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Abstract
Electrochemical oxidation of N-acetyl-p-aminophenol (AAP) and selected
pharmaceutical products containing AAP is described in this study. Investigations were
carried out at Pt electrode, with the application of cyclic (CV) and differential pulse
(DPV) voltammetry. AAP was irreversibly oxidized in, at least, one electrode step, with
potentials lower than the potential at which oxygen evolution started. Electrochemical
methods based on voltammetric techniques (DPV and CV) have been developed for
AAP determination in commercial pharmaceutical drugs. AAP content in
pharmaceuticals was determined on the base of dependences of current intensity
(electroanalytical measurements) and absorbance (UV-VIS spectra). The obtained
results using both methods were in good agreement. The validation of CV, DPV and
spectrophotometric methods is also presented. Spectrophotometric and voltammetric
responses linearly increased with increasing AAP concentrations, in the range from 0.2
to 5 mmol L-1, with a correlation coefficient of 0.997 (UV-VIS), 0.999 (CV) and 0.998
(DPV). Both electrochemical methods are simple, reliable and sufficiently accurate and
precise for AAP quantification in commercial drug samples (tablets). The analysis took
only 5 minutes of manual operation, including Pt electrode pre-treatment.
Keywords: Cyclic voltammetry (CV); differential pulse voltammetry (DPV); N-acetylp-aminophenol; pharmaceuticals products; UV-VIS spectrophotometry.

Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) belong to a non-uniform (taking
into consideration the chemical structure) group of drugs with analgesic,
antipyretic and anti-inflammatory activities. NSAIDs have already been used in
ancient ages, in the form of extracts from a willow [1]. Since the introduction of
the first synthesized NSAID - salicylic acid (SA) -, still used in the
pharmaceutical industry as a component of drugs and cosmetics [2-5] -, many
new anti-inflammatory drugs with higher therapeutic activity have been
developed [6]. Among NSAIDs, available without prescription, the drug known
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as paracetamol is probably the most often applied. It contains an active
substance, N-acetyl-p-aminophenol, with the IUPAC name N-(4hydroxyphenyl)acetamide] (AAP), [7-8], of which average content in
pharmaceuticals is usually at the level of 500 mg [9]. Pharmaceuticals containing
AAP are widely used, because they are very effective in the treatment of colds,
flu and pain [10]. Although paracetamol is generally regarded as safe for use,
one should bear in mind that its application, especially over dosage, can lead to
numerous undesired side effects: among others, accumulation of toxic
metabolites resulting in hepatotoxicity [11-14] and nephrotoxicity [15], as well as
cryptorchidism and bronchial asthma in developing embryos [16-17]. Taking into
consideration the common usage of pharmaceuticals containing AAP, quick and
sensible analytical methods should be developed in order to determine its content
in drugs and body fluids, as well as to estimate the effects of NSAIDs on human
body and health.
Many chromatographic methods, including gaseous and liquid chromatography,
coupled with mass spectrometry (GC-MS, LC-MS) [18-21] and highperformance liquid chromatography (HPLC) [22-23], have been applied for AAP
determination in pharmaceuticals. These methods allow qualitative and
quantitative analysis of a tested substance. However, they require preliminary
sample preparation, e.g., by application of various extraction methods and
derivatization, which make their analysis time-consuming and complicated
[23-25]. Spectrophotometric and spectrofluorometric methods are also often used
in NSAIDs quantitative determination. These methods are characterized by their
simplicity of analysis, and are less expensive and time-consuming, in comparison
to other analytical methods [26].
Recently, Behera et al. [27] developed a spectrophotometric method of AAP
content determination in pharmaceutical tablets. In the last years, electrochemical
methods have drawn attention [28-31], due to their high sensitivity and accuracy,
which make them convenient for the qualitative and quantitative analysis of
organic compounds contained in pharmaceuticals [32-36]. They are characterized
by simple measurements and short times of sample analysis in low cost
apparatus, in comparison to chromatographic methods [37-40]. The most
common electrochemical methods include differential pulse (DPV) and cyclic
(CV) voltammetry [41-43]. DPV is characterized by higher resolution than CV,
which enables better separation of peaks attributed to subsequent steps of
electrode reactions. Both electroanalytical methods make possible the
determination of the peak potential (Ep) and half-wave potential (E1/2). These
parameters are especially important, due to the fact that their lower values
indicate the higher ability of a tested compound to capture free radicals. This
means better anti-oxidative properties of the tested compound [34, 44-47].
The aim of this investigation was to develop a simple and accurate
electrochemical method for the determination of the active substance containing
AAP in the tested pharmaceuticals, which are named apap, panadol and
paracetamol – and are available in pharmacists and chemist’s shops –, using
differential pulse (DPV) and cyclic (CV) voltammetry. AAP exhibits an
irreversible oxidation peak at Pt electrode, which can be used for its quantitative
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determination. The practical application of the electroanalytical methods was
demonstrated by determining AAP concentrations in different commercial
tablets. The methods were validated taking into consideration the following
parameters: limit of detection (LOD), limit of quantification (LOQ), precision
and accuracy. The suggested methods are characterized by the no timeconsuming sample preparation and Pt electrode pre-treatment steps prior to AAP
determination.
Experimental
Reagents
The subject of the investigation was an active substance: N-acetyl-p-aminophenol
(AAP, 99.0% purity), purchased at Sigma-Aldrich (Germany). Pharmaceutical
products (apap, panadol, paracetamol) containing the tested compound were
purchased at pharmacies in Lodz (Poland). According to the producers, each of
the tested pharmaceuticals contained 500 mg of the active substance, and other
auxiliary substances.
The AAP solutions concentrations varied in the range from 0.2 to 5.0 mmol L-1.
The AAP aqueous solutions were prepared by their dissolution in 0.1 mol L-1
NaClO4 (Fluka, France). Pharmaceutical products (one tablet) were grounded to
powder, and then dissolved in NaClO4.

Measurement methods
Voltammetric analysis
The electrochemical behaviour of the active substance (AAP) in pharmaceuticals
was studied with the application of an Autolab PGSTA30 Electrochemical
Analyzer (EcoChemie, The Netherlands). The analyser was controlled using
GPES program. A three-electrode electrochemical cell employed in
measurements consisted of a reference electrode, an auxiliary electrode (platinum
wire) and a working electrode – platinum –, with a geometric surface area of 0.5
cm2. The potential of the working electrode was measured vs. the saturated
calomel electrode (SCE). Before each measurement, the Pt electrode was pretreated by thoroughly rinsing it in deionised water, followed by electrochemical
treatment in H2SO4 (0.5 mol L-1). Ten cycles were recorded in the potential range
from -0.25 to 1.0 V (vs. SCE), with the scan rate of 0.1 V s-1. Whenever an
unchanged CV characteristic of the Pt electrode was observed, the electrode was
removed, rinsed with deionised water and placed in the AAP solution.
Determination of AAP behaviour was performed using cyclic (CV) and
differential pulse (DPV) voltammetry. Cyclic voltammograms were recorded in
the potential range from 0 to 1.0 or 1.4 V, with the scan rate of 0.01 V s-1.
Differential pulse voltammograms were recorded in the same potential range,
with a modulation amplitude of 25 mV and pulse width of 50 ms (scan rate of
0.01 V s-1). Before the measurements, the solutions were purged with argon, in
order to remove dissolved oxygen. During measurements, an argon blanket was
kept over the solutions. All experiments were carried out at room temperature.
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Spectrophotometric analysis
UV-VIS spectra were recorded in AAP and pharmaceutical solutions, in the
wavelength range from 190 to 800 nm, with the application of an UV 24001PC
(Shimadzu, Japan) spectrophotometer. Before measurements, all analysed
samples were 50 times diluted using 0.1 mol L-1 NaClO4.

Results and discussion
Electrochemical oxidation of AAP
The electrochemical oxidation behaviour of AAP was studied at a platinum
electrode, with the application of CV and DPV methods. Exemplary
voltammograms are presented in Fig. 1. Voltammograms were recorded in the
potential range from 0 to 1.0 V, in which the supporting electrolyte (0.1 mol L-1
NaClO4) showed no peaks (Fig. 1, curve 3). Voltammograms presented in Fig. 1
(curves 1 and 2) show that AAP was probably irreversibly oxidized in, at least,
one electrode step, at potentials lower than the potential at which oxygen
evolution started. As it was previously stated [48], this step had a diffusive
character. The half-wave potential (E1/2) of AAP electro-oxidation determined
from the cyclic voltammogram (CV) had a total of 0.59 V, and corresponded to
the peak potential (Epa) determined from the differential pulse voltammogram
(DPV).

Figure 1. Voltammograms of AAP electro-oxidation at Pt electrode; curve 1 - CV, 2 DPV, 3 - CV recorded in the supporting electrolyte; c = 5 × 10-3 mol L-1 in 0.1 mol L-1
NaClO4, v = 0.01 V s-1.

Kinetic parameters of this step, as well as an effect of different parameters
(among others, scan rate, substrate concentration and pH) on the electrode
reaction, were previously determined and described [48].
Electrochemical behaviour of the tested substance in pharmaceutical products
CV and DPV curves recorded in solutions of apap, panadol and paracetamol are
presented in Fig. 2.
348

E. Goclik et al. / Port. Electrochim. Acta 37 (2019) 345-357

Figure 2. CV (A) and DPV (B) recorded in AAP (5 mmol L-1) and pharmaceuticals
(6.615 mmol L-1) solutions, at Pt electrode; v = 0.01 V s-1.

Voltammograms recorded for apap, panadol and paracetamol solutions show
that these compounds were irreversibly oxidized in, at least, one electrode step, at
potentials lower than the potential at which oxygen evolution started (Fig. 2A
and 2B). The half-wave potential (E1/2) determined on the base of cyclic
voltammograms had totals of 0.632 V (apap), 0.639 V (panadol) and 0.635 V
(paracetamol). This means that apap was slightly easier oxidized than
paracetamol and panadol. E1/2 is an especially important parameter, due to the
fact that its lower value indicates the higher ability of a tested compound to
capture free radicals, which means it has better anti-oxidative properties. The
anti-oxidative properties of the tested pharmaceuticals increase in the following
order: panadol < paracetamol < apap.
The dependences of the peak currents vs. AAP concentrations (Fig. 3) were
linear, and are described by the following equations:
ip = {(79.607±7.9)[c(mM)]} µA – (2.170±0.2) µA, R2 = 0.999

CV

(1)

ip = {(28.295±2.8)[c(mM)]} µA + (6.784±0.7) µA, R2 = 0.998

DPV

(2)

These equations could be applied for the determination of AAP contents in the
tested pharmaceuticals. The results of the content calculations of AAP are
presented in Table 1.

Figure 3. Dependence of peak current vs. substrate concentrations determined for AAP,
from CV (1) and DPV (2) curves.
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Table 1. Contents of AAP in selected pharmaceuticals determined with the application
of CV and DPV methods.
Pharmaceutical product
Concentration of AAP in the
containing 500 mg of AAP pharmaceuticals* / mM
Apap
Panadol
Paracetamol

6.615

Determined concentration of AAP
in pharmaceuticals / mM
CV
6.434±0.064
6.308±0.063
6.460±0.064

DPV
6.348±0.063
6.283±0.063
6.539±0.066

*according to the manufacturer (in 1 tablet)

The concentrations of the active substance – in the tested pharmaceuticals –
(determined with CV and DPV methods) were similar, but they were slightly
lower than the values provided by the manufacturer. This can be explained by the
effect of the auxiliary substances. This effect was the highest, in the case of
panadol, and the lowest, in the case of paracetamol (Table 1).
UV-VIS spectrophotometric analysis of AAP and pharmaceutical products
AAP determination in the pharmaceuticals was also carried out with the
application of the spectrophotometric method, similarly to how it was performed
in the case of salicylic and acetylsalicylic acids [49-50].

Figure 4. UV-VIS spectra recorded in (A) the solutions of AAP at various
concentrations and (B) solutions of the pharmaceuticals; (C) dependence of absorbance
determined at 243 nm vs. AAP concentrations.

UV-VIS spectra were recorded in AAP solutions, as well as in pharmaceuticals
(apap, panadol, paracetamol), in the wavelength range from 180 to 800 nm, and
are presented in Fig. 4. Fig. 4A shows three characteristic absorption bands at
205, 243 and 290 nm, in the AAP solution, with various concentrations. The
absorption band at 243 nm (II band) is attributed to C=C bonds in the aromatic
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ring (π-π* transition). The first (205 nm) and third band (290 nm) resulted from
interactions between the substituents in the AAP molecule and the aromatic ring
[51-52]. Thus, a calibration curve presenting a dependence of absorbance on
AAP concentration was determined for the absorption band at 243 nm. This
dependence was linear (Fig. 4C) and could be successfully applied for the
determination of AAP concentrations. Similar absorption bands were recorded in
the solutions of the tested pharmaceuticals (Fig. 4B). The concentrations of the
active substance in the pharmaceuticals calculated on the base of the calibration
curve are presented in Table 2. Similarly, as in the case of voltammetric
determinations, AAP concentrations determined with the spectrophotometric
method are close to the values provided by the manufacturer. The highest
difference in the concentration was observed in the case of panadol.
Table 2. Concentration of the active substance (AAP) in the tested pharmaceutical
determined with UV-VIS spectrophotometric method.
Pharmaceutical product
Concentration of AAP
containing 500 mg of
in pharmaceuticals*
AAP
mM
Apap
Panadol
6.615
Paracetamol
*according to the manufacturer (in 1 tablet)

Determined concentration of
AAP in pharmaceuticals
mM
6.619±0.066
6.496±0.065
6.662±0.067

Method validation in AAP quantitative determination
AAP determination in pharmaceuticals, carried out with CV, DPV and
spectrophotometric methods, was validated taking into consideration the
following parameters: limit of detection (LOD), limit of quantification (LOQ),
precision and accuracy. CV and DPV methods could be applied for AAP
determination, because well-defined anodic peaks could be observed. The plots
of peak currents versus AAP concentrations were found to be linear in the tested
concentrations range. In the case of the spectrophotomeric method, the
absorption band with the maximum at 243 nm could also be used for AAP
determination.
LOD and LOQ
LOD is the lowest concentration (amount) of an analyte in a sample, e.g.,
pharmaceutical, which can be reliably distinguished from the noise level. LOQ is
the lowest concentration of an analyte at which it can be reliably detected at a
specified level of precision or accuracy (or both). These parameters can be
calculated according to the following equations [27, 53-57]:
LOD = 3 ×

SD
a

LOQ = 10 ×

(3)

SD
a

(4)
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where SD is the standard deviation of replicate determination values under the
same conditions as for the sample analysis in the analyte absence, and a is the
slope of the calibration curve.
Table 3. Analytical parameters of AAP determination in pharmaceuticals, obtained with
CV, DPV and spectrophotometric methods.
Parameter
Ep (V) or λmax (nm)
Linear concentration range, mmol L-1
Slope, µA mM-1 or Abs. mM-1
Intercept (µA or Abs.)
Correlation coefficient, R2
RSD (%)
LOD, mmol L-1
LOQ, mmol L-1

CV
0.65
79.61
-2.17
0.999
0.93
0.076
0.254

DPV
UV-VIS
0.61
243 nm
0.2 to 5.0
28.29
0.242
6.78
0.002
0.998
0.997
1.03
0.94
0.078
0.009
0.259
0.029

Results of the validation of the three applied determination methods are
presented in Table 3. The values of LOD and LOQ are comparable for both
voltammetric (CV and DPV) methods applied in AAP determination. The
precision of the tested methods was determined by analysing 10 replicate
measurements of the sample with the specified AAP concentration. The
percentage of the relative standard deviation (RSD) values was about 1% for all
applied methods.
Accuracy
The accuracy of an analytical method expresses the closeness of agreement
between the value which is accepted either as a conventional true value or an
accepted reference value and the found value [55-58]. The accuracy of the tested
methods was estimated taking into consideration the percentage relative error
(Err) calculated according to the following equation:
Err =

(x i − x 0 ) ×100

(5)

x0

where xi is the determined concentration of the active substance in the
pharmaceuticals and x0 is the nominal concentration of the active substance
provided by the manufacturer. The results of Err calculations are presented in
Table 4.
Table 4. Accuracy of the tested methods applied for AAP determination in the
pharmaceuticals.
Analytical method
CV
DPV
UV-VIS

Apap
-2.74
-4.04
0.06

Err, %
Panadol Paracetamol
-4.64
-2.34
-4.92
-1.15
-1.79
0.71

Results presented in Table 4 prove that the percentage relative error (Err) is the
lowest in the case of paracetamol determination with the application of all tested
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methods. In the case of apap and panadol determination, the value of Err did not
exceed 5%.
Conclusions
Electro-oxidation of pure N-acetyl-p-aminophenol (AAP) and selected
pharmaceuticals (apap, panadol and paracetamol) containing AAP irreversibly
proceeded at Pt electrode and in, at least, one electrode step, at potentials lower
than the potential at which oxygen evolution started. A comparison of E1/2 values
proved that apap revealed the highest ability to capture free radicals and the best
anti-oxidative properties. Paracetamol and panadol showed slightly worse antioxidative properties.
The electrochemical methods based on voltammetric techniques (DPV and CV)
have been successfully developed for AAP determination in pharmaceutical
formulations (tablets). The results of electroanalytical determinations have been
compared to results obtained by spectrophotometric analysis. The practical
application of the tested methods was demonstrated by determining the
concentration of AAP in commercial drugs. Dependences of peak currents and
absorbances at 243 nm on AAP concentrations were linear in the tested
concentrations range. AAP concentrations in the tested pharmaceuticals were
found to be slightly different in comparison with data provided by the
manufacturers. The validation showed acceptable linearity, precision, accuracy,
reproducibility and sensitivity of all the three methods. The relative standard
deviation (RSD) was about 1%. The accuracy determined for all methods was the
lowest (Err < 2.5%) in the case of paracetamol, while Err did not exceed 5% in
the case of apap and panadol. The UV-VIS spectrophotometry appeared to be
the most accurate method for the determination of the tested pharmaceuticals.
The main advantage of DPV and CV techniques over the other techniques is that
they may be directly applied to the analysis of pharmaceuticals, without the need
of separation or complex samples preparation. This results from the fact that no
interference from excipients and the active substance was observed. The
elaborated methods are rapid, with a sample running of about 5 min.
Electrochemical methods seemed to be of particular importance, because they
enabled not only quantitative determinations, but also got to reveal the
electrochemical behaviour of the organic compounds, e.g., their anti-oxidative
properties.
Thus, the tested methods could be helpful in pharmacokinetic investigations and
therapeutic drug monitoring in body fluids.
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