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2. Cardioprotective Properties of NO System Modulators after Prenatal Hypoxia (Experimental Study).

Pedepar:

1. Po6oTa mpucBsiueHa OOI'PYHTYBaHHIO €(PEKTUBHOCTI MOy ISITOPiB CUCTEMU OKcuy a3oTy (NO) — L-aprininy,
TiOTPHAa30JIiHy, aHTiO0JIiHY Ta MIJITPOHATY — y KOPEKILii IOCTTIMOKCUYHUX Kap1i0BACKYJISIPHUX TOPYLUIEHDb Y HAAAKIB
mypiB nicss nepuHatanbHoi rinokcii (IT). I1II' mogesntoBany y wypiB BHYTPIilIHbOOUEPEBUHHUM BBEIEHHSIM HATPil0
HiTputy 3 16 1o 21 nens BaritHocti. Ha 30-11 ta 60-11 meHb XuTTs, micss [1I' Ta BBeIeHHS IIpenaparis, JOCIiIKyBaIn
dyHKUiOHATBHUI CTaH cepiisl, MOP(OJIOTivuHI 3MiHU €HIO0TeNiONUTIB cynuH cepus. [linTBepIKeHHIM
eHpioTesianbHOI AuchYHKLI y MiKpocyauHax Miokapza 6ys0 3MeHIIeHHS IO sijep eHO0TesiaJlbHUX KIIiTHH, 110 Y
1-micsynux mypiB 3MeHmmIIacs Ha 42,6%, a'y 2-MicsuyHux — Ha 43,4%. BioximiuHi, imyHOopepmeHTHI, [TJIP
IOCJIiIKeHHs 1oKa3anw, mo [1I' ciprdyuHse ranboki nopymenHs B cucremi NO: 3HmkeHHs ekcripecii eNOS B
crupoBaTLi Kposi Ha 55% depes 1 micsanp Ta eNOS MPHK — Ha 77% uyepes 2 micsii, nifBuieHHs piBHS iHAy10€1bHOI



NO-cuHTasu (iNOS) y nuro3sosi BaBidi uepes 1 micanp, iNOS MPHK — y 6,9 pa3u uyepes 2 Micslli, 3MEHIIEHHS
6iomoctynHOoCcTi NO, akTHBallisl HITPO3aTHBHOTO CTPECY Ta 3POCTAHHSI PiBHS HITPOTUPO3UHY Y 5,5 pas3u. BusisieHo
3HIDKEHHS eKcIpecii Tersomokosoro 6isnka 70 kla (HSP70) — y 5,6 pa3u yepes 1 Mmicsup i B 3,44 pa3u uepes 2
MicCsiIli, @ TaKOX IIPUTHiYeHHs TpaHCKpuUILii pakTopy inaykKuii rinokcii-1no (HIF-10) — Ha 79% i 61,1% BinnosigHo.
[ligBuiyBaBCs piBeHb PO3YMHHOrO penenTopa enporeniaapbHoro npoteiny C (SEPCR) y 1,92 pasu Ha 1-my Ta y 2,14
pasu Ha 2-My MICSI1Ii XXUTTS], 3HWKYBJILUCh peLienTopHa THpo3rHKiHasa (Tie-2) Ha 42,3% Ta 37,9%, a Ta BmicT VEGF-
B Ha 28,1% i 35,2%. 3HauHO 3pocTaja KOHLeHTpallis 6ilka MpurHiyeHHs nyxauHoreHesy 2 (ST2) y cuposatii (y 6,28
Ta 3,63 pasu BiAnosigHo). HaltedexkTupHimmM 6yB aHTiOiH, SKUI CIIpUsiB HOpMasisalii esekrpodisionoriynmx
IlapaMeTpiB ceplisl: 3HMKYBaB IapacMMIIATUYHY aKTHUBHICTh, BITHOB/IOBAaB (PYHKIIi}0 CHHYCOBOTO By3Ja Ta
[TOKPALIyBaB [I0Ka3HUKY €JIEKTPUYHOI CUCTOJIY, MiABUIIEHHIO ekcrpecii eNOS y 3,74 pasy, 3HmkeHHIo ST2 Ha 77%,
3MEHIIEHHIO HITPOTUPO3UHY Ha 56,5%, 36inbmenHo piBHst HSP70 Ta nigsumenHio MPHK HIF-1. Auriosnin 3HIKyBaB
piBenb SEPCR Ha 34,7-53,3%, ninBumiysas Tie-2 Ha 60,7-62,8%, VEGF-B — Ha 48,9-67,0%, i y 5,7-19 pa3is
30inbu1yBaB excrpeciio rediB VEGF ta VEGF-B, cTumMysi0BaB aKTUBHICTb aHTUOKCUAAHTHUX QEPMEHTIB —
cynepokcugaucmyrasu (Cu/ZnSOD), riyrationnepokeupasu 1 ta 4 (GPX1 ta GPX4) ta BinHOBIOBaB
MOpP(OMETPUYHI IapaMeTPU €HIOTEiaIbHUX KIIITHH. TioTpuasosiH i L-apriHiH 3 MEHIO e(pEeKTUBHICTIO
nosinmysanu crad NO-cuctemu. Hatimenmy edektrBHiCTh MaB Mingponat. Tox I mpyu3BoauTb O CTIHKUX
NOpyIIEeHb HiTpepriuHoi perysLii, anrioreHesy Ta esekTpodiziosorii cepis y Hamagkis. EkcriepuMeHnTanbHa
Teparis mogyasitopamu NO (aHriosiH) 4acTKOBO ab0 [OBHICTIO HOpMaJli3ye Lii TOKa3HUKY, [TI0Ka3yl04X BUCOKUI
KapZioNpOTEKTOPHUI IIOTEHILial Y IIOCTTINIOKCUYHUX CTaHaX. Briepiie BCTaHOBJIEHO, 110 eKcliepuMenTasbHa [T
aCOLI0ETHCA 3i 3MEHIIEHHIM TpoayKLii NO y MioKap[i BHACIiTOK 3HWKEHHS aKTUBHOCTI Ta ekcrpecii eNOS Ta
3MEHIIEHHS HOro 6i00CTYHOCTI Yepe3 IpUrHiuYeHHs eKcripecii aHTMokcugaHTHUX pepmeHTiB (COJI, GPX) i
eHporeHHux ¢akropis nuronpotexuii (HSP70, HIF-1). lle npu3BogUTh SO PO3BUTKY HITPO3ATUBHOIO CTPECY,
nopyueHb poboTu cepus Ta GOPMyBaHHS eHIoTeianbHOol ncyHKIi. BusBaeHo KapaionpoTeKTOpHY ilo
mopyssatopiB NO micas IIN 3aBAsiky NOKpaleHHIO eJ1eKTPOodi3iosoriyHoi akTUBHOCTI ceplisl, HopMaJlizallii
BEreTaTUBHOI PEryJIsLil CEpLEBOi AisTIbHOCTI, 3HKEHHIO PiBHS HITPO3aTUBHOTO 11 OKCULATUBHOIO CTPECY,
raJibMyBaHHIO €H0TeliasbHOI JucPyHKLUii, BifHOBIEHHIO (GYHKIIOHAIBbHOI aKTUBHOCTI HITPOKCUAEPTiYHOI CUCTEMU
MiOKapa, akTUBalil MEXaHi3MiB €HIOT€HHOI LIUTO- Ta KapJiONPOTEKLii — 5K 0fpa3y Micjs 3aBepLUI€HHS
€KCIIEPMMEHTAJIbHOI Teparlii, Tak i B 6i7bIll BifgasieHi TepMiHM criocTepeskeHHs. [IpakTiiyHa 3Ha4UMiCTb -
TEOPETUYHO OOI'PYHTOBAHO i1 €KCIIEPUMEHTAJIbHO MiITBEPIKEHO NOLIIbHICTb 3aCTOCYBaHHS L-apriHiny,
TioTpraszostiny, MiNpoHATy T4, 0COGIMBO, aHTIOJiHY B KOMIJIEKCHIN Teparlii MopyieHb ceplieBO-CyAUHHOI cucTeMu
y HOBOHAPO/IKEHUX Iiciis nepeneceHoi I1I'. BnposanykeHo B HaByaabHUI IIPOLIEC i HAYKOBY HisllIbHICTb Ha Kadepax
6iomennyHoro npodinto 3x yHiBepcureTis. OCOOUCTUI BHECOK 3[100yBava: MaTEHTHMI MOIIYK, aHaJli3 JliTepaTypH,
METOJIY AOCTiIpKeHHs: MonentoBanHs 1T, oLiHKa BIIMBY 3ac06iB Ha enekTpodisionoriyni, 6ioximiyHi Ta
MOJIEKYJISIpHI Toka3Huku crtany CCC, 6iocTaTCTyKa, aHaJli3 pe3yJibTaTiB, HAlMCAaHHS POOOTU. 3 HAYKOBUMU
KepiBHMKaMU 3[iICHWIIA aHaJli3 Ta y3araJlbHEHHSI OTPUMAaHUX PEe3yJbTaTiB, 0QOPMHUIIa BUCHOBKU JucepTallii.
ABTOpKa He 3an03u4dyBaja ifei Ta/abo pe3ynbTati podOTH iHIINX CIIiBABTOPIB y CyMiCHUMX NIybJiiKanisx. PesynbraTu
Iyceprauii fonoBizanuck Ha 6 KOHPEepeHLisx 3 Mib>KHapoAHO y4acTio (3okpema y llIBefinapii) Ony6sikoBaHo 11
HAyKOBUX POOIT, y TOMY 4MCJIi 5 HayKoBUX cTaTel (y 6a3i Scopus), 6 Te3 pomnosigeit. Kio4yoBi cyoBa: npeHaranbHa
TiMOKCisl; OKCUAATUBHUI CTPEC; aKTUBHI (POPMU KMCHIO; TiCTOJIOTIUHI JOCIiIPKEHHS; TOKCUYHICTh; BapiabesbHiCThb
cepuesoro putmy; NO; ekcrpecisi reHis; ¢pakTop poCTy eHIIOTeJIiI0 CyANH; KapAioNpOTeKLis; aHTUOKCHUIAHTHA
CHCTEMAQ; EHIOTEIONPOTEKLiS; CEPLLEBO-CYIUHHA CUCTEMA.

2. This study examines efficacy of nitric oxide (NO) system modulators—L-arginine, thiotriazoline, angiolin, and
mildronate—in correcting post-hypoxic cardiovascular disorders in rat offspring after perinatal hypoxia (PH). PH
was modeled in rats by intraperitoneal administration of sodium nitrite from days 16 to 21 of gestation. On days 30
and 60 of life after PH and drug administration, cardiac function and morphological changes in cardiac vascular
endothelial cells were examined. Endothelial dysfunction in myocardial microvessels was confirmed by a decrease
in endothelial cell nuclear area, which decreased by 42.6% in 1-month-old rats and by 43.4% in 2-month-old rats.
Biochemical, enzyme-linked immunosorbent assay, and PCR studies have shown that PH leads to profound



disturbances in the NO system: a 55% decrease in serum eNOS expression after 1 month and a 77% decrease in
eNOS mRNA after 2 months, an increase in the level of inducible NO synthase (iNOS) in the cytosol by 2 times after
2 months, a decrease in NO bioavailability, activation of nitrosative stress, and a 5.5-fold increase in nitrotyrosine
levels. A decrease in expression of heat shock protein 70 kDa (HSP70) was detected - by 5.6 times after 1 month
and 3.44 times after 2 months, as well as inhibition of transcription of hypoxia induction factor-1o (HIF-1n) - by 79%
and 61.1%, respectively. Soluble endothelial protein C receptor (SEPCR) levels increased by 1.92 times in first month
and by 2.14 times in the second month of life, while receptor tyrosine kinase (Tie-2) levels decreased by 42.3% and
37.9%, respectively, and VEGF-2 levels decreased by 2. Serum tumor suppressor protein 2 (ST2) concentrations
increased significantly (by 6.28 and 3.63 times, respectively). Angiolin was most effective, contributing to cardiac
electrophysiological parameters normalization: it reduced parasympathetic activity, restored sinus node function,
and improved electrical systole parameters, increased eNOS expression by 3.74 times, decreased ST2 by 77%,
decreased 5, and increased HIF-1 mRNA. Angiolin reduced sEPCR levels by 34.7-53.3%, increased Tie-2 by
60.7-62.8%, and VEGF-B by 48.9-67.0%, and increased VEGF and VEGF-B gene expression by 5.7-19 times. It also
stimulated the activity of (Cu/ZnSOD), glutathione peroxidase 1 and 4 (GPX1 and GPX4), and restored endothelial
cell morphometric parameters. Thiotriazoline and L-arginine were less effective in improving NO system.
Mildronate was least effective. Therefore, PH leads to persistent impairments in nitrergic regulation, angiogenesis,
and cardiac electrophysiology in offspring. Experimental therapy with NO modulators (angiolin) partially or
completely normalizes these parameters, demonstrating high cardioprotective potential in post-hypoxic
conditions. For the first time, it has been established that experimental hypertrophy is associated with decreased
myocardial NO production due to decreased activity and expression of eNOS and reduced bioavailability due to
suppressed expression of antioxidant enzymes (SOD, GPX) and endogenous cytoprotective factors (HSP70, HIF-1).
This leads to the development of nitrosative stress, cardiac dysfunction, and endothelial dysfunction.
Cardioprotective effect of NO modulators after hypertrophy was demonstrated by improving cardiac
electrophysiological activity, normalizing autonomic regulation of cardiac function, reducing nitrosative and
oxidative stress, inhibiting endothelial dysfunction, and restoring the functional activity of the nitrooxidergic
system. This cardioprotection was demonstrated both immediately after completion of experimental therapy and
at later follow-up periods. Practical significance - the feasibility of using L-arginine, thiotriazoline, mildronate,
and, especially, angiolin in the combination therapy of cardiovascular disorders in newborns after PH is
theoretically substantiated and experimentally confirmed. Results has been implemented into the educational
process and research activities of biomedical departments of 3 universities. Personal contribution: patent search,
literature review, research methods (PH modeling, assessment of agents effects on electrophysiological,
biochemical, molecular parameters of cardiovascular health), biostatistics, analysis of results, and writing
dissertation. Together with her supervisors, she analyzed and summarized obtained results and formulated
dissertation conclusions. Author has not borrowed ideas and /or results of other co-authors in her joint
publications. The dissertation results were presented at 6 international conferences. 11 scientific papers have been
published, including five research articles (in the Scopus database) and 6 abstracts. Key words: prenatal hypoxia;
oxidative stress; reactive oxygen species; histological studies; toxicity; heart rate variability; NO; gene expression;
vascular endothelial growth factor; cardioprotection; antioxidant system; endothelioprotection; cardiovascular
system.
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IToBHe HafIMeHyBaHHS[ IOPUIHUYHOL 0C00H: HanioHanbHuit papmalleBTUYHUIA YHiBEpCUTET
Kopg 3a €IPIIOY: 02010936

Micue3Haxoa>KeHHS: ByJ1. [TymkincbKa, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBitiHHS: MiHiCcTepPCTBO OXOPOHU 3/10POB's YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. T'ankin Onekcanap KOpiitoBry

2. Oleksandr Galkin

KBasigikamis: 1. 6. u., npodecop, 03.00.20
InenTudikarop ORCHID ID: 0000-0002-5309-6099
JopaTrkoBa iHdpopmamist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0M: HarioHanbHuil TexHiYHMi yHiBepcuTeT YKpainu "KuiBchKuii

MOJIITEXHIYHU IHCTUTYT imMeHi Irops CikopcpKoro”

Kopg 3a €IPIIOY: 02070921

Micuesnaxo,r.perHﬂ: npocnekT Bepecreticekuii, Kuis, 03056, Ykpaina
dopma By1acHoOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR: He zacrocosyerbcs

PeuenseHTu

BaacHe IlpizBume Im's I10-6aThKOBI:
1. HenomHusuiuii BaienTn MuKojiaiioBu4
2. Valentyn M. Nepomniashchyi

KBaJIi(l)iKaILiﬂ: K. MeJl. H., CTapINi HAayKOBUH CHiBPOOITHUK, 14.03.02

Imentudikarop ORCHID ID: 0009-0000-2693-0394



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAHNYHOI 0COOH: JlepkaBHa ycTaHOBa "[HCTUTYT (papMaKoJIOTii Ta TOKCUKOJIOTII"

HaujonasnbHoi akagemii MEOUYHUX HayK YKpaiHU

Kog 3a €IPIIOY: 02011901

Micue3HaxoaKeHHS: ByJI. AHTOHa llenika, Kuis, 03057, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBriHHS: MiHiCcTEPCTBO OXOPOHY 3140POB'st YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. llagxmeToBa "'anHa MuxaiiBHa

2. Ganna M. Shayakhmetova

KBastidikanis: 5. 6. u., crapmmit HaykoBuii cniBpo6iThuk, 14.03.05
Inentudikarop ORCHID ID: 0000-0002-6504-7067
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: JlepkaBHa ycTaHOBa "THCTUTYT papMaKoJIOTii Ta TOKCUKOJIOTIi"

HaujionanbHOI akagemii MEOUYHUX HayK YKpaiHU

Kopg 3a €IPIIOY: 02011901

Micue3HaxoaKeHHS: ByJI. AHTOHa llenika, Kuis, 03057, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂZ MiHicTepcTBO OXOPOHM 310POB'A YKpaiHu

InenTudikarop ROR:

VIII. 3akir04Hi BimoMocTi

Biacue IpisBume Im's ITo-6aThKOBI Conosiios AHatoii [BaHOBIY
rOJIOBH pajgu

Biacue IpizBuie Im's Ilo-6aThKOBI CosoBi10B AHaTOM# [BaHOBUY
roJIOBYIOYOrO Ha 3aCifiaHHi

BiznoeigansHHU 3a MiATOTOBKY Tanina Cycanna CanraHartiBHa
00JIIKOBHX JJOKYMEHTIB

Peectpartop IOpuenko TeTtsiHa AHaToiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




