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Abstract: A rapid electrochemical procedure for the determination of dipyrone was successfully developed at a carbon
nanotube modified graphite-epoxy resin composite (GrEC) electrode. The composite electrode was used as support on
which multi-walled carbon nanotubes (MWCNT) were immobilised by 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
together with N-hydroxysuccinimide (EDC-NHS) in a chitosan (Chit) matrix. The electrochemical behaviour of dipyrone
at this electrode in different buffer electrolytes with pH values between 5.0 and 8.0 was explored using cyclic
voltammetry, differential pulse voltammetry, and electrochemical impedance spectroscopy, and comparison with a
conventional glassy carbon electrode was made. Dipyrone was best determined by differential pulse voltammetry with a
low limit of detection of 1.4 uM. Application to commercial samples was demonstrated.
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1. INTRODUCTION

Dipyrone, known as sodium metamizole or sodium [(2,3-
dihydro- 1,5-dimethyl- 3-oxo- 2-phenyl- 1H- pyrazol- 4-yl)
methylamino] methanesulfonate (chemical structure in Fig.
1A), is an analgesic prodrug with an antipyretic effect
commonly used as a powerful painkiller. It was introduced
into clinical practice in 1922 and is still currently used in
many countries [1]; however, it was withdrawn from the
drug market in the UK and US in the 1940s due to side
effects, one of them being agranulocytosis [2]. Despite this,
there has been a number of studies since then related to
dipyrone metabolism [3] and degradation [4], its interaction
with other compounds [5] and its influence on human health,
e.g., respiratory function [6], and pathogenic risks to
embryos [2, 7].

Methods reported in the recent literature for monitoring
and quantifying dipyrone are usually liquid chromatography,
including HPLC [8-10], chemiluminescence in the presence
of MnO, [11], and flow injection analysis with various
detection techniques [12-16]. Electrochemical determination
has been reported using differential pulse voltammetry
(DPV) [17], square wave voltammetry (SWV) [18], and
cyclic voltammetry (CV) [18-20].

Carbon nanotubes (CNTSs) are attractive materials for a
wide range of applications, owing to their unique structure,
mechanical strength and electronic properties [21-32]. CNTs
are able to decrease the overpotential and increase the rate of
reaction of various electroactive species; thus they are more
and more often applied in electroanalytical chemistry as
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electrode modifiers [22, 23]. Such modified electrodes
generally show better electrochemical performance than
conventional carbon electrodes [22, 29]. As has been
demonstrated, the electroactivity of CNTs is due to the
presence of reactive groups on their surface and surface
defects of the nanotubes [25-27]. CNT-modified electrodes
represent different designs of electrochemical sensors and
biosensors [21-25].
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Fig. (1). Chemical structure of (A) dipyrone (sodium [(2,3-dihydro-
1,5-dimethyl-3-oxo0-2-phenyl-1H-pyrazol-4-yl) methylamino] methane-
sulfonate); (B) equilibrium of chitosan in solution.
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The major drawback of using CNTs as electrode
modifiers is their insolubility in all solvents. Several
strategies have been proposed to disperse them, such as end
and sidewall functionalisation [5, 33, 34], use of surfactants
with sonication [35], polymer wrapping [36], and covalent
binding [21].

Chitosan is a linear B-1,4-linked polysaccharide that is
obtained by the partial deacetylation of chitin, a major
component of the shells of crustaceans such as crab, shrimp,
and crawfish. Since chitin deacetylation is incomplete,
chitosan is formally a copolymer composed of glucosamine
and N-acetylglucosamine. The chemical and biological
properties of chitosan are determined by reactive amino and
hydroxyl groups in its linear polyglucosamine high molar
mass chains which are amenable to chemical modification
[37-41]. Moreover, amino groups transform chitosan into a
cationic polyelectrolyte (pK, = 6.5), one of the few found in
nature. Its basicity ensures chitosan’s unique properties: it is
soluble in aqueous acidic media at pH lower than 6.5 and,
when dissolved, possesses a high positive charge due to the
—NH;* groups (Fig. 1B); therefore, it can easily adhere to
negatively-charged surfaces and aggregate with polyanionic
compounds as well as chelating with various metal cations.
Besides its good adhesion, chitosan has a high permeability
toward both water and a number of anions and cations, a
high mechanical strength, an excellent film-forming ability,
and, finally, it is a very good matrix for enzyme and/or
biomacromolecule immobilisation [18].

Methods for chitosan film preparation described in the
literature [23] can be broadly divided into four groups:
solvent evaporation, neutralisation, crosslinking and
ionotropic gelation methods.

The present work focuses on the determination of
dipyrone using a graphite-epoxy resin composite (GrgC)
electrode modified with functionalised multi-wall carbon
nanotubes (MWCNT) immobilised into a chitosan matrix by
means of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
together with N-hydroxysuccinimide (EDC-NHS). Cyclic
voltammetry, differential  pulse  voltammetry and
electrochemical impedance spectroscopy were used in
different pH buffer electrolytes in order to elucidate the
dipyrone electrochemical process. Comparison was made
with the electrochemical behaviour at an unmodified glassy
carbon electrode. Application to fast analysis of commercial
samples was demonstrated.

2. EXPERIMENTAL
2.1. Apparatus

Cyclic voltammetry and differential pulse voltammetry
were performed using a pAutolab potentiostat (Metrohm-
Autolab, Netherlands) running with GPES 4.9 software.
Electrochemical impedance measurements were carried out
using a Solartron 1250 Frequency Response Analyser,
coupled to a Solartron 1286 Electrochemical Interface
(Ametek, UK) controlled by ZPlot software. The frequency
range used was 65 kHz to 0.1 Hz with 10 frequencies per
decade, and integration time 60s. The pH measurements
were done with a CRISON 2001 micro pH-meter (Crison,
Spain). All experiments were performed at room
temperature, 25 + 1°C.
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2.2. Chemicals

Multi-walled carbon nanotubes (MWCNTS) were
obtained from NanoLab (USA). Araldit epoxy resin and
Araldit hardener were purchased from Ceys S.A. (Spain).
Graphite powder (grade #38) was obtained from Fisher
Scientific Corporation (USA). Chitosan (Chit) of low
molecular weight with a degree of deacetylation of 80 %
were obtained from Aldrich (Germany), 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDC) were purchased
from Sigma (Germany) and N-hydroxysuccinimide (NHS)
was from Fluka (Germany). Dipyrone was obtained from
Fluka. Millipore Milli-Q nanopure water (resistivity > 18
MQ cm) was used for the preparation of all solutions.

2.3. Pre-Treatment of Multi-Walled Carbon Nanotubes

Multi-walled carbon nanotubes (MWCNT) were purified
and functionalised as described elsewhere [28]. A mass of
120 mg of MWCNT was stirred in 10 mL of a 3 M nitric
acid solution for 20 h. The solid product was collected on a
filter paper and washed several times with nanopure water
until the filtrate solution became neutral (pH = 7). The
functionalised MWCNTSs obtained were then dried in an
oven at 80 °C for 24 h. Nitric acid usually causes significant
destruction of carbon nanotubes and introduces —COOH
groups at the ends or at the sidewall defects of the nanotube
structure.

2.4. Preparation of Graphite-Epoxy Composite Electrode

Graphite-epoxy composite electrodes were used as
electrode substrates. These were prepared using graphite
powder and Araldit epoxy resin/hardener by hand-mixing in
the ratio 70:30 (m/m), as described previously [42]. The
resulting paste was placed into the tip of a 1 mL insulin
plastic syringe, and a copper rod with diameter equal to the
inner size of the syringe was inserted to give external
electrical contact. Before each use, the surface of the
composite electrode was wetted with Milli Q water and then
thoroughly smoothed, first with abrasive paper and then with
polishing paper (Kemet, UK).

2.5. Preparation of the Film Electrodes Containing
Functionalised MWCNTS

A 1.0 % m/m chitosan (Chit) stock solution was prepared
by dissolving 100 mg of Chit powder in 10 mL of 1.0 % v/v
acetic acid solution and stirred for 3 h at room temperature
until complete dissolution occurred. The Chit solution was
stored at 4°C when not in use.

A dispersion of 1.0 % m/v functionalised MWCNTS in
1.0 % m/m chitosan was prepared by sonication of 2 mg of
functionalised MWCNTSs in 200 pL of 1.0 % m/m Chit in
1.0 % v/v acetic acid solution for 2 h.

The film electrode, obtained using the 1.0 % m/v
functionalised MWCNTs in 1.0 % m/m chitosan, was
prepared following the procedure:

1) dropping 10 pL of 1 % m/iv MWCNTS in 1.0 % m/m
Chit on the GrEC and leaving to dry. After solvent
evaporation, another aliquot of 10 pL of MWCNT
dispersion was added and the electrode was again left
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for solvent evaporation at room temperature in air for
approximately 1 h;

2) 10 pL of 0.1 M phosphate buffer saline (pH 7.0)
solution was dropped on the surface and left to dry for
40 min and this step was then repeated, in order to
deprotonate the amino groups of Chit by changing the
pH at the electrode surface;

3) finally, 10 puL of 0.5 % m/v EDC-0.5 % m/v NHS in
the same buffer solution was dropped on the surface
and left to dry for 2 h.

2.6. Preparation and Detection
Pharmaceutical Samples

of Dipyrone in

Samples were prepared by dissolving commercially
available drugs: Metamizol (generic) and Nolotil, which both
contain 575 mg of magnesium metamizol per capsule
(according to the label), in 0.1 M phosphate buffer pH 7.0.
Prior to measurement, a calibration curve with dipyrone
standard solution was made by differential pulse
voltammetry. For sample determination, a voltammogram
was first recorded in buffer solution, then an aliquot of
aqueous drug solution was added and analysed, the result
being compared with the calibration data of dipyrone in
buffer. Each sample was analysed six times.

3. RESULTS AND DISCUSSION
3.1. Electrochemical Behaviour of Dipyrone

In previous studies, it was found that graphite-epoxy
composite electrodes modified with CNTs cross-linked to
chitosan with EDC-NHS cross-linker showed the best
electrochemical behaviour compared to other cross-linkers
studied [43, 44]. This modified electrode was therefore
chosen for the study and determination of dipyrone. The
electrode was first characterised electrochemically in the
presence of the drug using cyclic voltammetry and
electrochemical impedance spectroscopy and determination
of dipyrone was then performed by differential pulse
voltammetry.

3.1.1. Voltammetric Characterisation

Dipyrone is a complex compound and its electrochemical
behaviour is also complicated. In order to shed light on the
dependence of the electrochemical oxidation of dipyrone on
the electrode material, CVs and DPVs were recorded at
graphite-epoxy  composite electrodes modified with
MWCNT in chitosan matrix and at glassy carbon electrodes
in phosphate buffer solution, pH 7.0.

Fig. (2) presents CVs obtained with different dipyrone
concentrations at a glassy carbon electrode (GCE) (Fig. 2A),
and at a graphite-epoxy composite electrode modified with
multi-walled  nanotubes in a  chitosan  matrix
(GrEC/MWCNT-Chit) (Fig. 2B), in order to examine the
influence of the electrode material. Three irreversible-shaped
peaks were observed at the GCE (Fig. 2A) at +0.30, +0.57,
and + 0.75 V vs SCE. The current peaks increase in height
with higher dipyrone concentrations. Similar peaks have
been observed in [19] at carbon paste electrodes and all
peaks are attributed to a gradual oxidation of dipyrone [18,
19]. CVs recorded under the same conditions at
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GrEC/MWCNT-Chit electrodes, also exhibited three
irreversible oxidation peaks, but slightly shifted compared to
GCE: +0.12 (peak 1), +0.51 V (peak Il) and +0.79 V (peak
[11) vs SCE. The peaks at +0.12 and +0.51 V appear as
double peaks and with an increase in dipyrone concentration
the separation between these peaks also increases.
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Fig. (2). CVs of different concentrations of dipyrone at GCE (A)

and GrEC/MWCNT-Chit (B) in 0.1 M PBS, pH 7.0. Potential scan
rate 25 mV s,

Using differential pulse voltammetry, three oxidation
peaks were also observed at both electrodes by DPV but
shifted (especially at GCE) to less positive potentials: at ca.
+0.2 (1), +0.55 (I1) and +0.7 V (I11) at GCE, and at +0.1 (1),
+0.47 (I1) and +0.9 V (Ill) vs SCE at the MWCNT-Chit
modified electrode, as seen from Fig. (3). Thus, the first two
oxidation peaks occur at lower potential values at
GrEC/MWCNT-Chit than at GCE, demonstrating the
electrocatalytic effect of the modified electrode with respect
to GCE.

In order to clarify the mechanism of dipyrone oxidative
degradation, CV's were recorded (i) at different scan rates at
pH 7.0 and (ii) at different pH at scan rate 25 mV s™*. DPVs
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for this purpose were recorded only at different pH values at
constant scan rate.
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Fig. (3). DPVs recorded at GCE (A) and GrEC/MWCNT-Chit (B)
film electrode in 0.1 M phosphate buffer, pH 7.0, at 10 mV s™* with
dipyrone concentrations (mM): a) 0.05, b) 0.1, ¢) 0.2, d) 0.4, ) 0.8,
f) 1.5,9) 2.0,h) 2.5 and i) 3.0.

Cyclic voltammograms recorded at different scan rates in
PBS, pH 7.0 in the presence of 2 mM of dipyrone are shown
in Fig. (4). It was found that with an increase in scan rate the
separation of the double peaks also increased and an
additional peak appeared at +0.41 V (peak V). All peaks
were analysed by plotting the peak current versus scan rate
(not shown) and versus square root of scan rate; all showed a
linear dependence on the square root of the scan rate up until
30 mV s (Table 1), showing that processes are controlled
by diffusion of the analyte at lower scan rates and by
chemical reaction at higher scan rates since the peak height
becomes independent of scan rate. The last peak, 11, was not
well defined and was therefore difficult to analyse.

Cyclic (Fig. 5) and differential pulse voltammograms
recorded in different pH buffer electrolytes between 5.0 and
8.0 exhibited different behaviour. At lower pH values (5.0
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Table 1. Peak Current Dependence on the Square Root of the
Scan Rate, Data from CVs in Fig. (4)
Peak 1vs V% A mv2 g2
I 3.59+0.31
I’ 3.40£0.20
1 4.54+0.09
I 4.86+0.16
v 4.61+0.20
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Fig. (4). CVs at GrEC/MWCNT-Chit electrode in 0.1 M PBS pH
7.0 and 2 mM dipyrone. Potential scan rate mV sl:a-5:b-10,c¢
—-20,d-30; e-40; f-50.

and 6.0) three irreversible oxidation peaks appeared, the first
is a double peak. At higher pH values, dipyrone oxidation
occurs as is reported above at pH 7.0: three irreversible
oxidation peaks with double 1 and 2" peaks. The first
double peak is less visible at pH 5.0, even at higher dipyrone
concentrations. Beginning at pH 6.0, the 2™ peak is better
observed mainly at higher concentration and an additional
peak also appears between the 1% and 2" peaks (peak V),
and, at pH 8.0 the additional peak is perfectly clear. This
peak might be attributed to the oxidation of an adsorption
product, which is more visible at higher pH. DPVs recorded
in the same buffer solutions for 2 successive scans showed,
in all cases, a decrease in the signal in the second
voltammogram, probably due to blocking adsorption of
dipyrone or its oxidation products at the electrode surface.
Considering peak Il, which is more pronounced, and
monitoring the adsorption at different pH values, it was
observed that at pH 8.0 dipyrone adsorbs more (31 %)
followed by pH 6.0 and 7.0 (27 %) and at pH 5.0 adsorption
was the weakest (9 %). However adsorption is stronger at
lower drug concentrations.

The peak width at half height of peak Il was around 100
mV in all buffers studied, consistent with a one-electron
transfer process. For 1 mM dipyrone, the highest current was
obtained at pH 8.0 for peaks |I” and Il, and for | at pH 7.0, by
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Fig. (5). CVs of 3 mM dipyrone at GrEC/MWCNT-Chit electrode
in 0.1 M PBS at different pH values. Potential scan rate 25 mV s™.

both CV and DPV. At higher concentrations of dipyrone (2
and 3 mM) this is reversed: the highest response for peaks I
and Il was exhibited in pH 7.0 solution and for peak I in pH
8.0 solution (not shown).

The peak potential for the first double peak moved
linearly to less positive values with increasing pH, with
slopes 39.4 mV dec™ for peak | and 34.2 mV dec™ for peak
I”, showing that two electrons per proton are involved in the
electrochemical reaction, as in [45]. Peak Il almost
maintained its position in CV as well as in DPV, so that no
protons are involved.

A similar behaviour was observed in [19] where a carbon
paste electrode modified with N,N’-ethylenebis(salicylide-
neiminato)oxovanadium(lV) complex ([VO(Salen)]) was
used. In this study, the authors monitored the dependence of
peak potential with pH of the peak occurring around 0.6 V,
which is the nearest to the potential of peak Il in this study.
In [19] and here, the peak potentials moved to more positive
values with increase in dipyrone concentration, showing that
the drug is more stable at higher concentration, therefore
more difficult to oxidise. The highest response was not
exhibited at the same pH for all the peaks. However, for 1
mM dipyrone, peak | (CV) has a maximum in pH 7.0
solution and peak Il continuously increases in height up to
pH 8.0.

The peak at -0.2 V (Figs. 2B, 4, 5), appears probably due
to reaction of the dipyrone —SO3™ group with —NH, groups of
chitosan and is controlled by dipyrone adsorption on the
electrode surface.

The double peaks (I” and 11") and additional peak IV (Fig.
4) appear due to reaction of the dipyrone oxidation products
either with chitosan or with the functional groups of carbon
nanotubes or the mechanism of electrochemical reactions
changes, i.e. maybe the oxidation products adsorb more
easily at GrEC/MWCNT-Chit than at GCE. These peaks
increase linearly in height with increase in dipyrone
concentration but the linear response range at
GrEC/MWCNT-Chit was shorter than at GCE. The easiest
oxidation step is loss of the sulphite group and the next step
is oxidation of methyl group at the outer nitrogen to methyl
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amino group and then to methyl-methanal amino or to
simple amine (Fig. 6); such metabolites of dipyrone can be
found during its oxidation [4, 46].
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Fig. (6). Scheme of possible dipyrone degradation.

Cyclic and differential pulse voltammetry demonstrate
that the electrooxidation of dipyrone at GrEC/MWCNT-Chit
is easier than at glassy carbon electrodes, the oxidation
mechanism being the same.

3.1.2. Electrochemical Impedance Spectroscopy

Electrochemical impedance spectra were recorded in
phosphate buffer solution in the absence and presence of
dipyrone at GCE and GrEC/MWCNT-Chit electrodes.
Applied potentials were 0.0, +0.32, +0.45, +0.60, and OCP
(~+0.15 V) at GCE and 0.0, +0.15, +0.47, +0.57, +0.66 V vs
SCE (where oxidation peaks of dipyrone were found) and at
OCP (~+0.02 V) at GrEC/MWCNT-Chit, where no peaks
were observed. The spectra obtained at the GCE had higher
impedance values than those at the carbon nanotube
modified composite electrode; this confirms better
conductivity of the modified electrode. No changes were
observed in the impedance after dipyrone addition either at
0.0 V or at OCP at the GrEC/MWCNT-Chit electrode, but
there were very slight changes at GCE at OCP (not shown).
At all other potentials, visible changes were obtained after
each dipyrone addition in the middle and low frequency
region, more obvious at the GCE. Fig. (7) presents complex
plane impedance spectra at + 0.45 V and +0.47 V vs SCE in
0.1 M phosphate buffer solution, pH 7.0, with addition of
0, 1, and 2 mM dipyrone at GCE and GrEC/MWCNT-Chit
electrodes respectively. A decrease of impedance values
after dipyrone addition was observed at the GCE unlike at
the GrEC/MWCNT-Chit electrode. Similar spectra were
obtained at other potentials as reported previously [47].

The spectra at the GCE at all potentials with and without
dipyrone addition were analysed by fitting to an equivalent
electrical circuit, consisting of the cell resistance, Rq,
coupled with two complex elements in series consisting of 1)
the charge transfer resistance, R, in parallel with a constant
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Fig. (7). Complex plane impedance spectra at 0.45V at GCE (A)
and at 0.47 V vs SCE at GrEC/MWCNT-Chit (B) electrode in 0.1
M NaPBS pH 7.0, in the presence and absence of dipyrone. Lines
indicate equivalent circuit fitting.

phase element, CPEy, as non-ideal double layer capacitance
and 2) a diffusion resistance, Ry, in parallel with a constant
phase element, CPE,, as a non-ideal capacitance (Fig. 7A,
inset). The data obtained from equivalent circuit fitting are
presented in Table 2. R was ~11 Q cm? independent of
potential or dipyrone addition. At all potentials Cy decreased
with increase in dipyrone concentration, but Ry decreased in
most cases after the first dipyrone addition and increased
after the second aliquot, demonstrating more difficult charge
transfer at higher analyte concentrations (as observed by
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cyclic voltammetry, section 3.1.1), probably due to
adsorption on the electrode surface. Both the diffusion
resistance, Rgp and C, values decreased with increase of
analyte concentration, as expected.

Spectra at the GrEC/MWCNT-Chit electrode were different
and other equivalent electrical circuits were needed, see also
[47]. At OCP, 0.0, and +0.15 V vs SCE (the last without
dipyrone addition), where no redox process has occurred, fitting
could be done just with R in series with an infinite open
Warburg element, W,. However, the spectra at all the other
potentials tested were not linear in the complex plane plots at
low frequencies and, therefore, a film resistance, Ry, was
introduced in parallel with W,. Rg was 31 Q cm? in buffer at all
potentials and hardly changed with addition of 1 mM of
dipyrone, but increased slightly to 34 Qcm’® after another
aliquot of 1 mM of dipyrone was added (Fig. 7B). As expected,
the cell resistance did not depend on applied potential, but the
Warburg element parameters changed with addition of
dipyrone. Detailed analysis of the spectra at GrEC/MWCNT-
Chit electrode is described in [47].

The results obtained show that dipyrone analyte
decreases film resistance and diffusion of the charged
species through the film.

3.2. Determination of Dipyrone by Differential Pulse
Voltammetry

Differential pulse voltammetry is an excellent technique
for the analysis of electrochemically active substances owing
to its good sensitivity and resolving power. DPVs recorded
at both GCE and GrEC/MWCNT-Chit in 0.1 M phosphate
buffer pH 7.0 with successive additions of dipyrone (Fig. 3)
showed that the sensitivity (or analytical signal) and the
dependence on dipyrone concentrations was very different at
the two types of electrode; however, both showed higher
sensitivity to dipyrone using peak II than with the other
peaks. The peak height of peaks I and II at GCE and peak 11
at GTEC/MWCNT-Chit electrode was plotted vs dipyrone
concentration (not shown). The linear ranges obtained from
the plots were found to be up to 2.5 and 0.4 mM dipyrone for
peaks I and II, respectively, at GCE, and up to 1.5 mM
dipyrone at the GrEC/MWCNT-Chit electrode. The
sensitivity was: 3.65+0.04 pA cm’mM’ (peak I/GCE%,
23.9+0.8 pA cm” mM™ (peak II/GCE), and 194+7 pA cm’
mM™ (peak II/GrEC/MWCNT-Chit electrode), showing that
the modified GrEC gives higher sensitivity to dipyrone by a
factor of 8. The limit of detection, calculated from the
calibration data applying the 3c method (three times
standard deviation of the calibration curve divided by the
slope) also was the lowest at the GrEC/MWCNT-Chit
electrode (1.4 uM) following by peaks I (9.7 uM) and II at
GCE (10.4 uM).

The analytical data achieved by using the present
modified electrode are significantly better than those
obtained in [17] by DPV: sensitivity 0.27 nA pM", linear
range up to 65 uM, LOD 2.37 puM. Other electrochemical
methods also gave less good analytical parameters, such as
amperometry with flow injection analysis [48]: sensitivity
81.06 pA mM™, linear range up to 25 uM, LOD 2.07 uM; or
linear sweep voltammetry [19]: linear range up to 28 uM,
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Table 2. Equivalent Circuit Fitting Data from Impedance Spectra at Glassy Carbon Electrode (See Fig. (7A) in 0.1 M Phosphate
Buffer, pH 7.0 with and without Dipyrone (dipy)). OCP was ~ +150 mV vs SCE
E/V vs SCE Solution Composition Ru/kQ cm? | Cy/ pF cm?s™! a Ruir/kQ cm? CoyuF cm?s™t a;

Buffer 0.87 110 0.75 10.9 182 0.73

OCP + 1 mM dipy 1.15 105 0.75 11.4 190 0.73

+ 2 mM dipy 1.25 97 0.74 14.2 207 0.73

Buffer 0.78 130 0.75 19.9 209 0.73

0.00 + 1 mM dipy 0.86 132 0.76 17.6 233 0.75

+ 2 mM dipy 1.37 139 0.71 16.6 246 0.73

Buffer 1.01 101 0.78 219 161 0.76

0.32 + 1 mM dipy 0.91 61 0.80 3.55 350 0.74

+2 mM dipy 1.09 63 0.75 1.86 555 0.71

Buffer 1.21 84 0.80 20.5 142 0.78

0.45 + 1 mM dipy 1.01 64 0.79 6.59 256 0.73

+ 2 mM dipy 1.20 59 0.75 3.40 404 0.71

Buffer 1.34 72 0.82 219 126 0.79

0.60 + 1 mM dipy 1.17 57 0.79 6.17 236 0.73

+ 2 mM dipy 1.39 58 0.74 4.11 328 0.71

Table 3. Determination of Dipyrone Found in Commercial Drugs (n=6) by Differential Pulse Voltammetry
Drug Concentration of Dipyrone Added, pM Concentration of Dipyrone Found, pM Recovery, %

Metamizol 500 471 £20 94
172 162+7 94
Nolotil 500 490 £ 10 98
172 162+8 94

LOD 7.2 uM; or by the turbidimetric method using Ag" ions,
where the LOD was 130 uM [12].

3.3. Determination of Dipyrone in Commercial Samples

The GrEC/MWCNT-Chit electrode was used for the
determination of dipyrone in two commercially available
drugs: Metamizol (generic) and Nolotil. According to the
label, both contain 575 mg of magnesium metamizol per
capsule. Determination was performed by adding a certain
aliquot of aqueous drug solution in 0.1 M phosphate buffer
pH 7.0 to the same buffer solution, then recording DPV and
comparing the result with the calibration data of dipyrone in
buffer, see Section 2.6. In both cases, recovery was
satisfactory using different concentrations of drugs (Table 3)
calculated from 6 measurements. The appearance of a
yellowish colour in the drug solution as well as a small
decrease (up to ~1 %) of the dipyrone DPV signal after each
repetition of the measurement, suggested that the drug
solution prepared from the capsules decomposed faster
(probably due to additives) than a stock solution of dipyrone
at room temperature. This probably caused the slightly low
recovery values, and clearly demonstrates the necessity for a
rapid method for sample analysis as soon as the sample is

prepared, as is the case with the method developed in this
paper.

Thus, the data obtained by DPV determination lead to the
conclusion that GrEC/MWCNT-Chit electrodes can be used

for fast and simple determination of dipyrone in neutral
media with a low micromolar detection limit.

4. CONCLUSIONS

A graphite epoxy composite electrode modified with
functionalised carbon nanotubes immobilised into chitosan
matrix using 1-ethyl-3-(3-dimethylaminopropyl) carbodi-
imide together with N-hydroxysuccinimide (EDC-NHS) was
successfully used for the determination of dipyrone. The
electrochemical behaviour of this drug was investigated by
cyclic voltammetry, differential pulse voltammetry, and
impedance spectroscopy and the results compared with those
at glassy carbon electrodes. It was shown that carbon
nanotubes improve the determination of dipyrone by shifting
the oxidation potentials to lower values and increasing
current response. The highest response was at different
values of pH according to the peak analysed, nearly all of
which shift to less positive values with increase in pH.
Determination of dipyrone using differential pulse
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voltammetry was far more sensitive at the graphite carbon
nanotube modified electrode compared with glassy carbon,
with a limit of detection of 1.4 uM. These results, and
application to commercial samples, showed that this method
is simple, fast and reliable for the determination of dipyrone
and suggests that this type of modified electrode can be
successfully employed for the determination of other
analytes of this kind.
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