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I'myramaTHast MOJenb MHCYJNbTa NMPOAHAIM3UPOBAHA C TOUYKM 3PEHHs Pa3BUTUA THUIOBOTO MATOJO-
THYECKOr0 Tpollecca, KOTOPbIH, MO MHEHHI0 MHOTHX Y4Y€HBIX, IpOTeKaeT Ha (OHE HapylleHUus
OCHOBHBIX PETyISTOPHBIX MEXaHM3MOB. Takol aHaIW3 IO3BOJISIET BBISIBUTH OCHOBHBIE MEXaHU3MBI,
BEAyIIHe K MEPEeXoqy OT HOPMAIbHBIX (U3MOJOTHYECKHX INPOIECCOB K Pa3BUTHIO OOMUX MATOJO-
IrUYecKruX n3MeHeHuil. B pabore ananusupyercs o0o0mmatonias KOHIENIUS Pa3BUTHS MATOJIOTHYECKUX
MIPOIIECCOB, COTJIACHO KOTOPOHW B OCHOBE THIOBOTO IMATOJIOTMYECKOTO IIpolecca JIeKaT HecHenmu(u-
YeCKHe HAPYIIEHHUA NHUKINYECKUX pEryIsTOPHBIX MHPOIECCOB, KOTAa OJTHOBPEMEHHO IOBBIIIAETCS
coJep)XaHue aKTUBHBIX (OPM a30Ta M KHCIOpoJa. BeIXox KOHIEHTpauuid aKTHUBHBIX (OpM a3oTa
U KUCIOpOJa 3a IPEIeNbl PeryIsTOPHEIX BO3MOXKHOCTEH OMOXMMHYECKMX aHTHOKCHAAHTHBIX CHCTEM
NPUBOOUT K HAapyIIEHWIO LHUKJIOB OKCHJIA a30Ta U CYNEpOKCHAHOTO aHHOH-pagukana. C TOUKH
3peHus 3TOH KOHIIENIUHN ITOBpPEXKAeHNE MEMOpaH KIETOK U CyOKJIETOYHBIX CTPYKTYP MPH TOKCHYECKOM
BO3/ICHCTBUHM TIyTaMmaTa SBISETCS CIEIACTBHEM OOpa30BaHMS INPH yKa3aHHBIX BBIIIE HAPYIIEHHUSIX
BBICOKOPEAKIIMOHHOTO COEIUHEHHs — IUOKCHUJA a30Ta, CHOCOOHOI0 y4acTBOBATh B IIENHBIX CBOOOIHO
panuKaldbHBIX PEaKUHAX W OKHUCIATH OCHOBHBbIE OMOXMMHUYECKHE KOMIOHEHTHI, BXOJSIINE B COCTaB
*uBbIX opranu3MoB: JHK/PHK (ryanumHOBBIE OCHOBaHHS B IEPBYIO OUYEpelb); KUPHBIC KHCIOTHI
(HeHachIIEHHBIE )KUPHBIE KUCIIOTHI, BXOAs1KE B cocTaB GochonununioB MemopaH); 6enku (SH-rpymnmst
cepocoiepKaux aMUHOKHCIOT U OH-rpynmbl THPO3WHOBBIX OCTAaTKOB OENKOB, C IOCIEIYIOUUM
o0pa3zoBaHMEM HHUTPOTHPO3HMHA). DTa KOHLENIUS XOPOMIO COTJIACYETCS C MPEICTABICHUSIMH O TOM,
yTo no0as «00Je3Hb HAaYMHAETCS C HEAOCTATOYHOCTH PEryiIsTOpHBIX MexaHu3MoB» (P. BupxoB) u
npescTaBisieT coboi, mpexe Beero, «ausperynsaropuyto naroioruto» (I'.H. Kpeikanosckuit). AHanu3
MEXaHH3MOB TOKCHYECKOI'0 BO3JeHCTBHs riayraMaT- U NO-TreHepUpYOUIUX COCIUHEHUH KaK MOJEenu
HHCYNbTa IO3BOJWIJI MPEMIOXKUTh CIOCOOB YMEHBIICHUS MNOBPEXKIAIONIEr0o IEHCTBUS YKa3aHHBIX
BBIIIIE BEIIECTB, KOTOPbIE MOXHO HCIOJIb30BaTh M KOTOPBIE YACTHYHO YXKE HCIOJIB3YIOTCI B KIIH-
HUYECKOHW IMpaKTUKE NPHU JIEYCHUU HIIEMUYECKMX M TeMOPPAarMYecKUX HHCYIBTOB, KPOBOUBIUSHUN
U 4YepernHO-MO3TOBBIX TPaBM.

Kniouesvie cnosa: cemoppacuveckue u uwemudeckue UHCYIbMbI, MO3NCEHOK, 3ePHUCMbIE KAEMKU MO3-
JdHceuKa, 2auanbHble KIemKu, eaymamam, OKCUO a3omd, OUOKcud azomd, 0000warwds KoHyenyus
Pazsumus namonocUteckKux npoyeccos, Munoeoll NAmoI0SUYecKull npoyecc, YUkl OKCuod azomd, Yuki
CYNEPOKCUOHO20 AHUOH-PAOUKATA.
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«MBI Mano cyuTaeMcs ¢ TeM, YTO BCE IMPOLECCHl OCYUIECTBISIOTCS

IUKINYECKH U KaXIbli MPOIECC MMEET CBOIO IIMKIMYHOCTH)

JIL.A. Opbenu

«He xW3HP B HEHOPMallbHBIX YCIOBHSAX, HE HapyllIeHHWE KaK TaKOBOE BbI3bIBaeT 0OJIE3Hb,
HamnpoTHB, 0OJIE3Hb HAYMHAETCS C HEAOCTATOYHOCTH PETYIATOPHOIO ammaparay

P. Bupxoe

W3BecTHO, YTO 601€3Hb, KAK U JICU3Hb, HE TOJ- UYECTBCHHO HOBBIM BHJI JKM3HEIEATEIBHOCTH, BO3-
JlaeTCsl MCYEPIBIBAIOIIEMY OIPENSIeHUI0, MOTOMY HHUKAIOMIMH TOJ BIUSHUEM YpEe3BBIYAWHOTO pas-
YTO 3TO OCOOBIH BHJ JKU3HEHHOTO Tpollecca, Ka- JpakuTeNs, MPOSBISAIONIUICT HapylIeHHEM Mexa-
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HHU3MOB DPEryJsAllMU OpraHu3Ma M CHUIKEHUEM ero
npucnocoOsieMocTd. Hu OOWH JKCIIEpUMEHT He
BOCIPOM3BOIUT MATOJOTHIO ITOJHOCTHIO, a JIHIIh
OJIHO WJIM HECKOJILKO €€ 3BEHBEB. B CBSI3M ¢ 3THM
BBISIBJICHUE PETYIATOPHBIX 3BEHHEB, aHAIN3 U
0000111eHNEe MEXaHU3MOB, JIEKAIIUMX B OCHOBE Iie-
pexoja OT HOPMAaJIbHBIX (PU3UOJOTUYECKHUX TMPO-
IECCOB K TMpolieccaM MaTo(OHU3U0JIOTUYECKUM, SIB-
JseTCS aKTyallbHOW MpoOJIeMOoil COBpEMEHHOM Me-
JINKO-OMOJTOTUYECKON HAYKH.

Ha mpoTskeHnn HECKOJNBKUX BEKOB YYE€HBIE U
Bpadu MBITANNCH BBISBUTH CHelMUu(HUUECKHe H3Me-
HEHHUS KJETOK, CyOKJIICTOYHBIX CTPYKTYp M MEM-
OpaH HpU KaXIOM IMAaTOJOTHYECKOM IMpolecce U
3ab6oneBanun. OTHAKO 0Ka3aJ0Ch, YTO MPU MHOTHUX
MaTOJOTHYECKUX MpOoIleccax HAOIIOAATCS, TPEeK-
A€ BCCT0, YHUBCPCAJIbHBIC HCCHCHI/I(l)I/ILIeCKI/IC nu3Me-
HCHUA KIJICTOK, IIJIa3MaTHUYCCKUX MeM6paH u MEM-
OpaH CyOKJIETOYHBIX CTPYKTYp. OTO MO3BOJIHUIO
TOBOPHUTH O CYIIECTBOBAHWU THUIOBBIX HecHeu(H-
YECKUX HAPYIMEHWH Pa3HbIX KJIETOYHBIX U CyOKIe-
TOYHBIX CTPYKTYp. B Hacrosimiee Bpemsi U3ydeHHBIE
MEXaHHU3MBl HapyIIeHHH B OpPraHU3Me MO3BOJIUIHU
YUC€HBIM CACIaTh BBIBOA: MPU Pa3BUTHHU MHOTHUX
MaTOJIOTHYECKUX MPOIEeCcCOB (0COOCHHO B Hadajb-
HOHM WX cTaguu) HAOIIOJAIOTCS MOBPEXKICHUS, KO-
TOPBIC ABJIAINOTCA CJICACTBUEM I/I36bITO'-IHOFO Inpo-
SIBJICHUS HOPMAaJIBHBIX HpoueccoB u peakunuil. Ilo-
3TOMY MMEHHO B HayaJbHOW CTaJWH MHOTHE Ta-
TOJIOTHYECKHE TPOLECCHl OTIUYAIOTCSA OT HOPMaJIb-
HBIX (DU3UOJOTUYECKHUX MPOIECCOB JUIIL TEM, YTO
OHH Pa3BHBAIOTCA HE B TOM MeECTe, HE B TO BpeMs
WJIM TPOTEKAIOT C APYrod MHTEHCUBHOCTHIO. DTO
XOpOIIIO COTJACyeTcs C MPEACTABICHUSMH O TOM,
4YTO BO MHOTHUX ClIydadX HNaTOJIOTUA HAaYUHACTCA
C HENOCTATOYHOCTU WJIM HApYLICHUs pPEryisaTop-
HBIX MeXaHU3MOB. Eciu YUYUTBIBATH TOT (baKT, qToO
nm00as perynsnus o0ecreynBaeTcs NeUCTBUEM YUK-
JUYeCKUx ceszeli, KOTJa CUTHAJ C BBIXOJA PEryis-
TOPHOW CHUCTEMBI IMOCTyMaeT Ha €€ BXOJ, CTaHOo-
BUTCSl OUYEBUJIHOW Ba’KHAas POJIb IUKINYECKUX pe-
TYISATOPHBIX MEXaHU3MOB ISl KU3HEACATEIbHOCTH
MPaKTHYECKH BCEX KJIETOK XUBOTO OpTraHW3Ma, B
TOM 4YHCIIe HEHpOHOB M TJIHUalbHBIX KJeTOK. He-
COMHEHHO, Ba)XHEHIIYI0 POJb B JKMBBIX OpPTaHM3-
Max MUIrparOT HOUKIWMYECKUC PEryJIaATOPHBIC MCXa-
HU3MBI, y4aCTBYIOIIME B MOAJEpP)KaHUU COIEpxKa-
HUsI aKTUBHBIX (DOpPM a30Ta M KHUCIOpPOJAa Ha OT-
HOCUTEIBHO 0€30MacHOM YypOBHE.

Beskoe 00606meHue 10 W3BECTHOW CTENEHU
npeArnoyiaraeT Bepy B €IUHCTBO W MPOCTOTY HpH-
poast (A. Ilyankape). UTo Kacaercsi enmHCTBA, TO
ydeHble, KaK MPaBUIO, HE BCTPEUYAIOT KAKUX-THOO
3aTpyAHeHUH. Bompoc 3akntodaercs B TOM, KaKum
obpazom npupooda aeisemcs edunou? (A. Ilyankape).
Jns teopernmveckux 0O0OOIIEHWI M TOCTPOEHUSA
KOHIEMIINI B MeIWINHE, KaK YKa3bIBAJIOCh BBHIIIE,
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HE00X0AMMO BBISIBICHHE OOIIMX 3aKOHOMEPHOCTEH
NPU Pa3BUTHH PAa3HBIX 110 3THOJOTUU U NMAaTOTEHE3y
npomeccoB. Jpyrumu cioBaMu, ISl TOCTPOCHUS
KOHIIENIIHA ¥ TeOpHWil B MemHIlMHE, 0000Iarommx
pa3Hble MaTOJOTHYECKHE IPOLEecchl, HE0OXO0AUMO
BBISIBUTH KOMILIEKC MEXaHU3MOB, IOCIEN0BATEIBHO
BKJIIOYAIOIIHUXCSI B Pa3BUTHE THIOBBIX MATOJOTH-
geckux npoueccoB. Cpenyu THUHNOBBIX MaTOJIOTHYE-
CKHX INPOILIECCOB, COCTABISIOUIUX OCHOBY MHOTHUX
3a00JsieBaHUHM, 0COOBIH MHTEpeC MpEACTaBIsAET HH-
CyJbT, MPOTEKAIOMUNA Ha (OHE OKCHIATHUBHOTO H
HHATPO3aTUBHOTO CTpecca W XapaKTepU3YyIOIIuics
KacCKaJOM II0CIeI0BAaTENbHBIX PeaKIuii, BOSHUKAIO-
X B OpraHu3Me B OTBET Ha BO3/EHCTBUE BHEI-
HEro W/uiau BHyTpeHHero ¢akrtopa. Kak mpasuio,
TakMe MpOIECCH pa3BUBAIOTCA Ha (OHe wuIle-
MUW/TUTIOKCHH, BOCHAJIUTENbHBIX pEaKIuil, aKTH-
BallM{ MPOLECCOB MEPEKHCHOTO OKHUCICHHUS JIUIH-
JIOB M COTPOBOXKJIAIOTCS JIOKAITHHBIMHU IOBPEKIC-
HASIMH ~ MeMOpaH KJIeTOK H  CyOKJIETOYHBIX
CTPYKTYP.

CoBpeMeHHOE TOHMMaHHWE MNaTOPU3NOIOTHH
WHCYJIbTa OCHOBAHO, MPEXJe BCEro, Ha JIKCIEpHU-
MEHTAJIbHBIX MOJENsX. B CBA3W C 3THM CTaThd
MTOCBSAIICHA 0000IICHUIO M aHATN3Y JUTEPATYPHBIX
JAHHBIX U PE3yJbTaTOB COOCTBEHHBIX HCCIEAOBA-
HUHI Ha MOJENU IIyTaMaTHOM HEHPOTOKCUYHOCTH,
MO3BOJIMBIINX TOBOPUTH O CYIIECTBOBAHHH THUIIO-
BBIX HapYIICHWH HEWPOHOB M TIIIMAJBHBIX KIJIETOK.
Oco0oe BHMMaHUE yAENSIETCs JOKAJIbHBIM MOBpeE-
KACHUAM MeMOpaH KJIETOK U CyOKJIETOUHBIX CTPYK-
Typ B Mo3xedke. B 0030pe mpoBoauTCcs CpaBHH-
TENBbHBIM aHaJIN3 JOKAJIbHBIX MOBPEXKICHUH MEM-
OpaH HEHPOHOB W TIHAIBHBIX KJIETOK MO3KEUKa
IpU TJIYyTaMaTHONM HEHPOTOKCUYHOCTH, IPU TOK-
CHYECKOM BO3JICHCTBUU HHUTPHUTOB WU CBOOOJHOpA-
JukanbHeIX npoayktoB (NO/NO,), xkoTopsie 00-
pasyroTcs NMpu BOCCTaHOBJIEHMH MOHOB NO; (HHT-

PO3aTUBHBIA CTpecc), a TaKKe CPaBHUBAIOTCSA OTH
JIOKaJIbHBIE TOBPEXACHUS MeMOpaH HEHPOHOB H
TIHANBHBIX KJIETOK C JOKAJIbHBIMH MOBPEKICHUSI-
MU MeMOpaH SPUTPOIUTOB NMPHU aHATOTUIHOM HUT-
PO3aTUBHOM cTpecce. DTH HCCIEeNOBaHHUS ITO3BO-
JUIW TO0Ka3aTh, YTO JN00as KIETOYHAs CHUCTEMa,
XOTSl U QYHKIIHOHUPYET 1O COOCTBEHHBIM 3aKOHAM,
B YCIOBUSIX MAaTOJIOTUU MPOSIBISET €IUHBIC Hecle-
nudHUIecKre YepThl HAPYMICHUH W TMOBPEKICHHUM.
EcrecTBerHO, BO3HMKAET BOIMpPOC, KAKUM 00pa3om
JOCTHUTAETCs 3TO €IMHCTBO B KaXKIOM KOHKPETHOM
cinydae? Bompochl, aHanu3upyeMbie B JaHHOM 00-
30p€e, MOTYT IIPEACTABISITh HHTEPEC HE TOJIBKO IS
010pU3NKOB, OMOXUMUKOB M MOJIEKYJISPHBIX OHO-
JIOTOB, HO W JUIS IIMPOKOTO KPyra CIEeNHaTUCTOB —
MEIMKOB W OHOJIOTOB, B YaCTHOCTH (DH3UOJIOTOB,
MOP(}OIIOTOB, HEHPOXUMHUKOB U MaTO(PU3UOJIOTOB.
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IIpouecchl MeTaboau4eCKOIl peryasiiun

PEYTOB u np.

Ilpotieccrl HeHPOMU3NOIOTHYECKOI peryssiun

!
1
T'opMOHBI ' BAKepruueckast
[TenTune! ! perynsuust LIHC
Benku X acrapTar, NIKLUH)
< _1| AMHHOKHCIOTBI : Heitpomenuaropsi | | ™
Kodepmentsr "\ ; N\ TAMKepruueckast
JKenuHble KUCIOTbI | ' | perymsauus LTHC
AHTHOUOTHKH (y-aMrHOOY THpaT)
Honop amunocpynn
BHyTpukieTouHas ['myramarepruyeckas
perynsuus Ca2* Iyramar pe?nﬂuml [MHC
(GluR) TTyTaMar)
Arxyenmop avunozpynn
Lukn Lykn M?){{eBI/IHbI I vt [mukorenes
OKCHJIa a30Ta JIFOKOHEOTEHE3 -
L{uTparHsiit CuHTe3
LIMKIT KETOHOBBIX TeJl

IIpoueccel OMO03HEPreTHYECKOH peryJasiuuu

Puc. 1. ['myramat urpaer BeAyImIyIO POJIb B PEryJSIIMH HOPMATbHBIX (U3HOIOTHUYECKUX MPOILECCOB, BKIOYAS IPOIECCHI
MeTabO0IMYecKOl, OMOIHEPTeTHUECKON W Helpoduanomoruyeckoil perymsmuu [8].

MEJMATOPHAS POJIb I'NTYTAMATA
B HEHTPAJIbHOU HEPBHON CUCTEME

MeanaTtopHas pojb riyraMaTta B IeHTPalbHOMN
HEpBHOU cucreMe Oblia ycTaHoBieHa Oonee 50 et
Tomy Hazaza [1-3]. B nacrosmee Bpems obumenpu-
3HaHO, YTO B HOpMe (YHKIIMOHUPOBAHHUE HEHPOHOB
W TIHATBHBIX KJIETOK B 3HAYUTEIBHOW CTENEHU
CBsi3aHO c JeiictBueM riayramata [4-8]. B ueH-
TpaJIbHOW HEPBHOW cHUCTeMe riyraMaT MPHUCYTCT-
BYeT KaK y OECIIO3BOHOYHBIX, TaK U Y ITO3BOHOYHBIX
KUBOTHBIX. lIpwm 3TOM KOHIEHTpalus JaHHOTO
HelpoMennaTopa BO3pacTaeT B 3BOJIONHOHHOM Ps-
Iy OT KOJbYAThIX YepBeil, UTITOKOXUX M MOJUIIO-
CKOB J0 YWICHHCTOHOTHX M MIIEKOTHUTAIOImMux [8].
HaubGonpuiee pacnpocTpaHeHue riayTamMaT MOy I
B MO3T€ MJIEKONHTAIOIMUX. MI3BecTHa ero Bemaymias
POJIb B PEryISAINNH HOPMAJIBbHBIX (PU3HMOJIOTHIECKUX
MPOIECCOB B MO3Te, BKJIIOYas MpOIecchl MeTabo-
IUYecKoi, OMOIHEPTETUYECKONH M HEeHpOo(U3H0JIo-
rudeckoi perymsiuu (puc. 1) [8].

I'myramat cumTaercs KIIOYEBHIM BO30YXKIaro-
UM MEIHaTOPOM OOJNBIINHCTBA CEHCOPHBIX Heli-
POHO8, NUPAMUOHBIX KIEeMOK KOpbl, MHOTHUX Helpo-
HO8 2UNNOKAMNA, MO3JCeYKd, CMEONd U CHUHHO20
moszea [5-9]. HelipoHsl mensaTcs Ha BO30yKIarolIne
(T.e. aKTHBHPYIONIHE BIUSHUE APYTUX HEHUPOHOB)
U TOPMO3HBIE (TPEMSATCTBYIOMHE BO30YKICHUIO
Ipyrux HelipoHoB). KoMMyHHKanus MeXIy HeEWu-

pPOHAMH OCYIIECTBIAETCA IMOCPEICTBOM CHHAINTH-
gyeckoil nepenaun. Hanbonee mupoko pacnpocrpa-
HEHbI aKCOHO-JEHJAPUTHBIE CBS3U. 3HAYUTEIBHO pe-
K€ BCTPEYAIOTCAd aKCOHO-aKCOHAJbHBIE M JCHAPO-
JeHapuTHble cBsi3u. OCHOBHBIM 3BE€HOM B paboTe
MO3ra U MO3)KEUKa, B YaCTHOCTH, SABJISIETCS XUMH-
yeckuil cuHarc (0T Tped. sinapsis — MpephIBaTh)
[10]. IIupuHa CHUHANITHYECKON WU XUMHUUYECKUX
cunancoB pocruraer 20-30 am. Ilepenaua undop-
MaIuyd B MO3re OT MPECHHANTHYECKOTOo K MOCTCH-
HalTUYEeCKOMY HEHPOHY cBsizaHa ¢ paboToil cu-
HAalCOB U CHHANTHYECKUX ITy3BIPBKOB 34 CYET BBI-
CBOOOKIEHUS M3 HUX MEAMATOPOB. XHMHUYECKHH
MEIMATOPHBIM TUIl CBSA3UM MEXAY HEUpOHAMHU J0-
MHHHPYET B IEHTPAIbHOW HEPBHOHM cucreme, a
CHUHAIIChl ABIISIOTCSI TOW CTPYKTYpOH, KOoTOpas co-
eIMHAET MEeXAY COO0H MPEeCHHANTUYECKUH U MOCT-
CHHANTHYECKUH HEHPOHBI M IMO3BOJISIET UM palbo-
TaTh Kak eamHoe menoe (puc. 2). B cocraB xumu-
geckoro cwHamca (puc. 3a m 3B), Kak MpaBUio,
BXOJST MpECHHANTUYeCKul OyTOH, 00pa30BaHHBIN
BAPUKO3HBIM pAaCIIMPEHHEM aKCOHAa TNPECHHATTH-
JeCcKoT0 HeHWpoHa ¢ HeHpoTpacMUTTepaMu (HaIpH-
Mep, TIIyTaMaToM), 1 IOCTCHHANTH4YecKas 00nacTh,
MpeJCcTaBlIeHHas JACHIAPUTHBIM HIMNMHUKOM. M 3Bect-
HBI TaKXXe€ dJIEKTpHIecKue cuHance (puc. 36 u 3r).
OcHOBHas 00/1aCTh IEKTPUUECKOTO CHHAIICA MPEN-
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Puc. 2. Ilepenaua uHdpopMamuu B MO3re OT IPECH-
HanTH4eckoro (A) K MOCTCHHAaNTHYEeCKOMY Heifpo-
Hy (B) cBs3ana ¢ paboToil cHHANICOB U CHHANTHYECKHX
My3bIPPKOB 3a CYET BBICBOOOXKACHHMS M3 HHUX Meaua-
TopoB [11]. XWMHUYecKH!l MEOUATOPHBIN THII CBS3H
MEXIy HeHpOHaMHM JOMHHHUpPYET B IIEHTPaJIbHOH HEpB-
HOW CHCTEME, a CHHAIICHl SABIISIOTCS TOW CTPYKTYpOH,
KOTOpasi COCIUHSACT MEKAY COOOW MpeCHHaNTHYEeCKUH
U TOCTCHHANTHYECKUH HEWPOHBI U TO3BOJIIET MM pa-
6otaTh Kak emuHoe menoe. Lludpamu oOo3HAUYEHBI:
1 — nenapwutel, 2 — Teno HeiipoHa, 3 — AOpO HeWpoHa,
4 — Oyropox akcoHa, 5 — aKCOH, 6 — HampaBlicHHE
CHI'Halla, /7 — TEPMUHAJIN aKCOHA IPECHHANTHYECKOTO
HelpoHa, 8§ — ICHPUTHI IOCTCHHAIITHYECKOTO HeHpoHa,
9 — TepMuHanu akcoHa, /() — KoJulaTepadbHBIA aKCOH;
1] — aKCOH MOCTCHHAaNTHYECKOT0 HeipoHa; /2 — 30Ha
cuHarca (cieBa yBENIHYEHA) C BapUKO3HBIM pacIInpe-
HUEM NpPECHHANTHYECKOTO HEeWpPOHA, CHHANTHYECKOI
IIeNBI0, B KOTOPOH TOYKAaMH YCIOBHO OOO3Ha4eHBI
MOJIEKYIBl HelipoMmennatopa (Tiyramara), HHXKE —
4acTh LIUIHKA JICHAPUTA NMOCTCHHANTHYECKOTO HEHpOo-
Ha; /3 — TepMHUHaJIb NMPECHUHANTHYECKOTO0 aKCOHA; [4 —
HelipoMenuaTop mocie BBICBOOOXAeHUs (BBIOpoca) W3
MPECHHANITHYSCKONH TepMUHAIH.

CTaBlIIET COOOH «IIeneBOd KOHTAKT» (gap juncti-
on), B KOTOpOM MeMOpaHbl KJIETOK HaxoIsiTcsi Ha
paccrosinuu 2—4 HM (puc. 36 u 3r) [11]. Kanansi-
KOHHEKCOHBI BCTPOEHBI B MeMOpaHbl. OHH pacmo-
JIO)KEHBI Jpyr HampoTuB Jnpyra. Kaxxapiidi kaHau
COCTOUT U3 MIeCTH OenKOB-KOHHEKCHHOB. Yepes
KOHHEKCOHBI JIETKO IPOHHUKAIOT JI00BIe (Kak II0-
JOXKUTENbHO, TaK M OTPULATEIBHO 3apsKEHHBIE)
HWOHBI. DTO MO3BOJISIET NOTEHIHATY JECHCTBUS JETKO
MEPEeXOANTh C KJIETKU (HEeHpoHa, TIMalbHOW KIeT-
KHM) Ha APYTYIO KJIETKYy (HEHpOH, MIHajIbHYyI0 KIeT-
Ky). DJIEKTpUUECKHE CHHAIIChl BCTPEYAIOTCS Yy MO-
3BOHOYHBIX J>KMBOTHBIX. OJHaKO TaKue CHHAIIChI
0oJiee TUMHUYHBI JUIsI MEKHEHPOHHBIX CBsi3ed B
HEpPBHOH cHCTEME HU3MIHNX MO3BOHOYHBIX, a TAKKe
UIsT HEHPOINHAaNbHBIX KJIETOK, (OPMHUPYIOIUX
CIJIETEHUsI U3 aCTPOLUTOB U OJMTOAECHIPOLUTOB.
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Puc. 3. Xumudeckuil U 3IEKTpUUECKUNA cHHAICH [92]:
(a) — MukpodoTtorpadust XHUMHIECKOTO cHHarca; (0) —
MHUKpodoTOrpadus 3JIEKTPUUYECKOTO cuHamca; (B) —
CTpOEHHE XUMHUYECKOTO CHHAICa; (I') — CTPOEHHE HIIeK-
Tpudeckoro cuHamnca. lludppamn obGo3HadeHs: / — Ba-
puKo3HOe pacmupeHne (OyTOH) IPECHHANTHYECKOTO
HEHpOHa XMMHYECKOTO CHHalca, 2 — CHHANTHYECKHE
BE3UKYIHI (IIy3bIPbKHN), 3 — MUTOXOHJIPHH, 4 — aKTHBHAS
30Ha XMMUYECKOTO CHHallca, 5 — BapUKO3HOE pacCIIU-
penue (OyTOH) MPECHHANITUYECKOTO HEHpOHA JJEKTPHU-
YeCcKOro CHHAIca, 6 — MHUKPOTPYOOUYKH, 7/ — CHHANTH-
yeckas Ienb Xxumudeckoro cunamca (20-30 um), § —
nIeneBoi KOHTAKT (gap junction — 2—4 HM), 9 — HOHHEIE
KaHaJlbl KOHHEKCOHBI, COCTOSIINE M3 IIECTH MOJEKYJ
KOHHEKCHHOB, KOTOPBIC PAaCHOJIOXKEHBI JIpYyr IIPOTUB
Ipyra W y4acTBYIOT B PEryJsIUH IIOTOKAa HOHOB depes
KaHalbl gap junction, /() — MOCTCHHANTHYECKAs MEM-
Opana, I/ — cuHanTHYecKHE BE3UKYJbI (My3BIPHKH),
cojepxamne HEHPOTpPaHCMUTTEp (HampHUMep, TIyTa-
Mat), /2 — MOTOK MOHOB 4Yepe3 KaHaJbl XUMHYECKOTO
CHHAarca.

JeHapuTHBIM IIUNHK — 3TO MeMOpaHHBIH BBI-
pPOCT Ha TOBEPXHOCTH NEHAPHTA, CHOCOOHBIH 00-
pa3oBBIBaTh CHHAINTHYECKOE coennHeHue. JleHn-
pUTHBIE LIMIUKH IPUCYTCTBYIOT Ha JAEHIAPHUTAX
OOJIBIIMHCTBA OCHOBHBIX THIIOB HEHPOHOB MO3ra
(puc. 4a). llunukm UMEOT TOHKYIO ACHAPHUTHYIO
meiKy, OKaHYMBAIOIIYIOCS MapooOpasHOW IeH-
PUTHOM rOJOBKOM, OHM MOTYT MEHATH 00beM, op-
My M CBO€ pacHojoXeHue B MPOCTPAHCTBE
(puc. 46). B ycloBuAX THMOKCHU/WIIEMHH MPOHUC-
XOAWUT yIydlIeHWE BHU3YyaJlW3allUd IIUIHUKOB, YTO
MOXeET OBITH CBSI3aHO C YBEJIMYEHHEM O0bema ak-
THUBHOW 30HBI CHHAIlca, BAPUKO3HOTO pacCIIupeHus
MpEeCHHAaNTHYeCKOTO HeiipoHa (0yToHa) W/MIH
MOCTCHHANTHYECKOTO HeillpoHa. Huxke, mocine onu-
CaHMS SKCAaHTOTOKCHUYECKOTO BO3AEHCTBUSA TIIyTa-
MaTa, OyayT NpOaHANM3UPOBAHBI YCIOBHUS H3Me-
HeHusl (OPMBI AKTUBHBIX 30H CHHAIICOB IIPU BO3-
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Puc. 4. llunwku ACHOPUTOB W TPECHHANTHYCCKHUI
OyTOH, 00BOJAKWBAIOIIHA TPUOOBUIHBIA IIHUITHUK JCH-
nputa [4-11] Ilunuku AeHAPUTOB, Y4acCTBYIOIIHME B

00pa3oBaHUM CHHANTHYECKOTO COCAMHEHUS, MOTYT
UMeTh pasnuuHyo Gopmy: I — ¢unomonuu, 2 — mpo-
TOIIMNUKY, 3 — TOHKHE LIUNUKHU, 4 — pa3BETBICHHbIC
MIUNHAKA, 5 — TEHbKOBHIE MIMNHKH, 6 — TPUOOBHIHBIE
munuky. HIunuky UMEerT TOHKYIO ACHIPUTHYIO IIEH-
KY, OKaHYMBAIOIIYIOCS MapooOpa3Hoil AEHAPUTHOM To-
JIOBKOH, W MOTYT MEHATh 00BeM, GopMy M cBOe pac-
MIOJOKEHUE B MPOCTpaHCTBEe. JleHApUTHBIC IIUIUKH
MPHUCYTCTBYIOT Ha IEHAPUTAX OOJBIIMHCTBA OCHOBHBIX
THIIOB HEHPOHOB MO3Ta.

JIEHCTBUM TOKCHYECKUX 103 riayramata u NO-re-
HEPUPYIOLIEr0 COCAUHCHHUS.

DKCAUTOTOKCUYECKOE
BO3JIEVICTBUE TJIYTAMATA

[Ipu HapylieHUW KPOBOOOpAICHHS, COCYIH-
CTOM MaTOJOTUU MO3Ta, aHEMHUAX HJIM TOKCHYECKOM
BO3JCHCTBUY METTeMOTJIOOMHOOpa3oBaTeieii BO3-
HHMKAaeT COCTOSHHE T'HIIOKCHH/HIIEMHH MO3Ta. DTO
COCTOSIHME XapaKTepU3YyeTCs HENOCTaTOYHBIM II0-
CTYIUICHHEM K HeHpoHaM MoO3ra KHUCIOpoJa M TII0-
KO3bl (TUMOKCHUS/HMIIEMHs), HapYIICHHEM CHHTE3a
AT®, camxkeHnneM MeMOpaHHOTO MOTEHIIHAIa MH-
TOXOHAPUHA U YMEHBIIICHHEM COJIEpPKaHUs BBICOKO-
SHEPTETUYECKUX CyOCTpaTOB B pe3yibTaTe WHIH-
OMpOBaHUS MEXaHU3MOB TJIMUKOJIN3a, HHTUOUpPOBA-
HHS U Pa3o0IIeHus OKUCIUTENHHOTO ¢ochopunu-
pOBaHMSs, a TAKXKe psla APYrUX U3MCHCHUH, mpe-
CTaBIIGHHBIX Ha cxeme (puc. 5) [12-18].

Henonspuzanus HEUPOHOB U KJIETOK TJIMH, aK-
TUBALUA MOTeHIHUan-3aBucuMbiXx Ca?'-kaHanoB u
BBIJIEJICHUE BO BHEKJIETOYHOE IIPOCTPAHCTBO M30BI-
TOYHOTO KOJHMYECTBA TIIyTaMara MPH HHCYJIbTax
MPOMCXOJUT BCICICTBUE JOKAJIBbHOTO Jeuiuta
SHEPTUHU. DHEPTONeHUIIUT ABJISACTCS TPUUYUHOM TMO-
NIaBIICHUSI CHUHTETUYECKUX BOCCTAHOBUTEIBbHBIX
IpOLECcCOB, CHIKeHHs akTuBHOCTH CaZ'- u Nat/K*-
AT®a3, HapylIeHHUs HOHHOTO FOMEOcTa3a, pa3BH-
THS OTEKOB, CHUXEHUS AaKTHBHOCTH (PEepMEHTOB
AHTHUOKCUJAHTHOU 3amuthl [12-20]

CoBpeMeHHOE TOHHMaHHE NaTO(PU3UOIOTHH
TIyTaMaTHOW HEHPOTOKCHYHOCTHU OBIIO JOCTUTHY-
TO B MOJENBbHBIX MCCIENOBAHUIX IPU BO3AEHCTBUH
TOKCUYECKUX KOHIIeHTpauui riyramarta. [Ipu satom

PEYTOB u np.

B YCJIOBHUSX DJHEPTETUYECKOTO JePUIIUTA, WHTCH-
CHBHOTO 00pa3oBaHHS aKTHBHBIX (GOpPM a3zoTa H
KUCIIOpOJa pa3BHUBAeTCAd KacKaj peakIuid, CBsA3aH-
HBIX CO CTOHWKHM IOBBIIICHUEM BHYTPHUKICTOYHOMN
KoHIeHTpauuu uoHoB Ca?'. DTM u3MeHeHHUs 3a-
MyCKalOT HOBBIM KacKal APYrdX AUHAMHUYECKU H3-
MEHSIIOIUXCS Pa3pYHIUTEIbHBIX OHOXUMHUYECKUX
npoueccoB [12-24], xapakTepU3ylOIIUXcs, KaK yKa-
3BIBAJIOChH BBIIIE, HAPYIIEHHEM HOHHOTO rOMeocTa-
332, pa3BUTHEM OTEUYHBIX SBJICHHH, CTOWUKUM TMOBBI-
IIEHUEM BHYTPUKJIETOYHON KOHIICHTPALlMH HOHOB
Ca?" u Na" [18-29], akruBanueil monamu Ca2"
KOHCTUTYTUBHBIX NO-CHHTa3, HapylIeHHEM IHK-
JIOB OKCHJa a30Ta U CYNEepPOKCHIHOTO aHHOH-pa-
nukana (puc. ©6), TOSBIEHHEM JAHOKCHIAa a30Ta
(NO,), NepOKCHMHUTPHUTOB, BHOBb pacnaJaloliuxcs
Ha NO, n OH-panukansr [17-40]. Cunraercs 00-
HIENPU3HAHHBIM, YTO JUTUTEIbHAS aKTUBALMs TIIy-
TaMaTHBIX PEIEeNTOPOB TOKCHYECKUMU JI03aMHU TIIy-
TaMaTa MOXET MNPUBOIUTh K HEKPOTHYECKHM H
AIMoONMTOTUYECKUM H3MEHEHHUSM HEWPOHOB, aHallo-
TUYHBIM TE€M, KOTOPbIe HAOII0MaI0TCSI B MO3Te IPH
WIIeMUH/TUTIOKCHH in vivo [4-8,16—-18,35-37,39-41].
Hwxe OynyT onmcaHbl U MpOaHaJIH3UPOBAHBI MOP-
(donornyeckne M3MEHEHUsS B AKTHBHOW 30HE CH-
Harica MPH TOKCHYECKOM BO3ICHCTBHH TiIyTamarta
1 NO-TeHepupyIOmEero COCIUHEHUS.

N3MEHEHUWS ®OPMbI AKTUBHLIX 30H
CHUHAIICOB IIPU BO3AEMCTBUU
TOKCHUYECKUX O3 INIYTAMATA

N NO-TEHEPUPVIOIIEIO COEJUHEHUNA

CuHarncel, KaK yKa3blBajJoCh BBIIIE, SIBISIOTCA
TOM CTPYKTypoH B HEpPBHOM cHCTEME, KOTOopasd
Mo3BoJIsAeT e€il paboraTh kKak examHoe memoe. O0-
EMPU3HAHO, YTO XUMHUYECKUH, METUATOPHBINA THUII
CBSI3M MEXJIY HEHPOHAMH JOMHUHHUPYET B IIEHTPATb-
HOW HEpBHOW CHCTEME BBICHIMX KHUBOTHBIX, BKJIIO-
yasi MJIEKOMUTAIOIIMUX U 4YeloBeKa. «XHUMHUUYECKUN
CHHAIIC» COIJIaCHO ONpEAe]IeHUIO O3Havaer o00-
JIACTh KOHTAKTa «IIPECHHANTUYECKOTO OyTOHAa» aK-
COHa, B KOTOPOM HaXOHSITCA BE3UKYIBl C HEHU-
POTPaHCMUTTEPOM, C TOCTCUHAIICOM HJIM HIUMUKOM
neHapura. Takum oOpa3oM, OCHOBHBIM 3BEHOM B
paboTe mMo3ra SABISETCS UMEHHO XHUMHYECKHUNA CH-
Haric. Bce HOpManpHBIE (DH3HOIOTHYECKHE COOBI-
THS, CBSI3aHHBIE C MaMATHIO U 00ydeHHEM, OcCyIle-
CTBIISIFOTCS TPH yYaCTUH XHUMHUYECKOTO CHHArca.
B cocraB Takoro cunarca, Kak yKa3plBajJocCh BBIIIE,
BXOJSIT MPECHHANTHYECKUM OYTOH C HEHpOTpaHC-
MUTTEpaMH (Hampumep, TiIyTaMaTOM) U TOCTCH-
HanTU4YecKas 00JacTh, MpENCTaBICHHAS JICHIPUT-
HBIM IIMNUKOM. Bce coOBITHSA, CBsA3aHHBIE C Ta-
MSTBIO U OOY4YeHHEM MPH MATOJNOTUIX (HAIIpUMep,
MpH MHCYJIbTaxX), TaKXKe OCYIECTBIAIOTCA C yua-
CTHEM XHMHUYECKOTO cHWHarca Ha (oHE BBICOKOH
KOHIIEHTpAllMH TiyTamara (riayraMaTHas HEWpo-
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[ToBpexaeHne KIEeTOUHbIX OpraHessl 1 MeMOpaH, CTPYKTYpPHbIH Ae(ULINT,
nUcTpouUecKuil mporecc, AereHepanis, ruoeb HeiipoHa

Puc. 5. Cxema OCHOBHEIX IpOIIECCOB, Pa3BUBAIONIHECS IPHU TUNOKCHH/HIIEMHH: OT HAKOIICHHS BO30YXIAIONIMX
aMHUHOKHUCIIOT (Hampumep, riryramaTa) A0 MOBPEXACHHS MeMOpaH KJIETOK M CyOKJIETOYHBIX CTPYKTYp M THOeNn HeHpOoHOB
[5-8,13-18]. B Tekcre cratbu Oosice MOAPOOHO OIMHUCHIBAIOTCA OCHOBHBIE MPOIECCHl C YYacTHEM TiyTamara.

TokcuyHocTh). Oxeun azora (NO) sABisercs cur-
HaJbHOW MOJIEKYJIO0H, OCyIIeCTBIAIOIMEH 00paTHyIO
CBSI3b OT MOCTCHHANTHYECKOTO HEWpOHa K BapH-
KO3HOMY pacmuperuto (O0yToHy) MpecHHaNTHYEC-
CKOro HeHpoHa.

W3yuas yapTpacTpyKTypHBIE H3MEHEHHS B 00-
JacTH XMMHUYECKOTO CHHAIcCa B IIMPOKOM JHara-
30He KOHHeHTpanuil rmyramata u NO-reHepupyio-
Iero COEAWHEHWS, MOJXXHO TOHSTH, KakK MpsIMBIC
(rmyramat) u oopaTtHbie (NO) OHOXUMUIECKUE CUT-
HaJIbl B 00JIaCTU CHHAICA BJIUSIOT Ha CTPYKTYpPHBIC
W3MEHEHHUS B 3TOW LIEHTpPaiIbHOU (y3710BO¥) obnac-
TH HEHPOHAJIBHOW CETH B HOPME W IPU HHCYIBTE.

Panee MHOTOYHCIEHHBIMH HCCIIEOBAHUIMU
MOp(}OIJIOTOB OBLIO YCTAaHOBIEHO, YTO IPH pas-
JWYHBIX SKCTPEMaNbHBIX COCTOSHHIX yCHINBAETCA
MMIpErHalusl HEPBHBIX 3JieMeHTOB. [loBhINICHHE
ocMuo MK B mpUMEMOpaHHON 00JacTH KJIETOK
U CYOKJIETOYHBIX CTPYKTYp SBJISICTCS OJHHM W3
OCHOBHBIX NMPHU3HAKOB MOP(OITOTHUCCKUX HU3MEHE-
HUM HEPBHBIX KJIETOK MPU 3KCTPEMAaJbHBIX BO3-
NEHCTBUSAX, CBSA3AHHBIX C pAa3BUTHEM THIOK-
cun/umeMu. MexaHU3MBbI, Y4acCTBYIOIIHE B pa3-
BUTUU U aJalTalUd K JKCTPEMalbHBIM BO3JCHCT-
BUSM (B TOM YHCIC, M K THUIOKCHH), a TaKke
HeHpOoOHOIIOTHIECKHE MEXaHU3MBI, YYacCTBYIOIIHE

8 BUODPU3UKA Ttom 64 Brim. 2 2019

B Mpoleccax oOydeHuss U MaMsATH, UMEIOT 00MIyIo
OCHOBY. B cBA3M ¢ 3TUM aHanM3UpyeMble HaMu
WCCIIEA0OBAHHUS SIBISAIOTCS 00001IeHneM U JajbHel-
mel meranm3anueil MpoIeccoB, KOTOphIe OBLIM B
[IEHTpEe BHUMAaHHS OTEYECTBEHHBIX U 3apyOeKHBIX
Y4EeHBIX B TeueHue nociaegHux 70 mer.

B HOpMe akTHBHBIE 30HBI CHHAIICOB, KaK Ipa-
BWJIO, UMCIOT (POPMY CJIErka BBIMYKIYIO/BOTHYTYIO
uiay ONM3KYyI0 K TOpsAMOJUHEeHHO#H (puc. 7a). Us-
MEHEHHsI, MPOUCXOANHEe B 00JaCTH CHHAIcCa TpHU
AKCANUTOKCHYECKOM BO3JeicTBUU Tiryramara (1 MM),
XapaKTepHU3yITCAd 3HAYUTENHHBIMUA YBEIUYECHUSIMU
o0bemMa MIMNUKOB AeHAPUTOB (puc. 70), a B mpH-
cyTcTBUU H30BITKa NO-TEeHEpUPYIOMIETO COCIUHE-
Hus (1 MM NaNO,) — 3HaunTENbHBIMU H3MEHE-
HUAMH 00beMa OyToHa (BapMKO3HOTO PaCIIMPEHHUS
TEPMUHAJIBHOTO KOHIIA aKCOHA MPECHHANTHYECKOTO
HellpoHa), MHKAICYJHPYIOIIero IHUMUKU (puc. 7B).
NHTEepecHO OTMETUTH, YTO BO BCEX CIydyasX MpH
BO3JIEMCTBUU TOKCUYECKHUX J03 riayramaTa win NO-
TEHEPUPYIOMIEr0 COEIUHEHHs YBEIUYUBAETCSA IPO-
TSDKEHHOCTh aKTHUBHBIX 30H cuHarca. PaHee ObLi1o
ycTaHoBJIeHO, 4T0 N O sBIISeTCS UHAYKTOPOM IPO-
CTPaHCTBEHHOI'0 TMepepachnpenelieHnuss OelKoB U3
PacTBOPUMOTO B MEMOPaHHO-CBSI3aHHOE COCTOSTHUE
[23,24]. TloaTOMy MBI MMOJaraem, 4TO H3MEHEHUS
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PEYTOB u np.

(a)

OU3NOJIOTMYECKHE
YCJIOBUA

'NITOKCHA

Hurparbl 1 HUTPUTBI
BOJIbI, TN
¥ JIEKapCTBEHHBIX MPENapaToB

JIOHODEI 2TEKTPOHOB:

Hb2*  « Penykrasbl metHb — HbZ'
Mb2* <« Penykrassl metMb — Mb2+
eyt < WSTSIILEN: — oy g
cytP450 <« OTL| mukpocom — cytP450

/A.\

BoccraHoBneHHBI 1y ITH u HAJI®H AckopOuHOBas
DIYTaTHOH KHCJIoTa

Puc. 6. Lluxnel okcuma a3orta (a) M CymepOKCHOHOTO aHHWOH-pagukana (6) [32-35]. B mukie okxcmaa azoTra MOKHO
BbIenuTh NO-cuHTa3Hy0 koMnoHeHTy «L-apruauH — N Oy, ocymecTBiasionryo cuaTe3 NO B MPUCYTCTBUU KHUCIOPOJa,
U HUTPUTPEIYKTa3HYl0 KOMIIOHEHTY, aKTHBHOCTh KOTOPOH pe3Ko BO3pacTaeT B YCIOBHAX AepUIUTa KHCIOPOIA
(runoxcuu/umemun). Monsl NO3, obpasyromuecs U3 L-apruHuHa, MOTYT BHOBb NPH YYacCTHM HHUTPUTPETYKTa3HBIX
CHCTeM, BKIIouaromux B ceds remornooun (Hb), muorno6un (Mb) u nuroxpomsl (cyt a + az u cyt P450), 3ambikaTh
B 1uKI Henodky «L-apruaun — NO — NO3/NOz». Kucnopon, cB43bIBascCh ¢ FeMOM, HHTMOMPYET HUTPUTPEAYKTA3HYIO
aKTHUBHOCTh 3TUX OenkoB. [Ipu rumokcum M (yHKIMOHAJIBHOW Harpyske, KOrja reMcojepikalne OelKH MepexoasiT B
ne3okcu-¢popmy, noHel NO; HauMHAIOT aKTMBHO BOCCTaHABJIMBATBLCA, AKUENTUPYs DJIEKTPOHBI C ITHX I'EMCOAEpKAIIUX
6enkoB. B ukie cynepoKCUAHOTO aHHOH-paUKala IpoucxoaaT: / — BoccraHoBieHue O, 1 06pa3oBaHue CYyNEpOKCHIHOTO
aHuoH-paaukana (*O3); 2 U 3 — peakuMu JIMCMYTAlMU CYNEPOKCHIA, KaTalU3UPYeMble CYNEepPOKCHAIMCMYTa3ol; 4 —
pasnoxenue nepoxcuzaa sogopona (H,0,) na Bony (H,0) u monexynsapusiit kucnopon (O,), ocymectBiasieMoe GepMEHTOM
KaTanaszoif; 5 — mepoxcun Bomopona (H,O,) Taxke pasmaraercs c¢ obpasoBanuem JByX Mojekyl °*OH-panukana.
[uxnuyeckast perynsanus akTHBHBIX (GopM a30Ta M KHCIOpoja oOecrmednBaeT MpeBpalieHne STUX AKTHBHBIX, BBICOKO-
pEaKIMOHHBIX COCIUHEHHMH B MeHee aKTHBHbIEe BeulecTBa. IIpu HapylleHMM IUKIOB OKCHAAa a30Ta U CYNEPOKCUIHOTO
aHHOH-paJyKajia IOSABIAIOTCS elle Oojee aKTUBHBIE MOJEKYTbl AMOKCHAA a30Ta U TMEPOKCHUHUTPHUTOB, BHOBB pacma-
nparomuxca Ha NO, u OH-pagukanbl, KOTOpblE€ IOBPEXIAIOT OCHOBHbIE OMOXMMHYECKHE KOMIIOHEHTHI JKHBBIX OpTa-
HU3MOB.

NPOTSKEHHOCTH U UIMPUHBI AKTUBHOW 30HBI CHU-
Harica 00yCIIOBIIEHBI, TIPEXK/IEe BCEr0, BO3IEHCTBUEM
NO. Yrto xe kacaeTcs M3MEHEHHH 0ObeMa TpecH-
HaNTHUYECKOTO WJIM TOCTCHMHANTUYECKOrO HEHpo-
HOB Tpu Bo3nmeWcTBum riryramata mwidm NO, To
HauOoJee YYBCTBUTEIBHOM SIBISETCS T4 YacTh HEW-
poHa, KOTOpass HauMeHee aJaNTUpOBaHa K JaH-
HOMY coequHeHur0. Tak, Hampumep, OYTOHBI, CO-
JiepKaliue CHHANTHUYECKUE MY3BIPbKU C HeHpome-
IHATOPOM TIJIyTaMaTOM, IPAKTUYECKU HE MEHSIOT

CBOH 00BEM NpPH TOKCHUYECKOM BO3JCHCTBUH TIIIy-
tamata. OZHAKO OHM OYEHb YYBCTBUTEIBHBI K
Bo3aeHcTBUI0O NO-reHepUpyloIero CoeJuHEHUS.
Oxcupa a3oTa, Kak yKa3plBajJoOCh BHIIIE, YIaCTBYET
B MeXaHuU3Max oOpaTHOW CBA3M. DTO COEOUHEHHE
He oOpasyercs B OyTOHE aKCOHA NpeCHHANTHYe-
ckoro HeilipoHa. NO mnocTynaer B mpecMHamnTHYe-
CKHMH HEHPOH, KaK CUTHAJl U3 MOCTCHHANITUYECKOTO
HelipoHa, KOoTIa B IOCIEIHEM MOBBILIAETCS BHYT-
puKJIeTOuHas KoHueHTpauus nonos Ca?' u akru-
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Puc. 7. AxtuBHBIEe 30HEI cuHamca [51]: (a) — B HOpME akmueHvie 30Hbl CUHANCO8, KaK MPABHIIIO, UMEIOT (HOpMy Clerka
BBIITYKJIYIO/BOTHYTYIO IJIM ONU3KYI0 K TIPSIMOJMHEHHOH; (0) — mpu TOKCHYEeCcKoM Bo3neicTBuu riryramarta (1 MM)
aKTHBHBIE 30HBI CHHAIICOB IIPETEPHEBAIOT HM3MEHEHUs, XapaKTepU3YIOIIMecs 3HAYHUTEIbHBIMH YBEIUYCHUSIMH OOBema
MIMOUKOB JEHAPHUTOB; (B) — B mpucyrcTBuu u30biTka NO-reHepupyromero coexunenus (1 mM NaNO,) HabmaronaroTcs
3HAaYNTENbHBIE M3MEHEHUs oO0beMa OyTOHA, MHKAICYIHPYIOUIETO IIHITNKH.

BUpYIOTCA KOHCTHTyTUBHBIe NO-cuHTa3el. O0Opart-
Hasi KapTUHA Ha0II0JaeTcs B IUIHUKaX JEHAPUTOB.

[Tunuku NEeHAPUTOB, COJiepKalllue TriayTraMart-
Heie pernentopbl (NMDA-tuna, AMPA-tuna u
MeTa0OTpOMHBIE TIyTaMaTHBIE PELENTOPHI) H IO
CBOCH MPHUPOJIE ABJISAIOUIUECS MHUILICHBIO BO3AECHCT-
BHA TJyTaMaTa, IpU TOKCHYCCKOM BO3I[CI>'ICTBI/II/I
3TOTO HEWpoMeouaTopa OTBEYAIOT 3HAYMTEIbHBIM
yBenudeHueM ero oowema (puc. 70). [Ipu Bo3xeii-
ctBur NO-reHepupyIOLUIero COeANMHEHHUs] B 3HAYH-
TENbHOM CTeleHN yBeIn4ynBaercsi o0beM OyTOHOB,
WHKaTCyIupyomux munuku (puc. 78). Ilpu stom
6YTOHLI MOTYT «OKYTBIBATb» HIHUIIMKHW ACHIAPUTOB
(puc. 7B). [Ipeanomnaraercs, 4TO yBeIHYEHHE O00B-
€Ma HOIUIIUKOB N 6YTOHOB MIPpOUCXOJUT BCICACTBHUEC
JIePHEPTU3AIMA MUTOXOHAPUN (B HEKOTOPBIX CIy-
yasx BCIEJICTBHE UX OTE€Ka W pa3pylleHus) U Ha-
pYLIEHUsT HOHHOTO TOMEOCTa3a, 3a CUET CHUKCHHS
axtuHoctd Ca?'- m Na'/K™-AT®a3 B ycnoBusx
9HEPreTUYECKOTO JeQUIUTa, BBI3BAHHOT'O pPa300-
MEHHEM OKHCIUTETbHOTO ¢dochopuaupoBaHus B
MPUCYTCTBUM TJiyTaMaTa WA WHTHOUPOBAHUS
BIIEKTPOHHO-TPAHCIIOPTHON I1eNMU MUTOXOHIPUU
NO-resepupymIuM COSTHHEHHUEM.

Mopdomoruveckue N3MEHEHHUS HEHPOHOB (HEK-
pPOTHYECKHE U AlONTOTHYECKUE) MPH TOKCUYECKOM
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BO3JICHCTBUU TIJyTamaTa, aHaJOTUYHbIE TEM, KO-
TOpble HAOMIOJAIOTCS B MO3Te IMPH HIIEMUU/TH-
MOKCHUHU in Vivo, CTaJW XapaKTEPHU30BaTh KaK pe-
3yJIbTaT AKCAUTOTOKCUUYECKOTO NEHCTBUS riyTama-
Ta [13-18]. [IpuHIMNManbHasd pa3HULA MEXIY HEK-
pO30M H amomnTO30M 3aKJI04aercsi B TOM, YTO
HEKPO3 — 3TO He3almporpaMMHUpPOBaHHAs, HEKOH-
TpoJupyeMasa, CIIOHTaHHasA CMEPTb KIICTOK, CBi-
3aHHad C JIOKaJbHBIM IMOBPCKICHUCM MeM6paH, a
aroNTO3 — TeHETHYECKHU 3aIIpOrpaMMUPOBAHHOE ca-
MOpa3pylLieHue Ki1eToK. B HopmanbHOU KileTke sAa-
po xopomo BugHo. [Ipu amomTo3e mPOUCXOIUT
Jerpajamus sapa, IpudeM BILUIOTh 10 00pa30BaHuUs
allONITO3HBIX TCJI€ U HUX Q)arouHTo3a KJICTOYHAasA
MeMOpaHa, KaKk TPaBUJIO, COXpaHSET CBOIO IIENO-
ctHOCTh [13-18,36—43]. [Ipu HEKPOTHUUECKUX HU3MeE-
HEHHUSX IIa3MaTHYeckas MeMOpaHa MOoBpexmaeTcs
onHou u3 mepBbIX [13-16]. OgnuM u3 Haubosee
PaHHUX COOBITUIN aMONTO3a SBISAETCSA PA3PHIXICHUE
MeMOpaHbl U HapylIeHHEe B3aMMOCBSI3U MEXAY LH-
TOCKENIETOM M MEMOpaHHBIM OHCIOEM, B KOTOPOM
Y4acTBYIOT O€IKH IUTOCKeJIeTa — aHHEKCHUHBI [5—
11,13-19,36-43].

AHanu3 MEXaHU3MOB TOKCHYECKOTO BO3AEHCT-
BUs riiyraMaTa U N O-reHepupyromero coeAuHeHUs
n GopMynupoBKa 0000marONell KOHIENINN pa3-

8*
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BUTHS MATOJOTUYECKUX MpoueccoB [43,46] mo3Bo-
WA HE TOJBKO OOBICHUTH psjl HEMOHATHBIX SIB-
JIEHWH, HO W TIPEIJIOKHUTH CIIOCOOBI yMEHBIIEHUS
MOBPEKIAIONMIETO JCHCTBHUS YKa3aHHBIX BEINIE Be-
IIEeCTB, KOTOPHIE MOKHO HCIIOJIb30BAaTh B KJIMHUKE
MpH JICUCHUH HIIEMHYSCKUX W TEeMOPPaTrmIeCKHX
WHCYJIbTOB, KPOBOUBIHUSHUN U 4YepEmHO-MO3TOBBIX
TpaBM. OnHaKo mJIsl TOTO, YTOOBI MOHSATH MeXa-
HU3MBI Pa3BUTUA WHCYIbTOB U OTBETUTH Ha BO-
NpoOC, B YEM COCTOUT DBPUCTUYECKAS] LEHHOCTh
npeiaraeMoii o6o6maronieli konuenuuu [43], xKo-
Topas B JaHHOW paboTe moJy4wiaa manabHEHIIee
pa3BUTHE W JOTOJHEHWE, HE0OXOIUMO MpOoaHaIH-
3UpOBaTh NPHUYMHY BO3HUKHOBEHHS W Pa3BUTHUSA
WIIEMUYECKUX, TEMOPPATrHIEeCKUX HHCYJIHTOB U Cy0-
apaxXHOUMATBHBIX KPOBOWM3ZIHUSIHUN B YCIOBHAX
DHEPTeTHYECKOTO Aehunura Ha (HOHE UIIEMHUU/TH-
MOKCHH, TOKCHUYECKOTO BO3JEHCTBUS TiyTaMmara,
CTOMKOTO NOBBIIIEHUS] BHYTPUKJIETOYHON KOHIEH-
Tpauuu uonHoB Ca2', nedsHeprusaluM MHUTOXOH]I-
puil, HapylIeHUsT MOHHOTO I'OMEOCTa3a, Pa3BUTUSA
OTEKOB B YCJIOBHUAX HHUTPO3aTUBHOTO M OKCHIA-
TUBHOT'O CTpecca — CTOMKOrO MOBBILIEHUS B KJIET-
Kax KOHIEHTPAIMW aKTUBHBIX (QOpM azoTa W KH-
ciopona [4-8,10-18,20-29,41-51].

BbICOKAS YYBCTBUTEJIBbHOCTD
TKAHEN MO3Tr'A
K MIDEMUU/TUITOKCUU:
INPUYNUHBI U CIIEACTBUA

OnHoit w3 Haumboliee BaXKHBIX (QPU3HOJIOTHYEC-
CKMX (YHKIHUH JKUBBIX OPTaHU3MOB, KaK YKa3bl-
BaJOCh BHINIE, SBISETCS JBIXaHUE W CONPSDKEHHAS
C A3TUM TPOILIECCOM DJHEpreTuyeckas (yHKIHS MH-
TOXOHJAPUM KJIETOK TKaHEW KHUBBIX OpPTaHU3MOB.
Bo Bropoi#t mosoBuHe XX Beka HCCIeAOBaTENU
BBISICHUJTH, YTO 3HAYMTEJIbHAs YacTh SHEPIUU HEM-
POHOB pacxoayeTcsl Ha MOJJIep>)KaHue HOHHOTO TO-
Mmeocraza u pabory Ca2*- u Na*/K"-AT®da3 [52],
a BBICOKash YYBCTBUTEIBHOCTh TKaHEH Mo3ra K
WIIEMHUHU/TUTIOKCUU 00yCIIOBIIEHA TEM, YTO B HEpPB-
HBIX KJIETKaX OTCYTCTBYIOT 3HAYUTEIbHBIC 3aIachl
SHEPTETUYECKUX pecypcoB. Te ke dHepreTHdYecKue
pecypchl, KOTOpbIe HMEITCS, CHOCOOHBI IOIIep-
XKaTh )KU3Hb HEHPOHOB MPUOIU3UTEIHLHO B TEUCHHE
2-7 muH (B 3aBHCHMOCTH OT WHIWBHUIAYaIbHBIX
0COOCHHOCTEH W CTENEeHW TPEHHPOBAHHOCTH) [12—
20,52,53]. OTO cBA3aHO C TEM, YTO MO3T UYEIOBEKa
B NOKOE mojydaer okoio 60 My KpOBW/MHH, IO-
tpednser 3,30-3,35 mun O,/MHH M OKOJIO 7 Mr
raoko3sl Ha 100 r Tkanu [52,53] Ilo 3aTtpaTtam
9HEPTHH TO COCTABIISIET MPUOIUZUTENBHO 3,5 Kaj/c
Ha Mo3r maccoi okosno 1300-1400 r [19,52,53].
[Ipu HOpMaNbHONW ABUraTENbHOU AKTUBHOCTHU IO-
TpeOlieHne KHCIopoia MO3rOM H3MEHseTCs He3Ha-
yutenbHo [49]. Camoe 3HAYUTENbHOE YBEIHWUYECHHUE
norpednenns O, mosrom — Ha 60-70% — mpowuc-

PEYTOB u np.

XOAUT TOJBKO MPU OYEHb CUJIBHBIX AMOLMOHAJb-
HBIX BO30YXICHUAX, COMPSIKEHHBIX C BRICOKOH JIBH-
raTenbHOl akTuBHOCTRIO [18-20,52,53].
OMoIMOHaTbHOE BO30YXKICHHUE U BBICOKAS JBU-
raTeinbHas aKTUBHOCTb Y KpbIC JuHUU KpymuH-
CKOro—M O0JIOIKMHOM MOJ BIMAHHUEM aKyCTHUYECKO-
ro crpecca MPUBOAHMIHM K Pa3BUTHIO Te€MOpparu-
YEeCKOT0 HWHCYJbTa Ha (pOHE CHIBHOTO OTEKa, Ha-
OyXaHHWIO CHHAIICOB — TE€PMHUHAJEH MINHCTBIX BO-
JIOKOH Ha ACHAPUTAX 3EPHHUCTHIX KJIETOK, a TaKXKe
MOBPEXACHUIO HEHPOHOB U TNIMAJBHBIX KJIETOK [54—
62]. Kpsicet muann KpymuHckoro—M 010 KHHOM,
MepeXUBABIINE AKyCTHYECKUH CTpEecC B YCIOBHIX
BBIHYXIEHHOTO MOKOS (00e31BUKEHHBIE )KHBOTHBIE
B TUJIEKCHTJIACOBBIX TI€HallaX) 3HAYUTENbHO Jerde
MEpEHOCUJIN YKa3aHHbIEe BbIIIE BO3aelcTBUs. Bbl-
HYXJEHHBIM MMOKOM TakXe NMPUBOAUN K CHUXEHUIO
Yy O9TUX JXKHUBOTHBIX IUIOMAZeli BHYTPHUMO3TOBBIX,
cyOnypanbHBIX W Cy0apaxHOUIAJNbHBIX KPOBOU3-
nusHui  [62]. HuTput HaTpus B KOJHUYECTBE
0,5 mr/100 r maccel Teila, BBeAeHHBIH 3a 60 MHH
JI0 aKyCTHUYECKOTO CcTpecca, OKa3bIBaj 3alUTHOE
neiicteue. OHAKO BBEIEHHE PacTBOpa 3TOTO CO-
enuHeHus 3a 30 MUH W MEHee J0 aKyCTHYECKOTO
cTpecca He TOJBKO HE YMEHBINANO IUIOIManhb cyO-
Iypa’dbHBIX U Cy0apaXHOUIAIBHBIX KPOBOUBIHS-
HUS, HO U BBI3BIBAJIO YBEIUYEHHUE CMEPTHOCTH Ha
(doHe yBeNIMYCHHS TUIOIIA e 3TUX KPOBOU3IUSHUH.
Bonee Beicokue m03bl HUTpHUTa HaTpus (5 mr/100 T
Macchl TeJa) OKa3blBajud 3HAYMUTEIbHOE MOBPEXK-
Jlaloliee JIeMCTBHE MO CPaBHEHUIO C JeWCTBUEM
OJTHOTO aKyCTHYECKOro cTpecca. JDTU JaHHbIE yKa-
3BIBAIOT HA TO, YTO MPOAYKTHI MeTabOIM3Ma HOHOB
NO; (cBo6omnopanukanbnble coenunenus NO u

ocobenHo NO,) MOTyT OTAromaTbh pa3BUTHE TIe-
MOpparu4ecKkoro WHCyJbTa y Kpbic JuHuUu Kpy-
muHCKOTO—M oJtoiKMHOM [54—62].
HeBposornueckre HapylieHUs ABUTATEIbHOMN
AKTUBHOCTHU SIBIISIOTCS XapaKTEPHBIMH OCOOCHHO-
CTSAMHM TIpU pPa3BUTHH HHCYIAbTOB. llanmueHTsl u
9KCIIEPUMEHTANbHBIC XUBOTHBIC MPH Pa3BUTUH Y
HUX HMHCYJIbTOB, KakK MNPaBUJIIO, HAXOMSITCA B CO-
CTOSIHMH TIOBBIIICHHOW JBUTaTEIbHOW AaKTHUBHOCTH.
CHuXXeHUE ABUTaTEIbHONH aKTHMBHOCTH M apTepH-
aNbHOTO JaBJICHHUS, EPEBOJ] MAIUEHTOB B CIOKOM-
HOE COCTOSIHHE, OJTM3KOE K PU3NOJIOTHICCKOMY CHY,
SBJISIIOTCS ONMPaBAaHHBIMH B JTHUX yCIoBHsX. [1pu
3TOM, Y€M paHbIle MalMEeHThl 0Ka3bIBAIOTCSA B CO-
CTOSIHUU TIOKOSI, OJIM3KOTO0 K (DH3UOJOTUYECKOMY
CHY, TeM BBIIIE BEPOSATHOCTh UX BBDKHBAHUSA. JTH
neueOHbIe MEPOTIPUSTUS UCIOIB3YIOT B KIMHUKAX:
B TSDKENBIX CIyJasx MAaIlHeHTOB MEPEBOJAT B «HC-
KYCCTBeHHYI0O» KoMmy. [Ipu 3TOM moTpeOHOCTH B
nocrymiednn O, B HX OpraHU3M M €ro norpeo-
JICHHE MHUTOXOHJAPHSIMH HEHPOHOB M TJIHAIbHBIX
KJIETOK 3HAYUTENBHO CHIDKAIOTCSA, TAK)KE CHUXKa-

BUO®U3UKA Tom 64 BrII. 2 2019



MOJIEJIb TJIVTAMATHOW HEMPOTOKCUYHOCTHU

eTCsl BO3JIEHCTBUE OKCHAATUBHOIO U HUTPO3ATHUB-
Horo ctpecca [5-7,19-23,30-35,39-43,46-50,63—-74].

UIIEMUYECKUN, TEMOPPATUYECKUI
NHCVYJIBTHI U CYBAPAXHOWIAJIBHBIE
KPOBOU3ZJIUSHUSA

PaznuuaroT uieMuyYecKuil, reMopparudecKui
WHCYJBTHI U KPOBOM3IUIHUS (Cy0apaxXHOUAaIbHBIE,
cyOmypanbHBIe, SIHAYPaTbHBIE/IKCTpaIypatbHEIe,
IOJIEBBIC BHYTPUMO3TOBBIC, BHYTPHIKEITYI0IKOBEIE,
rIyOWHHBIE BHYTPHUMO3TOBBEIE, puc. 9 u 10) [5—
7,12,20-22,41-43,61-69].

NimeMuyeckuii MHCYIbT — OCTPOE HapyIlIEHUE
MO3TOBOTO KpOBOOOpamieHuss ¢ TOBPEXICHUEM
TKaHu wMo3ra [41], mapymenwem ero (QyHKIUN
BCIIEZICTBHE TOJHOTO MPEKPAMEHUs MIIN CHIDKEHHS
MOCTYIUIEHUS KPOBHU K TOMY MJIHM HHOMY OTJIENY
MO3ra, KOTOPBIA CONMPOBOXKIAETCA pa3MATdCHUEM
ydacTKa MO3TOBOH TKaHM — HWH(apKTOM MoO3Ta
[41-43]. [IpuynHON HMIIEMUYECKOTO HHCYIbTA MO-
I'yT OBITh ATEPOCKIEPOTUUECKHE MOPAXKEHHUS COCY-
OB Mo03ra, TpoM003 WiIHm MO0, CBA3aHHBIC C
3a00JIEBaHUSIMH COCYIOB, cepAla HIH KpoBu. [e-
MOpparnyecKuif HMHCYJIBT — OCTPO€ HapylIeHUe
MO3T0BOT0 KPOBOOOpaIIeHus ¢ pa3pbIBOM COCYAOB
Ha (hOHE HApPYIICHUS CHCTEM CaMOPETYJSIUU MO3-
rOBOTO KPOBOTOKAa W KPOBOW3IHUSHHUEM B MO3T
[41-43]. Haubosee yacras mpu4rHa reMopparuye-
CKHMX MHCYJBTOB — HapylIeHHe QYHKIMOHUPOBAHUS
CTEHOK COCYIOB — SHIOTENNs, HHTUMBI — Ha (oHE
apTepuaJbHONW THUNEPTEH3UU, THINEPTOHUHU, BPOXK-
JEHHBIX U NPHOOPETEHHBIX aHEBPU3MOB COCYAOB
M03Ta. BHyTpUMO3roBble KPOBOU3IHUSIHUSA U TEMOP-
paruyecKui MHCYJIBT OTHOCITCS K Haumbojee pac-
NPOCTPAaHEHHOMY THILy HHCYJIbTa, KOTOPBIH dHalie
BCET0 BO3HHKAET B CPEIHEM H IOXKIJIOM BO3PacTe,
y JIWIl C TUMEPTOHUEH, IepeOpaabHBIM aTepOoCKIe-
pO30M MM cOoYeTaHWeM 3TuX 3aboneBanuii. [e-
MOpparu4eckuii MHCYJIbT OTJIHMYAETCA OT HILIEMHU-
YECKOr0 HMHCYJbTa TEM, YTO pa3pbiB cocyaa Ipo-
UCXOOUT HPHU BHICOKOM apTEPUalbHOM JaBJICHUH
[42,43]. IIpn TakOM HMHCYNbTE KPOBb MOJ BBICOKUM
JABJIICHUEM pa3lBUraeT TKaHW MO3ra M 3alOJHSET
oOpa3oBaBmIyrocs mojocth (puc. 8 u 9). Cybapax-
HOUJAJIbHOE KPOBOM3IMSIHHE — KPOBOU3JIHUSIHHUE B
cybapaxHOUIaILHOE MPOCTPAHCTBO (TIOJIOCTH Me-
KOy TAyTHHHOM W MATKOW MO3TOBBIMH 000J104-
KaMH), KOTOPOE€ MOXET TPOU30WTH BCIEIACTBHE
pa3pbiBa apTepHalbHOW aHEBPU3MBI, reMopparu-
YECKOT0 MHCYJbTa WIH B PE3ylbTaTe YEPEemHO-MO3-
ropoif TpaBmel [67-77]. Bo Bcex paccMOTpEHHBIX
ClIy4asiX OCHOBHBIM NAaTOTCHHBIM JACHCTBHEM SIBJIS-
ercs MOBPEXJCHHE MEeMOpaH KJIETOK, CTEHOK CO-
CyIOB, KOTOpBIE CONPOBOXXIAIOTCSI KPOBOM3IHSI-
HUSMH, KOHTAKTOM CBIBOPOTOYHOrO ajbOyMmMHHa C
KUPHBIMM KHUCJIOTaMH, BXOISIIMMH B COCTaB IO-
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BPEXK/IEHHBIX MeMOpaH, CBA3BIBAHHE ITUX KHUPHBIX
KUCJIIOT CHIBOPOTOYHHIM albOYMWHOM H JajbHEM-
mee paspylieHrne MeMOpaH HEHPOHOB, TIWAbHBIX
KJIETOK ¥ CyOKJIETOYHBIX CTPYKTYp (Hampumep, MH-
ToXoHApHUHA) [78,79]. DTH TOBpEXIEHUS JISKAT B
OCHOBE HapyIIEHHS HOHHOTO TOMeocTa3a, MPHUBO-
ST K Pa3BUTHUI0O OTEYHOCTH U 3aBEPIIAIOTCA TH-
0elIbI0 HEHPOHOB M TIIMANbHBIX KieTok [89-94]. B
OCHOBE TaKHX MOBPEKIACHHUH JISKUT CBOOOIHO pa-
IUKAJIbHOE OKHUCICHHUE HEHACHIIEHHBIX XUPHBIX
KUCJIOT, BXOJSIIUX B COCTaB JUIHIOB MeMOpaH,
JIOKaJIbHBIC TTOBPEXKIACHUSI MEMOpPaH KJIETOK U CyO-
KJIETOYHBIX CTPYKTYpP, KOTOpPBIE 3aBepIIAIOTCS Yac-
THYHBIM HEKPO30M OTHEIBHBIX CTPYKTYp MO3ra
[78,79].

[Ipu ocTpoM HMHCYJIbTE HIIEMHUS YacTO OBIBaeT
HETMOJHOW. DTO CBSI3aHO C T€M, YTO B MOPaXKEHHYIO
4acTh MO3ra IOCTYyNaeT KoJjulaTepalibHO€ KPOBO-
CHa0XeHHEe W3 HENOBPEXKIEHHBIX apTepuil [5,41—
43]. YcraHOBIEHO, YTO HeOOpaTHUMblEe W3MEHEHHUS
B HEHpOHAX M TIJIMAJbHBIX KJIETKaxX NMPOUCXOIAT B
IEHTPaJILHON HIIEMHU3UPOBAHHOHN 30HE ¢ HamboIee
BBIPDQJKEHHBIM CHIJKEHHEM KPOBOTOKa (MeHee
10 Mn/100 T B 1 MuH) 1 HapymieHneM Meraboau3Ma
TII0KO36l W Kuciopona [41,42]. B Teuenue He-
CKOJIPKMX YacOB BO3HHKAET MEHTPaJbHBIN («TO-
YeUHbIN») HHPAPKT, KOTOPBIH OKPYXEH HIIEMH3H-
POBAaHHOM, HO XUBOW TKaHBI C YPOBHEM KpPOBO-
toka Beime 20 /100 T B 1 MUH — 30HOU «wuIIe-
MHuYecKod nmomyTteHu» [41-45]. [Ipu nmoBpexaeHusx
MO3Ta, BBI3BAHHBIX WIIEMHEH/THIIOKCHEH, UHCYIb-
TaMH WJIH TpaBMaMH Takke oOpasyercs HeoOpa-
TUMO HOpa)XXeHHOe MH(papKTHOE AP0, XapaKTepHu-
3yromeecss kpaifHe cimaObIM KpoBOOOpaIleHHEM, a
BOKPYT Y4aCTKOB IMMOBPEXACHHUS Pa3BUBAIOTCA 30HbI
C HapyUIEHHBIM MeTaboJIU3MOM, KOTOpBIE MOJyUH-
U Ha3BaHUE «meHyMmMOps» (puc. 10) [44, 45].

ITousTHE NIIEMUIECKOH moayTeHn (penumbra —
Jam.) BUEpBBIE OBIIO TpemioxkeHo Jx. Actpymom
¢ coaBropamu B 1981 r [44]. CormacHO NaHHOMY
WMU OTIPEJCIICHUIO, UIIEMHUYECKas IMOJYTeHb Hpe-
cTaBisgeT co00i 007acTh CHUKEHHOTO MO3TOBOTO
KpPOBOTOKA, TJE€ OTCYTCTBYIOT CIOHTaHHBIC WJIHU
BBI3BAHHBIE DJICKTPUYECKHE TOTEHIUANBI MPH CO-
XpaHEHWH WOHHOTO ToMeocTa3a W TpaHCMeMOpaH-
HOTO D3JEeKTpUUYECKOTO MoTeHInana. A.M. Xakum
OTIpeNeNyyl WIIEMHYECKYI0 TOIyTeHb KaK «Imopa-
KEHHYIO UIIeMHUel TKaHb, KOTOPYIO MOTEHIIHATBHO
MOXHO BOCCTaHOBUTH» [45]. BoccraHoBIEHNE 30HEI
CHIIEMHYECKOHN MOJYTEHU» OCYIIECTBIISAETCSA MyTEM
nepdy3ur TKAaHM MO3Ta U HCIOJb30BaHUS THIIOK-
CHYECKOTO MPEKOHAUIMOHUPOBAHUS, HEHPOIPO-
TEKTOPHBIX CPEJCTB, HANpPUMEp, MENTHUIAHBIX Mpe-
napaToB 1 UHruOUTOpOoB NO-cuHTa3 U 1np. [70-74].
NMeHHO meHyMOpa sBJISETCS OCHOBHOW MUIIEHBIO
TEpaNeBTHYECKOTO JEHCTBHS MPH BOCCTAHOBICHUHU
HapymIeHHOTO KpOBOOOpalleHus W HEeUpOIpOTeK-
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Puc. 8. KapTuHbl KOMOBIOTEpHOII TOMOTrpaduu MO3ra HpH TeMOpparmdeckoM (a) M HIIEMHYECKOM HHCyIdbTax (0).
CxeMa pa3BUTH reMopparmdeckoro (B) m mmemudeckoro (r) mHcyiabTa [41-43]. I'eMopparmdeckuii MHCYIBT — OCTpoOe
HapyLIEHHE MO3TOBOr0 KPOBOOOPAIICHUS C Pa3pbIBOM COCYAOB M KPOBOM3JIMSHMEM B Mo3r. HauGoiee uacras npuunHa
TeMOPPAarudecKuX HHCYJIBTOB — HapylieHHe (QYHKIMOHHPOBAHHUS CTEHOK COCYJOB — JHAOTENHS, MHTHMBI — Ha (oHE
apTepuaIbHOW THIEPTEH3UH, THIEPTOHUH, BPOXKICHHBIX M IIPHOOPETEHHBIX aHEeBPU3MOB COCYIOB Mo3ra. M memundeckuit
HHCYJIBT — OCTPOE HapylLIeHHE MO3TOBOr0 KPOBOOOpAIEHHs C MOBPEXICHUEM TKaHM MO3ra, HapyLUIeHHEeM ero (QyHKIUH
BCIIEACTBUE MOJHOTO MM YaCTHYHOTO MOCTYIUICHHS KPOBH K TOMY MIH MHOMY OTAEIy Mo3ra. IIpnanHO# HIIeMUYecKoTo
HWHCYJIbTa MOTYT OBITH aTEepOCKIEpOTHYECKHE IOpa’KeHHe COCyIOB MoO3ra, TpoM0o3 miIum 3MOOIUs, CBA3aHHBIE C

3a00JIeBaHMSMH COCYAOB, CEepAlla WUIU KPOBH.

TOPHBIX MEPOIIPUATHI B IIepBbI€ YaChl U JAHU IOCIE
pa3Butusg uHCyinbTa [64,65,70,73,74], xorma ocymie-
CTBIISIETCSl PACHPOCTpaHEHHE MOBPEXKICHUI MeM-
OpaH KIJIETOK, CyOKJIETOYHBIX CTPYKTYp H JEdHEp-
rU3aiis MUTOXOHAPUN B HAIIPABJIEHUU OT SJACPHOU
30HBI HHapKTa K nepudepuu [70-79]. B saepuoii
30He MH(papKTa, KaK MPaBUIIO, HAOIIOJAETCs HEK-
po3 uiau auTudeckas (popMa KIETOUYHOH CMepTH,
KOTJla MPOUCXOAAT OOLINPHBIE MOBPEKICHUS MEM-
OpaH kjJeToK Ha (OHE OCMOTHYECKOTO JHU3HCA.
Knerku, n3dexaBuine 3Toi caMoil TspKeI0i GopMbl
MOBPEXACHUSA U E3UHTErpaluu, B sape HHpapKTa
OoTCyTCTBYIOT. OJHAKO HMX MOXXHO OOHapy>KUTHb B
30HE MEHYMOpBHI, T/I€ KCAUTOTOKCHYECKOE ACHCT-
BHE BO30YXKIAIONUX aMHUHOKHUCIOT (B TOM YHCIIE
W TIIyTamara) WHULIHHPYET MOJEKYJISpPHBIE COOBI-

THS, BEAyIHE K BOCMAJEHUIO W amomTosy [65,
70-79].

B cunancax HeHpOHOB, HaXOJSAIIMXCS B 30HE
NeHyMOpbl, MPOUCXOIUT MOBBIIIEHHOE (4acTO He-
KOHTPOJIUpYEMO€) BBICBOOOXKeHHE TiIyTamMaTa [44,
45,69,70]. OT0 CBsA3aHO C TEeM, YTO CHHANTHYECKUE
Ny3bIpbKH B 30HE MEHYMOpBI pa3pylIaloTCs Tak
K€, KaK U MPU TOKCHYECKOM BO3JEHCTBUM TIIyTa-
MaTa, a TIIyTaMaT B TOKCHYECKHX J03aX MOCTYyIaeT
Ha TMOCTCHHANTHYECKY0 MeMOpaHny. Takum o0Opa-
30M, © B 3TOM CiIIy4ae OJZHOW W3 TEPBBIX MOBpeE-
KOaeTcss MeMOpaHa CHHAITHYECKOro MYy3bIpbKa,
cojiep)kalias BCe Te€ K€ HEHACHIIIEHHBbIE >KUPHBIE
KUCIHOTHI. V30BITOYHAA CTUMYIISIUS TIIyTaMaTHBIX
peLenTopoB MOCTCUHANTUYECKON MeMOpaHbl, mpe-
JKJIe BCEr0 MOHOTPONHBIX peuentopoB NMDA-tu-
Ma, TPUBOJUT K IMeperpy3ke HEHPOHOB HMOHAMHU
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Puc. 9. Pasznuunble TUIBI KPOBOU3IUSHUN B MO3T [42]:
1 — sniuaypanbHOE (IKCTpaaypaibHOE) KPOBOUINHUSHUE,
2 — BHYTPHIKEIYI0YKOBOE KPOBOH3IHIHIE, 3 — JOJIEBOE
BHYTPHUMO3rOBO€ KpPOBOU3NUsHHE, 4 — CyOapaxHOH-
MajgbHOE KPOBOWBZIHMsIHHME, 5 — CcybaypanbHOE KPOBO-
W3NUSHAE, 6 — TIIYOMHHOEC BHYTPHUMO3TOBOE KPOBOM3-
TUSTHUE.

Na' u Ca?" u HapylleHW0 3HEPTETHYECKUX TMPO-
neccoB [95-106,108—-152]. IIpu 3TOM Takke Hapy-
MIAIOTCS CUTHAJIbHBIE W MeTa0OJIMYecKue Mmpollec-
Cbl, YTO BC€ACT K aKTHBallUU O6pa3OBaHI/I}I aAKTHUB-
HBIX (opM azota W kucimopoxaa [50], HapymeHUIM
IUKJIOB OKCHJIa a30Ta W CYNEPOKCHUIIHOTO aHUOH-
panukana [30-35], oOpa3oBaHUI0 AMOKCHIIA a30Ta
U TIEPOKCHHUTPUTOB [46], BBIXoay mpoTeas u (oc-
¢donumas U3 KIETOK M CYOKJIETOYHBIX CTPYKTYp H
JalbHEHIIeMY YBEJIHYCHUIO O0O0IacTH TOpaKeHHS
MO3ra B pE3ylIbTAaTe €ro OTeKa M OTCPOUYCHHOU
rubenu HelipoHoB. OCHOBHBIC CTaJHM IMOBPEXKC-
HHASI HEHPOHOB, MEXaHM3MBl HX CMEPTH, a TaKXKe
BpeMs pa3BUTHS 3THX MEXaHHU3MOB B 30HE IICHYM-
Opwl mpencraBieHsl Ha puc. 11 [12].

OCHOBHBIMHU y4aCTHHKaMHM 3TOTO IpoOLiecca sB-
JSAI0TCA TlyTamat, akTuBHbIE GopMbl a3oTa (NO,)
u kucropona (O3 OH-pagukainsi), nonst Ca?* u

Na*, a MumeHssMu — MeMOpPaHbl HEWPOHOB W TJIH-
aJbHBIX KJIETOK, B TOM 4YHCIe MEeMOpaHbBl MHTO-
XOHAPHH, a TakXe TyaHHHOBBIE OCHOBaHMA
JHK/PHK, xoTopsie Ha QoHE neIHEepTU3aAUHA MU-
TOXOHAPHHA M Pa3BUTHA OTEKOB BeAyT K rulenu
HEHPOHOB M TIHAJBHBIX KJIETOK MO TUIY HEKpo3a
U amoITo3a. JTO AAaeT MOJHOE OCHOBAHUE CUUTATH,
YTO BENYIIMMH MaTOTEHETHYECKUMHU (PaKTOpaMH
MOBPEXKACHNSI HEHPOHOB SIBIAIOTCA TUIIEPCTUMYJIS-
ous TJIyTaMaTHBIX pPELenTOpoB BO30ykIaromen
AMUHOKHUCIOTON TIyTaMaTOM, CTOMKOE MOBBIIIE-
HME BHYTPUKJIETOYHON KOHIEHTpauuu nonos Ca?",
aktuBanus NO-CHHTa3 U MOBBIIIEHUE COAEPKAHUSI
HUTPAaTOB M HUTPHUTOB M MPOAYKTOB HX MeTabo-
musmMa — NO u NO, B KpOBHM, MO3re M JIHKBODE

BUOD®U3UKA ToMm 64 BpIm. 2 2019

327

Puc. 10. UudapkrHoe siapo (/) u «meHymbOpa» (2)
[41-45]. TIpu mOBpEeXKISHUIX MO3Ta, BHI3BAHHBIX HIIIE-
MHUEH/TUIIOKCHEH, WHCYIbTaMH WIH TpaBMaMH, oOpa-
3yercs HeoOpaTHMO MOpa)XeHHOe HH(]apKTHOE AIpo,
xXapakTepusyrolieecs KpaiiHe cnabbiM KpoBooOparie-
HUEM, a BOKPYT YJacCTKOB IOBPEXKICHUS Pa3BUBAIOTCS
30HBI C HAPYIIEHHBIM METa00IU3MOM — IIeHyMOpa» —
UIIEMUYecKas MOIyTeHb, 00JacTh CHHKEHHOTO MO3TO-
BOTO KPOBOTOKA, TJ€ OTCYTCTBYIOT CIIOHTAaHHBIC WIIU
BBI3BaHHbIC JIEKTPUYECKHE MOTEHLHUANbl TPH CcOXpa-
HCHHH HMOHHOTO TOMEOCTa3a M TpaHCMEeMOpaHHOTO
JJIEKTPUUECKOTO moTeHuuana [44,45].

YyelloBeKa M JKMBOTHBIX. 3a 3TUMH IpoIleccamMu
clenyer AesHepru3ans MUTOXOHAPUN, HapylIeHHue
MOHHOTO TOMEO0CTa3a, MOBPEeXAeHHEe MEMOpaH Hell-
POHOB, TTHAJBHBIX KJIETOK U CyOKIIETOYHBIX CTPYK-
Typ, BXOIAIMHUX B HMX cocraB. lIpuwHIUNmambHYIO
pOJIb B Pa3BUTUU ATHUX MPOLIECCOB HUTpaeT Hapy-
IIeHUe HOPMAlbHBIX ITUKJIMYECKUX PErylsTOPHBIX
MEXaHHU3MOB, KOTOpbIE CONMPOBOXKIAIOTCA Hapyle-
HHEM IIMKJIOB OKCHIA a30Ta U CYNEepOKCHIHOTO
aHNUOH-paJWKalla ¥ BEAYT K IOSBIEHHUIO BBICOKO-
peakuuoHHBIX MoyieKynl NO,, CIOoCOOHBIX MOBpe-
KIATh OCHOBHBIE OMOXMMHUYECKHE COEINHHEHUS,
BXOJSIIIUE B COCTAB CTPYKTYPHBIX KOMITIOHEHTOB
KJIIETOK U CYOKJIETOYHBIX CTPYKTYp. Mmemus/ru-
MOKCHUSI, TOKCHYECKOE BO3JEHCTBHE TilyTamaTta u
NO-TeHepupyIOMUX COEAWHEHUH, BEAYIUX K MO-
BBIIIEHUIO 00Pa30BaHUA THOKCHIA a30Ta U MEPOK-
CHHUATPHUTOB, COMPOBOKIAETCA YBEIUUEHUEM BepO-
STHOCTH TEePEepPOKIACHUS HOPMAJbHBIX TKaHEH B
3nokauecTBeHHble. Mmenno NO, saBusgercs Tem co-
eIMHEHUEM, KOTOPO€ OKHCIsAEeT T'YyaHUHOBBIE OCHO-
Banus JHK/PHK u cmocob6HO mpuBOAWTH K ABY-
HuteBbiM paspeiBamMm JHK/PHK, xpomocomubIM
ab0epamusaM, K GUKCAIUA B TEHOME PENYyIIHPOBaH-
HOTO MeTabonnu3Ma, Mepexony KJIETOK B aBTOHOM-
HOE€ COCTOSIHHE C MOTEPEeH MeXaHu3Ma KOHTAaKTHOTO
TopMmoxeHus [6—-70,72-90,153,154]. Ilpeanoxennas
HaMH KOHIIENIUS JTOTOJHAET COBPEMEHHBIE IMpEN-
CTaBJEHUS O MEXaHH3MaxX HHCYIbTa, XOPOIIO CO-
rJ1acyercs ¢ JaHHBIMH JUTEpPaTypbl U JaeT HOBBIH
oboOmarmuii Matepwal sl KOHIENTYaJlbHOTO
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D dexr

PEYTOB u np.

Puc. 11. OcHoBHBIC MeXaHH3MbI THOEIH HEHPOHOB B 30HE

HHu

Bpewms

neHymMOpsl [12,44,45] u BpeMs (UIMTENBHOCTH) Pa3BUTHUS

3TUX MEXaHHU3MOB OT MOMEHTa BOSHUKHOBEHUS UHCYNbTA [12]: / — rmyTramMaTHas 3KCaHTOTOKCUYHOCTD, 2 — nepudoKaabHast

AcenoJisipu3anus, 3 - BOCIIAJICHHUC, 4 — amomnTo3.

moaxoaa K H3YUYCHUIO MHOTIMX IaTOJOTHUYCCKUX
MmpouecCCOB, pa3BUBAOMINXCA IO MCXaHU3MY THIIO-
BOT'0 IMAaTOJIOTHMYECKOT'O IIpoIliecca.

HefiponporekTopHas Tepanus HalpaBieHa,
KaK YKa3bIBaJOCh BBINE, HA 30HY MEHYMOpPBHI, 4TO-
OBl MPETOTBPATHTH MOCIENYIONINE CTaIU pPa3BH-
THS HUTPO3aTHBHOTO M OKCHIATHBHOTO CTpecca,
HapymieHussT MeMOpaH KIETOK H CYOKJIETOYHBIX
CTPYKTYp, BBIXOJ U3 CYOKJIETOYHBIX CTPYKTYp MpPO-
Tea3 u ¢ocdonunas, NIPUBOAAIINX BMECTE CO CBO-
OOJHBIMU pajWKallaMd K TOBPEXKICHUIO TeMaTo-
sHIe(DATNIECKOT0 Oapbepa, aKTUBALIMH JIOKAJIBHBIX
peakuuii BOCMaJIeHHWs, HEKpPO3a W/MIIM amnomTo3a.
Kpome umemMuyeckoro u reMopparmveckoro HH-
CynbTa CTagud, Ha KOTOPbIE MOXHO BO3JeHCTBO-
BaTh B [Malla30HE «TEPaIeBTUYECKOTO OKHa», 00-
Hapy>XHBAIOT MPH YEPETHO-MO3TOBOW TpaBme, cyO0-
apaxHOWJAITBHBIX KPOBOUBIHUSHUIX, DIHICTICHH, a
TaKKe IPYruX HeWpoIereHepaTHBHBIX 3200JIeBaHMU-
ax [54-60,79-123].

AITIOIITO3 U HEKPO3
ITPU TOKCHUYECKOM
BO3AEUCTBUU TJIYTAMATA
N NO-TEHEPUPVIOIIEIO COEJMHEHUA

B HelipoOuosioruu noaroe BpeMs CyIIeCTBOBAI
BOTIPOC, KOTOPBIM 3aTeM Mepepoc B KPYIHYIO Me-
IUKO-O0MOJOTHYECKYIO MPOOJIeMy: 9TO UMEHHO BBI-
3BIBAET MOCTETIIEHHYIO THOETh HEHPOHOB B 00JIaCTIX
TOJIOBHOTO MO3Ta, Tae CHabXeHHue KHUCIOPOIOM
CHUIKEHO, HO HE OTCYTCTBYET IMOJIHOCThIO, U KaKHE
MEXaHWU3MBl B 3TOM Ipoliecce 3ajeiicTBoBaHbI? B
OCHOBe THOENM HEePBHBIX KJIETOK NMPH pPa3HBIX Ma-
TOJIOTHSIX HEPEAKO JIeKaT OOIIue MEXaHU3MBbI, Xa-
paKTepHBIC IS BOCHAIMTEIBHBIX MPOIECCOB U pe-
aknuii. Jlo 80-x romoB XX Beka rudeiab HEHPOHOB
MPH UIIEMUYECKUX U TEMOPPArnd4ecKuX HHCYIbTaX
CBS3BIBAIM JIUIIH C HEKPO30M TKAaHW MO3Ta, KoTaa
MMOBPEKIAIOTCI MeMOpaHBI KJIETOK, BBIXOAAT ITH-

TOTUTa3MaTHYeCKHe OEIKH M MPOHUCXOIUT MPOCBET-
JIeHWEe LUTOIIa3Mbl («rubenb HeMpOHOB MO CBET-
gomy tumy»). B 1972 r. Kepp c coaBTopamu
MPEeUTOKIIT JUisi 0003HAYEHHS IIpoIlecca pa3pylie-
HUSI KJIETOK, XapaKTepH3yeMOTO WX CXKATHEeM, ar-
peramueil xpomaTuHa, (parMeHTaIueil TeHoMa H
MAKHO30M SApa TEPMHUH «aronTo3» («rudeiap Hew-
pPOHOB IO TeMHOMY THUITY») [124]. B manpreiimem
OBLIO TOKa3aHO, YTO amoITO3 HUIPaeT BaXHYIO
posb B TMOAAEp>XKaHWH HOPMAaJbHOTO TOMEOCTa3a
TkaHeil [125,126]. Ilpu HapymieHHMH MeXaHHU3MOB
afnonTo3a BO3MOJKHa aKTUBAalUS pAa3MYHBIX Ma-
TOJIOTUYECKUX COCTOSHHH, BKIIOYas OIYXOJIEBBIE
3aboneBanus [126,154]. K amonTo3y OTHOCIT Bce
MPOIECCHl 3aMPOTPaMMUPOBAHHOM THOETN KIIETOK,
KOTOpBIE 3aIyCKAaIOTCs BHYTPCHHUMHU WU BHEII-
HUMHU CUTHAJlaMU, MOCTYHAIOIUMU OT MOBEPXHO-
CTHBIX PEHENTOPOB KIETKH, OCYMIECTBISIIOTCS IO
CTPOTO OIpEEIeHHOMY MEXaHU3MYy, KOTOPBIH KOH-
TpoJIpyeTcs crnenu(puIHBIMU BHYTPHUKIIETOYHBIMHU
peryinsaTopHeIMU cucteMamu [126—129]. B manwHei-
meM OBUIO yCTaHOBIEHO, YTO alomNTO3 B 3HAUYH-
TENbHOM CTENeHH HaXOJUTCA MOJ KOHTpOJIeM Kac-
ma3, KOTOpBIE€ OPTraHU3YIOT MporpamMMmy rudenu
kiaerok [127-120,134]. Kacnassl, npeacrapisonime
co00H TpymIly mpoTeas, UTPAKT CYIIECTBEHHYIO
poJib B MeXaHU3Max pa3BHTHUs amonto3a. OHu 00-
Jer4aoT pa3pylieHrne KIeTKH, XapaKTepHu3ylolee-
cs, KaK YKa3blBAJIOCHh BBINIE, KaK KOHAEHCaIuen
saapa, Tak W KJIETKW B 1enoMm. [pyrue mopdoio-
TUYECKHE TMOKa3aTell arolnTo3a — 3TO pa3phIXie-
HH€ (BCIIEHMBaHWE) MeMOpaHBbI, CKAaTHE [UTOTLIA3-
MBI TP MOP(OITOTHIECKH HEMOBPEXKIACHHBIX Op-
ranemwiax. [Ipu 3TOM colepKuMoe KIETKH/KIETOK
pa3buBaeTcs Ha TaK Ha3bIBae€MbIC allONTOTHYCKUE
TenbUa. OHAOHYKJIEa3bl pa3pylalT SACPHYIO
AHK nHa otaenbHble HUTH [124-129].

B Hacrosmiee BpeMs CUMTAIOT, YTO IMPOIIECCHI
MOBpEXAeHUsI MeMOpaH KIETOK (HEKpO3) M pPa3BH-
THE amonTo3a (00HapyKeHne pparMEeHTUPOBAHHOU
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untpanykieocomansHolt JAHK) mpoucxomsar mna-
paleNbHO MPU UIIEMHYECKHUX U TeMOPParudecKux
UHCYJIbTaX, a TaKXe€ TOKCHYECKOM BO3ACHCTBUU
roryramata u NO-TeHEepUPYIOIHUX COEAMHEHUH
[12,124-129]. UmeroTcst JaHHBIE O TOM, YTO WHTH-
OupoBaHHE KajJbllaWHAa M Kacmasbl-3 MpenoTBpa-
maer pasButue amontos3a [128], a moBBIIIEHUE
BHYTPHUKJIETOYHOM KoHueHTpauuu unonos Ca?' B
npolecce riIyTaMaTHOTO KacKaja BbI3BIBAET aKTH-
Bauuto Ca’’-3aBuCHMMOii mpoTeasbl KajblaWHa
[123-129]. [leiicTBue KanbnanHa NPUBOJUT K pas-
PYLIEHUIO aJIl€3UBHBIX CBA3CH MEXAY aKTMHOBBIMH
dbmraMerTaMu 1 MeMOpPaHOM, 9TO, B CBOIO OYepeab,
MOXET NPUBOIUTh K U3MEHEHUI0 (OPMBI KIIETKH,
a B JalpHEHIIEeM — K pa3BUTHIO amonTto3a [124—
129]. B ycnoBusX in vitro HWU3KHE KOHIICHTPAIIMU
rIyTamMaTa BBI3BIBAJM amoINTO3 HEWPOHOB, B TO
BpeMsi Kak OoJjiee BhicOKHMe — Hekpo3 [12,128-130].
B ycnoBusx MoaenupoBaHUs JErKOH TPaH3UTOP-
HOHU (okanbHOU MmeMun (30-MHUHYTHASI OKKIIIO3US
cpenHell MO3roBO apTepun) HHPAPKT pa3BUBAETCA
B TeueHue Oojiee 4eM dYepe3 TpexX CYTOK Iocie
Hauyaja uHCynbTa. Mopdosiornueckue uccienoa-
HUSA HEHPOHOB M YYBCTBUTEIHHOCTH MEXaHHU3MOB
OTCPOUYEHHOW THOENM HEHPOHOB K HHTHOUTOPY
CHHTE3a OEIKOB — IMKIOTEKCUMHUIY — MOITBEp-
KIAIOT BEAYIIYIO POJb almonTo3a B THOETN KIETOK
[131].

Oxkcup azora (NO-remepupyioniee coeIMHEHUE)
Ccroco0eH MHUIUUPOBATH HECKOJIBKO HE3aBHCHMBIX
IpyTr OT Apyra MmporpamMM Tu0eilu KIeTOK. Ycra-
HOBJIEHO, 4TO NO BBI3BIBA€T HAKOIJIEHUE B KJIET-
kax ¢axropa p53 [132], KOTOpPHIH UTpaeT BaXXHYIO
pOJIb B aKTHBAIMHU aNOITO3a, HHAYIUPYEMBIM XH-
muueckuM noBpexaeHuem JHK (manpumep, nu-
okcunmom azota) [132-134]. CymiecTtByer MHEHHE,
YTO anomnTo3 KOHTpoiupyercs ypoBHeM AT
[133], a omHOW u3 OCHOBHBIX MuieHer NO wu
NO-reHepupyonux COEIUHEHUH TpH pa3BUTUHU
amnomnrTo3a sBAfOTCS mMutoxouapuu [132,133]. On-
HAKO UMEIOTCSI U MPOTUBOMOJIOXKHbIE JaHHbIE, CBU-
JIeTeNbCTBYIOIKE O TOM, yTo NO, mpoaynupyeMsli
B-mumpomuramMu denoBeka, HHTHOMPYET aIomnTo3
U peakTHBalMWI0 BUpyca OnimrteiiHa—bappa, a uH-
rubupoanne NO-cuaTa3 B-mumdornutos uenose-
Ka, HampoTuB, ycmwiuBaer amonto3 [134]. MoxHo
MPEaNOoI0XKUTh, YTO POJb «IBYJIHUKOTO SHYycay» y
NO cBs3aHa ¢ TeM, YTO OH MOJXKET Jerko mpespa-
maTbcsd B NO, ¥ EPOKCUHUTPUTHI, KOTOPBIE CIIO-
COOHBI IOCiIe MPOTOHUPOBAHUS pacnanaThCcsi BHOBb
Ha NO, n OH-pagukansr [135]

Bosneiicteue NO, Ha HeHAaCBILICHHBIE KUPHbIE
KUCJIOTHI, BXOJISIIHE B cOCTaB (OCHOIUTHIOB MEM-
OpaH, MOXET MPHUBOJUTH K JIOKAIIbHOMY TOBPEK-
neHuro mem6Opan [47,48,135,136]. Oto Oblmo mpo-
JIEMOHCTPUPOBAHO HAMU MPHU MOJACIUPOBAHUHU TOK-
cudeckoro BoszeiictBus HUTpUTOB (NO-reHepu-
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pYIOIIEro COEAMHEHUs) Ha IPUTPOLUMUTH KpoBU. B
TeuyeHue nepBbIX 30 MUH, KOTJa B KPOBU IMPEUMY-
IIECTBEHHO HJET BOCCTAHOBHUTEIBHOE MpeBpaliie-
nue noHos NO; B NO [135,136], nabmronaercs

nepepacnpeseineHue 0eIKoB U3 pacTBOPUMOTO CO-
CTOSIHUS B MeMOpaHHO-CBsI3aHHOE cocTostHue [135,
155,156]. Ogrnako cmycts mojJTopa—aBa Jaca, Koraa
NO, BbICBO0OXK1asICh N3 KOMINIEKCOB I'eéMOTJI00MH—
NO, npespamanca 8 NO, n nonsr NO3, Habmr0-

Jalli JIOKAJIbHOE MOBPEXICHHE MeMOpaH 3pHUTpO-
uutoB. ITokaszano, yro NO, npu B3auMoaencTBun
C HEHACHIIIEHHBIMH JXUPHBIMU KUCIOTAMH (HAIMpH-
Mep, OJICMHOBOH KHCIOTOH) o0pasyer mnapamar-
HHUTHBIE IEHTPHI, KOTOPBIE 3aTeM BEAyT K IOJIH-
MEpH3alNu OKHCICHHBIX MOJEKYJI HEHaCHIIIeHHOM
)KUpHOU Kuciaotel [47,48,135]. Ecnu Takue mpo-
1EeCChl MPOUCXOJAT B KJIETKAX, TO 3TO MPHUBOIUT
K JIOKaJIbHOMY IMOBPEXJICHHIO MEMOpPaH M BBIXOIY
LHUTOIUIa3MaTHYEeCKUX OEIKOB U3 KJIeTKH. B ciyuae
BosjeiictBud NO, Ha JpUTPOLUTH HAOJIIOJaETCs
CHIDKEHHUE cojaepkaHus remoriodbmua [135]. Ilpo-
cTedilasi MOJeNnb, MOJydYeHHAash TIPU BO3JECUCTBUU
NaNO, Ha KpOBb (3PHUTPOLMTHI), HOJITBEPKAAET
JlaHHBbIE, IOJIy4eHHBbIE€ B OIBITaX C TIIyTaMaTHOMH
HEHPOTOKCHYHOCTBhIO u peiictBueM NO-reHepu-
PYIOIINX COEAMHEHWH Ha MO3keuok [51,62,80-94].
OTHU NaHHBIE, KaK YKa3bIBaJOCh BHIIIE, MTO3BOJIUIN
MoKas3aTrh, 4TO IJIF00asl KJIETOYHAas CHCTeMa — OT
HEHPOHOB M TIUAJBHBIX KJIETOK MO3ra BILNIOTH J10
9PUTPOLUTOB — XOTA U (PYHKIIMOHHpPYET MO COO-
CTBEHHBIM 3aKOHaM, B yCIOBHSX NAaTOJIOTHH, pa3-
BHUBaromeiics Ha (GoHE HHUTPO3ATHUBHOTO W OKCH-
JNIATUBHOTO CTpecca, MPOSBISAET ONpEIeICHHbIC Sau-
Hble Hecnenu(puYecKue 4YepThl HapymeHUH U To-
BpEeXIEHUU. DTH HapyUIeHUS W MOBPEXKICHHUS 3a-
BEpIIAIOTCS OTEKOM U JIOKAJIBHBIM TOBPEXICHUEM
MeMOpaH KIETOK H CYOKJIETOYHBIX CTPYKTYpP
(puc. 12a u 126). [IpencraBnenHpie 0000IICHUS U
chopMyIUPOBaHHBIE BBIBOJBI XOPOIIO COTIACYIOT-
Csl C MHOTOUYHNCIICHHBIMU JTUTEPATyPHBIMH JTAHHBIMH
[157—-172]. Ot 0000OMICHUS TTO3BOJISIOT MPHUIATH K
3aKJIIOYEHUI0O O HAJWYWW THUIIOBOTO MAaTOJOTHYe-
CKOTO TMpoliecca MPU Pa3BUTUU MHOTOYHUCICHHBIX
3a00JIeBaHUH, KOTOpPBIE MOTYT OBITH 00YCIOBIEHBI
HapylUIeHUIMHU ITUKJIOB OKCHJa a30Ta U CyHepoK-
CHUJTHOTO aHHMOH-paamkana (puc. 6) [32-35,173], mo-
ABJIEHMEM BbICOKOpeaknuoHHoro NO,, cnoco6Ho-
r0 y4aCTBOBATH B LEMHBIX CBOOOIHO paIUKaIbHBIX
peakuuax. Monekynst NO, MOryr moBpex-
JIaTh/OKUCIATh MPAKTUYSCKU BCE OMOXUMHYECKHE
KOMITIOHEHTHI KJIETOK, BKJIIOYash HU3KOMOJIEKYJISAP-
HbIe XUMHYECKHE COETMHEHUS.

Takum oOpazoM, MeXaHH3MBI HeKpo3a (TIoBpe-
XKICHUS MeMOpaH KJETOK M CYOKJIETOYHBIX CTPYK-
Typ), CBA3aHHBIE C IJIyTaMaTHOW HEHPOTOKCHYHO-
crpio U AeiictBueM NO-reHepHPYIONIUX COCIHHE-
HHAW, U MPOTpaMMHUpPOBAaHHAs KJETOYHAs THOENb,
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PEYTOB u np.

Puc. 12. Hecnennpuueckne HapymeHHs W MOBPEXACHHUS KIETOK U CyOKJIETOYHBIX CTPYKTYp — OTeK (a) W JIOKaJbHBIE
noBpexaeHus MeMOpaH (6—x): (0) — B IIIMaIbHBIX KJIETKaX, 00pa3yroIuX MHOTOPSAHBIE «OOKPYTKI» BOKPYT 30H OTeKa
U TOBpEXJIEHHS HEHPOHOB (Ha Bpe3Kax — 30HBI MOBpexAeHUs); (B) M (I) — B CJIO€ 3EPHHUCTBIX KJIETOK MO3XKedka (0T
JIOKAJIbHBIX MOBPEXACHUH 1O CIHSHUS KJIETOK); (X) — ImepepacrpeneleHne OelKOoB M3 pacTBOPHMOI0 B MeMOpaHHO-
CBSI3aHHOE COCTOSHHC B DPHUTPOIHTAX W JIOKATbHBIC MOBPEKACHUS 3PUTPOUUTAPHBIX MeMOpan [80-93,135].

XOTS U Pa3BUBAIOTCA C PAa3IUYHOU CKOPOCTHIO, HO
MOTYT 3aIlyCcKaTbci THapasuienbHo. B oboux ciy-
JassX aKTUBHBIM MOBpPEXKIAIONIUM (AKTOPOM MO-
KeT ObITh auokcua aszora NO, kak Haubonee
aKTHBHOE CBOOOJHO paaAWKaIbHOE COEJUHEHUE,
crnocoOHOe y4acTBOBaTh B ILEMHBIX CBOOOJHO pa-
NUKAJIBbHBIX MpOIleccax, KOTOPBIE MPOTEKAIOT, Ha-
npuMep, OpU B3PHIBAX U TOPEHUHU, B TOM UHCIE
B pakeTHOM TorutuBe. OIHAKO MaKCHMaJIbHOE IPO-
SIBIICHUE DKCAUTOTOKCUYECKOTO ACHCTBUA riyTama-
Ta, Pa3BUTHE HEKPOTHUUYECKUX U AMONTOTHUYECKUX
MOBPEXIAEHUH MOTYT OBITH CABHHYTHI BO BpPEMEHHU
(puc. 11) [12,134,170-172]. IloaTOMy pa3HBIE CO-
YeTaHUS X MOP(OJOTHIECKUX MPHU3HAKOB H IO-
SIBIICHHE OMOXUMHUYIECKUX MapKEpOB B TCUCHHE JITH-
TEIFHOTO TEepHOo/ a HAOJIIOJEeHUN BIOJIHE 0O0BsICHH-
MO W mpeacKkazyemMo. B pa3BuTHM MeXaHU3MOB
alomnTo3a MHUIIEHLIO BO3JIEUCTBUS NO2 B slpe
MOTYT OBITh TyaHuHOBBIE OcHOBaHusI JJHK u 6enku
[137-139]. [Ipu pa3BUTUH MEXaHU3MOB HEKpPO3a
MuIIeHblo BosjelcTBus NO, B MeMOpaHax KJIETOK
U CyOKJIETOYHBIX CTPYKTYpP MOTYT OBITH OCNKH H
HEHACHIII[EHHbIE JKUPHBIE KHUCIOTHI, BXOIANIHE B
cocraB (ochomunmuaoB memOpan [46,135]

SAKJIFOYEHHUE

BOHpOCLI O TOM, 4YTO TaAKO€ XH3Hb, B YEM
COCTOUT €€ CYIIIHOCTb, KaKOBbl MCXaHU3MbI U IIPUH-
OUIIBI, JICKAIINEC B OCHOBEC XHU3HCACATCIIbHOCTH KH-
BBIX OpraHu3MoB, OO0 HACTOAMIETO0O BPEMEHH HE
MOJTYYHUTIN HCUEPIIBIBAOMIUX OTBETOB U OIIPCACIIC-

HUH, KOTOpBIE YIOBIETBOPUIN OBl BCEX YYEHBIX
[174]. B HacTosmiee BpeMs BCE, UTO Mbl MOXEM —
9TO TMEPEYUCTUTh T€ NPHU3HAKU >XUBBIX CHCTEM,
KOTOpPBIE OTJMYAIOT WX OT HEXUBBIX OOBEKTOB.
Takux mpuU3HAKOB MHOMXECTBO — OT Pa3MHOXKCHHS
no oOyuenust [174-186]. Kako#t w3 HUX caMmbId
rinaBHbM? OAHO3HAYHOTO OTBETAa Ha OTOT BO-
MpoC HeET.

He noamaercs ogHO3HAYHOMY M HCYEpIBIBAIO-
LIeMY ONpEeNeNIeHUIO OHATHE 001e3Hb, TOTOMY YTO
3TO 0COOBIM BHI JKU3HEHHOrO MpOLEcca, BO3HU-
Karonui moa BIUSHUEM 4Ype3BbIYAMHOTO pasjapa-
KUTECIIA N HpOSIBJIS[}OIIII/II‘/'ICSI HapymeHUueM MEXaHH3-
MOB PEryjadluu opraHmsMa U CHUKCHUEM €TI0 IpHU-
cnocobnsiemoctn. duzmonorn um maToU3NOIOTH
Ha NPOTAXKCHUU HECKOJIBKHUX CTOJIETUN 6I>IHI/I opu-
EHTUPOBAHBl Ha MOUCK CTPYKTYPHO-(QYHKIMOHATB-
HBIX U3MEHECHUN U HAPYIIECHUI Pa3HBIX KIETOYHBIX
CHCTEM IIPH MEPEXoJe OT HOPMBI K 3a00JIEBaHUSIM.
TpanuUMOHHBIM JKETaHUEM y4YEHBIX, KaK yKa3bIBa-
JIOCh BBINIE, OBIO BBISBJIEHUE CHEHU(PUUECKUX H3-
MEHEHHMH KJIETOK M MJIa3MaTHYeCKUX MeMOpaH pas-
HBIX KJIETOYHBIX CTPYKTYp IpPH KakJOM HaToJo-
TUYECKOM Mpouecce u 3aboneBannu. OTHAKO OKa-
3aJI0Ch, KaK OBIIO OTMEUYEHO BO BBEJCHUU, YTO
IIpyu pa3jn4YHBIX MNATOJOTHUYCCKUX MpoIecCax Ha-
OnromaroTcs, MpEeXAe BCEro, yHUBepcalbHBIE He-
CHCHI/I(bI/I‘-ICCKI/Ie U3MCHCHHUS KIICTOK, IIJIadMaTH4C-
CKHX MeMOpaH W MeMOpaH CyOKJIETOYHBIX CTPYK-
Typ. DTO TO3BOJHUIO TOBOPHUTH O CYLIECTBOBAHUH
TUNOBBIX Hecmeun(pUUecKuX HapymIeHUH KIETOK,
CyOKJIETOYHBIX CTPYKTYP, @ Tak)Ke MeMOpaH KIIETOK

BUODPU3UKA ToMm 64 Bpmm. 2 2019



MOJIEJIb TJIVTAMATHOW HEMPOTOKCUYHOCTHU

U CyOKIJIETOYHBIX CTPYKTYyp. B Hacrosmee Bpems
MOHSATHE THUIOBBIX HECHEMU(PUISCKUX HapyUICHUH
MOJYyYWJIO HIMPOKOE pacHpoOCTpaHEHHE, a y4eHbIe
YCTPEMUIINCh Ha TMOUCKH YHUBEPCAIbHBIX, CTEpEO-
THITHBIX W TMOJUITHOJOTHYHBIX MEXaHHU3MOB, Jie-
KalluX B OCHOBE MHOTOYHCIEHHBIX MaTOJOTHYE-
ckux mporeccoB. [TocTeneHHO CTalo BBIKPUCTAJ-
JMU30BBIBATHCS CaMO TOHSITHE THUIIOBOTO MAaTOJO-
rudeckoro mpoiecca. CormacHO COBPEMEHHBIM
MpEeCTABICHUSM, TUIIOBOW MATOJIOTUYECKHH IMpO-
[ecC — 3TO KacKaJ IOCIeA0BaTENbHBIX pPEaKIui,
BO3HUKAIOUIMX B OpPraHU3Me B OTBET Ha BO3JEM-
CTBHE BHEIIHEr0 WJIM BHyTpeHHero Qakrtopa. Cpe-
I TUTIOBBIX MAaTOJOTHYECKUX IPOIECCOB Hanbomee
4acTO Ha3bIBalOT BOCHAJUTENbHBIM MpoIliecc, KO-
TOPBIH, C OJTHOW CTOPOHBI, NMPENCTABIAECT MECTHYIO
peaknumio OopraHm3Ma, a ¢ APYrod — oTpaxkaer
00WIYI0 CHCTEMHYIO peaknHio opraHu3ma. Bmecre
C TeM BOCHAJIEHHE — 3TO IpOllecc, KOTOPHIN Bceraa
nmpoTekaer Ha (OHE HUTPO3AaTUBHOTO W OKCH[A-
TUBHOI'O crpecca. [103TOMYy HUTPO3aTUBHBIN U OK-
CHUJAaTUBHBIH CTpECcChl MOXHO C IMOJHBIM OCHOBa-
HHEM OTHECTH K TUIIOBOMY MaTOJOTHYECKOMY IIPO-
eccy.

B 0030pe aHanu3mpyercs KOHIEIIHS, COTIIAC-
HO KOTOpOH TOBpEexXJeHne MeMOpaH KIETOK H
CyOKJIETOYHBIX CTPYKTYp NpPH TOKCHYECKOM BO3-
NIEACTBUU TIIyTamaTta, MOBBIIICHUH KOHIEHTPAIUH
Ca?', akTMBHBIX (OPM a30Ta M KHCIOpPOJA SBIS-
eTcs CJIEeNCTBHEM HAapYUICHHUS MHKIUYECKHX pery-
JATOPHBIX MEXaHU3MOB, CBSI3aHHBIX C IUKJIaMH
OKCHJa a30Ta U CYNepOKCHIHOTO aHWOH-paJnKaa,
Y TIOSIBIEHUS BBICOKOPEAKIIMOHHOTO COCIWHEHHS —
JUOKCHIa a30Ta, CIIOCOOHOT'0 K IEMHBIM CBOOOI-
HOpaJAMKAIBHBIM pPEaKIUsAM, B XOJe KOTOPBIX IO-
Bpexaarorca JJHK/PHK (ryannHoBbIE OCHOBaHUA),
OKUCISIOTCS W HHUTPYHOTCA/HAUTPO3IWIHPYIOTCS TH-
PO3WHOBBIE aMUHOKHCIOTHBIE OCTATKH, OKUCISIOT-
csl Cynb(OrupIIbHBIC AMUHOKHUCIOTHI, OKHCISIOTCS
U HUTPYIOTCS/HUTPO3UIUPYIOTCSA JIUMUABI, BXOIS-
IIMe B COCTaB KIIETOK M CYOKJIETOYHBIX CTPYKTYp
(HeHaCHIIMIEHHBIC XUPHBIE KUCIOTH). Takne Hapy-
IIEHUS IUKJINYECKUX PEryIATOPHBIX MEXaHHU3MOB
BO3HHUKAIOT IPU HIIEMHUHU/TUMIOKCUU, BOCHAIUTENb-
HBIX TIPOIECCaX, CEepPAEYHO-COCYIHUCTHIX, OIyXOJe-
BBIX M APYrUX 3a00J1€BaHUAX, HA (OHE MOBBIILIECHUS
HUTPATHO-HUTPUTHOTO ()OHA, KOTJa aKTUBHO HC-
MOJB3YIOTCS HUTPATBI/HUTPUTHI M KUCIOPOJ B Ka-
YecTBE aKIENTOPOB ANEKTPOoHOB. [Ipu 3Tom obpa-
3YIOTCS 3HAYMTENbHBIE KoJmdecTBa Mojekyn NO
n cBOOOJHO pagWKaJbHBIX MPOIYKTOB €ro Ipe-
Bpamenua (NO,) Ha QoHe nelcTBUSA aKTHUBHBIX
¢dopm kucnopona. [Ipu HapymieHUsIX HOpMaJIbHBIX
MHAKINYECKUX PETYISTOPHBIX TMPOIeccoB (IIUKIOB
OKCHAAa a30Ta M CYNEpOKCHIHOTO aHHMOH-paJIuKa-
na — puc. 6), pa3BUBAIOTCA IleNHbIE CBOOOJHO pa-
NWKAIbHBIE pEaKIUU, MOX0XHE Ha Te, KOTOPHIE
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pa3BUBAIOTCS TPH B3pBIBAX W TOPCHWH, U HAYH-
HaIOT OJHOBPEMEHHO JIEMCTBOBATh HUTPO3aTUBHBIN
Y OKCHUJIaTUBHBIE cTpecchl. COracHO pa3BUBaEMBIM
MPEICTABICHUSIM, 3TH MPOIECCH JIe)KaT B OCHOBE
MHOTHX 3200JI€BaHUH, MPOTEKAIOMMX Ha (POHE BOC-
MaJICHUsI, U MOTYT COCTaBJIATh OHOXUMHYECKYIO
OCHOBY THIIOBOTO MAaTOJOTHYECKOTO TIpolecca
[157-167]. AxTuBauus MPOIECCOB MEPEKUCHOTO
OoKHCIeHusT TUIUA0B [158], moKanbHBIE MOBpPEXKIE-
HUSI MEeMOpaH KJIETOK U CYOKIIETOYHBIX CTPYKTYpP
[135], pa3BuTHe OTekOB Ha (poHE HAPYIICHUS dHEP-
FeTUYECKUX MEXaHU3MOB M HMOHHOTO TOMeEOocTasa
[18,176] sBasiroTCsT MOP(OIOTHUYECKUM BBIPAXKEHU-
€M JTHX OMOXHMHUYCCKUX peakiuit [176—186]. Kom-
MEHCATOPHO-MIPUCIOCOOUTEIbHBIE PEAKIIUU U Me-
XaHU3MBl aJanTalud, KOTOopble cHOpMHUPOBAITUCH
B MO3r€ B pe3yjbTaTe SBOJIOLMUU U pa3BuTus [176],
0Ka3aJUCh BOBJICUCHHBIMH TaKXXE€ U B MEXaHU3MBI
namsatu u obyuenus [187-189]. DTo xopomio co-
riacyercs ¢ KOHIENIued O TOM, 4TO Pa3BHTHE U
oOyuenne wmmeroT o0myr ocHoBy [187], a NO
MOJXET Y4aCTBOBaTh KaK B aKTHUBAIIMU IPOIIECCOB,
CBSI3aHHBIX C MaMAThI0O M OOy4eHHeM, Tak U B
WHTUOUPOBAHHUM 3THX MpoleccoB [188,189].

B kadecTtBe mpoUIAKTHYECKUX H IJI€4eOHBIX
CpPeACTB NpPH Pa3BUTHUU HHCYIHTOB MOXHO OBLIO
OBl HCIOJIb30BATH T€, KOTOPBHIE MHTHOUPYIOT 00-
pa3oBaHue MO0 aKTUBHBIX (HOPM KHUCIOPOIA, JIU-
00 akTHBHBIX (GopM a3oTa, TUOO OCYIIECTBISIOT
OJHOBPEMEHHOE HMHTUOMPOBAHHE OKCHIATHBHOTO
W HHUTPO3aTHBHOTO cTpecca. Takue cnocoObl 3a-
IIUTHl HEWPOHOB OBLIA MPOJAEMOHCTPUPOBAHBI HA
KyJIbTYpe 3€pHHUCTHIX KJIETOK MO3)KeUKa C HCIOJIb-
30BaHHEM HWHTHOUTOPOB HEWPOHAIBHOM W HWHAY-
nuoensHOit NO-cuHTa3 [179], Ha KpbIcax JIUHUH
KpymnHckoro—M onoakuHON IpHu pa3BUTHU Y HUX
reMopparu4eckoro HMHcyibTa [54-56], B Momenb-
HBIX UCCIIEIOBAHUSIX Ha Mo3xkeuke jsarymku [10,51,
80-94,118-123]. OTn cnocod6sl O6bLTH anpoOUpoOBa-
Hbl B HalIMX paboTax M MOKa3ajdd CBOIO BBICOKYIO
s¢pextuBHOCTE. Tak, B 4aCTHOCTH, BEIIECTBA, CHH-
KAIIIue YPOBEHb HUTPO3AaTHBHOTO CTpecca — WH-
rUOUTOPHI HelipoHanbHOU M MHIynHOensHOU NO-
CHHTA3 — 3allMINaJd KpbIC JUHUH KpymuHCKOTro—
MonoakuHO# OT TuUOETM NpH Pa3BUTUU Y HHUX
reMopparu4eckoro MHCYJIbTa, BBI3BAHHOTO JAEHCT-
BHEM aKycTHuyeckoro crpecca [54-56]. Ilonoxu-
TEeNbHOE ACHCTBHE MPHU PA3BUTHUH T'EMOPpPaTruIecKo-
ro HWHCYJIbTa TaKXe OKa3blBajlud THUIIOKCHYECKOE
npeKoHAUUHOHUpOoBaHue [70-74] U mnenTUAHBIN
npenapat koprekcuH [180,181], koTOphIli yMeHBb-
maj KOHIIEHTpAaNuio akTUBHBIX (hopm azorta [180],
CHUYKAJl YPOBEHb OKUCJIICHHOTO TyaHWHa/TyaHO3WHA
(8-0KC0-2-m€30KCUTYyaHO3WHA) — MTOKa3aTelsl YPOB-
HsI oKcuaaTuBHOTO crpecca [137-139] u ymenbman
MOoBpeXaaronmee JeHCTBHE HEHPOHOB MO3KEUYKa
kpbic guHUH KpymwHCKOT0—M 010 IKHHO#H (MOp-
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(donmoruyecKkue WCCIENOBAHUA YIbBTPACTPYKTYPHI
HEHPOHOB MO3KEUKa) MPH PA3BUTHH Y HUX TeMOp-
parmv4ecKkoro WHCYNbTa, BBI3BAHHOTO JAEHCTBHEM
akycrudeckoro crpecca [182,183] Taxkum xe mei-
CTBHEM 00J1aJlal0o W OTPAaHWYECHHE ABUKEHUU BO
BpeMs pa3BUTHS TeMOPPArHIeCcKOro HHCyabTa [62].
CHuxeHue (pu3nUeCKOl HArpy3KH, NPUHYIUTEIb-
HO€ YMEHBIICHUE ABUTATEIbHOW aKTUBHOCTHU (IIpe-
ObIBaHUE XUBOTHBIX B IICKCHUIJIACOBBIX MEHAJIaX)
MPHUBOJUIO 3TUX XKUBOTHBIX B COCTOSIHUE BBIHYXK-
JIEHHOTO TMOKOS. DTO COCTOSHHE CHIKAIO PaCXO]
sHepruu (AT®), BaXXHOU IJIs TTOIIEP)KAHUSI B OTHX
YCIOBUSIX HOHHOTO romeocra3a [18]. CHuxeHue
JIBUTATEIbHOW aKTHBHOCTH W apTEepUalbHOTO JaB-
JIEHUs, TIEPEBOJ] MaIlMEHTOB B CIIOKOWHOE COCTOs-
HHe, 6m3K0e K (U3HOTOTUIECKOMY CHY, SBISIOTCS
neixecooOpa3HeIMU B ITUX ycinoBusX. IIpum 3Towm,
YeM paHbllle TallUeHThl 0Ka3bIBAIOTCS B COCTOSHUU
MOKOS, OTU3KOTO K (PU3MOIOTHYECKOMY CHY, TeM
0oJIbIIIe BEPOSTHOCTh MX BBDKWUBAHUS. DTHU Jeded-
HbIE MEpONpUATHI, KaK YKa3blBaJOCh BBIIIE, HC-
MOJIB3YIOT B KIMHUKAX, KOT/A B TSKEIBIX CIydasx
MaIMeHTOB TEePEBOIAT B «HUCKYCCTBEHHYI0» KOMY.
ITpu sTom norpebHOCTH B mocrymiuennn O, B HX
OpPraHW3M H €ro MNoTpedJieHne MHUTOXOHIPUSIMHU
HEHPOHOB U TJIMAJBHBIX KJIETOK 3HAYUTEIHbHO CHH-
Kaercd, TaKXe CHIDKAeTCs BO3JEHCTBHE OKCHIa-
TUBHOTrO crpecca. OrpaHudeHne MOCTYIUIEHUS H3-
OBITOYHOTO KOJUYECTBA HUTPATOB U HUTPUTOB
BMECTE C BOJOM, NMHUILEH U JIEKAPCTBEHHBIMU IIpe-
napatamu [184,185], mpumeHeHWEe WHTUOUTOPOB
HeHpOHaNbHOW U MHIYIUOenbHOU NO-CcHHTa3 Tak-
)K€ MOXeT OBITh IenecooO0pa3sHbIM B YCIOBUAX
MOBPEXICHNSI HEHPOHOB U ITHAJIBHBIX KJIETOK MO3-
ra [176-179]. Takum o6pa3om, aHATH3 MEXaHU3MOB
TOKCHYECKOTO BO3jAeWcTBUsA riayramata U NO-re-
HEPHUPYIONIEr0 COENWHEHHUS KaK MOJENH HHCYJIbTa
[176-178,186] mO3BOMHMJI TPEIIOXKHUTH CIOCOOBI
YMEHBIIEHHs TOBPEXAAIOIEero AeWCTBUA yKa3aH-
HBIX BBINIE€ BEMIECTB, KOTOPHIE MOXHO HCIOJb30-
BaThb U KOTOpbIE YACTUYHO YK€ HCIOJB3YIOTCS B
KJIMHUKE TPU JIEYEHUW HIIEeMHYECKUX U TeMoppa-
TUYECKUX WHCYIbTOB, KPOBOUBIHSIHUN U YepeIHO-
MO3TOBBIX TPaBM.
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The glutamate model of stroke is analyzed from the point of view of the development of a typical
pathological process, which, in the opinion of many scientists, takes place against the background
of a violation of the main regulatory mechanisms. Due to this analysis it is possible to identify
the main mechanisms that underlie the transition from normal physiological processes to the
development of common pathological changes. This paper aims to analyze the generalizing concept
of the development of pathological processes, according to which the typical pathological process
is based on nonspecific disruptions of cyclic regulatory processes when the levels of active forms
of nitrogen and oxygen simultaneously increase. When concentrations of active forms of nitrogen
and oxygen are beyond the regulatory capabilities of biochemical antioxidant systems, it leads to
disruption of the cycles of nitric oxide and superoxide anion radical. From a conceptual point of
view, damage to the cell membranes and subcellular structures under the toxic effects of glutamate
is a result of the formation of a highly reactive compound, nitrogen dioxide, with the above
violations, which can participate in free radical chain reactions and oxidize the main biochemical
components that make up living organisms: DNA/RNA (guanine bases first); fatty acids (unsaturated
fatty acids that are part of phospholipid membranes); proteins (SH-groups of sulfur-containing
amino acids and OH groups of tyrosine residues of proteins, with the subsequent formation of
nitrotyrosine). This concept is in good agreement with the ideas that any “disease is associated
with a failure of regulatory mechanisms” (R. Virkhov), the basis of which is laid by “dysregulatory
pathology”. (G.N. Kryzhanovsky). Analysis of mechanisms of the toxic effects of glutamate- and
NO-generating compounds, as a model of stroke, made it possible to suggest methods of reducing
the damaging effects of the above substances, which can be used and have already been partially
used in clinical trials for therapy in ischemic and hemorrhagic strokes, hemorrhages and head
injuries.
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