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3. np Janom Yanaam, penosuu npodecop, yxa Hayyna odsact: OpraHcka xemuja, n3abpaH y 3Barmbe peloBHOT
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4. np Anexcanaap BopheBuh, penosau npodecop, yxa HaydHa obmact: Onmra XeMHuja, n3adpaH y 3Barbe
01.10.2009. u3 ommure xemuje, Ilpupoano-maremMaTinuku pakynter, Y HuBep3uteT y HoBom Cany - uian
5. ap Caodonan IlerpoBuh, penosHu npodecop, yxka HaydHa oOsact: Oprancka xemuja, u3abpaH y 3Bame
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MNPEIVIEJ JOKTOPCKE JUCEPTAIIMJE (Review of Ph.D. Thesis):

Joxropcka aucepranuja "Boxramerpujcke MeToae Ha 0a3W jeIHOCTAaBHUX M CaBPEMEHHX €JEKTpoaa/ceH3opa
3a ojapehuBame ona0OpaHWX aHanMWTa OJ (apMaKOJONIKOT 3Hadaja" je HammcaHa Ha CPIICKOM jE3WKY,
JATHHUYHAM THCMOM, Ca KJBYYHOM JOKYMEHTAIHjCKOM HH(OpPMAIMjoM Ha CPIICKOM M EHIJIECKOM je3WKY.
Hanmcana je ma 201 crpamm m cagpxu 9 mormaBiea: YBox (2 crpane), Teopuwjcku aeo (48 crpaHa),
Excnepumenranau geo (13 crpana), Pesynratu n auckycuja (98 crpana), 3axipydak (6 ctpana), Conclusion (6
crpana), JIuteparypa (12 ctpana), buorpaduja (2 crpane), Cniricak HaydHUX pamoBa (2 ctpane). JJokTopcka
quceprauyja caapxu 106 cinuka, 15 Tabmuuma w184 nurepatypHux nurata. Ha moderky JOOKTOpCKe
JUCepTalldje Halla3! Cce 3aXBalIHUIIA, CaapikKaj U JIMcTa ckpaheHuna.

Ph.D. thesis "Voltammetric methods based on simple and contemporary electrodes/sensors for the
determination of selected analytes of pharmacological significance" is written on Serbian language, Latin
alphabet with keywords documentation on Serbian and English language. It is written in 201 pages and
contains the 9 chapters: Introduction (2 pages), Theoretical part (48 pages), Experimental part (13 pages)
Results and Discussion (98 pages), Conclusion (in Serbian, 6 pages), Conclusion (in English, 6 pages),
References (12 pages), Biography (2 pages), List of scientific papers (2 pages). Thesis contains 106 pictures,
15 tables, and 184 references. At the beginning of the Ph.D. thesis is Acknowledgement, Content and List of
abbreviations.

BPEJHOBAKBE NMOJEAUHUX JEJOBA JOKTOPCKE JUCEPTALIMJE (Evaluation of certain
parts of thesis):

VY mornaBiby YBOJ ommcaHe Cy yjore aHTHOMOTHKA W JKYYHHX KHCEIMHA, Ka0 M Paslio3W 300T KOjuX je
HEOIMXOJHO PAa3BHUTH IOY3JaHE METOJIC 3a KUXOBO oipehuBame y omabpanum y3opuuma. Takohe, y oBoM
MOTJIaBJbY Cy Ne(QUHUCAHU [IUJBCBH UCTPAKUBAKHA Y OKBUPY JOKTOPCKE TUCEPTALIH]C.

VY TeopujckoM mesry JOKTOPCKE AMCEPTAIH]je, OMMCAHU CY IIMJbHU aHAIUTH KOPUIINEHHN Y eKCIICPUMECHTAITHOM
pany, 3ajeIHO Ca BHUXOBHUM CTPYKTypama, MPUMCHOM U JIUTEPATYPHUM MPETIICAOM METOoJla MPUMCH-CHHUX 3a
BUX0BO onpehuBame. [lopen MWBHUX aHAUTA, Y OBOM IOTJIaBJbY INOKTOPCKE JMCEPTAIMje IAT je Mperiel
pamHUX eNeKTPOoAa NMPUMEHEHUX TOKOM EKCIIEpHMEHaTa, lUXOBE OCHOBHE EJIEKTPOXEMHjCKe 0coOMHE, Kao 1
JUTEPaTypHU TIPETIIe]] ’bUX0BE IPUMCHE.

Kangunat, y oxBupy Teopujckor nena, maje aeTajbaH MpeETie] JUTepaType KOjH YCIENIHO YKJIama y jeaHy
[IEJTMHY ¥ Ha OCHOBY Hera Ce jacHO caryie/ilaBa mpooieMaTHKa JOKTOPCKE AUCEPTAIHje.

ExcnepuMeHTaJIHN €0 caipXW IIperyiel] CBHX KOPHIINEHMX XEMHUKalmja, eleKkrpoga u ypebaja,
EKCIIePUMEHTAIHUX YCIIOBa pajia, Kao M MOCTyMaK paja.

VY nornasspy Pe3yaraTH M AMCKyCHja KaHIUIAT je Ja0 Nperyie] U AUCKYCH]y AOOMjeHHX pes3ynrara y TOKY
UCTpaXXMBarba y OKBUPY IOKTOPCKe AucepTanuje. [lornassbe je moiesbeHo Ha TPH MOATOTIIABIba:

e Boaramerpujcka Kapakrepuzanuja u oapehuBame aHanuta 01 (HapMaKoJIOIIKOr 3Ha4aja MPUMEHOM
oOHOBJsbHBE cpebpo-amanram ¢punm enekrpone (Hg(Ag)FE) kao panHe enexrpoie,

¢ lcnuTuBame BOJATAMETPHjCKOr IOHAIAKkA 3-IEXHIPO-ACOKCHXOJIHE KHCEIMHE U HEHO onpehuBame y
MOJIEJI PacTBOPY IIPUMEHOM eX situ npunpembere onzmyr-dunm enexrpoxe (BiF-GCE) n

¢ Boxramerpujcka KapakeTpuzamyja u ogpehuBame MaKpOIUAHUX aHTHOMOTHKA MPHUMEHOM €JIEKTPOIC OJ
yribennune macte (CPE) kao pamne enexTpone ykjbydyjyhm M TecTHpame 37aTHHM HaHOYECTHIIAMAa
MoaudukoBaHe enexTpoze of yribeandne nacte (Au-CPE).

Y mnpBOoM mOANOINIAB/BY NPHUKA3aHU CYy PpE3YNTaTH BOJTAMETPHjCKEe KapakTepu3anuje U oxapehuBama
AHTHOMOTHKA JOKCOPYOWIIMHA, EPUTPOMHUIMH-CTHICYKIMHATA, Aa3WTPOMHIMHA, KIAPUTPOMHIIMHA U
POKCHUTPOMHIIMHA y MOJEJ pacTBOpMMa M oJa0paHMM MOJENI M pPEHHM y30puuMa. Y cllydajy CBHUX
NIOMEHYTUX aHTHOMOTHKa HUXOBHM PEIYKIMOHH CHTHAJIM Cy AETaJbHO INpOydYaBaHHW. 3a KapaKTepH3alujy
LMJBHUX aHAJINTA [IPUMEH-EHE Cy BOJITAMETPHjCKE MEPHE TEXHHMKE Ko IITO Cy BOJITaMETPHja ca MPaBOyraoHHM
tanacuma (SWV), nukianyna Bonramerpuja (CV), nuneapHo ckennpajyha Bonramerpuja (LSV) u ancopnrusHa
WHBEp3HA BOJTaMeTpHja y KOMOMHALMjU ca BOJTAaMETPUjOM ca IpaBoyraoHmm tanacuma (SW-AdSV) y3
NPUMEHY ONTHUM30BaHHUX pPaJHHUX IPOTOKOJA M METoJa. 3a pa3Boj aHAJMTHUYKUX METO/A NPHUMEHCHE CY
nupektHa katrogHa SWV m SW-AdSV Takohe mpu onTtumMu3zoBaHWM yciaoBuMa pana. lIpukazaHu cy H
pe3yiTaTH ONTHMH3aNKje U IpUMEHEe METOJe 3aCHOBAaHE Ha TEYHO] XpoMaTorpaduju BHCOKE €PHKACHOCTH y
KOMOWHAIIMju ca JeTeKTOpoM Ha Oa3W HHM3a [UOAa, Kao YIOpeIHEe MEpHE TeXHHWKe, 3a OApehuBambe
EepPUTPOMHUIIMH-CTIICYKIITHATA Y MOJEN PacTBOPY M y oxabpaHoj KOMEpIHjaiaHoj GopMynanuju. Y ciydajy
aHaJM3e TparoBa aHTHOMOTHKA TPH Pa3BOjy aJCOPITHBHUX BOJTAMETPH]CKHX METOAAa ONTHMHU30BAHH Cy H
YCIIOBH aKyMyJalWje MWBHUX aHajduTa Ha noBpmuHH Jako oOHoBspMBe Hg(AZ)FE. Ilpm mpoydaBamy
MaKpOJIMAHHX aHTHOMOTHKA crpoeieHa cy u 'H NMR Mepema y Be3sH MCIHTHBAH-A XESMHjCKOT MOMEPara
METHJI MPOTOH CUTHAJIA TePIHjapHUX aMUHO Irpyla MOMEHYTHX HWJBbHHUX aHANIWTa paau yrephusama onux pH




BPEIHOCTH pajiHe CPeANHE/OCHOBHOT EJICKTPOJIMTA IPH KOjUMa Ce LUJbHM MOJICKYJIM Hajla3ze Y MPOTHOBAHO]
¢dopmu, mTO TIpU oApe)eHNM BOJATaMETPHjCKUM YCIOBHMA paja, IOCIIEITyje aJCOPIIHjy IMJbHAX aHaJUTa Ha
Hg(Ag)FE.

VY nmpyrom moanoriaBiby npeactaBiben ¢y SWV nu SW-AdSV onzuBu ex situ npunpeMibeHe OuaMyT-(uim
€JICKTPOJIe Ha CYICTpaT elekTpoaw oj cTaknactor yribeHmka (BiF-GCE) mnpum mpoydaBamy 3-mexumpo-
JICOKCHXOJIHE KHCEJINHE Kao LIJBHOT aHAUTA 3ajelHO ca pe3yiaTaTHMa oipeliBama MCHUTHUBAHOT AHAIUTA Y
MOJEN pacTBOpy IMpuMeHoM ontumuzoBane SW-AdSV wmeroge. Ha ocHOBY JdeTajbHHX NpoydyaBama
UCIUTHBAHOI CHCTEMa YOYEHO je Ja cama eJIeKTPOAa OJ CTAaKJIACTOI YIJbeHHKa HHje MOrojHa 3a ao0ujama
BOJITAMETPHjCKUX OJ3MBa 3-AE€XHUIPO-ICOKCUXOJHE KHCEIMHE WIN 3-IeXUApO-JeOKCHXoyaTa, a ex Situ
npunpemsbera BiF-GCE naje Beoma ciiab o131B Ha IIMJBHM aHAJIHUT IPH MpuMeHn aupektHe SWV merone, 10k
ce ontuMuzoBana SW-AdSV merona nokasana noroaHoMm 3a oapehrBame OBOI IMJBHOT aHAIUTA Y HUXKO] U
mL" o6mactu xommentpaummja. Ilopen Ttora, BiF-GCE ciyku Kao pamHa eIeKTPOAA 3a ENEKTPONU3Y
UCTINTHBAHOT aHAINTa NPH KOHCTAHTHOM MOTEHIHjaldy. Y TakBHUM MEPHHM OKOJHOCTHMA HPHUIPEMIBCHU
Y30pIIH HAKOH F>HXOBE aHAIN3E APYTOM MEPHOM TeXHHKOM, Kao Hip. 'H NMR MepHa TeXHKa y3 MOTHCKUBAHE
CHUrHaja BOJE, MOTY 1a 00e30eze NeTabHUjU YBUL Y IPUPOAY M MOHAMIAKE POYIaBaHOT CHCTEMA.

Tpehe momamornmaBie oOyxBaTa pe3yiTaTe BOJITAMETPHjCKE KapakTepm3anuje M onapehmBama MaKpOIUIHUX
AHTHOMOTHKA, CPUTPOMUIIMH-CTIICYKIMHATA, A3WTPOMHIMHA, KIAPUTPOMHUIIMHA W  POKCHTPOMHIIMHA
nmpuMeHoM enektpoge of yribeHmuHe macte (CPE) mTo je 3acHOBaHO Ha FHXOBO] EIIEKTPOXEMH]jCKOj
OKCHIAIMjH MPUMEHOM JUPEKTHUX aHOTHUX SWV Merona y ciiyuajy CBUX MOMEHYTHX aHAIIUTA, a Y CIIy4ajy
CPUTPOMUIIMH-CTUICYKIIMHATA ¥ A3UTPOMUIIMHA MPUMEHEHA je U MU(EpCHINjalHO MyJICHA BOJTAMETPH]jCKa
(DPV) merona. IIpukazanu cy m pesyaratu oapehuBama pOKCHUTPOMHMIMHA Y KOMEpUHMjasiHoj (Gopmynanujn
IIPUMEHOM pa3BHjeHE AWPEKTHE aHOJHE BOJITAMETPUjCKE METOAE ca IMpaBOyraoHHMM Tajacuma. JloOujeHn
PE3yNTATH CY Y CAarJIACHOCTH Ca JICKJIAPUCAHUM CaJpKajeM IMJBHOT aHTUOMOTHKA O]l CTpaHe mpousBohaya. Y
CIIydajy a3WTpPOMHIMHA TIPHUMEHEHA j€ eNeKTpPoAa OJ YIJbeHHYHE I1acTe MOBPIIMHCKKA MOAH(HUKOBaHA
HaHOYECTHUIIaMa 3J71aTa ca npeynnkoM dectuia ox 10 nm (Au-CPE) npu uemy je nmpumemeHa DPV TexHuka 3a
pa3Boj aHamutHuke metone. Passujena DPV metoma y komOunamnmju ca Au-CPE je oceTspnBHja y 0gHOCY Ha
MeTOIy Koja ce ocnama Ha HemoaupukoBany CPE, nn nuHeapHa obnacT aHATMTHYKE KPHUBE j€ 1BA IMyTa IIUpa y
ciy4dajy Au-CPE.

PesynraTu nucrpaxkuBama y OKBUPY JOKTOPCKE ANCEPTAIMje Cy HOBU M OpUTHHANHU. KaHInAaT je npernenHo u
PasyMJBHMBO MPEACTABHO PE3YJITATE Y3 aJICKBATHY, CTPYYHO 00pa3ioxkKeHy, JUCKYCH]Y.

VY nornaeiby 3aK/by4aK CyMUpPAHH Cy AOOWjEHU PE3yJITaTH U 3aKJbY4lU Cy M3BEJICHU HA OCHOBY IPHKa3aHUX
pesynrara u auckycuje. Onrosapajyhu 3akJbyulii ¥ CyMUpPaHH Pe3yJITaTH Ha €HIJICCKOM je3MKY NPUKa3aHu Cy
y nornassby Conclusion.

Ha ocHOBy HaBezeHOI KOMHCHja 3aKJbydyje Jla Cy OCTBAPEHH IUIAHMPAHW LUJBEBU HCTPAKHBAIbA y OKBHPY
JIOKTOPCKE JAUcepTaryje.

VY nornasspy JInTepaTypa HaBeJeHa je TUTEpaTypa UTHPaHa Y TOKTOpcKoj aucepramuju (184 pedepenm).

Wzabpane pedepeHne cy mpuMepeHe TeMaTHII KOjoM ce JOKTOpCKa aucepTanuja 6aBm u Ombmmorpadwuja je
HaBoljeHa Ha oAroBapajyhu HauWH.

In the Introduction the role of antibiotics and bile acids are described together with the reasons why is
necessary to develop reliable methods for their determination in the selected samples. Furthermore, this chapter
presents the research objectives of the thesis as well.

In the Theoretical part of thesis the target analytes are described, including their structure, application, and the
literature review of the methods used for their determination. Additionally, beside the target analytes, in this
chapter an overview of the working electrodes used in the experimental work is presented including their basic
electrochemical properties and a literature review of their use.

The candidate in the theoretical part provides a detailed review of the literatures which successfully fits into
one basic unite and based on that the problems of thesis are clearly defined.

Experimental part contains an overview of all chemicals, electrodes and devices, which are used in
experimental work together with the experimental work conditions and procedures.

In the chapter Results and discussion candidate gave overview and discussion of the results obtained during
the research within the framework of the Ph.D. thesis. The chapter is divided into three subchapters:

¢ Voltammetric characterization and determination of analyte of pharmacological significance by renewable
silver-amalgam film electrode (Hg(Ag)FE) as working electrode

¢ Investigation of voltammetric behavior of 3-dehydro-deoxycholic acid and its determination in model




solution by ex situ prepared bismuth-film electrode (BiF-GCE)

® Voltammetric characterization and determination of macrolide antibiotics by carbon paste electrode (CPE) as
working electrode including the investigation of carbon paste electrode modified with gold nanoparticles (Au-
CPE)

In the first subchapter the results of the voltammetric characterization and the determination of antibiotics
doxorubicin, erythromycin ethylsuccinate, azithromycin, clarithromycin and roxithromycin were elaborated
including the research performed in the model solutions and selected model and real samples. In all
investigated cases the reduction signals of the target analytes were investigated in details. For the
characterization of the target analytes voltammetric techniques such as square wave voltammetry (SWV),
cyclic voltammetry (CV), linear scanning voltammetry (LSV) and square wave adsorptive stripping
voltammetry (SW-AdSV) were emoloyed applying optimized measurement conditions. For the development of
the analytical methods direct cathodic SWV and SW-AdSV methods, also with optimized working conditions,
were used. Additionally, in this subchapter the development of a high performance liquid chromatographic
method in combination with the diode array detector, as the comparative measurement technique, was
presented for the determination of erythromycin ethylsuccinate in the model solution and in the selected
commercial formulation. In the case of antibiotics, during the development of adsorptive voltammetric
protocols, the conditions of accumulation of target analytes on the easily renewable Hg(Ag)FE were optimized
in order to obtain highly sensitive analytical methods. For the macrolide antibiotics 'H NMR measurements
were performed to investigate the chemical shifts of methyl protons signal of tertiary amino group of the target
analytes to determine the pH values of working media/supporting electrolyte where the protoned form of the
target analytes are present which leads to facilitated adsorption of target analytes on Hg(Ag)FE surface under
selected voltammetric measurement parameters.

In the second subchapter the results of SWV and SW-AdSV behavior of the ex situ prepared bismuth-film
electrode on the glassy carbon substrate electrode (BiF-GCE) for reduction of 3-dehydro-deoxycholic acid
target analyte are shown together with the results of the determination of the target analyte in a model system
using the optimized SW-AdSV method. Based on the detailed study of the investigated system it was observed
that the bare glassy carbon electrode is not suitable for recording the voltammetric responses of 3-dehydro-
deoxycholic acid or 3-dehydro-deoxycholate, and the ex situ prepared BiF-GCE showed a very weak response
by direct SWV method, while the optimized SW-AdSV method is suitable for the determination of this target
analyte in lower ug mL™ concentration range. In addition, BiF-GCE as working electrode was used for the
electrolysis of target analyte at a constant potential. In such circumstances, the obtained samples after their
analysis by different measurement techniques, eg. the water suppressed '"H NMR measuring technique, can give
a deeper insight into the behavior of the investigated system.

The third subchapter includes the results of the voltammetric characterization and determination of macrolide
antibiotics, erythromycin ethylsuccinate, azithromycin, clarithromycin and roxithromycin with a simply carbon
paste electrode (CPE), which was based on their electrochemical oxidation applying direct anodic SWV
methods in the case of all mentioned target analytes and differential pulse voltammetry (DPV) in the case of
erythromycin ethylsuccinate and azithromycin. The results of the determination of roxithromycin in the
commercial formulation by developed direct anodic square wave voltemmetric method are also presented. The
obtained results are in accordance with declared amount of target antibiotic by manufacturer. Additionally to
that in the case of azithromycin carbon paste electrode was surface modified with gold nanoparticles with
diameter of 10 nm (Au-CPE) and the DPV technique was applied for the development of an analytical method.
The developed DPV method in combination with Au-CPE is more sensitive in comparison to the method based
on the application of the unmodified CPE and the linear range of analytical curve is twice wider in the case of
the Au-CPE.

The results of research in the Ph.D. thesis are new and original. The candidate presented the results transparent
and understandable with an adequate, vocational reasoned, discussion.

In the chapter Zaljuéak (Conclusion on Serbian) the obtained results are summarized with appropriate
conclusions derived from the presented results and discussions. The appropriate conclusions and summarizes of
the results are presented on English in chapter Conclusion.

Based on the above the Committee concludes that the planned objectives of the research within a Ph.D. thesis
are realised.

The chapter References contain list of cited references in the thesis (184 references).

Selected references are appropriate for the theme of thesis and the bibliography is guided appropriately.

VI CIIUCAK HAYUYHUX U CTPYUHUX PATOBA KOJU CY OBJABJbLEHU WIN TPUXBAREHU 3A
OBJAB/JbLUBAILE HA OCHOBY PE3VYJITATA HCTPAJKKUBAIbLA Y OKBUPY PAJIA HA TOKTOPCKOJ
JAUCEPTAIINJU (List of scientific papers that have been published or accepted for publication on the basis of




research results in the framework of a Ph.D.)

Cnucak Hay4yHHX pafioBa o0jaB/beHuX y Mel)yHapoanum yaconucuma ca SCI smucre, kateropuja M21 (List of
scientific papers published in international SCI journals, category M21)

1.

Olga Vajdle, Jasmina Zbilji¢, Bojan Tasi¢, Danica Jovi¢, Valéria Guzsvany, Aleksandar Djordjevic,
Voltammetric behavior of doxorubicin at a renewable silver-amalgam film electrode and its determination in
human urine, Electrochimica Acta, 132 (2014) 49-57 M21

Olga Vajdle, Valéria Guzsvany, DuSan Skori¢, Jasmina Anojci¢, Pavle Jovanov, Milka Avramov-Ivi¢, Janos
Csanddi, Zoltdin Koénya, Slobodan Petrovi¢, Andrzej Bobrowski, Voltammetric behavior of erythromycin
ethylsuccinate at a renewable silver-amalgam film electrode and its determination in urine and in a pharmaceutical
preparation, Electrochimica Acta, 191 (2016) 44-54 M21

Olga Vajdle, Valéria Guzsvany, Dusan gkorié, Janos Csanadi, Milo§ Petkovi¢, Milka Avramov-Ivi¢, Zoltan
Koénya, Slobodan Petrovi¢, Andrzej Bobrowski, Voltammetric behavior and determination of the macrolide
antibiotics azithromycin, clarithromycin and roxithromycin at a renewable silver — amalgam film electrode,
Electrochimica Acta, 229 (2017) 334-344 M21

Caonmmrema Ha Mel)yHapogHuM HaydYHUM CKynmoBuMa, kateropuja M34 (Presentation at international scientific
conferences, category M34)

1.

Olga Vajdle, Jasmina Zbilji¢, Bojan Tasi¢, Danica Jovi¢, Valéria Guzsvany, Aleksandar Pordevi¢, Voltammetric
determination of trace level of doxorubicin in a real sample by renewable silver-amalgam film electrode, 20th
Young Investigators’ Seminar on Analytical Chemistry, Maribor, Slovenia, 26-29.06.2013., Book of Abstracts: p.
34. M34

Olga Vajdle, Jasmina Zbilji¢, Pavle Jovanov, Valéria Guzsvany, Milka Avramov Ivi¢, Slobodan Petrovic,
Renewable silver-amalgam film electrode for voltammetric determination of erythromycin in selected samples,
International Conference on Electrochemical Sensors- Mdtrafiired 2014, Visegrdd, Hungary, 15-20.06.2014.,
Book of Abstracts: p. 125. M34

Olga Vajdle, Jasmina Zbilji¢, Valéria Guzsvany, Milka Avramov Ivi¢, Slobodan Petrovi¢, Renewable silver-
amalgam film electrode for voltammetric determination of azithromycin, roxithromycin and clarithromycin
antibiotics, 21st Young Investigators’ Seminar on Analytical Chemistry, Pardubice, Czech Republic, 25-
28.06.2014., Book of Abstracts: p. 17-18. M34

Olga Vajdle, Valéria Guzsvany, DuSan Skori¢, Milka Avramov-Ivi¢, Janos Csanddi, Zoltin Koénya, Slobodan
Petrovi¢, Andrzej Bobrowski, Voltammetric determination of selected macrolide antibiotics by renewable silver-
amalgam film electrode, 23rd Young Investigators’ Seminar on Analytical Chemistry, Novi Sad, Serbia, 28.06-
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VII 3AK/bYUYLHU OJHOCHO PE3YJITATU UCTPA/KUBAIBA (Conclusions i.e. the results of research)

VY 0BOj HOKTOPCKO] AMCEPTalMjU IpPUKA3aH je Pa3Boj aHAIMTHYKHX METOJa, NpE CBEra BOJTAMETPH]CKHUX Y
KOMOMHAIMjU ca jeJIHOCTABHUM M CaBPEMEHHMM eJIEKTpoJama/ceH3opuma, 3a oapehuBame omadbpaHnX aHaUTa
(u3HoIIONIKE BAXKHOCTH Kao mTo cy aokcopyourmn (DOX), epurpomunnn-eruincykuunar (EES), asutpomunya
(AZI), xmaputpomuriua (CLA), pokcutpomuriud (ROX) n 3-nexuipo-1e0KCuxoiHa KUCEIHHA.

Kangunat 3axipydyje ma nmpuMeHoM oOHOBIJbHBE cpedpo-amanram uinm enekrpone (Hg(Ag)FE) cipoBenena je
BOJITAMETPHjCKA KapakTepu3andja ¥ onpehuBame HaBeIEeHNMX aHTHOMOTHKA y KOMOMHANMjU ca IUPEKTHOM
KaTOAHOM BOJITAMETPHjOM ca MpaBoyraoHuM TamacumMa (SWV) U 0CeTJbHMBOM aJCOPITHBHOM HHBEP3HOM
BOJITAMETPHjOM ca TpaBoyraonmMm Tamacuma (SW-AdSV) y bBpuron-Pobuncon nydepy, kao mnoMohHOM
CJIEKTPOJIUTY y MHPOKOj obiacti pH-Bpennoct. Bonramerpujckn oa3usu DOX-a npoy4aBaHu cy y HHTEpBaLy
norenuyjana ox -0,20 mo -0,80 V y omnocy Ha 3acuheny kamomenoBy esextpony (3KE). Kao onrumanun
rapaMeTpy 3a aHajIu3y Tparosa npuMeHoM SW-AdSV Mmeroze y Be3M aHaJIMTHUKOT NHKA HAa IMOTEHIMjaTy IHKa
(E,) on-0,57 V y onnocy Ha 3KE onabpanu cy pH 6,0, norennujan akymynanuje -0,20 V u Bpeme akymyJaruje
140 s. Y mozen pacTBOpy 3a/10BoJbaBajyha janHeapHOCT aHanuTHuke Merone oapehusama DOX-a nocturnyra je




y KoHIeHTpamuoHoM orncery 4,99-59,64 ng mL™'. Pasujena SW-AdSV MeTona je nmpumemeHa 3a oxpehupame
DOX-a y o6oraheHom y30pky xymasor ypuna. Huxa xonnentparuja DOX-a 9,89 ng mL™' y Bontamerpujckoj
hemmju je onpehuBana ca peratuBHOM crangapaHoM nesujanijoM (PCH) mamom ox 6,0%. Pexykimonu curaaim

CBa YETHPH MaKpOJIMIAHA aHTHOMOTHKA jaBJhajy c€ y JaJIeKOj HETaTHBHO] OOJIACTH MOTEHIMjana. VcnuTuBama
mupekTHOM KatonHoM SWYV palhena cy y omcery nmorernujaia ox -0,75 V go -2,00 V y ognocy nHa 3KE, npu
yeMy Cy AoOWjeHa jelaH WM JABa PeAyKIMOHA NMHKa y omcery moteHmyjana of -1,50 V mo -1,90 V. 3a pa3Boj
nupekTHe katogHe SWV u aacopnrtuBHe nHBep3He/cTpunuHr SW-AdASV MeToae, MOrogHuM Cy ce IoKasale
HeyTpajHa U ci1abo ankanna cpeauna 1j. pH 7,0 ca E, na -1,67 V y ognocy Ha 3KE 3a ROX u EES u pH 7,2 ca
E, na -1,85 V y ognocy na 3KE 3a AZI u pH 7,4 ca E, na -1,64 V y ognocy na 3KE 3a CLA. Ha ocnoBy
CHUMJbCHUX IMKIIMYHUX BOJTaMOIpama Ha ONTHUMAaTHUM pH-BpeaHOCTHMA, MOXKE C€ MPETIOCTABUTH JIa MPOILEC
KOjU Ce OJMIpaBa Ha MOBPIIMHM €JEKTPOJE j€ aJCOPHTHBHO-KOHTPOJIMCAH KHMHETHYKH NPOLEC y Ciy4dajy cBa
4eTHpH MCIMTHBAaHA Makponuaa. Ilopex Tora, 'H NMR Mepema y3 NOTHCKHBame cHrHana Boxe y pH o6mactu
n3mehy pH 6,0 n 10,5 yka3yjy Ha TO Aa cy MakpOJUIHH MOJIEKYJH NPU ONTUMAJIHAM aHAJIMUTUYKAM YCIOBUMA
JIOMHUHAHTHO Yy NPOTOHOBaHO] (hOPMHM IIPEKO TeplMjapHe aMHHO TPyIE IITO MOTIIOMAXE, Yy CBa YETHUPHU CIIy4aja,
BUXOBY ajacopniujy Ha oarosapajyhe momapmsoBanHoj Hg(Ag)FE. OntumusoBane nupekTHe KatomHe SWV
METOJIC TOKa3yjy moOpy JMHEapHOCT y KOHICHTpanuoHom ormcery 4,81-23,3 ug mL"', 4,53-298 ug mL",
1,96-28,6 ug mL"' u 1,48-25,9 ug mL" 3a AZI, EES, CLA, omnocao ROX. PasBujene SW-AdSV merone cy
MIPUMEHJbUBE TPU HUKUM KOHIIEHTPAMOHUM HHTepBasinma 1,0-2,46 ug mL'l, 0,69-2,44 ug mL'l, 0,05-0,99 pg
mL" 1 0,10-0,99 ug mL™', 3a AZI, EES, CLA u ROX. PC]] 3a cBe pasBujene Metoze Huje Beha ox 1,5% usyses
SWV wmerone y ciyuajy AZI-a rne je 4,7%. Jupekrtna xaronqHa SWV Mmerona je ycliemrHO IpHMEHCHA 3a
onpehusame EES-a y dapmareyrckom npomssoxny Eritromicin®, mpu wemy onpehusanu caaprkaj u3HocH 251,2
mg/Tabnern ca PC/ 0,95% (mexnapucan campxkaj je 250 mg/rabnern), nok je passujera SW-AdSV merona
nmpuMemeHa y ciy4ajy onpehusama EES-a y oborahenom y3opky xymanor ypuna (nponaler caapxkaj je 1,39 ug
mL"' ca PCH 53% nupu uemy je nomarta koHuenTpaummja 1,37 pg mL") u 3a ompehuBame ROX-a y
dapmareyrckom mpomssoay Runac® (ompelhuBan campxaj je 149,52 mg/Tabnern ca PCIl 0,5%, a nexnmapucan
caapkaj ox ctpane mpomsBohaua je 150 mg/rabnern). Y cBUM MOMEHYTHM CIy4ajeBHMa, IPUMEHEHA j€ MEeToIa
cTanaapHor poxarka. [loy3ganocT u TayHOCT eaboprpaHuX mpolenaypa y ciyuajy onpehusama EES-a y monen
cucteMy u (apmaneyTckom mpoussony Eritromicin® cy morsplhena mopehemem ca pesynTaTuma A06HjeHHM
npumeHoM HPLC-DAD metoze.

Cymupajyhu nobujeHe pesyiaraTe KaHIMOAaT 3aKJbydyje Ja BOJITAMETPH]CKO HCIIMTHBame U onpehuBame
onabpaHux aHTHOMOTHKa Ce 3acHMBAa Ha HHMXO0BOj penykuuju npumeHom Hg(Ag)FE. DOX ce penykyje y
YMEPEHO HETaTUBHO] O0JIACTH paJHUX MOTEHIMjala, a YeTUPH MaKpOJMIHA aHTHOMOTHKA y JAJIEKO HETaTHBHO]
obyacTy, MTO je y CKIaay ca MOHAIIAKEeM Pa3IHIUTHX eJEKTPOAKTHBHUX IIEHTapa NCIIUTHBAHUX Mosiekyna. CBu
HCTIUTHBAaHN AHTHOWOTHIIM y CBOjUM IIPOTOHOBAaHMM (opMama, NPEKO aMHUHO Tpyma, TOKasyjy H3pakeH
a¢uHUTET TIpeMa HeratuBHO monapu3zoBanoj Hg(Ag)FE npu ontumu3oBannM yciaoBuMa paga. Y ciaydajy DOX-a
MOTOTHY TIOTCHIMjalld aKyMyJIaIlyje/aJcopIiije ce Hala3e y yMEepeHO HEeTaTHBHOj OONacTH aKyMyJalHOHHX
MOTEHIMjajla MITO Ce MOJKE INPHIMCATH Ca jeJHEe CTpaHe MPHCYCTBO MO3UTHUBHOT edekara xumpodoOHOT nena
MOJIEKyJIa ¥ MPOTOHOBaHe (hopMe aMHHO (pyHKUIMOHAIHE I'pyle ¥ MHTEH3UBUPAY PEIyJICUBHUX MHTEPAKLHja
AQHTPALMKJINYKOT CHCTEMa IPCTCHOBA IIPM HETaTHBHHUJUM IOTCHLMjalMMa aKyMyJaluje IpeMa IOBPIIUHA
Hg(Ag)FE ca npyre ctpane. Y ciydajy 4eTHpH NpoydaBaHa MakKpOJHIHA aHTHOMOTHKA M3paKeHa JIMMOQHIHA
ocoOMHa M KHHMXOBA jOHCKAa MOJIEKyJcKa ¢opMa cy riaBHM npomortopu ancopnimje Ha Hg(Ag)FE koja ce
YCIEIITHO MOKE peajiM30BaTh IPH ONTUMHU30BAHUM EKCIEPHMEHTAIHUM YCJIOBMMA pajia y HEraTUBHO] 00JacTH
noreHuyjaia. Kox cBUX HaBeeHUX aHTUOMOTHKA pa3BHjeHE aJCOPITHBHE METOJE Y KOMOWHALIM)HU ca OTOJHOM
BOJITAMETPH]CKOM IyJICHOM T€XHUKOM CHTHHU(HUKATHO CMambyjy TPaHMIly NETeKIHje u onpehuBama y oqHOCY Ha
aZiecKBaTHE BPEOHOCTH IO0OWjeHE NUPEKTHUM KatomHuM SWYV mMeronmama. JEQHOCTaBHH OIEPaTUBHHU KOpPaLd
obnassrama noBpmuHe Hg(Ag)FE Takohe mompuroce ToMe fa ce y3acromaa SW-AdSV mepema peanmnsyjy 6e3
MpeMeIITama pajHe eNeKTPoAe y APYTY CPenuHy pagll MEXaHWdKe TN Ipyre MeTozie oOHaBJharma MOBPIIHHE.
Pa3Bujene MeToie cy yCHEIHO IpUMEhEeHE 3a opeljuBame oqadpaHuX aHTHOMOTHKA Y MOZE CHCTEMHMa, Kao U
Mozen u peayHuM y3opiuma. Mmajyhu y Buny uumennity na Hg(Ag)FE ymecro Hg campxku meros cpebpo-
amainraMm, M Ja IpU ONTHMH30BaHMM YCJlIOBMMa aobOujeHn pasynrati npumenom Hg(Ag)FE ce moxasyjy
HCTOBETHO JOOPHM Kao LITO je TO [IO3HATO W3 JIMTepaType oX panuje y ciaydajy DOX, kao U epuTpoMHLMHA U
EPUTPOMHULIMH €THICYKIMHATA, U MMajyhu y By U TO Ja je OBa €JEeKTPOJa M Mame TOKCHYHA O/l CaMe >KUBE,
OHa MOJKE J1a MOCITy>KH Kao NorojHa 3amena Hg enexrpou.

HcnutuBaHa je NPUMEHIJBUBOCT eliekTpoae oj crakiactor yribeHuka (GCE) 3a peaykuujy 3-mexumpo-
JIEOKCHUXOJTHE KHUCeNnHe/3-aexunpo-neokcuxomnara y bpuron-Pobuncon nydepy y marepsany pH ox 5,0 no 11,8
IpUMEHOM JupekTHe kKaTtogae SWV H youeHo je a mpH JaTHM eKCIIEpUMEHTaJIHHM YCJIOBHMa HE JOJa3H 0
(dopmupama peIyKIHOHOT CHTHAIA M 300T Tora je OM3MyT-(QHIM H3IBOjEH eXx sifu Ha MOBPIIMHU UCTE CYICTpPAT
enextpone (BiF-GCE) u3 yo6uuajeno kopumhesor pacTsopa 3a exekrpozenosuunjy (0,02 mol L' Bi(NOs);, 1,0
mol L™ HCI u 0,5 mol L' KBr) paau moGoJblama 0ceTIbUBOCTH cens3opeke nospiunHe. BiF-GCE je mpuMemeH
3a KapakTepu3anujy ¥ ojapehuBame MOMEHYTOT jeIWberha Y ANKalHOj CPeOWHH. PeXyKIIMOHW CHUTHAI Of
aHAJIUTUYKOr 3Hayaja je youeH jenuHo npumeHoM BiF-GCE y Bpuron-Pobuncon nydepy y oncery pH




Bpenuocty usmehy 9,5 u 11,8 npumeHoM ajacopnTHBHE MHBEP3HE BOJTAMETPHjE Ca NMPABOYraoOHMM Tajlacuma,
JIOK Yy Cly4ajy AMPEKTHUX KaTomaHuXx SWV ekcliepuMEeHTATHUX YCJoBa yOYeH je ciad peayKIMOHW MUK ca
HHUCKOM CTpPYjOM MakcmMyMma muka. ONTHMH30BaHM EKCIIEPHMEHTATHH YCIIOBH 3a onapehmBame 3-mexumpo-
JIeOKcHUXonaTta o0yxBarajy onaroBapajyhe KOHIMIMOHHpAmE ENEKTPOJAe YKIbYUyjyhn KOHIWIMOHUpAEmE ex Sifu
npurnpemibeHe BiF-GCE npu pH 11,8 mo crabunmsanmje cTpyje 6a3He IMHUjEe eNEKTPOXEMHU)CKUM IUKIHPAHEM
MOTEHIMjajla paJHe eNeKTPoAe Y MOoTeHIujasickoM orcery usmMely -1,00 u -2,00 V y ogrocy wa 3KE (6mu3y 15
IyTa) W MPUMEHY JBa KJbydHa Iapamerapa afCOpITHBHE BOJTAMETpPHje ca MPaBOYraOHNM TajacuMma: BpeMe
akymynanuje on 30 s u noreHuujan akymynanuje -1,00 V 'y ognocy na 3KE. 360r penatuBHe acMMETpUYHOCTH
J0OMjeHNX PeyKLIMOHUX CHTHAlla MCIIMTHBAHOI aHanuta ca E, Ha -1,35 V y oanocy Ha 3KE, mTo je Takobe
NPUCYTHO U y city4ajy npumene SW-AdSV, oxpehuBame MCIIUTHBAHOT aHAINTA je 3aCHOBAHO HA JIMHEAPHO]
3aBUCHOCTH M3Mel)y NOBpLIMHE IHMKa PEeIyKUMOHOI CHTHAala WCIIMTHBAHOT aHAJINTAa M HEroBe oAromapajyhe
koHIenTpanuje. [locturayra rpanuua aerexuuje je 1,43 ug mL™' ca 1Ba nuHeapHa oncera KanmuOpaLHOHe KPHBE
014,76 pgmL™" 0 13,0 uyg mL™" o1 13,0 ug mL™" 0 23,1 ug mL™' 3a pa3soj ananuruuxe meroge. PCJI metoze
je 3,22%. JlomaTHHW eKCIIEpUMEHTH, eJEKTPOJH3a HCIHUTHUBAHOT aHajJWTa Ha moTeHIwjamy -1,55 V (6nmsy
MakcHMyMa TMHKa MubHOT aHaymTa) y ogHocy Ha 3KE cy pahernn npumenom GCE y o6uky mutode neduHucaHe
MOBpIIHHE MOAN(DUKOBAHE Ca ex sifu MPUIIPEeMIbeHIM Om3MyT-puinmom. EnekTponmsmpanu pacTBOp y30pKOBaH
j€ Ha MOYETKy eKCIIepuMeHTa, HakoH 2,5 h m HakoH 4,5 h Tpermana. Y30pIu Cy aHANM3UPAHW NPHUMEHOM 'H
NMR mepema y3 TOTHCKHBakE CHUTHANA Boje ¥ mydepckom pactBopy pH 11,8 u Ha ocHOBY n00HjeHNX crieKTapa
MOJKE C€ MPETIIOCTAaBUTH J]a TOKOM EJIEKTPOJH3e 3-IeXHUAPO-ACOKCHXOJaTa JONA3H 0 PEAYKIHje KeTO Tpyme
NPUCYTHE Y CTPYKTYPH UCIIUTUBAHOT aHAIIUTA.

Ha ocHOBy noOujeHHX pe3yirara KaHIHIAT 3aKJbydyje J1a je CKOJOIIKH IOTOJHA, ex situ mpunpeMibeHa BiF-
GCE npuMeHJbMBa 32 BOJITAMETPU)CKO olpeluBame 3-1eXuaApo-IeOKCUXOIHE KUCEIMHE y 00NuKy 3-Iexunpo-
JIeOKCHXOJaTa. AHaIMTHYKA METOJIa je 3aCHOBaHa Ha peAyKUHju unipHor ananuta Ha BiF-GCE. Haleno je na ce
3-AeXUIPO-ICOKCUXOIHA KHCEIMHA Y (GOopMH 3-IeXUAPO-ACOKCUXONIaTa IIPH ONTUMAIHUM YCIOBHUMA paja
ancopOyje Ha moBpmuHU BiF-GCE mto mopen mobpe mpoBoaHe ocobmne ouzmyT-puima Ha GCE momatHO
noBehaBa ocersbuBoCT ontuMu3zoBane SW-AdSV merone. BiF-GCE npu oapelernm ycnoBuMa paja MoOXe 1a
MOCTYXH W Kao pajHa eJIeKTPOoAa 3a EJeKTPOIN3y LWJPHOT aHAIWTA INTO y HapeIHNM KopanmuMma paga y
KOMOWHaIMju ca '"H NMR MEpPHOM TEXHHUKOM VY3 IMOTHUCKHWBAE¢ CHTHANIA BOJE MOXe Ja o00e3bemu momaTHe
KOpHCHE HH(pOpMaInyje y Be31 UCTIUTHBAHOT CHCTEMA.

Bonramerpujcka kapakTepuzamyja u oapehuBame 4eTHpPH MaKpOJHIHA AaHTHOWOTHWKA paljeHa je mpuMeHOM
KiacuuHe enekrpone o yribeHunuyHe nacre (CPE) koja ce cacroju camo ox rpadurHOTr mpaxa u napaduHCKOr
yJba ca ONTHMHU30BaHUM JAUPEKTHUM aHogHMM SWV meronama. Y ciyuajy EES-a n AZl-a u nudepenuujanna
nyscHa Bositamerpuja (DPV) je tectupana 3a ucre cBpxe. Kao onrosapajyhe pH BpeanocTH 3a BontameTpujcko
onpehuBame EES-a npumenom SWV merone onabpana je pH 8,0 ca E, Ha 0,83 V y onnocy Ha 3KE, nok y
ciyuajy DPV metone pH 12,0 ca E, Ha 0,55 V y oanocy Ha 3KE ce nokasajia HajIorofHHja 3a aHAJUTHUKE
cepxe. 3a oapehuBame AZI-a, y cnydajy o6e SWV n DPV merone pH 7,0 ce nokasana HajnorogHujom ca E,
aHanuTHIKor curHana Ha 0,85 V oxnocuo 0,80 V y omnocy Ha 3KE, nok y cinydajy CLA-a u ROX-a koju cy
UCIMTHBAHK caMo npumeHoM SWV Meroge 3a ananutuuke cepxe pH 12,0 je 6una Hajnoroanuja cpenusa ca E,
aHanuTHukor curHaia Ha 0,65 V omnocro Ha 0,63 V y omnocy ma 3KE. [locturHyTe rpaHuie AeTeKnuje
npumerHoM HemomupukoBane CPE wm mupextHe anogHe SWV cy yIVIaBHOM Yy CYOMHKpPOTPaMCKOM
KOHIEHTpauoHoM omcery 0,17 ug mL™, 0,32 ug mL" u 0,30 ug mL’, y ciydajy EES-a, AZI-au ROX-any
HHMCKOM MHKPOIPaMCKOM KOHIeHTpamuoHoM omcery 1,43 pg mL"' 3a CLA. Passujena SWV wmeroma y
xombunanujn ca CPE mokasana ce morogHoM 3a oxpehupame ROX-a y komepiujamHoM mpousoay Runac®
Tabneru u nponalhen canpxaj je 150,89 mg/radnern (PCJ 0,15%) mto je Beoma 0113y IEKIAPUCAHOM CaapKajy
ol cTpaHe npousBohaua koju m3Hocu 150 mg/rabnern. YV cnydajy ontumuzoBanux DPV merona mocturuyre
rpanuue getexnuje 3a EES m AZI cy y HHCKOM MHKPOIpPaMCKOM KOHIEHTpamuoHom omcery 1,03 pg mL™’
onHocHO 1,53 ug mL™". V xeJbH J1a ce IOCTHTHE HIDKA rpaHuia getekuuje 3a AZI, DPV meTosa je Tectupana y
komOnHamju ca CPE pamHOM eIeKTpoIoM MOBPIIMHCKH MOJM(HUKOBAHOM Ca 3JIaTHAM HaHOYECTHIIaMa
npeurnka 10 nm (Au-CPE) u mocturayTa rpannmna aerexiyje je 0,95 ug mL™" ca E, aHanuTUYKOr CHrHalNa Ha
0,80 V y omnocy Ha 3KE. PCJl metone y ciyuajy Au-CPE je 3,5%, nox je y ciydajy Hemomudukoane CPE
6,0%. JluHeapHOCT aHAIUTHYKE MeTone 3acHoBaHe Ha mpuMmenn Au-CPE je nBa myTa mmuipa Hero y ciydajy
npumene Hemoaudukosane CPE.

Kannupat 3axipydyje fa €KOHOMCKH M C€KOJOIIKM NPHXBATIFMBA PaIHA CICKTPOAA OJ KJIACHYHE YIJbEHUYHE
racTe ce Nokasajia Kao IOroJlaH ajaT 3a BOJITaMeTPHjcKo opehiBame ogabpaHnx MakpOJIUIHUX aHTHOMOTHKA Y
aHoiHO] oOyactu pana. IIpumeHoM ontum3oBaHuX SWYV IPOTOKONA IOCTUTHYTE Cy TpaHULE JIETEKUHje y
cy6GMHKporpaMckoM KoHuenTparuonom omcery 0,17 ug mL™", 0,32 ug mL™ u 0,30 ug mL™", y ciyuajy EES-a,
AZI-a u ROX-a U IpH HHCKOj MHKpOrpamckoj Kouuentparuju 1,43 ug mL"' 3a CLA. PasBujena metona je
yCIIEIIHO TecTupaHa 3a ojapehuBame caipkaja aktuBHe kKoMnoHeHTe ROX-a y komepuujayiHoj (GopMysianuju
Runac® npumeHoM Metozie CTaHmapaHOr nojatka. Moxe ce youutu u To aa ce npumerom Au-CPE moctike
HIDKa rpaHuma aerekndje y ogaocy Ha CPE npumenom DPV merone y cirydajy pa3Boja aHaJHTHYKE METOAE 3a
oJpehuBame a3UTPOMHUNNHA, KA0 M IIMPH JIMHEAPHHU OICET KOHILECHTpAIMja KaauOpalMoHE KPHBE aHAJIUTHYKE




MCTOAC.

Ha ocHoBy noOmjeHmx pe3yiTaTta KaHOHIAT KOHCTaTyje Oa oaroBapajyhe komOWHammje ONTHMH30BaHHUX
BOJITAMETPHjCKUX METOJa Ca €KOJIOIIKU MPHUXBATIHMBUM M jEIHOCTABHO NMPUMEHJbUBUMPAIHUM €JIeKTpojaama,
Hg(Ag)FE, BiF-GCE, CPE u Au-CPE pe3ynTyjy pa3BojeM HOy3IaHUX aHATUTHIKAX METOAa OWJIo Ia je ped o
PEOYKIHMOHUM WIJIM OKCHIALMOHMM Mpoyd4aBambiMa 3a ojapehuBambe HUJBHUX aHanuTa oJf (HapMaKoJIOUIKOT
3Ha4aja y jeAHOCTaBHUM a Y HEKUM CIIy4ajeBHUMa M Y CIO0KECHHjUM CHCTEMHMA.

3aKJpydny HaBeJEHH Yy IOKTOPCKO] AWCEPTalMji Cy JIOTHYHO HW3BEIACHHW W3 IOOMjEHHMX pe3yiTraTta M jacHO
OJIpakaBajy 3Ha4aj U HAYYHH JOMPHHOC CIPOBEICHOT UCTPAKHUBAMA.

In the present doctoral dissertation the development of analytical methods, primarily analytical voltammetric
methods in combination with simple and contemporary electrodes/sensors, for the determination of selected
analytes of physiological importance such as doxorubicin (DOX), erythromycin ethylsuccinate (EES),
azithromycin (AZI), clarithromycin (CLA), roxithromycin (ROX) and 3-dehydro-deoxycholic acid were
performed.

The renewable silver-amalgam film electrode (Hg(Ag)FE) was applicable for voltammetric characterization and
determination of the investigated antibiotics by direct cathodic square-wave voltammetry (SWV) and by highly
sensitive adsorptive square wave voltammetry (SW-AdSV) in aqueous Britton-Robinson buffer solutions as
supporting electrolyte in wider pH range of working media. The Hg(Ag)FE response of DOX was monitored in
the potential range between -0.20 and -0.80 V vs. saturated calomel electrode (SCE). For the trace level analysis
as optimal parameters for the analytical peak with peak potential (E,) at -0.57 V vs. SCE were selected the pH
6.0, the accumulation potential -0.20 V, and the accumulation time 140 s. In the model solutions, satisfying
linearity of analytical method for determination of DOX was obtained in the concentration range of 4.99-59.64
ng mL". The developed SW-AdSV method was applied for the determination of DOX in spiked human urine
sample. The lowest concentration of DOX of 9.89 ng mL™" in voltammetric vessel was determined with the
relative standard deviation (RSD) less than 6.0%. Reduction signals of investigated macrolides are obtained in
fairly negative potential range. During direct cathodic SWV investigations conducted over the potential range
from -0.75 V to -2.00 V vs. SCE, either one or two reduction peaks were obtained in the potential range from -
1.50 to -1.90 V. For development of direct cathodic SWV and adsorptive stripping SWV methods the neutral and
slightly alkaline media were suitable as pH 7.0 with E, at -1.67 V vs. SCE for ROX and EES and pH 7.2 with E,
at -1.85 V vs. SCE for AZI and pH 7.4 with E, -1.64 V vs. SCE for CLA. Based on the cyclic voltammograms,
recorded at these pH values, it can be assume that the process which occurred on the electrode surface is
adsorption-controlled electrode kinetics one for all four investigated compounds. Furthermore, the water
suppressed 'H NMR measurements in the pH range between 6.0 and 10.5 indicated that the macrolide molecules
at the optimal analytical conditions are predominantly in protonated form via their tertiary amino groups which
supported in all four cases their adsorption on the appropriately polarized Hg(Ag)FE electrode. The optimized
direct cathodic SWV methods showed good linearity in concentration ranges 4.81-23.3 ug mL™', 4.53-29.8 ug
mL!, 1.96-28.6 ue mL", and 1.48-25.9 ug mL" for AZI, EES, CLA and ROX, respectively. The developed SW-
AdSV methods resulted in the linear responses at lower concentration ranges as 1.0-2.46 pg mL™, 0.69-2.44 pg
mL™", 0.05-0.99 ug mL™" and 0.10-0.99 pug mL', for AZI, EES, CLA and ROX, respectively. The RSD for all
developed methods was not higher than 1.5% except the SWV method for AZI with 4.7%. The direct cathodic
SWYV method was successfully applied for the determination of EES in the pharmaceutical preparation
Eritromicin®, found amount was 251.2 mg/tablet with RSD 0.95% (declared amount is 250 mg/tablet) while SW-
AdSV was used for determination of EES in the spiked human urine sample (found amount was 1.39 ug mL"
with RSD 5.3% while the spiked concentration was 1.37 pg mL"') and for determination of ROX in
pharmaceutical preparation Runac® (found amount was 149.52 mg/tablet with RSD 0.5%, and decelerated
amount by manufacturer is 150 mg/tablet). In all above cases, the standard addition method was used. The
reliability and accuracy of the above procedures in the case of EES determination in model system and
pharmaceutical preparation Eritromicin® were validated by comparing them with those obtained by means of
HPLC-DAD measurements.

Summarizing the results the Candidate concluded that the voltammetric investigation and determination of the
selected antibiotics was based on their reduction by Hg(Ag)FE. DOX is reduced at the moderately negative
operating potential while the four macrolide antibiotics at fairly negative potential range, which is in accordance
with the behavior of the different electroactive centers of these molecules. All of the investigated antibiotics in
the protonated forms, via their amino groups, display a significant affinity to the negatively polarized Hg(Ag)FE
under optimized conditions. In the case of DOX the suitable accumulation/adsorption potentials are in quite
moderate negative range of the accumulation potentials, which is the consequence of the presence of positive
effect of the hydrophobic part of the molecule and the protonated form of the amino functional group from one
side and the intensification of the repulsive interaction of the antracyclic ring system at the more negative
potentials via the surface of the Hg(Ag)FE on the other side. In the case of the four investigated macrolide
antibiotics their expressed lipophilic properties and molecular ionic forms are the major promoters of the




adsorption to the Hg(Ag)FE surface which can be implemented in the optimized experimental conditions in the
rather expressed negative potential range. For the all above mentioned antibiotics the adsorptive methods,
developed in combination with the suitable pulse voltammetric technique, significantly reduce the limit of
detection and determination in comparison to the appropriate values obtained by direct cathodic SWV methods.
The simple operating steps concerning the renewing of the Hg(Ag)FE also help to ensure that successive SW-
AdSV measurements which were carried out without any requirement for the transfer of the working electrode
into another media or application of mechanical or other methods of the regeneration of the working electrode
surface. The developed methods were successfully applied for the determination of selected antibiotics in model
systems as well as model and real samples. Bearing in mind the fact that Hg(Ag)FE instead Hg contains its
silver-amalgam, and at the optimized conditions the results obtained using Hg(Ag)FE are in accordance with the
known ones from the literature for DOX, as well as erythromycin and erythromycin ethylsuccinate, and having in
minde that this electrode is less toxic than the mercury electrode it can serve as a successful replacement of Hg
electrode.

Applying glassy carbon electrode (GCE) for the reduction of the 3-dehydro-deoxycholic acid/3-dehydro-
deoxycholate in the Britton-Robinson buffer solutions between pH 5.0 and 11.8 by direct cathodic SWV the
absence of any reduction peak was observed, and because of that the bismuth-film was electrodeposited ex situ
on the same glassy carbon supstrate electrode surface (BiF-GCE) from the usually used plating solution (0.02
mol L' Bi(NO3);, 1.0 mol L' HCI and 0.5 mol L' KBr) for the enhancement of the senitivity of the
voltammetric sensor surface. BiF-GCE was applied for the characterization and determination of the the target
analyte in alkaline media. The reduction signal of analytical importance was observed only by BiF-GCE in
Britton-Robinson buffer solutions with pH values between 9.5 and 11.8 in adsorptive stripping square wave
voltammetry working regime, while in the case of the direct cathodic SWV experimental protocol only a very
poor reduction peak was obtained. The optimized experimental conditions for the 3-dehydro-deoxycholate
determination consist of the optimized electrode conditioning including the electrochemical cycling of the ex sifu
prepared BiF-GCE potentials in the potential span between -1.00 and -2.00 V vs. SCE (nearly 15 times) in the
Britton-Robinson supporting electrolyte pH 11.8 till the stabilization of the baseline current, and the application
of two key parameters of the adsorptive square-wave voltammetric protocol: the accumulation time as 30 s and
accumulation potential as -1.00 V vs. SCE. Because of the relative asymmetry of the obtained reduction signals
of the target analyte with peak E, at -1.35 V vs. SCE, which is still present in the case of the SW-AdSV, the
quantification of the target analyte was based on the linear correlation between peak area of the reduction signal
and its appropriate concentrations. Detection limit was 1.43 ug mL™" and with two linear ranges of calibration
curve from 4.76 ug mL"' to 13.0 ug mL"' and from 13.0 pg mL™" to 23.1 pg mL" for the development of
analytical method. The RSD of the method was 3.22%. Additional experiments were performed applying GCE
with rectangular form and deffined surface modified with ex situ prepared bismuth-film for the electrolysis of the
target analyte which was performed at the potential -1.55 V (nearly the peak maxima of the target analyte) vs.
SCE. Eectrolyzed solution was sampled at the beginning of the experiment, after 2.5 h and after 4.5 h of
treatment. Such samples were analysed by simply water suppressing 'H NMR measurements in the buffered
solution at pH 11.8. Based on the obtained 'H NMR spectra it can be assumed that during electrolysis of 3-
dehydro-deoxycholate the reduction of the keto group present in the structure of the target analyte can be
occurred.

Based on these results the Candidate concluded that the environmentally suitable, ex situ prepared BiF-GCE is
applicable for the voltammetric determination of 3-dehydro-deoxycholic acid in the form of 3-dehydro-
deoxycholate. The analytical method is based on the reduction of the target analyte at BiF-GCE. It was found that
3-dehydro-deoxycholic acid in the form of 3-dehydro-deoxycholate, under optimal operating conditions is
adsorbed on the surface of BiF-GCE, which in addition to good conductive properties of the bismuth film on the
GCE further increases the sensitivity of the optimized SW-AdSV methods. BiF-GCE at certain operating
conditions can serve as a working electrode for the electrolysis of the target analyte which in the subsequent steps
of analysis by the water suppressed 'H NMR measurement technique can provide additional useful information

related to the test system.

Voltammetric characterization and determination of four target macrolide antibiotics were performed on classical
carbon paste electrode (CPE) constituted only from graphite powder and paraffin oil with optimized direct anodic
SWYV methods. In the cases of EES and AZI differential pulse voltammetric (DPV) methods were tested for the
same purpose as well. As the appropriate pH value for determination of EES by SWV method the pH 8.0 was
selected with E, at 0.83 V vs. SCE while in the case of the DPV method the pH 12.0 with E, at 0.55 V vs. SCE
was the most suitable for analytical purpose. As for AZI determination, in the case of both SWV and DPV
methods the pH 7.0 was the most appropriate supporting electrolyte with the E, of analytical signal at 0.85 V and
0.80 V vs. SCE, respectively, while in the case of CLA and ROX which were investigated only with SWV
method for the analytical purposes the pH 12.0 was the most suitable with E, at 0.65 V and at 0.63 V vs. SCE.
The obtained detection limits applying the bare CPE and the direct anodic SWV are mainly in submicrogram
concentration range as 0.17 pug mL”, 0.32 ug mL" and 0.30 ug mL"' for EES, AZI, and ROX and in the low
microgram concentration range as 1.43 ug mL" for the CLA, respectively. The developed SWV method in




combination with CPE succesfully was applied for the determination of ROX in the commercial formulation,
Runac® tablet and found amount was 150.89 mg/tablet (RSD 0.15%), which is very near to decelerated amount
by manufacture which is 150 mg/tablet. In the case of the optimized DPV methods the obtained detection limits
for EES and AZI are in the low microgram concentration range 1.03 ug mL™" and 1.53 ug mL"', respectively. For
the improvement of the sensitivity for AZI the DPV method was tested in combination with a CPE working
electrode surface modified with gold nanoparticles with diameter of 10 nm (Au-CPE) and reached the limit of
detection was 0.95 pg mL™" at E, of 0.80 V vs. SCE. The RSD of the method in the case of the Au-CPE is 3.5%
while in the case of the native CPE 6.0%. The linearity of the Au-CPE based analytical method is twice wider
than it is case with the bare CPE applying protocol.

The Candidate concluded that economically and environmentally acceptable classical carbon paste working
electrode has proved to be a suitable tool for the voltammetric determination of selected macrolide antibiotics in
the anodic working potential range. Applying the optimized SWV protocols in the investigated systems the
detection limits were in the submicrogramic concentration range as 0.17 mg mL™", 0.32 mg mL™" and 0.30 mg
mL", for EES and AZI and ROX and at low microgram concentration of 1.43 mg mL"' to CLA. In the case of the
ROX the developed analytical method was succesfully tested for the determination of the mentioned target
analyte as the active ingredient in the commercial formulation Runac® by the standard addition method. It was
recognized that the application of the Au-CPE significantly lowered the limit of detection and broadened the
linear range of the calibration curve of the analytical method compared to the native CPE applied in the same
DPV experimental working regime.

Based on the obtained results the Candidate concluded that the appropriate combination of the optimized
voltammetric pulse techniques and the environmentally friendly and easy to use working electrodes Hg(Ag)FE,
BiF-GCE, CPE and Au-CPE resulted in the development of reliable analytical method either in the oxidation or
reduction studies, for the determination of pharmacological importance target analytes in simpler and in some
case complexes systems.

The conclusions givens in this Ph.D. thesis were logically derived from the results and clearly reflect the
importance and the scientific contribution of the research.

VIII OHEHA HAYMHA ITPKA3A 1 TYMAYEBA PE3VJITATA UCTPAXKVIBABA

(Evaluation of interpretation of research results)

Kommucuja cmatpa /1a je ZJOKTOpCKa AWCEpTaIlija jaCHO CTPYKTYHpaHa U J1a je KaHIUIAT pe3ysiTaTe HCTPaKHBama
00pO CHCTEMAaTH30Ba0 W JETa/bHO AMCKYTOBao. Pe3ynratu cy jacHO wiycTpoBanu Tabenama u cimkama. Ha
OCHOBY pe3yJiTaTa U JUCKYCH]je U3BEJICHH Cy 3aK/byUlll KOjJU Jajy OArOBOPE HA 3a[aTKE U IIMJbEBE [MOCTABIbEHE Y
MIPHjaBU OBE JOKTOPCKE TUCEpTaLHje.

Ha ocnoBy HaBenenor, KoMmucuja naje mo3suTuBHY OILICHY MIPHKA3a U TyMauckha Pe3yTaTta UCTPAKUBAA.

The Doctoral Dissertation Committee considers that the Ph.D. thesis is clearly structured and that the candidate
systematized the research results well and discussed them in details. The results are clearly illustrated with tables
and pictures. Based on the results and discussions, the conclusions are formed on the way that gave answers to
the tasks and objectives set out in the report of the thesis.

Based on the above, the Committee gives positive evaluation of presentation and interpretation of the research
results

IX KOHAYHA OLIEHA JOKTOPCKE JUCEPTAIIMJE (Final assessment of thesis):

1.

Jla mm je mucepraiyja HamUcaHa y CKJIamy ca oOpaszioxemeM HaBeiaeHuM y npujaBu teMe (Did the thesis is
written in accordance with the reasoning set out in the report of thesis theme)

Ha, Komucuja onemyje a je TOKTOpCKa AWCEpTaIja HAMMCaHa y CKJIALY ca o0pa3ioKemeM HaBEACHHUM Yy
IIpUjaBH TEME.

Yes, the Committee estimates that the Ph.D. thesis is written in accordance with the reasoning set out in the
application form of thesis theme.

Ja mu muceptanuja canpxu cBe outHe enemente (Did the thesis contains all the essential elements)

Ja, nucepranuja cazpXu CBe OMTHE elieMEHTE — Je(HHUCABE TeME HCTPaXuBama, Iperien nocrojehnx
UCTpaXXMBamba, jacaH U MperJie/iaH PUKa3 pe3yiIraTa U lbUXOBY JUCKYCH]y, CIIMCAK JIUTEPAType U 3aKJbydak.

Yes, the thesis contains all the essential elements — defining the research topics, review of the existing
researches, a clear and transparent presentation of the results and their discussion, a list of literature and
conclusion.

ITo wemy je aucepraruja opuruHanan gonpuHoc Haynu (What is in thesis an original contribution to science)

Ha 0CHOBY KOMILJIETHOT YBH/a y JOKTOPCKY NHCEPTALMjy, MOCTABJbEHUX IMJbEBA MCTPAXKUBAMA, TOOUjCHUX
pe3yiTaTa HCTpaXWBama W BHHXOBE IUCKycuje, Kommcuja cMaTpa ma oBa JOKTOpPCKA OHCEpTalydja Iaje
OpUTHHAJIAH HAYyYHU JIONPHUHOC Y OOJIACTH CIICKTPOXEMHUJCKOr ojpehuBama 0ma0paHuX aHTHOMOTHKA




(moxcopyOMIIMHA, SPUTPOMHUIIMH-CTUICYKI[IHATA, a3UTPOMHUIIMHA, KIAPUTPOMHUIIMHA U POKCUTPOMUIIMHA) U 3-
JIEXUIPO-TICOKCUXOJIHE KHCEINHE TPUMEHOM ONTUMH30BAHUX BOJITAMETPH]CKUX METO/A U Pa3IMIUTHX THIIOBA
pamanx enekrtpona kao mro cy Hg(Ag)FE, BiF-GCE, CPE, Au-CPE. Pa3Bujene merone Cy ce ToOKazaie
MOTOTHNM 3a onpehuBame IMJBHUX aHaNUTa y omaOpaHuM y3opouma. Jleo moOmjeHMX pesyirara je
myOJTUKOBaH y TPU HaydHa paja kateropuje M21 mTo yka3yje Ha KBaJUTET U OPUTHHATHOCT CIPOBEICHUX
HCTPaXKHUBabA.

Based on the full access to the Ph.D. thesis, the objectives of research, the obtained results and their discussion,
the Committee considered that the Ph.D. thesis gave an original scientific contribution in the field of
electrochemical determination of selected antibiotics (doxorubicin, erythromycin ethylsuccinate, azithromycin,
clarithromycin and roxithromycin) and 3-dehydro-deoxycholic acid using optimized voltammetric methods and
various types of working electrodes such as Hg(Ag)FE, BiF-GCE, CPE, Au-CPE. The developed methods have
proved to be suitable for the determination of target analyte in the selected samples. Part of the results was
published in three scientific papers category M21 which indicates the quality and originality of the research.

4. Henocramu qucepTanyje M BUXOB YTHIA] Ha pe3ynTar nctpaxnBama (Disadvantages of thesis and their impact
on the result of research)

Kommucuja je munubema ga OBa JOKTOpPCKA IHCEpTallija HE CaapKH 3HAYajHE HEIOCTaTKe KOju OW MOTIH
YTHULATH Ha pe3yiiTaTe UCTPaXKNBaba 1 n3Bohee 3aKibydaKa.

The Committee has the opinion that this Ph.D. thesis does not contain significant disadvantages which could
affect on the research results and drawing of conclusions.

X MPEJJIOT (The proposal):

Ha ocHoBy yKkymHe orieHe aucepranuje, komucyja npemtaxe (Based on the overall assessment of the
thesis, the Committee proposes):

Ha ocnoBy ykynne onene aucepranuje, Komucuja npemnaxe HacraBHo-HayuHom Behy IlpuponHo-maremarnykor
¢axynrera y HoBom Cany u Cenary YHuBep3urera y HoBom Cany na ce mpuxBaTH IO3UTHBHA OLICHA JOKTOPCKE
mucepranyje Onre Bajane mon nasuBoMm "Bontamerpujcke Merosne Ha 0a3sd jeHOCTaBHHUX M CaBPEMEHHMX
enexTpoa/ceHsopa 3a oapehuBambe ogabpaHux aHainurTa oj (apMaKoJIONIKOT 3Hadaja" M Ja ce KaHIuuaTy oxodpu u
3aKaxke o10paHa.

Based on the overall assessment of the thesis, the Committee proposes to the Teaching - Scientific Council of Faculty
of Sciences in Novi Sad and the Senate of the University of Novi Sad to accept the positive evaluation of the Ph.D.
thesis of Olga Vajdle titled "Voltammetric methods based on simple and contemporary electrodes/sensors for the
determination of selected analytes of pharmacological significance" and to candidate approve and schedule a defense.

IMOTIIMCH YIAHOBA KOMUCHUJE
(Signatures of Committee members)

np bumana A6pamoBuh, pea. npod., npeaceaHuK

np Banepuja I'yxBam, pen. npod., MeHTOp

np Janom Yanamu, pen. npod., €wiaH

np Anexcannap Bophesuh, , pen. npod., wian

np Crno6onan Ilerposuh, , pen. npod., wian

np Stawomira Skrzypek, Baup. mpod., wian




