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1. BombTamnepameTprUyHi METOIM BU3HAUEHHS aJIKAJIOiiB Ta ix MeTaboIiTiB y JliKapChbKUX 3ac006ax i 6i0y10riuHmX
piIuHax.

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

Pedepar:

1. InceprauiiiHy po60Ty IPUCBSIYE€HO aKTyaJIbHill HAyKOBill Ipo6semi — po3po61Lli BOJIbTaAMIIEPOMETPUYHUX METOAUK
BM3HAYEHHS NNOMMPEHNX (i3i0sI0rivyHO aKTMBHUX CIIOJNYK — ajIkaloifiB (AJI) Ta ixHiX OCHOBHUX MeTaboJIiTiB — N-
OKCHUJIiB. YIleplle KOMIIJIEKCHO [IOCJII)KEHO eJIEKTPOXiMiuHY ITOBEIiHKYy CEMU aJIKaJoifiB: aTPOIiHy, IJIaTUQiliHYy,
HIKOTHHY, aHaba3MHy, FraJlaHTaMiHy, XiHiHy (IPMPOSHOTO MOXOIPKEHHS) Ta HeQonamy (CUHTETUYHOTO [TOXOIKEHHST),
a TaKoX ixHix MeTabosiTiB (N-0KCcHIiB Ta KOTHUHIHY). BUKOpUCTaHO iHAMKAaTOPHI €/1eKTPOoY Pi3HOI IPHUPOAU:
aJIMa3HuM, onoBaHu 60pom enekTpoy, (AIBE), pTyTHUII KpanIMHHUMN es1eKTpoy, (p.K.€.) Ta eJIeKTPOJY Ha OCHOBI

TBepAoi amanbramu cpibzna (AE) 3 pisnumu moaudikanismu. [IposegeHo sjabopatopHuil cuHTe3 N-OKCHiB



QJIKAJIOIIB Ta MiITBEPIKEHO IXHIO CTPYKTYPY 3a JOIOMOTIOI0 BUCOKOPO3AIbHOI Mac-crieKTpomeTpii ta 14-
criekTpockoriii 3 nepeTsopeHHIM Qyp'e. [TokazaHo, mo N-0oKcHUM anKasoiiB HEOOOPOTHO BiIHOBIIIOIOTHCS Ha
PTYTHUX €JIEKTPOJaX 3 YTBOPEHHSIM OHOTr0 ab0 ABOX KAaTOJHUX MiKiB 3a71€XKHO Bif] IpUPOAU CIOJIyKU Ta pH
PO34MHY, [IPY LIbOMY ONITHMAJIbHUM CEPEIOBUILEM [IJIs1 BiIHOBJIEHHS € c1aboKucie abo HeHTpasbHe. BcTaHOBIEHO,
110 €JIEKTPOXiMi4Hi IpoLecy MaloTh AUQY3iiHO-aIcOPOLiiiHy TPUPOLY, O AO3BOJIsIE 3aCTOCOBYBATH aICOPOLIIHY
BOJIbTAMIIEPOMETPIIO 17151 MTONEePESHBOrO HAKOIIMYEHHS aHAJITY ! MiBUILEHHS YyTJIMBOCTI BU3HAYEHHS. MeXaHi3M
€JIEKTPOXIMIYHOTIO BifHOBJIEHHS N-OKCHUiB aJIKaJIOiiB 10 BiAIOBIAHMX IIEPBUHHUX CIIOJYK € IBOCTAIHUM, i3
MOCJIJOBHUM IIPUENHAHHSIM OJHOTO €JIEKTPOHA Ta OJHOIO IIPOTOHA Ha KOXKHIM cTafii. MexaHi3sMU BiTHOBJIEHHS
MiITBEPIKEHO MAC-CIIEKTPOMETPUYHUMU OCTII)KEHHSIMU. BUBUEHO TaKOX €J1eKTPOXiMiuHi NepEeTBOPEHHS
ankasnoinis Ha AJIBE. ITokasaHo, 1110 6i/IbIIiCTh ajIKajoiliB OKUCHIOIOTHCS Ha I0ro OBEPXHI, yTBOPIOIOYX OAUH ab0
IlBa aHOJHI ITiKK 3aJ1€KHO Bif, Ipupoau crnoyyky ta pH cepenosuia. KpiMm TOro, BCTAaHOBJIEHO, O XiHIH i
MeTaboJIiT HIKOTUHY BiIHOBJIIOIOTHCS Ha LIbOMY esieKTpoi. [Iporecu € Heo60pOTHUMU Ta TUPY3iiTHO
KOHTPOJIbOBaHUMHU. Y MeXax [OCiI )KeHHs po3p0o06sieHO 16 HOBUX BOJIbTAMIIEPOMETPUYHUX METOAUK BU3HAYEHHS
aJIKaJoifiB i ixHiX MeTaboJIiTiB y pi3HUX MaTpULSIX. METOAUKYU XapaKTepU3YIOTbCs IMPOKMMU MEXKaMU JIiHITHOCTI
(1,5 - 3 IOPA/KM KOHIIEHTPallii1) Ta BACOKOIO YyTIUBICTIO. [X yCrinHo anpo6oBaHo Tif yac aHamisy
OJJHOKOMIIOHEHTHUX PO3UMHIB JJIs1 iH €Ki, KOMOIHOBaHUX JIIKaPChKUX 3aCO0iB (KyBaJIbHi I'YMKH, CIIpei), a TAKOXK y
MOJeJIbHUX 0i0JIOTiYHUX 3pa3Kax (ceva, CJIMHA, IJ1a3Ma KpoBi).OKpeMo po3po6sIeHO METOIMKY BU3HAYEHHS
HIKOTUHY B TIOTIOHOBI!l CUDOBMHI Ta CUTapeTax, a TAKOXK XiHiHYy 1 aTPOIIiHY B TOHI3yIOUMX HAMosX. [lesaKi METOAUKN
BaJimoBaHo BinnosigHO 1o BuMor JepskaBHoi Papmaxornei YKpaiHy. 3arnponoHOBaHi BOJIbTaMIIepOMETPUYHI
METOJUKY € IPOCTUMU Y BUKOHAHHI, IIBUIKUMU, EKOHOMIYHO JOLIJIBHUMU Ta MOXYTb CIyryBaTU €(peKTUBHOIO

aJIbTEPHATMBOIO KJIACUYHUM CIIEKTPO(POTOMETPUYHUM i XpoMaTorpadiyHum mifgxonam Jo aHasli3y ajKasoifis.

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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