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I'umotanamyc SIBIsIETCsS] BAXKHEWIIIMM WHTETPATOPOM (DYHKIIWI 9HIOKPUHHOM, aBTOHOMHOM, COMaTU4eCKO
HEPBHOM CUCTEMBbI, YUaCTBYET B PETYJISIIUM PUTMUUYECKUX TTPOIIECCOB U, MIPEATIONIOXUTEBHO, B IPOrpaMMU-
pOBaHMM MpolleccoB cTapeHus1. K yucity rurorajsaMudecKux simep, OTBETCTBEHHBIX 3a peaJIM3allvio Mporpam-
MbI CTapeHMsI, MPEATIOT0XKUTEIHLHO OTHOCST CYIIpaxrua3MalbHOE SIAPO M CPEIUMHHYIO TPYMITY SIIep, BKIOYast
apKyaTHOe, BEHTpOMeanaIbHOe U nopcoMeanaibHoe sapa. [Iponecc ctapeHus B TUITOTaJaMyce COITPOBOKIA-
eTcsl HapyllleHreM OajlaHca BO30yKIeHe/TopMoXeHue 3a cueT aucperyiasiunu TAMK-epruueckoii cucteMsl,
YMEHbBIIIEHUEM YacCTOThl UMITYJIbCAllU HEIIPOHOB, HapyllleHMeM OOMeHa KaJIbLIMsI, YBETUICHUEM TTPOITYKIIUHA
OKCHJIa a30Ta, CHIDKeHUEM ayTodaruu, HapylieHUueM MPoLieCCOB BHYTPUKIETOYHOTO CUTHAJIMHTA, B YACTHO-
ctu Sirtl, mTOR, NF-kB, AMPK, P53, FoxO. Tak:ke BaxkHast pojib B TUIIOTAJIAMUYECKOM CTapeHUM IIpUHA -
JIEXUT TAHULIMTaM, YTO BbIpaXkaeTcsl B HAPYIIIEHWU UX CBSI3U ¢ HeiipoHaMu 1 6apbepHOiil hyHKiMK. CTBOJO-
BbI€ KJIETKHM TUIIOTAIaMyca, PacIoJIOXKEHHbIE MPEUMYIIIECTBEHHO B 00JIaCTH CPeIMHHOM TPYIITHI SIIEP, BbIIe-
JISIIOT 3K3ocoMaibHble MUPHK, KoTopble Tak:Ke OTBETCTBEHHBI 32 aHTUMBO3pacTHBIE 3 (EKTH 3TUX KJIETOK.
ITpu 5TOM KOJIMYECTBO CAMMX CTBOJIOBBIX TUITOTAJITaMUIECKUX KIIETOK 1 9K30coManbHbIXx MUPHK yMeHbITaeT-

csl 110 Mepe CTapeHusl.
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BBEAEHWE

B To BpeMs KaK cTapoCTb — 3TO COCTOSIHUE, CBOM-
CTBEHHOE IIO3MHMM TIoAaM >XXW3HHM, OMOJOTHMYECKUIA
MpollecC CTapeHUsI HaUMHAaeTCsl C MOMEHTA POXKIECHUS
1 HeoOpaTUMO MPOIOJIKACTCS B TeUCHUE BCEid XKM3HU.
Emuaoro MHeHUsI 0 MexXxaHM3MaxX, yJacTBYIOIINX B
Tpoliecce cTapeHus, He cyllecTByeT. B OombmmHcTBE
CJIyyaeB TEOPUM CTapeHMSI MOXKHO pa3IeaIuTh Ha Here-
HeTHYeCKHe (SMUIeHETUYECKNE), COTJIACHO KOTOPBIM
OpUYMHA CTapeHUsT — 3TO CTPYKTYPHBIE M3MEHEHUS
KJIIETOK M TKaHeil, 1 TeHETUYECKHUE, CBSI3bIBAIOIINE
CTapeHHe C U3BMEHEHHUSIMU B TIepenade 1 SKCIIPECCUU T'e-
HeTndecKoir mHdopManmn. Takke BBIIECISIOT 2 0OIb-
e TPYIIIbL: CTOXacTU4YeCcKue (BEepPOSITHOCTHBIE) TEO-
pUM ¥ TEOPUU TIPOTrpaMMHPOBAHHOTO cTapeHud [1, 2].
K ogHoi1 13 HanboJIee N3BECTHRIX U TJIYOOKO pa3pado-
TaHHBIX KOHILICHINI B TEPOHTOJIOTUY CJIEIYeT OTHECTHU
3JIEBAallMOHHYIO TEOPHUIO CTapeHUsI U (DOPMUPOBAHUS
BO3PACTHOI MATOJIOTUU Y BBICIIIUX OPTaHU3MOB, TIPU-
JaloNleil KIo4YeBoe 3HaUeHe B 3TUX IIpolleccaxX BO3-
pacTHOMY IIOBBIIIEHHUIO IIOpOra YyBCTBUTEIHLHOCTHU
TUTIOTajlaMyca K TOMEOCTaTWYeCKMM curHaiaaMm |[3].
VYxe B XXI Beke pa3dBUTHE COBPEMEHHBIX METOJIOB UC-
cJIeIOBaHUS, B TOM YMCJIE MOJIEKYJISIPHO-OMOJIOTHYe-

CKMX, T€HETUYECKUX, HEUPODU3NOTOTUYECKUX, HEM-
POXUMUYECKUX MO3BOJUIO 00Jiee NeTaTbHO PacCMOT-
peTh yyacTue rurorajiamyca B MeXxaHu3Max cTapeHusl,
YTO HAIUIO CBOE OTpaXeHWe B HedaBHUX 0030pax.
B yactHOCTU, B HUX JieJIa€TCS BbIBOJ O TOM, YTO BEIy-
et MpUYMHOM CTapeHUsl B OpraHu3Max MJeKOMUTa-
IOLIUX SIBJISIETCS Pa3BUTUE TUITOTAIAMUYECKOTO Hei-
pOBOCIaJIEeHUs], @ TAKXE YMEHbIIIEHWE B TUIIOTajlaMyce
C BO3pacTOM CTBOJIOBBIX KJIETOK [4, 5].

Tem He MeHee yKe YITOMSIHYThIe 0030pHI B O0JIbIIIECi
Mepe KacaloTcsl MOJEKYISPHO-KJIETOUHBIX aCIIEKTOB
W3MEHEHUSI paboThl TUMOTAJJAMUYECKUX HEHPOHOB, B
TO 3Ke BpeMsI (PyHKIIMOHAITBHBIE 0OCOOEHHOCTH HEelpo-
HOB TMIIOTajlaMyca IpU CTApEHUM OCTAIOTCS B TEHM.
B HacTog1eM 0630pe MbI MONBITAIUCH COOPaTh BO-
€IMHO MMEIOILIYIOCSI KapTUHY MOp(PODYHKIIMOHAIb-
HBIX U3MEHEHMI HEMPOHOB IMIoTajlaMyca U X BIIMSI-
HHE HA MPOLIECC CTAPEHUS C YUETOM IOCIETHUX JIUTE-
paTypHBIX JAHHBIX U KJIACCUYECKUX paboT.

KpaTkas xapakTepucTMKa rHNOTAJAMHIECKHX sIep

I'mmoranaMyc — GMIOTEHETHYECKN CTapblil OTHEI
IMPOMEXYTOUHOTO MO3Ta, KOTOPBIN WTpaeT BaXKHYIO
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Puc. 1. Cxema sanep runorajiaMmyca B CaruTTaIbHOM TNIOCKOCTHU U UX HEMPOXUMUYECKME OCOOEHHOCTU. B OOJIBIIMHCTBE rMIoTajla-
MUYECKUX SIIEp TaKKe MMEIOTCS HeMPOHBI, conepxkainne rimyramat 1 TAMK (He moka3ansl Ha cxeme). AHN — nepenHee sapo ru-
notanamyca; ARC — nyroobpasHoe simpo; AVP — aprununH-BazonpeccuH; BDNF — Mo3roBoit HeiipoTpoduyeckuit dakTop;
ChAT — xonmunanetuiatpancdepasa; CRH — kopTukoTponuH-puwiIn3uHr ropmMmoH; DMN — nopcoMenuainbHoe siapo; GRP — nen-
T, BeicBoOOXatomuii ractpuH; LHA — narepanbHas runotaiamudeckast oosmacts; Mb — mammumisipaoe teno; MCH — mena-
HUH-KOHIIEHTpUpYto1uii ropmoH; NPY/AgRP — Heitporientun Y u rientun poactBeHHbI aryt; PHN— 3anHee siapo rumorana-
myca; POA — npeontrueckast oonactb; POMC/CART — nmpoonuomMeIaHOKOPTUH U TPAHCKPUIIT, PETyJIMpyeMblii KOKAMHOM 1 aMbeTaMu-
HoM; PVN — mapaBeHTpukyimsipHoe sapo; SCN — cympaxuasmatndeckoe simpo; COH — cympaormuueckoe simpo; TH —

TUpo3uHruapokcmiasa; TMN — tydepomamusuisipHoe siapo; TRH

poJib B MOA/IEpXXKaHUU TTOCTOSIHCTBA BHYTPEHHEU cpe-
bl U ObecrieyeHU UHTerpaluun YHKIIMI aBTOHOM-
HOM HEPBHOM, SHIOKPUHHOM, COMAaTUYECKOIN CUCTEM.
BonbIIMHCTBO sep rumnorajamyca HMEIOT IIJIOXO
OYEpUYEHHBIE TPAHUIIbI U, 32 MaJbIM HCKIIOUYEHUEM
(cynmpaonTuyeckoe U MapaBeHTPUKYJISIPHOE Sapa), UX
TPYIHO paccMaTpuBaTh Kak LEHTPHI C y3KOM JIOKAIM-
zanueit cneuubuyeckux dhyHkuuii. Tak, Hanpumep,
cymnpaxua3ManbHoe sapo runotanamyca (CXS) saBist-
€TCsl TJIAaBHBIM TeHEepaTOPOM OKOJIOCYTOUHBIX (LIMpKa-
MUAHHBIX) pUTMOB. B KOoHTposie MeTaboir3ma yJacT-
BYIOT TakMe sijipa TUMoTajamyca, Kak AyroobpasHoe
(apkyatHoe, APA), BeHTpomenuansHoe (BMS) u nop-
comenuanbHoe (JIMS), marepanbHasi ruIroTajJaMmde-
ckas oonactb (JIT') (puc. 1). KonTpoap penponyKimumn
onocpenyercst APSI, mpeontuueckoit oomacteio (ITO0),
Bkirouast MeaguanbHoe (ITOM) u mepeqHeBeHTpaJIbHOE
nepuBeHTpUKyIsspHoe (AVPV) saapa [6, 7]. Tybepoma-
muwuisipHoe sapo (TMS) cuurtaeTcss TJIaBHBIM LEH-
TpOM OOJPCTBOBAHMS, @ TAKXKE YYACTBYET B PETYJISLIAU
TeMIIepaTyphl Teja, TIOBEACHUS U OMOpUTMOB [8].

ITapaBenTpukynsiproe (I1BS) u cynpaonrtuyeckoe
(COS) sampa peryaupyroT pasjndHbIEe IIPOIIECCHI, B
MEPBYIO o4epedb CTPECCOPHBIE 1 afalTallMOHHbIE OT-
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— TUPOTPOITMH-PUIM3UHT TopMOH; VM H — BeHTpoMenmaabHOeE SIpo.

BeThbl opraHuaMa. Kietounslii coctas 1B HeongHOpO-
JIeH: OHO COCTOUT M3 KPYITHBIX, MEJIKUX U OTUCTAJTbHO
npoenupyromuxcsa HeripoHoB. I1B cBs3aHo ¢ peryns-
1Mei peakliuM opraHu3Ma Ha CTpecc, CTpecc MUIEBO-
r'o ¥ COLMAJIbHOTO TTOBEICHUSI, JIAKTAlIUU, OepeMEeHHO-
CTU, NESTeJIbHOCTU LIUMTOBUIAHON Xese3bl. HelipoHbl
KpynHokjaeToyHoro sigpa COS peryaupyloT BOIHO-
COJIeBOIi bajlaHC OpraHu3Ma, a Takxke (hyHKIMU IIUTO-
BUIHOI keJe3sl [9, 10].

Mopdosnorndeckue u3MeHeHHsI B SIIPaX runoTajamyca
Npu CTapeHnH

CrapeHue IMpUBOAUT K HEPAaBHOMEPHBIM HM3MEHE-
HMSIM HEMpOHOB rumnotanamyca [11]. B yactHocTH, ucC-
clIemOoBaHMS, MPOBEACHHBIE Ha IphI3yHaX, ITOKa3ain
NoTepl0 HEWPOHOB B MepeaHEeil TUMoTalaMUYeCKOn
obmactn, B ITOM m I1B4 [12, 13], B oTiimume oT o0J1a-
creit CO4, AMA, BMA u I1BA [12, 14, 15]. B To ke
BpeMs umcio HeliponoB COS n 1B y cammoB obe-
3bsIH MPU CTapeHUM Bo3pacTtaio [16]. MMeroTca npo-
TUBOPEUYMBEIE JaHHBIE B OTHOIIEHUN N3MEHEHUS YNC-
JIa HeHipOHOB IIPU CTapEeHUM B IYroOOpa3HBIX SOpax,
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1€ OOHU HUCCIIEO0BATEIN OTMEUYAJIM CHUXKECHHUE YHCJIa
HelipoHoB [13], a npyrue — HeusMeHHoe ux uucio [17].

I1pu ctapeHuU pa3Mepbl HEUPOHOB psiaa runoTaaa-
MUUYECKUX SIep YBEJIWUYMBAIOTCS, B TOM 4YMCIE Y
POMC HeiipoHoB Mbimu [ 18], a Tak:ke HEMPOHOB, CO-
JepKaluxX KUCCTIeNTUH U HeiipokMHUH B y nipencra-
BUTEJIE 000MX OJI0B YenoBeka [19]. B To xe Bpems B
COZ4 y KpBIC cpeHMit 00BbeM saep HelipoCceKpEeTOPHBIX
KJIETOK JIOCTOBEPHO CHMXKAETCS MPU CTapEeHUM Kak 3a
CUeT YMEHbILIeHUsI OTHOCUTEILHOTO KOJIM4YecTBa Heili-
POHOB C KPYITHBIMU SIApaMU, TaK U B CBSI3U C MOSIBJIE-
HUEM OOJIBIIIOTO YHCJIa MaJOaKTUBHBIX HEHPOHOB C
MeJKUMU siapamu [11].

I1Ipu 5TOM B HeiipoHaxX MPU CTAPEHUM MPOUCXOISIT
MopGdOdYHKIIMOHAJIbHEIE HAPYILIEHUSI B dHEProoopa-
3YIOILIUX U B OEJIOKCUHTE3UPYIOIIMX LIMTOILIa3MaTuye-
CKMX CTpYKTypax. HakoruieHue B HelipoHax Tumnodyc-
UHA, KOHEYHOTO MPOAYKTa MEPEeKMCHOIO OKUCIICHUS
JIMTIAIOB, THIYLIMPYEMOIO CBOOOIHBIMU paguKalaMU,
MOXHO CUMTaTh Hamboyiee IMOCTOSTHHBIM M YHUBEP-
CaJIbHBIM NPHM3HAKOM CTapeHUs] HEPBHOM CUCTEMHI.
OIHAKO B TUITOTAJIAMYCE BBISIBIISIIOTCSI MEHBIIIE OTJIO-
JKEHMSI 9TOr0 MATMEHTA T10 CpaBHEHUIO C IPYTUMU OT-
nenamu THC [11].

CrapeHue HEMPOHOB COIMPOBOXKAAETCS PEAYKIMEA
IeHOApUTOB. Y cTaphix Kpbic B APS Habmonamock 3Ha-
YUTEJIbHOE COKpallleHUe KOJMYECTBA JIEHIPUTHBIX
CErMEHTOB, O0ILEeil JIUHBI JeHAPUTOB, a TAKXKE IJI0T-
HOCTHM BETBJICHUS M YMCIa IMATTMKOB [ 17, 20].

DJieKTpuYecKasi AKTUBHOCTb THIOTAJIAMUYECKUX
HEHPOHOB NpPHU CTAPEHUH

CBs13aHHBIE CO CTapeHUEM M3MEHEHMS JIEKTPOdhU-
3UOJIOTUYECKUX CBOMCTB pa3fUYHbI [JIs Pa3HbIX BU-
JIOB, obJlacTeif Mo3ra M TUIIOB HelipoHOB [11]. B oT-
JIeJIbHBIX 00J1aCTSIX YaCTOTa UMITYJIbCAllU MOXKET CHU-
JKAThCSl 32 CUET YBEJIMYSHUS TJIMTEJIbHOCTU CJIEI0BOM
runieprionsipu3auun  (after hyperpolarization, AHP)
[21]. Kpome Toro, BhicBOGOXIeHUe Ca’" U3 BHYTpU-
KJIETOYHBIX 3aI1aCOB KaJIbLIMS CIIOCOOCTBYET yBeJIMUe-
Huto ammuiutyasl AHP Bo Bpems crapenus [22]. Hako-
HEll, BO3pacTHhIE M3MEHEHUS B OydepM3alluy WIN
skerpysun Ca?t MOryT crnmoco6cTBOBaTh U3MEHEHUIO
romeocrasa Ca’", yTo MpuBOAUT K aiutenabHoMy Ca?*
oreety [23]. B nmononnenue k Ca’"-3aBucuMomy 3a-
nycky AHP, usmenenus B K*-kananax, kotopsle je-
XkaT B ocHoBe AHP, Moryt Takxske n3MeHSITBCSI C BO3-
pactoM [24, 25]. Tem He MeHee HaAOIIOIAIOTCS pPa3HO-
HarpaBjieHHbIe U3MeHeHUsT Ca-CBSI3bIBAIOIINX OEJIKOB
IpH CTAapSHUH, B TOM YUCJIe B TUITOTajaMmyce. B Heitpo-
Hax JIMA n BMS skcripeccust KanbOMHIMTHA CHIKA -
eTcsl, a KaIbpeTUHMHA BO3pacTaeT y CTapbIX CaMlIOB 1
caMOK KpBbIC [26].

C BospactoMm B LIHC Habmtogaercs HapymeHue 6a-
JlaHca BO30YyXIeHHUE,/TOPMOXKEHHE 3a CUST TUCPETYJIsI-
uuu FTAMK-eprudeckoii cuctemsl. I1pu aTom Habmo-
IaeTCsI YMEHBIIICHNE KOJIMYeCTBa TOPMO3HBIX CUHAII-
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MACJIIOKOB, HO3IPAYEB

TUYECKMX KOHTAaKTOB, 4YaCTOThI cnoHTaHHBIX TTICII n
aMIUIUTYIbI TOKOB nipu cTumysiuuu TAMK-penienTo-
pos [27].

B POMC-coaepxaimux rurnoTrajaMUuecKuX Hem-
pOHAaX CTaphIX XKMBOTHBIX HAOJIOAAJIOCh YMEHBIICHNE
YacTOThl MMITYJIbCAallUH, YTO OBLIO CBSI3aHO C ITOBBI-
meHHol aktTuBHocThio MT'OR [28]. B ITOO npwu cra-
peHUM HAOJI0gaeTCsl 3HAYNTEIbHOE CHUKEHIE YacTO-
Thl CIOHTAHHBIX CIAWKOB TOHAIOTPONUH-PUIUIAHT
ropmoH (I'HPT')-BeiaessIIOIINX HEUPOHOB, COIIPOBOX-
Jarolreecs IMMOBBIIIICHHOM BapruadeIbHOCThIO aKTUBHO-
CTM U YMEHbIIIeHWeM TeHepaluu IaTTepHoB [29].
HeiipoHbl cTapbiX XXWBOTHBIX MPOAEMOHCTPUPOBAIU
3HAYUTEJIbHOE CHIDKECHUE aMIUIUTYIBI CIISI0BOM ASMO-
nsapusauuu (depolarizing afterpotential, DAP) mocie
KPaTKOBPEMEHHOTO CITAaiKOBOTO 3aJjira. Y MeHbIlIeHE
DAP 1iocJjie BCIIBIIIKY CITAMKOB MOXKET NPUBECTU K 00-
Jlee KOPOTKMM I1ayKaM HMIIYJbCOB, €Ille MEHBIINM
DAP, yMeHBbIIIEHHOI YacTOTe pa3psiA0B U HApYIISHUIO
PUTMHUYECKOIO PUCYHKA pa3psiioB, YTO MOXET IIPUBO-
IUTh K HapyIIEHWIO PeTyJISIIUU BBICBOOOXICHUS
I'uPI'. BDcTpanmnol cylecTBEHHO 0Ca0Is1 HaTpUEeBbIH
TOK, JIeXKalllMii B OCHOBE IIOTEHLIMaja HCHCTBUS B
I'HPI'-no3uTUBHBIX HEHPOHOB y MOJOOBIX, HO HE Yy
CTapbIX MbILIEH in vivo. ITpy 3TOM y cTapbIX MBIIIEH, B
OTJIMYKE OT MOJIOABIX, CTPAAUOJ HE OKa3bIBAJI BJIMSI-
uuga Ha DAP B norenumane neiictsusg ['HPI-mio3utus-
HbIX HelipoHoB [30]. Takum 0b6pa3oMm, y CcTapbIX KXHUBOT-
HBIX HAOJIIogaeTCs OcIableHUE PETyJISIIUU eI TeIbHO-
CTM TUMNOTaJaMUYEeCKUX HEUPOHOB II0 IIPUHIIMITY
OTpULIATEILHON 0OpaTHOI CBSI3U, YTO TaKXKe MOATBEP-
xknaeT uaen B.M. IlunbmaHa [3] o BO3pacTHOM IOBBI-
IIEHUM II0pora YyBCTBUTEJILHOCTH THUIIOTajlaMmyca K
rOMEOCTaTUYECKMM CUTHaJIaM.

Cyrlpaxnae.Ma.m,Hoe AP0 U PUTMHUYECKHE TTPOLECCHI

CX4l mpuHamIeXUT TJIaBHASI POJIb B CUHXPOHU3a-
UM BCEX PUTMOB U MHTETpalliy MH(GpOpMaLMU OT IIe-
pudepun ajisi reHepalliy COTJIACOBAHHBIX CUCTEMHBIX
putMOB B opranu3Me. [Tomnmo CX4, srmudpn3 Takke
WUTPaeT PoJib B CMHXPOHU3ALMY OMOJTOTMYSCKUX (PYHK-
LU C HUKJIaMU CBET/TeMHOTa IIOCPEICTBOM PUTMUYE-
CKOI'O CMHTEe3a MeJIJAaTOHWHA 1 KOHTPOJIST (yHKIINI TH -
nodwm3za [31, 32].

ITo coBpeMeHHBIM IPEACTABICHUSIM, MOJICKYJISIP-
HBII MEXaHU3M FeHepaluy HpKaauaHHBIX BpeMEHHBIX
CUTHAJIOB CKJIAIBIBACTCSI U3 CaMOIIOIISPXKUBAIOIIXCSI
MeTeb TPAaHCKPUITLIMOHHO-TPAHCIISILIMOHHONM 00par-
HOM CBSI3U, KOraa OeJIK1, IPOAYyLIPYyEMbIE OIIpeaeIeH-
HBIMY LIMPKAIHBIMU I€HaMM, HETaTUBHO PErYIUPYIOT
MX COOCTBEHHYIO TpaHCKpUIILIMIO. B ocHOBe momenun
paboter CX/I mexat nBa cemeiictBa reHoB: Perl, Per2 u
Per3, a takke Cryl u Cry2. TpaHCKpUITLIMS 3TUX TCHOB
aKTUBUPYETCS C HaYajOM LUPKAaIWAHHOTO ITHS TeTe-
poMepHBIM KoMiuiekcoM, coaepxamum CLOCK u
BMALI1-6enku (IOJOXUTEIbHBIE PETryJISITOPhI IIeT-
JIN), KOTOPBIE YIIPABJISIIOT 3Kcnpeccueil oenkoB PERI-
OD (PER) u CRYPTOCHROME (CRY), (orpuua-
Ne 3
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TeJILHBIX PETYJISITOPOB) Uepe3 peTyJISITOpHbIE MOocen0-
BaTeJIbHOCTHU 3HXaHcepHoro 6okca (E-box). K koHIry
nupkagHoro aHs Komiuiekcbl PER — CRY Hakamiu-
BalOTCS B SIApe M HAUMHAIOT MOAABJSITh COOCTBEHHYIO
KCIIpeccHio. B TeyeHue caenyionieii CyToyHo HOUYM
ypoBHu MPHK PER u CRY nagaiot, a cyliecTByOIINe
koMmiieKcel PER — CRY paspymratorcst. Ora nerpaga-
1M TIO3BOJISIET LIMKJIY TOBTOPHO WHUIIMHUPOBATHCS
NpUOIU3UTEILHO Yyepe3 24 4 mociie npeablayleil MHu-
HMauuy TpaHckpunuuu. LHukin crabunusupyercs no-
MOJIHUTEBHBIMU TieTIsIMU, B Kotopblx CLOCK mn
BMALI ynpasnsior E-box-onocpenoBaHHOM 1IUpKa-
HOI BKcTpeccueii simepHbiX petientopoB RORa, REV-
ERBa (Taxxke n3BecTHbix Kak NR1D1) 1 REV-ERBf
(Takkxe m3BecTHBIX Kak NR1D?2), kotopbie, B CBOIO
ouepelb, AEUCTBYIOT Yepe3 Mocie10BaTeIbHOCTY 3Je-
meHTa orBeTa REV (RRE) mis aktuBaiium 1 nmogasie-
Hus TpaHckpunimu BMALI cooTrBeTcTBeHHO. MyTa-
1IMU B T€HAX 3TUX SIAEPHBIX pelIeNITOPOB U3MEHSIIOT aM-
TMJIUTYOY U TIEPUOJI pUTMOB aKTUBHOCTH [33, 34].

OtnenpHble HelipoHBI CXS B Ky/IbType MOTYT IIOA-
JIEP>XXUBaATh KJIETOUHO-aBTOHOMHBIE 1IMPKATHbIE TIMKJIbI
CIMIOHTAaHHBIX Pa3psiAOB, BHYTPUKIIETOUHOI KOHLIEHTpa-
1IMU KaJIbLIMS U DKCIIPECCUU LIUPKAIHBIX T€HOB, YITpaB-
JiseMble WX TPAHCKPUMIIMOHHO-TPAHCJSIIMOHHON 00-
paTHOI cBs3blo [35]. OgHako y AWCHEPTrUpPOBaAaHHBIX
OJMHOYHBIX KJIETOK PUTMBbI JOBOJIbHO HeTOUHbl. Ha-
NpOTUB, Koraa cBa3b 1eneit CXS coxpaHsieTcs B opra-
HOTUITUYECKUX KYJbTYypax CPe30B, 3TU LMKIbI CUJIb-
Hbl, TECHO CUHXPOHU3UPOBAHbI U, B OTJIMYUE OT LIMK-
JIOB B W3O0JMPOBAHHBIX HEMpPOHAX, YCTOWYMBBI K
ocnabasouM 3pdeKTaM reHeTUYeCKUX JeIeui He-
KOTOPBIX KOMIIOHEHTOB TPaHCKPUITIIMOHHO-TPAHCJISI -
LIMOHHOM CBSI3UM WM MOTYT MOJAEPXUBATh LIUPKATHbIE
KoJiebaHUSI HEOMpEeAeJIEeHHO IO0JTr0 C YAWBUTEbHOM
HaJEXKHOCTBIO, YCTOMUYMBOCTHIO M TOYHOCTHIO [36].

KimoueBbiM pesyinbraToM CXS B yripaBieHUM HUAP-
KagHBIMU PUTMaMU SIBJISIOTCSI LIMKJIMYECKUE Koyeba-
HUS 3JIEKTPUIECKOM aKTUBHOCTU € YaCcTOTaMu OT 1 1o
10 I'a, B ycnoBusix in vivo u B KynbType [37, 38]. Hesza-
BHUCHUMO OT TOTO, BEAET JIM OPTaHU3M OOBIYHO HOUHOI
WU THEBHOM 00pa3 XKM3HU, JIEKTpuiecKasi (1 COITyT-
CTBYIOIIAsI MeTaboan4ecKast) akTUBHOCTb B CXS BBI-
IIIe B TeYCHUE LUPKATHOTO OHS: KOJIeOaHUs SIEKTPHU-
YeCKOI aKTUBHOCTU KOAWPYIOT THEBHOE BpeMsi, a He
noBeAeHYeCKOoe cocTosiHuE. ExkemHeBHBIE U3MEHEHUS
B PUTMUYECKOM aKTUBHOCTHU ONPEIESIISIIOT IOBeASHYEe-
CKHUE [UKJIbI, IPY 3TOM Havyaylo U CMEIIeHUEe CIIOHTaH-
HOI aKTUBHOCTU Y HOYHBIX I'PBI3YHOB CUHXPOHU3U-
pytoTcs no ¢aze ¢ cepeIMHON MaaeHWs U IToabeMa B
pa3psgax HelipoHHoTo aHcamoist CXS cooTBeTCTBEH-
HO [39]. DTa Moaenabp BepHa U Ui BUIOB, aKTUBHBIX
THEM, 32 UCKJIIOUEHHEM TOTO, UTO MOBEASHYECKHUE I10-
CJIEICTBUS TIPOTUBOMNOJIOXHBI. D PepeHTHBIC ITyTH,
nocpeacTBoM KOTOpbIX CXSI cBI3BIBaeTCs C HEHTpaMU
B TUIIOTaJIaMyCe U CTBOJIE MO3ra, KOTOPbI€ KOHTPOJIM-
PYIOT BO30Y:KIEeHIE, COH, HEMPOIHIOKPUHHBINA CTaTyC
M BEereTaTUBHBII CTATyC, BHISIBIICHBI B OOIIUX YepTax U,
BEPOSITHO, BKJTFOUAIOT KaK CUHAIITUYECKOE BHICBOOOXK-
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nenre TAMK (ot Bcex HeiipoHoB CXS) u napakpuH-
Has cekpeuusi HelponentuaoB (M3 OIpenesIeHHbIX
rpyni kietok CXS) B maTTepHax, KOTOpbIE OTpaXkKaloT
2JIEKTPUUYECKYIO PUTMUYECKYIO aKTUBHOCTb [34, 37].

[IupkamHasi PUTMUYHOCTb MOXET CHMXKATBCS C
Bo3pactoM [40, 41]. OTmMedeHO, 9TO HapylIeHUE ITUP-
KaJHBIX PUTMOB M3-3a BbIKI0UueHUsT Bmall npuBoaut
K TIpeXIeBpeMeHHOMY cTapeHUIo y Mbliieii [40]. [Tpo-
dbwin LMpKagHON TPAHCKPUIILIMU B CTAPEIOIIUX KIIET-
Kax MeHs1oTcss. OMHaKo cTapeHue He TIPOCTO BhI3bIBa-
€T CHUXKEHUE TUPKATHOW pPUTMUYHOCTH B 9KCIIPECCUU
TEHOB, KOTOPBIE aKTUBHBI B MOJIOAOM BO3pacTe, a HO-
BbIii HAOOp T€HOB HAYMHAET LIMKJI y CTapbIX MBbIIICH
[42]. Tem He MeHee paboTa MOJEKYJISIPHBIX LIMPKaI-
HBIX MEXAaHU3MOB, B YACTHOCTHU, TTIEPUOINYECKAST DKC-
npeccusi Per2 cylecTBeHHO He M3MEHSUIach y CTapbIX
IPBIZYHOB I10 CpaBHEHUIO C MoJioAbIMU [43].

Y nroneii ¢ Bo3pacToM HaOMIOAAIOTCSI aHOMAJIbHBIE,
¢dparMeHTUpPOBaHHbIE LIMKJIbl AKTUBHOCTU W OTIbIXA,
YTO YOEOUTEIbHO CBUIETEIbCTBYET O MUCHYHKIIUU
putMuyeckoro mexaHusma [44]. ITomo6Hoe Bo3pacTt-
HOE CHUXEHWE IMPKAaJHONH pPUTMUYHOCTU HAOII01aeT-
Cs1 y MaKaK-pe3yCoB Hapsiay C UBMEHEHHBIMU PUTMaMHU
MeJIaTOHMHA U CHUXKEHMEM KadyecTBa CHa. DTU U3Me-
HEHUS yCYTYOJISI0TCS IPU OTCYTCTBUM (POTONEPHUOIU-
yecKoro curHaia [45].

CrapeHue BIusieT Ha THOKOCTh IJTaBHOT'O LIMPKATHOTO
BoauTenst putMa. HaGmronaercss BO3pacTHOE CHUXKEHUE
CUHXPOHM3ALIMU Y aMIUIUTYJbl PUTMOB 2JIEKTPUYECKOM
aKTMBHOCTHU B HelipoHax CX4 [25, 42], yacTuaHO 13-3a
BO3PACTHOTO CHMXXEHUSI 3KCIPEeCCUr HEeHpOoTpaHCMUT-
TepoB, Takue Kak BUIT u TAMK [46, 47]. Ctapble cepble
MBILIMHBIE JIEMYPhl MEHEE YyBCTBUTEJIbHBI K U3MEHE-
HUSIM JJIAHBI THSI, Y€M B3pPOCJIbIe XKMBOTHBIE, UTO OT-
paxkaeT U3MEHEHHbIE CITOCOOHOCTU aaanTaiuu K 13-
MEHEHUIO TPOAOIKUTEIBHOCTU AHS [48], mpu 3TOM
CcTapeHue Y HUX COMPOBOXIAETCS U3MEHEHUEM LIUp-
KagHbIX putMoB BUII m apruHmH-Ba3oIpeccCMHa B
CX, Ttem camMbIM Hapyilass CUHXPOHM3AIUIO Heu-
paJibHBIX caliToB-MullieHeit [49]. OgHako y caMIlIOB
MaKakK-pe3ycoB He yIaJloCh OOHAPYKUTb OYEBUIHOTO
BiMsiHUS Bo3pacta B MPHK u ypoBHsIX akcrnpeccun
0EJIKOB OCHOBHBIX TaKTOBBIX T€HOB WJIM T€HOB, CBSI-
3aHHBIX ¢ Tiepenadeit curHaioB CXS u HelipoTpaHc-
muccueit [50]. CtapeHre MeHsIeT pUTM BHYTPUKJIIETOY -
HBIX YpPOBHEl Kablius B HeiipoHax CXA, ¢ 6osiee BbI-
COKMMMU 3HAYEHUSIMU HOYBIO, 10 CPAaBHEHUIO C JTHEM.
IupkanHast Mmogysiiust akTuBHocTu BK-kaHaioB Ha-
pyuraetcst u3-3a cHmxeHus1 BK-TokoB B HOUHOeE Bpe-
Msl. DTOT YMEHbBIIEHHBI TOK Yy CTapbIX >KMBOTHBIX
yMeHbinaer AHP, nenonsipuzyer MeMOpaHHBIN MOTEH-
a1 MOKOS, pacIIupsieT TTIOTEHIINA NEUCTBUS U YBeE-
JIMYMBAET BHYTPEHHIO KOHLeHTpauuio Ca’* [25].

TakuMm o6pa3zoM, UMEIOIMECS JaHHbBIE O3BOJISIIOT
MPEANOJIOXUTh, YTO C BO3PACTOM MOJIEKYJISIPHBIE YaChl
MPOJIOJIKAIOT HOpMaIbHO (PYHKIIMOHUPOBATh B HEM-
poHax CX/I, Torma Kak ajeKTpudecKasi aKTUBHOCTD 1
KOJINYECTBO HEMPOTPAHCMUTTEPOB B HEMPOHHOM CETU
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CXs ymenbmarorcsa. CHuKeHue aMIUTATYObl 3¢ de-
peHTHOTO curHaja n3 CXS cHuKaeT ero cmocoOHOCTh
YIIpaBJsATh TepudepruyecKUMU IMPKATHBIMU PUTMa-
MU, ¥ TAKXKE MOXKET CITOCOOCTBOBATh MOBBITIIEHUIO TT0-
pora 4yBCTBUTEJIbHOCTU TMITOTAJIaMyCca K TOMEOCTaTH -
YeCKHUM CUTHAaJIaM.

Me,IlI/IOGaSaJIbHBIﬁ TUNOTAJAMUYECKUI KOMILIEKC

BM? u AP B psine paboT paccMaTpuBaloTCs Kak
Meano0a3alibHbI TUITOTaJaMyC, YYUThIBasi UX POJIb B
PEeTYJISILIMY TMIIEBOTO U IT0JI0BOTO noBedeHus. B AP
MPOONMOMETAHOKOPTUHOBBIE (proopiomelanocortin,
POMC) HelipoHBI CEKPETUPYIOT OL-MEJIaHOLUTCTUMY-
Jupytomuii ropmoH (a-MCI'), KoTopblit neficTByeT Ha
MeslaHoKopTuHOBBIE penentopsl MC3R u MC4R.
B atux xe Heiliponax Beiaenasgercss CART (cocaine-am-
phetamine-regulated transcript — peryaupyemsblii KO-
KauHOM 1 aMm@peTaMUHOM TpaHCKpUIT). O0a 3TUX rop-
MOHa 00J1aJlaloT aHOPEKCUTEHHBIM JeicTBUEM, T.€.
OHU CHMXAIOT allleTUT U BbI3bIBAIOT OLIYIIIEHNE ChITO-
ctu. Kpome toro, a.-MCT', cTUMynupyst cuMmaThudecKue
LIEHTPbI, MOBBIIIAET pacxol 3Hepruu. B apKyaTHBIX sin-
pax Takke coaepxKarcs HEeUpOHbBI, BbIpabaThIBAIOILIME
OpEKCUTEeHHBIE (T.e. CTUMYJIMPYIOIIME alllleTUT) Bellle-
ctBa. B NPY-HeilipoHax BblmesieTcsl HeliporienTtun Y
(NPY), a B AgRP-HeiipoHax — poaCTBEHHEBIN OeIKy
Arytu mentun (Aguti-related peptide, AgRP). NPY
CTUMYJIMpYeT IuiieBoe nmoseaeHue, a AGRP nenrun
SBJISIETCS OOpATHBIM arOHUCTOM PELIETITOPOB MeEJIaHO-
kopTuHOB MC3R 1 MC4R, aBisisick, TaKUM 00pa3oM,
aHntaronuctoMm o.- MCI'. UMmeroTcst maHHBIE O TOM, YTO
AGRP He TOJIBKO MPETSITCTBYET CBSA3bIBAHMUIO METITUIOB
MeJIaHOKOpPTHHOBOTO cemeiictBa ¢ MCR, HO u caM BbI-
cTymaeT B KadecTBe cnelmguuHoro aronucra MC4R,
3aryckasi He3aBucuMble OT (G-0€JIKOB appecTMHOBbIE
CUTHAJIbHbIE KAaCKajbl, YTO BEAET K aKTUBALIMM KacKaja
MUTOIeHAKTUBUpPYeMbIX IporenHkuHa3 (MAIIK) [51].
Otpoctku POMC-, NPY- u AgRP-HeiipoHoB mpo-
€UMPYIOTCS B TUMIOTAJIaMUYECKUE LIEHTPbI, PETYIUpy-
owue norpedaeHue vy — BJIT, JIMSA, BMA u I1BA.
Kpome Toro, ykazaHHbIE HEMPOHBI OKa3bIBAIOT BIUSIHUE
Ha SIIpO OJMHOYHOTO ITyTU, B KOTOPOE TOCTYIaeT CeH-
copHasi ”HGOopMallMs ¢ BHYTPEHHUX OpraHoB [52].

B cBoio ouepens Ha POMC-, NPY- u AgRP-Heii-
pOHaX UMEIOTCS PELIENITOPHI K PETYASITOPHBIM TIETITH -
JaM, BBIPAOATBHIBAIOIIMMCS B PA3IMYHBIX OpraHax U
TKaHsIX. B yacTHOCTU, MHCYJIMH, a TaKXXe JIENTUH CTU -
mysmpyioT POMC/CART- u topmossit NPY/AgRP-
HelipoHBI. ['peH, HanpoTtus, cTuMyiupyetr NPY- n
AgRP-neiipons! u Topmosutr POMC/CART [52].

HeiipoHbl, BblAENsIIOLIME COMATOTPONUH-PUIIU-
3uHT- ropMmoH (CPI'), pacmonoxensl B AP/, a skc-
npeccupylomine comaroctatud — B BMS. CPT ctumy-
JIMpYeT, a COMaTOCTaTUH UHTUOUPYET BblAEJIEHUE CO-
marotportHoro ropmoHa (CTT) rumopuzomMm. YpoBHu
CTT u uncynuHomnonooHoro ¢akropa pocta 1 (IGF-1)
B KPOBHU SIBJISIIOTCSI CAMBIMU BBICOKMMU B MOAPOCTKO-
BOM BO3pacTe M MOCTEIIEHHO CHIDKAIOTCS, CTAHOBSICH
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elBa 3aMETHBIMU Y MOXUJbIX Jitoaei [53]. OcHoBbIBa-
sch Ha poan CTI' B moBBIIIEHNN MeTabOJIM3Ma, BO3-
pactHoe cHikeHue CTI u IGF-1 MmoxeT cmocob6¢cTBO-
BaThb CapKOMEHUUYECKOMY OXKMPEHUIO Y MOXUIIBIX JTI0-
neii. TeM He MeHee JUHUU TPAHCTEHHBIX MBIIICH CO
ceepxakcnpeccueit CTT nemoHcTpupoBaiv 6oJjiee Ko-
POTKYIO MPOAOIKUTENILHOCTh XU3HU [54]. Ha cero-
NHSIIHUN N[€Hb MEXaHU3M BO3PACTHOIO CHUXXEHUS
ypoBHell CTI' u IGF-1 ocraercs HesICHbIM. YPOBEHb
CPT B cpeIMHHOM BO3BBILICHUN CHWXKAJICS Y CTapbIX
KpbIC, TOT/Ia KaK YPOBEHb COMATOCTaTMHA B CPEIUH-
HOM Bo3BbIlIeHUU U ypoBHU CPI' 1 comaroctaTtuHa B
WX COMe He U3MEeHsIIUCh. [IpuMeyaTenbHO, YTO coMa-
TOCTaTUH-WHAyLMpoBaHHOe wHrnonposanue CTT
OBLJIO CEHCUOMIM3UPOBAHO Y CTapbIX KPbIC, YTO yKa-
3bIBa€T HA BO3MOXHYIO MPUYKUHY BO3PACTHOTO CHUXKE-
aus ypoBHsa CTT B masme [5].

B mopcomenuanbHoil 30He 3agHei gactu APS mo-
KaJIM30BaHa rpymniia HeMpoHOB, CEKPETUPYIOIINX KHC-
cnenTuH. KOHTpob penpoayKIiuy B 3aBUCUMOCTHU OT
YPOBHS MeTabO0JIM3Ma OMOCPEAYETCS Yepe3 CBSI3U KUC-
CIIeNTUH-ceKpeTupyomux HeilipoHoB AP ¢ I'mPT-
HelipoHamMu [TOM u AVPV snep runortanamyca. [1pu
aToM pocT cekpenuu I'HPI' mox BmustHuem mHbYy3un
KuccrierrtuHa B AVPV 3aBUCUT OT BpeMeHM CYyTOK. DTy
LIMPKaIUaHHYIO TIEPUOAUYHOCTh MOTYT 0OeCIieunBaTh
cunantuyeckue cBs3u APS u AVPV ¢ Baszompeccun-
cogepxammmn Heliponamu CX4. Ponp kuccrenm-
HEPruyeckKrux HEMpPOHOB HEWPOIHIOKPUHHOTO TUIMO-
TajlaMyca B METa0OJUYECKOM OOECIeYeHUN TaKuX
9HEPrOoeMKUX TPOLIECCOB PENpOAyKIINU, Kak Oepe-
MEHHOCTb, PONIbl M JIAaKTallMsl MOAYEPKUBACTCSI BKC-
MpECCUEN B HEHMPOHAX IreHa pelenTtopa TpPUMoaTupo-
anHa — TRa [7].

BM# n3BecTHO CBOMM yJ9acTHEM B PETYISILIMU CEKCY-
aJIbHOT'O U1 IMUILIEBOIO TMTOBEACHMUSI, XOTSI OHO TaKzKe pery-
JINpyeT KPOBSIHOE NaBJIeHUE M OojeBble MyTH [55, 56].
IMoBpexxnenns B BM S n3aMmeHsIoT nuiieBoe MoBeaeHNE 1
CBsI3aHbI ¢ runepdarveili 1 pasBUTUEM OXMpeHUs [57].
BM: ¢pyHKimmoHMpyeT KakK JaTYMK HACHIIEHMUS U, KaK
ObLIO TTOKA3aHO, TAKXKE pearupyeT U Ha TMITOTJIMKEMMUIO,
IMyTeM UHTUOUPOBAHUS TTPOMU3BOJCTBA MHCYJIMHA U CTH-
MYJIMPOBaHUS BBICBOOOXKIEHMS TIIOKAaroHa 1 KaTexoJia-
MUHOB. BHyTpennme gacet BM S urpaior pois B KOHTpO-
Jie TieprudeprIecKuX HUPKaTHbIX pUTMOB [58].

CuuTaetcs, 4TO BeHTpoJiaTepaibHas yactb BMS B
OCHOBHOM OTBEYaeT 3a II0JIOBOE MOBEICHHE Yy CaMOK
KpBIC M CBSI3aHA C MIPUCYTCTBUEM HEHPOHOB, KOTOPHIE
SKCITPECCUPYIOT PELIENTOPHI 3cTporeHa [56], B To BpeMst
KakK IopcoMeIraIbHast YaCTh OOJIbIIIE CBSI3aHA C PETYIISI-
mueit arnmetuTa [59]. DKcnpeccus pelenTopoB JICIITHHA
B BMSI oTpaxkaeT BaXKHOCTb 3TOTO Si/ipa B OTBET Ha BhI-
3BaHHBIC JICTITUHOM U3MEHEHUS IMILEBOTO MIOBEICHUS,
MeTaboJIM3Ma 1 peryInpoBaHue 6ajgaHca sHepruu [60].
BMJ{ Takke comep:KMT HEMPOHBI, KOTOPhIE OTBEYAIOT
Ha M3MEHEHUSI BHEKJIETOYHOM ITIOKO3bI [55].

Crepounorennniii pakrop 1 (SF-1) npencrasisier
CcOo0O0I SIIEePHBIN PeleITOp, SKCIIPECCUPYEMBbIil B Hall-
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MoYeYHMKaX, rOHagax, nepemHeM rurodguize u BMS
[61]. SF-1 mMeeT XM3HEHHO BaXXHOE 3HAYEHUE HE
TOJIBKO 1151 pa3BuTust BMSI, Ho u 11 ero ¢usunosioruye-
CKUX (pyHKIMIA [62]. Y MBIIIIEi, y KOTOPBIX OTCYTCTBOBAJ
peuenTop JientruHa B SF-1-3Kkcnpeccupyionmx Helpo-
Hax BMSI, mposiBisiMch NMpU3HAKW META0OJIMYECKOTO
CUHApPOMa, BKJTIOUasi OXXMPEHUE, TOBBILIIEHHbIN YPOBEHb
WHCYJMHA W JIENITUHA, HapyIIEHWE TOJIEPAHTHOCTU K
rmoko3e [59]. YVmanenue SF-1 B BMS npusonuio K
YBEJIMYEHUIO YPOBHSI MHCYJIMHA U JIETITUHA B KPOBU Y MO-
JIONBIX M CTapbIX MBIIIECH, CHIDKCHNE (PU3NYECKON aK-
TUBHOCTHU, HApyllIeHWE TEPMOTeHe3a, aKTUBHOCTU Oypoi
SKUPOBOI TKaHU [63] BBI3BEIBATIO OKUPEHME M aHOMAJTb-
Hoe pa3utiie BMA [64], a y moneit myranuu SF-1 ipu-
BOAWIM K OXHPEHMIO W muabeTy 2-ro tma [65]. [lpu
CTapeHMHU y CaMIIOB 1 caMOK KpbIc B BM skcnipeccus
SF-1 camxaercya [66]. Takum obpaszom, SF-1 urpaer
3alUTHYIO POJIb MPOTUB METAOOJINYECKUX CTPECCO-
POB, BKJIIOUasi CTapeHUE U IUETY C BLICOKUM COAepKa-
HUEM XUPOB.

TaHuumTel — BBICOKOCIIEIIMAIM3UPOBAHHEIC 3IICH-
JTUMHBIE KJIETKU, BBICTUJIAIONINE CTEHKY TPETHETO XKeTy-
nouka. Ix 6a3ajibHble OTPOCTKHA KOHTAKTUPYIOT HE TOJIb-
KO C HeiipoHaMU TIpIJIeXKAIINX SIIep TUnoTajaMmyca, HO 1
KPOBEHOCHBIMM COCyIaMM, B TOM YMCJIE C KPOBEHOCHbBI-
MM COCyJaMM MOPTaJIbHOM CUCTeMBI rurnodusa. TaHu-
LUTHI IOKAJIM30BaHbI B 00J1aCTH Meaada3aIbHOTO TUTIO-
TajlaMyca, OCYIIECTBJISIIOT MOHUTOPMHI M TPaHCHOPT
MHOTHX BeIIECTB (TOPMOHOB, METa0OJIMTOB, POCTOBBIX
(aKTOpOB), YYaCTBYIOT B CO3MaHNY T€MAaTO-JIMKBOPHOIO
W JIMKBOPO-3HIIE(aTNIECKOro 0aphepoB, PETyIMPYIOT
BBICBOOOXKICHUE PUIN3UHT-(PAKTOPOB HEMPOCEKPETOP-
HBIMM KJIETKaMU TUIIOTajaMyca. B moroiHeHre K CBOMM
OapbepHBIM CBOMCTBAM, TAHWLIMTHI O0JIAHAlOT CIIOCO0-
HOCTBIO OIPENESIATh YPOBEHb [NIIOKO3bl B KPOBU W UT'pa-
0T (pyHIaMEHTaIbHYIO M aKTMBHYIO pOJIb B mepemadye
LUPKYJIUPYIOIINX METa00JIMYECKUX CUTHAJIOB K Heu-
poHaM rurioTajamMyca, KOTOpble KOHTPOJIUPYIOT TIO-
TpebaeHune muinu. bojee Toro, pearonaraercs, 4To B
COOTBETCTBHMU C MX IIPEAIIOJIaraéMbIM IMTPONUCXOXIECHU -
€M U3 paraibHbIX TJIMAJIbHBIX KJIE€TOK, TAHUIIUTHI Ha-
IeJIEHbl CBOMICTBAMM HEPBHBIX CTBOJIOBBIX KJIETOK U
MOTYT pearupoBaTh Ha IMILIEBBIE WU PEIPOLYKTUB-
HbI€ CUTHAJIbI, MOAYJUPYS THUIIOTATAMUYECKUNA HEM-
porene3. Takum oOpa3oM, TAHUIIUTHI MOTYT COCTaB-
JISITh Ba’KHOE 3BEHO B ITI€TJIE, COCIUHSIONIC TTOBeIe-
HUE, TOPMOHAIbHbIE UBMEHEHUS, TIepeaavy CUTHAJIOB,
aKTUBALIMIO LIEHTPaJbHBIX HEPOHOB, UTO B CBOIO OYe-
penb MeHSIET TToBeaeHue [67].

Mopdonaorust TaHULIMTOB U3MEHSIETCSl TIPU CTape-
HUM. XOTH 00l1lee KOJTUYECTBO CAMUX KJIETOK HE MEHSI -
€TCs1 C BO3PacTOM, HO TIPU 3TOM OTMEUaeTCs oTepst UX
OTPOCTKOB M YBEJIMUUBAETCS IKCIpeccus 0eJIKOB Mpo-
MEXYTOUHBIX (PUIAMEHTOB 1IMTOCKEJEeTa, Hallpumep,
mMalibHoro hubpuisipHoro kucioro 6eyka (GFAP).
ITo naHHBIM BJIEKTPOHHOU MUKPOCKOMUU, Y CTapbIX
JKMBOTHBIX HapyllaeTcsd B3aUMOIEUCTBUE MEXIY
HepBHBIMU OKOHYaHUSIMU ' HPI'-HEeipOHOB 1 OTPOCT-
KaMM TaHULIMTOB. BbUIO TakxKe Mmoka3zaHo, YTO cTape-
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HUE U3MEHSIET TAHULIUTAPHEBII 6apbep 10 TaKOii CTeIe-
HU, YTO BBHI3bIBAET HAPYIIEHUE CTPYKTYPHOI IIEJIOCT-
HOCTU TeMaTo-JMKBOPHOro Oapbepa B CPEIUHHOM
BO3BbIIIEHUH. [1OCKOJBKY M3BECTHO, YTO y CTaphbiX
XKMBOTHBIX HaOJIOHAIOTCS HaApPYILIEHUS HEHNPOIHIO-
KPUHHOI'O KOHTPOJISI 9HEPreTuYeCcKOoro roMmeocrasa, B
TOM 4MHCJIe ocjlabjieHHasT peaklusi Ha TOJIoJaHue,
MOXKHO IIPEAIIOJIOXUTh, YTO U3MEHEHMS B INIACTUYHO-
CTU TeMaTo3HI1IedhaTndecKoro 6apbepa MOTYT CIIOCO0-
CTBOBaTb BO3HUKHOBEHUIO BO3PACTHBIX METabOIMYe-
CKMx 3aboyeBaHMii. TaHUIIMTHI, TOMHUMO Mepeaadn
HUPKYJIUPYIOILINX CUTHAJIOB U3 KPOBU B CITMHHOMO3IO-
BYIO KMIKOCTh, MOTYT TaKXKe IEHCTBOBAaTh KaK «O4M-
CTUTEIM MO3Ta», YCTpaHssd U30BITOK TOKCUYHBIX OeJI-
KOB, BbIpaOaThIBacMbIX Y MAILIEHTOB C HelipoaereHepa-
TUBHBIMH PAaCcCTPOMCTBAMM, 3allMINasl TAKUM 00pa3oM
rumoraigamyc [67].

JlopcoMeauabHOE TUNOTAJIAMUYECKOS SIIAPO

AMS comepxut rayramaT- 1 TAMK-eprudeckue
HEMPOHBI, ITOCJIEAHUE COCTABIISIOT OOJIBIIMHCTBO [68].
bruto ooHapyxeHo, uto TAMK-epruueckrie HelipoHBI
B BeHTpaJbHOI yactu JIMS, skcnpeccupyloiiue pe-
LIETITOP JIENTUHA, MOAABJISIOT ITOTPEOJeHUE UM ITy-
TeM WHTuOMpoBaHUs HelipoHOB APS, KoTopble 3KC-
npeccupyioT AgRP [69]. KpoMe Toro, OBIT0 TTOKa3aHo,
YTO HEHPOHBI, IKCIIPECCUPYIOIINE PELIETITOP JEeNTUHA
B IopcaiibHOM obyiactu JIMS, urparoT poib B KOHTPO-
JIe pacxoda Hepruu 1 Macchl Teja [70].

M gaBiasieTcsl BaXHBIM SIIPOM IJISI MHTETpalluu
upKagHoii nHdopmaiu u3 CXA u nepudeprdeckux
OpraHoOB [JisI MOIYJSIIUM IIUPOKOTO pa3zHOOOpas3usi
MoBeAeHUS U (DU3NOJIOTUUECKUX TTPOLIECCOB, yUaCTBY-
eT B LIUPKAAHON perysisiliui MpuemMa IHIIA, TTUThS,
CeKpeluu KOPTUKOCTEpPOHA, IBUTATEIbHOW aKTUBHO-
cTu U GompcTBOBaHMs, cBsI3aHHBIX ¢ CXS [71, 72].
JAMS monygaeT mpsiMble M KOCBEHHBIE TTPOCKIIMU OT
CX4, aTakxke ot APA, BMA u JIT [73, 74]. Kpome To-
ro, akCoHbI HelipoHoB JAM S hopMUpyIOT IIpOeKINHA B
DEeTUOHbI, BaXHble IS PETYISILMU  COCTOSTHUS
COH/0onpcTBoBaHUs: TopMo3Hble [AMK-epruueckue
MPOEKIIMU K BEHTpOJIaTepaIbHOM MPeonTUYeCcKoit 00-
JIaCTH, OTBEYAIOIIEH 3a COH, INIyTaMaTepruieckre Bo3-
OyXnmaroliue TMpOoeKIMU K ILIEHTpaM MPOOYXXIeHUS B
roJiyooM ISITHE U K OPEKCUH-COAepXKallluM HelipoHaM
JIT [74]. AM ] Takske maeT MpOeKIINH K ITapaBeHTPUKY-
JISIPHOMY SIZIpy TUMOTajJaMyca, KOTOPOE PEeTyIrupyeT
B3aMMOJIeliCTBUE TUTIOTAIaMyca C aBTOHOMHOI1 HepB-
HOIT cCTeMOM M SHOIOKPUHHOM cucTeMoii [75].

IIpennomaraercsa, yro AMS saBnsercd BasKHBIM
LUPKATHBIM HEHTPOM B MO3T€ MJICKOITMTAIOIINX U CaM
1o cebe CIoco0eH IoaIe pXKUBaTh (PYHKIIMIO aBTOHOM-
HBIX 4acoB [76]. [anaHuH-3KCIpeCcCCUpYIOLIE HEWPO-
Hbl B JIMS BoBieYeHBI B 6ajlaHC MeIJIECHHOBOJIHOBO-
ro/ImapamoKCalibHOIO CHA IIOCPEICTBOM pa3INYHBIX
npoexkuuii K [I00 u 6ixenHomy mapy [77]. B cooTBet-
CTBUM C 3TOi1 poblo, moBpexaeHue JIMA y KpbIc n3me-
HSIET pacIipelecHre MEIJICHHOBOJIHOBOII M MapamoK-
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calbHOM (pa3bl CHa B HUPKATHOM IUKIIE [78]. DKcrpec-
CUsl LIMPKAgHBIX TE€HOB M MapKepbl HEWpOHaJbHOM
akKTUBHOCTHU B JIM S TakKe 3aBUCSIT OT BpeMEHU Ipue-
Ma UM, KaK OBLJIO MOJYEPKHYTO B MCCIICAOBAaHUSIX
OrpaHMYECHHOTO KOPMJIEHUS Ha JIJAOOpaTOPHBIX I'PhI3Y-
Hax [79]. TakuM obpazom, JIIMA saBisseTCst BEpOSITHBIM
KaHOWIATOM Ha POJIb aHATOMUYECKOIO peJie ISl Hajao-
JKEHMST CYTOYHOTO PUTMa 1 3aBUCUMBIX OT METa0oImye-
CKOTO COCTOSIHUSI OTBETOB Ha KJIACCUYECKME CXEMBI CHA.

KomnakTtHas yacts JAMS comepXuT camoriomaep-
KUBAIOLIUKACSI aBTOHOMHBIA HUPKAIHBINA OCUMWILIATOD,
aKTUBHOCTb KOTOPOTO 3aBUCUT OT MOTPEOJIECHUS TH-
mu. OgHa U3 OCHOBHBIX XapaKTEpPUCTUK 3TOU 4acTu
M, KoTopast OTJIMYAeT €ro OT APYrux nepudepude-
CKUX LIUPKATHBIX OCHIUJUISITOPOB, 3aKJIIOYAETCS B TOM,
YTO aMIUIMTyAa KoJjiebaHuil skcrnpeccuu Perl/Per2
ObLJ1a HAMHOTO BhbIIlIe TPY OTpaHUYEHUN TTUTAHUS, YeM
TIpY IATAHWM ad libitum; B TO BpeMs KaK oTpaHNIeHIE
MUTaHUS IEUCTBUTEIBHO CABUTAET (pa3y APYrux reHe-
paTopoB, He cBsA3aHHBIX ¢ CXS, X aMITJIUTYAbI HE OT-
JIMYAIOTCS SIBHO MEXIY OIpaHWYEHHBIM U HEOrpaHU-
yeHHbIM nuTaHueM [71]. TlpumeuarenbHo, uto AMA
oKazayicsl eAMHCTBEHHBIM JIOKYCOM MO3ra, OTJIMYHBIM
ot CX4, KoTopblil CONEPXKUT TJIOTHO CTPYTNIMUPOBaH-
Hble HEHMPOHBI, JEMOHCTPUPYIOIIUE YCTOWYUBBIE KO-
nebanus skcnpeccuu Perl m Per2 B yciaoBusIx, Korma
JIOCTYTTHOCTb €llbl OrpaHWYeHa 3allJlaHuPOBaHHbBIM
(UKCUpPOBAaHHBIM BpEeMEHEM, TOTJa Kak TeHbl Per
IUddY3HO IKCTTPECCUPYIOTCS MOUTH BO BCEX OTIesax
HHC u nepudepuyeckux TtKaHsIx. IloBpexxneHus
HelipoHoB JIMS vy KpbIC OJIOKUPYIOT OOAPCTBOBAHME,
MOBBIIIIEHNE BUTATEJIbHONH aKTUBHOCTU W BHYTPEH-
Hell TeMnepaTypsl Tea Iepel mpuemom iy [80].

N3mMeHeHus1 rTHIIOTAIAMUYECKO# peryisiiui TUPEOUTHOM
OCH MpPHU CTAPEHUH

TupoTponH-pUIN3UHT-TOPMOH  (TUPOTNOECPUH,
TPI') B nepByto ouepeab U3BECTEH KaK LIEHTPaJIbHbIN
PETYISITOp OCU TUITOTalaMyC—TUNo(U3—IIUTOBUIHAS
xene3a. TPI' cuHTEe3MpyeTcss B pa3aIndIHBIX 00JIaCTSIX
MO3ra 1 B HECKOJIBKMX sIIpax rUIioTajamyca. ¥ KpbIChl
ruIoU3nOTPOITHbIE HelpoHbl, Bhiacisiomue TPI,
JIOKAJIM3YIOTCS B MeAMabHOM U KayJaJibHOM 30HaX, Y
MBI — B nepeaHeMeauaabHbIX 30Hax [IBA. TPI'-co-
IepXKalle-HepBHbIE OKOHYAHUSI KOHTAaKTUPYIOT C OT-
pocTkaMu 32 TAHUIIMTOB B CPEAWHHOM BO3BBIIIICHUU.
[2-TaHUTIUTBI AKCIIPECCUPYIOT TTUPOTITYTaAMUJITIEITAIA-
3y II (PPII), xoropas cneumpuuecku paspymaetr TPT,
perympyst KonmmdecTBo TpaHcroptupyemoro TPT [81].

CurHajibl OKpyKalollleid cpejibl, TaKhe Kak TeMIle-
patypa wiu cBeT, niepenatorcs K TP Heliponam [1BA
yepe3 addepeHThI, UCXOoasiue OT CTBOJIa MO3ra WU
or CX/. JlumOuueckast cucTtemMa, aKTUBUPOBaHHAsI B
OTBET Ha CTPECCOBO-3MOILIMOHAJIbHbIE CTUMYJIbI, TaK-
ke nepenaet curHajibl Ha TPI Heiipons: I1BS. AkTuB-
HOCTh rurnodusnorponHeix TPI-eprugyeckmx Heiipo-
HOB OIpeesIsieTCsl OTPULIATEIbHOI 0OpaTHOI CBSI3bIO,
OCYIIECTBJISIEMO TOPMOHAMM IIIUTOBUIHOM KeJie3bl,
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HepOHAJIILHEIMUA Y TOPMOHAJIbHBIMU BO3ICICTBUSIMMU,
pearupymolMKy Ha XapaKTep MUTaHUS, U BXOOHbIMU
CUTHaJaMM, aKTUBUPYEMBIMU TIPU OCTPOIt HEMEIJIEH -
Hoi1 moTpedHocTu. CTpecCcoBbIC CUTYall, TaKUE KaK
roJjioJlaHNe WIN OTpaHUYCHME ITUIIH, BOCITaJIcHUE, TH -
110~ WJIA TUMIEPTUPEO3, U3MEHSIIOT aKTUBHOCTh HEMpPO-
HOB M 3Kcrpeccuio TPI' mpsiMo uid KOCBEHHO Ha
NPOTSKEHNM KOMOWMHWUPOBAHHOTO NEHCTBUS pas-
JIUYHBIX 3¢ dexkTopoB. B dhopmMupoBaHur LIUpPKaH-
HyaJIbHbIX pUTMOB U3MEHEHMSI MacChI TeJIa U PEIpo-
IOYKIWMW, HapsAy C MEJIaTOHWMHOM, OCHOBHAasI pOJIb
MMPUHAIJICKUT TOPMOHAM TUPEOTPOIIUHY U TpUiion-
tupoHuny (T3) [81].

Onnako TPI Takke oka3biBaeT MHOXeCTBO 3(hheK-
TOB Ha LIEHTPAJIbHYIO HEPBHYIO CUCTEMY, HE3ABUCUMO
OT ero akTUBHOCTHU B ocu. C Bo3pacToOM HaOJ10gaeTCs
CHUKEHUE CUHTE3a, 9KCIpeccuu U akTuBHocTu TPT.
I1pu s3ToM yMeHbleHHe ypoBHSI TPI' MmoxeTt crioco6-
CTBOBAaTh Pa3BUTUIO HEMpoaereHepaTUBHbBIX 3a00ieBa-
HUSIX CTapeHUs, BKJIto4ast 00J1e3Hb ANbIreiiMepa u 60-
ne3nsb [lapkuHcona. B nonomHeHne K 3ToMy, B 0OJTb-
IIMHCTBE MCCIAENOBAaHMI Ha KMBOTHBIX TakKXKe
COOOIIIAeTCsl O CHUXEHUM YPOBHS LIUPKYJIUPYIOIIETO
tupokcuHa (T4) ¢ BozpacToM. OgHAKO N3MEHEHUS CO-
nepxaHus TuporpornHoro ropmoHa (TTT) u T3 ¢ Bo3-
pacToM MeHee MocjenoBaTebHbl U, TO-BUIANMOMY,
3aBUCST OT M0J1a U BUlla XXUBOTHOTO. OOHApYKEeHO, UTO
C BO3pacTOM Yy caMOK KpbIC KOHLeHTpauusa 13 u T4
YMEHBIIAeTCs, B TO BpeMs Kak ypoBeHb T TT ocTtaBaics
HEU3MEHHBIM, OIHAKO Yy CTapblX CaMIIOB KPbIC OOHa-
pyxeHo cHuxxkeHrue MPHK T4 u TTT, Ho 6e3 usmeHe-
HUi1 B cbIBOpOTKe ypoBHs T3 [82].

Y moneit 6onee Hu3kue ypoBHu TTT ObLTM OOHapy-
JKEHbBI Y TTOXWJIBIX JIIOJIEH, XOTsI He ObLIO OOHAPYKEHO
3HAYMUTEJbHBIX pa3anuuii B ypoBHsx TPI' 1 cBoGogHO-
o TUPOKCUHA B CBIBOPOTKE KPOBU MEXKIY MOJIOABIMMU,
CpelHEero Bo3pacTa U MoXWJIbIMU JtoabMu (Mazzocco-
li et al., 2010). CHmxeHue peakuu TTI Ha cTUMYJIsI-
nuto TPI HabmomaeTcst ¢ BO3pacToOM B YeJIOBEYECKOM
MOTYJISILIAM, B JOTOJHEHUE K CHUXKEHUIO CEKPELIuU 1
nerpagauuu T4 u cHukeHuto cuHTe3a T3 [83].

Pery.nmmﬂ PENPOAYKTUBHBIX IPOLECCOB IIPH CTAPCHUUN

Axconbl 'HPI'-comepxaimmx HeifpoHOB, pacIioyio-
keHHble B [TOO, mpoeupytoTcs K CpeAMHHOMY BO3-
BhILIeHUIO U BbIaessior THPT mynmbcupylomumM obpa-
3o0M. HesrenmpHOCcTh ['HPI-BBEIIEASIOIINX HEHPOHOB
OCYIIECTBJISIETCS MOJI KOHTPOJEeM KHUCCHEeNTWHA, WC-
TOYHUKOM KOTOPOTO SIBJISIOTCSI HEHPOHBI, PacIojio-
xenuble B AP n AVPV [84, 85]. C Bo3pacTom perpo-
JIYKTUBHbBIE (DYHKIIMU, BKItoYast GepTUILHOCTD U CTa-
TYyC TOJIOBEIX TOPMOHOB, €CTECTBEHHBIM 00pa3oM
CHMZKAIOTCS KaK Yy >KeHIIWH, TaK 1 Y My>KUMH. Y 4eo-
BeKa XeHCKOe penpOoAyKTUBHOE CTapeHUEe XapaKTepH-
3yeTcsl MEHOIIay30i, KOTOpasi BKJIIOYAeT Pe3Kue pe-
MPOAYKTUBHBIE M DHIOKPUHOJOTUYECKUE CIOBUTH, B
TOM YHCJIE TTIOBBILLIEHUE YPOBHSI TOHATOTPOITMHOB (JI1O-
teuHusupyomero (JII) m dommukyrocTuMyanpyio-
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mero (MCI') ropMOHOB), a TaKXKe IIpeKpalleHne MeH-
CTpyaJIbHOTO 1IMKJjIa. TeM He MeHee YPOBHU 3CTPaano-
Jia CYIIECTBEHHO HE pa3INJYalOTCs MEXKITY KeHIITMHAMU
B paHHE! U ITO30HEH MOCTMEeHOIIay3¢e, OMHAKO YPOBHU
ceiBopoTtoyHoro JIIL, MCI' 3HAaUUTEIbHO CHMKAIOTCS
mexay 50 u 80 romamu KU3HU. XOTSI TTOJIOBbIE PUTMBI
CaMOK TPBI3YHOB HE AEMOHCTPUPYIOT YeJIOBEUECKUX
IUXOTOMUYECKUX TMEPEXOJO0B IIPU PEIPOIyKTUBHOM
CTapeHUU, OHU ITOCTEIIEHHO CTAHOBSITCS allMKJINYe-
CKUMM C HapylleHHeM BbIOpoca TOHaZOTPOIIMHOB.
V¥ crapeix kpeIic ypoBeHb JII' cHMXXaeTcs, B To BpeMsI
Kak ypoBeHb DCI, Tak ke, KaK 1 y JKEHIIWH B TOCTME-
Homay3e, IMoBbIlIeH [85]. MyXYMHBI 1 CaMIIBI TPHI3Y-
HOB UCIBITHIBAIOT CBSI3aHHOE CO CTApEHUEM CHIDKEHHE
YPOBHEM pPEIPONYKTUBHOM aKTUBHOCTU, TECTOCTEPO-
Ha u I'HPI', mpu 3TOM B HEKOTOPOI CTEIIEHU COXPaHSsIs
CBOI0 (PEPTHIILHOCTb, B TO Xe Bpems ypoBeHb JII' y
MY>KUUWH TIpY cTapeHuu roBbiiaetcs [S]. [ToBbiieHne
YPOBHSI TOHAIOTPONIMHOB B MEHOIIAy3e CBSI3aHO CO
CHMXXEHHEM YyBCTBUTEIBHOCTU TOHAI K HUM. TeM He
MeHee BaKHO OTMETUTh aKTUBHOCTh T'eHepaTopa M-
nynbcoB 'HPI', uto oTpaxkaercs B mynbcanmu JII', 3a-
METHO CHIKAETCSI Y CTapbIx CaMOK M caM1IoB. OmHaKO
KOJIMYECTBO HEMPOHOB KUCCIETUH-TTO3UTUBHBIX HEM-
POHOB YMEHBIIIAETCS C BO3PACTOM Y CAMOK 1 y CaMIIOB
KpEIC, B TO BpeMsd Kak KonmdecTBo I'HPI'-comepskanmimx
HEWUPOHOB HE M3MEHSIETCsI, HO CHIKACTCS X aKTHUB-
HOCTB [84]. B TO ke BpeMs maHHBIe OTHOCUTEIBHO CO-
nepxaHus 'HPI y xXeHIIWH npu cTapeHWU IIPOTUBO-
peuyuBEbl. I1o ogHUM DaHHBIM, conepxxaHue 'HPI' B ru-
moTajaMyce y KEHIIMH IIPU CTapeHUM CHIKAETCS
[86], o npyrum — ypoBeHb rurotaiaMmudeckoit MPHK
T'uPI’ B moctMeHomnay3e Bo3pacTtaet [87].

CTapeHHe M BHYTPHMKJIETOYHbIC CHUTHAJIbHbIC IIYTH
THINOTAJTAMHUYECKHUX HeﬁpOHOB

OIHUM M3 BaXKHBIX KJIACCOB OEJIKOB, YITPABJISIIOLINX
BO3JEHUCTBUEM MO3ra Ha CTapeHUeE, SIBJISIETCS CEMENi-
CTBO CUPTYHHOB. CUPTYUHBI SIBJISIIOTCS 9BOJIOIIMOHHO
KOHCEepBaTUBHBIM ceMeiicTBoM NAD + -3aBUCHMMBIX
Jlealiiia3 U UrparoT PELIAoLIyIO POJIb B JOJITOJIETUN Y
Pa3IMYHBIX MOJIEIBbHBIX OPraHU3MOB, BKJIIOYAsI APOK-
Keli, yepBeii, Myx u Mblieii [88]. CupTynHBI B3aMO-
IEeHCTBYIOT C 3JIEeMEHTaMM APYTUX IIyTeii, KOTOpHIE
TaKXKe CIOCOOCTBYIOT KOHTPOJIIO CTapeHUSI, BKIIIOYast
insulin—forkhead box protein O (FOXO) nu mechanistic
target of rapamycin (mTOR) Bo MHoOrux xierkax [89,
90]. 'mnoranamuueckuii SIRT1 Biusier Ha MeTabOaU-
YyecKue TMyTU B MepudepuyecKnux opraHax, BKJIIOYast
pemoaenupoBaHue Oypoii xkupoBoii TKaHU [91], uyB-
CTBUTEILHOCTh K MHCYJIWHY U CHUCTEMHBIN MeTabo-
JIM3M IJIIOKO3bl U JUIKAOB [92]. ¥V cTapbix cam1oB U
CaMOK HaOJIIoga0Cch yMeHbIIIeHHE 9Kcrpeccuu Sirtl B
JAMZ. B BMS skcnipeccus Sirtl ¢ Bo3pacToM He MEHSI-
nack [93]. BrioiHe BeposSITHO, YTO TOJIOBHOI MO3T yepe3
CUTHAJIM3ALMIO CUPTYMHA SIBJISIETCST BaXKHOM YaCThIO Ce-
TH, KOTOpAasl peryIipyeT CTapeHHUE 10 BCEMY Tey.
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MHorue ucciiefoOBaHUS CBI3BIBAIOT AeiICTBUE CUP-
TYMHOB ¢ (pyHKIIMEHl KOHKPETHBIX HEMPOHOB MU 00-
JlacTeit rurnoTaiamyca, Takux kak APS, BMA, IMS u
CX4 [88, 94]. SIRT1 onocpenyeT LIEeHTPpaIbHBIN [TUP-
KamHblii KoHTpoJb B CXA [95]. ¥V camuioB m camok
TPaHCTEHHBIX MblIIei, M30BITOUHO BSKCIPECCUPYIO-
mux Sirtl (mpromeit BRASTO), cpennmii m Makcu-
MaJibHBII CPOK >XWU3HM ToBbIlIeH. Ilpenmosaraercs,
YTO TaKOE yBeJUYEHUE MPOAOKUTEIbHOCTY XXU3HU Y
TaKMX MBIIIEH CBSI3aHO CO CIIeIM(UUIEeCKOIl aKTUBalI-
et HeiipoHos JAMSI [96].

MuiiieHpl0  panaMMIIMHA Y  MJIEKOIMUTAIOLINX
(mammalian target of rapamycin, mT'OR) saBisieTcs ce-
PYH/TpeOHMHOBAsI KMHAa3a, KOTopasl IIPUHAIJICXKUT K
ceMeicTBY KMHA3, pOACTBEHHBIX (hOCHOMHOZUTH-3-
kuHa3e (PI3K), ¢ C-KOHIIEBBIM OOMEHOM KWHAa3bl,
CIIOCOOHBIM pearupoBaTh Ha M3MEHEHUSI B yYPOBHU
DHEPIMM 3a CYET PETryIUpPOBaHUS MHOXECTBEHHBIX
KJIETOYHBIX MPOIIECCOB, TAKUX KaK KJIETOYHBIN 1IUKII,
POCT KJIETOK, BekMBaHuUe 1 ayrodarus. MTOR yuact-
BYeT B IBYX Pa3IMIHBIX O€IKOBBIX KoMILIeKcax, m[ OR
komiuiekc 1 (mMTORCI) m mTOR komruiekc 2
(mMTORC?2), kaxXaplii 13 KOTOPEIX MOAYJIUPYETCS pa3-
HbeiMu ctumynamyu. mITORC1 mHrnOupyercst panammu-
nuHoM, MTORC?2 3HaunTeIbHO MEHEe YyBCTBUTEIICH
K panamuumay. mIT'ORC1 uHTErpupyeT ropMOHAaIb-
HBIE WM CUTHAJbl BHEIIHEI Cpedbl, BKIIIOYAs MOCTYII-
HOCTb aMMHOKMCJIOT U TJIIOKO3bI JJIsl PeryJIMpoBaHUs
KJTFOUEBBIX aHA0OJIMYECKMX ITPOIIECCOB, BKIIIOYAs YBE-
JImyeHne cuHTe3a 6enka u ayrodaruio. mI'ORC?2 wur-
paeT poJib B OpraHM3aluy ILIMTOCKeJeTa U SIBJISETCS
BaXXHBIM 3((eKTopoM Mepeaayd CUTHAJIOB UHCYJIM-
Ha/PI3K [97]. JJlocTymHOCTh MUTATEILHBIX BEILIECTB 1
KHMCI0opoaa MpUBOIMUT K akTuBauuu Imytd mIT'OR, yto
MPUBOAUT K aHAOOJIMYECKUM TIpolieccaM, TaKUM Kak
OnocuHTe3 0eIKOB M IUIMAOB. Bo Bpems ncromieHus
9HEPrUu HapylleHue Peryjsiuyd CUTHAJbHOTO IMyTHU
mTOR MoxeT npuBecTr K NaTOPHU3UO0JTOTUIECKAM CO-
CTOSTHUSIM, TaKUM KaK OXUpPEHUE, CEPACUHO-COCYIN-
CTbIe, PEeTIPONYKTUBHBIE U HEPBHBIE PAacCTPOUCTBa, a
TakXe K OHKOJIOTUYECKUM UM JIPYyTUM 3a00JIEBAHUSIM,
CBSI3aHHBIM C HapylIeHUsIMU uMMyHuTeTa [98].

Xotsa 1 mTORC1, u ero ocHoBHOI4 cyocTpaTt S6K1
MMOBCEMECTHO 3KCIIPECCUPYIOTCS B TOJIOBHOM MO3Te,
MX aKTMBHBIC (DOPMbI TTOYTU OrpaHUYEHBI TUIOTala-
mycoM, a TouHee APS, TIBA, BMS u CX4I. ITocie ro-
JIomaHusl HaOJIogajlach MOBBILIEHHAsT 3KCIIPECCHUs
S6K 1 B HeiipoHax APS 6e3 3HaunTETbHBIX U3MEHEH WA
nocije BBeAcHUs JenTtuHa. B ornnuue ot APA, nentun
MHruompyeT curHanbHble Iyt mTORC1 8 BM4I [99].
Ycunenue curHaibHoro mytu mIORCI1 B HeiipoHax
POMC rumoranamyca CIOCOOCTBYET BO3PacTHOMY
OXKWPEHUIO, BHI3BIBASI CAMJIEHCUHT 3TUX HEPOHOB 13-3a
YCUJIEHUS PErYIsIUUU aKTUBHOCTU K, rp-KaHaAIOB, CO-
MIPOBOXOAeMOil acCCOLUMUPOBAHHOM CO CTapeHHEeM
BKCIpeccueil mopoobpasymoneil cyobenHuibl Kir6.2.
I1pu 3tom narn6utop MIORCI1 panamMuimH BoccTa-
HaBJIMBaJ HEMPOHHYIO BO30YIUMOCTD, a TAKXKe BIIMSLI
Ha Mopdosoruio POMC HelipoHOB, yMeHbIIIask pa3-
Ne 3
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Mep COMBI y CTaphIX XKMBOTHEIX [18, 100]. AkTuBaius
mTORCI1 B Heiponax POMC myreMm menenuu reHa
Tscl Takxe TpuUBOAUT K yBeaudeHUo combl POMC
HEUPOHOB M YMEHBIIEHUIO MPOEKIIUU HEUPUTOB B
TIB, a xpoHndeckasi BHyTpUOPIONIMHHAS MHBEKIINS
BBICOKUX /103 pallaMUIIMHAa BOCCTaHABJIMWBAET IPOEK-
muio [101]. AktuBHOCTE S6K 1 B Memno6a3aabHOM TH-
noTajaMmyce HaIpsIMyl0 MOIYJIUPYETCS XapaKTEPOM
MUTaHWS, TOBBILIASICH TIPY TOBTOPHOM TIpUeMe MU
nocJie 24-4acoBOro nepuoja rojiofJlaHusl, a TakxKe Mpu
BBegeHuM JentuHa [102], 4yTo yKa3pIBaeT Ha TO, YTO
S6K oTBeyaeT Ha BaxXHbIE MUIIEBbIE I TOPMOHAJBHEIE
CUTHAJIBI JIJISI YTIpaBJeHUsI TOTpeOJeHUEM DHEPTUU C
obparHoii cBsI3pl0. MHrmonposanne AMPK B BMS
YBEJIUYMBAET OOIIUIA TEPMOTEHE3 32 CYET CTUMYJISILIUA
OypoOi1 >XKMPOBOI TKAHU MOCPEICTBOM CUMITATUYECKOM
HepBHOM cuctembl [99]. T'mmoTtamamMuyeckass akKTHUB-
HocTh MTORC2 yBenuuuBaeTcs ¢ BO3pacTOM y MbI-
1ieii, 1 TeHEeTUYEeCcKoe yaaJieHUue 3TOro KOMIUIeKca B
HeMpoHaxX TMIoTajlaMyca MbIIIU BbI3bIBAET MOBBIIIEH-
HYIO XMPOBYIO Maccy, HapyllI€HHbIA TOMeOoCTa3 IJio-
KO3bl ¥ CHYKEHME ITPOAOKUTEIBHOCTH X13HU [103].

®daxTopsl TpaHcKpunuu cemeiictsa FOXO Bobite-
YyeHbl B MeTabOJU3M, JOJrojieTue U nposvdepaluio
knetok [104]. FOXO gyacTU9HO peryJmpyeTrcs B 3THUX
npolieccax ¢ TOMOIIbIO MMOCTTPAHCKPUITLIMOHHBIX MO-
muduKalmii, BKIodas dochoprimpoBaHe U alleTH-
smpoBanue. FOXO1 momynupyeT moTpedieHre MUIu,
peTyJIupysi OpeKCUTeHHbIE TeHbI AZrp U aHOPEKCUTEH -
Hble Pomc B runoraiamyce mpineii. B Heiiponax AP
runiotanamyca FOXO1 nokanusyeTcs B sapax IIpu To-
JIONAaHUY U B LIUTOILIa3Me nociie mpuema nuinu [105].

YcTaHOBJIEHO, YTO CTapeHUE CBSI3aHO C MOBBIIIEH-
Hoit aktuBanueii cemeiicrea FOXO. TNF-o yBennum-
BaeT aktuBHOCTh FOXO1 3a cyeT MHrMOMPOBaHUS €To
dochopunupoBanusi. IloBelllIeHHasT aKTUBHOCTb
FOXO1 unrubupyer reH gnrhl u akTuBHpyeT BOCIIa-
JutenbHbIN yTh NF-KB (cMm nanee), Tem caMbIM Hapy-
mast cekpeuuro I'HPT. TloBblllleHHMEe aKTUBHOCTHU
FOXO1 cnocob6ectByer uHayinupoBaHHoMy TNF-a
CHMXeHMIO BhicBoOOXIeHus: [HPI y rpei3yHoB [106].

Oxcup azora (NO) mpeacrasiisieT co00i BHYTpU- U
MEXXKJIETOYHBIN MEAUATOP, KOTOPBIN BBITIOJHSET pa3-
JnyHble pyHKIMKM curHanusaiuu [107]. Kak y B3poc-
JIBIX, TaK U Y HOBOPOXJEHHBIX 3KCIpeccusi Heipo-
HaibHOWt NO-CHUHTa3bl B 3HAYUTEIbHOW CTENEHU
OorpaHUYMBaeTCs OOJIACTSIMU TUITOTaJIaMyca, KOTOpbIe
Y4acTBYIOT B KOHTpoJie Had (hyHKIIUSIMUA OpraHu3Ma,
TaKMMU KaK S9HEepPreTUYeCcKuit 6aiaHC 1 pa3MHOXEHUE.
NO-epruyeckue HeWpoOHbI ObUIM OOHApyXXeHbI B
AMA, BM4, T1B4, a takke B JIT [108, 109].

Bricokuii ypoBeHb aKTUBHBIX (POpM KHCIOpOIa U
nepokcuHuTpuTa, mMetadbonurta NO HaOmomaercsd B
moa3re npu ctapenuu [110]. UpesmepHsblii cuHTe3 NO
OTBETCTBEHEH 3a TMOE/Ib KJIETOK, B TO K€ BPEMSI TTOBbI-
11eHHOe BbicBOOOXAeHUE N O MOXET ObITh 3alLIUTHBIM
MEXaHU3MOM, TMbITAIOIIUMCSI MPOTUBOACHCTBOBATH
amonito3y [111]. NO urpaer pojib B HelipoaereHepa-

XKYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUN

TUBHBIX 3a00JIEBaHUSIX, SMUJICTIICUM, BOCIAJIEHUU U
nieMuu. bpuio 3aMe4eHo, 4To B 3TUX YCJIOBUSX DKC-
Tpeccusl 1 aKTUBHOCTb HeMpoHaIbHOU NO-CUHTAa3bI
Bo3pacTaioT [112]. NO MoXeT urpath 3alllUTHYIO POJib
BO BpeMs CTapeHMUsl, a HeHPOHbBI, IKCIIpEecCUpylolle
nNOS, kak coobuiaercsi, bojiee yCTOWUYUBBI K Helipo-
TOKcHYecKuM Bo3neiicTBusM [110]. ¥V Monombix Xu-
BoTHBIX NNOS He omnpenenstack B AP, a B IMS n
BM# BBISBASUIMCh HEMPOHBI, UMMYHOPEAKTUBHbBIE K
HelipoHabHOT NO-cuHTa3e co cjiaboit uMMyHoODITy-
opecuieHIIMe. Y crapbix Kpeic NO-epruueckue Heu-
POHBEI MOSIBJISUIMCH B 00JbILIOM KojindecTBe B AP, B
AMA nu BMS konn4decTBO HEWPOHOB, COAEPKAIIMX
HelpoHanbHyI0 NO-cuHTa3y, JOCTOBEPHO YBEJINYM-
Bajioch [109].

I'mmoranammyeckoe BocnajieHne u cTrapeHue

Crapblifi MO3T XapaKTEpU3yeTCsl MOBBIIIEHHBIM
YPOBHEM BOCTIAIMTEbHBIX IUTOKMHOB, TAKUX KaK WH-
tepneiikuH 1 (IL 1B), IL 6 u akTop HEKpo3a omyxo-
qneit (TNF), u cHU>KeHHBIM YPOBHEM IIPOTHBOBOCIIA-
JIUTEJIFHBIX IIMTOKNHOB, Taknx Kak IL 10 u IL 4. He-
CKOJIbKO BOCIQJIMTENbHBIX CUTHAJIbHBIX TIyTeid B
Mearnob6a3ajbHOM TUIloTajamMyce CBsSI3aHbl C Pa3BUTU-
€M OXHPEHUsI U CBSI3aHHOTO C HUM MeTabO0JIMYeCKOro
METa00JIMYEeCKOT0 CUHAPOMA, B YACTHOCTHU C aKTUBa-
1IMel TaKuX CUTHAJIbHBIX KOMIIOHEHTOB, KakK Toll-mo-
nooHblit petentop 4 (TLR4), ren 88 nmepBuYHOIO OT-
BeTa MuenoumHoil muddepenmposku (MyDSS),
snepHbIiit pakTop kanmna B (NF-kB) u unrudurop p-
CcyObeNMHUIIBI KWHAa3bl slepHoro ¢akropa sapa
(IKKB) u c-Jun N-konuesas kuHaza (JNK) [4, 113,
114]. bonee mo3mHUE UCCIENOBAHUS IOIIOJHUTEIBHO
yKazajyd Ha 3HaYUTEIbHOE BOBJIEUEHHUE 3TOTO FMIOTa-
JIJaMMYECKOr0o MUKPOBOCTIATIEHNSI B MEXaHU3MBI CTape-
Hus1. MHruoupoBaHue nepegauu curHaioB NF-«kB ce-
JIEKTUBHO B MeIMo0a3ajbHOM T'UIOTajaMyce Mpojjie-
BaeT MPOAOJIKUTEbHOCTD XXU3HU Y MBILIEH, TOraa Kak
akTuBauus Tepenaun curHajioB NF-kB cenektuBHO
COKpalllaeT UX MpoJaoKUTEILHOCTb X13HU [4, 115].

Henasame uccienoBanus mokasanu, uyto TAMK-
epruyecKue HEMPOHBI U HEUPOHBI, COAEpXKaIUE HEM -
porpodmueckuii Mo3rosoii pakrop (BDNF) B Menumo-
0a3aJIbHOM TUIIOTaJlaMycCe, TTOIBEP>XKEHbI BHI3BAHHOMY
acTpoLUTaMU TUIIOTAJIAMUYECKOMY MMKPOBOCIIaC-
HUIO, BEI3BAHHOMY JUETOM C MOBHIIIEHHBIM COAepXKa-
HUEM XUPOB. B yClIOBUSIX TMIIOTAJIAaMUYECKOTO MUK-
pOBOCITaJIeHWsI aCTPOLIUTHI B MeaIno0a3aIbHOM THUITO-
TajaMyce TepsSIOT TepPMHHAJbHbIE OTPOCTKM, 4YTO
MPUBOIUT K CHUXKEHMIO TIOTJIOIIEHUS acTPOLIMTaMU
I'AMK, npu 3ToMm noBbilieHUe coaepkaHust TAMK B
MEXKJIETOYHOM cpele MHIMOupyeT HeHpOHBI, COmep-
xkamme BDNF [116]. Takke cyllecTBYIOT OOpaTHBIE
OTHOIIICHUS: BBEICHNE BUPYCHOTO BEKTOpPa, CoaepKa-
mero reH BDNF B Meano6a3aibHBIN TUIIOTAIAMYC Y
MBIIIIEN CpeIHero BO3pacTa, CHUXKAET SKCIIPECCUIO
BOCHAJIMTEILHEIX TEHOB B TMIIOTAJIaMyCe 1 CBSI3aHHOE
CO CTapeHMeM MEeTa0OIMYECKOe HapylIeHUE DPEryJs-
Ne 3
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muu [117]. WUHTepecHo, uto T'AMKjy peuentop B
POMC-comepkammx HeWpoOHaxX OKa3bIBaJl TPOTEK-
TUBHOE JICICTBHE B OTHOLICHUN TUITOTAJIAMUYECKOTO
BOCHIAJICHUSI, OXKUPEHUS Y MHCYJIMHOPE3UCTEHTHOCTH
y Mmbiueii [ 118]. JmurensHoe BocaieHre B TUIIOTaIaMy-
Ce MOXET YCWJIMBaTh TyTaMaTepruyeckylo repenady,
BBI3BIBAIOIIYIO TUIIEPTOHUIO, KOTOPAsl TaKKe SIBISIETCS
KOMITOHEHTOM MeTaboIm4IecKoro cuaapoma [119].

NF-kxB narnoupyer tpanckpurnuumo reHa ['HPI y
TPBI3YHOB, OIOCPEIYs €ro Bo3pacTHOe CHUKeHue. MH-
TEPECHO, YTO WHTPALepeOPOBEHTPUKYJISIPHOE WA
noakoxHoe BBeneHue 'HPT y Mblmeit mpenorspamniaet
BO3pacTHOE CHIKEHUE HelporeHesa B TMIOTajaMyce
¥ TUIIIOKaMIIe, BOCCTAHABIMBACT MbIIICYHYIO CUIY,
TOJIIIIMHY KOXM, KOCTHYIO Maccy U IIeJIOCTHOCTb KOJI-
JlareHa XBOCTOBOTO cyxoxxuius [114].

CrapeHne u runorajamMuieckasi ayrogarus

AyTtodarust — 3TO CTPOro KOHTPOJIUPYEMBIA IIPO-
1IeCC, KOTOPBIil peryJupyeT KPYroBOPOT KJIETOUHBIX
KOMITOHEHTOB U HoAAcpKaH1Ee KJIETOYHOIO TOMEOCTa~
3a. bazanbpHas aKTMBHOCTH ayTo(arum CHIKAETCS C
BO3pacToOM, a HapyllleHue ayrodarui BHOCUT BKJal B
pa3nuuHbie (eHOTUIIBI CTAPEHUSI U BO3pacTHBIC 3a00-
neBanus [120]. Kpome Toro, ayrodarumu criocoocTBo-
BaJia TIOBBIIEHHAs 3Kkcnpeccust NPY B HelipoHax ru-
notanamyca. dta NPY-3aBucumast CTUMYyIISILIMS ayTO-
darnn onocpenoBaHa peuenropamMu NPY Y1 u Y5
yepe3 neiictBue myrteit PI3K, MAPK/ERK u PKA.
Okcnpeccusi NPY B rumoranamyce cTapbix MBIIIC
cHmxaetcs [121]. 3ameTHOe HaKoIIeHUe p62 B HEMPO-
Hax POMC ykassiBaeT Ha TO, 4To HelipoHbl POMC
MIPOSIBJISIFOT TIOBBILIEHHYIO YYBCTBUTEJIBHOCTh K BO3-
pacTHOMY CHIDKEHUIO ayTo(aruu, 94To y CTapbIX MbI-
1Iei MPUBOAUT K YBEJIMUYEHUIO YPOBHEM MPENponpoTe-
nHa POMC B runortajamyce U CHWXeHuUo a-MSH.
Kpome Toro, y crapblx MBIlIeil OOHaApyXUBAIOTCS
CXOnHbIE 1e(DEKTHl OXXKUPEHUS 1 JIMMOJM3a, KaK Y MbI-
el ¢ HokaytoM ATG7, 0 yeM CBUIIETEILCTBYIOT YBe-
JIMYEeHNE MaCCHI Tejla, KOJIMYECTBA XXMUpa U CHUKEHUE
colepKaHusl CBOOOIHBIX JKMPHBIX KMCJIOT B CBIBOPOT-
K& KPOBHU U TJIMILEPUHA MO CPaBHEHUIO C MOJIOAbIMU
mbimamu [5]. Takum o6pasom, ayrodarusi HeiipoHOB
POMC BaxxnHa mng momaaep:KaHUs DHEPTeTUISCKOTO
OamaHca 3a cyeT reHepauuu o-MSH, a cHUXeHHe
ayrodaruu B POMC criocoOCTByeT MeTab0OINIECKIM
OCJIOXXHEHMSIM, 4acTO HaOJII0daeMbIM MPHU CTAapECHUU.
Bo3MmoxxHO, MoayasLiUsI TUIIOTalaMUUYecKoi ayToda-
TMY MOXET AaTh KIII0Y K pa3paboTKe HOBBLIX TepaleB-
TUYECKMX BMEIIATEIbCTB JJIsI 3aMEAICHUST CTapEHUSI.

I'mmoTanamuyeckue CTBOJIOBbIE KJIETKH,
mMukpoPHK u cTapenme

CpaBHUTENIBHO HETABHO OBIJIO YOEIUTETHLHO TTOKA-
3aHO, YTO CKOPOCTb CTAPEHMsI B 3HAYNUTEJIBHOM CTere-
HU KOHTPOJIUPYETCS CTBOJIOBBIMU KJIETKAMU TUIIOTA-
JlaMyca, YaCTMYHO 3a CYET BBICBOOOXIEHMST 3K30CO-
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MaibHbix MUKpoPHK (MuPHK) [122]. CrtBonoBbIe
KJIETKH TIPEUMYIIIECTBEHHO pacIiojarajich B 00JIacT
Meano0a3aibHOTO TUIToTajlaMyca, BOJIM3U CTEHKU Tpe-
ThEro XeJayJouKa, 4acTh M3 KOTOPHIX IIpeAcTaBlIicHa
anmbda-TaHnuuTamMu. KoamaecTBo TUImoTaIaMIdeCcKuX
CTBOJIOBBIX KJIETOK U 9K30coMaibHbIX MUPHK yMeHb-
IIaeTcsl JaxkKe 10 HACTYIICHUs CTapeHUS U IIPOIOJIKA -
€T DKCITOHESHIIMAJTbHO YMEHBIIATLECSI C BO3PACTOM, TO-
IIa Kak BBeIEHHE CTBOJIOBBIX KJIETOK MJIM 3K30COM,
cogepxamux MuPHK, mpuBoauiio K 3aMeaIeHUIO CTa-
penus [122].

MuPHK mnipencraBnsiror co60ii HeOOJbIITNE OTHOLIE-
nouyeyHsle Hekonupytoime PHK (mmuHoii 18—25 Hyk-
JICOTUAOB), KOTOpbIE SIBJISIOTCSI BaKHBIMU MOCTTpPaH-
CKPUIMIIMOHHBIMU PETYJISITOpAMU DKCIIPECCUM TEHOB.
IMonasnsioniee GoabmmHcTBO MUPHK mHruoupyer
¢GyHKIIMIO reHa Ha OCHOBE YaCTUYHOM KOMILJIEMEHTap-
HOCTU YaCTU OJHOM WUJIM HECKOJbKUX MH(OPMalLIMOH-
Heix PHK (MPHK), kak nipaBuiio, Ha caiite B 3'-He-
TpaHcaupyeMoi obnactu 1enesoit MPHK. TTocnemo-
BatesibHOCcTH MUPHK wm ee cailT cBga3bIBaHUSI HeE
SIBJISIIOTCSI CTPOTO KOMIUIEMEHTApPHBIMU, U 3TO JAeT
BO3MOXHOCTh Kaxknoit MuPHK perynuposaTe MHOXe-
CTBO PAa3JIMYHBIX TPaHCKPUIITOB. Takum oOpa3om,
MuPHK 06pa3yloT impoKue peryisiTopHbIE CETU 1 CO-
3Mal0T B3aMMOJIEHCTBUE MEXIY Pa3InUyHbIMU KJIETOY-
HbeIMU nyTsamu [123—125]. MuPHK y4acTByIOT B KOH-
TPpoJie Pa3IUYHbIX OMOJOTUYECKHUX IPOIECCOB B LIEH-
TpaJIbHOI1 HEPBHOM CUCTEME, B TOM YKCJIe B KOHTPOJIE
¢dyHKUMit runoranamyca [124].

I[Mpoduns skcnpeccum MuPHK B rumoramamyce
U3MEHSETCSl TIociie MeTabOoIUYECKUX HapyIIeHUI.
Dkcnpeccus let-7a, miR-9, miR-30e, miR-132, miR-
145, miR-200a 1 miR-218 B rumoramamyce MBIIIeii-
caMIIOB Oblla M3MEHEHa IMOcCJie OrpaHUYeHUs Kajo-
PUIHOCTU WJIU IUEThI C BBICOKUM COJEPKaHUEM KU-
poB [126]. ¥ cam1ioB MbIeii let-7a, miR-9 1 miR-132
MPEeACTABISIIOT Cco0Oi crieuubuyHbIe [JIST Mo3ra
MuPHK ¢ BBICOKUM ypOBHEM r'MITIOTATAMUYECKOUN SKC-
npeccuu [126]. Let-7 ygacTByeT B peryIsiiuu MeTabo-
JiIu3Ma TJIIOKO3bl U HEKOTOPBIX APYrMX MeTaboynye-
ckux TiporpamMmax [127]. YneHsl cemeiicTBa Let-7
MUPHK neicTByIOT Kak Cympeccopbl MHOTHUX T'€HOB,
YY4acCTBYIOIIMX B CUTHAJIBHOM ITyTU MHCYJMHA, BKJIIO-
yasg IGF1IR, INSR, IRS2, PIK3IP1, AKT2, TSCI u
RICTOR [128]. ¥V mbimeit cBepxakcrpeccus lin28a
(ato PHK-cBs3bIBaloniunii 6e0K, KOTOphIiA M30upa-
TeJTbHO noaassieT akcrnpeccuto MuPHK, BkiTrouas let-
7) B VMH BbI3bIBasIa 3HAYUTEIBHOE YIYYIIICHAE MeTa-
OoJIr3Ma IJTI0KO03bI, TOTrIa Kak rnoaapiaeHue Lin28a ObI-
JIO MPOTUBONONIOXHBIM [129]. miR-132 1 miR-218 cBs-
3aHBI C BOCIIAJIECHHEM B TOoJIOBHOM Moare [130, 131].

SAKITIOYEHHME

Takum obOpa3zoM, B rmmoTajamMyce, B OTJIIMYUE OT
JPYIUX OTOEI0B LIEHTPAJIbHOM HEPBHOM CUCTEMBI, HE
Ha0JII0Aal0TCsl OMHO3HAYHO BhIpaKEHHbIE IereHepaTHB-
HbIe MOopdoIorndecKre n3MeHeHus1. TeM He MeHee, CO-
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IJIACHO 3JICBAllMOHHOII TEOpHU CTapeHUs, MPEIIOXKEH-
Hot JIMJIbMaHOM, C BO3pacTOM HAOJIOAACTCS TOBBIIIIS-
HUE Topora YyBCTBUTEJIBLHOCTU TUMOTajJaMyca K
TOMEOCTAaTUYECKMM CUTHAJIaM. Y CTapbIX KMBOTHBIX Ha-
OmomaeTcs ocJiadJIeHUe PETYISIINT TeITeIbHOCTU THUIIO-
TaJJaMUUECKUX HEWPOHOB MO MPUHIIMITY OTPUILIATEIbHOMN
oOpaTHoIi cBsi3u. IIpoliecc crapeHus B rUIIoTajamyce
COIMPOBOXIAETCSI HapylleHMeM OajaHca BO30y:xKIe-
HUe/TopMoOXeHUe 3a cuer aucperynsiuuu [AMK-ep-
TMYeCKOM U miyTamaTeprudeckoii cucrembl, TAMK-ep-
ruyeckast CucTeMa oKasbIBaeT IPOTEKTUBHOE ACHCTBUE B
OTHOILICHWY TUTIOTAJIaMUYeCKOTO BOCHaJIeHUsT, OXKUPe-
HUS ¥ UHCYJTMHOPE3UCTEHTHOCTU, a U30BITOUYHAST aK-
TUBALMS TJyTaMaTepruyeckKoil CHUCTeMbl MpU CTape-
HUM MOXET BBI3bIBAaTh pa3HOOOpa3HbIe MeTaboIuye-
CKHUE HapyIICHMSI.

CrapeHue COMPOBOXIAETCS YMEHBIIEHUEM YacTO-
Thl UMITyJIbCAllMM HEWpPOHOB, HapylleHMeM OoOMeHa
KaJlbLIMsI, yBeJIMUEHEM MPOAYKIIMY OKCUIA a30Ta, Ha-
pyIIeHUEM MPOLIECCOB BHYTPUKIECTOUYHOTO CUTHAIWH-
ra, B yactHoctu Sirtl, mTOR, NF-«B, AMPK, P53,
PGCla, FoxOs, a Takxke BblAeIeHUEM HEHpOTpaHC-
mutrepoB, Hanpumep, I'HPI', NO, NPY, oa-MSH.
Takke BaxkHast pojib B TUIIOTAIAMUYECKOM CTapeHUU
OPUHAIJIEKUT TAHULIMTAM, YTO BBIpAaXaeTcs B Hapy-
LIEHUU WX CBSI3W ¢ HEMPOHAMM M HApYIIEHUH (DYHK-
1K 6apbepoB. CTBOJIOBBIE KJIETKU rdrioTajiamMmyca, pac-
MOJIOKEHHBIE TTPEUMYIIIECTBEHHO B 00J1aCTU CPEeIMHHOM
TPYIIILI SIAEP, BhIIEISIOT 3K3ocoManbHbie MUPHK, xo-
TOPBIE TAKXKE OTBETCTBEHHBI 32 aHTUBO3pacTHBIC 3P dheK-
ThI 3TUX KJIETOK. [1py1 3TOM KOJIMYECTBO CaMUX CTBOJIO-
BbIX TUIOTAJAMHUUYECKUX KIETOK M 3K30COMAJIbHBIX
muPHK yMeHbI1aeTcst mo mMepe crapeHmsl.

HecMoTpst Ha ycriexu TTocJieHUX JIeT, CBSI3aHHBIE C
MOHMMaHHUEM MOJIEKYJISIPHBIX MEXaHM3MOB PUTMUYE-
CKOIl aKTMBHOCTU, B YAaCTHOCTH pabOTHI BEAYIIETO
reiicMekepa — Cylpaxua3mMaTU4IeCcKoro sapa, a Takxke
OpraHu3aluy HEHPOHHBIX TUIIOTAJIAMUYECKMX CEeTell 1
B3aUMOJIEMCTBUSI HEMPOHOB U TAHULIUTOB TUIIOTaja-
MycCa, OKOHYAaTCJIbHOIo nmoHMMaHusa MEXaHM3MOB TU-
MOTAJIAMUYECKOTO CTapEeHUSI K HACTOSIIEMY MOMEHTY
emre HeT. [IpyMeHeHe couyeTaHHBIX METOIOB MCCJIIE-
JOBaHUs, BKJIIOYasd MOﬂeKyﬂﬂpHO—6I/IOJTOFI/I‘{€CKI/I€ "
TeHEeTUYEeCKHNE TTOMOXKET, IPUOIU3UTHCS K PEIICHUIO
3TOM TTPOOJIEMEI.
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The hypothalamus is the most important integrator of functions of the autonomous, endocrine, somatic nervous
systems; it is involved in the regulation of rhythmic processes and systemic aging. Putative hypothalamic nuclei
responsible for the implementation of the developmental program of aging include the suprachiasmatic nucleus
and the median group of nuclei, including the arcuate, ventromedial, and dorsomedial nuclei. Hypothalamic ag-
ing is accompanied by an excitation-inhibition imbalance due to dysregulation of the GABA-ergic system, de-
creased frequency of neuronal firing, impaired calcium metabolism, elevated nitric oxide production, decreased
autophagy, and disturbed intracellular signaling, in particular Sirt1, mMTOR, NF-«B, AMPK, P53, and FoxO. Al-
so, an important role in hypothalamic aging belongs to specialized ependymal cells, tanycytes, as manifested in
the disruption of tanycyte-neuron relationships and impaired barrier function of these cells. Hypothalamic neu-
ral stem cells, located mainly in the region of the middle hypothalamic nuclei, secrete exosomal microRNA also
responsible for anti-aging effects of stem cells. The pool of hypothalamic neural stem cells, as well as microRNA

production therein, decline with age.
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