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Este trabalho reporta a determinagdo simultnea de paracetamol e naproxeno usando a detec¢@o
amperométrica de multiplos pulsos em um eletrodo impresso modificado com nanotubos de
carbono de parades miltiplas (MWCNT-SPE) adaptado em uma célula de andlise em fluxo (FIA)
construida em laboratério. Uma sequéncia de dois pulsos de potencial (+0,30 e 0,70 V por 70 ms
cada) foi aplicada continuamente de tal forma que paracetamol foi selectivamente oxidado em
+0,30 V e ambos compostos (paracetamol e naproxeno) sdo oxidados em +0,70 V. Subtragdo da
corrente depois de usar um fator de corre¢do foi empregada para a determinagdo de naproxeno sem
ainterferéncia do paracetamol. O método FIA proposto apresenta alta seletividade e sensibilidade,
exatidao adequada (resultados em concordancia com cromatografia liquida de alta eficiéncia),
elevada frequéncia analitica (90 h') e baixo custo uma vez que um dnico SPE pode ser usado
durante todo o dia de trabalho adaptado em uma célula em fluxo.

This work reports the simultaneous determination of paracetamol and naproxen using
multiple-pulse amperometric detection on a multi-walled carbon nanotube modified screen-
printed electrode (MWCNT-SPE) adapted in a homemade flow-injection analysis (FIA) cell. A
sequence of two potential pulses (+0.30 and +0.70 V for 70 ms each) was applied continuously in
such a way that paracetamol is selectively oxidized at +0.30 V and both compounds (paracetamol
and naproxen) are oxidized at +0.70 V. Current subtraction after using a correction factor was
employed for determination of naproxen without the interference of paracetamol. The proposed
FIA method presents high selectivity and sensitivity, adequate accuracy (results in agreement with
high-performance liquid chromatography), elevated analytical frequency (90 h'), and low-cost
once a single SPE strip can be used during the whole working day adapted in a flow-cell.
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Introduction

Paracetamol [acetaminophen or N-acetyl amino phenol]
is widely used as an antipyretic and analgesic drug. It is
highly effective for the release of pain associated with
arthralgia, neuralgia, and headache and even for patients
suffering from gastric symptoms and in many countries it
has been used as a substitute for aspirin [acetyl salicylic
acid].! Naproxen, (+)-2-(6-methoxy-2-naphthyl)propionic
acid, is extensively used in non-steroidal anti-inflammatory
cures such as the treatment of rheumatoid arthritis,
dysmenorrhea and acute gout.? The combination of
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paracetamol and nonsteroidal anti-inflammatory drugs such
as naproxen has proven efficacy in the treatment of pain
conditions and has its clinical use validated.® Association
therapy with paracetamol and naproxen has also been
reported to benefit patients who have pain associated with
rheumatoid arthritis.**

Therefore, the determination of naproxen and
paracetamol is relevant in pharmaceutical formulations as
well as in biological fluids. Several methods mainly based
on spectrofotometry, spectrofluorimetry or electroanalysis
were reported for the single determination of paracetamol®®
or naproxen.”!' However, to our knowledge, few analytical
methods have been reported for the simultaneous
determination of paracetamol and naproxen including
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high-performance liquid chromatography (HPLC)!*!?
and voltammetry.'* Therefore, the development of new
methods for simultaneous determination of paracetamol
and naproxen remains a topic to be explored.

Flow-injection analysis with multiple-pulse
amperometric (FIA-MPA) systems can be used for
simultaneous determinations using a single working
electrode. This strategy was used for the simultaneous
determination of sugars,'> drugs,'®!” antioxidants,?
synthetic colorants,*' as well as the possibility of using the
internal standard method in FIA systems.?

Screen-printed electrodes (SPE) are planar devices
which contain the three electrodes (working, counter
and pseudo-reference) which typically are used in
electrochemical cells. This setup is usually indicated for
onsite analysis because of its characteristics such as low
power requirement, quick response, high sensitivity and
ability to operate at room temperature.”>** In addition,
the presence of the three electrodes on the same device
facilitates the positioning of these electrodes in a flow cell.”

In this work, we demonstrate that FIA-MPA detection
on a multi-walled carbon nanotube modified screen-
printed electrode (MWCNT-SPE) can be used for the
simultaneous determination of naproxen and paracetamol
in pharmaceutical formulations. Results obtained from this
novel FIA-MPA method using a homemade flow-cell were
evaluated with respect to linearity, repeatability, recovery,
detection and quantification limits, and by comparison with
results from HPLC analysis.

Experimental
Reagents and samples

Highly pure deionized water (R > 18 MQ cm) obtained
from a Millipore Direct-Q3 water purification system
(Bedford, MA, USA) was used to prepare all aqueous
solutions. Analytical grade phosphoric acid (85% m/v) from
Impex (Sao Paulo, Brazil), oxalic acid from Reagen (Rio de
Janeiro, Brazil), boric acid from QM (Cotia, Brazil), glacial
acetic acid from Carlo Erba (Milan, Italy), sodium hydroxide
from Dinamica (Diadema, Brazil), methanol (HPLC grade)
from Proquimios (Rio de Janeiro, Brazil), paracetamol from
Synth (Diadema, Brazil) and naproxen from DEG (Sao
Paulo, Brazil) were used without further purification. Stock
solutions of naproxen and paracetamol were freshly prepared
just before the experiments by dilution in electrolyte.

Two different pharmaceutical formulations (in capsules)
were obtained from local drug stores. For each analysis,
the total amount of powder in three capsules (each capsule
contains 275 mg naproxen and 300 mg paracetamol and
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excipients) from the same blister was mixed. An adequate
amount of powder was dissolved in electrolyte (0.1 mol L'
phosphate buffer at pH 7.5), after stirring and sonication
for 10 min in ultrasonic bath. The samples and standard
solutions were further diluted in electrolyte for subsequent
injection in the FIA system.

Electrochemical measurements

All electrochemical measurements were performed using
a p-Autolab Type III (Eco Chemie, Utrecht, Netherlands).
All experiments were performed using commercial SPEs,
which include a three-electrode configuration printed
on the same strip (DRP-110CNT, DropSens). The strips
(3.4x1.0x0.05 cm) presented a 4 mm diameter disk multi-
walled carbon nanotubes screen-printed (MWCNT-SPE) as
working electrode (WE), a carbon counter electrode (CE),
and a silver pseudoreference electrode (RE). MWCNT-SPE
are produced with carboxyl functionalized MWCNTs that
enhances the electrochemical active area and electronic
transfer properties.?® For comparison, unmodified carbon
screen-printed electrodes (C-SPEs) were also evaluated. All
SPEs already assembled in the flow cell were just cycled
(3 cyclic voltammograms) in the range of 0.0 to 1.0 V in
order to check their typical electrochemical behavior in
supporting electrolyte before amperometric measurements.

A homemade wall-jet flow cell was designed to
adapt SPEs to perform FIA with amperometric detection
(Figure 1). An SPE strip is firmly placed between two
acrylic blocks (the bottom block contains a small ledge to
position the strip) and an O-ring (d = 10 mm) is used to limit
the inner volume (~90 pL) covering the three electrodes.
The upper block contains two holes to allow solution
inlet (90° — wall-jet configuration) and outlet (45°). The
electrochemical flow cell was inserted in a one-channel
FIA system, which was assembled with a peristaltic pump
and a manual injector made of acrylic. A single-line flow

Figure 1. Image of the homemade wall-jet flow-cell for SPEs. (A)
Disassembled flow cell; (B) Assembled flow cell. (4) inlet; (T) outlet.
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system was employed using 1.0 mm (i.d.) polyethylene
tubing. A 0.1 mol L' phosphate buffer solution (adjusted to
pH 7.5) was used as the carrier solution. All electrochemical
measurements were performed at room temperature in the
presence of dissolved oxygen.

HPLC analysis

The HPLC measurements were performed using a
Shimadzu LC-10 VP equipped with a UV-vis detector
(SPD-10AV), an LC column (Lychrispher 100 A8
RP18-C18, 250 mm X 4.6 mm, 5 mm), a degasser
(DGU-20A5), a manual injector (20 uL) and a pump
(LC-10AD-VP). The mobile phase consisted of a mixture
of water and methanol (70:30, v/v). The detector was fixed
at 263 nm. The flow rate was 1.0 mL min™". This analytical
protocol was adpated from a previous work.'?

Results and discussion

The electrochemical oxidation of paracetamol and
naproxen at MWCNT-SPE was investigated in 0.1 mol L-!
Britton-Robinson (BR) buffer solutions (from pH 2.0
to 10.0) and in a 0.1 mol L phosphate buffer solution
(pH = 7.5), which was the optimized electrolyte for the
amperometric determination of naproxen at a glassy-carbon
electrode as described in the literature.'"* The 0.1 mol L!
phosphate buffer solution was selected for further
experiments because under this condition the oxidation
peaks of paracetamol and naproxen were well-separated
(300 mV) in the cyclic voltammetry experiments.
Moreover, negligible response for naproxen was observed
in acidic solutions as described in the literature.!" These
results are in accordance with a previous work which
investigated the voltammetric profile of naproxen and
paracetamol in phosphate buffer.'* Figure 2A highlights
the hydrodynamic voltammograms for the oxidation of
paracetamol and naproxen at MWCNT-SPE assembled
on the homemade flow-cell using a 0.1 mol L' phosphate
buffer carrier solution. In this study, standard solutions
containing 10 pmol L' paracetamol or 10 umol L
naproxen were injected (n = 3) in the FIA system with
MPA detection. Eight fast (70 ms each) potential pulses
(0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80 and 0.9 V) were
applied continuously and the current at each potential
pulse (simultaneous acquisition of 8§ amperograms) was
monitored continuously. The respective current peak at
each potential pulse was measured and used to construct
the hydrodynamic voltammogram for the electrochemical
oxidation of both compounds separately. For comparison,
hydrodynamic voltammograms for the oxidation of

paracetamol and naproxen at unmodified carbon SPE were
also obtained under the same conditions (Figure 2B).
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Figure 2. Hydrodynamic voltammograms obtained by plotting peak
current values as function of the corresponding applied potential pulses
registered at (A) a MWCNT-SPE and (B) a C-SPE. (M) Injections of
10 pmol L' paracetamol; (O) Injections of 10 umol L' naproxen. Potential
pulse time: 70 ms each; supporting electrolyte: 0.1 mol L' phosphate
buffer solution; flow rate: 2.5 mL min™'; injected volume: 300 pL.

Under hydrodynamic conditions, the oxidation current
of paracetamol started to increase at approximately +0.3 V
and reached a plateau near +0.7 V, while the oxidation
current of naproxen started at +0.5 V at MWCNT-SPE.
On the other hand, the oxidation of paracetamol and
naproxen at C-SPE (unmodified carbon SPE) occurred at
+0.4 V and +0.9 V, respectively. Therefore, the presence of
MWCNTs within the carbon SPE improved the response of
both analytes either by current increase or by lowering the
oxidation potentials. However, a remarkable improvement
was verified for the electrochemical oxidation of naproxen
at MWCNT-SPE with a 10-fold increase in current and a
400 mV decrease in the overpotential of oxidation reaction.
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Thus, this comparison between unmodified carbon SPE
and MWCNT modified carbon SPE clearly showed the
enhanced electronic transfer properties of MWCNTs
towards naproxen oxidation.

The mechanism of the electrochemical oxidation of
naproxen was previously investigated.!! The proposed
mechanism involves a single-electron transfer via radical
cation formation (considering the protonated form of
naproxen), followed by decarboxylation (fast chemical
reaction)”, and is not pH-dependent.'" As previously
described,* the electrooxidation of paracetamol involves
the transfer of two electrons and two protons, generating
N-acetyl-p-quinoneimine. The mechanisms of oxidation
of paracetamol and naproxen are illustrated in Figure 3.
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Figure 3. Mechanism of oxidation of paracetamol (PAR) and naproxen
(NPX) according to the literature.'?

The electroactive area of both SPEs was calculated using
Randles-Sevcik equation for a reversible electrochemical
process under diffusion control (ferricyanide/ferrocyanide).
The average electroactive areas (n = 3) of MWCNT-SPE
and C-SPE was 0.096 and 0.063 cm?, respectively, while
the geometrical area of working electrode is 0.126 cm?.
Therefore, the electroactive area of MWCNT-SPE and
C-SPE corresponds to 76% and 50% of the geometrical area
which indicates a partial blockage of the working electrode
area in both SPEs that may be attributed to contamination
with residual organic binder of the carbon ink. On the other
hand, the higher electroactive area of MWCNT-SPE in
comparison with the C-SPE was expected due to the high
surface area provided by the carbon nanotubes.

Since the purpose of this work is to perform the
simultaneous determination of both compounds at a
single amperometric run, the use of MPA is required
and a sequence of two potential pulses was selected.
According to the hydrodynamic voltammograms at
MWCNT-SPE, the application of potentials lower than
+0.4 V would promote the detection of paracetamol without
naproxen interference, and so +0.3 V was selected as the
first potential pulse (oxidation of naproxen only starts
at +0.4 V). If potential values higher than +0.4 V were
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employed, the electrochemical oxidation of paracetamol
and naproxen would be verified. Then, a second potential
pulse (+0.7 V) was selected at which both compounds
were electrochemically oxidized. Both potential pulses
were applied for 70 ms based on the highest analytical
signal for paracetamol and naproxen. The oxidation current
from naproxen was obtained by subtraction of the current
values detected at the two potential pulses, similarly to
previous studies which applied MPA for simultaneous
determinations but using glassy-carbon or boron-doped
diamond electrodes.?!**

It is worth mentioning that the oxidation currents of
paracetamol did not present the same magnitude at the
two potential pulses (+0.3 V and +0.7 V). The oxidation
current of paracetamol at +0.7 V was higher than the current
detected at + 0.3 V. Therefore, a simple subtraction between
the currents detected at the two potential pulses does not
directly yield the absolute value of naproxen oxidation
current at +0.7 V. Since the selective determination of
naproxen depends on subtraction of the paracetamol
current due to its oxidation at +0.7 V, a correction factor
(CF) need be calculated based on the ratio of the current
responses to paracetamol oxidation (i,) registered at +0.3
and +0.7 V. This CF was obtained by injecting a solution
containing only paracetamol in the FIA-MPA system and
the following equation:

CF = 1pag ws07 v/ Ipar wv03 v (1)

Then, if solutions or samples containing both compounds
are injected in the FIA-MPA system, the current originating
from naproxen oxidation detected at +0.7 V (i,,,,) can
be calculated using the CF value and the equation 2. The
average CF value obtained by the injection of 10 umol L-!
paracetamol was 1.2.

Lipx = 107 v = (CF X ipsg 4 403v) (2)

FIA parameters were evaluated in order to obtain the
highest signal for paracetamol and naproxen. Figure 4
presents the variation of peak current for paracetamol and
naproxen oxidation in function of (A) injected volume and
(B) flow rate.

A slight higher current and lower standard deviation
(n = 3) was observed for an injection volume of 300 uL of
10 umol L' of paracetamol + naproxen in the FIA-MPA
system (Figure 4A), which was thus selected for further
amperometric recordings. The flow rate of the FIA
system (Figure 4B) was evaluated keeping constant the
injection volume of 300 pL of 10 pmol L' of paracetamol
+ naproxen. It was observed a linear increase from 1.5 to
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Figure 4. Optimization of FIA parameters: variation of (A) injected
volume (100, 200, 250, and 300 pL) and (B) flow rate (1.5, 2.0, 2.5, and
3.0 mL min™') based on triplicate injections of 10 umol L' paracetamol (O)
and 10 pmol L' of paracetamol + naproxen (). Electrolyte: 0.1 mol L!
phosphate buffer solution (pH = 7.5).

2.5 mL min'. The flow rate of 2.5 mL min"' was selected
for further amperometric measurements.

A repeatability study based on repetitive (n = 10) 300 L
injections of 10 umol L' of paracetamol + naproxen in
phosphate buffer solution (pH =7.5) was carried out using
the same MWCNT-SPE strip (intra-day repeatability)
The inter-day repeatability was evaluated based on the
amperometric response of paracetamol and naproxen
using different MWCNT-SPE strips in other working days
(n = 3). Although a single MWCNT-SPE is a disposable
source of electrodes, the same strip could be used for
consecutive days in one week. The analytical characteristics

Table 1. Analytical characteristics of the proposed method

(also including linear dynamic ranges (LDR) and limits of
detection (LOD)) of the proposed analytical method are
summarised in Table 1. The analytical frequency estimated
in this amperometric recording was 90 h.

The effect of some possible interfering substances
(excipients in pharmaceutical formulations) including
starch, hydroxypropyl methylcellulose, cellulose, titanium
dioxide, magnesium stearate, talc, glucose, and citrate was
evaluated by injecting solutions containing 1 mmol L' of
each excipient separately. No current peaks were obtained
at both potentials after injection of all possible interfering
substances, which indicates that paracetamol and
naproxen can be accurately determined in pharmaceutical
formulations.

The optimized FIA-MPA method was applied for the
simultaneous determination of paracetamol and naproxen
in pharmaceutical formulations. For comparison, the
samples were also analyzed by HPLC including evaluation
using Student’s 7-test. The amperometric response
for injections of standard solutions of paracetamol
and naproxen (calibration curve) and samples (after
adequate dilution) is presented in Figure 5. Recovery
tests were performed by spiking both samples (after
sample dissolution in electrolyte) with a standard solution
containing 20 umol L' of paracetamol and naproxen. All
results are presented in Table 2.

The calibration curves (Figures 5B and 5C) showed
good linearity in the investigated concentration range with
the following calibration equations:

Paracetamol: i (uA) = 0.05252 + 0.03459 ¢ (umol L);
r=0.997

Naproxen: i (uA) = 0.01629 + 0.04221 ¢ (umol L');
r=0.999

The limits of detection were estimated as 0.4 and 0.3
umol L for paracetamol and naproxen, respectively.
The results obtained by the proposed FIA-MPA method
were in agreement with those obtained by HPLC at
the 95% confidence level (the calculated 7-values from
Student’s #-test were smaller than the critical value, 2.78,
for n = 4), attesting the accuracy of the proposed method.
These results attest to the good performance of the new

Analytes LDR / (umol L") Sensitivity / (uA L umol™) LOD / (umol L) Intra-day RSD / % Inter-day RSD / %
Paracetamol 10-800 0.042 0.4 1.0 8.5
Naproxen 10-400 0.036 0.3 1.0 9.0

LDR: linear dynamic range; LOD: limit of detection; RSD: relative standard deviation.
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Figure 5. (A) FIA-MPA registered at +0.3 and +0.7 V (70 ms each) for triplicate injections of solution containing only 10 umol L' paracetamol (PAR) or
only 10 umol L' naproxen (NPX), 5 solutions containing simultaneously increasing concentrations of paracetamol and naproxen (from 10 to 50 umol L),
and 2 diluted samples (s1 and s2). Calibration curves for paracetamol (B) and naproxen (C) are presented (r > 0.99). Injected volume of 300 pL and flow

rate of 2.5 mL min™'. Other conditions as in Figure 2.

Table 2. Comparison of the analytical results obtained by FIA-MPA and HPLC for simultaneous determination of paracetamol (PAR) and naproxen (NPX)
in pharmaceutical formulations (n = 3), respective recovery tests (n = 3) and calculated 7-values

Samples Analyte Label value / FIA-MPA/ HPLC/ Recovery / % Calculated t-values
(mg per capsule) (mg per capsule) (mg per capsule)
A PAR 300 282+ 6 282+ 14 9+5 0.000
NPX 275 250+ 6 249 + 17 98 +4 0.096
B PAR 300 293 +3 300 = 10 105+6 1.162
NPX 275 263 +3 269 + 4 113£8 2.076

FIA-MPA method for simultaneous determination of
paracetamol and naproxen using an MWCNT-SPE. The
proposed FIA-MPA method was compared with previous
methods reported in the literature (Table 3). The proposed
method presented superior performance in comparison
with HPLC. The square-wave voltammetric method which
employed a dysprosium nanowire-modified carbon paste
electrode provided better detection limits (at least 3 orders
of magnitude) due to the high sensitivity of square-wave
voltammetry associated with a preconcentration step. On
the other hand, the modified carbon paste electrode required
polishing and cleaning before each measurement, which
increases the analysis time and this additional step depends
on analyst skills. Thus, the analytical frequency of such a

voltammetric method is dramatically decreased to 30 h'!
considering a one-minute electrode polishing/cleaning step
and a one-minute measurement.

Conclusions

The present study demonstrates that MWCNT-SPE
is a promising analytical tool in FIA system coupled to
MPA detection, which can be used as a simple sensor
for the simultaneous quantification of paracetamol and
naproxen in pharmaceutical formulations. The technique
presented short analysis time (90 injections per h), low
consumption of reagents and samples, high precision
(RSD < 1.1%; n = 10), adequate accuracy (confirmed by
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Table 3. Comparison of analytical characteristics between the proposed method and other analytical methods

Analytical method Analytes LDR / (umol L") LOD / (umol L) Analytical frequency / h'! Ref.

HPLC PAR 33-529 n. m. 8 12
NPX 13-209 n. m.

HPLC PAR 20-46 34 15 13
NPX 7.8-18.2 1.0

SwWv PAR 0.01-250 0.0003 n. m. 14
NPX 0.001-500 0.0005

FIA-MPA PAR 10-800 0.4 90 This work
NPX 10-400 0.3

LDR: linear dynamic range; LOD: limit of detection; n. m.: not mentioned; SWV: square-wave voltammetry.

comparison with HPLC results), and linear calibration
curves (r> 0.99 in both cases). The limits of detection were
0.4 and 0.3 pmol L' (FIA) for paracetamol and naproxen,
respectively. Furthermore, the method is selective for
simultaneous determinations, free of interferences from
sample matrix, requires simpler instrumentation and
provides lower analytical costs in comparison with HPLC
(typically applied for simultaneous determinations in
pharmaceutical analyses).
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