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Opranodocdarel (OP) — onHM M3 HauboJjiee PaCIPOCTPAHEHHBIX KCEHOOMOTUKOB
HeilipoTokcuueckoro neiictBus. [1pu ocrpom otpasienun OD B pesyabTaTe moaaBiie-
HUSI aKTUBHOCTU CHMHAITUYECKOI alleTWIXOJIMHACTepas3bl (AXD) pa3BUBaeTCsl XOJU-
HEPruYecKuii CUHIAPOM, KOTOPBI MOXET TpaHC(HOPMHUPOBATHCS B SIMICTITUYECKUI
cratyc. B TeyeHre HECKOJIBKUX CYTOK ITOCJE€ OCTPOTO OTPABJIEHUSI MOXET Pa3BUTHCS
TaK Ha3bIBaeMbIi MPOMEXYTOYHBIN CUHAPOM, KOTOPBIi CBSI3aH C MPOAOIKUTETbHBIM
nHruoupoBanueM AXD, neceHCUTH3AlMEld HUKOTHMHOBBIX PELIENTOPOB, (DYHKIIMO-
HaJIbHOM Jerpajanueii CMHAIICOB M MBIIIEYHBLIX BOJIOKOH. Yepe3 10—20 mHeit mocite
OITHOKPATHOTO OCTPOTO WJIM HEOTAHOKPATHOIO TMOIOCTPOTO OTPABJICHUSI MOXET pas-
BuThbcst OD-uHIyIMpoBaHHasT oTcTaBieHHas nomHeliponatust (OPUIT) — Heitpone-
reHepaTMBHOE 3a0o0jieBaHUE, MPU3HAKAMU KOTOPOTO SIBJISIIOTCS aTaKCHsl, TOTeps
(byHKLIMU AUCTaNbHBIX OTIAEJIOB CEHCOPHBIX U MOTOPHBIX aKCOHOB TeprdepruIecKux
HepBOB. BO3HMKHOBEHNE HEPBHO-TICUXMYECKOTO PACCTPOMCTBA, BEI3BAHHOE XPOHMYEC-
CKHM BO3[IEMCTBMEM OTHOCUTEJIBHO MAJIOTOKCUYHBIX (hOCHOPOPraHNYECKUX COSTUHE-
Huii (XDP), 06bIYHO HE CBSI3aHO C OCTPHIM OTPABICHUEM, CPEIN CUMIITOMOB — KOTHM-
TUBHBIC PACCTPOMCTBA, XPOHUYECKAsl YCTAJIOCTh M SKCTpalMpaMUIHbIE CUMIITOMBI.
TlepeueHb BO3MOXHBIX 3a00JIeBAHUI WJIM MATOJOTMYECKUX COCTOSTHUN (CUHAPOMOB),
Pa3BUBAIOIIMXCSI B PE3Y/IbTaTe OCTPOTO, MOAOCTPOTO UM XPOHUYECKOTO BO3ICUCTBUS
O® Ha opraHu3M 4eJIoBeKa, B IMOCAEIHUE TOIbl PACIIMPUIICS 3a CUET psia U3BECTHBIX
HelipomereHepaTUBHBIX 3aboseBaHuil (6ose3Hn AnblreiiMepa, [lapkuHcoHa, pacce-
SIHHBI cKj1epo3 U 1p.). CTapeHue opraHM3Ma B LIeJIOM U CTapeHUe MO3Ta B YaCTHOCTH
paccMOTpeHbI B 0030pe ¢ TOUKM 3peHUs nocienctsuit orpasieHuss O®, KoTopbie MO-
T'YT CIIY>XKUTh Hecrelu(pUIeCKUM TPUTTEPOM CTapEHUST U CBSI3aHHBIX C HUM Helipoere-
HepaTuBHBIX 3a00aeBaHuii. CuHapoM [lepcuackoro 3aivBa He SIBISIETCS CJIEICTBUEM
nHToKkcuKamu O®, HO TakXKe MpencTaBiIsIeT MHTEPEC U PAaCCMOTPEH B KOHTEKCTE
nMeHHO O®M-UHIYLIMPOBAHHON MATOJOTUM, MMOCKOJIbKY €ro 3THUOJIOTUSI M TaTOreHe3
CBSI3aHbI C BO3JEHCTBMEM Ha OpraHU3M MHTMOMTOPOB XoiMHACcTepa3. Kpome Toro, B
00630pe MpencTaBieHbl JaHHBIE, CBUICTEIbCTBYIOIIME O BaXKHOM POJIM SHIOTEIUS CO-
cynoB B pa3Butur OMD-uHAYIIMPOBAHHOI MATOJOTHUM; TTePBbIE MPEATIOIOXEHUs ObLIN
BBbICKa3aHbl KJIMHUIMCTaMU B KOHLe 1980-X, a mepBble 3KCIepUMEHTaIbHbIE JaHHbIE
obut mosryyeHsl B Havasle 2000-x ronoB. M3moXeHbl MPUHIUIIBL TEPATTUU OCTPBIX
OTpaBJICHUI C yY4ETOM IKCIEPUMEHTAbHBIX JaHHBIX MOCAeTHUX JieT. [IpencraBaeHb
HEKOTOpbIe MeTObI ccienoBaHuss OMD B sKCIIepUMEHTAaX in Vitro, ex vivo v in vivo ¢ Jla-
0OpaTOPHBIMU XXKUBOTHBIMM, B TOM YKCJIe C IPUMEHEHEM MHTMOUTOPOB KapOOKCHII-
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acTepas; BaxKHeHIeil 4YacTblo MCCIEeIOBAHMI in Vivo ObLT U OCTAeTCsl MOMCK HOBBIX
OHroOMapKepoB st OLIEHKU 3((DEKTUBHOCTH CPEICTB abIOBAHTHOI U pereHepaTuBHOM
Tepanuu.

Karouesoie crosa: opranodocdarsl, XomUuHACTEPA3a, XOJTUHEPTrUYeCKU i CUHAPOM, DU~
JIEMITUYECKUH cTaTyc, HeliponereHepaTUBHBIE 3a00JieBaHMsI, CTapeHWe, SHAOTEIU N
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Opranogocdarel (OD, obiee HazBaHue I GOCHOPOPraHUYECKUX COSAIUHEHUN U
dochopoprannueckux orpasisiomux Beiiects, ®DOC u OB coOOTBETCTBEHHO) MpPU-
Ha/JIekaT K YMCITy HauboJiee paclpoCTpaHEHHBIX M OITACHBIX KCEHOOMOTUKOB, 00J1a1aio-
X HelpoTokcuyeckuM 3ddexktom [1]. CraydailHble OTpaBieHUs 3arps3HUTEIISIMU
OKpYKalollleii cpeibl, a TaKXKe MpeaHaMePEeHHbIE OTPaBJICHUS, CBI3aHHbBIE C MOIMBITKAMMU
CyMIIUJA, eXEerONHO MopaxaloT MUJIIMOHLI Joaeil Bo BceM Mupe. OD Becbma 3ddek-
THBHBI B 60pb0e ¢ HACEKOMBIMU-BPEIUTENISIMUA, OTHAKO, TTO HEKOTOPBIM OLIEHKaM, JIUIITb
0.1% O® nocruraroT 1eyeBoro adekra [2].

B HacTosiee BpemMs naeHTU(DUIIMPYIOT YEThIPE COCTOSIHUSI, OOYCIIOBIEHHBIE HEMPO-
TOKCUYECKHUM JeiCcTBUEM opraHogochaToB: XOJMHEPTUUYECKU CUHAPOM (Kpu3), TIPo-
MeXyTO4YHbIii cuHapoMm, O®d-uHAyuUUpOBaHHAsI OTCTaBJeHHAsT IOJWHENpoIaTus
(ODUIT) u HEpBHO-TICUXUYECKOE PACCTPOMCTBO, BHI3BAHHOE XPOHUYECKUM BO3MIEii-
crBueM @OC (XDP) [3]. OnmHako CyLIECTBYIOT OCHOBAHUS OOIOJHUThL 3TOT MEpeYeHb
KaK MUHUMYM cuHIpoMoM BoiiHBI B 3anmBe (Gulf War Illness, GWI), nHTepec K KoTopo-
MY Y 3apyOeXHBIX UCCieoBaTeIeil He TOJbKO He yracaeT, HO JaXxe HapacTaeT B ITOCe -
HUe Troabl: eciu 3a nepsBble 10 jeT ucciaenoBaHuii B 6aze PubMed 3apeructpupoBaHo
okoJto 140 my6nukanumii mo rteMe GWI, To 3a oguH TosibKo 2022 T. nx 66110 0KoJji0 60. bo-
Jiee TOTO, TIOSIBJISIETCS BCe OOJTbIIIEe CBEICHUIT O BO3MOXKHOCTH PAa3BUTHS OOIIEN3BECTHBIX
HelipoiereHepaTUBHBIX 3a00JieBaHMl B KauecTBe BapruaHTa O D-mHIyIMpOBaHHOM MAaTO-

Cumcok cokpamenuii: 2-PAM — nipanunokcum; AJIT — amannHamuHoTpaHcdepasa; ADK — akTuBHbIe (HOPMbI
kucaopona; AXD — auetwixonnHacrepasa; BA — 6onesnb Anbureitmepa; BAC — 60koBoit amnorpoduue-
ckuit ckiaepos; B/IH — 6oiie3Hp nBurarebHbIX HeiipoHoB; BIT — 6oite3np [1apkuHcona; BXD — 6yTupuixo-
nuHacTepasa; BB — BHekseTouHble Be3ukymbl; [ TT — ramMma-rmoramuiaTpancnentuaasda; ['9b — rematosan-
uedanuueckuii 6apbep; JAD — nuankundocdar JEK — nekemeneromunny; JuBd — nu-#-6ytundocdar;
JDIT — nudpenundocdar; KD — kapbokcminacrtepasa; JIAI — nakratneruaporenasa; JIOX — nuzodocdat-
nwnxonuH; HIIBIT — HecTepounHbie mpoTuBOBOCTIanUTe bHbIe TIpenapaThl; OI1 — orpaHuYeHUe NMUTAHUS;
O® — opranodochatsr; ODUIT — OD-uHAYyLMPOBaHHAS OTCTaBIeHHas nonuHeliponatus; OPAC — OD-
uHaynupyemblii anuctaryc; [TAC — nepudeprndeckuii anHnoHHbli cailt XD; PAC — paccrpoiicTBa ayTu-
ctuueckoro cnektpa; PC — paccesnnsiii ckiiepos; CI'b — cunapom Tuiiena—bappe; CABIT — cunnpom
neduunta BHUMaHus U runepaktuBHOcTH; CPIT — cioHTaHHBIe peuuauBupyomme npunanku; OB —
docdopopranunueckue orpasisitomue Beuecta; DOC — dochopopranuueckue coenuHeHus; XOP —
HEPBHO-TICUXUYECKOE PACCTPOMCTBO, BbI3BAaHHOE XpoHUYeckuM BozzaelicTBueM POC; XD — xonuHICTEepassbl;
O3Y — nexodeMHU3UPOBAHHBIN SKCTPAKT 3e1eHoro vasi; DK — sHpoTenanbHble KJIeTKH; SITUCTaTyC — 2IH-
nentuyeckuii craryc; APN — amunonentunasa N; ACT — acnapratamuHotpaHcdepasza; BBOEP — 6uc(2-
oyrokcuatuin)bocdat; BDCIPP — 6uc(1,3-nuxnop-2-npommn)docdat; BDNF — Mmo3roBoit HeiipoTpoduue-
ckuii pakrop; CB [7] — kykypour [7]ypuinsr; CBDP — 2-(o-kpe3un)-4H-1,3,2-6eH3onnokcadochopuH-2-
01(311;[; ChIP — ummyHonpeuunurauusi xpomMatnHa, CICR — KajlbLUMil-MHAYLIMPOBAHHOE BHICBOOOXKICHME
Ca” " ; COX1 — nuknookcureHasa-1; COX2 — nukiookcureHnasa-2; CPF — xjnopnu ﬂ(boc; DFP — nuuso-
nporundropdocdar; DICR — nnayunpyemoe aenonsipusanueii Boiceoooxaenne Ca”  ; EAAT — tpaHcniop-
Tepbl BO30ykaaromux amuHokuciot (Excitatory Amino Acid Transporters); EDRF — sngorenuii-3aBucumeblii
dakTtop penakcauuu; EP2 — peuentop npocrarnanauHa E2; FDA — ynpasiaeHue no caHUTapHOMY Haa3opy
3a Ka4eCTBOM IMHUILEBBIX MPoayKToB 1 MenukameHToB CLLIA; GW — [lepcunckuii 3anus; GWI — cunapomom
BoIiHBI B 3anuBe; H&E okpalmBaHue — oKpaluBaHUe TeMaTOKCHJIMHOM U 203uHOM; HDAC — neauerunasa
ructoHoB; HDACI — rucronaeanerunasa 1; LPS — nunononucaxapuner; MFS — nmpopactanue MOXOBUAHBIX
(MuIucTeIx) BosiokoH; MNBP — moHo-#-0yTundranar; nAChR — HukoruHossie perienitopsl; NTE — Heiipo-
natudeckas actepasa; PB — mupunocturmun; PER — nepmerpun; PGC-10 — koaktuBatop 1-ajbdha ramma-
peuienropa, aKTUBUPYEMOTo MepokcucoMHbiMu Tipoiudeparopamu; PGE2 — mpocrarnannun E2; PLB —
docdonunaza B; PON1 — mapaokconasa 1; PON2 — mapaokconasa 2; POX — mapaokcoH; PPAR — pentenito-
pbI, aKTUBHUPYEeMbIe MTepOKCUCOMHbIMU mposudepaTtopamu; PYR — nuperpouns; QMP — XMHOHMETHUIBI;
RyR — puanonunosblii petienrop; ooCM — anbda-uunepmerpun; ACH — n1samM6aa-1uranoTpus.
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Jsjorur. MHOTOYMCIIEHHBIE MCCIIeIOBAaHUS MToKa3aiu, 4To Bo3aeiictBue Od Kak Ha JIiio-
neit, Tak ¥ Ha SKUBOTHBIX MOXET MPUBECTHU K abeppaliusiM B SMOPUOHAIILHOM Pa3BUTUM,
nedeKTaM HeMPOKOTHUTUBHBIX (DYHKIIMIT B paHHEM BO3pacTe U CYIIeCTBEHHOMY BKJIaIy
B pa3BUTHE HepoaereHepaTUBHBIX 3a00JIeBaHUI Y B3pOCIEIX [2, 4—7].

Tpu U3 BBIIENEPEUMCIEHHBIX cOCTOSITHUIT O®M-MHIyLUUMpOBaHHO MNATOJIOTHU, TakK
WIN UHAue, 3aBUCST OT TSIKECTU OCTPOTO OTPaBJICHUSI U CTETIEHU MPOSIBJICHUST XOJIMHEep-
TUYECKOTo CMHAPOMA, TTO3TOMY BO MHOTUX CTpaHaX MHUpa (hapMaKoJIOTHU yIEJsSIOT 0CO-
60e BHUMaHU1e TTOUCKY 3 GhEKTUBHOM Tepamuu OCTPBIX OTpaBieHWi. ba3oBbIit aHTUIOT-
HBIIT KOMIUIEKC TIpeIHa3HaueH, Tpexae BCero, Uil BBDKMBAHMST OpTaHM3Ma B TOTOCIIH -
TaJIbHBIN TIepUo, HO He MpenHa3zHavyeH ISl TIPeAOTBPAIlleHUsT pa3BUTHUsI OCTaBIEHHBIX
a(dexkToB ocrporo orpasiaeHus. [Touck IpernapaToB, CIOCOOHBIX MPEAOTBPATUTH IO~
BpEXIEeHUE MO3ra Ha MO3IHUX cpoKax nocie orpabiieHuss OD — ogHa U3 HanboJee Bax-
HBIX U CJIOKHBIX TIPOOJIEM COBPEMEHHOM TOKCUKOJIOTUU. DTOT IMOUCK, OAHAKO, HEBO3MO-
JKe€H WJIM MaJIOTIPOAYKTUBEH 6e3 MOHUMaHUST MOJIEKYISIPHO-TEHETUYECKUX U OCOOEHHO
MOJIEKYJIIPHO-KJIETOUHBIX MEXaHN3MOB Pa3BUTHS MATOJIOTUH, T.K. TIOCIEAHUE SIBJISTIOTCS
CcBOeOoOpa3HbIM “3HaMeHaTesieM” (peHOTHUIa 3a00JieBaHMS 1 BO MHOTOM OIIPeNessiioT 00-
11IyI0 HaIpaBJIeHHOCTh MaTOTeHe3a.

XOJIUHEPTUYECKHW CUHAPOM

D10 HanboJIEE U3BECTHOE U XOPOIIO N3YYEHHOE COCTOSIHIE, KOTOPOE PETUCTPUPYETCS
€XETOIHO 10 BCEMY MMDY, HO B MEPBYIO O4Yepelnb B C1a6G0Pa3BUTBHIX U Pa3BUBAIOLIMXCS
CTpaHax, e He 0YeHb CTPOTO CJEIAT 3a COOMIOIEHUEM ITPaBUII 6€30ITaCHOCTH TP pabo-
Te ¢ PochOopOpraHNIECKUMI MECTULUAAMI, U T JOBOJBHO BHICOKUI YPOBEHD IIOIIbI-
ToK cynuuaa ¢ npuMeHenrieM ®OC. CMepTHOCTD IPU OCTPBIX OTPABIEHUSIX COCTABIISAET
He meHee 15% [8, 9].

KivHuyeckre CMMMOTOMBI M IMArHOCTMYECKME KPUTEPUM XOJUHEPTHUUYECKOTO CUH-
JIpoMa OIMMCaHbl BO MHOTHX CTaThsIX U yueOHMKaX 1Mo Tokcukosaoruu |3, 10]. OHu cBs3a-
HBI, IPEXIIEe BCETO, C MOAaBJIeHNeM aKTUBHOCTA CUHANITUYECKON alleTUIXOJIMHACTEPa3bl
(AXD), mocnenyonM HaKOIUIEHUEM alleTUIXOJIMHA M, KaK CJISICTBHUE, TUTIePAKTUBA-
LMel HUKOTUHOBBIX U MYCKapUHOBBIX pelienTopoB. OCHOBHBIE CUMIITOMBI — 3TO MHO3,
MOTOOTAEeHUE, PUHOPES, CIe30TeYeHNE U CIIIOHOOTAEIeHNE, CIIa3Mbl KMIIIEYHUKA, Ha-
pylleHus AbIXxaHus (Kalllesib, ObIIIKa, XPUIIbl), TTOASPTUBAHMS JIULIEBBIX MBI U SI3bI-
Ka, TPeMOp KUCTei U MajiblieB PyK, (hacUMKYISILIMNA CKEJIETHBIX MBIIIL, OpaguKapaus,
OJIeNHOCTh U 1IMAHO3, TOIIHOTA, PBOTA, JMapesi, HEMPOM3BOJIbLHOE MOYEUCITYCKAaHUE U
nedexamus. DT CUMIITOMEI COIIPOBOXIAaIOTCs Mpu3HakaMmu mmopaxkenus LIHC, rakuvu
KaK TOJIOBOKPYXXeHUE U TOJIOBHAsI 00JIb, CITyTAHHOCTb CO3HAHUSI, IPOXKb, aTaKCUs, yCTa-
JIocTh U Tlapecte3usi. [1pu Gosee TSKeIoM OTpaBIeHUM BO3HUKAIOT CyIOPOTH, KOHBYIIb-
CUHU, KOMa M AbIXaTeJbHasi HEJOCTaTOYHOCTh. ECIM maiMeHT BBIKMBAET B TEYSHUE TIep-
BBIX CYTOK MOCJIE€ OCTPOTO OTPaBJICHUS, TIPOUCXOISIT U3MEHEHUST JIMYHOCTH, TIeperabl
HACTPOCHMSI, arpECCUBHbBIC TEUCTBUS U TICUXOTUYECKUE SMTU30/IbI, BKITIOYasH IMM30UITHbIE
peaxkIuu, reHepalys MapaHOUIATbHBIX UlIei, 060CTPEHMs paHee CYIECTBOBABIIMX MTPO-
6J1eM TICMXOJIOTMYECKOTO XapakTepa. Pe3ko HapylllaeTcsl KauecTBO CHa M3-32 HOYHBIX
KOLLIMAapOB U raJUTIOLMHALIAI, yXyAllaeTcs naMsiTh U BHUMaHue. CMepTb OOBIYHO HACTY-
naeT BCJEACTBUE IbIXaTeIbHON HEAOCTATOYHOCTH, BOSHUKAIOIIEH B pe3ybTare coyeTa-
HUS LEeHTpaJIbHBIX U Tiepudepnyecknx 3PdeKToB, nmapaanya AbIXaTETbHBIX MBI U
YrHEeTeHUS ObIXaTeJIbHOTo 1IeHTpa [3, 10].

OmHUM 13 KJIMHAYECKUX MPOSIBICHUI M OIKAWIIIMX MOCAESACTBUI OCTPOro OTpaBiie-
Hust O®D sBisIeTCs SNUICTITUYSCKUI cTaTyc (status epilepticus, anmucraTyc). DTO COCTOSI-
HUE, TTPU KOTOPOM SMUJICNITUYECKUE TIPUITAIKU CJICAYIOT OIWH 3a APYTrUM (OOBIYHO 6O-
siee 30 MUH), M B MIPOMEXKYTKaxX MEXIy TIpUITaaKaMU OOJIbHOU He TIPUXOIUT B CO3HAHUE.
PamukaibHBIM OTJIMYMEM 3MUCTATyCA OT SMMHUYHOTO SIMWJICHITUYECKOTO MPUITaaKa SB-
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JISIETCSI HECITOCOOHOCTh OpraHM3Ma K ero KynupoBaHuioo. Ho moyeMy XonMHepruyecKuii
KpM3 CTajJl YyTh JIM HE OTOXIECTBIATH ¢ 3nuctarycoM? leao B TOM, UTO MPU OCTPOM
orpaBieHun O®D mepBUYHBIE CYIOPOTM CTAHOBSITCS HEXOJIWHEPTUYECKUMMU TI0 CBOEit
MPUPOIIE, YTO MOXKET MPUBECTH K MEPUOANIESCKOMY BO30OHOBJIICHUIO CYTOPOXHOMN aK-
TUBHOCTH, TI0 CBOMM KJIMHWYECKUM MpU3HAKaM HallOMUHAIOIEeH STMIeNTHIeCKUE TTPH-
nanku [11]. PanHss ¢a3a cynopoxXHoit aKTUBHOCTH (XOJMHepruueckas: ¢pa3a TOKCUKO-
TeHHOI cTaauu OTpaBJIEHUs, 10 5 MUH MOCJe Hayajia IMIPUCTymna) cCHavyajla oopeTaeT cMe-
IIAHHYIO XOJMHEPTUUECKYI0 U HEeXOJIMHepruiyeckyo momynsiuio (5—40 MuH), a 3atem
TpaHCHOPMUPYETCS] B HEXOJMHEPTUUECKYIO (ha3y TOKCUKOTEHHOI CTaauu OTpaBICHUS
[12]. HeiipomaTomorusi, BeI3BaHHAsI CyodOpOoramMu, oOyCIOBICHA IIPeXXae BCEeTo ITyTaMa-
TePrudeckKoil 3KCaNTOTOKCUMYHOCTBIO BCIIEACTBHME MUcOalaHca BO30OYXKMAIOIIUX U TOP-
mo3HbIx MexaHu3MoB IIHC. HekoHTponupyeMblil 31IMCTaTyC CYIIECTBEHHO ITOBBIIIIAET
PUCK MOBPEXIECHUSI TOJIOBHOTO MO3ra J1aXke MpH CBOEBPEMEHHOM OKa3aHUM MEIMIIMH-
CKOIT TOMOIITH 1 63 Cephe3HbIX COMMYTCTBYIONINX 3abojieBanmii [13, 14]. [IporHos craHo-
BUTCS 0oJiee cepbe3HbIM B ClIydae MaCCMPOBAHHOI XMMWYECKOM aTaKu, MPU COTTYTCTBY-
IOIIKX TpaBMax, 3a00JIEBAHUSIX U B OTCYTCTBME MEIULIMHCKOI rmomolnu [15, 16].

OOGLIETTPUHATON MOAEIBIO SIUCTATYCA in Vitro SIBJISIETCSI BO3AEUCTBUE CPEObl C HU3KUM
coliep>kaHWeM MarHusl Ha CMEIIaHHYIO KYJIBTYPY HEMPOHOB Y ITTHAIbHBIX KJIETOK TUITIO-
Kamra. C UCITONb30BaHNEM 3TOI MOZIEIIH GBUIO MTOKa3aHo, uTo nortonieHne Ca®t sHmo-
TUTa3MaTUYECKUM PETUKYJIYMOM OBLJIO 3HAYMTEJbHO MHTMOMPOBAHO B rOMOTIeHaTax M3
KYJbTYp, AEMOHCTPHMPYIOIINUX 3JIEKTpOodU3noIoTnIecKue MHeHOTUNbl cymopor. Ilormo-
meHne noHoB Ca’t 06ecIeunBalOT B OCHOBHOM HEIIpOHBI, HO IINATBHOE ITOIIONICHIE
Ca’* Taxke 6bUIO 3HAYNTEIBHO MHIUGUPOBaHO. [Ipy 3TOM KXU3HECIIOCOGHOCTD HEIPO-
HOB, TIONBEPTUINXCS BO3MEMCTBUIO HU3KOTO CONIEpP>KaHWsS MarHusi, He CHMXKajlach IO
CpaBHEHUIO C KOHTPOJbHLIMU HelipoHamu [17]. BeikuBaemocTts npu Od-unayuupye-
moM anuctatyce (OPIC) conpskeHa ¢ BEepOSITHOM nuchyHKIMEel HAaCTPOSHUS U MaMsi-
TH, Hapsiy CO CIOHTAHHBIMM peluauBupylommu npunaakamu (CPIT) criyctsa mau-
TeJIbHOE BpeMsI mocjie oTpaBliieHus. B akcriepuMenTe Ha Kpbicax MoaeanpoBanue OPOHC
OCYILECTBIISIIOT ¢ TIOMOIIbIO pa3mnuHbix Od, HanpuMep, ¢ MpUMEHEHUEM TTapaoKCOHa
(POX, 2 wmr/kr, n/k), nuuzonponuidropdocdara (DFP, 4 Mr/kr, n/K) uim 3apuHa
(2 Mr/KT, B/M), C TIOCJIEAyIOLIMM BBEJAEHUEM aTponuHa U npanunokcuma (2-PAM) [18].
Yepes 1 u nocne Hayaia OPHC BBOAST MUAA30JaM JJIsl CTAOMIM3AIIUM COCTOSIHUSI.
IMpumepHo yepe3 6 MecsueB nocie ODIC ouenusaor CPII ¢ moMolbio BUIEO- U
BBI-MOHUTOPUHTA, IPOBOIST F’MCTONATOIOTMYECKOE UCCIeIOBAHNE C UCTIOIb30BaHUEM
rematokcusinHa u 3o3uHa (H&E), a okpammBaHue cynbdunom cepedpa (meron Tumma)
HVICTIOJIB3YIOT IS OLIEHKU ITpOpacTaHUsI MOXOBHIHBIX (MIIMCTHIX) BOJIOKOH (Mossy Fiber
Sprouting, MFS). Xponuueckue CPII pa3zBuBaiorcs y 6osee uem 60% KpbIC, epexXuB-
mux O®DC. Okpammpanve H&E BbISIBUIIO 3HAYUTENIBHYIO TIOTEPK HEMPOHOB TUITIIO-
KaMIia, Torga Kak oKpalllMBaHue 1Mo THUMMY MO3BOJWIO MACHTU(GUIIUPBATH OOIIMPHBIE
obnactu MFS B 3y6uaroit uzsunutne. CinenobatenibHo, OPDC obOycioBIMBaeT pa3BUTHE
XpOHUYECKOI snuiercun. [Togo6HOro poma MoJaean Ha XMBOTHBIX CO3MAIOT YHUKATb-
HYIO BO3MOXHOCTD JUISI MCCJIEIOBAaHUSI MEXaHU3MOB Pa3BUTHSI XPOHUYECKUX 3a00JieBa-
HUIi B pe3ynbTaTe orpaBieHuss OD, s mpoBeneHUsI CKpUHUHTA CPEACTB Tepallnu C 1ie-
JIBIO TIPENOTBpallleHUs Pa3BUTUS ITIOCIEACTBUI OCTporo orpapieHus [ 18].

AHTHIOTHas Tepanus npu otpasieHnn O® HampapieHa Ha 6JIOKaay alleTHIIXOJIUHO-
BBIX PEIIETITOPOB C TIOMOIIBIO aTPOINKMHA, Ha peakKTUBalmio AXD ¢ IMMOMOIIbI0 OKCUMOB
(kap6okcuM, npanunokcum, HI-6, TMIIMpOKCUM, TOKCOTOHUH, OOMAOKCUM U PSII APY-
rux), a TakKe Ha ocjabjieHue CyIopor ¢ IIOMOIIbIO arOHUCTOB 0€H301Ma3eIIMHOBBIX pe-
HenTopoB (Ira3ernaM, Muaas3ojaam u ap.) [19—22]. B 6oapmmx qo3ax aTponvH o61agaeT
He TOJIbKO mneprudeprIecKuM, HO U LIEHTPaJIbHbIM M-XOJIMHOJUTUYECKUM IeiCTBUEM, a
TaKKe CYILECTBEHHO CHIKAET BICBOOOXIeHUE N1oaMUHa B OTBET Ha BBeaeHue Od [23].
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I[MpyHLMN peakTUBALIMM 3aKJII0YACTCSl B pa3pylICHUM XUMUUECKOM cBsizu Mexay OD u
AXD, B pe3yibTaTe 4ero BoccTaHaBIUBaeTcs cTpyKrypa AXD u ee pyHkums. Kpome To-
ro, peaktTuBaTopbl AXD 061amaioT H-XOTMHOIUTUYECKUMU CBOMCTBAMU, YTO OOOCHO-
BBIBaeT X IPUMEHEHHME B COYCTAHUM C aTPONUHOM [24].

MPOMEXYTOUYHbBIV CUHAPOM

ITpOMEXYTOUYHBII CUHAPOM BO3HMKAET ¢ 4acToToil or 7.7 1o 84% B TeueHue 1—4 cyr
nocJiie octporo orpapieHust OMd [25], korma KIMHUYEeCKUEe TPU3HAKU (CUMIITOMBI) XOJIH -
HEPTUYECKOTo CMHApOoMa (MHO3, GacCIUKYJISIIIUNA U T.A.) yKe He MPOSIBIISIIOTCS. DTO CO-
CTOSTHUE SIBJIIETCSI CJICACTBMEM ITOpPakKeHUsT HEPBHO-MBIIIEYHBIX CUHATICOB JbIXaTelb-
HBIX MBI (Duacdparma, MexxpeOoepHbIe MBIIIIIIBI), CruOaTes e e, OTBOASIIIINX MBIIIIIL]
mieJya u crubateseit 6emnep, OMHAKO €ro 3TMOJIOr1s U (PaKTOphl pUCKa BCe €11e MaIOIIO-
HATHBI. JlpIXaTeabHask HEAOCTaTOYHOCTD SIBJISIETCS HE TOJBKO OMTHUM M3 KIMHUYECKMX
MPU3HAKOB MTPOMEXYTOYHOTO CUHIPOMa, HO U OCHOBHBIM (PaKTOPOM BEpOSITHOTO TaHa-
ToreHe3a. Ha MoJleKyIapHOM U YJIBTPACTPYKTYPHOM YPOBHE pa3BUTHE TTPOMEKYTOTHOTO
CUHIIpOMa U COTIPSTKEHHOM ¢ HUM MMOIIATUN CBSI3BIBAIOT C TIPOIOKUTEIEHBIM MHTUOMPO-
BaHueM AXD, NeceHCUTHU3allMe U CHIDKEHHOM 3KCIIpecCHeil HUKOTMHOBBIX PELIENITOPOB,
OKCHUJATUBHBIM CTPECCOM, HEKPO30OM MBIIIEYHBIX BOJOKOH [26]. TTopaxkeHne CUHAIICOB
Y MBIIIIEYHBIX BOJIOKOH OOYCJIOBJIMBAET MOBBILICHHBIN YPOBEHb B KPOBU KPEaTUHKUHA3BI
u naktataeruaporeHassl (JIJIT). Cpeny priCKOB BOSHUKHOBEHUS TIPOMEXYTOYHOTO CHH-
npoMa — 3amepxkka Metabonusma OD, reHeTUYeCKe TTPEANOCHIUIKH, TSKeCTh OTpaBie-
HUsI, HeaZieKBaTHasI Tepalus aTpOITMHOM 1 OKcUMaMu. [TpoMeXXyTOUHBIM CHHIPOM Jalie
Bo3HMKaeT nocjie oTpaieHuss @OC, uMmerolmMu CTpyKTypy numeTwidocdara (heHTHOH,
JIUMETOoAaT, MOHOKpoTodoc, muxyiodoc, MEeTWINapaTHUOH), HO TakKe pa3BUBAeTCs IOCie
OTpaBJICHUs] STWITapaTHOHOM U MeTaMuaodocoM (pochopamuaar) [3, 27]. Caenyet oTmMe-
TUTb, UTO MPAKTUUYECKN HET CBEICHUIl O BOBHUKHOBEHUM MPOMEXKYTOUHOTO CUHIpOMa
nocie orpapieHuss OB [28]. IIpaBuibHBIM IUMATHO3 MPOMEXYTOUHOIO CHHApPOMA U
CBOEBpPEMEHHBIE TeparneBTUYECKUEe MEPOMPUATHS TTO3BOJISTIOT MPEIOTBPATUTh PA3BUTHE
NIBIXaTeIbHOM HEJOCTATOUHOCTH U 00ECIIeYNTh BBI3NOPOBJICHNE OPTaHN3Ma, CBUIIETEb-
CTBOM YETO SIBJISIETCS TTOCeN0BaTeIbHOE BOCCTAHOBIEHUE (PYHKIIMOHAIBHON aKTUBHO-
CTU MBIIIL, WHHEPBUPYEMBIX 4YE€PEITHO-MO3TOBBIMM HEPBAaMM, 3aTEM AbIXaTeIbHbIX
MBIIIL, TPOKCUMAJIBHBIX MBIIIL KOHEUHOCTEH 1, B MOCJIENHIO OYepedb, MBILII-CIruba-
Tenei meun. [ToCKONMbKY MTPOMEXYTOUHBIM CUHAPOM SIBJISIETCS OMHUM 13 HamboJiee paH-
HUX TTOCJIEICTBUIA OCTPOTO OTPaBJIECHUs M XOJIMHEPTUYECKOTO CMHIPOMA, TeparneBThye-
CKMe MepOTPUATHST MPOMIIAKTUIECKOTO XapaKTepa BO MHOTOM COBITAJAIOT C Teparnuveit
XOJIMHEPIruyeCkKoro CMHApoMa M BKIIIOYAIOT B ceos OYUCTKY 2XKCJIYAOUYHO-KUIIECYHOTO
TpakTa, TpUMEHEeHNEe aTPOIIMHA Y OKCMMOB, 2 KpOME TOTO — PECHUPATOPHYIO MOAAEPXK-
Ky MPOAOJIKUTENILHOCTBIO OT OMHOM 10 TpeX Helleb MOCJie OTPaBJICHUSI TIPU YCJIOBUM He-
MIPEePLIBHOTO MOHUTOPUHTA TEMOAMHAMMUKH U KHUCJIOTHO-OCHOBHOTO cocTostHus [3, 27].
B TO ke BpeMsi TpOAOKUTEIBHOCTh UCKYCCTBEHHOW BEHTUJISILIMU JIETKUX TIPH OCTPOM
otpasiaeHur @OC MOXKET cTaTh OAHUM U3 (HaKTOPOB PUCKa, OIIPEaSIsONIMX 3a00jieBae-
MOCTb U CMEPTHOCTb, Hapsily C BO3PACTOM U TSLKECThIO oTpasieHus [29]. [TpuunHOl ToMy
SIBJISIETCSI TIOBBIIIICHUE YPOBHST Ta30BbIX MUKPO3MOOJT /WM TUTIEPOKCHUST: 3TU (PAKTOPHI
00yCJIOBIMBAIOT aKTUBAIIMIO SHIOTEINAILHBIX TUAPOJIa3 U, KaK CIIEICTBUE, YMEHbIIICHUE
TOJIIWHBI SHAOTETNATIBHOTO NIMKOKAJIMKCA, YTO, B CBOIO OUepelb, TPUBOIMT K HapyIlle-
HUIO MEXaHOTPAHCAYKIIUM, TeHEpaIIM OKCHA a30Ta SHAOTEINATbHBIMU KJIETKaMU, TI0-
BBILIEHUIO YPOBHSI aKTMBHBIX popMm Kuciopona (ADPK) v mpoHUIIaeMOCTU 3HAOTEIM-
aibHOro MoHocJos [30]. B opraHusMe yeaoBeka B HOpMe SHAOTEIUATIbHBIN CIIOM TIIUKO-
KaJiiKca yaepxkuBaeT 10 1 autpa mia3mbl KpoBu (20%), MaxkOpHBIM OEJIKOM KOTOPOW
SIBJISIETCST aIbOYMUWH; 3Ta NMIPUCTeHOYHAs1 (DpaKIIKs rIa3Mbl UMeeT TTOBBIIIIEHHOE KOJUTO-
WIHO-OCMOTHYECKOe (OHKOTMYECKOEe) MaBjIieHMe, cocTaBiisiolniee Topsinka 60% Bcero
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OHKOTMYECKOTO AaBJEHUS Ma3Mbl KpoBHU [31]. YMeHbIIeHUE INTIMKOKAJIMKCa MMPUBOIUT K
YMEHBIIIEHWIO OHKOTUYECKOTO AAaBJIEHWSI M TUITOBOJEMUU, TaK YTO COOTBETCTBYIOIIAS
KOMIIEHcalusl Morja Obl CTaTb OAHUM M3 TepareBTUYEeCKUX (DaKTOPOB MpPU OCTPOM
otpasiaeHur POC ¢ 11e1bI0 CHUXKEHUSI pUCKA CMEPTETBHOTO MCX01a U TTPeaypeKIeHUS
ocTaBJieHHOI nartojiornu. Y neficTBUTENIbHO, OMUCAaHBI CIyYau YCIIEIITHOTO MPUMEHEHUS
CBEXe3aMOPOKEHHOM TJ1a3Mbl MTPU JICUCHU U TTPOMEXKYTOUYHOTO cuHapoma [32].

O®-UHAYLIMPOBAHHAS OTCTABJIEHHAS TTOJIMHENPOIIATUS (ODUIT)

TMomuHeitporraTny pa3BUBAIOTCS B pe3yabTaTe MUMOOY3HOTO TTopaxkeHUsT Tiepudepu-
YEeCKUX HEPBOB — UX aKCOHOB (aKCOHAJIbHbIE MOJIUHENPOIIaTU ), MUEIUHOBOI 000104~
KM (IeMUETVHU3NPYIONINEe MOJUHEpOonaTun) MO0 TeJl HepOHOB (HeHpOHOMNATUHN).
B ocHOBe maToreHe3a MoMHeponaTnii aKCOHAILHOTO THUIIA JIEKUT TeHepaJIM30BaHHOE
MOBPEXIEHNE OCEeBbIX LWIMHIAPOB MepudeprnuecKnX HepBoB. AKCOHaIbHas JAereHepa-
11 (AKCOHOITATUST) — pe3yIbTaT HapylIeHUs MeTabon3Ma HeiipoHa BCIISACTBUE HEIO-
CTaTOYHON BBIPAOOTKM SHEPTUM B MMUTOXOHIPUSX W/WJIM HapylIeHUs aKCOHAJIbHOTO
TpaHcropra. MuenmHoBass 06010YKa TP aKCOHOITATUSIX CTPATaeT BTOPUYHO (BTOPHY-
Hasl IeMHUeIMHU3alMsa). MUeJIMH MOXET MOBPEXIAThCsl B pe3y/IbTare MIIeMUU HEPBOB
(TTopaskeHwue vasa nervorum), OTIOXEHWS] TOKCUYHBIX TSI HEpBa BEIIeCTB WJIM UMMYHHBIX
KOMIUIEKCOB B 3HIOHeBpuu [33, 34]. OPUII o6b1yHO nposiisiercst uepe3 10—20 mHeii mocie
OIIHOKPATHOTO OCTPOTO OTpaBJIEHUsI C BBIPAXKEHHBIM XOJWHEPTUUYECKUM CHHIPOMOM,
MocJie YCIeITHOTO MPOBENeHUs TepareBTUUYECKUX MeporpusaTuii. OmHaKo JECATKH Thl-
csiy cnydyaeB Bo3HUKHOBeHUst ODUII B 1930 r. B CIIA, B 1959 1. B Mapokko, a TakxKe B
pasusblie ronsbl B Pymbrnum, Illpu Jlanke, Kutae u opiBmIeii KOrocnaBum cBsI3aHBI C HEOI -
HOKpPAaTHBIM OTpaBJIeHUEeM TPUOPTOKpe3uihocdaToM B COCTaBE CyppOTraTHOIO aJIKOTOJISI
WIM TIPOAYKTOB THUTaHUSI 6e3 SIBHBIX IPU3HAKOB XOJMHEPrUYecKoro cuHapoma |[3].
O®DUII oTHOCUTCS K HeliponereHepaTUBHBLIM 3a00JIeBaHUSIM, XapaKTepPHBIMU TIPU3HA-
KaM# KOTOPOTO SIBJISIIOTCS aTaKCHsI, TTIOTePpsT GYHKIIMU TUCTAIbHBIX OTAECIOB CEHCOPHBIX
U MOTOPHBIX aKCOHOB TepudepuIeCcKUX HEPBOB, a TaKKe BOCXOMSIIMX U HUCXOASIINX
nyTeil cnmuHHOTO Mo3ra. IuarHoctuyeckum kKputepuemM ODUII sBnsiercst 3amemyieHue
HPOBOAMMOCTUA HEPBHBIX BOJIOKOH [35]. PaHHMMU HEBPOJOTMYECKMMU CHUMITOMAaMU
OOBIYHO OBIBAIOT OCTPHIC, MOXOXNE HAa CyTOPOry 00JIM B UKPOHOXHBIX MBIIIIIIAX, MTOKa-
JIBIBAHUST B HOTaxX U PyKax, COMPOBOXAaeMble OHEMEHUEM NMCTATbHBIX OTIACIIOB KOHEY-
HoOCTei. MblllIeYHbId TOHYC KOHEUHOCTEM MOCTENEHHO HapacTaeT, MOSIBISIETCS] CacTu4-
HOCTb B HIDKHUX KOHEUYHOCTSIX. [Ipu mempeccry CyXOKWJIBHBIX pedIeKCoB BO3HUKAET
nporpeccupyolias ciabocTb B HOrax, MalMeHThl TepstoT paBHoBecue. O0cienoBaHue
BBISIBJIICT TUCTAJIBHYIO CUMMETPUYHYIO, B OCHOBHOM MOTOPHYIO TTOJTMHEHPOITaTHIO (XO-
TSI CEHCOpHAasi KOMITOHEHTa TOXe TMPUCYTCTBYET) CO CJIA00CTHIO MBI AUCTATBHBIX OTIE-
JIOB HDKHUX KoHeuHocTei. [1pu tskenoit popme ODUII HabmonaeTcss KBaapUTLIETHS C
OTBHMCAHMEM CTOIT U 3arsicThii [36]. B MeHee cepbe3HBIX CiTydasix, Ipy MOPaKeHUHU TIpe-
MMYIIECTBEHHO TUCTAIBHBIX OTAEIOB U cOXpaHeHUueM MOpGhODYHKIITMOHAIBHOM 11EJ10CT-
HOCTHM aKCOHOB CITMHHOTO MO3Ta, HabIIoaaeTcsT HEKOTOPOe BOCCTaHOBIICHUE (DYHKIIUIA,
HO CO BpeMEHEM IOSIBJISIIOTCS MUPpaMUIHbIC 3HAKU, CBUIETEIbCTBYIONINE O MOPaKeHUN
HEHPOHOB KOPHI TOJIOBHOTO Mo3ra. Ha MOJIeKyISIpHOM YpOBHE ITyCKOBBIM MEXaHU3MOM,
ob6ycnoBnuBatomnM pazputue ODUII, cuntaercss UHTrUOMpoBaHue He MmeHee 70% Heii-
ponatuyeckoii actepasbl (neuropathy target esterase, NTE) — nunterpanbHoro ¢bepmeHTa
MeMOpaH HeipOHOB, MO3Xe MAeHTU(hUIIMPOBAaHHOTO KaK ¢docdonumnaza B (PLB, nu3o-
docdonunaza), GU3MOIOrMIECKUM CYOCTPATOM KOTOPOTO SIBJISIETCS TU30JSLIUTUH (V-
3odochatnmuixonuH) [37, 38]. HakoruieHue nm3ojenuTHHA B MeMOpaHaxX HEMPOHOB
BedeT K HapylIeHUI0 (DOPMUPOBAHUS HEHPUTOB (AKCOHOB) M LIEJIOCTHOCTHU YK€ CYIe-
crBytomux akcoHoB, T.K. NTE (PLB) ygactByeT B aHTepOorpagHOM TpaHCIOPTE MaKpoO-
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MOJIEKYJI B TUCTaJbHble yyacTku akcoHa [39]. ITomasnenue aktuBHocTU NTE cBsi3bIiBa-
0T C HapyllIeHUueM OajlaHca MOHOB KaJIblivsl U aKTUBAIlUell LIMCTEMHOBBIX IpoTea3s [40].

OmnmHako mi1st HeoOopaTtuMoro nHruoupoBanusa NTE momkHa MMeTh MeCTO BTOPUYHAST
XUMUYECKasl peaklus — nealnyinpoBaHue (T.H. “crapeHue” ¢gpepmeHTa, aging) [41]. H-
rubupoBaHre NTE camo 1o ceGe He OTBETCTBEHHO 3a JereHepaliio akCOHOB, KaK 3TO
OBLIO MPOEMOHCTPUPOBAHO C UHTMOMTOPAMU MHOTO XUMUYECKOTO CTPOCHUST (OpraHo-
dochuHATHI, cCyTbOOHWIDTOPUIL 1 KapOaMaThl), KOTOPBIE TaKKe KOBAJICHTHO B3aNMO -
neiictBytoT ¢ NTE, Ho 6e3 mocnenymoliero aeanminpoBaHus [42].

Cyuraetcst, utro nHruoupoanre NTE u O®UIT (OPIDN) crioco6¢cTBYeT pa3BUTHIO
HelipoiereHepaTUBHBIX 3a00JIeBaHUM, MATOTeHe3 KOTOPBIX CONpPSIKEH ¢ IereHepanveit
aKCOHOB: 3T0 M 0oJie3Hb AjbireiiMepa (BA), n 6onesns [lapkunacona (BIT), u 6one3ua1
nBuraTeabHbIX HelipoHoB (BJ/IH), kKotophle BKIIOUaloT OOKOBOII aMUOTpOGUYECKUI
ckiepo3 (BAC) u nporpeccupylonuii 6yns6apHbiit mapanuy [43]. [lockoabKy 2Tu 3a60-
JIeBaHUs y JIIOICii B MIEPBYIO oUYepelb CBSA3aHbl CO CTApEHUEM, MHTEPECHO OTMETUTh, YTO B
9KCMEPUMEHTAIBHBIX MOJIEJISIX BO3PACTHBIC XKMBOTHBIE TOpa3no 6osiee BOCIIPUMMUYMBBI K
ODUIIT (OPIDN) u ropasno xyxe BOCCTAaHABIMBAIOTCS IOCJIE HETO IO CPABHEHMIO C MO-
nonbivu [43]. Tepanusgs ODUII y moneit MICKIIOYUTEILHO CUMIOTOMATAYECKAs, TIperapaThl
IJISI JISYEHMSI OCTPOTO OTpaBJIeHMs (aTPOIIMH, OKCUMBI, Ira3eriaM) Hea((OEeKTUBHEL.

HEPBHO-TICUXUYECKOE PACCTPOMCTBO U JIPYTUE MMOCIEJACTBUA
MHTOKCHUKALIUN OD

BosnukHoBeHre XMP MoxeT ObITh He cBSI3aHO ¢ ocTphIM oTpaBieHueM M@OC u co-
MyTCTBYIOIIMM MOJaBJIeHNeM aKTUBHOCTH AXD [44]. IuarHocTnaeckue Kputepuu XPOP
BEChMa PaCIUIBIBYATHI, TAK UTO 3TO COCTOSTHME BPSI/I IV MOXHO paccMaTpuBaTh KaK caMO-
CTOSATENIbHYIO HO30JIoTnYecKyIo enuHuIly. Cpeny cumntoMoB XMPP — KorHUTUBHBIE pac-
crpoiictBa (ocyiablieHue MaMsTh, YXYALIeHUWe KOHLUEHTpPalUW BHUMAHUS, CHUXEHUE
CKOpOCTH 00paboTKu MHMOpMaIUK), U3MEHEHUE HacTpoeHUsT (OeCOKOMCTBO, Ienpec-
CUs1, TICUXOTUYECKUE CUMITTOMBI, 3MOLIMOHAILHBIN AUCOaIaHC, YacThle MBICIU O CYUIIUIE),
XPOHUYECKAS YCTAIOCTh, Nepudepudeckast HelponaTusi U SKCTparupaMuIHble CUMIITO-
MbI (IMCTOHUS, TPEMOD B TTOKOE, OpaIuKWHE3UsI, TOCTypalibHasi HECTAOUIBHOCTD, PU-
TUIHOCTh MbI jJuiia) [3]. Jenpeccuio M MONBITKY CYMIIMAA CEIbCKOXO3SIMCTBEHHBIX
paboumx, peryasipHo KoHTakTupyoimx ¢ ®OC-nectuiimaamMu, CBSI3bIBAIOT C HAPYIIIEHUEM
oananca ceporonrHa B LIHC [45]. BocnanuTtenabHble ITpoLecChl M OKCUAATUBHBINA CTpecc
CITyXaT IeKYPHBIM 0OBbSICHEHUEM HEMPOTOKCHUECKIX 3(hdDeKToB Maibix 103 OD [46], mo-
CJIe/ICTBUEM KOTOPBIX MOTYT OBITh HeliporereHepaTUBHbBIE 3a001eBaHusl, Takue Kak BIl,
BA, paccesnnslit ckitepo3 [47]. [TonbITK 0OBSICHUTE CHHIAPOM BOMHEL B [lepcumckom
3aJIMBe XpOHUUEeCKUM oTpaBieHreM POB He yBeHYanMCh 0OCOOBIM YCIIEXOM, B OCHOBHOM
U3-3a OTCYTCTBUS JOKA3aTebCTB OTPABJIECHUS ITOCTPANABLIMX BOGHHOCTYXXAIIUX UMEHHO
®DOB, npu HAIMYUU CBUAETEILCTB IPYrOro pojia — Ha3HauYeHHUe BOEHHOCTYXKaIlIUM C 11e-
JIbIO MPOMUIAKTUKN PA3IMYHBIX 3a00J/IeBaHUIT MHOXKECTBA TIpernapaToB, B3aUMOJIEUCTBIE
MEXIy KOTOPBIMM B OpraHM3Me YeJIOBeKa He ObLIO M3YYeHO MOJDKHEIM ob6pa3oM [48]. bo-
Jiee TOTO, aHaJUu3 JIUTePaTyPHBIX TAHHBIX BBISIBUJI OTCYTCTBME B TIPUHIIUTE yOEIUTENb-
HBIX JI0Ka3aTeJIbCTB BOBHUKHOBEHUS MICUXUYECKUX/KOTHUTUBHBIX PACCTPOMCTB BCIE -
cTBUE XxpoHU4eckoro orpapneHuss OD, 6e3oTHocuTebHO ucTopun B [lepcuackom 3anm-
Be [49]. DTo BOBCce HE O3HAYaET, UTO TaKUX 3a00JIeBaHUi1/pacCTPOMCTB HET U OBITH HE
MOXET; TaKO€ COCTOSTHUE JIe]I MOKHO OOBSICHUTH OTCYTCTBMEM OOIIETIPUHSITON METOIO-
JIOTUM TIOUCKA MPUINHHO-CJIEACTBEHHbBIX CBSI3Ei B JaHHOM 001aCTU MEAULIMHBI.

B cBfsI31 ¢ 3TUM BaXXHO NMTOHMUMATH CJIEAYIOIIEE: YEThIPE BHIILIEONMMCAHHBIX MTATOJIOTUYe-
CKUX COCTOSIHUSI, BOHUKAIOIIIMX BCJIEACTBYE OTpaBIeHUsI opraHodocharaMu, SIBISIOTCS
Kak OBl BEPIIMHOM aiicOoepra 1 He OTpaXaroT BCIO MAaTUTPy KOMOPOUITHOCTU U TeM OoJiee
TMOJIMMOPOUIHOCTH, €CJIM YUUTHIBATH MHOXECTBO (PAKTOPOB T€HETUYECKOTO, KIMMaTH-
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YeCKOro, COLMAJIbHOTO XapaKTepa, CBSI3aHHBIX ¢ KOHKPETHBIM 4YeJloBeKOM. OaHOKpaT-
HOE OCTPOE, HEOTHOKPATHOE TMOAOCTPOE U XPOHUUYECKOE OTPaBJIEHUE MaJIbIMU J03aMU
O c TOi1 MM NHOI 10JIeit BEpOSITHOCTU 00YCIOBIMBAIOT Pa3BUTHE KAK U3BECTHBIX HEil-
pollereHepaTUBHBIX M MCUXUUYECKUX 3a00J1eBaHM, TaK 1 MAJIOU3BECTHBIX, HO30JIOTUYE-
CKasl IIPMHAIJIEXKHOCTh KOTOPBIX 10 KOHIIA He ycTtaHoBieHa [50]. K u3BecTHbIM, IIOMUMO
O®UII, oTtHOCATCA AeMEHLMs, CUHAPOM NehULIMTa BHUMAHUS U TUIIEPAKTUBHOCTH,
BI1, BAC, paccesHnslii ckiepo3 u psan apyrux [47, 51—53]. I1atoreHnes aTux 3aboseBa-
HUi1 COMpPSIKEH ¢ BOCMaIMTeNbHBIMU TipolieccamMu B LIHC, nepudepuyecknx HEpBHBIX
BOJIOKHAX M KPOBEHOCHBIX cocynax [34, 46, 54]. Pons ADK B pa3Butuu HelipoaereHepa-
TUBHBIX 3200JI€BaHUI MOIYEPKUBAETCI MPAKTUYECKU BCEMU, KTO 3aHUMAJICSI U3yYeHUEM
aT0oTO BoTpoca. [AuddepeHimpoBaHHbIe HEMPOHBI 60JIee YYBCTBUTETbHBI K TOKCUYECKO-
my neiictBuio @OC u kap6amMaToB BeiencTBue ycuiaeHHoi nnaykunu A®K un o6pasoa-
HUSI KapOOHWIMPOBAaHHBIX 6eKoB [55]. UccnenoBanue HekoTOpbix OM-MHIyIIUPOBAH-
HBIX 3a001eBaHuii (B yacTHOCTH BAC) mo3BonIMIIo aKIIeHTUPOBaTh BHUMAaHUE HAYYHOM
0O0IIIECTBEHHOCTU Ha TAKMX MaJIOU3BECTHBIX (DEPMEHTAX AHTMOKCUIAHTHOM 3aIIIUTHI KaK
napaokcoHasa 2 (PON2), pojib KOTOPOI COCTOUT B PA3JIOXKEHUM IIEPOKCHIA BOIOPOIa B
kieTkax [52]. Ocoboe 3HaueHre uMeeT akTUBHOCTh PON2 B KjieTKax 2HAOTEIUS COCYIOB
[56, 57]. Uto kacaerca Goiiee n3ydeHHOI mapaokcoHasbl 1 (PON1), u3 AByX 3K30HHBIX
nonumopdusmMoB (L55M u Q192R) u reHeTUUECKHUX BAPUAHTOB B PETMOHE MIPOMOyTepa
(C-108T) myist oLleHKM pUcKa IICUXUYECKUX PACCTPONCTB U HelipoaereHepaTUBHbBIX 3200~
JIeBaHU BeiencTBrue KoHTakTa ¢ O® uMeroT 3HaYeHUe UCKITIOYUTENIbHO 9K30HHBIE M0~
sumopdusMbl. Tak, MakcUMasbHasi BeposITHOCTh pa3Butust BI1 cyiiecTByer y HocuTe-
Jielt TOMO3UTOTHBIX TeHOTUNOB 192QQ 1 S5MM [58]. B To ke Bpems apuiiactepa3Hasi ak-
TuBHOCTHL PON1 3HaunTebHO HIKE Y 00JbHBIX BA [59]. [Tomymo PON1, BepoSITHOCTH
pa3Butuss O@-MHAYIUPOBAHHON MATOJIOTUM OIPENENISIOT MTOIUMOPGU3MBI TAKUX hep-
MEHTOB Kak LuToXpoM P450, rmyrarnoHTpaHcdepasa u aueTuarpancdepasa [60].

Cundpom eoiinvl 6 3aruee

GWI — 3710 XpoHUUYECKOoe MHOTO(haKTOpHOE 3a00ieBaHe, MPOSIBIISIONIeECs pa3ind-
HBIMM CUMIITOMaMU, B YMCJIe KOTOPBIX YCTaNOCTh, AETIPECCUsl, HapyllleHUs cHa, nedu-
LT MaMSITU U KOHLIEHTPALIMU BHUMAaHUsI, MBbIIIIEYHO-CKeJIETHAst 60JIb U XKeTYT0UHO-KH1-
1IeYHbIE pacCTpoiicTBa. DTUM 3a00JIeBAaHUEM CTPagaeT MPUMEPHO TPETh BeTepaHoB 1-it
BoiiHbl B [lepcunckom 3anuse (the Gulf War, GW). Pazsutue GWI cBsizaHO ¢ Xumuue-
cKnM (akTopoM, ogHako 310 He OB (XOTS Takme MPEnmnoIoKeHWST 1 OCHOBAHMST TSI
HUX OBLJIM, CM., HAIlpUMep, TUCKYCCUM MO 3ToMY Borpocy B National Institutes of Health
[61]), a pe3ynbTaT COBMECTHOrO BO3AciCcTBUSI Opomuna nupuaocturmuba (PB) u mep-
metpuHa (PER), koTopbie peryasspHO NpUMHUMAIN YYaCTHUKMU OOEBBIX NEMCTBUM U3 CO-
cTaBa KOoaJWIUM B Ka4eCcTBe MPOMUIAKTUIECKON Mephbl MPOTHUB PEATLHOTO OTPaBJIEHUS
®DOB u yecoTku/meArKyne3a cooTBeTCTBeHHO [62]. [IpemioxkeHo HECKOIBKO MOJIEKY-
JIIPHBIX MEXaHU3MOB, y4acTByOIIUX B maroreHe3ze GWI: xpoHn4eckoe BocTajieHUe, MU-
TOXOHApUaIbHAST TUCHYHKIINS, OKCUTATUBHBIN CcTpecc, NMcOalaHC JUMUI0B, KaTblus,
MUKPOOMOTHI KUIIEYHNKA, dIUTeHeTHUYecKrue Moaudukanuu [63]. C nenbio u3ydeHus
naTtoreHe3a MW pa3pabOTKU CPENCTB Tepaluu pa3padaThIBAIOT SKCIEpUMEHTAIbHbIE
CUMIITOMaTUYECKHE MOMAEIU Ha Tpbi3yHax. [Ipy omlHOBpeMEHHOM BBEICHUU MbIIlIaM B
TeyeHUe necsatu nHeil PER 1 PB BBI3BIBAIOT CUMIITOMEI, ITOJOOHBIE TEM, KOTOPhIC Ha-
omonarorcs y BetepanoB GWI [62]. T.e. opraHodocdarsl Kak OyaTo “HenpUyacTHbI” K
atuonoruu u naroreHesy GWI. OgHako skcnepumeHThI ¢ ipuMeHeHrneM O®d nmo3Boiu-
JIM YCTAHOBUTD, YTO 3TO HE TaK, U, BEPOSTHO, 1100011 MHTMouTop AXD MpU COOTBETCTBY-
IOILEM PeXUMe TPUMEHEHMSI/BO3ICICTBUS MOXET CTaTh NMPUYMHHBIM (DAKTOPOM CHH-
npoma tura GWI.
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B onHoi1 13 3KCIIieprMeHTaIbHBIX MOJIeJIeld caMIIOB KpbICc Sprague-Dawley moasepra-
s Bosneiicteuio DFP (0.5 Mr/kr, mookoxHO B TeueHue S5 mgHei). Uepes 6 mec. mocie
BO3IEHCTBUSI KPBIC UCCIEAOBAIN B MMOBEACHYSCKUX TECTax, a HarpyxkeHHble Fura-2AM
M30JIMPOBAHHbIC HEIPOHBI TMIIIIOKAMIIA MCIOIb30BaIU I oueHKH [Ca’’]i. Y kpbic,
TOABEPTIINXCS BO3MEUCTBUIO OTHOCUTEIbHO HU3KUX n10o3 DFP, HabGmogaiu cuMnToMbl
XPOHUYECKOI TeTIpeCcCU U KOTHUTUBHBIN Ne(UIINT, a B HEMpOHaX TMIITOKaMITa HabJTo-
NaNoch TIOBHINIeHWEe KoHIeHTpauu [Ca?']i Hapsoy co 3HAUMTENBHBIM YBEIMUCHUEM
4yuCjia HEMPOHOB, IEMOHCTPUPYIOLIMX 3TU MOBbIlIeHUs [64]. Takoe yCTOIUMBOE MOBBI-
1IeHWe YPOBHSI MOHOB KaJblIMs MOXET aKTMBUPOBATb MHOXKECTBEHHbBIE CHUTHAIbHBIE
KacKajbl 1 UBMEHSITb 9KCIIPECCUIO TEHOB OEJIKOB, YYaCTBYIOIIMX B CUHAIITUYECKOM Tj1a-
CTUYHOCTH, U, BO3MOXHO, JIeKaTh B OCHOBE TTOBPEXICHUSI HEUPOHOB U XPOHUYECKHUX 3a-
6oneBanuii ipu GWI 3a cueT HelipoBOCITaJIeHUsI, OKCUIATUBHOTO CTpecca U MOBPeXIe-
Hust MutoxoHapuii B ITHC. Ca?'-runore3a GWI mpe/nonaraer, 4To yCTOWUYNBOE TOBbI-

menne yposHs Ca’" B HelipOHAX CITYKUT MOJEKYJISIPHBIM TPUTTEPOM IaTOJIOTMYECKOil
CUHAITUYECKOM IJIACTUYHOCTHU, KOTOpasl MO3BOJIIIA coXpaHUTh cuMnToMbl GWI [65].
IpyMeHeHHe JIeBeTUpaLieTaMa CHIDKAEeT MOBBILIeHHbIH ypoBeHb [Ca’’|i B HelipoHax u
yayuaiaetr GWI-mmogo6HbIe ToBeneHUYecKrue cuMnToMbl [66]. Kpome Toro, B pesynbrarte
BBENIEHUSI cyOaHecTe3upylolux 103 keramuHa (3, 5 unu 10 Mr/kr, BHyTpUOPIOIIMHHO)
KpbicaM, nonyvyaBiiuM DFP, HaGmonanu 3HauuTenbHOE yaydyllleHUe MOBEIeHYEeCKUX pe-
akuuii. R-keramMmuH okazajcs 60jee CUJIbHBIM CTEPEOM30MEPOM IO CPAaBHEHMIO C S-Ke-
TaMUHOM [67].

DnureHeTrndeckre Monudukanuu xpomatnHa (MetwimpoBanue JHK u amerunmpo-
BaHWE THMCTOHOB) TIPENCTABJISIOT COOON PEryisiTOpHble MEXaHWU3Mbl, KOTOPbIE MOTYT
aJanTUBHO WM HealeKBaTHO pearupoBaTh Ha TOKCHMYecKue (akTopbl. B rummokamme
OTpaBJICHHBIX KPBIC BBISIBJICHO MOBbIIIEHUE YPOBHsI rucToHaeaneTwiassl 1 (HDAC1) Ha-
pAIy co 3HAYUTENbHEIM yBenudeHrneM aktuBHocT HDAC. Jlokyc-cnenuguaeckoe mc-
cienoBanue ChlP (mMMmyHoIpenmmuTanus xpoMaTHa ) BeIsIBIUIO cHIkeHne H3K9ac Ha
npomotope 1V mosrosoro Helporpodudeckoro pakropa (BDNF) B coueranum co 3Ha-
yuTeabHbIM cHIDKeHHeM O0enka BDNF. IIpumenenune nuruouropa HDAC BanbIipoeBoit
KMCIOTHI cHUXKa0 akTuBHOCTE HDAC 1 yMeHbI11a0 BpeMsI HEITOABUKHOCTH OTPaBJICH-
HBIX KPBIC B TeCTe MIPUHYIUTETLHOTO TIJIaBaHus [68].

YcranosneHo, uro natonoruss GWI cesizana ¢ qucouo3om kullieuHuka. B uccienona-
HUSIX Ha XKUBOTHBIX Mojesisix BoaeiictBue PB 1 PER npuBoaniio K aHaJIOTMYHBIM U3Me-
HEHMSIM B MUKPOOMOME KMILIEYHUKA, 4TO U Y BetepaHoB GW [69]. MccienoBaHMsI ¢ UCTIOIBb30-
BaHVEM MOJIEJIei Ha XKMBOTHBIX TaKKe MOKa3a/Iv, YTO pa3BUTHE 3a00JIEBAHUSI MOXKET ObITh U
YCWJIEHO, Y MOMAABJIEHO C MOMOIIBI0O MEXaHM3MOB MEXKJIETOUHONH KOMMYHMKAIIMM 3a
cueT BHEKJIETOUHBIX Be3ukyn (BB), BbimenseMbix KUIIEYHBIMU OAKTEPUSIMU U KUILIEU-
HbIM anuTenueM. Kpome Toro, HeKoTopbie MoJudeHOIbl U3 YMcia HyTPULIEBTUKOB (Kyp-
KYMUH), CIIOCOOCTBYIOT yMeHbIlIeHUI0 cuMIIToMOB GWI B akcnepyMMeHTalbHBIX MOJE-
Jsx [69].

Crpecc, CBsI3aHHbII C BOMHOI, Takxke ompenensercs Kak dakrop natonoruu GWI.
B onHOM M3 3KCNIepUMEHTAIBHBIX UCCIEA0BAHUN U3Yy4alOCh BIUSIHUE UMMOOUIU3alIM -
OHHOM CTPEeCCOBOM HArpy3Ku KphIC, MOJydaBIInX (peHoOapOuTa, yepe3 Tpu Mecsiiia Imo-
cJie Harpy3kKu. BBISIBIIEHO yXylllleHUEe XOJIMHEPruYeCKuX peakiluii TuMnIoKkamMia Ha M-
MOOUMIU3aLMOHHBIN cTpecc. JlomosHUTeIbHAsE UMMYHHAasl Harpy3ka BHYTPUOPIOIIMH-
HBIM BBeneHMeM Jjmnononucaxapuaa (LPS) cmocob6cTBoBana pasButuio acdumTa
namstu [70].

TTpumeHeHre MOBTOPHBIX 103 OP B 9KCIIEPUMEHTATBLHBIX MOJIEJISIX MPU3BAHO UMUTH-
poBathb IMpodeccuoHaIbHbIE BO3ICCTBUSI BO B3POCIOM Bo3pacTe. B THMMYHOM uccieno-
BaHWUM B3POCJIbIM caMllaM KPBIC €XeTHEBHO B TeueHue 21 AHS BBOAWIM XJIOPNUpUdOC
(CPF) nmonkoxHo B 1o3ax 1, 3, 5 wim 10 mr/kr/cyTt. B 3aBucumoctut ot 10361 OD, akTUB-
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HOCTh xoauHacTepa3 (XD) unrubuposanack Ha 60—80% B KpoBU U MpuMepHO Ha 20—
50% B runmnokaMiie 4yepe3 2 CyToK Iocjie OKOHYaHus Bo3aeicTsus. ITocne 12-HeaeabHO-
To Tieproaa OTMEYEHO TOJIHOE BOCCTAHOBJIEHWE aKTUBHOCTU XD, OHAKO HaOJI01aI0Ch
JI0303aBUCUMOE YCUJICHHE TIPU3HAKOB, CBSI3aHHBIX C aHTeNOHMEH (TeCT MPeAnoYTeHUS
caxapo3bl), TPEBOroil (OTKPHITOE IOJIC W IPUITIOMHSITHII KPeCcTOOOpa3HbIN JIAOMPUHT) U
MOBEACHYECKUM OTYasTHUEM (TeCT MTPUHYAUTENBHOTO TIJIaBaHUST).

TakuM 06pa3oM, B 3KCEpUMEHTATbHBIX MOIEISIX YCTAHOBJIEHBI 3JIEMEHTBI TTPUYUH-
HO-CJIEACTBEHHBIX OTHOIICHUN MeXIy “mpodeccruoHalbHbIM” Bo3aeiictBueM O® u
NIPYTUX UHTUOMTOPOB AXD Ha B3POCIBIX KPBIC U PA3BUTUEM TOJTOCPOUYHBIX TOCIEI-
CTBUIi, CBSI3aHHBIX C ENPEecCHeil 1 MOBBIIIEHHBIM PUCKOM XPOHUYECKOTO MOBEAeHYE-
ckoro nedpuuurta [71].

Opeanogpocghamot u Heiipodecenepamugtole 3a001e8aHUS

DKOTOKCUKAHTBI MOTYT B3aMMO/IeICTBOBATh C Pa3TMYHBIMU YACTSIMU CUCTEM HEWPO-
TPAaHCMMCCUN MJIEKOIMUTAIOIINX M YeloBeKa, YTO B ClIydae OCTPOro BO3AEHCTBUSI 00Y-
CJIOBJIMBAET OTPABJICHUSI PA3HOI CTEIEHU TSLKECTH, a MPU XPOHUYECKOM BO3IEHCTBUMU
MOBBIIIAET PUCK OTCTaBJIECHHBIX TTOCIEICTBUIA, B YMCJIe KOTOPBIX HeliponereHepaTuBHbIE
3abosieBaHUsl. XOJIMHEpruyeckKasl CucTeMa sIBJISIeTCSl MUIIEHBIO aHTUXOJIMHACTEPa3HBIX
(OD u kapb6aMaThl) 1 HEOHMKOTUHOUIHBIX (MMUAAKJIONPUI U 1p.) necTuuumon. Kiu-
HUYEeCKHe UCCAeNOBaHus, MOAKPEIUIEHHbIE 9KCIIEPUMEHTAMU Ha KMBOTHBIX MOJEJSX,
JIEMOHCTPUPYIOT HEHPOTOKCUYECKOE BO3MIECHCTBME MHCEKTUIIUIOB B IMEPHOI Pa3BUTHUS
IHHC, npu 3TOM pa3BUBAIOILIMIACS MO3T OCOOEHHO YSI3BUM K ACHCTBUIO MHCEKTULIMAOB.
Bonee Toro, BEICOKOMOIMMOP(MHBIE CHCTEMBI TE€TOKCUKAIIUY OOYCIIOBIIMBAIOT IIIMPOKYIO
BapuabeTbHOCTh MHINBUIYATbHOI BOCIIPUMMYHUBOCTY K HEMPOTOKCMIECKUM 3 bheKTam
[72]. OmHOKpaTHOE OCTpOE, ITOBTOPHOE MOMOCTPOE U XpOHMYEeCKoe Bo3saciicTBue OdD
00YCJIOBIMBAET Pa3BUTHE PA3IMUHBIX HEHpoaereHepaTUBHBIX M IICUXMYECKUX 3a00JIeBa-
HU1, ToMUMO BhllieyKazaHHbIX [50]. Cpeau Hux nemeHuusi, BAC, BII, cunopom I'miie-
Ha—bBappe (CI'B), paccesiHHBII CKJIepO3, CUHIPOM JIebUlIMTa BHUMAHUS U TUTIEPAKTUB-
HOCTH, ayTu3M [5, 47, 51—53, 73]. OcTtanoBuMcs noapodHee Ha HEKOTOPHIX U3 HUX.

Opranodocdarsl, 1emennus u 60je3ub Abireiivepa. C 1990 mo 2019 rr. 3a6oneBae-
MOCTb U pacipoOCTPaHEHHOCTh BA U Apyrux IeMeHLInii yBeanduanch Ha 148 u 161% co-
OTBETCTBEHHO [74]. PazBuTre BA nmpoucXonuT B 3HAYUTEIbHOM CTEIIEHU 32 CUET XPOHU-
YecKoro neduiiMTa XOJUHEePTUUYECKONW aKTMBHOCTU B 0a3ajbHBIX OTAENaX TepeIHEro
MO3ra, YTO BO MHOTOM OIIpeaesiseTcs MmoBbieHrneM aktuBHOCT AXD (KD 3.1.1.7) u Oy-
TupuixoarHactepassl (BXD, KD 3.1.1.8). [ToBeIieHre aKTUBHOCTH XD TIPUBOIUT K TO-
CTENIEHHOMY MPEKPAIIEHUIO XOJIMHEPTUYECKONH HEMPOTPAHCMUCCUN U HApYIIEHUIO Ma-
MSITU U KOTHUTUBHBIX QyHKLIMI [75, 76].

AXD n BXD nmetor mpuMepHo 50% romMoyioruu mocienoBaTeIbHOCTEH, CXOKMe Tpe-
TUYHBIE U YeTBEPTUIHBIE CTPYKTYPHI, 00IaIAI0T KAaTAIMTUIECKOMN TpUAIOM U3 TPEX aMHU-
HOKMCJIOT (CepuH, IIyTaMaT U TUCTUAMH), PacIlOJIOXKEHHOI B IIyOuMHE “yIIeabs” Tpe-
TUYHOI cTpYKTYypbl. [ToHayany cuuranock, yto bXO ciyxur “pezepBom™ misg AXD B Me-
XaHU3MaX HEeWpOTPaHCMMCCUU, HO TOCTENEHHO MPUIIUIO MOHWMaHue Toro, 4yto bXD
TMO3BOJISIET JIIOISIM U XKUBOTHBIM TIOJTy4aTh IMUTATEIbHbBIE BEIIECTBA U3 PACTEHUI, MHOTUE
M3 KOTOPBIX TOKCUYHBI, €CJIM UX SHIOTEHHBIE CIIOXKHBIE 3(UPBI He OYIyT CBOEBPEMEHHO
TUIPOJIM30BaHbI B opranuizMe. Kpome Toro, BeISICHWIOCH, YTo bXD ruaponmusyeT u B pe-
3yJIbTaTe MHAKTUBUPYET allUI-TPEIUH, TIENTUAHbIA TOPMOH, BIMSIONINMN HE TOJILKO Ha
amnrmneTuT, HO TakKe Ha MaMsITh 1 KOTHUTHUBHbIE (DYHKIIUM MO3Ta, MPOLECChl CHa U 6omp-
crBOBaHUs. IHTEepecHO, 4To TTOBBIIIeHNE YPOBHsI BXD y Mbliiieii B aKCriepuMeHTe Mpyr-
BEJIO K CHUKEHUIO CTpecca 1 arpeccuu, Hapsily CO CHUXXEHUEM YPOBHSI TpeJIMHa B T1a3-
me [77].
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Ot BA cTpanaior npuMepHO 35 MUIJIMOHOB YeJIOBEK BO BceM Mupe [78]. st naHHOTO
0030pa BaXKHO OTMETUTh, YTO U30BITOK alleTUJIXOJIMHA B PE3YJIbTaTE OCTPOTO OTPaBJICHUS
O®D MoXeT MPUBECTH K (PYHKIIMOHAIBHOMY JAe(ULINTY HEMPOHOB Oa3alibHBIX SIIep Te-
penHero Mo3sra, AeUIIUTY XOJIMHEPTUYECKON Peryasiiuu U pa3Butuio bA, uyto Tpedyer
MPUMEHEHUS] UHTUOUMTOPOB XOJMHICTEPa3 yXe B KaueCTBE TepareBTUUECKUX CPEICTB,
TMOBBILIAIOIIMX YPOBEHb allETUIIXOJUHA.

Ilpenaparamu mist neyeHust BA SBASIIOTCS MEIJIEHHO CBSI3bIBAIOIIUECS UHTUOUTOPHI
AXD u antaronuct NMDA-peuentopoB memaHTuH [79, 80]. B Hactosiiiee Bpemsi
YrpaBieHHeM 10 CAaHUTaPHOMY HaI30py 32 KAYeCTBOM ITHILEBBIX ITPOAYKTOB Y MEIMKAMEHTOB
CIIA (FDA) ono6peHsl cnemytoiue npernaparsl 1ist tepanun BA [81]: ranantamun (Paza-
mnH®, 4aS,6R,8aS-5,6,9,10,11,12-rekcarunpo-3-metokcu-11-metmn-4aH-[1]6eH30dy-
po[3a,3,2-ef] [2]6eH3a3enH-6-011), puBacTurMuH (Exelon®, [3-[(1S)-1-(aumeTmiamu-
Ho)aTui | deHmn| N-atmii-N-meTunkapoamar) u noHerne3us (Aricept®, 2-((1-6eH3umm-
NepUANH-4-WI)METIN)-5,6-mumMeTokcu-2, 3-nuruapo- 1 H-unneH- 1-oH). TlepBbiM npenapaToM-
uHruouTopom X9, onodbpeHHbIM FDA mnst neyenust BA, ctan B 1993 1. TakpuH (Cognex®,
1,2,3,4-TeTparuagpoakpuanH-9-aM1uH), HO €ro NMpuUMeHEeHHe ObLJIO OTPaHUYEHO KOPOT-
KUM TIEpUOIOM TIOJIyBBIBEICHUSI U TTPU3HAKAMU TeIaTOTOKCUYHOCTU. MeTaaHanu3 3¢dh-
(EeKTUBHOCTU MHTMOUTOPOB XOJUHICTEpa3bl TIpu BA mokasasn, 4To JHOHene3us, puBa-
CTUTMUH U TrajlaHTAMUH 1al0T OTHOCUTEJIbHO MUHUMAJIbHbIE, HO CTAOUJIbHBIE TTPEUMY-
IIeCTBAa, BKIIIOYAs YIy4llIeHUe KOTHUTUBHBIX (pyHKIMi [82]. JoHemne3nwa U ralaHTaMUH
CeJIEKTMBHBI B OTHOIIEHUU xoanHacTepa3 LIHC, HO Bce Tpyu MOTYT BBI3BIBATh TOLIHOTY,
Mapero U aApyrue HekenaTenabHble 3¢hdekThl [82—86]. K coxaneHuno, OHU MpaKTUIEeCKU
He BJIMSIOT Ha mporpeccupoBaHue 3abojieBaHus. UHTepecHO, 4To 110 faHHbIM Tricco u
CoaBT. [82], rajlaHTaMUH CBSI3aH CO CHIXKEHUEM OTHOIIIEHUSI IIIAHCOB CMEPTH, B TO BpeMs
Kak cormacHo 6a3am maHHbIX (papmakoHan3opa B CIIIA u Kanage oTHollIeHUe IIaHCOB
CMepPTH MOBLIILIEHO MPpU MpUeMe puBacTUrMuHa [83].

Psan viccnenoBaHuii mpenmnosaraior, 4To 00e XOJMHICTepas3bl UTPAIOT HEKATAIUTHUYEC-
CKYI0 “MOp(dOoreHHy0” pojb B pa3BUTUU HEPBHOI CHUCTeMbI HO3BOHOUYHLIX [87]. B cBsI3M
C 3TUM BaXXHO OTMETUTH, YTO B pa3BUTUU U MporpeccupoBaHuu bA ob6e xoauHacTepa3nl
TaKXe BBIMOJHSIOT HEKATAIMTUYECKYIO (DYHKIIMIO: CKOIUIeHUs1 GeTa-amuonia (AP) u
HepoPUOPUIIIIPHBIX KITyOKOB OOBIYHO BKJIIOYAIOT oTIoxkeHUsT AXD n BXD. Bo3mox-
HO, OTJIOXEeHUSI (hepMEHTOB SIBJISIIOTCSI KOMIIEHCATOPHOU peakiieii Ha TOKCUYHOCTb
aMUJIONIA, B MOJIb3Y 3TOTO CBUAETENLCTBYIOT JaHHBIE O TOM, 4TO AXD criocobCcTByeT po-
CTY HEPUTOB MOCPEICTBOM a/IT€3MBHBIX B3AUMOJEUCTBUI C BHEKJIETOUHBIM MaTPUKCOM
[88]. OmHaKo UMEIOTCs CBECHMS 1 O TOM, YTO XOJMHACTepa3bl YCUIUBAIOT (popMUpOBa-
HYe aMWIOMIHEIX OJisiek 1 pa3sutue BA [89].

YcraHoBieHO, uyTo A B3auMonmeicTByeT ¢ nepudepruyecKuM aHMOHHBIM caiiToM AXD
[90], Tak yTO pa3paboTKa (papMmIpenapaToB JOJKHA OBITH COIpSKEHa C ITOMCKOM He
KJTACCUYECKUX KOHKYPEHTHBIX MHTUOUTOPOB AXD, HO a/UIOCTEPUUECCKUX MOAYISITOPOB
WJIN HEKOHKYPEHTHBIX MHTUOUTOPOB, B3aUMOICHCTBYIONINX C eprudepruiecKuM aHUOH-
HbIM caiitoM (ITAC) Ha moBepxHocTu hepmeHTa [91].

M3 yeTblpex MHTMOUTOPOB XOIMHACTEPaA3, O(UIIMATIbHO YTBEPXKICHHBIX B KauecTBE
cpenctB Tepanuu npu bA (TakpuH, raJaHTaMWH, PUBACTUTMUH U JOHETIE3W), TIepBbIe
TPU B3aUMOAEHCTBYIOT C aKTUBHBIM LIEHTPOM AXD [92], nuiiib 1OHENE3M MOXET B3UMO-
JieicTBOBaTh ¢ ocTaTkamu apoMatuueckux KuciaoT [TAC [93]. UHTepecHO OTMETUTD, UTO
XOJIMHOMUMETUKU aHTUXOJIMHACTEPa3HOro AeCTBUSI, MIPUMEHsieMble TTpU BA (B yacTHO-
CTU TaJlaHTaMMH), MOTYT OBbITh OoJiee 3((DEKTUBHBIMU CPEACTBAMU MPOMUIAKTUKY TIPU
OCTPBIX OTPABJICHUSIX BEICOKOTOKCMYHBIMU O® Mo CpaBHEHMIO CO ITATHBIM CPEICTBOM
NpOoPUIAKTUKY — ITUPUIOCTUTMUHOM [94].

[Tpu pa3paboTKe HOBBIX MpernapaToB — MHIMOUTOPOB XOJMHICTEpa3 — BaXKHO MUHU-
MU3UPOBATh UX B3auMoaeiicTBUe ¢ AXD HeHpOMBIIIIEYHBIX CUHAIICOB. TaKuM 00pa3om,
noucK 6ojee 3(pGeKTUBHBIX WJIX MHOTOIIEJIEBBIX MHIIMOUTOPOB XD ITO-IIpeXXHEMY aKTya-
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sieH. TTockonbKy 3THOJIOTHSI M MATOreHe3 HelpoaereHepaTUBHBIX 3a00JIeBaHU, B TOM
yuciae BA, MHOroaKTOpHbBI, IO3TOMY OIHON M3 CTpaTeruii JedeHUs SIBJISIETCSl pa3pa-
0O0TKa TpenaparoB, CIIOCOOHBIX BO3AEHCTBOBATh HA HECKOJILKO MUIIIEHEN, CBSI3aHHBIX C
nmaToreHe3oM 3aboiieBanus [95, 96].

Opranodocdarsr u 60se3ns [Tapkuncona. dtuonorusi BI1 B ocHOBHOM o6cyxkaeTcs ¢
TOUYKM 3peHUs OajlaHCa MEXAYy XOJIMHEPTMYeckKoi 1 noaMUHEPruYeckoil HelipoTpaHC-
MUcCCcHell B cTpuaTtyme, MO3TOMY MHOTHUE MCCIeAOBaTeu TpeAroiarajd BO3MOXHYIO
cBsI3b Mexxay BosaeilicTBeM O® 1 U3MEHEHUSIMU B LICHTPAIbHOMN XOJIMHEPTUYECKON U
nodaMUHEPTIYEeCKOM aKTUBHOCTIX [97—103]. DTH npenmnooxXeHus OCHOBaHbI HA MHO-
JKECTBE CJTydyaeB MapKUHCOHU3MA, O KOTOPBIX COOOIIAIOCH MOCJe OCTPOro, MOAOCTPOTO
wir XxpoHndeckoro Bozaeiicteus O [97—99, 102, 104—107]. Bomee Toro, puck pa3Bu-
tus BI1 ObLT cBA3aH gaxe ¢ MPOXUBAHUEM B CEJIbCKON MECTHOCTHM M3-3a TOBBIIIEHHOMN
BEPOSITHOCTH XPOHUUYECKOTO BO3MEMCTBUS MeCTULINIOB, B ToM unciie OP [99]. Mmero-
1IMecsl JaHHbIe CBUAECTENbCTBYIOT O CBSI3U MEXIY XPOHUYECKUM BozneiicTBuem Od-1e-
CTULIMAOB U HEMPOIICUXOJIOTUYEeCKUMU 3 deKTaMu, 0COOEHHO Y JIUII C OnpeaeeHHbIM
noanMopduzmom PON1 [108]. OmHaKo HET eIMHOTO MHEHUSI O KOHKPETHBIX KOTHUTHB-
HBIX paccTpoiictBax [1, 73].

MexaHu3m(bl), mocpeacTBoM KOTopbix OM MOryT BBI3BIBATh JAeTeHepaluio nodamu-
HEPruYecKux HEMPOHOB, BO MHOTOM OCTAIOTCSI HETIOHSTHBIMU, XOTSI OBbLITA TIPEAJIOXKEHbI
OKCUAATUBHBIN CTpecc, HelpoBOCTIaAJIeHUE, NeDUIIMT aKCOHATBHOTO TPAaHCIIOPTA 1 ayTO-
uMMYHHBbIe peakiuu [4, 109—111]. Hanpumep, CPF Moxer unrubuposarts nponudepa-
1110 KJIETOK, aKTUBUPOBATh IMUPOITO3, MOBILLIATH BOCIPUUMUYUBOCTb K OKCUTATUBHOMY
cTpeccy 3a cuer noBbllieHUs ypoBHS miR-181 nipu mayH-perynsinuu mytu SIRT1/PGC-
1lo/Nrf2 B kietkax Heiipobiactombl SH-SYSY [112]. Kpome Toro, Bo3aeiictBue CPF
3HAYUTEIBHO TOBBIIIAET 3KCIPECCUI0 TIpoaronToTuieckoro meauatopa Bbce3/Puma,
CBSI3aHHOTO C BHYTPeHHMM ITyTeM arronro3a [113]. B kynerypax HeiipoHoB Bbc3—/— 10-
BBILIEHA 9KcIpeccusi Oeyika, CBSI3aHHOTO ¢ ayTogarueit, 4To CONpsikKeHO CO CHUXKEHUEM
CPF-unayurpoBaHHBIX BBICOKOMOJIEKYJISIPHBIX arperatoB olSyn 1 Tay-uMMYHOPEaKTUB-
HBIX OEJIKOB.

Elie omHoO HamnpaBieHUe paboT — ucciegoBanue BiausiHuss O® Ha MUKPOOMOM M BBI-
sSICHeHUEe posin KuiedyHoit Mukpoouotsl Tipu BIT [114]. Tak, xpoHu4yeckoe noTpedaeHue
MBbIIIaMU TUa3WHOHA C TIMTheBOU BOJIOW U3MEHSIET MUKPOOMOM KHMIIEYHUKA, (DYHKIIMO-
HaJIbHBIIA METareHOM U CBSI3aHHBIM ¢ HUM MeTabonmdeckuii mpodms [115]. DddekTnr
ObLIM O0Jiee BhIpaXKeHbI y caMIIOB Mbliiei. [1puMepsl HabmogaeMbix 3¢ HEeKTOB BKIIIOYA-
0T 3HAYUTENIbHbIE U3MEHEHUs B poaax O0akTepuil, U3MEHEHUS CONEPXKaHUS KEeTYHBIX
KHMCJIOT U pe3KOoe CHUXXKeHHUe ypoBHs TaypuHa [115]. B npyrom ucciienoBaHuu OBLJIM BbI-
SIBJIEHBI crielnduIecKre M3MEHEeHNsI B MUKPOOMOMe KMIIIEYHWKA, BbI3BAaHHBIC TUA3MHO-
HOM, BKJTIOYasi OKCUJATUBHBIN CTpecc, MeTabOoIM3M KUPHBIX KUCIIOT U YIJIEBOJOB, a TAKXKe
YyBCTBO KBOpyMa MHKpoopraHnusmoB [116]. I1pu ucciaegoBaHnu MUKpOOMOMa pOTOBOIA
MOJIOCTH Y CETBCKOXO3STMCTBEHHBIX paboumnx, KOHTaKTUpylomunx ¢ ®OC-necTuumaamu,
obOHapyXeHa CBsI3b MEXIY BO3nelicTBeM a3uH(OC-MeTuIa 1 HapyllleHueM OajlaHca cpe-
I CEMU PpacpOCTPAHEHHBIX Y UYeJIOBeKa OaKTepUalbHbIX TAKCOHOB, BKJIIOYAsl 3HAYUMOE
CHUXEHUE TIpecTaBuTeieit pona Streptococcus [117]. B cBeTe 3TUX U Npyrux JaHHBIX Bpa-
yu (TICUXMATPhI, HEBPOJIOTH, TIPOMIATOIOTH ), K KOTOPHIM 00pallialoTCsl MalMeHThI C KO-
THUTUBHBIMU HAPYIIEHUSIMU, 00513aTEJIbHO TOJI>KHBI BBISICHSTD 1 B 1I€JIOM YUUTHIBaTh Be-
posiTHOCTh oTpaBieHuss POC-necTuliaamMy. 3HaUeHUEe PAaHHETO BLISIBICHUS U JUAarHO-
ctuku BIl um npyrux HeiliponereHepaTuBHBLIX 3abojieBaHUII OCOOEHHO BaxKHO IS
MalMeHTOB C JIETKUMU KOTHUTUBHBIMU HapyLIEHUSIMU, KOTOPble OOBIYHO UTHOPUPYIOT-
csl B TeYEHUE JUIUTEIbHOTO BpeMeH! [5].

Cunapom nedunyuTa BHUMAHUS M THIIEPAKTUBHOCTU. Bee OoJibliie uccienoBaHuii MOCBSI-
1IEHO U3YYEeHUIO BO3ENCTBUS KCEHOOMOTHMKOB HA OPraHM3M JIeTeil B CBSI3U C HapacTalo-
1IUM KOJIMYECTOM OOJTbHBIX C CUMITTOMaMM CUHApPOMa AebUIITa BHUMAHUS Y TUTIEPAKTHB-
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Hoctu (CHABT). MccnenoBaHue OfHOBPEMEHHOIO BO3IECUCTBUS XMMUYECKUX BELLECTB pa3-
HBIX KiaccoB, B T.4. MOC, Ha passutme CABI y mereit ¢ mmarHo3om paccTpoiicTBa
ayructideckoro criekrpa (PAC) mmokaszano Hajmume CBSI3U CMeCr MeTabOoIUTOB (hTajaToB B
Moue, B3BEIlIeHHBIX 110 MOHO-#-OyTmidTamaty (MNBP), MmoHo-2-renrtundranaty u Mo-
HOKapOOKCHU30HOHMI(GTANIATY C MOAIIKAION TMIEePpakKTUBHOCTHU, TOTIa KaK CMeCh (heHO-
JIoB/TIapaGeHOB, HOPMUPOBaHHas (CTaHAAPTU30BaHHAs) MO HECKOJbKUM MapabeHaMm U
oucdeHonmaM, oKa3ajaach CBsI3aHa ¢ IOALIKaIoN feduimnta BHMManust. OqHako 1o MeTa-
oommtam @OC Takoii cBsI31 He OBITO BBIsIBIICHO [ 118].

CpaBHUTENBbHBIN aHAIM3 B MOYE META0OJIMTOB SHAOKPUHHBIX pa3pylIuTeIei, WIn
U3panTopoB (aKpujaMuaa, akpojienHa, HoHuageHona, gpranatos), hochopopraHuye-
CKUX MECTULINIOB, a TaKKe OMOMapKepOB OKCUIATUBHOIO CTpecca C TOYKU 3pEeHUST UX
criocobHocTu MHAaynupoBarhb padsutue CIJIB y gereit moka3ajl IOBBIIIIEHHYIO BOCIIPH-
WMYUBOCTbD Je€Tei K SJHIOKPUHHBIM IU3paITOpaM, TOrAa KaK OCHOBHOU PUCK BCIIEACTBUE
BBICOKOI BEpOSITHOCTU KOHTAKTa CBs3aH ¢ ¢ochopopraHnyeckuMu necruuuaamu [119].
Bosiee BbIcOKME TecTallMOHHBIe KOHLEeHTpauuu nuankwidocdara (JADP) B Moue Gepe-
MEHHBIX aCCOLIMUPOBAJIMCH Y TIoapociux neteid (7—12 JeT) ¢ moBeneHueM, xapakTepHbIM
s CIAB [120]. B npyrom mccnenoBaHNM BBISIBJIEHO YBEJIMUEHUE BEPOSTHOCTH Pa3BUTUS
CJIBTI y neteii o1IKOILHOTO Bo3pacTa npu BosaeiictBun OM-perapaaHToB 6uc(2-0yToK-
cuatun)docdara (BBOEP) u ouc(1,3-muxiiop-2-nponuin)docdara (BDCIPP) Ha opra-
HU3M GepeMeHHbIX MaTepeit (o yposHIo nudenuidocdara (JADPIT) u qu-#-6yrundoc-
dara (AnbdP) B Moue Ha cpoke 6epeMeHHOCTH 17 Henenb) [121]. B To Xe BpeMst ucciieno-
BaHue 17-neTHux nompoctkoB, pabotatomux ¢ CPF u nuperpounamu (PYR) anbda-
uunepmerpuoM (CM) u nsam6pa-uuranorpuna (AMCH), He BbISIBUIM B3aMMOCBSA3U
mexny BozaeiicteueM CPF u cumnromamu CI BT, xots oCM Takyto B3aMOCBSI3b MTOKa-
3ai [122].

Taxum ob6paszom, puck passutus CIBI' y nereit cBs3aH maBHBIM 00pa3oM C BO3OEH -
crBueM O® Ha opraHu3M GepeMEHHBIX MaTepeii.

Boxkosoii amuorpodmaeckmii ckiepos. M3BectHo, yTo BAC, oqHO 13 caMbIX CTpaIIHbIX
HEPBHO-MBbIIIEYHbIX 3a00J1€BaHUI CO CMEPTENIBbHBIM UCXOJIOM, BO3HUKAET U Pa3BUBAETCS
B pe3yJIbTaTe B3auMOJICICTBYSI TeHOB U OKpyXatolieit cpensl. Jlunbs okoso 10% Bcex 3a-
6oneBaHuii BAC umeloT reHeTuyeckyio ocHoBy. CriekTp (aKTOpOB pUCKa pPa3BUTHS
BAC nocTtatoyHO IMPOK U BKITIOYAET KypeHUe, CBUHEIL, TIECTULIMIbI, UTHTEHCUBHYIO (hU-
3UYECKYI0 aKTUBHOCTb, TPABMbI 1 3JIEKTPOMArHUTHBIE T10JIs1, OMHAKO POJIb 3TUX (DaKTO-
POB B OTIIEJILHOCTU M COBOKYITHOCTU OY€Hb C1abo n3ydeHa [51].

BAC xapakTepusyeTcst Iporpeccupyloliieii fereHepaiueit MOTOHEHpOHOB, KOHTPOJIU-
pYIOLIMX NTPOU3BOJIbHBIE NBUXKEHUS. JIexalliue B OCHOBE MEXaHU3MBbl OCTAIOTCSI HESICHBI-
MU, YTO TPENsSTCTBYeT pa3paboTrke 3(deKTUBHBIX MeTonoB Tepanuu. O® — ogHU U3
mIaBHBIX (pakTopoB 3THoNIornu BAC, MOCKOIBKY UX BO3IEUCTBUE CBSI3aHO C 00Jiee BHICOKOM
3abosieBaemoctbio BAC cpenu hepmepoB 1 BeTepaHOB BoitHBI B [1epcunackom 3anuBe. [1o-
nmumopdusMm PONI, dpepmeHTa, cmoco6HOro merokcuduirposat OdD, MOXET MOBHI-
CHUTb UHIWBUAYATBHYIO YSI3BUMOCTD Kak 110 oTHoIIeHWIo K O®D, Tak M K pUCKY pa3BUTHUSI
BAC. BosneiictBue Bbicokux 103 O® moxer BoI3BaTh He Toabko OM®UII, Ho u BAC,
KJIMHUYECKHE TTPU3HAKY 3TUX 3a00JIeBaHUIT BO MHOTOM COBMAAAIOT U XapaKTEePU3YIOTCSI
aHAJIOTUYHBIMM HapYLIEHUSIMU IBUTATEIbHON aKTUBHOCTU W Mapaiudamu [123]. Ume-
JOTCSI CBEZIEHUSI O POJIM SMMMHETeTUYECKUX MOAU(UKaINil (B YaCTHOCTU, METUIIUPOBAHUE
JHK 1o caiitam CpG, 6;113Kux K caiiTy Hadana TpaHcKpunuuy PON1) Bo B3auMoOCBSI-
3sx Mexay nonumopdusmom PON1 u I1Q/noBeneHueM y aeTeil, oqHaAKO J0KAa3aTeIbCTB
BozaeiictBuss @OC Ha 3TM U3MEHEeHUs He TojydeHo [124]. K mecTulimaaM, UMeEIuM
HauOOJIbIIYIO MOJIOKUTEIBHYIO CTAaTUCTUYECKHA 3HAYUMYIO KOPPEJSILIUMIO C BEPOSITHO-
crbio pa3Butusi BAC, otHocsiTcst repoutuanl 2,4-D u mudocaT, MHCEKTULIUABI KapOa-
pun u xnopriupudoc [125]. Mera-aHanu3 BbISIBUI 1IECTh (DAKTOPOB, CITOCOOCTBYIOLIMX
BO3HUKHOBEHIO WJIH yCyTyOJsomux mmporpeccupoBanue BAC: 3To TpaBMa ToJIOBEI, (pu-
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3U4YecKast aKTUBHOCTb, MOpaxkeH!e 3JIeKTPUUYECKUM TOKOM, BOEHHas CiIyXk0a, TeCTULIM-
1wl 1 cBuHell. K dakropam pucka BAC Ha OCHOBaHMHY 3TOTO Xe MeTa-aHajau3a He OTHO-
csTCsl IepeOpoBacKyJIsIpHbIe 3a00JIeBaHUs, 3aHSITOCTh B CEJIbCKOM XO3SIMCTBE, TIPOMBIIII-
JICHHOCTH U chepe yCIIyT, KypeHue, Tpovre XUMUIECKIEe BEIECTBA U TsKeJTble METaJUTbI
(3a MCKITIOUeHWEM TIECTUIIMIOB U CBUHIIA). MHTEpECHO OTMETUTh, UTO CaXapHbIi nrabdeT
2-TO THUIIa OKa3aJics 3allMTHBIM (hakTopoM mist BAC [126].

Cunapom Tniiena—bappe. Coob6manocs Takke o ciaydasx CI'b kak ciaeacTBue oTcpo-
YEeHHBIX TOKCUYeCKUX 3¢ hekToB ocTporo orpapneHus O® [127]. B knuHuveckoii nua-
THOCTUKE BbIAESIOT 4 KinuHudeckue popmel CI'B: 1) ocTpast BocnanuTebHast AeMUETN-
HU3MpYIOIIasl MOJUPaIUKYJIOHEBPOIIaTUsl, 2) OCTpasi MOTOPHO-aKCOHaJIbHasl Heliporna-
T, 3) ocTpasi CCHCOPHO-MOTOpHAsI aKCOHaIbHAs Heliponatus u 4) BapuaHT Muuiepa—
dumepa, xapakTepusylolmuiics odTaibMoTuieTheit, atakcueid u apediekcueil, ¢ He-
OOJIBIIION MBIIIeUYHOM caadbocThio [128]. JoBoibHO 3 (OEKTUBHEIM CPEACTBOM TepaIluu
npu pa3Hbix popmax CI'b, B Tom yucine u npu OP-nHAYIUPOBAHHOM BapuaHTe, CIYXUT
miasmadepes [127, 129].

I'eponTorenes. ITo nanusiM BO3, gois moneii crapiie 60 et K 2050 1. mocturHet 22%
OT 00I11ei YMCIeHHOCTH HaceneHus mupa. OP MOXHO paccMaTpyBaTh KakK repoOHTOTe-
HbI, HO HE B TEHETUYECKOM CMBICJIe, a B TOKCUKOJIOTO-3KojjornyeckoMm. CtapeHue 6mo-
JIOTUYECKUX CUCTEM — HEeM30EXHBII M HeoOpaTUMBIi TpolLiecC, OMHAKO HEe CYIIECTBYeT
TEPOHTOTCHOB (B TEHETUYECKOM CMBICIIE), O0IafalomnX Crieln(GuuecKoil 3BOTIOLINOH -
HOM (yHKIIMel, 00yc/IoBIMBalOlIeii cTapeHre. XOTs CTapeHUe U SIBISIETCS HEKOI 001Ieit
NPUYMHOI BCceX BO3pacTHHIX 3a00JieBaHUii, caMo MO cede OHO HE MOXET CYUTAThCsI 00-
Jie3Hbl0. Takoe MMoOHMMaHKe CTapeHUsT Kak Ipollecca MpearoiaraeT U3MeHeHHe Toaxo1a
K BO3/IEICTBHMSIM Ha OPTaHU3M: OT pa3pabOTKU WILTIO30PHBIX METOJIOB OGOPHOBI CO CTape-
HUEM K pa3paboTKe peaJTCTUYHBIX U MPAKTUYECKUX METOMOB MOMACPXKAHUS 3M0POBbS
Ha TIPOTSDKeHUM Bcelt >ku3Hu. [1poGiemMbl co 3M0pOBbeM, BhI3BaHHBIE BO3PACTOM, LIS
KOTOPBIX HE CYIIECTBYET APYTUX YETKO OINpeIeJeHHBIX MPUYMHHBIX (PAaKTOPOB, MOTYT
OBITh JIy4llle PEIICHBI, €CIM COCPENOTOYUTh BHUMAaHUE Ha MEeXaHU3MaX 3J0POBbS U MX
noafaepKaHWU, a He TOJIbKO Ha KOHTPOJIE U JIeYeHUU 3aboseBaHuii. 111 3Toro Heo6xo-
MO OTTPEIeIUThL HaOOp U3MEPUMBIX, HAYYHO 0OOCHOBAHHBIX M JTOKa3yeMbIX TTapaMeT-
poB 300poBbs [130]. CtapeHue IBIsIeTCs pe3yJIbTaTOM HECOBEPIIIEHCTBA CUCTEM “00CiTy-
KMBaHUS U peMOHTAa” , KOTOpbIe TTPUBOMIST K ITOCTEIIEHHOMY COKPAIIIEHHUIO “TOMeOIHA-
MUYECKOro MNpocTpaHcTBa” 4yejoBekKa. OOHMM U3 MOAXOOOB K CIOXHOMY acIleKTy
CTapeHUs C LEeJbIo TOAIePXKaHUS U/WUJIH YIIydIlIeHUs 300POBbsI sIBJIsieTCsl “(DU3U0JIOTH-
YEeCKUi ropMe3nc”, MPEeACTaBISIOIINNA coOO0if MSTKUI CTpecc MOCpPeACTBOM (du3ude-
CKUX, YMCTBEHHBIX I MUIIEBEIX (DaKTOPOB (TropMeTHHOB) [131].

CucreMaTUYECKHUI MOIXOM K OLIEHKE TePOHTOTEHHOTO prCcKa (DaKTOPOB OKPYXKaIOIIei
cpennl ellle He pa3paboTaH, paBHO Kak He onpeneiieH 3(pdeKTUBHBIN GMoMapKep cTape-
HUSI KaK MHCTPYMEHT JIJTsI KOJIMIECTBEHHOM OIIeHKY 3(h()eKTOB TepOHTOTeHHOTO BO3MICii-
ctBusA. COmIacHO COBPEMEHHBIM TPENCTABICHUSIM, K OCHOBHBIM 9HIOT€HHBIM T€POHTO-
TeHHBIM MeXaHU3MaM, YYaCTBYIOIIMMHU B YCKOPEHUM CTapEeHMUSI MO BO3NEMCTBUEM OKpPY-
JKarolleil cpeaibl, OTHOCSITCS BbI3BaHHBIE CTPECCOM BOCHAJUTENIbHBIC Y OKCUIATUBHBIC
MPOLIECCHI, BeIylIre K HapyIIeHUIO perysiuu aHaboam3ma u karabonuszma. K repoHro-
TeHaM OKpYyKalolleil cpeIbl OTHOCAT pa3IuIHbIe BUIBI paIvalliy, HEKOTOPbIE TIECTUII -
IIBI, TSDKEJIbIe METaJUThl, HAPKOTUKM, HE3MOPOBBIN XapaKTep MUTAaHUS M MaJIOTIOIBUXK-
HBII 00pa3 >KU3HU, a TaKKe ICUXOCOLIMaNIbHBIN cTpecc [132].

T'epoHTOre HHI MOXKHO M3y4aTh Uyepe3 UX BIMSHHUE HA “TIPU3HAKM CTapeHus” — IeBSITh
bU3MOTOTMYECKUX MPU3HAKOB, KOTOPbIE BO3ZHMKAIOT B CTapeIONIMX KJIeTKaxX M TKaHSIX
opranuaMa: (1) ucrolleHre CTBOJOBBIX KIETOK; (2) U3MEHEHUE MEXKIETOYHOM KOMMY -
HukKauuu; (3) reHoMHasi HeCTaOUJIbHOCTD; (4) coKpallleHue TejioMep; (5) anureHeTuye-
CKMe u3MeHeHwUsT; (6) yTpaTa rporteoctasa; (7) HapyllleHHe PeryIsly BOCTIPUSTUS T -
TaTeNbHBIX BelllecTB; (§) MUTOXOHApHAIbHAs nuchyHKIU; U (9) ctapeHue KieTok [133].
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JIJIst HEKOTOPBIX OTIAEIbHBIX OPraHOB IPEIIOXEHbBI JOIMOJHUTEIbHBIE TPU3HAKU CTape-
HUSI, HATIpUMep, MPU3HAKWU CTapeHMsI MO3ra, KOTOpbIe, TTIOMUMO BBIIIENEPEYNCICHHBIX,
BkitoyaroT: (10) HapyleHUe peryisiuuy ToMeocTasa Kalblys B HelipoHax; (11) okcuma-
TUBHEBIN cTpecc; (12) HapylleHne yTUIN3allu MOJIEKYISIPHBIX 0TX0n0B; (13) HapylieHne
criocobHoctu pernapaunu JJHK; (14) aktuBalus madbHBIX KIETOK; U (15) HapylieHue
nepenayyd CUTHAJIOB aganTUBHOM peakuuu Ha ctpecc [134]. Takum o6pa3zoM, NpU3HAKU
CTapeHU’s] MOTYT ObITh MOJE3HBIM MHCTPYMEHTOM JIJISI OLIEHKU TeépOHTOTeHHOIO BO3/1cii-
CTBUSI 3arpsI3HUTENIeiT OKpyXarolieii cpensn! [135].

CrapeHne Mo3ra CONpsKEHO ¢ MOJIEKYISIPHBIMU U MOP(OJIOTUYECKUMU M3MEHEHUSIMM,
KOTOpbIe OOYCJIOBJIMBAIOT MOBEAEHUYECKME U KOTHUTUBHbIE NUCYHKIMU. Bo3pacTHbie
M3MEHEHUS BKIIIOYAIOT B ce0st aTpodurio Mo3ra, IoTepro HeiipOHOB, aMUJIOUIHBIEC OJISIIII-
KM, 11epeOpPOBACKYJISIPHYIO aMUJIOUIHYIO aHTUOTATUIO, MUHEPAJIU3allMI0 COCYIOB, HEeli-
poUOPWIISIpHBIE KITyOKHM, MEHUMHTEATbHYIO KOCTHYIO METaIUIa3uio U HAKOTUICHHE JIH-
nodycuuHa [136]. Bo3pacTHble HelipoaereHepaTUBHbIC 3a00JI€BAHUS B TOM WJIM WHO
CTETIeHU COTPSIKEeHBI C HEMPOHAIBHBIM BO30YXXIEHUEM C YIaCTUEM BO30YKIAIOIINX TITy-
TaMaTHBIX PELIENITOPOB, a TOT MEXaHU3M, B CBOIO OUepe/ib, TECHO CBsI3aH C peakliueit Ha
octpoe BozneiictBue O®. Bo30OyxkneHue, BO3HUKaIOIee B pe3yjbTaTe CTUMYJISIIUN
MOHOTPOTTHBIX PELIENITOPOB IIyTaMarta, 3allyCKaeT KaJbl[Mii-3aBUCUMBIE TTyTH, KOTOPbIE
MOTYT CTaTh MPUYMHON rMbGean HelipoHOB. B 0COGEHOCTH 3TO OTHOCUTCS K KAMHATHBIM
pelernropaM IIyTamaTa: Bo3IeiicTBHe KanHaTa MHIYIUPYeT CHUKEHUE SKCITPECCUU MU~
ToXoHApUaabHOM Mn-cynepokcuanucmyTtassl (Mn-SOD) u paszoOmiampliero Oenka
UCP-2, renepanuto ADK 1 nepeKucHoe OKUCICHUE JIUMUI0B, OKUCIeHUEe OeJIKOB, Ha-
pyllIeHre ToMeOocTa3a IyTaTUOHa, BbICBOOOXAeHUEe LMToXpoMa C U3 MUTOXOHIPUI U
paciierieHe Kacrasbl-3, B KOHEYHOM cueTe — allonTo3 B HelipoHaX BO MHOTHMX o0Jia-
CTSIX MO3Ta, 0co0eHHO B cyopernoHax rummrokamita CAl u CA3, a TakKe B BOpOTax 3y0-
qaToii u3BWINHGEI [137, 138]. YI3BUMOCTh HEMPOHOB TMIIIOKAMIIA CBSI3aHa C pacIipeneie-
HUEeM U M30MpaTelIbHON 4YBCTBUTEILHOCTbIO AMPA/KaMHATHBIX PELIENITOPOB B MO3IE.
CucreMHOe BBeeHUE KaluHaTa KpbIiCaM MPUBOJUT TakKe K aKTUBALIMU TTUMIbHBIX KJle-
TOK U BOCHAJIMUTEbHBIM pPEeaKLIUsIM, OOBIYHO HAOII01aeMbIM MPU HeHpoJereHepaTUBHBIX
3aboneBaHusgx. Cpenyd 3TUX U3MEHEHUM — HaKOIUIeHWE JUMO(YCIUH-TIONOOHBIX Be-
LIECTB, MPOIECCUHT OeJIKa-TpealecCTBeHHNKA aMWIONIa, U3MEHEHNe SKCIIPECCUM Tay-
6enka [137].

B Monenu KauHaTHOM 3KCaliTOTOKCMYHOCTHU Ha KPbICaX IMOKa3aHO, YTO HYTPULIEBTUKU
MOTYT MOJABJISITh YPOBEHDb INTyTamaTa U CBSI3aHHYIO ¢ HUM 3KCAaMTOTOKCUYHOCTh. Tak,
SYMATUJINH, KOMIIOHEHT KUTAWCKOW TOJNBIHU Arfemisia argyi, IpenoTBpalliag MOBbIIIe-
HMe YpOBHSI IIyTaMaTa 1 DIyTaMmar-TeHepupyroliero hepMeHTa yTaMUHa3bl, YMEHbBIIICHHE
KOJIMYECTBAa TPAHCIIOPTEPOB BO30yKmalomux aMuHOKUCIOT (EAAT), cHuzkeHre YpOBHSI
6enka GluN2A u yBenuueHue 6enka GluN2B B kope Mo3ra KpbiCc, U B KOHEUHOM CYETe
MPEINsTCTBOBAJ AereHepalud HEeMpOHOB. DTOT 3 deKT conmpoBoXIalics MOMyasiiueit
[Ca®"]i, unrubupoBanmem Ca’'-kanamoB P/Q-tumna, cHikenuem Ca’’-3aBucuMmoro
dochopuwmpoBanus cuHaricuHa 1 [139]. Puiry3on (6jiokaTop TETPOOOTOKCUH-YyBCTBH -
TEJILHBIX HATPUEBBIX KAaHAJIOB, a Takke KamHAaTHBIX 1 NMDA-pelentopoB) u apyrue
aMUHOTHMA30JIbl OCIA0JISIIOT OCTPOE TMOBPEXICHNE HEMPOHOB TUIITOKAaMIIa MOCiie Kau-
HaT-uHAYUPOBaHHOrO 3mucTaryca [140].

OnMH U3 Croco00B YBEJIMYEHUS TTPOIOIKUTETIBHOCTU KU3HU — OTpaHUYEHUE TTMTa-
Hus (OIT; dietary restriction). B akcnepuMmeHTanbpHOI Moaeau Ha HemaTtonax Caenorhab-
ditis elegans (C. elegans) wucciienoBaayn HaKOIUIEHUE JUMNOMYCIIMHA KaK MapKepa crape-
HUS U IBUraTejIbHbIE CIIOCOOHOCTU 3TOTO BUAA KPYIJIBIX UepBEi Kak mokas3aTeilb CKOpO-
cru aerpanauuu Mbii [141]. OpueHtupysicb Ha 3T Mapkepbl, OIl yBeauuuBano Kak
MPOJOIKUTENBHOCTD KU3HU, TaK U 310poBbe C. elegans, T.e. CIOCOOCTBOBAJIO OoJiee 310-
POBOMY CTapeHMUIO.
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DTHU UCCIeTOBaHU MOKA3bIBAIOT, YTO 3KCAMTOTOKCMYHOCTh, MHAYLIMPOBAHHAS Kau-
HATOM, MOXKET OBITh MCIIOJIb30BaHA B KAuyeCTBE MOJIEJU JJIsl BBIICHEHUS MEXaHU3MOB,
JIeXXaluX B OCHOBE OKCUIATUBHOIO CTPecca M BOCITaJICHUS TIPU HelipoaereHepaTUBHBIX
3abojieBaHusIX. M3 3THUX UCcaenoBaHMil TakKe cieayeT, YTo OM-nHaAyHUpOBaHHAs MaTO-
JIOTHSI BKJTIOYAET B ce0sl 3JIEMEHTHI TEPOHTOIeHEe3a, YHUBEPCaabHbIM MAPKEPOM KOTOPOIO
SIBJISIETCS JIMMO(MYCLIMH.

Arperathel JuIoyciiiHa B KJIETKaX COCTOSIT M3 KOBAJIEHTHO CINUTBHIX MEXY COOO0it
ocTtatkoB 6e1koB (30—70%) n mumunos (20—50%), cpenu KOTOPBIX TPUTITULIEPUALI, CBO-
OOmHbBIC XKMPHBIE KUCJIOTHI, XoJecTepuH 1 dochonunuabl [142, 143]. Takke mist KJIETOK
KOpPBI TOJIOBHOTO MO3Ta 4YeJIOBeKa MOKa3aHO HAJMYMe YIJIEBOOHBIX OCTATKOB B CKOILIE-
Husx aurnodycauHa [144]. Kpome Toro, aummo@yciuuH COaepKUT MOHBI METaIOB, TAKMX
KaK 3KeJjie30, aIIOMUHUM, KaJdbluii, IIMHK, Menb, MapraHell [145]. I'paxHyasl aunodycum-
Ha JIOKaJIU3YIOTCSI COBMECTHO C ayToJM3ocoMaMU. OKCHIATUBHBIIA CTPECC aKTUBUPYIOT
ayTrodarmio, HO He CIIOCOOCTBYET yIaJieHUIO TUIToycInHa, B pe3yJIbTate 4ero popMu-
PYETCSI MHOXECTBO 3aIT0JIHEHHBIX TUMO(YCIIMHOM ayTon30coM [146]. IToCKOIBKY KIIeT-
Ka HEeCITOCOOHA CITPaBUThCS C KACKAIOM ITOBPEXKIAIOIIMX COObITHI, OHa merpanupyeT. [1o-
cJie THOeNIM KJIETOK IpaHyJibl JIMITOMYCLIMHA BbICBOOOXKIACTCS B MApeHXUMY MO3ra, Lie
€ro MOXHO OOHApYKUTh B COYECTAHUM C IMTATOTHOMOHUYHBIMU OCIIKOBBIMU OTJIOKECHUSI-
MU, TAKUMHU KaK 6eTa-aMWIOMIHBIE OJISIIIKI. DTH OTIOXKEHUS PEKPYTUPYIOT KIETOYHBIM
MYCOpP ¥ MOHBI METAJIJIOB, IPOBOLIUPYSI YCUJIEHNE OKCUIATUBHOIO CTpecca U aKTUBAIINIO
MUKPODIMK, HEAPOBOCHAJIEHUE U IIPOBOCHAJIUTEIBHYIO BBIPAOOTKY MHTEPJICHKUHOB,
TEM CaMbIM CIIOCOOCTBYSI pacIMpeHMIO HelipoaereHepauuu [147].

CBsI13b MEXIY CTApEHUEM U MIPONOJIKUTEIbHOCThIO XXU3HU HE CTOJIb OMHO3HAYHA, KaK
MOXET I10Ka3aThCsl Ha MepBblil B3NIsAA. Macca mpuMepoB, KOTIa JIIOAU XUBYT JOBOJBHO
JIOJITO, OYAyYM MPUKOBAaHHBIMUY K MHBAJMIHOM KOJISICKE, I KOTIA 3I0POBhIE HAa B/ U 110
CBOMM (PYHKIIMOHAJBHBIM IOKAa3aTeJIsIM JIIOOW HEOXUIAHHO YMUPAIOT B paclBeTe CHUII.
Wneanom siBisieTcs 310poBoe gorojetue. [Touck yHUBEpCAIbHBIX MAapKEPOB 310POBbSI
MpeacTaBlIsieTCs He MeHee BaXKHBIM, YeM ITOMCK MapKepoB 3a00IeBaHUIA.

B 3akiroueHue 1aHHOrO paszaena npuBeneM cxemy (puc. 1) mpennojaraeMoi B3auMo-
CBSI3U MEXIy YPOBHEM/PEKMMOM TOKCUYECKOTO BO3ICHCTBUS U XapaKTepOM/AMHAMU-
KO pa3BUTHS ITaTOT€HETUYECKOTO TIpoliecca.

O POJIM D HAOTEJINA B PASBBUTHUU INATOJIOT'MH,
NMHAYLIMPOBAHHOU OPTAHO®OCPATAMU

Ponb sHporenust B pazsutun OP-MHAYLIMPOBAHHON MTATOJIOTMH 3aCIIyKUBAET OTIEIb-
HOro paccMoTpeHusi. B mpenbiayiux pasnenax ObUIo cKa3aHO O IMOCIENCTBUSIX Hapyllle-
HUS 1IeJIOCTHOCTH TeMmaTosHIedanmnueckoro 6apbepa (I'DB) npu octpoMm oTpaBieHUM
opraHodocdaraMu, Takke OblIa YIIOMSIHYTa POJIb vasa nervorum B IaTOTeHe3€e TeMUCSIIH -
HU3HUPYIOUIEH NOJINMHEHPOnaT, MOAYEepPKHYTO 3HaUeHUe akTuBHOCTH PON2 B sHIoTE-
JIMaNbHBIX KJIeTKax. CTapeHne KJIEeTOK ObLIO YIIOMSTHYTO B KaUeCTBE IeBITOrO “IpU3HaKa
cTapeHus:” 0€30THOCUTEIbHO TUIA KJIeToK [133], XoTs crapeHre 3HA0TeINaIbHBIX KJIe-
TOK — 3TO COBEPIIEHHO OCOOBI Mpolecc, paCCMOTPEHUE KOTOPOTO BBIXOMUT 3a PaMKU
IaHHOTO 0030pa, HO eMy ITOCBSIICHBI OTAEIbHEBIE 3aMedyaTeIbHbIe paOOTHI ITOCIETHUX
nert [148, 149].

OmHako Jajeko He BCerda pPojib SHIOTENIUS B pa3BUTUU TOI WJIM MHOI IATOJOTUU
MPOCMaTPUBAETCS CO BCeil 0OUeBUIHOCTHIO. TakK, €CIM MBI TOBOPUM, YTO B OCHOBE aKCO-
HaJIbHOI MOJIMHEMpOoNaTHH JiexXaT HapylleHus MeTaboau3Ma HelipoHa BCJIENCTBUE He-
JOCTaTOYHOI BBIPAOOTKM HEPTUM B MUTOXOHAPUSIX M CBSI3aHHBIE C 3TUM HapyIIEeHUS
aKCOHAJIbHOTO TPAHCIIOPTa, TO BPSII JIM IIPU 3TOM AyMaeM O KPOBEHOCHBIX COCyIax, Mo
KOTOPBIM JBVKYTCSI 9pUTPOLUTEI, B KOTOPBIX HAXOAUTCSI KMCIIOPOI, 0€3 KOTOPOTO HU O
KaKoii BEIpaOOTKe dHEPIUU HE MOXET OBITh U pedu. B CBS3M ¢ paccMaTpuBaeMoil IIpo-
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6J1eMOi1 clieTyeT HAallIOMHUTh, YTO HE TOJILKO HEHMpPOHAJbHBIE 1 HEPBHO-MBIIIICUHbIE CU-
HAarChl, HO TaK:XKe dHIOTeIMaIbHbIe KiIeTKr (DK) nMeloT mpu3Haky BereTaTUBHOM XOJIM -
Hepruyeckoi perynsiiuu. biaaromapsi sakcnpeccun MycKaprHOBBIX petientopoB, DK cra-
g u3BecTHbl B 1980 1. KaK MCTOYHUK 3HIOTEIUI-3aBUCUMOTO PacCabsioIero
dakrtopa (EDRF) [150]; mo3ke ObLIO yCTAHOBJIEHO, YTO 3TO OKcun a3oTa [151]. B mem-
6pane DK 6bu1M Takke 0OHapykeHbl N-xoanHopelenTopsl [152], mokaszaHa akTUBHOCTb
AXD [153, 154], B kJ1eTKax BbIsIBJIEHa XOJIMHALIETUITpaHchepas3a U Be3UKYJIsIpHasl CUCTe-
Ma TpaHCITopTa aleTuiaxonnHa [155, 156]. Byayuyu B cTOpoHE OT 3TUX (yHIaMEHTATBHBIX
WUccaeA0BaHUl, HO paboTasi C KOHTUHTEHTOM Ha OOBbEKTax IO MPOU3BOACTBY XUMUUE-
ckoro opyxusi, corpynHuku HUUW I'TIDY B 1980-x romax BriepBble 3asBUJIN O TOM, YTO
nociencTBusl ocTpbix orpaBieHUit OB He cBOAATCS K MPOMEXYTOUHOMY CUHIPOMY
wim ODUII [157]. ToBopst 0 “MUKPOOPraHUYECKUX PACCTPOMCTBAX HESICHOI 3THOJIO-
run” B UIHC u npyrux opranax, Mycuiiuyk u AHHo [157] UHTYyUTUBHO NTPUOJIU3UIUCH K
TIOHUMAHMUIO POJIU SHIOTEUS COCYI0B B Pa3BUTUU HE TOJIBKO U HE CTOJIbKO MTOJIUHENpo-
MaTUM, HO U APYTMX MaTOJOTMYECKUX COCTOSIHUI, KOTOPBIX HA CAMOM [IeJIe MOXET ObITh
ropasno 00Jibllle, 1 BEPOSITHOCTbh MX BOSHUKHOBEHUSI MOXKET ObITh [1aXKe BhIIIE IO CpaB-
HeHnio ¢ OPUII. OGyCcI0BICHHOCTh HAYYHBIMU MPEICTABICHUSIMU TOTO BpeMeHU, OT-
CYTCTBME TIPSIMBIX JOKA3aTeJbCTB U JaXe caMOil BO3MOXXHOCTHU IMPOBECTU OoJjiee TIy06o-
KME MCCIIeNOBAaHUS C LEJbIO TTOJyYEeHUS 3TUX JOKA3aTebCTB HE TTO3BOJIUJIM B BbILLIEYKa-
3aHHOI1 CTaThe yKa3aTh C OOJBIICH ONpeaeIeHHOCThIO HAa SHAOTEINI COCYIOB KaK OINH
U3 IJIaBHBIX YYACTHUKOB TaToreHe3a. Mexmy Tem JIEHTMOTUBOM MPOAOJIKABIINXCS UC-
C/IEIOBAHUI1 B MONABJISIONIEM OOJBIIMHCTBE TOKCUKOJIOTMUYECKUX JlabopaTopuii Mupa
Ob1710 BhIsIBIeHUE B3auMoeicTBust O®M ¢ MoJIeKyJIIpHBIMU MUILIEHSIMY B HEPBHbBIX KJIET-
kax. Hanpumep, 66110 yctaHoBieHo, uto O®M Moryt 06pa3oBbIBaTh KOBaJICHTHBIE CBA3U
C TUPO3UHOBBIMM OCTaTKaMU TyOyJuHa, caiiThl cBsi3biBaHUs O® pacmnoyiokeHbl BOJIU3U
caiiToB cBsi3biBaHus [ T® uiau BHYTpHU IeTesb, B3aMMOIEHCTBYIOIIMX C TIPOTOGUIaMEeH-
Tamu [158], 9TO OyaTO OBI YACTUYHO OOBSICHSET YrHETEHHE OBICTPOrO aKCOHAJIbHOTO
TpaHCIIOPTAa ¥ HEMPOMUZNOJIOTNIECKIE MOCIEACTBUS XPOHNYECKOro Bo3aeicTeuss OdD
[159, 160]. JIuip HecKoNIBKO paboT coobianu o Bausgsaun O® Ha sHgortenumii. Tak, uc-
cJlemoBaHue JIETOYHOM TKaHW Mbliieil mpyu ux otpasieHuu 0,0,S-tpumetuindocdopo-
TUOATOM BBISIBUJIO 3HAYUTESIBHOE YBEJIMUEHUE MACChI JIETKUX U MPOLIEHTHOTO COAEPXKAHUS
B HMX BOJbI, YTO CIIPaBEIJIMUBO CBSI3aJIM C HapylIEeHUWEM MPOHULIAEMOCTH KanuJUISIpOB U
MoCJIeayIoNMM oTekoM [161]. B npyrom uccinegoBanuu xaopnupudoc B IIMPOKOM auaria-
30HE KOHIIEHTpAIIMii He TT0KAa3aJl BIUSHUS HAa M30JIMPOBAHHYIO TPYIHYIO a0pPTY, XOTS aK-
TUBHOCTb AXD B I1a3Me OblTa CHUKEHA, B TO BpeMsl KaK aKTUBHOCTD JIaKTaTIerMApOoTreHa -
3b1 (JIAT), amanmnamuHotpancdepasbl (AJIT), acnapraramuHorpaHcdepasbl (ACT) u
ramMma-rmortamuiaTpancientuaassl (I'TT), Hapsay ¢ ypoBHeM NO B 1j1a3Me KpOBU ObLIU
MOBBIIIEHBI B TPYMIIe OTPAaBJICHHBIX XXUBOTHBIX [162]. B HallIlMX UCCIeTOBAHUSIX MBI TaK-
ke 0OpaTIM BHUMaHKUe Ha TTOBPEXXICHUE SHIOTEIUSI COCYyIOB Mpy pa3Butun OP-uHmIy-
LPOBAaHHOI OTCTaBJIEHHOM naTojaoruu [163—165]. Mbl GBI, BEPOSTHO, IIEPBBHIMU, KTO
3asBui B 2000-x rogax o ToM, YTO MUKPOAHTHONATU M, BI3BaHHbIE TIOBPEXICHUEM HI0-
TeJIUsl, OCOOEHHO B TKaHSIX HEPBHOI CUCTEMbI, MOTYT ObITh OCHOBHOM MPUYMHON pa3BU-
TUSI OTCPOYEHHBIX 3(ppekToB MHTOKCUKaun Od; 3HaUeHNE TAKOTO poaa MOBPEXIACHUIA
crajio 6oJiee OUeBUIHBIM IecaTuiieTre cuycts [34, 166]. B3auMocBsI3b MexXIy KpOBOCHA0-
JKEHVEM HEPBHBIX BOJIOKOH M HEPBHO-MBIILIEYHOU MPOBOAMMOCTBIO MPENCTABIISIET CyIIe-
CTBEHHBI MHTEPEC MO NTPUUUHE HEOOJIBIIIO JOJIM SHAOHEBPAIBHBIX KATTUJIISIPOB B CTPYK-
Type HEPBHBIX BOJIOKOH. CTerneHb 3aBUCUMOCTH TPO(MUKN HEPBHBIX BOJIOKOH OT LIEJIOCT-
HOCTH COCYIOB MOXHO TIPEICTaBUTh IO CJEAYIOIIUM JaHHBIM: OObEM KaIlWUISIpDOB HE
npeBsbiiiaet 4% ot 0011ero oobeMa HepBHBIX BOJIOKOH [167]. Kpome Toro, B riepudepuye-
CKHMX HepBax HET JMM(PATUISCKUX COCYIOB, KOTOPbIE MOIIM Obl 0o0ecneunTh 3MHEKTUB-
HbI OTTOK KAMWIISIPHOTO MH(MWILTPATa U MPEAOTBPATUTh pa3BUTHE oTeKa [168, 169].
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IMocne nepBbIX ke 3kcniepuMeHTOB B Havajie 2000-X ronoB MbI TIPEANOJOXUIN POJIb
HECUMHAIITUYECKNX U 3aBUCUMBIX OT KPOBEHOCHBIX COCYIOB MEXaHM3MOB OTCTaBJIEHHBIX
3 HEKTOB TIPU OCTPOM M cyOXxpoHUUeckoM BosaeiicTBuu O®. Yepe3 HECKOIBKO Helelb
1ocJie OTpaBieHWs ObUIUM OOHAPYXXEHbBI aHTMOAMCTOHUYECKNE HAPYIIIEHUSI, HOBbIE — WJIU
OTKPBITHE paHee CylLIECTBOBABIIMX — apTEPUO-BEHO3HbIE AaHACTOMO3bI, PACILIUPEHHBIE U
NIMCTOHWYECKME BEHYJIbl B 9HIOHEBPUU CEAATUIIIHOTO HEPBa U OpbIKelike TOHKOM KU1 -
Ky [34]. Mopdoaornyeckue Npu3HAKM MOPaKEHUsI SHIOTEIUSI COCYA0B COIMPOBOX/IA-
JMch (yHKIIMOHAJIbHBIMU, TAKUMU KaK HOpaJIpEeHATIMH-UHAYLIMPOBAHHOE COKpallleH!e
1 KapOaxoJl-UHAYIIMPOBAHHOE pacciabieHre aopThl KPbICHI TOCTE CYOXpOHUYECKOTO
(3 mec.) Bozneiicteusa POX n DFP B noszax 1/100 JIs, u 2 Mec. “BOCCTaHOBJIEHUS ™.
MopdobyHKIIMOHAJIBHBIE U3MEHEHUSI MUKPOCOCYJA0B MOTYT BJIMSITh HA (DYHKIIMOHAIb-
HOE€ COCTOSIHME TPOMOOIIMTOB, OOYCJIOBJIMBAasi 3TUOJIOTUIO OTCTaBJIEHHBIX 3(hdheKToB
OCTPOTO U CyOXpOHUUYECKOTO oTpaByieHusi. HaGntonaemble U3MeHEHUs CBUAETENbCTBYIOT
0 MHOXECTBEHHBIX OYarax MMKpOaHTUONaTUU, TIO3TOMY KIMHUYECKHE MPU3HAKU 3a4acTyIO
CKPBIThl KOMITIEHCATOPHBIMU MEXaHU3MaMU JIOKAJIbHOTO WJIM LIEHTPAJIbHOIO T'eHe3a.

JonomHUTEeIbHbIE CBUAETEIbCTBA BAXKHOM POJIM SHAOTEIUS 1aJl TIPOBEASHHbIIT HAMU
Macc-CHeKTPOMETPUUECKUIM aHaM3 TUIa3Mbl KPOBU KMBOTHBIX, OTPaBJICHHBIX Bellle-
CTBOM THUTIA VX, KOTOPBI BHISIBUI (pparMeHTHl (prOprHOMNEnTUaa A, YTO YKa3blBajlo Ha
ycuJieHrue TpoMO0oOpa3oBaHUs W/WINM CHUXEHUE IKCIIPECCUU IK30MeNnTruaa3 (aMruHO-
nenruaas) [165]. M3BecTHO, YTO B IJIa3Me KPOBU U KJIETKAX COCYI0B (DYHKIIMOHUPYIOT
pa3inyHble aMUHOIMEINTUAAa3bl, KOTOPbIEe MOTYT OBITh OTBETCTBEHHBI 3a 3TU 3(PdeKThl.
AmuHornientunasa A (K® 3.4.11.7) runposunsyeT nNenTUIHbIE CBSI3U ¢ KUCIBIMU aMUHO-
kuciaotamu (Asp 1 Glu Bo (pparmeHTax pubpuronentuaa A) [170]. AMuHonentunaza N
(APN, K® 3.4.11.2) aBisieTcst MHOTO(DYHKIIMOHAIBHBIM (DEPMEHTOM M OCHOBHOI aMU-
HOIIETITUIa301 KPOBU U KPOBEHOCHO CUCTEMBbI, KOTOPBI 9KCIIPECCUPOBAH Ha KJIETKaX
MUEJIOUITHOTO IIPOMCXOXACHUS, BKII0OYasi MOHOIUTHI M HeiiTpodmel [171]. OH Takke
ObLI 0OOHapy:KeH Ha (pubpobiacTax, SNUTEINATBHBIX 1 — YTO BaXKHO — 3HAOTEIUATIbHBIX
KJIeTKax, IIpUYeM aHTMOTeHHbIEe U psid ApyTUX (paKTOpPOB MOBHIIIAIOT 3Kcnpeccuio APN
[172—174]. C npyroii cTopoHbl, anbdacTaTuH, eNTUI U3 24 aMMHOKUCIIOT, TTOJTy4YeHHBIH
13 aMMHOKOHIIA Ol-1IeTTH YeJI0BeuecKoro ubpuHoreHa, ooiamaeT aHTUAHTMOTeHHOM aK-
TUBHOCTBIO, KOTOpasi paHee Obljla OOHapyKeHa B MPOAyKTe nerpananuu pudbpuHoreHa E
[175]. MHorue npyrue npoayKThl IIPOTe0IM3a ObLUIM TaKXKe MACHTU(UIIIPOBAHHI B Kaye-
CTBE 9HIOTEHHBIX MHTMOUTOPOB aHTHoreHe3a [176].

HKCIMEPUMEHTAJIbHBIV ITOUCK TEPATIMUY OTPABJIEHUI

AHTUIOTHAas Tepanust npu orpaBiieHnu OP — 3To, MO CYTH, Teparus XOJUHepTrude-
CKOro CUHApOMa, U, KaK yKe ObUIO yKa3aHO, OHa HampasJjieHa Ha OJ0Kaay aueTUIXoau-
HOBBIX PEIIETITOPOB C MTOMOIIILIO aTPOTIMHA, Ha peaKTUBALIMIO AXD C MOMOIIBI0O OKCUMOB
M Ha ocjabyieHue cymopor. Mojiesin 3mucTaTyca Ha TpbI3yHaX IEMOHCTPUPYIOT MOBpe-
KIeHUEe HEMPOHOB, YCTOMYMBOCTh K O€H301Ma3eNMMHaM U HEBPOJIOTMYECKUE COTYTCTBY-
1o1111e 3a00JIeBaHUs, KOTOPbIe HAOIIONAIOTCS Y IO, BBIKUBIINX MOCIIE BO3AEHCTBUS
O®. DKcnepuMeHTalIbHbIe Moieau Bo3aeicTBuss Od Ha rpbI3yHax MO3BOJIVIIM BBISIBUTh
HEKOTOpPbIE 0COOEHHOCTH Pa3BUTHS OTCTABJICHHBIX MOCIEACTBUI WJIM COMYTCTBYIOIINX
3a001eBaHMIi, CpeIr KOTOPBIX M3MEHeHUsT OajaHca MOHOB Kaibuwus [177, 178] okcunma-
TUBHBIN cTpecc [179], HeiipoBocnanenue [180], mukiiookcureHasHblil myTh [181], akTn-
Banus nHaynuoeabHot NO-cuHTa3ssl [182].

OnHoO 13 HampaBJeHU B pa3pabOTKe aHTUAOTHBIX KOMILJIEKCOB — MACHTUMUKAIIMS
COeMUHEHU, CITOCOOHBIX 2¢(h(EKTUBHBIX BOCCTaHABIMBATh (DYHKIINIO HUKOTUHOBBIX pe-
nenropoB (NAChR) npu nnaTokcukaimn O®. [TepcrieKTUBHBI TPOU3BOAHbBIE OUCTIMPH-
NVUHUS, He obJagaole CBOCTBAMI OKCMMOB, HO CIIOCOOHBIE BOCCTaHABIMBATh UyB-
CTBUTEJIBHOCTD MeCEHCUOMIN3NPOBAHHBIX HUKOTUHOM hot7-nAChR [24]. O® BbI3bIBaIOT
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KWUHETUYECKUI TpeMop, aKTUBUPYsI HelipoHbl BepxHell onuBbl yepe3d nAChR. Tpemop
MHTUOUpoBajcs Hecrneuuduueckum antaroHucrom nAChR MekamuiaamuHOM, Toraa
KaK aHTaroHucT M-pelenTopoB TpureKcubeHUanI He oKa3biBas BiausiHus [183].

IMockonbKy aHTUIOTBI HE MOTYT OJOCTUYbL MecTa cBoero neiictBust B LIHC GbicTpo u B
TepareBTUYECKU 3HAYMMBbIX KOHIIEHTPAILUSIX, OHU obecrneuynBatoT 3(POEKTUBHYIO 3alU-
TY TOJIbKO TIeprpeprieckoil HEpBHON CUCTEMbI. DTO OTPAaHUYEHUE MOXKET OBITh MPEOI0-
JIEHO MYTEeM WHKAIICYJISIIIUM aHTUIOTOB B HAHOYACTUIIBI, YTO MOXET YBEJIMYUTh UX Ha-
komieHue B LIHC 6e3 Hapymenus neaoctHoctu 'Ob [184]. Benercst pa3paboTka HOBBIX
CUCTEM-HOCUTENIeN ISl NOCTAaBKM KOMIIOHEHTOB aHTUAOTHOIO KOMILJIEKCA, BBITTOJIHSIO-
IIUX TpU 3am1auu: (a) yaydiieHue OMOIOCTYITHOCTU, (0) TTOBBIIICHUE HATIPaBJIEHHOCTU U
(B) CHIXEHHE CUCTEMHOUN TOKCUYHOCTH, T.€. OTPUIIATEIbHBIX TOOOYHBIX 3((dEeKTOB ca-
MUX cpencTB Tepanuu. Hanmpumep, mpuMmeHeHue Kykypour [7]ypunoB (CB [7]) ¢ okcu-
MaMHM MOXET TOJOXHUTEIbHO TOBIUITh HAa 9(P(PEeKTUBHOCTh aHTUAOTHOUN Tepamnuu Mpu
nHtokcukauuu O® [185]. CB [7] npeacTaBisiioT OO0t KeCTKUe MaKPOLIMKIIBI B (hopme
TBIKBbBI, KOTOPbIE€ MOTYT BKJIIOYATh MOJIEKYJIbl B CBOIO TOJIOCTh, B YACTHOCTH CBSI3bIBaTh
MOJIOXKUTEIBHO 3apsiKEHHbIE apOMaTUUECKUE COSMHEHMSI, TIpenapaThl Ha OCHOBE I1j1a-
TUHBI C OpraHMYECKUMM JIMTaHJaMU WIM ClIendruIecKre KOMIUIEKCH MeTaJlIoB [ 186].

Tsxenoe orpaBiaeHue TpeOyeT MOBTOPHOTO MPUMEHEHMS aTPOIIMHA U PEaKTUBATOPOB,
HO TMPU 3TOM MOBBIIIAETCS — B CJIy4yae BbDKMBAHUSI OpraHU3Ma — PUCK BO3ZHUKHOBEHUSI
aTpONUH-UHIAYIIMPOBAHHOTO MCUX03a, MOO0YHOTO 3 deKTa MHTEHCUBHOM Teparuu, O
KOTOPOM, K COXAJICHUIO, OYeHb MaJIOo TOBOPST U CTOJb e Mayio ucciuenyiot [187]. Kpome
TOTO, POJIb PEAKTUBATOPOB MUHUMAJIbHA B clTydae oTpaBiieHUsT HeKoTopbiMu O®D, otinu-
YaIOIIMMCS BBICOKOM CKOPOCTBIO “cTapeHus”, T.€. OTIIEIICHUS (eallJIMPOBaHMsl) BTO-
poii yxonsieil rpynmnbl nocie gochuirpoBaHusi (00pa3oBaHUsI KOBAJEHTHOI CBSI3U
P—O mexny pochopom OD u KMCIOPOAOM cepruHa B aKTUBHOM lLieHTpe AXD). B aTom
cllyyae OCHOBHYIO aHTUIOTHYIO (DYHKIIUIO BBITIOJHSIET aTPOINUH M arOHUCTbI O€H30AM-
a3eNMUHOBOTO PsiJia, HO TIPU Pa3BUTUM SMUCTATyca (HEXOJIUHEPTruuecKoit asbl Cynopox-
HOTO CUHApOMa) 0€H30/11Ma3eNHbl B KAUeCTBE aHTUKOHBYJIbCAHTOB MajioddOEKTUBHBI.
3nech clielyeT OTMETUTh, YTO B TTOCJAEAHUE TOJbl BEEeTCs MOUCK MpernapaTroB, COCO0-
HBIX pealkuanpoBaTh “coctapuBiiaytocss” AXD. [TepcneKTUBHBIMU SIBJISIIOTCS TIPE/IIe-
CcTBeHHUKM XuHOHMeTua0B (QMP) B KauecTBe peasikuinaropoB. HekoTopeie U3 3TUX CO-
eIMHEHUIA IIPOSBIISIIOT CBOMCTBA KaK pealIKijiaTopa, TaK U peakTuBaropa [ 188].

benzoouaszenunst u dpyeue npomueocydopoicHsie cpedcmea

IIporpecc B pa3paboTKe HOBBIX CPEICTB Tepalnuu OCTPhIX oTpaBiieHuit Od cBsi3aH ¢
MpUMEHEHUEM HOBBIX 0€H30/11Ma3eTMHOB, AHTATOHUCTOB ITyTaMaTHBIX PELIENITOPOB, aH-
TUMYCKapUHOBBIX TPEIapaToB ¢ AOMOJHUTEIbHONW aHTUIIyTaMaTePruieCcKoil aKTUBHO-
CThlO, AHTAarOHWCTOB aJCHO3WHOBBIX PELENTOPOB, MOAYJISITOPOB MeTabosu3Mma. Tax,
ycTaHOBJIeHa 3(PDEKTUBHOCTD aJIKaJionaa CKOITOJIaMUHA, e CTBYIOIIETo MTOT00HO0 aTpo-
MUHY; MEMaHTUH — HEKOHKYPeHTHBIN aHTaroHucT NMDA-pelienTopoB — mokasal ro-
pa3no MeHbIyo 3(hPEeKTUBHOCTh, KaK 1 (peHobapOuTaj, AeiCTBHE KOTOPOTO IPOSIBIISI-
eTcsl ¢ HenpueMJieMoii 3aaep:kkoii [189]. s mpenoTBpallieHUs UM OCIabIeHUsT CyI0-
POXHOTO CHMHJIpOoMa MCToab3yloT 610katopsl NMDA-petientopoB (MK-801, keramuH)
W BaJIbIIPOAThHI, TIPOTUBOAMUIIENITUYECKOE NEMCTBUE KOTOPBIX O0YCTOBIEHO UMHTUOUPO-
BanneM IAMK-TpaHcdepas3bl ¢ mociaemyiomuM IoBbIIIeHNeM comepxaHusi TAMK B
HHC u crumynsauueit TAMKepruueckux mnpoieccoB [54, 190, 191]. TlepcniektuBHOM
okazajach KOMOMHALMS aua3ernamMa, KeTaMruHa 1 BalbllpoaTa, KOTopast O3BOJISIET Hau-
ooJiee 3¢h(eKTUBHO MpeaoTBpalllaTh pa3BuTue anucTtaryca [191]. M3o6onorpamMmma noka-
3ajla, YTO C TOYKU 3PEHMSI TeparieBTUYECKO 3TU IMperapaThl MPOSIBISIOT TTO3UTUBHbII
KOOTIEpaTUBHBIN 3G eKT (CMHEepru3M), T.K. OH 6oJiee BBIpaXkeH, YeM TpeXKpaTHas 103a
KaXXI0To M3 KOMITOHEHTOB B OTAEIBHOCTH; O KPUTEPUSIM TOKCHYECKOTO 3(pdekTa nx
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B3aMMOIEHCTBHE HOCUT UCKJTIIOUUTEIbHO afauTUBHBIN XapakTep [191]. I1pu snucraryce
npoucxoaut uHaktuBauus TAMK,-peLienTopoB BciiencTBUE UX MHTEpPHAIU3ALUU, HO
aktuBauuss NMDA-pelLienTopoB BCJieACTBUE MOBBILIEHUS UX 9KCIIPECCUU B CUHANTHUYEe-
cKkux MeMmOpaHax. JleiicTBue nuasernama HampapJIeHO Ha CTUMYJISILIMIO OCTaBIIMXCS
AMK,-penienTopoB, KeTaMHUHa — Ha ociabneHue ctuMyisiniuu NMDA-peuentopos, a
BaJiblIpoaTa — Ha HecnelMduyeckoe ycuieHe MHruoupoBaHus akTuBauuu. [1ogyueHst
oOHazeXUBalollIue pe3ybTaThl ¢ U30(IypaHOM, CPEIACTBOM JJIsSI MHTAISIIMOHHOTO Hap-
KO3a, KOTOpPBIM TpeaoTBpalial pa3BUTHE BMUCTaTyca M MOCJeAylollee MOBpeXIeHUE
HEMpOHOB B cirydyae nmpuMmeHeHus dyepe3 20—30 muH nocie orpasieHus POX [192]. On-
Hako n3o0¢aypaH MPOTUMBOIOKA3aH MPU MOBBIIIEHHOM BHYTPUYEPEITHOM [aBJICHUU U
0COOEHHO TIpU 3JIOKAYECTBEHHOI TMIIEPTEPMUM B aHAMHE3€, YTO MPAKTUUECKU HEBO3-
MOXHO Y4YeCTb P HEOOXOAMMOCTU OKa3aHUS 3KCTPEHHOI MOMOILM MallUeHTY B COCTO-
SIHUM TSIKEJI0M MHTOKCUKAITUY.

Bbicokyto 3((eKTUBHOCTb B Ka4eCTBE ITPOTUBOCYIOPOXKHOTO CPENCTBA IMPU OTPaBJIC-
HUM 30MaHOM Ttokasan mpenapar LY293558 (tezampanel), antaronuct AMPA- u kau-
HatHbIX GluK1 penentopoB, B coueTaHnM ¢ KapaMu(peHOM, aHTaTOHUCTOM MYCKapHUHO-
BbIXx U NMDA-peuenTopos [193, 194]. OnHokpaTHOE BBEEHME KOMILIEKCa, COCTOSIIETO
u3 arpornvHa, HI-6, 1Y293558 u kapamudeHa, yepe3 20 MUH ITOC/Ie OTPABJICHMS KPBIC
30MaHOM B n1o3e 1.2 JI[15, He ToJIbKO MpeKpallaeT pa3BUTHE CyIOPOXKHOI aKTUBHOCTH, HO
W MpefoTBpalllaeT ee BO30OHOBJIeHUE. bojiee TOro, OTpaBieHHbIE KPbIChI, MTOJYyYUBIINE
BbILIEyKa3aHHYIO Teparnuio, 1o AMHAMUKE Beca U IPYTUM HUCCIIeAyEeMbIM MTOKA3aTesIM He
OTJIMYAJIMCh OT KOHTPOJIbHBIX XKUBOTHBIX. Takke 3(ppeKkTMBHA KOMOMHALIMS MUIa30J1a-
ma (1.8 Mr/Kr) ¢ HEeKOHKYpeHTHbIM aHTaroHucrom AMPA-pelienTopoB repaMmnaHe oM
(2 mr/kr) [195]. BBeneHue HelipoCTEPOUIOB B KAUE€CTBE IOTIOJIHEHUS K Teparnuu OeH30-
nuasernuHaMu SaBisieTcst 9@eKTUBHBIM CPEACTBOM JieueHUs! OeH30ua3enuH-pedpak-
TepHoro anmcraryca. IlokaszaHa 3(p(GEeKTUBHOCTh aJJIOCTEPUUECKUX MOIYJISITOPOB
TAMK 4-pelienTopoB perHaHoJIoHa U aJljlonperHaHosona (6 mr/kr) [195, 196].

Cyodopoeu u adpenepeuueckas cucmema

DrnucTaTyc 0COOEHHO BIUSIET Ha Cep/lie U MO3T. B pa3anyHbIX MOAEISIX Ha SKUBOTHBIX
OBLJI0O HEOTHOKPATHO MOKAa3aHO, YTO B pa3BUTUU CyIOPOT U 3MUCTATyCca BaXKHYIO POJIb UT-
paet agpeHeprudeckass cucreMa [197—202]. IToBblleHHAss cMMITaTUYeCKasi aKTUBHOCTD
00yCJIOBIMBAET 31eKTPO(DU3NOTOTUYECKIE U3BMEHEHUSI U TTOBpexXneHus Muokapaa. Cep-
JIeYHasT TeKOMIICHCAIIUS SIBJISIETCST BEIyIIUM (PaKTOPOM B MPOTHO3UPOBAHUU CMEPTHO-
CTH y TIAIIEHTOB, MepeXMUBIIMX anmcraryc [203], tak uyro BBemeHue [1-anpeHoOIO0KaTOpa
aTeHoJ10J1a TallMeHTaM ¢ MIeMUeil yaydinaeT ux cepaeunyio ¢dynkmuio [201, 204, 205].
ABIOBaHTHAS TEpaIusi, BKIIOYAIOIasl BBEJACHUE JIeBeTupalieTama 1 aTeHoJiona 2 pasa B
CYyTKU B TeueHue 2, 7 win 14 pHeit mociae nHayuupoBaHHoro POX snucratyca (OCHOB-
HOI aHTUIOTHBIN KOMILIEKC COCTOSIT U3 aTPOTIMHA, ITPpAIMAOKCUMA U MUa301aMa) Mpu-
BeJIa K 3HAYUTETbHOMY CHIDKEHUIO CMEPTHOCTH 10 TipomiectBuu 30 nHeit. BHyTpuMBI-
IIIeYHOE BBEIEHME abIOBAHTHOTO KOMILIEKCA MO CPaBHEHUIO C TTIepOpaIbHBIM BBEICHU -
€M TO3BOJIWJIO TOCTUYb 06oJiee OBICTPBIX U CTAOMJIBHBIX TepaneBTUUECKUX YPOBHEH Kak
aTeHoJIoJa, TaK U JIeBeTUpaleTaMa B yCJIOBUsIX anucraryca [206].

CHIXeHUE YPOBHSI HOpaJpeHaJInHa B MO3Te, COITyTCTBYIOIee SMUIENTU(HDOPMHBIM
MPUCTYTIaM B MOJEJSIX ocTporo orpabiieHrss O®D, crnocobCcTBYeT MHUITUAIIAY W/ VUTU IO -
nepxaHuto anucraryca [11, 207, 208]. Ctumynsous roayooro nsatHa (locus coeruleus),
OCHOBHOTO caiiTa MpOAyKIIMYA HOpaapeHAIMHA B TOJIOBHOM MO3Te, YMEHBIIAET TSIXKEeCTh
CyZIopor, 00yC/IOBJIEHHBIX aKTUBallMeil MUHAAJIeBUIHOrO Teaa (corpus amygdaloideum),
B TO BpeMsl KaK paspylleHre TepMUHAJIOB ToJlyooro IMSITHA MpeBpallaeT CliopaandecKue
CyIOPOTHY B OTYETJIMBO BbIPAaKEHHbBIN TUMOMUYECKU (TICUXOMOTOPHBIN) anucTaTyc [209,
210]. ITo HeKOTOpPBIM TaHHBIM, CTUMYJISILIUS O(2-aIpeHOPELIENITOPOB BHOCUT OCHOBHOM
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BKJ1aJ] B 3allIMTHBIC 3(p(PeKThl HOpanpeHaIuHa B MOJEJISIX CYIOPOKHOIO CUHAPOMA, B TOM
yucie ¢ npuMeHeHueM O®@, BciieACTBUE UX TeHEPAIM30BAaHHOM MHTMOUpYIolieil (yHK-
uu B LIHC nocpeacTBom npecuHanTUYEeCKUX U MOCTCUHATITUYECKUX MEXaHU3MOB [197,
198]. Boicokyto ahpeKTUBHOCTH B OTAAJIEHHbBIE CPOKM TTOCTIe OTPaBJIEHMS MOKa3asl JeKC-
menetomunuH (JIEK), cieniuduyeckuii aroHUCT oi2-aapeHopenenTtopoB [202]. AHTaro-
HUCT 3TUX pelenTopoB arturnamusoi Onokuposan aeiicteue JEK, Ho nuuib B ciydae
MpeaBapUTEIbHOTO WJIM OMHOBPEMEHHOTO C HUM BBEJEHUSI, YTO CBUACTEIILCTBYET O BaX-
HOCTHU O2-aIpEHOPELIETITOPOB B MHUIIMAIIUY MEeXaHU3Ma TpeKpalleHUs HadaBIIeics cy-
MIOPOXKHOW aKTUBHOCTHU. [MCTOXMMUYECKOe ucclieqoBaHue C TIPUMEHEHUEM KpacUTeNs
dropmkeiina mokasano, yro coueranue JJEK + Mumazomam 3HaAYMTETBHO COKpalaeT
YHCJIO TTIOTMOIINX HEMPOHOB B MUHAAJIMHE, TAJIaMyce Y MUPU(MOPMHOIT Kope, HO He BIUSIET
Ha UX ypOBEHb B TUIIOKAMIIE U MTApUETAILHOM KOpe JaXe B ciiydyae MOJIHOTO TpeKpallie-
HUS CyTOpOXHOI akTuBHOCTH [202]. B TO Xe BpeMsl MpuMeHEeH1e aTeHOJI0/Ia OKa3bIBaeT
JIydiliee KapIMOo3allMTHOE IeMCTBUE BO BpeMs KauHAT-UHIYLIMPOBAHHOIO 3MKMCTaTyca o
CPaBHEHUIO C KJIOHUIMHOM, O.2-aTOHUCTOM IIeHTpasibHOTO neiictBus [211—213].

ﬂucﬁaﬂaﬁc UOHO6 KaabUus npu XonuHepeu1ecKom CLIH@])OM@

Pa3paboTKka aHTUIOTHOM M aaTbIOBAaHTHON Tepanuu Npy MHToKcuKauu O umer mo
HECKOJIbKMM HarpasieHusIM. OHO 13 HUX — MIPENoTBpallleHUE KaJIblIMEBOM TTeperpy3Ku
HEHPOHOB U CKeJIETHBIX MBI, Ha nucbanaHc MOHOB Kanblius Mpu MHTOKcuKauu Od
obpaTwiy BHUMaHUE aMepUKaHCKME MccieaoBaTelM Moa pykKoBoacTBoM Deshpande
[214], koTOpBIe TTOKa3aIu, YTO 6JIOKATOPHl pUAHOAMHOBBIX PELIENTOPOB (IaHTPOJICH, Jie-
BeTUpalieTaM, KapuzoamaT) MoryT 3¢h¢heKTUBHO KOHTPOJMPOBAaTh YPOBEHb BHYTPUKIIC-
TOYHOTO KaJibliMsl B HeHpOHAaX, CHUKAsi TeM CaMbIM CTENeHb MOBPEXICHUST HEHPOHOB
npu nHTokcukauu Od [177, 215].

W3BecTHO, YTO aKTUBAIIMs AlETUJIXOJIMHOBBIX U MHOTMX NIPYTUMX PELEeNnTOpoB (Kak
MOHOTPOIIHBIX, TaK U METaOOTPOIMHLIX) OOYCIOBIMBAET B HOpME MOOMIM3AIIMIO, a IPU
MaToJOruu — aucbajlaHC MOHOB KaJlbIUsl B KJIETKaX U CBSI3aHHbIE C 3TUM HapyllIeHUs B
peryisinuu MHOTUX (DEPMEHTHBIX CUCTeM, B ToM 4uciie reHepupytommx ADK. B ocHoBe
pOCTa 3JIeMEHTAPHBIX COKPATUTEBHBIX OTBETOB B COCTABE TETAHYCOB 3aJIeiCTBOBAH Me-
XaHM3M KaJlbIUH-MHIYLIUPOBAaHHOTO BEIOpoca Kamblus (calcium-induced calcium re-
lease, CICR) [216—218]. PuanonuHoBsiii peuentop (RyR, kanblineBblii KaHaia) — 3TO
LIEHTPAaJbHBIN 2JIEMEHT MaKPOMOJIEKYJISIPHOTO KOMILJIEKCa, 00ECIIeunBaoOIIero 3JIeKTPO-
MeXaHU4YecKoe comnpsikeHue Mbliiil. OH CBsI3aH Kak ¢ AUTUAPONUPUINH-UYBCTBUTEIb-
HBIM KaHaJIOM (MHAMKATOPOM HAIPSKEHUS) capKoTlia3MaTU4eCcKoil MeMOpaHbl, Tak U C
KaJIbCeKBeCTPUHOM (“pe3epByapoM” MOHOB KaJIbIMSI B CApKOIIJIa3MaTUIECKOM PETUKY-
nayme) [219].

JecTpyKTUBHBIE U3MEHEHMST B MBIIIIIAX MOTYT CTaTh OMHOM M3 BaXKHEWINX IMPUYNH

HapyIIeHUsT MeXaHM3Ma KaK IeTIoJIpH3alieil MHAYLUPYeMOro BhIcBoboXneHns Ca’*
(depolarization induced calcium release, DICR), Tak m CICR. Penokc-perymnsiims akTuB-
HOCTH KaJIbIIMEBBIX KAHAJIOB UTPAET BaXKHEMIITYIO POJIb B aKTUBAIIMM MBIIIIEYHOTO COKpa-
meHus1. AKTUBHOCTh RyR perynupyercst mocT-TpaHCISIHIMOHHBIMU peIoKC-MOaupuKa-
UMW, TAKUMHU KaK S-OKUCJIEHHWE, S-HUTPO3WJIMpOBaHUE, S-MajJbMUTOWIMPOBAHNE;
MocieIHW TUTT MoaU(UKAIIUU Takxke ornpeaesier aktTuBHOCTh Ca-AT®da3b1 1A capko-
TUTa3MaTUYEeCKOTO PETUKYJIyMa U CYOBeMMHUIBI O 1S TUTUAPONUPUINHOBOTO pelienTopa
CaVl.1 [220]. CaemyeT OTMETUTDH POJIb S-IIIYyTaTUOHWJINPOBAHMS TPOIIOHMHA | B TTOBBI-
IIIEHUY YYBCTBUTEIbHOCTHY K MOHAM Kaiblys Mblil 11 Tuna y yenoseka [221].

YpoBeHb KaJblIMs U MEXaHU3MBI PETYIISIIIMN OajlaHCca KaJIbIIUs B CKEJIETHBIX MBIIIIIIAX
He ObUIM MpeaMeTOM ucciienoBaHus Tpynnbl Deshpande, XoTst 3TOT acnekT neiicTBUS
O, c ogHoit cropoHbl, u 610katopoB CICR, ¢ npyroii cTOpoHBI, MPenCcTaBsieTCs] BECh-
Ma BaXHBIM, T.K. U3 TpeX arpoOUPOBaHHBIX MU BEIIECTB JIUIIb TAHTPOJIEH SIBISIETCS
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a¢dekTuBHBIM HHIMOUTOPpOM CICR B cKeneTHbIX Mbliax. C yueToM 3Toro ¢akra, Jio-
TMYECKUM TMPOAOJLKEHUEM TOKCUKOJOTMYECKUX HCCIeNOBaHUN MTOKHO OBLIO CTaTh
onpeneneHre Ko3dduiimeHTa 3aMThl JaHTPOJIeHA, OTHAKO 3TU IKCIIEPUMEHTHI He ObI-
JIV TIPOBENIEHBI, IMOO OHU OBbLIU TIPOBENEHBI, HO OKa3aJInuCh OE3yCIEeTHbBIMU B CUITY pa3-
HBIX TIPUYUH, OTHU U3 KOTOPBIX JIeKAT Ha TTOBEPXHOCTHU, NPYTrMe COBCEM HE OUEBUIHBI.
K uncny mepBbIX OTHOCUTCS MaJiasi MPOHUKAIOIIAsi CIIOCOOHOCTh NAaHTpOJIeHa Yepe3
I'DB, o yuem ynmomuHaer Deshpande. g peieHust 3Toil mpoOjaeMbl HaJO MOHUMATh
cTpykTypy I'Db, MexaHu3Mbl TpaHcopTa BelecTB 4yepe3 ['Db u ycioBus, mpu KOTOpPBIX
npoHuliaeMoctb 'Db yBenuuuBaeTcss IJI9 TeX WJIM UHBIX BellecTB. Tak, Harpumep,
TPyINa pOCCUMACKUX YYEHBIX OTKpbLIa MPOCTOi U 3(GhEKTUBHBIN CITOCOO MOBBIIIEHUS
npoHuliaeMoct 'Db ¢ moMoIbi0 MUKPOMOJISIDHBIX KOHIIEHTPAIIMii EpOKCUaa BOIO-
pona [222]. Cepbe3HbIM ynyllieHHeM JlabopaTopun Deshpande Mbl cunTaeM UTHOPUPO-
BaHUE POJIM KaJIbIIMEBOTO OajlaHca B CKEJICTHBIX MBIIIIAX TTPU OCTpOM oTpaBieHun OdD
KaK B TOKCUKOTE€HHYIO (pa3y, Tak U B COMATOT€HHYI0. I Jy4ylllero MOHUMaHUs CyTH
MOIXOMOB B Tepanuu orpasieHnuit OD cienyeT yIOMSHYTh BellleCTBa Mepudepruieckoro
NefCTBUS — MUOPEIAKCAHTbI, MU HEMPOMBIIIEYHbIE OJIOKATOPHI, T.K. OHU OCYIIIECTBIISI -
10T 6s10Kany H-xonmHOpeLenTopoB B CUHATCAX, T.€. OJIOKUPYIOT IefiCTBUE alleTUIIXOI-
Ha Ha HEPBHO-MBIIIIEYHbIC OKOHYAaHUSI. MUOpelakCcaHThl ObLIM MCCIeN0BaHbl B pa3HoOe
BpeMsI B pa3HbIX JJAOOpaTOPUSIX MUpPa, HO MOKa3ajJu HEOMHO3HAYHBIC Pe3y/IbTaThl, YTO HE
TMO3BOJIWJIO UX BKJIIOUMThH B CYLIECTBYIOIIME aHTUIOTHbIE KOMIUIEKChl. OHU Kilaccudu-
LIMPYIOTCSI B COOTBETCTBUMM C MEXaHU3MOM WHAYKLIMU OJIOKAIBI: NEMOJISIPU3YIOLIME areHThl
YJIBTPAKOPOTKOTO ACHACTBUS (CYKUMHUIIXOJINH) U HEAETIOISIPU3YIOIINE areHThl KOPOTKO-
TO, CPEIHETO U JIMTEILHOTO AEHCTBUSI, KOTOPBIE, B CBOIO OUYepelb, KIIaCCUDUITUPYIOTCS
KaK aMUHOCTepOUIIbl (DOKYPOHUI, BEKYPOHUI1, MAHKYPOHUI) U GEH3UIU30XUHOIMHBI
(uucatpakypuil u arpakypuit) [223]. PaccnabieHue uaet “cHuU3y BBEepX’, OT KOHUMKOB
najblieB HOI 10 MUMMYECKUX MBI, IMOociaenHell pacciabisgercs nuadparma. Bocera-
HOBJICHHE IIPOBOAUMOCTHU UIET B 00paTHOM mopsiake. OHM He npoxonsaTt yepe3 Db, He
pacTBOpUMBI B krpax. OCHOBHOI IyTh BBEICHUSI — BHYTPUBEHHbII, HO HEKOTOPbIE TTPU-
HUMAaIOTCS U BHYTPb. [lenonsipusytoliye MuopesiakCaHThl TIpU KOHTAKTe ¢ pelenTopaMu
BBI3BIBAIOT CTOMKYIO JAETOJISIPU3ALIMI0 MeMOpaHbl CUHATICA, COMTPOBOXIAIOIIYIOCS KpaT-
KOBPEMCHHBIM XaOTUYHbLIM COKpalICHUEM MbIIICYHBIX BOJIOKOH (d)aCLll/leJ'lHLlI/II/I), ne-
pexonsiuM B Mmuopenakcauuto. Meradbonusupytorcs bX9, BeiBonsTes noukamu. Camu
00J1a1a10T BBICOKOI TOKCUYHOCTHIO, TipudyeM 3ddekTuBHOTO aHTHuaoTa HeT. Henenosnsi-
PU3MPYIOLIME MUOPETAKCAHThI OJIOKUPYIOT pelenTOpbl 1 MeMOpaHHbIe KaHaJbl 0e3 uX
OTKPBITUSI, HE BBI3BIBASI JETONSIPU3ALINI0. AHTUIOTOM SIBJISIETCSI TIPO3EPUH (HEOCTUT-
MUH, CBSI3BIBAETCSI C aHMOHHBIM M 3CTepa3HbIM lieHTpaMu AXD, o6paTuMo 3KpaHUpPYs
MX OT alleTWIXOJIMHA), KOTOPbIii BBOAUTCSI BHYTPMBEHHO, a 32 2—3 MMH TIepell ero mpu-
MEHEHMEM JUIsI HUBEJIMPOBaHUSI MOOOUYHBIX 3((HEKTOB caMOro mpo3eprHa BBOOUTCS
arpornuH. Bce 3T0 OClIOXHSET BO3MOXHOCTh MX MpUMEHeHUsT Tipu oTpaBieHun OD.
Kpowme Toro, nekypapuszaliusi IpOTUBONOKa3aHa MPpU IITyOOKOM MBIIIIEYHOM OJIOKE U JIIO-
OOM HapyIlIeHUY BOIHO-3JIEKTPOJIUTHOTO OajlaHca. A ecliv JeliCTBUE TTpo3epruHa KOHYAeT-
csl paHbllle, YeM IeMCTBUEe MUOPEJIAKCaHTa, TO MOXET MPOU30MTH peKypapu3alus — BO3-
OOHOBJICHME MHUOpEJIaKcallMy M3-3a aKTUBALlMU XOJIMHACTepasbl. [1pu omHOBpeMEHHOM
MPUMEHEHUHU IMa3eramMa ¢ MUOpeJlakCaHTaMU YBEJIMUMBAETCSl PUCK BOZHMKHOBEHUS arl-
HOo3. OnHO 13 HauboJiee Cepbe3HBIX OCIOXKHEHUN MPU MPUMEHEHUNU MUOPEIaKCAHTOB,
JIaBHBIM 00pa3oM JAETIONSIpU3YIOIINX (CYKIIMHUIIXOJWH), — 3JIOKaYeCTBEHHAas TUTlepTep-
MUsI, KOTOpasl 4YacTo 3aKaHYMBAETCs JIETAIbHBIM McxoaoM [224—227]. Ho naxe B oTcyT-
CTBHUE JICTAJILHOTO MCXOAa BO3MOXHbBI TaKHW€ OCJIOXHEHUSI, KaK MUOTIATUsI, pabIoMHUO-
JIN3, apUTMMSI, HapyllIeHUsI B cUCTeMe remocTasa [227, 228]. 3imokayecTBeHHAs! TUTIEP-
TepPMUSI MOXET BO3HUKATh KaK OIUH U3 COMYTCTBYIOLIUX WU Jaxe MaTOTHOMOHWUYHBIX
MPU3HAKOB 3JIOKAYE€CTBEHHOTO HEHPOJIENITUIECKOIo CHHApoMa depe3 12—13 mHeii mocie
octporo otpabiieHuss O®D ¢ mpuMeHeHNEM KJIaCCUIeCKOM aHTHIOTHOM TepaItiu, BKITIO-
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yarolleil B ce0s1 aTPONMH U PEaKTUBATOP MPaIMIOKCUM, U dyepe3 5—6 mHei mocie Boc-
CTaHOBJICHUSI YPOBHS (aKTMBHOCTH) XoMHAcTepa3 [229]. Camo 110 cebe oTpaBieHue OD
00OBIYHO OOYCJIOBIMBAET CHUXXEHME TEMIIEpaTyphl Tejla B IEPBbIC THU TTOCJIE OTPaBJICHUS,
TaK 4TO TUTIEPTEPMUS SIBJISIETCSI OMHUM U3 BO3MOXHBIX MOCJEICTBUI HE CaMOro 1o cede
octporo otpabiieHuss O, HO MPUMEHSIEMOM TIPU OCTPOM OTPaBJIEHUU aTPOTIMHOM, T.€.
TUOUYHOM ATporeHHoi naroygoruei [230, 231]. ATpoIMH B COYETAaHUU C TAJIOTIEPUI0IOM
SIBJIsIeTCSl 6a30BBIM KOMITOHEHTOM MOJE/IN 3JI0KAaYeCTBEHHOTO HEMPOIETITUYECKOTO CUH-
npoMa Ha XUBOTHBIX [232]. Takoro poaa sITporeHHast MaToJOTUs JIMIIb HEAaBHO cTaia
MPENMETOM Cepbe3HBIX 00CYXKIeHUI B HayaHot tuteparype [233]. B Tokcukonornu op-
raHodochaToB 3TO COCTOSTHUE MPAKTUYECKU HE U3YYEHO, a BOTIPOC O MOAM(DUKAIINY aH-
TUAOTHOM Teparvy ¢ y4eTOM BO3MOXKHBIX TTOCTIEACTBUIA CaMOii Tepanuu 1ake He MOCTaB-
JIeH, T.K. NIaBHOH 3amadveil TepalluM OCTPBIX OTpaBJeHUI ObLIa U OCTaeTCs BbIKMBae-
MOCTb OpraHU3Ma.

B 6onee mosnHeil pabote maboparopumn Deshpande mpencraBieHbl HEKOTOPHIE TaH-
HbIe TOKCUKOJOTMYECKHNX IKCIIEPUMEHTOB in vivo ¢ npumeHeHueM POX u DFP B kaue-
cTBe TOKCUMKaHTOB [178]. biiokana antaronuctamu RyR, TakmMu Kak TaHTpoOJIeH, Kapy-
c6amar M JeBeTupaLeTaM, CHIXajla o6ycaoBieHHoe amuctarycoM Ca’’-mato u obec-
rneyrBajga 3HAUYMTEIbHYIO Helporporekumio. Hwukakux, omHako, Ko3ahduiumneHToB
3alUTHl TEPANEBTUYECKUX KOMILJIEKCOB C MIPUMEHEHUEM JaHTPOJIEHAa aBTOPHI HE TIOJy-
YWIN, Ja U 3al1a4d TaKOW OHM Kak OynaTo u He ctaBuiau. JJosupoBka OD B ux akcnepu-
MeHTax coctasisina 1.5 JIM1s,, aTponuvH U NPaJMuIOKCUM BBOLWIM Cpasy Mocje OTpasJie-
HUS, TOTJA Kak MUIasosiaMm (TipenapaTt KOpOTKOTO IeCTBUS Kiiacca 0€H301Ma3ennHOB,
aHaJior Juaseriama) U Apyrue KOMIIOHEeHTHI Tepanuu, B T.4. TaHTPOJIEH, BBOAWIU Yepe3
4ac IocJie OTpaBIeHusI, T.e. Ha (POHe yke HabaomaeMoro anucraryca. Ype3BpIuaifHO BhI-
COKYIO 103y JaHTpoJieHa, 10 MIr/KT, BBOIWIN KPbICAM BHYTPUOPIOIIMHHO B BUJIE BOTHOTO
pacTBopa, MpeIBapuTeIbHO HArPETOro U 00pabOTaHHOTO B YJIBTPa3BYKOBOI OaHe (COHU-
karope). OcCO6GEHHOCTH TOKCUKOJIOTUYECKOM MOJIEST aBTOPhI OOBSCHSIIOT HEOOXOIUMO-
CThIO UMUTAIIMY PEATTbHOM 00CTAaHOBKHU, KOTJIa HET BOBMOXHOCTHU OKa3aHUS 9KCTPEHHO
TMOMOIIIM, a MeAUIIMHCKasl Opuraaa npuobIBaeT yepes3 yac. Takoe 0ObSICHEHUE BPS JIU
MOXET CUMUTAThCs MpuemyieMbIM. Bo-nepBbIX, BBEIEHUE aTPONUHA U MPAIMAOKCHUMA B
TaKoM cJiydyae ObUIO Obl HEBO3MOXHBIM, a €CJIM OHO BCe-TaKM BO3MOXHO, YTO TOT/IAa Me-
1I1aeT OMHOBPEMEHHO BBECTHU ITPOTUBOCYIOPOXKHBIE TTperapaThl U TPeaoTBpaTUTh pa3BU-
The anucrtaryca? Bo-BTOphIX, TpyoIHO cebe TpencTaBUTh MCIOIb30BaHME COHUKATOpa
Opuramoi CKOpoi IOMOIY B TTOJEBBIX YCIOBUSIX.

IIpotuBoO3NUIENITUYECKUI MTpenapar JeBeTupaleram sBJsieTcsl MHIMOUTOPOM Oenka
SV2A cuHanTudecKnx Be3ukyi [234], nHruOupyeT ImyraMaT-UHIyINPOBAHHYIO dKcaii-
TOTOKCUYHOCTbD [235], 4TO MOXeT ObITh onocpenoBaHo nHruouponanueM CICR B Heii-
poHax yepe3 RyR u IP3-peuenropsr [236, 237].

Cydopoeu u éocnaaumenvHbie NPOUECChl

B nocneqHue rogsl BHUMaHWE CTAIM YOSISITh KOMIIOHEHTaM aIblOBAaHTHOM Tepanuu,
HarpaBJIeHHbIM Ha MpeaoTBpallleHe BOCMAIUTEIbHBIX peakiuii. Jejso B ToM, 4TO 3a-
MYCK 3KCAaWTOTOKCMYECKOTO KacKaaa OOBIYHO COIPSIKEH C BOCMAJIEHUEM M OKCUIATUB-
HBIM CTPECCOM, MPEUMYIIIECTBEHHO B IIOCTCMHANTUYECKUX XOTMHEPTrNYEeCKUX BOJIOKHAX;
9TO COMPSIKEHO C MOBBIIIEHNEM 3KCIIpeccur O6eTal-MHTerpuHa B TIpe- U IMTOCTCUHANTH -
YECKMX XOJIMHEPTUYECKUX M OIU3JIeXAIINX [TyTaMaTepruiecKux BOJOKHAX, a TaKXke C
aKTHUBallMel B HUX HUKIookcureHasbl-2 (COX2) [181, 238]. [loncueT N1eMKOLIMTOB y I1a-
LIMEHTOB, MOCTPAJABIINX OT OCTPHIX OTpaBjieHnit OD, BbISIBUII O4€Hb BEICOKUE METPOJIO-
TMYECKUEe XapaKTEPUCTUKHU 3TOTO METO/Ia P IMTPOTHO3UPOBAHUM CMEPTHOCTU: YyBCTBU -
TeJabHOCTh 60%, cienUIHOCTh 76% W OTpHUIIATEIbHAS TIPOTHOCTUYECKAsl 3HAYMMOCTh
85% mipu konmuecTBe JeitkonuToB 6osee 12000/MKI1, a Takke 9yBCTBUTENbHOCTL 30%,
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cneuduIHOCTL 95% 1 oTpULaTeIbHAs IPOrHOCTUYECKAsT 3HAYUMOCTh 80% IIpu KO-
yecTBe JierikouuToB 6onee 15000/mxu [239]. Luknookcurenaza-1 (COX1) KoHCTUTY-
THBHO 3KCIPECCUPOBaHa BO BCEM OpPTaHU3MeE U YIaCTBYET BO MHOTUX (PU3UOJTOTHUYECKUX
(GYHKUMSIX, BKJIIOYas ITOAAepKaHUe 1IeJIOCTHOCTH KeJIyTOYHO-KHUIIIEYHOro TpakTa [240],
Torga Kak COX2 akTUBHPYETCS B OTBET Ha IOBPEXIEHUE WM CyIOPOrd, B TOM YHCIE
npu octpoM otpabieHuu O®D [241, 242]. B Mmoaeau Ha Kpbicax MOKa3aH MO3UTUBHBIN pe-
gynbrar npuMmeHeHust TG6-10-1, cenektuBHoro antaronucra EP2 (peuenropa mpocra-
mrananHa E2), aktuBamust Kotoporo siBisieTcs cienctsrueM aktuBannu COX2. Beenenue
1ectTy ogHOKpaTHBIX 103 TG6-10-1 B TeueHue 2—3 nHeit mocie orpabnenus DFP ycko-
psieT GYHKIIMOHAIBLHOE BOCCTAaHOBIIEHUE, OCIA0JIsIeT HelipolereHepalyio TUIoKaMIIa,
HelipoBocIaJieHue, II103, HapylleHue 1eJocTHocTu I'Db u npenorBpaliiaeT KOTHUTUB-
HBIN nepULUT, He OJIOKUPYST IPU 3TOM caM anucrtaTyc [181].

OnHuM m3 KpuTepueB lieJocTHocTH Db saBisieTcs ero BBICOKasA CEJIEKTUBHOCTH 1O
OTHOIIIEHWIO K OeJIKaM IIa3Mbl KpOBM, B YACTHOCTH K aibOymMuHy. Korma 11e1ocTHOCTD
I'Db He HapylieHa, aATbOYMUH MPaKTUUECKU OTCYTCTBYET B ITapeHXMMeE T'OJIOBHOIO MO3-
ra. OgHako ajJbOyMUH ObUT OOHApYKEeH B KOPE FOJIOBHOTO MO3ra MBIIIEH yepe3 YeThipe
ITHSI TIOCJIe SMUCTATyCca, BHI3BAHHOTO MUJIOKApITMHOM [243—245]. AHAaJIOTMYHO, TTOBbIIIIE-
HUe YpOBHs aJlbOyMUHA NIPUMEPHO B YeThIpe pa3a ObUIO BBISIBIICHO B TOJIOBHOM MO3Te
KpBIC, IIPEOBIBAIOIINX B COCTOSTHUHU 3MHMcTaTyca mmocie orpasieHus DFP [181]. Omxako
MUJIOKAPTMH He MPUBOIUT K MOSIBIEHUIO aIbOyMUHA B TOJJOBHOM MO3T€ MBbIIIIeii, HOKa-
yTHBIX 1o COX2 B m1aBHBIX HefipoHax nepenHero Mosra [244]. Beenenue TG6-10-1, aH-
taronurcta EP2, yepe3 4 u 24 4 mocJiie HayaJia CyIOpOXKHOIO CUHAPOMa TaKKe IMpeaoTBpa-
IIaeT SKCTpaBa3aluio aibOyMUHa B KOPY TOJIOBHOTO MO3ra MbIleii [243].

B 1O e Bpemsi mpuMeHEeHUEe HECTEPOUIHBIX MPOTUBOBOCIIATUTEIbHBIX MTPENapaToB
(HIIBIT) Bo Bpems cymopor oka3anoch Hed(®EKTUBHbIM WX Oaxke BpemnHbiM. Oka3za-
JIOCh, YTO TIOBBIIIEHHbIE YpoBHU npoctamiaHauHa E2 (PGE2) urpaoT MoJIoKUTeNbHYIO
pPOJIb cpa3y TMocie Cyaopor, BeI3BaHHBIX Od, Tak YTO paHHee MHTMOUPOBaAHUE MPOIYK-
uun PGE2 npotuBomnokasaHo [246]. [Tocne npekpaiieHus cyaopor uoyrnpodeH, ceaek-
TUBHBIN nHrHouTOp COX2 HuMecyaun u nHruoutop docdonumnasel A2 (PLA-2) xuHa-
KPUH 4acTUYHO 3((HEKTUBHBI B CHUXKEHUM MapKepoB BOCMHAJEeHUsI TOJJOBHOTO MO3Ta.
DT pe3ysIbTaThl CBUACTEIBCTBYIOT O TOM, 4TO akTuBais COX2 u peuentopoB EP2 nHu-
LUMUpyeT HapylieHue 1esocTHocTu DB, a mpenoTBpallieHre aKTUBAILMY CUTHAILHOTO TTy-
1 COX2/EP2 MOXeT OBITh ITepCIeKTUBHBIM CPEICTBOM KOHTPOJIS HejocTHOoCcTH Db,

PABPABOTKA DKCITEPUMEHTAJIbHOM MOJEJIU IJIA TTIONCKA
HEMEINKAMEHTO3HbLIX CPEACTB PETEHEPATUBHOW TEPAITMU

Kak 6110 cKa3aHO BhIlIE, OHA U3 HauboJiee CJIOXHbBIX MU B HAMMEHbIIEH CTEIIeHU pe-
IIEHHBIX TTPO0JEM — TIpenyInpexaeHne oTcTaBieHHON marojioruu. [IponomkuTeabHbIe
CyIOpOTH, Pa3BUBAIOIIMECS ITPU OCTPOM OTPaABJIEHUM, OOYCIIOBIMBAIOT IMOPaXXeHUE MUH-
MaIUHBI, TUPUGOPMHOI KOPHI, TUIIIIOKaMIIa, KOPBI, TaJlaMyca M XBOCTATOro siapa [247].
OdGeKTUBHOCT MPUMEHEHHNS TTPOTUBOCYIOPOXHBIX MPENapaToB 3aBUCUT OT MHOTUX
(baKkTopoB, a B cilyyae naxe HeOOIbIION Mepeao3MPOBKY HanboJiee TOMyIsIPHbIX U B 1ie-
JIOM JTOCTAaTOYHO 3((HEeKTUBHBIX OEH30IMAa3eMTMHOB OHU MOTYT YCWIMTh TOKCUYECKUIA
a(dexT B TOKCUKOreHHY0 (haszy Uiu MPUBECTU K BO3OOHOBICHUIO CYIOPOT (3TTUCTATYC)
B COMaTOTeHHYIO (ha3y oTpaBiieHUsI. MeHee MOMyJISIpHbIN BaJIbIIPOAT MOXET CTaTh MpU-
YMHOI MAMOCUHKPATUYECKOTO U/WUJIU TOKCHMYECKOro renatura [248]. BapuanTtos, npen-
JlaraeéMbIX B KaUeCTBE aJIbTEPHATHUBbI OEH30IMa3eNMMHAM U BaJIbIIPOATY, HEMHOTO, MOPOiA
OHU OBIBAIOT JOBOJBHO 3K30TUYHBIMU, KaK, HaIpUMeEpP, ypeTaH B IKCIEPUMEHTAIbHOMI
monesin otpabiieHUst @OC Ha Kpbicax [249], Tak 4TO MepcreKTUBA UX MCITOJIb30BaHUS
IIJTSI YeJIOBeKa BbI3bIBAET OOJIbIIIe COMHEHUSI. JIeIo B TOM, YTO C TOUKM 3pEHUSI TOKCUKO-
snorun O® m1aBHOM OMOXUMUYECKO OCOOEHHOCTBIO TPHI3YHOB, KOTOPYIO HEOOXOIUMO
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MPUHUMATh BO BHUMaHME MPU U3YYEHUU MEXaHU3MOB neicTBUs He Toibko POC, HO u
KapbaMaToB, K KOUM OTHOCUTCSI YPETaH, SIBJISIETCS HATMUME B IJ1a3Me KPOBU KapOOKCHUJI-
9CTepa3HOil aKTUBHOCTU. B miazMe KpoBU uyesioBeka, 00e3bsiH U MOJIOPOTUX MapHOKO-
MBITHBIX (K KOUM OTHOCSITCS BaXKHEHIIINE CeJIbCKOXO3SIMCTBEHHbBIE XKUBOTHBIE — KOPOBBI,
OBIIbI, KO3BI) ITpaKTUIECKM HeT KapOookcmiacTepas (KD) [250]. [TomaBmeHne aKTUBHOCTH
KD mia3mbl KpOBU IPbI3yHOB MOXET B 3HAUYUTEJILHOM CTENIEHU MOBBICUTD aIeKBAaTHOCTh
9KCMEPUMEHTATbHBIX Moaeeii. st 3Toro uHorna UCroab3yoT HokayTHbIX (ES1—/—)
mbieit [251]. HokayTHble KpbICHI, OMHAKO, HE BBIBEACHBI BCJIEACTBUE TEXHUYECKOM
CJIOXXHOCTHU U IOPOTOBU3HBI TexHOJoTuu. [IpuMeHeHue crenuduieckux MHIrMOUTOPOB
KD sgBnsieTcst ropaszno 60see mpoCcThIM U JOCTYITHBIM METOAOM, KOTOPBIN, OMHAKO, TIPU-
MEHSJICS B OYEHb OTPAaHUYEHHBIX MacIITabax: IMHAMUKA BO3BHUKHOBEHUSI OCTaBJIEHHBIX
nocaencTBuii octporo orpasieHuss Od Ha ¢oHe mogaBiaeHUss akTUBHOCTU KD mia3Mbl
KPOBM KpbIC TTPaKTUYECKU He udyueHa. boiiee Toro, naxe 6e3 mpenBapuTeIbLHOTO MOAaB-
neHus aktuBHocT KB mocnencrBust octporo orpapieHuss O® usydyajin B OorpaHUYeH-
HBIX BDEMEHHBIX MHTEpBaJiaX 1, KaK MPaBUJIo, C UCITOJb30BaHMEM HEOOJIBIIIOTO TTepeHs
noka3zatejeit [252]. Parnee MBI pa3paboTaian ABe TOKCUKOJIOTMYECKHUE MOACIU OCTPOIO
otpasiaecHus Kpbic ®OC Ha npumepe POX ¢ npeaBapuTeabHbIM MHIHOMpoBaHueM KO
9KBUTOKCcHMYeCcKMMHU no3aMu camoro POX (rpymma POX2x) u Goisiee crnenupuieckoro
MHIuouTOpa Kapobokcuiaacrepad — 2-(o-kpe3wn)-4H-1,3,2-6eH3oanokcadochopuH-2-
okcuaa (CBDP, rpynmna CBPOX) [253, 254].

B nouckax cpeacTB MpeayrnpexneHus: OTCTaBJICHHON MaTOJIOTUY B TIOCJIeAHEE BpeMs
CTajy yneJsIiTh BHUMaHWe HYTPUIIEBTUKAM, OMOJIOTMYECKN aKTUBHBIM BellleCTBaM MpH-
POIHOTO MPOUCXOXIEHUs, KaK MPaBWJIO, KOMITOHEHTaM MPOIYKTOB MUTaHUsI, NeiiCTBUE
KOTOPBIX MPOSIBIISIETCST HE Cpa3y, HO TIPY MIPOIOKUTEIBHOM MpUeMe, MHOTIA B COCTaBe
TakK Ha3bIBaeMOro (pyHKIIMOHaJAbHOro nutaHus [255—257]. B skcnepumeHTax ¢ OD
YCTaHOBJICHBI TTPEBEHTUBHBIE 3(PMEKTH OMeTra-3-MoJTMHEHACHIILIEHHBIX XKMPHbBIX KUCJIOT
[258], akcTpakTa KOpHSI UMOUpst Zingiber officinale [259] n nmonudeHosoB Parquetina ni-
grescens, mpencraButenst ceMeiictea Kyrposbix [260]. T1pencrasisier uHTepec neiicTBUE
noandeHoJIoB neKodpenHn3npoBaHHOTO 3ejieHoro 4ast Camellia sinensis (934) B cury
€TI0 IUIEHOTPOITHBIX 3((PEeKTOB MOCPEACTBOM aKTUBALMU “cuUrHajabHoro xaba” PGC-1a
(koakTuBatop l-anbda ramMmma-perienTopa, aKTMBUPYEMOIO MEPOKCUCOMHBIMU ITPOIU-
depaTopamu) u paznuuHbix n3oopM PPAR (perientopbl, akTUBUpYeMble IEPOKCUCOM-
HBIMU TIpoJiudepaTopamMu), YTO MO3BOJSIET UCIIOJIb30BaTh 3TOT HYTPUILIEBTUK B LIEJSIX
MpodWIAKTUKY 3a00JIeBaHNM, YCKOPEHUSI PEreHepaTUBHBIX MPOIECCOB B CIIOPTUBHOM
MmenuiuHe [261, 262], omHAKO HepcreKTUBLI MpuMeHeHuss D3Y B TOKCUKOJOTMH U3yde-
HBI OUeHb cJ1abo, a B Tokcukoysoruu ®OC He usydeHbl BooOIe. TpyIHOCTH U3YyYeHUS
3¢ HEKTOB HYTPULIEBTUKOB YACTUYHO OOYCIOBJIEHBI TEM, UTO BelllecTBa (pocopopraHm-
YeCcKOil Tpupoabl 001a0al0T pa3TIUYHBIMU TOKCUKOKMHETUUYECKUMU XapaKTePUCTUKAMU,
a MOTOMY MMEIOT Pa3IMYHBINA CHEKTP MOJEKYJSIPHBIX U KJIETOYHBIX MUlleHel. JIpyrasi,
6osiee Becomasi TIPUYMHA COCTOUT B OTCYTCTBHE KPUTEPUEB NMATHOCTUKU Ha JATBHUX
CpoOKax TMocJie OTPaBJIeHUs, KOTIa YPOBEHb WIM aKTUBHOCTh XOJIMHACTEpa3 He OTIMYAeTCs OT
HOPMBI, a TOPOTUMHU XMMUKO-aHATUTUYECKUMM METOJIAMM, AaXe €CJIU OHUM IOCTYIHBI,
HEBO3MOXHO OIpeneauTb anaykTbl Od ¢ 6enkaMu KpoBu. PazBuTre MeTab0IOMUKHU Ja-
JIO HEKOTOPYIO HANIeXX Iy Ha pellieHre Mpo0IeMbl TMAarHOCTUKU Ha TTO3MHUX CTaaUSIX UH-
TOKCHKAIIUH, OMHAKO CIOKHOCTh METOIOJOTHH 1 MaJIOAOCTYITHOCTh MHCTPYMEHTAJTbHOM
6a3bl, HapsTy ¢ HEOMHO3HAYHBIMU U TTOPOI MAJIOITOHSITHBIMU JIJTSI TPAaKTUYECKOTO Bpaya
BBIBOJAMU CYILIECTBEHHO CHIXXAET YPOBEHb onTUMMU3Ma [263]. MOXHO OTMETUTH O0ILLIMe
TeHACHILIMY U3MEHEHUST KOMIUIeKCca OMOXMMUYECKMX IToKa3aTeseid: TOMUMO XOJIMHACTE-
pa3 KpOBM, aKTUBHOCTb aMMHOTpaHcdepas u Y-riyramuiTpaHcdepassl SBIASOTCS OMO-
XUMHUYECKMMHU MapKepaMUd WHTOKCUKAIIMM B TeYEHUE TepBOil HedeU IOCIe OCTPOTO
OTpaBJIieHUsI BBICOKOTOKCUYHBIMU POC, Torma Kak ypoBeHb KpeaTUHWHA U MOYEBUHBI
MOXXHO paccMaTpUBaTh KaK Hecrnelmduieckre MapKepbl OTpaBJieHUsT Ha 6oJiee Mo3/-
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HUX CpoKax [264]. YcTaHOBIIEHBI U3MEHEHUS B MOKAa3aTessIX YIJIEBOIHOIO U XHUPOBOIO
oOMeHa KpbIC Ha pa3HBIX cpoKax mociie orpaBineHusa POX [253]. KoMOuHaMs OTOENb-
HBIX MoKa3aTejieil (0noMapKepoB) COCTaBIsIET KOMOMHATOPHBIN OMOMapKep, KOTOPBIi
MO CYTH siBJisieTcsl (hOpMaTM30BaHHBIM MPEACTAaBIIEHUEM HEKOEeTO CUHIpOMa, JUISI UIeH-
TU(HUKALIMK KOTOPOTO OOBIYHO MIPUMEHSIOT MHOTOITapaMeTpUIeCKuii aHanu3 [265]. s
orpeaesiecHUsI TIaTTepHa IoKas3aTesieid, COCTaBJISIIOIIUMX KOMOWHATOPHBIN OroMapKep,
TpebyeTcs TTpUMEHEeHNWEe METOA0B OMOMHMOPMATUKU, KOTOpPBIE €lle HYKHO ITOIKHBIM
00pa3oM afarnTUpoOBaTh UIsi pabOThl C MHOTOMEPHBIM MTPOCTPAHCTBOM JAaHHBIX. OaHOI
W3 3a/1a4 HAIlIUX UCCIEAOBAHUI COCTOsIa B pa3pabOTKe aJIrOpUTMa IMOUCKa HOBBIX KOM-
OMHATOPHBIX OMOMAPKEPOB, C MOMOIIBIO KOTOPHIX MOXKHO OBLIO ObI omnpenessTh dhdek-
TuBHOCTH D3Y (JTM6O0 APYrnX HEMEAMKAMEHTO3HBIX MPEIapaToB) B KaueCTBe MpOMWIaKTU-
YeCKOro CpeliCTBa, YCKOPSIOIIEeTo pereHepaliio opraHmu3Ma KpbIC B KCITEpUMEHTATIbHbBIX
Mozensix octporo orpasieHust POX ¢ npumeHeHueM CBDP B kauecTBe crielinuieckoro
uHruouropa KO [266]. Mbl oNITUMU3MPOBAJIN MPEIJIOKEHHbBIN paHee aJroOpuTM MTOUCKa
KOMOMHATOPHBIX OMOMAapKEepOB IO METOLY BETBei W rpaHull [267], YTO MO3BOJUIO HE
TOJIBKO MOBBICUTH CTATUCTUYECKYIO 3HAYMMOCTb MEXTPYIIIIOBBIX U/WUI BPEMEHHbIX OT-
JIM4YUit, HO U chOpMUPOBATH CUHIPOMAaJIbHBIE KOMIUJIEKCHI 3a CUET KJlactepusaluu hu-
310JIOr0-0MOXUMHUYECKUX TToKa3aresieit. [locaenHee MOXeT MOCIYXUTh CYIIEeCTBEHHBIM
IOTIOJTHEHUEM METOJUYECKOTO WJIM JaXXe METOAO0JIOTUYECKOTO XapakTepa K JKCIIepH-
MEHTaJIbHBIM MCCJIEIOBAHUSIM, TIPOBOAVMMBIM Ha pa3HbIX BUIAX KUBOTHBIX, C ITOCJIEIYIO-
11eit 6oJiee aneKBaTHOM MHTEPIIPETALIMEH MTOJTYYEHHBIX JaHHBIX IPUMEHUTEIBHO K YeJIo-
BeKY (TpaHCJSILIMOHHASI MEAUIIHA).

Hetanu n pe3yabTaThl KCIIEPUMEHTA OMMCcaHbl paHee [266]. 3mech KpaTKO OTMETHUM,
yro O3Y 00ycnoBIMBaET CHUXEHUE WHIEKCOB aTEPOre€HHOCTH, a TakXKe MO3UTHUBHYIO
JNMHAMUKY KOMOMHATOPHBIX MHAEKCOB 3a CUET U3MEHEHUsI YPOBHEIl aibOyMHHA, TPUT-
JIMLIEPUIOB, OPO30MYKOMIA, MOUYEBOI KMCJIOTHI, OajlaHCca KJIETOK UMMYHHOU CUCTEMBbI,
CIIOCOOCTBYsI pereHepaluy OpraHuiaMa mocjie octporo otpasieHusa POX. B oOmieit
CJIOXXHOCTU HaMH ObLIO MOJIydeHO 18 HOBBIX MHIAEKCOB C BHICOKMM YPOBHEM UYBCTBH-
TEJIbHOCTU U CeUU(PUIHOCTU, U3 KOTOPBIX JOCTATOYHO TOAPOOHO MPOaHATM3UPOBAHbI
nBa — CI2 u CI18. Uunekc CI18 umeer oueHb BBHICOKYIO YYBCTBUTEIBHOCTh U MaKCH-
manbHyto crieuuduaHocts (0.91 1 0.95 cOOTBETCTBEHHO), €T0 JUHAMUKA TTO3BOJISIET TO-
BOPHUTb O MOOWJIM3AIIUU B IPYINax OTPAaBIEHHBIX XKUBOTHBIX FEMOI033a U 3PUTPOINO033a,
WUMMYHO- U 9HJOTEINOTeHe3a (XOTs O TOCIeAHEM MOXHO CYyIWUTh JIMIIb IO KOCBEHHBIM
npU3HaKaM), CMEIleHUH OajlaHca OeI0K-CUHTe3UpPYIoNIel (PyHKIMHU MEeUYeHU B IOJIb3Y
JIMTIOTIPOTEUHIIMIIA3, OajlaHca KJIETOYHOTO M TYMOPaJILHOTO, CIieliuUIeCcKOro u Hecre-
IudUIECKOro 3BeHbeB UMMYHUTETA. Y KpbIC, MpuHUMaBIINX D34 B cocTaBe crielikopMa
(cTaHmapTHBII TpaHYJIMPOBAaHHBIN KOpM, B KOTopblit D3Y BHeceH B KauecTBe N100aBKU
IpU pa3MeIbueHNHU C ITOCIEIYIOIINM perpaHyImpoBaHueM), u3mMeHeHnus uHaekca CI18
0osiee BbIpaXkeHBI M0 CPABHEHUIO C KPbICAMU, MPUHUMABLIUX OOBIYHBII KOPM, a B TpYyIIIe
POX2x + B3Y otnnuwms ot rpyniisl CBPOX + 334 uMmeroT cTaTuCTUYECKyo 3HaYUMOCTh
Ha BCEX BPEMEHHBIX MHTEPBAIaX MPOBEACHUS UCCIIEAOBAHMIA, YTO MOXKHO OOBSICHUTD Terna-
Torokcuueckum aeiicrsuem CBDP, cieunduueckoro nnruouropa K9, HeCKoJIbKO CHU-
3UBIINM pereHepaTuBHbIN moTeHan D3Y. BeiOpanHas HaMu MylIbTUMapKepHas CTpaTe-
TYsl MOMCKa KOMOMHATOPHBIX MHIEKCOB C IMEPEBOJOM HMX B LIM(PPOBOI (hopMaT MOBbIIIAET
LIEHHOCTb 9KCIIEPUMEHTOB C KpPbICAMU W JIPYTMMHU BUIAMU JA0OPATOPHBIX XKUBOTHBIX,
T.K. IO CBOEM CyTU SIBJISIETCSI UHTETPATUBHOM, OoTpaxas KaK crneuuduueckue, Tak U He-
cnietMduveckue Uil pa3HbIX BUAOB XKMBOTHBIX afanTallMOHHbIC WJIM Ae3amarnTalioH-
Hble u3MeHeHus1. Pe3ynbTaThl 1aHHO pabOThl MOTYT BHECTU BKJIA B JajibHelllee pa3-
BUTHE TPAHCASLIMOHHON MEIUIIMHBI, @ TAKXKE BBISIBUTH OCOOEHHOCTHU (hyHKIIMOHATBbHBIX
B3aMMOCBSI3€il B 9KCTPEMAJIbHBIX YCJIIOBUSIX Y PA3HBIX BUIOB XKMBOTHBIX.
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3AKJIIOYEHUE. MEPCIEKTUBBI JAJTbHEUIINUX UCCJIIEJOBAHUN

[Mpu nzyyeHnn MmexaHu3MoB U 3 dekToB Bo3aciicTBust OD Ha opraHU3M YeloBeKa U
SKMBOTHBIX MPUXOJIUTCSI UMETh JIEJIO C COBOKYITHOCTBIO TTPOOJIeM, OTHU U3 KOTOPHIX 1aB-
HO SIBJISIOTCS, a APYTME€ MOTYT CTaTh CAMOCTOSTEIbHBIMU HaYYHbIMU TUCLIUIUIMHAMU Ha
Omkaiiime roasl. B mepBylo ouepenb, 3TO Cyrydo TOKCHMKOJIOTMYECKHE ITPOOIEMbI aH-
TUAOTHOM TE€paruy OCTPbIX OTPABIEHU, TMaTHOCTUKU U MPEAYIPEXICHUS OTCTABIEH-
HBIX MOCIENCTBUI, aHATUTUYECKOTO MOUCKA XUMUUECKUX U OMOJIOTUYECKUX MapKepoB
OCTPOTO WJIM XpOHMYECKOro orpasieHus. Kpome Toro, 3To mpobiembl U3 obiacTu
“TpakIaHCKONM” MENUIIMHBI, TAKWE KaK HapyIIEHUS] XOJIMHEPTUYECKOW PeTyJISIliuU Mpu
ayTOMMMYHHBIX 1 HelipoJlereHepaTUBHBIX 3a00JIeBaHUSIX, a TaKXKe MPU HEKOTOPBIX MH-
1IeBbIX OTpaBiieHUsIX. Ocoboe MOoJIOKEeHUE TI0 OTHOILIEHUIO K TTIEPBbIM JIBYM KaTeTrOpUsIM
3aHUMAIOT MPOOJIEMBbI SKCIIEPUMEHTAILHON OMOJIOTMU U TPAHCISILIMOHHON MEIUIIMHBI,
CYTb KOTOPBIX COCTOUT B pa3pabOTKe HOBBIX M aIeKBATHOM MCIOJIb30BAaHUU UMEIOLLIMXCS
9KCHEepUMEHTAJIbHBIX MOJeleii in silico, in vitro, in vivo ¢ TeM, 4TOObI MUHUMU3UPOBATh
HMCIOJb30BaHME XXKMBOTHBIX U 00Jiee 2(p(HEKTUBHO “TpaHCAMPOBAThL” IIOJyYCHHBIE JaH-
HbIe B 00J1aCTh MPAKTUUECKOI MeAUIIMHBI. JIENTMOTUBOM paboT B 3TOI 06aCTU MOXKET
MOCTYXXUTh (hparMeHT Ha3BaHWUsS OJAHOW M3 paHHUX MyOIUKauuii: “4eloBeK He ecTb
Gosblast Kpeica” [268].

B npeapinynux paznenax ObUTM PACCMOTPEHbBI Y€ThIPE OCHOBHBIX BApUAHTA Pa3BUTHS
MaTOJIOTMYECKUX OTKIIOHEHHMI B pe3yibTaTe HEMPOTOKCHUUYeCcKoro aeiictBust OMD: xonu-
HEPruyecKuii CMHAPOM, ITpoMexkyTouHblii cunapoMm, ODUIT u XDP. IlepBrie Tpu u3
HUX B 3HAYUTEJIbHON CTEIIEHM 3aBUCST OT TSKECTU OTPaBJICHUsI, TaK YTO YXe IO 3TOit
NpUYMHE pa3paboTKe aHTUIOTHOI Tepaluu yIAeasIoCh U MPOAOJIKAET YASASIThCS 00Jb-
1I0€ BHUMaHMe B Hay4YHBIX UCCIIENOBaHUSIX. B TO ke BpeMsi HaMeTUJICS onpeaeeHHbIi
KpU3HUC Ha TyTU noucka 6osiee 3HEeKTUBHBIX penapaToB UJIN TePareBTUUECKUX KOM-
TUJIEKCOB, OCOOEHHO B YACTU MpPEeAYyNpPeEXASHUS OCTaBI€HHON NMaToJOrMU, pa3BUBalOLLIECH-
csl B Cily4yae BbKMBaHUS OpraHM3Ma Mpy OCTPOM OTPaBJIEHUU CYOJIeTaTIbHBIMU WU AaXe
JIETATbHBIMU 103aMHU s1/1a C TIOCIEAYIOIIMM MPUMEHEHUEM CPEACTB Teparuu 1 MpoBee-
HUEM peaHUMaIMOHHBIX MeponpusaTuii. Ha Hal B31isin, Takoe COCTOSTHUE [IeJT 00YyCI0B-
JIeHO nByMms TipuumHamMu. [lepBasi — mpo0GeJibl B TOHMMaHUM MEeXaHU3MOB B3auMMO/ICi -
ctBust O He ¢ OCHOBHBIMU MUIIIEHSIMU — XOJIMHACTEpa3aMu (B TEPBYIO oUepeb U IiaB-
HBbIM 00Opa3zoM ¢ AXD), a ¢ MUILIEHSIMU BTOPUYHBIMU, Ha 3Tare, MPeAlleCTBYIOINIEM UX
B3auMojeiicTBuio ¢ AXD. T.e. 310 a1eMeHT ToKCuKokuHeTuku Od. Bropast npuunHa —
3TO l'lp06e.)'lbl B ITOHUMaHNWU MOJICKYJIAPHO-KJICTOYHBIX MEXaHN3MOB Pa3BUTUA OTCTaB-
JICHHOW MaTOJIOTUU, 3TO y>X€ BaXXHEHU LU 3JIeMEHT TOKCUKOIUHAMUKU. B 3HaUuTE IbHOM
CTEIIeHU pellleHre MpobiieM “BTOPOTO poaa” CBSI3aHO C BBISICHEHUEM POJIM DHIOTENMS B
pa3BUTHUU KaK 3TMUCTATYCA, TaK U OTIAJIECHHBIX HelipoJereHepaTUBHBIX 3a00JIeBaHUA.

WzydeHue npenapaToB MPUPOTHOTO TTPOUCXOKACHMS, CITOCOOCTBYIOIINX BOCCTAHOB-
JICHUIO OpTaHU3Ma MPU OCTPBHIX OTPABICHMSIX OBITOBBIMU M MTPOMBIIIJIEHHBIMUA TOKCH-
KaHTaMH, SIBJISIETCSI 3aladeil He TOJIbKO TOKCUKOJIOTMHU, HO Takke MH(POPMATHKHU KakK
BasKHEMIIIETO MHCTPYMEHTA Pa3BUTHS METOIOJIOTUM CUCTEMHOTO aHaau3a. s peneHus
3a7a4 MoMcKa HOBBIX OMOMapKepoB B Ka4eCTBe OCHOBHON 3BPUCTUKM MBI TTPUMEHWITA
TMPUHIIMITE AHATUTUYECKOM KOMOMHATOPWKH M pa3paboTaiv aJITOPUTM MOMCKa KOMOMHA-
TOPHBIX GIOMAapKepOB MO METOMY BETBEW 1 IPaHMUII, KOTOPBII BKITIOYAET B Ce0sT YeThIPe OC-
HOBHBIX 3Tara M peajin30BaH Ha s3bIke Python. DTo MO3BOMMIO TTOBBICUTH CTATHUCTUYE-
CKYI0 3HAUMMOCTb MEXTPYTIIOBBIX U/UIW BPpEMEHHb/X OTANYUIA, chOpMUPOBATH CUHAPO-
MaJIbHbIe KOMIUJIEKCHI 3a CUYeT KacTepu3alvu (pru3nosioro-6MoXuMruIecKnx rmoka3areiei.
IMocnenHee MOXeT TTOCITYKUTh CYIIECTBEHHBIM JOTIOTHEHUEM K 9KCTIEPUMEHTAIBHBIM UC-
CJIeMOBaHUSM, TIPOBOIMMBIM Ha Pa3HBIX BUIAX XXUBOTHBIX, C TTOCIIEAYIONIeil 6oee aaeK-
BaTHOI MHTEpIIpeTaIeil TTOTydeHHBIX JAHHBIX TPUMEHUTETLHO K YeJIOBEKY.
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Yto KacaeTcst pelmieHus: npodyieM “rnepBoro poaa”, 3(pPeKTUBHOCTD CYLIECTBYIOLIEH
aHTUIIOTHOM, CUMITTOMATUUYECKOI U MPpOoGWIaKTUUECKOI Teparuy MOXHO MOBBICUTH 3a
cueT ycusieHus nerokcukanu O®d Ha nmepBoM 3Tare MOCTYIUICHUS s11a B OpTaHU3M — B
KPOBEHOCHOM pYycJie; 3TO TO3BOJIMT YMEHBIIUTh ToKcudeckoe aeiictBue O® Ha AXD
HEPBHO-MBIILIEYHBIX Y HEMPOHATBLHBIX CUHAIICOB U M30eXaTh OTCTaBJIEHHBIX 3D (dEKTOB
oTpaBiieHusi. B HacTosiiiee Bpemsi MccleqoBaHusl, CBA3aHHbIE C Pa3pabOTKOI CpPencTB
nerokcukauuy O® Ha repBoM 3Tare NOCTYIJICHUS sijia B OpraHuW3M, HalpaBJIeHbl B OC-
HOBHOM Ha TTOJTy4YeHUe PeKOMOMHAHTHBIX OMOYMCTUIIBIIUKOB: OYTUPUIXOJTUHACTEPA3bI
TSI CTEXMOMETPUYECKOTO U TTapaoKCOHA3bl IS KaTaTUTUIECKOTO B3aMMOIEHCTBUS C
Od [269—271]. HecmoTpst Ha OTpOMHBIE 3aTpaThl, CBSI3aHHBIE C Pa3pabOTKOM OMOYM-
CTWIBIIIMKOB, TIEPCIIEKTUBHI MOJIydeHUsI Ha UX OCHOBE 3(h(PEKTUBHBIX M TPUMEHUMBIX Ha
MpakTUKe CPENCTB aHTUIOTHO Tepanuu BecbhMa TYMaHHbBI, TTOCKOJIbKY ISl TOCTHKEHUSI
KeJlaeMoro a(ddexkra TpedbyeTcs CyllleCTBeHHast “nepekpoiika” ¢hepMeHTOB Ha aToMap-
HOM ypoBHe [272, 273]. BeicokoadduHHoe cBsa3biBaHe OP B KDOBEHOCHOM PYCJie MOXKHO
Takke obecnneunth ¢ momolnpio JIHK- i PHK-antamepoB, mpencTaBiasiommux coboit
KOPOTKHE HUTU OJUTOHYKJICOTHUHOB [274]. OCHOBHAs CIIOXXHOCTH B IIOO0OpE aliTaMepOB
K O® coCTOUT B TOM, YTO MOJIEKYJIBI 9TUX TOKCUYECKHX BEILIECTB YaCTO UMEIOT CXOXKYIO
CTPYKTYpY. DTO 3aTpyAHSIET BHIOOp antamepa, KOTOPbIii He MPOCTO XOPOIIO CBS3bIBAET
moJiekyay O®, HO CBSI3BIBAET €€ C BBICOKOI crielMUIHOCTHIO [275, 276]. CyllecTByIOT
W TPYAHOCTU B METOIOJIOTUH, CBSI3aHHBIE C TEM, YTO MOJIEKYJIa aliTaMepa B pa3bl O0JIbIIIe,
YeM MOJIeKyJia OTPaBJISIONIETO BelecTBa. YTO KacaeTcss BO3MOXHOCTH HampaBJIeHHOTO
BO3ICHCTBUS Ha aIbOYMUH JIUTSI yCHIJICHUS Tepanuu otpaBieHust O®, oCHOBHbBIE TTPEUMY-
1IeCTBa 3TOTO Moaxona cienytomiye: 1) ambOyMUH SIBJISIETCS] OCHOBHBIM TPAHCIIOPTHBIM
0eJIKOM KpOBU U €ro KOHIEHTpallus B IIa3Me KpaliHe BbICOKa, 2) TpeXMepHasi CTpyKTypa
aJlbOyMUHA JOCTATOYHO JaOWJIbHA U JIETKO TMOJABEPXKEeHA aJlJIOCTePpUYECKON MOIYJISIILINU,
3) anbOYMUH MOXKET CBSI3BIBATh MPaKTUUECKHE BCe OMOaKTUBHBIC BEIIECTBA, a BIUSITh Ha
€ro aKTUBHOCTb MOXHO TOCTYITHBIMU U IEIIEBBIMU COSTUHEHUSIMU.

J1o HemaBHEro BpeMeHU ajlbOyMUH He ObLT B M0JIe 3peHMSI TOKCHUKOJIOTOB U (papMaKo-
JIOTOB, 3aHUMAIOIIMXCSI BOIMIPOCAMU TOKCUKOJIOrMU opraHodocdaToB. bblio n3BecTHO,
uyrto pacrpeneiieHrne Od 1o opraHaM U TKaHSIM opraHu3Ma xopoiuo koppeaupyert (0.8) ¢
nx Koadpuumentamu pacrpenenacHus (LogP) [277], HO pu 3TOM OCHOBHBIM “merio”
O® c BoicokuM LogP B KpoBHU cuuTaaiuch 3puTpouuThl [278]. OmHAKO HAIIM JAaHHbIE
CBUETENbCTBYIOT O BBICOKOI1 cTeneHu cpoactBa O® k 6enkaM 11a3Mbl Kposu [279]. Pe-
3yJbTAThI IIPEIBAPUTENLHBIX PACUYETOB ix silico 1 SKCIIEPUMEHTOB i Vitro TIO3BOJISIOT ClIe-
JIaTh BBIBOA O TOM, YTO C TIOMOIIbIO BHAOTEHHBIX U 3K30T€HHBIX JIUTAHIOB aJbOyMUHA
BO3MOXKHO PETryInpoBaTh 3(GHEKTUBHOCTb B3aUMOIecTBUS aiboymuHa ¢ Od. [Ipyroit
BOIIPOC, YTO B YCIIOBUSIX in Vivo KAYECTBO DTOM MOAYJISIIIUM 3aBUCUT OT MHOTHX (haKTOPOB
U HEe B MOCJIEAHIO oYepelb OT KOJMYECTBEHHOTO COOTHOIIEHUST MOOyasaTopoB u OD.
Haiuu naHHbIe MO3BOJSIOT MPEANON0XUTD, YTO TO3UTUBHBINA PE3yabTaT C TOUKU 3PEHUS
BBDKMBAHUS IPU ocTpoM oTpaBieHur OP MOXKHO TTOJYUYUTh JIUIIb B Cllydae MEHEe TOK-
cuyHbiXx OD ¢ 6osiee BbICOKOI ah(UHHOCTBIO K anlbOymMuHy. Hanmpumep, MeHbIIast TOK-
cnaHOCTh ogHUX O®D Mo cpaBHEHUIO C APYTUMU MOXKET ObITh CBsI3aHA HE TOJIBKO C MEHb-
11e#t ”THruOUTOPHOI aKTUBHOCTHIO B OTHOILIIEHUHN XOJIMHACTEPa3, HO TaKXKe C MOBBIIIEH-
Hoit adppuHHOCTHBIO K caiitam Caajioy ansoymuHa [280].

Kpome TOro, HETOCTaTOYHO U3YYEHO BJIMSIHME BOCHAIUTEIbHBIX IMPOIIECCOB Ha pas-
BUTHE KaK OCTPO MHTOKCUKAIIUM, TaK U OcTaBlIeHHO# maTosioruu. C OmHOI CTOPOHHI,
obpaTuMble THTUOUTOPEI AXD (moHeIe3wus, rajlaHTaMyH, TYIIep3uH, HEOCTUTMUH, TH-
PUIOCTUTMMH) B HETOKCUYECKHUX 103aX 0OYCIOBINBAIOT IMOBBIIIIEHUE YPOBHSI alleTUIIXO-
JINHA, KOTOPBI HE TOJILKO TMOBBIIIAET XOJIMHEPrUYeCKUil CTaTyC OpraHu3Ma, HO TakxKe
MMMYHHBI 1 IPOTUBOBOCITAIMTEIbHBIN MOTeHIIUa pu BA, MuacTeHUM U psife Apyrux
[281]. C mpyroii CTOpOHBI, TsLKeaask MHTOKCUKAIUSI CaMbIMU Pa3HBIMHU IpellaparaMu, B
TOM 4McIie opraHodochaTaMu, OGBIYHO COMTPOBOXKIACTCS Pa3BUTUEM BOCHAIUTEIIBHOTO
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M OKCHUJATHUBHOIO CTpecca, PEeKPYTMHIOM JICHKOILIMTOB, a TaKXKe aKTWUBAlLlMeil mpoTeas,
YCUJIEHUEM KaTabOJUYECKUX MPOLIECCOB, AUCOAKTEPUO30M U, KaK CJIEACTBUE, Pa3BUTU-
€M TMIepaMMOHUEMUHN, OOYCIIOBJIEHHON MHTeHCU(UKALIMEN TOCTYTUIEHUs] aMMUaka 13
JKeJIyTOYHO-KUIIIEYHOTO TpaKTa B OacceiiH KaynajbHOWM Mool BeHbI B 0OXOM MeYeHU
(TpaHcrniepuToHeanbHasA AUMPy3Usi) U OTCTaBaHMEM CUHTE3a INIyTaMUHAa U MOYEBUHBI B
MeYeHM OT ITOCTYIICHWsI aMMMaKa B 0acceitH BOpOTHOM BeHhbI [282—285]. YBeauueHue
myja aMMuaKa B TIPOCBETE MUILEBAPUTETBHOTO TPAKTa U IIa3Me KPOBU OTSATOLIAET UH-
TOKCUKAIIUIO 1 “oboraiiaer” ee MposiBJICHUs] CUMIITTOMaMU OCTPOTO OTPaBJIEHUS COJISIMU
aMMoHus. 15 et Hazan B jabopaTopuu BuHorpamosa ObLT OTKPHIT (PeHOMEH YCUTIEHUS
MOHAMM aMMOHUS TeHepaluu NepoKcuaa Boaopoaa B MUTOXOHIpUsIX [286]. Takum 06-
pa3oM, TUTepakKTUBALINS KIETOUHOTO 3BeHa UMMYHHOI CUCTEMbI, OKCUAATUBHBIN CTpece
Y TUTIEpAMMOHUEMUS SIBJISIIOTCS KOMITOHEHTaMM TaHaTOTeHe3a MPU OCTPOIl MHTOKCUKa-
1 O®D. B cBs13u ¢ 3TUM TIpH pa3padboTKe 6osee 3(hheKTUBHOTO aHTUIOTHOTO KOMITJIEK-
ca HEOOXOAMMO UCIIONb30BaTh aAbIOBAHTHI, T.€. BCIOMOTaTeIbHbIE KOMITOHEHTHI, KOTO-
pble HE TOJBKO MOTYT MOBBICUTH MHAEKC 3aIIUThl 0a30BOTO KOMILIEKCA, HO U YCKOPUTH
pereHepalnuio, o6ecrneynTh MOJIHOTY TepareBThuueckoro acdekra. PaHee Mbl Tipearnosio-
JKMJIW, YTO OCHOBHBIMM KOMITOHEHTaMM aJIbIOBAaHTHOM Teparuu MOXET CTaThb 0JIOKATOP
PUAHOAMHOBBIX PELIENITOPOB AJAHTPOJIEH B COUETAHUU C TPOTUBOBOCHATUTEIbHBIM TIpE-
napaToM TUIPOKOPTU30HOM, M3BECTHBIM ITIOKOKOPTUKOCTEPOUIIOM C BBIPAKEHHBIM
OBICTPOJECTBYIOIIMM TTPOTUBOBOCTIAJIMTEILHBIM, aHTUIKCCYIATUBHBIM (ITPOTUBOOTEY-
HBIM), JIECEHCUOWIM3UPYIOIIUM (aHTUAJIJIEPTUIECKUM), UMMYHOIECIPECCUBHBIM, MPO-
TUBOIIIOKOBBIM M aHTUTOKcUYecKuM paeiictBueM [287]. HecMoTpss Ha BO3MOXHBIE
OCJIOXKHEHMsI, OTMEUYEHHbIE TIPU MCITOJIb30BAHUMN TUIPOKOPTU30HA U IPYTUX TITIOKOKOP-
TUKOWIOB B Tepamuu psila KPUTUUECKUX COCTOSIHMI (Hampumep, reMopparudyeckuii
110K, YePEIMHO-MO3roBasi TpaBMa), OCOOEHHO B BETEpPUHAPHOM MPaKTUKE, aHAIU3 TaAKUX
cllyyaeB CBUIETEIbCTBYET O BCErIa CYIECTBYIOLIEH BEPOSITHOCTU SITPDOTE€HHBIX MOCTEN-
CTBUIA B CJTydae MpMMEHEeHUs MpernaparoB 6e3 JOJDKHOTO yYeTa UX TUIEHOTPOITHOTO NEHCTBUS
[288]. B TO ke Bpemst UMEIOTCsI MPUMEPHI pa3yMHOIO COYETAaHUSI TIIOKOKOPTUKOUIIOB C, Ka-
3aJ10Ch Obl, “HEUTpaIbHBIMU” BUTAMUHAMU, PE3YJIbTATOM YEr0O CTAJIO CYILIECTBEHHOE 10~
BbILIEHNE TepaneBTUYeckoil 3((HEKTUBHOCTH TTIOKOKOPTUKOUIOB Oy1arofaps BbISIBICH-
HbIM 2ddekTam cruHeprusma uiu noreHimpoBanus [289]. K yuciny 6a30BbIX KOMITOHEHTOB
aJ'bIOBAHTHOM Tepanuu, 6e3yCJI0BHO, MOXKHO OTHECTH Jua3eriaM, U3BECTHBIM TPaHKBU-
JIN3aTOpP aHKCUOJUTUYECKOIO, CEIAaTMBHOIO, TMPOTUBOCYIOPOXHOTO W IIEHTPAJbHOIO
MUOpeaKCcUpylollero neiicteus. B mouckax Bo3aMOXHOIo “ycuauTesiss” HEeHTPaJTbHOIo
WM MUopenakcupyouero agdexra, TOMUMO NTaHTPOJIEHA, ObLT MCITOIb30BAaH MUIO-
KaJIM, KOTOPBIi TTOKa3aH K TPUMEHEHUIO MPU TaKux 3a00JIeBaHUSIX, KaK CITMHHOMO3TO-
Bble U LiepeOpaibHbIC TapaJiniu, COMPOBOXAAIOIIMECS MBIIICYHBIM CITa3MOM M KOH-
TPaKTypoit KOHEUHOCTEM, MPpU IKCTpaNMpaMUIHBIX pacCcTpoiicTBax (IocTaHuUedannye-
CKMIl U aTepoCKJIEpPOTUYECKHU TMapKUHCOHU3M), MPU SMWIENICUU, dHIledanonaTuu
COCYIIMCTOTO TeHe3a U HEKOTOPBIX IPYTUX COCTOSIHUSIX Mu 3a0oneBaHusx. Kantomnpwi,
MHTUOUTOP aHTMOTEH3WH-IIPEeBpallamlero (epMeHTa, SKCIPecCupyeMoro 3HIO0TEI -
aJIbHBIMU KJIETKaMM (TTPEUMYLIECTBEHHO B JIETKMX), TAKXKE BOIIE] B YUCJIO BO3MOXKHBIX
KOMITOHEHTOB KOMILJIEKCHOW aJblOBAaHTHOI Tepanuu, Kak Ha OCHOBAaHUU COOCTBEHHBIX
MaHHBIX O ero 3(MOEKTUBHOCTU MPU KPUTHUUYECKUX COCTOSTHUSIX TOKCUUYECKOTO TeHe3a,
TaK U JAHHBIX 3apy0EKHBIX aBTOPOB, CBUIIETEJIBCTBYIOIINX O CITOCOOHOCTU KamToIpuia
CHUXAaTb BEPOSITHOCTD KEIYAOUYKOBBIX (PUOPWILISALIMI U UHTEHCUBHOCTb BOCHAJIUTEb-
HbIx peakuuit [290, 291]. TAK-242 — oTHOCUTENBHO HOBBIM Mpenapar, MeXaHu3M Jeii-
CTBUSI KOTOPOTO cOCTOUT B O1oKane Toll-TmomoOGHBIX pelieITOPOB 4-To TUIIA, SKCIPECCH -
pPYEMBIX, B TOM YMCJIe, KIeTKaMu 3HIoTenusl. Ero addeKTMBHOCTh B Teparuu CeNTUYECKUX
COCTOSIHUI BecbMa MPOTUBOPEUYMBA, XOTS CYLIECTBYET BO3MOXKHOCTD €r0 IPUMEHEHUS B
KOMIIJIEKCHOI Tepanuu MeHee reHepalTu30BaHHbIX BOCTIAJIUTENIbHBIX 3a001€BaHUI U UH-
CYJIMHOBOW pe3ucTeHTHOCTHU [292, 293].
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DTU MPUHLIMITBI U TTOAXOAbI CUCTEMHOIO XapaKTepa BBIXOAST JAJeKO 3a PaMKH COD-
CTBEHHO TOKCUKOJIOTMYECKUX UCCIIENOBAHUI, TaK KaK MOJyYeHHbIE TaHHbIE MOTYT OKa-
3aThCsl BeChMa MOJIE3HBIMU TPH pa3padbOTKe HOBBIX WM MOIU(MUKALIMU CYIIEeCTBYIOLINX
CpencTB MPOMWIAKTUKI/Tepallii M3BECTHBIX HeWpomereHepaTUBHBIX 3a00JieBaHUIA,
Pa3BUBAIOILIMXCS C BO3PACTOM BHE BCSIKOM CBSI3M C BO3AeiCTBUEM opraHodochaToB.

COBJIIOAEHUE 5TUYECKHUX CTAHIAPTOB

Hacrosas crates He COOCPXKUT KaKUX-JIM0O UCCIIeIOBAaHUIM C ydyaCTuem JIOAEH U XXKUBOTHBIX B
KavyecTBe 0OBEKTOB UCCAEIOBaHUIA.

MCTOYHUKHU ®PUUHAHCHUPOBAHU S
PaGota BhINoOJIHEHA pU ToaaepxkkKe Poccuiickoro HaydyHoro ¢oHaa, mpoekT Ne 22-15-00155.
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Organophospate-Induced Pathology: Mechanisms of Development, Principles of Therapy
and Features of Experimental Studies
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Organophosphates (OP) are one of the most common neurotoxic xenobiotics. In acute
OP poisoning, as a result of suppression of synaptic acetylcholinesterase (AChE) activi-
ty, a cholinergic syndrome develops, which can transform into status epilepticus. Within
a few days after acute poisoning, the so-called an intermediate syndrome can develop,
which is associated with prolonged inhibition of AChE, desensitization of nicotinic re-
ceptors, and functional degradation of synapses and muscle fibers. In 10—20 days after a
single acute or repeated subacute poisoning, OP-induced delayed polyneuropathy
(OPIDN) can develop — a neurodegenerative disease, the signs of which are ataxia, loss
of function of the distal sensory and motor axons of peripheral nerves. The occurrence of
a neuropsychiatric disorder (NPD) caused by chronic exposure to relatively low-toxicity
organophosphorus compounds is usually not associated with acute poisoning; symp-
toms include cognitive impairment, chronic fatigue, and extrapyramidal symptoms. The
list of possible diseases or pathological conditions (syndromes) that develop as a result of
acute, subacute or chronic effects of OP on the human body has expanded in recent
years due a number of known neurodegenerative diseases (Alzheimer’s, Parkinson’s,
multiple sclerosis, etc.). The aging of the body in general and the aging of the brain in
particular are considered in the review from the point of view of the consequences of OP
poisoning, which can serve as a nonspecific trigger of aging and related neurodegenera-
tive diseases. Gulf syndrome is not a consequence of OP intoxication, but is also of inter-
est and is considered in the context of OP-induced pathology, since its etiology and
pathogenesis are associated with the exposure to cholinesterase inhibitors. The review
presents data indicating the important role of the vascular endothelium in the develop-
ment of OP-induced pathology; The first suggestions were made by clinicians in the late
1980s, and the first experimental data were obtained in the early 2000s. The principles of
therapy for acute poisoning are outlined, taking into account experimental data from re-
cent years. Some methods for studying OP in experiments in vitro, ex vivo and in vivo
with laboratory animals, including the use of carboxylesterase inhibitors, are presented.
The most important part of in vivo investigations has been and remains the search for
new biomarkers to assess the effectiveness of adjuvant and regenerative therapies.

Keywords: organophosphates, cholinesterase, cholinergic syndrome, status epilepticus,
neurodegenerative diseases, aging, endothelium
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