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AHHOTAIUA

AKTyalibHOCTh: [lOMCK TOTEHIHMANbHBIX KapAuo- U I1epeOpOnpOTEKTOPHBIX
CPEICTB, CpPelr MPOU3BOJHBIX OKCUIMMPHUAMHA, SBISETCS AKTyalbHBIM, IOCKOJIBKY
cpear HUX OOHAapyXeHbl COeMHEHMs, 00JIadaole aHTUTUIIOKCHYECKOM, aHTHOK-
CHUJIaHTHOW aKTMBHOCTBIO, OPUTHMHAIBHBIN CIEKTP HEHPOTPOIHOTO ACHCTBUS JIEKAp-
CTBEHHBIX IpPENnapaToB HA YpOBHE HEMPOHOB (aHKCHOIUTHYECKUMN, aHTHCTPECCOBBIH,
MPOTUBOCYAOPOXKHBIN, 11€peOpPONPOTEKTOPHBINA, MPOTUBONMAPKUHCOHMYECKUM, aHTH-
AMHECTHYECKUH M MPOTHBOAIKOTOJIbHBIN), YIy4IIAlOT MO3TOBOE KPOBOOOpAIIEHHUE,
MHTHOUPYIOT arperamnuio TpoMOOIIMTOB, YBEJIMYMBAIOT aHTUTPOMOOI€HHBIN MOTEH-
yajl KpOBU, CHMXKAIOT OOIIMHA ypOBEHb XOJIECTEPUHA, OKa3bIBAIOT KapJIUOINPOTEK-
TOPHBIA M aHTHATepOCKIepoThuecKbld dpdexTrl. Leab uccaenopanus: M3yuntsb
BIIMSIHUE TIPENapaToB STWIMETUITHIPOKCUIIMPUANHA CYKIMHAT HAa WHTEHCUBHOCTD
IIPOTEO0JIN3a B AKCTPAKTE TKAHU FOJIOBHOI'O MO3ra U CHIBOPOTKE KPOBH KPBIC in Vitro.
Marepunanbl 1 MeToabl: OLIEHKa aHTUTUIIOKCUYECKOW aKTUBHOCTH IPOU3BOINIIACH
C TMOMOIIBIO TECT-CUCTEMbI MOJECIUPYIOILIEH YCIOBUS TMIIOKCHH 1n vitro. Pe3yabTa-
ThI: B X0z1€ SKCIepuMeHTa ObUTO YCTaHOBIIEHO: KOJMUECTBO KHUBBIX KJIETOK B IPYIIIE
Nel (monoxurenbHBIA KOHTPOIJb) cocTaBisio 46.82+8.15, mepTBbIX — 23.64+5.52; B
rpymme Ne2 (oTpuuarenbHblii KOHTpob, 10% pacTBopa opmanuHa) — KUBBIX Kie-
TOK — 32.2745.18; meptBBIX — 40.91£7.69; B rpynme Ne3 (Momens TUIIOKCUH) — JKH-
BbIX KJeTok — 30.91£3.75, meptBbix — 35.45+10.60; B rpynme Ned (moGaBneHue
Mexkcunpuma 0.01 Momb/l1) KHMBBIX KIETOK — 56.36+£6.36, MEpTBBIX KIJIETOK
31.82+4.05; B rpynne Ne5 (mobasnenne Mekcunpuma 0.01 MOB/J MPH TUIIOKCUN)
KOJIMYECTBO KUBBIX KJIETOK cocTaBuiio 53.18+7.17, mepTBbIX KieTok 35.45+4.72. Ha
MOJICNIA THUTIOKCHH 1n Vitro YCTaHOBJICHO, YTO MpemnapaT MeKCHIoI TOCTOBEPHO TO0-
BBIIIIAET )KU3HECTIOCOOHOCTD KJIETOK B YCIOBUSX TMIIOKCUH 10 CPABHEHUIO C IPYIIION
koHTpoJis (53.18+7.17% mpotus 30.91£3.75, mpu p<0.05). 3akawuenue: YcraHoB-
JICHO, YTO MPEIOKEHHBI METO/1 OLIEHKHU aHTUTHUIIOKCUYECKOH aKTUBHOCTH 1n Vitro ¢
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UCIIOJIb30BAaHUEM B KauyecTBE Ipernapara-pedepeHca dTHIMETHITUIPOKCUITUPUINHA
CYKLIMHATa aKTyaJbHO IPU CKPUHUHIE€ HHHOBAILIMOHHBIX MOJIEKYI.
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Abstract

Background: The search for potential cardio- and cerebroprotective agents among
the derivatives of oxypyridine is topical, since they are proven to contain the com-
pounds with antihypoxic, antioxidant activity, and the original spectrum of neuro-
tropic action of drugs at the level of neurons (anxiolytic, antistress, anticonvulsant,
cerebroprotective, antiparkinsonic, antiamnestic and antialcoholic), improve cerebral
circulation, inhibit platelet aggregation, increase the antithrombogenic potential of
blood, reduce total cholesterol, have a cardioprotective and anti-atherosclerotic ef-
fects. The aim of the study: To study the effect of the preparations of ethylme-
thylhydroxypyridine succinate on the intensity of proteolysis in the extract of the
brain tissue and serum of rats in vitro. Materials and methods: The evaluation of
antihypoxic activity was performed using a test system for modeling the hypoxia
condition in vitro. Results: In the course of the experiment it was established that the
number of living cells in group No. 1 (positive control) was 46.82+8.15, the dead
number was 23.64+5.52; in group 2 (negative control, 10% formalin solution) — liv-
ing cells — 32.27+5.18; of the dead — 40.91+7.69; in the group Ne3 (model of hypox-
1a) — living cells — 30.91£3.75, dead — 35.45+10.60; in group number 4 (addition of
Mexiprim 0.01 mol/l) of living cells — 56.36+6.36, dead cells 31.82+4.05; in group
number 5 (addition of Mexiprim 0.01 mole/l in hypoxia), the number of living cells
was 53.18+7.17, dead cells 35.45+4.72. On the model of hypoxia in vitro, it was es-
tablished that the Meksid product significantly increases the viability of cells under
conditions of hypoxia in comparison with the control group (53.18+£7.17% vs.
30.91+£3.75, with p<0.05). Conclusion: It has been established that the proposed
method for evaluating antihypoxic activity in vitro, using ethylmethyl hydroxypyri-
dine succinate as a reference substance, is relevant in screening of innovative mole-
cules.

Keywords: ethylmethylhydroxypyridine succinate; mexidol; mexiprim; hypoxia

Beenenne. Cepueuno-cocyaucteie 3a60- Je3HU cepAaua cocrasiseT 25.7%, UHCYIbTOB —

JIEBaHUS 3aHUMAIOT MEPBOE MECTO B CTPYKTYpE 21.4% [2].
3a005IeBa€MOCTH U CMEPTHOCTH, U SIBIISIOTCA B cBsi3u ¢ Takoil Aaneko HeyTelUTelb-
BOKHOW MEIUIIMHCKON W COIMATBHOUM Tpo0Iie- HOM CTaTHCTHKOM CYIIECTBYET HEOOXOIUMOCTh
Mol [1]. Cpean cMepTenbHbIX ciaydaeB B Poc- B COBPEMEHHBIX WHHOBALMIX JUIsl JICUYEHUS
cutickorr denepanuu 1059 UIMIEMHYECKOW 00- CepICUYHO-COCYIUCTRIX 3a0oneBanuii. st mo-
CTIDKEHHUSI 3TOH IeH, HEOOXOOUMO JaabHEH-
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mee pa3BUTHE (yHIAMEHTAIBHBIX HCCIIEI0Ba-
HUH, LEJIbI0 KOTOPBIX SIBISETCS U3MEHEHHE JH-
JIOTEHHOT'O IMOTEHLIMAJA CEPAECYHO-COCYIUCTON
cucTemsl [3].

OcHOBHOH 3ajayeil JieYeHUs! CEepAeHHO-
COCYAMCTHIX 3a00JeBaHMI SBISIETCS YiydIille-
HUE MPOTrHO3a 3a00JICBaHMS, MPEAYIPEKICHIE
pa3BUTUA OCJIOXKHEHU, yBEJIMYEHHE MPOAOI-
KUTEIbHOCTH U YJIy4YllIEHWE KayecTBa >KU3HH,
TaKXKe BaXXHO OOpaTHUTh BHUMAaHHE Ha IMOMCK
HOBBIX KapAuo- U 1epeOpOrpOTEeKTOPHBIX Ipe-
napatos [4, 5].

[IpousBoHbIe 3-OKCUMMUPUAMHOBOTO PS-
Ja UMEIOT IIUPOKHM CHEKTp OMOJOTHYECKHX
s dekroB. Cpenu HUX OOHAPYKEHBI COEAMHE-
HUS, KOTOpbIE 00JaAal0T aHTUTMIIOKCUYECKOM,
AHTHOKCHJIAHTHOW aKTHBHOCTBIO, OPUTHHAJIb-
HBII CIIEKTP HEUPOTPOIIHOTO JIEUCTBUS JIEKap-
CTBEHHBIX IpENapaToB HAa ypPOBHE HEWPOHOB
(AaHKCHOJIUTUYECKUI, aHTUCTPECCOBBIN, MPOTU-
BOCYJIOPOKHBIH, 11epeOpONpOTEKTOPHBIH, MPO-
THUBONIAPKMHCOHUYECKUH, aHTHAMHECTHYECKHI
Y MIPOTUBOAIIKOTOJIbHBIN), YITY4IlIaloT MO3TOBOE
KpOBOOOpAIIeHNEe, WHTUOMPYIOT —arperamuio
TPOMOOIIMTOB, YBEJIMYUBAIOT AHTUTPOMOOTEH-
HBIM MMOTEHIIMANl KPOBH, CHUXKAIOT OOIIMK ypo-
BEHb XOJIECTEPHHA, OKa3bIBaIOT KapAUONpPOTEK-
TOPHBII U aHTHATEPOCKJIEPOTUYECKBIN 3 dek-
Tel. TakuM o00pa3oMm, LEenecooOpa3HO HUCKaTh
MOTEHIIMAJbHbIE KapAHO- U LEepeOpoIrpoTeK-
THUBHBIE CPEJCTBA CPEIU NPOU3BOAHBIX OKCH-
MUPUANHOBOTO psifa [3, 6]. B mocnennue ros
aKTUBHO M3Yy4alOTCs JIEKAPCTBEHHBIE CPEJICTBA
STWIMETWITHAPOKCUIIUPUSINHA  CYKLIUMHAT U
THOTPUA30JIMH.

OTUIMETUIIMEPKANTONUPUIMHA  CYKIU-
HaT MHTHOUpPYET CBOOOJHO-paMKalIbHbIE MPO-
LIECChl OKHUCIICHHS JIMITUJ0B U OKa3bIBA€T MO-
OyJIUpYyIoLlee JEHCTBUE Ha AKTUBHOCTH CBSI-
3aHHBIX C MeMOpaHOll (EepMEHTOB M HOHHBIX
KaHayioB [7, 8]. BbIsIBIEHO, YTO 3TUJIMETUITHI-
POKCUIIMPUINHA CYKIIMHAT HE OKAa3bIBAeT BJIM-
SIHUSL HA aKTUBHOCTH TPUIICMHOMNOJOOHBIX, 1IU-
CTEMHOBBIX MPOTEHHA3 U HMX HHAOTCHHBIX HH-
rMOUTOPOB B SKCTPAKTE€ MO3TOBOW TKaHU KpbI-
cel in vitro [9]. OmHako, CIOCOOHOCTH ITHIIME-
TUITUAPOKCUIIMPUINHA CYKIIMHAaTa BO3ZCH-
CTBOBaTb Ha AKTUBHOCTbH MPOTEOJUTHUYECKHX
(epMEeHTOB U MX SHAOT€HHBIX MHTUOUTOPOB B
TKaHH TOJIOBHOTO MO3Ta U CHIBOPOTKE HEIOCTa-
TOYHO u3yyeHa [10].

Hean uccaenoBanus. M3yuuts BiusHUE
IpernapaToB STUIMETUITUIPOKCUTTUPUINHA
CYKIIMHAT U TUOTPUA30JIMH HAa MHTEHCUBHOCTH
MPOTEOSIM3a B OKCTPAKTE€ TKAaHH TOJOBHOIO
MO3ra U CBIBOPOTKE KPOBH KPBIC in Vitro.

MarepuaJbl 1 METO/bI.

Ju3aiiH uccinegoBaHUs —BKJIKOYAI  He-
CKOJILKO JTaroB:

1. Brigenenue JIEHKOIIUTOB.

2. KynbTuBupoBaHue.

3. OxkpaiuBaHu€ TPUKU3ZHEHHBIMU Kpa-
CUTEIISIMHU.

4. ®nroopecleHTHAs MUKPOCKOIHSI.

5. AHanu3 pe3yiabTaroB METOAOM CTaTH-
CTHYECKON 00pabOTKH.

B kaxnayro sueiiky 24 JyHOYHOrO IUIaH-
mera nobapns 500 MK MOTYYEeHHOH Cyc-
MEH3UH JICUKOLMTOB, MOBEPX KOTOPOH M00aB-
nsann 500 Mk iutarenbHou cpeaslt RPMI-1640
¢ myramuHoM (IlanDxo) — KOHTposbHAS TpyM-
na 6 JIyHOK.

B kauecTBe OTpULIATEIIBHOIO KOHTPOJIS
ucnonszoBamu  10% pactBop dopmanuHa —
6 nyHok. Jlyie MOJENUpOBaHUS TMIIOKCUU HC-
nostb3oBai Maciio Oil for Tissue Culture (ms
TkaHeBbIX KynbTyp) (SAGE, CIIIA), xoropoe
BHOCHJIOCH B JIYHKH B KoiuuecTBe 500 MK mo-
BEpPX MHUTATEIbHOW Cpelbl C IIIYTaMUHOM —
6 JTYHOK.

B kauectBe TecTHpyeMoro mnpemnapara
UCTONB30BAJICA  3TUIMETUTUIPOKCUITUPUIUHA
CYKLIMHAaT WIM Tpernapar ¢ TOPrOBOM MapKon
Mexcumnpum B koHueHTpanuu 0.01 mons/mn, 6e3
TUIIOKCUU — 6 JIYHOK U C TUIIOKCHEH — 6 JTyHOK.

KynbTUBUpOBaHUE KIIETOK OCYIIECTBIIS-
nu B Teuenuu 8 yacoB B COr-unkybaTope, 3a-
MIOJTHEHHOM Ta30Boi cMeckio (95% Bozayxa +
5% COz), npu temmeparype 37°C U OTHOCH-
tenbHOM BiaxxHoctu 100%.

OneHky KM3HECTIOCOOHOCTH KJIETOK IPO-
BOAWJIM C MKCIIOJIb30BAaHUEM JIBYXKOMIIOHEHT-
HOTO KpacuTels, BKirovaromero 2uM calcein-
AM (Sigma-Aldrich, CIIIA) u 4uM Ethidium
bromide (Sigma-Aldrich, CIIIA). Peructparnuto
(iyopecueHIIMY JKUBBIX M MEPTBBIX KIETOK
MPOBOAMIN TpU Tomomu Mukpockomna Eclip-
seTi-S (Nikon, SAnonus), ysennuenue x20.

[IpoueHT XM3HECTOCOOHBIX KIIETOK pac-
CUUTBIBAJIH 1O (opMyJie: KOITUYECTBO MEPTBBIX
KJIETOK / (KOJTMYECTBO JKMBBIX KJIETOK + KOJIH-
4ecTBO MepTBbIX KJeTok) Xx100% [11].
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Jns mojcuyera KOJMYECTBA KIETOK HC-
MOJIb30BAIIM  CIICIIUATU3UPOBAHHOE TPOTPaMM-
HOoe  obOecneuenue  mporpammy  EZ-Cl
FreeViewer Ver3.90 (Nikon, Smonus).

CraTtiucTUYeCKUil aHAJIN3 IPOU3BOIUIICS C
MOMOIIBI0  MPOTPAMMHOTO  OOeCHeUeHHsI

Pe3yabTarsl u ux odcyxkaeHue. B xone
SKCIIEPUMEHTAa TpPU CPABHEHUM CTaTHCTUYe-
CKUX JIaHHBIX B IIPEJCTABIICHHBIX HCCIEaye-
MBIX TpyNmax ObUIM YCTaHOBJIEHBI JOCTOBEp-
Hbl€ CTaTUCTUYECKUE pa3JInyMsl KOJUYECTBA
KJICTOK.

YeTko MpOCIEKHUBAIOTCS JIOCTOBEPHbBIE
pasnuyuus B CPaBHUTEIBHOM KOJIMYECTBE KJle-
TOK B IpyIIax (PUCYHOK):

1) KoHTpOJIb MOIOKUTEIIBHBIN.

2) Kontposp orpunarensusiii (¢ 10% p-
oM (popmanuHa).

3) Konrpossb (runoxcus).

30

4) Kontponp mnonoxutenbHbii + Mek-
CUIIPUM.

5) KonTpons (runokcusi) + Mekcunpum.

bbuin ycTaHOBIEHBI JTOCTOBEpHBIE pa3-
mnuud (pu p<0.01) mexny rpynmnoi Nel (ro-
JIOKUTETLHBIN KOHTPOJIb) U rpyrmamMu Ne2 (ot-
punarenbHbId KOHTpOib, 10% pactBopa ¢op-
ManuHa) Ne3 (Mojenbh TUIIOKCHH) CO CHHYKCHH-
€M KOJINYECTBA JKU3HECTIOCOOHBIX KIIETOK.

Tak >KM3HECTIOCOOHOCTh KJIETOK BO Ne2
27%) n Ne3 (130.91%) cHmxkanach Mo cpaBHe-
Huto ¢ Nel rpynmoit — 146.82%, uto cBUIETEb-
CTBYET O LIMTOTOKCUYECKOM 3 deKTe.

Ha psny ¢ atum B rpymnme Ne4 (156.36%)
u rpymnmne No5 (153.18%) mpoueHT Ku3HecHo-
COOHBIX KJIETOK OBbLT OOJIBIIE 1O CPABHEHHIO C
rpynnoii Nel u umen IOCTOBEpHbIE pa3ziInyus
(mpu p<0.01), yTO CBUAETENIBLCTBYET O CTUMY-
JUPYIOIIEM M aHTUTUIOKcHYeckoM 3ddekrte
npernapara MekcunpuM, 100aBICHHOTO B KYJIb-

TYpaJIbHYIO CPELy.

60 |

20 |

o Mean

1 [0 Mean+SD

10 I
| Ne3

1] |
Ne1 I Ne2 |

T Mean+1.96*SD

[Tpumeuanne: Nel — moa0KUTENBHBIN KOHTPOJb, Ne2 — oTpuuaTenbHblil KOHTPOib (¢ 10% p-om dopmanuna),
Ne3 — ycnoBust runokcun, Ned — Mekcrunpum 0,01 Moib/11 B HOpMaNBHBIX yeaoBusix; NeS — Mekcunpum 0,01

MOJIB/JI B YCJIOBHSIX TUTIOKCHH. * — p<0.05.

Note: Nel — positive control, Ne2 — negative control (with 10% pth formalin), Ne3 — conditions of hypoxia, Ne4 —
Mexiprim 0.01 mol/l under normal conditions; Ne5 — Meciprim 0.01 mol/l under hypoxic conditions. * — p <0.05.
Puc. Pe3ynbTaThl SKcIiepuMeHTa in Vitro
Fig. The results of the in vitro experiment

B xonme skcmepuMenTta ObUIO yCTaHOBIIE-
HO: KOJMYECTBO >KMBBIX KJIETOK B rpymme Nel
(TTIOJTOKUTETBHBI ~ KOHTPOJIb)  COCTABIISLIIO
46.82+8.15, meptBBIX — 23.64+5.52; B rpynme
No2 (orpunarensubslit koHTpOIb, 10% pacTBOpa
¢dopmanrHa) — KHUBBIX KJIeTOK — 32.2745.18;

MepTBbIX — 40.91+£7.69; B rpymnmne Ne3 (mozens
TUIMOKCUU) — JKUBBIX KiIeTok — 30.9143.75,
MepTBBIX — 35.45+10.60; B rpynme Ne4 (mob6aB-
nenne Mekcurnpuma 0.01 MoB/1T) KUBBIX KJie-
TOK —  56.36+6.36, MepTBBIX  KIIETOK
31.82+4.05; B rpynmne Neo5 (mo6aBneHue Mek-
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cunpuma 0.01 MOIIB/1 MPU TUIIOKCHUU) KOJIMYE-
CTBO JKUBBIX KIIETOK cocTaBmio 53.18+7.17,
MEpPTBbIX KJIETOK 35.45+4.72.

O cTUMYAMPYIOIIEM aHTUTHIIOKCUYECKOM
addekre mpenapara Mexkcunpum, 100aBICHHO-
ro B KYIbTypalbHYIO CpEeIy. CBUICTEIHCTBYET
MPOLIEHT JKU3HECTIOCOOHBIX KJIETOK B rpyrie 4
(Mexkcumnpum) u rpymnme 5 (Mexk-
CUIPUMHTHUIIOKCHS) TIO CPAaBHEHHUIO C IPYMIION
Nel (koHTpoOsb) M MMEN TOCTOBEPHBIE pa3iu-
yus (pu p<0.01).

3akaouenue. Takum oOpa3oM, B Xone
MIPOBEJICHHOTO HUCCJIEIOBAHUS YCTaHOBIIEHO,
9TO MPENIOKEHHBIA METOJ OIEHKA aHTHTHUIIO-
KCUYECKOW aKTHBHOCTH In Vitro ¢ UCIHOJIb30Ba-
HUEM B Ka4deCTBE Ipemnapara-pedepeHca dTHi-
METWITHAPOKCUIIUPUINHA CYKI[MHATa  aKTy-
QJIBHO MPU CKPUHUHTE WHHOBAIIMOHHBIX MOJIC-
KYJI.

B omnowenuu oannoti cmamou He ObL10
3ape2ucmpupo8ano KOHQIUKMA UHMEPECOs.
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