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Abstract

Although vaccination for “Coronavirus disease 2019 is currently available, effective antiviral therapy is of great importance.
The presence of easily administrated oral antivirals was a goal since beginning of the pandemic. The end of 2021 witnessed the
emergency use authorization to Merck oral antiviral drug Molnupiravir (MOL). This study presents three analytical procedures
to assay MOL in its raw material and dosage form. Method I: direct spectrophotometric measuring at Amax 233 nm using
methanol as a solvent. Method Il: HPTLC method, using methanol and glacial acetic acid as mobile phase followed by
densitometric scanning of MOL bands at its Amax. Method I111: RP-HPLC-DAD procedure, where MOL is separated only in 5
minutes, using isocratic elution of acetonitrile and distilled water acidified with orthophosphoric acid (pH 3) with ratio 87:13
(flow rate 1 mL/min.). The DAD detection was done also at 233 nm. These methods were validated to be ready for MOL rapid
quality control assay in its fast massive production with good linearity correlation coefficients in ranges of 2.5-20 pg/mL, 0.03-
0.38 pg/band and 0.025-10 pg/mL, for methods I, II & 111, respectively. Limits of detections of 0.53 pg/mL, 0.01 pg/band &
0.005 pg/mL of methods I, I & 111, respectively show the proposed methods’ sensitivity. In addition, the three methods were
applied for assaying MOL in laboratory prepared capsules to prove the methods’ selectivity. Finally, the greenness of the three
proposed methods was assessed & compared to those of the previously reported methods for MOL single assay by AGREE
metric for greenness assessment.
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1. Introduction

Still the pandemic of “Coronavirus 2019” disease is
the major concern of scientists and researchers
worldwide. Several types of vaccines now exist that
are highly effective.]1] However, rapid viral
mutations, lack of full immunization and
immunocompromised patients who may not be fully
protected by vaccination, makes developing a
treatment for this disease is essential.[2]

At the beginning of the crisis, the only available
treatment was the symptomatic one together with
trying already existing drugs such as antimalarial drug:
hydroxychloroquine, antiparasitic drug: ivermectin
and antibacterial: azithromycin and many more drugs.
[2, 3] The huge hope was reaching an oral antiviral
treatment specific for Covid-19 that can be readily
prescribed to patients with moderate or mild infections
without having to be administrated to hospital for
treatment. [1]

Antiviral drugs such as Remdesivir and favipiravir
work by inhibiting RNA polymerase enzyme (RPE)

which proved to be the most successful and specific
target against the virus causing Covid-19. However,
current available form of Remdesivir is intravenous
vials and favipiravir is an orally active antiviral but has
poor pharmacokinetic profile and did not gain the
EUA from the FDA.[2, 4]

A new RPE inhibitor developed by Merck is
Molnupiravir  (MOL, EIDD-28011/ MK-4482)
(C13H19N3O7)  ((2R,3S,4R,5R)-3,4-dihydroxy-5-(4-
(hydroxyamino)-2-oxopyrimidin1(2H)-yl)
tetrahydrofuran-2-yl) methyl isobutyrate, (Fig. 1).

MOL is an oral drug with good pharmacokinetics
proved to inhibit “severe acute respiratory syndrom
coronavirus-2” (SARS-CoV-2), the virus causing the
“Covid-19 disease”, and reduce its load. [2] In
addition, MOL showed potential inhibitory effect on
the new Omicron variant in some studies. [5]

Finally on December, 2021, the U.S. FDA “Food and
Drug Administration” granted EUA for MOL to be
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Figure 1: Chemical structure of Molnupiravir (MOL)

used in confirmed mild to moderate cases of Covid-19
(18+ years patients) who may be prone to severe
complications and in case alternative authorized
treatments are not an option. It should be
administrated within five days from the beginning of
symptoms by prescription only for five consecutive
days.[6] Several companies started manufacturing the
raw material and products of MOL, the oral Covid-19
antiviral medication, to supply to many low & middle-
income countries.[7] Since there is a race to
provide the Covid-19 antiviral pill in the market, it is
of great urge to develop analytical methods for its
assay in bulk powder and its marketed capsules. The
methods must be simple and cheap yet sensitive to be
used for its routine analysis in quality control labs
especially in developing countries.

A literature survey for analytical methods for MOL
single assay showed very limited results including a
stability indicating HPLC method and a HPLC-MSMS
method for assay of MOL in presence of its metabolite
in biological matrix [8,9] No enough analytical
methods are yet available and subjected to enough
validation for this new drug single rapid assay. Thus,
the aim of this work was to develop simple analytical
techniques for MOL routine sample analysis.

2. Experimental

2.1. Instrumentation

2.1.1. UV/VIS Spectrophotometer for Method |

A UV-Vis spectrophotometer (Thermo-Spectronic)
connected to Harvest computer system was used for
the spectrophotometric measurements using 1-cm
quartz cells.

2.1.2. HPTLC for Method Il

For the second method, silica gel-60 HPTLC
plateseass, from E. Merck, Germany, (20x10 cm &
250 mm thickness) for MOL assay were used. A 100
pL Camag microsyringe & Linomat IV applicator
(Switzerland) injected the sample (10 uL) as 5 mm
bands on the plate. The bands were 4 mm apart and
15 mm away from the plate’s bottom. Mobile phase of
methanol & glacial acetic acid (10:0.05) developed the
plates in Camag chamber (20x20 cm) followed by
densitometric scanning using deuterium lamp and
Camag scanner-111. CAMAG CATS software was also
used for data analysis.
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2.1.3. HPLC for Method 111

HPLC-DAD system (Agilent 1200, USA) with an
automated injector, quaternary pump, vacuum
degasser and diode array detector was used. A
reversed phase Interstil-ODS -3 (150 x 4.6 mm) 5um
column at 25°C was used for MOL assay.

2.2. Materials

HPLC-grade methanol and acetonitrile (Fischer
Scientific, UK), orthophosphoric acid and glacial
acetic acid (Sigma-Aldrich Chemie GmbH, Buchs,
Switzerland) were used. Filtered double-distilled
water was also used throughout the work. EIDD-2801
- Molnupiravir (MOL) (= 98 % purity) was obtained
from Merck-SA, Dermstadt, Germany.

2.3. Standard solutions & calibration curves

A 250 pg/mL MOL stock standard solution was
prepared in methanol (stored at 4°C for two weeks).
Calibration standards, in the concentration range for
each method, were prepared by further dilution using
methanol. Calibration curves and regression equations
for each method were constructed where the responses
were plotted versus drug concentrations.

2.4. Analysis of laboratory-prepared
pharmaceutical preparation

A portion of capsules powder (MOL active ingredient
mixed well with small amount of common capsule
excipient supplied by Pharco Pharmaceuticals Co.,
Alexandria, Egypt and composed of maize/ starch/
microcrystalline  cellulose/  magnesium  sterate/
hydroxyl propyl methyl cellulose/ silica) [10]
equivalent to 25 mg MOL was weighed and accurately
transferred into a 25-mL volumetric flask using 10 mL
methanol. After sonication for 10 min, dilution to
volume by methanol and filtration, appropriate (uL)
portion of the prepared sample filterate was transferred
into 10-mL volumetric flask and completed to volume
with methanol to reach a concentration in the linearity
range of each method. Each procedure was then
performed as described earlier on the sample prepared.
2.5. Analysis of Spiked Human Plasma (Method 111
selectivity test)

Aliquots from a MOL diluted methanolic standard
solution (75 ug/mL) prepared from its stock (250
pg/mL) were added to 250 uL plasma samples to
prepare three samples with different MOL
concentrations (3, 6, 10.5 pg/mL plasma). The
solutions were vortexed for 3 min. after adding 500 pL
acetonitrile for protein precipitation. Centrifugation
was then done at 14000 rpm (-4 °C, 15 min) and 20 pL
of the supernatant was carefully injected into the
HPLC system.

2.6. Procedure

2.6.1. Spectrophotometric method (Method I):

Direct measurement of absorbance readings "A" at
Amax 233 nm was done for determination of MOL. The



SIMPLE GREEN SPECTROPHOTOMETRIC & CHROMATOGRAPHIC ASSAY OF THE ORAL ANTIVIRAL .. 127

calibration standards were prepared in 10 mL
volumetric flasks by taking appropriate volumes in the
range of 0.1 — 0.8 mL from the MOL methanolic stock
standard solution (250 pg/mL) and completed to
volume. The prepared calibration standards in the
concentration range stated in table 1 are measured
against methanol as a blank in the spectrophotometer
to determine their absorbance readings at Amax 233 nm.
2.6.2. HPTLC (Method I1):

Using a micropipette, accurate volumes of 120 - 1520
pL of MOL standard stock solution (250 pg/mL) were
added to 10-mL volumetric flasks then completed to
volume using methanol to achieve calibration
standards with concentration ranges of 3-38 pg/mL.
Triplicate 10-uL portion of each solution was applied
to the TLC plate to obtain final concentrations in table
1.

After saturating the chamber for 30-min with 20 mL
of the previously mentioned mobile phase, the plate
was developed for 12 min in ascending mode, and
allowed to air-dry for 10 min. The plate was then
scanned at Amax Of MOL (233 nm) under the following
conditions: absorbance mode, deuterium lamp, 6 mm
band width, 20 mm/sec. scanning speed and slit
dimensions of 5 x 0.45 mm.

2.6.3. HPLC (Method I11):

For the HPLC work, MOL stock solution was further
diluted to a 50 pg/mL working solution. The
calibration standards were then prepared by
transferring accurate volumes of 5 — 2000 puL from
MOL working solution (50 pg/mL) into 10-mL
volumetric flasks and diluted to volume with methanol
to reach the concentration ranges in table 1. Triplicate
20 pL injections were done for each solution and
analyzed on the HPLC column at 1 mL/min flow rate
using isocratic elution by a mobile phase of
acetonitrile and distilled water acidified with
orthophosphoric acid (pH 3) with ratio 87:13, v/iv &
DAD-detection also at 233 nm.

2.7. Validation parameters evaluation:

All validation parameters including: linearity and its
range (by plotting calibration lines), limits of detection
& quantitation, accuracy (by calculating % recoveries
& % Ep), inter & intra-day precision (percentage
relative standard deviation estimation), selectivity,
robustness and solution stability have been assessed in
details and measured to ensure methods’ validation.
3. Results and Discussion

Three simple, green & cheap methods were developed
for MOL assay in its drug substance and product with
minimal analysis steps. Also, all validation
parameters have been checked to ensure the three
methods’ validity.

The proposed methods have been compared to the two
previously published methods for single assay of MOL
in supplementary table 1. The proposed methods are
considered greener and less time- consuming. The
proposed methods also use simple instruments, unlike
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mass spectroscopic techniques that will not be widely
available in developing countries’ laboratories who
need fast and simple quality control assay of MOL to
face the pandemic with this oral antiviral therapy. Also
it is well known that RP-HPLC methods are more
applicable for pharmaceutical routine analysis
compared to LC-MS/MS methods. The proposed
HPLC method also provides higher sensitivity
compared to the reported stability indicating HPLC
method. Regarding the HPTLC method proposed; as
previously documented in many researches, HPTLC is
known to be better alternative than HPLC due to its
high through put analysis where we can run several
samples in one run thus reducing analysis time. In
addition, besides its lower cost, HPTLC consumes
much less amount of solvents and produce less waste
compared to the other chromatographic methods. Thus
for routine sample analysis, which is the target of this
study, the reported HPTLC can be considered better
option compared to the reported HPLC & HPLC-
MS/MS methods. Although, direct spectrophotometry
did not provide high sensitivity compared to the other
reported chromatographic methods, it is a simple,
cheap and rapid technique with low solvent
consumption that still provides enough sensitivity for
MOL routine analysis in its dosage forms which is the
target of this study.

3.1. Method I: due to the novelty of the studied drug,
no simple direct & valid spectrophotometric method
was developed before for its quantitation. Common
solvents as methanol, acetonitrile, water, agqueous
sodium hydroxide (0.1 N) and aqueous hydrochloric
acid (0.1 N) were tried to reach the highest Absorbance
values of MOL. (Fig. 2) All solvents had comparable
readings, except for sodium hydroxide (0.1 N) which
caused decrease in absorbance value which may be
attributed to the fact that MOL is an ester prodrug that
may be hydrolyzed in alkaline medium. Thus, in order
to decrease the number of sample preparations and
unify the solvent used in the three methods, the solvent
of choice was methanol.
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Figure 2: Effect of different diluting solvents on
Absorbance values of MOL.

By simple spectrophotometric scanning of MOL, it
showed two Amax at 233 and 275 nm. (Fig. 3) Thus,
simple assay of MOL was achieved using direct
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measurements in methanol at 233 nm as it gave higher
sensitivity compared to 275 nm.
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Figure 3: Absorption‘y'éurve of increasing
concentrations of MOL in methanol.

3.2. Method Il: HPTLC is known to be a green
technique that is used in separation of complex
mixtures due to its minimal use of solvents, low waste,
high sample through put and low cost per run. [10,11]
MOL HPTLC assay was achieved at R¢ (0.93 = 0.02)
using just methanol and glacial acetic acid (10:0.05,
v/v respectively) with detection at 233 nm as shown in
Fig. 4.

Different solvents were tried (methanol, water and
ethanol). Most of these solvents and their
combinations did separate MOL, but the cleanest
assay with minimal solvent front was achieved using
just methanol. Different volumes of ammonia and/or
acetic acid were added to the mobile phase to adjust
the system's pH and reduce peak tailing. Effect of pH
was not significant. However, acidic medium was
better as it reduced the solvent front, gave clearer
chromatogram and yet achieved a symmetrical peak
for MOL. The two Amax Of MOL were tried, and 233
nm was chosen for higher sensitivity.

A

Figure 4: HPTLC (10 pL band volume) chromatogram
of 0.38 pg/band MOL.

3.3. Method 111: The proposed HPLC method was
optimized to achieve a valid assay of the target drug.

For stationary phase selection and optimization: A
simple ODS (150 x 4.6 mm) column was used and the
results were comparable with trying a Cg column of the
same dimensions. However, the clearest separation
with least noise was achieved using the ODS column.
For Mobile phase selection: Both acetonitrile and
methanol were tried as being the usual organic
modifiers but acetonitrile gave lower instrument
pressure, more symmetrical & reproducible peaks with
minimal tailing for MOL. Different aqueous phase
buffers such as phosphate, acetate and formate at their
different optimal pH values (pH 3.0-7.0) resulted in
distortion of the baseline and huge solvent fronts
which interfered in MOL peak. Meanwhile, just
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acidified water with orthophosphoric acid at pH (3)
gave symmetrical MOL peaks at clear baseline.
Increasing the pH beyond 3 caused significant peak
tailing. The chosen wavelength for MOL detection
using the HPLC method was 233 nm also as it caused
significant increase in MOL sensitivity at R; of 4.58
0.08 (Fig. 5).

Figure 5: HPLC (10 pL injection volume)
chromatogram of 10 pg/mL MOL.

System Suitability parameters were as follows:
Capacity factor (k’) = 2.53, Asymmetry factor (As) =
0.91 and Column efficiency (plates/m) = 2200. All
within the acceptable FDA limits.[12]

3.4. Validation to the three methods

All validation parameters were verified according to
the ICH guidelines. [13]

Linearity and Range: Calibration graphs were done
by plotting either the “A” values of method I or peaks’
areas of methods Il & I11 versus MOL concentrations
showed linearity with high r value (0.99 and higher).
All regression parameters & the limits of detection and
quantitation (LOD & LOQ) are summarized in Table
1. LOD and LOQ were calculated via ICH [13]
[LOD=3.3 /S and LOQ=10 o/S] (oc: intercept
standard deviation & S: slope) for the spectroscopic
method. For chromatographic Methods Il & 111 with
baseline noise: concentrations of “Signal/Noise” ratio
of “3/1” and “10/1” were considered the LOD and
LOQ, respectively. (Supplementary Fig. 1 & 2)
Table 1: Regression parameters of the proposed
methods for determination of MOL.

Parameter | Method | | Method Il | Method Il
Linearity range 2.5-20 0.03-0.38 0.025-10
yrang pug/mL pg/band pg/mL
1.60 0.03
LOQ ngmL ug/band 0.02 pg/mL
0.53 0.01
LOD ey ug/band 0.005 pg/mL
Intercept, (a) 9'442)( 1r 993.52 31.15
siope,0) | 429 X107 | 254966 26.43
Correlation
coefficient, (r) 0.9997 0.9982 0.9995
Standard .
deviation of 6'843)( 10 18.14 2.42
intercept, Sa
Standard -
deviationof | > 72X107 | g1 0.48
slope, Sb
Standard -
deviation of 8'353)( 10 25.41 4.15
residuals, Syx
F 5595.83 875.25 3013.36
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5.26 x 10
6

8.48x10° | 1.33x10°%

Significance F

Accuracy & Precision: Replicates (n=5) at 3
concentration levels were analyzed on same day for
"accuracy & intra-day precision™ and on different days
for "accuracy & inter-day precision” evaluations. The
results in Table 2 indicate high accuracy & precision
of the three methods. All % recoveries, % E; and %
RSD are within acceptable limits + 2 %.

Table 2: Accuracy and Precision validation.

(ug/mL(?r?:fl:éthods | Mean %
b
Method & 111 — method 11 in Recov%r)g + E, %
pg/band) RSD%
(a) Accuracy and intra-day precision (repeatability)
Method 25 101.75+£0.90 | 1.75
I 10 100.94£0.51 | 0.94
20 99.92+0.65 | -0.08
0.03 98.30+£0.88 | -1.70
Method 0.10 101224121 | 1.22
0.30 100.55+0.97 | 0.55
0.025 101.68 £1.20 | 1.68
M‘“:tITOd 1 101.85+1.05 | 185
10 100.22 £0.70 | 0.22
(b) Accuracy and inter-day precision
2.5 10155+£1.50 | 1.55
Metlh"d 10 100.20 +0.99 | 0.20
20 101.36 £1.20 | 1.36
0.03 99.50£1.01 | -0.50
Method 0.10 100.65+1.33 | 0.65
0.30 101.50 +£1.25 1.50
0.025 101.22+1.90 | 1.22
Meltlrl‘"d 1 98.76 +1.77 | -1.24
10 100.99 £0.97 | 0.99

a. Percentage relative standard deviation
b. Percentage relative error.

Selectivity: Selectivity was demonstrated by applying
the methods for MOL assay in presence of its
capsules’ probable excipient without any interference
(Table 3). In addition, MOL HPLC & HPTLC peaks
were evaluated for their purity. The HPLC purity angle
of all samples was within the acceptable threshold
limit, showing no interference. (Fig.6a) Overlapped
spectra recorded at different time intervals across the
HPLC peaks also indicate peak purity (Fig.6b).

Table 2: Application in laboratory prepared
harmaceutical preparations.

% Found £ RSD % (n=5)

Reporte
Lab- Medtho Metho | Metho d
prepared dli dn method
labs I [9]
100.98 101.65 101.50 101.98 +

+0.87 +1.99 +1.45 0.55
Students | | | | -
> t- test 0.29 0.19 0.66
"
Variance | | | | -
ratio F- 0.41 0.69 0.69
test (F)"
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*Theoretical values of t and F: 2.31 & 6.39,
respectively, at 95% confidence limit.

(a)

(b)

Figure 6: (a) Purity plot of MOL peak & (b) Absorption
spectra illustrating peak purity of MOL obtained from
its laboratory prepared capsule solutions for the HPLC
method.

To demonstrate the HPLC method’s selectivity, assay
of MOL was done in spiked plasma samples. The
purpose of MOL assay in plasma by the proposed
HPLC method was only to ensure the method’s
selectivity that even in complex matrix, it was able to
determine MOL concentration accurately. High %
recoveries from 95 to 97% and low % RSD values <
2% for the three different spiked MOL concentrations
when compared to equivalent standard concentrations
proved the high selectivity of the developed HPLC
method in this study (Supplementary table 2 &
supplementary fig.3 ).

For HPTLC method: The purity of MOL sample spots
was shown by comparing their R¢ and spectra with
those of the standards. Peak purity was tested by
comparing spectra at different points: S, M & E which
are peak start, peak apex & peak end, respectively. The
calculated r (S, M) and r (M,E) values were not less
than 0.999, which indicates the peaks’ homogeneity.
Robustness: Intended significant changes in the
conditions resulted in no variations neither on peaks'
areas nor MOL retention. Table 4 shows that RSD %
values of all peak areas were less than 2 and standard
deviations of R; or Rs were also very low.

MOL Solution Stability: After preparation of MOL
standard and sample solutions, they were left at room
temperature for 1 to 6 h and then analyzed by the three
methods at different time intervals. No change in the
results of all methods indicating the stability of drug
solutions for at least 6 h, which is sufficient time to
complete the drug analysis.

3.5. Analysis of Pharmaceutical Preparation

Since MOL capsules are still not available in our
markets, the applicability of the methods was tested by
determination of MOL in presence of common
capsules ingredients. The recovery results were
acceptable and also RSD% values less than 2 (Table
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3) indicate the methods are selective for MOL even in
presence of other excipients and can be used for MOL
assay in its capsules. The three methods were also
compared to a reported method [9] using t- test & F-
test and the results were comparable with no
significant difference. The reported method was an
HPLC method with isocratic elution using acetonitrile:
water (20:80 v/v) & detection at 240 nm.

Table 4: Robustness determination (n=3) for MOL

represented in a color of green, yellow & red. The
overall greenness performance of the 12 sections is
colored, written in the middle and scored within 0 to
1. As shown in table 5, the clock-like graph shows an
overall AGREE score of 0.76, 0.69 and 0.61 for our
spectrophotometric, HPTLC and HPLC methods,
respectively. All were with green color indicating low
impact on the environment. Only one red was found in
the three methods representing the off-line sampling
that occurs in the analytical quality control
laboratories of pharmaceuticals. The
spectrophotometric method was the greenest method
due to lack of any reagents used and high number of
samples that can be analyzed in an hour. The HPTLC
method greenness followed the spectrophotometric
method and greener than the HPLC method and this is
attributed to the less waste, less solvents and no buffer
and more number of samples that can be analyzed in
an hour. In comparison with the reported methods [8,
9], the proposed spectrophotometric and HPTLC
methods showed greener assessment than both
reported methods. Our HPLC method showed similar
greenness to that the reported HPLC [9] method but
with an advantage of higher sensitivity. The reported
HPLC-MS/MS method [8] showed the least green
assessment due to the analysis in biological fluids and
many tedious extraction procedures and due to high
waste.

Table 5: Assessment of the greenness of the 3
proposed and 2 reported methods using AGREE
[16] tool.

assay using the proposed chromatographic
methods.
HPTLC HPLC-DAD
HPTLC method HPLC method
Parameters ROSD Para- RSD | gy
tested % Rf £ meters % sD
peak SD tested peak
areas areas

1) Mobile 1) Mobile
phase phase
compositio ratio
n 093+ | [+1 % 155257;

[methanol: gl. | 1.09 | 1.15x | aqueous 062 | iO*

Acetic  acid 102 | phase] 3

(10: 0.1, 10:

0.2 and 10:

0.05 (viv))]

2) Mobile 2) Flow 4591
phase 093 + rate +
volume 055 | 577x | [1 + 01| 059 6.66

[15, 20 and 25 10 | mL/min] x 10~

mL] 3

. 3) Colum 4.598

3) sDal:E?EtczgnOf 0.94 rl temp.O +

[30,40and50 | %0 | 577> E:Z]S Cx2) 099 551

min] 3

4) Time from 4)pH  of 4599
chromatog 0.93+ the +
raphy 10 | g7 | 115x | AUEOU |44 | 5gg
scan ' '10,2 s phase ' < '10,

[10, 20, 30 and [3£0.2] 3

60 min]

5L (+ 2 4591

0.94 nm) +
5)% (x2nm) | 1.10 | 1.00x 094 | 1.00
102 x 10~

3

3.6. Assessment of Method Greenness

Green and eco -friendly practices have been recently
adopted in different analytical procedures such as
using green  sample  pretreatment,  using
environmentally friendly solvents and reagents,
consuming less energy and shortening analysis
times.[14,15] Greenness assessment was done using
“Analytical GREEnness” Metric Approach [16]
(AGREE), a new method introduced in 2020. AGREE
assessment is based on the twelve principles of “Green
Analytical Chemistry” (GAC) and is represented in a
clock-like graph composed of 12 sections representing
the 12 GAC principles. Each section is assessed and
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Spectrophotomet HPTLC HPLC
ric method method method
s g g
Reported

HPLC-

Reported HPLC method [9] MS/MS
method [8]

Ry Ry
faz) %o
s R

4. Conclusion
Since MOL is a newly marketed drug that has been
launched as the first oral antiviral against SARS-Cov-
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2, no valid analytical method is currently available for
its routine assay. Three simple yet sensitive methods
were developed to analyze MOL in its capsules. The
proposed methods have the advantages of being
simple and of low cost without the use of complicated
instruments which make them suitable for developing
countries who need valid MOL assay for fast
launching of the drug in the hope to face this
pandemic with an oral treatment.
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