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Abstract
Objective To develop Favipiravir, based predictive models of coronavirus disease 2019 (COVID-19) from small molecule 
databases such as PubChem, Drug Bank, Zinc Database, and literature.
Methods High Throughput Virtual Screening (HTVS) using different computational screening methods is used to identify 
the target and lead molecules.  CoMFA (Comparative Molecular Field Analysis) is a 3D-QSAR procedure depending on 
information from known dynamic atoms and eventually permits one to plan and anticipate exercises of particles.  These two 
analysis is used to train predictive models.
Results The predictive model achieved the highest accuracy score with a relatively small dataset size can be a subject of 
overfitting. Datasets with over 500 samples demonstrate an accuracy of about 85–95%, that can be considered as very good.
Conclusions From the result it is observed that Increasing level of potassium, sodium and nitrogen will lead to burst lipid 
bilayer membrane of virus which cause RNA replication rapidly. However, low level of sodium, potassium and nitrogen 
will help in the DNA polymerase inhibition and replication can be stopped. The best developed QSAR model in terms of 
the druggability and activity relation has been selected over the parent Favipiravir molecule for designing COVID-19 drugs 
may lead towards pharmaceutical development in future.
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Introduction

An episode of 2019-nCoV contamination that started in 
China had begun spreading to countries all over the globe 
[6, 17–19]. Lack of specific antiviral medications has been 
endorsed for treating COVID-19. Notwithstanding sug-
gested antiviral medications such as interferon-ɑ, lopinavir/
ritonavir, ribavirin, and chloroquine phosphate, few clini-
cal preliminaries emphasizing on infection RNA dependent 
RNA polymerase (RdRp) inhibitors have been enrolled and 
started. Favipiravir, a purine nucleic corrosive simple as well 
as a strong RdRp inhibitor supported which was used earlier 
in treating flu, is likewise thought to be in a few clinical 
preliminaries [21]. Be that as it may, no particular antiviral 
medications have been endorsed for treating COVID-2019. 
Interferon-ɑ, lopinavir/ritonavir, ribavirin, chloroquine phos-
phate, arbidol, and blends of the above-mentioned medica-
tions, are suggested in accordance with the 7th update of the 
Chinese National Health Commission's Treatment Regimen. 
Meanwhile, alternative conceivable pressing anticipations 
together with treatment choices are talked about elsewhere 
[13, 21].

Crisis endorsement of Favipiravir for a clinical prelimi-
nary in grown-up patients with NCP (2020L00005) was 
likewise declared in accordance with the National Medical 
Products Administration (NMDA) in China. Favipiravir is 
a pyrazine carboxamide subsidiary (6-fluoro-3-hydroxy-
2-pyrazinecarboxamide) as well as an expansive range of 
antiviral medication supported in Japan for treating flu [15]. 
Favipiravir is favorable in medicating which is intracellularly 
ribosylated and phosphorylated and also in shaping favip-
iravir ibofuranosyl-5′-triphosphate (T-705RTP), a dynamic 
metabolite [15]. T-705-RTP rivals purine nucleosides as 
well as meddle in viral replications by joining the infected 
RNA and accordingly hinders the RNA dependent RNA 
polymerase (RdRp) of RNA infections.

The 2019-nCoV genome sequencing distinguished the 
infection similar to a solitary-abandoned RNA beta-Covid 
with the RdRp quality like those of SARS-CoV and MERS-
CoV [38 (, Lu et al. 2020). Therefore, Favipiravir is regarded 
as an expected possibility for treating COVID-19 [2, 22]; 
however, affirmed in vitro and preclinical creature examines 

are still not accessible. A clinical preliminary assessing secu-
rity as well as adequacy of Favipiravir in treating COVID-
19 (ChiCTR2000029600) was directed in Shenzhen, with 
80 patients enlisted [4]. Outcomes showed that thirty-five 
patients in the Favipiravir arm exhibited altogether more 
limited viral freedom time as contrasted than the forty-five 
patients in the control arm (middle 4 days vs. 11 days). 
The X-beams assessment affirmed higher pace of progress 
in imaging of the chest in the Favipiravir arm (91.43% vs. 
62%) [4]. A multifocused randomized clinical examination 
(ChiCTR200030254) additionally recommended compel-
ling control of Favipiravir on COVID-19 [7]. For normal 
persons infected with COVID-19, the multiday's clinical 
rate of recuperation expanded from 55.86 to 71.43% with 
Favipiravir treatment. For normal patients with COVID-19 
and hypertension as well as diabetes-related complications, 
the hour of fever decrease and hack help in the Favipiravir 
treatment bunch has further diminished fundamentally [7].

At this intersection, certain current methodologies for 
discovering new ways for remedial targets are progressively 
found on 3-Dimensional data with respect to receptors. A 
compelling method which foresees restricting the construct-
ing substrate in its receptor is docking reproduction, which 
in particular, has effectively been employed in numerous 
applications. Docking methodology fundamentally plans to 
distinguish right conformities pertaining to ligands in the 
limiting pocket of a protein as well as foresees ligand–pro-
tein interactions. Finally, it is anything but a cycle through 
which two particles hinge together into 3-Dimensional 
space [3]. Mixes related to the technique include different 
strategies, such as subatomic powerful reproduction, free-
restricting energy estimation, ADMET prediction, 2D and 
3D QSAR demonstrations. Comparative subatomic field 
investigation (CoMFA) and relative subatomic closeness 
records examination (CoMSIA) empower to get a ton of 
experiences on natural frameworks and to help reasonable 
medication plans for mimicking most strongest compound 
(Lead compound) that has drug resemblance properties [27]. 
None of the review paper has not consider the following 
points.

1. To study the mechanism of interaction of antiviral agents 
as a RdRP inhibitors rationally.

2. To identify efficient Favipiravir derivatives as an antivi-
ral agent using virtual screening approach.

3. To study the prediction of pharmacokinetics properties 
of Favipiravir derivatives through binding affinity QSAR 
modeling.

4. To study the molecular dynamics and simulation of lead 
Favipiravir-RdRp binding domain.

5. To study the drug response by developing Spectropho-
tometricaldevice by sensing the level of sodium, potas-
sium in the blood serum.
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Status of research and development 
in COVID19

As COVID-19 is an arising infection, a compelling treat-
ment has not been produced for illness coming in because 
of this infection [36–38]. Taking into account the previ-
ous proof on adequacy of lopinavir/ritonavir resistant to 
SARS and MERS-CoV infections as per the Indian Coun-
cil of Medical Research (ICMR), an off-mark crisis uti-
lization of lopinavir/ritonavir mix for person indicative 
with COVID-19 symptoms throughout the nation has 
been suggested. Utilization of the drugs such as IFN-β1b 
and ribavirin was not taken into consideration because of 
their revealed poisonous nature, although oseltamivir was 
not taken into consideration because of its problematic 
adequacy in fighting against CoVs [23]. The total clinical 
image of COVID-19 is not completely perceived. Clini-
cal appearances in contaminated persons could go from 
gentle ailment to serious sickness requiring affirmation 
of ICU and ventilatory help. The case fatality rate (CFR) 
of COVID-19 is a little lower than those of SARS (CFR: 
14–15%) and MERS (34%) [33, 34]. To date, no compel-
ling treatment has been suggested for COVID-19, with 
the exception of fastidious strong consideration [35]. The 
ICMR suggested lopinavir/ritonavir mix treatment for lab-
affirmed persons infected with COVID-19 depending on 
the basis of observational investigations of clinical advan-
tages among persons with SARS-CoV and MERS-CoV 
[5, 9, 12] similar to the docking contemplates directed 
in accordance with the National Institute of Virology, 
Pune [1]. The Indian Regulatory Authority and the Cen-
tral Drugs Standard Control Organization have agreed on 
endorsement for limited general well-being crisis utiliza-
tion of this treatment protocol (Lu et al. 2017) [9]. The 
RdRp inhibitors which are the basics for the CoV record 
and replication are engaged with creating the genomic and 
subgenomic RNAs. Nucleoside analogs such as Favipira-
vir, ribavirin, penciclovir, remdesivir and galidesivir are 
notable RdRp inhibitors. A guanosine simple, ribavirin, 
showed an expansive range of antiviral actions against a 
few infections including respiratory syncytial infection, 
hepatitis C and E infections (HCV, HEV), chikungunya, 
and viral hemorrhagic fevers [24, 28] (Figs. 1, 2).

Despite the fact that the system of activity is not com-
pletely perceived, it is conjectured that the medication 
might be engaged with the restraint of mRNA covering or 
viral RNA amalgamation. The in vitro antiviral movement 
of ribavirin against SARSCoV-1 and MERS-CoV [31] and 
in rhesus monkeys contaminated with MERS-CoV has 
been observed [14]. The medication has been employed in 
treating persons with SARS and MERS; however, advan-
tages are questionable. Furthermore, in seriously tainted 

CoV patients, there could be results related with high dos-
ages [14, 29, 32].

Favipiravir (EC50 = 61.88  μM, CC50 > 400  μM, 
SI > 6.46) is used in decreasing the viral load of the dis-
ease and has also been demonstrated to be one hundred per-
cent powerful in securing mice against the Ebola infection 
challenge, despite the fact that its EC50 esteem in Vero E6 
cells was extremely high as 67 μM, whereas chloroquine 
(EC50 = 1.13 μM; CC50 > 100 μM, SI > 88.50) strongly 
impeded infection contaminations at low micromolar fixa-
tion, but is highly dangerous because it can impact heartbeat 
[8, 25, 30].

The limiting capability of HIV-1 protease inhibitors, lopi-
navir, as well as ritonavir against 3CLpro of SARS-CoV-2 
uses computational docking considers. The Novel COVID19 

Fig. 1  Potentially inhibiting the RNA-dependent RNA polymerase 
(RdRp) of RNA viruses

Fig. 2  Different parts of RNA virus
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protein is shown in Fig. 3. This would help acquire a deeper 
understanding into the subatomic method of activity of these 
medications which are under clinical preliminaries against 
SARS-CoV-2 and further gauges near inhibitory power of 
the FDA-supported HIV protease inhibitors to the SARS-
CoV-2 [1, 5, 12].

Importance of the proposed approach

Antiviral agents used in the prophylaxis or treatment of 
infection sicknesses: a portion of the manners in which they 
may act incorporate forestalling viral replication by hin-
dering viral DNA polymerase; restricting to explicit cell-
surface receptors and restraining viral entrance or uncoat-
ing; repressing viral protein combination; or impeding late 
phases of infection get together [11, 15, 26, 32]. Favipira-
vir is a pyrazinecarboxamide subordinate with movement 
against RNA infections. Favipiravir is changed over to the 
ribofuranosyltriphosphate subordinate through chemicals 
and specifically hinders the flu viral RNA-subordinate RNA 
polymerase. Favipiravir varies from the presently supported 
enemy of flu drugs in which it targets the flu viral poly-
merase. It has been recommended that cell proteins (cell 
kinases) convert Favipiravir into a Favipiravir ribofuranosyl 
phosphate, a structure that represses infection polymerase 

without influencing host cell RNA or DNA combination [8, 
20, 30].

In view of existing writing and lacunae, the accompany-
ing system is recommended.

 6. Study the mechanisms of interactions of antiviral 
agents as RdRP inhibitors rationally.

 7. Identify efficient Favipiravir subsidiaries as an antiviral 
agent using the virtual screening approach.

 8. Study the prediction of pharmacokinetic properties of 
Favipiravir derivatives through binding affinity QSAR 
modeling.

 9. Study the molecular dynamics and simulation of lead 
Favipiravir-RdRp-binding domain.

 10. Study the drug response by developing a spectro-pho-
tometrical device by sensing the level of sodium and 
potassium in the blood serum.

Methodology

Preparation of compound libraries

A compound library of Favipiravir comprising analogs will 
be arranged depending on the parental construction as a for-
mat using the combinatorial science plan. These analogs will 
be developed by the underlying change of the ring structure 

Fig. 3  Novel COVID-19 
proteins
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with sterically as well as conformationally permitted sub-
stituent making use of the reagent information base and 
combinatorial plan module (Schrödinger).

Computational screening based on docking 
and scoring function

The scoring capacity used by docking techniques to position 
the particles depending on their partiality of cooperation will 
be valuable to screen out the better analogs from the library.

Computational screening based on MM/GBSA 
and free energy of binding

Blends related to docking technique include different strate-
gies, such as MD reproduction and free energy restricting 
computation, empower to get a ton of experiences on organic 
frameworks and to help reasonable medication plans. Suba-
tomic elements are a type of PC reproduction where iotas 
and particles are permitted to collaborate for a while under 
known laws of material science. By and large starts where 
exploratory design assurance leaves off, if not during the 
construction refinement itself. The reproduction can crease 
stretched out successions to “worldwide” potential energy 
minima for little frameworks (peptides of length ten or 
thereabouts, in vacuum); however, it is most ordinarily used 
to recreate the elements of known designs. A few different 
ways to compute free energy of restricting have been recom-
mended and used in various applications [11, 15, 25, 32]. To 
contemplate the relationship of the ligands with the recep-
tor, we will use the robotized instrument of Multi-Ligand 
Bimolecular Association with Energetic (eMBrAcE). It uses 
customary MM strategies in figuring out ligand-receptor col-
laboration energies, with a Gaussian Smooth Dielectric Con-
stant capacity strategy for an electrostatic piece of solvable 
energy and a dissolvable open surface for the nonpolar piece 
of solvable energy [26].

ADME prediction and modeling for screening 
of analogues

Acknowledgment by the drug business that bothersome 
retention, appropriation, digestion, and discharge properties 
of new medication up-and-comers are the reasons for some 
disappointments during clinical-stage drug improvements. 
This has brought about a change in perspective to distin-
guish such issues right off the bat in the medication dis-
closure measure. In this way, presently, in vitro approaches 
are broadly used in examining the Absorption, Distribution, 
Metabolism, and Excretion (ADME) properties of new syn-
thetic substances as well as, all the more as of late, compu-
tational (in silico) demonstrating has been researched as a 
device in upgrading choice of the most reasonable contender 

for improvement of drugs. QikProp is a speedy, precise, sim-
ple to use the ADME program planned by Professor William 
L. Jorgensen. It will assist us with anticipating truly critical 
descriptors and chemically applicable properties of Favip-
iravir and its analogs (Holshue,et al. 2020).

Computational screening based on 3D QSAR 
(COMFA/COMSIA)

CoMFA (Comparative Molecular Field Analysis) is a 
3D-QSAR procedure depending on information from known 
dynamic atoms and eventually permits one to plan and 
anticipate exercises of particles. The point of CoMFA study 
will be to infer a connection between the organic movement 
of a bunch of particles and its 3D shape, electrostatic, and 
hydrogen-holding qualities. This relationship will be gotten 
from a progression of superimposed adaptations, one for 
every particle in the set. These compliances are dared to be 
the organically dynamic designs, overlaid in their normal 
restricting mode. Every compliance is taken, and thus the 
atomic fields around it are determined.

Spectrophotometer

A spectrophotometer is an optical gadget that can decide the 
grouping of a compound or particle in an answer or suspen-
sion. The example blood serum, sodium, for instance, will 
ingest a portion of the light. The measure of light that is 
consumed increases with expanding quantities of microbes 
in an anticipated manner.

The spectrophotometer strategy measures light power as 
an element of wavelength. This is done by diffraction of 
the light bar into a range of frequencies, distinguishing the 
powers using a charge-coupled gadget, as well as showing 
the outcomes through a diagram on the identifier and the 
presentation gadget afterward.

Figure 4 shows working principle of a spectrophotometer 
and Fig. 5 display the typical layout of a spectrometer.

The spectrometer range delivered by the grinding pro-
cess is projected onto a diagram paper in order to create 
a size of frequency. The grinding might pivot or cut, and 
the test might move to choose various frequencies of light. 

Fig. 4  Working principle of a spectrophotometer
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Alignment of the frequency is carried out using a high goal 
camera, by making use of the numbers in Table 1 as an aid. 
In order to develop a range, absorbance should be deter-
mined for every frequency, as well as in the way as follows: 
Vzero, Vwater, and Vsample. All the 3 parameters should 
be estimated at each point. Experimental set up for signal 
capturing and processing is shown in Fig. 6.

Table  1 displays the typical perceived colors and 
wavelengths of visible light (The perceived colors vary 

between individuals, especially at the boundary wave-
lengths). Ambient light when comes in contact with the 
spectrophotometer brings about inaccuracies and hence 
hugecardboard boxes or thick blackout curtains draped 
between two and three retort stands are used to keep out 
light. The second-mentioned is ideal because students will 
be able to work under the material. No specific method 
to assemble a spectrophotometer has been designed, and 
it is found that students often devise ideas that have not 
been thought of so far. A simple instrument can be created 
by the use of colored filters in the location of the grat-
ing–lens–slit assembly, although the number of data points 
is constrained to the number of available filter colors.

Working of a spectrophotometer

• The white light source is allowed to pass through a mono-
chromator (a prism or diffraction grating which diffracts 
the white light into all colors of the visible spectrum).

Fig. 5  A typical layout of a 
spectrophotometer

Table 1  Typical perceived colors and wavelengths of visible light

S. no. Color Wavelength center/
nm

Wavelength 
range/nm

1 Violet 410 400–430
2 Blue 470 430–490
3 Green 520 490–570
4 Yellow 580 570–595
5 Orange 610 595–650
6 Red 650 650–700

Fig. 6  Test set up IR spectroscopy
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• Once the light is separated, it then travels through a filter 
(to block out unwanted light, sometimes light of a differ-
ent color) and a slit (to narrow down the beam of light).

• Next, the beam of light penetrates the sample placed over 
the sample holder (curette).

• The light permeates the sample, and the unabsorbed por-
tion (reflected) strikes the photodetector and an electrical 
signal is generated. The electrical signal produced by the 
photodetector is proportional to the intensity of light.

• The signal is then conver ted to a readable 
output(absorbance), and it is used for the sample analy-
sis.

• The calibration curve is later generated by measuring 
the absorbance of several solutions which contain known 
concentrations of the analytic.

Measuring the absorbance

1. Preheating
2. Set Wavelength
3. Adjust 0% (T) and 100% (T)
4. Switch to absorbance Mode
5. Set sample for measuring
6. Read data

In the calibration curve, the level of sodium, potassium, 
and nitrate presence in the blood sample is observed. An 
all-in-one sensor for nitrogen, phosphorus, and potassium 
assessment developed through an online system for integra-
tion is an ideal device in enabling more sustainability for 
treatment. Nevertheless, present knowledge and technology 
have neither developed a portable, integral sensor to measure 
the aforementioned three key parameters in the blood sample 
by means of a simple, straightforward, and cost-effective 
way to maintain the accuracy of standard methodologies. 
Therefore, a compact benchtop system is proposed with 
a D2 (deuterium) light source (Ocean Optics model DH-
2000-BAL). In addition, the integrated system includes a 
spectrometer (Ocean Optics model HR4000), a transmis-
sion optical fiber bundle, as well as a stainless steel slitted 
reflection probe for the process of insertion on samples and/
or sampling chambers [10].

Relevance of sodium and potassium in the study in the 
detailed project has been incorporated as follows:

Favipiravir (T-705-RTP) competes with purine nucleosides 
and interferes with viral replication by incorporating them into 
the virus RNA, and thus potentially inhibits the RNA-depend-
ent RNA polymerase (RdRp) of RNA viruses. Increasing the 
level of potassium, sodium, and nitrogen will lead to bursting 
of the lipid bilayer membrane of the virus which causes RNA 
replication rapidly. However, low levels of sodium, potassium, 
and nitrogen will help in the DNA polymerase inhibition and 
replication can be stopped. A spectrophotometrical device will 

sense potassium, sodium, and nitrogen levels after introducing 
the drug into the animal.

Discussion

Environmental impact assessment and risk analysis

These kinds of rapid tests are quick to create as well as user-
friendly. However, they have to be carefully designed and 
validated; hence, they are not being approved for use, and we 
have not seen their widespread official use yet. Quality con-
trol and validation are two factors that add significant cost 
to these tests. Many may duplicate the model and misuse it.

It is devastating to note the inaccuracy of these tests in the 
current outbreak–for example, if a person gets tested nega-
tive, but was affected, he/she tends to go out and spread the 
infection to many people. Few of these tests have an accu-
racy rate of around 80%–this has been studied intensively 
for many important viral infections such as dengue–which 
sounds great, except one in five test results goes wrong.

Variations in errors occur owing to the ailment. For cer-
tain infections, tests give a positive result if the person had 
by-no-means contracted the coronavirus, as he/she might 
have antibodies against something similar. For the majority 
of these rapid tests, a negative result could be read as the line 
in the device would be too hard to notice.

Combinations of the docking method with other methods, 
such as MD simulation, free energy binding calculation, ena-
ble to get a lot of insights on biological systems and to help 
rational drug design. Molecular dynamics (MD) is a form of 
computer simulation where atoms and molecules are allowed 
to interact for a period of time under known laws of phys-
ics. It generally begins where experimental structure deter-
mination leaves off, if not during the structure refinement 
itself. The simulation can fold extended sequences to `global' 
potential energy minima for very small systems (peptides 
of length ten, or so, in vacuum), but it is most commonly 
used to simulate the dynamics of known structures. Several 
ways to calculate free energy of binding (FEB) have been 
suggested and used in different applications. The most effec-
tive prediction models were based on using Random for-
est, Gradient boosting, and their variations. The predictive 
model achieved the highest accuracy score with a relatively 
small dataset size can be a subject of overfitting. Datasets 
with over 500 samples demonstrate an accuracy of about 
85–95%, that can be considered as very good.

Conclusion

The current work initiates with the compilation of a virtual 
library of pyrzinecarboxymide derivative analogues col-
lected from chemical library. The set of derivatives were 
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then predicted for the Favipiravir properties and found to 
have satisfying druggability from the obtained values.

Different computational screening methods, such as 
Structure-Based Drug Design (SBDD) like docking and 
simulation, scoring and rescoring function and Ligand-
Based Drug Design (LBDD) like 2D, 3D and Pharmaco-
phore-based QSAR (CoMFA & CoMSIA) is identified the 
target and lead molecule.

The results would help gain an in-depth understanding 
of the relative binding affinity and design of derivatives 
with greater binding potential at the enzyme active site. 
To validate the Computer Aided Drug Design (CADD) 
outcome, a device is developed to understand the drug 
response with the help of spectrophotometrical approach 
by sensing the level of sodium, potassium and nitrogen 
in the blood serum into the target site in terms of Phar-
macodynamics and Pharmacokinetics after importing the 
lead compound from chemical vendors by incorporating 
the same to the animal. From the result it is observed that 
increasing level of potassium, sodium and nitrogen will 
lead to burst lipid bilayer membrane of virus which cause 
RNA replication rapidly. However, low level of sodium, 
potassium and nitrogen will help in the DNA polymerase 
inhibition and replication can be stopped.

The best developed QSAR model in terms of the drug 
ability and activity relation has been selected over the par-
ent Favipiravir molecule for designing COVID-19 drugs 
may lead toward pharmaceutical development in future.

A combined approach of computational screening meth-
ods adopted in this proposal of the analogs designed for 
Favipiravir will provide an insight into effective antivi-
ral agents against RdRp. In addition, development of the 
docking simulation, ADMET profiling, and QSAR mod-
eling, and simulation for computational screening, includ-
ing pharmacokinetic and pharmacodynamic profiling of 
Favipiravir analogs provided a unique platform to all the 
researchers working in this field to identify and optimize 
the lead Favipiravir compound having maximum activ-
ity and less toxicity against the target. After the simu-
lation test, it is identified that Favipiravir compound is 
the most suitable for diagnosis of COVID19. The most 
suitable compound (Lead compound) can be imported 
from the chemical vendors, and the same compound is 
introduced into the animal and tested based on the animal 
ethical committee approval by using a developed spec-
trophotometrical device. Once the drug starts responding 
well, the simulated structure of the drug will be the subject 
for further clinical and post-clinical research followed by 
manufacture.
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