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Article 
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Abstract: A new green-validated and highly sensitive electrochemical method for the determination of 

molnupiavir (MOV) has been developed using cyclic voltammetry. The proposed analytical platform involves 

the use of disposable screen-printed reduced graphene oxide 2.5% electrode (SPrGOE 2.5%) for the first time 

to measure MOV with high specificity. The surface morphology of the sensor was investigated by using a 

scanning electron microscope armed with an energy-dispersive X-ray probe. The fabricated sensor attains 

improved sensitivity when sodium dodecyl sulfate (SDS) surfactant was added to the supporting electrolyte 

solution. Thus, various factors were investigated in order to select the best supporting electrolyte for 

voltammetric determination of MOV, and the optimum conditions were achieved by employing 0.04 M Britton-

Robinson at pH 2, 10-4 M SDS, and SPrGOE 2.5%. Well-defined MOV oxidation peaks were obtained with no 

reduction peaks in cyclic voltammetry using diffusion-controlled pathways. The method was validated using 

differential pulse voltammetry according to ICH guidelines, providing it to be precise, accurate, specific, and 

robust with linearity over a concentration range of 50-6017 ng/mL. The incorporation of the reduced graphene 

nanoparticles supported the in situ interaction between electrode surface and MOV, improved the selectivity, 

and reduced the detection limit to the concentration level of 15.98 ng/mL. The stability investigation 

demonstrated that SPrGOE 2.5% can provide high-stability behavior throughout a three-month period under 

refrigeration. The fabricated SPrGOE 2.5% was successfully employed for the measurement of MOV in 

pharmaceutical capsules and human bio-fluids without the interference of endogenous matrix components as 

well as the commonly used excipient. 

Keywords: molnupiravir; cyclic voltammetry; differential pulse; disposable screen printed electrode; reduced 

graphen oxide; biological fluids; greenness assessment 

 

1. Introduction 

The Corona virus pandemic disease was first recognized in December 2019, in Wuhan, China 

[1]. This viral infection has caused hundreds of millions of cases and several million deaths. 

Therefore, launching new anti-viral drugs to control the pandemic crisis is essential. One of the 

approved antivirals is molnupiravir (MOV); [(2R,3S,4R,5R)-3,4-dihydroxy-5-[4-(hydroxyamino)-2-

oxopyrimidin-1-yl]oxolan-2-yl] methyl 2-methylpropanoate which inhibits RNA replication (Figure 

1). Using of MOV reduced the risk of hospitalization and death in patients with COVID-19. Based on 

the urgent importance of the studied drug, much effort should be directed for the development of 

fast, affordable, and reliable methods to measure MOV in different matrices. Different analytical 

methods have been developed for MOV determination alone or in a mixture, including UV 

spectrophotometry [2,3], fluorimetry [4] and chromatography [5–7]. Although liquid 
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chromatographic approach incorporating mass spectrometric detection was described for the 

determination of MOV in human plasma and saliva [8,9], it is more expensive and, due to its 

complexity, can only be performed by qualified individuals. In addition, it produces large amounts 

of wastes in comparison to other new electrochemical techniques. Electrochemical methods surpass 

spectroscopic and chromatographic approaches for measuring MOV [10]. A square wave 

voltammetry method for detecting MOV in pharmaceutical products based on electrooxidation of 

reduced graphene oxide (rGO) on a glassy carbon electrode has been reported [11]. The 

electrochemical behavior and sensitive voltammetric detection of MOV were evaluated using a 

magnetite nanoparticle modified carbon paste electrode [12]. On the glassy carbon electrode, a metal-

organic framework composited with ethylene glycol treated poly(3,4-ethylene dioxythiophene): 

Poly(styrene sulfonate) has been characterized as an efficient electrochemical sensor for the detection 

of MOV [13]. 

The electroanalytical technique provides all the advantages required for analysis as higher 

sensitivity, selectivity, rapidity, simplicity, reliability, and ease of use. Furthermore, the evolution of 

screen-printing technology has resulted in a potent sensing electrode that is characterized by their 

high reproducibility, disposable nature, economical, and a wide capacity for adjusting its working 

surface area [14,15]. Thus, the use of electrochemical techniques in conjunction with screen printed 

electrodes (SPEs) represents an advanced and alternative technique for real time analysis of 

pharmaceuticals with high sensitivity [16,17]. Furthermore, pharmaceutical compounds in a variety 

of matrices can be easily measured utilizing electroanalytical techniques without the influence from 

their endogenous components [18,19]. Electrochemical sensors are now commonly used instead of 

traditional analytical tools. These sensors are ideal for 'in situ' monitoring of pharmaceutical residues 

in biomedical, pharmaceutical, and industrial applications because of high sensitivity and selectivity. 

Moreover, one of the most commonly used nanoparticles in many electrochemical platforms is 

graphene nanoparticles. As a result, the current work is intended to develop an affordable, simple 

and sensitive electrochemical sensor with nanoparticle material for sensitive determination of MOV 

in capsules as well as biological fluids and to improve experimental conditions in order to develop a 

green voltammetric method. Therefore, preliminary studies were performed to optimize the 

experimental conditions by studying many factors affecting the performance of the method as 

electrolyte pH, surfactant concentration, scan rate, surface area of SPE, and the oxidation mechanism 

of MOV on screen printed reduced graphene oxide electrode (SPrGOE). According to the literature 

review, the proposed method is the best combination of being rapid, eco-friendly, and economical 

for determining MOV in various matrices. To the best of our knowledge, voltammetric measurement 

of MOV based on the electrochemical oxidation properties of the analyte using of a SPrGOE has not 

been reported. 

 

Figure 1. The chemical structure of MOV. 

2. Materials and Methods 

2.1. Chemicals and Reagents 

The highly pure MOV (>99% purity) used in this study was supplied by National Organization 

for Drug Control and Research (NODCAR), located in Cairo, Egypt. To facilitate the experimental 
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procedures, several chemicals and reagents of analytical grade were obtained from Sigma-Aldrich 

(Egypt), including sodium dodecyl sulfate (SDS), Triton X-100, cetyltrimethyl ammonium bromide 

(CTAB), methanol, carbon, phosphoric acid, acetic acid, boric acid, graphite, paraffin oil, K3[Fe(CN)6], 

NaOH, and KCl. Bidistilled deionized water was employed throughout the entire experimental 

process. 

For the electrolyte solution, Britton-Robinson (BR) buffer solutions with a pH range of 2 to 12 

were prepared by combining appropriate volumes of 0.04 mol/L acetic acid, ortho-phosphoric acid, 

and boric acid. The solution was then brought to the desired volume using calibrated 500-mL 

measuring flasks and adjusted to the desired pH using sodium hydroxide. It should be noted that the 

preparation of the BR buffer solutions followed established protocol [20].The pharmaceutical dosage 

form used in the study was Molupiravir® capsules, specifically Batch no. 2201112. These capsules, 

containing 200 mg of MOV, were manufactured by Eva Pharmaceutical Company based in Egypt. 

2.2. Apparatus 

The Autolab Potentiostat-Galvanostat(PGSTAT 30) electrochemical instrument with a three-

electrode system and Nova 2.1 software was used to conduct the electrochemical tests. A revolving 

disc with a diameter of two millimeters (Rotring Co. Ltd, Germany, R505210 N) was applied. All 

studies were carried out with a three-electrode system; SPrGOE as a working electrode, platinum 

counter electrode, and silver/silver chloride as a reference electrode. A scanning electron microscope 

(SEM) at an accelerated voltage of 5 kV (JSM-7610F, JEOL) was used to obtain a high-resolution image 

of the electrode morphology. The buffer solution was calibrated with standard buffers at room 

temperature using a digital pH/mV meter (JANEWAY 3510) with a glass combination electrode. 

2.3. Fabrication of working Electrodes 

The carbon paste electrode (CPE) was prepared by hand mixing 0.25 g graphite powder (<20 µm 

sigma Aldrich Egypt) and 180 µL paraffin oil (0.827-0.890 g/mL at 20 °C with viscosity (110-230 

mPa.s)) [21,22] and after proper homogenization, the resulted suitable pastes were packed into CPE 

Body - 2.87 mm ID (surface area Se=6.75 mm2). Before each voltammetric measurement, the electrode 

surface was mechanically regenerated by removing a small amount of paste from the holder and 

wiping the electrode surface with a piece of clean filter paper. The SPrGOE were fabricated by in-

house screen-printing method using carbon ink (Electrodag 421 SS, Acheson) as printing material 

modified by bulk mixing of the appropriate amount of nanoplatelets graphene powder hydrophobic 

with lot number MKCC2772 (<50 nm Sigma Aldrich Egypt). A silk-screen printing technique was 

used to apply carbon ink on the electrode support (inert polyvinyl chloride (PVC) material with a 

thickness of 2 mm). The printed electrode was dried at room temperature for 20 min and cut into 

individual sensor strips, and then the equivalent active surface of each tested sensor was fixed by 

isolating out the appropriate surface area. The electrode was inserted into the batch solution and 

electric contact was made with a crocodile clamp. 

2.4. Preparation of Working Standard Solution  

To prepare a solution of MOV with a concentration of 0.1 mg/mL, a precise quantity of 10 mg of 

the tested pharmaceutical was weighed and transferred into a 100 mL volumetric flask. Then, 5 mL 

of methanol was added to the flask. The mixture was thoroughly dissolved, and the volume was 

adjusted by adding more bidistiled water: methanol (1:1) until reaching the mark on the flask, 

ensuring a final volume of 100 mL.  

2.5. General Procedure 

Different aliquots of MOV working standard solutions were transferred into a calibrated 10 mL 

volumetric flask, then adding 0.3 mL of SDS. The prepared mixture was completed to the mark with 

0.04 M BR buffer (pH 2) then transferred to the voltammetric vessel cell. The resulting solution was 

subjected to continuous stirring at a speed of 2000 rpm and room temperature for 10 seconds. After 
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stopping the stirrer, the solution was allowed to rest for 10 seconds before voltammograms were 

performed using a scan rate of 100 mV/s and a voltage step of 0.95 mV for applying cyclic 

voltammetry (CV). The scan is performed over a range from +20 to +200 mV, and then derived 

regression equation was used to calculate the mean concentration of the triple measurements of the 

samples. 

2.6. Preparation of Pharmaceutical Dosage Form 

Ten capsules of Molnupiravir® (each labelled to contain 200 mg of MOV) were precisely 

weighed, and the average weight was calculated. The contents of the capsules were thoroughly 

mixed, and an appropriate weight equivalent to the content of one capsule was transferred into a 100 

mL volumetric flask. The flask was then filled with 50 mL of methanol, the solution was shaken 

vigorously to ensure complete dissolution, and additional methanol was added until the volume 

reached the mark on the flask. This resulted in the preparation of MOV stock solution of 2 mg/mL. 

The stock solution was further diluted in a serial manner to obtain different concentrations. Each 

diluted solution was added to 10 mL of BR buffer (pH 2). The general procedure mentioned 

previously was then applied to analyze MOV in these solutions. 

2.7. Spiked urine analysis 

Free human urine samples collected from healthy volunteers were transferred into dry 

centrifuge tubes. The tubes were then centrifuged at a speed of 5,000 rpm for 10 minutes at room 

temperature (22 ± 2 °C). Following centrifugation, the supernatant solution was filtered through a 

syringe filter to remove any particulate matter. The filtered supernatant (1 mL) was added to a 9 mL 

portion of 0.04 M BR buffer (pH 2). To establish a concentration, ranging from 250 to 2050 ng/mL, 

aliquots of working standard solutions of MOV at various concentrations were added to the diluted 

urine samples. For assessing the analyte concentrations in the spiked urine samples, the general 

procedure was employed. 

2.8. Spiked serum analysis: 

To prepare human serum samples, a volume of 2 mL of serum was transferred into a dry 

centrifuge tube. An appropriate volume of MOV standard solution was added to the serum, and the 

mixture was thoroughly mixed using a forced vortex method. The volume was then adjusted to 5 mL 

using methanol. The prepared mixtures were further vortexed and centrifuged for 5 minutes at a 

speed of 5000 rpm. Subsequently, the supernatant was filtered using a 0.45 µm syringe filter. An 

appropriate aliquot of the filtered supernatant was taken and added to a calibrated measuring flask 

with a volume of 10 mL. An aliquot of 0.3 mL of 10-4 M SDS was added and the flask was then filled 

to the marked volume with a 0.04 M BR buffer solution (pH 2). The general procedure was used to 

determine MOV concentrations in spiked serum samples. 

3. Results and discussion 

3.1. Characterization of the electrode. 

3.1.1. Structural and Surface morphological of working electrodes 

The SEM was utilized to perform further characterization of the surface of the prepared 

electrodes, as depicted in Figure 2. The substrate exhibited a dense and uniform pattern, 

demonstrating the controlled features achieved through screen printing with the modified inks. The 

SEM image of the graphite CPE surface (Figure 2A) revealed the presence of spherical protrusions as 

deposits. On the other hand, the multi-walled carbon nanotube (MWCNT) electrode exhibited a 

surface covered with skeletal sediments, forming cubical caverns, as displayed in Figure 2B. This 

surface morphology contributes to an increased active surface area compared to that of the CPE. SEM 

of SPrGOE (Figure 2C) revealed flake-like structures with a homogeneous surface that are attributed 
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to rGO sheet stacking, which increases the specific active surface area resulting from the controllable 

feature of the screen printing with the prepared modifier inks [23–26]. The incorporation of rGO 

inside the complex at a low concentration of 2.5 % wt. is confirmed by the energy-dispersive x-ray 

spectroscopy (EDX). The hexagonal lattice structure of rGO was confirmed by selected area electron 

diffraction (SAED) (Figure 2D), which produced a pattern with bright, visible spots forming a 

hexagon [27,28]. It was observed that the 3D regular porous network formed by the overlapping rGO 

flakes would result in a large specific area. Consequently, enhancing the electrochemical performance 

and electro-transfer kinetics based on the large specific site of rGO, allowed the improvement of 

sensitivity for MOV detection. 

 

Figure 2. (A) SEM image of selected area of CPE. (B) SEM image of MWCNT, (C) SEM image of 

SPrGOE (2.5%), and (D) EDX of SPrGOE (2.5%). 

3.1.2. Electro characterizations of working electrode: 

To evaluate the electrochemical behavior and compare the active surface areas of the prepared 

working electrodes, CV was employed. The voltammetric responses of the working electrodes were 

investigated in a solution containing 1 mM K3[Fe(CN)6] and 0.1 M KCl at various scan rates (Figure 

3). The Randles-Sevcik equation [29,30] was utilized to calculate the electroactive surface areas of the 

examined electrodes as follows: 

Ip = 268, 600 n 3/2 AD1/2 Cʋ1/2  (1)

This equation relates the peak current (ip), concentration (C) the scan rate (ʋ), the number of 

electrons involved in the redox process (n=1), the diffusion coefficient (D=7.6 × 10−6 cm2/s), and the 

electrode area (A). By analyzing the CV data and applying the Randles-Sevcik equation, the 

electroactive surface area of each electrode was determined and used for further comparisons as 

listed in Table 1. These results allowed for a comprehensive assessment of the electrochemical 

behavior of the electrodes and facilitated a quantitative comparison of their active surface areas which 
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oblivious the optimal surface area at (SPrGOE 2. 5%). Thus, 2.5% SPrGOE-modified electrode was 

selected as the best sensor owing to its large electro-active area which is the main factor that gives the 

high responses for MOV determination. 

 

Figure 3. Cyclic voltammograms of studied working different electrodes in 1 mM K3[Fe(CN)6] and 0.1 

M KCl solution at a scan rate of 50 mV/s. 

Table 1. Comparison of active surface area and redox characteristic peaks of different studied 

electrodes. 

Electrode ΔE(V) Ipa/Ipc(A) Active Area (cm2) 
CPE 0.089 0.86 0.035 

MWCNT 0.089 0.833 0.061 
SPrGOE 
(0.5%) 

0.089 0.765 0.055 

SPrGOE 
(1.5%) 

0.09 0.925 0.076 

SPrGOE 
(2.5%) 

0.083 0.992 0.083 

SPrGOE 
(4.0%) 0.081 0.862 0.086 

3.1.3. Optimization of pH at SPrGOE 

The pH of the supporting electrolyte solution plays a critical role in understanding the 

electrochemical anodic behavior of the studied drug, making it necessary to optimize this variable 

and evaluate its impact on the anodic peak potential and current [31]. Therefore, an investigation was 

conducted to determine the optimal pH that would yield superior oxidation peak current and 

potential for MOV measurement. The effect of pH on the electrochemical behavior of MOV was 

examined, over the range 2-12, using a 2.5% SPrGOE-modified electrode through CV technique in 

0.04 M BR buffer solution. As shown in Figure 4(A) a linear relationship was observed between the 
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oxidation peak of MOV and the pH of the supporting electrolyte with the movement of oxidation 

peak potential towards the negative direction and the following equation was achieved:  

E(V) = 0.0499pH + 0.7232 (R2=0.9457)  (2)

The oxidation peaks of MOV revealed that the maximum current values for the investigated 

sensors were observed at pH 2, as shown in Figure 4(B). Based on these results, the optimal pH value 

selected for the 0.04 M BR buffer solution as an electrolyte was 2. Figure 5 also provides a comparison 

of the studied electrodes at pH 2. It is evident from this figure that the best current intensity (Figure 

5A) and system performance (Figure 5B) were achieved when using a 2.5% SPrGOE-modified 

electrode. The observed enhancement in the electrochemical response, characterized by the highest 

current values, highlights the significance of the SPrGOE modification for MOV detection. As a result, 

the use of 2.5% SPrGOE-modified electrode at an optimal pH of 2 provides a more sensitive and 

reliable analytical platform for MOV measurement.  

 

Figure 4. (A). Dependence of the oxidation potential and current peak height of 500 ng/mL MOV in 

0.04 M BR electrolyte solution with different pH values at SPrGOE (2.5%) using CV at scan rate 100 

mV/s. (B) comparison of the current peak height of 500 ng/mL MOV in BR electrolyte solution (0.04 

M) at different pH values using different sensors at scan rate 100 mV/s. 
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Figure 5. (A) The current intensity of cyclic voltammograms at pH 2 employing different sensors. (B) 

Cycle voltammograms of 500 ng/mL MOV in 0.04 M BR electrolyte solution (pH 2) using different 

sensors at scan rate 100 mV/s. 

3.1.4. Effect of scan rate: 

To investigate the effect of scan rate on the oxidation reaction of 500 ng/mL MOV in 0.04 M BR 

buffer with pH 2, CV studies were conducted using a 2.5% SPrGO-modified electrode. The scan rate 

was varied from 20 to 200 mV/s within a potential range of 0.6 to 1.6 V. The results revealed that the 

anodic peak current of the oxidation reaction increased with an increase in the scan rate. Figure 6 

illustrates the log of the oxidation current (I(A)) plotted against the log of the scan rate (υ), exhibiting 

a strong linear correlation [32]. The linear regression equation obtained from the data analysis was 

log I(A) = 0.5551 log υ (V/s) + 5.2574, with a high correlation coefficient (0.9987). The slope value of 

the linear regression equation indicates the electro-catalytic action of the 2.5% SPrGOE-modified 

electrode in the oxidation response of MOV was close to the theoretical value suggesting that the 

oxidation process follows a diffusion-controlled pathway. 

Furthermore, the anodic peak potential is influenced by the scan rate. As the scan rate increases, 

the peak potential moves towards more positive values, indicating the presence of kinetic limitations 

in the electrochemical process. This observation supports the understanding that the rate at which 

the oxidation reaction occurs is influenced by the scan rate. Additionally, a linear relationship was 

observed between the logarithm of the scan rate and the peak potential, as depicted in Figure S1. This 

linear relationship was described by the following regression equation:  

Ep = 0.0482 log ʋ + 0.7738 (R2= 0.964) (3)

and thus, the number of electrons involved in the irreversible redox process of MOV at SPrGOE 

electrode can be estimated according to Laviron's theory [33] for an irreversible process, the following 

equation exists: 𝑬𝒑 = 𝑬𝟎 + ቀ𝟐.𝟑𝟎𝟑𝑹𝑻∝𝒏𝑭 ቁ 𝒍𝒐𝒈 ቀ𝑹𝑻𝑲𝟎∝𝒏𝑭 ቁ + 𝟐.𝟑𝟎𝟑𝑹𝑻∝𝒏𝑭 𝒍𝒐𝒈𝝊   (4)

where Eo is the formal standard potential and ks is the standard heterogeneous reaction rate 

constant; n is the transfer electron number; α refers to the charge transfer coefficient; v, R, T, 

and F have their usual meanings. Since in this study the slope was 0.0482 (Figure S1), the value of αn 

was evaluated as 1.224. Likewise, the value of α can be estimated as follow: 

ΔEp = Ep – Ep/2 = (47.7/α) mV (5)

Thus, α was determined as 0.62, and the number of electrons transferred in the oxidation process 

is 1.974. 
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Figure 6. Cyclic voltammograms for 500 ng/ml MOV in 0.04 M BR electrolyte solution (pH 2) at 

different consecutive scan rates at SPrGOE 2.5%. The insight figure is the linear relationship between 

log (V/s) and log I(A). 

3.1.5. Proposed oxidation mechanism of MOV at SPrGOE (2.5%). 

The number of electrons transferred during the oxidation of MOV was found to be 1.974, which 

is close to 2. This confirms the proposed oxidation mechanism for MOV. A possible electrooxidation 

mechanism for MOV at the electrode surface is illustrated in Scheme 1. The terminal aliphatic side 

chain contains two atoms (N15 and O23) that can donate electrons. This makes it likely that two 

unlocalized lone pairs of electrons in the N enamine will be lost, along with two protons from the N 

enamine and O alcohol. This would form a π-bond at E = 0.95V. It is possible that, in the first step, 

MOV loses one electron to become a cation radical. This is followed by the loss of protons, and in the 

next step, another electron is transferred to form a π-bond. 
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Scheme 1. Proposed oxidation mechanism of MOV at (SPrGOE 2.5%). 

3.1.6. Effect of surfactant concentration: 

Surfactants, in general, can be utilized to improve the performance of redox reactions in both the 

bulk solution and on the surface of electrodes by modifying the properties of the electrode surfaces. 

In this study, several surfactants, including SDS, Triton X-100, and CTAB, were investigated for their 

potential effects. The study demonstrated that when a surfactant CTAB was used, peak height and 

peak position were essentially unchanged, while peak height was reduced in the case of Triton X-
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100. However, the application of SDS resulted in a noticeable negative shift in the peak position, as 

demonstrated in Figure 7(A) and there is enhancement of peak height as displayed in figure 7(B). 

Figure 7(C) shows the considerable differences in MOV peak heights at the surface of SPrGOE (2.5%) 

when SDS is absent (BR alone) or present. Because of SDS's unique features, it can be self-assembled 

into micelles, which are small clusters of surfactant molecules with a hydrophobic core and a 

hydrophilic outer layer. The application of SDS leads to a decrease in the interface between MOV and 

the electrode surface. This decrease in the interface is evident from the increase in peak height shown 

in Figure 7(B). By reducing the MOV-electrode surface interaction, SDS facilitates the oxidation 

process by allowing easier access for the reactants to reach the electrode surface and participate in 

the redox reaction. Therefore, SDS was chosen to be used as a surfactant and an aliquot of 0.3 mL of 

10-4 M was added to the supporting electrolyte solution [34,35]. 

 

Figure 7. (A) Effect of SDS concentration on the peak potential and anodic current. (B) DPV of MOV 

in 0.04 M BR at the surface of CPE and SPrGOE (2.5%). (C) Peak potential at the surface of SPrGOE 

2.5% in the absence and presence of SDS. 

3.2. Method validation 

In the development of a voltammetric method for the determination of MOV, we selected the 

DPV mode as the peaks are sharper and better defined at lower concentrations of MOV than those 

produced by CV. Also, low background current by DPV resulted in enhanced resolution. Conducting 

differential pulse measurements, several parameters can be optimized to improve the accuracy and 

quality of the results. Selecting pulse amplitude of 100 mV, a pulse width of 20 ms, and a scan rate of 

100 mV/s led to superior results, characterized by enhanced sensitivity and well-defined waveforms 

with narrow peak widths. According to ICH guidelines [36], the validity of the proposed method was 

assessed by studying the following parameters: linearity, range, limit of detection (LOD), limit of 

quantification (LOQ), precision, robustness, and specificity. 

3.2.1. Linearity, limit of detection and limit of quantification  

Figure 8 presents the voltammograms, which clearly depict the impact of varying MOV 

concentrations. It is evident also that lower MOV concentrations yielded distinct and sharper peaks. 

Notably, using a SPrGOE 2.5%, an increase in MOV concentration led to a significant enhancement 

in the intensity of the anodic peaks. This enhancement was visually observable, indicating a broad 

linearity range. The proposed method demonstrates linearity over a concentration range of 50-6017 
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ng/mL, as confirmed by plotting the peak current against the MOV concentration (Figure 8). Table 2 

further confirms these experimental results, showing a high degree of linearity with a correlation 

coefficient of 0.9988. The statistical analysis of the data in Table 2 revealed low values for the standard 

deviation (SD), standard error (SE), and relative standard deviation (RSD). These low values indicate 

that the calibration curve is very linear, with very little scatter in the data points. This is important 

because it ensures that the method is accurate and reliable over the designated concentration range. 

The LOD and LOQ were determined in accordance with the ICH guidelines, utilizing the 

formulas: LOD = 3.3SD/S and LOQ = 10SD/S, where S represents the slope of the linear calibration 

curve and SD represents the standard deviation. The LOD of MOV was determined to be 15.98 

ng/mL, while the LOQ was found to be 48.43 ng/mL. These values demonstrate the higher sensitivity 

achieved by the developed method in detecting and quantifying MOV. 

 

Figure 8. Calibration curve of MOV using DPV method at SPrGOE in 0.04 M BR electrolyte with pH 

at 2. 

Table 2. Characteristic parameters of the calibration line (n = 3) for the quantitative determinations 

MOV at SPrGOE (2.5%) by using the proposed voltammetric technique. 

Parameters  MOV 

E(mV) 641 

pH 2.0 

Linearity range (ng/mL) 50-6017 

Intercept -0.0200 

Slope 0.0010 

Multiple R 0.9994 

R Square 0.9989 

Standard Error 0.01 

RSD 1.42 

LOD (ng/mL) 15.98 

LOQ (ng/mL) 48.43 
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Repeatability of the peak current (RSD %) 0.86 

Reproducibility of the peak current (RSD %) 1.23 

Repeatability of the peak potential (RSD %) 0.95 

Reproducibility of the peak potential (RSD %) 1.12 

3.2.2. Precision  

To assess the precision of the proposed method, both intra-day and inter-day precision were 

evaluated. For intra-day precision (repeatability), three different concentrations of freshly prepared 

working standard solutions were assayed in triplicate on the same day. On the other hand, for inter-

day precision (reproducibility), the same samples were analyzed on three consecutive days. The 

results obtained from these assessments demonstrated a high level of precision in the developed 

SPrGOE 2.5% analytical platform. This indicates that the method consistently produces reliable and 

consistent results. Detailed results can be found in Table 2, which further confirm the method's 

precision and its applicability in ensuring the quality control of MOV. 

3.2.3. Specificity 

The DPV assay procedure's specificity for measuring MOV was thoroughly examined in the 

presence of various excipients, including microcrystalline cellulose, starch, colloidal anhydrous silica, 

talc, Cl-, SO4-2, Na+, K+, and Mg2+. Different concentrations of these excipients were introduced to a 

solution containing MOV (at a concentration of 2 µg/mL) and analyzed using the proposed SPrGOE 

2.5% modified-electrode. The resulting percentage recoveries obtained from three replicate 

measurements ranged from 99.1% to 101.2%. These recoveries demonstrated that no significant 

interferences were detected from the excipients. 

3.2.4. Robustness 

The robustness of an analytical procedure refers to its ability to withstand small, intentionally 

introduced variations in method parameters without significant impact. In the case of the proposed 

method, robustness was demonstrated by the consistent peak current observed despite deliberate 

minor changes in experimental parameters. The studied variables included; the change in pH (±0.2), 

and the time considered before each measurement (10s ± 5s). These minor changes that may take 

place during the experimental operation did not affect the peak current intensity of the studied drug, 

indicating the reliability of the proposed method. 
3.3. Applications 

3.3.1. Pharmaceutical dosage form 

To assess the suitability of the proposed method for analyzing real samples, SPrGOE 2.5% was 

successfully employed for the determination of MOV in pharmaceutical dosage forms. The outcomes 

of this analysis are provided in Table 3. The results demonstrate that the recovery of MOV fell within 

the range of 101.25% to 98.67%. In order to validate the precision and accuracy of the voltammetric 

determination of MOV using the proposed electrode, t-test and F-test were also conducted. These 

statistical tests were performed to ascertain whether there were any significant disparities in the 

means of analysis between the voltammetric method and the reference technique, HPLC [37]. The 

results from these tests revealed no significant differences, affirming the acceptable precision of the 

voltammetric method in quantifying MOV and indicated a close alignment between the results 

obtained using the proposed analytical platform and those obtained by the reference HPLC method. 

Thus, the proposed 2.5 SPrGOE0modified electrode exhibits promise for the reliable analysis of MOV 

in practical applications. Overall, Table 3 presents the recovery rates of MOV within the specified 

range. 
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Table 3. Application of the proposed method for the determination of MOV in pharmaceutical 

dosage form and statistical comparative study between the proposed method and reported method. 

MOV 

(Batch no. 

2201112) 

Added 

(ng/mL) 

Found 

(ng/mL) 

Bias 

(%) 

Developed 

method 

Recovery (%)* 

Reported 

method 

[38]Recovery 

(%)* 

 150 148 1.33 98.67 100.12 

 450 455 -1.11 101.11 98.97 

 800 810 -1.25 101.25 100.18 

 2400 2408 -0.33 100.33 99.95 

Mean    100.34 99.80 

Variance     1.408 0.319 

F test 4.41 

t test. 0.81 

F tabulateda (9.28) 

t tabulateda (2.45) 

*Average of three determinations. a The values in parentheses are the corresponding tabulated values at 

P=0.05. 

3.3.2. Human bio-fluids 

The proposed method was employed to determine the concentration of MOV in spiked serum 

and urine samples. Known quantities of MOV were added to blank serum and urine, and the 

recoveries were calculated and presented in Table 4. Notably, no interference from noise peaks or 

oxidation compounds was observed within the potential range where the analyte’s peak appeared. 

The obtained recoveries for urine samples ranged from 99.76% to 100.80%, while for serum samples, 

they ranged from 99.07% to 100.53%. These results provide confidence in the reliability and 

applicability of the proposed method for the analysis of MOV in both urine and serum matrices. It 

also ensures accurate and precise measurements without interference from matrix ingredients, 

affirming the suitability of the method for practical applications in clinical or research settings. 

Table4. Analytical data of spiked human urine and serum of MOV on a 2.5% SPrGOE-modified electrode. 

3.4. Stability of the modified electrode 

To assess the stability of the SPrGOE 2.5%, CV response of the working electrodes was 

investigated in a solution containing 1 mM K3[Fe(CN)6)] and 0.1 M KCl [38]. The measurements were 

recorded weekly over a period of three months under refrigeration. A total of three runs were 

MOV Spiked  (ng/ml) Found (ng/ml) Bias% Recovery (%) RSD (%) 

Human urine 

 

250 252 -0.80 100.80 0.84 

900 907 -0.78 100.78 1.05 

1500 1507 -0.47 100.47 0.95 

2050 2045 0.24 99.76  1.11 

Human serum 

 

380 382 -0.53 100.53 1.24 

750 743 0.93 99.07 0.98 

1800 1792 0.44 99.56 0.78 

2500 2490 0.40 99.60 1.33 
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conducted, and the average RSD was found to be 1.15%. Notably, both the anodic and cathodic peak 

currents exhibited relatively stable behavior throughout the testing period. The repetitive 

measurements demonstrated good reproducibility of the 2.5% SPrGOE-modified-electrode and 

indicated that it was not susceptible to surface-related issues. 

3.5. Assessment of the greenness profile: 

The AGREE software was used to assess the greenness of the proposed electrochemical 

technique [39]. AGREE is a software calculator that evaluates 12 parameters of green analytical 

aspects, each of which represents one of the green analytical chemistry standards. The results of the 

assessment are shown in Figure 9.This figure shows the 12 parameters with different colors, ranging 

from dark green (low environmental impact) to red (high environmental impact). The majority of the 

parameters are dark green, with the exception of sections 1, 7, and 11, which are pale green. These 

three parameters have a higher environmental impact than the others. The proposed electrochemical 

technique scored 0.91, which is a high score and indicates that the method is relatively green. The 

high score of the proposed electrochemical technique is encouraging. It suggests that this method has 

the potential to be a more environmentally friendly alternative to traditional analytical methods.  

 

Figure 9. Analytical greenness metric for evaluation of the proposed method greenness. 

4. Conclusions 

In this study, a novel disposable SPrGOE 2.5% analytical platform has been applied to determine 

MOV in pure, dosage forms, and biological fluid using CV. MOV detection at SPrGOE 2.5% offers a 

precise technique, where the voltammetric oxidation behavior of the analyte appears to be a single 

anodic peak. Employing SDS would result in increased surface area and greater stability in aqueous 

solutions. Because of its simplicity, time-saving, and real-time analytical properties, the proposed 

approach was adopted as an ecologically friendly alternative method for MOV measuring. The MOR 

recoveries from urine and serum were ranged from 99.76% to 100.80% and 99.07% to 100.53%, 

respectively, indicating method's reliability and appropriateness for the measurement of the tested 

analyte in bio-fluid matrices. Because the modified SPrGOE sensor has remarkable features such as 

low detection limit, high sensitivity and selectivity, and quick response, it could replace existing 

expensive techniques for measuring MOV in various matrices. 
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