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ARTICLE INFO ABSTRACT

Keywords: In this research paper, an innovative electrochemical sensor was suggested for simultaneous voltammetric
Azithromycin analysis of azithromycin (AZM) and hydroxychloroquine (HCQ) for the first time. The sensor based on hydro-
Hydroxychloroquine thermal synthesis of vanadium disulfide quantum dots (VS; QDs) and insertion within 3D N, S graphene aerogel
xszdgl;: sensor (3D N, S @ GNA) and carbon nanotubes nanaostructure as a new and widely group of carbon nanomaterials. The

nanocomposites were characterized morphologically using different techniques. In addition, the nanomaterials
were characterized electrochemically using cyclic voltammetry (CV), electrochemical impedance spectroscopy
(EIS) and differential pulse voltammetry (DPV). The proposed electrochemical sensor showed wide dynamic
linear ranges of 0.28-30 x 108 M and 0.84-22.5 x 108 M for analysis of AZM and HCQ, respectively. The
limits of detection (LODs) based on signal to noise (S/N) 3:1 were found to be 0.091 x 10~ M and 0.277 x 1078
M for AZM and HCQ, respectively. Briefly, the electrochemical sensor had good stability, selectivity, repro-
ducibility and feasibility for simultaneous detection of AZM and HCQ in presence of different interfering species.

Graphene aerogel
Carboxylated carbon nanotubes

1. Introduction

Coronavirus disease (COVID-19) has been labeled as a pandemic by
the World Health Organization (WHO) on March 11, 2020 [1]. Some
articles are available with the evidence of successful treatment of
varying degree. Yet, universally accepted treatment does not exist for
this rapidly spreading disease [2]. Some studies have used chloroquine
(CQN) or hydroxychloroquine (HCQ) as possible treatments [3,4]. An
early study was conducted on Chinese patients, which confirms that
CQN, as anti-malarial drug, had a significant effect in terms of viral
clearance and clinical outcomes, if compared to controlled group [5,6].
Chinese experts recommend that patients diagnosed as mild, moderate
and severe cases of COVID-19 pneumonia and without contraindications
to CQON be treated with 500 mg CQN twice a day for ten days [7].
Although AZM is an antibiotic from the macrolide group, it was recorded
to have antiviral [8-10] and anti-inflammatory effects [11-13]. The
reason behind the significantly improved viral clearance when AZM is
added to HCQ can purely be due to the action of AZM. Hence, AZM alone
may be fit enough to clear the virus at the initial stage of the disease.
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AZM may down regulate inflammatory responses and reduce the
excessive cytokine production associated with respiratory viral in-
fections. Gautret et al. and his group describe a trial where HCQ com-
bined with AZM which gives a 100% viral clearance in 6 days [14]. Both
HQC/CQN and AZM [15-18] are known to prolong QTc-Interval. The
combination can, therefore, cause cardiac side-effects.

In order to obtain clinically trusted data from therapeutic drug
monitoring (TDM), we should use highly sensitive and selective
analytical methods capable of using small sample volumes, with no in-
terferences from endogenous or exogenous compounds [19].

Recently, electrochemical sensors with an excellent ability for
determination of the electro-active substances have been suggested as
powerful analytical tool in recent years. Electrochemical sensors are
fast, portable and relatively cheap. Different types of conductive and
non-conductive mediators such as organic ligands, inorganic complexes,
ionic liquid, conductive polymers, nanoparticle and nanocomposite
were suggested for the fabrication of selective and powerful electro-
chemical sensors from many years ago [20-25].

Few electrochemical methods were reported for analysis of HCQ
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[26-29] and AZM [30-33]. Some of the reported methods need high cost
electrodes (diamond electrode) and/or several fabrication steps (mo-
lecular imprinted electrodes). Therefore, the aim of this work is to
develop a simple, rapid, cost-effective and sensitive electrochemical
sensor for simultaneous voltammetric analysis of HCQ and AZM for the
first time.

Quantum dots (QDs) have attracted more attentions as a novel class
of nanostructures in many fields. Amongst these QDs, vanadium disul-
fide quantum dots (VS; QDs) is an ideal candidate due to ease of doping,
good solubility, and facile functionalization [34,35].

Graphene aerogel (GNA) is a porous 3D nanomaterial with large
number of internally crosslinked 3D hollow meshes, which will improve
the stability, enhance the conductivity, and adapt to huge volume varies
[36].

In view of effective surface area, high stability, superior electronic
conductivity and mechanical properties, nanoparticles-embedded gra-
phene and carbon nanotubes (CNTs) hybrid nanostructures are currently
attracting wide attention as composite materials to modify electrodes for
detection of various analytes [37-39].

In this research paper, a simple, rapid, cost-effective and sensitive
electrochemical sensor was proposed for simultaneous analysis of HCQ
and AZM. The sensor based on modification of GCE with vanadium di-
sulfide quantum dots decorated nitrogen and sulfur co-doped graphene
aerogel/carboxylated carbon nanotubes (VS QDs/N, S@ GNA/cCNTs/
GCE). The proposed sensor showed wide dynamic linear ranges and low
detection limits. The proposed sensor presented good reproducibility,
feasibility and selectivity for simultaneous detection of AZM and HCQ in
different matrices.

2. Experimental
2.1. Materials and reagents

Azithromycin (>98%) was obtained as a gift from NODCAR, Giza,
Egypt. Hydroxychloroquine sulfate (>98%), graphene oxide, ammo-
nium vanadate (>99%), uric acid (>99%), methionine (>99%), cysteine
(>97%), adenine (>98%), guanine (>98%), glutathione ((>99%) and
carbon nanotubes (CNTs) were purchased from Sigma Aldrich. 2-Amino-
benzothiazole (2-ABTHZ) (>98%), dopamine HCl (>98%) and glucose
(>97%) were purchased from Merck. Potassium permanganate, ascorbic
acid, sodium nitrate, hydrochloric acid (37%), ferrocyanide, ferricya-
nide, boric acid, phosphoric acid (85%) and acetic acid (>97%) were
purchased from El-Nasr for intermediate chemicals, Cairo, Egypt. Dou-
ble distilled water (DDW) was used along the whole study. Zithromax®
capsules (500 mg AZM) and hydroquine® tablets (200 mg HCQ) were
obtained from local markets.

2.2. Instrumentation

Descriptions of instruments used for analysis and characterization of
nanomaterials were included within the electronic supplementary ma-
terials (ESM).

2.3. Preparation of vanadium disulfide quantum dots (VSz QDs)

Vanadium disulfide quantum dots can be prepared via hydrothermal
method. Ammonium vanadate (0.05 mM) was mixed with cysteine
(0.03 mM) in double distilled water, and stirring until complete disso-
lution. The mixture was heated at 180 °C for 10 h prior to cooling to
room temperature. The obtained solution was centrifuged at 4000 rpm
for 15 min and then, the supernatant was filtered using 0.22 pm filter

paper.
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2.4. Preparation of 3D nitrogen and sulfur co-doped graphene aerogel
(3D N, S @ GNA)

Graphene oxide (50 mg) and 100 mg 2-ABTHZ were mixed with 150
mL double distilled water to form homogenous dispersion. The sus-
pension was heated at 180 °C for 8 h before cooling to room tempera-
ture. The product was washed 5 times with ethanol and double distilled
water, and then freeze dried.

2.5. Preparation of VS2 QDs/cCNTs/3D N, SQGNA/GCE

N, S@ GNA and cCNTs (200 mg for each) were suspended in 10 mL
ethanol by sonication for 20 min. Then, 100 mg of VS, QDs was added to
the previous suspension and sonication was maintained for 30 min. The
resultant suspension was used to modify GCE by drop casting 5 pL of VS,
QDs/cCNTs/N, S@GNA dispersion. Scheme 1 describes the main steps
for preparation of VS; QDs/cCNTs/N, S@GNA/GCE and its utility for
electro-oxidation of AZM and HCQ.

2.6. Preparation of real samples

Urine samples were collected from healthy volunteers and 5 mL of
urine sample was centrifuged at 1500 rpm for 20 min. Then, the urine
sample was filtered using 0.45 mm filter paper and 1.5 mL of the su-
pernatant was transferred to voltammetric sample containing B.R. buffer
(pH = 6.0).

Human plasma (1.5 mL) was mixed with 1.0 mL acetonitrile and
subjected to centrifugation to about 30 min to remove possible inter-
ference. After that, the supernatant was collected and diluted with 5 mL
B.R. buffer (pH = 6.0) prior to the voltammetric analysis.

Twenty tablets or the contents of 20 capsules of each dosage form
were weighed, and then finely powdered using mortar and pestle.
Equivalent amounts of the powder to one tablet or capsule were weighed
accurately The weighed powders were dissolved in a 20 mL methanol
and sonicated for 10 min to ensure complete solubility and filtered.
Then, the filtrate was transferred into a 100 mL standard flask and
diluted to the final volume with methanol, and then subjected to our
procedure.

3. Results and discussions
3.1. Characterization of VSz QDs

TEM, FTIR and UV-Vis techniques were used to demonstrate of the
synthesized VS QDs by heating with ammonium vanadate and cysteine
(Fig. 1a-c). Fig. 1a shows the TEM image of VS, QDs with average size of
that ~9.2 nm (Fig. 1d). The FTIR spectrum was used to characterize the
VS, QDs and refer to the most important functional groups (Fig. 1b). The
presence of bands at 3345 em™1, 1670 cm ™Y, 1665 em ™! and 1350 cm !
corresponding to v (OH), & (OH), v (C=0) and v (C-NH-C), respectively
confirm the good formation of VS, QDs. Moreover, the characteristic
bands of VS, QDs are the v (V=S) and v (V-S-V) that locates at 1070 em !
and 590-670 cm 1, respectively. The optical properties of quantum dots
with UV-Vis and fluorescence spectroscopy were examined. The UV-Vis
spectrum was obtained in aqueous solution with the appearance of two
bands at 230 nm and 345 nm which correspond to n-1* and n-t* tran-
sitions [40,41]. The fluorescence spectrum of VS, QDs was presented in
Fig. 1c where it shows emission at 445 nm after the excitation at 370 nm.

3.2. Morphological characterization of 3D N, S@GNA, 3D N, S@QGNA/
c¢CNTs and VS5 QDs/3D N, S@ GNA/cCNTs

SEM, TEM, FTIR, Raman spectroscopy and PXRD techniques were
used to characterize the synthesized nanomaterials. As shown in
Fig. Sla, the SEM images of ¢cCNTs show high surface area, good
dispersion and tubular like shapes while Fig. S1b exhibits thin layer of N,
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Scheme 1. Main steps for preparation of VS, QDs/cCNTs/N, S@GNA/GCE and its role for electro-oxidation of AZM and HCQ.

S@GNA. Fig. Slc shows good dispersion of VSy QDs and cCNTs on N,
S@GNA, which is confirmed by TEM image in Fig. S1d.

FTIR spectra of N, S@GNA, cCNTs and VS QDs/N, S@ GNA/cCNTs
were presented in Fig. S2. It is seen from Fig. S2a that the characteristic
bands of N, S-GNA exhibit the v (OH) at 3380 cm™, v (C=0) at 1715
em ™!, v (C=C) at 1652 cm ™! and v (C-S, C-N) at 1240 cm ™. The FTIR
bands of N, S-GNA/cCNTs are seen in Fig. S2b at 3385 em™?, 2840-2930
em L, 1715 em™Y, 1652 em™! and 1240 em™! which are assigned to v
(OH), v (CH), v (C=0), v (C=C) and v (C-S, C-N), respectively. Fig.S2¢c
shows the FTIR bands of VS5 QDs/N, S@ GNA/cCNTs that exhibits the v
(V=S) at 1050 cm ™! and v (V-S) at 530-620 cm ™.

The EDS was carried out to show the elements contents of nano-
composite. The presence of S, V, C and O elements in EDS show suc-
cessful combination of VS, QDs/N, S@ GNA/cCNTs (Fig. S3).

The PXRD patterns of VS, QDs and VS, QDs/N, S@ GNA/cCNTs are
presented in Fig. S4. The diffraction peaks that correspond to (001),
(100), (011), (012), (110), (103), (004) of VS, QDs are present at
15.54°, 33.32°, 36.32°, 44.34°, 56.34°, 58.84° and 66.23°, respectively
[42,43]. Besides all the peaks of VS, QDs, the peak at approximately 26°
corresponds to the N, S@GNA/cCNTs nanocomposite [44].

Raman spectroscopy was studied to confirm the successful formation
of nanostructure. Fig. S5 shows the Raman bands of VS; QDs at 470
cm ! and 580 cm ! that corresponds to the in-plane vibration Elzg mode
and the out-plane vibration mode (Alg), respectively. In addition, the
presence of D and G bands of N, S@GNA/cCNTs are observed at 1350
em ! and 1580 em ™}, respectively.

3.3. Electrochemical characterization of 3D N, S@GNA, 3D N, S@QGNA/
c¢CNTs and VS, QDs/3D N, S@ GNA/cCNTs

The electrochemical surface area was calculated from the voltam-
metric peak current by use of the Randle-Sevcik equation:

Ipa = 2.69 x 10°ADY?p*/2y'2C

where Ipa is the anodic peak current. A is the surface area. n is the
number of electron involved in redox reaction (n = 1). D is the diffusion
coefficient of the molecule in solution (7.6 x 10~® ecm? s 1). C is the
concentration of the probe molecule (5 mM [Fe(CN)6]3’/ 4’). v is the
scan rate. From the slope of the Ipc - v!/? relationship, the surface areas
of bare GCE, 3D N, S@GNA/GCE, 3D N, S@GNA/cCNTs/GCE and VS,
QDs/3D N, S@ GNA/cCNTs/GCE were calculated to be 0.391, 0.541,
1.393 and 2.652 cm? (Fig. S6).

Moreover, electrochemical impedance spectroscopy (EIS) was used
to investigate the surface properties of the modified sensor [45]. The
semicircle part in Nyquist plots equals to the electron transfer resistance
(Rct). Fig. S7 shows the EIS of bare GCE, 3D N, S@GNA/GCE, 3D N,
S@GNA/cCNTs/GCE and VS; QDs/3D N, S@ GNA/cCNTs/GCE. It is
obvious that large semicircle is found at bare GCE, which is decreased
upon modifications with nanomaterials. This phenomenon proves that
successive modification with 3D N, S@GNA, ¢cCNTs and VS, QDs im-
proves the conductivity and electron transfer properties of the electrode.

3.4. Electrochemical performance at various electrodes

The electrochemical behaviors of 20.0 uM of AZM and HCQ on bare
GCE (a),3D N, S@GNA/GCE (b), 3D N, S@GNA/cCNTs/GCE (c) and VS,
QDs/3D N, S@ GNA/cCNTs/GCE (d) were investigated by CV in B.R.
buffer (pH 6.0) (Fig. S8). As shown, there is no redox peaks at the bare
GCE, which is due to the slow electron transfer. In comparison, well-
defined oxidation peaks of AZM and HCQ were obtained at 3D N,
S@GNA/GCE owing to the good conductivity of 3D N, S@GNA. For 3D
N, S@GNA/cCNTs/GCE, a larger redox peaks currents were observed as
a result of increasing the conductivity and surface area by cCNTs. More
interestingly, VS QDs/3D N, S@ GNA/cCNTs/GCE shows much higher
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Fig 1. (a) TEM, (b) FTIR, (c) Absorbance/fluorescence spectra and (d) size distribution of VS, QDs.

oxidation peaks’ currents. The excellent performance accounts for the
synergistic effects of VS; QDs/ 3D N, S@ GNA/cCNTs, including the high
adsorption capacity, enhanced electron transfer, as well as the increased
catalytic active sites on the electrode.

3.5. Optimization of DPV variables

Effect of pH on the electrochemical behavior of 12.5 x 10~ M at VS,
QDs/3D N, S@ GNA/cCNTs/GCE in B.R. buffer (pH 6.0) was investi-
gated by DPV at a pH range of 4.0~8.0 (Fig.S9A). As observed from
Fig. S9B, the anodic peak current of AZM and HCQ achieved a maximum
value at pH of 6.0, which was chosen for subsequent current
measurements.

Besides, with the enhancing pH, the anodic peak currents (Ipa)
shifted towards more negative values, suggesting that protons took part
in the electrochemical reaction. Meanwhile, the oxidation peak poten-
tial (Epa) was linearly depended on the pH values of the solution, which
obeys the following equation of Epa (V) = 1.208-0.051 pH (R? = 0.996)
and Epa (V) = 1.528-0.057 pH (R2 = 0.993) for AZM and HCQ,
respectively (Fig. S9C). The slope of —52 mV pH ! was close to the
theoretical slope of —59 mV pH !, illustrating that the number of pro-
tons and electrons occurred in the electro-oxidation process of AZM and
HCQ is equal [46-48].

The adsorption capacity of AZM and HCQ can be obviously improved
by preconcentration step. Therefore, the influence of preconcentration
time and potential were optimized. From Fig.S10A, it can be seen that
the oxidation current gradually increased with increasing preconcen-
tration time from 20 to 300 s. This is because that more molecules were
adsorbed onto the electrode surface. However, the peak current changed
slightly as further increasing accumulation time from 200 to 300 s,
suggesting that the amount of AZM and HCQ at the VS, QDs/N, S@

GNA/cCNTs/GCE tended to a limiting value. Thus, 200 s was employed
as the optimal preconcentration time.

The optimum preconcentration potential was investigated in the
range from +0.1 V to 0.8 V (Fig. S10B). The peak current increased with
increasing the potential from —0.2 to 0.5 V. However, the response
current decreased when the potential was over 0.5 V. Consequently,
preconcentration potential of 0.5 V was selected in the following further
experiments.

3.6. Effect of potential scan rate

The effect of scan rate on the electro-oxidation of AZM and HCQ at

300 mV s!

Current/nA

1.2
Potential/V (vs. Ag/AgCl. KCI)

0.6 0.8 1.0 1.4

Fig 2. (A) CV scans of 15.0 uM of AZM and HCQ at VS, QDs/3D N, S@ GNA/
c¢CNTs/GCE in B.R. buffer (pH 6.0) at scan rate of 200 mv s~! after pre-
concentration time of 150 s.
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VS; QDs/3D N, S@ GNA/cCNTs/GCE in B.R. buffer (pH 6.0) was
investigated in the range of 30-300 mV st (Fig. 2). Upon increasing the
potential scan rate, the anodic peak currents (Ipa) was increased with
shift the oxidation potential to more positive values. The relationship
between log Ipc (pA) and log v (mV s™1) can be expressed by the
following equations: Ipa (pA) = 0.218 log v (mvs™)) + 87.47 (R2 =
0.9951) and Ipa (pA) = 0.211 log v (mVs™1) + 80.07 (R? = 0.9959) for
AZM and HCQ, respectively [49,50].

The number of electrons involved within the oxidation of AZM and
HCQ was calculated using the following formula for irreversible re-
actions [51]: an = 0.048/Ep —Ep/2

Where « is charge transfer coefficient, Ep/2 is potential at half peak
current and n is the number of electrons consumed in the electro-
chemical oxidation. The obtained Ep/2 for oxidation of AZM and HCQ
at the VS QDs/3D N, S@ GNA/cCNTs/GCE in B.R. buffer (pH 6.0) was
found to be 1.03. Thus, the number of electrons consumed in the
oxidation process, assuming a for irreversible reactions = 0.5, was found
to be 1.96 and 2.03 for AZM and HCQ, respectively (=~two electrons for
each) (Scheme 2).

3.7. Stability and reproducibility of VS; QDs/3D N, S@ GNA/cCNTs/
GCE

The stability of VS; QDs/3D N, S@ GNA/cCNTs/GCE was evaluated
by storing the modified sensor at room temperature and used for
detection of 15.0 uM of AZM and HCQ in B.R. solution (pH 6.0) by CV as
shown in Fig. S11A. The graph displayed in the inset of Fig. S11A shows
the CV response which indicates good stability as the decrease in

HiC
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7
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3 \N
HO,
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oxidation peak currents of the fabricated sensor was about 4.7% after
four weeks of storage. The reproducibility of VS; QDs/3D N, S@ GNA/
c¢CNTs/GCE was investigated after incubation of eight modified elec-
trodes, following a similar fabrication conditions for detection of 15.0
uM of AZM and HCQ in B.R. solution (pH 6.0) by CV as shown in
Fig. S11B. The diagram displayed in the inset of Fig. S11B demonstrates
the good reproducibility with RSD % less than 3.6%.

3.8. DPV analysis of AZM and HCQ in standard solutions, human serum
and urine samples

The electrochemical analysis of AZM and HCQ using VS, QDs/3D N,
S@ GNA/cCNTs/GCE was conducted using DPV. The anodic peaks are
sharper and better defined at lower concentrations of the two drugs.
Fig. 3 shows DPV scans obtained in pure forms in the concentration
ranges of 0.28-30 x 10~8 M and 0.84-22.5 x 10~8 M for AZM and HCQ,
respectively under optimized conditions of pulse height, pulse width,
step height and preconcentration time of 40 mV, 0.08 s, 15 mV and 200 s
respectively. The anodic peak currents (Ipa) increases linearly with the
increase of AZM and HCQ concentrations. The regression equations of
AZM and HCQ are Ipa = 6.53C + 4.72 (R? = 9989) and Ipa = 8.93C +
16.599 (R* = 0.9993) with LODs of 0.09 and 0.28 x 107 M, respec-
tively (Table 1). The intra-day and inter-day precisions of the proposed
voltammetric method were investigated and presented in Table S1.

3.9. Selectivity

Selectivity of the proposed VS QDs/3D N, S@ GNA/cCNTs/GCE was

Ho\/\NJ
HN

Cl N

HN

A\ /

(o]

Scheme 2. The electrochemical oxidation of AZM and HCQ at VS, QDs/3D N, S@ GNA/cCNTs/GCE in B.R. buffer (pH 6.0).
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Current/pA

1.7

Potential/V (vs. Ag/AgCl. KCl)

Fig 3. (A) The DPV responses of VS, QDs/3D N, S@ GNA/cCNTs/GCE for
simultaneous detection of AZM and HCQ in B.R. solution (pH 6.0) at different
concentrations. (B) Calibration plots of Ipa vs. concentration under the opti-
mum conditions of measurement.

examined in presence of some co-existing interfering substances in
presence of 8.5 x 1078 M AZM and HCQ. The results shown in Fig. 4
prove that 500 folds of ascorbic acid, uric acid, methionine, glutathione,
glucose and dopamine; 400 folds of adenine and guanine did not affect
the anodic currents of AZM and HCQ. The good selectivity of VS2 QDs/
3D N, S@ GNA/cCNTs towards detection of AZM and HCQ is mainly
attributed to the oxidation potentials of AZM and HCQ, and may be
attributed to the hydrophobic interactions between the investigated
analytes and nanohybrid, facilitating their adsorption onto the electrode
surface.

Microchemical Journal 163 (2021) 105925

3.10. Robustness

Robustness of analytical method is the ability to resist small change
upon variation of some operational parameters such as pH, preconcen-
tration potential and time, and pulse height. The mean percentage re-
covery (recovery %) and % relative standard deviation (RSD %) values
were not significantly affected by these variations (Table S2). Based on
these results, the proposed electrode suggested for analysis of AZM and
HCQ is reliable for quantification of these drugs with robust results.

3.11. Analytical applications in real samples

The analytical applicability of VS, QDs/3D N, S@ GNA/cCNTs/GCE
was evaluated by detecting of AZM and HCQ in pharmaceutical for-
mulations, human serum and urine samples. Typical DPV scans for
successive additions of AZM in human serum and human urine are
depicted in Fig. S12. The relationships between anodic peak currents
(Ipa) and the added concentrations in pharmaceutical formulations and
biological samples are straight lines with satisfactory correlation co-
efficients. The results for detection of AZM and HCQ by standard addi-
tion method are cited in Table 1. The samples were analyzed by HPLC
method, and it was found that no significant difference between the
proposed and HPLC methods. Consequently, the proposed sensor is ac-
curate for AZM and HCQ assay in human serum and urine samples with
high accuracy.

4. Comparison with other reported sensors
AZM and HCQ were individually analyzed by different electro-

chemical sensors. In comparison, the proposed electrochemical method
shows many advantages such as simplicity, rapidity, cost effective and

Table 1
Analysis of AZM and HCQ by VS, QDs/3D N, S@ GNA/cCNTs/GCE in serum, urine and pharmaceutical formulations (n = 3).
Samples Added Proposed sensor HPLC method
(x1078
AZM HCQ AZM HCQ
M)
Found Recovery RSD Found Recovery RSD Found Recovery RSD Found Recovery RSD
(x1078 %=£SD % (x1078 %=SD % (x1078 %=+SD % (x1078 %=+SD %
M) M) M) M)
Serum 1
5.0 4.98 99.6 + 2.5 2.5 5.05 101.0 + 2.4 4.87 97.4 + 3.2 3.3 5.13 102.6 + 2.8
2.5 29
15 15.34 102.3 + 3.1 14.76 98.4 + 3.3 3.3 15.34 102.3 + 4.1 15.32 102.1 + 3.4
3.1 4.2 3.5
Serum 2
5.0 5.08 101.6 + 2.9 4.97 99.4 +£1.9 1.9 4.87 97.4 +£ 2.6 2.7 4.92 98.4 £ 4.1 4.2
2.9
15.0 14.78 98.5 + 3.7 3.7 15.12 100.8 + 2.1 14.56 97.1 +£ 3.8 3.9 14.76 98.4 + 3.8 3.8
2.1
Urine 1
10.0 9.87 98.7 £ 2.9 3.0 10.25 102.5 + 2.1 10.25 102.5 + 2.5 9.56 95.6 + 2.3 2.5
2.1 2.5
20.0 19.45 97.3 £ 3.2 3.3 20.34 101.7 + 3.0 20.67 103.4 + 3.0 19.23 96.2 + 3.6 3.7
3.0 3.1
Urine 2
10.0 10.23 102.3 + 2.7 10.27 102.7 + 3.0 9.57 95.7 +£ 3.8 4.0 10.47 104.7 + 29
2.8 3.0 3.1
20.0 20.89 104.5 + 1.8 19.65 98.3 £21 2.2 19.45 97.3 £ 4.0 4.1 20.35 101.8 + 2.4
1.9 2.5
Zithromax®
capsules
10.0 9.78 97.8 £ 2.7 2.8 - - 9.57 95.7 +£ 2.8 2.9 - - -
20.0 19.34 96.7 £ 3.1 3.2 - - - 19.45 97.3 £ 3.5 3.6 - - -
Hydroquine®
tablets
10.0 - - - 9.67 96.7 £ 3.1 3.2 - — - 10.12 101.2 + 2.4
2.4
20.0 - - - 20.67 103.4 + 2.7 - — - 19.78 98.5 + 3.6 3.7
2.8
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Fig 4. DPV scans of VS; QDs/3D N, S@ GNA/cCNTs/GCE in measuring of 10.0
uM of AZM and HCQ in presence of different interfering species.

low values of LODs (Table S3).

5. Conclusions

This paper describes a novel combination for simultaneous electro-
chemical sensing of AZM and HCQ as a possible treatment of COVID-19
overloads. The sensor based on modification of glassy carbon electrode
surface with VS; QDs/3D N, S@ GNA/cCNTs nanohybrid. The VS, QDs
nested in the N, S@ GNA/cCNTs offered more catalytically active sites,
while the N, S@ GNA and c¢CNTs acted as a conductive substrate to fix
and sputter VS, QDs to avert the agglomeration of VS, QDs and facilitate
the electron transfer. The electrode showed an excellent electro-catalytic
activities and acceptable electron transfer. In addition, it exhibited wide
linear ranges and lower detection limits for analysis of AZM and HCQ
than other reported methods. The electrochemical sensor was applied
for analysis of AZM and HCQ in human plasma and urine samples as well
as pharmaceutical dosage forms. The sensor showed good stability,
reproducibility and selectivity. This work may provide a new way for
development electro-catalyst based on the combination of VS; QDs,
c¢CNTs and N, S-GNA.
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