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1. BosbTamnepamMeTprUyHi METO Y BU3HAUEHHS aJIKaJIOifiB Ta iX METabOJIiTIiB y JIikapCbKUX 3aC00ax i 6ios1orivHnx
pigyHax.

2. Voltammetric methods for the determination of alkaloids and their metabolites in medicinal products and
biological fluids.

Pedepar:

1. Incepraniiiny po60Ty IPUCBSIYEHO aKTyaJIbHill HAYKOBill Ipo6JieMi — po3po01Li BOJIBTAMIIEPOMETPUYHUX METOAUK
BU3HA4YEHHS NOMMPEHNX (i3i0I0riYHO aKTUBHHUX CIOJIYK — ajKanoizis (AJl) Ta ixHiX OCHOBHMX MeTaboJIiTiB — N-
OKCHUJIiB. YIieplie KOMIJIEKCHO [IOCJIiI)KEHO eJIEKTPOXiMiUHY [TOBeIiHKy CEMU aJIKaJoifiB: aTPOIiHy, I1aTUQininy,
HIKOTMHY, aHaba3nHy, rajlaHTaMiHy, XiHiHy (IPMPOJHOr0 MOXOIKEHHS) Ta Hedonamy (CUHTETUYHOTO MTOXO/KEHHST),
a TaKoX ixHiX meTabo0:iTiB (N-0KCUAIB Ta KOTHUHIHY). BUKOpUCTaHO iHOUKATOPHI e71eKTpOoaY pi3HOi MprUpoIu:
asJIMa3HuM, NONoBaHUN 60poM enekTpoy (AIBE), pTyTHHMI KpalJIMHHUH eJIeKTpoy, (p.K.€.) Ta eJIeKTPOY Ha OCHOBI
TBepoi amanbramu cpibna (AE) 3 pisnumu mopudikanismu. IIposeneHo 1abopaTopHuil cHTe3 N-OKCUTiB
aJIKaJIoiliB Ta MiATBEPIKEHO IXHIO CTPYKTYPY 3a JOIIOMOI0I0 BUCOKOPO3iIbHOI Mac-crieKTpomeTpii Ta Y-
criekTpockortii 3 nepeTsopeHHIM Pyp'e. [TokazaHo, mo N-oKcuay anKasoifiB HE06OPOTHO BiIHOBIIOIOTECS Ha

PTYTHUX €JIEKTPOJaX 3 YTBOPEHHSIM OHOTr0 ab0 ABOX KAaTOJOHUX IiKiB 3aJ1€KHO Bif] IpUPOIM CIIOJIyKH Ta pH



PO3YMHY, [IpY [[bOMY OIITUMAaJIbHUM CEPeJOBHILEM J1JIs BifHOBJIEHHS € ciabokucie abo HelTpasbHe. BcTaHOBIEHO,
10 eJIeKTPOXiMiuHi nporecu MaTh Audy3iiHO-aACOPOLiHY IPUPOLY, 110 LO3BOJISIE 3ACTOCOBYBATH aiCOPOLiHY
BOJIbTaMIIEPOMETPIIO 1715 [TONEPESHBOr0 HAKOIIMYEHHS aHAJITY ! MiJABUILEHHS YyTJIMBOCTI BU3HAYEHHS. MeXaHi3M
€JIEKTPOXIMIYHOTO BifHOBJIEHHS N-OKCU/iB aJIKaJIO0ifiB 1O BiANOBIGHUX IEPBUHHUX CIIOJIYK € JBOCTALiMHUM, i3
MOCJIJOBHUM IIPUENHAHHIM OJHOTO €JIEKTPOHA Ta OJHOIO IIPOTOHA HAa KOXKHIM cTafii. MexaHi3aMU BiTHOBJIEHHS
MiITBEPIKEHO MaC-CIIEKTPOMETPUYHUMU IOCHII)KEHHSIMY. BUBUEHO TaKOX €J7IeKTPOXiMiuHi NEpEeTBOPEHHS
ankasnoinis Ha AJIBE. TTokasaHo, 110 6i/IbIIiCTh ajIKajoiiB OKUCHIOIOTHCS Ha 0ro NOBEPXHI, yTBOPIOIOUX OAUH 260
JIBa QHOJHI IiKM 3aJIEKHO BiJl IpUupoay croayku ta pH cepenosuma. Kpim Toro, BCTaHOBJIEHO, 1O XiHIH i
MeTaboJliT! HIKOTUHY BiIHOBJIIOIOTHCS Ha LIbOMY eJieKTpoi. [Iporecu € He060pOTHUMU Ta TUPY3iiTHO
KOHTPOJIbOBAaHUMMU. Y Me3Kax MOCiIKeHHS! po3p06JieHO 16 HOBUX BOJIbTAMIIEPOMETPUYHUX METOIUK BU3HAYEHHS
aJIKaJIoiAiB i iXxHiX METaboJIITIB y Pi3HUX MAaTPULIIX. METOAUKHU XapaKTePU3YIOThCs INMPOKMMY MEXKaMU JIiHITHOCTI
(1,5 - 3 IOPA/KM KOHIIEHTPallii1) Ta BACOKOIO YyT/IUBICTIO. [X yCrinHo anpo6oBaHo Tif yac aHasmisy
O/IHOKOMIIOHEHTHUX PO34YMHIB JJIs1 iH €Ki, KOMOIHOBaHUX JIIKapChKUX 3aCO0iB (KyBaJIbHi I'YMKH, CIIpei), a TAKOXK Y
MOJ€JIbHUX 0i0JIOTiYHUX 3pa3Kax (ceua, CJIMHA, IJ1a3Ma KpoBi).OKpeMo po3po6IeHO METOIUKY BU3HAYEHHS
HIKOTHHY B TIOTIOHOBI! CMPOBUHI Ta CUTapeTax, a TaKOX XiHiHY 11 aTPOIiHY B TOHI3yIOYMX HaNoAX. JesdKi METOIUKN
BaJimoBaHo BinnosigHO o BUMor JepskaBHoi Papmakoriei YKpaiHy. 3arpornoHOBaHi BOJIbTaMIIepOMETPUYHI
METOJIMKU € TPOCTUMH Y BUKOHAHHI, IBUIKUMU, EKOHOMIYHO JOLIJIBHUMU Ta MOXKYTb CJIYI'yBaTH €(PEKTUBHOIO

aJIbTEPHATMBOIO KJIACMYHUM CIEKTPO(POTOMETPUYHUM i XpoMaTorpadiyHuM mifgxonam 4o aHasli3y ajKajoifis.

2. The dissertation is devoted to a relevant scientific problem - the development of voltammetric methods for
determining common physiologically active compounds, namely alkaloids (ALs), and their major metabolites - N-
oxides. For the first time, a comprehensive study of the electrochemical behavior of seven alkaloids has been
conducted: atropine, platyphylline, nicotine, anabasine, galantamine, quinine (of natural origin), and nefopam (of
synthetic origin), along with their metabolites (N-oxides and cotinine). Various types of indicator electrodes were
used: a boron-doped diamond electrode (BDDE), a dropping mercury electrode (DME), and silver solid amalgam
electrodes (AgSAE) with different surface modifications. Laboratory synthesis of alkaloid N-oxides was performed,
and their structures were confirmed using high-resolution mass spectrometry and Fourier-transform infrared
(FTIR) spectroscopy. It was shown that alkaloid N-oxides undergo irreversible reduction at mercury electrodes,
forming one or two cathodic peaks depending on the compound's nature and the solution's pH. Weakly acidic or
neutral media were found to be optimal for reduction. The electrochemical processes are of diffusion-adsorption
nature, which enables the application of adsorptive voltammetry for preconcentration of the analyte on the
electrode surface, thereby improving the method's sensitivity. The mechanism of electrochemical reduction of
alkaloid N-oxides to their corresponding parent compounds is two-step, involving the sequential addition of one
electron and one proton at each stage. Mass spectrometric investigations confirmed this mechanism. The
electrochemical transformations of alkaloids at the BDDE were also studied. It was found that most alkaloids are
oxidized on the electrode surface, producing one or two anodic peaks depending on the compound's nature and
the pH of the medium. Additionally, quinine and nicotine metabolites were shown to undergo reduction on this
electrode. All these redox processes are irreversible and diffusion-controlled. Within the scope of the study, 16
new voltammetric methods were developed for determining alkaloids and their metabolites in various matrices.
These methods are characterized by wide linear ranges (1.5 to 3 orders of magnitude) and high sensitivity. They
were successfully tested on single-component injectable solutions, combined pharmaceutical formulations
(chewing gums, sprays), as well as in model biological samples (urine, saliva, and blood plasma). Separate
voltammetric methods were developed for the determination of nicotine in raw tobacco and cigarettes, as well as
for quinine and atropine in tonic beverages. Some of the methods were validated in accordance with the
requirements of the State Pharmacopoeia of Ukraine. The proposed voltammetric methods are simple to perform,
rapid, cost-effective, and can serve as efficient alternatives to classical spectrophotometric and chromatographic
techniques for analysing alkaloids.
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VIII. 3akr04Hi BimoMocTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Kanmmyak Spocnias Muxaiinosid
TOJIOBH pajgu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI Kanuyax fIpocniaB Muxaiinoud
rOJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBimasibHU 32 MiATOTOBKY ’Kak Osbra BononnmupisHa

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA
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