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[EePCIEKTUBHUX METOOJIOTIYHUX MiIXOIiB, IO M0JIIrae y BU3Ha4Y€HHi MapKepiB (IHAUKaTOpiB) 6i0¢i3nyHNx



IIPOLIECIB HA MOJIEKYJISIPHOMY PiBHi, 30KPEMA, CYYaCHUMU MaC-CIIEKTPOMETPUYHUMU METOIUKAMU. 3aBIsIKU
OTPUMAaHUM pe3yJbTaTaM y AucepTalii BU3Ha4YeHO MOJIeKyJsIpHO-(i3nyHi MeXaHi3MH, 1110 I0B’3aHi 3 6i0J10TiYHOI0
Ili€l0 HU3KU CIIOJIYK JIIKapChKOTO IIPU3HAYEHHS: TPOTUMAJISIPIMHUX ar€HTiB apTEMI3MHIHOBOIO pPALy,
IpOTUiH(EKLUiMHUX 6iCIeTBEPTUHHUX AMOHIEBUX CIIOJIYK Ta PAaMHOJIMIAIB, IPOTUTYOEPKYIbO3HOTO aHTUOIOTHKA
LIMKJIOCEPUH, IIPOTUBIPYCHOT'O areHTy TUJIOPOH, KapAiOMPOTEKTOPHOrO Npenapary (pJIoKasiH; a TAKO>K BCTAHOBJIEHO
Mac-CIeKTPOMETPUYHI MapKepu 6i0JIOTiYHO BKJIMBUX MOJIEKYJISIPHO-(PI3UYHUX IIPOLIECIB, 110 BiOyBaIOThCS 3a
y4acTIo 6i0JIOriYHO aKTUBHUX OPraHiYHMX KOMIIOHEHTIB aTMOC(HEPHUX a€PO30J1iB (30KpeMa MOHOCaXapUoHUX
aHTiIpuUIiB, N0Ji0iB). [ rpyny NpOTUMAJISIPiiHUX JIKiB, y pOOOTIi BIIeplIe Ha OCHOBI BUBHAYEHHS Mac-
CIIEKTPOMETPUYHUX MapKepiB POpMyBaHHS HEKOBAJIEHTHUX KOMILJIEKCIB MOJIEKYJI ITperapaTiB apTeMi3nHiHOBOTO
pany 3 Fe(Ill)-remoM 3ariponoHoBaHo (Pi3snyHUI MeXaHi3M, IIOB'sI3aHUH i3 IPOTUMAJISIPIHOIO JIi€l0 LIUX areHTiB. Y
PaMKax BCTaHOBJIEHHSI MOJIEKYJIIPHO-(PI3MYHUX OCHOB NTOKa3aHOI B PSi KIIHIYHUX AOCTiIPKEHb IPOTUITYXJINHHO]
aKTMBHOCTI I[IpenapaTiB apTEMI3MHIHOBOIO Py, BIlepLIe eKCIIEPUMEHTAIbHO JOBELEHO HEKOBAJIEHTHE
KOMIIJIEKCOYTBOPEHHS MOJIEKYJI apPTEMIi3MHIHY Ta TUTiAPOAPTEMI3UHIHY 3 a30TUCTUMU OCHOBAMU HYKJIEIHOBUX
KUCJIOT: aJIeHiHOM, IUTO3MHOM Ta METWJITUMIHOM Y IOJISPHOMY CEPeNOBULL. 3aBAsSKA 3aCTOCYBAaHHIO
KOMIUIEKCHOTO MiAXO0AY, O MOENHYE €KCIIEPUMEHTAIBHUN METOL, MAaC-CIIEKTPOMETPII 3 ioHi3alieto
€JIEKTPOPO3NUJIEHHSIM Ta PO3paxyHKoBUH MeTog, DFT, BCTaHOBJIEHO SBUILE MDKMOJIEKYJISIPHOI KOHKYPEHLii MK
apTeMi3MHIHOBMMH areHTaMu Ta MOJIEKYJIaMU [Ipenaparis, sKi Hajle>kaTh 10 KJacy OpraHiuHUX KUCJIOT (aCHipuH Ta
BiTamiH C) 32 HEKOBaJIEHTHE 3B’13yBaHHS 3 MEMOpaHHUMU Gocodlinigamu Ha NPUKIA
nunanbMmitoindocdarnaunxosiny. BcTaHOBI€HI KOHKYPEHTHI ITpoLieCH BIleplle 3alIPOIIOHOBAHO B SKOCTI
MOJIEKYJISIPHO-(Pi3NYHUX MeXaHi3MiB Mopudikalii 6i0710riyHOI aKTUBHOCTI apTeMi3UHIHOBUX IIpenapariB Ta
acnipuHy a6o BiTaminy C pu ixHbOMy OJHOYACHOMY 3aCTOCYBaHHi. [Ipy BUBUEHHI MOJIEKYJIIPHUX MEXaHI3MiB
mopu@ikauii 6iosorivyHoi Aii npoTuiHQeKUiHNX 6iCY4eTBEPTUHHMX AMOHI€BUX areHTiB, yIepIle BUSIBIEHO
dopMyBaHHS CTabiIbPHUX KOMILJIEKCIB TUKATIOHIB IeKaMeTOKCHHY, eTOHiI0, TIOHiI0 3 aCIIIpUHOM Ta KOHKYPEHIIi0
JIiKapCbKMX CIOJIYK Pi3HUX I'PYI 32 HEKOBAJIEHTHE 3B'SI3yBaHHS 3 MOJIEKyJlaMU JunasnbMitoindocdarunnnxomniny. B
Iycepralii yrepiue BCTAHOBJIEHO clieln(iuHe HEKOBAJIEHTHE 3B’13yBaHHSI MK MOJIEKYJIaMU areHTy TUJIOPOH Ta
HYKJIEO3UJOM YPUIVHOM Y IOJISIPHOMY CEPELOBUILI, IO IPOMOHYETHCS B IKOCTi MOJIEKYJIIPHO-(i3UYHOTO
MexaHi3My, [I0B'I3aHOT0 3 IPOTHBIPYCHOI0 aKTUBHICTIO TUJIOPOHY. Y HAPSIMKY JOCJIIKEHHSI CEPLLeBO-CYIUHHUX
JIiKiB, BIleplIe, 6a3y0UMCh HAa pe3yJbTaTaX BUBUEHHS MDKMOJIEKYJISIPHOI B3aeMOZii BUHANIEHOro B YKpaiHi
KapAioNpOTEKTOPHOTO areHTy (JIOKaiH 3 psgoM aMiHOKUCIIOT, 3alIPONIOHOBAHO (Pi3UYHMM MexaHi3M B3aemMopii
npenapary 3 ATO-4yTi1MBUM KajlieBUM MEMOPaHHUM KaHAJIOM. 3aCTOCYBAaHHS KOMILIEKCY MaC-CIIEKTPOMETPUYHHUX
METOJIMK Ta PO3PaxXyHKOBOro MeToay AMI 11 JoCiKeHHS MOJeJIbHUX CUCTEM, 110 MiCTU/IM 6icueTBepTUHHI
aMOHI€BI CIIOJIYKU (A€KaMETOKCHH, €TOHil) y COJIbBATHOMY OTOYEHHI, JO3BOJIMJIO BU3HAUYUTHA MAC-CIIEKTPOMETPHUYHI
MapKepH CTPYKTYPHOI CTabisIbHOCTI KX MPOTUiHGEKIIMHNX areHTiB Ta [10Ka3aTH, 110 B3a€MO[Iisl AUKATIOHIB [INX
CIIOJIyK i3 KOMIIOHEHTaMH{ COJIbBATHOI'O OTOYEHHSI 3HAYHO BILJIMBA€E Ha IXHIO CTPYKTYPHY CTabinbHiCTh. B nucepratii
po3pobiieHa Ta BajliloBaHa MeTOAMKa Ha ocHOBI MeTony I'X/MC 1151 BUBHaU€HHS B CKJIa/li HEKOBaJIEHTHUX
YaCTUHOK aTMOC(EPHUX aep030JIiB 6i0JIOTIYHO aKTUBHUX OPTaHiYHUX PEUYOBHMH, 30KPEMA JIEBOTJIIOKO3aHy Ta iHIINUX
MOHOCAXapUIHUX aHTiapuAiB. 3aBIsSKN BUKOpUCTAaHHIO ['X /MC MeTonMKN BIEpPIIE B 3pa3kax aTMOC(HEPHUX
aepo30J1iB ieHTU(IKOBAHO paHille HEONUCaHi CKJIal0Bi — MOJISIPHI OpPraHivHi CIIOJyKU 2-MeTUITpeiTos Ta 2-
METUJEPUTPUTOJL. Kit0uoBi c10Ba: 6i010TiYHO aKTUBHI pEYOBUHY, JIiKW, OPraHiyHi CKJIal0Bi aTMOChEpHUX
aepo30J1iB, MDKMOJIEKYJISIPHA B3a€EMO/Iisl, 60MOJIEKyIM-MillleHi, HEKOBAJIEHTHI KOMIIJIEKCH, MOJIEKYJIIPHO-(Pi3nyHi
MexaHi3aMu 6i0J10TiyHOi Iii, MOy Is1lisi aKTUBHOCTI JIKiB, coJibBaTallis, M'sIKOiOHi3alliliHa Mac-CIIeKTPOMETpisl, ra30Ba

xpomarorpadisi/mac-creKTpoOMEeTpis, Mac-CIIEKTPOMETPUYHI MapKepH, KBAHTOBO-MeXaHiuHi pO3paxyHKHU.

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(Ill)-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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HaykoBa (HayKOBO-TeXHi‘{Ha) HpO,ILyKI.liSIZ METOJH, Teopii, rinoresu

ConiaJIbHO-€EKOHOMIYHA CHpﬂMOBaHiCTb: MOJINIIEHHS CTAaHy HaBKOJIMIIHBOTO CEPEOBUINA; MOJINIIEHHS

SIKOCTI )KUTTSI Ta 3[JOPOB'sl HaceJIeHHs], e(PEKTUBHOCTI AiarHOCTUKY Ta JIiKyBaHHS XBOPUX

OxoponHi gokymeHTH Ha OIIIB:

BrnpoBazyKeHHS pe3yJIbTaTiB AHCEPTaLii: [liaHyeTbCst 10 BIPOBAIKEHHS

3B'A30K 3 HAYKOBHMH TeMaMH: 0102U003100, 0103U000312, 0106U002560, 0110U007895, 0114U001070,
01170002287, 0120U100157

VI. BizoMocCTi mpo HayKOBOT0 KEPiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)



VII. BigomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiniiiHi OIOHEeHTH
Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. JoBbemko 'asinHa IBaHiBHA

2. Galina Dovbeshko

KBasigikanis: . ¢.-m. ., npodecop, 03.00.02

InenTudikarop ORCHID ID: 0000-0002-7701-0106

JoparkoBa inpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: [ncTuTyT disnku HanjoHansHoi akaziemii Hayk Ykpainu
Kopg 3a €IPIIOY: 05417302

Micue3HaxoaKeHHS: npocnekT Hayku, 6ya. 46, Kuis, 03680, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkafeMivHuit

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. JopoweHnko IpuHa IOpiiBHa

2. Iryna Doroshenko

KBasigikanis: 1. d.-m. 1., c.i., 01.04.14
InenTudikarop ORCHID ID: 0000-0002-0743-2899
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: KuiBChKuil HaLiOHAIbHMIA YHIBEpCUTET iMeHi Tapaca

[lleByeHka

Kog 3a €IPIIOY: 02070944

Micue3HaxoaKeHHS: ByJI. Bomogumupcska, 6yg. 60, Kuis, 01033, Ykpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHIBEpCHTETCHKUI

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. lectonanosa 'anna BikTopiBHa

2. Anna Shestopalova

KBasigikanis: g. ¢.-m. ., npodecop, 03.00.02



Imentudikarop ORCHID ID: 0000-0001-7613-7212

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOH: IHCcTUTYT pamiodisuku Ta enekTpoHiky im. O. 5. Venkosa

HaujonanbHoi akagemii Hayk YKpainu

Kopg, 3a €IPIIOY: 03534593

Micue3HaxoaKeHHS: By/. Akanemika [Tpockypw, 6y, 12, Xapkis, XapkiscbKuii p-H., 61085, Vkpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

CeKTop HayKH: AkafeMivHuit

PeuenzeHTu

VIII. 3ak1104Hi BiZOMOCTI

ByiacHe IlpizBuie Im's ITo-6aThKOBI

TOJIOBH pajgu

BiiacHe IIpizBuine Im'sa ITo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCimaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

Peectparop

KepiBHuK Bigginy YKpIHTEI, mo €

BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisIIBHOCTI

Kartpuu BikTop OnexkcangpoBud

KaTtpuy BikTop Onexkcannposud

[lleByenko AHpint OsieKCaHIPOBUAY

VKpIHTEI

[Opuenko TersiHa AHaToJiiBHA



