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INTRODUCTION

Human coronaviruses have several variations, some of which
cause minor upper respiratory tract disease. In late 2019, the
unexpected inception of COVID-19 commenced due to novel
coronavirus, SARS-CoV-2 first identified in Wuhan, China
and has been declared as a pandemic by WHO because of its
nature and severity. SARS-CoV-2 infection can proceed to severe
COVID-19 infection in people of any age, although the risk
rises with age. According to the Centers for Disease Control
and Prevention (CDC), people age 65 and older are affected
by more than 80% of COVID-19 fatalities, whereas adults age
45 and older are affected by more than 95% of COVID-19 deaths
[1]. To treat mild to moderate COVID-19, three antiviral mono-
clonal antibodies (mAbs) have been approved. Those products
are administered in the human body either intravenous (IV)
or subcutaneous (SC) injection. The UK’s (MHRA) authorized
molnupiravir (Fig. 1), an antiviral medication, as the world’s
first oral medicine for symptomatic treatment of COVID-19
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Molnupiravir, an orally active RdRp inhibitor, though originally developed to use against influenza, has become a promising therapeutic |
candidate for COVID-19 infection by acting as prodrug of the nucleoside analog [3-d-N4-hydroxycytidine (NHC or EIDD-1931) in the |
isopropyl ester form. Accordingly, it has been approved by MHRA, UK in November 2021 to use against COVID-19. This work presents |
the development and validation of a high-performance liquid chromatography (HPLC) method for the rapid and accurate assessment of
molnupiravir. The objective of this approach is to ensure the quality control of Lagevrio® capsules and their generic versions available in |
Bangladesh. The separation was carried out by isocratic elution through C18 column (4.6 mm x 250 mm i.d., 5 p particle size) at 40 °C |
temperature at a constant flow rate of 1.0 mL/min using acetonitrile and 1% orthophosphoric acid as buffer (20:80, v/v). A 10 uL sample |
was injected and elution was monitored at 210 nm wavelength. The calibration curve over the concentration range of 80-120% were found |
to be linear (> = 0.9998), the %RSD for intra-day (0.31%) and inter-day (0.73%) precision indicate good precision where %recovery was |
found in the acceptable range of 99.9-100.4% as per ICH guidelines. The method was successfully applied to commercial pharmaceuticals,
Lagevrio® and its generic versions and and the results were found to be consistent with the label claims (95-105%). I
|
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Fig. 1. Chemical structure of molnupiravir (MVP)

for emergency purposes on November 4, 2021 [2]. The US-FDA
(Food and Drug Administration) then authorized molnupiravir
(MPV) to use to treat COVID-19 patients, who are at the biggest
risk of developing severe COVID-19 by a committee of advisers
on November 30, 2021 [3].
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Molnupiravir (MPV) is an antiviral oral prodrug active
against the coronavirus-2 that causes critical respiratory synd-
rome (SARS-CoV-2). It is metabolized to N4-hydroxycytidine
(NHC), a cytidine nucleoside analogue that enters cells and is
phosphorylated to generate ribonucleoside triphosphate (NHC-
TP) which is pharmacologically active. NHC-TP works by a
process known as viral error catastrophe or viral fatal muta-
genesis. The viral RNA-dependent RNA polymerase incorp-
orates NHC-TP into viral SARS-CoV-2 RNA, as aresult of a
build-up of mistakes in the viral genome and replication inhib-
ition [4,5]. Adult patients should take 800 mg (four 200 mg
capsules) orally once every 12 h for 5 days, with or without
meals. Once the symptom is identified, the treatment must begin
within 5 days.

Molnupiravir (MPV) was developed by Merck & Co. and
is currently marketed by Merck Sharp & Dohme (MSD) under
the trade name Legevrio. The manufacturer has permitted arran-
gements for a number of companies to produce Legevrio under
license to meet the fast-growing world demand for this drug
[6]. Thus in Bangladesh, from 11 November 2021, DGDA has
authorized a few pharmaceutical companies to produce
molnupiravir.

A limited number of validated analytical techniques for
these drugs have been found in the literature. Liquid chromato-
graphy/tandem mass spectrometry (LC-MS/MS) has been used
to measure plasma levels of certain drugs in animal models
[7-9]. The goal of this research is to establish and validate a
simple, fast and reliable isocratic reverse-phase high perfor-
mance liquid chromatography method with photodiode array
detection for the determination of molnupiravir in Legevrio®
and its commercially available generics in Bangladesh. Emorivir®
& Monuvir® manufactured by two reputed Pharmaceutical
Company of Bangladesh. The suggested technique’s key advan-
tages and uniqueness comprised a simple sample extraction
procedure at room temperature, a quick analysis time, high
precision, accuracy and excellent recovery. Confirmation of
the applicability of the developed method was validated accor-
ding to the International Conference on Harmonization (ICH),
a determination of MPV in Legevrio® capsules and its generics
has been also performed.

EXPERIMENTAL

Acetonitrile (HPLC grade), orthophosphoric acid (A.R.
grade) and hydrochloric acid (A.R. grade) were collected from
Alfa Aesar, England; Sigma-Aldrich Co., USA and PT Smartlab,
Indonesia respectively. High quality water, applied throughout
the study, was obtained by (Water Pro PS, Lab Conco, USA).
Molnupiravir analytical standard was provided by a renowned
and leading pharmaceutical company in Bangladesh. The inno-
vator of MVP Legevrio® & two different brands of MVP, com-
mercially available in Bangladesh, were purchased from a local
pharmacy. All of the commercial samples were collected as
hard capsules label claimed as 200 mg molnupiravir.

Instrumentation and analytical conditions: The HPLC
system (Shimadzu, Japan) consisted of a pump (LC-20AD)
equipped with a SIL-20 AC HT model Autosampler, a Photo

diode array detector (SPD M-20A) set at 210 nm wavelength.
The analytical column, C18 (250 mm x 4.6 mmi.d., 5 L particle
size) Phenomenex, USA was used at temperature 40 °C.
Isocratic elution with acetonitrile and 1% orthophosphoric acid
HPLC grade at a ratio of 80:20 was used at a constant flow rate
of 1.0 mL/min. The mobile phase was freshly prepared and
filtered through a 0.45 pm polyamide-membrane filter (Sartorius,
Goettingen, Germany) using a glass vacuum filtration apparatus
(Rocker 300, Taiwan) and degassed by sonicating for 15 min
before use (Powersonic 510, Hwashin Technology, Korea).

Standard preparation: Stock solution for the standard
of MVP at a concentration of 0.18 mg/mL was prepared freshly
by accurately weighing 18 mg of MVP standard into a volum-
etric flask of 100 mL and deionized water was used to fill up
the volume. The system suitability standard was prepared by
accurately weighing about 18.00 mg of molnupiravir standard
and made up to 100 mL by diluent (mixture of water and aceto-
nitrile in the ratio of 50:50). Before injecting solutions to the
HPLC system, all the solution was passed through a 0.45 pum
syringe filter and the mobile phase was allowed to equilibrate
the column for a minimum of 30 min.

Sample preparation for assay: Twenty capsules from
two commercial brands (label claim 200 mg Molnupiravir) were
each weighed and their average weight was determined. The
shells of the capsules were then removed and placed all the
capsules content in a mortar pestle. The powder was ground in
a glass mortar until it was homogeneous, and then an exact 18
mg of molnupiravir was weighed out and transferred to a 100
mL volumetric flask containing around 60 mL of diluent. After
15 min of sonication, the solution was diluted to its final volume
with the diluent and thoroughly mixed. An aliquot of this
solution was passed through a 0.45 um syringe filter prior to
injection.

Validation procedure: The proposed HPLC method was
validated as per the International Conference on Harmonization
(ICH) guidelines for the Registration of Pharmaceuticals for
human consumption [10]. The linearity, accuracy, precision,
specificity, system suitability and filter paper compatibility
were done to validate this method.

Linearity: Linearity of MVP was tested at five different
concentrations ranging from 80- 120% of the standard solution.
To get the peak area that corresponded to each concentration,
each concentration was injected three times. A calibration curve
was established by plotting AUC versus analyte concentration
(%) [11].

Precision: As a major parameter for validation of an
analytical method, the intra-day and inter-day precisions were
studied. Intra-day precision was conducted by six replicate
injections at a concentration of 100% of freshly prepared MVP
standard at exactly the same equipment and the environmental
condition. Inter-day precision was achieved by administering
the same concentration with different analyst for two conse-
cutive days.

Accuracy: Method accuracy was tested for % recovery
and %RSD of individual measurements by adding a known
amount of standard to that of placebo below and above the
working level (80, 100 and 120%) [12]. The outcomes were
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expressed as the percentage of molnupiravir recovered from
the samples.

Specificity: The specificity test was evaluated by comp-
aring the chromatogram obtained from the placebo used in the
formulation of the pharmaceutical product and the standard
solution with the same diluent and mobile phase and confirmed
for the absence of interference [12].

System suitability: Five replicate injections of 0.18 mg/mL
standard solution were injected to perform system suitability
testing and determine the % RSD of the peak area and retention
time (RT).

Filter paper compatibility: The filter paper compatibility
was carried out to evaluate the impact of filtration on the analyte.
Both standard solution and sample solution were passed through
different types of filters (Whatman# 41 filter, 0.22 um and
0.45 um syringe filter) and recovery (%) was calculated against
the unfiltered standard solution. For the sample solution, the
assay value of the filtered solution was compared against centri-
fuged (unfiltered) sample solution.

RESULTS AND DISCUSSION

Development and optimization of method: For method
development of molnupiravir quantitation, various conditions
such as different columns (C8 and C18) and mobile phase mix-
tures were tried. The Phenomenex C18 (250 mm x 4.6 mm
1.d., 5 u particle size) at 40 °C was found to be appropriate for
the separation of the target analyte. A 1% orthophosphoric acid
and acetonitrile at different ratios and also at different flow rates
were tried as mobile phase. The ratio of 80:20 (1% orthophos-
phoric acid: acetonitrile) at the flow rate of 1.0 mL/min showed
a better peak shape with a small retention time of about 6.8
min (Fig. 2). The optimum detection wavelength was found to
be 210 nm by using the Shimadzu PDA detector at that optimum
condition. The isocratic method was chosen over the gradient
mode due to its simplicity and reduced number of variables in
the sample formulation, as the gradient mode is associated
with disturbances such as baseline noise, dwell volume change,
prolonged analysis time and increased cost [13].

Validation of method

Linearity: Five point calibration graphs were constructed
covering a concentration 80%, 90%, 100%, 110% and 120%
of standard solution. Three independent determinations were
performed at each concentration. The regression coefficient
(r*) value was determined which was 0.9998 (Fig. 3) indicating
a good correlation. The relative standard deviation of slope is
found to be zero, whereas the y-intercept is 0.62%.
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Fig. 3. Calibration curve for linearity of molnupiravir

Precision: In the creation and validation of novel methods,
precision is crucially important as it indicates the repeatability
of the data obtained on the same day (intra-day precision) or
other days (inter-day precision). Six different independent MVP
solutions were used to test intra-day precision at 100% level
concentrations. Inter-day precision was achieved by adminis-
tering the same concentration different analyst on a different
day. Table-1 shows inter- and intra-day precision of the devel-
oped method where %RSD of intra-day and inter-day precision
of MVP 100% level concentration was found to be 0.31% and
0.73%, respectively conforming ICH guidelines [14] and thus
indicating a good precise method.

TABLE-1
% RSD DETERMINED FOR
INTRA-DAY & INTER-DAY PRECISION

230 % Recovered % Recovered
g%g S Lzl (52) Day-1 Day-2
2 1 99.42 98.77
180 2 100.01 99.61
129 3 100 100.04 99.94
150 4 99.67 99.72
139 5 99.52 10091
2120 6 99,28 101.53
€ _}‘88 Mean (n = 6) 99.66 100.08
90 % RSD (n = 6) 031 0.9
98 Mean assay (n = 12) 99.87
60 Mean %RSD (n = 12) 0.73%
50
3‘8 Accuracy: The accuracy of molnupiravir concentration
%8 of three levels at 80%, 100% and 120% from the calibration
0 curve was determined in three replicates. The data for accuracy

70 71 72 73 74 75 76 7.7 78 79 80 81
min

Fig. 2. Optimization of the wavelength

was expressed in terms of percentage recoveries of molnu-
piravir. These results are summarized in Table-2. The mean
recovery data of molnupiravir were within the range of 99.90
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TABLE-2
ACCURACIES (%) DETERMINED FOR REFERENCE
STANDARDS AT GIVEN CONCENTRATIONS

Level (%) Recovered (%) Mean value (%) RSD (%)

100.78

80 99.57 99.90 0.77
99.36
100.28

100 100.86 100.86 0.57
101.43
100.92

120 100.25 100.40 0.46
100.04

Mean %RSD 0.6%

to 100.86% and the mean %RSD was found to be 0.6%, hence
satisfying the acceptance criteria for the study.

Specificity: No peak within the retention time range of
6.2-6.8 min was revealed by examining the HPLC chromato-
gram (Fig. 4) for the mixture of the drug and excipients. The
results exhibited that the developed method was specific for the
analyte of interest as none of the excipients interfered with it.
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Fig. 4. HPLC chromatograph of (a) placebo and (b) molnupiravir standard

System suitability: The tailing factor as well as the theo-
retical plate of system suitability standard was found to be 1.18
and 5832, respectively and indicating the performance of column
and well-shaped peak since the tailing factor is under 2 and
theoretical plate number is greater than 2000. The % RSD of
peak area and retention time of system suitability standard
was calculated (Table-3), which shows the suitability of the
system. Based on statistical analysis, it was determined that the
suggested method has good linearity and accuracy and that it
has been validated for a wide range of attributes, suggesting
that it might be used to quickly and accurately estimate MVP.

Filter paper compatibility: There was no significant diffe-
rence between filtered and unfiltered content for standard and
test sample solutions (Tables 4 and 5). Any filter can be used
however, in regular analysis, it is recommended to use a 0.45
pwm disc filter and discard the first 5 mL of the solution.

Assay of capsules: The validated method was applied for
the assay determination of three commercial capsules containing
200 mg of MVP. Each sample was analyzed in triplicate after
extracting the drug as mentioned in assay sample preparation

TABLE-3
SYSTEM SUITABILITY STUDY
Tailing Theoretical
Level (%) Area RT (min) factor plate
(Mean) (mean)
2449324 6.8
2453111 6.8
100 2437534 6.8 1.18 5832
2432253 6.7
2413547 6.7
Mean 2437154 6.76
%RSD 0.64 0.81
TABLE-4
FILTER EFFECTS ON MOLNUPIRAVIR
IN STANDARD SOLUTIONS
Filtration types Content (%) Absolute difference
Unfiltered 100.00 Reference
0.22 p disc filtered 99.36 0.64
0.45 p disc filtered 99.38 0.62
Whatman#41 filtered 99.98 0.02
TABLE-5
FILTER EFFECTS ON MOLNUPIRAVIR
IN SAMPLE SOLUTIONS
Filtration types Content (%) Absolute difference
Centrifuged & unfiltered 99.01 Reference
0.22 p disc filtered 99.53 0.52
0.45 p disc filtered 98.72 0.29
Whatman#41 filtered 99.18 0.17

of the experimental section and injected. Fig. 5 shows the HPLC
chromatograms of MVP standard and as the active ingredients
in the pharmaceutical capsules. The analyte peak was not affe-
cted by any of the capsule ingredients. The chromatogram is
in good agreement with the labeled content. Assay results of
Lagevrio®, Emorivir and Monuvir expressed as the percentage
of the label claim, were identified to be 100.5%, 98.3% and
96.5%, respectively showing that the content of MVP in the
capsule formulations confirmed to the content requirements
(95-105%) of the label claim. A low standard deviation indic-
ated a high degree of precision in the measurement. Based on
these findings, it appears that the established HPLC method
for the rapid and accurate determination of MVP may be applied
to the selection of MVP in pharmaceutical formulations and
active pharmaceutical ingredients.

Conclusion

As molnupiravir (MVP) is recently approved drug used
as amedication for SARS-COV-2, there is a necessity to estab-
lish a simple and quick method for analysis of molnupiravir
and quality check of its commercial batches. For the accurate
quantification of Lagevrio® and generic molnupiravir, a
validated isocratic HPLC-UV technique has been developed.
The proposed method is straightforward and quick while also
being reliable and precise. Due to its rapid chromatographic
run time, it can handle a large number of samples in a short
amount of time. Subsequently, it is appropriate for analyzing
molnupiravir in the pharmaceutical dosage forms on a regular
basis. Due to the straightforward nature of the proposed method,
there is less of a need for sophisticated analytical instruments
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Fig. 5. Chromatogram of (a) molnupiravir standard, (b) lagevrio, (c) emorivir and (d) monuvir

that are tedious expensive and time consuming. Given the
prevailing global pandemic and the imperative need for effec-
tive SARS-COV-2 treatment on a global scale, the suggested
approach is both time-intensive and potentially beneficial for
the national quality control laboratories and pharmaceutical
enterprises, particularly in developing nations.

ACKNOWLEDGEMENTS

This study was funded and supported by the Bangladesh
Reference Institute for Chemical Measurements (BRiCM),
Ministry of Science and Technology, Bangladesh.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

REFERENCES

1. T. Brosh-Nissimov, E. Orenbuch-Harroch, M. Chowers, M. Elbaz, L.
Nesher, M. Stein, Y. Maor, R. Cohen, K. Hussein, M. Weinberger, O.
Zimhony, B. Chazan, R. Najjar, H. Zayyad, G. Rahav and Y. Wiener-
Well, Clin. Microbiol. Infect., 27, 1652 (2021);
https://doi.org/10.1016/j.cmi.2021.06.036

2. Coronavirus (COVID-19): guidance and support (2021);

https://www.gov.uk/government/news/first-oral-antiviral-for-covid-19-

lagevrio-molnupiravir-approved-by-mhra

3. U.S. Food and Drug Administration, Center for Drug Evaluation and
Research, FDA Briefing Document: Antimicrobial Drugs Advisory
Committee Meeting, November 30, 2021;
https://www.fda.gov/media/154418/download

4. M.L.Agostini, A.J. Pruijssers, J.D. Chappell, J. Gribble, X. Lu, E.L.. Andres,
G.R. Bluemling, M.A. Lockwood, T.P. Sheahan, A.C. Sims, M.G.
Natchus, M. Saindane, A.A. Kolykhalov, G.R. Painter, R.S. Baric and
M.R. Denison, J. Virol., 93, e01348 (2019);
https://doi.org/10.1128/JVI.01348-19

10.

11.

12.

13.

14.

G.R. Painter, R.A. Bowen, G.R. Bluemling, J. DeBergh, V. Edpuganti,
P.R. Gruddanti, D.B. Guthrie, M. Hager, D.L. Kuiper, M.A. Lockwood,
D.G. Mitchell, M.G. Natchus, Z.M. Sticher and A.A. Kolykhalov,
Antiviral Res., 171, 104597 (2019);
https://doi.org/10.1016/j.antiviral.2019.104597

Merck and Ridgeback’s Molnupiravir, An Oral COVID-19 Antiviral
Medicine, Receives First Authorization in the World (2021);
https://www.merck.com/news/merck-and-ridgebacks-molnupiravir-an-
oral-covid-19-antiviral-medicine-receives-first-authorization-in-the-
world

A. Amara, S.D. Penchala, L. Else, C. Hale, R. FitzGerald, L. Walker,
R. Lyons, T. Fletcher and S. Khoo, J. Pharm. Biomed. Anal., 206, 114356
(2021);

https://doi.org/10.1016/j.jpba.2021.114356

A.S. Gouda, H.M. Marzouk, M.R. Rezk, A.M. Salem, M.I. Morsi, E.G.
Nouman, Y.M. Abdallah, A.Y. Hassan and A.M. Abdel-Megied, J.
Chromatogr. B Analyt. Technol. Biomed. Life Sci., 1206, 123363 (2022);
https://doi.org/10.1016/j.jchromb.2022.123363

T.L. Parsons, L.A. Kryszak and M.A. Marzinke, J. Chromatogr. B
Analyt. Technol. Biomed. Life Sci., 1182, 122921 (2021);
https://doi.org/10.1016/j.jchromb.2021.122921

V.R. Participants, Retina, 25, 119 (2005);
https://doi.org/10.1097/00006982-200502000-00002

G.A. Shabir, J. Chromatogr. A, 987, 57 (2003);
https://doi.org/10.1016/S0021-9673(02)01536-4

J. Joseph-Charles, C. Geneste, E. Laborde-Kummer, R. Gheyouche,
H. Boudis and J.P. Dubost, J. Pharm. Biomed. Anal., 44, 1008 (2007);
https://doi.org/10.1016/j.jpba.2007.04.002

S. Williams, J. Chromatogr. A, 1052, 1 (2004);
https://doi.org/10.1016/j.chroma.2004.07.110

International Conference on Harmonization, ICH Guidelines Q2(R1):
Validation of Analytical Procedures, Text and Methodology Ref CPMP/
ICH/381/95 (1995); http://www.ich.org/cache/compo/276-254-1.html



https://www.gov.uk/government/news/first-oral-antiviral-for-covid-19-lagevrio-molnupiravir-approved-by-mhra
https://www.gov.uk/government/news/first-oral-antiviral-for-covid-19-lagevrio-molnupiravir-approved-by-mhra
https://www.merck.com/news/merck-and-ridgebacks-molnupiravir-an-oral-covid-19-antiviral-medicine-receives-first-authorization-in-the-world
https://www.merck.com/news/merck-and-ridgebacks-molnupiravir-an-oral-covid-19-antiviral-medicine-receives-first-authorization-in-the-world
https://www.merck.com/news/merck-and-ridgebacks-molnupiravir-an-oral-covid-19-antiviral-medicine-receives-first-authorization-in-the-world
https://doi.org/10.1016/S0021-9673(02)01536-4

