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ABSTRACT

Background: With the recent discovery of Molnupiravir, a promising new antiviral agent, comes the pressing 
need for accurate and efficient analytical methods to detect the drug in pharmaceutical formulations. 
Developing a reliable UPLC method is important because it will aid in the pharmaceutical quality control 
process by allowing for the precise quantification of Molnupiravir and its related components.

Objective: This study aimed to develop and validate a new UPLC method for the determination of Molnupiravir 
and its associated compounds in pharmacological dosage forms of Molnupiravir.

Methods: The selection of an optimal chromatographic condition was analyzed. The Hypersil GOLD C18 
column was chosen as the stationary phase, and a mobile phase consisting of methanol and 0.2% OPA in water 
at a ratio of 85:15 (v/v) was selected with a flow rate of 0.8 ml/min. The developed UPLC was validated as per 
the ICH guidelines for linearity, accuracy, precision, sensitivity, specificity, and selectivity.

Results: Various chromatographic conditions were optimized for accurate and rapid analysis while 
maintaining high precision and sensitivity. Several parameters, including the stationary phase, mobile phase 
type and ratio, flow rate, and other chromatographic conditions, were optimized to achieve a reliable and 
cost-effective method. 

Conclusion: The method demonstrated good linearity, accuracy, precision, and sensitivity, making it reliable 
for quantifying Molnupiravir in a pharmaceutical formulation. The research also focuses on developing green 
analytical chemistry principles to minimize the negative environmental impacts of research techniques 
while maintaining analytical efficacy. The study findings will aid in the quality control of pharmaceuticals in 
their expected dosage forms, enabling a more straightforward and cost-effective estimation of Molnupiravir 
(Graphical Abstract).
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Introduction
Merck and Ridgeback Biotherapeutics created Molnupiravir (MK-

4482 or EIDD-2801), an oral antiviral medication, to treat COVID-19. 
Molnupiravir (MOL) suppresses the reproduction (replication) of 
RNA viruses. MOL is a prodrug (Activated after its metabolism) incor-
porated into the RNA of the virus, causing modifications that render 
the virus incapable of reproduction. The clinical trials of MOL show 
promising results against COVID-19. The MOL was widely utilized to 
treat COVID-19 and related viruses. The success of pharmaceutical 
formulations and clinical trials relies on accurate and precise moni-
toring of MOL levels in the formulation and biological samples. There-
fore, developing a reliable and robust analytical method for measur-
ing MOL is essential for determining the formulation or biological 
samples. Ultrahigh-Performance Liquid Chromatography (UPLC) is 
well-suited for routine analysis to determine small molecules like 
MOL [1-4]. 

A literature survey found that only a few studies have document-
ed the simultaneous detection of MOL in plasma and pharmacologi-
cal dose forms [5-12]. The study’s primary objective was to develop 
and validate a UPLC method to simultaneously determine MOL and 
its associated compounds. One of the motives for developing new 
analytical methods is to produce a reliable but less costly and/or 
time-consuming UPLC method for the MOL. Several parameters were 
considered to achieve this objective, such as the optimal stationary 
phase, mobile phase type and ratio, flow rate, and other chromato-
graphic conditions. According to ICH guidelines, the developed UPLC 
method was validated for specificity, linearity, accuracy, precision, the 
Limit of Detection (LOD), and the Limit of Quantification (LOQ). This 
research aims to develop new green, simple, cost-effective approach-

es that can concurrently estimate MOL to make the quality control 
of the pharmaceuticals in their predicted dosage forms. These strate-
gies use Green Analytical Chemistry (GAC) principles to lessen the ex-
panding negative effects of research techniques on the environment 
without compromising the analytical efficacy of standard approaches 
(Conventional techniques). 

Material and Method
Reference Standards and Chemical Reagents

Molnupiravir was obtained from Sisco Research Laboratories Pvt 
Ltd, (SRL) Mumbai, India, as a gift sample. HPLC-grade methanol, ana-
lytical grade o-phosphoric acid, and water were purchased from Finar 
Limited.

Preparation of Stock Solutions 

The standard stock solution of MOL was prepared by dissolv-
ing 100 mg of in 100 mL methanol to give a concentration of 1 mg/
ml. Further calibration levels (20 µg/ml,40 µg/ml,60 µg/ml,80 µg/
ml,100 µg/ml and 120 µg/ml) were prepared by diluting the standard 
stock solution with methanol to obtain appropriate concentrations. 
Standard solutions were stored at 4 °C.

Preparation of Sample Solution

The current validated investigative method was utilized to quan-
tify molnupiravir in a capsule’s formulation. The 200 mg molnupira-
vir capsule of Molunamax was obtained from a local market in India. 
To determine the amount of analyte in the commercial matrix, the 
ground capsule content was accurately weighed (without Shell). The 
commercial samples accurately determined capsule content, equiva-
lent to 50 mg of molnupiravir, was transferred into a 50 mL calibrated 
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flask. Subsequently, 30 mL of methanol was added to the flask, and it 
was subjected to sonication for a duration of 20 minutes. The volume 
of the calibrated flask was filled to the mark with methanol in order 
to generate a stock solution of capsule at a concentration of 1000 
µg/mL. Following this, the solution of the capsule matrix is filtered 
through 0.45 µm filters. A amount of water was used to dilute the re-
sulting solution from the 10 mL calibrated flask until the desired con-
centration of 20 µg/mL was attained in the sample solution.

Instrument and Chromatographic Conditions

UPLC analysis was performed on Thermo Vanquish UPLC System 
equipped with quaternary pump F, a variable wavelength UV-visible 
detector, Vanquish column compartment (Oven temperature range 
5 ºC to 90 ºC), and an autosampler. The UPLC System is controlled 
by Chromeleon 7.2 software. The analysis takes place on the RP-C18 
column (Hypersil GOLD C18, (150 mm x 4.6 mm i.d., 3 µm). The ap-
propriate separation of compounds was achieved in isocratic mode. 
we selected a mobile phase consisting of methanol and 0.2% OPA in 
water at a ratio of 85:15 (v/v), 10µL sample size with a flow rate of 
0.8 ml/min. Our samples were analyzed at 240 nm, and we observed 
a sharp and symmetrical peak at the RT of 3.2 min for MOL.

Method Development and Validation 

The UPLC method was developed and validated as per ICH guide-
lines (Q2 (R1). The validation parameters addressed were sensitivity, 
system suitability, specificity, linearity, precision, accuracy, assay, re-
covery, ruggedness, and stability [13-20].

Optimization of Method 

Selection of Stationary Phase: Based on the chemical and phys-
ical properties of the MOL, the stationary phase for UPLC method de-
velopment was chosen. Initially, C18, C8, and phenyl columns were 
tested to separate MOL and its related compounds. It was determined 
that a C18 column was the best suitable for separating the analytes. 
C18 RP columns from different makers were tried during the method 
development. Hypersil GOLD C18 (150 mm x 4.6 mm i.d., 3 µm) was 
selected for further studies.

Selection of Mobile Phase: A mixture of 0.2% o-phosphoric acid 
in water and methanol was selected for the mobile phase. The mobile 
phase was optimized by varying the proportions of water and metha-
nol and the pH of the aqueous component. The mobile phase compo-
sition was finalized as 85:15 (v/v) of o-phosphoric acid in water and 
methanol at a flow rate of 0.8 mL/min. 

Validation of Method: The developed UPLC method was validat-
ed as per the ICH guidelines (Q2 (R1)). 

System Suitability: The primary objective of system appropriate-
ness assessment is to mitigate the potential adverse effects that may 
result from the perceived instability of chromatographic elements, 
such as the pump, detector, or column type, on official procedures. A 
solution containing 20 µg/mL of MOL was injected and analyzed in six 

replicates. The values for Retention Time (RT), peak area, theoretical 
plate number, tailing factor, resolution, and Relative Standard Devia-
tion (percent RSD) were estimated.

Linearity: Analyses of standard solutions of MOL at concentra-
tions ranging from 20 µg/ml to 120 ug/ml were utilized to evaluate 
the linearity of the developed UPLC. Calibration curves were generat-
ed by mapping the peak regions/areas against the relevant concen-
trations of the analytes. The linearity of the method was measured by 
calculating the correlation coefficient (R2) and the slope of the cali-
bration curve. The analytes had R2 values that were higher than 0.99, 
which meant that there was a good linear relationship between the 
peak area and the concentration of the analytes.

Accuracy (Recovery Study): Accuracy or recovery study of the 
method was performed using the standard addition method. The ac-
curacy was determined by estimating the analyte recovery after spik-
ing known amounts of the analytes at three distinct concentration lev-
els into the blank matrix. The analysis was carried out in triplicates. 
In the recovery experiments, by spiking (Adding) a known amount of 
standard at three different levels (spike level-1 (50 %), spike level-2 
(100 %), and spike level-3 (150 %) to a standard of known concen-
tration. Calculate the percentage recovery for each spiked level. The 
known amount of standard MOL was added to pre-analyzed sample 
(40 µg/mL of MOL) and subjected them to the proposed UPLC meth-
od. The percentage recovery was computed as the ratio of the spiked 
sample’s peak area to the standard sample’s peak area. The results 
demonstrated a recovery percentage within the range of 98% to 
102%, signifying the suitable accuracy of the developed method.

Precision

To determine the method’s precision, on three separate days, six 
replicate injections of three different concentrations of MOL were 
analyzed to determine the accuracy of the developed UPLC method. 
The accuracy was studied by determining the analyte peak regions’ 
Relative Standard Deviation (RSD). Intra-day precision was evaluated 
by analyzing six replicate injections of the same sample on the same 
day, while inter-day precision was determined by examining six repli-
cate injections of the same sample on three separate days. The results 
showed RSD values of less than 2%, indicating good precision of the 
developed method. Values with % RSD ≤ 2% for peak area responses 
were accepted.

Sensitivity (Limit of Detection and Limit of Quantification): 
The Limit of Detection (LOD) and Limit of Quantification (LOQ) of 
the developed UPLC method were obtained by evaluating standard 
solutions of MOL at low concentrations until the signal-to-noise ratio 
(S/N) was determined to be 3:1 and 10:1, respectively. As per the ICH 
guidelines, the limits of detection and quantification of the developed 
method were calculated from the standard deviation of the response 
and slope of the calibration curve of markers using the following for-
mulas:
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Limit of detection = 3.3 × σ / S, 

Limit of quantification = 10 × σ / S,

Where σ is the standard deviation of the response and S is the 
slope.

Robustness: The concept of robustness of the analytical protocol, 
as defined by ICH process, pertains to the ability of an evaluation to 
stay unaffected by slight yet intentional variations in the parameters 
of the analytical protocol. In order to ascertain the robustness of the 
experiment, the independent variables chosen were wavelength, flow 
rate of solvent system, and column oven temperature. The effects of 
each independent variable, namely the tailing factor, RT and theoret-
ical plates observed over the responses. An investigation into robust-
ness evaluation was conducted at a concentration of 20µg/mL.

Ruggedness: The robustness of the investigated protocol is the 
degree to which the test results generated by the estimation of the 
sample of interest by two independent researchers are repeatable 
under identical analytical and environmental conditions. A study was 
conducted to assess robustness at a dose of 20 µg/mL.

Specificity and Selectivity: The specificity of the developed 
UPLC method was ensured by studying at blank non-interference and 
comparing the retention time of target analyte peaks from the sam-
ple analyst to the reference standard. No difference was found in the 
peaks and spectra of reference standards and the sample analyzed. 
The peak purity tool was used to evaluate the peak purity of the sam-
ples. Hence the developed method demonstrates specificity and se-
lectivity.

Force Degradation Studies: The specificity of the approach can 
be demonstrated by subjecting a sample to acid, alkaline, oxidative, 
thermal, photolytic, degradation. After subjecting the sample to these 
circumstances, analyzing the primary peak for peak purity indicates 
that the approach successfully separates the degradation products 
from the pure active component. (“ICH, Q1A (R2) stability testing of 
new drug substances and products,” 1996)

Hydrolytic Degradation: Hydrolytic stress testing was carried 
out to stimulate the degradation of the drug substance and generate 
its principal degradation products. This involves putting the drug 
substance in neutral, acidic, and basic environments over a defined 
period of time. Before commencing the hydrolytic tests, a preliminary 
solubility screening was undertaken to confirm the drug ingredient 
exhibited a solubility of at least 1 mg/mL under neutral, acidic, and 
basic conditions, as suggested for the subsequent stress testing. For 
the experiment, 100 μL of a standard stock and formulation solution 
was diluted with 1000 μL by adding either 0.1 M HCl or 0.1 M NaOH. 
The resultant solution was then kept at 60°C for 30 min. The solu-
tions were then cooled to room temperature and neutralized with an 
adequate quantity of either HCl or NaOH. The solutions were diluted 
with the mobile phase to a 10 μg/mL concentration and injected into 
the UPLC system.

Oxidative Degradation: The pharmaceutical industry has ex-
tensively documented the oxidative degradation of drug substances 
in pharmaceutical substances/formulations. Oxidation is affected by 
oxygen in the surrounding environment and the material’s proper-
ties with which it comes into contact. True oxidation occurs at the 
molecular level, but we only perceive the macroscopic effects as oxy-
gen promotes the detachment of free radicals at the surface. 100 μL 
of a standard stock and formulation solution was diluted to 1000 μL 
for the experiment by adding 3 percent H2O2. The solution was then 
allowed for 2 hours at room temperature. After further diluting the 
solutions with the mobile phase to a concentration of 10 μg/mL, they 
were injected into the UPLC system.

Thermal Degradation: It is possible to employ various tem-
peratures in both the solid state and solution to assess thermolytic 
pathways. Temperatures exceeding 60 °C have been reported to cause 
the degradation of numerous substances through multiple process-
es, resulting in the creation of degradation products. When submit-
ting solids to stress, it is appropriate to use high and low-humidity 
atmospheres at the required temperatures. 100 μL of a standard stock 
and formulation solution was diluted with 1000 μL of water for the 
experiment. The solution was then held at 60 °C for 30 mins. Before 
being injected into the UPLC system, the solution was cooled to room 
temperature and diluted with the mobile phase to a concentration of 
10 μg/mL.

Results and Discussion
Optimization of Chromatographic Conditions

A groundbreaking UPLC method was crafted to measure MOL in 
a pharmaceutical formulation. The key to successfully detecting and 
quantifying MOL in the pharmaceutical formulation is maintaining 
the ideal chromatographic conditions throughout the experimenta-
tion. The method development process involved conducting multiple 
experimental trials to produce a UPLC method that is accurate and 
rapid while maintaining high precision and sensitivity. Several chro-
matographic conditions were analyzed in the UPLC method, including 
selecting an optimal stationary phase, a suitable mobile phase ratio, 
an ideal flow rate, and an appropriate detection wavelength. The op-
timization process for each of these chromatographic conditions is 
discussed below. For the method development, a standard solution 
of MOL was utilized.

Selection of Stationary Phase

Initially, the MOL was separated using the Agilent Zorbax Bo-
nus-RP (4.6 * 150 mm, 3.5 µm; Agilent Zorbax Bonus-RP). MOL was 
not adequately resolved; its Retention Time (RT) was over 10 min-
utes. We determined that the Agilent RP column was unsuitable for 
our investigation due to its carbon load of roughly 9.5% and surface 
area of approximately 180 m2/g. Our primary objective was to lower 
the cost and time required for MOL and related substance quantifi-
cation. To do this, we choose to alter the stationary phase. For ad-
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ditional tests, we decided on the Cosmosil C18 (Cosmosil 3C18-MS 
II; 4.6 * 150 mm, 3 µm) column. Although this column yielded fairly 
resolved symmetrical peaks for MOL, the retention time for MOL was 
still between 7 and 9 minutes. The carbon load and surface area of the 
Cosmosil C18 column, which were approximately 16 percent and 300 
m2/g, respectively, were insufficient for our analysis. Again, we had 
to identify a stationary phase that could generate strong separation 
and peak symmetry with a retention time of less than 5 minutes. To 
accomplish this goal, we conducted additional tests with the Hypersil 
GOLD C18 column (4.6 mm * 250 mm * 3 µm). MOL was appropri-
ately split this time, and its RT was less than 5 minutes. The carbon 
load on the Hypersil GOLD C18 column is approximately 10%, and its 
surface area is approximately 220 m2/g. This column yields superior 
outcomes compared to the other columns. Therefore, we chose this 
stationary phase for further research.

Influence of Mobile Phase and Organic Modifier

For the chromatographic separation of MOL and related substanc-
es, different solvents such as methanol, acetonitrile, water, phosphoric 
acid, and acetic acid were suggested in the literature. Initial attempts 
to separate MOL by gradient elution yielded unsatisfactory results 
due to an unstable baseline and prolonged retention periods for MOL. 
Therefore, the group experimented with many mobile phases and iso-
cratic elution to achieve excellent separation. Although acetonitrile is 
an excellent solvent for separating numerous compounds, it was inad-
equate for the chromatographic separation of MOL. Thus, additional 
organic solvents were examined, and it was determined that substi-
tuting methanol for acetonitrile enhanced chromatographic condi-
tions. Optimizing the methanol concentration in the methanol: water 
mobile phase revealed that increasing the water content enhanced the 
MOL retention time. To improve chromatographic conditions, o-phos-
phoric acid was added to the water. The influence of o-phosphoric 
acid on retention time was investigated. A mobile phase consisting of 
methanol: water with 0.2% o-phosphoric acid was determined to pro-
vide ideal chromatographic conditions with the expected outcomes of 
fast analysis time and optimal resolution. Consequently, this mobile 
phase combination was chosen for further testing.

Influence of Flow Rate

The flow rate of the mobile phase through the column is essential 
for the optimum separation of the target components. Our research 
compared flow rates ranging from 0.5 to 1.5 ml/min to establish the 
optimal flow rate for MOL separation. Increasing the flow rate accel-
erated the elution of the MOL. However, the separation of the desired 
product was inadequate. We detected a strong and symmetrical peak 
at a flow rate of 0.8 ml/min, indicating that this was the ideal flow 
rate for separating the target compounds after a thorough study of 

the acquired results. To establish an efficient UPLC method for the 
quantification of MOL, we conducted extensive experimentation to 
determine the optimal stationary phase, mobile phase, organic mod-
ifier, and flow rate. After careful consideration, we chose the Hypersil 
GOLD C18 column as the stationary phase for our chromatographic 
analysis. To achieve the best separation of MOL, we selected a mo-
bile phase consisting of methanol and 0.2% OPA in water at a ratio 
of 85:15 (v/v), with a flow rate of 0.8 ml/min. Our samples were an-
alyzed at 240 nm, and we observed a sharp and symmetrical peak at 
the RT of 3.2 min for MOL. 

Method Validation

The developed UPLC method was validated as per the ICH guide-
lines. We studied the developed method’s System Suitability ,Lineari-
ty, Accuracy, Precision, Sensitivity, Specificity, and Selectivity. 

System Suitability 

By injecting a 20 µg/mL solution of MOL (60 µL) six times, param-
eters of system suitability including theoretical plate number, tailing 
factor, resolution, capacity factor, RT, and peak area were investigated. 
As shown in Table 1, the results of system suitability parameters are 
within the permissible range.

Table 1: System suitability test.

Tests/parameters Retention time (RT) Theoretical 
plates

Tailing 
factor

Analytes MOL

Average (n=6) 3.2 min 7162 1.393

Linearity

In order to ascertain the linearity and operational range of the cal-
ibration curve, an evaluation of the detector response at various con-
centrations of the utilized standard was imperative. The linearity of 
the developed UPLC method was assessed using regression analysis. 
The linearity equation was y = bx + c, where x denotes the standard 
solution concentration in micrograms per millilitre (µg/mL), y signi-
fies the area of the peak, b signifies the line’s slope, and c signifies the 
intercept of the straight line with the y-axis (Table 2). Linearity was 
evaluated in this investigation within a concentration range of 20-120 
µg/mL of the MOL standard solution (Figure 1) (Supplementary Table 
1). Within this concentration range, the calibration curve was linear 
and exhibited strong linear regression (Supplementary Figure 1). 

Table 2: Parameters of calibration curves for MOL.

Compound Regression Equation R2 Linear Range 
(µg ml -1)

MOL y = 0.0303X + 0.1442 0.9995 20-120
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Figure 1: Linearity chromatogram of MOL.

Note : Y = 0.0303X + 0.1442; Where,
Corrélation coefficient = 0.9995,   
Supplementary Figure 1: Calibration curves for MOL
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Supplementary Table 1: Linearity Study of MOL.
Sr.No Concentration of [µg/mL] Peak area (mAU*min)  [ Mean ± SD; n = 3] % RSD

1 20 0.762 ± 0.0022 0.2729

2 40 1.360 ± 0.0063 0.4668

3 60 1.963 ± 0.0075 0.3855

4 80 2.516 ± 0.003 0.1213

5 100 3.196 ± 0.0025 0.0787

6 120 3.792 ± 0.002 0.0548

Accuracy

To determine the accuracy of the analytical method, the closeness 
of the obtained test results to the true value was evaluated based on 
the recovery of known amounts of the analyte. It was done by recov-

ery study using standard addition method at 50%, 100% and 150 % 
level; To perform the analytical recovery, a standard solution of 40 
µg/mL of the analyte was spiked into a standard solution of MOL on 
three different days. The resulting solutions were analyzed using the 
developed analytical method (Supplementary Table 2).

Supplementary Table 2: Recovery studies for MOL.

Drug Initial amount [µg/mL] Excess drug added to the analyte [%] Amount recovered ± S.D. [µg/mL] Recovery [%] %RSD [n = 3]

MOL

40 50 60.43 ± 0.27 100.72 0.4554

40 100 80.84 ± 0.12 101.05 0.1503

40 150 100.74 ± 0.12 100.74 0.1206

Precision & Repetability

The precision of the analytical method was assessed by deter-
mining its intraday and interday variations. Intraday precision, also 
known as repeatability, was evaluated by analyzing duplicate injec-
tions of the standard solution’s low, medium, and high concentrations 
on the same day under identical experimental conditions. Interday 
precision was determined by analyzing the same concentrations of 
the standard solution for three days (Table 3). These values indicate 
that the method has good precision and is suitable for quantification 
of the analyte (Supplementary Table 3). The results of repeatability 
studies are mentioned in Table 4. 

Table 3: Precision study for MOL.

Drug Conc. [µg/
mL]

Intra –day  
(% RSD) Inter- day (% RSD)

MOL

60 0.3038 0.1335

80 0.3221 0.0667

100 0.242 0.2664

Table 4: Repeatability of MOL.

Compound Repeatability RSD (%) (n = 6)

MOL 0.2957

Supplementary Table 3: Precision study for MOL.

Drug Conc. [µg/mL]
Intra –day Amount Found [%] [n = 3] Inter- day Amount Found [%] [n = 3]

Mean ± S.D. % RSD Mean ± S.D. % RSD

MOL

60 60.36 ± 0.18 0.3038 60.55 ± 0.08 0.1335

80 80.76 ± 0.26 0.3221 80.68 ± 0.05 0.0667

100 101 ± 0.24 0.242 101.14 ± 0.26 0.2664
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Sensitivity

The sensitivity of an analytical method is an essential parameter 
that determines the lowest concentration of analyte that can be reli-
ably detected and quantified. In this study, we determined the Limit 
of Detection (LOD) and limit of quantification (LOQ) of the developed 
UPLC method, following the guidelines set by the International Con-
ference on Harmonization. The LOD represents the lowest amount of 
analyte detected, while the LOQ represents the lowest concentration 
that can be accurately and precisely quantified above the baseline 
level, with a signal-to-noise ratio (S/N) of 3 and 10 or above, respec-
tively. The LOD and LOQ are mentioned in Table 5. These values were 
obtained by calculating the S/N ratio for different standard solution 
concentrations. The low values of LOD and LOQ indicate that the de-
veloped UPLC method is highly sensitive and capable of detecting 
and quantifying low concentrations of analytes with a high degree of  
reliability. 

Table 5: Sensitivity Studies of MOL.

Compound LOD (µg/ml) LOQ (µg/ml)

MOL 7.33 22.22

Ruggedness

A sample solution containing 60 µg/mL of molnupiravir was 
generated from stock solutions and subsequently examined by two 
separate analysts under comparable environmental and operating 
settings. Six times, the peak area of solutions with identical concen-
trations was measured; the findings are presented in Table 6.

Table 6: Ruggedness study.

Drug Amount 
in µg/mL

% Amount Found Mean 
± SD, [n = 6] % RSD

Analyst I Analyst II Analyst I Analyst II

MOL 60 100.07 ± 
0.4 100.44 ± 0.42 0.4060 0.4214

Robustness

The robustness of the proposed investigation was assessed by 
employing a 30 µg/mL concentration. The impact of varying the flow 

rate of the solvent system (0.9-1.1 mL/min), temperature of the col-
umn oven (25-35 oC), and wavelength on the theoretical plates, tailing 
factor and RT of MOL was explored. It was noted that the introduction 
of minor yet intentional fluctuations to the selected independent vari-
able did not yield any significant impacts on the responses. Therefore, 
it can be inferred that the proposed investigation was robust when 
minor yet purposeful adjustments were made to the chromatographic 
conditions. Findings are presented in Table 7.

Table 7: Robustness study. 

Independent 
variables

Explored 
range

MOL

Tailing factor Retention Time (RT)

Flow rate (mL/
min) 0.9 - 1.1

1.37 3.201

1.39 3.199

1.41 3.101

Column oven 
temperature 

(oC)
25 – 35

1.36 3.200

1.39 3.199

1.37 3.201

Specificity and Selectivity

The specificity of the method was also evaluated by analyzing a 
blank sample and a blank sample spiked with a known concentration 
of the analyte. The analyte’s retention time was unaffected by any in-
terferences, indicating that the method is highly specific for the detec-
tion and quantification of the analyte. 

Estimation of MOL in Pharmaceutical Dosage Forms

The performance of the developed analytical method for the de-
termination of MOL in marketed formulations was evaluated by ana-
lyzing MOL capsules. The obtained chromatograms are presented in 
Figure 2. The absence of additional peaks in the chromatogram indi-
cated no interference from the formulation excipients in the capsules. 
The developed method showed good chromatographic separation; 
the mean percentage recovery from the capsules was 100.0% for 
MOL capsules. These results demonstrate the accuracy and reliabil-
ity of the developed method for quantifying MOL in pharmaceutical 
formulations.

https://dx.doi.org/10.26717/BJSTR.2024.57.008966
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Figure 2: Comparative chromatogram of Formulation (a) and standard MOL (b).

Force Degradation Studies

The force degradation studies were conducted to evaluate the 
compound’s stability and potential degradation pathways under dif-
ferent stress conditions. The UPLC system was used to analyze the 
degraded samples obtained from each degradation study. The chro-
matographic parameters, such as retention time and the extent of 

degradation, were compared to those of the non-degraded standard 
solution. Any alterations observed in the chromatographic profile or 
a reduction in the peak area of the compound indicated degradation. 
The force degradation studies results are tabulated in the Supplemen-
tary Tables 4 & 5. The chromatograms of force degradation studies 
are represented in supplementary information (Supplementary  
Figures 2-11) (Supplementary Table 6). 

Supplementary Table 4: Summary of Force degradation studies of Molnupiravir Std.

Sample Exposure Condition Time (min.)
RT Value of Degradation Products (Min.) % Degradation

1 2 3

Water,

1 ml of Water at 60oC
30 min 3.471 5.021 6.571 4 %

Acid,

1 mL of 0.1 N HCl at 60 oC
30 min 3.021 4.904 6.887 37 %

Alkali,

1 mL of 0.1 N NaOH at 60 oC
30 min 2.665 5.005 7.755 18 %

Thermal, at 60 oC 30 min 3.188 3.571 4.404 28 %

Oxidation,

3% H2O2 at RT
2 hr 2.738 3.921 5.021 12 %

https://dx.doi.org/10.26717/BJSTR.2024.57.008966
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Supplementary Table 5: Summary of Force degradation studies of Molnupiravir Formulation.

Sample Exposure Condition Time (min.)
RT Value of Degradation Products (Min.)

% Degradation
1 2 3

Water,

1 ml of Water at 60 oC
30 min 2.688 4.988 - 14 %

Acid,

1 mL of 0.1 N HCl at 60 oC
30 min 4.521 5.004 7.688 13 %

Alkali,

1 mL of 0.1 N NaOH at 60 oC
30 min 3.488 4.838 6.738 35 %

Thermal,

60°C
30 min 5.005 - - 5 %

Oxidation,

3% H2O2 at RT
2 hr 1.788 3.921 5.005 11 %

Supplementary Table 6: Repeatability study for MOL.
Drug Concentration [mg/mL] Peak Area Mean ± SD, [n = 6] % RSD

MOL 60 1.9661 ± 0.0058 0.2957

Supplementary Figure 2: Chromatogram of degraded sample of Molnupiravir in Aqueous condition (Water).
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Supplementary Figure 3: Chromatogram of degraded sample of Molnupiravir Formulation in Aqueous condition (Water).

Supplementary Figure 4: Chromatogram of degraded sample of Molnupiravir in Acidic condition (0.1 N HCl).
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Supplementary Figure 5: Chromatogram of degraded sample of Molnupiravir Formulation in Acidic condition (0.1 N HCl).

Supplementary Figure 6: Chromatogram of degraded sample of Molnupiravir in Alkali condition (0.1 N NaOH).
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Supplementary Figure 7: Chromatogram of degraded sample of Molnupiravir Formulation in Alkali condition (0.1 N NaOH).

Supplementary Figure 8: Chromatogram of degraded sample of Molnupiravir in Thermal condition (60°C for 30 mins).
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Supplementary Figure 9: Chromatogram of degraded sample of Molnupiravir Formulation in Thermal condition (60°C for 30 mins).

Supplementary Figure 10: Chromatogram of degraded sample of Molnupiravir in Oxidation condition (3% H2O2).
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Supplementary Figure 11: Chromatogram of degraded sample of Molnupiravir Formulation in Oxidation condition (3% H2O2).

Conclusion
In conclusion, a highly efficient and accurate UPLC method was 

developed to detect and quantify MOL in a pharmaceutical formu-
lation. Optimization of chromatographic conditions was crucial in 
achieving this goal. Several parameters, including stationary phase, 
mobile phase, organic modifier, and flow rate, were studied to achieve 
the best possible separation and peak symmetry with a retention time 
of less than 5 minutes. The Hypersil GOLD C18 column was chosen as 
the stationary phase, and a mobile phase consisting of methanol: wa-
ter with 0.2% o-phosphoric acid provided the best chromatographic 
conditions. The method was validated as per the ICH guidelines and 
found to be highly precise, accurate, and sensitive. The developed 
method could potentially be used in the quality control of MOL-con-
taining pharmaceutical formulations. In addition, force degradation 
studies were conducted under different stress conditions to com-
pletely investigate the stability and probable degradation pathways 
of MOL. MOL was subjected to specific circumstances to replicate its 
hydrolytic deterioration, oxidative degradation, and thermal degrada-
tion. 

The resulting degraded samples were then examined using the 
proposed UPLC method to determine the behavior of MOL degrada-
tion. Chromatographic data, including retention time and percentage 

of degradation, were compared to those of a standard solution that 
had not been degraded. Changes in the chromatographic profile or a 
reduction in the MOL peak area served as indicators of deterioration. 
These force degradation investigations gave insightful information 
regarding the stability of MOL and its sensitivity to various degrada-
tion mechanisms. In addition, the results confirmed the robustness 
and usability of the UPLC approach established for the investigation 
of MOL in pharmaceutical formulations.

Acknowledgments
The authors express their gratitude to Principal, Dr. Prashant 

Deshmukh, Dr. Rajendra Gode College of Pharmacy Malkapur, Maha-
rashtra, India, for their great vision and support.

Conflicts of Interest

The authors declared no potential conflicts of interest.

References 

1.	 Bernal JA, Gomes da Silva MM, Musungaie DB, Kovalchuk E, Gonzalez A, et 
al. (2022) Molnupiravir for oral treatment of Covid-19 in nonhospitalized 
patients. New England Journal of Medicine 386(6): 509-520.

2.	 Arribas JR, Bhagani S, Lobo SM, Khaertynova I, Mateu L, et al. (2022) Ran-
domized trial of molnupiravir or placebo in patients hospitalized with 
Covid-19. NEJM Evidence 1(2): EVIDoa2100044.

https://dx.doi.org/10.26717/BJSTR.2024.57.008966
https://pubmed.ncbi.nlm.nih.gov/34914868/
https://pubmed.ncbi.nlm.nih.gov/34914868/
https://pubmed.ncbi.nlm.nih.gov/34914868/
https://pubmed.ncbi.nlm.nih.gov/38319178/
https://pubmed.ncbi.nlm.nih.gov/38319178/
https://pubmed.ncbi.nlm.nih.gov/38319178/


Copyright@ : Jaya P Ambhore | Biomed J Sci & Tech Res |   BJSTR.MS.ID.008966.

Volume 57- Issue 2 DOI: 10.26717/BJSTR.2024.57.008966

48997

3.	 Gordon CJ, Tchesnokov EP, Schinazi RF, Götte M (2021) Molnupiravir pro-
motes SARS-CoV-2 mutagenesis via the RNA template. Journal of Biologi-
cal Chemistry 297(1): 100770.

4.	 Yoon JJ, Toots M, Lee S, Lee ME, Ludeke B, et al. (2018) Orally efficacious 
broad-spectrum ribonucleoside analog inhibitor of influenza and respi-
ratory syncytial viruses. Antimicrobial agents and chemotherapy 62(8): 
e00766-18.

5.	 Khiali S, Khani E, B Rouy S, Entezari-Maleki T (2022) Comprehensive re-
view on molnupiravir in COVID-19: A novel promising antiviral to combat 
the pandemic. Future Microbiol 17: 377-391. 

6.	 Sharov AV, Burkhanova TM, Tok TT, Babashkina MG, Safin DA (2022) Com-
putational Analysis of Molnupiravir. Int J Mol Sci 23(3): 1508. 

7.	 Singh AK, Singh A, Singh R, Misra A (2021) Molnupiravir in COVID-19: A 
systematic review of literaturef. Diabetes Metab Syndr Clin Res Rev 15: 
102329. 

8.	 Amara A, Penchala SD, Else L, Hale C, FitzGerald R, et al. (2021) The devel-
opment and validation of a novel LC-MS/MS method for the simultaneous 
quantification of Molnupiravir and its metabolite ß-d-N4-hydroxycytidine 
in human plasma and saliva. J Pharm Biomed Anal 206: 114356. 

9.	 Ezzeldin E, Abo-Talib NF, Tammam MH, Asiri YA, Amr AEGE, et al. (2020) 
Validated reversed-phase liquid chromatographic method with gradient 
elution for simultaneous determination of the antiviral agents: Sofosbuvir, 
ledipasvir, daclatasvir, and simeprevir in their dosage forms. Molecules 
25: 1-12. 

10.	 Jain P, Bhamare M, Surana S (2022) Quantitative estimation of molnupira-
vir by UV- Spectrophotometric method. Int J Pharm Chem Anal 9: 35-39. 

11.	 Jayantibhai AK (2022) Development and Validation of Molnupiravir in 
Pharmaceutical Dosage Form. Int J Creat Res Though ts 10: 186-203.

12.	 Recker T, Timur SS, Kablan SE, Yalçın F, Karabulut TC, et al. (2022) A sta-
bility indicating RP-HPLC method for determination of the COVID-19 drug 
molnupiravir applied using nano formulations in permeability studies. J 
Pharm Biomed Anal 214: 114693.

13.	 Adhao VS, Sharma J, Thakre M (2018) Development and Validation of Sta-
bility Indicating RP-HPLC Method For Determination of Ceritinib. Indone-
sian Journal of Pharmacy 28(4): 241. 

14.	 Adhao V, Thenge R, Sharma J, Thakare M (2020) Development and Vali-
dation of Stability Indicating RP-HPLC Method For Determination of Safi-
namide Mesylate. Jordan Journal of Pharmaceutical Sciences 13(2): 149-
159.

15.	 Adhao VS (2016) RP-HPLC Method Development and Validation for The 
Simultaneous Estimation of Aceclofenac and Rabeprazole Sodium in The 
Bulk and Marketed Formulation. Indian Journal of Pharmacy and Pharma-
cology 3(3): 146-151.

16.	 Adhao VS, Thenge RR (2017) Development and validation of stability in-
dicating high performance liquid chromatography method for determi-
nation of baclofen. American Journal of Pharmtech Research 7(5): 44-56.

17.	 Adhao VS, Ambhore JP, Thenge RR (2023) Development and Validation of 
Stability Indicating High Performance Liquid Chromatography Method for 
Determination of Leflunomide. Asian Journal of Pharmaceutical Analysis 
13(2): 93-98.

18.	 Adhao VS, Ambhore JP (2024) Reverse Phase-Liquid Chromatography 
Assisted Protocol for Determination of Molnupiravir Medication Used to 
SARS-CoV-2 Infection: An Investigative Approach. Int J Pharm Sci Rev Res 
84(3): 204-210. 

19.	 Adhao VS, Chaudhari SP, Ambhore JP (2024) Advancements and Insights 
in Forced Degradation Studies of Pharmaceuticals: A Comprehensive Re-
view. World Journal of Pharmacy and Pharmaceutical Sciences 13: 1084-
1091. 

20.	 Adhao VS, Chaudhari SR, Ambhore JP (2021) Reverse phase-liquid chro-
matography assisted protocol for simultaneous determination of lamivu-
dine and tenofovir disoproxil fumarate in combined medication used to 
control HIV infection: an investigative approach. Futur J Pharm Sci 90(7): 
1-11.

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

•	 Global archiving of articles

•	 Immediate, unrestricted online access

•	 Rigorous Peer Review Process

•	 Authors Retain Copyrights

•	 Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2024.57.008966

Jaya P Ambhore. Biomed J Sci & Tech Res 

https://dx.doi.org/10.26717/BJSTR.2024.57.008966
https://pubmed.ncbi.nlm.nih.gov/33989635/
https://pubmed.ncbi.nlm.nih.gov/33989635/
https://pubmed.ncbi.nlm.nih.gov/33989635/
https://pubmed.ncbi.nlm.nih.gov/29891600/
https://pubmed.ncbi.nlm.nih.gov/29891600/
https://pubmed.ncbi.nlm.nih.gov/29891600/
https://pubmed.ncbi.nlm.nih.gov/29891600/
https://www.tandfonline.com/doi/abs/10.2217/fmb-2021-0252
https://www.tandfonline.com/doi/abs/10.2217/fmb-2021-0252
https://www.tandfonline.com/doi/abs/10.2217/fmb-2021-0252
https://www.mdpi.com/1422-0067/23/3/1508
https://www.mdpi.com/1422-0067/23/3/1508
https://pubmed.ncbi.nlm.nih.gov/34742052/
https://pubmed.ncbi.nlm.nih.gov/34742052/
https://pubmed.ncbi.nlm.nih.gov/34742052/
https://pubmed.ncbi.nlm.nih.gov/34509661/
https://pubmed.ncbi.nlm.nih.gov/34509661/
https://pubmed.ncbi.nlm.nih.gov/34509661/
https://pubmed.ncbi.nlm.nih.gov/34509661/
https://www.mdpi.com/1420-3049/25/20/4611
https://www.mdpi.com/1420-3049/25/20/4611
https://www.mdpi.com/1420-3049/25/20/4611
https://www.mdpi.com/1420-3049/25/20/4611
https://www.mdpi.com/1420-3049/25/20/4611
https://www.ijpca.org/article-details/16298
https://www.ijpca.org/article-details/16298
https://ijcrt.org/papers/IJCRT2205468.pdf
https://ijcrt.org/papers/IJCRT2205468.pdf
https://pubmed.ncbi.nlm.nih.gov/35276385/
https://pubmed.ncbi.nlm.nih.gov/35276385/
https://pubmed.ncbi.nlm.nih.gov/35276385/
https://pubmed.ncbi.nlm.nih.gov/35276385/
https://www.researchgate.net/publication/325991555_Development_And_Validation_Of_Stability_Indicating_RP-HPLC_Method_For_Determination_Of_Ceritinib
https://www.researchgate.net/publication/325991555_Development_And_Validation_Of_Stability_Indicating_RP-HPLC_Method_For_Determination_Of_Ceritinib
https://www.researchgate.net/publication/325991555_Development_And_Validation_Of_Stability_Indicating_RP-HPLC_Method_For_Determination_Of_Ceritinib
https://www.researchgate.net/publication/341434489_Development_and_Validation_of_Stability_Indicating_RP-HPLC_Method_for_Determination_of_Safinamide_Mesylate
https://www.researchgate.net/publication/341434489_Development_and_Validation_of_Stability_Indicating_RP-HPLC_Method_for_Determination_of_Safinamide_Mesylate
https://www.researchgate.net/publication/341434489_Development_and_Validation_of_Stability_Indicating_RP-HPLC_Method_for_Determination_of_Safinamide_Mesylate
https://www.researchgate.net/publication/341434489_Development_and_Validation_of_Stability_Indicating_RP-HPLC_Method_for_Determination_of_Safinamide_Mesylate
https://www.researchgate.net/publication/317866063_RP-HPLC_Method_development_and_validation_for_the_simultaneous_estimation_of_Aceclofenac_and_Rabeprazole_Sodium_in_the_bulk_and_marketed_formulation
https://www.researchgate.net/publication/317866063_RP-HPLC_Method_development_and_validation_for_the_simultaneous_estimation_of_Aceclofenac_and_Rabeprazole_Sodium_in_the_bulk_and_marketed_formulation
https://www.researchgate.net/publication/317866063_RP-HPLC_Method_development_and_validation_for_the_simultaneous_estimation_of_Aceclofenac_and_Rabeprazole_Sodium_in_the_bulk_and_marketed_formulation
https://www.researchgate.net/publication/317866063_RP-HPLC_Method_development_and_validation_for_the_simultaneous_estimation_of_Aceclofenac_and_Rabeprazole_Sodium_in_the_bulk_and_marketed_formulation
https://www.researchgate.net/publication/340022415_Development_and_Validation_of_Stability_Indicating_High_Performance_Liquid_Chromatography_Method_for_Determination_of_Baclofen
https://www.researchgate.net/publication/340022415_Development_and_Validation_of_Stability_Indicating_High_Performance_Liquid_Chromatography_Method_for_Determination_of_Baclofen
https://www.researchgate.net/publication/340022415_Development_and_Validation_of_Stability_Indicating_High_Performance_Liquid_Chromatography_Method_for_Determination_of_Baclofen
https://www.researchgate.net/publication/371607737_Development_and_Validation_of_Stability_Indicating_High_Performance_Liquid_Chromatography_Method_for_Determination_of_Leflunomide
https://www.researchgate.net/publication/371607737_Development_and_Validation_of_Stability_Indicating_High_Performance_Liquid_Chromatography_Method_for_Determination_of_Leflunomide
https://www.researchgate.net/publication/371607737_Development_and_Validation_of_Stability_Indicating_High_Performance_Liquid_Chromatography_Method_for_Determination_of_Leflunomide
https://www.researchgate.net/publication/371607737_Development_and_Validation_of_Stability_Indicating_High_Performance_Liquid_Chromatography_Method_for_Determination_of_Leflunomide
https://www.researchgate.net/publication/379566766_Reverse_Phase-Liquid_Chromatography_Assisted_Protocol_for_Determination_of_Molnupiravir_Medication_Used_to_SARS-CoV-2_Infection_An_Investigative_Approach
https://www.researchgate.net/publication/379566766_Reverse_Phase-Liquid_Chromatography_Assisted_Protocol_for_Determination_of_Molnupiravir_Medication_Used_to_SARS-CoV-2_Infection_An_Investigative_Approach
https://www.researchgate.net/publication/379566766_Reverse_Phase-Liquid_Chromatography_Assisted_Protocol_for_Determination_of_Molnupiravir_Medication_Used_to_SARS-CoV-2_Infection_An_Investigative_Approach
https://www.researchgate.net/publication/379566766_Reverse_Phase-Liquid_Chromatography_Assisted_Protocol_for_Determination_of_Molnupiravir_Medication_Used_to_SARS-CoV-2_Infection_An_Investigative_Approach
https://www.researchgate.net/publication/379448908_ADVANCEMENTS_AND_INSIGHTS_IN_FORCED_DEGRADATION_STUDIES_OF_PHARMACEUTICALS_A_COMPREHENSIVE_REVIEW
https://www.researchgate.net/publication/379448908_ADVANCEMENTS_AND_INSIGHTS_IN_FORCED_DEGRADATION_STUDIES_OF_PHARMACEUTICALS_A_COMPREHENSIVE_REVIEW
https://www.researchgate.net/publication/379448908_ADVANCEMENTS_AND_INSIGHTS_IN_FORCED_DEGRADATION_STUDIES_OF_PHARMACEUTICALS_A_COMPREHENSIVE_REVIEW
https://www.researchgate.net/publication/379448908_ADVANCEMENTS_AND_INSIGHTS_IN_FORCED_DEGRADATION_STUDIES_OF_PHARMACEUTICALS_A_COMPREHENSIVE_REVIEW
https://fjps.springeropen.com/articles/10.1186/s43094-021-00233-3
https://fjps.springeropen.com/articles/10.1186/s43094-021-00233-3
https://fjps.springeropen.com/articles/10.1186/s43094-021-00233-3
https://fjps.springeropen.com/articles/10.1186/s43094-021-00233-3
https://fjps.springeropen.com/articles/10.1186/s43094-021-00233-3
https://dx.doi.org/10.26717/BJSTR.2024.57.008966

