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ABSTRACT: In this study, a sensitive, fast, economical, and practical voltammetric method was developed for analysing
molnupiravir (MLP), an antiviral drug extensively used during the COVID-19 pandemic, without the need for
modifying the glassy carbon (GC) electrode surface. During the electroanalysis, an oxidation peak for MLP was detected
at 0.72555 V on the GC electrode. The method exhibited linearity across a concentration range of 1 - 250 pM for MLP with
0.33 uM of detection limit. Furthermore, with a 99.81 % recovery from its pharmaceutical form, the method's effectiveness
was validated. These results strongly indicate that this method is suitable for routine quality control of molnupiravir and
may serve as a model for analysing other antiviral drugs.
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1. INTRODUCTION

Viral diseases, caused by virus-called particles lacking independent cellular machinery and relying on
nucleic acid for genetic material, pose a significant challenge in modern medicine. They manifest in various
forms, including acute infections, chronic conditions, and virus-related cancers [1-3]. Viral diseases have
been known since ancient times and have significantly affected humankind throughout history. In the past
two decades, we have encountered numerous viral epidemics caused by various virus families, including
flaviviruses, noroviruses, filoviruses, myxoviruses, alphaviruses, and hepaniviruses, among others [4, 5].
Finally, a severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-induced viral disease (COVID-19),
which started in China and then affected the whole world, forced all humanity into a very strict isolation,
brought daily life to a standstill, caused serious economic crises on a global scale, and was responsible for
the deaths of millions of people, was declared a pandemic by the World Health Organization (WHO) [6-9].
Viral diseases have given rise to antiviral therapy over time. Although the COVID-19 pandemic caught
humanity by surprise, effective and safe vaccines were rapidly developed, helping to lower mortality rates
and control the spread of the disease. However, widespread scepticism about these vaccines has led to an
increased emphasis on monoclonal antibody therapy and antiviral treatment [7, 8, 10]. Molnupiravir (MLP),
an antiviral agent, molecular structure shown in Figure 1, is a synthetic nucleoside derivates which affects by
inhibiting the replication of RNA viruses, was approved in the United Kingdom in November 2021 for use in
adult COVID-19 patients and is reported to reduce hospitalization and mortality by around 50% [11-14].
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Figure 1. Molecular structure of MLP

To achieve the desired therapeutic effect and avoid toxic side effects, precise dose adjustment is
essential in drug treatment. Therefore, quality control during production must be conducted meticulously.
Various analytical methods are being developed to ensure these controls are effectively implemented.
Electroanalytical methods are distinguished among analytical techniques for their rapid response,
portability, cost-effectiveness, straightforward procedures, high sensitivity, and minimal interference from
drug excipients. Consequently, they are becoming an essential approach in pharmaceutical analysis [15-20].
In addition, Electroanalytical methods offer several advantages over traditional analytical techniques,
including the ability to perform in-situ and real-time analysis without the need for extensive sample
preparation. This not only speeds up the analytical process but also reduces the potential for sample
contamination and loss [21-23]. In recent years, several electroanalytical studies on MLP analysis have been
reported, but they all involve material synthesis and characterization, as well as sensor modification and
characterization [24-27]. These steps are both costly and time-consuming. In contrast, glassy carbon (GC)
electrodes are particularly advantageous due to their wide potential window, chemical inertness, low
background current, and excellent conductivity. These properties allow GC electrodes to detect small
changes in current with high precision, making them highly effective for the electrochemical detection of
various drugs. Furthermore, GC electrodes are robust and reusable, which contributes to the overall cost-
effectiveness of the method [28, 29]. In this study, a selective, cost-effective, rapid, and easily applicable
electroanalytical method for MLP analysis was developed, which does not require material synthesis or
surface modification processes. This method was successfully applied to analyse MLP directly from
pharmaceutical sample.

2. RESULTS AND DISCUSSION
2.1. Electrochemical behaviour of MLP

The electrochemical behaviour of 100 uM MLP on the GC electrode surface was examined in a
Britton-Robinson buffer solution (BR) at pH 2 with the differential pulse voltammetry (DPV). As illustrated
in Figure 2, a distinct oxidation peak appeared at 0.72555 V with a peak current of 1.16 pA.
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Figure 2. Baseline corrected DPV of 100 uM MLP in pH 2 BR.

2.2. Evaluation pH effect

As is well known, the acidity or alkalinity of the electrolyte solution is a key factor in electrochemical
studies, significantly influencing analytical results. Therefore, pH optimization is essential to achieve the
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best experimental conditions. The electrochemical responses of 100 pM MLP were compared across different
pH values, ranging from 2 to 9. As shown in Figure 3, the electroanalytical response of MLP decreased as the
pH shifted from acidic to neutral, and nearly disappeared in alkaline conditions. Consequently, pH 2 was
selected as the optimal value for subsequent experiments.
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Figure 3. Baseline corrected DPVs of 100 pM MLP at different pH values of BR (a), average (N = 3) peak current
value of 100 pM MLP at different pH values of BR (b).

2.3. Evaluation of electrochemical reaction

The electrochemical reaction at the electrode surface can be governed by adsorption, diffusion, or a
combination of both. To assess the electro-oxidation mechanism of MLP on the GC electrode surface, cyclic
voltammetry (CV) was performed on 100 pM MLP across a range of scan rates from 0.01 V-'s™ to 0.5 V's™.
As shown in Figure 4, the logarithm of the scan rate (log v) exhibits a linear relationship with the logarithm
of the peak current (log I), described by the regression equation log I (1A) = 0.4402 log v (V's™') +0.6216 (R? =
0.9973). The slope, being less than 0.5, suggests that the reaction is diffusion-controlled on the electrode
surface, with adsorption playing no role in the electro-oxidation of MLP. This finding enables the
development of a faster and more practical method, eliminating the need for accumulation potential and
accumulation time steps.
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Figure 4. CVs of 100 pM MLP in pH 2 BR at increasing scan rates (a), plot of log v vs. log I (N = 3).

2.4. Analytical performance

Once the optimal pH value and reaction mechanism were established, the next step was to determine
the linear working range. Prior to measurements, all factors influencing the method's performance were
optimized, as outlined in Table 1. Under these optimal conditions, the analytical response of MLP exhibited
linearity across a concentration range of 1 to 250 uM, as illustrated in Figure 5. The corresponding regression
equation is as follows:

I (RA) = 0.0082 Carp (M) + 0.0785 (R=0.9924)
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The limit of detection (LOD) was determined using the formula 35D /m, where SD represents the
standard deviation of the lowest concentration within the linear working range, and m is the slope of the
regression equation. The LOD was calculated to be 0.33 pM, confirming the method's sensitivity. All
analytical results summarized in Table 2. As mentioned above, a distinct oxidation peak appeared at 0.72555
V. Although there have been some negligible shifts, the peak currents were located at similar potentials
during the measurements that made for construction of regression equation.

Table 1. Optimized analytical parameters of DPV for MLP detection.

Parameter Value
Start potential (V) 0.4
Stop potential (V) 1.2
Step (V) 0.005
Modulation amplitude (V) 0.025
Modulation time (s) 0.05
Interval time (s) 0.1
Scan rate (V's1) 0.05
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Figure 5. Baseline ¢ orrected DPVs of MLP at increasing concentration in the pH 2 BR. Dotted line is DPV of pH
2 BR off MLP (a), the calibration graph of MLP (b).

Table 2. Analytical parameters obtained from MLP analysis.

Parameter Value

Linear working range (uM) 1-250

Slope 0.0082

Intercept 0.0785

LOD (uM) 0.33
2.5. Repeatability

In analytical studies, it's essential to validate the developed method for repeatability to ensure
consistent results across different times or operators. To assess the repeatability of the method, 100 pM MLP
was analyzed five times consecutively using DPV with a GC electrode. The relative standard deviation
(RSD) was found to be 4.19%, indicating that the method is reliably repeatable and suitable for routine MLP
analysis.
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Table 3. The repeatability results of MLP at the surface of GC electrode

Parameter Value
0.7143
0.6874
I(nA) 0.6854
0.6625
0.6389
Mean 0.6777
SD 0.0284
RSD 4.19%

2.6. Selectivity

The ability to accurately analyze the target analyte within a complex matrix is a key requirement in
analytical method development, making selectivity studies crucial. In this regard, 10 pM MLP was tested in
the presence of potential interferences at 100 times their concentration, including glucose, urea, Na*, K%,
Ca?*, CI, NO;~, and CO3?". The change in the analytical response was only 0.95%, demonstrating that the
developed method can effectively analyze MLP without interference from these substances.

2.7. Pharmaceutical sample analysis

To assess the method's applicability, the MLP content in commercially available capsules was
analysed using the standard addition method. A slight positive shift of ~0.05 V in the peak potential was
observed, likely due to the complex matrix of the capsule contents. The average recovery value, based on
three replicates, was calculated to be 99.81%, confirming that the developed method is well-suited for
analysing MLP in its pharmaceutical form.

Table 4. Determination of MLP in capsule (N = 3).

Labelled (mg) Found (mg) Recovery (%)
200 199.63 99.81

3. CONCLUSION

In this study, a rapid and sensitive voltammetric method for MLP analysis on GC electrode surfaces
was developed and validated. Unlike other voltammetric methods reported for MLP, this approach is
practical and cost-effective, as it eliminates the need for material synthesis and surface modification. The
method demonstrated a broad linear working range and successfully analysed MLP in pharmaceutical
samples. Considering all the findings, this electroanalytical method has been introduced to the literature as a
reliable tool for routine quality control of MLP and as a potential model for analysing other antiviral drugs.

4. MATERIALS AND METHODS
4.1. Chemicals and reagents

MLP was generously provided as a gift by Abdi Ibrahim Pharmaceuticals Industry and Trade Corp.
(Istanbul, Turkey). All chemicals used in the experiments were of analytical grade, and ultra-pure water was
used as the solvent to prepare the MLP stock solution.

4.2. Apparatus

All electroanalytical measurements were performed using a Metrohm-Autolab potentiostat-
galvanostat system (AUT204FRA32M, Netherlands), controlled by NOVA 2.1 software. The conventional
three-electrode system consisted of a 3 mm diameter GC electrode as the working electrode, an Ag/AgCl (3
M KClI) electrode as the reference electrode, and a platinum wire as the counter electrode (all from BASi®).

4.3. Electroanalytical measurements

Voltammetry, specifically CV and DPV, was selected as the electroanalytical technique. Before
measurements, the surface of the GC electrode was polished with an alumina slurry and then washed with
water and ethanol, respectively. BR was used as the electrolyte solution, and all measurements were
conducted under ambient conditions.
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4.4. Pharmaceutical sample preparation

The contents of a capsule containing 200 mg of MLP were mixed with ultrapure water in a volumetric
flask and placed in an ultrasonic bath for 15 minutes to fully dissolve the MLP. Afterward, the insoluble
excipients were allowed to settle at the bottom. The solution was then filtered through a 0.45 pm syringe
filter. Before use, it was diluted with BR to reach the desired concentration.
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