, both involved in cognitive processes.

The main field of application of wavelet transforms is the analysis of non-stationary (in time) or
inhomogeneous (in space) signals. In electrophysiology wavelet analysis method has been applied in the
study of the frequency synchronization of the EEG rhythms in different cortical areas in short time
intervals (up to 100 ms) in searching for verbal associations and human cognitive performance, as well as

«I'unnokamn u namsaTh: HopMma u natosorus — III» 2015 r. Ilymuno 8



in identification of short-term episodes of EEG phase synchronization. Unlike Fourier analysis, which
analyzes the function (sine, cosine) covers the entire time axis, wavelets are evanescent function with
compact support, which can detect not only the specific frequency characteristics of signals, but also
locate their spatial and temporal coordinates.

Parallel recorded local field potentials (EEG) of the entorhinal cortex (EC), supramamillary nucleus
(SMA), the central nucleus of amygdala (Min), the medial septal area (MS), dentate gyrus (DF), CA1 of
the hippocampus (Hipp), frontal cortex (FC) and lateral septal region (LS) in the control, during the
electrical stimulation of PP and during sensory stimulation.

Complete Morlet wavelet transform was used to study the time-frequency distribution of harmonic
components in a signal frequency band 2-250 Hz. Frequencies displayed in a hyperbolic scale since range
is built on a linear scale periods.

It was showed that different brain regions in guinea pigs in a state of quiet wakefulness recorded
oscillatory EEG activity in all frequency bands, from the slow (delta) to ultrafast (ripplz).

It was revealed that during the generation of convulsive discharges oscillatory activity of all the bands
increases.

2. BzaumoeiicTBHe THNIIOKAMIIA ¢ Me30JMMOn4Yeckon J{Aepruueckoi cucreMoii nmpu
(popMHPOBAHUM IMOLMOHATBHBIX U MOTHBALMOHHBIX COCTOSIHMI M PeaIn3alui
L eJICHANIPABJICHHOI'0 TTOBEACHUA

bazan A.C.1*
1. Uucturtyt BoIcIe HepHOU AestenpHocTd PAH, MockBa, Poccus;
* bazyan@mail.ru

CuuTaercs, 9T0 OCHOBHBIM CITOCOOOM KOJUPOBaHUS HHPOPMAITUU MO3TOM SIBIISIETCS YACTOTHBIN KOJI.
Mo3r koaupyeT BHEIIHUE U BHYTPEHHHE COOBITHS, KaK CIIOKHBIE, YACTOTHBIE, POCTPAHCTBEHHO -
BPEMEHHBIE TATTEPHBI aKTUBHOCTU B OOJIBIIMX aHCAMOJISIX HEMPOHOB, KOTOPBHIE MOXHO MPEJCTABUTh KaK
“neiiponnsie cetn”’. Kopa Mo3ra, 0a3zajabHble TaHIJIMU U TAIaMOKOPTUKAJIbHBIE CETH OCYIIECTBIISIIOT
IIPOM3BOJIbHOE NOBeieHNe. KittoueBoil BBIBOJAIIEH CTPYKTYpOi U3 Oa3aJIbHBIX TAHIVIMH SBIIIETCS YepHas
cyocrannms. YepHas cyocTanius Gpopmupyet rimodanbHbIi JJA curHal, KOTOPHIH BBI3BIBACT
OYMOIMOHAIBHYIO PEAKIIMIO Ha CUTHAJ JIFOO0H MOJAIBHOCTH. BTOpBIM cTOcCOO0M KOIUPOBAHUS
uHbOpMaInu ABJIseTCS reHeThUecKuil KoA. B romoBHOM Mo3re nHdopMaius KOIUPYeTcs ¢ TOMOIIbIO
AMUTCHETHYECKUX MEXaHU3MOB, KOTOPbIE KOHTPOIUPYETCS TPAHCAYKIIMOHHBIM CUTHAJIOM.
AHaIM3UPYIOTCS YEThIpE TUMA MOTPpeOHOCTEN: MOTPEOHOCTH €CTh, TOTPEOHOCTh MUTh, CEKCyaTbHas
NOTPEOHOCTH M MOTPEOHOCTH MPOIUTH IMOIMOHAIILHO MOJIOKHUTEITBHBIC COCTOSTHUS M, HA000POT,
n30eratb YMOLIMOHAILHO OTPUIIATEIBHOTO COCTOSTHUS. LIeHTphI MepBBIX TpeX MOTpeOHOCTEH
JIOKAJIM30BaHbI B TUMOTAJIaMyCe M 3aITyCKAIOTCs] COOTBETCTBYIOIIUMH HEMPOTOPMOHAMH U BOBJIEKAIOT
pa3IMYHbIC SMUTEHETUYECKNE MEXAHU3Mbl. DMOLIMOHAIbHBIE U MOTUBALIMOHHBIE COCTOSIHUS
(bopMHUPYIOTCS TPU B3aUMOICUCTBUU HEHPOTOPMOHAIBHBIX CUCTEM ¢ Me3oJuMOundeckoit JlAeprudyeckoit
cucteMoil. Paznuunblie cocTossHUS GOPMUPYIOTCS pa3TUYHBIMU crieNn()UIECKUMU TAaTTepHAMHU
TPaHCAYKIIMOHHOTO CUTHaja. MUHAAIMHA OJHA U3 KITFOUEBBIX CTPYKTYP IMOLUOHATBHBIX COCTOSIHUM.
I'innokamn HanmpsIMyo CBsI3aH ¢ MUHAAIUHOW. C MOMOIIBIO HEHPOHOB MECTA, BPEMEHH, U HABUTATOPHBIX
HEHPOHOB, TUITIOKAMIT (POPMHPYET KOHTEKCT OKPYKAIOIIEH CPEJIbl, CO3aeT BCIO OTPOMHYIO TaMMy
SMOIMOHAJIBHBIX U MOTUBALIMOHHBIX COCTOSIHUN U KOHCOJIMIUPYET UX B MAMSITH.

The interaction of the hippocampus with mesolimbic DAergic system in the
formation of emotional and motivation states and the implementation of purposeful
behavior

Bazyan A.S.'*

1. Institute of Higher Nervous Actuvity and Neurophysiology;
* bazyan@mail.ru
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It is supposed that the main method of information encoding by the brain is a frequency code. The brain
encodes the external and internal events, as complex, frequency, spatial - temporal patterns of activity in
large ensembles of neurons that can be represented as "neural networks".

The cerebral cortex, basal ganglia, and thalamocortical network is carried out voluntary behavior. The key
structure outputting a signal from basal ganglia is the substantia nigra. Substantia nigra produces global
DA signal which causes the emotional response to a signal of any modality. The second method of
information encoding is genetic code. In the brain, information is encoded by epigenetic mechanisms that
control by signal of transduction. Are analyzed four types of needs: the need to eat, the need to drink,
sexual needs and extend the positive emotional state and, conversely, to avoid a negative emotional state.
The centers of the first three needs are located in the hypothalamus and set off the appropriate
neurohormones and involve a variety epigenetic mechanisms. The emotional and motivation states are
formed by the interaction of neurohormonal systems and mesolimbic DA system. Various states are
formed by different specific pattern signal of transduction. The amygdala is one of the basic structures of
emotional states. The hippocampus is directly linked to the amygdala. By the help of neurons of time and
place, navigation neurons, the hippocampus and entorhinal cortex form the context of the environment,
creates a huge range of emotional and motivation states and consolidate its in the memory.

3. B3aumoaeiicTBUS TMNNOKAMIIA ¢ IPYTUMH CTPYKTYpaMu Mo3ra: Ocum/uIssunu Kak
HHCTPYMEHT B MeKHEHPOHHBIX KOMMYHHKAIUSAX

Kuunruna B.®.!*
1. ®I'bYH MHCTUTYT TeopeTHYECKON U SKCIIEPUMEHTAIBHON ONOPHU3HKH;
* vkitchigina@gmail.com

B 00630pHOM n0KIIazie paccMaTpUBaeTCs 3HaYCHHE OCIMIIISITOPHBIX MPOIIECCOB B KOTHUTHUBHBIX
(GYHKUIUSAX THIITOKAMIIA.

KoruutusHas pabota Mo3ra TpedyeT ObICTPhIX U THOKUX MEPECTPOEK B3aUMOACHCTBUI pa3HBIX
o0yacTeli; 3T0O HEBO3MOXKHO JIMIIb 32 CUET aHATOMUYECKHUX CBA3EH MEXKIY HUMH, CKOPOCTh U3MEHEHUS
KOTOPBIX 3HAYUTEIHLHO HUXKE T€X BPEMEHHBIX IIKaJI, B IPEIeIax KOTOPBIX OCYIIECTBIISIIOTCS
KOTHUTHBHBIE nporecchl. [Ipeanonaraercs, 4To Takue NepecTpoiKy BO3MOXKHBI 32 CYET KOT€PEHTHBIX
ocrmutsanuid (Fries, 2005). Ocipmisiuu 00ecieunBalOT pUTMUYECKYIO MOAYJ/ISAIIAI0 HEHPOHHOM
BO30Y/IMMOCTH, KOTOpasi BIUSET HA YyBCTBUTEIBHOCTh CHHAIITHYECKUX BXOJIOB U Ha BEPOSTHOCTD
reHepalyy crnaikoB (Ha Bbixojie). CHHXPOHHOE PUTMHUECKOE MOBBIIICHUE HEHPOHHON BO30YIMMOCTH
o0ecrieynBaeT BpeMEHHbIC OKHA JJIs1 B3AaUMOCHCTBUI KaK OT/AEIbHBIX HEMPOHOB, TaK U LIEIBIX 001acTeit
Mo3ra. BayxHo#t ¢pyHKIIMEH pPUTMUIECKON aKTUBHOCTH SIBJISICTCS PETYJISALNS CIIAKOBOTO TaMHUHTa,
JIe’KaIlero B OCHOBE IuiacTruueckux nporeccos (Markram et al., 1997), a Takxke B popmMupoBanuu
KJICTOYHBIX aHCcaMOJIel, akTUBalLlMs U PeaKTUBALIUS KOTOPBIX yYaCTBYIOT B PErHCTpAIlK CUTHAJIOB U UX
koncoymmaanum (Crick and Koch, 2003; Benchenane et al., 2011).

B noxiane Hanbosnpliiee BHUMaHKE yJIEISETCS] B3aUMOJICHCTBUIO THITIIOKaMIIa ¢ pepOHTaIbHON KOPOH,
UMEIOIIMX PelIarolee 3HaueHHE B TAKMX BBICHIMX (QYHKIUAX, KaK IPUHSATHE PELICHUH,
IeJICHAIIPaBJICHHOE MOBEJICHHE, 00yUYeHHEe U MaMsITh; OCHWLISIIUU Ha TeTa- U raMMa- 4acToTax
paccMmaTpuBaroTcs Haubosee aeTanbHo. [IpuBoAATCS JaHHBIE OTHOCUTENBHO HAPYIIEHUH PUTMHUYECKOM
AKTUBHOCTH NPHU HEMpoIereHepaTUBHBIX 3a00JeBaHusIX. MapKkepoM MHOTHX 3a00JIeBaHUM SBISETCS
HapylIEHWE KOT€pPEHTHOCTU PUTMUYECKONW aKTUBHOCTH PA3HbIX CTPYKTYpP MO3ra U BOZHUKHOBEHHUE CBEPX-
BBICOKOYACTHOTHBIX OCHUJUISLIUH.

[TpuBoaATCS COOCTBEHHBIE TaHHBIC O HAPYIICHUSAX T€Ta-pPUTMa Ha MOJIEIISIX BUCOYHOM SMUIICTICHH.
Pa6ota nognepsxana rpantoM PODU (rpoekt Nel5-04-05463-a) 1 pernoHaIbHBIM TPAHTOM
«p_ueHtp_a» (mpoekt Nel14-44-03607).

Interactions of the hippocampus with other brain structures: Oscillations as the
instrument in interneural communications

Kitchigina V.F.1*
1. Institute of Theoretical and Experimental Biophysics;
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* vkitchigina@gmail.com

In the lecture the data about the role of oscillatory processes in cognitive functions of the hippocampus
are reviewed.

Cognitive work of the brain demands fast and flexible reorganizations of different areas interactions; it is
impossible only due to anatomic communications between them because they change much lower than it
is necessary for thinking. It is supposed that such reorganizations are possible via coherent oscillations
(Fries, 2005). Oscillations constitute rhythmic modulations in neuronal excitability that affect both the
sensitivity to synaptic input and likelihood of spike output.

Synchronous rhythmic increase of neural excitability provides temporary windows for interactions
separate neurons and the whole brain areas. Important function of rhythmic activity is regulation of the
spike timing that is the basis of plasticity (Markram et al. 1997) and formation of cellular ensembles,
which activation and reactivation participate in signal registration and their consolidation (Crick and
Koch, 2003; Benchenane et al., 2011).

In the review the greatest attention is paid to interaction of the hippocampus with prefrontal cortex having
crucial importance in such highest functions as decision making, purposeful behavior, learning and
memory; theta- and gamma oscillations are considered in most details. Data of rhythmic activity
disturbances during neurodegenerative diseases are also provided. The markers of many these diseases
are alterations of coherence of rhythmic activities in different brain structures and emergence of high
frequency oscillations.

The work is supported by a grant of the Russian Federal Property Fund (project No. 15-04-05463-a), and
by grant of Moscow region (project No. 14-44-03607).

4. Kak runnokamMn u MeauajibHas Npe(poHTAIbLHAS KOPA MOAYJMPYIOT AKTUBHOCTH
BEHTPAJIbHOM TErMEHTAJIbHOI 00J1aCTH BO BpeMsl YCJIOBHOT0 pediexca n3deraHus.

CepxoB A.H.'*
1. MI'Y umenu M.B. JlomonocoBa, Mockga, Poccus;
* a(@neurobiology.ru

AxTuBanus 10paMUHEPrHUeCKUX HEMPOHOB CPEeIHEro MO3ra, COMPOBOXKIAIOIIAsACS reHepaueit
BBICOKOYACTOTHOTO TeTa-putMa (8-12 I'11) B runmokamrie, siBIsSETCS HEOOXOAUMBIM YCIIOBHEM
BBITIOJTHEHMSI IBUTATENILHBIX YCIOBHBIX pedIeKCcOB, B TOM yuciie n3beranus. Panee Hamu ObL10 MOKa3aHo,
YTO BO BPEMsI BBIIIOJHEHHS YCIOBHOTO peduiekca 0JHOCTOPOHHETO N30eranust nepexo/| B 0e30macHbIN
OTCEK KaMepbl B OTBET Ha YCIIOBHBIM CUTHANl XapaKTEPHU3yeTCs BCIIBIIIKONH BEICOKOYACTOTHOTO
CHHXPOHHM3UPOBAHHOTO 110 (pa3e MeXIy CTPYKTYpaMHu TeTa-puTMa B THIIIIOKaMIIe, TpepOHTAIBHON Kope
Y MUHJIaJIMHE, B TO BpeMs KaK 0)HJIaHHe YCIOBHOIO CUTHAJIA B OMACHOM OTCEKE COMPOBOKIAETCS
(a30BOI CHHXPOHU3ALUEH TEKTPUUECKON aKTUBHOCTH TEX XKe CTPYKTYp B nenbra- (1-4 I'n) u
HU3KOYacTOTHOM TeTa- (5-7 I'm) nuanaszonax [CepkoB u ap., 2014; Cepkos, Maiiopos, 2015 ].
Pe3ynbrarhl 1aHHOTO HCCIEI0BAaHUS TIOKA3aJIM, YTO 3JIEKTPUUECKAsl aKTUBHOCTh BEHTPaJIbHOU
termeHTanbHOM obmactu (BTO), peructpupyemas moryMukpodiekTpoaamu (25-50 Mkm), BOBJIeUeHa B
OTHMCAaHHYIO JIeTbTa-/TeTa-CHHXPOHU3aNNI0. [I[puMeHeHre YacTOTHON JEKOMITO3HUIIUU YCIIOBHOU
npuduHHOCTU ['penKkepa nokasano, YTO UCTOYHUKOM JI€IbTa-CHHXPOHU3AINH JIJISl BCEX CTPYKTYP
BBICTyHaeT nMpepOHTAIBHAS KOpa, a U TeTa-CUHXPOHU3AIUN — BEHTPAIbHBIN TUrmokami. O
(bU3MOIOrNYECcKOi MPUPOJIe CHHXPOHU3ALUU CBUACTEILCTBYET KPOCC-4ACTOTHASI KOTEPEHTHOCTh MEKIY
orubaro1iel BbICOKOYacTOTHON ramma-akTuBHOCTH (70-160 I'1) BTO 1 HU3KOYaCTOTHBIMM PUTMAMHU
npedpOHTATILHON KOPBI/TUIIIIOKaMITa. BriiesieHne akTMBHOCTH OTACNBbHBIX HelipoHoB BTO mokasano, 4to
YacTOTa MX paspsjia TaKkkKe MOIYIHPYETCs] HU3KOYACTOTHOM JieNibTa-/TeTa-aKTUBHOCTHI0. C yueToM
CHJIBHOTO OOPaTHOTO MOJYIUPYIOLIETO BAUSHUS 10PaMUHEPrHUeCKON CUCTEMbI Ha TUIIIOKAMIT U
MEANATBEHYIO PeQPOHTATBHYIO KOPY, MOKHO MPEATNONIOKHUTH 1Be MOP(HODYHKITMOHATHHBIE TIETIIN
perynsanuy, conpsraromuecs Ha yposHe BTO u npenMyiiiecTBeHHO aKTUBHbBIE B IEPUO MOATOTOBKH U
BBITIOJIHEHUSI HHCTPYMEHTAIBHOTO JIBHKCHHUS.
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How the hippocampus and the medial prefrontal cortex modulate the activity of the
ventral tegmental area during of the conditional avoidance reflex.

Serkov A.N.1*
1. Lomonosov Moscow State University, Moscow, Russia;
* a(@neurobiology.ru

Activation of dopaminergic neurons in the midbrain, accompanied by the generation of high-frequency
theta rhythm (8-12 Hz) in the hippocampus, is a necessary condition for the expression of conditioned
instrumental reflexes, including avoidance. We have previously shown that during the execution of the
unilateral conditioned avoidance reflex the avoidance movement to the safe compartment chamber in
response to the conditioned signal accompanied by a high frequency synchronized theta-flash between the
hippocampus, prefrontal cortex and the amygdala. The expectation of the conditioned signal in the
dangerous camber compartment is accompanied by a phase synchronization of electrical activity in the
same structures in the delta (1-4 Hz) and low-frequency theta (5-7 Hz) bands [Serkov et al., 2014; Serkov,
Maiorov, 2015]. The results of this study have shown that the electrical activity of the ventral tegmental
area (VTA), recorded with semimicroelectrodes (25-50 um), are involved in this delta-/ theta-
synchronization. Application of frequency decomposition of conditional Granger causality shoved that
the source of delta-synchronization for all structures is the prefrontal cortex, and for theta-synchronization
- the ventral hippocampus. The cross-frequency coherence between the envelope of high-frequency
gamma activity (70-160 Hz) of the VTA and low-frequency rhythms of the prefrontal
cortex/hippocampus indicates about physiological nature of this synchronization. Base on the strong
reverse modulation influence of the dopaminergic system to the hippocampus and the medial prefrontal
cortex, one can assume two morphofunctional loop regulation, which coupling by the VTA and mostly
active during the preparation and implementation of the instrumental movement.

5. Uto MbI H3MepsieM B TMIIIIOKAMIIE IPH BHYTPUMO3r0BOM CTUMYJIsILMH ?

KoprryHos B.A.M*
1. IHCTUTYT BBICIICH HEPBHOM NeATeILHOCTH M Helpoduzuonorun PAH, Mocksa, Poccust;
* vkorshunov(@ihna.ru

CuHanTruyeckast IIaCTUYHOCTh CUUTACTCS BO3MOXKHBIM MEXaHU3MOM IaMSsTH, OJTHAKO JI0 CHX TIOP
OTCYTCTBYIOT YOCIHMTEIIbHBIC JOKa3aTeIbCTBA 3TOM runotesbl (Morris, 1994; Jeffery, 1997; Holscher,
1999). Meron npsiMOro TECTUpPOBaHUS CUHAIICOB OCHOBAH Ha 3JIEKTPOCTUMYJISLIMN MOHOCUHAIITUYECKUX
CBsI3el K perucTpupyeMon o01acTH, U HAJTMYME CUHAITUYECKUX MOAU(UKALNI OLIEHUBAIOT 110
U3MEHEHHUSIM TOMYJISIIMOHHBIX OTBETOB, PETUCTPUPYEMBIX /10 U Tociae o0yueHus. JlocToBepHbIe
U3MEHEHHUs PacCMaTPUBAIOTCS KaK J10Ka3aTeIbCTBA HAIMYMS CUHANTUYECKOH miuactuyHocT. Ho
0o0y4eHHe — 3TO U3MEHEHHUE TOBEICHUS, CJIEI0BATEIBHO B TJAHHOM KOHTEKCTE HAC MHTEPECYIOT He
JIOCTOBEPHOCTb 3apErUCTPUPOBAHHBIX U3MEHEHUH, a JOCTATOYHOCTh OHBIX JUIsl U3MEHEHMS MTOBEICHHS
xuBoTHOro (Kopmrynos, 2001). UMuTanus Gpu3noa0ruueckoro SKCHePUMEHTa C ITOMOIIBIO
KOMITbIOTEPHOI MOJIEIH ITPOCTON HEHPOHHOM CETH MPOJIEMOHCTPUPOBAJIA HEBO3ZMOXKHOCTD BBISBIICHHS
«JIOCTaTOYHOCTH» CHHANTUYECKHUX MEPECTPOEK CYHIECTBYIOIIMMHU METOIaMH, MTOCKOJIBbKY K03 uiineHT
JIOCTaTOYHBIX /7151 00y4eHust MOAU(UKALMI 3aBUCUT OT COOTHOILLIEHMSI YMciIa «0O0yYEHHBIX)» U «HE
00y4YEeHHBIX)» CHHAICOB, T.€. BEJIMUMH, KOTOPBIX MBI JI0 CHX ITOp HE yMeeM u3Mepsatb. Kpome Toro,
B3aUMO/ICIICTBHE HEKOHTPOJIUPYEMbIX IKCIEPUMEHTATOPOM HEMPOCETEBBIX MPOLIECCOB C TECTUPYIOLIEH
CTUMYJISILUEH, BBI3bIBACT MIUTIO3HIO ITACTUYHOCTU 0€3 KaKHX — JIM0O CHHANTHYECKUX MOIU(UKAIIHA.
OKcIIepUMEHTHI Ha KpbIcax MOKa3aau HeCeU(pUUHOCTh U3MEHEHUH PEaKTUBHOCTH HEMPOHOB Ha
BHYTPUMO3TOBYIO CTUMYJISIIIMIO, TOCKOJIBKY CXOJIHBIE M3MEHEHUS HAOIIOIAINCh KaK y «OOYYEeHHBIX)» TaK
Uy «He 00y4EeHHBIX» HEHPOHOB, BKJItOUask Mostyale kKieTku. [IpuunHoit 3Toro, BUAUMO, ABISETCSA
reHepaTN30BaHHbIC N3MEHEHHS BO30YAIMMOCTH HEMPOHHOW CETH NPHU NpOoLeaype 0OydeHUs, YTO U
HPUBOJUT K WJUTIO3UH IUIACTHUECKUX MEPECTPOEK.

KiroueBble ci10Ba: CBOOOJHONOIBM)KHBIE KPBICHL, BOJIHAS ICTPUBALHs, 00ydeHHE, TUIITIOKAMII,
HEMpOHHAs aKTUBHOCTb, MOHOCHHANTUYECKHE BXO/Ibl, [IOPOTrOBasi CTUMYJIALINSA, KOMIIBIOTEPHAs
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CUMYJIANUA, HGﬁpOHHa}I CCTh.

What do we measure in the hippocampus by intracranial electric stimulation?

Korshunov V.A.1*
1. Institute of Higher Nervous Activity and Neurophysiology RAN, Moscow, Russia;
* vkorshunov(@ihna.ru

Synaptic plasticity is believed to be the mechanism of memory trace, but there is no any direct evidence
that it is so (Morris, 1994; Jeffery, 1997; Holscher, 1999). Usually the synaptic changes are examined by
analysis of population response elicited by electrical stimulation of monosynaptic pathways terminated at
the recording site before and after learning. Significant changes are believed to be an evidence for
synaptic plasticity. As learning is the change of behavior, we are interested not in significance of our
measurements, but in sufficiency of modifications for behavioral changes (Korshunov, 2001).
Computational simulation of physiological experiment with a simple neuronal network shows
impossibility to verify the “sufficiency” of synaptic changes with existent methods. Criterion of
“sufficiency” depends on proportion of “learned” and “naive” synapses; these parameters we cannot
measure yet. Also the network processes, which we cannot control in the animal, could interact with
testing stimuli. This makes an illusion of synaptic modification without real changes of synapses.
Experiments in rats show that the changes of reactivity of single neurons to threshold stimulations of
monosynaptic pathways are not specific for learning, because the similar changes were observed both in
“learned” and “naive” cells, including silent neurons. Result of measurements seems to depend on
nonspecific changes in neuronal network during learning and has no correlations with learning processing
itself. Our data do not confirm the hypothesis about synaptic changes after learning.

Keywords: freely moving rats, water deprivation, learning, hippocampus, single unit recording,
monosynaptic pathways, threshold stimulation, computer simulation, neuronal network.
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Jeky1apaTuBHasi NAMATH U NOBeJAeHUE
Declarative memory and behavior

6. CpaBHHMTe/IbHOE BIMSHNE ABYX NENTHIHBIX (ppaKuuii THUMYCA U NENTHIHON
(pakuun Ko:Ku HA BHIPA0OTKY YCJIOBHOM peakuyy NACCUBHOI0 M30eraHusi y KpbIc

Kproukosa A.B.!2*, UnozemuieB A.H.2, Benosa O.B.!, Jlykanuauna T.A.!, Mocksuna C.H.!, 3umuna
N.B.!, IlImenesa E.B.!

1. ®I'bYH «HayuHo-uccienoBaTebCKiii HHCTUTYT (DPU3UKO-XUMHUECKON MenuluHbl denepaibHOro
MEIUKO-OMOJIOTHYECKOro areHTcTBay, Mocksa, Poccus;

2. buonoruueckuit paxkynsrer MI'Y numenn M. B. JlomonocoBa, Mocksa, Poccus;

* likkavolkhova@mail.ru

B paMkax HepOMMMYHOJIOIMYECKHX UCCIIeI0BaHUN ObuIa IpoBeieHa paboTa o U3yYSHUIO BIUSHUS
TpEX UMMYHOAKTUBHBIX BELIECTB Ha 00y4Y€HUE KPbIC YCIOBHON peakiuu naccuBHoro uzderanus (YPIIN)
B TPEXKaMEpHOI YCTaHOBKE C BUJCOHAOIIOACHUEM.

Pabora ObL1a mpoBenieHa Ha Kpbicax-camiax Wistar (n = 58). JKUBOTHBIM XpOHHUYECKH B TE€UEHUE 5 AHEH
BHYTPHUOPIOIIMHHO BBOJIMIIM HU3KOMOJIEKYJIIPHYIO (PPAKIMIO TUMYCA (TAaKTUBHH), BBICOKOMOJIEKYIISIPHYIO
¢dpaxuuio TuMyca u gpakuuio koxu (K-axktuBuH) B paBHbIX A03ax (0,4 Mr/kr). KonTposbHoii rpymme
BBOAWIM (hr3nosorudeckuit pactBop. Ha 5-e cyTku mocie mnocieiHero BBeICHUs Mpenapara y *KHUBOTHBIX
BbIpabaTsiBanu Y PIIW, npumensist oqHokpaTHbIN ynap TokoM (0,6 MA) B Teuenue 10 c. Jlanee BripabOTKy
YPIIN y )KUBOTHBIX TECTUPOBAJIM IIATH pa3: yepes 3 4, 1 cyTku, 3 cyToK, 7 cyTok U 14 cyTok nocie
BbIpaOoTKH. CTaTUCTUUECKUM aHAIN3 JAHHBIX IPOBOAMIIN MO KpuTeputo ManHa-YuTHu U BunkokcoHa.
ITo psimy nmapaMeTpoB y >KMBOTHBIX, IIOJIy4aBIINX TAKTUBUH, I0KA3aHO HAWJTYUIlIE€ COXPAaHEHHE
MaMSATHOIO CJIe/la U3 UCCIIEyEeMbIX IPYII; TpyIa, noiay4asiias K-akTUBUH, 1eMOHCTpUpOBaIa Xy NN
pe3yJbTaT, YeEM TPYIIA, NOdydyaBlias TAKTUBUH, HO JIyUIIHH, YeM Y KOHTPOJIBHOU IPYIIIBL; a Y
YKUBOTHBIX, ITOJy4aBIINX BHICOKOMOJIEKYJISIPHBIN Mpenapar, HoKa3aHo yXyALIeHUE 3alIOMUHAHUS
OTHOCHUTEJIEHO KOHTPOJIS.

Takum o0pa3om, MOKa3aHO Pa3IUYHOE BIUSHUE KaXKIOr0 U3 TPEX IpPEernaparoB TUMYCa U KOXKU Ha
BbIpaboTky YPIIM. B nanpHeiinieM Mbl IUIaHUPYEM HUCCIIEOBAaHUE JEHCTBUS JaHHBIX MIPENapaToB HA
CTPYKTYpPHO-(QYHKIIMOHAJIBHOE COCTOSIHME MO3ra KpbIC. Tak Kak paHee HaMH ObLIO TOKa3aHO
cneun(puyecKkoe BIMsSHUE HAa CTPYKTYPbl MO3Ta KpbIC TAKTUBUHA U IIHpalieTaMa, Mbl [Ipenosaraem, 4ro
psIMOE BIIMSTHUE JaHHBIX IIpenapaToB OyeT Takke nudepeHrnpoBaHo.

HccnenoBanue BbIIOIHEHO ITpH noaaepxke PO®U B pamkax HayuHoro npoekra Ne 14-04-32087 mon_a

Two thymic peptide drugs and skin peptide drug impact on passive avoidance in rats

Kryuchkova A.V.12* Inozemtsev A.N.%, Belova O.V.!, Lukanidina T.A.!, Moskvina S.N.!, Zimina [.V.!,
Shmeleva E.V.!

1. Federal Medical & Biological Agency SRI of Physical-Chemical Medicine, Moscow, Russia;

2. Faculty of Biology, Lomonosov Moscow State University, Moscow, Russia;

* likkavolkhova@mail.ru

We investigated effects of 3 peptide immunoactive drugs on passive avoidance (PA) conditioning in rats.
Rats-male Wistar (n = 58) were intraperitoneally injected (0.4 mg/kg) during 5 days by Tactivin, high-
polymeric thymic fraction and K-activin. Rats of control groups were injected with a saline solution. PA
conditioning is analyzed in an apparatus that consists of a light compartment and 2 dark compartments.
For a number of parameters Tactivin-treated animals showed the best preservation of the memory trace;
the group treated with K-activin, showed a worse result than the Tactivin-treated animals, but better than
the control group; animals treated with the high-polymeric thymic fraction shows the worst result of all
groups. Thus, specific impact of 3 immunoactive drugs is revealed.

The reported study was supported by RFBR, research project No.14-04-32087 mol a
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MouJiekyJisipHble U KJI€TOYHbIE MEXaHNU3Mbl CHHANITHYECKOM
IUVIACTUYHOCTH U MAMATH
Molecular and cellular mechanisms of synaptic plasticity and memory

7. Measuring kinase activity in dendritic spines of living cells in normal and
pathological conditions

Ormaxos H.A.'*
1. Yausepcuret bpanpaiica, Bonram, MA, CIIIA;
* otmakhov(@brandeis.edu

Modern expressible fluorescent sensors allow measurements of protein —protein interaction and kinase
activation in living cells with submicron spatial and near real-time temporal resolution. I will present our
recent findings on using Ca2+/calmodulin kinase II (CaMKII) sensor, Camui, to study the kinase
behavior (activation and translocation) during synaptic plasticity (LTP) or excitotoxic insults in living
neurons in hippocampal slice cultures. Camui is composed of CaMKIIa molecule fused with two
fluorescent proteins (donor and acceptor) on each of the kinase’s terminals. The kinase activation states
were identified by measuring the donor fluorescence lifetime, which depends on the Forster Resonance
Energy Transfer (FRET) between the fluorophores. In the first study (Otmakhov et al., 2015 a), Camui
activation was measured in single spines upon their stimulation by local glutamate uncaging. Our genetic
and pharmacological analysis suggests a new interpretation of Camui signal dynamics during LTP
induction. In the second study (Otmakhov et al., 2015 b), we tested a role of CaMKII activity during
NMDA receptor-dependent excitotoxicity as a model of ischemic insult during stroke. We found that
transient excitotoxic insult resulted in a long-term CaMKII activation and spatial redistribution in spines
and cell bodies. The activation was mainly Ca2+ dependent with little impact of autophosphorylation- or
oxidation-dependent autonomous states. Simultaneous imaging of mitochondria-bound fluorescent
marker revealed that the duration of Camui activation correlated with mitochondrial damage. A new
hypothesis of the role of CaMKII in the excitotoxic cell damage is discussed.

Measuring kinase activity in dendritic spines of living cells in normal and
pathological conditions

Otmakhov N.A.1*
1. Brandeis University, Waltham, MA, USA;
* otmakhov(@brandeis.edu

Modern expressible fluorescent sensors allow measurements of protein —protein interaction and kinase
activation in living cells with submicron spatial and near real-time temporal resolution. I will present our
recent findings on using Ca2+/calmodulin kinase I (CaMKII) sensor, Camui, to study the kinase
behavior (activation and translocation) during synaptic plasticity (LTP) or excitotoxic insults in living
neurons in hippocampal slice cultures. Camui is composed of CaMKIIa molecule fused with two
fluorescent proteins (donor and acceptor) on each of the kinase’s terminals. The kinase activation states
were identified by measuring the donor fluorescence lifetime, which depends on the Forster Resonance
Energy Transfer (FRET) between the fluorophores. In the first study (Otmakhov et al., 2015 a), Camui
activation was measured in single spines upon their stimulation by local glutamate uncaging. Our genetic
and pharmacological analysis suggests a new interpretation of Camui signal dynamics during LTP
induction. In the second study (Otmakhov et al., 2015 b), we tested a role of CaMKII activity during
NMDA receptor-dependent excitotoxicity as a model of ischemic insult during stroke. We found that
transient excitotoxic insult resulted in a long-term CaMKII activation and spatial redistribution in spines
and cell bodies. The activation was mainly Ca2+ dependent with little impact of autophosphorylation- or
oxidation-dependent autonomous states. Simultaneous imaging of mitochondria-bound fluorescent
marker revealed that the duration of Camui activation correlated with mitochondrial damage. A new
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hypothesis of the role of CaMKII in the excitotoxic cell damage is discussed.

8. BiusiHue KOPTUKOCTEPOHA HA TOPMO3HYI0 CHHANITHYECKYI0 nepeaavy B 30He CAl
BEHTPAJIBLHOI'0 THIIIOKAMIIA KPbIC

Bonpmakos A.I1.1**, Bosakosa E.I1.2, Hapapeiimsumu I'.I".2

1. UactutyT Beicmeit Hephoit Jlestensnoctu u Helipodusnonorun PAH, Mocksa, Poccus;

2. Poccuiickuii HallMOHAIBHBIN UCCIIEI0BATEIbCKUM MEAMUMHCKUN YyHUBepcuTeT umenu H.M. TTuporosa,
Mocksa, Poccust;

* al230679@yandex.ru

CrtpeccoBblie BO3JIEHCTBUS MPUBOIAT K MOBBIIICHUIO YPOBHS KOPTUKOCTEpOHA B KpoBU. KopTHKOCTEpOH
MO3KET CBOOOIHO MPOXOAUTH Yepe3 reMaTosHIepalindecKuil 6apbep U OKa3bIBaTh BIUAHUE HA paboTy
HEPBHBIX KJIETOK U CHHAICOB. BONBITMHCTBO 3P (EKTOB KOPTUKOCTEPOHA CBSA3BIBAIOT C AKTHBAIIHCH
AJIEPHBIX PELENTOPOB U UBMEHEHHUSIMU B SKCIIPECCUU PA3JIMYHBIX T'€HOB. B HammMx skcrniepuMeHTax Ha
MIEPEKUBAIOIIUX CPE3aX BEHTPAIBHOTO THITIIOKAMIIA KPBIC MBI OOHAPYKUIIH, YTO KOPTUKOCTEPOH MOXKET
OKa3bIBaTh ObICTpOE (pa3BuBaromieecs B TeueHue 5-10 mun) Biusaue Ha ' AMKeprudeckyro nepegady.
BrizBannbsie 'AMKepruyeckue oTBEThl HHIYLHPOBAINCH CTEKIISIHHBIM 3JIEKTPOJIOM, PACIOIO0XKEHHBIM B
nupamMugHoM ciioe 30Hbl CAl runmnokammna. Perucrpanus 0TBETOB IPOU3BOAMIIACH C TOMOIIBIO NTATY-
KJIaMT B KOHPUTYpaIMH Teiast KJIETKa OT MUPAMHIHBIX HEHpOHOB 30HBI CAl runmokamiia Kpbic. Mbl
uccnenoaiu '”AMKepruueckue cuHarcbl, KOTOpbIE XapaKTEPU3YIOTCS HATUYUEM AaCUHXPOHHOTO
BoiienieHust 'AMK, a taxoke HaJlMuueM MoAaBICHUS TOPMOKEHHUS, BBI3bIBAEMOT'O JENOJIIpU3ALHei
(depolarization-induced suppression of inhibition). MbI 00HapyXWJIH, YTO B 3TUX CHHAIICAX J0OaBJICHUE
100 HM KopTHUKOCTEpOHA TPUBOAUT K YBEIMUYCHUIO AMIUIATYIbl TOPMO3HBIX TOCTCUHANITHYECKUX TOKOB B
TEYEHHUE NEPBBIX 5 MUH. ITOT 3(PeKT coXpaHseTcs 1Mo KpaHel Mepe B TeueHue 15 MuH mociie
no0aBieHusI KOpTUKOCTepoHa. [ToryueHHbIe HAMU JTaHHBIE TOBOPST O TOM, YTO TOBBIIICHNUE YPOBHS
KOPTUKOCTEPOHA MOKET HHULIMMPOBATh YCUJICHUE TOPMOKEHHS B TUIIIIOKaMIIe, a ObICTPOTa pPa3BUTHSA
a¢dekTa TOBOPHUT O TOM, YTO CUTHAILHBIX KACKaJIbl, CBSI3aHHBIE C SIIEPHBIMU PELICTITOPAMHU, HE
Y4acTBYIOT B OIMCBIBAEMBIX Mpolieccax, Mo KpaitHen Mepe, B ogqHoM u3 ['’AMKepruueckux cuHarncon
TUIITIOKAMIIA.

Effect of corticosterone on the inhibitory synaptic transmission in the CA1 area of
the ventral hippocampus of rats

Bolshakov A.P.1** Volkova E.P.2, Nadareishvili G.G.2

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

* al230679@yandex.ru

Stress leads to elevation of blood level of corticosterone. Corticosterone may cross blood-brain barrier
and influence functioning of nerve cells and synapses. The majority of effects of corticosterone are
related to activation of nuclear receptors and alterations in the expression of various genes. In our
experiments with acute slices of the ventral hippocampus of rats, we found that corticosterone may induce
a rapid (develops during 5-10 min) change in the GABAergic transmission. The evoked GABAergic
responses were induced by a glass electrode placed in the pyramid layer of hippocampal CA1 area.
Responses were recorded using patch clamp technique in pyramid neurons of the CA1 area of the
hippocampus. We studied GABAergic synapses that are characterized by a strong asynchronous GABA
release and the presence of depolarization-induced suppression of inhibition. We found that in these
synapses addition of 100 nM corticosterone results in an increase in the amplitude of inhibitory
postsynaptic currents during first 5 minutes. This effect maintains for at least 15 min after addition of
corticosterone. Our data suggest that an increase in the level of corticosterone may trigger enhancement
of inhibition in the hippocampus and quickness of development of the effect suggests that the signaling
cascades associated with nuclear receptors are not involved in the described processes, at least, in one of
GABAergic synapses of hippocampus.
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9. Bo3aeiicTBHE KOPTHKOCTEPOHA HA 10JITOBPEMEHHYIO MOTEHIIHAIIUIO B Pa3JIMYHbIX
y4yacTKax rHNmoKamimna.

V3akos II1.C."*, Mapkesuu B.A.!, T'ynsesa H.B.!

1. @enepanabHOE rOCyIapCTBEHHOE OI0KETHOE yupexaenue Hayku Mucturyt Beiceit HepBHoit
Hestensnoctn 1 Heitpoduzuonorun PAH , Mocksa, Poccus;

* goorhut@mail.ru

It is known the dorsal area of hippocampus involves in memory and learning while ventral area
accomplishes emotional and anxiety processes. It has been shown that the dorsal and ventral areas of
dentate gyrus (DG) have different responses to increase of corticosterone in the blood. Here we studied
influence of high level of corticosterone the synaptic plasticity at different regions of dentate gyrus.

We used long-term potentiation (LTP) as a cellular model for learning and memory to estimate the
changes of synaptic plasticity. The fEPSPs were recorded in DG ventral and dorsal areas of hippocampus
by perphoran path stimulation (stimulus current at range 0.2—0.4 mA) in rats (Wistar rats, mass 340-450
g). Two groups of animals with genuine application of corticosterone and shame application were used.
The administration of corticosterone was performed 1 hour prior to LTP induction. The fEPSPs were
recorded before LTP induction for 1 hour in 15 min increments and after LTP induction for three hours.
There was decrease of LTP induction of dorsal hippocampus in group with corticosterone application in
contrast to group with shame application. The LTP induction of ventral hippocampus was similar in two
groups of animals.

Thus, corticosterone suppressed the LTP induction in dorsal hippocampus and did not affect the ventral
hippocampus. We speculate that the LTP suppression in the dorsal area of DG relative to the ventral area
could be due to different density of the glucocorticoid receptors in hippocampus.

Effect of corticosterone on the LTP induction in different areas of hippocampus in
rats.

Uzakov Sh.S.'*, Markevich V.A.!, Gulyaeva N.V.!

1. Institute of Higher Nervous Activity and Neurophysiology of RAS (IHNA&NPh RAS) Moscow ,
Russia;

* goorhut@mail.ru

10. leiicTBHe 0;10KaTOpPa NO-CUHTA3bI I-name U JOHOPOB OKCH/IA A30TA HA
BbIPAa00OTKY YCJOBHOTO0 peduieKca y YIUTKH

Mypanosa JLH.'*, Augpuanos B.B.!, Boroasua T.X.!, Iaitnyragunos X.JI.!
1. Kazaunckuii ®enepanbublii YHUBEpcurteT, Kasanb, Poccus;
* m.luda@mail.ru

Oxcun azota (NO) sBisieTcst OJHUM U3 HanOoJjiee BaXKHBIX NOCPETHUKOB, KOTOPBIM y4yacTBYeT B
(YHKIIMOHUPOBAHUU Pa3HOOOPa3HBIX CUCTEM OpraHu3Ma. Bee Oombliie JaHHBIX HAKAIIMBAETCS O TOM,
410 B HepBHOI cuctemMe NO ydacTByeT B pa3BUTHH, CO3PEBAHUM U CTAPEHUHU MO3ra, B Ipolieccax
oOyueHus u namsaTi. Onucano yyactue NO B MIaCTUUECKUX U3MEHEHUSX CHHANITUYECKON Nepejaun B
pas3IMYHBIX CHUCTEeMaxX, B TOM yHucie s HepBHOH cuctembl Helix. DTu pe3ynbTaThl mokasbsiBaroT, 4to NO
MOJKET BIIMSITH HA CHHANITHYECKOE OOJIETUYeHHE KaK peTporpaanHblii Meccenmkep. [loaromy Obu1o
UHTEpECHO nocMoTpeTh BaussHue NO Ha pasHble hopMbl 00yueHus. B qanHoii pabore Mbl BbIOpanu
dbopmy 00ydeHUSs, BEAYIIYIO K (POPMUPOBAHUIO MPOIEAYPHOI MaMsTH (YCIOBHBIN 000POHUTEIHHBIN
pediexc aBep3uu Ha nuiny). belay nccenoBaHbl Bo3aeHcTBU 10HOpoB NO HUTpOIIpyCcCHIa HATPUS U
JHKK, necrieruduaeckoro 6iokatopa Heiiponansaoit NO-cunaTaszsl L-NAME, cnenmduyeckoro
MHTUOUTOpa pacTBOPUMOM ryaHmnaTiukiIazsl — ODQ, koTopble BBOAWIM BUHOTPAIHBIM YIUTKAM
eXeIHeBHO 32 30 MUH 10 HaYaia ceaHca TPEHUPOBKH, HA BBIPAOOTKY YCIIOBHOTO OOOPOHUTEITHLHOTO
pediiexca aBep3uu Ha MUILY Y BUHOTPAJHON YIUTKHU. DKCIEPUMEHTHI MPOBOAMINCH Ha MoslTtocke Helix
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lucorum. KoHTposeM ciry>Kuinu yauTK, KOTOPBIM BBOIMIN (PU3HOIOTHYECKHA pacTBOp. bbto mokasaHo,
yTto O1okupoBaHue NO-CHHTa3bI TIepe]l BHIPAOOTKON YCIIOBHOTO 0OOPOHHUTEIIBHOTO pediekca aBep3uu Ha
NUILY YXyIIIaeT 00y4eHne BUHOTPaJIHBIX YIUTOK. JIOHOpBI OKCHIa a30Ta HUTPONPYCCUA HATPUS U
JAHKK, Ha060poT, YCKOPSIIOT BBIPAOOTKY YCIOBHOTO OOOPOHUTENHHOTO pediiekca aBep3nun Ha MUIILY Y
BUHOTPAJHOMN YJIUTKHU IO CPAaBHEHHIO C KOHTPOJIBHBIMH KHBOTHBIMU. B mpogomkenne 6bU10 MoJTy4yeHo,
4T0 XpoHHUeckoe BBeaeHne ODQ yckopsieT BEIpaOOTKY yCIOBHOTO OOOPOHHUTEIBHOTO pedliekca aBep3uu
HA TIHIIY.

Pa6ota nognep:xana PODU (rpant Ne 15-04-05487 a).

Action of inhibitor of no-synthase I-name and donors of no on defensive reflex
conditioning in snail

Muranova L.N."* Andrianov V.V.!, Bogodvid T.Kh.!, Gainutdinov Kh.L.!
1. Kazan Federal University, Kazan, Russia;
* m.luda@mail.ru

Nitric oxide (NO), is one of the most important transmitters, which participates in the functioning of
various systems of organism. More and more data is accumulated that NO participates in the nervous
system in the development, maturation and aging of the brain, in the processes of learning and memory.
Described the participation NO in plastic changes of synaptic transmission in different systems, including
the nervous system of Helix. These results show that NO can affect on synaptic facilitation as retrograde
messenger. So it was interesting to see the effect of NO on different forms of learning. In this paper we
have chosen the form of learning, leading to the formation of procedural memory (a conditioned reflex —
food aversion). Have been investigated the influence of donors of NO sodium nitroprusside and DNIC,
nonspecific inhibitor of neuronal NO-synthase L-NAME, specific inhibitor of soluble guanylate cyclase —
ODQ, which introduced to snails daily, 30 minutes before the training session, on conditioned food
aversion reflex in snails. For the control were chose snails, which were introduced by saline solution. It
was shown that the inhibition of NO-synthase before the elaboration of conditioned reflex — food aversion
affects (worsted) the learning. Donors of NO, sodium nitroprusside and DNIC on the contrary, accelerates
the formation of conditioned reflex in comparison with the control animals. In the continue, it was found
that chronic injection of ODQ accelerates the formation of conditioned reflex.

This work is supported by RFBR, grant nr. 12-04-00235.

11. leiicTBHe pa3HbIX KOHUEHTPANUi - aAMUJIOMTHOTO MENTHAA HA PeleNnTOPHbIE
CBOICTBA U CHHANITHYECKYIO IJIACTHYHOCTH HeiiPOHOB THNIOKaMIA in vitro.

CxpeOunkuii B.I'.1*
1. ®I'bHY HIIH, Mocksa, Poccus;
* skrebitsky@yahoo.com

Bo MHOTUX IMyOIUKaIuMsaX, B TOM YMCIIE U B HAIIUX, TOKA3aHO, YTO PACTBOPUMBIC (DOPMEI 3-
amMuiouaHoro nentua (Af) B HAHOMOJIIPHBIX KOHIIEHTPAIMSIX MOIABISIOT HHAYKIHUIO JUTUTEIHHON
noteHiuanuu (1) B mone CA1 cpe3oB runmnokammna. MexaHu3Mbl 3TOTO MOAABICHUS, IO-BUIUMOMY,
MHOT000pa3HbI U HE 10 KOHIIA U3yueHbl. OJHUM U3 HUX SBISETCS TUCHYHKIUS MUTOXOHIPUA,
MIPUBO/IATIAS K BO3PACTAHUIO IPOAYKIIMH PEAKTUBHBIX (hOPM KHCIOPOJIa, B OCOOCHHOCTH CYIEPOKCHIA.
Hamu 6bu10 MOKa3aHo, 4YTO MUTOXOHApUATbHO-HANpaBleHHbIH aHTHOKcHIAaHT SkQ1 ciocoben
BOCCTaHaBNMBaTh, HapyuieHnyto JI1 (Kamait u nip., 2011). B otnudmre o MUKpOMOJISIPHBIX
KOHIICHTpaIUi, MUKOMOJISIPHBIE KOHIIEHTpaluu A, MPUCYTCTBYIOIIME B OPraHU3Me B HOPMAJIbHBIX
ycnousx, ysenuuuatot 11 (Puzzo et al., 2008). Hamu 06110 n3ydeHo (MATY-KIaMIl B KOHPHUTYpauu
«IeImast KJIETKay ) BIMSHUE MTUKOMOJIIpHBIX KoHIeHTpanuid AP (10 mM-100 #M, ¢parment 25-35) Ha
TJIMIITHOBBIE TOKH B MUpaMUIHBIX HelipoHax oyt CAl, n3onupoBaHHbIX U3 cpe3a (Bukanova et al.,
2014). ITokazano, uyto kopoTkas (600 Mc) KoanTuIMKaIKs TIUIMHA U A} MPUBOIUT K 00paTUMOMY J1030-
3aBUCHMOMY YCHJICHHIO JIECEHCUTH3AIMH OTBETOB Ha TJIUIIUH, YTO MOKET HHTEPIIPETUPOBATHCS KaK
ocnabiieHue TOHHYECKOT0 TOPMOXKEHUS MUpaMHUIHBIX HeiipoHOB. [locnenHee, kak Hamu ObLITO paHee
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nokasaso (Skrebitsky, Chepkova, 1998), cnocoGcTByeT nposiBICHHIO pa3HbIX (HOPM CHHANTHYECKON
miacTuyHocTH, BKarodas JI1.
Pabora nognepxana I'pantom PODU, 14-04- 00391 u I'pantom Ilpesnnenta PO, HIII-517. 2014.4.

Effect of different concentrations of amyloid p peptide (AB) on receptor properties
and synaptic plasticity of hippocampal neurons in vitro.

Skrebitsky V.G.!*
1. Research Center of Neurology, Moscow, Russia;
* skrebitsky@yahoo.com

It has been demonstrated in a lot of papers that soluble form of AP in nanomolar concentrations suppress
LTP induction in hippocampal area CA1l. The mechanisms of the suppression are multiple and many
details are still not elucidated yet. It is supposed that one of the mechanism is the disfunction of
mitochondria resulted in the increase of ROS production. We demonstrated that mitochondria-targeted
antioxidant SkQ1 is able to rescue impaired LTP (Kapai et al., 2011). In contrast to nanomolar
concentration of A, its picomolar concentration are able to improve learning and memory and to increase
LTP (Puzzo et al.,2008). Our study investigated the effect of physiologically relevant concentration of A}
(10 pM- 100 nM), fragment 25-30, on glycine- mediated membrane current in acutely isolated rat
hippocampal pyramidal neurons using whole- cell patch-clamp technique. We have found that short (600
ms) coapplication of glycine with AP caused reversible, dose-dependent acceleration of desensitization of
glycine current that could be interpreted as a decrease of tonic inhibition of pyramidal neurons (Bukanova
et al., 2014). Earlier, it had been demonstrated that disinhibition is beneficial for different forms of
synaptic plasticity including LTP (Skrebitsky, Chepkova, 1998). This study was supported by grant
RFBR # 14-04-00391 and by grant Leading Scientific School # 517. 2014.4.

12. MHayKuus 10JIroBpeMEeHHOM NOTEHIUALMHU ¢ UCIo0JIb30BaHueM K+ B kauecTBe
IJIABHOT'O0 KATHOHA BO BHYTPUKJIETOYHOM pPacTBOpeE

WBanosa B.0.2*, bans H.B.!, bana6an I1.M.!
1. Mactutyt Briciielt HepsHoti lesitensHocTr 1 Heitpodusnonorun PAH, Mocksa, Poccus;

2. MocKOBCKHI rocyaapCTBEHHbIN rymMmanuTapHbii yHuBepcutetr uM. M. A Illonoxosa, Mockga, Poccus;
* 4340434@gmail.com

Honrospemennas norenuuarys ([IBII) cunarncos xomnatepaineit [lladdepa mons CAl runmokamma — 3To
rJIaBHasi MOJIENb JUIsl U3yYEHHUs ACCOUMATUBHOW CUHANTUYECKOW MJIACTUYHOCTH, KOTOPAsl, KAK CUUTAETCH,
JI&KUT B OCHOBE 00yueHus U namsti. CaMblil pacipoCTpaHeHHbINA poToKo A uHaAykuuu JABIT — 310
TeTaHMYECKasi CTUMYJISALIUS, IPU KOTOPOM OOJBIIIOE KOJIMYECTBO aKCOHAIBHBIX BXOJIOB CTUMYIIHPYIOTCS
BBICOKMMM YacCTOTaMH B TeueHue 1-i cekyHpl. M3-3a c10KHOM opraHu3aniy NOCTCUHANTUYECKUX
MIPOLIECCOB, KOTOPBIE BIUSAIOT HA JICTIOJISIPU3ALMI0, MHOTHE MCCIIEIOBATEIM IPEINOYUTAOT BbI3bIBATh
JBII 6onee mpocThiM CIOCOOOM € MOMOIIBIO METO/1a MATY-KJIaMII, HCTIONIb3Ys TaK Ha3bIBAEMBbIH
«JIBOMHOMW MTPOTOKOJ» (HU3KOYACcTOTHAs cuHanTudeckas ctumyssus (100-2000 mynbcos,1-2 I'r) Ha
doHe nenonspu3ayy B pexXuMe (GUKcAIMK MOTSHIIUANA UTUTETLHOCTRIO 1-3 MUHYTHI).

OOBIYHO B KaYeCTBE IJIaBHOTO KaTHOHA PACTBOpPA BHYTPH MATY-MUIETKU UCTIONB3YIOT Cs+, Tak Kak OH
OJIOKUPYET KaJMEeBblE KaHAJIbI U NTO3BOJISIET JOCTUYb JIETIONIIpU3aluu 1eHapuToB. HenaBHue
MCCJIEeI0BAHMS TTOKA3aJv, YTO UCIONIb30BaHue K+ B poiu rimaBHOro KaTMOHA 1M03BoJIAeT BbI3BaTh JIBII
«OBICTPBIMY» ABOMHBIM MPOTOKOJIOM (BhICOKOUYACTOTHAs cTUMYyJisinust (50 I'r) ¢ kopoTkoi
nenosisipuzareit (15 ¢)). Mbl mpoBepuiy, BO3MOKHO JiH BeI3bIBaTh JIBIT ncmonb3ysi HH3KOYaCTOTHYIO
CTUMYJISILUIO (CTaHJAPTHBIM JBOMHON MPOTOKOM), UCNOb3Ysl K+ 1 BBISICHWIIN, UTO MPU TaHHBIX
ycloBHsIX noteHuuanus cocrasisieT 189 £ 17%, n=4. Xotd, cormacHo pe3yabTataM Ipyrux
uccieaoBareNeld, aMIUIUTy/1a MOTEeHIIMAIMY TTpH ucnoiib3oBaHuu Cs+ ropasno Beiie (400 £+ 20%),
pEerucTpanus MeKTPUIECKON aKTUBHOCTH HEMPOHOB ¢ UCTOJIb30BaHNEM K+ OoJbIlie COOTBETCTBYET
(U3HMOJIOTMYECKUM YCIIOBHAM U II03TOMY 00Jiee IPEANOYTUTENbHA JJIs1 HEKOTOPBIX 33/1a4 110 U3YYEHHUIO
IJIACTUYHOCTH.
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Long-term potentiation induction with K+ as a major cation in the intracellular
solution

Ivanova V.0.2* Bal N.V.!, Balaban P.M.!

1. Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia;
2. Sholokhov Moscow State University for the Humanities, Moscow, Russia;

* 4340434@gmail.com

Long-term potentiation (LTP) of the Schaffer collateral synapses in the CA1 region of the hippocampus is
the primary model for the study of the associative synaptic plasticity thought to underlie learning and
memory. A commonly used protocol for inducing LTP is to give “tetanic” stimulation in which a large
number of axonal inputs is stimulated at high frequency (100 Hz) for 1 s. Because of the complexity of
the postsynaptic processes that affect depolarization during tetanus-induced LTP, many investigators have
sought to evoke LTP in a simpler way by using a “pairing protocol” using patch-clamp (low-frequency
synaptic stimulation (100-200 pulses, 1-2 Hz) with a depolarizing voltage-clamp pulse (1-3 min
duration)).

Typically Cs+ is used as the major internal cation because it blocks K+ channels and makes it possible to
achieve a dendritic depolarization. Recent studies have shown that using K+ as the major cation allows to
induce LTP by brief pairing protocol (high-frequency stimulation (50 Hz) with a brief (15 s)
depolarization to 0 mV). We have examined whether it is possible to induce LTP by low-frequency
synaptic stimulation (a standard pairing protocol) using K+ and found that under noted conditions the
evoked potentiation is 189 + 17%, n=4. Although according to other researches the amplitude of
potentiation is much higher using Cs+ (400 + 20%), registration of neuronal electrical activity using K+
better corresponds to physiological conditions and is preferable in some cases.

13. OcHoBHBIE 3AKOHOMEPHOCTHU CHHANITOI€HE3a B KIIC€CTOYHBIX U TKAHECBbIX
KYJbTYpaXx rmmnmnoxkamiia

®pymkuna JLE.'*, [lIupokosa O.M.2, Myxuna 1.B.2, Xacnekos JL.I'.!

1. ®I'BHY Hayunslii ienTp HEBposioruu, Mocksa, Poccus;

2. Huxeropopckas ['ocynapcTBenHast MmeauinHcKas akaaemusi, Huxkauit Hosropon, Poccus;
* Xacnexos JL.I'. khaspekleon@mail.ru

N3yueHne ocoOEHHOCTEH pa3BUTHSI MEKHEUPOHHBIX KOHTAKTOB 1N Vitro crmocoOcTBYET PacKpBITHIO
MEXAHU3MOB PEAKTUBHOI'O CHHAIITOTE€HE3a, JIEXKAIET0 B OCHOBE IIJIACTUYECKUX U3MEHEHUM CHHAIICOB BO
B3pOCJIOM MO3I€ B YCIOBMAX MAaTOJOTHU. B naHHOM paboTe rccaenoBanach yabTpacTpyKTypa
MEXXKJIETOYHBIX KOHTAKTOB B KYJIbTypax KJIETOK I'MIIIIOKaMIla MbIIIMHBIX 3MOproHOB (E17-18)
AKCIUIAHTaTaX TKAHU FMMINOKaMIIa TOCTHATaNbHbBIX Mbliel (P7-8). B kieTouHbIX KyabTypax
00HapyKUBAKOTCSI MHOTOYUCIICHHbBIE PAaCIIUPEHHBIE MEKKIIETOUHbIE IPOCTPAHCTBA, KOHYChI pOCTa
OTPOCTKOB U MMHOLIUTO3HBIE NHBArMHAILIMH, A TAK)KE aBE3UKYJISIPHbIE KOHTAKTHI TUIIA IECMOCOM,
oOpasyromye aTUu4Hble POpMbI COETUHEHUH, TaKe KaK COMaTOCOMAaTHUYECKUE, IeHIPOAECHAPUTHBIE,
aKCOAKCOHAJIbHBIE, KOTOPBIE OTCYTCTBYIOT B HOPMaJIBHOM 3pesioM Mo3re. B Helipornuie hopmupyrores
CMEIIIaHHbIE KOHTAKTBI, COCTOSALINE U3 I€CMOCOM, JIOKATU30BAHHBIX HAa OJTHOM IPOTSKEHUU C
CUMMETPUYHBIM WJIM ACUMMETPUYHBIM COEIMHEHUEM, PSAZIOM C KOTOPBIM MOSIBIISIFOTCSI CHHAIITUYECKHE
ITy3BIPBKH, YTO CBUAETEIBCTBYET O IPOMEXKYTOUYHOHN CTauM Pa3BUTHs XMMUYECKOIO cuHamca. B
TKaHEBOM KyJIbTYPE MEXKKJIETOUHBIE IIPOCTPAHCTBA €Ba 3aMETHBI, B KOHyCaX poCTa, IOMUMO BaKyOJIeH,
3aMETHBbl MHOTOYMCIICHHBIE CHHANITHYECKUE ITy3bIPbKHU, AEHIPUTHI COAEPKAT IUIUKHU C IIAITUKOBBIM
annaparoM. B Heliponuie npeo0nanaroT 3penble aCHMMETPUYHbIE aKCOJEHIPUTHBIE U aKCOLITUITMKOBBIE
cuHarncsl. OIHaKo, KaK U B KJIIETOYHOU KyJIBType, IPUCYTCTBYIOT IMHOLIMTO3HbIE MHBATUHALINH,
CMEIIaHHBIE CUHAIICHI U ABE3UKYIISIPHBIE KOHTAKTBI, YTO YKa3bIBACT HA MPOAOJDKEHUE IIpoLiecca
AaKTUBHOTO CHMHANTOreHe3a. Kpome Toro, MHOrue CHHAIChl OKPY>KEHbI OTPOCTKAMH ININAJIbHBIX KIIETOK,
COJIEpKalIMMHU TJIMKOTEH, YTO CBUJIETENILCTBYET 00 aKTUBHBIX IJIACTUUECKUX MEPECTPOIKax,
HalpaBJIEHHBIX Ha BOCCTAHOBJIEHNE CTPYKTYPBI U (YHKLIMU HEPBHON TKaHM, HAPYLIEHHBIX B pe3yJbTaTe
HKCTHPHALMOHHBIX BO3ICHCTBHMA. TakuM 00pa3oM, ylnbTpacTpyKTypHBIE H3MEHEHUS B KIETOYHBIX
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KYJIBTYpax MPOUCXOAT IO OOLIMM 3aKOHOMEPHOCTSAM Pa3BUTHSI CHHAIICOB in ViVO, a B KyJIbTYpe TKaHHU,
HapsAy ¢ IPOJOJDKAIOIMMCS CHHAIITOT€HE30M, OTMEYAIOTCs IJIACTUYECKUE MTPOLIECCH] KOMIIEHCATOPHO-
BOCCTAHOBUTEIBHOI'O XapaKTepa.

The main patterns of synaptogenesis in hippocampal cell and tissue cultures

Frumkina L.E."*, Shirokova O.M.2, Mukhina 1.V .2, Khaspekov L.G.!
1. Research Center of Neurology, Moscow, Russia ;

2. State Medical Academy, Nizhni Novgorod, Russia;

* XacmekoB JL.I'. khaspekleon@mail.ru

An investigation of the developmental patterns of interneuronal contacts in vitro promotes disclosure of
mechanisms of reactive synaptogenesis which underlies plastic synaptic reorganization in adult brain in
pathologic conditions. In our study, we investigated an ultrastructure of intercellular contacts in cell
culture of mouse embryonal hippocampus (E 17-18) and in organotypic explants of hippocampus of
postnatal mice (P 7-8). In the cell cultures, numerous extended intercellular spaces as well as growth
cones and pinocytotic-like invaginations are present. Moreover, synaptic vesicle-free desmosome-like
contacts which form atypical varieties of connections (somatosomatic, dendrodendritic, axoaxonal
contacts) and are absent in normal adult brain, are revealed. In neuropile, mixed contacts are formed.
They consist of desmosomes located on one stretch with symmetric or asymmetric connection that
appears to be intermediate stage of development of chemical synapse. In tissue culture, intercellular
spaces are scarcely noticeable. In growth cones, besides vacuoles, numerous synaptic vesicles are
identified, the dendrites contain spines with spine apparatus. In neuropile, mature asymmetric
axodendritic and axospinous synapses predominant. However, as well as in cell culture, pinocytotic-like
invagination, mixed synapses and synaptic vesicle-free contacts are present indicating continuation of
active synaptogenesis. Moreover, many of the synapses are surrounded by glycogen-containing glial
processes that is indicative of active plastic rearrangements directed to recovery of cellular structure and
function which were disturbed by extirpation of nervous tissue. Thus, ultrastructural changes in cell
cultures appear to occur according to general patterns of synaptic development in vivo, whereas in tissue
culture, along with ongoing synaptogenesis, plastic processes having compensatory restorative character
take place.

14. PacTopmaxxuBaHue Kak (pakToOp KOHCOJIUIALMH T0JITOBPEeMEeHHBIX MoAupuKanui

Kynpsiosa U.B.1*
1. UHCTUTYT BBICIICH HEPBHOM NeATebHOCTH U Helpoduzuonorun PAH, Mocksa, Poccust;
* iv_kudryashova@mail.ru

BinsiHue TOpMO3HBIX BXOJOB Ha YCIEMIHOCTh KOHconuaauuu rnpu uaaykuuu LTP B otBer Ha
BBICOKOYACTOTHOE pazapaxkeHnue komnarepaieit [lladdepa (100 I'm, 1 ¢) uccnenoBanu ¢ moMoIbo
METO/a U3MepeHus K03(h(HUIIMEHTOB TOPMOKEHHS, Pa3pabOTaHHOTO [T YCIOBUN IKCTPAKIETOUHON
peructpanuu B osie CAl nepexuBarommx cpe3oB rummokamia Kpbic. C 3TOM HEIbI0 HCI0JIb30BAIN
MapHYI0 CTUMYJISALMIO Pa3HON MHTEHCUBHOCTH C MEXCTUMYJIbHBIMU HHTEpBaiamu 15 mc u 70 mc.
[Ipenmnonaranock, 4To (HakTOPOM, OMPENESIONINM crielnpUuKy Moau(UKAIUNA TPU KOPOTKHUX
MEKCTUMYJIbHBIX HHTEPBAJIaX, MOXKET OBITh TCHEPUPYEMbIi B OTBET Ha MIEPBBIN CTUMYII TOPMO3HBIH
MOTEeHITHAI. B KOHTPOIBHBIX AKCIIEPUMEHTaX ObLII0 0OHAPYXEHO, 4TO d(PPEKT KPaTKOBPEMEHHOTO
nonasneHust PPF15 ornocurensno PPF70 ycunuBaiics npu yBenIMUE€HUN UHTEHCUBHOCTH Pa3apaKeHUsI.
3T0 CBOWCTBO OBLIO MCIIOIB30BAHO AJISl BEIUUCICHUS «KO3(PHUIIMEHTOB TOPMOKEHUS», BETUUHHA
KOTOPBIX JOCTOBEPHO CHMKAJach Ha oHe OMKyKyiauHa. Cy/s 0 U3MEHEHUSAM «KO3(PPHUIIMEHTOB
TOPMOYKEHUS» TP MCCIICIOBAHNN TUHAMUKH TEKYIUX Moaudukanuii B ¢pase nmogaepxkanus LTP, B
HEKOTOPBIX Cpe3ax cpasy Mocje TeTaHU3aluU MIPOUCXOAUT CHIKEHHE Y((HEKTUBHOCTH TOPMO3HBIX
BiusiHui. [Tokazano, uto cBoiictBa LTP paznuuanucek B 3aBUCUMOCTH OT THUTIA MOAU(PUKAIIHIA

K03 UITMEHTOB TOpMOKEeHHs. OTCYTCTBUE PEAKIIMH PACTOPMAKUBAHUS HE TIPETITCTBOBAIO
HOPMAJIbHOM MHIYKI[MH, OJTHAKO B TEUEHHUE Yaca aMIUIMTYa OTBETa BOCCTAHABIMBAIACH 10 UCXOIHOTO
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YPOBHSI, MPUYEM JETOTCHIIMALINS Pa3BUBAJIACh BHE 3aBUCUMOCTH OT JAAJIbHEUIINX N3MEHEHUM

K03 duUIIMEeHTa TOPMOKEHHS U, B YACTHOCTH, UX MOCTENIEHHOTO CHIYKEHUSI B HEKOTOPBIX SKCIIEPUMEHTAX.
C npyroii CTOpOHBI, paHHSS PeaKIMs pacTOPMaKUBaHUs criocobcTBoBaa Oosee 3¢ (HeKTUBHOMY
nogaepxxkanuto LTP. [Ipeanonaraercs, 4To nepBuYHas peakys paCTOPMAKUBAHUS SIBIISIETCS
HEOOXOIMMBIM YCIIOBHEM YCIICIITHON KOHCOIHIAIUH.

HccnenoBanue BeIMOMHEHO Tpu nToAaepxkke Poccuiickoro ¢ponma pyHmaMeHTaIbHBIX UCCIAEIOBAHUI
rpasT Ne 13-04-00500a.

Disinhibition is a factor regulating the consolidation of long-term plasticity.

Kudryashova L.V .1*
1. Institute of Higher Nervous Activity and Neurophysiology RAS, Moscow, Russia;
* iv_kudryashova@mail.ru

The contribution of inhibitory inputs into consolidation after CA1 LTP induced by high frequency
stimulation of Schaffer collaterals (100 Hz, 1 s) in the rat hippocampal slices was estimated by the special
method for extracellular recordings. To estimate the contribution of bisynaptic inhibition into LTP-
mediated PPF modifications, paired-pulse stimulation was performed with two interpulse intervals (15 ms
and 70 ms) and different stimulus intensities. We proposed that the factor underlying the specificity of
PPF15 modifications may be related to inhibitory potential generated by first in pair stimulus. Preliminary
experiments revealed that the suppression of PPF15 comparing to PPF70 was more prominent at higher
stimulus intensities. Considering this feature we elaborated coefficients to measure GABAA inhibition
under extracellular recording of field potentials in CA1 area of the rat hippocampal slices. Application of
bicuculine significantly decreased their value near to zero. We used the coefficients to measure
modifications of inhibitory transmission during LTP development. The changes of coefficient’s value
suggested that some slices displayed the decrease of inhibition immediately after high frequency
stimulation. LTP properties were shown to be different depending on the changes of related to inhibition
coefficients. High frequency stimulation induced sufficient potentiation even without early disinhibition,
but population spike amplitudes restored to the control value in an hour. Such depotentiation developed
irrespectively to the time course of further coefficient’s changes, including their gradual decreased in
some experiments. On the other hand, early disinhibition promoted the better LTP maintenance. We
hypothesized that early posttetanic disinhibition is necessary to successful consolidation. This study was
supported by Russian Basic Research Foundation, grant Ne 13-04-00500a.

15. Peryasinusi 3KCpecCHy IIMAJbHBIX TeHOB NPU GOPMUPOBAHHMHU J0JTOBPEMEHHOM
MOTEeHIHAIUYU

Jucaues I1.J1.'*, Iycteuibasik B.O.2, [lItapk M.B.?

1. KOHCTpYKTOPCKO-TEXHOIOTHYSCKUM MHCTUTYT BhrunciauTenbHo Texuuku CO PAH, HoBocubupck,
Poccus;

2. MaCcTHTYT MONEKYIApHO# Ononoruu u 6uodusuku, HoBocubupck, Poccus;

* lisachev(@ngs.ru

DKCIpeccusi TeHOB UTPaeT BaXHYIO POJIb B JOJITOBPEMEHHONW CUHANTUYECKON MJIACTUYHOCTHU. [ TnanbHbie
KJICTKM OKa3bIBAaIOT CYIIECTBEHHOE BIMSHHUE HA CHHANTUYECKYIO nepenauy. [loatomy usydyenue
IKCIIPECCUU TIIMATBHBIX T€HOB, CBSI3aHHOW C HEUPOILIACTHYHOCTHIO, HEOOXOIUMO JIJIsl TOHUMAHUS €¢
MexaHu3MoB. [Ipu hopmMupoBaHum 10ATOBpEeMEHHON ocTTeTanndeckor noreHimanuu (JIBIT) B moe
CA1 rumnmokamna KpbIC YBEITUYHBACTCS CBSI3IBAHUE TPAHCKPHUITIIMOHHOTO (hakTopa pS3 ¢ MpoOMOTOpPOM
reHa S100B, skcripeccupyromerocs B riMalibHBIX KJIETKaX, YTO CONMPOBOXKIaeTcs poctoM ypoBHs MPHK
u 6enka S100B. OHOBpEMEHHO IPOUCXOAUT YMEHBIIIEHUE KomdecTBa Oenka pS3. J{s BeISICHEHUs
MexaHu3MOB peryisinuu pS3 u skcnpeccun S100B npu popmupoanuu JIBIT Mb1 ipoBenu
dapmakoIoruveckue SKkcnepuMeHTsl. MHrnonpoBanue nearermiaspl Sirtl nam youkButurimurazst Mdm?2
— HETaTUBHBIX PETYJISATOPOB pS3 — OJIOKHPOBAIO YMEHBIICHHE €0 KOJIMUECTBA MOCie TeTaHU3alluH, YTO
yKa3bIBaeT Ha KII04YEBYIO poiib Tanaema Sirtl/Mdm?2 B perymsiuuu pS3 npu JABIL. Uaruburops: Sirtl u
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Mdm?2 yBennuuBanu 6a3zanbHbiil ypoBeHb MPHK S100B, onnako TeTaHu3anusi B UX IPUCYTCTBUU
MPUBOAMIIA K NajbHenemMy pocty skcnpeccun S100B. Kpome Toro, uarnoutop pS3 nudutpuH- TOIBKO
4acTUYHO orpaHnuuBai ysenuuenue koaudectsa MPHK S100B nocne teranuzanuu. [lo-Bugumomy, B
uHaykiuto sxcnpeccun S100B mpu JIBIT BoBnedyeHsl, kpome pS53, Kakue-TO JOTIOTHUTENIbHBIE (DaKTOPBI.
VBennuenue ypoas MPHK S100B npu /IBII cymectBenHO 3aBuceno ot peuentopoB NMDA-Tuna u
Ca2+/kanpMoaynuH-3aBUCUMBIX TTpoTenHKuHaA3. MAPK p38 u RSK2, Bo3M0OXkHO, Tak)ke BOBJICUEHBI B
3TOT nporiecc. B To sxe Bpems MAP/ERK-kuna3bl He yuacTBYyIOT B KOHTpoJie reHa S100B B naHHBIX
ycnoBusix. Pabora momnepskana PAH (IV.35.1.5) u PO®U (15-04-01753).

Regulation of glial gene expression during long term potentiation

Lisachev P.D.'*, Pustylnyak V.0O.%, Shtark M.B.?

1. Design Technological Institute of Digital Techniques SB RAS, Novosibirsk, Russia;
2. Institute of Molecular Biology and Biophysics, Novosibirsk, Russia;

* lisachev(@ngs.ru

Gene expression plays an important role in long term synaptic plasticity. Glial cells have an essential
influence on synaptic transmission. Therefore, the study of glial gene expression associated with
neuroplasticity is necessary for the understanding of its mechanisms. The formation of long term
posttetanic potentiation (LTP) in the rat hippocampal CA1 area is accompanied by the increase in the
binding of the transcription factor p53 with the promoter of the gene S100B, which is expressed in glial
cells. This binding entails the increase in S1I00B mRNA and protein levels. Simultaneously with the
increase in p53 DNA binding, p53 protein level dicreases. To reveal mechanisms of regulation of p53
activity and S100B expression during LTP, we carried out pharmacological experiments. Inhibition of
deacetylase Sirtl or ubiquitinligase Mdm?2 blocked the decrease in pS3 amount after tetanization, which
suggests a key role of Sirt]/Mdm2 tandem in the negative control over p53 during LTP. The activation of
p53 by inhibitors of Sirtl or Mdm?2 partially simulated the effect of tetanization on S100B mRNA.
However, tetanization in the presence of these inhibitors caused the further gain of S100B expression.
Moreover, p53 inhibitor pifithrin-f only partially restrained tetanization-induced S100B expression.
Therefore, p53 seems to be not a single factor inducing S100B expression during LTP. The increase in
S100B mRNA level after tetanization essentially depended on NMDA receptors and Ca2+/calmodulin-
dependent protein kinases. In addition, MAPK p38 and RSK2, but not MAP/ERK kinases, might be
involved in this process. This work was supported by RAS (IV.35.1.5) and RFBR (15-04-01753).

16. Yuactue P2 nypunopenentopoB B Ca2+ -3aBUCMMOM MeXaHM3Me HHAYKIMHU
AJIMTEIBLHOT0 KOMIIOHEHTA AeNPUBANMOHHON MOTCHUMALIMH MOIMYJIAIMOHHBIX
0TBeTOB HellpoHoB noJisi CAl runnmokammna Kpbic

[Tonos B.A.'*
1. IHCTUTYT BBICIICH HEPBHOM JIeATeILHOCTH U Hepoduzuonorun PAH, Mocksa, Poccust;
* v-lad-i-mir@yandex.ru

Hare uccnenoBanne Mmexanu3mMoB Aenpubaiinonton norenuanuu (Zell), pazBuBatoieiics BCiieICTBHE
JUTUTENIbHOTO npepbiBaHus penkoi (0,05 ') TeCTOBOM CTUMYIIAIMHU MTOKA3aJI0, YTO OHA COCTOUT M3 JBYX
KOMITOHEHTOB: KpaTtkoBpeMeHHOro (10 — 12 Mun) Ca2+-He3aBUCUMOTO MPECUHANITUYECKOTO YCUIICHUS
OTBETOB M JUTUTENbHOU (O0siee yaca) Ca2+-3aBUCUMOI TIOTCHIIMAIIMH, UMEIOIICH TTOCTCUHAITHYECKUI
MEXaHMU3M pa3BUTHA. Takxke nokasano, uto NMDA penentopsl B MEXaHU3ME UHAYKIIUN
MOCTCUHANTH4YecKOoro koMmnoHeHTa Jlell yuactust He mpuHMUMarOT. TO JaJI0 OCHOBAHUE JIJIs
MPEANOJI0KEHNS 00 Y4aCTUU B 3TOM MEXaHU3ME PEIENTOPOB HE TIIyTaMaTHOTO CEMENCTBRA.
[IpencraBienHble AByMs cemeiicTBamu P2 mypuHOpenenTopsl UMEIOT psiji GYHKIIMOHATIBHBIX CBOMCTB,
koppenupyomux ¢ Jlell: nvoHorponHsie Turana-aktuBupyemMoie P2X perienTopsl siBIsIFOTCS OCHOBHBIMHU
noctcuHanTuaeckumu Ca2+ KaHaliaMu BO BpeMs IOTEHIMANa MOKOsI MeMOpaHbl, CIIOCOOHBI
B3aUMOJICCTBOBATH C IPYTUMH PELETITOPAMH M MOJIYJIMPOBATH CHHANITUYECKYIO INTACTUYHOCTD;
aKTUBaLUs ke MeTaboTponHbIX G-MpoTenH-onocpeayemMbix P2Y perentopoB BhI3bIBAET KackKaj
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BHYTPHUKJIETOUHBIX PEAKIIMM, 3aKaHUYMBAIOIINXCS BbIJIEJICHUEM JenoHUpoBaHHOro Ca2+ u3
HHIOIUIA3MAaTUYECKOTO XpaHuiuiia. B cBoto ouepenb HaMu ObLIa MOKa3aHa BayKHas POJIb KaK
BHEKJIETOYHOT0, TAK U BHYTPUKJIETOYHOTO AENOHUPOBAaHHOTO Ca2+ B MEXaHU3ME UHIYKIIUU
JUTUTEJIBHOTO IMOCTCUHANITHYECKOro KomnoHeHTa /[lell.

B onbITax Ha mepeXUBAIOIIMX Cpe3axX TMIIMOKAMIIa KPbIC UCCIAEAOBANIN BIUSHUE aHTaroHucTa P2
penientopoB, PPADS (20 MxkM) Ha pazsutue Jlell. B mupamunnom cnoe momst CA1 peructpupoBanu
MOMYJISIIIMOHHBIC OTBETHI (ToM-craiiku) Ha penkyto (0,05 I'n) ctumymsimuro xomnarepaneit [lladdepa. Bo
BpeMst 60-MHHYTHOTO TIPEPHIBAHUS TECTOBOM CTUMYJISIINM BBeleHHE B mepdy3noHHbIi pactBop PPADS
MPUBOAMIIO K MOAABICHUIO JuiTeNbHOro Ca2+-3aBUCUMOro MOCTCHHANTHYeCKoro komnonenta [lell, ne
OKa3bIBasi 3aMETHOTO BIUSIHUS HA KpaTKOBpeMeHHbIN Ca2+-He3aBUCUMBIN MPECUHANITUYECKUI
KOMIIOHEHT, 4TO MOATBEPKAAET THIOTE3y 00 ydacTuu P2 myprHOpEnenTopoB B MEXaHU3ME MHYKITHH
JUIATEbHOMN

cocrasstomieit [ell.

P2 purinoceptors participate in the Ca2+ -dependent mechanism of the long-term
component of the deprivational potentiation in rat hippocampal CA1 neurons

Popov V.A.1*

1. Institute of higher nervous activity and neurophysiology Russian Academy of Sciences, Moscow,
Russia;

* y-lad-i-mir@yandex.ru

Our research of mechanism of the deprivational potentiation (DeP) that is induced during a long period of
interruption of rare test stimulation (0.05 Hz) showed that it consists of two components: Ca2+-
independent presynaptic component which is manifested in initial short-term (10 — 12 min) peak of DeP
and Ca2-+-dependent postsynaptic component responsible for development of a long-term (> 1 h) phase of
DeP. It was shown, that NMDA receptors don’t participate in induction of postsynaptic component of
DeP. We suggested that not glutamate family receptors are involved in this mechanism. Two families of
P2 purinoceptors have a number of functional properties, that correlate with DeP: ligand-gated ionotropic
P2X receptors have a large calcium permeability at resting membrane potential, can interact with other
receptors and modulate synaptic plasticity; stimulation of G- protein-coupled metabotropic P2Y receptors
activates numerous signaling cascades that leads to the Ca2+ release from the endoplasmic reticulum. In
turn we demonstrated the important role both extracellular calcium and calcium from intracellular storage
for the DeP induction.

In our experiments we tested the effect of selective P2 purinoceptor antagonist, PPADS (20 uM) on
induction of the DeP of population responses (pop-spikes) of CA1 pyramidal neurons after interruption of
stimulation of the Schaffer collaterals in rat hippocampal slices in vitro. PPADS application during 60-
min deprivation period suppressed induction of the long-term Ca2-+-dependent postsynaptic component of
the DeP without any effect on the short-term Ca2+-independent presynaptic component that confirms our
hypothesis about the participation of P2 purinoceptors in the induction mechanism of the long-term DeP.

17. P PexTnl MOAYIAUNMN CEPOTOHUHOM (GOPMHUPOBAHMS YCJIOBHOTO
000pOHMTEJILHOTO pediekca y BAHOTPATHON YJIUTKHU

boroasux T.X.'*, Augpuanos B.B.!, [lepsaouna 1.B.!, T'onoyenko A.H.!, Mypanosa JL.H.!,
Taitaytauaos X.JL.!

1. Kazanckuii penepanpHbiii yauBepcuteT, Kazanb, Poccus;

* tat-gain@mail.ru

OaHUM U3 LIUPOKO pacIpOCTPAHEHHBIX U XOPOLIO U3YUYEHHBIX MEANATOPOB HEPBHOM CUCTEMBI SIBIISIETCA
CEpOTOHMH. 3a KOPOTKUI NIEpUO]] BPEMEHH CEPOTOHHH ObLI HIAEHTU(DUIIMPOBAH KaK HeiipoMeauaTop u'y
MOJUTIOCKOB M y MIIeKonuTaromux. K HacTosimemMy BpeMeH! HaKOMUIICS OOJIBIION 3KCTIepUMEHTAIbHBIN
MaTepHall, CBUIETENbCTBYIOIUI O CBSA3U ()YHKLIMOHUPOBAHUS CEPOTOHUHEPIMUECKON CUCTEMBI CO
CHOCOOHOCTBIO K 0O0YYEHHIO (B MOBEACHYECKUX dKCIIepuMeHTax). [loaToMy Hamu ObLIIO IPOBEIEHO
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UCCIIIOBAaHHUE POJIM CEPOTOHMHA B MEXaHU3MaxX 00y4eHUS MOBEACHYECKUMU U
ANEKTPOPHU3NOIOTUYECKUMHU METOJaMH C IPUMEHEHUEM HEHPOTOKCHUECKUX aHaJIOTOB CEPOTOHUHA 5,6-
DHT u 5,7-DHT u npenimectBennuka cuntesa ceporonnna S-HTP. Halineno, yto unbekius 5,6-DHT u
5,7-DHT napymaeT BbIpaOOTKy YCIOBHOTO 000POHUTEIHHOTO peduiekca. CTocoOHOCTh K 00yUeHHUIO
BOCCTAHABJIMBAETCS Yepe3 2 HENENN M0CIIE IPUMEHEHUSI HEMPOTOKCHHA. EskeTHEBHAS MHBEKIIMU
ceporonuna u 5-HTP nepen ceancom oOydeHus yCKOPSIU BEIPAOOTKY YCIOBHOTO OOOPOHHUTEILHOTO
pednekca, a uabekuus S-HTP na ¢one nepunura ceporonnna, coznansoro 5,7-DHT, Bo3Bpamana
CIOCOOHOCTH )KMBOTHBIX K 00yueHut0. OOHApYKEHO, YTO UHBEKINH )KUBOTHBIM CEPOTOHHUHA U
HeiiporokcuHoB 5,6-DHT u 5,7-DHT BbI3bIBalOT CHIDKEHHE MEMOPAHHOTO ¥ IOPOTOBOT'O MOTEHINAIOB
peMOTOpHBIX HHTepHEpoHoB LPa3 u RPa3. Habmrogaembie CHIDKEHHUSI MEMOPAHHOTO U TTIOPOTOBOTO
MOTEHIIMAJIOB MOKHO OOBSICHUTH IEHCTBHEM CEpOTOHMHA Ha PELIENITOPHI, HAXOIIUeCs Kak Ha MeMOpaHe
IIPEMOTOPHBIX HUHTEPHEHUPOHOB, TaK U, BOBMOYKHO, HA PSJIE IPOMEKYTOUYHBIX HEUPOHOB, KOTOPIE UMEIOT
CHUHANTHYECKU MPUTOK K nHTepHeliponaM LPa3 u RPa3. IloxydeHHble pe3ynbTaThl MO3BOJISIOT
MIPEANOIOKNATh, YTO HaYaIbHbIE U3MEHEHUS dJIEKTPUYECKUX XAPAKTEPUCTUK MPEMOTOPHBIX
MHTEPHEUPOHOB NP 00YyUEHHUH SBIISIOTCS CIEICTBHEM BHIOpOCa CEpOTOHMHA BO BHEKJICTOUHYIO CPEY.
Pa6ota nognepxana PODU (rpant Ne 15-04-05487 a).

Modulation by serotonin of defensive reflex conditioning

Bogodvid T.Kh.!'* Andrianov V.V.!, Deryabina [.B.!, Golovchenko A.N.!, Muranova L.N.!, Gainutdinov
Kh.L.!

1. Kazan Federal University, Kazan, Russia;

* tat-gain@mail.ru

One of the widespread and well-investigated transmitters of the nervous system is serotonin. Within a
short period of time serotonin was identified as a neurotransmitter in both mollusks and mammals. To
date a considerable experimental material pointing to the association between functioning of
serotoninergic system and the ability for learning (in behavioral experiments) has been accumulated.
These findings have induced us to investigate the role of 5-HT in mechanisms of learning by the
behaviour and electrophysiological methods using the “neurotoxic” analogues of serotonin 5.6-DHT and
5.7-DHT, precursor of serotonin syntheses 5-HTP. Injection of 5,6- or 5,7-DHT was found to disrupt the
defensive reflex conditioning. The ability for learning recovered in two weeks after neurotoxin
application. Daily injections of serotonin and5-HTP before a training session accelerated the defensive
reflex conditioning and daily injections of 5-HTP on the background of deficiency of serotonin created by
5,7-DHT, restored the snail’s ability for learning. Discovered that injections of neurotoxins 5,6- and 5,7-
DHT as well as the serotonin caused a decrease of resting and threshold potentials of premotor
interneurons LPa3 and RPa3. The observed decrease of membrane and threshold potentials can be
explained by the action of serotonin on the receptors located on the membrane of premotor interneurons
and possibly on the number of intermediate neurons, which have synaptic input to the interneurons LPa3
and RPa3. The received results suggest that the initial changes of the electrical characteristics of premotor
interneurons during learning are the result of serotonin release to the extracellular medium.

This work is supported by RFBR, grant nr. 12-04-00235.
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CrtBosioBbie kieTku. Heliporenes. Heiiporpancnianranus.
Stem cells. Neurogenesis. Neurotransplantation.

18. Judppepennuposka 'AMK-eprudeckux HeiipOHOB B 3IKTONNYECKUX
AJUVIOTPAHCIIAHTATAX SIMOPHOHAJILHOI0 HEOKOPTEKCA KPBICHI

[Terpora E.C.'*
1. ®I'BHY "HUHncTutyT 3KcnepuMenTanbHoil menuuuuel", Cankr-IletepOypr, Poccus;
* morphologija@yandex.ru

L{enbto paboTsl siBUIOCH M3yueHue ' AMK-epruueckux MHTEpHEHPOHOB B HEOKOpPTEKCe KpbIc Buctap u B
HEOKOPTHKAIbHBIX TKAHEBBIX TPAHCIUIAHTATaX, Pa3BUBAIOLINXCS B MMOBPEKICHHOM Neprudepuiaeckom
HEpBE B3pOCIbIX KUBOTHBIX. B HacTosIee BpeMsi aKTUBHO BEIYTCS SKCIIEPUMEHTAbHbIE pa3paboTKH
KJIETOYHBIX TEXHOJIOTUH, MpeAHa3HAYEHHBIX I CTUMYJISIIUN pereHepanuu nepudepruueckux HepBHbIX
POBOIHHUKOB. IMeroTcsl JaHHBIe, UTO HEpabHbIE CTBOJIOBBIE/IPOT€HUTOPHBIE KIIETKH, a TAKXKe
(bparMeHTHl YMOPUOHATIBHBIX 3aKJIaJI0K MO3Ta KPbIC MOCJIE BBEICHUS B TOBPEXKACHHbIN HEPB WM
KOHJIYUT, COEAUHSIOIINNA CETMEHTHI Mepepe3aHHOro HepBa, MOTYT CIOCOOCTBOBATH POCTY
pereHepupyroIIuX HEPBHBIX BOJIOKOH peuunueHTa (063opsl: Walsh., Midha, 2009; Xiong et al., 2009;
[Terposa, 2012). OnHako cyap6a nepecaxeHHbIX KJIETOK, 3aKOHOMEPHOCTH MX AU (HEpeHIUPOBKU U UX
MeANaTOpHas MPUHA/JIEKHOCTh U3yUeHbl HEAOCTATOYHO. PparMeHThI 10pcoiaTepabHOM CTEHKH
MepEeHEr0 MO3TOBOTO My3bIpsi IMOPUOHOB KpbIC 14-15 cyT pa3BuTHs nepecaxuBain cyOrepuHeBpaIbHO
B CEJAJIMIIHBIN HEPB B3POCIbIX KpbIC (N=8), KOTOPBII MpeABapUTEIHHO MOBPEKAATU ITyTEM
nepenasianBaHus 3axuMoM. '”AMK-eprudeckue HEHpPOHBI BBISBIISIN C IOMOIIBIO
MMMYHOTHCTOXMMHUYECKON peakunu Ha riyramataekapookcunazy (GAD67). B comaroceHcopHO# 1
MOTOPHOH KOpe ToJI0BHOTO Mo3ra KpsIc (P 20) O0NBIIMHCTBO HHTEPHEHPOHOB MPEICTABISAIOT COO0H
GADG67+ kitetkn. OHM pacIionoKEHbI BO BCEX CIOSIX HEOKOPTEKCA, UMEIOT Pa3INuHbIE pa3MepPsI U
dopmy. B HelipoTpaHcmanTaTax yepes 28 cyT mocsje onepaunuu ObUM BbIBICHBI OTAeIbHbIE GAD67-
coJieprKaliie HeUPOHbI C HEOOIBIIMM 00bEMOM IIUTOIIA3MbI M KOPOTKUMH OTpocTKaMu. To ecTb, B
YCIIOBUSX U3MEHEHHOTO MUKPOOKPYKEHHS YaCTh KIETOK-IIPEAIIECTBEHHUKOB U3 IIEPEIHETO MO3TOBOTO
Iy3BIPS] KPBICHI COXPAHStT XapaKTepHBbIH 151 HUX (EHOTHUII U CIIOCOOHOCTh CHHTE3UPOBATH
CBOMCTBEHHBIN UM HelipoMenuaTop. OTHaKO HEMPOHBI TPAHCIUIAHTATOB HE JOCTUTAOT CTENIEHU 3PEJIOCTH
MHTEPHEHPOHOB, POPMUPYIOMIUXCS 1N Situ B HEOKOPTEKCE KPhIC COOTBETCTBYIOIIETO CPOKA PAa3BUTHS.

The differentiation of GABA-ergic interneurons in the ectopic neocortical
allotransplants of the rat

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

GABA-ergic nerve cells in the rats Wistar rat neocortex and in neocortical grafts developing in damaged
nerve were studied. At present, the experimental elaborations of cellular technologies to stimulate nerve
regeneration are carried out actively. There is evidence that the neural stem/progenitor cells, as well as
fragments of embryonic rat brain promote the growth of the recipient regenerating axons after
transplantation into the nerve or a conduit (Walsh, Midha, 2009; Xiong et al., 2009; Petrova, 2012).
However, the fate of the transplanted cells: their diffe-rentiation and their neurotransmitter nature are
poorly known. In the present study, the fragments of the wall of the anterior cerebral vesicle of rat
embryo (E 14-15) were transplanted into the crushed sciatic nerve of adult rats (n = 8). The interneurons
were identified by the following immunohistochemical markers: glutamate decarboxylase (GAD67) for
GABA-ergic nerve cells. It has been shown that the majority of interneurons in the motor and the
somatosensory cortex of rats (P 20) are GAD67- immunoreactive (ir). They are located in all layers of the
neocortex, have different sizes and long processes. At 28 d the individual GAD67-ir cells were detected
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in the grafts. However, in contrast to the neurons developing in situ the trasplanted interneurons did not
reach differentiation of neurons. They had few cytoplasm and short processes. Thus, a part of progenitor
cells retains their characteristic phenotype and the ability to synthesize the neurotransmitter in the
changing microenvironment.

19. HeiiporeHe3 B runmnokamMiie: HeucuepnaeMblii HCTOYHUK pereHepannu

Crenannue M.JO.!*

1. UucTUTYT BBICIICH HEPBHOM NesTenbHOCTH U Helipodusnonorun PAH, MockBa, Poccus;
* mikhail stepanichev@yahoo.com

B Mo3re B3pOoCibIX MIEKOIUTAOIINUX HEUPOTreHE3 MPOTEKAET B TCUEHUE BCEH JKU3HM B IBYX OCHOBHBIX
o0acTsaxX: CyOBEHTPUKYISPHOM 30HE OOKOBBIX JKETYA0UYKOB U CYOTrpaHyIsipHOI 30He 3yOuaToii acimu.
OTkpbITHE HEMPOTEeHE3a MOPOAUIIO HANECK Y Ha BOZMOKHOE MCIIOIb30BaHNE HEHPOTCHHOIO MOTEHIIAANA
Mo3ra Juist aedenus psaa natonoruii LIHC, B nmepByto ouepenb HEMpoOAEreHEPaTUBHBIX 3a00JI€BaHNN U
uHCysnbTa. OJHAKO NEPBBI BOCTOPT OBICTPO OCTBLI, HOCKOJIBKY CTAJI0 MOHATHO, YTO HEWPOHAJIbHAS
nudQepeHIMpoBKa BHOBb 00pa30BaHHbIX KJIETOK KpailHE OrpaHMYeHa B 00€MX HEMPOTeHHBIX 30HAX.
JleicTBUTENBHO, B MO3I€ IPBI3YHOB «HOBBIE» KJIETKU AU(epeHInpyroTCs I1aBHBIM 00pa3oM B
rpaHyJIsIpHBIE HEMPOHBI 0OOHSTENBHBIX JIYKOBHIL U 3y0uaToii ¢acimu. MIHTEpecHo, 4To B
HKCIEPUMEHTAIBHBIX YCIOBUAX MOBPEXKICHUE MO3Ta 4aCTO BEAET K aKTUBALIUY HEMPOTE€HE3a B IPYTUX
ero 00JacTax, TaKUX KaK HOBast KOpa WiK cTpuatyM. Ha ceroqHsmHui 1eHb HCTOYHUKH U CyAb0a
KJIETOK, 00pa30BaBILUXCS B PE3YJIbTATE TAKOTO «3KTOMMUYECKOr0» HEHPOreHe3a He ACHBI. Y CTaHOBJIEHO,
YTO OJJHUM M3 BEPOSATHBIX CLIEHAPUEB ATOIO THIA HEWPOreHe3a SBISAETCS aKTUBALMSI CKPBITON
HEHPOTEHHOH POrPaMMBbI B aCTPOIIMTaX B pe3yiIbTaTe CBA3BIBAaHUS JIUTAHI0B ¢ perentopoM Notchl.
HecmoTps Ha BCro NPUBIEKATEIBHOCTh 3TOT0 HOBOI'O UCTOYHHMKA HEMPOHOB C TOUKHU 3pEHUSI penapannn
CTPYKTYp MO3ra, cyib0a UX OKOHYATEJIbHO HE BBISICHEHA. Byayun B BEICOKOH CTENEHU

Qg depeHIpoBaHbl MOP(HOIOTHUECKH, OHU HE SKCIIPECCUPYIOT TUITMYHBIX MapKepOB 3peIIbIX HEHPOHOB
1 OBICTPO MOTHOAIOT M3-32 HETOIXOISANTNX YCIOBUN HETUITUYHON «HEHPOTeHHOI HUIU. BeposTHO, 4TO
Oostee moapoOHOE UCCIIeI0BaHKE TIPOLIECCOB, MPOUCXOAIINX B HEHPOTeHHBIX HUIIAX, TO3BOJIUT HOJONUTH
K MaHUITyJIMPOBAaHUIO X COCTABOM M MCIIOJIB30BATh 3TO AJIS YIIPABJICHHS IIPOLIECCAMU PETreHEPALUH.
Hccnenosanue noanepxxano rpanrom PODU Ne 13-04-01019a

Neurogenesis in the hippocampus: Golconda of regeneration

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

In the brain of adult mammals, neurogenesis takes place in two principal areas such as the subventricular
zone of the lateral ventricles and the subgranular zone of the dentate gyrus. Discovery of neurogenesis
gave rise a hope on possible use of the neurogenic potency of the brain for treatment of some pathology
of the CNS, primarily neurodegenerative diseases and stroke. However, first enthusiasm cooled quickly,
since ita hs become clear that neuronal differentiation of newborn cells is extremely limited in both
neurogenic zones. Indeed, in the rodent brain, "new" cells differentiate mainly in granular neurons of the
olfactory bulbs and the dentate gyrus. Inerestingly, under the experimental conditions, brain damage often
activates neurogenesis in some other brain regions such as neocortex or striatum. Presently, sources and
fate of the cells, formed in this "ectopic" neurogenesis, are not known. This type of neurogenesis probably
involves activation of latent neurogenic program in astrocytes due to ligand binding to Notch1 recptor. In
spite of very attractive idea of using of this source of neurons for reparation of brain structures, their final
fate is not clear. These neurons develope highly differentiated morphology but do not express any
markers of mature cells. They also rapidly die in the non-permissive conditione of the unusual
"neurogenic" niche. We suppose that more etailed studies on the processes in the neurogenic niches allow
to manipulate with their composition an use this for managing regeneration.

This study was supported by RFBR grant #13-04-01019a.
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20. Heiiporene3 B runmoxkamMiie: 3BOJTIOIUOHHBIA aTaBU3M?

Annon B.A.M*
1. UucTUTyT BBICIIEH HEPBHOM JesTenbHOCTH U Helipodusnonorun PAH, MockBa, Poccus;
* aniviktor@narod.ru

@DeHOMEH MOCTHATAIBHOTO HEUPOTeHe3a B THIIIOKAaMIIE IIPUBJIEKACT BHUMAHUE UCCIIEA0BATEICH Ha
NPOTSDKEHUH MOCTIeTHUX HECKOIBKUX ACCATHIICTHH. bbltn moyueHs! JaHHbIe 00 y4aCTHH HOBBIX
HEMPOHOB runmnokammna, 00pa3oBaBLIMXCS B X0JI€ IOCTHATAILHOI'O HEMpPOreHe3a, B peanu3aluu
IpoIeccOB 00ydeHUs U mamMsaTH. TeM He MeHee, CYIIeCTBYeT 3HAUUTENIbHBIA 00beM JaHHBIX,
HO3BOJISIIOIINN YCOMHUTBCS B YHUBEPCATBHOCTH OOHAPYKEHHBIX 3aKOHOMEPHOCTEH, B YACTHOCTH,
HKCIIEPUMEHTANIbHBIE CBUICTENILCTBA YIIyUlIeHNs: O0yYeHHS U TTaMATH NPU YTHETEHUN HelporeHesa B
TUIIOKAMIIE, a TAKKE OTCYTCTBUE MOCTHATAIILHOTO HEUPOTEHE3a Y HEKOTOPBIX BUAOB MIICKOIUTAIOIINX
71100 BBICOKasi BapUabeIbHOCTh 3TOT0 MOKa3aTeist 0e3 BUAUMON KOPPENSIHH ¢ KOTHUTUBHBIMU

GyHKIHSIMU.
[Mognepxano rpantom PTH® Ne 13-36-01277.

Hippocampal neurogenesis: an evolutionary atavism?

Aniol V.A.'*
1. Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia;
* aniviktor@narod.ru

The phenomenon of adult hippocampal neurogenesis was extensively studied during the last decades.
Existing data indicate that new neurons born in the course of adult neurogenesis participate in the
maintenance of learning and memory processes. However, there is an essential bulk of data
compromising the universal significance of these observations. Thus, some authors report enhanced
learning and memory functions after suppression of hippocampal neurogenesis in experiment. Also, in
some mammalian species adult hippocampal neurogenesis is absent, or largely varies without any
correlation to cognitive functions.

Supported by RFH grant no. 13-36-01277.

21. HeilipoTpaHcnJIaHTAIUSA 1JIA U3y4eHUus1 MOP(O-PyHKIMOHAIBbHOM MJIACTUYHOCTH
Mo3ra

XKypasnesa 3.H.'*
1. MHCTUTYT TeopeTndeckoil u sxcnepuMenTanbuoit onopusuku PAH, [Tymmao, Poccus;
* XKypasnera 3.H. Zhuravleva@iteb.ru

TpaHcruianTanys HEpBHOM TKaHU Haydajla pa3BUBAaThCs KaK MHHOBALIMOHHBIN MTOAXO/ AJIS 3aMELICHUS
noru0mmx HepoHoB. Kpome npuMeHneHust it BOCCTAHOBUTEIBHOM MEAULIMHBI TPAHCIIAHTAIUS CTala
YCIIEHIHBIM METOJIOM JJIsl U3y4eHHUs (PyHJaMEHTAJIbHBIX MPOOJIEM, CBSI3aHHBIX C HEHPOHAIBHOU U
CHHAINTHYECKOM MIIaCTUYHOCTHIO. IMEHHO B 3TOM Ij1aHe paboThI 10 HEHPOTPAHCIUIAHTAIIMY OBUIH
uHunuupoBansl npod. O.C. BunorpaioBoii 1 NpoJoKarTes B 1a00paTOpUU A0 CHX I10P.
HeiipoTpaHciuanranys B MIMMYHOIIPUBIIIETMPOBAHHBIE 00J1aCTH OpraHu3Ma I03BOJIIET CO3/1aHNE
Pa3sHOOOPA3HBIX HIKCIEPUMEHTAIBHBIX MOJEIEH Ul U3y4eHHsl CTPYKTYPHO-(YHKIMOHAIbHBIX
npeoOpa3oBaHuil KaK TOHOPCKOH SMOPHUOHANBHOM TKaHU, TaK U 3peJoro Mosra perunuenTa. [pu
TPAHCIUIAHTALIMYU B MIEPEIHIOI0 KaMepy I1a3a TPAHCIUIAHTAT Pa3BUBAETCSA M (PYHKIIMOHUPYET B YCIOBUAX
nonHo# m3ossiiuu ot LIHC, a maHepBHpyeTCs nepudepruueckuMu HepBaMH paykKku. [Ipu romo- ninm
reTepOTONNYECKOM I0JI0’KEHUH TPAHCIUIAHTATOB B MO3re U3MEHI0TCS ad(hepeHTHbIE BXObI U
KJIETOYHOE MUKPOOKPYKEHHE Pa3BUBAIOIIMXC HEUPOHOB. B pa3sHbIX SKCIIEpUMEHTaxX B Ka4€CTBE
JIOHOPCKUX CTPYKTYP MbI HCIIOJIb30BAJIM FUIINIOKaMII, 3y0UaTyro ¢acuuio, CenTyM, HeOKOpTeKC. bbuio
MOKA3aHO, YTO B YCIIOBHUSX TPAHCIUIAHTALMN HEPBHBIE KIIETKH MOTYT (POPMUPOBATH CHHAIITUYECKHE
B3aMMOJCHCTBYSI C HECBOMCTBEHHBIMU UM HEMPOHAIbHBIMUA MULICHAMHU. bosee Toro, B HHTPAOKYJISIPHBIX
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TpaHCIUIAaHTAaTaX BpacTaloure u3 pagyxHoi 00orouku Hepsbl [ITHC GopMupytoT cunantuyeckue
koHTakThl ¢ Helponamu [IHC. [1pu cpaBHEHNHN KJIETOYHON OpraHU3aIMK TPAHCIIAHTATOB in oculo ¢
COOTBETCTBYIOLIUMH OTJIEJIaMU MO3Ta in situ 00Hapy>KE€HO BOCTIPOM3BEICHUE OCHOBHOM
LUTOAPXUTEKTOHUKH JJOHOPCKOW CTPYKTYPBI, HO IIPH ITOM BBISBIEHO HapylleHue augdhepeHIupoBKI
topmo3HbIX '’AMKepruueckux kietok. [Tokazano takxke, 4to snmienTu(opMHas akTHBHOCTb HEHPOHOB
COIIPOBOXKIAETCS OCIA0IEHUEM CHHAICO-ACTPOLMTAPHBIX B3aHMOOTHOIIEHUH. B TO %e Bpemst oTpocTKu
aCTPOLIMTOB, HAMPABIISASA MPOPACTAIONINE AKCOHBI, CIIOCOOCTBYIOT MHTETPALMU TPAHCIUIAHTATOB C MO3TOM.
B mponecc uHTErpanuy BOBICKAIOTCS MOJIEKYJIBI KJIECTOYHOM aare3uu, TPAaHCMHUTTEPHI U KO-
TPAaHCMUTTEPHI TPAHCIUIAHTUPOBAHHBIX HEHPOHOB.

Neurotransplantation as an instrument for investigation of morpho-functional brain
plasticity

Zhuravleva Z.N.'*
1. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia;
* XKypasnesa 3.H. Zhuravleva@iteb.ru

Transplantation of nervous tissue has been developing as an innovative technology for the replacement of
degenerative neurons. Besides its application for restoration medicine, transplantation has become an
effective instrument for investigation of fundamental problems associated with neuronal and synaptic
plasticity. And it is the direction of which was initiated by Prof. Olga Vinogradova and which has been
prolonged in our laboratory. Neurotransplantation in immune privileged areas of the organism allows the
creation of different experimental models for the study of structural and functional changes of both donor
fetal tissue and mature brain of recipient. When transplanted into the anterior eye chamber a graft
develops in complete isolation from the CNS, it is innervated by peripheral nerves of iris. Homo- or
heterotopic locations of transplant in the brain result in change of afferent inputs and cellular
microenvironment of developing neurons. In our experiments, we used the hippocampus, the dentate
gyrus, the septum and the neocortex as donor structures. It was shown that the grafted nerve cells can
form synaptic interactions with unusual neuronal targets. Moreover, PNS nerves ingrown from iris
establish synaptic contacts with CNS neurons in the intraocular grafts. Comparison of the cellular
organization of the grafted tissue in oculo with relevant areas of the brain in situ showed reproduction of
general cytoarchitectonics of the donor tissue. However, the normal differentiation of inhibitory
GABAergic cells was disturbed. It was also shown that epileptiform activity of neurons is accompanied
by a weakening of synapse-astrocytic interactions. At the same time, the astrocytic processes which guide
growing axons into brain promoted the establishment of graft-brain interactions. It was found that the
neurotransmitters, co-transmitters, and cell adhesion molecules of the grafted neurons are involved in the
process of graft-brain synaptic integration.

22. Poub HeliporeHnesa B GopMUPOBAHHUY INUJIENTH(POPMHON AKTHBHOCTH U YYacTHe
pPS3 B ero peryjasiuuu y Kpbic JuHuu Kpymmnnckoro-Mo10aKuHOM

Hacnysosa E.B.!, 'nazosa M.B.!, Uepuurosckas E.B.!*

1. denepanbHOE rOCYIapCTBEHHOE OIOKETHOE YUPEXKICHHE HAYKH MHCTUTYT 3BONMIOIIMOHHOM
¢dbusunonoruu u 6moxumun uM.M.M.CedenoBa Poccuiickoit akageMun HayK;

* chern755@mail.ru

B nHacrosmee BpeMs XOpOIIo U3BECTHO, YTO HEMPOTreHE3 MTPOUCXOANUT HA NMPOTSKEHUU Beel xu3HU. Ha
OCHOBAHMU aHAJIM3a MOCIEAHNUX JaHHBIX JIUTEPATYpbl BO3HUKAET BONPOC 00 y4acTHH HeliporeHesa B
dbopMupOBaHUY YTIIIETITUGOPMHON aKTHBHOCTU. C IPYroil CTOPOHBI TOKa3aHO, YTO OEJIOK pS53 BOBIEUEH
B IIpoliecc HeporeHesa. B cBsi3u ¢ 3TUM Mbl OLIEHWIN YPOBEHb MpOaH(epaiy METOAO0M BbISBICHUS
BrdU B runmoxamrie y kpsic iuaun Bucrap, u kpeic muaun Kpymmmackoro-Monoakuaoit (KM) (HauBHBIX
MOJIOJIBIX, B3pOCIIBIX B HOPME U T0J] BO3JCHCTBHEM CYI0POXKHBIX MPHUIAJIKOB), & TAKKE U3YUHIIN
XapakTep BIMAHUS HHTHOUTOpa Oenka pS3 pifithrin-alpha Ha ypoBenb Heiporenesa.

V B3pocisix kpbic auHUU KM B cyOrpaHynspHoi 30He 3y04aToil H3BHIMHBI TIOBBILIEHO KOJUYECTBO
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BrdU-no3uTuBHBIX KJIETOK [0 CPAaBHEHUIO C JHHUEH Bucrap. Y Monoabix HauBHBIX KpbIc TuHUA KM
YHUCIIO MPOoSn(EepUPYIONINX KIETOK BbIIIE, YeM y B3pocibix Kpbic tuHun KM. Tlocne cemu cy1oposkHbIX
npunaakoB koinyecTBO BrdU-mo3UTHBHBIX KJIETOK Y B3POCIHBIX KPBIC 3HAYUTEIHHO CHUXKAETCH,
BEPOSATHO, B PE3yJIbTAaTe THOENN ITUX KIETOK.

OnHako Mpu MEHee JUIUTEHHOM ayJUOTEHHOM BO3/IeHCTBUY (4 1Hs) KommuecTBO BrdU-mo3uTuBHBIX
KJIETOK B 3y04aToil m3BuiauHe yBennuuBaetcs. [Ipu BBegenun pifithrin-alpha kommdectso
nposinepyroInX KIETOK YBEIUUNBaETCs elle 0ojee 3HAUUTENbHO, KaK B CyOTpaHyJIIpHO 30HE
3youaroi n3BmwiIMHbBL, Tak 1 B CAl u CA3 obnacTsax rumnmokamima. Bo3Mo)kHO, 3TO CBSI3aHO C
MOBBIIIEHHON BBKMBAEMOCTBIO KJIETOK ¥ CBUJETEIBCTBYET 00 MX MUTPALIMU U3 CYOrpaHy IsIpHOM 30HBI B
JIpyrue OTneibl TUIIOKaMIla. BeIsiBlIeHHe TaTOJIOTHMH B YPOBHE HEHporeHesa y HauBHBIX KpbIc JInHUU KM
MOYKET CBUIECTEIBCTBOBATH O TOM, YTO MOBBIIICHHBIH HEWPOTeHEe3 ABISAETCA MPUIMHON (popMUpOBaHUS
AMUICHTU(GOPMHON CYTOPOKHON aKTUBHOCTH.

Pabora BeInoaHeHa npu noajaepxke rpanra POOU Nel3-04-01431

Role of neurogenesis in the expression of epileptiform activity and participation of
p53 in neural proliferation in Krushinsky-Molodkina rats

Nasluzova E.V.!, Glazova M.V.!, Chernigovskaya E.V.!*
1. Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of Sciences;
* chern755@mail.ru

Today it is well known that neurogenesis, the process of generating new neurons, is continuing
throughout adulthood. Recent finding arise a question whether neurogenesis participates in the seizure
expression. On the other hand, it was demonstrated that p53 play a role in neurogenesis. Based on these
data we evaluated proliferation level by the detection of BrdU positive cells in the hippocampus of
control Wistar rats, naive Krushinsky-Molodkina (KM) rats (young and adult), and seizure-experienced
KM rats. Moreover, we studied a role of p53 inhibition with pifithrin-alfa on neurogenesis expression.
Our data demonstrated increased number of BrdU positive cells in subgranular zone in the dentate girus
of adult KM rats in comparison to Wistar. At the same time, young naive KM rats demonstrated increased
proliferation in comparison with adult KM rats. After 7 episodes of audiogenic seizure (AGS) the number
of BrdU positive cells was significantly decreased that supposed inhibition of neurogenesis or increased
cell death caused by epileptiform activity.

However, less number of AGS episodes (4 times) led to increasing BrdU positive cells in the dentate
girus. Injection of pifithrin-alfa dramatically increased the number of proliferating cells not only in the
dentate girus, but also in CA1 and CA3 hippocampal regions. Probably, inhibition of p53 enhanced cell
survival and induced cell migration from the dentate girus to the other hippocampal zones. We supposed
that observed abnormality in neurogenesis in KM rats could be a part of pathological changings that
determine predisposition of KM rats to AGS.

This work was supported by RFBR Ne13-04-01431 from the Russian Foundation for Fundamental
Research.
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MareMaTH4ecKoe MOAEJITUPOBAHUE KOTHUTUBHBIX QYHKUMHA U
pUTMOIeHe3a
Mathematical modeling of cognitive functions and rhythmogenesis

23. «HeiiposiokaTop», Kak MoJieJIbHOE pelieHne Mpo0.ieMbl HCMHBA3UBHOTO
CTHPaHUS NAMATH

Kprokos (urymen ®@eodan) B.1.1*
1. CBsiTO-/laHIIIOB MOHACTBIPH;
* kryukov@msdm.ru

Monduic ¢ coapropamu (2009), oOHapyxuiu, uto eciu ciycts 10-60 muH. mocie peaktuBanuu Y P
CTpaxa, MPUMEHUTH YTalleHHe, TO CITyCTsl MECSII, COTJIACHO YeTHIPEM BUAAaM TECTUPOBAHHS, CTPaX HE
BO3Bpaiaercs. Takas nporenypa, Ho-BUIUMOMY, HaJIOJITO YMEHBIIAET MaMsITh cTpaxa 6e3
UCTIOJIb30BaHUs (papMaKOJIOTHUECKUX MPENapaToB U 00CIIAeT 3HAYUTEIbHBIN TepaneBTHUECKUH 3 ekt
YMEHbILIEHUS PELIUIUBOB B HAPKO3aBUCUMBIX KIIMHUYECKUX MOMysiiusax. OaHako, 60516110 mpobiaemoit
SBIISICTCS TO, YTO MEXAaHU3M, MO3TOBbIE CTPYKTYPbI M YCIOBHS JJIs1 OJABICHHS 3TOTO Y3PPeKTa HE SICHBI.
B wactHocTH: 1) HE ACHO, MOUYEeMy HCCIIEOBAaHUS B Pa3HBIX JIAOOPATOPHUSIX MUPA HE CMOTJIH MOJIY4YUTh
rettext adexTa, npuyeM HEKOTOPBIEC MOTYYHITH IPOTUBOIIONIOKHBIN 3P QeKT; 2) He sICHO, oueMy ret+ext
s dexT He HabMOMaeTCs MPYU HOPMAJIBHOM yrameHuu pediiekca; 3) COBEpIIEHHO HEOKHUIaHHO
0Ka3aJIoCh, YTO U3MEHEHHE MOPSIKA CECCHU PEAKTUBAIIMH U YrallleHHs] YMEHBIIMIIO YPOBEHb CTpaxa
(ext+ret addekr) HamogoOue ret+ext addexra. Mbl IPEAMOTOKUIIN, YTO T MPOOJIEMa YAaCTUIHO
HAIIOMHUHAET MPOOJIEMY CIIEIOBBIX YCIOBHBIX pe(IeKCOB, T.K. 00€ MPOOIeMbl KPDUTUYECKU 3aBUCAT OT
HEHUTPOHHOTO cyOcTpara 0oJbIIOH 3aaepKkKu (MUHYTHI U yachl) Mmexny YC u BC B mepBom cirydae u
MEXy peakTUBalMeN U yraueHueM Bo BTopoM. I1oatomy monens «HenponaokaTop», KoTopas pemaer
nepByto mpobaemy (Kprokos, 2012), pemaetr u BTOPyrO U TaKUM 00pa30M OTBEUYAET Ha BHIIIIE
MIOCTaBJICHHBIE BOIIPOCHI. B 4acTHOCTH, MBI HAllUIM B aHAJTUTUYECKON (OpMe, 4TO B3aUMOICHCTBHE
OTJICJIbHBIX TPAHUYHBIX YCIOBUN OOBSACHSET, IOUEMY HEKOTOPbIE UCCIIEAOBATEIN HE CMOTJIH MOTYYUTh
rettext agdext. MaTEpecHo, 4To MaremaTuyeckas onepamus CBEpTKH, KOTOpasi UCIIOJIb3YeTCs B HaIleH
MOJICIIU CeA0BBIX Y P, moMoraeT o0ObsICHUTH HE TOJIBKO rett+ext addekr, Ho u ext+ret apdekt kak
CJIEZICTBHE KOMMYTAaTUBHOCTH CBEPTKH.

The “Neurolocator” as a model solution to the problem of non-invasive memory
erasure

Kryukov (Hegumen Theophan) V.I.1*
1. CBsiTO-/laHUIIOB MOHACTHIPE;
* kryukov@msdm.ru

Monfisl et al (2009) found that administering fear—extinction trials in rats performed within a short
interval (10 or 60 min but not 6h) following a retrieval cue showed no return fear (the ret+ext effect: no
spontaneous recovery, renewal, reinstatement, and slower reacquisition). This procedure permanently
attenuates the fear memory without the use of drugs. These results were partially replicated in rats, mice,
and humans. This procedure has a great promise as a therapeutic intervention that significantly reduces
relapse in drug dependent clinical populations. However, a big problem is that the mechanism, the brain
circuits and conditions for this effect remain unclear. In particular: 1) it is unclear why many studies
around the world have failed to obtain ret+ext effect, with some studies even reporting the opposite
effect; 2) it is unclear why such an effect has not also been seen in normal extinction training; 3) it is quite
surprising that reversing the order of the retrieval and extinction sessions reduced overall levels of fear
similar to that of ret+ext effect.

We supposed that this problem is partially similar to the problem of trace conditioning because both
problems are critically dependent on the same neuronal substrate for long delay (minutes and hours)
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between CS and US in the first case and the retrieval and extinction in the second one. Therefore the
“Neurolocator’” model which solves the first problem (Kryukov, 2012) can also help us solve the second
one and answer the above questions. In particular we discovered the interacting boundary conditions in
analytical form which explain the failures to reproduce the original ret+ext effect. Surprisingly, the
mathematical operation of convolution which was used in our trace conditioning model can explain not
only ret+ext effect but also the very similar ext+ret effect due to commutativity of the convolution.

24. ABTOBOJIHbI CHHXPOHHM3AIIUU CNIAHIKOBOIl AKTUBHOCTH B MO/IeJIbHOI HEHPOHHOI
CETH C PEJIAKCAIIMOHHOM CHHANITHYECKON MJIACTUYHOCTHIO

3enppuxos J[.K.!2, [Tapackesos A.B.'*

1. HaunonaneHnseiit MccnenoBarensckuii Llentp "KypuaTosckuit uncruryt", Mocksa, Poccus;

2. MockoBckuii @usnko-Texunueckuit Mactutyt (I'ocynapctBennbiii Y HuBepeurer), JloaronpyaHsiid,
Poccus;

* avp.workbox@yandex.com

B naHapHbIX HEMPOHHBIX CETSAX, BHIPAILIEHHBIX 1N Vitro U3 NepPBOHAYAIBHO JIUCCOIIMUPOBAHHBIX
HEHPOHOB KOPBI WJIM TUTITIOKAMIIa, HAOJIF01aeTCs CIIOHTaHHAs TIOBTOPSIOIIAsCs KpaTkoBpemernHas (~100
MC) CUHXPOHH3aIUs CIIaiiKOBOW aKTUBHOCTH B T.H. nomyisitinonuble nauku (I1I1) unu cereBble ciaiiku
[1]. CymiecTBYIOT 3KCIEpUMEHTANIbHBIE TPEANOChUIKH [2] Toro, uto I1I1 MoryT pacnpocTpansThes 1o
HEHPOHHOMU CeTH Kak Oeryiiue BOJIHbI, PACXOASIIUECS U3 CIIy4allHbIX HEHTPOB.

Ms1 06001mmmn pe3ynbratsl padoTsl [3], rae I1I1 Bo3HuKanu B MOJEIbHOW HEMPOHHOW CETH, COCTOSIICH
u3 Leaky Integrate-and-Fire (LIF) nefipoHoB ¢ OMHOMUANBHBIM pacIpeieieHueM MEKHEUPOHHBIX CBSI3e
Y KPaTKOBPEMEHHOM PEJIAKCAIMOHHOW CHHANITUYECKOU INIACTUYHOCTHIO, Ha CIIy4al POCTPAHCTBEHHO-
3aBHCHMOM TOIOJIOTUU CETH, KOT/Ia BEPOSITHOCTh 0Opa30BaHuUsl OJIHOCTOPOHHEHN CBSI3U MEX1y HEMpOHAMHU
3aBHCHUT OT UX B3aMMHOTO pacroioskeHus [4]. B yacTHOCTH, MBI TIOKa3aJIH, YTO MOMYJIALMOHHAS TayKa,
KaK MMPaBUJIO, UMEET CIOKHYIO MPOCTPAHCTBEHHYIO TUHAMHKY C HECKOJIbKUMHU CITy4ailHbIMU
MCTOYHUKAaMHU BO3SHUKHOBEHHS CIIAHKOBOI CHHXPOHMU3AIUH, U3 KOTOPHIX OHA PACIPOCTPAHAETCS 110
IUIOCKOM ceTH B BUJE OETyIINX BOJIH, aHAJIOTMYHO PACXOASIIUMCS KPYTOBBIM BOJIHAM Ha MTOBEPXHOCTH
BO/JIbl, BO3HUKAIOIIUM B pe3yJbTaTe €€ JOKaJIbHOr0 BO3MYILEHUs. Takasi MpoCTpaHCTBEHHAs JMHAMUKA
Ka4eCTBEHHO COIJIaCyeTcs ¢ pe3yjabTaramu [2].
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2. E. Maeda, H.P. Robinson, A. Kawana. The mechanisms of generation and propagation of synchronized
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Autowaves of spiking activity synchronization in a model neuronal network with
relaxational synaptic plasticity

Zendrikov D.K.!2, Paraskevov A.V.1*

1. National Research Centre "Kurchatov Institute", Moscow, Russia;

2. Moscow Institute of Physics and Technology (State University), Dolgoprudny, Russia;
* avp.workbox@yandex.com

There exists a short-term (~100 ms), repetitive, spontaneous synchronization of network spiking activity
in planar neuronal networks grown in vitro from initially dissociated cortical or hippocampal neurons [1].
Such a phenomenon is called a population burst (PB) or network spike. It was indicated experimentally
[2] that PBs might propagate in the neuronal network as traveling waves, diverging from some occasional
centers.

We have generalized the results of Ref. [3], where the PBs occurred in a model neuronal network of leaky
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integrate-and-fire (LIF) neurons with the binomial distribution of the connections between neurons and a
short-term relaxational synaptic plasticity, to the case of a spatially-dependent network topology where
the probability of a connection between neurons depends on the mutual arrangement of neurons [4]. In
particular, we show that a typical PB has complex spatial dynamics with a few occasional local sources of
spiking synchronization, from which it propagates in the planar network as traveling waves, analogous to
the divergent circular waves on the surface of water resulting from its local perturbation. This spatial
dynamics is in qualitative agreement with the results [2].
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25. ba3oBble NPUHIUNBI HEIPOHHOM OPraHU3ALUMN

Comnossesa K.IT.!2, Ilykuu T.H.3, UBamenko A.A.!, lynun-bapkosckuii B.JL.12*
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B 2013 r. Obimnt Hauatel MeranpoekTsl Human Brain Project (EC) u B.R.A.LN. (USA). C2015T. B
pamkax Poccuiickoit HarmonansHo# TexHonornueckoil THUIIMATUBBI pa3BOpAYMBAIOTCS
KOOPAMHUPOBAHHBIE JEMCTBUS O HelipoTexHomorusm - Heiiponet. Takum 00pa3om HauyaTa CHHXPOHHAs
MEXKIyHapoaHas “‘araka Ha Mo3r’’ . CKOpO MbI TIOMMEM, Kak MO3T ToHUMaeT mup. Cpenu myren K
MOHUMAHHUIO - BBISIBJICHUE KOHKPETHBIX MPUHIUIIOB pabOThl MO3ra. B 3TOM yCHemHOCTh TEOPETHUECKUX
pab6ot [IpBuna Mappa o mo3xeuky (MIK), kope Oonpimx nmosymrapuid u runmokama (1969-1971).
BaxxHo, 4yTO cpeay nepBbIX NOATBEP)KACHUN TEOPUH apXUKOPTEKCca ObLIa CHHANITHYECKAs TNTACTUYHOCTD B
TUTITIOKAMIIE, T.€. KJICTOYHOE TPOSBIICHUS YCIOBHBIX peIIeKCOB, TeX siBieHUi, koTopbie V.I1. [TaBmoB
CUMTAJl OCHOBHBIM MEXaHU3MOM Icuxudecknx ¢pyHkuuit. Teopust MXK (Taxke monTBepxaeHHas B
OTbITax) MOCTYIUpPYeET, uTo Tpuanaa u3 kiuetku [lypkunse (KI1), nuaHHOrO BOJIOKHA 1 apauieabHbIX
BoJIoKOH (200 000 Ha 1 KII) akTHuecKu cOCTaBIsAET KOMIUIEKC PEATU3alu YCIOBHBIX PE(IICKCOB.
HenaBHO 0Ka3anock, 94TO MO3KEYOK 00ECIIEYMBACT BHITIOJIHEHHE TBOpUYECKUX GyHKIMMA [1], T.€.
MOJITBEPAUIIACH TUIIOTE3a O TOM, YTO MO3KE€YOK 00ECIIEUUBAIOT JTFOASIM BO3MOXHOCTD “ONIETA MBICITH
[2]. Unen WN.II. [TaBnoBa cBs3ansl 1 ¢ ycnexamu Deep Learning (DL). Panbmie kazanocs, uro DL He
UMeeT OTHOILIeHUs K Mo3ry. Ho BbIsicHWIOCH, uTO 3¢pdexts DL HaOmonatoTcst B HEHPOHHBIX CETSX,
obmanaromux [1aBIOBCKOM MIIACTHYHOCTHIO, CBSI3aHHOM C YCIICIITHOCTRIO MOBEICHUS, 0€3 00paTHOTO
pacnpoctpaneHus omubok [3]. DL u ero passutue (HazoBeMm ero DL++) sBiisieTCs MOIIHBIM
MHCTPYMEHTOM CO3/IaHUsI CUCTEM MCKYCCTBEHHOT'O MHTEJUIEKTA ¥ IOHUMAaHHsI MEXaHU3MOB MO3ra.
Ceituac B MHUpe JJaH CTapT OCBOEHUIO Bo3MOXkHOCTel DL++. Poccuiickum nccnegoBaTesisiM Hy>KHO
BKJIIOUUTHCS B 3Ty pabOTy, yUUTHIBas, yTo nepBoocHoBbl DL akTiuecku 3anoxensl B Poccun paboramu
N.II. ITaBnoBa.

[1] Saggar M. et al. - Sci. Rep. 2015 May 28, Vol. 5, p. 10894.

[2] Aynun-bapkosckuit B.JI. Teopust mozxkeuka. - Jlekuuu no Heiipounpopmaruke. M. MUDU, 2010, cc.
14-48.

[3] Lillicrap T.P. et al.: arXiv:1411.0247v1 [g-bio.NC] 2 Nov 2014, 27p.

Basic Principles of Neural Processing

Solovyeva K.P."2, Shchukin T.N.3, Ivashchenko A.A.!, Dunin-Barkowski W.L.!->*
1. Moscow Institute of Physics and Technology, Dolgoprugny, Moscow Region;
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2. SRI for System Analysis, RAS, Moscow;
3. Russian Neuronet Gruop, Moscow;
* wldbar@gmail.com

In 2013, were launched mega-projects Human Brain Project (EC) and B.R.A.LLN. (USA). Since 2015, in
the framework of the Russian National Technology Initiative were unfold coordinated actions on
Neurotechnologies - NeuroNet. Thus began an international synchronized "attack on the brain". Soon we
will understand how the brain understands the world. Among the ways to understanding - identifying the
specific principles of the brain. This method provided success of David Marr's theory of cerebellum
(CBL), neocortex and hippocampus (1969-1971). The theory was first verified with finding of synaptic
plasticity in hippocampus, i.e. cellular basis of conditioned reflexes. Those phenomena I.P. Pavlov
considered the main mechanism of mental functions. The theory of CBL (also experimentally proven)
postulates that the triad of a Purkinje cell (PC), a climbing fiber and parallel fibers actually implements a
conditioned reflexes unit. Recently, the role of the cerebellum in creative functions was revealed [1],
confirming that CBL implements the function of "flight of thought", as proposed in [2]. Pavlov's ideas are
also associated with Deep Learning (DL). Previously, it seemed that the DL is not related to the brain. But
it turned out that the DL effects can be observed in the neural networks having Pavlovian plasticity,
associated with successful behavior, without error back-propagation [3]. DL and development (called DL
++) is a powerful tool for the artificial intelligence and for understanding the brain. Now as world efforts
to explore DL++ power are launched, Russians researchers need to be involved in this work, bearing in
mind that the fundamental principles of DL were in fact laid down in Russia by I.P. Pavlov.

[1] Saggar M. et al. - Sci. Rep. 2015 May 28, Vol. 5, p. 10894.

[2] Dunin-Barkowski W.L. Theory of Cerebellum. - Lectures on Neuroinformatics. M. MIFI, 2010, pp.
14-48 (in Russian).

[3] Lillicrap T.P. et al.: arXiv:1411.0247v1 [g-bio.NC] 2 Nov 2014, 27p.

26. Kak cenrajibHble HEIPOHbI B3AMMOJACHCTBYIOT MEKAYy CO00i NMPHU reHepanuu
TeTa-puT™Ma

Msicun U.E.'*, Kazanosuy $1.5.2, Kuunruna B.®.!

1. UHCTUTYT TeopeTuyecKor U sKcriepuMenTanbaoi onodusuku PAH, ITymuno, Poccus;
2. MacTuTyT MaTemarnueckux npobiem ouonoruu PAH, Ilymmuno, Poccus;

* imysin@mail.ru

B HacTosiee Bpemst HanboJsiee 3KCepuMEHTaIbHO 000CHOBAHHOM SIBIISIETCS TUIIOTE3a, YTO TETa-PUTM
IIPOELUPYETCS B TUIIIIOKAMII O] IEHCTBUEM CUHXPOHHOIO PUTMUYECKOIO CUTHAJIA CO CTOPOHBI
MeauanbHOU centainbHON o6sactu (MCO). DTOT CUTHAI CO3aeTCs MTPOCKITMOHHBIMH
I"’AMKepruueckumu Heliponamu MCO, KoTopble IPEACTaBIAIOT COO0M ABE CyOnonysuy,
paspsKaroIrecs B MOMEHTBI, COOTBETCTBYIOIINE MAKCUMYMaM U MUHUMYMaM T€Ta-BOJIHbBI B
runnokamie. B MCO Takke UMEIOTCS XOJIMHEPTUYECKUE, MIIyTaMaTepruuecKie U HENPOEKIIMOHHbIE
I'’AMKeprudeckue HEHPOHBI. DTH MONYJISIIMA UHHEPBUPYIOT npoekimonubie [’ AMKepruueckue
HEHPOHBI, a TAKXKE JIPYT Apyra, U IPUHUMAIOT yyacTue B POPMHUPOBAHUHU BXOJIHOTO CUTHAJIA B
runmnokamil. Llenbo nanHoi paboTsl ObLIO pa3paboTaTh U UCCIEA0BATH HEHPOCETEBYIO MOJIEIb
B3aMMOJENCTBYSI MEKY N3BECTHBIMU HEWpOHHBIMU nonysiusamMu MCO, koTopble 00ycnaBiIBarT
dbopMupOBaHUE CENTANBLHOTO TeTa-cUrHana. Crneays UMEIOUIMMCS SKCIIEPUMEHTAIBHBIM TJAHHBIM, MOJIENb
YZIOBJIETBOPSIET CAEAYIOUM KpUTepusM: (1) OONbIIMHCTBO HEHPOHOB SIBJISIFOTCS OBICTPO-
paspspKaromuMucs; (2) B monmysnusax npoeKimoHHbx [T AMKepruueckux HEMpOHOB IPUCYTCTBYIOT
3aJII0BbIE NeiicMelkepHble HEHPOHBI; (3) cABHUT (a3 MEeKAY 3aJIMaMU AKTUBHOCTHU TOMYJISIIHNA
npoekimoHHbIXx [T AMKeprudeckux HeiipoHOB paBeH npuMmepHo 150-160 rpamycos; (4) cuisl
JIBYCTOPOHHUX CBSI3€M MEKIy IBYyMsI cyOononyasanusaMu npoekunoHHsix I'”AMKepruueckux HeHpoHOB
CyIecTBeHHO pasnuyHbl. [lokazaHo, 4TO OCHOBHYIO nelicMekepHyto ¢yHkiuo B MCO moxer
BBITIOJIHATH CUCTEMA U3 TIIyTaMaTepruyeckux U HenpoeKnoHHbIX [TAMKepruueckux HEHpOHOB.
HelipoHbl 3TUX MOMYJIALMI BBOAAT B PUTMUUECKUN PEXKUM OJHY U3 HOIMYJISLIUN TPOSKIUOHHBIX
'AMKepruueckux HeiipoHOB. [Ipu 3ToM obecrieunBaeTcst Tpedyemblii B yenoBuu (3) casur ¢a3. Taxxke
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MOKAa3aHO, YTO CPABHUTEIHLHO HEOOBIIIHNE CyOMOMYIISIIIIH 3JIIMOBBIX HEHPOHOB B MOMYJISAIUSIX
npoekimoHHbIX [T AMKeprudecknx KJIeTOK ClioCOOHBI aBTOHOMHO MOJIJICPKUBATh PUTMUUYECKHUI CUTHAI,
UIYIIUN B TUIIIIOKAMIL.

How septal neurons interact with each other at theta rhythm generation

Mysin I.E.'* Kazanovich Ya.B.?, Kichigina V.K.!

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

* imysin@mail.ru

At present the hypothesis about the pacemaker role of the medial septal-diagonal band of Broca (MSDB)
in the generation of the hippocampal theta rhythm is experimentally grounded and widely accepted. The
key thesis of this hypothesis is that projection neurons of the MSDB send to the hippocampus their
synchronous rhythmic signal. This signal is generated by the two subpopulations of projection
GABAergic neurons which fire at the tops and troughs of the theta wave in the hippocampus. Also there
are cholinergic, glutamatergic and non-projection GABAergic neurons in the MSDB. These neurons
interact with each other and with projection GABAergic neurons and participate in the formation of the
synchronous septal theta signal. The aim of our research is to work out and study a neural network model
of the interaction between different neuronal populations in the MSDB during generation of the theta
rhythm. The following criteria have been extracted from the experimental evidence to be implemented in
the model: (1) the majority of the neurons in the model are fast-spiking; (2) there are pacemaker cluster
neurons in the population of projection GABAergic neurons; (3) the phase shift between subpopulations
of projection GABAergic neurons is about 150-160 grad.; (4) the weights of forward and backward
connections between subpopulations of projection GABAergic neurons are essentially different. We show
that the system of glutamatergic and non-projection GABAergic neurons can play the role of a theta
pacemaker. The neurons of these populations project their rhythm to one of the subpopulations of
projection GABAergic neurons/ As a result the activity with a phase shift (3) is formed. We also
demonstrate that a relatively small assembly of cluster pacemaker neurons in the subpopulations of
projection GABAergic neurons is able to autonomously support the rhythmic signal projected to the
hippocampus.

27. KoMnboTepHoe MOAeJTUPOBAHUE KOJIeOaHUA HEIIPOHHOU AKTUBHOCTH B
0a3aJIbHBIX FAHIVIUAX B HOPMAJIBHHUX YCJIOBHAX U nipu 0ojie3nu [lapkuncona

Bopuctok P.M.}>* Meppucon-Xopr P.2, FOcud H.3

1. MUacutnyt Maremarnueckux [Ipo6mem buonorun PAH, ITymuno, Poccus;
2. Yausepcuret [InmumyTa, [Tnumyt, Benukobpuranus;

3. Umnepuan Komnemk, JlIonaon, Benukobpuranus;

* rborisyuk@plymouth.ac.uk

KommnbrotepHas MoJiesib 00BSICHAET 3KCIIEPUMEHTAIBHBIN (aKkT: B OTHOPOTHON CETH TOPMO3HBIX
HeriponoB Globus Pallidus (GP) B oTBeT Ha purmMudeckuii Bxoa oT Subthalamic Nucleus (STN)
BO3HHKAIOT IPYIIbI HEHPOHOB, pabOTAIOIIKX B MPOTHBO(a3e. Pe3ynbraTel MOAEINPOBAHHS TIOMOTAIOT
MOHSTHh MEXaHU3M BO3HUKHOBEHHS TAKUX IPYII HEUPOHOB ¢ MPOTUBO(A3HON aKTUBHOCTHIO. Takoe
MOBEJICHUE 3aBUCUT OT JUHAMUKH aKTUBHOCTU TOPMO3HBIX GP HEHPOHOB U PUTMUYECKON MOIYIISINHY,
noctynatonieit ot HeiipoHoB STN. Ha ypoBHe MoaenrpoBaHusi HEUPOHHBIX MOMYJISIIANA paccMaTpUBAETCs
MO/IeNIb MUKpO-KaHaja: Bo30yxnatomme Heiiponsl STN u Topmosnbie Heiiponsl GP. M3BecTHO, uTO 663
camoMo30y>kaeHus B STN HEBO3MOXKHO MOTYYUTh KOJieOaHUs B MOJIEIM MUKpPO-KaHalla, XOTS B
SKCIIepUMEHTe Konebanus HabmonaroTes. [lokaszano, 4To B3auMoeiicTBUE MEKAY MUKPO-KaHAIaMHU
yepe3 TopMo3Hble c¢Bsi3u '] momynsanuii mo3BosiseT MoaydyuTh KoeOaHusl HEHPOHHON aKTUBHOCTH.
[Tpeniaraercst KOHCTPYKIMS KOJIEOATEIHHOTO KaHajla, BKIIOYAIOIIETO JIBa MUKPO-KaHaa, padOTarouX B
npotuBodasze. Moenb BpIOOpa “ABMKEHUS HAa OCHOBE KOJIeOATEIbHBIX KAaHAJIOB BKIIOYAET
LenTtpansabiii Ociumsitop (I1O) cBs3aHHBI ¢ MHOXKECTBOM KOJIeOaTEeNbHBIX KaHATOB. BEIOOD
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JBUKEHMSI OCYLIECTBIISIETCS TOCPEACTBOM cuHXpoHM3anuu [{O ¢ noarpynmnoii kaHanos,
COOTBETCTBYIOIINX BHIOpaHHOMY JBIKEHUI0. MI3MeHnenne cooctBeHHOM yacToThl L{O nmpuBoauT K
YaCTUYHOW CHMHXPOHM3ALMU C APYToH Ipymmoil (apyroe “nprkenue’”). W3mumHss CHHXpOHU3aLus
3aTpyaHsIeT BHIOOP NBYOKEHHS U BeAeT K 0one3nu [Tapkuncona (BIT).

Jnis BBIABNICHUS MTATOJIOTUYECKOM akTUBHOCTH U JieueHus Bl ycnenno ucnonsdyercs meton Deep Brain
Stimulation (DBS). IMmutanTUpOBaHHBIH 3JIEKTPOJ] TIEPEIAET UMITYJIBCHI BHICOKON YaCTOThI M AMIUIATY IbI
B OIIpeJIeNIEHHYI0 00J1acTh TOJIOBHOTO Mo3sra. Mzyuaetcs Bnusiaue DBS Ha naTTepH konebaTenbHOR
akTuBHOCTH HEMPOHOB STN. Mojienb noka3bIBaeT, 4TO 3aJIM0Basi AKTUBHOCTh HEHPOHOB STN
COOTBETCTBYET aKTUBHOCTH, HA0JII01aeMO B SKIIepUMeHTe. AHaToMHuYecKas Mojaens DBS,
yUUTHIBaroNIast crenuruKy aHaTOMUU MaIeHTa, TOKa3bIBaeT COOTBETCTBUE C KIMHUYECKUMU
NpEeCTAaBICHUAMHU 00 aKTUBHOCTU HEMPOHOB BOJIHM3H CTUMYIHUPYIOLIETO JIEKTPOIA.

Computational modelling of oscillatory basal ganglia activity in normal and
Parkinsonian condition

Borisyuk R.!**, Merrison-Hort R.2, Yousif N.3

1. Institute of Mathematical Problems in Biology of RAS, Pushchino, Russia;
2. Plymouth University, Plymouth, UK;

3. Imperial College London, London, UK;

* rborisyuk@plymouth.ac.uk

We test the hypothesis that the inhibitory network of globus pallidus (GP) neurons allows two anti-phase
groups of oscillatory neurons to appear in response to rhythmic excitatory input from the subthalamic
nucleus (STN). Although the parameters of the neurons in GP population are homogeneous, our
simulations reveal a mechanism by which the two oscillatory groups can appear. This behavior is the
result of a self-organization process that depends on the GP neurons' inhibitory dynamics and rhythmic
STN modulation.

The same experimental observation has been modelled on population level: A micro-channel consists of a
pair of STN (excitatory) and GP (inhibitory) populations. It is known that without self-excitation in the
STN, the micro-channel cannot generate oscillations. Using the bifurcation analysis of micro-channel
model we show that the interactive micro-channels with inhibitory coupling via pallidal sub-populations
demonstrate robust oscillatory behavior without STN self-excitation. This result is used to construct an
“oscillatory channel” which includes two oscillating (in anti-phase) micro-channels of STN-GP
populations with inhibitory GP-GP connectivity. We study a population-level action selection model
based on segregated oscillatory channels, star-like connectivity with the Central Oscillator (CO) channel
and partial synchronisation between CO and a subset of oscillatory channels

Deep Brain Stimulation (DBS) is a successful surgical therapy which involves the chronic stimulation of
disorder-specific nuclei. The implanted electrode sends pulses of high frequency and amplitude to a
specific part of the brain. We study the influence of DBS on oscillatory activity pattern of STN neurons.
Our simulations show that the bursting STN cell exhibits behaviour observed in experimental and clinical
studies. We show that in a patient-specific anatomical model, the region of affected tissue is consistent
with clinical observations of the optimal DBS site.

28. Peoba3za k eTMHUYHOMY MMITYJILCY IPOBOAMMOCTH/TOKA IVIsl TOYEYHOT0 HeHpPoOHa
B Mo/ieJ1d XOIKKHHA-XAKCJIH ¢ IePBbIM U BTOPbIM TUIIAMHU BO30YIMMOCTH

[TapackeBoB A.B.!'*
1. HanmoHanbHbIi uccneaoBaTenbckuil ieHTp "KypuaToBckuii uHCTUTYT", MockBa, Poccus;
* avp.workbox@yandex.com

IToxazaHo, 4YTO 1O KpHUBOM peodassl, T.€. 3aBUCUMOCTH MUHUMAJIbHON aMIUIUTY 1bl HHULIUHUPYIOLETO
CHalK UMITYJIbCa OT €0 JJIMTENbHOCTH, MOXKHO ONPEAETUTh TUI BO30YAMMOCTH HeipoHa (110 XOaKKUHY
[1]), ecnu BocxoAsIIast 4acTh CTUMYIUPYIOIIETO UMITYJIbCA JOCTATOYHO TJIaBHASL.

B wacTHOCTH, OTy4eHbI KpUBbIE pe06a3bl 1Isl TOUSUHOT0 HEHpOHa B MoJieNn XOKKHHA- X aKCIIH,
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CTUMYJIHPYEMOTO OJAMHOYHBIM UMITYJIHCOM MTPOBOAMMOCTH (MJIM TOKa) B BUAE anbda-PpyHkuun. s
HEHpPOHOB nepBoro tumna ("uHTerpaTopoB'), KpuBas peo0as3bl - MOHOTOHHO yOBbIBaroIias (yHKIIHS,
Omu3Kas K runep0Oose, a 1l HeHpoHOB BToporo Tuma ('pe3oHaropoB') KpuBas peodas3bl UMeeT
JIOKaJbHBIN MUHUMYM. (OTMETHM, YTO TAKOH MHHAMYM OTCYTCTBYET, HAIPUMEP, IJISl TIPSMOYTOJILHOTO
CTUMYJIMPYIOIIETO UMITYJIbca. B 3TOM citydae, onmpeaenuTh THIT BO30OYIUMOCTH 110 KPHUBOW PeoOa3sl
HEIb3s.) DTO JIelaeT HeWPOHBI BTOPOTO THITA U30MPATEIhbHO PEarupyIONIMMU Ha CPABHUTEIIBHO Ci1a0bie
CTUMYJIBIL.

Teopernueckoe mpeacKa3aHue 0 B3aUMOCBSI3H (a) peo0a3bl HEWpPOHA K OTMHOYHOMY UMITYJIBCY
POBOAMMOCTH/TOKA 1 (b) THITa BO30YyIMMOCTH HEHPOHA JOMYCKAEeT HEITOCPEACTBCHHYIO
AKCIIEPUMEHTAIILHYIO MTPOBEPKY MeTo10M dynamic/current clamp.

Cchuiku

1. A.L. Hodgkin. The local electric changes associated with repetitive action in a non-medullated axon. J.
Physiol. 107, 165-181 (1948)

The rheobase of a single impulse of conductance/current for the point-like Hodgkin-
Huxley model neuron of the 1st and 2nd excitability types

Paraskevov A.V.!*
1. National Research Centre "Kurchatov Institute", Moscow, Russia;
* avp.workbox@yandex.com

We show that the rheobase curve, i.e. the dependence of the minimal amplitude of spike-triggering
stimulus on its duration, can determine the neuron’s excitability type (in Hodgkin’s classification [1]), if
the rising part of the stimulating impulse is smooth enough.

In particular, for the point-like Hodgkin-Huxley model neuron stimulated by a single conductance (or
current) impulse in the form of an alpha-function, the rheobase curves are obtained. For the neurons of the
first type (“integrators”), the rheobase curve is a monotonically decreasing, hyperbola-like function,
whereas for the neurons of the second type (“resonators”) the rheobase curve has a local minimum. (Note
that such a minimum is absent, e.g., for the rectangular stimulating impulse. In this case, it is impossible
to distinguish the neuronal excitability type by the rheobase curves.) This makes neurons of the second
type react selectively to a comparatively weak stimulus.

The theoretical prediction of the relationship between (a) the neuron’s rheobase to a single impulse of
conductance/current and (b) the neuronal excitability type allows direct experimental verification by
dynamic/current clamp.

References

1. A.L. Hodgkin. The local electric changes associated with repetitive action in a non-medullated axon. J.
Physiol. 107, 165-181 (1948)

29. Pouib BBIYHCIUTEIBHBIX Ollepanuii B QyHKIUAX MO3ra.

Bonpmaps A.T.!*
1. Mactutyt 6nodusuku kiuerku PAH, [Tymuno, Poccus;
* a_bond@rambler.ru

HeiipoOnoaoruueckue CUCTEMBI MPEICTABIISIOT COO0H 3aMeuaTeIbHbIE aHAJIOTOBBIC BEIYUCIUTEIILHBIC
ycrpoiicTBa. OCHOBBIBAsICh HA MEJICHHBIX, CTOXaCTUYECKUX U HEOTHOPOIHBIX AJIEMEHTaX OHU
JIEMOHCTPHUPYIOT HENPEB30HIEHHBIC BBIYMCIUTEIBHBIC CBOMCTBA B CHCTEMaX 3PEHHUs, CITyXa, MOTOPHOTO
KOHTpoJIA U Ap. IIpencTaBieHsl TuTepaTypHbie U COOCTBEHHBIC JaHHBIC O BEIYUCIUTEIHLHBIX CBOMCTBAX
KaK OTJICJILHOTO HEHPOHA, TaK U HEPBHBIX CETeil U cucTeM Mo3ra. Ha ypoBHE HelipoHa U OTICIBHBIX
HEHPOHHBIX CETEeH PacCMaTPUBAIOTCS OMEPAIMH MPOU3BOIUMBIMHA MEXIY PA3IMIHBIMU BXOJAMH B 3TU
cucteMsl (gain modulation). Kak npaBuiio, pe3yabTaToM 3THX B3aUMOACHCTBUHN SBIISIETCS MX
MyJIbTUIUTHKAIMSL. Ha CHCTEMHOM ypOBHE pacCMaTpUBAIOTCS ONEPAlliU TPOU3BOAMMBIMU HEPBHOMN
CUCTEMOM C pUTMaMH, HAOJIIOJACMBIMH B DJICKTPHUYECKON aKTUBHOCTH. AHAJIN3 HETMHCWHBIX SIBJICHUM
MIPH UX B3aUMOJICHCTBUU JEMOHCTPUPYET UX MYJIbTUIUTMKATUBHBINA XapakTep. BeiaBuraercs runoresa o
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(GbOopMUPOBAHNY THHEWKH PUTMOB MO3Ta Ha OCHOBE KacKaJia OTepaIiii ¢ UCXOHBIM HU3KOYACTOTHBIM
puUTMOM (IpOTOPUTMOM). B KauecTBe MexaHM3Ma pacCMaTPUBAETCS PEKYPPEHTHAS MYJIbTUILINKALIHS
IPOIIECCOB B CUCTEMaX ¢ 0OpaTHBIMU CBsI3siMH. HapyiieHue 3Toro npouecca MOXeT NPUBOJUTD K
(GbOopMHUPOBAHUIO TAKUX MATOJIOTHUECKUX SBICHUN KaK SMUIenTHPOPMHAs aKTUBHOCTb.

The role of computational operations in brain functions.

Bondar A.T.!*
1. Institute of Cell Biophysics of RAS, Pushchino, Russia;
* a_bond@rambler.ru

Examines the computational operation at the level of the neuron, as well as at the system level.
Proposed hypothesis for the formation of EEG rhythms on the basis of the operation of multiplication.

30. CoBpeMeHHBbIE€ METOAbI AHAJIU3a MO3I0BO AKTUBHOCTH

Aunes P.P.1*

1. UHCTUTYT TeopeTuuecKkor u skciepuMenTanbaoi onodusuku PAH, [Tymmno, Poccust; MockoBckuit
®uszuko-Texunueckuit Mucrutyt, lonronpynusiii; @HKL] ®MBA, Mocksa.;

* rubaliev(@gmail.com

OO0GcyxmaroTcsi 0cCOOEHHOCTH MPUMEHEHHsI BelBIeT U Dypre mpeodpa3zoBaHuid, pu3ndecKkue
OTrpaHHUYCHUS, HAKJIAAbIBACMBIC HA TOYHOCTL OIIPCACIICHUSA YaCTOT U BPEMCHHLIX MHTCPBAJIOB ITPU
aHaJIM3€ CIIEKTPOB, MPUBEACHBI IPUMEPHI aHAIN3a JaHHBIX DI, BbI3BaHHBIX MOTEHIIUAJIOB, MOJIEBBIX
MOTCHIUAJIOB, ITPUJIOKCHUC JIA aHalIn3a MCXAaHU3MOB I'CHCPALIUU TUIIIOKAMITIAJIbHOI'O TCTAa pyUTMa B
HOpMe U npu snuiencun. Kpome Toro, Ha mpuMepax aHajian3a MO3TOBOM aKTUBHOCTH B JI0KJIajie OyaeT
MpoACMOHCTPUPOBAHA BO3MOKHOCTD, OGB}ICHCHBI OCHOBBI 1 TOAYCPKHYTHI IPCUMYIICCTBA U CIIOKHOCTHU
MIPUMEHEHUs B HEHPO(DU3HOIOTHH IPYTUX COBPEMEHHBIX METOJOB aHAIM3a JaHHBIX: B3aUMHOMN
UH(OPMAaLIUH, TOTOKOB MPUYUHHOCTH [ paHIKepa.

Pabota nognepsxana rpantom PODU, npoekt Ne 13-04-00438.

Modern techniques to analyze brain activity

Aliev R.R.1*

1. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia; MIPT, Dolgoprudny,
Russia; FNKC FMBA, Moscow, Russia;

* rubaliev(@gmail.com

Presentation discusses advantages and disadvantages of wavelet and Fourier transforms, physical
limitations for spectra analysis occurring for simultaneous measurements in time- and in frequency
domains. Examples of experimental data analysis for EEG records, evoked potentials, extracellular field
potentials, applications to the study of hippocampal theta-rhythm emergence during normal and
epileptical activity are provided. In addition, the advantages and problems in application of novel
methods as mutual info analysis, Granger info flows and others are discussed.

Supported by RFBR project 13-04-00438.

31. HenTpanu3oBaHHas cUCTeMa 00pPadOTKH M XpaHeHUs HeillpoQU3NIOrHYeCKHUX
CHI'HAJIOB MJIM KaK YIOPAA0YUTH MHOTIOYHCJICHHbIE JaHHbIE

Msicun UL.E.'*, Ocumnos A.A.?

1. UHCTUTYT TeopeTuuecKor U sKcriepuMenTanbaoi onodusuku PAH, ITymuno, Poccus;
2. MUactutyt 6uodusuku knerku PAH, [Tymuno, Poccus;

* imysin@mail.ru
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Ha cerognsuamii 1eHs 1abopaTopuu, 3aHUMAIOIIMECS 3aIHChI0 U 00pabOTKOM
AIIEKTPOPUNOTIOTHUECKUX CUTHAIIBI, CTOST TIepel BLIOOPOM OKYIIKH KOMMEPUYECKOTO IMTPOTPAaMMHOTO
oOecrieyeHHs WK HamuCcaHust COOCTBEHHOTO. [ TaBHBINH HEJOCTATOK KOMMEPYECKUX MPOrPaMM - 3TO LIeHa.
CamocrosiTenbHas pealn3als arOPUTMOB 00pabOTKH 3a4acTyro OoJiee MPUBIICKATEIBHBI BapPHAHT B
cuity cBoei rudkocTr. OiHaKo OOJBIIMHCTBO MCCIeI0BaTENeH He SBISIOTCS SKCIIEpTaMH B 00J1acTh
POTPaMMHUPOBAHHUSI, TOITOMY MM CIIOKHO CO3/1aBaTh OOJIBIINAE TPOEKTHI, KOTOPHIMH MOTJIH OBl
MOJIH30BATHCS UX KOJUIETH.

C apyroii CTOPOHBI CYIIECTBYET Mpo0IeMa CTPYKTYpUPOBAHUS TaHHBIX B X0/1€ UX 00pa0OTKH, IIOCKOIBKY
OJTHA 3aIKCh TIOPOXKIAET MHOYKECTBO IIPOMEXYTOUYHBIX U KOHEUHBIX pe3ynbTaToB. Ha ceropnsmauii 1eHp
HET WHCTPYMEHTOB YIOPSI0YHBAHNUS JAHHBIX B X0J1¢ 00pabOTKH, HECMOTPS Ha aKTyaJIbHOCTh ITOU
poOJIeMBI.

B Hameit paboTe mpeanpuHsTa MOMbITKA CO3/IaTh OTKPBITOE MPOrpaMMHOE 00ECTICYCHUE /ISl PEIICHHS
NEPEUUCIICHHBIX MMpobsieM. B mporpaMMHOM KOMITIEKCE peaan3yeTcsl KIIMEHT-CEpBEPHast apXUTEKTypa.
[TpunoxxeHue coepk UT SAPO U HAOOP MoayIe 00paboTku. Sapo mporpaMMpl peayiu30BaHO C IIOMOIIIBIO
MVC (model-view-controller) uneonoruu MpoeKTUPOBAHUS U 110 CYTH SIBIISICTCS CPEIOH sl MOy IeH
00paboTKH, BBITIONHSS BCE BCIOMOTATEIbHBIC (DYHKITMU AUCTICTYCPU3ANH (aBTOPU3AIIHSI TIOJIb30BaTEINCH,
COXpaHEHHE apaMeTPOB U Pe3yJbTaTOB 00pabOTKU B 0a3y NaHHBIX, 0TOOpaKeHHE yxKe 00pabOTaHHBIX
JAHHBIX U T.J.). Moaynu o0paboTKu MpeaCcTaBisIOT COO0M OTACIbHBIC TPHIIOKEHUS, KOTOPHIE
BBI3BIBAIOTCS IUCIIETYEPOM CO CTOPOHBI KJIMEHTA. B crity Takoil apXUTEKTypbl HOBbIE MOJTYJIH MOTYT
JIETKO TOOABIIATHCS B CHCTEMY, YTO MO3BOJISIET MOIH30BATEISIM OOMEHHBATHCSI CBOUMH aJITOPUTMAMU U
HapaboTkamu. B xoxe paboThl Takke OnpeaenstoTcs cnocoObl U GopMaThl epeaun JaHHBIX MEXKITY
MOMYJISIMU B TpoIiecce 00pabOTKH M XpaHEHUSI.

Central system of processing and saving neurophysiological signals or how to
regulate numerous data

Mysin LE.'* Osypov A.A.2

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

* imysin@mail.ru

Today laboratories engaged in recording and processing of electrophysiological signals have the choice of
either buying commercial software or writing their own. The main disadvantage of commercial software
is its price. In-house realization of algorithms is often a more attractive option because of its flexibility.
However, most researchers are not experts in programming, so it is difficult to develop large projects
which could be used by their colleagues.

On the other hand there is a problem of structuring data during its processing and storing as a single
electrophysiological record generates a whole bunch of intermediate and final datasets. To date, there are
no tools to organize data during processing, despite the actuality of this problem.

Here we attempt to create an open-source software to address these problems. The software package
implements client-server architecture. The application contains a core kernel and a set of processing units.
The program core is implemented by MVC (model-view-controller) design ideology and is essentially a
working medium for processing modules, performing dispatcher functions (authorization of users, saving
the parameters and results of the processing in the database, displaying the data already processed, etc.).
The processing modules are separate applications, which are called from client side by the main core. Due
to this architecture, new modules can be easily added to the system, allowing users to share their
algorithms and best practices. Also defined are the data exchange formats between modules during
processing and storage.
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ITaTo10rMsi TUNIIOKAMIIA M CBA3AHHBIX C HUM CTPYKTYP
Pathology of the hippocampus and related structures

32. AKTHBHOCTb Kacna3bl-3 BJUSET HA pa3BUTHE TMIINIOKAMIIA Y KPBIC, IePeHeCIInX
NPEHATAJIbHYI0 THIIOKCUIO

Bacunwes J1.C.12*, Jly6posckas H.M.!2, Tymanosa H.JI.!, Anekceesa O.C.!, Kypapun N.A.!?

1. UHCcTUTYT 3BOMonMoHHON (usnonoruu u 6moxumun uM. Ceuenosa PAH, Caukr-IletrepOypr, Poccus;
2. Cankr-IlerepOyprckuii rocyAapCTBEHHBIN NMEAUATPUUECKUNA MEIUIIMHCKUI yHUBEepcUTeT, CaHKT-
[TeTepOypr, Poccus;

* dvasilyev@bk.ru

Hacrosimas paboTa nocsiiieHa aHaJIn3y U3MEHEHUH aKTUBHOCTH Kaclasbl-3, MJIACTUYHOCTH MO3Tra U
NaMsATH Y KOHTPOJIBHBIX U NIEpEeHEeCHINX MpeHaTanbHbli cTpecc (runokcust Ha E14; 7%02; 34) kpbic.
OO6HapyXeHO, YTO MpEeHaTalbHas TUIIOKCHUS MIPUBOAUT K YCHUIIEHHON SKCIIPECCUN aKTUBHON (OPMBI
Kacnasbl-3 B runmnokamiie 1 HoBoi kope y 20-30 cyTOYHBIX KpPBICAT U K CHUKEHHOMY YPOBHIO
CHHAITOINOIMHA (Oenka He0OX0IUMOTr0 TS IEPECTPOMKHU [IUTOCKENETa JEHAPUTHBIX [ITHITUKOB, JUIS
obecrieuenust LTP u mamsiti) y B3pOCibIX )XHUBOTHBIX. OTHAKO OTCYTCTBHE U3MEHEHHUH B KOJUYECTBE
nocrcuHanTuueckoro 6enka PSD95 u nmpecunantuyeckoro 6eika cuHanTopu3nHa, CBUAETEILCTBYET O
TOM, YTO B pe3yJIbTaTe NMPeHaTaJIbHOW FMIOKCUH HE IPOUCXOANUT 3HAYNTENLHOTO U3MEHEHHSI 00IIIEero
YHCIIa MOCTCUHANTHYECKUX TePMUHANIEH MITH 001el cuHanTu4eckoil akTuBHOCTH. CHIKEHHE
KOJIMYECTBA JIAOWJIbHBIX CHHANTONOINH-TIO3UTUBHBIX JIEHAPUTHBIX IIUIHUKOB B UCCIIEIOBAaHHBIX 00JIACTIX
MO3I'a B3POCIIBIX KPBIC, IEPEHECIINX [TPEHATATIbHYIO TUIIOKCHIO, COIIPOBOK/1AJI0Ch HAPYILIEHUEM NaMSTH.
[Tpu uccnenosanuu 3¢ dexra i.v. BBegenus AC-DEVD-CHO, unru6uropa xacmnassl-3, KpbICsTaM ¢
HOpPMaJIbHBIM pa3BUTHEM B Bo3pacTe 18-23 cyTok ObLI0 0OHAPYkKEHO, YTO MPOUCXOJUT YCUIICHNE
AKCIIPECCUH Kacmaszbl-3, COMPOBOXKAAOIICECS AeTpagalieil TOCTCHHANTHYECKUX 0€TKOB U Je(UIIUTOM
HaMsITH y B3pOCTBIX KUBOTHBIX. OHAKO MHBEKIMS MHTMOUTOPA Kacma3 «TUIIOKCHYECKUM» KpbhIcaM
MPUBOJIUT K CHI)KEHUIO aKTUBHOCTH Kacrmasbl-3, BOCCTAHOBJICHHUIO SKCIPECCUU TTOCTCUHANTHYECKUX
0enKOB U pacnpeeneHs Ja0MIbHBIX IUIUKOB, YIy4IIeHHIO naMsaTH. [lomydeHHble TaHHbIe
CBUJIETEIBCTBYIOT O TOM, YTO aKTUBHOCTb Kaclasbl-3 UTpaeT BaXKHYIO POJIb B Pa3BUTUU MO3Ta B paHHUIMA
MIOCTHATAJIbHBIN MEPUOJI, @ U3MEHEHHE aKTUBHOCTH Kacma3 B 3TOT IIEPUOJI MOXKET BIUATH Ha
HEHPOHAJIbHYIO TUIACTUYHOCTh M KOTHUTUBHBIE (DYHKIIMHU Y B3POCIIBIX 0COOEi.

[Mognepxano rpantom PODU 13-04-00388

The activity of caspase-3 is essential for development of hippocampus in rats exposed
to prenatal hypoxic stress

Vasilev D.S.!>*, Dubrovskaya N.M.!2, Tumanova N.L.!, Alekseeva O.S.!, Zhuravin I.A.'?

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

2. Saint-Petersburg State Pediatric Medical University, St.Petersburg, Russia;

* dvasilyev@bk.ru

The present work was designed to analyze the changes in caspase activity, brain plasticity and memory
both in control rats and in rats subjected to prenatal stress (hypoxia on E14; 79%02; 3h). We have found
that prenatal hypoxia leads to overexpression of active form of caspase-3 in the hippocampus and
neocortex of P20-30 pups; as well to the reduced level of synaptopodin protein (known to be essential for
the rearrangement of spine cytoskeleton, LTP and memory) in adulthood. However, there were no
changes in the amount of a postsynaptic protein PSD95, or of presynaptic protein synaptophysin,
suggesting that prenatal hypoxia had no significant changes in the number of postsynaptic terminals or in
the total synaptic activity.The decrease in the number of labile synaptopodin-positive dendritic spines in
the studied areas of adult hypoxia-exposed rats was accompanied by disruption of memory. We have
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analysed the effect of i.v. injection of caspase-3 inhibitor to normal pups on P18-23 and found that it
resulted in an overproduction of this enzyme and was accompanied by degradation of postsynaptic
proteins and memory deficit in adult rats. However, injections of this inhibitor to hypoxic rats led to the
decrease in caspase-3 activity, restoration of postsynaptic proteins expression as well as of distribution of
the labile spines and restoration of memory. The data obtained suggest involvement of caspase-3 in
normal development of the postsynaptic terminals in the brain. Our data also suggests that alterations in
caspase activity in early postnatal development of the brain might affect neuronal plasticity and cognitive
functions in adulthood.

Supported by RFBR 13-04-00388

33. BeeeHusi JJMNONMOJIMCAXAPHU/IA B PAHHEM BO3pacTe NPUBOIAT K M3MEHEHHIO
KOTHUTHBHBIX (DYHKIIUI ¥ IKCIIPecCHH F'eHOB CY0ObeUHHUI] PeleNnTOPOB IJyTaMara B
MoO3re KpbIC

Bennamunosa E.A.2, Poros A.10.13, Tpopumos A.H.!, lIsapu A.IL.!, 3y6apesa O.E.!*

1. ®egepanbHOE TOCYJAPCTBEHHOE OI0KETHOE HAydHOE yupekaeHue "MHCTUTYT SKCIiepuMEeHTaIbHOM
MEIUIMHBI";

2. denepanbpHOE TOCyAapCTBEHHOE OO KeTHOE HayuyHoe yupexaenne « HUM o6miedt maronoruu u
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KoruuTtuBHBIE HapyIIEHUS Y AETEH YacTo SIBISIOTCS CIEICTBUEM MH(EKIIMOHHBIX 3a00JIeBaHHIH,
MIEPEHECEHHBIX B paHHEM Bo3pacTe. OAHUM U3 MEXaHU3MOB 3TUX TUCHYHKIUI MOTYT OBITH U3MEHEHHS
¢ynkunonanbpHo# akTuBHOCTH NMDA - n/unn AMPA- rimyramMaTHBIX pelenTopOB, CBSI3aHHBIE C
M3MEHEHUEM UX CyOBheMHUYHOTO COCTaBA.

Llenbto qaHHOM PabOTHI IBUIIOCH H3YyYEHHUE N3MEHEHUH HCCIIeI0BATENIBCKOTO MIOBEACHUS, TAMSITH U
AKCIIPECCUHU T€HOB OTJEIbHBIX cyObenuanuil NMDA- u AMPA- riiyraMaTHBIX pelenTopoB B KIETKaX
CTPYKTYp Mo3ra rociie BeJieHus! kpbicam Ha 14, 16 u 18 cyTku ku3HM OaKTepHaIbHOTO 3HI0TOKCHHA
(JITIC, 25 mxr/kT).

IToxazaHo, uTo 4yepe3 4 yaca nocie nociuegHero BBeaeHus JIIIC y OnbITHBIX KPbIC YBEIUYUBAETCS
YpOBEHB TPEBOKHOCTH (BpeMs rpyMHHTa B Tecte «OTKpbITOE Moiey). [Ipu TecTupoBanuu B Bo3pacte 22-
29 nHel MU3HU BBISBIISIETCS [10/IaBJIEHUE HCCIIEA0BATENbCKOTO MOBEACHUS B « OTKPBITOM MOJIE» U
HapyllIeHHe KpaTKOCPOUHOI mamstu B «BoaHom nabupunte Moppucay. 3MeHeHns KOTHUTUBHBIX
(GYHKIMI COPOBOXKIAIOTCS CHIDKEHNEM dKcIpeccun reHoB cyobeananil NR2A, NR2B, NR2D B
nop3anbHOM runmokamiie, NR2B B MenuansHoOM npedponTansHoii kope, NR1 B 6azonarepansHoM siape
MUHAATUHBL YMeHbleHne otHocurenbHoro ypoBHs MPHK GluR1 ormedeno B MmeauanbHOM
npeQpoHTAIBEHOM KOpe.

V3MeHeHus: SKCIIPECCHU TeHOB OTIENbHBIX cyOobequHu NMDA- 1 AMPA- riryraMaTHBIX perienTtopoB B
KJIETKaX MO3ra MOTYT ObITh OJHUM 13 MexaHu3MoB JITIC-uHIynInpoBaHHOTO KOTHUTUBHOTO ACPHUIIHTA.

Early Life Lipopolysaccharide Exposure Alters Cognitive Function and Glutamate
Receptor Subunits mRNA Expression in the Rat Brain

Veniaminova E.A.2, Rotov A.Yu.'3, Trofimov A.N.!, Schwarz A.P.!, Zubareva O.E.'*

1. Federal State Budgetary Scientific Institution "Institute of Experimental Medicine";

2. Federal State Budgetary Scientific Institution "Institute of General Pathology and Pathophysiology",
Moscow, Russia;

3. Peter the Great St. Petersburg polytechnic university, St. Petersburg, Russia;

* ZubarevaOE@mail.ru

Children’s cognitive impairments frequently arise as the result of infectious diseases in early-life period.
Mechanisms of these disorders may involve changes in NMDA and/or AMPA receptors of glutamate
functional activity, associated with changes in their subunit structure.
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The aim of this work was to investigate changes in exploratory behavior, memory and expression of
genes encoding NMDA and AMPA receptors subunits in cells of various structures of rat brain after
bacterial lipopolysaccharide (LPS, 25 pg/kg) administration at P14, 16 and 18.

This study showed that the experimental rats’ anxiety level (grooming time in the "Open field" test)
increases after 4 hours since the last LPS administration. Testing on P22-29 revealed the suppression of
exploratory behavior in the "Open field" test and the short-term memory impairment in the "Morris water
maze" test. Changes in cognitive functions are accompanied with decreased level of gene expression for
NR2A, NR2B, NR2D subunits in dorsal hippocampus, NR2B subunit in medial prefrontal cortex, NR1
subunit in basolateral nucleus of the amygdala. The diminution of GluR1 mRNA level was observed in
medial prefrontal cortex.

Changes in expression of genes encoding NMDA and AMPA receptors subunits in brain cells may act as
a mechanism of LPS-induced cognitive deficit.

34. BeHTpaJIbHBII U JOPCAJBHBIH FHNIOKAMII IEMOHCTPUPYIOT Pa3jIMYHYI0
PeaKUHUI0 CTPecC-pean3ylIuX CUCTEM IPU NPOBOCIAIUTEIbHON HHIYKIIUU

®peiiman C.B."*, Onydppue M.B.!, Cremannues M.IO.!, SIkosnes A.A.!, I'ynsea H.B.!
1. MHCTUTYT BHICIIEH HEPBHOU AesTenbHOCTH U Helipodusuonoruu PAH, Mocksa, Poccus;
* ferratino@gmail.com

CenexTuBHas YyBCTBUTEIBHOCTh TUIIIIOKAMIIA K Pa3HBIM THIIAM CTPECCa MOXKET OBITh CBSI3aHA C
HEOJIHOPOJIHBIM PacHpeIeIEeHUEM CTEPOUIHBIX PELIEITOPOB BHYTPHU ATOM CTPYKTYpHI. ITockonbpky
TUIIOKAaMIT CTPYKTYPHO M (DYHKIIMOHAIBHO HEOAHOPOEH, MOKHO ObLIO MPEIIOI0KUTh, UTO
IPOBOCHIANUTENBHBIC AP PEKTHI cTpecca HEOAMHAKOBHI B fopcanbHOM rumnmnokame (1), oTBedaroniim
IJIaBHBIM 00pa3oM 3a MPOCTPAHCTBEHHOE 00yUYeHue, U B BeHTpajabHoM rumnmnokamiie (BI'), yuactByromem
B (DOpPMHUPOBAHUY OUIYIIEHUS TPEBOTH U cTpaxa. Llens paboTsl - uccaenoBanne BIUSAHUS
MHTEPOIENITUBHOIO CTpecca, MHAYLIMPOBAHHOTO BBeIeHHEM OakTepuanbHoro junonoaucaxapuaa (JIIIC),
Ha T0Ka3aTeJn HEMPOBOCHAJIEHHS B 10PCAIBbHON U BEHTPAJIbHON YacTax rumnmokamna. Camuam Kpbic
Bucrap ogaokpatno BHyTpuOpromuHo BBoawiH JIIIC B no3e 5 Mr/kr, yepes 2-24 4 neKanuTUPOBAIIH,
coOMpany KpoBb, BBIJCISUIH CTPYKTYPbI MO3Ta, B KOTOPBIX ONPEIEIISIIN COIepKaHHe KOPTUKOCTEPOHa,
00IIYyI0 OKUCTUTENBHYIO aKTUBHOCTD; 3Kkcnpeccrio MPHK ¢dakTopa Hekposza onyxomm (PHO-a) u
unrepneiikuna- 1 (MJI-1p). I'pynmy sxuBoTHBIX uepe3 24 4 nocne BBenenus JIIC oOyvanu peakyn
yCIIOBHOPE(DIEKTOPHOTO 3aMUPAHUs U TECTUPOBAIU uepe3 24 4 rociie o0yueHusi. Y poBeHb
KOPTUKOCTEPOHA B KPOBM OBLJI MOBBIIIEH Yepe3 2 4, HO yXKe uepe3 4 U CHUKAJICS 10 KOHTPOJIBHOTO.
CeneKTUBHOE HAKOIUICHHE KOPTUKOCTepoHa Habmoaanu B Bl yepes 24 4 nocie uabeknuy; B BI' Taxke
yBenuuuBanach akcnpeccust ®HO-o. Msmenenus B J{I" mporcxoauiy B MEHbIIEH CTENEHU U Ha OoJiee
panHux 3tanax. Haubomnee opicTpo Ha BBenenue JIIIC pearuposaina ¢ppoHTanbHas Kopa: uepes 2 9 1nocie
WHBCKIIUN HAOTIOAAN YBETUYCHHE OKUCITUTEIbHONW akKTUBHOCTH 1 dKkcripeccun DHO-a, NJI-10, gepes 4
4 — ypoBHA KoptukoctepoHna. BI' u /II' mo pazHomMy 0TBe4ar0T Ha MPOBOCHAIUTEIbHBIN CTUMYJI, U 3TH
pE3yJIbTaThl COIJIACYIOTCS C YMEPEHHBIM HApYIIEHUHU THIIIIOKaMII-3aBUCHMOI KOHTEKCTYyaJIbHON NaMsITH
Ha (OHE BBIPAKEHHOT'O YCHJICHUS! YMOLIMOHANILHBIX IIPOSIBICHU B mpoiiecce oOyueHus yepes 24 4 nocie
BBeaenus JITIC.

[Tonnepxano rpantom POOU N 13-04-00975

Ventral and dorsal hippocampus shoe different stress-response to a pro-
inflammatory stimulus

Freiman S.V.'* Onufriev M.V.!, Stepanichev M.Y.!, Yakovlev A.A.!, Gulyaeva N.V.!
1. Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia;
* ferratino(@gmail.com

Hippocampus demonstrates selective sensitivity to various types of stress, most probably associated with
heterogeneous distribution of steroid receptors in this structure. Since hippocampus is structurally and
functionally heterogeneous, we have suggested that pro-inflammatory effects of stress should be different

«I'unnokamn u namsaTh: HopMma u natosorus — III» 2015 r. Ilymuno 42



in the dorsal (DH, responsible for spatial memory) and ventral hippocampus (VH, responsible for anxiety
and fear). We have studied effects of introceptive stress (administration of bacterial lipopolysaccharide,
LPS) on indices of neuroinflammation in DH and VH. Male Wistar rats received a single ip injection of
LPS (5 mg/kg) and were decapitated 2 - 24 h after the injection. Blood was collected, brain region were
isolated, and the biological material was used to assess corticosterone, total oxidative activity, as well as
tumor necrosis factor (TNF-o) mRNA and interleukin-1p (IL-13) mRNA expression. A separate group of
rats was trained in a fear conditioning paradigm 24 h after LPS administration and tested 24 hours later.
Corticosterone level in the blood was elevated 2 h after LPS injection, but reached control level at 4 h. A
selective accumulation of corticosterone was observed in VH at 24 h, and VH demonstrated an increase in
TNF-a expression. The changes in DH occurred earlier and were less expressed. The frontal cortex
demonstrated most rapid response: increase in oxidative activity and TNF-a and IL-1 expression was
observed 2 h after injection, while corticosterone level increased at 4 h. DH and VH showed different
responses to the pro-inflammatory stimulus, and these results were consistent with moderate impairments
of hippocampus-dependent contextual memory accompanied by expressed emotional reactions during the
fear conditioning 24 h after LPS administration.

Supported by RFBR grant # 13-04-00975

35. 'mnnokamn u mu3oppeHns

Maiiopos B.1.1*
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['unepakTUBHOCTh U yMEHbIIIEHHE 00beMa MMIMOKAMIIA SBJISIOTCSA XapaKTepHBIMU IPU3HAKAMH Hayaia
MKU30(PEHNH, KOTOPBIE BOCIPOU3BOJIATCS B OMBITAX HA KUBOTHBIX B PE3YJIbTAaTe OAHOKPATHOTO U
MMOBTOPHOTO BBEJICHHS KETAMHUHA — HEKOHKYPEHTHOTr0 aHTaronucta NMDA -penentopoB riryramara
[Schobel et al., 2013]. I'unmodyukuus NMDA-pernentopoB Ha TOPMO3HBIX (T1apBaIOyMHH-
HKCIPECCUPYIONINX ) U MTUPAMUTHBIX HEMPOHAX BBI3BIBAET COOTBETCTBEHHO PACTOPMaKUBAHUE U
HapyILIeHHE CUHANTHYECKOH mactuunocTy B runmokamne [Wiescholleck, Manahan-Vaughan, 2014;
Moghaddam, Krystal, 2012]. Jlenpeccust BO30Y>XIaI0MNX CHHANTHIECKUX CBS3CH JISKUT B OCHOBE
NPUBBIKAHUA U TUIITIOKaMII-3aBUCUMBIX (hopM paboueit maMsaTu Tuna “‘non-matching-to-sample/place”,
Harpumep, oOecrieurBaeT HEMOBTOPEHNE 3aX00B B OJIUH U TOT e (TIpekie 00cae0BaHHbIN) pyKaB
paauanpHOTO NabupunHTa [Maiiopos, 1987; Duffy et al., 2008; Zeng et al., 2001; Sanderson, Bannerman,
2012; Nicholls et al., 2008; Etkin et al., 2006; Malleret et al., 2010]. IToBbIIcHNEe aKTUBHOCTH
THIIIIOKaMIIa B Pe3yJIbTaTe paCTOPMAKUBAHUS M OCIIA0JICHNUS CUHANITHYECKOM NEeNPECCUN BhI3BIBACT
Xa0THUYeCKoe (HE CBSI3aHHOE C BaXKHBIMU CTUMYJIaMH) YCUJIEHUE aKTUBHOCTHU A0(aMHUHEPTUYECKUX
HelpoHoB cpenHero mosra [Perez, Lodge, 2014; CepkoB, Maiiopos, 2015], paccmaTpruBaemoe Kak
nodaMUHEprHUecKass OCHOBA «CHHIPOMA JIe30pTaHU3alliy/CITyTaHHOCTH TToOy>knennin» (“salience
dysregulation syndrome”) [Kapur, 2003; van Os, 2009; Barkus et al., 2014; Winton-Brown et al., 2014].
Takum oOpa3om, B paMKax JaHHOW T'MIIOTE3bl EPBOMPUYNHA Hayalla MHU30()pEeHUN JIEKHUT B OCIA0ICHUN
NMDA -3aBucuMO# A€NPECCUM CHHATHYECKON NIEPEeJauy B TMIIIOKaMIIE. JTO MO3BOJISIET pacCMaTpUBaTh
KOMITOHEHTHI OMOXMMHUYECKUX IIETIeH CHHTE3a/paciaga KoaroHucToB-MoayasiTopoB NMDA-penientopoB
(manpumep, D-serine) [Balu, Coyle, 2015] B kauecTBe TepaneBTHYECKON MUIIICHN IPEIYIPERKICHUSL
pa3BUTHS MU30PEHUIECKOTO MPOIIecca B COCTOSTHUU BBICOKOTO pricka [Fusar-Poli et al., 2013; Modinos,
McGuire, 2015].

The hippocampus in schizophrenia

Maiorov V.I.'*
1. Lomonosov Moscow state university, Moscow, Russia;
* vimaiorov(@mail.ru

The hippocampus in schizophrenia is characterized by both hypermetabolism and reduced size. Acute
ketamine reproduced a similar regional pattern of hypermetabolism, with concurrent atrophy (after
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repeated exposure) [Schobel et al., 2013]. NMDA-receptor hypofunction on inhibitory parvalbumin-
expressing interneurons and pyramidal neurons correspondingly evokes disinhibition and violation of
synaptic plasticity in the hippocampus [Wiescholleck, Manahan-Vaughan, 2014; Moghaddam, Krystal,
2012]. Depression of excitatory synaptic efficiency underlies habituation and hippocampal-dependent
forms of working memory, such as “non-matching-to-sample/place”, for example, the suppression of
revisitings to the same (first surveyed) arm in radial maze [Maiorov, 1987; Dufty et al., 2008; Zeng et al.,
2001; Sanderson, Bannerman, 2012; Nicholls et al., 2008; Etkin et al., 2006; Malleret et al., 2010].
Increased activity of the hippocampus resulting from disinhibition and weakening of synaptic depression
leads to chaotic (not related to important incentives) increase of activity of dopaminergic neurons in the
midbrain [Perez, Lodge, 2014; Serkov, Maiorov, 2015], considered as a dopaminergic basis for the
“salience dysregulation syndrome” [Kapur, 2003; van Os, 2009; Barkus et al., 2014; Winton-Brown et al.,
2014]. Thus, in the framework of this hypothesis is the root cause of onset of schizophrenia in reducing
NMDA-dependent depression of synaptic transmission in the hippocampus. This allows to consider the
components of synthesis / decay of the co-agonist-modulators of NMDA-receptors (e.g., D-serine) [Balu,
Coyle, 2015] as a therapeutic target in preventing the development of schizophrenia from a state high-risk
[Fusar-Poli et al., 2013; Modinos, McGuire, 2015].

36. U3MeHeHuUe pery/siliuy riiyTaMaTepru4eckoil MeIManuu B TUNIIOKaMIle MO3ra
KPBbIC MOCJIe MPEHATAJIbHOU THIOKCHH

Kamununa J[.C.'*, Bacunbes JI.C.12, [lyoposckas H.M.!2, Tymanosa H.JI.!, Anekceesa O.C.!, Xypasun
A2

1. UacTutyT 3BOMIONIMOHHON (u3nonorun U ouoxumun um. CeuenoBa PAH, Cankr-IlerepOypr, Poccus;
2. 2I"'ocymapcTBeHHBIN MeIUAaTPUISCKUN METUITMHCKUIN YyHUBepcuTteT Mun3apasa PO, Cankrt-IlerepOypr,
Poccus;

* kalinina.dana@gmail.com

Ha monenu npenaransHoit runokcuu (E14, 7% 02, 3 yaca) Hamu ObUIO MOKa3aHO MU3MEHEHHUE OanaHca
MEIMATOPHBIX CUCTEM B KOPTHKAJIBHBIX OTEJIaX MO3Ta, COMPOBOXKAAONIEECS CHIPKEHUEM CIIOCOOHOCTH K
3aIIOMUHAHUIO U MTOBBIIIEHUEM YPOBHSI TPEBOKHOCTH Y B3pOCIBIX KpbIC. CpaBHUTEIBHBIN aHAIN3
COJICpKAHHUS U pacTpeieeHus1 OEIKOB-IEPEHOCYMKOB MEAMATOPOB BBIBIII PA3ITUUUS MEKIY B3POCIBIMU
KpBhICAaMU C HOPMAJIbHBIM pa3BUTHEM (KOHTPOJIb) U NMEPEHECIINMU IIPEHATAIbHYIO THIIOKCHI0. B
THIIIIOKaMIIe IEPEHECIINX MPEeHATaIbHYI0 THITIOKCHIO KPbIC HAaOJII01a710Ch TIOBBIILICHUE COCPKAHUS
nepeHocurka riayramata (EAAT1), cBuaeTenbCcTByromee 00 YCUIEHUH SK30IMTO3a BO30YKIAI0IIET0
MeIraTopa U3 TiyTaMaTepruieckux TepMHHaie stratum radiatum-moleculare u stratum oriens. Taxxe B
ATHUX CJIOSIX TUIIOKaMIIa ObLIO 3aMKCUPOBAHO CHIKEHUE KOJIMYECTBA JaOUIbHBIX CHHANITOIIOANH-
MO3UTUBHBIX JICHAPUTHBIX IUIHKOB, o0ecrieunBaomux LTP B akco-MMUKOBBIX BO30YXIAIOLTIX
cuHarcax. B pa3nuyHbIx 001acTAX KOPBL, B TOM YHCII€ B TEMEHHON M SHTOPUHAIBHON, OTMEUYEHO
CHIDKEHHE (OTHOCUTENIBHO KOHTPOJIS ) KOJIMYECTBA XOJIMHEPIUYECKUX TePMHUHAJICH, THHEPBUPYIOIIUX
MpaMUIHbIC HEUPOHBI, U COJIEpKaHUs B HUX Oelka-niepeHocurka anetuinxoiauHa (VACHT), a taxke
MOBBIIIIEHHUE COJIEpKaHMs Oelka-TiepeHocurKa riyramara. [loigydyeHHble JaHHbIE CBUIETENBCTBYIOT O
CHIDKEHUH HK301LIMTO3a MEIMaTOpa alleTUIXOJINHA, OCYILIECTBISIONIET0 MOIYISIIUI0 KOPbI MO3Ta KphbIC,
NepeHecINX TUMOKCHIO. TakuM 00pa3oM, pe3ybTaThl IPOBEAEHHOTO UCCIIEJOBAHUSI MOTYT YKa3bIBaTh
Ha U3MEHEHUSI B PETYIISIINK BO30YKIAIOUINX aKCO-IIUITMKOBBIX CHHAIICOB B TUIIOKAMIIE U KOpPE MO3ra
IPY NaTOJIOTHYECKOM (POPMHUPOBAHUH HEPBHOH cucTeMbl B aMOpuorenese. [lognepxano, POOU 12-04-
32281, 13-04-00388.

Changes in the regulation of glutamatergic mediation in hippocampus in rats after
prenatal hypoxia

Kalinina D.S.!*, Vasilev D.S.!2, Dubrovskaya N.M.!2, Tumanova N.L.!, Alekseeva O.S.!, Zhuravin
[LA.12

1. Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of Sciences,
Saint-Petersburg, Russia;
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2. Saint-Petersburg State Pediatric Medical University, St.Petersburg, Russia;
* kalinina.dana@gmail.com

On the model of prenatal hypoxia (E14, 7% O2, 3 hours) we showed changes in neurotransmitter systems
in the cortical regions of the brain, cognitive impairment and increased anxiety in adult rats. reduced
ability to remember and an increased level of anxiety on the adult stage of ontogenesis. Comparative
analysis of the content and distribution of the carrier proteins are mediators identified the following
differences between adult rats with normal development (control) and exposed to prenatal hypoxia. In the
hippocampus of rats undergoing prenatal hypoxia was observed increase in the content of glutamate
transporter (EAATTI), indicates an increase of the glutamate exocytosis in exciting glutamatergic
terminals forming axo-spine contacts in stratum radiatum-moleculare and stratum oriens. Also, in these
layers of the hippocampus was recorded the decrease in the number of labile sinaptpodin-positive
dendritic spines, providing LTP in axon-spine excitatory synapses. In various areas of the neocortex,
including the parietal and entorhinal, some decreased in the number of cholinergic terminals innervating
pyramidal neurons and its content of protein acetylcholine transporter (VAChT) as well as the increase of
glutamate transporter EAAT1 content, were shown. The data suggest a decrease in acetylcholine
modulation of the cerebral cortex. The results may indicate some specific changes in the regulation of
excitatory axo-spine synapses in the neocortex and hippocampus provoked by the failure of the nervous
system formation during embryogenesis.

Supported by RFBR 13-04-00388

37. U3MmeHeHus Cy0beIHHUYHOT0 COCTABA MOHOTPOINHBIX IVIyTAMATHBIX PeLlleNITOPOB
B KOpe M TMINOKaMIle KPbIC TP NUJIOKAPNMHOBOM MO eI dNNJIENCHH

Mankun C.JL'* Amaxun J[.B.!, 3y6apesa O.E.?, Beunamunosa E.A .2, Yepuurosckas E.B.!, Maraszanuk
JILT.Y, Kum K.X.!, 3aiines A.B.!

1. UDOB PAH:

2. UOM PAMH;

* adresatt@gmail.com

JInTuii-nnnoKkapnuHOBask MOZEIb CyJOPOT HIIMPOKO MPUMEHSETCS ISl U3yYEHHS] BACOYHOW AIWIIECTICUU
yenoBeka. CHUCTEMHOE BBE/IEHHE arOHICTa MyCKapUHOBBIX PELIEITOPOB MHJIOKAPIHHA IPhI3yHAM
UHAYLUPYET OCTpbIN anuienTruueckuii cratyc (SE), 3a KOTOpbIM, IIOCIIE JIATEHTHOTO NIEPHOAA JUTMHOM 7-
14 nueit, ciemyeT pa3BUTHE TPUOOPETEHHOM smuiienicui. B manHo# paboTe Mbl H3yYHITH U3MEHEHHS
cyobenquanyHOrO coctaBa AMPA penentopoB riryramaTa B KOpe ¥ TUIIOKaMIIe 3-X HEJEIbHBIX KPbIC B
TE4YEeHHE JAaTEeHTHOTr0 Mepro/ia ocae HHIynupoBaHHoro nuiokapnuHoM SE. Onenka npoBoauiach Ha
yposHe 3kcnpeccu MPHK (TTLIP B peansHOM BpeMeHH) U (PYHKITMOHATBEHO C TTIOMOIIIBHIO
ANEKTPOPHU3NOIOTUYECKUX IKCIIEPUMEHTOB Ha M30JIMPOBAHHBIX HEHPOHAX U Cpe3ax KOpBHI.

N3menenus skenpeccun cyorennann AMPA penentopoB U3ydyanu B BUCOYHOM, MEIUATbHON
npedponrtansHoit kope (MIIDK) u runmokammne. B runmokamme Ob1710 00HAPYKEHO CHIDKCHHE
skcnpeccun GluAl u GluA2 cy6bsenunni. B MITOK skenpeccus GluA1 cyObenuauIbl yBeTnunBaiach
Ha 3 cytku nocie SE. Okcnpeccus cyobenuanipl GluA2 B MITDOK 3HaunTeIbHO CHIMKANMACh yXKe Yepe3 3
yaca niocsie SE, u B nanpHeimemM He u3MeHsuiack. Takum oopazom, Ha 3 cytku nocie SE B MITOK
HaOmoaanock yeenuuenne cootHomeHus GluA1/GluA2. B 3ToT ke mepuo1 BRISBIICHO CHUKEHUE
K02(ppHIIMEeHTa BBIMPSAMIICHHUS KAMHAT-UHIYIIUPOBAHHBIX TOKOB HAa N30JIMPOBAHHBIX MTUPAMUIHBIX
kietkax MII®DK mo cpaBHEHUIO C KOHTPOJIEM, YTO YKA3bIBAECT HA YBEIUYEHUE 10U KAJIbIUH-
nponunaeMsix AMPA penenitopos, He coaepkamux GluA2 cyoseaununy (KII-AMPAD).
CuHanTH4ecKue OTBETHI MUPAMUIHBIX KIIETOK, MorydeHHbIe B cpe3ax MIIDK, B koHTpose He ObLIN
nojBepxkeHsl BiusHUIo 010katopa KII-AMPAp UOM 1460, Torga kak Ha 3 nenpb nocie SE ux
amruntynaa noa aeiicrsuem UOM 1460 ymensimanacs Ha 30+7% (n=9, p<0.01). danuslit 53gdpexr
HaOroascs u B mepBble cyTku nocie SE, Ho B 3ToM ciydae 661 BaBoe ciadee (16+5%, n=13, p<0.01).
Takum oOpa3om, B TeUEHHE JTATEHTHOTO MEePUO/Ia MPU MHIOKAPITHMHOBOIN MOJENN STHIECTICUU TPOUCXOIUT
u3MeHeHue cyorequHnaHoro cocraBa AMPA penentopos B MIIDK ¢ nossnennem KIT-AMPAp.
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Changes in subunit composition of ionotropic glutamate receptors in cortex and
hippocampus of rats in pilocarpine model of temporal lobe epilepsy

Malkin S.L."*, Amakhin D.V.!, Zubareva O.E.2, Veniaminova E.A.2, Chernigovskaya E.V.!, Magazanik
L.G.!, Kim K.Kh.!, Zaitsev A.V.!

1. IEPhB RAS;

2. IEM RAMS;

* adresatt@gmail.com

Lithium-pilocarpine seizure model is a widely used model of human temporal lobe epilepsy. Systemic
administration of muscarinic receptor agonist pilocarpine in rodents induces acute status epilepticus (SE)
followed by the development of acquired epilepsy after 7-14 days of latent period. In the present study we
examined the changes of AMPA receptors subunit composition in cortex and hippocampus of 3 week old
rats during latent period after pilocarpine-induced SE. Subunit expression was esimated on mRNA level
using real-time PCR technique and functionally using electrophysiological recordings from isolated
neurons and acute slices of cortex.

AMPA receptor subunits expression was examined in temporal, medial prefrontal cortex (mPFC) and
hippocampus. Both GluA1 and GluA2 subunits expression was decreased in hippocampus. In mPFC
GluAT1 subunit expression was increased on the 3rd day after SE. GluA2 subunit expression level
significantly decreased 3 hours after SE and did not change further on. Thus, on the 3rd day after SE
CluA1/GluA2 ratio was increased in mPFC. In that period we also observed the decrease of rectification
coefficient of kainate-induced current in isolated mPFC pyramidal cells suggesting the increased
contribution of GluA2 lacking calcium-permeable AMPA receptors (CP-AMPAr). Synaptic current
responses of pyramidal cells in mPFC slices were not subject to the effect of CP-AMPAr specific blocker
IEM 1460 in control, whereas on the 3rd day after SE eEPSC amplitudes decreased by 30+7% (n=9,
p<0.01) after IEM 1460 application. This effect was also present at 24 hours after SE, although with only
half the magnitude (16+5%, n=13, p<0.01). Thus, the subunit composition of AMPA receptors changes
during the latent period in pilocarpine model of epilepsy leading to the increased presence of CP-
AMPATs.

38. KoMopOUAHOCTH JeMEHIMHU U IeNPECCUN: THIMOKAMII KAK KOHTPANYHKT

['ynsesa H.B.!2*

1. UucTUTYT BBICHICH HEPBHOM NesTenbHOCTH U Helipodusuonorun PAH, Mocksa, Poccus;

2. HayuHo-npakTtuueckuit ncuxoneposorndeckuii neHtp uM. 3.I1. ConmosbeBa [I3M, Mocksa, Poccus;
* nata_gul@yahoo.com

Komop6unnocts nementmu ([Im) u genpeccun ([n)mo pasapiM gaHHbIM cocTaBisieT 20-65%, npudem
KOMOPOHMIHOCTh BBICOKA Ha paHHUX CTaJAMAX HEHpOJereHepaTUBHOTO Mpoliecca, KOra NalueHT emie
crocoOeH OIeHUBaTh cBoe cocTosiHue. [Ipeamnomnararot, 4ro ¢ JIM CBsA3aHBI JETIPECCUBHBIE CUMIITOMEI B
MOXHUJIOM BO3pacTe, a JIn B paHHEM BO3pacTe MOBBIIIAET PUCK pa3BUTUA M. Y manueHToB ¢
YMEPEHHBIMH KOTHUTHBHBIMH HapyIIeHUSAMH U J[M oTMedeHbl 6ojiee BhIpakeHHbIe CUMIITOMBI I 10
YCTaHOBJICHMSI IMAarHO3a, U 3TU CUMITOMBI NPSIMO CBSI3aHBI ¢ 00JIee BHIPAKEHHBIMU HAPYIICHUSIMU
namsTu. B mo6oM ciryuae, i siBIsieTcst CTPECCOPHBIM (DaKTOPOM, YXYAILIAIOIINUM COCTOsiHUE Mo3ra. K
oOum mexanuzMaM JIM u JIn OTHOCATCS COCYAUCThIE HAPYLICHUS], BBICOKUE YPOBHH
[JIIOKOKOPTUKOUIOB (CTpECC), MOBBILICHHBIE YPOBHU B-aMUJIOMIHBIX JETIO3UTOB, BOCTIAJIUTEIIbHBIC
MIPOLIECCHI U TUIIEPPEAKTUBHOCTh IMMYHHBIX KJIETOK, a TaKxke NeuuuT GakTopoB
pocTa/HelipoTpoguHOB. Bee 3TH mporiecchl MpUBOAAT K aTPO(QHU THITIIOKAMITA, KOTOPBIA OKa3bIBACTCS
KOHTPAITyHKTOM KOMOpOUAHOCTH. Pa3BruBaeTcss KOHIENIMS O TOM, 4TO MpH {11 MPOUCXOAUT YCKOPEHHOE
CTapeHHe KJIETOK MO3ra, B IEPBYIO o4Yepe/ib HeHpoHOB runmnokammna. O0cyXaaeTcs CX0ACTBO
MOJIEKYJISIPHBIX COOBITUMN, PETYIUPYIONINX HEHPOHAIBbHYIO IUIACTUYHOCTH NpU 00yUYEHUU U
3alIOMMHAHUH, U MOJIEKYJIIPHBIX 3((EKTOB aHTHICIPECCAHTOB, B YACTHOCTH, MOTEHIHAIbHBIE
MexaHu3Mbl ctuMyIisiiind BDNF cenexkTuBHBIMU HHTHOUTOpamMu 00paTHOTO 3axBata ceporoHrnHa (SSRI).
MHorue aHTHUETIPeCCaHThl OKa3bIBAIOT MOJIOKUTEIBHBINA AP PEeKT Ha 00yUeHHE U aMsTh, a
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3¢ PeKTHUBHBIC SHXEHCEPHI MAMATH U AaHTUAEMEHTHBIE MPenapaThl UMEIOT aHTUACPECCUBHBIE 3(P(EKTHI.
MornekynsipHble MEXaHU3MBI U KacKaJIbl, JIEXKAIHE B OCHOBE (POPMUPOBAHUS U pealu3alui IaMsTH,
ONPEACISAIOT TAKKE U HACTPOEHUE; 3T MEXAHU3MBbI YyBCTBUTEIIbHBI K CTPECCY U NMOBPEKACHUSIM MO3ra.
Komopounuocts JIm u [l — HEe CITyd9aifHOCTh, @ HEMUHYEMOE TIOCTIEACTBUE CXOIHBIX MaTOTC€HETHUECKUX
MexaHU3MOB. TeM He MeHee, HesICHO, sBisieTcs m mpoapoMoM, ClIeCTBUEM WK pakTopoM pucka /v, a
TaK)Ke OTKIIaJbIBacT/IpenoTBpamniaeT i aemeniuto gseuenue Jn. [lognep:kano PH®, nmpoekt Ne 14-25-
00136.

Comorbidity of depression and dementia: Hippocampus as a counterpoint

Gulyaeva N.V.1.2*

1. Institute of Higher Nervous Activity & Neurophysiology RAS, Moscow, Russia;
2. Moscow Research and Clinical Centre for Neuropsychiatry, Moscow, Russia ;

* nata_gul@yahoo.com

Comorbidity of depression and dementia is 20-65%, according to different data; it is high at early stages
of neurodegenerative process when the patient is still able to evaluate his/her status. It is suggested that
depressive symptoms in elderly people are related with dementia, while depression at early age increases
the risk for dementia development. In patients with MCI and dementia symptoms of depression are more
pronounced before the diagnosis, and these symptoms are directly related to more expressed memory
deficits. In any case, depression is a stress factor deteriorating brain state. Mechanisms common for
dementia and depression include vascular disturbances, high glucocorticoids (stress), increased f-amyloid
deposits, inflammatory processes and hyperreactivity of immune cells, as well as deficits of growth
factors / neurotrophins. All these processes result in hippocampal atrophy, making the hippocampus a
counterpoint for the comorbidity of these diseases. A concept is being discussed that depression induces
an accelerated aging of brain cells, specifically hippocampal neurons. The similarity of molecular events
regulating neuronal plasticity related to learning and molecular effects of antidepressants is discussed, in
particular, potential mechanisms of BDNF stimulation by antidepressants - SSRI. Many antidepressants
positively influence learning and memory, while effective cognitive enhancers and antidementia drugs
demonstrate antidepressant effects. Molecular mechanisms and cascades underlying learning and memory
also define mood; this mechanisms being sensitive to stress and brain damage. The data available suggest
that comorbidity of dementia and depression is not just a coincidence, but an expected consequence of
similar pathogenetic mechanisms. However, it is not clear whether depression represents a prodrome,
consequence or risk factor of depression, and whether depression treatment delays or even prevents
dementia. Supported by Russian Science Foundation, grant # 14-25-00136.

39. MeTtoa uu(poBoii 00padOTKH M300paKeHU U KOJIHMYECTBEHHOT0 AHAJIN3A
MOP}010TruM KJIETOK MPHU UCCIeI0BAHNU HEHPOBOCIAINTEIbHOI0 CTATyCA TKAHU

Maptesirosa E.K.1-2* Tumkuna A.O.2

1. MockoBcKkuii (pU3UKO-TEXHUYECKUH HHCTUTYT (TOCYAapCTBEHHBIM YHUBEPCUTET), JloaronpyaHbIii,
Poccus;

2. IHCTHTYT BBICIICH HEPBHOM JIeATEeILHOCTH U Helpoduznonorun PAH, Mocksa, Poccust;

* martyanova@phystech.edu

AKTHBaIMsI MUKPOTJIMM — OCHOBHOM Mapkep HelipoBocnaneHus. CyllecTBYIOLIME METOAbI aHAIN3a
OCHOBBIBAIOTCS JIMIIB Ha MOJICYETE YMCIIa KIETOK M U3MEPEHUH pa3Mepa cCoMbl. Tak Kak B Ipolecce
AKTUBAIlUU MUKPOTJIUA MOXHO BBIJICJTUTh HECKOJIBKO CTaJNM, HAUMHAIOIIUXCS C HE3HAUYUTEIbHBIX
M3MEHEHUH B €€ OTPOCTKAX, TO YIOMSHYTbIE CIIOCOOBI HE 1al0T MOJHOM HH(OPMALIUU O
HENPOBOCHAJIMTEIILHOM CTaTyCe TKaHU, U CJIEJ0BATEIbHO HEOOXOIUMBI JOTIOJHUTEIbHBIE METOIBI.
[Tpu aHanu3e aKTUBAMM MUKPOTJIMU B OOJIBIIMHCTBE CIIy4aeB UCIOJIb3YIOTCS OMHAPU30BaHHBIC
n300paxxenus. Ecny ananus HarenieH Ha UcciieIoBaHne U3MEHEHUH (OPMBI KIIETOK, TO TJIaBHAs 3a/1a4a
pu peoOpa3oBaHUU N300paxeHHsI COCTOUT B HanboJiee TOUHOM nepenaye HHPOpMAIIK O
MOp(OJIOTHUECKON CTPYKTYpe KiIeToK. Ha Mukpodororpadusx He Bceraa 4eTKO MOXKHO Pa3IHuUTh
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OTXOJSIIIKE OT TeNa KJIETOK OTPOCTKHU Ha o0mieM ¢one. Cpean METoA0B yIyqIIeHHsI U300pakeHus,
MO3BOJIAIOIINX CIIENaTh N300paXKeHne yeTdye, MOKHO pacCMaTpuBaTh MPOCTPAHCTBEHHBIH QUILTP
MOBBIIICHHS PE3KOCTH M SKBAIU3AIMIO TUCTOTPAMMEI.

Jlnst XapaKTepruCTUKH 0COOCHHOCTEH MOP(HOIOTHIECKUX N3MEHEHHH KJIIETOK 0COOBI MHTEPEC
MPEJICTaBISIET MEeTOT (PpaKTAIBHOTO aHaKM3a. MEeTOo/T IO3BOJISET XapaKTePU30BaTh CIOKHYIO CTPYKTYPY
00BEKTOB OJTHUM TMapaMeTpoM — (pakTaabHON pa3mMepHOCThI0. Hanbomee pacnpocTpaHeHHBIM CITOCOO0M
pacuera 3TOH BeIMYUHBI sBIIsieTCs MeTo Kommoroposa.

[TepeurcriienHbie METOIBI 0OPAOOTKH N300paKEHN OB TPUMEHEHBI K HAOOPY MOJIEIBHBIX
MuKpodoTorpaduil pa3TuIHBIX MMOJICH THIIIOKaMIIa UMMYHOTHCTOXUMUYECKU OKPAIICHHBIX CPE30B MO3Ta
Ha MapKep MUKPOTJIMU — OAUH U3 OEJIKOB KOMILJIEKCa THCTOCcOBMecTUMOCTH, Iba-1. Ha mannbix
MuKpodoTorpadusax ObLIO MOKA3aHO, YTO aHAIH3 TO3BOJISIET IOCTOBEPHO Pa3IMyaTh AKTHBUPOBAHHYIO
MUKPOTJIHIO 0T HeakTuBHUpoBaHHOU (p < 0,001, U Tect ManHna-YuTHn).

Takum oOpa3om, u3MepeHne PpaKkTaaTbHOU PA3MEPHOCTH KIETOK MUKPOTJIMH MOCIIEe TPeoOpa3oBaHus
(G pOBOro N300pakKeHUs ¢ MOMOIIBIO COOTBETCTBYIOIIUX (PUIBTPOB U SKBATH3AIMH ITO3BOJISIET C
00JbIIeH TOYHOCTBIO OMPEIENIATh BOCTAIUTENBHBIN CTaTyC TKaHH, YeM OOBIYHO TPUMEHSEMBIH MOCUeT
YyHclia KJIETOK MUKPOTJIUH.

[Mognepxano rpantom PODU 15-34-21047.

Digital image processing and quantitative analysis of microglia morphology in
studying neuroinflammation

Martyanova E.K.!?*, Tishkina A.O.2

1. Moscow Institute of Physics and Technology (State University), Dolgoprudny, Russia;
2. Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia;
* martyanova@phystech.edu

Microglial activation is a major marker of neuroinflammation. However the broadly used analysis are
based only on number of cells counting or area of cell soma measurement. Since microglia activation
could be divided into several stages, which starts with subtle changes in processes, those methods of
analysis are too rough for description of the tissue neuroinflammation status, and consequently additional
methods are needed.

Binary images are commonly used for microglial activation analysis. The main objective of converting
methods aimed to study cell shape is to save the majority of the information about the complexity of cell
morphology. On microphotographs of immunohistochemically stained brain slices the microglia
processes are not often clearly distinguished from the background. Among techniques of image
enhancement there are spatial sharpening filters and histogram equalization.

For describing the tiny features of cell morphology fractal analysis is of the greatest interest. This
technique allows characterizing the object complexity with the single factor — fractal dimension. The most
common method to calculate this factor is Box-counting.

Mentioned above image processing techniques have been applied to a set of model microphotographs of
different hippocampal subfields of immunohistochemically stained brain slices with antibodies to
microglia marker (protein of MHC-II, Iba-1). In the result the use of those techniques allows to reveal
statistically significant difference between microphotographs with activated and non-activated microglia
(p <0.001, Mann-Whitney U-test).

Thus, fractal dimension of microglial cells measured after performing appropriate filters and equalization
on digital image makes it possible to differentiate stages of microglial activation and this method is more
sensible than common used cell number counting.

Supported by the RFBR grant 15-34-21047.

40. MoJiekyJasipHble MeXaHU3MbI (POPMUPOBAHUSA NMOBBIIIEHHOU CYIOPOKHOM
TOTOBHOCTH W PeaIu3aliH CyA0POKHbIX NPUIIAKOB y KPbIC

Kopotkos A.A.'*, T'nazosa M.B.!, 3aiines A.B.!, Kum K.X.!, Hukuruna JI.C.!, Yepuurosckas E.B.!
1. demepalbHOE TOCYAAPCTBEHHOE OFOIKETHOE YUPEXKIEHNE HayKu MHCTUTYT DBOIOIMOHHOM
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¢duznonoruu u 6moxumun uM.M.M.CeuenoBa PAH;
* sufragil@gmail.com

CynopoxHasi akTUBHOCTb MO>KET BO3HUKATh B Pe3yJbTaTe HAPYIIECHUI 2K301IMTO3a BO30YKIAIOMINX U
TOPMO3HBIX HEHPOMEIUATOPOB, a TAK)KE U3MEHEHUH B pab0Te BHYTPUKICTOYHBIX CUTHAIBHBIX CUCTEM.
HacneacTBeHnHas npeapacnonoKeHHOCTh K ayAMOTEHHBIM Cy10poraM y KpbIc TMHUM KpymmHckoro-
Momnonkuno# (KM) siBrisieTcst y1o0HOW MOAENBIO ISl U3YYCHHS MPOIIECCOB IMUIENTOreHE3a B
TUIIIIOKaMIIE.

HccnenoBaHo GpyHKIMOHAIBHOE cOCTOsIHUE TiTyTamaT- 1 ' AMK-eprudeckux cucteM runmokamia u
orieHeHa BoBjieueHHOCTh ERK1/2 krHa3 1 GEIKOB 3K301IMTO3a B MPOIIECC PA3BUTHS CY0POKHON
TOTOBHOCTH HAaWBHBIX U 3MWJICNITU3UPOBAHHBIX KpbIC TUHUU KM B CpaBHEHUH C KOHTPOJIbHBIMU KPbICAMHU
nuHuM Bucrap.

MIMMYyHOTHCTOXMMHUYECKUM METOJIOM U MeTo10M BectepH-610T ananu3a y kpbic auaun KM,
WCITBITHIBABIIINX HECKOJIBKO CYOPOKHBIX MPUITAJIKOB, MOKa3aHOo MoBkimeHne aktuBHOCTH ERK 1/2 kuHa3
B 3yOuaToii u3BminHe, HO cHIKeHnEe B CA3-CA1 o0nacTsax TUNNOKAaMIIa, a TAK)KE CHUKCHHE
coaepxanus 0enka sk3onuto3a SNAP-25. V¥V nauBnbIX kpbic tuHuKn KM Ha0I10/1a71aCh TTOBBIIIICHHAS
6azanpHas aktuBHOCTH ERK1/2 kuna3 u Genka synapsinl, a Taxke noBbleHHOE coaepkanne SNAP-25.
Ha KJIIOHMKO-TOHMYECKON CTaInU CyTOPOKHOM aKTUBHOCTH 3TH 3HAYEHHUSI BO3PACTAIOT €III€ CHIIBHEE.
Kpowme Toro, Bo Bpemsi CyA0pOr U YepE3 HEJENIO MOCIIE HECKOIBKUX CYIOPOXKHBIX NMPUNaaKkoB y Kpsic KM
BBISIBJICHO YBEIIMUEHUE YUCIIAa KIETOK Xuiyca, coaepxkanux vGLUT2 (vesicular glutamate transporter 2).
BrIsiBIIeHHBIE MEXIIMHEHHbIE HApyIIEHUs B ypoBHe dKcnipeccun u aktuBHocTH ERK 1/2 xunHa3 u psina
MCCJIEIOBAHHBIX O€JIKOB Y HAMBHBIX M SMWJICITU3UPOBAHHBIX KpbIC TMHUN KpyrmmHckoro-MonoakuHoOH B
CpPaBHEHMHU C KpbICAMU JIMHUU BucTap MOTYT JiexaTh B OCHOBE MEPBUYHOTO dMIIIENTOreHe3a. Pabora
BBINOJIHEHA MpH nojaepxke rpanta POOU No 14-04-00811.

Molecular mechanisms of seizure susceptibility and epileptogenesis in rats prone to
audiogenic seizure

Korotkov A.A.'*, Glazova M.V.!, Zaitsev A.V.!, Kim K.H.!, Nikitina L.S.!, Chernigovskaya E.V.!
1. Sechenov Institute of Evolutionary Physiology and Biochemistry of the Ras;
* sufragil@gmail.com

Disturbance in exocytosis of excitatory and inhibitory neurotransmitters and altered intracellular signaling
could be basis for epileptiform seizure activity. Krushinskiy-Molodkina (KM) rat strain is a genetical
model of audiogenic seizures and provides the possibility to investigate epileptogenic processes in rodent
hippocampus.

We investigated a functional activity of glutamatergic and GABAergic systems in the hippocampus of
naive and epileptic KM rats and estimated the role of the exocytic proteins and ERK1/2 kinases in the
phenomenon of audiogenic seizure activity.

In seizure-experienced KM rats immunohistochemistry and Western blot analysis revealed increased
activity level of ERK1/2 in the dentate gyrus, but decreased in the CA3-CA1 hippocampal regions,
however the level of SNAP-25 in these rats was decreased. In naive KM rat hippocampal formation in
comparison to Wistar’s we also observed enhanced basal activity levels of ERK1/2 and synapsinl, along
with elevated expression of SNAP-25 (synaptosomal-associated protein 25 kDa). Expression and activity
of all the studied proteins was dramatically uprefulated at the stage of tonic-clonic seizures. Moreover we
detected increasing of vVGLUT?2 (vesicular glutamate transporter 2) immunopositive cells in the hilus of
KM rats during seizure activity and one week after seizure expression.

The alterations in proteins’ expression and ERK1/2 activity revealed the inhered differences between
naive and epileptized KM rats in comparison to Wistar controls, which could be a background for initial
epileptogenesis in the hippocampus. This work was supported by RFBR Ne 14-04-00811 from the
Russian Foundation for Fundamental Research.
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41. HapyumieHusi 10JITOBPEMEHHON CHHANITHYECKOM MJIACTUYHOCTH B TMIIIIOKaMIIe
KPBbIC NPU MWIOKAPIUHOBO MO/IeJIH 3MUJIENICUN MOTYT ObITh 00yCJI0BJIEHbI
U3MeHeHUueM cyObeaMHUuYHOro cocraa NMDA peuenropos

Kum K.X.1*, Kprokos K.A.!3, 3y6apesa O.E.?, Marazanux JI.I'.!3, 3aiines A.B.!

1. MHCTUTYT 3BOMOLIMOHHON (hrsznonoruu u 6moxumun umenu .M. Ceuenoa PAH, Canxr-IletepOypr,
Poccus;

2. HayuyHo-uccnenoBaTeibCKUd HHCTUTYT DKCIIEPUMEHTATBHON MenuinHby CeBepo-3amaiHoro
otnenenus Poccuiickoit akagemun meauimacknx Hayk PAMH, Cankr-IlerepOypr, Poccus;

3. Cankr-IlerepOyprckuii rocy1apcTBEHHbBIN YHUBEpCUTET, Poccus;
* kirakim2000@gmail.com

Pabora nocpsiieHa n3yueHuto GyHKIIMOHATBEHBIX U3MEHEHUI B HEMPOHHBIX CETSAX MO3ra KPbIC MpU
JTUTUN-TTUIOKAPITIMHOBOM MOJIEIIH SIUJIETICUH, KOTOPBIE BRIPAXKAIOTCS B HAPYIICHUH (POPMHUPOBAHUS
JIOJITOBpeMeHHOM cuHanTrdeckor mactuaHoctH (JIBCIT) u 3aBucuMoOcTH 3TOTO TIpoiiecca oT
cyosenuanyHoro cocraa NMDA peuentopos.

s uccnenoBaHus U3MEHEHHUH B CyObeTUHUYHOM COCTaBE UCTOIB30BAIH AIMEKTPOPU3NOIOTHUECKUN
METO/1 OTBEJICHHUS MOJIEBBIX BHEKJIETOYHBIX MOTEHIIMAIOB B cpe3e rumnmnokammna (3oHa CAl) u ananus
skcnpeccun MPHK (TTLP B peansHOM BpeMeHH). DKCIIEpUMEHTAIILHOM TPYIIIE 3a JBOE CYTOK JI0 OIbITa
BBoawn 127 mr/kr LiCl, 3a cyTku - 1 Mr/kr MmetuickononamMunaa U 30 MI/KT MAIOKapIuHa
BHyTpHOprommHaHO. Benmnuuny JIBCII onennBanu yepe3 30 MUHYT MOCI€ OKOHYAHUS CTUMYJISITMOHHOTO
npotokoina. B kauectBe cenekruBHoro antaronucta GluN2B-cogepxxanmx NMDA kananos
UCITOJIB30BaIM UdeHnpoaui (3 MkModb/m).

®opmuposanue J[BCII nocne 3nuiaenTuyeckoro craryca y Kpbic JOCTOBEPHO CHUKEHO B TEUEHUU
nepBoi Helenu. B KOHTPONBHOM rpymme aMIiuTy/ja OTBETOB MOCTIE CTUMYIISIIMOHHOTO MTPOTOKOJIA
cocraBisa 155+7% ot 6a3oBoro yposHs (n=13). IIpu nobasnennun udennpoanna IBCII
dbopmupoBanace nuiib Ha ypoBHE 115+5% ot 6azoBoro (n=8). B sxcniepumenrtanbHoit rpymnme IBCII
ObL1a CYIIECTBEHHO ci1abee 1Mo CpaBHEHUIO ¢ KOHTpoJieM u cocTtasisiia (130+4%, n=12, p<0,01).
JoGaBnenue ndennpoauia 10ctoBepHo He MeHso BeipadoTky JIBCII (123+11%, n=5) u [IBCII ne
OTJIMYAIach OT PE3YJIHTATOB KOHTPOIbHOM rpymibl (p=0,5). O1ieHKa n3MEHEHUs] OTHOCUTEIBLHOTO YPOBHS
skcnpeccun MPHK GIuN2A, GluN2B, a taxxe otHomenue sxcrpeccud MPHK GIluN2B/GIuN2A y
KOHTPOJIbHBIX JKUBOTHBIX U MEPEHECITNX MUIENTUHYECKUN CTATyC (30Ha BEHTPAILHOTO THIITIOKAMIIA)
nokasayia cHiwkeHnue ypoBHs GIuN2B (t=2.45, p=0.03).

PesynbTarsl cBUAETENLCTBYIOT O TOM, 4TO B HOpMe GIuN2B-coaepxammne NMDA perientops! urpatot
BaXHYIO pOJIb B (POPMUPOBAHUHU JOJITOBPEMEHHON CHHANTHYECKOU mactTuyHocTu. [locne
SMUJICHTHYECKOTO CTaTyCca UX IKCIPECCUSI YMEHBIIIACTCS, YTO BO3MOXKHO SIBJISIETCS] IPUUMHON HAPYIICHUS
dbopmupoBanust mexanu3ma JIBCII.

Pabora nonnepxana rpantamu POOU Ne 3-04-00244 u 15-04-02951

Long-term synaptic plasticity disturbances in the hippocampus of rats after
pilocarpine-induced seizures may be caused by changes in NMDA receptor subunit
composition

Kim K.Kh.'*, Kryukov K.A.!3, Zubareva O.E.?, Magazanik L.G.!3, Zaitsev A.V.!

1. Sechenov Institute of Evolutionary Physiology and Biochemistry of RAS, Russia, Saint-Petersburg;
2. Institute of Experimental Medicine FSBSI, Saint-Petersburg, Russian;

3. Saint Petersburg State University, Russia;

* kirakim2000@gmail.com

In this study, we investigated the functional changes in neural networks in the brain of rats after
pilocarpine-induced seizures. More specifically, we study the long-term synaptic plasticity (LTP)
disturbances in the hippocampus and the role of the subunit composition of NMDA receptors in this
process.

To investigate the changes in the subunit composition we used real time PCR, electrophysiological and
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pharmacological methods. The seizures were induced in 3-week-old rats by injections of LiCl 127 mg/kg,
1.p., and 24 h later methylscopolamine 1 mg/kg, i.p. and pilocarpine 30 mg/kg, i.p. Field EPSPs (fEPSPs)
were evoked in CA1 of hippocampal slice. LTP was induced with theta-burst protocol. To evaluate the
role of GIuN2B-containing NMDA receptors their selective antagonist ifenprodil (3 mM) was used.
During the first week after status epilepticus, we observed the significant reduction of hippocampal LTP.
In the control group, the amplitude of response after the stimulus protocol was 155 + 7% of baseline (n =
13), while in the experimental group LTP was smaller (130 4%, n =12, p <0.01). In the presence of
ifenprodil, LTP was significantly reduced in control group (115 + 5%, n = 8), while it was less affected in
the experimental rats (123 + 11%, n = 5). Assessment of mRNA expression of GIluN2A, GluN2B, as well
as the ratio of GluN2B/GIuN2A in the hippocampus of control and experimental animals after status
epilepticus showed reduction of GluN2B expression (t = 2.45, p = 0.03).

These results indicate that GluN2B-containing NMDA receptors play an important role in the LTP
formation; their decreased expression may reduce LTP in hippocampus.

This work was supported by grants of RFBR 15-04-02951 and Ne 3-04-00244

42. HapymieHusi KOTHUTUBHBIX QYHKIUI B JIUTHH-NMTUJIOKAPIIMHOBOH MO
BHCOYHOM 3MUJIENICHU Y KPBIC y0epTATHOI0 BO3pacTa

Kanemenes C.B.'*, ®ponosa E.B.!, Jlaspentsena B.B.!, Jlykomckas H.51.!, Kum K.X.!, 3aiines A.V.!,
Marasanuk JL.T.!

1. MHCTHTYT 3BOMONIMOHHON (hrsuonorun u onoxumun uM. .M. CeuenoBa Poccuiickoii akageMun HayK
(UD®b PAH) ,Cankt-IletepOypr,Poccus;

* kalemeneff(@yandex.ru

Pabora nocpsiiieHa N3yuyeHUI0 KOTHUTUBHBIX HapYIIEHUH Y KPbIC IIPU UCIIOJIb30BAHUU JINTUH-
NIIOKapIUHOBOM MOJIENH SMUJIETICUH, UMUTHPYIOLIEH BUCOYHYIO SIMIEHCHIO yestoBeka. Cynoporu
BBI3BIBAIN y O-HEACTBHBIX KPBIC 1O ClieAyrolieMy rnpoTokony: BBogmwin 127 mr/kr LiCl, yepes cytku 1
MI/KI METHJICKOIIOJIaMMHA, a yepe3 noayaca 30 MI/Kr NHJIOKapIuHa. Y BCEX KpbIC, BKIIOUYEHHBIX B
BBIOOPKY, HAOJIIOAATNCh BBIpAaXKeHHBIE CyA0poru. KorHuTuBHbIe (hyHKIIMYM HAUMHAIIM U3y4aTh Yepe3
HEJIENIO 110CJIe BBEICHUS MMIOKApIKHA, B IPOJOJIKAIOIIMICS JIATEHTHBIN niepuo]. BelsBieHo, 4To
YKUBOTHBIE U3 MWJIOKAPIIMHOBOM IPyNIbl OTJINYAOTCS TOHMKEHHON MCCIIEA0BATEIbCKON aKTUBHOCTBIO 110
CpaBHEHHIO ¢ KOHTPOJIbHBIMU B TecTe OTKpbITOE oJie (OI1) u Gosee MenIeHHBIM yracaHueM
OpPUEHTHUPOBOYHO-HUCCIIEN0BATENBCKOTO TOBEACHUS IIPU MOBTOPHBIX IpuMeHeHusx tecta OlIl. IIpu
WCIIOJIb30BaHUHU TecTa Boaubiil mabupuat Moppuca (BJIM) o6HapyxeHo, uTo 3hPeKT TpeHUPOBKHU B
TEUEHHUE JTHS Y KPbIC MMIOKAPIIUHOBOM TPYIIIBI MPOSIBIIIETCS caaldee, YTO CBUAETEIbCTBYET O
IPEUMYIIECTBEHHOM HapyLUIEHUN KPaTKOCPOUHOU namsTu. TakuM oOpa3oM, IPOBEAEHHOE UCCIIE0BaHHE
BBISIBUJIO, YTO JIMTUM-NTNIOKAPIIMHOBBIE CYyJOPOTHY BBI3BIBAIOT CYIIECTBEHHbIE U3MEHEHMUSI
UCCIIEI0BATEIbCKOTO OBECHNUS U MPOCTPAHCTBEHHOM NMaMATH y KpbIC TyOepTaTHOTO Bo3pacTta. TecTsl
OII u BJIM MoryT ObITh HCTIOJIB30BaHBI IIPU MOUCKE MPENapaToB, MPU3BAHHBIX OCIA0UTh KOTHUTHBHBIC
HapyLIEHUs [TPU BUCOYHOM MUIIETICUH.

Disturbances of cognitive functions in the rat lithium-pilocarpine model of adolescent
temporal lobe epilepsy

Kalemenev S.V.'*, Frolova E.V.!, Lavrentyeva V.V.!, Lukomskaya N.Y.!, Kim K.H.!, Zaitsev A.V.!,
Magazanik L.G.!

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

* kalemeneff(@yandex.ru

The impairments of cognitive function (exploratory behavior and memory) were studied in the model of
adolescent temporal lobe epilepsy. The seizures were induced in 6-week-old rats by injections of LiCl
127 mg/kg, i.p., and 24 h later methylscopolamine 1 mg/kg, i.p. and pilocarpine 30 mg/kg, i.p. The
pilocarpine-treated rats showed the decreased exploratory activity in the “Open field” test and slower
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reaction of extinction of exploratory behavior in the new environment as compared with control rats. The
deficiency of short-term memory was revealed using the Morris water maze test. Thus, the pilocarpine-
induced seizures impair the exploratory behavior and memory in adolescent rats. “Open field” and the
Morris water maze tests might be used for evaluation of new drugs designed to decrease the cognitive
impairment in temporal lobe epilepsy.

43. Oco0eHHOCTH HelipoAereHepaTUBHBIX NPOLECCOB B TMIIIIOKAMIIE.

Apxumnos B.W.13*, Tlepumna E.B.!3, Topmon P.51.2

1. denepanbHOE TOCYAAPCTBEHHOE OIOKETHOE YUPESXKICHHE HAYKH MIHCTUTYT TeopeTuuecKon u
SKCIIepUMEeHTanbHON Onodusuky, [Tymuno, Poccus;

2. ®epepanbHOE TOCYJAPCTBEHHOE OI0KETHOE yupexkaeHre HayKu MHCTUTYT OMO(DU3UKH KIIETKH,
[Tymuno, Poccus;

3. [lymuHCKHil TOCYJapCTBEHHBIN €cTeCTBeHHO-Hay4YHblil MHcTuTyT, [Tymuuo, Poccust.;

* viarkhipov@rambler.ru

B pabote Ha kpricax BucTtap uzydanu pa3BUTHE HEHPOJETeHEPATUBHBIX MMPOIIECCOB B TUIIIIOKAMIIE TIOCTE
nerictBus kanHata (0,2 MKT B JOpCaIbHBIN TUIIITOKAMIT), WU XJIOpUA TPUMETHIIONOBA (7 MI/KT,
MOJIKOXHO). DTH BEIIECTBA, 00Ianast pa3InYHBIMU MUIIICHSIMU, TIOBPEKIAIOT KIIETKU B OTJICIBHBIX MOJISIX
TUMIOKAMIIAa U, B KOHEYHOM MTOT€, IPUBOIAT K X rubenu. Ha ocHOBaHUM MOTY4YEHHBIX PE3yJIbTaTOB U
JUTEPATYPHBIX JAHHBIX OMPEIEICHbI XapaKTepHbIe CBOMCTBA rH0OeIN HEMPOHOB B rUmnmnokamme: 1)
JereHepalysi HBHpOHOB, MHAYLIMPOBAaHHAS MOBPEXKIEHUEM, HOCUT MPOTPECCUPYIOIINN XapaKTep U
MPOJOHKAETCS HECKOJIBKO HEAENb WM MECSIEB; 2) TUI KIETOYHOM Tudenu (amomnTo3, HeKpo3,
MIPOMEKYTOUHBIE TUIIbI) HAOIIOAIOTCS B Pa3HbIe CPOKHU IOCIIE BO3ACHCTBUS; 3) BHE 3aBUCIMOCTH OT
XapakTepa HHUIMUPYIOILETO MOBPEXKICHUS, HEHpOJereHepaliys Ha pa3HbIX dTarax BKIOYAET HEKOTOphIE
0011I1e TPOIIeCChl, TAKUE KaK OKUCIUTEIBHBIM CTPECC, IKCAUTOTOKCUYHOCTD, HEHpOoBOCTIAJICHHE; 4)
KJICTOYHBIC TTOBPEKACHUS MOTYT OBITh TOKAJIM30BAHbI B OTACIBHBIX MOJSX TUIIIOKAMITA, YTO XapaKTEPHO
JUISl HA9aJIbHBIX 3TAIlOB HEWpoaereHepaluu; 5) HelpoaereHepaTUBHBIN Ipoliece, KaK MpaBuiio, o
BPEMEHEM PACIPOCTPAHSIETCS, BBI3bIBAS OTCPOUCHHYIO THOEIb B APYTUX OTAENaX TUInokammna; 6) B
OTJIMYME OT MUPAMHIHBIX HEHPOHOB, FPaHyJIIPHBIE KIETKU 3yOuaTol (haciuu MOTYT ObITh
BOCCTAHOBJICHBI B PE3YyJIbTaTe HEO-HEUPOTeHe3a, UTO CYIIECTBEHHO BIIUSACT HA TMHAMUKY THOEIN KIETOK
B ATO# 001acTH; 7) yCTOWYUBOCTH K HEUPOAETEHEPATUBHBIM SIBIICHUSM pa3JInyHa B JOPCATHLHON U
BEHTPAJIBHOM YaCTSIX THIMOKAMIIA; 8) HE UCKITIOUYUTEIbHYIO, HO BAXKHYIO POJIb B MEXaHH3MaX
reHepaiu3aliy KIETOYHOM rubesi urpaeT Cy10poxKHasi akTUBHOCTD; 9) MpeKpallleHue pa3BUBLICHCS
HeWpoJiereHepaluy B TUIIOKaMIle BO3MOXHO MPU BO3IEUCTBUU Ha HECKOJIBKO KJIETOYHBIX MUILICHEH, C
Y4€TOM IMHAMUKHU Pa3BUTHSI.

Br13BaHHBIE HEWpOIereHepaTHBHBIM MPOIIECCOM (PYHKIIMOHAILHBIE HAPYIIICHHS TUIITIOKaMIIa,
MIPOSIBIISIIOTCS B MOBEICHYECKUX TECTaX B 3aBUCHUMOCTH OT JIOKAJIU3a[MH KIETOYHOM THhenu u
XapaKTePU3YIOTCS KaK OOIMMU, TaK U CIIEIUPUICCKIMH 3aKOHOMEPHOCTSIMHU.

Features of neurodegenerative processes in the hippocampus.

Arkhipov V.I.!3*_ Pershina E.V.!3, Gordon R.Ya.?

1. 1Institute of Theoretical and Experimental biophysics, RAS, Puschino, Russia;
2. Institute of Cell biophysics, RAS, Puschino, Russia;

3. 3Puschino State Institute of Natural Science; Puschino, Russia. ;

* viarkhipov@rambler.ru

Neurodegenerative process in the hippocampus was studied in Wistar rats after exposure to kainate (0.2
ug in dorsal hippocampus) or trimethyltin chloride (7 mg / kg, s.c.). These substances, having a different
targets, damage cells in selected fields of the hippocampus, and eventually lead to cell death.
Characteristic properties of neuronal death in the hippocampus are defined on the basis of the results and
data in the literature: 1) neuronal degeneration induced by a damage is progressive in nature and lasts for
several weeks or months; 2) the type of cell death (apoptosis, necrosis, intermediate types) are observed at
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different times after damaging impact; 3) neurodegeneration at different stages regardless of the nature of
the initiating impact includes some common processes such as oxidative stress, excitotoxicity,
neuroinflammation; 4) cellular damage can be localized in certain fields of the hippocampus, which is
typical for the initial stages of neurodegeneration; 5) neurodegenerative process typically extends over
time, causing a delayed cell death in other parts of the hippocampus; 6), in contrast to the pyramidal
neurons, granule cells of dentate gyrus can be restored as a result neo-neurogenesis that significantly
affects the dynamics of cell death in this area; 7) the resistance to neurodegenerative events is different in
dorsal and ventral parts of the hippocampus; 8) seizure activity plays, though not exclusive, but an
important role in the mechanisms of cell death generalization; 9) neurodegeneration in the hippocampus
may be stopped if some cellular targets are used, taking into account the dynamics of neurodegeneration.
Disturbances of hippocampal functions induced by the neurodegeneration are manifested in behavioral
tests depending on the localization of cell death, and these disturbances are characterized by both general
and specific features.

44. IIukoMoJisipHble KOHIIEHTPaUu 0eTa-aMUuI0uIHOr0 nentuaa (1-42) Mmoxy iupyrot
AKTHUBHOCTH CTPUXHMH-YYBCTBUTEJIbHBIX INIMIMHOBBIX PeleNTOPOB B MUPAMUIHBIX
HEHPOHAX I'MIIIOKAMIIA

[laponosa N.H.'*, Bykanosa 10.B.!, Ckpeburkuii B.T.!
1. Hayunslii ieHTp HeBposoruu, Mocksa, Poccus;
* sharonova.irina@gmail.com

bera-amunonnueii nentua (Af) urpaet KIOUEBYIO pOJb B TeHe3e 00Ie3Hn AnbLreiMepa B CBSI3U C €r0
HEHPOTOKCHUECKUMHU CBOMCTBaMH, YTO MPUBOIUT K YXYAIICHUIO PYHKIIUK CUHANCOB U mamsaTH. OHAKO
MOKa3aHo, YTO B HU3KHUX, TMKOMOJISIPHBIX KOHIEHTpAHMIX A yTydIIaeT CHHANTHYECKYIO TNITACTUYHOCTb
u miportecchl mamstu (Puzzo et al., 2008, 2012), yTo mo3BosgeT npeanoaaraTh GU3UOIOTHIECKYIO POJIb
sTOTO menTuaa. Panee Mpl 00HApY) UK, 9TO PparMeHT AP (25-35) B TUKOMOJISIPHBIX KOHIIEHTPAIHIX
(10 oM — 100 HM) 1030-3aBUCUMBIM U OOpaTUMBIM 00Pa30M YCHUIIUBAET JIECEHCUTHU3AIUIO TIIHIIHH-
aKTUBHPYEMOTO TOKa B HeHpoHax runmnokammna kpbicel (Bukanova et al., 2014). B mactosmieii pabote
obHapyxwuiu, uto pparmeHt AP (1-42) B konnenTparuu 10 nM-100 HM cxoaHBIM 00pa30M yCHUIUBAET
JIECEHCUTU3ALMIO [IIUIMH-aKTUBUPYEMOT'O TOKAa B U30JMPOBAHHBIX MUPAMUIHBIX HEHPOHAX TUIIIIOKaMIIa,
a TaKKe MOJABIIAET MUKOBYIO aMILTUTYAY MPH KOpoTKoH (600 MC) KOANIINKAIIMU C aTOHUCTOM, TPHYEM
3¢ dexT OblT cHIbHEE BBIPaXKEH MPH HU3KUX KOHLEHTPAIMX TIunuHa. [Ipy akTHBAIMK TIIMIIHHOBBIX
PELenTOpOB APYTUMHU arOHUCTAMH — TAYPUHOM U [3-aTaHUHOM HU3MEHEHHs] KHHETHKHU M aMILTUTYAbl TOKOB
noj neiictBueM AP umenu cxoaHbIi xapakrep. Beenenne AP B koruentparuu 100 mM B mpoTok
MPUBOIWIIO K O0JIee BHIPA)KEHHOMY YMEHBIICHUIO TUKOBOM aMIUTUTYABI TOKA. DTOT 3(p(eKT pa3BuBalics B
TE€YEHHE HECKOJIBKO MUHYT U ObLI CUJIbHEE BBIPA)KEH MIPH HACBHIIAIOIIUX KOHIEHTPALUAX arOHUCTa U TIpU
AKTUBALIMU TTUIUHOBBIX pelenTopoB P-anaHuHOM. [lomyueHHbIe pe3yabTaThl MO3BOJIAIOT MIPEAIOIIaraTh,
4T0 A} B3aUMOZEHUCTBYET C MIMIIUHOBBIMU PELIENTOPAMHU TIOCPECTBOM TPEX Pa3HBIX MEXaHH3MOB —
MyTeM YCUJICHUS JIECEHCUTH3AIUU 1 ObICTPOT0 MHTMOUPOBAHUS PELIENITOPA, & TAKKE OKa3bIBaeT
MEJIEHHO pa3BUBAIOIIEECs [10/1aBJIEHUE aMIIUTYAbl TOKA, BO3MOXHO, YepPE3 KaKHe-TO BHYTPUKIIETOUHBIE
MexaHu3Mbl. OOHapyKEeHHbIE N3MEHEHHUsI aKTUBHOCTH TIMIIMHOBBIX PELETITOPOB MO AekicTBHEM Af
MOTYT NIPUBOJIUTH K OCJIA0JIEHUIO TOHUYECKOTO TOPMOKEHHSI HEMPOHOB I'MIIIOKAaMIIa, CBA3aHHOTO C
AKTUBHOCTBIO SKCTPACHHANTUYECKUX TIIUIMHOBBIX perentopoB. [lognepxano rpantoMm POOU 14-04-
00391.

Picomolar concentrations of amyloid p protein (1-42) modulate the function of
strychnine-sensitive glycine receptors in hippocampal pyramidal neurons

Sharonova I.N.'*, Bukanova J.V.!, Skrebitsky V.G.!
1. Research Center of Neurology, Moscow, Russia;
* sharonova.irina@gmail.com

Amyloid-p peptide (AP) is considered a key protein in the pathogenesis of Alzheimer’s disease because
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of its neurotoxicity, resulting in impaired synaptic function and memory. However, it was demonstrated
that picomolar concentrations of A enhance synaptic plasticity and memory (Puzzo et al., 2008, 2012),
suggesting that in the healthy brain, physiological AP concentrations are necessary for normal synaptic
plasticity and memory. Previously, we have found that AP (25-35) in picomolar concentrations reversibly
and in dose-dependent manner augmented the desensitization of glycine current in rat hippocampal
neurons (Bukanova et al., 2014). In the present study, it was found that AP (1-42) in concentrations of 10
pM - 100 nM similarly enhanced desensitization of the glycine-activated current in isolated pyramidal
neurons and also suppressed its peak amplitude during short (600 ms) coapplication with agonist. The
effect was most prominent at low glycine concentrations. When glycine receptors were activated by other
receptor agonists — taurine and B-alanine, the changes of current kinetics and amplitudes induced by A
had a similar character. When A (100 pM) was added to the bath solution, it caused, besides acceleration
of desensitization, more pronounced reduction of peak current amplitude. This effect developed slowly,
during a few minutes, was more prominent at saturating concentrations of agonists and when glycine
receptors were activated by B-alanine. These results suggest that A interacts with glycine receptors
through three different mechanisms — by enhancing receptor desensitization, by rapid inhibition of the
receptor, and also by means of a slowly developing inhibition of the amplitude of the current, possibly
through intracellular mechanisms. The observed changes in the activity of glycine receptors induced by
AP can lead to suppression of the tonic inhibition of hippocampal neurons mediated by extrasynaptic
glycine receptors. Supported by RFBR 14-04-00391.

45. Ilcuxo-HelpoIHAOKPUHHBIE QP eKThHI TMIINOKAMIIA

Hukonsckas K.A.?*, Cepkosa B.B.?, Konnariesckas M.B.!

1. MockoBCKkHii rocyaapcTBeHHbIN yHHBepcuTeT M. M.B.JIomonocoBa, MockBa, Poccusi;
2. ®I'BHY «H1U mopdonorun yenoekay;

* nikolskaya.kira@yandex.ru

Ceroans ¢hakTHUYECKH HE CYIIECTBYET TaKOH (YHKIIUH, B KOTOPOU HE OBLIO OBl TOKA3aHO y4acTHe
runmnokamna (HPC). 3aBucumocTs ropMOHaNBHOTO naTTepHa oT pyakuonuposanus HPC, npucyrcrue
PELEenTOpoOB B HEM K MENTHIHBIM TOPMOHAM JIali OCHOBAHUE PaCcCMaTPHUBATh 3Ty CTPYKTYpPY Kak
HeNporyMopanbHblii HHTErpaTop, Ero posb cocTouT B npeoOpa3zoBaHUM CUTHAJIOB BHYTPEHHEN Cpe/ibl B
aJlalTHBHbIE TIOBEIEHYECKHE TPOTrPAMMBI, HAIIPaBJICHHbIE HA PETYJISALNI0 BHYTPEHHETO COCTOSTHUS
(Devidson et al. 2010).

[IpoBenenHbie UCCIEAOBAHUS MOKA3aJIH, YTO NoBpexkaeHue aopcaibHoro HPC y mpimeit tuauum F1
(DBA/2J u C57BL/6J) e Hapymmiio ciocoOHOCTH 3ameyaTiieBaTh nHQOpMaIno, 00ydaTses
NuUIIe100bIBaTeIbHOMY HAaBBIKY U BOCIIPOU3BOAUTD €0 MOCIIE AIUTENLHOTO MOCIE0NEePaiOHHOTO
nepuona (1,5 mecsa). OcHOBHBIE 1e(heKThI OBUIH CBS3aHBI C OCYIIECTBICHUEM aHATUTUKO-
CUHTETUYECKOM 1eATeNbHOCTH, ICUX0-IMOLIMOHAILHBIMHU MPOSIBIICHUSIMU U peain3alieil moBeaeHuYecKoi
spdexTuBHOCTH. MccnenoBanue NeNTUAHBIX TOPMOHOB, OMPEICISIONINX SHEPTETUYECKOE COCTOSHUE
OopraHusma, okasalno, YTO HEHPOIHIOKPHUHHAS CUCTEMA HE TOJIbKO YyBCTBUTEIbHA K META0OIUUYECKUM
CHUTHAJIaM TOMEOCTa3a, HO U CIICU(PHUECKUM 00pa30M OTPaKaeT €ro B ALy HANPSHKEHHOCTH CHITOCTh-
ronoa-ooyuenue. [loBpexxnenne HPC npuBeno k cepbe3HbIM N3MEHEHHUSM TOPMOHAIBHOW KapTUHBI U K
NePECTPONKE CTPYKTYpPHI B3aUMOJCHCTBUS MYJIbTUTOPMOHAIIBHOTO aHCaMOJist. OJTHAKO COXPaHHOCTh
BEKTOPa FTOPMOHAJIBHBIX U3MEHEHUH B pSy HANPSHKEHHOCTH ChITOCTh-T0JIO-00yUYeHHE YKa3bIBAET, YTO
HPC, BeposiTHEE Bcero, BOBJIEUEH B AKTUBUPYIOIIYIO CUCTEMY, KOTOpasi ONPEAEISET YPOBEHb
TOPMOHAIBHOTO (hOHA, T.€. HEOOXOAUMBINA SHEPTETUUECKHUI YPOBEHBb YTOOBI OCYIIIECTBIIATh
MOTHUBAIIMOHHYIO aKTUBHOCTb.

Bricka3biBaeTcst mpeCTaBlI€HUE O TOM, YTO THIIIIOKAaMIT UMEET OTHOLIEHHE K MpolieccaM MaMsTH
OTIOCPEIOBAHHO Yepe3 MOAYIISALUI0 META0OIMYECKIX U HEHPOPU3UOIOTMUECKUX OTHOILICHUN, KOTOPBIE
CO3/IAI0T YCJIOBUS JUIS OCYIIECTBIICHUS TO3HABATEILHOM IEATENBHOCTH HA ATarne GopMUpOBaHUS
peneHns U 00ecTieYrBal0T YCTOMYMBOCTh (PYHKITMOHUPOBAHMS MAMATH (BHUMAHUS) HA ATAIle €ro
pealin3alnu.
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Psyco-neuroendocrinol effects of hippocampus

Nikolskaya K.A.?*, Serkova V.V.2, Kondashevskaya M.V.!

1. Moscow State University, Moscow, Russia;

2. Federal State Budgetary Scientific Institution «Scientific Research Institute of Human Morphology»;
* nikolskaya.kira@yandex.ru

There is no such function today in which hippocampus (HPC) is not involved. Dependence of hormonal
pattern on HPC and presence in it receptors to peptide hormones enable us to consider this structure as
neurohumoral integrator. Its role is to transform signals of the internal environment into adaptive
behavioral programs directed to regulate internal state (Devidson et al. 2010). Studies have shown that
damage to the dorsal HPC in mice F1 (DBA /2J and C57BL / 6J) have not impaired the ability to record
information, form food-getting habit and to reproduce it after a long postoperative period (1.5 months).
Main defects have been associated with realization of analytic-synthetic activity, with psycho-emotional
manifestations and behavioral effectiveness. Study of peptide hormones which determine energy state of
the body showed that neuroendocrine system is not only sensitive to signals of metabolic homeostasis, but
also reflects it in a specific way in the line: satiety — hunger — learning. Damage to HPC has led to serious
changes of hormonal pattern and to reorganization of the multihormonal ensemble. However,
preservation of the vector of hormonal changes in the line “satiety-hunger-learning”, as in control,
indicated that HPC is likely involved in activation of the system which determines the level of hormonal
background, i.e. the necessary energetic level to carry out motivational activity.

We are suggesting that hippocampus is related to memory processes indirectly through modulation of
metabolic and neurophysiologic relationships that create conditions for the exercise of cognitive activity
on the stage of the learning and stability of memory functioning (attention) at the stage of its realization.

46. Pa3zo01menne KOPKOBO-TUNIMOKAMIIAIbHBIX B3aUMOAEHCTBUIT MOKET ObITh
NPUYMHON HApYlIIeHUsI 00yUYeHNsl U MAMSITH NP MILIEMUH MO3ra

3axaposa E.J.'*, Cropoxesa 3.11.2, lynuenko A.M.!

1. denepanpHOE roCyIapCTBEHHOE OFOKETHOE HAydyHOE yupekaeHne « Haydano-ucciaenoBarenbekuit
WHCTHUTYT OOIIEH MaTOJOTUH U matopusnonorun», Mocksa, Poccus;

2. denepanbHOE TOCYAapCTBEHHOE OFOKETHOE yupekaeHne «DeaepanbHbIi MEIUITUHCKHAMA
HCCIIEIOBATENILCKUM HEHTP NICUXUATPUU U Hapkosiorum» Munsnapasa Poccun, Mocksa, Poccus;

* zakharova-ei@yandex.ru

Nzyuyenune xonuuepruueckoi (XD) opraHu3aui KOTHUTUBHBIX (DYHKITHI IPOBOIMIOCH Ha XD
MpecuHancax NpOeKIIMOHHBIX HEUPOHOB, U3 SJEP MEPEIHEr0 MO3ra, U UHTEPHEUPOHOB KOPHI U
TUIIOKaMIIa, Ha CyOCHHANITUYECKOM YPOBHE C MCIIOJIb30BAHUEM TEXHUKH (PPaKIIMOHUPOBAHUS, KOTOpas
MO3BOJISICT PA3ACTATH MPECHHAIICH ATHX JBYX HEMPOHATBHBIX ()eHOTUTIOB. [IpeaBapUTEIbHO KPBICHI
MOJIBEPTaJIuCh MEePEBA3KE COHHBIX apTepPHil WU JIOXKHOM ornepanuu (6e3 nepeBsasKu) u yepes 6-7 CyTok
MPOXOMIA 00ydeHHe B BOJHOM JIaOupuHTe Moppuca, B IPOCTPAHCTBEHHO-00CTAHOBOYHOW WITH
MIPOCTPAHCTBEHHO-KIIFOUEBOM MOJEINAX, €KEAHEBHO B TeueHue 4-5 nueid. Muaukaropom X3 mpecuHANcoB
CITy’KHJIa aKTUBHOCTh HX MapKepa, MeMOpPaHOCBSI3aHHON U BOJIOPACTBOPUMOI
xonuHanetunTpanchepaspl. Mcrnonb3ys KOppenslUOHHBIN aHanu3 ObUIO BBISIBICHO, YTO X MPECUHAIICHI
KOPBI U TUIITIOKAMIIa KaK MPOCKIIMOHHBIX, TAK U MHTEPHEHPOHOB BOBJICUCHBI B pEaTU3ALIUIO0
KOTHUTHBHBIX (DYHKIUH Ha BCeX ATanax o0ydeHusl. XpOHUYECKas UIIEeMHUs BbI3Basla HApyILIEHUE
00y4eHHs U cepbe3Hylo X peopranuzanuio GpyHkunid. OTHUM U3 TOCIEICTBHIA UIIEMUH ObLia
CTPYKTYpHas crienuaau3amnus X 3BeHa B MeXaHW3MaX KOTHUTUBHBIX GyHKIUU. [To XD opranuzarum
GYHKIIM OOYYCHHSI M TAMSTH Y UIIEMH3UPOBAHHBIX KPBIC OKA3aIMCh TOJIBKO KOPKOBO-3aBHCUMBIMU B
MPOCTPAHCTBEHHO-KJIIOUEBOM MOJIEIH 00y4eHHUs U, HA000POT, TOJIBKO TUIIOKAMII-3aBUCUMBIMU B
MIPOCTPAHCTBEHHO-00CTAHOBOYHOM MOeNu. BeiBuraercst pabovasi rTunioresa, 4ro Takasi CTpyKTypHast
creluanu3anus, 0COOCHHO B OTHOILIEHUHU XOJIMHEPTUYECKUX MOAKOPKOBBIX MTPOEKIUNA, MOXKET OTPa’KaTh
pa3o0IeHne KOPKOBO-TUIIIOKaMIATBHBIX B3aMMOICHCTBHIMA U ObITh OJTHOW U3 IPUYHMH HApYyLICHUS
GyHKIMA 00y4eHUs U TTaMSsITH.
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Disconnection of cortical-hippocampal interactions can be the cause of learning and
memory damage by brain ischemia

Zakharova E.I.'*, Storojeva Z.I.2, Dudchenko A.M.!

1. Institute of General Pathology and Pathophysiology, Moscow, Russia;

2. Federal Medical Research Centre for Psychiatry and Narcology, Moscow, Russia;
* zakharova-ei@yandex.ru

The study of cholinergic (ChE ) organization of cognitive functions was performed in the cortex and
hippocampus on ChE presynapses of projection neurons from the forebrain nuclei and interneurons, on
the subsynaptic level using fractionation technology which make it possible for to separate the
presynapses of this two neuronal phenotypes. Previously, rats were exposed to ligation of carotid arteries
or sham-operation (without ligation ), and 6-7 days later the rats were trained in Morris water maze in
spatial contextual or spatial cued models daily for 4-5 days. Indicator ChE presynapses was activity of
their marker, membrane-bound and soluble choline acetyltransferase. Using correlation analysis, it was
found that the projection neurons and interneurons ChE presynapses of the cortex and hippocampus were
involved in the performance of operational and long-term memory at all stages of learning. Chronic
ischemia provoked the damages of the cognitive functions and also a major ChE reorganization of these
functions. A structural specialization of ChE links in mechanisms of the cognitive functions was one of
the consequences of the ischemia. In the ischemic rats, ChE organization of the learning and memory was
only cortical-dependent in the spatial cued model and, on the contrary, it was only hippocampus-
dependent in the spatial contextual model. It puts forward a working hypothesis that such structural
specialization, especially in relation to the ChE basal projections, can reflect the disconnection of the
cortical-hippocampal interactions and thereby to be one of the causes of damage of learning and memory.

47. Posib riiyraMmaTepru4eckKoi CUCTeMbl P SMUJICIICHA

3aitneB A.B.!*
1. UactutyT 3BomronoHHO# ¢usnonoruu u ouoxumuu PAH, Cankr-IlerepOypr, Poccus;
* aleksey zaitsev(@mail.ru

Onusencust — TeTeporeHHoe 3a0o0aeBaHne, OHAa MOXKET ObITh 00YCIIOBJIEHA FEHETUYECKOM
MIPEAPACIIONOKEHHOCTHIO (MaUONaTHUeCKast SNUJICTICHs) WK BbI3BaHA TPaBMaMU MO3Tra, HHCYJIbTOM,
TUIOKCHEN, MHPEKIUIMU, OMyXOJIAMU (BTOpUYHAS dMuiencus). B ocHoBe naTohu3noinoruy Snuierncuu
JISKUT HapyIICHHE OallaHca MKy TOPMOKEHHUEM U BO30YkKIeHHEM. B aKCcriepruMeHTaIbHBIX MOACTISX
SIUJIETICUH, & TAKXKE MPU U3YYEHUH SIUICNTHYECKOT0 MO3Ia YEJI0BEKa ONMCAH LENbIi P HAPYIICHH B
pabote rimyramat- u [’ AMKepruueckoit cucteM, 0JTHAKO B CHITy T€TEPOTCHHOCTH JaHHOTO 3a00JIeBaHUS U
WCIIOJIb30BAHUS PA3IMYHBIX MOJEIIEH, IUTEPATypHbIE JaHHBIE O KOHKPETHBIX U3MEHEHUSAX B
MEIUATOPHBIX CUCTEMAaX MPOTUBOPEUYUBHI.

B namieii paboTte Mbl CKOHIIEHTPHUPOBAINCH HAa U3YUEHUHU POJIH [NIyTaMaTepruuecKoil CUCTEMBbI IPU
HEKOTOPBIX KCIEPUMEHTATBHBIX MOCIIAX AMWICTICUH (TUJIOKAPITUHOBOM, MEHTUIICHTETPA30JI0BOH,
AEKTPOCYAOPOKHON U 'y KpbIC TMHUU KpylmnHCKOro-MooAKUHOM ¢ NpeapacnoioKeHHOCThIO K
ayIuOTeHHBIM cynoporam). OOHapyx)eHo, 9To crenuduueckue 0JIOKaTOPhI IIyTAMAaTHBIX PEIETITOPOB
NMDA u AMPA TuI1oB 1o-pasHoMy BO3JICHCTBYIOT Ha CYJOPOKHBIC COCTOSIHUS, a MX 3 (PEKTUBHOCTH
3aBUCHUT OT THUIIA CYAOPOT. BBIABIIEHO, UTO CYIOPOKHBIE COCTOSHUS MPU MUIOKAPITMHOBOW MOJIEIH
SMUJICTICUH TIPUBOJIAT K JIOJITOBPEMEHHBIM U3MEHEHHAM B cyObenuHnaHOM coctaBe AMPA u NMDA
PEIEenTOPOB B KOPE U THIIIOKAMITE KPBIC, 4TO ObLIO MOKa3aHo MeTooM real-time TP u moaTBepxkaeHO
ANEKTPOPU3NOIOTUYECKUMU IKCIIEPUMEHTAMH Ha MEPEKUBAIOIINX CPe3ax U U30JUPOBAHHBIX HEHpOHAX
KOpBI ¥ TUTITIOKaMIa. B yacTHOCTH, 00OHAPYKEHO, YTO B MUPAMHIHBIX KIETKaX KOPBI MO3Ta KPBIC yiKe
4yepe3 CyTKH IOCIIe CYyIOPOKHOTO COCTOSIHUS MOSIBIISIFOTCA KaylblMii-nponuaemeie AMPA penenTopsl,
oTcyTcTBytolue B HopMme. M3menenus B coctae NMDA penientopoB conpoBOXKAat0TCsl HAPYLIEHUSIMU B
BbIPa0OTKE JTOJITOBPEMEHHON CHHANITHUECKOH MIIACTUYHOCTH B cpe3ax rumnmnokammna. BoisBieHHbIe
3aKOHOMEPHOCTH MATOJIOTMUYECKUX U3MEHEHUN B TITyTaMaTepruuecKoi CUCTeME at0T HOBBIC UJIEH IS
co3anus 3Q(HEeKTUBHBIX MPOTUBOIMMICTITUYECKUX MTPENapaToB.
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Pabota nognepsxana rpantamu POOU 13-04-00244, 14-04-00413 u 15-04-02951

Role of glutamatergic systems in epilepsy

Zaitsev A.V.1*
1. Sechenov Institute of Evolutionary Physiology and Biochemistry of RAS, Saint-Petersburg, Russia;
* aleksey zaitsev(@mail.ru

Epilepsy - is a heterogeneous disease, and it is caused by a genetic predisposition (idiopathic epilepsy), or
by a brain injury, stroke, hypoxia, infections, tumors (secondary or symptomatic epilepsy). The
pathophysiology of epilepsy is that seizures result from imbalance between inhibitory (GABAergic) and
excitatory (glutamatergic) mediatory systems in various regions of the brain. Based on experimental
studies of animal models of epilepsy, as well as the studies of human epileptic brain it was reported a
number of disturbances in glutamatergic and GABAergic systems. However, the data about specific
changes in neurotransmitter systems are contradictory due to the heterogeneity of the disease and the use
of different experimental approaches. In our work, we used different animal models of epilepsy
(pilocarpine- and pentylenetetrazole-induced seizures, MES-test and Krushinsky-Molodkina audiogenic
seizure-susceptible rats) to investigate the role of glutamatergic system. We found that specific blockers
of NMDA or AMPA glutamate receptors have different effects on convulsions and their efficacy depends
on the type of seizure model.

Using real-time PCR and electrophysiological experiments on isolated neurons and slices of hippocampus
and cortex we found that status epilepticus induced by systemic administration of pilocarpine leads to
changes in the subunit composition of AMPA and NMDA receptors in the cortex and hippocampus of
rats. In particular, we revealed that after status epilepticus pyramidal cells of the cerebral cortex begin to
express calcium-permeable AMPA receptors which are normally absent. Changes in the NMDA receptor
subunit composition are accompanied by disturbances in the long-term synaptic plasticity in hippocampal
slices. These results provide new ideas for developing new effective antiepileptic drugs.

This work was supported by the grants of RFBR 13-04-00244, 14-04-00413 and 15-04-02951

«I'unnokamn u namsaTh: HopMma u natosorus — III» 2015 r. Ilymuno 57



HoBble moaxoabl 1Jisi CO31aHUSI MPOTEKTOPHBIX CPEJICTB B
npeaynpexaeHun pa3BuTUs HellpogereHepaTUBHbBIX 32001eBaHU U 1151
UX Tepanumn

New approaches in development of protective medicaments for preventing
and treatment of neurodegenerative diseases

48. buokaTop 1meJieBbIX KOHTAKTOB KAPOEHOKCOJI0H CHUKAET TPEBOKHOCTD Y KPbIC
nocJje HIeMHuHu Mo3ra

Jlorunosa H.A.'*, ITanos H.B.!, Kocuieia H.C.!, TIpokyparosa A.A.!, CBuroB M.M.!
1. UHCTUTYT BBICIIEN HEPBHOM AedTenbHOCTH U Helipodusnonoruu PAH, Mocksa, Poccus;
* nadinvnd@yandex.ru

NimemMudeckuii HHCYJIBT 4acTO ObIBaE€T NPUUYUHON Pa3BUBAIOILEHCS TPEBOKHOCTH U ICTIPECCUH Y
nanueHToB (Broomfield et al., 2014), u cHuXeHHe HEBPOJIOTHUYECKUX PACCTPONCTB SBIISETCS BAXKHBIM
aCIeKTOM B TEpaIUH MO00HBIX HAapyIIeHUH. B pa3BuTHM naTonoruu npu UIIEMUHA OTPOMHYIO, HO
HEOJIHO3HAYHYIO POJIb UIPAIOT IeJIeBble KOHTAKTHI. Vcnonabp3oBanue kapOeHOKCOI0Ha — OJI0KaTopa
I1EJIEBBIX KOHTAKTOB — MOJKET IPU PsIJI€ YCIOBUM OKa3bIBaTh NPOTEKTOPHOE U TEPANIEBTUYECKOE
BO3/JCHCTBHE.

Llenp Hame#t paboThI cocTOsUIAa B U3YUEHUHU BIMSHUS BHYTPUBEHHOT'O BBEJCHUS KapOSHOKCOJIOHA Ha
¢doHe pa3BUBaIOIIEHCS UIIEMUN MO3Ta y KPbIC Ha MOBEJEHHUE B TecTe «oTKpbIToe nojey (OIl) u ypoBeHb
TPEBOXKHOCTHU B TECTE «IPUMOTHATHIN KpecTooOpa3Hblit madbupunty (ITKJI).

V ’KMBOTHBIX MOJIETHUPOBAIN UIIEMHUUYECKUN HHCYIIBT C MOMOIIBI0 (POTOXUMHUYECKOTO TPOMOHPOBAHUS.
Bce kpbIchl ObLITH 1O/I€TIEHBI HA JIBE TPYIIIBL: SKCIIEPUMEHTAIBHOM rpymie yepe3 1 yac mocie OKOH4YaHUs
3aCBETKHM BHYTPUBEHHO BBOAMIIN OJIOKATOP ILIEJIEBBIX KOHTAKTOB KapOEHOKCOJIOH B 03¢ 1Mr/kr (n=13), a
OCTaJIbHBIX )KUBOTHBIX MCIIOJIb30BAJI B KaueCTBE KOHTPOJs (n=9). Beex :xuBoTHBIX TecTupoBanu B OI1
HaKaHyHE SKCIIEPUMEHTA, U TOBTOPHO Ha 4-i JIEHb MOCJIE ONEpaly, a Ha 6-i IeHb TIOCJI€ 3aCBETKH KPBIC
tectupoBanu B [IKJI. Kaxnoe TectupoBanue muymmnoch 1o 5 MuHyT. IlonydeHHble JaHHbBIE aHATTU3UPOBAIN
IIPU [TOMOIIY HEeTIapaMeTpUiecKoro Kpurepus ManHa-YUTHU U1 HE3aBUCUMBIX [TEPEMEHHBIX.

beuto nonmyyeno, uto Ha poHe kapOeHokconoHa B OI1 Bo BpeMs HOBTOPHOTO TECTUPOBAHMS
JIBUTATEIbHAsl aKTUBHOCTh JKUBOTHBIX ObLTa yBEJUYEHA 10 CpaBHEHUIO ¢ KoHTposieM (p<0,05). B TTKIJI
JUINTENIEHOCTh HAXOX/IEHUS B CBETJIOM pyKaBe JaOUPUHTA, & TAK)KE KOJTUUECTBO AMHU30/0B CBEIINBAHUS
U3 CBETJIOrO pyKaBa Ha (hoHE BBEACHUS KapOCHOKCOIOHA YBETUYHMBAJIACh IO CPABHEHHUIO C KOHTPOJIEM
(p<0,01).

Takum o0pa3om, OBLIIO MOTyYEHO, YTO BBEJIEHUE KapOEHOKCOJIOHA MOCIIe UIIEMUN MO3Ta MPUBOJIUT K
HOpMAaJIM3alK IBUTaTEIbHON aKTUBHOCTH KMBOTHBIX M CHUKEHHIO TPEBOKHOCTH, BBI3BAHHBIX
HUHCYJIbTOM.

HccnenoBanue BIMoHEHO Npu puHaHCOBOM noaiepxkke PODU B pamkax HayuHoro npoekra Ne 14-04-
32121 mon_a

Blocker of gap junctions carbenoxolone decreases an anxiety in rats after cerebral
ischemia

Loginova N.A.'* Panov N.V.!, Kositsyn N.S.!, Prokuratova A.A.!, Svinov M.M.!
1. Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia;
* nadinvnd@yandex.ru

Cerebral ischemia often causes developing anxiety and depression in patients (Broomfield et al., 2014),
and decrease of neurological disorders is an important aspect in the therapy of such disturbances. The role
of gap junctions in the development of pathology is huge, but ambiguous. Using of carbenoxolone
(blocker of gap junctions) can have a therapeutic and protective effect in some cases.

«I'unnokamn u namsaTh: HopMma u natosorus — III» 2015 r. Ilymuno 58



The aim of our work was to investigate the influence of intravenous injection of carbenoxolone (CBX)
during cerebral ischemia in rats on the behavior in “open field” test (OF) and anxiety level in the
“elevated plus maze” test (EPM).

We produced ischemia in rats using photochemical thrombosis. All rats were divided on two groups: to
experimental animals 1 hour after brightening we intravenously injected CBX in dose 1mg/kg (n=13),
and other rats were used as control group (n=9). All rats were tested in OF before ischemia, on 4th day
after ischemia, and in EPM on the 6th day after brightening. The duration of each test was 5 minutes. All
data we analyzed using nonparametrical Mann-Whitney test for independent samples.

It was obtained that in OF test (4th day) after CBX injection locomotor activity was increased compared
to control (p<0,05). Duration of staying in light arm of maze and the number of overhanging episodes
from light arm were increased compared to control rats (p<0,01).

Thus, carbenoxolone injection after cerebral ischemia cause to normalization of locomotor activity and
decrease of anxiety after stroke.

The reported study was supported by RFBR, research project No. 14-04-32121 mol a

49. Bausinue JHI0KAHHOOMHOU/IHOM CHCTEMbI HA IKCAUTOTOKCMYHOCTb, BHI3BAHHY IO
KAMHOBOMH KHCJIOTOM

[Iy6una JI.B."*, Kuuuruna B.®.!2

1. MHCTUTYT TeopeTndeckoil u sxcnepumMenTanbuoit onopusuku PAH, [Tymmno, Poccus;
2. [TymuHCKUI TOCYJapCTBEHHBIN €CTECTBEHHO-HAayYHbIN HHCTUTYT, [lymuuo, Poccus;

* shubina.lu@gmail.com

['myramaTtepruyeckas HEHPOTOKCUYHOCTh MOKET MPUBOAUTH K JJIUTEIBHBIM MOBPEKICHUSM MO3Ta U
Pa3BUTHUIO SMUIETICUU. ATOHHCT INIyTaMaTHBIX perenTtopoB kanHoBas kuciora (KK) sBisercs cuabHbIM
HEHPOTOKCUHOM U NMPUMEHSETCS JIJIs1 MOJICIIMPOBAHUS SNUJICTICUH Y )KUBOTHBIX. BBII10 MOKa3aHo, 4yTo
sH0oreHHbIe KaHHaOuHOMAbI (DK) 001a1at0T aHTUKOHBYJIBCAHTHBIMHA CBOMCTBAMHU in vivo. Moaymsius
OK-nepenauun mocpencTBoM OJ0KaIbI POIleccOB MHAKTUBAMK DK MOXKET cTaTh allbTEPHATUBHBIM H
0osee pU3MOIOTHUHBIM TyTEM BO3ACUCTBUA HA CYJJOPOKHYIO aKTUBHOCTD, [0 CPABHEHUIO C MPSAMOit
akTuBanuen kanHaOuHouaHbXx CB1 peneniropos aronuctamu. J[iist mpoBEpKH 3TOM TMHIOTE3BI OBLIO
MCCJIEI0BAHO BIMsAHME O0KaTopa obpaTHoro 3axBata DK AM404, naruburopa ¢pepMeHTa Aerpagaiuu
OK anagamuga URB597, a taxoke anraronucta CB1 penentopoB AM251 Ha snunenTU4ecKui cratyc,
BbI3BaHHBIN KK, 1 mocnenyronmii snuinentoreHe3 y MOpCKUX CBUHOK. J[J1s1 3TOro npoBoauiIn
OJIHOBPEMEHHYIO PErUCTPALIMIO JIOKAIBHBIX MOJEBBIX MOTEHIIMAJIOB B THUIIOKaMIIE, SJHTOPUHAIBHOM KOpe,
MeUaTbHOM CeNnTabHON 00JacTh U amuraaie Ao (B TeueHue 3-4 mpHeit), Bo Bpems (4-64) u mocie (3
Mmecsia) BeaeHus: KK.

B teuenue tpex mecsien nocie BBeaeHus KK nabmtoganace cinoxHasi TMHaAMUKa U3MEHEHU N
AJIEKTPUIECKON aKTUBHOCTH HCCIIEIYEMBIX CTPYKTYp. B MenuanpHON cenTanbHOM 00JacTH HAOII0AaI0Ch
MIPOrpeCCUpyIolIee CHIKEHNE MOITHOCTH JIOKATbHBIX MOJIEBBIX MMOTEHIIMAIOB, TOTJ1a KaK B THIIOKAMIIE
yepe3 mecsl nociie BeAaeHus: KK MOImHOCTh OCHMILISALNN CYIIECTBEHHO MOBBIIIANACH, BO3BPAIIAsCh B
nocneayromeM K (oHOBbIM 3HaueHuAM. Kpome storo, yepes Tpu Mecsua nocie BBeaenus KK
U30JIUPOBAHHO JINOO coBMECTHO ¢ AM251 B 1op3aibHOM runmnokamie Obiia oOHapykeHa Jerpaaarus
KJICTOYHBIX CJIOEB UM CIIPYTUHT MIIUCTBIX BOJIOKOH 3yOuaToii pacuuu. biokana nnaktuaum OK
CHUXaJ1a BBIPAXXEHHOCTH SMIICITUYECKOr0 CTaTyca, MPEMsITCTBOBAIA MOCIEAYIOMIEMY SMUICHTOreHE3Y U
MOP(}OIOrHYECKUM HaPYIICHUSIM B JOP3aJIbHOM THIIOKAMIIE, YTO YKa3bIBa€T Ha BO3MOXKHOCTD
UCIIOJIb30BaHUs akTUBalKMU DK cUCTEMBI B TEpayK SMUICTICUU U JPYTUX HEUPOAeTeHepaTUBHbBIX
3a0oJieBaHUi.

Pabora nognepxana PODU (Nel5-04-05463 a, Ne14-44-03607 p_ueHtp a).

Influence of the endocannabinoid system on the kainic acid-induced excitotoxicity

Shubina L.'*, Kitchigina V.F.!
1. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia;
2. Pushchino State Institute of Natural Sciences, Pushchino, Russia;
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Glutamatergic neurotoxicity may result in delayed damage of the brain and development of epilepsy.
Glutamate receptor agonist kainic acid (KA) is a potent neurotoxin and it is exploited in the modeling of
epilepsy in animals. Endocannabinoids (eCB) have been shown to possess anticonvulsant properties in
vivo. Modulation of cannabinoid signaling through the inhibition of EC inactivation may be an alternative
and more physiological way than direct activation with CB1 receptor agonists. To address this problem
we investigated the effects of the eCB reuptake inhibitor AM404, inhibitor of the enzymatic degradation
of eCB anandamide URB597 and CB1 receptor antagonist AM251 on the KA-induced status epilepticus
in guinea pigs. Local field potentials were recorded simultaneously in the hippocampus, entorhinal cortex,
medial septum and amygdala before (3-4 days), during (4-6 hours) and after (3 months) the injection of
KA.

Within three months after the KA injection complex dynamic of changes in the electrical activity of the
investigated brain structures was observed, while in the hippocampus the power of oscillations was
significantly increased in one month after the KA administration. Moreover, in three months after the KA
injection, along or with the AM251, cell loss and mossy fiber sprouting were detected in the dorsal
hippocampus. Inhibition of eCB inactivation alleviated the severity of status epilepticus, prevented
epileptogenesis and morphological alterations in the dorsal hippocampus, pointing out the potential
possibility of the eCB system activation for treatment of epilepsy and other neurodegenerative diseases.
Supported by the RFBR (Ne15-04-05463 a, Ne14-44-03607 p_uieHTp a).

50. UccaenoBanne npoTeKTOPHOro AeiicTBHs Oesika YB-1 Ha Tay-TOKCMYHOCTH B
HellPOHAJIbHOM KYJbTYype IMNIOKaMIIa

Tarapuukosa O.I'.1** Tlonskos J[.H.2, Buxnsauues U.M.3, Bo6suies A.I'.3, Opnos M.A.!, OBUMHHHUKOB
JI.I1.%2, Bookosa H.B.!

1. Uacturyt 6nodusuku xinerku PAH, ITymuno, Poccus;

2. Uacturyt 6enka PAH, [Tymmno, Poccus;

3. MHCTUTYT TeopeTHuueckoi u sxcnepuMenTanbroi onopusuku PAH, [Tymmno, Poccus;

4. [lymuHCcKui rocy1apCTBEHHBIM €CTECTBEHHO-HAYYHbBIM HHCTUTYT, [Iymuno, Poccus;

* olga.psn@mail.ru

Bbonesns Anblreiimepa-HeiipojereHepaTuBHOE 3a00JIeBaHIE, CBI3aHHOE C IBYMSI MapKepamMu—
BHEKJIETOYHBIMUA aMUJIOUIHBIMU OJIIIKAMU U BHYTPUKJIETOUHBIMU arperaTamMu, coAepKaiuMu
runepdochopunupoBannbiii Tay-6enok (pTau). Jns u3ydenus Bzaumoaenictus oera-amunounaa (Af),
OCHOBHOT'O KOMIIOHEHTa OJsiiiek, u Tay-0enka, TeCTUpOBaHMS COEAMHEHUH, CHIKAIOIUX UX
TOKCHYECKOE JACUCTBHE, ObLIa CO3/laHa KJIETOYHAsI MOJIE)Ib, OCHOBaHHAs Ha KOKyIbTHBHpoBaHuH (KK)
TpaHchenupoBaHHbIX Ki1eTok TuHun 3T3-4R-Tay, skcnpeccupyronux Tokcuaeckyro 4R dhopmy Genka
Tay, ¢ nepBUYHOI HEHPOHATBLHON KyIbTYpO#l runmokammna HoBopoxaeHHbIX kpeicat (ITHK) [Knensiera
A.,2014]. [Tpequnkyoarus 3T3-4R-Tay ¢ pubpumisipuoit popmoii AB(1-42) u KK ux ¢ I[THK nmoBermano
yrcno HexuzHecrocooubrx [THK no 56,7% (B cpaBaenun 37,3% mepTBoix kietok B [THK mpu ee KK ¢
3T3-4R-Tay kierkamu, 63 uaKyOaruu ¢ Af).

YB-1-3H10reHHbIH (aKkTOp, COASPKUTCS B HEHPOHAX BUCOYHOM KOPHI M THIIIOKAMIIA U 3aIIUIIACT
KJIETKH OT 00pa3oBaHus KOH()OPMAITMOHHO M3MEHEHHBIX OenkoB. Hamu uzydena cnocoOHocTh Oenka Y B-
1 nmpenoTBpamarh HHPEKIHMOHHOCTL Tay-0enka B ycinoBusx AfB-3aBUCHMON MHIYKIIMU TIpoliecca
bubpmmuzanuu 6enka Tay. J{ns storo [THK naky6upoBanu ¢ YB-1, a motom KK ¢ 3T3-4R-Tay
kietkamu. [lon geiictBueM YB-1 ymeHblIaeTcst 4iciio MEPTBBIX KJIETOK runmnokamia Jo 3,2%
(comoctaBuMo co 3HadeHusiMu rudenu B koHTposie [THK). [Ipu nobasneHnn B KyIbTypaIbHYIO CpPEIy
koHbtorara YB-1-HA-Taq, npoBeieHMM r’MCTOMMMYHOXMMHUYECKOT0 okpamuBanus kieTok B [THK ¢
MTOMOIIBbIO KOH(OKATbHONH MUKPOCKOITUH TTOKa3aHO MPOHUKHOBEHNE Y B-1 BHYTPh KIIETOK W JIOKAJIM3AIUs
T y3HO MPEUMYILIECTBEHHO B LIMTO30J1€, HO HE B siZ[pe HeWpOHa.

T.o., uccienoBaHo MPOTEKTOpPHOE AeicTBUE Y B-1, pe3ko cHmkaromee TOKCH4Ieckoe aeicTpue oenka Tay.
MexaHn3Mm IeHCTBUS IIOKa HEACEH, HO MOKHO lyMaTh, YTO, NpoHuKas BHyTph kietok [THK, YB-1
MPENATCTBYET PA3BUTHIO KACKAJHOTO MATOJIOTHYECKOro Mpolecca MO0 MyTeM B3auMOJCHCTBHUS C
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TOKCHUYECKHMH MOTUMEPHBIMU yacTuliamu Tay-0emnka, cekperupyembiMu 3T3-4R-Tay kinerkamu, mu6o
MyTeM CTaOMIM3alMK HEMPOHAIBHBIX MUKPOTPYOOUEK, 3ameliast HeyHKIIMOHAIbHBIN pTau.

Protective effect of YB-1 protein on tau-toxicity in hippocampal neuronal culture

Tatarnikova O.G.'#*, Polyakov D.N.2, Vikhlyantsev I.M.3, Bobylev A.G.3, Orlov M.A.!, Ovchinnikov
L.P.2, Bobkova N.V.!

1. Institute of cell biophysics of RAS, Pushchino, Russia;

2. Institute of Cell Biophysics of RAS, Pushchino, Russia;

3. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia;

4. Pushchino State Institute of Natural Sciences, Pushchino, Russia;

* olga.psn@mail.ru

In order to study pathogenetic factors of Alzheimer's disease (aggregated f-amyloid and neurofibrillar
tangles) and screening of compounds capable to reduce the mentioned toxic effect in vitro cellular model
was created. In the model transfected 3T3-4R-Tau cells that express Tau-protein(4R-form) were co-
cultivated (CC) with primary neuronal culture (PNC) derived from hippocampus of newborn rats.
Preincubation of 3T3-4R-Tau cells in a cultural medium containing f-amyloid lead to increase in level of
toxicity as seen from numerous non-viable cells of the hippocampal (hipp.) neurons(56,7% vs. 37.3%
non-viable cells in case of CC the PNC with 3T3-4R-Tau cells without the preceeding incubation in
medium containing Ap).

YB-1 is an endogenous factor found in neurons of the temporal cortex and hippocampus that prevents
formation of conformationally altered proteins in cells. For prevention of hyperphosphorylated Tau-
protein's(pTau) toxic effect the preincubation of hipp. cells with YB-1 was used. CC of the neuronal
culture with 3T3-4R-Tau cells which undergone preincubation with -amyloid was shown to increase
hipp. neuronal cells' resistance to the toxic effects of Tau-protein as seen from reduced number of non-
viable hipp. cells down to 3.2%. By adding conjugate YB-1-HA-Taq to the cultural medium with
following immunochemistry and staining of hipp. cells in culture with using confocal microscopy, we
were able to demonstrate ability of YB-1 to penetrate hipp. cells and accumulate predominantly in
neuron's cytosol but not in the nucleus.

Thus, we demonstrated a protective effect of YB-1, sharply reducing the toxic effect of tau protein. The
mechanism of action is unclear, but it is conceivable that, penetrating into the cells of the PNC, YB-1
prevents the development of a cascade of pathological process or by interaction with the polymer particles
of toxic tau protein secreted by 3T3-4R Tau cells, or by stabilizing neuronal microtubules, replacing non-
functional pTau.

51. Peryasiuus 6ajianca Bo30yKIal0IIUX U TOPMO3HBIX MeIMATOPHBIX CUCTEM
THNIOKAMIIA AMHW/IOM JIAMOEPTHAHOBOW KUCJI0ThI

Bamapa T.A.'*

1. KOHCTpYKTOPCKO-TEXHOIOTHUECKUN HHCTUTYT BeiuuciuTenbHol Texuuku CO PAH, HoBocuOupck,
Poccus;

* zapara t@mail.ru

Perynsus 6ananca Bo30y»XAal0IUX U TOPMO3HBIX MEAMATOPHBIX CUCTEM TUIIOKAMITIA aMHUIOM
JTaMOEPTHAHOBOW KUCJIOTHI

Beuxkanosa C.O., 3anapa T.A.*, Parymusk A.C.

KoHcTpyKTOpCKO-TeXHOIOTHYECKU HHCTUTYT BeiuncauTebHoU Texauku CO PAH, HoBocubupck,
Poccust; * Zapara t@mail.ru

Hapymenue 6ananca Mexry Bo30yKIalOUIMMHU U TOPMO3HBIMH METUATOPHBIMU CUCTEMAaMHU MTPUBOJIUT K
Pa3BUTHIO psijia HelpoJereHepaTUBHbIX 3a0oneBanuii. B runmnokamne 90% HEHPOHOB SIBISIOTCS
rnyramarepruaeckumu. Ocransable 10% npencrasiensl B ocHOBHOM ["”AMKepruuecknmu Heliponamu. B
30He CA1 cocpenoToyeHo O0IbIIOe KOTMYECTBO TyTaMaTHbIX perientopoB NMDA-tuna. [pu
nepdy3un cpe3oB rurnmnokamna 0e3MarHueBbIM pacCTBOPOM CHUMAETCSl MarHUEBbIi OJI0K ¢ HIOHHOTO
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kaHata NMDA-peuenropa. B atux ycnousix NMDA-penenTopHblii KOMIUIEKC IEPEXOIUT B PEXKUM
TOHUYECKON akTUBHOCTU. brokana xnopHoro kanana ['”AMKa-peuentopoB Kopa3oJioM NPUBOAUT K
YMEPEHHOH Ienosipu3aiy MeMOpaHbl HelipoHa 1 ocialienuto MmaraueBoro 6aoka NMDA -penenTopa.
Hapymenus pa6otst kak NMDA -, Tak 1 [’”AMKa-penentopoB npuBOAST K pa3BUTHIO SMHICITH(HOPMHOM
AaKTUBHOCTH. B Haiem mccieoBaHuu Ha MEPEKUBAIOIINX CPe3ax TUMIMoKamIa OblI0 TOKa3aHo, YTO
00paboTka cpe30B aMuI0M JJaMOepTHaHOBOM KUCITOTHI (AMJIK) 3HAUMTEIEHO yMEHBIIAET aMILUTUTYY
JIOTIOTHUTEHHBIX MOMYJSIIUOHHBIX CIIAHKOB (TI-CIIAHKOB), PETHCTPUPYEMBIX ITOCIIE CTUMYIISIIUU
kosutarepaneit lladdepa B mone CAl, u mpUBOIUT K MX TTOJTHOMY MCUYe3HOBEHHUIO. IHKyOaus cpe3oB B
HopMasbHOM pacTtBope ¢ AMJIK He npensTcTByeT passutiio NMDA-3aBucuMoi cHHANTHYECKON
noteHiuauu. [IpeBenTuBHas 06padoTka cpe3oB AMJIK cyrecTBeHHO 3aMenyseT MOsSBICHUE
JIOTIOJTHUTEJBHBIX M-CIAHKOB MOCIIE TIOMEIECHHS CPE30B B AMUJICTITOTEHHYIO CPEy, TMOO0 MOIHOCTHIO
MPEIOTBpaIIAeT UX MOSBICHHE.

Takum o6pazom, AMJIK (CbIpbEM TSI KOTOPOTO SIBISIETCS CUOMPCKUIA KeZIp) CIIOCOOCTBYET
HOpMAaJIM3alMi aKTUBHOCTH HEMPOHOB FMMMOKAMIIA KaK MPY THIIEPaKTUBALIMHU TIyTaMaTepruiecKon
CUCTEMBI, TaK U HegoctaTouHOM ["AMK-epruueckoM TOpMOKEHUU.

PaboTa BeImoHEHA TTPH MOAACPIKKE 0a30BOT0 MpoekTa pyHaIaMeHTanbHbIX nccaeaoBanuii PAH Ne [V
35.1.5, PHM-2012-46.

Regulation of balance of excitatory and inhibitory neurotransmitters of hippocampus
by lambertianic acid amide

Zapara T.A.'*
1. Design Technological Institute of Digital Techniques, SB RAS, Novosibirsk, Russia;
* zapara_t@mail.ru

Regulation of balance of excitatory and inhibitory neurotransmitters of hippocampus by lambertianic acid
amide

Vechkapova S.0O., Zapara T.A.*, Ratushnyak A.S.

Design Technological Institute of Digital Techniques, SB RAS, Novosibirsk, Russia; *Zapara t@mail.ru
An imbalance between excitatory and inhibitory mediator systems leads to the development of a number
of neurodegenerative diseases. In the hippocampus 90% of the neurons are glutamatergic, and the
remaining 10% are represented mainly by GABAergic neurons. The CA1 field has high population of
NMDA-type glutamate receptors. NMDA -receptor ion channel activity is normally regulated by the
magnesium block, which could be removed by perfusion of hippocampal slices with magnesium-free
solution. Under these conditions the NMDA -receptor activity becomes tonic. The blockade of GABAa-
receptor chloride channel by corazol (pentylenetetrazol) leads to a moderate neuron membrane
depolarization and relieves NMDA -receptor of the magnesium block. Disruption of both NMDA- and
GABAa-receptors evokes epileptiform activity. In our study it was shown that treatment of the epileptic
hippocampal slices with lambertianic acid amide (AmLA) significantly reduces or nullifies the amplitude
of the additional population spikes (p-spikes) recorded after stimulation of Schaffer collaterals. Incubation
of the slices in normal solution with AmLA does not prevent the development of NMDA-dependent
synaptic potentiation. Pretreatment of the slices with AmLA significantly delays or completely prevents
the invocation of additional p-spikes in the epileptogenic conditions.

Thus, AmLA (produced from Siberian cedar) helps to normalize the activity of hippocampal neurons both
in glutamatergic system hyperactivation and the lack of GABAergic inhibition.

The work was supported by the basic project of fundamental research of RAS IV 35.1.5 and the program
of Presidium of RAS FSM-46.

52. Poaib akTUBHBIX (JOPM KHMCJIOPOAA B HHUIMALMY PACIPOCTPAHAIOLICHCS
KOPTHKAJbHOM AeNpecCHH.
ManbkoB A.E.'*
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N36p1TOUHOE HaKOTIIEHUE aKTUBHBIX (hopM Kuciopoaa (ADK)B kineTkax BbI3bIBACT OKUCIUTEIBHBIN
CTpEeCC U MPUBOJUT K HAPYIICHUIO TOMEOCTATUYECKUX MEXaHU3MOB. MbI OOHAPYKWIIH, UTO B
MEPEKUBAIOIIUX Pe3ax TUIIOKaMIIa, HapyIIeHHE III0K0303aBUCMOM aHTHOKCHIAHTHOM CHCTEMBI
3aryckaeT OOIIMPHBIC HEraTUBHBIE U3MEHEHNUs (YHKIIMOHUPOBAHUS KiIeToK. JlaHHbIi (heHOMEeH OBl
Ha3BaH MeTabonudyeckuM kosiancoMm (MK). MK nposBiisisicss kKak JOJTOBPEMEHHOE MPEKpaIeHue
CHUHAIITUYECKOH nepeaauu, natosoruueckoe okucienne HAJI(®)H u ®AJ[H2, onHOBpeMEHHO ¢
WHTEHCHUBHBIM IOTJIOMICHUEM KHUCIOPOa, ¥ OOIIMPHON HEHPOHATBLHOM JCTIOIIPU3aIIUCH.
BoszuukHoBenuto MK npenmiectBoBano n3osirouHoe Hakoruienue ADPK, oqHako HapynieHUid HOHHOTO
rOMEeO0CTa3a WK YHEPreTUYECKOro o0ecreueHus: HeHpOHOB 10 MHUIIMAIIUH KoJIIarica 0OHapyXeHO He
Obu10. Anmumukanust 3¢ (heKTUBHOTO aHTHOKCHIaHTa Temriona npeaoTBpaliaia BosHukHoBeHne MK.
dusnongoruueckue nposiBieHus ooHapyxeHHoro Hamu ¢peHomena MK cXoHbI ¢ MOCIeICTBUIMU
KOPTHUKAJIBHOM pacipOCTpaHsIOLIENCS AEPECCUH (BOJIHBI HEHPOHAIBHON JENOSpU3alMM BOZHUKAIOIIEH
IIPU MUTPEHH, TPAaBMax MO3Tra, HHCYJIbTE), MEXaHU3Mbl BO3SHUKHOBEHHSI KOTOPOH M3y4yeHbI c1ab0. Mbl
npezrnonaraeM, 9to n3osirouHast akkymyssiiust ADK Taxoke MOXKET SBIATHCSA MyCKOBBIM MEXaHU3MOM
JUTSL pacripocTpansitonieiicss koprtukansHoit aenpecun (PKJI). B namux sxcniepumentax Temmnon okazancs
s dekTuBeH B npenoTBpanieHun PKJI in vivo, 94TO yKa3bIBaeT OKUCIUTEIBHBIN CTPECC KaK KIFOYEBOU
MexaHu3M B nauianuu PKJI.

Reactive oxygen species as a potential trigger of cortical spreading depression.

Malkov A.E.!*
1. Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia;
* malkovae@gmail.com

Excessive accumulation of reactive oxygen species (ROS) underlies oxidative damage. We find that in
hippocampal slices, decreased activity of glucose-based antioxidant system induces a massive, abrupt,
and detrimental change in cellular functions. We call this

phenomenon metabolic collapse (MC). This collapse manifested in long-lasting silencing of synaptic
transmission, abnormal oxidation of NAD(P)H and FADH2 associated with immense oxygen
consumption, and massive neuronal depolarization. MC occurred without any preceding deficiency in
neuronal energy supply or disturbances of ionic homeostasis and spread throughout the hippocampus. It
was associated with a preceding accumulation of ROS and was largely prevented by application of an
efficient antioxidant Tempol. The consequences of MC resemble cortical spreading depression (CSD), a
wave of neuronal depolarization that occurs in migraine, brain trauma, and stroke, the cellular initiation
mechanisms of which are poorly understood. We suggest that ROS accumulation might also be the
primary trigger of CSD. Indeed,we found that Tempol strongly reduced occurrence of CSD in vivo,
suggesting that ROS accumulation may be a key mechanism of

CSD initiation.

53. JHpoxkaHHAOMHOU N-apaxXUI0HOMIA0(¢aMKIH NpeI0TBPALIaeT BbI3BAHHOE
IJIyTaMaToOM HapylleHHe KAJIbIHeBOr0 roMeocTa3a B HelipoOHAaX rMNnoKammna in vitro

Kon6aes C.H.!'* Cumonosa B.B.!, Boopos M.IO.!, Xacnekos JL.T'.!
1. ®I'BHY Hayunslii ieHTp HEeBposioruu, MockBa, Poccus;
* Xacnexos JL.I'. khaspekleon@mail.ru

Cpenu MHOTOYHCIIEHHBIX (pOpM 1IepeOpalibHOM MATONIOTHH, BHI3BIBAIOIINX SIHJIEITOTEHES, BEIyIIee
MECTO 3aHUMAET UIIEMUYECKUA UHCYNIBT. OTHUM U3 SIBHBIX PU3HAKOB 3apOXKAAFOLIErOCs
AMUJICTITOTEHE3a SIBJIIETCSI HECIOCOOHOCTh HEWPOHOB MOJIACP)KUBATH 0a3aIbHBIN YPOBEHb
BHYTPHUKJIETOUYHON KOHIIEHTpaIuu HOHOB KanbIus ([Ca2+]1). JlanpHelee pa3BUTHE ATOJIOTHH BEACT K
MaccoBO rHOeNIn HEUPOHOB U yTpaTe BaKHEHIINX (DYHKIIHIA TOIOBHOTO Mo3ra. PacipocTpaneHHOCTh U
(daTalbHOCTh MIIEMHUYECKOT0 HHCYJIbTa 00YCIaBIMBAET aKTYaIbHOCTh MIOMCKA BELIECTB, CIIOCOOHBIX
MUHHMHU3HUPOBATH MaryOHOCTh €ro MOocieACTBUNA. Panee ObLI0 MOKa3aHo, YTO HEKOTOPBIE IPUPOIHBIE U
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CUHTETHYECKUE arOHUCTH KAHHAOMHOUIHBIX PEIENITOPOB CIIOCOOHBI PETYITUPOBATH BO30YIMMOCTh
HEPBHOM TKaHHU M OKa3bIBaTh HEUPOIIPOTEKTOPHOE JECHCTBUE B AKCIIEPUMEHTAIBHBIX MOJIEIISIX UllleMuu. B
JTaHHOU paboTe ¢ UCTIOIB30BAHUEM «TIIYTAMATHON MO HIIEMUU UCCIIEI0BaHa CIOCOOHOCTh
SHJIOTEHHOTO arOHWCTa KAaHHAOMHHOUIHBIX perenTopoB nepBoro tumna (CB1), N-apaxumononngodpamuna
(N-AZIA), BnusTh Ha HapyLIEHUsI KAJIBLIUEBOI'O TOMEOCTa3a HEUPOHOB B 17-21-1HEBHOU KyJIbTYpe KJIETOK
TUIIIOKaMITa HOBOPOXKJIECHHBIX MbIIIeH. Bo3aeicTBre Ha TOMEOCTa3 OLIEHUBAJIOCh CITYCTA 24 yaca 1o
U3MEHEHHIO CKOPOCTH PEelaKcallui K HCXOJHO HU3KUM 3HaueHusM [Ca2+]i mocie npoueaypsl 3arpy3Ku
(50 uM riryramara B TedeHue 2 MuHYyT). [lokazaHo, 4To KOHTpOIUpYEeMoe Bo3nelcTBre riayramara (20
MuH, 20 MKM) B Teu€HHE MOCIEAYIOLIUX CYTOK BEJET K CTOMKOMY 3aMEIJICHUIO KUHETUKH pellaKCcalliu
[Ca2+]i mo cpaBHEHHUIO C KOHTPOJIbHOU rpymmoi. [IpucyrcTBre Bo BHEKIeTOUHOM cpene SuM N-AJIA
3HAYUTENBHO CHIDKANO A (EKT riyramMara, He OKa3bIBasi CYIIECTBEHHOTO BIHUSHUS HA HEHPOHBI
KOHTPOJIbHOU Tpynmbl. [Ipy 3ToM KuHETHYECKUH PO MITH OBLT CXO0X ¢ poduieM, HaOII01aeMbIM B
rpyIiIe HeMPOHOB, HE MOABEPTaBUIMXCS HUKAKOH 00paboTke. Pe3ynbraTsl JaHHON pabOThI YKa3bIBAIOT HA
3HAUUTEIBHBIN (apmakonorudeckuii moteHman N-AJ[A, HarpaBIeHHBIN Ha MPEOTBPAIICHUE U
KOPPEKIHUIO MATOIOTUYECKUX MOCIIEICTBUN LIMTOTOKCUYECKOTO JIEUCTBUS TIyTaMaTta Mpu UIIEMUYECKOM
UHCYJIbTE.

Endocannabinoid N-arachidonoyldopamine prevents glutamate-induced
disturbances in calcium homeostasis in hippocampal neurons in vitro.

Kolbaev S.N.!'*, Simonova V.V.!, Bobrov M.Yu.!, Khaspekov L.G.!
1. Research Center of Neurology, Moscow, Russia ;
* XacrnekoB JL.I'. khaspekleon@mail.ru

Stroke is one of main forms of cerebral pathology causing epileptogenesis. Development of epilepsy after
stroke associated with multiple pathological changes on the cellular level and propagation of epileptiform
activity to healthy tissue. One of the explicit signs of originating epilepsy is inability of neuronal
homeostatic mechanisms to keep intracellular concentration of calcium ions ([Ca2+]i) at baseline level.
Further development of the pathology leads to massive neuronal death and loss of the main brain
functions. High rate of occurrence and fatal consequences of stroke substantiates the necessity of
searching new substances capable to reduce its consequences. Recently it was shown that some of natural
and synthetic cannabinoid receptor agonists are able to regulate the excitability of neuronal tissue and
demonstrated neuroprotective properties in experimental models of ischemia. Using “glutamate model” of
ischemia, we investigated the influence of N-arachidonoyldopamine (N-ADA), endogenous cannabinoid
receptor type 1 agonist, on the disturbance of Ca2+ homeostasis caused by glutamate exposure
(“glutamate” model of ischemia) in 17-21-day old cell cultures of hippocampus of newborn mice. The
effect on homeostasis was evaluated 24 hours later by measuring relaxation rate to initially low levels of
[Ca2+]i after short term loading procedure (2 min exposition to 50 uM glutamate). We found that within
24 h “damaging” glutamate exposure (20 min, 20uM) leads to significant reduction of [Ca2+]i recovery
rate compared to control group. However, in presence of 5 uM of N-ADA in extracellular solution the
consequences of glutamate treatment were significantly reduced without pronounced effect on control
group. In both cases kinetic profile of [Ca2+]i recovery was similar to that in untreated cells. Our results
point to significant pharmacological potential of N-ADA for correction of pathological consequences of
ischemic glutamate cytotoxicity.
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O01mmue BONPOCHLI OMOJIOTUN MO3Ta
General problems of brain biology

54. /IpurarejbHble HApyLIeHus npu 0ose3nn IlapkuHcoHa U ycHiieHue
OCUM/LJIATOPHOM AKTHBHOCTH: IPUYMHA, IOCTEACTBHE WM COBIIaJeHue?

bpaxuuk E.C.'*, Hosukos H.I1.!

1. Uactutyt HeBponorndeckux 3aboneanuii, Mepunenn, CILA;
2. Uuactutyt HeBponoruueckux 3aboneBanuii, Mepunenn, CLIA;
* elena_brazhnik@yahoo.com

Hapymenus neuxenuii npu 6onesuu [lapkuncona (bI1) cBs3pIBaloT ¢ M13MEHEHUSIMH Mpoliecca nepeayn
uHpopmanuu B 6azanbHbIX ranrusax (BI) Benencteue notepu nodamuH(/1A)-epriuueckoil ”HHEPBAIHH.
IToMuMoO ABUTATENBHBIX HAPYIICHUM, Y JII0AEH, cTpafatomux bII, oTMedeHa ycuneHHas CHHXpOHU3ALMS
B auana3one 15-30 I'u B 6a3anbHBIX raHrusax. Bospocuryio ociMuisTopHylo akTUBHOCTH BI' B Oeta-
Jarna3oHe MHOTHE CBSA3bIBAIOT C BOBHUKHOBEHUEM T'MIIOKMHE3UU U OpaJluKUHE3NH Y narueHToB ¢ bI1
(Brown et al. 2001, Weinberg et al, 2009, Kiihn et al, 2009). 13BecTHO, 4TO JI€BO0MA yCTPAHIET
JIBUraTeNbHble HapymeHus. OTHAKO MPHU JUIMTEIBHOM IIPUEME 3TOTO NpenapaTa BOZHUKAKOT OCIOKHEHUS
— HENPOU3BOJIbHAS IBUTATEIbHAS AaKTUBHOCTD, JUCKUHE3UH, IPU KOTOPBIX B MOTOPHOM Kope U bI'
PETUCTPUPYIOTCSI MOLIHBIE OCUMIIIALNY B raMMa-auanasone (70-120 ') (Alegre et al, 2012).

KppIchl ¢ 0AHOCTOPOHHNM pa3zpylieHneM JIA-CUHTE3UPYIOINX KIETOK UCIIOJIB3YIOTCS B KAUECTBE
mozenu BII ns uzyuenus paboTbl HEMPOHHBIX CETEH, BOBJICUYEHHBIX B ((OPMUPOBAHHUE YCTONUYUBON U
MOBBILIEHHON OCUMIUIATOPHOM akTBHOCTU nipu BII. OHa peructpupyercs B auanasue 25-35 I'u B
MOJTyIIapUH MO3Ta, B KOTOPOM ObUTH pa3pylieHbl J|A-CHHTE3UpYyIOUINe KIETKH, U Pa3BUBAETCS B TEUECHUE
nepBoi Hepenu nocie noBpexaeHus (Brown et al, 2009; Brazhnik et al, 2012). Tak e kaKk y MalydeHTOB
¢ BIl, y kpbIc Ipy TUCKHWHE3UH, BEI3BAHHOM Mepe103UPOBKOI JIEBOIONBI, B MOTOPHOM KOpe 1 0a3aibHBIX
TaHIJIMAX MOPAaXEHHOTO MOJTYIApHsl, BOSHUKAIOT MOLIHBIE M YCTOWYUBBIE OCLWIIIALMY B 1uana3zoHe 70-
120 I'y (Halje et al, 2012).

MBI n3y4anu HEMPOHHYIO aKTUBHOCTh U JIOKAJIbHbBIE MOTEHIMAIIBI B pa3Iu4HbIX Aapax bI', MoTopHOM
TajaMmyce ¥ MOTOPHOM KOpe MpH TUIIO- U TUIIEPCTUMYIISIINK J{A-epriuueckux perenTopos C
OJTHOBPEMEHHOM BHJIE03aMUCHIO JIBUTATEILHOW aKTUBHOCTH . Llenb paboThl — BBISICHUTH Kak
(GYHKIIMOHUPYIOT HeHpoHHBIE ceTH npu bIl, onpenenuTs BiIusHUE N30BITOUHBIX CHHXPOHU30BAHHBIX
OCLMJIISIMNA, BO3HUKAIOIIUX MOCJIe MOoTepH Jo(haMUHa, Ha pa3BUTHE ABUTaTEeIbHBIX HAPYILICHUHA U
YCTaHOBUTH SIBJISIETCS JIM 3Ta aKTUBHOCTH MPUYMHON MOTOPHBIX HapYIIEHUH, TOCTIEACTBUEM aJjaNTalluu K
HUM WJIHM COMYTCTBYIOIUM (PEHOMEHOM.

Movement Impairments in Parkinson’s disease and Excessive Brain Oscillations:
Coincidence, Consequence or Causality?

Brazhnik E.S.'*, Novikov N.I.!
1. NINDS, Bethesda, MD, USA;
2. NINDS, Bethesda, MD USA;
* elena_brazhnik@yahoo.com

Parkinson’s disease (PD) is a movement disorder associated with alterations in basal ganglia (BG)
network processing due to loss of dopamine (DA) innervation that leads to progressive movement
disability in human. Alone with motor dysfunction, excessive synchronization in the 15-30 Hz beta
frequency range has been repeatedly reported in the BG activity of PD patients with electrodes implanted
for deep brain stimulation. Enlarged beta range oscillatory activity in the BG has been suggested to
contribute to the akinesia/bradykinesia characteristics of PD (Brown et al, 2001; Weinberg et al,2009;
Kiihn et al,2009). The therapeutic effect of L-DOPA in treatment of motor symptoms in PD patients has
been well established. However, over time, L-DOPA therapy leads to severe motor complications referred
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as L-DOPA-induced dyskinesias that is closely associated with the onset of robust oscillations in the high
gamma range (70-120 Hz) (Alegre et al, 2012).

The hemiparkinsonian rat, commonly used as a model for PD, allows investigation of brain circuits as
they become recruited into a sustained and excessively synchronized state. Synchronized activity in the
25-35 Hz range associated with akinesia/bradykinesia emerges in the BG in the DA cell-lesioned
hemisphere over the first week after lesion (Brown et al, 2009; Brazhnik et al, 2012). Similar to PD
patients, robust oscillations with the dominant frequencies in the 70-120 Hz range were reported in
striatum and motor cortex in PD rats during dyskinesia (Halje et al, 2012).

We investigate neural and local field activity in the BG-motor circuits during under- and over-stimulation
of DA receptors in conjunction with evaluation of motor dysfunction. The goal is to understand the
network processing, pathogenic impact and downstream effects of the excessively synchronized
oscillations emerged following DA cell loss and determine whether they promote the movement disability
and dyskinesia, or rather may be maladaptive or epiphenomenal.

55. IlnHaMuKa KPYyNNHOMACIITAOHBIX ceTeid COCTOSTHUH MOKOS TOJIOBHOI'0 M03Tra
YeJi0BeKa 1mo JaHubiMm GMPT

3aspsioBa B.B.'*, Ymaxos B.JL.!, IToiina A.A.!, Benmuukosckuii 5.M.!
1. HUII "KypuaTtoBckuii UHCTUTYT";
* z1315@mail.ru

B Hacrosiee BpeMsi HHTEHCUBHO U3Y4alOTCsl HEMPOCETU COCTOSIHUM ITOKOS U

B3aMMOCBS3H UX KOMIIOHEHT. BONBIIMHCTBO 3TUX HCCIeA0BaHUN BBIICTSIOT CETH ITyTEM aHajn3a BCETro
BPEMEHHOI'0 MHTEPBAJIA, HA KOTOPOM OIIPEIEIEHbI 3KCIIEPUMEHTAJIbHBIE JaHHBIE, UCIIOJb3YsI IIPU ATOM
pa3IMyYHBIE MOAXO0bI (OCpETHEHHE KOBAPUAIIMOHHBIX MATPHUIl, METOJ] HE3aBUCUMBIX KOMIIOHEHT,
Kay3aJIbHOCTh TI0 MeToy ['peitHmkepa u 1.1.). OgHako, Kak mokasanu nocneanue padotsl (Elena A.
Allen et al., 2012), kondurypamms ceTeil B COCTOSHUSIX MOKOS MOJABEPKEHA THHAMUYECKON
M3MEHYMBOCTH, YTO CTABUT 1101 BOIIPOC IPAaBOMEPHOCTb YCPEIHEHUS JAHHBIX HA OOJBIINX UHTEpBAJIaX
BpPEMEHH.

Llenbio JaHHOM paOOTHI SBISAETCS PACHIMPEHUE U allpoOaLus IepeIOBBIX METOIOB aHAIIN3A JUHAMUKHI
KPYIMHOMACIITAaOHBIX CETeN COCTOSTHUM MOKOS Ha MOJYYEHHBIX HAMU JaHHBIX. MBI HCIIOJIL30BAIH
MO/IXO0/Ibl, OCHOBAHHBIE HA BBIJICJICHUH HE3aBUCUMBIX KOMIIOHEHT (50 BbIICIEHHBIX KOMIIOHEHT,
pa3ziesieHHBIX 0 (PYHKIMOHATBHBIM U aHATOMUYECKUM XapaKTEePUCTHUKAM), BEIUMCIICHUN CBA3EH Ha
OCHOBE KOBapHallUi U aHaJIM3€ UX IMHAMUKN BO BPEMEHHU C MCIOJIb30BaHUEM KilacTepu3aluu. B nanHoM
ucciaea0BaHuy npuHsn ydactue 30 310poBbix 100poBosibiieB (20 sxeHmuyH U 10 My>XK4nH), CpeTHHAMA
Bo3pact 24 roga (ot 20 mo 35 ner). Cornacue Ha MPOBEICHUE HCCIIEIOBAHUIN OBUIO TIOTYYSHO OT KaXK0TO
ucneITyeMoro. McrpITyeMble HAXOAWINCh B COCTOSTHUY TTOKOS B TeueHue 34 munyT (1000 nuHamMuK,
TR=2 cek). Pa3pemienue Ha mpoBeeHUE IKCIIEPUMEHTA OBLIO MOJIYYEHO 3TUYECKUM KOMUTETOM
NBHJInH® PAH. Dxcnepument npoBoauics Ha MP-tomorpade SIEMENS Magnetom Verio 3T
Kypuatosckoro kommiexca HBUKC-

TEXHOJIOTHUM.

Hcnonb3ys 3asBJICHHBIE B Pa0OTE METO/IbI, MBI CMOTJIM BBLICIHUTH B JMHAMHUYECKON MOCIEI0BATEIbHOCTH
WHAMBUIYaJIbHBIX COCTOSIHUI OTHOCUTEIHHO HEOOIbIIOE YUCIO (OT 5 10 7) yCTONYUBBIX, CMEHSIOLIUX
JpyT Apyra KJIACTePOB, COCTOSAMIMX M3 CXOXKHUX KOH(pUrypauuil. beum npoanaan3upoBaHbl
CTaTHCTUYECKHUE JIaHHBIC 110 YaCTOTE UX MOSBJICHHUSI, BEPOSITHOCTH CMEHBI M ycToHunBocTU. Hamm
pe3yIbTaThl YACTUYHO MOATBEPKAAIOT O0JIee paHHHE PE3Y/IbTAThl APYTrHUX aBTOPOB, B TO K€ BpeMsi ObLTH
oOHapyKeHbl CylIeCTBEHHbIE OTIU4MA. OHU B IIEPBYIO OUEpe/lb UMEIH OTHOIICHHUS K JIOKATU3AIHH
LIEHTPOB BBIJIEJIEHHBIX KJIACTEPOB CUCTEM: BU3yaJIbHOM, CIIyXOBOM, MO3K€UKa, KOTHUTUBHOTO KOHTPOJI,
cetu default mode.

Pabota yactuuno noanepxana rpantoM POOU odpu-m Nel5-29-01344.
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Analysis of resting state large networks of human brain dynamics based on fMRI
data

Zavyalova V.V.!'* Ushakov V.L.!, Poyda A.A.!, Velichkovsky B.M.!
1. National Research Centre "Kurchatov Institute";
* z1315@mail.ru

Currently, intensively studied resting state neural networks and their components interconnections. Most
of these studies isolate networks by analyzing the entire time interval in which the experimental data is
defined, using different approaches (covariance matrices averaging, the method of independent
components, Granger causality method, etc.). However, as shown by recent studies (Elena A. Allen et al.,
2012), the configurations of networks in the resting state are exposed to dynamic variability, that calls
into question about the validity of data averaging over long time intervals.

The aim of this work is to extend and to test of advanced methods of analysis of the large-scale networks
dynamics to the received data. We used approaches based on allocation of independent components (50
selected components separated by the functional and anatomical characteristics), the calculation of
relations on the basis of the analysis of covariance, and their dynamics over time using clustering. This
study involved 30 healthy volunteers (20 women and 10 men) with a mean age of 24 (from 20 to 35
years). Consent to conduct research was obtained from each subject. The subjects were at resting state for
34 minutes (1000 dynamics, TR = 2 seconds). Permission to undertake this experiment has been granted
by the Ethics Committee of the Institute of Higher Nervous Activity and Neurophysiology of RAS
(IHNA&NPh RAS). The experiment was conducted on the SIEMENS Magnetom Verio 3T Kurchatov
complex NBICS-technologies.

Using the declared methods, we could choose in a dynamic sequence of individual states a relatively
small number (from 5 to 7) of stable, changing each other clusters, consisting of similar configurations.
We analyzed statistical data on the frequency of their occurrence, probability of change and stability. Our
results partially confirm and coincide with the results shown in the advanced foreign works, but at the
same time, there are significant differences. They first had to do with the localization of the clusters’
centers of the systems: visual, auditory, cerebellum, cognitive control, default mode network.

The work is partially supported by grant RFBR ofr-m Ne 15-29-01344.

56. 3aBHCHMMOCTDH YaCTOTHI CIAHKOB HeﬁpOHa OT BXOJAHBbIX CUTHAJIOB TOKA U
NMPOBOAUMOCTH: MOAEJIb U IKCIICPUMEHT

Cmuprosa E.JO.'*, ko A.B.12, Kum K.X .2, 3aiines A.B.?

1. ®usuko-Texunueckuit uHCTUTYT M. A.D. Nodpde PAH, Cankr-IletepOypr, Poccus;

2. UacTuTyT 3BONMIOIIMOHHON usnonoruu u omoxumun uM. .M. CeuenoBa PAH, Canxkr-IletepOypr,
Poccus;

* elena.smirnova@mail.ioffe.ru

B npubnimkeHnn TMHEWHOM 3aBUCUMOCTH CHHANITHYECKHUX TOKOB OT MEMOpPaHHOTO MOTEHIMAIa BXO B
HEWPOH XapaKTEepU3yeTCsl IBYMS TapaMeTpaMu, TOKOM U (HE3aBUCUMOM OT MOTEHIIMAaIa KOMIIOHEHTOM
TOKA) ¥ TTPOBOJIUMOCTBIO S (TMHEHHBIM KO3 (DHUIIMEHTOM MMOTEHITHAI-3aBUCHMOM KOMIIOHEHTHI). B paboTe
METO/IOM IMHAMHYECKOT0 NaT4y-KJIaMIa Ha cpe3ax MmpedpoHTabHON KOPHI KPBICH ObLIa MOCTPOSHA
nosiHasi GYHKIMS BXOJa-BbIX0J]a HEMPOHA KaK 3aBUCUMOCTD CTAI[MOHAPHON YacTOTHI CHIAIIKOB OT U U S.
br110 nmokazano, 4To 001aCTh HEHYJIEBOM CIIAKOBOM aKTMBHOCTH HA IJIOCKOCTH MapaMeTpoB u u s (Q2-
JIOMEH) OTpaHUYEHa, a JOTMOJIHUTEIbHAS TPOBOJUMOCTh YMEHBIIAET TUANa30H TOKOB, IPU KOTOPBIX
HAOJII0JaeTCsl CMIaliKOBasi aKTUBHOCTh. AHAIOTWYHAsI (PYHKIIHS BX0/1a-BbIX0/1a Oblja MOCTPOEHA JUIst
MojieH Tuma XoKKruHa-Xakcenu. VccnenoBanue qeiCTBUS Ha Hee Pa3IMYHBIX MapaMeTPOB MOJIEIH
M0Ka3a1o0, 4To: 1) yMEHbIIEHHE MaKCUMaJIbHOW MPOBOJUMOCTH KaJIMEBBIX KaHAJIOB IPUBOIUT K
CMEIICHHUIO MPaBOi rpaHullbl 2-ToOMeHa (COOTBETCTBYIOIIEH AETIONSIPU3ALIMOHHOMY OJIOKY) B CTOPOHY
MEHBIIIUX TOKOB; 2) {)-TOMEH YMEHbIIIAECTCS MPU YMEHBIIIEHUU MAaKCUMaJIbHOU MPOBOAUMOCTH
HaTPUEBBIX KaHaOB. bbII0 MoKa3aHO KaK Ha MOJIENH, TaK M B 9KCIIEPUMEHTE, YTO {2-IOMEH YMEHbIIIaeTcs
IIPY YMEHBIIIEHNN BHEKJIETOYHOW KOHIEHTPALMU HATPUs, OXJIAXKACHUN, WIH YBEIIMYEHUHN MEJTIEHHOTO
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KaJIMEBOr'0 TOKA CIMIAMKOBOM ajanTtainu; BeicoTa {)-JOMEHa YBEJIIMUMBAETCS MO AeiicTBueM mryma. Hamm
PE3yNbTaThl JOTIOIHSIOT TaHHBIE O IEHCTBUH PA3IMYHBIX (DAKTOPOB HA YACTOTHO-TOKOBYIO 3aBHCHMOCTD
HEHUPOHA U JI0OKA3bIBAIOT, YTO CIIAKOBOM aKTMBHOCTBIO HEHPOHA YIIPABJIIAIOT KaK BXOJAHOU TOK, TaK U
BXOJIHAs MPOBOJIUMOCTb.

The dependence of neuronal firing on input signals current and conductance: model
and experiment

Smirnova E.Yu.'*, Chizhov A.V.!2, Kim K.Kh.2, Zaitsev A.V.2

1. loffe Physical-Technical Institute of the Russian Academy of Sciences, Saint-Petersburg, Russia;

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

* elena.smirnova@mail.ioffe.ru

Within the framework of a linear dependence of synaptic currents on membrane potential, an input to a
neuron is determined by two parameters, a current u (independent on the potential component of the
current) and the input conductance s (a coefficient of the potential-dependent component, conductance).
Using dynamic patch-clamp in prefrontal cortex slices a complete I/O function was estimated, i.e. the
dependence of the steady-state firing rate on u and s. It was shown that the domain of nonzero spiking
activity on the (u,s)-plane (Q2-domain) is finite and the additional conductance decreases the range of
spike-evoking currents. Similar I/O function was calculated for a Hodgkin-Huxley-like model. The main
effects of the model parameters were as follows: 1) the decrease of the maximal potassium conductance
leads to the shift of the right boundary of the Q-domain (corresponding to the excitation block) leftwards;
2) the QQ-domain is reduced by the decrease of the maximal sodium concentration. It was shown in
experiment and by modelling that the Q2-domain is reduced by the decrease of extracellular sodium
concentration, by cooling, or by the increase of slow adaptation potassium currents; the Q2-domain height
is increased by noise. Our results are complementary to data on the effects of different factors on the
neuronal frequency-current relationship, confirming that both input current and conductance affect
neuronal firing activity.

57. Jlokaau3anus U CPABHEHHUE MPEACTABUTENbCTB PeajbHbIX M MBICJICHHBIX
MOTOPHBIX JAeicTBUA M0 JaHHBbIM MeToxa GMPT.

Opios B.A.'*, Vmakos B.JI.!, Cenos A.C.?

1. HALL KypuaToBCKMI HHCTUTYT;

2. Uactutyt xumudeckoit ¢puzuku um. CemeHoa PAH ;
* ptica89@bk.ru

B HacTtosiee BpeMsi H3BECTHBI 30HBI M 00JIACTH MO3Ta, OTBEYAIOINE 32 MOTOPHBIE (PYHKIIUHM Pa3TMYHON
MOJYNALMY (HampuMmep, MOJHATHE PYKU/HOTH, CKaThe B KyJak U T.1.). JlanHas paGoTta Oblia HalpaBiieHa
Ha TIOMCK U U3y4eHHUE HEHPOCETEBOrO B3aUMOJICHCTBYSI MOTOPHBIX IPEICTABUTEILCTB B TOJIOBHOM MO3re
YenoBeKa, 00ECIeUnBaIONINX pealbHbIE U BOOOpakaeMble MOTOPHBIE EHCTBUSI.

B ¢MPT uccnenoBanum npuHsio yyactue 14 genoBek 9 My uuH H 5 )KEHIIUH B Bo3zpacte oT 19 1o 23
net (20 £1,2). OcHOBHBIE NTapaMeTPbl CKAHUPOBAHMS JIJISI TPEXMEPHBIX 176 Cpe30BBIX aHATOMUYECKHUX
nanHbIx: TR = 1900 ms, TE 2,47 ms u nuzorponHsiM BokceneM 1x1x1 Mm3 u qist 30 cpe3oBbIx
¢dbyaknroHanbHEIX JaHHBIX: TR = 2000 ms, TE = 25ms u n3otponHsiM Bokcenem 3x3x3 mm3.
HcnpITyeMBIM TIPEABSABISIIACH COOBITUHHO-CBSA3aHHAS TTapaIUrMa, COCTOSINAs U3 CITyXOBBIX
MpeIbABICHUNA IBYX cepuil KoMaH (001as AMTUTeNbHOCTD KaKI0M cepun cocTasisia 20 cexyH/, ob1ee
KOJIMYEeCTBO cepuid — 36):

1 :mpaBbIii/eBBIA+KYIIaK/pyKa/HOTa+CKATh/TIOTHSITh;
2:MBICTICHHOTTIPaBbIi/IEeBBIA+KYyIIaKk/pyKa/HOTa+CKATH/TIOTHATh.

Jlannble oOpabaTeIBaIMCh TPOrpaMMHBIM MakeToM SPME, B koTopoM Obliia MpoBeAeHa KOPPEKIIUS
MarHUTHOTO TI0JIS, KOPPEKIIMH BPEMEHHOTO CMEIIeHHUs, HOPMAaJIH3alKs U COBMEIIEeHNE (DYHKITMOHATBHBIX
Y aHATOMHUYECKHX JaHHBIX B OJIHOM cHcTeMe KOOpHHAT.

«I'unnokamn u namsaTh: HopMma u natosorus — III» 2015 r. Ilymuno 68



B pamkax rpynmoBoro aHanmsa ObLIO MOKAa3aHO YTO AaKTUBHOCTH B OTBET HA CTUMYJI JIOKATH3yeTCs B
npeJienax COMaTOCEHCOPHOM U MPEMOTOPHOM 00J1acTAX, LIEHTPE BECTUOYISIPHOTO anmnapara, YaCTU4YHO B
30Hax BepHuke u bpoka BO Bpems peasIbHbIX U MBICJICHHBIX MOTOPHBIX Je€HCTBUNA. Bo BpeMms
BBITIOJTHEHHS peaIbHOM MOTOPHOM 3a7a4yu ¢ yuetoM nonpaBok FWE miomans akTuBauu MOTOPHOM
00JacT TOJIOBHOT'O MO3ra OblJIa 3HAYMMO OOJIBIIIE YeM MIPH BBHIITOJIHEHUU MBICJICHHOH 3a7auu, OJJHAKO,
TJIOMIAh aKTUBAIMi 30H bpoka n BepHuke Obuta 3HaYMMO OO0JIBIIIE BO BPEMSI MBICIICHHON 3a/1a4H.
Pabota yactuuno noanepxana rpanroMm POOU opm-m Nel5-29-01344.

Localization and comparison of actual and mental representations of motor actions
according to fMRI.

Orlov V.A."*, Ushakov V.L.!, Sedov A.S.2
1. NRC Kurchatov institute;

2. Chemical physics institute RAS;

* ptica89@bk.ru

At the present moment, the sites and area of the brain responsible for motor function of different
modulation (e.g. raising his hands / feet, clench in a fist, etc.) are well known. This study was aimed to
find and study the interaction of neural network motor representations in the human brain, providing real
and imagined motor action.

The fMRI study involved 14 people 9 men and 5 women aged from 19 to 23 years (20 + 1,2). Basic
scanning options for three-dimensional 176 sliced anatomical data: TR = 1900 ms, TE 2,47 ms and
isotropic voxel 1x1x1 mm3 and 30 sliced functional data: TR = 2000 ms, TE = 25ms and isotropic voxel
3x3x3 mm3. Subjects were presented event-related paradigm, consisting of two series of auditory
commands presentations (the total length of each series was 20 seconds, the total number of series - 36):
1: left / right + fist / hand / leg + clench / raise;

2: mentally + right / left fist + / arm / leg + clench / raise.

The aim of the study was to identify the differences between the activity in the performance of these
commands and their spatial localization. Data were processed using SPM8 software package, which was
the correction of the magnetic field, the normalization and reconciliation of functional and anatomical
data in one coordinate system.

As part of the group analysis have been shown differences in the localization of active voxels within the
somatosensory, premotor areas, the center of the vestibular apparatus, partially Wernicke's and Broca’s
areas during real and mental motor activities. The work supported by grant RFBR ofr-m No 15-29-01344.

58. IlocaeacTBus JAJ1 HEPBHOM 1 MMMYHHOM CUCTEM IEPEHACEJIEHHOCTH Y KPbIC.

Jlocesa E.B.!*
1. UHCTUTYT BBICIICH HEPBHOM NeATEeILHOCTH U Helpoduzuonorun PAH, Mocksa, Poccust;
* brainres.sudak@gmail.com

Cxkyuennocts (CK) y KpbIC SIBIsI€TCS MOJEIBIO TICUXOCOIMATBLHOTO CTpEcca MepeHaceIeHHOCTH,
pacrnpocTpaHEHHOTO B YesioBedeckoM obiecTBe. M3yuenne mexanuzmoB BiusiHust CK Ha opranusm
Ba)XHO JUISI pa3padOTKu crioco00B OOPHOBI ¢ ee HEraTUBHBIMU MOCIIeACTBUSAIMU. B pabote uccinenoBanu
TPEBOXKHO-JICIPECCUBHOE MOBEJICHIE, IMMYHHBIN CTAaTyC, COACpKaHIEe MOHOAMUHOB U c-fos aKkcmpeccuro
B Pa3HBIX CTPYKTypax MO3ra y KpbIC, CO/IepKaIIMXcs B ycaoBUu xponudeckoit (10 u 6onee aueit) CK (16
KphIC B KJieTke). KOHTposieM CiIy»KUiIu KpBICHI, coepkalirecs 1o 4-5 ocoOeli B KJIETKE.

bbu10 noKa3aHo, YTO MO COBOKYITHOCTH ITOKA3aTENEN B TECTaX «OTKPBITOE M0JIE», «CBET-TEMHOTa», U
CTIPUITOTHATHIN KpecTooOpa3HbIil 1adbupuHT» npu CK ycunuaics 6a30Bblld ypOBEHb TPEBOKHOCTH. B
TECTe «BBIHYX/IeHHOE TaBaHue» npu CK yBennunBanoch BpeMss UMMOOMIN3AINH U YMEHBINAIOCH
BpEMS IIEPBOTO MHU30/1a AKTUBHOTO IJIABAHUS, YTO YKa3bIBaJO HA PA3BUTHE JIEIPECCUBHOTO COCTOSIHHUSL.
[Tpu sToM conepkanue Hopaapenanuna (HA) u nodpamuna ([{A) B cenTyme CHUXKAIOCH, a B
TUIOTaJIaMyce TIOBBIIAIOCH, coaepkanue Mmeradonmrta JJIA JODYK cHmkanoch B 00eUx CTPYKTypax.

B ycnoBusix CK y kpbIc B KpoBH yreTanach sxcnpeccus rena MJI-4, aktuBupoBanach TpaHCKPUIILIUS
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NJI-17 u 6pu1a ocnabiaeHa cocoOOHOCTh K MPOAYKUIUU HHTEp(epoHa-y. DTH JaHHbIE YKa3bIBAIOT HA
ociabnenue ummyHuTeTa. C-fos sxkcnpeccus (mokazarensb GyHKIUMOHATBLHON aKTUBHOCTH KIIETOK),
KOTOPYIO OLIEHHBAJIM B Cpe3ax MO3ra KpbIC [0 pa3paboTaHHOMY Hamu MeToxy, npu CK yBennuuBanach B
MOTOPHOM U, pETPOCITIECHHAIBHON KOPE, BEHTPAIbHOM CTPHUATyM€E U BEHTPAJIbHOM YaCTH JIATEPAIBHOTO
CENTyMa, a yMeHbIIanack B 15-u ctpykrypax u3 141 ncciaenoBaHHBIX.

Taxum o6pazom, npu xponndeckoir CK y KpbIc BO3pacTano TPEBOKHO-IEMPECCUBHOE COCTOSHUE,
CHIDKAJICS. UMMYHHBIH CTaTyC, B HEKOTOPBIX CTPYKTYpax MO3ra HEOJJHO3HAYHO U3MEHSIIOCH COIepIKaHue
MOHOAMHUHOB M UX METAa0OJUTOB, a Tak k€ (PyHKIMOHANbHAS aKTUBHOCTD. [Ipenmnonaraercs, 4To Moiemnb
xporndeckoit CK MoeT ObITh HCIIONB30BaHa IS JOKITMHUYECKOH OIEHKH aHKCUOJIUTHUYECKHX,
AHTHUIETIPECCUBHBIX, IMMYHOMOIYJIUPYIOIIUX U T.J. CBONCTB Pa3IMYHbBIX BEIIECTB U MPENapaToB.

Consequences for nervous and immune systems of overpopulation in rats.

Loseva E.V.!*
1. Institute of Higher Nervous Activity and Neurophysiology of RAS, Moscow, Russia;
* brainres.sudak@gmail.com

Overcrowding (OC) in rats is model of a psychosocial stress of overpopulation widespread in human
society. Studying of mechanisms of influence of OC on the organism important for development of ways
of overcoming its negative consequences. In work investigated the disturbing and depressive behavior,
immune status, content of monoamines and c-fos expression in different brain structures of the rats
containing in condition of chronic (10 and more days) OC (16 rats in a cage). As control used the rats
containing on 4-5 individuals in a cage.

The experiments showed that at chronic OS in rats increased the disturbing depression, decreased the
immune status, in some brain structures ambiguously changed the content of monoamines and their
metabolites, and also functional activity. It is supposed that the model of chronic OC can be used for
preclinical assessment the anxiolytic, anti-depressive, and immunomodulatory properties of various
substances and preparations.

59. PazBuTHE MeXaHM3MOB NAMSATH B (pUJIOTeHe3e

[Iymunosa M.M.'*, Kamanos @.®.2, 10. b. Benukomonosa

1. bamkupckuii Tocy1apcTBEHHBIM MEIUIIMHCKHN YHUBEPCUTET, T.Y (ha, Poccus;
2. Pecnyb6nukanckas knuHuueckast 6onpHUIA MM.KyBarosa, .Y da, Poccus;

* wystan_borges@mail.ru

Hayunslif pykoBoauTens — npod., A.M.H., KatomoBa A.®.

Kadenpa nHopmanbHol puznosniorun, bamkupckuii rocyapcTBEHHBIN MEAUIIMHCKAN YHUBEPCUTET
(Yda,Poccus)

B nannom 0030pe npousBeeHa MOMNbITKa OTPA3UTh COBPEMEHHBIE MTPEICTAaBICHHS 00 3KCIIEPUMEHTAIILHO
BBISIBIICHHBIX MeXaHu3Max (POpMUPOBaHUS NPOCTHIX (GopM 00ydeHus. PaccMoTpensl GuioreHeTHuecKu
YHHUBEpCaJbHbIE MOJIEKYJISIPHBIE MTPOLIECCHI MAMATH, SBJISIONIMECS OOIIMMU JJIsl 4eJoBeKa 1 0oiee
IPUMHUTHUBHO YCTPOEHHBIX OPTaHNU3MOB.

KitoueBrbie cioBa: MexaHU3MBI TaMATH, (GUITOTeHE3, 3BOJoNHs HepBHOU cucteMmbl, CREB-6enku, nAMO,
MIPOTEUHKUHA3a, TUITIOKAMIL.

Memory mechanisms evolution in phylogenesis

Shumilova M.M.'*, Kashapov F.F.2, Velicomolova Y.B.
1. Bashkir State Medical University, Ufa, Russia;

2. GG Kuvatovs Republican Clin Hospital, Ufa, Russia;
* wystan_borges@mail.ru

Scientific supervisor — Prof., D.Sc., Kayumova A.F.
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Department of Normal Physiology, Bashkir State Medical University (Ufa, Russia)

In this review we've tried to show experimentally validated mechanisms which take part in simple forms
education process. We have observed phylogenetically universal memory mechanisms which are general
for human and more primitive organisms.

Tags: mechanisms of memory, phylogenesis, evolution of the nevrous system, CREB, cAMP, protein
kinase, hippocampus.

60. Posib cTPYKTYpPBI M (PYHKIIMH JTEHAPUTHBIX HIIUNMHUKOB B KOTHUTHUBHBIX MpoLeccax

Parymmsk A.C.'*, IIpockypa A.JI.!, Beukanosa C.O.!, 3amapa T.A.!

1. Konctpykropcko - Texnonoruueckuit Uuctutyt BeruncnurensHoit Texuuku CO PAH; r.
Hosocubupck, Poccust

* ratushniak.alex@gmail.com

Benyuryto posb B uHOOPMAIIMOHHBIX MPOIIECCaX, JISKAIUX B OCHOBE KOTHUTHBHOCTH, HTPAIOT
CEHCOpPHBIE CTPYKTYPHI KJIETOK - CUHAINCHI. loHOTpomHbBIE rmyTamaTeprudeckue perentopst HMJIA Tuna
OTIOCPEAYIOT OBICTPYIO BO30YKAAIOIIYI0 HEHporepeady 1 KOHBEPTUPYIOT CIICIIU(PHUECKUE TaTTEPHbBI
HEHpPOHAJIbHON aKTUBHOCTHU B JOJTOBPEMEHHbIE H3MEHEHUS 3(PPEKTUBHOCTH U CTPYKTYPhI CHHAIICOB.
HM/IA penientopsl COCTOAT U3 HECKOIBKUX CYObEAMHHUL, OTINYAIOLINXCS HOHHON MPOBOAMMOCTBIO,
YyBCTBUTEIBHOCTBIO K IIIyTaMaTy U arOHUCTaM, MOHAM MarHusi, BpEMEHEM J€aKTUBALIMH,
MIPOCTPAHCTBEHHBIM PACTIOJIOKEHUEM, 3aKPEIICHUEM Ha MeMOpaHe, YyBCTBUTEIILHOCTHIO K
dapmakonorndeckum arentaM. HMJIA penentopsr popMupyroT GyHKIIMOHATHHBIX MaKPOKOMITIIEKCHI C
[IUTOIIA3MATHYECKIMHE OeJIKaMH, KOTOphIe 00eCcTIeYnBaOT He)ePMEHTATUBHBIC B3aUMOICHCTBUS U
MIPOCTPAHCTBEHHOE cOMMKeHue OEIKOB sl peaan3anui HHPOPMAIIMOHHBIX IporeccoB. [Iposenen
aHAJIU3 MEKOEIIKOBBIX B3aUMOJICHCTBUI B MAKPOKOMIUIEKCAX PAa3IUYHBIX cyobenuaul HMJIA
penienTopoB. BeiaeneHo Tpu rpynmbl 6eIKOB Ha OCHOBAaHMH UX (YHKIIMI B MaKpoKOMIUIeKcax. benku
CTpYNIUPOBAHBI IO (PYHKIIMSAM B KOMIUIEKCAX HA OCHOBaHUH MH(DOpMAIINK XapaKTePUIYIOIIEeH UX
CTPYKTYPY, T'€HBbI, SKCIIPECCUIO B MO3T€, POJib B IIPOLECCAX CUHANTHYECKOMN TUIACTUYHOCTH U CBSI3b C
Pa3NTUYHBIMU KOTHUTUBHBIMU HAPYILICHUSIMHU.

PaboTa BeImoHEHA TIPH MOACPIKKE 0a30BOT0 MpoekTa pyHaaMeHTanbHbIX nccaeaoBanuii PAH Ne [V
35.1.5 u unrerpanuonHoro npoekta CO PAH Nel36.

Role of the structure and function of dendritic spines in cognitive processes

Ratushnyak A.S.'*, Proskura A.L.!, Vechkapova S.0.!, Zapara T.A.!
1. Design Technological Institute of Digital Techniques SB RAS; Novosibirsk, Russia,
* ratushniak.alex@gmail.com

The leading role in the information processes underlying the cognition plays sensory structures of cells -
the synapses. The ionotropic glutamatergic receptors NMDA type is mediates of fast excitatory
neurotransmission and convert specific patterns of neuronal activity in the long-term changes of
efficiency and structure of synapses. NMDA receptors are composed of multiple subunits differing with
ionic conductivity, sensitivity to glutamate and agonists, magnesium ions, deactivation time, spatial
location fixed on the membrane, the sensitivity to pharmacological agents. NMDA receptors form
functional macrocomplexes with cytoplasmic proteins that provide a non-enzymatic interaction and their
spatial convergence for the implementation of information processes. Analysis of protein-protein
interactions in macrocomplexes different subunits of NMDA receptors have performed. Three groups of
proteins have been selected on the basis of their functions in macrocomplexes. Proteins are grouped by
function as complexes based on information characterizing the structure of the genes and proteins,
expression in the brain, their role in synaptic plasticity and relationship to various cognitive disorders.
The work was supported by the basic project of fundamental research of RAS IV 35.1.5 and SB RAS
integration project Nel36.
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61. CBs13b BHEKJIETOYHOI'0 MOTEHIMAJIA ¢ MEMOPAHHBIMHM TOKAMM HEIIPOHOB: MO/IeJIb
U SKCIIEPUMEHT

Ywxkos A.B.12*

1. ®uzuko-rexuudeckuit THCTUTYT UM. Modde PAH, Cankr-IlerepOypr, Poccus;

2. UactutyT 3BONMOIIMOHHON uznonoruu u omoxumun uM. .M. CeuenoBa PAH, Canxkr-IletepOypr,
Poccus;

* anton.chizhov@mail.ioffe.ru

CooTHoIIEHNE MEXy BHEKIETOYHO U3MEPSIEMBIM ITOTEHIUAJIOM HJIEKTPUYECKOIO MOJIsA, HOPOKIEHHBIM
CHHAINTUYECKON aKTUBHOCTBIO B aHCaMOJie HEHPOHOB U BHYTPUKJIIETOYHBIMU CUTHAJIAMU B HEHPOHAX
ABJIAECTCS BaXKHBIM, HO BCE €I1Ie OTKPBITHIM BOnpocoM. Ha ocHOBE Moenn HelpoHa ¢ IUIMHAPUYECKUM
JEHAPUTOM U COCPEIOTOYEHHON COMOH, momyudaercst popMyia, KoTopas 000CHOBBIBAET
HPONOPLHUOHATIBHOCTb JIOKAJIBHOI'O MOJIEBOTO MOTEHIIMAIA H OOLIEr0 COMaTUUECKOro TPAHCMEMOPAHHOTO
TOKa, KOTOPbII BOZHUKAET BCIIEICTBUE PA3HOCTH COMATUYECKOTO U ACHPUTHOTO MEMOPaHHBIX
noteHuuanos. @opmysa NpOTECTUPOBAHA € IOMOIIBIO SKCIIEPUMEHTAJIBHBIX BHYTPU- U BHEKJIETOYHBIX
3aIMCEeN BBI3BAHHBIX CUHAIITUYECKUX OTBETOB B Cpe3ax rummokamna. Kpome Toro, BKiIa pa3in4HbIX
MeMOpPaHHBIX TOKOB B I10JI€ IOTEHLIMAJIA IIPOJIEMOHCTPUPOBAH B MOJIEIM B3aUMOJICHCTBYIOIINX
HOMYJISIUA BO30YKIAIOUIMX U TOPMO3HBIX HEHpOHOB. [IpeiokeHHbIN MOAX0/1 Ja&T MPOCTYIO OIICHKY
HEHM3BECTHBIX JIEHAPUTHBIX TOKOB HEIIOCPEACTBEHHO U3 COMaTHYECKHX U3MEPEHHH 1 oOecrieunBaeT
MHTEPIPETALMIO JIOKAIBHOIO IIOTEHIMAA 110JI1 B TEPMUHAX BHYTPUKIETOYHO U3MEPSIEMBIX
CHUHANTUYECKUX CUTHAJIOB. MOJesb BHEKJIETOUHOTO MMOTEHIMAJIA TAKXKE IPUMEHUMA K U3Yy4CHHIO
KOPKOBOM aKTHUBHOCTH C HCIIOJIb30BAHUEM IIOITYJIALIMOHHBIX MOJIEIEH, OCHOBAHHBIX HA JIBYX-
KOMIIaPTMEHTHBIX HEMpPOHAX.

The relationship between local field potential and intracellular signals in layered
neural tissue: model and experiment

Chizhov A.V.1.2*

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

2. Sechenov Institute of Evolutionary Physiology and Biochemistry of RAS, Saint-Petersburg, Russia;
* anton.chizhov@mail.ioffe.ru

The relationship between the extracellularly measured electric field potential resulting from synaptic
activity in an ensemble of neurons and intracellular signals in these neurons is an important but still open
question. Based on a model neuron with a cylindrical dendrite and lumped soma, we derive a formula that
substantiates a proportionality between the local field potential and the total somatic transmembrane
current that emerges from the difference between the somatic and dendritic membrane potentials. The
formula is tested by intra- and extracellular recordings of evoked synaptic responses in hippocampal
slices. Additionally, the contribution of different membrane currents to the field potential is demonstrated
in a two-population mean-field model. Our formalism, which allows for a simple estimation of unknown
dendritic currents directly from somatic measurements, provides an interpretation of the local field
potential in terms of intracellularly measurable synaptic signals. It is also applicable to the study of
cortical activity using two-compartment neuronal population models.
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