O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI
Jep>kaBHHH 00J1iIKOBHI HOMep: 0524U000131
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpamuii: 24-04-2024

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. ITammHcbKa Bnaga AHaTosiiBHa

2. Vlada Pashynska

KBasidikamis: k. ¢.-m. u., crapmmit HaykoBuii cniBpo6iTHuK, 03.00.02
InenTudikarop ORCHID ID: 0000-0001-9786-6828

Bup, pucepranii: nokrop Hayk

AcnipaHTypa//IOKTOpPaHTypa: Hi

IIIndp HaykoBOi creniagbHOCTI: 03.00.02

Ha3Ba HayKoBOi CcIeniaJbHOCTI: Biodisuka

T'asy3p / rasysi 3HaHB. He 3aCTOCOBy€THCS
OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs
JaTa 3axucTy: 08-05-2024

CneniasbHICTD 3a OCBITOO: Biodizuk. Buknanau

Micue po6oTH 34,00yBava: Gisnko-TexHiYHMIA iHCTUTYT HU3bKUX TeMIepaTyp imeHi B. I. Bepkina

HanjionanbpHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 03534601

Micue3Haxoa>KeHHs: npocnekt Hayku, 6y, 47, XapkiB, XapKiBcbKuii p-H., 61103, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BY€HOI pagH (pa30Boi CleliaJai30BaHOi BYEHOI pazu): [l 64.051.13
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOHM: XapKiBChbKUil HALOHAJIBHMIT YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micue3Haxoa>KeHHS: maiinan CBo6oay, 6y, 4, Xapkis, Xapkicbkuii p-H., 61022, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10
BHKOHAHO JHCEPTaIlilo

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0CO0M: Pi3uKO-TEeXHIYHUII iIHCTUTYT HU3LKUX TeMIepaTyp iMmeHi B. 1.
Bepkina HaujioHanbHOI akagemii HayK YKpainu

Kopg 3a € IPIIOY: 03534601

MicuesnaxomerHﬂ: npocnekT Hayku, 6ya. 47, XapkiB, XapKiBcbkuil p-H., 61103, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂZ HaujonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR:

V. BimomocTi npo guceprauiio
MoBga auceprTaliii: Vkpaincoka
Koau TemaTHYHHUX PYOPHK: 34.17, 34.17.15, 34.17.05

Tema gucepranii:
1. Mac-crneKTpoMeTpUYHi MapKepu Ta MOJIeKyIIpHO-(i3n4Hi MeXaHi3Mu Aii 6i0710TrYHO aKTUBHUX PEYOBUH

2. Mass spectrometric markers and molecular physical mechanisms of action of biologically active substances

Pedepar:

1. ITamuHceKa B.A. Mac-crieKTpoMeTpryHi MapKepu Ta MOJIeEKYJIIpHO-(i3n4HI MexaHi3Mu Aii 6i010riYHO aKTUBHUX
pevoBuH. - KearigikauiliHa HaykoBa npaugs, opopmieHa [ HayKOBOi JONoBiAi. [Jucepranisg Ha 3000y TTs
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XapKiBCbKMM HaljioHaNbHUN yHiBepcuTeT im. B.H. Kapazina MiHicTepcTBa OCBiTH i HayKu YKpaiHu, Xapkis, 2023.
Juceprauis NpUCBsYE€HA aKTyabHil 6i0(i3nyHil MPO6IEMi BCTAHOBJIEHHS MOJIEKYJISIPHO-(PI3NYHMX MEXaHi3MiB
IIPOLIECiB, IKi BU3HAYAIOTh Ji0 6i0JIOriYHO aKTUBHUX PEYOBUH Ha 6ioJioriyHi cucremu. B po6oTi po3BMHYTO OJUH 3
IepCIEeKTUBHUX METO0JIOTIYHUX IiAXO/IiB, 1110 M0JIIra€e y BUSHaY€HHI MapKepiB (iHAuKaTopiB) 6io¢iznyHux
IIPOLIECiB HA MOJIEKYJISIPHOMY PiBHi, 30KPEMA, CYYaCHUMU MaC-CIIEKTPOMETPUYHUMU METOIUKAMU. 3aBIsIKU
OTPMMAaHUM pe3yJIbTaTaM y JucepTalii BU3BHa4YeHO MOJIeKyISIpHO-(Gi3nYHi MeXaHi3MH, 110 OB’ S13aHi 3 6i0J10TiYHO0

Ili€10 HU3KU CIIOJIYK JIIKapChKOTO NIPU3HAYEHHS: MPOTUMAJISIPIHUX areHTiB apTEMI3MHIHOBOTO pALy,



npoTuiHpeKUiiHNX 6icieTBepTUHHUX AMOHIEBUX CIIOJIYK Ta PaMHOJIIMIZIiB, IPOTUTYOEPKYIbO3HOTO aHTUOIOTHKA
LIMKJIOCEPUH, IIPOTUBiIPYCHOTO areHTy TUJIOPOH, KapAiONMPOTEKTOPHOrO Npenapary (pJIoKajiH; a TAKO>K BCTAHOBJIEHO
Mac-CIEKTPOMETPUYHI MapKepu 6i0JI0TiYHO BaXKJIMBUX MOJIEKYJISIpHO-(Qi3UYHUX MIPOLIECIB, 1110 BiIOYyBaIOTHCS 32
y4acTIO 6i0JIOTiYHO aKTUBHUX OPraHiYHMX KOMIIOHEHTIB aTMOC(HEPHUX a€PO30JIiB (30KpeMa MOHOCAXapUoHUX
aHrigpuis, noiois). st rpynu NpoTUMasIpiliHUX JIiKiB, y pO6OTi Brieplie Ha OCHOBI BU3HAYEHHS Mac-
CIIEKTPOMETPUYHUX MapKepiB (POpMyBaHHS HEKOBAJIEHTHUX KOMILJIEKCIB MOJIEKYJI ITperapaTiB apTeMi3nHIHOBOTO
pany 3 Fe(Ill)-remoM 3ar1ponoHOBaHO (Pi3MYHUI MEXaHi3M, IIOB'SI3aHUM i3 IPOTUMAJISIPINHOIO JIi€l0 IUX areHTiB. ¥
PaMKax BCTaHOBJIEHHSI MOJIEKYJIIPHO-(PI3MYHUX OCHOB NTOKa3aHOI B P KIIHIYHUX AOCTIIPKEHDb IPOTUITYXJIMHHOI
aKTMBHOCTI [IpenapariB apTEMi3MHIHOBOTO PANY, BIIepIIe €eKCIIEPUMEHTAJIBHO JOBELEHO HEKOBAJIEHTHE
KOMIIJIEKCOYTBOPEHHS MOJIEKYJI apPTEMI3MHIHY Ta JUTiAPOAPTEMI3UHIHY 3 a30TUCTUMU OCHOBAMU HYKJIEIHOBUX
KUCJIOT: 3JIeHiHOM, IUTO3MHOM Ta METWJITUMIHOM Y IOJISPHOMY CEPEeLOBULL. 3aBASKA 3aCTOCYBAHHIO
KOMIUIEKCHOTO MiAXO0AY, 10 MTOENHYE EKCIIEPUMEHTAJIbHUN METOL, MAaC-CIIEKTPOMETPIi 3 ioHi3alieto
€JIEKTPOPO3IUJIEHHSIM Ta PO3paxyHKOBUH MeTog DFT, BCTaHOBJIEHO 4BUIILE MDKMOJIEKYJISIPHOI KOHKYPEHLIii MK
apTeMi3MHIHOBMMH areHTaMu Ta MOJIEKYJIaMU IIPENaparis, SKi Hajle>kaTh [0 KJIacy OpraHiuHUX KUCJIOT (aCHipuH Ta
BiTamiH C) 32 HEKOBaJIEHTHE 3B’13yBaHHS 3 MeMOpaHHUMU PocdotinifamMmu Ha NpUKIIaLi
nunaneMitoindocdarnnnnxosiny. BcTaHOBI€HI KOHKYPEHTHI IIPOLIECH BIIEpIle 3aIPOIIOHOBAHO B SIKOCTI
MOJIEKYJISIPHO-Pi3nYHMX MexaHi3MiB Moaudikalii 6i010ri4HOI aKTMBHOCTI apTeMi3MHIHOBUX IIpenapariB Ta
acnipuHy a6o BiTaminy C ipu ixHbOMy OJHOYACHOMY 3aCTOCYBaHHi. [Ipy BUBYEHHI MOJIEKYJIIPHUX MEXaHi3MiB
moaudikaii 6iosoriunoi aii npoTuiHdexuiiiHux 6icC4eTBEPTUHHNAX AMOHI€BUX areHTiB, YIepIle BUSIBIEHO
(opMyBaHHS CTabIIbPHUX KOMILJIEKCIB UKATiOHIB leKaMeTOKCHUHY, eTOHiI0, TIOHiI0 3 aCIIipUHOM Ta KOHKYPEHIIi0
JIiKapCbKUX CIOJIYK Pi3HUX I'PYI 32 HEKOBAJIEHTHE 3B'SI3yBaHHS 3 MOJIEKYJIaMU JunanbMiToingocdarunnnxomniny. B
IucepTallii yrnepliie BCTAaHOBJIEHO criely(idyHe HEKOBAJIEHTHE 3B'SI3yBaHHS MK MOJIEKYJIaMU ar€HTY TUJIOPOH Ta
HYKJIEO3U,OM YPUAVHOM Y NOJISIPHOMY CE€PEIOBUIIi, 0 IPOIIOHYETHCS B SIKOCTi MOJIEKYJIIPHO-(Pi3NYHOrO
MeXaHi3My, IIOB'SI3aHOTO 3 IPOTHUBIPYCHOIO aKTHUBHICTIO TUJIOPOHY. Y HAIIPSIMKY JLOCJII)KEHHSI CEPL,eBO-CyJMHHUX
JIiKiB, BIleplIe, 6a3yI04YUCh HA Pe3yJIbTaTaX BUBUEHHS MDKMOJIEKYJISIPHOI B3aeMO/ii BUHANIEHOrO B YKpaiHi
KapioIPOTEKTOPHOr0 areHTy (JIOKasliH 3 PSIIOM aMiHOKHCIIOT, 3aIIPOIIOHOBAaHO Qi3MYHNM MeXaHi3M B3aeMOZi
npenapary 3 ATO-4yTIMBUM KajlieBUM MEMOPaHHUM KaHaJIOM. 3aCTOCYBaHHS KOMILIEKCY Mac-CIIEKTPOMETPUYHHUX
METOJIMK Ta PO3PaxXyHKOBOro MeToay AMI 11 JOCHiIKeHHS MOJeJIbHUX CUCTEM, 10 MiCTU/IM 6iCueTBEepTUHHI
aMOHI€BI CIIOJIYKU (IE€KaMETOKCHH, €TOHil) y COJIbBATHOMY OTOYEHHI, JO3BOJIMJIO BU3HAYUTUA MAC-CIIEKTPOMETPHUYHI
MapKepH CTPYKTYPHOI CTabisIbHOCTI KX MPOTUiHQEKLIMHNX areHTiB Ta [10Ka3aTH, 1110 B3a€MOJIisl AUKATIOHIB [IUX
CIIOJIyK i3 KOMIIOHEHTaMH{ COJIbBATHOI'O OTOYEHHSI 3HAYHO BILJIMBAE HA IXHIO CTPYKTYPHY CTabinbHiCTh. B nucepratiii
po3pobiieHa Ta BajliloBaHa MeTOAMKA Ha 0CHOBI Metony I'X/MC 1151 BU3HaUY€HHS B CKJIa/li HEKOBAJIEHTHUX
YaCTUHOK aTMOC(EPHUX aepO30JIiB 6i0JIOTIYHO aKTUBHUX OPTaHIiYHUX PEUYOBHH, 30KPEMA JIEBOIJIIOKO3aHy Ta iHIINUX
MOHOCAaXapUIHUX aHTinpuziB. 3aBasky BUkKopuctanHo ['X/MC MeTonuKy Blieplie B 3pa3kax aTMOC(epHUX
aepo30J1iB ieHTU(IKOBAHO paHillle HEONUCAaHI CKIal0Bi — MOJISIPHI OPraHivHi CIIOJIyKU 2-MeTUITpeiToI Ta 2-
MeTunepuTpuTosl. Kiato4yoBi c0Ba: 6i0J10riYHO aKTUBHI pEYOBUHY, JIiKM, OPraHiyHi CKJIal0Bi aTMOC(hepHUX
aepo30J1iB, MIXXMOJIEKYJISIPHA B3a€EMOisI, 6i0MOJIeKyJIM-MillleHi, HEeKOBAJIEHTHI KOMIIJIEKCH, MOJIEKYJISIpHO-i3nyHi
MeXaHi3MU 610JI0TiUHOI [Iii, MOAYJISILisT aKTUBHOCTI JIiKiB, COJIbBaTAllisl, M'SIKOiOHi3aliliHa Mac-CIIEKTPOMETPisl, ra3oBa

xpomarorpagisi/mac-CreKTpOMETpisl, Mac-CIeKTPOMETPUYHI MapKepH, KBAHTOBO-MeXaHiuHi pO3PaxyHKU.

2. Pashynska V. A. Mass spectrometric markers and molecular physical mechanisms of action of biologically active
substances. — Qualification scientific work for a scientific report. Thesis for the scientific degree Doctor of science
in physics and mathematics, specialty 03.00.02 “Biophysics”. - B.I. Verkin Institute for Low Temperature Physics
and Engineering of the NAS of Ukraine, V.N. Karazin National University of the Ministry of Education and Science
of Ukraine, Kharkiv, 2023 The dissertation is devoted to the actual biophysical problem of disclosure of molecular
physical mechanisms of processes which determine the action of biologically active substances on biological
systems. A promising methodological approach related to identification of mass spectrometric markers (indicators)
of biophysical processes at the molecular level has been developed. Based on the obtained results, the above-
mentioned problem of molecular biophysics has been solved in the dissertation for the selected research objects.



Namely, the molecular physical mechanisms connected with the biological action of a number of medicines
(antimalarial agents of artemisinin type, anti-infective bisquaternary ammonium compounds and rhamnolipids,
antituberculosis antibiotic cycloserine, antiviral drug tiloron, cardioprotective agent flokalin) have been proposed.
Moreover, the mass spectrometric markers of biologically important molecular physical processes that occur with
the participation of biologically active organic components of atmospheric aerosols (in particular, levoglucosan,
polyols) have been determined. The molecular physical mechanism, which related to the antimalarial activity of the
artemisinin type drugs, has been proposed on the basis of initially determined mass spectrometric markers of
formation of stable noncovalent complexes of molecules of these drugs with Fe(IlI)-heme. In the framework of
revealing the molecular physical basis of reported antitumor activity of artemisinin type drugs, noncovalent
complexation of artemisinin and dihydroartemisinin with the nucleobases of nucleic acids: adenine, cytosine, and
methylthymine, has been experimentally shown for the first time. Due to application of the complex approach,
which combines the experimental mass spectrometry method and the DFT calculations, the phenomenon of
intermolecular competition between artemisinin agents and molecules of aspirin or vitamin C for noncovalent
binding with membrane phospholipids (e.g. dipalmitoylphosphatidylcholine) has been revealed. These competitive
processes are proposed for the first time as molecular physical mechanisms of modulating the biological activity of
artemisinin type drugs and aspirin or vitamin C when they are used simultaneously. Under study of the molecular
mechanisms of modulation of the action of anti-infective bisquaternary ammonium compounds, the formation of
stable complexes of dications of decamethoxinum, ethonium or thionium with aspirin has been shown for the first
time. At the same time the competition between the medicinal compounds of different groups for binding to
dipalmitoylphosphatidylcholine has been revealed. The specific noncovalent complexation of the molecule of
antiviral agent tilorone with uridine nucleoside in a polar medium has been revealed for the first time. Such
complexation is proposed as a molecular physical mechanism of the antiviral activity of tilorone. Based on the
results of the study of intermolecular interactions of recently invented in Ukraine cardioprotective agent flokalin
with a number of amino acids, a molecular physical mechanism of the interaction of the drug with cardiac-specific
ATP-sensitive membrane channel have been proposed. A complex of mass spectrometric techniques and
calculation method AM1 were applied to study bisquaternary ammonium compounds (decamethoxinum, ethonium)
in a solvate environment. The obtained results allowed us to determine mass spectrometric markers of structural
stability of the agents and to demonstrate that interactions of the bisquaternary dications with the solvate
components can seriously effect on the agents stability. A significant result of the dissertation is the development
and validation of a technique based on GC/MS method for the determination of biologically active substances
(levoglucosan, other monosaccharide anhydrides) in atmospheric aerosols particles. Due to application of the
GC/MS technique, the previously undescribed components- polar organic compounds 2-methylthritol and 2-
methylerythritol have been identified for the first time in aerosol samples. Key words: biologically active
substances, drugs, organic components of atmospheric aerosols, intermolecular interactions, target biomolecules,
noncovalent complexes, molecular physical mechanisms of biological action, modulation of drugs activity,
solvation, soft ionization mass spectrometry, GC/MS, mass spectrometric markers, quantum mechanical
calculations.
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HayKkoBa (HayKOBO-TE€XHiYHa) IPOAYKILiS: meTonu, Teopii, rinoresu

ComniaJibHO-eKOHOMIYHA CIPSIMOBAHICTb: NOJINIIEHHS CTaHy HABKOJIMIIHLOTO CEPEIOBUIIA; TIOJMIIEHHS]

SIKOCTI KUTTSI Ta 3[J0POB'sl HACEJIEHHS], €(PEKTUBHOCTI AiarHOCTUKU Ta JIiIKyBaHHS XBOPUX

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaz>keHHS pe3yJIbTaTiB AHCEPTaLii: [IiaHyeTbcs 10 BIPOBaIKEHHS

3B's130K 3 HAYKOBHMH TeMaMH: 0102U003100, 0103U000312, 0106U002560, 0110U007895, 0114U001070,
01170002287, 0120U100157

VI. BizomocTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

VII. BizomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB

OdiuiiiHi OTIOHEHTH
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PeuenseHTu

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpisBuie Im'sa ITo-6aTbKOBI

roJIOBH pagu

BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIOBiZasIbHUM 3a peecTpallilo HAayKOBOIi

OisIIBHOCTI

Katpuy BikTop Onexkcannposud

Katpuy Biktop Onexkcannposud

[lleByenko AHnpint OsieKCaHIPOBUAY

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



