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A B S T R A C T   

Although studies have demonstrated the inactivity of hydroxychloroquine (HCQ) towards SARS-CoV-2, this 
compound was one of the most prescribed by medical organizations for the treatment of hospitalized patients 
during the coronavirus pandemic. As a result of it, HCQ has been considered as a potential emerging contaminant 
in aquatic environments. In this context, we propose a complete electrochemical device comprising cell and 
working electrode fabricated by the additive manufacture (3D-printing) technology for HCQ monitoring. For 
this, a 3D-printed working electrode made of a conductive PLA containing carbon black assembled in a 3D- 
printed cell was associated with square wave voltammetry (SWV) for the fast and sensitive determination of 
HCQ. After a simple surface activation procedure, the proposed 3D-printed sensor showed a linear response 
towards HCQ detection (0.4–7.5 μmol L− 1) with a limit of detection of 0.04 μmol L− 1 and precision of 2.4% (n =
10). The applicability of this device was shown to the analysis of pharmaceutical and water samples. Recovery 
values between 99 and 112% were achieved for tap water samples and, in addition, the obtained concentration 
values for pharmaceutical tablets agreed with the values obtained by spectrophotometry (UV region) at a 95% 
confidence level. The proposed device combined with portable instrumentation is promising for on-site HCQ 
detection.   

1. Introduction 

Hydroxychloroquine (HCQ), chemical structure shown in Fig. 1, is a 
compound derivative from chloroquine, which differs by the presence of 
a hydroxyl group [1,2]. It has been used as antimalarial and immuno-
modulatory (systemic and cutaneous lupus erythematosus) drugs, as 
well as, applied for several rheumatic diseases because of its 
anti-inflammatory properties [3–7]. Moreover, HCQ has antiviral 
properties and because of it, some medical organizations had recom-
mended its use in the treatment of severe acute respiratory syndrome 
coronavirus (SARS-CoV-2) [8–13]. However, serious adverse effects, 
such as hypoglycemia, cardiomyopathy, gastrointestinal toxicity and 
neurological reactions, have been reported when this drug is used in the 
treatment of infected patients with SARS-CoV-2 [11,14–17]. In fact, 
although prescribed, this compound does not confer protection against 
COVID-19 infection, as highlighted in some studies [18–20]. 

Considering its wide use during the pandemic scenario and that 25% of 
the compound is excreted as its unmetabolized form in the urine ac-
cording to pharmacokinetic data [21], HCQ has been recognized as a 
potential emerging contaminant. Hence, it is essential to develop sen-
sitive, rapid, and simple analytical methods for monitoring HCQ in 
pharmaceutical formulations and other matrices. 

According to the literature, chromatographic and spectrophoto-
metric methods are widely reported for HCQ determination [22–27]. 
Although these methods present accuracy and sensitivity, they require 
costly and bulky instrumentation, time-consuming analysis, and 
specialized professional. On the other hand, electrochemical methods 
have been employed for HCQ detection in different matrices using 
conventional electrodes, such as boron-doped diamond (BDD) and 
modified glassy carbon electrodes (GCE) [28–32]. In fact, these elec-
troanalytical methods showed attractive sensing characteristics, how-
ever, BDD and modified GCE are not easily implemented for in-field 
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analyses because of their cost (cost-effective for large scale production) 
and surface modification requirements. In this sense, additive 
manufacturing, also known as 3D-printing, seems to be a promising 
technology for the development of electrochemical devices due to its 
characteristics, such as fast prototyping with large-scale production, low 
energetic demand, and accessible 3D printers, especially when using 
fused deposition modeling (FDM) models [33–35]. 

In FDM process, three-dimensional materials are constructed using 
thermoplastic filaments that are heated, extruded, and deposited layer- 
by-layer on a heated platform [36]. Commercially-available conductive 
filaments made of polylactic acid composites containing a conductive 
agent (Proto-Pasta® contains carbon-black (CB) and Black-Magic® 
contains graphene (Gr)) have enabled the production of electrochemical 
sensors with high performance in the detection of molecules of phar-
maceutical, forensic and environmental interests [37–42]. João and 
coauthors [43] showed the detection of atropine in beverage samples, 
and Cardoso et al. [44] showed the detection of different molecules 
(catechol, dopamine) using 3D-printed Gr-PLA electrodes. Additionally, 
Cardoso and collaborators used the same 3D-printed electrochemical 
disposable for the detection of 2,4,6-trinitrotoluene (TNT) [45]. How-
ever, commercial filament composed by Gr-PLA presents higher cost 
when compared to CB-PLA filament [45]. In this sense, our group 
research demonstrated that the detection of TNT was also possible using 
3D-printed CB-PLA electrodes with similar electroanalytical perfor-
mance. Moreover, the detection of chloramphenicol [46], naproxen 
[47], antioxidants [48], sulfanilamide [49] uric acid and zinc [50], 
adrenaline [51], steroid hormones [40] and reduction of carbon dioxide 
[52] was also demonstrated with appropriate analytical performance. 
Herein, we demonstrated, for the first time, that 3D-printed CB-PLA 
electrodes can be applied for the determination of HCQ in pharmaceu-
tical and tap water samples by square-wave voltammetry (SWV). 

2. Experimental section 

2.1. Reagents and samples 

All reagents were of analytical grade and used without further pu-
rification. Hydroxychloroquine sulfate (98% w/w) and azithromycin 
(98% w/w) were purchased from Sigma Aldrich (Darmstadt, Germany). 
Paracetamol, Caffeine (99% w/w), ferricyanide potassium, and phos-
phoric acid (85% w/v) were obtained from Labsynth (São Paulo, Brazil). 
Potassium chloride (99.5% w/w) was purchased from Carlo Erba 
(Emmendingen, Germany). Ethanol (99.3% v/v) was obtained from 
Sciavicco (Minas Gerais, Brazil). Acetic acid (98% w/v) was purchased 
from Vetec (Rio de Janeiro, Brazil). The boric acid (99.8% w/w) and 
sodium hydroxide (98% w/w) were obtained from AppliChem Panreac 
(Barcelona, Spain). Acetylsalicylic acid was obtained from Essência 
(Uberlândia, Brazil). All aqueous solutions used were prepared daily, 
employing high purity deionized water with the resistivity at least 18 
MΩ cm, purchased from a Milli Q water purification process (Millipore, 
Bedford, MA, USA). 

Britton-Robinson (BR) buffer (0.12 mol L− 1) was used as the sup-
porting electrolyte for all electrochemical measurements. This buffer 
was composed of a mixture of acetic, boric, and phosphoric acids, both 

in 0.04 mol L− 1. A sodium hydroxide solution (1 mol L− 1) was used to 
adjust the pH values in the range from 2.0 to 10.0. 

Stock solutions of HCQ (1.5 mmol L− 1) were freshly prepared to 
prevent photodegradation [53] by dissolution in deionized water and 
dilution in appropriate supporting electrolyte. Pharmaceutical samples 
(tablets) were obtained from local drug stores. Ten tablets from the same 
brand (400 mg per tablet) were powdered in a mortar/pestle and an 
amount of the power (~4 mg) was dissolved and diluted 2000-fold in the 
supporting electrolyte and immediately analyzed. Two tap water sam-
ples were collected using a plastic centrifuge tube and subsequently 
spiked with HCQ levels concentrations (10 and 15 μmol L− 1) respec-
tively, followed by a dilution process (9-fold) in the supporting 
electrolyte. 

2.2. Apparatus for electrochemical and spectrophotometric (UV–vis) 
measurements 

Cyclic and square-wave voltammetric measurements were per-
formed using a μ-AUTOLAB type III potentiostat/galvanostat (Metrohm 
Autolab BV, Utrecht, Netherlands). The acquisition and processing data 
were acquired using NOVA 2.1.4 software. All electrochemical mea-
surements were performed at room temperature in the presence of dis-
solved oxygen. A platinum wire and a lab-made Ag|AgCl|KCl(sat.) were 
used as counter and reference electrodes, respectively. A spectropho-
tometer (FEMTO 600s, Brazil) equipped 1 cm quartz cell at 342 nm was 
used for UV measurements as described by Ferraz et al. [54]. 

2.3. Fabrication of 3D-printed CB-PLA electrode 

A commercial filament composed by a mixture of CB and PLA 
(Protopasta, WA, USA) was used to construct of 3D-printed electrodes. A 
rectangular piece (38 mm length x 11 mm width) was printed employing 
Flashforge Dreamer NX printer and printing parameters described in 
Table S1. The faces of the model were used as working electrode, ac-
cording to previous works [44,55]. A 3D-printed electrochemical cell 
(internal volume of 10 mL) was manufacture as described by Cardoso 
et al. [44]. Briefly, 3D-printed cell was produced using an acrylonitrile 
butadiene styrene (ABS, GTMax, São Paulo, Brazil). A real image of this 
cell is shown in Fig. 2. The parts of the cell include: (a) cell container; (b) 
top cover with two orifices to allocate counter and reference electrodes; 
(c) bottom part containing three holes for the insertion of (d) screws; (e) 
3D-printed working electrode. Top (f) and (g) front of views of the 
3D-printed cell. A rubber O-ring was allocated over the working elec-
trode that limited the geometric electrode area (0.18 cm2). 

Before use, the rectangular face was polished with abrasive paper (3 
M 1200 Grit) in deionized water and submitted to an electrochemical 
treatment, according to literature, which consisted of electrochemical 

Fig. 1. Molecular structure of HCQ.  

Fig. 2. Real images of components of the 3D-printed cell (top view): (a) body 
cell; (b) top cover; (c) bottom cover; (d) screw; (e) 3D-printed CB-PLA working 
electrode; (f and g) top and front views of assembled 3D-printed cell. 
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activation using a 0.5 mol L− 1 NaOH solution, applying +1.4 V (vs. Ag| 
AgCl|KCl(sat.)) for 200 s followed by − 1.0 V (vs. Ag|AgCl|KCl(sat.)) for 
200 s. 

3. Results and discussion 

3.1. Effect of the chemical/electrochemical surface treatment on the 
electrochemical oxidation of HCQ 

Preliminary studies by cyclic voltammetry were carried out in order 
to investigate the influence of the electrode treatment on the HCQ 
electrochemical response. For this, cyclic voltammograms were recor-
ded in the presence 28 μmol L− 1 HCQ using the treated and non-treated 
electrodes and BR buffer (0.12 mol L− 1, pH = 7.0) as the supporting 
electrolyte (Fig. 3). As can be seen, a low-intensity oxidation process (at 
around +1.2 V vs. Ag|AgCl|KCl(sat.)) was obtained using an untreated 
electrode (black line). In contrast, a better voltammetric profile was 
achieved at the treated 3D-printed CB-PLA surface (red line), where two 
well-defined oxidation signals were observed (at around +0.9 and + 1.2 
V vs. Ag|AgCl|KCl(sat.)). This last result is more consistent with other 
studies using carbon-based electrodes for HCQ detection [32,56]. As 
discussed in previous studies reported by our research group [38,57,58], 
the chemical/electrochemical treatment in an alkaline solution (0.5 mol 
L− 1 NaOH) provides the consumption of the insulating material (PLA) 
via saponification reaction and exposes a greater amount of CB 
conductive sites, which contributes to increasing the electrode porosity 
and consequently the access to the conductive sites. Richter et al. [38] 
showed by microscopic techniques that the conductive sites become 
more available after the treatment . Moreover, XPS analyses showed 

Fig. 3. Cyclic voltammetric profiles obtained for 28 μmol L− 1 HCQ at the 3D- 
printed CB-PLA electrode before (black line) and after electrochemical treat-
ment (red line), using 0.12 mol L− 1 BR buffer (pH = 7.0). The dashed lines are 
the respective blanks. Voltammetric conditions: scan rate: 50 mV s− 1; step 
potential: 5 mV. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.) 

Fig. 4. (A) Cyclic voltammetric responses obtained 
for 28 μmol L− 1 HCQ in 0.12 mol L− 1 BR buffer of 
different pHs (purple line, pH = 6.0); (green line, pH 
= 7.0); (blue line, pH = 8.0); (red line; pH = 9.0); 
(black line, pH = 10.0). (B) Relation between pH and 
peak potential (Ep) for the first (black line) and sec-
ond (red line) oxidation processes of HCQ. Voltam-
metric parameters: scan rate of 50 mV s− 1 and step 
potential of 5 mV. (For interpretation of the refer-
ences to colour in this figure legend, the reader is 
referred to the Web version of this article.)   

Fig. 5. (A) Cyclic voltammetric responses obtained for 28 μmol L− 1 HCQ in 0.12 mol L− 1 BR buffer (pH = 9.0) varying scan rates (10–150 mV s− 1). (B) Relationship 
of the peak potential (Ep) as a function of the log ν for the first (black line) and second (red line) electrochemical processes. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the Web version of this article.) 
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changes of carbon functional groups on the electrode surface that may 
explain the improvement of the electrochemical activity. In this sense, 
the treated 3D-printed CB-PLA electrode was selected for further studies. 

The electrochemical behavior of HCQ was evaluated in BR buffer in 
pH values ranging from 6.0 to 10.0, as shown in Fig. 4. As noted, 
throughout the investigated pH range, HCQ exhibited two pH- 
dependent oxidation processes and the linear relationship between 
peak potential (Ep) and pH for both processes with slope values (70 and 
71 mV for first and second oxidation processes, respectively) remarkably 
close to 59 mV pH− 1 in which indicate equal number of electron and 
protons involved in these electrochemical processes (Fig. 4), as reported 
in the literature [2,29,31]. 

Considering that pH 9.0 provided a better electrochemical response 
(peak shape and peak height) and that the oxidation peak potential 
shifted to less positive values (HCQ can be detected at a lower potential), 
this pH was selected. Under this condition, the mass transport of elec-
trochemical reactions of HCQ (28 μmol L− 1) was checked using scan rate 
(ν) from 10 to 150 mV s− 1 (Fig. S1 and Fig. 5A). Linear relationship 
between peak current and scan rate (r2 ≥ 0.99) for both oxidation 
processes indicated a mass transport regime controlled by the adsorp-
tion of HCQ species (Fig. S1). Such a behavior agrees with other studies 
involving carbon-based surfaces [7,59]. 

According to Laviron [60], the potential peak (Ep) is dependent with 
log ν for adsorption-controlled process, as described above (Eq. (1)): 

Ep =A +
2.303 RT
(1 − α)nF

log ν (1)  

Where A is a constant related to the formal electrode potential (E0) and 
standard rate constant at (E0), n is the number of electrodes involved in 
the reaction, R the universal constant of gases (8.314 J mol K− 1), F 
Faraday constant, T is temperature (298 K) and α is the coefficient of 
electron transfer. Therefore, using the Laviron equation and assuming a 
value of α = 0.5, as described for organic species with irreversible 
electrochemical processes, the transferred electron is calculated to be 
1.2 and 1.6 for first and second processes, respectively (Fig. 5B). These 
values suggest that one and two electrons were involved in the first and 
second electrochemical processes, respectively. Our results agree with 
other works reported in the literature for the mechanism reaction of 
HCQ, in which the first and second oxidation processes occur in the 
aromatic amine and hydroxyl group of this molecule [2,30,61]. 

In next experiments, only the second oxidation process (at around 

+1.05 V) was investigated for sensing purpose using BR buffer (0.12 
mol L− 1 pH = 9.0) since that higher current peak was achieved when 
compared to the first HCQ oxidation process. 

3.2. HCQ determination in pharmaceutical and tap water samples 

The SWV technique was used to demonstrate the applicability of the 
3D-printed CB-PLA electrode for the fast and selective detection of HCQ. 
For this purpose, the parameters of SWV (frequency, amplitude and step 
potential) were systematically optimized using univariate tests. SWV 
conditions were selected based on their effect on voltammetric profiles, 
such as current response, speed of analysis, and the peak shape, using 
3.8 μmol L− 1 HCQ and 0.12 mol L− 1 BR buffer (pH = 9.0) as the sup-
porting electrolyte (Figs S2, S3 and S4). The evaluated ranges and 
respective optimized values are given in Table S2. 

After SWV optimized conditions, a calibration plot was constructed 
upon successive additions of HCQ concentrations using BR buffer (0.12 
mol L− 1, pH = 9.0) as the supporting electrolyte. A linear response was 
achieved for standard solutions of HCQ (0.4–7.5 μmol L− 1) with a good 

Fig. 6. Baseline-corrected SWV responses obtained for increasing concentra-
tions (0.4–15 μmol L− 1) of HCQ using 0.12 mol L− 1 BR buffer (pH = 9.0) at 3D- 
printed CB-PLA electrodes and respective calibration plot (inset in Fig. 4). SWV 
conditions: amplitude = 70 mV; step potential = 4 mV; frequency = 30 s− 1. 

Fig. 7. Baseline-corrected SWV responses for the analysis of (A) pharmaceu-
tical tablet (sample A) and (B) spiked tap water (sample A) samples diluted in 
0.12 mol L− 1 BR buffer (pH = 9.0) before (supporting electrolyte, dashed line) 
and after additions of sample (red line) and respective increasing concentra-
tions of HCQ (green, dark blue and light blue lines). Inset: the respective cali-
bration plots. SWV conditions: amplitude = 70 mV; step potential = 4 mV; 
frequency = 30 s− 1. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.) 
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linear correlation coefficient (r > 0.994), as noticed in Fig. 6. It was 
suspected that the short linear range could be related to blockage of the 
active sites on the electrode surface by the oxidation product of HQ. 
However, electrochemical measurements were performed using a po-
tassium ferricyanide redox probe before and after the preparation of the 
calibration plot. Considering that similar voltammetric profiles (peak- 
to-peak separation and current response) were obtained (Fig. S5), there 
is no evidence of electrode surface blocking. Therefore, the short linear 
range can be related to an intrinsic property of the molecule, since the 
same behavior was already observed when a boron-doped diamond 
electrode was used [31]. From the calibration plot, the limit of detection 
(LOD) and sensitivity (slope) were estimated in 0.04 μmol L− 1 and 0.28 
μA L μmol− 1, respectively. LOD was calculated based on the IUPAC 
definition, (LOD = 3σ/s), where s is the slope obtained through the 
calibration plot from the insert in Fig. 6 and σ is the standard deviation 
of intercept. Table S3 summarizes the analytical parameters obtained 
from the data presented in Fig. 6. 

The intra-day precision was estimated using the current variation of 
successive measurements by SWV (n = 10) for 3.4 μmol L− 1 HCQ 
(Fig. S6). The RSD value (2.4%) indicates that the method shows good 
precision and stability. In order to demonstrate the feasibility for the 
application of 3D-printed CB-PLA sensor, tap water and pharmaceutical 
samples were analyzed using the standard addition method. For this 
purpose, tap water was collected and spiked with two HCQ concentra-
tion levels (10 and 15 μmol L− 1). Next, pharmaceutical and tap water 
samples were diluted in the supporting electrolyte. Fig. 7 and S7 present 
SWV responses and the respective calibration plot for pharmaceutical 
tablet (A) and tap water (B) samples. These results and recovery values 
obtained in this study are described in Tables 1 and 2. 

As can be seen in Table 1, HCQ contents found in the pharmaceutical 

samples were in agreement with the value provided by the spectro-
photometric method. According to the paired t-test, the calculated value 
(0.95) was smaller than the theoretical critical value (12.7, for n = 3), 
which indicates that the results obtained by both methods are statisti-
cally similar (95% confidence level). In addition, satisfactory recovery 
values (from 99 to 112%) were obtained for tap water samples, which 
indicated the absence of sample-matrix effects (Table 2). 

Subsequently, a selectivity study was performed in the presence of 
other emerging contaminants, such as azithromycin (AZI), paracetamol 
(PRT), caffeine (CFN) and acetylsalicylic acid (ACS), using 1.5 μmol L− 1 

HCQ and an HCQ/interferent agent ratio (1:1). As can be seen in Fig. S8, 
the results indicate an adequate selectivity (variation in HCQ electro-
chemical response was lower than 12%) in the presence of PRT, CFN, 
and ACS. However, the current response of HCQ in the presence AZI 
increased in 40%. According to the literature, AZI has an oxidation 
process at around +0.9 V (vs. Ag|AgCl|KCl(sat.)) which overlaps with 
HCQ response [62,63]. On the other hand, the first oxidation peak for 
HCQ can be used for differentiate these species. 

The analytical performance of the developed method, such as linear 
range and LOD, was compared to other electrochemical sensors reported 
in the literature for HCQ detection (Table 3). As can be observed, many 
of the sensors use costly materials and requires laborious surface 
modification steps, which provide an increase in the analysis time. In 
addition, the analytical performance of the proposed 3D-printed CB-PLA 
is similar or better than the conventional electrodes. Importantly, the 3D 
printed CB-PLA electrode is a versatile and inexpensive disposable de-
vice with good potential for on-site analysis. 

4. Conclusions 

This work has demonstrated an electrochemical method for the 
determination of HCQ in tap water and pharmaceutical samples using 
3D-printed CB-PLA electrodes. A substantial increase in the electro-
chemical response for HCQ was observed after the activation treatment 
of the 3D-printed electrode surface, leading to similar analytical per-
formance to conventional electrodes. A linear range (0.4–7.5 μmol L− 1) 
and high detectability (LOD = 0.04 μmol L− 1) were achieved. The pro-
posed method is simple, low-cost, precise (RSD <2.4%; n = 10) and can 
be used in laboratories with minimal infrastructure requirements. 
Moreover, the feasibility of this method was demonstrated through the 
analysis of tap water and pharmaceutical samples in which showed 
appropriate accuracy (recovery values between 99 and 112% for tap 
water samples). 

Credit author statement 

Mayane S. Carvalho: Conceptualization, Methodology, Data 

Table 1 
Results (mean ± SD) obtained for determination of HCQ in pharmaceutical 
samples by SWV using the 3D-printed CB-PLA electrode and by spectropho-
tometry (UV region).  

Sample SWV UV spectrophotometry 

Tablet A 367 ± 2 mg 367 ± 6 mg 
Tablet B 359 ± 1 mg 364 ± 9 mg  

Table 2 
Results (mean ± SD) obtained for determination of HCQ in tap water samples by 
SWV using 3D-printed CB-PLA electrode.  

Sample Spiked/μmol L− 1 Found/μmol L− 1 Recovery/% 

Tap water A 10.0 9.9 ± 0.5 99 ± 5 
Tap water B 15.0 16.9 ± 0.1 112 ± 1  

Table 3 
Comparison of the analytical performance obtained using 3D-printed CB/PLA electrode with other electrochemical sensors reported in the literature for HCQ 
determination.  

Electrode Method Linear range (μmol L− 1) LOD (μmol L− 1) Sample Refs. 

SDSMCNTPE CV 10–40 0.85 Pharmaceutical [7] 
RGO–TiO2/GCE SWV 0.25–500 0.01 Pharmaceutical [56] 
GCE-PMPDASAM DPV 10–99 0.004 Serum [2] 
CPE/CNNS DPV 0.01–7.00 0.00016 Pharmaceutical and urine [59] 
GCE-PMPD SAM DPV 12–111 0.004 Pharmaceutical; serum [61] 
BDD SWV 0.1–2.0 0.06 Urine [31] 
MWCNT/CPE AdSDPV 0.06–100 0.006 Serum [32] 
3D-CB/PLA SWV 0.4–7.5 0.04 Pharmaceutical; Tap water This work 

SDSMCNTPE: sodium dodecyl sulfate modified carbon nanotube paste electrode; rGO–TiO2/GCE: reduced graphene oxide–TiO2 nanocomposite modified glassy 
carbon electrode; GCE-PMPDASAM: N,N-bis[(E)-(1-pyridyl) methylidene]-1,3-propanediamine self-assembled monolayer on glassy carbon electrode; CGE: coated 
graphite electrode; CPE/CNNS: carbon paste electrode modified with carbon nitride nanosheets; GCE-PMPD SAM: N,N -bis[(E)-(1-pyridyl) methylidene]-1,3- 
propanediamine (PMPD) self-assembled monolayer (SAM) on glassy carbon electrode; BDD: boron doped diamond; MWCNT/CPE: carbon paste electrode modified 
with multi-walled carbon nanotubes; SWV: square wave voltammetry; DPV: differential pulse voltammetry; CV: Cyclic voltammetry; AdSDPV: Adsorptive stripping 
differential pulse voltammetry. 
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polylactic acid electrode for bioanalysis: biosensing of glucose and simultaneous 
determination of uric acid and nitrite in biological fluids, Sensor. Actuator. B 
Chem. 307 (2020) 127621, https://doi.org/10.1016/j.snb.2019.127621. 

[59] J. Oliveira S. Silva, M.V.S. Sant’Anna, A. Gevaerd, J.B.S. Lima, M.D.S. Monteiro, S. 
W.M.M. Carvalho, E. Midori Sussuchi, A novel carbon nitride nanosheets-based 
electrochemical sensor for determination of hydroxychloroquine in pharmaceutical 
formulation and synthetic urine samples, Electroanalysis 33 (2021) 2152–2160, 
https://doi.org/10.1002/elan.202100170. 

[60] E. Laviron, A. Vallat, R. Meunier-Prest, The reduction mechanism of aromatic nitro 
compounds in aqueous medium: Part V. The reduction of nitrosobenzene between 
pH 0.4 and 13, J. Electroanal. Chem. 379 (1994) 427–435, https://doi.org/ 
10.1016/0022-0728(94)87167-1. 

[61] S.M. Ghoreishi, M. Behpour, A. Khoobi, M. Salavati-Niasari, Electrochemical study 
of a self-assembled monolayer of N,N′-bis[(E)-(1-pyridyl) methylidene]-1,3- 
propanediamine formed on glassy carbon electrode: preparation, characterization 
and application, Anal. Methods. 5 (2013) 6727–6733, https://doi.org/10.1039/ 
C3AY41480A. 

[62] W.B. Veloso, A.T. de F.O. Almeida, L.K. Ribeiro, M. de Assis, E. Longo, M.A. 
S. Garcia, A.A. Tanaka, I. Santos da Silva, L.M.F. Dantas, Rapid and sensitivity 
determination of macrolides antibiotics using disposable electrochemical sensor 
based on Super P carbon black and chitosan composite, Microchem. J. 172 (2022), 
https://doi.org/10.1016/j.microc.2021.106939. 

[63] J.Y. Peng, C.T. Hou, X.X. Liu, H.B. Li, X.Y. Hu, Electrochemical behavior of 
azithromycin at graphene and ionic liquid composite film modified electrode, 
Talanta 86 (2011) 227–232, https://doi.org/10.1016/j.talanta.2011.09.005. 

M.S. Carvalho et al.                                                                                                                                                                                                                            

https://doi.org/10.1016/j.microc.2021.105925
https://doi.org/10.1016/j.microc.2021.105925
https://doi.org/10.1016/j.jelechem.2014.01.037
https://doi.org/10.1016/j.jelechem.2014.01.037
https://doi.org/10.1039/C4RA16357E
https://doi.org/10.1016/j.jelechem.2019.113745
https://doi.org/10.1016/j.elecom.2019.05.008
https://doi.org/10.1016/j.talanta.2021.122869
https://doi.org/10.1016/j.talanta.2021.122869
https://doi.org/10.1016/j.aca.2020.03.028
https://doi.org/10.1002/celc.202000601
https://doi.org/10.1021/acs.analchem.9b02573
https://doi.org/10.1021/acs.analchem.9b02573
https://doi.org/10.1021/acs.analchem.1c05523
https://doi.org/10.1016/j.snb.2022.131850
https://doi.org/10.1016/j.snb.2022.131850
https://doi.org/10.1021/acs.analchem.7b01614
https://doi.org/10.1016/j.jelechem.2019.113745
https://doi.org/10.1016/j.microc.2021.106324
https://doi.org/10.1016/j.microc.2021.106324
https://doi.org/10.1016/j.aca.2018.06.021
https://doi.org/10.1016/j.aca.2018.06.021
https://doi.org/10.1016/j.snb.2019.04.126
https://doi.org/10.1149/1945-7111/ac6454
https://doi.org/10.1016/j.microc.2022.107565
https://doi.org/10.1016/j.microc.2022.107565
https://doi.org/10.1007/s00604-021-05152-x
https://doi.org/10.1016/j.talanta.2022.123610
https://doi.org/10.1007/s00604-021-05007-5
https://doi.org/10.1007/s00604-022-05323-4
https://doi.org/10.1002/celc.202100261
https://doi.org/10.1002/celc.202100261
http://refhub.elsevier.com/S0039-9140(22)00523-9/sref53
https://doi.org/10.13040/IJPSR.0975-8232.5(11).4666-76
https://doi.org/10.13040/IJPSR.0975-8232.5(11).4666-76
https://doi.org/10.1039/D1AY00181G
http://refhub.elsevier.com/S0039-9140(22)00523-9/sref56
http://refhub.elsevier.com/S0039-9140(22)00523-9/sref56
http://refhub.elsevier.com/S0039-9140(22)00523-9/sref56
http://refhub.elsevier.com/S0039-9140(22)00523-9/sref56
https://doi.org/10.1016/j.electacta.2020.135688
https://doi.org/10.1016/j.electacta.2020.135688
https://doi.org/10.1016/j.snb.2019.127621
https://doi.org/10.1002/elan.202100170
https://doi.org/10.1016/0022-0728(94)87167-1
https://doi.org/10.1016/0022-0728(94)87167-1
https://doi.org/10.1039/C3AY41480A
https://doi.org/10.1039/C3AY41480A
https://doi.org/10.1016/j.microc.2021.106939
https://doi.org/10.1016/j.talanta.2011.09.005

	Additively manufactured electrodes for the electrochemical detection of hydroxychloroquine
	1 Introduction
	2 Experimental section
	2.1 Reagents and samples
	2.2 Apparatus for electrochemical and spectrophotometric (UV–vis) measurements
	2.3 Fabrication of 3D-printed CB-PLA electrode

	3 Results and discussion
	3.1 Effect of the chemical/electrochemical surface treatment on the electrochemical oxidation of HCQ
	3.2 HCQ determination in pharmaceutical and tap water samples

	4 Conclusions
	Credit author statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


