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Abstract

There is no currently successful method to treat Covid-19 infection. Nevertheless, previously
licensed pharmaceuticals to treat other virus infections are used on an off-label basis either
alone or in combination. One of them is favipiravir. Favipiravir, also known as favilavir, is an
antiviral drug that is active against many viruses. Spectrophotometric and liquid chromatographic
methods have been developed and validated for the quantitative determination of favipiravir in
pharmaceutical formulations. Chromatographic method has been performed using reverse-phase
technique on a C-18 column with a mobile phase consisting of sodium acetate solution (pH
adjusted to 3.0 with glacial acetic acid) and acetonitrile (85:15, v/v) at 30 °C. The mobile phase
flow rate was 1.0 mL min™'. For the determination of favipiravir, UV spectrum has been recorded
between 200 and 800 nm using deionized water as solvent and the wavelength of 227 nm has
been selected. Both methods have been validated in terms of their specificity, linearity, limits of
detection and quantification, precision, accuracy, and robustness. Both methods have demonstrated
good linearity, precision and recovery. No spectral and chromatographic interferences from the
tablet excipients were found in spectrophotometric and liquid chromatographic methods. In both
methods, correlation coefficients were greater than 0.999 within a concentration range of 10—60
mg mL-' using spectrophotometry and chromatography. Intra-day and inter-day precision were
observed with low relative standard deviation values. The accuracy of the methods were within
the range 99.57-100.10% for LC and from 99.83-100.45% for UV. Therefore, both methods gave
the most reliable outcomes for the determination of favipiravir in pharmaceutical formulation.
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Introduction

The number of cases of Covid-19 would
certainly be in the millions, according to
the latest WHO report. According to data
revised on 28 September 2020: more than
995 thousand deaths and more than 32 million
worldwide cases (1).

The intermediate host of Covid-19 is
unknown yet to date, and there is no successful
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treatment method to treat Covid-19 infection.
Currently, some pharmaceutical agents are
used on an off-label basis, either alone or in
combination. However, we need more evidence
and confirmation to achive a gold standard
clinical treatment with high effectiveness and
low side effect. Several Covid-19 clinical
trials are currently underway on previously
licensed pharmaceuticals to treat other virus
infections (2).

Bromhexine, Arbidol, Hydroxychloroquine,
Ruxolitinib, Baricitinib, Oseltamivir, Emtrici-
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tabine, Atazanavir, Lopinavir, Darunavir, Da-
noprevir, Noscapine, Remdesivir, Favipiravir,
Ribavirin, Tocilizumab, Siltuximab, Fingoli-
mod and Thalidomide are drugs approved to
treat other viral infections. The efficiency for
treatment of Covid-19 of these drugs is being
investigated.

Favipiravir is an antiviral drug that is
active against many RNA viruses, also
known as favilavir. Favipiravir (6-fluoro-3-
hydroxypyrazine-2-carboxamide) is a pyra-
zine analog (Figure 1). The mechanism of
action is linked to transcription inhibition and
viral gene replication which finally prevents
the synthesis of viral RNA inside infected cells
3).

It has been shown that favipiravir has an
anti-viral effect on several RNA viruses, such
as influenza-resistant viruses, bunyaviruses,
filoviruses, arenaviruses, Yellow Fever, Rift
Valley Fever, Western Equine Encephalitis,
West Nile, Mouth and Foot Viruses, Avian
Influenza and Norovirus (4-8).

Favipiravir has been assessed in the
treatment of Lassa, Ebola, Hanta, and now
the Covid-19 virus (9-12) due to its wide
range of anti-viral coverage. In an open-label,
non-randomized control trial in China, the
effectiveness of favipiravir versus LPV/r in
Covid-19 was evaluated. Drug safety, viral
clearance, and changes in chest CT were
investigated in two groups of patients. The
results have shown major changes in chest
imaging, few adverse effects and a shorter
time for viral clearance in the favipiravir
group compared with the control group (13).

Several clinical studies are ongoing
to assess the benefits of favipiravir in
coronavirus disease. The potential candidate
drug for Covid-19 disease is considered to be
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Figure 1. Chemical structure of favipiravir.
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Favipiravir. The key benefits of favipiravir
are that it can be delivered orally and given
in symptomatic patients but not sufficiently ill
to be taken to a hospital. Since many people
with mild to moderate Covid-19 patients can
be treated at home, this drug can be used in
a significant number of patients. However,
favipiravir must be administered early after
the onset of symptoms to successfully reduce
viremia, as with any antiviral drug. Its role in
potentially shortening the time of viral spread
can also have an epidemiological effect, as
viral replication can be reduced at home and
in society (14).

Because of its importance in treating
Hanta, Lassa, Ebola, and Covid-19 virus,
there is no monograph of favipiravir in USP,
EP, and British Pharmacopeia. In addition,
there are several methods related to the
analysis of favipiravir in pharmaceuticals in
the literature. There are two published liquid
chromatographic methods for determining
favipiravir assay and impurities in active
pharmaceutical ingredients (15, 16). A grad-
ient liquid chromatographic method was used
for chromatographic separation and the run
time was 60 min in both of these methods,

Because of its high sensitivity and
accuracy, liquid chromatographic is a
more widespread method in quality control
laboratories. Spectrophotometric method 1is
very simple, as no reagent, pH adjustment
or extraction technique is necessary. To this
end, a spectrophotometric and an liquid
chromatographic method were developed and
validated to quantify favipiravir in pharm-
aceutical preparations. The findings obtained
by these techniques have been statistically
compared using variance analysis. They also
assessed the reliability and feasibility of these
methods focusing on quality control analysis.

Experimental

Equipment

Chromatographic analysis was carried
out using an Agilent 1260 series liquid
chromatograph equipped with an ultraviolet
(UV) detector, a quaternary pump, a vacuum
degasser, a column oven, and Chemstation
software. The present study also utilized a
Mettler-Toledo electronic balance (Mettler



-Toledo, Switzerland), a Milli-Q water
purification  system (Millipore, USA),
and UV-Visible spectrophotometer with a
double beam using 1.0 cm quartz cells and
UVProbe software (Shimadzu UV-1800
spectrophotometer, Japan).

Chemicals

In this analysis, analytical grade chemical
compounds were used without further
purification. Sodium acetate, glacial acetic
acid, and acetonitrile were bought from Sigma-
Aldrich. Deionized water was purified using a
Milli-Q system (Millipore). Pure favipiravir
and Favicovir tablets were supplied from
Atabay Pharmaceuticals and Fine Chemicals
Inc. (Istanbul, Turkey).

Standard solutions

To create the calibration curve, the stock
standard solution of favipiravir (1000 pg
mL") was prepared in deionized water.
The subsequent stock solution has been
sonicated and filtered through a 0.22 pum filter.
Further, the stock solution was diluted with
deionized water to obtain standard solutions
at concentrations in the range (10-60 pg mL")
prior to analyses.

Sample solution

Ten tablets of favipiravir (Favicovir, 200
mg) have been weighed and crushed into
a fine powder. Accurately weighed tablet
powder containing 50 mg of favipiravir was
transferred to a 50 mL calibrated flask and
dissolved in 30 mL of deionized water. The
content was shaken for 30 min. The volume
was completed with deionized water to get
the concentration of 1000 pg mL-'. The final
solution was filtered using a Whatman filter

paper (No. 42)

Determination of 7,

First, the spectrophotometer was calibrated
to zero. Then the maximum absorption
wavelength of the favipiravir solution (30 pg
mL") was determined by scanning in the range
of 200 and 800 nm.

Conditions
Chromatographic analysis was performed
on a liquid chromatograph (Agilent 1260) with
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a UV—vis detector. Favipiravir were analyzed
at a flow rate of 1.0 mL min" using a mobile
phase composed of sodium acetate solution
50 mM (pH 3.0 with glacial acetic acid) and
acetonitrile (85:15, v/v). Before use, the mobile
phase was filtered and degassed through a
0.22 um membrane filter. An Inertsil ODS-
3 C18 (4.6 mm x 250 mm, 5.0 um particle
size) column was used and operated at 30 °C.
Favipiravir was detected with the UV detector
at 227 nm under room temperature. The run
time under these conditions was 10 minutes.
UV spectrophotometric method was carried
out on a double beam spectrophotometer
at 227 nm using 1.0 cm quartz cells for all
absorbance measurements.

Method validation

Both methods have been validated in
compliance with the recommendations of the
International Harmonization Conference on
the validity of analytical procedures (17, 18).
Validation parameters (Specificity, linearity,
the limit of detection and quantification,
precision, accuracy, and robustness) have
been investigated.

Specificity

The specificity of both methods was
assessed by comparing the spectrums and
chromatograms obtained from standard and
sample preparations that take part in the
pharmaceutical preparations.

Linearity

Standard calibration curves in both
methods were obtained by analyzing a series
of standard solutions. These standard solutions
have been prepared in triplicate, and linearity
was assessed using linear regression analysis.

Limit of detection and quantification

Limit of detection and quantification
have been determined using the slope of the
calibration curve (m) and standard error (s) as
displayed in the following equations.

LOD=3.3 xs/m
LOQ =10 x s/m
Precision

The precision of both methods was
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analyzed in terms of both repeatability
(intraday precision) and intermediate precision
(interday precision). The repeatability was
determined from five replicated injections
of a freshly prepared favipiravir solution
(30 ug mL") in the same equipment on the
same day. In order to determine intermediate
precision, the experiment was also replicated
by analyzing the newly prepared solution at
the same concentration on three consecutive
days. Precision was expressed as R.S.D.% of
a series of measurements.

Accuracy

The percentage recovery was determined
by using three preparations of three different
levels of the reference drug of favipiravir. The
findings were expressed as the percentage
of favipiravir recovered in the sample and
R.S.D.%.

Robustness
For the liquid chromatographic method,
samples were analyzed under different

circumstances like changes in mobile phase
flow rate (0.9 mL min' — 1.1 mL min"') and
in acetonitrile content (£10%) in the mobile
phase and the effect of system suitability
parameters have been observed. For the
spectrophotometric method, samples have
been analyzed under different circumstances
like changes in solvents used and detection
wavelengths.

Analysis of marketed formulations

Freshly prepared stock sample solution
diluted with deionized water to obtain sample
solution (30 ug mL"). This sample solution
was filtered using a filter of 0.22 pm and then
analyzed.

Result and Discussion

Chromatographic Method

A reversed-phase liquid chromatographic
method for estimating favipiravir in
pharmaceutical forms has been proposed. In
orderto getasuccessfulresult,chromatographic
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Figure 2. (A) Chromatogram of standard favipiravir (60 ug mL™"). (B) Chromatogram of blank solution. (C) Overlay
chromatogram (Standard solutions, 10-60 ug mL"). (D) Chromatogram of sample solution (40 pg mL™").



conditions were adapted. The chromatographic
procedure has been optimized to develop an
accurate and reproducible method. Different
conditions such as mobile phase compositions,
different columns and configurations were
tested to achieve a sharp peak. The mobile
phase was chosen considering the peak
parameters (tailing, symmetry), analysis time,
easy preparation and cost. Figure 2 displays
the chromatogram produced of the favipiravir
standard and sample solutions using the
developed method. Favipiravir was eluted
to form a symmetrical peak, as seen in this
figure. The observed retention time (5.725
min) enables the rapid detection of favipiravir,
essential for routine research. The resulting
favipiravir peak showed that the flow rate of
1.0 mL min"! of the mobile phase consisting
of 50 mM acetate buffer (pH adjusted to 3.00)
and acetonitrile in the ratio of 85:15 (v/v)
on the column used was appropriate. In this
developed method, the peak was eluted with a
capacity factor of 4.62, a tailing factor of 0.776
and a number of theoretical plates of 11798.
The equation of the calibration curve
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was obtained from linear regression analysis
of the peak area versus the concentration
of favipiravir. Regression equation of the
calibration curve for favipiravir was calculated
as y = 47.143x + 16.941 at the range of 10-
60 ug mL'. The correlation coefficient (r’:
0.9999) indicates good linearity and high
sensitivity (Table 1). Limit of detection and
quantification were 0.40 and 1.10 pg mL",
respectively.

Repeatability (intraday) and intermediate
precision (interday) have determined the
precision of this method. Precision was expre-
ssedas R.S.D.% of a sequence of measurement.
Precision study data were presented in Table
2. The result obtained (R.S.D.%: 0.198) shows
a good intra-day precision. Inter-day precision
was also calculated from assays on three-day
tests, and a mean R.S.D% was 0.204.

The recovery of the analyte was determined
by adding different levels of the standard
analyte (80%, 100% and 120%) to the sample
solution and analyzing it in the same way. The
results of mean percentage recovery, R.S.D.%
and standard error were given in Table 3.
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Figure 3. Calibration curve of liquid chromatographic method.

Table 1. Linearity study data.

Parameter Spectrophotometric Method Liquid Chromatographic Method

Concentration Range (ug mL™")

Limit of detection and quantification (ug mL™")
Slope

Standard Error of Slope

Intercept

Standard Error of Intercept

Correlation Coefficient

Standard deviation of Residuals

10-60 10-60
1.4/4.3 0.4/1.1
0.0419 47.143
0.00052 0.2700
0.1122 16.941
0.0073 2.2000
0.9996 0.9999
1.00 0.29
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No significant changes in the system
suitability parameters were observed when the
organic content and flow rate of the mobile
phase were changed. Results were presented
in Table 4. The low R. S. D.% values showed
that the method was sufficiently robust.

Spectrophotometric method

The spectrum of a favipiravir solution in
water (60 pg mL™") against a blank has been
shown in Figures 4A and 4B. Three intense
absorbance peaks have been observed at 227,
324, and 363 nm. The most intense absorbance
peak (A ) was observed at 227 nm. Several
assays were carried out, and the best results
have been achieved when using the amplitude
from the valley at a wavelength of 227 nm to
the zero baseline. The overlay spectrum of
favipiravir standard solutions and spectrum of
sample solution were given in Figures 4C and

Table 2. Precision tests data.

4D.

Good linearity was achieved in the
concentration range of 10-60 pg mL' of
standard solutions of favipiravir (Figure 5).
The exact data obtained for the evaluated
methods are presented in Table 2. Less than
0.5 of R.S.D.% values have been determined.
This shows that both methods provide good
sensitivity, but the chromatographic method
is more sensitive than the spectrophotometric
method. Accuracy was studied using recovery
experiments using the methods developed.
Both spectrophotometric and chromatographic
methods displayed mean recoveries of close
to 100 percent, showing adequate accuracy
(Table 3).

The method’s robustness was evaluated
by testing the effect of minor variations on
experimental variables like changes in different
solvents and detection wavelengths on the

Spectrophotometric method

Precision parameters

Liquid chromatographic method

Absorbance* R.S.D. (%) * Peak Area* R.S.D. (%) *
Repeatability 1.375 0.364 1431.17 0.198
Intermediate Precision 1.372 0.372 1430.03 0.204
*(n =5 for repeatability; n = 15 for Intermediate precision); R.S.D. (%) = Percentage Relative Standard Deviation.
Table 3. Recovery tests data.
Methods Level of drug taken =~ Mean percent recovery* R.S.D. (%) * S.E.
80 100.45 0.4781 0.0762
Spectrophotometric method 100 99.83 0.5140 0.2963
120 100.19 0.5814 0.3350
80 100.20 0.4574 0.2646
Liquid Chromatographic method 100 100.14 0.2908 0.1683
120 99.87 0.4329 0.3350
*(n=3); R.S.D. (%) = Percentage Relative Standard Deviation; S.E. = Standard Error.
Table 4. Robustness study data.
Number of
Method Parameter Value Tailing factor . Content (%)
theoretical plates
Acetonitrile 9 0.775 11 824 100.15
Liquid Chromatographic composition% 11 0.739 11789 99.87
method Flow rate 0.9 0.753 11 624 99.78
(mL min™) 1.1 0.746 11 698 100.02
Methanol 100.25
. Solvent Ethanol 99.74
Spectrophotometric
method . Isopropyl alcohol 100.03
Detection 225 99.94
wavelengths 229 100.14
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Figure 4. (A) The spectrum of standard favipiravir (60 pg mL"). (B) Spectrum of blank solution. (C) Overlay
spectrum (Standard solutions, 10-60 pg mL"). (D) Spectrum of sample solution (30 pg mL™").
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Figure 5. Calibration curve for spectrophotometric method.

analytical performance. The minor differences
in each of the factors did not affect the findings
dramatically indicating the developed method
for routine analysis is reliable (Table 4).

Application of these methods to pharma-
ceutical preparations

Both methods developed and validated
have been successfully applied for the
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determination of favipiravir in pharmaceutical
formulations. Test results for a tablet containing
favipiravir sold in pharmacies were presented
in Table 5. The results are very close to the
amounts indicated on the label of the tablets.
The spectrophotometric and chromatographic
methods recommended in this report can be
applied appropriately to analyze favipiravir in
pharmaceutical preparations.
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Table 5. Method application results.

Spectrophotometric method

Liquid Chromatographic method

. Label claim Found favipiravir Assay% Found favipiravir Assay%
Formulation
(mg) (mg) +S.D. (mg) +8S.D.
Favicovir tablet 200 200.14 100.07 £ 1.00 200.05 100.03 £0.29
Conclusion (5) Segura Guerrero NA, Sharma S, Neyts J and

Spectrophotometric methods generally do
notrequire complex operations and procedures.
It takes less time and is economical. These
cases are advantages of the spectrophotometric
method over the liquid chromatographic
method. Statistically compared, the chromat-
ographic method is more precise and accurate
than the spectrophotomeric method. The
findings suggest that spectrophotometric and
chromatographic methods are appropriate
methods for quantifying favipiravir in
pharmaceutical dosage forms. Excipients in
tablets have not interfered with them, and
the mobile phase can be prepared very easily.
Because both recommended methods are
specific, simple, fast, precise and accurate,
they can be successfully applied for routine
quality control analysis in pharmaceutical
dosage forms of favipiravir.

Acknowledgments
The author thanks Atabay Pharmaceuticals
and Fine Chemicals Inc. for supplying
favipiravir reference substances and tablets
(Favicovir, 200 mg).

References

(1) World Health Organization (WHO), Coronavirus
Disease 2019 (COVID-19): Situation Rep. (2020)

6.
(2) Sahebnasagh A, Avan R and Saghafi F.
Pharmacological treatments of COVID-19.

Pharmacol. Rep. (2020) 72: 1446-78.
(3) Shiraki K and Daikoku T. Favipiravir, an anti-

influenza drug against life-threatening RNA virus
infections. Pharmacol. Ther. (2020) 209: 107512-

3.

(4) Furuta Y, Takahashi K and Shiraki K. T-705
(favipiravir) and related compounds: novel
broad-spectrum  inhibitors of RNA viral

infections. Antiviral Res. (2009) 82: 95-102.

64

Kaptein SJF. Favipiravir inhibits in-vitro Usutu
virus replication and delays disease progression in
an infection model in mice. Antiviral Res. (2018)
160: 137-42.

Caroline AL, Powell DS, Bethel LM, Oury TD,
Reed DS and Hartman AL. Broad spectrum antiviral
activity of favipiravir (T-705): protection from
highly lethal inhalational Rift Valley Fever. PloS.
Negl. Trop. Dis. (2014) 8: 2790-6.
Hayden FG and Shindo N.
polymerase inhibitors in clinical development. Curr:
Opin. Infect. Dis. (2019) 32: 176-86.
Rocha-Pereira J, Jochmans D and Dallmeier K.
Favipiravir (T-705) inhibits in vitro norovirus
replication. Biochem. Biophys. Res.
(2012) 424: 777-80.

Zhou C, Gao C, Xie Y and Xu M. COVID-19 with
spontaneous pneumomediastinum. Lancet Infect.
Dis. (2020) 20: 510-5.

Mentré F, Taburet AM and Gued; J. Dose regimen
of favipiravir for Ebola virus disease. Lancet Infect.
Dis. (2015) 15: 150-1.

Rosenke K, Feldmann H, Westover JB, Hanley
PW, Martellaro C, Feldmann F, Saturday G,
Lovaglio J, Scott DP, Furuta Y and Komeno T.
Use of favipiravir to treat Lassa virus infection
in macaques. Emerg. Infect. Dis. (2018) 24:
1696-7.

Safronetz D, Falzarano D, Scott DP, Furuta Y,
Feldmann H and Gowen BB. Antiviral efficacy of

(6)

Influenza virus

0

®)

Commun.

©)

(10)

an

(12)

favipiravir against two prominent etiological agents
of hantavirus pulmonary syndrome. Antimicrob.
Agents. Chemother. (2013) 57: 4673-80.

Cai Q, Yang M, Liu D, Chen J, Shu D, Xia J, Liao
X, GuY, Cai Q, Yang Y and Shen C. Experimental
treatment with favipiravir for COVID-19: an
open-label control study. Engineering. (2020)
6:1192-8.

Agrawal U, Raju R and Udwadia ZF. Favipiravir:
anew and emerging antiviral option in COVID-19.
Med. J. Armed Forces India (2020) 76:370-6.
Nadendla, Ramarao, and Patchala Abhinandana. A
validated high performance liquid chromatographic

(13)

(14)

(15)

method for the quantification of favipiravir by
PDA detector. Int. J. Life Sci. Pharma Res. (2021)



Analytical Methods for Quantification of Favipiravir in Pharmaceuticals

11: 181-8. of Technical Requirements for Registration of
(16) Bulduk I. HPLC-UV method for quantification of Pharmaceuticals for Human Use (2005).

favipiravir in pharmaceutical formulations. Acta (18) Yuwono M and Indrayanto G. Validation of

Chromatographica (2021) 33: 209-15. Chromatographic Methods of Analysis. Elsevier
(17) Guideline. ICH-Q2(R1) Validation of Analytical Publisher, Amsterdam (2005) 32: 243-59.

Procedures: Methodology Text and Methodology.

. o This article i ilable online at http://www.ijpr.ir
International ~ Conference on Harmonization is article is available online at http:// P

65



