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NO-3ABUCUMbIE MEXAHU3Mbl KAPOVUOIMPOTEKTOPHOIO OEUCTBUSA
NPEMAPATA MT NMPU KYPCOBOM HA3HAYEHUU SHR-KPbICAM

W. C. YekmaH, U. ®. BeneHunues, J1. U. KyuyepeHko, U. A. Masyp, E. A. HaropHas,

H. B. Byxtusiposa, 0. A. Bonuuk, H. B. NMapHiok'

Hogsiit npenapar MT (5 mr/kr) u meronposon (10 Mr/kr) npu BHyTpUOPIOLIMHHOM BBE-
JneHuun 1 pa3 B CyTKd B TeueHue 15 cyT B paBHOH creneHu cHikamu AJl (Ha 18 %) y
SHR-kpbic. MT oxasbiBan NO-Mumeruueckoe AeiictBue: yBenuuupas odpazosanue NO B

MHOKap/ie, IyTeM TOBbIIIeHus akTuBHOCTH o01eit NOS u xonnentpanun eNOS; u yMeHb-

miast 06p330BaHI/IC MapKepa HUTPOSUPYIOUIETO CTPECCAa — HUTPOTHUPO3UHA, 3a CUCT CHUIKE-

HUs ypoBHs iINOS B MUTOXOHIPHUSIX MHOKapna. MeTomposion He BIWSUT Ha NOKa3aTeld HU-

TPOKCHIEPTHUECKON CUCTEMBI B MuOKape kpbic SHR.

KuwoueBblie ciioBa: apTepuajibHas r’MIepTCH3U; KapAUOIIPOTCKIUS, NO-CI/IHT3.33.; Mnpenapar

MT

BBEOEHUE

AprepuanbsHoil runeprensueil (Al) cTpagaror, Mo fAaH-
HeiM Ha 2011 r, mo 30 % Hacenenus crpan EBpocorosa u
CIIIA u 40 % nacenenust Poccun u Yipaunst [1, 2, 7].
HecMoTpst Ha TOCTUTHYTBIC YCIIEXU B JICUCHHH CEpAcU-
HO-COCYJHCTBIX 3a007€¢BaHUM, MPoOIEMa CO3/IaHUs BBICO-
KO3(()EKTUBHBIX JTEKAPCTBEHHBIX CPEACTB OCTACTCS AKTY-
anbHOU. OnHON U3 ocobeHHOCTeH Al sIBIsIeTCsl BBICOKAs
94aCcTOTa MOPAXKCHUsI OPraHOB-MUIICHEH, B HEPBYIO Oue-
pens — cepana [2, 7, 10]. o HacTOSIIEro BpEMEHU HET
CIMHOM KOHIEHIIMU O MOJEKYIIPHO-OHOXUMHUIECKUX Me-
xaHu3Max nospexzaeHus cepaua npu Al Ilomyuenssle
JKCTIEPUMCHTANIbHBIC JaHHBIC [4, 5, 7, 8] AeMOHCTpUPYIOT
yuactie NO U ero IIUTOTOKCUYECKUX NMPOU3BOAHBIX B I10-
BpEX/IAOIIEM JIEWCTBUM HA KJIETKU OPraHOB-MHILEHEH
npu AI. BaxHbIM HampaBI€HUEM aHTUTUIIEPTEH3UBHOM
TEparuu SBISETCS KapAUONIPOTEKIHS, KOTOpask IpeJInona-
raeT 3alUTy OpraHa-MHIIECHU OT MOBPEX/CHUI U BOCCTa-
HOBJICHHE YK€ UMEIOILIUXCS B HUX CTPYKTYPHBIX U (DyHK-
LUOHAJIBHBIX U3MeHeHU. C DTOU IEJIbI0 B KIIMHUYECKON
MPAaKTUKE MPUMEHSIOTCS HHrHOuTOpsl AIlD, GnoxaTopsl
AT -penentopos, B-aapenobmokaropst [1, 2, 6, 8]. Heco-
MHEHHBII HHTEpEC B IJIAHE CO3/1aHUSI HOBBIX MPENapaTos,
MOAYAUPYIOIIUX MEXaHU3MBI SHJJOTCHHOH KapIHOIPOTEK-
UM,  SBJISETCA  a3areTepoIMKINYEecKas  CHUCTEMa
1,2,4-Tpuasona, CTpyKTYPHBIM aHAJIOTOM KOTOPOH SIBIISICT-
cs1 METa0OIUTHBIM KapAUOTIOTEKTOP — THOTPHA30JHH [7].
Cotpynnukamu HITO “@apmarpon” (3amopoxbe) cozaan
npenapar MT (6pomun 1-(B-pennnstun)-4-amuno-1,2,4-
TPUA30JIMi), MPOSIBISIIONINN [3-aApeHOONI0KUpYyoIIee, aH-
TUTUTECPTEH3UBHOE, IMPOTUBOUIIEMHUYECKOE, AHTHOKCHU-
JIAHTHOE U Kap/IMOIIPOTEKTOPHOE CBOICTBA, OTHOCSALIUICS

! Kagempa (hapMakoTorH# M MEIMIHHCKON PELenTypsl (3aB. —
npod. . ®. Benenunyes), 3anopoxckuii rocyIapCTBEHHBIN Me/IH-
LMHCKUN yHMBepcuTeT, YkpauHa, 69035, 3anopoxse, np. Mas-
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k IV kmaccy Tokcnanoctu (J1/15, 295 MI/KT, KpBICHI, BHYT-
pubprommaHO) [5]. Paszpaboran perameHnT cuHte3a MT,
OTBEYAIONIETO TPEOOBAHUSIM AHATMTUYECKOW HOPMATHB-
HOM nokymeHTanuu. llenpio Hamero ucciieoBaHus sIBU-
Jlach OLEHKa JelcTBusa mpenapata MT Ha HUTpOKCHI-
eprudeckyo cucremy muokapaa y SHR-kpsic.

METOAbl NCCNEAOBAHUA

OKcTepuMeHTHI PoBeAeHBI Ha 30 IByXMECSUHBIX KPbI-
cax oboero mosa co crnoHTaHHOW rumnepreHsueil (SHR)
(mo 10 KMBOTHBIX B KOHTPOJIBHOM T'pyIIe W IPyIIax, IMo-
Jy4aBIIUX JIEYEHHUE) U & HOPMOTEH3UBHBIX HMHTAKTHBIX
kpoicax juaun WKR (HopmotensusHble Bucrtap-Kuoro)
Maccoit 180 — 220 1. )KuBoTHBIC ObLIM pa3/iecHBI Ha Ye-
TBIpE 3KCIEpUMEHTaNbHbIE rpymibl. MccnenyeMsle npemna-
paTsl BBOAWIM XHMBOTHBIM CO cdopmuposasiueiics Al
BHYTPHOPIOIIMHHO, | pa3 B CyTKH, B TeueHHe 15 CyTOK.
IIpenapar MT BBogunu B gose 5,0 mr/kr (0,5 mu 0,1 %
cTepwiIbHOTO pactBopa Ha 100 r Macchl), METOIPOIOT —
B no3e 10 mr/kr (0,5 mm 0,2 % cTepuiIbpHOTO pacTBOpa
(Astra Zeneca) na 100 T Macchbr).

Y KpBIC BCeX TPYIIT H3MEPSUIHA apTepUabHOE TaBICHUE
(B Hauaye PKCIIEpUMEHTa W 4epe3 15 cyT) MeTomoM Iuie-
tusMorpadun npu nomomu Transonic Animal Reseach
Flowmeter T-106 Series (CILIA). Ha 15-¢ cyTtku sxcniepu-
MEHTA JKUBOTHBIX JICKAIIUTHPOBAIHU TI0]] THOTICHTAJIOBBIM
Hapko3oM (40 mr/kr). [{nst uccnenoBanuii 3adupanu cepa-
1e, KOTOPOE IPOMBIBAIH B OXJIKICHHOM (PH3MOJIOTHYC-
CKOM PacTBOpPE W M3MENBYAIH B CTYINKE MPH J00ABICHUN
KUIKOTO a30Ta. llWTO307pYyI0 W MHTOXOHIPHAIBHYIO
(pakuy BEIIEISUTH MEeTOIOM AU (GEpSHINATBEHOTO [ICH-
Tpudyrupoanus Ha neHrpudyre Sigma 3 — 30k (I'epma-
Hus) pu 1000 g 10 muH, 3arem nipu 14000 g 10 MuH nipu
4°C [3,5]. Onpenensinu moka3aTelld CUCTEMBbI OKCHIA
a30Ta — YpOBEHb HHUTPUT-aHHOHA, OOILIYI0 AKTHBHOCTH
NO-cunrtazsr (NOS), cogepxanue HuTpotuposmna. Co-
JeprKaHUe HUTPUT-aHHOHA OMPEACISUIN CIIEKTPOPOTOMET-
pudecku ¢ omoirsio peaktuBa [pucca [3]. B ocHoBe Me-
TOa OIpeneNeHus o0med akTHBHOCTH NO-CHHTA3BI Jie-
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Tabnuua 1. Bamsnaue npemapara MT u meTonpoJona Ha aprepua-
JIbHOE J1aBJIeHHE KPBIC CO CIIOHTAHHOI apTepuabHON rumepTeH3uei
nocJje BBeaeHus B Tedenue 15 cyr (M + m)

ApTrepuanbHOE 1aBICHUE, MM. PT. CT

DKCnepuMeHTalbHas
rpymnmna Jlo BBeieHUA Yepes 15 nueit
npenapara Tepanuu
WHTakTHAs (HOPMOTEH3HB- 105+5,4 108 £5,5
HBIE KPBICHI) (11 = 8)
SHR(xkouTpONB) (1 = 10) 168 +5,5% 168 £ 5,2*
SHR + MT (5 mr/kr) 172 £ 5,4* 141 £ 5,7**
(n=10)
SHR + metomponon 171 £ 6,3* 142 + 5,4%*

(10 mr/kr) (n = 10)

* o -

—p < 0,05 no cpaBHEHUIO ¢ MHTAKTHOM IPYIIION;
il o o o
—p < 0,05 10 cpaBHEHHIO ¢ KOHTPOJIILHOU IpyIIOif uepes 15 nHeil.

KUT crexuomerpudeckoe okucienne HAJ[®H B nporec-
ce peakmmu oOpazoBanuss NO w3 L-apruaumHa [3].
ConeprkaHre HUTPOTUPO3MHA OMPEIEIISUIA METOIOM TBEp-
nodasnoro nMMyHopepMeHTHoro aHanu3a (Nitrotyrosine
ELISA KIT, Bycoil biotech). CoracHO COBpEeMEHHBIM
MPEJCTABICHUAM O POJIM pasnuuHbIx m30hopM NOS B
peanm3anuy Kak SHIOTEHHBIX MEXaHH3MOB KapAHOIIPO-
TEKIIMH, TaK U KapuoTOKCHIHOCTH [3, 7, 10], MBI orpene-
JSUTH B MUTOXOHIPHANTBHOM (DpakIMK MHOKapAa KOHIICH-
Tpamuto uHAyIHpoBaHHOH (INOS) B B IIUTO30JbHONH —
suporemmansHoi (eNOS) cuHTa3 meromom BectepH-0mmoT
anammza. Onpenencane eNOS u iINOS ocymecTBIsIIH
IpH  TIOMOIIM JICHCUTOMETpHH B mporpamme Adobe
Photoshop. JlanHblie necnenoBanusi 00padoTaHbI ¢ IPUME-
HEHHEM CTATHUCTHYCCKOTO IaKeTa JHMIECH3MOHHOW Mpo-
rpammbl Statistica, Windows 6.0, a taxxe SPSS 16.0,
Microsoft Excel 2003. OtaenbHble CTaTHCTUYECKHE TPO-
HEeIypsl M aJrOPUTMEI Peai30BaHbl B BHIC CHECIHAIBEHO
HaIMCAHHBIX MAaKPOCOB B COOTBETCTBYIOIIMX IIPOTpaM-
Max. /Iy Bcex BHIOB aHAJHM3a CTATHCTHUYCCKH 3HAYMMBI-
Mu cuutanmu paznuuus npu p < 0,05. HcmonszoBanm
U-kpurepuii ManHa- YUTHH.

PE3YNbTATbI U UX OBCYXOAEHUE

Kax BumHO 13 Tabn. 1 aprepuansHoe maBienue (A/l) y
KpBIC CO CIIOHTAHHOW TUIEPTEH3HEW B Hadaje JKCIEepH-

-0

R -

2 4 3 1

Pesynbrarel uMMyHHOTO onpezencHus eNOS B IUTO30JIbHOM (pak-
muu MHOKapa Kpbic mHIH SHR Ha 15-¢ cyTKH 3KcriepuMeHTalb-
HOM Tepanuu.

1 — HopmoteH3uBHbIe KpbIchl; 2 — SHR-kpbichl; 3 — SHR-kpbickl + MT; 4
— SHR-KpBICHI + METOIPOJIOIN.

MeHTa 1 gepe3 15 cyt 65110 moBsImeHHEIM Ha 60 %. MT B
JI03e 5 MI/KT, 1 MeTomposionl B 03¢ 10 MI/Kr B TedeHHe
15 cyT, B paBHoii crenienu cHKamu AJl (Ha 18 %).

B pesynbrare npoBeIeHHBIX HCCIENOBAaHUN YCTaHOBIIE-
HO, 4yT0 y SHR-KkpbIC Ha QoHe noBbIeHHOT0 A/l HabMI0-
naercsi yMeHbIneHne oopasosanus NO, 0 4eM CBUACTEIh-
CTBOBAJIO CHIDKEHHE KOJIMYECTBA €ro CTaOMIIBHOTO MeTa-
OonuTa — HHUTPUT-aHHOHA Ha (OHE YTHETEHHs aKTHBHO-
ctu obmrelt NOS Kak B MHTOXOHJIPUSX, TaK U B IIUTO30JIC
MuoKapna (tabn. 2 u 3). Hamwm qaHHbIe COTacyroTes ¢ pe-
3yIbTaraMu Ipyrux uccienonarenei [9, 10]. B nuro3omns-
HOW (pakiuu Muokapaa SHR kpeic HaOmomamm cHuxKe-
nue kxouneHtpamuu eNOS (p <0,05) nmo cpaBHEHHIO C
AHAJIOTHYHBIM TIOKa3aTeJeM y HOPMOTCH3HWBHBIX KpEIC.
AxtuBHOCTE eNOS HampsiMyro KOppelupyeT ¢ KOHIICH-
Tpanuell BHYTPHKICTOYHOTO KaJIBIIHS, M € OTBOAUTCS Be-
Jymasi pojib B ooecrieueHun 6aszucHoro yporHs NO u ¢u-
3uosnorudeckoit perymsimun AJl [9]. B mmroxoHapusx
muokapna SHR kpeic Ha (oHE MOBBIICHHOW KOHIICHTpA-
mun iINOS (p < 0,05) HabGaronaM yBeJIMYCHUE CONepKa-
HUSI HUTPpOTHpO3WHA B 2,46 paza (p < 0,05) no cpaBHEHNIO
C HOPMOTEH3UBHBIMH >KUBOTHBIMH. [lomydeHHbIe (hakThI
CBHUIICTEIBCTBYIOT 00 y4acTHH MHTOXOHApHATEHOH INOS
B MHUIIMAIIMY HUTPO3HUPYIOIIETO CTpecca, KOTna B YCIOBH-
ax nedurmura L-apruHuHA, aHTHOKCHIAHTHOH HENOCTa-
TOYHOCTH, TUCPYHKINU MUTOXOHAPHIA, INOS npoxymmpy-
et He NO, a ero HUTOTOKCHIECKHE POPMBI — TIEPOKCH-
HUTPHT, NOH HUTPO3OHUS U T.1I. [9].

KypcoBoe naznauenme MT B mosze 5 mr/kr/cytr SHR
KpbICaM IPUBOAMIIO K MOBBILICHUIO poayKiuu NO B MU-

Tabnuua 2. Bmmsaue npenapata MT u meTonpoona Ha nokazatenu cucreMbl NO B MUTOXOHAPHAIbHON (DPAKIMHM MHOKAP/IA KPbIC CO CIIOH-
TAHHOI apTepHAJbHOI TUNepTeH3uneil nocjie BeeaeHus B Tedenue 15 cyr (M + m)

NOS, Mmoo

T’pynna »uBoTHHIX HAI®/muns/T Genka

Hurporuposus,
HMOJB/T OenKa

Hurputsl,
MKMOJIb / T TKaHH

Konnenrpanus iNOS,
y.e./r 6enka

HopmorensusHbie 4,37 £ 0,26 1,04 £ 0,33 16,31 £ 1,06 0,11 £ 0,02
(uHTaKTHBIE) (1 = )

SHR (xorTpoib) (1 = 10) 1,87 £ 0,08" 2,56 +£0,15" 6,23 £ 0,95 1,88 £0,16"

SHR + MT (5 mr/xr) 3,12+0,14™! 1,23 £0,127"! 10,71 £ 0,737 0,44 +0,05™!
(n=10)

SHR + meronponon 1,90 £ 0,07 2,54 +0,18 6,70 £ 1,15 1,76 £ 0,23
(10 mr/kr) (n = 10)

Ipumeuanne. 31eck u B Tadi1. 3 U3MEHEHHs JOCTOBEPHBI IO CPABHEHHIO:

* — ¢ JKHBOTHBIMH HMHTAaKTHOH Tpymmsl (p <0,05); ** — ¢ >KHBOTHBIMH KOHTpOJIBHOU rpymmsl (p < 0,05); — TPYNIOH KMBOTHBIX, MOTyYaBIIMX

merormnpouon (p < 0,05).
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Tabnuua 3. Bimsanaue npenapara MT u meTonpoJona Ha nokasareaun cuctembl NO B MT030J16HOI (paKIMi MHOKAPIA KPbIC CO CTIOHTAHHOM
apTepuabHOI THNEPTeH3nel nocje BeeaeHus B Tedenue 15 cyr (M + m)

NOS, MKMOIb
I'pynna *uBOTHBIX

HAI®/Mus/r 6enka

Hurpursl,
MKMOJIB/T TKaHH

Konnenrpanus eNOS,
y. e./r Oenka

Hopmoten3usHbIe (MHTaKTHBIC) (1 = 8) 11,75+ 0,75
SHR (xoHTposs) (n = 10) 5,15 £0,64*
SHR + MT (5 mr/kr) (n = 10) 9,71 + 0,65
SHR + metonpomnosn (10 mr/kr) (n = 10) 5,77 £ 0,41

17,23 + 0,84 15,21 40,73
7,76 £0,67* 411+0,21%
15,15+0,77""" 12,32 £ 0,65™"!
7,85 0,42 4,70 £ 0,33

TOXOAPHUSX W MHUTO30JIe MUOKapaa Ha 72 u 95 % coorBet-
ctBerHHo. MT ycunmBai (GU3HOIOTHUSCKUH ITyTh CHHTE3a
NO, noBsIasi KOHIIEHTPAIHIO YHA0TeNnnaIpHOH NO-cHH-
ta3el. Tak, B rpymnme SHR kpeic, monygasmmx MT, aktus-
HOCTh 001Ield NO-CHHTa3bl B IIUTO30JIE ¥ MUTOXOHIPHSX
MHOKap/ia Obla BBIINIC aHAJIOTHYHBIX IOKa3aTeledl KOH-
Tpoinst Ha 88 1 67 %, coorBeTcTBeHHO (p < 0,05). B rpyn-
e SHR kpeic, monygasmmx MT, ormMedanu yBenndenne B
LIMTO30JI€ MHOKapAa KOHLEHTPAlUU 3HIOTEeIHaJIbHON
NO-cunTassl B 3 paza (p <0,05) mo cpaBHeHHIO C Hele-
YEHHBIMU )KHUBOTHBIMU.

[TosutuBHoe neiicteue MT B orHOIIEHNN cucteMbl NO
COTPOBOXAAIIOCH M TOPMOKEHHEM TaK Ha3bIBAEMBIX ‘‘Tia-
pa3uTapHBIX PEaKIHi W YMEHBIICHHEM KOJIUYECTBA HMX
MPOAYKTOB — ITUTOTOKCHYECKUX Mpou3BOAHBIX NO [7].
Jansbiii apdexr MT sBisiercss pe3ylbTaToM CHIDKCHHS
koHneHTparmu iINOS B MUTOXOHIpHUSX MUOKapaa. Tak, B
mutoxonpusix mMuokapaa SHR kpeic, momyuaBmmux MT,
OBUTO BBISIBIIGHO yMEHbIIeHHe KoHIeHTparwu iINOS Ha
76 % (p <0,05) u cHIWKeHIe MapKepa HATPO3UPYIOIIETO
cTpecca — HUTpoTupo3uHa — Ha 52 % (p <0,05) no
CPaBHEHHUIO C aHAJOIMYHBIMHU I10Ka3aTeIsIMU KOHTPOJIb-
HOW rpymiel. Takum oOpazom, MT, HopManu3yst COOTHO-
menne eNOS/INOS B 1UTO30J7Ie ¥ MHTOXOHIPHUSX MHUO-
Kapla, yCHIMBaeT KapIUOIIPOTEKTOPHbIE U YMEHbILIAET
KapanoTokcudeckue cBorictBa NO Ha ompeeieHHOM dTa-
e MOJEKYISIPHO-OMOXIMMIUYECKoro Kackamga. Kypcosoe
HazHauenne SHR-kpeicaMm meTomposiona HE OKa3bIBallo
BJIMSIHUS HA HUTPOKCUIEPIUUECKYIO CUCTEMY MUOKap/a.

BbIBObl

1. IIpemmapar MT B no3e 5 Mr/kr 1 pa3 B CyTKH BHYTpU-
OpIOIIMHHO B TEYCHHE |5 CyT CHIDKAeT apTepHalibHOE
JlaBjieHue y runepren3uBbix Kpbic (SHR).

2. [Ipemapar MT ymenbpmaeT runepTeH3usI-uHAYIIUPO-
BaHHBIC HAPYIICHUS B HHUTPOKCHUICPTHUCCKOW CHCTEME
SHR-kpsIC,
eNOS/INOS B 12,8 pa3, TeM caMblM HHTEHCH()HULUPYET

MHUOKapaa HOBBIIIIAsA COOTHOILICHUEC

cunre3 NO, ycuiMBas €ro 3alllUTHbIE — KapIUOIPOTEK-
TOpHBIE 3P(EKTH U YMCHBIIAS PUCK Pa3BUTHS HUTPO3H-
PYIOLIETO cTpecca.

3. Metomnpodnon B 1o3e 10 Mr/kr 1 pa3 B CyTKe BHYTpH-
OpIOIIMHHO B TEYEHHE 15 CyT HE BIMSUT HAa MOKA3aTesn
HUTPOKCUJEPrUYECKOM cucteMsl B Muokape kpoic SHR.
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NO-DEPENDENT MECHANISMS OF CARDIOPROTECTIVE ACTIVITY
OF MT PREPARATION DURING COURSE ADMINISTRATION TO SHR RATS

I. S. Chekman, I. F. Belenichey, L. I. Kucherenko, I. A. Mazur, E. A. Nagornaya,

N. V. Bukhtiyarova, Yu. A. Volchik, and N. V. Parniuk

Zaporozhye State Medical University, pr. Mayakovskogo 26, 69035 Zaporohye, Ukraine

Farmatron Corporation, ul. Chervonoi Kinnoty 23, 69096 Zaporohye, Ukraine

Chronic (15 days) single daily intraperitoneal insertion of the new preparation MT (5 mg/kg) and metoprolol (10 mg/kg) into SHR rats leads to the same decre-
ase (18%) in arterial pressure. In addition, MT exhibits a cardioprotective effect because of NO-mimetic properties, increasing NO formation in myocardium
via increasing general NOS activity and eNOS expression. MT normalizes iNOS expression in myocardium mitochondria and decreases nitrotyrosine (nitrosa-
tion stress marker) formation. At the same time, the reference preparation metoprolol did not exhibit NO-mimetic properties in myocardium of SHR rats.

Keywords: arterial hypertension; cardioprotection; NO synthase; 4-amino-1,2,4-triazole derivative (MT)





