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bonesns [Mapkuncona (BIT) siBistercst mporpeccupyoliieii BO3pacTHOM HelipomereHe-
PaTUMBHOM MAaTOJIOTUEH LIEHTpaJlbHONW HEPBHOW CUCTEMBI, MIPU KOTOPOU MPOUCXOAUT
u3bupartesibHasl motepst 1o(haMUHEPruuYecKUX HEMPOHOB HUTPOCTPUAPHOIO IMyTU U
IUUISI KOTOPO# XapaKTepHO Hajinuue creinbdudeckrx BKIoYeHui (tenen JleBu) B no-
dbamMuHOBBIX HelipoHax. st U3y4yeHUs MEXaHU3MOB BO3HUKHOBEHUsI JaHHOM MaToj0-
MU U JUISI TTOMCKA BO3MOXHBIX TyTeil ee KOPPEeKLUMU CO3aHbl TeHeTUYeCKUe MOIEU
BIT Ha mbimax. TpancrenHsie Mbiinu auauu B6.Cg-Tg(Prnp-SNCA*AS53T)23Mkle/J
(manee B Tekcre B6.Cg-Tg) umeror myrauuio A537 B reHe anbgha-CUHYKIIEMHA YEJI0OBE-
Ka U npeacrasiasitor coboit moaenb BIT. Llenbio naHHOM paboThl OBUIO UCCIeI0BaHUE
JIOKOMOTOPHOI aKTUBHOCTH M YPOBHSI TPEBOKHOCTH, a TaKXe IJIOTHOCTU HEMPOHOB B
rOJIOBHOM MO3re caMLoB Mbiiei tuanun B6.Cg-Tg B Bo3pacTte 1iectu MecsitieB. B ka-
YecTBe KOHTPOJISI ObUTH UCTIONB30BaHbl MbI C57BL/6J (muKuii TUIT) TOTO Xe moja u
Bo3pacTta. [lojyyeHHbIe pe3yabTaThl MTOKa3bIBAIOT, YTO s Mbiieit B6.Cg-Tg xapak-
TEepHA BbICOKAsl IBUraTeJibHasi aKkTUBHOCTb M HU3Kasl TPEBOXHOCTb. Hapsiny ¢ aTum y
HUX ObLIO OOHApYyXXeHO M30MpaTebHOe CHUXEHWE TUIOTHOCTU HEHPOHOB B CyOBEH-
TPUKYJISIPHOU 30He, YepHOoi cyocTtanumu, a Takke 3oHax CAl, CA3, CA4 u rpany-
JIIPHOM CJioe 3y04aToii M3BWJIMHBI TUIIMOKamIia. TakuM oOpa3oM, MBIIIU JUHUMU
B6.Cg-Tg B BO3pacTe 1IeCTH MeCSIIEeB JIMIIb YaCTUIHO COOTBETCTBYIOT OCHOBHBIM ITa-
Tousnonornyeckum npusHakam BI1, Takum Kak CHUXeHHE TIJIOTHOCTH HEMPOHOB B
yepHoil cyocTtaHuu, a Takke B CAl u CA3 3oHax runmnokamma. OnHakKo Mpu 3TOM y
HUX OTCYTCTBYET OpaJIMKUHE3sI U TPEBOXHOCTb.

Karoueswie crosa: muiin C57BL/6J, B6.Cg-Tg(Prnp-SNCA*A53T)23MKkle/J, 6one3Hb
TTapkuHCOHa, ABUTATEIbHAsT aKTUBHOCTh, TPEBOXHOCTD, TOJIOBHOM MO3T, IUIOTHOCTD
HEWpOHOB
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BBEAEHUWE

bonesns IMapkuncona (BIT) siBasieTcst mporpeccupyoliieil Bo3pacTHOU HelipoaereHe-
paTUBHOIT maTonorveil eHTpaabHoi HepBHOI cuctembl (LITHC), xapakrepusytoieiics
n301paTesbHOI MoTepeil noaMUHEPTUIECKIX HEIPOHOB HUTPOCTPUAPHOTO ITyTH U Ha-
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JuyueM crneurduyeckux BKItoueHui (Tenen JleBu) B nopaMuHOBBIX HelipoHax [1, 2].
JlaHHOe 3a00s1eBaHUe SIBJISIETCSI BTOPBIM T10 PacClpOCTPAHEHHOCTH CpeIM HeliponereHe-
pPaTUBHBIX pACCTPOMCTB MocJe 60Jie3HN AJblireiiMepa v mpeacTaBiisieT co00ii pa3HOBUI-
HOCTb cuHykKJIenHomnatuu [3, 4]. I[Ipu Toueunoit myramum A53T y mopeit ¢ BI1 6emok
anb(a-CUHYKIIEMH HAKaIUIMBAETCS B pa3JIMYHBIX OTAE/IaX TOJIOBHOTO Mo3Ta [5, 6]. O0bIu-
HO aliba-CUHYKJIEMH paclpeieisieTcsl B NMpecUHaNnTUYeckKoil mMeMOpaHe HEHpPOHOB,
KOHTPOJUPYSI TPAHCIOPT CUHANITUYECKUX Be3UKyJ [7]. M30bITOUHOE HAKOILJIEHUE ajlb-
da-cuHyKJIeMHa XapaKTepHO IS TTaTOJIOTMUYECKUX COCTOSIHUI, a ero arperarbl pacrnpe-
NeJISIIOTCSI B TeJlaX KJIETOK WU HelpuTax, Hapylas (yHKIIMOHMPOBaHUE Sipa, MOBpe-
KIasi CMHANTUYECKME BE3UKYJIBl M OOJILIIMHCTBO opraHe/ur HeipoHoB [8]. Takue u3me-
Hennsa B LIHC mpuBomar mo mepe pasButust BII K HeKOHTpoaupyemMoMy TpeMopy,
PUTUAHOCTHU, HAPYILIEHUIO IBUTAaTeIbHOM aKTMBHOCTU U MOCTYPaIbHBIX peakluii, KO-
THUTUBHBIM pacCcTpoiicTBaM, AUCHYHKIMN BEreTaTUBHON HEPBHOI CUCTEMBbI U Hapyllie-
Huto cHa [9]. Y nanenToB ¢ BI1 BeIIEISIIOT AT CTaaWit pa3BUTHSI NTATOJIOTUH, TIPUA KOTO-
PBIX HAOJIOAIOT HAPYIIEHUSI B PAa3JIMYHBIX CTPYKTYpPax TOJIOBHOTO MO3ra, B YACTHOCTHU B
YepHOI cyOCTaHIIMHU, TUITITIOKAMIIE, IT0JIOCATOM Tejle U IIpedpoHTanbHOM Kope [10—23].
YepHas cyOcTaHIMS SIBASIETCS OMHOW U3 CTPYKTYP TOJIOBHOTO MO3Ta, KOTOpasi mopaxa-
ercd K TpeTheit ctanuu bIT, yTo compoBoxnaercs: Ype3MepHbIM HAKOTJIEHUEM B €€ KJIeT-
Kax anbha-CUHYKJIeMHa U MPUBOIUT K NBUTaTeIbHBIM HapylueHusM [ 10, 15, 20]. K yer-
Beptoii ctagun BIl y manueHTOB 0OHapyXXeHO HaKoIuieHMe anbda-cruHykiienHa B CA2
30HE TUMIoKaMIa, BaXXHOU CTPyKType, OTBevarolleil 3a 00paboTKy MpOCTpaHCTBEHHOI
MH(OpMaINY, SITU30INYECKYIO U COIMAIbHYIO TamMsTh [ 11]. Hapsay ¢ atum nipu BIT 06-
HapyxeHbl HapymeHus: B CAl u CA3 3onax runmokammna [18, 21, 22]. I1pu mmomouiu
(YHKIIMOHAJILHOI MarHUTHO-PE30HAHCHOK TOMOTrpauu ObLJIO YCTAHOBJIEHO, YTO B CO-
CTOSTHUM T10KO#1 y Jitoneit ¢ BI1 numeeT MmecTo CHUXXKeHHE CIIOHTaHHOI HepOHHOM aKTUB-
HOCTH B TIpe(dPOHTAILHOI KOpe, a TaKKe YMEHBIIIEHUE CePOTo BellleCTBa B JaHHOM 00J1a-
CTU, UTO CBSI3BIBAIOT C HapylleHWeM KOTrHUTUMBHBIX (pyHKuwmit ipu BIT [13, 14]. Takke
OBLJIO TIOKAa3aHO YMEHbIIIEHUE 00beMa XBOCTATOTO siipa Tojocaroro Tena npu BI, uyro
MOXET OBITh PU3HAKOM IIPOrpeccupoBaHus 3a6ojeBaHus [16].

ITomumo uccnenoBanuit Ha moasx, BIT MIKMPoOKO M3y4yaloT Ha TOKCUUYECKUX [24—26] u
reHeTuuyeckux [27—36] monensix BI1, co3naHHbIX Ha Mbllax. [eHeTnueckue moaeau bBIT
CUNTAIOTCS HAEXHBIMU TSI U3YYEHMST TTaTOTEHETUUECKNX MEXaHM3MOB Pa3BUTHS Tap-
KuHcoHM3Ma [27, 28, 37, 38]. Takue mMoaeau NmpenacTaBieHbl TPAHCTEHHBIMU JTUHUSIMU
MBILIEH, Y KOTOPBIX 9KCIpeccupyeTcst MyraHTHast popma A30P u/unm A53T reHa anbda-
CUHYKJIEWUHa YesioBeka [24, 27, 28].

OcHoBHbIMU cumiiToMaMu BIT y Mblleit cuuTaroT HapylIeHUs] TOKOMOTOPHOM aK-
TUBHOCTU, U3BMEHEHUE YPOBHSI TPEBOXKHOCTU M KOTHUTUBHBIX (DYHKIIWIA, a TAKXKE Hapy-
1LIEHUsI B PAa3JIMUYHBIX CTPYKTYpaX TOJIOBHOTO MO3ra, KOTOPbI€ HE TOJTHOCTHIO TOMOJIOTUYHBI
HapylIeHusiM, xapaktepHbiM i1 BI1 genoBeka [24, 35, 38—41]. TpaHcreHHBIE TEMU3H-
rotHble Mbly JuHuu B6.Cg-Tg(Prnp-SNCA*AS53T)23Mkle/J (manee no tekery B6.Cg-Tg) ¢
MmyTanueir A5S37T B reHe aibgha-CUHYKJIeMHA YyeJloBeKa ObUTY co3naHbl B JIXKeKCOHOBCKOI
naboparopuu (CIIIA) [42] u BeIOpaHbI B KayecTBe Monaenu BIT mist Haiero uccienosa-
HUS. MBI 3TON JTUHUM NEMOHCTPUPYIOT U3MEHEHUS JIOKOMOTOPHOI aKTMBHOCTHU B
0OoJiee paHHEM Bo3pacTe, YeM MbIu ¢ mytauueit A30P [28], uTo co3maeT onpeneieHHbIe
TMPEANOYTEHMS B TTOJIb3Y BHIOOpA UMEHHO MEPBOI MOJEIH.

st U3yYeHUs IBUTATEIbHOTO IIOBEACHMS, TPEBOXHOCTH, UCCIIEA0BATEIBCKOM aKTUB-
HOCTHM M KOTHMTHMBHBIX CITOCOOHOCTEH y MBIlIeii ¢ cumnroMamu BI1 nCmonb3yioT Tect
otkpbiToro mnojs (OIl), mpunomusaTeiii KpectroobpasHbiii ntadupuHt (I1KJI), porapon,
BOIHBII TecT Moppuca, TECThI C BpalllalolIUMCSI CTEPKHEM U TECT Ha paclio3HaBaHUeE
HoBoro o0bekTa [26, 38, 40, 41, 43, 44]. B KayecTBe MOBEACHYECKNX MapKePOB JTMHUIA
MbIlIeit, sBistomuxcss MoneasiMu BIT, Jaie Bcero BbIOMpAIOT JABUTATEBHYIO aKTHB-
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HOCTb M YPOBEHb TPEBOXXHOCTH, XOTSI PE3YJIbTaThl 3TUX PabOT 1OCTATOUYHO MPOTUBOPEYM -
BbI [38—41, 45, 46].

IToMuMo McciienoBaHus TTOBeNeHMUsI, Y MbIleit ¢ cumnTomamu BI1 mpu momoru ru-
CTOJIOTUYECKUX U MMMYHOTUCTOXUMMUYECKUX METOJOB M3ydyaJll pa3BUTHE HEPBHOM CU-
creMsl [26, 30, 44, 47]. TunnmokamMIl HaXOAUTCS B LIEHTPE BHUMAHMS 3TUX UCCIEAOBAHUA,
MOCKOJIbKY U3MEHEHUSI B TUTIIIOKaMIIe xapakTepHbl 1uis1 BIT v HeKOTOpbIX Apyrux Heitpo-
nereHepaTUBHEIX 3a0oi1eBanmii [48—50]. B wactHocTH, B 30Hax CA2 u CA3 runmokammna
oOHapyXeHbl M3MEHEHMST KaK Ha TeHeTudeckoil Momenu BII, cozmaHHOl Ha MbIlrax
B6.C3-Tg(Prnp-SNCA*A53T)83Vle/J (innus B6.C3-Tg), Tak u y Jioneil npu TaHHOMK
naroJioruu [10].

B Haieit pabote Obla ucciiemoBaHa TpaHcreHHas auHust B6.Cg-Tg, y KOTopoit 3Kc-
npeccupyercss myTtaHTHast dopma A537T reHa anbda-CHMHYKIEMHA YeJOBeKa, a TaKKe
UMEETCS Pl GMOXUMUYECKUX U TTIOBEIEHUYECKMX OCOOCHHOCTEM, XapaKTepHBIX IS CU-
HykjenHonatuit [29, 30, 51]. DTa Moaenb BOCIPOU3BOAUT OCHOBHbIE CUMIITOMBI CU-
HYKJIEMHOTIaTUH, BKJIIOYasi pa3BUBAIOIIYIOCSI C BO3PACTOM HelipoJereHepaiui, Xapak-
tepuyio st BIT [35, 37]. ¥V mbiueit B6.Cg-Tg moka3zaHa oOOHATENbHAS AUCHYHKIUS
[51]. OgHako Mo KOOpAWHALIMK ABVKEHUIA 1 paBHOBECHUSI B TECTAaX POTApOI 1 MOABEIIN -
BaHME Ha IIPOBOJIOKE Pa3IMIuii ¢ KOHTpoJeM oOHapyxkeHo He Obuto [51]. Panee Obu1o
nokaszaHo, 4To Mbiliu B6.Cg-Tg B BO3pacTe MITU—ILIECTU MECSLIEB OTIMYAIOTCSI [TOBbI-
IIIEHHOI JTJOKOMOTOPHOM aKTUBHOCTBIO [52, 53]. Jlo mpoBeneHusI HACTOSIIIETO UCCIIENO-
BaHUS yPOBEHb TPEBOXKHOCTH Y MbILLeit TuHuy B6.Cg-Tg B 5TOM Bo3pacTe He OLIEHUBAIH.

B Bospacre nisitu MecsiieB y Mbiieii B6.Cg-Tg 6b11a 0GHapyXKeHa HU3KAasi aAKTUBHOCTh
ayTodaruu B npedpoHTAILHOI KOpe, CTpUaTyMe U YepHO CyOCTaHIIMM 110 CPaBHEHMIO C
KOHTPOJIbHBIMU Mbliamu C57BL/6J, a Takke CHUXKEHKME YPOBHSI TUPO3UHTUAPOKCHIIA-
3bl B CTPUATyMe, HO He B YepHoii cyoctanuu [29]. Kpome toro, y B6.Cg-Tg TMHUYN BbI-
siBjieHo cHuxkeHue ypoBHss MPHK Cst3 (uucratnna C) B ctpyatyme U MUHIAJIEBUIHOM
TeJe 1Mo cpaBHeHUIO ¢ KoHTpojeM [30]. ITo ypoBHIo artonto3a HeiipOHOB B CyOBEHTPUKY -
JIIPHOM 30HE Pa3IMUMil MEXIy JUHUAMU MBIIIEH 0OGHApYy>KeHO He ObLIO, OMHAKO OBLIO
YCTAHOBJIEHO CHUXXeHUE HeliporeHe3a y mblieit B6.Cg-Tg [51]. Mexay TeMm IJI0THOCTb
HEUPOHOB B TaKMX BaxKHbIX 1151 pa3Butus BI1 oTaenax mo3ra, Kak mpedpoHTalbHas1 KO-
pa, CTPYKTYPbl HUTPOCTPUAPHOTO ITyTH U TUITIIOKAMIT HAa JAHHOU MOJIEIU 10 CUX MOP He
U3y4dasiu, XOTsI Ha CXOIHBIX MOAESIX ObLJIO OOHAPYKEHO YMEHbIIIEHUE Y1CcJia HEMPOHOB B
pa3IMYHBIX 30HAX FMIIIIOKAMIIA, a TAKXKe B YepHO cyocranumu [10, 36].

Hacrosiiiee nccnenoBanue HarpasieHo 1) Ha aHanu3 oOlleil U uccienoBaTebCKoM
aKTUMBHOCTHU, a TAKXKE YPOBHSI TPEBOXHOCTH; 2) Ha OLICHKY IIJIOTHOCTA HEMPOHOB B Mpe-
dponTanbHoit Kope, CAl, CA2, CA3, CA4 obGnacreii 1 3y04aTON M3BWIMHBI TUTIIIOKAM -
Ma, XBOCTAaTOTO siipa TOJI0CAaTOTO Tejla U CYOBEHTPUKYJISIPHON 30HBI, a TaKXKe YEPHOM
CcyOCTaHLIMU Y KOHTPOJAbHBIX Mbllieit C57BL/6J (qukuit Tumn) u meimeit B6.Cg-Tg (Mo-
nenb 6one3nu [lapkuHcoHa).

METO/blI UCCJIIEJOBAHUA

Kusomuoie

B skcnepuMeHTe ObUIM MCCleAOBaHbl IBE JUHUU MBbIIIE, a UMEHHO: CEMb CaMIIOB
B6.Cg-Tg(Prnp-SNCA*A53T)23Mkle/J (manee no tekcty — B6.Cg-Tg), reMU3UTOTHBIE
Mblu, Monenupytomue BIT, monydyeHHbie u3 JIxkekcoHoBckoii naboparopuu (CLLIA)
[42] u 15 camuoB KoHTposbHOM tuHuM C57BL/6J (nanee o rekcty — C57BL). XKusort-
HBIX conepxanu B SPF-BuBapun MHctuTyTa turonornu u renetuku CO PAH (HoBocu-
oupck, Poccust) B MHOUBUAYAIbHO BEHTUIMpPYEeMBIX KiieTkax OptiMice (Animal Care,
CIIA) pasmepom 34.3 X 29.2 X 15.5 cM, npu temneparype 22—24°C u BnaxxHoctu 40—
50%, ¢ HBepPTUPOBAHHBIM 12:12-4acOBBIM LIMKJIOM AHSI—HOYM (paccBeT B 3 4 yTpa); B
KayecTBe MOICTUIA UCIOJb30BaAIUM Oepe3oBylo lieny, GpakUUOHHYIO ISl COAEpPKaHUS
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snabopatopHbIx XUBOTHBIX (TY 16.10.23-001-0084157135-2019). KuBOTHBIE UMETU MO~
CTOSTHHBII JOCTYIT K aBTOKJIaBUPOBAHHOMY CTaHIAPTU3UPOBAHHOMY KOMOWKOPMY TSI
J1abopaToOpHBIX KpbIC U MbIIeit “Heasra @uac” JIGK 120 P-22, TOCT 34566-2019 (Buo-
I1po, Poccust) n ounmenHoii Boge “CeBepssHka” (DKompoekT, Poccust), oborameHHoI
MUHEpaJIbHBIMU J0OaBKaAMU.

AHnanu3z nogedenus

W3yueHue noBeaeHus npoBomwin y cemu camuos B6.Cg-Tg u 15 camuos C57BL B
Bo3pacTe 1ecTu MecsieB. OOIIyIO IBUTATEIbHYIO0 aKTUBHOCTHA M TPEBOKHOCTh U3YJIaJIN
C MOMOIIIbIO TecTOB OTKphIToe noJje (OIl) 1 nmpunomHATHIA KpecTooOpa3HbIi JaOUPUHT
(ITKJI). Kaxxnoro camiia momMeniaiv B YMCTYI0, UHAUBUAYAJIbHO BEHTUIUPYEMYIO KIIETKY
3a JBa IHSI 10 TeCTUpoBaHMs. [Jisl ycTpaHeHUs 3a1axoB Bce MOBEPXHOCTU KaMep IJIsT Te-
CTUPOBAHUSI OYMIIAIN TTOCIIE KasKIOTO JKUBOTHOTO 6%-HBIM PaCTBOPOM MEPEKUCH BOIO-
pona. [ToBeneHUe perucTpUpPOBaIM C TIOMOIIILIO BEPTUKAJIBHBIX BUIcOKaAMep M aHATU31-
poBajIu ¢ IIOMOIIIBIO ITporpaMMHO-anmapaTHoro komiuiekca EthoVisionXT (Noldus, Hu-
JIepaaHabl).

Tecm OmMKpblmoe nosae

Tect OIl TpagMIIMOHHO UCIOB3YIOT JJIsI OLIEHKU MOBENCHYECKUX MPOdUeil rprizy-
HOB [54, 55]. Bpemst npoBenenust ucnbitanust ¢ 16:00 go 18:00, uTo coBnagaso ¢ Ha4aJIoOM
TEMHOIO BPEMEHM CYTOK B KOMHATe colepKaHMs XUBOTHBIX (16:00), To ecTh B MepHoL,
HaunOOoJIbIIEH aKTUBHOCTU XWBOTHBIX. JIJIs1 TIpOBEACHUS TeCcTa UCITOJIb30Bald KPYIJIyiO
apeny (OpenScience, Poccust) nuamerpom 60 cM 13 6€10r0 MOJUBUHUIXJIOPUIA, OTOPO-
JKeHHYI0 cTeHKoM BbicoToit 30 cM. [TponomkuTeTbHOCTh TECTA COCTABIISIA TISITh MUHYT.
PerncrpupoBanu ctaHmapTHbIE MapaMeTpEL: 1) IIpoiiIeHHOe pacCTOsSTHIE, 2) BpeMsI, IIPO-
BEICHHOE B IIEHTpe, 3) BpeMms, IpoBeIeHHOe Ha nepudepun, 4) 4YMCIO BepTUKATIbHBIX
CTOEK M 5) YMCJI0 TPYMUHIOB. Perucrpaiuio noBeaeHus1 MpOBOAWIIN ABa UCCAEeI0OBATENS
BPYYHYIO.

Tecm npunoonamolii KpecmoobpasHuLil 1a6UpuHm

Tect I1KJI ucriosib3yloT ISt OLIEHKW YPOBHS TPEBOXXKHOCTHU U IBUTATEIbHOU aKTUBHO -
CTH, 9acTo B couetaHuu ¢ TectoM OII [55, 56]. JTaGUPUHT, UCMOJBb30BaAHHBII B TaHHOM
WCCIEeNOBAaHUU, COCTOSIT U3 IBYX OTKPBITHIX (25 X 5/30 X 5.5 cM) M ABYX 3aKPBITHIX
(25 x 5 % 30/30 x 5.5 X 14.5 cM) pyKaBoB, pa3feJIeHHBIX LICHTPAILHOI apeHoi (5 X 5 cMm).
YcraHoBKka pacrionarajgach Ha BeicoTe 50 ¢M HaJ MOBEPXHOCTHIO MOJIa M OCBEIIAJIACH
namrioit HakanuBaHus (40 Bt), pacnonoxxeHHoit cBepxy Ha BbicoTe 130 cM. I1pomomku-
TCJIBHOCTb TECTa COCTaBJIdJa ISATb MUHYT. PCFI/ICTpl/lpOBaﬂl/l CTaHJAPTHBIC IMapaMETpPhI:
1) nmonst BpeMeHU HaXOXIEHUST B OTKPBITBIX M 3aKPBITHIX PyKaBax, 2) H0JsI MCCIIeIOBaH-
HOI TIJIOIIAAU B OTKPBITHIX Y 3aKPBHITHIX PyKaBax, 3) YMCJIO CBEIIWBAHUI C PYKaBOB U
4) yucio BEITITMBaHMiA [55, 56].

Humpakapouanvhas nepgysus

[Mepdy3uro ocylIecTBIsIM Yepe3 CUCTeMy KpoBooOpalleHus 1uisl UKcaluu TKaHei
TOJIOBHOTO MO3ra, Kak onmcaHo paHee [57]. Cpa3y nocjie OKOHYaHMS MOBEASHYECKUX Te-
CTOB MBIIICH HAPKOTU3MPOBAIM, BBOMISI MM BHYTPUMBIIIeYHO 75 MKII (Ha 10 T Macchel Tena)
MeaeTomuauHa ruapoxigopuna (Menutun, 1 mr/mn; Anu-Cal, Poccust) u 60 mkn (Ha
10 r macchl Tena) 3onetuna (Virbac, @panuus). Janee M BBOAWIN Yepe3 KPOBEHOCHYIO
cucremy 30—50 mu pocdarHo-coneBoro 6ydepa (PBS), a 3arem 4%-Hblii pacTtBop ¢op-
MaJiiHa, ipurotosieHHoro Ha PBS. IMocie 31oro Mo3r ussiekanu u nmoMmeinanu B 30%-Hblit
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pacTBOp caxapo3bl, IPUroTOBJIIEHHBII Ha PBS ¢ pobasienuem 10% dopMmanuna, rpu
4°C st 06e3BOXMBAHUS U MOCJIeNyIolei (hMKcaluy B TeUeHUE CIIeNYOnX 2 Heleb,
nmoka (GbMKCUPOBAHHBII MaTepuraj He OMyCTUTCS Ha THO KOIObl. O6pa3Iibl MO3Ta ITOrpy-
xkanmm B Tissue-Tek O.C.T. (Sakura Finetek, CIIIA), 3aTem 3aMopaxXuBaad U XpaHUIN
npu —70°C.

Hpueomoeﬂeﬂue 3AMODPONCEHHBIX CpE306 M032ad

I1o msTh )KUBOTHBIX KaXA0M M3 UCCAeAyeMOM TMHUU ObLIU BBIOpaHbI CydaiiHBIM 00-
pa3oM C 1IeJIbI0 TUCTOJIOTMYECKOTo aHajin3a Mo3Ta. B COOTBETCTBMM ¢ KOOpAMHATAMU aT-
naca Paxinos u coaBrT. [58], Aenanm 3aMOpoXeHHbBIE Cpe3bl CISIYIONINX 00JIacTeil ToJI0B-
Horo mosra: 1) npedponranbHoit Kopsl (ITK) Ha paccrostHun 2.46—2.22 MM OT OperMai;
2) xBocTaroro sapa monocaroro Tena (I1T) m cyGoBeHTpuKyIIsIpHOI 30HBI (Subventricular
zone — SVZ) Ha paccrostiuu 0.74—0.26 MM oT GperMbl; 3) runnokammna (o6mactu CAl,
CA2, CA3, CA4 u 3yduaras nsBminHa, dentate gyrus — DG) Ha pacctostinm —1.46 (—1.82) mMm
oT 6permbl; 4) yepHoii cyoectanuuu (UC) Ha paccrossHumn —3.20 (—3.60) MM OT GperMsl.
Cpe3sbl TonmHoi 10 Mkm roroBunu npu —25°C Ha kpuotome HM 550 OP (Thermo Sci-
entific, CIIIA) u nmomemanu Ha IpenMeTHBIe cTekiaa Superfrost Plus, Menzel-Glaser
(Thermo Fisher Scientific, CILIA).

HMMyHOZLlcmOXLlMU‘lECICOQ OoKpauiuearue

OxpammBaHue 00pa3loB IIPOBOAMIM II0 MPOTOKOJAM IIPOM3BOAUTEIEH HAOOpPOB C
HeOosbiuMu Moaudukanusamu [57]. Ilepen nmpouenypoit okpalmBaHus Cpe3bl 00e3BO-
JKMBaJIY C MOCJEAYIONIel peruaparanueii B redeHue rsitu MuHYT B PBS. 3atem nocie pe-
ruaparauuu B 10 MM mienouyHo-uutpatHoro 6ydepa (pH 9) npu 95°C Ha BoasiHOit 6aHe
(TW-2.02, Elmi, JlatBust) B TeueHue 10 MUH IpOBOIWIIM MHAYLIMPOBAHHYIO HArPEBAHUEM JIe-
MacKUpOBKY anuToroB. [locie aToro cpessl ynansuim u3 oydepa U oxJIakaaau 10 KOM-
HaTHOI TeMmepaTyphbl. 3aTeM 00pa31ibl TPUKIBI IpoMbIBaIn B Oydepe PBS-Tween: PBS
¢ no6asienuem 0.1% Tween-20 P9416-100ML (Merck, I'epmanus). ITociie aToro B Kax-
nyro cekiuio Ha 30 muH nobasnsiin ProteinBlock (ab64226, Abcam, Benukobpuranust) u
YIJISITA JIMIITHIOKO KUIIKOCTh B COOTBETCTBUM C peKOMeHaalueil nmpousponutes. [Tocie
3TOro Jo6aBisan 50 MKJI NepBUYHOTO aHTUTEJIA M OCTABJISIIIM Ha HOUb ITpy 4°C BO BlIaxX-
HOIi TEeMHOIi Kamepe.

Hcnonb3yemble KOHIEHTpalusi aHTuTtesia cocTtaBisiad  1:750 mnst  anti-NeuN
(ab177487, Abcam, Benmkobpuranus). 3ateM cpe3bl IIpoMbiBain 6ydhepom PBS-Tween,
YIAJISUIU JTUIIHIOK XUIKOCTh, o0aBmsum 50 MK BTopudHoro aHTutena Goat Anti-Rab-
bit [gGH & LAF488 (ab150077, Abcam, Benuko6puraHusi) B KoHLeHTpauuu 1 : 650 u
OCTaBJIsUIM BO BJIAXXHOM cpeje B TeMHOIT Kamepe Ha aBa 4yaca 1ipu 4°C. TTocie aToro 06-
pas3ubl npoMbiBaiu 0ydepom PBS-Tween, ynanstiv u3auILIKKU XUAKOCTU U MOHTUPOBAJIU
Ha TIpeAMeTHbIe cTekia B cpeae ProLong, Glass Antifade Mountant (Thermo P36982,
Thermo Fisher Scientific, CIIIA). ITocne mo6aBneHUsT aHTUTE Cpe3bl 00padaThIBaIN B
TEeMHOI Kamepe, 3al[UIIIeHHOI OT CBeTa.

Ananuz nnomnocmu Hé’ﬁpOHOG

AHaJIN3 TUIOTHOCTU MEUYEHHBIX aHTUTEJIaMU HEHPOHOB IMPOBOIMIIM C UCTTOIb30BAHUEM
npsiMoro ¢JiyopeciuieHTHoro Mukpockorna ZEISS Axiolmager 2 (Carl Zeiss, I'epmaHus)
s TTK (2/3 u 5/6 cnoes), TIT, SVZ, UC, a takxke CAl, CA2, CA3, CA4 (nepexonHast
obnactb Mexxny CA3 u monmumopdHbIM ciioeM DG) u DG (rpanynsipHOro u noaumopd-
HOTO cJ10eB) ob/1acTeii runnokamna. JIjis cosnanus nojs spenus (5000 MKM?) UCHONIb30-
Basn porpammy ImageJ. Beraucisiiu cpeHee Yucio KIETOK, MEYeHHBIX aHTUTEJIAMY B
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Tao6mauma 1. TToBeaeHue B TecTe OTKPBITOE MMoJie caMioB Mbiiiieit C57BL u B6.Cg-Tg B Bo3pacTe 1ie-
CTH MeCSILIEB

[pynna
ITapameTpsbl F,p
C57BL B6.Cg-Tg
[MpoiineHHbIN TYyTH, CM 2365.3 £ 182.5 3956.8 + 300.1 F(1,19)=22.813
p=0.0001
Bpewms B LieHTpe, % OT 0611ero 11.0 £ 2.0 72t 14 F(Ug) = 1.5214
p>0.05
Bpewmst Ha nepudepun, 89.0+2.0 928+ 1.4 F1,19) = 1.5214
% OT 0011eTO p>0.05
Yuco rpyMMHIoB 140+24 224+8.6 F(1,19) = 1.5209
p>0.05
Yucio BepTUKATBHBIX CTOEK 27.8+3.2 45.0 £4.8 F1,19)=37.59
p<0.01

WHTEpeCyIoleil 06JIaCTH ¢ YeThIpeX CPE30B MJIST KaXKIOro XMBOTHOTO, Y PACCYNUTHIBAIN
CPERHIO TUIOTHOCTH (MUJITMOHOB KJIETOK, 71 X 10°) B 06beMe (MM°).

Cmamucmuueckuii anaius

AHanu3 pe3yabTaToB IPOBOAWIM C Mcnioib3oBaHueM IporpaMMbl STATISTICA v. 12.0
(StatSoft, Inc., CIIIA). Bce naHHbIe ObLIN ITPOBEPEHBI HA HOPMAJIbHOCTD C TIOMOIIBIO TE-
cra KonmoropoBa—CMmupHoBa. [ToBeneHueckue napameTpbl OLIEHUBAIU ¢ TOMOLIBIO OJT-
HO(aKTOPHOTO AUCTIEPCUOHHOIO aHAINU3a C MOCIEIYIOUIMM aNoCTEPUOPHBIM CPAaBHEHUEM
LSD-metonom ®Puiiepa. [T10THOCTh HEMPOHOB BO BCEX MCCIEMYEMbIX 00IaCTSIX TOJIOB-
HOTO MO3Ta CpaBHUBAJIM MEXIy IpymnIiamu 1o 7-kputepuio CtblofeHTa. JlaHHBIe mpen-
CTaBJICHBI B BUII€ CpeAHero + craHmapTHas ommbka cpenHero (m = SEM). 3a ypoBeHb
3HAaYMMOCTU ITpuHuManu p < 0.05.

PE3VJIBTATBI UCCIENOBAHHNA

Tecm OMKpblmoe nosae

Pesynbratel uccaenoBanus Mbieit B tecte OIl npeacrasieHsl B Tada. 1. OnHodak-
TopHblii ANOVA Boiasun adpdekr nmunun [F( 9y = 22.813; p < 0.001] Ha mapametp
“mpoiineHHblit myTh”. Post-hoc ananu3 npu nomoinu Fisher LSD cpaBHeHus mokasain,
yTo camubl B6.Cg-Tg nmpoxonwiu 6ombinyio aucranuio (p < 0.001), yem camubr C57BL.
Onnodakropubiit ANOVA Beisiun addext munuu [F; 19y = 37.59; p < 0.01] Ha napa-
METP YMCIIO BEPTUKAIBHBIX CTOeK. Post-hoc Fisher LSD moka3zain, uro camubsl B6.Cg-Tg
nenanu 6ombliie croek (p < 0.01), yem camubr C57BL. O6a mapameTpa CBUIETENbCTBYIOT
0 BBICOKOI JOKOMOTOPHOM aKTUBHOCTH MbIieit B6.Cg-Tg nuHum.

Tecm npunoduameotit KpecmooOpa3HuLil 1aOUpuUHmM
Hannbie TectupoBanust B tecte [1KJI mpencraBneHsl B Ta6a. 2. OpHogaKTOPHBIM
ANOVA sbisteun addexr munnn [F 19 = 4.7674; p < 0.05] na nipolinenHslii yTh. Post-hoc
Fisher LSD noka3zai, uyto camubl B6.Cg-Tg npoxoauiu 6obliinyio nuctaHmuio (p < 0.05),
uem camubl C57BL. Onnodakropubiii ANOVA Bbigsun adpdekr nmunuu [F( ) =
=10.822; p < 0.01] Ha Bpems, TPOBEJAEHHOE B OTKPBIThIX pyKaBax. Post-hoc Fisher LSD
nokasaj, 4to caMiibl B6.Cg-Tg mosbliie HaXOAWINCh B OTKPBITHIX pyKaBax (p < 0.01), uem
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Tab6auna 2. IToBeneHMe B TeCTe MIPUITOAHSATBII KpecTOOOpa3HbIil TaGUpUHT caM1oB Mbiiieit C57BL
u B6.Cg-Tg B Bo3pacre 1IeCTH MECSILIEB

I'pymma
[MapameTphl F,p
C57BL B6.Cg-Tg

[ poiifeHHBIA YT, CM 1109.9 + 77.6 1403.5+ 109.7 | F(1,19)=4.7674
p <0.05

Bpewmsi B 3akphIThIX pyKaBax, 759 +3.3 67.6 4.7 F(1,19) = 2.0883

% oT 00111eTO p>0.05

Bpewmst B LieHTpe, % OT 06111ero 1.7 £2.0 11.5£2.8 F(1,19) = 2.2484
p>0.05

Bpewmst B OTKPBITBIX pyKaBax, 74+24 20.9 £ 3.3 F(1,19) =10.822

% OT 00111eTO »<0.01

YHucno BeIMISAAbIBAHUI 85%3,0 243142 F(1,19)=9.3112
»<0.01

O61ee BpeMs BRINISIIBIBAHUI, € 2.8 £256 152+3.6 F1,19)=7.7549
p<0.05

Yucno BHITATUBAHUI 1.6 £ 1.3 104+ 1.8 F(1,19)=0.2698
p >0.05

Oo6uiee BpeMsi BLITATMBAHUIA, € 52114 9.5£2.0 F(1,19) = 3.1685
p>0.05

camiibl C57BL. OnHodakropHbiit ANOVA BbisiBull apdexr inbnn [F 19y = 9.3112; p < 0.01]
Ha yuciio BeiisiabiBaHuii. Post-hoc Fisher LSD nokasan, uto camubl B6.Cg-Tg BbInIsi-
IBIBAIXA U3 pyKaBoB jabupuHTa 4Jaie (p < 0.01), vem camipr C57BL. OmHOMaKTOpHBII
ANOVA sbisiBui acbdekr munun [F(; 19y = 7.7549; p < 0.05] Ha oO1iiee BpeMst BBIIIS/IbIBA-
Huit. Post-hoc Fisher LSD noka3zai, uro camubl B6.Cg-Tg mobliie BBIIISIALIBAIM U3 3a-
KpBITEIX pyKaBoB (p < 0.05), wem camiiel C57BL. Pesynbrarsr Tecta I1KJI cBuaeTenbCTBYIOT O
BBICOKOM JIOKOMOTOPHOI aKTMBHOCTM M HU3KOM YPOBHE TPEBOXKHOCTH Yy Mbiieii B6.Cg-Tg
JIMHUM.

Ananus naomHocmu HelupoHos

Hanuble 110 1oTHocTH HelipoHos B ITK (2/3 u 5/6 cnosix), SVZ, TIT u YC npencras-
JeHbl Ha puc. 1—3. CTaTucTuyecKuii aHaJIu3 He BbISIBWJI Pa3IMUMid IO YUCITy HEHPOHOB B
ITK (2/3 u 5/6 cnosix) u I1T romoBHoro Mo3ra y meiiieit B6.Cg-Tg u C57BL (puc. 1-2).
OnHako ObUIO OOHApyXeHO yMeHblleHre uyncia HeilpoHoB (p < 0.01) B SVZ y mbineit
B6.Cg-Tg 1o cpasHenmio ¢ C57BL (0.28 x 10° £ 0.01 x 10° mpotus 0.35 % 10° £ 0.02 x 10%)
(puc. 2). Kpome TOro, cTaTUCTUYECKUI aHAIN3 BBISIBWI YMEHBIIICHUE YMCIa HEUPOHOB
(p < 0.05) B UC y mprmeit B6.Cg-Tg rpynmbl o cpaBHeHMIO ¢ KoHTpoJsieM (0.11 X 106 +
+ 0.01x10° mporms 0.14 x 106 + 0.01 x 10°) (puc. 3).

Hannsbie o tuiotHocTH HeipoHoB B CAl, CA2, CA3, CA4 u DG o06acTsx TunmokKam-
Ma TpeacTaBiaeHbl Ha puc. 4—5. CTtaTuCTUUeCKUi aHaM3 BBISIBUI YMEHbIIIEHWE Yucia
HeiipoHoB (p < 0.05) B CAl o6nactu y mbiieit B6.Cg-Tg o cpaBHEHHUIO C 0COOSIMU IPyTI-
net C57BL (1.09 x 10° + 0.06 x 10° npoTus 1.28 x 10° + 0.03 x 10°) (puc. 4). OnHako B
CA2 o6JyiacTy TUITIOKaMIIa pa3jiMuuii Mo YMcily HEMPOHOB BBISIBJICHO He ObLIO (puc. 4).
Taxcke ObUIO OOHApYKeHO yMeHblIeHue yrcina HeiipoHoB B CA3 (p < 0.05) u CA4 (p < 0.01)
0o0J1acTSIX TUIINOKAMIIa, a Takke B rpaHyssipHoM cioe DG obnactu (p < 0.01) y mblieit
B6.Cg-Tg 1o cpaBHeHMIo ¢ KoHTposeM (0.72 x 10° + 0.03x10° u 0.85 x 10° + 0.03 x 10°
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Puc. 1. TITOTHOCTh HEUPOHOB B NIpePOHTAILHOI KOpe roJIoBHOTo Mo3ra (2/3 v 5/6 cjiion) y caMi1iOB MBbILLIEi
B6.Cg-Tg u C57BL, HeiipoHbl MeyeHbl aHTUTeaMy IPoThB NeuN; (a) — YKCo HeMPOHOB (B MIJUIMOHAX Ha MM3);
(b) — cxemaTnyeckoe 0003HaUYECHUE UCCIeayeMOli 00IaCTU B TOJIOBHOM MO3Te.

Mukpodororpadumn cpe3oB mo3ra naHHoi otiactu: (c—d) — C57BL (2/3 u 5/6 cioun cOOTBETCTBEHHO); (e—f) —
B6.Cg-Tg (2/3 u 5/6 ciion COOTBETCTBEHHO).

st CA3; 0.29 x 100 £ 0.01 x 10° 11 0.33 x 10° £ 0.01 % 10° mst CA4; 1.43 x 10° £+ 0.04 x 10° u
1.62 x 10° + 0.02 x 10° st DG) (puc. 5). Ognako st mosuMopdHoro ciost DG o6na-

CTU He OBLJIO OOHAPYKEHO pasiuuuii 1o Yucay HeiipoHoB y Mbiieii B6.Cg-Tg u C57BL
(puc. 4).
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Puc. 2. [110THOCTH HEMPOHOB B CYOBEHTPUKYJIIPHOI 30He (subventricular zone — SVZ) u XBOCTaTOM siipe Mo-
siocaroro Tea (caudoputamen — CP), HeiipoHBI MeueHBI aHTUTeIaMu TPpoTHB NeuN; (a) — 4uciio HeiipoHOB (B
MUJUTMOHAX Ha MM3); (b) — cxemaTndyeckoe 0003HaUYECHUE UCCIIEMyeMbIX 00J1acTeil B TOTOBHOM MO3TeE.
#MukpodoTorpadun cpe3oB Mo3ra gaHHoi obiactu: (¢) — C57BL; (d) — B6.Cg-Tg. ** p < 0.01.

OBCYXIEHMUE PE3VIILTATOB

V mbiireit B6.Cg-Tg 6bu1a 06GHapykeHa BbICOKast TIOKOMOTOPHAST aKTUBHOCTD, YTO ObI-
JIO MOATBEPXKACHO B TECTaX OTKPBITOE I0Jie U MPUIOAHSATHIA KpecTooOpa3HbIi J1abu-
puHT. Hamm maHHbIe cornacyloTcs ¢ pesyjibTaTaMu, MOJYyYEeHHBIMUA paHee Ha MbIIax
oroit uHUM [52, 53], a TakKe Ha APYruX JUHUSX, ABIStomuxcs Mmoxensimu BIT [46].
V mbrreit amaun hAS3T, kotopast takke momenupyetr BIl, nBurarenbHass aKTUBHOCTD
Tak>Ke ObLIa MOBBIIICHA IT0 CPAaBHEHUIO ¢ KOHTpoJIeM (AUKuUM Tuiiom) [46]. B To ke Bpe-
Ms$I HEKOTOPbIE MCCIIEOBAaHS CBUACTEbCTBYIOT, UTO B OTIPEIeICHHOM BO3pacTe ABUTA-
TeJIbHasl aKTUBHOCTb Y TPAHCT€HHBIX MbIlleil, Moaeaupytommux bIT, MoxXeT ObITh HIXKE
TaKOBOM KOHTPOJBHBIX XXUBOTHBIX [38, 40, 41]. Tak, y TpaHCTEHHBIX MBIIIEH C MyTaliueit
A53T B reHe anbda-cruHYyKIeMHaA YeJloBeKa HaOJI0MaeTCs CHUKEHUE ABUTATeIbHOM aK-
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6 (@) (b)

Number of neurons in mm?, n x 10°

C57BL B6.Cg-Tg

50 um 50 um

Puc. 3. [TnoTHOCTD HEMIPOHOB B YepHOI cyOcTaHIIMM (substatia nigra — SNC), HeiipoHBI MEUYEeHBI aHTUTEJIAMU
npotuB NeulN; (a) — uncao HEPOHOB (B MUJUIMOHAX Ha MM3); (b) — cxemaTnyeckoe 0603HAYCHUE MCCIIenye-
MOIi 00;1aCTH B TOJIOBHOM MO3Te.

Mukpodororpadun cpe3oB Mo3sra gaHHoit obiaactu: (¢) — C57BL; (d) — B6.Cg-Tg. * p < 0.05.

TUBHOCTU B BO3pacTe BOCbMU MECSIIIEB 110 CpaBHEHUIO ¢ KOHTpoJieM B Tecte OI1 [39—41],
kak u 'y mbieit iuauit SNCA [59] u A53T-a-Syn [38].

B HamreMm umccienoBaHUM BITepBbIe U3ydeHO ToBeneHue Mbieit B6.Cg-Tg B Tecte
TTKJI. Pe3yabTaThl 3TOTO TecTa CBUIAETEIBCTBYIOT O CHVDKEHUM YPOBHSI TPEBOXKHOCTH Y
mbieii B6.Cg-Tg. Panee Ha TpancreHHbIX Mbliiax TG hAS53T SN, KoTopbie TaKKe MO-
neaupytotr BI1, HaGmomaau CHUXXeHUE YPOBHSI TPEBOXHOCTU MO CPAaBHEHUIO C TUKUM
TunoM [45]. B npyrux paborax y tpaHcreHHbIX MbIireit hA53T u A53T-a-Syn, mogenupy-
forux BIT, Habmonaam CIOXHYI0 TUHAMUKY U3MEHEHUsI YPOBHSI TPEBOXHOCTHU C BO3-
pactoM [38, 46]. Tak, B iByxMecsiuHOM Bo3pacTe MbIlu hAS53T nmpoBoauiv MeHbIIIE Bpe-
MEHU B OTKPBITBIX pyKaBaxX M0 CPaBHEHMIO C MBIIIIAMU JUKOTO TUIIA, B BOCBMUMECSIIYHOM —
pa3IMYril MO TaHHOMY MapaMeTpy ¢ KOHTpOJIeM He Habonaiu, a B 12-MecsiTyHOM, Ha-
060pOT, XUBOTHBIE TaHHOU Monean BIT nmpoBomuiin GoJibliie BpeMEHHM B OTKPBITHIX pY-
KaBax 110 CPaBHEHMIO C KOHTPOJieM [46]. YpoBeHb TPEBOXHOCTU Y Mblieit auHum A53T-
a-Syn, eme omHoit monenu BI1, Takke ctaHoBuWICS HIKe ¢ Bo3pacTtoM [38]. Cnenyer ot-
METHUTh, UYTO HAa OCOOEHHOCTHU MOBEICHUSI MbIIIIEi, OTHOCSIIMXCS K MonesisiM BIT, Bausier
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Puc. 4. TInotHocTs HelipoHoB B CAl, CA2 u B rpanyisipHoM cioe DG obGnacteit rurnokamria, HeHpoOHbBI Meve-
Hbl aHTUTeaMu IpoTuB NeuN; (a) — uuciao HelipOHOB (B MWUIMOHAX Ha MM3); (e) — cxemaTuuyeckoe 0603Ha-
YeHMe HccielyeMbIX 001acTeil B TOJJIOBHOM MO3Te.

MuxkpodoTtorpaduu cpe3oB Mo3ra naHHbix obnacreii: (b—d) — C57BL (CAl, CA2 u rpanynspHoro cioss DG
obGsiactv rumnmnokamma cootBetcTBeHHO); ( f—h) — B6.Cg-Tg (CAl, CA2 u rpanynsipHoro ciosi DG o6Gnactu
TUIIIOKaMIIa COOTBETCTBEHHO). * p < 0.05, ** p < 0.01.

crnoco® TOoJIydeHUs] TPAHCTeHHOM JIMHUM, a TaKke WX TOMO3UTOTHOCTh/TETEPO3UTOT-
HOCTb IT0 COOTBETCTBYIOIIEMY TeHy [27, 45].

TpeBora u nenpeccMBHO-MON00HOE cocTOosIHUE XapakTepHbl Wist BIT yenoBeka u rpo-
SIBJISTIOTCSI €I1Ie IO MOSIBJICHUS IBUTATEIbHBIX CUMITTOMOB [60]. MexaHW3MbI, CBSI3aHHbIE
¢ usMmeHenueM noseneHust B Tecrax OIl u ITKJI y meieit B6.Cg-Tg, Moaenupyromnx
IaHHOE 3a00JIeBaHUE, OCTAIOTCS HESICHBIMU. MeXy TeM, ClIeAyeT OTMETUTh, YTO HEMPO-
Meauatop no¢aMUH BOBJICYEH B TPEBOXHO-TIONOOHOE noBeaeHue [61]. ¥V TpaHCreHHbIX
mbleir A53T, monenupytommux BII, B Bo3pacte cemMu MecsieB dKCIpeccust nodhaMuHa
CHUXEHA B MTPUJIEXKAIEM SIIPE U IMOJOCATOM TeJie, YTO MOXKET ObITh CBSI3aHO C MOBBIIIEH-
HOI TUTIEPaKTUBHOCTBIO, XapaKTepHOi1 111 3Toit uHuM [28]. MetoTcst cBuaeTeIbCcTBa
TOTO, YTO aJibPa-CUHYKJIEUH BIUsIeT Ha 10(haMUHOBBIE CUCTEMbI TOJIOBHOTO MO3Ta yepes
MOJIYJISILIAIO €T0 BhIAEICHUS U3 HeipoHOB [62, 63], Biusist Ha cuHTe3 nodamuHa [64, 65].
BOkcnpeccust AS3T MoOXeT NPUBOIUTH K HAPYIICHUIO PETYJISIIMU CMHTe3a nodamMuHa y
TPaHCT€HHBIX MbIIlIeid, TPUBOAS K TMINEPAKTUBHOCTU MO MEXaHU3MY, KOTOPbI HaOJt0-
JIal0T Yy XKMBOTHBIX C HOKAayTOM JodamuHa [66, 67]. Vicxoas U3 moJlydeHHBIX B Halllei pa-
60Te pe3yaIbTaTOB MOXKHO CIeJIaTh BBIBOI O TOM, 4To MbIin B6.Cg-Tg B Bo3pacTe mectu
Mecs1IeB UMEIOT U3MEHEHUSI B TTIOBEJIEHNU, B YACTHOCTH TTOBBIILIEHUE ABUTATEJIbHON aK-
TUBHOCTU U CHUXXEHME TPEBOXHOCTU, 4TO HexapakTepHo s BIT uenoBeka. OmgHako
MOXHO TMPEINOJIOXUTh, UYTO C BO3PACTOM MOBEJICHUE MOXET MOMEHSThCS, KaK yXe ObLI1O
MOKa3aHO I HEKOTOPBIX JIMHUI MBIIIEH C CUHYKJIEOTIaTUEH.

B Hacrosiieit pa6ote y Mbiteit B6.Cg-Tg He 6b1710 06HApYKeHO U3MEHEHUS TUIOTHO-
CTH HEWPOHOB B MpedPOHTAIBHOIM KOpE, IOJI0caToM TeJe, a Takke B CA2 30He U TTOJH -
mopdHOM cinoe DG o6iacTy rumiiokamiia mo CpaBHEHUIO ¢ AUKUM TunoM. OmHako B
CyOBEHTPUKYJISIDHOI 30HE, yepHOii cyocTtanm, a Takke CAl, CA3, CA4 30Hax u rpa-
HyJsspHOM ciioe DG ob6nacteii runmokammna y miieit B6.Cg-Tg unciio HeiipoHOB ObLIO
CYIIIECTBEHHO HUXKE MO CPaBHEHUIO ¢ KOHTPOJIbHOI JIMHUel. Y nauueHToB ¢ BIT Takke
00OHapyXuBalOT HapyllieHUs B Turnokamiie, B yactHocT B CAl, CA2 u CA3 3oHax [10—
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Puc. 5. ITnotHocts HeiipoHoB B CA3 n CA4 o61acTsIX TUIIOKaMITa, HEMPOHBI MEUYEHBbl aHTUTEIaMH MPOTUB

NeuN; (a) — ynciao HeifpoHOB (B MIWJIJTMOHAX Ha MM ); (d) — cxemaTyeckoe 0603HaYEHUE UCCIIeTyeMbIX 00J1a-
CTeil B TOJIOBHOM MO3Te.

Mukpodororpabdun cpe3oB Mo3ra JaHHbIX obiacreii: (b, e) — CA4 o6nacte runmokamma (C57BL u B6.Cg-Tg co-
OTBETCTBEHHO); (¢, f) — CA3 ob6nactsb runnokammna (C57BL u B6.Cg-Tg cootBeTcTBeHHO). * p < 0.05, ** p < 0.01.

12, 21-23]. Pons CAl B KOTHUTUBHBIX HapymeHUsx 1pu bI1 6bU1a moaTBepxaeHa ayTo-
ncueit [21] v Ipu ToMoIIY MarHUTHO-Pe30HaHCHOM ToMorpaduu [22]. beuio moka3zaHo
cHmxkeHne 00beMoB CA2—CA3 30H u anu3onmdeckoid mamsatu mpu bIT [23]. CHikxenue
yuciia HeipoHoB B SVZ 1 YC rojioBHOro mo3ra y meiieit B6.Cg-Tg MoXeT OBITh CBSI3aHO
CO CHMXXEHMEM YPOBHSI HeiiporeHe3a B CyOBEHTPUKYJISIDHOM 30HE, UTO ObLIO MOATBEP-
KIEHO 9KCIEPUMEHTAbHO Ha NaHHOU JuHUU [51], 1160 ¢ oOHapyKEeHHBIM Y HUX HU3-
KUM YpOBHeM aytodaruu B uepHoii cyocranuuu [29]. Jlerpananusi HeiipoHOB B JaHHOI1
00J1acTU TOJIOBHOTO MO3ra ObUIO OTMEUYEHO Takke y Mblieit suHum Pitx3-AS53Ta-Syn,
SBJISIIOLIECS TpaHCcreHHOoM Monelbio BIT [36], u xapakTepHo mist 6oiae3uu [lapkuHcoHa
y mogeii [15, 20].

HabGmionaemMoe HaMu CHUXKeHUE OOIel MI0THOCTU HelipoHoB B CA3 061acTu rumn-
MoKaMIia MOXET OBbITh CBSI3aHO C MOBBIIIEHHOM 3KCIpeccueit anbda-CUHYKIIEMHA U
YMEHbILIEHUEM YHCJIa COMAaTOCTaTUH-TIO3UTUBHBIX HEPOHOB B TaHHOU 00JIAaCTH, UTO
OBLJIO MOKA3aHO Ha MBIIIAX TpaHcreHHoM muHuu B6.C3-Tg [10], koTopast oueHb IMOX0-
Ka Ha uzydyaemyro Hamu Mogenb bIl. CHuXeHue MIOTHOCTU KaIbpEeTUHUH- U KaJlb-
OMHIVH-TTO3UTUBHBIX HEUPOHOB OOHapyXeHo y Mbiieit B6.C3-Tg B CAl 30He, a Takxke
KaJbpETUHUH-TIO3UTUBHBIX HEMPOHOB B IpaHy/IsipHOM cjioe DG o61acTv TMITIOKaMIia
[10]. UmeHHO B 3TMX 00JacTSIX HAMU ObLJIO OOHAPYKEHO CHUXXEHUE OOIIero yncia Hew-
pOHOB y MbIeit tuaun B6.Cg-Tg.

Oco0brit nuaTEpec npenctapiasaeT CA4 061acTb TUMIITOKAMIIA, B KOTOPOI Y MBI ObLI
OoOHapy>XeH YHUKaJIbHBbIH HAO0Op HEMPOHOB, OTJIMYHBIN OT COCETHUX OOJIACTEN TUIIMNO-
kamma [68]. JlaHHas 30Ha npeacTaBisieT co6oit cTpykTypy Mexny CA3 u DG ob6mactamMu
1 COCTOMT MPEUMYILIECTBEHHO M3 MUPAMUIHBIX KJIETOK, UTPACT BAXKHYIO POJIb B (hOpPMU-
POBaHMY acCOLIMAaTMBHOM MaMSITH, 32 CYET OMOCPEIOBAHHBIX BO30YXIAIOIINX U TOPMO-
3s1uX curHaaoB oT CA3 30HBI K TPaHYJISIPHOMY CJIOK 3y0uaToil u3BWwIMHEI [69]. Heko-
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Topble uccienoBareau He BbiaeasaioT CA4 Kak OTOeIbHYIO 00J1acTh, CYUTAsI €€ YacThlO
nosumop@dHoro cinost DG [69]. OgHako ObLIO ITOKa3aHo, uTo o6actb CA4 y MbILIEil OT-
JIMYaeTCs IIOTHOCTHIO pelienrTopoB oT 30H CA3 u DG; B yacTHOCTH, B Heil HaOmomanm
BBICOKHE TTOKAa3aTe/In 3KCIpeccun KauHatHbix 1 AMPA-peuenTopos [69]. Kpome Toro,
30Ha CA4 otnnyaercs 6osiee HU3KOI IUIOTHOCTBIO KaTeXOJaMUHEPTUIECKUX U OEH3011 -
azenuHoBbIX, HO He [AMK-A-perLienTopoB Mo CpaBHEHUIO C IPYTMMU OOJACTSIMU TUII-
nmokamma [69]. D1tu paznuuus, a Takxke (PYHKLIMOHAIbHAS CrielU(UKa MO3BOJISIET BhIIE-
uth CA4 B caMOCTOSITENIBHYIO 00JIACTh TUITIIOKAMIIA Y Mblleii [69]. PaHee aHaiu3 mioT-
HocTu HeiipoHOoB B CA4 o6jacTy TUIIIOKaMIla y Mblireil, Mmomenupylommx BII, He
npoBoawIn. B HallleM MccienoBaHUM BNEpBbie MOKAa3aHO YMEHbIIIEHNUE TJIOTHOCTH Heli-
ponoB B CA4 o6acTu ruriiokamina y mereit B6.Cg-Tg.

Tunmnokamn siByisieTcsl CTPYKTYpOit MO3ra, UMEIONIEN KITIoUeBO€e 3HAaUEHME LTSI Pa3HbIX
TunoB namatu [70]. Ha mo3gHux stanax BIT st HEMpOHOB 3TOM CTPYKTYPBI XapaKTEPHO
HakoIUleHUe alibpa-CUHYKJIEMHa, YTO COMpoBoXaaeTcs nemeHumei [71, 72]. O6Hapy-
JKEHHOE B HACTOSIIIEM HCCIENOBAaHUM W3MEHEHUE TIJIOTHOCTM HEHPOHOB B 0O0JIACTSIX
CAl, CA3, CA4 u rpa”HyJIsIpHOM CjI0€ 3yO4YaToil M3BWJIMHBI TUIIIOKAMIIA MOXKHO pac-
CMaTpUBaTh Kak OIMH U3 OMOMapKepOB TaHHOM MaTOJOTMU, YTO MOKA3aHO KaK B HaLlleM
nccnenoBaHuu Ha moaenu B6.Cg-Tg, Tak U 4aCTUYHO OOHAPYXEHO APYTMMU aBTOpPaMM
Ha CXOIHOI reHeTnuyeckoit Mmoaenu bIl, cozmanHoit Ha Mblax [10].

SAKJIIOYEHUE

B nanHoit pa6ote y camiioB Mbiiieii B6.Cg-Tg nMHUM ObLIO YCTAHOBJIEHO MOBBILLIEHHUE
JIOKOMOTOPHOI aKTUBHOCTHU, CHUKEHHWE TPEBOKHOCTH U YMEHBIIIEHWE TIJIOTHOCTH He-
POHOB B CYOBEHTPMKYJISIPHOI 30HE, yepHoii cyocTtaHuu, a Takke B CAl, CA3, CA4 n
TPaHyJISIPHOM cjioe 3y04yaToii M3BWJIMHBI TUIIOKAMIIa, YTO MOXKHO paccMaTpuBaTh Kak
Ouomapkepbl cuHyKjeonaTuu. JanbHeiile ucciaeaoBaHust OymIyT COCpeaoTOYEeHbI Ha
MOTIBITKAX HANPaBJIEHHOTO BO3ICHCTBUS B XOJIe TPEHATAIbHOTO Pa3BUTHSI, YTOOBI, B KO-
HEYHOM UTOTe, OOHAPYKUTh HOBBIE MUILIEHU TSI TPOMDUIAKTUKU 3TOM MTaTOJIOTHUH.

COBJIIOAEHUE 5TUYECKHUX CTAHIOAPTOB

Bce nccnenoBanust 6butn onoopeHsl KoMuTeTom 1mo 6mostuke MHCTUTYTa LIMTOJIOTUM U TeHe-
Tk CO PAH (mmpotokoin Ne 145 ot 29.03.2023) u cooTBeTcTBYI0T EBpOIneiickoii KOHBEHIIMM O 3a-
IIUTE TTO3BOHOYHBIX XUBOTHBIX, UCTIOIb3YEMBIX IIJISI SKCIIEPUMEHTABbHBIX W IPYTUX HAYYHBIX 11e-
neit (ETS Ne 123).

NCTOYHUKHU OPUUHAHCHUPOBAHU A

Pa6ora BeimmorHeHa npu nomaepxkke PH® Ne 23-25-00123 ¢ ucnosib3oBaHueM 000pyIOBaHUS
LIKIT “LleHTp reHeTUUYECKUX PECYPCOB JIaDOPATOPHBIX KMBOTHBIX” THCTUTYTA LIMTOJIOTUU U TeHe-
Tuku CO PAH, nmognepxanHoro MuHoopHayku Poccun (YHUKaJIbHBIN MASHTUDUKATOP MPOEKTa
RFMEFI162119X0023). Mukpockonuyeckue pacothl BbimosHeHbl B LIKIT “MUKpPOCKOMMUYECKOrO
aHain3a 6uosiornyeckux oobeKToB” MHetutyra uuronoruu u renetuku CO PAH.

KOH®JIUKT MHTEPECOB

ABTODBI IEKJIapUPYIOT OTCYTCTBUE SIBHBIX U MOTCHLIMATbHBIX KOH(DJIMKTOB HUHTEPECOB, CBS3aH-
HBIX C MyOIMKalueil TaHHOM CTaThU.
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Analysis of Behavior and Brain Neuronal Density
in B6.Cg-Tg(Prnp-SNCA*A53T)23MKkle/J Mice Modeling Parkinson’s Disease

I. N. Rozhkova?, S. V. Okotrub?, E. Yu. Brusentsev’, T. A. Rakhmanova® ?,
D. A. Lebedeva® %, V. S. Kozeneva® %, N. V. Khotskin?, and S. Ya. Amstislavsky® *

4 [nstitute of Cytology and Genetics Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia
b Novosibirsk State University, Novosibirsk, Russia
*e-mail: amstis@yandex.ru

Parkinson’s disease (PD) is a progressive age-related neurodegenerative pathology of the
central nervous system, characterized by a selective loss of dopaminergic neurons of the
nigrostriatal pathway and by the presence of specific inclusions (Lewy bodies) in dopa-
mine neurons. To study the mechanisms of this pathology and to search for possible
ways to correct it, genetic models of PD in mice have been created. Transgenic mice of
the B6.Cg-Tg(Prnp-SNCA*AS53T)23Mkle/J strain (referred as B6.Cg-Tg further in the
text) represent a model of PD, have the 4537 mutation in the human alpha-synuclein
gene. The aim of this work was to study the locomotor activity and the level of anxiety, as
well as the density of neurons in the brain of male B6.Cg-Tg mice at the age of six
months. Wild type C57BL/6J mice of the same sex and age were used as controls. The
results of the current study demonstrate that B6.Cg-Tg mice are characterized by the
high locomotor activity and the low anxiety. Besides, a selective decrease in the density
of neurons in the subventricular zone, the substantia nigra, as well as the CAl, CA3, CA4
zones and the granular layer of the dentate gyrus of the hippocampus was observed in
these mice. Thus, mice of the B6.Cg-Tg strain at the age of six months only partially cor-
respond to the main pathophysiological signs of PD. Decrease in the density of neurons
in the substantia nigra, as well as in the CAl and CA3 zones of the hippocampus of
B6.Cg-Tg mice resemble similar changes in PD. However, these mice demonstrated nei-
ther bradykinesia nor high level of anxiety.

Keywords: mice, C57BL/6J, B6.Cg-Tg(Prnp-SNCA*A53T)23Mkle/J, Parkinson’s dis-
ease, locomotor activity, anxiety, brain, neuronal density
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