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Um método eletroanalítico original e rápido para a determinação de naproxeno em formulações 
farmacêuticas usando análise por injeção em batelada (BIA) com detecção amperométrica pulsada 
é descrito. Eletrodo de carbono vítreo foi usado como eletrodo de trabalho e solução tampão fosfato 
0,05 mol L-1 como eletrólito suporte. O método amperométrico envolveu a aplicação contínua 
de dois pulsos de potencial ao eletrodo de trabalho com intuito de detectar naproxeno pela sua 
oxidação eletroquímica (+1,5 V por 200 ms) e de limpar a superfície do eletrodo de produtos de 
adsorção (+1,0 V por 100 ms), evitando contaminação do eletrodo. O método proposto possui 
várias vantagens para análises de rotina, incluindo: baixo desvio padrão relativo (3,0%, n = 10), 
elevada frequência analítica (90 h-1), exatidão satisfatória (baseado em determinações comparativas 
por espectrofluorimetria) e baixo limite de detecção (0,3 µmol L-1).

A novel and fast electroanalytical method for naproxen determination in pharmaceutical 
formulations using batch injection analysis (BIA) with pulsed amperometric detection is described. 
Bare glassy carbon electrode was used as working electrode and 0.05 mol L-1 phosphate buffer 
solution as supporting electrolyte. The amperometric method involved the continuous application 
of two sequential potential pulses to the working electrode in order to detect naproxen by its 
electrochemical oxidation (+1.5 V for 200 ms) and to clean the electrode surface from adsorption 
products (+1.0 V for 100 ms), avoiding electrode contamination. The proposed method has several 
advantages for routine analysis, including: a low relative standard deviation between injections 
(3.0%, n = 10), high analytical frequency (90 h-1), satisfactory accuracy (based on comparative 
determinations by spectrofluorimetry) and low limit of detection (0.3 µmol L-1).
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Introduction

Naproxen, 2-(6-methoxynaphthalen-2-yl) propanoic 
acid, is a non-steroidal anti-inflammatory drug (NSAID) 
derived from propionic acid and has been widely used 
as an over-the-counter analgesic, anti-inflammatory and 
antipyretic agent. It is also commonly used for the reduction 
of stiffness caused by conditions including kidney stones, 
rheumatoid arthritis and other inflammatory rheumatic 
diseases.1,2 NSAIDs have been associated with the 
increasing number of potentially cardiovascular events. 
However, a recent study classified naproxen as the least 
harmful NSAID in cardiovascular terms.3

Different analytical methods have been proposed 
for the determination of naproxen in pharmaceutical 
formulations including spectrophotometry (UV region),4,5 
spectrofluorimetry,6-8 capillary isotachophoresis9 and 
high-performance liquid-chromatography (HPLC) coupled 
with spectrophotometric,10 amperometric11 and mass 
spectrometric detectors.1 Nevertheless, these analytical 
methods require expensive equipment and reagents, are 
time-consuming and often necessitate laborious pre- and 
post-column derivatization procedures.

On the other hand, electroanalytical methods are 
simpler and provide faster response with comparable or 
better sensitivity than HPLC methods. Analytical methods 
employing differential pulse voltammetry (DPV) at a 
platinum electrode12 and at a boron-doped diamond (BDD) 
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electrode13 were reported for the determination of naproxen 
in non-aqueous electrolyte (acetonitrile supported with 
0.1 mol L-1 LiClO4). BDD electrodes provide lower low 
background current and wide potential window14 and due 
to these characteristics, the determination of naproxen at 
the BDD electrode presented superior sensitivity.13 To our 
knowledge, there are no amperometric methods reported 
to the determination of naproxen and the electroanalytical 
methods developed for naproxen determination required 
non-aqueous electrolyte.12,13

The association of flow injection analysis (FIA) 
with electrochemical detectors for the development of 
analytical methods provides high-speed, sensitivity, 
selectivity, accuracy and precision.15,16 Batch injection 
analysis (BIA) presents similar characteristics and can 
be an interesting alternative to FIA in such a way that 
pumps and valves of the FIA system are not necessary and 
reduced volumes of carrier solutions are employed.17 
The BIA system with amperometric detection requires 
an electronic micropipette that injects a sample plug 
directly onto the working electrode surface positioned in 
a wall-jet configuration. The working electrode as well 
as the reference and counter electrodes are immersed in 
a large-volume blank solution.18 The combination of BIA 
with pulsed amperometry has been recently proposed for 
simultaneous determinations in fuel,19 pharmaceutical and 
food samples.20 Pulsed amperometry has also been applied 
to selective determinations of analytes at electrodes that 
undergo passivation due to adsorption of electrochemically 
generated oxidation products.21,22

In the present study, it is reported an application 
of BIA with pulsed amperometric detection for fast 
determination of naproxen in pharmaceutical formulations. 
The application of two potential pulses provided naproxen 
detection by its electrochemical oxidation (at +1.5 V for 
200 ms) without electrode contamination (+1.0 V for 
100 ms for electrode cleaning) using an aqueous electrolyte.

Experimental

Reagents and samples

Highly-pure deionized water (R ≥ 18 MΩ 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 (São Paulo, Brazil), sodium hydroxide from 
Dinamica (Diadema, Brazil) and naproxen from DEG 
(São Paulo, Brazil) were used without further purification. 
Working standard solutions were prepared immediately 
before use by appropriate dilution of stock solution. 

Pharmaceutical formulations (tablets) were obtained from 
local drug stores. For each analysis, five tablets were 
powdered in a mortar and a weight correspondent to one 
tablet was dissolved in electrolyte.

Electrochemical measurements

All electrochemical measurements were performed 
using a µ-Autolab Type III (Eco Chemie, Utrecht, 
Netherlands) controlled by GPES 4.9.007 software 
(General Purpose Electrochemical System).

A three-electrode configuration included a glassy 
carbon (Ø = 1.5 mm, CH instrument, Austin, TX, USA) 
as a working electrode, a platinum wire as a counter 
electrode and a miniaturized Ag/AgCl/saturated KCl 
electrode as a reference electrode.23 Cleaning of the 
glassy carbon electrode was mechanically performed on 
a felt-polishing pad using an alumina powder suspension 
(0.3 µm) and copiously rinsing with deionized water.

Amperometric measurements were performed using a 
lab-made electrochemical batch injection cell previously 
described,24 which consists of a 180 mL glass cylinder 
(internal diameter of 7 cm) and two polyethylene covers 
firmly fitted at the top and bottom of the cylinder. At the 
top, the polyethylene cover contained 3 holes for the 
counter and reference electrodes and the micropipette tip 
(external diameter of 6.6 mm). The distance between the 
electronic micropipette tip and the center of the working 
electrode (positioned oppositely to the micropipette tip) was 
adjusted around 2 mm distant in a wall-jet configuration.

Injections of standard solutions or samples were 
conducted using an Eppendorf electronic micropipette 
(Multipette® stream), which permitted injections from 10 
to 1000 µL (using a 1 mL Combitip®) at a programmable 
dispensing rate (from 28 to 330 µL s-1).

Conventional or multiple-pulse amperometric technique 
was selected to perform amperometric measurements using 
a constant potential or two potential pulses. A 0.05 mol L-1 
phosphate buffer solution (pH 7.5) was used as supporting 
electrolyte.

All electrochemical measurements were performed at 
room temperature, in the presence of dissolved oxygen.

Spectrofluorimetric analysis

Spectrofluorimetric determinations of naproxen were 
performed using a Hitachi F4500 apparatus in accordance 
with the literature.6 The standard solutions and samples 
were prepared in 0.05 mol L-1 phosphate buffer solution 
(pH 7.5). The wavelengths of fluorescence excitation and 
emission were kept at 271 and 353 nm, respectively.
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Results and Discussion

Previous works exploiting voltammetry to investigate 
the electrochemical oxidation of naproxen were performed 
in non-aqueous solutions.12,13 However, naproxen is 
also soluble in water under slightly alkaline conditions. 
Therefore, the first experiments using cyclic voltammetry 
were carried out in a 0.05 mol L-1 phosphate buffer 
solution (pH 7.5) and in a 0.05 mol L-1 NaOH solution at 
a glassy carbon electrode. The voltammograms revealed an 
irreversible oxidation peak at 0.95 V in phosphate buffer 
(data not shown). Cyclic voltammetric experiments were 
also performed in buffered solutions at different pH values 
(from 7.5 to 13) and the peak potential and the current 
intensity for naproxen oxidation did not change in the 
different solutions, suggesting that the electrochemical 
oxidation of naproxen is not pH-dependent. Bosca et al.25 
reported the decarboxylation of naproxen involving single-
electron transfer from the pi-system or the carboxylate 
moiety depending on the medium of electrochemical 
oxidation. In aqueous solution, the main product (76%) of 
the electrochemical oxidation of naproxen (obtained by 
electrolysis at controlled potential) was a ketone derivative 
(with elimination of the carboxylate group).25 The proposed 
mechanism of the electrochemical oxidation occurs via 
a radical formation, followed by decarboxylation and 
formation of a hydroperoxide derivative, resulting in the 
ketone derivative.25

Next, constant-potential amperometry applying +1.3 V 
using the BIA system was investigated for the determination 
of naproxen. Figure 1 presents a series of six successive 
injections of 50 µmol L-1 naproxen.

A constant decrease in the oxidation current was 
verified for successive injections of 50 µmol L-1 naproxen, 

clearly indicating adsorption of naproxen or its oxidized 
products on the electrode surface blocking active sites. 
Cyclic voltammetric recordings have also demonstrated 
the blocking of the electrode surface (the oxidation signal 
of 1 mmol L-1 naproxen was completely depleted after the 
third consecutive cyclic scan). Previous electroanalytical 
methods for naproxen determination did report electrode 
adsorption processes resulted from the electrochemical 
oxidation of naproxen.12,13 However, those methods were 
performed in non-aqueous media whilst the present 
method employs an aqueous electrolyte, which can be 
an explanation for the different behavior. Previous works 
have demonstrated that pulsed amperometry is able to 
solve such a drawback by the application of an additional 
potential pulse for cleaning the electrode surface from 
adsorbed oxidation products.21,22 Thus, a sequence of two 
pulses was studied taking into consideration the detection 
of naproxen and the efficient electrode cleaning. This 
strategy resulted in highly repetitive current responses for 
naproxen injections. Figure 2 presents a set of 10 successive 
injections of 50 µmol L-1 naproxen applying +1.5 V for 
200 ms and +1.0 V for 100 ms. The highest current response 
for naproxen and the most efficient cleaning were verified 
under this sequence of potential pulse. The relative standard 
deviation (RSD) was 3% (n = 10).

BIA parameters such as dispensing rate and injection 
volume controlled by the electronic micropipette were 
optimized. Figure 3 presents the variation of current 
response for naproxen in function of dispensing rate and 
injection volume.

The current peak increased, as long as the dispensing 
rate was increased (Figure 3a). A dispensing rate 
of 160 µL s-1 was selected. Despite higher current 

Figure 1. Amperometric recordings obtained from successive injections 
of 50 µmol L-1 naproxen. Working constant potential: +1.3 V; electrolyte: 
0.05 mol L-1 phosphate buffer; injected volume: 200 µL; dispensing rate: 
160 µL s-1.

Figure 2. Repeatability data obtained from successive injections of 
50 µmol L-1 naproxen (n = 10). Working potentials: +1.5 V (200 ms) and 
+1.0 V (100 ms); electrolyte: 0.05 mol L-1 phosphate buffer; injected 
volume: 200 µL; dispensing rate: 160 µL s-1.
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responses were verified at higher dispensing rates, low 
repeatability (high standard deviation) was verified at 
higher dispensing rates than 160 µL s-1. The current peak 
increased significantly with increasing injection volume, 
from 50 to 100 µL, and continued to increase slightly from 
100 to 300 µL (Figure 3b). The injection volume of 200 µL 
was selected for further experiments.

The linear dynamic range under optimized conditions was 
from 10 to 125 µmol L-1 naproxen. The current response did 
not increase linearly for naproxen concentrations higher than 
125 µmol L-1. The limits of detection (LOD) and quantification 
(LOQ) under optimized conditions were estimated as 0.30 and 
1.00 µmol L-1, respectively (LOD = 3sB/S and LOQ = 10sB/S, 
in which sB is the standard deviation of the intercept and S 
is the slope of the calibration curve). The obtained LOD 
values for naproxen determined by DPV at platinum12 and at 
BDD electrodes13 were 0.9 and 0.03 µmol L-1, respectively. 
However, both electroanalytical procedures employed  
non-aqueous electrolyte.12,13 Figure 4 presents amperometric 
responses for triplicate injections of solutions containing 
increasing concentrations of naproxen (a-e: 10-100 µmol L-1). 
The respective calibration curves (increasing and decreasing 

order) are also presented (inset). The analytical frequency 
estimated in this amperometric recording is higher than 
90 h-1 (much superior than the DPV methods previously 
reported).12,13

A linear behavior, with a good correlation coefficient 
(R > 0.99), was observed from 10 to 100 µmol L-1 naproxen 
with similar slope values for both curves (0.357 and 
0.336 µA L µmol-1). Electrode fouling was not verified 
between injections of standard solutions, as evidenced 
by the fact that current responses were not diminished 
during amperometric measurements due to the application 
of a cleaning potential pulse (+1.0 V) using the pulsed 
amperometric detection technique.

The optimized BIA method with pulsed amperometric 
detection was applied for the determination of naproxen in 
pharmaceutical formulations. For comparison, the samples 
were also analyzed by spectrofluorimetry based on a 
previous work.6 Results are presented in Table 1.

All results obtained by the proposed BIA method were 
in agreement with those obtained by spectrofluorimetry 
(Table 1). At the 95% confidence level, the calculated 
t-values (paired student’s t-test) were smaller than the 
critical value (2.78, n = 3), indicating that there are no 

Figure 4. BIA amperometric responses for triplicate injections of (a) 10, 
(b) 25, (c) 50, (d) 75 and (e) 100 µmol L-1 naproxen standard solutions. 
Inset: the corresponding calibration curves for increasing () and 
decreasing () injection order. Working potential: +1.5 V (200 ms) and 
+1.0 V (100 ms); electrolyte: 0.05 mol L-1 phosphate buffer; injected 
volume: 200 µL; dispensing rate: 160 µL s-1.

Figure 3. Effect of (a) dispensing rate and (b) injected volume on the 
current response for 50 µmol L-1 naproxen. Working potential: +1.5 V 
(200 ms) and +1.0 V (100 ms); electrolyte: 0.05 mol L-1 phosphate buffer; 
injected volume: 200 µL in (a); dispensing rate: 154 µL s-1 in (b).

Table 1. Concentrations of naproxen obtained by the proposed BIA 
method and by spectrofluorimetry (mg per tablet) and the respective 
standard deviation values (n = 3).

Sample Label value / mg BIA / mg Spectrofluorimetry / mg

1 500 484 ± 33 507 ± 16

2 550 557 ± 3 570 ± 13
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significant differences between the results. The presence 
of solid particles from sample matrix (excipients) in 
solution did not affect the amperometric measurement and 
then a filtration step was not necessary (advantage of 
electrochemical methods in comparison with optical ones).

Conclusions

It was demonstrated, for the first time, the application 
of BIA with amperometric detection for the determination 
of naproxen in pharmaceutical formulations. The proposed 
method is highly precise (RSD = 3%, n = 10), accurate 
(confirmed by comparison with the spectrofluorimetric 
method), sensitive (LOD of 0.30 µmol L-1) and fast 
(90 injections h-1). Therefore, this method can be applied 
for routine analyses at a high analytical frequency.
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