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Abstract

The FDA-approved antiviral drug molnupiravir (MPV) was investigated using a green spectrophotometric approach. With the
help of mass spectrometry, UV-visible spectroscopy, and Infrared Fourier transform spectroscopy, this drug was characterized
and elucidated structurally. This approach depends on measuring the absorbance in doubly distilled water as a solvent at 240
and 285 nm. Variable parameters were estimated and optimized. Beer's law is up to 35.0 ug/mL under optimal conditions with
a correlation coefficient (r2)>0.99. Based on this evaluation, the new method was found to be highly sensitive with a LOD
and LOQ of 0.34-0.78 and 1.13-2.59 pg/mL, respectively. Analyses provided reproducible results with a 2.0% relative
standard deviation (RSD). As a result of the application of the proposed method, MPV levels were successfully achieved in
raw materials, pharmaceutical formulations, and biological fluids. The geometry and energy quantum mechanical calculations
were also performed using Becke's three-parameter exchange functional method. Using water as a solvent, Lee-Yang-Parr
correlation functional analysis (B3LYP/DFT) confirmed the measured results.

Keywords: Molnupiravir; Spectrophotometry; Molecular geometry; Covid 19

1. Introduction

Global health leaders face the COVID-19
pandemic (Coronavirus Disease) in the year 2020, the
largest public health crisis in a century. The third
coronavirus, SARS-CoV-2, was initially identified in
December 2019 in China. It is not the only virus with
this characteristic; additionally, there are SARS-CoV
and MERS-CoV, the Coronaviruses responsible for
severe acute respiratory syndromes [1]. Even though
the SARS-CoV and MERS-CoV epidemics were
mostly contained due to public health efforts, the
possibility of future outbreaks emphasizes the

importance of safe and effective COVID therapies [2,
3]. There is an increased risk of death associated with
COVID-19 in elderly or immunocompromised
patients, or those with comorbid conditions such as
hypertension, diabetes, malignancies, cardiovascular
disease, or chronic lung disease [1, 4].

The need for adequate therapy to overcome this
health catastrophe continues to grow [5]. During the
worldwide outbreak of Coronavirus disease (COVID-
19), most researchers focused their attention on
developing treatments that could slow its growth [6].
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Fig. 1: Plain structural formula of molnupiravir.
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As well as some expensive and difficult-to-
manufacture drugs that require hospitalization to treat
COVID-19 like Remdesivir, there are other FDA-
approved medicines for this condition [7].
Molnupiravir (MPV) is the most promising, broad-
spectrum class for the treatment of COVID-19 [8].

Molnupiravir (MPV), Fig.1; the drug works
against respiratory  syndrome
coronavirus 2 (SARS-CoV-2), it is an oral, small-
molecule antiviral prodrug.

There have been two methods for determining
MPYV previously published, including an LC-MS/MS
method [9, 10] and one RP-HPLC method [11]. As a
result, this study is based on the development of a
spectrophotometric protocol as a fast, simple, robust,
precise, and sensitive strategy for the quantification
of MPV in pure form, pharmaceutical formulation,
and biological fluids. The proposed method involved
the use of water as a diluent which matches green
chemistry requirements. The structural elucidation
and characterization of MPV were carried out
utilizing FTIR, mass spectrometry, and nuclear
magnetic (NMR)
Additionally, based on experimental results, MPV
was computationally analyzed wusing density
functional theory. A natural bond orbital analysis
(NBO) has been used to investigate molecular
interactions, interactions, and
intramolecular interactions. Different calculations
were carried out using the DFT-B3LYP/6-11G**
level. The calculated quantum chemical parameters
are bond angles, bond length, and electronic dipole
moments. As a result of DFT analysis, MPV shape,
size, vibrations, stability, and reactive areas can be
fully explained.

severe acute

resonance instruments.

intermolecular

2. Experimental
2.1. Materials and Apparatus

High-grade analytical reagents were used
throughout the study. MPV raw material and
Molnupirawir® capsules were acquired from Hekma
pharmaceutical company, in Egypt.

To obtain spectral measurements in the range of
200-400 nm, a Jenway 6105 UV/VISIBLE single
beam spectrophotometer equipped with quartz cells
of 1.0 cm optical path length was used. At Cairo
University, Giza, Egypt, the Micro Analytical Center,
Faculty of Science, conducted a series of
experiments, involving mass spectrometry, FTIR
spectroscopy, and nuclear magnetic resonance. A test
scan Shimadzu FTIR spectrometer was used to obtain

Egypt. J. Chem. 67, No. 7(2024)

FTIR absorption spectra using the KBr disc
technique. On a 300 MHz NMR spectrophotometer,
'"H-NMR spectrum was obtained utilizing the
deuterium oxide and Dg-DMSO with an internal
standard of tetramethyl silane on a Varian 300 MHz
NMR spectrometer. Shimadzu (Japan)'s Q 1000 Ex
GCMS was wused for mass spectrometric
measurements at 70 eV and 100 pA.

2.2. Standard solutions

To prepare MPV stock solutions, 16.47 mg of
solid MPV was dissolved in 50.0 mL double distilled
water to prepare 1.0 mmol/L. Solutions covering the
range from 100 to 8000 ng/mL were further prepared
for constructing the calibration curves.

2.3. Pharmaceutical preparations

To prepare Molnupiravir®, ten capsules were
weighed, and the average weight was taken from
each. This is equivalent to 400.0 mg of MPV, then
dissolved in double distilled water. Filtering the
prepared solution and washing the excipients with the
same solvent ensured that the main active ingredient
was completely dissolved. Upon using double
distilled water, the solution was then completed to
50.0 mL.

2.4. Investigation of serum and urine synthetic
samples

In preparing the spiked samples, diverse volumes
of 10.0 mmol/L MPV solution covering the range
from 0.1 to 100.0 nmol/mL were added to urine and
serum samples. After mixing well, the latter was
added to doubly distilled water and completed to 10
mL using double distilled water. Utilizing the
standard addition strategy, these solutions were
measured as illustrated above.

2.5. Computational details

MPV's molecular conformation was determined by
performing an energy minimization analysis with
Gaussian-09W  software [12]. A  geometrical
optimization of the ground state was performed using
DFT and B3LYP exchange-correlation functionals
[13, 14]. Carbon, hydrogen, nitrogen, and oxygen
atoms were subjected to a basis set 6-311G [15]. A
symmetry-free solution phase optimization was
achieved. A molecular orbital diagram was created
utilizing software (Gauss view, 5) [16]. The
following equations were used to calculate the
quantum chemical parameters; E(LUMO),
E(HOMO), n (absolute hardness), Eg (Energy gap),
(chemical potential), ® (global electrophilicity), ¥,
(absolute electronegativity), electronic charges, S
(global softness), and ANmax.[17, 18].
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Eg = ErLymo — Enomo
X = ErLumo — Enomo/2
N = Erumo — Enomo/2
= —Y
S= 1/2 n w = %2

ANpgy = — TC/T]

3. Results and Discussion

3.1. Molecular orbital treatment

The level of the theory DFT-B3LYP/6-311G**
was utilized to make a study for the spectral
characteristics and the electronic structure of MPV.
The geometry of MPV should be characterized before
making the calculation of the electronic structures
utilizing a harmonic frequency analysis. Figure 2
shows the numbering of atoms and the optimized
geometry of MPV. Table 1 shows the selected angles
and bond distances. It is concluded that MPV is not
present in the same plane (non-planar) due to the
dihedral angle values of it being far from 0° or 180°.
The geometrical structure was optimized by DFT-
B3LYP/6-311G** level, Table 1.
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Fig. 2: B3LYP/6-311G** Optimizations level for numbering
system, geometry, and dipole moment vector.

3.1.1.  Descriptors
ground state properties

HOMO and LUMO energy parameters are
depending on chemical reactivity,
kinetic/thermodynamic stability, and charge transfer.

HOMO and LUMO orbitals can be used as
predictors of the most reactive positions in
conjugated systems [19].

At 49718 eV, MPV has a difference in energy
between its HOMO and LUMO states. MPV can
easily polarize due to increased reactivity because of
electron transfer between HOMO and LUMO
energies.

of global reactivity and
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Calculations of 1 (Chemical hardness), ¥
(electronegativity), II (chemical potential), and S
(global softness) were done in Table 2. Lower values
of n and S mean that there is no probability of charge
transfer and MPV has a lower chemical hardness.
From Table 2, the electron affinity value is 1.4523
eV, and LUMO and HOMO energy values were -
0.0534, and -0.2361, respectively with E, of 4.9718
eV indicating the stability of the molecule. From the
results, it can be concluded that HOMO is in a six-
membered ring and partially found in a five-
membered ring. Whereas LUMO is located over the
six-membered ring, Fig. 3.

Table 1: B3LYP/6-311G** level for the optimized MPV selected
geometric bond length, dihedral angle, and bond angles

Bond Bond Angle Dihedral angle
Length, A

C 1- 143 Cl1-C2- 11542 C 1-C2-C 3- -0.501
c2 Cc3 NS5
C 2- 136 C2-C3- 121.74 C2-C3-N5-C6 3.435
C3 N5
C 3- 136 C3-N5- 121.55 C3-N5-Cé6- 175.900
N5 (&) 042
NS5- 1.44 N5-C6- 11574 N5-C6-N4-Cl1 1.775
Cc6 N4
C6- 1.37 C6-N4- 121.32 C6-N4-C1-C2 1.095
N4 Cl1
C6- 1.21 N4-C6- 124.52 C6-N4-C1-N7 -176.497
042 042
Cl1- 1.32 CI-N4- 28.68 N4-C1-N7-08 -12.368
N4 (&9)
Co6- 1.21 CI1-N7- 116.42 N4-C1-C2-C3 -1.833
042 o8
Cl1- 1.36 C2-Cl- 120.18 C3-N5-C6-N4  -4.033
N7 N7
N7- 1.40 C28- 109.19 C1-N4-Cé6- -178.154
(02 C31- 042

C35
N4- 1.92 N7-0O8- 101.22 N5- C13- 144.059
H10* HI10 017-C16
NS- 1.46 N5-C13- 109.19 N5- C13-Cl4 -155.747
Cc13 017 -C15
C13- 1.54 CI3- 110.19 C13-C14 - 36.685
Ccl4 Cl4- Cl15-C16

o19
Cl4- 1.54 Cl4- 109.60 Cl13-C14 - -80.215
Cl15 Cl15- C15-022

022
C15- 1.53 CI5- 106.39 Cl14-C15- -147.455
Cl6 Cl6- C16-C25

017
Cl6- 1.51 Cl6- 106.64 CI15-Cl16- -172.671
Cc25 C25- C25-027

027
Cl15- 1.42 C25- 116.30 Cl16-C25- -173.010
022 027- 027-C30

C30
Cl4- 1.42 027- 123.18 C25-027- 174.750
019 C30- C30-C31

041
C25- 1.44  0O27- 110.69 027-C30- -70.898
027 C30- C31-C32

C31
027- 1.36 C30- 109.28 C30-C31- 164.755
C30 C31- C32-C36

C32
C30- 1.21 C30- 110.98
041 C31-

C36
C30- 1.52
C31
C31- 1.54
Cc32
C31- 1.53
C36
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Table 2: Quantum chemical parameters of MPV by DFT-
B3LYP/6-311G** level

Geometrical Parameter Value
Et -1197.922 a.u.
E 1omo -0.2361 a.u.
Erumo -0.0534 a.u.
;H()::)nizulion potential, for 6.4241 eV
A, electron affinity, for Eiymo 1.4523 eV
Enomo-Erumo, Eg 49718 eV
X 3.9382eV
H 2.4859 eV
S 0.2011 eV
n -3.9382 eV
Q 3.1195eV
AN, 1.5842 eV

n (Chemical hardness), m (chemical potential),
 (electrophlicity index), x (electronegativity), S
(global softness), and AN, (maximum charge
transfer.

(A)

Fig. 3: HOMO, A, and LUMO, B, MPV charge density map by
DFTB3LYP/6311G** level
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It has been reported by DC Lee et al. that MPV in
plasma is converted into EIDD-1931 (pseudo-cyclic
pyranosyl pyrolidinoalkyl monooxycytidine) by the
host's esterase. This was confirmed by calculating the
energies of MPV and NHC. From Table 2, the total
energy of MPV is -1197.922 au. The total energy of
NHC is calculated using B3LYP/6-311G** level
which was found to be -966.57 au. It is evident from
these values that NHC has a higher level of activity
than MPV. Many RNA viruses can be inhibited by
this NHC [20, 21]. As EIDD-1931 transitions from
its inactive form to its active form in host cells, it acts
as an inhibitor of viral replication, Fig. 4, [21-23].

3.1.2. Electrostatic potential (MEP) of molecules

It is possible to observe electrophilic effects and
nucleophilic effects at the active sites of a studied
compound, as well as hydrogen bonding [24]. An
increasing potential in the molecule is indicated by
red, orange, yellow, green, and blue [25, 26]. Upon
using DFT-B3LYP/6-311G** level, the optimized
3D MEP map of MPV is analyzed, Fig. 5. According
to the result, the lone-pair electrons from the O27 and
04 atoms explain most of the negative region (red).
Meanwhile, hydrogen and carbon are sites with
positive (blue) potential. There is no potential value
for other carbon atoms. An electrophilic attack is
likely to occur on molecules with a negative
electrostatic potential. An electrophilic attack is more
likely when the potential is negative

3.1.3. NLO, nonlinear optical properties

In the NLO study urea is used as a standard
pattern. MPV moment vectors are also determined by
the distribution of atomic charges within complexes.
A similar calculation level was used to determine
mean anisotropy of the polarizability, polarizability,
first-order hyperpolarizability, and dipole moment,
for MPV as well as urea [27], Table 3. MPV dipole
moment is 7.9628 D in the solution phase. The
consequences are calculated in esu units utilizing the
adaptation factor (0.1482 x '*** esu for a and 8.6393
x 107 for B). The NLO system emphasizes p value
as one of its proper aspects. MPV polarizability value
is 6.1092x107* esu. Based on theoretical calculations,
MPYV is 6 times greater than urea. A comparison of
the studied MPV with urea as a reference substance
indicates that it has polarizability and first-order
hyperpolarizability properties that indicate it can be
considered as a viable candidate for NLO materials.

3.1.4. Studying of TD-DFT Calculation

It was done at the same DFT-B3LYP/6-
311G** level to show the origin of the electronic
spectrum. The PCM method (polarizable continuum
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solvation method) is used to clarify the origin of
electronic spectra. In comparison to the solute, water
(solvent part) has no structure, whereas the dielectric
constant and other parameters show how it behaves
on a macroscopic level. The molecular structure of
MPV was represented using DT-DFT calculations.
When both molecular orbitals are occupied and
unoccupied on the same component, the transition is
an internal transition [28, 29]. Results show two
bands (286 and 250 nm) that characterize the
theoretical spectra of MPV which represent
HOMO - LUMO and HOMO — 1 - LUMO in this
order. HOMO — LUMO is represented at 286 nm

with 68.9 percent contribution from HOMO —
LUMO n — " transition, while the other excitation
band (250 nm) is due to 65 percent contribution,
HOMO —1- LUMOn —rn* transition. The
allowable transition states are SO— S1 and SO—
S§2 with effective oscillator strengths of = 0.1187 and
0.2377, respectively in water. FMOs and MPV
electron density transfers, which participate in
electronic transitions, are described in Figure 6.
These obtained results are confirmed experimentally
as given below in spectrophotometric study.

Blood Cell
OH ‘\\
HN - /OH
HN
Rabidly converted
S __inplasma Host skinase «
‘ /K host s esterase /K I N —————
OH
i ° | | /K Mutation in
3 N o}
’ 0H_|Pr 0. viral RNA
(e}
OH OH HO\\\\ ‘//OH Ho\\\ ",,’//OH
Molnupiravir B-d-N 4-Hydroxycytidine <
(EIDD-2801) (NHC, EIDD-1931) (EIDDXQSl-tr%phosphate) y
(Prodrug) (Active form) (Active form) /

Fig. 4: Mechanism of molnupiravir and its pharmac

ologically active form after oral administration.

(A)

(B)

Fig. 5: B3LYP/6-311G** level of MPV surface molecular electrostatic potential, A and contours electrostatic potential, B.

3.2. MPV structural formula investigation

A variety of methods were used to analyze
and investigate the drug under investigation,
including FTIR, 'H NMR, UV-VIS spectroscopy, and
mass spectrometry.

3.2.1. Fourier transforms infrared absorption spectra
(FTIR).

In organic chemistry, FTIR is a versatile tool
for characterizing the surface properties of particles
and identifying functional groups and molecular

Egypt. J. Chem. 67, No. 7 (2024)

structures [30]. Experimental one; FTIR spectra of
MPV can be seen in Fig. 7 using KBr disc and
simulated. Experimental and theoretical bands match
each other, as shown in Table 4.

3.2.2. 'H-NMR analysis

As a quantitative and qualitative analytical
tool, NMR can be used in a variety of applications in
analytical chemistry [30, 31]. Using 'H-NMR, we can
determine the number and types of situations in the
molecule, as well as the atoms in neighboring groups.
An understanding of the structure of the studied drug
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was obtained by analyzing 1H-NMR spectroscopy,
Fig 8. Table 5 shows the results of the 'H-NMR
experiments in DMSO.

Table 3: Calculations of nonlinear optical properties of MPV
utilizing B3LYP/6-311G** level using urea as a reference material

Property  Urea  MPV
u,D 13197 7.9628
XX - -162.9337
yy . -115.624
7 - -134.732
Xy - -6.739
Xz - 9.4586
yz - -5.035
<> . 2.0417x10 esu
Aa . 6.1092x10 esu
XXX - 46.9166
XXy - -27.266
Xyy - -34.14
yyy - 50.734
XXZ - -38.0908
Xyz - -16.5623
yyz - -37.2642
X7z - -4.0388
yzz - -0.3357
12 - -13.9779
P 01947510 1.2226x10™ esu

Table 4: Experimental and simulated band assignments of FTIR
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Fig. 6: (A) Frontier molecular orbitals and (B) Calculated TD
spectrum involved in MPV's electronic absorption transitions using
TD-B3LYP/6-311G** level.
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bands for MPV

Assignment Wave number (cm™)

O-H 3499 (3484)*, 3373 (3221)*, 3298.64
N-H 3125 (3115)*, 2972 (2993)*

C-H Bending 1383 (1380)*, 1347 (1345)*

C=0 aliphatic 1736 (1787)*

*Simulated values.
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Fig. 7: Experimental (A) and simulated (B) FTIR spectra
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Fig. 8: "H-NMR spectra of MPV in dimethyl sulfoxide (DMSO).

Based on the analysis of MPV 'H NMR spectrums,
Fig. 8, a singlet signal was found at 9.991 ppm can be
attributed to three ionizable protons attached to O8,
019, and 0O22. This signal disappeared after
deuteration confirming their ionizable properties. A
singlet signal appeared in IHNMR spectrum of the
MPV at 9.471 ppm assignable to one proton of the
N7 and disappeared in the deuterated NMR spectrum
after deuteration. In addition, doublet signals
appeared at 6.8 ppm in 1H NMR spectrum due to C2
and C3 in the aromatic ring. Four doublet signals
appeared at 5.17 and 5.71 ppm which may be
assignable to the protons attached to C13, C14, C15,
and C16 of the five-membered ring. A 4.22 ppm
multiplet signal can be attributed to the CH proton of
the isopropyl group. A singlet signal at 1.11 ppm,
attributed to the proton of the methyl groups, can be
seen in the MPV's "H NMR spectra.

Table 5: Analysis of Molnupiravir 'H NMR spectrum

Assignments 8, Chemical shifts, ppm
3H/OH 9.991(s)

1H/NH 9.471(s)
4H/aromatic ring 6.8(d)

4H/CH 5.17-5.71
1H/CH 4.22(m)
6H/2CH; 1.11(s)

(s): singlet, (m): multiplet, (d) doublet.

3.2.3. Mass spectrometric analysis

It is an analytical technique that isolates and
distinguishes a mixture of gaseous ions based on their
mass/charge (m/z) ratios. To estimate the ion m/z, use
M or (M*"), where M is the ion's molecular weight.
To evaluate MPV's structure and elemental
composition, mass spectrometric analysis was done.
The spectra show a molecular ion peak at 329.31.

3.3. UV spectrophotometric methods

Egypt. J. Chem. 67, No. 7 (2024)

3.3.1. Wavelengths selection

In various solvents, the MPV absorption
spectra were obtained. Doubly distilled water was
chosen as a solvent because it has beneficial spectral
characteristics as well as economic and
environmental advantages, such as simplicity of
procurement and disposal and low cost. The
absorbance was calculated using double distilled
water as a blank and was measured between 200 and
400 nm. All measurements were made at a
temperature of 25°C. At 240 and 285 nm, the
maximum absorption was seen (Fig. 9). At 240 nm,
the aromatic ring undergoes Il - Il * transition,
whereas the band at 285 nm results from an n- II *
transition that is driven by charge transfer throughout
the entire molecule [32].

1.6
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0.4 -

0.2 1

0.0 T T T T T T T T
200 220 240 260 280 300 320 340 360

Wavelength (nm)

Fig. 9: MPV solution's UV absorption spectrum
3.3.2. Quantification of MPV

3.3.2.1. Direct tool

Laboratory-proposed  techniques  were
validated throughout the investigation to guarantee
their quality. The International Conference on
Harmonization (ICH) Q2 (R1) recommendations was
utilized to validate the laboratory's given
methodologies [33]. Calibration curves for MPV
were created at the chosen max; 240 and 285 nm
under the given procedure conditions, as shown in
Fig. 10. Based on RDC 166 (2017) [34], the linear
range is up to 35.0 pg/mL with a correlation
coefficient (r%) > 0.99, indicating a linear correlation
between absorbance and concentration. The ideal
concentration range for Ringbom is 4.68-27.41
pg/mL. At 240 and 285 nm, respectively, the molar
absorptivity and Sandel sensitivity are 0.88x10°
0.39x10* L mol™' cm™ and 0.037, 0.085 ug cm™. This
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approach has a wide range of applications, as shown
by Table 6.

A method reproducibility was determined by
five replicates using 13.172 pg/mL of MPV. The
Relative standard deviation (RSD%); <0.40, proves
that the techniques proposed are precise.

For the validation, detection, and quantification limits
were established [35] based on the following:

LOD =35/m LOQ =105/,
Where the calibration curve slope is given by m and s
is the standard deviation of the blank.

The newly proposed method's great sensitivity was
demonstrated by estimates of LOD and LOQ of 0.34-
0.78 and 1.13-2.59 pg/mL, respectively.

The equation of least squares was used to evaluate
the linearity. By using the least squares method, the
typical linear equation was calculated as follows:

Y240 =0.027x +0.022 (n = 3); 1* = 0.9976.

Y55 =0.0118x +0.014 (n = 3); 1* = 0.9968).

In this equation, the MPV solution concentration (in
pg/mL) is represented by x, the absorbance value (y),
and the correlation coefficient (1%).

Table 6: Analytical criteria for quantifying MPV

1.0 1 240 nm

0.8 1

285 nm
0.4 4

0.2 1

0.0

T
0 10 20 30 40
MPYV Concentration (ug/mL)

Fig. 10: Validity of Beer's law for MPV at 240 and 285 nm in
doubly distilled water.

Parameter A max

240 nm 285 nm
Beer’s law Up to 35.0 ug/mL Up to 30.0 pg/mL
Ringbom range, pg/mL 4.68-27.41 5.02-30.32
Sandel sensitivity, pg/cm? 0.037 0.085
Molar absorptivity (g), L/mol.cm 0.88x10* 0.39 x10*
Intercept 0.022 0.014
Slope, mL/ug.cm 0.027 0.0118
r 0.9976 0.9968
Relative standard deviation (RSD%) (n =5) 0.40 0.33
LOD, pg/mL 0.34 0.78
LOQ, ug/mL 1.13 2.59

3.3.2.2. Standard addition method

A standard addition tool was applied for the
raw material and dosage form to eliminate matrix
interference and differentiate and distinguish the
small concentrations. Using the suggested method,
several  synthetic  solutions  with  varying
concentrations of MPV can be quantified at 240 and
285 nm. In Table 7, the repeatability and
reproducibility of the results are generally
satisfactory at 0.329-2.630 pg/mL.

3.3.3. Method of Validation

TThe inter- and intra- day precision was
studied upon carrying out five determinations of
MPYV with three different concentrations (6.59, 13.17,
and 3293 pg/mL). By analyzing the precision
parameter, we found SD and RSD% to be less than
2%, demonstrating good repeatability and
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intermediate precision. Furthermore, the MPV
absorbance values were used to assess the between-
analyst precision. The latter procedure used two
analysts comparing the absorbance results to the
RSD% wusing five replicates. According to this
investigation, exceptional precision is less than
1.29%.

To assess the robustness of the proposed

methods, little changes were made to the volume of
the sample and wavelength. [30, 33]. As
demonstrated by the precision values expressed as
RSD%; 0.17-1.02, those changes have no significant
impact on the results.
Two analysts were used to examine the ruggedness,
and furthermore, a single analyst carried out the
measurement  step  utilizing three  different
measurement cells. The data of RSD% was found to
be 0.58-0.97%.
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Identifying or quantifying the substance of
interest is determined by its selectivity, even if other
compounds are present in the sample [34].
Recoveries for added concentrations were performed
to evaluate the selectivity of the proposed tool. The
percentage recovery was 96.5-103.4 percent, with an
average of 98.7%. The results obtained from using
dosage forms containing excipients were the same as
those obtained from using the pure form, showing

that none of the commonly used excipients interfered
with MPV determination.

The accuracy was tested by using five
replicates of different concentrations (within the
calibration curve limits under the given conditions) of
MPV raw material. The mean percent recovery was
determined to be between 97.91 and 101.96 %,
indicating high accuracy and selectivity.

Table 7: Standard addition method for quantifying MPV solution in raw materials

Taken concentration 240 nm 285 nm

ug/mL % Recovery* % RSD % Recovery* % RSD
2.630 99.29+0.36 0.36 100.62+0.44 0.44
0.988 100.35+0.64 0.64 99.98+0.14 0.14
0.659 101.15+1.02 1.01 100.53+0.24 0.24
0.329 101.92+0.91 0.89 98.54+0.16 0.16
0.165 101.31+0.94 0.93 104.560.11 0.11

*: Recovery * standard deviation of five replicate measurements.

The proposed methods' accuracy may be proven by
contrasting them with the HPLC method that was
previously published [11]. The results of the
suggested approaches were in strong agreement with
the one that had previously been published.

3.3.4. Applications

These results demonstrate the suitability of the
proposed methods for MPV quantification in pure
forms. To study the applicability of the mini-scale
methodology; MPV was measured in Molnupiravir®
capsules, spiked human plasma, and urine samples

where a previously published method achieved by
HPLC was used as a comparison [11].

In the experimental section, the comprehensive
methodologies for MPV assurance in pharmaceutical
capsules were presented. The regression equation was
used to calculate the drug concentration in the
prepared solutions. Table 8 shows various
Molnupiravir ® concentrations. The calibration curve
method was used to conduct recovery experiments.
The latter is in the 99.19-101.85% range, with an
RSD of 0.21-1.15%, Table 8. As a result of the above
data the current study can be used as aa easy, precise,
and economic tool for analysis of Molnupiravir
capsules® free from interferences.

Table 8: Estimation of the suggested method's precission using MPV's pharmaceuticals, urine, and spiked human serum samples

Concentration 240 nm 285 nm
pg/mL Recovery%* RSD%  t-test F-test Recovery%*. RSD%  t-test F-test
Raw material
15.44 100.78+0.54  0.54 0.19  6.02 99.52+0.76 0.76 0.15 0.33
23.16 99.19+0.32 0.32 027 256 101.85+0.21 0.21 157  0.21
30.88 101.33£0.46 045 1.64  0.12 100.51+0.66 1.15 0.26 1.27
MPV® (500 mg MPV/capsule)
19.21 98.98+0.95 1.67 144  0.63 101.51+0.66 1.12 0.60 1.31
28.81 100.38+0.63 1.08 0.27 1.44 99.91+0.62 1.06 1.19 1.51
38.41 100.82+1.03 1.77 0.04 1.61 100.80+0.63 1.08 0.03 1.46
Spiked human serum
15.44 101.18+0.59 1.02 0.03 1.63 101.85+0.72 1.23 0.85 1.09
19.21 102.25+0.72 1.21 1.89 1.09 102.06+0.57 0.97 1.15 1.72
Spiked human urine
19.21 99.70+0.65 1.13 1.85 1.35 99.99+1.10 191 054 213
23.16 100.74+0.74  0.74 0.01 3.08 100.81+0.69 1.20 0.21 2.54

t-tabulated  2.78 at 95% confidence limit
3.3.5. Statistical Treatment

To verify the current study, a statistical
comparison with another previously published tool
(HPLC[11]) was carried out. The accuracy was
measured by calculating the t-test while the precision
was done by F test, Table 8. The tabulated values are
2.78 and 3.179 for t- and F-tests, respectively [36] at
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F- tabulated 3.179

a 95% confidence limit. Table 8 shows that the
obtained values are lower than the tabulated ones
proving the method’s precision and accuracy.
Moreover, one way ANOVA test was used
to demonstrate the difference between the measured
recoveries [37]. It was found from One way
ANOVA’s results that, As F,, is less than F,,,., Table
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9 shows that there is no difference in the achieved
recoveries of the various concentrations.

Table 9: One-way ANOVA of the recovery values

Variation Some of Mean F

source squares squares  calculated =
Between ) 09 1 0.9

concentration

Within groups 4.0 8 0.5 1.8 0.217
Total 4.9 9

4. Conclusions

Molnupiravir (MPV) was examined in raw
materials, pharmaceutical formulations, and
biological fluids using a green, accurate, linear, and
cost-effective spectrophotometric approach.
Theoretical spectroscopic analysis of MPV molecule
was determined utilizing quantum chemical
simulations with DFT. Additionally, using DFT
B3LYP/6-311G** level, a geometrical study for the
medication was computed, which supports the
experimental findings. Utilizing various experimental
spectroscopic methods, including FTIR, 1HNMR,
and mass spectrometric analysis, the structural
research of the medication was completed. Based on
UV analysis at two wavelengths, 240 and 285 nm, the
analyte was identified. The only solvent employed in
this investigation was double-distilled water, making
it considered green. Up to 35.0 pg/mL may be
measured linearly with a r* of 0.997. The values for
recovery are in the range 96.5 to 103.4%. Statistical
calculations of the obtained data were carried out
using F-test, t-test, and one way ANOVA test.
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