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HucepTariiina po6oTa npucBsiYeHa BUBYCHHIO MEXaHI13M1B Kap/IIOTOKCUYHOT /i1
JOKCOPYOIilMHY Ta poiii akTuBaiii AT®-uyTIuBUX KaTi€BUX KaHAJIB Y MONEpeIHKeHH1
PO3BUTKY  JOKCOPYOIIMHIHIYKOBAHOTO TIOIIKO/DKEHHS Miokapjaa y mrypiB. byma
3aCTOCOBaHA KOPOTKOCTPOKOBA MOJIEh T'OCTPOTO MOIIKOPKEHHS CepIsl MUIIXOM
BHYTPIIIHbOOUYEPEBUHHOTO BBEJICHHS JIOKCOPYOIMHY Yy 4031 7,5 MI/Kr ABa JHI.
AxtuBanis  Kare-KaHamiB  jgocsranacs BHYTPIIIHBOOYCPCBUHHUM  BBEJICHHSIM
dokaniny y 1031 2,5 MI/KT I’ ITh AHIB TTOCIIUIb, y TIEpIi JiBa AHI — yepe3 30 XB. micis
BBEJICHHS JTOKCOpyOilmHy. ExcriepumenTy mpoBogwincs Ha 5 100y Juisl BCiX Tpyn
nrypi. JlocmipkeHO 3MiHM Miokapjaa Ha OloXIMiYHOMY, (YHKIIIOHAJIBHOMY Ta
yIBTPACTPYKTYPHOMY piBHAX. Bigomo, 10 JAOKCOPYOIIIMH HAKOIMHYYETHCS
MITOXOHJIPIAX Yy KOHIICHTPAIIIAX, 3HAYHO BHINMX, HDK Y TUTa3Mi, OTXKE MITOXOHAPIT
BBA)KAIOTHCSI OCHOBHOIO MIIICHHIO JOKCOPYOIMHY, a MITOXOHIpiaabHa JUCHYHKITIS €
03HAKOIO Kap1IOTOKCHYHOCTI npernapara Ta JICKUTh B OCHOBI
TOKCOPYOIIIMHIHAYKOBAHOTO ypakKeHHs cepis. Jlns 3°sicyBaHHS MeEXaHi3MIB, IO €
MIATPYHTSAM  KapAIOTOKCHYHOT Aii  JOKCOpYOIuHY, TPOBEACHO JOCIIIKEHHS
OlOXIMIYHUX TapaMeTpiB, KPUTHYHUX [JIsI MeTabonisMy 1 (YyHKIIOHYBaHHS
MiToxoHApiH. [Tokazano, Mo B yMOBax BIUIUBY MOKCOPYOIilUHY 301mbmIyeThes y 5-10
pa3iB yrBopeHHs akTuBHHX (popm kucHiO (ADK), 3menmyerbest y 2,6 paza BMICT
SHJIOTCHHOTO CipkoBOHIO (H2S), mpurHivyeThes y 4,8 pa3a kanpiizanexHuii de Novo
cunTte3 okcuay a3ory (cNOS) ta aktuByeThes y 3,7 paza kayblilHe3aaexxHulA de NOVO
cunte3 okcuay azory (iNOS). IIpomemoHCcTpOBaHO, 110 I (PAKTOPH HMPH3BOASLTH 0
30UIBIIICHHS] HAa JBa TOPSIAKU YYTJIUBOCTI MITOXOHIpPIadbHOI MOPU TPAH3UTOPHOI

npoBigHocTl (MII) 10 Kamnblil0 Ta BUCOKOAMIUTITYJTHOIO HAaOyXaHHS MITOXOHAPIH,



130JIbOBAaHUX 13 CEPLEBOi TKAHWHU, IO CBIIYUTH NMPO 30UIbLIEHHS HECTEeUU(PIUHOI
MPOBIIHOCTI MITOXOHJAPIAJBHUX MEMOpaH KapIiOMIOLUTIB Ta IHAYKIIKO KIITUHHOT
cmepTi. BusiBieHo, 110 mpu CHOUIBHOMY BBEIEHHI JOKCOPYOIUMHY Ta (IOKamiHy
mBUKICTh TeHepaiii AOK Tta aktuBHicTh INOS y MITOXOHIIPISAX JOCTOBIPHO HUXKY1
y 4-5 paza MopiBHAHO 31 3HAYEHHSIMU Y I1YPiB, YIIKOKEHUX TOKCOPYOIIUHOM, BMICT
H>S Ta aktuBHIcTE cNOS 3a/1Mat0ThCs Ha PIBHI KOHTPOJIBHUX 3HAYEHb, @ UYyTIUBICTh
MII no iHayKTOpa Ta amIuliTyJa HaOyXaHHS MITOXOHJIPIH, 130JIbOBaHUX 13 CEPLEBOT
TKaHWHH, TPAKTUYHO HE BiJIPI3HAIOTHCS BiJl TAKMX y KOHTPOJIbHUX TBapHH. [lokazaHo,
0 JOKCOPYOIlMH 30UTbIIy€e y 2-4 paza BMICT IPOJAYKTIB MEPEKUCHOTO OKUCHEHHS
mniaie (ITOJI) B MITOXOHIpISAX, IO CYMPOBOJKYETHCSA TMOMIKOKEHHIM MeMOpaH
KapJIOMIOIMTIB, BUBUIBHCHHSIM TJIFOKO3M Ta 30UIbIICHHSM y 1,5 pa3a akTUBHOCTI
MapKepiB MMONIKODKEHHs MioKap/a B Iia3Mi. 3’siCOBaHO, 1[0 BBEACHHS (IIOKaTiHy Ha
T J1i JOKCOPYOIMHY 3A1MCHIOE TOTYXHUH MEMOpPAHOMPOTEKTOPHUN e(eKT, 110
NpOsIBIISIETbCA B 3HMKEHH1 Yy 1,6-3,5 paza [1OJI, 3menmmenHi y 1,2 pa3a KoHLeHTpalii
TIFOKO3M Ta y 1,4 pa3a akTUBHOCTI MapKepiB MOIIKOHKEHHS MioKap/aa y Tia3Mi KpPoBl.
[lokazaHo, 10 BBENEHHA AOKCOPYOILMHY TMPHU3BOIUTH N0 CHOBUIBHEHHS YacTOTH
CEpIIEBUX CKOPOUYEHbB, MOTIPIIESHHS MPOBIIHOCTI MiOKapAa y BHIJISl MOJOBXKEHOTO
BaBiui iHTepBany QT (QTc) ma EKI' ta BupaxeHoi eneBariii cermenta ST — o3HaKu
rocTpoi imemii cepiieBoro M’ s3a. Ha 130150BaHUX CYIMHHKMX TIpenapaTax aOpTH ITypiB
IiCIs BBEJEHHS JOKCOPYOIIIMHY TIPOJEMOHCTPOBAHAa 3HAayHAa JAUCHYHKIIS, 110
NpOSIBIIAETbCA  3MEHIIeHHsSM y 1,8 pa3za eHgoTenmid3alexHol penakcaiii Ta
nocyadiaeHHsM y 2,4 pa3a CKOPOYCHHS IMiJ M€ alleTUIXOIIHY Ta HOPaJIpEHATIHY
BiAMmoBimHO. BcTaHoBIEHO, 1m0 BBeACHHS (IIOKATIHY pa3oM i3 JOKCOPYOIMHOM
3armo0birae XpOHOTPOITHIM TUCPYHKIIIT CepIs Ta MonepeKae MOPYIIEHHS MPOBIAHOCTI
Ta TIPOIECIB CKOPOYCHHS-PO3CIA0JICHHS TpemnapariB  apTepialbHUX  CY/AWH,
3MeHIyroun imemiro. [lpu peectpamii ¢yHkmii cepus y gocmimax in Vvivo 3a
JIOTIOMOTOI0  BHYTPIIIHBOILTYHOUYKOBOTO ~ MIKpOKaTeTepa TIOKa3aHo, M0 Iicis
BBEJICHHS JIOKCOPYOINMHY Yy IIypiB MOTIpIIyeThesl €HEKTUBHICTh POOOTH CEPIIEBOTO
M’s3a (3meHieHHs OB Ha 27%), 1110 Npu3BOAUTH 0 MEPEBAHTAKEHHS 00’ €MOM JIIBOTO
IUTYHOYKa Ta 301IbIIeHHS ioro po3MmipiBy 1,2-1,5 pasa, Horo CUCTONYHOT TUCPYHKIIIT

Ta BUCHAKXCHHA KOMIICHCATOPHUX MEXaHI3MIB. BI/I}IBJ'IGHO, 10 ITOKa3HHUKN HACOCHOI Ta



CUCTOJIYHOI (PYHKIIT ceplsl micisg BBeACHHS (DIOKaNiHYy Ha T J1i JOKCOPYOILMHY
HaOJIMKAIOTHCS 10 KOHTPOJIbHUX. [IpoieMOHCTpOBaHO, IO HA YIbTPACTPYKTYPHOMY
PiBHI Ji JOKCOPYOILMHY MPU3BOAUTD 10 MOIIKOIKEHHS MITOXOHIpIX Ta Mio(iOpui.
BcranoBneHo, mo BBeIEHHA (IOKaNiHY CHUIBHO 3 JOKCOPYOILMHOM aKTUBI3Y€E
MITOXOHAPIaJIbHUM OloreHe3 Ta 3amnodirae pyHHyBaHHIO MI0(QIOPUIIAPHOTO anapary y
cepmi mypiB. Takum dYWHOM, BIEpIIE TMOKa3aHa MOXKJIUBICTh IOMEPEIIKESHHS
PEMOJICTIOBAHHS CEPIls Ta MOPYIIEHHS CePLIEBO-CYIUHHOI (PYHKIIIT BHACTIAOK TOCTPOi
TOKCUYHOI  JIOKCOPYOIIMHIHIYKOBAaHOI  KapjioMmiomaTii y  IIypiB  4Yepe3
dapmakosoriuny aktupaiito Kare-kananiB Quokaminom. AxtuBaiiis Kare-kaHamis
e(eKTHUBHO 3amobirae HUTO- Ta MITOTOKCHUYHIN Jii JOKCOPYOILMHY Ta PO3BUTKY
TMOIIKO/DKEHHS Cepllsl HIypiB 4epe3 psjl MexaHi3MiB: 1) 3MEHIICHHS OKCUIATHBHOIO
ctpeca uvepe3 npurHideHHs reHepaili ADK rta aktuBHocTi INOS, minTpumaHHS
aktuBHOCTI cNOS Tta mponykmii HpS B wmitoxoumpisx; 2) iuriOyBanus MII; 3)
smenmmeHdss I1OJI Ta craOimizamis MemMOpaH KapAioMioluTiB; 4) MOKpaIlleHHs

eHJ0TeN3aIeKHOT penakcallii CyAuH 4epe3 CTUMYJIISIII0 KOHCTUTYTUBHOTO CUHTE3Y

NO.
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This dissertation is devoted to the study of the mechanisms of cardiotoxic action

of doxorubicin and the role of activation of ATP-sensitive potassium channels by



flocalin in preventing the doxorubicin-induced myocardial injury in rats. A short-term
model of acute cardiac injury by submaximal dose of doxorubicin in two consecutive
injections 7,5 mg/kg was used. Activation of Karp channels was achieved by
administration of 2,5 mg/kg flocalin for 5 days. Changes in the myocardium at the
biochemical, functional and ultrastructural levels were studied. It is known that
doxorubicin accumulates in mitochondria at many times higher than in plasma, so
mitochondria are considered the main target of doxorubicin, and mitochondrial
dysfunction is a sign of cardiotoxicity of the drug and underlies doxorubicin-induced
cardiac damage. In this work, special attention is paid to the pathogenetic mechanisms
of doxorubicin effect on the mitochondrial apparatus of cardiomyocytes. It has been
shown that under the conditions of doxorubicin exposure, the reactive oxygen species
(ROS) generation significantly increased by 5-10 times, the content of endogenous
hydrogen sulfide (H.S) decreased by 2,6 times, calcium-dependent de novo synthesis
of nitric oxide (by cNOS) was inhibited by 4,8 timesand calcium-non-dependent de
novo synthesis (by iINOS) in cardiac mitochondria was activated by 3,8 times. It was
demonstrated that these factors led to increased sensitivity to calcium and high-
amplitude swelling of cardiac mitochondria that was inhibited by cyclosporine
indicating mPTP-depended mechanism. It was found that the administration of flocalin
significantly prevented doxorubicin-induced increase of ROS generation by 4-5 times,
decrease of H,S content and cNOS activity that reached control values. Flocalin
administration preserved doxorubicin-induced changes of mitochondrial sensitivity to
calcium ions and the amplitude of cardiac mitochondrial swelling were the same as in
control animals. It was shown that doxorubicin increased by 2-4 times the content of
lipid peroxidation products (LPP) in mitochondria, which was accompanied by damage
to cardiomyocyte membranes, glucose release and increased by 1,4 times activity of
myocardial injury markers in blood plasma. It was found that the activation of Karp
channels under the influence of doxorubicin had a powerful membrane-protective
effect, which was confirmed by a lower content of LPP and lower concentration of
glucose and activity of myocardial injury markers in plasma. It was shown that
doxorubicin administration led to a slowing of the heart rate, deterioration of

myocardial conduction in the form of prolongation twice of the QT interval (QTc) and



marked ST-segment elevation, a sign of acute cardiac ischaemia. Doxorubicin
administration significantly impaired by 1,8 times endotheliumdependent
vasorelaxation and 2,4 times contractile activity of isolated aortic rings under the
influence of acetylcholine and norepinephrine, respectively. It was found that
administration of flocalin with doxorubicin prevents chronotropic cardiac dysfunction
and prevents impaired conduction and contraction-relaxation processes of arterial
vessels preparations, reducing ischaemia. In vivo studies have shown that after
administration of doxorubicin in rats, the efficiency of the heart muscle deteriorated
(EF by 27%), leading to left ventricular volume overload by 1,2-1,5 times, systolic
dysfunction and depletion of compensatory mechanisms. It was found that the
parameters of cardiac pumping and systolic function after activation of Karp channels
under flocalin in the setting of doxorubicin administration were close to the control
ones. It was demonstrated that at the ultrastructural level, doxorubicin led to damage
to mitochondria, myofibrils and breakdown of intercellular connections. It was found
that the administration of the ATP-sensitive potassium channel activator flocalin in
combination with doxorubicin activated mitochondrial biogenesis and prevented the
destruction of the myofibrillar apparatus in the rat heart. Thus, for the first time, the
possibility of preventing cardiac remodelling and cardiovascular dysfunction due to
acute toxic doxorubicin-induced cardiomyopathy in rats through pharmacological
activation of Karp channels by flocalin was shown. The activation of Karp channels
effectively prevented the cytotoxic and mitotoxic effects of doxorubicin and the
development of rat heart damage through a number of mechanisms: 1) reduction of
oxidative stress through inhibition of ROS generation and iNOS, preservation of cNOS
activity and H,S production in mitochondria; 2) inhibition of mPTP; 3) reduction of
LPO and stabilisation of cardiomyocyte membranes; 4) preservation of endothelium-

dependent vascular relaxation through stimulation of constitutive NO.

Key words: heart; cardiovascular function; doxorubicin; KATP channels;
oxidative stress; mitochondria; permeability transition pore; calcium sensitivity;
endotheliumdependent relaxation; nitric oxide; heart rate; stroke volume; cardiac

remodeling; left ventricle global systolic strain; cardiac arrhythmias.
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