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Abstract:
Favipiravir (FVP) was one of the promising medications for the treatment of Covid-19 patients.
There are limited studies on the electrochemical performance of FVP. Hence it is interesting to study
the electrochemical detection of FVP by cyclic voltammetry (CV), differential pulse voltammetry
(DPV) and chronoamperometry. The G/In2O3 nanocatalyst was prepared by precipitation method
and applied on the pencil graphite electrode by drop-cast method, the electrode represented here
as G/In2O3/MPGE and used as a working electrode for the detection of FVP in a pH 7 Britton
Robinson (BR) buffer. The oxidation signal was seen in the region of 1.0 to 1.23 V. The predicted
linear range is between 0.7 to 4.9 µM. The corresponding limit of detection (LOD) and limit of
quantification (LOQ) were found for pure drugs at 0.28 µM and 0.93 µM, whereas for samples in
commercial tablets, it is 0.23 and 0.79 µM. The same in the presence of urine medium is 0.30 and
106 µM, respectively. The developed G/In2O3/MPGE offers good detection, selectivity, reasonable
stability, and reproducibility to detect FVP in pure drug, tablet form, and in the presence of urine.
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1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a single-stranded RNA virus that first surfaced
in Wuhan, China, in December 2019. It is closely related
to coronaviruses that resemble SARS originated from bats
[1, 2]. The WHO announced that COVID-19 is a world-
wide emergency on March 11, 2020 [3]. Since then, mil-
lions of human beings have become infected as a result of
the sharp spread of viruses globally. Thus, the COVID-19
causing agent is SARS-CoV-2. Fever, dry cough, breathing
trouble, muscle or joint uneasiness, headache or dizziness,
a reduced ability to odor and taste, diarrhea, and nausea
are typical signs or signs of COVID-19. Acute respira-
tory distress syndrome, which causes certain patients to
have a lack of oxygen in their blood, can ultimately lead
to breathing problems. Multi-organ injury is brought by
the virus infection and the massive production of cytokines
(cytokine storm). Inflammatory symptoms and additional
infections caused 28% of the deaths of Covid-19 patients

[4, 5]. Chemically, favipiravir (FVP) is 6-fluoro-3-hydroxy-
2-pyrazinecarboxamide (C5H4FN3O2), which is also known
as T-705. It is effective against a variety of viruses, which
are pathogenic across a broad range of antiviral agents [6].
In Japan, Fujifilm Toyama (a pharmaceutical company)
produced FVP. It particularly suppresses the enzyme, RNA-
dependent RNA polymerase (RdRP) [7–9]. FVP was sold
as an additional treatment during the second wave of coro-
naviruses and as strains of influenza in China (Favilavir)
and Japan (Avigan) [10]. Also, FVP was recommended
to suppress RdRP viruses like Ebola, chikungunya, yellow
fever, norovirus and enterovirus [11]. FVP successfully
reduces the SARS-CoV-2 infection by obstructing its RNA
synthesis [12]. Following the deadly Ebola virus outbreak
in West Africa in 2014, it was suppressed by FVP treatment
[13]. Early in the global epidemic research, investigations
were started to evaluate the effectiveness of HCQ and FVP
in curing COVID-19 patients. Some possible medicines
listed worldwide in multiple formulations for the treatment
of COVID-19 include the antimalarial drug HCQ, the antivi-

https://doi.org/10.57647/j.ijc.2024.1401.03
https://orcid.org/0009-0007-9006-8453
https://orcid.org/0000-0002-6025-1923
https://orcid.org/0009-0009-2691-8171
mailto:jmanjanna@gmail.com


2/14 IJC 14 (2024) -142403 Sanjeevagol et al.

ral pharmaceuticals like FVP, lopinavir/ ritonavir, darunavir,
remdesivir and oseltamivir [2, 14].
Several analytical methods such as high-performance liquid
chromatography (HPLC) [15], colorimetric analysis method
(CAM) [16], thin layer chromatography (TLC) [17], liq-
uid chromatography-tandem mass spectrometry (LC-MS)
[18] are known for the detection of FVP in medicinal prod-
ucts and biological fluids. Electrochemical techniques have
advantages over these conventional analytical methods in
terms of its simplicity, rapid detection, redox behavior of
analytes, flexibility, lower LOD, etc. It provides a physic-
ochemical characteristics, significant catalytic efficiency
through the modified working electrode, high sensitivity,
stability and it is inexpensive [19–21].
Electrochemical sensors are widely used to assess trace lev-
els of pharmaceuticals and other analytes from medicinal,
biological, and ecological materials [22]. To detect analytes
through a bare electrode is challenging due to the slow trans-
fer of electrons, and hence electrochemical sensors must be
improved with suitable materials to increase their analyti-
cal efficiency. The enhanced surface area by employing a
modified electrode helps to detect the analyte [23]. Further-
more, the improved interfacial adsorption characteristics of
carbon nanocomposites are advantageous [24]. Thus, we
used graphene as conducting materials with indium oxide
nanocatalyst as the electrochemical sensor.
Graphene (G) has a flat monolayer with sp2 hybridized car-
bon atoms and a closely packed two-dimensional hexagonal
lattice with a distinctive nanostructure [25]. It is widely
used to modify different working electrodes for the de-
tection of Ciprofloxacin [26], Chloramphenicol [27] and
DNA sensors, etc. [28]. In2O3 is an n-type semiconduc-
tor and is extensively used in semiconducting devices due
to its wide bandgap (around 3.65 eV). In2O3 nanostruc-
tures include nanocones, nano bouquets, nanotowers, hol-
low microspheres, hollow nanofibers, urchin-like In2O3, etc.
[29–32]. These materials/composites are used as biosen-
sors and gas sensors. Novel urchin-like In2O3–chitosan-
modified electrodes are used for electrochemical detection
of glucose oxidase and biosensing [33]. On the other hand,
In2O3/graphene heterostructure showed hydrogen gas sens-
ing properties [34]. The nanocatalysts are utilized as surface
modifiers in electrochemical sensors. The In2O3 nanostruc-
tures/composites are used as electrocatalysts for the detec-
tion of ethanol [35], formaldehyde [36], ammonia [30], and
uric acid [37].
The combination of In2O3 with G can lead to significantly
improved catalytic activity. Graphene provides a high sur-
face area and excellent electronic conductivity, which can
facilitate the efficient transport of charge carriers, leading to
enhanced catalytic performance. The characteristic features
of G/In2O3 include enhanced surface area and active sites
towards the electrochemical detection of FVP. The low lev-
els of FVP in real samples could be efficiently detected here
by using G/In2O3/MPGE in CV and DPV techniques. The
different materials used for the detection of FVP by various
techniques, including CV and DPV, are listed in Table 1.

2. Experimental

2.1 Chemicals and apparatus
The FVP (Hetero Healthcare Limited, Hyderabad) tablets
were purchased from a local pharmacy and used as an an-
alyte (contains 200 mg of FVP per tablet); SEUTIC Labs
PVT LTD supplied the original form of FVP. The G/In2O3
nanocatalyst was prepared by using indium chloride, am-
monia, graphene and ethanol. Graphene was supplied by
Anderlab Technologies Pvt. Ltd. Briton-Robinson buffer
(BR buffer, pH 7) and was prepared by using equimolar (0.1
M) solutions of boric acid, acetic acid, and phosphoric acid.
An Equimolar (5 mM) mixture of potassium ferricyanide
and ferrocyanide solution was prepared in 0.1 M KCl as a
standard analyte for optimizing the material for the working
electrode. All the experiments were done with freshly pre-
pared solutions using analytical-grade chemicals in distilled
water.
TG/DSC plot was obtained using a TA instrument SDT
Model 650, and FT-IR spectra was taken using a Thermo
Scientific Nicolet iS5 analyzer by KBr pellet technique.
Field emission scanning electron microscopy (FE-SEM,
model JEOL JSM-7100F) was used to record the microstruc-
tural images of the In2O3 nanocatalyst. Shimadzu’s UV-
1800 spectrophotometer was used for recording the UV-
visible spectra. The electrochemical analyses were per-
formed in the three-electrode setup using Metrohm Autolab
PGSTAT204.

2.2 Synthesis of In2O3 and G/In2O3 nanocatalyst
Graphene (G, 0.0221 g) was added to 6.3×10−3 M InCl3
(i.e., 0.1392 g in 100 mL) solution kept in stirred condition.
Then NH4OH was added drop by drop till pH 9 to form a
jelly precipitation. It was filtered and washed thoroughly
with distilled water and ethanol. It was dried in an oven at
80 °C for 5 h and then at 400 °C for 15 h in a muffle furnace
to obtain the final product, G/In2O3 nanocatalyst (having
15 wt.% of G and 85 wt.% of In2O3. The same procedure
has been applied for the preparation of In2O3 in the absence
of graphene [38].

2.3 Fabrication of pencil graphite-electrode
A pencil graphite electrode was fabricated by inserting pen-
cil graphite (Sigma 4 mm diameter) into a hollow Teflon
tube and making electrical contact with a copper wire. The
pencil graphite electrode surface was polished to a mirror-
shiny finish with the aid of a PK-3 electrode polishing kit. It
was cleaned with distilled water by ultrasonication and then
dried. A 10 µL of G/In2O3 nanocatalyst (10 mg/mL) sus-
pension was drop cast on this pencil graphite electrode sur-
face and dried for 5 h at ambient conditions. This modified
pencil graphite electrode, abbreviated as G/In2O3/MPGE,
served as the working electrode here.

2.4 Sample preparation
A 1.5 g finely powdered FVP sample was dissolved in 10
mL of distilled water and sonicated for 30 minutes to ensure
a complete dispersion. Then, it was filtered using through
0.4 µm pore size membrane filter paper to obtain a stock
solution of 0.07 M of FVP. Different concentrations (0.7 to
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Figure 1. (A) FE-SEM, (B) EDX spectra of G/In2O3 (inset is the elemental mapping), (C) SEM image of bare PGE and (D)
G/In2O3/MPGE.

4.9 µm ) were prepared from this stock solution, and added
to 0.1 M BR buffer and analyzed using cyclic voltamme-
try (CV) and differential pulse voltammetry (DPV) tech-
niques. The BR buffer capacity is relatively high, which
means it can resist rapid changes in pH, providing stabil-
ity to the electrochemical system during the experiment
and good detection for FVP [39, 40]. The physiological
pH 7 was chosen here because most of the pharmaceutical
and biomolecules react around neutral pH 7 [41, 42]. The
other tablets were also used here in the same way to obtain
HCQ (1.89×10−4 M), Paracetamol (2.38×10−4 M) and
Acivir (1.661×10−4 M) drug samples and studied here as
co-administered drugs with FVP.

3. Results and discussion

3.1 XRD characterization
Fig. S1 shows the powder XRD pattern of G/In2O3 nanocat-
alyst and its Rietveld refinement using Match! Supporting
full-proof software is shown in Fig. S2. This pattern could
be indexed to the body-centered cubic bixbyite structure for
In2O3 with a lattice constant of a = b = c = 10.117 Å having
a space group (I a-3) according to the crystallography open
database (COD card no. 96-231-0010) [34]. The In2O3
phase is highly crystalline, whereas the G is amorphous
and present in a small portion (15 wt.%); the XRD peak
expected for G (002) around 2θ = 21◦ is not seen here.
The crystallite size (D) was calculated by Scherer equation:
D = 0.9λ/β cosθ where λ = 0.154 nm, wavelength of Cu
Kα line, and β is the FWHM in radians of the 100% peak
(222) in the XRD pattern. Accordingly, D of G/In2O3 was

found to be around 10 nm.

3.2 FTIR analysis
Fig. S3 shows the FTIR spectra of G and G/In2O3. The
peak around 3435 cm−1 is due to the O-H stretching vi-
brations of adsorbed water molecules. The carboxyl C=O
stretching band around 1637 cm−1 and the O-H bending vi-
bration around 1382 cm−1 are seen here. The stretching and
bending vibrations of In-O bond in G/In2O3 are observed
around 570 and 460 cm−1 [43, 44].

3.3 FESEM and EDX analysis
Fig. 1(A) shows the SEM image of G/In2O3 consisting
of polydisperse particles and/or irregular morphology. Fig.
1(B) is the EDX spectra, and the inset shows the elemental
mapping exhibiting a homogenous distribution of In2O3
on the surface of the G. EDX analysis here was intended
to check the expected elements and to make sure that no
impurity is present. Fig. 1(C) and Fig. 1(D) show the
SEM images of bare (PGE) and G/In2O3/MPGE. The mor-
phology of electrocatalysts greatly influences the sensing
performance of the analytes [45, 46]. The G/In2O3/MPGE
shows a relatively smooth surface, unlike the bare electrode
surface.

3.4 TG-DSC characterization
The thermal analysis (TG-DSC) of the G/In2O3 nanocat-
alyst is depicted in Fig. S4. The first step weight loss is
about 3% when heated from ambient temperature to 10 °C
due to the removal of surface absorbed moisture. The DSC
curve has an endothermic high point at 146 °C, and there-
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Figure 2. (A) CV curves at a scan rate of 0.1 Vs−1 for
5 mM [Fe(CN)6]3−/4− in 0.1 M KCl solution using bare,
G/MPGE and G/In2O3MPGE, (B) Nyquist plots for these
three electrodes.

after, no endothermic or exothermic peaks are seen. An
overall weight loss of about 5.8% was seen when heated
up to 600 °C. The gradual weight loss of about 3% after
heating above 146 °C is ascribed to the removal of surface
functional groups such as -OH (possible impurities) to pro-
duce thermally stable G/In2O3 [47]. The UV-Vis spectrum
of FVP is shown in Fig. S5. In the UV region, there are two
absorption bands at 221 and 325 nm, which is corroborated
by previous reports [48, 49].

3.5 Electrochemical behavior of G/In2O3/MPGE
Fig. 2(A) shows the CV of 5 mM [Fe(CN)6]3−/4− in 0.1
M KCl at a scan rate of 100 mVs−1, and it is clear that
G/In2O3 nanocatalyst is superior when compared to the bare
electrode and graphene-modified pencil graphite electrode
(G/MPGE). The shift in peak potential suggests that the
In2O3 nanocatalyst lowers the activation energy required
for the electrode reaction, leading to improved electron
transfer kinetics. The G/In2O3/MPGE showed increased
peak current and enhanced surface area due to an increase
in electron transfer reactions. The MPGE surface area
values for the bare PGE, G/MPGE, and G/In2O3/MPGE are
0.039, 0.042, and 0.048 cm2, respectively.

Figure 3. (A) CV curves for 1.4 µM FVP using bare,
G/MPGE and G/In2O3/MPGE in BR buffer at a scan rate
of 0.1 Vs−1, (B) 1.4 to 4.2 µM FVP.

The surface area of the electrode was calcu-
lated by the Randles-Sevcik equation, Ipa =
(2.69 × 105)AD1/2n3/2v1/2C where C is the concen-
tration (mol/cm3), D is the diffusion coefficient (cm2/s), A
is the electrode surface area (cm2), v is the scan rate (V/s),
and n is the number of electrons transferred. The peak
current and the concentration, as well as the square root of
the scan rate, are directly correlated, according to the above
equation.
Fig. 2(B) displays the Nyquist plots recorded to compare
the charge transfer capacity of bare, G/MPGE, and
G/In2O3/MPGE in 5 mM [Fe(CN)6]3−/4− with 0.1
M KCl. The obtained Nyquist plots depicted a small
semi-circular arc with a Warburg-type line. This smaller
semicircle arc for G/In2O3/MPGE indicates the high
charge transfer and increased kinetics. The data was fitted
to the [RS(C(RCT ZW ))] circuit model and obtained RS
(resistance, 181.1 Ω), C (capacitance, 1.232×10−5 F), and
RCT (charge transfer resistance, 147.6 Ω), respectively.
The RCT measuring the bulk diffusion is connected to
the impedance, ZW (1.575 × 10−3 Ω), which denotes
Warburg-type impedance, i.e., RCT and ZW are parallel
to the capacitance. The RCT values for bare, G/MPGE
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Figure 4. (A) CVs of 1 mM FVP at various scan rate (0.1 to 0.5 mVs−1), (B) plot of Ipa vs. v1/2, (C) logIpa vs. logν and
(D) E p vs. logν .

and G/In2O3/MPGE are 206.2 Ω, 174.1 Ω and 147.6 Ω,
respectively. Thus, G/In2O3/MPGE has shown better
electronic charge transfer and a decrease in RCT , thereby
giving high electronic conductivity and large surface area
compared to bare and G/MPGE. These results obtained
here are in good agreement with the reported values [50].
The heterogeneous electron transfer rate constant k◦ for
electronic charge transfer can be calculated using RCT
values using the equation given below.

k◦ =
RT

F2RCT AC

where R is the universal gas constant (8.3145 J mol−1 K−1),
T is the thermodynamic temperature (298.15 K), F is Fara-
day’s constant (96485 C mol−1), A is the geometrical sur-
face area of the electrode (0.05 cm2), and C is the con-
centration of the electrolyte (5 mM). The k◦ obtained here
are 0.982×10−8, 1.159×10−8 and 1.372×10−8 cm2 s−1

for the bare, G/MPGE and G/In2O3/MPGE, respectively.
Thus, G/In2O3/MPGE exhibits a maximum value of RCT ,
which represents the high rate of electronic transfer over the
electrode surface [51, 52].

3.6 Electrochemical oxidation of FVP
The cyclic voltammetry (CV) method was used to assess
the electrochemical oxidation of FVP. Fig. 3(A) shows var-
ious catalytic behaviors of the bare electrode, G/MPGE,
and G/In2O3/MPGE towards FVP. There was no significant
response by the bare electrode for 1.4 µM FVP, whereas

G/MPGE produced a considerably higher anodic peak cur-
rent. This indicates the presence of additional active sites
for electron transport. However, G/In2O3/MPGE showed
a more effective anodic peak current for FVP detection.
Compared to the bare electrode, G/In2O3/MPGE exhibited
higher conductivity along with an efficient surface. It im-
plies that oxidation is an irreversible process [53]. Fig.
3(B) shows the CV for 1.4 to 4.2 µm FVP, and the peak
current was maximum for G/In2O3/MPGE due to higher
electro-catalytic activity [54].
Fig. 4(A) shows the CV of 1.4 µM FVP at different scan
rate (0.1 and 0.5 Vs−1) using G/In2O3/MPGE at pH 7 BR
buffer. The Ipa increased linearly with the scan rate. Ac-
cording to Fig. 4(B), the electrocatalytic process is reg-
ulated by FVP diffusion to the electrode surface, as seen
by the linear plot of Ipa vs. v1/2 with Ipa(µA) = 7.0809
(v1/2, V/s) - 3.2111; R2 = 0.97 . As the scan rate increased,
the normalized peak current decreased [55, 56]. Fig. 4(C)
shows the regression plot of log Ipa vs. log v. The linear
relationship, logIpa (µA) = 0.6839 (logν , V/s) - 4.7463;
R2 = 0.98 indicate the diffusion control mechanism. The
results of Fig. 4(D) indicated a linear correlation between
peak potential (E p) and log v: E p (V) = 0.0793 (logν) -
0.9513; R2 = 0.97. For an irreversible reaction, the Laviron
equation demonstrates the correlation between the anodic
peak potential (E pa) and scan rate.

E p = E◦+(2.303RT/αnF) log(RT K◦/αnF)+

(2.303RT/αnF) logν
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Figure 5. (A) DPV and (B) calibration plot for pure FVP (0.7 to 4.9 µM).

The number of electrons transmitted (n) and the elec-
tron transfer coefficient (α) were determined. The for-
mal potential is represented by E◦ in the Laviron equation,
F = 96.480 C mol−1, ν represents the potential scan rate,
and k◦ is the standard heterogeneous rate constant. All coef-
ficients were calculated using the slope of the E p vs. logν

plot, α = 0.5 and n = 1.49 (i.e., ∼ 1) shown in Fig. 5(C).
Furthermore, if the value of E◦ is known, the value of k◦ can
be calculated from the intercept of Fig. 5(C). The Laviron
equation yielded k◦ = 10.6071 and E◦ = 1.1325 [57, 58].
Fig, 5(A) shows the differential pulse voltammetry (DPV)
plots for pure FVP (0.7 to 4.9 µM) using G/In2O3/MPGE at
a scan rate of 0.1 mV/s. A linear increase in the peak current
was seen with increasing [FVP], as shown in Fig. 5(B) with
a linear equation, Ipa = 0.1271FVP×10−4 +8.3384(R2 =
0.99). The Limit of detection (LOD = 3 SD/S) and limit
of quantification (LOQ = 10 SD/S) were determined to be
0.28 µM and 0.93 µM, respectively, where SD is the stan-
dard deviation of three observations made from the signal
acquired from the blank (blank readings of DPV curve in
the presence of BR buffer) and S (= 0.1271) is the slope
of its calibrate curve. The 3 is a result for 90% confidence
level in the distinction between the observed signal and the
blank [59].
For commercially available FVP tablets, the DPV was
recorded using G/In2O3/MPGE as depicted in Fig. 6. The
peak current and FVP concentrations are linearly related

with Ipa = 0.1657FVP× 10−4 + 7.9911 (R2 = 0.99). Ac-
cordingly, LOD = 0.23 µM and LOQ = 0.79 µM are ob-
tained.
After successful detection of pure FVP and tablet form,
the detection was done for FVP in the presence of a urine
sample (prepared by adding 2 mL of healthy adult’s urine
sample to 8 mL of 0.1 M BR buffer in the presence of 10
µM of 0.7 to 4.9 µM of pure FVP). The urine sample was
added without any pre-treatment, and the pH of the BR
buffer remained the same even after mixing with a urine
sample and FVP. Fig. 7(A) shows the DPV for the above
solutions using G/In2O3/MPGE, and Fig. 7(B) shows the
calibration curve, Ipa vs. [FVP] which is linearly related
with Ipa = 0.1269FVP×10−4 +8.3441 (R2 = 0.99). The
observed LOD was 0.30 µM whereas LOQ was 106 µM.
Thus, FVP could be detected in the presence of biological
fluids such as urine [39]. FVP is oxidized within the po-
tential range of 1.05 V to 1.23 V as seen from both the CV
and DPV peaks. As there was no reversible peak in CV, the
process of oxidation is considered to be irreversible. The
calibration curves (Fig. 6(B) and Fig. 7(B)) for the sample
in the presence and absence of urine have marginally varied.
Table 2 shows the analysis of FVP by DPV in tablet and
urine samples. It is clear that more than 95% of the detec-
tion efficiency (recovery) is achieved here for 3 to 5 µM of
FVP.
The proposed reaction with a mechanism for the electro-

Scheme1. Electrochemical oxidation of FVP on the surface of G/In2O3/MPGE.

2252-0236[https://doi.org/10.57647/j.ijc.2024.1401.03]

https://doi.org/10.57647/j.ijc.2024.1401.03


Sanjeevagol et al. IJC 14 (2024) -142403 7/14

Figure 6. (A) DPV and (B) calibration plot for FVP tablet
(0.7 to 4.9 µM).

chemical (CV/DPV) oxidation of FVP is illustrated in
Scheme 1. The oxidation of the FVP molecule involves
the deprotonation of the hydroxyl group. At the same time,
the oxygen becomes negatively charged, and then the amine
group is protonated to form a stable amino group. Thus,
the 3 hydroxyl group is converted into a carbonyl group
to form 6-Fluoro-3-oxo-pyrazine-2-carboxamide (product).
G/In2O3 nanocatalyst present on the electrode surface en-
ables lowering of activation energy (i.e., accelerate the kinet-
ics of electron transfer due to enhanced active sites) needed
for oxidation reaction, Reactant → Product+ e−

Figure 7. (A) DPV of FVP (0.7 to 4.9 µM in presence of
human urine) in 0.1 M BR buffer (B) its calibration plot.

3.7 Detection of FVP by DPV in the presence of inter-
fering drugs

The electro-analytical performance of G/In2O3/MPGE was
tested for specificity by detecting FVP in a solution of the
antiviral medication hydroxychloroquine (HCQ), which
was recently utilized to treat COVID-19 patients. Simul-
taneously, antiviral drugs paracetamol (PAR) and acivir
were also detectable with FVP. However, lopinavir and iver-
mectin drugs could not be detected along with FVP. Fig.
8(A) shows the concurrent detection of co-administered
drugs, FVP (2×10−5 M) and HCQ (1.8×10−4 M). HCQ

Table 1. FVP detection by different methods.

Methods Linearity Range LOD Ref.
HPLC & UC 10-100 µL 1.20 µg/mL [15]

CAM 25-200 µL 16.91 µg/mL [16]
TLC 3.75-100 µg/mL 1.12 µg/mL [17]

LC-MS/MS 0.63-127.3 µM 0.15 ng/mL [18]
HPLC 10-100 µg/mL 3.6 ng/mL [60]

Fluorescence 20-100 ng/mL 3.62 ng/mL [61]
CV 0-10 Mdm−3 - [62]

DPV 0.07-0.49 µg/mL 0.2 ng/mL Present Work
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Figure 8. DPV curves of (A) 1.8 × 10−4 M HCQ and
FVP (B) 2.3× 10−4 M PAR and FAV (C) 1.6× 10−4 M
ACV and 2× 10−5 MFVP at scan rate of 0.1 Vs−1 using
G/In2O3/MPGE in 0.1 M BR buffer.

Table 2. DPV analysis of FVP with and without urine
sample.

Samples Added
(µM)

Found
(µM)

Recovery
(%)

FVP Tablet 3.0 2.85 95
5.0 4.96 99

In presence of 3.0 2.99 99
urine sample 5.0 4.87 97

Figure 9. DPV plots for 2× 10−5 M FVP at scan rate 0.1
Vs−1 in presence of (A) 5× 10−4 M AA (B) 4× 10−4 M
FA and (C) 2.3×10−4 M PAR and 1.8×10−4 M HCQ.

Table 3. Influence of interferers/tolerance limit for FVP
detection by DPV.

Excipients EP Standard Tolerance Limit
HCQ 1.081 1.043 0.0389
PAR 1.090 1.043 0.0475
ACV 0.097 1.043 -0.0946
AA 1.103 1.043 0.0608
FA 1.114 1.043 0.0710
PAR/HCQ 1.108 1.043 0.0659
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Figure 10. (A) Chronoamperograms for different concentrations of FVP over a period of 20 s, (B) Cottrell plots, (C) CV of
0.07 M FVP with a scan rate of 0.1 Vs−1 and inset shows the Tafel plot (data taken from the marked region).

showed two separate oxidation peaks at 0.72 and 0.97 V
with FVP 1.08 V. As shown in Fig. 8(B) Paracetamol
(PAR, 2.3×10−4 M) showed a high oxidation peak at 0.37
V and was well separated from FVP. At the same time,
measurement of the antiviral medication Acivir (ACV) is
displayed in Fig. 8(C) (ACV, 1.6× 10−4 M) having two
well-separated peaks at 0.91 and 1.08 V with FVP. Thus,
G/In2O3/MPGE provides a wide range of detection for the
co-administered drugs with FVP.
Fig. 9(A) shows the detection of generally interfering sub-
stances in biological samples such as ascorbic acid (AA,
vitamin C 5×10−4 M), which showed anodic peak around
0.07 V. Fig. 9(B) shows detection of folic acid (FA, vita-
min C 4×10−4M) in presence of FVP wherein 3 oxidation
peaks at 0.47 V, 0.65 V and 0.81 V were found whereas FVP
was around 1.08 V. All these showed good peak current and
separation from the FVP peak. Therefore, interference-free
selective detection of FVP in biological samples is demon-
strated. Furthermore, the simultaneous detection of PAR
(2.3×10−4 M), HCQ (2.3×10−4 M), and FVP FVP could

also be detected, as shown in Fig. 9(C). The PAR showed a
high peak current at 0.37 V, and HCQ showed two oxidation
peaks in the presence of FVP.
Therefore, we believe that the modified electrode has good
detection, selectivity, and separation capacity under optimal
conditions. The acceptable limit was defined as the high-
est concentration (4.9 µM) of FVP for which the error of
detection is less than 5%. Table 3 shows the influence of
interferers/tolerance limit for FVP detection by DPV.
Fig. 10(A) depicts the chronoamperometric analysis of FVP
(1.4 to 5.6 µM) using G/In2O3/MPGE at 1.4 V for 20 s in
0.1 M BR buffer. The Cottrell equation is given below.

I = nFACbD1/2
π
−1/2t−1/2

where Cb and D stand for the bulk concentration (mol cm−3)
and diffusion coefficient (cm2 s−1), respectively. Fig. 10(B)
shows the Cottrell plot, which revealed the average diffusion
coefficient (D = 8.54×10−4 cm2 s−1) based on the plot of
Ipa vs. t−1/2 for FVP [40]. Fig. 10(C) shows the Tafel
plot and related voltage diagrams for the electro-oxidation

Figure 11. DPV current obtained for FVP (A) in hours (B) in days after fabricating the electrode in ambient condition.
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of 0.07 M FVP at a 0.1 mV/s scan rate. The value of the
electron transfer coefficient (α) was found to be around
0.29 using the slope of the Tafel plot (2.3RT/n(1−α)F).
This indicates that the stimulating free energy curve for an
irreversible electro-oxidation mechanism is partially sym-
metrical.

3.8 Stability and reproducibility of G/In2O3/MPGE
In order to know the stability of G/In2O3/MPGE current was
measured a few hours/ days after fabricating the electrode
in ambient conditions, as shown in Fig. 11(A) for 4.9 µM
FVP in the 0.1 M BR buffer. The maximum current was
reached after 5 h of fabricating the electrode. Hence, all
the experiments were carried out in this study after keeping
the electrode for 5 h in ambient conditions. However, the
current was found to decrease gradually over a period of few
days. Up to 30 days, around 93% of the current is retained
as shown in Fig. 11(B). Hence, the electrode developed
here is stable for detecting FVP, and may be employed with
good precision even after several days of its fabrication.
For stability (Fig. 11, F-test values for inter-day stability is
2.36% and intra-day stability is 10.61%). Further, it may be
used repeatedly (4 times) as there is no significant variation
of DPV current as shows (Fig. S6). Thus, G/In2O3/MPGE
showed reasonable reproducibility (Fig. S6, F-test value is
4.26%). The proposed electrocatalyst is extremely sensitive
to the interference-free determination of FVP in pure form,
medication formulations, and in the presence of biological
fluid (urine) samples. When compared to other methods
listed in Table 1, G/In2O3/MPGE seems to be good in terms
of stability and reproducibility [60–62].

4. Conclusions
In this study, In2O3 was successfully prepared towards
developing a novel electrochemical sensor for an antiviral
drug, FVP. The G/In2O3/MPGE alyst was fabricated and
used as a working electrode for the detection of FVP (0.7 to
4.9 µM) by CV and DPV. The RCT of the G/In2O3/MPGE
was found to be 147.6 Ω and conductivity was 1.35×10−3

S cm−1 based on Nyquist plot for [Fe(CN)6]3−/4− in
0.1 M KCl solution. The G/In2O3/MPGE was used to
determine pure FVP, tablet form, and in the presence of
urine sample, the LOD was found to be 0.28, 0.23, and 0.30
µM, respectively. The oxidation peak for FVP is observed
around 1.0 to 1.23 V in CV and DPV. In both cases, the
linear behavior of Ipa vs. concentration was seen for 0.7 to
4.9 µM. The right side shift of peak current indicates the
process is irreversible. The G/In2O3/MPGE showed a good
response even in the presence of other co-administered
drugs, HCQ, paracetamol, acivir, folic acid, and ascorbic
acid. The electrode is stable for up to 30 days with a
marginal decrease in anodic peak current (93% is retained).
Thus, may be considered for the electro-analytical detection
of important pharmaceuticals.
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