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Vol 15 (1) 2024 Psychopharmacology and biological narcology

DEAR COLLEAGUES AND FRIENDS!

This issue of the journal is devoted primarily to the problem of hypoxia and
antihypoxants. Hypoxia, or oxygen deprivation, is a common factor in various
pathological conditions such as ischemic heart and brain disease, chronic venous
insufficiency, bronchopulmonary system pathology, and inflammatory and aller-
gic processes. The hypoxic state, caused by either oxygen deficiency or disorders
in oxygen assimilation by tissues, significantly influences disease course and
outcomes. Accordingly, the use of antihypoxants can improve the patient’s condi-
tion and aid in recovery. This aspect has become particularly relevant during the
COVID-19 pandemic (2020-2022) because physicians have been unable to use
pathogenetic treatments for bronchopulmonary system lesions owing to a lack
of knowledge and drugs. As a result, therapy has been mainly symptomatic.

The scientific direction of antihypoxant pharmacology emerged in the 1960°.
This was ascribed to the efforts of the staff at the Department of Pharmacology
of the Kirov Military Medical Academy in Leningrad. Professor V.M. Vinogradov
led the research that led to the preparation and detailed study of several com-
pounds, mainly sulfur-containing benzimidazole and diazole derivatives. These
compounds, including gutimin, bemitil, amtizole, almid, and etomerzole, were
found to protect the body, particularly the central nervous system, from oxygen
starvation. They were subsequently named antihypoxants. Currently, this group
of drugs in neuropsychopharmacology and heart and vascular pharmacology
demonstrated undeniable importance. However, further scientific studies and
analyses are required to fully understand their systemic, cellular, and molecular
mechanisms of action.

The proposed issue includes papers that will be discussed at the Il All-
Russian meeting “Hypoxia and Antihypoxants” dedicated to the 100™ anniversary
of Professor V.M. Vinogradov, the creator and inspirer of the idea of antihypoxant
research. The meeting will occur on April 25-26, 2024, at the Kirov Military
Medical Academy. This issue includes reviews and original papers on the phar-
macology of antihypoxants and their development history. The authors represent
various scientific schools from different regions, including Saint Petersburg,
Moscow, Smolensk, Ryazan, Izhevsk (Russia), and Minsk (Belarus), where this
field is developing actively. Not all papers submitted to the scientific meeting
were included in this issue because of limited space. Some will be published in
future issues of the journal.

Hopefully, this thematic selection of papers will interest our readers and
broaden their knowledge in the field of pharmacology of antihypoxants and re-
lated compounds.

We wish you success and scientific achievements in 2024!

Prof. P.D. Shabanov,

Editor-in-Chief

“Psychopharmacology and Biological Narcology,”
January 2024

The article can be used under the CC BY-NC-ND 40 license
© Eco-Vector, 2024
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Tom 15, N2 1, 2024 [NcxodhapMaKonora v BVoNorYecKas HapKonors

YBAXXAEMbIE KONITETU U APY3bAl!

Mepen BamMu HOMep XypHana, MOCBALLEHHBIA NPEMMYLLECTBEHHO Npobne-
Me TMMOKCUM M aHTUIMNOKcaHToB. [MMOKcUA (KMCNOpogHoe ronofaHue) ne-
YMT B OCHOBE PacnpoCTPaHEHHbIX MaTONOrMYECKUX COCTOSHUIA: MLLEMUYECKON
DonesHn cepaLa M Mo3ra, XpOHWYECKON BEHHOW HEAOCTAaTOYHOCTM, NAToNoruu
BpOHX0MEroyHOI CMCTEMBI, BOCMANUTENBHBIX M allIEpPrMYecKuUX NpoLeccoB U T. 4.
Mpu Bcex 3aTnx 60NE3HSAX MMMNOKCMYECKOE COCTOSIHUE, BbI3BaHHOE MO0 HEXBATKOM
K1Copoga, ibo HapyLLEeHWUSIMU ero YCBOEHMUS TKaHAMK, BO MHOTOM OMpefienseT
TeueHue 1 ucxop, 3abonesanns. CooTBETCTBEHHO, peLLeHre 3Toi NpobeMbl ny-
TEM UCMOMb30BaHUS aHTUTMMOKCAHTOB HE TOJIbKO YNyYLLIAeT COCTOAHME HonbHO-
ro, Ho 1 cnocobcTByeT ero Bbi3fopoeneHuto. 0cobyio akTyanbHOCTbL 3TOT acneKT
npuobpen B nepumog, anuaemun COVID-19 (2020-2022), Koraa Bpaum He NMPUMEHS-
NN NaToreHeTUYECKWe CPEACTBA IEYEHWSA NOPaXeHMIn BPOHXONEroYHON CUCTEMBI
13-3a HE3HAHWA W OTCYTCTBMA NpenapaTo., a Tepanuio NPOBOAWIU B OCHOBHOM
CMMMTOMaTUYECKUMU CPeSCTBaMU.

(apMakonorus aHTUrMMNOKCAHTOB KaK HayyHoe HampaBneHue MosBUNOCh
B 1960-€ rr., Koraa cTapaHMAMU COTPYAHMKOB Kadeapbl hapMakonoruu BoeHHo-
MeauUMHCKON akagemun uM. C.M. Kuposa B JleHnHrpaae noa pykoBoacTBOM
npodeccopa B.M. BunorpagoBa bbin nonyyeH u noaseprHyT nogpobHomy us-
YYEHUIO PAJ, COEAMHEHMIA, TaBHbIM 00pa3oM CEpOCOAEPXKALLUMX NPOU3BOLHbIX
beHsumMmMpasona 1 auasona (ryTUMuH, BeMUTMN, aMTU30M, anMua, 3TOMep30os),
KoTopble B TOM uucrie 0bnafanu cnocobHOCTbIO 3alyMLLaTh OpraHu3M W 0Co-
BEHHO LieHTpanbHY0 HEPBHYI0 CUCTEMY OT KUCNIOPOAHOTO FofoAaHNs U Kotopble
BMOCNEACTBAW NONYYUIM Ha3BaHWE aHTUIMMOKCaHTOB. B HacTosLee BpeMs BbI-
LeNeHne JaHHOM rpynMbl NeKapcTBEHHbIX NpenapaToB B HevponcuxohapMaKo-
norun v hapMakonoruv Cepaua U CoCyaoB He BbI3bIBAaET COMHEHMI. B To e
BPEMS laHHbIE W CXOfHbIE uaeu TpebytoT bonee TLLATENBHOTO HAYYHOrO U3y4e-
HWA W aHann3a, 0CODEHHO C NO3ULMM MOHUMAHUSA CUCTEMHBIX, KETOUHBIX U MO-
NeKyNAPHbIX MEXaHU3MOB UX SENCTBUA.

B npegnaraeMbii BalueMy BHUMaHMIO BbIMYCK BKIIIOYEHbI paboTbl, TeMaTH-
Ka Kotopbix Bynet paccMoTpeHa Ha lll BcepoccuiickoM coBelaHumn «Iunokeus
M aHTUIUMOKCaHTbI», mocBAweHHoM 100-netuio npodeccopa B.M. BuHorpa-
poBa (Cankt-leTepbypr, BoeHHo-MeauumHcKas akagemus uM. C.M. Kuposa,
25-26 anpens 2024 r.), co3patens U BAOXHOBUTENS MAEN U3Y4EHUA aHTUTUMOK-
caHToB. B BbINycKe NpecTaBneHbl 0630pHbIe U OPUTMHANBHBIE CTaTbK Mo GapMa-
KONMOTWM aHTUIMMOKCAHTOB, a TaKXKe UCTOpUM UX CO3aHMs. ABTOpbI cTaTel npes-
CTaBNAKT pasHble HayyHble LWKosbl 3 CaHKT-MeTepbypra, MockBebl, CMoneHcKa,
Pasanu, Mxescka (Poccus) m MuHcka (Benopyccus), UMEHHO Tex pervoHoB, rae
AaHHOe HampasrieHne aKTUBHO passuBaeTcs. EctecTBeHHo, uTo He Bce paborthl,
3anBMIEHHbIE HA HayYyHOE COBELLaHWe, BOLLIM B AaHHBIN BbIMYCK WU3-3a OrpaHu-
YEeHHOCTU ero 06beMa, No3TOMy YacTb M3 HUX ByneT onybnuKoBaHa B CleayLWMX
BbINYyCKax XypHana.

Hapetoch, uto Takas TeMaTudeckas nofbopKa cTaTel 3auHTEpecyeT HalUMX
uuTaTeNed U PacLUMpUT UX 3HaHMSA B 00nacTu GapMaKonorMm aHTUIMNOKCaHTOoB
W POACTBEHHBIX COEAVHEHMIA.

Henato BaM BCeM yAaumM U HayuHbIX AOCTUMEHMIA B HOBOM, 2024 ropy!

lpogpeccop 11.4. LLlabaHos,

2/1a8HbIl pedakmop H¢ypHana

«llcuxoapmakonoaus u 6uono2UYECKas HaPKOI02US»,
aHeape 2024 200a
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0CO6EHHOCTM NPUMEHEHUS NPOU3BOAHBIX AAHTAPHOM
KMCNOTbI NPU Pa3fIMYHbIX 3a6oneBaHUsAX
CepAe4YHO-CoCyAUCTON U HEPBHOU CUCTEM
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AHHOTALIMA

PackpbIBatoTca natoreHeTUYECKME 3aKOHOMEPHOCTU (OPMUPOBAHUS TMMOKCUYECKUX W ULLIEMUYECKUX HapyLLeHUA B GOpMu-
POBaHMM Pa3/IMYHBIX MATONOMMYECKUX COCTOAHUIA, 060CHOBaHBI MOAX0OAbI K MPUMEHEHUIO MPEnapaToB C aHTUIUMOKCUYECKOM
aKTMBHOCTbI0. [NoKa3aHa ponb peLenTopHOro B3aMMOAEWCTBUS SHTAPHOM KUC/IOThI B COCTABE CYKUMHAT-COAEPKaLLMX aHTM-
TUMNOKCaHTOB C CyKumHaTHbIMK peuientopamu SUCNRT. MpoBeaeH aHanu3 ¢apMaKoAMHAMUYECKUX 0COOEHHOCTEN KOMOUHM-
POBaHHOIO Npenaparta HTApHOM KUC/OTbI, COAEPKALLEro TaKKe BUTAMUHHbIE NPEALLECTBEHHUKM KODAKTOPOB AernaporeHas
umkna Kpebca HukotuHammp (npepwecteeHHuk HALL) u pubodnaBuHa MoHoHykneotun (npeaiwectseHHuK ®AL) v npea-
LUECTBEHHWUK MYPUHOBLIX HYKNEOTUAOB — WMHO3MH (LUuTodnaBuH®), npu BHYTPMBEHHOM KanefbHOM W NepopanbHOM npuMe-
HeHuW. BbinonHeH aHanu3 nUTepaTypHbIX AaHHbIX MO OLeHKe 3G(EKTUBHOCTU NPUMEHEHUS! MeTaboinyecKoro KoppekTopa
3HEPro3aBUCUMBIX U TMMOKCMYECKUX COCTOSHMIA LinTodnaBmHa® npu pasnnyHbIX NaTtonornyeckux npoueccax B LEHTPanbHOM
HEpPBHOW CUCTEME U CEpLLEYHO-COCYANCTLIX 3aboneBaHusX. [poLeMOHCTPMPOBAHO, YTO MPU ULIEMUYECKUX HAPYLLIEHUSX MO3-
roBOT0 M KOPOHAPHOr0 KPOBOTOKA 3 deKTbl NpenapaTta CKOHLEHTPUPOBaHbI Ha 30He NeHYMOpbI (MLLEMUYECKON NonyTeHM),
YTO CBS3aHO C NPUCOEAMHEHWEM NpU BHYTPUBEHHOM BBEJIEHUM Npenapata K ero MeTabosIMueckon akTUBHOCTU BAMSIHUA Ha 3H-
A0TeNuanbHble KNETKU U BOCCTAHOB/EHWE MUKPOLIMPKYNALIMMK, YCUNEHWe KMCNOPOATPaHCNOPTHON BYHKLUMK KpoBu. [ToKasaHo,
YTO Cpeau HOBbIX HarpaBfneHUd NPUMEHEHUs Npenapata NepcrneKkTUBHBIM ABASETCS UCMofb3oBaHue LutodnasuHa® B KoM-
MeKCHOW Tepanuy YepenHo-MO3roBbIX TPaBM, TPABMaTMYECKOrO LLIOKA, OCTPOr0 PecnMpaTopHOro AUCTpPecc-CUHAPOMa, pas-
NMYHBIX hopMax ToKcuyeckux nopaxeHui LIHC, cuiapoMa nonmopraHHoM He[oCTaTouHOCTM, NOCTKOBUAHOMO CUHAPOMA.

KnioueBble cnoBa: aHTUIMMNOKCAHTbI; TUMOKCHS; ULLEMUS; MUTOXOHAPUaNbHas AMCHYHKLUMS; NaToreHes; CyKUMHaTHbIE peLien-
Topbl; Untodnasun®; sHaoTenuanbHas auchyHKUMS; sHTapHas kucnota; COVID-19.
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Pathogenetic and pharmacodynamic features of succinic
acid derivative application for various diseases
of the cardiovascular and nervous systems

Aleksey E. Kim', Evgeny B. Shustov?3, Vyacheslav P. Ganapolsky'

! Kirov Military Medical Academy, Saint Petersburg, Russia;

2 The Federal State-Financed Institution Golikov Research Clinical Center of Toxicology under the Federal Medical Biological Agency,
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ABSTRACT

This study revealed the pathogenetic patterns of the development of hypoxic and ischemic disorders in various pathological
conditions and substantiated approaches to the use of drugs with antihypoxic activity. The role of the receptor interaction of
succinic acid in the composition of succinate-containing antihypoxants with succinate receptor SUCNR1 has been demonstrated.
The pharmacodynamic properties of the combined preparation of succinic acid that also contains vitamin precursors of the
cofactors of Krebs cycle dehydrogenases nicotinamide (precursor of NAD) and riboflavin mononucleotide (precursor of FAD)
and precursor of purine nucleotides (inosine) (cytoflavin) for intravenous drip and oral administration were analyzed. Literature
data were also analyzed to evaluate the effectiveness of the use of the metabolic corrector of energy-dependent and hypoxic
conditions (cytoflavin) in various central nervous system and cardiovascular diseases. In the case of ischemic disorders of
cerebral and coronary blood flow, the effects of the drug are concentrated on the penumbra zone (ischemic penumbra), which
is associated with the intravenous administration of the drug to its metabolic activity by influencing endothelial cells, restoring
microcirculation, and enhancing the oxygen transport function of the blood. Among the new areas of drug use, the use of
cytoflavin in the complex therapy of traumatic brain injuries, traumatic shock, acute respiratory distress syndrome, toxic
lesions of the central nervous system, multiple organ failure syndrome, and post-COVID syndrome is promising.

Keywords: antihypoxants; hypoxia; ischemia; mitochondrial dysfunction; pathogenesis; succinate receptors; Cytoflavin; endo-
thelial dysfunction; succinic acid; COVID-19.
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HAYYHBIE 0B30PHI

BBEAEHUE

B natoreHese Haubonee yacto BcTpevarowwmxcs 3abore-
BaHWN CEpPAEYHO-COCYAUCTON U HEPBHOW CUCTEM KIIHOYEBYHO
pOJib UrpaeT rMMoKCcUs — TUMOBOW NaToNOrMYeCKUN NpoLiecc,
XapaKTepu3yloLLMACA HECOOTBETCTBUEM (aKTUYECKUX BO3-
MOXXHOCTEl 3HepronpoayLMpYOLLMX CUCTEM OpraHu3Ma ero
TEKYLLUMM 3HEPTeTUYECKUM NoTpebHocTAM. B ero ocHose ne-
KaT HapyLLEeHWA B CUCTEME MUTOXOHAPUANBHOM OKUCITUTENb-
Horo ocopunmpoBaHus, B NOAABNAIOLLEM OONbLUMHCTBE
C/Ty4aeB CBA3aHHbIE CO CHUMXEHMEM MOCTYN/IEHNS KUCIOPOAaA
B MUTOXOHAPUM UNn 3 dEKTMBHOCTU ero ucnonb3oBakus [1].

3HauMMOCTb FMMOKCUM OMpefensieTcs TeM, YTO OKUCIU-
TeNbHbIe PeaKLMM C y4acTUEM KUCIIOpOoAA SBNSKOTCA OCHOB-
HbIM WUCTOMHWUKOM 3HEpruM Ania obecneveHus Xu3Hepes-
TENbHOCTW OpPraHU3Ma, a ero 3anachl B TKaHAX MUHUMAJIbHI.
TaK, B TKaHsAX Mo3ra pacTBopeHo okono 1,5 Mn kucnopoga
npu notpebnexun 0,65-0,85 mn/c [2].

CHuxeHne napumanbHoro fAaenenus kucnopopa (p0,)
BO B[IbIXaeMOM BO3/1yXe WIW HELLOCTAaTOYHOCTM KOMMEHCATop-
HbIX MEXaHW3MOB PeCMMPaTOpHOM CUCTeMbI [3] BELET K CHU-
JKEHMIO CKOPOCTM Macc-nepeHoca KUCIopofa apTepuanbHoi
KPOBbIO, 4TO 00YC/IOBNMBAET NaflEHNE Er0 HANPSXKEHWUA B TKa-
HAX [0 YPOBHS, NPU KOTOPOM HaYMHAET CHUKATLCA CKOPOCTb
noTpebneHns KUCIopoaa B TKAHSAX U pa3BMBAETCA BTOPUYHas
TKaHeBas runokeus. Kputnyeckuin yposeHb p0, B anbseo-
NSIPHOM BO3ayxe cocTaBnsieT 33—27 MM pT. CT., B TKaHeBbIX
Kanunnspax — 7-4, B MUTOXOHAPUAX — 5—-2 MM pT. CT.
N3BecTHO, 4To HEOOpaTUMble MOBPEXAEHUS HEKOTOPbIX HEW-
POHOB rOJIOBHOM0 MO3ra MOryT NPOUCXOAMTD YXKE NPU CHUMKE-
Huu p0, B TKaHAX Mo3ra A0 16 MM pT. CT., KOl HanpsxeHue
KMCNOpoaa Y BEHO3HOMO KOHLLA TKAHEBOM0 COCYLMUCTOr0 afne-
MEHTa YMEHbLUAETCA NPAKTUYECKW A0 Hyna [4].

HapyweHne MWUTOXOHApWANbHOTO OKUCNEHUS BefeT
K YTHETEHWI0 COMPSXEHHOMO C HUM MpoLiecca CUHTe3a aje-
HosuHTpudocdaTa (AT®), yTeuke 3MEKTPOHOB M MPOTOHOB
U3 [bIXaTesbHOW LieMu € reHepaumen akTUBHBIX pajWKanos
M BbI3BaHHbIX UMM KAaCKaZOB NEpPeKUCHOM M cBobofHopa-
LVKanbHOW MoaubMKaLMu IMNULoB MeMbpaH U pasfnuHbIX
0enKoB. Bo3HMKalOWMIA BHYTPUKNETOUHbIA geduuut ATO
BbI3bIBAET B Pa3NIMYHbIX TKAHAX TUMUYHYIO NEPeCTpPOmKy
MeTabonmaMa, CBA3aHHYK C pacTOpMa)KMBaHWEM aKTWBHO-
CTU KitoyeBoro depMeHTa aHaspobHoro mnkonmsa — doc-
QOPpPYKTOKMHA3bI, YTO YAaCTUYHO CHUXKAET BbIPAXKEHHOCTb
peduumnta ATO, Ho BemeT K obpasoBaHuWI0 NaKTaTauMpo3a
M aKTMBaLMU BHYTPUKNETOYHbIX MpoTeas u docdonumnas,
AedochopunmpoBaHuio MeEMOpPaH M HapyLUEHWUAM WX Npo-
HMLLAEMOCTH, peLenTopHON M (QepMeHTAaTUBHON BYHKLMUM.
N3-3a Bo3HWKaloLLero aHeprogeduLMTa CHUMKAETCA aKTUB-
HOCTb MEXaHW3MOB, BbIKaYMBaOLLMX KabLWW M3 LMTO30/5
BO BHEKJIETOUHYI0 Cpefy M BHYTPUKIETOUHbIE KaslbLWeBble
Aeno, 4To BeAET K ero HaKOMIEHUI0 B LMTONa3Me U aKTH-
BaUMM KanbLMii-3aBUCUMBIX (ocdonmnas, yto ycunusaet
TMNoKcMYeckuii pacnag dbocdonmnuao, HaKonaeHWe CBoO-
BOAHBIX MMPHBIX KUCNOT U UX NEPEeKUCHoe OKUcieHue [9].

Tom 15, N2 1, 2024
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N3-3a cHuxeHns bapbepHON GYHKLMU HAPYXHOW MUTOXOH-
ApuanbHOW MeMBbpaHbl BHYTPb MUTOXOHAPUWA HauMHaeT no-
CTynaTb U36bITOYHOE KOMIMYECTBO KabLiKA, YTO BbI3bIBAET aK-
TMBALUMIO B HUX 3HEPrO3aBUCHMbIX MPOLIECCOB NOAAEPIHKaHUS
TpaHcMeMbpaHHbIX FpagMeHToB MOHOB U TPAHCMOpPTa NpPOTOo-
HOB, YTO, B CBOI0 OYepefb, BbI3bIBAET MOBbLILLEHHBIA pacxes,
ATO.

B cBsi3M C yHMBEpCanbHOCTBIO OMMUCAHHBIX MPOLLECCOB
HapyLUEHWUA1 3HEPronpoAYKLUMM U QYHKLMOHANBbHOW aKTUB-
HOCTM KNETOK pasfiMyHbIX TKaHe! BO3HWKAET HacyliHas no-
TpebHOCTb B (hapMaKoNOrM4ecKoW KOpPPEeKUMM 3Hepronpo-
OYUMPYIOLLMX MEXaHW3MOB B YCIOBUAX MUMOKCHM, TUMMYHBIX
LN LUMPOKOTO Kpyra 3aboneBaHui. Bo MHoOroM Takas 3agada
peLuaeTcs (B bonbLUEN UM MEHBLLEN CTENEHM, B 3aBUCMMO-
CTW OT BbIPAXEHHOCTU BO3HUKLLEN TMMOKCUM) MPUMEHEHWEM
(hapMaKoNorniecKux CPeLCTB U3 Knacca aHTUIMINOKCAaHTOB.

OcHoBHble HanpaBneHust NpUMeHeHUs QapMakonoruye-
CKMX CPeACTB ANS NOBbILIEHUS NEPEHOCMMOCTU OpraHM3MOM
YesloBEKa MMMOKCUM M TUMNOKCEMUM AO0CTATOHHO NOApPo6HO
onucaHbl B iutepatype [6—20]. K HUM oTHOCATCS yny4weHne
KMCNOPOLATPAHCTOPTHOW (YHKLMW KPOBM, CHUMXKEHWE pacxopa
3HEpruM B opraHu3Me K NoTpebHOCTU B KUCiopofe, MoBbI-
LweHue 3QHEKTUBHOCTM UCMONBb30BaHWS KUCNOPOAa 1S Npo-
pyKumu ATO, HopManusaums 3HepreTU4EeCKOro noTeHuMana
HEpPBHBIX KNETOK Ans 0b6ecrneyeHuns Ha NPUEMIEMOM YPOBHE
BbICLUMX MCUXUYECKUX (QYHKUMIA U PerynsaTopHOro KoHTpons
B YCNOBMSAX TMMNOKCUM, HOPManM3aLms KUCIOTHO-OCHOBHOMO
COCTOSIHUS M MPOHULLAEMOCTM Kanunnspos, GyHKLMK KneTou-
HbIX MeMbpaH 1 0bMeHa 3NeKTponUTOB.

B KAMHWYeCKOW NpaKTHKe B KayecTBe aHTMIMMOKCAHTOB
M3BECTHO MNpPUMEHEHUE WHIUOUTOPOB OKMCNEHUS IKMPHbBIX
KWUCNOT, CYKUMHATCOAEPMaLMX M CyKUMHaTobpasyLmx
CPEACTB, ECTECTBEHHBIX KOMMOHEHTOB [bIXaTeNlbHOW Lenu,
WCKYCCTBEHHbIX PELOKC-CUCTEM, MaKpO3pr1YecKux Cco-
eanHenwit [15, 16, 29-37, 21-28]. Cpeam yKasaHHbIX rpynn
AHTUMMMOKCMYECKUX CPefcTB 0CObbIM MHTEpeC BbI3blBalOT
CYKUMHATCOLlepXKalLMe CPefcTBa, NOALEepKMUBaOLLME MeXa-
HW3MbI reHepaumu ATO B ycnoBusx HEKPUTUYECKOW (He Bbl-
3blBaloLLeil rMbenm KNeToK) M1noKcum, Npu GyHKUMOHAMbHOV
coxpaHHocTh MAJl-3aBUCMMOr0 KOMMIIEKCA OKWUCIMTENBHOMO
dochopunmposanus. Halwe BHUMaHWe NpWBNEK Npenapar,
conepalumii B CBOEM COCTaBE KPOME SIHTApHOW KMCNOTHI
BUTaMUHHblE MPeALLECTBEHHUKN KOGaKTOpoOB Aeruapore-
Ha3 umkna Kpebca HukoTuHamup (npepwwectBenHuk HAL)
u pubodnaBmHa MOHOHYKNeoTHA (npeawectBeHHMK QAL
a TaKxe MpefLIeCTBEHHUK MyPUHOBBIX HYKIEOTUAOB, B TOM
uncne AT®, mHosuH (nanee — UutodnasuH®, 000 HTO®
«Monucan», CaHkT-lletepbypr, Poccus). Takoii cocTaB opu-
EHTUPOBAH Ha TMOTEHUMPOBAHWE 3HEProreHepupyloLLeit
(YHKUMM MUTOXOHLPUI B YCNOBUSAX KaK OCTPOM, TaK U Xpo-
HWYECKOW TMMOKCUM PasfUYHbIX TKaHEW, B HE3ABMCMMOCTY
0T MexaHu3MoB ee ¢opmMupoBaHus. OCHOBHbIE MOKa3aHMs
K MPMMeHeHWI0 NpenapaTa — 3aboneBaHus cepaeyHo-cocy-
OVMCTON M HEPBHOM CUCTEM, O[HAKO B NUTepaType BCTpeYaloT-
A HeOAHO3HauHbIe OLeHKM 3ddeKTMBHOCTU LntodnasuHa®
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KaK B KJIMHWMYECKOW MPaKTUKe, TaK U BUOMEAMLIMHCKMX UC-
cnefoBaHusaX. BBoAUMBIN M3BHE CyKUMHAT (CYKLMHAT HaTpus,
CYKLMHAT aMMOHMS) MY KYpCOBOM MPUMEHEHWM OKa3blBaeT
YMEpEHHOE aHTUTMMOKCMYECKOoe AeWCTBUE, O[HAKO ero aK-
TUBHOCTb NpY BO3LENCTBUM SKCTPEMabHBIX (haKTOpOB ABNSA-
eTcA HefocTatouHoi. OTCYTCTBME BbIPAXKEHHOMO 3aLLMTHOIO
LEeCTBUA MOXET ObiTb CBA3AHO C HWU3KOW NMPOHWULLAEMOCTbLIO
npenapata uepe3 buonoruyeckue Membpanbl. Hambonee
AKTMBHO 3K30TEHHbIN CYKLMHAT 3aXBaTblBAETCA MEYEHBIO,
YTO COMPOBOXJAETCS MOBBLILIEHUEM €€ LeTOKCULMPYIOLLEN
aKTMBHOCTM [38]. BMo#OCTYNHOCTL CyKLMHaTa MOXHO YBENM-
YWTb NpU KOMBMHMPOBAHHOM €ro BBELEHUU C HEKOTOPbIMM
MeTabonuTamm, cnocobCTBYHOLMMU NYYLLIEMY €M0 MPOHUKHO-
BEHWI0 B KJETKY, B YaCTHOCTH, C U30JIMMOHHOM, JIMMOHHOMN,
abnoyHomn kucnotamm [12].

Llene pabomel — natoreHeTU4ECKOe M (hapMaKoauHa-
MUyecKoe 0bocHOBaHWe 0cOBEHHOCTEN NpUMeHeHUs npena-
paTa LiutodnasuH® npum Haubonee YacTbIx HEBPOMOrUYECKUX
W CepAeyHo-CcocyauCTbIX 3aboneBaHmsX.

LUTODNIABUH® KAK AHTUTMMOKCAHT

UutodnaBuH® BbinycKaeTca B 2 NIEKapCTBEHHbIX (op-
Max — pacTBopa ANsi BHYTPUBEHHOIO KanesnbHOro BBELEHMS
B amMnynax no 10 Mn 1 TabneTok Ansa npueMa Bo BHyTpb. Co-
CTaB JIEKapCTBEHHbIX GOpPM NpeacTaBneH B Tabnuue 1.

Bce komnoHeHTbl npenapata Uutodnasun® sensiotca
€CTecTBeHHbIMM MeTabonuTamMu opraHuMsMa U CTUMYNMpYIOT
TKaHeBoe AbixaHue. MeTabonuuyeckas 3HeproKoppeKuus,
AHTUTMMOKCMYECKAs M aHTMOKCUAHTHasA aKTMBHOCTL Npena-
paTta, onpenensiowme hapMaKonoryeckue CBOWUCTBa U fe-
uebHyo 3 PeKTMBHOCTb COCTaBAAILLMX, 00YCnoBNEHa B3a-
MMOZONONHSAIOLLWM AeACTBUEM SIHTAPHOI KUCNOThI, MHO3UHA,
HWKoTMHammuga u pubodnasuHa [39]. LUutodnaBuH® yeunu-
BaeT WHTEHCWMBHOCTb a3pobHOro MMKONN3a, YTO NPUBOAUT
K aKTMBaLMM YTUIM3aLMUK TTIHOKO3bI U B-OKMCIIEHNS UPHBIX
KMCIIOT, @ TaKKe CTUMYNMPYeT CMHTE3 y-aMMHOMACIISHOM KC-
NOTbI B HeMpoHax. LiutodnaeuH® yBenmumneaeT ycTonuMBoCTb
MeMOpaH HepBHbIX M MUaNbHBIX KNETOK K MLLEMUM, YTO Bbl-
PAKAETCA B CHUKEHUM KOHLIEHTPALMK Herpocneunduyeckmx

Ta6nuua 1. CocTas neKapcTBeHHbIX GopM npenapata LuTognasuH®
Table 1. Content of cytoflavin drug forms
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BeniKoB, XapaKTepu3ylLMX YpoBEHb AECTPYKLMU OCHOBHBIX
CTPYKTYPHBIX KOMMOHEHTOB HEPBHOM TKaHu. [py NpUMeHeHUH
UntodnasuHa® B nepsble 12 4 0T Ha4yana pa3BUTMA MHCYNbTA
Habniopatotca braronpuaTHOE TEUEHUE WULLIEMUYECKUX U He-
KpOTMYECKUX NPOLIECCOB B 30HE MOpPaXKeHWs (yMeHblUeHue
oYara), BOCCTaHOBIEHWe HEBPONIOrMYECKOro CTaTyca M CHHU-
JKEHWe YPOBHA WHBANMAM3aUMM B OTAANIEHHOM Nepuofe.
UutodnaBmH® ynyuliaeT KOPOHapHbIA M MO3rOBOWM KpOBO-
TOKW, aKTUBMpYeT MeTabonnyeckne NpoLecchl B LEHTPasb-
Hol HepBHoii cucteme (LHC), BoccTaHaBnMBaeT HapyLueH-
HOe CO3HaHWe, cnocobCTBYeT perpeccy HeBPONOrUYECKOM
CUMMNTOMATUKM U YNYULLEHWI0 KOTHUTUBHBIX (QYHKLMIA Mo3ra.
06napaet BbICTPEIM NPOBYKAAIOLLMM [LeNCTBUEM NMPK NOCHe-
HapKO3HOM YrHETEHWUM CO3HAHWS.

B coOTBETCTBUM C MHCTPYKLMEN NO NPUMEHEHWIO Mpena-
paTa B UHbeKLMOHHOM opMe LiuTodnasuH® pekoMeHayetcs
MPUMEHSATB:

— Y B3pOC/bIX — B KOMMJIEKCHOW Tepanuu MHpapKTa
MO3ra, MOCNeAcTBUA LepebpoBacKynspHbIX bonesHen
(vHdapKTa Mo3ra, LepebpanbHOro aTepocKieposa),
TOKCMYECKOW U TMMOKCUYECKOW 3HUedanonatum npu
OCTPbIX U XPOHUYECKUX OTPaBNIEHUSIX, IHLOTOKCUKO-
3aX, MOC/IEHAPKO3HOM YrHETEHUM CO3HaHMS, a TaKXe
AN NpoGUNaKTUKM U NEYEHUS TUMOKCUYECKON 3H-
Ledanonatum Npu KapaMOXMPYPruYecKux onepaLmsx
C MCMO/b30BaHMEM UCKYCCTBEHHOTO KpoBoobpalLieHus,
Ons NPodUNAKTUKU KOTHUTUBHBIX PacCTPOMCTB nocne
06LUMPHBIX XMPYPrUYECKUX BMELLATeNbCTB Y MauumeH-
TOB MOXWNOrO BO3PacTa;

-y neTei (B TOM unCNe HeJOHOLLEHHBIX CO CPOKOM re-
CTaumm 28—36 Hefl.) — B KOMI/IEKCHOI Tepanim B ne-
pyofie HOBOPOXAEHHOCTM NPV LiepedbpanbHoii UemMum.

B cooTBeTCTBUM C MHCTPYKUME MO NpUMEHEHWI0 npe-
napata B TabneTupoBaHHOW (oOpMe NOKa3aHMAMU K NpU-
MeHeHnio LiuTodnasuHa® B cocTaBe KOMMIIEKCHOW Tepanim
Yy B3pOC/bIX ABMAKTCS: NOCNELCTBUA MHdApKTa MO3ra, Le-
pebpoBacKynsapHble 3aboneBaHus (LuepebpanbHbli aTepo-
CKJIep03, rUnepTeH3uBHas 3HUedanonatus), HeBpacTeHUs
(NoBbILLEHHasA Pa3fpaXMUTENbHOCTb, YTOMASEMOCTb, YTpaTa
CNocobHOCTM K [JINTENbHOMY YMCTBEHHOMY U (DU3NUECKOMY

CopepixaHue B JieKapcTBEHHO dopMe, MI

KoMnoHeHT

pacTeop And BHYTPUBEHHOro KanesibHOro

TabneTku B KULIEYHOPACTBOPUMO

BBeAeHusl, amnynbl 10 Mn obonouke
fAHTapHas kucnota 1000 300
HukotuHammp, 100 25
PubodnaBnHa MoHOHYKEOTUS, 20 5
WHo3unH 200 50

HoMep rocperucTpaumm
(DapMaKoTepaneBTUYecKas rpynna

JIN-(000973)-(Pr-RU)
MeTabonuueckoe cpeacTso

JIN-N2(000923)-(PT-RU)

[pyrue cpeactsa 415 neyeHus 3aboneBaHuii
HepBHOM CUCTEMBI
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HanpsKeHuio), AuabeTndyeckas nonuHeliponatus, npodu-
NaKTUKa KOTHUTWBHBIX PAcCTPOMCTB NOC/E OBLIMPHBIX XM-
PYPruyecKMX BMeLLaTesbCTB Y MaLMEHTOB NOXWIOr0 Bo3pac-
Ta. MpueM TabneTUpoBaHHbIX NpenapaToB PeKOMeHAOyeTcs
HauMHaTb Ha CNefylolMe CYTKM MOCNe 3aBepLUeHuUs Kypca
MHBEKLIMOHHOIO NPUMEHEHMA Npenapara.

Mpu Tepanum amabeTyecKonm MONMHEMPONATUM aKTUB-
Hble KOMMOHeHTHI LiuTodnasnHa® cnocobcTByOT aKTUBaLMK
aspobHoro MeTabonnaMa KeToK, YTo NPUBOAMT K yBENWUYe-
HWK0 YPOBHSA YTUAM3ALMM [TIHOKO3bI, Peasin3yeTca ero aHTU-
OKCUIAHTHOE JeicTBMe.

MpoTuBOULIEMMYECKUI IDDEKT SHTAPHON KUCTOTbI CBSA-
3aH C cybcTpaTHOW aKTWBaLMeNd CyKUMHATAErnaporeHasHo-
0 OKWUC/IEHUS W BOCCTAaHOB/IEHMEM aKTUBHOCTW KIIOYEBOIO
(depMeHTa abIXaTeslbHOM Lienu — LMTOXPOMOKCKAa3b! [38].
MexaHW3M BOCCTaHOBNIEHMS aHTUOKCWAAHTHOM aKTMBHOCTM
noj, BO3AEMCTBMEM Npenapata 0CHOBaH Ha BOCCTAaHOBJIEHUM
nyna HW3KOMOJIEKYNAPHBIX AHTUOKCUAAHTOB, TUONAMCYNb-
(uaHoro paBHOBECMS UM AKTUBHOCTW TMON3aBUCUMbIX Gep-
MEHTOB aHTUOKCMAAHTHOM 3aLLMTHI.

YcTaHOBNEHO, YTO 3HepronpoayumpyloLlee AedcTBUE SiH-
TapHOW KWUCNOTHI JONONHAETCA pubodnaBuHOM, cnocobHbIM
YBENMYMBATb aKTMBHOCTb CyKLMHaTAermaporeHassl. Bxoas-
LUK B COCTaB MpenapaTta HUKOTMHaMMA, crocobeH yMepeH-
Ho akTueupoBaTb HA/l-3aBucuMble epMeHTHbIE CUCTEMBI,
B TOM YuC/ie 3a c4YeT BKoYeHus ero B cuHtes HAJl. MHo3uH
obecneunBaeT yBenmueHue cogepxanus obero nyna nypu-
HOBbIX HYKJIEOTMAOB, HEOOXOAUMBIX HE TONbKO AfSl PecUH-
Te3a MaKpO3proB, HO U BTOPUYHBIX MECCEHKEPOB, @ TaKKe
HYKNenHOoBbIX KUcnoT. OnpefeneHHy0 pofib B aHTUOKCUAAHT-
HOM 30 deKTe MHO3WMHA MOXET UrpaThb ero CNocoBHOCTb CHU-
KaTb aKTUBHOCTb KCAHTMHOKCUAA3bI, YMEHbLUAsA TEM CaMbIM
MPOAYKLMI0 BbICOKOAKTMBHBIX GOPM WU COEAMHEHWUN KUCHO-
poga [16].

OcHoBHoe npumeHeHne UntodnaBuH® Hawen npu ru-
MOKCUYECKMX U nwemmnyeckux nospexxaeHusx LHC, a Tawke
B KOMMJIEKCHOM NIeYeHUM BONbHBIX, HAaXOAALMXCS B KPUTH-
YecKoM cocTosiHuU. [puMeHeHWe npenapata obecneunBano
CHWXKEHWE NETabHOCTU Y BOMbHBIX C OCTPBIM HapyLUEHWEM
MO3roBoro KpoBoobpatuenus fo 4,8-9,6 % npotus 11,7-17,1 %
Yy NauuWeHToB, He nonyyaslimx npenapar [40]. Uutodnasun®
CHMXanN BbIPaXEHHOCTb KOTHWUTUBHBIX M HEBPONOrMYECKUX
PaccTporCTB Y BOMBHLIX C XPOHUYECKUMMW HapyLLEeHUSIMM
MO3roBOro KpoBoobpalLeHus,, BOCCTaHaBNMBaN Ka4yeCTBO CHa
W yrydllan KayectBo xu3Hu [41]. Micnonb3oBaHue npenapara
Ans NpodUNaKkTUKW U NIEYEHNS NOCTTUMOKCUYECKUX MOopakKe-
Huit UHC y HemoHOLEHHbIX HOBOPOXAEHHBIX, YMEHbLIAN0
YacToTy W BbIPAXXEHHOCTb HEBPOJIOTMYECKUX OCNOMHEHMMN,
a B OCTPOM nepuoge nepuHatansHoro nopaxenus LIHC no-
3BONIA/I0 AOCTUYL Bonee BbICOKUX WHAEKCOB MCUXMHECKOMO
1 MOTOPHOIO Pa3BUTUA [eTel Ha NepPBOM rody usHu [42)].

fluTapHas kucnoTa peanusyet cBou 3QdeKTbl He ToMb-
KO KaK MHTepMeaMaT pasfinyHbIX BMOXMMUYECKWX LIMKIOB,
HO U KaK Niurang opganHbix peuentopoB (SUCNRT, GPR91),
PacnoNOXeHHbIX Ha LMTONIa3MaTUyecKo MeMbpaHe KNeToK
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u conpsixeHHbIx ¢ G-benkamu (Gi/Go n Gq) [43, 44]. SUCNR1
NOKaNM30BaHbl B XMPOBOM TKaHW, MeYeHu, cepale, Hempo-
Hax CETYATKU, KMLLEYHUKE, CeNe3eHKe, AeHAPUTHBIX KNEeTKaXx,
noyKax, TpoMboumTax, B KOCTHOM Mo3re. B 06bluHbIX ycnoBu-
SIX YPOBEHb LIMPKYNMPYIOLLEro B KPOBM cyKumHaTa B 8—10 pas
HWXe nopora cpabatbiBaHus peLenTopoB. Hakonnexwe BHe-
KNETOYHOrO CYKLMHATA NPEXe BCEro CBA3AHO C ero YTeuKol
U3 MWUTOXOHAPWIA, YTO BCTpPeYaeTcs Npu ryOOKMX CTeneHsX
KNETOYHbIX NOBPEXAEHWIA, TUMOKCUM, CBOBOAHOPAAMKANbHBIX
npoLeccax, MUTOXOHAPUaNbHON AUCYHKLMM U pa3obLueHum
okucnenus-pochopunmpoBanus. CyKuMHaT HakannmBaetcs
BHEKJIETOYHO MPU WLLIEMMM W TUNEPITIMKEMUM, YTO MO3BO-
NSEeT MPU XPOHMYECKOM BO3AEHUCTBUM 3TUX NATONOTMYECKUX
COCTOSIHUM MPEeBbICUTb YPOBEHb YYBCTBUTENILHOCTW peLien-
TopoB. CnepnoatenbHo, SUCNR1-peuentopbl MoryT paccMa-
TPMBATLCA KaK CEHCOPbI KNETOYHbIX CTPECC-MHAYLIMPOBAHHbIX
MOBPEXAEHUIA U runokcuu [16].

B noukax peuenTopbl BbISIBEHbl Ha MPUHOCALUMX ap-
TepMonax noyeyHbIX KNy6OUKOB M B HOKCTArNMoOMepynspHOM
annaparte. OHM y4acTBYKT B PerynfiuMm CeKpeuuu peHuHa
(a cnepoBatenbHO, 3aMycKaloT KacKag peHWH-aHrMOoTEH3MH-
anbJ0CTEPOHOBOW CUCTEMBI, YTO MOKET MPUBECTU K MOBLILLE-
HWIO apTepuanbHOro AaBNeHus) U KNybouKoBoM GunbTpaLmum
[45—47]. IKcnepuMeHTaNbHO MOKa3aHo, YTO NpW BBELEHUU
3K30rEHHOr0 CyKLMHAaTa MOXET MOBbLILLATLCS YPOBEHb apTe-
pWanbHOro AaBneHus, KOTOpbIA HopManu3yeTcs brioKatopa-
Mu peuentopoB aHruoteHauHa. SUCNR1-peuentop B noukax
npu Bo30YXAEHMM 3anyCKaeT MexaHu3M BHYTPUKNIETOYHOM
Mobunmnzaumu Kanbuus, GochopunupoBaHUs BHEKETOY-
Ho perynupyeMoii kuHasbl (ERK)1/2, aktuBM3aumm Kackapa
apaxuIoHOBOW KMUCNOTbl ¢ 06pa3oBaHWEM MPOCTALMKIMHA
u npoctarnanauvHa E2. AKTMBauMs NoYeyHbIX peLenTopoB
CYKLMHATOM yBennumBaeT peabcopbumio docdata u rmioKo-
3bl, CTUMYNIMPYET [TIIOKOHEoreHe3 [48].

B ceTuaTKe CyKUMHaTHbIE PELLENTOPbI YHaCTBYHOT B MMMOK-
CUSA-UHOYLMPOBAHHOM aHTMOreHese, YCUIMBas 3KCMPeCCuto
cocyaucToro aHAoTenMansHoro dakropa pocta. B pengpur-
HbIX KneTkax Bo36yxaeHue SUCNR1-peLentopoB aktusmpyet
XEMOTAKCUC UMMYHHBIX KIIETOK W NpOAYKLMIO NpoBOCManu-
TeNbHbIX LMTOKMHOB [44]. B cBA3M C 3TUM BbICKasaHo npeg-
nonoxenue, 4yto aHtaroHuctol SUCNRT MoryT 6biTb nonesHol
LNs NPOGUNAKTUKK U JIEYEHUA NOYEYHOI MMNEpPTOHUM, aua-
beTueckon Hedponatum U AMabeTMUeCKON peTMHONaTUW,
ayTouMMyHHbIX 3abonesanuii. B LHC cykumHatHble peuen-
TOpPbl  CMOCOBCTBYIOT MOBBLILUEHUIO HEWPOHANLHOMO MNOCT-
CMHaNTUYecKoro noteHuMana u pactopMaxusaior NMDA-
0MOCPeoBaHHbIE MeXaHU3Mbl MOBEAEHUS U CYAOPOXKHO
aKTUBHOCTM [47]. B TpoMboUMTax CYKUMHATHbIE PeLenTopbl
BbI3bIBAIOT MOJTHOLIEHHYI0 aKTMBALMIO U arperavLyio He3aBUCH-
Mo no UAM®- n pocomnHosuTon-3-B-KkuHasHoMy nyTu [49].

MokasaHo [50], 4To B YCNOBMAX OCTPOI WM XPOHUYE-
CKOM MIleMMM MUOKapaa cykumHat nocpenctsoM SUCNRT-
peuenTopa 3anyckaeT $GochopunmMpoBaHne BHEKJIETOYHOIO
[OMeHa curHan-perynupytoweit kuHasel (ERK1/2), nosbl-
LUeHMe BHYTPUKIETOYHOrO COfepXaHus Kanbums u LAMO,
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JKCMPECCHI0 TeHa KaslbLW-KanbMOAYIMH-33aBUCUMON NPO-
TemHkuHa3sbl 116 (CaMKIIG), TpaHcnoKauum ructoHaeaLeTMna-
3bl 5 (HDACS) B uMTONNasMy, 4To ABNIAETCA BHYTPUKIIETOHHBIM
CUTHanoM A 3amycka NpoLeccoB rvnepTpodum M1oKapaa.
370T 3 deKT CBA3AH C CUrHaNbHOW LieNbl0 AAEpHbIX MpoTe-
nHKuHa3 PI3K/Akt. TMop BAMAHWMEM CyKUMHaTa MOBbILIAETCS
CepAeYHbIN BbIDpOC, NpY ULLIEMUM MUOKAPAA PeELIENTOopbI yya-
CTBYIOT B 3arycKe npoLeccos anonTosa [51].

B SUCNR1-no3uTMBHbLIX agunouutax npu runornuke-
MUYECKMX COCTOSHUAX CYKLMHAT TOPMO3UT MHAYLMPOBaH-
HbIii [JIIOKArOHOM JIMMONN3, COXPaHAS MYN MUPHBIX KWUCNOT
ANs 9HepreTMyeckoro obMeHa. B neyeHn u moukax cyKum-
HaTHble peLenTopbl 0OHapYXeHbl Ha 3Be3AYaThbiX KIETKax,
WX aKTMBaLMA COMPOBOXJAETCA MOABNEHUEM MapKepoB
dumbponnactuyeckux npoueccos [52]. B reMonoatuyeckmx
MPOreHUTOPHBLIX KNETKaX CYKUMHATHble peLentopbl MHAY-
LMPYIOT KieTouHylo nponudepaumio 1 3aluTy oT anonTosa.
B pesynbTate y naumeHTOB C MUenogenpeccuen yckopsncs
MpoLecc BOCCTAHOBMEHUS YPOBHSA reMornobuHa, aputpouu-
TOB, JieKoLmMTOB, TpoMboumToB [43]. CyKuMHAT cTUMynupyeT
XEMOTaKCUC AEHAPUTHBIX KIETOK U pa3BUTME MOHOLMTOB,
BbICTYMaeT CMHEPrucTaMM B OTHOLLEHUM NPOBOCMANMTENb-
HbIX LMTOKWHOB ((haKTopa HeKpo3a onyxoneii) B HekoTopbIx
uccnepoBanusax [53] cyKumHaTy nNpuaaeTca Kn4yeBas posb
B PasBMTUM TUNEPTEH3NBHLIX U (UOPO3HBLIX M3MEHEHUI
npu gnabete, dopMupoBaHUM AnabeTuuecKon peTMHonaTum,
Pa3NMYHbIX HapyLUeHMA MpuU MeTabonMyecKoM CUHApPOME.
B cBA3K ¢ 3TUM aBTOpbI BbIABUFAKT MPEAMONOKEHNE O Lie-
necoobpasHocTn paspaboTku cneumduyeckux aHTaroHUCToB
SUCNR1-peuenTopoB. CyKuMHaTHbIe peLenTopbl y4acTByioT
B PErynsiuMmM CeKpeLmmn 3HA0TeNMaNnbHOro CocyamcToro hak-
Topa pocta (VEGF) u runokcus-unayumbensHoro gaktopa
(HIF1-a), uto 0becneynBaeT NOBLILIEHWE YCTOMYMBOCTM TKa-
Heln K runokeuu [54, 55].

HeobxoamMMo 0TMeTUTb, YTO BBOAWMBINA BHYTPUBEHHO 3K-
30MEHHbII CYKUMHAT B NepBYt0 04epe/ib BO3AENCTBYET Ha CYK-
LMHATHbIE peLenTopbl 3HACTENUS COCYA0B M TPOMBOLMTOB,
YTO MOAJEPXHMBAET MUKPOLMPKYNALMIO KPOBM W OTAQuy
Kucnopopa B TKaHAX. OQHOBPEMEHHO C 3TUM peanu3yloTcs
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3¢ deKTbl, CBA3aHHbIE C MOBLILIEHWEM CEKpELWW 3HAO0TE-
nmanbHoro cocyamctoro ¢aktopa pocta (VEGF) u runok-
cus-uhayumnbensHoro daktopa (HIF1-a), yto obecneuvBaet
MOBLILLEHME YCTOMYMBOCTM KIIETOK K TUMOKCUM B 30HE ULLIE-
MUYECKUX MOPaXEHWN.

Mpy MLWEMMM FONOBHOMO MO3ra MOBPEXAEHUS HEMPOHOB
Ha BHYTPUKJIETOYHOM YPOBHE XapaKTEpU3YIOTCA SHepreTUye-
CKOM HEeAO0CTaTOYHOCTBH, BbI3BAHHOM MUTOXOHLPUAMbHBIM
OKCWIOM a30Ta U MUTOXOHLPUANIbHON CMHTA30/ OKCMAA a30-
1a (MtNOS) [56], cBoBOAHOpPaAMKaNbHEIM MOBPEXAEHUEM,
MOBLILUEHWEM YPOBHS BHYTPUKIIETOYHOMO KasbLms, BHYTPU-
KNETOYHbIMW OTEKaMW M auMA030M, MOTepel Kanus, no.bl-
LUEHMEM MPOHMLAEMOCTU MeMbpaH, paspylleHWeM yeTBep-
TUYHOW CTPYKTYpbI 6EMKOB, NATONIOrMYECKUM anomnTo3oM W Ip.
[57, 58]. Ha TkaHeBOM ypoBHe OTMEYaloTCA 3KCAUTOTOKCUY-
HOCTb, PacrpoCTPaHAIOLLAACA KOpPKOBas Lenpeccus, Bocna-
neHue, 3HAoTENUaNbHaA AMCHYHKLMA U PEHOMEH HeBOCCTa-
HOBNEHWA KPOBOTOKA. Ha opraHHOM ypoBHe — Ba30CnasM,
naTtonoruyeckoe TpomMboobpasoBaHue, GpeHOMeH 0BKpaabl-
BaHWA, OTEK Mo3ra.

MeTabonuam Kucnopoga v ImioKo3bl B HanbonbLuen Mepe
CTPajaeT B LiEHTpanbHOW 30He ULLIEMM3MPOBAHHOW TeppUTo-
pWM, B MeHbLLEN — B AeMapKaLmoHHol 3oHe (puc. 1) [59].
06nacTb Mo3ra ¢ Haubosee BbIPAXKEHHBIM CHUMXEHWEM KpO-
BOTOKAa 04eHb ObICTPO, B TeyeHWe 6—8 MUH C MOMEHTa pas-
BUTUS OCTPOrO HapYLLIEHNS MO3TOBOI0 KPOBOTOKA, CTAHOBUTCS
HeobpaTMO NOBpeXAeHHOW. B TeueHMe HECKOMBKMX 4acoB
LIEHTPabHbIA «TOYEYHbIA» MHDAPKT OKPYXEH WULIEMU3UPO-
BaHHOM, HO }KMBOM TKaHbI0, TaK Ha3bIBAEMO 30HOW MLLEMU-
YECKOW MONTyTEHM, WK NeHyMOpbI (penumbra).

B obrnactn neHymbpbl B LeNOM COXpaHeH 3HepreTu-
YeckMn MeTabonmMsM M NPUCYTCTBYKT JIMWb (PYHKLUMO-
HambHble, HO HE CTPYKTYpHble U3MeHeHus. HelpoHarbHas
(YHKUMSA CHUKEHA W3-3a TOrO, YTO He 0becneuuBaloTcs Me-
Tabonmueckune 3anpockl TKaHW, HO KIETKU OCTAlOTCA JKU3He-
CnocobHbIMKU C COXPaHHBIM MOHHBIM rOMeocTasoM. B cBs3su
C TEM, 4TO pe3epB NOKaNbHOW Nepdy3umn ucyepnaH, HeMpoHI
B 0bnactn neHyMbpbl CTAHOBATCA YYBCTBUTENBHBIMU K fli0-
boMy panbHeilweMy NafeHW0 Nep@ysvOHHOTO AABNEHUS.

3oHa uHdapkTa, HeobpaTUMas uLeMus

\

loTeHumranbHo 06paTVIMDE nopaxeHue

3oHa runonepdysui, NoTeHUMaNbHbIA PUCK pasBUTUA MHbApKTa

\

MeHymbpa o

30Ha He KpUTMYecKoit runonepdysum

Puc. 1. 3oHbl nopaxeHus npu uHdapkTe Mo3ra (uut. no [59])
Fig. 1. Zones of damage in myocardial infarction (cited from [59])
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Ta6nuua 2. MocneaoBatenbHOCTb NPOLECCOB KIETOUYHO-TKAHEBOMO NOBPEXAEHNS B 30He NeHyMopbl (L. no [60])
Table 2. Sequence of processes of cell-tissue damage in the penumbra zone (quoted from [60])

OnutenbHocTb MweMun MNatoreHes uwemun
Jo 3y HapacTaloLLMIN 3HePreTUYEeCKUn aeduumT
3-6y rlyTaMaTHas 3KCAMTOTOKCMYHOCTb
HapyLLeHWe KanbLMeBoro roMeocTtasa | HapacTaloLLWI JlaKTaT-aumao3
12-36 u OKCMAATMBHBIW CTpecc, BoCMnaneHue
2-3 ¢yt npeobnagaHne NpoLeccoB anonTo3a
bonee 3 cyt HeobpaTuMble MOpOdYHKLMOHaNbHbIE M3MEHEHWSA B BELLECTBE MO3ra

3a cyeT 30HbI NeHYMOpbI NPOMCXOLUT NOCTENEHHOE YBENNYe-
Hue pa3MepoB MHdapKTa. HelpoHbI 30HbI «MLLIEMUYECKOM Mo-
NyTeHU» MOFYT ObITb CNAceHbl BOCCTAHOBNIEHUEM alEKBATHOM
nepgysun TKaHW Mo3ra U NPUMEHEHNEM HEPONPOTEKTUBHBIX
cpeacTs. [pouecchl, NpouCcXoasLLMe B 30He NpeHybpbI B pas-
HbIX BpEMEHHBIX TOUKaX, MPeLCTaBeHsb! B Tabnuue 2. ViMeHHo
neHymbpa SBNSETCS [MaBHOW MMLLEHBIO Tepanuu B NepBbie
yacbl M AHM Nocre pasBuUTUS NOBPEXAEHUA Mo3ra. [lnuTtenb-
HOCTb CyLLECTBOBaHWSA NEHYMOPbI MHAVBUAYANbHA Y KaXA0ro
BonbHOro M onpefenseT rpaHnLbl BPEMEHHOTO NEpUOAa, BHY-
TP KOTOPOro C Hambonbluei 3deKTUBHOCTLIO MOrYT Npo-
BOAUTLCS NeYebHbIe MeponpuaTUS (TEpaneBTUHECKOE OKHO).
Ananus dapmakopnHamuyeckux addektos Lutodna-
BMHA® MOKasblBaeT, YT0 MMEHHO 30Ha MeHyMOpbI ABNsAeTCS
3(PEeKTMBHON MULLEHbIO JENCTBUA Npenaparta.

AHATN3 PE3YNIbTATOB
KJIMHUYECKOI0 NPUMEHEHUA
LIUTO®/TABUHA® NTPU PA3JTUYHbIX
MATOJIOMMYECKUX COCTOAHUAX

MpeacraBneHHble B 6ase paHHbIX PUHLL, nybnmkaumm, no-
CBSILLiEHHbIE Pe3yNbTaTaM KITMHUYECKOTo NpUMEeHeHNs npena-
pata LiutodnaBuH® npu pasnuuHbIx NaTenorM4yeckux cocTos-
HWAX, MOTYT ObITb 00beAMHEHbI B HECKOMBKO FPYNM UCXOAS
13 HO30/10rM4ECKOro NpUHUMNA. TaK, NPUMEHeHUI0 Npenapata
NPy COCYAMCTLIX 3aD0NeBaHUSAX HEPBHOW CUCTEMBI MOCBSALLE-
HO HECKOJIbKO MccnenoBaTenbekux pabor [40, 61-68].

B nccnepoanum AA. AradbuHa n coaBr. [61] bbina mo-
Ka3aHa apdekTuBHocTb LinTodnasuHa® y 6onbHbIX ¢ 0CTPbIM
ULIEMMYECKWUM WMHCYNLTOM, €ro MPUMEHeHWe B paHHEM BOC-
CTaHOBMTENLHOM Nepuoae 0becrneunBano BhICOKYH KIMHU-
yeckyto adpderTnHoCTb (89,4 %), NONOXKMTENBHYIO AUHAMU-
Ky HEBPOJIOFMYECKOro CTaTyca XoTa Obl N0 0AHOMY CUMMTOMY
(94 %), cTaTUCTUYECKM 3HAUMMOE YBENIMYEHME MOKa3aTenell
LBUraTeNlbHOM aKTUBHOCTM M pedeBon GyHKuMM. [Mpenapat
YNyyLLan KOHLEHTPaLMI0 BHUMaHUS W 3anoMWUHaHWe, YBenu-
uMBan CKOpOCTb CEHCOMOTOPHbIX PeaKLMi, MoBbIAN 06beM
KpaTKOCPOYHOW W JONTOBPEMEHHOM NaMATH, YyYLlan couu-
anbHYK afanTaLyio U Ka4ecTBO XU3HU NaLMEHTOB, NONOXKMU-
TENbHO BAUAN Ha BMO3NEKTPUYECKYK aKTUBHOCTb FOSIOBHOMO

Mo3ra y 6onbHbix. Hanbonee 3aMeTHbIN neyebHbIl 3pdeKT
UuTtodnaBnHa® Habniopancs B OTHOLIEHUM TakUX Nposiene-
HWW MHCYNbTA, KaK MOpaKeHWe NMUPAMULHOMO TPaKTa, YyB-
CTBUTEJIbHBIE M PeYEeBble HapYLUIEHMS.

B pabote 0. l0peHKoBoit [68] nokasaHo, 4To Npu paHHEM
Hadane BeefeHus LutodnasmHa® Ha rocnutanbHOM 3Ta-
ne B coyeTaHun ¢ 10-gHEBHBIM KYpPCOBbIM BHYTPMBEHHLIM
BBEJEHMEM MpenapaTa JIeTaNbHOCTb MPX OCTPOM HapyLue-
HWM MO3roBOro KpoBoobpalleHus cHkaetca ¢ 40 no 26 %,
npu 3TOM B bonee paHHWe CPOKM OTMeYarcs NpobyxaaroLmi
3 EKT B OTHOLLIEHUM TTYOUHBI HApYLLEHWS CO3HAHWA, a TaK-
e CHUXKEHWE 04aroBOW HEBPOSIOrMYECKON CUMNTOMATUKM.
lNponeMoHcTpupoBaHa addekTBHocTb LiuTodnaBnHa® B co-
CTaBe KOMM/EKCHOW CTaHAAPTHOW KOHCepBAaTUBHOW Tepanuu
reMopparmM4eckoro MHcynbta [65]. PesynbTatel neveHus 3a-
K/KOYaNUCb B CHUMEHWM TOCMWUTaNbHOW neTanbHoCcTH; bo-
nee BbICTPOM aKTUBALMW CO3HAHMSA, OMepeXaloLlen rpynmny
CPaBHEHUS; YMEHBLUEHWUN BbIPAXEHHOCTU HEBPOJIOMMYECKUX
CMMNTOMOB M YNyuLleHUM QYHKLUMOHANBHOTO UCX0AA K Mo-
MEHTY BbIMUCKM BONbHBIX U3 CTauuoHapa. B 3tux nybnuka-
LMAX YKa3biBanoch, 4to LiutobnasuH® ynyuiuan KopoHapHbIi
M MO3roBOW KPOBOTOK, aKTMBMPOBan MeTabonmueckue npo-
ueccsl B LIHC, BoccTaHaBnMBan co3HaHUe U KOrHUTUBHO-MHE-
cTUyeckmue dyHKUMM Mo3ra, cnocobcTBOBan KoppeKLuun ped-
NEKTOPHbIX HapyLUEeHWUH U PacCTPOICTB YYBCTBUTENIbHOCTY.
Bnaropaps ocobeHHoCTAM CBoero coctaBa, Mmpenapar OKa-
3blBan MeTaboTpoMHOe, 3HEProKOppUrMpyloLLee LeNCTBUE,
aKTUBMpPOBAN CYKUMHATIMAPA3HOE OKUCEHMWE, YBENMYMBan
COfepIKaHMe raMMa-aMUHOMACNSHOW KUCNOTbI B FOJIOBHOM
Mo3re Yepe3 WyHT PobepTca, BoccTaHaBmBan Kak HAJL-, Tak
n OA/l-3aBucuMble 3BeHbsA Lnkia Kpebca, MHrmbuposan pe-
aKLMW OKMCTITENBHOMO CTpecca.

lpuMeHeHne npenapata Mpu XPOHUYECKWX HapyLLEHUSIX
MO3roBOro0 KpoBoobpaLleHWs W UX NOCNeacTBuM — AMC-
UMPKYNATOPHOW 3HUedanonatum — paccMaTpuBanochb
B paborax [67, 69, 70]. lMokasaHo, 4To apMaKonornyeckme
apdekTol UutodnasnHa® obycnoBneHbl aKTUBM3aLMen
aspobHoro MeTabonmsMa HeMPOHOB M KIETOK FIUK, YTO NpU-
BOAMT K YBENMYEHUIO YPOBHS YTUIM3aLMM [TIIOKO3bI U B UTOre
K noBblleHnto obpasoBanua AT® [64, 71-73]. Mpenapart 6bin
cnocobeH He TONBKO NOBbILLATL 06pa30BaHNe B MUTOXOHAPU-
Ax AT®, Ho n yrHeTaTb U3BbITOYHYIO MPOAYKUMIO CBOBOAHBIX
paguvKanoB, NpensTcTBYS Pa3BUTUIO OKCMAAHTHOMO CTpecca
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M NEpEKMCHOTO OKUCNEHWUA JIMMUAOB, CMOCODCTBYA BOCMOJ-
Henuto aedmumta TAMK. Y 60nbHBIX € AMCLMPKYNATOPHON
3HUedanonatuen, nonyyaslumx LiutodnasuH®, ynyywmnock
COCTOSIHME KOTHWUTUBHBIX QYHKLMIA, YMEHBLUMIACh BbIpaXeH-
HOCTb TPEBOKHBIX W AENpeccuBHbIX paccTponcTs. Mo MHe-
HWI0 uccnefoBatenen, noaobHble 3bdeKTbl CBUAETENLCTBYIOT
0 MNOBbILIEHMM KayecTBa npoLeccoB o6MeHa WHdopMaLmels
MeXay HeiipoHaMu, YTO NoApa3yMeBaeT BO3MOMHOCTb BO3-
LeicTBusA Ha 06MeH HelipoMeauaTopoB, MOAYNALMI0 CUrHaMb-
HbIX NPOLIECCOB, MPOLLECCOB GOPMUPOBAHUS OTPOCTKOB Heli-
POHOB U cuHanToreHes. lokasaHo, 4To K KoHuy 1-ro Mecsua
KypcoBoro neyeHus TabnetupoBaHHoi dopmoit Lintodnasu-
Ha® perpecc 04aroBoi HEBPONOrMYECKOA CUMMTOMATUKU Bbin
bonee BbIpaXeHHbIM, YeM B rpynne nyauebo: o6beKTMBHaS
MOJIOXMTENBbHAsA AMHAMUKa HEBPOJIOTMYECKOrO CTaTyca 0TMe-
yanacb cooteeTcTBeHHO Y 81 % BonbHbIx npotue 23 % 6onb-
HbIX B KOHTPONbHOW rpynne [67].

Cpenu nybnukaumin, NocesLLEHHbIX ApyruM 3abonesaHu-
SIM HEPBHOM CUCTEMbI, HeobxoanUMo 0TMeTUTb 3 hEKTMBHOCTL
UntopnaBnHa® npu YepenHo-Mo3roBbIX TpaBMax [74, 75]
Y HOBOPOXAEHHBIX C LiepebpanbHomn uwemuen [76]. Mokasa-
HO, 4YTO B OCTpoW (hase pafMKyNnoOMUENOULIEMUM BBELEHME
UutodpnasnHa® B no3e 10 mn Ha npotsixenum 10 gHei gocTo-
BEPHO BOCCTaHaBNMBAET QYHKLUMM KaK HEMPOHOB, TakK U npo-
BOAHMKOB CMIMHHOIO M03ra, 0 YeM CBULETENLCTBYIOT perpecc
HEBPOJIOTMYECKMX CUMMTOMOB U MOJIOKUTENbHAA AMHaMUKa
3NEeKTPOHelipoMmorpadmyeckux nokasatenen [64].

CaMocTosiTeNbHbIM HanpaeieHeM npuMeHeHus Luto-
¢nasuHa® sBnseTCA NpUMeHeHWe npenapaTa B KayecTBe aH-
TMaCTEHNYECKOro cpeacTsa [64, 77, 78]. MokasaHo, 4Tto npena-
paT npu Kypcoson Tepanuu (100 TabneTok B TeueHne 25 aHen)
NPUBOAMT K [OCTOBEPHOMY YMEHBLUEHWUIO BbIPaXEHHOCTH
KaK aCTEHMYEeCKOro, Tak M HEBPOTMYECKOr0 CHUHApPOMOB.
Mpumenenne LutodnaBuHa® xapakTepusoBanocb bbiCTpbIM
HacTynIeHeM KAMHUYecKoro addeKTa U OTCYTCTBMEM CUH-
ApoMa NpuBbIKaHUs. AHTUacTeHNYeCKoe AeicTBUe NpenapaTta
TaKKe NposiBNANOCh NPU abCTUHEHTHBIX U aJAUKTUBHBIX CUH-
ApoMax — anKoronmsMe u Hapkomanusix [79, 80].

Bo Bpemsa 3nuaemMuu HOBOW KOPOHABMPYCHOW WHGEK-
UMM ocoboe 3HaueHue npuobpeno npuMeHeHWe npenapara
AN NpoQuNaKkTUKM CUHAPOMA MOSIMOPraHHOW HeaocTaTou-
HOCTM y NauMeHToB C TaxenbiM TeyeHneM COVID-19. OcHo-
BaHMEM AN NPUMEHEHUS ABMAKOTCA He TObKO CUMCTEMHOE
aHTUrMMOKCUYECKoe [OENCTBME CYKLUMHATA, XapaKTepHoe
TakKe ona npenaparoB PeambepuH® u PeMakcon® Toro ke
MpOM3BOSMTENS, HALLELLIMX NPUMEHEHUE B KIIMHUYECKON
NpaKkTuKe npu 3TtoM 3aboneBaHuu [81-83], Ho n bonee BbI-
paxeHHoe BnusHue LutodnaBuHa® Ha 3HAOTENUiIA-3aBU-
CMMble 3BeHbs natoreHesa [84, 85] u MWUTOXOHApMaNbHYO
OMCOYHKUMIO, CBSA3aHHble C MPAMbIM BMSIHWEM BUMpYyCa
Ha KneTku [86, 87].

B pabote A.A. Badawy [88] nokasaHo, yto npu COVID-19
KoHueHTpauma HALl® B kneTkax, HeobxoguMas Ans okucne-
HuA, U KonnyectBo AT®, npenHasHayeHHoe ans dochopu-
JIMPOBaHUA CybCTPaTOB aHa3POBHOIO FMMKONN3a, KPUTUYECKM
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cHwKarotcs. IMeHHo 370 06CTOATENLCTBO UrpaeT poib B Ta-
HatoreHese COVID-19, Bo3HMKalOWEM Yy Ty4HbIX Jllogen, na-
LIMEHTOB, CTPaJaloLMX caxapHbIM AvabeToM 2 Tuna B coye-
TaHum ¢ COVID-19, n y Bo3pacTHbIX BosbHBIX. B ¢BA3M C 3TUM
aBTOp NpeanaraeT UCMo/b30BaTh B Tepanuu TakuX NaUUeHToB
HWUKOTUHaMW[, U NOKA3bIBAET, 4TO KOKTEINN C HUKOTUHAMUOM
0Ka3bIBaKT BblpaxeHHoe neyebHoe peiicteue npu COVID-19,
0c00EHHO Y NaLWeHTOB NOXKUNOro Bo3pacTa. B atoii cutyaumm
npucyTcTBue B coctaBe LiutodnasuHa® HUKOTUHaMKAa pac-
LieHUBAETCS KaK NpeMMyLLEeCTBO MO CPaBHEHMIO C ApYrMu
CYKUMHATCOLePIKALLMUMM CPEACTBAMM.

Ha atane noctkoBuaHoi peabunuraumnm UurodpnasuH® ak-
TMBHO MCNOJb3YETCS KaK aHTUACTEHUYECKOe CPeLCTBO M Kop-
PEKTOP KOTHUTUBHBIX HapYLLEHWIA, XapaKTepHbIX ANs NOCTKO-
BULHOro cuHapoma [86, 89-911. MNokasaHo, YTo BKKOYEHME
KYpCOBOro BHYTpMBEHHOrO BBefAeHuA LiutodnasuHa® B cxe-
MY KOMMNeKCHOW peabunuTaumm NOCTKOBMAHOTO CUHAPOMA
Mo3BONANO AOCTOBEPHO YNyylMTh 0bulee yHKUMOHANb-
HOe COCTOSIHME OpraHM3Ma, CHWU3WUTb YPOBEHb [enpeccuw
M acTeHM3auuu, NOBbLICUTb TONEPAHTHOCTb K (U3UYECKUM
Harpy3kam. [Ipy 3TOM COKpalLanocb KonM4ecTBO aob
Ha roNIoBOKPYIKEHWE, FONIOBHYH 60fb, CHUXEHUE YMCTBEHHOM
pabotocnocobHocTU. YiTyyLuanuch NoKasaTeny BHUMaHus, pe-
TYNATOPHbIX U 3PUTENIbHO-NPOCTPAHCTBEHHBIX HABLIKOB, OMe-
PaTMBHOM NaMATU U acCOLMATUBHOTO MbILLIIEHUS, KayecTBa
HU3HU,

Wccneposanock npuMeHenne LiutodpnaeuHa® npu 3abo-
NeBaHUAX CepAeYHO-CoCYaNUCTON cucTeMbl [92—94]. MNMokasaHo,
4YTO KYpCOBOE NpUMeHeHWe TabneTupoBaHHo hopMbl Liutod-
naBMHa® OKa3bIBAET NONOXUTENBHOE BMSHWUE Ha NPOLIECChI
peMoaenMpoBaHns MUOKapAa, a TakKe Ha BYHKLMIO 3HAoTe-
N1, NpefoTBpaLLas pa3BuTUe SHA0TENUAMNBHON AUCPYHKLMA.
MonoxwuTenbHoe BNKSHWE NpenapaTa BblpaXanoch B KOpPeK-
LM YPOBHSA MOBPEKAAIOLLMX 3IHAOTENMIA (HaKTOPOB — CHU-
JKEHUM YPOBHA OKMCNEHHBIX JIMMONPOTEMAOB M MpenoTBpa-
LLIeHUW NOBLILLEHUS YPOBHS roMoumctenHa, ®HOa u UJ1-8.
Mon Bnmsannem LntodnasuHa® oTMeuanoch CHUKEHWE YpoB-
H8a [l-avMMepoB v NpeaoTBPaLLEHUE CHUXKEHWS aHTUKOAryNsH-
Ta aHTMTpOoMbUHa Il

B psape pabot BbinonHeHa oueHKa 3pdeKTuBHOCTH Lin-
TonaBMHa® npu Opyrux NaToforMYecKUX MpoLeccax U co-
cTosHUAX opraHu3Mma. Tak, [1.C. Mapkesuy [64] npencTtaBun
AaHHble 0 3GPEeKTUBHOCTU NPUMEHEHUS Npenaparta B peaHu-
MaLMOHHO NPaKTUKe NpU JIEYEHUN TOKCUHECKMX KOMATO3HbIX
cocTosiHuiA. loKa3aHo, 4To BHYTPMBEHHOE KamneNbHoe BBefe-
Hue LuTodnaBuHa® NpuBoauT K COKpALLEHWIO [TUTENBHOCTH
KOMAaTO3HOr0 COCTOSIHUS, CHUMKEHWMKO YacToTbl pa3BUTUS OT-
€Ka rONIOBHOM0 MO3ra, CHUMEHMIO NETaNbHOCTM M0 CpaBHe-
HWK C FpynMoM, NoNy4yaBLUeN TPAAULMOHHYID MHTEHCUBHYHO
Tepanuio.

B pabore B.B. HukoHoBa u coasr. [95] npoaeMoHCTpupo-
BaHa 3¢ dekTnBHOCTL LIuTodnasnHa® B cocTaBe KOMMIIEKC-
HOM WHGY3MOHHOM Tepanuu NpyU TPaBMAaTUYECKOM LLOKE,
cnocobHocTb mpenaparta noebiwatb pH KpoBM, MOBbILWATH
ee bydepHble CBOWCTBA, YCTpaHATb pa3BUTME NaKTauMao3a

DOI- https://doiorg/ 10.1/816/phbné26718



HAYYHBIE 0B30PHI

M CUMMTOMOB TPaBMaTUYECKOr0 3HAOTOKCMKO3a, YCKOPATH
npoLeccbl BOCCTAHOBEHWS YPOBHS reMorniobuHa v aputpo-
LMTOB, aKTUBU3UPOBaTb MeXaHW3Mbl HecreunduiecKon M-
MYyHOPE3MCTEHTHOCTH.

M.C. Mapkesuy [96] nokasan 3dpeKTMBHOCTb Npenaparta
npu AMabeTMYecKon MUKpOAHrMonatTum U nojMHeponaTum
CTON, CBA3AHHYI0 C YNYYLIEHMEM MUKPOLMPKYNALWM B 30HE
aHr1onaTum, ynydileHneM TpodUKM TKaHeR M UX pereHepa-
TOPHOrO MoTeHUMana.

B.M. laHamonbckuii u coaeT. [97] nposeMoHCTpMpoBa-
71 cnocobHOCTb KYpCOBOr0 NMpUMEHEHMs TabneTupoBaHHOM
dopmbl LUutodnaBuHa® noppepimBath QYHKLMOHANbHYO
aktuHocTb LIHC B ycnoBusx BbICOKOropbs, a TaKe npo-
(QUNaKTMYECKYI0 aKTUBHOCTb MpenapaTa B OTHOLUEHWM CUH-
APOMOB FOPHOM Ae3ajanTaunum — OCTPOW ropHoW bonesHu,
BbICOKOrOPHOIO OTEKA MO3ra U OTEKa JIErKUX.

B pabore C.B. Okosutoro [98] npeactaBneHbl AaHHble
0 dopMMpoBaHUM CpeaM CMOPTCMEHOB BbICOKOW KBanu-
QMKaLMKM, 3aHUMAIOWMXCA LIMKJIMYECKUMW BMAaMK criop-
Ta, CMHAPOMA 3HIOMEHHOW MHTOKCWKALMM, BO3HWKAIOLLEro
KaK crnefcTBYe Ype3MepHbIX M3MUECKMX Harpy3oK 1 conpo-
BOXX[AHLLErocs U3MEHEHWEM PEOJIOTMYECKUX CBOWCTB Kpo-
BM, NapaMeTpoB reMocTasa, HapyLIEHWEM MUKPOLMPKYNs-
LW, NOBPEXAEHNEM DMONOTMYECKUX MEMOPaH, CHUMEHWEM
QYHKLMOHANBHOTO COCTOSHWA JKW3HEHHO BaXKHbIX OPraHoB
U cucteM opraHusMa. OTMeuvaetcs, 4to (opMUpYlOLLIMIACS
npu Harpyskax ge@uuut cybcTpatoB M KuCIopoaa npuBo-
BVT K MOSIBNEHMIO TUMOKCUMM C MOCNELYIOWMUM Pa3BUTUEM
WLIEMMM, YTO OFPaHWMYMBAET 3HEPrOMPOAYKLMI0O B CUCTEME
MWUTOXOHAPUANbHOM0 OKUCITUTENBHOMO (ochopuUnmpoBaHms.
PaspylueHne 6enkoB BcnencTBue pasBUBAIOLLENCS MLLEMUM
COMPOBOXAAETCA BbICBODOXAEHNEM MOYEBMHBI, KPEaTUHUHA
M aMMWaKa, 4To 06YCIOBIMBAET CABUM KMCIIOTHO-OCHOBHOMO
COCTOSIHUA B CTOPOHY aLMA03a, KOTOpbI crnocobeTayeT arpe-
rauum TpOMBOLMTOB, 3PUTPOLMTOB U HApYLUEHWIO TPODMKH
TKaHeM. [TogobHoe obpasoBaHue M HaKoNeHWe 3HAOMEHHbIX
TOKCMYECKUX BELLECTB CO3[AeT MOPOYHBIA KPYr, B KOTOPOM
3HJOTEHHbIE TOKCUHbI ABNSAIOTCA CNEACTBUEM HapyLIEHUS
0bMeHa BeLUeCTB B KNIETKE M B TO e BPEMSA CaMM OKasbl-
BalOT MOBpEXJalollee AEHCTBUE HA KNIETOUHbIE CTPYKTYPHI
n MeTabonmyeckve npouecchl. MlocTynneHne pasHbx 3HAO-
FeHHBIX TOKCUYECKMUX NPOAYKTOB NPUBOAMT K aKTUBALMN CUM-
NaTMKO-aApeHanoBoM CUCTEMbI C NOCNELYIOWMUM BbIbpocoM
[TIOKOKOPTMKOMAOB, KaTeXoiaMWUHOB, LIMTOKWUHOB, CEPOTOHHU-
Ha, rMcTaMMHa W Apyrux b1MoNoOrNYeckn akTUBHBIX BELLECTB.
Mpy 3HAUUTENBHBIX M MPOLOITKUTENBHBIX M3MHECKUX U NCK-
X03MOLMOHANbHBIX Harpy3Kax HapyLueHue GyHKUWIA oOpraHoB
€CTECTBEHHOW [LETOKCUKALMM NPOBOAMT K Pa3BUTMIO UMMYHO-
CYNpPeCCMBHOIO COCTOSHMSA, COMPOBOXAAIOLLEroca UH EKLM-
OHHO-BOCNANUTENbHBIMY, aNIEpPrUYeCcKUMHM, ayTOUMMYHHbI-
MU U apyrMu 3aboneBanuamu. B page pabot no usydenuto
B/MSHMSA Ha CMOPTCMEHOB KOMOMHMPOBaHHOrO npenapara
UutodnasuH® oTMeyanu AOCTOBEPHbIA POCT ajanTauum
K (M3MYeCKOIM Harpy3Ke, TPEHUPOBAHHOCTM OpraHnU3Ma U ero
3HepreTuyeckoro obecnevenus [99, 100], a Takxe Habnoganm
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YNyYLLEHWE MCUXO3MOLMOHANBHOTO COCTOSIHUA CMOPTCMEHOB
1 MHTErpanbHoro noKasartens «crnopTueHoM dopmblx» [101].

3AKJTIOYEHUE

MpencTaBneHHble B HAcTOALLEM 0030pe nuTepaTypbl AaH-
Hble PacKPbIBAOT NATOreHETUYECKW U hapMaKoaMHAMUYECK!
060CHOBaHHbIE HanpaBeHUA NPUMEHEHWS METaboIM4eCKoro
KOppeKTopa 3HEepro3aBUCUMbIX M TUMOKCUYECKUX COCTOSIHUM
UntodnasuHa® npu pas3nuyHbIX NaToNorMyeckux npoLeccax
B LIHC n ceppeuHo-cocyamcTbix 3aboneBanusx. lponeMoH-
CTPMPOBAHO, YTO MPMU ULLEMUYECKUX HApYLUEHWSX MO3r0BOIO
1 KOPOHApHOro KpOBOTOKa 3 (eKTbl Npenapara CKOHLEHTPHU-
POBaHbl Ha 30He MeHYMBpbI (MLLIEMMYECKOI NONYTEHW), B KO-
TOpOiA B ONpeAeneHHble CPOKU COXPaHSIETCS BO3MOMHOCTb
NOAJEPHKAHNA JU3HELEATENBHOCTU KNETOK C MOCNELyOLLNM
YaCTUYHBIM BOCCTAHOBJIEHUEM UX (YHKUMOHANbHON aKTUB-
HocTu. MNpu BHYTPMBEHHOM BBEAEHMM NpenapaTa K MeTabo-
NMYeckon akTueHoctu LiutodnaeuHa® npucoepuuseTcs ero
B/MSIHME Ha 3HLOTENNAbHBIE KITETKU U BOCCTAHOBNEHNE MU-
KPOLMPKYNALMM, YCUNEHWUE KUCTIOPOATPAHCMOPTHON QYHKLIMK
Kposu. Cpeay HOBbIX HaMpaBNeHWI NPUMEHEHUS MperapaTa
NepcneKTUBHBIM ABNAETCA MUcnonb3oBaHue LinTodnaBuHa®
B KOMMIEKCHOW Tepaniv YepenHo-Mo3roBbIX TpaBM, TpaBMa-
TUYECKOr0 LLOKa, 0CTPOro PecnupaTopHOro AMUCCTPecc-CUH-
ApOMa, pasnnyHblx GopMax ToKcudveckux nopamenuin LIHC,
CMHJPOMA NOAMOPraHHON HEe[O0CTaTOYHOCTM, MOCTKOBMAHOM
CUHApOMa.

A0NOSIHATESIbHAS! UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/M CYLLECTBEHHbIA BKNAA
B pa3paboTKy KOHLLENLMM, NPOBEAEHWE UCCNEN0BaHNS M MOATOTOBKY
CTaTbyt, NPOYIN M 0p0bPUIM GUHAMBHYI0 BEpCuio Nepen nybnmnkaum-
eln. Bknap kaxporo aeTopa: AE. KUM — pa3spabotka obLuen KoH-
uenuwn; AE. Knum, EB. Wyctos, B.M. [aHanonbckuin — HanmcaHwe
CTaTbM, aHanM3 JaHHbIX.

KoHdnuKT uHTepecoB. ABTOpPhI AEKIIApPUPYIOT OTCYTCTBIE SIBHbBIX
1 NOTEHUMaNbHbIX KOHGIMKTOB MHTEPECOB, CBA3aHHbIX C NybnmKa-
LMen HacTOALLLEN CTaTbW.

McTouHMK hMHaHCMpoBaHUA. ABTOphI 3asBNISIIOT 00 OTCYTCTBUK
BHELLHero hMHaHCKPOBaHKA NPpY NPOBEAEHWM UCCNeN0BaHMS.
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(apMmakonormyeckas HeMponpoTeKLUus
npu LepebpoBacKynspHOM HeA0CTAaTOMHOCTH:
BO3MOXXHbIE NOAXO0AbI

B.E. HoBukos, E.B. lNoxunoBa

CMONEHCKUM rocynapCTBEHHbIN MeanLMHCKMIA yHuBepcuTeT, CMoneHck, Poccus

AHHOTALMA

lpoaHanu3npoBaHbl faHHbIe IUTEpPaTypbl U pe3ynbTaTbl COBCTBEHHBIX MCCIIEA0BAHUN MO IKCMEPUMEHTANIBHOMY W KNIMHUYe-
CKOMY U3YYeHW0 BO3MOXHOCTEW (hapMaKOorMyecKol HelponpoTeEKLMU MPU MLLEMUYECKUX MOPAXKEHWUSX FOIOBHOMO Mo3ra.
OAHMM U3 CcTpaTerMyecKux HanpaBneHui cneLmduyecKoii hapMarkotepanuu LepebpoBacKynspHOM HefO0CTaTOHHOCTU ABNAETCA
HeliponpoTeKums. Bo3amMoxHbI pasHble Noaxoabl K NpoBeLeHM0 (hapMaKoMor1yecKol HedponpoTEKLIMM C Y4ETOM OCHOBHBIX
naToreHeTUYECKMX NyTen ULEMMYECKOIO Kackada U QU3NONOrMYecKX MexaHU3MoB HelponpoTeKumun. OcHoBHeIe Lenu dap-
MaKONOrMYECKON HEMpOMNpOTEKLIMM MOTYT BbITb AOCTUIHYTHI 2 MyTAMM: BI0Kaf0/ NaTOreHeTUHECKNX 3BEHBEB MLLEMUYECKOID
Kackaga (npexae BCero rnyTaMaTHOW 3KCAMTOTOKCMYHOCTW M OKCMOAHTHOMO CTpecca) W MyTeM MHAYKUMW (U3MONOTNYecKUxX
MpOLIECCOB, ACCOLMMPOBAHHBIX C SBNEHWUAMM HEMPONACTUMHOCTU U HelipoTpoduku. ObcymaatoTcs BONpockl MPUMEHEHHS
pa3nuyHbIX (hapMaKoTepaneBTUHECKUX TPYNM NIEKapCTBEHHbIX CPEACTB B LIENSX NEPBUYHONA M BTOPUYHOW HEMPONPOTEKLIMH.
OnTUManbHbIi BbIHOP NATOrEHETUYECKMX U QU3MONOrMYECKUX MULLIEHEI 1 NPOBELEHMS NEPBUYHON U BTOPUYHOMN (hapMaKo-
NIOTMYECKOI HeponpoTEKLMM NpefcTaBnseT coboii BaXHYH COCTaBNALLYI0 pa3paboTku cTpateruii hapMaKotepanuu uile-
MWYECKMX MOPaXKEeHWN TOfIOBHOTO MO3ra, TaK Kak Mo3BOAseT MocnefoBaTeNibHo MOBbLICUTL YCTOWYMBOCTb KNETOK TOSIOBHOMO
MO3ra K ULLIEMWW/TUMOKCUN U CTUMYNIMPOBATb penapaTMBHO-BOCCTAHOBUTESbHbIE MPOLIECCH B LIEHTPabHON HEPBHOI CUCTEME.
PaumoHanbHo BbibpaHHbIe MyTH U NIeKapCTBEHHbIE CPeACTBa ANs NMPOBELEHUS (hapMaKoNorniecKoii HelponpeTeKLuW onpege-
nsaoT ee 3G EKTUBHOCTb NPY ULLEMUYECKUX MOPaXKEHWSAX MO/I0BHOTO MO3ra.

KnioueBble cnoBa: vwemus rofloBHOMO MO3ra; d)apMaKOﬂOFVI‘-IGCKaFI HeVIpUI’IPOTeKLI,MFI; rnyTaMaTHaA 3KCANUTOTOKCUYHOCTD;
OKCUAAHTHbIN cTpecc.
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Pharmacological neuroprotection in cerebrovascular
insufficiency: Possible approaches

Vasiliy E. Novikov, Elena V. Pozhilova

Smolensk State Medical University, Smolensk, Russia

ABSTRACT

This review analyzed the literature data and results of our research on the experimental and clinical studies of the possibilities
of pharmacological neuroprotection in ischemic brain lesions. Neuroprotection is one of the strategic directions of specific
pharmacotherapy for cerebrovascular insufficiency. Different approaches to pharmacological neuroprotection are possible,
considering the main pathogenetic pathways of the ischemic cascade and physiological mechanisms of neuroprotection.
Pharmacological neuroprotection can be achieved by blocking the pathogenetic links of the ischemic cascade (primarily glutamate
excitotoxicity and oxidant stress) and inducing physiological processes associated with neuroplasticity and neurotrophy. The
issues related to the use of various pharmacotherapeutic groups for primary and secondary neuroprotection are discussed.
The optimal choice of pathogenetic and physiological targets for primary and secondary pharmacological neuroprotection is
an important component in the development of pharmacotherapy strategies for ischemic brain lesions because it consistently
increases the resistance of brain cells to ischemia/hypoxia and stimulates reparative recovery processes in the central nervous
system. Rationally selected pathways and drugs for pharmacological neuroprotection determine their effectiveness in ischemic
brain lesions.

Keywords: cerebral ischemia; pharmacological neuroprotection; glutamate excitotoxicity; oxidant stress.
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HAYYHBIE 0B30PHI

BBEAEHUE

B Mupe peructpumpytotcs BbICOKMe NoKasaTenu 3abonesa-
€MOCTHM, CMepTHOCTU U WHBaNIMAU3aLMM, Bbi3BaHHbIE Liepe-
BpoBacKynapHbLIMM HapyLeHUAMU. [T0CTOSHHO YBENUYMBAETCA
KONIMYECTBO MALMEHTOB C OCTPbIMU HapyLUEHWUAMU MO3r0OBO-
ro Kkposoobpatuenns (OHMK). Mo paHHbIM nuTepatypsl [1],
B Poccuiickon ®efepaumn exerogHo pasBuBaeTCs OKOMO
500 Tbic. HoBbIx cnyyaeB OHMK, ¢ neTanbHOCTLIO B Te4eHMe
rona po 50 %. HepoctatouHoe KpoBocHabeHWe BbI3biBaeT
TUMOKCUIO, YTO KpaliHe OMacHo 1S HEMPOHOB U ApYruX Kile-
TOK FO/IOBHOTO MO3ra, MOXET MPUBECTU K He0bpaTUMbIM Ha-
PYLLEHWAM U rnbenn HelpoHoB. Mpy MiemMum Mo3ra B KIeTKax
Pa3BUBAIOTCA (YHKLUMOHANBHBIE U CTPYKTYPHbIE U3MEHEHNS,
KOTOpble KJIMHUYECKU MPOSIBNIAKTCA Pa3BUTMEM PasfINUHbIX
CMMMTOMOB U 3ab0neBaHuiA LIeHTpanbHOW HEPBHOM CUCTEMBI
(UHC) [2, 3].

B natoreHese WHAYLMPOBAHHbIX WLIEMME/TUNOKCH-
e 3aboneBanuin UHC vMeeT MecTo cro)KHOe coyeTaHue
MHOTMX NaTodU3MONOrMYECKUX M MAaTOXMMUYECKUX peak-
Wi, pa3BMBalOLLMXCA B FOJIOBHOM MO3re B YCNOBUAX Lie-
pebpoBacKynspHon HepocTatoyHocTH [4—7]. Kackagpbl aTux
peakumin 06bIYHO 0603HAYAKT KaK ULIEMUYECKWE KacKafpbl.
Mpu NopaKeHusx ronoBHOTO MO3ra, BbI3BaHHLIX Pasnny-
HbIMU 3TMONOTMYECKUMM (aKTopaMu (TUMOKCUS, ULLEMMS,
TpaBMa, WHTOKCUKaLMs), OTMEYAIOTCA CXOXKMe matonoruye-
CKMe peaKuuu, NPUBOASALLME K HapYLIEHNaM LepebpanbHoii
reMOOMHAMWKM W pa3BUTUI0 HeMpoToKcuyHocTu. [lpocre-
JMBaeTCA onpefiefleHHas NocnefoBaTeNbHOCTb PasBUTUS
NaTenor1yeckmx peakumi MILEeMUYECKOro Kackapaa, uTo no-
3BOMMIIO BbIAENNUTH KITOUEBbIE NaToreHeTUYeCKWe BaKTopsl,
KOTOPbIE BBICTYNAT MPY ULLIEMUYECKOM NOPaXKEHUM MO3ra
MHAYKTOPaMW PasBUTUA AanbHERLMX (GYHKLMOHANbHBIX
W CTPYKTYPHbIX HapyweHui LIHC.

B HacTosilee BpeMs MPUHATO CuuTaTb, YTO OAHUM
U3 CTpaTernyecknx HanpaeneHuin cneunduyecKoin Tepanuu
OHMK sBnsetcs Hevponpotekuys [1]. Cpean BO3MOXKHbIX Me-
TOA0B HEMPONPOTEKUMM Haubonee NOAXOLALIMM M 0BOCHO-
BaHHbIM METO[OM CUMTAETCA 3alLMTa HEMpOHOB OT MLLEMMU-
YECKOro NOpaEHNs € UCMONb30BaHWEM (apMaKoNorU4eCKUxX
cpeacts [8-10]. Bo MHorux HayuHbIx paboTax 3dbdeKTUBHOCTL
(hapMaKo0rMyecKoii HeMpONPOTEKLUN UMEET TEOPETUYHECKOE
060CHOBaHWE U Hay4HO-3KCMEPUMEHTANbHOE MOLTBEPKAE-
Hue. lokasaHo, YTO NeKapCTBEHHblE CPEACTBA Pa3/INYHbIX
(apMaKoTepaneBTUYECKUX TPYNM MPOSBNSAIOT HEpONpoTeK-
TuBHble cBoWcTBa [11-13]. OgHaKo ux NpuMeHeHWe B Kave-
CTBE HEWpOMPOTEKTOPOB B KIMHWYECKOW MPaKTUKe [ANEKo
He BCerfa MoATBEPH/AET Pe3yNnbTaThl SKCNEPUMEHTANbHOTO
U3y4eHWs U He MO3BONSIET JOCTUYL [OJKHOIO TepaneBTUYe-
ckoro addekTa. Bo3MOKHO, pacxoxaeHWe pesynbTaToB JKC-
MEPUMEHTASTBHOTO M KIIMHUYECKOr0 U3Y4eHUs HeMponpoTeK-
TOPHOrO AeNCTBUSA NNEKAPCTBEHHbIX CPEACTB 06 bACHAETCS TeM,
uto 3 heKTMBHOCTL (HapMaKONOrMYecKoi HeMpoNpoTEKLIMK
BO MHOIOM 3aBWCUT OT afIeKBaTHOCTU BblbpaHHbIX NOAX0A0B
K ee NMPOBELEHMI0 U CPELCTB peanu3aLm.
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HeiponpoteKTUBHBIA 3O(EKT MOXKET BbITb JOCTUMHYT He-
CKONbKMMM NyTaMU. Hanpumep, nyteM bnokagbl natonoruye-
CKUX peaKuLMil MLLEMMYECKOro Kackaga (apMaKonorniecku-
MW cpefcTBamMu. Hambonee 3HauMMbIMM MOTEHUMANbHLIMU
MaToreHeTMYECKUMI MULLEHAIMU AN (apMaKonormieckoro
BO3AEWCTBMA NMPU MLLEMWAM MO3ra SIBNAKOTCA CTPYKTYPHbIE
¥ QyHKUMOHANBHbIE KOMMOHEHTbI [JTyTaMaTHON 3KCAUTOTOKCHY-
HOCTW 1 OKCMAAHTHOrO CTpecca. 3TW MPOLIECChl MLLEMUYECKOTD
KacKafa BbICTYMalT WHAYKTOpaMM mocnenytolmx natodu-
3MOMOTMYECKMX U3MEHEHWUIA B CTPYKTypax Mo3ra W passuTus
HeiipoToKcnuHocTK [14, 15]. B nocnennme rogpl ans ycnewuHomn
He/pOMpOTEKLMM PEKOMEHJYeTCs 3afeMCcTBOBaTb MeXaHW3-
Mbl 3HOOTEHHOM ((M3NONOrMYecKon) apanTauuu HeMpoHOB
K WULWEMUM/TUNOKCUM MyTEM aKTMBALMM MPOLLECCOB Hempo-
MNACTU4HOCTU U HelipoTpoduku [16—18]. DapMakonoruyeckas
perynauus npoLeccoB HEMpOTPOPUKU M HEMPOMNIACTUYHOCTH
MO3BONSET YCKOPUTL afianTaLyio HEMPOHOB K (YHKLMOHWpO-
BaHMIO B YCNOBUSX LiepebpoBacKyNspHON HEAOCTATOYHOCTU.

TakuM 06pa3oM, Ansa nposefeHUs (apMaKonor1yecKou
HEMPONPOTEKLMM NPY ULLEMMYECKUX NOPAXKEHMSAX FOIOBHOTO
Mo3ra NpefIoXeHbl pa3Hble NOAX0Ab!, Nepuofsl U bonbLuoe
KONMYECTBO JIEKAPCTBEHHBIX CPEACTB C HEMPOMNpPOTEKTOPHOM
aKTUBHOCTBHO. Llenn HerMponpoTeKuMn MeHsTCA B AUHaMU-
Ke MLLIeMMYECKOro npoLecca, YTo HeobXoAMMO YuuUTHIBATH
npu BbIDOpe CPEACTB U MyTel hapMaKoTepaniv B pasfinyHble
NEpPUOALI ULLIEMUYECKOTO NOPaXKEHWs FOJI0BHOMO MO3ra.

Lleste pabomel — apMaKoTepaneBTUYECKUIA aHaNN3 BO3-
MOXHBIX MOAXOLOB K NMPOBEAEHUIO NEPBUYHON U BTOPUYHOM
(hapMaKoIorMyeckon HemponpoTeEKLMM C YYETOM OCHOBHbIX
naToreHeTUYECKMX NyTeN ULIEMMYECKOO MOPaXeHUs Mo3ra
1 OU3NONOrUYECKUX MEXaHU3MOB HEipONpPOTEKLMM.

CTPATEMMYECKUE LLENU
®APMAKOJIOTMYECKOK
HEWPOMPOTEKLIMM

B dapMakotepanuu LepebpoBacKynsapHoi HegocTaTou-
HocTu, ocobeHHo OHMK, BbigensioT 6asncHyto Tepanuio, Ha-
NpaBNeHHY0 Ha NOAAEPHaHNE HU3HEHHO BaXHbIX BYHKLMNA
opraHu3Ma, M natoreHeTudeckyt. Llenb natoreHeTMYecKoi
Tepanuvm — noAaBNeHne UHAYLMPOBAHHbIX ULLIEMUEI/TUMOK-
cuen natoGuanonormieckux peakumin. IMeHHo natoreHeTu-
yecKas Tepanus Npu3BaHa 3alMUTUTb HEMPOHBI OT MOBPEX-
AeHus, obecneuntb X BbKMBaHWE U (YHKLMOHUPOBaHME,
T. €. 0Ka3aTb He/ponpoTeKTUBHOE AelicTBUe. B cBA3M € 3TUM
naTtoreHeTUyeckas (apMaKoTepanus OCTPOr0 HapyLleHus
MO3roBOro KpoBOOOpaLLeHUs B MepBble AHU 3a00neBaHus
JOMKHA ObITb MHTEHCUBHOW WM PEKOMEHJYETCA HauMHaThL ee
KaK MOJHO paHblUe (B nepsble 3—-6 u). ALeKBaTHas U cBoe-
BPEMEHHO HauaTas naToreHeTWdeckas dapMakoTepanus
ULWIEMMM MO3ra BHOCUT HaubonblUnMi BKNAA B HEMPOMNpPOTEK-
TUBHBIN 3Q(EKT BCEX NPOBOAMMBIX TePaneBTUYECKUX Mepo-
NPUATUIA, TaK Kak MO3BONSET OrpaHUuMTb 30HY MHGbApKTa,
YMEHbLUUTb (YHKUMOHAMbHbIE HApYLUEHUS HEMpOHOB BOKPYT
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ULIEMMYECKOrO AfPa, TEM CaMbIM CMOCOBCTBYS NOBLILUEHMID
ux BblxMBaeMoctu [9, 19-21].

B KauectBe OCHOBHbIX NaTOreHeTUYECKUX MMULLEHEN
ANs peanu3aumm 3 deKTa HeponpoTEKTUBHbBIX NpenapaToB
paccMaTpuBaloTCA pasNMuHble 3BeHbS ULIEMUMYECKOIO KacKa-
[a: rNyTaMaTHas 3KCaWTOTOKCUYHOCTb, MOHHBIN AucbanaHc
BCNeACTBIME MacCHBHOO NPUTOKA B HEMPOHbI MOHOB KanbLus,
cB060AHbIE paAMKanbl U NPOLYKTI CBOOOAHO-PaMKabHOO
okucnenms (CPO), aktmBaums Kacnas u pp. [22-25]. cxops
U3 3TOr0, L1 JOCTUIKEHUS HEeMpOonpoTeKTMBHOMO 3ddeKTa
NPeanpUHUMAIOTCA MOMBITKM NPUMEHEHUS NIEKAPCTBEHHBIX
CPeACTB pasfMuHbIX GapMaKoTepaneBTUYECKMX rpynn: aHTa-
FOHMCTBI OCHOBHOTO BO30YXAaloLlero HelpoMeauaropa rmy-
TaMaTa KOHKYPEHTHOTO W HEKOHKYPEHTHOTO TUMa AeicTBuS,
aroHucTbl TAMK, 6nokaTopbl KanbLMeBbIX U HATPUEBbIX KaHa-
OB, @aHTUOKCUAAHTHbIE Npenapatbl, NPeaLecTBEHHUKY hoc-
donunuao., bnokatopel NO-onocpesoBaHHOMO CUrHaNBHOMO
nyT 1 MHorue apyrue [7, 26, 27].

OcHOBHOM Lienbto GpapMaKoorM4ecKoi HeiponpoTeKLIMmu
npu LepebpoBacKynapHO/A HeJocTaTouHoOCTH sBnseTcs obe-
CrMeYeHMe BbIXKMBAEMOCTU HEMPOHOB B MUMOKCUYECKUX YCI10-
BusAX. [lnsa apMaKonoryecKoi 3awuTbl KIETOK rofI0BHOMO
MO3ra 0T MLLEMWUYECKOr0 MOBPEXAEHUSA NpeanarakTcs che-
LyHOLLME NOAXOAbI:

— bnokapa natoduU3MONOrMYECKUX peakLMi uUlemuye-

CKOro KacKaga;
— CHWXEHWe aKTUBHOCTM MeTabonm3Ma B 30He ULLeMUK;
— aKTMBauwmsa GW3NONOrMYeCcKMX MeXaH3MOB He/ponpo-
TEKLMM.

Brokaga vHoyUMPOBaHHBIX MeMuen natodusuonoru-
YECKWX peaKLui, Ha Hawl B3rMAL, JoMkHa ObiTb npuopuTeT-
HOM, TaK KaK HanpaenieHa Ha KOHKPETHbIE NaToreHeTUYeCKue

Val. 15 (1) 2024
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MWLLIEHW, MO3BONSET YMEHbLUIMTL MMOeNb HelipoHOB B OYare
ULIEMWW U CHU3UTb anonTo3 KIIETOK B 30He NeHyMbpbl. Takas
cTpaTerusi hapMaKonorMyecKom HemponpoTeKLMM Npesnona-
raeT CHUMeHue Bbibpoca rmyTaMarta v ero Bo3byparoLero
BO3/€MCTBUSA Ha MOHOTPOMHbIE [TyTaMaTHbIe peLenTopbl, yaa-
neHue v bnokagy obpa3oBaHus cBOOOAHBIX PafMKanoB KUC-
nopofia, YMeHbLUEHWE BTOPUYHOW BOCMAUTENBHOW peaKumm
1 apyrux Hapywenun [28-31]. OgHuM 13 GyHAAMEHTaNbHbBIX
(aKTopoB, TpebytoLmx 0653aTeNbHOT0 YCTPaHEHUS NpU ULLe-
MWYECKOM MOpaKeHun Mosra, sBnseTcs runokeus [32-35].

JIddeKTnBHOCTb cTpaTeru GapMaKoIorM4ecKomn 3aLLmThl
KJETOK F0JIOBHOMO M03ra NyTeM CHUMKEHWS aKTUBHOCTU MeTabo-
NM3Ma B 30He MLIeMUM BecbMa AncKyTabenbHa [8, 36]. U3sect-
HO, YTO CHUMEHWe MeTabonMYecKon aKTUBHOCTU KIIETOK MOBbI-
LLIAET UX TONIEPAHTHOCTb K ULLIEMUM/TUNOKCUK. [py NpUMEHEHUN
CPeLCTB NS HapKo3a, bapbutypatoB, beH30AMa3eNUHOB aK-
TUBHOCTb MeTaboNMYecKMx NPOLIECCOB B HEMPOHAX CHUMAETCS,
1 3T0, BEPOAITHO, UrPaeT onpezenieHHyIo0 posib B HEponpoTeK-
TMBHOM 3(deKTe 3TUX pynn JieKapCTBEHHbIX cpencTs [9, 28].

MEPWUO/bl ®APMAKO/I0MUYECKON
HENPONPOTEKLIUM

Mpu MHOroobpasum dhakTopos, onpeaensiowmx 3GdeKTms-
HOCTb apMaKoIorMyeCKoii HEMPONpOTEKLMM NpU LiepebpoBa-
CKYNSIPHOI HeA0CTaTOYHOCTH M TPEOYIOLLIMX BHUMaHMSA NPU Bbl-
bope cpencTB papMaKoTepanum, Cneayet yuuUTbIBaTh, Npexae
BCero, BpeMeHHoM dakTop. [pyrumu cnoBamu, OT BPEMEHM,
MpOLLe/LLEro C MOMEHTA NaTofor4ecKoro Bo3aencTBUA 3TUO-
nornyeckoro dakTopa (MeMms, TUMOoKCKs, TpaBMa), 3aBUCUT
BbIOOp NoAXofa K NPOBEAEHWIO HEMPOMPOTEKLMM W CPEACTB

Tabnuua 1. Meproabl hapMaKonornyecKon HeMpoMPOTEKLMM NPUULLEMIM FONIOBHOTO MO3rau MPOLeCCh, TpebyioLLMe KOpPeKLMM B 3TU IEPUOAbI
Table 1. Pharmacological neuroprotection periods in cerebral ischemia and processes requiring correction during these periods

Mepuoabl . .
. NepBuyHas HeviponpoTeKkums BropuyHas HerponpoTteKkums
HeuponpoTeKLu
Mpouecchl, CHVXKeHWe ryTaMaTHOM 3KCAUTOTOKCUYHOCTM -
perynupyembie YcTpaHeH e MOHHOro avcbanaHca B HeilpoHax -

MpY NepBUYHON

BoccraHoBneHune 6anaHca HEVIPOMe)J,VIaTOPHbIX cucreM -

U BTOpUYHO# ap-
MaKO/I0r14eCKOVA

BoccraHosneHne dJYHKLI,VIOHaJ'IbHOVI adKTUBHOCTU MOHHbIX KaHa/l0B

HeliponpoTeKLmK

YcTpaHeHne MUTOXOHAPUANbHOI AUCHYHKLNM

CHuKeHve obpasoBaHWsa cBoBoAHbIX pafuKanoB kuciopoga, npogyktos CPO u 101

Perynauus aKTMBHOCTM He/pOHabHO W MHAYLMOeNbHOM cuHTasbl NO

BoccTaHoBnEeHVe LiepebpanbHoi MUKPOLMPKYNALMM

Bnokapa 0bpa3oBaHWs NpoBOCMANUTENBHBIX LIUTOKM-
HOB, 3HA0NEPEKNUCEN, KUHWHOB

BoccrtaHoBneHue HEleOMETBBOHMHeCKMX npoueccos

AKTVBaLMS HeMpPOTPOGUYECKUX NPOLIECCOB

YcTpaHeHure 3HA0TENMaNbHOIA AUCHYHKLMM

BoccTaHoBneHWe MMMyHHoro 6anaHca

pumeqarue: CPO — cBobopgHO-paamkanbHoe okucnenus; M0JT — nepekucHoe okucnenue nunupaos; NO — okeup, asoTa.
Note: SRO — free-radical oxidation; POL — lipid peroxidation; NO — nitric oxide.
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ee (apmakonoruyeckoro obecrieyeHus. C 3101 TOUKK 3peHus
(apMaKooryecKylo HeMponpoTeKLMIo MOXHO NpeAcTaBUTb
AByMS nepuofamu (3ranamu, BULaMu) — nepBuYHas 1 BTO-
pU4Has HerponpoteKumsa (tabn. 1). s Kaxporo nepuoaa
MMeeTCA CBOM BbIBOP MaTOreHETUHECKUX M (DM3MONOTMHECKUX
MULLEHEW, MO3BONAKLIMX BO3AEHCTBOBATb Ha KOHKPETHbIE
NaToioruyeckne peakumm unm GU3nonormyeckue npoLecchl
C MOMOLLbH0 HEMPOMNPOTEKTOPHBLIX CpeacTB. Pag, natogpusuono-
TMYECKUX MPOLIECCOB ULLIEMMYECKOIO Kackaa Tpebyert dapMa-
KONIOrM4ecKoM KoppeKumn B 0ba nepuoaa HeiponpoTeKLMH.

Llenb nepBnyHOM HerponpoTekuun — 6rokaza bbICTpbIX
MeXaHWU3MOB MOpPaXKeHUs HeMpPOHOB, UHLYLMPOBAHHBIX 3TU-
0/10rMYeckUM (aKTopoM, W HopManusauus banaHca Hewpo-
MeMaTopHbIX cucTeM. MepBUYHas HelponpoTeKLMs Npeano-
naraeT NpeXfe BCEro NpepbiBaHWe FyTaMaT-KaibLMeBoro
KacKafa, a TakKe Apyrux naTonoruyeckmx MexaHu3MoB, UH-
LYLIMPOBaHHbIX MLLEMMEN W OXBATbIBAIOLLMX CIOXHbIE DMOXU-
MUYECKME NPOLIECCHI KNETKM, YBENMUMBAIOLLMX TSKECTb Nep-
BMYHOTO MOBPEX/EHWSA, BbI3bIBAIOLLMX AUCHYHKLMIO U rMbenb
HelipoHoB. [epBUYHYI0 HEPOMPOTEKLIMIO HAYMHALOT C NEPBbIX
MWUHYT WLIEMUM U Haubonee aKTUBHO MPOBOASAT B MepPBbIE
12 u. B pe3ynbTate CBOEBPEMEHHOIO M KOMMNEKCHOrO 6510-
KMpOBaHMs NaToM3MONOrMYecKMX peaKUMin ULIEMUYECKOTO
KacKafia YMeHbLLAOTCA HelipoHanbHble notepu. Mpu ocTpoM
ULIEMMYECKOM MOpaXKEHWUM Mo3ra Nof00HbIN BUA, HEMponpo-
TEKUWW NpefoTBpaLLaeT rbenb HEMPOHOB B 30HE NMeHYMOpLI
(BOKpYr MLwEMMYECKOrO AApa), TAE CYLLEeCTBYET yrpo3a rube-
TN KNETOK, HO MX eLue MoxHo cnactu [19, 37]. 3tot nepuog,
(apMaKonor1yecKoi HemponpoTeEKUMM NpU3BaH HUBEAMpO-
BaTb 3QMEeKTbl pasINyHbIX 3BEHbEB ULLIEMMYECKOIO Kackaza,
YTO CYMTAETCA OJHUM W3 BaXKHEMLLMX HANPaBMEHWI B JIEYEHUN
ULIEMMYECKOTO MHCYNbTa. [ina peanu3aumm Lenv nepeuYHoi
HEeWpONPOTEKLMM Bbinn NpeanoxeHbl aHTaroHUcTbl NMDA-
peLienTopoB. B ycnoBusx 3KcnepuMeHTanbHbIX MCCefoBaHMil
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OHW OKa3bIBaJIn BbIPaXKEHHbI HEUPONPOTEKTUBHBIN 3P DEKT,
MOBbILLA/IN BbIXKMBAEMOCTb HEMPOHOB B 30HE WULIEMUYECKOM
nonyTeHu. MonoxutenbHbli 3deKT Obin 0TMEYEH Npu NpU-
MeHEHUN HEKOHKYpeHTHbIX aHTaroHucToB NMDA-peuenTopos
(npenapatbl MarHus). BMecTe ¢ TeM B KIIMHUYECKWX YCNOBUSIX
MpU JIeYEHUN ULLEMUYECKOTO MHCYNbTA MoAaensiollee 6onb-
LUMHCTBO NPUMEHSIEMBIX HEMPONPOTEKTOPHBIX Npenapartos
nopobHoro MexaHW3Ma AeHCTBUS He MPOLEMOHCTPMPOBANo
ybenutensHon 3GHEKTUBHOCTM B 3TOT NEPUOL, HEMPONpPOTEK-
umm [21, 37, 38].

BropuuHas HeliponpoTeKums HanpasreHa Ha npepblBaHme
OTCPOYEHHBIX MEXaHM3MOB MOpaXKeHMs KIIETOK Mo3ra, KoTo-
pble hOpMUPYIOTCS B AMHAMUKE ULIEMUYECKOIO NMOPAXEHUS.
Peanusyetca oHa nyTeM yrHeTeHWsi U3BLITOYHOrO CMHTE3a
NO, bnoKaabl pasBuTUS OKCMEATMBHOTO CTpecca U JIoKajb-
HOro BOCMaNieHus!, YCTPAHEHUA HapYLLEHUA MUKPOLMPKYNS-
UMM 1 yHKUMKM reMatosHuedanuyeckoro bapbepa, BoccTa-
HOB/EHWUA TPOPUUECKOH QYHKLUMM U UMMyHHOro HanaHca.
BTOpWYHYl0 HelponpoTEKLUMI0 PEKOMEHAYETCA HauuHaTb
yepe3 6-12 4 nocne OHMK u npogomkaTb He MeHee 7 AHEN.
B kayecTBe hapMaKonoruyeckux cpeacts AN BTOPUYHOM
HEeMpONPOTEKLMN UCMONb3YHTCA aHTMOKCUAAHTBI U aHT-
TMUMNOKCAHTbI, aHTarOHUCTbI MPOBOCMANIUTENBHBIX LIUTOKWUHOB
1 MOMEKYIT KNETOYHOM afire3vu, HeipoTpoQUHbI M perynsTop-
Hble HerponenTuabl [3, 39, 40].

MYTU GAPMAKOJIOTMYECKOW
HEWPOMPOTEKLIUM

Ecnm BpeMeHHOW (aKTop no3BonseT AenuTb (apMa-
KOJIOrMYeCcKylo HeMpomnpoTeKUMIO Ha MNEepBUYHYK W BTO-
PUUYHYIO, TO C TOYKW 3pEHMS MeXaHu3Ma ee peanusauuu ee
MOXHO AoCTWYb 2 nytamu (Tabn. 2). Mepsblit — 6nokaga

Ta6nuua 2. Mytv hapMaKonoruyeckoi HelmponpoTeKLMM U MeXaHU3MbI X peanusaLum
Table 2. Pharmacological neuroprotection and mechanisms of its implementation

OcHoBHble NyTH (hapMaKonoruyecKon
HeWponpoTeKLMU

Bnokaga natodusuonoruyeckux peakuui,
MHAYLMPOBaHHbIX MLLeMuel

CTuMynsauma MexaHu3MoB (pu3nMoN0ru4ecKon
HeWponpoTeKLMU

MexaHn3Mbl peanusaumm

bnoKaga BHECMHANTUYECKMX MOHOTPOMHbBIX

peLenTopoB ryTamata

PGFYHHLI,VIFI aKTUBHOCTWU MOHHbIX KaHaoB

CHuxeHne 0bpa3oBaHmMsA CBOBOAHLIX paau-
KanoB Kucnopoaa, npoayktos CPO u MOJ

bnokapna nHayumbenbHoi cuHTassbl NO,

CHuxkeHve BbIGpoca ryTaMara

BoccTaHoBneH1e MeTabonuyeckux npoLeccoB
B HEMpOHax

AkTnBaLMA HelpoTpOdUUECKMX NpOLIeCCOB

BoccraHoBneHne banaHca HelMpoMeanaTopHbIX
CUCTEM

BoccTaHoBneHune banaHca I'IpOOKCVI}J,aHTHbIX/
AHTUOKCUAAHTHbIX CUCTEM

(DapMaKonoruyecKoe NpeKoHAULMOHUPOBaHMe

npoBoCnanunTesibHbIX LUTOKUHOB, 3HA0MNe-

pEKMCGﬁ, KWHWHOB

YcTpaHeHWe HapyLLeHuii LiepebpanbHoil

YcTpaHeHure 3HA0TENMANbHOIA AUMCHYHKLMM

MUKPOLMPKYNALMK 1 GyHKumm 36

lpumeyarue: CPO — cBobopHo-pagmkanbHoe okucnenus; N0JT — nepekvcHoe okucnenne nununos; NO — okcup asora; 36 — rematosHue-

tannyeckuii bapbep.

Note: SRO — free-radical oxidation; LPO — lipid peroxidation; NO — nitric oxide; BBB, blood-brain barrier.
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naTo13noNorMIecKUX peakLmid, MHAYLIMPOBAHHbIX MLLEMUE
W Pa3BMBAIOLLMXCS B AMHAMUKE MLLEMUM (MLIEMMYECKUX Ka-
CKapoB). 3T0T NyTb NpUEMSIEM AN NEPBUYHON WU BTOPUHHOM
HeWponpoTeKumn. BTopon nyTb — aKTMBaUMA MexaHus-
MOB eCTeCTBEHHOW HeliponpoTeKuun (dhuU3nonoruyecKoi)
W ycUneHue penapaTuBHbIX npoeccos. OH bonblue noaxoaut
ANS BTOPUYHOW HEMPONPOTEKLMW U NpeanonaraeT UCMoNb30-
BaHWe NpenapaToB HeipoTpoduyeckux haKTopoB, perynarop-
HbIX NEeNTULOB M APYruX CPELCTB, CMOCOOHBIX aKTUBMPOBAThL
HeMpoTpodMyecKue W HOPManM30BaTb HelipoMeanaTopHble
npoueccel B Mo3re. CBoeBpeMeHHas cTUMynsaumsa ¢usuono-
TMYECKMX MEXaHU3MOB HEMpOMIacTUYHOCTY U HEMPOTPODUKH
BELET K CTPYKTYPHOI M (YHKLMOHANBHON He/popenapaumm,
uTo ABNAETCA 3a710rOM OLICTPON M YCMELLUHON KIIMHUYECKOM
peabunuTaumm nocne nepeHeceHHbIX UILEeMUYECKUX (TMMOK-
CMYECKUX, TPaBMATMYECKUX) MOPaXKEHWN rOIOBHOMO MO3ra
[41-44].

TakuM 0bpa3oM, hapMaKoNoOrM4ecKylo HeMpONpPOTEKLMIO
(MepBMYHYK0 1 BTOPUYHYIO) MOXHO peanu3oBaTb 2 NyTAMM:
Bnokupys natodmsnonorieckue Kackagpl, passuBaloLLmecs
B YC/IOBUSX WLLEMUM, N CTUMYNMPYS duM3nonornyeckne Me-
XaHW3Mbl HerponpoTeKuuu. Matodusnonorus UweMmn Mos-
ra Nno3BOSIAET BbIAENUTL JOBOSIBHO MHOMO KIHOYEBbLIX TOUEK
(MULLEHEN) ana peanu3aLmm 3TUX NyTeil hapMaKonor1yecKo
HelponpoTeKumn. HanpuMep, ons bnokagsl WULWEMUYECKNX
KacKafloB MOryT ObiTb MpefioeHbl HelpOnpOTEKTOpPLI CO
CcredylLWwmMu MexaHu3MamMn AeicTBus:

- aHTaroHucTbl peuentopoB NMDA;

— MOJYNATOpbl KaNbLMEBbIX KaHamOB;

- MOJYNATOpbl HAaTPUEBbIX KaHAJOB;

— aroHWCTbI PeLLenTopoB raMMa-aMUHOMACISHOW KUCTOTbI;

— @HTUOKCUAAHTbI M AHTUMUMOKCAHTH;

— KOPPEKTOPbl MUTOXOHAPUANLHON ANCHYHKLNW;

— @HTaroHMCTbI MOJIEKYN afresuu;

— uHrubuTopbl cuHTesa NO, npoBocnanuTeNbHbIX LMTO-

KVHOB, 3HA0MEPEKNUCEN, KUHUHOB W Apyrye.
[Insa ctumynaumum dbusmonorniecknx MexaHu3mMoB Helpo-
MPOTEKLMM MOTYT BbITb PeKOMEH/0BaHbI:
- Heunpotpoduyeckue haKTopbl W BellecTBa NofobHOro
LeicTBuS;

— HOOTPOMNHbIE CPeaCTBa;

— CpeAcTBa, noTeHuMpylowme 3GQeKT NPeKOHANLMOHM-
POBaHuUS.

HelipopecTpyKTuBHbIE MpoLiecCbl B MO3re, Bbi3BaHHbIE
WULLIEMMEN, TECHO CBA3aHbI C UIMMYHHOI CMCTEMOIA OpraHu3ma
[45]. NoToMy B nepuoa BTOPMYHOW HEMPONPOTEKLMK 4N1s NO-
BbILLEHUA 3P DEKTUBHOCTU hapMaKoTepanuu 1 BOCCTaHOBe-
HUA PYHKUMOHanbHOM aktueHocTh LIHC Heobxoaumo cuctem-
HOe BO3JEMCTBME C Y4ETOM MMMYHHOTO CTaTyca.

3AKJIKYEHUE

Mpyn LepebpoBacKyNApHOI HEAOCTATOYHOCTH (OPMUPY-
TCA HECKONIbKO KacKajoB NaTouM3Moiornyeckux peaxLmi,
CMoCo6HbIX BbI3bIBaTb (YHKUMOHAJbHBIE U CTPYKTypHble

Val. 15 (1) 2024

Psychopharmacology and biological narcology

M3MEHEeHUs B HelipoHax M NpUBOAMTb K MMOBEnM KNeTok.
[lns HuX xapaKTepHa pa3Has mocnefoBaTeNlbHOCTb pas-
BUTUS W BbIPAXKEHHOCTb B JMHAMMUKE ULUEMUYECKOro npo-
Liecca, YTo MMeeT BaHOe 3HaueHue Ans Belbopa pexuma
(dapMakoTepanun. 3ddeKTuBHas (apMaKonormyeckas
HeMponpoTeKUMA NpeanonaraeT BbIOOp paLMOHaNbHOM KOM-
OMHaLUUM NeKapCcTBEHHbIX CPEACTB U OMpeLeneHHoN nocne-
[0BaTENIbHOCTM MPUMEHEHWUS MPenapaTtoB, LeHCTBYIOLLMX
Ha Pa3/MyYHbIE 3BEHBA CIIOXHOM Lieny NaTopmanonormieckmx
cobbITUiA N0 Mepe 3BONIOLMM NOBPEXAEHNUA MO3ra (nepBuYy-
Has u BTOpuyHasa Heviponpotekuus). Mpu OHMK Hanbonee
BaXXHbIM U3 HUX cuuTaeTca bopbba ¢ NposBNEHUAMM TUMOK-
CUM, TNYTaMaTHON 3KCAWTOTOKCUYHOCTU U OKUCIIUTENBHOTO
cTpecca.

C yyeToM MOMNEKYNAPHO-KNETOYHbIX B3aUMOLENCTBUIA
B MaToreHe3e WLIEMUYECKOr0 MOPaXEHUA U 3HOOMEHHbIX
MeXaHW3MOB HeMponpoTeKUMM YcnelwHas dapMaKkonoru-
YecKas 3allMTa HeWMpOHOB M JpYrUX KNeToK Mo3ra [OMmKHa
BKJ/I0YaTb [Ba NyTu: BN0Kagy MHULMMPOBaHHBIX NOBpeXaa-
fowmM akTopoM naTodM3NONIOrMYECcKNX KacKadoB (3Kcau-
TOTOKCMYHOCTb, MOHHBINA AncbanaHc, OKMCIUTENbHBIN CTpecC,
MUTOXOHAPUANbHAA AMCHYHKLMA W Op.) U aKTUBaLMK0 3HAO-
reHHbIX MEXaHM3MOB afianTaumu (CUHTE3 HEMPOTPOPUUECKUX
(aKTopoB, 3Kcnpeccus HENKOB, NOALEPHUBAIOLLMX BbIKU-
BaHWe HelipoHoB W Ap.). HelipoTpoduyeckue daktopbl U Ux
aHanorn OKasbiBaloT BO3AENCTBME KaK Ha NaToNorMyeckuii
KacKaf NOBpeXAeHUs, TaK U Ha NPOLeCChl BOCCTAHOB/EHMS
B NOCNEAYIOLLEM.

Ina pocTveHus TpebyeMbix TepaneBTUYECKUX Lienei
npu npoBefeHuM (apMaKoNorMYecKoi HeMponpoTeKLMM
B YCNIOBUSIX LiepebpOBacKynspHoOi HeAOCTaTOYHOCTU Heob-
XOOMM afieKBaTHbIA BbIOOpP NaTOreHeTUYecKUX W ¢m3snono-
TMYECKUX MULLEHE Ans hapMaKonorMyecKoro Bo3LencTBuS,
ONTUManbHO MofobpaHHbIE KOMOWHALMKM NeKapCTBEHHBIX
CPeACTB M MOC/eA0BaTeNbHOCTb MX HasHauyeHUs B nepuo-
Obl MEepPBUMYHON U BTOPUYHOW HerponpoTekumn. Papma-
KONornyeckas HelponpoTeKumMs, NpOBOAMMAs C Y4YeToM
3Tux dakTopoB, fBNAeTcA 3anoroM ee 3hQEKTMBHOCTU
Kak npu OHMK, TaK 1 npu xpoHudyeckon LepebpoBacKynsp-
HOM He0CTaToO4YHOCTW M NO3BOJSIAET Peann3oBaTh CTpaTeruio
3awmtel LHC npu vweMUyeckux nopaeHusx rofoBHOMO
Mo3ra.

AOMO/THUTENNbHASA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHECNM CYLLECTBEHHbIA BKNAA
B pa3paboTKy KOHLENLMM, NPOBEAEHWE UCCNEA0BaHNA M MOATOTOBKY
CTaTbM, MPOYIV M 0A0HPUNIM BDUHAMBHYIO BEPCUIO Nepea NybnmKaumen.
Bknan Kaxmoro asTopa: B.E. HoBnkoB — pa3pabotka obiuei KoH-
uenumu; B.E. Hosukos, E.B. lMoxwnnoBa — HanucaHue ctathk, aHa-
N3 IaHHbIX.

KoHdbnuKT uHTepecoB. ABTOPHI AEKIIAPUPYIOT OTCYTCTBYE SBHbBIX
1 NOTEHLMaNbHbIX KOHQIMKTOB MHTEPECOB, CBA3aHHbIX C NybnmKa-
LMeN HaCTOALLEN CTaTbK.

WcTouHnK huHaHCMpoBaHUA. ABTOpEI 3asBNIAIIOT 06 OTCYTCTBIM
BHELLHEro hMHaHCVPOBaHKA NPY NPOBEAEHWM UCCNENO0BaAHMS.
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3pUTPONOITUH KaK aHTUrUNOKCUYECKUNA LIUTOKUH
A.B. Jllobumos, [1.1l. buikoBa, A.C. Tapaxtees, E.B. MBuenko, C.B. Edumos

BoeHHo-MeauumHcKan akapemus uM. C.M. Kuposa, CaHkT-leTepbypr, Poccus

AHHOTALIMA

CraTbs NOCBALLEHA NOTEHLMANBHOM BO3MOXKHOCTM LUMPOKOMO UCMONb30BaHMS 3pUTPONO3TUHA — OCHOBHOMO aHTUTMMOKCHYe-
CKOr0 LIMTOKMHA, NPOAYLMPYEMOTO KIIETKaMK NMOYEYHON NapeHXWMbI, @ TaKXKe BO3MOXHBIM OCTIOXHEHUSAM, CBA3aHHbLIM C €ro
npyUMeHeHUeM. IpUTPONO3TUH NPeaCTaBNSAeT Cob0M [MMKONPOTEMHOBIN reTepoAMMEp, OAHOM U3 IMABHBIX GyHKLMEN KOTOpOro
ABNSAETCA perynauns obpasosaHus U AuddepeHUMpPOBKY KNETOK 3pUTPOMAHOIO PocTKa U GOopMMpoBaHUe NepBUYHON du3no-
JIOrMYECKO PeaKkuMn Ha TUMoKCUIo. B cTaTbe cyMMMpOBaHbI OCHOBHbIE 3 dEKTbI AAHHOTO LMTOKMHA, OCBELLEHbI OCHOBHbIE
TOYKM NPUIOXKEHNSA TOPMOHA, MEXaHWU3MbI PETYALMM COLEPXKAHWUA U ero NpUMeHeHUe B MEAMLIMHE B KaYeCTBe eCTECTBEHHOTO
dapMakonornyeckoro arexTa B MeToe hapMaKonorM4eckoro NpeKoHAMLMOHMPOBaHMS. TakxKe aBTopbl 00paLLaloT BHUMaHKe
Ha BO3PacTaloLLYy0 Posib MMMOKCUM — OJHOO U3 Haubosiee ONacHbIX TUMOBbIX NATONOTMYECKUX MPOLLECCoB, B HOPMUPOBaHUM
JKMU3HEYrPOXKaIoLLMX COCTOSIHMIA OpraHU3Ma, KOTOpbIiA, OAHAKO, HaLLes CBoe NpUMeHeHWe B MeaMLMHE, B YaCTHOCTMU B KauecTse
du3mnonornyeckoro arexta npu 6opbbe ¢ cocyancTbiMu 3aboneBaHuUsMM, MpUoBPeTaloLLMMK KoNoccanbHoe 3HauYeH e B Halle
BpeMms.

KnioueBble cnoBa: rMNoKcus; 3puTPONo3THH; hapMaKonorieckoe NpeKOHAULMOHUPOBAHUE; IPUTPOLIUTLI; TUMOKCUA-UHAY-
unpyembin daktop 1.

Kak uutuposatb
Jliobumos A.B., bbikosa [1.[1., Tapaxtees A.C., MBuenko E.B., Edumos C.B. 3pnTponoatH Kak aHTUrMnoKcnyeckui LmTokuH // Mcvxodapmakonorusa v buo-
noruyeckas Haponorwvs. 2024. T. 15, N2 1. C. 33-39. DOI: https://doi.org/10.17816/phbn624233

Pykonucb nonyyena: 06.12.2023 Pykonucb opobpeHa: 16.01.2024 Ony6nukoBaHa: 14.03.2024
&5
3KO®BEKTOP CraTba noctynHa no nuuerain CC BY-NC-ND 40 International

© 3Ko-Bexrop, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.runc-nd/4.0/deed.ru
https://doi.org/10.17816/phbn624233
https://doi.org/10.17816/phbn624233

34

REVIEW Val. 15 (1) 2024 Psychopharmacology and biological narcology

DOI: https://doi.org/10.17816/phbn624233
Review Article

Erythropoietin as antihypoxic cytokine
Andrei V. Lyubimov, Diana D. Bykova, Anton S. Tarakhteev, Evgeniy V. lvchenko, Semen V. Efimov

Kirov Military Medical Academy, Saint Perersburg, Russia

ABSTRACT

This study analyzed the potential for the widespread use of erythropoietin, the main antihypoxic cytokine produced by renal
parenchyma cells, and possible complications associated with its use. Erythropoietin is a glycoprotein heterodimer whose
main function is the regulation of the formation and differentiation of erythroid germ cells and formation of the primary
physiological response to hypoxia. The main effects of this cytokine are summarized, and the main points of application of the
hormone, mechanisms of content regulation, and its use in medicine as a natural pharmacological agent in pharmacological
preconditioning are highlighted. Attention is also drawn to the increasing role of hypoxia — one of the most dangerous typical
pathological processes in the formation of life-threatening conditions, which has found its use in medicine, particularly as a
physiological agent in combating vascular diseases, which are gaining enormous importance in our time.
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BBEAEHUE

[Jeduunt Kucnopoga sensetcs dyHOAMEHTOM Ans pas-
BMTWS| MHOTMX MaToNIOrUid Npyu pasHoobpasHbix 3abosieBaHUsAX
W KpUTUYECKUX cocTosHMAX. Kak npaBuno, KUcnopoaHas He-
LOCTaTO4HOCTb CITYMWUT OCHOBHBIM NaTOreHeTUYECKUM 3Be-
HOM WLLEMMYECKOr0 NoBpexaeHnsa cepaua [1-3], ronosHoro
MO3ra, KONINanTOMAHBIX W LIOKOBBIX COCTOSIHMIA. Mo AaHHBIM
BceMupHoi opraHusaumm 3apasooxpaHenus (B03), ¢ 2000 r.
uMCno CyyaeB CMepTH OT CepAeYHO-COCYAMCTbIX 3aboneBa-
HWK Bo3pocno bonee YeM Ha 2 MiH 1 B 2019 1. gocTurno nout
9 mnH. Ha monio bonesHen cepaua cerogHs npuxogutes 16 %
BCex CiyyaeB cMepTH B Mupe (aaHHble BO3) [4, 5]. Takke pe-
1UMT K1Copoa ABNSETCA KIlOYEBbIM KOMMOHEHTOM pa3Bi-
TS NONMOPraHHON HeA0CTaTOYHOCTH, MHOMUX MHAEKLMOHHBIX
1 HEMHEKLMOHHBIX 3ab0NeBaHWIA.

lMnokeus (2pey. hypo — nog, Huxe, siam. oxy ot Oxy-
genium — KWUCNOpPOA) NpeacTaBnsieT coboit TMMoBOI nato-
NOTWUYECKUIA NPOLIECC, XapaKTepU3YIOLWMACA HEAOCTATOYHbIM

| TkaHeBas rMCTOTOKCUYECKas |

*
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CHabKeHWeM TKaHEeW OpraHM3Ma KWUCNOPOLOM WUAW CHUKEH-
HOW €ro YTUAM3aumei B OKUCIMTENbHO-BOCCTAHOBUTENBHBIX
peakumsx opraHu3mMa. OHaKo rMMNOKCUA MOKeT paccMaTpu-
BaTbCA HE TONbKO KaK NaTofornyeckoe siBneHue: B pusnono-
TMYECKMX MpoLieccax, B YaCTHOCTW MPU MHTEHCUMBHOM pabote
CKeNIETHOM MYCKyNaTypbl, B FO/I0BHOM MO3re Npy Ype3MepHOid
YMCTBEHHOM HarpysKe pa3BuBaeTcs ObiTb runokeus [6].

06wwenpuHaTas Knaccudukaumsa runokeum (puc. 1-3)
OCHOBBIBAETCS Ha PasfiNiMn B MPOMCXOXAEHUN, NaToreHese,
CTENEHU TSIKECTM M PacnpoCTPaHEHHOCTH, a TaKXKe CKOPOCTM
ee pa3sutua [7].

KAPOWOMPOTEKLMA: NPOrUMNOKCAHTbI
WA AHTUTUNOKCAHTBI?

HECMOTpFI Ha CBOK «NaTOJIOrM4YHOCTb», TaKoe fAB-
JleHne, KaK TIWNOKCMA, Hawio CcBoe nNpuUMeHeHKue
B MeAnUnHe, B HaCTHOCTU B KayecCTBe CI)VI3VI‘-IECKOI'O d)aKTopa

| CMeLuaHHas |

f

I-(naccmbuxauuﬂ TMNOKCUX MO NnaToreHesy

— v

v T

Puc. 1. Knaccudmkaums runokcuu no natoreHesy
Fig. 1. Classification of hypoxia according to the pathogenesis
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Puc. 2. Knaccudmkaums runoKeuy no ckopocTy passuTuA (TedeHus)
Fig. 2. Classification of hypoxia according to the speed of development
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Puc. 3. Knaccuduraums runokcum no cteneHu TaxecTu
Fig. 3. Classification of hypoxia according to the degree of severity
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B NPEKOHAMLMOHWMPOBaHMM. B LienoM npeKoHAMLMOHMpPOBa-
HWe npencTaBnseT coboil npeABapuTeNibHOE BO3AEUCTBUE
Ha opraHu3M QakTopamm yMepeHHON WHTEHCMBHOCTM, NpHU-
BOASLLEE K MOBBLILIEHUI0 €r0 afanTauMOHHbIX BO3MOXK-
HocTel. be3ycnoBHLIM yCnoBUMEM NPEKOHAULMOHWUPOBAHMS
ABNAETCS MMEHHO €ro HenoBpeXaalollee AelicTBUe, Onpe-
penseMoe nvMbo NoAnoporoBoM [03MPOBKOW NaTOreHHOro
(akTopa, nmbo ero akcnosuumeir. KnioueBblM MexaHU3MoM
[aHHOM METOAMKM ABNAETCA aKTMBALUMA 3HAOTEHHBbIX 3a-
LLUMTHBIX MPOLLECCOB, HaMpaBieHHbIX HA MUHUMKU3ALMIO NO-
BPEEHWIA, B ClTy4ae BO3HUKHOBEHWS NOCNEAYLMX Hera-
TUBHbIX BO3JENACTBUIA HONbLUei MHTEHCUBHOCTM. OTMevatoT
[Ba OCHOBHbIX HanpaB/ieHWsi MPEKOHAMLMOHUPOBAHMS:
HeMe[JMKaMeHTO3Hoe — C NMPUMEHEHUEM (BM3NYECKUX DaK-
TOPOB YMEPEHHO MHTEHCUBHOCTM (TUMOKCKS, TEMMNEpaTypHbIii
CTpecc) M MefMKaMEHTO3HOe, WK hapMaKosoruyeckoe, —
C NpuMeHeHneM (hapMaKOoNIOrMYeCKUX areHToB — MWHrans-
LIMOHHbIX aHEeCTETUKOB, aHTUOMOTUKOB, OMWMOMAOB, a TaKKe
areHTOB 3HAOrEHHOro UM BaKTepuUanbHOro MPOUCXOXAEHUS:
nunononvucaxapuapl, AeepoKcaMmuH, TPOMOUH, CTeponaHble
FOPMOHbI, 3PUTPONO3THH 1 ap. [8].

Jputponoatud (EPO) npeacrtaBnseT coboi rmuKonpoTe-
WH, MoneKynsipHas Macca Kotoporo gocturaet 30 400 panb-
TOH, NpuyeM 40 % npuxoauTcs Ha YrNeBOLI, TaKXKe coaep-
#uT fo 14 % cuanosbix kucnot. B 1990 r. B uccnepoBaHusx
Bero N no Bo3peicTBuio xnopuaa KobanbTa Ha NoyeyHyo
napeHxuMy 6bi1o BbISBNEHO 2 TMNa (aKTOpOB, CBA3bIBA-
owmxca ¢ 5'-dnaHKkvpylowen 061acTblo KOAUPYHOLLEro
3pUTPONO3TUH reHa. TakKe uccnepoBaHbl 4 Buaa PHK, B3a-
uMonencTeytowmx ¢ reHom EPQ. MgeHTndunumposaHo 3 ane-
MEHTa PErynauMM reHa: NO3UTUBHBIA 3NEMEHT, Heobxoau-
MbII L1 MHAYKLWW €ro 3KCMPeccUn B NeYEHM, HEraTUBHbIN
3/IEMEHT, a TaKXKe PerynaTopHblii aNeMeHT, TpebytoLiminca
ANs nHoyumbenbHoii akcnpeccun reHa EPO B noykax [9].
Y 3popoBoro YenoBeka KoHueHTpauus EPO B cbiBopoTke
KpoBu cocTaBnset 5-25 MME/Mn. OcHoBHbIMM NpoayLeH-
Tamu EPO B 3aMbpuoHanbHOM nepuofe SBAAKOTCS KIETKU
neyeHu, B NOCTHaTallbHOM — NepuTybynspHble UHTEPCTU-
uManbHble GubpobnacTbl Kopbl U TY6YNspHbE KNETKW Mo-
ueKk. EPO cuHTe3supyeTcs B OTBET Ha CHUXEHME KUCOPOAA
B K/ETKaX, 3T0 MPOMCXOAMT 3a CYET aKTUBALMM YyBCTBU-
TesbHbIX K KUCNIOPOAY NPOAWArMAPOKCIUNA3, KOTOPbIe TPaHC-
aKTUBMPYIOT aKTUBHbIA MHIMBUTOP TPAHCKPUNLMKM BefKoBOiA
TUNOKCUW — TUNOKCHA-UHAYLMpyeMbin daktop 1 (HIF-1)
[10, 1].

HIF-1 npeacrtaenset coboit reTepoamMMep, KOTOpbIW CoO-
CTOMT M3 ABYX cyobeanuuy, — anbda (HIF-1a uam HIF-2a)
u beta (HIF-1P). Mpu oTCYTCTBUAM FMNOKCUMM (HanMuMK KuC-
nopopa) anbda-cydbbeauHuLa paspyiaeTca. JKCNepUMeH-
TanbHbIM NyTeM obHapyxeHo, yto HIF-1a akcnpeccupyetcs
B DOONbLUEA CTeNeHU 3NUTENUANbHBIMU KNETKaMM MOYeK,
a HIF-2a — ¢ubpobnactamn 1 3HAOTENMANBHBIMU KiETKa-
mu [12, 13].

EPO nuweH HepBHOW U rymMopanbHoi perynauun [14].
OcHoBHas QYHKUMS [AHHOMO LWTOKMHA 3aKJiloyaeTcs
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B perynsuum obpasoBaHus 3pUTPOLIMTOB B OpraHM3Me Mo-
cpencteoM perynauum cuHtesa [HK v PHK, nenenum kne-
TOK U obpa3oBaHuM remMornobuHa, TaKxe OH ydacTByeT
B (OPMMPOBaHUM NEPBUYHON (HU3NOIOTMYECKON peaKLuu
Ha TMMOKCWIO, 04HAK0 0CHOBHas 3afiaya EPO — KoHTponb
nponudepauny u auddepeHLMpOBKU KITETOK 3pUTPOULHOID
POCTKa, NpMU 3TOM 3HAUUTENbHO boNee BbipaKeHHoe BAMS-
HMEe LMTOKMH OKa3blBaeT Ha KNETKWU-NPEeALIECTBEHHULbI
U MeHee BbIpaXEHHOE — Ha MopdoNnornyeckn uaeHTudu-
uupyeMble (Npo3puTpobnacTbl M HOPMOBNACTI ), HE OKa3bl-
Bas BAMAHUA Ha 3pesible KNETKU BBUAY OTCYTCTBMSA HA HUX
peuentopoB K EPO. [lpyrumM mMexaHW3MOM perynauuu apu-
TpougHoro pocta U AnbOepeHUMpOBKUN 3PUTPOULHBIX
NpefLIecTBEHHUKOB ABNSETCA NofasneHne ux daroumrosa
MaKpodaramu.

OcHoBHOM MexaHu3M perynaumu yposHa EPO B nnas-
Me KpoBM — BO3PacTatoLLWi YPOBEHb YMCA IPUTPOLIUTOB.
NmeeTca obpaTHas cBA3b MeXAY COAEPIKAHWEM FeMOrNO-
6uHa u yposHem EPO B nna3me kposu [15]. Mpu runok-
cun unn nocne KposonoTepu ypoeeHb EPO BospacTaet
B 100-1000 pas.

lMockonbKy MMeHHO NoYeyHas TKaHb OTBEYaeT 3a CWH-
Te3 EPQ, ero MoHO paccMaTpuBaTh Kak MapKep MoYeyHom
natonoruu. [aHHbli eHOMeH Oblil M3y4yeH B KJIMHMYE-
CKOM MCCNEAOBaHMM C NaLMeHTaMu, CTPajaloLMMKM Xpo-
Huyeckor BonesHblo noyek (XBI). B uccnemosaHumn bbino
[0Ka3aHo noBbileHWe ypoeHa EPO B cootBetcTBMM CO
ctaguein XBl, 4To CBUAETENLCTBYET O BOBIEYEHHOCTH UC-
CNefyeMoro LMTOKMHA B BbISIBIEHUM MLLEMUU MOYEYHON
TKaHu [16].

MOTEHLMUAN KNIMHUYECKOIO
UCMO0/Ib30BAHUA
3PUTPOMO3TUHA

JxcnepumeHTanbHO bbino AokasaHo, yto EPO BbicTynaet
B pOnM MpOoTWUBOBOCMANUTENbLHOMO MopynsaTopa. Mpu uccne-
[0BaHUM KpbIC C AWMNaTaLMOHHONA Kapauomuonatuen bbino
BbISIB/IEHO, YTO BBELEHME UM ME3EHXMMAIbHbIX CTBOSIOBbIX
KNeToK ¢ TpaHcheumpoBaHHbIM reHoM EPO nopaensno Boc-
nasneHWe 3a cyeT CHWKeHus benka P38 u auMepHoro npo-
TemHa NF-kB [15], a npoTMBoBOCTanUTENbHbINA 3QMEKT Y 3Ku-
BOTHbIX C MOBPEXAEHHLIMWA 0XOrOM HepBaMu 00yCOBMEH
MOAABIEHUEM AKTUBHOCTU MUKPOIIMM, 3KCNPECCUU CUHTa3bl
okeupa asora (iINOS) u umknookcureHasel-2 (COX-2) B cnuh-
HoM Mozre [17].

CeoiictBa EPO Kak TKaHe3alUMTHOro M aHTMaNoONTOTU-
YECKOr0 FOPMOHA HaLM NPUMEHEHWe B 3aliuTe opra-
HOB LieHTpanbHoi U nepudepnyecKoil HepBHOW CUCTEMBI,
4TO B CBOI0 0Yepefb ObIO pacCMOTPEHO B UCCNEA0BAHUAX
Ha benbix Kpbicax, Koraa npuMmeHenue EPO B cyMMapHoi
pose 15 000 E/l/kr (Bec XMBOTHOrO BapbUpOBa B CPEAHEM
ot 250 po 300 r) B 3KCMepUMEHTaNbHON ULLEMUW CMIMH-
HOr0 Mo3ra NpUBOLOWNIO K BOCCTaHOBNEHUIO NpPUBLIYHON
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NoBefeHYECKON aKTUBHOCTU CMYCTA HECKONbKO CYTOK, 3T0
AOCTUTanoch YBESMYEHNEM KONMYECTBA HOPMAaSbHbIX Heil-
POHOB, KPOBEHOCHBIX COCYLOB U FUaNbHbIX KNETOK, CHU-
JKEHWEeM NpeaCTaBUTeNbCTBA HEPBHbIX KNIETOK C XpOMaToIU-
30M U KJETOK TKaHeW; CeT4aTK1, MUOKApLa, Erkux, noyex,
noJKenynoyHol xenesbl, neveHu. Kpome Toro, peuentopsl
K EPO 6binn 0BHapyxeHbl Ha KJeTKaX AMYHWUKOB, MaTKM,
[MafKOMbILLEYHbIX BOJIOKHAX CTEHKM COCYLOB, B3auMMO-
pevictene EPO c peuenTopamMu B 3TUX OpraHax 3amyckaeT
pad MeTabonnyecKux peakLUmi, TaKMX Kak aHrMoreHes, Mo-
Ounu3auma BHYTPUKNETOYHOTO Kanbumsa, mutoreHes [19].
HekoTopble 13 npeAcTaBneHHbIX KIIETOK CNOCOOHBI K caMo-
crosaTenbHoMy cuHTesy EPOa [20, 21].

Takum obpasoM, KpoMe perynaumn aputponoasa EPO
MMeeT MHOXKEeCTBO NNeHoTponHbiX 3¢ dekToB. OfHaKo Han-
Dosee nepcneKTMBHOM B OTHOLLEHUM MPUMEHEHUS B Meau-
LMHe SIBNAETCA ero aHTUrMnoKcuyeckas GyHKUMSA, B YacT-
HOCTH, 3KCMEPUMEHTAJIbHO 0Ka3aHo, YTo NpeaBapuTesibHOe
BeeseHune EPO B go3e 5000 E 3a 30 MuH mo Mogenmpo-
BaHUS QOKaNbHOM MILEMUM 3HAQUUTESIBHO YMEHbLLANO pas-
Mepbl o04ara MHMapKTa y 3KCMepuMeHTasbHbIX KpbiC [22].
Kpome Toro, BBEAEHWE [aHHOMO LMTOKMHA MNpU TpaHC-
NNaHTaLuum MobKUNM30BaHHbIX reMOMO3TUYECKUX CTBOIOBLIX
KNETOK KPOBM 3HAUMTENbHO CHUXANo CepAeyHyl HeaocTa-
TOYHOCTb Npu MHbapKTe Muokapga [23], uto pocturanoch
MOMUMO aKTUBALMM 3PUTPONO33a MOBLILIEHUEM CKOPOCTH
nponudepaumm n anddepeHUMpOBKM IHA0TENMANBHBIX KO-
JIOHWA CTUMYTIMPYIOLLMX KIIETOK, 3TO TaKKe CTUMYNUPOBano
yBEe/IMYEHWE MIIOCTHOCTU KanunnsapoB Npy aKCnepUMeHTanb-
HOWM WLWEeMUW KoHeyHocTel [24]. PaccMoTpeHHbI npumep
AaeMoHcTpupyet cnocobHocte EPO npepotBpalwiath ump-
KYNATOPHYI0 rMnokcuio. PekoMbuHaHTHbIM EPO oKasbiBaet
LMTONPOTEKTUBHOE AEWACTBUE MOCPELCTBOM BO3LEHCTBUA
Ha ATQ-3aBUCUMblE KanueBble KaHanbl, AaHHblA 3ddeKT
paccMaTpuBaeTCs B 3KCMepuMeHTe C BenbiMM Kpbicami,
noABepriuMM1Cca OnepaTMBHLIM BMeLUaTeNbCTBaM, a No3g-
Hee MOJENMPOBaHUI0 Ha KOHEYHOCTU W30JIMPOBAHHOIO
KOXKHOTO JIOCKYTa Ha MuTalLlei Hoxke. TakuM obpasoM,
npeAnonaraeTcs BO3MOXHOCTb MCMO/b30BaHUs (apMaKo-
NOrUYeCKOro MPeKoHAMLMOHUPOBaHUSA ¢ BBeaeHueM EPO
ANS NpefoTBPaALLEHUS NPOSABIEHUIA LMPKYNATOPHOR Tu-
MOKCUW KaK CNeACTBUE OMepaTUBHBLIX BMELLATENLCTB B XU-
PYpryeckon mpaktuke [25]. 3TM onbITbl AEMOHCTPUPYIOT
OrPOMHbIN NOTEHLMaN NPUMEHEHUs UCCefyeMOro ropMoHa
ANs NpeaynpexaeHus YrpoXKaloLLmUX XKU3HU TMMOKCUYECKUX
COCTOSIHMI B HEPBHOW, CEpAEYHO-COCYANCTON, AbIXaTeNbHON
cuctemax. Kpome Ttoro, EPO sBnseTcs pa3speLLeHHbIM npe-
MapaToM W ero UCNoJb30BaHUE He CBA3aHO C TEXHUYECKUMH
1 3Tudeckumu npobnemamu. MNpumenenne EPO B KauectBe
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npenapara, NOBbILIAKLEr0 ajanTalUyMoHHbIE BO3MOXHOCTH
OpraHW3Ma B eCTECTBEHHbIX UM UCKYCCTBEHHBIX TUMOKCUYe-
CKMX YCNOBMAX, NpU NMOBbILUEHHBLIX GU3UYECKUX HarpysKax,
B MOCNeonepauyroHHOM Nepruoje C Lienbio NpesynpexaeHus
ULWIEMWNYECKUX MPOLECCOB B TKAHAX HOCUT OUCKYCCUOHHBIN
XapaKTep 1 TpebyeT agpecHbIX TPaHCNAUMOHHBIX UCCNeo-
BaHuit. OgHako ucnonb3oBanne EPO conpsikeHo ¢ panom
HeXenaTeNbHbIX ANS OpraHU3Ma peaKuuid, B 4YacTHOCTH,
MOBbLILLEHME YPOBHSA WUCCIEAYEMOr0 rOPMOHa B KpOBM yBe-
NIM4MBaeT ee BA3KOCTb B CBA3W C BO3PACTaHWEM KONMYECTBa
npeobnagatoLmx GopMeHHbIX 31EMEHTOB — 3PUTPOLMTOB,
4yTo ABNAETCA NpeanocbiKoM K 06pa3oBaHMi0 TpoMboB
1 pa3suTuio TpoMbo3ambonuin. Takke HeOBXOAMMO NOMHUTBL
0 KOCBEHHOM HEraTMBHOM Ba30MpeccopHoM 3ddekTe.
Crpatervs npuMeHeHWs [JaHHOTO ropMoHa fonxHa basupo-
BaTbCA Ha banaHce ero NONOXMUTENbHBIX M OTPULIATENBHBIX
3addeKToB.

A0NOSIHATESIbHAS UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/M CYLLECTBEHHbIA BKNAL
B Pa3paboTKy KOHLIENLMW, NpoBeaeHNEe UCCNe0BaHWSA 1 NOAroTOB-
Ky CTaTbK, NPOYSM M 0nobpunu drHanbHyio Bepcuio nepen nybnmka-
umen. Bknap kaxaoro asTopa: A.B. JTtobrMoB — pa3pabotka 06LLen
KoHuenuuu; A.B. Jliobumos, .. Brikosa, A.C. TapaxTees, E.B. MB-
yeHko, C.B. EGMMoB — HanmcaHuWe cTaTby, aHanm3 AaHHbIX.

KoHdpnuKkT uHTepecoB. ABTOpbI [EKNapupyloT OTCYTCTBUE
ABHbIX M MOTEHLUMaNbHbIX KOH(QIMKTOB WMHTEPECOB, CBA3aHHbIX
€ NybAMKaLMen HacTosLLER CTaTby.

WUcTouHuK duHaHcUpoBaHUA. ABTOPLI 3aABNAT 00 OTCYT-
CTBMM BHELLHero GUHAHCMPOBaHMSA NpW NPOBEAEHUM UCCNeno-
BaHus.
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AxBapuyMHble pblbKK K TeMnepaTypHas
HenpodapMakonorus. 06HoBneHue

AJ1. Ypakos'?, EJI. ®uwep?, A.A. Jlebenes®, .1 LLabaHos®

! WuctutyT Tepmonorun, Mxesck, Poccus;
2 YxeBCKuUiA roCyapCTBEHHbIN MeAMLIMHCKWIA yHuBepcuTeT, Vikesck, Poccus;
3 WHCTUTYT 3KCTiepMeHTanbHOI MeauumHbl, CankT-MeTepbypr, Poccus

AHHOTALMA

B koHue XX B. B Poccum Bbinm HavaTbl MCCeaoBaHWA TeMMepaTypHO 3aBUCUMOCTU cneumduyeckor GapMaKonormyecKomn
aKTUBHOCTM aHTUMUMOKCAHTOB M HEKOTOPbIX HEMPOTPOMHBIX JIEKAPCTBEHHBIX CPEACTB MPU HOPMO- W FUMOTEPMUN Pa3fIUUHbIX
Bronornyecknx 06bEKTOB B 3KCMEPUMEHTANbHBIX U KMHUYeckux ycnosusx. B Hauane XXI B. 6bina paspaboraHa opuruHans-
Haa bronoruyeckas Moaenib OCTPO MMMOKCUM aKBapUYMHBIX pbiboK. 3T0 Aano BO3MOXHOCTb U3Y4KUTb YCTOWHYMBOCTb PhbibOK
K TMMOKCUM, OCYLLECTBUTb CKPUHUHT BUONMOrMYECKN aKTMBHBIX BELLECTB M OLEHWUTb aKTUBHOCTb aHTUIMMOKCAHTOB NpW HOp-
MO- 1 runoTepmmu. epBble pesynbTaTbl UCMOb30BaHWSA 3TOM MOAENM NO3BONUAM 3aKJOUYMTb, YTO AMHAMUKA ABUraTeflbHOM
aKTUBHOCTM pPbIBOK B YCNOBWSAX OCTPOM TMMOKCUM aHANOrM4Ha AMHAMUKE ABUraTeslbHOW aKTMBHOCTU MOLA BHYTPU MaTKy
MpW OUarHOCTUYECKON BHYTPUYTPOBHOW rMMNOKCUM, CO3JaBaeMoil 40OPOBOSbHBIM anHo3 y 6epeMeHHOI XeHLUMHBI. bbino ycTa-
HOB/EHO, YTO MPOAOIKUTENBHOCTb NEPUOAA HEMOABMKHOMO COCTOSHWA PbIBOK M NNOLOB NPX TMMOKCMM NPAMO NPOMOpLMO-
HanbHa BENMYMHE UX YCTOMYMBOCTYU K runoKcumn. CHUXKEHME B YCNOBUSX OCTPOM TMMOKCMM TeMnepaTypbl BOAbI C NaBaloLLMMm
B Helt pbibkamu Ha 10 °C yBenmumBaeT NpofoMKUTENBHOCTb NEPUOAA HEMOABUIKHOTO COCTOSHMA PbIBOK M nepuopa coxpa-
HEHWA WX u3HecnocobHocTu bonee yeM B 2 pasa, a NpeABapUTeNbHOE BBEJEHWE B BOLY MEpeKucH BOAOpPofa B TepaneB-
TUYECKOW [103e B COYETaHUW C TUMNOTEPMMEN YBENIMUMBAET COOTBETCTBYIOLLME Nepuoabl B 4 pa3a. Takxe bbino 0bHapyxeHo,
YTO TaKMe HelpoTPOrHble NIEKAPCTBEHHbIE CPELCTBA, KaK CMUPT 3TWOBLINA, MECTHbIE U 0BLUME QHECTETUKM, MONMHOCTLIO UC-
K/KoyatoT 601eBoi CUHAPOM, Pa3BUBAIOLLMIACSA NPU JIOKaNbHOW rMnoTepMun B HopMe. KpoMe 3atoro, Bbio nokasaHo, 4to ony-
CKaHMe Ha 2 MWH B BOJY C TAlOLLMM JIbIOM KUCTEN PYK JIOLEN, HaXOAALWMXCA B COCTOSHUM anKOroibHOMO OMbSIHEHUS /UK
XMPYPru4ecKoro HapKo3a, UCKIIoYaeT NOSB/IEHUE B KUCTAX YyBCTBA B0M M yCKOPSET pasBUTME B KOKE KUCTEl NocrieaytoLLen
rMnepeMuu B 2 pasa no CPaBHEHMIO C HOPMOH.

KnioueBble cnoBa: buonornyeckas Mofenb; rMMNoKCus; TeMnepartypa; runoTtepMmna; aHTUrMNoKCaHTbl; HOOTPOMbI; aganTauns;
nepeKncb Boaopoaa.
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ABSTRACT

At the end of the 20th century in Russia, research on temperature dependence of specific pharmacological activity of
antihypoxants and some neurotropic drugs under normo- and hypothermia of various biological objects in experimental and
clinical conditions was started. At the beginning of the 21st century, an original biological model of acute hypoxia in aquarium
fish was developed. This model made it possible to start the study of fish resistance to hypoxia, screen hiologically active
substances, and evaluate the activity of antihypoxants under normo- and hypothermia. The initial results of using this model
allowed us to conclude that the dynamics of motor activity of fish under acute hypoxic conditions are similar to that of motor
activity of fetuses inside the uterus under diagnostic intrauterine hypoxia created by voluntary apnea in a pregnant woman.
The period of immobility of fish and fetuses under hypoxia was directly proportional to the value of their resistance to hypoxia.
The reduction in conditions of acute hypoxic water temperature with floating fish in it at 10°C lengthens the duration of the
immobile state of fish and preservation of their viability more than two times, and the preliminary introduction of hydrogen
peroxide in the water in therapeutic dose along with hypothermia lengthens the corresponding periods by four times. Neurotropic
drugs such as ethyl alcohol and local and general anesthetics will completely eliminate the pain syndrome that develops during
local hypothermia in healthy patients. In addition, immersing the hands of people under alcohol intoxication and/or surgical
anesthesia in water with melting ice for 2 min alleviates pain in the hands and accelerates the development of subsequent
hyperemia in the skin of the hands by two times compared with the norm.

Keywords: biological model; hypoxia; temperature; hypothermia; antihypoxants; nootropics; adaptation; hydrogen peroxide.
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BBEAEHUE

B HacTosiwee Bpems oblienpuHATbIE MpeAcTaBneHns
0 CUCTEMHBIX W NOKaNbHbIX MeXaHW3Max afjanTauuu Yeno-
BEKA K 3KCTPeMasnbHbIM COCTOSHUAM W WX JIEKApPCTBEHHO
KOPPEKLMM OrpaHNuMBAIOTCA 3HAYEHUAMM QYHKLMOHAMBHOI
aKTMBHOCTM OpraHOB U TKaHeW, NPOSBNAIOLLMMUCA B rPaHu-
Liax ianasoHa «HOpMabHOI» TeEMNepaTypbl Tefa 340poBOro
B3pocnoro Yenoseka [1-3]. Mpu 3T0M HopManbHOM TeMnepa-
TYpoiA Tena 3400poBbIX Nofen B Bo3pacte 40 neT n Monoxe
cunTaetca TeMnepatypa okono 37 + 0,5 °C, T. e. B AnanasoHe
36,5-375 °C (97,7-995 °F) [4, 5].

Onupasicb Ha yKasaHHble NpeACTaB/ieHUs 0 TeMnepaType
Tena NN 3KCMepUMEHTaNbHbIE UCCNefoBaHWA B 0bna-
CTU m3nonorum 1 hapMaKonoruu npoBOAATCA B OCHOBHOM
Ha TEMMOKPOBHBIX, HO HE HA MOWKMNOTEPMHbIX MMBOTHBIX.
JnpepcTBo No KONMYECTBY KUBOTHBIX, UCNONb3YeMbIX B B1o-
MEOMUMHCKUX WCCNENOBaHMAX, 3aHUMAKOT MbILUM, KpbICh
n Kkponuky [6—11]. Coobluaetcs, yto okono 95 % Takux uc-
CnefoBaHWi Bbio NpoBeAEHO Ha Kpbicax W Mblwax. OfHaKo
He rpbI3yHbl, @ cobaku, CBUHBM M 06e3bsHbI 06aaaloT CBON-
CTBaMM, LenaloliyMu UX He3aMeHUMbIMU NS UCCNefoBa-
HWa bonesHen YenoBeka U GapMaKoNOrMUeCKoi aKTUBHOCTH
nekapcts [12—14]. TeM He MeHee YMCNO 3TUX KUBOTHBLIX CO-
cTaBuno MeHee 1% OT BCeX TEMOKPOBHBIX MMBOTHBIX, MC-
Mofb30BaHHbIX B BUOMeMUMHCKUX uccneoBaHusx [15-17].

CnepoBatenbHO, Hay4HbIM 060CHOBaHWEM Bbibopa rpbi-
3YHOB ANS MeAMK0-61OoNorMyecknx UCCiesoBaHui C LEMbo
MOJeNMpoBaHusa 6onesHeln YenoBeKa U U3Y4YeHUs OeicTBuS
NeKapCTB SBNIAETCA TEMMNEPaTypHbIl rOMeocTas KMBOTHBIX,
MOXOXWW Ha TEMNEepaTYpHbIN roMeocTas 3[0poBOro B3pocCiio-
ro Yyenoseka. [py 3TOM UrHOpUpYETCA KapavHaMNbHOe OTSIUYME
aHaTtoMuu, dm3nonorum, Maccel Tena, obpasa KusHu, cpea-
Hel MPOJOCIIKUTENBHOCTM KM3HK, @ TaKKe BonesHen 3tux
IPbI3YHOB OT COOTBETCTBYIOLLIMX XapaKTepUCTUK fiofei. bonee
TOro, B KOHUe XX B. OTAENbHbIE BUAbI MPbI3YHOB Bbinn crieum-
anbHoO BbIBEAEHbI [ MOAENMPOBaHUS HeKOTopbIX bonesHeld
yenoBeKka. OfHaKo MpoaoMKaeT yManumBatbcA TOT (aKT,
YTO OCHOBHblE MeIUKO-BMoNornyecKkme XxapakTepUCTUKN 3TUX
JKMBOTHBIX OT/IMYAKTCS OT COOTBETCTBYIOLLMX XapaKTEPUCTUK
B3pocnbix nogen B 10 n bonee pas. Hanpumep, Mbium bone-
10T HECKOJ/TbKO [iHeM W XuBYT 1-3 roa, Toraa Kak npoAosKU-
TeNbHOCTb 60Ne3Hel y N0 MOXKET COCTaBAATL HECKONbKO
Hefenb, MecsALEB U JieT, a CpPefHAs MPOAOMKUTENBHOCTb
¥U3HK Ntofen npesbicuna 70 neT; Macca B3pOCNbIX MblLLEl
cocTaenset B cpegHeM 20-25 r, Torga Kak Macca cpefHe-
cTaTMcTMYecKoro naumeHta — okono 70 Kr [18—-20]. VHbiMu
C/I0BaMM, MeJIKUe TpbI3yHbl 3aHANW IAEPCTBO B buoMenu-
LMHCKUX MCCNEA0BaHNAX LaNeKo He MO CXOACTBY OCHOBHbIX
aHaTOMO-(YHKLMOHANBHBIX M afanTaUMOHHbIX XapaKTepu-
CTUK MX OpraHW3Ma C aHasIorMyHbIMM XapaKTepUCTUKaMM op-
raHu3Ma niofei B HopMe U npu bonesHsx.

C npyron CTOpOHbI, 3HaYeHWs peanbHOW TeMmnepaTtypbl
MHOTMX YacTen Tenla YenoBeKa HEPedKO BbIXOASAT 33 pPaMKM
TeMnepaTypHOM HopMbl. HTobbl yoeauTbes B 3TOM, 4OCTAaTOYHO
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BCMOMHMUTb, C OAHOW CTOPOHbI, O TYpPeuKoi OaHe xamaM
1 a3po3onisx ANA MHranauui, TeMneparypa BAbIXaeMbix na-
poB (a3po3oneii) B KOTopbIXx MOXeT Aocturath 55 °C [21, 22],
a C [pyron CTOpOHbI, O MOrPYKEHUW Tena YenoBeKa B Jieas-
HYl0 BOAY W BbIXO[le YEsI0BEKa roflbiIM Ha MOpO3 Mpu TeMmne-
patype Bo3ayxa Huke 0 °C. lpu atom TeMnepatypa cpegbl
B3aMMOJENCTBUS ABNSAETCS BaXHENLMM HaKTOPOM XMMUYe-
CKMX W BUOXMMUYECKMX PeaKLuid, iexaluux B 0CHOBE MeTa-
bonm3Ma TKaHel W UX peakummn Ha aencteme nekapcrs [3]. Co-
o6bLianock, 4To B caMoM 06LLeM BUAE BAUSHUE TEMNEPATYpbI
Ha CKOPOCTb TEYEHWUS| XMMUYECKMX PEaKLMA, MHTEHCUBHOCTb
06MEHHBIX MPOLLECCOB, a TakKe (apMaKOKMHETUKY U papMa-
KOLMHAMUKY JIeKapCTBEHHBIX CPELCTB ONUCbIBAETCA 3aKOHOM
Appenuyca [23-25]. CyTb 3Toro 3aKoHa 00bIMHO UANKOCTPUPY-
eTcs CNefylLmMM NpaBUnoM: CKOPOCTU BCEX 3IEMEHTapHbIX
peaKuuii YBENMUMBAIOTCA B 2—4 pa3a Npu NOBLILLEHNUN TeM-
nepatypbl B3aumopeiicTytowmx cpes Ha 10 °C. MostoMy uc-
cnefoBaHve GpapMaKoOKUHETUKU U hapMaKoaMHAMUKY NeKap-
CTBEHHbIX CPEACTB He AO0/MKHO OrpaHMYMBaTLCA TeMMepaTypoii
TKaHeit U NIeKapCTB To/bKO B Anana3soHe ot 36,5 no 375 °C.
MockonbKy AoMycTMMOE paclUMpeHWe rpaHuL, oKasb-
HOM TeMrepaTypbl OPraHOB W TKaHel NauWeHTOB B CTOPO-
HY OXJaXK4eHus MpeBbIIAeT LOMYCTUMOE PacLUMpEHME UX
B CTOPOHY HarpeBaHWsi, NpOBeAeHWe (apMaKoNorM4ecKux
3KCMEPUMEHTOB B YCJIOBMAX TUNOTEpMUN sABnseTcA bonee
Ba¥{HbIM U MHOr00DELLAIoOLWLMM, YeM B YCNOBUSIX FUMepTep-
MuW. B cBfi3M C TeM, YTo cuCTeMa NOAJEpPKaAHUA TeMnepa-
TYPHOr0 roMeocTa3a OpraHuM3Ma TEMIOKPOBHbIX KUBOTHbIX
aKTUBHO NPENSTCTBYET MOHWUMEHMWIO U MOBLILUEHWIO UX TEM-
nepaTypbl, TENJIOKPOBHbIE MBOTHBIE HE COBCEM MPUTOAHBI
ONs TeMnepaTypHbIX MeAUKO-BMoNornyeckux uccnesoBaHum.
3aTo He3aMeHUMyI0 posib 1S UCCNe0BaHUA B 061acTn TeM-
nepaTypHoii hapMaKonorui MoryT CbirpaTb MOMKUIOTEPMHbIE
JKMBOTHbIE, B TOM YMCIEe aKBapUyMHble pbibku [26].

3KCNEPUMEHTbI HA MbILLIAX,
KPbICAX U KPOJTUKAX. 4TO Mbl
HE YYHUTBIBAEM NPU AHAJIU3E
MOIYYAEMbIX PE3YJIbTATOB?

OcobeHHOCTb MeAMKO-6MONOrMUECKUX 3IKCMEPUMEHTOB
Ha MbILAX, KpbICaXx M KPOJWKaX, MPOBOAMMBIX MO CTaH-
[AapTy [OK/MHUYECKUX MCCNEA0BaHWUA, 3aK/04aeTcs B TOM,
YTO CTaHAApT He BKIIYAET TEMIOBM3OPHbIN MOHWUTOPUHT
OVHaMUKW TeMNepaTypbl UCCEAYyeMbIX NEKapCTB U TeN Hu-
BOTHbIX NpY WX B3aMMOLENCTBUM, PABHO KaK M TeMnepaTypbl
MWLM, NUTLEBON BOAbI, BO3AYXA M OKPYXaloLLMX NpeaMeToB
B MOMELLEHUAX, FOe OCYLIECTBASETCA IKCMepUMeHTaslbHas
nekapcTtBeHHas Tepanus [11, 12]. B Takux ycnosusx Bpsg
NN BO3MOXHO COXPaHeHWe TeMMepaTypbl BCEX NEpeynCiIeH-
Hblx 00bekToB B npegenax 36,5-375 °C Ha nmpoTaxKeHum
MHOTMX Y4acOB UM AHEW KypCOBOM JIEKApPCTBEHHOW Tepanuu.
B cBA3M C 3TUM pe3ynbTathl, MofyYeHHbIE B NabopaTopHbIX
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M 3KCMEPUMEHTaNbHBIX MCCNELOBaHWUAX NMPWU MOHOM CO-
GnofeHMM NPUHLMNOB Haanexallei nabopaTtopHoW mpaK-
TMkm (Principles of good laboratory practice), He sBnsioTCs
abCcomoTHO TOYHBIMYW, MOCKOJbKY MOJTyYeHHbIe pe3ymbTathl
LONYCKAlT BNIMSHWE HA HUX HEKOHTPONIMPYEMOro TeMnepa-
TypHOro (akTtopa. 3T0 NPOUCXOANUT MO HEBELEHMIO UCCNeao-
BaTeneii 0 6eCKOHTPOsIbHO M3MEHAIOLLIENCA TEMNEpaType BCeX
B3auMMopencTBytoLmMx 0bbexToB [27-30].

OueBWAHOCTb TaKOro 3aK/l0UYEHUS CTAHET NOHATHON Ka-
AOMY WUCCrefoBaTenio, eCiiM OH OTBETWUT Ha BOMPOC O TOM,
KaKOoB [ManasoH peanbHoW TeMnepaTypbl B3aMMOAENCTBYIO-
LUMX JIEKAPCTB, TEMIOKPOBHBIX WBOTHbIX, MUTLEBOM BOAbI,
MALLY W OKPYKAIOLLIMX NPELMETOB B peasibHOCTU NPy CoBpe-
MEHHbIX (hapMaKONOrMYecKUX 3KCMEPUMEHTAX, CYMTAIOLLIUX-
€A KauyecTBeHHbIMU. Bpsap nn KTo-To BypeT cnoputb ¢ TeM,
YTO NIEKapCTBa, NULLA, NUTLEBAs BOAA, BBOAUMBIE B OpraH13M
JKMBOTHBIX, @ TaKKe MPeaMeThl, C KOTOPbIMU KOHTaKTUpYIOT
JKMBOTHbIE NPY LOKIIMHUYECKUX UCCNeL0BaHUAX, He NOAorpe-
Batotcs Ao Temnepatypbl 37 °C. B nepuog dapmakonoruye-
CKOT0 3KCMEepUMEHTA YKa3aHHble 00bEKTbI UMEKT KOMHATHYHO
TeMnepaTypy, a UMeHHo oKono 24-26 °C. WHbIMM cnoBamu,
OHM XONOAHbIE MO OTHOLUEHMIO K HOPMarbHOW Temnepary-
pe Tena TEMMOKPOBHBIX XWUBOTHbIX. B CBA3M € 3TMM BO BCex
0e3 MCKMIOYEHUs 3KCMEpUMEHTaX UMeNla MecTo He YYWTbl-
BaeMasl NIOKajibHas FMNOTEPMMS OMpefeseHHbIX OpraHoB
W THaHeM 3KCNepUMEHTaNbHBIX MBOTHBIX. B yacTHocTH, Xe-
JY[OK OXNaM[anu MpUHATbIE BHYTPb XONOAHbIE NIeKapcTBa,
nuLLeBbIe NPOAYKTbl M MUTbEBas BOAA, a TaKue MArkve TKa-
HW, KaK KOXa, MOAKOKHO-XMPOBas KINeTyaTKa, CKeneTHas
MBbILULIA M KPOBb, OXJ1aXAANMCh XOJIOAHBIMU JIEKAPCTBEHHBIMU
pacTBopaMu B MecTax WHbeKUMiA. B To e Bpemsa TeMnepa-
Typa MOBEPXHOCTW TeNa XMBOTHbIX, 33 UCKJIOYEHWEM HOCa,
KOHYMKOB YLLEH M XBOCTOB (y MbILLIEA W KPbIC), HAXOAMUNACh
B npegenax (pM3nonornyeckon HopMsl, T. €. He Bbina xonog-
HOM, MOCKOMbKY HAZEXHO 3aLLMLLEHa OT OXN1aXAeHns Tenno-
M30NALMOHHBIM CNIoeM wwepcTy [32-33].

B omnume oT 3KCNepuUMEHTOB Ha TEMIOKPOBHBIX KUBOT-
HbIX B KJIMHUYECKMX U ObITOBBIX YCIOBUAX MMENU MECTO fpy-
e 3HAYEHWS JIOKamNbHOW TeMMnepaTypbl YacTen Tena yeno-
BEKa NpW B3aUMOZENCTBUM JIEKAPCTB, MULLEBLIX MPOLYKTOB,
BOLbI M OKpyKatoLWwwmx npeameTos. [leno B ToM, yTo B Meau-
LMHCKUX M ObITOBBIX YCNOBMSAX JIEKAPCTBa 04eHb PEAKO NOAo-
rpesatotcst go 37 °C, no3ToMy BBOAATCA B OPraHM3M nauueH-
TOB NpW TeMNepaType OKpYKatoLLeli Cpeabl, T. e. XONOAHbIMA.
B cBA3u ¢ 3TM B 60NbLIMHCTBE Cily4aeB NeKapcTBa CO3AakoT
30HbI JIOKaNbBHOM rMNoTePMUM Ha MyTsX BBefLeHus. Ho nHorpa
NlekapcTBa nmoforpesakT no Temnepatypbl 37-42 °C, v no-
3TOMY OHW NOCTYNAIOT B OPraHU3M TennbiMK. B Takux cnyva-
SIX OHW MOTyT ()OPMMPOBaTL O4aru rMNEPTEPMUM B TKAHAX,
C KOTOPbIMW B3aMMOLENCTBYIOT HEMOCPEACTBEHHO B MeCTax
BBeaeHusA. KpoMe 3Toro, muwieBble NPOAYKTbl M MUTbe-
Bas BOAQ, MPUHMMAEMbIe BHYTPb PasHbIMU JIIOAbMU YTPOM,
B 0beq W BeuepoM, MOryT UMETb B0 0YEHb HU3KYH TeM-
nepatypy (bbiTb X0NoLHLIMKM), MO0 TeMnepaTypy Tena, Mbo
TEMMNepaTypy, NpeBbillalwwyd HopMy (bbITb ropsuMMK).
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Mo3Tomy neKapcTBa, NuLLa U NUTbEBas BoAa MOryT hopMu-
poBaTb pa3nnyHble 04ary JIOKaALHOM MUMo- UM MUNepTepMum
B Pa3/IMYHbIX Y4aCTKax CUCTEMbI MULLEBAPEHUS U B Pa3Hble
nepuoabl KypcoBoii JiekapcTBeHHoW Tepanun. KpoMe 3Toro,
B YC/OBUSAX KOMHATHO TeMMepaTypbl Takue YacTv Tena -
OeM, KaK KUCTU PYK, LLUes 1 UL, MEKT TEMMEpaTypy HUXe
36,5 °C, NOCKONbKY He MMEIT eCTeCTBEHHOTO TENI0U30AALM-
OHHOrO NMOKPbITUA. MIMEHHO NO3TOMY 3TV YaCcTM TeNna YemnoBeKa
BO MHOMMX CNy4asx MMEIoT TeMNepaTypy HUXe HopMalbHOV
TeMnepartypbl ero Tena [34-39]. KpoMe 3toro, yKka3aHHble
OTKPbITbIE YaCTW Tenla JI0AE 4acTo COMPUKACcalTCA C X0-
NofHBIMW NpegMeTaMu, NO3TOMY OXNTAXAAOTCA UMM, @ MHO-
rga MoryT MoyyuTb XOMOLOBbIE MOBPEXAEHUs obpaTumoro
u/mnn HeobpaTuMoro xapaktepa (obMopoxeHus) [40, 41].

N3 atoro cnepyer, yto uHdopMaums o GapMaKkoaMHaMu-
Ke U (apMaKOKMHETUKE NEKAPCTBEHHBIX CPeACTB, KOTopas
Obina nosyyeHa B OMbiTax Ha MbILLKAX, KPbICax U KPONMKax
0e3 MOHMTOpMHIa TeMMepaTypbl BCEX B3aMMOLENCTBYHOLLMX
00BEKTOB, He ABNAETCA abCOMOTHO TOYHOW, MOCKONBKY OHA
nosty4eHa B YCIOBMSAX, AOMYCKAIOLLMX HEKOHTPOIUPYEMOE U3-
MeHeHu1e NoKanbHOM TeMMepaTypbl pasnnyHbIX y4acTKoB Tena
JKMBOTHBIX, JIEKAPCTB, MULLM, MUTLEBOI BOAbI U OKPYAKOLLMX
npeaMeToB. B HeKoTopbix cnyuasx NlokanbHas TeMneparypa
onpefenieHHbIX YacTel Tena XUBOTHBIX BbIXOAMNA 33 PaMKU
YCNOBHOM TeMMNepaTypHON HOPMbI Ha HEU3BECTHYH BENUYMHY
W1 Ha HeonpeeneHHbI NPOMEXYTOK BpeMeHu. K ToMy e uc-
KJ04EHO CXOACTBO M306paXKeHi UCNonb3yeMblx B GapMaKo-
NOTUNYECKMX IKCMEPUMEHTAX MbiLL, KPbIC M KPOJIMKOB Ha 3Kpa-
He TennoBu3opa ¢ u3obpaxeHneM Ten NauMeHToB, 0COBEHHO
MpW JIOKaNbHOM MPUMEHEHUN XONOLHbIX MPELMETOB B LIENsX
LOCTVXKEHMS TepaneBTUHECKON TMNOTEPMUN.

CoBepLUeHHO MHas AMHAMMKA TeMnepaTypbl Tena aKcne-
PUMEHTabHBIX UBOTHBIX MOXET DbITb MOMyYeHa, ecnn uc-
MoNb30BaTh HE TEMJIOKPOBHbIX, @ MOMKUIIOTEPMHbIX JKUBOTHBIX,
Ybsl TeMnepaTypa Tena MeHSeTCcs NOA AENCTBUEM BHELLHUX
TENNOHOCUTENEN NPAKTUHECKM TaK e, KaK TeMnepartypa Ha-
XOLALWMXCSA PSALOM JIEKApCTB, MULLEBBIX MPOAYKTOB, BOAbI
¥ MPOYMX HEXMBBIX NPeaMeToB. YKasaHHble 06beKTbl Npuob-
peTaloT NpaKTUYeCKN OAMHAKOBYI0 TeMMepaTypy Yepes onpe-
LENEHHBIN MEepUof, HAXOMAEHWA B YCNOBUAX BblOpaHHOrO
TeMnepaTypHoro pexkuMa. bnarogaps atomy B3auMopeicTBre
NeKapcTB, NULLEBLIX NPOAYKTOB, BOAbI U LPYrMX 00BEKTOB
C MOMKWUNOTEPMHBLIM JKMBOTHLIM NpPKU BbIOPAHHOM W HEWU3-
MEHHOM TEMMepaTypHOM PEeXMMe Bbi3bIBaeT MUHUMaJb-
HOe M3MEeHEHMWe JIOKaNIbHOW TeMnepaTypbl Tesla KMBOTHOTO.

AKBAPUYMHBIE PbIBKU
KAK MHCTPYMEHT ANd
BbICOKOTOYHOW TEMIMEPATYPHOW
HEUPOMAPMAKOJI0MUA

PacTywias pacnpocTpaHeHHOCTb TepaneBTUYECKOI runo-
TEPMUM NOBLILLIAET 3HAYeHWe TeMnepaTypHoii hapMaKonorum
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s pocta addexTmBHocTM M 6esonacHocT (apMaKo-
XO/I0A0BOW Tepanuu, OCYLEeCTBASEMOW B MEAULMHCKOM
npakTuke [42-44]. [leno B TOM, 4TO MepeyveHb JIeKapCcTB
M MeAMLMHCKUX TEXHOJOMWK, creuuanbHo pa3paboTaHHbIX
Ans hapMaKoXoNnoA0BbIX BO3LEACTBUIA NpU OMPeAeNeHHbIX
3HayeHusX 6Lt M/Mnn NoKanbHoOW TeMMNepaTypbl OpraHoB
M TKaHel NaUWeHTOB, OYeHb OrpaHuyeH [25, 45, 46]. 310
BbI3BaHO TeM, YTO OONBLUMHCTBO (hapMaKONOrMYECKUX UC-
cnefoBaHuin 610 NpoBeeHO Ha TeNIOKPOBHLIX IKCNepH-
MEHTaNbHbIX }WUBOTHBIX B YCNOBUSX HOpMoTepMuu [47, 48].
OueHb pedKo cUCTEMaTU3MPOBaHHbIE (hapMaKonormyeckue
UccnefoBaHUs BbINOMHANMCD B YCNOBUSX 06LLeli u/unm no-
KasibHOW rMnoTepMUM C UCMONIb30BAHWEM XONTOAHOKPOBHbIX
JMBOTHBIX. B CBA3M C 3TUM cOBpeMeHHble CBEAEHUSA 0 hap-
MaKOKWHETUKe U (hapMaKoAMHAMUKe JIEKapCTB, BKIIlOYas
HEeMpOTPONHbIE CPEACTBA, OTHOCATCA K UX B3aMMOLEHCTBUIO
C TENNOKPOBHLIMU MBOTHBIMU U TOSIKO B YCIOBUAX HOp-
motepmuu [49, 50].

[na yTouHeHus uHbOpMaUMM 0 BAUSHWM TUNOTEPMUM
Ha (apMaKoKMHeTUKY W (apMaKoLMHAMUKY W3BECTHbIX
1 HOBbIX NEKApCTB OYEHb BAXHO WCMOMb30BaTbh NOLXOLS-
LUMe XMBOTHbIE MOJENU, KOTOPbIE NO3BONSAKT UMUTUPOBATb
TEMNepaTypHble BAMAHUS B O0Nlee «YUCTOM» BUAE, YEM
MOZJENN Ha TEMIOKPOBHbBIX HMBOTHBIX. TONBKO TaK MOXHO
MOHATb NPAMYH0 3aBUCUMOCTb HhapMaKOKUMHETUKYM U dapMa-
KOAMHAMUKU NEKapCTBEHHbIX NMpenapaToB OT TeMmrepaTypbl
B YC/IOBMSX TepaneBTMYeCKOi runotepMun. TouHble cBefe-
HWA 0 (apMaKoNOrMYecKonm aKTUBHOCTU «CTapbiX» U «HO-
BbIX» JIEKAPCTB B YC/I0BUSAX JIETKOW, YMEPEHHOM U MyBOKOIA
rMNoTeEpMUM MOTYT NOBLICUTL 3 deKTUBHOCTL M Besonac-
HOCTb TepaneBTMYECKOM runotepmun B byaywiem. [eno
B TOM, YTO pa3Hble YPOBHU MMMNOTEPMUM NO-Pa3HOMY BIUSKOT
Ha MeTabonnaM u dyHKUMIO opraHoB M TKaHen [3]. B yact-
HOCTHW, co06LLanoch, YTO Hayano yMepeHHOro NIOKanbHoro
OXNTAXAEHUS PasNNYHbIX YacTel Tenla YeNloBeKa Bbi3blBAET
nosiBfeHne B HUX YyBCTBa Bonm, Torga Kak bonee anutenb-
Hoe u/wnu rnyboKoe OXnaw[eHue Bbi3blBaeT JIOKasbHYHO
aHectesuio [51-53]. Kpome Toro, bbino nokasaHo, 4to ou-
HaMMKa KpoBOCHabxeHus, NokanbHoM 6oiu 1 TeMnepaTypel
KUCTEH PYK NpU OXNaXKOEHUM MOXET 3aBUCETb HE TOJIbKO
OT CTEMEHW OXNMAMLEHWUS TKAHEW, HO U OT MPUMEHSEMbIX
HEMPOTPOMHBIX JIEKAPCTBEHHBIX CPEACTB, B YaCTHOCTM 3TU-
JIOBOTO CMMPTA, WHFaNsLMOHHbLIX, BHYTPUBEHHBIX /WK
MECTHbIX aHecTeTwKoB [53]. B KauecTBe AoKa3aTenbcTBa
coobLianocb, 4YTo nocsie 2-MUHYTHOTO OMYCKaHWUA KUCTel
PYK B BOAY CO NIbAOM [MHAMMWKa JIOKabHOW TeMnepaTypel
NafoHen 1 NanbLeB pyK Y Niofen, HaXoAsLLMXCA B COCTOA-
HWW anKOroJIbHOr0 OMbSIHEHWUA WM HApKO3a, MOBbILLIAETCS
[0 HOPMaJbHbIX 3HaYeHMiA B 2 pa3a bbicTpee, YeM y Tpes-
BbIX Nt0JEN.

bbino nokasaHo, YTo 3KcmepuMeHTbl B obnactu Temne-
paTypHON HelpodapMaKonorm MoryT ObiTb BbIMOJIHEHbI
Ha aKBapWyMHbIX pblbKax pasHbix mopog (rynnu, ronybbie
HeoHbI, MeyeHocubl 1 ap.) [26]. TeM He MeHee B HacTosiLLee
BpeMs B MEAMKO-OMONIOrMYeCKMX UCCIIE0BaHMSAX IMAEPCTBO
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3aHUMalOT pblokK faHuo pepuo (Danio rerio wnmn Zebrafish)
[54-58].

Wcnonb3oBaHue akBapuyMHbIX pblbOK B KayecTBe ab-
TepHaTUBbl JOPOroCTOALMM U TPYLOEMKUM Buonornyeckum
MOLENAM Ha TEeMIOKPOBHbIX MUBOTHBIX WMEET HECKOfb-
Ko npeumyuiectB. OfHO M3 MaBHbIX — 3T0 TO, YTO MOAENH
Ha pblbKax 3KOHOMMYecku Bonee BbIFOAHBI U MOrYT ObiTh
nerxko paspaboraHbl 3a KOPOTKUM nepuog, BpeMenu [57-61].
OpHaKo caMbiM aBHBIM MPEUMYLLECTBOM aKBapUyMHbIX
PbIOOK ANs UX UCMOMb30BaHWA B TEMMNepaTypHoii Helipodap-
MaKO/0rum ABASIETCA TO, YTO OHW XONIOAHOKPOBHbIE, MO3TOMY
JOMyCKalT «becnpensTcTBEHHOE» M3MEHEHWEe TeMMepaTypbl
CBOEro Tena, 0cobeHHO B CTOPOHY OX/1aXAEHUS, YTO 0YEHb
MepPCreKTMBHO [ Pa3BUTUS TepaneBTUYECKON TUMOTEPMIN
[26, 62].

[lpyras ocobeHHOCTb aKBapUyMHbIX PbIOOK, BBIFOLHO
OT/IMYAIOLLMX UX OT TEMOKPOBHBIX KWUBOTHBIX, — XOPO-
LIas COXPaAHHOCTb ABUraTeflbHOW aKTMBHOCTW B YCIIOBMSX
rUNOTEPMUM, KOTOPaAs MOXKET HarNsgHO AEMOHCTPUPOBATH
COCTOSIHME MBOTHBIX [63]. UMeHHo Gnarogaps 3Toii oco-
BeHHOCTU aKBapuyMHble pbIBKM MOTYT BbITb MCMONb30BaHbI
LN CKPUHUHIA aHTUIMMOKCAHTOB B YCNOBUSX He TOJbKO
YMepeHHOW, Ho 1 rybokoi runotepMun. Nepeble cTaTby
06 310M 6bIIM O0nybnmKoBaHbl B 2014 1. [26, 62—64]. B 3TuX
cTaThd €006LAN0Ch, YTO MOHUTOPUHT LMHAMWKW JBMra-
TENbHOW aKTUBHOCTM aKBapUYMHbIX pbib, a TaKxe LBeTa
UX NNABHUKOB W NPO3PAYHOCTM BOLbl B YCIIOBUAX OCTPOiA
TMMOKCUM, CO3[aBaeMOM MNPeKpaLLeHMeM MOCTYMIeHUs
aTMoc(epHOro Bo3gyxa B BOAY, B KOTOPOW NNaBatoT pbib-
K, JaeT uHpopmaumio 06 ycToiumBocTH pbib K runoKcum
W 0 pesepBax ajanTauuu K Heir. B yactHocTm, bbino no-
Ka3aHo, YT0 B HOpPMe PbIbKW HAXOAATCS B HEMOABUKHOM
COCTOSHUM BNJOTb 40 MCYEpnaHuUs BCeX pe3epBoOB ajanTa-
UM K TUMOKCUM, NOCIE Yero NaBHUKM npuobpeTatoT bonee
TEMHYI0 OKpacKy, y pblb BHE3aMNHO pa3BUBaeTCA NEpUOL CY-
[OPOXXHOWA LBUraTeNbHOW aKTUBHOCTH, 3aTeM B BOAE MOSB-
nsoTca heKanum u BCkope pbibku normbaiot. B ykazaHHbIX
UccneoBaHNAX MOLENMPOBaHME OCTPOM TMMOKCUM JOCTH-
ranocb NyTeM MoOMeLLeHUs KaXaomn puibkv B 5 unn 2,5 mn
MPeCcHO BoAbl, HAXoAALENCS B repMETUYHON MPO3payHON
€MKOCTY (BHYTpM LUNpULLA) NpY ONpefeneHHol TeMnepaType
B AMana3oHe 16—26 °C, oTnMyaloWenca oT Cepun K cepum
Ha 1 °C. Kaxpaas pblbKka Haxoaunack B BOLE BHYTPU OTAENb-
HOr0 NMPO3payHoro LUNpULA nNpu cTabunbHOM TeMneparype.
PernctpmpoBanuce NpOACIKMTENBHOCTb HEMOLBUMKHOMO
COCTOSIHUA Pbib, YacToTa AbIXaTeNibHbIX ABUMEHUN Jabep-
HbIX Ay, OTKPbIBAHUS PTa, YacToTa M aMnauTyaa Konebauii
MNaBHWUKOB, JUHAMMKA LiBETA NNaBHUKOB U NPOLOMIKUTENb-
HOCTb }M3HUW PbIDOK B YCNIOBMAX NPEKpaLLeHus nocTynne-
HWS aTMoCdepHOro Bo3ayxa B BOAY.

CoobLuanock, YT0 ANUTENBHOCT NEPUOAOB HEMOABUK-
HOCTW W XM3HECNOCOBHOCTM pbIBOK B repMETUHHON eMKOCTH
nocne npekpaLlieHus NocTynneHnss atMochepHoro Bo3ayxa
B BOLY, B KOTOPOW Haxogunuchb pbibku, 3aBucena oT Temne-
paTypbl Bogbl cnefyioLmM obpasoM: Npu Temnepatype Bofbl
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16 °C pbibku ocTaBanuchb HEMOABMMKHBIMU U KMBLIMU B YC-
NIOBMSIX MpeKpaLLieHns NOCTyMNeHUs BO3Ayxa B Body B 2,2—
2,3 pa3a ponblie, YeM npu 26 °C. YctaHoBneHo, Yto npen-
BapuTeNbHOEe BBeAeHWe B Bofy pactBopa 3 % nepekwvcy
Bozopoza B Ao3e 0,2 MN/Kr pbibbl yBENMYMBAET COOTBETCTBY-
foLme nepuoabl HEeMOABUKHOCTU U U3HECNOCOBHOCTH phbi-
6ok B ycnosuax runokcum npu 16 °C B 4 pasa no cpaBHEHMIO
C HopMoiA [62—-64].

lNoka3aHo, YTo BbiSIBNEHHas AMHAMUKA ABUraTesbHOM aK-
TUBHOCTM (HEMOLBMMHOCTH) aKBapUYMHbIX PblOOK B YCIOBMAX
OCTPOW MMMOKCUM OKasasacb 0YeHb MOXOXKEeW Ha AMHAMUKY
ABUraTeNbHOW aKTMBHOCTU (HEMOLBMMKHOCTM) NOLA BHYTPHU
MaTKV y BepeMeHHbIX MEHLUMH MpU amnHo3 BO BTOPOIA Mo-
noBuHe bepemeHHoCTM [65]. 3T0 No3BONMNO MpeAIOKMUTL
aKBapUyMHBIX pbIOOK A1 MOLENMPOBaHUS BHYTPUYTPOOHOIA
TUNOKCUM M0LA BHYTPU MaTKM DepeMeHHOM XeHLWMHBI. Bepb
Pbibbl ¥ MAOABLI NNABAKT B KUAKOCTH, He AbILLAT JETKUMU
M He HYX[JaKTCA B CUCTEME MOAJEPHKAHWA TeMNepaTypHOro
romeoctasa csoero Tena. CoobLyanoch Takie, YTo Mogenb
TUMOKCMM Ha aKBapUYMHbIX pbibKax OKa3anacb MPUroAHOV
ANS CKPUHWHIA aHTUIWMOKCAHTOB, HOOTPOMOB U HOCUTENeW
KMC/opofia Npy pasHbiX TEMMepaTypHbIX PeXuUMax, BKITHOYas
runotepMuio [62-66].

Bpsp nu K1o-To BymeT cnopuTh € TEM, YTO aKBapUyMHble
PbIBKM UMEKT NpenmyLLecTBa Ans bonee TOUHbIX aIpoOKOC-
MUYECKWX UCCIIEA0BAHUM, MOCKOMbKY OHM, C OAHOW CTOPOHBI,
YNpOLLAKT U YTOUHAIT UCCNefoBaHMe Posiu FpaBuUTaLmm (He-
BECOMOCTM) Ha COCTOSIHWE OpraHU3Ma, a C APYron CTOPOHbI,
Mo3BOMISAKT NOBBICUTL TOYHOCTb TEMMEPATYPHbIX Helpodap-
MaKOJIOrMYECKUX MCCNe0BaHUA a3pOKOCMMYECKON Hanpas-
NEHHOCTYU M0 CPABHEHMIO C TEMIOKPOBHBIMM XUBOTHbIMM [67].

3AKJIKYEHUE

TakuM obpa3oM, B KoHue XX B. B Poccum Bbinu Havatbl
u“ccnenoBaHNa TeMnepaTypHOM 3aBUCMMOCTM creLmdUyecKomn
(apMaKoNorMyecKol aKTUBHOCTM aHTUIMMOKCAHTOB W He-
KOTOpbIX HEMpOTPONHBIX JIEKAPCTBEHHBIX CPELCTB NpU HOp-
MO- W TUMOTEPMMU Pa3NIMYHBLIX BMONOTMYECKMX 0OBEKTOB
B 3KCMEPUMEHTANbHBIX M KIMHUYECKUX YcnoBusax. B Havane
XXI B. bbina paspaboraHa opuruHanbHas buonoruyeckas
MOZENb OCTPOM TMUMOKCMM aKBapMyMHbIX PbibOK. ITa Mo-
AeNb MO3BONINIA U3Y4NTb YCTOMYMBOCTb PhIBOK K FUMOKCHM,
OCYLLECTBUTb CKPUHUHT BMONOrMYECKW aKTUBHbBIX BELLECTB
W OLEHUTb aKTUBHOCTb aHTUTMMOKCAHTOB MPW pasHbIX TeM-
nepaTypHbIX pexuMax. Mcnonb3oBaHue 310l MOAENM M03B0-
7o 0bHapyXWTb, YTO AMHAMMKA BUraTeNlbHON aKTUBHOCTU
PbIOOK B YCNOBWSAX OCTPOI MMMNOKCMM aHanor1yHa AUHAMUKe
ABUraTesbHON aKTUBHOCTU N0AA NPU ANArHOCTUYECKO BHY-
TPUYTpObHON rMNOKCMK, co3aBaeMoi J06POBOMBHBEIM anHO3
y bepeMeHHOM XeHLWUHbI. bbino yctaHoBREeHo, YTo 3HaueHWe
MPOAOMKMTENBHOCTW NEpUoAa HEMOLBUKHOMO COCTOSHMS
PbIbOK U MNIOA0B MPU TUMOKCUM MPAMO MPOMOPLMOHANBHO
BENIMYMHE MX YCTOMYMBOCTU K runoKcun. CHUMeHMe B ycno-
BMAX OCTPOM TMMOKCMU TEMMEPATypbl BOAbI C MyIaBaKLLMMKU
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B Heii pbibkamm Ha 10 °C yBenuumuBaeT NpofoKUTENbHOCTb
nepuosa HeNoABUMKHOMO COCTOSHUS pbIbOK M nepuog, coxpa-
HeHus ux xu3HecrnocobHocTn bonee YeM B 2 pasa, a npeg-
BapuTe/bHOE BBEAEHME B BOAY MEpEKUCH BOLOpoda B Tepa-
MEeBTUYECKOW [03e B COYETAHMM C FUMOTEPMUEN YAJMHSET
COOTBETCTBYlOLME nepuodbl B 4 pasa. Take bbino obHa-
PYEHO, YTO TaKWe HeMpOTPOMHble NEKAPCTBEHHbIE Cpej-
CTBa, KaK 3TUNOBbINA CMMPT, MECTHblE U 00LLME aHECTETUKM,
MOTHOCTbH UCKIKOYatoT 60N1eBOI CMHAPOM, pa3BUBalOLLMIACS
Mpu NoKanbHoi runoTepMum B HopMe. Kpome 3toro, bbino no-
Ka3aHo, YT OnyCKaHWe Ha 2 MUH B BOLY C TAIOLWMUM JIb[0M
KUCTEN PYK JII0eN, HaXOAALWMXCS B COCTOSIHUM aKOrOJIbHOTO
OMbSHEHWS U/UN XMPYPTUYECKOTO HApK03a, MCKJIKYaeT Mo-
SIBJIEHUE B KUCTSX YyBCTBA D0/ U YCKOPSET Pa3BUTUE B KOXKE
KUCTEN MOCNeLyoWen rMnepeMun B 2 pasa No CPaBHEHMIO
C HOPMO¥A.

XoueTcs HafeaTbCs, YT0 UCMONb30BaHKWe B 0bnacTn TeM-
nepaTypHoi HelipodapMaKonorum Moaesnen ¢ akBapuyMHbIMU
pblbKaMu No3BoNUT B BnKanLLeM byayLiemM 06HOBUTL Knac-
CUYecKue cBefieHUs 0 apMaKoKuHeTuKe W dhapMaKoauHa-
MWKE HelpoTPOMHBIX JIeKapCTBEHHbIX cpeacts [68, 69]. 3To
Mo3BOAUT MOBLICUTL 3QPEKTUBHOCTL M BesonacHocTb npu-
MEHEHUS HEWPOTPOMHbIX JIEKAPCTBEHHBLIX CPELCTB NpW pas-
JINYHBIX BONE3HAX U IKCTPEManbHbIX cocTosHUAX. Oxmnpaaetca
Nporpecc B UccnefoBaHMsX hapMaKoXon0L0BON aHaNbresuu,
(apMaKoxonofoBoi aHecTe3nu, hapMaKoxoso40BoiA Kapamo-
NpoTeKLMM, GapMaKoXosof0Boi LepebponpoTekLmn 1 faxe
(hapMaKoxo/100Bo¥i penpoaykumm [3, 24, 25, 70, 71].
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Antihypoxic effect of almid-containing metal-complex
compounds in the experiment

Andrey V. Evseev', Oleg A. Mosin', Marina A. Evseeva', Vladimir A. Pereverzev?,
Vitaly A. Pravdivtsev', Dmitry V. Stepanov', Sergey V. Aleksashkin'

" Smolensk State Medical University, Smolensk, Russia;
2 Belarusian State Medical University, Minsk, Republic of Belarus

ABSTRACT

BACKGROUND: Toincrease resistance to hypoxia, various methods of hypoxic training, mental effects, and use of pharmacological
antihypoxants are employed.

AIM: To test new metal-complex compounds containing the antihypoxant almid in mice under conditions of acute hypoxia to
determine their protective properties.

MATERIALS AND METHODS: In the first stage of the study, four new metal-complex compounds of magnesium, calcium,
titanium, and vanadium containing the antihypoxant almid were screened in experiments on mice (n = 550) under acute hypoxic
conditions with hypercapnia. The antihypoxants almid and amtizole were used as comparison substances. Acute hypoxia was
induced by placing the animals in pharmacy glasses with a volume of 0.25 L with closed lapped stoppers. The substances
were administered intraperitoneally at doses of 25, 50, and 100 mg/kg previously dissolved in 0.3 mL of NaCl solution. The
incubation period was 60 min. The antihypoxic effect was considered confirmed if the lifespan increased by >20%. “Lifespan”
refers to the time interval from the moment the mice were placed in a pharmacy glass to the development of the first agonal
inhalation, after which the animals were quickly removed to preserve life. The rectal temperature of the animals was measured
before the introduction of substances, immediately before being exposed to acute hypoxic conditions with hypercapnia, and
after removal. Twenty-four hours after the first stage of the experiment, mice of the control group and mice that proved their
ability to resist acute hypoxia with hypercapnia were repeatedly exposed to acute hypoxic conditions with hypercapnia after the
use of substances.

RESULTS: A distinct antihypoxic effect exceeding the effectiveness of the comparison substances was obtained only in one
substance — nQ2460 with titanium as a metal-complexing agent — and a ligand in the form of fumaric acid. After the
administration of mQ2460, a dose-dependent decrease in rectal temperature was observed in mice. The lifespan of animals
increased with an increase in the dosage of nQ2460, i.e., by 43.9%, 103.1%, and 152.8% for doses of 25, 50, and 100 mg/kg,
respectively. The results of the second stage of the experiment confirmed the stable protective effect of mQ2460 but with an
equalization of the effect of the studied doses, which increased the lifespan under acute hypoxic conditions with hypercapnia to
an average of 60—70 min (control group, 40.5 min).

CONCLUSION: Among the compounds containing the antihypoxant almid in the complex molecule, mQ2460 (metal, titanium;
ligand, fumaric acid) was found to have a stable protective dose-dependent effect on the development of acute hypoxia with
hypercapnia in mice exceeding that for almid and the reference antihypoxant amtizole. The antihypoxic effect of mQ2460
persisted 24 h after its administration but leveled off for the studied doses — 25, 50, and 100 mg/kg. Considering the data
obtained during the comparison of the indicators of resistance to acute hypoxia in the control group, a hypothesis was proposed
regarding the possibility of forming a preconditioning effect in animals from the primary effects of acute hypoxia.

Keywords: mice; acute hypoxia; almid-containing metal-complex compounds; antihypoxants; preconditioning.
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MpoTMBOrMNoKcHMYecKUn 3PpPeKT anMuacosepaLmx
METaJUIOKOMIUIEKCHbIX COeAMHEHUNA B IKCMEpPUMEHTe

A.B. Escees’, 0.A. Mocun', M.A. Esceesa’, B.A. Mepesep3es?, B.A. MpasausLes’,
[1.B. CrenaHos', C.B. AnekcatkuH’

! CMONEHCKMI roCyAapCTBEHHLIA MeAULIMHCKNIA yHuBepeuTeT, CMoneHck, Poccus;
2 BenopyccKuii rocyapcTBEHHbIN MeAULIMHCKWIA yHuBepcuTeT, MuHcK, Pecnybnnka Benapych

AHHOTALUA

AxTtyanbHocTb. B Halm [HM ANg NOBbILIEHUS YCTOWYMBOCTU K TUMOKCUW MPAKTUKYKOT pa3finyHble Cnocobbl MMNoKCMYeCKom
TPEHUPOBKU, NCUXUYECKOTO BO3LENCTBUSA, @ TaKKe NMPUMEHeHUe PapMaKoNOrMyYeCKUX CPeLCTB — aHTUIMMOKCAHTOB.

Llenb — ucnbiTaTb B OMbITaX Ha MbllLax HOBbIE, COAEPKALUME aHTUTMNOKCAHT afMUL, METaNNIOKOMMEKCHbIE COEAMHEHMS
B YC/I0BMSIX OCTPOM TMNOKCUM NS 06HapYKEeHUS 3aLLUMTHbIX CBOWCTB.

Martepuansl n Metogbl. Ha 1-M 3tane nccnenoBaHus B onbiTax Ha Mbiwwax (n = 550) ocyLLeCTBASIN CKPUHUHT 4 HOBbIX MeTa-
JIOKOMMEKCHBIX COEAMHEHMIA MarHus, KanbLus, TUTaHa U BaHaus,, COAEPXKaLUMX aHTUIUNOKCAHT anMug, B YCNOBUSX OCTPOM
TUNOKCUM C rYMepKanHueil. B KayecTBe BeLLECTB CpaBHEHWSA UCMONb30BaNM aHTUIUMOKCAHTLI anMug, 1 amtuson. CoctosiHue
OCTPOW TMMOKCUM BbI3bIBaNM, MOMELLAA MUBOTHBIX B CTEKNAHHbIE aNnTeYHble LUTaHIMa3bl C NpUTEpPTON NpobKoi 06beMoM
0,25 n. CybcTaHumv BBOAMAM BHYTPUOPIOWUMHHO B Ao3ax 25, 50 u 100 mr/kr, npeasaputensHo pacteopus B 0,3 Mn ¢usm-
onormyeckoro pacteopa NaCl. Mepvop, MHKybaumm coctaBnsi 60 MUH. AHTUIMNOKCUYECKUIA 3 EKT cuMTanu AoKasaHHbIM
NPy yBENMYEHUM NPOAOIKUTENBHOCTD Xu3HK Ha 20 % u bonee. Mof «NpogonKUTENBHOCTBIO KU3HU» NOAPa3yMeBan UHTEp-
BaJ1 BPEMEHM OT MOMEHTa NOMELLEHUS MbILLeH B LUTAHMa3 A0 Pa3BUTHA MEPBOr0 aroHanbHOro BAOXa, NOCIIe Yero XMBOTHBIX
BbICTPO M3BNEKANM C LiENbI0 COXPaHEHWS XU3HW. [lo BBELEHWS BELLECTB, HEMOCPELCTBEHHO Nepes, NMOMELLEHUEM B YCNIOBUS
OCTPOMW MMMOKCUM C TUNEPKANHUEN W NOC/e U3BNEYEHMUS Y HMBOTHBIX U3MEPAIU PEKTaNbHYH TeMnepatypy. Yepes 24 4 nocne
1-ro 3Tana aKcnepuMMeHTa MbiLLEI KOHTPOSIbHOW FPynnbl U MblLLeH, A0Ka3aBLUKMX CMOCOBHOCTb NPOTUBOCTOATL OCTPOM TMMOK-
CMM C TMNepKanH1en nocse NPUMMEHeHUs BELLECTB, NOBTOPHO MOABEPrany BO3LENCTBUIO OCTPON MMMOKCUW C rumnepKanHuen.
Pesynbtathl. OTYeTIMBOE aHTUIMMOKCUYECKOE AeicTBue, npeBbillaloLiee 3QGheKTMBHOCTbL BELLECTB CPABHEHMS, DObINO Bbi-
SIBNEHO NULLb Y oaHoro BewlectBa — mQ2460 ¢ TUTAHOM B KayecTBe MeTanna-KoMnneKcoobpasoBatens v NMraHnoM B BULE
dymaposoii kucnotbl. Mocne BeepeHus Q2460 y Mblweii Habnoganm [0303aBUCMMOE CHUXEHWUE PEKTaNbHOM TeMmepaTypbl.
MpomoMKNTENBHOCTb XM3HKM XMBOTHBIX BO3pacTana No Mepe yBeaMYeHUst JO3MPOBKM BellecTBa mQ2460 — Ha 43,9; 103,1
n 152,8 % B cootBeTcTBMM C Ao3amm 25, 50 u 100 Mr/kr. Pe3ynbTaTbl 2-ro 3Tana 3KcnepuMeHTa NOLTBEPAWIM YCTOMUMBLINA 3a-
WwmTHbIN adpderT mA2460, Ho ¢ BbipaBHUBaHWEM 3ddEKTa AN U3Y4EHHBIX 403, 06eCneynBaBLUMX YBENUYEHUE NPOACTKUTENb-
HOCTM XXU3HU B YCNOBMSIX OCTPON MMMOKCUM C runepKanHueii B cpeaHeM 1o 60—70 MuH (B KoHTpone — 40,5 MuH).
3akuniouenmne. Cpeayn coesvHEHWI, COAEPIKALLMX aHTUIUMOKCAHT anMUA, B COCTaBe KOMMIEKCHOW MOMEKYIbI, BbISIBNIEHO Be-
wecTBo mA2460 (MeTann — TUTaH, IUraHn — dymapoBas KUCNOoTa), obiafatoLme YCTOMYMBLIM 3aLLUMTHBIM 0303aBUCUMBIM
JENCTBMEM NPU Pa3BUTUM Y MbILLIEN OCTPO/A TMMNOKCUM C UMEpKamnHUeid, NpeBbILLAKLLMM TaKOBOE 1S aNIMMAA U 3TaNIOHHO-
o aHTUrUMOKcaHTa amTu3ona. AHTurunokcuueckuin abdekt Bewectsa mQ2460 coxpaHsanca cnycTa 24 4 nocne BBeLEHMS,
HO BbipaBHMBACA 4518 U3y4eHHbIx o3 — 25, 50, 100 Mr/kr. C yyeToM AaHHbIX, NOMyYeHHbIX B X04e CPaBHEHWS NoKa3aTenei
PE3UCTEHTHOCTM K OCTPOM MMMOKCUM B TPYMNe KOHTPOAS, BbICKa3aHa runoTte3a 0 BO3MOXHOCTU GOpMMPOBaHUS NPEKOHAMLM-
OHMpYtoLLLero 3 eKTa Y KUBOTHBIX OT NEPBUYHOIO BO3AENCTBUS OCTPON MMMOKCUM.

KnioueBble cioBa: MbiLLy; 0CTpaA rmnokcud; anMnacoaepatlme MeTajllIoOKOMIJIeKCHble COeANHEHUA; aHTUIUIMOKCAHTbI; npe-
KOHAMLUWOHMPOBAHKe.
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BACKGROUND

Oxygen is crucial for the vital activity of most organisms.
The need for oxygen increases with physical exertion,
especially in extreme situations, and in conditions of high
altitude or confinement. Disruption and dissociation of
oxidative phosphorylation processes can lead to acute
exogenous hypoxia [1, 2].

Currently, various methods are used to increase
resistance to hypoxia, including hypoxia training, mental
conditioning, and the use of antihypoxants such as
aminothiol derivatives (e.g., gutimin, almid, etomersol, and
amtizole), which have been proven to be highly effective.
The abovementioned substances significantly enhance the
resistance of experimental animals to various forms of
acute hypoxia. They induce a considerable increase in life
expectancy (acute hypoxia with hypercapnia) and reserve
time (acute hypobaric hypoxia). These substances positively
affect the stability of oxidative phosphorylation processes in
the mitochondrial compartment of cells and mechanisms of
redox regulation in the cytosol in cases of excessive free-
radical reactions [2-4].

However, toward the end of the 20 century, a group
of metal-complex substances, initially determined as
physiologically compatible antioxidants, drew the attention
of scientists. The newly synthesized compounds exhibited
high redox activity in both living and artificial environments.
This activity was attributed to the presence of a metal of
variable valence in the substance formula, which significantly
increased ligand activity [1, 4]. Subsequently, labeled with
the cipher nQ, the metal-complex compounds proved to be
equally effective in hypoxia models, often competing with
antihypoxants of aminathiol origin.

In 2005, E.A. Parfenov synthesized the metal-complex
compounds mQ2456, mQ2458, nQ2460, and mQ2461, which
included a molecule of aminothiol antihypoxant — almid
as one of the ligands. The metal-complexing agents
used were magnesium, calcium, titanium, and vanadium,
respectively.

The antihypoxant almid (2-allylthiobenzimidazole
hydrochloride) is a derivative of bemityl (2-ethylthioben-
zimidazole hydrobromide monohydrate) (Fig. 1). Both
substances have a moderate psychostimulant effect that
enhances physical and mental performance [3]. They activate
antioxidant systems, reduce asthenic phenomena of different
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origins, and have an antihypoxic effect that protects the brain,
myocardium, and liver.

This study aimed to examine and compare the protective
effects of four newly synthesized metal-complex compounds
containing almid with those of amide and the reference
antihypoxant amtizole.

MATERIALS AND METHODS

Male CBF1 mice (n = 550) weighing 20-30 g were used to
screen four new metal-complex compounds of magnesium,
calcium, titanium, and vanadium containing the antihypoxant
almid under conditions of acute hypoxia with hypercapnia
(AH + Hc). Acute hypoxia was induced in the mice by placing
the animals in glass pharmacy calipers of 0.25 L with lapped
plugs [5].

Almid-containing substances (mQ2456, nQ2458, nQ2460,
and mQ2461) and comparison substances (almid and amtizole)
were administered intraperitoneally at doses of 25, 50, and
100 mg/kg. The substances were pre-dissolved in 0.3 ml of
physiological sodium chloride solution. The control group
received an equal volume of solvent, and the incubation
period was 60 minutes. Antihypoxic effect was confirmed by
an increased life expectancy of 20% or more in comparison
with the control. Lifespan was defined as the period from
the moment of placing the mice in the sealed syringe until
the first agonal breath, after which the animals were quickly
removed to preserve their lives.

The studied compounds can each be represented by the
following formula:

[MBL] x nH,0,

where M is a metal-complexing agent, B is a base (almid),
Lis aligand, and n is the number of water molecules. Table 1
presents the characteristics of the studied almid-containing
metal-complex compounds.

Rectal temperature was measured three times in animals
using an electrothermometer TPEM-1 during the experiment:
before administering substances, before being placed in
AH + Hc conditions, and after retrieval from the pharmacy
calipers.

Two groups of mice were exposed to AH + Hc: the
control group and group administered with a metal-complex
compound to test its antihypoxic effect. After 24 hours,

N
AN
@:N> S— C,H,
I
H
b

Fig. 1. Chemical formulas of almid (a) and bemitil (b)
Puc. 1. Xumuueckue popmynbl anmupa (a) u bemutuna (b)

DOI: https://doiorg/ 10.17816/phbn626030

55



96

MCUXOHEVPODAPMAKONO/A

Tom 15, N2 1, 2024

[NcrxodapMaKonoris v DVYoNOrMYECKas HapKONoris

Table 1. Characteristics of the studied almid-containing metal-complex compounds
Tabnuua 1. XapaKTepucTiKa UccnefloBaHHbIX aNiMUCOAEPHALUMX METaNIIOKOMMN/IEKCHBIX COELMHEHMIA

Cipher of chemical Base, B Ligand, L Metal-complexing agent, M
compounds
nQ2456 Almid Phenylacetic acid Magnesium
nQ2458 Almid GHB Calcium
nQ2460 Almid Fumaric acid Titanium
nQ2461 Almid Dichloroacetic acid Vanadium (Il)
both groups were reexposed to AH + Hc to determine the RESULTS AND DISCUSSION

duration of the antihypoxic effect. In the second stage of the
experiment, the mice were kept in sealed conditions until
death.

All results were processed statistically. Data comparison
was performed by calculating the second-order error and
power of t-criterion in pharmacological samples using
modern information technologies in the public domain. This
method was based on automating integration operations of
Student’s distribution and non-central Student’s distribution.
The comparison results were statistically significant at
p < 0.05 [6].

Table 2 summarizes the effects of almid-containing
substances and comparison substances on rectal temperature
and longevity in AH + Hc mice and shows that the initial core
body temperature of the control group animals averaged
36.9°C and remained stable until they were placed in
AH + Hc conditions. The animals’ life expectancy was
40.53 +3.25 min under acute hypoxia conditions,
which is typical for this technique [1, 7]. At the end of
the experiment, 7 of 10 animals in the control group
survived.

Table 2. Effect of almid-containing metal-complex compounds and comparison substances on rectal temperature and lifespan of mice
exposed to acute hypoxic conditions with hypercapnia 1 h after administration

Tabnuua 2. Bnusnue anMuacoepxalluux MeTasIoOKOMNIeKCHbIX COELMHEHWUA W BeLLeCTB CpaBHEHUA Ha pPeKTaJlbHYK Temnepatypy
M NPOAOTIXKUTENIbHOCTb XU3HU MblLLIEN, nepexnBaBLUNX yCI10BUA OCTPOVI TMNOKCKUK C FVII'IepKaI'IHVIeVI yepes 1 4 nocne BBeAEHUS

Grouns. n = 10 Dose Rectal temperature Rectal temperature 1 h Temperature Lifespan. min Number of survivors
ups, h_ /k' before injection after injection difference, (I\; . ) .
in eac mg/kg (M m), °C (M+m), °C °c +m in a group
Control - 36917 36.8+2.0 -0.1 40.53 + 3.50 7
(1 group)
102456 25 365+22 365+18 0 35.44 + 2.96 8
(3 groups) 50 371£3.6 36.3+12.6 -0.8 4776 + 3.61 7
group 100 36.2+28 352+25 -1.0 50.20 + 3.73* 7
102458 25 370+ 2.4 34.2 £2.2¢ -2.8 39.48 + 3.59 5
(3 groups) 50 36.1£33 335+ 3.0 -2.6 3451 + 3.74 3
group 100 36.6+25 31.0 £ 2.4 5.6 29.03 + 2.88* 3
102460 25 37221 340+ 1.9* -3.2 58.33 + 4.01* 10
(3 groups) 50 364+23 32.4 +2.6* -4.0 82.30 + 4.49** 10
group 100 36.7+£35 295+ 3.7 -12 102.46 + 5.27** 9
102461 25 36.4+3.1 357+28 -0.7 38.77 £ 3.03 9
3 groups) 50 36.7+£3.4 349 +22* -1.8 40.07 + 3.21 8
group 100 367+37 33.2+3.1% 35 42.85 £ 3.92 8
Almid 25 37227 343+27 -2.9 39.44 + 1.63 9
(3 groups) 50 37225 32.6 + 2.4* 4.6 63.20 + 3.11* 10
group 100 365 3.7 31 +£2.3 5.4 79.25 £ 3.81** 8
Amtizole 25 374+22 34.2 £ 2.5* -3.2 48.99 + 3.12 10
3 groups) 50 369+£2.6 33.6 +2.9** -3.3 57.32 + 3.40* 10
group 100 37227 31.3+2.6* -5.9 8759 + 4.79* 8

Note: p < 0.05; ** — p < 0.005.
lpumeqanue: * — p < 0,05; ** — p < 0,005.
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Other metal-complex agents containing almid were
ineffective, such as nQ2456 (magnesium and phenylacetic
acid) and mQ2461 (vanadium and dichloroacetic acid), or had
negative effects on animal longevity under acute hypoxia,
including mQ2458 (calcium and gamma-oxybutyric acid).
However, all newly studied compounds induced a statistically
significant hypothermic effect, except mQ2456. This raises
questions whether a direct correlation exists between a
decrease in rectal temperature in animals exposed to a
pharmacological agent and the antihypoxic effect of said
substance. Nonetheless, studies have reported a correlation
between the dynamics of these parameters [2, 4].

The negative impact of mQ2458 on the survival rate of
animals under AH + Hc conditions should be noted. Among
the 30 mice that received intraperitoneal injections of the
substance, only 11 survived. Additionally, all animals that
received doses of 50 and 100 mg/kg died within the next
24 hours of observation before the beginning of the second
stage of the experiment, making them unusable for the final
stage. The results may be attributed to the high toxicity
of mQ2458, which is a characteristic of metal-complex
compounds [4].

Val. 15 (1) 2024
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During the study, the comparison substances almid and
amtizole were found to be reliable antihypoxants. However,
Table 2 shows that their efficacy was weaker than that of
nQ2460, which provided superior protection against hypoxia
according to all evaluated criteria. Almid increased animal
lifespan only at doses of 50 and 100 mg/kg by 55.9%
(p < 0.05) and 95.5% (p < 0.005), respectively. The effect of
amtizole was qualitatively similar to the protective effect of
almid.

In the second stage of the study, the resistance of
surviving mice to AH + Hc was reevaluated 24 hours after
administration of the substances (Table 3).

Table 3 reveals that in most animals, rectal temperature
gradually returned to normal 24 hours after substance
administration. This can be considered an indicator of the
termination of the effect of the studied metal-complex
compounds [10]. However, even 1 day after the injections, the
resistance of mice to AH + Hc remained high (mQ2460, almid,
and amtizole). In groups where the effect was doubtful or absent
(mQ2456 and mQ2461), a significant increase in resistance
was observed in some doses compared to the 1 h control
group (exposure of mice to AH + Hc on intact mice, stage 1).

Table 3. Effect of almid-containing metal-complex compounds and comparison substances on rectal temperature and lifespan of mice
experiencing acute hypoxia (AH + Hc) with hypercapnia 24 h after administration

Tabnuua 3. BrvsHve anMUACcOAEpXalUMX METa/NIOKOMIIEKCHBIX COEAMHEHMA M BELUECTB CPaBHEHMSI HA PeKTasibHylo TeMnepatypy
W NPOACIKUTENBHOCTb JKU3HW MbILLIEH, NEPEXMUBABLLMX YCII0BUS OCTPOI MMMNOKCUM C runepKanHuen Yepes 24 4 nocne BBEAEHUS

. . Rectal temperature before . .
Groups Dose received Nul_nber of survivors AH + He Lifespan, min
24 h ago, mg/kg in the group, n (M m), °C (M £ m)
1 h Control - 10 36917 40.53 + 3.50
(1 group)
24 h Control - 7 36.2+4.4 54.57 + 4.30*
(1 group)
nQ2456 25 8 358+37 52.16 £ 3.15
(3 groups) 50 7 35.2+49 52.23 + 5.88"
100 7 35.1+£3.8 54.31 + 5.13*
nQ2458 25 5 - -
(3 groups) 50 3 - -
100 3 - -
nQ2460 25 10 35.4+28 60.28 + 3.01*
(3 groups) 50 10 36,1217 67.34 + 3.82*
100 9 34625 70.20 + 4.10%*
nQ2461 25 9 36.2+35 46.52 + 3.39
(3 groups) 50 8 36.1+35 52.98 + 4.27*
100 8 358+4.3 49.64 + 4.53
Almid 25 9 36.5+3.6 49.10 + 3.02
(3 groups) 50 10 371+22 52.46 + 3.29*
100 8 370 £ 4.2 5741 +5.14*
Amtizole 25 10 372+3.7 50.24 + 3.03
(3 groups) 50 10 363+24 53.39 + 3.63"
100 8 36.1£45 61.88 + 4.40%

Note: ¥ — p < 0.05 compared to the 1 h Control group, * — p < 0.05 compared to the 24 h Control group.
lMpumeuarue: * — p < 0,05 no cpasHeHuio ¢ rpynnoi «KoHTponb 1 u», *— p < 0,05 no cpaBHeHwio ¢ rpynnoit «KoHTposb 24 u».
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The antihypoxic effect of the titanium metal complex
Q2460 was the most significant among all doses tested.
The substance showed statistical significance when
compared to the 1 h control group for three doses and to
the 24 h control group for the 50 and 100 mg/kg doses. The
efficacy of almid and amtizole was considerably lower than
that of the metal-complex compound (Table 3).

During stage 2 of the experiment, an increased resistance
to AH + Hc was detected even in the control group. The
lifespan of animals subjected to repeated acute hypoxia (after
24 hours) was 34.6% longer than at the first stage, which was
statistically significant (p < 0.05).

The results in stage 2 of the experiment confirmed the
stable protective effect of mQ2460. After 1 day, the effect
of mQ2460 leveled off for all studied doses, with increased
lifespan under OH + Gk conditions ranging from 60 to
70 minutes. Based on the data obtained from comparing
life expectancy in the control group, a hypothesis regarding
the possibility of a preconditioning effect resulting from the
primary effect of acute hypoxia on animal organisms was
generated. Repeated exposure to acute hypoxic hypoxia
has been shown to significantly increase the endurance
of animals and humans to hypoxic conditions [1, 11, 12].
Antihypoxants may have a mitigating effect on the formation
of the preconditioning effect, as confirmed by the presented
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OueHKa 3(ppeKTUBHOCTU ITUNMETUATUAPOKCUNUPUANHA
CYKLMHaTa npy aiKorosibHOM abCTMHEHL MK

E.H. Akywesa, A.B. LynbkuH, 10.B. AbaneHnxuHa

PAi3aHCKuiA rocyaapCcTBEHHBIN MEAULMHCKUIA YHUBEpCUTET MM. akap. W.I. Maenosa, Pa3aHb, Poccus

AHHOTALMA

AxTtyanbHocTb. PaccTpoiicTBo, Bbi3BaHHOE ynoTpebiieHneM anKorons (3raHona), 310 paspyLUMTENBHOE COCTOSHME, NpU KOTo-
POM OTMEYaeTCs HapyLUEHWE IHEPTETUHECKUX M METaboIMYeCKMX NPOLLECCOB, a TaKKe aKTMBM3aLMA NpoLeccoB cBOO0AHO-pa-
AVKaNbHOTO OKMUCNEHMs. VIMEHHO N03TOMY naToreHeTU4ecKW 060CHOBAHO B KOMMEKCHOM Tepanun AaHHOM NaTonorum npuMe-
HEHWe aHTUOKCMAAHTOB, B YaCTHOCTM OPMIMHANBHOMD OTEYECTBEHHOrO Npenapata ATUAMETUIrMAPOKCMNIUPMANHA CyKLMHATa.
Lenb — u3yuntb 3cddeKTMBHOCTL ITUIMETUNTMAPOKCUNMPUAMHA CYKLMHATA NPU BHYTPUBEHHOM, BHYTPUMBILLEYHOM U BHY-
TpUKEeNyao4HoM cnocobax BeefeHNs MbilaM-camuam ICR npu MofennpoBaHuy anKkoronbHoW abcTUHeHLMM.

Marepuansbl u Metoabl. WccnenoBaHue Gbino BbIMOMHEHO HA 3[0POBbIX, CBOOOAHBIX OT MAaTOreHHOM (UIOpbI MbllLax-caM-
uax aytbpenHoro ctoka ICR B Bo3pacte 9-10 Hen. cpegHen Maccon 25,4 + 0,2 . ANKOronbHyK 3aBUCUMOCTb Y JKMBOTHBIX
MOZeNMpoBanu nocteneHHbIM NoBbILLEHUEM 3TaHona B nounke ¢ 1 0o 3, 6, 10 % uepes kaxable 2 aHs. [pu BoCTUMKEHUM
KoHueHTpauwmm 10 % »wvBoTHBIM faBanm 1 ByTbINKy cnupta ¢ 1 6yTbiNKoM BoAbI Yepe3 AeHb M 2 ByTbiNKaMu CnupTa B NpoMe-
XyTouHble AHK. MonoxeHue ByTbiNOK (cneBa / cnpaBa) MeHANM Mexay KawablM CeaHcoM A0cTyna K ankoronio. Crycts 6 Hea.
Yy XMBOTHbIX Youpanu pactop 10 % cnupta. HaunHanu BBefeHWe 3TUIMETUITMAPOKCUMNIMPUAMHA CyKUMHaTa U GuapacTBopa
(rpynna KoHTpona) 2 pasa B [eHb B TedeHne 7 aHeW. [penapat Beoaunu BHyTpuBeHHO (50 n 100 Mr/Kr), BHYTPUMBILLIEYHO
(50 1 100 mr/kr) u BHyTpuxenyao4Ho (100 u 150 Mr/kr).

PesynbTathbl. B HacTosLLEeM UccenoBaHUM YCTaHOBIEHO, YTO 3TUMETUATMAPOKCUNMPUANHA CYKUMHAT (Mekeupon® npu BHy-
TpnBeHHOM (50 n 100 Mr/Kr), BHyTpuMbiweyHoM (50 n 100 mr/kr) u BHyTpwkenyaouHoM (100 v 150 Mr/kr) BBegeHum 2 pasa
B [€Hb B TeYeHWe 7 OHeW Npy NpOSIBNEHMSAX aNKOroNbHOM abCTUHEHUMW Ha MOLENW anKOrofIbHOM 3aBUCUMOCTM Y MbILLEN
ICR, obnapaeT BbIpa)eHHOM (hapMaKONOrMYecKom aKTMBHOCTbIO, KOTOpas NPOSBSETCS B CHUMXEHUM 0ObeMa noTpebneHus
anKoronisl, YNyyLweHU ropu3oHTaNbHOM M BEPTUKANbHOW aKTUBHOCTU B TECTE «OTKPLITOE MONE», YYYLIEHUA KOOPAMHALMM
LBVXEHWUA, YMEHbLLEHUN BbIPAXEHHOCTU abCTUHEHTHOTO CMHAPOMA, BLISBNEHHOM B TECTE HA CMOCOOHOCTb K FHE3[0BaHUIO.
3akntoyeHme. TakuM 06pasoM, ATUAMETUATMAPOKCUNMPUANH CYKLUMHAT npy BHYTpMBEHHOM (50 1 100 Mr/Kr), BHYTpUMbILLEY-
HoM (50 1 100 mr/kr) u BHYTpUenynouHoM (100 n 150 Mr/kr) BBeaeHMM Mbllwam camuam ICR okasbiBan BblpaKeHHoe Tepa-
NeBTUYECKOE BO3AEWCTBUE MPU MOAENMPOBAHWM aTKOroNIbHOM abCTUHEHLNN.

KnioueBble cnoBa: 3TUIMETUITMAPOKCUMMPUANHA CYKUMHAT; XPOHUYECKas anKoroibHas MHTOKCMKaLuS; 3a0poBble SPF Mbllum
ctoka ICR.
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Effectiveness of ethylmethylhydroxypyridine succinate
in alcohol withdrawal
Elena N. Yakusheva, Alexey V. Shchulkin, Yulia V. Abalenikhina

Ryazan State Medical University, Ryazan, Russia

ABSTRACT

BACKGROUND: Alcohol (ethanol) use disorder is a destructive condition with alterations in impaired energy and metabolic
processes and activation of free radical oxidation processes. Therefore, the use of antioxidants in the complex therapy of this
pathology is pathogenetically justified, one of which is the original domestic drug ethylmethylhydroxypyridine succinate.

AIM: To examine the effectiveness of ethylmethylhydroxypyridine succinate in intravenous, intramuscular, and intragastric
methods of administration to male ICR mice in modeling alcohol withdrawal.

MATERIALS AND METHODS: The study was performed on 9- to 10-week-old male specific pathogen-free mice of the ICR
outflow with an average weight of 25.4 + 0.2 g. Alcohol dependence in animals was modeled by a gradual increase in ethanol
in the drinker from 1% to 3%, 6%, and 10% every 2 days. Upon reaching a concentration of 10%, the animals were given one
bottle of alcohol and one bottle of water every other day and two bottles of alcohol on intermediate days. The position of
the bottles (left/right) was changed between each alcohol access session. After 6 weeks, 10% alcohol was removed. The
administration of ethylmethylhydroxypyridine succinate and saline solution (control group) was started twice a day for 7 days.
Ethylmethylhydroxypyridine succinate was administered intravenously (50 and 100 mg/kg), intramuscularly (50 and 100 mg/kg),
and intragastrically (100 and 150 mg/kg).

RESULTS: Ethylmethylhydroxypyridine succinate was administered intravenously (50 and 100 mg/kg), intramuscularly (50 and
100 mg/kg), and intragastrically (100 and 150 mg/kg) two times a day for 7 days resulted in the manifestations of alcohol
withdrawal in ICR mice with alcohol dependence. It had pronounced pharmacological activity, which manifested in a decrease in
alcohol consumption, improvement of horizontal and vertical activities, improvement of movement coordination, and a decrease
in the severity of withdrawal syndrome detected in the nesting ability test.

CONCLUSION: When administered intravenously (50 and 100 mg/kg), intramuscularly (50 and 100 mg/kg), and intragastrically
(100 and 150 mg/kg) to male mice, ICR had a pronounced therapeutic effect in modeling alcohol withdrawal.

Keywords: ethylmethylhydroxypyridine succinate; chronic alcohol intoxication; ICR drain mouse SPF.
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MCUXOHEVPODAPMAKONO/A

BBEAEHUE

PacctpoiictBo, Bbi3BaHHOe ynoTpebneHueM ankorons
(3TaHona), — 370 paspyLwMTENbHOE COCTOSIHUE, OT KOTOpOro
cTpapatot bonee 280 MaH yenosek Bo BceM mupe [1]. Ha-
PYLLEHWE KOHTPONSA Haf ynoTpebneHneM ankorons NpuBoLUT
K GU310M0rMYECKOM 3aBUCUMOCTH, OAHAKO JIOAU NPOJoKa-
10T MM 3110yNOTPebnATb, HECMOTPSA Ha NarybHble NocnencTeus
LNs CBOEro 3[0p0BbS, JIMYHOW M NMPODECCUOHANBHON KU3HM.
3noynotpebneHne anKkorosieM 4acTo COYeTaeTcs C APYrMMM
HEpPBHO-MCUXMYECKUMM PacCTPOICTBaMM, BKITOUas paccTpoii-
CTBa HaCTpOeHMs, Takwe Kak Aenpeccus [2], 6unonspHoe
paccTponcTBo [3] u TpeBOXHbIe paccTponcTaa [4]. MaumeH-
Thl C 3TUMM MHOXECTBEHHBIMU MarHo3aMm XyXe pearvpyior
Ha NeyeHne U UMEKT HeraTMBHblEe UCXoabl 3aboneBaHma [5].

[ocTynHble B HacTosiLLee BpeMs SIeKapcTBa OT aiKorosib-
HOM 3aBUCUMOCTH, TaKWe KaK BaKnodeH, UMEKT OrpaHuYeH-
Hyt0 3QPEKTMBHOCTb, Cepbe3Hble N0BoYHbIE 3PPEKTLI U BbI-
COKyI0 yacToTy peunamnsoB [6]. MoaToMy cywecTByeT ocTpas
HeobxoaMMOCTb BbISIBNIEHUS HOBbIX HMONOrMYECKUX MULLIEHE
1 pa3paboTku TepaneBTUYECKUX W NPOdUNAKTUYECKUX CTpa-
Termn 6opbbbl C aNKoroNbHOWM 3aBUCUMOCTBH). YUnTbIBas Bbl-
COKYH 4acToTy COMYTCTBYIOLUMX PacCTPOWCTB LieHTPasbHOM
HEPBHOM CUCTEMBI, MPEANOYTEHME CTOWT OTLABaTb JleKap-
CTBEHHbBIM BELLECTBaM C NOSMMOAANbHBIM ENCTBUEM.

YunTbiBas BaKHYK poOfb HapYLIEHWA 3HEpreTUYecKMX
1 MeTaboIMyecKMx MpoLeccoB, a TaKKe aKTMBM3aLMU Npo-
LeccoB cB0OOOJHO-PaAMKANbHOMO OKUCIIEHWS B Pa3BUTUM
anKorosIbHOro NOBPEXAEHNA HEMPOHOB [7], NaToreHeTUYeCKM
060CHOBaHO B KOMMEKCHOM Tepanuu AaHHOW Natoforuu
NPUMEHEHME aHTUOKCMAAHTOB. ITM NpenapaThbl CHUXAKT CKO-
POCTb OKMCIUTENBHBIX MPOLLECCOB, ONOKMPYIOT OTpULaTENb-
Hoe [eiicTBMe CBODOAHBIX PaMKanoB, TEM CaMbIM MOBbILLAS
nopor Bo36yXaeHus B ronoBHOM Mo3re. O4HUM U3 BbICOKO-
aKTUBHBIX QHTMOKCUAAHTOB, 00MafaloLLMM TaKKe aHTUru-
MOKCUYECKOW W HeMpOMPOTEKTOPHON aKTUBHOCTbIO, IBASIETCS
OpUIMHaNbHbIA 0TEYECTBEHHBIN Mpenapar STUIMEeTUAMMAPOK-
cMnupuamHa cykumHata (AMITIC, Mekcnpon®).

Llene uccnedosarnus — usyyenne 3QHEKTUBHOCTU ITUN-
METUNTUAPOKCUNMUPUAKMHA cyKuMHaTa (AMITIC) npu BHYTpU-
BEHHOM, BHYTPUMBILLIEYHOM U BHYTPUMKENYA0UHOM crocobax
BBEAEHMA MbillaM-caMuaM ICR npu MopennpoBaHuW anko-
roNIbHOW abCTUHEHUMN.

MATEPWUAJIbI U METObI
WUCC/IEQOBAHUA

WccnepoBanue 6b110 BLIMOSHEHO Ha 340poBbIX, CBOBOA-
HbIX OT NaTOreHHoM (Iopbl MbILLIAX CaMLax ayTbpeaHoro CcTo-
Ka ICR B Bospacte 9-10 Hen. cpenHen maccon 25,4 + 0,21
1 Bbin0 ofobpeHo broaTyeckon Kommuccmei (Mpotokon N 32
ot 12.04.2023 r.). }nBOTHbIE NPX MOAENIMPOBAHWM aNKOTOJb-
HOI 3aBMCMMOCTU copepxanuch rpynnamu no 10 Mbliwwen.
KoHueHTpaumio ataHona B nounke (0AQ «®nopa KaBkasa»,
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cepus 830820, cpok rogHoctu: no 08.2025) B TeyeHue cpoka
MOAeNMpoBaHusA MeaneHHo nosbiwanu (1, 3, 6, 10 %). MoBbI-
LUEHME KOHLIEHTPaLMU NpOW3BOLMIMN Yepe3 Kaxable 2 OHS.
Mpu pocTueHnn KoHueHTpaummn 3taHona 10 % uBOTHbIE
ObiM MoOMeLLeHbl B MHAMBMAYANbHbIE KNETKW OO0 KOHLA
uccneposanus [8, 91. Mocne 3toro MbiwamM M3 rpynn Moge-
nupoBanua faeanu 1 ByTbinKy cnvpta ¢ 1 ByTbIKOM Bogb
yepe3 AeHb M 2 ByTbINKaMW CNMPTa B MPOMEXKYTOUHbIE [IHW.
MonoxeHue byTbINOK (cneBa/cnpaBa) MEHSANM Nepes KaxabiM
CeaHcoM A0CTyna K ankorofto. Meiwam u3 rpynnsl 1 gasanu
2 ByTHIIKM BOLbI Ha MPOTSIKEHUW BCErO UCCNef0BaHUA.

CnycTa 6 Heq, y *mBOTHbIX youpanu pacteop 10 % cnmp-
T1a. HaunHanu Beegenue npenapata IMITIC u puspacTBopa
(rpynna KoHTpons) 2 pasa B AeHb B BblbpaHHbIX [03aX B Te-
yeHue 7 aHen.

HuBoTHble bbinn pasaeneHbl Ha 10 rpynn (n = 10 B Kaxk-
[o¥ rpynne):

1 rpynna — MHTaKTHbIE }KMBOTHBIE;

2, 3, &4 rpynnbl — XMBOTHbIE, KOTOPBIM MOCNE MOLENU-
POBaHUS anKorosibHOW abCTUHEHUMM BHYTPUBEHHO, BHYTPHU-
MBILLEYHO WITM BHYTPUIKENYL0YHO BBOAWIM (U3MONOMUHECKMIA
pacTBop;

5, 6 rpynnbl — MBOTHbIE, KOTOPLIM MOC/E MOAENMUPO-
BaHWUS asIKOrofIbHOM abCTUHEHUMM BHYTPUBEHHO BBOLMIIU
JIMITIC B nose 50 mnm 100 Mr/Kr cooTBETCTBEHHO 2 pasa
B [IeHb B TeueHue 7 aHel;

7, 8 rpynnbl — XMBOTHbIE, KOTOPBIM NOC/E MOAEUPO-
BaHWA aJIKOro/IbHOW abCTMHEHLMM BHYTPUMBILLIEYHO BBOLM-
v 3MITIC B pose 50 wm 100 Mr/Kr cooTBETCTBEHHO 2 pa3a
B [€Hb B TeueHue 7 oHew;

9, 10 rpynnbl — 3KWMBOTHbIE, KOTOPLIM MOC/E MOAENUPO-
BaHWSA aNKOroNbHOM abCTUHEHLMM BHYTPUMKENYAOYHO BBOLU-
nm 3MITIC B po3e 100 unm 150 Mr/Kr cooTBETCTBEHHO 2 pasa
B [IeHb B TeueHue 7 OHen.

Mocne OKOH4YaHMS BBEAEHWs, BO BPEMS Mep1oaa OTMEHI,
Y MBOTHBIX PErMcTpMpoBanyu notpebrieHne anKorons v Bbl-
NONHAM criefytolme QYHKUMOHAMbHBIE TECTbI.

Tecm 710KOMOMOPHOU GKMUBHOCMU HVBOTHBIX «OTKPbI-
Toe mofe» NPOBOAWNM Yepe3 24 4 mocfe Havana nepuoga
OTMeHbI. B TeueHne 3 MWH perucTpupoBanu napaMeTpbl ro-
PU30HTaNIbHOW U BEPTUKANbHOM aKTUBHOCTH;

Tecm Ha KoopduHayuHo rPbI3yHOB MPOBOAMIN C MOMOLLbIO
npubopa «Dual Species Economex Rota-Rod» (fepMaHus).
3a 3 OHA [0 OKOHYaHWS! MOAENMPOBaHMS HauMHaM obyye-
HWe TecTy (TecTMpoBaHue Yepes 24 4 nocre Hayana nepuo-
A3 OTMeHbl). YcTaHOBKa npencTaBnsieT coboi NpunogHATLIN
Ha BbIcoTy 60 CM BpaLLaAlLLMIACS CTEPXEHb ANAMETPOM 6 CM.
06yyeHune Ha ycTaHoBke «Rota-Rod» npoBogunu B TeyeHue
3 nHel (3a 3 AHA 00 Hayana nepuoAa OTMEHbI), HauWHas
C HemopguxHoro ctepxHa (5—30 c), 3aTeM BpalLaloLLMACA
CTEPEHb C MOCTOSAHHOM CKOPOCTLIO 5 06/MMH, fanee ycKo-
pstoLLmiics cTepxeHb. Ha 5-i AeHb nocne Havana oby4eHus
(4epe3 24 u nocne Havana nepuoga OTMeHbI) MPOBOAUNM 3a-
KNoumuTenbHoe TecTupoBaHue. OuKcMpoBany BpeMs NafeHus
JKMBOTHOTO No Tanmepy. CnocoBHOCTb HMBOTHBIX COXpaHATb
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paBHOBECKE W YBENMUMBATL BPEMS HaX0XAEHUS Ha BpaLLato-
LLeMCA CTepXKHe nog, ferMCTBUEM U3Y4aeMOro BeLLeCTBa, BBO-
AMMOro Ha QOoHe 3TaHONa, paccMaTpuBaM Kak cnocobHocTb
YMeHbLUaTb TOKCUYECKOe [eMCTBUE 3TaHOMa WU BOCCTaHaBMM-
BaTb KOOPZAMHALMIO IBUMKEHMS.

O6ozawjarowias cpeda. Mocne hYHKUMOHAMBHBIX TECTUPO-
BaHMIA (Ha CedyIoLLMe CYTKM NOC/e OTMEHBI STWIOBOIO CKpPTa)
YKMBOTHBIM B KJIETKM AaBanu oboraluatoLLlyto cpesy B BUAE Ma-
Tepuana ans riesposanus. Knetku ocMatpusamm 1 pas B cyT-
KK, OTCYTCTBME rHe3z, Uk cobpaHHoro Matepuarna B OfHOM Yy
FOBOPUT O CTEMEHN BbIpaXKEHHOCTW abCTMHEHTHOTO CMHAPOMA.

Mocne BbINOAHEHUS BYHKUMOHANBHBIX TECTOB MUBOTHBIM
BO30OHOBNSANM anKoronbHyl0 MoTuBaumio Ha 1 cyT ¢ peru-
CTpaumeii notpebnexmns ankorons (49-i aeHb UccneaoBaHus).

CraTMCTUYECKMIN aHanW3 NPOBOLUAM C UCMO/b30BaHWEM
nporpammbl Statistica 7.1. lonydyeHHble Konu4ecTBEHHblE
AaHHble MpefcTaBfeHbl B BULE CpefHero apudMeTuyecko-
0 U CTaHAAPTHOMO OTKNOHEHMs. [locTOBEpHOCTb pasnnuuii
Mexqay bonee yeMm [ByMA rpynnamu OLEHMBanM C NOMO-
Wbt aucnepcuonHoro aHanmsa ANOVA, ¢ post-hoc Duncan.
[ins cpaBHeHWs ABYX rpynn ucnosb3oBanu t-kputepuii CTbio-
AeHTa. [lns aHanm3a YacToTHBIX MOKa3aTesniei Mcnob3oBancs
KpuTepuii xu-KBagpart. CTaTUCTUYECKM 3HAUUMBIMKU CUUTAITN
pa3znuums npu p < 0,05.

PE3Y/IbTATbl UCCJ/IEQOBAHUA

Ha 42-43-# peHb uccneaoBaHUA npu cpaBHeHUM NOTpeo-
nenms Bogbl 1 10 % cnupTa BHYTPU KaxgowW rpynnbl, 6biimn
HaiaeHbl foctoBepHble otamuma B rpynnax 2-10. Cnycta
6 Hepn. notpebnenms pacteopa 10 % cnupTa BCe HMBOTHbIE
cTanu otgasath npegnoytedue 10 % cnmpty, 4to roBopuT
00 ycrmewHoOM MOAENMPOBaHUM Y HMBOTHBIX aNIKOTOSIbHOM
3aBucumocTm (tabn. 1).

Ha 49-50-i neHb uccnepoBaHusa nocie Bo306HOBNEHUS
aNKorolbHOW MOTMBALUMKM KONWYECTBO noTpebneHus Bofpl
MeX [y BceMU rpynnamm bbino oanHakosbIM. [pu cpaBHeHUH
Konuyecta notpebneHns BOAbl M CMMPTa BHYTPU KaX[aoW
rpynnbl OblM HaRAEHbI JOCTOBEPHBIE OT/IMYMS B KOHTPOSbHBIX

%
100 —

* * *

50
T T 1

0 III
2 3 4 5 6 7 8 9 10

Cepuy 3KcnepuMeHTa

Puc. 1. BamaHue aTWAMETUNMMAPOKCMNMPUAMHA CYKLIMHATA Ha rHe3-
[AoBaHue Mblilwen *p < 0,05 — poctoBepHble pasnnuus ¢ rpynmnoii |
(MHTaKTHble YWBOTHbIE)

Fig. 1. The effect of ethylmethylhydroxypyridine succinate on
mouse nesting *p < 0.05 — significant differences in group 1
(intact animals)
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rpynnax 2-4, 3T uBOTHble NoTpebnsanu bonblue cnupra,
yeM Bogbl, Ha 104, 90 u 119 % coorBetcTBEHHO (p < 0,05).
Mpu cpaBHeHUM KonmuyecTBa NOTpebeHWs cnvpTa Mexay
rpynnamu BbiSIBNEHbI OT/IMYUSA Y BCEX IKCMEPUMEHTaNbHbIX
rpynn 5—10 oT UX NapHOM KOHTPObLHOW rPyNbl, UBOTHbIE
3KCMepUMEHTaNbHbIX rpynn noTpebnanu cnupta Ha 40, 44,
43, 47,50 n 55 % MeHbLLe cOOTBETCTBEHHO. BHYTpM 3Kcnepu-
MEHTaNbHbIX TPYNN OTAMYMA B NOTPEDIEHUM Boabl U cnupTa
0TMeYeHo He bbino (Tabn. 1).

B Tecte oTKpbIToe None Bbinv NonyyeHbl cregytowwme pe-
3ynbTathl (Tabn. 2). Ha 2-1 fieHb 0TMeHbI aNIKOTos UBOTHbIE
W3 FPyNM NONOXMUTENBHOMO KOHTPONA 2—4 NposBisA/M cTaTu-
CTMYECKM MEHBLUYI0 FOpPU30HTaNbHYI0 aKTUBHOCTb U BepTU-
KanbHyl0 aKTMBHOCTb OTHOCMTENBHO rpynnbl 1. fopusoHTanb-
Has aKTMBHOCTb yMeHbluMnack Ha 21, 19 u 18 % (p < 0,05),
a BEPTUKabHas aKTUBHOCTb YMeHbLUMNAch Ha 55, 40 v 41 %
oTHocuTenbHo rpynnbl 1 (p < 0,05). XuBoTHble 13 rpynn 5, 6,
8, 9, 10 nposBNAAM CTaTUCTUHECKW BOMbLIYI0 BEPTUKAMbBHYHO
aKTUBHOCTb MO CPABHEHMIO C UBOTHBIMM U3 FPYNN NONOXM-
TeIbHOTO KOHTPOMS MpKU aHanorMuHbIX cnocobax BBefeHus.
J1a pasHuua coctaenset 94, 156, 34, 25 n 44 % (p < 0,05)
COOTBETCTBEHHO BblLLIEYKA3aHHbIM IPyNMnaM XMBOTHbIX. Hu-
BOTHbIE M3 FpynMbl 7 NPOABASNN CTAaTUCTUYECKY BonbLUYIO ro-
PW30HTabHYI0 aKTUBHOCTb Ha 16 % OTHOCUTENBHO UBOTHBIX
u3 rpynnsl 3 (cM. Tabn. 2).

lokasaTenu JIOKOMOTOPHOW AKTWBHOCTW MPeACTaBfieHb
B Tabnuue 2.

OTHoCUTenbHO rpynnbl 1 JKWBOTHbIE M3 FPYNMbl MOM0-
KUTENIBHOMO KOHTPONA 2—4 Haxo@MNuCb Ha BpaLlaloLemcs
CTep:KHe MeHbLLe BpeMeHu Ha 23, 23 u 21 % (p < 0,05) co-
OTBETCTBEHHO. B nokasatene KoopAMHALMM SBUKEHWIA rpyn-
Mbl XMBOTHbIX 5, 6, 9, 10, nonyyaBwme IMITIC BHYTPMBEHHO
1 NepopanbHo, AEpXanuch Ha BpaLLalLLEMCS CTEPIKHE CTa-
TUCTUYECKM [0JTbLLE, YEM FPYNMbl MOSIOXMUTENBHOTO KOHTPONS.
Mpu BHYTPUBEHHOM cnocobe BegeHus IMITIC oTHocuTeNBHO
KOHTPOJSIbHOM FPYNMbl 2 KUBOTHbIE U3 FPYNN 5 M 6 HAaXO4MUIUCh
Ha cTepxHe ponblue Ha 26 % (p < 0,05). Mpu BHYTpUMBILLIEY-
HoM crnocobe BeeaeHust IMITIC OTHOCUTENIBHO KOHTPOSLHOM
rPynnbl 3 BpEMS HaX0XAEHWUA Ha BPALLIAIOLLEMCS CTEPIKHE HMU-
BOTHbIX U3 rpynn 7 u 8 6bino npopsomkutensHee Ha 141 19 %
cooTBeTcTBEHHO (p < 0,05). Mpn nepopantHoM cnocobe BBe-
AeHus IMITIC 30HL0M B 3KeNyAoK OTHOCUTENbHO KOHTPOSIbHOM
rpynnbl 4 BpeMs HaXOXAEHMs Ha BpaLLaloLLeMcs CTepKHe
HUBOTHbIX U3 rpynn 9 1 10 bbino ponblue Ha 18 % (p < 0,05).

Bnusitme IMITIC Ha rHe3poBaHMe NpeacTaBAeHO Ha pU-
cyHke 1. Bce uBoTHble U3 rpynnbl 1, notpebnsswme Bogy
Ha NpOTSIKEHWW BCEro WCCNeoBaHWUSA, AeNanu rHespa
3a 1cyt (c 44-ro Ha 45-i peHb uccnenosaHus). Mpopon-
XuTenbHoe noTpebneHue pacTBopa cnupta cnocobcTeoBano
TOMY, 4TO JaNeKo He BCE XMBOTHbIE M3 rpynn 2—4 fenanu
rHesga. B rpynne 2 cpenanu JOMMK BCEro 3 JKUBOTHBIX,
B rpynne 3 — 3 XMBOTHbIX U B rpynne 4 — 2 MBOTHbIX,
B TO BPEMSA KaK BCe }MBOTHble M3 rpynn 5-7, 10 chenanu
rHe3na 3a 1 cyt. *KusotHble u3 rpynn 8, 9 3a 1 cyT caenamm
rHe3ga B 9 u3 10 BO3MOXHbIX Cnyyaes.
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ObCYXOEHWUE

B HacToflLlee BpeMs YCTaHOBIEHO, YTO OKWUCAMTENbHBIN
CTPeCC UrpaeT BaHylo posib B NaTOreHe3e paccTponCTB, Bbl-
3BaHHbIX 3n0ynotpebneHnem ankorons. Hanpumep, nokasa-
HO, YTO MeTabo/IN3M 3TaHoMa B NEPBUYHLIX HEMPOHAX Yeno-
BEKa a/IKorofbAernaporeHasoi unm umtoxpomom P450-2E1
COMpOBOXAAETCA reHepaumeit akTMBHbIX GOpM Kucnopona
[10]. BeisBneHo HapyLueHWe MUTOXOHAPWANbHOTO TKaHeBO-
ro AblXaHUsi Mocrie OCTPOro M XPOHUYECKOro BO3AEHCTBUS
3TaHoNa, NPUBOAALLEE K CHUMEHMIO NMPOAYKUMM afeHO3MH-
Tpudocharta U ycuneHHOMy 00pa3oBaHUI0 aKTUBHLIX GOpM
kucnopoga [11]. AucbanaHc Mexay BbIpaboTKoM cBOBOAHBIX
PaAMKaNoB U aHTUOKCUAAHTHBIMW CUCTEMaMMU KINETKU, TaKU-
MW KaK CynepoKCUAAMCMYTa3a, KaTanasa, [yTaTMoHMepoK-
cMpasa, 3anyckaeT nepexucHoe okucneHue nunugos (M10J1),
MHaKkTUBaumio benkos u nospexaenve [HK, npusopswee
K MUTOXOHAPWanNbHOW AUCHYHKLMKW, TMBenn KNeToK u pas-
BMTUIO BOCManuTeNbHOW peakumn. Mo3r ocobeHHO ysA3BUM
K BO3[,EMCTBMIO aIKOroNs,, MOCKOMbKY OH BbICTPO NpOHMKaeT
yepe3 reMaToaHuedanmueckuit bapbep U U3MeHsIeT Henpo-
TpaHcMUccHio. Bce BbILLEN3NOMKEHHOE NPUBOAMT K U3MEHe-
HWI0 NEepeaayn CUrHamnoB HepoHOB M MHIMOMPOBaHMI0 Hell-
poreHesa [12, 13].

B pasButUM anKoronbHOWM 3aBUCMMOCTM 0CODEHHO BaX-
HbIM ABNAETCA ME30MMONYECKUI NYTb AopaMuUHa, KOTOPbIi
npoewumpyeTcs OT BEHTPasibHOW NOKPBILLKYA B CPEAHEM MO3re
K npunexallemy aapy B nepeaHeM mosre [14]. B pamkax Ha-
CTOAILLEr0 UCCNefoBaHMsA OLEeHMBanach IQMeKTUBHOCTb OpU-
MMHaNbHOMO POCCMICKOrO NeKapcTBeHHoro npenapara IMITIC
Npu pa3BUTUU aNKOTONbHOM abCTUHEHLMM.

B xone uccnenoBaHusa ObINO YCTAHOBEHO, YTO BHYTPU-
BEHHOE, BHYTPUMBILLEYHOE W BHYTPUMKENYAOUHOE BBELEHME
IMITIC oka3blBaeT BblpaXKeHHOE TepaneBTUYECKOe BO3AEN-
CTBWE, KOTOPOE NPOSABNANIOCH B CHUMEHWUM 06beMa noTpebne-
HWS aMKOronis, YNyYLIEHUN FOPU30OHTaNbHOW W BEPTUKAbHON
aKTUBHOCTM B TECTE «OTKPLITOE MOJIEY, @ TaKXKE KOpPAUHALMM
LBVXEHWA, YMEHbLUEHUM BbIPAXXEHHOCTU abCTMHEHTHOro
CMHIPOMa, BbISIBIEHHOTO B TECTE HA CNOCOBHOCTb K rHe3fo-
BaHMI0.

B MHorouucneHHbIx uccnenoBaHusx Obio MOKasaHo,
yto IMITIC obnapaet cnocobHOCTLIO CBA3bIBaTL CBOBOAHBIE
pagmKanbl (CynepoKCMAHBIA aHWMOH-PaauKan, TMAPOKCUIb-
Hblli paguKan), MOBbLILLAET AKTUBHOCTb AHTMOKCUAAHTHBIX
(epMeHTOB (FNyTaTMOHNEPOKCMAA3bI, CYNepoKCUaANCMYyTa-
3bl), NOAABNSET Pa3BUTUE MTyTAMaTHON IKCANTOTOKCUYHOCTH,
YCUNMBAET 3KCMPECCUI0 TPAHCKPUNLMOHHBIX dakTopos Nrf2
un HIF1a [15]. Takum obpasom, bnarogaps npsaMoi U HenpsAMoiA
aHTUOKCUAAHTHOW akTMBHOCTM AMITIC MoxeT NpeaoTBpaLLaTh
noBpexaeHne BOMaKpOMoneKys, Bbl3BaHHOE aKTMBMU3aLMel
M0J1, npn anKkoronbHON UHTOKCUKALWK.

CykumHart, Bxopswmii B coctaB B coctaB IMITIC, noa-
nepxuBaet paboty Il komMnnekca apbixatenbHon Lenm [15],
W, TaKMM 00pasoM, MOMET YNydylwaTb 3HEpPronpoayKLMIo
B HEMPOHaX Npy anKoroNbHoi MHTOKCUKaLMW. HelaeHo bbino
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MOKa3aHo, YTo CYKLIMHAT aKTUBMpYET creumnduueckue cyKum-
HaTHbIE PeLenTopbl, YTO TaKXKe BHOCUT BKJIaL B peanm3aumio
HEWPOMNpPOTEKTOPHOW aKTMBHOCTU TECTUPYEMOrO BELLECTBA
[16].

JIMITIC okasbiBaeT MeMbpaHocTabunusmpylowee Aen-
CTBWE, MOAYNMPYET peLenTopHbIe KOMMeKChl MeMbpaH Mo3-
ra, B yactHocti, TAMK-6eH3oauasenmHoBbii [17], uto MoxKeT
0nocpefoBaTh ero TepaneBTUYECKOe AeiCTBUE NPU Pa3BUTUM
anKoronbHoM 3aBucumocty [18].

BbIBOA

TakuM 06pa3oM, B HACTOALLEM MCCIIELOBAHNM YCTaHOBNE-
Ho, yto IMITIC (Mekcunon®) npu BHYTpUBeHHOM (50 1 100 Mr/
Kr), BHyTpuMbiLLeyHoM (50 1 100 Mr/Kr) n BHYTPUIKENYLO0YHOM
(100 1 150 Mr/kr) BBEAEHMM 2 pa3a B [ieHb B TeueHue 7 OHeN
MpU NPOSIBAIEHMSX aNKOrosbHOK abCTUHEHLMW Ha Mofiesv an-
KOrosibHo# 3aBUCMMOCTM Y Mbllleii ICR obnapaeT BbipaeH-
HOM (hapMaKoor14ecKon aKTUBHOCTDIO, KOTOPas NPOsBNAET-
CA B CHWXEHWUM 06beMa noTpebneHns anKkorons, ynyyileHum
TOPU30HTaNIbHOM M BEPTUKANbHOM aKTUBHOCTH, @ TaKXKEe KO-
OpAMHALMM LBUXEHWUN, YMEHbLUIEHWUM BbIPaXKEHHOCTU abCTu-
HEHTHOrO CMHAPOMA, YTO NO3BONISIET JOCTOBEPHO YMEHBLLMTL
WNM MOIHOCTBIO YCTPaHUTL OTC/IEXMBAEMbIE CUMMTOMBI, Bbl-
3BaHHbIE aNIKOrOfbHLIM abCTUHEHTHBIM CUHAPOMOM.

AOMO/THUTENIbHASA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHECNM CYLLECTBEHHbIA BKNAA
B pa3paboTKy KOHLENLUMM, NPOBEAEHWE UCCNeA0BaHNA M MOATOTOBKY
CTaTbi, MPOYM M OACOPUAN QUHAMBHYI0 BEpCUIO Mepeq nybnmnka-
umen. Bknap kaxpgoro asTopa: E.H. fiKyieBa — pa3pabotka obLLen
KOHLenumm, Hanncanme ctatbi; A.B. LLynbKMH — aHanm3 nonyyeH-
HbiX pe3ynbTatos; t0.B. AbaneHnxmHa — cTatucTdeckas obpaboTka
pe3ynbTaToB.

KoHdbnuKT uHTepecoB. ABTOpbI AEKIIAPUPYIOT OTCYTCTBYE ABHbBIX
1 NOTEHLMaNbHbIX KOHIMKTOB MHTEPECOB, CBA3aHHbIX C NybmKa-
LMeN HaCTOALLLEN CTaTbK.

WcTouHnK hMHaHCMpoBaHUA. ABTOpLI 3asBMIAIIOT 00 OTCYTCTBIM
BHELLHEro GMHaHCVPOBaHKA NpY NPOBEAEHWM UCCNENOoBaHMS.
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Role of bioenergetic hypoxia in the morphological
transformation of the myocardium
during vibration disease

Victoria V. Vorobyova'?, Olga S. Levchenkova®, Karina V. Lenskaya'

! Saint Petersburg State University, Saint Petersburg, Russia;
2 Kirov Military Medical Academy, Saint Petersburg, Russia;
3 Smolensk State Medical University, Smolensk, Russia

ABSTRACT

BACKGROUND: Analysis of literature on the structural changes in the heart in patients with vibration disease using
echocardiographic research methods revealed a concentric type of remodeling of the left ventricular chambers, which is
associated with a high risk of cardiovascular complications, including sudden cardiac death, in people of working age.

AIM: To determine the role of bioenergetic hypoxia in the development of morphological transformation of the myocardium to
substantiate the efficacy of pharmacotherapy for vibration disease.

MATERIALS AND METHODS: The energy production activity of cellular systems of heart tissue in vitro was analyzed by the
polarographic method using a closed galvanic-type oxygen sensor (Clark electrode). The stressful effects of vibration were
confirmed by the dynamics of the morphohistological picture of changes in the myocardial tissue of the left ventricle in the
apical region after standard alcohol-paraffin wiring and staining of histological preparations with hematoxylin and eosin.
RESULTS: Evaluation of the morphometric and bioenergetic parameters of cardiomyocytes under various experimental vibration
modes (7, 21, and 56 sessions with a frequency of 8 and 44 Hz) confirmed the relationship between the provision of tissue with
energy potential and morphological signs of pathological structural changes in the myocardial tissue, such as hypertrophy of
cardiomyocytes, development of fibrosis, restructuring of the vascular bed, and necrosis.

CONCLUSION: Analysis of the relationship between energy metabolism and morphohistological transformation of heart tissue
allows us to resolve the role of universal and specific mechanisms in cardiac remodeling in the presence of vibration and
pathogenetically substantiate the choice of drugs that not only have a vibration-protective effect but also inhibit pathological
structural changes in the myocardial tissue.

Keywords: vibration; hypoxia; energy metabolism; hypertrophy and fibrosis of cardiomyocytes; myocardial remodeling.
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Ponb 61o03HepreTMyeckom runoKcMmn B MophosiormyecKom
TpaHcdopMauumu MMOKapAa npu BUGpaunoHHOM 6onesHu

B.B. Bopobbesa'?, 0.C. NleBuenxoBa’, K.B. Jlenckas'

! CankT-MeTepbyprckmit rocynapcTBeHHbIi yHuBepcuTeT, CaHkT-etepbypr, Poccus;
2 BoeHHo-MenLMHCKas akafiemus uM. C.M. Kuposa, CankT-etepbypr, Poccus;
3 CMoneHCKwiA rocyapcTBEHHbIN MeaMLIMHCKWIA yHuBepcuTeT, CMoneHck, Poccusa

AHHOTALMA

AKTyanbHoCTb. AHanu3 NUTEPaTYPHBLIX UCTOYHMKOB, MOCBALLEHHBIX U3YYEHUIO CTPYKTYPHBIX M3MEHEHWUN CO CTOPOHLI CepAaLa
y DOSIbHbIX BUOPALMOHHO 60N1E3HBI0 C MOMOLLBIO 3XOKapaMorpagUYecKmUx MeTO0B UCCNe[0BaHNS, BbISBUI KOHLLEHTPUYECKMIA
TMN PEMOJENUPOBaAHUSA KaMep JIEBOIO JKEeNYL0YKA, aCCOLMMPOBAHHBIN C BICOKUM PUCKOM CepLEeYHO-COCYOMCTLIX OC/OKHE-
HWIA, B TOM YKCle BHE3AMHOM KapauabHOM CMepTH Y NuL, TpyAocnocobHoro BospacTa.

Llenb — onpenenuTb posib BUO3HepPreTMYECKO TMMOKCUM B pa3BuTM MOP(ONOr1iecKomn TpaHcdopMaLmMn M1oKapaa ans 06o-
CHOBaHus hapMaKoTepanuy BUOpaLMOHHON DoNesHu.

Matepuanbl U MeToabl. V3ydeHne aKTUBHOCTM 3HEPronpoAYKLUMM KNETOYHbIX CUCTEM TKaHWU cepaua in vitro npoBoaunm no-
naporpaguYeckUM MeTOAOM C MOMOLLBI0 3aKPLITOr0 KWUCOPOAHOMO AaTdyvKa rajibBaHuWdecKoro Tuna (anektpoa Knapka).
Crpeccupytowiee Bo3pencTBue BUOpauuy NOLTBEPHLANM OMHAMUKOW MOP(OrMCTONOrMHECKOM KapTUHbI W3MEHEHWUN TKaHW
MWOKapAa NeBOro JKenyao4Ka B 061acTi BEPXYLLKM NOCNEe CTaHAAPTHOW CNMpTOBO-NapadyHOBOI NPOBOAKY M OKPacKM rucTo-
JIOTMYECKMX NpenapaToB reMaToKCUIIMHOM W 3031HOM.

Pe3ynbratbl. OueHKa MOpdOMETPUYECKMX M DMO3HEPreTUYECKUX NOKa3aTesien KapaAuoMUOLMTOB Ha (OHEe Pas/MyHbIX 3KCre-
PUMEHTaIbHbIX pexkuMoB BUbpauuu (7, 21, 56 ceaHcoB ¢ yacToTon 8, 44 ) noaTBepKAaeT B3aUMOCBA3b MeXay obecrneyeH-
HOCTbH TKaHM 3HEPreTUYECKMM NOTEHLMANoM 1 hopMUpoBaHUEM MOPGONOMMYECKUX NPU3HAKOB NATONOMMYECKON CTPYKTYPHOM
MepecTpomKky B BUAE rMNepTpoduu KapamoMmMouuToB, pa3eutis ¢mbposa, M3MeHeHWS COCYAMCTOrO pycra, a TakXKe HeKpo3a.
3aknoueHune. AHanm3 B3aUMOCBA3M 3HEPreTUHECKOro 0bMeHa 1 MopdorucToNorieckon TpaHchopMauum TKaHM cepaua no-
3BONISIET NOCTaBUTb BOMPOC O POJIM YHUBEPCAbHBIX U CeUMdUYecKUX MeXaHU3MOB B PEMOAENMPOBaHMM cepaula Ha (oHe
BMOpaLyKM 1 naToreHeTUYecKn 060CHOBaTL BbIDOP NIeKapCTBEHHbIX NPEenapaToB, He TobKO 0011aAaloLLMX BUOPOMNPOTEKTUBHLIM,
HO M TOPMO3SILLMX NaTONONMYECKYI0 CTPYKTYPHYIO NEpPecTporKy TKaHW MUOKapaa, AeNCTBUEM.

KnioueBble cnoBa: BUGpaLys; TUMOKCHUSA; SHEPreTUYECKUiA 06MeH; rnepTpodus; Gnbpo3 KapaMOMMOLMTOB; PEMOLENMPOBa-
HMe MUOKapaa.
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BACKGROUND

The significant increase in morbidity and disability caused
by occupational vibration results in serious social, economic,
and medical problems. Therefore, the pathogenesis of hand—
arm vibration syndrome (HAVS) and search for pathogenetic
therapy should be further studied [1]. The significance of
HAVS is increasing in both medical and social contexts
owing to the loss of working capacity among young people
employed in industries such as aviation, mining, heavy-duty
machine operation, and construction equipment.

Clinical data regarding the functional state of the heart
in HAVS patients showed that prolonged exposure to
vibration leads to the development of myocardial remodeling
processes [2]. Concentric left ventricular hypertrophy is
observed in 31.8% of HAVS patients and is associated with
the highest risk of cardiovascular complications, including
sudden cardiac death, myocardial infarction, heart failure,
and ventricular arrhythmias [3-5].

Cardiac tissue undergoes pathological structural
rearrangement, called remodeling, which is determined by
the structural reorganization and adaptive energy metabolism
rearrangement of tissues. The assessment of myocardial
condition exposed to experimental [6] and industrial
pathological factor vibration [7] is complex. It includes the
analysis of energy metabolism and morphohistological
transformation of heart tissue. This reveals the role of
universal [8] and specific mechanisms in remodeling and
confirms the choice of drugs that have a vibration-protective
effect and inhibit pathological structural rearrangement of
myocardial tissue [9].

MATERIALS AND METHODS

The energy production of cardiac tissue cell systems
in vitro was analyzed using a polarographic method with a
closed galvanic-type oxygen sensor (Clark electrode). The
detailed methodology and composition of media for tissue
homogenate isolation and incubation were revealed in our
previous studies [10].

We analyzed the contribution of FAD- and NAD-dependent
links of the respiratory chain (RC) to evaluate changes in the
function of mitochondria [11] in heart tissue (specifically the
left ventricular apex zone) due to exposure to different modes
of vibration. Furthermore, we examined the tissue consistency
of changes in energy metabolism during incomplete gradation
cycles of metabolic states of mitochondria while oxidizing
endogenous and exogenous substrates in a “rest = activity
in dissociated state” manner and analyzed dysregulatory and
low-energy shifts at the mitochondrial level. The effects of
vibration irradiation on other levels of biological integration,
such as cellular, tissue, and interorgan, were also assessed.

Moreover, a multifactor analysis was used to implement a
systems approach [10]. This enabled the characterization of the
interaction process between mitochondrial communities and
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unfavorable factors by considering all available parameters—
responses, while considering the tissue specificity of their
functional activity during adaptation to the disturbing factor
of vibration [12]. The confirmed effect of vibration on stress
was demonstrated through the dynamics of catalase activity
in blood plasma and washed erythrocytes, energy status of
lymphocytes through succinate dehydrogenase activity, and
changes in the morphohistological picture of myocardial
tissue [10, 13, 14].

DYSFUNCTION OF BIOENERGETIC
APPARATUS AND ISCHEMIC
REMODELING OF MYOCARDIAL TISSUE

The myocardium is a highly vulnerable organ owing to its
high functional activity and large energy requirements, which
are maintained by aerobic processes. Energy metabolism in
the myocardium is provided by free fatty acid, glucose, lactic
acid, and amino acid metabolism. Beta-oxidation of fatty acids
occurs in the mitochondrial matrix under aerobic conditions.
The process concludes with FADH,, NAD(H), and acetyl-
coenzyme A production. Then, acetyl-coenzyme A enters
the tricarboxylic acid cycle as the primary energy source for
adenosine triphosphate (ATP) synthesis through oxidative
phosphorylation. Under physiological tissue oxygenation
conditions, myocardial demands for oxidation substrates
are met by fatty acids, which are efficiently oxidized through
the high activity of beta-oxybutyrate oxidase. Additionally,
myocardial mitochondria oxidize endogenous substrates such
as succinic, malic, isolimonic, fumaric, and ketoglutaric acids
and amino acids, ketone bodies, and pyruvate in smaller
amounts. The functional load level on the heart determines
substrate supply. As the functional load increases, the role of
beta-oxidation of fatty acids decreases, whereas the activity
of aerobic glycolytic processes increases [15].

The myocardium has high energy metabolism and is
susceptible to the impacts of stress, hypoxia, and energy
deficiency. The heart muscle is required to generate rapid
contractions and continuously alternate between periods
of contraction and relaxation. This need forces the tissue
and organ to modify its structure and spatial configuration
according to changing hemodynamic and non-hemodynamic
indices, such as pressure and volume overload, stiffness
of the vascular wall, blood viscosity, heart rate, hypoxia,
neurohumoral activation, genetic predisposition, altered
metabolism, and altered energy metabolism [16, 17].

Epidemiologic studies reveal that workers exposed
to vibration hazardous conditions for over 10 years have
a higher frequency of myocardial pathology compared to
other population groups of similar age and gender [2]. This
is because of increased activity of the sympathoadrenal
system [18, 19], the formation of a hyperkinetic type of blood
circulation [20], decreased myocardial contractility in the
preparatory phase, diastolic dysfunction of the left and right

DOI: https://doiorg/ 10.17816/phbn625963

Al



72

MCUXOHEVPODAPMAKONO/A

ventricles [21], activation of the lipid peroxidation system [22],
myocardiodystrophy development with various heart rhythm
disturbances recorded on electrocardiogram, and concentric
left ventricle hypertrophy [23].

The formation of concentric left ventricular hypertrophy
requires intense energy requirements and mobilization
of plastic material. This involves parallel or sequential
sarcomeres, which are associated with cardiomyocyte
dilation or elongation. Experimental studies have shown
that hypoxia develops in myocardial tissue due to vibration
exposure, regardless of whether it is general or local. This
causes NAD-H-oxidase link inhibition, which is the most
sensitive to the stressing effect of vibration. At level Il of the
enzyme-substrate complex (FADH-oxidase), the functional
activity of the RC leads to endogenous succinate oxidation.
This phenomenon is universal and can be measured, including
the summation of vibration effects [6, 13, 14].

The protein factor hypoxia-inducible factor (HIF)-1
plays a significant role in the molecular mechanisms of
cell adaptation to stress. Research has shown that HIF-1
functions as a transcription factor during pathological
tissue remodeling. This triggers the expression of various
HIF-1-dependent target genes and synthesis of protective
adaptive proteins [24], which counteract the harmful effects
of myocardial stress caused by several factors [25].

Under hypoxic stress, the IF1 OPAT cascade stabilizes
the structure and activity of the ATP synthetase F,F, dimer,
causing mitochondria to function in the supercomplex mode
[26]. This is due to the ability of the mitochondrial apparatus
of cardiomyocytes to form a reticulum, which is a single
system of mitochondria [27, 28]. Mitochondria are connected
through intermitochondrial contacts, which are disks
0.1-1 um in diameter. These contacts react to changes in the
organism’s physiological status by undergoing restructuring
and recombination transformations [29].

The disturbance of calcium metabolism in HAVS patients
[30, 31] plays a crucial role in the transformation of RC
operation toward clotting factor Il activity dominance. This is
because calcium channels and Ca?*-regulating mechanisms
determine the level of free calcium in the myoplasm and are
critical for cardiomyocyte functioning [32]. The calcium entry
system components, including calcineurin, protein kinase A,
and calcium/calmodulin-dependent kinase II, are functionally
coupled and their interdependence is influenced by their
redox potential. Moreover, these components are involved in
myocardial remodeling mechanisms. Disruption of Ca? ion
delivery to the actin-myosin system of cardiomyocytes and
delayed decrease of its concentration during repolarization
can lead to impaired muscle relaxation during diastole, called
diastolic dysfunction.

Owing to the involvement of several biochemical
mediators, such as phosphatidylinositol-3-kinase and protein
kinase B alpha (product of AKT! gene), mammalian target
of rapamycin complex 1, and mitogen-activated kinases
extracellular signal-regulated kinase 1/2 and AMP-activated
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protein kinase, a connection between the regulation of energy
metabolism and cell proliferation, growth, and survival and
the mechanisms of myocardial structural and geometric
reorganization in vibration exists [32, 33]. However, these
mechanisms are poorly understood.

MORPHOLOGICAL SIGNS
OF ISCHEMIC REMODELING
OF MYOCARDIAL TISSUE

Stressful myocardial damage [25] can lead to
pathological structural reorganization of the myocardial
tissue through molecular and bioenergetic mechanisms.
The circulatory system mediates the energy demands of the
cell and tissue, which are open thermodynamic systems.
The morphofunctional status is regulated by energy supply.
From a morphological perspective [34], remodeling involves
cardiomyocyte hypertrophy, fibrosis development, vascular
channel remodeling, and cardiomyocyte and stromal cell
apoptosis.

Experimental studies have shown that the swelling
of cardiomyocyte cells and their nuclei with dystrophic
changes of zonal character increases general vibrations of
different frequencies (8 and 44 Hz) and durations (7, 21, and
56 sessions). Additionally, an increase was noted in the area
of dystrophy zones and their spread from subendocardial to
intramural sections.

Signs of persistent compensatory hypertrophy were
observed in subendocardial myocytes after 56 sessions of
8 Hz stimulation, and signs of hypertrophy combined with
dystrophic changes were found after 56 sessions of 44 Hz
stimulation [10]. Myocardial hypertrophy aims to reduce
stress on the heart wall; however, it can lead to decreased
contractile activity, diastolic dysfunction, and changes in the
spatial configuration of the myocardium. Echocardiologic
studies have shown that these changes are observed in
patients with HAVS [21].

Changes in the quantitative ratio of myocardial parenchymal
and stromal tissue are the main indicator of remodeling. An
increase in stromal cell reaction with inflammatory tissue
infiltration was observed in the intercellular substance. The
number of histiocytic and lymphocytic cells increased in the
myocardial interstitium in vibration sessions 7-21, and their
number decreased by session 56. The remodeling process is
characterized by changes in the cellular composition, including
neutrophilic granulocytes, lymphocytes, and fibroblastic cells.
These changes are observed in the pathological structural
rearrangement of the myocardium, primarily of ischemic
genesis [35].

The full blood perfusion of the heart muscle increased
corresponding to the number of vibration sessions. The
most intensive increase was observed in sessions 7 to 21.
By session 56, signs of blood circulation stabilization were
observed, which were confirmed by reduced full blood flow
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Table 1. Pathophysiological manifestations of vibration effects at the cellular and tissue levels
Ta6nuua 1. Natodmanonormyeckme nposiBIeHNs BUOPALMOHHOTO BO3AEHCTBUS Ha YPOBHE KIETOYHBIX CTPYKTYP U TKaHei

Ultrastructural level of
exposure

Result of the vibration effect

Mitochondria

Swelling, matrix enlightenment, reaction of cristae, outer and inner membrane destruction , change of

shape, and appearance of a large number of small mitochondria (Sarbaeva N.N., 1987)

Tissue respiration

Phase changes in the intensity of oxidative processes and their energy regulation in myocardial

tissue and generalized disorders in the conjugating systems of FAD- and NAD-dependent parts
of the mitochondrial respiratory chain indicate a low-energy shift in myocardial energy supply
(Vorobieva V.V, Mazina N.K., Shabanov PD., 2007-2014)

Enzymes

Activation of a- and B-receptor-adenylase complex, key enzymes of glycolysis, glycogenolysis,

lipolysis, disturbance of carbohydrate-energy metabolism of the myocardium, and accumulation of
intermediate underoxidized metabolic products: pyruvic, lactic, and alpha-ketoglutaric acids and
changes in total and residual nitrogen, creatine, and creatinine (Gogoleva 0.1., Malyutina N.N., 2000;
Sukharevskaya T.M. et al., 2000; Vorobieva V.V., Shabanov PD., 2007-2015; Saarkopel L.M.

et al., 2017)

Intermitochondrial
interaction

Loss of regulatory function in the mitochondrial-reticular network leads to the transformation of
interorgan interrelations and functional activity of mitochondria during adaptation. This transformation

happens simultaneously with changes in metabolic pathways and results in mitochondrial dysfunction
or bioenergetic hypoxia (Mazina N.K., Vorobieva V.V., 2007; Vorobieva V.V., Shabanov PD., 2020)

Cellular membranes

Vibration-mediated cytopathies and membranopathies reflected by tissue biomarkers (Ishitake T.,

1990; Sukharevskaya T.M. et al., 2000; Saxton .M., 2000; Kiryakov V.A. et al., 2010)

LPO and AQS systems

The serum chemiluminescence of blood serum of HAVS patients is 3.5 times higher than the

physiological level (Balan G.M., Kushelevsky S.G., 1987; Allesio H.M., 1988; Sukharevskaya T.M. et al.,
2000; Vorobieva V.V., Shabanov P.D., 2015; Malyutina N.N. et al., 2019)

Calcium homeostasis

Violation of calcium homeostasis due to decreased calcium-binding capacity of blood serum,

decreased renal clearance of calcium, and increased serum total and especially ionized calcium;
formation of the “calcium triad” in HAVS (Kolomiets V.V., Merzon A.K., 1985; Kolomiets V.V,, 1987
Kostyuk I.F., Kapustnik V.A., 2004; Vorobieva V.V., Levchenkova 0.S., Shabanov PD., 2023)

Hypoxia and hypoxemia

Venous hyperoxia, reduction of arterio-venous oxygen difference, and oxygen utilization by tissues

in HAVS patients. Hypoxia and hypoxemia induce a complex of structural, morphological, and
metabolic changes, culminating in dystrophic rearrangements by vibration visceropathy
(Okada A. et al., 1987; Sukharevskaya T.M. et al., 2000, Saxton J.M, 2000; Vorohieva V.V., Shabanov

PD., 2009, 2015)

Note: AOS — antioxidant system; HAVS — hand—arm vibration syndrome; LPO — lipid peroxidation.
lpumeyanue: AOC — aHTOKcuaaHTHas cucteMa; Bb — BubpaumonHas 6onesHs; M0J1 — nepekucHoe oKucneHne NMNKUAOB.

in the venules and decreased diapedesis hemorrhages. The
degree of arterial wall edema increased with the vibration
dose. Microangiopathies were manifested by edema of vessel
walls, their spasm, and rarefaction of arteriolar and capillary
network, indirectly indicating dysadaptation with decreased
pumping function of the left ventricle. After high-frequency
prolonged vibration, swollen endothelium with hyperchromic
nuclei is observed in the myocardial capillaries; the system
of hollow venules and capillaries is pronounced, arteriolar
network is sparse, and architectonics of blood vessels is
sharply changed [10, 36]. Changes in the microcirculation and
blood supply of tissues were prerequisites for myocardial
ischemic hypoxia. Cardiomyocyte hypertrophy developed
along with foci of necrosis and destruction of stromal
elements, manifesting regenerative—plastic insufficiency of
myocardial tissue.

Although the study did not evaluate the informative
index of mitochondrial-myofibrillar ratio in cardiomyocytes
[35], analysis of morphometric (cell nuclei) and bioenergetic
indices of myocardial cells of experimental animals under
various modes of vibration confirmed the association
between the increase of morphohistological signs of cardiac
degeneration and energy potential supply [10]. This indicates
the direction of the vector of pharmacological effect on the
correction of energy potential.

CONCLUSIONS

The ability of the tissue to maintain energy potential
was significantly associated with stable structure, providing
an ideal ratio between the spatial configuration of heart
cavities and ability to effectively contract and overcome

DOI: https://doiorg/ 10.17816/phbn625963

73



14

MCUXOHEVPODAPMAKONO/A

pre- and post-load on the myocardium during different
experimental modes of vibration (7, 21, and 56 sessions with
a frequency of 8 and 44 Hz). Functional, morphological, and
electrophysiological remodeling are components of a single
pathological process and develop in parallel.

During remodeling, compensatory mechanisms, such
as the gradual loss of myofibrils by cardiomyocytes, are
activated. This reduces the myocardial demand for energy
substrates. Additionally, the cell nucleus increases in size,
allowing for an increase in contractile cell diameter.

Despite sufficient studies about changes in the
morphological structure of myocardial tissue under vibration
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Co3patenib KOHLLENUMM aHTUIUMOKCAHTOB U aKTONPOTEKTOPOB
(k 100-netuio npodpeccopa B.M. Bunorpaposa)

M.0. LLiabaHos

BoeHHo-MeanumHcKan akagemus uM. C.M. Kuposa, Cankt-Tletepbypr

AHHOTALUA

Bacunuio Muxaiinosudy Bunorpaposy (1924-2003) v ero HaydHoM LUKOE MPUHAANEHUT MUPOBOM NPUOPUTET B CO3AAHWM
W U3YYeHUM ABYX MPUHLMNMANBHO HOBbIX KNaccoB (apMaKonorMyeckux MpenapaToB, NEPCMEKTUBHBLIX A1 BOEHHOW Me-
OVLUMHBI, MEAMLMHBI KaTacTpod UM 3KCTpeManbHbIX COCTOSHMIA, @ TaKKe [ paXaHCKoro 3apaBooxpaHenus. Peub upet
0 pa3paboTKe aHTUTMMOKCAHTOB — CPE/CTB, 3aLLMLLAIOLWMX OPraHU3M NpW HeLoCTaTKe KUCOPOAA B KIETKax UM Hapylue-
HWSAX ero YTUAM3aLKKW, U aKToNpOTeKTOpoB (0T siam. actus — ABWXeHWe) — NpenapaToB HeUCTOLLAIoLLero TUNa AeicTBus,
MOBLILIAIOLLMX W COXpaHSALWMX du3nyeckylo pabotocnocobHocTb opraHu3Ma B HebnaronpusTHbIX ycnousx. Ha kadeppe
(apMakonorum BoeHHo-MeaumumHckon akagemun B 1960-x rr. @.H0. PaunHCKMM ObIM CMHTE3MpOBaHLI NEpBble BbICOKO3(-
(EeKTUBHbIE AHTUTMMOKCAHTBLI, MO CTPYKType OTHOCALUMECH K anvdaTUYeCKUM W LMKIMYECKUM aMWUHOTUONAM, — FYTUMUH,
amMtuson, bemMutun, anMui, 3ToMepson. [MMoOKcus ABNsSeTcA Hambonee 4acTbiM, MOBCEAHEBHbIM B PeaHWUMATONIOrMYECKOI
NpaKTUKe, HO He eAWHCTBEHHBIM (DaKTOPOM, BbI3bIBAIOLLMM SHEPTETUYECKU AeULMT C TSKENbIMM, YacTo ApaMaTMyecKuMm
nocnescTBUAMM LIS KNETOK, OpraHOB M OpraHv3Ma B LienoM. B cBA3u ¢ 3TuM, Koraa roBopsT 06 aHTUrMNoKcaHTax, peyb uaet
rMaBHbIM 00pa3oM 0 mpenaparax, CMocobHbIX C MOMOLLbBH Pa3HbIX MEXaHU3MOB CrNafuTb 3TOT AedUUMT, 3alUMTUTL KIETKKU
Ha 0bpaTWUMoIi CTaguM UX NOBPEXIEHUA U aKTUBMPOBATb CTAHOBNIEHWE CTPYKTYpbl U QYHKUMIA. [laHHble npenapatbl NpoLLmn
noapobHoe hapMaKonornyeckoe usyyeHue, Npu 3ToM ObiNo BLISBIEHO KIIIOUYEBOE 3BEHO B MX MEXaHWU3Me [LeCTBUS — Hop-
Manu3aums HepreTyeckoro obMeHa Npu HefoCTaTKe KMCIOPOAA B KNETKaxX WM HapyLleHusX WX ytunusaumu. [lokasaHo,
yTo BCEM anMbaTUYECKMM W LMKMYECKUM aMUHOTMONaM (TYTUMUHY, aMTu3ony, 6emMuTuny, anMuay, sToMep301y U MHOMVM
MX aHanoram) nNpucywwmn 3 oCHOBHbIX BUAA aKTUBHOCTM, KOTOPbIE MO-Pa3HOMY BblpayKeHbl y Kaoro U3 npenaparos, YTo no-
3B0/1SI€T NpodUIMPOBaTL UX NMPUMEHEHME B Pa3HbIX KIIMHUYECKUX CUTYaUMSIX U Y 3[0POBbIX Niofel: 1) aHTUrMNoKCUYecKoe
LelicTBUe; 2) aHTUOKCUAAHTHBIN 3 deKT; 3) CNocoBHOCTb YCKOPATL penapauMoHHbIi U apanTuBHbIl cuHTe3 PHK, dbepmeHTos,
QYHKUMOHAMBHBIX U CTPYKTYPHbIX BENKOB NpW pas3fUYHOr0 poAa MOBPEMAEHMAX — FUMOKCUYECKUX, UHPEKLIMOHHBIX, TOK-
CMYECKMX, CTPECCOBLIX, TaKKe B MpoLecce afanTtauum K OCNOXHEHHbIM ycnoBuaM. Bce atn HanmpaeneHus 6bimm He TONBKO
U3y4yeHbl B 3KCMIEPUMEHTE, HO U MOATBEPXAEHbI B MPaKTUKe. B cTaTbe paccMaTpuBaloTcs pasHble acneKTbl U3yYeHWs aHTu-
TMMOKCAHTOB, CUHTE3MPOBAHHbIX M U3y4eHHbIX Ha Kadeape hapMakonorun BoeHHo-MeauumHckon akagemun um. C.M. Kuposa
3a nocnepHue 60 ner.

KnioueBble cnosa: B.M. BVIHOFpa,EI,OB; dHTUTUNOKCaHTbl; aHTUOKCUAAHTbI; aMUHOTUOJ1bI; CIJapMaKOJ'IOFVIFI; MEXaHU3M JenCTBUS.
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Creator of the concept of antihypoxants and
actoprotectors: On the occasion of the 100" anniversary
of Professor V.M. Vinogradov

Petr D. Shabanov

Kirov Military Medical Academy, Saint Petersburg, Russia

ABSTRACT

Vasiliy M. Vinogradov (1924-2003) and his scientific school are famous for their creation and study of two fundamental new
classes of pharmacological drugs, promising for military medicine, medicine for disasters and extreme conditions, and for
civilian healthcare. This refers to the development of antihypoxants, which are drugs that protect the body when there is a
lack of oxygen in the cells or disturbances in its utilization, and actoprotectors (from the Latin “actus” — movement), which
are drugs of a nondepleting type of action that increase and maintain the physical performance of the body in unfavorable
conditions. At the Department of Pharmacology of the Military Medical Academy in the 1960°, F.Yu. Rachinsky synthesized the
first highly effective antihypoxants structurally related to aliphatic and cyclic aminothiols — gutimin, amtizole, bemitil, almid,
and etomerzole. Hypoxia is the most common, everyday factor in resuscitation practice; however, it is not the only factor
causing energy deficiency with severe, often dramatic consequences for cells, organs, and the body as a whole. Therefore,
when we talk about antihypoxants, we are referring to drugs that can smooth out this deficiency using various mechanisms,
protect cells at the reversible stage of their damage, and activate the formation of structure and functions. These drugs were
subjected to a detailed pharmacological study, and a key link in their mechanism of action was identified — normalization
of energy metabolism when there is a lack of oxygen in cells or disturbances in their use. All aliphatic and cyclic aminothiols
(gutimin, amtizole, bemitil, almid, etomerzol, and many of their analogs) have three main types of activity, which are expressed
differently in each of the drugs, which makes it possible to profile their use in different clinical situations and in healthy people.
These include (1) antihypoxic effects, (2) antioxidant effects, and (3) ability to accelerate the repair and adaptive synthesis
of RNA, enzymes, and functional and structural proteins under various types of damage, such as hypoxic, infectious, toxic,
and stress, and in adaptation to complicated conditions. All these directions were not only evaluated experimentally but also
confirmed in practice. This article examines various aspects of antihypoxic drugs synthesized and studied at the Department of
Pharmacology of the S.M. Kirov Military Medical Academy for the last 60 years.

Keywords: V.M. Vinogradov; antihypoxants; antioxidants; aminothiols; pharmacology; mechanism of action.
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VICTOPUA APMAKOIIONMN

OcHoBoM NpefcTaBneHMin 06 aHTUIMNOKCaHTaX Kak Belwe-
CTBaX, 3aLLMLLAIOLLMX OPraHU3M OT KUCTIOPOLHOIO roNIoAaHms,
MOCAYXWUNW KOHLEeNTyaNbHble pa3paboTkyu 3aBeayloLLero Ka-
denpon dapmaronoruv BoeHHO-MeLUUMHCKON aKkagemuw
(1956-1959) npod. H.B. JlazapeBa (1895-1972) o nepcnek-
TUBHOCTM CO3AaHMA CPELCTB, BIUSAIOLLMX Ha TUMOBbIE NaToNo-
rMyeckue npouecchl. Bropoi onpepenstowen uoeen u npoto-
TUMOM KOHLIENLMM aHTUMUMOKCAHTOB MOXHO CYMTATh TEOPUIO
H.B. JlasapeBa (1958) o cywwecTBoBaHMM 0c0BOr0 COCTOAHNSA
OpraH13Ma, XapaKTepu3yLLErocs NOBBILIEHHON PE3UCTEHT-
HOCTbHO K AeHCTBUMI0 04EHb MHOTUX MOBPEXAAIOLMX areHToB
(cocTosiHMe HecneuM@UYECKU MOBBLILLEHHOW COMpOTMBASe-
moctu). H.B. JlazapeB nocTynupoBan, YTo 3TOr0 COCTOSHMS
MOXHO [06UTBCA 2 MyTAMMW: NOCTEMEHHO NpUyYas OpraHu3M
K BO3MEHCTBUI0O HEONAronpusATHLIX (aKTOPOB BHELLUHEN Cpe-
Abl UM 1-KpaTHBIM (KYpcOBbIM) BBELLEHMEM HEKOTOPBIX fe-
KapcTBeHHbIX npenapato.. [MocnegHue H.B. Jlasapes HasBan
apantoreHamu [1, 2]. 3To HanpaBneHue, CBA3aHHOE B TOM
uucne U € CO3AaHWEM NpernapaToB aHTUIMMOKCAHTHOM Ha-
MpaBneHHOCTH, Hayanu paspabatbiBatb Ha kadedpe dap-
MaKkonorum BoeHHo-meauumMHcKon akagemun B 1960-x rT.
nog, pykoeoacTeoM npod. B.M. BuHorpagoBa (puc. 1) [3, 4].

KpynHbin oteyecTBeHHbI hapMakonor npodeccop Ba-
cunmii - Muxamnosudy BuHorpapoB Bo3rnaBnsn  Kadenpy
dbapMakonorum axkagemuu ¢ 1968 no 1987 r. OH pogun-
cs1 B JleHnHrpape 28 centsbps 1924 r. B ceMbe M3BECTHOTO
¢u3nonora Tpyna, bynywero npopektopa JIeHUHrpaacKoro
rocy[apcTBEHHOr0 YHMBepcuTeTa npodeccopa M.B. BuHo-
rpagosa. byayum elwe LWKonbHUKOM, Mocne Havana Benukoii
OTeuecTBeHHOM ObIN 3BaKyupoBaH B T. Enabyry, a B 1942 1.
BCTYNWA B pAdbl 3alWUTHUKOB PoaumHbl M npowen 6oeBoil

Tom 15, N2 1, 2024

[NcxodhapMaKonora v BVoNorYeckas HapKonors

Puc. 1. B.M. Burorpagos (1979)
Fig. 1. V.M. Vinogradov (1979)

NyTb OT KpacHOoapMeMuUa M KypcaHTa BOEHHOTO Y4MIMLLA
[0 oduuepa-ppoHTOBMKA, KOMaHAMpa NyNeMeTHOM0 B3BOAa,
a 3ateM potbl. Boesan B [lpubantuke, MNonblwe, BocTouHoi
Mpyccum. YyactBoBan B ocBoboXaeHUn Bapluasbl 1 B3ATMM
Kenurcbepra. HarpaxaeH opaeHamu KpacHoi 3se3gpl, Ote-
UeCTBEHHOM BOMHbI CTeneHu 1 boesbiMM Megansamu. B 1946 .
noctynun B BoeHHo-MeauumHeKyto akagemuto (puc. 2). lMocne
€€ OKOHYaHus B 1951 I. cny»Kun B BO3AYLUHO-AECaHTHBIX BON-
ckax (puc. 3). C 1953 r. oH BHOBb B aKafeMuu, MocnefoBa-
TENbHO 3aHMMas [OMKHOCTW afbloHKTa (puc. 4) Kadenpbl

Puc. 2. Crapwwmit nenteHaHT B.M. BuHo-
rpanos B roabl 00y4eHus B BoeHHo-Meam-
LIMHCKoOM aKagemum (1947)

Fig. 2. Senior Lieutenant V.M. Vinogradov

during his years of study at the Military
Medical Academy (1947)

Puc. 3. B.M. BuHorpagoB — BOeHHbIH
Bpay 7-# AnBu3uM Bo3pyLuHO-AecaHTHbIX
BocK. KayHac (1952)

Fig. 3. V.M. Vinogradov is a military doctor
of the 7th Airborne Division. Kaunas (1952)

Puc. 4. ApbloHKT Kadeapbl Gapmakonorum
Mariop B.M. Bunorpapos (1954)

Fig. 4. Adjunct to the Department of
Pharmacology, Major V.M. Vinogradov (1954)
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Puc. 5. loueHT Kadeapbl papmakonorum B.M. Bunorpanos (1960)

Fig. 5. Associate Professor of the Department of Pharmacology
V.M. Vinogradov (1960)

(apMaKonorum, accucTeHTa, goueHTa (puc. 5) u 3aBegylo-
wero Kadeapoii (puc. 6). B 1968 r. 3awmtun auccepraumio
Ha COMCKaHWe y4eHOM CTeMeHU AOKTOpa MEAULMHCKUX HayK
Ha TeMy «HoBble MyTV NPOPUNAKTUKK W Tepanuu TpaBMaTH-
YeCKOoro 1 KapamoreHHoro Lwokay. C 1968 no 1987 r. Bo3rnas-
nan Kadenpy hapMakonorun. bnecTawmin NeKTop 1 yYeHbIN,
B.M. BuHorpapmoB octaBun rnybokuii Crie B HayKe M naMaTh
BCEX KyPCaHTOB W CRyLiaTesneid, KOTOPbIM yAanoch NpucyT-
CTBOBaTb Ha ero niekuusx. B 1987 r. no 6onesHu BbiHYXAeH
Bbin yITM U3 akageMuu, HO NPOAOMKAN aKTUBHO TPYOUTHCS
[0Ma, BbIMyCTUN HECKOMBKO KHUT M0 (UTOTEpanuM, y4acTBo-
BaJl B MOATOTOBKE HayyHbIX M Y4ebHbIX M3aaHuii Kadeapbl
BMIOTb [0 cBoel KoH4mHbl B 2003 T. [5].

B.M. BuHorpapoBy v ero LuKone NpUHaANeXuT MMPOBOM
NPUOPUTET B CO3AaHUN U WU3YYEHUM NPUHLMNMANBHO HOBLIX

Val. 15 (1) 2024

Psychopharmacology and biological narcology

Puc. 6. NMpodeccop B.M. BuHorpaaos B paboueM kaburete (1972)
Fig. 6. Professor V.M. Vinogradov in his office (1972)

KnaccoB (hapMaKoIorMyeckux Npenaparos, UCKIHYMTENBHO
MEPCMEKTMBHBIX 1S BOEHHOW MEeAMLMHBI, MEOULMHBI KaTa-
CTPOG U IKCTPEMabHBIX COCTOSHUI, @ TaKXKe AN rpaxaaH-
CKOro 3[1paBooxpaHeHus. Peub uaeT o pa3paboTke aHTUrMNOK-
CaHTOB — CPE/CTB, 3aLLMLLAIOLLMX OpraHU3M NpY HepoCTaTKe
KUCNOPOAA B KNETKaX WM HapyLUeHUsX ero yTunusaumw,
W aKTornpoTeKTopoB (0T s1am. actus — JBWXeHWe) — npe-
napaToB HEWUCTOLLAIOWIEro TWNA AENCTBUSA, MOBbILLALIMX
W COXPaHSAIOLLMX GU3KnYecKyto pabotocnocobHOCTb OpraHu3Ma
B HebnaronpuaTHbIX ycnosusx [6].

Ha kadenpe dapmakonorum akagemum ewe B 1960-x rr.
®.H0. PaumMHCKMIN CUHTE3MPOBAN TaKKUe BbICOKO3(dEKTUBHbIE
aHTUTWMOKCaHTbI, KaK TYTUMUH (NpOU3BOAHOE TUOMOYEBH-
Hbl) U aMTu30n (NpOMU3BOAHOE TWOAMAa3ona). ITM npenaparbl
Bbinv noapobHo apMaKonornyeckn usyyeHbl COTPYAHUKaMHU

Puc. 7. Konnektvs kadenpbl hapMakonoruu BoeHHo-MeauumHeKoi akagemmun (1966). B.M. BuHorpapos B 3-M psgy TpeTuii cneBa
Fig. 7. Staff of the Department of Pharmacology of the Military Medical Academy (1966). V.M. Vinogradov is in the third row, third from left
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Kadenpbl J1.B. MactywenkoBbiM, A.B. [lacTylweHKOBbIM,
A.E. Anekcanpposoii, U.[l. bongutoi, T.0. bacveson, B.H. be-
TbIM (pUc. 7). 370 NO3BOAUNO BBISBUTL KITIOUEBOE 3BEHO B UX
MexaHu3Me JeicTBUS — HOPManu3aLmio SHEpreTUYECKOro
obMeHa npu HefoCTaTKe KMCIOPOLA B KIETKAxX UM HapyLue-
HUAX UX YTUIU3aLMK.

OTHoLLeHWe dapMaKosoroB K pa3paboTke aHTUIMNOKCaH-
TOB BHauyane Oblsio BeCbMa OCTOPOXKHBIM, MOCKOSbKY KaK le-
yebHOe CpeAcTBO MPU MUMOKCUM B KIMHUYECKMX YCIOBUSX
LUMPOKO W C ycnexoM ucnonb3oBancs kucnopop. 0aHako
B.M. BuHorpagos (puc. 8) BblABMHYN cneaytoLime apryMeHTbl
B M0Mb3Y CO3[aHMs aHTUIMMOKcaHToB: 1) KUcnopogHas Te-
panus He Bcerga AOCTYMHA; 2) B OPraHU3Me KUCIOpOAHBINA
KacKag UMeeT [JOCTaToYHO MHOM0 YA3BMMbIX MECT, B KOTOpbIX
NP1 HalM4MKM [LOCTATOYHOMO KONIMYECTBA KUC/IOpOAA BO BAbI-
XaeMoM BO3fyxe B pe3ynbTaTe pasfinuHbiX GopM natonorum
MOryT HapyLaTbCs ero NPOHWKHOBEHWE B KPOBb, [OCTaBKa
TKaHAM U YTUIM3aLMS, — B NMOJ0OHBIX Cy4asX KUCIOpOao-
Tepanus MeHee HafieXHa, a aHTUIUMOKCaHTbI, AENCTBYIOLLNE
Ha KNeTOYHOM YpOBHe, bonee 3QeKTUBHLI; 3) KUCIOPOA,
He YTUIM3MPYEMBIN NPX TUMOKCUM U 0COBEHHO B MOCTTUMOK-
CMYECKOM NepUoAe, B MPOLIECCe 3HEProNpOLYKLMM HauMHaeT
MoBpeXaaTb CTPYKTypy MeMOpaH (Kak ceiiyac sicHo, u3-3a
aKTWUBaLMM NEPEKUCHOTO OKMCIIEHWUSA IMMMUAOBY); 4) aHTUTUMOK-
CaHTbl MOTYT UCMONb30BATLCS B COYETAHUM C OKCUrEHOTEpa-
nuen ansa ycuneHus nevebHoro addekTta nocnenHen [3, 4].

lepeumncieHHble apryMeHTbl MOAYYUIN SKCNEPUMEHTab-
Hoe noATBepAeHue, 1 yxe B 1972 . Ha nneHyMe lpaBneHus
BcecorosHoro HayyHoro obuecTBa dapMakonoros paspabor-
Ka aHTUIMMOKCAHTOB Obina BbIABMHYTA B YUCNIO aKTYyallbHbIX
npobneM, a 3aTeM B pedepaTMBHOM XypHane no gapMakono-
MM aHTUMMMOKCAHTaM BblIe/eHa crneuuanbHas pybpuka. 3o
CTano npod)eccHoHanbHbIM NMPU3HAHWEM MEpPCrEeKTUBHOCTY
pa3paboTku AaHHOM npobneMbi.

[Mnokeus sBnsetcs Haubonee yacTbiM, NOBCEAHEBHBIM
B PeaHWUMaTosiorMyeckon MPaKTUKe, HO He eAWMHCTBEHHBIM
(aKTOpOM, BbI3bIBAKLLIMM IHEPTeTUHECKUIA AeQUUNT C TAXkKe-
NbIMKM, YacTo [paMaTUHeCKUMU NOCNEACTBUAMU 1A KIETOK,
OpraHoB W OpraH13Ma B LieNioM. B cBi3u ¢ 3TuM, Koraa roBopsT
06 aHTUrMMoKcaHTax, pedb ULET FaBHLIM 00pa3oM o npena-
paTax, cnocobHbIX C MOMOLLbH Pa3HbIX MeXaHW3MOB Cria-
JWTb 3TOT feduuMT, 3aLUMTUTL KNIETKW Ha 06paTMon cTaguu
MX MOBPEXAEHWA W aKTMBUPOBATb CTAHOBMEHME CTPYKTYpbI
n dyHKumn [7, 8]. MocKonbKy runoKcus sensetca Hauwbonee
yBobHoW Mofdenblo 451 uccnenoBaHus NofobHbIX CpeacTs,
MMEIOLLMX OTHOLLIEHWE NPEUMYLLECTBEHHO K (aKTopy 3Hepre-
TU4ecKoro feduumta, B.M. BuHorpapoB ctan HasbiBaTh Takue
CPeAcTBa (Mpexae BCEro aMMHOTUObI) aHTUIMMOKCAHTaMM,
TaK OHW Ha3bIBAKTCA U CEMOAHS, NMPUYEM He ToNbKO B Poccum.
B nocnepytowme rogbl aHTUTMNOKCaHTBI MHOW XMMMYECKO
CTPYKTYpbI (FUMOKCEH, TPUMETa3UAMH U ap.), boratble 3Hep-
el coefnHenns (KpeaTMH@OCHAT UM HEOTOH), U HEKOTO-
pble eCTECTBEHHbIE MEPEHOCHMKM 3NIEKTPOHOB (LmMToXpoM C,
YOUXMHOH) CyLLIeCTBEHHO PaCLUMPUIN KITAacC aHTUIMMOKCaHTOB
[9-12].

Tom 15, N2 1, 2024

[NcxodhapMaKonora v BVoNorYeckas HapKonors

Puc. 8. B.M. BuHorpagoB BbicTynaet Ha 3acefaHuu JleHuHrpag-
CKOro (apMaKonoruyeckoro o6LiecTBa, MOCBALLEHHOMO MaMSATU
M.H. Kpaskoga (1974)

Fig. 8. V.M. Vinogradov speaks at the Leningrad Pharmacological
Society, dedicated to the memory of PN. Kravkov (1974)

K aHturunokcantam B.M. BuHorpapgos oTHec BelecTBa
Pa3fIMYHOTO XMMUYECKOMO CTPOEHMS C OOLLEKNETOUHbIM (He
MeaMaToOpHbIM, TKaHeCneuMdUYHbIM UK CUCTEMHBIM) Aeii-
CTBMEM, CMOCOBHbIE KOPPUrMPOBaTh HapYLLEHNS 3HepreTUye-
CKOro 06MeHa W WX MoCNefCcTBUS U MOBbILLATb TAKUM MYTEM
YCTOWYMBOCTb KIIETOK, OPraHOB W OpraHW3Ma B LeNOM K He-
[0CTaTKy KUCNOPOAA U AYTUM BO3AENCTBUAM, HapyLIAKLLIMM
3HepronpoayKumio. MNepBbIMM NpenapaTtamu AaHHOM rpynnbil
CTanW aHTUTMMNOKCAHTbl aMUMHOTUOMOBOMO PsAa, BONbLUMH-
CTBO KOTOpbIX ObINI0 CMHTE3MpOBAHO COTPYAHMKOM B.M. Bu-
HorpapoBa xumukoM @.10. PaunHckuM, B TeueHue pspa net
BO3MMABNIABLUMM CUHTETUYECKYl0 nabopatopuio Kadepnpsl
(apmakonoruu. HauyanbHoi NocbiIKoW K cuHTe3y 6onbluoro
PSiAa aMMHOTUONOB HA OCHOBE TMOMOYEBUHBI OblN NOUCK BO3-
MOXHbIX PaZMOMNpOTEKTOPOB MO TUMY MPELJIOXKEHHOIO eLle
B 1950-€ rr. beTa-MepKanTo3TMNAMUHA (MepPKaMMHa), 3aLlim-
wasiwero fo 100 % Mblwweii npu 06y4eHUM UX NeTanbHbIMU
[03aMU MOHM3WpYIOLLEN paguauumu. locne 3toro oTKpbLITUA
CMHTE3 aMMHOTMOJIOB LUMPOKO Pa3BEPHYSICA BO MHOTUX CTpa-
Hax, HO WX (apMaKonornyeckumu cBoicTBammn (MoMUMo
Paavo3aLLMTHOTO LeNCTBUS) HUKTO He 3aHuMancs. OHu cuu-
TanuUCb HenepcrneKTUBHBIMK, MOCKOMbKY Ha CTaHAAPTHbIX
(bapMaKonoruyeckmux Tectax He NPOSBNSANN aKTUBHOCTH.

Ha pa3Hbix Mogensax runokcum B.M. BuHorpapos u co-
TpyaHuKKM [13, 14] mayumnn Gonbluoi pag anudatmyeckux
aMWUHOTWONOB, U3 KOTOPLIX ANA YrybaeHHOro u3ydeHus bbina
otobpaHa N-aMMAMHOTUOMOYEBMHA (TYTUMWH), B fanbHen-
LieM AvaMMHOTUOAMA30N (aMTU30N), ITUNTMObEH3MMKUAA30N
(6emuTun), anauntmobeHsumMmuaason (anmMua) u S-3ToKeuTHUO-
6eH3umuaason (atomep3on). CnesyeT 0TMETUTL OHO BAXHOE
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06CTOATENLCTBO: HA NEpBbIX 3Tanax 3KCMEPUMEHTANIbHOMO
U3yyeHus BHMMaHWe BblN0 COCPeOTOHEHO He Ha aHTUru-
MOKCAHTHOM aKTMBHOCTM MpenapaToB, a Ha WX CnocobHocTH
COXPaHATb (M3MYECKYH0 BbIHOC/IMBOCTb B OC/OXHEHHBIX YC-
noBusx (BeuuUT KMCNOPOAa, BLICOKas TeMnepaTypa cpeabl,
MHTOKCMKALMM U T. N.), @ TaKKe CYLLeCTBEHHO YCKOPATb BOC-
CTaHOBNEHME AeecnocobHOCTH nocne NpefenbHbIX Harpy3okK,
B CTPECCOBbIX CUTYaLMsX, Nocne oTpasneHus GochopHo-op-
FaHNYECKUMU COBAMHEHUSIMU U T. A, [15].

MocKonbKy Takas cnocobHOCTb AeMCTBUTENBHO MMeNach
1 Bbina BeCbMa CUIbHO BbIPaXKEHa, a NIeKapcTB ¢ Nof0OHbIMH
CBOWCTBaMM B papMaKosiorum paHee He Menoch, B.M. BuHo-
rpazioB MpeasioXun HasbiBaTb 3TU NMpenapaTbl aKTONpPOTeK-
Topamm (3aLLMILAOWMUMN AeecnocobHocTb opraHuama). Ha-
3BaHue ObliI0 NPUHATO, YTBEPAUNOCh, U aBTOPbI Npenaparos,
KaKk nuwet B.M. BuHorpagos, «nonanu B CBOero poga Tep-
MUHOMIOTMYECKUIA KanKaHy. [leno B ToM, 4To noM1Mo beMuTu-
na, anMuaa 1 3ToMep30/1a aKTOMPOTEKTOPHBLIMU CBOWCTBaMM,
HO B MeHblUei Mepe, 0bnafanv Takxe ryTUMWH W ero Conu
c cybcrpatamm umkna Kpebca, a Takeke amtuson. B npotuso-
MOMOXHOCTb 3TOMY, TMOBEH3MMUAA30/IbI CXOAHO C FYTUMUHOM
1 aMTU30/10M 0611aanm TakKe aHTUIUMOKCUYECKON aKTUBHO-
CTblo. 3TM 2 rpynnbl aMMHOTUONOB ObIM pa3aeneHbl GaKTH-
YECKM UCKyccTBEHHO. Ho uccnefoBaHue BbISIBUMO, YTO Y HUX
ropasgo bonbLue obLuero, 4eM pasnuumin. B nocnegHue rogbl
CBOeN ¥u3Hu B.M. BuHorpagos cumtan, 4to oba Knacca co-
eaVHeHWn cnepyeT 06beAMHUTb B OOMH Kracc 0bLMM Ha-
3BaHMEM «aHTUIMMOKCaHTbI» [14]. MpuyeM oH otpaBan cebe
OTYET, YTO M 3TO Ha3BaHWe He BMOJHE OMUCLIBAET CBOWCTBA
nopobHbIX Npenaparos.

BceM anudatMyeckuM W LIMKIMYECKUM aMUHOTMONAM:
TYTUMUHY, aMTM30.y, BEMUTUIY, anMUaYy, 3TOMEP30J1y U MHO-
MM WX aHanoraM — NpUCYLLM 3 0CHOBHbIX BMA aKTUBHOCTH,
KOTOpble NM0-pPa3HOMY BbIpayKeHbl Y Ka)[oro U3 npenaparos,
yTo NM03BOASET NPOPUNMPOBATL UX MPUMEHEHWUE B PasHbIX
K/IMHUYECKUX CUTYaUMsX M Y 300poBbiX Nitogeir. Bce a3t
HanpaeneHus BbIMM He TONBKO M3Y4YeHbl B 3KCMEPUMEHTE,
HO W NOATBEPKAEHbI B NpaKTuKe [16]. 310:

— QHTUMUNOKCHYECKUIA IPEKT;

— aHTMOKCUAAHTHBIN 3QHEKT — OH BbIPaXEH Y BCeX npe-
napaToB W M3HayanbHo 0BycnoBneH obLiMMmmM cBOMCTBaMM
aMVHOTUOJIOB;

— CNocobHOCTb YCKOPATL penapauyoHHbIA U aAanTUBHBIN
cuuTe3 PHK, depMeHTOB, QyHKUMOHAMBHBIX U CTPYKTYPHBIX
BenKoB NpW pasnMYHOro poga MOBPEXIEHUAX — FUMOKCH-
YECKMX, MHGDEKUMOHHBIX, TOKCUYECKMX, CTPECCOBBIX, TaKKe
B MpoLecce afianTauuu K 0CNOXHEHHBIM YCIOBUSAM.

Bbinu BbINONHEHbI 06CTOATENBHBIE UCCNIEAOBAHMS MO U3-
YUEHMI0 TYTUMUHA M aMTU30J1a, B KOTOPLIX OTMEYEHA WX CMO-
CO6HOCTb MOBLILWATL PE3UCTEHTHOCTb MO3ra K OCTPOMY
KWCNIOPOAHOMY rON0LaHMIO0, BbI3BAaHHOMY HapyLLEHWEM Permo-
HapHOro KpoBoobpaLLeHus, AbIXxaTeNbHOM HeA0CTATOHHOCTBIO
BCNeACTBME BPEMEHHOI OCTAHOBKYW [AbIXaHWsA WK paspeke-
Husa aTMocepbl. 3T0 NOCNYKMUIO 0CHOBAHUEM AJ1S1 PEKOMEH-
Jauuv NpenapatoB K KIIMHUYECKWUM UCTIbITaHUAM.

Val. 15 (1) 2024
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Pe3ynbTathl nofpobHOro apMaKkonor1ieckoro M3y4eHus
TYTUMMHA M amTM30M1a Mo3BONMAKM € paspelweHns Qapma-
KOnoruyeckoro Kommutera MuHuctepcTBa 3ApaBooOXpaHeHus
Poccuiickont Oepepaumm npoBeCTU UX KIIMHUYECKUE UCTIbI-
TaHMs MO LUMPOKOMY KPYTy MOKa3aHuiA, MOCKONbKY MMMOKCKA
OTHOCUTCS K CaMblM pacnpoCTPaHEHHbIM TUMOBLIM MaToJio-
TMYECKMM MpOLIECcCaM, @ U3YYeHHbIE aHTUIUMOKCAHTbI Npo-
SBUIM B 3KCTMEPUMEHTE BbIPAKEHHbBIA YHUBEPCANbHbIN 3a-
LWMTHBIA 3 deKT Npu BONbLUMHCTBE BUAOB FMMOKCUM, TaK
KaK [1eNCTBOBaM HA KWUCNOPOAHbIA KacKaj Ha MocnefHeM,
peLUatoLLieM 3Tane — Ha YpoBHe KieToK. [1o utoram KnmHu-
YECKMX UCMbITaHWWA TYTUMMH U aMTU301 OKa3ainuchb Iddek-
TMBHBIMM CPeLCTBaMM JIEYEHNS [bIXaTesbHOM HeA0CTaTOuHO-
cTv pasnuyHoro reHesa (A.J1. KocTioueHko), TpaBMaTuyecKoro
1 0xoroBoro Lwoka (H.W. Kouetbiros, K.A. Typesuny), uHCynb-
T1a (C.®. bapcykos), MHdapKTa M1oKapaa (H0.10. Cemuronos-
CKMI), LLEMUYECKON DONE3HN cepaLa, ULIEMUMYECKUX apuT-
mui (T.B. BuHorpapmosa), cnaboct pofoBoi AesTeNnbHOCTH,
BHYTpUyTpobHOM runokeuv nnoga (H0.B. Lipenes, B.B. Abpam-
YeHKO), NocneonepaLyMoHHbIX Nape3oB KuweyHuka (H.H. Tu-
MocdeeB). SIpKO BblpaXeHHOe 3aluMTHOE AEWCTBME [aHHbIX
AHTUIWMOKCAHTOB B OTHOLWEHMU GYHKUMA W MeTabonuama
pa3nuyHbIX OpraHoB Habniojanoch Npu onepaumsx Ha cepa-
ue (TA. bospuHos), noykax (A.W. KyptoB), TpaHcnnaHTaummu
KOXHO-MbILLEYHbIX f10cKyToB (B.B. KysuH). AMTU30n nposeun
HECKOMbKO 60nee BLICOKYH aHTUIMMOKCUYECKYH aKTUBHOCTb
u BrnocnencTamu bbin npusHaH MapMaKonorM4eckuM KoMu-
TeToM MuH3gpaBa PoccuM 3TanoHHBIM @HTUMMMOKCAHTOM
[9, 12]. 3a pybexom mepBble Npenapartbl C aHTUMMMOKCKUYe-
CKMM felicTBueM — uutoxpoM C 1 TpumeTasuauH — no-
SBUIIUCb U CTaNIW LIMPOKO MPUMEHSTLCS MO3AHEE U MPeumMy-
LLLeCTBEHHO NpK ULleMmyeckon bonesnm cepaua [16].

MoMUMO M3bICKaHMS @aHTUIMMOKCAHTOB — CPEACTB, AeH-
CTBYHLUMX Ha TKAHEBOM YPOBHE, Ha Kadeape hapMaKonoruu
B ONMcbIBaeMbI nepuop bbinu paspabotaHsl 1 apyrie npena-
paTbl, KOTOpbIe TaKXKe MOXHO OTHECTU K aHTUrUMOKCUYECKUM
CpeAcTBaM, MOCKOMbKY OHW BOCCTAHaBAMBAKT B onpefe-
NeHHbIX CUTyaUmsx CnocobHocTb reMoriobuHa 3axBaTbiBaTh
1 TPaHCMOPTUPOBaTh KUCIIOPOA, T. €. MPENATCTBYHT CHUXE-
HWIO CoflepaHusa Kucnopoaa B Kposu. K TakuM npenapatam
OTHOCWUTCA aum3on (UMHK-COAEepIKallee MPOM3BOLHOE BU-
HUIMMMAA30M1a) — NePBbLIA B MUPe 3PHEKTUBHBIA aHTUAOT
NpoTMB OTpaBnieHus yrapHbiM rasom (0.10. Ypionos).

Co3paHne HoBoro (apMaKonorMyeckoro Kiacca aKto-
MPOTEKTOPOB Ha Kadeape GapMaKoIorMM akafeMun B KOHLLE
1960-x rr. 6110 06YyCNOBNEHO TeM 06CTOATENLCTBOM, YTO Hau-
Bonee n3BecTHble K TOMy BPEMEHW CPEACTBA MOBbILLIEHUS
YMCTBEHHOW W M3n4yecKoi paboTocnocobHOCT — ncuxo-
MOTOPHBbIe CTUMYNATOpbI (PeHaMWH U ero aHanoru) — obna-
Janu CyLLecTBeHHbIMW HE[OCTAaTKaMM: UCTOLLAIOLLMM TUMOM
LeiicTBuS, TPEDYHLMM [0CTaTOMHO NMPOLOMKUTENBHOIO OT-
AbiXa Nocne NPUMEHEHWS U OrPaHUYMBAIOLLMM YaCTOTy MUC-
nosib30BaHWA npenapata; TpaHcopMauWein NO3UTMBHOMO
3ddeKTa B HEraTMBHbIN B 0COB0 OCMOXKHEHHBIX YCNOBUAX
(nedmumt KMCNopopa, NeperpeBaHme, NepeyToMIeHe U ap.);
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OMacHbIMKU NODOYHLIMM ABNEHUAMM (NOBLILLEHWE apTepuanb-
HOro AaBfieHUs, CTEHOKapAMSA BNOTb 0 MH(aApKTa MUOKap-
Aa, 0bocTpeHne TpeBOTW, MCUXOTUYECKME CABWUTYW); pasBu-
TMEM HapKOTUYECKON 3aBUCMMOCTW. AKTOMPOTEKTOpbI Oblu
C03[aHbl B pe3ynbTaTe W3bICKaHWs CPEACTB MPUHLMMUANBHO
MHOrO TWNa AeWCTBMA, MoBbIWAKLWMX pabotocnocobHoCTb
He 3a CYeT MCTOLLAKLLE MOBUNM3aLMM 3HEpreTUHEeCKMX
U OYHKUMOHaMbHBIX PecypcoB opraHuM3Ma nopobHo ncu-
XOMOTOPHBLIM CTUMYNsITOpaM, a bnarofaps axkTMBauuW BOC-
CTAHOBUTESIbHBIX MPOLIECCOB B XOAE AEATENILHOCTM U Mocsie
Hee (ycuneHune BOCMOJHEHMS BELLECTB, UCTOYHUKOB 3HEPTUM,
YTUNM3auumu 0bMeHHbIX MeTabonuToB), a TaKxKe BCeACTBUE
Bonee 3KOHOMHOIO PacxofoBaHUs COELUHEHWH, MPOAYLIEH-
TOB 3HEpruM, M3-3a MOBbIWEHUA 3QPEKTUBHOCTM 3HEpro-
NpoLyLMPYIOLWMX cUCTEM. TaKoit TMn AencTBus 0bbAcHAET
3HauuTeNbHO BosbLLYK 6e30MacHOCTb aKTOMPOTEKTOPOB U WX
BbICOKYH 3Q(EKTUBHOCTb B YKa3aHHbIX BbILLIE OCOMHEHHBIX
YCNOBMSAX, B KOTOPbIX MCUXOMOTOPHBIE CTUMYMATOPbLI Maso-
30 EKTUBHBI UM JaXe HEraTMBHO BAMSIKOT Ha pabotocnocob-
HOCTb M COCTOSIHWE OpraHu3Mma.

B cooTBeTCTBMM C coBpeMeHHbIMU NpeAcTaBneHnsamm [15,
17, 18], ons aKTONpOTEKTOPOB XapaKTepHbI:

1) cnocobHocTb NOBBILWATE PE3UCTEHTHOCTb OpraHU3Ma
K OCTPOMY KUCITOPOZHOMY Fo/I0faHuIo;

2) CHUXKeHue NoTpebeHns KUCIopoaa U TeMnepaTypbl TeNa;

3) obneryeHue NpuoBPeTEHNS HABLIKOB M KOHCOMMAALMM
CnefoB naMmsy;

4) noBblleHMe pe3NCTEHTHOCTU OpraHuM3Ma K BO3fei-
CTBMIO BBICOKMX TEMMEpPATYp M (U3NYECKUX Harpy3oK;

5) noBbILIEHWe YMCTBEHHOI paboTocnocobHoCTY;

6) nposBneHue cneumuyeckoro 3dpdexTa npu 1-KpaTHOM
BBEIEHWM MpenapaTos;

7) HM3Kaa ToKcuyHocTb (bonmee 1,5-2 r/kr). BuaHo,
yTo BOMBLUMHCTBO MONOXEHUA 06 aKToMpoTEKTOpax MpsMo
BbITEKAIOT M3 OCHOBHbIX MOJIOXEHMIA KOHLIENLMM aanToreHoB
1 aHTurunokcanTos [1, 2, 9]. Kak 6bino oTMeyeHo BbiLue, B no-
cnegHue rodbl xv3sHu B.M. BuHorpapos cuutan, yto Bbigene-
HWe KOHLLENuMU aKTOMPOTEKTOPOB B OTAENIbHOE TeopeTuye-
CKOE NpepCTaBeHu e ABNSETCA HE COBCEM YAAUHbIM U YTO OHO
6bi10 cHOPMUPOBAHO MOA BIUAHUEM CTOSBLUMX B TO BPEMS
3apaqy Kadeapbl hapMakonoru BoeHHO-MeMLMHCKOM aKa-
JeMum o pa3paboTke CpeacTB Ans HYX BOEHHON MeauLy-
Hbl [14].

N3 coepmHenuit, cuHTesnpoBaHHbX @.H0. PaumHcKkuM
Ha Kadenpe dapmaronorum, Haubonee BblpaXKeHHas aKTo-
NpOTEKTOpHas aKTMBHOCTb Bbina BbISBNEHa Y psiAa Npou3Bo-
OHbIX 2-TMoBeH3MMMpa301a, 0COBEHHO Y Mmpenapata, nony-
umBlLero HassaHue bemutun (10.I. bobkos, A.B. CMupHOB,
C.A. Bopobbes, JI.A. bessieBa). locne BcectopoHHero ¢ap-
MaKONOrM4YeCKOro UCCNEe0BaHUA U Pa3peLUeHns UCTbITaHMIA
Ha NIAAX BEMUTUN yCNELIHO MPOLLEN 3TU UCMbITaHWSA B MO-
LENbHBIX M peabHbIX OCTIOHEHHBIX YcioBusX (bonbLume no-
BTOPHbIE Harpy3KW, TMMNOKCUS, NeperpeBaHne 1 Ap.) B Kade-
CTBe CpeACcTBa NoBbIlLeHNs GusnyecKoii pabotocnocobHocTH
(AJ1. 306aH, B.I. HataneHko, T.B. CaMbykoga, B.®. Katkos,
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E.b. LLyctos, W.C. Mopo3os, A.C. Jloces, 10.H. Kopones u ap.).
3ateM OH Obin paspeLleH Ans LUMPOKOr0 NPUMEHEHNS, BHE-
OPeH B NPOMBILLIEHHOE NPOW3BOACTBO U NPUHAT Ha CHabxxe-
HWe BOEHHO-MeMULMHCKOM ciyxbbl. BeMuTun ncnonb3oBanu
BoeHHocnyxawme B AdraHuctaHe u YeuHe, NMKBMAATOPEI
nocnencTeuin YepHobbinbcKol KatacTpodbl U 3eMneTpsce-
HWA B ApMeHWU, 3UMOBLLMKM B AHTapKTuae u T. n. bemutun
W Apyrie aKTONpOTEKTOPbI, CO3LaHHbIE Ha Kadeape, He uMe-
10T BNM3KMX aHanoroB, B TOM yncsie 3a pybexom [18, 19].

B otmumne oT NcUXOMOTOPHBIX CTUMYNIAITOPOB C UX «LOMUH-
rOBbIM» MCTOLLAIOWMM [LeACTBMEM, aKTOMPOTEKTOPbI MOryT
LUMPOKO MPUMEHATLCA ANA BOCCTaHOBNEHMS paboTocnocob-
HOCTW Y BONBHBIX C CaMOM pasfIMYHOIA NAToNOrMel B CiTyyasx
Pa3BUTUA Y HUX acTeHUYeCKoro cuHapoma (cnaboctu, yToM-
NAEMOCTH, CHUKeHWa pabotocnocobHocTu). 310 BbINo NoKa-
3aHO NpM HeBpo3ax, ocobeHHo HepacTeHuu ([.I. HesHaMoB,
T.B. CepebpsikoBa), paauauMoHHbIX nopaxeHuax (A.M. Hu-
Kugopos), nexkapcTBeHHbIX MHTOKeuKauuax (J1.C. LWnunews)
M Jpyrux 3aboneBaHWAX M NaTONOTMYECKUX COCTOSHMAX.
bnarogaps BOCCTaHOBMTENIbHO-3KOHOMU3WPYIOLLEMY TUMY
AeiicTBua 6eMUTMA MOryT MpaKkTUyecku be3 Kakux-nubo
OrpaHu4YeHnn UCMoNb30BaTb 3A0POBbIE NIOAW B NOBCEAHEB-
HOM XU3HW NpU Pa3BUTUM YTOMIEHNS UK nepen, bonbLuMu
Harpyskamu, a TaKKe KaK MeTeoaianToreH, cnocobCTBYHOLLMIA
bonee BbICTPOI afanTauMM K U3MEHEHUIO METEOPOOrUye-
cKux akTopoB cpeabl [20-24].

WTor uccnegoBaHuin, NOCBALLEHHBIX aKTOMPOTEKTOPaM,
Obinn 0606wienbl B.M. BuHorpagobiM 1 ero yyeHUKamu
B MoHorpadmmn «®apMaKonoruyeckas Koppekuums yTomsne-
Hus» (1984) [15]. PesynbtatoM ee Bbixofda B CBET CTaio pac-
NMPOCTPaHeHWe aKTOMPOTEKTOPHOM KOHLEMUMM U MpUHATUE
LUMPOKUM KpYroM CreLuanucTos.

CnepyeT OTMETUTb, YTO 3@ MHOTWE rofbl MCMbITaHUIA
W peasibHoro MPaKTMYECKOro NPUMEHEHUS aHTUIUMOKCAHTOB
W aKTOMPOTEKTOPOB, CO3AaHHbIX Ha Kadeape, Cepbe3HbIX No-
BouHbIX 3 deKTOB He Habnwoaanock. M3penka passuBanuch
lerKue annepruyeckue peakuum Ha bemutun, He TpeboBaB-
LUMe NIeYeHns, a TakKe B OTAENbHBIX Cyyasx bbino onucaHo
pasgpaxaiollee AeicTBME aMTU30Ma Npu BbICTPOM BHYTPU-
BEHHOM BBE[IEHWM.

MomMuMo pa3paboTKU OCHOBHBIX HAYYHbIX HAMPaBNEHWHN,
CBA3aHHbIX C CO3[aHWEM aHTUIUMOKCAHTOB W aKTOMPOTEK-
TopoB, Ha Kadeppe nop, pykoBoactBoM B.M. BuHorpagosa
BE/OCb M3bICKaHWE CTPecC-MpOTEKTUBHBLIX CPEACTB HOBO-
ro Tuna. AKTyaneHocTb NpobneMmsl Bbina obycnoBneHa TeM,
uT0 Hanbonee U3BECTHbIE M LIMPOKO UCTONb3YeMble Npenapa-
Tbl 7191 NPOQUNAKTUKY U KyNUpOBaHuA cTpecca — beH3oam-
a3enuHOBbLIE TPAHKBUNM3ATOPbI (aMasenau, GeHasenam u ux
aHanorn) — BbI3bIBAOT N0b0YHbIE 3 deKTbl (3aMepneHne
CKOPOCTW peaKLMii Ha pasfpaXuTeny, yxyaLeHue onepa-
TMBHOI NaMATH, COHNMBOCTb, paccnabneHne MbiLLL), NpUBO-
AfLLUME K CHUXeHUI0 paboTocnocobHOCTM MU YMCTBEHHOM!,
MCUXOMOTOPHOM OMEpaTOPCKO M GU3NHECKON AEATENIBHOCTH.
Yyenukn B.M. BuHorpaposa (B.®. Katkos, E.b. KatkoBa) BbI-
SBUIIN M U3Y4WITU CTPECC-NPOTEKTUBHBIE CBOWCTBA OCHOBHOMO
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Puc. 9. B.M. BuHorpagos unTaeT feKkumio KypcaHtam BoeHHo-Me-
JIMUMHCKON aKageMuu, 1981

Fig. 9. V.M. Vinogradov gives a lecture to cadets of the Military
Medical Academy, 1981

npencrasuTens GapMaKonorMyeckoro Knacca HooTponoB M-
paueTtaMa (HooTponuna) U HOBbIX COEAMHEHWI C HOOTPOMHOIA
aKTUBHOCTbIO, CMHTE3UPOBAHHBIX Ha Kadeape, B YacTHOCTH
npenapata anmua. beino ycraHoBneHo, yto 3TM cpeAcTBa
Mpu CTpecce HECKONbKO YcTynakoT bGeH30aua3envHoBbIM
TPaHKBUNM3ATOPaM Mo 3aLUMTHOMY LENCTBUIO Ha BUCLLepasib-
Hble CUCTEMBI, 0JHAKO B OT/IMYME OT 3TOM0 KJlacca TPaHKBUIU-
3aTOpPOB OKa3bIBAKOT BbIPAXKEHHOE MONOMKUTENLHOE BAMSHUE
Ha obyyaemocTb, BOCMpONU3BeaEHME HaBbIKOB, HU3NYECKYIO
pabotocnocobHocTb. HooTponHble cBOMCTBA anMuaa M psaa
HOBbIX COEAMHEHUI BblM NOAPOBHO U3YUeHbI HA Pa3UYHbIX
MOJeNsAX, B TOM YNC/E HA OYEHb BaXKHOWN MOLENN YepernHo-
Mo3roBon TpaBMmbl (A.T. Tpeuko, U.B. 3apybuHa). [LaHHble,
Mosy4YeHHble B 3KCMEPUMEHTE C afMMAOM M aHanoram,
B 3HAUMTENILHOM CTEMEHM COBManM C pesymbTaTaMu UcCiefo-
BaHMI COTPYAHMUKOB Nlabopatopum ncuxodpapmaronorum HUN
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dapmaronorum uM. B.B. 3akycoa PAMH (MockBa), koTopble
conocTaenanm 3d@eKTbl NPOM3BOAHBIX TMObEH3MMMAa30Na
1 OKCMNUPWAMHA, B YaCTHOCTU MeKcupaona [25].

Pe3ynbTarthl, NonyyeHHble Ha XUBOTHBIX, NMOATBEPAMUINC
MPU U3Yy4eHUM CTpecc-npoTeKTMBHOIO AeWCTBMS NupaueTa-
Ma M anMupa Ha 3[0poBbiX J0OpOBONbLAX, @ Y NaLMEHTOB
C YepenHo-MO3roBOW TPaBMOM bbii NOKasaH YeTKuiA neveb-
Hblii 3 deKT anMuaa, BKIHYAILLMIA HOOTPOMHYI0 AKTUBHOCTb
(ycKopeHWe HopManM3aLmm BbICLUIMX NCUXMHYECKUX QYHKLIMIA).

Heobxooumo nopuepkHyTb, uto B.M. BuHorpagos sens-
eTCS TaKKe OAHMM M3 OCHOBOMOJIOXHUKOB aHeCTe3NoNIoruu
B Hawen cTpaHe. [lpu ero yyactum cosgaeanacb nepBas
B CTpaHe Kadeapa aHecTesuonorum BoeHHo-MeguuMHCKOM
akapemun. OnybnukoBaHHble uM B coaeTopcTee ¢ M.K. dbs-
YeHKO MoHorpaduu «OCHOBbI KIIMHUYECKON aHEeCTE3MONOM MUY
(1961) n «YactHas aHectesvonorus» (1962) ctanu nepebiMU
PYKOBOACTBaMM 151 CMeLMannCToB-aHecTe3noNI0roB U 0 CUX
Mnop He YTpaTWIMU CBOETO 3HAYEHMS.

B.M. BuHorpapos 3aBoeBan 60/blIy0 MOMYNSAPHOCTL
KaK bnectawmi nextop (puc. 9), Bceraa coobLuaLwmin caMble
HOBbIE CBEJ,EHNSA U3 0BNacTy NeKapcTBEHHOI Tepanuy, yMeto-
LLMiA 33XBaTUTb BHUMaHWE ayauUTOpUM NPY U3NOXKEHUN CaMo-
ro cnoxHoro matepuana (puc. 10). YuebHuk dapmakonoruu,
NoAroToBneHHbIi B.M. BuHorpagoseiM 1 ero coaBTopamu, no-
NYYUN Cpeay KypCaHTOB W CyLLATeNen akafeMuu, CTYAEHTOB
BY30B U CMELMANUCTOB-MEAMKOB Pa3fIMiHOr0 Npoduns Lm-
POKOE MPU3HaHMeE U BblAepIKan HECKOMbKO U3paHuii (puc. 11).

B.M. BuHorpamos — aBtop 6onee 260 Hay4HbIX TpyaoB
1 60 u3o6peTeHuit. OH bbin YneHoM Mpaenenns BeecotosHoro
1 JIeHMHrpafCcKOro HayyHbIX 06LiecTB hapMakonoros, nog-
rotoBun 9 AoKTopoB M 16 KaHAWMAATOB Hayk.

B.M. BuHorpapoB ywen u3 xu3nu 17 pexabpsa 2003 r., He-
MHOr0 He A0XwuB Ao ceoero 80-neTHero obunes. HecMotps
Ha TAXKeNylo MHOroNeTHIOK 60ne3Hb, aKkTUYecku NpUKOBaB-
LUYyI0 ero K AoMy, Jo nocneaHero aHsa B.M. Bunorpapos pabo-
Tan (puc. 12), 6611 NOMOH TBOPYECKMX NaHOB, nepepabatbi-
BaJ1 CBOM CTaBLUMM KNacCUYecKuM «Y4ebHUK apMaKonorumy».
lMoxoponunm B.M. BuHorpazgoBsa TMX0 1 CKpOMHO Ha CeBepHOM
Knapouwe Cankr-leTepbypra. MHOrOUNCNIEHHbIE YYEHMKH,

Puc. 10. B.M. BuHorpanoB npoBoauT yueOHo-MeToan4ecKoe 3acefaHue kadenpsi (1983)
Fig. 10. V.M. Vinogradov conducted an educational and methodological meeting of the department (1983)
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Puc. 11. B.M. BuHorpazaos (cupuT B LeHTpe) cpeam cotpyaHuKoB Kadenpsl dapmakonorum (1985)
Fig. 11. V.M. Vinogradov (sitting in the center) among the employees of the Department of Pharmacology (1985)

[PpY3bs U COPaTHUKK NpuLn nposoauTb B.M. BuHorpagoBa
B MOCNELHWIA MyTb, COXPAHASA B CBOMX CEpALax NaMATb 0 A0-
pOroM Jpyre, HaCTaBHUKE W yuuTene.

HayyHoe HanpaBneHue, wHUuMmpoBaHHoe B.M. BuHo-
rpafoBbIM, MPOAOMKMIAM aKTUBHO pa3BMBaTb COTPYAHMKM
Kadenpol B 2000-e r. [26, 27]. TeMa aHTUIMNOKCAHTOB W aK-
TONPOTEKTOPOB HEOJHOKPATHO CTaHOBMNACh NpeaMeToM 06-
CYXIEHUN Ha HaydHbix 3acepanusx CankT-lleTepbyprckoro
tapmaronoruyeckoro obectsa (puc. 13), B 2016 r. cocTos-
nocb nepBsoe, a B 2019 r. BTopoe Bcepoccuitckoe paboyee
coBeLllaHue «[MNOKCMA W aHTUIUMOKCAHTbI», MOCBALLEHHOE
namaTtu B.M. BuHorpaposa (puc. 14).

B 3aBeplueHue cnepyeT NOAYEPKHYTb, YTO KOHLEMUUA
aHTUIMMOKCAHTOB U aKTOMPOTEKTOPOB Chirpana CBOK Ba-
HYt0 ponb B OPMMPOBaHMM MUPOBO33peHUS GapMaKonoros
Ha TNoBbIe naTosoruyeckue npouecckl ¢ 1960-x rr. Xots B Ha-
CToslLLiee BpeMsi 3Ta rpynna BELLECTB HE HaXOAMT LLUMPOKOro

Puc. 12. 3a pabouum ctonom B KBapTupe Ha yn. MunauoHHoi
(bbiBLLas yn. XanTypuHa) (2000)

Fig. 12. At a desk in his apartment on the Millionnaya street
(previously Khalturina street) (2000)

Puc. 13. Ha 3acepanmn O6wectBa dapMakonoros CaHKT-lleTepOypra, nocesweHHoro 80-netuto B.M. BuHorpaposa (kadenpa dap-
MaKonorum BoeHHo-MeAMUMHCKONM akafeMuu, ceHTadpb 2004 r.). MepBbit pag cneBa HampaBo 3a ctoiioM: H.A. Jloces, H0.1. UrHatos;
BTopoii psag: LW.K. Mewepos, 1.B. OkyHesuy, J1.K. XHbiuenko, C.B. Okosutbiid, [N. Obsauyk, H.C. CanpoHos

Fig. 13. At a meeting of the Society of Pharmacologists of St. Petersburg dedicated to the 80" anniversary of V.M. Vinogradov (Department
of Pharmacology of the Military Medical Academy, September 2004). First row from left to right at the table: N.A. Losev and Yu.D. Ignatov;
second row: Sh. K. Meshcherov, I.V. Okunevich, L.K. Khnychenko, S.V. Okovity, G.I. Dyachuk, and N.S. Sapronov
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Bcepoccuiickoe HayyHOe CoBeLlaHue
«MMNOKCUA U aHTUTUNOKCAHTbIY,
noceALLEHHOe NamAT npodeccopa
B.M. BuHorpagoBsa (1924-2003)

OtkpbiTve 8 10.00 B KNy6e Akagemnn

(B. Camnconuesckui np, A.J;&ﬁw
Kadeapa papmakonorum)

Puc. 14. WHdopmaumoHHoe obbsBneHne o nepsoM paboyem co-
BeLaHUM «[UNOKCUS M aHTUTMMOKCAHTbI», MOCBALIEHHOM NaMsATH
B.M. BuHorpagosa (2016)

Fig. 14. Information announcement about the first workshop
“Hypoxia and antihypoxants”, dedicated to the memory of
V.M. Vinogradov (2016)
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MPUMEHEHMS, Y KOHLENUMM aHTUIMNOKCaHToB bonbluoe 6y-
Ayllee, KOTOpOe NPOABASETCS YXe ceiyac, B TeKyLMX Ha-
YUHBIX MCCNEA0BaHMAX MHOMMX Tpynn (papMaKoiornyeckmx
CcoeaMHeHNN, 06nafaloLwmMX aHTUIUMNOKCUYECKUMM, aKTOMpo-
TEKTOPHBIMY, aHTUOKCUAAHTHBIMU, HOOTPOMHBIMU UM UHBIMM
Mone3HbIMU afaNTUBHBIMU CBOWCTBaMM.

A0NOSIHATENIbHAS UHOOPMALIUA

KoHdnukt nHTepecos. ABTOp AeKnapupyeT OTCyTCTBUE ABHbIX
W MOTEHUMANbHBIX KOHDIMKTOB MHTEPECOB, CBA3aHHLIX C Nyb/MKa-
LiMer HacToALLEN CTaTby.

UcTouHnk duHaHcupoBaHus. ABTop 3asBnseT 06 oTCyTCTBUM
BHELLIHEro GMHaHCMPOBaHWA NpY NPOBEAEHUN UCCNeL0BaHMS.
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