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1. IuceprauiiiHa po60Ta NpUcBAYeHa NOCIITKEeHHIO 6i0XiMiYHMX 3aKOHOMIpHOCTEN 6iocnHTe3y NO B MITOXOHZPiSX
IJ1aJJeHbKOM SI30BUX KJIITMH MATKH, BUBYEHHIO MOJIEKYJISIPHUX MEXaHi3MiB il OKCUy a30Ty SIK MOKJIMBOTO
€HJIOreHHOoro crienudivyHoro perysstTopa KoHueHTpauii Ca2+ B miouuTtax i1 pyHKLioHyBaHHS Ca2+-
TPaHCIIOPTYBAJIbHUX CUCTEM MITOXOHIPil, 6i0€HEpreTUYHUX MIPOLECiB (AKTUBHOCTI €JIEKTPOH-
TPaAHCIOPTYBaJbHOTIO JIAHLIOTY Ta MOJIsIpu3allii iXHbOi BHYTPilIHbOI MEM-OpaHM) Ta BILIMBY KajiKkc[4]apeHiB -
€K30T€HHUX HETOKCUYHUX MOIYJISITOPIB QYHKIIOHATBHOI aKTUBHOCTI MiTOXOHIpil — Ha NO-CHHTa3HYy 30aTHICTb,
6ioeHepreTuky Ta Ca2+-romeocras opraHes. I3 3actrocyBaHHsM NO-uyTinMBoro ¢giyopecueHTHoro 301y DAF-FM,

METO/IiB JIa3€pHOI KOH(POKAJIbHOI MiKPOCKOIIil Ta IPOTOKOBOI IUTOMETPil HAMU BIIEPIIE IIPO-IE€MOHCTPOBAHO



yrBopeHHs NO B I71a[IeHbKOM'$I30BUX KJIiTUHAX MaTKU. JJoBeeHo, 1o NOTY>XHUM Ipkepesiom NO y

IJ1aJleHbKOM SI30BUX KJIITMHAX MaTKU € MiToxoHTpil. CuHTe3 NO B MiTOXOHAPISIX € 4yTIUBUM [0 iHTibiTOpIiB
KoHCcTUTyTUBHUX NO-cuHTa3 (NG-HiTpo-L-apriniHa Ta 2-aminonipuayHa) Ta Ca2+-yHinoprepa, IpUrHivyeTbcs aH-
TaroHiCTaMy KaJIbMOJYJIiHY (KaJabMifa30siyMoM i TpudIoonepa3nHom), ioHamu Mg, CyTTEBO 3aJI€XKUTh Bif| PiBHS
eHeprizallii BHyTPillHbOI MITOXOHAPIHOI MeMOpaHu. 3HaYeHHs ySIBHOI KOHCTAHTH Mixaesiica 3a L-apriniHom Ta
KOHCTaHTU aKTuBalii 3a Ca2+peakuii 6iocuHTe3y NO 3HaxoAsaThCsl B MexXax ¢i3iooriyHMX 3HaueHb iX KOHIle-
HTpaLill y MaTpUKCi MiToxoHpii. TakoX pOAEMOHCTPOBAHO, 10 IyKEPeaMy OKCULYy a30Ty B MiOLIUTaX MOXYTb
Buctynatu NO-CUHTa3M, acOLif0BaHi 3 I1a3MaTUYHOI0 MEMOPaHOIO Ta CAPKOIIJIa3MaTUYHAM PETUKYIYMOM. ¥
MITOXOH/PISX IM1afieHbKoro M'a3y MaTku NO cTumysiioe akymysasiiio Ca2+, IUIsixom akTuBanii came Ca2+-
yHinoprepa. Cucrema BuBinibHeHHs1 Ca2+ 3 MiToxoH[pill — H+-Ca2+-00MiHHUK, KUl IPE3€HTOBaHUI IPOTEiHOM
LETM 1, € pe3uCTEHTHOIO 10 BIUIMBY OKcuAy a30Ty. NO BUKJIMKA€E [IOMipHE 3HIDKEHHS €JIEKTPUYHOTO MOTEHLiamy Ha
BHYTPIIIHill MeMOpaHi opranes, 06yMOBJI€HE IPUTHIYEHHSIM POOOTU KOMILIEKCIB IMXaIbHOTO JIAHLIIOTA, a CamMe
rasibMyBaHHsIM oKkucsienHst FADH2, i npotupiie npoliecam HabyxaHHS opraHesi, CIIpUYMHEHUM BUCOKOKAJblli€BUM
po34nHOM. [IpoIEMOHCTPOBAHO, 10 OKCUJ, a30Ty IIPUTHIYYy€e NISXHU MigBULIEHHS KOHLEHTpauii ioHiB Ca B
Miomia3mi y pasi fii Ha MiolUTH Kap6axoJly Ta OKCUTOLMHY, @ TAKOX BUKJIMKAE 30iIbIIEHHS XapaKTePUCTUYHUX
po3mipiB miouuTis. [Tosnsgpusyodnii edeKkT OKCUAY a30Ty 00yMOBIEHUI 3pOCTaHHIM K+-IIPOHUKHOCTI 1y1a3mManemMu i
3aJ1€KUTh Bif, i0HIB Ca, a Takosk cCGMP-3a1e’KHUM CTUMYJIIOBAaHHSIM aKTUBHOCTI Na+,K+-ATPa3u. 3anpornoHoBaHo
cxeMy 6ioxiMiYHMX MexaHi3MiB peryngaTopHoi fii NO Ha piBHI MITOXOHpIll Ta MIa3MaTUYHOI MEMOPAHU B MioLIUTax
matku. CTBOpPEHO iMiTaliliHy MoJiesb y TepMiHax (PyHKIiOHANBHUX riOpuaHUX Mepex I1eTpi, sgka BigTBOpIOE
(dyHKIiOHAIbHY aKTUBHICTb MITOXOHZPIi1, a caMme OJfHOYacHe IIPOTiKaHHs Npolecis okucyieHHst NADH /FADH2,
YTBOPEHHSI aKTUBHUX (POPM KUCHIO Ta 3MiHU iXHBOTO rifpoAuHaMiyHoro giamerpy. OTpumaHi piBHSIHHS
(pOpMaIi3yIOTh Ta ONUCYIOTh KOHLIEHTPALIHO-4aCOBi 3aJIEXKHOCTI IEPEBIry MepesliYeHNx MPOLECiB y CepeOBUILi
3a Il a3uy HaTpis, IKWH Y JliTepaTypi po3risigaoTs K HenpsiMuil JoHop NO, 3 MOKIIMBICTIO Iepef6adeHHs
iHTEHCUBHOCTI iXHBOTO NPOTiKaHHS. 30Kpema, 6yJI0 CIIPOrHO30BAHO BifIIOBiAb MiTOXOH Il y yaci Ha 1o NaN3 B
KOHILIEHTpallii, sIka He BUKOPUCTOBYBAJIACsl B €KCIIEPUMEHTI. [IpogeMOHCTPOBAHO MOKJIMBICTb IPOHVMKHEHHS
Kasikc[4]apena C-956 y Mioniasmy KIIiTHH Ta 0ro B3aeMOfilo 3 MiToxoHpisimu. Kasnikc[4]apen C-956 edekTuBHO
inrioye H+-Ca2+-06MiHHUK MITOXOH/PIii, HEe BIUIMBAIOYX HA €HEPro3ajIexXHy akymyJsLio Ca2+, CTUMYJIIOE
MmitoxonApinHy NO-cunTasy, ranbmye okuciaeHHs NADH ta FADHZ B e1eKTpOH-TPaHCIIOPTYBaIbHOMY JIAHIIO3].
Cnosyku C-97, C-99 ta C-107 BUKJIMKAIOTh ENOJSIPU3alliio IIJ1a3MaTUYHOI MEMOPAHY MiOLIUTIB MaTKMU.
Bsaemopioun 3 MITOXOHpisIMU, BOHY BUKJIMKAIOTh iHriOyBaHHA Ca2+-yHinoprepa i ofHO4YacHy CTUMYJIALIIO ii H+-
Ca2+-obmiHHuKa (C-97, C-99), noMipHe NpUrHiYeHHs akTUBHOCTI MiToXoHpiliHOoi NO-cuHTasu. [Topsp 3 uuM Mae
Miclle TpaH3i€eHTHa rineprnoJsspu3alisi MiTOXOHIPiiHOI MeMOpaHH, SKa IOB’I3aHa 3 IOYaTKOBUM MTOCUJIEHHSIM
okucneHHst NADH Ta cTuMyJsloBaHHSIM ejleKTporeHHoro H+-Ca2+-o6MiHHMKA. BincyTHICTb BIIMBY BCixX
IOCTiIKYBaHUX KaJlikc[4]apeHiB Ha yTBOPEHHS aKTUBHUX (POPM KUCHIO B MITOXOH/IPiSIX MOXKe BKa3yBaTu Ha
KOPHCTb TOTO, 110 IPOLIECH, SIKi aKTUBYIOTbCS1 /TaIbMyIOThCSI 32 iX IPUCYTHOCTI, HE IPU3BOASITh 1O MIKiJIMBUAX JJIs1
opraHeJI HacCJiKiB (TO6TO PO3BUTKY MiTOXOHAPiMHOI AuchyHKILiI). TakuMm 4MHOM, Kajikc[4]apeHHu, WIIsXoM
IIOCUJIEHHS /TIpUTHiYeHHS 6iocuHTe3y NO, 3MiHIOIOUM aKTUBHICTb CUCTEM TpaHCHOPTy Ca2+, MOXKYTb MaTU
MOJYJIIOI0UMH BIJIMB HA PYHKIiOHYBaHHS KOMIIJIEKCIB IUXaJILHOTO JIAHIIOTa i 6i0eHepreTHKy MIiTOXOHAPIN Ta OyTU

BMKOPHCTAHUMMU B 6i0XiMIYHUX IOCIII)KEHHSIX SIK PETYJISITOPY CKOPOUEHHsI /PO3ciabeHHs] MiOMEeTpisl.

2. The dissertation is devoted to the investigation of biochemical properties of NO biosynthesis in uterine smooth
muscle mitochondria, as well as to the study of molecular mechanisms of nitric oxide action as a possible specific
endogenous regulator of Ca2+ concentration in myocytes, mitochondrial Ca2+-transport systems functioning, and
bioenergetic processes (electron transport chain activity and inner mitochondrial membrane polarization) and to
the study of the effect of calix[4]arenes - exogenous non-toxic modulators of mitochondrial functional activity -
on NO-synthase capacity, bioenergetics and Ca2+-homeostasis of the organelles. With the use of NO-sensitive
fluorescent probe DAF-FM, laser confocal microscopy and flow cytometry, we demonstrated for the first time the
formation of NO in uterine smooth muscle cells. Mitochondria have been shown to be a potent source of NO in
uterine smooth muscle cells. The NO synthesis in mitochondria is sensitive to inhibitors of constitutive NO



synthases (NG-nitro-L-arginine and 2-aminopyridine) and Ca2+-uniporter. In addition, it is inhibited by
calmodulin antagonists (calmidazolium and trifluoperazine), Mg ions, and is largely dependent on the level of inner
mitochondrial membrane energization. The values of the apparent Michaelis constant by L-arginine and the
activation constant by the Ca2+ for reaction of NO biosynthesis are within the physiological values of their
concentrations in the mitochondrial matrix. It has also been shown that NO synthases associated with the plasma
membrane and sarcoplasmic reticulum may be nitric oxide sources in my-ocytes. In uterine smooth muscle
mitochondria NO stimulates Ca2+ accumulation through the Ca2+-uniporter activation. The system of Ca2+
release from mitochondria - the H+-Ca2+-exchanger, which is presented by the protein LETM 1, is resistant to
nitric oxide influence. NO causes a moderate decrease in the electric potential on the inner membrane of the
organelles due to the inhibition of the respiratory chain complexes, namely the inhibition of FADH2 oxidation, and
counteracts the swelling of the organelles caused by calcium-rich solution. It has been shown that nitric oxide
inhibits the pathways that increase Ca ions concentration in the myoplasm under the effect of carbachol and
oxytocin on myocytes, and also causes an increase in the characteristic size of myocytes. The polarizing effect of
nitric oxide is due to the increase in K+-permeability of the plasmalemma and depends on Ca ions, as well as due
to the cGMP-dependent stimulation of Na+,K+-ATPase activity. The scheme representing biochemical mechanisms
of NO regulatory effects at the level of mitochondria and plasma membrane in uterine myocytes is proposed. A
simulation model in terms of functional hybrid Petri nets was created. The latter reproduces the functional activity
of mitochondria, namely the simultaneous oxidation of NADH /FADH2, the formation of reactive oxygen species
and changes in their hydrodynamic diameter. The obtained equations formalize and describe the concentration-
time dependencies of the course of the listed processes in the medium under the action of sodium azide, which is
considered as an indirect donor of NO in the literature, with the possibility of predicting their course intensity. In
particular, the response of mitochondria over time to the action of NaN3 at a concentration that has not been used
in the experiment was predicted. The possibility of calix[4]arene C-956 penetration into cell myoplasm and its
interaction with mitochondria has been demonstrated. Calix[4]arene C-956 effectively inhibits mitochondrial H+-
Ca2+-exchanger, without affecting the energy-dependent Ca2+ accumulation, stimulates mitochondrial NO-
synthase, and inhibits the NADH and FADH2 oxidation in the electron transport chain. Compounds C-97, C-99 and
C-107 cause depolarization of the uterine myocytes plasma membrane. Upon interaction with mitochondria, they
cause Ca2+-uniporter inhibition and simultaneous stimulation of its H+-Ca2+-exchanger (C-97, C-99), and
moderate inhibition of mitochondrial NO-synthase activity. In addition, there is a transient hyperpolarization of
the mitochondrial membrane, which is associated with an initial increase in NADH oxidation and, possibly,
stimulation of the electrogenic H+-Ca2+-exchanger. The ab-sent influence of all studied calix[4]arenes on the
formation of reactive oxygen species in mitochondria may indicate that the activated /inhibited in their presence
processes do not lead to harmful effects in these organelles (i.e. to the development of mitochondrial dysfunction).
Thus, through NO biosynthesis enhancement/inhibition by altering the activity of Ca2+ transport systems,
calix[4]arenes can have a modulatory effect on the respiratory chain complexes functioning and mitochondrial
bioenergetics and can be used in biochemical studies as myometrial contraction/relaxation regulators.
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