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Abstract

Solid microparticles of 5-aminosalicylic acid, ciprofloxacin, and azithromycin were mechanically immobilized on the surface of the paraffin
impregnated graphite electrode and investigated by square-wave and cyclic voltammetry in order to develop a method for their qualitative
determination. 5-Aminosalicylic acid is oxidized at 0.540V in the quasireversible electrode reaction, which is followed by the chemical
transformation of the product, while ciprofloxacin and azithromycin are oxidized at 1.2V and 0.94V, respectively, in totally irreversible
electrode reactions. The detection of these drugs in commercial dosage formulations is reported.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction several organometallic compoun{®-12]. If the conduc-
tion of ions is hindered, the reaction will be localized at
Voltammetry of immobilized microcrystals is electro- the particle/solution interface. Such surface reactions are
chemical method for qualitative analysis of minerals, al- characteristic for redox reactions which are coupled with
loys, and sparingly soluble organometallic and organic the exchange of protons between some insoluble organic
compounds[1-3]. The method is based on the mechan- compounds and the dissolved acid8—15] Exhaustive
ical transfer of insoluble solid microparticles on the sur- bibliography of this research can be found on the follow-
face of a carbon rod, which is immersed into an aqueousing Internet addressvww.iic.cas.cz~grygar/AbrSV.html
electrolyte and used as a working electrode in standard Among others, the method can be applied for the direct
voltammetric experiments. Investigated materials can be identification of powders of pharmacologically important
either metallic or both ionic and electronic conductors. substances, such as famotidine, probucol, propylthiouracil,
In the latter case, the change of charge on the metal ionsnicotinoylanilide, thionicotinoylanilide[2], cocaine[16],
in these compounds, which occurs in their electrochemi- benzocaine, cinchocaine, lidocaine, procaine, and codeine
cal reactions, is accompanied by the exchange of charge[17]. In this communication the voltammetric properties
compensating ions with the liquid electrolyte and by their of microparticles of three common drugs, 5-aminosalicylic
diffusion through the particle body together with the prop- acid, ciprofloxacin, and azithromycin are reported.
agation of electrons. So, the transfer of an electron across 5-Aminosalicylic acid is an active component in the ther-
the electrode/particle interface and the transfer of an ion atapy of inflammatory bowel diseag&8]. On carbon elec-
the particle/solution interface occur simultaneously. This trodes it can be oxidized to quinone-imine fofi®,20]
type of reactions was observed with some metal oxides This reaction was utilized for the determination of this com-
and complexe§4,5], metal hexacyanometallatf&-8], and pound in pharmaceutical formulatiofal] and physiologi-
cal sampleg22].
Ciprofloxacin [23] and azithromycin[24] are broad-
* Corresponding author. Tek:385 1 4561 046; fax:-385 14680 242, SPectrum antibiotics. The first compound can be reduced at
E-mail address:slovric@rudijer.irb.hr (5. Komorsky-Low). —1.4V on mercury electrodf25] and oxidized at 0.95V
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on carbon paste electrod26], while the second substance rate solution at pH 1. If the scan rate is 1V/s, the voltam-

can be oxidized at 0.75V on carbon electrod2g,28]. mogram consists of an oxidation peak at 0.540V versus
Electroanalytical methods for the determination of these Ag/AgCIl/3M KCI and two reduction peaks at 0.471V and
drugs were developg@5-29] 0.061V, respectively (sef€ig. 1B). If the scan rate is lower

than 0.5V/s, the first reduction peak disappears while the
second one increases (sEig. 1A). The relationships be-
2. Experimental tween the peak potentials of the oxidation and the second
reduction processes and the logarithm of the scan rate are
5-Aminosalicylic acid (Merck), ciprofloxacin, azithromycin linear, with the slopes 22.5 mV/d.u. areB1 mV/d.u., re-
dihydrate (both Pliva, Zagreb), NaCJOKNOg3, HCI, and spectively. This is an indication that both processes are con-
0.1 M buffer solutions pH 4.65 (sodium citrate—HCI), pH trolled by the kinetics of electrode reactions and charac-
7 (borax-KHBPQ,), pH 9 and 10 (HBOs—NaOH) (all terized by the productgny = 1.3 andaneg = 0.97, re-
Kemika, Zagreb, analytical grade) were used as received.spectively. Here8 and« are average transfer coefficients,
Water was doubly distilled. Salofdtkdelay-released tablets, while nox and nreq are numbers of electrons transferred in
each containing 500 mg of 5-aminosalicylic acid (Dr. Falk the oxidation and the reduction, respectively. These results
Pharma, Germany) and CIP 5Déablets, containing 500mg  are in the agreement with the responses of the dissolved
of ciprofloxacin (Bayer, Germany) were finely powdered 5-aminosalicylic acid moleculgd9-21] They can be ex-
in an agate mortar. The contents of Sumafhedpsules, plained by an EC mechanism in which the product of the oxi-
containing 250 mg of azithromycin (Pliva, Croatia), were dation of 5-aminosalicylic acid undergoes chemical transfor-
completely removed from shells and analyzed directly. Ex- mation into the form which is stable at potentials higher than
cipients added to these dosage forms were calcium stearate).2 V. According to literature dafd 9,20}, 5-aminosalicylic
cellulose, polyvinyl-2-pyrrolidone, talc, titanium dioxide acid is oxidized to quinone-imine in a quasireversible elec-
and iron oxide. trode reaction:
\Voltammetric measurements were performed by us- H
ing a multimode polarograph Autolab 30 (EcoChemie, COOH
Utrecht). The working electrode was a spectral-grade
paraffin-impregnated graphite rod (diameter 5mm, length -~ +2¢ +2H'
50mm). Its clean and carefully polished circular surface
was contaminated with microparticles of solid organic com- NH, NH (1)

pounds_, by pressing it into a small pile of §ubs_tang:e pOV\{derSo, the peaks at 0.540V and 0.471V correspond to
on a highly glazed ceramic tile and moving it with a cir- C . h_— ;
: the oxidation of 5-aminosalicylic acid and the reduc-
cular motion for about 10s. After each measurement, the . . L : .
tion of quinone-imine, respectively. However, in water

graphite rod was rinsed with distilled water, polished on uinone-imine is irreversibly transformed into quinone:
wet polishing cloth, rinsed again, dried with fine-grade tis- q y q '

COOH

sue and carefully polished on a dry white paper sheet. The 0
Pt wire was an auxiliary electrode and Ag/AgCl/3M KCI COOH COOH
(Metrohm) was a reference electrode £ 0.208 V versus + Hy0 —> - NH.
SHE). y
Liquid electrolytes were degassed with high purity nitro- o @)
gen for 20 min prior to the measurements. A nitrogen blan-
ket was maintained thereafter. The cell was kept &b This reaction occurs during the period in which the electrode
a thermostat. potential is scanned from 0.540V to 0.650V and back to

The working electrode was immersed in the electrolyte 0.470V. If the scan rate is 1 V/s, the duration of this period is
only during the voltammetric measurements. Less than 1 mm0.29 s, but if the scan rate is 0.1 V/s, the period lasts 2.9 s. So,
of the graphite rod was immersed in the electrolyte, with the at high scan rates quinone-imine is only partly transformed
objective of restricting its contact with the solution to the and the response of its reduction can be registered, but at low
working surface itself as much as possible. By this procedure scan rates quinone-imine is almost completely transformed
the residual current was diminished and the signal-to-noiseand the response of its reduction disappears. The peak at

ratio was increased. 0.091V (seeFig. 1A) can be ascribed to the reduction of
guinone to gentisic acid:
) ) o OH
3. Results and discussion COOH oo
Fig. 1 shows cyclic voltammograms of microcrystals of +2¢ +2H" =

5-aminosalicylic acid immobilized on a paraffinimpregnated
graphite electrode and immersed into an aqueous perchlo- © OH 3)
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Fig. 1. Cyclic voltammetry of 5-aminosalicylic acid microparticles in 1M Nagl® 0.1 M HCI. Starting potential is-0.3V and scan rates are 0.1V/s
(A) and 1V/s (B). The solid particles are mechanically transferred to the surface of the paraffin impregnated graphite electrode and immersed into a
liquid electrolyte. A dashed line in (B) is the response of bare electrode.

This assignation is based on the comparison with cyclic ing to the quinone/gentisic acid redox couple indicates that
voltammograms of microcrystals of quinhydrof23. the smallest, the most reactive particles are consumed dur-
Fig. 2 shows three consecutive cyclic voltammograms of ing the voltammetric experiment. So, a slow dissolution of

microcrystals of 5-aminosalicylic acid in the acidic solu- gentisic acid must be also considered.

tion (pH 1). A new oxidation peak at 0.250V, correspond-  Square-wave voltammogram of 5-aminosalicylic acid
ing to the oxidation of gentisic acid to quinone appears in microcrystals is shown irFig. 3 In this technique the

the second and the third cycle. All three peaks are dimin- high-amplitude, high-frequency square-wave is combined
ished from cycle to cycle, but the decreasing of the ox- with the staircase waveform. Relative to the scan direc-
idation peak of 5-aminosalicylic acid is the most severe. tion, forward and backward pulses can be distinguished.
This can be explained by assuming that the transforma- The currents are measured at the end of each pulse and
tion of quinone-imine into quinone occurs on the surface the difference between the currents measured on two suc-
of the particle and that both quinone and gentisic acid re- cessive pulses is recorded as a nett response. Additionally,
main bound to the particle surface blocking the oxidation the currents of the forward and backward series of pulses
of 5-aminosalicylic acid in the second and the third cycles. are reported as a function of the corresponding potential
However, the diminution of the pair of peaks correspond- of the staircase waveforrf80]. In Fig. 3 these compo-
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Fig. 2. Multiple cyclic voltammetry of 5-aminosalicylic acid microparticles in 1M Naghk©0.1 M HCI. A scan rate is 0.05 V/s. The first (=), the second
(...) and the third (- - -) cycles are shown.

nents correspond to the oxidation of 5-aminosalicylic acid in square-wave voltammetry and the median potential in
and the reduction of quinone-imine, respectively. As the cyclic voltammetry do not depend on pHEp = 0.370V
frequency is 100 Hz, the duration of each pulse is 5ms. (if the frequency is 100 Hz) and = 0.395V (if the scan
This is 58 times shorter than the duration of the period rate is 1V/s). At lower pH values the relationships between
between the oxidation and reduction in cyclic voltammetry these potentials and pH are linear, with slopeSp/ApH

if the scan rate is 1V/s. So, the chemical transformation of = —27mV andAE/ApH = —20 mV. This is in agreement
quinone-imine during the anodic pulse is negligible and the with the results of previous measuremejs].

cathodic component of the response is well developed. The Fig. 4 shows square-wave voltammogram of the pow-
peak potential of the nett response is 0.504 V, which is equal dered SalofalR tablets. A well-developed response of
to the median potential of cyclic voltammogram shown 5-aminosalicylic acid and no interference from excipi-
in Fig. 1B. If pH > 6, the peak potential of nett response ents can be observed. This shows that abrasive stripping
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Fig. 3. Square-wave voltammetry of 5-aminosalicylic acid microparticles in 1M Na&l©.1 M HCI. Nett response (1) and its forward (2) and backward
(3) components. Starting potential 0V, frequency 100 Hz, amplitude 75mV and potential increment 2 mV.
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Fig. 4. Square-wave voltammetric detection of 5-aminosalicylic acid in Saffalklets. A liquid electrolyte is 1M NaClp+ 0.1 M HCI, frequency is
100Hz and amplitude is 75mV.

square-wave voltammetry can be used for direct electro- peak potentials are independent of pH in both techniques.
chemical characterization of solid 5-aminosalicylic acid and According to the literature datf26,29] it is not known

its determination in pharmaceutical formulations. which part of ciprofloxacin molecule is oxidized in the elec-
trode reaction but it can be assumed that it is one of three
3.1. Ciprofloxacin amino groups that is oxidized to the cation radi&l-37]

This reaction is followed by the fast and totally irreversible
Figs. 5 and 6show cyclic voltammograms (three transformation of the molecule either by the dimerization
successive cycles) and square-wave voltammogram of[31,33] or by the reaction with wate[34-37] The re-
ciprofloxacin microcrystals mechanically immobilized on sponse does not change significantly in the second and the
the electrode surface. Both responses indicate totally irre-third cycles. This indicates that the oxidation products are
versible oxidation, with the peak potentials 1.2V and 1.32 dissolved and the surface of particles is renewed in each
+ 0.02V, respectively. Within an interval 4 pH < 10, the cycle. Square-wave voltammetric response of ciprofloxacin
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Fig. 5. Cyclic voltammetry of ciprofloxacin microparticles in 1M KNG- 0.01 M HCI. The first three successive cycles are shown. Scan rate is 0.01 V/s.
A dashed line is the response of bare electrode.
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Fig. 6. Square-wave voltammetry of ciprofloxacin microparticles in 1 M KNiDffered to pH 9. Nett response (1) and its forward (2) and backward (3)
components. Frequency 10 Hz, amplitude 75mV and potential increment 2 mV.

present in the powdered CIP 5dQablets is shown in peak potential is 0.814V, for the same scan rate. In mod-

Fig. 7. erately basic solutions (pH 9 and 10) a new peak at 0.67 V
appears. This is shown iaig. 9. The potential of the main
3.2. Azithromycin peak, at 0.81V, is independent of pH. Similar changes of the

response were observed in square-wave voltammetry. Both
Oxidation of azithromycin microcrystals is totally irre- forward and backward components of the response are oxi-
versible electrode reaction, as can be seeffign 8 At dation currents, analogously kag. 6, which are the charac-
pH 4.65, the peak potential is 0.936V, if the scan rate teristics of totally irreversible processgg]. The peak po-
is 0.1V/s. This is in agreement with the response of dis- tentials of the nett response vary from 0.918V at pH 4.65,
solved molecule$27]. In the acidic electrolyte (pH< 3) to 0.803V at pH 7, 0.73V at pH 9 and 0.72V at pH 10.
no response can be recorded. In the slightly acidic medium The last two responses consist of two small, poorly sep-
(4 < pH < 7) the potential of the oxidation peak is a lin- arated peaks. The origin of the first peak is not known,
ear function of pH, with the slope-52mV. At pH 7, the but the main peak is ascribed to the oxidation of dimethy-

5 5
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Fig. 7. Square-wave voltammetric detection of ciprofloxacin in CIP®5&mlets. A liquid electrolyte is 1 M KN@buffered to pH 9, frequency is 10 Hz
and amplitude is 75mV.
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Fig. 8. Cyclic voltammetry of azithromycin microparticles in 1 M NagGlBuffered to pH 4.65. The first three consecutive cycles are shown. Scan rate
is 0.1V/s. A dashed line is the response of bare electrode.

lamino group on the desosamine sugar part of the moleculethis line and expands over the surface of the particle by
[27]. The product of this electrode reaction is cation radical, a series of electron jumps, which are accompanied by the
which undergoes irreversible transformation by the reaction exchange of ions or protons with the electrolyte. This type
with water[31-37] This attribution is based on the fact that of conductivity is a consequence of the gradient of the
erythromycin, which is structurally analogous but has no electrochemical potential on the surface of the particle.
nitrogen atom in macrocyclic lactone ring, exhibits similar The reaction is localized on the particle/electrolyte inter-
voltammetric responsgB8]. The final products are proba- face because proton donors cannot penetrate into the body
bly dissolved because the response does not vanish in theof the particle. This mechanism was observed in voltam-
second and third voltammetric cycles. Square-wave voltam- metry of azobenzene microcrysta39]. In some cases
metric detection of azithromycin in the Sumarflezhpsules the mass transfer is achieved by the surface diffusion of
is shown inFig. 10 partly hydrated molecules of the soljii7]. The electrode
Regarding the reactivity of insoluble microparticles, reaction can be either destructive, i.e. leading to a dissolu-
it is explained by the theory of three-phase boundary at tion of the particle, or not, depending on the solubility of
which the electrode, the liquid electrolyte and the immo- the products. It seems that electrochemical oxidations of
bilized microcrystal meef2,39]. The reaction starts from  ciprofloxacin and azithromycin are destructive, while in the
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Fig. 9. Cyclic voltammetry of azithromycin microparticles in 1 M NaGlBuffered to pH 9 (1) and 10 (2). Scan rate is 0.1V/s.
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Fig. 10. Square-wave voltammetric detection of azithromycin in Sum&nsegsules. A liquid electrolyte is 1 M NaCjCbuffered to pH 7, frequency is
100 Hz and amplitude is 75mV.

oxidation of 5-aminosalicylic acid poorly soluble products [2] S. Komorsky-Lovre, V. Mirgeski, F. Scholz, Mikrochim. Acta 132
are formed. (1999) 67-77.

The described results show that a minute amount of [8] T. Grygar, S. Kikova, D. Hradil, D. Hradilova, J. Solid State
powder of insoluble electroactive compound can be di- , ectochem. 7 (2003) 706-713.

. . . [4] A.M. Bond, J.B. Cooper, F. Marken, D.M. Way, J. Electroanal. Chem.

rectly characterized. The responses of microparticles of ~~ 396 (1995) 407-418.
5-aminosalicylic acid are not significantly different from  [5] u. Schrader, F. Scholz, J. Solid State Electrochem. 1 (1997) 62-67.
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. . [7] A. Dostal, G. Kauschka, S.J. Reddy, F. Scholz, J. Electroanal. Chem.
molecule can be explained by the same mechanism. By the 406 (1996) 155-163.

analogy, it can be assumed that the_ responses of the Other[8] S.J. Reddy, A. Dostal, F. Scholz, J. Electroanal. Chem. 403 (1996)
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