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BEJIOK YEJIOBEKA SLURP-1 TOPMO3HUT MUI'PALIAIO KJIETOK
HEPBUYHBIX IMHUU MEJJAHOMBI IIOCPEACTBOM B3AUMOJAEUCTBUSA C
HUKOTHUHOBBIMU PELEIITOPAMUA

Kupuyenko A.B.l’z, brrukoB M.H.z, ImenoBa O.B.l’z, Muxaiinosa I/I.H.3, Kupnuunukos M.H.2’4,
[Iynenko M.A.?, Jlroxmarosa E.H.**

1 - Mockosckuil gpuzuxo-mexnuueckuu uncmumym, Mockea, Poccus
2 - Uucmumym ouoopeanuuecxoti xumuu um. M. M. Illemaxuna u FO. A. Osuunnuxoséa PAH,
Mockea, Poccus
3 - Hayuonanwvhwiii MeOuyuHcKkull ucciedosamenvckutl yeump oukonoeuu um. H. H. broxuna,
Mockea, Poccus
4 - Mesxcoucyunaunapuasn HayuHo-obpazosamenvhas wikoia Mockoéckozo yHusepcumema
«Monexynsaprvie mexHoI02uu HCUBLIX CUCTEM U CUHMEMUYecKdasl OUoIo2usy,
buonocuueckuii paxynomem, Mockosckuii 2ocyoapcmeeHnuwiil yHugepcumem um. M.B.
Jlomonocosa, Mockea, Poccus

bittert@mail.ru

AKTUBalMsi HHMKOTMHOBBIX alETHIIXOJUMHOBBIX penentopoB (nAChR) cnocoGcrByer
npoimpepaud U MHUTPAllMM PAKOBBIX KJIETOK M TOAaBisieT amonto3. CekpeThpyemblii Oerok
gyenoBeka SLURP-1, npunamnexammuii cemeiictBy Ly-6/uPAR, marnbupyer nAChR tuna a7 (a7-
nAChR), sBisercss ayro/mapakpWHHBIM pETYISTOPOM TOMEOCTa3a AIUTETUAIBHBIX KIETOK H
MOJABISAET MPOoIUdepaIHio KJIeTOK KapiMHOMbI. Bmecte ¢ 3tum, skcnpeccuss SLURP-1 cHmkena B
KJIETKAaX MEJIaHOMBI 110 CPABHEHHIO CO 30OPOBBIMM TKaHSIMH, a TAK)KE B METACTaTHUECKHUX KJIETKAaxX
MEJTaHOMBI IO CPAaBHEHUIO C IEPBUYHON OIMYXOJIBIO.

B nanHoM umccnenoBanuu Mbl npoaHanusupoBanu skcrpeccuto SLURP-1 u a7-nAChR B
o0pa3lax OINyXOJeBbIX M HOPMalbHBIX TKaHed u3 6a3bl naHHBIX TCGA Melanoma u BBIABUIM
KOppesIMI0  Mexay Hu3kod oskcrpeccued o7-nAChR ¥ MONOXUTENbHBIM MPOTHO30M IO
BBDKMBAEMOCTH MAIMEHTOB ¢ MEJTAaHOMOM. MBI OMy4MiIM peKOMOWHAHTHBINA aHAJIOT YeJI0BEYECKOTO
SLURP-1 (rSLURP-1) 1 u3yunnu ero antunpoirdeparuBHy0 akTUBHOCTh Ha HA0Ope MEPBUYHBIX
KJICTOYHBIX JIMHUNA MEJIaHOMBI, BKJIIOYAIOIIEM OIHY YMEPEHHO Au((HepeHIUPOBAHHYIO KIETOYHYIO
muano (mel P) u aBe Huskonudgepennuponannsle kietounsle auHuM (mel Kor, mel H). Mu
oOHapyxuimu, yTto rSLURP-1 He oka3biBaeT aHTUNPOIU(EPATUBHOIO JEMCTBHSI Ha BCe
UCcleTyeMble KJIETOUHbIE JIMHUU, OTHAKO BBI3BIBAET apeCcT KJIETOYHOro LuKia kietok mel P B daze
GO/G1. B 1o e Bpemst ISLURP-1 cenextuBHO nHrn6upyet murpanuio kiaerok mel P ¢ ECsy 67,8 +
0,4 aM. Hoxnayn skcripeccun o7-nAChR B kierkax mel P ¢ momompio o7-siRNA momHOCTBIO
orMmeHsu1 BausiHue rSLURP-1 Ha murpanuro, 4To yKa3pIlBaeT Ha BOBJIEYEHHOCTh 3TOrO PELenTopa B
MEXaHH3M JeHcTBUsA perynstopa. UYToObl MoHAT, MexaHu3M cenekTuBHOcTH TrSLURP-1, Obin
nposeneH IIIP-ananu3 B peasbHOM BpeMeHH. Bce wuccienyemsle JIMHUM JAEMOHCTPHUPOBAIIN
cxonubii ypoBeHb dkcnipeccun MPHK renoB CHRNA7 w SLURPI, omHako Ha0moaanack pa3Huiia B

skcripeccun TeHa CHRFAM7A, komupyrolero ycedeHHyto cyobenunuiy dupa/, kotopasi crmocoOHa



dbopMupoBaTh ¢ TOJHOpa3MepHbIMH  cyObeauHunamMu  07-nAChR  HedyHKIIMOHATBHBINA
rerepoMepubiii perientop o7-nAChR/dupa7. Takum o6pazom, rSLURP-1 uHruOupyer Murpamuto
ymepeHHO-Tu(hGepeHIIMPOBAaHHOW  MeENaHOMBbl TyreM B3aummonedctBus ¢ o7-nAChR  Ha
MOBEPXHOCTU PAKOBBIX KJIETOK U OTCYTCTBUE BIUSHUS PEKOMOMHAHTHOTO Mperapara Ha OCTalbHbIE
UCCIIeIyeMble JIMHUM MEJIaHOMbl MOXKET OBIThb CBSI3aHO C TIOBBIIICHHBIM COJEp>KaHUEM Ha
MOBEPXHOCTH HX KIETOK XHMEpHbIX penentopoB o7-nAChR/dupa7, HeuyBCTBUTENBHBIX K
neiicreuto rSLURP-1. PaGora Bemonaena npu noaaepkke Poccuiickoro HaydHoro ¢ona (poexT

17-74-20161).

BKJUIAZLI TRP KAHAJIOB B AKTUBHOCTb TPUTEMUHAJIBHOI'O HEPBA
MEHHMHTEAJIBHOM OBOJIOUKH KPBICHI

dengopuna A.I/I.l, AmnanneB A.C.l, Tenuna 9.H.2, I'adypos O.111.!

1 - ®I'AO0Y BO «Kazancxuii (IIpusonscckutl) gpedepanvhwiii ynugepcumemy, Kazamn, Poccus
2 - @I'BOY BO «Kaszanckuii 2cocyoapcmeenHulil Meouyurckuil yuugepcumemy, Kazams, Poccus

alyon.fedorina@mail.ru

MurpeHb - HU3HYpUTEIBHOE HEBPOJIOTHYECKOE pPACCTPOMCTBO, ITYCKOBBIM MEXaHHU3MOM
KOTOPOTO MOJKET SIBJIATHCA AKTUBALUs BOJOKOH TPOMHMYHOrO Hepsa. IloBbleHHE TeMmeparypsl,
XapakTepHOe Uil BOCHAJIUTENILHOIO IMPOIECcca, 3a4acTyl0 COMPOBOXKIAETCS TOJIOBHBIMU OOJISIMH,
MI03TOMY MBI HOMBITAINCH OLEHUTHh BKJIaA TRP kaHanoB B 4acTOTy BO3HMKHOBEHHS IOTEHIIUAJIOB
neiicrus (I1/1) B Mozienu MUTrpeHH B TPOMHUYHOM HEPBE MEHUHI€aIbHOM 000JIOUKH KPBICHI.

C mnomompro BHekiIeTOYHOM peructpauuu [IJ[ oT mydyka HEpPBHBIX BOJIOKOH MBI
PETUCTPUPOBAIM YACTOTy BO3HUKHOBeHUs [1/] mpu mocnenoBaTenbHOM MOBBIIIEHUH M (UKCALIUU
TeMIIEpaTyphl OMBIBAIOLIEr0 pactBopa Ha yposHe 27°C, 37°C M ¢ ammuMKanuel KarcauildHa B
KoHIeHTpau 1uM. Vcnonb3oBaHHe KIAaCTEpHOrO aHalIM3a MO3BOJIUJIO OLIEHUTh BOBIIEYEHHOCTh
OTZEJIBHBIX HEPBHBIX BOJIOKOH B 4YacTOTY BO3HUKHOBEeHMsI [1/].

B pesynbrare nosbinienus temneparypsi o 27°C gactora ITJ[ 10CTOBEpHO BO3pacTaia Io
cpaBHEHHIO ¢ KoHTposeM (p=0.005). JlanbHeliniee nosbinieHne remMneparypst 10 37°C npuBoaniIo K
noctoBepHomMy yBenmmueHuio dactotrel [IJ[ (p=0.03). Opnnako mocneayromas anmInKaus
KalcauliuHa B KOHIeHTpauuu |uM He mnpuBoAMia K JOCTOBEPHOMY YBEIMYEHHIO YacTOTHI
BO3HUKHOBeHU I1]1.

KnactepHblii aHanus 3apeructpupoBaHHbiX IIJ[ B TpuremMmHaibHOM HEpBE IOKa3all, YTO
gactota [1/] B oTIeIbHBIX HEPBHBIX BOJOKHAX HEOJAMHaKOBa. PaccunTaB KOJIWYECTBO BOJIOKOH, B
KoTophIX uyactora IIJ] yBenmumnack B 2 pasa mox BoszeiictBueM temmneparypsl 27°C, 37°C umm

KalrcauiliHa, Mbl BbIICHWIN cienytomee: 17% Bomokon He orBeTwi; 10% OTBETHIO TOJIBKO Ha



kancaunus; 10% Ttonsko Ha Temmeparypy 37°C; 24% tonbko Ha temmeparypy 27°C; u 39%
BOJIOKOH oTBeTHJI0 Ha 27°C u na 37°C.

Takum 00pa3oM, MOXKHO CJIeJIaTh BBIBOJ, YTO Pa3IMYHBIC BOJIOKHA, BXOAAIIME B COCTaB
TPUT€MHUHAJIBHOTO HEpBa, coaep:kar paziauuHoe coueraHue TRP kananoB, ompenensiomiee uX
peaKkUrIo Ha Pa3IMYHYI0 TeMIieparypy. MOKHO HPEIIOI0KUTh, YTO TakKas CIOKHAs OpraHU3alus
TEPMOPETY/ISIIIMA B MEHUHTEAIbHON 000JI0UKE MOXKET UMETh MOOOUHBIE YPPEKTHI, TPUBOIAIINE K
BO3HHUKHOBEHUIO O0JIEBON aKTHBHOCTH U, B TOM YHCJIE, K MUTPCHH.

Pabota monnepkana rpantom mnpesugeHta PO MK-4585.2022.1.4 u BbITIOJIHEHA B paMKax
[IporpamMmMbl  cTparermueckoro axaaemuyeckoro smuaepcrsa Kazanckoro  (IIpuBomkckoro)

(denepanbHOrO YHUBEPCUTETA.

BJIMAHUE OKCUJA A30TA HA COCTOSHHUE TYUYHBIX KJIETOK OBOJIOYEK
I'OJIOBHOI'O MO3T'A KPBIChI

Koponéra K.C., Hypmuena J[.A., [Haiixymios 1.D.

Kaszancxuii @edepanvhwiii Yuueepcumem, Kazanw, Poccus
k.s.koroleva@yandex.ru

Oxkcun azora (NO), Hapsay ¢ moHookcunom yriepoga (CO) u cepoBomoponom (H»S),
npefacTaBisieT co0oil HeOONBIIYI0 Ta3000pa3HYI0 CHTHAJbHYI0 MOJEKYNIY, YYacTBYIOIIYIO B
pa3nMyYHBIX Ouonoruueckux mporeccax. OmHa w3 ocHOBHBIX (QyHKuuMHA NO 3akio4yaercs B
pPETyIsIUU TOHYCAa COCYIOB, OJHAKO HW3BECTHO, YTO HUTporIHIepuH, goHOop NO, sBisercs
TPUITCPOM MUT'PECHU U HIUPOKO UCIIOJB3YIOTCA JJIsI MOACTIUPOBAHNA MUT'PCHU KAK Yy YCJIOBCKA, TaK U
y KUBOTHBIX, YTO TMPEAINOJaraeT y4yacTHe KOMIIOHEHTOB CHUTHAJIBHOTO kackaga NO B matoreHese
MUrpeHu. B 0060104kax rolioBHOTO M03ra 0OHapYKEHO IIOTHOE CKOTUICHHE TYYHBIX KIIETOK BOJb
COCYIOB U HEpBHBIX OKOHUaHUM. TyuyHbIe KJIETKH COIepXaT B CBOMX BE3UKYylIaX pa3zHOOOpa3HbIe
IMPO-BOCHTAITUTEIIBHBIC COCIUHCHHW A, KOTOPBIC MOTYT BJIMATH HA B036YJII/IMOCTI) HEPBHBIX OKOHYAHUH.
B Toke BpeMsi HepBHBIE OKOHYAHHS TaKK€ MOTYT CTUMYJIHPOBATh TyYHBIE KJIETKH, BBI3bIBAasl HX
JeTpaHynsanuo, GopMUpYsS TaK Ha3blBaeMbI HEWPO-UMMYHHBIA CHHAIC. BbUIO MOKa3aHo, 4TO
TydHble KJIETKM HIpAIOT OJHY M3 BEIYIIUX pOJed B MNOAACpX aHUM AJIUTENIbHON OoseBoi
HMITYJIbCAllUK BO BPEMs IMPHUCTYIIA MUT'PEHHU, OJHAKO HCOJHO3HAYHBI AAHHBIC O BJIMAHUK OKCHA
a30Ta, TpUIT€pa MUTPEHU, HA CTENEHb JCTPAHYISAIUU TYYHBIX KJIEeTOK. Llenbro paboThl sBIsSeTCS
HCCIIEA0BAaHUEC BINSIHUEC DK30I'CHHOI'O NO Ha cocTostHUE TYUYHBIX KJICTOK 060.]]0‘-161( TOJIOBHOI'O MO3ra
KpBICHL. B KauecTBe 00BEKTa MCCIeJOBaHUS OBUT HCTIOIB30BaH MOJTyYeper KPBICHI, B KOTOPOM OBLIH

COXpaHEHbl He TPOHYTHIMH TBEpJasi MO3roBasi 000JI0UKa, COCY/bl, HEPBHbIE OKOHYAHMSI U TY4YHbIE



kinetku. J{nga uccnenoBanus BnusHUS NO Ha JNErpaHyssILMIO TYYHBIX KJIETOK OBUI MCIOJIb30BaH
THCTOJIOTHYECKUI METO/ OKpAIIMBaHUS 000JI0YEK TOJIOHOTO MO3Ta KPBICHl TONyHIMHOBBIM CHHHM.
B kauectBe nonopa NO Obul ucnons3oBaH Hutponpyccun Harpus (HIIH) B konuentpanuu 200
MKM. J[loGaBienue ero B mnepdy3upyeMblii pacTBOpP MPHUBOAMIO K YBEIMYEHHUIO YaCTOThHI
MOTEHIMAJIOB JielcTBUSA B apdepeHTax TpPOWHUYHOTO HEPBa, YTO CBUJIETEILCTBYET 00 €ro yyacTue B
(bopMHPOBaHUN HOIMIENTUBHOTO curHaiga. OgHAKo WHKyOamMs Mmojydeperna KpbIChl B PacTBOPE,
conepkameM HITH B teuenume 30 MHH He OKa3bpiBaja BIMSHUS Ha MOPQOJIOTHIO U CTPYKTYPY
TYy4YHbIX KJ€TOK. TakuMm o0pa3oM, «OCTpbIe» NPO-HOLUULENTUBHBIE YPPEKTHl IK30I€HHOI0 JOHOpa
NO He cBs3aHBl C JErpaHyisIIMEd TY4YHBIX KJIETOK, HO MOXKET HEINOCPEICTBEHHO BIHUATh HA
HEPBHbIE OKOHYAHUS.

Pabora BemmonHeHa 3a cu€r cpenctB PH® Ne 21-75-00042.

BOJOPACTBOPUMBIN AHAJIOT HEUPOMOJIYJISITOPA UEJTOBEKA LYNX1
TOPMO3UT PABBUTUE IJIMOM IN VITRO U IN VIVO

be1ukoB M.JI.I, [InenoBa O.B.l’z, baGenko B.A.3, CunaueB I[.H.3, ITaBmrokoB M.C.l,
[Tynenko M.A.l, Smun K.C.4, Mensauk I/I.A.3, IInoTHMKOB E.IO.3, Kupnuunukos M.H.l’s,
Illenkapes 3.0.', JTokmarosa E.H.'”

1 - Huemumym buoopeanuyeckou xumuu um. axademuxoe M.M. Illemsaxuna u
10.4.Osuunnuxosa Poccuiickou akademuu Hayk, Mockea, Poccus
2 - Mocxosckutl ¢puzuxo-mexnuyeckui uncmumym (HayuonanvHolii ucciedosamenscxutl
yuueepcumem), Mockea, Poccus
3 - HAU ¢usuxo-xumuueckou buonocuu umenu A.H. benozepckozo MI'Y umenu
M.B. Jlomonocosa, Mockea, Poccus
4 - Ilpusondicckuil uccie0ogamensCkui MeOuyuHckull ynugepcumem Munucmepcmea
30pasooxpanenus Poccutickoti @edepayuu, Husxcnuii Hoseopoo, Poccus
5 - Meowcoucyunnunapnas nayuno-obpazosamenvhas wikoia Mockoeckozo ynueepcumema
«Monexynsapnvie mexHono2uu HCusblx CUCmeM U CUHMemuyecKas Ouoio2usy,
buonoeuueckuii paxynomem, Mockosckuii 20CcyoapcmeenHbulil YHugepcumenm um.
M.B. Jlomonocoesa, Mockea, Poccus

maksim.bychkov@gmail.com

Hukotunossiii peuentop tuna o7 (o7-nAChR) BoBiedeH B pa3BUTHE MHOTHMX KaplIMHOM,
TOTJla KaK €ro pojib B MPOrPECCUPOBAHUM TIIMOMBI OCTaeTcs manou3dydeHHoOW. Lynx1 denoBeka
npencrasisier coboir  GPI-3asxopennsiit  monmymstop a7-nAChR, skcmpeccupoBaHHOrO Ha
MOBEPXHOCTH KJIETOUHOW MeMOpaHbl, M €ro ydyacTHe B KOHTPOJIE IMPOTPECCUU paka JIETKOTo ObLIO
ornucaHo paHee. B Hamel pabote mMbl uzydanu poib o7-nAChR u Lynx1 B pazButuu rmmom. Jlns
3TOrO MBI HCIIOJIB30BAJIM MOJCIIBHBIC JIMHUU INIHOM, NEPBUYHBIC JMHUHA IJUOM M acCTPOLUTOB,

o0pa3iel manueHToB ¢ rmuobnacromoit (I'BM) u Monenu Mpliel ¢ UMITJIAHTHPOBAHHON B TOJIOBHOM



Mo3r oMol C6. B ominune OT HOpMajbHBIX KJIETOK TOJOBHOTO MO3ra M KApLUHWHOMBI JIETKOTO,
Lynx1 B kieTkax DIMOMBI KM€ BHYTPUKIIETOUHYIO, @ HE MEMOpaHHY!o Jokanu3auuto. [Ipu atom, B
obpasuax nanueHToB ¢ ['BM ypoenr MPHK Lynx1 Obl1 3HaUUTENFHO CHUXKEH IO CPABHEHHIO C
OKpYKarolel TKaHbl0. DTH JTaHHBIC ITO3BOJIMIIH MPEIOJIOKATh HapylIeHne Moayisiuu o7 -nAChR
Ha IOBEPXHOCTHU IJIMOMHBIX KJIETOK. /[ MOATBEp)KIEHHsS STOM TUIIOTE3bl Mbl HCIOJIB30BAIH
BoJlopacTBOpuUMBIM aHamor Lynxl wdenoBeka (ws-Lynxl) pans kommeHcauMu OTCYTCTBUS
MeMOPaHOCBSI3aHHOTO MOJYJIATOpa M BoccTaHoBieHHMs perymsinud  o7-nAChR B kieTkax
mrobnactoMel. OOpaboTka KJIETOK IIMOM mpenapatoM ws-Lynx] momamisiia skcrpeccuio o7-
nAChR nHa kieroyHoii mMemOpaHe M WMHTHOMpOBaja POCT U MHUTPAIMIO KJIETOK TIIMOMbBI, HO HE
NEepBUYHBIX acTpouuToB. Kpome Toro, npu nHkyOanuu ¢ ws-Lynx1 B kjieTkax minoM HaOM0qaInuch
OCTAaHOBKA KJIETOYHOIO IIMKJa, aloNTO3 M CHI)KEHHWE CEKpeLUUH KIEeTKaMHU IIMOMBI (hakTopa
BocnanieHus TNF-o. MHTpanazanbHOe BBeneHue ws-Lynxl Mblmam ¢ TpaHCIUIAaHTUPOBAHHOM
oMo C6 B TeUeHUE JECATU THEW NPUBOAWIO K 3HAYMTEIIBHOMY CHUKEHHUIO pOCTa OMYXOJIHU, YTO
6610 TIOATBEpKACHO ¢ moMomsio MPT. Hamm nannble ykas3pIBarOT Ha KIF04eBYrO posib o7-nAChR
B TIPOTPECCHMU TJIHMOM, M MOIYISAUS (PYHKIMH 3TOTO perentopa anajgoramu Lynxl sBisercs
MHOT000CIIAIONIEH cTpaTerueil Tepanuu oM.

PaGota BeImonHeHa npu puHaHcOBOM momaepkke PODU Ne 18-29-01050 m cruneHauun

[Ipesunenta PO ans nognepxku monoasix yuéneix CI1-1900.2021.4

JNODOEPEHIHUAJBHOE BJIUAHUE IITCP U JENPECCHUHU OTHOB IIEPE
3AYATUEM HA AKTUBHOCTbD I'MIIOTAJTAMO-T'HITOPU3APHO-
AJIPEHOKOPTUKAJBHON CUCTEMBI TIOTOMKOB: SKCIIEPUMEHTAJIBHOE
NCCIEAOBAHUE

Opasa H.3., Ilusuna C.I., Xonora I'U., Akynosa B.K., Pakuikas B.B.
@I'BYH Uncmumym uzuonoeuu um. M.I1. Ilaenosa PAH, Canxm-Ilemepoype, Poccus
neo@infran.ru

B Hacrosiiiee Bpemsi pacTeT YnciIo JOKIMHUYECKUX U SMUAEMHUOIOTHUYeCKUX HAOMIOIeHHH O
TPaHCTEHEPALMOHHOM BIMSHUU CTpecca OTIAa Ha pa3iuyHble (DYHKIIMU MOTOMKOB 0€3 BOBJIECUECHHUS
IPSIMOTO B3aWMOJICHCTBUS MEXKIY NMOTOMKAMHM M OTLOM. ONHMAEMUOJOTHYECKUE MCCIET0BaHUS
poauTened, CTpajJaBIIMX  IOCTTpPaBMaTHYEeCKUM  cTpeccoBbIM  paccrpoiictBom  (ITTCP),
npoaeMoHcTpupoBanu ycmwieHne [ITCP-mogo0HBIX CHMIITOMOB Yy WX TTOTOMKOB, KOTOPBIE CaMH IO
ce0e HUKaKHe TpaBMaTu4yeckhe COOBITUSI HE UCTBITHIBAIN. B 3KcrepuMeHTax, Ije caMIiOB MBIIICH
[IOIBEprajli  XPOHUYECKOMY CTPECCHPOBAaHUIO B TEYCHUE BCEro IEpUofa CIIEpMaroreHesa,

YCTaHOBJIEHO CHU)KEHUU CTpECCOpHOI PEaKTUBHOCTH TUIoTagaMo-runodusapHo-
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aapenokoptukanbHor cuctembl (ITAC) y moromkoB o6oero mona. Opnako IITCP y GombHBIX
CO3/1a€T CHUKCHHBI YPOBEHb NIIIOKOKOPTUKOMIHBIX TOPMOHOB B KpPOBHU, a 3KCIIEpUMEHTAJIbHbBIE
na"Hble o BiusHuU MonenupoBanus IITCP y otnos Ha aktuBHOCTE ['TAC OTOMKOB OTCYTCTBYIOT.
Bosnukaer Bonpoc: cama M 1o cebe cTpeccopHasi MpoLeaypa, NpeIbsBIeHHas OTLaM, BIUSET Ha
akTuBHOCTb [ TAC IOTOMKOB, MJIM 3HAUEHUE UMEET TOT YPOBEHb KOPTUKOCTEPOHA, KOTOPBIA B KPOBU
OTLIOB CO3JAETCsl B IEPHUOJ CO3PEBAHMS CIIEPMATO30UI0B? B CBA3M ¢ 3TUM Lienb HUCCIETOBaHUS
cocrosmia B cpaBHeHUHM dddekroB [ITCP-momobHOTO coCTOsSHUS (CHUKCHHBIH  YpOBEHB
KOPTUKOCTEpPOHA, IapajJiirMa «CTPECC-pecTpecc») M JAENPEeCCUBHO-IIOJOOHOIO  COCTOSIHUSA
(OBBILIEHHBIH YpOBEHb KOPTUKOCTEPOHA, IapajurMa «BblydeHHas OECIOMOILIHOCTbY») CaMIOB
KpBIC Tiepen cnapuBaHueM Ha akTHBHOCTh [TAC HX IOIOBO3pENBIX MOTOMKOB O0OETro Ioa.
ITomumo axtuBHOCTM [TAC y NOTOMKOB aHAJIM3UPOBAIN JKCHPECCHUIO IIIOKOKOPTHUKOMJIBIX
peuentopoB (I'P) mMeronoM KoJIMYECTBEHHOM MMMYHOLMTOXMMHM B THIIOKaMIe M MeIUalbHOM
npedporTanbHOM Kope (MITDK).

YcraHoBieHo, 4To y caMOK — NoToMKOB OTHOB ¢ [ITCP-nmomoOHbIM WM JenpeccuBHO-
MOZI00HBIM COCTOSTHUEM - HaOIIoaeTcs CHUKeHue crpeccopHoit peaktuBHocty [ TAC u ykopeHHOE
ee TOPMOXEHHUE IIOCJ€ CTPECCOPHOM akTWBalMM B OTBET Ha 30-MMH MMMOOMIIM3AIMIO, YTO
COIPOBOXK/IAJIOCh YBenuueHueM skcnpeccuu ['P B 3yduatoit uzunune u 2-oM cioe MIIOK. Cxoxuit
npoduns akTuBHOCTH I'TAC Obl BBISBIEH M Y CaMIOB — MOTOMKOB OTLOB C MOJECIMPOBAHUEM
I[ITCP. OnmHako y camIlOB — TIOTOMKOB OTIIOB C JEMPECCUBHO-MOJIOOHBIM COCTOSTHUEM —
gyBcTBUTENbHOCTE [TAC Kk curHanaMm oOpaTHOW CBSI3M CHMJKalach U CONPOBOXKJIAJIACH
ymenbieHueM skcnpeccun I'P B8 CA1 mone runmnokammna, 3yo4aroil u3BmimHe u 2-om cioe MITDK.
Cnenano 3akmiouenue, uro [ITCP- unm nenpeccMBHO-IIOTOOHOE COCTOSIHME OTLIOB B IEPHOJ
criepMaroreHesa okaseiBaeT nuddepennuanpHoe BausiHue Ha akTuBHOCTh [ TAC u skcnpeccuto I'P

B MO3rc¢ ux rOTOMKOB CaMIIOB.

N.I1. AHIMAPHUH U KA®EJIPA ®PU3NOJIOI'NN YEJIOBEKA U ’)KUBOTHbIX MI'Y

JIyOoeiauH B.A.

Mocxkoeckuii 2cocyoapcmeentulil yrusepcumem um. M.B. Jlomonocosa, Mockea, Poccus
dva-msu@yandex.ru

B rteuenne 20 ner (1986-2006) kadenpoit ¢dusHoNOrHMM uenOBEKa U KUBOTHBIX
6uonorunueckoro gaxynsrera MI'Y pykoonun akagemuk PAMH Urops IlerpoBuy Ammapun. B
BBICTYIUIECHUHM pAacCMaTpUBAEeTCsl €ro BBIAAIOINASACA pOJIb B KAaueCTBE YYEHOIO, OpraHU3aTropa,

neaarora, cosfaniiero B MI'Y mikoiy pa3sHOCTOPOHHETO U METOAMYECKOTO U3YUEeHHUSI PEryasITOPHBIX



nentuaoB. OOBEKTaMU  HCCIIENOBAaHUS  CTANIM  JICCATKA TPUPOTHBIX W HUCKYCCTBEHHO
MOIU(UIMPOBAHHBIX MENTHIHBIX MOJICKYJ, WX BO3JCHCTBHE HA CEPJCYHO-COCYIHUCTYIO CHUCTEMY,
MUIIeBapEeHUEe U OOMEH BEIIECTB, TOPMOHAIBHYIO c(epy, HEPBHO-MBIIIEYHOE COMPSIKCHHUE U JIP.
[Ipu oSTOoM TmnaBHelillee BHUMAHUE YOEISUIOCH M IMPOAOIDKACT YACTATHCS CHCTEMHOMY
PAacCMOTPEHHIO  BBISBISIEMBIX — (PH3HOJIOTUYECKUX, MATOPHU3UOJIOTUYSCKMX W  IOTCHIIUAIBHO
Te4eOHBIX (KOpPEKTUPYIOLIUX u MIPOTEKTOPHBIX) 3¢ eKToB, MeXaHU3MaM
HEHPOMMMYHOIHJIOKPUHHOTO B3aMMOJCHCTBHSI HA CAMBIX Pa3HBIX YPOBHSAX - OT MOJEKYJISIPHO-

TCHCTHNYCCKOI'O A0 TOBEACHYCCKOIO.

HCITIOJIb30OBAHHUE IIPOTEACOMHOI'O UHI'MBUTOPA JTAKTAIIUCTUHA JUIA
MOIEJIMUPOBAHUA JOKIMHUYECKOU U KIIMHUYECKOU CTAJIUU BOJIE3HU
IMAPKUHCOHA Y KPbIC: PAHHUE HEMPO®HU3HUOJIOT MUECKHUE MAPKEPHI

Exumona U.B., benan /I.B., I'yzeeB M.A., [1azu M.b., [1actyxos 10.0.

Uncmumym sseonroyuonnotl pusuonocuu u ouoxumuu um. U.M. Ceuenosa PAH, Canxkm-Ilemepbype,
Poccusa

irina-ekimova@mail.ru

bonesnsr [lapkuncona (BII) — couuanbHO-3HAYMMOE MEUIEHHO MPOTPECcCUpYIoIee
HeHpojereHepaTuBHOE  3a00JI€BaHME MPEUMYIIECTBEHHO MOXWIbIX  Jrofed. KinumHuuecku
3HAYMMbIMU cumnTomMamu  BIl  sBisitoTcst  nBUrarenpHble  TUCGYHKIIMH, KOTOPHIE MOTYT
COINIPOBOXKJIATHCSl IIIMPOKUM CIEKTPOM HEMOTOPHBIX cHMNTOMOB. BII ocraercs HensieunmbiM
3a00J1€BaHUEM B IIEPBYIO Ouepeab U3-3a MO3HEN JUArHOCTUKU. XOTS HEMPOIPOTEKTOPHOE JICUCHHE
BO3MOXKHO Ha JOKJIMHMYECKOM CTaaud, B HACTOALIEE BpPEMs HE CYLIECTBYET HAJUJIEXKaIlero
KJIMHUYECKOro mnonaxofa K paHHedl auarHoctuke bBII. Boiee Toro, coBpemeHHas Tepanus He
IIPOTUBOAEICTBYET mporpeccupoBannto bIl M HoOcUT JMIIb CHMIOTOMAaTMYECKHHM XapakTep.
Pazpabotka BanuaHbix Mozeneit BII Ha )KUBOTHBIX, BOCIIPOU3BOISIIUX CTaIMHU 3a00JIeBaHUS, MOXKET
YCKOPHUTDH PEIICHHUE ITHX BaXKHBIX BOIIPOCOB.

[Taromopdonornyeckum mnpuszHakoM bII sBusiercss HakoruieHue M arperanusi Oeika o-
CHUHYyKJIenHa (0-cuH) B JodamMuHepruyeckux HeWponax uepHoil cyOctanmmu (YC). YOukBUTHH-
nporeacoMHas cucrema (YIIC) mpendrcrByeT naToJIOrMUECKOW arperalivy o-CHH, OCYIIECTBIISS
CBOEBPEMEHHYIO JIETpalaliiio aHOMAJIBHOTO O-CHH. OTKpbITHE QYHKIIMOHAIBHON HEA0CTaTOYHOCTH
VIIC y nanuenTtoB ¢ BII mMoTuBUpoOBano pa3paboTKy HOBOTO MOKOJIEHUS MOJIENEH Yy TI'PBI3YHOB,
OCHOBAHHBIX Ha BBEJCHMM HHruOuTopa mporeacom mnaktanmuctuHa (JIL[). CormacHo rumorese
nsoiHoro ynapa (Hawkes, Tredici & Braak, 2007), HeHpOTpONHBII MaTOreHHBIH (aKTOp MOXKET

MIPOHUKATh B MO3T 4Ye€pe3 HOCOBOM MyTh M 4Yepe3 >KEIyIO0YyHO-KUIIeyHbIH TpakT. C MOMOIIbIO
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MHTpaHa3aJbHOro BBeAeHUs JIL[ Ham yaaiock BOCHPOM3BECTH y KpPBIC CPEIHETO M IOKUIIOTO
BO3pacTa He TOJBKO KIMHUYECKYIO, HO M JIOKIMHUYECKY0 craguu BII, oTpakaromue KitoueBbie
narodusnonorndeckue npusHaku bII. Monens noknumauyeckoil craguu BII xapakrepusoBanacs:
JIOTIOPOTOBBIM ~ YPOBHEM  HEWpoOJereHepallud W  CHIDKEHHS  cojiepkaHus jaodaMuHa B
HUTPOCTPUATHOM CHUCTEME II0 CPAaBHEHUIO C YPOBHEM KIMHUYECKOM CTaJAWM; JEreHepanueit
AKCTPAHUTPANIBHBIX CTPYKTYp; HaJIMuMeM B HeillpoHax arperatoB d-cuH. [logoOuo BII, pa3zsutue
3TUX MaTOJOTMYECKUX IPOLIECCOB CONMPOBOXKAAIOCH MUKpononn3oM B UC u moBbllIEHUEM
YPOBHS TPOBOCHAIMTENbHBIX ITUTOKHHOB PHO-00 1 MJI-1B B mepudepudeckoil KpoBH, KOTOPHIC
MOTYT paccMaTpUBaThbCcs KaKk BO3MOXKHBIE MOTEHILIMAJIbHbIE OMOMapKephbl TOKIMHUYECKOW CTaIHH.
Hosas monmens BII BocnmpomsBommia HapylleHUS CHAa M 3MOLMOHAIBHOIO IIOBEICHMS, KOTOPBIE
MOT'YT HAalTH NPUMEHEHHE B KIMHUYECKUX HCCIIEIOBAHUAX I YCKOPEHHOIO IOMCKA BEPOSTHBIX
HEMOTOPHBIX CUMIOTOMOB paHHel ctaguu bII. OgHako moka ocTaercsi HeICHBIM HAaCKOJIBKO ysI3BUMa
k JIII mepudepuueckass HepBHas cucTreMa, BoBjekaeMas B marosoruto npu bII. Hecmorps nHa
HepemenHasie Bonpocs! JIL monens BII moxkeT ObITh XOpomiel miardopMoi Ui MOUCKA PaHHUX
MapKepoOB U HOBBIX HEHWPOIPOTEKTUBHBIX COEOUHEHUI. Paboma nododepowcana 2oczadanuem (Ne

AAAA-A18-118012290427-7).

HNCCIEJOBAHUE KJIETOYHO-MOJIEKYJIAPHBIX MEXAHU3MOB ITPHU
3KCNEPUMEHTAJIbHON HEMPOJETEHEPAIIMMA U IPUMEHEHUU MEMAHTHUHA

Yepromoperr NLIO.", ITepmmna EB.. KyiikoBa H.C. Iapokyk AA?

1 - Uncmumym meopemuuecxoti u sxkcnepumenmanvHou ouoguszuxu PAH, ITywuno, Poccus
2 - Mocxosckuti cocyoapcmeennwiti yuugepcumem um. M.B. Jlomonocosa, Mockea, Poccus

yrgen@mail.ru

B pabore mMonenupoBaHue HeWpoiereHepaluuyd OCYLIECTBISUIA BBEJECHHUEM IOJIOBO3PEIIBIM
camllaM KpbIc JIMHUM Buctap HelipoTokcukaHnTa xnopuaa Tpumetruionosa (TMT) B noze 7,5 mr/kr,
B/6 (n=12). KOHTpONbHBIM >KMBOTHBIM aHAJOTHYHBIM CIIOCOOOM BBOAMIHN (DU3UOIOTHYECKUN
pactBop (n=6). JKuotHbimM rtpynmel TMT BBOmWMAM HEKOHKYpeHTHBINM aHTaroHuct HMJA
perenTopoB MEMaHTHH THAPOXJopua B o3¢ 10 mr/kr, B/O, uepe3 48 u 72 vaca mocine TMT (n=6).
UYepes 21 mnocne wunbekuuu TMT oleHHMBanM TOBENEHUE IKUBOTHBIX, THOENTh HEHPOHOB,
JOKAIM3aui0 U MOP(HOIOTHIO TIHATIbHBIX KIETOK, u3MeHeHue ypoBHedl MPHK renoB EAAT2,
Grin2b, IL1b, GFAP, Aifl, TGFbl, TGFbRI, TGFbR?2 B runmokamie 1 mpeppoHTaIbHON Kope.

Mopdonorndyeckne ucciaeaoBaHus BHISBIIIM CHHKEHUE TUIOTHOCTH HEWpOHOB B moysix CA4

n CA3 popcanbHoro runnokamna B rpymnmne TMT no cpaBHeHUI0 ¢ KpblcaMy KOHTPOJIBHOM I'PYIIIBI
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1 KUBOTHBIMHU Tpymmbl TMT+memanTtuH. B npedpoHTansHOM Kope, mpenMyliecTBeHHO B [V-V
cnosx, TMT Takxke mpuBen K ru0eny HeMPOHOB, XOTS M K MEHEE BBHIPAKEHHOM, YeM B TUIITIIOKAMIIE Y
rpynnsl TMT+memantun. MMMmyHOGIIyOpecieHTHOE OKpalMBaHHE HAa MHKPOIJIMIO BBISBUIIO €€
axktuBanuio B nosie CA4 runmokammna u B oonactax M2, Cgl u PrL npedpoHTansHO#i KOpBI KaK y
rpymnbl TMT, Tak u y )kuBOTHBIX rpynnbl TMT+MemaHTHH.

[ToBeneHyecKuil TECT MACCHBHOTO M30EraHus BBISIBIII HApYIICHHE JOJITOBPEMEHHOM MaMsATH
y KUBOTHBIX rpynnsl TMT nipu cpaBHEHHHU ¢ KOHTPOJIEM, B TO BpeMs KaK IPUMEHEHUE MEMAHTHHA
MIPUBOJIMJIO K YBEJIIMYEHUIO BPEMEHU HAXOXKJEHUS >)KMBOTHBIX B CBETJIOM OTCEKE [0 CPABHEHHIO C
rpynmnoid TMT.

Pesynprarer OT-IILIP B peanbHOM BpeMEHM IOKa3alM, YTO HKCIPECCHUs T'€HOB-MapKepOB
skcalToToKCUUHOCTU (EAAT2, Grin2b) yepe3 3 nenenu nocie TMT He oTinnyanach OT KOHTPOJIS
KaK B THIIOKaMIle, Tak U mnpedpoHTansHoil kope kuBOTHBIX rpynn TMT u TMT+memantun. B
3TOT K€ CPOK B THINOKAMIIE 3KCIEPUMEHTANbHBIX TPyNN ObUIH MOBbIMIeHB ypoBHH MPHK mms
reHoB-MapkepoB HevipoBocnanenust (IL1b, GFAP, Aifl). llpu sToM B nipedpoHTaIBHON Kope ObLIa
noBslleHa skcnpeccust auib GFAP. Yposens MPHK npotuBoBocnanurensHoro uurokuna 1GFbl
ObUT TOBBIIIEH B TUMNINOKaMIie, HO He npedponTanbHOU Kope rpynn TMT u TMT+memanTuH.
VYpoBeHb DJKCIPECCUU OIHOTO U3 PEUenTopoB UUTOKMHAa — TGFbRI TOBBINIANCS UL B

runmnokamiie Kpoic rpynmnsl TMT+MemaHTHH.

Pabora nonnepxana PH® Ne21-75-00106.

UMMYHO®EHOTUITUNYECKAS KAPTA HEMPOTEHE3A KOPBI TOJIOBHOI'O
MO3I'A YEJIOBEKA

IIpomwmna A.E., Xapnamosa A.C., Otibira J[.A., Conun I'A., Kpusosa 10.C., FOneman O.A.,
[IBetroBa E.I'., CaBenwven C.B.

Hayuno-uccreoosamenvcxuii uncmumym mopgonocuu yenoseka um. akademuxa A.I11. Asyvina,
Mockea, Poccusa

proshchina@yandex.ru

[Ipobnema ¢GopmupoBaHHs KOpbI OOJNBLIIOrO MO3ra — OIHA M3 LEHTPAIbHBIX TEM
HeilpoOuonoruu pa3BUTHs, Tak Kak Mopdosornyeckue H (QYHKIHMOHAIbHbIE OCOOEHHOCTH
IUTAIEBBIX CTPYKTYp JieXKaT B OCHOBE MHTEIIEKTAa W CO3HaHUsS yelloBeKka. JleranbHOoe H3ydeHue
paHHEro CO3pEeBaHHUs MEPEAHEr0 MO3ra ueloBeKa HeOoOXOAMMO Kak NIl MOHHUMAaHUS HOPMAaJbHOTO
(YHKIMOHUPOBAHHS 3pEJIOM CTPYKTYpHl, TaKk M Uil NOHMMAaHMA W TPOTHO3HPOBAHUS psAla
MaTOJIOTHYECKUX TPOLECcCOB M cOoCTOsHMA. COBpeMEHHBIE IepeloBbIe HCCIENIOBaHUSA OOJIbILe

COCpPEIOTOYEHbl ~ Ha  TOHMCKE  3aKOHOMEpHOcTed  (YHKIMOHUPOBAHUS  TPAHCKPHUIITOMA
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pasBuBaromerocs Mo3ra. OnHako Hajau4ue NMPOLYKTOB TPAHCKPUIILUHU I€HOMA HE BCETAA MPUBOAUT
INPUBOAUT K KOPPEKTHOM TPAHCISIIMM, a CIEJOBATENIbHO, MCKIIOUUTEIBHO II0 aHaJIU3y
TPAHCKPUIIIMOHHON AaKTHBHOCTH HE BCErJa BO3MOXKHO CYIUTh O (YHKIMOHHPOBAHMM (M Jaxe
HalIu4yuM) OEIKOBOro MpoAyKTa B KieTKe. lccienoBaHus HpoTeoMa pa3BUBAIOIIEIOCS MO3ra
YeJI0OBEKa DIMU30JUYHBl M HECUCTEMAaTU3UpoBaHbl. Llenpro mpoekTa, KOTOpPBI MBI XOTHM 31€Ch
NPEJCTaBUTh, SBISETCS PETHOH-CIEUU(UYSCKU aHaau3 HeHpo- M IIHOreHe3a BO BpeMs
HOPMAJIbHOTO BHYTPUYTPOOHOIO pa3BUTUS INEPEAHET0 MoO3ra 4YeJOBEKa M COCTaBIICHUE
UMMYHO(DEHOTUIIMYECKOW KapThl 3TUX COOBITHMHM Ha Ipe-, paHHE, CpeAHE U MOo3AHe(deTaIbHOM
JTapax pasBUTUA. MBI IUIAaHHPYEM COCPEJOTOYUTh CBOM YCHIMS Ha W3YyYCHUM KIETOYHON
(G PepeHIPOBKH € UCIIOJIIB30BAaHUEM MAapKepoB, CIEUU(UYHBIX IS HEHPaTbHOW M TIIHAIBHOU
JUHANA, a TaKKe aHTUTEN K (akTopaM TPAaHCKPHUIIIUU W (PYHKIIMOHAIBHBIX MapKepOB HEPBHOU
CHUCTEMbl. JTO T03BOJUT TOJYYUTh NPUHLUIHAAIBHO HOBYIO MH(OpMAIMIO O MpOTeoMe
Pa3BUBAIOIIETOCS MO3ra U PerMoHabHOM cnenuduke pocta u AudPpepeHIpPOBKH.

OtnenpHOMN 3aadell MpoeKTa OyIeT CO3/laHue OTKPBITON HU(PPOBOM 0a3bl, pa3MEIEHHON B
CeTH HHTEpHET. B Xxome MMMYyHOMOP(OIOTHYECKOTO HCCIeNOBaHUs (DETANBHOTO ayTONCHITHOTO
Mmarepuaia TreHepupyercs OoiblIOW MaccuB H300pakeHUH. OTH U300paKeHUs conepxkar
CYIIECTBEHHbIE JTaHHbIC, KOTOpPbIE HE MOI'YT ObITh BKJIIOYEHBI B (popMaT MyOJMKALMi U MO3TOMY
OCTAIOTCSl HEJOCTYIHBI HCCIIEJOBATENIIM W BpayaMm, paboTaloUMM Kak Haja IpobiieMaMu
HOPMaJIbHOTO HEWporeHesa, Tak U MaToreHe3a BPOXKICHHBIX HEBPOJIOTHYECKUX 3aboseBanuil. [1pu
3TOM HMH(pOpMalMs MO0 TPAHCIALUOHHOMY MPOQWIIO MOMYIALUN KJIETOK KOpbl TOJOBHOTO MO3ra
YeJI0BEeKa BO BpeMsi BHYTPHUYTPOOHOTO pa3BUTHS HA COBPEMEHHBIX CETEBBIX pPecypcax OTCYTCTBYeT.
Mpl oxxuaem, yTo MoJoOHBIN pecypc OyneT BOCTpeOOBaH B KaueCTBE CPAaBHUTEIBHOIO Marepuaia u
PYKOBOZCTBA JIJIsl LIEJIOTO psifia pa3/ieioB NPaKTUYECKOW METUIIMHBI, 00pa30BaTeIbHBIX IPOTrPAMM U
(byHIaMEeHTaJIbHBIX HCCIIEJOBAHUI.

[Tpoekt (Ne 22-15-00172) monaepxan PHO.
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KAJIBIITUEBBIA UMHUKUHT — TEXHOJIOTUA BYIYIIETO JJISI JUATHOCTUKHA
PAKA KEJYIKA

Kanycrosa I1.B., Bapunu A.3., Pomantok P.A., CypkoB M.C., Tpenanuna B.A., JIsicenko JI.B.

Hayuno-uccneoosamenvcxuil mexnonocuueckutl L{enmp netupomexnonocuti FOxcrnozo ¢hedepanvrozo
yHusepcumema, Pocmoe-na-/{ony, Poccus

kalustova@sfedu.ru

C pa3BUTHEM MEAMIMHBI TOSABISETCS MOTPEOHOCTH B pa3pabOTKE HOBBIX METOJOB
JMArHOCTUKM OHKOJIOTMM Ha paHHUX cragusx. lccrmemoBaHus mokaszainu, 4YTO MOBBIIICHHAS
KOHIIGHTpAIUsl OIpelelEHHbIX OMOMapKepoB — JieTyuyux opraHudeckux coenunenuit (JIOC) B
BBIJIBIXaEMOM BO3JlyX€ MOXET OBITh BEPHBIM JTUArHOCTHYECKUM MPHU3HAKOM [IJIsi OBICTPOTO
HEMHBA3MBHOTO aHAJIM3a MPOO BBIIBIXAaEMOT0 BO3AyXa. J{JIsl JaHHOTO MCCliefoBaHus ObLIT BBIOpaH 6-
METHJI-5-TeNTeH-2-0H, OUH U3 GMoMapkepoB paka xemyaka (PXX).

Lenpto wuccienoBaHuil OBLIO OMNpEesieHHe MOTEHIUATbHON BO3MOXXHOCTH HAXOXKJICHUS
«oTmeyarka» OuoMapkepa, MHMKPOAHAaTOMMYECKOE IPEACTaBUTEIbCTBO KOTOPOTO B  KapTe
aKTUBHOCTH IJIOMEPYJl ONTHMAJIbHO COBHAAANO Obl C XapaKTEPHBIMHU «OTIIEYaTKaMU» B KapTax
aKTUBHOCTH IJIOMEPYJl Ha 00pa3lbl BO3AyXa OOJNbHBIX OHKOJIOTMYECKHMMH 3a00JIeBaHUAMHU, Ha
MIpUMEpPE paKa KeayaKa.

B nHamem HEHpPOONTHYECKOM HCCIEIOBAaHUU MPOBEACH CPABHUTENbHBIA AaHAINU3 OTBETOB
IJIOMEpYJ JOPCAIbHOW TOBEPXHOCTH OOOHSTEIHHOM JYKOBHUIIBI KpbIc Rattus norvegicus (n=6) Ha
oOpasipl BO3AyXa, BbIIBIXaeMOro OOJbHBIMU OHKOMATOJIOTUSIMU M 3I0pPOBBIMU JIIOIbMH B BO3pacTe
38-50 net, BKIO4as oOpasibl BO3AyXa 30POBBIX HCHBITYEMBIX C J00aBICHHEM OHMOMapKepoB.
ConocraBineHue KapT BEPOSTHOCTH CTUMYI-CHEIM(PUUHON peaklud Ha BO3AYX, BBIIBIXAEMBII
3IOPOBBIMHU HCIIBITYEMBIMU M OOJIbHBIMH DPAaKOM JKEIyJKa, MPOAEMOHCTPUPOBAJIO CMEIIECHUE
MaTTepHa AaKTUBHOCTH Ha BO3JYyX, BBIABIXaEMBIM OOJBHBIMH PAKOM JKEIylKa, IPU OITOM
MUKPOAHATOMUYECKNE PETrHOHBI OOJBHBIX U 3[I0POBBIX HCIBITYEMBIX 3HAYUTEILHO MEPEKPHIBAIOTCS
B auamaszone ot 8,2 mm 110 10,2 MM 1o x u ot 0,6 MM 10 1,0 MM O Y OTHOCUTETTFHO OPETMBI.

JloGaBnenne Omomapkepa paka Kelyaka O-MeTHJI-5-TenTeH-2-0Ha B 00pas3lbl BO3/yXa,
BBIJIBIXa€MOTO 3I0POBBIMH HCITBITYEMBIMH, YACTUYHO BOCIIPOW3BOAMUT MATTEPH, XapaKTEPHBIA IS
paka jkelylKka U aKTHUBHPYET Te K€ IIIOMEPYIbl, YTO U BO3AYX, BBIIBIXa€MbIi OOJBHBIMU PaKOM
xenynaka. [Ipy sToM yBenuyeHHEe KOHIIEHTpAalMH 6-METUJI-5-TeNTeH-2-0OHa B Ps€ CIy4aeB Kak
YBEJIMYUBAJIO MHAMBUAYAJIbHYIO aMIUIUTYly OTBETa INIOMEpYJ, Tak U BbI3bIBaJIO Ooiyiee ciiaOble
OTBETHl IJIOMEPYJA Ha KapTe AaKTUBHOCTH, YTO MOXXET OBbITh OTpaX€HHEM BapHaOeIbHOCTH
(YHKIIMOHATBLHOTO COCTOSIHHS )KUBOTHOTO.

HccnenoBanue BBIMOMHEHO NpU (uHaHCOBOM momaepkke Ilporpammer «Ctparermueckoe

akangemuyeckoe uaepcto» KOxHoro genepansaoro yauusepeurera («IIpuoputet 2030»).
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HccnenoBanne BBITOMHEHO 3a cdeT rpaHTa Poccuiickoro Hayunoro ¢gonma Ne 22-25-00683,

https://rscf.ru/project/22-25-00683/ B FOxxHOM ennepaibHOM YHHBEPCUTETE.

KO/IMYECTBEHHOE OIPEJEJTEHUE HU3KOMOJIEKYISAAPHBIX METABOJIUTOB
IIVTA3MbI KPOBHU U TKAHEHX OITYXOJIM U ITPETYMOPAJIBHOMU 30HbI JJI51
IMPO®UJINPOBAHUSA ITTMOM

Kouaposckast M.B.l’z, [TapamonoB A.C.l, Mensauk I/I.A.3, SmmH K.C.3, [llenkapen 3.0

1 - Uncmumym 6uoopeanuueckou xumuu um. akademuxos M.M. [llemsakuna u
FO.A. O6uunnuxosa Poccuiickoti akademuu Hayk, Mockea, Poccus
2 - Mockosckutl puzuko-mexHudeckutl UHCmumym (HayuoHaIbHbIl UCCTe008AMeNbCKULL
yHusepcumem), Mockea, Poccus
3 - Ipusonowcckuii uccneoosamenbckui MeOuyuHckull ynueepcumem Munucmepemea
30pasooxpanenus Poccutickoti @edepayuu, Huoxcnuti Hoseopoo, Poccus

kocharovskaya. mv@phystech.edu

[uomel, BKITIOYAst TIIMOOIACTOMBI, SIBIISIFOTCSI CAMBIMH YaCTHIMU M HauOoJiee arpeCCUBHBIMU
OITyXOJNISIMU TOJIOBHOTO Mo3ra. CIO0XKHOCTH JIGUEHUS IJIMOM CBsi3aHa ¢ UX AUGQY3HBIM POCTOM,
OTCYTCTBHEM YETKHMX TpPaHHUIl MEXKIY ONYyXOJbI0 U 3I0pOBOM TKaHBbIO, a TakKXKe C OOJbIION
BEPOSITHOCTBIO TEPEPOXKICHUS TIIMOM B 0OJiee arpecCUBHBIC MIHO0IACTOMBI. OMyX0JIeBbIE KIETKH
XapaKTepU3ylOTCs 3HAUUTEIbHBIMUA TIEpecTpodkamMu Metabonudeckux myrted. MccnenoBanus
METOAaMH MEeTa0O0JIOMUKH HAar0T HH(OpMAIMI0O 0 OMOXMMHUYECKHX TMpoIleccax, MPOTEKAIOMINX B
KIJIETKaX, TMO3TOMY MpoduiupoBaHue MeTa0OJUTOB SBISIETCS MEPCHEKTHBHBIM IOAXOAOM JUIS
JTUArHOCTHKHU Y TIPOTHO3a TEUCHUSI Pa3JIMUHBIX 3a00IeBaHUH.

Hamu 6p1n1a pa3spaborana MeToauka aHanu3a npoduis HU3KOMOJIEKYIIPHBIX METa00IUTOB B
IJ1a3Me KPOBH NMALIMEHTOB U B TKAHSAX OIMYXOJIU U MPETYMOPAJIbHON 30HBI MIOCIE PE3EKLIUH OITYXOJIH,
ucnonbiys Meton AMP-criekrpockonuu. beut poBeseH moAdOp yCIOBHHM M CO3aHBl MPOTOKOIBI
npo6onoaroToBkd. Takke ObUIM ONTUMHU3MPOBAHbI YCIOBUS cheMKU SIMP-cnekTpoB, oTHeceHUs
CUTHAJIOB META0OJIUTOB B CIIEKTPAX M MOJYICHHS KX KOHIICHTPAIIH.

Anamu3 SIMP-criekTpoB ¢ ucmonb30BaHueM WHGOPMAIMU O XUMHUYECKUX CABUTAX U3 0a3bl
nanaelx HMDB (Human Metabolome Database), a Takxke manpHeifnas o0paOoTKa HMCXOMHBIX
JAHHBIX U1 CTAaTUCTHYECKOTO aHaln3a TIO3BOJIWIM HWIASCHTU(OUIMPOBATH U OMPEICITHUTH
KOHLEHTpauu st 49 BemectB B Ila3Me€ KpoBH M 43 BEHmIECTB B TKAaHAX ONYXOJIH U
MPETYMOPAILHON 30HBI, KOTOpPHIE TIPUCYTCTBYIOT B OOJNBIIMHCTBE 00pasnoB. McxomHbie
KOHIICHTpAIlMK METAa00IUTOB OBUIM MPOAHATU3UPOBAHBI C TIOMOIIBIO Pa3paOOTaHHOTO IS ITON
eI MEeToJa JIMHEHHBIX KOMOMHAUWW. AHalW3 C MOMOMIbIO 3TOT0 METOJa TO3BOJMII BBISIBUTH

noctoBepHble (p<0.05) paznuumst MEXIy TpynmamMu o0pas3ioB, CHOPMHUPOBAHHBIX IO Pa3HBIM
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MPU3HAKaM: KJacc 3J0KadyecTBeHHoCcTH TmuoM, IDH-craryc, mx koMOWHamuss W CpaBHEHHE C
KOHTPOJILHOW TPYIIOW 3A0POBBIX JOOPOBOJNBIEB. [lomydyeHHBIC NaHHBIC MO3BOIHIN OMPEIACIUTH
Habop MeTaboIMTOB, KOTOPBIE B HAMOOJBIICH CTENIEHH OMPECIIAIOT ATH pa3iIuyusl. AHAIN3 TKaHEeH
MPETYMOPAJIbHON 30HBI y JIIOJEH pa3HbIX BO3PACTOB IO3BOJIUJ BBISIBUTH META0OIUTHI, KOTOPHIE
JIOCTOBEPHO Pa3INyvaloTCs y TPYII NalMeHToB miaiiie u ctapiue 45 net. C moMoupio t-Kpurepus
Creionenta Obuto TokazaHo pasznuyue (p<0.05) B KOHIEHTpAIHsIX MHO-WHO3UTOJNA, IIyTaMara, O-
alleTHJIKApHUTHHA, TIHUIMHA, acmaprara, ackopbara, HAJl+, neiinuHa, ryaHo3uHa, W30JCHIIMHA U
BaJIMHA.

Takum oOpa3om B paboTe Oblla MOKa3zaHa BO3MOXHOCTb MPO(GUIUPOBAHUS IIIHOM IO
npouiIt0 MEeTabOMUTOB B TKAHAX OIMYXOJH, MPETyMOPAIbHOW 30HE W IIa3Me KpoBu. Pabora

BBITNIOJIHEHA ITpH PprHaHCOBOM noepxkke PODU Nel8-29-01050.

MHUKPOPHK-OIIOCPEJOBAHHASA 'NITIOTAJTAMUYECKAS PETI'YJIALUA
CTAPEHUA

Macarokos [1.M.

Apocnasckutl 2ocyoapcmeennblil MeOuyuHckull ynugepcumem, Apociaens, Poccus
masliukov@rambler.ru

['mnoranamyc — (UIOreHeTHYeCKH CTapblif OTAEN NPOMEXYTOUYHOIO MO3ra, KOTOPBIH
UTpaeT BaXHYIO pOJb B TMONACPXKAHUM TOCTOSHCTBA BHYTPEHHEH cpeapl W obecredeHuun
UHTEerpanuu (yHKIUIl aBTOHOMHOM, SHIOKPUHHOM, comMarnyeckoi cucrteM. JlokazaHo yuactue
rUMoTajamMyca B MEXaHU3Max CTapeHHs], NPU 3TOM Ba)KHasl pOJIb OTBOAUTCSA JOPCOMEAMATLHOMY
(M) sapy runoranamyca.

[enbro uccnenoBaHus SBISUICA aHAJIN3 U3MEHEHUI HEMPOXMMHUYECKOTO COCTaBa, HEMPOHHOM
akTuBHOCTH M ypoBHsI MUKpOPHK B JIMS runoranamyca, a Takxke oneHke Biaussausi MUKpoPHK Ha
OMOXUMUYECKHE MapKephbl CTapeHus B mazme KpOBU c HCIOJIb30BaHUEM
MMMYHOTHCTOXUMHUYECKUX, IEKTPOPU3UOIOTMUECKUX METOIOB, BecTepH-OnoTTHHTa U [TL[P-PT.

Pe3ynbrarel mokazanu, 4TO MPU CTAPEHUU MPOUCXOASAT Pa3HOHANPABICHHBIE W3MEHEHUS
HelipoxuMuyeckoro cocraBa JIMS kpbic, a Takke CHMKEHUE YacCTOThl MUMITYJIbCAIlUM HEWPOHOB
JAMSL. Tlpu 3TOM HaOMIOMANOCh CTAaTUCTUYECKH 3HAUMMOE CHIDKEHHE dKcmpeccuu let-7a-S5p, miR-
9a-3p, miR-132-3p u miR-218a-5p mpeumymiecTBeHHO y camIloB. B CBOIO ouepens, y cTapbix
caMIIOB KpbIC 1oJ] BIusHHEM MuMeTukoB MUKpoPHK let-7a-5p, miR-9a-3p, miR-132-3p u miR-
218a-5p npu BBeneHuu B JIMS HOpMaIM30BaIOCHh COJIEPKAHUE MAPKEPOB BO3PACTHBIX M3MEHEHUM

(ypoBeHb C-peakTUBHOTO Oeika, MHUOITIOOWHA, TOpMOHa pocTa, ¢aktopa pocra (udpobdIacToB
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FGF21 B mnmasme kpoBHU, B TO BpeMs Kak BBEICHHE WHTHOMTOPOB OKa3bIBAJIO MPOTHBOIIOIOXKHBINA
spdext. IIpum BBenenun wunruOutopoB MukpoPHK B JIMS y crapeix camiioB HaOmonazach
3HaUMTENIbHAs THOEJh CAMIIOB 110 CPAaBHEHHIO C CAMKaMH, a TAKXKe B CPABHEHUH C 00Jiee MOJIOJBIMU
KUBOTHBIMH.

Takum oOpaszom, [IMS runoranamyca BIMsS€T Ha PETYIALUIO IPOLIECCOB CTAPEHUS 3a CUET
CHIDKEHHS BbIiesieHus creruduaeckux MukpoPHK.

HccnenoBanue BBIMOIHEHO 3a c4eT rpaHTa Poccuiickoro Hayunoro ¢onna (mpoekt Nel9-15-

00039).

HEVPOXUMHUYECKAS IIKOJIA CAHKT-IETEPBYPI'CKOI'O TOCYHUBEPCUTETA

Emenko H./I., I'ankuna O.B.

Canxm-Ilemepbypeckuii cocydapcmeennviii ynugepcumem, Buonoeuueckuil gpaxyivmem, kagheopa
ouoxumuu, Canxkm-Ilemepbype, Poccus

n.ezhenko@spbu.ru

B noknaze npeacraBieHbl OCHOBHBIE 3Talla Pa3BUTHUS paboT 10 U3YYEHUIO OMOXUMHUHM MO3ra
B Cankr-IletepOyprckoM rocygapcTBEHHOM YHHUBEPCHTETE, HauMHAas C MOMEHTa OpraHu3aluu B
1928 rogy xadenpsr 6moxumuu. IlepBeim 3aBemyrommm kadeaps O0bu1 npodeccop E.C. Jlonmow,
KOTOpBIH Onarozaps pa3paboTaHHOMY UM METO/lY CHHYCOCTOMHM, NIEPBBI B MUpPE B SKCIIEPUMEHTaX
Ha MHTAKTHBIX >XMBOTHBIX  YCTAaHOBWJI YpPE3BBIYAHHO HMHTEHCHBHOE MOTpeOJIEHHE IIIIOKO3bI
rosioBHbIM Mo3roM. [Inonepckue wuccienoBanust npodeccopa ['E. BrnagummpoBa B ycrnoBusix
BBICOKOTOpbSl MO3BOJIMJIM IOJIYUYUTh IICHHBIE CBEIEHUS O T'yOMTEIbHOM JIEHCTBUU TUIIOKCHMHM Ha
¢byHKIMOHaNBHYIO fesitensHocTh LIHC.

['E. BnaaumupoB coBmecTHO ¢ mpodeccopom M.U. [IpoxopoBoil ObUTH MHHLIKATOPAMHU
WCIIOJIb30BaHUS B HAy4yHOU padoTe COTPYAHHKOB Kadeaphl pa3nyHbIX PaJlOaKTUBHBIX H30TOIOB
(P**, C"* u mp.), mpudeM paMOAKTHBHBIA yIIepo ObIT MPUMEHEH U M3ydeHHs MeTa0oIn3Ma B
OpraHu3Me >KMBOTHBIX BIEpBble B Hamed crtpaHe. B 1963 1 opranuszoBana npoOneMHas
naboparopusi OMOXUMHH HEPBHOM CHCTEMBI, I7I€ B TEUCHHE MHOTHUX JIET IPOBOJMIUCH YIITyOlIeHHbIE
UCCIIEIOBAHUS CNEeUU(PUUECKUX JHUMHIOB MO3ra M H3ydyeHHE OCOOEHHOCTEH YIJIEBOJHOTO H
SHEPreTHYecKoro Meradbonusma. DTu paboThl MO3BOJIMIN J0Ka3aTh MPUHLIUIINAIBLHO BaXHYIO POJIb
JIMIHJOB B JIEATEIFHOCTU MO3Ta, a TAK)Ke MPOJEMOHCTPUPOBAIIH, YTO ITTMKOTEH B MO3T€ BBIOJIHSET
HE TOJBKO POJIb HMHEPTHOTO 3allacHOrO BEIECTBA, HO M AaKTHBHO YYaCTBYeT B OOECIEYCHHUU
¢dbyaknuronansHOM aktuBHOCTH [{THC.

bonpmioe BHUMaHWe pa3BUTHIO HeWpoxumuu Ha kKadempe ymensn npodeccop W.IL
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AmmMapuH; 0co00 cieayeT OTMETUTh Pa3padOTaHHBIA UM ITUKJI JICKITUH, TIOCBSIICHHBIA OTHOMY U3
CaMBIX CIIOKHBIX U 3araJIOuHbIX Pa3iesioB OMOXUMUU MO3Tra — MpoOJIieMaM MaMsITH; ITH MaTepUaIbl
OTpakeHBI B MOcoOun «3arajku u oTKpoBeHHs Onoxumun mamsitey (1975). [1o uaunmaruse mpod.
W.I1. AmimapuHa ObLTH TOATOTOBIICHBI U BBHITYIIEHBI HECKOJIBKO YU€OHUKOB U YUeOHBIX OCOOUI 110
HEUPOXUMUU.

B noknaze mpuBOASTCS CBEICHHUS O TOM, KaK B HACTOAIIEE BpeMsl Ha Kadeape OMOXUMHH
MPOBOJIUTCS TOATOTOBKA MOJIOJBIX CIICIUATMCTOB - OakalaBpoB, MAarucTpoOB, AacIHPAHTOB,
MHTEPECYIONINXCS Mpo0ieMaMu HEHPOXUMUU (ABTOPCKUE JIEKIMOHHBIE KYpPChl, MPAKTUKYMBI,

MIPUMEPBl TEMAaTUKH BBITYCKHBIX KBaJTU(UKAIMOHHBIX paboT).

HOBBIE IIOAXO/bI /151 BOCCTAHOBJIEHUSI OYHKIUI I'HIIOTAJIAMO-
I'MIIO®U3APHO-I'OHAJHOU OCH ITPU METABOJIMYECKHUX PACCTPOUCTBAX

HImaxos A.O.

Hncmumym seontoyuonnou guzuonocuu u ouoxumuu um. .M. Ceuenosa, Poccutickas akademust
nayk, Canxkm-Ilemep6ype, Poccus

alex _shpakov@list.ru

I'mnoranamo-runoguszapHo-ronagHas (I'TT) ock wurpaer KioueBy0 poilb B KOHTpOJIE
PENPOAYKTUBHBIX (YHKIHMNH Yy MYXYMH U JKEHIIMH. B KadecTBe OCHOBHBIX (DYHKIMOHAJIBHBIX
3BEHbEB OHa BKiIoyaeT (1) rumoramamMuyeckue HEMPOHBI, CEKPETHPYIOIIME TOHAA0IHOEpHH,
penusuHr-gakrop morenHusupytomiero (JIIN) u pommukynoctumynupyromiero ropmoHos (PCI), (2)
rOHaJIOTPONOLUTHI aieHoruno¢u3sa, npoayuupyroue JII' u @CT, a taxke (3) roHa bl (CEMEHHUKH,
SUYHUKH), B KOTOPBIX OCYLIECTBISIETCS CHUHTE3 IOJIOBBIX CTEPOMJHBIX TopMOHOB. Hapsany c
TOpPMOHAMH, IpOAyLUpyeMbIMH 3BeHbAMH [ TT" ocu, uMeeTcss mupokuii CHEKTP APYTrUX SHAOTCHHBIX
PEryasTOPOB, BIUSIONIMX HA CEKPElUHI0 TOHAJO0IMOepHHa, TOHAJOTPONMHOB, AHAPOTEHOB H
ACTPOTEHOB, CPEIU KOTOPBIX aJWMOKHMHBI (JIENITHH, AJAUIIOHEKTUH, PE3UCTUH, BHUC(ATHH U Ap.),
WHKPETUHBI (IJIOKArOHOMOAOOHBIH menTua-1, TpenuH), NEenTUbl WHCYIMHOBOTO ceMeicTBa
(MHCYJMH, MHCYIMHOMNOAOOHBIH (QakTop pocTa-1, HHCYTMHONOAOOHBIN MENTUA-3), TOHAAOTPOIHH-
MHTUOUPYIONIUI TOPMOH, aKTUBHHBI, HMHTUOMHBI, (OJUIMCTAaTUH. DTH PETrYIATOpPbl OKa3bIBalOT Ha
ITI" ocb pa3sHOHaIpaBJICHHBIE BIMSHHS, a HApyLIEHUS B WX CUTHAJIBHBIX IYTSIX NPUBOIAT K
IIUPOKOMY CIIEKTPY PENpPOAYKTHBHBIX TUCPYHKIMHI. Tak JENTHH IMOJOXKHUTENIbHO BIMSET Ha BCE
3BeHbst [TT ocu. OgHako B yCIOBUSIX XapaKTepHOH [Uis OXHpeHus U auabera 2-ro THUMA
TUIEPIIEITHHEMUH, CIIEACTBHEM  KOTOPOM  ABJIETCA  JIENTUHOBAas  PE3UCTCHTHOCTS,

¢ynkumonupoBanne ITT ocum Hapymaercs. Baxnoe 3HadeHuWe s BOCCTaHOBJICHUS
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PENPONYKTUBHOM CHCTEMBbI UMEIOT (papMaKoIOTHUECKHe MpenapaThl, CTUMYIUPYIONIUE PAa3IUYHbIE
3BeHbss [TT ocu. 3HaunTeNbHBIM HWHTEpPEC 37€Ch NPEJCTABIAIOT HHU3KOMOJECKYISPHBIC
AIUIOCTEPUYECKUE perynsaTopel pemenrtopa JII, B ToM uucie mnpousBoaHble THeHO[2,3-d]-
TUEHONMPUMUANHA, U UX KOMOMHALIMM C XOPUOHMYECKHM TOHaJO0TponuHoM uenoBeka (XIY) u
MerpopmuHom. Hamm mokazano, 4to THEHO[2,3-d]-THEHOMMPUMHUINHOBBIC IIPOU3BOJIHBIE C
aKTUBHOCTBIO aroHUCToB penentopa JII' crumynmupyroT CcTEpoUIOT€HE3 W  HOPMAJIU3YIOT
CIIepMaTOTeHEe3 Y CaMI[OB KPBIC B HOPME, B YCIOBHSIX TUAOCTUUCCKON MATOIOTUU U TIPU CTAPCHUH, a
TaKXe YCUIMBAIOT cTeponioreHHbie dhdexTsr X1 Y.

Pa6ota nogneprxkana Poccutickum Hayunsim @onaom (mpoekt Ne 19-75-20122).

OIITO'EHETUYECKASA CTUMVYJIAALUA ITAPBAJIbBYMHUHOBBIX
UHTEPHEHPOHOB YHTOPUHAJIbHOM KOPBI Y TUIIIIOKAMIIA
MOJUPHUIUPYET SIMUJIEIITU®OPMHYIO AKTUBHOCTDB B CPE3AX MO3TI'A
MbIHIN

Tpodumoa A.M., [Toctaukosa T.1O., [Ipockypuna E.FO., 3aiinie A.B.

Hncmumym ssontoyuonnou uzuonocuu u ouoxumuu um. U.M. Ceuenosa PAH, Canxkm-Ilemep6ype,
Poccus

alina.trofimovall 32@mail.ru

BBenenne. HuskouacToTHass »dJEeKTpUYECKass CTUMYIALMS MO3ra HCHOJB3YeTCS IS
MO/IaBJICHUs CYAOPOKHOM AaKTUBHOCTH Yy Jtofed ¢ snwiencued. OpHako TepaneBTUYECKUI
pe3yJIbTaT MOXKET OBITh YAYUIIEH MPU ONPEACIICHUH TUIIOB KJIETOK, YYaCTBYIOIIMX B IOJIABICHUH
cynopor. B nanHoi pa®oTe, UCMONB3ys ONTOTEHETUYECKYIO CTUMYJISIIMIO, MBI HCCIIEIOBAIH POJIb
aKTUBaIMU mapBadbOyMHHOBBIX (PV) wuHTEepHeiipoHOB Ha »nuientudopMHYI0 aKTUBHOCTh B
TUINIOKAaMII€ ¥ SHTOPUHAIBLHON KOPE MO3ra MBIIIH.

Meroxbl. PaGora Gblia BBIIOJNHEHA Ha 4-MECSUHBIX Mblmax B6.129P2-Pyalp™ €94y
(JacksonLab), skcmpeccupyromux Cre-pekomObuHazy B PV-unrepueidiponax. Mbeimam 10
cTepeoTakcuueckuMm koopauHaram (AP: -4 mm, ML: 3,5 mm, DV: -3,5 mMMm) BBOAmIu
aneHoaccouuupoBaHHbiii BekTtop (AAV9-EF1a-DIO-hChR2(H134R)-mCherry), Hecymmii rex
kananopogorncuaa 2 tuma (ChR2), B mome CAl runmokamma Ha TpaHUIE C JaTrepaibHOU
sHTOpUHANBHON Kopo# (JIDK). DxcniepumeHTs MpoBOaUIN Yepe3 4—5 Hemenb Ha MepeKUBAIOIINX
cpe3ax TOJIOBHOTO MoO3ra. AKTHBAIlMI0O MHTEPHEHPOHOB, 3kcrpeccupyrommx ChR2, mpoBogmmum
CBETOM C JUIMHHOW BOJHBI 470 HM C MCHOJB30BAHHEM JIA3€PHOTO JAMO-BOJIOKOHHOTO HMCTOYHUKA
cBeTa. DnuiaenTU(GOPMHYIO aKTUBHOCTh BBI3BIBAJIM B Cpe3€ alIUIMKAlMed MPO3IHIIEITUYECKOTO

pactBopa ¢ 4-amuHorupuauHoM (100 MxM). buodwusuueckue cpoiicTBa PV-uHTEpHEHPOHOB,

18



skcnpeccupyomux ChR2, peructpupoBanu MeTOAOM MaTy-KJIaMI B peXUME «uejas KIETKay.
Perucrpanuio moneBbIX MOTEHIManoB mnpowsBoawian B mnone CAl runmokammna w/wim
SHTOPUHAIBHOM KOpE B 3aBUCUMOCTH OT JloKanu3anuu sxkcnpeccun ChR2.

Pesyabrarbl. QoTOCTUMYISALUSA JAaXe HEOOJIbIION WHTEHCUBHOCTH JOCTAaTOYHA s
reHepanuu noteHuano nedcteus B ChR2-skcnpeccupyembix PV-unaTepnetiponax moms CAl
TUINIOKaMna. MHHHUMaNbHas JIUTEIBHOCTh (OTOCTUMYISLIUU, HEOOXoAuMas Ui CTaOWUIbHOU
reHepaluy OJHOro NoTeHuuana aeicTeus, pasHa 0,5 mc. OnpeneneHsl ONTUMAJIbHBIE apaMeTpPbl
(boTOCTUMYIALIMU JUISI BO3ACHCTBUS HA SMUWIENTU(GOPMHYIO aKTUBHOCTh B Pa3HbIX 00JacTIX cpesa
Mosra. B none CA1 rumnmnokaMia onTuManbHas 4acTOTa, 33ar0l1as UHTEPUKTAIbHYI aKTUBHOCTb,
paBHa 1 I';; MUHMMaINIbHAS UTUTENBHOCTh CBETOBOTO cTtuMyna — 10 mc. B sHTOpuHANBHON KOpe
onTUMaibHas dYactota GOTOCTUMYIALMH  PV-uHTEpHEHpOHOB, 3ajaromias PUTMUYECKYIO
MHTEPUKTAIIbHYIO aKTUBHOCTH, paBHsu1ach 0,33 I'1; mpu 5TOM BBICOKHE YacCTOTHI CTUMYIISINH (OT 1
['1 v BBILIE) HE BIUSUIM HA MPOTEKaHUE AMHIICNITHYECKON aKTUBHOCTH B cpese. [locine okoHuaHus
ONTOT€HETHUYECKON cTUMynsiuuu PV-uHTEpHEHPOHOB B THIINOKAMIIE HEPEAKO HadIoAanach
UKTaJIbHAasl aKTUBHOCTb.

3akaouenne. Takum o0pa3om, PV-uHTepHEHpOHBI OKa3bIBAIOT BIMSAHUE Ha PHUTM
WHTEPUKTAIIbHON aKTUBHOCTH, OJHAKO WX aKTUBAIUS HE MPUBOIUT K CYIIECTBEHHOMY OCIaOICHHUIO
WM YCUJICHUIO SNMIENTU(OPMHOM aKTUBHOCTH B Cpe3ax Mo3ra.

Pabora nonnepxana rpanrom POOU 19-315-60016

OBHOBJIEHHASI METOIOJIOT S PASPABOTKH JOKJIMHUYECKOM
JUATHOCTUKHU BOJIE3HU TAPKUHCOHA

bioxun B.E., Yrpromo M.B.
HUncmumym o6uonoeuu pazsumus um. H. K. Konvyosa PAH, Mocksa, Poccus
victor.blokhin@hotmail.com

BBenenue: Panusis nuarHoctuka Oonesnu I[lapkuncona (BII) siBrisercs BakKHOW 4YacThIO
mzyuenus BII. Ilockonpky 5T0 miauTensHOe 3aboieBaHHE IS €r0 AMArHOCTHKH HEoOXOoauma
IIUPOKasi TaHeTb MapKEPOB, OMHAKO BaXHO, YTOOBI OSTH MAapKEPHl COXPAHSIIMCh Kak Ha
KJIMHUYECKOW TaK Y HA TOKJIMHUYECKON cTtaauu pa3Butus bII.

Heab: Llenpto naHHONW paOOTHI ABISJICS MOUCK OMOMApKEPOB B IUTa3Me y TMAIMEHTOB B
IpyIIEe PUCKA U UX BAJIMJALU HA MOJAECISAX JOKJIMHUYECKON U KIMHUYecKoi craauu bII.

Marepuasbl U Metoabl: Vcnonp3oBanucek camiel quaun C57B1/6 B Bo3pacte 8 Hemens.

Jlist MomenupoBaHus nokInHUYeckor craauu BI1 mbimam equnox bl BBogmmn 18 mr/kr MOTII, a
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JUTSL MOZICIIMPOBAHUS KIMHUYECKOW CTaauu Jaejiadu 3 WHBEKHuH 1mo 10 MK/Kr ¢ MHTEpBaJOM B 2
gaca. Marepuan coOupanu uepe3 2 Hemenu. Jns mMonmenwpoBaHus B rpymmy HCIBITYeMBIX
BKJIFOYQJIUCh JIIOAM TPOIIEANINE HEBPOJIOTHUeckoe oOcienoBanue. M3 KpPOBH HCIBITYEMBIX U
monenei BII Beiaemsum mumboruTel U miazmy. Jlumdomutsl ucnonaszoBanu s [P ananusa, a
IasMy JUisi U3MEPEeHHS MOHOAaMHHOB M METa0OJIMTOB, aMHHOKHCIIOT, ypaTOB MW HHJEKca
okcuaarusHoro crpecca (MOC).

Pesyabrarsl: [Ipu ananuse miua3msl y JrOEH B TpyIIe pucka Obl1o 0OHAPYKEHO CHIDKEHUS
ypoBHS L-JIODPA u JIOOYK, TeHneHIHsS K MOBBIIICHUIO YPOBHA S-ruapokcuTpunrtodana. Takxke
Ob110 BhIsBJICHO oBhIMIeHHe OC u cCHUKEHHE KOHIICHTPAIMK ypaToB B M1a3Me. He HaOmogammch
W3MEHECHHUS KOHLEHTpauuid TaypuHa, IVIMLIHMHA, DIIOTAMUHOBOM M AacmapariHoBOM KuciaoT. B
TuMQOIMTAaX YPOBHU 3Kcrpeccuu perentopoB J[3 u JI4 cHWXKaIMCh, OIHAKO JOCTOBEPHBIX
3HAYEeHUI HE ObUIO OOHAPYKEHO M3-3a HEOONBIIONW BEIOOPKHU HCTIBITYEMBIX.

AHanu3 mia3Mbl MOZIENIeH JOKIMHUYECKOW U paHHeH kinHudeckoi ctaauu bII mokasan, uro
Ha JIOKJIMHUYECKON cTanuu HaOmomaeTcsi cHkenue ypoBHsA L- JJODA u JJODYK, a na panneit
KIIMHUYECKOH CTaauu JT0OABISIOTCS CHWDKCHHSI YpPOBHS JgodamuHa, 3-O-meTwimodsl u  3-
MeTokcuTupamMuHa. OTMeYaeTcsi YBEJIWYEHHS YPOBHsS CEPOTOHMHA, a S-TUAPOKCUTpUNTODAH HE
m3Mmensierca. MOC Ha NOKJIMHUYECKOM CTaguyd MMeEN TEHACHIUIO K CHUXXEHHIO, a Ha paHHEH
KIIMHUYECKOW CTaJuu YBEIWYUBAJICS OTHOCHUTEIBHO KOHTpOJIA. B OTIMYMM OT Tpynmbel pucka
HaOJIOIa7IOCh YBEIMYCHUE KOHIICHTPAIMK TJIMI[MHA B TUTa3ME HA paHHEW KIMHUYECKON MONIENTH U
TEHJICHLIUS K YBEIWYEHUIO Ha JoknauHudeckod moxaenu BII. KonnenTtpamus ypatoB B mia3me He
M3MEHANIach. BBUIO OTMEYEHO CHIDKEHHE HSKchpeccud B dumdouutoMm peuentopo /13 u /4 Ha
paHHEeW KJIMHUYECKOW CTaJuu, Ha JTOKIMHUYECKON CTaJMH 3HAUCHUS SKCIPECCUH ObUIM HAa YPOBHE
KOHTpPOJIEH.

BeiBon: L-JIODA u JJODYK sBisAOTCS NOTEHUUATBHBIMU MapKEépamu i JUArHOCTUKHU
BIl, Tak kak B mua3me kak Ha mozenax BIl Tak W B rpynme pucka HNpOUCXOAUT CHMXKEHHE HX
ypoBHs. Takxke MOTEHIIMAIIBHBIMA MapKEPaMH CJIEIyeT CUNTATh U3MEHEHUS dKCTIpeccuu ypoBHs J[3
u J14 peuentopoB, a Ttaxke uzMeHenue HMOC. ITlocnemanmii MoxeT OBITH HCIIOJIB30BAaH Kak

JIOTIOJIHUTEIBHBIA MapKED.
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OCBb I'NNTIOTAJTAMYC-KKT ¥ BOJIbBHBIX O KUPEHUEM — I'/IE HAYAJIO
IMPOBJIEMBI?

ba6enko A.1O.
HMY HIIM HMHAL] um. B.A. Anmazosa, Cankm-Ilemepbype, Poccus
alina_babenko@mail.ru

OxupeHne XapakTepu3yeTcsi HapyILICHHEM peryiislyd anleTUTa W IMUIIEBOr0 MOBEICHUS
(TIIT), HamM4Me KOTOPBIX YXyALIaeT BOSMOXKHOCTh CHIIKCHHUs Beca. B Halne uccienoBaHue ObLIH
BKJIIOUYEHBI 53 TalueHTa ¢ OXUpEeHHeM, cpeaHuil Bo3pact 38,7+10,8 ner, cpeansisi macca Teia
(cMT) 102,8+16,4 xr, ungexkc maccel Tenma (MMT)=36,8+4,6 kr/M2), BceMH MalMEHTaMU ObLIH
3alOJIHEHBI ONPOCHHUKH, B COOTBETCTBUU C AM3AMHOM HCCIeNOBaHMs: [ONIaHACKUI OMpOCHUK
numieBoro noseneHust (Dutch Eating Behavior Questionnaire (DEBQ)), Bu3yanbHO-aHamoropas
mkana (BAIID) cocrosmas u3 4 Bonpocos (Hackonbko ronogausiM Bel ce0st uyBcTBYeTe? Hackonbko
CBITBIM BBI cebs uyBcTByeTe? HackonbKko CHUIIBHO BBl XOTHTE €CTh? CKONBKO MUIIM BBl MOIJIH ObI
ceiiuac cwvects?). B cBsa3u ¢ Tem, yto mo ganueiM DEBQ y GonblIMHCTBA MAlMEHTOB OBLIH
BBISIBJICHBI HECKOJIbKO TuroB HapymeHuil [III, Bce manueHTsl ObUIM pa3feneHbl B TPYIIbBI C
noMuHaHTHBIM THHOM IIII. Cpennuii % nanueHTOB C JTOMUHUPYIOLIUM 3MOLMOTEHHBIM THIIOM
HapymeHus numiesoro nosefeHus (OMIIII) cocrasun 72,2%, ¢ skcrepHanbHbIM TUIIOM (OKclII) -
11,1%, orpanuuutensroro OIIIl +16,7%, To ecTh ¢ HaubOomblIel dYACTOTON BCTpevaics
smormorennslid tun IIII, acconmuupoBaHHBIA CO CTPECCOBBIMH BO3JACHCTBUAMU U Hauboiee
CIIOKHBIII B IUIAHE KOPPEKUMHU. AHaIW3 TOPMOHAJIbHBIX W3MEHEHUH MpPOIEMOHCTPUPOBAI
MOBBILIEHUE YPOBHS IVIIOKO303aBUCUMOro uHcynuHoTponHoro mnentuga (I'MII) Haromak wu
OTCYTCTBME €ro JajbHEHIIEro MpHpOCTa B MOCTIHIIEBOM cTaryce (Iocie CTaHJIapTHOIO
YIJIEBOAUCTOTO 3aBTpaKa), YTO YKa3blBa€T HAa PE3UCTEHTHOCTb K JIAHHOMY MHKPETHHY. YUYHUTHIBas
KJIFOYEBYIO POJIb 3TOTO MHKPETHHA B JIETOHUPOBAHUH KHUPA B MOJKOKHOM JIETIO, PE3UCTEHTHOCTh K
HEMY MOXET OIpelessITh NepepacnpeesieHue IACNOHUPOBAHUS JKHpa B BHCLEpAIbHOE [EIo.
OnHOBpEeMEHHO OTMe4YeH Oojee HU3KUN, YeM Y JoAed ¢ HOpMalbHOM Maccod Tena, YpPOBEHb
rmokaronononoOHoro nentuna 1 (I'TIII-1), mHKpeTHHa, BOBJIEYEHHOTO B PETYIALHUIO alIeTHTA.
Hedunutr TTII-1 sBasercs onHMM U3 BaXHBIX (PAKTOPOB, ACCOLUMUPOBAHHBIX C Pa3BUTHEM
HapylIeHUs PpErylsalMd YyBCTBAa TOJOAA/HACBHIINIEHUS, MHIEBOro mnoseneHus. Ero ypoBeHb
UACHTUGUIMPOBAH HAMHM Kak npeaukrop orBera Ha Tepanuio aplTIII-1, mnpemaparamu,
HOPMAaJIM3YIOIIMMU YYBCTBO TOJIOJa/HAchIeHUst Onaromapst ctumyssinuu penentopos [TIITT B
runortaitamyce. CoBpeMEHHbIE HCCIE0BaHUS OJTHO3HAYHO YKa3bIBAIOT Ha TO, YTO MUTaHHE, boraroe
KUPaMU U YIJIEBOJAMHU C BBICOKMM DIIMKEMHUYECKHM HHJEKCOM H3MEHSET COCTaB MHKpOOMOoMa

JKKT, uto B cBOIO Ouepenb NPUBOAUT K HAPYLIEHUAM NPOIYKIUN HHKPETUHOB, AaHAJIOTUYHBIM TEM,
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91O ObUTM OOHApYKEHBI B HAIlEM HCCIIENOBaHWU. TakuM oO0pa3oM, OCh HE3I0OPOBOE IMUTAHHE-

M3MEHEHHE COCTaBa MHKPOOMOMAa-HapylIeHUe WHKPETHHOBOTO OalaHca — HAPYIICHHE IMHIIEBOTO

MOBECHUS SIBIISIETCS OJTHUM M3 KIIFOUEBBIX MEXaHU3MOB, JICKAIIUX B OCHOBE Pa3BUTHUS OXKUPEHUS.
HccnenoBanue BoImomHseTcs npu nojaepkke rpanta MunOo6pa PD (Cornamenue No. 075-

15-2020-901).

OLEHKA TPEBOKHOCTH MBIIIENA C XPOHUYECKOM MOCT-
BOCHAJIMTEJIBbHOU MOJEJIBIO CUHAPOMA PA3PA’KEHHOI'O KNIIEYHUKA

MynnakaeBa A.W., Canux3snoBa A.@., Apymiuna J.P., Skosnesa O.B.

Kasanckuii ghedepanvusiii ynusepcumem, Kazanwv, Poccus
adelya.may.ofl@gmail.com

MukpoOrora KHUIIEYHMKA TPEACTaBIsSe€T COOOM  CIOXKHOE BMJIOBOE  COOOIIECTBO
MUKpPOOPIaHNW3MOB, HACEJSIIOIIMX 3KOCHCTEMY KENyAO4YHO-KUIIEYHOro Tpakra. KimHuuyeckue u
JOKJIMHUYECKUE UCCIIEIOBAHUS MTOKA3bIBAIOT, YTO MU3MEHEHHs KUIIEYHOW MUKpPOOUOTHI BIMSIOT HE
TOJBKO Ha pa3jMyHble KHILIEYHbIE paccTpoicTBa, HO W Ha 3aboneBanus LIHC, B Tom uucie
CBSI3aHHBIE C HEBPOJIOIMYECKMMHM 3a00JIEBaHHSMHU YEJIOBEKAa M XUBOTHBIX. B Hameil pabore Mbl
aHAJIM3UPOBAIM TPEBOXKHO-(POOMUECKOE COCTOSHHE MBIIIEH C MOCT-BOCHAIUTENBbHOM MOEIbIO
CHHJpoMa pazapaxenHoro kumeynuka (CPK).

Jns mopenupoBanus noct-ocnanurenbHoro CPK camiioB OenbIX Mbllei ONBITHON IPyIMITbI
(n = 10) exenneBHo B TeueHue 11 nHeN moaBeprajv HEOHATaJbHOM CEHCHOWIM3ALMU IyTEM
MHTPApEKTAIBLHOTO BBEACHUS pa3BeneHHOro 1 % pacTBopa ykcycHou kucioTsl (0.3 mi1 B Bo3pacte
10-14 pgmeit m 0.5 mun B Bo3pacte 15-21 nHeil). MbIIM KOHTPOJBHON TPYyMNIbl MOTyYaau
SKBUBAJICHTHBI 00BeM (usnonorndeckoro pactsopa (n = 10). Yepe3z 2 Henmenu OLEHUBAIU
TPEBOXKHO-()OOMUECKOE COCTOSHUE JKUBOTHBIX C TOMOILBIO TECTOB «V/HTerpasibHbIil MoKazaTelsb
TPEBOXKHOCTU» U «4epHO-Oenasi kamepa». Ha 45 neHp skcrepuMeHTa HCCIENOBad HU3MEHEHHE
cOCTaBa KUIIEYHOM MUKPOMIOPHI METOAaMHU Kiaccudeckoil Mukpoouosioruu. Monenuposanue CPK
HE TPUBOJMIIO K JJOCTOBEPHOMY CHHKEHUIO MOJIOYHOKHUCIIBIX OaKTEepHii, B TOM YHCIIe JTAKTOOAIMILI,
B (eKaTusAX TO CPaBHEHHUIO C KOHTPOJIGHBIMH JKUBOTHBIMH. HO y MBIIel OMBITHOH Tpymmsl B
KHUILIEYHUKE TPAKTUUYECKH IMOJHOCTHIO HCYE3aIH JIAKTO30IMOJIOKUTEIbHBIE SHTEPOOAKTEpUU U
OCTaBaJIMCh TOJIBKO JakTo300TpHUIareabHbie Salmonellla spp. u Shigella spp.

Tect «uepHO-Oenasi Kamepa» OCHOBaH Ha BPOXKJICHHON HENPHSI3HH TPHI3YHOB K SIPKO
OCBEUICHHBIM O00JIacTsIM, MO3TOMY IpPUMEHSEeTCS I OLEHKHM YPOBHS TPEBOXKHOCTH. Bpewms

HaXOXJICHHSI B CBETOBOM KaMmepe B KOHTPOJIbHOHM Tpyrime coctaBwio 75.3 £ 11.7 c. B onbiTHOMU
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rpynmne 3ToT mokazarenb cHu3uicsa 10 48.1 £ 19.5 ¢ (p < 0.05), uyTo yka3bIBaeT Ha MOBBIIICHHBINA
YPOBEHb TPEBOXKHOCTH. MBIIIM ONBITHOM TPYNIBI TakKe JEMOHCTPHUPOBAIM BBICOKHI YPOBEHB
TPEBOXKHOCTH B TecTe «MHTerpanbHbIil oka3arens TpeBokHOCTH» (1.10 £ 0.23 Gamn, p < 0.05),
OTHOCHUTENIbHO KOHTposibHOU Tpynisl (0.20 £ 0.08 6am).

[TomyuyeHHble HaMU pE3YJIbTaThl CBUACTEILCTBYIOT O HEONArONPHUSITHBIX HM3MEHEHUSX B
KHIIIEYHOH  MHKPOOHOTE  CONPOBOXKIAIOMIMXCS  YBEIMYECHHEM TPEBOXXKHOCTH TIPU  TOCT-
BOCHAIUTEIbHOM XpoHHueckoMm CPK.

Pabota nogneprxana rpantom PH® Ne 22 -25-20045.

INOJABJIEHUE POCTA KAPHUHOM CUHTETUYECKHM ®PAI'MEHTOM SLURP-1
YEJOBEKA, IEUCTBYIOIIIUM HA HUKOTUHOBBIE AIIETUJIXOJINHOBBIE
PELEIITOPBI o7 TUIIA

IIynenko M.A.l, br1ukoB M.H.l, [IInenoBa O.B.l’z, Kynb0arknii I[.C.l, YUynuna I/I.A.3, A3zeB B.H.3,
Komenes C.l".l, Kupnuynukos M.H.1’4, [[lenkapes 3.0.1’2, Jliokmanosa E.H.'**

1 - Uncmumym 6uoopeanuueckou xumuu um. axkademuxos M.M. [llemaxuna u

FO.A.Osuunnuxosa, Mockea, Poccus

2 - Mockosckuii (husuxo-mexHuyeckuil UHCMumym (HayuoHAaIbHbILL UCCTe008AMENbCKULL

YHusepcumem), /{oneonpyonuiii, Poccus
3 - Ipynna xumuu nenmuoos, ¢puruan Hncmumyma 6uoopeanuyecko Xumuy Um. akaoemurkos
M-M. llemsakuna u FO.A. Osuunnurosa, Ilywuno
4 - Mescoucyuniunapnas HayuHo-obpasoseamenvhas wikona Mockosckoz2o ynueepcumema
«Monexynsaprvie mexHon02uU HCUBLIX CUCTNEM U CUHMEMUYecKas OUoIo2usy,

Buonoeuueckuii gpaxynomem, Mockosckuii 2ocyoapcmeenHwlii YHusepcumem umenu

M.B. Jlomonocoesa, Mockea, Poccus

mikhailshulepko@gmail.com

OpHMM M3 TNEpPCHEeKTHUBHBIX HANpaBICHUH i1 pa3pabOTKM HOBBIX MPOTHBOOIYXOJIEBBIX
MPEnapaToB SBJISETCS PEry/siius padoThl HUKOTHUHOBBIX AlleTUIXOIMHOBBIX perentopoB (nAChR),
B ocobennoctn o7 tuna (o7-nAChR). DTu peuentopsl BOBIEYEHBI B MPOLECCHl PETYISLHUU
nponudepanii, MUTPAllUM W arfolTo3a PAKOBBIX KIETOK, a »Jkchpeccuss reHa CHRNA7Z,
konupyromero o7 cyosenuauily nAChR, moBeimena B kietkax kapruHomM. SLURP-1 — »sto
CEKPETUPYEMBIH OeNIOK, SKCIIPECCUPYIOIIMICS B SMUTEIINHU YeIOBEKa U MPUHAUICKALIUN ceMeiicTBY
TpexnerenbHbix  OenkoB  Ly6/uPAR. SLURP-1  sBasercs  CeNEKTUBHBIM  HETaTHBHBIM
ajutoctepudeckuM  MonyasatopoM o7-nAChR  u monmaBisier pocT KJIETOK KapIMHOM  KOXH,
KMILIEYHUKA M JIETKOTO, B TOM YHWCJE MpeAoTBpaias npoiaudepanno KIeTOK, WHIYLHHPOBAHHYIO
HUKOTHUHOM.

Mexanusm neiictBusi pekombunantHoro anamora SLURP-1 demoBeka ObIn MCClieOBaH B

KJIeTKax afeHoKapiuHoMbI Jierkoro A549. SLURP-1 unrunbuposan nponudepanuo ¥ MUTPAIUIO
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kietok A549. SLURP-1 cumxan ¢ochopunupoBanue PTEN u kunaszst mTOR, uTo yka3piBaeT Ha
nogaBinenne  curHanpHoro mytd  PI3K/AKT/mTOR. Takxke HaOmoganuch  CHUXKCHHE
dochopunrpoBanust TpomoOoLIUTapHOTO perentopa (akropa pocta tumna  (PDGFRP) u ocranoBka
KJIETOUHOTO IMKJa B ¢azax S u G2/M 6e3 uHayknuu arnonrto3a. Merogom ahGUHHON SKCTPAKIIHH
nokazaHo, uto SLURP-1 o6pa3yer komiuiekc He Tonbko ¢ a7-nAChR, HO Takxke ¢ PDGFRa u
perientopom snuaepmanbHoro ¢aktopa pocra (EGFR), xoTopeie, Kak W3BECTHO, y4acTBYIOT B
pPETyIsIIMU POCTa W MUTPALUU PAKOBBIX KIETOK M CHOCOOHBI 00pa3oBBIBATH TE€TEPOAMMEPHI.
Hoknayn renoB, kxomupyrommx o7-nAChR, PDGFRoa u EGFR, noareepamn ydactue 3TuX
perenitopoB B aHTUMHUTpaninoHHOM 3¢ dekre SLURP-1. Takum 00pa3oMm, MHIICHBIO JIEHCTBUS
SLURP-1 B MeMOpaHe 3MUTEeNUaNbHBIX KIETOK MOTYT ObITh KomIuiekcsl 07-nAChR ¢ PDGFRa u
EGFR. Hcnone3ys xumepHble Ok ¢ nepecakeHHbME remisiva SLURP-1, Mbr mokazanu, 4To
netis | siBiseTcss OCHOBHBIM aKTUBHBIM LIEHTPOM, OTBETCTBEHHBIM 3a B3aumopeiictsue SLURP-1 ¢
a7-nAChR u ero antunponudeparuBroe aeiictBue. CHUHTETUYECKUN MENTUl, UMUTUPYIOLIUN
e o I, cTabunn3npoBaHHBIN TUCYTH(UIHON CBSA3bI0, MHTHOUPOBA BBI3BAHHBIN alleTHIIXOJIMHOM
ToKk dYepe3 kaHan ao7-nAChR, a Ttaxke mnponmdepanuio W MUTpanuio Kietok AS549. Oror
CUHTETUYECKUN MENTH]I, MONTYy4YUBIINN Ha3zBaHue «OHKOTAr» mpeAcTaBiseT cOOOW MepCreKTUBHbBIN
MIPOTOTHUIT HOBOTO MPOTHUBOOITYXOJIEBOTO IIperapara co CBOMCTBaMH, OJU3KHUMH K HATUBHOMY O€INKy
SLURP-1.

PabGora Bemonnena npu ¢unancoBoir mnoppepkke PBK (Llentp HTU HMBX PAH Ne
2/1251/2018) u PH® (Ne 17-74-20161).

ITOUCK, PASPABOTKA U BAJIMJALHUSA ITIOTEHIHHUAJIBHBIX
GPAPMAKOJJOI'MYECKUX CPEJACTB HA OCHOBE ITPOU3BOJAHBIX ITUITEPASUHOB
JIJI1 OTPAHUYEHUSA CUHATITUYECKOM YTPATHI B HEUPOHAX T'HIIIIOKAMIIA

Ilonyraesa E.A.l, VHaHsH JI.C.Z, 3epHOB H.I/I.l, Maku4yan A.T.z, Kamapsn B.C.z,
MeneHTheBa I[.M.1

1 - Canxm-Ilemepbypeckuii nonumexnuyeckuil ynueepcumem Ilempa Benuxozo, Canxkm-
Ilemepbype, Poccus
2 - Poccuucko-Apmanckuii ynusepcumem, Epesan, Apmenus

lena.popugaeva@gmail.com

[IporpeccuBHasi cMHaNTHYeCKas yTpara B HEMpOHax TUMIOKamIa Ha PaHHHUX CTaIusX
ornuvaer Oone3np AunbnreiiMepa (BA) oT Apyrux HeWponereHepaTWBHBIX 3aboneBaHuil. Panee
HaMU OBUIO TMOKAa3aHO, YTO OTPaHMYEHUE CHHANTHYECKOH yTpaThl C MOMOIIbIO BO3JCHCTBHUS Ha

HEHpOHBI TUNNOKaMna coeanHeHueM 51164, mpou3BOAHBIM NHIIEpa3HUHA, CHOCOOHO 3aMeIUTh
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TeMIibl pa3BUTUS BA B in vitro u in vivo mozensix. 51164 sBiuseTcst MOJOKHUTEIBHBIM PETYISITOPOM
aktuBHOCTH KaHanoB TRPC6, Bxomsdmmx B COCTaB JACMO-YIPaBISEMbIX KaJlbIIMEBBIX KaHAJOB.
51164 momoraer BOCCTaHOBUTb CHHANTUYECKYIO IUIACTUYHOCTb B pe€3ax MoO3ra MbIIIEW JIMHUU
5XxFAD (Popugaeva et al 2019, Mol Pharm.). OnmHako mnpu NpOBEACHUH ITOKIMHUYECKHUX
HCCIIEIOBAaHUM OOHAPYKHUIIOCh, YTO coeauHeHre 51164 He cTaOWIbHO B IJIa3ME€ KPOBH M IUIOXO
nponuunaet uepes I'0b.

B pamkax Hactosmiedl paGoThl ObBUIM MPUMEHEHBI METOIbI MOJICKYJISPHOTO JOKHHTA H
koH(popManmoHHoTo aHanu3a 51164 u runepdopuna ¢ kanaaoM TRPC6 niist BRISBICHHS KITFOYEBBIX
CalTOB M TUIOB B3aWMOJICUCTBHS COCTUHEHUN C aKTUBHBIM IleHTpoM kaHasia TRPC6 (Hunanyan et
al 2021, IJMS). Ha ocHoBanuu mmosrydeHHBIX in silico JaHHBIX ObLT onpenencH dpapmakodop, N-, N-
3aMEIICHHBIA THIePa3uH, KOTOPBIA OBLI HMCIOJNB30BaH MJIA MOWCKA XUMHYECKUX COCIUHCHHM
CTPYKTYPHO CXOXHUX ¢ (hapmMako(pOopOM U COOTBETCTBYIOLIUX KPUTEPUSIM «TIOOOUS JIEKAPCTBAY.

C nomompio in  Vitro HcclenoBaHU  ObLIO  ONpPENENIEHO COEAMHEHHE JIUJED,
JEMOHCTPHPYIOIIee CHEMUPUIHOCT, B OTHomeHWH kanamoB TRPC6. IlpoBeneHbl MWIOTHBIE
JTOKIMHUYECKUE UCCIIEOBAHUSA, OTPEIEICHa in Vitro CTaOMIBHOCTh COSJMHEHHUS B IUIa3Me KPOBU
MBIIIY U YeloBeKa. B mepBUYHOM KyNbType THIIOKaMIIa YCTAHOBJICH HEMPOIPOTEKTOPHBIN ekt
coeauHeHus Juaepa B koHreHTpauuu 100HM. B cpezax mosra meimeir SXFAD wuccnemoBano
BIIUSIHUE COEAMHEHUS HA CHHANITUYECKYIO TIJIaCTUYHOCTD.

[Tpu ycrenrHoM NPOXOXKIAEHUU NOKIMHMYECKHUX HCCIEeOBaHHMM in vivo (CTaOWIBHOCTH B
m1a3Me KpoBH, IpoHUIaeMocth uepe3 ['0b, ocTpas TOKCHYHOCTB) COETUHEHHE JTUIEP MOXKET OBITh
PaccMOTPEHO B KauecTBE MOTEHIIMAIBHOTO (HhapMaKOIOTHUYECKOTO CPEACTBA s JICUeHUsl OONe3HU
Aublreiimepa.

Pabota BrimonHeHa npu noaaepkke Poccuiickoro Hayunoro ¢gonma (Homep npoekra 20-75-

10026).

PET'YJIAIUA CEKPELIUU MEJIMATOPA B HOBOOBPA3OBAHHBIX MOTOPHBIX
CHUHAIICAX MBI C YYACTUEM ITPOBJAH® U ITPOJOMEHA BJH®

Bboragesa I1.0O., [Ipasausuesa E.C., I'alinykoB A.E., bane3una O.I1.

@I'FOY BO Mockosckuii eocyoapcmeentulil yHugepcumem umenu M.B. Jlomonocosa, Mocksa,
Poccusa

untergang@inbox.ru

Hetiporpodun wmo3ra (BJIH®) xopomo wu3BeCTEH KakK pEryaiaTop pa3BUTHI U

muddepeHIUPOBKH HEHPOHOB U MOAYsATOp cuHanTrueckoi nepenadn B [IHC. Kpome Toro, BIH®
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paccMarpuBaeTcsl U KaKk MHOKHH, BBICBOOOXK/Ia€MbI M3 MBIIIIBI U OKa3bIBAIOIIMM PETPOTpaHbIe
IIOTEHIUPYIOLME BIMSAHUSA Ha MOTOpHBbIEe cuHanchl. Hapsany co 3pensim bJIH®, ogHOBpemMEeHHO
MOT'YT OKa3blBaTb JECUCTBUE MU NPOAYKTHI ero cosdpeBanus — npobJIH® u npomomena BIAHO.
Bo3moxkHocTe MuoreHHoro BeicBoOOkaeHusI Tpob/[H® onucana B mepudepuyeckux MOTOPHBIX
CUHAIICaX MBIIIH B IIEPUOJI HEOHATAJIBHOTO PA3BUTHS CKEJIETHBIX MBILIECYHBIX BOJIOKOH, @ TAKXKE U B
3peNbIX CKEJIETHBIX MBIIIAX B OTBET Ha uX JAeHepBauuto. OpHako ponb npob/IH® wu
o0pa3yrolerocs: B XoJie ero npoieccuura nponomena b/IH® u HanpaBieHHOCTh UX PETPOrPaTHBIX
BJIMSTHUI HA HOBOOOpPAa30BaHHBIE B XO€ PEUHHEPBALIMM MBI MOTOPHBIE CHHAIICHI, OCTAIOTCS HE
M3Y4YEHHBIMHU.

B cBsi3u ¢ 3THM, 11eTBI0 PabOTHI OBLIO BBISIBUTH BIUSHUS M MEXaHU3MBI JieicTBUs npob/IHD
u npopoMeHa bJ/IH® Ha cekpenuo aueTUIXOJMHA B PET€HEPUPYIOIIUX MOTOPHBIX CUHAICAX.

Hccnenosanust npoonuian Ha cuHarncax m. EDL wa 11 cyrku mocne nepepaBinuBaHuUs
ManobeproBoro Heppa. llpu moMomm cTaHAAPTHOW MHUKPOIIEKTPOMHOM TEXHUKH OTBEICHUS
OMOIIOTEHIIMATIOB PETUCTPUPOBAIA M aHAJIM3UPOBAIHM BO3HUKAmOImUe moxa BiausHueMm npobJIHD u
npoaomena b/IH® u3MeHeHus mapaMeTpoB CIHOHTAHHBIX MUHHUATIOPHBIX IOTCHIIMAJIOB KOHIIEBOU
wiactuaku (MIIKII) u BeI3BaHHBIX MoTeHIManoB koHIeBoi miactuHku (ITKII), renepupyembix B
pexKUME KOPOTKUX PUTMHUECKUX 3aJIIOB.

B HoBooOpazoBanHbIX cuHancax mpob/IH® Bb3bBan  yBenuueHHE MEMOpPAHHOTO
MOTEHI[MATa MBIIICYHBIX BOJIOKOH #  cHkeHue yactorel MIIKII wa 35%, xkoTtopswie
npeaoTBpalianochk TepruanuHoM-Q (Gnokaropom kanueBblx kaHanoB GIRK), Ho He uHrn6UTOpOM
curHanuara peuentopos p75 TAT-PepS. Ilpu stom npob/IH® He BbI3Ban CABUTOB aMILTUTYIBI U
kBaHTOBOrO cocrasa IIKII.

[Tponomen B/IH® okasbiBan cobcTBeHHBIE 3P dekThl: yBenuuuBai ammautyny MIIKII, uto
MPEIOTBPALIAIOCh BE3aMUKOJIOM (MHIMOMTOPOM BE3MKYISPHOTO TpaHCIOpTepa aleTHIXOIUHA) U
yMeHbInan kBaHToBbIN cocTas ITKII.

Takum oOpa3zom BHepBble ObLIO MOKazaHo, 4ro Npob/IH® u mpomykTr ero co3peBaHus
npogomed bJ[H® mnpu npeiictBum Ha HOBOOOpPA3OBaHHBIE MOTOPHBIE CHHAICHI CIOCOOHBI K
CaMOCTOATENIBHBIM BIIMSHUSAM Ha IapaMeTpbl CIIOHTAHHOM M BBI3BAHHOM CEKPELMM MENMATOPA.
Peanu3anus Takux BAMSHUN oOecreunBaeTcsi 3a cyeT aktuBanuu kaHanoB GIRK u ycunenums
HAaKa4YK{ alleTUIIXOJIMHA B BE3UKYIIBI, COOTBETCTBEHHO.

Pa6ota mognepxana rpantom PH® 22-25-00111.
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POJIb K(AT®)-KAHAJIOB B O®®EKTAX H,S ©UNO B TPOMHUYHOM HEPBE
KPBICBI

byrmuauna A.JL., Bepxotyposa T.M., I'adpypos O.I11., Koponésa K.C., Cutaukona [.®.

@I'AOY BO «Kazanckuii (Ilpusonsicckuil) ¢hedepanvruiii ynusepcumemy, Kazanws, Poccus
verrrwolfl@gmail.com

Murpesb — HEpPBHO-COCYAMCTOE 3a00JIeBaHUE, XapaKTepHU3YIOIIeecs MyIbCUPYIOIeH
TOJIOBHOM 0O0JIBbIO, 3a49aCTyl0 COMpOBOXAAOIIyiocs GoHo- u (orodobueii. JlanHoe 3aboneBaHue
IpEICTaBIseT cOO0M OIHY M3 aKTyalbHEHIIMX MPOOJEM MEIUIMHBI, YHUBEPCAIbHOIO MOAXOAA K
JICYEHUIO KOTOPOro IIOKa HE YNaloCh HaWTH. Paa KIMHUYECKHUX HCCIEIOBAHMM MO3BOJINI
YCTaHOBUTH KIJIIOYEBYIO pOJIb TPOWHUYHOIO HEpPBA M MEHMHICAIbHBIX COCYIOB B IIaroreHese
MUTpEHU. B BOJOKHAX TPOMHMYHOrO HEpBa U TPUTEMHHOLEPBUKAIBHOM KOMILIEKCE OOHapy:KeHa
skenpeceuss  Kir6.1, Kir6.2, SURI u SUR2 cyb6wsemuunn K (AT®)-kananos. B koHTekcTe
TPUTEMHHO-BACKY/SIDHOW TEOPUU IPOUCXOKICHHUS OOMM IMpU MHIPEHH, MPEANoaraercs, 4To
aktuBaiys K (AT®)-kaHAJIOB NPUBOIMT K THIIEPIONSPU3AIME MEMOpPaHbBI, C IOCIETyIomIeit
aKTUBalUell nukiImdyeckux Hykieotua-ynpasisembix (HCN) kananoB. OTKpbITHE 3THX KaHaJIOB
CIOCOOCTBYET JAEMOJSApU3ALUN MEMOpaHbl M YBEIUYEHHUIO YacTOThl IOTEHIMAJIOB JEHCTBUS B
Heifponax. OJHAKO B MEHMHTEAlbHBIX HEPBHHIX OKOH4aHMAX Bkmax K'(AT®)-kaHamos B
HOIIMIIETITUBHYIO aKTUBHOCTh HE MTOKa3aH.

B CBS3M C 3TUM IENbIO JaHHON paGoThl sBisieTcss orenka pomd K'(AT®)-kaHaaoB B
(bopMHPOBaHUH HOLMIIEITUBHOIO CUTHAA B BO30YJMMOCTH MEHUHI€aIbHBIX apdepeHToB, a Takxke
aHalM3 MX y4YacTHs B NPO-HOLMUENTHUBHBIX 3(p(deKTax ra3000pa3HbIX MOCPEAHHMKOB, TaKUX Kak
nonop H,S (runpocynsdut Harpust) u jonop NO (HUTpoInpyccu HaTpusi) B TPOWHUYHON CHCTEME
KPBICHI.

OKCIIEpUMEHTHl MPOBOAMINCH Ha cammax (4-8 Hexmenb) Kkpbic jauHuu Wistar ¢
HCIOJIb30BaHUEM B KaueCTBE OOBEKTa MCCIIENOBAHMSA Ipernapara W30JUPOBAHHOTO Yeperna KPBICHI.
[lepudepuyeckuii OTPOCTOK TPOWHUYHOTO HEpBA MOMEMIAJICS B PETHCTPUPYIOLIUI ANIEKTPO A
MocJenyromed nepenaqyn U OorMu@POBKHA TOJYICHHBIX JaHHBIX O CMAMKOBOW aKTUBHOCTH. bBwIIo
YCTaHOBJIEHO, uTO Hecnenuduyeckuit Omnokarop mmbenknamua (1MM, n=5) BbI3bIBaeT
JOCTOBEPHOE  YBEJIIMYEHHE YacTOThl IMOTEHIHUAJIOB JEHCTBUS, TEM CaMbIM OIOCpEAys
HouuuenTuBHbli 3¢¢ext. Torma kak Ha ¢oHe mmMOeHKIaMuAa ObLT 3apUKCUPOBAH MPO-
HoIuIenTUBHBIN dPdekT noHopa NO (n=4), yBeTUYSHHUS YaCTOTHI MIOTEHIIMATIOB JIEHCTBUS B OTBET
Ha anmuiMkanuoo aoHopa H,S mpu tex ke ycnoBusix He HaOMIOAanoch. JOTO yKa3blBaeT Ha TO, YTO
OIHOI U3 MUIIIEHeH NefCTBHS cepoBoIopoaa MOryT BhicTynarh K ' (AT®)-kaHambL.

Taxum o6paszom, K'(AT®)-kaHaIEl y4acTBYIOT B MOYIAIHH BO3OYIHMMOCTH HEHpOHOB, a
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TaKKe ABJISIIOTCS MULIEHBIO JeHCTBUSA 151 JoHOpa H,S.

Pab6ora Brinmonnaena npu ¢punancoBoit nogaepxkke PH® Ne20-15-00100.

CPABHUTEJIBHBIN AHAJIN3 CTPYKTYPHO-IMHAMHWYECKHAX OCOBEHHOCTEM
TPEXIIETEJIBHBIX BEJIKOB - MOAYJIATOPOB HUKOTHHOBBIX
ALNETHJIXOJMHOBBIX PELIEIITOPOB

IlapamoHOB A.C.l, 3aurpaes M.M.l’z, Kouaposckas M.B.l’z, Kynes06arkuit I[.C.l, [ynenko M.A.l,
Yyrynos A.O.', Jliokmanosa 3.0.", Illenkapes 3.0."

1 - Uncmumym 6uoopeanuueckoil xumuu um. akaoemuxos M.M. [llemsakuna u
10.4.Osuunnukosa Poccuiickou akademuu Hayk, Mockea, Poccus
2 - Mocxosckuti ¢puszuxo-mexnuyeckuti uncmumym (HayuonanvHolii ucciedosamenscxutl
yuugepcumem), Mockea, Poccus
3 - Mesicoucyunnunapuas HayuHo-obpasoeamenvhas wkona Mockosckozo yHugepcumema
«Monexynsapnvie mexnono2uu HCUsbIX CUCMeM U CUHMEMUYecKas OUON02UsY,
buonozuueckuii paxynomem, Mockosckuii 20cy0apcmeeHHblll YHUGEPCUMen UM.
M.B. Jlomonocosa, Mockea, Poccus

apar@nmr.ru

HuxotuHoBble aneTmixoanHoBele peuentopbl (nAChRs) npencrapnstor coOoil nuranp-
3aBHCHMBbIE HOHHBIE KaHalbl. M3BecTHO, uTo nuchynkius nAChR crniocoOctByeT psiny 3aboneBaHuii
LIEHTPAJIbHOM W mepudepuyeckodl HEPBHOM CHUCTEMBI, TaKMX Kak Ooyie3Hb AJblreiimepa,
MIapKUHCOHU3M, MUACTEHMS, SIIWIIETICUS, AETIPECCUs, HUKOTMHOBAs U aJIKOTOJIbHAs 3aBUCUMOCTH, a
TaK)Ke, BO3MOXKHO, HEKOTOPBIM pAaKOBBIM 3a00JIeBaHUSAM U 3a00J€BaHUSAM HMMYHHOH U
SHIOKpUHHOM cucTtembl. benku cemeiictBa Ly6/uPAR, umeromne xapakTepHyto “TpexmneTesbHy0”
aApXUTEKTYPY, MPEACTABISAIOT co0oi »HAoreHHbIe MoOmyIsTopbl NAChR u wurpaior BaxkHble U
pa3sHOOOpa3Hble POJIM BO MHOTUX Ipolieccax B HEpBHOM cucreMe. Tak, Ui HUX IOKa3aHa
CMOCOOHOCTh K PETYIAlUU KOTHUTHUBHBIX IPOIECCOB, AHTUIpPONU(EpaTUBHAs AKTUBHOCTh U
y4acTHe B PSJIC PETYISTOPHBIX MyTeH, TAKUX KaK Kackag Wnt/[B-kaTeHuH.

JUiss  BBISBIEHUS CTPYKTYPHBIX M JUHAMHYECKHUX OCOOCHHOCTEH, OTBEYalomUX 3a
B3auMoJieiicTBUs OenkoB u3 cemeiictBa Ly-6/uPAR ¢ nAChR, Gb1 mpoBeIéH KOMIUIEKCHBIN aHAIN3
CTPYKTYpPBI U IMHAMUKHU IIMPOKOTO psAJla «TpeXIeTeNbHbIX» 0enkoB, aelcTByromux Ha nAChR, kak
BostopacTtBopuMbIX (SLURP-1, SLURP-2), Tak u u3onupoBaHHbIX TpexmerenabHblx LU-1omMeHoB
GPI-3askopennbix 0enkoB (Lypd6, Lypd6b, Lynx1, Lynx2), a Takxke HEHPOTOKCHHOB U3 51712 KOOPBI
(«cmabwrity Tokcnn WTX u Heiipotokcud NT-11).  Bbutn paccMOTpeHBI CTPYKTYpHBIE OCOOCHHOCTH
crpoeHnss LU-7I0OMEHOB, BBIABIEHBl Ppa3IMYHbIE THUIBI TOMOJOTHH [B-CTPYKTYpbl, CBOWMCTBa
MOBEPXHOCTH U pacupenesieHuss 3apsanoB. [lo manaeim SIMP  oxapakrepuszoBaHa IMHaAMUKa U

KOH(QOpPMallMOHHAsI ~ IJIACTUYHOCThb, KOTOpass MOXKET ObITh  BaXXHOM  XapaKTEPUCTUKOM,
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oOecrieurBarollell aJanTaluio CTPYKTYp Ui CBSI3bIBAaHMSI C Pa3IUYHBIMM peLenTopamMu B
pPa3NUYHBIX KOH(OPMAIMOHHBIX COCTOSIHHSIX M TO3BOJSIIONIAS KOHTPOJIHPOBATH CBOOOTHYIO
SHEPTrUI0 00pa30BaHMS KOMILIEKCA JIMTAH/I-PEICTITOP.

OnaumMu W3 BaxHBIX ocoOeHHOCTeH GPI-3asKOpeHHBIX OENKOB SBJSIOTCS CBOMCTBA
nuHkepHor oOmactm  Mexay LU-momenom wu  GPI-skopem, KoTOpble MOTYT BIHMSATH Ha
(hapMaKoJIOTHIO TPEXMETENbHBIX OENKOB. B 9acTHOCTH, /UIMHA W TOJIBHXXHOCTH JIMHKEPA MOXKET
OTIPENICTISITh CANT CBSI3BIBAHUS Ha perentope u cnocod u ahGUHHOCTH B3aUMONEHCTBHUSA. bBbLIO
MPOBEICHO MoJeKysipHoe mozaenupoBanue GPI-3askopenHbsix OenkoB Lynx1, Lynx2, Lypd6 wu
Lypd6b ¢ ucnonbs3oBaHueM MOJTHOATOMHOW MOJIETTH HEHPOHAIBHOW MEMOpPaHBI.

[Tony4yeHHBIC TaHHBIC BBISIBUJIM CIIOKHBIC B3aMMOCBSI3H MEXKAY CTPYKTYpOH, TUHAMUKON U
¢bynkuueit 6enxoB Ly6/uPAR, nefictByrommx Ha nAChR. 3HaHWe CTPYKTYypHO-AHHAMHUYECKOTO
nanamadTa SHIOTEHHBIX TpexneTeabHbIX MonyIsiTopoB nAChR Oyner BocTpeGoBaHO B TOM 4uCIe
JUIS palliOHaJIbHOTO AU3aiiHa IEKapCcTB HAIpUMeEp, C TOMOIIbIO BRIYUCIUTEIHHBIX METOIOB.

Pa6ota Bemonuena npu nogaepxke PH® (rpant Nel19-74-20176).

TAPI'ETHAS TEPAIINS BOJIE3HU ITAPKUHCOHA
ITuenuna C.H.l’z, YceHko T.C.l’z, EmenssaHOB A.K.l’z, Prrukor F.H.l, 3axapoBa E.I0.}

1 - HAI] «Kypuamosckuii uncmumymy - [IUAD, I'amuuna, Poccus
2 - Ilepguwiii Canxkm-Ilemepbypackuii 20cy0apcmeeHHblil MEOUYUHCKULL YHUBEPCUMEM UM.
U1 Ilasnosa, Cankm-Ilemepbype, Poccus
3 - Meouxo-cenemuyeckuii HayyHbvill yenmp umenu akademuxa H.I1. bouxkosa, Mockea, Poccus

sopchelina@hotmail.com

B nocneanue roapsl HaOmogaeTcsi NPOpbIB B pa3pabOTKe HEMPONPOTEKTOPHBIX MpPEnaparToB
HalpaBJIEHHOTO JeWCTBUS (TapreTHBIX) JUIS JICYEHUS] PACIPOCTPAHEHHOTO HEeWpoaereHepaTUuBHOIO
3aboneBanusi, Oone3nu Ilapkuncona (BII). Heckonbko nekapcTBeHHBIX (OpM HaXoIsATCs B
HacTosllllee BpeMsi Ha BTOPOW CTaauu KIMHUYECKUX HcCHbITaHui. Pa3paboTka JgaHHOTO Kiacca
IIpenaparoB cTajla BO3MOXKHA B pe3yJbTare OMNMCAHUS MOJEKYISIPHOM ATHOJIOTHH Pa3BUTHSA
HacnencTBeHHbIX (Gopm BII. HaubGonee oOcyxknaemble MUIIEHH — JHM30COMHBIH (epMeHT
nmokonepedpo3unaza, GBA, myranTHble (QOpPMBI KOTOPOH, aCCOIMMPOBAHHBIE CO CHIKEHHEM
aKTUBHOCTH (epMeHTa, NPUBOAAT K Pa3BUTHIO HACJIEACTBEHHOIo 3a0ojeBaHMs M3 KJacca
JU30COMHBIX O0JIe3HEH HaKOIUIeHHs, Ooe3Hu [omre, u moBbimaroT puck pa3sutus bII B 8-10 pas, a
Takke oOoramieHHas JeHIMHOBBIMU MoBTopamu KuHasza 2, LRRK2, myranTHbIE (OpPMBI KOTOPOIA,
IIPUBOJAIINAE K TIIOBBIIICHUIO KWHA3HOW AaKTMBHOCTH, BBI3BIBAIOT DPAa3BUTHE AyTOCOMHO-

nomuHaHTHOW (opmer BII. Ilenpro Hamero MHOTOJIETHETO HWCCIEAOBAaHMS SIBISIETCS pa3paboTka
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TapreTHHIX JICKAPCTBEHHBIX npenaparoB s JeueHuss GBA- u LRRK2-BII.

Metonbl. C ucnonp30BaHMEM NOCTpOEHHOW aromapHoi moxaenu GBA nHamu npoBeneH
MOJIEKY/ISIPHBII JOKUHT OIMCAaHHBIX paHee coeluHeHul, cBsasbiBatouxcs ¢ GBA u npuBoadmux x
MOBBIIICHUIO AaKTHBHOCTH JaHHOTO ¢epMmeHTa, (apmakoimornueckux trarnepoHo (DII) GBA,
MpeJI0KEeHbl XUMUYECKHe MOIU(UKAIINY COSAMHEHUHN, TPOBeAeH X cuHTe3. Brnusnue HoBeix O
GBA, a Ttaxke wu3BectHoro wunHruomropa LRRK2, MLi-2, wa aktuBHocth GBA ObuIO
MPOTECTUPOBAHO Ha MEPBUYHON KyabType Makpodaros ot namueHntoB ¢ GBA-BIT u LRRK2 -BII.
HuddepeHuupoBKy  MOHOLMTOB B Makpodarm  mOpOBOAWIM  C  HCIIOJIb30BaHHUEM
KOJIOHHeCTUMYpyromiero ¢akropa makpodarop (M-KC®D) (Sigma-Aldrich, USA) B koHeuHO#t
koHueHtpauu 10 Hr/mi. DepMEHTAaTUBHYIO AKTUBHOCTH JIM30COMHBIX THIPOJIa3 OLIEHUBAIIN
METOJIOM TaHJEMHOTO Macc-CIEeKTPOMETpUYecKoro ananmusa. DddexruBHocTh neiictBus MLi-2 Ha
aktuBHOCTh  LRRK2  omenuBamu  mo  cooTHomieHHI0  HehOCHOPUIUIUPOBAHHOTO K
dbochopumupoBanHomMy Oenky rabl0) meTtomom BecTepH ONOTTHHra C MCHOIB30BAHUEM AHTHUTEN
MJF-R23, MJF-R21 (Abcam, USA).

Pesyabrarbl. [Ipy BO3IEHCTBUM IPEMIOKEHHBIX COCIMHEHMM Ha IEPBHUYHYIO KYIBTYPY
MakpodaroB ot manueHtoB ¢ GBA-BII Mbl mokazanu CTaTMCTUYECKH 3HAYMMOE TIOBBIIICHHE
dbepmenTaTuBHOM akTuBHOCTH GBA Kak npu Bo3zaeiicTBun npennoxeHubiMu Hamu O GBA, Tak u
unrudutopom LRRK?2. Opnaxo, B 1o Bpems kak ®UI GBA okxa3piBanu cenekTUBHOE JEHCTBHE,
KyJIbTUBHpOBaHHE MakpodaroB ¢ MLi-2 mpuBOAMIO K MOBBIIMIEHNIO aKTUBHOCTH PsAJIa TU30COMHBIX
TUIpOJIas.

BouiBoabl. Hamu npeanoxenst HoBble PII GBA, nokazasmie 6osbiryto 3 (heKTHBHOCTD B
BOCCTaHOBJIEHMH aKkTUBHOCTH GBA 1o CpaBHEHMIO C MCXOAHBIMH coelMHEHUsMU. BrepBble Ha
KyJIbType NEpBHYHBIX MakpodaroB IOKa3aHO THoBblIeHHEe akTuBHOcTH GBA mnpu aeiictBum
unrubutopa LRRK2, ognako, B otnuume ot @I GBA neiictBue MLi-2 mpuBOguio Takxe K
MOBBIIIEHUIO AKTUBHOCTH U JAPYTUX JIM30COMHBIX THIPOJIa3.

BbaaropapuocTu: VccienoBanre BBITTOIHEHO MTPpH nToaaepkke rpanToB PHONe22-25-00501,

PH®Ne 22-25-00721.
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YBEJIMYEHUE TPOHUINAEMOCTHU 'EMATOOHIEP®ATINYECKOI'O BAPBEPA
KPBIC C IPEHATAJIBHOM TMINEPTOMOIIMCTEMHEMUEN

Jlerrepep A.C., SIxoBieB A.B.

Kaszanckuit ghedepanvuwiii ynusepcumem, Kazanwv, Poccust
anna.detterer@gmail.com

I'emarosnniepammmueckuii 6appep (I'96) — cTpykTypa, oOecrieunBaromas H30UPaTEIbLHYIO
IIPOHUIIAEMOCTh MEXJly KOMIIOHEHTaMHM KpPOBHM M MApEHXHMMOI rosioBHOro mosra. l'omouucrensn —
cepocoeprKaliasi aMMHOKHCIIOTa, y4acTBYOIas B IIUKJIe METHOHUHA. [IoBbIIlIEHHOE cofepKaHKE B
KpoBH romoructenna (runepromorucrenneMus, [ T'H) Bei3biBaeT Hapymenue ['9b, uepes ycunenue
MPOM3BOACTBA AKTUBHBIX (OPM KHUCIOpOAa M aKTUBALMIO MATPUKCHBIX METAIJIONPOTEHHA3,
KOTOpbIE MIPalOT Ba)XKHYIO POJb B pa3pylleHUU OEJIKOBOTO MaTpUKCAa U MPUBOIUT IOBBILIEHHON
IIPOHUIIAEMOCTU COCYIO0B. Llenbio TaHHOro MccieoBaHus CTaJl0 U3ydeHHe npoHunaemoctu ['DOb
KPBIC B YCIIOBUSX XPOHUYECKOTO ICHCTBUS TOMOLIMCTENHA U €r0 MPOU3BOIHBIX.

B skcnepuMeHTax HCIONb30BATUCH CIEAYIOIUE TPYIIBI )KUBOTHBIX: KOHTPOJIbHAS TPYIINA,
XUBOTHbIe ¢ mpeHaranpHoil [TLl u c BBegeHHE TOMOLMCTEMH-THAIOKTOHA, JKHBOTHBIE C
nperaranpHol [Tl ¢ uATpanepuroneanbHbM BBeneHueM N-anetwinuctend (NAC, 40 mr/kr) u
NaHS (3 wmr/kr). [ns cos3manust xpoHuueckoil mozpenu mnpenaranbHod [T wmcnonbp3oBanach
NUIeBas METMOHMHOBAs Harpyska (7.7 I/Kr kopMma) B Te4eHHE BCell OEpeMEHHOCTH CaMOK KpbIC.
OKCIIEpUMEHTHI TPOBOAMINCH Ha TOTOMCTBE B Bo3pacte 30-40 guei nocne poxaeHus. s oneHkn
nponunaemoctd I'Ob ompenenunan sKCTpaBa3alMio ajdbOyMHHa B TKaHM TOJOBHOIO Mo3ra ¢
ucrnonb3zoBanueM kpacurens Evans Blue (EB, 2mur/kr). TIpoxoxknenue kpacurtens Evans Blue uepes
I'DOb onenuBanu ciycts 60 MUH mociie €ro BHYTPUBEHHOTO BBeAeHUs. OnpeneneHue conep KaHus
KpacuTesi B TOMOT'€HaTe MO3XKeUKa )KMBOTHOTO OCYILECTBIISIIN criekTpodoTomerpuuecku (620 HM)
¢ ucnonp3oBaHueM muaHmerHoro UPA punepa Multiscan FS (Thermo scientific, CIIA) no
KaJTUOpOBOYHBIM KpHUBBIM. J[71s1 aHanmm3a neWCTBUS MPOM3BOIHBIX TOMOIIMCTEHHA — TOMOLIMCTEUH-
TroNakToH (10 MI/Kr) BoguIIcs MOAKOKHO 32 60 MUH 70 BBEJCHHS KPACUTEISL.

AHanu3 HSKCHEPHMEHTAIbHBIX JAHHBIX II0Ka3ajl, 4YTO B KOHTPOJBHBIX YCJIOBMSX IIOCIIE
BHYTpUBEHHOTO BBeZieHMs: EB He oTMmeuanoch BBIXOAA KpacuUTeds 3a Ipenesbl HepeOpabHbIX
cocynoB. Konnenrpanuss EB B romoreHare KJI€TOK MO3K€YKa KOHTPOJIBHOM TPYIIIBI KMBOTHBIX
cocraBmsma 0.1 + 0.04 wmxr/mr tkanu wmo3zxkeuka (N = 11). IlpenBapurenbHoe BBeneHUE
TOMOLIUCTENH-THOJIAKTOHA BBI3BIBAJIO yBEIMYEHHE npoHunaemoctu 1'Ob, konnentpauus EB
coctasisa 0.4 £ 0.2 Mxr/mr tkanu (N = 9; p < 0.05). B ycnoBusx npenaransHoii [T u B TkaHax
MO3ra MOTOMCTBa HabOmomaiochk HapylieHue nponumaemoctd ['Db u comepxanne EB B Tkansx

Mo3keuka cocrapisuia 0.6 + 0.09 mxr/mr (N = §8; p < 0.05). BBeaeHue HBOTHBIM € ITpEHATATbHON
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I'TI xak NAC, tak NaHS npuBoamino k cHmwxkenuto nponumaemoctu I'SOb u konnentpauus EB B
roMoreHare Kietok Moxkedka cocraBisuia 0.09+0.03 mxr/mr (N = 5; p < 0.05) u 0.02 + 0.004
MKr/Mr (N = 5; p < 0.05) COOTBETCTBEHHO.

Takum oOpa3om, MOTydeHHBIC JaHHBIC CBUJICTEILCTBYIOT O HETAaTHBHOM BIIMSIHUHM BBICOKOTO
YPOBHS TOMOIIMCTEMHA M €r0 IPOU3BOIHBIX B KPOBU Ha MPOHHMIIAEMOCTh T'€MaTOHIIC(HaTUISCKOTO
Oappepa y KpbIC C MPEHATaJbHOW TUIEProMOIMCTenHEMUEH. B0o3MOXHO, TOKCHUYECKOE JEHCTBUE
TOMOIIMCTEMHA CBSI3aHO C HAPYIIEHUEM CTPYKTYPBI HIOTENHUS COCYAOB MO3ra, AUCHYHKIIHEH
acTpouuToB M HelpoHoB. Benenue NAC unu poHopa cepoBogopona — NaHS mpenorspamiano
HETaTHUBHOE BO3JICHCTBHE BBICOKUX /103 TOMOIIMCTEHHA.

Pabota 6b11a BeimosHeHa pu nogaepxkke rpanta PH® 20-15-00100.

XOJNMHEPTHYECKASA PEI'VIALUSA PESIIUTEIN3AIINA PAH C IOMOIIBIO
PEKOMBHUHAHTHOI'O AHAJIOT'A BEJIKA YEJIOBEKA SLURP-2 1 EI'O
CUHTETHYECKHUX AHAJIOI'OB

IIxenoBa O.B.l’z, Br1ukoB M.H.z, [ynenko M.A.z, Uynuna A , [lapamoHoOB A.C.z, A3zes B.H.3,
Kuprnasukos M.IT.>*, Illenxapes 3.0.%, Jliokmanosa E.H.>*

1 - Mockosckuii ¢puzuxo-mexrHudeckuil UHCMumym (HayuoOHAIbHbIU UCCe008aAMeNbCKUL
yHueepcumem), [{oneonpyonuiii, Poccus
2 - Uncmumym 6uoopeanudeckoti xumuu um. akaoemuxog M.M. [llemaxuna u
10.A. Osuunnuxosa, Mockea, Poccus
3 - I pynna xumuu nenmuoos, gunuan Mncmumyma 6u00opeanuieckou XumMuu UM. akaoemuros
M.M. llemsakuna u FO.A. Osuunnuxosa, Ilywuno, Poccus
4 - Meowcoucyunaunapnas nayuno-obpazosamenvhas wikoia Mockoeckozo ynueepcumema
«Monexynsapnvie mexHono2uu HCusblx cCUCmem U CUHmMmemuyecKas Ouoio2usy,

bBuonoeauueckuii paxynomem, Mockosckuil 2ocyoapcmeentsiil yHugepcumen Umenu

M.B. Jlomonocosa, Mockea, Poccus

shlepova@phystech.edu

Murpauus  KEepaTHHOLMTOB  KOHTPOJIUPYETCS  pPa3NUYHbIMU  (hakTopaMu pocTta U
CUTHaJbHBIMU IYTSMH, B TOM 4YHCIIE€ C Y4aCTUEM HHUKOTHHOBBIX U MYCKapHMHOBBIX PELETITOPOB
anerunxonuHa (nAChR u mAChR, coorBercTBenH0). M3BecTHO, uTo akTuBanus mAChR npusoaur
K YCWIEHHIO poCTa KIETOK Kokd, a aktuBaims nAChR ocnaGnser Murpanuio KepaTHMHOIMTOB,
Hapylas BpOXKIACHHBIM KOXHBIH MMMyHHMTET. Takum oOpazom, monymsauus nAChR u mAChR B
KJIETKaX AMUTENHUS MPEACTABISET MEePCIEKTUBHYIO CTPATETUIO Ul YCUJICHHS PE3NUTEIN3AUHN PaH.
N3BecTHO, yTO pekoMOMHAHTHBIN aHajor Oenka yeroBeka SLURP-2 apnsercs unrudburopom o4p2-
u 03p2-nAChR u annocrepuueckum moaynsaropom M1 u M3 mAChR uenoseka. BzaumozeiictBys
c a3p2-nAChR u M3-mAChR, rSLURP-2 ycunuBaer nponudepanuio KepaTHHOIUTOB YeI0BEKa.

OTH AaHHBIE CBUIETEIBCTBYIOT O TOM, UTO SLURP-2 siBNsieTCS Ba)KHBIM YYaCTHUKOM SMUTEIU3AIUN
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paH M pPEKOMOMHAHTHBIM aHajor Oenka uyenoBeka SLURP-2, mmm ero MUMETHK, MOXET
HCIIOJIb30BAaThCS JUIsl YCKOPEHUS pAaHO3a)KUBIICHUSI.

B nannoii pabore Mol uccnenoBanu pausiaue rSLURP-2 u ero myrantabix ¢popm (rSLURP-
2[R20A], rSLURP-2[D38A], rSLURP-2[D52A] wu rSLURP-2[Y61A]) Ha Murpamuio
KeparuHoluToB. Oka3anoch, uto U rSLURP-2, u ero MyTaHTHbIE BapUaHThl YCKOPSIIOT MUTPAIUIO
kepatuHOIMTOB. [Ipu 3TOoM MyranT rSLURP-2[R20A], ¢ myrauueil B «rojoBe» TpeXIeTeabHOMI
monekynsl SLURP-2, nemoHcTpupoBan 0omiblnyr0 akTHBHOCTH, yeM cam rSLURP-2. KomuuecTtBo
KJICTOK MHUTPHUPOBABIIMX Yepe3 Oa3anbHyr0 MeMmOpaHy mociie 24-dacoBod mHkyOamuu ¢ 100 M
SLURP-2 cocraBuno 135,6 + 9,9 % oTHOCHUTENBHO KOJMYECTBA MHUIPHUPOBABLIMX KJIETOK B
koHTpOoJe, u 114,2 £ 5,1% nocie o6padbotkun rSLURP-2[R20A]. IlonyueHHble JaHHBIE YKA3bIBAIOT
Ha TO, «rojoBa» Moiekyiabl SLURP-2 sBusieTcss akTuBHBIM caiiTom Oeika. JlJis mOATBEpKIEHUS
3TOrO TMPENANONIOKEHHUS, C TOMOIIBIO TBEPAO(PA3HOTO CHHTE3a ObUIM TMOJXY4YeHBI HEOOIBIIIHE
MENTHAHBIE aHAJOTH, COJEp’Kallfe BO3MOXKHbIE aKTHUBHbIE LEeHTphl Oenka SLURP-2: yudactku
nerens I, 1, III u yuyactox u3 «ronoBe» Oenka SLURP-2. Mbl u3yunian BIHsSHUE TENTUIOB Ha
MUTPALMI0 KEPATUHOLUTOB U MOJYYHIIM, YTO Y4YacTOK U3 «rojoBbl» Oenka SLURP-2 sBnsercs
HaubOosee akTUBHBIM. KpoMe TOro, BCce MENTHABI YCUJIMBAIA U MPOTU(Epalni0 KePAaTHHOIUTOB.
[Tomy4yeHHbIe pe3ynbTaThl CBUIETEIBCTBYIOT O BOBMOXHOCTH MCIIOJIb30BaHUS MENTHUIHBIX aHAJIOrOB
rSLURP-2 s yckopeHust anuTenu3aluy paH.

PabGora BemonHena npu ¢unancoBor mnomaepxkke PBK, Ilentp HTU MBX PAH Ne
2/1251/2018.

XPOHUYECKOE HEJOCBINMAHUE U ETO MOCJAEACTBUA 111 HEPBHOM,
SHAOKPUHHOM U IPYTUX CUCTEM OPTAHU3MA

Exnmona H.B.

Hncmumym sseontoyuonnots guzuonocuu u ouoxumuu um. .M. Ceuenosa Poccuiickoii akademuu
nayk, Canxkm-Ilemep6ype, Poccus

irina-ekimova@mail.ru

[Tocne necaTuneTnii HayYHBIX UCCIIEOBAHMIM, HaIIPABIEHHBIX HA PACKPBITHE OMOJIOTUH CHA,
B HACTOSIIEE BPEMs MPAKTHUECKU HEBO3MOXHO OTPHULATh BaXHOCTh CHA JUISl )KU3HU JKUBOTHBIX U
yenoBeka. Korga mMbl cniuM, B HalleM Tejl€ MPOUCXOIUT MHOMKECTBO LEIUTENbHBIX IPOLECCOB:
OYMCTKA MO3Tra OT METAa0OJIUTOB M aMHJIOMIHBIX OEJIKOB, BOCHOJHEHHE 3amacoB AT®D, IIOKO3EI,
MOOWIM3allsi WMMYHHOM CHCTEMBI, VYCWJICHHE HeWporenesa. HayTtpo Mbl  onrymaem

BOCCTAHOBJICHHE (PU3NUECKOM PaOOTOCIIOCOOHOCTH M YIYUIICHHE MBICIUTEIBHBIX CIIOCOOHOCTEM.
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3a nocneanue 100 neT cperHECYyTOYHOE KOJIMYECTBO CHA Y JIIOAECH COKpPATHJIOCh C 8 4 10 S 4 U
MeHee. [IpuunHBI 3TOro O4eHb pa3HOo0Opa3Hbl — OT SKCTPEMAIBHBIX pabounx rpadukoB U cTpecca,
70 A0OpPOBOJILHOTO OTpAaHUYEHHUS] CHA 0€3 BUIMMBIX COIHAIBHBIX NPHYUH H3-3a MHTepHeTa U
TEJICBUACHHUS.

HccnenoBanus ¢ yuacTueM J10OPOBOJIBIEB JEMOHCTPUPYIOT, UTO HEJOCHIAHUE NTPUBOAUT K
HApyIICHUIO CHA, BHUMaHUs, paldoyeil NHaMATH, pa3BUTHIO JENPECCHH, YTO YKa3blBaeT Ha
(byHKIMOHATIbHBIC HAPYIICHUS B TOJIOBHOM MO3T€, KOTOPHIE B 3HAYUTEIILHOW CTETICHH HE M3YUYCHBI.
IIpoBencHHBIE HAMU UCCIIEAOBAHUS Ha MOJEIM XPOHUYECKOTO HENOCHINIAHUS Y TPBI3YHOB IOKA3aJIH,
4T0 NaroMOp(OJOrMYECKOM OCHOBOM 3THX HApyWIEHWH MOTYT SBIATBCS  CTPYKTYpPHO-
(byHKIMOHATIBHBIE MEPECTPOHKHA B JO(GAMHHEPTUYECKOW ME30KOPTHUKAIBHOW W HHUTPOCTPUATHOU
CUCTEMax U  HOPAJPEHEPrMYecKol CHCTeME Toiay0oro TMsTHA  BCIEACTBHE  Pa3BUTHS
HeilponereneparuBHoro mnpouecca no PERK/CHOP-3aBucumomy amonTto3HoMmy nytd. Ectb
yOenuTenbHble 3KCIIEPUMEHTANIbHBIE J0KA3aTeIbCTBA TOIO, YTO IPU XPOHUYECKOM HEIOCHIIaHUU
HEOOpaTUMOM JNECTPYKIIMA MOHOAMUHEPTHUECKUX HEHPOHOB MOXKET CIIOCOOCTBOBATH HAPYIICHUE
HHEPreTHYECKOT0 W OKHCIUTEIbHO-BOCCTAHOBUTEIHHOTO TOMEOCTa3a BCIEACTBUE AUCHYHKINU
MUTOXOHJAPUI M HapylleHue DIMM(pATUYECKOro KIHMpEeHca ToJIOBHOro mosra. HemocraTounslit
©KEJHEBHBI COH MOXHO  paccMarpuBaTh  Kak  HOBBIH  (akTop  pHCKa  pa3BUTHUS
HelpojiereHepaTUBHBIX 3a00eBaHui. PacTeT KOMMYECTBO 3MUJIEMUOIOTUYECKUX JaHHBIX O CBSA3H
MEX/y YMEHBIIEHHEM IPOAOKUTEIBHOCTH CHA U HApYLUIEHHEM TOPMOHAaJIbHO-METa00IMYeCKOro
cTaryca, KOTOpPbIM paccMarpuBaeTcs Kak (akTop yBeIMUeHHUs 3a00JIeBa€MOCTH OXXHPEHUEM,
caxapHbIM Jua0eToM 2 TUIA, TUIIEPTOHUM U 3PEKTHIbHON auchyHKkuuu. OJHAKO OcTaeTcs Lembli
PSIL HEPELIEHHBIX BOIPOCOB, MTO3BOJISAIONINX NOHATh, KAKME KOHKPETHO YHIAOKPUHHBIEC HAPYILIEHUS U
MEXaHU3MbI UX Pa3BUTHS JIeXKaT B OCHOBE ATHX 3a00JIeBaHUI.

Ilonnep:kano rpanToM Ha cos3gaHue u  passurue HIIMY  «llaBnoBckuil  LEHT.
WuterpatuBHas (U3MOIOTHS — MEIMIMHE, BBICOKOTEXHOJIOIMYHOMY 3/PaBOOXPAaHEHHUIO U

TEXHOJIOTHUSIM cTpeccoycToitunBocTu» (Ne 075-15-2020-916 ot 13.11.2020).
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5-HT3 RECEPTOR-DEPENDENT SUPRASPINAL NEURONAL ALTERATIONS
CONTRIBUTING TO INTESTINAL HYPERALGESIA IN COLITIS

Lyubashina O.A."?, Sivachenko 1.B.', Busygina L1."

1 - Pavlov Institute of Physiology of the Russian Academy of Sciences, St. Petersburg, Russia
2 - Valdman Institute of Pharmacology, Pavlov First Saint Petersburg State Medical University,
St. Petersburg, Russia

lyubashinaoa@infran.ru

There is clinical and experimental evidence that gut inflammation alters visceral nociceptive
processing in the spinal cord and brain, promoting the development of intestinal hyperalgesia—the
leading cause of chronic abdominal pain. The serotonin 5-HT3 receptors are involved in visceral
nociception at both the peripheral and central levels. Selective 5-HT3 receptor blockers are shown
to reduce spinal and brain structures’ responses to painful distension of noninflamed bowel. In
colitis, the anti-inflammatory action of 5-HT3 antagonists in the periphery has been revealed, but
their effects on the pathology-associated central alterations responsible for intestinal hyperalgesia
remain unexplored. The objectives of this study were to determine the colitis-induced changes in
neuronal properties of the visceral pain-related supraspinal sites and to estimate these alterations
under 5-HT3 receptor blockade. In urethane-anaesthetized healthy control and colitis adult male
Wistar rats, the extracellular microelectrode recording and electrical microstimulation were used for
assessing noxious colorectal distension (CRD)-evoked neuronal responses within studied brain
regions and their descending modulation by higher-level structures prior to and after intravenous or
intracerebroventricular injection of 5-HT3 antagonist granisetron. In the presence of colitis, an
enhancement of CRD-induced neuronal firing was observed in the caudal ventrolateral medulla
(CVLM), nucleus of the solitary tract (NTS), and midbrain central gray (MCG). Colitis was also
associated with decreased inhibitory effects of the MCG, central amygdala, and infralimbic cortex
electrostimulations on the medullary CRD-responsive cells. In these conditions, intravenous
granisetron (1-2 mg/kg) dose-dependently suppressed augmented nociceptive activity of the
CVLM, NTS and MCG neurons. In turn, intracerebroventricular granisetron administration (20
ng/10 ul) in colitis caused an increase in excitatory amygdalofugal and corticofugal influences on
the medullary visceral nociceptive processing. The revealed 5-HT3 receptor-dependent sensitization
of the brainstem viscerosensory pathways and impaired 5-HT3-related balance between descending
pain inhibition and facilitation can be important factors contributing to intestinal hyperalgesia in

colitis.
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ANALYSIS OF TYPE 1 MELANOCORTIN RECEPTOR EXPRESSION IN DIFFERENT
REGIONS OF MOUSE BRAIN

Romanova 1.V., Mikhailova E.V., Mikhrina A.L., Shpakov A.O.

Sechenov Institute of Evolutionary Physiology and Biochemistry, Russian Academy of Sciences,
St.Petersburg, Russia

irinaromanova@mail.ru

There are many data on the localization of the melanocortin type 1 receptor (MCI1R) at the
periphery, while information on the presence of MC1R in different areas of the brain is very scarce.
The availability of such information is necessary for understanding the role of brain MCIR in the
functioning of neurons and in the central regulation of physiological functions. The aim of this work
was to study the expression and distribution of MCIR in different areas of the brain of female
C57Bl/6J mice. Using real-time PCR, we have shown the expression of the Mclr gene in the
hypothalamus, midbrain, hippocampus, medulla oblongata and cortex. The localization of MCI1R in
neurons of the hypothalamic arcuate, paraventricular and supraoptic nuclei, in the nucleus of the
solitary tract (NTS) and the hippocampus, as well as in the cerebral cortex was demonstrated using
an immunohistochemical approach. Using double immunolabeling in the arcuate nucleus, NTS,
hippocampus (the CA3 and CA1 regions) and the cerebral cortex, the localization of MCI1R on the
bodies and outgrowths of pro-opiomelanocortin (POMC - a precursor of melanocortin peptides)
immunopositive neurons was shown. Co-localization with POMC may indicate the possibility that
MCIR, like MC3R, functions as an autoreceptor, as well as its involvement in both the control of
food intake and the neuroendocrine regulation. In the paraventricular and supraoptic nuclei, MCIR
localization was demonstrated on the bodies of vasopressin- and oxytocin-immunopositive neurons,
which indicates the relationship between MCIR signaling in the hypothalamus and the production
of vasopressin and oxytocin. The data obtained indicate the multiplicity of functions of MCIR in
the nervous system, including the possibility of MC1R-mediated regulation of the melanocortin,
vasopressin, and oxytocin systems in the hypothalamus and other brain areas.

Supported by the Ministry of Science and Higher Education of the Russian Federation grant
(Ne 075-15-2020-916).
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ACTION OF PERMANENT HYPERDOPAMINERGIA ON RATS’ BEHAVIOUR:
OPERANT CONDITIONING AND PROGRESSIVE RATIO SCHEDULES

Sukhanov I., Savchenko A.
Pavlov medical university, St. Petersburg, Russia
ilia.sukhanov@gmail.com

Although dopamine neurons are comparatively few in number in the human brain, dopamine
is critically involved in different functions of the central nervous system related to the control of
voluntary movement, affect, reward, sleep, and cognition. The dopaminergic modulation of
frontostriatal circuit provides the ability to adapt learning processes on an organism’s needs,
motivation and reward history. Rats lacking dopamine transporter (DAT-KO) are a promising model
for studying these behavioural processes.

DAT-KO rats as well as their heterozygotes and wild-types littermates were tested in a set of
experiments evaluating conditional associative learning and goal-directed behaviour. All
experiments were performed in standard operant boxes for rats. Pavlovian conditioning seems to be
unaffected by the depletion of DAT in rats. However, DAT-KO rats were completely unable to
acquire a new operant skill in Pavlovian/Instrumental autoshaping task. The findings in might be
explained by both: impaired incentive salience assignment and disturbances of instrumental
behaviour acquisition in the KO animals. To discriminate about them, we additionally evaluated the
ability of CS to get reinforcing properties by itself (i.e., to become a secondary/conditioned
reinforcement and get incentive value) in rats. This process seems to be dramatically disrupted in
the DAT-KO rats.

Progressive ratio 3 schedule of food reinforcement, which means the ratio of reinforcement
increased by 3 after each earned reinforcement, was used to estimate motivations in DAT-KO rats.
We analyzed the dynamics of the local response rate during the session because of its apparent
advantages over the classical “breakpoint” approach. The progressive increase of ratio was
accompanied by the decrease of the local response rate in the control animals. On the contrary, the
local response rate dynamics was dramatically changed in the DAT-KO rats: the response rate was

gradually increasing as the required number of responses to obtain a reward was growing.
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ACUTE AND LONG-TERM CHANGES IN GENE EXPRESSION IN THE RAT
HIPPOCAMPUS IN RESPONSE TO CENTRAL LIPOPOLYSACCHARIDE (LPS)
EXPOSURE

Shishkina G.T., Lanshakov D.A., Kalinina T.S., Bannova A.V., Sukhareva E.V., Babenko V.N.,
Dygalo N.N.

Federal Research Center Institute of Cytology and Genetics, Siberian Branch of the Russian
Academy of Science, Novosibirsk, Russia

gtshi@bionet.nsc.ru

Pro-inflammatory stimuli such as lipopolysaccharide (LPS) trigger changes in brain gene
expression, which, especially associated with neuroinflammation, can lead to the development of
neurological diseases. But over how long, LPS-induced gene alterations present after endotoxin
administration, remains yet unknown. In our study, gene expression pattern was investigated in the
rat hippocampus 24 hours and 80 days after the central LPS infusion. At 24 h after LPS, 341
differentially expressed genes (DEGs) were detected. The acute alterations of gene expression were
related mostly to immune/inflammatory activation and defense responses. During the next period
between 24 h and 80 days, LPS-induced changes in expression of 314 genes were disappeared, but
remained for 27 genes. At 80 days after LPS, the total number of DEGs was 88, among which 27
DEGs were therefore the same as that at 24 h. Twenty four genes altered their expression in similar
direction at both post LPS time points. In contrast, 3 genes (Tfap2b, Shox2 and Syt2)
downregulated at 24 hours were significantly upregulated at 80 days. In addition to commonly
changed 27 genes, new 61 DEGs were observed at 80 days. This group along with genes associated
with immune/inflammatory processes, also included genes related to regulation of neurotransmitter
system activities, alterations in which were believed to be involved in development of psychological
disturbances. In our study, a significant increase in expression of Slc17a6 that mediates the uptake
of glutamate into synaptic vesicles at presynaptic nerve terminals was detected. In contrast,
expression of Slcl18al involved in the transport of biogenic monoamines, such as serotonin, from
the cytoplasm into the secretory vesicles was significantly decreased. Delayed changes in
expression of both these genes after LPS may be processing through different pathways including
modulation of Lmx1a expression.

Supported by grant from the Russian Science Foundation (N 20-64-47013)

38



ACUTE CORTICOSTERONE ELEVATION IN RATS DEPENDS ON TIME OF THE DAY
WHEN LATERAL FLUID PERCUSSION BRAIN INJURY HAS BEEN APPLIED

Bashkatova D.A.', Komoltsev I.G.l’z, Frankevich S.O.l’z, Shirobokova N.I.!, Volkova A.A.,
Shalneva D.V.l, Kostryukov P.A.l, Kostyunina O.V.l, Chizhova O.A.l, Salyp O.Yu.l,
Novikova M.R.!, Gulyaeva N.V.'*

1 - Institute of Higher Nervous Activity and Neurophysiology RAS, Moscow, Russia
2 - Moscow Research and Clinical Center for Neuropsychiatry, Moscow, Russia

bashkatik2307@mail.ru

Introduction: Lateral fluid-percussion injury (LFPI), a model of traumatic brain injury
(TBI) in rats, is accompanied by immediate seizures and corticosterone (CS) elevation in blood and
CS accumulation in the hippocampus during the acute posttraumatic period. The aim of this study
was to make out whether immediate seizure semiology and CS elevation depends on the time of the
day when LFPI is applied.

Materials and methods: The study was performed on 85 male adult Wistar rats. Animals
were divided into 3 groups: TBI group (n=36), sham operation group (n=40) and intact control
group (n=9). TBI was modeled using LFPI from 9:00 to 22:00. Records of immediate seizures were
analyzed. Animals were sacrificed on days 1, 3, 7 and 14 by quick decapitation for biochemical
analysis from 10:00 to 12:00. Serum obtained from decapitation blood samples was used for the
measurement of CS level with ELISA.

Results: We observed significant correlation between the time of TBI modeling and further
CS levels (1=-0.56, p=0.0004): the earlier time corresponded to higher CS levels in the acute period.
Application of k-means clustering method identified 2 distinct clusters based on aforementioned
parameters: cluster 1 with "morning TBI" and high decapitation CS level and cluster 2 with
"evening TBI" and low decapitation CS level. Clonic seizures were more common and extended in
the "morning TBI" cluster.

Conclusion: Time of the day when TBI is modeled considerably affects CS elevation in
acute TBI period: earlier LFPI results in higher levels of CS in blood and affects the occurrence of
tonic seizures and their duration. Thus, scheduling LFPI at different time of the day represents a
tool to model high and low acute corticosterone elevation, which is important to study the
involvement of excessive corticosterone in TBI-induced distant hippocampal damage.

Disclosures. Supported by RSF, grant Ne 22-25-00713.
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ADRENERGIC REGULATION OF SODIUM EXCRETION BY THE RAT KIDNEYS
Kutina A.V.

Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of
Sciences, St. Petersburg, Russia

kutina_anna@mail.ru

In mammals adrenergic innervation influences renal blood vessels and tubules and affects
glomerular filtration rate, renin release, and sodium reabsorption. At the same time, the
physiological data on the role of the nervous regulation of sodium reabsorption are very
contradictory. The aim of this study was to investigate the contribution of a-adrenoreceptors to the
regulation of excess sodium excretion and to search for a locus in the nephron responsible for
adrenergic effects. The experiments were performed on Wistar rats received oral NaCl load (0.9%
NaCl, 50 ml/kg). In these conditions the effects of the inhibitors of al/2 (phentolamine), al
(doxazosin) and a2-adrenoreceptors (rauwolscine) were evaluated. After NaCl loading sodium
excretion increased significantly from 0.08+0.01 to 1.14+0.19 mmol/h/kg. Phentolamine and
doxazosin slow down the excretion of excess sodium and chloride ions by four times, blockade of
a2-adrenoreceptors had a lesser effect. Diuretics (furosemide, hypothiazide, amiloride or
acetazolamide) were used to search for a locus in the nephron where a regulatory change in sodium
reabsorption occurs during blockade of a-adrenergic receptors. Theoretically, during the action of
one or another diuretic, a regulatory increase or decrease in sodium transport in the same part of the
nephron is impossible. In doxazosin-treated rats furosemide had full effect, whereas natriuretic
action of acetazolamide, hypothiazide and amiloride reduced twice. Thus, it is likely that it is in the
thick ascending part of Henle loop that the adrenergic regulation of sodium reabsorption occurs.
Doxazosin eliminates the inhibitory effect of sympathetic nerves on the Na/K/2Cl-cotransporter
activity, and thereby increases sodium retention and reduces the effectiveness of most diuretics. The
data obtained indicate the importance of al-adrenoreceptor-mediated sympathetic regulation of
urinary ion excretion.

The study was conducted as part of the state task of the IEPhB RAS.
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Inflammatory challenge at the early childhood is considered to cause increased vulnerability
to depressive-like behaviour in adulthood. Neonatal lipopolysaccharide exposure (NLE) at the first
postnatal week may lead not only to transient elevation of glucocorticoid level but also to long term
alteration in the glial cells reaction to stress. In the work presented here, we have tested this
hypothesis. Wistar rat male pups were injected with E.coli lipopolysaccharide (s.c., 50 mkg/kg) at
the 3 and 5 postnatal days (PD), control group obtained equivalent volume of vehicle. At the age of
90PD part of the rats were subjected to behavioural testing including Porsolt test. 30 minutes after
the second day of the Porsolt test rats were anesthetized by chloralhydrate and subjected to
cardioperfusion. Then the brains were removed and post fixed in formalin fixative. 50 mkm thick
coronal sections were immunohistochemically stained using antibodies to markers of microglia
(Iba-1, Wako) and astroglia (GFAP, Sigma). Analysis of glial cells state was conducted at the CA1,
CA3 subfields and the hilus of the dentate gyrus in the dorsal and ventral parts of the hippocampus.
Cell count for both types of glial cells and analysis of fractal dimension and lacunarity for
microglial cells were performed. In the Porsolt test the rats subjected to early life proinflammatory
stress indeed show a decrease in the time of struggling (control: 163+45 s, stressed: 121£38 s,
adjusted p-value=0.048). The astrocytes and microglial cell counts were not influenced by neither
NLE nor adult stress or their interaction. NLE and adult stress were not lead to changes in microglia
morphology, but their interaction has statistically significant effect (for fractal dimension: F(1,110)
= 4.447, p = 0.037); for lacunarity: F(1,110) = 7.127, p = 0.009). This fact suggests that NLE

modulates the microglial response to stress in adulthood.
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About 30% of patients with epilepsy suffer from pharmacoresistant forms of the disease. A
promising approach is preventing epilepsy development in susceptible groups. Metabotropic
glutamate receptors (mGluRs) are involved in epileptogenesis and are therefore suitable targets for
new drug development. However, alterations in mGluR gene expression after seizures and the role
of these changes in epileptogenesis are still poorly understood. The purpose of this study is to
clarify this question. We analyzed RNA expression of mGluRs from groups I (Grml1, Grm)5), 11
(Grm2, Grm3), and 11l (Grm4, Grm7, Grm8) in the dorsal and ventral areas of the hippocampus and
temporal cortex 3, 7 (latent phase of the model), and 60 (chronic phase of the model) days after
lithium-pilocarpine-induced seizures using real-time RT-qPCR.

Changes in mRNA production of mGluRs differed in the latent and chronic phases of the
model. During the latent phase, the most significant changes were found in the gene expression of
mGluRs from groups 1 and III, suggesting their possible involvement in epileptogenesis. In
particular, we observed increased expression of the mGluRS5 gene in both hippocampus regions but
not in the temporal cortex. The gene expression of mGluRs from group III was significantly
reduced in all studied regions during the latent phase. Most of the changes in expression detected in
the latent phase are not found in the chronic phase or, on the contrary, have changed their direction
and become compensatory. However, mGluR8 mRNA production remains reduced in the
hippocampus in the chronic phase. The study deepens our understanding of the mechanisms of
epileptogenesis and suggests that agents acting on group III mGluRs are the most promising targets
for preventing epilepsy development.

Supported by the IEPhB Research Program 075-00408-21-00.
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Inflammatory challenge at the early childhood is considered to cause increased vulnerability
to depressive-like behaviour in adulthood. Neonatal lipopolysaccharide exposure (NLE) at the first
postnatal week may lead to long term moderate activation of microglial cells in the hippocampus. In
the work presented we tried to reveal whether fraktalkine and its receptor (CX3CRI1) take part in
such prolong microglial activation. Wistar rat male pups were injected with E.coli
lipopolysaccharide (s.c., 50 mkg/kg) at the 3 and 5 postnatal days (PD), control group pups were
injected with equivalent volume of vehicle. At the age of the 30PD and 90PD part of the rats were
subjected to behavioural testing including Porsolt test. 30 minutes after the second day of the
Porsolt test rats were anesthetized by chloralhydrate and subjected to cardioperfusion. Then the
brains were removed and divided into hemispheres to make it possible to perform
immunohistochemical analysis of hippocampal microglia state and quantitative RT-PCR of the
fractalkine and CX3CR1 expression in the same brain.

Porsolt test reveals decrease in the time of struggling swimming in the adult (control:
163445 s, stressed: 121438 s, adj. p-value=0.048) but not in the adolescence rats. NLE alone led to
moderate activation of microglia only at the age of PD30 (F(1,9)=8.02, p=0.020). These changes
were corroborated with an increase in CX3CR1 expression (p=0.004). At the age of PD90 the
microglial activation was emerged only in response to combination of NLE and behavioural stress
(e.g. Porsolt test) (F(1,110) = 4.447, p = 0.037). And there was no pronounced alteration in
CX3CRI1 expression. So long term changes in the microglia activity provoked by the NLE are not

always corroborated with the changes in fraktalkine and CX3CR1 expression.
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ANTIBODIES AND NEUROCHEMICAL CHANGES IN AUTOIMMUNE
ENCEPHALITIS: GOALS FOR THE FUTURE

Fominykh \/.1’2’3, Volik A.1’4, Yakovlev A.l, Brylev L.l’z, Gulyaeva N.!

1 - Institut of HigherNervous Acticity and Neurophysiology of RAS, Moscow, Russia
2 - Bujanov Moscow City Clinical Hospital, Moscow, Russia
3 - Kazaryan Center of Epileptology and Neurology, Moscow, Russia
4 - Lomonosov Moscow State University, Moscow, Russia

hydrohinon(@mail.ru

Autoimmune encephalitis (AE) is an important consideration in patients with suggested
CNS inflammatory disorders and an interesting point for neurochemical studies due to «pure
autoimmunity» in some antibodies. These antibodies can be a diagnostic markers or pathological
agents in different AE.

Unfortunately current AE diagnostic criteria are very wide. Only 50-60 % of all AE were
antibody-positive so far AE diagnosis often based only on clinical findings.

The aim of this study was identification of additional markers which can help differentiate
AE from other disorders and can be include to diagnostic panel.

24 AE patients (8 men and 16 women) were studied compare to demyelinating disorders
(n=61) and control group(n=25). CSF markers of neurodegeneraton (phosphorylated neurofilament
heavy chain, pNfh) and neuroinflammation (interleukin-6 - IL-6, soluble receptor of IL-6,
erythropoietin, neopterin, anti ribosomal proteins antibodies) were measured.

In AE group we recognized 2 NMDA, 1 CASPR, 2 LGII, 1 GABAb, 2 GAD, 1 anti-hu
encephalitis. All patients with oncology have Ogbs compare to 13 % positivity in other patients
(P=0,0004). Biochemical markers in patients with and without epileptic seizures, with and without
known antibodies, with and without Ogbs did not differ from each other. After comparison between
groups we revealed higher protein, pNfh and neopterin levels in AE group compare to control but
compare to demyelinating group only neopterin level was higher. We found higher CSF IL-6, pNfh,
protein and cytosis in patients who died. After univariante logistic regression test significance was
found only for protein level.

We characterized clinical and biochemical data in AE group. Ogbs positivity was found in
patients with paraneoplastic AE. We revealed neopterin as possible biomarker for AE. Higher pNth,
IL-6, protein levels and cytosis should be revised as bad prognostic markers for AE. For future

studies biochemical markers in antibody-defined AE should be investigated.
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ANTINOCICEPTIVE EFFECT OF A COMBINATION OF PHYTOCANNABINOIDS AND
SNAKE VENOMS

Voskanyan A.V., Parseghyan L.M., Darbinyan A.A., Mogrovyan A.V.

L.A. Orbeli Institute of Physiology of the National Academy of Sciences of Armenia, Yerevan,
Armenia

arminvosking@gmail.com

Background: We aimed to study the analgesic and anti-inflammatory effect of oregano
essential oil with a high content of beta-caryophyllene and its epoxide, snake venoms, and their
combined effect. The analgesic effect of cobra venom has long been known, but a similar effect of
blunt-nosed viper venom has been studied only recently. We investigate analgesic and anti-
inflammatory effects of a combination of essential oil and snake venom.

Methods. In a study on white mice, a formalin, the "acetic acid writhes" and "Hot plate"
tests were carried out, and the presence of cytotoxic action of these substances in the culture of
normal and cancer cells was investigated using the MTT assay test.

Results. In the formalin test, 4% OVA essential oil solution (3.5 mg/mouse) exerts
significant antinociceptive and anti-inflammatory effects (p=0.003). MTT assay shows
approximately 60% cytotoxicity in HeLa and Vero cells for 2.0 uL/mL OVA essential oil in media.
Statistically reliable data were obtained on the pronounced analgesic effects, both separately of
essential oil of oregano and snake venoms (five species of cobras and blunt-nosed viper). The
combination of venom and essential oil shows a more pronounced analgesic effect (up to 80%,
p<0.05).

Conclusion. The selection of therapeutic doses (0.1 -0.03 of LD50) of both essential oil and
venoms made it possible to obtain a combined preparation with high analgesic and inflammatory
activity. The drug acts both on the cannabinoid system of the organism, and on the conduction of
afferent impulses and central structures involved in the regulation of pain. The combination of
oregano essential oil with a high content of beta-caryophyllene and snake venom may be chosen for

further development of pain relief remedy.
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Neuronal store-operated calcium entry in hippocampal neurons is regulated by the STIM2
protein. This pathway is disrupted in various Alzheimer's disease (AD) mouse models. Recent
studies have shown that dynamic microtubules plus-ends covered by end-binding protein 3 (EB3)
transiently enter neuronal dendritic spines. STIM2 forms a Ca2+-dependent complex with EB3 via
the Ser-x-lle-Pro amino acid motif. In hippocampal neurons association of these proteins is
important for normal dendritic spines morphology [1]. During store depletion STIM proteins form
clusters as a part of calcium entry initiation mechanisms. It is known that clusterization of
homologues protein STIM1 is controlled by EB1. The aim of this work is to analyze the size and
the density of STIM2 and STIM2-IP/NN with mutation in EB proteins interaction site in HEK293T
cells. To detect the localization of protein clusters, it is necessary to obtain images with high
resolution. An increase in resolution can be achieved using the expansion microscopy method.
HEK293T cells with 50-70% of confluency were transfected with plasmids YFP-STIM2 and YFP-
STIM2-IP/NN. Fixed cells were stained with primary antibodies to the GFP protein and secondary
antibodies conjugated with the Alexa Fluor 488 fluorophore to enhance the luminescence intensity.
To ensure cross-linking of the protein molecules of the sample with the gel, the cells were treated
with Acryloyl-X and gel-embedded. After treatment with proteinase K, the gel was successively
expanded in water 3 times. We found that the distance between the clusters is smaller for the
STIM2-IP/NN protein in comparison to STIM2 and their density is lower. Therefore, we may
conclude that clustering of STIM2 protein is controlled by dynamic microtubules.

1. Pchitskaya, E., Kraskovskaya, N., Chernyuk, D. et al. Stim2-Eb3 Association and
Morphology of Dendritic Spines in Hippocampal Neurons. Sci Rep 7, 17625 (2017).

Supported by RNF Ne 21-74-00028.
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Expansion of glutamine residue track (polyQ) within soluble protein is responsible for eight
autosomal-dominant genetic neurodegenerative disorders. These disorders affect cerebellum,
striatum, basal ganglia and other brain regions. Each disease develops when polyQ expansion
exceeds a pathogenic threshold (Qth). A pathogenic threshold is unique for each disease but the
reasons for variability in Qth within this family of proteins are poorly understood. In the previous
publication we proposed that polarity of the regions flanking polyQ track in each protein plays a
key role in defining Qth value. To explain the correlation between the polarity of the flanking
sequences and Qth we performed quantitative analysis of interactions between polyQ-expanded
proteins and proteasome. Based on structural and theoretical modeling, we predict that Qth value is
determined by the energy of polar interaction of the flanking regions with the polyQ and
proteasome. More polar flanking regions facilitate unfolding of a-helical polyQ conformation
adopted inside the proteasome and as a result, increase Qth. Predictions of our model are consistent
with Qth values observed in clinic for each of the eight polyQ-expansion disorders. Our results
suggest that the agents that can destabilize polyQ a-helical structure may have a beneficial
therapeutic effect for treatment of polyQ-expansion disorders.

Literature

1. Kim, M.W.; Y. Chelliah, SW. Kim, Z. Otwinowski, and I. Bezprozvanny. (2009)
Secondary structure of Huntingtin amino-terminal region. Structure. 17(9): p. 1205-12.

2. Kim, M. (2013) Beta conformation of polyglutamine track revealed by a crystal structure
of Huntingtin N-terminal region with insertion of three histidine residues. Prion. 7(3): p. 221-8.

3. Kim, M. (2014) Pathogenic polyglutamine expansion length correlates with polarity of the
flanking sequences. Mol Neurodegener. 9(1): p. 45.

4. Kim, M. and 1. Bezprozvanny. (2021) Association with proteasome determines pathogenic
threshold of polyglutamine expansion diseases. Biochem Biophys Res Commun. 536: p. 95-99.
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Electrode based techniques have long been used to record neuronal activity in the brain.
They revealed specific patterns of neuron firing associated with different forms of animal
behaviour. Such discoveries led to the paradigm that brain function depends on the organization of
neuronal networks and the plasticity of synaptic connections. Other cell types in the brain were
considered supportive to neurons. However, the research of past decades has uncovered the role of
non-neuronal cells in brain function. The concept of brain active milieu describes functional
interactions among neurons, neuroglia, blood vessels and dynamical extracellular space as a basis of
brain functions (Semyanov& Verkhratsky 2022). This concept provides a framework for
experimental research in vivo. Within this framework, we asked how specific spatiotemporal
patterns of astrocytic calcium activity can be related to mouse behaviour. Firstly, we defined the
parameters of populational calcium activity in hippocampal slices. We found that fluctuations in
areas but not in the density of astrocytic regions of activity (ROA) define changes in the overall
activity area. Then we performed two-photon imaging of astrocytes in the somatosensory cortex in
awake head-fixed mice on an air-lifted platform. We found that enlargement of ROA correlates with
an initial phase of animal running, while the density of ROA correlates with animal speed. Finally,
we performed calcium imaging in freely moving mice with optic fibre photometry. We discovered
that calcium activity in hippocampal astrocytes is specific to animal behaviour in various
behavioural tests. Thus, we conclude that similar to neuronal firing, changes in astrocytic calcium
activity are specific to animal behaviour. This discovery supports the main postulate of the brain
active milieu concept that brain functions are defined by orchestrated response of neuronal and non-
neuronal elements. It also suggests that non-neuronal elements should be considered for brain
activity readout in brain-computer interfaces.

Supported by Russian Science Foundation grant 20-14-00241
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Bcl-2-family members have emerging as critically modulators of intracellular Ca®"
dynamics. The founding member, anti-apoptotic Bcl-2 inhibits Ca*" release from the endoplasmic
reticulum (ER) by directly binding and inhibiting inositol 1,4,5-trisphosphate receptors (IP3Rs),
intracellular Ca*"release channel. The binding of Bcl-2 to the IP3R suppresses pro-apoptotic Ca*"
signaling, indicating that the Bcl-2-IP3R complex is a potential therapeutic target for diseases
associated with cell-death resistance due to Bcl-2, such as certain cancers. The BH4 domain of the
Bcl-2 protein is required and sufficient for binding to and inhibiting the IP3R. Mutating K17 into D
(yielding Bcl-2K 17D protein) alleviates Bcl-2’s ability to potently bind and inhibit IP3R channels.

In the current experiments, we set out to assess the co-localization of Bcl-2 and the IP3R in
neuronal cell systems. Both proteins were found to reside in the soma of neurons, mainly in the
form of clusters that are characterized by a low level of co-localization in both wild-type
hippocampal neurons and 5xFAD line. The application of the expansion microscopy method made
it possible to demonstrate that some Bcl-2 clusters are in contact with IP3R1 clusters. Based on the
data obtained, it was suggested that these proteins are located in different cellular organelles, IP3R1
is located in the ER, and Bcl-2 in the mitochondria, where it clusters at the sites of their contact
with the ER, the so-called mitochondria associated membranes (MAMs). It was found that,
similarly to mCherry-Bcl-2, the mCherry-Bcl2-K17D protein, which is impaired in IP3R binding,
also forms clusters in the soma of hippocampal neurons.

Supported by RNF Ne 20-45-01004.
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Serotonin is one of the most important neurotransmitters in the brain, which is involved in
the control of food intake. In the brain the raphe nuclei (RN) neurons of the midbrain are the main
source of serotonin; they express tryptophan hydroxylase-2 (TPH2) — a key enzyme in serotonin
biosynthesis. Projections from RN enter the nuclei of the hypothalamus, in particular, to the arcuate
nucleus (ARC) neurons, which control eating behavior and the energy balance. In ARC neurons the
expression of serotonin 5-HT;g and 5-HT,c receptors was revealed, which changes in obesity. In
C57Bl/6)J mice, after 16 weeks keeping on a high-calorie diet, diet-induced obesity (DIO)
developed, and a decrease in the TPH2 level was detected immunohistochemically in dorsal RN
(dRN) neurons. The aim of the study - to compare the level of 7ph2 gene expression in the midbrain
and in the hypothalamus, as well as to evaluate the mechanisms aimed at control of serotonin level
in the brain in DIO. By real-time PCR in DIO was shown a decrease in the TPH2 mRNA level in
the midbrain (p<0.05) and no changes in the hypothalamus, which indicates the existence of
additional sources of serotonin biosynthesis. By double immunofluorescence method in DIO in 5-
HT- neurons of dRN an increase in the level of phospho(serine-19)TPH2 (p<0.05) and an increase
in the level of the neurotrophic factor BDNF (p<0.05) were detected. The received data
demonstrates the possibility of TPH2 expression in hypothalamic neurons, which, obviously, is
aimed at increasing brain serotonin in obesity. The results of analysis of 4Akz/-kinase expression and
its phosphorylation (phospho-serine-473 Aktl) in the hypothalamus and midbrain are presented.

Thus, in DIO activates compensatory mechanisms aimed at maintaining the viability of
serotonergic neurons and their functional activity.

The study was supported by state budget.
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Alzheimer's disease (AD) is the most common neurodegenerative disorder. A proximal
feature of the pathogenesis of AD is a dysregulation of intracellular calcium (Ca®") signaling in
neurons, in particular enhanced Ca*" release from endoplasmic reticulum located Ca®" release
channels including InsP3;R1 and RyanR2. Our own and other studies demonstrated that Bcl-2
proteins inhibit the activity of the InsP;R1 and RyanR2. In the present study, we evaluated the
hypothesis that elevating Bcl-2-protein levels is able to normalize neuronal Ca® and exert
neuroprotective effects in an AD mouse model. To test this hypothesis, we used adeno-associated
viruses (AAV) to express Bcl-2 proteins in hippocampal region of SXFAD mouse model of AD. In
our studies, 5XFAD mice was crossed with line M mice that expresses GFP in selected neuronal
population. To specifically evaluate the importance of association with InsP3;R, a Bel-25""" mutant
was also expressed via AAV. This K17D mutation was previously demonstrated to diminish the
association of Bcl-2 with the InsP3;R1 thereby alleviating its ability to inhibit InsP;Rs.

In our experiments, we discovered that overexpression of both wild-type Bcl-2 and Bcl-
2% mutant resulted in rescue of mushroom spine loss in 5XFAD mice. Thus, we concluded that
expression of Bcl-2 protein results in synapto-protective effects in AD animal model, but this effect
is not due to Bcl-2-mediated inhibition of InsP3R1 channels. Potential mechanisms of this synapto-
protective effects of Bcl-2 may be related to its ability to inhibit RyanR2 activity, as our previous

studies indicated that Bcl-2%!"P

mutant remains capable of binding and inhibiting RyanR2 channels.
It is also possible that Bcl-2 exerts neuroprotective effects independently of its modulation of Ca**
signaling, but via its canonical anti-apoptotic properties. Further experiments are needed to
establish the mechanisms underlying the neuroprotective effects of Bcl-2 in AD models.

Supported by RNF No. 20-45-01004.
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Cerebral dopamine neurotrophic factor (CDNF) is considered to be a protective factor for
brain dopaminergic neurons. A little is known about the involvement of CDNF in the regulation of
behavior aside from locomotor activity as well as modulation of other neurotransmitter systems like
serotonin (5-HT) system. To address this question the effects of central (i.c.v.) administration of the
recombinant CDNF protein on behavior and 5-HT turnover in the brain of mice were investigated.
Males of C56BIl6/J mice were acutely treated with recombinant human CDNF protein (3, 10 or 30
ug i.c.v.) or PBS. Home-cage behavior was assessed for 3 days after injection using PhenoMaster
system. Anxiety, exploratory and depressive-like behavior was assessed after CDNF i.c.v. injection
in additional experiment. CDNF in all used dosage failed to produce any significant changes in the
locomotor activity, food and water consumption. Only sleep duration in first 24 h of testing was
affected by injection of 3 pg of CDNF. Notably, CDNF in all dosage significantly improved
associative learning assessed in operant-wall test. In the dosage 10 and 30 pg the CDNF produced
marked anxiolytic and anti-depressant effects as well as increased exploratory activity. The 5-HT
turnover was increased in all studied brain structures of mice treated with CDNF in all dosage.
Simultaneously, we have revealed significant changes in the mRNA level of the genes responsible
for reception (Htrla, Htr7) and catabolism (Maoa) of 5-HT in the frontal cortex, hippocampus and
hypothalamus of animals treated with CDNF.

Thus, we have shown for the first time that CDNF when injected i.c.v. can ameliorate the
behavior of animals. These pro-cognitive, anxiolytic and anti-depressant effects could be linked, at
least partially, with enhanced 5-HT turnover produced by CDNF injection.

The work was supported by the Russian Science Foundation (grant No. 22-15-00011) and
basic research project No. FWNR-2022-0023.
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Development of cognitive impairments in Alzheimer’s disease is associated with loss of
cholinergic neurons in the basal forebrain, including the medial septal area. In our studies, we used
a model of hippocampal cholinergic deficit, which results from degeneration of septal cholinergic
neurons caused by immunotoxin 192IgG-saporin, to study possible beneficial effects of
overexpression of nerve growth factor (NGF) in the hippocampus of rats with cholinergic deficit. To
overexpress NGF, we used a suspension of recombinant viruses carrying cassette with NGF which
was injected into both hippocampi of rats with hippocampal cholinergic deficit induced by injection
of 192IgG-saporin. Induction of cholinergic deficit in the hippocampus impaired behavioral
performance in Y-maze and beam-walking test but did not affect behavioral indices in the T-maze,
open field test, and inhibitory avoidance training. NGF overexpression in the rats with cholinergic
deficit restored animal performance in Y-maze and beam-walking test. In addition to behavioral
performance, NGF also improved synaptic plasticity in the hippocampus. Recording of field
excitatory postsynaptic potentials in vivo in the hippocampal CA1l area showed that NGF
overexpression reversed suppression of long-term potentiation that appeared after induction of
cholinergic deficit. The beneficial effect of NGF was not related to compensatory changes in the
expression of NGF receptors TrkA and NGFR in the hippocampus and medial septal area. NGF
overexpression also did not prevent a 192IgG-saporin—induced decrease in the activity of
acetylcholine esterase in the hippocampus and strong loss of cholinergic neurons in the septal area
caused by the immunotoxin. We conclude that NGF overexpression in the hippocampus under
conditions of cholinergic deficit induces beneficial effects which are not related to maintenance of

cholinergic function.
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Huntington's disease (HD) is a neurodegenerative autosomal dominant monogenic disorder.
It is induced by the expansion of CAG trinucleotide in the first exon of the HTT gene, which
provides mutant huntingtin protein (mHTT) with an abnormal conformation. The expression of
mHTT results in the death of spiny neurons of the striatum of the brain.

Molecular mechanisms of the development of this disease are not known for certain, as the
role of mutant huntingtin in pathogenesis is not clear.

14-3-3 proteins were found to play a protective role in neurodegeneration. 14-3-3 is an
evolutionarily conserved protein family that in mammals consists of seven isoforms. These proteins
regulate most cell processes and maintain cell viability. Some isoforms of 14-3-3 interact with
mutant huntingtin, participating in the aggresome formation reaction.

Here, we present an approach for studying the mechanisms of Huntington’s disease. It is
based on an isogenic cell model, that includes the HEK293FT-BS5 cell line generated from
HEK293FT cells to express mHTT, which reproduces the phenotype of Huntington's disease. Both
HEK293FT and HEK293FT-B5 cells express transgenic 14-3-3 protein subunits with the tags for
tandem affinity purification.

We use the transgenic cell lines to purify the protein complexes and identify the compounds
of the 14-3-3 interactomes. We expect to find the changes in the protein-protein interaction pattern

under the influence of the mHTT expression.
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Alzheimer's disease (AD) is an incurable neurodegenerative disorder. Dysregulation of the
balance of glutamatergic and GABAergic systems accompany AD development. However, the
question concerning this dysregulation being the cause or the consequence of AD development
remains unanswered. Using senescence-accelerated OXYS rats as a suitable model of AD, we
assessed the relationship between changes in glutamate and GABA systems in the hippocampus and
the development of AD signs.

The content of enzymes that regulate the glutamate-GABA cycle—glutaminase (GLS),
glutamate decarboxylase (GADG67), glutamine synthetase (GS) and GABA-transaminase—was
analyzed in the hippocampus of OXYS rats at different stages of the AD sign development (1.5, 4,
12 and 18 months of age) and in Wistar rats (control) by Western blot and immunohistochemical
analyses. Additionally, the content of NMDA receptor 1 (NMDAR1) was evaluated.

We did not observe significant age-related as well as interstrain changes in the levels of GLS
and GS. Meanwhile, the level of GABA-transaminase was lower and GAD67 was higher in OXYS
rats throughout the lifespan. This result is in line with the observation of our colleagues about
higher level of GABA in the hippocampus of OXYS rats compared to Wistar rats. The level of
NMDARI1 decreased with age in the hippocampus of Wistar rats; however, we did not observe this
decrease in OXYS rats. As a result, NMDARI level was higher in OXY'S rats at 18 months of age.

Development of AD signs in OXY'S rats occurs against background of altered balance of the
glutamatergic and GABAergic systems with shift towards higher GABA levels which may
contribute to the progression of neurodegeneration. Increased NMDARI content in the
hippocampus of OXYS rats at 18 months of age together with higher GABA levels points to
hyperactivation of both neurotransmitter systems at progressive stage of AD-like pathology.

Supported by RSF (project #21-75-00029).
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Neprilysin (NEP) is an important proteolytic enzyme terminating action of various
biologically active peptides including amyloid (AP) peptide preventing its accumulation which is
causative of Alzheimer’s disease (AD). Although NEP functions have been studied in animal
models, little is known about its expression and distribution in different brain regions and regulation
of its expression. Using wild-type (WT) and 5xFAD transgenic mice we analyzed the dynamics of
NEP mRNA expression by rtPCR in the olfactory bulbs (OB), parietal (PCx), pyriform (PyrCx) and
entorhinal (ECx) cortices, hippocampus (Hip) and striatum (Str), and analyzed mouse behavior in
the Morris water maze, odor preference and food search tests. The data demonstrate that NEP
mRNA expression increases during the first postnatal month being the highest in OB and Str. By the
age of three months, in both WT and 5xFAD mice, NEP mRNA levels sharply decrease in PCx,
PyrCx, ECx and Hip, and by nine months in OB. In PCx, PyrCx, ECx and Hip of 5xFAD mice NEP
expression was lower than in WT mice at all ages analyzed. Immunohistochemical labeling showed
altered NEP distribution in the cortical brain areas of the 5XFAD mice with a significant decrease of
NEP protein levels in the cell bodies of cortical neurons compared to WT mice. In 5XxFAD mice
decreased NEP expression correlated with accumulation of amyloid plaques, impaired olfaction and
memory. Administration of an HDAC inhibitor valproic acid restored NEP expression in brain
tissue of 5xFAD mice and improved their olfactory and cognitive function. Our data testify to the
important role of NEP in olfaction and confirm the validity of pharmacological up-regulation of
NEP expression leading to improved behavior in olfactory and cognitive tests. This opens avenues
for NEP-based pharmacological approaches to treat AD-related cognitive decline and impaired
olfaction.

Supported by Russian state budget assignment 075-00408-21-00.
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Forebrain cholinergic neurons modulate rhythmic activity in the neocortex and hippocampus
and have an impact on memory formation and consolidation. Previously, the role of cholinergic
neurons was studied using various toxins that lead to damage and death of neurons. Recent data
show that forebrain cholinergic neurons are able to synthesize and to release both acetylcholine
(ACh) and gamma-aminobutyric acid. In this case previously used approaches do not allow to
differentiate the functional role of each of two neurotransmitters. To shed light upon the
contribution of individual neurotransmitters to brain function it is necessary to develop new
approaches for inactivation of one neurotransmitter with no effect on another one. Up-to-date
genome engineering technologies such as CRISPR-Cas9 can be used for precise gene editing in
mammalian neurons in vivo resulting in frame-shifting insertion/deletion mutations and subsequent
protein depletion.

Choline acetyltransferase (ChAT) is the main enzyme catalyzing ACh synthesis from choline
and acetyl-CoA in cholinergic neurons. In this study, we developed a system for local inhibition of
ACh transmission between medial septum and hippocampus based on application of CRISPR-Cas9
to knock down the expression of the Chat gene. We prepared a series of serotype 9 adeno-associated
viral (AAV9)-based vectors carrying SpCas9 and guide RNAs to target the Chat gene. This system
allowed deletion in the target gene in neuroblastoma NB41A3 culture cells. Administration of the
vectors in the medial septum of the adult mouse brain resulted in a decrease in ChAT activity in the
hippocampus. We believe that this system of selective inhibition of ACh neurotransmission will
make it possible to preserve structural and functional properties of neurons. Additional studies are
necessary to further characterize the effects of this inhibition in neurons using biochemical, genetic,
electrophysiological and behavioral readouts.

Supported by the RFBR (project #20-015-00226).
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Clinical and experimental studies demonstrate that habitual short sleep duration predisposes
to the development of metabolic and cardiovascular diseases, affective disorders, erectile
dysfunction. However, there is no overall concept explaining the reasons for these disturbances. The
data on the severity of sleep loss-induced damage in various brain structures including the
hypothalamus, which is responsible for the regulation of the endocrine system, remain insufficient.
The study was aimed to assess destructive changes in the monoaminergic structures of the brain
stem and disorders of the hormonal and metabolic status caused by the chronic sleep restriction
(CSR) in rats.

A model of CSR was studied in six-month-old male Wistar rats which underwent cycles of 3
h of SR and 1 h of sleep opportunity continuously for 5 days on the programmed orbital shaker.

After day 5 of CSR, acute and delayed damaging effects were found in the ventral tegmental
area (VTA) and in the locus coeruleus (LC), which mediate the regulation of the sleep-wake cycle,
endocrine-metabolic, autonomic and behavioral responses of the body. The number of tyrosine
hydroxylase-immunopositive and Nissl-stained neurons was decreased by 22% in the VTA and by
18% in the LC. The CSR-induced apoptosis and neuronal death were due to activation of
endoplasmic reticulum stress (GRP78/PERK/CHOP cascade) and caspases-3 and -9. During CSR
we revealed the decrease in appetite and body weight, levels of insulin, leptin and testosterone and
the significant increase in the level of corticosterone in the blood serum. There was no progression
of neurodegeneration and marked hormonal changes 56 days after the end of CSR. The data
obtained are important for understanding the mechanisms of development of neuropsychiatric,
metabolic and endocrine disorders in CSR.

Supported by the Ministry of Science and Higher Education of the Russian Federation grant
(Ne 075-15-2020-916 dated November 13, 2020).
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Orexins (A and B) were first identified in the brain neurons of the lateral hypothalamus.
Their functions are associated with the regulation of the energy balance, food intake, wakefulness,
of the immune response, etc. via their effects on ORX1 or ORX2 receptors. During rat
embryogenesis (E) orexin-producing neurons in the hypothalamus begin to appear after E13, and
orexins (A and B) can play the role of morphogenetic factors. At present, the expression of orexins
and their receptors has also been detected in other mammalian tissues, in particular, in the olfactory
epithelium. The aim of this study was to assess the level of orexin-producing structures
development in the hypothalamus and olfactory epithelium of rat embryos (E18). Real-time PCR
was used to analyze the mRNA levels of pre-proorexin — precursor of orexins A and B, ORX1 or
ORX2 receptors in the hypothalamus and the olfactory epithelium. By single immunolabeling
immunopositive to orexin-A and orexin-B structures in these regions was detected. By double
fluorescent immunolabeling and a confocal microscope we analyzed various mediatory systems
which are involved in regulation of orexin-containing structures in hypothalamus and olfactory
epithelium. The obtained data indicate the advanced development of orexin-containing structures in
the peripheral nervous system compared to the hypothalamic and are discussed in connection with
the possibility of morphogenetic role of peripheral orexins on CNS. Some comparative aspects of
the distribution of orexins in the olfactory epithelium of lower vertebrates will be discussed. The

study was supported by state budget.
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Chronic ethanol exposure enhances dopamine neurotransmission and, as a result, increases
the levels of the dopamine transporter (DAT) in several brain regions. We used intermittent ethanol
access and heterozygous DAT knockout (DAT-HET) rats to model dopaminergic system
dysfunctions and assessed learning and memory.

Adult male Wistar (10 alcohol-naive and 10 that had intermittent access to alcohol for 4
months) and DAT-HET (n=14) rats were used. To evaluate learning and spatial memory, we used
Morris water maze test. Rats were trained in two tasks: to find a visible platform (4 trials/day for 2
days) and to find an invisible platform which was placed beneath the water (4 trials/day for 3 days).

Significant differences were found in the number of failed trials during day 1, 3-5 (p<0.001;
p=0.008; p=0.037; p=0.006), DAT-HET animals failing the most. Perhaps it is associated with a
tendency DAT-HET rats to remain close the walls (thigmotaxis). Average time spent near the walls
was 11.1£3.3 s for alcohol-naive Wistar rats, 16.6+£2.3 s for alcohol-consuming Wistar rats, and
43.7£2.4 s for DAT-HET during day 1, and 3.2+1.8 s, 2.0£1.8 s, 11.1+1.5 s during day 5.
Significant differences were found in the time of the thigmotaxis during all days (day 1: p<0.001;
day 2: p=0,011; day 3: p=0,021; day 4: p<0,001 day 5: p=0.024). Escape latency was also longer in
DAT-HET rats during days 1, 2 and 4 (day 1: p=0.053; day 2: p<0,001; day 4: p=0,003).

Overall, DAT-HET rats exhibited significantly impaired learning and spatial memory, as
well as unconstructive thigmotaxis that has been demonstrated previously as an effect of increased
dopaminergic transmission (Simon et al, 1994), compared to alcohol-naive and alcohol-consuming
Wistar rats.

This work was supported by St. Petersburg State University that provided DAT-HET rats and
Russian Federal Agency for Scientific Organizations (research theme Ne AAAA-A18-
118012290373-7).
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Maternal hyperhomocysteinemia (HHC), is accompanied by generation of reactive oxygen
species and is detected by an increased level of the serum L-homocysteine. HHC causes various
complications in the pregnancy course that are based on placental dysfunction. HHC research in the
context of neurodegeneration and cognitive abilities have gained more importance in recent years,
however, little is known about the effects of prenatal HHC on subsequent brain development in
adult animals. We investigated the influence of prenatal and postnatal HHC on biogenic amines
content in hypothalamus and hippocampus of pubertal female rats. HHC was created by
administration per os of 0.15% aqueous L-methionine solution (0.10-0.15g per animal) to pregnant
or adult rats using long-term methionine loading. It was shown that high maternal homocysteine in
pregnancy induces oxidative stress and apoptosis in the brains of newborn pups and
phosphorylation p38 MAPK in the hippocampus of offspring brain in early ontogenesis, which can
lead to delaying development of nerve tissue and weakening of different brain functions. The
decrease of biogenic amines level in hippocampus after postnatal and prenatal HHC is accompanied
by weakening of cognitive function in the pubertal female rats. HHC also induces the enhancement
of the norepinephrine level in medial preoptic area of hypothalamus while prenatal HHC leads to its
suppression. Prenatal HHC elevates the dopamine content in median eminence with the arcuate
nuclei of hypothalamus, while estrous cycles are not disturbed.

Both models of HHC impaired various types of memory in the pubertal female rats, which
allows asserting that maternal HHC is one of the pathological factors that can disrupt the processes
of fetal brain development and cause persistent long-term effects in various functional systems of
the growing organism.

Supported by Russian state budget assignment 1021062812133-0-3.2.2.
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The pathogenesis of Alzheimer's disease (AD) is associated with the formation of cerebral
amyloid plaques, the main components of which are the modified A molecules as well as metal
ions. AP isomerized at Asp7 residue (isoD7-AP) is the most abundant isoform in amyloid plaques.
In contrast to intact AP, intravenously administered isoD7-Ap sharply accelerates cerebral
amyloidosis in transgenic mice overexpressing human A, potentially acting as an amyloid seeding.
Moreover, synthetic isoD7-Ap, rather than intact AP, causes a significantly higher level of tau
phosphorylation in cell culture. These findings suggest the role of isoD7-Ap as a molecular trigger
for the pathogenic cascade of AD and a potential drug target. We hypothesized that the pathogenic
effect of isoD7-Ap is due to the formation of zinc-dependent oligomers, and that this interaction can
be disrupted by the rationally designed tetrapeptide (HAEE). We utilized C. elegans model of AP
amyloidosis to study the effect of isoD7-AP and zinc ions on animal pathophysiology and aging.
We show that the concurrent administration of Zn>* and isoD7-Ap leads to a significant increase in
amyloidosis accompanied by the shortening of animals’ lifespan. We further demonstrate that the
tetrapeptide, HAEE, previously designed to counter the receptor toxicity of AP in vitro " | can
prevent zinc-induced oligomerization of isoD7-Af, negate the pro-amyloid effects of isoD7-
AP:Zn*" in live animals, and restore their lifespan. Our SPR, NMR, and molecular dynamics (MD)
studies indicate that the molecular mechanism underlying the anti-amyloid effect of HAEE relies on
its specific zinc-dependent and stable binding to AP and isoD7-Ap. Together, these results elucidate
the fundamental role of non-covalent complexes between zinc ion and isoD7-Af in triggering the
pathological aggregation of endogenous AP molecules and suggest that the compounds targeting
such complexes have a therapeutic potential.

Supported by the Russian Science Foundation, grant #19-74-30007.
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Prenatal hypoxia-related neuropathologies are predominantly associated with impaired
maternal glucocorticoid stimulation of the fetus, that is "imprinted" in decreased sensitivity of
glucocorticoid reception by extrahypothalamic brain structures of offspring during lifespan. This
leads to disruption of the glucocorticoid negative feedback and excessive glucocorticoid stimulation
of the recipient tissues. The aim of this study was to investigate the glucocorticoid and serotonin
system cross-talks and the characteristics of the response to mild stress in adult rats survived
prenatal hypoxia (PH) on embryonic days 14-16. In the Raphe Nuclei (RN) of intact PH rats total
and nuclear levels of glucocorticoid receptors (GR) and GR-dependent transcription are increased in
compare with control. Mild stress leads to increase of GR-dependent transcription of monoamine
oxidase A in RN and decease in serotonin levels in RN and hippocampus of PH rats (but not in
control). In the hypothalamus of PH rats basal and mild stress-induced corticotropin-releasing
hormone levels are increased in compare with control. This indicates impair of the effective
functioning of the glucocorticoid negative feedback mechanism from extrahypothalamic structures.
Meantime, if in response to mild stress in pituitary of control rats both synthesis of POMC and
release of ACTH into the blood are decreased, in PH animals this negative feedback mechanism is
disturbed. This is accompanied with changes in behavior: in response to mild stress PH rats (but not
in control) demonstrate a decrease in exploratory activity and an increase in anxiety. Thus, the
maternal stress response to hypoxia causes a glucocorticoid-dependent impairment of the serotonin

system in offspring's brain, which predetermines the tendency to manifest the depressive states.
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Aging-related neurodegenerative diseases are associated with degeneration of specific
neuronal populations. In Alzheimer’s disease, loss of cholinergic neuronal phenotype in the
forebrain starts before neuronal death and is often considered as a first step of de-differentiation.
However, it is not clear what factors initiate this specific degeneration and at which stage
therapeutic interventions may still reverse neurodegenerative process and rescue functional
capacities of neurons. In the present study, we examined whether oxidative stress, i.e. excessive
generation of free radicals and/or insufficiency of antioxidant defense, may be involved in this
phenomenon. Central administration of neurotoxic amyloid-beta(25-35) peptide to adult male rats
induced delayed impairments of cognitive functions. In this model of AD, we revealed that first
signs of memory decline were related to a decrease in the expression of choline acetyltransferase
(ChAT), the key enzyme of acetylcholine synthesis, in neurons of the medial septal area whereas the
number of NeuN-positive neurons did not significantly change. However, oxidative stress was
mostly pronounced during the first week after amyloid-beta(25-35) administration and preceded the
development of amnesia. In olfactory bulbectomized mice, which also exhibit some AD-like signs,
a decrease in the portion of ChAT-containing neurons in the medial septal area was also associated
with start of cognitive impairments and also preceded by development of oxidative stress. We
assume that in these two models of neurodegeneration, oxidative stress may cause cholinergic
disfunction rather than irreversible neuron damage. These data indicate that cholinergic neurons of
the basal forebrain are very sensitive to oxidative stress because of specific features of intracellular
metabolism related to acetylcholine synthesis. The development of such cholinergic dysfunction
may be responsible for the appearance of early cognitive decline in Alzheimer’s disease.

Supported by the Russian Foundation of Basic Research (project #20-15-00226).
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The medial septal area is the major source of cholinergic innervation of the hippocampus,
which is critical for learning and memory formation. Previous studies showed that memory
formation is associated with changes in the expression of immediate early genes suggesting that
activation of medial septal neurons may induce changes in the gene expression. We studied the
effects of stimulation of the medial septal area at two depths on the gene expression in the dorsal
and ventral hippocampus. In our experiments, the rats under urethane anesthesia were implanted
with recording electrode in the right hippocampus and stimulating electrode in the medial septal
area at depth of either 3.5-4.5 mm (dorsal medial septum, dMS) or 6.5 mm (medial septal nucleus,
MSN) from dura. After one-hour-long deep brain stimulation by trains of paired pulses, we
collected ipsi- and contralateral dorsal and ventral hippocampi. Quantitative PCR showed that deep
brain stimulation did not cause any changes in the intact contralateral dorsal and ventral
hippocampi. A comparison of ipsi- and contralateral hippocampi in the control unstimulated animals
showed that electrode implantation in the ipsilateral dorsal hippocampus led to a dramatic increase
in the expression of immediate early genes (c-fos, Arc, egrl, npas4), neurotrophins (ngf, bdnf) and
inflammatory cytokines (illb and tnf, but no i16) not only in the implantation site but also in the
ventral hippocampus. Moreover, stimulation of MSN but not dMS further increased expression of c-
fos, egrl, npas4, bdnf, and tnf in the ipsilateral ventral but not dorsal hippocampus. Our data
suggest that activation of medial septal nucleus can change the gene expression in ventral
hippocampal cells after their priming by other stimuli.

The study was supported by the Russian Science Foundation 22-25-00479.
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Induced pluripotent stem cells (iPSCs) are often used to create cell models because of their
capability to self-renewal and differentiation into many cell types. Parkinson's disease (PD) is a
neurodegenerative disorder that affects dopaminergic (DA) neurons in the brain. Heterozygous
mutations in the GBAI gene are one of the disease causes. The mutations reduce the activity of
glucocerebrosidase (GCase). This leads to the formation of Lewy bodies and the disease
progression. Pharmacological chaperones (PCs) with a therapeutic effect can be suggested to
increase the activity of GCase, such as ambroxol and NCGC00241607. The iPSC-based cell model
is a perfect asset for in vitro drug testing.

Methods: Mononuclear cells of two patients with N370S mutation in the GBA/ gene (a PD
patient and an asymptomatic carrier) were reprogrammed to pluripotent state. The iPSC lines were
characterized by karyotyping, immunofluorescent analysis and qPCR on pluripotency markers, and
tested for spontaneous differentiation. Directed differentiation of iPSCs into DA neurons was
carried out. The efficiency of the differentiation was assessed using immunofluorescence staining
for specific markers (TH, LMX1A). The resulting neurons were cultured in the presence of PCs (50
puM ambroxol and 4 puM NCGC00241607), and the GCase activity was estimated.

Results: Three iPSC lines from each patient were standard characterized (Grigor’eva EV et
al.,StemCellRes.2022.V.59.102651). The efficiency of DA neuron differentiation was analyzed by
immunofluorescent staining. We showed a decrease of GCase activity in GBA/-DA neurons derived
from iPSCs of both patients compared to control DA neurons. The GCase activity is increased in
GBA1-DA neurons in the presence of PCs.

Conclusions: We have created a cell model of GBA-associated PD based on DA neurons
obtained by directed differentiation of patient-specific iPSCs. The cell model can be used for drug
screening.

The study was supported by the RSF grant No. 19-75-20063.
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Homocysteine is a sulfur-containing amino acid formed during the metabolism of
methionine, in high concentrations with neurotoxic effects. Genetic mutations in metabolism
enzymes, a deficiency of B vitamins leads to an increase in the level of homocysteine -
hyperhomocysteinemia (hHCY). It was shown that hHCY participated in the damage and activation
of endothelial cells of blood vessels, causes an increase in the permeability of the blood-brain
barrier and, as a result, neurodegeneration. Cortical spreading depression (SD) is the underlying
phenomenon of migraine headaches with aura and the incidence of which is associated with hHCY.
The aim of study was investigating the sensitivity of the somatosensory cortex in the slices of rats
with prenatal hHCY to SD generation. Experiments were performed on thalamocortical slices of the
rat brain during third postnatal weeks. Extracellular local field potential was recorded the barrel
cortex using glass pipette electrodes when filled with ACSF. SD-like waves were induced by 50
mM KCI puff application. Pups with prenatal hHCY were born from females received daily
methionine with food. In control conditions negative deflections of DC potential shifts appeared in
IV layers of somatosensory cortex with a time offset 2.3+0.4 s with amplitude was 0.4+£0.05 mV
and duration -3.5+0.5 s, (n=14), respectively. In the slices from rats with prenatal hHHCY SD was
initiated within 1.4+0.3 min (p<0.05; n=11). Also the amplitude SD-like wave increased up to were
0.6£0.7 mV and 7.0+1.5 s (n=1; p<0.05). Our results shown that neurons of rat cortex have higher
sensitivity to imbalance of the thiols metabolism which may underlie a high risk of appearance
migraine headaches with aura in postnatal life in case of maternal hHCY.

This research was funded by RSFNe20-15-00100.
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DISORDERS OF SYNAPTIC PLASTICITY IN THE YOUNG RAT’S HIPPOCAMPUS
FOLLOWING EARLY-LIFE FEBRILE SEIZURES
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Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of
Sciences, St. Petersburg, Russia
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Infectious diseases with fever can provoke febrile seizures (FSs), which constitute one of the
most common neurological disorders in children between 3 months and five years. As with many
other negative factors acting in early life, the FSs can also cause long-lasting alteration of cognitive
functions, particularly learning and memory. However, existing data about the impact of FSs on the
developing brain are conflicting. We aimed to investigate morphological and functional changes in
the hippocampus of young rats exposed to hyperthermia-induced seizures at postnatal day 10. Only
animals with prolonged FSs that lasted at least 15 min were included in the experiments. The study
was performed 11 days after FSs. We found that FSs led to a slight morphological disturbance. The
cell numbers decreased by 10% in the CA1 and hilus but did not reduce in the CA3 or dentate gyrus
areas. In contrast, functional impairments were robust. Long-term potentiation (LTP) in CA3-CA1
synapses was strongly reduced in the FS group (1.21+0.06) compared to the control (1.55 +0.09),
which we attribute to the insufficient activity of N-methyl-D-aspartate receptors (NMDARs). We
found higher desensitization of NMDAR currents in the FS group using whole-cell recordings.
Since the desensitization of NMDARs depends on subunit composition, we analyzed NMDAR
current decays, which revealed no differences between control and FS rats. We suggest that
increased desensitization is due to insufficient activation of the glycine site of NMDARs, as the
application of D-serine, the glycine site agonist, allows the restoration of LTP to a control value.

Thus, our results reveal a new molecular mechanism of FS impact on the developing brain.
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EB3 PROTEIN POTENTIATE ENDOPLASMIC-RETICULUM LOCALIZATION IN
HIPPOCAMPAL DENDRITIC SPINES AND MAKE THEM RESILIENT TO AMYLOID-
BETA TOXICITY
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Dendritic spines are tiny protrusions on neurons that receive most of the excitatory synaptic
inputs in the brain. EB3 protein transiently enters the dendritic spines at the tip of the growing
microtubule. By manipulating EB3 expression level we have shown, that this protein is important
for normal dendritogenesis — EB3 overexpression and knockout reduces hippocampal neurons
dendritic branching and total dendritic length. Probably, this effect occurs due to the speeding
neuronal development cycle from dendrite outgrowth to the step when dendritic spines are forming.
Some of the spines contain endoplasmic reticulum inside it, which is able to form spine apparatus —
specialized dendritic spines organelle involved in synaptic plasticity. Implementing direct
morphometric characterization of dendritic spines, we showed that EB3 overexpression leads to a
dramatic increase in dendritic spines head area, number of ER containing spines and its area inside
the spine. EB3 knockout oppositely reduces spine head area and increases spine neck length and
spine neck/spine length ratio, alters ER presence in spines. The same effect is observed in
conditions of amyloid-beta toxicity, modeling Alzheimer's disease. Neck elongation is supposed to
be a common detrimental effect on the spine’s shape, which makes them biochemically and
electrically less connected to the dendrite. According to preliminary results EB3 potentates ER
movement in dendritic spines through associating with ER resident calcium sensor protein STIM2.
EB3 potentiates the formation of presynaptic protein Synapsin clusters and CaMKII-alpha
localization in spines rather than in dendrites of hippocampal neurons, while its downregulation has
an opposite effect and reduces the size of presynaptic protein clusters Synapsin and PSD95. Such
EB3 role in spines development and maturation determines its neuroprotective effect. EB3
overexpression makes dendritic spines resilient to amyloid-beta toxicity, restores altered PSD95
clustering and reduced CaMKII-alpha localization in spines, observed in this pathological state.

Supported by RNF Ne 21-74-00028.
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EFFECTS OF KB-R7943 ON DEPRESSION-LIKE BEHAVIOR IN A RAT MODEL OF
STREPTOZOTOCIN-INDUCED DIABETIC NEUROPATHIC PAIN
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Diabetes mellitus is one of the most common causes of neuropathic pain, often associated
with depression, decreased quality of life, and higher morbidity and mortality. Mood disorders are
associated with abnormal neurotransmission. KB-R7943, a Na+/Ca2+ exchanger (NCX) inhibitor,
may modify the neurotransmitter release or glutamate receptors activity. The present work aimed to
study the effects of KB-R7943 on depression-like behavior in a rat model of streptozotocin-induced
diabetic neuropathic pain. Diabetic neuropathic pain was induced by a single intraperitoneal (i.p.)
injection of streptozotocin at a dose of 55 mg/kg. After the development of neuropathic pain, KB-
R7943 was administered by oral gavage at two amounts: 5 mg/kg and 10 mg/kg for 10 days.
Amitryptiline (AMT) was used as a positive control at 10 mg/kg p.o. The following groups were
assigned: controls treated with vehicle (C-Veh), rats with neuropathic pain treated with vehicle (NP-
veh), rats with neuropathic pain and treated with KB-R7943 at 5 mg/kg (NP-KB-R7943-5mg), rats
with neuropathic pain, and KB-R7943 at 10 mg/kg (NP-KB-R7943-10 mg) and rats with
neuropathic pain and AMT at 10 mg/kg (NP-AMT-10 mg). The following tests were conducted at
the end of the treatment: forced swimming test (FST) - the immobility time (s) (movements to keep
the head above the water) for 5 minutes and sucrose splash test (SSPL) - total grooming time for 5
minutes was recorded. Rats with neuropathic pain showed depressive behavior indicated decreased
grooming in the SSPL and increased immobility time spent in the FST, which was suppressed by
AMT treatment. KB-R7943 of 10 mg/kg reversed the reduced immobility time in the FST of NP-
KB-R7943-10 mg group to control level. The present data suggest that chronic KB-R7943 treatment
can positively affect the treatment of depression in a rat model of streptozotocin-induced diabetic
neuropathic pain.

Acknowledgments: This work was supported by RFBR grant 20-515-18008, the National
Science Fund of Bulgaria Grant KI1-06-Rusia 25/16.12.2020
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EARLY DYSFUNCTION OF GLIAL CELLS AS A POSSIBLE PREMISE OF
ALZHEIMER’S DISEASE
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Recent studies using state of the art diagnostic techniques have confirmed that the
preclinical period of sporadic (> 95% of cases) form of Alzheimer's disease (AD) can last for
decades, but the question of when exactly the disease development begins and what contributes to
its development remains open. Several epidemiological and experimental studies indicated that the
predisposition for accelerated aging, the main risk factor for AD development, can be formed during
the early postnatal period of life, at the age of the completion of brain maturation. The results of our
work on the senescence-accelerated OXYS rats, a unique model of sporadic AD, have confirmed
the validity of this hypothesis. We have identified the features of brain maturation in OXYS rats in
the early postnatal period (at the ages P0-P20, P — postnatal day) which can act as prerequisites for
the development of initial neurodegenerative changes in the later age. OXYS rats have a lower
(comparing with their maternal Wistar strain) body weight at birth, decreased duration of gestation,
a delayed physical development and formation of reflexes in the postnatal period against the
background of impaired neuronal stem cells differentiation and the formation of mossy fibers in the
dentate gyrus of the hippocampus, and a decrease in the efficiency of formation of synaptic contacts
in OXYS rats. The completion of brain maturation in OXY'S rats occurs against the background of a
decrease in astrocytic and microglial support — a key regulator of the neural circuitry function —
taking place in the hippocampus and prefrontal cortex. The lack of glial support may be the cause of
the decreased efficiency of the formation of synaptic contacts found in OXYS rats, which made it
possible to consider it as a key event leading to the development of AD signs in the future.

Supported by RSF (grant #19-15-00044)
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Introduction: Most patients after traumatic brain injury (TBI) suffer from long-term
complications, including memory disturbances. Previously we demonstrated early bilateral
hippocampal damage in rats after TBI. We hypothesized that hippocampal damage is possibly
associated with early hippocampal-dependent spatial working memory dysfunction in rats.

Methods: The experiment was performed on 51 male Sprague-Dailey rats, divided into TBI,
Sham, and control groups. Memory disturbances were assessed using the object location test (OLT)
and new object recognition test (NORT) to verify spatial and object memory, respectively. Testing
included 4 sessions. The habituation session was performed on day 4 after TBI, rats freely
investigating the arena for 10 minutes. On day 5 we put into the arena two same objects and let rats
investigate it for 5 minutes (training session). Then, two sessions 30 min apart were performed:
first, one of the objects was moved to a new corner of the arena (the OLT session). Second, the
other object was replaced with a novel object (the NORT session). Data was analyzed using Noldus
EthoVision XT.

Results: During the habituation session rats after TBI investigated the objects for less time
compared with rats of the Sham group. During the OLT session, rats after TBI were sniffing non-
replaced object for 9+2s, and replaced object for 5+1s (p<0.05). On the contrary, the sham group
preferred the replaced object (29+7s) to the non-replaced one (12+5s, p<0.05). During the NORT
session, there were no significant differences in the time of investigating objects between groups.

Conclusion: The data demonstrated location but not object memory disturbances in the early
posttraumatic period in rats, representing specific spatial working memory decline. Behavioral
abnormalities may reflect early hippocampal dysfunction after TBI.

Disclosures. Supported by RSF, grant Ne22-25-00713

72
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Dimethyl sulfoxide (DMSO) is widely used in preclinical and clinical research, as it
enhances the entrance of water-insoluble drug candidates into the central nervous system. DMSO
suppresses the inward and outward currents by interacting with GABA receptor-Cl- channel
complex. It was shown that, particularly low DMSO concentrations appear to profoundly influence
neural network activities. Modulation of cell signaling by low concentrations of DMSO could also
explain the differential regulation of neuronal activation in various brain regions. There is no
evidence for accumulation of DMSO in the brain tissue and the elimination occurs within 12-36 h
in experimental animals. Background and evoked spike activity were recorded in single neurons of
the hippocampus treated with DMSO (1 ml/kg /kg, i.p., once) (n=5) in the dynamics (from 1 to 105
minutes) after DMSO exposure (after 5 minutes). The main effects lasted up to 40 and 90 minutes.
In response to HFS (High frequency stimulation) of the Entorhinal cortex, the analysis revealed

inhibitory effects.
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Auranofin is a drug which disrupts thioredoxin antioxidant system. In turn, disruption of
thioredoxin system causes changes in intracellular redox balance. Due to the fact that changes in
redox balance take place after ischemia, the aim of the study was to estimate effects of auranofin
treatment and following redox changes on ischemic brain. Using MCAO in mice there was
developed a model for proteomics analysis of ischemic mouse brains with or without auranofin
treatment.

Proteomic analysis of ischemic brain tissue using LC-MS/MS allowed us to detect changes
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on protein level and further to conduct differential enrichment analysis of proteomics data. The
analysis revealed a number of genes whose expression was significantly altered during stroke.
Based on the obtained data on differential expression, a set of genes was selected for further
analysis. There was also used a comparison dataset of ischemic mouse brain tissue from five time
points up to 28 days. First, LDA was performed on a comparison dataset, then auranofin-based data
was projected on these coordinates. The result of this projection showed that data corresponding to
auranofin-treated brains is located closer to the area of the non-ischemic or recovering hemispheres.
This suggests that auranofin treatment shows recovery effects at the proteomic level.

Supported by RSF (project No. 21-74-00140)
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Neuromuscular transmission is the main process underling translation of commands from
motor neurons to the skeletal muscle. A reason of neuromuscular defects may be disruptions in
metabolism of cholesterol, whose content is high in the motor nerve terminals. Using
electrophysiological and fluorescent approaches the effects of cholesterol oxidase (ChO) at high and
low concentrations (0.2 and 2 U/ml; 20 min application) were studied in the mice diaphragm.

It has been found that ChO effectively oxidized membrane cholesterol and caused defects in
synaptic membranes, namely, lipid raft disruption and increase in membrane fluidity. At high
concentration, ChO also affected extrasynaptic membranes of the muscle fibers. Oxidation of
membrane cholesterol had no influence on neurosecretion in response to low frequency (0.5 Hz)
activity, but markedly increased neurotransmitter release at both moderate (20 Hz) and high (70 Hz)
frequency stimulation. Evaluation of synaptic vesicle (SV) exo-endocytosis cycling with FM dyes
and sulforhodamine 101 (FM1-43 quencher able to pass through fusion pore) showed that the
cholesterol oxidation enhanced exo-endocytosis of SVs at both 20 and 70 Hz. In addition, ChO
pretreatment stimulated switching of SV exocytosis from “kiss-and-run” to full-collapse fusion
mode in response to high frequency activity. To oxidize cholesterol of SVs, the exocytosis and
compensatory endocytosis were induced during application of ChO. In this case, the enzyme gains

access to the SV membranes incorporated into the presynaptic membrane after exocytosis, but
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before endocytosis. Under these conditions, cholesterol oxidation markedly depressed
neurotransmitter release at moderate and high frequencies of activity due to suppression of SV
mobilization to exocytosis sites.

Thus, oxidation of cholesterol from plasma membrane and SVs can affect SV mobilization
during intense activity in opposite directions. This can reflect different roles of lipid rafts in
presynaptic and SV membranes.

The study was supported by Russian Science Foundation (grant #21-14-00044).

ENDOGENOUS CATECHOLAMINES AND EXOGENOUS SYMPATHOMIMETICS
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We have analyzed the adrenaline, noradrenaline, and some sympathomimetics action on the
acetylcholine (ACh) quanta secretion at the neuromuscular junctions of the muscles of different
functional profiles. Using enzyme immunoassay, it was found that the solution washing the
neuromuscular preparation of the mouse diaphragm and locomotor muscles contains up to 12 pg/ml
of adrenaline and 62 pg/ml of norepinephrine. Thus, we confirmed the microscopy data that
sympathetic nerve endings near the synapse release endogenous catecholamines and can be able to
modulate synaptic transmission. Significant differences were found in the direction and severity of
the effects of adrenaline, norepinephrine, and specific agonists and antagonists of different types of
adrenoreceptors on the spontaneous and evoked secretion of ACh quanta in synapses of muscle
different functional profiles. In the synapses of the diaphragm, activation of the al, a2, and Bl
receptor subtypes inhibited the spontaneous secretion of ACh, while, on the contrary, its increase
was observed in the synapses of the locomotor muscles. Upon stimulation of the motor nerve in the
synapses of the diaphragm, activation of a2 and B1 subtypes caused inhibition of ACh secretion,
and activation of B2 caused its increase. In the synapses of the locomotor muscle of the "fast" type,
adrenaline increased the number of quanta released in response to a nerve stimulus, norepinephrine
did not act, and in the "slow" type muscle, adrenaline increased the quantal content. The observed
differences in the effects of adrenergic drugs on ACh secretion are due to their interaction with
different subtypes of adrenoreceptors that activate various intracellular molecular cascades. It is

important to take into account the peculiarities of the action of catecholamines in muscle synapses
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of different functional profiles when developing new drugs for the treatment of diseases with
synaptic defects. Supported by the Russian Science Foundation (18-15-00046) and government
assignment for FRC Kazan Scientific Center of RAS.
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Tricyclic antidepressants (TCAs) are known to block NMDA receptor (NMDAR) currents.
We have also previously demonstrated that at therapeutically relevant concentrations amitriptyline
and desipramine act on NMDARs in a calcium-dependent manner. Ethanol is also known to
produce calcium-dependent inhibition of NMDARs. Here we study the effect of TCAs in control
and in the presence of 0.03% ethanol, which corresponds to mild intoxication when measured in
blood plasma. The effects of three TCAs (amitriptyline, desipramine, clomipramine) on NMDA-
mediated currents were investigated using patch-clamp method in the “whole cell” configuration on
neurons in the primary culture from rat neocortex. In the presence of 2 mM extracellular calcium,
TCAs inhibited NMDA elicited currents with ICsps of 5 pM for amitriptyline and 1.7 pM for
desipramine. Ethanol addition increased amitriptyline and desipramine ICsgs to 132 uM and 11 uM
respectively. These ICsps coincide to “pure” open-channel block of NMDARs by these TCAs
obtained in calcium-free solution. Therefore the presence of ethanol probably eliminates the
calcium-dependent inhibition of NMDARs by amitriptyline and desipramine, but do not affect
calcium-independent channel-block at high TCA concentrations. Inhibition of NMDAR currents by
clomipramine at physiologically relevant extracellular calcium concentrations did not depend on the
presence of ethanol. Thus ethanol abolished both amitriptyline and desipramine produced calcium-
dependent inhibition of NMDARs. Conversely, clomipramine effects did not depend on
extracellular calcium and ethanol. It is likely that ethonol may considerably complicate the TCAs
usage as drugs and interfere with the amitriptyline and desipramine therapeutic effects.

The study was supported by Russian Science Foundation grant 21-15-00403.
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2-arachidonoyl-glycerol (2-AG) is a widely studied endocannabinoid. In the central nervous
system this substance acts as retrograde regulator which generally suppresses transmitter release by
acting on CB-receptors of the presynaptic terminal. In peripheral neuromuscular junctions (NMlJs)
we were the first to show that exogenous application of 2-AG leads to an increase in the amplitude
of miniature end plate potentials (MEPPs) through CB1-receptor activation and thereby potentiates
synaptic transmission. The following work was focused on elucidating the mechanisms of such a 2-
AG-mediated potentiation of the activity of NMJs.

Experiments were conducted on isolated neuromuscular preparations of mice semi-
diaphragms with use of the standard microelectrode technique of intracellular biopotential
registration. Obtained data was further analyzed in MiniAnalysis (Synaptosoft, United States) and
GraphPad Prism 6.0.

The increase in MEPP amplitude caused by 2-AG (1 uM) was completely prevented by
vesamicol (1 pM) which is a blocker of the vesicular acetylcholine transporter. Thus, 2-AG
potentiates synaptic transmission by increasing the size of the quantum of acetylcholine (ACh).
PKA inhibition by H-89 (1 uM) also prevented the 2-AG mediated increase in MEPP amplitude,
indicating that PKA is a part of a signaling pathway which is triggered by 2-AG action and leads to
an upregulation of ACh pumping into vesicles. We previously observed such PKA-dependent
increase in the size of ACh quanta upon CGRP-receptor activation. This made us wonder whether
CGRP-receptors are also involved in the effects of 2-AG. Blocking CGRP-receptors with CGRP8-
37 completely averted the effects of 2-AG on MEPP amplitude. Thus, we are the first to show an
involvement of CGRP-receptors in the 2-AG-induced potentiation of ACh release in mouse NMJs.
The details of the intertwining of CGRP-mediated and 2-AG-mediated signaling pathways in mouse

motor synapses is the subject of further research.
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v-Crystallins occupy a quantitatively dominant position among fish lens proteins. Most of
the proteins in this group are yM-crystallins. The present study is aimed to identification of some y-
crystallin genes in the lens of the juvenile specimens Cyprinus carpio and Sander lucioperca, and
the calculation of the concentration increment of the refractive index (dn/dc) of these crystallins.

For this purpose, we extracted RNA from the lenses and carried out qPCR. The transcription
levels (TLs) y-crystallin genes were normalized to the 18S rRNA gene and calculated using the
2ddCt method. Statistical analysis was performed using the t-test (p < 0.05). The crystallin dn/dc
values were measured as weighted average meanings based on protein amino acid composition and
individual amino acid dn/dc.

So, we determined 7 transcribed y-crystallin genes in the lens of the carp: Crygnl, Crygs2,
Geml, Gemll, Gem2l, Gem212, Crygm6, and 6 genes in the lens of the pikeperch: Gem2l, Gem?212,
Gem213, Gem2l4, Gem2l5, Crygs. Analysis of the gene TLs expressed in the lens of carp and
pikeperch revealed the downregulation of Gem2l, Gem212, Crygm6, Crygn in pikeperch compared
to carp genes.

Calculation of the y-crystallins dn/dc demonstrated the higher values for carp proteins
compared to pikeperch but the differences were only in thousandths. Furthermore, the higher dn/dc
was obtained for yM-crystallins of both fish species. However, the average dn/dc values exceed
ones of the other crystallins by values within hundredths.

It is assumed that the high refractive index value of the fish lens is due to the yM-crystallins,
which contain a large proportion of methionine. However, methionine itself shows no greater value
either in terms of the molar refraction magnitude or in the dn/dc value. Probably, to obtain high
refractive index values, protein folding plays a more significant role compared to their amino acid

composition.
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A brain-fatty acid-binding protein (FABP-7) — one of the three FABPs involved in the brain
early development — was hypothesized to participate in radial glia establishment and neuroblast
migration. It was supposed to involve in Down syndrome and schizophrenia, participate in astrocyte
proliferation, but not migration, during CNS injury. This study is a part of the human brain
development project: more than fifteen fetal brain samples aged from eight pcw to birth had been
studied with a wide panel of markers, including FABP-7 antibody.

At the prefetal period (8pcw-13gw) FABP-7-immunorecrive neuroblasts appeared in
restricted zones of dorsolateral lateral ganglionic eminence (LGE) surface area and short field in the
adjunct intermediate neocortical zone, olfactory bulb and septal ventricular zones. No
immunoreactive cells were revealed within ventricular and subventricular zones. Separate FABP-7-
neuroblsts were observed in striatum. FABP-7-immunoreactive fibers, not neuroblasts, were located
in ventral intermediate neocortical zone, lateral migratory curve, insular cortex, internal capsule. At
l4gw FABP-7-immunoreactivity was demonstrated throw the whole intermediate zone of
neocortex. FABP-7-neuroblasts also appeared in deep medial ganglionic eminence, separate
neuroblasts — in caudate nucleus and putamen, paleocortical plate, diagonal band and substantia
innominata. At the 15,5gw and later FABP-7-neuroblasts were revealed in deep LGE, but not in the
dorsal surface, amygdala, and were abundant in striatum from this stage. This immunoreactivity
pattern continued up to the end of early fetal period (20-21gw). Only at the middle fetal period
FABP-7-neuroblasts were described in neocortical, insular and entorhinal cortical plates, while in
ganglionic eminence FABP-7-immunoreactive cells were demonstrated only in the deep bandelet
bordered with dorsal caudate nucleus. Thus, FABP-7 immunoreactivity distribution homology at the
developmental telencephalon between human and modal animals becomes unclear: no FABP-7-
immunoreactive cells were observed at the ventricula/subventricular zones of neocortex in early
fetal development.

This study is supported by the Russian Science Foundation (RSF) grant #22-25-00370
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Alzheimer's disease (AD) is detrimental neurodegenerative disorder which development is
accompanied by dysfunction of the blood-brain barrier (BBB) and decrease of the cerebral blood
flow. Prerequisites of these alterations may originate at early age during BBB formation; however a
possible interconnection between altered BBB formation and its dysfunction later in life is poorly
understood. For this purpose suitable animal models of AD are needed. Senescence-accelerated
OXYS rats are considered as an adequate model of the most common sporadic form of AD because
of development of all key signs of the disease without mutations in App, Psenl and Psen2 genes.

Here we investigate the formation of BBB in the hippocampus and frontal cortex of OXYS
and Wistar (control) rats during early postnatal development. We studied the number and length of
tight junctions (TJ) between endothelial cells as well as the distance between TJ using electron
microscopy and levels of occludin and claudin 5 as key TJ proteins by Western blot analysis.
Besides, we estimated the size and shape of capillary lumensas well as the integrity of a basement
membrane.We found that the level of occludin naturally increased from birth to the end of the
second postnatal week (postnatal day 14) in rats of both strains. At the same time, at postnatal day
10 the level of occludin was higher in the frontal cortex of OXYS rats compared to Wistar rats.
Besides we found that ultrastructure of capillaries was altered in the hippocampus of OXYS rats at
early postnatal age.

Alterations of the BBB formation may result in cerebrovascular dysfunction observed
previously in OXYS rats even at the early stage of AD-like pathology which in turn may contribute
to the progression of neurodegeneration late in life.

This work was supported by Russian Science Foundation (grant #19-15-00044).
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The hippocampus plays an important role in audiogenic reflex epilepsy progression. Earlier
it was shown, that maturation of the hippocampus of Krushinsky-Molodkina (KM) rats, which is a
genetic model of heritable audiogenic reflex epilepsy, takes about 2 months, which is longer as
compared to Wistar rats (Kulikov et al, 2020), but there was no data on development of GABA-
ergic system. That is why the aim of study was to assess the features of the development of GABA-
ergic neurotransmission in the hippocampus of KM rats in the formation of audiogenic epilepsy
during postnatal ontogenesis.

The study was carried out on naive KM rats at age of 15, 60 and 120 postnatal days (P15,
P60 and P120 respectively). Wistar rats of the corresponding age were used as control. After
dissection, the hippocampi of rats were analyzed by Western blotting, immunohistochemistry and
PCR-RT methods.

At P15 we found a decrease in the amount of GAD67 and parvalbumin, proteins involved in
GABA transmission, and an increase in levels of VGAT and GABA s receptor in the hippocampus of
KM rats in comparison with control. At P60 there was an increase in the content of GAD67 and
parvalbumin and a decrease in levels of VGAT and GABA 4 receptor, which is also observed in the
hippocampus of adult rats with formed convulsive readiness. Chlorine homeostasis, the main factor
in the work of GABA-ergic neurotransmission, undergoes changes during ontogenesis and in
neurodegenerative diseases. At all time-points a decreased activity of the chlorine exporter KCC2 in
the hippocampus of KM rats is observed, which may indicate the excitatory activity of GABA A
receptors. Thus, later maturation of the hippocampus is one of the reasons for the disruption of the
GABA-ergic system in KM rats during ontogenesis, which may be a precondition for the

development of convulsive readiness.
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Many pathological features of neurodegenerative diseases, such as the development of
synaptic dysfunction, appear with age. Trans differentiation or direct reprogramming allows you to
save the age of obtaining neurons. However, the low efficiency of direct reprogramming methods
limits their application in research practice.

In the present study, we improved an existing direct reprogramming protocol based on the
use of microRNAs, transcription factors, and small molecules, which allowed us to obtain a
population of neuronal cells from dermal fibroblasts with an efficiency of 80 percent. We have
obtained a homogeneous population of induced medium spiny neurons (iMSN), the most vulnerable
cell type in Huntington's disease (HD). MSN degeneration leads to the development of motor
disorders in patients. Induced excitatory neurons (iEN) can also be obtained from primary
fibroblasts to study the pathogenesis of cognitive impairments observed in the case of HD. Both
iIMSN and iEN are positively stained for specific neuronal markers and respond to potassium
chloride and glutamate stimulation. In addition, reprogrammed neurons have the inherent
electrophysiological activity of this cell type, and iEN is capable of generating spontaneous activity.
Moreover, reprogrammed neurons are capable to form synaptic connections which makes it possible
to study defects in synaptic transmission during the development of neurodegenerative changes in
cells.

Thus the modified protocol makes it possible to obtain a homogeneous population of iEN
and iIMSN with high efficiency, which significantly reduces the variability in morpho-functional
studies and facilitates the interpretation of the results. This protocol might be useful in both
studying the molecular and cellular basis of HD pathogenesis and drug discovery as well as in the

development of a personalized approach for therapy.
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Human regulatory proteins from the Ly6/uPAR family share structural homology with snake
a-neurotoxins and modulate functions of nicotinic acetylcholine receptors (nAChRs). Some of them
(Lynx1, Lypd6) are localized predominantly in the nervous system and were shown to regulate
cognitive processes in the brain. Lynx2 is one of the poorly studied members of the Ly6/uPAR
family. It was known that Lynx2 is tethered to the cell membrane by GPI anchor, binds to a4p2-
nAChRs and is involved in the anxiety-related behavior.

In our work we used recombinant water-soluble variant of human Lynx2 without GPI-
anchor. We found that Lynx?2 extracts from the brain homogenate a4-, a6-, and f2- nAChR subunits
and a5- and y2-subunits of the GABA, receptor. Electrophysiology study of Lynx2 in Xenopus
oocytes revealed selective inhibition of “low sensitive” 04p2-nAChRs having 3xo04+2x[32
architecture. This allowed to hypothesize that the Lynx2 binding site is located at the a4/a4
interface of the receptor. Using NMR, we determined the Lynx2 structure, that in turn allowed us to
study the Lynx2 interaction with a4p2-nAChR in silico. Lynx2 binding with the a4/04 interface of
the receptor was confirmed and amino acid residues important for this interaction were revealed.

Expression of genes coding different synaptic plasticity markers and miRNAs in the
neuronal culture treated by recombinant Lynx2 was analyzed. Lynx2 down-regulates transcription
of the receptors and messengers implicated in long-term potentiation (LTP) and increases
expression of miR-451, which inhibits the neuronal differentiation. In line with these data, Lynx2
inhibited LTP in mouse hippocampal slices and reduced the number of stub-shaped and mushroom-
shaped dendritic spines in the cultured neurons.

Thus, Lynx2 plays the important regulatory role in the brain processes related with cognitive
function.

Work is supported by the Russian Science Foundation (Project 19-74-20176).
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Microgravity is known to cause various neurochemical changes in a brain. Previously we
demonstrated that short-term hindlimb unloading (HU) leads to activation of Akt-dependent
neuroprotective mechanism in the hippocampus. On the other hand, the autophagy and apoptosis
are the key mechanisms for maintaining homeostasis and cell survival. Thus, here we analyzed the
autophagy and apoptosis in hippocampus at different time points of HU.

Adult male Wistar rats were divided into 5 groups: isolated control (C); 1-day HU; 3HU;
7HU and 14HU. Our results showed that after 3-day HU the expression of autophagy markers, p62
and LC3B, was significantly decreased, which suggested an activation of autophagy.
Immunofluorescence data also demonstrated the assembly of autolysosomes and the activation of
autophagy in the hilus and CA4 of the hippocampus in 1HU and 3HU rats. However, after long-
term HU (7HU, 14HU), no differences in the expression of the autophagy proteins were detected
any longer.

In addition, we observed the activation of caspase 8 after 3HU, which may indicate of
apoptosis induction. At the same time, we did not show significant changes in the number of cells in
the dentate gyrus, hilus and CA3. However, after 7HU, we observed a significant decrease in the
expression of the Bcl-2 and in increase of pS3 phosphorylation, which could indicate the presence
of cellular stress and triggering of apoptotic cell death. Indeed, in the hippocampus of 7HU rats,
there was a decrease in the number of cells in the granular layer of the dentate gyrus.

Thus, we demonstrated the activation of autophagy after short-term HU (1HU, 3HU), which
indicates the activation of the survival processes of hippocampal neurons. In opposite, prolonged
hindlimb unloading led to the activation of apoptosis and cell death in the dentate gyrus.

Supported by RFBR, grant number 20-015-00062.
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Krushinsky-Molodkina (KM) rats are genetically prone to audiogenic seizure and used as a
model of reflex epilepsy. However, as the result of repeated stimulation, epileptic activity occupies
the limbic system of the KM rat’s brain. This process is called audiogenic kindling and models
temporal lobe epilepsy.

We studied the chronic changes in molecular mechanisms, regulating hippocampal
glutamatergic neurons of KM rats, caused by audiogenic kindling of different durations.

KM rats were stimulated once or daily for 14 or 21 days. Material was retrieved in a day or
after a week of the latest stimulation and was analyzed by immunohistochemical staining or by
Western-blotting.

Transcription factors CREB and c-Fos activate in glutamatergic neurons after the first
stimulation, indicating early involvement of the limbic system in seizure activity. Both in the early
stage (14 days of stimulation) and late stage (21 days of stimulation) of the temporal lobe epilepsy
development activity of ERK1/2 kinases as well as the expression of ERK-dependent factors
CREB, c-Fos and FRA-1 in the glutamatergic neurons remain high.

A day after the last of stimulations, transport and exocytosis of glutamate in hippocampus
decreases, as evidenced by the reduced expression of VGLIT1/2, SNAP25, SV2 and the decreased
activity of synapsin-1.There is also a decline in content of glutamatergic receptors NMDA and
AMPA. However, after a week of rest, the amounts of VGLUT1/2 and glutaminase increase, while
levels of active ERK, FRA-1 and p-CREB remain high. This indicates chronic disorders in the
functioning of glutamatergic neurons in the hippocampus, that are also confirmed by increased
amounts of synaptopodin protein, a marker of the synaptic dendritic apparatus. Increased
synaptopodin in areas where the glutamatergic cells dendrites are localized indicates a growth in the
number of dendritic contacts and a reorganization of neuronal connections in the hippocampus

during the development of temporal lobe epilepsy.
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In our previous study we found that frog spinal nerve roots, being loaded by Fura 2 AM, had
unusual cells, which are not typical for spinal cord roots. These cells were responded to glutamate
and looked like neurons. Therefore, in this study, we tried to assess cell morphology in VIII, IX, and
X roots of the frog spinal cord using morphological and immunocytochemical methods.

In one case, after visualization of the cells stained by Fura 2 AM in X root, a histological
examination was carried out. Along with cells with typical morphological features of glial cells,
more large cells (about 5-9 mkm in size) with spindle-shaped or rounded bodies with outgoing
processes were found. The bodies of such cells were located in small groups (3-7 cells each). The
space between the bodies of these cells was filled with nerve fibers and the bodies of typical small
glial cells.

In the next experiment, the spinal cord with roots was exposed to primary antibodies anti-
tubulin II (1:1000, Abcam, ab7751, England) without initial visualization of the cells stained by
Fura 2 AM. As a result, we found only one cell in IX ventral root. III-tubulin is a class of neuron-
specific tubulin used as one of the mature neuron markers.

Thus, histological methods additionally support our preliminary idea that roots of spinal
cords may contain cells with probable neuronal origin. The role and function of these cells found in
the spinal cord roots remain unclear.

This work was supported by a state contract with the Federal Agency for Scientific

Organizations of Russia (project no. AAA-A18-118012290371-3)
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Lypd6 is a GPI-tethered protein from the Ly-6/uPAR family, which was shown to take part
in regulation of both cholinergic and Wnt/B-cathenin signaling and which is expressed in
mammalian central nervous system. Cholinergic signaling in CNS is involved in such important
functions as learning and memory, as well as modulation of neuronal plasticity in postnatal
development. Some of the neuropathological conditions observed in Alzheimer’ disease, Parkinson
disease, epilepsy, and schizophrenia are associated with dysfunction of cholinergic signaling. The
endogenous regulatory proteins of cholinergic systems present a great interest as prototypes for new
drugs for treatment of cognitive dysfunctions. That’s why we focused our study on Lypd6.

To investigate a cholinergic activity of Lypd6, we studied a recombinant water-soluble
variant of the human protein (ws-Lypd6) containing isolated “three-finger” LU-domain without the
GPI-anchor. The negative allosteric modulatory activity of ws-Lypd6 was demonstrated at a3b4-
and a7-nAChRs in X. laevis oocytes, and ws-Lypd6 did not elicit currents through nAChRs in
absence of ACh. Application of ws-Lypd6 significantly inhibited choline-evoked currents at a7-
nAChRs in rat hippocampal slices. Similar to snake neurotoxin a-bungarotoxin, ws-Lypd6
suppressed the long-term potentiation (LTP) in mouse hippocampal slices. Colocalization of
endogenous GPI-tethered Lypd6 with a3b4- and a7-nAChRs was detected in primary cortical and
hippocampal neurons. Ws-Lypd6 interaction with the extracellular domain of a7-nAChR was
modeled using the ensemble protein-protein docking protocol. The interaction of all three Lypd6

loops (“fingers”) with the entrance to the orthosteric ligand-binding site and the loop C of the
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primary receptor subunit was predicted. The results obtained allow us to consider Lypd6 as the
endogenous negative modulator involved in the regulation of the cholinergic system in the brain.

This work was supported by RFBR (project# 20-04-00830).
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Oxidative stress is known to play an important role in the pathogenesis of neurodegenerative
diseases. Histopathological hallmarks of AD are intracellular neurofibrillary tangles and
extracellular formation of senile plaques composed of the beta-amyloid peptide in aggregated form
along with metal-ions such as copper, iron or zinc. Redox active metal ions, as for example copper,
can catalyze the production of reactive oxygen species (ROS) when bound to the beta-amyloid. The
ROS detection using nanosensors in single cells has gained increasing attention. Traditional
fluorescent dyes have a number of disadvantages. Here, we have developed an electrochemical
method for ROS detection in single living neurons treated by different beta-amyloids (beta-
amyloids,, isomerized Asp; beta-amyloid and phosphorylated Serg beta-amyloid) We have
previously reported the fabrication of disk-shaped carbon nanoelectrodes based on a quartz
nanopipette that were functionalized by platinum for improvement of their electroactive properties.
We incubated neuronal cells with different beta-amyloids for 4 hours and measured the content of
ROS inside the single cells using a platinum nanoelectrode. For the first time, it was shown that
after exposure to various amyloids, the ROS level within cells is different. Isomerized Asp7 beta-
amyloid turned out to be the most toxic beta-amyloid.

This work was supported by the Russian Science Foundation Ne 19-74-10059.
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Introduction. Traumatic brain injury (TBI) is a leading cause of death, chronic headache,
symptomatic epilepsy, and early dementia worldwide. It can be hypothesized that immediate
posttraumatic seizures may be associated with secondary brain damage and increase mortality risks
after TBI. In this study we aimed to reveal components of immediate seizures potentially predicting
acute or late mortality in rats.

Methods. We used a lateral fluid percussion brain injury model (LFP) in male Sprague-
Dawley rats (n=26). Immediate posttraumatic seizures were analyzed. We measured total duration
of seizure as well as duration of running, clonic and tonic movements. The duration of apnea,
dyspnea and hypopnea were recorded and signs of cyanosis in extremities, nose bleedings were
noticed. Righting reflex, ability to maintain position and sensitivity to pain were registered.
Mortality was assessed during 3 months after LFP.

Results. Total duration of convulsion (p=0.002), duration of secondary convulsion
(p=0.007), and restoration of left righting reflex (p=0.019) predicted acute mortality. Presence of
motor symptoms (p=0.013), laying moves (p=0.047), hypertonus of paws (p=0.029), and secondary
convulsions (p=0.02) was also associated with acute mortality. Nose bleeding was one of the
accurate symptoms associated with acute mortality (p<0.001). Reanimation (p=0.047) and cyanosis
(p=0.002) also predicted acute mortality. There was no difference between seizures in rats died
during late posttraumatic period and survivor rats.

Conclusion. We found that immediate posttraumatic seizures predict acute mortality but
none of them predicts late mortality. Muscle contractions may indicate prolonged excitation in the
brain, leading to excitotoxicity and secondary brain damage. Nose bleeding may be a sign of
neurogenic pulmonary edema. Brain edema, activation of the sympatho-adrenal system and
brainstem herniation may be involved pathogenesis of acute death.

Supported by RSF, grant Ne 22-25-00713
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Acute type 1 diabetes mellitus (DM1) with severe insulin deficiency, acute hyperglycemia
and hyperphagia leads to impaired incretin and adipokine status, endocrine dysfunctions and altered
hypothalamic regulation. This is largely due to brain insulin deficiency, and the use of intranasally
administered insulin (I-I), which compensates for this deficiency, can prevent a number of negative
DMI1 consequences. Since in DM1 there is also a deficiency of proinsulin C-peptide, which can
enhance insulin effects, it seems promising to use I-I with intranasally administered C-peptide (I-
CP). The aim was to study the effect of 7-day treatment of rats with short-term DM1 induced by
streptozotocin (65 mg/kg) with I-I (20 pg/rat/day), including in combination with I-CP (36
pg/rat/day), on the blood levels of hormones and incretins and the gene expression of food intake
factors, receptors and the regulators of mitochondrial dynamics and apoptosis in the hypothalamus.
I-I and its combination with [-CP to varying degrees restored the levels of leptin, glucagon-like
peptide-1, thyroid-stimulating and luteinizing hormones and thyroid hormones, all reduced in DM1,
and also normalized the level of ghrelin, which was elevated in DMI, with little effect on
testosterone levels. One of the mechanisms of this is the I-I-induced increase in the gene expression
of hypothalamic M4-melanocortin receptor and pro-opiomelanocortin, decrease in the expression of
the orexigenic neuropeptide Y gene, and normalization of gene expression of proteins responsible
for mitochondrial dynamics (Mfn-1, Mfn-2, Drp-1), apoptosis (Bcl-2) and autophagy (Beclin-1).
Monotherapy with I-CP was ineffective and had little effect on the assessed parameters. Thus, I-I
and its combination with I-CP restore the hormonal and incretin status, functioning of the endocrine
system and hypothalamic signaling in male rats with acute DM1.

The work was supported by the state assignment AAAA-A18-118012290427-7.
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Lysosome functionality is critical for the regulation of extracellular vesicles (EVs) secretion
and content. An inhibition of lysosomal function with different alkaline agents increase EVs
secretion. Mutations in the glucocerebrosidase gene (GBA) are considered as a high-risk factor for
Parkinson’s disease (PD). Molecular mechanism of PD pathogenesis remains unknown but the EVs
role in transmission of alpha-synuclein pathogenic species is widely discussed. The aim of our
work is to assess GBA dysfunction on EVs secretion.

Methods. An inhibition of GBA activity was achieved via SH-SYSY cells incubation with
100 uM of selective inhibitor of glucocerebrosidase, conduritol-fB-epoxide (CBE), for 3 days.
Lysosomal disfunction was generated via cells incubation with 50 nM bafilomycin Al. The levels
of enzymatic activity of galactosylceramidase (GALC), alpha glucosidase (GAA), alpha
galactosidase (GLA), glucocerebrosidase (GBA), acid sphingomyelinase (ASM) and alpha-I-
iduronidase (IDUA) were measured by liquid chromatography-tandem mass spectrometry in dried
cells spots. EVs were isolated from 50 ml the supernatant of SH-SYSY cells by sequential
centrifugation and evaluated by nanoparticle tracking analysis (NTA).

Result. In SH-SYS5Y cells treated with bafilomycin Al the enzyme activity of all enzymes
(GALC, GAA, GLA, ASM, IDUA and GBA) was decreased on 86,02+13,08%, as in case of CBE
only GBA-activity was decreased (20,2 vs 0,01 M/l/hour (p = 0,0001)). The incubation of cells with
bafilomycin Al increases the number of EVs in ten times ((34,1+1,2)E10vs(3,98+0,4)E10
particles/ml. Decrease in GBA activity also leads to moderate increase in the number of EVs
(5,49+£0,1)E12vs(8,18+0,5)E12 particles/ml, p=0,002 or p=0,001 respectively).

Conclusion. Our data provide for the first time an evidence that GBA dysfunction lead to an
increase of EVs secretion, that could influence on pathogenesis of PD, associated with mutations on
GBA gene.

The reported study was funded by RFBR, project number 19-315-90059.
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Introduction. Parkinson's disease (PD) is a chronic neurodegenerative disorder of mostly
elderly patients. PD remains incurable due to late diagnosis and symptomatic therapy since our
understanding of the etiology and pathophysiology of PD is limited. The disease is characterized by
cardinal motor symptoms and a range of non-motor symptoms. One of the most frequent and
clinically significant neuropsychiatric disorders of PD is depression, which may precede motor
disturbances. To date, there are no effective neuroprotectors and antidepressants suitable for PD
treatment. In the present study, we evaluated the antidepressant and neuroprotective effects of
preventive therapy by chaperone inducer U-133 in a model of the preclinical stage of PD in aged
rats.

Methods. The model of PD was created by intranasally administered proteasome inhibitor
lactacystin (LC) to Wistar rats (20 months). The echinochrome derivative U-133 was administered
intraperitoneally thrice: 4 hours after each LC injection and 7 days after the last LC injection.
Sucrose preference test, methods of immunohistochemistry and biochemistry were used in the
research.

Results and discussion. It was shown that therapy with U-133 prevents the manifestation of
signs of anhedonia in the model of the preclinical stage of PD, indicating an antidepressant-like
effect of U-133. The effect was associated with an increase in the content of Hsp70 (HSPAI) protein
and weakening of the pathological hallmarks of PD (neurodegeneration, a-synuclein pathology and
neuroinflammation) in the mesolimbic dopaminergic reward system and noradrenergic locus
coeruleus system of model rats. We believe that the antidepressant-like effect of U-133 is based on
the ability of Hsp70 to trigger a multifactorial mechanism of powerful neuroprotection, which
promotes restoration of the function of ascending emotiogenic monoaminergic pathways.

Conclusion. Results indicate the therapeutic significance of Hsp70 induction for the
prevention of emotional disorders and PD-like neurodegeneration.

The work was carried out within the state assignment (AAAA18-118012290427-7).
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Although fluorine was recognized as one of ten chemicals of major public health concern
(WHO), molecular mechanisms of F~ neurotoxicity are studied poorly. Since F is known to increase
intracellular Ca*" content, its action on the CNS cells can be linked with excessive Ca’" influx
through AMPA and NMDA receptors channels which induces excitotoxic responses partly mediated
by activation of Ca®"-dependent proteases calpains. Likewise, calpains are known to exert multiple
effects on glutamatergic synapses. Present study was designed to evaluate the effects of excessive F
consumption on expression of AMPA and NMDA receptors and calpains in hippocampal cells of
Wistar rats.

The animals consumed water with 0.4 (control), 5, 20 and 50 ppm F~ (NaF) for 12 months.
The efficiency of learning and memory formation was evaluated by novel object recognition and
Morris water maze tests. Protein and mRNA content of AMPARs, NMDARs and calpains in
hippocampus were detected by immunoblotting and RT-PCR, respectively.

In hippocampal cells F™ intake increased Grialgene and GluA1l protein expression, resulting
in enhanced ratio between Ca® -permeable and -impermeable AMPARs in membranes. The number
of GluN1 and GIuN2B subunits of NMDARs was unaltered, whereas Grin2a mRNA and GIluN2A
protein content increased. F~ consumption led to stimulation of calpain-1 and its effectors - RhoA
GTPase, PHLPP1 phosphatase and ERK1/2 kinase. In contrast, the expression of calpain-2 and its
substrates (phosphatase PTEN and kinase mTOR) was stable.

These results confirm a causative role of F™ in adverse cognitive capacities of rats associated
with elevated GluA1/GluA2 and GluN2A/GluN2B ratios leading to excessive Ca®" influx and
disturbances in synaptic processes. Besides, overstimulation of calpain-1 with unaltered activity of
calpain-2 can indicate the disruption between early and late LTP phases.

The study was performed within the state assignment of Federal Agency of Scientific

Organizations of Russia (theme No AAAA-A18-118012290371-3).
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LPS-INDUCED ACCUMULATION OF LIPID DROPLETS IN PC12 CELLS: THE ROLE
OF DOWNREGULATION OF CPT-1 EXPRESSION AND FATTY ACIDS OXIDATION

Parnova R.G., Nikolaeva S.D., Fock E.M.

Sechenov Institute of Evolutionary Physiology & Biochemistry of the Russian Academy of Sciences
St. Petersburg, Russia

rimma_parnova@mail.ru

It is well-known that inflammation and oxidative stress in different kind of cells trigger the
formation of cytosolic lipid droplets in which fatty acids (FA) are sequestered in the form of
triacylglycerides (TAG) and cholesterol esters. This metabolic shift is critical in protection of cells
from lipotoxicity or lipid peroxidation. In nervous system, different types of glial cells could form
lipid droplets whereas little is known whether neurons alter their neutral lipid metabolism by such a
way in response to pathological stimuli. Using PC12 cells, a rat neuronal pheochromocytoma cell
line widely explored in neuroinflammation-related studies, we examined the effect of LPS on lipid
droplets formation focusing on the underlying mechanisms. Our previous work has shown that
PC12 cells express TLR4 and respond to LPS by ROS production associated with the decrease of
cell viability. Incubation of PC12 cells with LPS for 24 h led to significant accumulation of
cytosolic lipid droplets and increase of TAG content. To understand the metabolic origin of TAG
accumulation, we pre-incubated PC12 cells with [*H]-oleic acid before challenge with LPS, and
then examined the incorporation of the radioactive label into the main lipid classes. LPS caused an
increase in radioactivity in TAG and free oleic acid accompanied by significant decrease in [*H]-
oleic acid oxidation. The observed effects of LPS were mimicked by etomoxir, inhibitor of
carnitine palmitoyltransferase-1 (CPT-1), the rate-limiting enzyme for the B-oxidation of FA.
Treatment of PC12 cells for 24 h with LPS reduced the expression of CPT-1 protein. The data
obtained evidence that under inflammatory stimulus PC12 cells are able to stimulate formation of
lipid droplets which is probably triggered by ROS production and mitochondrial disfunction. CPT-
I-mediated decrease of FA oxidation and sequestration of excess free FA into TAG appears to be an

important mechanism of LPS-induced lipid droplets accumulation in PC12 cells.
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LABEL-FREE 3D MAPPING OF OXYGEN AND ROS OF SINGLE LIVING NEURON
CELLS

Erofeev A.S.l, Gorelkin P.V.l, Vaneev A.N.l, Korchev Y.E.!*

1 - National University of Science and Technology "MISiS", Moscow, Russia
2 - Imperial College London, London, UK

erofeev.as@misis.ru

Nanopipettes have been used in different applications with integration into Scanning lon
Conductance Microscopy (SICM): high resolution topographical imaging of living cells,
quantitative delivery of molecules to the surface of living cells.

Additionally, nanopipette probes still hold great promises as intracellular biosensors.

Here we describe the fabrication, characterization, and tailoring of carbon nanoelectrodes
based on nanopipette for intracellular electrochemical recordings. We demonstrate the fabrication of
disk-shaped nanoelectrodes whose radius can be precisely tuned within the range 5-200 nm. The
functionalization of the nanoelectrode with platinum allowed the monitoring of oxygen
consumption outside and inside of neuron cell. These novel platinum nanoelectrodes are useful for
understanding cell oxygen metabolism and can be employed to study the redox biochemistry and
biology of cells, tissues and organisms.

Pt nanoelectrodes used for intracellular ROS measurements of control cells and cells with
AP42 aggregates. We noticed significant increase in ROS related on the ability of AB42 to disrupt
the mitochondrial level and induce oxidative stress. Higher cytotoxicity of amyloid aggregates than
free oligomers can be assumed which was questionable in various studies.

The reported study was funded by Russian Science Foundation RSF grant 19-79-30062

LACTOBACILLUS METABOLIC PRODUCTS STIMULATE THE STORE-DEPENDENT
CALCIUM ENTRY IN PC-12 WITH SWEDISH DOUBLE MUTATION

Sobol C.V.
Institute of Evolutionary Physiology and Biochemistry, St.Petersburg, Russia
peep9@yandex.ru

It is known that store-dependent calcium entry significantly suppressed in Alzheimer’s
disease (Putney, 2003). The attenuation of the store-dependent calcium entry in Alzheimer’s disease
leads to an increase in the AB42 synthesis (Putney, 2000). An increase Ca2+ entry under the add-
back conditions significantly reduces AP (Dreses-Werringloer et al., 2008).

It was shown that Lactobacillus metabolic products (PP) significantly stimulates the store-
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dependent entry of Ca2+ in PC-12, neurons and in PC-12 with Swedish double mutation
(K670M/N671L). It is not ruled out that stimulation of capacitative Ca2+ entry with PP can lead to
decrease A} generation.

On the other hand, alterations in hippocampal neurogenesis can be considered as an integral
part of Alzheimer’s disease (Maruszak et al., 2014; Oh et al., 2015). Earlier, we showed that PP
promoted neuritogenesis and neuronal differentiation in pheochromocytoma (PC12) cells (Sobol et
al., 2005; Sobol and Belostotskaya, 2005).

Therefore, PP can be considered as natural product for possible prevention of
neurodegeneration.

This work was supported by a state contract with the Federal Agency for Scientific

Organizations of Russia (project no. AAA-A18-118012290371-3)

LITHIUM INTERFERES TRICYCLIC ANTIDEPRESSANTS ACTION ON NMDA
RECEPTORS

Sibarov D.A., Boikov S.I., Stepanenko Y.D., Antonov S.M.

Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of
Sciences, St.Petersburg, Russia

dsibarov@gmail.com

N-methyl-D-aspartate receptors (NMDARSs) are an essential target for the analgetic action of
tricyclic antidepressants (TCAs) against neuropathic pain. Using the patch-clamp method for
recording whole-cell transmembrane currents in cortical neurons of primary cultures, we observed
two components of TCA action on NMDARs. These components could be characterized as the
open-channel block and the calcium-dependent inhibition. The "pure" channel block of NMDARs
by TCAs is calcium-independent and occurs at concentrations vastly exceeding the therapeutic
concentrations of 0.5-1.5 uM measured in the human plasma. At therapeutic concentrations,
however, amitriptyline and desipramine produce calcium-dependent inhibition of NMDAR currents.
Removing extracellular calcium or binding of intracellular calcium with BAPTA abolishes
inhibition of NMDARs by TCAs within this particular range of concentrations. This type of
inhibition resembles an enhancement of NMDAR calcium-dependent desensitization (CDD) caused
by KB-R7943 - an inhibitor of the sodium-calcium exchanger (NCX). NCX, as known, extrudes the
calcium entering via activated NMDARs and counteracts NMDARs CDD. In agreement the
substitution of lithium (NCX substrate inhibitor) for sodium in the external solution enhances CDD

of NMDARs. Therefore lithium suppresses calcium-dependent effects of amitriptyline and
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desipramine on NMDARs and the IC50 of this lithium effect is about ~3 mM. Thus NCX inhibitors
probably weaken NMDARs mediated analgetic effects of amitriptyline and desipramine. It is likely
that NCX and the CDD of NMDARs represent promising targets to treat neuropathic pain
pharmacologically.

The study was supported by RSF grant 21-15-00403.

LONG-CHAIN POLYUNSATURATED FATTY ACIDS IN BRAIN PHOSPHOLIPIDS:
WHAT FUNDAMENTALLY NEW WE LEARN BY STUDYING INSECTS?

Parnova R.G.
Sechenov Institute of Evolutionary Physiology and Biochemistry, St. Petersburg, Russia
rimma_parnova@mail.ru

In most vertebrates the composition of C20-22 omega-3 PUFAs in brain PLs is similar to the
high prevalence of C22:6®3. In mammals, during prenatal development, it accumulates in the brain
and activates neurogenesis, neurite outgrowth and formation of synaptic contacts enhancing
neuronal and synaptic plasticity. A dietary deficiency of omega-3 PUFAs impairs brain and vision
development. Due to these facts, there is a strong idea that for the normal functioning of the brain
neuronal membranes must contain C22:6w3. Also, it is claimed that C22:6w3 is an obligatory
component of all known photoreceptor systems - from algae to humans. However, literature and our
data indicate that the highly developed brain of insects does not contain C22:6w3 and has a low
content of PUFAs longer than C18. Even in the photoreceptors, only C18:2 and C18:3 have been
detected among PUFAs. Exceptions are aquatic species, which accumulate a significant amount of
C20:5w3 produced by microalgae.

According to our data, in cockroaches, the main PUFA in brain PLs is C20:4® 6 with traces
of omega-3 PUFAs, in locusts - C18:3w3 with no PUFAs longer than CI18, in amphibiotic
dragonflies - C20:503. These data indicate that the fundamental mechanisms of the CNS
functioning, common to all animals, can be provided by a different set of PUFAs.

Ontogenesis of dragonflies is accompanied by a significant complication of their behavior
and sensory information processing. Adult dragonflies were the first invertebrates to demonstrate
the brain's ability to create internal models providing unique hunting strategies. Our data indicate
that, compared with the aquatic larvae, not only the amount of PLs is increased in the brain of
adults, but also the content of C20:5w3 is almost 4 times higher. These data suggest that the

"cognitive role" of omega-3 PUFAs were used in evolution long before the appearance of mammals.
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MATERNAL HYPERHOMOCYSTEINEMIA DISTURBES LONG-TERM
POTENTIATION AND HIPPOCAMPAL-RELATED COGNITIVE FUNCTIONS IN
YOUNG RATS

Vasilev D.S., Postnikova T.Yu., Tumanova N.L., Dubrovskaya N.M., Kalinina D.S.,
Shcherbitskaia A.D., Zaitsev A.V.

LM. Sechenov Institute of Evolutionary Physiology and Biochemistry, RAS, St. Petersburg, Russia
dvasilyev@bk.ru

Maternal hyperhomocysteinemia (HHC) is one of the common complications of pregnancy
that causes offspring cognitive deficits during postnatal development. The effects of high
homocysteine levels were extensively studied during postnatal life, however, little is still known
about mechanisms of its deleterious action in prenatal period. Thus, we investigated the effects of
maternal HHC on synaptic properties in the hippocampus and hippocampal-related cognitive
functions in young rats. HHC was induced in pregnant rats by administration of methionine
(0.6mg/kg) in drinking water. In the entorhinal cortex and hippocampus of HHC rat pups during the
first month after birth we observed a reduction in the number of pyramidal neurons and increased
number of glial cells compared to controls. At the ultrastructural level there were an increased
number of undeveloped growth cones during first two weeks, and decreased number of developed
synapses, especially axo-spinal ones during first month after birth. We found that 20-days-old HHC
rats had a decrease in hippocampal long-term synaptic potentiation. These alterations were
accompanied by a significant decline in the level of synaptopodin protein as well as the number of
synaptopodin-positive dendritic spines in the CAl area of the hippocampus was reduced in the
HHC rats. These changes resulted in significant learning and memory deficits: HHC pups
demonstrated worst performance in a Morris water maze and novel object recognition test.

Supported by RFBR-20-015-00388 and Russian state budget assignment 075-00408-21-00.

MECHANISMS OF AMPA RECEPTORS INHIBITION BY PHENYTOIN
Dron M.Yu., Zhigulin A.S., Tikhonov D.B., Barygin O.I.
Sechenov Institute of Evolutionary Physiology and Biochemistry, St Petersburg, Russia
Neuro.mike@yahoo.com

Phenytoin is a long-standing, anti-seizure drug widely used in clinical practice. The main
target for phenytoin in the brain, which is believed to underlie its anticonvulsant properties, are
voltage-gated sodium channels. We performed a screening for activity against native calcium-

permeable AMPA receptors (CP-AMPARs) and calcium-impermeable AMPA receptors (CI-
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AMPARs) among zonisamide, lamotrigine, levetiracetam, tiagabin, topiramate, carbamazepine,
felbamate, vigabatrin, gabapentin and phenytoin at 100 uM concentrations using the whole-cell
patch-clamp method on isolated Wistar rat brain neurons. Phenytoin, unlike to all other substances,
inhibited both major AMPA receptor subtypes, being much more active against CI-AMPARs
(IC50=30+4 uM) than against CP-AMPARSs (250+60 uM), so we have shown for the first time that
phenytoin is more active against CI-AMPARs. Among known AMPAR antagonists, similar
preference for CI-AMPARs demonstrated pentobarbital. Phenytoin of 100 uM was drastically more
active in the absence than in the presence of cyclothiazide (74 + 4% vs. 21 £ 7% inhibition,
respectively; p <0.001). The inhibitory effect of 50 uM pentobarbital was also significantly
attenuated in the presence of cyclothiazide. Also it was shown that phenytoin trapping is dependent
on kainite concentration: 300 uM demonstrated pronounced trapping at 100 pM kainite, but
trapping was questionable at 500 uM kainite. Phenytoin has a hydantoinic ring, which potentially
could underlie in blocking of calcium-impermeable AMPARs. Surprisingly, 5-benzylhydantoin,
hydantoin, primidon and ethosuximide demonstrated only weak inhibition at 300 uM concentration.
So, close 3D similarity between phenytoin and pentobarbital suggests a common binding site in the
pore and mechanism of inhibition. Taking all mentioned data into account, phenytoin inhibitory
activity on AMPA receptors may contribute to its antiepileptic properties as well as its side effects.

The reported study was funded by RFBR, project numbers 16-04-01080, 20-34-90039.

MECHANISMS OF NMDA RECEPTOR INHIBITION BY AMIDINE AND GUANIDINE
COMPOUNDS

Zhigulin A.S., Barygin O.1.

L.M. Sechenov Institute of Evolutionary Physiology and Biochemistry RAS, St. Petersburg, Russia
arseniy.zhigulin@yandex.ru

Many pharmaceuticals inhibit N-methyl-D-aspartate (NMDA) receptors as side targets. In
the present work we studied the action of the serine protease inhibitors nafamostat, gabexate and
camostat, and an antiprotozoal compound, furamidine, on native NMDA receptors in rat
hippocampal pyramidal neurons. These compounds contain one or two amidine or guanidine groups
in their structure. Nafamostat, furamidine and gabexate inhibited NMDA receptors at —80 mV
holding voltage with ICsy of 0.20+0.04, 0.64+0.13 and 16+3 pM, respectively, whereas camostat
was ineffective. The action of nafamostat and furamidine was voltage-dependent, while gabexate
demonstrated practically voltage-independent inhibition. Nafamostat and furamidine demonstrated

tail currents, suggesting a ‘foot-in-the-door’ mechanism of action; gabexate did not show any signs
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of ‘foot-in-the-door’ or trapping channel block. Gabexate action was also non-competitive,
suggesting allosteric inhibition of NMDA receptors. The structures of nafamostat and furamidine
are rather rigid and elongated and their molecules cannot fold into more compact forms. The
molecule of previously studied diarylamidine compound diminazene has similar properties, and it
also demonstrated a ‘foot-in-the-door’ mechanism. By contrast, the gabexate molecule can fold, but
its folded structure differs drastically from that of typical NMDA receptor blockers, in agreement
with its voltage-independent inhibition. These findings provide a better understanding of the
structural determinants of NMDA receptor antagonism. These data may help to support the
repurposing of nafamostat and related compounds for the treatment of neurodegenerative diseases,
including glaucoma. However, additional studies on the effects of these compounds on synaptic
transmission in brain slices and on neuroprotective activities in animal disease models are needed to
establish possible clinical applications.

This work was supported by the Ministry of Education and Science of Russia (NCMU,
agreement No. 075-1502020-916).

MECHANISMS OF HIPPOCAMPAL VULNERABILITY TO STRESS UNDERLIE
COMORBIDITY BETWEEN NEUROLOGICAL AND PSYCHIATRIC DISORDERS

Gulyaeva N.V. 1.2

1 - Institute of Higher Nervous Activity and Neurophysiology, Russian Academy of Sciences,
Moscow, Russia

2 - Research and Clinical Center for Neuropsychiatry of Moscow Healthcare Department,
Moscow, Russia

nata_gul@ihna.ru

The data reported during last three decades suggest that dysfunction of the hypothalamic-
pituitary-adrenocortical (HPA) axis and excessive cortisol secretion are common features of many
brain diseases, including focal brain injuries (stroke and traumatic brain injury), cognitive
disorders/dementias, epilepsy, and depressive disorders. Clinical findings demonstrating augmented
release of glucocorticoids are supported by the results in experimental models. Glucocorticoid
signals are mediated through their receptors which are widely presented in the brain, being most
abundant in the limbic systems, in particular in the hippocampus, a brain region key to learning,
memory, and emotions. Excessive glucocorticoid signaling disrupts the function and impairs the
structure of the hippocampus as well as hippocampus-associated neural networks. Selective
vulnerability of the hippocampus to various stressful factors is mediated by the reception of

glucocorticoid hormones secreted during stress and represents a price of high functional plasticity
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and pleiotropy of this limbic structure. HPA axis dysfunction shared by common neurological and
mental diseases becomes the basis for their comorbidities, the hippocampus being a nodal point.
Shared molecular and cellular mechanisms stimulated by glucocorticoids include the dysfunction
of glucocorticoid receptors, neurotransmitter systems, and neurotrophic factors, development of
neuroinflammation, leading to neurodegeneration and loss of hippocampal neurons, as well as
disturbances in neurogenesis in the subgranular neurogenic niche and formation of aberrant neural
networks. These glucocorticoid-dependent processes are associated with altered adaptive plasticity
and the development of chronic stress-related comorbid pathologies, in particular, stroke/depression
and temporal lobe epilepsy/depression.

Supported by Russian Science Foundation [project # 20-65-47029].

MECHANISMS OF NEUROTOXICITY OF PRENATAL HYPERHOMOCYSTEINEMIA
Arutjunyan A., Milyutina Yu., Shcherbitskaia A.
Ott Institute of Obstetrics, Gynecology, and Reproductive medicine, St. Petersburg, Russia
alexarutjunian@gmail.com

Based on the experimental studies, it was hypothesized that in addition to a direct neurotoxic
action on the fetal brain, prenatal hyperhomocysteinemia (PHH) has a negative effect on the
formation of the fetal and newborn nervous systems by changing the functional state of the
placenta. Under the influence of PHH (model of methionine loading of pregnant rats), an increase in
the level of neurotrophins (BDNF and NGF) precursors in the fetal brain and placenta was shown.
An increase in the content of BDNF and NGF precursors is associated with a violation of their
processing to mature forms, in contrast to which proBDNF and proNGF have a depressing effect on
brain maturation in early ontogenesis. It is assumed that changes in neurotrophins processing, along
with oxidative stress (OS) and the inflammatory process initiated by it, as well as apoptosis, play an
important role in disorders of brain development in offspring after PHH.

The data showing the increase in the content of the proinflammatory cytokine IL-1f in the
cortex of the offspring, who underwent PHH, together with histological studies, suggest that
neuroinsflammatory processes play an important role in pathogenesis of PHH. Disorders of brain
development in early ontogenesis associated with the development of neuroinflammation may be
long-term. The results of morphological studies of the hippocampus and neocortex of rats that have
undergone PHH indicate a violation of neuronal cell migration, a lag in the development of nervous
tissue, an increase in the number of degenerating neurons and the number of glial cells on the 5th

and 20th days of postnatal development. It is established that some changes in OS indicators that
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were manifested after PHH persist until puberty. Along with this PHH induces the disturbances of
cognitive functions in sexually mature offspring.

Supported by RFBR 18-015-00099 and Russian state budget assignment 1021062812133-0-
3.2.2.

MECHANISMS OF SOUND-INDUCED OPENING OF THE BLOOD-BRAIN BARRIER
Blokhina L.A.", Karandin GA.", Semyachkina-Glushkovskaya O.V.!, Kurths J.G.'**
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The blood-brain barrier (BBB) is a highly selective barrier, which controls the penetration of
blood-borne agents into the brain or the release of metabolites and ions from the brain tissue to
blood. Therefore, the BBB plays a vital role in central nervous system (CNS) health protecting the
brain against pathogens and toxins. The limitations of our knowledge about the nature of BBB
explain the slow progress in the therapy of brain diseases and absence of methods for drug delivery
to the brain in clinical practice. In our study on rats, we demonstrate that a factor such as loud sound
(100 dB 370 Hz), which we can meet in daily life when listening to MP3/MP4 players or at a rock
concerts, reversibly opens the BBB to low- and high-molecular-weight molecules. We also discuss
mechanisms underlying the sound related opening of BBB - loud sound reversibly opens the BBB
via stress-mediated TJ machinery disorganization. Our data are consistent with the hypothesis
suggesting an important role of stress in the BBB opening via mechanisms underlying epinephrine-
induced enhancement of the BBB permeability. This opens an informative platform for novel
fundamental knowledge about the nature of BBB and for the development of a noninvasive brain
drug delivery technology.

This work was supported by grant from the RF Governmental grant 075-15-2019-1885.
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MECHANISMS OF STRUCTURAL REORGANIZATION OF THE HIPPOCAMPUS AND
INFERIOR COLLICULI DURING EPILEPTOGENESIS IN KRUSHINSKY-MOLODKINA
RATS

Kulikov A.A., Glazova M.V, Aleksandrova E.P., Chernigovskaya E.V.
1. M. Sechenov Institute of Evolutionary Physiology and Biochemistry, St. Petersburg, Russia
alexey.kulikov@iephb.ru

Krushinsky-Molodkina (KM) rats are a genetic model of audiogenic epilepsy. The triggers
of the acute audiogenic seizure (AGS) are the auditory brainstem structures (inferior colliculi),
while repetitive AGSs (audiogenic kindling (AK)) spread epileptiform discharges through limbic
structures (hippocampus) that can be considered as the model of epileptogenesis. KM rats start to
demonstrate a stable AGS only after the age of 3 months. We investigated 2 different models of
epileptogenesis. Firstly, we studied a structural reorganization of hippocampus and inferior colliculi
during development of audiogenic epilepsy from P15 to P120. Secondly, we studied a structural
reorganization of hippocampus at different stages of AK.

We showed that at early stages of postnatal development of KM rats hippocampus and
inferior colliculi were characterized by significantly increased activity of ERK1/2 kinase that was
accompanied with increased proliferation and apoptosis in comparison with control Wistar rats.
Also these structures had a smaller cell population. We showed an aberrant migration of newborn
cells to the hilus. These 2 processes were also typical for adult KM rats.

In other experiments we exposed KM rats to AK of different durations (4, 14, and 21 AGS).
AK of different durations led to stimulation of proliferation, abnormal migration, and glutamatergic
differentiation of new neurons both in the DG granular layers and hilus. AK also stimulated
sprouting of mossy fibers and enhanced expression of synaptopodin in the hippocampus indicating
generation of new synaptic contacts between granular cells, mossy cells, and CA3 pyramidal
neurons. Data revealed 2 waves of cell death in the hippocampus at initial and at late stages of AK,
autophagy activated only in initial stages of AK.

Thus, our data suggest that aberrant neurogenesis, and accelerated glutamatergic
differentiation of new born neurons, mossy fiber sprouting in KM rats contribute to reorganization

of hippocampal network during different stages of epileptogenesis.
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MEDIUM-CHAIN TRIGLYCERIDE-INDUCED KETOSIS AFFECTS HOUSEKEEPING
AND GLUTAMATE TRANSPORT GENE EXPRESSION IN THE RAT BRAIN IN
REGION-SPECIFIC MANNER

Nikitina V.A.', Schwarz A.P.z’l, Krytskaya D.U. ! Shcherbakova K.P.!, Trofimov A.N.!
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Mild intermittent ketosis established by ingestion of medium-chain-triglycerides (MCT) is
known to elicit many neuroprotective and cognition-enhancing effects, although the exact
mechanisms in the brain are still largely unknown. In this study we established mild intermittent
ketosis in adult Wistar rats by adding MCT oil (2 ml/kg, i.g., during 6 h of fasting) to standard chow
for 1 month (water was used as control). We then measured the mRNA expression of 9
housekeeping genes (Actb, B2m, Gapdh, Hprtl, Pgkl, Ppia, Rpli13a, Sdha, Ywhaz), often used as
reference, in the medial prefrontal cortex (mPFC), dorsal (DH) and ventral hippocampus (VH), by
RT-gqPCR and used the RefFinder® online tool to analyze the reference gene stability of each gene
in each region. Using the three most stable genes as reference, we assessed the mRNA expression of
less stable housekeeping genes and EAAT2 (glutamate transporter 1) in each region. The examined
reference gene panel showed the lowest stability in DH, compared to VH and mPFC. As reference
genes, Ppia, Actb, and Rpll3a were the most stable in mPFC; Rp/l3a, Ywhaz, and Pgkl were the
most stable in DH; Ywhaz, Sdha, and Ppia were the most stable in VH. Using the three most stably
expressed reference genes in each region, we found that the Gapdh mRNA was upregulated, while
the Sdha mRNA was downregulated by the MCT treatment in mPFC, but not in VH or DH. EAAT?
was upregulated in DH and downregulated in VH of the MCT-fed animals. These results
demonstrate that 1 month of supplementation with MCT affects mRNA expression of genes
involved in energy metabolism and glutamate transport in the rat brain in region-specific manner,
and also once again highlights the necessity to select the most adequate reference genes for RT-
qPCR analysis.

Supported by Russian Science Foundation (RSF, project no. 19-75-10076).
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MEMBRANE CATALYSIS IN INTERACTION OF THREE-FINGER TOXINS WITH
NICOTINIC ACETYLCHOLINE RECEPTORS

Shenkarev Z.O.l’z, Chesnokov Y.3, Zaigraev M.M.l’z, Chugunov A.O.', Kulbatskii D.S.",
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Nicotinic acetylcholine receptor of a7 type (a7-nAChR) presented in the nervous and
immune systems and epithelium is a promising therapeutic target for cognitive disfunctions and
cancer treatment. WTX is a non-conventional three-finger neurotoxin from Naja kaouthia venom,
targeting o7-nAChR with weak affinity. There is no data on interaction mode of non-conventional
neurotoxins with a7-nAChR. Using a-bungarotoxin (classical three-finger neurotoxin with high
affinity to a7-nAChR), we showed applicability of cryo-EM to study interactions of a7-nAChR
extracellular ligand-binding domain (a7-ECD) with its ligands. Cryo-EM structure of the o7-
ECD/WTX complex together with NMR data on membrane active site in the WTX molecule and
mutagenesis data allowed to reconstruct the o7-nAChR/WTX structure in the membrane
environment. WTX interacts at the entrance to the orthosteric site located at the receptor
intersubunit interface and simultaneously forms the contacts with the membrane surface. WTX
interaction mode with a7-nAChR significantly differs from a-bungarotoxin’s one, which do not
contact the membrane. Our study provides evidence of the ‘membrane catalysis’ mechanism for
non-conventional neurotoxins.

This study made under financial support of Russian Science Foundation (project #19-74-
20163).

The work was supported by the Russian Science Foundation (Project 19-74-20163).
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METABOLIC MECHANISMS OF NEUROINFLAMMATION AS A TARGET FOR THE
PREVENTION AND POTENTIAL CORRECTION OF CENTRAL INSULIN RESISTANCE

Komleva Y.K.l’z, Khilazheva E.D.l’z, Potapenko I.V.Z, Panina Y.A. 1’2, Chernykh A.I.Z,
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Alzheimer’s disease (AD) is a most common neurodegenerative disorder that leads to
dementia. Recently, much attention has been paid to the study of the NLRP3 multiprotein complex
as a possible target molecule in the treatment of many conditions. This study was devoted to the
understanding of the potential therapeutic roles of the NLRP3 inflammasome in neurodegeneration
occurring concomitant with brain insulin resistance. Methods: We studied the role of NLRP3
inflammasomes in health and neurodegeneration in maintaining brain insulin signaling using
behavioral, electrophysiological approaches, immunohistochemistry, ELISA and real-time PCR.
Results: NLRP3-dependent mechanisms have been demonstrated in the amygdala in normal
conditions and in neurodegeneration. We have confirmed, that the basal level of NLRP3 expression
1s necessary for neurogenesis processes, regulating mainly the early stages: cell proliferation and
differentiation. Our data suggest that expression of NLRP3 inflammasomes in neural stem cells and
neuroblasts may contribute to stimulation of adult neurogenesis in physiological conditions. It has
been shown that NLRP3 inflammasomes are required for insulin-dependent glucose transport in the
brain and memory consolidation. However, Nlrp3 knockout protects mice from the pathological
effects of beta-amyloid oligomers and protects against the development of insulin resistance, which
is manifested by the unchanged level of expression of IRS1-Ser compared to the control. It has been
experimentally proven that preventing the development of local insulin resistance by blocking
NLRP3 inflammasomes and mediated neuroinflammation should be considered a pathogenetically
grounded approach to correcting cognitive disorders in Alzheimer's disease. Conclusion: Taken
together, our data revealed the protective role of Nlrp3 deletion in the regulation of fear memory
and the development of AB-induced neurodegeneration, providing a novel target for the clinical
treatment of this disorder.

This work was supported by a grant from the President of the Russian Federation for State
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MODULATION OF INHIBITORY PROCESSES IN THE BRAIN BY SYNTHETIC
PHOTOSWITCHABLE COMPOUNDS
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Photopharmacology aims to develop compounds whose biological activity can be switched
by light. Herein, we investigated two compounds, Glyght and Azo-NZ1, designed to modulate
activity of GABA and/or glycine receptors. Both carry an azobenzene unit, which allows the light-
induced cis/trans isomerization of the compounds.

The compounds were tested on glycinergic and GABAergic evoked inhibitory postsynaptic
currents (eIPSCs), recorded from mouse hypoglossal motor neurons and dentate gyrus granule cells
in the «whole cell» configuration using patch-clamp technique. Diode emitting UV (365 nm) was
used to induce trans-to-cis photoisomerization, blue (455 nm) and/or visible light were applied for
reverse isomerization.

Azo-NZ1 significantly suppressed the GABAergic and the glycinergic eIPSCs in a
photoswitchable manner. The frans isomer of Azo-NZ1 (trans-Azo-NZ1, 100 uM) reduced the
GABAergic eIPSCs amplitude to 57.9+£3.4% (P21-28, p<0.05, n=6), while the cis-Azo-NZ1 caused
restoration to 73.94+6.4% (p<0.05). The amplitude of glycinergic eIPSCs reduced to 61.5+4.7% (P4-
P8, p<0.05, n=8) in presence of trans-Azo-NZ1 (15 uM), and increased to 80.5+4.2% (p<0.05)
after switching it to the cis-configuration. Previous study on the heterologously expressed glycine
receptors (GlyRs) demonstrated that the trans-Azo-NZ1 effectively blocks "foetal" GlyRs formed
by alpha2 subunits, but not "adult" GlyRs formed by alphal subunits. The complete blockage of the
glycinergic eIPSCs could not be achieved on brain slices even at high concentrations of Azo-NZ1
(up to 300 uM), suggesting the presence of currents mediated by alphal GlyRs.

Analysis of Glyght (100uM) showed that in the cis-configuration it causes a decrease of the
amplitude of glycinergic eIPSCs to 60.9+3.3% (P2-P6, P<0.05, n=7); in the trans-configuration the
compound was ineffective. Glyght didn’t affect GABAergic eIPSCs (n=8).

Thus, (i) Azo-NZ1 is an effective tool for photoswitchable modulation of e[PSCs mediated
by GABA, and alpha2 GlyRs; (ii) Glyght is the specific light-controlled modulator of glycinergic
elPSCs.

Supported by the RSF grant: 18-15-00313.
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MONITORING AND TARGETING OF THE ASTROGLIAL ACTIVITY IN THE BRAIN
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It is generally accepted that astrocytes coordinate neuronal excitability, buffer extracellular
ions, affect mitochondrial neuronal activity, control development and pruning of synapses, and
support adult neurogenesis. Particularly, astrocytes are required for adequate energy production in
neuronal cells, adjustment of local blood flow to neuronal needs in active brain regions, and
regulation of blood-brain barrier (BBB) integrity. Contribution of astrocytes to the regulation of
neuroplasticity or BBB permeability is provided by coordinated release of gliotransmitters,
cytokines, and metabolites, thereby suggesting novel opportunities for pharmacological and non-
pharmacological modulation. Recently, glia becomes to be a promising target for manipulating the
brain plasticity in (patho)physiological conditions. Deciphering the key cellular, molecular and
biochemical mechanisms underlying complex neuron-glia or glia-endothelial interactions, and
accurate monitoring of astroglial activity coupled to brain functions are necessary for the
development of high-efficacy methods of diagnostics and therapy. Achievements in optogenetics
and neurophotonics are new challenges in studying and manipulating with astroglial activity.

We applied optogenetics-based protocols for monitoring and targeting the astroglial activity
within the neurovascular unit and BBB in physiological and pathological conditions (experimental
Alzheimer’s disease). In the original in vitro neurogenic niche/BBB models, we found that target
activation of ChR2-expressing astrocytes affects mitochondrial dynamics and mitochondrial activity
in astroglial cells and brain microvessel endothelial cells, stimulates neurogenesis and controls
developmental fate of neural stem cells and neuronal progenitor cells, modulates proliferative
capacity of brain microvessel endothelial cells. These effects are partially mediated by the release of
lactate from activated astrocytes, its intercellular transport via monocarboxylate transporters and
action at GPR81 lactate receptors.

The study was supported by the State Assignment for the Research (Ministry of Public
Health, 2018-2020) and the Grant of the President of the Russian Federation for the support of the
Leading Scientific Teams (HIL 2547.2020.7, 2020-2021).
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MORPHOLOGICAL AND FUNCTIONAL CHANGES IN THE HIPPOCAMPUS OF
YOUNG RATS DURING THE LATENT PHASE OF THE LITHIUM-PILOCARPINE
MODEL OF TEMPORAL LOBE EPILEPSY
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Status epilepticus (SE) causes persistent abnormalities in the functioning of neuronal
networks, often resulting in worsening epileptic seizures. Many details of cellular and molecular
mechanisms of seizure-induced changes are still unknown. In this work, using the lithium—
pilocarpine model in three-week-old rats, we examined the morphological and electrophysiological
changes in the hippocampus within a week following pilocarpine-induced seizures. We found that
almost a third of the neurons in the hippocampus and dentate gyrus died on the first day, but this
was not accompanied by impaired synaptic plasticity at that time. A diminished long-term
potentiation (LTP) was observed following three days, and the negative effect of SE on plasticity
increased one week later, being accompanied by astrogliosis. The attenuation of LTP was caused by
the weakening of N-methyl-D-aspartate receptor (NMDAR)-dependent signaling. NMDAR-current
was more than two-fold weaker during high-frequency stimulation in the post-SE rats than in the
control group. Application of glial transmitter D-serine, a coagonist of NMDARs, allows the
enhancement of the NMDAR-dependent current and LTP restoration. These results suggest that the
disorder of neuron—astrocyte interactions plays a critical role in the impairment of synaptic
plasticity.

This study was supported by the Russian Science Foundation, grant Ne 21-15-00430.
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NCGC607 CHAPERONE BINDS TO THE MUTANT GLUCOCEREBROSIDASE IN
ALLOSTERIC SITES AND RESTORES ITS ACTIVITY IN PRIMARY MACROPHAGES
AND IPSC-DERIVED DOPAMINERGIC NEURONS FROM PATIENTS WITH
PARKINSON’S DISEASE
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Background: Mutations in the GBAI gene, encoding the lysosomal enzyme
glucocerebrosidase(GCase), cause Gaucher disease(GD) and are the most common genetic risk
factor of Parkinson’s disease(PD). Pharmacological chaperones(PCs) can bind and stabilize mutant
enzymes, improve lysosomal trafficking and activity. NCGC607 is one of the most promising PC,
however further studies are needed to identify the involved binding sites(BSs) on the GCase surface
and verify its potency to restore GCase activity.

Objective: To identify and characterize BSs on the GCase surface suitable for NCGC607
and to test the potency of NCGC607 to restore GCase activity in primary macrophages and
dopaminergic neurons(DA) derived from induced pluripotent stem cells(iPSC) from GBA1-PD
patients.

Methods: Potential BSs were identified using Molsoft ICM software. Binding modes of
NCGC607 in identified sites were assessed by molecular docking and molecular dynamics
simulations techniques. Mononuclear fraction was isolated from whole blood of four GBA1-PD
patients with «mild» mutation(N370S), two GBA1-PD patients with «severe»(L444P) and three
healthy controls. Primary macrophages and iPSC-derived DA neurons were cultured as described
earlier (KopytovaA et al.,ParkinsonismRelatDisord.2021.10;84:112-121; DrozdovaE et al. 1
International Forum of Genomic and Biomedical Technologies.2021.SURGUT) with 4uM of
NCGC607. GCase enzymatic activity was measured by LC-MS/MS.

Results: On the GCase surface we have identified and characterized using molecular
modeling methods six potential allosteric BSs matching NCGC607. Only BS1, BS2 and BS3 can be
considered as potential targets for NCGC607. We showed that NCGC607 treatment significantly
increased GCase activity both in primary macrophages and in iPSC-derived DA neurons from

GBA1-PD patients with «mild» GBAI mutations by 1,4- and 1,5-fold (p=0.028 and p=0.046,
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correspondingly).

Conclusions: Our study demonstrated potential allosteric BSs matching NCGC607 and
confirmed its ability to increases GCase activity in primary macrophages and iPSC-derived DA
neurons from GBA1-PD patients with «mild», but not «severe» mutations.

The study was funded by RSF No22-25-00721

NEUROCHEMISTRY OF CREATIVITY — WHAT DO WE KNOW?
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The impact of different neurotransmitter systems on human creativity might be considered
either by assessing the polymorphism of transmitter regulation genes in persons with high and low
creative abilities, or by assessing the impact of drugs and stimulants. There were attempts to find a
relationship between dopamine and creativity. Patients with Prakinson's disease treated with
dopaminergic drugs demonstrated enhanced verbal and visual creativity (Faust-Socher et al., 2014)
and experienced bursts of creativity (Walker et al., 2006, Canesi et al., 2012) as compared to
neurologically healthy controls. However it seems that relationships between dopamine and
creativity differs from person to person (Kickenmester et al., 2019), phenomenon of creativity
bursts in patients that receive dopaminergic replacement therapy is questionable (Salvi et al., 2021),
in some studies were obtained no influence of dopamine agonists on cognitive flexibility (Smyth et
al., 2007) as element of creativity. Tyrosine is known to be a precursor of catecholamines, but in a
double-blind, placebo-controlled, randomized cross-over study, tyrosine intake to improve divergent
thinking was not well established (Colzato et al., 2014). There is no clear answer of extra dopamine
and its precursors intake influence on creativity and there should be further studies with
reproducible methodological approaches. Some data describe noradrenergic influence on creativity.
Cognitive flexibility test results during stress were improved with propranolol (beta-adrenergic
antagonist) administration (Alexander et al., 2007). Propranolol improves, compared to placebo, the
ability to solve cognitive anagram tests (Zamzow et al. ,2016, Campbell et al.,2007). In autism
spectrum disorder studies it was found that propranolol administration benefited cognitive
flexibility to access semantic and associative networks (Beversdorf et al., 2011) in autists. Thus,
there are various data of psychoactive substances modulating noradrenergic and dopaminergic
systems influence on different aspects of creativity and it is the theme for the further clarification.

The work is supported by the IEPhB Research Program 075-0152-22-00
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NEUROTROPIC AND CRYOPROTECTIVE EFFECTS OF L-CARNOSINE

Mokrushin A A.
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Dipeptide carnosine (B-alanyl-L-histidine) was found in significant quantities in the
mammalian brain, especially in the olfactory structures. Because it can penetrate the blood-brain
barrier, easily and has not side effects, the therapeutic potentials of carnosine to some brain
disorders have attracted great attention. The objectives of the study were the elucidation
neurotropic, neuroprotective and neuroprotective effects of L-carnosine on the activity of the
glutamatergic (a-amino-3-hydroxy-5-methylisoxalol-4-propionic acid (AMPA) u N-methyl-D-
aspartate (NMDA) receptors and GABAg-ergic mechanisms in olfactory cortex slices.

The presynaptic and postsynaptic components of extracellular potentiatials: the compound
action potential of the lateral olfactory tract, AMPA and NMDA EPSP, and inhibitory postsynaptic
potential (IPSP) were investigated in olfactory cortex slices during application of L-cfrnosine in
different concentrations. Nootropic effects of L-carnosine have been studied in models of non-
associative learning — a long-term posttetanic potentiation/depression (LTP/LTD). Neuroprotective
effects of L-carnosine have been explored during cryopropreservation before and after the deep
freezing (-10°C) and subsequent rewarming of brain slices.

L-carnosine in the range of concentrations of 5-20 mM did not induce changes in the
activities of AMPA and NMDA-dependent mechanisms, but increased the activity of GABAg-ergic
mechanisms. In the model of non-associative learning L-carnosine promoted the development of
LTP, but inhibited the development of LTD. Pretreatment of slices using L-carnosine (20 mkM)
before freezing prevented excessive swelling of slices after subsequent rewarming and contributed
to preservation of the activity of the AMPA and NMDA mechanisms. Results of the study argue for

a significant protective potential of endogenous dipeptide L-carnosine.
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NEW PROSPECTS FOR GLIOMA THERAPY: LYMPHATIC DELIVERY OF
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The blood-brain barrier (BBB) not only plays an important role in the protective function of
the central nervous system (CNS), but is also the main obstacle to the effective delivery of drugs to
the brain in various CNS pathologies, including oncology. The development of safe methods for an
effective delivery of medications and nanocarriers to the brain can be a revolutionary step in the
overcoming this limitation. Here, we studied the lymphatic delivery of GM1 liposomes to the brain
and fluorescent glioma in rats, by passing the BBB. Our results clearly demonstrate that the deep
cervical lymph nodes are an anatomical platform for a unique connection between the brain and the
peripheral lymphatic network. Indeed, the introduction of liposomes and test indicators into deep
cervical lymph nodes was accompanied by their delivery to the meninges, brain parenchyma, and
glioma.

The research was supported by the RF Government grant 20-15-00090.

NITROGEN OXIDE AND HYDROGEN SULFIDE IN BRAIN OF RATS WITH PRENATAL
HYPERHOMOCYSTEINEMIA
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Hyperhomocysteinemia (Hcy) is a systemic metabolic disease caused by abnormalities in
homocysteine metabolism. It is known that in adult rats with prenatal Hcy, a decrease in H2S
synthesis is observed. There is also evidence in the literature that homocysteine inhibits the

synthesis of NO. The aim of our work was to correlate the content of nitric oxide and hydrogen
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sulfide in the brain of rats with prenatal Hcy in different age periods.

The animals were divided into two equal groups: 1) control, rats from females kept under
standard animal conditions (n=25); 2) experimental, rats from females 2 weeks before and during
pregnancy on a methionine diet (n=25). Using the spectrophotometric method, the content of NO
metabolites and H2S ions in the brain of rats was analyzed.

In the brain of control rats during the first month of life, we observed the minimum
concentration of NO metabolites (12.9+2.6 pM, n=10). Then there was an increase in the
concentration of NO metabolites to 22.9+2.5 uM by the 3rd month of life (n=10, p<0.05). In
animals of the experimental group, the content of NO metabolites in the brain was 22.6+2.5 uM,
which is significantly higher than the control values (n=15, p<0.05). At the age of 90 days, the
concentration of NO metabolites increased to 36.8+3.4 uM, which was significantly higher than the
control values (n=10, p<0.05). Analysis of the concentration of HS- ions revealed a decrease in the
content of HS- ions in the brain tissues of the experimental group (7.9+0.8 uM vs. 11.5+0.6 uM,
n=10, p<0.05) as in animals of the first month of life, and the third month (8.0£1.3 uM versus
12.0+1.1 uM, n=15, p<0.05). Thus, the increase in oxidative stress at prenatal Hcy may be one of
the reasons for the increase in the synthesis of NO metabolites and the decrease in free HS- ions in
the brain of rats.

The work was carried out within the framework of the Russian Science Foundation grant no.

20-15-00100.

NMDA RECEPTOR INHIBITION BY ANTIHISTAMINE COMPOUNDS
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Antihistamine compounds are a class of drugs used to treat symptoms of allergies. Besides
histamine receptors, some of them can affect other targets in the organism, including NMDA type
ionotropic glutamate receptors. Sedative properties of several first generation antihistamine
compounds might be partially explained by NMDA receptor inhibition. Therefore, we decided to
perform electrophysiological screening for activity against NMDA receptors among several
antihistamine compounds: diphenhydramine, antazoline, tripellenamine (first generation), cetirizine,
loratadine, desloratadine, ketotifen (second and third generation). Experiments were performed on
isolated rat hippocampal CA1 pyramidal neurons using whole cell patch clamp technique. Except

for cetirizine and ketotifen, other compounds demonstrated significant activity against NMDA
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receptors; The IC50 values at -80 mV holding voltage in the absence of magnesium ions were 1.8 +
0.4 uM for antazoline, 13 + 3 uM for desloratadine, 19 + 4 uM for loratadine, 42 + 8 uM for
diphenhydramine, and 65 + 17 uM for tripellenamine. The data for antazoline and diphenhydramine
are in line with previous results, while inhibitory activity of loratadine and desloratadine was
demonstrated by us for the first time. NMDA receptor inhibition by antazoline and
diphenhydramine was voltage-dependent. In addition, they could be trapped in the closed NMDA
receptor channels, evidencing channel block as the main molecular mechanism of inhibition. In
contrast, loratadine and desloratadine did not demonstrate characteristical signs of channel block,
and further studies are needed to determine their main molecular mechanisms of NMDA receptor
inhibition.

The reported study was funded by RSF grant 17-74-10117 and by RFBR grant 20-34-90039.
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Earlier we showed that beta-amyloid 1-42 (AB4;) interacts with Na,K-ATPase, inhibits its
hydrolytic and transport activity and triggers activation of Src kinase in micromolar doses. This
study proves the hypothesis that Na,K-ATPase is a receptor for AP, in nanomolar concentrations,
as it is for the cardiotonic steroids (CTS). The colocalization of AB4, with Na,K-ATPase, and
between the enzyme and Src kinase in SH-SY-5Y neuroblastoma cells has been proved using
immunocytochemistry and proximity ligation assay. Treatment of cells with 100 nM A4, causes
release of Src kinase from the cytosolic domain of the Na,K-ATPase al-subunit, but does not alter
its transport activity. Activation of Src kinase in response to the AP4; interaction with Na,K-ATPase
has been observed in neuroblastoma cells and in Na,K-ATPase:Src kinase protein mixtures exposed
to AP4,. Inhibitor of the Src kinase interaction with the Na,K-ATPase, NaKtide, blocked the
activation of Src kinase by AB4,. Activation of Src kinase by sub-inhibitory concentrations of AP,
induced Ca*"-independent free radical production and shift in thiol redox state in neuroblastoma
cells. The stimulatory effect of AB4, on Src kinase was lost under hypoxic conditions. The obtained
data indicate that, at nanomolar doses, AP4, uses Na,K-ATPase as a receptor, triggering Src kinase-

dependent signaling in the brain cells similar to that CTS induce in peripheral tissues. It could be a
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part of adaptive, protective and physiologically relevant signaling mechanisms in the brain.

Acknowledgments: the research was supported by the RSF Grant 19-74-30007
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A miniscope is a miniature fluorescence microscope developed by Mark Schnitzer’s
laboratory. It is used for fluorescence imaging of neural activity in free-moving animals, and is
actively used in neuroscience research. The average weight of the standard miniscope is about 3 g.
A flexible coaxial cable is used for power supply, control, and video transfer to a computer. The
data obtained as a result of a miniscope recording experiment comprise a video file that contains a
time-lapse recording of changes in fluorescence of a reporter, usually a calcium (Ca*")-sensitive
indicator, such as genetically encoded calcium indicator (GCaMP). These changes in fluorescent
signal reflect changes in neuronal activity in the field of view, and various methods are used to
process miniscope data and to extract information about neuronal activity. The methods for the
initial processing of miniscope data include semi-manual region of interest (ROI) analysis, principal
component analysis (PCA) and independent component analysis (ICA) analysis, and automated
software packages, such as constrained nonnegative matrix factorization (CNMF), constrained
nonnegative matrix factorization for microendoscopic data (CNMF-E), and 1-photon-based calcium
imaging signal extraction pipeline (MIN1PIPE). Initial processing of miniscope data is followed by
a high-level analysis that aims to identify neuronal networks, describe brain activity changes during
behavioral tasks, and detect changes in brain activity caused by neurodegeneration, epilepsy, stroke,
and other pathological conditions. However, few tools have been developed for high-level analysis
of miniscope data. Calculations used to quantify correlation matrices of neuronal activity based on
miniscope data have been described but the tools used for calculating correlation matrices in these

studies are not publicly available. For this reason, we present the NeuroInfoViewer (NIV) analysis
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tool, which is useful for high-level analysis of miniscope data.
The miniscope data processing consists of the following sequence of steps:
1. Conversion of avi raw miniscope imaging data files to tiff format.
2. Initial processing of generated tiff files by CNMF-E, MINI1PIPE, or similar software.
3. Export of information about time-lapse activity of individual neurons, as a set of csv

(comma-separated values) files.

4. Import of resulting csv files to NIV, to calculate and visualize pairwise correlations between
neuronal activity traces.
5. Export of correlation matrices from NIV in csv format, for further analysis.

The first step in data analysis is to export neuronal activity traces in csv format. The script
code for export depends on the initial miniscope data processing algorithm. As an example, we
developed a MATLAB language script for exporting neuronal activity traces from CNMF-E. This
script can be downloaded from https://github.com/nxt007/NIV/tree/main/scripts. Examples of csv
files generated using this script can be found in the
https://github.com/nxt007/NIV/tree/main/test_data/CNMF-E demo folder. The metadata file that is
generated as a result of executing this script has a filename that ends with meta.csv (which we write
as * meta.csv). The file contains the following components: (1) data format, (2) paths to files
containing information about calcium traces and locations of neurons, (3) information about video
frame rate, (4) the original frame rate (in fps) of the video sequence.

The main data file * meta.csv is imported into NIV by using the Import csv command. From
imported neuronal activity traces, the NIV application is able to calculate and visualize pairwise
correlations between neuronal activity traces and generate correlation matrices. NIV consists of two
matlab files: NIV.mlapp (MATLAB main application source file) and useviewneuron2.m (single
neuron information display function). All data processing is handled by the DataUpdate function.
After loading the data, neuronal activity information is displayed. Depending on the selected
algorithm, one of three neuron interactivity coefficient (NIC) functions is executed. Additional NIC
algorithms can easily be integrated if necessary. The first implemented algorithm,
NonZeroSpikeFramesIntersec, produces a visual representation of correlations in neuronal activity.
This algorithm uses preprocessed neuronal activity (spike) data. For the pair comprising the i-th and
Jj-th neurons, neuron interactivity coefficient is defined as the ratio of the total of the i-th neuron
activity frames to the intersection of the simultaneous i-th and j-th neurons’ activity frames. The
second implemented algorithm, ThresWarmCool, is more complex. This algorithm uses a raw
calcium trace as input and produce states trace with two possible values: active and inactive. The
parameters of the algorithm, which should be adjusted for each experiment, include the following

parameters: Threshold: the triggering threshold value; Warm (warm-up period): the time (number of
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frames) during which the spike value for a frame must exceed the threshold to switch to the Active
state; Cool (cool-down period): the time (number of frames) during which the spike value for a
frame must be below the threshold to switch to the Inactive state. The third implemented algorithm,
SignalCrossCorrMax, uses the MatLab signal cross-correlation function.

When the pairwise correlations between the neurons calculated, it is possible to export the
following files from NIV: three images—neuron heatmap (Heatmap), neuronal activity correlations
pairs, and neuronal activity correlations heatmap —in .fig and .png format, and the pairwise
correlation matrix in csv format. Examples of export files generated using NIV can be found at
https://github.com/nxt007/NIV/tree/main/test _output.

A software package, NIV, which calculates and visualizes correlations between neuronal
activity traces recorded in miniscope imaging experiments, was developed. The current version of
NIV (0.8.2) allows the user to import data from a single imaging experiment, perform correlation
analysis, and generate results in either a graphical form or as a csv matrix file. The NIV code was
deposited in the public domain to facilitate its use by the neuroscience community. In subsequent
versions of NIV, we are planning to add an option to compare neural activity from several
experiments, using the CellReg algorithm.

The research was funded by the Ministry of Science and Higher Education of the Russian
Federation as part of the World-class Research Center program: Advanced Digital Technologies

(contract No. 075-15-2020-934 to 1B).

NEUROCHEMICAL AND BEHAVIORAL ASPECTS OF CHEMOGENETIC
MODULATION OF NEURONAL ACTIVITY IN THE BRAIN REGIONS

Dygalo N.N.l’z, Drozd U.S.l’z, Bulygina V.V.l, Kalinina T.S.l’z, Sukhareva E.V.l’z, Komysheva N.P.l,
Shishkina G.T.l, Lanshakov D.A."

1 - Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia
2 - Novosibirsk State University, Novosibirsk, Russia

dygalo@bionet.nsc.ru

Effects of glutamatergic neuron activity in the prefrontal cortex, dorsal hippocampus and
amygdala on the expression of the neuronal activation (c-Fos) and neuroplasticity (BDNF) markers
and acute stress-induced behaviors were studied using chemogenetic approach. For this, AAVs
encoding activating - CaMKIIa-hM3D(Gq)-mCherry, inhibiting - CaMKIla-hM4D(Gi)-mCherry
DREADD:s or control - CaMKIla-Egfp vectors were injected bilaterally into the brain structures of

adult male rats. One month later and 30 minutes after stimulation of DREADDs with clozapine-N-
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oxide, anxiety and depression-like behaviors of the rats were assessed in the light/dark box (LDB)
or tail suspension (TST) tests. Brain tissue samples for real-time RT-PCR and
immunohistochemistry were collected an hour after TST. mCherry and Egfp fluorescence and
mRNAs levels for DREADDs confirmed expression of vectors in the targeted regions. Cortical
activation and inhibition of hippocampus attenuated anxiety in the LDB. Expression of Gq in the
hippocampus and cortex reduced immobility in TST. Hippocampal Gi, on the contrary, increased
immobility, and cortical Gq overcame this effect. Gi in amygdala stimulated anxiety while Gq
increased active behavior in TST. Hippocampal Gq reduced c-fos mRNA level in this structure.
Cortical Gq induced a decrease, whereas Gi an increase of c-fos mRNA in the amygdala.
Hippocampal Gi decreased cortical bdnf mRNA. The decreases in the levels of c-fos mRNA in the
hippocampus and bdnf mRNA in the cortex by hippocampal Gi were leveled both by cortical Gi or
Gq. The bdnf mRNA in the amygdala increased with a decrease in the hippocampal neurons activity
and cortical Gi enhanced this effect. Amygdala Gq upregulated bdnf mRNA in the cortex, and both
c-fos and bdnf mRNAs in the midbrain. Thus, chemogenetic disruption of activities and
interregional connectivity of the interacting brain structures is capable of altering gene expression
and behavioral manifestations of the psycho-emotional state.

Supported by RFBR 20-015-00129, RSF 19-15-00093

NEUROGENESIS AFTER SINGLE PTZ-INDUCED SEIZURE IN MICE IS NOT
ACCOMPANIED BY NEUROINFLAMMATION IN THE HIPPOCAMPUS

Aniol V.A., Ivanova-Dyatlova A.Yu., Gulyaeva N.V.
Institute of higher nervous activity and neurophysiology RAS, Moscow, Russia
aniviktor(@yandex.ru

Generalized seizures are usually followed by increased neurogenesis in the dentate gyrus
(DG). New neurons, generated after such seizures often demonstrate atypical features , e.g.
abnormal axon branching (mossy fibers sprouting), altered polarity of new neurons (hilar apical
dendrites), and migration of new neurons into the hilus. However, these changes usually develop in
parallel with neuronal cell loss and neuroinflammation in the hippocampus, which are typical for
pilocarpine and kainate models. On the contrary, seizures induced by a single pentylenetetrazole
(PTZ) injection are not accompanied by cell loss, therefore we used this model to verify if single
seizure itself without cell loss can provoke changes to adult neurogenesis in the DG.

We injected cell proliferation marker 5-bromo-2'-deoxyuridinre (BrdU) in CD-1 mice at

different times points after the PTZ injection (70 mg/kg). The most evident increase (1.5-fold) in
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proliferation of cells in the DG was registered on the 3rd day after the seizure. Also, two weeks after
the seizure respective 1.5-fold increase in the number of doublecortine-positive (neuronal
differentiation marker) cells was found.This increase was determined by involvement of new
resting stem-like cells since no effect of seizure was observed if BrdU was injected before the
seizure. Most cells became neurons 3 months later; however, no difference could be found at this
time point between the groups, indicating that all excessive neurons generated after the seizures
eventually die.

In contrast to severe models like pilocarpine- or kainate-induced seizures, we found no
significant increase in inflammatory cytokines level in the hippocampus. Moreover, the level of
some cytokines (e.g. TNF-alpha) demonstrated the transient decrease soon after the seizures. Also,
neither microglial nor astrocytic activation could be seen in the hippocampus at any time point after

the seizure.

NEURONS AS PRODUCERS OF THE PERINEURONAL NETWORK KEY
COMPONENTS IN SPINAL CORD INJURY

Sabirov D.!, Kabdesh 1.!, Davletshin E.!, Mukhamedshina Y."*

1 - Kazan (Volga Region) Federal University, Kazan, Russia
2 - Kazan State Medical University, Kazan, Russia

davraniwe@gmail.com

Chondroitin sulfate proteoglycans (CSPGs) are a major group of anionic glycoproteins that
form a barrier to axonal growth and neuronal plasticity after spinal cord injury (SCI). One of the
major group of CSPGs that inhibit axon elongation is the hyaluronan-binding CSPG family of
lecticans, including aggrecan (ACAN), neurocan (NCAN), brevican (BCAN) and NG2. This study
aimed to analyze the expression of organizing and stabilizing extracellular matrix molecules at
different distances from the SCI epicenter and posttraumatic periods. We have shown differences in
the relative expression of mRNA of genes encoding the synthesis of lecticans: BCAN, NCAN,
versican (VCAN) and NG2 proteoglycan in both acute (7 dpi) and chronic (30 dpi) periods of SCI
at different distances from the epicenter of damage. Using immunohistochemical method we
registered shifts in ACAN expression in the population of plate IX neurons expressing calcium-
binding protein parvalbumin (PARV+ neurons) and in the population of neurons simultaneously
expressing NeuN and choline acetyltransferase (ChAT) in SCI. Against the background of no shift
in the number of preserved PARV+ neurons in the anterior columns near the damage area (4 mm),

the number of PARV+/ACAN+ neurons increased at 7 and 30 days, which is also observed at 7 and
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11 mm. At the same time, ACAN expression in PARV+/ACAN+ neurons at all distances from the
epicenter remains elevated for at least 30 days. The results of immunohistochemical study confirm
the possibility of ACAN expression previously shown not only in astrocytes, which are the main
producer of lecticans in norm and pathology, but also in neurons with high spike activity. These data
allow us to consider neurons as producers of key components of the perineuronal network in
neuroregeneration.

This study was supported by a grant from the Russian Science Foundation (Grant Number

21-75-00016; YM).

NEUROPROTECTION OF CAMP-PATHWAY ACTIVATION INFLUENCES Ca2+
RESPONSES AND MULTI-KINASE SIGNALING CAUSED BY HOMOCYSTEINE
NEUROTOXICITY

Ivanova M.A., Abushik P.A., Sibarov D.A., Antonov S.M.

Sechenov Institute of Evolutionary Physiology and Biochemistry of the Russian Academy of
Sciences, St. Petersburg, Russia

etrnlrddl(@gmail.com

Activation of cyclic adenosine monophosphate (cAMP) synthesis is known to lead
triggering of neuroprotective signal cascades. The goal of our investigation was to evaluate the
influence of forskolin, an activator of adenylate cyclase, and its induced cAMP production on the
neurotoxic action of L-homocysteine (HCY) in cortical rat neurons in primary cultures. Neurotoxic
effects of HCY (100 uM), agonist-evoked intracellular calcium (Ca2+) responses and changes in
mitochondrial membrane potential were studied using fluorescence detection methods. The analysis
of neuronal viability showed that long-term (24 h) action of HCY caused neuronal apoptosis and
necrosis that was followed by a decrease of quantity of live cells. Activation of adenylate cyclase by
forskolin (1 uM presence in the external solution) prevented apoptosis and necrosis of neurons
during long-term treatment with HCY exhibiting neuroprotective properties. As for the cytotoxic
action, in experiments on neurons loaded with Fluo-3, HCY caused an increase of the intracellular
Ca2+ concentration. A short-time treatment with forskolin significantly decreased Ca2+ influx into
neurons during HCY action. Additional analysis of the developmental dynamics of mitochondrial
dysfunction on HCY exposure showed that forskolin can prevent the decrease in mitochondrial
membrane potential (¢mit, Rhodaminel23 approach), which is usually observed in excitotoxic
stress. Our experiments with a protein kinase A (PKA) inhibitor, the protein kinase C (PKC)
inhibitor chelerythrine, and the calmodulin-dependent kinase II (CaMKII) inhibitor KNO93

demonstrated that the neuroprotective effect of forskolin on long-term exposure to HCY involves
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PKA and CaMKII. We also studied whether the expression of proteins involved in apoptotic
pathways and anti-apoptotic proteins was affected by forskolin during 4 h neurotoxic action of
HCY. Proteins such as caspase-3, p53, and BAX, which contribute to the caspase-dependent
apoptotic pathway, were decreased during action of forskolin. The expression of apoptosis-inducing
factor (AIF) was also evaluated together with Bcl-2, which antagonizes AIF release from
mitochondria. In conclusion, the results demonstrate an important role of adenylate cyclase and
cAMP in the regulation of the Ca2+ accumulation in neurons, the development of mitochondrial
dysfunction and intracellular signaling pathways preventing cortical neuron death in L-
homocysteine-induced excitotoxicity.

Supported by state program of IEPhB RAS.

NEW HSF1 INDUCERS AS PHARMACOLOGICAL TOOL FOR TREATMENT OF
NEURODEGENERATIVE DISEASES

Lazarev V.E.!, Ekimova L.V.'?, Margulis B.A.', Guzhova LV.!

1 - Institute of Cytology of Russian Academy of Sciences, St.Petersburg, Russia
2 - M. Sechenov Institute of Evolutionary Physiology and Biochemistry of Russian Academy of
Sciences, St. Petersburg, Russia

irina.guzh(@gmail.com

Molecular chaperones whose expression is regulated by master HSF1 transcription factor,
are known to provide the correct folding of cellular proteins as well as to exert cytoprotective and
antiapoptotic activity. A therapeutic approach based on chemically induced chaperones expression
may become a promising method to treat neurodegenerative disorders such as Parkinson disease or
post-traumatic complications. The results of the studies performed on rodent models of above
pathologies using chemically distinct HSF1 activators will be presented in relation to the prospect
of their application in therapy of variety of proteotoxic diseases and in correcting aging-related

factors.

122



OBTAINING AND DIRECTED DIFFERENTIATION INTO ASTROGLIAL AND
NEURONAL DERIVATIVES OF IPSCS FROM PARKINSON'S DISEASE PATIENTS
ASSOCIATED WITH THE GLUD2 MUTATION

Sorogina D.A.l’z, Grigor’eva E.V.z, Pavlova S.V.z, Drozdova E.S.l’z, Medvedev S.P.Z, Zakian S.M.?

1 - Novosibirsk State University, Novosibirsk, Russia
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Russian Academy of Sciences, Novosibirsk, Russia

d.sorogina@g.nsu.ru

Patient-specific cell models based on induced pluripotent stem cells (iPSCs) make it
possible to study the mechanisms of various hereditary diseases development without surgical
intervention in the human body. This is particularly useful for studying neurodegenerative diseases,
including Parkinson's disease (PD).

The hereditary form of PD can be caused by mutations in various genes, one of which is the
GLUD? gene. This gene is located on the X-chromosome and has no introns. GLUD?2 encodes the
mitochondrial enzyme glutamate dehydrogenase 2, which involved in the oxidation of glutamate to
a-ketoglutarate. GLUD? is expressed only in Sertoli cells, astrocytes, and neurons.

The T1492G mutation in the GLUD2 gene leads to the replacement of Ser445Ala in the
enzyme, which leads to an increase in its activity. Due to the increased degree of enzyme activity,
dopaminergic neurons are disrupted, which leads to the development of PD. Males hemizygous for
this mutation have an early onset of the disease. Heterozygous women are mosaics, so they get sick
much later than men.

By reprogramming mononuclear cells, we obtained iPSC lines of two heterosexual patients
with the T1492G mutation in the GLUD2 gene. The cells were characterized by
immunofluorescence staining and real-time PCR for pluripotency markers, as well as
immunofluorescence staining of three germ layers obtained by spontaneous differentiation. These
analyzes confirmed the pluripotency of iPSC lines.

After directed differentiation, astroglial and neuronal derivatives of iPSCs were obtained.
These derivatives were characterized by immunofluorescent staining and quantitative PCR for
specific markers of astrocytes and dopaminergic neurons.

The resulting cellular platform based on neural cells will be used to study the molecular
genetic mechanisms of PD caused by a mutation in the GLUD2 gene, as well as to test potential
drugs.

The study was supported by the RSF grant No. 19-75-20063.
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OPTOGENETIC ACTIVATION OF ASTROCYTES IN HIPPOCAMPUS RESTORES LTP
FORMATION IN ALZHEIMER’S DISEASE MICE MODEL

Gerasimov E.', Erofeev A.l, Borodinova A.Z, Bolshakova A.!, Balaban P.l’z, Bezprozvanny I.173,
Vlasova O.'
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Astrocytes are one of three types of nerve cells that are able to control neuronal activity by
means of the gliotranmitters release and calcium level changes. Possible ways to control activity of
them is a method of optogenetic. It gives researchers an opportunity to target control different type
of cells activity, including astroglial cells. Previously was shown (Gerasimov et al., 2021), that
metabotropic opsins (Opto-al AR) are preferred for an astrocytic activation leading to enhancement
of neuronal activity.

For understanding, whether optogenetic stimulation of metabotropic Opto-al AR expressed
in astrocytes could affect long-term potentiation changes, LTP experiments were conducted on acute
brain hippocampal slices of WT and 5xFAD (model with genetic Alzheimer’s disease) in age of 6
months after injection of AAV-Opto-al AR-EYFP. Light parameters for activation of optoconstuct
equaled 5 min of 100 ms pulses with interval of 1 sec and were determined in the previous work.
Mean value of slope for last 5 min of recording were estimated. In WT group the percentage of
mean slope value significantly increased after optogenetic stimulation: 162.8+7.0 (n=7) compared
with 193,7£23,4 (n=4), p=0,0436, Student’s t-test. In 5XFAD group the percentage of this values
also significantly increased: 116.3 +£17.1 (n=8) vs 156.4+10.2 (n=4), p<0.0001, Student’s t-test.
Also, no significant changes were observed between WT group and 5xFAD group after optogenetic
activation of Opto-al AR: 162.84+7.0 (n=7) vs 156.4+10.2 (n=4), p=0.4742.

In this study was determined that impulse mode with T =1 s, t = 100 ms parameters had an
effect on formation of long term plasticity and leads to strengthen of synaptic transmission in
Alzheimer’s disease mice model. In the following research obtained data will be implemented in
behavioral tests for comparison 5xFAD model mice with in vivo optogenetic stimulation and WT
ones.

The work was supported by the Russian Science Foundation grant no. 20-65-46004.
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OPTOGENETIC INHIBITION OF DRN SEROTONINERGIC NEURONS ABOLISHES
THE ANTIDEPRESSANT EFFECT OF KETAMINE

Drozd U.S."? Lanshakov D.A."?, Dygalo N.N."
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Depression is a multifactorial disorder associated with the dysfunction of the brain's
neurotransmitter systems, including serotonergic (5-HT) signaling, which is mediated by neurons
mostly located in the dorsal raphe nucleus (DRN). Ketamine can produce a rapid antidepressant
action even in patients considered treatment-resistant, but the mechanisms of its action are not fully
understood. To clarify the possible role of 5-HT DRN neuronal activity in the drug effect, an
antidepressant-like response to a subanesthetic dose of ketamine was evaluated in the tail
suspension test (TST) in rats under optogenetic inhibition of 5-HT DRN neurons. For this, lentiviral
vectors expressing the proton pump archaerhodopsin-3 (Arch) fused with the yellow fluorescent
protein under the control of the TPH2 promoter were injected into DRN. A vector expressing
fluorescent protein Venus was used as a control. The vector's expression was confirmed by
immunohistochemical detection of the fluorescent proteins. Expression of c-Fos was used as a
marker of neuronal activity and was evaluated by immunohistochemistry 1 hour after TST.
[Mumination of DRN with the green light inhibited the activity of neurons expressing Arch during
TST. One hour after TST, the number of c-Fos expressing serotonergic cells in DRN was increased
in ketamine-treated control rats, but if 5-HT neurons were optogenetically inhibited, a ketamine-
induced increase in c-Fos expression was not observed. Ketamine reduced depressive-like behavior
in animals with functionally active 5-HT neurons, but optogenetic inhibition of these neurons
abolished the antidepressant effect of ketamine in TST and even increased the time of immobility.
These data emphasize the key role of 5-HT neuronal activity in the rapid antidepressant effect of
ketamine and could be necessary for the development of the next generation of fast-acting and more
effective antidepressants.

Supported by FWNR-2022-0002.
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PRENATAL HYPOXIA AS A FACTOR OF PREMATURE AGING OF THE BRAIN:
GLUTAMATERGIC AND GLUCOCORTICOID-MEDIATED MECHANISMS

Tyulkova E.l, Stratilov V.l, Vetrovoy 0."?
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Numerous physiological and clinical data show that intrauterine hypoxia is one of the main
factors that can adversely affect fetal development. Violations of fetal development due to hypoxic
stress lead to the formation of pathologies of postnatal development. This study was aimed at
analyzing the characteristics of the glucocorticoid and glutamatergic systems and behavior during
early, adult postnatal ontogeny and in aged rats subjected to prenatal hypoxia (PH) in the critical
period of hippocampal development (prenatal days 14-16). We have shown an age-related decrease
in the amount of glutamate in the hippocampus of PH rats, which is accompanied by a decrease in
the number of neuronal cells in the CA1 field of the hippocampus, as well as a decline of spatial
memory in the Morris water maze. A gradual decrease in the amount of glutamate is associated with
insufficient expression of glutamate metabolism genes and is inversely correlated with a
compensatory increase in the levels of mGluR1. We have shown that in the hippocampus of adult
PH rats, in contrast to control animals, in response to a session of severe hypoxia used as an
excitotoxic model, there is no increase in the generation of lipid peroxidation products. This
indicates that the excessive activity of the receptor part of the glutamate system in PH animals does
not balance the deficiency of glutamate. Meanwhile, the maternal stress response to hypoxia
mediates a stable violation of the sensitivity of the fetal hippocampus to glucocorticoids, which
further determines the central and peripheral dysfunctions of the glucocorticoid system. The results
of the study demonstrate significant contribution of dysfunction of the glutamatergic and the
glucocorticoid systems to early aging, which manifests itself in the age-related decline of the

cognitive functions of PH rats, early neuronal loss, and early mortality.
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PRIMUM NON NOCERE OR HOW TO CREATE EFFECTIVE AND HARMLESS FOR

CHRONIC NEUROPATHIC PAIN THERAPY

Shestakova N.N.

Sechenov Institute of Evolutionary Physiology and Biochemistry Russian Academy of Sciences,

St. Petersburg, Russia
n_shestakova@list.ru

The analysis of the strategies developed and implemented by us for creating an effective and

safe therapy for patients with chronic neuropathic pain syndrome, based on the results of a

comprehensive chemical and pharmacological approach, including molecular computer modeling,

electrophysiological and biochemical methods, and clinical trials. The creation of adjuvant

analgesic therapy without increasing the number of prescribed drugs. Indirect actions on the

glutamatergic system provides effective but safe neuropathic pain relief. Rationale for the creation

of new classes of analgesics.

1.

3.

Stepanenko, Yulia D et al. “Tricyclic antidepressant structure-related alterations in calcium-
dependent inhibition and open-channel block of NMDA receptors”. Front. Pharmacol. —

Neuropharmacology. 2022 Feb 14; doi: 10.3389/fphar.2021.815368

. Belinskaia, Daria A et al. “Psychotropic Drugs for the Management of Chronic Pain and

Itch.” Pharmaceuticals (Basel, Switzerland) vol. 12,2 99. 24 Jun. 2019,
doi:10.3390/ph12020099

Uniyal, Ankit et al. “Tozasertib Attenuates Neuropathic Pain by Interfering with Aurora
Kinase and KIF11 Mediated Nociception.” ACS chemical neuroscience vol. 12,11 (2021):
1948-1960. doi:10.1021/acschemneuro.1c00043

Stepanenko, Yulia D et al. “Dual action of amitriptyline on NMDA receptors: enhancement
of Ca-dependent desensitization and trapping channel block.” Scientific reports vol. 9,1
19454. 19 Dec. 2019, doi:10.1038/s41598-019-56072-z

These studies were carried out within the State assignment AAAA-A18-118012290427-7

and supported by RFBR grant 20-515-18008.
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PAIRED OPTOGENETIC STIMULATION OF MOUSE VISUAL CORTEX NEURONS
CAN CHANGE THEIR RESPONSE PROPERTIES

Smirnov I.V., Malyshev A.Yu.
Institute of Higher Nervous Activity and Neurophysiology RAS, Moscow, Russia
ivan.vas.smirnovi@gmail.com

Synaptic plasticity is an ability of synapses to change their strength over time. According to
the one of the most common paradigm of modern neurobiology, synaptic plasticity can play an
important role in processes of memory formation. However, most studies of cellular and molecular
mechanisms of synaptic plasticity are performed on simplified in vitro models, which does not
provide a complete picture of the role of these mechanisms in the functioning of the brain. In our
study, we investigate the role of synaptic plasticity in modifications of cellular responses in the
mouse primary visual cortex in vivo.

To assess the state of the synaptic inputs of the studied cell, we used visual stimulation,
presenting the moving vertical and horizontal bars to the animal. To characterize the neuronal
responses, we used orientation and direction selectivity indices.

In our study, we paired non-optimally oriented visual stimuli with optogenetics stimulation
of individual neurons of the layer V of the primary visual cortex in transgenic mice expressing
ChR2 under the Thy promoter. Neurons were recorded using juxtracellular technique. Optogenetic
stimulation of the recorded neuron was performed via optical fiber placed in the recording
microelectrode and connected to the blue LED. During the plasticity induction, 100 paired
stimulations were performed. Paired stimulation caused a change in the optimal orientation of the
studied neurons, which was expressed in an increase in the response to the reinforced orientation
and lasted at least one hour after pairing. In addition, we found that this paired stimulation can
change directional selectivity of the stimulated neurons.

This study was supported by the Russian Science Foundation (grant #20-15-00398).
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PATIENT-SPECIFIC MODELS OF PARKINSON'S DISEASE AS A PLATFORM FOR
STUDYING ABERRANT CALCIUM SIGNALING

Grekhnev D.A., Novikova Yu.V., Kruchinina A.A., Vigont V.A., Kaznacheyeva E.V.
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Impaired calcium signaling has been noted in various animal and cellular models of
neurodegenerative disorders, including Parkinson's disease (PD). Patient-specific models allow the
most accurate reproduction of the pathological phenotype of the patients and open new horizons in
studying neurodegenerative pathologies. Directed differentiation of stem cells makes it possible to
study molecular mechanisms underlying pathology on various types of cells, including the most
vulnerable for this particular disorder. Our research project was focused on the use of novel patient-
specific models of PD to study the alterations of calcium signaling and to identify molecular targets
for promising antiparkinsonian drugs. Here we used iPSC-derived dopaminergic neurons as the
most vulnerable cells in PD. More than 95% of neurons expressed a specific marker of
dopaminergic neurons, tyrosine hydroxylase, and were able to generate action potentials, which
indicated the functional maturity of the neurons. Using a patch-clamp technique we showed an
increased store-operated calcium entry (SOCE) in dopaminergic neurons with G2019S mutation in
the LRRK? gene. For detail studying the effect of G2019S mutation in LRRK2 on SOCE, we used
an isogenic system with the introduction of this mutation in LRRK? (into the second allele) and with
the correction of this mutation or with the knockout of the mutant allele. For cell lines carrying the
G2019S mutation in one or both alleles, we showed an increase in SOCE. Moreover, the SOCE
level did not vary for homo- and heterozygotes states of the mutant gene. At the same time,
dopaminergic neurons, both with the correction of this mutation and with the knockout of the
mutant allele, had no changes in the amplitude of SOCE compared with the neurons differentiated
from the healthy donors. The study was supported by a grant from the Ministry of Science and
Higher Education of Russia (Agreement No. 075-15-2021-1075, 28.09.2021).
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PHOTOPHARMACOLOGICAL AND OPTOSENSORIC ANALYSIS OF NEURONAL
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The photopharmacology and optosensorics represent novel tools for modulating and analysis
of neuronal activity in various experimental models. The photopharmacology is aimed at creating
and functional analysis of new photocontrolled compounds regulating the inhibitory activity of the
brain. The optosensorics is aimed at creating models for non-invasive monitoring of intracellular
ion concentrations using genetically encoded biosensors constructed on the basis of fluorescent
proteins.

Within the framework of photopharmacology, we analyzed the specificity of the action of
the compound Glyght which was recently demonstrated to modulate activity of glycine receptors in
photocontrolled manner. Glycine receptors belong to the family of Cys-loop transmembrane
proteins and provide inhibition in the spinal cord, retina, and in some parts of the brain. To find out
the effects of the Glyght on inhibitory GABA receptors, we performed experiments on hippocampal
neurons of mouse brain slices analyzing synaptic currents. It has been shown that Glyght does not
directly modulate the activity of GABA receptors. Our observations prove the high selectivity of the
action of a new photochrome on glycinergic synapses in the mammalian nervous system. Within the
framework of another area, optosensorics, we analyzed intracellular concentrations of chloride (ClI-)
and hydrogen (H+) ions in neurons of brain slices and presynaptic neuromuscular junctions of
transgenic mice expressing a fluorescent probe, ClopHensor, which allows simultaneous and non-
invasive registration of these ions concentrations. The effectiveness and reliability of ClopHensor
has been tested under various experimental conditions. We analyzed changes in ions during
depolarization caused by an increase in external potassium ions, as well as high-frequency synaptic
stimulation of Schaffer's collaterals of hippocampal slices. The results illuminate the various ways
of regulation of Cl- and H+ equilibrium in neurons and demonstrate that different transport systems
are involved in maintaining the homeostasis of these ions.

Supported by the RSF grant: 18-15-00313.
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PI-HELICAL ELEMENTS IN THE INNER HELICES OF SODIUM, POTASSIUM AND
TRP CHANNELS
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The rapidly increasing number of experimental 3D structures of sodium, calcium and TRP
channels, which belong to the super-family of P-loop channels, revealed an interesting previously
unrecognized feature. In some structures S6 transmembrane segments, which line the inner pore and
form the activation gate, are not entirely alpha-helical, but contain a pi-helical element. Since a pi-
helix has an additional residue per helical turn, it causes a ~90 degrees rotation of the helical C-part.
This drastically changes patterns of the helix contacts with other segments and the pore-bound
ligands. In some cases, appearance/disappearance of pi-helical elements is accompanied by
significant changes of the pore lumen dimensions suggesting that the pi-helical elements may
function as gating hinges in the channels, which lack the glycine hinge present in potassium
channels. Indeed, structures of the same channels in different states often differ by the presence or
absence of pi-helical elements. Moreover, there are examples when pi-helical elements appear or
disappear depending on the drug binding in the pore. The latter phenomenon should be taken into
consideration to rationalize intriguing peculiarities of action of sodium channels activators, e.g.,
batrachotoxin and veratridine and their channel-blocking derivatives, as well as the action of
dihydropyridine agonists and antagonists on calcium channels. The AlphaFold2 neural network also
predicts pi-helical elements in S6 helices of sodium, calcium and TRP channels. However, we do
not see a rule of appearance of the pi-helical elements and their patterns usually do not coincide
between the predicted and experimental structures. Likely, structures with and without pi-helical
elements have close energies and their appearance depends on various factors. These new features
of P-loop channels, which are of surmount importance in physiology, pathophysiology,

pharmacology and toxicology, require further studies.
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Alzheimer’s disease (AD) is an incurable form of dementia. The number of individuals
worldwide with AD is growing at a rapid rate. New treatments are urgently needed.

AD is characterized by synaptic dysfunction that leads to slowly progressing memory loss.
We have recently discovered a novel transient receptor potential canonical 6 (TRPC6)-mediated
intracellular signaling pathway that regulates the stability of dendritic spines and plays a role in
memory formation [1]. We assume that the positive modulators of TRPC6 may stabilize synaptic
contacts, thereby preventing memory loss.

We have previously shown that TRPC6 agonists exert beneficial effects in models of AD
and may serve as therapeutic agents for AD [1, 2]. In current study, we demonstrated that another
TRPC6 modulator, derivative of benzopyran, shows neuroprotective effects. We have observed that
treatment with 1 uM or 100 nM of benzopyran derivative recovers the percentage of mushroom
spines in the Ap42-treated group. We have also observed that 100 nM benzopyran derivative
completely rescued the long-term potentiation deficit in slices from 5XxFAD mice. Besides, it is
stable in mouse plasma for 4 hours and efficiently crosses the blood—brain barrier. Experimental
evidence suggests that benzopyran derivative is a potential lead molecule to prevent synapse
deficiency in AD hippocampal neurons.

The study was supported by Russian Science Foundation (Project No 20-75-10026).

1. Zhang, H, Sun, S., Wu, L., Pchitskaya, E., Zakharova, O., Fon Tacer, K., Bezprozvanny, I.
(2016). Store-Operated Calcium Channel Complex in Postsynaptic Spines: A New
Therapeutic Target for Alzheimer’s Disease Treatment. Journal of Neuroscience, 36(47),
11837-11850.

2. Popugaeva, E., Chernyuk, D., Zhang, H., Postnikova, T. Y., Pats, K., Fedorova, E., Poroikov,
V., Zaitsev, A. V., Bezprozvanny, I. (2019). Derivatives of Piperazines as Potential

Therapeutic Agents for Alzheimer’s Disease. Molecular Pharmacology, 95(4), 337-348.
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ACTIVITY OF CEREBELLAR PCS FROM SCA2-58Q TRANSGENIC MICE

Egorova PA.', Bezprozvanny LB.!?

1 - Peter the Great St. Petersburg Polytechnic University, St. Petersburg, Russia
2 - University of Texas Southwestern Medical Center, Dallas, TX, USA

bio_polya@mail.ru

The accurate firing of the cerebellar Purkinje cells (PCs) is crucial for the proper cerebellar
functioning. In our aging SCA2-58Q transgenic mice we previously observed the gradually
increasing portion of PCs with highly irregular bursting activity. Consistent with our preceding
results, in the current study we also observed that most of PCs from 7-8 months old WT mice (97 +
2%, n = 56 PCs) were firing tonically, whereas much less PCs from SCA2 mice of the same age
were having stable firing rates (75 + 4%, n = 119 PCs, **p < 0.01). Thus, every fourth SCA2-58Q
PC cell exhibited bursting activity patterns. We believe that highly irregular bursting activity
reflects the consequences of the ionic imbalance observed in SCA2 PCs leading to the motor
decline in SCA2 mice. Thus, the compounds that can convert bursting activity into the tonic mode
may have the potential therapeutic effect for SCA2 and other ataxias.

To investigate if positive allosteric modulators of SK channels can rescue the abnormal
firing of SCA2-58Q PCs, we performed the series of experiments with acute cerebellar slices from
7-8-month-old SCA2-58Q mice in the presence of the pan-SK channel modulator CHZ
(chlorzoxazone) and the selective SK2 modulators 20 and 2q developed by the group of Miao
Zhang. Application of 50 uM CHZ converted bursting SCA2-58Q PC to tonic firing pattern, and
also significantly decreased the firing frequency of the cell and improved the regularity of PC
activity. Application of 10 uM 2o converted bursting SCA2-58Q PC to tonic firing pattern too, and
significantly decreased the firing frequency of the cell and improved the regularity of PC activity as
well. Application of 10 uM 2q converted bursting SCA2-58Q PC to tonic firing pattern too, and
significantly decreased the firing frequency of the cell and improved the regularity of PC activity as
well. However, in 8 minutes after 2q application, the activity of the cell switched to the silent mode.
This may be explained by the higher potency of 2q compared to 2o0. Thus, with a similar
concentration of tested drugs, 2q compound causes more dramatic effect than 20 compound and
limits the firing activity of PCs. All together, these experiments suggested that activation of SK2
channels restores tonic firing of PC cells in aging SCA2 mice. Thus, the application of positive
allosteric modulators of SK channels results in a reliable increase in regularity of SCA2-58Q PC

firing pattern and hereby may have a potential therapeutic effect for SCA treatment.
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The molecular processes underlying light sensitivity and its regulation in gastropods remain
to be poorly understood. The retina of the camera-like eye of the Lymnaea stagnalis contains
numerous microvillar photoreceptors that provide high light sensitivity and spatial resolution of
vision. The retina itself receives efferent innervation, partly FMRF-amide-ergic one. Based on
evidence that FMRF-amide modulates the NO formation (Roszer et al., 2004) and immunochemical
detection of NO synthase (NOS) in the retina of Helix pomatia (Huang et al, 1997), we undertook a
search for NO-ergic mechanism in the eye of L. stagnalis. We looked for transcription of NOS
genes in the retina and assessed the effect of NO on electroretinogram (ERG).

To check the presence of NOS transcripts in the snail brain and eye, we extracted RNA and
carried out qPCR (primers were designed by Korneev et al., 2005). The transcription levels (TLs) of
2 NOS gene isoforms and antiNOS intergenic region were normalized to the Gapdh and calculated
using the 2ddCt method. Statistical analysis was performed using the one-way ANOVA with post-
hoc Tukey test (p < 0.05).

So, we determined the transcription of both NOS isoforms in the snail brain and eye, as well
as, antiNOS in these tissues. The NOSI and NOS2 TLs were significantly upregulated in the eye
compared to the brain. But, the antiNOS TLs were about the same in both samples.

In electrophysiological studies, a reversible inhibitory effect of the nitric oxide donor SNAP
0.1 mM on the ERG of an isolated snail’s eye was established. This effect developed within 30
minutes after the drug application and declined several hours after returning to saline. Although the
results obtained are preliminary, they suggest that NO is involved in the modulation of retinal
processes.

M.S. was granted by IKBFU to support the research work of graduate students.
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Introduction: Post-traumatic spike-wave discharges (SWDs) disrupt brain activity on
cellular and molecular levels and may be associated with epileptogenic mechanisms. Previously we
have shown an increased SWD occurrence in the neocortex 7 days after TBI in rats. We
hypothesised that formation of SWDs involves the cortico-thalamo-cortical neuronal network.

Materials and methods: The experiments were performed on 12 adult male Sprague-
Dawley rats divided into two groups: sham-operated (n=5) and TBI (n=7). Eight nichrome depth
electrodes were implanted into the sensory cortex, dorsal and ventral hippocampal dentate gyrus
(bilaterally) and thalamic right ventro-posterior-lateral nucleus (unilaterally). On day 7 after
electrode implantation lateral fluid percussion brain injury was performed (2.5 atm). Local field
potentials (LFP) were recorded 24 h/day during 7 days before and 7 days after TBI.

Results: The average number of SWDs per day increased after TBI (2 SWD/day before, 150
SWD/day after). After TBI, SWDs were recorded simultaneously in the neocortex and thalamus,
though this phenomenon was not observed before TBI. Post-traumatic discharges were different
from idiopathic ones according to several characteristics, in particular, higher proportions of
bilateral spreading, spike-waveform and thalamus involvement (p<<0.001). Presence of SWDs in the
thalamus was associated with their bilateral spreading in the cortex, spike-waveform of discharges
and the presence in the hippocampus (p<0.001). Based on SWD parameters we can determine
thalamic involvement and etiology with an accuracy of 82% and 75%, respctively.

Conclusion: Our results support the hypothesis that formation of post-traumatic SWDs
involves a cortico-thalamo-cortical neuronal network. The results can be used for further search of
molecular mechanisms associated with the occurrence of epileptiform activity and epileptogenesis.

Supported by RSF, grant Ne 22-25-00713
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The role of damaging factors in prenatal period as basis of drug addiction in offspring is of
great interest. Our investigation aims to study the effects and possible mechanisms of prenatal
hypoxia (PSH) on the vulnerability to nicotine addiction in adult rats. In PSH rats, we have revealed
an increased tendency to nicotine consumption in two-bottle choice test. After two weeks of chronic
treatment with nicotine (Alzet osmotic minipump, 9 mg/kg per day), we assessed the sights of
withdrawal in the conditioned place aversion test with mecamylamine in dose 1 mg/kg (antagonist
of nicotinic acetylcholine receptors, nAChR). We have shown that the mecamylamine-precipitated
withdrawal aversion is stronger in PSH group than in the Control group. So, PSH might be
considered as predisposing factor. PSH rats also demonstrated an increase in the proportion of
phosphorylated DARPP-32 protein (known as the relay for dopamine and glutamate signaling) at 34
threonine residue (pThr34DARPP-32) in relation to its total amount in the nucleus accumbens of
striatum (NAc), meanwhile changes in both content of dopamine in the mesolimbic pathway and
the first type of dopamine receptors (DAR1) in NAc were absent. Probably, increasing the DARPP-
32 phosphorylation rate in adult PSH rats is a consequence of overglutamate stimulation of the
ventral tegmental area (VTA) dopaminergic (DA) neurons, in response to nicotine activation of
presynaptic nAChR. This hypothesis is supported by observed increase in VGIuT2 positive
terminals to Nurrl positive neuronal bodies in VTA.

Thus, an altered glutamate phenotype might play significant role in the development of
PSH-related nicotine addiction.

Supported by RFBR grant Ne 19-315-90003.
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PROPAGATION OF CORTICAL SPREADING DEPRESSION IN SOMATOSENSORY
CORTEX OF RATS WITH PRENATAL HYPERHOMOCYSTEINEMIA

Gerasimova E.l’z, Enikeev D.R.l, Sitdikova G.F.!

1 - Kazan Federal University, Kazan, Russia
2 - Sirius University of Science and Technology, Sochi, Russia

gerasimova.el.2011@yandex.ru

Homocysteine (Hcy) is an endogenous redox active amino acid that is produced in the
metabolic cycle of methionine by a transmethylation reaction. Recent meta-analysis suggested a
possible link between elevated serum Hcy level and migraine, especially migraine with aura.
Cortical spreading depression (CSD) is a slowly propagating wave of transient neuronal and glial
depolarization evoked by elevation of extracellular K+ concentration and considered as an
electrophysiological correlate of aura. In this work, we evaluated CSD in the somatosensory cortex
of rats with prenatal hyperhomocysteinemia.

Experiments were performed on Wistar male rats (P40-60). Rats with prenatal
hyperhomocysteinemia (Hcy group) were born from females which received daily methionine (7.7
g/kg food) starting three weeks prior and during pregnancy. CSD was recorded from the primary
somatosensory cortex, S1, using 16-site linear silicon probes (Neuronexus technologies, MI) in
vivo. CSD was induced by KCI1 (1M) and was recorded during 2 hours. 2,3,5-triphenyltetrazolium
chloride (TTC) was used for identification of damaged tissue after electrophysiological experiment.

Topical two hours KCI application induced CSD generated in the supragranular layers
(L2/3), and then spreading to the granular (L4) and infragranular layers (L5/6). In control group we
observed from 1 to 34 CSD, whereas in Hcy group — 9 - 43 CSD. The amplitude of CSD was lower
and duration of CSD was longer in rats from HCY group. Recurrent CSDs in the control group
mainly generated in the supra granular and granular layers whereas in Hey group CSD propagated
mainly in granular and supragranular layers. Subsequent staining of brain slices with TTC revealed
the necrotic area of somatosensory cortex in rats from hHCY group.

Our data suggests that recurrent CSDs in rats with hyperhomocysteinemia induce metabolic
alteration with subsequent neuronal damage which suggests lower resistance of neuronal tissues to
depolarization.

This work was supported by the Russian Science Foundation (grant number 20-15-00100)
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Clinical trials show that intranasal insulin (I-I) is a promising drug for the treatment of
neurodegenerative and other brain diseases. But long-term administration of high-dose I-I may
result in the development of central insulin resistance. It seems of importance to reveal compouns
that can enhance the neuroprotective effect of insulin. These substances may include alpha-
tocopherol (a-T), the main component of vitamin E. Our aim was to study the protective and
antioxidant effects of insulin and a-T in vitro and in vivo. The ability of insulin and a-T to enhance
the protective effect of each other on cultured neurons in oxidative stress and the efficiency of co-
administration of I-I and a-T to normalize the metabolic disturbances caused by hyperactivation of
free radical reactions in brain cortex of rats with two-vessel forebrain ischemia/reperfusion injury
were investigated. Immunoblotting, flow cytometry, colorimetric and fluorometric techniques were
used in the study. For the first time o-T was shown to enhance markedly the neuroprotective,
antiapoptotic and antioxidant effects of insulin in brain cortical neurons in oxidative stress, these
effects being additive. At the late stages of oxidative stress, the combination of insulin and a-T
increased the Akt kinase, inhibited the GSK 3-beta and normalized the ERK1/2 activity in cortical
neurons to a greater extent than each protector alone. Two-vessel forebrain ischemia and subsequent
reperfusion increased lipid peroxidation product content and caused oxidative inactivation of
Na",K™-ATPase in the rat brain cortex. Co-administration of I-I (0.25 IU/rat) and o-T (orally, 50
mg/kg) to ischemic rats led to a more pronounced normalization of the Schiff bases, conjugated
dienes and trienes levels and the Na', K'-ATPase activity in the brain cortex than administration of
one of them. Further studies will show whether the combined use of I-I and a-T is able to prevent
neuropathy in ischemia and other brain injury.

Supported by funds from the Ministry of Science and Higher Education of Russian
Federation (NCME “Pavlovsky Center” No 075-15-2020-916).
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Visualization of neuronal activity in vivo is an urgent task in modern neurobiology. It could
give large amount of information about changes in neuronal connectivity in neurodegenerative
diseases and probably might show functional impairments at early stages of them. An original
approach that allowed obtaining neuronal activity in vivo in non-fixed animal Miniscope.

In current research, injection of gCamp6 virus were performed in hippocampus (AP -2.1,
ML +2.1, DV -1,8) of 5 month FVB mice and after 3 weeks GRIN-lens was attached above area of
interest. Changes in calcium levels was recorded by Miniscope v2 at mouse’s home cage.

Miniscope gives researchers an opportunity to determine different parameters of neuronal
activation of various brain regions with subsequent analysis, however, it is complex task. To
overcome this, a novel software package, performed on Python, was developed for high-level
metrics evaluation from processed data. It allows to calculate different statistics for neuronal
activation such as: burst rate (amount of single neuron activation in period of time), network spike
rate (quantity of active neurons in period of time), network spike peak (highest number of
simultaneously active neurons) and mean correlation (Pearson coefficient). Determination of the
active state of a neuron is performed based on derivatives of input signals after their preprocessing.
For this purpose, a threshold value is calculated based on statistics. A neuron is in an active state if
the derivative of its signal exceeds the threshold value.

This tool will provide possibility of high-level processing of miniscope imaged neuronal
data. In our future investigations, this quantitative metrics will find applications in comparisons of
hippocampal neuronal network activity in wild type mice and mice models of Alzheimer’s disease
in behavioral tests.

The work was supported by the strategic academic leadership program “Priority 2030 of
the Russian Federation (Agreement 75-15-2021-1333 30.09.2021 to SPbPU).
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Parkinson disease (PD) is characterized by the degeneration of dopaminergic neurons in the
substantia nigra pars compacta (SNc) and the presence of intracytoplasmatic inclusions known as
Lewy bodies. Rotenone destroys dopaminergic neurons and induces parkinsonian symptoms in rats.
A clinically-related animal model of Parkinson’s disease (PD) may enable the elucidation of the
etiology of the disease and assist the development of medications. We investigated the balance of
free radicals in brain different fractions (striatum, brain stem, neocortex, cerebellum & spinal chord)
and some tissues (liver, heart, timus) of rats in course of in vivo processing by rotenone, a clinically-
related animal model of Parkinson’s disease (PD). Chemiluminescence (ChL) levels were examine
in tissue assays on the 5™, 10™ and 15™ days after stereotaxical (ST) infusion of small doses of the
mitochondrial complex-I inhibitor, rotenone, into the right medial forebrain bandle area. The TBA-
test was also performed to confirm the free radical expression. The activity of superoxide dismutase
in isolated tissue fractions were detected by spectrophotometry. Five days after ST rotenone
administration, chemiluminescence levels of tissue homogenates significantly decreased in all
fractions except of striatum, while in 10™ and moreover in 15" days of rotenone intoxication the
level of ChL were elevated; lipid peroxidation also decreased in all fractions at5™ and 10™ days, but
there were no significant balance changes in the 15™ day of treatment. On the contrary, the activity
of superoxide dismutase was not shown any tendencies to change in all tissues, except of the
neocortex and liver. In the latter’s we observed the dramatically increased activity of the enzyme at

the 10™ day of rotenone injections.
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Parkinson’s disease and multiple sclerosis are not developmental disorders and modeling
these disease states in vitro is too complicated. More complex models containing multiple cell
types, and fully mature cells are used to better represent the disease progression, allowing for a
more suitable platform for development of potential therapies. Experiments in orbit on the
International Space Station (ISS) demonstrated changes in the composition of the extracellular
matrix, apoptosis, differentiation, and growth behavior of the cells. The effect of microgravity on
human brain organoids is a promising area of scientific interests because they may help understand
how neuronal systems adapt to microgravity. Moreover, they serve as a useful 3-dimensional human
model system to understand the biological processes involved in neurological disease and to
identify potential new treatment options. We have developed an active autonomous microfluidic
system for cell cultivation under conditions of high background radiation and microgravity, which is
capable of working aboard the ISS. Developed system corresponds to the 2U parameter (the volume
occupied by the system does not exceed 20 cm3). The unique structure of the device allows cell
cultivation for more than 30 days, while the flow generated by the system is in the range from 0 to
40 pl/hour The autonomy of the developed system allows it to be completely isolated from humans,
which can significantly reduce the amount of work carried out on the ISS, thereby reducing the
already costly space research. The developed system is a new step in the study of the development
of human pathologies, as well as in testing new drugs on models of human organs.

We have developed this system within The Russian Science Foundation, grant number: No

19-79-30062.
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Reverse transcription followed by quantitative polymerase chain reaction (qQRT-PCR) is a
powerful and commonly used tool for gene expression analysis. It requires the right choice of stably
expressed reference genes for accurate normalization. In this work, we aimed to select the optimal
reference genes for QqRT-PCR normalization within different rat brain areas at different stages of the
Li-pilocarpine model of acquired epilepsy. We have tested the expression stability of nine
housekeeping genes: Actb, Gapdh, B2m, Rpll3a, Sdha, Ppia, Hprtl, Pgkl,and Ywhaz. We have
developed set of original multiplex gPCR assays allowing to analyse expression of aforementioned
genes in 3 reactions. Designed assays demonstrate optimal efficiency and repeatability. Based on
geometric averaging of ranks obtained by four common algorithms (geNorm, NormFinder,
BestKeeper, Comparative Delta-Ct),we found that the stability of tested reference genes varied
significantly between different brain regions after pilocarpine induced status epilepticus and
depends on timing (3 days, 7 days in latent phase of the model, or 2 monts, i.e. chronic phase). Pgk!
and Ywhaz were the most stable, while B2m demonstrate the lowest stability in the analysed brain
areas. Gapdh expression was one of the most stable in the hippocampus, but it has low stability in
the medial prefrontal and temporal cortical areas, and amygdala. High reference gene stability were
detected in the medial prefrontal cortex, amygdala, and dorsal hippocampus, whereas in the ventral
hippocampus and temporal cortex 4-5 of 9 analysed genes were unstably expressed and
inappropriate for expression normalisation. Within the analysed brain regions, the stabilities of
tested reference gene expression were lower 3 days (early latent phase of the model), and especially
2 months after pilocarpine induced seizures compared to 7 day post-seizure rats.Thus, the reference
genes for RT-qPCR data normalisation in the rat Li-pilocarpine should be differentially selected
based on specific brain area and time after the induction of epileptogenesis.

Supported by Russian Science Foundation, grant Ne 20-75-00127.
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Introduction: Patients recovering after traumatic brain injury (TBI) are suffering from
memory loss, impared spatial sense and other late-onset complications. As a part of a large study of
remote effects of TBI and their mechanisms, we examined acute and remote behavioral changes in
rats after a lateral fluid-percussion brain injury in Barnes maze test.

Methods: The experiment was performed on 51 Sprague-Dawley rats divided into a control
group, TBI group and sham operation group. Rats from the TBI group received a lateral fluid-
percussion brain injury, while the sham-operation group was subjected to respective trepanation.
Experimental animals were subjected to a standard Barnes test to assess spatial memory in three
series of tests: Barnes 1 (learning, before craniotomy), Barnes 2 (acute period, days 6-8 after TBI)
and Barnes 3 (chronic period, 7 days long testing 3 months after TBI). On the 1st day of Barnes 3
test, the escape tunnel was moved for reversal learning.

Results: During the learning session all animals demonstrated steady decline of time to
tunnel location, indicating spatial learning, with no differences between groups. There were no
changes in behavior in the acute period of TBI. Three months after injury, rats in the TBI group
moved a larger cumulative distance than rats in the sham group (Barnes 3, days 1, 2 and 6, p<0.05).
Three months after TBI, rats from TBI group needed more time to escape maze in comparison with
sham (Barnes 3, days 1 and 2, p<0.05) and control groups (Barnes 3, day 2, p<0.05). No significant
changes in animal locomotor activity were observed.

Conclusion: Our results demonstrate impairments of spatial memory 3 months after TBI.
Slow development of cognitive impairment may be caused by glucocorticoid-dependent
hippocampal degeneration revealed in our previous studies.

Supported by RSF, grant Ne22-25-00713
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Functional interaction of the gastrointestinal tract (GI) and the central nervous system (CNS)
is due to various relationships, which includes autonomic and enteral nervous systems as well as the
immune and neuroendocrine systems. The microbiota of the macroorganism plays the central role in
this interaction. Microbiota produces hundreds of biologically active substances that have a
neurochemical effect through neuroendocrine, immune, and metabolic pathways. The microbiota
also synthesizes and releases products (neurotoxins, neurotransmitters, lipopolysaccharides,
amyloids, etc.) that can negatively affect the neurochemistry of the CNS, stimulating the
development of amyloidosis, synucleinopathies, and tauopathies, thereby promoting the
development and/or progression of neurodegenerative diseases. Metabolites produced by the altered
microflora are able to enter the bloodstream and possibly into the CNS, thereby disrupting its
functioning. Infections can play a significant role and even act as a cofactor in the induction of
neurodegenerative diseases. Disturbance of the functions of the GI can precede long before the
neurodegenerative processes. Early diagnosis, detection, monitoring, and treatment of negative
gastrointestinal symptoms, including normalization of the microbiota, can lead to a significant
improvement in the quality of life of patients with neurodegenerative diseases.

This work was supported by a state contract with the Federal Agency for Scientific
Organizations of Russia (project no. AAA-A18-118012290371-3)
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Introduction. Traumatic brain injury (TBI) pathogenesis is known to be mediated by
neuroinflammation and neurodegeneration. In the hippocampus, a selectively vulnerable area,
glucocorticoid receptors are highly expressed and regulate stress response. Acute and chronic
corticosterone (CS) elevations may be involved in early hippocampal damage after traumatic brain
injury (TBI) and further secondary neurodegeneration, a putative morphological substrate for late
TBI sequelae. In this study we aimed to evaluate CS-dependent morphological changes 3 months
after TBI.

Materials and methods. The study was performed on 51 male Sprague-Dawley rats,
divided into TBI, sham and control groups. TBI was modeled using lateral fluid percussion. CS
levels in blood were assessed by ELISA before craniotomy, on days 3, 7, and 3 months after TBI.
Anti-GFAP and anti-Ibal staining was used for the histological analysis. The average number of
microglial and astroglial cells was calculated in sections of the ipsilateral and contralateral
hippocampal dentate gyrus (DG), CA1 and CA3.

Results. CS was elevated on day 3 after TBI and predicted remote mortality. Three months
after TBI neuronal cell loss in the ipsilateral DG, bilateral thinning of hippocampal cell layers and
astrogliosis were revealed. Unexpectedly, no differences in the number of microglial cells between
hemispheres and groups were found. Acute CS elevation did not correlate with the hippocampal
damage. Blood CS 3 months after TBI negatively correlated with microglial cell density in CA1
ipsilaterally (p<0.017) and CA3 area bilaterally (p<0.02).

Conclusion. TBI leads to hippocampal damage evident after 3 months. Early CS elevation is
not directly associated with this damage. Blood CS levels during late posttraumatic period
negatively correlate with microglial cell density, presumably mediating anti-inflammatory effects in
survived rats.

Supported by RSF, grant Ne 22-25-00713.
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Accumulation of toxic species of amyloid AP peptide underlies pathogenesis of Alzheimer’s
disease (AD). While in the early onset familial forms of AD accelerated A accumulation in the
brain is caused by mutations in the amyloid precursor protein (APP) and presenilin genes, in the late
onset sporadic form it is most likely caused by a deficit in the systems of amyloid clearance. Apart
from various cellular (microglial and autophagic) and transport mechanisms (ApoE, transthyretin)
of AP clearance, there is a wide spectrum of proteolytic enzymes which cleave AB in various brain
regions. An endopeptidase neprilysin (NEP), degrading a variety of biologically active peptides, is
also a major AB-degrading enzyme. Deficit of NEP expression and activity was shown to lead to
accumulation of AP in the brain whereas up-regulation of its expression and enhancement of its
activity increases amyloid clearance and improves cognitive deficits caused by A toxicity. NEP
gene expression decreases in cortical brain structures with ageing and, also, after hypoxic and
ischemic insults which might predispose to AD development. Our studies have shown that the NEP
gene is regulated by the C-terminal fragment of APP (AICD) produced alongside AP in the
amyloidogenic pathway by B- and y-secretase APP cleavages. Binding of AICD to the NEP gene
promoter depends on chromatin folding regulated by histone deacetylases (HDACs). Inhibition of
HDAC: by trichostatin A or valproic acid (VA) results in increased occupancy of AICD on the NEP
promoter and upregulation of its expression. Following this regulation mechanism, we have
demonstrated that NEP upregulation can be achieved by a variety of pharmacological agents (VA,
tyrosine kinases and caspase inhibitors, nuclear retinoid X receptor agonists and an antioxidant
epigallocatechin gallate) both in cell and animal models which widens therapeutic avenues in
prevention and treatment of AD.

Supported: RFFI-19-015-00232, Russian state budget (assignment 075-00408-21-00).
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Serotonin 5-HT., receptor and brain-derived neurotrophic factor (BDNF) receptor TrkB are
broadly expressed in different brain regions where they are critically involved in regulation of
neuroplasticity in health and disease. Cross-talk between the BDNF and 5-HT., receptors was
demonstrated in the number of studies. At the same time, an exact mechanism of modulation of
BDNF system through 5-HT., receptors is still unknown. TrkB receptor may be one of the possible
targets for realization of this interaction. So, the aim of the present study was to examine whether 5-
HT.. and TrkB receptors are able to form heteroreceptor complexes both in vitro and in vivo.

Using co-transfection of N1E-115 cells with 5-HT.. and TrkB receptors followed by CO-IP
the presence of heteroreceptor complexes was shown. We analyzed the interaction between 5-HT.,
and TrkB receptors in living cells with a lux-FRET approach. The lux-FRET analysis revealed high
apparent FRET efficiency for 5-HT..R-mTurqouise2 and TrkB-YPet. Using CO-IP, we have
identified 5-HT.,-TrkB oligomeric complexes in the samples from the frontal cortex, hippocampus
and striatum of mice. As it was shown by immunohistochemistry, 5-HT., and TrkB receptors were
highly co-localized in all investigated brain regions. Nerve cells of dorsal hippocampus as well as
cortical and striatal cells are shown to be PLA-positive. The ratio of PLA signal to number of cells
was significantly higher in the hippocampal cells demonstrating prevalence of 5-HT..-TrkB
heteromeric complexes in this brain region compared to those in the frontal cortex (p<0.05) and
striatum (p<0.01).

Thus, we have shown for the first time that 5-HT., receptors can form heterodimers with
TrkB receptors both in vitro and in vivo. Obtained results indicate a new molecular mechanism that
could play an important role in the brain functioning.

The work supported by the Russian Foundation for Basic Research (#20-04-00253) and the
Basic Research Project (#0259-2021-0015).
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The sigma 1 receptor (S1R) is a 223 amino acid-long transmembrane endoplasmic reticulum
(ER) protein. Agonists of SIR demonstrated neuroprotective effects in variety of preclinical models
and there are several on-going clinical trials of SIR agonists in neurodegenerative disorders.
However, signaling functions of SIR are poorly understood. In our recent studies we tested the
hypothesis that biological activity of SIR in cells can be explained by its ability to interact with
cholesterol. By performing experiments in reduced reconstitution systems, we demonstrate direct
effects of cholesterol on SIR clustering. We identify a novel cholesterol-binding motif in the
transmembrane region of human S1R. Mutations of this motif impair association of recombinant
S1R with cholesterol beads, affect SIR clustering in vitro and disrupt S1R subcellular localization.
Further, we found that S1R agonists cause disruption of SIR clusters. Based on these results we
propose that SIR-cholesterol interactions enable the formation of cholesterol-enriched
microdomains in the ER membrane. We hypothesize that a number of secreted and signaling
proteins are recruited and retained in these microdomains. This hypothesis is consistent with the
results of an unbiased screen for S1R-interacting partners which we performed using the APEX
technology. We further propose that SIR agonists enable the disassembly of these cholesterol-
enriched microdomains and the release of accumulated proteins such as ion channels, signaling
receptors, and trophic factors from the ER. We also propose that these cholesterol-enriched
microdomains form the basis for formation of membrane contact sites between ER and other
subcellular organells such as mitochondria and plasma membrane.

Literature
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This study is devoted to fluorescent analysis of intracellular chloride (Cl") and pH in brain
slices of recently developed transgenic mice expressing biosensor of Cl"and H" ions (ClopHensor).
The effects of ions modulating the activity of Cl and H" transporters on the intracellular C1" and H"
transients were studied. We analyzed contribution of Ca2+, Na' and CI ions, and the effect of
GABA 4 receptors suppression.

High frequency synaptic stimulation and elevation of extracellular K (up to 20 mM) caused
an intracellular increase of both ions, C1" and H'. Upon application of bicuculline the mean
amplitude of synaptically induced CI influx decreased to 41.2+12.2% (n=7, p<0.01), pH transients
simultaneously increased by 90.7£17.4% (n=8, p<0.01). The mean Tgecay 0f CI transients was
354+4.2 s (n=9), that in 4.5 times shorter than the pH (157420.3 s, n=16).

Applying a Ca**-free ACSF did not change the base level of CI, but decreased pH by
0.09+£0.02 pH (n=8, p<0.01). After adding the “low-CI”” ACSF, a diminishing base level of CI" by
7.1£1.1 mM (p<0.05, n=5), synchronously with alkalization of neurons by 0.19+0.01 pH (p<0.05,
n=5) was observed. The pH transients induced by high K" concentration or by synaptic stimulation
in “low CI”” ACSF conditions increased by 2 and 5 times respectively, but Cl” transients were nearly
completely suppressed.

Changing the solution to a low-Na" ASCF reduced the intracellular CI" by 1.98+0.15 mM
(n=5, p<0.05) and H" by 0.08+0.01 pH (n=5, p<0.05). In low-Na" ASCF, responses to K -induced
depolarization were potentiated by more than 2 times for both ions.

Our observations demonstrate the efficiency of ChlopHensor transgenic mice for reliable
non-invasive monitoring of intracellular Cl" and pH in normal and pathological conditions.

Supported by the RSF Grant: 18-15-00313.
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In the last few decades, a micropipette has become an irreplaceable tool in cell physiology. It
has been widely used for local application of chemicals, rapid perfusion application, intra- and
extracellular perfusions and voltage measurements, whole cell and single channel current recording,
etc. Many breakthrough discoveries leading to a better understanding of cell physiology and cell
functions have been made using this tool. The functionality of this rather simple tool has been
dramatically expanded with miniaturisation of the pipette tip down to nanometre scale, and
invention of scanning ion conductance microscopy (SICM). SICM uses ion current flowing out of
the tip of a glass nanopipette (pipette with tip diameter about 100 nm) filled with electrolyte to
detect presence of a surface in a noncontact fashion. By scanning the sample in x-y plane and
moving the nanopipette up and down on the z-axis the SICM recreates 3D topography image of the
sample surface. We have shown that scanning nanopipettes are capable of reproducing 3D
topography of complex, soft, live biological samples such as neuronal networks at resolution better
than atomic force microscopy.

We have successfully combined scanning nanopipettes with principles of electrophysiology,
fluorescence microscopy, electrochemistry, electrophoresis, and electroosmosis to investigate single
channels and receptors in cellular membranes, to deliver biomolecules to precisely defined locations
in cell cultures, and to perform single cell analysis.

Mechanical properties of living cells determined by cytoskeletal elements play a crucial role
in a wide range of biological functions. SICM can been used for quantitative nanomechanical
mapping based on intrinsic force interactions between nanopipettes and samples. We have
demonstrated the application of SICM for nanomechanical mapping of living neuronal cells treated
with oligomers of amyloid beta to investigate the influence of protein misfolding on cellular
mechanisms of neurodegenerative disease progression.

Supported by the RSF Grant 20-14-00312.
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Neuronal activity may cause formation of DNA double-strand breaks (DSB), which
contributes to the regulation of gene expression. The absence of homologous recombination in
neurons suggests the existence of unusual repair mechanisms. In this work we explored the
possibility of RNA-dependent DNA repair in neurons. Using immunocytochemistry, we estimated
localization of some proteins, associated with DSB repair or RNA-dependent DNA synthesis, in
cultured rat hippocampal neurons. We visualized yH2X, a known DSB marker, RAD52, a
recombinase that binds a break site with a homologous template, and two LINE1 retrotransposon
proteins: ORF1p (RNA-binding chaperone) and ORF2p (endonuclease/reverse transcriptase).

RADS52 protein and its phosphorylated form p-RADS52 - cells with neuronal and glial
morphology both displayed RADS52 staining in the cytoplasm. Only cells with neuronal morphology
showed RADS52 localization in prominent nuclear clusters. Localization of RADS2 clusters was
usually mutually exclusive with the fluorescent signal of DAPI, meaning that RADS2 is
predominantly located in interchromatin and hyper-acetylated euchromatin zones. To test the
involvement of RADS52 in repair of artificially induced DSBs, etoposide (a topoisomerase II
inhibitor) was added to the cultures. Increased number of RADS52 nuclear clusters and increased
fluorescence intensity of RADS52 (30%, p=0.042) and p-RADS52 were observed under conditions of
DNA damage, suggesting an important role of RADS52 in DNA repair in neurons. These results are
consistent with the reported role of RADS2 in repair of transcriptionally active genes.

ORFIp was stained in the cytoplasm of the studied cells, while ORF2p was found in the
nuclei and the cytoplasm. Localization patterns of these proteins in neurons are different from
patterns reported for other cell types. This suggests that LINE1-encoded proteins may have specific
functions in neurons, possibly related to RNA-based DNA repair.

In conclusion, nuclear co-localization of RADS52 and ORF2p observed in some cells raises
the possibility of their cooperative activity in an RNA-dependent DNA-repair mechanism. These

preliminary results require further investigation.
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Glutamate (Glu) excitoxicity, caused by hyperstimulation of Glu ionotropic receptors and
subsequent Ca”" entry into neurons, is a key event in the pathophysiology of stroke and other CNS
diseases. When modeling brain processes in vitro, it is important to separate the contribution of glial
cells and neurons. The aim of this work is to study the effect of the culture cellular composition on
the [Ca*']; change under the action of toxic Glu concentrations.

Cell cultures were obtained from the newborn Wistar rats cerebral cortex and kept at 37°C,
100% humidity, and 5% CO, for 7-11 days in vitro. The glia cells proportion was regulated by
inhibiting astrocyte proliferation using Cytarabine (ara-C) (2 pm), added 48-72 hours after planting.
Fluorescence measurements were performed using a Nikon Ti-2 inverted fluorescence microscope
and a complex of multi-wave excitation and signal recording. [Ca®']; changes were recorded using
the Fura-FF indicator.

According to the literature [1], the Ca’" release from the endoplasmic reticulum under the
action of ATP on astrocytes purinergic receptors enables differentiate them in neuroglial culture.
Besides, adding of KCI opens potential-dependent Ca*" channels in neurons. We found that in
cultures without the ara-C addition the proportion of cells, rising [Ca®]; in respond to ATP
increased from 2-5% to 20%. The cultivation with ara-C increased the number of cells that respond
with the [Ca®"]; rise to KCI from 45 to 60%. The older the culture, the more sensitive the neurons
were to Glu. The gradual Glu receptors expression in neurons were shown in the literature [2].
Without ara-C the proportion of neurons, developing Delayed Calcium Dysregulation under the Glu
action, decreased, suggesting astrocytes protective effect. However, it is necessary to keep in mind
the toxic effect of ara-C itself.

Thus, the ATP addition enabled to determine astrocytes presence in culture when the KCl
action stimulates both cell types.

Literature:
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Lung cancer (LC) remains the leading cause of cancer mortality, but its early-stage diagnosis
still challenging, due to the lack of specific syndromes and a limited understanding of etiology.
Detection of specific volatile organic compounds (VOC) in the exhaled breath of patients enables
the introduction of adequate treatment without delay, which is key to improving survival. The
success of VOC-based diagnosis depends on the identification of chemical species that can serve as
biomarkers of LC. Here we examined the potential of calcium imaging in the rat olfactory bulb to
detect LC volatile fingerprints in exhaled air samples. Ten healthy nonsmoking volunteers (44+6
y.0.) were involved in the study. Two samples of exhaled air were collected into 10 L Tedlar
sampling bags from each volunteer: one control, the other, with LC biomarkers (cyclohexyl
isothiocyanate, benzene, 50 ppb) added. Two-photon calcium imaging of odor-evoked glomerular
activity was performed on 6-month-old male Rattus norvegicus rats. We employed a deep learning-
based method using a convolution neural network (CNN) with triplet loss and metrical
classification as core methods for decoding the patterns of glomerular maps to determine
biomarkers in air samples. To obtain a sufficient training dataset, we generated datasets of artificial
glomerular activity maps based on empirically observed qualities inherent to experimentally
obtained olfactory activity maps. Triplet loss-based CNN classification method with pretraining on
synthetic dataset turned out to be appropriate to detect biomarkers in human breath with accuracy
up to 81 %. These results suggest that detection of specific biomarkers by analysis of patterns of
calcium activity, evoked by human exhaled air in rat olfactory bulb, may potentially identify
patients with LC and could be regarded as a new promising approach for early LC detection.

Supported by the Russian Science Foundation, grant # 22-25-00683 for the Southern Federal
University, https://rscf.ru/project/22-25-00683/
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Spinal cord injury (SCI) is associated with the generation of reactive oxygen species (ROS)
and oxidative damage caused by oxygen free radicals. Within the first minutes and hours after
injury, a number of sources of the primordial free radical superoxide (O2 ¢-) may be active in the
injured spinal cord. NADPH oxidase (NOX) is a multisubunit enzyme that catalyzes the reduction
of molecular oxygen to produce superoxide using NADH or NADPH as the electron donor. NOX
and ROS are age-related mediators of SCI pathophysiology, and normally protective M2
macrophages may potentiate secondary injury in the aged injured spinal cord via ROS generation.
We isolated and purified for the first time the stable superoxide producing associate of NOX with
NADPH containing lipoprotein of Stevia leaves cell membranes. According to preliminary findings,
the NADPH-containing lipoprotein biomembrane of both animal and plant origin is a cofactor for
NOX located on the same membranes. Traditional and herbal therapies are gradually gaining
popularity and molecules found in plants have been shown to be antioxidant in nature. We used
Armenian Stevia rebaudiana, which is high in diterpene glycosides, extractive substances, and
beneficial macro-microelements (K, Ca, Mg, Zn, Fe, Cu). We discovered that Stevia rebaudiana
reduced ROS production in the spinal cord and improved functional recovery after SCI. Stevia
rebaudiana was found to prevent increased ROS production in the spinal cord and improve
functional recovery following hemisection of spinal cord in rats.

This work was supported by the State Committee of Science RA (Research project 19YR-
1F010).
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Neurodegeneration is characterized by progressive loss of structure and/or function of
neuronal cells. Mitochondrial dysfunction and oxidative stress have been shown to contribute to the
pathogenesis of neurodegenerative disorders, including Alzheimer’s disease (AD). AD is the most
common cause of dementia in the elderly and is characterized by the accumulation of
neurofibrillary tangles and amyloid plaques in the brain, resulting in neuronal and synaptic
dysfunction. Buildup of amyloid peptides (AP), a major component of amyloid plaques, can
adversely affect mitochondria and promote metabolic dysfunction, thereby implicating
mitochondria in AD pathogenesis. A big step towards understanding AD will be the study of
oxidation stress processes of living single cells. Today, this is quite difficult to do due to the lack of
simple and low-invasive measurement methods. In this work, we studied the effect of fluorescently
labeled amyloid AB42 on single neuronal cells using low-invasive Pt-nanoelectrodes.

First, we prepared a series of quartz nanocapillaries, which were modified with pyrolytic
carbon and platinum to increase the catalytic activity of the sensor. It was used to measure
intracellular ROS level in single SH-SYS5Y (neuroblastoma) cells treated by FAM-labelled AB42.
We noticed that cells with formed amyloid aggregates had higher level of ROS (35 + 4 uM)
compared with cells without formed aggregates, which are shown oxidative stress too (13 + 3 pM).
Untreated cells were used as a control (7 = 1 uM). Thus, for the first time, intracellular levels of
ROS were electrochemically measured in single neuronal cells treated with beta-amyloid.

This work was supported by the Russian Science Foundation, Ne 19-79-30062
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The dopamine system directly affects the formation of alcohol abuse, as it is part of the
system of reward. Dysregulation of the mesolimbic part of the dopamine system is a risk factor for
increased alcohol consumption (Engel J.A., Jerlhag E. 2014). The role of dopamine in the formation
of alcohol preference may be associated with general changes in catecholamine metabolism.
Tyrosine hydroxylase (TH) is the main enzyme in catecholamine biosynthesis.

We used male heterozygous knockout rats for the gene encoding the DAT transporter with
increased levels of extracellular dopamine (DAT-HET, n=15), and male Wistar rats (n=8).

For study the localization of dopaminergic neurons in the nucleus accumbens area (nAcc),
the immunohistochemical (IHC) method of TH localization was used.

We performed free alcoholization for 4 months. The experimental DAT-HET and Wistar
groups got water and 10% ethanol solution as a drinking solution, the control group of DAT-HET
rats got only water.

Analysis of the results of the alcohol solution drunk at the end of the experiment showed a
wide variation in its level of consumption. Therefore, the animals were divided according to the
amount of alcohol solution drunk. The sign (+) are rats drinking solution higher than the group
average, the sign (-) are rats with low level of alcohol solution intake.

Differences were found in the amount of TH in the nAcc area: DAT-HET(+) (p=0.004) and
DAT-HET(-) rats had lower tyrosine hydroxylase levels than the DAT-HET control group
(p=0.0003). DAT-HET(-) rats had lower TH levels compared to Wistar(-) rats (p=0.004). The
findings may suggest that the mechanism of the dopamine reward system in DAT-HET rats is not

the main mechanism in the formation of alcohol preference.
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NMDA receptors (NMDAR) play a primary role in neuropathic pain pathogenesis. However,
direct blocking of NMDAR leading to pain relief has a number of negative side effects and is
poorly tolerated by patients. The sodium-calcium exchanger (NCX) is involved in the process of
calcium-dependent desensitization of NMDAR and is considered by us as a target for indirect action
on NMDAR to achieve an analgesic effect in diabetic neuropathy.

The aim is to study the possibility of using selective NCX blockers for the development of
effective and safe analgesic therapy using KB-R7943 as example.

Methods. Behavioral tests Randall-Selitto and Cold plate, ECG. The experiments were
carried out on 4-month male Wistar rats; type 1 diabetes mellitus (DM 1) was induced by STZ; study
drugs were administered perorally at 10 mg/kg dose for 7 days; for comparison, amitriptyline
(ATL), the first-line antidepressant for neuropathic pain relief, was used.

Results. The Randall-Selitto and Cold plate tests found an increase in pain threshold in
DM1 animals and a comparable analgesic effect after KB-R7943 and ATL therapies.

ECG registration was performed in 55 animals divided into the following 6 groups: DM1
(n=28), two of which were administered ATL (n=9), KB-R7943 (n=9); and 3 groups of healthy rats
(n=27), two of which received study drugs (n=7 and n=9, respectively).

Analysis of ECG parameters confirmed complications in the DM1 group: an increase in the
duration of intervals QT by 18%, RR by 15%, RT by 37%, and RTc by 31% with a decrease in the
average heart rate by 11%.

After administration of ATL to healthy rats, a significant increase in RTc interval by 28%
was found. In DM1 group, the negative ATL impact worsened: S-wave increased by 2.1 times, RT
interval by 24%, the area under the T-wave to the peak by 2.4 times, the area under T-tooth by 2.06
times.

KB-R7943 administration to both healthy and DMI1 animals had no effect on ECG

parameters and heart rate variability, which indicates the absence of side effects on the
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cardiovascular system in it using.
Conclusion. The development of pain therapy based on selective NCX blockers is
promising.

RFBR grant 20-515-18008, NSFB Grant KII-06-Rusia 25/16.12.2020.

STUDYING AMYLOID AGGREGATES FORMATION ON LIVING CELL SURFACE BY
SCANNING ION-CONDUCTANCE MICROSCOPY
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Formation of toxic protein aggregates that cause dysfunction and death of neuron cells is a
main reason of neurodegenerative diseases such as Alzheimer's disease (AD). Neurodegeneration is
preceded by synaptic disorders connected with alterations in the membrane ionic conductivity of
neuronal cells. It has been demonstrated that receptor-mediated toxicity and disruption of ion
channel induce subsequent stages of the pathogenic cascade, such as pathology of tau proteins and
neuroinflammation in AD. Also, influence of amyloid aggregates on the cytoskeleton and
consequently on the mechanical properties due to the activation of the kinases LIMK1, p38MAPK,
CAMKII, Rho/Cdc42 GTPases is widely supported. It’s possible to characterize such alterations of
local mechanical properties qualitatively and quantitatively by using scanning ion-conductance
microscopy (SICM).

Recently we have demonstrated [Kolmogorov et al., Nanoscale, 2021] the possibility of
correlative topography and Young’s modulus mapping with simulations of confocal visualization of
living cells by SICM. In this work novel technique was used to observe formation of fluorescently
labelled amyloid aggregates on living SH-SYS5Y cells. We showed that aggregation of f-amyloid
preceded by dramatic increase of Young’s modulus on whole cell and local decrease of it on
aggregation area specifically. Confocal visualization confirmed pore-like aggregation and local
disruption of lipid membrane at this specific area. Moreover, this technique allowed to perform
Patch-Clamp recording on living cell with evidently formed B-amyloid aggregate and observe

reduced membrane potential. Thus, SICM may be successfully used for multimodal studying
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cytotoxicity mechanisms of B-amyloid aggregates on living cells.
This research was funded by The Russian Science Foundation, grant number Ne 19-79-

300062.

SUSCEPTIBILITY OF SOMATOSENSORY CORTEX TO CORTICAL SPREADING
DEPRESSION AND EXCITABILITY OF TRIGEMINAL AFFERENTS OF RATS WITH
PRENATAL HYPERHOMOCYSTEINEMIA

Sitdikova G.F.l, Gerasimova E.V.l’z, Koroleva K.S.l, Ermakova E.V.!

1 - Kazan Federal University, Kazan, Russia
2 - Neuroscience Program, Sirius University, Sochi, Russia

sitdikovaguzel@gmail.com

Homocysteine is a sulfur-containing amino acid produced in the metabolic cycle of
methionine, and demonstrated neurotoxic effects in high concentrations. Elevated level of
homocysteine level in prenatal period induces developmental disorders and different neurological
pathologies in postnatal life. Population data indicate that a high homocysteine level
(hyperhomocysteinemia, hHCY) in plasma or cerebrospinal fluid is associated with a risk factor for
migraine headaches. However, there is no experimental evidence for the involvement of this amino
acid in the pathogenesis of migraine. Cortical spreading depression (CSD) is considered to be
electrophysiological correlate of migraine with aura which frequency is associated with hHCY. The
aim of our study was to analyze in the development of CSD in the somatosensory cortex of rats in
vivo and the excitability of peripheral afferents of the trigeminal nerve and trigeminal ganglion
neurons in vitro in rats with prenatal hHCY. We also analyzed anxiety levels, photophobia, and
mechanical sensitivity in rats with prenatal hHCY. Our results demonstrated higher susceptibility of
somatosensory cortex of rats with hHCY to generation of CSD evoked by KCl and higher rate of
CSD propagation. The background neuronal activity and burst of MUA at the onset of CSD was
higher in rats with hHCY. Rat with hHCY showed mechanical allodynia, photophobia and anxiety
which also typical for patients suffering from migraine attacks. Analysis of the electrical activity of
the trigeminal nerve and the intrinsic properties of trigeminal ganglion neurons revealed higher
excitability of the peripheral afferents innervating the meninges, which nociceptive firing underlies
headache pain. In conclusion our data provide experimental evidence of causal link between
elevated level of homocysteine in plasms and high risk of migraine attacks.

This work was supported by the Russian Science Foundation (grant number 20-15-00100)
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SYNAPTIC VESICLE ENDOCYTOSIS IN MOTOR NERVE ENDINGS OF FUS
TRANSGENIC MICE WITH MODEL OF AMYOTROPHIC LATERAL SCLEROSIS

Grigoryev P.N., Zefirov A.L., Mukhamedyarov M.A.

Kazan State Medical University, Kazan, Russia
grigorievp@yahoo.com

The transmitter release and synaptic vesicle endocytosis were investigated by
microelectrode intracellular recording of postsynaptic potentials and fluorescent confocal
microscopy at mouse diaphragm motor nerve endings of transgenic mice with a model of
amyotrophic lateral sclerosis. Transgenic FUS1-513 mice with ectopic neurospecific expression of
the shortened human FUS gene on a CD1 genetic background (FUS-mouse) at the age of 40-60
days (an early presymptomatic stage of the disease) were used. Wild-type mice (WT mice) of the
same age were used as controls. End-plate potentials (EPP) and miniature EPP were recorded by
glass intracellular microelectrodes. The fluorescent dye FM 1-43 (6 mkM) to investigate synaptic
vesicle endocytosis was used. Quantal content of EPP under stimulation of the motor nerve in
transgenic FUS mice was lower than in WT mice. High-frequency stimulation (50 Hz) of the motor
nerve in the presence of FM 1-43 lead to the dye loading into nerve endings by synaptic vesicle
endocytosis. The fluorescent dye loading in transgenic FUS mice was reduced than in WT mice as
the same stimulation time was used. But FM 1-43 loading was not significantly different in the case
of usage of the different stimulation times in transgenic FUS and WT mice at which the
approximately equal number of neurotransmitter quanta were released. Obtained data may indicate
that synaptic vesicle exo-endocytosis intensity was decreased but the average synaptic vesicle
recycling time was not greatly changed in FUS transgenic mice at an early presymptomatic stage of
the disease.

The study was supported by RSF project 19-15-00329 and RFBR project Ne 20-015-00507.
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THE ALLOSTERIC AGONISTS AND ANTAGONISTS OF THYROID-STIMULATING
HORMONE RECEPTOR AND THEIR EFFECT ON THYROLIBERIN-STIMULATED
THYROID HORMONES PRODUCTION

Fokina E.A.l, Derkach K.V.l, Bakhtyukov A.A.l, Sorokoumov V.N.l’z, Zakharova I.O.l,
Stepochkina A.M.", Shpakov A.O.!
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The thyroid-stimulating hormone (TSH) is the key regulator of the hypothalamic-pituitary-
thyroid axis. In thyroid, TSH binds to G¢/Gq protein-coupled TSH receptor (TSHR) and stimulates
the production of thyroid hormones. The development of specific agonists and antagonists of TSHR
is an important approach to treat thyroid diseases, and the greatest interest among them are
thieno[2,3-d]-pyrimidine-based allosteric TSHR regulators. The purpose of the study was to
synthesize and study the biological activity of thieno[2,3-d]-pyrimidine derivatives with the activity
of full and inverse agonists and neutral antagonists of TSHR. We synthesized three new compounds,
such as 5-amino-N-(tert-butyl)-4-(4-iodophenyl)-2-(methylthio)thieno[2,3-d]-pyrimidine-6-
carboxamide (1), 5-amino-N-(tert-butyl)-4-(4-(3-methoxyprop-1-yne-1-yl)phenyl)-2-
(methylthio)thieno[2,3-d]-pyrimidine-6-carboxamide (2) and ethyl-2-(4-(4-(5-amino-6-(fert-
butylcarbamoyl)-2-(methylthio)thieno[2,3-d]-pyrimidine-4-yl) phenyl)-/H-1,2,3-triazol-1-yl)acetate
(3). Compounds 1 and 2 inhibited the TSH-stimulated synthesis of thyroid hormones in cultured
FRTL-5 cells. Their administration to rats (15 mg/kg, i.p.) reduced thyroliberin-stimulated levels of
thyroid hormones. In thyroid, compounds 1 and 2 inhibited the thyroliberin-stimulated expression
of the Tg, TPO and Dio2 genes encoding thyroglobulin, thyroperoxidase and D2-deiodinase.
Compound 1 reduced the unstimulated level of thyroid hormones in FRTL-5 cells. In rats,
compound 3 (15 mg/kg, i.p.) increased the plasma thyroid hormones level and thyroid expression of
Tg, TPO and Dio2 genes. Compound 3 increased the thyroliberin-stimulated production of thyroid
hormones and the TPO and Dio2 expression. Thus, we have developed new TSHR regulators with
the activity of full agonist/positive modulator (3), inverse agonist (1), and neutral antagonist (2),
which can be used to treat thyroid diseases.

This work was supported by the Russian Science Foundation (No. 19-75-20122).
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THE EFFECT OF INHIBITION OF WATER CHANNEL AQP4 ON NIGROSTRIATAL
NEURODEGENERATION UNDER BASAL CONDITIONS AND IN RAT MODEL OF
PARKINSON’S DISEASE

Lapshina K.V., Abramova Yu.Yu., Guzeev M.A., Ekimova L. V.
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Sciences, St. Petersburg, Russia
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The glymphatic system provides the elimination of metabolites (particularly amyloid
proteins) from the brain and its dysfunction can contribute to the progression of neurodegenerative
diseases, including Parkinson's disease (PD). Water channel aquaporin 4 (AQP4) is a very important
component of this mechanism. Our study was aimed to evaluate the effect of AQP4 inhibition on
the development of neurodegeneration in the nigrostriatal system and motor functions under basal
conditions and in the model of the preclinical stage of PD.

The experiments were carried out on male Wistar rats. AQP4 was inhibited using the
inhibitor TGN-020 injected into the lateral ventricle of the brain. The model of the preclinical stage
of PD was reproduced using the proteasome inhibitor lactacystin (LC) injected bilaterally into the
SNpc. To assess the neurodegenerative changes and motor impairment the immuhistochemical
methods and behavioral tests were applied.

We found that TGN-020 alone can induce dose-dependent neuronal death in SNpc. For use
in further experiments we chose the dose which did not evoke significant neurodegeneration. The
LC-induced model of PD was characterized by a loss of 20-30% of neurons in the SNpc in absence
of motor disturbances. The pretreatment with TGN-020 increased the loss of SNpc neurons and
their axons in the dorsal striatum by 1.6 times, led to a decrease in the level of tyrosine hydroxylase
in SNpc neurons and caused motor dysfunction. Thus, the inhibition of AQP4 is able to evoke the
more pronounced neurodegeneration and the appearance of motor dysfunctions in the model of PD.
These patterns may reflect the transition of the preclinical stage of PD to the early clinical, and we
suppose that Aqp4 can play an important role in the molecular mechanisms protecting brain
functions from neurotoxic factors.

The study was supported by the RSF grant Ne 22-25-00607
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THE MECHANISMS OF HIPPOCAMPAL SUSCEPTIBILITY TO HYPOXIA
Rybnikova E., Vetrovoy O.
Pavlov Institute of Physiology RAS, St. Petersburg, Russia
rybnikovaea@infran.ru

Hippocampus is known to be one of the most susceptible to hypoxic/ischemic damage brain
regions. The mechanisms underlying selective vulnerability include glutamate excitotoxicity,
hypermetabolism, calcium overload, mitochondrial zinc accumulation, glucocorticoid toxicity and
neuroinflammation. Herein, we briefly summarize own contribution to dissecting of molecular basis
of hippocampal vulnerability to hypoxia. We have been studied injurious effects of severe hypobaric
hypoxia on brain neurons and demonstrated that greatest neuronal injury following hypoxia was
observed in the hippocampal CAl field. In an attempt to uncover possible mechanisms, we studied
comparatively the patterns of expression and activity of the important regulatory molecules. The
selective vulnerability of hippocampus, in particular CAl field, in hypoxic conditions was
accompanied by greater JNKI1/2 activation, delayed up-regulation of c-jun mRNA and
posphorylation of c-Jun, modified pattern of ngfi-a expression, down-regulation of Bcl-xL, changes
in gluco-/mineralocorticoid receptors ratio. The pyramid neurons of CA1 had lowest basal levels of
neurotrophin BDNF, more than twice lower than the granular cells of dentate gyrus. Studying
hypoxia-inducible factor HIF-1 as a master regulator of pro-adaptive cellular response to hypoxic
challenge, we found that the hippocampus differed from the neocortex by delayed (at 72 hours) or
persistent (up to 72 hours) activation of hypoxia-inducible factor Aif-/a gene and protein expression
in response to severe hypoxia. Recently we have demonstrated that pharmacological inhibition of
HIF-1 by a topotecan hydrochloride prevents neuronal apoptosis caused by severe hypoxia in
hippocampus. These findings contradict the established theory about the pro-adaptive role of HIF-1
after hypoxia and confirm the hypothesis of its possible dual roles. HIF-1 inhibits expression and
activity of pentose phosphate pathway enzymes necessary to maintain the antioxidant defenses, and
down-regulates NRF2. This leads to decrease in NADPH and glutathione levels, promoting
oxidative stress and triggering delayed neuronal loss. Supported by the Russian Science Foundation

(grant Ne 22-25-00781).
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THE NRF-2 ACTIVATOR PROTECTS CELLS WITH A MUTATION IN THE PINK1
GENE FROM THE ACUTE TOXIC EFFECTS OF HYDROGEN PEROXIDE

Kritskaya K.A., Fedotova E.I., Berezhnov A.V.

Institute of Cell Biophysics, Russian Academy of Sciences, Puschino, Russia
kritskayak96@yandex.ru

Parkinson's disease (PD) is one of the most common neurodegenerative diseases,
accompanied by the death of neurons of the substantia nigra and the development of oxidative
stress. Strategies for the treatment of oxidative stress with direct-acting antioxidants have not shown
a significant effect in clinical studies of PD, and therefore it becomes urgent to search for the new
protective effects that affect the antioxidant system of the cell. One of such approaches is an
activation of Nrf-2 signaling pathway involved in transcription of genes of antioxidant response
system of the cell.

To assess the viability of fibroblasts with a mutation in the gene encoding PINKI1
(Homozygous p. Try90Leufsx12) obtained from a donor with established PD, the method of double
staining (Hoechst 33342 — Propidium lodide) was used. It was shown that under normal conditions,
the viability of fibroblasts with PINK1 mutation does not differ from control cells, but under stress
conditions (with the 24-h application of H,O, 250 uM), a significant decrease in the viability of
fibroblasts with PINK1 mutation was found by 51.3% compared to control cells. Preliminary 24-
hour incubation of cells with 50 nM of Nrf-2 activator RTA-408 increased the viability of
fibroblasts with PINK1 mutation under stress conditions with hydrogen peroxide to the control level
in cells without mutation.

The rate of ROS production was measured with H2DCF fluorescent probe. It was found that
under normal conditions, the rate of ROS production in fibroblasts with PINKI1 mutation is
significantly (1.4 times) higher than in control. 24-hour preincubation of cells with 50 nM RTA-408
reduced the rate of ROS production in PINK1 cells to the level of control cells without mutation.
Thus, activation of Nrf2 reduces the ROS-production and protects cells with PINK1 mutation under
acute stress induced with H,O».

The work was supported by the FEBS Summer Fellowship.
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THE ROLE OF THE AUTOIMMUNE INFLAMMATION IN NEURONAL TISSUE IN
DRUG-RESISTANT EPILEPSY
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Temporal lobe epilepsy is considered to be the heaviest form of epilepsy, which cannot be
treated by anticonvulsant drugs. It is known that inflammation play an important role in the epilepsy
progression. Resistance to anticonvulsant drugs may be caused by neuroinflammation and
autoimmunity, that damage AMPA and NMDA receptors.

Our aim was to identify autoimmune markers in blood and brain temporal cortex in patients
with drug-resistant epilepsy.

We studied blood samples and biopsies of the brain temporal lobe in 80 patients with drug-
resistant epilepsy. In the blood, anti-GAD, anti-GABA-R, anti-GRIN2A and anti-GLU
concentrations were determined (ELISA). VEGF, CD45, CD3, CDS8 expressions were determined in
the brain biopsies (immunohistochemistry).

In the group of patients with drug-resistant epilepsy pronounced expression of VEGF was
observed in the cytoplasm of endotheliocyte (p<0.001). The densitometric density of cells
expressing VEGF was 0.41+0.01, versus 0.19+0.02 in control group. The total leukocyte antigen
CD45 showed the presence of an inflammatory process in brain tissues present in all studied cases.
CD3 (T-lymphocytes) expression was determined in 65% cases, CD8 (T-killers) - in 20%.

A slight decrease in the titer of autoantibodies to glutamate was recorded in our patients. A
significant increase in the titer anti-NMDA was revealed compared with the control group. No
difference was found in the titer of autoantibodies to GAD and GABA receptors.

Expressed VEGF promotes the mobilization of inflammatory cells to the site of injury. T-
lymphocytes, including T-killers, play the main role in lymphocytic infiltration. Autoimmune T-
lymphocytes spontaneously form in the immune system can penetrate through the damaged blood-
brain barrier and deposited intensively in the brain. T-lymphocytes, or other immunocompetent cells
provoke the expression of autoantibodies, which can have a direct proepileptogenic effect, or
participate in the drug resistance development.

This research was funded by Russian Foundation for Basic Research (RFBR), grant Ne 20-
015-00127.
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TACHYPHYLAXIS OF THE ACID-SENSING ION CHANNEL ASIC1A
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Tachyphylaxis is a form of desensitization when the progressive decrease in response is seen
after repetitive administration of a pharmacologically or physiologically active substance. This
phenomenon is known for different types of ion channels but is poorly understood. Here we studied
the tachyphylaxis in ASIC1a, the member of the proton-activated channels of the ASIC family. We
made whole cell patch-clamp recordings from CHO cells, expressing rat ASICla homomeric
channels. Previously tachyphylaxis of ASICla channels was considered slow desensitization, but
here we demonstrated for the first time a partial reversibility of this effect. We have shown that slow
(tachyphylaxis), acute and steady-state desensitization are independent processes and that slow
desensitization occurs only when ASICla is in the open state. Also, we analyzed different factors
affecting ASICla, such as potentiating or inhibiting drugs and pH conditions and have revealed a
correlation between effects on ASICla response amplitude and the development of slow
desensitization. Thus, tachyphylaxis is an important specific feature of homomeric ASICla
channels and its characteristics, modulation, mechanisms and physiological significance deserve
attention in further studies.

The work was supported by Russian Science Foundation grant 21-14-00280.

TAURINE PROTECTS AGAINST ALCOHOL-INDUCED STRUCTURAL CHANGES IN
THE HIPPOCAMPUS IN RATS

Danielyan M.H., Karapetyan K.V., Nebogova K.A., Khachatryan V.P.

Orbeli Institute of Physiology NAS RA, Yerevan, Armenia
margaritadanielyan@rambler.ru

Hippocampal neurons have selective sensitivity to acute and chronic alcohol intoxication.
This study aims at investigating the effect of the biologically active substance Taurine on the
cellular structures of the hippocampus after alcohol intoxication. Chronic alcohol consumption
resulted in reductions and changes in neuron number, volume, and size in the hippocampus.
Degenerative changes in pyramidal cells with poorly visible processes, swollen granule cells of the

dentate gyrus, and a decrease in hippocampal neuronal density were observed. Positive changes in
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neuronal structure and an increase in phosphatase activity (increased metabolism) were observed in
Taurine-treated rats' hippocampus. The findings suggest that Taurine has a neuroprotective effect on

cellular structures in the rat hippocampus.

THE MECHANISM OF BRAIN-DERIVED NEUROTROPHIC FACTOR PRODOMAIN-
INDUCED NEGATIVE REGULATION OF QUANTALACETYLCHOLINE RELEASE IN
MAMMALIAN MATURE NEUROMUSCULAR SYNAPSES

Gaydukov A.E., Molchanova A.I., Alexashina S.V., Balezina O.P.

Lomonosov Moscow State University, Moscow, Russia
gaydukov@gmail.com

The effects of brain-derived neurotrophic factor (BDNF) processing by-product BDNF
prodomain on the activity of mature neuromuscular junctions (NMlJs) were studied in synapses of
the mouse diaphragm.

The parameters of spontaneous miniature endplate potentials (MEPPs) and evoked endplate
potentials (EPPs) were analyzed in presence of BDNF prodomain (I nM). BDNF prodomain
suppressed both spontaneous and evoked acetylcholine (Ach) release: decreased the frequency and
amplitude of MEPPs, and the amplitude and quantal content of EPPs.

Inhibition of Rho-GDI-associated p75 receptor signaling with TAT-Pep5 peptide or sortilin
with its inhibitor AF38469 completely abolished the BDNF prodomain-induced decrease in
spontaneous and evoked quantal Ach release. Moreover, the downregulation of Ach induced by
BDNF prodomain was prevented by by Rho-associated protein kinase (ROCK) inhibitor Y-27632.
Taken together, these data suggest that in mature motor synapses activation of p75-sortilin by
BDNF prodomain triggers the Rho-signaling pathway.

Tertiapin-Q, a G-protein-coupled inwardly rectifying potassium channels (GIRK) blocker,
but not iberiotoxin, a BK-channels blocker, completely prevented the inhibitory effect of BDNF
prodomain. SK-channels blocker apamin prevented the inhibitory effect of BDNF prodomain only
partially. At the same time, the BDNF prodomain did not show any inhibitory effects in diaphragm
motor synapses of pannexin 1 knockout mice, which have impaired purinergic regulation of
neuromuscular transmission.

The data obtained suggest that there is a previously unknown mechanism for the acute
suppression of spontaneous and evoked ACh release in mature motor synapses, which involves the
activation of p75 receptors, ROCK and GIRK channels by BDNF prodomain and requires

interaction with metabotropic purinoreceptors. In general, our results show that the product of
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BDNF maturation has inhibitory effects on spontaneous and evoked ACh release in functionally
mature neuromuscular junctions, which are mainly opposite to the effects of BDNF.

This work was supported by the Russian Science Foundation (Grant N 22-25-00111).

THE APPLICATION OF THE SELF-PROBING PRIMER PCR FOR QUANTITATIVE
EXPRESSION ANALYSIS OF R607Q (UN)EDITED GLUA2 AMPA RECEPTOR MRNA
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Adenosine deaminase-dependent RNA editing is a widespread universal mechanism of
posttranscriptional gene function modulation. Changes in RNA editing level may contribute to
various physiological and pathological processes. In the a-amino-3-hydroxy-5-methyl-4-isoxazole
propionic acid (AMPA) glutamate receptor GluA2 subunit, A-I editing in the Q607R site leads to
dramatic changes in function, making the receptor channel calcium-impermeable. A standard
approach for quantifying (un)edited RNAs is based on endpoint PCR (Sanger sequencing or
restriction analysis), a time-consuming and semiquantitative method. We aimed to develop RTqPCR
assays to quantify rat Q607R (A-I) edited/unedited mRNA in samples in the present work. Based on
self-probingPCR detection chemistry, described initially for detecting short DNA fragments, we
designed and optimised RT-qPCR assays to quantify Q607R (un)edited mRNA. We used self-
probing primer PCR technology for mRNA quantification for the first time. Using a novel assay, we
confirmed that Q607R GluA2 mRNA editing was increased in 14-day- (P14) or 21-day-old (P21)
postnatal brain tissue (hippocampus) compared to the embryonic brain (whole brains at E20) in
Wistar rats. Q607R unedited GluA2 mRNA was detectable by our assay in the cDNA of mature
brain tissue compared to that derived through classical methods. Thus, self-probing primer PCR
detection chemistry is an easy-to-use approach for RT-qPCR analysis of RNA editing.

Supported by Russian Science Foundation, grant Ne 20-75-00127.
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THE BLOCKADE OF SK AND KATP CHANNELS INCREASES THE NEURONAL
FIRING FREQUENCY DURING THE SEIZURE-LIKE EVENTS BUT DOES NOT
AFFECT THE EVOLUTION OF EPILEPTIFORM ACTIVITY IN THE ENTORHINAL
CORTEX SLICE

Soboleva E.B., Amakhin D.V., Zaitsev A.V.
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Small conductance Ca(*”"activated K(*) channels (SK) and ATP-dependent K(*) channels
(KATP) are expressed in the entorhinal cortex neurons and can be upregulated during epileptic
discharges, providing negative feedback and possibly serving as an intrinsic mechanism of seizure
termination. Using the whole-cell patch-clamp recordings in rat brain slices, we investigated the
role of these channels in the generation of seizure-like events (SLE) in the 4-aminopyridine model
in vitro.

Bath application of apamin (SK-channel antagonist) or glibenclamide (KATP channel
antagonist) did not change the frequency of SLEs during the 30 min of observation. Glibencalmide,
but not apamin, induced a 25% increase of the SLE duration, indicating that KATP contribute to the
termination of epileptiform discharges. Both these drugs altered the firing pattern of the principal
neurons during the SLEs. The applied pharmaceuticals increased the depolarization during the SLE,
which lead to a more pronounced depolarization block of action potential generation. During the
late bursting phase of SLE, the average number of action potentials per burst was also increased in
the presence of these drugs.

The obtained results indicate that the ion channels under consideration shape the neuronal
firing during the epileptiform events but do not affect the general evolution of epileptiform activity
in the entorhinal cortex slice at the large time scales. It can also be concluded that the enhanced
depolarization block of the principal neurons does not affect the generation of the SLEs in the 4-
aminopyridine model of epileptic seizures.

The research was funded by the Russian Science Foundation (project 21-15-00416).
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THE CHANGES IN PEROXISOME PROLIFERATOR-ACTIVATED RECEPTOR GENE
EXPRESSION IN THE BRAIN OF RATS IN THE LITHIUM-PILOCARPINE MODEL OF
EPILEPSY
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Currently, the role of gut-brain interactions in the pathogenesis of epilepsy is being actively
discussed. Peroxisome proliferator-activated receptors (PPARs) play an important role in these
interactions. Their agonists due to neuroprotective and anti-inflammatory effects are considered
promising agents for the treatment of epilepsy. However, the changes in PPARs gene expression
during epileptogenesis remain poorly studied. In this work, the dynamics of different types of
PPARSs gene expression in the rat brain in the lithium-pilocarpine (PC) model were studied by RT-
qPCR and Western blotting methods. The most pronounced disturbances were found for the PPAR
alpha gene: a decrease in its expression was observed in the latent (3 and 7 days after PC injections)
and chronic (60 days after PC injections) phases of the model in the ventral and dorsal hippocampus
(VH, DH), medial prefrontal and temporal cortex (mPFC, TC). Reduced expression of the PPAR
gamma gene was detected in mPFC during the chronic phase and in DH at different test periods.
Changes in PPAR beta/delta gene expression were wave-like: an increase in its mRNA production
in VH in the latent phase was replaced by a decrease in mPFC in the chronic phase of the model.
The decrease in gene expression of these receptors may indicate the suppression of natural
protective mechanisms during epileptogenesis. It was also shown that the expression of PPAR-
gamma gene in VH can be enhanced by a 30-day treatment with the probiotic Bifidobacterium
longum. The findings can be used in the development of a new approach for epilepsy treatment.

Supported by RFBR (N 20-515-00020) and BRFFI (N M20R-328).
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THE EFFECT OF AGRP 25-51 ON THE BIOSYNTHESIS OF DOPAMINE AND
NOREPINEPHRINE IN THE BRAIN

Mikhrina A.L., Romanova I.V.
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In the mammalian brain AgRP (agouti gene related protein) is expressed in the neurons of
the hypothalamic arcuate nucleus (ARC). During processing three fragments (25-51, 54-82, 83-132)
are formed from the AgRP-precursor. The role of AgRP83-132 in the brain is associated with the
blockade of GPCR melanocortin receptors 3 and 4. The functions of other AgRP-fragments are not
known, but it has been shown that their functions is not associated with GPCR. Processes of AgRP-
neurons have been identified in the ventral tegmental area (VTA) and locus coeruleus (LC), where
dopamine- and norepinephrine-ergic neurons are located. Was shown that the injections of AgRP83-
132 into these brain areas in C57BL/6J mice leads to a decrease in the neurons the level and
phosphorylation of tyrosine hydroxylase (TH), a key enzyme in the biosynthesis of catecholamines,
as well as a decrease in the level of dopamine (DA) and norepinephrine (HE) in the striatum, where
the processes from the VTA and LC come. The aim of this study was to evaluate the systems of DA
and NE biosynthetic in the VTA and LC after injection of 0.6 nmol AgRP25-51 into these mouse
brain areas. After injections of AgRP 25-51 immunohistochemically in brain sections showed no
changes in the level of phospho(serine-40)TH in VTA and LC neurons. However, they showed a
decrease in the level of phospho (serine-31)TH and in LC-neurons a decrease in the level of
dopamine-beta-hydroxylase. By real-time PCR in the LC region a decrease in the mRNA level of
the HE-membrane transporter was shown. The results of HPLC show a decrease in the level of DA
and NE in the striatum. The data obtained indicate the inhibitory effect AgRP25-51on the DA- and
HE- brain neurons, which is not associated with an effect on the GPCR.

The study was supported by state budget.
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THE EFFECT OF MATERNAL HYPERHOMOCYSTEINEMIA ON THE NERVOUS
SYSTEM DEVELOPMENT OF RAT FETUS

Shcherbitskaia A.D.1’2, Milyutina Yu.P.l, Vasilev D.S.z, Zalozniaia I.V.l, Arutjunyan AV!
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Moderate hyperhomocysteinemia (HHC) is a known risk factor for neurodegenerative
diseases in humans. During pregnancy, it also leads to various complications in both maternal and
fetal organism increasing probability of abnormal brain development and functioning in later life.
However, little is known about the mechanisms of homocysteine action on the fetal brain
development. Hence, in this study we examined the effects of maternal HHC on neurotrophic
factors, apoptosis and cell migration in the fetal brain. Maternal HHC was induced by per os
administration to Wistar female rats of 0.15% aqueous L-methionine solution (0.10-0.15 g per
animal) during pregnancy. According to our data, prenatal HHC led to a decrease in the mBDNF
level in the fetal brain on E14 with no effect on E20. Maternal HHC affected the activity of matrix
metalloproteinase that regulate processing of neurotrophins. During the fetal brain development, we
observed elevated proBDNF content which have the opposite effect on the survival and
proliferation of neurons compared to mature forms. The activation of caspase-3 in the brain of
fetuses subjected to prenatal HHC was also observed. Structurally, prenatal HHC decreased the total
number of labeled cells in the parietal cortex of newborn pups but increased the number of labeled
neurons scattered within the superficial cortical layers, suggesting disruption in neuroblast
migration during brain development. In addition, changes were found in the expression of
semaphorins, which are also key regulators of cell migration, cell death or synapse formation during
nervous system development. The data obtained indicate that maternal HHC affect fetal brain
development through impaired migration and nerve cells death, as well as disrupted processing of
BDNF.

Supported by RFBR 20-015-00388 and Russian state budget assignments 1021062812133-
0-3.2.2 and 075-00408-21-00.
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THE EFFECTS OF DOPAMINE AND THE DOPAMINE RECEPTOR AGONISTS ON THE
PHOTOTRANSDUCTION CASCADE OF FROG RODS
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Dopamine is an important player in retinal physiology. Growing data set provides evidence
supporting the role of dopamine as a crucial neuromodulator for light adaptation. It is assumed that
in photoreceptors dopamine acts through D,-like receptors and cAMP/PKA signaling pathway.
However, the mechanisms of dopamine-induced effects on the phototransduction cascade have
remained unclear. To gain insight into these mechanisms we investigated the effects of dopamine
itself and the dopamine receptor agonists on rod photoresponses.

The study was conducted on isolated rods of the frog Rana ridibunda. Photoreceptor
currents were recorded using a suction pipette technique. The following drugs were tested:
dopamine (0.1-50 uM), D;R agonist SKF-38393 (0.1-50 uM), D,R agonist quinpirole (2.5-50 uM)
and D;—D; receptor heterodimer agonist SKF-83959 (50 uM).

We found that the application of dopamine and the agonists on rod inner segments had no
effects on photoresponses. Contrariwise, photoreceptors responded to dopamine, and all agonists
applied to rod outer segments by decreasing light sensitivity. These drugs' decreasing order of
effectiveness was assessed as SKF-38393 > dopamine > SKF-83959 > quinpirole. The decrease of
sensitivity correlates much better with the decrease of the activation rate rather than speeding up the
turn-off of the cascade. Moreover, SKF-83959 on average increased the intracellular calcium level,
judged from the “exchange current”, by ~1.3 times; while dopamine, SKF-38393, and quinpirole
did not change it. Taken together, lack of selectivity and the unidirectional effects of dopamine and
the dopamine receptor agonists on light sensitivity supports the assumption that dopamine affects
through D;—D; receptor heterodimers and exercises its effects via at least two independent
mechanisms mediated by cAMP and Ca®".

This work was supported by governmental program 075007761902 and in part by RFBR
grant 140400428 to MF.
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THE EVALUATION OF AUTOPHAGY-RELATED PROTEINS AND GENES IN THE
HIPPOCAMPUS AND NEOCORTEX OF RATS

Churilova A., Zachepilo T.
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The aim of the study was to estimate the activity of autophagy at rest conditions (in control
animals) and after exposure to severe hypobaric hypoxia (SHH, 180 mm Hg, 3 h) in different brain
regions (hippocampus and neocortex) of rats. For this, the content of protein markers of autophagy,
such as LC3, p62 and LAMP2 and the expression of genes encoding LC3, LAMP2, and TFEB, a
transcription factor that regulates transcription of autophagy-related proteins, were assessed. It was
revealed that under rest conditions, autophagy activity was higher in the CA1 field of hippocampus
in comparison to the V layer of neocortex, - as could be estimated by the level of accumulation of
protein markers LC3, p62, LAMP2 after chloroquine injections. SHH led to a decrease in the
content of LC3, p62, and LAMP2 1 day after the exposure, but 3 days after SHH the protein levels
were restored to control values. Together with this, the expression of maplc3, tf-eb, and lamp2 was
increased by the 3™ day after SHH in rat hippocampus. In neocortex, no changes in the content of
LC3, p62, and LAMP2 were observed after SHH at any time point. The expression of genes
associated with macroautophagy, maplc3 and tf-eb, was unchanged, while the expression of lamp2,
encoding the receptor for chaperone-mediated autophagy LAMP2, was increased by the 3™ hour
after SHH. The data obtained indicate that the autophagy process (both of macroautophagy and
chaperon-mediated autophagy) is different in the neurons of hippocampus and neocortex of rats. In
hippocampus SHH enhanced autophagy-dependent degradation which was followed by
enhancement of autophagy-related gene expression. The latter could compensate for the reduced
protein pool. In neocortex, the protein levels and gene expression pattern were different from that
observed in the hippocampus.

Funding: Russian Foundation for Basic Research, grant 19-04-01152.
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THE HIPPOCAMPUS AND ITS NICOTINIC ALFA7 RECEPTORS IN THE
INTERACTION OF FUNCTIONS WITH DIFFERENT MODALITY
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Currently, in the hippocampus, the activation of cholinergic projections through 175
a7 nicotinic receptors (a7nAChRs) is being intensively studied as a necessary component in
memory mechanisms. Also, the study of neuronal mechanisms of hypoxic preconditioning is
becoming more and more in demand, since the hypoxic preconditioning or its pharmacological
imitation has a protective effect in hypoxic and ischemic brain pathologies. In the experiments on
rats, we injected intraperitoneally a selective antagonist of a7nAChRs methyllycaconitine (MLA) in
the Morris water maze learning model and confirmed a necessity of a7nAChRs preservation for the
consolidation of spatial contextual memory during its acute administration to intact animals. In
biochemical experiments on a model of one-time moderate hypobaric hypoxia (HBH), we found
that the hippocampus and its cholinergic projection system are also key in the mechanism of
hypoxic preconditioning to severe hypoxia. The efficiency of HBH is stably associated with
acoustic startle prepulse inhibition (PPI) and in rats with PPI > 40%, intraperitoneal and
intrahippocampal administration of the a7nAChR agonist PNU-282987 suppressed the efficiency of
HBH, while MLA, on the contrary, potentiated it. We assume that under HBH, a7nAChRs are
involved in the ‘filtering’ of cognitive signals and thus are a link in intrahippocampal interaction of
functions with different modality. We also believe that a similar mechanism underlie the protective
properties of MLA under chronic cerebral hypoperfusion (2VO model). Subchronic administration
of MLA in the first hours and days of hypoperfusion significantly reduced the delayed death of
animals, without affecting learning. Note that in the sham-treated rats in this model, MLA improved
the "rapid one-trial memory", and a negative effect on memory consolidation was less pronounced
than with the acute administration of inhibitor. Thus, the evidence is presented that in the
hippocampus, the same neuronal elements can perform different roles depending on the modality of

exposure.
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Introduction: Corticosterone (CS) plays a key role in pathophysiology of late post-
traumatic sequelae and potentially may serve as a predictor of mortality. This study was aimed to
assess the time course of blood CS after TBI, analyze its contribution to mortality rate and assess
the stress reactivity in animals 3 month after TBI.

Methods: Experiment was performed 43 male Sprague-Dawley rats. Animals were divided
into 3 groups: TBI, n=22; Sham operated, n=12; control group, n=9. TBI was modeled using lateral
fluid percussion. Blood CS level was measured using ELISA one week before craniotomy, in acute
(3,7 day after TBI) and late (1, 2, 3 month after TBI) post-traumatic periods. In order to estimate
stress reactivity 3 month after craniotomy we measured CS level 30 min after Porsolt test.

Results: Mortality in rats in the acute period of TBI was 22.7% (5 rats), cumulative
mortality by the end of the second month 59% (13 rats). Blood CS level increased in the TBI group
on day 3 after the injury (p=0.007). No other differences between groups in basal CS levels could
be detected. Animals which died during the first month after TBI had higher blood CS level on day
3 after the injury as compared to TBI survivors (p=0.011). Survival rate was lower in rats with
CS>860nmol/l (p<0.001, Kaplan-Meier method). CS level 30 minutes after Porsolt test increased in
all rats 3 months after craniotomy but and tended to be higher in controls (p=0.09).

Conclusion: Craniotomy and TBI induce increase of blood CS level on day 3 after injury
and affect stress reactivity 3 month after trauma. CS level higher than in sham rats predicts remote
mortality.

Supported by RSF, grant Ne 22-25-00713
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THE ROLE OF ASTROCYTES IN DISTURBANCES OF CALCIUM ACTIVITY OF
NERVE CELLS IN MODELING OF ALZHEIMER'S DISEASE IN VITRO

Mitroshina E.V., Yarkov R.S., Krivonosov M.I., Vedunova M.V.
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The study of the pathogenetic mechanisms of Alzheimer's disease (AD) are among the most
pressing topics in neurobiology and medicine. In recent years, there has been more and more
information about the role of astrocytes in the pathogenesis of AD. Synaptic transmission and the
functioning of neural networks in the development of neurodegenerative processes can be directly
modulated by reactive astrocytes. Therefore, our study aimed to investigate the features of the
collective dynamics of calcium activity in primary astrocyte cultures derived from the 5xFAD
transgenic mouse line (model of familial form of AD), as well as a study of the effect of such
altered astrocytes on neural network calcium activity when they are co-cultivated with healthy
nerve cells. Primary monoastrocytic cultures were obtained from the cerebral cortex of P1-P2 mice.
Astrocyte cultures derived from wild-type mice were used as controls. At 21 DIV, dissociated
hippocampal nerve cells from wild-type mice were transplanted to monoastrocytic cultures.
Calcium imaging was carried out at 35 DIV (14 DIV of co-cultivation) with Oregon Green 488
(ThermoFisher, USA) used as a calcium sensor. The original software developed by the authors was
used to analyze the imaging data (Mitroshina et al. / IIMS, 2020). Astrocyte cultures derived from
5xFAD mice were shown to decrease the degree of correlation of calcium dynamics in neighboring
cells (Control — 0.15+£0.02; 5xFAD — 0.09+0.01), but not in distantly located cells (Control —
0.09+0.01; 5xFAD — 0.07£0.01). The share of cells exhibiting calcium activity did not change.
Astrocytes obtained from 5XxFAD mice were found to have a depressing effect on the calcium
activity of healthy co-cultured nerve cells. There was a decrease in the level of correlation of
calcium activity in both adjacent and distantly located cells, a decline in the number of functional
connections per cell, and a drop in the frequency of calcium oscillations' generation.

The study was supported by the Ministry of Science and Higher Education of the Russian
Federation (project No Ne 0729-2020-0061).

177
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A fundamental property of ligand-gated ion channels is their desensitization. Many of them,
including NMDA -subtype glutamate receptors and voltage-gated ion channels, are characterized by
Ca”*-dependent desensitization. It develops due to Ca’", entering the cytoplasm through open
channels, binding to calmodulin, which in this form interacts with the intracellular C-terminal
domain of GluN1 subunits of NMDA receptors. This causes a disconnection of receptors with the
alpha-actin (cytoskeleton) and provokes the receptor switch to the closed state. Ca”*"-dependent
desensitization is manifested in the amplitude decrease of NMDA receptor-mediated currents.
Since these current are in charge of the glutamate neurotoxic effects, the question arises: "If the
enhancement of NMDA-receptor desensitization could counteract the neurotoxic conditions?" We
recently discovered that Li", which by itself do not affect single NMDA receptor channel currents,
causes a three-fold drop of amplitudes of NMDA elicited currents and Ca”" responses of neurons.
The Na/Ca-exchange inhibitor KB-R7943 also significantly decreases the amplitude of NMDA-
activated currents and Ca*'-responses. These observations,disclose a role for the exchanger in the
regulation of near-membrane Ca®" concentration and accordingly Ca*"-dependent desensitization of
NMDA receptors. Functional interaction between NMDA receptors and Na/Ca-exchanger
molecules requires their co-localization in cholesterol-rich membrane microdomains or "rafts."
Notably this mechanism may be a target for pharmacological regulation in counteracting the
neurotoxic effects of glutamate and homocysteine. Indeed, the inhibitory effect of the tricyclic
antidepressants amitriptyline and desipramine (Stepanenko et al., Sci. Rep., 2019; Stepanenko et al.,
Front. Pharmacol., 2022) on NMDA receptors appeared to be Ca*"-dependent due to provoking of
the Ca”"-dependent desensitization. Thus, we discovered a new pharmacological mechanism of
action on NMDA receptors - enhancement of their Ca’’-dependent desensitization through
influence on Na/Ca-exchange activity.

Supported by the Russian Science Foundation Grant No. 21-15-00403.
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Glutamate ionotropic NMDA receptors play an important role in synaptic plasticity, learning
and memory, and are also involved in various pathophysiological processes. The development of
light-controlled NMDA receptor modulators - molecular photoswitches - is an important task of
modern neuropharmacology. Such substances can help to study the functions of NMDA receptors in
the nervous system with high temporal and spatial resolution. We have studied the effect of
azobenzene-containing derivatives of quaternary ammonium on NMDA receptors (DENAQ and its
analogues). In experiments on native rat hippocampal neurons, we have found that, when applied
extracellularly, these substances inhibit transmembrane currents through NMDA receptors. When
exposed to monochromatic light, the activity of substances decreases sharply. The action of
substances develops quickly and is completely reversible and is not related to the ion channel block.
We have discovered a complex molecular mechanism of action consisting of rapid inhibition and
slow potentiation. However, the binding site has not been determined and requires additional
experiments.

Our findings extend the list of soluble photoswitches of NMDA receptors and opens up the
possibility of future elaboration of a new family of light-controlled antagonists for ionotropic
glutamate receptors with improved activity and selectivity.

The study was carried out with the financial support of the RFBR, project number 20-04-
00218.

THREE-DAY HINDLIMB UNLOADING IMPAIRS DOPAMINE RECEPTOR-
ASSOCIATED SIGNALING IN THE STRIATUM OF MICE

Naumova A.A., Khramtsova A.V., Oleynik E.A., Glazova M.V.
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Microgravity is the main factor of spaceflights that provokes various motor disorders. In

turn, the important role in the regulation of voluntary movements belongs to the striatum. Striatal
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neurons are involved in two main neural circuits of the basal ganglia. The direct pathway stimulates
the motor cortex and movements, while the indirect one downregulates locomotor activity. A few
data suggest that microgravity strongly affects dopaminergic regulation of the striatum, however,
mechanisms are poorly understood.

The aim of the present work was to analyze the short-term (3-day) effect of simulated
microgravity (hindlimb unloading, HU) on dopamine-dependent signaling in the striatum of mice.
Dopamine which regulates striatal neurons is produced by tyrosine hydroxylase (TH) localized in
the axon terminals of the substantia nigra. We showed that after 3-day HU TH expression was
reduced. However, TH phosphorylation at Ser31 which increases the enzyme activity was higher
than in the control. Probably, such up-regulation may compensate decreased TH expression and
restore proper dopamine synthesis.

Dopamine binds to DI1- and D2-receptors differentially expressed in the striatal cells of
direct and indirect pathways. Our data showed increased expression of D1-receptors, while D2-
receptor expression was unchanged. Analysis of signaling cascades associated with both receptor
types showed unchanged activity of ERK1/2 and Akt/GSK3b cascade, but decreased activity of
PKA and transcriptional factor CREB. Analysis of signaling pathways specific for D2-receptors
revealed no changes in the activity of CAMKII. These data suggest that D2-associated signaling
processes are not affected by unloading, therefore decreased activity of PKA and CREB can result
from reduced dopamine activation of DI-containing cells that is not rescued by increased TH
phosphorylation and D1-receptor expression.

Thus, our results demonstrate that short-term simulated microgravity primarily affects
striatal neurons of the direct pathway and disturbs up-regulation of movement activity.

This study was supported by the RFBR 20-015-00062.
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To date, there is no effective cure for Alzheimer's disease (AD) [Srivastava et.al., 2021].
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Nowadays researchers take attention to the using exosomes secreted by multipotent mesenchymal
stromal cells (MMSCs), which have a number of advantages, including nanometer size, the ability
to overcome the blood-brain barrier, low immunogenicity and the lack of the ability to replicate
[Zhdanova et.al., 2021; Soliman et.al., 2021]. Here, a comparative analysis of the effectiveness of
intranasal (i/n) administration of exosomes isolated from MMSCs of Wharton's jelly of the human
umbilical cord on the memory of SXFAD mice, model of the hereditary AD, was carried out at
different stages of pathology. It was found that the i/n administration of exosomes (6 times, 2 times
a week) restored the spatial memory tested in the Morris water maze, both in young (3-4 months)
and in 9-month-old transgenic (Tg) animals to the levels of control non-transgenic mice. At the
same time, the memory of young untreated Tg mice was better than in aging Tg animals. The
positive effect of exosomes persisted one month after their last administration.
Immunohistochemical investigation revealed a significant decrease in the density of amyloid
plaques in the cerebral cortex of Tg mice treated with exosomes. The addition of exosomes to the
primary hippocampal culture of Tg mice induced an increase in cell survival. The positive effect of
exosomes from MMSCs allows to consider them as a therapeutic agent for improving memory both
in the initial and late phases of neurodegeneration in the hereditary AD.

The reported study was funded by RSF Ne 18-15-00392.

YAC128 HUNTINGTON’S DISEASE TRANSGENIC MICE DEVELOP HIPPOCAMPAL-
ASSOCIATED COGNITIVE IMPAIRMENTS

Grishina E.D.l, Kraskovskaya N.A.l, Erofeev A.I.l, Pushkareva S.A.l, Gerasimov E.I.l,
Vlasova O.L.", Bezprozvanny 1.B."
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Cognitive dysfunction in Huntington's disease (HD) is well established and typically
explained by degeneration in the cortex and striatum. However, literature data showed that the
hippocampus might also be involved in memory loss observed in HD patients. To study the etiology
of hippocampus-associated cognitive impairments, behavioral tests, morphology, and
electrophysiological experiments were made. We showed that long-term potentiation (LTP) is
impaired in 4- and 6-month-old YAC128 HD mice compared to wild type. In addition, there is a
trend towards a decrease in the value of post-mechanical potentiation in 4 years old HD mice

model. To access dendritic spine morphology, we crossbreed HD mice and M mice which express a
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green fluorescent protein in pyramidal neurons of the hippocampus. Our data demonstrate the initial
increase in both the dendritic spines’ density and the number of mushroom spines in HD mice at the
age of 6 months and then a gradual decrease in the spine’s density by 9 months.

Using Morris water maze test, we detected impaired spatial memory on 6 months old YAC
mice. By the end of the training sessions, wild-type mice showed better results in platform finding,
while HD mice were not able to memorize new information and did not improve their parameters
by the end of the training sessions, which correlates well with the decrease in synaptic plasticity
observed at this age. We also performed a novel object location test to confirm Morris water maze
data. Wild-type mice noticed the rearrangement and showed a preference for the object in a novel
location while HD mice interacted with both objects equally. Summing up, we conclude that
synaptic disorders in Huntington's disease are systemic and degenerative changes in the
hippocampus that affect the development of cognitive dysfunction in this pathology.

Supported by RNF Ne 19-15-00184.
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