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Uvod

Metronidazol (MND, 2-(2-methyl-5-nitroimidazol-1-
-yl)ethanol, viz obr. 1) je antibiotické 1éCivo pouZzivané
k 1écbé tézkych bakteridlnich infekci (napf. centralniho
nervového systému, plic a dychaciho Ustroji, zazivaciho
traktu & Zenskych pohlavnich organil)'. Kli¢ovym mo-
mentem pii usmrceni mikroorganismi je cytotoxicky uci-
nek jeho metabolitd ve fazi redukce nitroskupiny, kdy
dochazi k vytvoreni toxickych meziproduktd (mimo jiné
i ke vzniku volnych radikald), které mohou reago-
vat s RNA, DNA nebo piipadné s bunéénymi proteiny’.
Diky nizkym pofizovacim nékladim a zaroven piijatelné-
mu profilu nezddoucich G¢inkl z hlediska farmakokinetiky
a farmakodynamiky je MND fazen mezi velice U¢inna
1é¢iva’.

V Ceském lékopisu je pro stanoveni MND v 1ékovych
formach doporucena oxida¢né-redukéni potenciometrickd
titrace®. Diky piitomnosti snadno elektrochemicky reduko-
vatelné nitroskupiny v jeho struktuie je vyhodné pro jeho
alternativni stanoveni pouZzit moderni voltametrické tech-
niky*®. Cilem této prace bylo vyvinout novou voltametric-
kou metodu pro stanoveni MND vyuzivajici stéibrnou pev-
nou pracovni elektrodu, kterd je moderni netoxickou alter-
nativou k tradiénim pracovnim elektroddm na bézi rtuti”®.
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Obr. 1. Strukturni vzorec metronidazolu (MND)
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Experimentalni ¢ast
Reagencie

Zasobni roztoky MND (p.a., Sigma-Aldrich, USA)
o koncentracich 1-10* mol 1" a 1-10 > mol 1! byly pfipra-
veny v deionizované vod¢ a uchovavany za nepfistupu
svétla. Zakladnim elektrolytem byl Brittontiv-Robinsontiv
(BR) pufr pfipraveny smisenim jeho kyselé (smés 0,04M
H;PO,, H;BO; a CH3;COOH) a zasadité (0,2M NaOH)
slozky.

Aparatura

Mgéfeni bylo provedeno na pocitacem fizeném analy-
zatoru Mini- and Microelectrode System UMpuE
(Polaro-Sensors, Praha) v tiielektrodovém zapojeni
s nastavenou citlivosti I (proudovy rozsah 100 pA). Byla
pouzita pracovni stfibrna pevna elektroda (AgSE; prumér
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disku 2 mm, typ 6.1204.130, Metrohm, évycarsko), refe-
rentni argentchloridova elektroda (3M KCI, Monokrystaly,
Turnov) a pomocna platinova dratkova elektroda
(Monokrystaly, Turnov). Pro zaznam a zpracovani vol-
tamogramll byl pouzit program Polar 5.1 Pro
(Polaro-Sensors, Praha), ktery pracoval pod opera¢nim
systétmem Windows XP (Microsoft Corporation, USA).
Byla pouzita diferenéni pulzni voltametrie (DPV)
s nasledujicimi parametry: rychlost polarizace 20 mV s ™',
vyska pulzu —50 mV, §iika pulzu 100 ms (se vzorkovanim
proudu po dobu poslednich 20 ms), doba trvani pulzu
150 ms. Ve voltametrické cele byly sledovany vzorky
o celkovém objemu 10,0 ml. Pfi studiu voltametrického
chovani MND pii rizném pH a pii optimalizaci regeneracnich
potencial®l byla pouzita koncentrace MND 1:10™* mol I\,
Kalibrac¢ni zavislost byla sestrojena pomoci piidavki
MND o koncentraci 1-10° a 1:102 mol I, Kyslik byl
z analyzovanych roztokil odstranén pétiminutovym pro-
bublavanim dusikem.
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Vysledky a diskuse

Prvnim krokem pfi vyvoji DPV metody bylo nalezeni
vhodného zakladniho elektrolytu. Proto byly zaznamenany
DP voltamogramy MND o koncentraci 1-10™* mol "' pfi
hodnotach pH 2,0-13,0. Pfed timto méfenim byla nejdiive
provedena elektrochemicka aktivace elektrody (za stalého
michéani roztoku byl na AgSE vloZen potencidl —2200 mV
po dobu 5 min) v kyselé slozce BR pufru pii pH 1,88, coz
mélo za nasledek zlepSeni odezvy (snizeni proudu pozadi
pouzitého pufru). Z obr. 2A je patrné, ze MND v celém
studovaném rozmezi pH poskytuje jeden dobfe vyvinuty
voltametricky pik (odpovidajici klasické ctyrelektronové
redukei pfitomné nitroskupiny na odpovidajici hydroxyla-
min’). Vybrany DPV pik MND p#i pH 10,0 je dostatedns
vysoky (obr. 2B), typicky Gaussovsky a zarovenn ma za-
znam pii tomto pH relativné nizkou proudovou odezvu
pozadi.
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Obr. 2. DP voltamogramy MND zaznamenané na AgSE v BR pufru v rozmezi pH 2,0-13,0 bez regenerace elektrody (A), zavislost
proudu piku MND (/;) na pH sestrojena odectenim pozadi BR pufru od absolutni vySky piku MND (n = 5) (B), nidzorna ukizka
tohoto zptisobu vyhodnoceni proudu piku MND (postup vyhodnoceni i pouzité symboly jsou vysvétleny v textu) s pouZitou optimalni
elektrochemickou regeneraci elektrody (postup regenerace a jeji parametry jsou uvedeny v textu) (C) a DP voltamogramy MND re-
gistrované na AgSE v BR pufru o pH 10,0 v rozsahu koncentraci (1-1000)-10™° mol I s optimalnimi parametry méteni (D). Pro
(A), (B) a (C) je molarni koncentrace MND 1-107* mol 17", (Barevna verze obrazku je dostupna na webovych strankach asopisu Chemic-

ké listy)
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Tabulka I
Piehled metod DPV stanoveni MND na rtiznych pracovnich elektrodach
Elektroda * Prostiedi BR pufru LOD [mol 1] LOQ [mol I''] Cit.
o uvedeném pH
AgSE 10,0 5,5-107 1,8:10°° tato prace
m-AgSAE 8,0 57-10°° 1,9:-1077 4
p-AgSA-CE 4,0 1,2:10° 4,0-10°° 5
HMDE 9,0 3,6:10°° 1,2:107 14
GCE 4,5 3,4:10°° 1,1-107 15
GCE modifikovana DNA 4,5 1,7-10° 5,7-10° 15

* AgSE — stiibrna pevna elektroda, m-AgSAE — rtutovym meniskem modifikovana stéibrna pevna amalgamova elektroda,
p-AgSA-CE — lesténa stiibrna pevna amalgamova kompozitni elektroda, HMDE — rtutova visici kapkova elektroda, GCE —

elektroda ze skelného uhliku

Dale byla vénovana pozornost spravnému odecteni
vysky piku MND, a to pomoci dvou technik. Prvni typ
vyhodnoceni byl proveden prolozenim zakladni linie pfi-
mo v programu Polar Pro a naslednym odeétenim prou-
du piku MND od této linie pii uritém potencialu piku
(Ep). Druhy typ vyhodnoceni (obr. 2C), ktery byl v této
praci zvolen jako vyhodnéjsi, byl proveden pfimym ode-
¢tenim proudu samotného BR pufru (/,) od absolutni vys-
ky piku MND (/,,) pfi potencidlu maxima piku (oba proudy
byly tudiz odecitany pii stejném potencialu, E, = Ey).

Nasledné byl proveden vybér vhodné elektrochemic-
ké regenerace povrchu AgSE mezi jednotlivymi stanoveni-
mi MND. Tento postup je b&€zné pouZzivany pro stiibrné
pevné amalgamové pracovni elektrody®*'® a pro AgSE byl
v této praci noveé optimalizovan. Po vyzkouseni nékolika
dvojic pocatecnich (Ei, ;) a koncovych (Eg, ;) regenerac-
nich potencialti (potencialy byly vkladany na AgSE za
stalého michani roztoku stfidavé v intervalech 0,1 s
(Tin r a Tt ) celkem 150% (V,)) byly jako optimalni para-
metry elektrochemické regenerace povrchu AgSE zvoleny:
N; = 150, E, ,=0mV, Ti, = 0,1's, Egy ,=—1500 mV,
Tin » = 0,1 s. Pouzita elektrochemicka regenerace neptiso-
bila pouze na odezvu samotného zékladniho elektrolytu,
ale méla vliv i na vysku a §itku piku MND. Po provedené
regeneraci jsou piky uzsi, vyssi, lépe vyvinuté a snaze
vyhodnotitelné. Tento jev lze vysvétlit pasivaci AgSE,
kterou lIze casteéné eliminovat pravé elektrochemickou
regeneraci elektrody.

Kalibracni zavislost (f, [nA] = —27,75¢ [pmol I+
66, * = 0,9994) proméfena za vyse uvedenych optimal-
nich podminek (DPV zéznamy na obr. 2D) byla linearni
v rozsahu koncentraci (1-400)-107° mol 1™!, Ize viak vyu-
ziti dil¢i kalibracni pfimky pro jednotlivé koncentracni
fady. Dosazené meze detekce (LOD; 3o/k) a stanovi-
telnosti (LOQ; 100/k) &inily pro MND 5,5-107 mol 1!
a1,8:10°mol 1.
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Zavér

V této praci byla vyvinuta nova voltametrickd metoda
pro stanoveni léCiva metronidazolu (MND) na stiibrné
tuhé elektrodé, jejiz pouziti reprezentuje nové pristupy pii
stanoveni biologicky aktivnich organickych latek, které
aktualné zkoumame v nasi UNESCO laboratofi elektro-
chemie Zivotniho prostiedi''™". Za optimalnich podminek
bylo v prosttedi BR pufru o pH 10,0 dosazeno LOD
5,5-107" mol 1" a LOQ 1,8:10°® mol I"". Ziskané hodnoty
jsou srovnatelné s charakteristikami diive publikovanych
DPV metod vyuzivajicich pracovni elektrody z jinych
materiall (tab. I). Dal§im krokem v nasem vyzkumu bude
ovéfeni vyvinuté metody pro stanoveni MND v Iékovych
forméach a v biologickych materialech.

Tato prdace byla vypracovana v ramci Specifického
vysokoskolského vyzkumu (projekt SVV260560) a financné
podporena Grantovou agenturou Ceské republiky (projekt
GACR 20-01589S). Autoii dékuji za technickou, materidlni
a intelektudlni podporu firmé Metrohm Ceskd republika
s.r.0. (www.metrohm.cz).
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0. Mracek and V. Vyskocil (UNESCO Laboratory
of Environmental Electrochemistry, Department of Analyt-
ical Chemistry, Faculty of Science, Charles University,
Prague): Voltammetric Determination of Metronidazole
Using a Silver Solid Working Electrode

Metronidazole (MND) is an antibiotic drug used to
treat severe bacterial infections (e.g., of the central nervous
system, lungs and respiratory tract, digestive tract, or fe-
male genital organs). In this work, a new voltammetric
method for the determination of MND on a silver solid
electrode was developed. Under optimum conditions
(Britton-Robinson buffer of pH 10.0 used as a supporting
electrolyte and electrochemical regeneration of the work-
ing electrode surface applied to eliminate its passivation),
a linear calibration dependence of MND was recorded in
the concentration range from 1 to 400 pmol L™, with the
limits of detection (LOD) and quantification (LOQ) of
0.55 pmol L' and 1.8 pmol L™, respectively.

Full text English translation is available in the on-line
version.

Keywords: metronidazole, antibiotics, drug analysis, elec-
trochemistry, differential pulse voltammetry, silver solid
electrode
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Introduction

Metronidazole (MND, 2-(2-methyl-5-nitroimidazol-
-1-yl)ethanol, see Fig. 1) is an antibiotic drug used to treat
severe bacterial infections (e.g., of the central nervous
system, lung and respiratory tract, gastrointestinal tract, or
female genital organs)'. A key point in killing microorgan-
isms is the cytotoxic effect of its metabolites in the nitro-
reduction phase when toxic intermediates are formed
(including free radicals) that can react with RNA, DNA, or
eventually with cellular proteins®. Due to its low acquisi-
tion cost and, at the same time, an acceptable side effect
profile in terms of pharmacokinetics and pharmacodynam-
ics, MND is considered to be a highly effective drug”.

The Czech Pharmacopoeia recommends oxidation-
reduction potentiometric titration for the determination of
MND in dosage forms®. Due to the presence of an easily
electrochemically reducible nitro group in its structure, it
is advantageous to use modern voltammetric techniques
for its alternative determination*®. The aim of this work
was to develop a new voltammetric method for the NMD
determination using a silver solid working electrode which
is a modern non-toxic alternative to traditional mercury-
based working electrodes”.
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Fig. 1. Structural formula of metronidazole (MND)

Experimental part

Reagents

Stock solutions of MND (p.a., Sigma-Aldrich, USA)
at concentrations of 1x10~° mol L™ and 1x102 mol L™
were prepared in deionized water and stored in the absence
of light. The supporting electrolyte was a Britton-
Robinson (BR) buffer prepared by mixing its acidic
(mixture of 0.04M H;PO,, H;BO;, and CH;COOH) and
basic (0.2M NaOH) components.

Apparatus

Measurements were performed on a computer-
controlled Mini- and Microelectrode System UMuE ana-
lyser (Polaro-Sensors, Prague) in a three-clectrode ar-
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rangement, with sensitivity set to I (current range 100 pA).
A working silver solid electrode (AgSE; disk diameter
2 mm, type 6.1204.130, Metrohm, Switzerland), a silver/
silver chloride reference electrode (3M KCI, Monokrys-
taly, Turnov), and an auxiliary platinum wire electrode
(Monokrystaly, Turnov) were used. The Polar 5.1 Pro
software (Polaro-Sensors, Prague) was used to record and
process the voltammograms and operated under the Win-
dows XP operating system (Microsoft Corporation, USA).
Differential pulse voltammetry (DPV) was used with the
following parameters: polarization rate 20 mV s, pulse
height —=50 mV, pulse width 100 ms (with current sampling
for the last 20 ms), and pulse duration 150 ms. Samples
with a total volume of 10.0 mL were analysed in the volt-
ammetric cell. The MND concentration of 1x10* mol L™
was used to study the voltammetric behaviour of MND at
different pHs and to optimize the regeneration potentials.
The calibration dependence was constructed by adding
MND concentrations of 1310~ and 1x10 mol L™, Oxy-
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gen was removed from the analysed solutions by bubbling
with nitrogen for 5 min.

Results and discussion

The first step in developing the DPV method was to
find a suitable supporting electrolyte. Therefore, DP volt-
ammograms of MND with a concentration of 1x10~* mol L™
at pH values of 2.0—13.0 were recorded. Prior to this meas-
urement, the electrode was first electrochemically activat-
ed (a potential of —2200 mV was applied to the AgSE for
5 min while stirring the solution) in the acidic component
of BR buffer at pH 1.88, which resulted in an improved
response (reduced background current of the buffer used).
It can be seen from Fig. 2A that MND provides a single
well-developed voltammetric peak (corresponding to the
classical four-electron reduction of the present nitro group
to the corresponding hydroxylamine®) over the entire pH
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Fig. 2. DP voltammograms of MND recorded at the AgSE in the BR buffer over the pH range 2.0-13.0 without electrode regener-
ation (A); dependence of the peak current of MND (/;) on the pH constructed by subtracting the BR buffer background from the
absolute peak height of MND (n# = 5) (B); an illustration of this method of evaluating the peak current of MND (the evaluation
procedure and symbols used are explained in the text) using optimal electrochemical regeneration of the electrode (the regeneration
procedure and its parameters are given in the text) (C); and DP voltammograms of MND recorded on the AgSE in the BR buffer at
pH 10.0 in the concentration range (1-1000)x10° mol L™ with optimal measurement parameters (D). For (A), (B), and (C), the
molar concentration of MND is 110~ mol L™". (A colour version of the figure is available on the Chemicke Listy journal website)
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Table I
Overview of DPV methods for the determination of MND on different working electrodes
Electrode * BR buffer medium LOD [mol L’l] LOQ [mol L™ Ref.

at the pH indicated
AgSE 10.0 5.5x1077 1.8x107° this work
m-AgSAE 8.0 5.7x10°8 1.9x1077 4
p-AgSACE 4.0 1.2x107° 4.0x107° 5
HMDE 9.0 3.6x10°° 1.2x1077 14
GCE 4.5 3.4x10°° 1.1x10°° 15
GCE modified with DNA 4.5 1.7x10°° 5.7x10° 15

* AgSE — silver solid electrode, m-AgSAE — mercury meniscus modified silver solid amalgam electrode, p-AgSACE —
polished silver solid amalgam composite electrode, HMDE — mercury hanging drop electrode, GCE — glassy carbon electrode

range studied. The selected DPV peak of MND at pH 10.0
is sufficiently high (Fig. 2B), typically Gaussian, and, at
the same time, the recorded voltammograms have a rela-
tively low background current response at this pH.

Furthermore, attention was paid to the correct evalua-
tion of the MND peak height using two techniques. The
first type of evaluation was performed by interpolation of
the baseline directly in the Polar Pro software and then
reading the MND peak current from this line at a certain
peak potential (E}). The second type of evaluation (Fig.
2C), which was chosen as more convenient in this work,
was performed by direct subtracting the BR buffer current
itself (/) from the absolute MND peak height (/,) at the
given peak potential (both currents were, therefore, sub-
tracted at the same potential, E,= Ey).

Subsequently, the selection of the appropriate electro-
chemical regeneration of the AgSE surface between MND
determinations was performed. This procedure is common-
ly used for silver solid amalgam working electrodes™*'°
and was newly optimized for the AgSE in this work. After
testing several pairs of initial (£, ;) and final (Egy, ;) rege-
neration potentials (the potentials were alternately applied
to the AgSE while stirring the solution at 0.1 s intervals
(Tin r and Tjy, ) for a total of 150 times (V;)), the following
were selected as the optimal parameters for electrochemical
regeneration of the AgSE surface: N; = 150, Ej, , = 0 mV,
Tinr=0.1s, Efiy r = —1500 mV, T, . = 0.1 s. The applied
electrochemical regeneration did not only affect the re-
sponse of the supporting electrolyte itself, but also influ-
enced the height and width of the MND peak. After the
regeneration, the peaks are narrower, higher, better devel-
oped, and easier to evaluate. This phenomenon can be
explained by the AgSE passivation which can be partially
eliminated by the electrochemical regeneration of the elec-
trode.

The calibration dependence (Z, [nA] =—27.75¢ [umol L
+ 66, 1 = 0.9994) measured under the above optimal con-
ditions (DPV records in Fig. 2D) was linear over the con-

centration range (1-400)x10"° mol L', however partial
calibration lines for individual concentration orders can
also be used. The limits of detection (LOD; 30/k) and lim-
its of quantification (LOQ; 100/k) achieved for MND were
5.5x107" mol L"! and 1.8x10™° mol L™, respectively.

Conclusion

In this work, a new voltammetric method for the de-
termination of the drug metronidazole (MND) on a silver
solid electrode was developed, the use of which represents
new approaches in the determination of biologically active
organic compounds that are currently being investigated in
our UNESCO Laboratory of Environmental Electrochemis-
try'"™3. Under optimal conditions, LOD of 5.5x10~" mol L™
and LOQ of 1.8x107° mol L™ were achieved in the BR
buffer at pH 10.0. The values obtained are comparable to
the characteristics of previously published DPV methods
using working electrodes from other materials (Table I).
The next step in our research will be verification of the
developed method for the determination of MND in phar-
maceutical forms and biological materials.
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Abstract

Metronidazole (MND) is an antibiotic drug used to
treat severe bacterial infections (e.g., of the central nervous
system, lungs and respiratory tract, digestive tract, or fe-
male genital organs). In this work, a new voltammetric
method for the determination of MND on a silver solid
electrode was developed. Under optimal conditions
(Britton-Robinson buffer of pH 10.0 used as a supporting
electrolyte and electrochemical regeneration of the work-
ing electrode surface applied to eliminate its passivation),
a linear calibration dependence of MND was recorded in
the concentration range from 1 to 400 umol L™, with the
limits of detection (LOD) and quantification (LOQ) of
0.55 umol L™" and 1.8 umol L™, respectively.
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