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PacmmdpoBka MexaHU3MOB pa3BUTHS HelipoaereHepalluy Ha TOCUMITTOMATUYeCKOM CTaniuy — aKTyajlbHasI 3aa-
Yya, pellieHrue KOTOpOil MO3BOJUT ONTUMU3MPOBATH METOJbl paHHE TUArHOCTUKU U MPOoGWIAKTUKU OOJIe3HU
AnbureiiMepa (BA). B HacTosiei paboTe n3ydyeHbl 0COOEHHOCTU HeliporeHe3a B HeiipOre HHbIX HUIIIaX TOJIOBHO-
ro MO3ra Npu 3KCIepruMeHTaIbHON BA Ha mocMMIITOMaTUYeCKOl cTanuu HelpoaereHepauuu. beuto ocyiiecTs-
JIEHO MoaeiaupoBaHue BA in vivo y dKCIIEpUMEHTAIbHBIX XUBOTHBIX (MbIIeii-camiioB, C57BL/6 B Bo3pacre
8 Mec.). ns aToro KoHTposbHOI rpymiie (n = 30) B mosie CAl rumnmnokamiia BBOIWIH o 2 MKJI pactBopa 0.9%-
Horo NaCl, a akcnnepuMeHTabHoI rpymmne, (7 = 30) — 1M pacTtBop (2 MKJI OM1aTepaibHO) OJIMTOMEPHU30BAHHOTO
6era-amwtonaa 25—35 (AB25—35). OleHKY HapyIIEHNH KOTHUTUBHBIX (DYHKIIUI ¥ SKUBOTHBIX OCYIIIECTBIISIIIN C
HMCIOJb30BaHMEM TeCTa YCJIOBHOU peakiiuu nmaccuBHoro musderanus (YPIIN). Jass ”MMyHOTMCTOXHMMUYECKOTO
MCCIeI0BaHMSI NCITOb30BaI 3aMOPOKEHHbBIE CPe3bl TOJIOBHOTO MO3Ta, B KOTOPBIX aHAJIM3UPOBAIM U3MEHEHUSI
akcrpeccun MapkepoB Nestin, Pax6, NeuroD1, VEGFR2; anonTo3 KjieTok oLieHuBaiu 1o nporokoiay TUNEL B
cyorpaHysisipHoii 3oHe runmnokamina (SGZ) u cyoBeHTpUKyIsipHoii 30He (SVZ). Beimu ycTtaHOBJIEHB pa3HOHA-
MpaBJieHHbIE U3MEHEHMST IKCIIPECCUM MapKepOB HellporeHe3a, HEOAHTHOTeHe3a U BbIPaXXeHHOCTh aloriTo3a B
SGZ u SVZ B niepron 9—17 cyT mocjie MHTparuinokamIaibHoro BeeneHus AB25—35. Ha 9-e cyt pa3BuTHs Heii-
polereHepaluy ajablreiiMepoBCKOTo TUIIa Obuta yBeandeHa skcnpeccus Pax6 u VEGFR2 B SGZ u Nestin B SVZ.
IMocnenywoiee npumeHeHue nporokosia YPITU ¢ npenbsiBieHueM aBepcuBHOro pasapaxurens (10-e cyt) unm
COOTBETCTBYIOIIIEro KoHTekcTa (11- 1 17-e cyT) npuMBOAMIIO K TMHAMUYECKIM U3MEHEHUSIM 9KCIIPECCUU MapKe-
DPOB KJIETOK, HAaXOISIINXCS HAa pa3HbIX CTaIMSIX HeliporeHe3a. TakuM o6pa3oM, Ha TOCUMITTOMATUYECKOM CTaauu
pa3BUTHS HelipolereHepaluu ajJblreiiMepoBcKoro Tuna 30Hbl SGZ 1 SVZ nposBisioT Npu3HaKu abeppaHTHOTO
HeliporeHes3a, CBSI3aHHOTO C HapylIeHWEeM ITyJia CTBOJIOBBIX M IIPOTE€HUTOPHBIX KJIETOK U MOIaBJIEHNEM IMPOU3BO/I -
CTBa Helpo0OJacTOB (HE3peablXx HEHPOHOB) B MEPUOM, MPEIIIECTBYIOIINN (GOPMUPOBAHNIO KOTHUTUBHOM IHUC-
GYHKIINN.

Karouegwie caosa: 601e30b AnblireiiMepa, HeliporeHe3, HeliporeHHast HUIla, CyorpaHy/sipHas 30Ha, CyOBEHTpU-
KyJisipHasi 30Ha

DOI: 10.31857/5004137712304003X, EDN: ZFKNDM

bonesns Anbireiimepa (BA) mpencrasisier coboit
Mporpeccupylollee nereHepaTuBHOE 3a00JIeBaHUE 1IeH-
TpajJbHOI HEPBHOM CHCTEMBbI. DTO OJHO U3 HauboJiee
pacIpocTpaHeHHBIX HEBPOJIOTMIECKIX TTaTOJIOTHIA, Ya-
CTO BCTpEYAIONIMXCS V TOXWIBIX Jitoaeit. OCHOBHBIMU
KJIMHUYECKUMU MPOSIBIICHUSIMU SIBJSIIOTCSI IIPOTPECcCu-
pyrolas IeMeHIIUs, CHIDKeHUE TTaMSITU M KOTHUTUBHBIX
dyHKkumnii. KiouyeBbIMU MaTOJTOTUUYECKUMM TTPpU3HAKa-
MU SIBJISIIOTCSI BHEKJIETOYHOE HaKOIUIEHUE B-aMuiionaa

Ilpunamete coxpawenus: BA — Bbonesnp Anbureitmepa; HITK —
HelpajibHble ITporeHuTopHbIe KieTku; HCK — HeilipanbHbIe CTBO-
soBble KieTkn; YPIIW — ycnoBHas peakiiusi TacCCUBHOTO U30era-
Hust; AB25—35 — B-amumonna 25—35; SGZ — cyOrpaHyJisipHasi 30Ha
rumnmokamIia; SVZ — cyOBEeHTpUKYJIIpHas 30Ha.
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(AP) 1 BHYTpUKJIETOUHAsT aKKYMYJISILIUST Tay-0eJika, UH-
IYUMPYIOIINE WIN COIMPOBOXIAIOIINE PA3BUTHUE MUTO-
XOHIPUATbHOM TUCHYHKIINM, KAJIBIUEBBII urcOaIaHC,
OKMCJIUTENIbHBIN CTpecc, KJIIETOUYHYIO ribelib, Hapylle-
Hus miaactuaHoctr (Jack et al., 2013). HeiiporeHes ro-
JIOBHOTO MO3Ta B3POC/IbIX MJIEKOIMUTAIOIIUX TTPOVCXOAUT
B CcyOrpaHyJIsipHOi1 30He Turmokammna (SGZ) u B cyOBeH-
TPUKYISIpHOI 30He (SVZ), 4be MUKPOOKpPY:KEHIE, B TOM
yucie popMupyeMoe KIeTKaMU IIMAJIbHOM M SHIIOTEI-
aJIbHOM TPUPOJBI, PETYIUPYET MOAAEPXKAHUE ITyJIa He-
panbHBIX cTBOI0BLIX KJ1eToK (HCK), nx mpoaudepaimio u
IdHEPEHLIMPOBKY ¢ TOCIeIOBaTeIbHBIM 00pa3oBaHEM
HelipanbHbBIX poreHuTOpHbIX KiieToK (HITK), Heitpoobia-
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CTOB, TTOCTMUTOTHYECKUX HE3PEIbIX U 3PENIBIX HEMpO-
HoB (Ning et al., 2021).

IlomaBineHue HeliporeHe3a Ipu 00Jie3HU AJIbLITEi-
Mepa SIBJIsIeTCS DKCIIEPUMEHTAIBbHO JOKAa3aHHBIM (peHOo-
MeHOM (MopryH u 1p., 2019), 4To CBSI3BIBAIOT C IIPSIMBIM
TOKCHUYECKUM JIeWCTBUEM OJMTOMepoB Al Ha CTBOJIO-
BbI€ KJIETKM HeliporeHHbIX HuII (Scopa et al., 2020), Ha-
pylieHHueM MOPOAYKIIMM TyMOPAJbHBIX PETYISITOPOB
HeiiporeHe3a (Eu et al., 2021) u npolieccoB Murpamuu
HEeUpoOIacTOB U He3pesibiX HEMPOHOB B TKaHU MO3ra
(Esteve et al., 2022). BMecTe ¢ TeM 3aperucTpupoBaHbl U
MNpU3HAKM UHTEHCU(DUKALMU HeliporeHe3a Mpu pa3Bu-
TuU 00J1e3HU AJblireifiMepa y aKCIiepuMeHTaIbHBIX X1~
BOTHBIX (Steinman et al., 2021), 4To CBSI3BIBAIOT C 3aMyC-
KOM KOMITEHCATOPHBIX MeXaHW3MOB Ha paHHUX 3Talax
HelpoaereHepalyu.

Llenb ucciiemoBaHus 3aKaodagach B U3y4eHUU OCO-
GEHHOCTU HelporeHe3a B HeMpOreHHBIX HUIIIAX TOJIOBHO-
rO MO3ra IpY SKCTIIEPUMEHTAIBbHOI 60JIe3HU AJTbLIreitMepa
Ha CTaguM pa3BUTUS HepoaereHepaluu, MpeaiecTBYO-
LLIEH MPOSIBICHUIO KOTHUTUBHOTO Ie(DULIUTA.

MATEPUAJI U METOAMKA

ZKuBoTHBbIE. DKCIIEPUMEHTHI TIPOBEEHbI HA MBIIIAX B
Bospacte 8 mec. nuHuu C57BL/6 (camuax Becom 25—30 1)
U3 NMUTOMHUKA uimana “AnnpeeBka” (HayuHbiii ieHTp
OMOMEIUIIMHCKUX TexHojoruit deaepajsbHOr0 MEIUKO-
6uosornyeckoro areHTcTBa Poccun). ZKUBOTHBIX comep-
>KaJIu B YCJIOBUSIX BUBApUs C HEOrPaHWUYEHHBIM KOJInYe-
CTBOM NUIIMU U BOABI MpU 12-4acCOBOM peXUME OCBe-
ILIEHHOCTH.

MoneaupoBanue HeiipoaereHepanuu in vivo. brblio
OCYIIECTBJIEHO MoAearupoBaHue BA in vivo y XKMBOTHBIX
C MpUMEHEHUEM CTEPEOTaKCUUECKOI onepalinu (Kcme-
pUMEHTaJIbHAsA U KOHTPOJIbHAS TPYMIIbI) C UCTIOJIb30Ba-
HUEeM paMbl IBOMHOTIO JJaOOPaTOPHOIO CTepeoTakcuye-
ckoro Manutryasitopa (Stoelting, CIIIA). AxecTe3upo-
BaJId XKMBOTHBIX ¢ momomipio 3onermia-100 (Virbac
Sante Animale, @panius) u pactBopa Kcuna (Interche-
mie Werken “de Adelaar” BV”, Hunepmannsr), pasBe-
JIEHHBIX B (DU3UOJIOTUYECKOM PACTBOPE B COOTHOLIEHUH
1 :4 (1.5 mr geiicTByIOIIEro BelllecTBa Ha 25 T Beca XKu-
BoTHOrO) U 1 : 2 (0.6 MT IeiCcTBYIOINIErO BellecTBa Ha 25 T
Beca >KMBOTHOI0) COOTBETCTBEHHO. KOHTpOIBLHOM IpyTI-
ne u3 30 XUBOTHBIX (JIOXKHO-OINEPUPOBAHHBIX) Yepe3
MpOCBepJIeHHbIE B Uepere OTBEPCTUSI B COOTBETCTBUHU C
KoopIuHaTtaMu atjaca mMosra Mmbieit (AP — 2.0; ML —
1.9; DV — 1.3; 6unarepanbHo) B moie CAl rumnmnokammna
BBOIMIM 110 2 MKJ pactBop 0.9%-noro NaCl. Dkcnepu-
MeHTaJIbHOM Tpyrie (7 = 30) BBoAWIM Mo 2 MKJI OuiaTte-
panbHO 1 M pacTBOpa OIMTOMEpU30BaHHOTO OeTa-aMu-
gouna AP25—35 (Sigma-Aldrich, CIIIA) B 0.9%-HOoM
NaCl 1o cooTBeTCTBYIOLIMM KoopanHaTtaMm. O0liiee Bpe-
Ms1 HaOJIIoIeHUSI 32 XKUBOTHBIMU 00€UX IPYIII COCTaBU-
Jio 38 cyT ¢ MOMEHTa MHTparumniokaMmnajibHOTO BBele-
HUS MEeNTUAA WU PAaCTBOPUTEIS.

ABEPYYK u np.

Bepudukanmo Momenn M OlleHKY (GopMHUPOBAHUS
KOTHUTHUBHOTO Je(UIIUTA OCYILECTBISIIA C UCITOJIb30-
BaHHEM TecTa YCJIOBHOI peaklMy MacCUBHOTO u30era-
Husa (YPIIN) u nporpammer ShutAvoid 1.8.03 Ha ycra-
HoBke Panlab Harvard Apparatus (Mcnanus) nmo craH-
JapTHoMy npoTtokonay. Ha 10-e cyT mogenupoBaHust bA
JKMBOTHOE TOJyyajlo Heusberaemoe 0ojieBoe BO3aeii-
crBue. [IpuMeHeHue 31eKTPUUECKOTO 11I0Ka yMEepEeHHOM
uHTeHcuBHOCTH (0.2 MA, 3 C) B TEMHOM OTCEKe oOecIie-
YyMBaeT 00yyeHUe XKMBOTHOTO TMOJaBIEHUIO €CTeCTBEH-
HOTO TOBEJICHUSI ISl TPBI3YHOB Y TTpEI0TBpalllaeT nepe-
XOJl MX B TEMHYIO 30HY U3 cBeT/10ii. Ha cnenytoniuii neHp
(11-e cyt mocie monenupoBanust BA) n nanee Ha 17-, 24-,
38-e cyT olLleHMBajJu HapylleHUe MaMsITH, YYUTbIBAIU
BpeMSI epexo/ia MbIIIY U3 CBETJION 30HbI KAMEDPHI B TEM -
HYI0 (KOHTEKCTHas NaMsTh 0€3 NpeabsiBJIECHNS aBEPCUB-
HOTO pasapaxuTtesist). B kaxnyto BpeMeHHYIO TOUKY (4e-
pe3 1 g mocne Tecta YPIIN) npousBoauiu BeIBEAECHUE
JKMBOTHBIX M3 BKCIIEPUMEHTAa METOAOM LIepBUKAIbHOM
JUCJIOKAIIMU B BUBApUU TOJ HabJIIOAEHMEM BeTeprUHap-
HOTO Bpaya M OCYILECTBJISIIU 3a00p OMomarepuaia st
MOCJEAYIOIIEro UCCIeT0BaHMUSI.

IIpuroroBienue cpe3oB ¥ MMMYHOTHCTOXUMHA. Mo3T
¢ukcupoBanu B 10%-HoOM HelTpadbHOM 3a0ydepeH-
HoM ¢opMmauHe (Histoline, Poccust). O6pa3siibl XxpaHu-
s npu 4°C B xonoawibHUKe. J1JIst UMMYHOTHCTOXUMM -
YeCKOT0 MCCIeA0BaHUS MCITOJIb30BaN 3aMOPOXKEHHbIE
Cpe3bl TOJIOBHOTO MO3ra TOJMIIMHONM 10 MKM 1151 Makcu-
MaJIbHOTO TIPOKpAIIMBAaHUS, U3TOTOBJIEHHBIC TIPU T10-
moiu Kpuocrtarta (Tissue-Tek® Cryo3; Sakura-Finetek,
S1moHms), B KOTOPBIX UAEHTU(PUIINPOBAIUCH 30HBI SGZ
u SVZ.

Cpe3bl TKAaHM Ha CTEKJIE OTMBIBAJIM IO 5 MUH B POC-
datHO-cojieBoM Oydepe (PBS), nocie yero nepmeadbu-
musupoBan B 0.1%-HoMm pactBope Tputona X-100
(Calbiochem Biochemicals, CIIIA) B PBS u 2%-Horo
OBIUbEro ChIBOpOTOYHOro anboymuHa (BSA) (Sigma,
CIIIA) 1 4 mpu KOMHATHOH TeMmepaType. 3aTeM TpeX-
KpaTHO nipoMbiBaiii B PBS u B reuenue Houn npu 4°C uH-
KyoupoBamm ¢ aHturesiamu (Abcam, BemmkoOpuranus):
MBILIIMHBIMU MOHOKJIOHAJIbHBIMU TTPOTUB MapKepa CTBO-
JoBbIX kKieTok Nestin (ab254048; passeneHue 1 : 500); ¢
KpPOJMYbMMM MOHOKJIOHAJIbHBIMU IIPOTUB MapKepa Mmpo-
JmdepupyroInx KieTok Pax6 (ab195045; 1 : 500); ¢
KPOJUYbUMU MOHOKJIOHaJbHBIMU NpoTHUB NeuroD ]
(ab109224; 1 : 500) 1 KpPOAUYBLUMU MOJUKITOHATIbHBIMU
npotuB VEGFR2 (ab39638; 1 : 75) u pa3BedeHHbIMU B
IHC Diluent (Novocastra, Leica, Beaukooputanus) ajst
OJTOKMPOBKM HeCIEelM(PUIHOTO CBI3bIBAHUS. 3aTeM
cpe3bl TpoMmbiBasik B 0.1%-HoM pactBope TpurtoHa X-
100 B PBS Tpmn pasza 110 5 MMH ¢ OCIIEAYIOIINM 2-9aCOBBIM
VHKYOMPOBAaHUEM CO BTOPUYHBIMU KOHBIOTMPOBAHHBIMU
c Alexa Fluor 488 u Alexa Fluor 594 ocauHBIMU U KO-
3bMMU aHTUTEJIAMU IIPOTUB KPOJINYBETO U MBIIIMHOTO
1gG (Abcam, Benukoopuranus, 1 : 500) COOTBETCTBEHHO.
Cpe3bl 3aKII0uaiy IoN TMTOKPOBHOE CTEKJIO C TOMOIIBIO
Fluoroshield with DAPI (Sigma, CIIIA). YcraHoBieHUe
¢hakTa armonTo3a KJIETOK B 3aMOPOKEHHBIX Cpe3ax OCy-
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Puc. 1. VismeHeHue KonuyecTBa Pax6-MMMYHOITO3UTUBHBIX KJIETOK B CyOTrpaHyJisspHOil 30He rumnmnokamiia (SGZ) roJoBHOro Mo3ra
JKMBOTHBIX B KOHTPOJIE U IPU IKCIIEpUMEHTAIbHOI 00J1e3HN AJTbLIireiiMepa. a — KOHTPOJIb, 6 — MOJIEJIb HeifipoereHepaluu aablreii-
MEpOBCKOTro TuIa, 9 cyT. CTpenkamMu nmokasaHbl Pax6-MMMYHOITO3UTHUBHBIC KJIETKH, siapa okpanieHsl DAPI.

mecTBIsu ¢ noMmolbio Habopa TUNEL in sifu o mpo-
tokony nmpousBoautens (Elabscience, CIIIA).

LndpoBbie 1300paxkeHMS ITOIYYaIH C ITOMOIIBIO CH-
ctembl Busyanuzanuu EVOS M7000 (Thermo Fisher
Scientific, CIIIA) u o6padaThiBaii B Iporpamme Imagel
C TIOMOIIIbIO TUIaTMHA JJI noacueTa (JIyopecleHTHBIX
METOK Ha MUKpOdoTorpadusix.

KonanyecTBo MapKepoB HeliporeHe3a U HeOaHTOTe-
He3a XapaKTepHU30BaJl KOJIWYECTBOM KJIETOK, OKpa-
IIEHHBIX Ha COOTBETCTBYIOIIMI MapKep, a IS OLIEHKU
YPOBHSI arloITo3a IOACYUTHIBAIM OOllee KOJMYECTBO
TUNEL-103UTUBHEIX KJIETOK, HOpMUPOBaHHBIX Ha 100
DAPI-To3WTUBHBIX KJIETOK B HEHPOTeHHON HUIIE M
MPEACTaBISIIM B BUIE CPEIHETro 4Yucia C yKa3aHuem
CTaHIAPTHOTO OTKJIOHEHMSI.

CratucTiyeckuii anamm3s. /{151 craTucTuyeckoit oobpa-
OOTKM JaHHBIX NCITOJIL30BaJIN MporpaMmy Statistica 13.3
(StatSoft Inc., Poccust). Pe3ynbrarnl Tecta YPITH ob6pa-
0aTbIBaJIM C UCIIOJIb30BAaHUEM OTHO(MAKTOPHOIO aHaIN-
3a ANOVA u tecta @uiiepa, pe3yabraTbl UMMYHOTU-
CTOXUMHUM — C ToMollblo Kputepust U-tecta MaHHa—
YutHu. Pesynbrarhl cunTany 3HadnMbIMU ripu p < 0.05.
JlaHHBIE TIPEACTaBIeHbI B BUIE CPEIHETO U CTAaHIAPTHO-
ro OTKJIOHEHMUSI.

PE3VYJIBTATDI

OueHka IMHAMUKU TIPOTPECCUPOBAHUSI KOTHUTHUB-
HOTO IedUIKUTa MO3BOJIIET He TOILKO BepUMDUIIUPOBAThH
pa3BuUTHE HelipolereHepauruy ajabLIeiMMepOBCKOroO THU-
ra y 3KCepUMEHTaAbHbIX XKMBOTHBIX, HO U OMPeNesITh
CPOKU €€ MOsIBJIeHUSsI. BEIIOJIHEHHBII HAMU paHee aHa-
m3 pe3yabraToB Tecta Y PITU mmokaszai, 94To TeHIeHIIUS
K TIOSIBJICHUIO HapylIeHWil KOTHULIMU (3allOMUHAHUS) Y
9KCIIEpUMEHTAIbHBIX XXMWBOTHBIX (DUKCHUpPYETCS Ha 24-¢
CYT MOCJIe MHTPAruIoKaMIaabHOro BBeaeHust AR25—35,
a Ha 38-e cyT u3BMeHeHUsI Mo pe3yibTaTaM TeCTUPOBaHUS
CTAaHOBSITCSI JOCTOBEPHO OTJIMYHBIMU OT KOHTPOJIbHO
rpynmnsl (p = 0.0449) (ABepuyk u ap., 2023).
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C MoMolIIbI0 UMMYHOTUCTOXUMUYECKOTO MPOTOKOIa
MBI TIPOAHATM3UPOBAIN, KaK M3MEHSETCS CoNepsKaHe
HEKOTOPBIX MapKepoB HeiiporeHe3a — Nestin, Pax6,
NeuroD1 (Roybon et al., 2009) 1 HeoaHTHMOreHe3a —
VEGFR2 (Pynbko u np., 2017), a Takke BEIpaXKeHHOCTD
arornTo3a B HelporeHHbIX HUIaxX (3oHax SGZ u SVZ) y
JKMBOTHBIX B TI€pUO, TPEIIIEeCTBYIOIIUI MOSBISHUIO
KOTHUTUBHOM nuchyHKuu (B mepuon 9—17-e cyT ¢ Mo-
MEHTa BBeICHUS MeNTHUIa B TKaHb TUIIIIOKAMIIA).

K 9-M cyT pa3BuTus HelipoaereHepaluy Mbl 3apery-
CTPUPOBAIU CYIIECTBEHHbIE OTJIMUMST MTPODUIIST SKCTpec-
cuur 00erx HeMpOTreHHBIX HUII Y XKUBOTHBIX C MOZIEJIbI0 BA
110 CPAaBHEHUIO C KOHTpoJeM: B 30He SGZ ruriokamiia
3HAYMMO YBEJIMYWIOCH KOJIWYeCTBO Pax6-mMMyHOMO-
sautuBHBIX (puc. 1) 1 VEGFR2-uMMyHONO3UTUBHBIX
KJIETOK, Toraa Kak B SVZ — ToJibKo KoandecTBo Nestin-
MMMYHOTMO3UTUBHBIX KJIeTOK (TabJ1. 1).

B SGZ runnokamra JO)XHO-ONIEPUPOBAHHBIX XKU-
BOTHBIX ypoBeHb Nestin (Mapkep HCK) u Pax6 (mapkep
HCK u HIIK) octaercsi cTabuibHBIM Ha MPOTSIKEHUU
BCero mepuvojaa HabJIOACHUS] U 3HAUMMO HE MEHSIeTCS
nociie TpeHuHra (ooydyeHust) B tecre YPIIN (10-e cyr
pa3BuTHUs HeliponereHepauuu) (puc. 2). [lpumeuarens-
HO, uTO coaepxanue NeuroD1 (Mapkepa Heiipo61acToB
U He3peJIbIX HEMPOHOB) MPOrPECCUBHO yBEJINYMBAETCS,
JocTuras MakcumyMma K 17-m ¢yt HaGmoneHus (puc. 2).
Hamnpotus, ¢ 11-x no 17-x cyT HaGI0AeHUST PETUCTPUDY-
etcsa cHmkeHue skcrpeccunn VEGFR2 (puc. 2).

TakuM 00pa3oM, y (KUBOTHBIX KOHTPOJIbHOM IPYIIIbI
npuMeHeHue Heuszberaemoro O0ojeBoro ctumysa (10-e
CyT) MHAYLIMPYET yBeJIMYeHUE KOoJIMYecTBa Helpoba-
CTOB 0€3 3HAYMMOTO BJIUSIHUS Ha ITPOLIeCChl MOOWT3alIu Y
HCK nmm HITK ¢ mocnenyronieit BeposiTHOM peayKIneit
VEGFR2-omocpenoBaHHOTO HelporeHe3a WM HeOaH-
ruoreHe3a. MHTeEpecHO, UTO Mocyenyolias CECCUsl B TECTe
VYPIIN, perncrpupyioiias peKOHCOIMUIAIIAIO JOJITOBPEe-
MeHHoI nmamatu (17-e cyT HaOIOAeHUST), TaKXKe CITOCO0-
CTBYeT 3HAUMUTEJILHOMY HOTOJIHUTEIBHOMY YBEJIMYEHUIO
yucia HelipoonacToB B SGZ TUIIITOKaMIIa.
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ABEPYYK u gp.

Ta6mma 1. ConmepkaHue MapKepoB HeliporeHe3a U HeoaHTHMOTeHe3a B cyorpanyisipHoit (SGZ) u cyoBeHTpUKYIIsipHOM (SVZ)
30HAaX rOJJOBHOTO MO3Ta XKUBOTHBIX B KOHTPOJIE U B HAYaIbHOM cTaguu (9-e cyT) pa3BUTUS IKCTIEpUMEHTAIbHON BA

SGZ, % (M = SD) SVZ, % (M £ SD)
Mapkep
KonHTtponb BA P KoHtpoib BA D
Nestin 1.8 £ 0.5 1.9 £0.21 0.5127 7.21t4.8 229+72 0.0495
Pax6 49+0.5 128 £ 1.9 0.0495 49+0.5 83+£53 0.5127
NeuroDl1 1.5+027x10°%| 1.6x04 0.5127 36t 1.2 7.6 +3.0 0.0809
VEGFR2 5.9+25 9.2x0.5 0.0495 10.8 +0.22 x 10~ 14 9.2+19 0.5127

VY XUBOTHBIX C 3KCIIEpPUMEHTAJIBHOI MOIEIbIO HEli-
ponaereHepaly ajibLITeAMEpOBCKOIO THUIIA MBI 3aperu-
CTPUPOBAJIM CYIIIeCTBEHHBIE OTJINYMS TMHAMUKHY COIEP-
JKaHUS TIepEUYNCICHHBIX MapKepoB: KoanmdecTBo Nestin-
MMMYHOITO3UTUBHBIX KJIETOK BO3pacTajo cpasdy MOocie
nepBoil ceccuu oOydeHusl (HeuzOeraeMblili 0Oo0JieBOIt
ctumyi, 10-e cyT) K 10 cyT u majiee octaBajaoCh CTaOUIIb-
HO BBICOKHM, a KOJIMYeCTBO Pax6-MMMYyHONO3UTHUBHBIX
HIIK cHuxanock Ha 10-e cyT U COXpaHSIOCh Ha HU3-
KOM YpoBHe 10 17-Xx cyT HaOJIOJeHUs; aBEepPCUBHBIMI
pasapaxutenb (10-e cyT) BbI3bIBAJ yBEeJIMUEHUE YKCa
NeuroD1-MMMYHOITO3UTUBHBIX HelipobyacToB. OnHa-
KO mocJlienymwoliee HabaoAeHUE He BbISIBUJIO TOTIOJHU-
TEJILHOTO yBeJIMdeHUs KomdecTBa NeuroD 1-uMMyHoOII0-
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3UTUBHBIX HEMpoOJIacToB Ha 17 CyT pa3BuUTUs Helipoaere-
Hepaluu, B OTJWYME OT KOHTposis. Tak e, KaK U B
KOHTpoJIe, B ieproxn 11—17-e cyT KoIn4ecTBO KJIETOK, 3KC-
npeccupytonix VEGFR2, B SGZ rurnmokamma (puc. 2)
cHmxkaercsa. IlpumedarenbHo, yto B SGZ B Tiepuon,
MIpPEeIICCTBYIONINIT MOSBICHUIO IIEPBBIX IIPU3HAKOB KO-
THUTUBHOrO HapyiieHus (17-e cyT akcriepuMeHTa), ObI-
Jla 3aperucTpupoBaHa MHTEHCU(UKALIMSI IMIPOIECCOB
anonTo3a (p = 0.049535) (puc. 3).

B npyroit HeiiporeHHoI1 HUIlle — SVZ — y XXKMBOTHBIX
KOHTPOJILHOM IpyNbl IpUMEHeHNe Hen30eraemMoro 00-
sneBoro ctumyia (10-e cyT) npMBOAMIIO K CYyILLIECTBEHHO-
My pocTy conepxanusi NeuroD1, u mocienyioias cec-
cus B tecte YPIIN Ha 17-¢ cyT HaOIoaeHUs BEI3bIBAIa
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Puc. 2. luHamuka naMeHeHus conepxkaHus mapkepos Nestin, Pax6, NeuroD1, VEGFR2 B cyOrpanyJisipHoii 3oHe rumnmnokamia (SGZ)
TOJIOBHOTO MO3ra XKUBOTHBIX B KOHTpoOJIe (Oesible CTOJNIOLbI) U MPU SKCIIEPUMEHTANIbHOM 00Jie3HN AsbLreiiMepa (YepHble CTOIOLbI).

Pazmmuus mocroBepHs! (*) ipu p < 0.05.
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Puc. 3. JlunaMyKa U3MEHEHUSI OTHOCUTEIILHOTO KOJTMYeCTBa
TUNEL-n03uTHUBHBIX KJIETOK B cyorpanyisipHoit (SGZ) u
CyOBEeHTPUKYIIpHOI (SVZ) 30HaX TOJOBHOTO MO3Ta B KOH-
Tpose (Oesble CTONOLbI) U MPU SKCIIEPUMEHTAIbHOI 6oJie3-
HU AnblreiiMepa (4YepHbIe CTOJIOLIBI).

NOMOJIHUTEIbHOE  yBEJIMYEHHE 3TOro  mokasaTess
(puc. 4). IuHamuka udMeHeHus1 yucia NeuroD1-um-
MYHOITO3UTUBHBIX KJIETOK B SVZ, B 11eJIOM, ITIOBTOpSLIa
TakoBy0 B SGZ runnokammna. B SVZ KOHTpOJbHBIX XK1~
BOTHBIX Mbl 3apETrMCTPUPOBAIU CHUXKEHNE KOJUYEeCTBa
VEGFR2-uMMyHOMNO3UTUBHBIX KJIETOK K 17-M cyT Ha-
omoneHus (puc. 4).
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VYV KMBOTHBIX C 3KCIIEpUMEHTAJIbHOI Momenbio BA
BBICOKMIT ypOBEeHb cojaepxXaHus Mapkepa Nestin B SVZ
Ha 9-e CcyT pa3BUTUS HelipolereHepalu CMEHSIJICS eTro
CHIDKEHUMEM yXKe TTociie 1-oi1 ceccru 00y4eHUs B IPOTO-
kosne YPIIM, uTto MOXeT CBMAETENbCTBOBATh O COKpa-
meHnuu nyina HCK B oTBeT Ha nelicTBUE aBEepCUBHOTO
pasgpaxures (KOTHUTUBHOIT Harpy3ku) (puc. 4). [Ipu-
MedaTeslbHO, 9To yrciao NeuroD 1 -mMMyHOIIO3UTUBHBIX
KJIeTOK B SVZ, kak 1 B SGZ rurokamiia, 3Ha4nuMo BO3-
pacrazo Ha 11-e cyT HabmoaeHusI, HO, B OTJIMYME OT KOH-
TPONBHBIX XKUBOTHBIX, peAyLIUPOBAIOCh Ha 17-¢ cyT. B oT-
jmmuue ot 306l SGZ, B SVZ konmmyectBo VEGFR2'-ke-
TOK Bo3pacTaJio rocie 1-oit ceccuu B mpotokoiie YPITU
(10-e cyT) 1 majee BO3BpaIIagoCh K MICXOOHOMY YPOBHIO
(puc. 4).

Oruenka anornro3a B SVZ Ha MOMEHT MaHUdecTalun
KOTHUTHUBHOTO Ae(HIINTA Y KUBOTHBIX TTOKa3ajia 3HAYM-
TeIbHOE CHIDKeHME rubenu KiteTok (p = 0.049535) (puc. 3).

OBCYXIEHHNE

C y4yeToM BaXKHOCTHM UAEHTU(MHUKAIINN MEXaHU3MOB U
MH(OPMATUBHBIX MapKepOB JOCUMIITOMATUYECKOMN CTa-
oy 00J1e3HM AJIbIIreiiMepa, 0CoOyI0 3HAYMMOCTD IIpHO0-
pETAIOT MCCAeA0BaHMS HApyLLIEH I HeliporeHe3a B HEpo-
TeHHBIX HHUIIIaX T'OJJOBHOTO MO3Ta 3KCIEePUMEHTATbHBIX
KMBOTHBIX Ha paHHUX CTaIUsIX Pa3BUTHS HelipomereHe-
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Puc. 4. Jlunamuka usmMeHeHus copepxkanust Mapkepos Nestin, Pax6, NeuroD1, VEGFR2 B cyOBeHTpUKYJIsIpHOI 30He (SVZ) ronoB-
HOTO MO3ra KMBOTHBIX B KOHTpOJIe (Oesible CTOIOLbI) U MPU SKCIIepUMEHTaIbHO 00J1e3HM AJbLreitMepa (4epHble cTonoLbl). Pasnu-

qust goctoBepHHI (*) pu p < 0.05.
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paluy aJblreiMEepOBCKOIO THUIIA, KOTHAa KOTHUTUBHBIN
nedunuT emle He BhIpaxkeH. HekoTopbele HaOJIOIEHUS
CBUAECTEJILCTBYIOT O TOM, YTO HapylLIeHUs npojmdepa-
onn n gnddepentmposkn HCK — parame iposBiieHUAS
abeppaHTHOro HelporeHe3a B 30He SVZ npu 3KCnepu-
MeHTaJIbHOIi 6oJie3HU AJblireiiMepa (Scopaet al., 2020),
Torga Kak 30Ha SGZ B 3TOT HepUOA MOXET TEeMOHCTPU -
poBaTh IIPU3HAKY MHTEHCU(DUKAIIUY HEHipOoreHe3a C Io-
cienyomuM ero nogasiienueM (Lépez-Toledano, Shel-
anski, 2007), yTo HaMu 1 ObUIO 3apUKCUPOBAHO Ha 9-¢
cyT nocyie BBeneHust AB25—35 (ta6iu. 1). OnHako dbeHo-
MeH MHTeHCU(DUKALMK HeiporeHe3a npu aeiictBum AR
Obul omucaH Toibko mist AB1—40, Ho He AP25-35
(Lopez-Toledano, Shelanski, 2004).

W3BecTHO, UTO B (DM3UOJIOTUYSCKUX YCITOBUSIX B TO-
JIOBHOM MO3T€ MJICKOIIMTAIOIINX IIPOUCXOIUT IMOCTOSTH-
HbI HEMporeHe3 B HEMPOTreHHbBIX HUILIAX HA MPOTSKEHUU
BCEro Mepuoia MOCTHATAIBLHOIO Pa3BUTHSI, C MOCJEAYIO-
LM IIPOTPECCUPYIOIINM MOIABICHUEM B CTapPEIOIIEM IO~
soBHoM Moare (Riddle, Lichtenwalner, 2007). M bl ucrojib-
30BaJI IPOTOKOJI OOYUYEHUS KUBOTHBIX C IIPUMEHEHUEM
HensberaeMoro 0OoJIEBOro BO3NEICTBUS C ITOCIEAYIOIIM
TECTUPOBaHUEM NaMATH (C momoulbio Tecta YPITH)
(Ogren, Stiedl, 2013), koTOpHIit 1a€T BO3MOXKHOCTb MHTEP-
MIpeTUPOBaTh CTEIIEHb COXPAaHHOCTU M CTEIIEHb ajall-
TUBHOCTH HelporeHesa B HeifiporeHHbIX HuIax (SGZ u
SVZ) (Dermon et al., 2002), ucxoas U3 Mpoa0JKUTEIb-
HOCTH JIATEHTHOTO IIEpHOAa, COOTBETCTBYIOLIETO Chop-
MHUPOBAHHOMY “cieny” 3MOIIMOHAIBHON MaMSITH CTpa-
xa (MHozemies, 2013).

MbI 0OHAPYKWIY, YTO BaKHBIM OTJIMYUEM TUHAMMU-
KM 3KCIPECCMOHHOTO Mpoduiisgd U B 30HE TMIIOKaMIIa
SGZ, n B SVZ ToJIOBHOTO MO3Ta JKMBOTHBIX Ha JOCUMIITO-
MaTWYeCKOW CTaauW pa3BUTHUs HelipojereHepanuu (mo
CpPaBHEHMIO C XMBOTHBIMU KOHTPOJIBHOI TPYMIIbI) SIBJISI-
€TCcsl OTCYTCTBUE CTUMYJI-MHIYIIMPOBAHHOU MHTEHCUU-
Kaimu obpazoBaHusi NeuroD l-UMMYHOMO3UTUBHBIX
KJIETOK B TI€pUO/1, HEMOCPEACTBEHHO MPeIIeCTBYONINI
MPOSIBJICHUIO KOTHUTUBHON TUCHYHKIIMHU.

B SGZ 5710 HaboaeHNUE, B COBOKYITHOCTU C JaHHBI-
Mmu o kKonuuectBe Nestin®- u Pax6'-kierok, o3Hauaer,
4YTO B YKA3aHHOW HEWPOreHHOM HMIIE H3HAYAJIbHO
OCTaIOTCSI COXpaHHBIMU I1poliecchl Moomm3anun HCK
(HIIK) 1 o6pa3zoBaHus HEMipOOIaCTOB (HE3PEIbIX ITOCT-
MUTOTUYECKUX HEHPOHOB), HO 3aTeM, K HadaJly (popMu-
poOBaHUSI KOTHUTUBHOTO AeUIINTa, BO3MOXHOCTHU Te-
Hepauuu mmyia NeuroD1"-KJI€TOK B OTBET Ha NIPENBSIB-
JIEHE€ COOTBETCTBYIOIIETO KOHTEKCTa MCTOIIAIOTCS.
OpnHoM 13 BO3BMOXHBIX IMTPUUYNH MOXKET OBITh TPEXKpaT-
Has (10 CpaBHEHUIO C KOHTPOJIEM) MHTEHCU(MDUKAIINS
npolueccoB anmonTo3a B SGZ K 17-M cyT pa3BUTHS HEli-
pojaereHepaluu.

HHTtepecHo, uTo 1pu pasButuu AB25—35-uHmyim-
POBaHHOI HelpoaereHepaly BO3MOXHBIM MEXaHU3-
MOM (IOITIOJIHUTEJBbHBIM K mpoyudepaluu HelipoObJia-
CTOB, PETUCTPUPYEMOI Y JKMBOTHBIX KOHTPOJIBLHOM IPYIT-
Mbl), OOECreunBaOIIMM CTUMYJISILIMIO HeilporeHe3a B
nportokoie YPITN, cranosurcsa pekpyrmar HCK B SGZ

ABEPYYK u np.

runmnokamiia. CoBnaaarolee o BpeMeHu ¢ MOOWIu3alu-
eit NeuroD1"-neiipo6nactoB 1 Nestin"-HCK ymeHblie-
Hue konnyecTBa Pax6™-HITK, BEposITHO, OTpaxKaeT OLICT -
pO€ UCTOLIEHUE MyJia TPOT€HUTOPHBIX KJIETOK Y XKMBOT-
HBIX C HEUpOJereHepaluuen ajblre iMepoOBCKOTO TUIIA,
HECMOTps Ha TO, UTO U3HAYAIBLHO X KOJUUYECTBO Y XKU-
BOTHBIX ¢ Mozeabio BA OBITO BRI, YEM Y KMBOTHBIX
KOHTpOJibHOI Trpyniibl. [TogoOHbI (heHOMEH — Tpo-
rpeccupylolliee YMeHBIICHHEe KoJIndecTBa Pax6-mMmy-
Homo3uTuBHLIX HITK B HeiiporeHHBIX HUIITaX TOJTOBHO-
ro Mo3ra — ObLI paHee 3aperucTpPUPOBaH IPY CTapEHUU
U TPAHCTEHHBIX KMBOTHBIX C 9KCIIepMMeHTalbHOU BA
(Polis et al., 2020).

B 3onHe SVZ tokcuueckoe neiictBue AP25—35 Ha
paHHE CTaauy MPOSIBUJIOCH B TOM, UTO O0IlIee KOJIru4de-
ctBO Nestin™-KJIETOK ObIJIO U3HAYAIBHO YBEIMYEHO, HO
npu mpuMeHeHun npoTtokona YPIIN yxe mocne 1-oit
CECCUM WX YMCJIO 3HAYUTENIbHO coKpamaiochk. He uc-
KJIIOYEHO, YTO 3TO OOYCJIOBJIEHO JIMOO 3aIlyCKOM IIpO-
IIECCOB penapaTUBHOIO HelporeHesa, JMOO BBICOKOI
yyBcTBUTENbHOCThI0O HCK 3T0# HeliporeHHOM HUIIU K
TOKCHUYeCcKOMY neiictBuio AB25—35.

WHBIMM CIO0BaMM, €CIM NPUMEHEHNE aBEPCUBHOTIO
pasnpaxurteis B 30He SGZ XXNBOTHBIX C HEMpOIETeHE -
paLueil MposABIANIOCh CHUKeHneM vyucaa Pax6™-HIIK,
10 Nestin"-HCK B 30He SVZ 1eMOHCTPpUPOBAJIA aHAJIO-
TUYHYIO TUHAMUKY. JIOTMIHO IIPENIIoIOXUTh, YTO B 30-
He runmnokamiia (B SGZ) pa3BuTue HelipoaereHepalu
COIIPOBOXIAETCSI MPEUMYIIECTBEHHOM MOOMIM3alAeii
HIIK, a 8 SVZ — HCK, nmonyngaumni KOTOPBIX MaKCH-
MaJIbHO YYBCTBUTEIbHBI K TOTIOJIHUTEIbHOMN (hyHKIIUO-
HaJIbHOM Harpy3Ke Ha COOTBETCTBYIOIIYIO HEIIpOTeHHYIO
HUIILY.

HMNHTtepecHO, UTO Y XKMBOTHBIX KOHTPOJILHOM TPYIIIEI
JMHAMUKa W3MeHeHus 4vucia NeuroD1*-Heiipo6ma-
CTOB, IIPOCTUMYJIMPOBAHHBIX IPUMEHEHNEM Heusoera-
€MOro cTumyJia U (M) HaXOXIeHUEM KMBOTHBIX B CO-
OTBETCTBYIOIIE 00CTaHOBKE, CIIOCOOCTBYIOIICH ITPOSIB-
JICHUIO YCJIOBHOM peakiliu MacCUBHOTO M30eraHusi, B
SVZ n SGZ 6n11a npakTudecku uaeHTuIHou. CienyeT
OTMETUTb, YTO ydacTtue SVZ-reHepupyeMbIX HEMPOHOB
B MeXaHM3Max OOy4YeHHUSI M 3allOMUHAHUS, OlLICHUBAaE-
MbIX B Tecte YPIIUN, 65110 mokazano panee (Fiore et al.,
2002), mo3ToMy 3aperucTpMpoBaHHasi HaMU OIHOHA-
npaBjeHHOCTh n3MeHeHuil unciaa NeuroD1*-HITIK B
3oHax SGZ u SVZ He youBUTEIIbHA.

BOkcnpeccusi VEGFR2 MoxeT ObITh XapakTepHa He
TOJIBKO JJIsI KJIETOK SHIOTEINSI, HO U IJIsI Ip o e pupy-
IOIIMX HelipoOiiacToB HeliporeHHbIX Hum (Jin et al.,
2002). Koyib cKkopo Mbl OOHApYXXWJIU, YTO K 17-M CyT Ha-
omoneHus1 koandectBo VEGFR2-MMMYyHOITO3UTUBHEBIX
Ki1eToK B SGZ CHU3WIOCH Y SKUBOTHBIX M KOHTPOJIBHOI,
M DKCIIEpUMEHTabHOM IrpymIl, a B SVZ oHa HE U3MEHSI-
JIach Ha IIPOTSKEHUU BCEro Meproaa HaOMIOIeHUs, JI0-
TMYHO NPEeANoJ0XUTb, YTO B HEMPOTEHHOM HUIE, CO-
XpaHsSIoIIel OTHOCUTEbHO MHTAKTHBIMU MPOLIECCHI
HeliporeHe3a Ha paHHEM 3Talle pa3BUTUSI HEpoIereHe -
pannu (SGZ), sBknag VEGFR2-ommocpenoBaHHBIX MeXa-
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HU3MOB peTYJISIIUY HeliporeHe3a 1 HeOaHTUOTeHe3a Mo~
CTEIIeHHO PeAyLIMpYeTCs.

Eue B MeHblIell cTeleHM U3ydyeHbl OCOOEHHOCTU
HeoaHTHOTeHe3a B HeHpOTeHHBIX HUIIIaX, OMHAKO CYIIe-
CTBYIOIIIME DKCIIEPUMEHTATbHBIE HAaXOMKW W TIOJydeH-
Hble HaMU pe3yJbTaTbl OLIEHKM aronTo3a IO3BOJISIOT
TpenroiaraTh BKIaI aGeppaHTHOTO MUKPOCOCYIUCTOTO
OKpYXXEHHUs B HapyllleHWEe T'eHepallid HOBBIX HEHUPOHOB
MNpU pa3BUTUM XPOHMUYECKOI HelipoaereHepaiuu (Stein-
man et al., 2021).

Taxum obpa3om, MorydeHHbIe HAMU JaHHbIE CBUIE-
TEJABCTBYIOT O TOM, 4TOo SGZ u SVZ B paHHeM Iiepuoje
pa3BUTHUS HelipoaereHepalliy, WHAYLIMPOBAHHOM Oeii-
ctBuem AP25—335, Kora eiie He OUYeBUAHBI HAPYIICHUST
dopMUpOBaHUS ciieja SMOLIMOHAIBHOI NaMsITH CTpaxa,
MIPUCYTCTBYIOT pa3jIMYHEIC MPOSIBIACHUS HapyIIEHHOIO
HelporeHesa.

B uenoMm, pesynbTaThl 3KCIIEPUMEHTATBHON OLIEHKU
COCTOSIHMSI HeliporeHe3a CBUIETEIBCTBYIOT O TOM, YTO
yXe Ha JOCUMIITOMAaTUIECKOM CTaTuM pa3BUTUS HEMpPO-
JiereHepalry ajibLIre iMepoBCKOTO THUIIA MPOLIECChI HEM-
poreHesa B 30He SGZ 1 SVZ HapyllleHbI: TPOLIECCHl MO-
onmm3an HCK 1ipu ripenbsiBiieHM aBepCUBHOTO pas3-
IpaxKUTEIISI U MHIYKIIMU TTpoliecca 3anoMuHaHus B SGZ
OTHOCHUTEILHO COXPaHHEI, TOTNAa Kak B SVZ n3Ha4YajJbHO
yBenmdeHHBIN my1 HCK, BeposiTHO, 00ecieuYnBarOIInx
IpoliecChl pernapaTuBHOrO HelporeHe3a IMpU ITOBpe-
XKIEHUW TKAaHU MO3Ta, JEMOHCTPUPYET UX BHICOKYIO YyB-
CTBUTEJILHOCTBD K MOBpekaatoiiemMy aeiictauio AR25—35 u
KOTHUTUBHOM Harpy3ke. B o0enx HelpOoreHHbIX HUIIIAX
HaOMogaeTcss yrpaTa CTUMYJI-MHIYLIMPOBAHHONM IeHepa-
LMY HefipoO6IacTOB U He3peJIbIX HEMPOHOB B IIEpUO, He-
MOCPEACTBEHHO MNPEAIIECTBYIOIINI MPOSBICHUIO KO-
THUTUBHOTO JeduuuTa.

ONHAHCUPOBAHUE PABOThHI

Pa6ora BeImoONHEHA Tpu (PUHAHCOBOI Ionaepxkke Poc-
cuiickoro HaydyHoro ¢onzaa (rmpoekt Ne 22-15-00126; https://
rscf.ru/project/22-15-00126).

COBJIIOJEHUE 5TUYECKUX CTAHOAPTOB

Bce akcriepMeHTBI BBITIOTHSIIN ¢ YYETOM MPUHITATIOB I'y-
MaHHOTO O0pallleHUs C (KWNBOTHBIMU U HA OCHOBAaHUU pellie-
Hust JlokasibHOro 3TM4yeckoro kommurera HaydyHoro ueHTpa
HeBpojoruu (mpoTokon Ne 5-3/22 ot 01.06.2022 1.).

KOH®JIMKT MHTEPECOB

ABTOpr TIOATBCPKAAIOT OTCYTCTBUEC ABHBIX M IIOTCHLM-
AJIbHbIX KOHC])J'[I/IKTOB MHTEPECOB, CBA3aHHbIX C Hy6HI/IKaHHeﬁ
HACTOSIIEN CTaTbU.

NHO®OPMALIMA O BKIIAJE ABTOPOB

A.C. ABepuyK: Tu3aliH McclIeq0BaHMsI, COOp MaTepuaa, cTa-
THUCTUYECKasi 00paboTKa MaTepraia, aHaJIM3 TIOJIydeHHBIX JaH-
HBIX, HarmMcaHue Tekera crater; M.B. Pa3anoBa, H.A. Pozano-

HUTOJIOT U Ne 4

TOM 65 2023

345

Ba, A.B. CraBposckasi, C.B. HoBukoBa: coop 1 00paboTka Mare-
puana; H.A. KosmoTtbeBa: o6padoTka Matepuana; A.b. CaimuHa:
KOHLETILMS W JU3aiiH MCCAeq0BaHUsl, aHaJINu3 TOJIy4eHHBIX
TMAaHHBIX, HalTUCaHWe TEKCTa CTaThbU. Bce aBTOpPHI BHECH CY-
1IECTBEHHBI! BKJIaJ B MpPOBEASHUE UCCAEAOBAHUS U TMOATO-
TOBKY CTaTbU, TIPOYIN U OHOOPWIM (PUHAIBHYIO BEPCUIO Tie-
pen myoImKalmeit.
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Neurogenesis in Brain Neurogenic Niches in Experimental Alzheimer’s Disease
at the Presymptomatic Stage of Neurodegeneration

A. S. Averchuk® * , M. V. Ryazanova¢, N. A. Rozanova?, N. A. Kolotyeva“, A. V. Stavrovskaya“,
S. V. Novikova“, and A. B. Salmina“
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*e-mail: antonaverchuk @yandex.ru

Deciphering the mechanisms of development of neurodegeneration at the presymptomatic stage is an urgent task.
It’s solving allows optimizing the methods of early diagnostics and prevention of Alzheimer’s disease (AD). Goal of
the study: to study the features of neurogenesis in brain neurogenic niches in experimental Alzheimer’s disease at the
presymptomatic stage of neurodegeneration. Modeling of AD in vivo was carried out in experimental animals (male
mice, C57BL/6, 8 months old) as follows: the control group, n = 30, animals were injected with 2 ul ofa 0.9% NaCl
solution in the CALl field of the hippocampus; the experimental group, » = 30, animals were injected with a 1M solu-
tion of oligomerized beta-amyloid 25—35 (AB25—35) (2 pl bilaterally). Cognitive impairments have been assessed
with the passive avoidance task (PAT). For immunohistochemical studies, we identified the subgranular zone of the
hippocampus (SGZ) and the subventricular zone (SVZ) in frozen sections of the brain tissue. We have analyzed the
expression of markers — Nestin, Pax6, NeuroD1, VEGFR2, as well as apoptosis (TUNEL protocol) in neurogenic
niches. In the period preceding the manifestation of cognitive dysfunction (from 9 to 17 days after intrahippocampal
administration of AB25—35), we registered multidirectional changes in the expression of markers of neurogenesis,
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neoangiogenesis and the severity of apoptosis in the SGZ of the hippocampus and in the SVZ. At 9th day since the
beginning of development of Alzheimer’s type neurodegeneration, we found elevated expression of Pax6 and VEG-
FR2 in the SGZ and higher number of Nestin+ cells in the SVZ. Subsequent application of the PAT protocol with
the presentation of an aversive stimulus (day 10) or the corresponding context (days 11 and 17) resulted in dynamic
changes in the expression of cell markers at different stages of neurogenesis. In sum, at the presymptomatic stage of
the Alzheimer’s type neurodegeneration, SGZ and SVZ show signs of aberrant neurogenesis associated with a dis-
ruption in the pool of stem and progenitor cells and suppression of the production of neuroblasts/immature neurons
in the period preceding the evident cognitive dysfunction.

Keywords: Alzheimer’s disease, neurogenesis, subgranular zone, subventricular zone
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