
Sensitive Determination of SARS-COV‑2 and the Anti-hepatitis C
Virus Agent Velpatasvir Enabled by Novel Metal−Organic
Frameworks
Mahmoud A. Saleh, Mona A. Mohamed, Ahmed Shahat, and Nageh K. Allam*

Cite This: ACS Omega 2021, 6, 26791−26798 Read Online

ACCESS Metrics & More Article Recommendations *sı Supporting Information

ABSTRACT: Herein, we report on the electrochemical determination of
velpatasvir (VLP) as the main constituent of Epclusa, a SARS-COV-2 and
anti-hepatitis C virus (HCV) agent, using a novel metal−organic framework
(MOF). The NH2-MIL-53(Al) MOF was successfully modified with 5-
bromo-salicylaldehyde to synthesize 5-BSA=N-MIL-53(Al) MOF. The
synthesized MOF has been characterized using Fourier transform infrared
spectroscopy, X-ray powder diffraction, scanning electron microscopy, cyclic
voltammetry, square wave voltammetry, and electrochemical impedance
spectroscopy. The modified MOF showed higher electrochemical activity
and response than the bare NH2-MIL-53(Al) MOF. Compared to the bare
carbon paste electrode (CPE), the 5-BSA=N-MIL-53(Al)/CPE platform was
shown to enhance the electrochemical oxidation and detection of the anti-
SARS-COV-2 and anti-HCV agent. Under optimized conditions, the 5-
BSA=N-MIL-53(Al)/CPE platform showed a linear range of 1.11 × 10−6 to 1.11 × 10−7 and 1.11 × 10−7 to 25.97 × 10−6 M
Britton−Robinson buffer (pH 7) with a detection limit and limit of quantification of 8.776 × 10−9 and 2.924 × 10−8 M, respectively.
Repeatability, storage stability, and reproducibility in addition to selectivity studies and interference studies were conducted to
illustrate the superiority of the electrode material. The study also included a highly accurate platform for the determination of VLP
concentrations in both urine and plasma samples with reasonable recovery.

1. INTRODUCTION

Velpatasvir (VLP) is a direct-acting NS5A inhibitor, a generic
product Epclusa in combination with sofosbuvir, that is used
for the pan-genotypic treatment of chronic hepatitis C viral
(HCV) infection.1−4 In addition, Epclusa was found to possess
a high potential of SARS-COV-2 inhibition.5−11 HCV is a
ribonucleic acid virus discovered in 1989, which is the most
common predisposing factor for chronic liver disease, liver
cirrhosis, and liver cancer in addition to liver transplant surgery
in the US and many other countries around the world.12−15 In
2016, EpclusaVLP in combination with sofosbuvir (a single
12 week regimen tablet for all HCV genotypes)was
proposed as a revolutionary treatment of HCV complicated
and non-complicated patients.2,16 This makes the greatest
turnover in this century in HCV prognosis, providing the best
sustained viral response among other combinations of direct-
acting antiviral agents (DAAAs) by achieving 99% sustained
viral response decompensated cirrhotic patients in a 12 week
regimen.2,16 On the other hand, using molecular docking
analyses,9 Epclusa has shown to exhibit high efficiency against
COVID-19.6,7 This was ascribed to the similarity between
nonstructural protein 12 (nsp12) in both HCV and SARS-
COV-2 RNA polymerases, which was found to possess high
potential for SARS-COV-2 viral infection.6,7

The necessity to monitor such a life-saving drug emerges
from the fact that it is extensively metabolized by liver
cytochrome P450 enzymes; CYP2B6, CYP2C8, and
CYP3A4.17,18 This makes its metabolism prone to alteration
by other inhibiting therapeutic agents that affect those
enzymes. To this end, VLP determination in the presence of
sofosbuvir was reported using a plethora of methods, including
LC−MS/MS,19,20 UPLC-ESCI MS/MS,21 HPLC−MS/MS,22

and HPTLC,23 in biological fluids and clinical studies. In
addition, the determination of the two drugs in their
pharmaceutical formula was addressed utilizing UPLC,24

spectrofluorimetry,25 UPLC/spectrofluorimetry,26 and spec-
trophotometry.27 However, the determination range is some-
what expensive and time-consuming. In this regard, electro-
chemistry can provide highly sensitive and rapid analysis
techniques that are simple and cost-effective.28−33 The
electrochemical determination of VLP using the molecular-
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imprinted polymer deposited on a 3D starfish-like hollow
nickel skeleton decorated with the MWCNT−Au NP-modified
glassy carbon electrode has recently been reported in
pharmaceutical formula and biological fluids.34 Despite the
achieved good linearity (5.66−90.60 nM) and low limit of
detection (LOD) (0.227 nM), the high cost of the composite
and the tedious synthesis method render the whole process
hard to adopt for routine analysis.34 These limitations
necessitate the search for alternative platforms.
Herein, we demonstrate the use of 5-bromo-salicylaldehyde-

NH2-MIL-53(Al) (5-BSA) as an efficient and novel metal−
organic framework (MOF) material with superior electro-
chemical properties. Note that NH2-MIL-53(Al) was shown to

be efficient in the detection of mercury ions in water with a low

detection limit.35,36 Our modification of NH2-MIL-53(Al)

yielded a much more highly responsive MOF with superior

conductivity. Specifically, the fabricated 5-BSA=N-MIL-53(Al)

was investigated as a sensor material for the electrochemical

determination of VLP, knowing that sofosbuvir is electro-

chemically inactive,37,38 in buffer solutions and biological

fluids. Our proposed platform presents a cheap, feasible, and

convenient method of preparing a sensor with the wide range

of linearity (0.11−25.97 μM), while providing a comparable

LOD of 8.776 nM.

Figure 1. Schematic of the preparation of 5-BSA=N-MIL-53(Al) and the suggested oxidation mechanism of VLP.

Figure 2. FESEM images of (a) NH2-MIL-53 (Al) and (b) 5-BSA=N-MIL-53(Al), (c) XRD of both NH2-MIL-53(Al) and 5-BSA=N-MIL-53(Al),
and (d) BET adsorption−desorption isotherms of NH2-MIL-53(Al) and 5-BSA=N-MIL-53(Al).

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.1c04525
ACS Omega 2021, 6, 26791−26798

26792

https://pubs.acs.org/doi/10.1021/acsomega.1c04525?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c04525?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c04525?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c04525?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c04525?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c04525?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c04525?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c04525?fig=fig2&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c04525?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


■ RESULTS AND DISCUSSION
Surface Characterization of the Fabricated Sensor.

The surface amine groups are sacrificed to modify the surface
of the parent MOF via the reaction of the 5-bromosalicylalde-
hyde ligand with the amino groups, resulting in the formation
of the salicylidene [R−NC−C6H4OH(Br)] moiety as a
bidentate ligand, Figure 1.
Figure 2a,b depicts the field emission scanning electron

microscopy (FESEM) images of NH2-MIL-53(Al) and 5-
BSA=N-MIL-53(Al), respectively. The images reveal sheet-like
structures with a mean side length of ∼118 ± 2 nm. Note that
the addition of 5-bromosalicylaldehyde does not result in a
profound change in the morphology of the material. To
elucidate the crystal structure and phase purity of the NH2-
MIL-53(Al) MOF and 5-BSA=N-MIL-53(Al) materials, X-ray
diffraction (XRD) spectra are recorded, as depicted in Figure
2c. The XRD spectra of both NH2-MIL-53(Al) and 5-BSA=N-
MIL-53(Al) indicate similar peaks at 2θ = 8.8, 10.5, 15.08,
17.5, 20.2, and 26.4°.39−41 Hence, 5-BSA=N-MIL-53(Al) and
NH2-MIL-53(Al) possess the same crystalline structure with
no change upon imine formation. However, the broadness of
the XRD peaks of NH2-MIL-53(Al) reveals a smaller crystallite
size.47

The BET adsorption isotherm of NH2-MIL-53(Al), as
depicted in Figure 2d, reveals type IV isotherm. The steep
increase upon increasing the relative pressure in the low-
pressure region indicates a microporous structure,42,43 while
the hysteresis loop in the high-pressure region reveals
mesoporous characteristics.44,45 The BET surface area of
NH2-MIL-53(Al) is estimated to be 794 m2·g−1, which is
decreased to 652 m2·g−1 for the 5-BSA=N-MIL-53(Al)
counterpart, revealing the preservation of free −NH2 within
the NH2-MIL-53(Al). The non-local density functional theory
method is used to determine the cumulative pore volume of 5-
BSA=N-MIL-53(Al) and NH2-MIL-53(Al). Comparatively,
the pore volume of the prepared 5-BSA=N-MIL-53(Al)
(1.111 cm3/g) is found to be lower than the parent NH2-
MIL-53(Al) MOF (1.407 cm3/g). This decrease in both the
surface area and pore volume is indicative of the successful
post-synthetic imine formation. The pore radii, as estimated
from the BJH model, for 5-BSA=N-MIL-53(Al) and NH2-
MIL-53(Al) were found to be 1.89 and 1.99 nm, respectively.
Therefore, the micropore diameters of the 5-BSA=N-MIL-
53(Al) and NH2-MIL-53(Al) seem to be distributed within
this range. The Fourier transform infrared spectroscopy
(FTIR) spectra (Figure S1) of both 5-BSA=N-MIL-53(Al)
and NH2-MIL-53(Al) reveal −NH2 symmetric and asymmetric

stretches of the NH2-BDC (benzene dicarboxylic) ligand at
3492 and 3384 cm−1.46 However, the peaks at 3501 and 3384
cm−1 assigned to the N−H were diminished in the case of 5-
BSA=N-MIL-53(Al), indicating the formation of the imine
group upon the reaction of the amine of the NH2-BDC ligand
with the aldehyde group of the 5-formylsalicylaldehyde
ligand.46,47

Electrochemical Characterization. The square wave
voltammetry (SWV) technique is utilized to elucidate the
electrochemical performance of the bare carbon paste
electrode (CPE) compared to the 5-BSA=N-MIL-53(Al)-
modified CPE for the electrochemical oxidation of VLP in
Britton−Robinson buffer (BRB) (pH 7.0) using 1.0 × 10−3 M
VLP, Figure 3a. Neither anodic nor cathodic beaks are
detected in the absence of VLP, which demonstrates that our
sensor platform has no electrochemical activity in the working
potential window. For the unmodified CPE, the Ip of the
electrochemical oxidation of VLP is 14.03 μA at 8820 mV,
which is greatly increased to 36.12 μA at 8226 mV upon the
modification of the bare CPE with 5-BSA. This enhancement
in Ip reveals the facile oxidation of VLP on the modified
electrode, revealing the necessity of using 5-BSA=N-MIL-
53(Al) for the sensitive lower potential detection of VLP.
The electrochemically active surface area of the 5-BSA=N-

MIL-53(Al)-modified CPE was estimated from the cyclic
voltammogram (CV) using the Randles−Ševcǐḱ equation (eq
1). For a quasi-reversible reaction in a 1:1 solution of 1.0 ×
10−3 M K3Fe(CN)6 and 0.10 M KCl, recording the current is
elucidated versus peak potential at various scan rates.48

ν= ×I n AD C2.65 10p
5 3/2 1/2 1/2

(1)

where Ip is the peak current, n is the number of electrons
involved in the electrochemical anodic oxidation, D is the
diffusion coefficient, C is the redox probe concentration, A is
the electrochemical surface area of the electrode, and ν is the
applied scan rate. The D for K3Fe(CN)6 was taken as 7.6 ×
10−6 cm2 s−1.48 The electrochemically active surface areas of
the bare CPE and the 5-BSA=N-MIL-53(Al)-modified CPE
were 0.067 and 0.338 cm2, as calculated from the slopes of the
Ip versus ν

1/2 graphs.
Utilizing the electrochemical impedance spectroscopy (EIS)

diagrams (Figure 3b), reaction kinetics, mass transport, and
charge-transfer coefficient through the electrode surface were
inspected using a 1:1 solution of 1.0 × 10−3 M K3Fe(CN)6 in
0.1 M KCl. Note the quasi-circle in the high-frequency
window, where the diameter of the semi-circle enables the

Figure 3. (a) Square wave voltammograms (SWV) of 0.1 mM of VLP in BRB (pH 7.0) at a scan rate of 0.1 V s−1, (b) impedance plots at a scan
rate of 0.1 V s−1 in 1.0 mM K3Fe(CN)6 in 0.1 M KCl, and (c) CVs of 1.0 mM K3Fe(CN)6 in 0.1 M KCl at a scan rate of 100 mV·s−1.
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estimation of the charge-transfer resistance at the electrode/
electrolyte interface (RCT). The Nyquist plot reveals a
Warburg-type equivalent circuit model. Thus, modifying the
CPE with the proposed MOF enhances the charge transfer
compared to the unmodified CPE. Upon fitting, the RCT of the
bare CPE is found to be 4400 Ω that sharply decreases to
1541.13 Ω upon modification with 5-BSA=N-MIL-53(Al),
which can be attributed to the large surface area of the MOF
and its interactive nature that enhances electron transfer.
Moreover, the electrochemical activity of the bare CPE is
compared to that of the 5-BSA=N-MIL-53(Al)/CPE electrode
in a 1:1 solution of 1.0 × 10−3 M K3Fe(CN)6 in 0.1 M KCl, as
illustrated in Figure 3c. The anodic peak current value of the 5-
BSA=N-MIL-53(Al)/CPE electrode is almost five times than
that of the bare CPE. Furthermore, the use of the 5-BSA=N-
MIL-53(Al)/CPE decreased the peak separation (Ep anodic −
Ep cathodic) significantly from 0.32 to 0.17 V in comparison to
the bare CPE, revealing enhanced electron transfer.30 There-
fore, 5-BSA=N-MIL-53(Al) has a good catalytic activity
toward the electrochemical oxidation of VLP, good con-
ductivity, and a high rate of electron transfer.
Effect of pH. The effect of pH on the electrochemical

anodic oxidation of VLP is assessed in the pH range of 2.0−
10.0, as shown in Figure 4. Upon varying the pH of the
solution from 2 to 10, the peak potential shifts toward the zero
potential, indicating the protonation−deprotonation electro-
chemical reaction of VLP.49 Plotting the peak potential (Ep)
versus the buffered solution pH, the voltammetric response of
VLP can be assessed as Ep (V) = 1.2703−0.0598 pH (R2 =
0.9990). It is found that the slope of the obtained linear
relationship is near to the known Nernstian value of a one
electron−one proton electrochemical oxidative reaction, as
indicated in Figure 4, which is 59.0 mV per pH unit at ambient
temperature. Utilizing the Nernstian behavior of VLP electro-
chemical oxidation, the suggested mechanism of oxidation is
depicted in Figure 1.

Effect of the Scan Rate. The effect of the scan rate on the
electrochemical anodic oxidation of VLP is investigated using
the 5-BSA=N-MIL-53(Al)/CPE and CV, Figure 5. Upon

increasing the scan rate, the peak potential (Ep) is shifted into
more positive values, indicating an irreversible electrochemical
behavior of VLP. A linear relationship is obtained by plotting
the peak current (Ip) versus the square root of the scan rate
(ν1/2) in the range of 0.010−0.100 V s−1. This indicates a
diffusion-controlled process, as in equation Ip (μA) = 4.4194
ν1/2 (mV s−1) + 2.7671 μA, R2 = 0.9986, as illustrated in Figure
5(a). Furthermore, the slope of the relation between the
algorithm of the scan rate and the measured current is less than
0.5, log Ip (μA) = 0.4529 mV s−1 + 0.7638 μA, R2 = 0.9981,

Figure 4. SWV of 0.1 mM of VLP at different pH values of BRB using 5-BSA=N-MIL-53(Al) at a scan rate of 0.1 V s−1. The inset linear graph
shows the linear relationship between the solution pH and the peak potential (Ep).

Figure 5. CV of 0.10 mM VLP at pH 7.0 using the 5-BSA=N-MIL-
53(Al)/CPE in the wide scan rate (0.010−0.200 V s−1). Insets: (a)
plot of peak current vs the square root of the scan rate, and (b) plot of
the algorithm of peak current vs the algorithm of the scan rate.
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which supports the point that the anodic oxidation process is
diffusion-controlled one, as shown in Figure 5(b) All of these
findings necessitate the use of the CPE modified with 5-
BSA=N-MIL-53(Al).
Analytical Performance Validation. The proposed

sensing protocol is optimized based on the accredited system
of the International Conference on Harmonization.50 SWV
scans using the 5-BSA=N-MIL-53(Al)/CPE in BRB of pH 7.0
containing several dilutions of VLP were performed and
analyzed. To achieve linearity, accuracy, and precision, the
calibration curve is established taking into consideration the
practical range of VLP in the normal tablet concentration. The
SWVs of these dilutions are shown in Figure 6. At a scan rate

of 0.1 V s−1, VLP shows two linear behaviors based on its
concentration in BRB. In the range of 1.11 × 10−7 to 1.11 ×
10−6 M, the regression equation is Ip (μA) = 4.9059 C μM +
3.7830 μA, R2 = 0.9954, while in the range of 1.11 × 10−6 to
25.97 × 10−6 M, the regression equation is Ip (μA) = 0.8388 C
μM + 8.2987 μA, R2 = 0.9954. The main cause for the decrease
in the slope of the second linear range at higher concentrations
is the increase in the required energy for anodic stripping in
addition to the Ohmic drop at such high levels of VLP.51

Furthermore, the LOD and limit of quantification (LOQ) are
calculated to be 8.776 × 10−9 and 2.924 × 10−8 M,
respectively.

=
x

LOD
3SD

(2)

=
x

LOQ
10SD

(3)

where SD is the standard deviation of Ip of VLP anodic
oxidation for five trials and x is the slope of the calibration
curve.
Repeatability, Storage Stability, and Reproducibility

Studies. A sensor platform should possess three important
characteristics, repeatability, storage stability, and reproduci-

bility. Repeatability is tested by using the same electrode for 10
consecutive SWV scans against 0.10 mM VLP in pH 7.0 BRB
and the relative standard deviation (RSD) was found to be
2.47%, as shown in Figure S2a. Stability analysis is evaluated by
storing the electrode at ambient temperature after scanning it
in similar conditions and repeating the SWV scanning every
week for 4 weeks as illustrated in Figure S2b. Reproducibility is
examined by plotting the Ip for 7 CVs of different freshly
prepared electrodes, as shown in Figure S2c, where the RSD
was found to be 1.21%.

Biological Sample Analysis. Utilizing the serial dilution
method, vast concentrations of VLP in spiked plasma and urine
samples have been determined electrochemically and com-
pared to the added concentration in Table 1. The proposed 5-

BSA=N-MIL-53(Al)/CPE sensor reveals a good precision via
the recovery results, which showed no apparent changes from
the added values. According to the electrochemical studies, the
sensor can determine VLP concentrations in plasma and urine
samples, as shown in Figure 7.

Interference Studies. The selectivity of the proposed 5-
BSA=N-MIL-53(Al)/CPE sensor is determined in the
presence of ascorbic acid as one of the prevalent elements in
the plasma that can interfere with the electrochemical
determination of some therapeutic elements.52 The utilized
5-BSA=N-MIL-53(Al)/CPE sensor shows the ability to
determine both ascorbic acid and VLP in the same pH 7.0
BRB solution as two separate peaks at 0.35 and 0.85 V,
respectively, as shown in Figure S3. Other excipients that are
commonly used during tablet manufacturing and can interfere
with VLP determination have been determined electrochemi-
cally in the presence of 1.0 mM of VLP at pH 7.0 BRB solution
separately, as shown in Figure S4. Note that none of the tested
materials obviously interfered with the detection of VLP in
solution with a tolerance limit of less than ±5.0% for each
separate excipient. Therefore, we report a cheap and simple
method for the electrochemical determination of VLP.

■ CONCLUSIONS
In conclusion, we report a novel method for the preparation of
5-BSA=N-MIL-53(Al) MOF as a platform for the electro-
chemical determination of VLP utilizing the CPE. The
proposed method shows an accurate, stable, and reproductive
means of detection. It also enables the determination of VLP in
BRB, urine, and plasma. Compared to previous studies, the 5-

Figure 6. SWV of several dilutions of VLP (25.97−0.11 μM) in pH
7.0 BRB utilizing the 5-BSA=N-MIL-53(Al)/CPE sensor at a scan
rate of 0.1 V s−1. The inset illustrates the plot of the peak current as a
function of concentrations in the range of 1.11 × 10−6 to 1.11 × 10−7

and 1.11 × 10−7 to 25.97 × 10−6 M.

Table 1. Application of SWV for the Determination of VLP
in Plasma and Urine Samples

sample
standard amount

added (M) amount found (M)
apparent
recovery %

plasma 1.11 × 10−7 1.08 × 10−7 ± 0.09 102.78
7.77 × 10−7 7.88 × 10−7 ± 0.08 101.53
1.11 × 10−6 1.13 × 10−6 ± 0.04 98.23
7.07 × 10−6 7.09 × 10−6 ± 0.08 99.71
16.40 × 10−6 16.37 × 10−6 ± 0.06 100.18
25.97 × 10−6 26.02 × 10−6 ± 0.10 100.20

Urine 1.11 × 10−7 1.12 × 10−7 ± 0.07 99.10
7.77 × 10−7 7.68 × 10−7 ± 0.05 98.87
1.11 × 10−6 1.07 × 10−6 ± 0.09 103.73
7.07 × 10−6 7.12 × 10−6 ± 0.04 99.29
16.40 × 10−6 16.44 × 10−6 ± 0.10 99.75
25.97 × 10−6 26.10 × 10−6 ± 0.07 100.05
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BSA=N-MIL-53(Al)/CPE sensor platform illustrates a simpler
and cheaper alternative with a novel and easier method of
preparation. The proposed method showed a comparable LOD
and LOQ to previous studies with linearity of 1.11 × 10−6 to
1.11 × 10−7 and 1.11 × 10−7 to 25.97 × 10−6 M and LOD and
LOQ of 8.776 × 10−9 and 2.924 × 10−8 M, respectively, in pH
7.0 BRB. Thus, the prepared sensor platform can show high
competitiveness in the large-scale production of VLP sensors.

■ EXPERIMENTAL SECTION

Materials and Reagents. 2-Aminoterephthalic acid
(99.0%, Sigma-Aldrich), sodium hydroxide, NaOH (99.9%,
Alfa Aesar), AlCl3·6H2O (99.0%, Sigma-Aldrich), salicylalde-
hyde (98.0%, Sigma-Aldrich), acetic acid (≥99%, Sigma-
Aldrich), bromine (≥99.99%, Sigma-Aldrich), and ethanol
(99.5%, Sigma-Aldrich) were used. All chemicals and reagents
were used as received without any purification.
Apparatus. The electrochemical properties of the samples

were analyzed using a Bio-Logic 300 electrochemical work-
station. A platinum wire electrode (BAS, USA) was used as the
counter electrode, and a Ag/AgCl (BAS, USA, 3.0 M NaCl)
was used as the reference electrode. A Hanna HI-5522 pH
meter (Hanna instruments, USA) was used to measure the pH.
All electrochemical experiments were conducted at an ambient
temperature of 25 °C. The EIS measurements were conducted
in the frequency range of 100 mHz−100 kHz. Scanning
electron microscopy (SEM) imaging was performed using a
JSM-6700F scanning electron microscope (Japan Electro
Company). FTIR spectra were recorded using an IR-Affinity-
1 Fourier transform infrared spectrophotometer (Shimadzu,
Japan). The XRD spectra and crystalline phases were
determined using an X-ray diffractometer on an X’Pert Pro
MRD with a copper source at a scan rate (2θ) of 1° s−1. Sigma
Plot 14.0 was used for all statistical data.
Sensor Fabrication. The CPE was prepared by mixing 1.0

g of graphite powder and 0.27 mL of paraffin oil uniformly by
grinding in a small mortar. Then, a small amount of the paste is
packed into the cavity of the electrode. The surface of the CPE
is smoothed by polishing on a clean paper before its use. The
CPE was immersed in the supporting electrolyte prior to

scanning. After each scan, the paste is emptied, regenerated,
and polished. The modified electrode was prepared by mixing
940 mg of graphite with 60 mg of 5-BSA, and the mixture is
homogenized by mixing with a spatula and pestle for 45 min.
Furthermore, 0.27 mL of paraffin was added and mixed to
obtain the paste. The paste is packed and regenerated as
aforementioned. Further addition of α-MnO2−V2O5 to the
graphite powder (more than 60 mg) did not make any
difference in the Ip.

Sensor Testing. Analysis of Plasma Samples. Fresh
plasma samples were collected from a healthy individual before
the experiments. 10 μL of the supernatant was added to 4.5 mL
of pH 7 BRB with different volumes of VLP stock solution in
order to reach the desired concentration. The solution was
transferred to an electrochemical cell for analysis without any
further pretreatment, as described in Figure 7.

Analysis of Urine Samples. Fresh urine samples were
collected from a healthy individual before the experiments. 10
μL of the supernatant was added to 4.5 mL of pH 7 BRB with
different volumes of VLP stock solution in order to reach the
desired concentration. The solution was transferred to an
electrochemical cell for analysis without any further pretreat-
ment, as described in Figure 7.
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Figure 7. SWV for serial dilutions of VLP spiked (a) plasma samples and (b) urine samples 25.97−0.11 μM in pH 7.0 BRB utilizing the 5-BSA=N-
MIL-53(Al)/CPE sensor at a scan rate of 0.1 V s−1. Insets illustrate the plot of the peak current as a function of concentrations in the range of 1.11
× 10−6 to 1.11 × 10−7 and 1.11 × 10−7 to 25.97 × 10−6 M.
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