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BanbnpoeBast kuciora (Bajabnpoar, BA) yke HECKOJBKO OECSATUIECTUN IIUPOKO MC-
MOJIb3YeTCsl KaK MPOTHUBOIMUJIENITUYECKOE CPEICTBO, a TAKXKE B JIEYEHUU OUITONISIPHOTO
a¢dexTuBHOrO paccrpoiictsa. Ha nporsokeHMM MHOTUMX JieT criocoOHocTh BA kymnu-
poBaTh SMUWJIENITUYECKHWE MPUCTYIBI PA3HOIO XapakTepa CBSI3bIBAJIM C YCWICHUEM
IT'AMKepruueckoii HEMpOTpaHCMUCCUM, YTHETEHMEM TIJyTaMaTepruyeckoili Heupo-
TPAHCMHUCCHUU U OOIIUM CHMXXeHUeM runepaktusHoctu LIHC nytem Bo3neiicTBus Ha
HMOHHBIE KaHAJIbI, OJTHAKO TOYHbIE MEXaHU3MBbI peaTnu3aliy MPOTUBOCYIOPOXKHOI0 3 -
dekra BA 1o cux nop He sicHbl. C TeUeHHEeM BPEMEHHU CTaJI0 U3BECTHO O BIUMsIHUU BA
Ha Jpyrve HeiipoMennaTOpHbIE CUCTEMbI, (PepMEHTHI M BHYTPUKIIETOUYHBIC CUTHAIb-
HbI€ MYTH, YTO, OMHAKO, He 0OBsICHSIET 3 (HEKTUBHOCTD Tperapara B KauyecTBe aHTH-
KOHBYJIbCAHTa M1 HOPMOTUMUKA, a JIMIIb pacluupsieT ero hapMakoJIOru4ecKuii mpo-
¢unb. 3a nocnennue 10 netT poxkyc nHTepeca K BA cMecTuics B CBSI3U C €ro ClOCOOHO-
CTBIO U3MEHSITh KCIPECCUIO TEHOB KaK ITyTeM MHTMOUPOBaHUS JealleThIa3 TMCTOHOB,
Tak ¥ M3MeHeHueM ypoBHs1 MeTwiaupoBaHus [ITHK, u HoBble McciaenoBaHusi ckopee
PacKpBIBAIOT aJIbTEPHATUBHBIC MEXaHU3MBI €T0 IeICTBUSI, YEM IThITAIOTCSI IIPOBEPUTH U
MOATBEPANUTDb paHee BbIIBUHYTHIC TUITOTE3bI.

Karouesovie croea: BanpbnpoeBasi KMCI0Ta, SOWIEIICUS, ASMPeEccHsl, paccTpoiicTBa ad-
(eKTUBHOTO CITeKTpa, PeryJsiiusi 3KCIPECCUU TeHOB, MHTMOUTOp JealeT1a3 r’icTo-
HOB, HEMPOIPOTEKLISI
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BBEAEHUWE

BanbrnpoeBast KucioTa (2-IporuineHTaHoBast KMCI0Ta) — 3TO HAChIIIEHHAas pa3BETB-
JIEHHAasl OMTHOOCHOBHasi KapOoHoBasi Kucjiora (puc. 1), cuHTe3upoBaHHas eie B 1881 1.
BeproHowMm [1], HO ToTyyMBIIIasi TIPUMEHEHNE B KJIIMHUYECKOW MPAKTUKE JIUIIb CITYCTS
MpaKTUIEeCKU 1ebiil BeK [2]. PapMaKoaorndeckoe NelCcTBHE BAIBIIPOSBOM KUCIOTHI 1
ee Mpou3BOMHBIX [3] 0OYyCIOBIEHO XUMNYECKIM CXOIACTBOM €€ MOJIEKYJIbI C TAKMMU HEM -
pomeauaTopaMu, Kak raMma-amuHoMacssiHas kuciaora (TAMK) u yramar (puc. 1).

CoJn BaabIpoeBOii KUCIIOThI, UMEHYyEeMbIe BaJlbIIpoaTaMu (mayiee 1o TeKcty BA), mm-
POKO M3BECTHBI KaK MPOTUBOAMWIENTUYECKUE CpeAcTBa [3], MIPUMEHSIIOTCS B Teparuu
ahGEeKTUBHBIX pacCTPOCTB [4], B mpoduaakTUKe U KyIMMpOBaHUM MUTrpeHeit [5, 6], a
TaKXe 00J1a1aloT CJTa0OBBIPAKeHHBIM aHTUIEIIPECCUBHEBIM 3¢ dekToM [7]. BA ncnonn3y-
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Puc. 1. CtpoeHue MOJIEKYJIbl BAIBIIPOSBOM KUCJIOTHI, a TAKXKe HEMPOMEINaTOpOB — raMMa-aMUHOMACIISTHOM
kucnotsl (TAMK) 1 m1yTaMMHOBO# KUCIIOTBI, C KOTOPBIMU BaJIbITPOEBast KUCJIOTa UMEET 3JIEMEHThI CXOICTBA,
SIBJISISICh PA3BETBJIEHHOU KOPOTKOLIEMMOYEUYHOMN XKMPHOU KUCTOTOM.

eTcs IS JISUeHUsI TIPaKTUIeCKU BCEX TUTIOB 3MUJICTICUY, OMHAKO HAaUOOIbIIyIo 3(hdek-
TUBHOCTb OH JE€MOHCTPUPYET MPOTHUB aOCAHCOB, IOBEHWJIBHON MUOKJIOHWYECKON 311~
JIETICUM, a TaKKe MPOTUB SIMWICTICUM C TeHePaTN30BaHHBIMUA TOHUKO-KIOHWYECKUMU
npuctynamu [8]. CTout oTMeTUTh, uTo BA 0OsianaeT HaMMEHBIIIUM ITOKa3aTeJIeM arrpa-
BallUM Cpe€au BCCX MCIIOJb3YyEMBIX B KJIMHUYECKOM NMPaKTUKE ITPOTUBOCYJOPOXKHbBIX
CPEICTB, UTO TOBOPUT O XOpolllei mepeHocuMocTu npenapara [9, 10]. OnHako, HecMOTpst
Ha TO, YTO 3TOT Mpernapar UCHOJIb3yeTCs B ICUXUATPUU U METUIIMHE yXe 6osee 60 JerT,
JIMIITb HEMHOTHE M3 MEXaHU3MOB NeiicTBUsI BA mokazaHbl M He BBI3BIBAIOT COMHEHMIA.
B wacTHOCTH, OTHMM M3 HauboJIee IMMPOKO U3yYaeMbIM M TIONTBEP>KICHHBIM CBOMCTBOM
BA sBiisiercsi cnocOOHOCTh MHTMOMPOBATH JlealleTUIa3bl TMCTOHOB U BJIMSITh HA COCTOS -
HUE XpoMaTuHa U 3Kcrpeccuto reHoB [11—13]. Cyns o Bcemy, UMEHHO CITOCOOHOCTH
BaJIbIIpoaTa HAaTPUs BJIUSITh Ha BMUTEHETUUYECKE MEXaHU3Mbl SKCIIPECCUU TEHOB OTJIM-
YaeT ero OT APYTUX MPOTUBOCYIOPOXKHBIX, HOPMOTUMUYECKUX U MPOTUBOMUTPEHO3HBIX
MpernapaToB U OTBETCTBEHHA KakK 3a MpeuMylinecTBa BA nepen HUMU, Tak U 3a HeXeJla-
TeJIbHBIE TTO00YHBIE 2(P(hEKTHI.

ITockonbky dhapmakoknHeTnKa BA yxxe He pa3 mogpoOHO paccMaTpuBajlach B IUTEpa-
Type [14, 15], aHanmm3 ero Mmerabojn3Ma ¥ TOKCUIHOCTHA He BXOIWJIN B LIEJIM JAHHOTO 00-
30pa, ¥ OCHOBHOM aKIIEHT clieJaH Ha OOCYKIeHUM MOJEKYISIPHBIX MEXaHU3MOB, O0Y-
CJIOBJIMBAIOIIMX €ro KIMHUYECKU 3HAYUMBbIe CBOIMCTBA.

BAJIBITPOAT U TAMKEPTUYECKASI HEMPOTPAHCMUCCUS

W cTopryecku CII0XKUITIOCH, YTO IIPOTUBOCYIOPOXKHBIN 3(pdexT BA valme Bcero acco-
HMupyeTcs ¢ BozaeiictBueM Ha Topmo3dHyto TAMKepruueckyio cucteMy, T.K. BBeIeHUE
BA nipuBoauT K moBbIieHnI0 KoHUeHTpauuu TAMK B Mo3re [16]. B momnbITKax o0bsIc-
HUTh TAMK-1nio3utuBHBIN 3 dexkT BA npoBoaunocs nsydyeHue HanboJjiee BEPOSITHBIX
MEXaHU3MOB, C TIOMOIIbIO KOTOPBIX OH MOT ObI OCYIIIECTBIISITh TaKoe neiicTBue. B yact-
HOCTHU, OBLIO TMOKa3aHO, 4YTo BA moBbllllas B cpe3ax MO3Tra aKTMBHOCTb IJIyTaMatie-
kap6okcmrassl (GAD) — ¢pepmenTa, cuHTesupyooiiero TAMK u3 rmyraMMHOBOM KUCIOTHI
[17]. BBemenue BA taxcke cHimkaimo skcnpeccuio TpaHcroptepoB TAMK GAT-1 u GAT-3 B
TUMIoOKaMIe KpPbIC W TMOBBIIIAJIO YPOBEHb IJIyTamMaT-acnapTaTHOro TpaHcHopTepa
(GLAST), npuBoas k mobiiieHuto ypoBHss TAMK [18]. Takke ObLJIO OTMEYEHO, 4YTO
HaunGobpmmii 3¢ dekr BA Ha ypoBeHb TAMK nMeeT MecTO B 0OOHSITETLHBIX JIYKOBUIIAX
W TUMOTajaMyce, KOTOpbIE XapaKTepu3yloTcsl BbICOKOUM akTuBHOCThIO GAD n TAMK-
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tpaHcamuHasbl (GABA-T) [19, 20]. Takke 3KCIEpUMEHTAIbHO MOATBEPAUIIOCH ACki-
ctBue BA Ha MeTabonmmueckue nytu pacmeruienus TAMK [21, 22]. HeckoibKo JIeT Toc-
MOACTBOBaJIO MHEHHUE, 4To BA Hamnpsimyio nuarnoupyet GABA-T, kaTanu3upyionyio pe-
akuuio npeBpamneHuss TAMK B sHTapHBIN (CYKUMHWIOBEIN) TToyanbaerun [23], XoTsa
noBeiieHne KoHueHrpauu FAMK B TkaHsx npu BBeneHun BA o0OycioBiIeHO MHTMOM -
POBaHUEM IETUAPOTEHA3bl SHTAPHOTO MoyaabAeruaa (CyKUMHUI-TIONyalIbIeTu - 1eT U/~
poreHasbl, SSADH), koTopasi oKMC/IsIeT SHTapHbIM MoJyaJdbIerun A0 cyKiimHata [22].
HaxkaruiuBasich B IipucyTcTBUM BA, SHTapHBIN Moayanbaeruj MHIMOMpPYET MPSIMYIO pe-
akuuio, Katammsupyemyo GABA-T, tem cambim 3amemisist Metabonu3m TAMK n yBenm-
YMBasi €e KOHIEHTPAIHIO.

IToBeIlIeHNE YPOBHS SIHTAPHOTO TOJIyaJdbAeruaa MOXET CTUMYJIMPOBATh OOpPaTHYIO
peakunio GABA-T, B xome KOTOpOil SIHTapHBINA IIOJyaJbIeTUI KOHBEPTHUPYETCS B
TAMK, npuBozs K euie 0oJbliieMy MOBBIIICHUIO YPOBHSI HEipoMenuaTopa, 4To 4acTo
HabJironaeTcs y nauueHToB ¢ aedunutoM SSADH [24]. UccnenoBaHus in vitro TakxKe
MOATBEPIUIIN XOTh U HE3HAYMTEJIbHOE, HO TIpsiMoe nHruoupopanue GABA-T muuinMo-
JIIPHBIMUM KOHLIeHTpauusiMmu BA, onHako in vivo naHHbIii 3 deKT He Habmoaercs, T.K.
Takue KpaliHe BBICOKUE KOHIIEHTPAIIMU HEAOCTUXKMUMBI ITPY BBEIEHUM TEParieBTUYECKUX
o3 mpermapara [25].

HecmoTpst Ha GoJbIlIOe KOJTMYECTBO MCCIEIOBAHUI, B KOTOPBIX NpUEM BajibllpoaTa
yBeanuuBaeT KoHIeHTpauunio TAMK B HepBHOI TKaHU U IMKBOPE, CYILIECTBYIOT paOOTHI,
B KOTOPBIX OBUIO IIPOAEMOHCTPUPOBaHO, 4TO YpoBeHbh TAMK mociie XxpoHn4ecKoro BBe-
JIEHNS BAJILIIPOEBOM KMCJIOTHI JIMOO OCTaeTcsl Ha 6a3ajibHOM YPOBHE, JIMOO BOBCE MMOHU-
»KaeTcs. Tak, ObLIO MoKa3aHO, YTo BBelAeHHe BA malimeHTam co CJIOXHBIMU (pOKaTbHBIMU
SMUJIECNTUYECKUMHU MTPUCTYNIaMU He U3MeHs11o ypoBeHb [AMK B 3aTBIJTOYHOM 10JIe MO3-
ra (Mu3MepeHue HeiipoMenMaTopoB MPOBOAMIIOCH in Vivo ¢ moMoliiblo SIMP-cniekTpocko-
nun) [26]. B apyrom mcciaegoBanuu [27] GbLIO ITOKA3aHO, YTO XPOHUUYECKOE BBEIEHUE
BA kpricam nonmxano yposau TAMK Bo Bcex nccienoBaHHBIX OTAeaxX MO3ra.

YuuTbiBasi BCIO MMEIOIILYIOCSI HA TaHHBIA MOMEHT MHMOPMAIINIO, MOXHO TIPEANOoIO-
KWTh, 4YTO B OCHOBE IIPOTUBOCYIOPOXHBIX CBOICTB Bayibipoara jexutr TAMKepruue-
CKMi1 MexaHU3M [28, 29], XoTs uMerol1ecs: JaHHbIE CBUAETENBCTBYIOT O 00Jiee LIMPOKOM
crnekTpe ero neiictBus. Tak, ¢ UCIIOJBb30BaHUEM KYJIbTYP SMOPHOHAJIbHBIX KJIETOK MO3ra
KpBIC, a TAaKXKE CTBOJIOBBIX KJIETOK YeJIOBEKa ObLJIO IMoKa3aHo, YTo BA cyliecTBEeHHO 1o-
BEIIIIACT HelporeHe3 M pocT HeiipuroB, mpesblmas 3ddexkt BDNF, npuyem umcio
TAMK-110710XMTETbHBIX HEPOHOB YBEIUMYMBAETCS IMMOYTU B mecaTh pa3 [30]. Takoit u3-
OupaTtenbHbI HeliporeHHbIN 3¢ dekT BA paccMaTpuBaeTcss Kak BO3MOXHBIM MEXaHU3M
TepaneBTUYecKoro aeictBus BA [31].

BAJIBITPOAT U TTTYTAMATEPTUYECKASI HEMPOTPAHCMUCCUS

Jpyroe Bo3MOXHOE OOBSICHEHUE MPOTUBOCYIOPOXHOTO neicTBus BA 3akmiouaercs
BO BIIMSIHUY Ha DIyTamMaTepruyeckyio cuctemy [32]. Ha naHHBIM MOMEHT CUMTAEeTCs, YTO
BaJblIpo€Basi KUCJIOTA M €€ COJM TOJABISIOT KPAaTKOBPEMEHHYIO [eNOoJspu3aluio
(BIICIT), BhizBaHHywo aktuBauueii NMDA-peuentopoB (nanee NMDAR) riyramara
[33]. NMDAR — 3TO HOHOTpPOITHBIE PEeLeNTOPHI IITYyTAMUHOBOI KUCJIOTHI, 00JIafarolie
BBICOKOI1 TIPOHHLIAEMOCTBIO UTst HoHOB Ca’’ 1 MPUHMMAIOLINE HEMOCPENACTBEHHOE y4a-
crue B nojiroBpeMeHHoi noreHimanuu (LTP) — npouiecce, KOTOPHIii SIBASIETCSI MOJIEKY-
JISIPHOIT OCHOBOM oOy4YeHUs1 u namaTtu. Tunepdynkaus NMDAR, ocobeHHO 3KcTpacu-
HaNTUYECKUX, aCCOLIMMPOBaHA C 9KCAUTOTOKCUYHOCTHIO, BBI3BAHHOI M30BITKOM MOHOB
KaJibLIMsl B KJieTKe. Ha opraHM3MeHHOM ypOBHE T'MIlepakTUBalUs [JTyTaMaTepruieckoi
CUCTEMBbI MOXET MPUBOAUTH K cynoporaMm. HezaBucumo npyr ot apyra ObUTH TTOJyYeHBI
JIAaHHBIE O TOM, YTO Yy KpbIC BA momasisieT aenoysipu3aluio, acCoLMUPOBaHHYIO C BBEIe-
Huem N-metui-D-acmaprara (aronuct NMDAR), B MeanaibHO#M pepOHTAIbHOM KO-
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pe kphic [34], B cpe3ax runmokamMmna [35], B KJieTKax HEMPOHOB HEOKOPTEK A in vitro [36]
M B cpe3ax MUHaajaeBuaHoro teaa (amuraansl) [37]. Yruerenne NMDAR-omnocpenoBaH-
HOI Mepeaayy CUTHAJIOB MOXET OObSICHUTh TPOTUBORMUIIETITUYECKHE CBOMCTBa BA.

OTHOCUTENBHO IPYTMX MOHOTPOITHBIX IJIyTaMaTHBIX PELEeNTOPOB cuuTaeTcs, yto BA
He nopasisier BITCII, accouunpoBanHbie ¢ AMPA-peuentopamu [35]. OnHako 3Tum
BiussHue BA Ha miyramaTepruyeckyro TPaHCMHCCUMIO He 3akaHuyuBaetcs. [lokasaHo,
YTO XPOHUYECKOE BBEIECHUE BajblpoaTa (Kak U JIMTUSI — JPYroro HOPMOTUMUYECKOTO
mperiapara) CHIXKAeT CHHaNTu4yecKyio 3kcrpeccuo GluR1-cyobenuuuist AMPA-pe-
HenTopoB B rumniokamme [38], a Takke akcrnpeccuto GluR2-cyobenunuiisl AMPAR, Ha-
JIAYre KOTOPOM ompeneisieT KajJbLMEeBYIO HEMMPOHULIAEMOCTh coAepKaluux ee AMPA-pe-
menTopoB [39]. TouHble MeXaHU3MBEIL, JIeXKAalllFie B OCHOBE TaKoM mayH-peryisiun AMPA-
PeLenTOPOB, ColepXallluX NaHHbIe CyObeIMHUIIBI, BCE ellle He BbIssiCHeHBI. [Ipenmnonara-
IOT, UYTO yBeJIM4deHNe IIoTHOCTH AMPA-penenTopoB Ha MeMOpaHe HEIPOHOB SIBIISICTCS
OIHOM M3 MPUYMH BO3HUKHOBEHUS MAaHUAKAJIbHBIX U TUIIOMaHUAKAJIbHBIX (a3, Xxapak-
TEPHBIX 11 OMMOJISIPHOIro 1 Apyrux ad@eKTuBHBIX paccTpoiicTB [40], 1 CIIOCOOHOCTH
cosieii utusa 1 BA moHuxaTh ypoBHU cuHanTudeckoit akcnpeccun GluR1 1 GluR2
BHOCUT BKJIaJl B peajin3alinio HOPMOTUMMWYECKOM aKTUBHOCTH 3TUX MTPErnaparTosB.

INoTtenumansHOE B3ammoneiictBue BA ¢ MeTabOTpOIMHBIMU pelLieTOpaMU IIyTamarta
(mGIluR1-8) Ha faHHBIt MOMEHT He U3yuyeHo. TeM He MeHee eCTh JaHHbIE O TPeHATAIb-
HOM BiusiHUU BA Kak Ha cucTeMy SHIOKaHAOMHOWIHBIX PELIETITOPOB, TAK U HA CUCTEMY
mGlu-penenTopoB, IPUBOASIIEM K Pa3BUTUIO 1eDUILIMTA COLIMAIBHOTO MOBEIEHUS TPhI-
3yHOB (Momelnb ayTu3ma) [41, 42], omHako HaOMOmaeMble U3MEHEHUST B 9TUX PELIEIITOP-
HBIX CUCTeMax, BEPOSITHEE BCETO, SIBJISIIOTCS PE3YJIbTaTOM SMUTCHETUYECKON peryiasiiuu
9KCIIPECCUU X TeHOB [43].

Bosspamasice kKk NMDAR, cienyer yrmoMsiHyTh, 4TO oka3bpiBaeMoe BA BiusiHue Ha ne-
MOJISIpU3alIMIO, BbI3BAHHYIO aKTUBALIMEN JAHHOTO BUIa PELENTOPOB, MOXHO TakKXKe 00b-
SICHUTb TeM, 4T0 BA siBisieTcst ux aHTaroHucToM [44]. OgHako Ha JaHHBIK MOMEHT He
OBLIO MPOBEACHO UCCIIEN0BAaHMI caifTa cBsi3biBaHUsI BA Ha 3TOM pelienTope u Toro, CBsi-
3bIBAETCS JIM OH C HUM HAIPSIMYIO.

BaxxHoe nipeumyiiiecTBo BA 3akiiouaeTcsi B TOM, YTO OH JIOBOJILHO PEIKO BBI3bIBAET
KOTHUTHBHbBIE U ToBeneHUYecKre 3¢hGheKThl, Mpucylye 0JiokaTopaM MOHHOIO KaHaja
NMDA-penentopa (TakuM Kak KeTaMUH, QEHUNKIMINH 1 MEMaHTUH), a UMEHHO Tajl-
JIIOLIMHALIMM, TTApaHOII0, KOTHUTUBHBIN 1eUILINT, IeTIepCOHATU3ALIMIO, Iepeannu3aluio,
CEHCOPHYIO JeNprBaluio U Icuxo3 [45].

Wcxonsg u3 Beeit nmeroleiicss nHGOpMaliiM, MOXHO MPENnoaoXuTh, YTo BA, ckopee
BCETro, He SBJIsIETCs 0JI0KaTOpOM ITophl noOHHOTO KaHaia NMDA-penientopa u rpencTaB-
et co0oii MO0 HEraTUBHBIN aJJIOCTePUUECKU MOAYJISITOP JaHHOTO peLenTopa, Jubdo
OpPTOCTEPUYECKUIT aHTAarOHUCT caiiTa CBsI3bIBaHUS L-Tyramara WM IIMLIMHA, a TaKXKe,
BO3MOXHO, peanu3yeT cBoe AciictBue Ha NMDAR KocBeHHO, He CBSI3BIBAsICh C CAMUM
peuentopoMm. TpeOyeTcss manbHeiilnee miaydeHue BImssHUSI BA Ha NMDA-peuenTop.
B yactHOCTM, Ha Halll B3WISIA, JOBOJIbHO MEPCIEKTUBHBIM BBIIJISIAUT MOAPOOHOE UCCIe-
IOBaHWE HAIW4Ms Wid oTCyTcTBUs adpdmHHOCTH BA HemocpenctBeHHO K NMDAR, k
mGluRs, a Takxe uccieqoBaHME TOUHOTO MOJIEKYJISIPHOTO MeXaHM3Ma MOIaBJIECHUS Jie-
noJspu3alu, BeI3BaHHOM akTuBanueii NMDA-peuentopa. MccienoBaHust BeIleymo-
MSTHYTBIX ITPOLIECCOB MTO3BOJISIT OMPEAeInTh, urpatot iu NM DA-petientopbl pojib B po-
TUBOCYIOPOXHOM aeiicTBun BA.

BAJIBITPOAT 1 ®OCOOMNHO3UTUIHAA CUCTEMA

[IbITasich 0OBSICHUTH CIIOCOOHOCTDH KYITMPOBaTh CUMITOMATUKY 1 00JerdyaTh TeYeHUE
pacctpoiicTB adh(EKTUBHOTO CIIEKTPa y TAKMX Pa3HbIX MpenaparoB, Kak JUuTuii u BA, He-
CKOJIBKO HayYHBIX TPYIIT OOHapYXUJIU, YTO BBeAeHUE JUTUSI U BA TOHMXaeT ypoBeHb
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MHO3UTOJa, (POCHOPMIMPOBAHHBIC TIPOU3BOAHBIE KOTOPOTO BXOIST B COCTAaB MeMOpaH
BCEX KJIETOK W SIBJISIIOTCS BHYTPUKJIETOUHBIMU BTOPUUYHBIMU MECCEHIKepaMu. DT 3h-
GdeKkThl OOHAPYKEHBI KaK Y XXMBOTHBIX [46], Tak U B apoxkax [47]. OgHako B neiicTBUM
9TUX ABYX MpenaparoB ObLJIO BbISIBIEHO oTimyue. Tak, mpu BBeneHUu BA moHumxanace
KOHIIEHTpalUsl U UHO3UTOJA, U MHO3UTON-3-(ocdara, B TO BpeMs KaK MPU BBEACHUU
JINTUSI YPOBEHb MHO3UTOJIA TTOHMXAJICS, a YPOBEHb MHO3UTON-3-docdaTa nmoBbIlLIAICS
[47]. BbLIO BBISICHEHO, YTO 3Ta OCOOEHHOCTh CBsSI3aHa C TEM, 4TO JIUTUI 1 BA Bo3neii-
CTBYIOT Ha pa3Hble (hepMEHTHI, peryjaupylolime CUHTe3 nHo3uTona. BA, B OCHOBHOM,
CHIDKAET aKTUBHOCTb MUO-UHO3UTON-3-docdaT-cuHTa3bl [48] — mepBoro ¢pepMeHTa B
MyTH CUHTE3a WHO3MUTOJIa, KaTAJIM3UPYIOIIETO peaklMio MpeBpalieHusT D-Toko30-6-
docdara B 1 D-muo-unosuron-3-docdar, B To BpeMsi Kak JUTUN BbI3bIBAET UCTOLLIEHUE
WHO3UTOJIA TIyTEM MHIUOMpPOBaHUS MHO3UTON-MOHOMoOChara3sl [49] — crnenytoiero
depMeHTa B lieNoYke OMOCUHTE3a MHO3UTOA, KaTaJIM3UPYIOILIETo oTiieruieHue dochar-
Horo ocrartka ot 1 D-muo-nno3utosn-3-docdara c o6pazoBaHreM CBOOOIHOTO MHO3UTOJIA.

OmHaKo B MCCIIENOBAHUSIX in Vitro OBLIIO OTMEYEHO, YTO BA He oka3bIBaeT MHTMOMPYIO-
IIero ASMCTBUSA Ha OYMIIEHHYIO MHO-WHO3UTOMN-3-(docdaT-cuHTa3y, U UCCIenoBaTeIn
MOJararT, YTo in vivo GepMEHT MHIMOupyeTcs Jubo Metadoautamu BA, 1ubo Heorpe-
JeJICHHBIMU KOMITOHEHTaMM, KOTOpbIe HaKaruiMBaloTcs B mpucyTcTBuu BA [48]. Takum
obpazom, BA, noHmxkast KOHIIEHTpALIMIO MHO3UTOJIA, MOXET BJIUATH Ha (hochormHOU3M-
TUIHBIN IIMKJI, KOTOPBIMA peryJInpyeT MHOTOUMCIIEHHbIE KJIeToYHbIe (pyHKImu [50].

CuuTaercs, YTO BaXXHBIM acCIIEKTOM B I1aToreHe3e a(eKTUBHBIX PACCTPOMCTB SIBJISI-
ercst runepdyHKums GochOnHO3UTUAHO-KAITBLIMEBOTO CUTHAIBHOTO MYTH B Pa3JIMYHBIX
MOITYJISILUSIX HEMPOHOB, YTO BEIET K HapylLICHUIO OajlaHca MPOLIECCOB BO3OYXICHUS U
TOPMOXEHMUsI B TOJIOBHOM MO3Te M LIMKJINYECKOU cMeHe (pa3 MaHUU U JENPEeCcCuu, 4YTo 1
SIBJISICTCS IJIABHBIM CUMIITOMOM 3TUX 3abojieBanuii [51]. MsyyeHue acdpdektoB BA Ha co-
CTOSIHME HEPBHOI TKaHU 110Ka3aJ10, YTO OH MHTMOUPYET HapyllIeHUe KOHYCOB POCTa CeH-
COPHBIX HEHPOHOB U YBEJIMYUBAET MX IUIOIIAAb, & UHO3UTOJ U MHTUOUTOPHI (hepMeHTa
npoyunoauronentuaassl (I10) obpaiaroT 3T mpoiecchl BCrsiTh [52, 53]. C apyroii cto-
ponbl, BA HenocpeacTBeHHOo nHrubupyet 1O, uro cnoco6eTByeT yemieHuto dhochoun-
HO3UTUIHOM Tiepenaun curHana [54]. Takum o6paszom, BA peryaupyer Bo30ynuMOCTb
IHHC u cnoco6c¢cTByeT cTadbmm3anyu HacTpoeHus . Kak 0bU10 moKa3aHO Ha KJIETKAX acT-
pouuTomMbl, BA B hapMaKosiornuecKux 103ax TakKxke CIOCOOeH CHUXATh 3aXBaT UWHO3U-
ToJIa KJIETKAaMU IIPY €ro BBICOKOM KOHIIEHTpAalWy Y ITOBBIIIAThH IIPU HU3KOM [55]. DTO
OOBSICHSIET Ayannu3M AeiicTBUsI BA, KOTOpPBIN MOXET WX NpenoTBpallaTh UBMEHEHHE Ha-
CcTpoeHMsI, TToHWXKast (oCcHOMHO3UTUAHYIO TIepeaady, WK IpeaoTBpallaTh ASMPECCUIO,
nosblas ee [54]. TakuM o6pa3zomM, OTHUM U3 BO3MOKHBIX MEXaHU3MOB, O0YCIOBINBAIO-
mux 3¢pGeKTUBHOCTh BA B Tepanuu adpeKTUBHBIX paCCTPOMCTB, SIBIISIETCS €TI0 BIIMSHIIE
Ha POCHOMHOZUTUIHYIO CUCTEMY BTOPUYHBIX MECCEHIKEPOB [56].

BIIMAHUE BAJIBITPOATA HA MOHOAMMWHEPI'MYECKYIO CUCTEMY

CepoToHUH, TohaMUH U HOPAJIPEHAIIMH — 3TO HeiipoMeanuaTopbl, 1e(ULIMT KOTOPBIX
BJICYET K CUMIITOMaM, XapaKTEPHBIM [IJIsI JEMPECCUBHBIX PACCTPOMCTB. XOTS MOHOAMU-
HOBasi TUIOTe3a NeNpPecCuU Ha TaHHbIA MOMEHT He SIBJISIETCS LIEHTPaJIbHOM B CBSI3U C OT-
KPBITHEM POJIM HelipoBocHaleHUsI, CBOOOIHBIX paauKaioB, neduuura Heiiporpoduye-
ckux (GakTOpOB U HaApyIIEHUs HeporeHe3a B IaToreHe3e NeNPEeCCUBHBIX PACCTPOMCTB
[57], HENB3sT HEMOOLEHUBATh BaXKHYIO POJIb 3TUX HEMPOMEAMATOPOB B IPOILIECCax BO3-
HUKHOBeHUs nenpeccun. Hanmuuue naHHBIX 0 TOM, 4TO BA moBbIIIaeT cogepaHue Mo-
HOaAMHWHOB B MO3I€, CO3[aJl0 TIPEATIOChUIKM [IJII U3YyYeHUsI BO3MOXHOCTHU €ro TpuMeHe-
HUS B TepaIlMU IeTIPECCUBHBIX PACCTPOMCTB [58].

OnIHUM 13 CITOCOO0B TTOBLICUTH YPOBHM KaKoro-1n6o Helipomeauaropa B LIHC siBsi-
ercs mopaBiieHUe ero nerpagaiiuu. OCHOBHBIM (hepMEHTOM, OKMCIISIIOIIMM KJlaccuue-
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CKME MOHOAMMHBI, SIBJISIETCS MOHOAMWHOKCHIa3a, CYILLECTBYIOIIAs B ABYX N30 opMax —
MAO-A u MAO-b. AHanu3 AelCTBUSL psla aHTUIAECTIPECCAHTOB U HOPMOTHMMUKOB,
BKJto4asi BA u tutuii, mokasaj, 4ToO Jaxke B BBICOKMX KOHIIEHTpalusIX (B 000UX Cydasix
ICs, > 10000 MxMob/) HU BA, HU TUTHIT HE TOAABISUIM aKTUBHOCTh 00eux n3odopm
MAO B rpy60ii MUTOXOHIPUATIbHON (hpaKLIMK KOPHI MO3Ta CcBUHBM [59]. B npyrom umc-
CJIeIOBAaHUU C UCTOJb30BaHUEM KJIeTOK Helipobiactombl BE(2)C 6bulo MokasaHo, 4yTo
BA moBbIIas KaTaJuTAYECKYI0 aKTUBHOCTh MAQO-A mocpeaCcTBOM BIUSIHUS Ha YPOBEHb
akcrnpeccuu ee MPHK 1 akTUBHOCTB TpoMoTOpa ee reHa, pu 3TOM MeXaHU3M AEUCTBUS
BA 3arparuBan Akt/FoxO1 curHanbHblil Kackazn [60]. B a3ToM ke mcciaenoBaHUU GBLIO
MOKa3aHo, YTO APYrMe UHruOUTOPHI ealleTuia3 TrMCTOHOB, OyTUpAT HATPUSI U TPUXOCTa-
TUH A, TakKXe MOBBIIIAJM aKTUBHOCTE MAO-A. D10 nmo3BoJIsIET TToaaraTh, yTo BA oka-
3bIBaeT CBOM 3(h(heKT Ha 3TOT (hepMEHT UMEHHO ITyTEM aKTUBALIMY SKCIIPECCUM €TO0 reHa.
Tem He MeHee Bompoc 0 TOM, KakuM TtyTeM BA criocoOeH MoBbIlaTh ypoBeHb MOHOAMU -
HOB B TKaHM MO3Ta, OCTaeTcsl OTKPHIThIM. [loBBIllIEHVE ypOBHSI CEpOTOHMHA B TKaHU
MO3Ta U ChIBOPOTKE KPOBH Y TOTOMCTBA HaOII0asIcs TakKe Mpu BBeneHun BA 6epeMeH-
HBIM CaMKaM KPbIC Ha pa3HbIX cpoKax aMbproreHesa [61]. [TockoabKy B JaHHOM UCCie-
JIOBAaHWUU BBEJICHUE TepaTOTeHAa TATUAOMM/IA TAKKE BBI3bIBAJIO TTOBBIIIIEHNE YPOBHS CEPO-
TOHWHA B TKAHU MO3ra M KPOBM TTOTOMCTBA, ObLI C/IeJIaH BBIBOI O BO3MOXXHOM CXOJICTBE
MEXaHU3MOB UX JICHCTBUSI BO BHYTPUYTPOOHBIiA MepUOa Pa3BUTUS, TPUBOASIIMX K pa3-
BUTHIO ayTU3Ma.

AHnanu3 neiictBusi BA Ha KpbIC, MonBepraeMbIX MOCTOSIHHOMY HeMpencKasyeMoMy
cTpeccy, TakKe MoKa3all y HUX MOBBILIeHUE KCITpeccun (epMeHTOB TUPO3UHTUIPOKCH -
JIa3bl U TPUTNITO(aHTUAPOKCUIIA3bl B MpedpPOHTAIBHON Kope Mo3ra [62]. DTo ¢hepMeHTHI,
y4acTByIOIIIME B CUHTe3e nodamMuHa (M BIIOCIEACTBMM HOpaapeHaJnuHa) U CepOTOHUHA
COOTBETCTBEHHO. [IprMeuaTesbHO, YTO KaK XpOHUYECKOE, TaK U OAHOKPATHOE BBEICHUE
BA taxxxe mosbimano ypoBeHb MPHK TuposuHruapokcuaassl B HelipoHax rojyooro
MSITHA — OCHOBHOM CKOILTEHUM HOpaapeHepruyeckux HeiipoHos B ITHC [63], koTopbie
MOCHUIAIOT CBOM MPOEKIUU K TUIIIOKAMITY, MUHIQJIEBUIHOMY TeJly, TajlaMycCy, TUIIOTa-
JlaMycy, MPaKTUYECKU BCEMY HEOKOPTEKCY U CTMHHOMY M0o3Ty. Takum o6pa3zom, BA, no-
3UTUBHO BJIUSISI HA CUHTE3 HOpaJpeHaJIMHA B TOJIyOOM MSITHE, MOBBIIIAET OOIIYI0 HOpal-
peHeprudeckylo Heliporpancmuccuio Bo Beeit LTHC.

Hpyrum npumepom neiictBuss BA Ha MOHOAMMHEPTUYECKYIO CUCTEMY MO3ra MOXET
CITY>KUTh MOIYJISILIUS To(haMUH-OMOCPE0OBAHHOM Nepenayu curHaioB. bynyun nHrnou-
TOPOM JealleTiIa3 TMCTOHOB, BA moBbIIaeT akcpeccuto 6enka Par-4, KoTopblil KOHKY-
pUpyeT ¢ KaJIbMOIYJIMHOM 3a 00pa3oBaHue KOMIUIeKca ¢ noamMmruHoBbIM D2-perientopom,
cBsi3aHHbIM ¢ Gi-6enkoM [64]. OOHUM U3 CUTHAJIBHBIX KAcKaloB, aCCOLIMUPOBAHHBIX C
D2R, gBnsiercss MHruOMpoBaHUE aJeHWIATUMKIIA3bl depe3 Gi-0eloK M IIomaBlIeHUE
HAM®-3aBUCMMOTO CUTHAJIBHOTO TyTH, a (hbopMUpoOBaHUE KoMIuieKca Mexnay Par-4 u
D2R npu HU3KOM KOHILIEHTpALUMU KalbLMS B LIMTOIUIA3ME SIBJISIETCS HEOOXOIUMBIM
ycIoBUEM IS U30MpaTeIbHON aKTMBAllMM CUTHAJbHOTO Kackaaa udepe3 Gi-6Genok u
nanbpHeiero nogasiaeHus (GyHKIMNA afeHUIaTHMKIa3bl [65]. TIpuMedaTesbHO TO, 4TO
MYTaHTHBIC MBIIIIM C HApYIIIEHHbIM B3anMojeiicTBueM Par-4 u D2R nemoHcTpupoBanu
cUMIITOMBI fAernpeccuu [65]. Bonee Toro, ypoBeHb Par-4 B mocMepTHBIX 0Opa3iiax BUCOU-
HOW OJM MO3ra MalMeHTOB, CTPAlaBLIUX OT IJIUTEJbHOIO AENPECCUBHOIO PacCTpoOii-
cTBa, ObUT Ha 67% HiKe, YeM ypoBeHb Par-4 B KoHTposbHOI rpyte [66]. Cyns mo Bcemy,
TMOBBIIIEHHAS! aKTUBHOCTD aICHWIATIMKIA3HOTO CUTHAJIBHOTO KacKajaa B JohaMuHepru-
YeCKHMX MYTSIX MO3ra, BO3HUKAIOIIAs M3-3a HEJOCTAaTOYHOTO OO0pa3oBaHUs KOMILIEKCa
Par-4/D2R/Gi-6enok, sBisieTrcsi OTHUM U3 (PaKTOPOB BOZHUKHOBEHUS IETIPECCUBHBIX
paccrpoiictB. TakuM obpa3om, BA, nmoBrias skcrpeccuio 6eiaka Par-4 u crioco6eTByst
ero najgbHeuIeMy CBsI3bIBaHUIO ¢ TochaMruHOBBIMU D2 penientTopamMu, MOXeT MPOSIBIISITH
aHTUIIETTPECCUBHBIN 3 HEKT U 06JIeryaTh TeYeHUE AETPECCUU.



MOJIEKYJISAPHBIE MEXAHU3MbI IEMCTBUSA 1337

BAJIBITPOAT 1 MOHHBIE KAHAJIbBI

Bo3zBpaiiiasich K 00CYyKIEHUIO MEXaHU3MOB, JIeXKalllMX B OCHOBE MPOTUBOCYTOPOXKHO-
ro addekra BA, Henb3sl HE yOMSIHYTh OOJIBIIIOE YMCIIO UCCIIeIOBAaHWM, TTOCBSIIIEHHBIX
B3aumoeiicTBUIO BA 1 MOHHBIX KaHAJIOB, a TakKe BIUsSHUIO BA Ha BO30yauMOCTb Kile-
TOYHOM MeMOpaHBI [67—69]. [leiicTBUTEIbHO, CHUKEHUE N30BITOYHOM aKTUBHOCTH HEli-
POHOB MOTJIO OBl OOBSICHUTH CIOCOOHOCTh BA KynmupoBaTh SNMIENTUYECKUE TIPUCTYIIHI
U TIPOSIBIEHE MaHUAKaIbHBIX COCTOSIHUI MpU paccTpoiicTBax acd(GeKTUBHOIO CeKTpa.
OnHako pe3ysibTaThl OMYOJMKOBAHHBIX Ha JAHHBIIE MOMEHT PabOT PacXoIsiITCS MEXIy
co00i1 1 3a4acTyro MPOTUBOpPEYAT APYT NPYTY, UTO CUJIBHO TPEISITCTBYET (hopMUpOBa-
HUIO eMMHOU Teopuu, OOBSICHSIONIEH neiictBue BA Ha MOHHBIE KaHaJIbl U HACKOJBKO
OHO 3HAYMMO TSI KIIMHUYECKOM MTPakKTUKM. TakK, HECKOJIBbKO MCCAEA0BATEIBLCKUX TPYITIT
HE3aBUCHUMO APYT OT Ipyra OoOHApyXWJIM, 4TO XpPOHMYECKOe BBeneHue BA moBbIaeT
ypoBeHb MPHK cyO0benuHuil moTeHIIMaI3aBUCUMbBIX HAaTPUEBBIX KaHaIoB (Hajnee Nav-
KaHaJIbl) U YBEJIMYMBAET MX IIOTHOCTh Ha TOBepxHOCTU KieTku [70]. OnHako B apyroit
paboTte OBLIO IMIPOAEMOHCTPUPOBAHO KaK OTCYTCTBHE B3ammoneiictBust BA ¢ Nav-kaHa-
JIaMU, TaK ¥ HaJW4Ire KaKoro-anubo CyIIeCTBEHHOrO BIUSHUS Ha MapaMeTphl, XapaKTe-
pU3yIOIIMe 3JIeKTPUIESCKYI0 aKTUBHOCTb HelipoHOB [71]. bonee mo3mHee mcciaeqoBaHue
cBsa3biBaHUsI BA ¢ moHHbIMU KaHasamu NavMs mipokapuoTr Magnetococcus marinus,
(YHKUMOHAJIBHO M CTPYKTYPHO CXOXMMM C HaTpueBbIMM KaHajamu Na,l.l yesnoBeka
[72], moka3ajo, 4TO OH OeCTaOMIN3UPYeT UX U ITOAABIISIET BXOMSIINE Yepe3 KaHaJl TOKHU
HaTpusi. MeToIoM MOJIEKYJISIPHOTO TOKWHTA TaKKe ObUTO TTIOKa3aHOo, UTO CAMT CBSI3bIBA-
Hust BA accolimupoBaH ¢ CEHCOPOM HaIPSDKEHUS, a He ¢ TUIPO(POOHBIM y4aCTKOM ITOPHI
KaHaJia, ¢ KOTOPbIM CBSI3bIBAIOTCSI MHOTHE OJIOKATOPbl HATPUEBBIX KAHAJIOB, YTO CUJIBHO
otnnuaeT BA ot nmocnenHux [68]. Takke B Apyroii pabore ObUIO MOKa3aHO, 4To BA ce-
JICKTUBHO OCJIa0JIsIeT TOKW, BbI3BaHHBIE aKTHWBAlLIMEH KajblIMEBBIX KaHajaoB T-Tuma B
TaHIJIMOHAPHBIX HelipoHax KpbIcH [73]. Ellle B omHOM McclienoBaHUM, IIPOBEACHHOM Ha
TaJlaMU4eCcKUX HelipoHax, BA He BIMSI Ha TOKU, aCCOIIMMPOBAHHBIC C 3TUM XK€ ceMeli-
CTBOM HU3KOMOPOTOBBIX KAJIbLIMEBBIX KaHaIOB [74]. Bo3aMoXHO, pacxoxaeHue pe3yabTa-
TOB OOYCJIOBJIEHO pa3jiMuueM B BbIOOpE MCCIEAyeMbIX MOMYIsSIUii HeipOHOB, OMHAKO
OKOHYATEJIbHOTO OOBSICHEHUSI TTOKa YTO He MpemiokeHo. Takum oOpa3oM, aaxe CIyCcTst
30 yeT ¢ HavyaJla aKTUBHOTO M3y4YeHUsT B3auMoaeiicTBusi BA ¢ MOHHBIMU KaHaJlaMU pe-
3yJIbTaThl HENb3sl CYMTATh MCYEePIbIBAIONIMMU. [IprMedarebHO, YTO B OOJBIIMHCTBE
cliyyaeB npu BBeaeHU BA oTMedaeTcs momaBiieHUe HATPUEBBIX TOKOB, U 0oJiee COBpe-
MEHHbIE JaHHbBIE TPeIIaraloT BO3MOXHBIE 00BSICHEHUs 9TOMY Ipoileccy. B yactHocTH,
Ha HEMpOHaJIbHBIX KjeTKax Neuro-2a ObLJIO MoKa3aHo, 4To BA mogasisieT 3KCIIPECCUio
reHa HaTpueBoro kaHajma SCN3A, ypoBeHb KOTOPOTO MOBBIIIEH MTPU 3MUJIETICUH, YTO Oy-
JIET HECOMHEHHO CITOCOOCTBOBATh CHIDKEHUIO BO30YIUMOCTH HepBHOM TKaHuU [75]. Cro-
coO6HOCTh BA cTabumm3npoBaTh BO30YyIUMOCTh HeIipOHAIbHBIX MEMOpPAaH I MIOHHBIEC TOKU
TaKKe paccMaTpUBaeTCsl KaK OAWH M3 MEXaHM3MOB €ro JeHCTBUS MPU JICUEHUN ITU30-
dpenun [76, 77].

BAJIBITPOAT U OKUCJIMTEJIbHBIN CTPECC

ITpu n3zyyeHnn MexaHU3MOB TepaneBTUuUeckoro addexra BA ObL10 MOKa3zaHO, YTO OH
obJiaaeT CMoCOOHOCThIO CHUXKATh YPOBEHb OKUCIUTEIBHOTO CTpecca KaK y KUBOTHBIX,
Tak U y 4yejoBeka. Tak, Ha MOJIEJIM XPOHUYECKOTO CTpecca Yy KpbIC ObUIO MOKAa3aHO, YTO
BBeneHue BA mpuBOIUT K yBETMYEHUIO aKTUBHOCTH JIBYX BaXKHEHIIIMX aHTMOKCUIAAHTHBIX
¢epMeHTAaTUBHBIX CUCTEM — CYMEPOKCUIIMCMYTA3bl U KaTajla3bl — B CHIBOPOTKE KPOBU, a
TaKXXe K CHUXXEHUIO YPOBHSI MAJIOHOBOTO MAJIbJIETHAA — MapKepa MepeKUCHOro OKUCe-
HUS JIMITMIOB, TMOBBILIEHUE KOTOPOIro HAOMI0JaeTCsl MPpU OKUCIUTEIbHOM cTpecce [78].
MHorue ucciienoBaHus TOMYEPKUBAIOT TECHYIO CBSI3b MEXKIY OKUCIUTEIBHBIM CTPECCOM U
BO3HUKHOBEHHEM JIETTPECCUBHBIX PACCTPOMCTB U TSIKECTHIO MTPOTeKaHUS anuiercuu [79],
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a Takke 0OHapyXMBaIOT AHTUOKCUIIAHTHBIC CBOMCTBA BA M Ipyrux mpoTUBOCYIOPOXHBIX
cpenctB [80]. Kak GbUIO TTOKa3aHO B CUCTEMHOM MCCJIEIOBAaHUM Ha AETSX, CTpamalolnx
snuiencueil, MoHotepanus BA B TeueHne 6—12 MecsiiieB TpUBOAUIIA K BOCCTAHOBJICHUIO
aKTUBHOCTHM aHTMOKCHIAHTHBIX CUCTEM B TIJIa3Me KPOBU, KOpPEIUPYIOIIee ¢ YITydllieHueM
MX COCTOSIHMSI M CHVDKEHUEM CyIopoxkHOU aktuBHOCTH [81]. bonee Toro, BBenmenne BA
KpbICaM C AJIJIOKCAHOBBIM JTMA0ETOM TPUBOAMIO K CHUXKEHUIO Y HUX YPOBHSI TJTIOKO3BI B
KPOBM, a TaKXKe YPOBHS KaTajla3bl U MaJIOHOBOTO AVAJIBICTH/IA B TIOYKAX U IMEYSHU C OJI-
HOBPEMEHHBIM TOBBIIIIEHNEM aKTUBHOCTU CyNEepOKCUIIMCMYTa3bl, TIyTaTUOHTIEPOKCH -
na3bl U yIy4dlIeHUIo JTUMUIHOM opmyiibl KpoBu [82]. Takum o6pa3zom, BA noTeHmanb-
HO CITOCOOEH TIPOSIBIISATh AaHTURITUIICTITOTCeHHBIM, aHTUACTIPECCUBHBIN 1 aHTUAMAGeTHYE-
ckuit 3GhdEeKTl, HUBEIUPYS HETaTMBHOE BIMSHHWE OKMCIMTEIBHOTO CTpecca Ha
opranm3M. B HacTosiiee Bpemst BOIpoc o IIpeBeHTUBHOM BIUsTHUM BA Ha pa3Butue nua-
OeTa 2-ro THIa NPOJOJKAET MHTEHCUBHO 00CcyXnaThes [83, 84].

BIIMAHUE HA CUTHAJIBHBIE KACKA/IbI

TToMuMO yITOMSIHYTBIX BBIIIIE CUCTEM, HAa KOTOpble BA MOXeT neiicTBoBaTh Ha KJIeTOU-
HOM U MOJIEKYJIIPHOM YPOBHSIX, BaXKHO TaKXKe€ OTMETUTH PsiJi CUTHAJIBbHBIX KaCKalloB, pe-
TYJUPYIOLIUX KJIETOYHBIM OTBET Ha Pa3jWUYHbIE CTUMYJIbI, B YACTHOCTH CUTHAT-PEryau-
pyembiii kuHa3Hbli nyTh (ERK) [85]. Kak 6bu10 moka3zaHo, BA B TeparneBTUYECKUX 103aX
cHuxan ypoBeHb pochopunupoBanust ERK1, JNK-1 u JNK-2 B runmokamrie Kpbic, KO-
TOPBIN ObLT TIOBBIIIIEH TTOC/IE BBEAEHUS TeKcTpoaMdbeTaMHa, BbI3bIBAIOIIETO Y KUBOT-
HBIX MaHUAKaJIbHBIN TUN oBeaeHus [86]. I1pu sTom BBeaeHue BA npuBoaunio K Boccra-
HOBJIEHUIO HOPMaJIbHOTO TAaTTepHa MOBeASHUS XXKUBOTHBIX. [10CKOIbKY 3TOT KMHA3HBIH
MyTh BKJIIOUAET B c€0s1 OTBET HA MHOXKECTBO CUTHAIbHBIX (haKTOPOB U PEryupyeT TpaH-
ckpurnuio Takux reHoB, Kak Elk1 u c-Fos, BoamoxHo, uyTo 3¢hdekT BA moxer 3aTparu-
BaTh MPOLIECCHI HEMporeHes3a, ACHIAPUTHON apOopr3allui, BBKUBAHUS U TIACTUYHOCTU
HelipoHoB [87].

C npyroii CTOpOHBI, CYIIECTBYET MHEHUE, YTO BA M JTUTHIT CITOCOGHBI aKTUBMPOBATh
CUTHAJIBHBIN MYyTh MUTOTEeH-aKTUBUpYyeMoil npotenHkrHa3bl (MAPK) [88]. XoTst Tou-
HBIIl MEXaHWU3M 3TOI aKTUBALIMU OCTAETCSI HESICHBIM, UCCIIEOBaHUE Ha MIPOCTOI Orome-
nuuumHckoi monenu Dictyostelium discoideum nipenmnonaraert, uto addext BA moxeT ocy-
LIECTBIISITCS MTyTEM MHTMOUPOBAHUS MTPOTEUHKUHA3HI A [89].

Euie onyH dbepMeHT, Ha KOTOPBIit MOXKET OKa3bIBaTh AeiicTBUE BA, 3T0 KMHA3a IIIMKO-
reHcuHTa3bl GSK3, KoTopas Takke OblIa MpeioXkeHa B KaueCTBE MUILIEHU JJIsT JISYEHU ST
ounonsipHoro addexkTuBHOro paccrpoiictsa [90]. JeiicTBuTenbHO, UCCaenOoBaHUE Ha
MbIlrax ¢ Hokaytom reHa GSK3[ win Ha Mbliax IMKOTO THTIA, MTOTyYaBIIUX MHIUOUTOPBI
GSK3[, mokasano CHUXEHHE IeMPECCUU U MAHUAKATBHOTO MTOBEICHMSI ITOCTIe BBEACHUSI
BA wiu nutus [91]. B uccnenoBaHum nalMeHTOB ¢ OCTPbIM MaHUAaKaJIbHBIM CUHIPOMOM
olleHKa ypoBHsI Oejika U KMHa3Hoit aktuBHOcTU GSK3 110 U mocie jieyeHust crabuimsa-
TOpaMM HACTPOEHUSI U aTUTTMYHBIMU aHTUTICUXOTUKAMU TToKa3aja, 4YTo TuTuii, BA u an-
TUTICUXOTUKUA BTOPOTO TOKOJIEHUSI OKa3bIBalOT MHrubupymoiee ¢dochopuimpoBaHue
depmenTa [92]. Bricka3biBaeTcss MHeHUe, yTo mHruomposanue GSK3 non neiictBuem
BA niporcxoauT Kak MpsiMo, TaK 1 KOCBEHHO [91], MOCKOJIbKY OH MOXEeT OKa3bIBaTh BIU-
SIHUE HE TOJIbKO HEMOCPENCTBEHHO Ha caMU MOJIEKYJIbl (hepMEHTOB, HO TaKKe IyTeM U3-
MEHEHUsI YPOBHSI 9KCITPECCUN UX TEHOB.

BAJIBITPOAT KAK MOAVJIATOP SKCITPECCHUU T'EHOB

VYuureiBasg HaKOIUIEHHBII OITBIT O TOM, 4TO TpeOyeTcs okono 10 mHeil mpuema BA,
YTOOBI ero 3(pPeKT ObLT OLUIYTUMBIM, a TAKXKE JJIMTEIbHOCTD €I0 JeHCTBUSI TTOCTE OTMEHBI
npueMa mnpenapara, HEM30€KHO BO3HUKIIO TPENIOJOXEeHUEe, YTO MEXaHU3M €ro Aeiu-
CTBUSI BKJTIOUAET B ce0sl HE TOJIBKO OCTPhIE M KPATKOCPOUHBbIe OMoxuMudeckue ahhexTs,
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HO U U3MEHEHUSI Ha TeHOMHOM ypoBHe [93]. Kak OblJIO IMOKa3aHO B MHOTOUYMCJIEHHBIX
ucciaeaoBaHusX, BA HelCTBUTENILHO M3MEHSIET 3KCIPECCUI0 OOJIbIIIOTO YHUC/ia TEHOB
[94—96]. I1pu aTOM onuchiBaeMble 3¢ eKTh BA moka3bIBaloT Kak pa3HOHAITPaBICeHHBIM
XapakTep peryasiiuu aKcrpeccuu [93] 1 ero 3aBUCUMOCTb OT BO3pacTa U MoJia XKUBOTHBIX
[94], Tak 1 eTo MOJIOXUTENbHBIN WU HEraTUBHBIN 3(DdEKT Ha OpraHrW3M B 3aBUCUMOCTH
OT UCIIOJIb3yeMOI IKCIIepUMEHTaIbHOM Momenu [95, 96]. B yacTHOCTH, IpeHaTaTIbHOE
BBeneHre BA yacTo ncrnonb3yercs il CO3IaHMsI XKMBOTHBIX MoeJieit aytu3Mma [43, 97, 98].
C npyroit cropoHbl, BBeaeHue BA Takke TMOBBIIIAET HEMPOIUIACTUYHOCTh M CITIOCOOHO
BHOBb “OTKPBITh” KpUTHUUYECKUI neprorn odyueHus [99]. OOyuyeHue B Takue “KpuUTHYe-
cKue” mepuoibl OHTOTeHe3a 00JieryaeT OBlaieHUe onpeaeeHHbIMU HaBbiKamu. [Tpume-
paMM TaKuX HaBBIKOB SIBJISIIOTCSI U3yUYE€HUE SI3bIKa U pa3BUTHE aOCOIIOTHOTO ciyxa [99].
IMo-Buaumomy, 310 cBOCTBO BA 00yCI0BIE€HO €ro COCOOHOCTHIO MOBBIIIATH IKCITPEC-
culo reHoB, Koaupytoliux HelipotpoduHbl BDNF 1 GDNF, urpatoiiiye BaxkHY0 poJib B
Heiliporenese [100].

OIHUM 13 OCHOBHBIX MEXaHU3MOB JeiicTBuss BA Ha ypoBHe reHoma SIBISIETCS €ro
CMOCOOHOCTh U3MEHSTh KOMITAKTU3AaI[UI0 XpOMaTUHA U U3MEHSTh IOCTYITHOCTh IMPOMO-
TOPOB IeHOB JJIs1 TpaHCKPUNLIMOHHBIX (pakTopoB [101]. I1pu a3ToM BA BBICTYymNaeT B Kaue-
CTBEe MHIMOMTOpA JealieTiia3 TMCTOHOB [11—13], a TakkKe akKTUBUPYET NPOLECCHI IeMe-
tunvuposanust JJHK [102, 103]. Bonee toro, ectb naHHbie, uTo BA nHayLMpyeT nporea-
comanbHy0 gerpamaumio 6enka DICER — BaxHoro peryiasaropa IpOXYKIIMA MHKPO-
PHK. Ongnako mockonbKy mon aeiictBueM BA HaGmomaeTcss yBeaIWdeHUE COOEpPKaHUS
psana mukpo-PHK, 310 yka3piBaeT Ha MOBBIIIEHHUE 3KCIIPECCUM X TEHOB-MUIIICHEH e1e
no nerpagaiuu DICER [104]. YuuTbiBast Takoii IIMPOKUIA crieKTp aeiicTtBusi BA Heynu-
BUTEILHO, YTO YAaCTO BCTAET BOIIPOC O €ro TepaTOreHHLIX cBoiicTBax [105].

Cpenu TpaHCKPUTIIIMOHHBIX (DAKTOPOB, CBSI3bIBAHUE KOTOPBIX C TPOMOTOPAMU T€HOB-
MUIIIeHe# peryaupyetcs o neiictBuem BA, MmoxxHo Ha3BaTh 6e1oK-akTuBaTop 1 (AP-1)
[106] u AICD [107], xoTopble BOBJIEYEHBI B MmaTtoreHe3 0ojie3Hu AnblreiiMepa (BA).
B cBsi3u ¢ aTuM BA paccmaTpuBaicsl B KauecTBe TepareBTUUECKOTO CPENCTBA ISl TIPO-
dunaktuku BA n nemenuuu [108—110]. Kpome Toro, BA paccmaTtpuBaercst U Kak cpel-
CTBO JIJIs1 BOCCTaHOBJIEHUsI (hyHKIIMI Mo3ra nociie TpasMm [111] u nmpu noaumiroTaMuHo-
BEIX (polyQ) 3aboneBaHusx [112].

Psan Hammx uccnegoBaHuil mokasaj, 4yTo BBeneHue BA KpwicsaTam, MOABEPTHYTHIM
MpeHaTaJbHOM TMIOKCUU, YCUJIMBAET SKCIIPECCUI0 HEMPOTIeNTUIa3bl HETTPWIN3WHA (1a-
nee HEIT), koTopslii peryavpyer neiicTBUe IMPOKOTO CIIeKTpa HEMPOTIETITUIOB, a TAKXKE
SIBJISIETCSI OMTHUM M3 OCHOBHBIX aMWJIOWA-AErPaaupyrolInX (hepMeHTOB B TKAHU MO3ra
[113]. Bazansnsblil ypoBeHnb HEII y XKMBOTHBIX TMITOKCHMYECKOI TPYMITHI ObUT HIDKE, U Y
HUX HaOJo1aJIcs KOTHUTUBHBIN N1e(ULIUT MO CPAaBHEHUIO C KOHTPOJIbHBIMU CBEPCTHU-
Kamu. BHyTpubplomuHHoe BBeneHrne BA runmokcMyecKrum KMBOTHBIM TTPUBOAMIIO K MO~
BbllneHU10 3kcrnpeccur kak MPHK HEII, Tak u camoro 6eJjika 10 ypoBHei y KOHTPOJIb-
HBIX XUBOTHBIX. YBenuuenne MPHK HEII na6monanock B 9HTOpHMHAJIBHOI KOpe, Te-
MEHHOI KOpe M TUIINOKaMIle, HO He B JOPCaJbHOM CTpUaTyMe U OOOHSITEIbHBIX
nykoBuuax, rae skcrnpeccus reHa HEIT ocraBanace HemsmMeHHO Bbicokoii. [Ipumeua-
TeJIbHO, YTO MocJie BBeleHUs1 BA y rTHIIOKCUYECKUX KPbIC TaKXKe BOCCTAHABIMBAJICS Nie-
GUIAT O0OHSTENbHOMN (YHKIIMU, YTO KOPppeaupyeT ¢ nmoBbilieHreM skcnpeccuu HEIT B
COOTBETCTBYIOIIMX 00JIACTSIX MO3ra M TOBOPUT O POJIM MOCJIENHEro B peaan3aiuu 000Hs -
TenbHOU yHKIMHU [114]. AkTuBupytomniee aeiictBue BA Ha skcnipeccuio reHa HEIT 65110
paHee ToKa3aHO Ha KYJIbTYpe KJIETOK HelpobaacTtoMbl yeioBeka NB7, rae oH BbicTyma
B KayeCTBe MHIMOMTOpa AealleTia3 ricToHoB [107], a 1mo3:ke B HEOKOPTEKCE U THIIIIO-
KaMmIie KpbIC, MPUYEM MaTTEPH YCUJIEHUST KCIIPECCUN 3aBHCENl OT BO3pacTa XXMUBOTHBIX
[115]. B cyOGcTpaTHBIi Mpoduab HENPUIN3UHA BXOASIT MHOTUE OMOJIOTMYECKU aKTUBHbBIE
MENTUABI, TAKWE Kak cyocTaHlus P, sHKedanuHbl, OpafuKMHUH, apEHOMENY/UIMH U CO-
MaTOCTAaTUH, YTO TOBOPUT O CIOCOOHOCTHU 3TOro ()epMeHTa PeryaupoBaTh HIIMPOKUM
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Puc. 2. CxeMa OCHOBHBIX MOJIEKYJIIPHBIX MEXaHM3MOB ICHCTBUS BAJILIIPOEBOIl KMUCJIOTHI U €€ HATPUEBOI COJH,
JIeXalIuX B OCHOBE KIIMHUYECKU 3HAYMMBIX 3 ekToB. O603HaueHus: VA — BajblipoeBas kuciiota; SSADH —
neruaporeHasa ssHtapHoro rnonyansaeruna; NMDAR — NMDA-peuenrtop mryramara; MIP-cuHTaza — Muo-
nHo3uton-3-docdar-cunraza; HDAC — peanieatuniasbl rucToHOB; Par-4 — GesloK-Cympeccop OITyXoJeii;
NEP — wenpunusun; TH — tuposunruapokcunasa; TPH — tpunrodanrunpokcunaza; BDNF — Heitporpo-
duueckuit pakTop ronosHoro mosra; CAT — katanasza; SOD — cynepokcunnrcmyrasa. BonpocurenbHeie 3Ha-
KW OTMEYAlOT Te MUILIEHU, Ha KOTOpbIe BIUsIHME BA M3yyeHO He0CTaTOYHO MOAPOOHO.

cnexTp dusnogorndeckux peakuuit [116]. CnocodoHocts HEIT TakKe pacIienisaTh aMmu-
JIOUJHBIN nienTua AP aeaeT ero nepcreKTuBHON MUIIEHBIO IS MPOGMUIAKTUKY Pa3BU-
tus BA [117, 118]. ITockonbky akcnipeccust HETT cHuxaeTcst ¢ Bo3pacToM, TTpU UILIEMUH,
BO3JICMCTBUM TIPEHATAIILHON TUIIOKCUM W JPYTMX MAaTOJOTMYECKMX COCTOSIHUSIX, 3TO
MpeapacoiaraeT K HakKOIUIEHHIO B TKaHK Mosra AP, a crroco6HocTh BA moBBIIIaTh 3KC-
npeccuio HETI nmo3Bosisier nmpenmnonoXuTh, 4TO OH MOXET MPENSTCTBOBATh HAKOTIJIEHUIO
AP 1, TeM caMbIM, CHUXKATh PUCK Pa3BUTHsI aMIJIOMIOTEHE3a U CBSI3aHHBIX C HUM I1aTO-
JIOTMYECKUX MPOLIECCOB, XapaKTEepHBIX IJis1 BA.

Ellle oTHUM MHTPUTYIOIIMM CBOMCTBOM BA U ero mpou3BOIHBIX SIBJISIETCSI CITOCOO-
HOCTb ITOaBIISITh aKTUBHOCTH Bupyca repireca (Herpes simplex viruses), KOTOpPbIil BBI3BI-
BaeT CyIIECTBEHHbIE XpOHMWYECKME HapyllieHusi B HepBHol cucteme [119]. Bonee Toro,
OTHOCHUTEJIbHO HelaBHO BA cTasn BbI3bIBaTh MHTEPEC MCClIeOBaTENei B IJIaHE €ro BIUs-
HUS Ha KJIETKY UMMYHHOI CUCTEMBI U IIPOTUBOBOCHAIUTENbHBIX CBOMCTB [120]. Bece atu
WCCIeA0BAHUSl CYIIIECTBEHHO PACIIMPSIOT HAIllM MPEeACTaBICHUSI O TeparieBTUUYECKOM
noTteHuMane BA 1 mpoaosrKaioT BbI3bIBATh MHTEPEC K U3YYEHUIO €TI0 CBOMCTB M MEXaHU3-
MOB JIEHICTBUSI HA MOJIEKYJISIPHbIE CUCTEMbI MO3Ta U OpraHu3Ma B 1IEJIOM.

SAKJIIOYEHUE

C MOMEHTa CBOETo “nepeoTKpbITUs” M BHEAPEHUSI B KIIMHUYECKYIO TTPAKTUKY Bajlb-
MpoeBasi KUCJIOTa U ee HATPUEBAasl COJIb aKTUBHO MCIIOJIb30BaIMCh B KAUECTBE CPENCTBa
MPOTUB 3MWIENICUM U MaHUAKaJIbHO-AEMPECCUBHOIO MCUx03a, 00Jjiee U3BECTHOIO Kak
ounonsipHoe adpeKTUBHOE pacCTPOICTBO, a K CETOAHSIIHEeMY qHIO BA niponemMoHCcTpu-
pOBaJl BAXKHOE 3HAUYEHUE KaK MHTUOUTODP AealleTh1a3 THCTOHOB U PETYJISITOP 9KCIIPECCUH
T€HOB, YTO pacIIupsieT 00JacTh MPUMEHEHMS JaHHOIO coennHeHus (puc. 2). 3a Bce Bpe-
M3 u3yyeHust BA 6bU10 Npeayio’keHO MHOTO MEXaHU3MOB, OOBSICHSIIOLLIMX €r0 CIIOCOOHO-
CTU KYNMUPOBATh SMUJIENITUUECKUE CyTOPOTH 1 00JIeryaTb COCTOSIHME MallMEHTOB ¢ OUTO-
JIsipHBIM ah(heKTUBHBIM pacCTPOCTBOM: IepBoOe CBOCTBO BA yalie Bcero accolmmpyor ¢
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yrHEeTeHUEeM IiyTamaTtepruyeckoit u ycuneHueM TAMKepruueckoii TpaHCOAYKIIMU; BTO-
pPYIO CNMIOCOOHOCTbH CBSI3bIBAIOT C BiussHueM BA Ha Merabonm3M (hocdonHO3UTUIOB B
HelipoHax [IHC. TIpuMeuarenbHO TO, YTO CpeIUu NMEPEUNCTIEHHBIX MEXaHU3MOB JICCTBUSI
BA B HayyHOM COO0O11IeCTBE HE BbI3BIBAET COMHEHUIA JIMIIb €T0 BIUSIHUE HA META00IU3M
TAMK 1 npou3BOIHBIX MHO3UTOJIA. MexaH13M IMOTEHIIMAILHOIO OJIOKMPOBAaHUS NOHO-
TpormHbIX NMDA-penenTopoB IyTaMMHOBOI KMCIOTBI U POJIb 3TOTO IpolLiecca B peain-
3allMU aHTUKOHBYJIbCAHTHOTO neiicTBUs BA TpeOyroT nanbHelimero nposicHeHus. Heus-
BECTHBIM OCTaeTCsl U BO3MOXHOE B3aumoeiictBue BA ¢ MeTabOTpOITHBIMU pelienTopa-
MU TJIyTamara.

Taxxke HEOMHOKpPATHO MOAHUMAJACh TeMa B3aumoaeicTBusi BA ¢ MOHHbIMUM KaHaia-
MU, BO3JEMCTBUE HAa KOTOpPbIE MOIJIO Obl OOBSICHUTH Cpa3y U MPOTUBOCYIOPOXKHYIO, U
HOPMOTUMMYECKYIO aKTUBHOCTh BA, omHako uMmerolvecsi NMpOTMBOPEUYMBbIE TaHHBIE
MPENSITCTBYIOT BO3HUKHOBEHMIO €IMHOIO MHEHUSI Ha 3TOT CUeT.

Cnoco6HocTh BA ycuamBaTh 3KCIIPECCUIO OOJIBIIIOTO YKCIIa TEHOB IIyTeM MHTUONPO-
BaHU{ JealleThuia3 TUCTOHOB TakKXKe JIEXXUT B OCHOBE €ro aHTUIIEINIPECCUBHOTO, Heilpo-
MPOTEKTOPHOTO U MPOKOTHUTUBHOTO JAEHUCTBUS, OMHAKO CTOUT MTOMHMTh, YTO TaKas He-
CeJIEKTMBHAs aKTUBALIMs 3KCIPECCUU T€HOB MOXET HEraTUBHO CKa3aThCsl HA COCTOSIHUM
MalMeHTOB, OCOOEHHO B JIOJTOCPOYHOI TepcrnekTuBe. JJIuTelbHOe BMEIIaTeIbCTBO B
SMUTeHETUYECKUE MEXaHU3MBI PETYJISIIIUU SKCIIPECCUM TeHOB ITPUBOJUT K HETIpeACKa3y-
eMbIM 3 deKTaM, KOTOpble MOTYT BbIPA3UThCSI B COMAaTUYECKUX, IICUXUUECKUX U TIOBE-
NIEHYECKUX HapYILIEHUSIX.

HanbHeiilme padoTbl, MOCBAIIEHHbIE YIITYOJIEHHOMY aHAJIU3Y PEryIsiTOPHBIX CBONUCTB
BA, HECOMHEHHO, TOMOTYT MPOJIUTh CBET HA UCTUHHbIE MTPOLIECCHI, JieXKallle B OCHOBE €r0
MPOTHUBOCYIOPOXHOTO, aHTUMaHUAKaIbHOTO, a TaKXXe HEHPOIpOTeKTOPHOTO 3(h(HEKTOB.
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Valproic acid (valproate, VA) has been widely used as an antiepileptic agent for several
decades, as well as in the treatment of bipolar affective disorder. For many years, the
ability of VA to stop epileptic seizures of a different nature has been associated with in-
creased GABAergic neurotransmission, inhibition of glutamatergic neurotransmission
and a general decrease in CNS hyperactivity by acting on ion channels, however precise
mechanisms of VA anticonvulsant effects are still not clear. Over time, the effects of VA
on other neurotransmitter systems, enzymes and intracellular signalling pathways have
been revealed, however they do not explain the effectiveness of the drug as an anticon-
vulsant and mood stabilizer, but only expand its pharmacological profile. Over the past
10 years, the focus of interest in valproate research has changed due to its ability to alter
gene expression both by inhibiting histone deacetylases and by changing levels of DNA
methylation. These new studies reveal alternative mechanisms of valproate action rather
than trying to test and confirm hypotheses previously put forward.

Keywords: valproic acid, pharmacodynamics, epilepsy, depression, affective spectrum
disorders, regulation of gene expression, histone deacetylase inhibition, neuroprotection
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