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Volume 6 Issue 12, 2024 The first antiviral drug taken orally is called molnupiravir, and it is used
Received: 25 May 2024 to treat COVID-19. It inhibits human sars-cov-2 replication by
Qgic~6pt6d 25 June 2024 increasing the frequency of viral RNA mutations. This drug has been
10.48047/AFIBS.6.12.2024.436-449 included to the COVID-19 therapy guideline, and there have been some

safety complaints about it. Utilizing RP-HPLC and UV-Visible
spectroscopy, simple, precise techniques have been devised for the
determination of Molnupiravir in bulk and solid dosage forms. The 200
mg MOBIFLUE tablet dosage form was utilized. The ICH Q2 (R2)
recommendations were followed for all validation parameters. An easy-
to-use, precise, and accurate RP-HPLC technique was created. The
ideal chromatographic conditions were as follows: Phenomenex C18
(150 mm x 4.6 nm, 3p) for the stationary phase; HPLC grade distilled
water (70:30) for the mobile phase, with formic acid added and pH
adjusted to 3; the flow rate was kept at 0.4 ml/min; a UV detector with
a detection wave length of 236 nm was employed; the column
temperature was set at 30 °C; and methanol was used as the diluent. All
the results of the validated method were found to be within the limits as
specified in the ICH Q2 (R2) Guidelines.
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Introduction:

In 2019, an outbreak of illness originating in China was determined to be caused by a novel
virus called SARS-CoV-2 (severe acute respiratory syndrome corona virus 2). This illness is
commonly referred to as COVID-19 or corona virus disease 2019. The World Health
Organization (WHO) officially declared COVID-19 as a pandemic in March 2020. The
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WHO, along with other public health organizations, is actively monitoring the epidemic and
providing information on their respective websites. These organizations have also issued
guidance on preventive measures to halt the spread of the COVID-19 virus(Lee C.C et al.,).
The virus primarily spreads through respiratory droplets released when an infected person
breathes, speaks, sings, coughs, or sneezes. Close proximity to an infected individual may
lead to inhalation of these droplets or their entry into the mouth, nose, or eyes. In certain
circumstances, airborne transmission can occur when individuals are exposed to tiny droplets
or aerosols that remain suspended in the air for extended periods. It is also possible for the
virus to spread if a person touches a contaminated surface and subsequently touches their
mouth, nose, or eyes, although the risk is minimal(Pourkarim F et al., 2022).

Several COVID-19 vaccines have received emergency use authorization from the U.S. Food
and Drug Administration (FDA). Vaccination can help prevent infection or reduce the
severity of illness if infection does occur. Furthermore, vaccination against COVID-19 may
offer greater protection compared to natural infection. Recent research indicates that
individuals previously infected with COVID-19 who are not fully immunized face more than
twice the risk of re-infection. Unfortunately, vaccination rates remain low in many low- and
middle-income countries. Conversely, oral medications are preferred by some patients due to
their ease of administration(Sumardika IW et al., 2021).

Molnupiravir (C13H19N307) is an antiviral medication with a molecular weight of 329.
1g/ml. Its IUPAC Name is (2R, 3S, 4R, 5R)-3,4-Dihydroxy-5-[(4Z)-4-(hydroxyimino)-2-
0x0-3,4-dihydropyrimidin-1(2H)-ylJoxolan-2-yl}methyl 2-methylpropanoate (as given in
Figure 1). This antiviral drug, known as Molnupiravir or Lagevrio, inhibits the replication of
several RNA viruses. It is used to treat individuals with SARS-CoV-2 infection and COVID-
19. The medication is taken orally(Imran M et al., 2021).

OH

-~

HN

NN

o | N’go
Y

HO OH
Figure 1.Structure of Molnupiravir
The mechanism of action involves inducing extensive mutations in viral RNA replication
through RNA-directed RNA polymerase. By doing so, Molnupiravir hinders the spread of
viruses. It undergoes conversion into -D-N4-Hydroxycytidine 5'-triphosphate, also referred to
as EIDD-1931 5'-triphosphate or NHC-TP. This compound is a ribonucleosideanalog that
imitates cytidine. Instead of utilizing actual cytidine during replication, the virus's enzyme
incorporates NHC-TP into newly synthesized RNA (as given in Figure 2)(Kabinger F et al.,
2021; Amara A et al., 2021; Gordon CJ et al., 2021).
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Figure 2.Mechanism of Action of Molnupiravir

Materials and Method:

Chemicals:

Molnupiravir standard drug, MOLFLU Tablet of strength 200mg, Formic Acid, Methanol
and Double distilled water of HPLC Grade.

Instrumentation:

A double beam UV Visible spectrophotometer, model ELICO SL-210 and the wavelength
range selected for scanning was 200-400nm, Shimadzu RP-HPLC apparatus model LC-20AD
were used.

Standard Solutions Preparation:

Preparation of Molnupiravir Standard Solution:

A volumetric flask (10 ml) was filled with 10 mg of Molnupiravir after it had been weighed.
After adding a small quantity of MeOH, the mixture was brought up to the flask's mark. The
prepared solution concentration is 1000 ppm.

Preparation of Molnupiravir Working Standard Solution:

A clean volumetric flask (10 ml) was filled with 1 ml of a 1000 ppm solution, and enough
solvent was added to bring the solution's concentration to 100 ppm.

Preparation of Molnupiravir 10ppm Solution:

A volumetric flask (10 ml) containing a 100-ppm solution was transferred and brought up to
the required level using solvents in order to get the 10 ppm solution. After that, 20ul of the
mixture was used to inject into the RP-HPLC.

Molnupiravir Sample Stock Solution (1000 pg/ml solution) Preparation:

Ten tablets were weighed in order to determine the average weight of each one.
Subsequently, 10 milligram of powdered tablet was added to a 10-milliliter volumetric flask.
Next, the diluent was added to get 1000ug/ml Molnupiravir solution.

Preparation of Sample Working Solutions (100 pg/ml solution):

A volumetric flask containing 1 ml of the previously produced solution i.e. sample stock
solution was filled with diluent to get 100 pug/ml concentration of solution.

Selection of Diluent:
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Molnupiravir's solubility was examined in a range of solvents. In the RP-HPLC procedure,
MeOH was used as the diluent for Molnupiravir.

Working Wavelength Determination:

Using MeOH as a blank, the standard Molnupiravir 10 pg/ml solution was prepared and
scanned in the UV range between 200 and 400 nm. It was found that 236 nm was absorption
maximum. After repeated trails with various combinations and amounts of MeOH and water,
a trail utilizing a mobile phase mixture of MeOH: Water with Formic Acid (70: 30 ratio) at a
0.4 ml/min flow rate produced prominent peaks (Optimised chromatographic conditions are
given in figure 3).

HPLC Method Validation:

Specificity:

When the blank was injected into the system and peaks were not seen at the tr of the drug
Molnupiravir (given in figure 4 and figure 5). Thus, it was claimed that this procedure was
specific.

Linear response:

Dilutions of 10, 30, 60, 90, 120, and 150 ppm were made from the stock solution. After all
concentrations were injected into the RP-HPLC, the calibration curve was plotted. Once the
concentrations and their peak regions have been tabulated, the calibration curve is created (as
given in figure 6,7 and linearity data of Molnupiravir is shown in Table 1).

Working Range:

A 1000 ppm concentration stock solution was prepared. Ten milliliters of the diluent were
added to one milliliter of the stock solution to bring the volume to ten milliliters. This is
the working solution of concentration 100 ppm. The working standard solution was used to
prepare the dilutions of concentration range from 10-150 pg/ml.

Detection Limit (DL):

The detection limit (DL) was estimated using the formula

3.30
DL = ——
S

Here,S=slope of the calibration curve

0=SD of the response.

The values obtained were tabulated.

Quantification Limit (QL):

The quantification limit was estimated using the formula

100
L = —

S

Here, S=slope of the calibration curve

6=SD of the response.
The values obtained were tabulated.
Precision:
There are various degrees of precision: repeatability and intermediate precision(Anonymous
2005,Anonymous 2022).
Repeatability:
At the preferred wavelength of 236 nm, 6 measurements at 100% of the test concentration
were determined i.e. the peak area of a 60 pg/ml standard solution was scanned for six
determinations(as given in figure 8,9,10,11,12,13). From the collected data, the RSD was
estimated and tabulated (as shown in Table 3).
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V2 (xi = p)?

N

Standard deviation of the measurement
%RSD = . x 100
Mean value of measurement

Intermediate precision:

Variations within laboratories are expressed by intermediate precision, including various
days, analysts, equipment, etc(Jain P et al.,2022;Annadi et al., 2022).

Intraday:

Measurements taken of the sample's peak area (60pg/ml) at 236 nm by different analysts on
the same day were used to compute it. %RSD was calculated and recorded (as shown in
Table 4 and Table 5).

Inter-day:

It was computed by having multiple analysts measure the sample's peak area (60ug/ml) at
236 nm on different days. %RSD was estimated and recorded (as shown in Table 6 and Table
7).

Accuracy:

A 30 ppm sample solution was chosen as the constant concentration, and it was spiked with
30 ppm, 60 ppm, and 90 ppm standard drug solution (i.e., 50%, 100%, and 150%,
respectively). Three measurements were done. After calculating the mean recovery, the
percentage recovery was determined (as shown in Table 2).

Robustness:

An analytical procedure's robustness, which measures its ability to be unaffected by little but
intentional changes in method parameters, gives a clue as to how reliable it will be in typical
conditions(Sharaf YA et al., Ali SN et al.,2022; Bhumika P et al.,2022; Deshpande et al.,
2023).

The system was run at 0.3ml/min & 0.5ml/min (as shown in Table 8).

Assay:

Molnupiravir Sample Stock Solution (1000 pg/ml solution) Preparation:

Ten tablets were weighed, and the average weight of each pill was determined. Next, the 10
milligram of powdered tablet was added to a 10 ml volumetric flask. A sample solution was
made using the diluent. The solution was injected into HPLC (as shown in Table 9).

%Assay was calculated by using the formula:

Absorbance of sample Concentration of standard
%Assay = : X - : X 100
Absorbance of standard Concentration of sample

Results and Discussion:

Column PhenomenexC18, [50mm x 4.6 mm, 3p.
Injection Volume 20.0uL
Detector UV 236nm
Mobile Phase Methanol: Dl;tlclilzzi7\(?)\:gg3r with Formic
Flow Rate 0.4 ml/mm
Pump Mode Gradient
Retention Time 2.193mm
Run Time 10mm
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Figure 3.0Optimised Chromatographic Conditions
VALIDATION PARAMETERS:
Specificity:

Figure 4 .Chromatogram of Blank
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DetA Ch

Figure 5 .Chromatogram of standard

Inference:No peaks were observed at the R: of Molnupiravir when blank was injected.

Linear Response:
Table 1.Linearity Data of Molnupiravir

Injections Concentration Area Erer;[é 'é.ounI:Iate -II:-Z::ItI(r)]rg
1 10 2177951  2.165 1959.335  0.925
2 30 3033048 2.173 1893.310 0.944
3 60 4134173 2.171 1972.632  0.989
4 90 5254623  2.177 1937.483  0.935
5 120 6275020 2.193  2193.843 0.952
6 150 7494900 2.160 1873.780  0.981

Ret.time: Retention Time, T.Plate Count: Theoretical Plate Count
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Figure 6.Calibration Curveof Molnupiravir
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Figure 7.Linearity Chromatograms of Molnupiravir
Limits: Correlation coefficient (r?) should be > 0.999.
Result: Correlation coefficient (r?) was found to be 0.9993 which is within the limits.
Lower Range Limits
Detection Limit:

3.3(0)
DL =
S
=0.185168218ug/ml

Inference: The detection limit was found to be 0.185168218ug/ml.
Quantitation Limit:

10(0)
S
=0.561115812pg/ml

Inference: The quantitation limit was found to be 0.561115812ug/ml.
Accuracy:

Table 2.Accuracy of Molnupiravir
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Standard

Concentration Concentration Spiked Sample % Recover Mean%
Level (%) Amount (pg/ml) y Recovery
(Hg/ml)
* * 0 *
50% 30 30 98.4% 99.1%
* * 0 *
100% 60 30 99.3% 99.6%
* * 0 *
150% 90 30 98.5% 99.8%

*- three determinations at each concentration level were performed
Limits: % Recovery should be 98-102%.
Result: The % Recovery was found to be 99.1%, 99.6% & 99.8% which is within limits.
Precision
Repeatability:
Table 3.Repeatability Data of Molnupiravir

. Concentr ] ..
_Inject ation Area Mean sD %RSD R_’etentlon T. Plate Tailing
ions time Count Factor

(ppm)
1 60 ;113417 2172 1959.335 0.994
2 60 ‘2”3514 2173 1893.310 0.992
3 60 ‘2113624 2171 1972.632  0.990
J135751 2098.1803 3.5050732
4 60 213355 2173 1037.483 0.993
5 60 313589 2171 1953.843 0.996
6 60 ‘1113950 2173 1963.780 0.998

SD: Standard Deviation, %RSD: % Relative Standard Deviation, T. Plate Count: theoretical
Plate Count

U FELL

T miFagry

..................................................
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Figure 8.Injection 1 of 60ppm Molnupiravir Solution
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Figure 9.Injection 2 of 60ppm Molnupiravir Solution
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Figure 10.Injection 3 of 60ppm Molnupiravir Solution
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Figure 11.Injection 4 of 60ppm Molnupiravir Solution
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Figure 12.Injection 5 of 60ppm Molnupiravir Solution
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Figure 13.Injection 6 of 60ppm Molnupiravir Solution
Limits: %RSD should be less than 2.
Result: %RSD was found to be 0.05073275.
Intermediate Precision
Intra Day:
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Analyst 1
Table 4.Precision Data of Analyst 1
. Concentr . -
_Inject ation Area Mean sD % RSD R_’etentlon T. Plate Tailing
ions time Count Factor
(Ppm)

1 60 4134158 2.172 1959.335 0.994
2 60 4134173 2.173 1893.310 0.992
3 60 4134105 2.171 1972.632 0.990

4134203. 69.1792 0.00165

8 36 73
4 60 4134257 2.173 1937.483 0.993
5 60 4134285 2.171 1953.843 0.996
6 60 4134245 2.173 1963.780 0.997

SD: Standard Deviation, %RSD: % Relative Standard Deviation, T. Plate Count: theoretical
Plate Count
Limits: %RSD should be less than 2.
Result: %RSD was found to be0.0016573.
Analyst 2:
Table 5.Precision Data of Analyst 2

Concen

I_njec tration  Area Mean sD % RSD R_etentlon T. Plate Tailing
tions Time Count Factor
(ppm)
1 60 4134357 2.172 1959.335 0.994
2 60 4134104 2.173 1893.310 0.992
4134259 87.9236 0.00212
8 41 67
3 60 4134247 2.171 1972.632  0.990
4 60 4134273 2.173 1937.483 0.993
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5 60 4134251 2.171 1953.843 0.996

6 60 4134327 2.173 1963.780 0.998

SD: Standard Deviation, %RSD: % Relative Standard Deviation, T. Plate Count: theoretical
Plate Count

Limits: %RSD should be less than 2.

Result: %RSD was found to be0.0021267.

Inter Day
Day 1:
Table 6.Day 1 Precision Data
Iniectio Concentrat Retenti T. :;a'“
J ion Area Mean SD % RSD on Plate g
ns . Facto
(ppm) Time Count r

41341 1959.3

1 60 58 2.172 35 0.994
41341 1893.3

2 60 73 2.173 10 0.992

3 60 32341 2171 %272'6 0.990

413420 69.1792 0.00167

41342 38 36 33 1937.4

4 60 57 2.173 83 0.993
41342 1953.8

5 60 85 2.171 43 0.996
41342 1963.7

6 60 45 2.173 80 0.998

SD: Standard Deviation, %RSD: % Relative Standard Deviation, T. Plate Count: theoretical
Plate Count
Limits: %RSD should be less than 2.
Result: %RSD was found to be0.0016733.
Day 2:
Table 7.Day 2 Precision Data
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Taili
Injectio Concentrat Retenti T n
J ion Area Mean SD % RSD . Plate g
ns on time Facto
(ppm) Count r
41342 1959.3
1 60 54 2.172 35 0.994
41342 1893.3
2 60 3 2.173 10 0.992
3 60 21341 2.171 2272'6 0.990
413422 84.5355 0.00204
1.3 94 48
41341 1937.4
4 60 84 2.173 83 0.993
41341 1953.8
5 60 38 2.171 43 0.996
41343 1963.7
6 60 67 2.173 80 0.998

SD: Standard Deviation, %RSD: % Relative Standard Deviation, T. Plate Count: theoretical
Plate Count
Limits: %RSD should be less than 2.
Result: %RSD was found to be 0.0020448.
Robustness:
Table 8.Robustness of Molnupiravir

Injections 0.35ml/min 0.4ml/min  0.45ml/min

1 4134164 4134173 4134175
2 4135138 4135142 4135141
3 4136240 4136242 4136241
4 4133553 4133554 4133555
5 4135895 4135894 4135893
6 4139502 4139501 4139503
MEAN 4135748.67 4135751 4135751.33
SD 2100.25557 2098.18035 2098.38316
RSD 0.05078296 0.05073275 0.05073765

SD: Standard Deviation, RSD: Relative Standard Deviation
Limits: %RSD should be less than 2.
Result: It was found to be within the limits.
Assay:
Table 9.Assay of Molnupiravir

Concentration Peak Area

Standard 60ppm 4134173
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Sample 59.7921132 4119849

Peak Area of Sample Concentration of Standard
%ASSAY = X - x 100
Peak Area of Standard  Concentration of Sample

=100%

Limits: % Recovery should be 98-102%.
Result:The % recovery was found to be 100%.

Conclusion:

It was discovered that the recommended RP-HPLC method for determining the dosage form
of MOLNUPIRAVIR was simple, precise, quick, and reasonably priced. The established
approach's statistical validation was conducted in accordance with ICH guidelines. The
claims stated on each label were closely matched by the sample recovery in the formulation.
For the recommended process, the mobile phase was methanol:water (70:30), pH 3 adjusted
with formic acid; the phenomenex-C18 column (150x4.6mm) fpm, flow rate 0.4 ml/min, and
the eluents were scanned using a UV detector in the system, indicating maximum absorbance
at 236 nm. MOLNUPIRAVIR was shown to have retention of 2.17 minutes. It was found that
this process performed better than previously published methods.

Acknowledgment:

I would like to thank our beloved Principal, Prof. M. Sumakanth ma’am and faculty of
Department of Pharmaceutical Analysis for helping me to carry out the study.

References:

1. Lee C. C, Hsieh C-C and Ko W-C. Molnupiravir—a novel oral anti-SARS-CoV-2
agent.

2. Pourkarim F, Pourtaghi-Anvarian S and Rezaee H. Molnupiravir: A new candidate for
COVID-19 treatment. Pharmacology research & perspectives. Vol. 10 Issuel2022
Feb.

3. Sumardika IW, Purnamasidhi CA, Darwinata AE, Purnama GV, Jerry J, Adiputra IK,
et al. Molnupiravir: a novel efficacious antiviral candidate to COVID-19. Research,
Society and Development.; Vol.10 Issue 152021 Nov.

4. Imran M, Kumar Arora M, Asdag SM, Khan SA, Alagel SI, Alshammari MK, et al.
Discovery, development, and patent trends on molnupiravir: a prospective oral
treatment for COVID-19. Molecules. Volume 26 Issuel9, 2021 Sep 24; page 5795.

5. Kabinger F, Stiller C, Schmitzova J, Dienemann C, Kokic G, Hillen HS, et al.
Mechanism of molnupiravir-induced SARS-CoV-2 mutagenesis. Nature structural &
molecular biology. Volume 28 Issue 9; 2021 Sep; Page 740-6.

6. Amara A, Penchala SD, Else L, Hale C, FitzGerald R, Walker L, et al. The
development and validation of a novel LC-MS/MS method for the simultaneous
quantification of Molnupiravir and its metabolite 3-d-N4-hydroxycytidine in human
plasma and saliva. Journal of pharmaceutical and biomedical analysis. Issue 206;
2021 Nov 30; Page114356.

7. Gordon CJ, Tchesnokov EP, Schinazi RF and Gotte M. Molnupiravir promotes
SARS-CoV-2 mutagenesis via the RNA template. Journal of Biological
Chemistry.;Vol. 297 Issue 12021 Jul 1.

8. Guideline IH. Validation of analytical procedures: text and methodology. Q2 (R1).
2005 Nov; 1(20):05.



Harmanjot Kaur Sandhu/Afr.J.Bio.Sc.6.12(2024) Page 449 of 14

10.

11.

12.

13.

14.

15.

Guideline IH. Validation of analytical procedures Q2 (R2). ICH: Geneva,
Switzerland. 2022.

Jain P, Bhamare M and Surana S. Quantitative estimation of molnupiravir by UV-
Spectrophotometric method. International Journal of Pharmaceutical Chemistry and
Analysis. Vol. 9 Issue 1; 2022 Page 35-9.

Annadi AM, El Zahar NM, Abdel-Sattar NE, Mohamed EH, Mahmoud SA and Attia
MS. Development and validation of molnupiravir assessment in bulk powder and
pharmaceutical formulation by the RP-HPLC-UV method. RSC advances. Vol. 12
Issue 532022 Page 34512-9.

Sharaf YA, El Deeb S, Ibrahim AE, Al-Harrasi Aand Sayed RA. Two green micellar
HPLC and mathematically assisted UV spectroscopic methods for the simultaneous
determination of molnupiravir and favipiravir as a novel combined COVID-19
antiviral regimen. Molecules. Vol. 27 Issue 7;2022 Apr 4 Page 2330.

Ali SN, Mobina L, Mehfuza M, Seema P, Ahmed Aand Khan GJ. Analytical method
development and validation and forced degradation stability-indicating studies of
Favipiravir by RP-HPLC and UV in bulk and pharmaceutical dosage form. Journal of
Pharmaceutical Research International. Volume33 Issue 48B; 2021 Nov 10 Page 254-
71.

BhumikaParmar, AadilRaj, DivyaChauhan, AakashVasava andVishalChauhan, "UV
VISIBLE SPECTROSCOPY METHOD DEVLOPMENT AND VALIDATION FOR
ESTIMATION OF MOLNUPIRAVIR IN SOLID DOSAGE FORM.", International
Journal of Creative Research Thoughts (IJCRT), ISSN:2320-2882, Volume.10, Issue
4, pp.d812-d821, April 2022, Available at
-http://www.ijcrt.org/papers/IJCRT2204443.pdf.

Deshpande, Mahesh, Shaikh and Farhat. (2023). New UV Spectrophotometric
Method for the Estimation of Molnupiravir used in the treatment of COVID-19. The
Open COVID Journal. 3. 10.2174/26669587-v3-230221-2022-30.



