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A B S T R A C T

The polysaccharide carboxymethyl-botryosphaeran (CMB) was used to improve the dispersion of multi-walled
carbon nanotubes (MWCNTs) in water. This feature was applied in modifying a glassy carbon electrode (GCE) to
construct a sensitive voltammetric sensor for the determination of desloratadine (DESL), a tricyclic anti-
histamine. The morphology and spectroscopic behavior of the sensor were evaluated. The modified sensor was
characterized as homogeneous, and presented a higher electroactive area and a lower charge transfer resistance
compared to the unmodified GCE. Using linear sweep voltammetry at 25 mV s−1, the developed sensor pre-
sented a sensitivity of 1.018 μA L μmol−1 in the linear working range of 1.99–32.9 μmol L−1, with a detection
limit of 0.88 μmol L−1 of DESL in 0.10 mol L−1 potassium hydrogen-phosphate solution (pH 8.0). In addition,
the sensor showed excellent repeatability with a relative standard deviation of only 1.02% for a sequence of 10
measurements. The sensor was successfully applied in the analysis of pharmaceutical preparations containing
DESL, with equivalent results compared to a validated spectrophotometric method at the 95% confidence level.
The sensor was also employed in the analysis of a spiked sample of DESL in rat serum.

1. Introduction

Desloratadine (DESL, 8-chloro-6,11-dihydro-11-(4-piperdinyli-
dene)-5H-benzo [5,6]cyclohapta [1,2-b]pyridine, Fig. S1 – supple-
mentary material) is a third-generation selective antihistaminic drug
that functions as a H1-antagonist of histamine on cell receptor sites, and
is used to treat allergic symptoms without causing sedation.

Several analytical methods have been reported in the literature
describing the determination of DESL in pharmaceutical preparations.
These methods are generally based upon spectrophotometry [1,2] and
chromatography [3,4], but electrochemical analysis has also been used
[5,6]. Chromatography is the preferred method since it allows the de-
termination of DESL simultaneously with other analytes present in
complex matrices. Chromatographic instrumentation, however, is re-
latively expensive and requires the use of costly high purity solvents,
besides presenting long times for sample preparation and analysis. In

this sense, the use of low-cost, rapid and technical easy-to-handle
methods is preferred.

In the past decade, many electroanalytical methods had been de-
veloped for a large variety of analytes [7–11]. These methods are
generally cheaper using low-cost materials, are faster and easier to
operate, and are considered environmentally-friendly. The electro-
analytical procedures are mainly based upon the interaction of the
analyte with the surface of an electrode. With the development of new
materials, especially nanostructured materials, several designs of
working electrodes can be assembled by a simple modification of those
traditionally employed to fabricate chemically-modified electrodes
[8,12–14].

The main reason to modify an electrode is to promote electro-
catalysis, i.e., to increase the analytical signal, and/or to shift the redox
potential in order to allow the analyte to oxidize/reduce within the
working potential range of the particular electrode [14,15]. Multi-
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walled carbon nanotubes (MWCNTs) have extensively been used to
modify electrodes since, as a nanostructured material, present electro-
catalytic features due to their high surface area and electron mobility
[16–18].

The procedure of preparing and using MWCNTs as an electrode
modifier is based upon their suspension/dispersion in a specific solvent
before drop casting onto the electrode surface. This step has been de-
scribed in many papers, and some examples of treating and dispersing
MWCNTs in solvents are presented in Table S1 (supplementary mate-
rial). Most of the procedures make use of acid media to treat MWCNTs
in order to facilitate their dispersion in polar solvents due to the car-
boxyl groups generated. When pristine, the MWCNTs could be dis-
persed in organic solvent such as methanol [19], and in an aqueous
solution of β-cyclodextrin (cyclic oligosaccharides containing 7 glucose
residues linked by α-(1 → 4)-bonds forming cage-like structures) [20].
Recently, polysaccharides were discovered that increase the water
dispersive capability of carbon nanostructures [21], and the dispersion
of MWCNTs in aqueous media was made possible by different substrates
acting as dispersants, such as chitosan and β-cyclodextrin [20,22–24].

In this sense, the fungal exopolysaccharide named botryosphaeran,
a β-glucan of the (1 → 3)(1 → 6)-β-D-glucan type from Botryosphaeria
rhodina MAMB-05 [25] derivatized chemically by carboxymethylation
to produce carboxymethyl-botryosphaeran (CMB), was considered, as
recently it was demonstrated to possess new electroanalytical applica-
tions [26]. CMB has not been used for the purpose of dispersing
MWCNTs. Thus, in this work, we propose, and report on the use of CMB
to disperse MWCNTs in water to facilitate easy construction of an
electrochemical sensor for the measurement of the antihistamine drug,
DESL.

2. Experimental

2.1. Chemicals and solutions

All chemicals used in this work were of analytical grade and used as
received, and all the solutions were prepared using ultra-purified water
(resistivity ≥ 18.2 MΩ cm) obtained from a Milli-Q system (Millipore,
USA).

DESL standard (99.8%) and MWCNTs (20–30 nm in diameter and
0.5–2 μm in length; purity: ≥ 95%) was obtained from Sigma-Aldrich
(St Louis, MO, USA). The pharmaceutical preparations containing DESL
were purchased from a local pharmacy in Londrina, Brazil.

The supporting electrolyte of voltammetric measurements was a
0.10 mol L−1 potassium hydrogen-phosphate solution with the pH
adjusted to 8.0 with 2.0 mol L−1 NaOH. DESL stock solutions of
10 mmol L−1 were freshly prepared by dissolving the standard in ultra-
pure water. Working solutions were prepared by dilution of the stock
solution with the supporting electrolyte.

2.2. Apparatus

All voltammetric measurements were carried out using a PGSTAT
101 potentiostat/galvanostat (Metrohm Autolab B. V., Schiedam,
Netherlands) controlled by NOVA 2.1 software. A conventional three-
electrode glass cell was employed, using a platinum plate as the aux-
iliary electrode, Ag/AgCl (3.0 mol L−1 KCl) as the reference electrode,
and the developed sensor as the working electrode. The glassy carbon
electrode (GCE) was obtained from Tokay Carbon Co., Tokyo, Japan
(5 mm, diameter).

The electrochemical impedance spectroscopy (EIS) experiments
were carried out using a FRA II μAutolab type III potentiostat/galva-
nostat (Metrohm Autolab B. V., Schiedam, Netherlands) controlled by
NOVA 1.0 software. The experiments were performed at the formal
potential of the [Fe(CN)6]3−/4− redox pair (0.27 V for the electrodes
employed in this work), ranging from 10 mHz to 100 KHz (10 points per
decade), and with a 10 mV (rms) ac perturbation. The solution

consisted of 5.0 mmol L−1 K3[Fe(CN)6], 5.0 mmol L−1 K4[Fe(CN)6] and
0.5 mol L−1 KCl.

The pH of solutions was measured using a pH meter (Hanna®
Instruments Brasil, Barueri, Brazil), model HI-221, employing a com-
bined glass electrode with an Ag/AgCl (3.0 mol L−1 KCl) external re-
ference electrode.

Microscopy images were obtained using a scanning electron mi-
croscope (SEM, model FEI Quanta 200, Thermo Fisher Scientific,
Waltham, MA, USA) operated at 5000 V.

2.3. Production of carboxymethyl-botryosphaeran and the preparation of
the modified electrode

Botryosphaeran was obtained from the ascomyceteous fungus
Botryosphaeria rhodina MAMB-05 grown by submerged fermentation on
nutrient medium containing 50 g mL−1 sucrose according to Barbosa
et al. [27], and its carboxymethylation was performed according to the
method outlined by Xu et al. [28] with modifications as described by
Eisele et al. (2019). The degree of substitution (DS) of carboxymethyl
groups on botryosphaeran used in this work was 0.84.

Prior to modification, the GCE was carefully polished with slurries
of 0.05 μm alumina followed by rinsing with ultra-pure water, and then
allowed to dry at room temperature during 10 min.

An aqueous dispersion of the MWCNTs was prepared by mixing
5.0 mg of pristine MWCNTs in 5 mL of an aqueous solution containing
1 mg mL−1 of CMB, followed by sonication in an ultrasound bath for
5 min. The CMB-MWCNTs dispersion was stored under refrigeration.
Prior to modification of the GCE, the dispersion was kept in an ultra-
sound bath for 1 min.

The sensor was prepared by the single-drop casting method. The
previously alumina-polished GCE was placed in the vertical position,
and then 20 μL of the aqueous dispersion of MWCNTs was dropped onto
the electrode surface with the aid of a micropipette, and allowed to dry
at room temperature. The sensor prepared is denoted as CMB-
MWCNTs/GCE. The sensor was activated in potassium hydrogen-
phosphate solution (pH 8.0) by applying ten cycles in a potential
window from 0.0 to 1.4 V at a scan rate 100 mV s−1 using cyclic vol-
tammetry (CV). Two other sensors were also prepared by the drop
(20 μL) casting method for comparative purposes: MWCNTs/GCE –
1 mg mL−1 suspension of MWNCTs in water, and CMB/GCE –
1 mg mL−1 aqueous solution of CMB.

2.4. General analytical procedures and sample preparation

Linear sweep voltammetry (LSV) was employed for the construction
of the analytical curves for DESL determination. The detection limit
(LOD) values were calculated using the formula: 3s/m, where s is the
standard deviation of intercept of the analytical curve, and m is the
slope of the analytical curve [29]. The statistical parameters were ob-
tained using Origin Pro 8 software at the significance level of 5%.

The pharmaceutical preparations containing DESL used were tablets
(Biosintética, São Paulo, Brazil) labeled 5 mg tablet−1, and oral solu-
tions (ESALERG – Aché, Guarulhos, Brazil) labeled 0.5 mg mL−1. The
preparation of the tablet samples for analysis was performed as follow.
Ten tablets of each preparation were finely powdered in a mortar and
pestle and an aliquot representative of one single tablet (5 mg of DESL)
was transferred into a 10 mL volumetric flask, and the volume com-
pleted with potassium hydrogen-phosphate solution (pH 8.0) and so-
nicated in an ultrasound bath at room temperature for 5 min. The oral
solution samples were directly analyzed, no prior preparation or dilu-
tion.

For the voltammetric analyses, an aliquot of the DESL tablets so-
lutions, as well as an aliquot of the oral solutions, were directly trans-
ferred to the electrochemical cell containing 10 mL of the supporting
electrolyte. To ensure significance of the results, measurements were
performed in triplicate. The DESL concentration in each sample was
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determined by using the previously obtained analytical curve. For
comparative purposes, the pharmaceutical preparations were also
analyzed using a validated spectrophotometric method [2].

The sensor performance was also evaluated on a sample of rat blood
serum spiked with DESL. The blood sample was obtained from a female
rat from the breeding stock of the Centro de Ciências Biológicas of the
Universidade Estadual de Londrina. The rat was maintained in a tem-
perature-controlled room on a 12-h light/dark cycle, with standard rat
ration (Nuvital, Curitiba, Brazil) and water ad libitum. At 12 weeks of
age, the rat was anesthetized (sodium thiopental, 40 mg kg−1; i.p.), a
blood sample was collected from the abdominal aorta and then cen-
trifuged to separate the serum which was used in the experiments. The
blood sample collection procedure was approved by the Ethics
Committee for Animal Research (CEUA/UEL: 6996.2015.02) at
Universidade Estadual de Londrina-PR, Brazil.

3. Results and discussion

3.1. Dispersion of MWCNTs in CMB and the construction of the electrodes

The dispersion of the MWCNTs was assessed by mixing 5.0 mg of
the carbonaceous nanomaterial with (i) 5 mL of water, and in separate
experiments, (ii) 5.0 mg of lyophilized underivatized botryosphaeran in
5 mL of water, and (iii) 5 mL of an aqueous solution of CMB. All mix-
tures were sonicated for 5 min in an ultrasound bath at room tem-
perature. Fig. S2 (supplementary material) presents photographs of the
resulting dispersions obtained. As shown, the MWCNTs did not disperse
readily in water because the carbon nanomaterial tended to aggregate
[24]. When botryosphaeran was added, the carbon nanotubes still ag-
gregated, however, the addition of CMB to the MWCNTs-water mixture
promoted the complete dispersion of the MWCNTs. This occurred be-
cause the polar biomolecules of CMB containing carboxymethyl groups
have high affinity for carbon-containing structures enabling the pristine
MWCNTs to be homogeneously distributed in a water solution
[21,30–33]. The effect of addition of CMB to disperse pristine MWCNTs
was verified.

Following this step, three different electrodes were prepared by
modifying the bare GCE. They included GCE modified with (i) CMB
(CMB/GCE), (ii) MWCNTs-suspension in water (MWCNTs/GCE), and
(iii) CMB-stabilized MWCNTs aqueous dispersion (CMB-MWCNTs/
GCE), and were used for comparison purposes.

3.2. Morphological characterization of the prepared electrodes

SEM images of the CMB-MWCNTs/GCE and the other prepared
electrodes (as described above) are shown in Fig. 1. In Fig. 1A, the CMB
molecules were found to cover parts of the GCE clear surface. In the
MWCNTs/GCE electrode, SEM imaging indicated that the MWCNTs did
not distribute well on the GCE surface using the MWCNTs-water sus-
pension (Fig. 1B). SEM imaging of the CMB-stabilized MWCNTs aqu-
eous dispersion on the electrode is shown in Fig. 1C, indicating a
homogeneous distribution of the dispersed nanomaterial. It was pos-
sible to observe that CMB coated the MWCNTs as its thickness in-
creased.

The electroactive area of the fabricated electrodes was obtained by
cyclic voltammetric measurements using 5.0 mmol L−1 K3[Fe(CN)6] in
0.10 mol L−1 KCl at different scan rates. The slope values from the
current vs v1/2 plots were employed in the Randles-Sevcik equation
[34]. The electroactive area of GCE and each of the modified electrodes
is presented in Table S2 (supplementary material). The results de-
monstrated that the use of carbon nanomaterial in the GCE modifica-
tion (MWCNTs/GCE) led to an increase in the electroactive area com-
pared to the unmodified GCE, while the use of CMB (CMB/GCE)
decreased the electroactive area. Furthermore, the surface of the elec-
trode was not completely covered by the nanomaterial when using the
suspension of the MWCNTs in water (MWCNTs/GCE – Fig. 1B) in the

absence of CMB. CMB stabilized the aqueous dispersion of MWCNTs for
the modification of GCE and exhibited the highest electroactive area. It
is important to note that even with the non-conductive properties of
CMB, the homogeneity of the modifier was responsible for the equal
distribution of the nanomaterial on the surface of the GCE (Fig. 1C)
leading to the highest electroactive area obtained by the CMB-
MWCNTs/GCE.

3.3. Spectroscopic study of the interfacial properties of the prepared
electrodes

EIS measurements were made to characterize the electrodes in the
[Fe(CN)6]3−/4− probe solution to monitor the electron transfer

Fig. 1. SEM images of the following modified glassy carbon electrodes: (A)
CMB/GCE, (B) MWCNTs/GCE, and (C) CMB-MWCNTs/GCE.
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resistance (Rct) value. This was obtained from the semicircle formed in
the region of high frequency after subtraction of the resistance value of
the solution [35–37]. Fig. S3 (supplementary material) shows the
spectra of GCE and the modified electrodes CMB/GCE, MWCNTs/GCE
and CMB-MWCNTs/GCE in 0.01 mol L−1 solution of [Fe(CN)6]3−/4−,
in the frequency range of 100 KHz to 0.1 Hz, under the applied po-
tential of 0.27 V vs Ag/AgCl. Table S2 (supplementary material) also
showed that there was an increase of 60 Ω when the GCE was modified
with CMB, compared to the bare GCE. In the presence of the MWCNTs
in the composite matrix, there was a significant decrease in the value of
Rct, from 149.7 Ω (CMB/GCE) to 3.6 Ω (CMB-MWCNTs/GCE); a de-
crease of about 98% in the value of Rct because of the presence of
MWCNTs.

The heterogeneous rate constants (Kapp) of the electrodes were
calculated for comparative purposes (Table S2, supplementary mate-
rial). The constant revealed the kinetic rate at which the reaction be-
tween the probe species and the electrode moved towards equilibrium
[38]. Kapp was calculated for the electrodes from the equation:

=K RT
F R ACapp

ct
2

where Kapp is the standard heterogeneous electron transfer rate con-
stant (cm s−1), R the universal gas constant (8.314 J K−1 mol−1), T the
thermodynamic temperature (298.15 K), F the Faraday constant
(96,485 C mol−1), Rct the electron transfer resistance (Ω), A the elec-
trode active area (cm2), and C the concentration of the [Fe(CN)6]3−/4−

solution (10 μmol cm−3).
The results of Kapp (Table S2, supplementary material) revealed

faster electron transfer to the electrodes containing MWCNTs con-
firming the electrocatalytic features of this nanomaterial. On the other
hand, comparing the electrodes with and without added CMB, it was
possible to observe that the presence of this biopolymer molecule
caused a decrease in the electron transfer rate, as previously reported
[26], indicating its insulating properties.

EIS was also applied to investigate the interfacial properties of the
prepared electrodes in potassium hydrogen-phosphate solution (pH 8.0)
in the absence and presence of 99.0 μmol L−1 of DESL (Fig. 2). The
applied potential of 1.10 V was chosen according to the oxidation peak
of DESL as found in the cyclic voltammograms for the modified glassy
carbon electrodes in the presence of the analyte DESL. The analysis of
the Nyquist complex plane spectra was performed using equivalent
circuit models and the elements’ values were obtained by mathematical
adjustments based upon these models. The results are presented in
Table 1. The GCE and CMB/GCE electrodes presented a circuit model
equivalent based on the adsorption model R(R CPE(R CPE)) [39]. The
circuit was in accordance with previous studies for carbon-based elec-
trodes coated and uncoated with Nafion® [40,41]. The alterations for
the correction of the adsorption of OH species onto the surface of the
electrode was made due to the applied potential and the presence of
oxygen in the medium [42,43]. The model contained a solution re-
sistance RΩ, a charge transfer resistance associated with the electrode/
solution interface Rct, and an adsorption resistance Rad. The two con-
stant phase elements (CPE) are associated with double layer capaci-
tance (CPEdl) and adsorption capacitance (CPEad). The presence of CMB
covering the surface of the CGE decreased the value of Rct, and in-
creased the value of Rad, due to the presence of the polysaccharide on
the surface of the electrode. In the presence of 99.0 μmol L−1 of DESL,
both electrodes presented increases in the value of Rct, demonstrating a
non-catalytic behavior of CMB in the presence of DESL.

For the electrodes MWCNTs/GCE and CMB-MWCNTs/GCE, the
equivalent circuit model used was based on the R(R CPE)(R CPE) in-
terface model, containing a solution resistance RΩ in series with two
parallels. The high-medium frequency parallel containing a charge
transfer resistance is associated with the material/solution interface
(Rct) in parallel with a double layer capacitance (CPEdl). The parallel of
medium-low frequency regions containing a charge transfer resistance

for the film/electrode interface (Rct2) in parallel to a film capacitance
(CPEfilm) is characteristic of surfaces coated with MWCNTs [45]. The
addition of MWCNTs in the electrodes decreased the impedance values
of the system as observed in Fig. 2, as well as a dramatic decrease in the
Rct values, since it is well known that MWCNTs have excellent con-
ductive properties [46]. The results revealed that both electrodes con-
taining MWCNTs exhibited similar values of their elements, with a
small decrease in Rct for the electrode containing CMB (1.24 kΩ cm2)
compared to the electrode that used only water as the dispersant
(2.04 kΩ cm2), demonstrating that CMB improved the distribution of
the MWCNTs on the surface of the electrode. In the presence of DESL,
both electrodes presented a decrease in their Rct values, however, the
electrode containing CMB had a higher ΔRct compared to the MWCNTs/
GCE electrode; 510 and 300 Ω cm2, respectively. The increase in the
electrode performance can be associated with a better distribution of
the MWCNTs onto the electrode surface due to the presence of CMB. A
decrease in the value of Rct2 for the CMB-MWCNTs/GCE electrode was
also observed in contrast to the increase in Rct2 for the MWCNTs/GCE
electrode, demonstrating an improvement in film/electrode interface
transfer.

3.4. Electrochemical performance of the prepared electrodes for sensing
DESL

The electrochemical behavior of DESL was assessed using the dif-
ferent modifications of GCE. Conditions employed were CV
(50 mV s−1) and DESL 99.0 μmol L−1 in potassium hydrogen-phos-
phate solution (pH 8.0). Cyclic voltammetric profiles of DESL were
obtained for bare GCE, CMB/CGE, MWCNTs/GCE and CMB-MWCNTs/
CGE and the responses obtained are shown in Fig. 3. As can be ob-
served, DESL did not present electrochemical responses on bare GCE
and CMB/CGE under the conditions employed. An irreversible peak for
DESL oxidation was observed at around 1.17 and 1.08 V when using
MWCNTs/GCE and CMB-MWCNTs/GCE, respectively. A more positive
oxidation potential of DESL on MWCNTs/GCE resulted from a partially
exposed GCE surface, as can be observed in Fig. 1B. This behavior
highlighted the electrocatalytic performance of the MWCNTs in elec-
troanalysis.

In order to assess the reproducibility of the electrode preparations
(MWCNTs/GCE and CMB-MWCNTs/GCE), each suspension/dispersion
was used to prepare three electrodes, and cyclic voltammetric analyses
of DESL were performed using them. The electrochemical behavior of
DESL on the MWCNTs/GCE was characterized by a very unstable cur-
rent of 102 ± 12.7 μA, as the reproducibility of the electrode pre-
paration was very poor because of the MWCNTs’ lower dispersion
capability in water. With the stabilization of MWNCTs dispersion in
water by the addition of CMB, the reproducibility of the electrode
preparation (CMB-MWCNTs/CGE) could be improved, and the elec-
trochemical response of DESL became more stable with a current of
97.6 ± 1.1 μA. It is important to mention that the addition of CMB to
the electrode led to a reduction in the DESL current that was due to the
non-conducting properties of polysaccharides [47]. The advantage of
the reproducibility of the measurements was the major contribution of
CMB in the construction of the electrode for DESL analysis.

The amount of MWCNTs and CMB as a function of its dispersion was
also examined. The ratios were 1:1, 2:1 and 1:2 (mg mL−1:mg mL−1;
MWCNTs:CMB). A ratio of 2:1 was not sufficient to obtain a homo-
geneous dispersion because there was insufficient biomolecules to wrap
around the carbon nanostructures. Moreover, as observed in Fig. 3, the
addition of CMB led to a slight decrease in the DESL current. Con-
sidering this fact, a ratio of 1:1 was chosen for use in the analysis
guaranteeing a homogeneous dispersion, reproducible electrode pre-
paration, and a relatively higher and stable DESL analytical response.
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Fig. 2. Nyquist diagrams of GCE (A), CMB/GCE (B), MWCNTs/GCE (C) and CMB-MWCNTs/GCE (D) in potassium hydrogen-phosphate solution (pH 8.0) in the
presence and absence of 99.0 μmol L−1 DESL. Eapplied = 1.10 V.

Table 1
Parameters determined from the fitting of the electrochemical impedance spectra in Fig. 2 in the absence and presence of DESL (99.0 μmol L−1) using GCE, CMB/
GCE, MWCNTs/GCE and CMB-MWCNTs/GCE.

Interface DESL (μmol L−1) Rct (KΩ cm2) Rad (KΩ cm2) CPEdl (μF cm−2 sα−1) αdl
a CPEfilm (μF cm−2 sα−1) αfilm

a Equivalent circuit

GCE 0.00 2.04 12.4 23.9 0.89 62.7 0.71
99.0 4.47 13.4 29.0 0.88 62.4 0.77

CMB/GCE 0.00 1.24 20.6 19.9 0.86 87.3 0.73
99.0 1.85 17.7 17.9 0.91 103 0.72

MWCNTs/GCE 0.00 2.61 0.04 28.9 0.92 390 0.60
99.0 2.31 0.05 23.9 0.86 266 0.64

CMB-MWCNTs/GCE 0.00 2.59 0.05 26.8 0.93 500 0.62
99.0 2.08 0.01 22.0 0.88 498 0.65

Eapplied = 1.10 V vs. Ag/AgCl. RΩ = 22 Ω cm2. The fitting error is ≤ 2%.
a αdl and αfilm are CPE coefficients that represent the degree of distancing for an ideal capacitor [44].
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3.5. The effect of pH and scan rate on DESL response

The influence of pH on the electrooxidation of DESL on CMB-
MWCNTs/CGE was examined using potassium hydrogen-phosphate
solution with the pH adjusted in the pH range of 2.0–10.0, and CV
(50 mV s−1). DESL did not present oxidation responses at pH lower
than 6.0 under these experimental conditions. Fig. S4 (supplementary
material) shows the cyclic voltammograms obtained for 99.0 μmol L−1

DESL in the pH range of 6.0–10.0 using the CMB-MWCNTs/GCE. As can
be seen, DESL presented well-resolved oxidation peaks at these pH
values, and DESL presented highest current response at pH 8.0. This pH
value was therefore selected for further analyses. In addition, the re-
lationship between pH and oxidation potential resulted in a linear de-
pendence (R2 = 0.998) with slope (−66.2 mV pH−1) close to the
Nernstian value (−59.2 mV pH−1) indicating that DESL underwent
electrooxidation losing equal numbers of protons and electrons.

The number of electrons (n) was estimated by using the cyclic vol-
tammogram obtained at pH 8.0, and equation Ep – Ep/2 = 47.7 mV/αn
[34]. The following values were observed: Ep was 1.07 V and Ep/2

0.982 V, and considering α = 0.5 (average value for irreversible sys-
tems [34]), the number of electrons was found as 1. Considering the
energy levels of the molecular orbitals of DESL [48], the oxidation is
thought to occur in the pyridine ring by losing one electron and one
proton.

Cyclic voltammograms for DESL 99.0 μmol L−1 in potassium hy-
drogen-phosphate solution (pH 8.0) on the CMB-MWCNTs/GCE were
obtained at different scan rates (5–200 mV s−1). The Ep was found to
shift to more positive potentials by increasing the scan rate (data not
shown), confirming the irreversibility of the electrochemical reaction
[34,49]. In addition, a linear relationship (R2 = 0.990) was obtained
between the logarithm of scan rate and the logarithm of current, with a
slope value of 0.74 indicating that the electrochemical reaction was
controlled by a mix of diffusion and adsorption of DESL towards/onto
the surface of the CMB-MWCNTs/GCE [34,49].

3.6. Analytical curves for DESL on the CMB-MWCNTs/CGE

Linear sweep voltammetry (LSV) at different scan rates was em-
ployed to construct the analytical curves on the CMB-MWCNTs/CGE in
order to determine the lowest concentration of DESL and the highest
sensitivity with statistical confidence. Table 2 presents the analytical
parameters of the curves obtained using different scan rates as well as
the statistical parameters obtained for regression analysis at the 95%
confidence level. Considering the critical value of F (4.49) and p (0.05),
the analytical curves proved to present linear behavior. At the higher
scan rate, a lower LOD and higher detectability and sensitivity were
observed, but this was accompanied by a higher relative standard de-
viation between the measurements. Thus, based on the repeatability
(lowest RSD) of the analytical response, the scan rate of 25 mV s−1 was
chosen for the analysis of DESL by the CMB-MWCNTs/CGE, and the
corresponding analytical equation is given by IDESL/
μA = −1.33 + 1.018 [DESL]/μmol L−1, R2 = 0.997.

Additionally, the analytical parameters obtained with the use of the
CMB-MWCNTs/GCE and LSV procedure compared with other elec-
trodes and voltammetric techniques previously published to determine
DESL are presented in Table S3 (supplementary material). As CMB-
MWCNTs/GCE consisted of a modified electrode, some steps for its
preparation were required. However, the LSV method proposed in our
work has some advantages over the other procedures published, as it
did not require preparation steps, such as deaeration and pre-con-
centration time, and presented excellent repeatability over a wider
linear range with a relative low limit of detection.

3.7. Precision

The precision of DESL measurements by the CMB-MWCNTs/CGE
was evaluated in terms of repeatability and intermediate precision. The
repeatability was assessed by means of the relative standard deviation
(RSD) of ten measurements using a concentration of DESL of
4.98 μmol L−1. As presented in Table 2, the RSD obtained was 1.02%.
The intermediate precision of DESL responses was assessed by mea-
suring DESL at 4.98 μmol L−1 over five different days over a 2-week
period using the same electrode, and was compared to a freshly-pre-
pared electrode on each day of the assessment. In terms of RSD, a value
of 3.49% was obtained when DESL was analyzed by the same electrode,
and 4.88% using the freshly prepared electrodes. This procedure de-
termined the precision of DESL analysis by LSV employing the CMB-
MWCNTs/GCE and confirmed the storage capability of this newly
constructed electrochemical sensoring device.

3.8. Selectivity

The selectivity of the electrode (CMB-MWCNTs/CGE) was examined
by LSV (25 mV s−1) using 4.98 μmol L−1 DESL in the absence and
presence of possible interfering agents within the same concentration of
analyte (4.98 μmol L−1) in the volume ratio of 1:1, and at higher
concentrations (49.5 μmol L−1, ratio 1:10). The voltammograms ob-
tained for 4.98 μmol L−1 DESL in the absence and presence of
49.5 μmol L−1 concentrations of ascorbic acid (AA), dopamine (DOP),
glucose, uric acid (UA), and urea, revealed that AA, glucose and urea

Fig. 3. Cyclic voltammograms (50 mV s−1) of DESL 99.0 μmol L−1 in po-
tassium hydrogen-phosphate solution (pH 8.0) for bare GCE (−), CMB/CGE
(−), MWCNTs/GCE (−) and CMB-MWCNTs/CGE (−).

Table 2
Analytical and statistical parameters of DESL analytical curves obtained with CMB-MWCNTs/CGE at different scan rates using linear sweep voltammetry.

Scan rate
(mV s−1)

Range of concentration
(μmol L−1)

LOD
(μmol L−1)

Sensitivity
(μA L μmol−1)

R2
adj Freg p value Repeatabilitya

(RSD %)

10 2.99–32.9 1.44 0.3575 0.993 826.4 < 0.001 1.88
25 1.49–32.9 0.88 1.018 0.997 3389 < 0.001 1.02
50 1.49–22.5 0.57 1.112 0.991 661.6 < 0.001 4.19
75 0.99–15.8 0.43 1.162 0.985 318.9 < 0.001 4.95

a n = 10; DESL concentration = 4.98 μmol L−1.
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were found to be electroinactive in the tested potential window
(0–1.4 V), and that DOP and UA presented oxidation peaks in potentials
different of the DESL potential. Their interference was monitored in
terms of the relative response (%) of DESL when the interfering agent
was added (Table S4; supplementary material). As can be observed, the
DESL response presented a maximum variation of 7.5% in presence of
UA at ten times more concentrated. These results indicated the poten-
tial of the modified sensor to determine DESL in biological fluids, as
none of the interfering agents presented oxidation peaks at the DESL
potential, and the DESL current was observed not to change sig-
nificantly in the presence of these possible interfering agents.

Concerning the DESL pharmaceutical matrix samples, the sensor
proved to be selective for DESL compared to the excipients presented in
the samples; microcrystalline cellulose, silicon dioxide, magnesium
stearate, calcium phosphate, lactose, talc, titanium dioxide and sodium
citrate. The excipients were found not to be electroactive on the CMB-
MWCNTs/GCE in the tested potential window (0–1.4 V), and the re-
lative DESL responses varied by less than 3.77% in the presence of these
compounds.

3.9. Accuracy of the proposed linear sweep voltammetric method

The accuracy of the linear sweep voltammetric method for DESL
determination using CMB-MWCNTs/CGE was assessed by comparing
the results obtained by the proposed electrochemical sensing method
with that of a validated spectrophotometric method [2]. These methods
were applied to the analysis of the commercial pharmaceutical pre-
parations containing DESL, and the results are presented in Table 3.
Both methods presented concordant results with relative errors less
than 4.00%. Taking into account the results of the F test [50] presented
in Table 3, the calculated F values (Fcalc) were lower than the critical F
(19.0), meaning that the analytical methods presented equivalent levels
of precision. A paired t-test [50] was also applied. The calculated t value
of 2.09 was also lower than the critical t value (2.20, 95% of confidence
level). The linear sweep voltammetric method was found not to be
statistically different when compared to the validated spectro-
photometric procedure.

The efficacy of the CMB-MWCNTs/CGE sensor was also evaluated in
determining DESL in spiked rat serum. Rat serum was spiked with
50 μmol L−1 DESL. An aliquot of 500 μL of spiked serum was directly
transferred into the electrochemical cell containing 10 mL of potassium
hydrogen-phosphate solution (pH 8.0) and linear sweep voltammo-
grams were recorded. Successive aliquots of DESL standard solutions (5,
10, 15 and 20 μL of 1.0 mmol L−1) were added, and the voltammo-
grams were recorded. An average recovery of 102.6 ± 2.6% indicated
the feasibility of the sensoring device in the determination of DESL in
this biological sample.

4. Conclusion

In the work reported herein, we constructed a new electrochemical
sensoring device by dispersing MWCNTs in aqueous media containing

carboxymethylated botryosphaeran. The new fabricated sensor device
(CMB-MWCNTs/CGE) was successfully applied to pharmaceutical pre-
parations containing DESL, and the results obtained were statistically
similar to those obtained by a validated spectrophotometric method.
The results for the determination of DESL in spiked rat serum samples,
indicated no interference from the matrix materials, confirming the
sensor selectivity in a complex biological sample. Finally, the results
confirmed that the CMB-MWCNTs/GCE electrode used in conjunction
with the LSV technique presented satisfactory performance in the de-
termination of DESL in pharmaceutical and biological samples. The
potential of using CMB in a stabilized MWCNTs aqueous dispersion to
fabricate printed (bio)sensors will be a future direction of our work.
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