ISSN 1606-8181 (Print)

ISSN 2070-5670 (Online)

https://journals.eco-vector.com/1606-8181

o q)APMAKOJ'IOFWiI

U BUOJIOTUYECKAY H APKOJ1OT

HAYYHO-TEOPETUYECKMUI PELEH3UPYEMbIA XYPHAN

PSYCHO P HARMACOLOGY
AND BIOLOGICAL N ARCOLOGY

TOM 16 BbIMYCK 1
'E VOLUME 16 ISSUE 1



YYPEAUTEND U U3ATE/b

000 «3KO-BEKTOp»

Anpec: 191181, CankT-[NeTepbypr,
AnTeKapckui nepeynok, 4. 3, nutepa A,
nomellenve TH

E-mail: info@eco-vector.com

WEB: https://eco-vector.com

PEOAKLINA

Anpec: Poccus, 191181, Cankt-Tetepbypr,
AnTekapckuit nepeynok, 4. 3, nutepa A,
nometeHme TH

Ten.: +7(812)648-83-67,

bakc: +7(812)312-45-72

E-mail: psypharm@eco-vector.com

YypHan ocHoBaH B 2000 rogy
B CaHkT-IleTepbypre

BbixoguT 4 pasa B rog

WHAEKCALINA

elibrary.ru
Lens
OpenAlex
CrossRef
Dimensions

PEKJTAMA

Otaen peknambl
Ten.: +7 (965) 012-67-36
E-mail: adv2@eco-vector.com

Mofnu1cKa Ha NeyaTHylo BepCuio JKypHana:
06beamnHerHbIn Katanor «[pecca Poccumy»
https://www.pressa-rf.ru. lMognucHoi MHAeKe
Ha nonyrogne — 85777, Ha roq — 85778.
Moznm1cKa Ha aNeKTPOHHYI0 BEPCUIO JKypHana:
https://journals.eco-vector.com; eLibrary.ru

Bbinycky sypHasa pasMeLLeHbl Ha caite:
https://journals.eco-vector.com/1606-8181

OpurvHan-makeT uarotosneH 000 «3ko-BekTopy.

Beinyckatowmin pesaktop: H.H. Pensesa
KoppekTop: /1.B. CMupHosa

Bepcrka: A.[- Xymoposcras

Gopmar 60x 90'/5. Yen.-niey. n. 8,25.
Tupax 100 3k3. LieHa cBobosHas

OrneyaraHo B 000 «Tunorpadms 3kcnpecc B2B».

191180, Canr-TMeTepbypr, Hab. Peku QoHtanky, 4. 104,

. A, nom. 3H, od. 1. Ten.: +7(812)646-33-71

N 3aKa3a 5-3424-lv. Mognmcaro B neyats 30.03.2025.

[ata Bbixopa B ceT 07.04.2025

© 000 «3KO—BeI-(TOp», 2025

ISSN 1606-8181 (Print)
ISSN 2070-5670 (Online)

[NCUXODAPMAKOJI0IMA
U BUOJIOTUYECKASA
HAPKOJ10I M4

Tom 16 | Boinyck 1| 2025

HAYYHO-TEOPETUYECKUM PELEH3UPYEMbIN JXYPHAJ

https://journals.eco-vector.com/1606-8181

MnaBHbIV pepakTop
emp [iIMumpuesuy LLlabaros, a-p Mep. Hayk, npoteccop (CaHkT-MeTepbypr, Poccus),
ORCID: 0000-0003-1464-1127

3amecTuUTeNM IMaBHOO peAaKTopa
Anexcandp Jlusuesuy Ypakos, fi-p Mefl. Hayk, npodeccop (Mxesck, Poccus),
ORCID: 0000-0002-9829-9463

0TBeTCTBEHHbI CeKpeTapb
Wrecca BnadumuposHa Kapnosa, o-p buon. Hayk (CankT-Tetepbypr, Poccus),
ORCID: 0000-0001-8725-8095

PepakumnoHHas konnerus

Badum AnexcaHdposuy bawiapun, A-p Mef. Hayk, npodeccop (CaHkT-MeTepbypr, Poccus),
ORCID: 0000-0001-8548-6836

Egzenutl Pydonsosuy buiukos, a-p Mef. Hayk (CaHkT-leTepbypr, Poccws),

ORCID: 0000-0002-8911-6805

TamesiHa AnexcaHoposHa BopoHuHa, p-p Mef. Hayk, npodeccop (Mockea, Poccus),

ORCID: 0000-0001-7065-469X

Andpeli Bukmoposuy Escees, o-p Mep. Hayk, npodeccop (CMoneHck, Poccus),

ORCID: 0000-0001-7296-8502

Anar Banepeesud Kanyes, n-p Mep. Hayk, npodeccop PAH (Coun, Poccus),

ORCID: 0000-0002-7525-1950

Anopeli AHOpeesuy Jlebedes, n-p buon. Hayk, npodeccop (CakT-TMetepbypr, Poccus),
ORCID: 0000-0003-0297-0425

Kapax bopucosuy OsaHecos, a-p Mep. Hayk (CaHkT-Tetepbypr, Poccus),

ORCID: 0000-0001-7325-8027

Anexcandp Anexceesuy Cnacos, akafiemuk PAH, A-p Mef. Hayk, npodeccop (Bonrorpag, Poccus),
ORCID: 0000-0002-7185-4826

MexxayHapoaHbIv pefaKLMOHHbIA coBeT

Bsuecnas lNagnosuy [aHanoneckud, A-p Men. Hayk (CankT-Tetepbypr, Poccus),

Eugenia V. Gurevich, npodeccop (Nashville, USA),

ORCID: 0000-0002-0563-8295

PycnaH MeaHosud [nywakos, oi-p MefL. Hayk (CaHkT-TleTepbypr, Poccus)

Auda AwupanuesHa 3ypduHosa, A-p Mea. HayK, npodeccop (Bulukek, Kuprusms)

Hamanes agnosHa KamyHuHa, A-p Meg,. Hayk, npodeccop (BpsHck, Poccus)

Badum Anamonsesuy Kawypo, ii-p Mef. Hayk, npodeccop (CaHkT-Tetepbypr, Poccus)

Anexcandp Onezosuy Kubumos, fi-p Mef. Hayk (Mocksa, Poccus)

Onvea BukmaoposHa flesqerkosa, o-p Mep. Hayk (CMoneHck, Poccust)

Baneputi [eHHadsesuy Makapos, f-p Men,. Hayk, npodeccop (CaHkT-leTepbypr, Poccus)

Egzenuti Bnadumuposuy MokpenKo, p-p Mef. Hayk (MpkyTck, Poccus)

Baneputi [lagnosuy [TasneHKo, A-p Men. Hayk, npodeccop (Aktobe, KazaxcTaH)

Charles Nemeroff, npodeccop (Miami, USA)

Pomar Onezosudy Pouk, a-p Mep. HayK (MockBa, Poccus)

lNasen Bacunsesuy Podudkut, A-p Mep,. Hayk, npodeccop (CaHkT-Tetepbypr, Poccus)

Andpeli Cemerosuy Cumbupyes, un.-kopp. PAH, a-p Men. Hayk, npodeccop (CaHkT-[Netepbypr, Poccus)

Vagif S. Soultanov, npoceccop (Melbourne, Australia)

Bukmop MsaHosuy TuxaHos, fi-p Men. Hayk (bnaroseLueHcK, Poccus)

Wear Hukonaesuy TiopeHKos, un.-kopp. PAH, A-p Mef. Hayk, npodeccop (Bonrorpag, Poccwst)

Hukonad fTeosuy LLlumarosckud, un.-kopp. PAH, o-p Mep. Hayk, npodeccop (Mocksa, Poccus)

Baofeng Yang, npoceccop (Harbin, China)

Ycnomyodur AliHudduHosud HOHycos, 1-p Men. Hayk, npodeccop ([ylwaHbe, TamKuKucTaH)

Rudrapal Mithun, PhD, Professor, Andhra Pradesh (India)

Dora Babu Neeruguttu, PhD, Professor (Irag)
Penaxum He HeCeT OTBETCTBEHHOCTM 3a COAEpXKaHWe PEeKNaMHbIX MaTtepuasnos.
Touka 3PpeHNA aBTOPOB MOXXET He CoBMnajatb C MHEHWEM peaaKkumu. K nyﬁnvmaumm
NPUHMMAIOTCA TONbKO CTaTbW, MOArOTOBJIEHHbIE B COOTBETCTBUMM C MpaBUNiamu
ANa  aBTOPOB. Hal'lpaBJ'lFlﬂ CTaTbl0 B pefaKLMio, aBTOPbl MPUHWMAIOT YCNoBUA
[noroBopa nybnnutHoi ocdeptsl. C npaBunamu ANs aBToOpPOB M AOrOBOPOM MybanyHOM

/ otepTbl MOXHO 03HaKOMUTLCA Ha caitte: https:/journals.eco-vector.com/1606-8181.

lonHoe MM YacTM4YHoe BOCTIPOM3BE/EHWE MaTepuanos, OnybnMKOBaHHbIX B XypHane,
OQKO®@BEKTOP JI0MYCKAETCs TOMbKO C paspeLLieHns M3faTens — U3AaTenbcTea «3Ko-BexTop»


mailto:info@eco-vector.com
https://eco-vector.com
mailto:psypharm@eco-vector.com
mailto:adv2@eco-vector.com
https://www.pressa-rf.ru
https://journals.eco-vector.com;
https://journals.eco-vector.com/1606-8181
https://journals.eco-vector.com/1606-8181
https://orcid.org/0000-0003-1464-1127
https://orcid.org/0000-0002-9829-9463
https://orcid.org/0000-0001-8725-8095
https://orcid.org/0000-0001-8548-6836
https://orcid.org/0000-0002-8911-6805
https://orcid.org/0000-0001-7065-469X
https://orcid.org/0000-0001-7296-8502
https://orcid.org/0000-0002-7525-1950
https://orcid.org/0000-0003-0297-0425
https://orcid.org/0000-0001-7325-8027
https://orcid.org/0000-0002-7185-4826
https://orcid.org/0000-0002-0563-8295
https://journals.eco-vector.com/1606-8181

FOUNDERS AND PUBLISHER
Eco-Vector

Address:

3A Aptekarskiy Lane, office 1N,
Saint Petersburg, 191181, Russia
E-mail: info@eco-vector.com
WEB: https://eco-vector.com

EDITORIAL OFFICE

Address:

3A Aptekarskiy Lane, office 1N,
Saint Petersburg, 191181, Russia
E-mail: psypharm@eco-vector.com

The journal was founded
in Saint Petershurg in 2000

Published quarterly

INDEXING

elibrary.ru
Lens
OpenAlex
CrossRef
Dimensions

ADVERTISE

Adv. department

Phone: +7 (965) 012-67-36
E-mail: adv2@eco-vector.com

Subscription:
https://journals.eco-vector.com/1606-8181

© Eco-Vector, 2025

ISSN 1606-8181 (Print)
ISSN 2070-5670 (Online)

PSYCHOPHARMACOLOGY
AND BIOLOGICAL
NARCOLOGY

Volume 16 | Issue 1| 2025

QUARTERLY PEER-REVIEWED MEDICAL JOURNAL

https://journals.eco-vector.com/1606-8181

EDITOR-IN-CHIEF
Petr D. Shabanov, MD, Dr. Sci. (Medicine), Professor (Saint Petersburg, Russia),
ORCID: 0000-0003-1464-1127

DEPUTY EDITORS-IN-CHIEF
Alexander L. Urakov, MD, Dr. Sci. (Medicine), Professor (Izhevsk, Russia),
ORCID: 0000-0002-9829-9463

EXECUTIVE SECRETARY
Inessa V. Karpova, MD, Dr. Sci. (Biology) (Saint Petersburg, Russia),
ORCID: 0000-0001-8725-8095

EDITORIAL BOARD

Vadim A. Basharin, MD, Dr. Sci. (Medicine), Professor (Saint Petersburg, Russia),
ORCID: 0000-0001-8548-6836

Evgeny R. Bychkov, MD, Dr. Sci. (Medicine) (Saint Petersburg, Russia),

ORCID: 0000-0002-8911-6805

Tatiana A. Voronina, MD, Dr. Sci. (Medicine), Professor (Moscow, Russia),

ORCID: 0000-0001-7065-469X

Andrey V. Evseev, MD, Dr. Sci. (Medicine), Professor (Smolensk, Russia),

ORCID: 0000-0001-7296-8502

Alan V. Kaluev, MD, Dr. Sci. (Medicine) (Sochi, Russia),

ORCID: 0000-0002-7525-1950

Andrey A. Lebedev, MD, Dr. Sci. (Biology), Professor (Saint Petersburg, Russia),
ORCID: 0000-0003-0297-0425

Karen B. Ovanesov, MD, Dr. Sci. (Medicine) (Saint Petersburg, Russia),

ORCID: 0000-0001-7325-8027

Alexander A. Spasov, Academician of RAS, MD, Dr. Sci. (Medicine), Professor (Volgograd, Russia),
ORCID: 0000-0002-7185-4826

EDITORIAL COUNCIL

Vyacheslav P. Ganapolsky, MD, Dr. Sci. (Medicine) (Saint Petersburg, Russia)

Eugenia V. Gurevich, Professor (Nashville, USA),

ORCID: 0000-0002-0563-8295

Ruslan I. Glushakov, MD, Dr. Sci. (Medicine) (Saint Petersburg, Russia)

Aida A. Zurdinova, MD, Dr. Sci. (Medicine), Professor (Bishkek, Kyrgyzstan)

Natalya P. Katunina, MD, Dr. Sci. (Medicine), Professor (Bryansk, Russia)

Vadim A. Kashuro, MD, Dr. Sci. (Medicine) (Saint Petersburg, Russia)

Alexander O. Kibitov, MD, Dr. Sci. (Medicine) (Moscow, Russia)

Olga V. Levchenkova, MD, Dr. Sci. (Medicine) (Smolensk, Russia)

Valery G. Makarov, MD, Dr. Sci. (Medicine), Professor (Saint Petersburg, Russia)

Evgeny V. Mokrenko, MD, Dr. Sci. (Medicine) (Irkutsk, Russia)

Varery P. Pavlenko, MD, Dr. Sci. (Medicine), Prodessor (Aktobe, Kazakhstan)

Charles Nemeroff, Professor (Miami, Florida, USA)

Roman 0. Roik, MD, Dr. Sci. (Medicine) (Moscow, Russia)

Pavel V. Rodichkin, MD, Dr. Sci. (Medicine), Professor (Saint Petertsburg, Russia)

Andrey S. Simbirtsev, Corresponding Member of the Russian Academy of Sciences, MD, Dr. Sci.

(Medicine), Professor (Saint Petersburg, Russia)

Vagif Soultanov, Professor. (Melbourne, Australia)

Viktor I. Tikhanov, MD, Dr. Sci. (Medicine) (Blagoveshchensk, Russia)

Ivan N. Tyurenkov, Corresponding Member of the Russian Academy of Sciences, MD, Dr. Sci. (Medicine),

Professor (Volgograd, Russia)

Nikolay L. Shimanovsky, Corresponding Member of the Russian Academy of Sciences, MD, Dr. Sci.

(Medicine), Professor (Moscow, Russia)

Yang Baofeng, Professor (Harbin, China)

Islomuddin A. Yunusov, MD, Dr. Sci. (Medicine), Professor (Dushanbe, Tajikistan)

Rudrapal Mithun, PhD, Professor, Andhra Pradesh (India)

Dora Babu Neeruguttu, PhD, Professor (Irag)
The editors are not responsible for the content of advertising materials. The point of
view of the authors may not coincide with the opinion of the editors. Only articles
prepared in accordance with the guidelines are accepted for publication. By sending
the article to the editor, the authors accept the terms of the public offer agreement.

/ The guidelines for authors and the public offer agreement can be found on the website:

https://joumals.eco-vector.com/1606-8181. Permissions to reproduce material must be obtained
ECO®VECTOR fromthepublisher and retained in order to confirm the legality of using reproduced materials


mailto:info@eco-vector.com
https://eco-vector.com
mailto:psypharm@eco-vector.com
mailto:adv2@eco-vector.com
https://journals.eco-vector.com/1606-8181
https://journals.eco-vector.com/1606-8181
https://orcid.org/0000-0003-1464-1127
https://orcid.org/0000-0002-9829-9463
https://orcid.org/0000-0001-8725-8095
https://orcid.org/0000-0001-8548-6836
https://orcid.org/0000-0002-8911-6805
https://orcid.org/0000-0001-7065-469X
https://orcid.org/0000-0001-7296-8502
https://orcid.org/0000-0002-7525-1950
https://orcid.org/0000-0003-0297-0425
https://orcid.org/0000-0001-7325-8027
https://orcid.org/0000-0002-7185-4826
https://orcid.org/0000-0002-0563-8295
https://journals.eco-vector.com/1606-8181

COAEPXXAHUE

NCUXOHENPODAPMAKOJI0TUA

CpaBHeHWe NpoTUBOMapPKUHCOHMYECKOI akTuBHocTH N-pgeumntponuHa (MIM-1556) n neBopmonbl y Kpbic

C POTEHOH-UHAYLMPOBAHHBLIM MAPKUHCOHU3MOM . .. .. i i it it a e s

B.E. Imupo, C.E. Cepdiok, I1.4. LLiabaHos

HAYYHbIE 0B30Pbl

MepcneKkTuBbl hapMaKoIorM4eckon perynsaumum puamnonoriyecknx MexaHusMoB aganTtaummu

Npy LepeBpPOBACKYNAPHON HEAOCTATOUHOCTU . . . .. e vt et e et e et e et e et e et e e et e e e e e e e e e ee s

B.E. Hosurkos, E.B. lloxcunosa, H.3. Ycayesa, K./l. 3azHem

MeTaMdeTaM1H KaK YNnYHbIM HapKoTUK. IbdeKTbl, HAPKOTUYECKas 3aBUCUMOCTb

M accouMnMpoBaHHble C HUMK (baKTOpr PUCKA . .. e e

A.J1. Ypakos

AHTUrMNOKCaHTbLI HOBOIO MOKOJIEHUS: LLIEJIOYHbIE pacTBopbl Nepekncn Boaopoaa Kak reHepatopsbl

MEANLIMHCKOIO Ma3a KUCTIOPO A . . . o oottt ittt it it e ia e aa e aaassanaaesnnnns

H.A. Ypakosa, A.J1. Ypakos

MonekynsipHble MexaH13Mbl B3auMoaeicTBus GpepponTosa 1 KynponTo3a Npu ULLEMUYECKOM MHCYIIbTE.

(DapMaKOJ'IOFVI‘-IECKVIe nepcnexkTnBbl NpeaoTepaLleHna Mo3roBbIX HHPYLIJEHVIVI ..............................

B.W. Bawenko, E.®. Copokonemosa, I1,/]. LliabaHos

U3 UCTOPUU ®APMAKOJ10IMH

UneH-KoppecnoHaeHT PoccuiACKOM aKageMun MeaMUMHCKUX HayK MpuHa CepreeBHa 3aBoacKas

(K 100-NETUI0 CO HS POKIEHM) .o v ettt et e te e et et e e et e e e e e et e e et e e e e e e e e e e ae e

J1.K. XHblueHko

=| — B OTKpbITOM AOCTYMe Ha calTe XypHana



CONTENTS

PSYCHONEUROPHARMACOLOGY

Comparison of the antiparkinsonian activity of N-decyltropine (IEM-1556) and levodopa in rats
with rotenone-induced parkinsonism . . ... ... . 5

V.E. Gmiro, S.E. Serdyuk, P.D. Shabanov

REVIEWS

Prospects of pharmacological regulation of physiological adaptation mechanisms in cerebrovascular insufficiency . . . .. 1
V.E. Novikov, E.V. Pozhilova, N.E. Usacheva, K.D. Zagnet

Methamphetamine as a street drug: effects, addiction, and associated risk factors .................. ... ... ..., 25
A.L. Urakov
New generation antihypoxants: alkaline hydrogen peroxide solutions as medical oxygen gas generators.............. 35

N.A. Urakova, A.L. Urakov

Molecular mechanisms of interaction between ferroptosis and cuproptosis in ischemic stroke.
Pharmacological perspectives on preventing brain dysfunction ........... ... .. 43

V.I. Vashchenko, E.F. Sorokoletova, P.D. Shabanov

HISTORY

Corresponding Member of the Russian Academy of Medical Sciences Irina S. Zavodskaya
(on the 100th birth @NNIVEISArY). . ..o\t e e e e e e e e e 61

L.K. Khnychenko

=y — Open Access online



MCVXOHEMPODAPMAKOIOMAA Tom 16, N2 12025 [NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

DOI: https://doi.org/10.17816/phbn653995

Opl/II'VIHaJ'IbHOG mnccneposaHme

CpaBHeHMe NPOTMBONAPKMHCOHMYECKON aKTUBHOCTY
N-apeuuntponuHa (M3M-1556) u nesogonbl y Kpbic
C POTEHOH-MHAYLMUPOBAHHBIM NapKUHCOHU3MOM

B.E. IMupo, C.E. Cepatok, I1.1. LLlabaHos

MHCTUTYT 3KcnepuMeHTanbHoi MeauumHel, CaHkT-etepbypr, Poccus

AHHOTALMA

AkTyanbHocTb. PaHee Hamu 6bian onybnuKoBaHa runoTe3a 0 BO3MOXHOW POAM afleHo3MHa U BarycHblx addepeHToB B Me-
XaHW3Me aHTUNapKuHcoHuYeckoro aencteus N-geunntponuHa (M3IM-1556). Ee cyTb 3aknoyaeTcs B cnocobHoctn M3IM-1556
CTUMYNUPOBATL }KENYA0UHbIE BarycHble apdepeHTbl KaK KilYeBOe 3BEHO B MEXaHM3Me MPOTUBOMApPKUHCOHWMYECKOro fei-
CTBMS Npenapara.

Llenb uccnepgoBaHns — CpaBHUTL MPOTUBONAPKUHCOHNYECKYHO aKTUBHOCTL M3M-1556 ¢ 3TanoHHbIM NPOTUBONAPKUHCOHMYE-
CKWM CPEeLCTBOM NeBOLOMNON NPW UX XPOHUYECKOM MepopasibHOM BBEAEHWM MO NPOQUNAKTUHECKON CXEME KPbICaM C POTEHOH-
MHAYLUMPOBaHHBLIM NapKUHCOHU3MOM.

MeToapl. [potvBonapkuHcoHnyeckoe aenctamne MIM-1556 (3 m 10 Mr/kr), a Takke npenapata cpaBHeHus neBogonbi (10 v 20 Mr/Kr)
Y KpbIC C POTEHOH-UHAYLMPOBAHHBIM NapKUHCOHU3MOM OLIEHMBANW MO YCTPAHEHWIO KaTaslencum U ONIMIOKMHE3NH.

PesynbTatbl. N-geunntponut (M3M-1556) npu nepopanbHoM BeeaeHuM B fo3e 10 Mr/Kr CyLiecTBEHHO NPEBOCXOAMT MO Mpo-
TUBOMAPKUHCOHWYECKOW aKTUBHOCTU NeBogony B Ao3e 20 Mr/Kr, TaK KaK B 3 pa3a cuiibHee, YeM JIeBO0MNa, COKPaLLAeT Ynco
KPbIC C TSIKENON OJIMFOKMHE3NENW, @ TaKKe, B OTIMYME OT JIEBOAOMbI, NOMHOCTLI0 YCTPAHAET TAXENYH KaTanencuio y Kpbic
C POTEHOH-MHAYUMPOBaHHbIM NapkuHcoHn3MoM. U3M-1556 asnsetcs Gonee GesonacHbIM CPeACTBOM, YeM JIEBOAONA, TaK
KaK yCTpaHSeT IeTaNbHOCTb KPbIC Ha NPOTSXEHUM BCEMO 3KCMEPUMEHTA, TOrAa KaK JIeBOS0NA YBENUYMBAET JIETAIbHOCTb KpbIC
K KOHLY 3KcnepuMeHTa. lpenBapuTenibHas aHecTesusi ciM3ucTon 060104KM Kenyaka 1%-HbIM IMOOKAMHOM NpaKTUYECKH
MOSTHOCTBIO YCTPAHSET NPOTUBOMAPKUHCOHNYECKYI0 aKkTMBHOCTb M3IM-1556 B nose 10 Mr/Kr 1 He BAMSET Ha NPOTUBOMAPKYUH-
COHMYECKYI0 aKTUBHOCTb N1eBofonbI B fo3e 20 Mr/Kr.

BbiBoa. Bo3MoxHO, YTo CTUMYNAUMA BarycHbIX apdepeHTOB MenyaKa JIEXUT B OCHOBE NPOTUBOMAPKUHCOHWMYECKOMO Aei-
cteus U3M-1556, Ho He neBogonbl. N3IM-1556 MoxKeT BbITb NPEANOXeH B Ka4eCTBE NOTEHLMALHOMO 3aMEHUTENSA SIEBOAONbI
y 60M1bHbIX NAPKUHCOHU3MOM, PE3UCTEHTHBIX K JEUCTBUIO IEBOLOMbI.

KnioyeBble cnoBa: NapKMHCOHU3M; poTeHOH; neBogona; N-geunntponuu; U3M-1556.

Kak uutuposatb
mupo B.E., Cepatok C.E., LLlabaHos M1.[1. CpaBHeHVe NPOTMBOMAPKUHCOHMYECKOM akTuBHOCTW N-geumnTponuHa (M3M-1556) 1 neBofombl Y KpbC C POTEHOH-
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Original study article

Comparison of the antiparkinsonian activity
of N-decyltropine (IEM-1556) and levodopa in rats
with rotenone-induced parkinsonism

Valery E. Gmiro, Sergey E. Serdyuk, Petr D. Shabanov

Institute of Experimental Medicine, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: Previously, we published a hypothesis regarding the possible role of adenosine and vagal afferents in the
mechanism of the antiparkinsonian action of N-decyltropine (IEM-1556). It lies in the ability of IEM-1556 to stimulate gastric
vagal afferents as a key link in the this mechanism.

AIM: This study is to compare the antiparkinsonian activity of IEM-1556 with the reference antiparkinsonian agent (levodopa)
during their chronic oral administration in a prophylactic regimen to rats with rotenone-induced parkinsonism.

METHODS: The antiparkinsonian effect of IEM-1556 (3 and 10 mg/kg), as well as the reference agent levodopa (10 and 20 mg/kg),
in rats with rotenone-induced parkinsonism was assessed based on the elimination of catalepsy and oligokinesia.

RESULTS: Oral administration of N-decyltropine (IEM-1556) at a dose of 10 mg/kg significantly exceeds the antiparkinsonian
activity of levodopa at a dose of 20 mg/kg, being three times more effective in reducing the number of rats with severe
oligokinesia. Additionally, unlike levodopa, IEM-1556 completely eliminates severe catalepsy in rats with rotenone-induced
parkinsonism. IEM-1556 appears to be a safer agent compared with levodopa, as it prevents rat mortality throughout the
experiment, whereas levodopa increases mortality by the end of the study. Preliminary anesthesia of the gastric mucosa with
1% lidocaine almost completely abolishes the antiparkinsonian activity of [EM-1556 at a dose of 10 mg/kg, while not affecting
the antiparkinsonian activity of levodopa at a dose of 20 mg/kg.

CONCLUSIONS: This suggests that stimulation of vagal afferents in the stomach may underlie the antiparkinsonian effect of
I[EM-1556 but not levodopa. IEM-1556 may be considered a potential alternative to levodopa in patients with parkinsonism
resistant to levodopa therapy.Oral administration of N-decyltropine (IEM-1556) at a dose of 10 mg/kg significantly exceeds the
antiparkinsonian activity of levodopa at a dose of 20 mg/kg, being three times more effective in reducing the number of rats
with severe oligokinesia. Additionally, unlike levodopa, IEM-1556 completely eliminates severe catalepsy in rats with rotenone-
induced parkinsonism. IEM-1556 appears to be a safer agent compared with levodopa, as it prevents rat mortality throughout
the experiment, whereas levodopa increases mortality by the end of the study. Preliminary anesthesia of the gastric mucosa
with 1% lidocaine almost completely abolishes the antiparkinsonian activity of [EM-1556 at a dose of 10 mg/kg, while not
affecting the antiparkinsonian activity of levodopa at a dose of 20 mg/kg. This suggests that stimulation of vagal afferents in
the stomach may underlie the antiparkinsonian effect of IEM-1556 but not levodopa. IEM-1556 may be considered a potential
alternative to levodopa in patients with parkinsonism resistant to levodopa therapy.
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MCUXOHEVPODAPMAKONO/A

BBEAEHUE

N3BecTHo, uto N-peumntponuHa xnopug (M3M-1556)
KaK Nmbepatop 3HAOrEHHOMO afleHO3MHA MPU CUCTEMHOM
1 opanbHOM BBefieHUM B 103e 1—3 MI/Kr BbI3bIBAET pa3BUTHE
aHanbresuu B pesysbTaTe CTUMYNALMW af,eHO3WH-YyBCTBU-
TeNIbHbIX BaryCHbIX adpepeHToB CU3MCTON 0B0NOYKM XKe-
nypKa [1]. 370T e MexaHu3M feicTBus Bbin NOCTYIMPOBaH
KaK ocHoBa neyebHoro addexta N3IM-1556 Ha Mogenm pac-
CeAHHOIO CK/1ep03a — JKCMEPUMEHTANTBHOM anjiepruieckoMm
sHuedanommenute [3]. PaHee Hamu bbiu onybnMKoBaHbI
KpaTKvie NpeABapuUTeNbHble JaHHbIE 0 BO3MOXHOM Ponu aje-
HO3MHa U BarycHblx addepeHTOB B MEXaHU3Me aHTUMAPKUH-
coHnyeckoro pencteua MIM-1556 [7]. CyTb npepnioxeHHOM
runoTe3bl 3aKJioyanack B cnocobHoctn M3IM-1556 ctumynu-
pOBaTb XENyAouHble BarycHble addepeHTbl KaK KiloyeBoe
3BEHO B MeXaHU3Me MPOTUBONAPKUHCOHWYECKOro AenCTBUA
npenapara.

Lienb nccnepoBaHus — cpaBHUTb NPOTUBOMAPKUHCOHM-
YeCKyl aKTMBHOCTb M3IM-1556 ¢ aTanoHHbIM npoTMBONap-
KMHCOHMYECKUM CPEACTBOM JIEBOAOMON NPY UX XPOHNYECKOM
nepopanbHOM BBefEeHUM N0 MPOGUIAKTUHECKON CXEME KPbl-
€aM C pOTEHOH-MHAYLIMPOBAHHBIM MapKUHCOHU3MOM.

B oToenbHOM cepuu  3KCMEpUMEHTOB WCCNeAOBaHUe
N3IM-1556 n nesoponbl NPoBOAMNIOCH B YCOBUAX NpeaBa-
PUTENLHOM aHecTe3nn CU3UCTON xenyaka 1% nuaoKauHoM
LN BbISIBNIEHUA PONM KenyaouHbIX addepeHToB B pasBuTUM
MPOTMBONAPKMHCOHMYECKMX 3 derToB NIM-1556 n nesogonbl.

METOAWKA UCC/IEAOBAHUA

[pOTMBONAPKMHCOHMYECKOE M HEMPOMPOTEKTOPHOE Leu-
CTBWe BELLECTB UCCEAO0Ba/IM HA MOLENN POTEHOH-UHAYLM-
POBaHHOIO MapKMHCOHM3Ma Y Kpbic [2, 5, 15].

BsedeHue pomeHoHa. Wicnonb3oBanu pactBop poTEHOHa
B pacteopuTene (OMCO: murnnon 812N B cooTHoweHun 2 : 98)
B KOHUeHTpauum 2,3 mr/mn. KaxpoMy XUBOTHOMY BBOAWITH
0,2 mn pacTBopa poteHoHa: Ao3a 0,46 Mr Ha 1 uMBOTHOE Mac-
coit 200 £ 20 1, 1. e. 2,3 Mr/Kr. PacTBOp poTEHOHa BBOAMIU
BHYTpWOptoLLMHHO (B/0p) 1 pa3 B neHb B TeueHue 19 gHei [5].
TectupyeMmoe BewectBo U3M-1556 B pose 3 u 10 Mr/kr,
3TaNoHHOe MPOTUBONAPKMHCOHNYECKOE CPencTBo NieBoAony
(10 1 20 Mr/kr), a Takke avctunampoBatHyto Bogy (1,0 mn,
KOHTPONb pacTBOpUTENs) BBOAWIM MO MPodUNaKTUHECKON
CXeMe, NepopanbHO, ECTKUM MEeTaNIMYeCKUM 30HLOM,
exeaHeBHo, B TeueHue 19 oHeid, 3a 45 MMH [0 BBedeHUS
poTeHoHa. JleBonony BBOAMIM B KOMOMHaLMKM ¢ beH3epasu-
L0M (neputepnuyeckuM MHrMbMTOpoM fodafeKapboKcunasbl)
B COOTHOLUEHWM 4 : 1 ans yMeHbLUeHWs NobouHbIx 3ddeKToB
N1eBOAOMbI, CBA3AHHbIX CO CTUMYNALMEN Nepudepuyeckux fo-
(haMMHOBBLIX peLenTopoB [4].

[pomusonapkurcoHuyeckoe delicmeaue NIM-1556, a Tak-
e npenapara cpaBHeHWS NIEBOAObI Y KPbIC C POTEHOH-MHAY-
LMPOBaHHBIM MapKUHCOHM3MOM OLIEHWBANN M0 YCTPaHEHMIO
KaTanencum 1 ofIMroKMHE3WM.
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YempaHerue kamanencuu. Katanencuio y Kpbic onpefe-
NANM N0 BPEMEHWN UIMMODMU3ALIMM MBOTHOTO (C), MOMELLEH-
HOrO Ha MEJIKOSUENCTYIO CETKY oA YoM B 45°. Makcumanb-
Has KaTanencus y KpbIC PerucTpupyeTcs B Cliy4ae Mx MosiHou
MMMOobMM3aLUmMm Ha ceTke B TedeHne 120 ¢ HabnopeHus.

BennunHy katanencum oueHuBanu B bannax: 3 6an-
na — wuMmobunusauma aamtensHoctero ot 80 ¢ o 120 c,
2 banna — ummobunusauma pautenbHocTbio ot 40 o 70 c,
1 6ann — mMMobunusaumsa pamtensHocTbio oT 20 oo 35 c,
0 6annoB — mmmobunusaumsa Menblue 20 c. Peructpaumio
KaTanencum y KpbiC NPOBOAMIM exefHeBHO Yepe3 180 MuH
nocre BBEAEHNSA poTeHOHa. [N Kax oo 403kl Mcciegyemoro
BeLLeCTBa B rpynne 13 6—8 KpbiC exeHEBHO, B TeYeHWe Bce-
ro BpeMeHM HabtofieHNs onpeaensiv YACTIO KPbIC C TAXKENON
Katanencuen (2—-3 6anna) B % ot 06LUEr0 KONMUYECTBA KPbIC
B rpynne.

[lna KONWYECTBEHHONM OLIEHKM aHTMKaTanenTUYecKo-
ro Aeicteus Belect Ha 12-i u 19-i AeHb 3KcnepuMeHTa
OMpeLensnyu YMeHbLLEHUE YMCNA KPbIC C TAKENOW KaTanen-
cuent (2—-3 6anna) B % No CpaBHEHMIO C KOHTPOSILHOM rPyNMon
(KT, BHyTpUKENynKoBoe (B/)K) BBEAEHWE AUCTUIMPOBAHHOM
BOAbI).

Yemparenue onuzoxuHe3uu. ONUIOKVHE3MIO Y KpbIC Onpe-
LENSIU M0 YMEHBLLEHWUH ABUraTeNbHOMA aKTUBHOCTU B TECTe
«OTKPbITOE Mojie». JMBOTHbIX MOMELLANM B LiEHTP KBafpart-
HOro ocBeLLeHHoro noss (1x1 M) U B TeueHue 3 MUH peru-
CTpUpPOBaNM CyMMapHOe BpeMs Xofbbbl (ropu3oHTanbHas
aKTUBHOCTB), YACNO BCTaBaHWUiA Ha 3afHue Nnanbl (BepTUKanb-
Has aKTMBHOCTb). PerucTpaumio ropusoHTanbHOM M BEpTU-
KanbHOW ABMraTefibHOM aKTMBHOCTW NpoBoauIM B 1-i AeHb
Ons oTbopa KpbIC C BbICOKOW JIOKOMOTOPHOM aKTUBHOCTbH)
(cymmapHoe Bpems xoabbbl He MeHee 12 ¢ u uncno BepTu-
KaNlbHbIX CTOEeK He MeHee 4) 3a 60 MuH po 1-ro BBegeHus
poTeHoHa. [lns BbIABNEHWUA POTEHOHOBOW OJIMTOKUHE3UU BM-
raTesibHyl aKTMBHOCTb B TECTE «OTKPLITOE MOMe» UCCeRo-
BaJIM NMOBTOPHO Yepe3 2 Y Nocsie BBEAEHUA POTEHOHA Ha 12-#
1 19-1 LeHb 3KCNepUMEHTa.

KonuuecmeerHas oueHka onu2oKkuHesuu 8 basnax:

0 6annoB — BbICOKas rOpU30HTaNbHas aKTUBHOCTb (CyM-
MapHoe BpeMs xoab0bl bonee 12 ¢) 1 BbICOKas BepTUKabHas
aKTUBHOCTb (4MCNO BEpTUKaNbHBIX CToek — bornee 3).

1 6ann — yMeHbLUEHWE TOPU3OHTANBHOW AKTUBHOCTM
(cymmapHoe Bpems xopbbbl — 7-11 ¢) 1 yMeHbLLeHWe Bep-
TUKa/IbHOM aKTUBHOCTM (Y1CN0 BEPTUKANbHBIX CTOEK — 1-3).

2 banna — 3HAUMTENLHOE CHUXEHWE TOPU3OHTANIbHOM
aKTMBHOCTM (CyMMapHoe BpeMs Xoabbbl — 2—6 ) U oT-
CYTCTBME BEPTUKANbHOW aKTUBHOCTM (YMCNO BEPTUKANbHBIX
cToek — 0-1).

3 banna — oTCyTCTBME TFOPU3OHTANbHOW AKTUBHOCTM
(cymmapHoe BpeMs xoabbbl — 0-1 ¢) W oTcyTCTBME BEpTU-
KaNibHOM aKTUBHOCTM (YMCNO0 BEpTUKaNbHbIX cToek — 0).

[ins KaxpoW [o3bl McciedyeMoro BeliecTBa B rpynne
u3 6-8 Kpbic yepe3 120 MMH mocne BBEAEHUS POTEHOHa
Ha 12-1 1 19-1 aeHb 3KCNepUMeHTa Onpesensnv Lo KpbiC
C TAXENOoW onurokuHesuen (2-3 b6anna) B % ot obuiero
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KO/IM4YeCTBa KpbIC B rpynne. [119 KONMYECTBEHHOW OLEHKM
YCTPaHEHWUSN OJIMrOKMHE3NMN Ha 12-1 1 19-i AeHb 3KcnepuMeH-
Ta onpeAensiv yMeHbLLEHWE SO KPbIC C TAXKENOW ONIMTOKM-
Hesueit (2-3 6anna) B % no cpasHenuio ¢ KI' (B/ BBeaeHue
AVCTUNIMPOBAHHOW BOAbI).

CnocobHoCTb BeLLECTB YCTPaHATb HecneLmuduyecKoe Hew-
POTOKCMYECKOE AEMCTBUE POTEHOHA OLEHMBANM MO YMeHb-
WEHW0 NEeTaNbHOCTM, BbI3BaHHOW POTEHOHOM, Ha 12-i
n 19-i peHb 3kcnepumenTa. besonacHocTb npoTuBonap-
KMHCOHWYECKOr0 AEiCTBUA BELLECTB OLEHWBanM Mo pocTy
neTanbHocTU K 19-My [HI0 BBEAEHMS POTEHOHA MO CpaBHe-
Huto ¢ KI.

[na BbiAcHeHMs ponn addepeHToB CM3KUCTON 000/104-
KN XenyaKa B pasBUTUM MPOTUBOMAPKMHCOHWYECKOTO Aei-
cteua M3IM-1556 v nesogonbl Ha 22-# OeHb 3KCMEPUMEHTa,
3a 30 MMH 10 TECTMPOBAHMS NPOBOAMIIN AHECTEIUHO CIIU3UCTON
enyaka nyTeM B/ BeeneHus 1% (1 Mn) pacTBopa iMaoKanHa.
3T0i4 rpynne KpbiC POTEHOH MPOAOIMKAU BBOAMTL MO BbILLE
0MMCaHHOM cxeMe [0 22-1o iHSA 3KCNepUMEHTa BKITIOUUTESTBHO.

TectupyeMoe coeguHeHve N-AeuunTponuH Xnopug
(M3M-1556) cuHTesupoBaHo B MHCTUTYTe 3KCMepUMeHTab-
HoW MeauumHbl (CaHkT-lleTepbypr). 3TanoHHLIA NPOTUBO-
NapKUHCOHWYECKUIA NpenapaT CpaBHEHUS NIeBOLONaA, a TaK-
e beHcepasup, nonyyeHbl ot dupMbl Sigma, CLUA. laHHble
OMbITOB CTAaTUCTUYECKW 06paboTaHbl € UCMOb30BaHWEM TeCTa
Ouwwepa ans oLeHKM AOCTOBEPHOCTM Pasinims MeXAY JoNeid
KPbIC C TAXENON KaTanencuei, 0IMroKMHe3Nei U neTanbHo-
CTbIO B KOHTPOJbHO M TECTUPYEMOI Fpynnax.

PE3Y/IbTATbI U OBCYXXAEHUE

PoTeHOH-UHAYLMPOBaHHBIA NapKUHCOHU3M Y KPbIC CYMTa-
eTcs 06LLenpuHATON aHUManbHON MOLENbI0 NapKUHCOHM3Ma
ANS UccnefoBaHnsa HoBbIX Bellects [2, 4, 5, 15]. Kak sua-
HO M3 Tabnuubl 1, xpoHuyeckoe (B TeueHne 19 oHen) BBe-
AieHne poTeHoHa B fo3e 2,3 Mr/kr, B/6p, Bbi3blBaeT Ha 12-i
1 19-i feHb 3KCnepuMeHTa pasBUTME TAKENOW KaTanencuu
(2-3 banna) cootBeTCTBEHHO Y 72 M 58% KpbIC KOHTPOSLHOVA
rpynnbl (/X BBEAEHME AUCTUANMPOBaHHOW Bogbl C 1-ro
no 19-i feHb 3a 45 MUH [0 BBEAEHMS POTEHOHA).

Y 100% kpoic KI' Habnopanack TsxKenas ONMMOKMHE3Ws
(2-3 banna) Ha 12-1 n 19-i feHb 3KcnepuMeHTa, y 28%
Kpbic KI BbisiBneHa neTanbHOCTb Ha 19-i feHb 3KCcnepuMeH-
Ta (cM. Tabn. 1).

JleBogona npu XpoHWYECKOM MepopanbHOM BBELEHUM
B fio3e 10 Mr/Kr Ha 19-i fieHb 3KCNepuMeHTa HE3HAUYUTENBHO,
mwb B 1,4 pa3a, YMeHbLUAET YNCNO KPbIC C TAXENOI KaTa-
nencueii no cpaBHeHuto ¢ KI, HO He YMeHbLLAET YMCHO Kpbic
C TSKENON ONIMrOKMHE3NEN U NIeTaNbHOCTBIO (CM. Tabs. 1).

JleBogona npu XpOHUYECKOM NepopanbHOM BBEAEHMM
B fo3e 20 Mr/kr Ha 12-1 u 19-i BeHb aKcmepuMeHTa cyb-
MaKCWUMaJIbHO, B 5—6 pa3 YMeHbLUIAET YHUCIIO KPbIC C TAXKENON
Katanencuen no cpasHeHnto ¢ KI' (p < 0,05), B 2,3 1 1,8 pasa
COOTBETCTBEHHO YMEHBLUAET YMCNO KPbIC C TAXKENON ONK-
TOKMHE3WEH, HO HE YMEHbLUAET YUCNO KPbIC C NETasbHbIM
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ucxonoM no cpaBHenmio ¢ KI Ha 12-i n 19-i geHb 3kcnepu-
MeHTa. CnepoBartensHo, nesogona B fose 20 Mr/kr Ha 12-i
u 19-1 LeHb 3KCNepUMeHTa Bbi3blBaeT CyOMaKCUManbHbIi
MPOTMBONAPKUHCOHMYECKU 3ddeKT. BaxHo oTMeTUTL yBe-
JIMYEHUe NIETaNbHOCTM KpbiC Ha 19-1 [eHb 3KcnepuMeHTa
no 28% no cpasHenuio ¢ 0% Ha 12- AeHb 3KCNEpUMEHTa,
YTO CBUAETENbCTBYET O HELOCTaTO4HOM BesonmacHocTW npu-
MEHEHMS NIEBOAONbI B YKa3aHHBIX [03aX.

M3M-1556 npu XpoHM4ECKOM nepopanbHOM BBELEHWUM
B [03e 3 Mr/Kr Ha 12-i 1 19-1 AeHb SKCNepUMeHTa COOTBET-
CTBEHHO B 5 1 2,2 pa3a YMEeHbLLAET YUCIO0 KPbIC C TAXENON
Katanencuen no cpasHeHnto ¢ KI' (p < 0,05), Ho npaktnye-
CKW He YMEHbLUAET YUCNIO KPbIC C TSKEON ONIMIOKWHE3Mel
1 YNCII0 KpbIC C NeTanbHOCTbiO Ha 12-1 u 19-i peHb 3kcne-
puMeHTa (cM. Tabn. 1). CnegoBatenstHo, M3M-1556 B pose
3 Mr/Kr Ha 12-11 1 19-i1 feHb 3KCNepUMEHTa Bbi3bIBaeT yMe-
PEHHbIA, HO [OCTOBEPHbIA aHTUKaTanenTUYeckuin addexT,
HO He YMEHbLUAET OJIUFOKWHE3NUM W NETaNbHOCTU Y KpbIC
C POTEHOH-WUHAYLMPOBAHHBLIM NAPKUHCOHU3MOM.

M3M-1556 npu XxpoHM4ECKOM nepopanbHOM BBELEHWUM
B fo3e 10 Mr/kr Ha 12-# u 19-i BeHb 3KcmepuUMeHTa non-
HOCTbH) YCTPAHSAET TSKENYI0 KaTanencuio y KpbiC, a TaKKe
B 3—-4 pasa YMeHbLLAET YNCNO KPbIC C TAXKENO0W ONIMIOKMHE-
3ueit (p < 0,01, cM. Tabn. 1). U3M-1556 B yKasaHHOM Ao3e
MOJTHOCTBH YCTPAHSET NETaNbHOCTb KpbIC Ha 19-1 AeHb 3Kc-
nepumenTa (p < 0,05, cM. Tabn. 1). CnegosatensHo, U3IM-1556
B Ao3e 10 Mr/kr Ha 12-1 1 19-i fAeHb 3KCNEPUMEHTA BbI3bl-
BAeT MaKCMMasibHbIA NPOTUBONAPKUHCOHWYECKUIA 3 EKT,
B 2-3 pasa npeBOCXOASALIMA MPOTUBONAPKUHCOHNYECKMI
atddeKT neBogonbl. BaxHo 0TMETUTb ycTpaHeHWe NeTabHo-
CTW KpbIC Ha 19-# AeHb 3KCNepUMEHTa, YTO CBUAETENLCTBYET
0 6e3onacHocTn npumeHenna M3IM-1556 B yKasaHHoOM ao3e.

Pe3ynbTaTbl MCCNeAoBaHUIA CBUAETENLCTBYT O TOM,
yto N3IM-1556 npu nepopansHom BeeaeHUM B Ao3e 10 Mr/kr
CYLLECTBEHHO NPEBOCXOAMT MO MPOTUBONAPKMHCOHMYECKOMH
aKTMBHOCTU NneBogony B fo3e 20 Mr/Kr, Tak Kak B 3 pasa
CUNbHee, YeM J1eBOL0Na, YMEHBLLIAET YMCII0 KPbIC C TAXKENO
OJIFOKMHE3NEN, A TaKXkKe, B OTIYME OT JIEBOAOMbI, MOJHO-
CTbIO YCTPAHAET TAKENYI0 KaTanencuio Y KpbiC C POTEHOH-
MHAYUMPOBaHHbIM NapKuHcoHu3MoM. M3M-1556 npepncras-
nset cobon bonee besonacHoe cpeacTBo, HYEM NIEBOAONA, TaK
KaK YCTpaHSeT NIeTanbHOCTb KPbIC Ha MPOTAXKEHWUW BCETO 3KC-
NepuMeEHTa, TOrAa KaK NeBOAONa YBESIMYMBAET NIETaNbHOCTb
KPbIC K KOHLLy 3KCMepuMeHTa.

B mocnegHue rofpbl nMokasaHa BaHas pojib NepPBUYHOM
[ereHepaLuy HeyipoOHOB racTpPO3HTEPabHOW HEPBHOM CU-
CTeMbl U 0cnabneHns Xenyao4Hoi BarycHoi apdepeHTaumuu
B Pa3BUTUM POTEHOH-MHAYLMPOBAHHOMO MAPKUHCOHWU3MA
[10—-12]. Hamu ycTaHOBNEHO, YTO NPeABapUTEIbHAA aHeCTe3ns
CIM3MCTON 000M10YKM XenyaKa 1% NMaoKaMHOM Ha 22- ieHb
3KCMEPUMEHTA He BAMSAET Ha NPOTMBONAPKUHCOHMYECKUE 3¢-
dekTbl neBofonbl B Ao3e 20 Mr/Kr, HO NPAKTUYECKM MOSHO-
CTbH0 YCTpaHSieT MPOTUBOMAPKUHCOHUYECKYID aKTUBHOCTb
N3IM-1556 B po3e 10 Mr/Kr, Tak Kak yBenMYMBaeT YuCNO
KpbIC ¢ Taxenon Katanencueid ¢ 0 no 62%, a umcno Kpbic
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Tabnuua 1. WccnenoBaHue XpoHUYECKOro MPOTMBOMApKMHCOHMYecKoro Aeicteus M3M-1556 u nesojonbl Ha Mofenu pPOTEHOH-

MHAYUNPOBAHHOIO NapKUHCOHMU3Ma Y KpbIC

Table 1. Study of Chronic Antiparkinsonian Effects of IEM-1556 and Levodopa in the Rotenone-Induced Parkinsonism Model in Rats

[ons Kpeic ¢ TAXeNoi Dons Kpeic ¢ TAXenoi [ons netanbHbIX cnyyaes
llosa, KaTanencuen* ot obuiero O/IMroKMHEe3Uel** oT obliero | ot obLuero KonmyecTa Kpbic
Bewectso BHYTPUXXENYAKOBOE | koniuyecTBa Kpbic B rpynne, % | KonuuyectBa Kpbic B rpynne, % B rpynne, %
BBEAeHUe
12-1 peHb 19-% peHb 12-1 peHb 19-% peHb 12-1 peHb 19-1 peHb
Boma puctunampo- - 72 58 100 100 0 28
BaHHas (KOHTPOJIb)
M3IM-1556 3 Mr/kr 14 28' 86 86 14 14
10 Mr/kr 02 02 37 24 0 0
MIM-1556 10 Mr/Kkr + nupo- - 62*** - 88*** - 2%
KauH 1%
JleBoaona 10 Mr/kr 32 4L8 88 100 28
20 Mr/kr 14! 14 42! 57 28
JleBopona 20 Mr/Kkr + nupo- 147+ - 727 - 28***
KauH 1%

pumeyarue. * InutenbHoCTb MMMObMIM3aLMK Ha ceTke He MeHee 40 c; ** CyMMapHoe BpeMs xofb0bl B TeCTe «OTKpbITOe none» He Gonee 6 c,
UMCIO BEPTUKANbHBIX CTOEK He Bonee 2; *** 22-1 fieHb aKcnepuMenTa; ' p < 0,05 no cpaBHEHMIO ¢ KOHTPONbHOM rpynnoit; 2 p < 0,01 no cpaBHeHuio

C KOHTPOJILHOM Fpynmon.

Note. * Duration of immobilization on the grid for at least 40 s; ** Total walking time in the open field test not exceeding 6 s, with no more than
2 vertical stands; *** Day 22 of the experiment; ' p < 0.05 compared to the control group; 2 p < 0.01 compared to the control group.

C TSKENOW 0NMroKuHesuen ¢ 24 fo 88% (cM. Tabn. 1). Kpome
TOro, NpeABapUTeNIbHOE B/ BBELEHWE NIMOOKaUHA YBENU-
UMBAET NETANbHOCTb KPbIC Ha 22-W AeHb 3KcnepuMenTa ¢ 0
00 24%. Bo3MOoXHO, 4TO CTUMYNALMS BarycHbx addepeHToB
JKeNnyaKa NeXuUT B 0CHOBE NMPOTUBOMAPKUHCOHUYECKOTO feii-
cteua U3IM-1556, Ho He neBoaonMbI.

PaHee Hamu Obino nokasaHo [7], YTO MaKCWUMarbHbIiA
aHanbresvpytowmii apdext NIM-1556 obycnosneH coveta-
HWEM €ero LeHTPanbHOr0 H-X0NMHOBNOKMpYLoLLEero 1 nepude-
PUYECKOr0 Baryc-CTUMyNMpYtoLLero aeictems. Mo-BuanMomy,
He TOJIbKO BbICOKAs aHanbreavpyioLLas, Ho U MPOTMBONAPKMH-
COHMYECKasa aKTUBHOCTb 0bObAcHseTcA TeM, yto MIM-1556
He TOJbKO ONIOKMpYET H-XONMMHOpeLenTopbl, HO U AOMOJHU-
TeNbHO CTUMYNMpYeT cybanadparmancHble BarycHble adde-
PEHTBI.

BbIBOAbl

Mol nonaraeM, yto N-geuuntponud (U3M-1556) sBna-
€TCA NepBbIM MPeACTaBUTENIEM HOBOMO Knacca NpoTMBO-
NapKUHCOHUYECKMX BellecTs, obnapatolmx KoMOUHUpO-
BaHHbIM H-XONIMHODNOKUPYIOLLMM W Baryc-CTUMYNMPYIOLLMM
LeicTBuEM.

AOMO/IHUTE/IbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbI BHEC/IM CYLLECTBEHHBIN BK/1a[ B pas-
PaboTKy KOHLENUMW, MPOBEEHMEe WCCIEeAoBaHWs U MOArOTOBKY
CTaTbM, MPOYSIM 1 0A0bpUIM GUHaNbHYID Bepcuio nepen nybnvka-
umen. Bknag kaxporo astopa: B.E. TMMpo — cuHTe3 U3M-1556,

HanucaHWe cTaTby, aHanm3 gaHHblx; C.E. Cepalok — BbiNOAHeHWe
dapMakonormyeckon Yactn uccnegosanms; 1./, LLabaHos —
peLieH3MpoBaHMe CTaTby, pa3paboTka 0bLLei KOHLENUmm.
KoHdnuKT nHTepecoB. ABTOpbI [EKIApUpYIOT OTCYTCTBME SABHBIX
W NOTEHUMANbHBIX KOH(IMKTOB MHTEPECOB, CBA3aHHBIX C MybnvKa-
LiMer HacToALLEN CTaTby.

UcTouHunk dmHaHcupoBaHus. VccneoBaHyve BbINOMHEHO B paMKax
rocynapCTBeHHOro 3aaaHms MuHobpHaykm Poccumn FGWG-2025-0020
«[TonCK MONEeKynApHbIX MULLIEHe AN1s (apMaKONorMyecKoro Bo3-
JENCTBMA NPU aAaMKTVBHBIX M HEMPO3HLOKPUHHBIX HapyLIEHUsX
C LeNblo Co3MaHNs HOBbIX (hapMaKONOTMYECKM aKTVBHBIX BELLIECTB,
pevcTayloLLmx Ha pelentopbl LHC».

ADDITIONAL INFORMATION

Authors contribution: Thereby, all authors made a substantial
contribution to the conception of the study, acquisition, analysis,
interpretation of data for the work, drafting and revising the article,
final approval of the version to be published and agree to be
accountable for all aspects of the study.

The contribution of each author: V.E. Gmiro, synthesis of IEM-1556,
writing of the article, data analysis; S.E. Serdyuk, implementation of
the pharmacological part of the study; P.D. Shabanov, review of the
article, development of the general concept.

Competing interests: The authors declare that they have no
competing interests.

Funding source: The study was carried out within the framework
of the state task of the Ministry of Education and Science of Russia
FGWG-2025-0020 “Search for molecular targets for pharmacological
action in addictive and neuroendocrine disorders with the aim of
creating new pharmacologically active substances acting on CNS
receptors.”

DOI- https://doiorg/ 10.17816/phbne53995



PSYCHONEUROPHARMACOLOGY

CMACOK JIUTEPATYPbI | REFERENCES

1. Gmiro VE, Serdyuk SE. Comparative study of analgesic effect of
n-decyltropine (IEM-1556), adenosine and mecamylamine. Russian
Journal of Physiology. 2017;103(10):1106—1113. EDN: ZIXHBP

2. Grigoryan GA, Bazyan AS. Experimental models of Parkin-
son’s disease in animals Advances in Physiological Sciences.
2007;38(4):80-88. (In Russ.) EDN: HFULAT

3. Abdurasulova IN, Matsulevich AV, Serdyuk SE, et al. Comparative
study of the influence of IEM-1556 and glatiramer acetate
(Copaxan) on the severity of neurologic disorders and the duration
of experimental allergic encephalomielitis in the rats. J Multiple
Sclerosis. 2018;5(1):1-3. doi: 10.4172/2376-0389.1000217

4. Alam M, Schmidt WJ. L-DOPA reverses the hypokinetic
behaviour and rigidity in rotenone-treated rats. Behav Brain Res.
2004;153(2):439-446. doi: 10.1016/.bbr.2003.12.021

5. Cannon JR, Tapias V, Na HM, et al. A highly reproducible rotenone
model of Parkinson’s disease. Neurobiol Dis. 2009;34(2):279-290.
doi: 10.1016/j.nbd.2009.01.016

6. Fleming SM, Zhu C, Fernagut PO, et al. Behavioral and immuno-
histochemical effects of chronic intravenous and subcutaneous infu-
sions of varying doses of rotenone. Exp Neurol. 2004;187(2):418-429.
doi: 10.1016/j.expneurol.2004.01.023

7. Gmiro VE, Serdyuk SE. New innovative drug for the treatment
of Parkinson's disease, epilepsy and chronic pain, with a combined
n-Cholinolitic, Adenosine-releasing and vagal-stimulating activity.
J Pharm Drug Deliv Res. 2016;5(4S):81

8. Lin CH, Huang JY, Ching CH, et al. Melatonin reduces the neuronal
loss, downregulation of dopamine transporter, and upregulation of

Ob ABTOPAX

*Banepwuii EBreHbeBuy IMMpo, KaHA. XMM. Hayk;

anpec: Poccus 197022, CaHkt-letepbypr, yn. AkaneMvka
Masnosa, . 12; ORCID: 0000-0002-2093-8552;

eLibrary SPIN: 1526-2154; e-mail: gmiro2119@gmail.com

Cepreii EBreHbeBuy Cepplok, KaH[. Me[. HayK;
e-mail: serdyuk1953@gmail.com

Netp Amutpuesny LWabaHos, a-p Mes. Hayk, npodeccop;
ORCID: 0000-0003-1464-1127; eLibrary SPIN: 8974-7477;
e-mail: pdshabanov@mail.ru

* ABTop, 0TBeTCTBEHHbIV 3a nepenucky / Corresponding author

Vol 16 (1) 2025

Psychopharmacology and biological narcology

D2 receptor in rotenone-induced parkinsonian rats. J Pineal Res.
2008;44(2):205-213. doi: 10.1111/j.1600-079X.2007.00510.x

9. Mercuri NB, Bernardi G. The ‘magic’ of L-dopa: why is it the
gold standard Parkinson’s disease therapy? Trends Pharmacol Sci.
2005;26(7):341-344. doi: 10.1016/j.tips.2005.05.002

10. Pan-Montojo F, Anichtchik 0, Dening Y, et al. Progression
of Parkinson’s disease pathology is reproduced by intragastric
administration of rotenone in mice. PLoS One. 2010;5(1):e8762.
doi: 10.1371/journal.pone.0008762

11. Pan-Montojo FJ, Funk RH. Oral administration of rotenone
using a gavage and image analysis of alpha-synuclein inclu-
sions in the enteric nervous system. J Vis Exp. 2010;(44):2123.
doi: 10.3791/2123

12. Phillips RJ, Walter GC, Wilder SL, et al. Alpha-synuclein-
immunopositive myenteric neurons and vagal preganglionic terminals:
autonomic pathway implicated in Parkinson'’s disease? Neuroscience.
2008;153(3):733-750. doi: 10.1016/j.neuroscience.2008.02.074

13. Rascol 0, Lozano A, Stern M, et al. Milestones in Parkin-
son’s disease therapeutics. Mov Disord. 2011;26(6):1072-1082.
doi: 10.1002/mds.23714

14. Wu YN, Johnson SW. Dopamine oxidation facilitates rotenone-
dependent potentiation of N-methyl-D-aspartate currents in rat sub-
stantia nigra dopamine neurons. Neuroscience. 2011;195:138-144.
doi: 10.1016/j.neuroscience.2011.08.041

15. Yang Y, Liu X, Ding JH, et al. Effects of iptakalim on rotenone-
induced cytotoxicity and dopamine release from PC12 cells. Neurosci
Lett. 2004;366(1):53-57. doi: 10.1016/j.neulet.2004.05.009

AUTHORS INFO

Valery E. Gmiro, Cand. Sci. (Chemistry);

address: 12 Akademika Pavlova str.,, Saint Petersburg, 197022,
Russia; ORCID: 0000-0002-2093-8552; eLibrary SPIN: 1526-2154;
e-mail: gmiro2119@gmail.com

Sergey E. Serdyuk, MD, Cand. Sci. (Medicine);
e-mail: serdyuk1953@gmail.com

Petr D. Shabanov, Dr. Sci. (Pharmacology), Professor;
ORCID: 0000-0003-1464-1127; eLibrary SPIN: 8974-7477,
e-mail: pdshabanov@mail.ru

DOl https://doiorg/ 10.17816/phbn653995


https://elibrary.ru/zixhbp
https://elibrary.ru/hfulat
https://doi.org/10.4172/2376-0389.1000217
https://doi.org/10.1016/j.bbr.2003.12.021
https://doi.org/10.1016/j.nbd.2009.01.016
https://doi.org/10.1016/j.expneurol.2004.01.023
https://doi.org/10.1111/j.1600-079X.2007.00510.x
https://doi.org/10.1016/j.tips.2005.05.002
https://doi.org/10.1371/journal.pone.0008762
https://doi.org/10.3791/2123
https://doi.org/10.1016/j.neuroscience.2008.02.074
https://doi.org/10.1002/mds.23714
https://doi.org/10.1016/j.neuroscience.2011.08.041
https://doi.org/10.1016/j.neulet.2004.05.009
https://orcid.org/0000-0002-2093-8552
https://www.elibrary.ru/author_profile.asp?spin=1526-2154
mailto:gmiro2119@gmail.com
https://orcid.org/0000-0002-2093-8552
https://www.elibrary.ru/author_profile.asp?spin=1526-2154
mailto:gmiro2119@gmail.com
mailto:serdyuk1953@gmail.com
mailto:serdyuk1953@gmail.com
https://orcid.org/0000-0003-1464-1127
https://www.elibrary.ru/author_profile.asp?spin=8974-7477
mailto:pdshabanov@mail.ru
https://orcid.org/0000-0003-1464-1127
https://www.elibrary.ru/author_profile.asp?spin=8974-7477
mailto:pdshabanov@mail.ru

HAYYHEI 0B30P Tom 16, N2 12025 [NcrxodapMaKonoris v DVONOrMYECKas HapKONor s
DOI: https://doi.org/10.17816/phbn6é42078

MepcnekTuBbl hapMaKoNorMyeckom perynsaumm
¢u13nonormyeckux MexaHM3MoB ajantaLum
npu LepebpoBacKyNAPHON HeL0CTAaTOYHOCTH

B.E. HoBukos, E.B. lMoxunosa, H.3. Ycauesa, K.[l. 3arHet

CMOMEHCKUI rocyaapCTBeHHbIN MeauLMHCKMIA yHuBepeuTeT, CMoneHcek, Poccus

AHHOTALIMA

Mpu LepebpoBacKyNAPHOI HeLOCTaTOMHOCTM HEMpOMNpOTEKTUBHAS (apMaKoTepanus NPOBOAMTCS MO ABYM CTpaTernyeckuM
HanpaBneHuaM: bnokaga NatoPuU3MONOrMYecKUX peakLmMii MLIEMUMYECKUX KacKafoB W MOBbLILLEHWE TONEPaHTHOCTW Helpo-
HOB Mo3ra K MweMumn/runokeun. Takoi noaxod K dapMaKoTepanuy NauMeHToB C ULIEMUYECKUMM NOPAXKEHWUSMMU FOIOBHOTO
Mo3ra — 3anor 3QdeKTMBHOW HerponpoTekuun. Papmakonormyeckas bnokafa WHAYLMPOBaHHBIX MLleMWel natodusno-
NOTUYECKUX PeaKLMN [OCTUraeTcs NPUMEHEHUEM NIEKAPCTBEHHBIX CPEACTB, BO3LENCTBYIOLLMX HA NATOreHETUYECKUE MULLe-
HW B [MHAMMWKe MLLEMUYECKOro NpoLecca, YTo no3BonseT 6MoKUpoOBaTh pa3BUTUE HEMPOTOKCUYECKUX IDMEKTOB U CHU3UTbL
BEPOATHOCTb PYHKLMOHANBHBIX U CTPYKTYPHBIX U3MEHEHMI B HelpoHax. 0bcypatoTcs nepcneKTuBbl GpapMaKoTepanum Le-
pebpoBacKynApHO/A HefoCTaTOHHOCTU MYTEM aKTMBALMKM 3HAOTEHHbIX MeXaHM3MOB afjanTaumn. AHanusupyloTcs pesynbrarhl
COBCTBEHHBIX MCCNE0BaHWA U AaHHBIX MTEPATYphI MO M3y4eHMIo 3POEKTUBHOCTU M B6e30MacHOCTV NPUMEHEHMUS Pa3fIUYHbIX
(apMaKoTepaneBTMHECKUX CPEACTB, HEMPONPOTEKTUBHBINA 3QEKT KOTOpbIX 06YCIOBNEH aKTVUBaLMENH GU3MONOTMYECKUX MeXa-
HWU3MOB afanTaLuW KNeToK K uweMumn/runokeuu. MpeacTtasneHo dapMakoTepaneBTUYeckoe 000CHOBaHWe Bbibopa M hapMa-
KOOMHaMMKa CPeACTB ANs CTUMYNALMM BU3MONOrUYECKMX MEXaHN3MOB HEMPONPOTEKLMK (MpoLiecchl HEMPOTPOGUKY U Helipo-
MacTM4HOCTM). HelponpoTekTUBHAA (apMaKoTepanua KaKk Npy OCTPbIX HapyLUEHWAX MO3rOBOr0 KPOBOOOpaLLEHMs, TaK U Npy
XPOHUYECKON LiepebpoBacKynsApHON HefoCTaTouHOCTU A0MKHA ObiTb KOMOMHUPOBAHHOMW M HaMPaBNeHHOW He TONBKO Ha bro-
Kafly NaToNiorMyeckmx peakumuil ULLIEMMYECKOTO KackaZa, Ho M Ha aKTVUBaLMI0 3HAOreHHbIX MeXaHW3MOoB afanTaumu. Boibop
NeKapCTBEHHbIX CPELACTB ANS peann3aumy Lienei GapMaKonorMyeckomn HeliponpoTeKLmMmn NyTeM aKTUBaLMW (U3MONOTMYECKUX
MeXaHW3MOB afianTaLum 3aBUCUT OT Nepuosa HeliponpoTeKLMM M NpeanonaraeMblX MULLEHEN 1S papMaKoNnoruiyeckoro Bo3-
LelicTBuS.

KnioueBble cnoea: viieMuUsi roflOBHOMO MO3ra; LI,EPEGPOBHCKYJ'IFIPHBFI He0CTaTO4YHOCTb; d)apMaKOHOFVI‘-IECKaFI HEVIPOI'IPOTEK—
uns; d)M3M0ﬂOFI/1‘-IECKMe MeXaHU3Mbl apanTauui.
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Prospects of pharmacological regulation of physiological
adaptation mechanisms in cerebrovascular insufficiency

Vasiliy E. Novikov, Elena V. Pozhilova, Natalia E. Usacheva, Ksenia D. Zagnet

Smolensk State Medical University, Smolensk, Russia

ABSTRACT

In cerebrovascular insufficiency, neuroprotective pharmacotherapy is usually carried out in 2 strategic directions: blockade of
pathophysiological reactions of ischemic cascades and increase in the tolerance of brain neurons to ischemia/hypoxia. This
approach to pharmacotherapy of patients with ischemic brain damage is the key to effective neuroprotection. Pharmacological
blockade of ischemia-induced pathophysiological reactions is achieved by using drugs that affect pathogenetic targets in the
dynamics of the ischemic process, which allows blocking the development of neurotoxic effects and reducing the likelihood
of functional and structural changes in neurons. The work discusses the prospects for pharmacotherapy of cerebrovascular
insufficiency through activation of endogenous adaptation mechanisms. The author’s own research and other sources data on
the efficacy and safety of various pharmacotherapeutic agents are analyzed. The neuroprotective effects of these agents are
based on activating physiological mechanisms of cellular adaptation to ischemia/hypoxia. A pharmacotherapeutic rationale
is given for selecting and evaluating the pharmacodynamics of agents aimed at stimulating physiological mechanisms of
neuroprotection (including neurotrophic and neuroplasticity processes). Neuroprotective pharmacotherapy for both acute
cerebrovascular accidents and chronic cerebrovascular insufficiency should be combined and aimed not only at blocking
pathological reactions of the ischemic cascade but also at activating endogenous adaptation mechanisms. The selection of
pharmacological agents for implementing pharmacological neuroprotection by activating physiological adaptation mechanisms
depends on the neuroprotection period and the intended pharmacological targets.

Keywords: cerebral ischemia; cerebrovascular insufficiency; pharmacological neuroprotection; physiological adaptation
mechanisms.
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HAYYHBI 0630P

BBEAEHUE

Mpu LepebpoBackynsapHOM HELOCTaTONHOCTM Helponpo-
TEKTMBHas QapMaKoTepanus, Kak NpaBwio, NpoBOAMTCA
no 2 cTpaTeryeckvM HanpasneHusM: bnokaga natodusuo-
NOTMYECKUX PEAKLIMN ULLIEMUYECKWX KAaCKaJ0B W MOBbILLEHNE
TONIEPaHTHOCTU HEMPOHOB MO3ra K MLLEMUW/TNoKcuK. Takoi
noaxod K QapMakoTepanuy NauMeHTOB C MLUEMUYECKUMM
MOpPaXKEHMAMM TONIOBHOMO Mo3ra — 3anor 3QdeKTUBHOM
HenponpoTekumm [1, 2].

(Oapmakonornyeckas 6nokaga MHAYLMPOBaHHbIX WLe-
MWeli NaTopM3noNorMyeckux peakumin AoCTUraeTcs npuMeHe-
HWeM NeKapCTBEHHbIX CPECTB, BO3AENCTBYHLUMX HA NaTore-
HETUYECKME MULLEHW B AMHAMMKE WULLIEMUYECKOrO MpOLecca,
yTo NO3BONAET ONIOKMPOBaTL PasBUTUE HEMPOTOKCUYECKUX
3 (EKTOB M CHU3UTL BEPOATHOCTb (YHKLIMOHANBHBIX U CTPYK-
TYPHbIX U3MeHeHMIA B HelpoHax [3]. B nocnepHme roapl noka-
3aHo [4-7], 4T0 3 PEKTMBHOCTb HEMPOMPOTEKTUBHON (apMa-
KOTepanum CyLLeCTBEHHO MOBLILIAETCS, CNIM OLHOBPEMEHHO
c bnokagon NatoPuU3MONOTMUECKUX PeaKLMid ULLIEMUYECKUX
KacKafoB aKTMBMPOBATb 3HAOMEHHbIE MeXaHW3Mbl ajanTa-
umn. C 3ToW LieNblo MCMOMb3YoT JIeKapCTBEHHbIE CPEACTBa,
BO3[E/CTBYIOLLIME HA MeXaHU3Mbl U3M0NOrMYECKON HEMpO-
npotekuun. ®usnonormyeckas HelponpoTeKLMS peanusy-
eTcs npexze BCero Yepes afanTMBHYIO aKTMBALMIO Helpo-
MeTabonMyeckux U HeMpoMeaMaTopHbIX peakLmin (npoLecchl
HEMpOTPODMKM M HeMponIacTUYHOCTM), YTO crnocobcTayeT
MOBBILLUEHNIO TONIEPAHTHOCTM HEMPOHOB K ULLIEMMUK/TUMOKCUM,
CTUMYNMpYeT penapaTvBHble MpOLECChl U BOCCTAHOBMIEHWE
QYHKUWIA LeHTpanbHoM HepBHOM cucTeMbl (LIHC).

BoisiBneHbl GU3MONOrMYECKUE MULLEHM, aCCOLMUPOBAH-
Hble C MEXaHU3MaMU PEerynsALMM roMeocTasa KeToK Nnpu co-
CTOSHUAX ULLIEMMM U TunoKeuu. C noMoLLbio GapMaKonoruye-
CKOro BO3/EHCTBUSA Ha 3TV MULLEHN BO3MOXHO MOAYMPOBaTh
3HAOreHHbIe MpoLecchkl afanTauuy KeToK K BO3LENCTBUIO
HebnaronpuATHbIX GaKTOpoB (TUMOKCUA, ULLEMMS, TpaBMa).
TakMMM MULLIEHSAMU MOTYT ABNATBCA, HanpuMmep, dakTop
apantaummn K runokcumn (HIF) [8, 91, apyrue perynstopHble
benkn n HerpoTpoduyeckue akTopbl, OTAENbHbIE Helpo-
Meamatopbl. [ns MHOMMX GapMaKonorMiyeckux CoefuHeHUN
YCTaHOBMNEHA CBA3b UX HEMPOMPOTEKTUBHBIX CBOMCTB C BO3-
LeACTBMEM Ha 3HAOreHHble MexaHu3Mbl aganTaumm [10-12],
YTO MNpOABMANOCH MOBbLILEHAEM YCTOMYMBOCTU HEPOHOB
K uwemun/runokeum [13]. HekoTopble apMakonormyeckve
cpeAcTBa NofobHOr0 MexaHWM3Ma HeMpONpOTEKTOPHOTO Aei-
CTBMS YCMELIHO NPOLLIM KJIMHUYECKUE UCTIBITaHWUSA W BHeape-
Hbl B MPaKTU4ECKOE 3] paBO0XpaHEHME B KAYECTBE HEMpONpo-
TeKTopoB [14-16].

B HacTosiee BpeMs Mpy WULWIEMUYECKUX MOpaXKEHUSX
FONIOBHOr0 MO3ra CYMTaeTCsl HayyHo 0B6OCHOBaHHLIM MoA-
X0, K NPOBEAEHU0 KOMBMHMPOBaHHOM (hapMaKoNorMyecKomn
HeliponpOTEKLIMM, BKITIOYALOLLIEN B TOM YUCTIE NIEKAPCTBEHHbIE
CPeAcTBa, KOTOpble aKTMBMPYIOT 3HAOreHHble (hu3nonoru-
YecKWe) MexaHu3Mbl afanTauuy HeMpoHOB (MpoLecchl Hel-
POMIacTU4HOCTM W HerpoTpodukuy) [16, 171, [Ins aTux uenei
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MCMONb3YIOTCA JIEKAPCTBEHHbIE CPEACTBA C pasnuuHoii dap-
MaKOAMHAMMKON, BO3LENCTBYIOLLME HA PU3MOSIOTMYECKUE MU-
LUEHN Perynsiumm aKTUBHOCTU MeTabonnyeckux U MeauaTop-
HbIX MPOLIeccoB B HelpoHax u Bcel LIHC. ®apMakonoruyeckas
perynsiuusi NpoLeccoB HEMPOTPOPUKM M HEMpONAACTUUHOCTH
MO3BOJIAET YCKOPUTH afianTauuio HEMPOHOB K (YHKLUMOHWpO-
BaHWIO B YCNOBUSX ULLIEMUW/TUMOKCUM, YTO UMEET BaXKHelLLee
3HayeHue ans BocctaHoBneHns dyHKumin LIHC Kak npu ocTpbix
HapyLLeHWsX Mo3roBoro KpoBoobpalleHns (OHMK), Tak 1 npu
XPOHWYECKOIA LiepebpoBacKyNSpHOM HELOCTaTOYHOCTH.

Lenb paboTbl — oLeHKa 3G HEKTUBHOCTH W NEPCMEKTUB
K/IMHUYECKOTO MPUMEHEHNS MPU ULLEMUYECKMX MOPAKEHUAX
FO/IOBHOMO MO3ra JIEKAPCTBEHHbIX CPEACTB, aKTUBMPYIOLLUX
(bu3nonoruyeckme MexaHu3Mbl afanTaLuun KIETOK K uLle-
MWW/TUNOKCUN.

MEXAHW3MbI ®U3U10J1I0rMYECKON
HEMPOMPOTEKLUK

Mon cusMonormyeckoit HeMponpoTeKUMen MNOHUMAIT
KOMMEKC reHETUYECKU JeTEPMUHUPOBAHHbIX PeaKLMi U Me-
XaHW3MOB, MPENSATCTBYIOLLMX NOBPEXAAMOLIEMY AEHCTBUIO
Pa3fMYHBIX 3K30TEHHBIX M 3HAOrEHHbIX QaKTOpoB Ha HepBs-
HYI0 KJIETKY. 3T QM3MONOrMyeckue MexaHusMbl afantaummn
paboTaloT B NOCTOSAHHOM peXuMe, obecrneunsas afeKBaTHY
OyHKumio UHC B pasnnyHbIx ycnoBusix 0buTaHus opraHus-
Ma, B TOM YKCNe afanTaLmio KNeToK K UweMun/runokeuu [4].
®usnonornyeckas HeMpoNpoOTEKLMA B ECTECTBEHHBIX YCIIO-
BMSAX NPOSABNAETCA aKTUBaLMel psaaa h13nonornyeckux npo-
LLeCCOB M OMOXMMMYECKMX PeaKLMH, NOBbILLAKILLMX YCTONYN-
BOCTb HEMPOHOB K HebnaronpusaTHbIM dakTopam [5, 6, 11].
B coBOKynNHOCTM 3TM MexaHu3Mbl afanTauuu B OCHOBHOM
peanusylotcs B BUAE TakuX (GU3MONOrUYEcKUX MpoLEeccos,
KaK HeliponiacTU4HOCTb U HelipoTpodKKa.

HenponnacTMyHocTb — npoLecc MOCTOSAHHOW CTPYK-
TYPHO/ M (YHKLMOHANBHON NepecTporku (TpaHcdopMaLmm)
HelpOHanbHbIX CETEN MO BAMAHWUEM Pa3fUYHbIX SHAOTEHHBIX
M 3K30reHHbIX (aAKTOPOB, Bblpadarowuiics B 06pa3oBaHUK
HOBbIX CMHAMCOB M CMHANTUYECKUX B3aUMOZENCTBUIA, U3Me-
HEHUM AKTUBHOCTW HEMpOTPaHCMUTTEPOB M CMHANTUYECKOW
nepefayu, ApYrux afanTUBHbIX M3MEHEHWN, KOTOpble B pe-
3ynbTate obecneunBaloT HopManbHoe (YHKLMOHUPOBaHWE
HEPBHbIX KJIETOK B HOBbIX U3MEHMBLLMXCA ycnoBusx [4, 18].
B HeliponnacTMyHOCTM 3HAUMMYKD PONb UrpalT Hempopery-
NnHbI (aKTop XonMHeprdeckon anddepeHumaumny, dhakrop
MHOYKUMM aKTUBHOCTM PELIENTOPOB K aLeTUIX0NmMHy, GaKTop
MPOMOLMM aKTUBHOCTU W Ap.).

Helpotpoduka Takke npeacTaBnseT coboit ecTecTBeH-
Hblii M3MONOrMYECKUiA NPOLIECC, C KOTOPLIM CBSA3aHbl Mpo-
nuepauus, Murpaums, anddepeHUMPOBKA HEMPOHANBHBIX
NpeaLWwecTBEHHUKOB U QYHKLMOHUPOBaHNE HEPBHBIX KIETOK.
B ocHoBe HelpoTpoduKy Nnexat HerpoMeTabonmuyeckve pe-
akumu. OHa obecrneuuBaeT HopManbHOe (YHKLMOHUPOBa-
Hue HelipoHoB U Bcen LIHC B ecTecTBEHHbIX YCNOBUSX U WX
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BbIKVBaHWe B YCIOBMAX Natosorun. Bemylummu Tpurrepamu
MPOLLECCOB HEMPOTPODUKM BLICTYNAKT HelipoTpoduyeckue
dakTopbl. K HacTosiLLieMy BpeMeHM yCTaHOBIIEHO, YTO CEMed-
CTBO HeMpOoTPOdMHOB BKIOYAET (aKTOp pocTa HeWpOoHOB,
HelipoTpoduHbl NT-3, NT-4/5, NT-6, HelipoTpoduueckvie uu-
TOKWHbI, HEAPOTPOMUECKUIA PaKTOp KIETOK ruu, daktop
HeKpOo3a oMyXosu W ap.

OnpeneneHHas ponib B perynaumm HeMpoTpoUKY W Heli-
POMIacTUYHOCTM OTBOAMTCA (hAKTOPaM poCTa U PerynsTopHbIM
nentmaam (dakTopsbl pocta U auddepeHLMaLmMM KNETOK, UH-
CYNMHOMoA0bHbIe pocToBbIe GaKTOpbI U yyacTByloLMe B 06-
pa30BaHUM CWHaNCoOB Genku, pocToBoM (haKTop aHruoreHe-
3a, HelMpoMMMYyHOTPoGMHBI U Ip.). Perynupyloulee BusHUE
Ha 3TM MPOLIeCCbl OKa3blBAlOT TaKKE HEMPOMEAMATOpHbIE
CUCTEMBI U HEAPOTPAHCMUTTEPbI, NapaKpUHHbIE CUTHANbHbIE
MOJIEKYNbI, HeponenTuabl, GaKTopbl TPAHCKPUMLMK, MOMo-
Bble FOPMOHbI, LMTOKWHBI W ap. [19, 20].

TakuM 06pa3oM, B OCHOBE (M3NONOTMHECKOWH HEWpo-
MPOTEKLUMW feXaT MeXaHW3Mbl MPOLECCOB HelpoTpodMKH
W HeiponnacTuyHocTu. 310 yHAaMeHTanbHble bronoruye-
CKMe MPOLeCChl, eCTECTBEHHO M MOCTOSIHHO NpOTEKaloLmMe
B HEPBHOM CMCTEME, YTO MO3BOMISET MOAJEPHUBATL ee ro-
meocTa3s npu Bo3aencTeum Ha LIHC pasnnyHbIX 3HAOreHHbIX
W 3K30reHHbIX (akTopoB. OfHAKO B YCNOBMSX MacCUBHOMO
BO3/ECTBUA HebnaronpuaTHbIX haKkTopoB (MWEMMS, TMMNOK-
CUA U Ap.) MexaHu3Mbl GU3MONOTMYECKON HEeMponpOTEKLMM
He KOMMEHCUPYIOT BO3HMKAlOLLMe U3MEHEHUS, B pesyribTate
Yero pasBMBAIOTCA Te WM MHble Natodu3noNormyeckue pe-
aKLMK 1 HeBponoruyeckue 3aboneBaHms.

AKTUBMpOBaTL MeXaHU3Mbl (M3WONOTMYECKOl ajanTa-
UMM BO3MOXHO NyTeEM (hapMaKoOrM4ecKoro BO3LEeHCTBUS
Ha MULLEHM, acCOLMMPOBaHHbIE C NpoLeccamMu HelpoTpodu-
KM U HeliponiacTuiHocT — 6a30BbIMM NpoLeccaMn HeMpo-
npoTeKuun. HanpuMep, TaKMMKU MULLEHAIMW MOTYT BbICTYNaTh
MWUTOXOHApPUANbHBIE CTPYKTYPbI, KNETOUHblE QEepMeHTbI, po-
cToBble pakTopbl M ap. [9, 10, 22]. B kayecTBe CTUMYNATOPOB
(u3MoNorMyecKux MexaHu3MoB HEMPONPOTEKLMM paccMaTpy-
BaloTCA Npenapartbl HelpoTpoduyeckux GaKkTopos, HelipoMe-
AMaTopbl U HEWPONENTUAbI, LPYTUe PerynsTopHble Nentuppbl
W CUrHambHble MOJIEKYNbI, CNOCOOHbIE aKTUBMPOBATb 3HAO-
FEHHbIE 3aLLUMTHbIE CUCTEMBI W MOBLILLATH YCTONYMBOCT HEll-
POHOB K HebnaronpusTHeIM akTopaM [23, 24].

®APMAKOJIOTMYECKAA
AKTUBALIMS ®U3UOJIOTUYECKOK
HEMPOMNPOTEKLIUK

B HacToswee BpeMs cywlecTBylT ybenuTenbHble 3KC-
nepuMeHTanbHble M KNMHWMYECKWE [0Ka3aTeNbCTBa TOrO,
yTo CTUMYNAUMSA GU3MONOrNYECKMX MEXaHM3MOB ajanTauum
Ha KJIETOYHOM UM CETEBOM YPOBHSIX MPUBOAMT K MOBbILIEHMIO
YCTOMYMUBOCTW HEMPOHOB K BO3AEICTBMIO NATOreHHbIX PaKTo-
POB W CNOCOBCTBYET BOCCTAHOBNEHWID MX (YHKLIMOHANBbHOM
aKTMBHOCTM 3a CYeT KOMMeHcaTopHbIX npoueccos [7, 9, 17].
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(apMaKonoryecKas perynaums MexaHusMoB ¢usmonoruye-
CKOM HeliponpoTeKLMM OTKPLIBAET HOBbIE (hapMaKoTepanes-
TMYECKMe BO3MOXHOCTU ANs NPefoTBpaLLeHus nopaeHus
HEPOHOB M YNyYLLEHNs UX GYHKLUMM NpY MLLEMUW/TUTOKCUM
W OpYrux NOPaXeHUsX rofNoBHOMO Mo3ra, ANs Npeaynpex-
LEHUS PasBUTUS HEWPOLEreHepaTMBHbIX W3MEHEHUW npu
LiepebpoBacKyNApHOI HeLOCTaTOYHOCTU.

Helipompogpuyeckue ¢pakmopesl u ux aHanoeu. lNepcnek-
TMBHBIM KJTaCCOM MOJIEKYJ1, KOTOPble CTUMYSIMPYIOT 3HAOMEH-
Hble MeXaHW3Mbl YCTOWYMBOCTU KNETOK K HebBnaronpusaTHbIM
BO3/ECTBMAM U MOTYT 06ecneymTb 3PPeKTUBHYO HEMpONpPO-
TEKLMIO, NMPUHATO CYUTaTb HelpoTpoduyeckue dakTopbl U UX
aHanoru. lNpenMyLLecTBO HeWPOTPOGMHOB B TOM, HYTO OHM OKa-
3blBalOT MNIEMOTPONHOE AeHCTBME, KOTOpPOE OAHOBPEMEHHO
HarpaBfeHo KaK Ha NpepbiBaHWe NaToNOrUyYeCKUX peaKLimii
ULIEMMYECKUX KACKaJoB, TaK M Ha aKTMBALMI0O MeXaHWU3MOB
HeMpOTPOdUKM U HEMPOMNACTUYHOCTM (paHHee Hayano pena-
paTMBHBbIX NpoLeccoB). penapatbl HelpoTpodMIeCcKUX (aK-
TOpOB Yalle WUCMofb3yloT AN BTOPUYHONM HEMpONpOTeKLMM
C Lie/Ibl0 aKTMBaLMK pereHepaTopHO-penapaTuBHbIX MpoLec-
COB M BOCCTaHOBJIEHMA HapyLUeHHbIX GyHKumiA LHC.

0pHMM 13 Hanboree U3y4eHHBIX NENTUAHBIX TPODUUECKUX
(haKTOpPOB CErofiHA ABNSETCA IPUTPONO3TUH, Npenaparbl KoTo-
POro NPUMEHSIIOT B KITMHUYECKON NPaKTUKe AN CTUMYNALUK
3puTpONo33a. YcTaHoBNeHo, 4To 6osblmHCTBO KneTok LIHC
CnocobHbl CeKpeTpoBaTh 3pUTPONO3TUH. bonee Toro, ero
CEKpeLMs BO3PacTaeT B YCNOBUSX MMMNOKCUM MO3ra W 3Kcail-
TOTOKCMYHOCTU, YTO MO3BOJISIET NPEANONO0KMUTb PETYNIATOPHYIO
ponb 3pUTPOMO3TUHA B HelponpoTeKuuu. Ha akcnepumen-
TanbHbIX MOLENSAX MHCYNbTa M YepenHO-MO3roBOM TPaBMbl
(YMT) U3yyeHbl HEMPOMPOTEKTUBHLIE CBOWCTBA 3PUTPONO3TH-
Ha. YCTaHOBNEHO, YTO €ro NpUMEHeHUe YMEeHbLUIAET 30HY No-
BPEXAEHUA U CTUMYNMPYET BOCCTAHOB/EHME (YHKLUMOHAMb-
Hon aktuBHocTv LIHC [25]. MNpennonaraetcs, 4to MexaHU3M
HEeMpONpOTEKTUBHOIO 3 deKTa 3pUTPONo3ITHHa 0BycnoBneH
HECKONBKUMM KOMMOHEHTaMK1, B TOM 4MCre MOAAB/IEHNEM
BoCnaneHus. B HacTosLiee BpeMs NPOJONKAKTCA IKCMepHU-
MEHTaNbHbIE U KIMHWYECKUE WUCCNef0BaHUS PeKOMOMHaHT-
HOr0 4esI0BEYECKOr0 3PUTPONO3TUHA, Ero PasfMuHbIX CTPYK-
TYPHbIX aHaNoroB 1 NPOM3BOAHbIX Npy UHCYNbTe U YMT [26].

B nocnenHme rofbl MHTEpPEC MHOMUX UCCNefoBaTeNel Ha-
NPaBeH Ha U3y4YeHUe TMMNOKCUEN MHAYLIMPOBAHHBIX (aKTOo-
poB (HIF) TpaHcKpunuuu. YcTaHOBNEHO, YTO OHU pearupyioT
Ha CHWXKEHWe HaMpsXEeHWs KUCOpoLa B KPOBU W WrpakT
KJI04EBYI0 POSib B KNETOYHOM ajanTauum K runokcum [27].
Hanbonee nsyyeH HIF-1a, Kotopblii siBnseTca cydbennHu-
uei retepoammepHoro benka HIF-1 n urpaet TpurrepHyto
pofib B CUCTEMHOM OTBETE OpraHM3Ma Ha runoKcuio. OH cuH-
TE3MPYeTCA B Pa3/MYHbIX TKAHAX OpraHvM3Ma, B TOM uuchne
B HEPBHOM TKaHW, rJe ero IKCMpeccus MakcMMarbHa B Heii-
poHax [8]. B ycnosusax runokcum benkoeas monekyna HIF-1a
He TMOPOKCUIMpYeTCs, 3amycKas SKCMpeccuio Lenoro papaa
reHOB, KoaMpYyloLwmx 6enku, HeobxoanMble Ans afeKBaTHOO
CHabXeHWs KMCNOPOAOM TKaHel M 3HepreTMYecKoro MeTa-
bonusma [28].
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HAYYHBI 0630P

C yyetoM cTonb 3HaumMoii perynstopHon ponu HIF-1a
B MpoLeccax afantauuu, B HacTosLLee BpeMsl aKTUBHO U3Yy-
4aeTcs BO3MOXHOCTb npuMeHeHns uHAykTopoB HIF-1a
MPY ULIEMUYECKNX NMOPaXKEHMSAX MO3ra U MUOKApAA C LieNblo
MOBLILUEHMS PE3UCTEHTHOCTY TKAHEM K TUMOKCUN. YBENUYeHMe
ypoBHaA HIF-Ta aKkTuBMpyeT 3akcnpeccuio obecneunBatoLLmx
ajanTaumio KNeToK K rMnoKcum/uwemMmun reHos. B pesynbtate
NPOUCXOAMT MOBBILIEHNE MHTEHCMBHOCTU CUHTE3a (epMeH-
TOB IIMKONM3a (anbfonasbl, NaKTaTaernaporeHassl, gpocgo-
(QpYKTOKMHA3bI, MUPYBATKMHA3bI), IKCNpeccun MeMbpaHHbIX
TPaHCMOPTEPOB [T1I0KO3bI, FeHOB 3puTponoaTuHa (EPO), dak-
Topa pocta aHpoTenus cocynos (VEGF), reHoB MUTOXOHApMIA,
BOBJIEYEHHbIX B MCMOJIb30BaHMe 3Heprun. Kpome Toro, HIF-1
PerynmpyeT 3KCMPEeCCU0 FEHOB, Y4acTBYIOLLMX B perynauum
COCYLMCTOr0 TOHyca, KNETOYHOW nponudepawym, anonTosa,
obMeHe xenesa u ap. [29, 301.

BaxHas ocobeHHocTb 6enka HIF-Ta coctout B ToM,
YTo OH OTBETCTBEHEH 3a (OPMUPOBaHUE LOSrOBPEMEHHOIA
ajanTaumu K rmnoKcuu/vileMum, a notoMy npeactaBnsetcs
MepcneKTUBHOW MULLEHbI0 NS hapMaKonornyeckoro Bos-
LeicTBMA. B aKcmepuMeHTanbHbIX UCCNENoBaHMAX U3Y4eHO
BonbLLOe KONMYECTBO NEKapCTBEHHBIX BELLECTB U XUMUYe-
CKUX COeOMHeHui, nosbillatolmx akTuBHocTb HIF-1a. Us-
BECTHblE K HacTosileMy BpeMeHu uHayktopbl HIF noppas-
LENsT M0 MEeXaHWU3My AEiCTBUA HA 2 OCHOBHbIE TPYNMbI:
aKTUBaTopbl TpaHCKpuNUmm 1 TpaHcnaumm HIF-1a; nHrubuto-
pbl ferpafaumm u nHaktmeaumm HIF-1a [8]. bnokapa perpa-
paumm v uHaktmeaumm HIF-Ta nossonset ctabunusmposatb
aKTUBHOCTb (akTopa. C 3TUM MexaHU3MOM [eWCTBUA CBS-
3aHbl OMpefeneHHble ycrexu B paspaboTke JIeKapCTBEHHBIX
CpeAcTB, (hapMaKoLMHAMMKA KOTOPbIX accoLMMpOBaHa C no-
BbilleHWeM akTuHocT HIF-1a [31].

0awmH 13 cnocobos ctabunusaumm HIF — uHrubuposanue
nponunruppokeunas (PHD), noa BausHMEM KoTOpbIX Mpo-
ucxoamt npouecc ruppokcunmpoanua HIF-1a. Boisienero,
yto MHrMbuTopel PHD obecrneunBaloT 3HauuTeNbHYID HeWpo-
MPOTEKLMIO B IKCTIEPUMEHTAX KaK in vitro, TaK W in vivo [32].
0aHaKo HerponpoTeKums nocpeacTsoM cTabunmsaumm HIF-1a
nocre ULLEMUYECKOr0 MHCYNbTa 10 CUX MOp 0CTaeTcs COPHOIA
TEMOW W3-3a pa3Hoobpasus reHoB, 3KCMPECCUS KOTOPbIX WH-
pyumnpyetcs HIF 1 KoTopble onocpenytoT Kak afianTuBHbIE, Tak
W naTonoruyeckue npouecchl. TeM He MeHee MHAyKTopbl HIF
HaXOLAT K/MHUYECKOE NpUMeHeHMe. TaK, 3HaYMMBIM KAWHU-
YECKUM AOCTUXEHMEM CTano BHeapeHue uHrubutopos HIF
NpoNMArMapoKcunasel (Tak HasblBaeMbIX AYCTaToB, Hanpy-
Mep, poKcagyctaTa') B iedeHre aHemuii npu 3aboneBaHusx
noyek [33].

OoHMM U3 NepBbIX HWU3KOMOMEKYNAPHLIX WHIMOMTOPOB
nponunrugpokeunassl HIF, ucnonb3yeMbix ans neyexus
aHEeMMM Y MALMEHTOB C XPOHMYECKOW BonesHbio noyek, bbin
BHefpeH pokcagyctar [34]. Npenapat obpaTuMo cBsi3bIBaeTCA
u uHrnoupyet depMentbl HIF-PHD, yMeHbwas pacnag HIF
1 cnocobCcTBYS MOBLILLEHWI) €70 aKTUBHOCTW, YTO MPUBOLUT

! JlexapcTBeHHOE CPEACTBO He 3aperucTpuposaHo B PO,
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[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

K yBennyeHuio BbipaboTku 3anporeHHoro EPO u ycunennto
apuTponoasa. MeTaaHann3 pe3ynbTaToB UCMOIb30BaHNSA pas-
NnMYHbIX MHrMbuTopos HIF-PHD (pokcaaycrat', aanpoaycrar’,
Bafajycrat', Monuaycrat', mesumyctat’ v 3Hapogycrat')
MOKasan 3HauuTeNbHOE MOBbILIEHWE YPOBHA reMornobuHa
no cpaBHeHMIo ¢ nnaueto. OfHaKO PUCK Cepbe3HbIX HEXena-
TeNbHbIX ABNEHNH B rpynne uHrnbutopos HIF-PHD 6bin Bbiwe
Mo CpaBHEHWIO C Fpynnoi nnawebo (nepudepuyeckue oTekn,
runepKaueMms, runepreHsus, TpoMoosb).

Wurnbutopel HIF-PHD moryT uMutupoBath aeiicteue ru-
MOKCMM, YTO NMO3BOASET UCMONB30BaTb MX Ans dhapMaKonoru-
YECKOro NPEeKOHAMLMOHMPOBAHUA NpU ULLeMUM TKaHew [35].
Wurmbutopel HIF-1 nponunruopokeunas ctabunmsupytot HIF
W YBENMYMBAIOT IKCMPECCUIO FEHOB, BOBJIEYEHHBIX B MPOTUBO-
ULLIEMUYECKYIO 3aLLMTY, B YacTHocTW reHoB EPO u VEGF. ®ap-
MaKonoruyeckoe uHrbupoeanue HIF-PHD TeopeTuyeckn Mo-
XET NoBbICUTb 3QPEKTUBHOCTb TePaNUM UHCYMbTa U MHbApKTa
MUoKapga [36]. B aKcmepuMeHTax Mcnonb30BaHWe poKcamy-
cTaTa yBenMumMBaso BbiKMBAEMOCTb KPbIC MpU MOLENMPOBaHUM
MHCYNBTA, a TaKKe YMyyLlano BOCCTaHOBNIEHWE HeBposoruYe-
CKUX QYHKLIMM Y KMBOTHBIX, 4TO aBTOPbI CBA3a/M C YCUNIEHWEM
aytodarum nop, LeiicTBMEM MNpenapara Yepe3 CUrHanbHBbIA
nytb HIF-1a/BNIP3 [37]. [lefictBue poKcamycTaTa U3ydanoch
W Ha ApYrux aKcnepUMeHTanbHbIx Mogensx. [ofKoxHoe BBe-
AeHWe poKcaaycTaTa [0 UweMuu ¢ nocnepytoein penepdy-
31el 3HauYMMO YMeHbLLIaNo pasMep MHdapKTa M NoAaBNsnio
aKTUBHOCTb KPeaTMHUHKMHA3bl N/1a3Mbl, MEpeKkoyas MeTa-
60/m3M ¢ aapobHoro Ha aHaspobHoe fbixaHue [38].

Crabunuzauus HIF, Bbi3BaHHas uHrnbutopamu PHD, naet
nneotponHble 3ddeKTbl (BNMSHUE Ha aHrMOreHes, MeTabo-
JINYECKWE U3MEHEHMS W BbIXKMBAEMOCTb KJIETOK), YTO MOXET
MPUBECTU K HEXENaTeNbHbIM ABNEHUAM, BKOYas Gubpos,
BOCManeHne, MOBLILEHWE CEpLEYHO-COCYANUCTOr0 pUCKA
U cTUMynALMIo pocTa onyxonu. OnpegeneHHas MynbTUTapreT-
HOCTb B (hapMaKoAMHaMUKe poKcafycTaTa v Apyrux 4ycTaTos
BbI3bIBAET OMaceHus no noBofy ux GesonacHoctu. Hambo-
Nee pacnpocTpaHeHHas npobneMa — cepAeyHo-CoCYaUCTbIN
PUCK, KOTOPbIN CBA3aH C MOBLILLEHWEM YPOBHSA reMornobuHa
1 NOBbILUEHHBIM pUCKOM TpoM6030B. MHrMbutopel HIF npo-
JMNTMAPOKCMNA3kl MOTYT HapyLIWMTb paBHOBECUE CWUTHasIb-
HbIX NyTel, YTO NPUBEAET K MPOaHTMOTEHHOMY LENCTBUIO,
OMCOYHKLMM OpYruX OpraHoB, BKiYas obocTpeHue Aua-
BeTnyeckoit petuHonatun. B cBAsu ¢ atum uHaykTopel HIF
MOryT BbITb PeKOMEHAOBaHbI K UCMO/b30BaHUI0 Afs Npodu-
NaKTUKKM U NEYEHUS MHCYNbTa M MHbApKTa MMOKapAa C Liefbio
BbIpaboTKK 3aLMTHOrO heHoMeHa NPeKOHAMLMOHUPOBaHNS,
HO MX NPUMEHEHME B 3TOM Cly4ae AOMKHO ObiTb Henpopon-
JUTENbHBIM. B JOKNMHUYECKMX MCCNef0BaHMAX NONyYeHbl
pasHble pe3ynbTaTbl MX GesonacHocTW. BoamoxHocTb npu-
MeHeHus uHaykTopoB HIF npu uwemuyeckux nopaxeHmsx
TKaHel B KJIMHWYECKON NpaKTuKe TpebyeT ocobo Tiatensb-
HOrO U AJMTENBbHOMO MCCEA0BaHMS.

BbisiBneHa BO3MOXKHOCTb HEKOTOPbIX AOHATOPOB OKCUAA
asota (NO) mHayumpoBatb aktuBHOCTb HIF-Ta (S-HuTpO30-
N-auetun-D,L-neHnumnnaMu, S-HUTPO3OMIOTaTUOH U ap.).
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Mpouecc nosbiwenus aktusHocT HIF-1 ¢ noMoLwbio goHato-
poB NO peanusyetcs yepes PI3K/AKT/mTOR curHanbHbIn nyTh
W YYBCTBUTENIEH K KONebaHusAM pefoKc-noTeHUMana KIeTKu.
NO Moxet cBa3biBaTbCA C ene3oM HIF-rugpokcunas, 6no-
KMpOBaTb CBA3bIBaHUE C HUMU KUCIIOPOAA U TEM CaMbIM Mo-
[DABNATb peakumio ruapokcunmposanma HIF-1a [9].

B HalLeli cTpaHe cpefy NeKapCTBEHHbIX CPEACTB C aHTU-
TMUMOKCMYECKUM [LENCTBUEM LUMPOKO PacrnpocTpaHeHo npu-
MEHEeHWe OpraHUYeCcKUX CyKLMHATCOLEPIKALLMX COeaUHEHNN:
3TUIMETUATUAPOKCUNUPUAMHA CYKLMHAT, MErTIIOMUHA Ha-
TpUS CyKumHaT u ap. [39]. Bo3MoKHO, LMTONPOTEKTOpHaN
aKTUBHOCTb QHTUTMMOKCAHTOB MPSMOr0 3HEPrU3VpYHOLLEro
LENCTBUA, K KOTOPbIM OTHOCATCS CyKLMHATCOfepxallue
COEOMHEHMS, CBS3aHa C WX BIMAHMEM Ha akTuBHOCTb HIF-
nponuArMapokcunas. WUHTepecHblit $hakT obHapyxeH B 0OT-
HoWeHWUW 6uodnaBoHOMAA KBEPLLETMHA, KOTOPbIA B YC/0-
BUAX HOpPMOKCUM akTueupyeT HIF-1 B pasinuHbIX KNeToUHbIX
KymnbTypax, yBenuumBaeT akcnpeccuio B Hux VEGF. KepueTtun
BnokvpyeT depMeHT acnaparMHUArMAPOKCMNA3y, KOTOPbIi
uHaktuempyeT HIF-1a B ycnoBusx HopMmokcum [9].

Takum 06pa3oM, NepcreKkTMBbI KIMHUYECKOMO NPUMEHe-
Hua aktueatopoB HIF-Ta cBA3LIBAKT € UX 3PHEKTUBHOCTLIO
MpU ULWEMUK/TUMOKCKM TKaHel. HIF-1a akTuBmMpyeT npouecchb
afanTauum opraHu3Ma B YCNIOBUSX TUMOKCUM/MLLEMUM, U €ro
MOXHO MCMO/b30BaThb B KauecTBe CreLM(pUYecKoin MULLEHM
Ans GapMaKonorMyecKoro BO3AeHCTBUA. YCTaHOBNIEHO, YTO
axktmeaumsa HIF-Ta npu vwemmuu Mo3ra v cepaua noBblLaeT
3Kcnpeccuio hakTopa pocTa IHA0TENUs COCYA0B U UHAYLMpYeT
obpa3oBaHWe HOBbIX KPOBEHOCHBIX COCYAOB B 0bnactu uwe-
MWK, YCUNMBas KPOBOTOK W KUCNOPOAHOE obecreyeHue, TeM
caMbIM yMeHbLIas uwemuto [8]. U3 atoro cneayer, yuto cTumy-
NAUMA aKTUBHOCTM aHHOIO (haKTopa C NOMOLLbH) JIeKapCTBEH-
HbIX CPEACTB NPU ULLIEMMU FOSIOBHOMO MO3ra UM ULLEMUYECKON
BonesHu cepaua natoreHeTMYECKM onpasaaHa. Takon noaxon,
K (hapmaKoTepanuu MweMMYeckux 3aboneBaHuii OTKpbIBaeT
HOBbIE HamnpaBfeHns Moucka 3PGHEKTUBHbIX JIEKAPCTBEHHbIX
CPEACTB, ABNSIOLIMXCA WHAYKTOPAMW CWHTE3a MM MHTMOU-
Topamu perpagaumm HIF-1a. lepcneKTMBHBIM MOXET ObiTb
NpUMMEHeHWe NpenapatoB NofobHoro MexaHW3Ma JeicTBus
Npu OCTPON NPELCKa3yeMON WULWIEMUM, HaNpWUMep, Npu one-
pauusaX Ha cocymax Mo3ra, CepaLa WK npy TpaHCniaHTaLmuu
OpraHoB, NOCKO/IbKY BO3MOXEeH 3anycK heHoMeHa NpeKoHau-
LMoHMpoBaHus ¢ noMollbio uHayktopoB HIF-Ta [9]. OgHako
BMecTe C TepaneBTMUYecKoi apdeKTUBHOCTbI0 MHAYKTOPOB HIF
cnegyeT NpUHUMaTb BO BHUMaHME WX BO3MOXHbIE N06OYHbIE
3 deKTbl, B TOM YHCTIE OTCPOYEHHBIE HEXENaTeNbHbIE peaK-
LMW, MuLLeHblo [leicTBUS NOL0BHBIX NpenapaToB CTaHOBUTCS
TPaHCKPUNLMOHHBIA (aKTop, KOTOPBLIA 3aMyCKaeT 3KCNPeccuto
Bonbluoro KonmyectBa reHoB. Hanuuue nponudepaTuBHbIX
3aboneBaHWin CNYXKUT NPOTUBOMOKA3aHNEM [1i NPUMEHEHNS
aktusartopos HIF-1a.

TpeboBaHWAM HeMPONpPOTEKTOPHOMO CPeacTBa, CTUMYMM-
pytowiero $u3noNorMyeckue MexaHW3Mbl HeiponpoTeKLmH,
OTBEYaEeT OpPUrMHANBHBIN 0TEYECTBEHHBINM npenapar Liennekc®.
OH nonyyeH w3 3MBpMOHaNLHOM MO3rOBOM TKaHW CBUHEWN,
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COOEPKMT THaHecneuuduyeckue curHanbHble 6enku u no-
nvnenTuabl (pakTopbl pocta U AUdepeHLMPOBKM HEPBHBIX
KneTok). [penapat perynupyeT KOHLEHTPaLMIO HEMpOTpaHC-
MWUTTEpOB, cnocobCcTBYeT BOCCTAHOB/EHMIO pereHepaTuBHON
W penapaTvBHOIO NoTeHLMana KIeToK Mo3ra, BOCCTAHOBIEHMIO
MUKpOLMPKYNsALmK. Hapsagy ¢ 3KcnepuMeHTanbHbIMK [JaHHbI-
MW HEMpONpPOTEKTOPHOE [EMCTBME LeNIJIEKCa NOATBEPKAEHO
B POCCUICKMX MHOTOLEHTPOBbLIX NaLe60-KOHTpONMpyeMbIX
1ccnenoBaHmsAX, B KOTOPbIX NOKa3aHa 3QQeKTUBHOCTb 1 be3o-
MacHOCTb Mpenapara npy ero MPUMEHEHUU B OCTPOM U BOC-
CTAHOBMTENTEHOM MEpUO/aX MLLEMUYECKOTO MHCYNbTA, a TaKKe
MPY XPOHMYECKOM ULIEMMM Mo3ra [ 14, 16].

B Hay4HoW nuTepaType onucaHa KnuHuYecKas 3ddex-
TMBHOCTb W [pYrux NpenapatoB ¢ HeMpoTpodUYECKUM ael-
CTBMEM, TaKuX KaK LlepebponmnanH® u KoptekcnH® [40, 41].

LlepebponuanH® — 6enKkoBbIM TMAPOAM3AT BLITAXKKM
U3 TONIOBHOMO MO3ra MJIEKOMUTAILMX, COCTOUT M3 cha-
NaHCUPOBAHHOM MO COCTaBY CMECK aKTUBHbLIX (parMeHToB
HeWpoTpoduyecKnx (aKTopoB, YTO OMNpefensieT YHUKanb-
Hble HeMpOTPOPUUECKME U HEMpOMNPOTEKTOPHbIE BO3MOMK-
HOCTW npenapara. PerynupyeT sHepreTuyeckuin MeTabonmsm
MO3ra, B3aMMOAENCTBYET C 3HAOrEHHbIMU HeMponenTMaaMu
W HeiipoMeamaTopamMu, MOLYAMPYS UX aKTMBHOCTb. Helpo-
MPOTEKTOPHOE AENCTBUE MpenapaTa WAEHTUYHO MeXaHus-
MaM eCTeCTBEHHbIX PenapaTWUBHbIX MPOLECCOB, NOCTOSHHO
MpOTeKaloLWMX B OpraHM3Me, U HampaBfieHO Ha HelpoTpo-
UKy U HeliponnacTuyHocTb. lpy LepebpoBacKkynspHoii He-
[0CTaTOYHOCTW [eiCTBUE MpenapaTa NPOSB/ISETCA B CHU-
JKEHUM 3IKCAWTOTOKCMYHOCTH, MHaKTUBaUMM 06pa3oBaHus
cB06OHBIX pagWKanos, NoAaBNeHUNM BOCMAMTENBHOIO OT-
BeTa M TOPMOXEHUM MPOLIECCOB HeKpo3a M anonTo3a. 0auH
U3 BaXHbIX MeXaHU3MOB AelCTBUA npenapaTta — perynu-
pyloLLiee BAMSHWE HA aKTUBHOCTb MPOTEMHKMHA3 M CBA3aH-
Hble C 3Tol aKTuBaumel npouecchl. KypcoBoe BBeaeHue
JKMBOTHBIM C OCTPLIM HapyLUeHWEM MO3rOBOro KpoBoobpa-
LLIEHNA NPUBOAMIO K CHUXEHWIO SBNIEHUIA MUTOXOHAPU-
aNnbHOM OMCQYHKUMM, YTO BbIpaXkanocb HopManu3saumei
3HepreTMYECKOro MeTabonnama, MoBbILIEHNEM IKCMPECCU
paHHero reHa c-fos [42].

KoptekcnH® (nonmnenTuabl KOpbl FONIOBHOMO MO3ra CKO-
Ta) — OTEYECTBEHHbIA HEWpONEeNTUAHbINA Npenapar, comLep-
XKalumMii KOMNJIEKC HU3KOMONEKYNSAPHBIX BOLOPAcTBOPUMBIX
NoNMNENTUAHBIX PaKLMIA C BbIpaXKEHHbIM TKaHecmeumu-
YECKMM [JEiCTBUEM Ha KNETKM KOpbl rON0BHOM Mo3ra. [aH-
Hbl€ JINTEpaTYpbl CBUAETENLCTBYIOT O €r0 HEMPOTPODUUECKOM,
HenMpoMeTabonnyeckoM, HOOTPOMHOM, aHTUOKCMAAHTHOM
¥ UMMYHOPEryNATOPHOM AeicTBUM [41, 43, 44]. Mpenapar 3a-
LUMLLAET HEMPOHBI OT MOpaXeHWs PasfYHbIMU 3HAOTEHHBIMU
HeMpOTOKCMYECKUMI daKTopamu (FMyTaMar, UOHbI KanbLus,
cBoboaHble paguKanbl). KopTeKCUH MHIMBMpYET nepexucHoe
OKUC/IEHWE JIUNWAOB B HelipoHax, MOBLILIAET WX BbKMBaE-
MOCTb B YC/TOBUSIX OKCUAAHTHOIO CTPeCca U rMNoKCumn. AKTu-
BUpYET MeTabosMyecKue NpoLECCHI B HEMpOHaX, CnocobeTBy-
eT HopManu3aumu hYHKLMN Kopbl FOfI0BHOTO Mo3ra M obLuero
ToHyca LIHC. MexaHu3M LepebponpoTeKTUBHOMO AEiCTBUSA
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CpeACTBa CBA3bLIBAIOT C aKTUBALMEN HepoTpodmyecKux daK-
TOpOB, ONTUMM3aLMeln banaHca BO3DYKAAIOLLMX U TOPMO3HBIX
aMUHOKMCIIOT, YNyYLIeHWeM BUO3NEKTPUUECKON aKTUBHOCTH
Mo3ra, npefoTBpalleHneM 0bpa3oBaHus cBODOOAHBIX paau-
KanoB [45]. [TpUMEHSAOT KOPTEKCMH B COCTaBE KOMIJIEKCHOW
Tepanuu Npy HapyLUeHUsX MO3roBoro KposoobpatueHus, YMT,
3HUedanonaTUsAxX pasfMYHOrO reHesa.

HoomponHele cpedcmea. K ctuMyngtopaM MexaHW3-
MOB (M3MUONOrMYECKOH HEponpOTEKLMM MOXHO OTHECTU
HOOTPOMHbIE Mpenapartbl, KOTOPble LUMPOKO WCMOSNb3YIOT
npu LepebpoBacKynapHON HefoCTaTOMHOCTU KaK CpeAcTBa
penapaTMBHOI Tepanuu, 0COBEHHO MPW HaNMYWMK 0YaroBOro
HeBponoruyeckoro feduumra. M3sectHo 6onblioe Konnye-
CTBO JIEKAPCTBEHHbIX CPEACTB C HOOTPOMHOM aKTUBHOCTHIO.
OpHMM M3 Y4acTo NPUMEHSEMBIX C 3TOM LIENbK HOOTPOMHBIX
npenapatoB AenseTca nupauetam (Hootpornun®). OH obna-
[aeT MHOTOKOMMOHEHTHLIM [IeACTBMEM: aKTUBUPYET 3Hep-
reTMYECKMIn MeTabonm3M, NoBbILIAET NAOTHOCTL PELENTOPOB
K HeWpoTpaHcMuTTepaM, obnagaeT Ba30aKTMBHBIM W aHTU-
arperaHTHbIM aeicTereM [13, 18].

Pa3paboTaHo 1 BHEAPEHO B KIMHUYECKYH) MPaKTUKY He-
CKONBKO OTEYECTBEHHbIX JIEKAPCTBEHHBIX CPEACTB C HOOTPON-
HOW aKTMBHOCTbIO. TaK, HOOTPOMHbIKA npenapart MukaMnunoH®
(HuKoTMHOMN TAMK) nyyLue nupaueTama npoHuKaeT yepes 36,
noBbILLIaeT noTpebrneHne KneTKamMu Mosra KUcnopoda v mio-
KO3bl, CHU}KAeT TOHYC MO3roBbIX COCYAO0B, BOCCTaHaB/MBAET
YTUNU3aLMI0 3HEpreTUUeCKUXx cybcTpatoB KneTkamu nocne
WLWEMMM, HOPMann3yeT 3HepreTMyeckuii Metabonmam [23].
Y nmaumeHTOB € AMCUMPKYNATOPHOM 3HUedanonatueid Bbi-
SIBNIEHO HEWpOMpOTEKTOpPHOe [encTBMe npenapata [laHTo-
ramM® (Kanbums romaHTeHar), NPUMEHEHUE KOTOPOro B Teye-
Hue 8 Hep. NMpUBOAMNO K PEAYKUMW MCUXONATONOrUYEeCKoi
CMMMTOMATUKM WU KOTHWUTMBHBIX Hapyluenwii [46]. MNpenapat
MOBBLILLAET YCTONYMBOCTb MO3ra K FMMNOKCUU W BO3LENCTBUIO
TOKCMUYECKUX BELLECTB, CTUMYNMpYeT aHabonnueckue npouec-
Cbl B HelpoHax, COYeTaeT YMepeHHoe CefaTMBHOE [LeMCTBUE
C MATKWUM CTUMYNIPYHOLLMM 3D hEKTOM, YMEHBLIAET MOTOPHYHO
BO30YAMMOCTb, aKTUBMPYET YMCTBEHHYH U GU3NYecKyto pabo-
TOCMOCOBHOCTD.

OTeyecTBeHHbIM HOOTPONHLIN Npenapat Cemakc® npen-
cTaBnseT coboit cuuTeTnueckui aHanor AKTT,,, (Met-Glu-
His-Phe-Pro-Gly-Pro). 06nagaet HelpoMogynsTopHoA, Hei-
POTPOPUYECKON aKTUBHOCTBIO M BbipaXKEHHBIM HOOTPOMHBIM
atbdekToM. HelponpoTeKTBHOE AeiicTBMe npenapaTa CBf-
3blBalOT C YNyylLeHWeM Tpoduueckoro obecneyeHus mMos-
ra, TopMoxeHueM cuHTe3a NO 1 pasBUTUS OKCMAATUBHOIO
cTpecca. [penapat ynyyLwaeT KIMHUYECKUIA UCX0, UHCYMbTa
1 OKa3blBaeT HOPManM3yloLLee BIMSAHUE HA BYHKLMOHAMbHYIO
aKTMBHOCTb Mo3ra [12, 15].

HooTponHoi, aHTMrMNOKCMYECKOW M aHTMOKCMAAHTHOM
aKTUBHOCTbIO 06M1afaeT elle O4MH OTeYeCTBEHHbI Npena-
paT MeTtanpot® (2-3tunTnobeH3umMmpaasona rugpodpomua),
KOTOpbI CTUMYNIMPYET MPOLIECCHl penapaumn U pereHepaLmm
[47]. B ocHoBe KIMHMYECKMX 3 (EKTOB MeTanpoTa JIeXMT ero
cnocobHocTb akTuBMpoBaTb cuHTe3 PHK 1 benkos B HepBHOM
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U MBILLIEYHOW TKaHAX, MOBbILLIATh MUKPOLIMPKYNALMIO BaX-
HeMLWMX opraHoB (MO3r, MUOKapA, NeyYeHb), ONTUMM3NPOBaTh
3HepronpoAyKumMio (NOBbILIEHWE COMPSXKEHUSI OKUCNEHMS
¢ dochopunmpoBaHMeM C yBenMdeHueM npopykumn ATO
Ha eouHWUYy noTpebneHHOro Kucnopoga) W 3HeproTpathl
B OCHOBHOM 33 cyeT bonee 3KOHOMHOTO PacxofoBaHUS
3Hepruu ATO u CTUMYNALMM TTIOKOHEOTeHe3a, yCUnMBaTh
penapaTuBHble NPOLECChl B TKaHsAX [47, 48].

Bo MHOMMX KAMHMYECKMX MCCNefoBaHUAX MOKa3aHa
ahpeKTMBHOCTL Npenapata MAaebeHOH Y NaLMEHTOB C KOr-
HWUTMBHBIMW PACCTPOWCTBAMMW MPU XPOHUYECKMX LiepebpoBa-
CKyNsipHbIX 3abonesanumsax. HootponHoe cpefcTBo 0KasbiBaeT
MeTabonnyecKoe AeiCTBUE, ynyyLaeT 06MeHHble NpoLecchbl
B FOJIOBHOM MO3re, YNyYLLaeT KpoBOCHabXeHWe U OKcure-
HaUMIo TKaHeil Mo3ra, MOBbILIAET CKOPOCTb Henpodusuo-
NOTUYECKUX PeaKuMi, CHUKAET aKTMBHOCTb MEPEKUCHOro
OKUCNEHUS NMNUAOB, MPefoXpaHseT MeMbpaHbl HelipoHOB
M MUTOXOHAPUIA OT moBpexaeHu. C XMMUYECKOH TOUKM
3peHus uaebeHoH ABNAETCS OPraHUYeCKUM COefMHEHUEM,
MOXKET PaccMaTpyUBaThCS KaK CUMHTETMYECKUW aHanor KosH-
3uma Q,; (CoQ,y). OH pencTBYeET Kak NepeHOCUMK B 3MEKTPOH-
TPaHCNOPTHOM LieNW MUTOXOHAPWM, YBENUYMBAET BbipaboTKy
afieHosuHTpudocdata (AT®). B KauecTBe NOTEHUMANbLHOIO
HEeMpONPOTEKTUBHOIO CPeLCTBA MAEBEHOH NOKa3aH K HasHa-
YeHuIo Npy LiepebpoBacKyNApHbLIX PacCTPOMCTBAX, acTeHUYe-
CKMX COCTOSIHWSAX, NCUXOOPraHNYeCKOM CUHAPOME, 3MOLMO-
HanbHO-nabunbHbIX paccTpoiicTBax. HooTponHoe AeiicTBue
npenapara nposensetca Yepe3 3—4 Heq. npuema [49].

KnuHunyeckve HabniofeHus cBUAETENbCTBYIOT, YTO HOO-
TPOMHbIE NIEKapCTBEHHbIE CPeACcTBa 0COBEHHO IMMEKTUBHBI
MpW PaccTPOMCTBAX BbICLLIMX NCUXMYECKUX (YHKLMIA B pe3y/b-
TaTe 04aroBOM KOPKOBOW MLLeMUW. [NS ynyyLIeHWs KOTHU-
TMBHbIX (DYHKLMIA NaLUEHTOB NPUMEHSETCS LUMPOKUIA CNIEKTP
HOOTpOMHBIX NpenapaTo., KoTopble Mo npeobnagatoLlemy Me-
XaHW3My [eiCTBUSA MOXKHO PasfenuTb Ha 4 OCHOBHbIE Fpyn-
Mbl: Npenapatbl C HeMPOMEAMATOPHBIM, C HEMPOTPODUUYECKMM,
C HelipoMeTabonMYecKUM 1 ¢ Ba30aKTUBHLIM AelicTeueM [40].
Bce 3T rpynnbl HOOTPOMHBIX CPEACTB MCMONL3YIOTCA B Meay-
LMHCKON NpaKTuKe. Bbibop KOHKpETHbIX npenapaToB omnpe-
LeNfAeTcs MHOrMMKU (aKTopamu, Npexae BCero (yHKUMo-
HanbHbIM cocTosHWeM LIHC u BbIpaKeHHOCTbH KOTHUTUBHbIX
HapyLleHWi. Y BoNbHbIX C COCYAMCTON AeMeHLMel NyuLlyto
3 deKTUBHOCTb MOKa3anu npenaparbl, CoyeTaloLme B npe-
MMYLLIECTBEHHO HelipOMeamMaTopHoe M HelpoMeTabonnyeckoe
Aelicteue. TakuMm cBOMCTBaMM 06N1afaloT NpeLIecTBEHHUKN
aLeTUXoNMHa.

lpuMeHeHWe neKapCTBEHHbLIX CPeACTB, ABNSAIOLIMNX-
CA NPeALLecTBEHHUKAMM aLETUNIX0/IMHA, CYUTAETCA OLHUM
U3 NEPCNeKTUBHBIX MOAXOAO0B K JIEYEHWUIO MOCTUHCYMBTHBIX
KOFHWUTMBHBIX HapyweHuid. K npefliecTBeHHWKaM aueTun-
X0/IMHA MOXHO OTHECTU LMTUKOIMH U XONWHa anbdocuepar,
06beanHsIOLMe YepTbl MPenapaToB C HEMPOMEAWATOPHBIM
(xonuHepryecknm) u HelipoMeTabonnyeckuM (MOTEHLMANBHO
HelponpoTeKTopHbIM) AelicTeueM [50]. 06a npenapata nony-
YWIKM IKCMEPUMEHTANBHOE W KIIMHUYECKOE MOATBEPH/EHME
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HEeMpONpPOTEKTMBHOMO LEWCTBUA Npu LepebpoBacKynsapHoi
He[oCTaTouHOCTH.

UntukonuH (umtnamnH-5-audocdoxonmt, Llepakcon®) —
3HOTEHHBIM MOHOHYK/IEOTWA, Y4acTBYIOLMIA B CUHTE3e doc-
(onmnupoB MeMbpaH KIETKM, KOTOPbIN BIIMSIET HA HECKOJIbKO
3BEHbEB WLLIEMUYECKOTO KacKazia M OKa3blBaeT HEMpONpoTeK-
TMBHbIN U penapaTUBHbIA 3QdeKTbI NPy NOBPEXAEHNN HEPB-
HoM TKawwu [51, 52]. Ha Mogenn ocTpoi MLLEMMM Y KMBOTHBIX
MPOAEMOHCTpUpoBaHa 6e30nacHOCTb U 3IPHEKTUBHOCTD LM-
TUKOAMHA. [lpn ero NpUMeHeHUU OTMEeYanIMCb YMeHbLLEHUE
pa3mepa WHbapKTa Mo3ra, TeHLEHUMS K YMEHbLUEHUIO Bbi-
PAXEHHOCTU OTEKa MO3ra W CMepTHOCTM XMBOTHbIX. bra-
ronpusATHbIA 3ddeKT Habmopanu Takxe Npu NPUMEHEHUN
npenapaTta B KOMBuHauum ¢ TpoMbOIUTUYECKON Tepanueil
npu penepdy3vMOHHOM TMOBPEXAEHUM MO3TOBON TKAHM.
B KnuHuyeckux uccnepoBaHnax [53] LMTUKONMH M3y4yanu
MpW MLLEMUYECKOM MHCYNbTe M YMT, a Takke y nauueHToB
C NOCNeLCTBUAMM MHCYNbTA, KOTHUTMBHBIMU HapYLIEHWAMM
pa3Horo reHesa u 6onesHu MapkuHcoHa. B pesynbTate MeTa-
aHanv3a noaTBepxAeHa onpefenieHHas nosb3a oT JeYEeHMs
LMTUKOMIMHOM MpU OCTPOM MLLEMUYECKOM MHCynbTe. [loka-
3aHo, 4YTO NPUMEHEHUe LMTUKONIMHA CONpoBoXaaeTcs bonee
BbICOKOM 4acTOTOW AOCTMXEHUS NaUMeHTaMU YHKLMOHANb-
HOW He3aBucuMocTH [54]. MakcuManbHbIM 3ddeKT oT npena-
paTa 0TMey4aeTCcs Npu ero NPUMEHEHUM B PaHHWE CPOKM Nocne
pa3BuTMs 3aboneBaHus (B 1-e CyTKM) B MaKCUMarlbHOI f03e
(2000 mr/cyT BHYTPMBEHHO B TeueHWe He MeHee 6 He.) [53].

XonuHa anbgocuepart (mmatwivH, a-muuepundocdopun-
XQJMH) AIBNSETCA NPefLWeCTBEHHUKOM aueTuixonvHa. CoeamHe-
Hve npoHukaeT B UHC n akvBMpyeT BrocMHTE3 aueTiXonHa
B MpecUHaNTUYecKUX MeMbpaHax XONMHEPrUYECKUX HEMPOHOB.
[Muepodocdar, Kotopbli 06pa3yeTcs Npy pacLLensieH n XonnHa
anbdocueparta, SBnAeTcs NpeaLecTBeHHUKOM hochonmnuaos
(bocdatamnxenmHa) B MeMBpaHax HEMPOHOB. XoNHa anbgoc-
LiepaT aKTUBUPYET XONIMHEPIUUYECKY0 HEMPOCUCTEMY, YIydLLaeT
MNaCcTUYHOCTb HEMPOHANbHBIX MeMBpaH W hYHKLMIO peLienTopos,
obneryaeT nepegayy HepBHbIX UMMYNbCOB B XONMHEPTUYECKUX
HeipoHax, NposBNseT MeMbpaHoCTabUM3MpYOLLIEE U AHTUOK-
CUpaHTHoe JencTeue, 06r1aaaeT HOOTPOMHOW M aHabonmyeckon
aKTUBHOCTDIO, YMEHBLUIAET BbIPaXEHHOCTb CUMITOMOB KOTHUTUB-
HoM aucyHKLmm [55].

BackynspHas npomekuyus. BaxHoe 3HayeHue pns
3 peKTMBHON BTOPUYHONA HEMPONPOTEKLMM UMeeT BOCCTa-
HOBMNeHWe (YHKLUMOHANBbHOM COCTOSHUS COCYAMUCTON CUCTEMBI
Mo3ra. B cBs3u ¢ 3TuM HeobxoamMa BacKynspHas NpoTekuus,
KoTopas npeanonaraet YnyylleHue 3HAoTeNManbHON QyHK-
LMW COCYAOB, YTHETEHME anoNTo3a 3HACTENUANBHBIX KIETOK,
noaaeneHve TpoMboobpa3oBaHUA M BOCMANUTENbHBIX Npo-
LleccoB B BacKynsipHoM pycie [56]. B kayecTBe BacKynspHbIX
MPOTEKTOPOB HEPEAKO UCMONb3YIOT SIEKAPCTBEHHbBIE CPEACTBa,
BO3[EHCTBYIOLUME HA TyMopasibHble (aKTopbl perynsumm
QYHKLMOHANBHOTO COCTOSIHMSA COCYQMUCTOrO pycna, Hampu-
Mep, MCNONb3YIOT CTaTUHbI, MHTMOUTOPbI aHMMOTEH3UH-MNpe-
BpaLLatoLero epMeHTa 1 bIoKaTOpbl aHMMOTEH3UHOBBIX pe-
LenTopoB. 3TM CpeAcTBa ONTUMM3NPYIOT MO3rOBOM KPOBOTOK
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W BbIMOMHAIOT aHMMONPOTEKTUBHYIO (YHKLMIO, BO3LENCTBYHOT
TaKkXKe Ha TpomboumTapHoe 3BeHO remMoctasa. B mocnegHue
rofbl C LieNbl0 ONTUMKU3aLMWM MO3TOBOr0 KPOBOTOKA W MeTa-
BomM3Ma npu MLLEMUYECKUX MOPaXKEHWSAX YacTo UCMOMb3YHT
npenapat AktoBernH®.

AkToBervH® (menpoTeMHU3MpOBaHHbIN reMoAepuBaT Kpo-
BM TENAT) 001aaeT BbIPaXKEHHBIM aHTUTUMOKCUYECKUM U Me-
TabonuyeckuM aeiictueM [45]. OH NOBbILWAET YTUAM3aUMIO
KMCNOpOLa KNeTKaMK, YTo NMPUBOAMT K YNYYLLEHMIO 3HEpre-
TH4YecKoro MeTabonnaMa u CHKeHU0 06pa3oBaHWsA NaKTaTa
B ycnoBusx miwemmn. oBbILAET QYHKUMOHAMBHYIO aKTMB-
HOCTb MMKPOCOCYAMCTOr0 3HAOTENNS, OKa3biBAET MOJOMM-
TesbHOe BAIMSIHME Ha NMPOLIECChl MUKPOLIMPKYNALMM, YTO Mpo-
ABNIAETCA YBENMYEHWNEM CKOPOCTU KanUAMSAPHOTO KPOBOTOKA.
BasoMotopHbIn addeKT npenapata, BepoATHO, peannsyeTcs
bnaroaaps nosbiweHuo BolpaboTkm NO cocyamcTbiM aHaoTe-
nveM (Moaynauma GyHKUMKM 3HAOTeNManbHo! cuHTaskl NO),
BCNEACTBUE YEro CYLLLECTBEHHO Yny4LLaeTcs GyHKLMOHaNbHOE
COCTOSIHWE MTaKOMBILLIEYHOTO annapaTa MUKpPOCocyaoB [57].
HeitponpotektusHoe feiicTeue AKToBerMH® CBA3LIBAIOT TaK-
e C MOAYIMPYIOLUMM BAUSIHUEM Ha aKTMBHOCTb LLEPHOMO
dakTopa Kanna B (NF-kB), urpatoLuero BaHylo posib B pe-
TYNALMM MPOLIECCOB arnonTo3a U BOCManeHus B LIEHTpasbHOV
1 nepudepuyecKon HepBHOM CUCTEME.

OnpeneneHHoe NONOXWUTENBHOE BAIMSHUE HA COCTOSHUE
KOTHUTUBHbIX YHKLMI 0Ka3ana Tepanis NEHTOKCUGUIINHOM
U BUHMOLETMHOM MALMEHTOB C KOTHUTUBHBIMU HapYLLEHUAMM
U OeMeHUMen npu LepebpoBacKynapHON HeLOCTaTO4YHOCTH.
06a npenapata UCMoNb3yKTCA B MeLUUMHCKON MPaKTUKe
KaK BacKynspHble npoTekTopbl. OAHaKo MMelLWMecs pesynb-
TaTbl KIIMHUYECKUX WUCCNEA0BaHWW Pas3nMyaloTcs no MeTo-
[ONOTUN W [UTUTENIBHOCTM HabmloeHni, YTo He No3BonseT
O[LHO3HAYHO CYAMUTb O HEMpPONPOTEKTUBHOW 3PGEKTUBHOCTU
3TUX Npenapartos.

AHmudenpeccaHmel. NonyyeHbl [OKa3aTeNbCTBA NONOMKU-
TenbHOro 3 deKTa HeKOTOPbIX aHTMAENPECCAHTOB Ha MUCX0S,
ULIEMUYECKOTO MHCYNbTA. TaK, UMUNpaMUH yCUIMBan Nposv-
(epaumio KNETOK W YMeHbLUan HelipofiereHepaTUBHbIE U3Me-
HEHWs B TUMNOKaMNe KpbIC Nocsie r106anbHoi UwemMiny Mo3ra.
MexaHn3Mbl HeliponpoTeKTUBHOMO AEWUCTBMSA aHTMAenpec-
CaHTOB, BEPOATHO, PeaM3yoTCA Yepe3 YCUNIEHWe MOHOaMU-
HEpruyecKoii HeMpoTPaHCMUCCUM M HOpManu3aumio banaHca
HelipoMeAMaTopHbIX CMCTEM Mo3ra. He UCKoyaeTcs BO3MOX-
HOCTb WX BAIMAHWA HA MHAYKUMIO (aKTOpOB pocTa WU CTUMYNS-
umio HenporeHesa [58, 59]. MoaTBepxaeHMeM ToMy sBseTCA
YITyyLLEHWEe HeWpONaCcTUHECKUX NMOKa3aTenei Noj BAUSHUEM
dnyoKkceTMHa (MHrMbMTOP 06paTHOrO 3axBaTa CEPOTOHMHA)
Yy MbiLen nocne TpaBMbl Mo3ra [20]. HeobxoauMmel fanbHen-
LUMe IKCMEpUMEHTaNbHbIE W KJIMHUYECKUE WCCIef0BaHNS
HEMpPONPOTEKTUBHBIX CBOWCTB aHTWAENPECCAHTOB C LENbIo
(apMaKoTepaneBTU4ECKOr0 060CHOBaHMA BO3MOXHOCTU UX
NPUMEHEHNA MPK LiepebpoBacKyNAPHOI HeLOCTaTOYHOCTW.

(Gapmaronoaudeckoe npexoHOUyuoHuposarue. [lo-
BbICUTb YCTOMYMBOCTb HEWPOHOB K MOCneayioleMy BO3-
LENCTBMIO  MWEMUYecKoro Gaxktopa BO3MOXHO MyTeM
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MPEKOHANLMOHMPOBAHUS, B Pe3ynbTaTe Yero aKTUBMpPYHTCS
3H[OrEHHbIe MeXaHU3Mbl afanTaumu. [peKoHaNLMOHUPOoBa-
HWe npepacTaenset cobon cnocob Metabonuyeckon apanta-
UMM OpraHM3Ma K MocnefyloLieMy natonorMyeckoMy Bo3-
LEeWCTBUIO, B JAHHOM CJTy4ae K BO3LEMCTBUIO MLLEMUYECKOTO
dakTopa [35, 60, 61]. B nocnegHee BpeMs aKTUBHO M3y4atoTcs
NPOTEKTUBHbIE BO3MOXHOCTH ULIEMMYECKOTO NMPEKOHAMLIMO-
HWUpOBaHMWs. B pamKax 3Toi KoHLenuMM LS NpopUNaKTUK
U Tepanuu MLLEMMYECKOTO MHCYMbTA NpefJiaraeTcs Ucnosb-
30BaTb Mpenaparbl, aKTUBMPYIOLLME MPOLLECCHl ULIEMUYe-
CKOro MpEeKOHAULMOHMPOBaHMA. TaK, UHTMOUTOPBI nponun-
TMAPOKCUNA3 aKTUBUPYHT IKCMPECCUIO TeHOB 3PUTPONOITUHA
1 (aKTopa pocTa 3HACTENNA COCYAOB, BOBNEYEHHBIX B MpO-
TMBOMLWEMMYECKYHO 3awmTy [10]. 3T0 CBMAETENLCTBYET O TOM,
yTo (hapMaKoNorMyecKoe UHrMbUpoBaHWe NPONMNTUAPOKCH-
Na3 MOXET NOBbICUTb 3G (EKTUBHOCTb NIEYEHUSA MHCYNbTA.

B HayuHoit nuTepaType onMcaHbl pasiMyHble METOAb
U hapMaKonormyeckme areHTbl ANA NPeKOHAMLMOHMPO-
BaHusA. Hanpumep, moKasaH HelponpoTeKTUBHBIA 3DdeKT
[TyTaMaTHOro MPeKOHAWLMOHMPOBAHUSA B 3KCMEpUMEHTE
C ryTaMaTHOW LIMTOTOKCHUYHOCTLIO [62]. ®apMaKonoruyeckoe
NPeKOHAULMOHUPOBAHUE U3MEHSIET IKCMPECCHI0 MPOTEUHKHU-
Ha3, (paKTOpOB TPAHCKPUMLMM U APYrUX PerynatopHbix ben-
KOB, YTO [ieNaeT opraHu3M bonee ycToiumBbIM K NOCeayo-
MM pa3nuyHbIM noBpexjatolumM Bosgencteusam [10, 63].
MeTozbl NPeKOHAMLMOHMPOBAaHWA NOKa3anu CBo 3GheKTHB-
HOCTb B 3KCMEPUMEHTASTbHBIX U KIMHUYECKWX UCCNIef0BaHMSIX.

JIddeKT Pn3MHecKUx MeTofoB NPEKOHAMLMOHUPOBAHMS
MOHO NOTEHLMPOBATb C MOMOLLbH pasfnyHbIX hapMakono-
rMYeCKMx areHToB. B npoBefeHHbIX B nabopatopun Cmonl MY
UCCNENOBaHNAX YCTAHOBNEHO, YTO IQQEKT MMMNOKCUYECKOTD
NPeKOHAMLMOHMPOBAHMNS CYLLECTBEHHO MOBLILIAKT HEKOTO-
pble aHTUrMNOKcaHThl [29, 64, 65]. Ux npumeHeHue BMecTe
C YMepeHHON r1nobapuyeckon rMNOKCUEN B PEXMME KOM-
BWHMpOBaHHOIO NMPEKOHAMLIMOHWUPOBAHUA MOKasano Bbipa-
JKEHHbI HelponpOTEKTOPHbIA 3GPEKT NpU ULLEMUM MO3ra
Y KpbIC, YTO MPOSBNISANOCH MOBbILIEHNEM BbIXKMBAEMOCTH JKC-
MEPUMEHTANbHBIX KMBOTHBIX, CHUXEHUEM BbIPaXKEHHOCTH
HEBPONIOrMYecKoro feduuuta B NOCTULLEMUYECKUIA NEPUOL
(puc. 1) ¥ NONOXKUTENBHBIM BIUAHUEM Ha MOP(ONOrUYECKYHD
KapTMHy Ha cpe3ax Mo3ra [66—69].

Takum obpasoM, npu LiepebpoBacKyNsApHO#A HeLoCTaTou-
HOCTW B NepeyeHb NeKapCTBEHHbIX CPeLcCTB 1A (apMaKo-
JIOTMYECKON HEWpOMPOTEKLMM AOMMHBI BXOAUTb CPEACTBa,
aKTuBMpyloLLme (U3MONOrMYECKMe MeXaHu3Mbl afanTaLuy.
Hanbonee BbipaeHHoe CTUMYNMpYIoLLee LelCTBME Ha 3HAO-
reHHbIE MeXaHU3Mbl afanTaLyy 0KasbIBaloT Npenaparsl Heli-
poTpodmyecKux aKTOPOB U UX aHanoru. [ns HUX XapaKTepHo
MHOTOYPOBHEBOE MNEMOTPONHOE BO3AENCTBME KaK Ha pasnny-
Hble 3Tanbl M MeXaHW3Mbl MATONIOMMYECKUX KAaCKaZ0B NOBPeX-
LEHWA, TaK U Ha NPOLLeCChbl BOCCTAHOB/EHMS B NOC/EAYHOLLEM.
CyLiecTBeHHYI0 ponb B BOCCTaHOBNEHUE (YHKLIMOHANBbHO
aktmeHoctu LIHC nocne uwemmyecKoro noBpexaeHUs BHOCAT
HOOTPONHbIE CPELCTBA, COYETAIOLLME B CBOEM CMEKTPE aKTMB-
HOCTU HelpoMeaMaTopHoe W HelpoMeTabonyecKoe fencTaue.

Tom 16, Ne 1, 2025

[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s
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Puc. 1. BnnaHue amtusona u yMepeHHon runobapuyeckon ru-
nokcuu (TBI) Ha HeBponoruyeckuid peduumt (no wrkane McGrow)
Y KpbIC Yepe3 1 cyT nocnie [LBYXCTOPOHHEN NepeBA3KY 0bLLMX COH-
HbIX aptepuii. Pasnnumus poctoepHbl, p <0,05 (U-Tect MaHHa —
YWTHM) Mo cpaBHeHMIo: * — C rpynmnoii J0XXHOOMNEPUPOBAHHBIX
JKMBOTHBIX, # — C rPYNMoii KpbIC C ULLEMUE

Fig. 1. The effect of amthysole and moderate hypobaric hypoxia
(HBH) on neurological deficit (assessed using the McGraw scale)
in rats 1 day after bilateral common carotid artery occlusion.
Differences are considered significant at p <0.05 (Mann—Whitney
U test) compared with the following groups: * — sham-operated
group, # — “Ischemia” group

BakHoe 3HaueHWe Ans ycrewHoW HelponpoTEKTUBHOM
(apmaKoTepanuu B Mepuod BTOPUYHOW HepOnpoTEKLMM
“MeeT BOCCTaHOBNEHWE (YHKUMOHANbHOTO COCTOSHMSA CO-
CYLMCTOW CMCTEMBI MO3ra, 4To TpebyeT MpuUMeHeHNs BacKy-
NAPHBIX MPOTEKTOPOB. [M0BLICUTL TONEPAHTHOCTb HEWPOHOB
rONOBHOTO MO3ra K MocreaytoLleMy BO3LENCTBUK MLLeMun/
TUMOKCMM BO3MOXHO NyTeM (hapMaKoorM4ecKoro NpeKoH-
OVLMOHMPOBaHMS, a TakKe NyTeM GapMaKonornyeckoro no-
TEHUMpOBaHUs 3 EKTa ULLIEMUYECKOTO Ui TUMOKCUYECKOTO
NpeKoHANLMOHNpoBaHMs. [laHHoe HanpaBneHue UMeeT 60sb-
LUYI0 aKTyanbHOCTb M NOTEHLMANbHbIE NEPCNEKTUBLI Afs pa3-
paboTku 3 PeKTMBHBIX CNOCODOOB 3aLLMTLI FOIOBHOTO MO3ra
(M Bpyrvx opraHoB) OT ULLIEMUYECKOTO NOPAXKEHMS.

3AKJIOYEHUE

CoBpeMeHHasi cTpaTerus ycnewwHom GpapMaKoior4ecKon
HeponpoTeKLUMM NpU LiepebpoBacKynspHOA HeLoCTaTo4HO-
CTW Hanpae/eHa Ha MOBbILLIEHWUE BbIXWBAEMOCTU HEWPOHOB
W WX YCTONYMUBOCTM K WLLEMWM/TUMOKCUN W JOMKHA BKJIIO-
4aTb He TONbKO BNOKaLy MHALMMPOBAHHBIX MOBPEXAAHLIMM
(aKTopoM NaTodU3nNONOrUECKUX KACKaZ0B, HO U aKTUBaLMIO
3HOMEHHBbIX MEXaHW3MOB afanTauuu, KOTopble peanusy-
I0TCA TaKUMU MPOLIECCaMM, KaK HelponiacTUiHOCTb U Hel-
potpodmKa. Bo3meicTBys Ha MMLLEHM, acCOLMMPOBAHHbIE
C npoueccamMn HelpoTPO(UKM M HeWpOMIacTMYHOCTH, BO3-
MOXHO aKTVUBUMPOBaTb (PU3MONOrMYECKME MEXaHW3Mbl afan-
Taumn. MexaHu3Mbl HEMPONPOTEKLMK, CBA3AHHbIE C HENpo-
TPOOMKON M HeliponnacTMYHOCTbIO, MpeacTaBnslT cobou
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BaXKHble QU3MONOrnyeckue MULLIEHN ANs hapMaKosoryecKo-
ro BO3AENCTBMS NpU LiepebpoBacKynspHOi HEAOCTAaTOHHOCTH.
AxTvBaumsa dbum3nonorMyeckux MexaHM3MoB aganTaLuu KeToK
UHC K Bo3meicTBUI0 IKCTPEMaNbHbIX PaKTopoB cnocobeTayeT
MOBBILUEHMIO TONEPAHTHOCTU HEMPOHOB K ULLIEMUK/TUTOKCUM,
MOJYnUpYyeT HelpoMeTabonMyeckue U HelipoMeaMaTopHbIe
peaKLym, aKTUBMPYET penapaTuBHbIE MPOLLECCH! U BOCCTaHOB-
nexve dyHrumn LHC B noctuweMuyeckuii nepuog.

Bbibop neKapCTBEHHbIX CPeACTB ANA HeWponpoTek-
UMM OCYLLECTBASIETCA C YYETOM MOTEHUMASBbHBIX MULLEHEH
Ans hapMakonornyeckoro BosgencTeus. B Kauectse cru-
MyNATOPOB QU3MONOrMYECKUX MEXaHU3MOB HEMPOMPOTEKLIMH
BO3MOXKHO WCMOMb30BaHWE NpenapaToB HelpoTpoUUYecKux
(aKTopoB M MX aHanoroB, KOMOMHMPOBAHHLIX MpenapaToB
C HelpoTpOdUUECKUMN CBOMCTBAMU, HepOMETaboNMUEeCKNX
CTUMYNATOPOB M HOOTPOMHbLIX CPEACTB, HelipoMenuaTopoB
W BacKyNApHbIX NPOTEKTOPOB, PerynATOpHbIX 6eIKOB U ApYrux
CUrHabHBIX MOMEKY, CMOCOBHBIX aKTUBMPOBATb 3HAOMEHHbIE
3alUMTHbIE CUCTEMBI M MOBLILIATb YCTOWYMBOCTL HEPOHOB
K HebnaronpusaTtHbIM GakTopam. [pu uepebpoBackynsp-
HOM He[0CTaTOYHOCTU NOBBLICUTb TONIEPAHTHOCTb HENPOHOB
K LLIEMUW/TUMOKCUM BO3MOXKHO NyTEM (hapMaKoNor1iyecKoro
noTeHUMpoBaHMs 3B dEKTa FMNOKCMYECKOr0/ULLIEMUYECKOID
NPeKOHAMLIMOHUPOBaHUS, UCMONb3yA AN 3TUX Lenei ne-
KapCTBEHHbIE CPEACTBA C aHTUIUMOKCUYECKOW aKTUBHOCTbHO.
lpuMeHeHWe npenapaTos, MOTEHUMpYOWMX 3PdEKT npe-
KOHAMLMOHUPOBAHUSA, NpeACTaBseTcs NepCrnekTMBHLIM Ha-
npaeneHneM B NPOQUNaKTMKe OCTPbIX HAPYLLUEHMI MO3rOBOrO
KpoBoobpalLieHns, a TakKe B Tepanuu 0CTPOW U XPOHUYECKOM
LepebpoBacKynspHoOI He[OCTAaTOYHOCTH.

Takum 06pasoM, 3ddeKTMBHaA NpOTMBOMLLEMUYECKAS
dapMaKoTepanus Kak npu oCTpbIX, TaK U NPU XPOHUYECKMX
HapyLIEHWAX MO3roBOro KpoBoobpalueHus AomxHa 6bbiTh
KOMOMHMPOBAHHOM W BKKYaTb aKTUBATOPbl 3HAOTEHHBIX
MexaHW3MoB apanTauuu. logobHyl HeMponpoTeKTUBHYH
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Methamphetamine as a street drug:
effects, addiction, and associated risk factors

Alexander L. Urakov

Izhevsk State Medical Academy, Izhevsk, Russia

ABSTRACT

Methamphetamine is the most prevalent amphetamine-type stimulant, which is often illicitly produced in clandestine or
laboratory settings from prescription or over-the-counter drugs. Methamphetamine has more than 20 street names, with
“crystal,” “glass,” and “hot ice” being among the most popular. Crystal methamphetamine resembles shards of colorless or
light blue glass; however, the drug is often used as powders, tablets, pills, smoking mixtures, and/or solutions for injection.
Methamphetamine may be administered by various routes, including oral, rectal, respiratory (via vapor/smoke inhalation),
intravenous (via injections), and vaginal. It is generally absorbed through mucous membranes and crosses the blood-brain
barrier. The physiological effects of methamphetamine are similar to those of amphetamine-type drugs. These are the result
of stimulation of the central nervous system, the sympathetic part of the vegetative nervous system, and the cardiovascular
system, with simultaneous suppression of the digestive tract function. Therefore, the effects of this group are similar to the
physiological and psychological effects of epinephrine, known as the fight-or-flight response. These changes include stimulation
of mental abilities, attention, reactivity, alertness, and anxiety (vigilance); improvement of mood (elimination of depression
symptoms) and self-esteem; insomnia; increased muscle activity; and fatigue relief (the doping effect). They also provoke
increased heart rate, blood pressure, body temperature, perspiration, respiratory rate, and blood sugar levels accompanied
by suppression of appetite; constriction of peripheral arterial vessels; bronchial and pupillary dilation; decreased peristalsis of
atonic intestines, stomach, gallbladder, biliary tract, and ureters; reduced secretory function of digestive glands; and dry mouth.
High doses may induce paranoia, exacerbation of schizophrenia, seizures, cardiovascular collapse, stroke, or death. The effects
of methamphetamine typically persist for 612 h, with maximum duration reaching up to 24 h at high doses. The biological
half-life of methamphetamine in adults is 4-5 h. The substance is recognized as a highly addictive drug with a high potential
for abuse. Consequently, it is classified as a narcotic drug worldwide.

Keywords: narcotic drugs; hallucinogens; doping; methamphetamine; ephedrine; crystal; hot ice; addiction.
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MeTaMdeTaMMH KaK YIMYHBIA HAPKOTUK.
3ddeKTbl, HAPKOTUYECKAsA 3aBUCUMOCTb
U accoLMMpPOBaHHbIe C HUMU (PAKTOPbI PUCKA

A.J1. Ypakos

MxeBckas rocyaapcTeeHHasA MeauUMHCKaa akagemus, MeBck, Poccusi

AHHOTALIMA

MeTamdeTaMuH ABNSETCS CaMbIM PacrpOCTPaHEHHBIM HapKOTUKOM aM(EeTaMUHOBOMO PAAaA, KOTOPbIK 4acTo HE3aKOHHO Mpo-
M3BOAMTCS B KYCTApHbIX YCIOBUSX U NabopaTopusix U3 peLienTypHbIX 1 Be3peLenTypHbIX IeKapCTBEHHbIX npenapatoB. Hesa-
KOHHO Npou3BefeHHbIi MeTaMbeTaMuH uMeeT bonee 20 yNUYHBIX Ha3BaHWIA, CPEAM KOTOPbIX YaLLe UCMONb3YeTCH «KPUCTaI»,
«XpYyCTanbHOE CTEKMO» U «TopsAYMiA Ned». Kpuctanamueckuin MeTaMdeTaMWH HanoMMHaeT cOBOM OCKOMKU DecLBeTHOro
UnmM cBeTno-ronyboro CTeKNa, HO Npenapar 4YacTo UCMONb3YeTcs B BUAE MOPOLUKOB, TabNETOK, NUMHNb, KypUTENbHBIX CMECen
W pacTBOPOB A1 MHbeKUMK. [penapaT MoryT BBOAMTL BHYTPb (YEpE3 poT UM NPAMYI0 KULLKY), B CUCTEMY AblXaHus (B BUAE
WHransuui, BAbIXxaH!S NapoB WK AbiMa), B KPOBb (C NOMOLLbI0 MHBEKLMIA), a TaKKe Yepes Bnaranuie. Kak npasuno, oH nerko
BCACbIBAETCA Yepe3 CAM3NUCTbIE 000I0YKM U NPOHUKAET Yepes reMatosHuedanuyeckuii bapbep. Gusnonornyeckue ahdeKTol
MeTamdeTaMMHa cOOTBETCTBYHOT 3ddeKTaM npenapaToB Knacca aMheTaMUHOB M 06yCNOBREHbI CTUMYNALMENR LieHTpanbHOM
HEPBHOW CUCTEMbI, CUMNATMYECKOM YacTX BEreTaTUBHON HEPBHOM CUCTEMBI U CEPAEYHO-COCYAMUCTON CUCTEMBI NPU OLHOBpE-
MEHHOM YrHETEHUM DYHKLIMOHANBHOM aKTUBHOCTU OPraHoB nuLLeBapeHus. [o3ToMy 3 deKTbl 3ToM rpynmbl NpenapaToB 04eHb
MOX0XM Ha Qu3nonorudeckue U neuxonornyeckue 3ddeKThl, Bbi3biBaEMbIE IMMHEPPUHOM U U3BECTHBIE KaK peakums «bei
unm berux». 3TOT KOMMEKC W3MEHEHUI BKIIKOYAET CTUMYMALMIO YMCTBEHHBIX CMOCOBHOCTEN, BHUMaHWSA, peaKTMBHOCTH, Ha-
CTOPOXKEHHOCTU W TPEBOXHOCTU (6AUTENBHOCTM); YNyYLLEHWe HACTPOeHNs (yCTpaHeHUe CUMMTOMOB Jenpeccum); NoBbILLEHKE
CaMOoOLLEHKY; 6ECCOHHMLY; NOBBILIEHME MBILLEYHOW aKTUBHOCTY; YCTPAHEHME YYBCTBA YCTanocTn (3ddeKT aonuHra); ysenmue-
HWe 4acToTbl CepAEYHbIX COKPALLIEHWI, apTepuUanbHOro AaBEHUS, TEMNEPaTYphbl Tena, NOTUBOCTH; CYXEeHWe Nepudepuyeckux
apTepuanbHbIX COCYAOB, pacluMpeHue OPOHXOB; y4yallleHHOe AblXaHWe; pacluMpeHWe 3paykoB; MOBbLILLEHWE YPOBHS caxapa
B KPOBW NpW 0LHOBPEMEHHOM MOLABNIEHUM aNNETMTa; 3aMeJIEHNE NEPUCTANbTUKW U TOHYCA KULLIEYHWKA, KENYLKA, KENYHOr0
Ny3bIps, KENYHbIX NYTE U MOYETOUHWUKOB; YMEHbLLEHWUE CEKPETOPHOW [eATeNbHOCTU MULLEBapUTENbHBIX JKeNe3 U pasBuTHe
cyxocTy Bo pTy. Boicokve o3kl MOryT Bbi3blBaTh NapaHoiiio, 060CTpeHe LWM3ohpeHny, Cyaopory, CepaeyHo-CcocyauCTbIN Kom-
narnc, UHCynbT U cMepTb. 0BbIYHO IDDEKTBI COXpaHAIOTCA B TeueHue 6—12 4, Ho MOTYT NpojonXKaThca A0 24 Y nocne npueMa
bonblmx fo3. Mpu 3atom Buonormyeckuin nepuog, nonyBbiBeAEHUA MeTaMpeTaMUHa Y B3POCSbIX JIOLEN cocTaBnseT 4-5 u.
MeTaMdeTaMUH BbI3bIBAET CUIBHYKO 3aBUCUMOCTb, Y HETO BLICOKWIA MOTEHUMAN 3N10ynoTpedneHns, nostoMy B DONbLUMHCTBE
CTpaH MMUpa OH BKJTOYEH B CMIMCKM HAPKOTUYECKWX NpenapaTos.
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INTRODUCTION

Methamphetamine (synonyms: amferoxin, gerovit,
sondrex, dezamine, deoxyn, methedrine, neodrine, etc.)
is currently the world's most widely used “street drug”,
which is illicitly produced and distributed in the criminal
environment to meet the needs of drug abusers. [1-5] At
the same time, methamphetamine is not only available on
the global pharmaceutical market as a street drug, but also
as a high-quality pharmaceutical preparation. In the case
of a quality pharmaceutical preparation, methamphetamine
meets the pharmacopoeial requirements in terms of quality.
Such methamphetamine is used in some countries for
the treatment of obesity and attention deficit hyperactivity
disorder (ADHD). [6—13]

Methamphetamine, as a legally manufactured drug,
is a chemically pure substance that belongs to the group
of amphetamine-type psychostimulants. [14-16] This
is explained by the fact that the chemical formula of
methamphetamine indicates its affinity with substituted
phenylethylamines and amphetamines, i.e. substances
that represent the basis of the specified pharmacological
group. In particular, the symbol of the structural x formula
of methamphetamine can be represented as C10HT5N,
which indicates the similarity of methamphetamine to other
dimethylphenethylamines. A more detailed analysis of the
chemical structure of methamphetamine indicates that it is
a positional isomer of these compounds. [17]

This information indicates that the idea of methamphet-
amine as a drug relies on an idylized essence of a “pure”
chemical substance. Moreover, it relies only on the symbol
of the chemical formula of a single methamphetamine
molecule and not on the actual pharmaceutical product. In
turn, the mechanism of action of idialized methamphetamine
described in manuals and handbooks is also illusory because
it applies only to a virtual patient who is not addicted and
has not taken methamphetamine before. [18] Nevertheless,
the idealized mechanism of action of methamphetamine
as a drug indicated in manuals, handbooks, and textbooks
has been successfully used by physicians and specialists
around the world as basic (baseline) information, which they
adjust based on many factors. In doing so, specialists rely
on personal experience as well as the experience of others,
namely, those who have previously used the drug for various
medical purposes, mainly under the name “pervitin.” [19, 20]

Consequently, the information about methamphetamine
as a drug and its mechanism of action currently contained
in manuals, textbooks, drug reference books, and meth-
amphetamine instructions for use is not directly relevant
to methamphetamine as a specific street drug and its
specific user. Nevertheless, this information can be used
to characterize the biological activity of any street (or club)
methamphetamine and the health status of any living person
after interaction with any criminal drug. To do so, the specialist
must make adjustments to the standard information using
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such factors as the composition of the selected drug product,
its aggregate state, physicochemical properties, dose and
concentration of each ingredient, as well as the user’s age,
body weight, health status, sensitivity to drugs in the group
of psychostimulants, sympathomimetics, adrenomimetics
and antidepressants, and the technology and frequency of
methamphetamine administration into the body.

LOW QUALITY “STREET”
METHAMPHETAMINE AS A RISK
FACTOR FOR DRUG ADDICTION

Methamphetamine as a “street drug” has no quality
standard, is not marketed as a standard pharmaceutical
product and does not have a “standard” mechanism of action
described in the relevant manuals. [14] The fact is that in the
criminal environment methamphetamine is produced illegally
in artisanal conditions and clandestine laboratories using
different raw materials and different technologies. Therefore,
each manufacturer’s final product (drug) is different in
terms of its quality and biological activity. In particular, it is
reported that in the criminal world, methamphetamine can
be produced from plant material containing ephedrine, as
well as from ephedrine hydrochloride and/or its analogues
(prescription and over-the-counter medicines for the treat-
ment of runny noses and bronchial asthma). To do so, the
specified feedstock is subjected to a chemical reduction
reaction based on one of the classical methods (the Birch,
Nagai, Leukart or Emde method), but with the substitution of
pure chemical reagents for “dirty” reagents such as battery
acid, household potassium permanganate, sewage cleaner
and antifreeze. [14, 19] Therefore, illicit methamphetamine
manufacture can lead to fires, explosions, injuries, and
environmental contamination.

Therefore, the use of methamphetamine as a street
drug by any user each time represents for each of them
an experience of the influence of an “unfamiliar” product
of chemical synthesis, produced in artisanal conditions
without observing safe technologies of production, storage
and transportation. Under such conditions, the street
(“underground”) drug may be “contaminated” with various
impurities that alter its biological activity in different ways. In
addition, methamphetamine may be distributed in the criminal
environment not only under the name methamphetamine,
but also under the slang names of pervitin, screw or “club
drug”. Methamphetamine as a street (or club) drug can have
different aggregate states, different qualities and quantities,
and can be administered in different ways to the user.
Therefore, different quality, different quantity (different dose,
concentration) of artisanally produced methamphetamine, as
well as different technology of its use allows for a product
with different biological activity and mechanism of action.
[14, 20] In addition, methamphetamine may be distributed in
the criminal environment not only in the form of a chemically
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pure substance (e.g. crystals or powders), but also in the
form of household “products” such as dietary supplements,
smoking mixtures, bath salts and various solutions. [14, 20]

Consequently, homemade methamphetamine differs from
factory-produced and legally produced methamphetamine
in that it is produced under illegal conditions without
complying with pharmacopoeial quality requirements, so
such methamphetamine is not standard in its composition
and quality. As a street (club) drug, it is not a completely
pure chemical substance and is “contaminated” with various
impurities. It has been shown that methamphetamine often
contains pseudoephedrine. The purer methamphetamine is
reported to be clear, colorless crystals or light blue crystals
that are odorless. Typically, street methamphetamine crystals
and/or powders and pills are white in color and have a bitter
taste. Less commonly, street methamphetamine powders,
crystals, and tablets may be pink, brown, and orange in color.
[2, 21-25]

It is reported that the more “contaminated” metham-
phetamine is with other biologically active substances, the
more its effect on humans differs from that of chemically
“pure” methamphetamine. In particular, very “dirty” metham-
phetamine has the most pronounced neurotoxicity: in some
people, such methamphetamine can cause drug dependence
after the first use. [14] It also encourages users to stay awake
for several days. At the same time, street methamphetamine
users use it in different ways.Nowadays, people often use
crystals and/or methamphetamine powders. At the same
time, they sniff, smoke, dissolve under the tongue, or
dissolve them and inject the solution directly into a vein.
[17, 26-29] In addition, the drug can be introduced into the
rectum (rectally) and into the vagina (intravaginally) in the
form of special “balls”. [17]

The described street (or club) drug was previously
known in the criminal world by such slang names as screw
and pervitin, while crystalline “pure” methamphetamine was
known by such slang names as ice, crystal and meth. In recent
years, methamphetamine as a street drug may be distributed
under the names methamphetamine, methylamphetamine,
desoxyephedrine, pervitin, screw, and slang names such as
meth, crank, crystal, crystal meth, shatter, glass, ice, hot
ice, speed, fast methamphetamine, poor man’'s cocaine,
sneakers, yaba, shabu, batu, Biker Coffee, Black Beauties,
pink panther, yellow barn, chalk, salt, chicken feed, weirdo,
glass, Go-Fast, Hiropon, stove, Tina, trash, tweak, top,
ventana, vidrio, gunpowder, carbide. [14, 17, 19, 20]

MECHANISM OF THE EFFECTS OF
METHAMPHETAMINE ON HEALTHY
INDIVIDUALS ON FIRST USE

When methamphetamine is first administered enterally
and/or parenterally to a healthy adult at a moderate dose
(5-30 mg), the drug is usually rapidly absorbed into the
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bloodstream and from the bloodstream it penetrates well
into many organs and tissues, including the brain, where
it causes a cascading release of norepinephrine, dopamine
and serotonin. [20, 30, 31] As a result, the state of healthy
individuals deprived of drug dependence changes towards
a state characteristic of a stress response. This is due to
the release of norepinephrine, dopamine and serotonin into
the tissues from intracellular depots, which are located
in the endings of nerve cells. At the same time, the drug
inhibits their subsequent absorption by the tissue. To
a lesser extent, methamphetamine acts as a dopaminergic
and adrenergic reuptake inhibitor, and at higher doses it can
act as a monamine oxidase inhibitor (MAOI). As a result,
a single moderate dose of methamphetamine increases
the concentration of these neurotransmitters in the synaptic
clefts of the adrenergic part of the autonomic nervous
system, which excites postsynaptic adrenoreceptors located
in the sympathetic part of the autonomic nervous system. [31]
This excites alpha- and beta-adrenoreceptors not only in
the brain, but also in the muscular layer of bronchial walls,
blood vessels, and myocardium. Simultaneously, there is
a release of catecholamines into the blood from the adrenal
glands. In this regard, the changes occurring in the body of
healthy people after a single injection of methamphetamine
in a moderate dose are caused mainly by an increase in the
concentration of natural catecholamines in the blood. [14, 20]

Due to the mentioned activation of the sympathoadrenal
system, a moderate dose of methamphetamine increases the
reactivity of the organism of a person not addicted to it. This
increases the intensity of basic metabolism, activity of the heart,
central nervous system, respiratory system, skeletal muscles,
musculoskeletal system with simultaneous suppression of
functional activity of the digestive system organs. [31]

This change in the state of the organism of healthy people
is characteristic of the effect of moderate doses of not only
methamphetamine, but also almost all adrenomimetics,
sympathomimetics, antidepressants, psychostimulants and
hallucinogens. Under the influence of a moderate dose
of methamphetamine, the central nervous system of
a healthy person is aroused. Simultaneously, drowsiness
is eliminated, there is a burst of energy, euphoria, false
bravado, and an increased sense of sexual pleasure in sex.
[32-36] There is even an entire subculture built around taking
crystal methamphetamine and having sex. [33-38] It has
been reported that methamphetamine’s positive effects on
sexual satisfaction have led to an increase in underground
hangouts, gaming clubs (PnP), and chemsex parties in which
participants use the club drug. [39-42] However, although
methamphetamine as a club drug gives its users more self-
confidence and they have more pleasure when having sex,
these individuals have high risks of HIV infection because
addicts have poor personal hygiene and weaker immune
systems. [43-46]

Thus, the direct effect on healthy people of a single
injection of methamphetamine in a moderate dose is
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manifested in them by psychomotor excitation, elimination
of drowsiness, the appearance of a sense of vigor, positive
mood, improvement of cognitive functions such as attention
and psychomotor coordination, as well as the elimination
of hunger and loss of appetite. [14, 19-21, 31] It has been
shown that stimulation of the sympathetic part of the
autonomic nervous system stimulates not only the CNS,
but also the cardiovascular system, respiratory system,
and musculoskeletal system. Therefore, people who have
taken a moderate dose of methamphetamine usually have
increased systemic arterial pressure, increased rhythm of
cardiac activity, increased strength of heart contractions,
increased physical efficiency, developed inability to sit still,
eliminated fatigue, drowsiness, increased body temperature,
increased sweat secretion, deepened and increased lung
ventilation, increased intensity of basic metabolism and
oxygen consumption by the body, the organ of vision is
reorganized for long-range vision, its pupil is dilating.
In this case, the function of the digestive system organs is
depressed: the tone and peristalsis of the stomach, intestines,
gallbladder, biliary tract, ureters decreases, the secretory
activity of the glands of the digestive tract decreases (saliva
secretion, bile emission, pancreatic secretion decreases), dry
mouth develops. At the same time eliminates runny nose,
laryngospasm, bronchospasm, develops dryness in the nose,
sore throat, bronchial dilatation, improves the sense of smell,
vision. [20, 31]

The described mechanism of action of methamphetamine
in the body of healthy adults develops when the drug is
administered orally, into the lungs and/or into the blood. It
is important that methamphetamine enters the bloodstream
and spreads with the blood throughout the body. As a rule,
these changes begin to develop a few minutes after using
the drug. At the same time, the above effects develop in all
people in various combinations and in different sequences
one after another. The resulting effects begin to gradually
intensify with an increase in the time interval from the
moment of introduction into the body, reaching maximum
values after 1-2.5 hours. Then these changes persist at
the achieved level for 1-2 hours, after which they begin
to gradually decrease until they are completely eliminated
6-12 hours after administration of the drug. However, when
using very high doses, these effects can last up to 24 hours.
Sometimes, regardless of the route of administration into
the body, methamphetamine can have a pronounced local
irritating effect on tissues. The severity of the local irritant
effect increases in the case of administration of drugs with
high acidic and hypertensive activity [47-50].

And finally, the described change in the condition of healthy
people, which develops in them when methamphetamine
is administered in a moderate dose, makes it possible to
classify this drug as doping. The ability of moderate doses of
methamphetamine to increase mental and physical endurance
can attract athletes, which sometimes causes them to violate
sports ethics. [14, 20]
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REPEATED ADMINISTRATION OF
METHAMPHETAMINE AS A RISK
FACTOR FOR DRUG ADDICTION

The human body gets used to street methamphetamine very
quickly. Therefore, when the drug is administered repeatedly
in a moderate dose, it has a less and less pronounced effect
on the person each time. Under these conditions, a person
is forced to gradually increase the dose of the drug injected
into his or her body to achieve the “desired” effects. This
phenomenon is called habituation. [31] Very often, when
using street methamphetamine, drug habituation develops
in parallel with addiction. In this case, repeated and regular
administration of the drug in increasing doses improves the
mood more and more, causes a feeling of complete spiritual
well-being and absence of sad problems for the addict.
However, this cannot continue indefinitely. The fact is that
prolonged and repeated use of methamphetamine gradually
impairs brain function more and more severely, because street
methamphetamine has a pronounced neurotoxicity. [51-56]
Moreover, its toxicity to the brain tissue increases with the
increase of the administered dose of the drug. Therefore,
after several months and years of regular use of street
methamphetamine, the addict develops mental disorders and
mental confusion. This is often compounded by Parkinson’s
disease and uncontrollable jaw clenching syndrome. In
cases where a drug addict uses street methamphetamine
in high doses (exceeding 50 mg), the addict may develop
psychosis, which is manifested by auditory, visual and tactile
hallucinations, intense paranoia, irrational thoughts and
beliefs, suicidal thoughts and delusions. [31]

It is important to remember that habituation, addiction
and the addict’s “chase” for a sense of well-being (euphoria),
forces him to continuously increase the dose of the injected
drug, which cannot be infinitely safe. Sooner or later the
administered dose of methamphetamine reaches lethal
values, and the addict dies of acute methamphetamine
poisoning (methamphetamine overdose).

Manifestations of acute methamphetamine overdose
include anxiety, tremor, hyperreflexia, rapid breathing,
confusion, aggression, hallucinations, panic states, delirium,
paranoia, hyperpyrexia, and rhabdomyolysis. Fatigue and
depression usually follow central stimulation. Cardiovascular
effects include palpitations and tachypnea arrhythmias,
angina attack, myocardial infarction, hypertension, stroke or
conversely circulatory collapse. Gastrointestinal symptoms
include nausea, vomiting, diarrhea and abdominal cramps.
Occasionally, acute transient ischemic colitis may develop.
Regardless of the above complications it is possible to
develop acute urinary retention, renal failure. In severe
cases, poisoning ends in convulsions, coma and death. [31]

Sudden cessation of methamphetamine use causes
the addict to develop a withdrawal syndrome manifested
by depressed mood, anxiety and sleep disturbance. Acute
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withdrawal usually lasts for 7-10 days, and residual
symptoms associated with neurotoxicity may persist for
several months. [26]

SIGNS OF METHAMPHETAMINE
ADDICTION

Drug addiction on methamphetamine is manifested by
the inability of a person to live a normal existence without
regular repeated intake of the drug. The drug addict's whole
life is likened to running from the fear of impending death,
i.e. withdrawal syndrome (withdrawal syndrome). The main
goal of the addict’s life becomes the search for drugs. At
the same time, there is an exhaustion of the body, memory
lapses, the ability to perceive abstract ideas is lost, body
weight decreases, the rhythm of cardiac activity, the dynamics
of systemic blood pressure is disturbed. [20, 31, 57, 58]

A person addicted to “street” methamphetamine usually
has a pale complexion, poor hygiene, a labile psycho-emotional
state and exhibits ematic behavior. Prolonged drug dependence
is often characterized by the presence of skin infections and skin
ulcers. In addition, long-term use of methamphetamine causes
damage to the integrity of teeth in some users, as manifested
by cracked teeth syndrome, also known as “meth mouth” or
“crank tooth decay”. The said syndrome is characterized by
gum disease, tooth decay, cracked teeth, and scaling of the
teeth. [24, 59-61] The unfortunate complications of chronic
street methamphetamine use also include nervous tics, muscle
spasms, seizures, bruxism (teeth grinding), hypertension,
stroke, heart failure, myocardial infarction, hyperthermia
syndrome, renal failure, gynecological complications (uter-
ine muscle spasm, deterioration of placental blood flow,
intrauterine hypoxia, fetal death, miscarriage, stillbirth). [62—67]

Another possibility for diagnosing drug abuse is to
analyze the suspect’s urine, since methamphetamine and
its reduced metabolites are excreted in the urine. Therefore,
methamphetamine and its reduced metabolites can be
detected in the urine of the addict. [20, 31] It should be kept
in mind that the average half-life of methamphetamine in
adults is approximately 4-5 hours. However, in some addicts,
this period can reach 10 hours. The point is that there can
be a very significant variability in the pharmacokinetics of
street methamphetamine, which depends on different doses
and ways of introducing the drug into the bodies of different
people, as well as on different health conditions of people
and different degrees of habituation to methamphetamine
and different degrees of addiction on it.

However, in practice, drug dependence is most easily
suspected by analyzing the dynamics of a person’s psy-
choemotional state. It should be assumed that a labile
psycho-emotional state and unstable behavior is manifested
in a drug addict by the fact that immediately after using a drug
in the “active” dose, the person calms down and suddenly
becomes cheerful to others. In the first minutes after the drug
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is administered, the addict develops a sense of maximizing
pleasure. This inner feeling of gratuitous pleasure is
characterized by addicts by the term “high”. Then, after a few
minutes or tens of minutes, the psycho-emotional state of the
person may normalize, and the addict may look like a quite
healthy person. In such a state he can stay up to 610 hours.
But then, in case of absence of the next dose of the drug,
the person with drug addiction’s mood deteriorates more and
more every hour. During this period, the addict is eager to
get the next dose of the drug and inject it into his body. In
the absence of the drug, addicts may experience insomnia,
hallucinations and intense itching as if there are bed bugs
crawling under the skin. Because of this, addicts in the absence
of another dose of methamphetamine tend to become violent
and unpredictable. Their eyes begin to run fast, their voice
trembles, and their muscle twitches intensify. If the drug is not
injected into the body, a methamphetamine user may suddenly
fall asleep and sleep for several days while their body tries
to recover from the effects of the drug. Subsequently, the
user may begin to experience withdrawal symptoms such as
fatigue, lack of pleasure, and deep depression. In this way, the
person’s body becomes completely dependent on the drug and
the vicious cycle of addiction is closed. [68-72]

It has been shown that usually the cessation of regular
doses of a drug to a person with drug dependence causes
a progressive deterioration in mood and health over a period
of 3 days. This change in state indicates the development of
withdrawal syndrome or withdrawal syndrome.At the same
time, the addict has a growing sense of fear of approaching
death, memory lapses, inability to perceive abstract ideas, as
well as the rhythm of cardiac activity, the dynamics of systemic
blood pressure, and refuses to eat. However, the behavior and
health status of the addict immediately normalizes if the drug
is introduced into his body in a valid dose. [20, 21, 31]

In some cases, mood and health changes may have
a different dynamic. This can occur when an increased dose
of methamphetamine is administered. It has been reported
that immediately after injecting another dose of the drug into
the vein, the addict becomes agitated and may remain in an
agitated state for about 30 minutes. Then a stage of drug
intoxication develops, which can last from 4 to 16 hours.
This stage is followed by a stage of uncontrolled use of the
drug or alcohol. There is a desire to prolong the euphoria.
To do this, the addict seeks to take an additional dose of the
drug (smokes a cigarette or injects an additional dose into
a vein). This state can last 3 to 15 days. During this period, the
addict's mental, intellectual and physical activity increases.
After that, a period develops when the introduction of
additional doses of the drug no longer causes either euphoria
or narcotic intoxication. The body of the addict is “drawn”
to sleep. During this period, insomnia drives the addict to
insanity (psychosis), he has hallucinations, irritability and
aggressiveness. The addict becomes dangerous to others,
may cause injury. After the addict falls asleep, he sleeps dead
for 1-3 days. During this period he becomes almost a corpse
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and does not pose a threat to others. After deep sleep, the
person wakes up, but feels sleep-deprived and hungry. The
addict develops dehydration, physical, mental and emotional
exhaustion, and depression. He or she loses the ability to
experience pleasure without the drug. Suicidal thoughts may
occur. This period lasts 2-14 days. During this period, the
addict lives with only one thought — to take another dose of
methamphetamine. [20, 21, 31].

Sometimes there may be cases when immediately
after drug administration the condition of the addict may
significantly worsen in other ways. The fact is that during
withdrawal syndrome, drug addicts often tend to use the drug
in excessively large doses to eliminate feelings of fear and get
high. This can lead to an acute overdose of methamphetamine
and the death of the addict from poisoning.

ACUTE METHAMPHETAMINE POISONING

When an excessively large dose of methamphetamine is
administered, the addict gets high for the first few minutes
and is therefore in a state of complete well-being and
satisfaction of all desires. However, almost immediately after
the brief high, the addict's behavior begins to change. This
change occurs in direct correlation with the increase in the
concentration of the drug in the blood of his body. [73, 74]
At first, the addict becomes more and more talkative, begins
picking at the skin of various parts of his body and performing
various repetitive and meaningless tasks. After a few minutes,
the addict’s behavior begins to resemble that of a lunatic, or
a person poisoned by belladonna, as he or she experiences
auditory and visual hallucinations, photophobia, and inability
to sit still in one place. The fact is that methamphetamine
overdose resembles poisoning with adrenomimetics such as
ephedrine and epinephrine. Confusion, hyperactivity, paranoia,
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AHTUrMNOKCaAHTbI HOBOrO MOKOJIEHUS:
LLieJ1I0YHbIe PaCTBOPbI NepeKucu sogopoaa Kak
reHepatopbol MEAULUKUHCKOIO ra3a Kucjiopoga

H.A. Ypaxosa"?, A.J1. Ypaxos?

! MHCTUTYT 3KCnepuMenTasibHon MeauumHbl, CankT-Tetepbypr, Poccus;
Z WeBCKan rocynapcTBeHHas MeguUMHCKas akagemms, Mikesck, Poceus

AHHOTALIMA

MprumnHon Bronornyeckoin CMepTi TEMNOKPOBHLIX JKMBOTHBIX W JIOAEH ABNAETCA TMNOKCUYECKOe NOBPEXJeHWe KIeToK ro-
NI0BHOMO Mo3ra. B cBA3u ¢ 3TUM ra3 KWUCNopoA npeacTaBnsieT coboi aHTUIMMOKCaHT HOMEp OAMH MPU O0Ka3aHWU HEOTSIOXKHOM
MeAMLMHCKOW MOMOLLM BO BCEX KPUTMUECKWX cocTosHUAX. Hanbonee LUMpoKo Kucnopog ucnonb3yetca Ans 3ToW Lien ¢ no-
MOLLbI0 MCKYCCTBEHHOW BeHTWNALMKM Nierkux. OfHaKo npu acuKcuu, BbI3BAaHHOM 3aKYNOPKOW [bIXaTesbHbIX MYTeW rycToi
MOKPOTOW, CNU3bl0, THOEM W/WNKM KPOBbH, MHFANALMOHHBIA KUCIOPOL He OCTUraeT abBeOsl M He BCachiBAaeTCs B KPOBb.
B yKasaHHbIX cuTyaumsax TPagULIMOHHAA UCKYCCTBEHHaA BEHTUNALMS Nerkux TepsieT cBoto 3 deKTMBHOCTL U He NpeaoTBpa-
LLaeT BUOMOrMYECKY0 CMEPTb OT MMMOKCUYECKOr0 NOBPEXAEHUA KeToK Mo3ra. B Hauane XXI B. B KayecTBe anbTepHaTUBHI
ra300bpa3HOMy KMUCNOPOAY, UCKYCCTBEHHOM BEHTUIALMM JIErKUX U 3KCTPaKopnopabHoi MeMbpaHHoi okcureHaumu B Poccum
bbina Hayata pa3paboTka BHYTPUIErOYHbIX KUCIIOPOZ-MPOLYLMPYIOLUMX aHTUIMIMOKCAHTOB NyTeM (M3MKO-XMMUYCEKOTO nepe-
npodunupoBaHnsa nepekncu Bopopoaa. KatanusaropoM 1 KoopauHaTopoM paspaboToK aHTMIMMOKCAHTOB HOBOTO MOKONEHUS
ctan npogeccop M1.[. LabaHos. B pe3ynbrate 6bina 0TKpbITa HOBasA rpynna aHTUIMMNOKCAHTOB, KOTOpble NpeACTaBNAlT coboi
Tennble LLefoYHble pacTBopbl nepekucn Bogopofa. Hanbonee addeKTBHbIE KUCNOPOA-NPOAYLMPYIOLLME aHTUTMMOKCAHTI
NPy BHYTPWIETOYHOM MECTHOM NpUMeHeHUM 0BecreynBaloT MOLLHYIO FeHepaLMio MeAMULMHCKOIO ras3a KUCNOpPOoAa 3a CHeT Ka-
TanasHoro pacLuensieHus Nepexkucy BoLOpoaa Ha BoAY M MONIEKYNSAPHBIA Kucnopogd. MecTHas BHYTpuUneroyHas, sHoTpaTpa-
XearbHas 1 3HA0OpoHXManbHas hapMaKoAMHaMmMKa U hapMaKoOKMHETUKA TeMbIX LLENOYHbIX pacTBOPOB NepPeKUCH BOAOPOaA
HEOTZENMMBI OT B3aMMOLENCTBUSA C KaTana3oM, COAEPHALLEcs B MOKPOTE, ClIU3M, CEPO3HBIX MUAKOCTAX, THOMHBIX Maccax
M KpOBM, 3aMOSTHMBLUMX COOOM [bIXaTesbHble NYTW NpU acOUKCUMM M/UNK TSKENOW OCTPON pecrmpaTopHoit obcTpykumm. Mo-
Ka3aH BbICOKWiA TepaneBTUYECKMIA NOTEHLMAN aHTUIUMNOKCAHTOB HOBOTO MOKONEHWUSA KaK MOLLHbIX reHepaTopoB MegMLMHCKOIo
rasa Kuciopoga npy ux BHYTPUNEroYHbIX, 3HA0OPOHXMANBHBIX M SHA0TPaXeasbHbIX MHBEKLMAX B COCTOSIHUW OCTPOrO TSIKENOro
YAYLLBSA, BbI3BaHHOIO 3aKYMOPKOW AblXaTeNbHbIX MyTel KOMOMAHBIMUA XUOKOCTAMM, COLEepKalLMMM KaTtanasy. [pegnonara-
€TCH, YTO BHYTPUNIErOYHbIE KUCNIOPOA-NPOAYLMPYIOLLIME aHTUIUMOKCAHTBI MOTYT PaccMaTpyUBaThCs KaK JIeKapCTBEHHbIE npe-
napaTbl pe3epBHOM caTypaLyu KPOBMW Yepe3 IErKWEe B CUTYaLMM HU3KOW 3QQEKTUBHOCTU UCKYCCTBEHHOM BEHTUNALMM NETKUX
1 HEBO3MOXKHOCTU NPUMEHEHUS SKCTPAKOpOopanbHON MEMBPaHHOM OKCMreHaLmm.

KnioueBble cnosa: NnepeKncb BOOOpPOAa; ra3 KUC/IOpPOA; aHTUIUMOKCAHTbI; KaTtaja3a; reHepatop KUCI0pOoAa; pa3p360TKa;
JleKapcTBa.
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New generation antihypoxants:
alkaline hydrogen peroxide solutions
as medical oxygen gas generators

Natalya A. Urakova®?, Alexander L. Urakov?

! Institute of Experimental Medicine, Saint Petersburg, Russia;
2 |zhevsk State Medical Academy, Izhevsk, Russia

ABSTRACT

The cause of biological death in warm-blooded animals and humans is hypoxic brain cell damage. Consequently, oxygen
gas is the leading antihypoxant in emergency medical care for all critical conditions. The most common method of oxygen
administration is mechanical ventilation. However, in cases of asphyxia caused by airway obstruction with thick sputum, mucus,
pus, and/or blood, inhaled oxygen does not reach the alveoli and is not absorbed into the bloodstream. In such situations,
traditional mechanical ventilation becomes ineffective and fails to prevent biological death due to hypoxic brain cell damage.
At the beginning of the 21st century, as an alternative to gaseous oxygen, mechanical ventilation, and extracorporeal membrane
oxygenation, the development of intrapulmonary oxygen-producing antihypoxants through physicochemical repurposing of
hydrogen peroxide was initiated in Russia. Professor P.D. Shabanov served as the mind behind and coordinator of the development
of new-generation antihypoxants. A new group of antihypoxants — warm alkaline hydrogen peroxide solutions — was
discovered. The most effective oxygen-producing antihypoxants, when applied locally via the intrapulmonary route, generate
significant volumes of medical oxygen gas through catalase-mediated decomposition of hydrogen peroxide into water and
molecular oxygen. The local intrapulmonary, endotracheal, and endobronchial pharmacodynamics and pharmacokinetics of
warm alkaline hydrogen peroxide solutions are inseparable from interactions with catalase present in sputum, mucus, serous
fluids, purulent masses, and blood that obstruct the airways during asphyxia and/or severe acute respiratory obstruction.
The new generation of antihypoxants has demonstrated high therapeutic potential as powerful medical oxygen gas generators
when administered intrapulmonarily, endobronchially, or endotracheally during acute severe suffocation caused by airway
blockage with colloidal liquids containing catalase. It is hypothesized that intrapulmonary oxygen-producing antihypoxants
could be considered therapeutic agents for emergency blood oxygen saturation through the lungs when mechanical ventilation
is ineffective and extracorporeal membrane oxygenation is not feasible.

Keywords: hydrogen peroxide; oxygen gas; antihypoxants; catalase; oxygen generator; development; drugs.
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HAYYHBI 0630P

BBEAEHUE

MpuumnHoit BrONOrMYecKom CMepTU BCEX TEMIOKPOBHbIX
JUBOTHBIX W TIOAEN ABNAETCA TMNOKCUYECKOE MOBPEXAEHNE
KINETOK roJIOBHOM0 MO3ra, KOTOPOE NPy OTCYTCTBUM KUCNOPOAaA
B YC/IOBUAX HOpPMaJlbHOM TeMMepaTypbl Tefa HacTynaeT HeoT-
BPaTMMO U 04eHb ObICTPO HE3aBUCMMO OT BO3pacTa U COCTos-
HWA 3[0pPOBbS YKa3aHHbIX Buonornyeckux obwbexToB [1-3].
B yacTHocTi, noBelleHMe B3pOC/Or0 YesioBEKa BbI3bIBAET
CMepTb €ro rojI0BHOTO MO3ra YXe Yepe3 HECKONbKO MUHYT
[4—6]. B cBA3M C 3TMM Bopbba C rMNOKCUEN U TUMOKCUYECKUM
MOBPEXAEHNEM MO3ra NpeAcTaBnseT coboi maBHy 3agady
HEOT/OKHOW MeAMLIMHCKON noMoLuy. [ins 3Toro Bpaum CKopoii
MEAMLMHCKO/A NOMOLLYM U OTAENEHUIA UHTEHCUBHOW Tepanuu
W peaHUMaTonoruv NPUMEHSIOT B Ka4ecTBe CPeSCTBa peaHu-
MaLuu B NepByH 04epefib MHIaNsLMOHHBIA ra3 Kucnopog, a3
KMCNOpOog, NpU3HaH OXUBNSAIOLLMM aHTUTMNOKCAHTOM HOMep
OAMH BO BCEM MUpe 415 BceX 6e3 UCKIIOYEHNS KPUTUYECKUX
cocrosHmiA [2, 7-91.

HecMmoTpsa Ha 3T0, npuMeHeHMe Kucnopofa no o6LwuM
npaBuiaM He BO BCEX CUTyaLMSX YCTpaHSET MMMOKCUIO ro-
noBHoro Mo3ra. B yacTHocTu, coobyaetcs, yto go 88%
NauMeHTOB YMepau B GUHANbHO CTaguM aTUNUYHOW MHEB-
MOHWW NpU HOBOM KOpOHaBMpYycHOM uHdeKuum (COVID-19),
MHTEpPNPETUPOBAHHON KaK TAXENbIA OCTPbIA PeCnMpaTopHBbIii
CMHOPOM, OT KPUTUYECKOW TMMOKCUM, HECMOTPA Ha WHrans-
LMOHHOE NMpUMEHeHWe rasoobpasHoro Kucnopoega ¢ nNomo-
Wb COBPEMEHHBIX annapaToB UCKYCCTBEHHOW BEHTUNALMMN
nerkux (VIBJ) [10-13]. B cBA3n ¢ HU3KOM 3DGEKTMBHOCTbIO
MBJ1 6bin0 BbICKa3aHO MpeanoNoXeHUe, YTO MPUYMHOW
yayLubs, runokceMun u cMeptu npu COVID-19 MoxeT bbiTb
acduKcms, BbI3BaHHaA COCTOSHUEM, HANOMWUHAIOLLMM BbICOT-
Hblii oTeK nierkux [10], 1Mbo 3aKynopKown AblxaTenbHbIX NyTei
upe3MepHO 60bLLMM HaKOMEHUEM IyYCTOW MOKPOTI, C/IN3M
n/vnn rHos [10-19]. B yKasaHHbIX CUTyaUMsX BEHTUNALMSA
NeTKUX AbIXaTebHbIMW ra3aMu C KUCNOpPoAOM He obecne-
UMBaAET MPOHMKHOBEHWE KUCNOPOAA A0 anbBEOs, @ U3 HUX
B KpOBb. BepHoCTb yKa3aHHOro 3aKNueHUs [0Ka3biBaeT
ac@uKcMsa KPOBbIO, KOTOpas TaKKe CHUXKAaeT 3P heKTUBHOCTb
YCTpPaHEHUSA TMMNOKCEMUN C NOMOLLIbK) UCKYCCTBEHHOMN BEHTM-
nAummn nerkux. HecnyyaiHo, UTo B YKa3aHHbIX KPUTUYECKUX
COCTOSIHMAX YCTPAHUTbL TMMOKCEMUKO YAAETCA TOMbKO C No-
MOLLIbI0 3KCTpaKopnopanbHOW MeMBpaHHOW OKCUreHauuu
(3KMO) [9, 20-24].

YctpaHeHue runokceMum ¢ nomoulbio 3KMO npeacraens-
eT coboi 04eHb AOPOrOCTOSALLYI0 M OMacHyio neyebHyto npo-
Leaypy, TPebyHLLY K TOMy e NPUMEHEHWS CreLuanbHoro
0bopyaoBaHWsa B CneuuanbHbIX JIMLEH3VUPOBAHHBIX YCOBUSAX
[25, 26]. B nocnefHue rofibl aKTUBHO U3y4aeTCst BO3MOXKHOCTb
3ameHbl VIBJ1 1 3KMO HoBbIMM IEKapCTBEHHBIMW CPEACTBAMM
C aHTMIMMOKCMYECKON aKTUBHOCTbIO, 0becneunBatoLLen yBe-
JMYeHWe BbIXKMBaeMoCTW B ycioBusix runokemu [27]. B Poc-
CMM BHUMaHWe WUCCrefoBaTeNien aKLEHTMPOBAHO HA aHTu-
TMMOKCaHTaX, BKJ/IIOYAKOLLMX Mepekucb BOAOPOAA, KOTopas
nop AeiicteueM depMeHTa KaTanasbl MOXeET pasnaraTbCs

Tom 16, Ne 1, 2025

[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

C 04eHb BbICOKOW MHTEHCUBHOCTLIO Ha BOAY M MONEKYNIAPHBIN
kucnopog [2, 9, 13, 14, 19, 27, 28].

TPAOULUOHHBIE AHTUTUNOKCAHTDI
(AHTUTUMOKCAHTBI,
HE NPOAYLIUPYIOLLIUE FA3 KAC/IOPOJ)

B HacTosilee BpeMs MeXAyHapoLHas KnaccuduKaums
NeKapCTBEHHbIX CPEACTB He COLEPXMUT aHTUIUMOKCAHTbI
KaK oTAenbHylo hapMakonornyeckyto rpynny. AHTUrMNoK-
CaHTbl BblAeNeHbl B OTAENBHYI0 (hapMaKonornyecKyto rpynny
NeKapCTBEHHbIX CPefcTB Tonbko B Poccuu. 310 Bo MHOroM
06BbACHAETCA TeM, 4TO pa3paboTKy aHTUIMIMOKCAHTOB BMEPBbIE
Ha4anu coTpyaHuKky Kadeapsl hapMakonorm BoeHHo-Mepu-
LMHCKo akapemun uM. C.M. Kupoea (BMA) B JleHuHrpane
B 60-e rr. XX B. ABTOp KOHLIENLMM aHTUIMMOKCAHTOB — Npo-
deccop Bacunuit Muxaiinosuy BuHorpapos (1924-2003)
[1, 29]. MepBble aHTUrMNOKCAHTBI (TYTUMUWH, aMTM30J1, beMu-
!N, anMua, atoMep3son) bbiin cuHTesnpoBaHbl @.H0. PaunH-
CKuM. o XMMUYECKOW CTPYKTYpe OHW OTHOCUNIUCH K anuda-
TUYECKUM U LIMKJTMYECKUM aMUHOTUONaM.

B 2000 r. 3aBepywowmM Kadenpoin dhapMaronorun BMA
6bin u3bpaH npodeccop Metp Amutpuesny LabaHos [30].
OH BO3rnaBun NOUCK M pa3paboTKy HOBbIX aHTUIMMOKCAHTOB.
K Hactoswemy BpemeHun B Poccum pa3pabotaHbl pasfinyHble
NeKapcTBEHHble CPEACTBa, UMetLLMe PasfiNiHbe MeXaHU3MbI
aHTUrMnoKcuyeckoro fenctsud [31]. YcraHoBneHo, Yto aHTH-
TUMOKCMYECKWE NIEKAPCTBEHHbIE CPeACTBa YNYULIAKT YTUIN-
3aUMI0 LMPKYIMPYHOLLETo B OpraHWU3Me KMCIopoga U MoBbi-
LUIAKT YCTOWYMBOCTL OPraHM3Ma K FUMOKCUM (KUCIOpOLHOM
HepoctaTtoyHocTH) [31-38]. M3BecTHble cpeacTBa MpUHATO
noapasgfenstb Ha 2 rpynnbl: aHTUIUMOKCAHTLI NPSMOro
3HEepresvpyloLLero AeNcTBUS (KOPPEKTOPbI HapyLUEHWI 3Hep-
reTmyeckoro 0bMeHa (MHaye KoppeKTopbl AUCYHKLMN AbiXa-
TesbHOW Lenu MUTOXOHAPUIA) U aHTUIMMOKCAHTBI HEeMpSMOro
3HEPrU3NpYIOLLErD LeiCTBUS (KOPPEKTOPbI HApYLUEHWI MeTa-
bonmueckux nytei) [29, 39]. MokasaHo [29], uto BceM aHTK-
TUMOKCaHTaM, OTHOCALUMMCS K annMdaTnyieckuM 1 LmKIuYe-
CKWMM aMMHOTMONaM (TyTUMUHY, aMTW30i1y, bemMuTuny, anmugy,
3TOMEp30/ly U MHOFMM UX aHamnoraM), MpUCyLLM 3 OCHOBHBbIX
BWAA aKTUBHOCTU:

1) aHTUrMMOKCMUecKoe JeicTBue;

2) aHTMOKCWMAAHTHBIN 3QEKT;

3) cnocobHOCTb YCKOpATb penapaumoHHbIA U afanTUBHBIN
cuHTe3 PHK, dbepMeHToB, hYHKUMOHAMbHBIX U CTPYKTYp-
HbIX 6EMKOB NP Pa3IM4HOIO Poaa NOBPEXAEHUAX — M-
MOKCMYECKUX, UHDEKLIMOHHBIX, TOKCUUYECKUX, CTPECCOBbIX,
TaKKe B NpoLiecce afanTaLuu K 0CNIOXHEHHBIM YCIIOBUSM.
Knaccudukaums aHTUrnokcaHTos, npuHstas B Poccuu

[1, 29, 31, 391, BKntoYaerT:

1) MHIMBUTOPBI OKMCNEHUS HUPHBIX KUCAOT;

2) cyKuuHaTcopepxalime M cyKuuHaTobpasylolwue cpeg-
CTBa;

3) ecTecTBeHHbIE KOMMOHEHTHI [bIXaTeNbHON Leny;
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4) WCKYCCTBEHHbIE PEAOKCCUCTEMBI;
5) MaKpo3pruyeckue CoefUHeHNS.

B HacToswee Bpems UCCIe[0BaHNS aHTUMMMOKCAHTOB Mpo-
BOLATCA He To/bKo B Poccum, Ho W B Apyrux ctpaHax. OgHako
OCHOBHbIE pe3ynbTaTbl NOJTy4eHbl POCCUACKUMM UCCNeaoBaTe-
namu [40]. Mo TpaguumMm MccnenoBaHUs NPOBOAATCA C ONOpPOW
Ha XMMWUYECKUE 3NIEMEHTBI, XMMUYECKME (HOPMYIbI, HAa3BaHMS
U cMMBONbI Buonornyeckun aktmeHbIX Bewlects [1, 41]. K co-
YKanexuio, LUMpoKoMacLLTabHble uccnenoBaHus 3 deKTUBHO-
CTU peanbHbIX (hapMaLeBTUHECKMX NPOAYKTOB 3TOM (apMa-
KOMOTMYECKOW FPYNMbl SIEKApPCTBEHHbIX CPEACTB NPW OCTPOM
KPUTMYECKOM YOYLUEHUN W YTOMEHWUM 3KCTIEPUMEHTASTBHBIX
JUMBOTHBIX MOKa He npoBefeHbl. KpoMe 3toro, HeT ybeau-
TeNbHbIX [0Ka3aTeNbCTB BbICOKOW 3QGhEKTUBHOCTU U3BECT-
HbIX AHTUTWUMNOKCAHTOB NpU OCTPOM acUKCMM, BbI3BaHHOI
cybTOTanbHOM U/MNM TOTaNbHOM 3aKYMOPKOW AbIXaTembHbIX
nyTei TaKUMW KONNOUEHBIMU BUONOTMHECKUMU KUOKOCTAMM,
KaK MOKPOTa, C/IU3b, FHOMA, KPOBb W/WNN KPaXMaribHbIi KUCEb.
Mpy KPUTMHECKOW TMMOKCUM, Pa3BMBAIOLLENCS B QUHAMBHOM
ctagum COVID-19 m3-3a ocTpoii pecnupaTopHOM 06CTPYKLIMHU,
TPaAMLMOHHbIE aHTUIMMOKCAHTLI HE OMpaBAany 0XMAaHWiA
U He ctanu anbtepHatmeoi MBJT n 3IKMO npu HeoTnoXHbIX
COCTOSHUAX B KJIMHWUYeCKuX ycnosusx [9, 12, 42-44]. B ces-
31 ¢ 3TUM B Havane nangemum COVID-19 poccuiickue uccne-
[0BaTeNn pelunn paspabotaTb aHTUIUMNOKCAHTLI C BbICOKOM
KMCNOPOA-NpOaYyLMPYIOLLEN aKTUBHOCTBIO, CMOCOBHbIE CTaTb
anbtepHatveoi IKMO [13, 14, 19, 42, 43]. Mpennonaranock,
YTO OCHOBOW KWCNOPOA-NPOAYLMPYIOLMX aHTUIUMOKCAHTOB
MOryT CTaTb pacTBOPbI NepeKncy Bogopoaa. B ocHosy paspa-
BOTKM aHTUrMNOKCAHTOB HOBOIO MOKONEHMS JIErIa POCCUICKan
MHMLMATMBA 0 (M3MKO-XMMUYECKOM NepenpodmiupoBaHu
«CTapbiX» NEKapCTBEHHbIX CPEACTB, BKOYas oborallieHue
X creumanbHbIMK rasamm [45—-48]. Ponb koopauHatopa pas-
paboTKM aHTUIMMNOKCAHTOB HOBOTO MOKOMEHWS B3sN Ha cebs
npocdeccop M.1. LWabaHos [2, 9, 29, 44, 49].

TENNbIE LWESIOYHBIE PACTBOPbI
MEPEKMUCU BOIOPOOA KAK
AHTUIUMOKCAHTbI HOBOIO
MOKONIEHUS, OT/TMYAIOLLMECS
BbIPAYXEHHOW MEHEPALIUEN
MEQULIMHCKOIO FA3A KUC/IOPOOA

WccnepoBanne KMCNOPOL-NpOaYyLMPYIOLLEN aHTUTMNOKCK-
YeCKOM aKTUBHOCTW PacTBOPOB NEPEKUCH BOAOPOAA Ha4anoch
B Poccum B nekabpe 2013 r. B ato Bpems bbina 3apeructpu-
poBaHa nepBas MaTeHTHas 3asBKa Ha u3obpetenne «Cno-
€06 TPaHCMOPTMPOBKM W XpaHEHUS KMUBOM pbibbl B BOAE».
Ero cyTb coctosina Bo BBefeHuM B Bogy C pbiboi pacTBopa
6% nepekucyu BOAOPOAA KaK aHTUIMMOKCaHTA, cnocobHoro
pasnaraTbCsl nof, AeiictBueM depMeHTa KaTanasbl Ha BOAY
1 MONeKynapHbIA kucnopog, [50].
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K cepenmne 2024 r. B Poccum bbino paspaboraHo 14 uso-
OpeTeHuit, B KOTOpbIX B PONM KUC/IOPOA-NPOAYLIMPYHOLLMX
AHTUTWMOKCAHTOB WUCMO/b30BaHbl OPUrMHabHbIE PacTBOpbI
nepekvcy Bogopoga [44, 51]:

1. Ypakos A.J1., YpakoBa H.A., Arapsan PK., u coasT. Cnocob
COXPaHEHWS XUBO pbibbl Ny TPAHCMOPTUPOBKE M XpaHe-
Hun. RU 2563151C1, 20.09.2015.

2. YpakoB AJl., Ypakosa H.A., PewetHukos A.ll., v coaBT.
[unepokcureHnpoaHHoe cpeactso E.M. Coixep ons Ha-
CbILLEHNUs BEHO3HOM KpoBy KkuciopopoM. RU 2538662C1,
10.01.2015.

3. YpakoB AJL. Jiumdo3zaMeHuTeNb 1A IOKANBHOMO COXpa-
HEHWS KM3HECroCoBHOCTM OpraHoB M TKaHeW NPy TMNoK-
cv u mwemmun. RU 2586292C1, 10.06.2016.

4. Ypakos A.Jl., Ypakosa H.A., Hukutiok [.b. Cpea-
CTBO AN TNOBLILEHUA YCTOAYUBOCTU K TUMOKCUM.
RU 2604129C2, 20.08.2016.

5. Ypakos AJl. JHepreTuyeckuii Hanutok. RU 2639493C1,
21.12.2017.

6. Ypaxos AJ1. CpeactBo 415 NoBbILLIEHWSA PU3NYECKOMN BbI-
HocnmeocTu. RU 2634271C1, 24.10.2017.

7. Ypakos A.Jl., Ypakosa H.A., Typesuy K.I, u coasr.
Cnocob BHENeroyHoi OKCUreHauuu KpoBW. 3asBKa
RU 2020120367A, 2020.06.15. U306pemenus. [lone3Hsie
Modenu. 2021: 35.

8. Cambimna W.A., Anbec M.K0., Ypakoe AJl., Ypakosa
H.A., HectepoBa H.B., u coaBt. A3po3onb Ans MHranauuii
npu obcTpyKTMBHOM BpoHxuTe. RU 2735502C1, 03.11.2020.

9. Ypakos AJl., YpakoBa H.A. Asposonb ana WHBa3uB-
HOW MexaHuyeckoi BeHTUnAUMKM nerkux npu COVID-19.
RU 2742505C1, 08.02.2021.

10. Ypakos AJ1., YpakoBa H.A., PewetHuros A.ll., u coasT.
Cnocob oxcureHaumm nerkmx npu COVID-19. 3asBka
RU 2021102618A, 04.02.2021. U3o6pemerus. lMonesHsie
modenu. 2022:22.

11. Ypakoe A.Jl., Ypakosa H.A., LabaHoe M.[., u coaBT.
Tennbii LLENOYHOM pacTBOp NepeKkucH Bogopoia Ans
BHYTpuMeroyHbIx MHbekumin. RU 2807851C1, 21.11.2023.

12. Ypakoe A.Jl., YppakoBa H.A., ®uwep E.JI. HacbiweH-
HbIi KMCJIOPOAOM TENbliA LLENOYHOM pacTBOp NepeKy-
CM BOAOPOAA AJ1S BHYTPWUIETOYHBIX MHBEKLMIA. 3asBKa
RU 2023128553C1, 02.11.2023.

13. Ypakos AJ1., lWabanos .. LLlenouHoi pacTBop nepeku-
CY BOLOPOAa M cnocab ero NPUMeHeHNs Ans YCTpaHeHus
acduKenm KpoBbio. 3asBka RU 2024100268C1, 09.01.2024.

14. Ypakos AJ1., WabaHos [1.[l. JlekapcTBeHHOEe CpPeACTBO
LSt HeMe[LJIeHHOT0 YCTPaHeHUs aCPUKCHM U METOL €ro 3H-
[nobpoHxmaneHoro npuMeHenmns. 3aseka RU 2024102289C1,
29.01.2024.

AHanu3 nokasbiBaeT, uTo 8 u30bpeTeHwii (1. e. bonee no-
NOBMHBLI BCEX CO3AaHHbIX M300peTeHuin) bbino paspaboTtaHo
B nepuog, ¢ 2020 no 2024 r., a UMEHHO B NEpUOS, MaHAEMUM
COVID-19. [lns npenoTBpaLLeHUs TMMOKCUYECKOTO MOBPEX-
[EHUS KJIETOK TOMIOBHOTO MO3ra MpW TWMNOKCEMMM Bbinn
NMPUMEHEHbI KUCNIOPOA-NPOAYLMPYIOLLME aHTUIUMOKCAHTHI,
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NpeacTaBnAoLLMe COBOM LIENOYHbIE PacTBOPbl MEPEKUCH
Bogopoaa. OHM cocToAT M3 nepexvcy Bogopoda, bukapbo-
HaTa HaTpus U OUCTUNAMPOBaHHONM Bofbl. OTMumMTeNbHas
ocobeHHOCTb — cnabo-yMepeHHas LLenoYHas aKTMBHOCTb
¢ BenuumnHoit pH 8,4, ocMoTUYeckas aKTMBHOCTL B npefe-
nax 280-300 mocMonb/n Boabl (M30TOHMYECKAs aKTMBHOCTD)
1 TeMmnepaTypHas aKTMBHOCTb B mpedenax 37-45 °C (pac-
TBOPbI MPUMEHSIOT TEM/BIMK, CNOCOBHBIMU OKa3biBaTb 6e30-
nacHyto foKanbHyto runeptepmmio) [52].

Mocnentwe 4 n3obpeTeHns npeacTaBnsioT coboi nepeble
B MMpe JIeKapCTBEHHbIe Mpenapatbl, CO3AaHHbIE S BHY-
TPUNErOYHbIX U 3HA0BPOHXMANBHBIX MHBbEKUMIA. B otnuune
OT paHee CO3JaHHbIX LLENOYHbIX PacTBOPOB NEPeKUCH BOAO-
pOZa OHM [OMONHUTENBHO 060raLLeHbl KUCIIOPOLOM 33 CHeT
U3bbITOYHOro AaBneHus. CneayeT nogyepKHyTb, YTO paHee
He OblNM U3BECTHBI He TONBKO TaKWe JIEKAPCTBEHHbIE Cpej-
CTBa, HO U BHYTPUIEroYHble, 3HA0OPOHXMANbHBIE U SHLOTPa-
XeaJlbHble HbEKLIMM.

CocraB 1 OCHOBHblEe (PU3MKO-XMMUYECKWE CBOWCTBA aHTU-
TUMOKCAHTOB HOBOIO TMOKOJIEHWS HarIAgHO WMIOCTpUpYeT
(opmyna n3obpeTeHns «Tennbiv LLENoYHO pacTBOp NepeKncH
BOZOPOAA 151 BHYTPUIErOYHbIX MHbeKLMA» (RU 2807851 C1):

«Tenselll wenouHol pacmeop nepexucu eodopoda, nped-
Ha3HaueHHsIl ANs 8HYMpPUIe204HOU UHBEKUUU C Ue/bio CpoY-
HO20 y8enuyeHus co0epHaHUs KUC0poda 8 OblXamesibHbIX
nymsx u Kposu, uMetoujull onpedesieHHy 8eauYyuHy obsema,
memnepamypbl U Wea04HOCMU, BKIYaWUL nepexucs
80dopoda, 2udpokapboHam Hampus, 2a3 KUca0pod do co3-
daHus usbeimoyHozo dasnerus 0,2 ATM npu 8 °C u sody
ang uHseKkyul, omauyarwulics meM, 4mo pacmeop obse-
Mom 30 mn Hazpem 0o memnepamypsl 42 °C, a yKa3aHHbIE
KOMNOHeHMbI codepxamcs 8 HeM 8 Cedyruux COOMHO-
weHusx (Mac. %):

[lepekuce 8odopoda — 4,5

bukapboHam Hampus — 1,8

Kucnopod do co3daHus uzbeimoyHozo dasneHus 0,2 amm

Boda ons uHsexkyul

OcmaneHoe npu ocMomudyeckol akmugHocmu 280-
300 mocmons/n 80061 U WE0YHOU AKMUBHOCMU 8 npede-
nax pH 8,4-8,5».

Bribop nepekucy Bofopoaa Kak 0CHOBHOMO MHrpefueHTa
0bBbACHANCA ero cnocobHOCTLIO pa3naratCA Ha BOAY M ra3
KMCnopog, nog, AenCTBUEM KaTanasbl, KoTopasi npucyTcTayeT
BO BCEX YacTAX Tenia JIOAEN M KMBOTHBIX U B COTHU ThiCAY
pa3 YCKOpSeT MpoLecc pasfoXKeHWs Mepekucu BOAOPOAA
W reHepaumm rasa kucnopopa. Boibop bukapboHata Hatpus
B KauecTBe BCMOMOraTe/lbHOr MHrpeaneHTa 00bACHANCS TEM,
YTO OH SIBNSAETCS eCTECTBEHHBIM LLENOYHBIM BydepoM Kpo-
BM TEMN/IOKPOBHbIX XMBOTHBIX U JIOLEN W rapaHTUpyeT be3o-
nacHyt, Ho 3bdEKTUBHYHO LLenoYHOCTL B npepenax pH 8,4.
lMoKa3aHo, 4TO MOBbILLIEHME JIOKANILHOW TeMMepaTypbl U yBe-
nnyeHne BennumHbl pH (3aLLenaunBaHme) pacTBopa nepekucu
BOZOPOJA YCKOPSIET ee KaTanasHoe pacLiernsieHue Ha BoAy
M MONEKYNAPHBIA Kucnopog, BnioTb f0 BypHOW reHepauuu
rasa KMCI0poja, NposiBNSIOLENCS NPOLECCOM «XO0LHOM

Tom 16, Ne 1, 2025

[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

Kunenusax [9, 28, 44, 53]. lononHWUTeNbHO K 3TOMY bbISo YCTa-
HOBNEHO, YT bnarofaps KatanasHoMy pacLLennieHuto nepe-
kucu Bopopoga 100 mn pactBopa 6% nepekvcu Bogopoga
reHepupyeT 1,97 n rasa kucnopoga Maccom 2,816 r [54]. 310
03HauaeT, yTo Npu onpefeneHHbIX ycnoeusx 1 i pacTBopa
6% nepekucy Bogopoda MOXeET BblgenuTb okono 20 N rasa
Kucnopopa. Takol Kcnopog-npoLyLypyHoLLEeNd aKTUBHOCTbIO
He 06/1aJaeT HW O[JHO M3BECTHOE NeKapCTBEHHOE CPEeLiCTBO.

YKa3saHHble BO3MOXHOCTM reHepaLmn KUCNOpoaa npu pas-
NOXEHWM NEepeKucH BOLOpOAa, NosydeHHble Bnarofaps xu-
MWYeCKUM pacyeTaM, Bbinn NOATBEPIKAEHbI pe3ynbTaTami
NabopaTopHbIX U 3KCMEpUMEHTaNbHBIX uccnenoBaHui. Coob-
LIAN0Ck, 4TO TEMble LIEN0YHbIE PacTBOPbI MEPEKUCH BOLO-
poda npu NoKanbHOM B3aUMOAEUCTBUM C MUAKUMU KOMo-
MIOHBIMW TKaHAMU, CofepKalLMmMmn GepMeHT Katanasy, bypHo
NpOLYLMPYHT KUCIIOPOS, KOTOpbIN BbcTpo hopMupyeT B Kon-
NOMIHBIX HUAKOCTAX Ny3bpbky rasa. Mpouecc dhopmuposa-
HWSA NY3bIPbKOB KUC/IOPOAA B XKMUAKOCTAX HaNoOMUHaeT coboik
MpoLiecc X0N0AHOM0 KUMeHUs, KOTopbli BbICTPO NpeBpallaet
KONNOMAHbIE JKMOKOCTU B KUCIIOPOAHYI0 neHy. bonee Toro,
0Ka3aJ10Cb, YTO BHYTPUIIETOYHbIE TEMNbIE LLEN0YHbIE PacTBo-
Pbl NEpeKVCY BOAOPOLA SBNAKTCA NMAepaMu No oboralueHmio
KUCNOPOAOM [bIXaTeNbHbIX MYTei U KPOBW Cpeay BCEX W3-
BECTHbIX JIEKAapCTBEHHbIX CPeacTB [13, 14, 44, 51]. 3npobpoH-
XManbHble, 3HA0TpaxeasnbHble U BHYTPUNETOYHbIE MHBEKLIUK
TEMJIbIX LUENOYHbIX PacTBOPOB MEPEKMCU BOAOPOAA Bbi3bl-
BAIOT B JbIXaTe/lbHbIX NYTAX HeMenJieHHoe BypHoe BCMeHU-
BaHWe MOKPOTBI, C/IN3M, THOS, KpOBM /UK MeKoHms. Paspa-
BoTaHHble reHepaTopbl ra3a KUCNOpPoAa NPy BHYTPUNETOYHBIX,
3HA00OPOHXUANBHBIX U 3HAOTPaxeanbHbIX UHBEKLMAX MOryT
urpatb ponb CBOEro poaa rerseponofobHoro nepdoparopa
ONs AbIXaTeNbHbIX NYTEH, B C/ly4ae MX 3aKyMnopKu MOKpO-
TOM, CU3bIO, THOEM W/WNN KPOBbHO. MpenMyLLecTBO Tenbix
LLENIOYHBIX PacTBOPOB MEPEKUCU BOAOPOAA KaK KUCNOPOA-
NPOAYLUMPYIOLLMX aHTUTUMOKCAHTOB B TOM, YTO WX BHYTpUNe-
royHasi, 3HOBPOHXWanbHas /UM 3HAOTpaxeanbHasn UHbEK-
LMA B YCNOBMAX TOTAIbHOW 3aKYMOPKW AbIXaTeNbHbIX MyTeid
KONMOWMIHOM KWUOKOCTbIO, COAepxaLlen (hepMeHT KaTanasy,
cnocobHa yxe Yepe3 HecKONbKO CEKYHA TpaHChopMMpoBaTb
BHYTPW [bIXaTelbHbIX NYTEN BCIO KWUAKOCTb B KUCNOPOAHYIO
MeHy U OAHOBPEMEHHO 00ecneynTb BCachbiBaHUE KUCIOPOLaA
B KPOBb HE3aBMUCUMO OT BEHTUNALMM NETKUX.

loka3aHo, YTO MpM TOTaNbHOM acCHUKCUM UCKYCCTBEHHOI
MOKPOTON W1 KPOBbIO IErKuUX 6ecnopofiHbiX KPOMKOB W/unm
oBeL| 1-KpaTHas BHYTPUIEroyHas, 3HAoTpaxeanbHas u/uim sH-
H06poHXUanbHas MHBEKLMS TENONo LLESIOYHOr0 pacTeopa ne-
peK1cK Boaopoaa cnocobHa NpaKTUYeCKU MOMEHTABHO Moj-
HOCTbIO Pa3fyThb JIETKWUE KUC/IOPOLHOW NEHOW, KOTopas TyT e
HauYMHAET CaMOCTOATENBHO BbILENATHCA HAPYXKY Yepe3 BEpXHUE
AbIXaTeflbHbIE NYTU, @ COCTABNAIOLLMIA €6 OCHOBY ra3 KUCIOPOL,
HauYMHAET NPOHUKATb B KPOBb YEPE3 JIETKUE U YEPE3 HECKOMBKO
CEKYHZ, NOMHOCTBLIO YCTPAHSET MMMOKCEMUIO.

CnenoBaTtenbHo, BHYTpUNEroyHble, 3HAOTpaxeasnbHble
U 3HJ0OPOHXMANbHBIE MHBEKLMW LUENIOYHBIX PacTBOPOB
Mepexkncu BOAOPOAA MPU 3aKYMOpKe AbiXaTesbHbIX MyTew
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MOKpOTOW, CnM3blo, THoeM B QuHanbHoii ctagum COVID-19,
a TaKXKe Npu acHUKCHUM KPOBbIO OTKPLIBAIOT HOBbIE BO3MOXK-
HOCTM HacbILLEHNS KPOBY KMCIIOPOLOM Yepes Nerkve bes Tpa-
avumoHon MBI n 3KMO.

3AKJIKYEHUE

TakuM 06pa3oM, ecTb BCe OCHOBaHMS Mpeanonaratb,
yTo B Poccum OTKPLITO NEpcreKTUBHOE HanpaB/ieHUe NoucKa
1 pa3paboTKM aHTUIMMNOKCAHTOB HOBOTO MOKOJSIEHUS, @ UMEH-
HO — MOLLHbIX FeHepaTopoB MeAMLIMHCKOIO ra3a KUCIopOfa,
€03[1aBaeMbIX NyTeM QU3NKO-XMMUYECKOTO Nepenpodunmpo-
BaHWs pacTBOPOB NepeKucH BoAopoa. YCTaHOBNEHO, YTO KUC-
NOPOL-NPOAYLMPYIOLLME aHTUTMMOKCAHTbI ABNSIOTCA TEMSbIMMI
LLeNOYHbIMK pacTBOpaMu Nepekucy Bopopoaa. B kauectse
OCHOBHBIX MHIPEAVNEHTOB aHTUTMMOKCAHTOB HOBOFO MOKoOJle-
HWA UCMONB3YHOTCA NEPEKUCh BOAOPOAA, bukapboHat HaTpus
1 Boga. OTKpBIT cnocob yBenmueHus noTeHUmMana reHepawmm
MEAMLMHCKOIO rasa KWCNopoAa NeKapCTBEeHHbIMU pacTBoO-
pamMu NyTeM HACbILLEHUS UX FA30M KMCIOPOLOM MOA W3bbi-
TOYHBbIM JaBNeHueM. MexaHu3M [LeicTBUS KUCIOpOL-NPOaY-
LMPYIOLLMX aHTUTMMOKCAHTOB OT/IMYAETCS OT BCEX U3BECTHbIX
aHTUTMMOKCAHTOB TEM, YTO NpU MECTHOM (BHYTPUNIErOYHOM)
NPUMEHEHUM OHU TeHEpUPYIOT ra3 KMC/OpPOA, NMpeBpaLuaiT
KONMOMAHbIE XULKOCTW BHYTPU AbIXaTeNbHbIX MyTel B KUCHO-
POLHYI0 MEHY U HaChILLAKT KPOBb KMCIIOPOLOM Yepes Nerkue,
a ux (hapMaKonorMyecKoi MULLEHbIO CTAHOBUTCS KaTanasa,
CcoAepXKaLLasca B MOKPOTe, CEPO3HOI XKUAKOCTU, THOE W/vnu
KPOBM B CJTy4asix 3aKyMOpKU MMM AbIXaTeNbHbIX MyTei.

HeobxoauMbl BcecTopoHHMe KpynHoMacluTabHble uc-
CnefoBaHusA N Toro, YTobbl OKOHYaTeNbHO pa3obpartbes
BO BCEX acneKTaXx MecTHOro MPUMEHEHS TEMbIX LLENOYHbIX
pacTBOPOB MepeKncH BOAOPOAA B POSIM aHTUTMMOKCAHTOB HO-
BOrO MOKOMEHWS U CAeNaTb OKOHYaTeNbHble BbiBOAbI. ECTb
Hafexaa Ha To, YTO aKTMBHOE W3y4YeHWe MeCTHOro MpuMe-
HeHUs TemnbIX LLENOYHbIX pPacTBOPOB MepekucK BOAOPOAaA
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KaKk 3QGdeKTUBHbIX MPONEKApCTB rasa KUCIOpPoAa MOXKeT
ONTMMM3MPOBaTL MX MpPUMeHeHWe B Bopbbe ¢ runmokcuye-
CKUM U WULLIEMUYECKUM NMOBPEXKAEHNEM KIETOK NP TAXKENOi
acQUKCHM M TMMOKCEMMU B YCNOBUAX HU3KOM 3D PEKTUBHOCTH
MBJ1 1 HeBo3MoxHOCTM npuMeHeHns IKMO.

A0NOSIHATENIbHAS UHDOPMALIUA

Brknap aBTopoB. Bce aBTopbl BHEC/IM CYLLECTBEHHBIN BKINAA, B pa3-
paboTKy KOHLenuuu, NpoBefeHWe WCCNeAoBaHWA U MOArOTOBKY
CTaTb¥, MPOYNM W ofobpunm GuHanbHY0 Bepcvio nepes nybauka-
umen. Bknag kaxporo aetopa: H.A. Ypakosa, AJ1. Ypakos — aHanu3
[aHHbIX, pa3paboTka 0bLLeN KOHLENLMM, HAaNUCaHUE CTaTbM.
UcToununkm dpuHaHcupoBaHus. VccnenoBaHme BbINOMHEHO B paMKax
rocynapCTBeHHOro 3aaaHms MuHobpHayku Poccun FGWG-2025-0020
«[oMCK MONEeKyNApHbIX MULLIEHeH NS (apMaKONorMYecKoro Bo3-
LEVCTBMA NPU afAUKTVBHBIX 1 HEMPO3HAOKPUHHBIX HapyLUEHUAX
C LieNblo co30aHns HOBbIX (hapMaKOMOrMYecKy akTMBHBIX BELLIECTB,
pevcTsyloLLmx Ha pelentopbl LIHCs.
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MonekynsipHble MeXxaHM3Mbl B3aUMOAEICTBUA
¢epponTo3a U KynponTto3a Npu ULLIEMUYECKOM UHCYNbTE.
(bapMaKonoruyeckue nepcneKTUBbI NpesoTBpaLLeHus
MO3roBbIX HapyLUeHWUM

B.W. Bawenko, E.®. Copokonetosa, [1./1. LLlabaHos

BoeHHo-MeanumHcKan akapemus uM. C.M. Kuposa, Cankt-letepbypr, Poccus

AHHOTALMA

MieMmyeckuii MHCYNbT SBNSETCA OfHUM U3 Haubonee TAXKENbIX U PacpoCTPaHEHHbIX HEBPOIOTMYECKUX PacCTPOIACTB, Npes-
CTaBNSIeT 3HaUMTENIbHYI0 YTPO3y 3[A0POBbLI0 U NPOAOIKMTENBHOCTY KM3HW NOCTPAAABLUMX JINLL. VILLEMUYECKMIA MHCYNLT, BO3-
HUKalOLLMIA B pesynbTaTe HapyLUEHUs KPOBOTOKA, MPUBOAMT K TMMOKCMM W ULIEMWM MO3TOBOW TKaHM, NMPOBOLMPYS Kackag
NaTohM3MoNOrMyecKux U3MEHEHNI, KOTOpble 3aMeTHO YCyrybnsiioT NoBpexAeH1e HEPOHOB W MOTYT fae NpUBECTU K rube-
M 3TUX KNEeToK. B nocneaHve roabl HoBble MCCienoBaHUA Bce Gonblue COCPeAOTauMBalOTCA Ha HOBbIX MexaHu3Max rubenm
KNeToK, TaKuX Kak depponTo3 W KynponTo3. Bce Gonblue [oKa3aTenbCTB MOATBEPIKAAIOT HE3aBUCUMYKO posib depponTosa
W KynponTo3a npy ULIEMWYECKOM MHCynbTe. Llenb 0630pa — BbiicCHEHWE NOTEHLMaNbHBIX MEXaHU3MOB MepPeKPecTHoM pe-
rynsuMu Mexcay GepponTo3oM W KynponTo3oM, U3yYeHUe WX PEryNSITOPHOI PO NP WLLEMMYECKOM MHCynbTe. MoapobHo
WUCCIELyeloTCs BHYTPUKIIETOUHbIE B3aUMOAeNCTBUS HepporTo3a U KynponTo3a npy ULLEMUYECKOM MHCYNIbTE, aKLEHTUPYS BHU-
MaHMe Ha K/IoYeBbIX acleKTax, B YaCTHOCTU Ha yHAaMeHTasbHbIX QYHKUMAX JKenesa U Meay, MeTaboinyeckue HapyLueHus
MPY ULIEMUYECKOM MHCYNIbTE, MEPEKPECTHbIE BIMSHUA U CUrHasbHble MyTW. Pe3ynbTaTbl 0606LWeHNs nocneaHux nybaukaumi
He TONbKO YrybnsioT Halle MOHWMaHWe MaToreHe3a WLLEMMYECKOr0 MHCYMbTA, HO W MO3BONSKT MPEeANoXUTb HOBbIE MAeu
W HanpasneHua ans 6yaywmx GpapMaKonoryecknx BMeLLATeNbCTB B JIEYEHUM ULIEMUYECKOTO MHCYNbTA.

KnioueBble cnioBa: hepponTos; KynponTos; MLIEMUYECKMIA UHCYNIBT; MEXaHU3M.
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Molecular mechanisms of interaction between
ferroptosis and cuproptosis in ischemic stroke.
Pharmacological perspectives on preventing
brain dysfunction

Vladimir I. Vashchenko, Elena F. Sorokoletova, Petr D. Shabanov

Kirov Military Medical Academy, Saint Petersburg, Russia

ABSTRACT

Ischemic stroke is one of the most severe and common neurological disorders, posing a significant threat to the health and life
expectancy of affected individuals. Resulting from impaired blood flow, ischemic stroke leads to hypoxia and cerebral tissue
ischemia, triggering a cascade of pathophysiological changes that markedly exacerbate neuronal damage and may ultimately
result in cell death. New recent studies increasingly focus on newly discovered mechanisms of cell death, such as ferroptosis
and cuproptosis. There is growing evidence supporting the independent roles of ferroptosis and cuproptosis in ischemic stroke.
The aim of this review is to elucidate the potential mechanisms of cross-regulation between ferroptosis and cuproptosis and
to investigate their regulatory roles in ischemic stroke. This review thoroughly examines intracellular interactions between
ferroptosis and cuproptosis in ischemic stroke, emphasizing key aspects such as the fundamental roles of iron and copper,
metabolic disturbances in ischemic stroke, cross-influences, and signaling pathways. Summarizing recent publications not
only deepens our understanding of the pathogenesis of ischemic stroke but also suggests novel perspectives and directions for
future pharmacological interventions in the treatment of ischemic stroke.
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BBEAEHUE

WHcyneT — 310 ocTpoe LiepebpoBackynspHoe cobbiTue,
BbI3BaHHOE Pa3/IMyHbIMM (aKTopaMK, KoTopble MpUBOASAT
K CYXKEHMI0 WM 3aKYMOPKe KPOBEHOCHbIX COCYAO0B MOJIOBHOTO
MO03ra U1 HETPaBMaTUYECKOMY KPOBOTEUEHHUHO B TKaHW FOJI0B-
HOr0 MO3ra, COMPOBOXAILLIEMYCS KITMHUYECKMMM CUMITTOMa-
My [1, 2]. leMoppar1yecKuii MHCYNBT BKITKOYAET KPOBOTEYEHWE
B TKaHW TOJIOBHOMO MO3ra M3-3a pa3pblBa KPOBEHOCHbIX CO-
CyLOB rO/I0BHOMO Mo3ra. B HacTosiwee Bpems MHCYNBT npeg-
CTaBnseT coboii BeayLLylo MPUYMHY MHBANIMGHOCTM B3POCIOTO
HaceneHust 3eMnu 1 BTOPYHO MO 3HAYUMOCTM MPUYMHY CMEpTH
B CTpaHax CO CpPeAHWM W BbICOKWUM YpOBHEM Joxofda. 3a no-
crefHee AeCATUIETUE YacToTa ULLIEMUYECKUX U reMopparuye-
CKMX MHCYNbTOB B 3TWX CTpaHax Bo3pocna o 85-94 cnyyaes
Ha 100 TbIC. YenoBeK, NpU4eM cpeaum uL B Bo3pacte 75 net
W cTapLue nokasaten Boiwe (1151-1216 cnyyaes Ha 100 Thic.
uenosek) [1,3]. Kpome Toro, 85% cmepteid, CBA3aHHbIX C WH-
cynbtoM, U 87% NeT KWU3HW, NOTEPSHHBIX M3-3a WMHCYMbTa
C MOMpaBKOW Ha WHBANMAHOCTb, NPUXOLATCA Ha CTPaHbI, YbM
JUTENM UMEIOT HW3KUA ypoBeHb foxopa. B Kutae exeron-
HO perucTpupyeTcs oKono 1,5 MIH HOBbIX CNY4aEB MHCYMbTA,
npu 3toM 70-80% BBIKMBLLUMX MONYYaKT MHBANMIHOCTL, Mpe-
MATCTBYHOLLYI0 CaMOCTOSATENbHON HU3HU [4]. IHCYNbTbI MOXKHO
Pa3AeNuTb Ha ULLEMWYECKUIA U reMOpParuieckuin TUMbI Co 3Ha-
UMTENBHBIMU Pa3NMYMAMI B HacTOTe UX BO3HMKHOBEHMS. ALwe-
MWYECKWE MHCYNBTBI COCTaBNAT 62,4% cnydyaes, reMopparu-
yeckne — 27.9% [2,5]. VweMMYecKuUin MHCYNBT, Bbi3BaHHBIN
BnokuMpoBaHMEM MO3roBOTO KPOBOTOKA U MPUBOASALLMIA K MH-
MOKCUYECKM-ULLIEMUYECKOMY MOBPEXAEHMIO HEPBHBIX TKAHEN,
coctaBnseT okono 71% rnobansHoro bpemMeHu MHCyMbTa [6].

NiweMnyeckuin MHCYNbT, KPUTUHECKOE U HEOTIIOMKHOE Me-
OVLMHCKOE COCTOSIHWE, NPUBEKAET 3HAUMTENBHOE BHUMaHKe
B 0bnact MemuuuHbl [7]. 310 NpoucxoauT B pe3ynbrate He-
AOCTaTO4HOM0 KPOBOCHAb3KEeHUA roOMIOBHOM0 Mo3ra, YTO NpUBO-
BVT K TMOKCUM-ULIEMAW HEVPOHOB, HApYLLEHWUIO SHepreThYe-
cKoro obmeHa u rvbenu knetok. WccnegoBaHus MexaHU3MOB
rbenn HeMpoHanbHbIX KIETOK MOKa3au, YTO TPaLMLMOHHbIE
cnocobbl rMbenu KNeToK, Takue Kak anomnTo3, HeKpo3, Nupo-
NT03 U anonTo3HbIA HEKPO3, HE MOIHOCTLH) 0BBACHAIOT CNOX-
Hble KJIETOYHbIE UCXOAbI NPU ULLEMUYECKOM MHCYnbTe [8, 9.
lepBoHayanbHo rMbenb KNETOK NOApa3fensnM Ha anonTo3
U HeKpo3. OfHaKo NpU WLLEMUYECKOM MHCYMbTe MEXaHU3MBbl
1 dopMbl KNeTouHoit rbenn Bonee CoXHbl U pa3Hoobpas-
Hbl [10]. CpaBHUMTENBHO HefaBHO hepponTo3 U KynponTo3 bbiin
MOEHTMOULMPOBAHBI Kak HOBble MeTano3aBUCUMble (HOpMbl
rMbenu KNeToK, YTo [AeT [OMOJHUTENbHbIE NPeLCTaBleHNe
0 naronormv uHcynbTa [11]. B 3T0it cTaTbe paccMaTpuBaloTcs
depponTo3 1 KyNpomnTo3 MU ULIEMUYECKOM MHCYNBTE C aKLEH-
TOM Ha perynaumio MOHOB MeTaINIOB B HEMPOHANbHBIX KNETKax
W UX NOTEHLMANbHBIE TepaneBTUHECKME NEPCNEKTUBI.

B HopManbHbIX yCroBUAX JKene3o 1 Medb NpeAcTaBnsioT
coboii BecbMa BaHble MUKPO3/IEMEHTbI AN1S1 BYHKLMOHMPO-
BaHusA KieToK. OfHaKo MpU ULWEMUYECKOM MHCYMbTe ux ba-
NaHC 3HaumMTeNbHO Hapywaetca [12, 13]. Uwemmua cHuxaet
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MOCTYN/IEHNE KUCIOPOAA U MUTATENbHBIX BELLECTB B TKaHM
MO3ra, 3anyckas pasfinyHble Buonoruyeckue peakuuu. 3tn
peaKuMn BKKYAIOT BHYTPUKJIETOUHYIO NMEperpysKy KanbLu-
€M, OKWUCTUTENbHBIN CTPECC M BOCManeHWe, KoTopble MpsiMo
WM KOCBEHHO BAUAIOT HA roMeocTas MOHOB MeTaios [14, 19].
Hene3o, nepeHoCUMK KMCIOpoAA M KohaKTop MeTabonnyeckux
(epMeHTOB, TECHO CBA3aHO C (hepponTO30M, BKITHOYAIOLLMM
M30bITOYHOE HAKOMIEHWE BHYTPUKIETOUHBIX MOHOB Xefesa.
370 BAMSIET Ha NaTOGU3MONONMI0 MHCYNBTA, BAMAS HA roMe-
0CTa3 JKenesa U nepeKucHoe okmcienue nunmaos (M0J1) [16].
Mpu neyeHun mHcynbTa MHrMBMpoBaHMe (epponTo3a MOXKET
YMEHbLLUMTL NoBpexaeHue ronosHoro mMo3ra [17]. Mo cpasHe-
HWIO C XKEeNesoM pojib Meau B MLLEMUYECKOM MHCYNbTe W3-
y4eHa MeHbLue. 0iHaKo ponib Meay B perynsuum BoKUBaHUA
1 rnbenm KneToK BecbMa 3HaumTenbHa [18]. M3BecTHo, UTo Ky-
MPOMTO3 BKJIKOYAET aHOMaNbHYI0 perynaumio noHos Meau [19].
HepasHo J. Chen u coaBr. [20] 0bHapyunm, YTo BHYTPUKIE-
TOYHOE HaKoMneHne Meau, HeobxoauMoe Anis rMbenn KieTok,
B NepBylo o4yepesb dyHKUMOHMpYeT B LmKe Kpebca MuToxoH-
ApVanbHoOro ApixaHus. Ytobbl NOHATL Posib JKenesa U Meau
MpU WLLEMWUYECKOM WUHCYMbTE, KpaiHe BaXKHO Obio M3yuuTb
MX AVMHAMMYeCKoe pacrpefenieH e U PerynstopHble MexaHns-
Mbl BHYTPU KNETKU. B cBOMX aKcnepuMeHTax uccriefoBateny
uaoeHTMduMLMpoBany GeppoKcnaasy 1 Kak Kio4eBom reH B M-
Denn KNeTOK, MHLYLMPOBaHHOM Mefbio.

Ony6bnuKoBaHbl AaHHbIE UCCEA0BaHNSA, KOTOpble MoOKa-
3bIBalOT NPSAMYI0 KOPPENSALMIO MEXAY NOBbILIEHHLIM COLEp-
YKaHWeM BHYTPUKIIETOYHOIO JKene3a Npu ULLEMUYECKOM WH-
CyNbTe M MUTOXOHAPUANbHON OUCYHKLMEN, OKUCTUTENBHBIM
CTPECCOM W CBA3aHHBIMM C HUMM (akTopamu [21]. Beinon-
HEHHble aHaNorMyHbiM 06pa3oM JKCMepUMEHTBI MOKasanw,
YTO aHOMaJlbHOe HaKOMJIEHUe Me[y TECHO CBA3aHO C anonTo-
30M HeWpOHOB ¥ aKTUBaLMe BOCNanMTeNbHOW peakumm [22].

B npyrux pabotax 6bi1o NpoAeMOHCTPUPOBAHO, YTO MO-
[YNMpOBaHMe rOMeocTasa Xenie3a U Mean MoxeT 3ddek-
TMBHO 3aMeANATb NMOBPEXAEHNE HEMPOHOB, LEMOHCTPUpYS
noTeHUManbHble TepaneBTMyeckue 3IQeKTbl Ha 3Kcnepu-
MeHTabHbIX Mofensix. OQHaKo 0CTaloTCs HepeLUeHHbIMU BO-
MPOCbl OTHOCUTENBHO KOHKPETHBIX METOHOB JieYeHusl, Ha-
LeneHHbIX Ha (epponTo3 W KympomnTo3, KoTopble TpebytoT
JanbHeMLWUX UCCNeNoBaHUIA 1A NOATBEPKAEHMS NleYebHbIX
addekToB [23]. HecMoTpsa Ha 0BLIMpHYD NUTepaTypy 0 Me-
XaHW3Max rubenn KNeToK Npu ULLEMUYECKOM MHCYNbTE, KONM-
4eCTBO WUCCNIEAO0BaHUIA CIOXHbIX accoLMaLmi U MexaHU3MOB
(epponTo3a W KynponTo3a BCe eLLe OrpaH1YeHo.

MEXAHW3MbI PEFYNISILIMM
®EPPOMTO3A MPY MHCYNIBTE
HakonneHue xene3a npu niieMu4ecKoM
MHCYNbTe

Uwemuueckun MHCYNbT — 3T0 TAXeEl0e HeBpoJiornye-
CKoe paCCTPOﬁCTBO, BOBJIEKaloLLee C/I0XHble MOJIEKYNAPHbIE
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npouecchbl [6]. Cpegn Hux depponTos, HeaBHO BbiSIBNEH-
Has QopMa KJIETOYHOM rmbenu, NpuBNEKNa 3HAUUTENBHOE
BHMMaHMe B UCCNEAOBAHMSAX ULIEMUYECKOrO MHCYNbTa [24].
BHyTpuKNeTOuHOe HaKoMIEeHMe JKene3a ABNAETCH KIlYeBOM
0co6eHHOCTbI0 (hepponTo3a, UMEIOLLEN PELLAoLLIEe 3HAYEHME
ANS NOHUMaHUS NaToNorUM ULLIEMUYECKOTO MHCYNBTA U Ompe-
OENeHns NOTEeHLMaNbHbIX TepaneBTUHECKUX MULLEHeN [25].
[lanee 6onee nofpoOHO paccMaTpuUBAETCA HAKOMMEHUE HKe-
Ne3a Npu ULIEMUYECKOM MHCYNbTE, UCCIIeNYOTCS ero UCTou-
HWKY, 4Tobbl 0BecneynTb yrnybneHHbIH aHanM3 MexaHM3MoB
(epponTo3a u perynsuum.

Mpy MILIEMMYECKOM MHCYMbTE KPOBOCHabXeHWe TKaHem
MO3ra Cepbe3H0 HapyLaeTcs, YTO CHUKAET [OCTaBKY KuC-
nopofja 1 nuTaTenbHbIX BELLECTB M 3aMmycKaeT Kackap, buo-
NOrMYECKMX peakumi [6]. HakonneHue xenesa cTaHOBMUTCS
BbIpaXKeHHbIM. MccnesoBaHMs NoKasbiBalT 3HAYUTENbHOE
YBEeJIMYEHME COLEPHKaHMA Kene3a B TKaHAX ro/I0BHOM0 Mo3-
ra NauWeHToB, NepeHeCLUMX UHCYMbT, 0COBEHHO B NepUUH-
(apKTHoIA 06nacTK. 310 TECHO CBA3AHO C TaKMMM (haKTopaMmu,
KaK HapylieHue rematosHuedanuyeckoro bapbepa (F3B),
MOBbILIEHHAsA NPOHULLAEMOCTb COCYOB U BHYTPUKIIETOYHOE
BbicBODOXaeHNe ene3a [26, 27]. Paspywenune 36 —
KJI04eBOM (haKTop HaKkonneHus xenesa. B Hopme 36 npe-
MATCTBYET NPOHWMKHOBEHWIO MOHOB XKENe3a B TKaHW Mo3ra.
Mpn ULEMUYECKOM UHCYNbTe HapylieHHbIn [Ib obecne-
umMBaeT cBOBOLHLIN [OCTYN ene3a, YTo NPUBOAMT K Ypes-
MEpPHOMY ero Hakonnenuio [28, 29]. MoBbieHHas NpOHU-
LLaeMOCTb COCYL0B TaKXe BHOCUT 3HAuWTEeNbHbINA BKNaj
B HaKomnfeHue ene3a. 3aKOHOMEPHOCTU HAKOMIEHUS
XKene3a pasfinyaloTca B pasHblX 06nacTax Mosra u Tumax
KNETOK, NpX 3TOM MUKPOrNusA obnafaeT 0fHOW W3 caMbIX
BbICOKMX EMKOCTEN ANS XpaHEHUs JKenesa, YTo oTpaxaeTr
Pa3NMYHYI0 YYBCTBUTENLHOCTb HEMPOHOB K KUCNOPOAY U U3-
MEHEHWAM NUTaTeNbHbIX BELLECTB.

BHyTpuKneTouHoe BLICBOBOXAEHE Xene3a B 3HaUNTE b~
HOM CTeneHu crnocobCTBYET HaKOMEHMIO JKenesa Npy UWeMu-
YECKOM MHCYMbTe. Bbi3BaHHOE MLieMMEN NOBPEXAEHUE Kie-
TOK BbICBODOKIAET BHYTPUKIIETOUHBIE MOHBI }ENE3a, YCKOopSA
HakonneHue xenesa [30]. 370 TeCHO CBA3AHO C MUTOXOHAPU-
anbHoM AUC@YHKUMENR, NOCKOMbKY MUTOXOHAPUW ABNSAIOTCS
OCHOBHBIMW MECTaMW XpaHEHUs BHYTPUKNETOYHOTO Xenesa.
HapylweHnHas dyHKuMA MUTOXOHAPUI BbICBOBOXAAET Xene-
30, C03AaBas UMKN, KOTOPbIi B AanbHeiiweM cnocobeTeyet
U30bITOYHOMY HAKOMMEHWIO Xene3a Npu ULLEMUYECKOM UH-
cynbte [31, 32].

Mpy NLIEMMYECKOM MHCYNbTE BHYTPUKIIETOUHBIE MCTOYHM-
KM Xene3a pasHoobpasHbl. [ToMUMO NOCTYNAEeHUS 3K30rEHHO-
ro reMorfiobuHa, Mo3r COAEpPHUT 3HAUUTENIBHOE KONIUYECTBO
3HA0reHHoro xenesa [33]. Bo BpeMs MLLIEMMYECKOIO MHCYMbTa
rmbenb 1 pacTBopeHuMe KNETOK BbICBOOOX 0T 3anackl 3HA0-
FEHHOTO Jefe3a B OKPYKaloLLYIo CPefy, KOTopoe MOryoLakT
cocefHue KNeTKW, cnocobcTBys HakonieHuio enesa [34].
BHyTpukneTouHoe BbicBobOXKAEHME Kenesa perynupyetcs
nepeHOCYMKaMm Xenesa, TPaHCMOpTHBIMY BenkamMu U apyru-
MW KaHanamw.
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MonBoAS UTOT, MOXHO CKa3aTb, YTO BHYTPUKIETOUHOE Ha-
KOMJIeHWe Xene3a npu MLeMUYeCcKoM UHCYNbTe NpeacTaBns-
€T c060/1 CNOXHbIN NPOLIECC, BKITIOHAILLMIA MHOXKECTBO (aK-
TopoB. Takue daKTopbl, Kak HapyweHue 3b, noBbileHHas
MPOHWLLAEMOCTb COCYAOB, MOCTYMJIEHUE reMOrNobuHa 1 BHY-
TPUKNETOUHOE BbICBODOXKAEHME ene3a, AMHAMUYECKM B3au-
MofieicTBytoT. [loHMMaHMe 3TUX MexaHW3MOB 0becneuuBaeT
bonee rnybokoe noHMMaHWe depponTo3a NpU ULLEMUYECKOM
MHCYNbTe, QOPMMpPYS TEOPETUYECKYHD OCHOBY [NiA OyayLimX
METOLOB JIeYeHus.

MexaHusm BHYTpMKﬂeTO‘lHOﬁ perynauuu UOHOB
Xene3sa

Mpy WMLWEMMYECKOM MHCYNbTE HapYLUEHHBIA BHYTPUKIIE-
TOYHBIA FOMEOCTa3 JKenesa WMeeT pellaloliee 3HaYeHWe
ONs BbXMBaHUA U rubenn Knetok. Mbl paccMatpuBaem
MeXaHW3Mbl BHYTPUKIETOYHOro banaHca kenesa c yrnopom
Ha MepeHOCYMKM }enesa 1 TPaHCMOopTHbIEe BenikK, UTobbl Bbi-
SBUTb PErYNALMIO eNe30MHAYLIMPOBaAHHOW TMbenn KNeTok
Mpu UweMmny4eckoM uHcynbTe [33, 35]. Xeneso umeer pewuato-
LLee 3HaYeHWe Ans KNeTouHoro MeTabonmama, nopepaqus
HOpManbHOWM QYHKLMM KNETOK W pearvpoBaHns Ha BHELLHME
cTpeccopbl. [lepeHocUMKM Henesa — 3T0 Kllo4YeBbIE pery-
nATopbl BHYTPUKNETOuHOro banaHca enesa [16]. Buytpu
OpraH13Ma eneso perynumpyetcs NyTAMY, BKIOYAOLWMMH
MepeHOCHMKY enesa U TpaHcnopTHble benku. BHyTpu Knet-
KM Keneso B OCHOBHOM TpaHCMOpTUpYeTCA TpaHC(heppuHoM,
KOTOPbI TPaHCMOPTMPYET }ene3o B KPOBOTOKe, obpasys
KOMMJIEKCHI CO CBOOOAHBIM }KENe30M W nonafas B KIeTKu
Yepes TpaHCMOpTHbIE DeNkn Ha MeMbpaHe [36, 37]. ®eppuTuH,
OTBETCTBEHHbIN 3a HAKOMNIEHWUE KeNe3a, PerynupyeT BHYTPU-
KNeTouHoe MOCTYNieHWe enesa NyTeM KOHTPONSA CUHTe3a
u perpagaumn depputuHa [37, 38]. 3T0T MexaHU3M umeeT
peLLaiollee 3HayeHWe ANs rMBKOro UCMosb30BaHMUS Kene-
3a KneTKamu. [Tonapas B KNETKy, Xene30 y4yacTByeT B pas-
NMYHBIX BronorMyeckux npoLeccax, Takux Kak AbixaTenbHas
uenb MutoxoHapun u cuntes [HK [16]. 3to Tpebyet TouHO
perynsuvu Ans NoAjepaHus BHYTPUKNETOUHoro banaHca
Kemnesa 1 HopManbHON QYHKLMM KNETKM, KOTOpas Cepbe3Ho
NOBPEXAAETCA NOCNEe ULLEMUYECKOT0 MHCYNbTa (puc. 1).

B uacTHOCTH, MLIEMUYECKUIA MHCYMBT HapyLLaeT BHYTPU-
KNETOYHYI0 perynsumio Jenesa, YTo MPMBOAMT K Ype3MepHo-
My HakonneHuio xenesa [33]. Bocnanenve u nospexaeHue
COCynoB B pesynbTaTe MHCynbTa paspywaior [3b, nossonss
cB0OOJHOMY 3Keie3y MPOHUKATb B TKaHb Mo3ra U elle 6onb-
Le noBbILwaTh ypoBeHb xene3a [40]. NoBpexaeHHble K OT-
MUpatoLLMe KNETKM BbILENSIOT XeNe30, NpoaeBas 10T LK.
[IMCYHKUMA MUTOXOHAPUIA TaKKe YCUNUBAET BbIAENEHUE
Keresa, yCunuBas BHYTPUKIETOYHOe HakonseHue. lpucyllee
MO3ry Xefe30, BbICBOBOX AaeMoe npu rnbenn KIeToK, normno-
LLIAeTCA COCEAHUMMU KIIeTKaMK, ycyrybnsis HakonseHue xene-
3a [41]. [lanee Mbl NoapobHO paccMaTpUBaeM MexaHU3Mbl pe-
TYNALMKM YPOBHS JKeNie3a Npy ULLEMUYECKOM UHCYMbTE, B TOM
yucre HOBble NMPeACTaBNeHUs 0 TMOENU KNETOK, Bbi3BaHHOI
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)Kene3oM, Ha MOJEKYNAPHOM ypoBHe [42]. 3TM MexaHU3Mbl
PacLUMPSAIOT Halle MOHUMaHWe NaTonorkv WHCYNbTa W npeg-
naratot 6asuc 1 HOBbIX TepaneBTUYecKyX cTpateruii [12,17].

BHyTpuKneTouHble cUrHanbHble NyTH epponTo3a

Peaxyus ®enmona. Tpn MLLEMWYECKOM WHCYMbTE Ha-
PpYLLEHUE CHADXEHWS KUCNOPOAOM MPUBOLUT K HAKOMMEHMIO
KENesa u akTuBaumm peakumm MeHToHa ¢ 06pa3oBaHMEM Bbl-
COKOAKTUBHbIX (POPM KMCIOPOAA, TaKMX KaK MMAPOKCUNIbHbIE
pagukansl («OH) [43], KoTopble NOBPEXAaloT TKaHb MO3ra,
Bbi3biBast [10/1, 6enKOB M parMeHTaLMIo HYKIIEMHOBbIX KUC-
J10T, YTO NPUBOAMT K GepponTo3HOi rMbenm KNeToK.

OkucnumensHelli cmpecc SBNSETCA KIOYEBBIM (haKTOpoM
(epponTosa. B pesynbTate MOBbILIEHHOM NPOAYKLMM W/Win
MOHWKEHHOW [erpafiaumn HaKannmBaeTcs W3ObITOK aKTMB-
HbIX opM Kucnopoaa ADK, uTo MMeeT peluatoLee 3HaueHue
MpX NaToyorMu MLLEMUYECKOT0 MHCynbTa [44]. YctaHoBne-
HO [44], 4TO NPV ULLIEMWM TOSIOBHOTO MO3ra NOBLILLIAKOTCS BHY-
TPUKIIETOYHbIE YPOBHM MOHOB Karbums (Ca?*), BHEKIIETOUHOM
rnyTamata v apaxvioHOBOM KUCNOTbI. [10BbILLEHHAs MPOAYKUMS
A®K 1 ncToLLIeHMe aHTMOKCUIAHTHBIX PECYPCOB AE3aKTUBUPYHOT

Tom 16, Ne 1, 2025
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aHTUOKCMAaHTHble cucteMbl. M36biToK ADK BbisbiBaeT aumc-
GyHKUMI0 KNeToK 1 rubenb B pesynbtare [0S v okucauTenbHo-
ro nospexaenus 6enkos, JHK n PHK. OrkucnmtenbHbIi ctpecc
TaKKe aKTUBMPYET QaKTop TPaHCKpUNLWK 4 (ATF4), n3bbITouHas
3KCMPEeCccus KOTOpOro BriocneACTBUM BbI3bIBAeT MMbenb KNEToK
[43, 46]. MoBbiweHHble ypoBHM MPHK ATF4 w TpaHCnsumoH-
HbIA NOCTOKUCIUTENbHBIV CTPECC NPUBOAAT K CBEPX3KCTPECCUU
ATF4, poctatouHoi ans uHAyumpoBaHus depponTo3a [47].
PezynsmopHele Hcenesocodepxcawjue 6esku, BKIOYas
TpaHCdeppuH, KWU3HEHHO BaKHbl AN MHAYLMPOBAHHOM
KenesoM rubenmn knetok [48]. MiweMuyecKnit MHCYNbT Ha-
PYLLAET WX PErynsLmio, Bbi3biBasi HAKOMNIEHUE }Kene3a U ero
aHOMarbHOe pacnpefeneHue, 4To MPUBOAUT K Mbenm KIeToK.
BocnanumeneHeili omeem. VHayuMpoBaHHas enesoMm
rmbenb KNEeTOK 3amnycKaeT BocnanuTenbHble peakummn. Kucno-
PoLHble paauKanbl npy GepponTo3e Bbi3bIBAKT NOBPEXAEHME
KNIETOK M aKTMBMPYIOT BOCMANUTENbHBIE NYTW, BbICBODOOXKAANA
Me[MaTopbl, KoTopble YCyrybnsioT AanbHemLlee NOBPeXAeHNe
KneToK. M3bbITouHoe BbIcBOBOXAEHME MeamaTopoB Bocrare-
Hu ewle bonbLue ycyrybnsieT NoBpexaeH1e KNETOK, CO34aBas
ycunmBatoLwmiA hepponTo3 MopoYHbINA Kpyr [49].
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HapyLwueHne gyHKUMIA Mo3ra

Puc. 1. Metabonuueckue nytv gepponTosa v UX CBA3b C PEryNSTOPHBIMU MYTAMM NpU ULLEMUYECKOM UHCYMbTe. © L. Zhang u coasr., 2024.
ApantuposaHo 13 [39]. PacnpocTpaHsietca Ha ycnosusax nmuensun CC-BY 4.0.

Fig. 1. Metabolic pathways of ferroptosis and their relationship with regulatory pathways in ischemic stroke. © Zhang et al., 2024. Adapted

from [39]. Distributed under the terms of the CC-BY 4.0 license.
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JKcnepuMeHTaNbHbIE MCCNEAOBAHWA Ha MOLENAX no-
30NN upoeHTMduuUmMpoBate paktopsl MAP1LC3B, PTGS2
1 TLR4 KaK moTeHUManbHble AuMarHocTu4eckue buoMapKepbl
MLIEMMYECKOTO MHCYMbTA, YTO MOLYEPKMBAET BaXHYI0 pofb
depponTo3a npu uHcynbTe [50].

lMoKa3saHo, 4YTo UHMMBMTOPBI OKCMAA Xene3a MoryT yMeHb-
WMTb pa3Mep MLIEMWYECKOr0 MHapKTa, 3awmtutb 36
W BOCCTAHOBWTb HOpPMasbHY0 QYHKLMIO HelpoHoB. AKTuBa-
uus PPAR u uHrubuposanue AKT nocne uHcynbTa 3awwimiaioT
36 u cnocobeTByloT pereHepaumm Muenuta [51, 52]. lnyta-
TMOHNepoKeuaasa-4 (GPX4), kntoueBoii perynsTop »enesa,
MHrMBMpYeT MyTaumm Jene3a, npegnonaras nyte PPARy/AKT/
GPX4 B KauecTBe MULLEHU [Nl UHTMBMPOBAHNUA OKUCIEHNS
xenesa [53].

lpenapatbl KWTalCKOW MeauuUMHbl, 0COBEHHO TpaauLM-
oHHbIM Komnnekc AGNHW, pmonroe Bpemsa mcnonb3oBanuch
ONS NIEYEHWs pasinyHbIX 3aboneBaHuid, BKIOYaAs UHApKT
rofloBHOr0 Mo3ra [54]. PaHee 3KcmepuMeHTanbHble ucchne-
[0BaHus nokasanu apdextusHocte AGNHW B nieueHumn mH-
(apKTa rosloBHOr0 Mo3ra C CMHAPOMOM MOKPOTbI-}Kapa U ero
npodunakTMyeckuit noteHuman [55]. Knunnyeckue uccneno-
BaHWA NoKasbiBatoT, 4o AGNHW cHuKaeT ypoBeHb hepputy-
Ha B CbIBOPOTKE KPOBW Y MALMEHTOB C MHCYNBLTOM, YTO Npej-
nojiaraeT, YTo npenapaT MOXeT WHrMbupoBaTb (epponTos.
bbino nokasaHo, uto npumeHeHne AGNHW yMeHbLuaeT pas-
Mep MHOapKTa, 3awmiaeT 36 1 yMeHbLIAET NOBpEXAEHME
MUTOXOHAPUI Y KpbIC, NEpPeHecLLMX MHCYNbT [54]. Takke ycTa-
HoBneHo, 4To npuMeHeHne AGNHW cHmkaeT yposHu AQK,
M0J1 v noHoB Fe?*, neMOHCTpUpyA TaknuM 06pa3oM aHTUdep-
ponTo3Hble 3ddekTbl [56, 571.

Mpy1 NOMOLUM MULKOCTHOW XpoMaTorpadum COBMECTHO
¢ Macc-cnektpoMeTpuent (LC-MS) npeHTduUMpoBaHbI Kito-
yesble KoMnoHeHTbl AGNHW — 3to 6unupybuH, 6epbepu,
bankanuH n BoroHo3ug [58]. CeteBas dapMakonorus uc-
no/b30Bajach A1 U3y4eHUs aHTU(EeppPONTO3HbIX MULLEHEV
1 MexaHnsmoB AGNHW; 6bino upentudmumposaHo 393 no-
TEHUMaNbHbIX KOMMOHEHTA [JI1 JIEYEHUS| MLLEMMYECKOTO
1 reMopparm4eckoro uHcynbta [99, 60]. AHanu3 6a3 gaHHbIX
nokasan, 4to KomnoHeHTbl AGNHW neyat uHdapKT ronosHoro
Mo3ra bnarogaps perynsauum nyteii PI3K-AKT n PPAR. Bbinu
MLEHTMOULMPOBaHBI 32 MULLIEHW, CBA3aHHBIE C (epponTo30M
MpW ULLEMUYECKOM MHCYNbTE, C Nepedadeit curHanos PPAR
W OKMCIUTENbHBIM CTPECCOM B KayecTBe MoTeHUManbHbIX pe-
TYNATOPHbIX myTen [61].

Ananus muweHen komnnekca AGNHW nossonset npea-
MOMOXWUTb, YTO MpenapaT OKa3blBaeT aHTU(epponTo3Hoe
aencteme yepes perynstopHole nyti PI3K-AKT u PPAR [62].
AHanu3 6enok-6enKoBbIX B3aMMOJENCTBUIA WU KNacTepPHbIN
aHanu3 BbifBMIM KJtoueBble MuweHn: PPARy, AKT n GPX4.
JKCMEPUMEHTBI MO MOMEKYNAPHOMY AOKWUHIY W MUKpOMac-
wrabHoMy TepModopesy BbISBUNM CUIIbHOE B3aMMOLENCTBME
Mexay koMmnoHeHTamn AGNHW (6unupybuH, bepbepuH, baii-
KaJIMH 1 BOTOHO3MA) U ux muwensamu (PPARy, AKT n GPX4)
[56, 61]. 310 cBupeTenbcTBYET 0 KatoueBon ponu AGNHW
B perynaumm depponTosa Yepes nyTe PPARY/AKT/GPX4 [57].
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HopmanbHoe ¢yHKumoHupoBaHue nytu PPARY/AKT/GPX4
MHrMbupyeT depponTo3 HeilpoHOB, coxpaHsieT 36 1 cnocob-
CTBYET pereHepaunu MuenuHa [57]. AKT yMeHbLUaeT noctuie-
MWYECKOe MOBpEXAeHWe HelpoHoB. [MyTaTMOHNepoKcuaasa
GPX4, KntoueBoW perynsatop, nopaenseT depponTos, Aenas
nytb PPARY/AKT/GPX4 MuweHblo ansa uHrmbuposanus dep-
ponto3a [55, 57]. Ha Mogensax nokasaHo, 4to PPARy nHrnbu-
pyeT $hepponTo3 HeMpOHOB, 3awmiiaet 36 n noaaepKuBaet
pereHepaLmio MUeNHa, 3T AaHHbIe NOATBEPKAANT ero Tepa-
NeBTUYECKMIA NoTeHuman npu 3abonesanusx LHC [57].

X. Bai u coaBt. [57] nokasanu, uto AKT yMeHbliaet
MOCTULLEMMYECKOE NOBPEXAeHUe HeMpoHOB. MyTb PI3K/AKT,
aKTUBMPYEMBI MocpencTBoM docdopunnpoBaHns, cnocob-
CTBYET SAPHOIA TPaHCIOKaumn v Hakonnenuio Nrf2. Takum
o6pa3oM, aktuBaums Nrf2 nomMoraeT npenoTBpaTUTh NOBPEX-
[EHWe TONOBHOM0 MO3ra 3a CYET YBEJUYEHWUS IKCMpeccuw
SLC7A11, rnyTaTMoHa 1 noBbieHns aktuBHocTU GPX4 [63].
YuutbiBas ponb GPX4 B MHrMbuMpoBaHuM depponTosa, B UC-
cnepoBaHum T. Ma et al. [64] ucnonb3oBanu KNETKU NMHUM
PC12 ons usydeHus nHOyKuMM depporTo3a apacTuHoM. Pe-
3yNbTaThl IKCMEPUMEHTOB MOKA3bIBALOT, YTO 3PACTUH CHUMKAET
KJIETOYHYH) aKTUBHOCTD, B TO BPeMs Kak KOMMoHeHTbl AGNHW
MOBbILLAKT NU3HECNOCOBHOCTb KieToK. YposHu MOJT u Fe?*
ObinK BbILLE B MOAENBHOI rPYNMe N0 CPABHEHMIO C HOpPMab-
HoW rpynnoii [65, 66]. Kak okasanock, koMnoHeHTl AGNHW
nosbiLwatot akcnpeccuto MPHK PPARy, ATK n GPX4 no cpas-
HeHuto ¢ MogenbHoi rpynnoi. Kpome Toro, akcnpeccus ben-
koB PPARy, p-ATK /AKT n GPX4 6bina Huxe B MofenbHoM
rpynne, Ho Bbiwe B rpynne KomnoHeHToB AGNHW no cpas-
HEHMIO C FPYNMON XUpYpruyeckoro MoaenupoBanus [57]. daH-
Hble CBUAETENbCTBYIOT 06 aHTUdepponToTMYECKOM 3ddeKTe
KoMmnoHeHToB AGNHW npu mwemMmueckoM MHcynbTe 3a cuet
moaynsuum nytn PPARY/ATK/GPX4. 3T1 pesynbTathl cornacy-
10TCA € NpeablayLLmMMK nybnuKaumamu [55].

T.W. Hansen u coagr. [67] ugeHTuduumMposanm ounmpy-
ouH, 6epbepuH, balkanmH U BOroHO3ML, B CbIBOPOTKE KPOBM
AGNHW Kak uHrmbutopbl depponTtosa. bunupybun moxet
yny4ywatb $yHKLUMOHANBHOCTb OCTPOBKOB MOAXENYA04HOM
JKenesbl, YTO YKasblBaeT Ha ero NOTEHLMan npu TpaHCMIaH-
Tauum ocTpoBKOB. [loBbileHHas 3Kcnpeccust 6epbepuHoM
ryTaTMoHnepoKeupassl 1 MoXeT cHuxaTtb GhepponTo3 Heid-
POHOB NpU ULIEMUYECKM-penepPdY3UOHHOM NOBPEXAEHUM
rofloBHoro Mo3ra [68]. BoroHo3na MoxKeT yMeHbLuaTh Gpubpo3s
neyenun yepes SOCS1/P53/SLC7A11-onocpenoBaHHbI dep-
pONTO3 B 3Be3A4aTbIX K/ETKaxX NeYeHy, Npeaiaras cTpaterio
neyeHus ¢ubposa nevyenu [68]. balkanuH npegoTBpaLlaeT
(epponTo3 NpU ULLEMUYECKOM WHCYNBTE U NEPBUYHBIX HeWl-
POHax Kopbl rosioBHOro Mo3ra [69]. Takum obpasoM, 3Tn co-
eAWNHEHNA ABNAIOTCA NOTEHLMANbHBIMUA CPELCTBAMM JIEYeHUSA
ULIEMWUYECKOr0 UHCYNbTA.

B 3kcnepuMeHTax nokasaHo, 4to AGNHW 3HauutensHo
YyuLIaeT HEBPONOrMYECKy0 (YHKLMIO, yMEHbLIAET 06beM
MH(ApKTa M yMeHbLUaeT MOBPEKAEHWE TKaHU rOSI0BHOIO
MO3ra Y KpbIC, NepeHecLumx nwemmuyeckuin nHcynot [70]. Yee-
JIMYMBAET BbIXKMBAEMOCTb KNETOK M CHUXaeT yposeHb [10]1
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n Fe?* B knetkax PC12. Pesynbtarel in vivo w in vitro noa-
TBepAatot, yto AGNHW 6opetcs ¢ peppontosoM yepes nyTb
PPARy/ATK/GPX4 [57, 71]. Takum obpasoM MoXHO corna-
cuTbCA ¢ BoiBogamu, yto AGNHW ymeHbLuaeT noBpexaeHue
npu MHbapKTe Mo3ra 3a cyeT akTuBaumu nytu PPARY/ATK/
GPX4 B npouecce nHrubnposanusa depponto3sa [57]. U3secTt-
HO, YTO CUrHanbHble MyTW epponTo3a BKIKYAKT peaKumio
(MeHTOHa, OKMCIUTENBHBIA CTPECC, KENe3operynmpyloLime
benku, nyTb anonTo3a M BocnanuTenbHble peakuun [72]. Mo-
HMMaHWe NPUHLMNOB paboTbl 3TOM CETM MOMOraeT MOHATH
MexaHu3Mbl hepponTo3a Npu ULLEMUYECKOM UHCYnbTe [57].

C Tex nop Kak B 2012 . 66101 BBEAEH TEPMUH «(PEepponTos»,
CYLLECTBEHHO PaCLUMPUINCh KITMHWYECKWE WCCIEe0BaHUS
€ro MexaHu3MoB M TepaneBTMYECKOro noteHuuana. B Ha-
CTOAiLLEE BPEMS U3BECTHO, YTO OCHOBHbIE MEXaHW3Mbl pery-
nAuMM GepponTosa BKIKOYAKOT BHYTPUKIETOYHBIA TUNUAHBIA
MeTabonnusM, MeTabonnsM Kenesa, FyTaTUOH-3aBUCUMBIN
nytb 1 CoQ,-3aBMCUMBIN MyTb. BO3MOXHO, 4TO HeKoTopble
HOBbIE perynsaTopbl GepponTo3a eLe He OTKpbITHI. OcTaeTcs
MHOTr0 BOMPOCOB, Tpebylowwmx peLueHus, Npexze BCero B OT-
HOLLEHUW MeXaHU3MoB (hepponTo3a U ero CBA3W C UHCYMb-
TOM. B uyacTHoOCTW, CyulecTBYeT N KOHeuHbIi BroMapkep,
KOTOpbIN 3amycKaeT (epponTo3Hylo rMbenb KNeToK, U ecnu
[a, T0 4T 370 3a BroMapkep? Kakyto ele ponb B hepponTo-
3e UrpaloT MUTOXOHLPUM, KpoMe Toid, uto umkn Kpebea cno-
cobcTByeT (epponTo3y, BbI3BaHHOMY LePUUUTOM LIMCTUHA?
Bonee Toro, NocKonbKy 0CHOBHbIE McCeAoBaHus depponTo-
3a COCPefoTOuEHbl HA OMYXONEBbIX KNETKAX, Ha HEMpOHaX,
Ha K/eTKax noyeK W Ha @ubpobnactax aMO6pUOHOB MbiLLER,
BO3HMKAET BOMPOC: MPOMCXOAMT N (epponTo3 B Apyrux
TMNax KNeTok?

KYMPONTO3: 1BY/IMKUIA IHYC
A1 HEPBHBIX KJTETOK

®usmonornyeckas ponb Meau B KJeTKax
HepBHOVI CUCTEMDI

Meab Heobxoguma ponsa perynauuu QepMeHTaTMBHOI
aKTMBHOCTM B HepBHOW cucteMe [73]. B Kauectse KodaKTo-
pa OHa yyacTBYeT B CMHTE3E HEWpOMeaMaTopoB, 3HepreTU-
YecKoM MeTabonmaMe W OKMCIIMTENIbHO-BOCCTaHOBUTENbHBIX
peakumsax [74]. [lanee paccMmatpuBaeTcs (u3nonornyecKas
ponb Mefu, 0COBEHHO perynsuMs MeAbcogepialumx dep-
MEHTOB [75], 4TO ABNIAETCA OCHOBOIA 419 NMOHUMAHMWSA COBbLITUI
KYnponTo3a npu ULLIEMUYECKOM WHCYNbTE.

Menb pacnpefeneHa no BCEMY FOSIOBHOMY U CMUHHOMY
MO3rY, BK/0Yas HEWpOHbI, FMaNbHbIE KNETKWM U KPOBEHOC-
Hble cocyabl. Ero 6anaHc ecTKo perynupyeTcs TpaHCMOpTHBI-
MW 1 3anacarowmmu benkamm [75]. B kpoBu Meb cBA3bIBaET-
€Al C TPAHCMOPTHBIMM BesIKaMK, TaKUMY KaK LiepynoniasmuH,
KOTOpble PerynupyloT ee MoHHoe cocTtosiHue [32]. HenpoHbi
UCTONb3YI0T BENKWU-HaKONUTENM MedM, Takue Kak MeTan-
NIOTUOHEMHDI, ANs NopfepxaHus roMeoctasa. MoHbl Meam
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MOCTYNatoT B HeWMPOHbI M0 KaHanaM, TakuM Kak CTR1, u TpaHc-
noptupytotca Hacocamu ATP7A n ATP7B [76], obecneunsas
HaJnexallymin ypoBeHb Meayu B HEPBHOM CUCTEME.

Menb cnocobcTBYeT CUHTE3Y HEPOTPAHCMUTTEPOB NYTEM
Perynaumum Takux pepMeHToB, Kak aodaMuH B-ruapokcunasa
¥ TMPO3MHTMAPOKCWIA3a, UMEILLMX PELLAoLLee 3HAYEHUE
Ana nepepayn curHanos godamuna [77]. OHa sensetcs va-
CTbI0 OKUC/TUTENBHO-BOCCTAHOBUTENbHBIX (EPMEHTOB, TaKUX
KaK umToxpoM C-oKcupasa, B AbiIXaTeNbHON LN MUTOXOH-
OPWIA, KM3HEHHO BaXKHbIX ANS 3HEpreTUyecKoro Metabonms-
Ma [78]. B kauecTBe KodakTopa cynepokcuaamncmyTtasel (COL)
Mefb CocoBCTBYET BbIBEAEHMIO CYNepOKCUA-aHUOHOB, obe-
CMeunBas aHTMOKCUAAHTHYI0 3alUMTy U NOLAEPHMBas Hop-
MasbHY0 GYHKLMIO HepBHOM cucTeMbl [79].

Menpb M3HEHHO BaXkHa AN pasBUTMA HEMPOHOB, dop-
MMPOBaHUS CMHAMNCOB M MUrpaLMM HelpoHOB NyTEM pery-
nauum haKTopoB pocTa U MoseKyn KnetouHol apresuu [32].
(®usnonornyeckne poiv MeAU MHOTOrpaHHbI, BKIOYas CUH-
Te3 HEeWpPOTPAHCMUTTEPOB, 3HEPreTMYeCKUM MeTabonunsM,
AHTUOKCMAAHTHYIO 3aLLMTY M CUHANTUYeCKylo nepepaqy [79].
lMoHMMaHWe 3TX GYHKUMIA pacLUMpsieT HaLLM 3HaHWUA 0 Me-
XaHU3Max LeiCTBUA MeAM NpU ULLEMUYECKOM WHCynbTe [78].
Hapnexalimnii ypoBeHb Meau MMeeT BaXKHOE 3HAuYeHue,
yTo0 npeanonaraeT CUCTEMHBbIA MOAX0A K TepaneBTUue-
CKWM CTpaTerusM, HarnpaBeHHbIX Ha KYnponTo3 B Ka4yecTBe
MULLEHM.

KYHPOI'IT03 npu niieMnU4eCcKoM UHCynbTe

Mpu MLIEMMYECKOM WMHCYNbTE BbIXKMBAHWUE HEMpPOHAMbHBIX
KNETOK NpefcTaBnseT coboii CNOXHLINA MPOLECC, PeLLatoLLyo
ponb B KOTOPOM UrpaeT mMeap [34]. 3TOT MUKPO3NEMEHT KMU3-
HEHHO BaXKEH [J11 HOPManbHOM (GW3MOOTWM, HO BO BpeMS
MLIEMWYECKOrO MHCYNbTa TUMOKCUA M NI0X0i KPOBOTOK YCH-
JIMBAIOT OKMCTITENbHBIN CTPECC, MPUBOAS K 0MOCPe0BaHHOM
Mefbto rnbenu knetok [78].

NweMnyeckuid HCYNbT BbI3bIBAET KIIETOUHbIE U3MEHE-
HWA, BKJKOYas BbICBODOXKAEHME U HAKOMMIEHUE UOHOB MeaM.
MoBpexaeHue HEMPOHOB MOXET NPUBECTM K pa3pbiBYy Kiie-
TOYHbIX MeMOpaH, BbICBOOOXAEHUIO Meay U HapyLLEHUIO ee
6anaHca [34]. OKMcnUTENbHBIA CTPECC M NOBPEXAEHUS BAUS-
10T Ha perynupytoLLme Mefb benku, TaKWe KaK MeTaIoTUOHe-
WHbI, YTO HapyLuaeT ypoeeHb Meay [80]. benkw, perynupyto-
Me Mefb, TaKME KaK METaNNOTUOHEWHBI, 00ObIYHO MrpalT
PeLLaloLLyi0 pofib B MOLYNMPOBAHUM HAKOMMEHUS M pac-
npegeneHuss Meau. OQHaKO B YCIOBUAX MLIEMMYECKOIO MO-
BPEXJEHNS IKCTPeccus 3TUX BeNKOB MOXKET ObITb HapyLLEHa,
4TO NPUBOAWT K HeafieKBaTHOMY HaKonneHuio Meam [81]. Boc-
nanuTenbHas peakLmus U NoBpeXAeHNe COCYA0B, BbI3BaHHbIE
ULIEMUYECKUM WHCYNBTOM, MOTYT MPUBECTU K paspyLLEHUH
36, obneryas noctynneHne Meay U3 KpoBM B TKaHb Mo3ra.
370 HapywaeT HopMarnbHOe pacrpefeneHue Megu B rofos-
HOM Mo3re, ycyrybnss coctosHue gucbanaHca megw.

OKVCNUTENBHBIN CTPECC U BOCNANEHNE NPY ULLIEMUYECKOM
MHCYMNbTe BHOCAT 3HauMTENbHbIA BKNaf B aucbanaHc megwm,
aKTUBMpPYA BHYTPUKIETOYHYIO PErynsiuMio Mefu, Bbi3blBas
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HenpaBuibHOe BbicBObOXAeHMe U Hakonnenue [32, 80].
B HaweM 0630pe Mbl paccMaTpuBaeM B3aUMOCBA3b MeXAY
KYNpOMTO30M M OKUCTITENIbHBIM CTPECCOM C aKLIEHTOM Ha ero
TpUrrepax u perynsitopHblx MexaHuamax [19]. Mwemuyeckoe
MOBPEXAEHNE NPUBOAUT K PaspbiBy KIETOYHOW MeMOpaHbI,
BbICBODOXAEHUIO MEAM U HApYLUEHWIO ee B3aUMOJeNCTBUS
C KNETOYHbIMA KOMMOHeHTaMW. WweMuyeckuit MHCynbT
B/MSIET Ha OenlkW, KoTopble peErynupylT Mefb, ycyrybnss
pucbanaHc [82]. 3tot gucbanaHc nectabunmsupyet okucm-
TebHO-BOCCTAHOBUTENbHbIE PeaKkLuMK, YBENUUYMBas Konnye-
CTBO CBOOOAHBIX PaAVKANOoB 1 OKUCIMTENBHOE MOBPEXAEHME,
MoTEeHLMANbHO NPUBOASA K rMbenu KNeToK.

Menb perynupyeT dhepMeHTbI, y4acTBYOLLME B 3HEPreTU-
YecKoM MeTabonnsMe M aHTMOKCMAAHTHOM 3awmte. [ucba-
NaHC HapyLUaeT 3TW NyTK, BIUAS Ha GYHKLUMIO HEMPOHOB [32].
370 TaKXKe MOXET Bbl3BaTb BOCManeHue, ycyrybnss no-
BPEeXAEHUe HEelipOHOB U CO34aBas MOPOYHbIA Kpyr rubenu
Kknetok [83]. Mpu nwemmnyeckom uHcynbte aucbanavc Meau
MMeeT peLualoLLee 3HaueHue ANS BbKMBaHUA U rubenu Heil-
poHoB. CTpecc, paspblB KNETOUHOW MeMBpaHbl U HapyLUeHue
perynsuMu Meau ryboko BAMAIOT Ha HelpoHbl [34]. Kynpo-
nTo3, hhopMa rubenu KNeToK, CBA3aH C MeXaHM3MaMM OKMC-
JITENBHOIO CTpecca.

MuToxoHApUM HeobXoaUMbI AN 3HEPreTUHECKOr0 MeTa-
bonusama KnetoK M uX BbimMBaHuSA. [lpouiecchl KynponTosa
MOryT yXyAwatb GyHKLMIO MUTOXOHAPUH, NPeXae BCero Ha-
pyLas AblxaTesibHyto Lenb v cuHTes ATO (puc. 2).

JdexTbl MeAU U MeXaHU3MbI KynponTo3a

Meab MMeeT pelualoliee 3HayeHWe ANS HOPMambHOro
(YHKLUMOHMPOBaHWSA HepBHOW cucTeMbl [84]. MMpy mwemMmye-
CKOM WHCY/bTe aHOMasbHOE HaKOMMIEHNEe MEAN MOXKET Bbi3bl-
BaTb rMbenb HEMpOHANbHBIX KIETOK, YTO AENAeT BaXKHbIM MO-
HWMaH1e MeXxaHW3MOB KynponTo3a [34]. B otinume ot apyrux
MEeTasIoB, TaKMX KaK Keneso, MexaHW3Mbl MMbenn KIeTok,
MHAYLMPYEMON MeAbH0, U3YYeHbl HELOCTATOuHO.

HayuHbIM coobLuiecTBoM npusHaHo, yto B 2022 r. T.P. lony6
u 1. LiIBeTKOB BbISBMIM HOBLI MeAb3aBUCUMBINA NYTb rbenu
KNEeTOK, 0003HauYeHHbI UMW KaK «KynponTto3». Meab B3au-
MOJENCTBYET C KOMNOHEHTaMM aUMNUpOBaHUs QepMeHTOoB
unkna Kpebca, Bbi3biBas Upe3MepHYH arperaumio unonnu-
POBaHHOrO GenKa U NOTEPI0 KENE30CEPHUCTLIX KNACTepPHbIX
enkoB, YT NPMBOAMT K TOKCUYHOCTW BenKoB 1 rubenu Kne-
ToK [85].

MoBbILEHHbIE YPOBHU Meay HabmofakTcs y NauueHToB
C MLUEMUYECKUM WHCYNBTOM, HO HEODXOAMMBI AOMOHUTENb-
Hble UCCNEeA0BaHuA, YTobbl ONpeaenuTb, UHAYLMPYET NN UH-
CYNbT KYnpomnTo3 He/poHOB U PoSib CUPTYMHOB (B YaCTHOCTH,
Sirt1) B 3T0M npovecce.

[laHHble UccnenoBaHuiA CBUAETENBCTBYHOT O TOM, YTO ne-
PEHOCYMKM MOHOB Mefy BbI3blBAlOT rMbenb KNeToK nyTeM
BHYTPUKNETOYHOIO HAKOMMEeHUs MeAu, a He NpsAMOro BO3-
AencTBua aTux Manbix Monekyn. [1. LiBeTkoB u coaBT. [85]
obHapyxunu, 4to Mefb HaleNleHa Ha KIueBble depMeH-
Tl uukna Kpebca, npuuem FDX1 aBnsetca KnouyeBbiM
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nocpesHUKOM B 3TOM npouecce. MccnenosatensaMu Takxe
MOKa3aHo, 4To Mefib UrPaeT ONpeLeNeHHYI0 pofib B pa3BUTMM
atepocknepo3a. [MoBbIlEeHHbIA YPOBEHb MEAN B CbIBOPOTKE
KpoBM Bo/bHBIX CBA3aH ¢ 60nee BLICOKUM PUCKOM pa3BUTUS
aTepoCKepo3a, Ho MexaHn3Mbl HesAcHbI. Jeduumut Megm Mo-
KET CHUXKaTb perynaumio Monekyn agresum (ICAM-1, VCAM-1)
1 NOBbILIATL YPOBEHb XONECTEPUHA, YBENIMUMBAS PUCK aTe-
pockniepo3a [86]. B atoM paspene paccMaTpuBalOTca Mexa-
HWU3MbI KYMPOMTO3a C aKLEHTOM Ha OKMCIUTENbHBIA CTpecc,
GYHKUMIO MUTOXOHAPUIA W apyrue (aKTopbl, YTOBLI fyyLe
MOHATb KyNPONTO3 MPU ULLIEMUYECKOM WHCYIBTE.

KynponTo3 3HauuTeNbHO YCWUAMBAET OKWUCIUTESbHBIN
cTpecc. Mefb, Kak KaTanusaTop OKMCIMTENbHO-BOCCTaHO-
BMTENbHBIX PeaKUMiA, Npu AucbanaHce MOXET reHepupoBaTh
cB0oOOAHbIE pajyvKanbl U NOBPEXAATb KNETOYHbIE KOMMOHEH-
Tbl, BbI3biBas anonTo3 1 Hekpo3 [87]. OH HapywaeT dyHKLMIO
MUTOXOHZPWH, BbI3bIBas OKUCIUTENIBHOE NOBPEXIEHUE U Ha-
pywas dhepmeHTbl Lvkna Kpebea [85]. Meab, kodakTop M1TO-
XOHApPUaNbHbIX GPEPMEHTOB, TaKMX KaK LIMTOXPOM C OKCMAA3a,
y4acTByeT B OKUC/UTENIbHO-BOCCTAHOBUTEbHBIX MpoLieccax.
[ncbanaHc cHuxaeT QyHKUMIO MUTOXOHZPUIA, YBENMUMBAET
YTEUKY 3NEKTPOHOB, paspyLUaeT MeMBpaHbl M NPUBOAUT K T1-
benu KneTok. IncbanaHc Meam Kak kodaktopa COJl uctowaet
aHTUOKCUIAHTHYHO 3aLLMTY, Aenas KNeTky bonee yA3BUMbIMU
K OKucamTenbHoMy ctpeccy [87].

OKUCIUTENBHBIN CTPECC, BbI3BAHHBIA ULIEMUYECKUM MH-
CYNbTOM, MOXET NPUBECTU K BbICBODOXAEHUIO MOHOB MefM
U3 UX HOpPManbHbIX CBA3bIBalOLLMX (opM. ITOT npouecc Mo-
KET YBENMUMBATb BHYTPUKIIETOUHYIO FeHepaLmio cBoboaHbIX
paguvKanoB Kucnopoaa yepes peakuuio ®OeHToHa, Bbi3biBas
MOBPEXAEHNE NPU OKUCIUTENBHOM cTpecce. [psAMoe cBs-
3blBaHWE W PErynauMs Meau MUTOXOHAPUANbHBIMU (hepMeH-
TaMu NPEeACTaBNAOT Co60M BaXHENLLMA MEXaHWU3M Kynpo-
nto3a [88]. AHOManbHOe HaKoMIeHWe MeAN MOXET U3MEHATb
CTabunbHOCTb MMTOXOHAPMaNbHOW MeMbpaHbl, HapyLwaTb
OKUCNUTE/bHO-BOCCTaHOBUTENbHBIN HanaHc BHYTPWU MUTOXOH-
AP 1 NPUBOAMTL K CHIKEHMIO ee BbipaboTkm [89]. benku,
perynvpytoLme roMeocTas Meu, Takue Kak MeTanioTMoHeU-
Hbl, UTPalT KIOYEBYI0 pofib B MoajepxaHun banaHca Meau
W NpefoTBpaLLEHUM ee TOKCMYECKOro AelicTBus. B ycnoeusx
KynponTo3a QyHKUMsA 3TUX BENnKoB MOXET ObiTb HapyLUeHa,
4TO MPUBOAMT K HeafieKBaTHOMY HakonneHuo Meau [90]. Boc-
NasmuTeNbHbIE PEAKLMW U NMOBPEXIEHME COCYNOB, BbI3BaHHbIE
ULIEMWNYECKUM WHCYIBTOM, MOTYT MPUBOAUTB K Pa3pyLUeHNto
36, obneryas noctynneHne Meay U3 KpoBM B TKaHb Mo3ra.
370T nMpoLecc HapywaeT HopManbHOe pacnpefeneHue Meou
B rOJIOBHOM Mo3re, ycyrybnsas aucbanaHc megw.

Mo cpaBHeHuio ¢ npedblayLein nybnukaumeii [17], B aaH-
HOM cTaTbe bonee NoapobHO paccMaTpUBAOTCA MEXaHW3Mbl
KynponTo3a, C aKLUEHTOM Ha ero B3aMMOCBA3W C OKUC/TUTENb-
HbIM CTPECCOM W BYHKLME MUTOXOHLPHI.

TwaTenbHbId aHanKU3 NocnefcTBui KynponTo3a No3Bo-
nseT nonyuuTb Bonee mosHoe MpefcTaBieHWe 0 NaTesorumn
nwemuyeckoro uHcynbta [91]. Kpome Toro, BbigeneHbl Ha-
pyLLeHus perynaumum dyHKUMM benka, perynupytowero Mefp,
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u BnusHMe Hapylenus 3B Ha KynponTos, yto mpegnaraet
HOBble HampaeneHusa Ans byaywmx yrinybneHHbIX uccneno-
BaHui [92]. KynponTos, KaK BaXHbIN MeXaHU3M rubenu Heii-
POHANBHBIX KJIETOK MPU ULWIEMUYECKOM WHCYMbTE, BKIIIOYAET
HapyLLEHWS OKUCTIUTENBHOIO CTpecca, GYHKUMM MUTOXOHPUI
U UCTOLLIEHME CUCTEM aHTUMOKCMAAHTHOM 3awmThl [33]. Tiwa-
TeNbHOe NOHMMaHWe MeXaHM3MOB KyrNponTo3a MMeeT nepBo-
CTeneHHoe 3HayeHue 1S PacKpbITUA NaToU3NONOrMYECKMX
MPOLLECCOB ULLEMMYECKOTO WMHCYNbTa, obecneunBas bonee
ryboKyl0 TeOpETMYECKYHD OCHOBY ANsA Oymylumx TepaneBTu-
YeCKUX CTpaTeruii.

ObbEAUHALWMNE IODEKTDI
GEPPOMNTO3A U KYNPOMNTO3A

NweMunueckuit HCYnbT npeacTaenset coboi Taxenoe
HEBPOJIOrMYECKOe PacCTPOMACTBO, NaTopm3noNoruiecKme Me-
XaHM3MbI KOTOPOTO BOB/IEYEHbI B CI0HbIE MPOLLECChI KIEToY-
Hoi rubenu [5]. BaaumopencTere Mexay enesoM U Mefbto
Mo-NPeXHeMy, NPUBNEKAET 3HAYUTENIbHOE BHMMaHWe uccne-
posateneit [93]. [anbHenwee obcyxaeHne NOCBALLEHO YriTy-
GneHHOMyY paccMOTpeHMI0 NYONMKALMIA, KacaKLMXCA OLIEHKM
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[NcrxodapMaKonoris v DVONOrMYECKas HapKONor s

BMMAHWUA TMDBENM KNETOK, BbI3BaHHOW Xene3oM, W rubenu
KNETOK, BbI3BaHHOW MeAbI0, KaK 00beAUHSIOLLMX NPOLIECCOB
MPY ULLIEMMYECKOM MHCYNbTe (pUC. 2).

BarkHo noHuMaTh yHAaMeHTaNbHYI0 posib Xene3a v Meau
B HOPMaJIbHbIX KIIETOYHBIX QYHKUMAX. MI3BECTHO, UTO 3Keneso
ABNAETCS BAXKHEWLMM 3NeMEHTOM, HeobXoaMMbIM s nof-
[EepaHu1s HOpMabHOTO KIETOYHOM0 MeTabon3Ma, y4acTByto-
LLIMM B TaKWX MPOLIECCAX HM3HEAEATENLHOCTH, KaK TPaHCMopT
kucnopopa, cuHtes [IHK u knetouHoe gbixaue [19]. OgHo-
BPEMEHHO Mefb, JENCTBYS KaK KODEepMEHT U KaTanmu3arop,
y4acTBYeT B OKWUCAMTENbHO-BOCCTAHOBUTENbHBIX peakLmsx
M aKTUBHOCTM (epMEHTOB, Mrpas M3HEHHO BaXHyl0 pofb
B MOJEPXaHM BHYTPUKIIETOYHOMO romMeocTasa. [lpu uwe-
MWUYECKOM MHCYNbTE He0CTaTouHas nepdy3ns KpoBU OrpaHu-
UMBaET MOCTYMNIEHNE KUCNOPOLA B KNETKM, Hapyluas banaHc
BHYTPUKJIETOYHBIX OKWUCITENIbHO-BOCCTAHOBUTESBHBIX PeaK-
uuit. Mpn Takux obcTosTenbCTBax M3ObLITOYHOE HAKOMeHWe
)enesa B KneTkax npueoguTt K obpasoBaHuio AOK nocpepn-
CcTBOM peakumn OeHToHa, yto npusoaut K M0J1  nocneayio-
Lue rmbenn KIeToK, MHAYLMPOBaHHO xenesomM [83].

WccnenoBaHus yKa3blBaKT Ha 3HAUMTENBHOE YBENIMYEHME
0TNoXeHuA xene3a, M0J1 n rmbenu HeiipoHOB B MO3re B3poC-
TNbIX KPbIC Ha MOAENM ULIEMMYECKOr0 MHCYMbTa. B otnnune

Unctun [nyTamuH Inecknomon-Cu?*  Cu?
éé,
SLC3A2 I : : I SLC7AN l SLC3A1 l mATWA/B
- Mupysat
Lnctun MyTamuH l Cu?*
l l Ac-CoA
LctemH o.... Myramar l / Cu'g®®q (_T Cu?*
A\ A
l Fe-S FDX1
GSH
- > MHK Fe2* FeS  Fe-S s
r Ty e +
o ; &
ps3 — GPX4 PL-PUFA VDAC GSH —|l LA DLAT <«—<— DLAT
\/ AOK Fe-S Arperauus nmnonnm-
[ecTabunmsaumss  poBaHHbIX 6enKoB
®epponTos <«——  nokens  ————| Kynponmos

Puc. 2. YnpoLeHHas cxeMa B3aMMoaencTBUA MexaHu3MoB depponTo3a u KynponTosa: [MTHXK — nonuHeHachbILLeHHbIe KUpHbIe KUCNOTI
(PUFA); DLAT —purunpoammpavetuntpaHcoepasa; LA — nunoesas kucnora; GSH — rnytatuon; FDX1 — deppenokeuH 1; LIAS — nu-
noar cuHTasa; PL-PUFA — dochatnamnn nonmHeHachILWeHHbIe XUpHble KUCNoTel; GPX4 — rnyTaTMoHneopcuaasa 4; ph3, p21 — spnepHoble
oenku; ATP7A/B — TpaHcnoptHble AT®asbl; VDAC — noTeHuman-3aBucuMble aHWoHHbIe KaHanbl. © Chao M., u coasr. 2024. ApantupoBaHo
u3 [107] ¢ uameHeHusaMmn. PacnpocTpaHseTcs Ha ycnosusx mmueHsum CC-BY 4.0.

Fig. 2. Simplified Scheme of Interaction between Ferroptosis and Cuproptosis Mechanisms: Phosphatidyl Polyunsaturated Fatty Acids
(PL-PUFA); Glutathione (GSH); Glutathione Peroxidase 4 (GPX4); Ferredoxin 1 (FDX1); Dihydrolipoamide Sacetyltransferase (DLAT); Lipoic
Acid (LA) ; Lipoate synthase, regulator of Krebs cycle protein lipoylation (LIAS); Phosphatidyl Ethanolamine-Polyunsaturated Fatty Acids
(PE-PUFA); Nuclear Factor (p53; p21); Recombinant Solute Carrier Family 3, Member 2 (SLC3A2); Recombinant Solute Carrier Family 7,
Member 11 (SLC7A11) ; Recombinant Solute Carrier Family 7 (SLC3A1); ATPase 7 (ATP7A/B) ; Acetyl-CoA (Ac-CoA); voltage-dependent anion
channels (VDAC). © Chao M., et al. 2024. Adapted from [107] with modifications. Distributed under the terms of the CC-BY 4.0 license.
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OT JKenesa Mefb UrpaeT ABOWHYH Posib MpU ULLIEMUYECKOM
nHcynbTe. C 0fHOW CTOPOHbI, Y4acTBYSl B aKTUBHOCTU aHTU-
OKCMAAHTHBIX (QEepMeHTOB, MeAb MoAaBnseT 0bpa3oBaHue
cBOOOHBIX pafiMKanoB, TEM CaMbIM CMAMYas BbI3BaHHOE
OKUC/UTENbHBIM CTPECCOM MOBpeXAeHue KneTok. C apyroi
CTOPOHbI, U3DLITOK Mefy TaKXe MOXET crocobcTBoBaTh 06-
pa30BaHWI0 CBODOAHLIX PajMKanoB KUCNOPOAa, COAEHCTBYS
rmbenu KneTok. CnoxHble B3aMMOLENCTBUSA Henesa U Meay
BHYTPU KNETOK MOTYT U3MEHATb PacripefeneHne U KOHLEH-
TPaLMI0 METANNIMHECKUX /IEMEHTOB, BAMAS Ha CYAbOY KIETOK,
0C06EHHO B KOHTEKCTE MLLEMMYECKOTO MHCYNbTa [12, 83].

Mpy NLWEMMYECKOM MHCYNbTE NEPEKPECTHOE BO3AEHCTBUE
)enesa u Megu ocobeHHo npuMedatenbHo. M36bIToK xene3a
MOXKET NOLABNATb aHTUOKCUAAHTHYIO QYHKLMI0 Meay, YMEHb-
LUas LBOVHYI0 PoNib Mem 1 ycKopas rmbenb Knetok [22, 93].
OpHOBPEMEHHO ene30 U Mefb MOryT 00pa3oBbIBaTh CNOX-
Hble KOOPAMHALMOHHbIE CTPYKTYPbl BHYTPU KIETOK, Bbi3biBast
M3MEHEHUSA B KNETOYHOM MUKPOOKPYXKEHUM, KOTOPbIE BAMSIOT
Ha MeTabonM3M U BbIXKMBAEMOCTb KIETOK.

(DepponTo3 1 KynponTo3 TakKe JeMOHCTPUPYIOT HEKOTo-
poe nepeceyeHne cUrHanbHbIX NyTen. Mpexae Bcero, eneso
aKTUBMpPYET crieLndUyecKkue CUrHanbHbIe MyTU, TaKKUE KaK pe-
akums ®eHToHa u nyTb dhepponTo3a, Bbi3biBas rmbenb Kie-
TOK. Mexay TeM Mefb Y4acTBYeT B PerynaumM cUrHanbHbIX
MyTei KNETOYHOr0 anomnTo3a, TaKuUX Kak MWUTOXOHAPWANbHO-
0MoCpeaoBaHHbINA NYTb U CUrHaMbHBIA NYTb peLenTopa CMepTu.
Mpyn NLWEMUYECKOM MHCYNBTE NepeKpecTHoe B3aMMOAENCTBIE
JKenesa u Megu MOKET B/IUATb Ha HOPMasbHylo paboty atux
CUTHanbHbIX NyTel, NPUBOAA K HE0BpaTUMOMy BO3pacTaHuIo
rmbenn Knetok. [Mybokoe MOHMMaHWe NepeceKatLLMXCs
BIMAHWUIA GepponTo3a W KynponTo3a MMeeT peLuatoLLee Kiu-
HWYECKOE 3HaYeHWe 4NN NeYeHUs U NPOPUNAKTUKN ULLEeMU-
YecKoro uHcynbTa. bnaropaps TouHon HacTpoiike 6anaHca
MWKPO3/IEMEHTOB CYLLECTBYET MOTEHUMan s pa3paboTku
boniee TOYHbIX CTpaTeruii BMELLIATENbCTBA, CHUKAIOLLMX PUCK
rmbenu KNeToK M MOBbILALWMX KaK BbIKMBAEMOCTb, TaK
M KauecTBO JKWU3HM MaLMEHTOB.

Kpome Toro, Mbl aHanu3MpoBanu KOpPenALM0 Mexay
KJH0YEBBIMM FEHaMW M FeHaMM, acCOLMMPOBaHHBIMM ¢ fedu-
LIMTOM Xefe3a U Meau. 310 N03BONSET MPESNONOMKUTb, YTO 3TH
KIOYEBbIE FeHbl MOTYT ObiTb BOBIEYEHbI B Pa3BUTHE ULLEMU-
YECKOr0 MHCYNbTa NOCPEACTBOM PErYNMPYIOLLIMX MEXaHWU3MOB,
CBA3aHHbIX ¢ AeduumtoM Xxenesa n Meau. SRPK1 npepctas-
nsieT coboii NPOTEMHKUHA3Y, Y4ACTBYIOLLYIO B Pa3fIUYHbIX CUr-
HanbHbIX NYTAX M Perynaumu aKcnpeccumn reHos. OH urpaet
peLUatoLLyl0 ponib B pocTe W rMbeniv HeipoHOB, MoLynMpys
3Kcnpeccuio GaKTopoB, CBA3aHHBIX C aNOMTO30M, U GaKTopoB,
CBA3aHHBIX C KNIeToUHbIM LmMKiioM. BIRC2, kak aHTuanonTos-
Hblii 6enoK, dYHKLMOHMPYET BO MHOXeCTBe bronoruveckux
MPOLIECCOB, TaKUX KaK KNETOYHbINA anonTo3, MMMYHHbIA OT-
BET M KNETOYHbIN LMK, ViccnenoBaHmsa yKa3blBaloT Ha 3Ha-
untenbHyo ponb BIRC2 B nwemmmn u runokeun. Kpome Toro,
KLHL3 npepactaensieT coboi 6enioK, accoLMMpOBaHHLIN CO
CKENETOM KJIIETKU, TECHO CBA3aHHbIN C pocToM, AuddepeH-
LMPOBKOW, MepeMeLLEeHneM M anonTo3oM KieTok. KLHL3
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MOXET MHrMOMpOBaTh NYTb anomnTo3a Noc/e MLLEMUYECKOTD
MHCY/bTa, TeM caMblM CHKasA rnbenb Knetok. C nomoLLbto
METOJ0B MaLUMHHOTO 0By4eHusa Obinn MaeHTMGULMPOBAHLI
3 kmoyesbix reHa (SRPK1, BIRCZ v KLHL3), nx 3HauuMocTb
Obina NoATBEPIKAEHA B AaHHBIX KIIMHWYECKUX UCCELO0BaHWIA
nauueHTos [83].

B HecKonbKMX McCnenoBaHUAX M3ydanach KIMHUYECKas
3HauMMOCTb KJTIOUEBbIX FEHOB NMPU OCTPOM ULLEMUYECKOM MH-
CyNbTe NYTEM KOPPENALMOHHOM aHasu3a no LUKane MHCYNb-
Ta HaumoHaneHoro uHctuTyTa 3n0poBba (National Institutes
of Health Stroke Scale, NIHSS). 3kcnpeccus MPHK SRPK1
1 BIRC2 nokasana nonouTenbHyi0 KOppensaumio C Nnokasa-
Tenamu NIHSS, Torpa kak akcnpeccuss MPHK KLHL3 nokasa-
na otpuuatenbHyto Koppensumto. Kpome Toro, GPX4 cayxut
3HauMMbIM MapKepoM (epponTosa, B To BpeMs Kak FDX1
ABNIAETCA PeLUaloLLMM MHAYKTOPOM KynponTosa. HTepecHo,
yto akcnpeccua MPHK SRPK1 n BIRC2 npopeMoHcTpupoBa-
na otpuuaTenbHyto Koppenaumio ¢ akcnpeccuein MPHK GPX4,
B T0 BpeMs Kak akcnpeccus MPHK KLHL3 nokasana noro-
HuUTenbHy0 Koppensumto. KpoMe Toro, akcnpeccusi MPHK
SRPK1 n BIRC2 nonoxwutencHo Koppenvposana ¢ FDX1, B 10
BpeMA Kak akcnpeccust MPHK KLHL3 peMoHcTprpoBana otpu-
LatenbHylo Koppensumio [83]. BHyTpuKneToUHble MOHBI Meay
JENCTBYIOT KaK HoBble MHrMbuTopbl GPX4, a xenatopbl MOHOB
Meou MoryT obpaluath BCNATb Bbi3BAHHOE 3paCTMHOM CHMU-
WeHue ypoBHA benka GPX4 [43]. NlanbHenwwue uccnenoBaHus
MOKasanu, 4T MOHbl Meau WHAYLMpYoT (epponTo3 nyTem
cBA3bIBaHMA ¢ ocTaTKamu uuctenHa C107 n C148 depmenTa
GPX4, cnocobcTBys ero B3auMofencTBuUIO ¢ BenkoM 1, cBA3bI-
BalowwmM peuenTop aytodarmm Tax1 (TAX1BP1), TeM cambiM
yBennumuBas YoukBuTUHMpoBaHue GPX4 [83]. 310 oTKpbiThe
npenocTaBnseT nepBoHaYabHble [J0Ka3aTeNbCTBa B3auMO-
CBA3U MEX.y KynponTo3oM v depponTto3oM. CnoxHOCTb 3To-
ro B3aMMOAEWCTBUSA XeMe3a U Meay 0CTaeTcsl HeAoCTaTouHo
M3Y4EeHHOW B TEKYLUMX UCCNeoBaHusX, YTo Tpebyet bonee
ryBOKMX UCCNIEA0BAHMI ANA BbISBIEHUA B3aUMHOMO BIMSHUS.

HecMotps Ha To, 4To B Hay4HOW NUTepaType MMeloTCA
06LmMpHbIe MccnenoBaHus epponTosa U KynponTosa, Co-
XpaHseTcs Npoben B 3HaHMSAX 0 MONEKYNAPHBIX MeXaHM3Max
WX B3aWMHOr0 BNMAHWA. byaywime uccnepoBaHns LOMKHBI
BbITb COCpeaoToUeHbl Ha BCECTOPOHHEM MOHMMaHWM B3au-
MOJEICTBUA Xenesa U MeAU MpU ULLEMUYECKOM MHCYNbTE,
OXBaTbIBALLEM MX B3aUMHYI0 PErYNALMI0 BHYTPU KIETOK,
BPEMEHHblE W3MEHEHWS BO BPEMSA NATONOrMYECKMX MpoLec-
COB M NepeKpecTHOe BO3AENCTBME Ha ApYrie KIeTOYHble Cur-
HanbHble nyt [50]. M3y4eHne 3TMX BONPOCOB YNYULLMT Halle
MoHUMaHWe B3aUMOAEHCTBUSA JKeNe3a U Meau Npu MLeMnye-
CKOM MHcynbTe. locnepytolme UccnefoBaHus Takke LOMK-
Hbl YIyBNATLCA B KOHKPETHBIE MEXaHW3MbI IENCTBUS Xere3a
M Meau NpW MILEMUYECKOM MHCYNbTe, obecneunBas bonee
LienieBble TOUKM [1S HOBbIX TepaneBTUYecKux ctpaterui [95].

Bo BpeMs MHapKTa rosoBHOro Mo3ra HapyLuaeTcst yHK-
LM MUTOXOHZPUI, YTO NPUBOAMT K MOBLILIEHHOMY BbICBO-
DO AEHWI0 MOHOB Xenesa B MUTOXOHAPUAX. VoHbI enesa,
BbI3bIBas OKWUCNUTENbHBIW CTPECC, MHAYLMPYS KNETOYHBbIN
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anomTo3 M CTUMYNUPYs BOCMaNUTENbHBIE PeaKLmuu, urpaiot
KIIOYeBYK0 pOflb B BO3HMKHOBEHMM MMOENN HeMpOHaNbHbIX
KNeTOK, KpuTuyeckoro dakropa npu uHbapKTe ronoBHo-
ro Mo3ra [96]. KpoMe Toro, Mbl uUccnefoBanu Koppensumio
MeX[y KJIYeBbIMW reHaMu W reHaMu, accoLMMPOBaHHBIMY
¢ depponTo3oM K1 3aboneBaHueM cnopamu Meau. H. Khan
n coasT. [97] ycTaHoBMAKM, 4TO BENOK, KOAMPYEMBIN FEHOM
HFE, yyacTByeT B perynsiumm BcacbiBaHUs W HaKOMNEHUs
}enesa, 1 ero Mytauuu BbiK CBA3aHbI C HACcNEeACTBEHHBIM
reMOXpoMaTo30M W HeBPOOrMYECKUMU paccTpoiicTBamMu. Ba-
puaumm rena HFE moryT yBennumBath HakonieHue enesa
B FOJIOBHOM M03re, NPUBOASA K BbI3BAHHON XeNne3oM rubenu
HelpoHoB. Peuentop TpaHcdeppuHa TFRC onocpeayet Kne-
TOYHOE MNOrOLLEHNE TPaHCEeppUHa, TEM CaMbIM perynupys
BHYTPUKIIETOYHbIN YpoBeHb Xenesa [99]. beino noateep-
AeHo, uTo abeppaHTHas akcnpeccus reHa TFRC cBa3aHa ¢ Ha-
pyLieHueM MeTabonusMa Kenesa U KieTouHbIM depponTo-
30M MPM HEKOTOpbIX HeBPONOrUYeckux 3abonesaHusx. Kpome
T0ro, 6enku, koaupyeMble reHamu ATP7A u ATP7B, yyacTsytot
B TpaHCMopTe M pacnpeeneHun Meau, npu atom ATP7A npe-
MMYLLIECTBEHHO JKCMPECCUPYETCA B TOHKOM KULLIEYHMKE W ro-
noBHoM Mo3re, a ATP7B — B neuyehnu [100]. MyTaumm B 3Tux
reHax Obiv CBA3aHbI C BO3HUKHOBEHMEM 3aboneBaHus cno-
pamMu MefM, YTO Bbi3Bafo aHOManbHOE HaKOMeHWe UOHOB
Meay B OpraH13Me U yXyALUWIO HEBPOJIOTUYECKUE DYHKLIMK.
370 yKasbiBaeT Ha TO, YTO AaHHble KIloueBble reHbl MoryT
BbiTb BOBNEYEHbl B BO3HMKHOBEHME WH(ApKTa rofoBHOMO
Mo3ra nyTeM perynsiuum MexaHusmoB depponTosa u pacna-
[a MeNaHuHa.
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HOBbIE CTPATETMWU NEYEHUA
WHCYNIbTA C YYETOM MEXAHMU3MOB
®EPPOITO3A U KYNPOITO3A

MepcnekTuBHble papMnpenapatbl AN
KoppeKumuu aucbanaHca xenesa u Meau

(OepponTo3 1 KYNponTo3 KaK BaHEWLLMEe MOJEKYNspHbIE
MEeXaHW3Mbl MPU ULLEMUYECKOM WHCYMbTE BbI3BanW 3Hauu-
TesbHbI MHTEPEC CPpeay UCCNefoBaTeNen ¢ TOUKM 3peHus Me-
AuKaMeHTo3Horo BMelatenscTea [101]. B nocnegHue rogbl
MeMKaMEHTO3HbIE BMELLATENbCTBA, HaLENEHHbIE Ha JKene-
30 M Me[ib, NOCTENEHHO CTAHOBATCS 0OBEKTOM UCCNEf0BaHMI
(tabn. 1). B obnactn depponTos3a ObiMM U3yYeHbl XenaTopl,
Takue Kak pedepokcamu (DFO), AeMoHcTpupyioLme onpe-
JEeNeHHble HEMPOMPOTEKTOPHbIE 3(QEKTLI B IKCNIEPUMEHTAX
Ha XMBOTHbIX [43, 90]. 3T npenapaTbl CBA3bIBAKT CBOOOA-
Hble MOHbI }KeNe3a, YMeHbLUAs HaKoM/EeHWe ene3a U UHIv-
Bupys dhepponTos. JlenTuH, ropMoH, NONYYEHHbINA U3 UPOBbIX
KNETOK, MHr1bupyeT BbICBOBOXAEHWE ryTaMaTa B obnacTu
CA3 runnokamna, ocnabnss ¢epponTos, MHAYLMPOBAHHLIN
3KCAMTOTOKCUYHOCTBIO IyTaMarta. JlenTuH ycunuBaeT Bocna-
nuTenbHble haKTopbl, ONOCPeyeT NOHWKAIOLLYIO Perynaumio
GPX4, ycKopsieT neperpysky Jefne3oM U B KOHEYHOM UTore
npueoauT K depponTo3y [102]. JlentuH cTan noteHUManbHoOM
MULLEHBID ANS NEYEHWs MLLEeMUYECKOro MHcynbTa. Hepas-
HWe UCCNefoBaHMSA MOKA3bIBaKT, YTO HOBbIE NIEKAPCTBEHHbIE

Tabnuua 1. apmakonoruyeckue npenaparbl A5 KOppeKuMM aucbanaHca xenesa u Mefy — MexaHU3Mbl AeCTBUS
Table 1. Pharmacological agents for correcting iron and copper imbalance — mechanisms of action

Mpenapar

®yHKuuA

®eppocTatuh-1,
JMNpPOKCTaTUH-1

Pecsepatpon

PenaktpoBaHue reHoB, cBA3aH-
HbIX C MeTabonnamMoM xenesa,
BKJIl04as (eppornopTuH, peLienTop
TpaHcheppuHa

TeTpaTtoMonubaat (TTM)

TpaHcnoptepbl AT®as:
ATO7A n ATO7B

Manble uHtepdepupytowme PHK
(siRNA) unu MukpoPHK (miRNA)

AHTMOKCMAAHTDL:
N-aLeTUnLmMCcTenH, MenaToHuH

CRISPR-Cas?

KBepuetuH, pecepatpon

MOJJ.YJ'IVIPYET XenesosaBucuMble nyTn rnbenu KNeToK, OKasbiBaeT 3alUMTHOe AEeNCTBUE npot1e
ULLEMNYECKOro UHCYNbTa

YlydLUaeT KOrHUTUBHbIE HapyLUEHMs 3a CYeT MHIMBMPOBaHKMA dhepponTo3a HelipoHOB MMNNoKamna
MocpeaCTBOM aKTUBaLWMKM curHanbHoro nytw Sirt1/Nrf2/GPx4

MogaynupyeT nocTyneHne 1 IKCMOPT XeNe3a B KIETKM, TeM CaMblM BITUAET Ha BHYTPUKIIETOY-
HbIl ypoBeHb Kene3a

Paspaﬁowmcm npeannonaralot, 4yTo, CBA3biBasA CBOGOD,HYIO Me[b U YMeHblLladA ee HaKonjeHue
B OpraHusme, TTM oKasbIBaeT aHaorMyHble 3aluTHbIE 3¢¢)eKTbI Npu niieMmnyeCKoM UHCynbTe

PerynupyeT BHYTPUKIIETOYHOE HaKOMMIEHWE W pacrnpefienieHne Meau, TakuM 00pa3oM BiusieT
Ha BuopocTynHOCTL Meau

MBﬁMpaTEﬂbHO MHFM6Mpy9T 3KCNpPeccuio reHoB, CBA3aHHbIX C MeTabonmsMoM xenesa u Meau,
TeM CaMbIM MOLYNMPYET BHYTPUKIIETOYHbIE KOHLEHTPaLMK 3TUX MeTalJloB

CHukas Bbipabotky ADK, KOCBEHHO perynmpyloT BHYTPUKIIETOUHbIA MeTabonmM3M xenesa
1 MeJy, YMeHbLUAIoT NOBPEXAEHME KIIETOK U YBENMUYMBAIOT BbIXKMUBAEMOCTb KIETOK

KoHcTtpyupys cneumduyeckue nocnefosatensHocti PHK, MoXKeT TouHO pacluensisitb reHbl-
MULLIEHM BHYTPM KNETOK, TeM CaMbIM MPOM3BOASA AeNeLm, penapaLmio iy 3aMeHy reHoB

YcunuBaeT aHTUOKCMAAHTHBINM NOTEHLMAN KNETOK 3a CHET MOBbILIEHWUS aKTUBHOCTH BHYTpU-
KJNTIeTOYHbIX aHTUOKCUOAHTHbIX d)epMeHTOB, 3alinilan HepBHYK0 CUCTEMY OT I'IOBpE)KD,eHMVI
npu nweMmyeCKoM UHCynbTe
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CpeacTBa, Takue Kak dheppoctatiH-1 1 AMNpOKCTaTUH-1, Mo-
BYNMPYS JKene303aBUcMble MyTU rMbenn KNeToK, OKasbiBaloT
3almMTHOe AeiCTBUE MPOTMB ULLEMMYECKOID MHCYNbTa. Pec-
BEpaTpos MrpaeT HeMpONpOTEKTOPHYI POfb NpU MLLEeMKUYe-
cKoM nHcynbTe [103, 104]. Hawe npeapiayLee uccneaoBaqme
MoKasarno, YTo npesBapuTenbHas 0bpaboTka pecBepaTposoM
OKa3biBaeT 3G deKTbl, aHanormyHole agpekTaM UHrnbutopa
depponto3a deppocTatuHa-1, B NoAaBNeHUM W3MEHEHUIA
(epponTo3a, CBA3aHHbIX C HEMPOHAMU, TaKUX KaK neperpyska
JKeNe30M, OKUCITUTENBHOE NMOBPEXAEHNE OKUCUTENBHO-BOC-
CTAHOBMTENTBHOW CUCTEMbI, HapYLLEHUE CTPYKTYPbl MUTOXOH-
Apvi n yeunenue perynsumm GPX4. MccnepoBaHus Takxe no-
Kasa/u, 4To pecBepaTpon YNyyLlaeT KOTHUTUBHbIE HapyLUEHUS
3a CYeT MHrMbupoBaHuA (hepponTo3a HeMPOHOB FUMMOKaMna
MOCPeACTBOM aKTUBaUMM curHasnbHoro nytu Sirt1/Nrf2/GPx4
[83, 105]. KpoMe Toro, HepaBHWe [aHHbIE [AEMOHCTPUPYHT,
uto Sirt1 uHrMbupyeT depponTo3 Yepes LpPYron BaHbli
ucnonHutenbHel paktop, SLC7ATI, yyacTBylOWMIA B Hel-
POMPOTEKLUMM NPOTUB ULIEMMYECKOrO MHCYNbTA Kak in Vivo,
TaK u in vitro [106, 107]. HeobxoamMbl panbHeiiwve uccne-
[0BaHus, YToObI ONpeaenuTb, MoXeT nu Sirt1 HanpsAMylo UH-
rmbupoBatb (hepponTo3 nyTeM AeaLeTUIMPOBaHUA MONEKYT,
CBA3aHHbIX C (hepponTo30M, OKa3blBas TaKUM 00pa3oM Hell-
POMPOTEKTOPHBIN 3P DEKT.

lMoKa3aHo, UTo, KaK M ene3o, Mefib BbINOHAET ABOSKYIO
ponb (3dpdeKT AHyca) NpU MLLEMUYECKOM MHCYNbTe. B cBA3u
C 3TMM perynupoBaHWe banaHca Meau CTano KIYeBbIM Ha-
MpaB/ieHUeM NleYeHuss Mefb3aBUCHMbIX 3aboneBaHuid. B Ha-
cTosiLLee BpeMsl OTAENbHbIE XeNnaTopbl Meau, TaKWe KaK TeTpa-
TMOMONMBAAT, BbINKM UccnenoBaHb AN1S NieveHns 3aboneBaHui,
CBA3aHHbIX C MeTabonM3MoM Meau, Npexae Bcero bonesuu
BunbcoHa. 3tv npenapatbl, cBA3bIBasA CBOOOAHY Mefb,
YMEHBLLIAIOT €€ HaKOMJEHWe B OpPraHU3Me W, Kak 0Xupaercs,
OKa3bIBAKT aHaJIOTMYHOE 3alLMTHOE LEWCTBUE MpU ULLIEMM-
YeCKoM MHcynbTe. KpoMe Toro, MHTepec uccnenoBateneii Bbl-
3Ba/M HaTypasnbHble MPOLYKTbI C AHTUOKCUAAHTHBIMU CBOW-
CTBaMM, TaKue KaK KBepLETWUH U pecBepaTpos. 3Tv BeLlecTBa
YCWIMBAKT aHTUOKCUAAHTHBIA MOTEHLMAN KIETOK 3a CYeT no-
BbILLUEHUA AKTUBHOCTU BHYTPUKIETOUHBIX aHTUOKCMAAHTHbIX
(epMEHTOB, TEM CaMbIM 3aLLMLLAA HEPBHYHD CUCTEMY OT Mo-
BPEXAEHUA NPY ULLIEMUYECKOM UHCYNbTE. B KOHTEKCTE Meau-
KaMEHTO3HbIX BMELLATENIbCTB B OTHOLLEHUM KeNe3a U Meou
KOMBWHMpPOBaHHas Tepanus MOXeT bbiTb 6onee aQdeKTMBHOI
cTpaterveid. YuuTblBass CroXHble B3aUMOLENCTBUA Kene3a
1 MeaV BHYTPU KNETOK, OAHOBPEMEHHOE BO3eNCTBME Ha 0ba
MWKpO3/IEMEHTa 06B€eLLaeT KOMMJIEKCHYHO PerynsLmio BHYTpU-
KNETOYHOr0 OKUCNUTENIbHO-BOCCTAHOBUTENBHOMO banaHca.
TakuM 0bpasoM, npoBefeHne UccnesoBaHUin No KOMBUHMPO-
BaHHOI Tepanuu NpenapaTaMu Jenesa U Meou Ais MoucKa
bonee naeanbHbIX NOAXOAOB K JIEUEHMIO SIBIAETCA HanpaBne-
HueM byayuiero passutus (puc. 3).

bynoywime uccnepoBaHus OOMKHBI BbITb COCPELOTOYEHDI
Ha BbISICHEHUW CMeLUPUYECKUX MEXaHU3MOB [ENCTBUS Ke-
nesa ¥ Mefin B HEpBHOM cuUCTeMe, pa3paboTke bonee addek-
TUBHbIX NIEKAPCTB W U3y4YeHUM NOTeHLMana KOMOMHMPOBaHHOM
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Tepanuu. 370 He TOJbKO OTKPbLIBAET NepCreKTUBbI 1S HOBbIX
CTPaTermin eYeHnsa ULEMMYECKOTO MHCYNbTA, HO M 3aKnagbl-
BAET OCHOBY [AJ1S1 NIEYEHMS LPYruX, CBA3AHHLIX C HUM, He-
BPOJIOrMYeCKUX paccTpoicTs. Oxxmpaetcs, UTo yrnybneHHble
uccneaoBaHns MeAMKAaMEHTO3HbIX BMELLATENbCTB B OTHOLLE-
HUM }KeNe3a 1 Meay CTaHyT BeCbMa NepecreKTUBHbIM TepaneB-
TUYECKUM HanpaBieHUeM B 3ToN obnacTy.

Pe,D,aKTVIPOBaHVIe reHoB U TapreTHaa TepanuA

CMepTb M KynponTo3 MpU MLLEMMYECKOM WHCYNbTE,
KaK BaXKHeilluMe MaToforuyeckue MpoLecchl, NpUBEKIN
LUMPOKOE BHUMaHWe uccnepoBateneid. MNpy noucke HOBbIX
CTpaTeruii NeYeHUs U NepCreKTMB UCCNENO0BaHUI PeLaKTUpO-
BaHWe reHOB M pYruX TapreTHbIX TepaneBTUYECKUX METoAOB
LN MOLYNALMK YPOBHEN BHYTPUKIETOYHOTO Xenesa U Meau
NpeacTaBnsATCA NepeneKkTUBHoN obnacTbto. [lanee paccMa-
TPUBAIOTCS NMPUHLMNBI, TEKYLLLEE NpUMEHeHKe U Byayluee uc-
CeA0BaHMI 3TUX CTPaTerni NIeYEHMS.

TexHonorus pefaKTMPOBaHWSA FEHOB, KaK TOYHbIA buono-
TUYECKWIA MHCTPYMEHT, NPOAEMOHCTPMPOBaa OrpOMHbINA No-
TEHLWan B perynvpoBaHum BHYTPUKIETOUHBIX YPOBHEN Xene3a
n Mean. CRISPR-Cas9, B HacTosiLiee Bpems Haubonee nepe-
[0BOW W LLIMPOKO NPUMEHSEMBIN MHCTPYMEHT peaKTUpOBaHMS
TEHOB, HAXOAUT LLIMPOKOE MPUMEHEHUE B UCCIEA0BAHMUAX ULLIE-
MUyeckoro uHcynbta. KoHeTpymupys cneumduyeckve Hanpas-
nstowme nocneposatensHocTu PHK, cuctema CRISPR-Cas9
MOXET TOYHO PacLLensifTh FeHbl-MULIEHW B KNETKaX, TeM
caMblM JoCTUras feneuwu, penapauuu Wi 3aMeHbl reHoB.
Mpu perynaumm ypoBHeil enesa W Meou WCCNefoBaTenu
MbITAlOTCA PefaKTMpoBaThb MeHbl, CBA3aHHble ¢ MeTabonms-
MOM 3TUX MUKPO3/IEMEHTOB, [l KOHTPOMIS BHYTPUKIIETOUHBIX
YPOBHEeA Xene3a u Meau. HanpuMep, peakTUpoBaHme reHoB,
CBSI3aHHbIX C MeTabon3MOoM »ene3a, Takux KaK GepponopTuH
U peuienTop TpaHcheppuHa, MOXeT MoAYIMpoBaThb NocTynJle-
HWe U IKCTOPT Kene3a B KIETKY, TEM CaMbIM B/IWSS HA BHYTpU-
KNETOYHbIN YPOBEHb Xene3a. AHanornyHbIM 06pasoM pepak-
TUPOBaHWE TeHOB, CBA3aHHBIX C MeTabonMaMoM Meau, TaKux
Kak ATP7A n ATP7B, MoxeT perynMpoBaTb BHYTPUKIETOUHOE
HaKOMNIeHWe W pacnpefeneHue Meau, BAMss Ha buopoctyn-
HOCTb Meau. 3T0 NpenocTaBNsieT UCCeNoBaATENSM MPAMOE
1 3ddeKTUBHOE CPEACTBO [JIA TOYHOTO PEryMpoBaHWsa BHY-
TPUKNETOYHBIX YPOBHE XKenesa u Meau.

lMoMumo TexHoNOrMM peaKTMpOBaHWUA reHoB, B ucche-
[0BaHMSAX WLIEMWYECKOr0 WMHCYIbTa HaWM NpUMEHeHMe
pa3nuuHble Apyrve TapreTHble TepaneBTUYECKME MOAXOLbI.
TexHonorua PHK-untepdepeHumn (RNAI) npeactaBnsert
cobon Meton, npu KotopoM ¢parmeHTel PHK usbupartens-
HO HaLeNeHbl Ha ONpefeneHHbIe reHbl, LEMOHCTPUPYA Mo-
TEHUManbHble TepaneBTUYecKMe 3QGEKTbl B perynauum
MeTabonusma xenesa u Megu. KoHCTpympys Manble WH-
Tepdepupyowme PHK (siRNA) uam mukpoPHK (miRNA),
uccnenoBaTeNin MoryT msbupatenbHo MHMMbUMpOBaTh 3KC-
MPeccuio reHoB, CBA3aHHbIX C MeTabonusMoM ernesa
W Meau, TeM caMbiM MOAYIUPYS BHYTPUKIIETOYHbIE YPOB-
HKU 3TUX MeTannos. lpeuMyllecTBa MeTofa 3aKmYalOTCS
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B OTHOCMTENIbHO KOPOTKOW MPOLOMKUTENBHOCTU NeYeHus
u 6onee HWU3KOM TepaneBTUHECKOW JAO3MPOBKE, YTO CHUMA-
€T HeHyxHble noboyHble apdekTbl. KpoMe Toro, yuutbiBas
OKUCTITENbHBIA CTPECC, XapaKTepHbIM ANS ULLEMUYECKOro
WHCYNbTa, aHTMOKCMAAHTHaA Tepanus TaKxe paccMaTpuBa-
eTCA KaK BaXKHeWllas Lienesas cTpaTterusi. AHTMOKCMAAHTDI,
Takue Kak N-aueTunuucTeMH U MenaToOHWH, CHUXas Bblpa-
6OTKY aKTMBHBIX OPM KUCIOPOAA, KOCBEHHO perynupylot
BHYTPUKNETOUHBIA MeTabonnsMm enesa u Meay, yMeHblLas
noBpexaeHue 1 noBbilliaa BbIXXKMBAEMOCTb KJIETOK.

BbIBOAbl

MpW UWEMMYECKOM WHCYNbTe WCCNenoBaTeNn yaensnm
ocoboe BHMMaHKe (epponTo3y U KynponTosy Kak KpUTuue-
CKUM MexaHW3MaM rubenn Knetok. M3yyeHue Toro, Kak 3T
nyTW YHKLUMOHUPYIOT B HEPBHOM CUCTEME BO BPEMS MHCY/b-
Ta, [AeT LieHHY MH(OPMALMIO O MONEKYNAPHBLIX OCHOBAX
NOBPEeX/AEeHNA TKaHW Mo3ra. [ToHUMaHWe WX ponu MoxeT
NPUBECTMU K pa3paboTke HOBBIX TepaneBTUYECKUX CTpaTerui.
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(®epponTos, WK Xene3o3aBuUcuMMas rMbenb KNeToK, Bbl-
3biBaeTcA M3bbITKOM MOHOB Xene3a. Bo Bpems uweMmnyecKo-
ro MHCYNbTa HaKOMMEHMEe 3TUX MOHOB B KNETKax 3amycKaeT
3T0T [ECTPYKTUBHbIA MyTb. TOMMMO NPSMOro NOBPEXAEHMS
HepBHBIX KNETOK, (hepponTo3 ycyrybnset BocnaneHue Ha 6o-
lee No3AHUX CTaAMAX MHCYNbTa. MiccnenoBaHWs NoKasbIBalor,
4YTO OH YCKOPSIET anonTo3 HeMpOHOB, Bbi3blBasi OKMCIUTENb-
HbIi CTPecc, BOBNEKas MUTOXOHAPUW M CUTHaNbHblE MyTH,
Takue Kak NF-kB u p53. 3ot npouecc ycunmaet Bocnane-
HWEe HepBHOI CMCTEMBI, YCUNMBAs NOBPEXKAEHWUE TKaHU MO3ra
B OMACHOM LIMKJIe.

W Haoboport, KynponTo3 HeaBHO NPUBNEK BHUMaHWE U3-
3a CBOEM po/v B PasBUTUM WULLIEMUYECKOTO MHCYNbTa. Menp,
HeobX0aMMas KMBLIM OpraHM3MaM, XeCcTKO perynupyercs
B YCNIOBUSX FMMOKCUYECKM-ULIEMUYECKON cpedbl. Mccneno-
BaHMs MOKa3blBaloT, YTO BbICBODOXAEHWNE MUKPO3SIeMeHTa
TECHO KOPPEenupyeT C BbIKMBAHMEM WK MMDENbi0 HEPBHBIX
KNETOK BO BpeMsi MHCynbTa. KynponTos 3aBucuT OT peryns-
MM MOHaMN Me[y OKUCTITESIbHO-BOCCTAHOBMUTENbHBIX peaK-
LUMIA M UX BIMSIHUA HA QYHKLWID MUTOXOHAPWIA, YTO NPUBOAMT
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Puc. 3. Xumnueckue GopMynbl HEKOTOPbIX NOTEHLMASBHBIX KOPPEKTOPOB (hepponTopa 1 KynponTo3a.
Fig. 3. Chemical Structures of Selected Potential Ferroptosis and Cuproptosis Modulators.
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K rnbenu HepBHbIX KneToK. bonee Toro, oH cnocobeTByeT pas-
BMTMIO HEipoBOCNaeHNs], B3aUMOAEHCTBYA C GepponTo30oM,
C031aBas CIIOXHYH CeTb Mbenmn KNeToK Noc/e MHCYbTa.

Y1o6bl yrnybutb noHMMaHue hepponTo3a M KynpomnTo3a
NpY ULLIEMUYECKOM UHCYNbTE, ByayLLMe UcCneaoBaHUA JOMK-
Hbl BbITb COCPEAOTOYEHbI HA aHanu3e MyTel Mepefayn cur-
HaNoB KNETOYHOM r1benu, NposicCHEHUN MONEKYNSIPHOIA nepe-
[a4u CUrHasoB B 3TUX MYTAX, BKIYAA KIOYeBblE GaKTopbl
W perynsTopHble MeXaHW3Mbl.

lMepcnekTBa M3yyeHUss HOBbIX TEPaNeBTUYECKMUX
cTparterum

B cBAi3u ¢ peLuatowlent ponbio hepponTosa U KynponTosa
MpY UHCYNbTaX KpaliHe Ba)HO pa3paboTaTb MHHOBALWMOHHbIE
He/ponpoTEKTOPHbIE MeTofbl JieyeHuns. 3ToMy byneT cnocob-
CTBOBATb M3yYeHWe CnocoboB NpeaoTBpaLLeHNs U3BbITOYHOMO
HaKOM/IEHWS MOHOB JXeNle3a U Meau, NOTEHLMANBHO KU3HEH-
HO Ba)XHbIX NSl ByAyLLIMX METOAO0B JIEYEHNS.

YunTbiBas W3MEHUMBbLIA XapaKTep KNIeTOYHOW rubenm,
CBA3aHHOM C MHCYNLTOM, MCCNeoBaTesIM MOTYT UCMONb30-
BaTb YCOBEPLUEHCTBOBAHHYI0 BU3yann3aumio U GuoceHcopsl
AN MOHMTOPUHra NpoLeccoB ¢epponTo3a M Kynponto3a
B PeXWMe peanbHOro BpeMeHu. M3yueHne cBaseilt Mexay
depponTo30M, KynponTo30M M BOCCTAHOB/IEHMEM HEPBHOM
CUCTEMbI MOXKET BbISBUTH MYTU, CNOCOBCTBYIOLLME pereHepa-
LK1 HEPBHOI CUCTEMI.

JleyeHvre depponTosa W KynponTo3a y NauMeHToB C ULe-
MMYECKUM MHCYNIBTOM MpefniaraeT pasHoobpasHble BO3MOX-
HocTU. B Byaywumx mccnenoBaHUaX NPUOPUTETHBIMU TeMaMy
MOTYT CTaTb MeJMKaMeHTO3Has Tepanus, GuoTexHonoruu
W BMeLLaTeNIbCTBa B KauyecTBe MOTEHLMANbHBIX (OKYCHbIX
ToyeK. Hanpumep, paspaboTka LieneBbiX XenaTopoB JKenesa
W PerynatopoB Meay s MoAynALMM 6anaHca MUKPO3NIEMEH-
TOB MOXET 3 HEKTUBHO CMSAMYaTh NPOLIECCh MMBENMN KIETOK.
KpoMe Toro, ucrnonb3oBaH1e MeTO0B PefaKTUPOBaHMS eHOB
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MCTOpVNeCKaFl CTaTbA

YneH-KoppecnoHaeHT PoccuincKoM akaaeMuu
MeauumnHcKuX HayK Upuna CepreeBHa 3aBoackas
(k 100-neTuio co fHA poXKaeHUs)

J1.K. XHblueHKo

MHCTUTYT 3KcnepuMeHTanbHoi MeauumHel, CaHkT-etepbypr, Poccus

AHHOTALMA

Npuna CepreeBHa 3aBoAckas — UIEH-KOPPECNOHAEHT POCCMICKONM aKafeMuu MEULIMHCKMX HayK, [OKTOP MeLULMHCKUX
HayK, npodeccop, KPYMHbIA poOCCUIACKMIA (COBETCKUIA) hapMaKonor, BO3rTaBnsAna oTaen gpapMakonorum MHcTUTyTa sKcnepu-
MEHTaNIbHOW MeAMLMHBI MOCNe KOHYMHBI CBOETO YYMTENS — BbILANOLLErocs COBETCKOro ¢apMakosiora, natpuapxa oTede-
CTBeHHOI dapMakonorum, fepos coumanucTuyeckoro Tpyada, naypeata JleHuHcKoi u locyaapcTBeHHON NpeMuid, aKafeMuKa
Axkapemmn MeguumnHckux Hayk CCCP Cepres BuktopoBuya AHUYKOBA.

I.C. 3aBoncKas — aBTOp OpUrMHANbHBIX paboT Mo M3y4eHUo pa3NUYHbIX acMeKTOB Pa3BUTUS BUCLIEpabHO NaTonorum, Bbl-
3blIBaEMOW CTPECCOPHBIMU BO3AENCTBUAMM Ha OpraHu3M. CoBEpPLUEHHO HOBbIM B UCCNEL0BAHUAX MEXaHU3MOB HEMPOreHHbIX
MOPaKEHMI BHYTPEHHMX OPraHoB SBUIICS NOAX0A, K 3Toi npobnieMe ¢ hapMaKonoryeckux no3uumii, paspabarbiBaeMblid LUKO-
noi akapemuka C.B. Annukosa.

Mog, pykoBogcTBoM UpuHbl CepreeBHbl 3aBOACKON BbIMOSHEHO 24 auccepTaumu. Pe3ynbTathl ee HayyHbIX MCCIEA0BaAHMIA HALLU
OTPaXEeHWe B MHOrOUMCNeHHbIX Mybnmvkaumsx (bonee 500 HayyHbIX paboT), LLMPOKO M3BECTHBIX B HALLEW CTpaHe 1 3a pybexom.
ABTop 6 MoHorpadmi, 2 U3 KoTopbIX NepeBeneHbl Ha aHIMACKUIA A3bIK U u3aaHbl B Okcdopae.

HayuHas u obuiectBeHHas peatensHocTb 3aBofcKoi W.C. oTMeyeHa npaBuTENbCTBEHHBIMU HarpajaMu — OPAEHOM «3HaK
MoveTa» (2002), Mepanbio «3a aobnectHbIn Tpya». HayuHble Tpyasl MpuHel CepreeBHbI 3aCnyKunm MexayHapogHoe npusHa-
HMe: OHa HarpaaeHa namsaTHoit Megansio H.M. Kpaskosa (Poccus), Menansio MHcTuTyTa Mapumo-Herpu (Mtanus) u NMoyetHbiM
3HaKoM AKageMun Hayk bonrapuw.

WpuHa CepreesHa 3aBopackas BHecna 6onbLuoi BKIag B pasBuTve dyHAAMeHTaNbHbIX UCCNef0BaHUA 0Te4eCTBEHHON hapMa-
KONorum Bo 6naro Xu3HW 1 3[0pOBbSA YeN0BEKA.

KnioueBble cnoBa: MpMHa CepreeBHa 3aBopcKas; Hay4yHaA LWKOMa; d)apMaKOJ'IOFVIFI; JKCNepuMeHTalibHble UCCiiefoBaHnA;
MHCTVITYT 3KCHepMMEHTaﬂbHOVI MeaunLUnHbI.
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XHbiueHKo J1.K. YneH-KoppecnoHaeHT Poccuitckon akageMum MeauumHckux Hayk Mputa CepreeeHa 3aBoackas (K 100-netuio co aHs poxaerms) // Meuxo-
dapmakonorus v bronorideckas Hapkonorus. 2025. T. 16, N2 1. C. 61-65. DOI: https://doi.org/10.17816/phbn656647
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Historical article

Corresponding Member of the Russian Academy
of Medical Sciences Irina S. Zavodskaya
(on the 100th birth anniversary)

Ludmila K. Khnychenko

Institute of Experimental Medicine, Saint Petersburg, Russia

ABSTRACT

Irina S. Zavodskaya was the Corresponding Member of the Russian Academy of Medical Sciences, Doctor of Medical Sciences,
Professor, and a prominent Soviet and Russian pharmacologist. She headed the Department of Pharmacology at the Institute of
Experimental Medicine following the footsteps of her mentor Sergey V. Anichkov, a distinguished Soviet pharmacologist, a key
figure in Russian pharmacology, Hero of Socialist Labor, Lenin and State Prize laureate, and Academician of the USSR Academy
of Medical Sciences.

.S. Zavodskaya conducted original studies on various aspects of visceral pathology induced by stressors. A novel approach
to studying the mechanisms of neurogenic organ damage — from the pharmacological perspective — was pioneered by the
scientific school of Academician S.V. Anichkov.

.S. Zavodskaya supervised 24 dissertations. The results of her research have been published in numerous works (over 500 sci-
entific publications) and are widely recognized both in Russia and over the world. She wrote six monographs, two of them were
translated into English and published in Oxford.

.S. Zavodskaya's scientific and public contributions were recognized with state awards, including the Order of the Badge of
Honor (2002) and the Medal “For Valorous Labor.” Her scientific achievements also gained international recognition: she was
awarded the N.P. Kravkov Commemorative Medal (Russia), the Medal of the Mario Negri Institute (ltaly), and the Honorary
Badge of the Bulgarian Academy of Sciences.

Irina S. Zavodskaya made a significant contribution to the advancement of fundamental research in Russian pharmacology for
the benefit of human health.

Keywords: Irina S. Zavodskaya; scientific school; pharmacology; experimental research; Institute of Experimental Medicine.
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3 VICTOPVIM GAPMAKQSION M

WpunHa CepreeBHa 3aBofcKas — uneH-KOpPPeCMnOHAEHT
Poccuickoii akapeMun MegmumMHcKux Hayk (PAMH), noktop
MEAMLMHCKUX HayK, Npodeccop, KPYMHbIA POCCUICKUIA (cOo-
BeTcKui) dapMakonor (puc. 1), Bosrnaenana oraen dapMa-
Konormm MHCTUTYTa 3KCnepuMeHTanbHOM Meauumtbl (MU3M)
Mocne KOHYMHbI CBOETO Y4UTENS — BbIAAIOLLEroCcs COBETCKO-
ro hapMaKosiora, naTpuapxa oTeyecTBEHHOI dapMaKonorum,
[epos couManucTuyeckoro Tpyaa, flaypeara JleHunckoin u fo-
CYAApCTBEHHOW NPEMUK, aKafleM1Ka AKafeMnUn MeLULIMHCKUX
Hayk (AMH) CCCP Cepres Buktoposuya AHudkosa [1].

WpuHa CepreeBHa poamnack 25 Mapta 1924 r. B ropoge
KapaTtak B ceMbe BoeHHoro Bpada Cepres [letpoBuya 3a-
BOACKOrO, BbIMYCKHUKA BoeHHO-MegMUMHCKON aKapemuu
(BMA), KoTopblii B 3T0 BpeMAl BMECTe C CeMbel Haxoamcs
B /IMTENbHON KOMaHAMPOBKe B TaApKMKUCTaHe [1S1 OKa3aHus
MEAMLMHCKO/A NOMOLLM MECTHBIM XUTeNAM B bopbbe ¢ 3nu-
AeMuyeckumu 3abonesanuamu. B 1926 r. nocne pamtensHomn
KOMaHAMPOBKYM CeMbs Bo3BpaTuiach B JIeHWHrpag.

CpepHee obpasoBaHue MpuHa CepreeBHa nonyumna
B 1-i obpa3uoBon Likone JlennHrpaga. B rogbl Benukoi
OTeuecTBeHHOW BOWHbI BMECTE CO BCEMU XUTeNsAMM brioKas-
Horo ropopa WpuHa CepreeBHa nepexuna CTpaLUHylo 3uMy
1941-1942 rr., ronog, 6oMbexKKM, CMepTb OAHOKACCHUKOB,
cTpax 3a bnmskux ntogeit. B 1942 r. ceMbs bbina aBakyupoBaHa
B TawkeHT, roe Mpuna CepreeBHa noctynuna B MeAULIMHCKMIA
MHCTUTYT. B 1943 1. ee otua nepesenu B CranuHabag (Kup-
rmaus), a B 1944 . — B Mocky, u VpuHa CepreeBHa npo-
AomKana obyyeHne B MeOULIMHCKUX MHCTUTYTaX 3TUX rOpOf0B.

B MocKoBCKOM MeaWLMHCKOM MHCTUTYTE CrocobHas, MbiT-
JMBas CTY[,EeHTKa NposBKUna bonbLLOW UHTepeC K papMaKono-
MM 1 Hauyana 3aHUMaTbCs B CTYAEHYECKOM Hay4yHOM obLue-
ctee (CHO) nop pykoBoacTBoM npodeccopa M.H. Hukonaesa.
Mocne okoHyaHus Benukon OTeuecTBeHHoi BoiiHbI WpuHa
CepreesHa Bo3spatunacb B JleHuHrpag, roe npogonkuia
06yyeHue u 3aHatua B CHO B 1-M JleHuHrpagckoM Mepu-
LIMHCKOM MHCTUTYTe uM. aKkag. W.I1. aenosa.

MepByto HayuHyto paboTy «BnusHue nuTyUTpUHa Ha dnek-
COpHble pedneKcbl LeHTpanbHON HEPBHOM CUCTEMBI» CTYLEHT-
Ka WpuHa 3aBoackas BoinonHUna Ha Kadenpe GpapMakonorm
noz, pykosofcToM npodeccopa B.B. 3akycosa B 1947 1.

lMocne OKOHYaHWA MeAMLMHCKOrO MHCTMTYTa B 1948 T
N.C. 3aBoackas Havana Tpynosyt pestensHocTs B HUA3M
AMH CCCP, B otmene ¢apmakonoruu. OHa npowna 6onb-
oW, 6e3 Manoro 60-neTHWiA, NyTb B HayKe, OT CTapLuero
nabopaHTa (1948), Mnagwero HayyHoro cotpygHuka (1950),
CTapLuero HayyHoro coTpymHuka (1957) po pykoBogutens
nabopaTopun 3KCNepUMeHTaNbHON (hapMaKonoruu, a nospa-
Hee (1981-1984) — 3aBepytoLero oTaenoM GapMaKonorum
HAM3IM AMH CCCP. YcnewHo 3awmMTuna KaHAWLATCKYHO
(1951), a 3atem pokTopckyto (1958) auccepraumm, nonyynna
3BaHue npodeccopa (1969), bbina nsbpaHa uneHoM-Koppe-
cnongeHtom AMH CCCP (1975).

W.C. 3aBoacKas — aBTOp OpUrMHaNbHBIX paboT no u3yye-
HUI0 Pa3NUYHbIX aCNEKTOB Pa3BUTUSA BUCLLEPasIbHOM NaTosioruy,
BbI3bIBAEMOI CTPECCOPHBLIMU BO3AEUCTBMSIMU Ha OpraHM3M.
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Puc. 1. Wpuna CepreeHa 3aBoackas. © ®oto U3 nMyHOro apxmea
asTopa

Fig. 1. Irina S. Zavodskaya. © Photo from the author’s personal
archive

CoBepLUEHHO HOBLIM B UCCNELOBAHUAX MEXaHU3MOB HeWpo-
FEHHbIX MOPaXEHWUIA BHYTPEHHWUX OPraHoB CTa NOAXOL K 3TOM
npobneme ¢ QapMaKonorMyeckux nosuumi, paspabatbiBae-
Mblii LIKoNo akagemuka C.B. AHnukoBa. C 3ol Luenbio B na-
BopaTtopum aKcnepuMeHTanbHOI GapMaKonorum Nog, pyKoBoL-
ctBoM W.C. 3aBoacKoii Bbinu co3aaHbl Moaenu, afeKBaTHble
3aboneBaHNAM, B KOTOPbIX HEPBHbIN (aKTop MMeET BefyLlee
3HayeHue: HeMporeHHbIe MOBPEXAEHNSA CepaLa, COCYAOB, fner-
KUX, JEeNyAKa, NeYeHU, NOAKEeNy[A04HOMN Xene3sbl Bbi3bIBaNMCh
C NMOMOLLbI0 pa3fpaKeHnst pasiuyHbIX PedneKCcoreHHbIX 30H
WAW TUNOTanaMMyeckon obmacTu. JKcnepuMeHTasbHbIMU
U KIMHWUYECKMMM UCCNIENOBAHMSAMM (COBMECTHO C KJTMHULM-
CTaM1 — KapAMosioraMu 1 racTposHTeposioramMu) 060CHOBaHo,
yTo Ans $hapMaKoior1yecKon KoppeKUMn HeMporeHHbIX no-
BPEXAEHUIA BHYTPEHHUX OpraHoB LieniecoobpasHo NpUMEHSTL
HepOTpOMHbIE CPELCTBA, HOPMANMU3YIOLLME HEPTEeTUHECKUH,
MIacTUYECKWI U YITIEBOAHBIA 0OMEH B TKaHAX.

MonoxeHue 0 TOM, YTO B OCHOBE Pa3BUTUS HEAPOrEHHOM
MaTonorum BUCLiEpabHbIX OpraHOB 0CHOBOMONAraloLLYt posib
WrpaeT cMMMaTUYeCKas HepBHas cuCTeEMa U ee Meamatop
HOpaLpeHanuH, a TaKKe HapyLueHWe ero 6anaHca B TKaHAX,
BbiNio 3aperncTpupoBaHo B KauecTBe OTKPbITUA KomuteToMm
Mo n3o0bpeTeHnaM n oTKpbITUAM npu CoBeTe Munmctpos CCCP
B 1971 r. 3a N? 74 B locynapCTBEHHOM peecTpe OTKpbITUiA
CCCP (aBTopbl: C.B. Annukos, W.C. 3aBoackan, E.B. Mopesa,
0.H. 3abpoauH, B.B. Kopxos).

bonblwoe BHMMaHue W.C. 3aBoacKas yaensna usydeHuio
MeXaHU3MOB Pa3BUTMSA MaTONOMMYECKUX MPOLECCOB, BO3HU-
KaloLWMX MPW CTPeCC-peaKLmsax opraHu3Ma, U BO3MOXHOCTM
UX papMaKonornyecKoi KoppeKumm. Mtorm atux pabor otpa-
XKeHbl B MoHorpadum «PapMaKonornieckuii aHanms crpecca
u ero nocneacteuii» (1981) [2].
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lMonyyeHHble 3KCMepUMeHTanbHble AaHHbe 06 M3MeHe-
HWW aKTMBHOCTM CMMNATUYECKON HEPBHOM CUCTEMBI U Mepe-
KMUCHOTO OKMCNEHWUS! IUMKUAOB, TaK e KaK M HapylleHue
3HepreTMyeckoro obMeHa B TKaHSX HEMpOreHHO MOBPEX-
LEHHbIX BHYTPEHHUX OPraHoB, HaLLMM CBOE MOATBEPKAEHNE
B KJIMHWMYECKOI NpaKTUKe. B COBMeCTHbIX € Kapauonoramu
U ractpoaHTeponoramu KuHuky N2 2 BMA um. C.M. Kuposa
UccnefoBaHUsX BrepBble BbisiBieHa asHOCTb M3MEHEHUI
CMMNaToafpeHanoBoi CUCTEMbI B pasHble Nepuogbl TeUeHus
MHdapKTa MUOKapaa, A3BEHHOW BonesHu xenyaKka u ABe-
HapuaTMnepcTHoi Knwwku [3]. 06ocHOBaHO, YTO HasHaveHue
60/bHbIM HEMpobIOKaTOPOB LienecoobpasHo ToMbKO B OCTPOM
nepuoge 3aboneBaHns, Korfa 0TMEYaeTCa Ype3MepHbIii Mo-
TOK HEPBHbIX UMMYNbCOB, BbI3bIBAKILLMX W NOLAEPHKMBAKD-
Lmx bonesHeHHbI npouecc. 0nHaKo KOraa ocTpble SBMEHMS
MpeKpaLLaTca M HacTynaeT asa penapauuu, NofaBieHue
HEPBHOW UMMYNbCALMM MOXET 3aTOPMO3UTb penapaTuBHbIe
npoueccel. B 3T0M cTapuv nokasaHbl cpeAcTBa, HopManu-
3ylowme TpoduUecKyl QYHKUMIO CMMMATOaApeHanoBon
CUCTEMbl M CTUMYNMPYIOLLME TKAHEBOW 3HEpPreTUyecKui
00MeH.

WckntounTtenbHo CKpoMHBIN YenoseK, WpuHa CepreeBHa
OT/IMYanach BbICOKOW J0OponopsanoYHOCTLI0, fobpoxena-
TENIbHOCTBI M BHUMATENIBHOCTBIO K NloaaM. lopawanu wu-
POKWUA KPYro3op M 3pyaMLMA YYeHOro He ToNbKo B apMa-
KOJIOTMM, HO WU B CMEXHbIX AWUCLMMIMHAX — Kapauonoruu,
ractpoaHTeponoruu. W.C. 3aBofckas Bcerga bbina nosnHa
YBNEKaTesbHbIX UAEN, MHTEPECHBIX 3aMbICNIOB U TBOPYECKUX
nnaHoB. byoyun o4yeHb TOHKUM, OT3bIBUMBBLIM YENIOBEKOM,
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ANS KaXAoro, KTo 0bpallancs K Hel 3a NOMOLLbH, OHa Haxo-
OMna HyXHble, fobpble CI0Ba, NOMOrana COBETOM U JE/OM.
Ha HayuHbIX 3acefaHmsx, 3acnylwumBas BbICTYNAEHUS MOJIO-
ObIX COTPYOHMKOB M acmupaHToB, 0bCyXAas MonyyeHHble
pe3ynbTaTbl, OHa B MepBYK ouepefb 0bpalana BHUMaHue
Ha [LOCTOWHCTBA BbINOJHEHHOW PaboTbl M TONBKO MOTOM OT-
Meuana HefloCTaTKK, MoMoras HalTK peLLeHne ang ux ycTpa-
HeHus. [ucceptaHTbl, y Kotopbix MpuHa CepreeBHa bbina py-
KOBOZMTENIEM, KOHCYNBTAHTOM WM OMMOHEHTOM, ¢ 60MbLLOK
TEN0TON M BNaroAapHOCTLI0 BCMOMMHAKT 0 TOM, KaK MHOMO
Ba)KHOTO M WHTEPECHOIO OHU MOJTyYany B pe3ynbTaTte 0bLie-
HWA C TaKMM YMHbIM, 06pa3oBaHHbIM, HEOpPAMHAPHBIM Ye-
NIOBEKOM.

Mop pykoBoacTtBoM MpuHbl CepreeBHbl 3aBOACKOW Bbl-
nosiHeHo 24 aucceptaumu. PesynbTaThbl ee Hay4HbIX UCCefo-
BaHWUW HALL/IM OTPaXKEHWE B MHOTOUMCIIEHHBIX MyOMMKALMAX
(6onee 500 HayuHbIX paboT), LWMPOKO WM3BECTHBIX B HaLUEl
CTpaHe U 3a pybexoM. ABTop 6 MoHorpaduid, 2 U3 KOTOpbIX
nepeBefeHbl Ha aHMMIACKUA A3bIK M M3paHbl B Okcdopae
[2-71.

W.C. 3aBoackas Bena v bonbLLY0 Hay4HO-00LLECTBEHHYH
paboty, ABnAACL uneHoM npesuauyma npaeneHus CaHkT-
MeTepbyprckoro HayyHoro obuiectBa dhapMaKonoros, une-
HOM YueHoro 1 npeacenfaTeneM AMCCEPTALMOHHOMO COBETOB
WHcTUTyTa KcnepuMeHTanbHOW MeauumHel, YneHoM CoBeTa
CrapeiiwmnH CeBepo-3anagHoro otaeneHus PAMH, uneHom
PELKONNErnU XypHana «3KCnepuMeHTasbHast U KIIMHUYeCcKan
(hapmakonorus» U MeXAYyHapoLHOro ypHana «Biogenic
Amines» (puc. 2).

Puc. 2. U.C. 3aBonckas (B nepBoM psfly BTopasi cnpaBa) ¢ COTPYAHMKaMM oTfena hapMakonorum MHCTUTyTa aKcnepUMeHTanbHoli Meau-

UMHbI. 2004. © Moto M3 NIMYHOTO apxuBa aBTOpa

Fig. 2. I.S. Zavodskaya (second from the right, front row) with colleagues from the Department of Pharmacology at the Institute of
Experimental Medicine, 2004. © Photo from the author’s personal archive
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WpuHa CepreeBHa HeOAHOKPATHO NpefcTaBnsna Ao-
CTUXEHUS oTAena dapMakonoruu 3a pybexoM, BbiCTynana
C OOK/ajaMu M JEKUMAMM Ha KOHrpeccax M CUMMo3uy-
Max. o npurnawenunio 3apybexHbIX KOANer yutana nek-
UMM no paspabatbiBaemoii npooneMe B CopboHHe (Mapm)
1 B yHUBepcuTeTcKUx ropopax Uranuw, bonrapum, Yexocno-
BaKuM.

HayuHas u obwectseHHas pestensHocTb WU.C. 3aBoa-
CKOW OTMeYeHa NpaBUTENbCTBEHHLIMKU HarpajaMum — op-
AeHoM 3Hak [loyeta (2002), Mepanbio «3a A06NECTHBIN
TpyA». Hayunbie Tpyabl WpuHbl CepreeBHbl 3acnymunu
MEX/yHapoAHOe MPU3HaHWEe: OHA HarpaX<AeHa NaMATHOW
mepanbto H.MN. KpaBkoBa (Poccus), Mepanbto MHCTUTYTa
Mapwuo-Herpu (Utanua) n MoyeTHbIM 3HaKOM AKapgemMuu
Hayk bonrapum.

W.C. 3aBoacKas ywwna u3 xushm B 2006 T.

WpuHa CepreeBHa 3aBoAckas BHecna bonbluoi BKNag
B pa3BuTve QyHAaMeHTasbHbIX UCCNef0BaHUIA 0TeYeCTBeH-
Hoi (apMakonorm Bo 611aro u3HKU U 3[0pOBbS YeN0BEKa.
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