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SUMMARY

There is an imperative need to investigate less toxic antiviral phytomolecules than nucleic acid analogs, enzyme inhibitors, or synthetic molecules as
antiviral therapeutics. Agricultural crops and their secondary metabolites have been well known for their healing and immunity-boosting properties
throughout the globe since human civilization. A recent global pandemic, COVID-19, caused by Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2), has become one of the most devastating challenges for humans, compounded by increasing diffusion due to migration, global travel,
and urbanization. Even before this, about >650K annual deaths had been due to seasonal viral flu disease alone. Dramatic mutations in viruses and the
time needed in vaccine development have made the world realize nutrition-immunity intervention as a pragmatic preventive approach for most human
viral diseases. In the telecommunications era, an efficient, user-friendly database for searching antiviral plants and their constituents is a prerequisite.
Such a database will also facilitate post-COVID economic resilience in the agricultural system. It may also accelerate the research and development
of eco-friendly antiviral molecules from natural resources. It further provides classified antiviral molecules with their specific names and structure,
their modes of action, and model organisms studied, along with respective literature references. This information can be accessed or retrieved plant-
wise, viral disease-wise and chemical compound class/sub-class-wise using a URL (https://avragdb.abrl.in/). It comprehensively comprehends about
>350 molecules with antiviral properties from >500 plants of medicinal and agricultural importance. The database could be useful for phytotherapy
research and spreading the accountability of plant-based antiviral formulations.

Keywords: Database, Virus; Viral diseases; Plant-based; Antiviral compounds; COVID-19; AVR-AgDb.

1. INTRODUCTION that occurred throughout human history in terms of
mortality were caused by viruses (Piret and Boivin,
2021). A recent ongoing COVID-19 pandemic caused
by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), had caused more than 641 million
infections and 6.63 million deaths, making it one of
the most life-threatening pandemics in human history
(ArcGIS. Johns Hopkins University, 2022). Such
disastrous outbreaks are always very frequent and

Viruses are the rapidly evolving, minuscule,
deadliest obligate infectious agent that replicates
within the living cell of an organism (Adeosun and
Loots, 2024). They can infect all life domains including
Plantae, Animalia, and Archaea and present almost
in all ecosystem (Koonin et al. 2006). Viruses have
been characterized by an acellular, nonliving structure
composed of a protein coat called capsid uncoated by ) ) )
nucleic acid (DNA or RNA) and potential of hijacking sudden, with diverse symptoms, and are associated

host machinery to replicate and survive (Adhikari With_ sign.iﬁcant mortality and morbidity. The. co-
et al. 2021, Trivedi et al. 2022). The current scenario relationship between plants and humans has existed

indicates that most of the devastating pandemics since antiquity, and their legacy continues as they are
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basic providers of energy, nutrition, medicine, and other
commodities to sustain across the globe (Raven, 2019,
Ali et al. 2021, Pastor et al. 2021). Besides being staple
food providers, plants harboring medicinal properties
and are considered medicinal plants (Perez, 2003, Ali
et al. 2021). Nature harbors a plethora of plants that
have medicinal properties. Though several plants
species possess broad-spectrum antiviral properties,
a huge diversity of unexplored medicinal plants has
also been shown to reduce a myriad of viral infections
(Perez, 2003, Mukhtar et al. 2008, Patel et al. 2021,
Bachar et al. 2021, Adhikari et al. 2021). Notably,
plant-derived active compounds inhibit the spread of
highly contagious and often emerging SARS-CoV-2
variants (Al-Beltagi et al. 2021, Khuntia et al. 2022,
Trivedi et al. 2022). Moreover, nutritional deficiency
has been associated with an impaired immune response
allowing virus infestation, but plant-based antivirals,
which act as preventive measure exert their effect by
boosting the immunity of the host and demonstrating
powerful immunomodulation (Singh et al. 2021, Patel
et al. 2021, Alhazmi et al. 2021).

Viral outbreaks are frequent and can spread to
the point pandemics and tackling viral diseases is
technically difficult to cure because they lack the
fundamental feature of a living system that can be
targeted or modulated by the application of antibiotics,
medicine, and other therapeutics (Rolland, 2020).
Although targeted pharmaceutical interventions are
promising candidate approaches for virus management,
however, the spreading speed of the virus is occasionally
uncontrolled over incubation time (Rolland, 2020,
Adamson et al. 2021). In other aspects, it is a time-
consuming approach that is not feasible to control
viruses with contagious spread, which is frequent in
the case of viruses (Sabbaghi ef al. 2019, Rolland,
2020). The primary defense against any viral infection
is counterbalanced by a different layer of the immune
system. Plants and derivative products are potent
immunomodulators and stimulators that neutralize
virus effectiveness (Sultan et al. 2014). In addition
to immune stimulation, plants and their derivative
products inhibit the growth of viral particles in vivo
and in vitro, and are considered a potential alternative
solution to manage viral diseases up to the greatest
extent possible (Amoros et al. 1987, Kurokawa et al.
1999, Mukhtar et al. 2008, Yang et al. 2012, Ben-

Shabat et al. 2020). The tremendous flora on earth
makes it difficult to identify suitable antivirals for
immediate action against a specific virus. Information
in the form of research articles, literature reviews, and
conference papers is not easily accessible to laymen
or intended users. In the era of telecommunication,
the database could be an asset to expand and retrieve
information using electronic gazettes. Although,
antiviral peptide database has been developed covering
over 60 important viruses (Qureshi et al. 2014), to
provide speedy progress on antiviral vaccines and
drugs (Coulibaly, 2021), development of multiple
databases for the calamitous SARS-COVID-19 (Aher
and Sarkar, 2021), and a recently developed curated
database of plant-derived antiviral phytochemicals,
integrating information relevant to major diseases
such as cancer (Ullah ez al. 2023), and another more
recently developed novel and comprehensive antiviral
biodiversity-derived medicinal plant with natural
product information is presented (Quadros de Azevedo
et al. 2024), however, the comprehensive repertoire
of regional medicinal and aromatic plant and antiviral
product derivatives database is still unreachable. It is
therefore necessary to develop a comprehensiveup-to-
date information system with user-friendly access for
devastating viral disease management. To implement
the aforesaid idea, we have developed a database called
“AVR-AgDDb,” a collective repository of the plant-
based anti-viral drugs that entails their origin, efficacy,
and usage for viral disease management in economic
and sustainable ways. It will be a remarkable archive
to mitigate deleterious virus invasions in eco-friendly
and efficient ways to improve life and prolong survival.

2. MATERIALS AND METHODS

2.1 Data acquisition

A pertinent holistic concomitant literature
survey was performed by “PubMed”, “Scopus”,
“Web of Science”and “Google scholar” with the
keywords “Plants derived antiviral molecules” or
related words viz. alkaloids, polyphenols, lignin,
etc. All the scientifically significant contribution to
plant-based antiviral molecule has been taken into
consideration with well-described methodology and
results. Gathered literature on sixteen major viral
diseases with the highest mortality and morbidity
and their causative agents has been aligned and
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tabulated in the form of a virtual cascade. These are
HIV (Human immunodeficiency virus) (Douek et al.
2009), Severe acute respiratory syndrome coronavirus
2 (Hu et al. 2021), Herpes simplex virus (Whitley
and Roizman, 2001), Hepatitis virus (Quer et al.
2017), Influenza and parainfluenza virus (Liu et al.
2020), Respiratory syncytial virus (Griffiths et al.
2017), Vesicular stomatitis virus (Gangal et al. 2020),
Measles virus (Griffin et al. 2012), Coxsackieviruses
(Baboonian et al. 1997), Poliovirus (Racaniello, 2006),
Japanese encephalitis virus (Endy and Nisalak, 2002),
Rhinovirus (Denyer ef al. (1994), Vaccinia virus (Cryer
et al. 2017), Dengue virus (Phumesin et al. (2023), Zika
virus (Sharma et al. 2017) and Astrovirus (Kudi and
Myint, 1999). Further, search accelerate on a repertoire
of plant metabolites with specific antiviral action on
virus pathogenesis. For example. Lignans, a huge class
of compounds consisting of two phenyl propane units
exhibit antiviral effects against a wide array of viruses
(Xu et al. 2021). Polyphenols restrict viral invasion by
innumerable modes of action (Kamboj et al. 2012).
An important class of natural compounds is alkaloids
which provide broad-spectrum antiviral resistance
using diverse acting modes (Abookleesh et al. 2022).
An essential phyto-compound terpenoid activity has
been evaluated in the long past against acute respiratory
syndrome-associated coronavirus (SARS-CoV) using a
cell-based assay (Wen et al. 2007). Other major classes
viz. Cyclotides are potent antiviral (Ireland et a/. 2008),
post-translationally modified peptides (RiPPs) (Fu
etal 2021), Lectins (Ahmed et al. 2022), Antimicrobial
peptides of plants origin (Mammari ef al. 2021), Lipid
transfer proteins (LTPs) (Maximiano and Franco, 2021)
and many more classes of known bioactive compounds
harboring antiviral properties (Ghildiyal et al. 2020,
Thomas et al. 2021). All-inclusive has taken together,
we acquire an exhaustive literate survey on plant-based
potential antiviral compounds and their derivatives,
further cataloged them as a database for user-friendly
accession and retrieval.

2.2 Database Development and Architecture

A web resources “AVR-AgDb” has been developed
with three-tier architecture, namely, a client tier, middle
tier, and database tier (Fig. 1) (Yang ef al. 2008, Malgwi
etal. 2018). XAMPP framework was used to design and
deploy the web page technology described (Walia and
Gill, 2014, Goyal and Gill, 2021). Briefly, the website

framework was made using HTML, followed by
design using CSS and dynamic JavaScript with a Linux
platform for the operating system (Al-Hawari et al.
2017) combined with HTTP apache server to facilitate
functioning using multi-processing modules (Do et al.
2008). Further, using PHP programming language
assisted MySQL has been deployed for the relational
database management system (Walia and Gill, 2014,
Iquebal et al. 2017, Malgwi et al. 2018). It comprised
the MySQL backend enforces primary key, foreign
key, unique, and NOT NULL constraints to maintain
consistency and prevent redundancy. The PHP frontend
performs input validation and sanitization to ensure
accurate data entry. Secure data exchange is achieved
using prepared statements and parameterized queries,
while transaction management ensures atomic and
consistent database operations (Iquebal ef al. 2017).
The whole architecture comprised a webpage with the
title “AVR-AgDb: A database for antiviral agricultural
crop produce and phytochemical” with four icons
namely “Home”, “Virus wise search”, “Plantwise
search”, and “Team”. Icon “Home” comprised basic
information about viruses and the defensive role of the
plant-derived bioactive compound against the deadliest
virus. Another icon displayed on the webpage is “Virus-
wise search.” It represents an option to choose a virus,
clicking on assigned icons reflects sixteen different
kinds of viruses and one can choose a single virus at
a time which further redirects another page with full
details of concerning viruses. These parameters include
the common scientific name of plants, common name,
virus types, potential bioactive compound, plant part
used or extract types, assessed model organism to check
efficiency and efficacy, their mode of action on cellular
protein and other mechanism, and related reference for
further understandings. Beside others, icon for plant
scientific name, active compounds and references link
can be further redirect to extend the further evaluation
and reading upon user interest. Interestingly, it will
take user through details of each parameter viz.
plant’s morphology, their biochemical composition
and medicinal properties for a specific disease and
pathogens. Likewise, icon active compounds can
redirect to the largest repository of freely accessible
chemical information “PubChem”, which further
could be used for in silico studies on various novel
antiviral formulation development by predicting
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their affinity for enzyme and target protein through
docking and simulation and other bioinformatics tools
and techniques. Moreover, references can be further
redirected for cross-reading and validation of the
functionality of active biomolecule, synergistic effects
of other biomolecule and experimental authenticity.
Overall, the developed database could be accessed in
easily operated ways with top to bottom retrieval of the
plant-based antiviral compound for their downstream
use and further research.

2.3 Database Statistics

It catalogs antiviral molecules derived from
>500 plants along with their activities against sixteen
catastrophic human viral diseases. Similarly, It contains
about >350 molecules of antiviral properties with
different biochemical and molecular compositions.
These are putative of the approximate target of diverse
viral types of machinery. It contains about 33 selected
compounds for Human immunodeficiency virus
(HIV), 108 searches for bioactive molecules for the
Herpes simplex virus (HSV), 31 references for the
Influenza and Para-influenza virus (IV and PIV), 9
molecules for the Respiratory syncytial virus (RSV),
and 15 plant derivatives of antiviral properties for
Vesicular stomatitis virus (VSV), 13 antiviral plants for
Hepatitis virus (HV), 17 phyto-virals compounds for
Measles virus (MV), 30 plants derivatives for (CSKV)
Coxsackieviruses, 27 for Poliovirus (PV), 17 for
Japanese encephalitis virus (JEV), 24 for Rhinovirus
(RV), 11 for Vaccinia virus (VV), 12 for Dengue virus
(DV), 39 for Zika virus (ZV), 6 for Astrovirus (AV)
and about 126 phyto-compounds for Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2).
Overall, it contains a comprehensive module for
different antiviral molecules for most life-threatening
virus and their related belongings. Similarly, about >500
easy access concerned references have been provided to
recheck or reconfirm and further reading and evaluation.
Furthermore, there are two modes of data retrieval and
accesses available to make it an easily operated web
system to find active antiviral biomolecules of interest
against a particular viral disease. The overall statistics of
the antiviral database comprises about >500 medicinal
and aromatic crops, their global presence, the bioactive
ingredient with antiviral properties, mode of action,
and their efficacy on used plant part or extract type on
the tested model organism or specific cell lines. These

statistics could be a prerequisite for future plant-based
antiviral formulation and derived medicinal use for the
sudden viral outbreak and subsequent infestation.

3. RESULTS

3.1 Database Background and Configuration

We have developed an antiviral database “AVR-
AgDb” by compiled information retrieved from
holistic literature search on antiviral medicinal plants,
their ingredients, with few of them with agricultural
importance. A gathered exhaustive table has been
utilized to put together all authentic to generate a
database which could be accessed and retrieved by
using link (https://avragdb.abrl.in/). By clicking on
the mentioned link, it will redirect to database home
page where it features a title along with five main icons
namely “Home”, “Virus wise search”, “Plant wise
search”, “Compound wise search” and “Team”. Icon
“Home” reflects basic information about cataclysmic
viruses and their causative disease, discussed virus on
database and utility of developed database for managing
viral disease efficiently. Icon “Virus wise search” open
a window upon clicking reflecting name for discussed
virus on databases. A further click on particular virus
name fetch information about antiviral behavior of
respective plants for concerned virus in a series of
Plant name, Common Name, Virus, Active compounds,
Plant part and extract type, Model organism/Cells/
Assay, Mode of action and References. Clicking on
icon “Plant name”, “Active compounds” and reference
further redirect the webpage for further information.

3.2 Database Utilization and Retrieval

The developed database has been deployed in
user-friendly ways. The user can fetch the data from
the database and execute the query fired by the user
in three ways. The intended user can search “Viruses
wise search” “Plant-wise search” and “Compound
wise search” using search option. One can choose a
particular virus from the dropdown menu and click
‘Submit’. It will fetch data from the server. In addition,
users can click on a particular plant name to know more
by redirecting to the concerned “Wikipedia” webpage.
Users can also click for active compounds reported
in particular studies which allow user to redirect the
“PubChem” page further analysis and evaluation. It
will enlighten the chemistry of concerned antiviral
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compound and open a window to screen more additive
and efficient molecules with potent effects via chemical
synthesis and modification. For further access reference,
links are also provided. Furthermore, the user can click
on “Plantwise” to get an alphabetically arranged letter
with numerals representing number of studied plants
whose name starts with similar alphabetical order,
which upon clicking on the intended letter retrieves
another page containing information on the antiviral
plant for the questioned letter. It will be allowed the
user to access all the plants whose names started from
the same letter all along with complete information
on particular queries viz. plant common name, virus
categories, active ingredients, used plant part, prepared
extract type, screened model system, acting mode on
viral machinery and concerned reference for further
explanation and troubleshoot. “Compound wise
search” delineate number of compounds which starts
with given alphabetical acronyms with numerals
representing the number of compound name started
with similar alphabet. Any clarification on the proper
functioning and possible update of database-related
issues could be rectified by clicking on the icon “About”
which will facilitate the affiliated person’s profile and
contact details.

4. DISCUSSION

Applications of “AVR-AgDb” have been described
by three interesting case studies, viz., farmers (local
level), agricultural export(global level), and researchers’
benefit, taking the example of the COVID-19 outbreak.
Case study 1 reports that if farmers are advised with
prudent policy, then in post COVID world, farmers can
have better return. This is the case in India where there
is tenfold price difference has been seen if a farmer
changes the crop from rice to Lavender, an essential
oil crop that is known for its antibacterial and antiviral
properties (Fidanka, 2021, Abou Baker et al. 2021).
Essentials oils (EO) are extremely volatile mixtures of
mainly mono-and sesquiterpenoids, phenylpropanoids,
etc., which can easily reach both the upper and lower
parts respiratory tract via inhalation (Cavanagh and
Wilkinson, 2002, Abou Baker et al. 2021). It has
antimicrobial and anti-inflammatory potency in the
effective treatment of respiratory tract infections (RTIs)
(Cavanagh and Wilkinson, 2002, Pandur et al. 2021).
Essential oil plays a preventive role in the treatment of

RTIs most effectively by its volatile nature by reaching
the intended site of treatment. As per WHO estimates,
lower RTIs and chronic obstructive pulmonary disease
(COPD) remain the top major killers during the past
decade causing 5% of deaths worldwide (3.1 million
people) (Horvath and Acs, 2015). Apart from the
farmer’s profitability case, if the environmental cost in
terms of water foot printing of rice (2000-3000 liter/
kg) is compared with the lavender plant it’s drastically
very low. This demonstrates that there is a need for
a paradigm shift in crop selection in the tune of the
post-COVID world for faster economic resilience
as well as a new opportunity with better income and
environmental sustainability as well. Therefore, “AVR-
AgDb”can be aneasily accessible and cataloged atlas
for the farmers which can direct and accelerate the
advantage of medicinal plant propagation over staple
crop in post COVID world.

Case study 2 reports how the viral outbreak
has dramatically impacted the global market for
agricultural and horticultural crops with medicinal
values. Their consumption has been elevated by about
30% as observed in the case of the demand for garlic
and turmeric in many countries (Budhwar et al. 2020,
Hamulka et al. 2021). A similar trend has been seen in
many other crops having antiviral activities in various
parts of the world (Budhwar et al. 2020). This was well
predicted in the FAO report, “Future Trend of Crops”
that there will be high demand for anti-viral crop
and their produce in the next few decades reflects a
paradigm shift in crop production (Salmeron-Manzano
et al. 2020, Mukherjee et al. 2021).

Case study 3 describes how this “AVR-AgDb” can
be used for in silico evaluation of antiviral molecules
before in vitro or in vivo assay is performed by taking
the example of targeted viral protein and enzyme
molecule from PDB (http://www.rcsb.org/pdb/). The
antiviral phytochemical compound from “AVR-AgDb”
can be obtained from Drug bank and PubChem in .sdf
format. To evaluate bioactivity via oral administration
and in silico analysis of absorption, distribution,
metabolism, and excretion (ADME) for its drug-like
properties can be calculated using Lipinski’s rule of
five using SWISSADME prediction (http://www.
swissadme.ch/) (Lipinski, 2004). The active site can
be predicted by structural analysis of the binding
pocket using CASTp 3.0 software (http:/sts.bioe.
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uic.edu/castp/). As a representative example of the in
silico workflow, resveratrol derived from Peppervine
was docked against the SARS-CoV-2 main protease
(Mpro) and the molecular docking analysis yielded
a binding affinity score of [e.g., —7.8 kcal/mol],
indicating a favorable interaction with the active site
residues. Key interactions included hydrogen bonding
with residues such as His41 and Cys145, which are
critical for protease activity strengthen the practical
applicability of the database for rapid screening and
prioritization of antiviral compounds. Furthermore, the
ligand-binding pocket located in the catalytic site can
be obtained manually and then verified by a modified
priori docking approach (Sellers and Hurley, 2016).
The determination of the amino acids in the active
site can be used to analyze the grid box and docking
evaluation results. A molecular docking study can be
done to get insight into the most preferred binding
mode of the selected natural antiviral compound into
the binding active site of the enzyme of animal virus
(Cherrak et al. 2020, Gupta et al. 2021). The ligand
binding affinity with the active site of the enzyme can
be confirmed by energy score (S, Kcal/mol) (Yuce
et al. 2021). Molecular docking can be performed
using the crystal structure of a viral targeted protein
using Autodock 4.2 (Rizvi et al. 2013, Khaerunnisa
et al. 2020). The results obtained from the docking
simulation can be visualized with the Pymol version
1.7.4.5 Edu. (Gad et al. 2021). Structural conformations
of proteins can be improved by MDS (Hospital et al.
2015). The structural flexibility of the selected natural
compounds can be analyzed by CABS-flex 2.0 server
(Kuriata et al. 2018, Badaczewska-Dawid et al. 2020).
Toxicity analysis of selected antiviral compounds can
be done in the virtual lab of the ProTox-II web server
which integrates several parameters like molecular
similarity, fragment propensities, and most frequent
features (Banerjee et al. 2018). Similarity with FDA-
approved drug compounds can be searched with SWISS
similarity (http://www.swisssimilarity.ch) for the best
binding energy among the selected natural compounds.

4.1 Significance Of AVR-AgDb design

In the era of technical development, databases
exist as a single unit of multi-functioning. It refers to
the collection of data (files and records) which can be
stored and manipulated using integrated software and
its management systems (Fig. 2) (Yang et al. 2008,

Qureshi et al. 2014). It can reduce the amount of
time to retrieve data on intended medicinal plants and
crops to analyses the collective quality and consistent
data in multiple ways (Qureshi et al. 2014, Aher and
Sarkar, 2021). To our best knowledge, though, surplus
literature exists, there is no such database that has been
developed on the plant-based antiviral molecule, their
cataloging, and management for threatening virus
families. It can provide updated and improved data
sharing to the farmers and users. It also broadens the
existence of diverse antiviral molecules, their origin,
and dispersal, and their usage as preventive and post
infections measures on a local and global scale. It may
allow us to find an antiviral molecule with regional
importance and availability on a socioeconomic scale.
Notably, it will assist herd immunity upon consumption
by a community, especially in developing countries
where a tremendous population is densely packed. In
addition to benefit, certain limit also exists to running
the database in a well-planned manner and often suffer
failure in internet connectivity which in turn cause a
severe negative impact on the operation.

5. CONCLUSION

Our proposed “AVR-AgDb” database can be a
research-accelerating tool before conducting in vitro
and in vivo viral assays. It can be used for designing
in silico viral protein and phytochemical simulation
dynamics studies to select the most potent molecule
saving time and cost with the rapid evaluation of a
large number of antiviral molecules. Since the database
contains >500 authenticated references, thus any new
molecule can readily be searched for quick literature
validation. This database may help in developing
nutritional guidelines in the post-COVID era where a
paradigm shift is expected to have a balanced diet with
locally and regionally available antiviral agricultural
produce based on standard guidelines, making the best
use of available anti-viral agricultural produce. This
single point source database for antiviral bioactive
molecules will be of multifarious use in the endeavor
to reduce the economic burden for small, medium, and
large economies and also for better innate immunity of
the human population for the future threat of unforeseen
viral outbreak at endemic or pandemic level. Further
featuring other classes of viruses and regular updation
will allow it more robust and popular database among
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phytochemical societies and researchers across the
world.

5.1 Data Availability

The authors confirm that the data supporting the
findings of this study are available within the article or
its supplementary materials.

5.2 Abbreviations

SARS-CoV-2:Severe acute respiratory syndrome
coronavirus 2, AVR-AgDb: Antiviral agricultural based
database, URL: Uniform resource locator, HIV: Human
immunodeficiency virus, HSV: Herpes simplex virus,
IV and PIV: Influenza and para-influenza virus, RSV:
Respiratory syncytial virus, VSV: Vesicular stomatitis
virus, HV: Hepatitis virus, MV: Measles virus, CSKV:
Coxsackieviruses, PV:Poliovirus, JEV: Japanese
encephalitis virus, RV: Rhinovirus, VV: Vaccinia virus,
DV: Dengue virus, ZV: Zika virus, AV: AstrovirusRiPPs:
post-translationally modified peptides, LTPs: lipid
transfer proteins, HTML: Hypertext markup language,
CCS: Cascading style sheets, XAMPP: X-operating
system, Apache, Mysql, Php, Perl, EO: Essentials oils,
RTIs: Respiratory tract infections, WHO: World health
organization, COPD: Chronic obstructive pulmonary
disease, FAO: Food and agriculture organization, PDB:
Protein data bank, ACE: Acetylcholinesterase, ADME:
absorption, distribution, metabolism and excretion,
CASTp 3.0: Computed atlas of surface topography of
proteins, MDS: Multi-dimensional scaling, CABS-flex
2.0: Classical simulations of protein flexibility,
ProTox-1I: Prediction of TOXicity of chemicals

ACKNOWLEDGEMENTS

We are thankful to the Indian Council of
Agricultural Research, Ministry of Agriculture and
Farmers’ Welfare, Govt. of India for infrastructure
setup and other facilities at [CAR-IASRI, New Delhi,
India created under National Agricultural Innovation
Project, funded by World Bank at ICAR-IASRI, New
Delhi. Financial support from CABin Grant of ICAR-
IASRI, New Delhi is also thankfully acknowledged.

AUTHOR CONTRIBUTIONS

SJ, MAI and DK conceived theme of the study. TC,
SKD, SJ and MAI collected and curated all information;
BS and UBA designed and developed the database; TC,

SJ and MALI drafted the manuscript; MAI, AR and DK
reviewed and edited the manuscript; all authors read
and approved the final manuscript and contributed to
the article and approved the submitted version.

CONFLICT OF INTEREST

The authors declare that they have no competing
interests.

Ethical approval and consent to participate
Not applicable.

Consent for publication

Not applicable.

Author Contributions

SJ, MAI and DK conceived theme of the study. TC,
SKD, SJ and MAI collected and curated all information;
TC, SJ and MAI drafted the manuscript; MAIL, AR and
DK reviewed and edited the manuscript; all authors
read and approved the final manuscript and contributed
to the article and approved the submitted version.

REFERENCES

Adhikari B, Marasini BP, Rayamajhee B, Bhattarai BR, Lamichhane
G, Khadayat K, Adhikari A, Khanal S, Parajuli N (2021) Potential
roles of medicinal plants for the treatment of viral diseases
focusing on COVID-19: A review. Phytotherapy Research 35,
1298-1312

Adeosun, W.B. and Loots, D.T., 2024. Medicinal Plants against Viral
Infections: A Review of Metabolomics Evidence for the Antiviral
Properties and Potentials in Plant Sources. Viruses, 16(2), p.218.

Abookleesh FL, Al-Anzi BS, Ullah A (2022) Potential Antiviral Action
of Alkaloids. Molecules, 27, 903

Abou Baker DH, Amarowicz R, Kandeil A, Ali MA, Ibrahim EA
(2021) Antiviral activity of Lavandulaangustifolia L. and Salvia
officinalis L. essential oils against avian influenza HSN1 virus.
Journal of Agriculture and Food Research, 4, 100135.

Adamson CS, Chibale K, Goss RJ, Jaspars M, Newman DJ, Dorrington
RA (2021) Antiviral drug discovery: Preparing for the next
pandemic. Chemical Society Reviews, 50, 3647-3655

Aher RB and Sarkar D (2021) Online Tools and Antiviral Databases
for the Development of Drugs against Coronaviruses. In Silico
Modeling of Drugs against Coronaviruses (717-734). Humana,
New York, NY.

Ahmed MN, Jahan R, Nissapatorn V, Wilairatana P Rahmatullah M
(2022) Plant lectins as prospective antiviral biomolecules in the
search for COVID-19 eradication strategies. Biomedicine &
Pharmacotherapy, 146, 112507.

Al-Beltagi S, Goulding LV, Chang DK, Mellits KH, Hayes CJ,
Gershkovich P (2021) Emergent SARS-CoV-2 variants:
comparative replication dynamics and high sensitivity to
thapsigargin. Virulence, 12, 2946-2956.



172 Tilak Chandra et al. / Journal of the Indian Society of Agricultural Statistics 165—174

Al-Hawari F, Etaiwi H, Alouneh S (2017) A cost-effective information
display system based on open-source technologies. In 2017
International Conference on New Trends in Computing Sciences
(ICTCS) (277-282). IEEE.

Alhazmi HA, Najmi A, Javed SA, Sultana S, Al Bratty M,
Makeen HA (2021) Medicinal plants and isolated molecules
demonstrating immunomodulation activity as potential alternative
therapies for viral diseases including COVID-19. Frontiers in
Immunology.1721.

Ali SI, Sheikh WM, Rather MA, Venkatesalu V, Muzamil Bashir S,
Nabi SU (2021) Medicinal plants: Treasure for antiviral drug
discovery. Phytotherapy Research, 35, 3447-3483.

Amoros M, BFauconnier, RL Girre (1987) In vitro antiviral activity
of a saponin from Anagallisarvensis, Primulaceae, against herpes
simplex virus and poliovirus. Antiviral Res. 8, 13-25

Baboonian C, Davies MJ, Booth JC, McKenna WJ (1997) Coxsackie B
viruses and human heart disease. The coxsackie B viruses. 31-52.

Bachar SC, Mazumder K, Bachar R, Aktar A, Al Mahtab M (2021)
A review of medicinal plants with antiviral activity available in
Bangladesh and mechanistic insight into their bioactive metabolites
on SARS-CoV-2, HIV and HBV. Frontiers in Pharmacology, 12.

Badaczewska-Dawid AE, Kolinski A, Kmiecik S (2020) Protocols
for fast simulations of protein structure flexibility using CABS-
Flex and SURPASS. In Protein Structure Prediction (337-353).
Humana, New York, NY.

Banerjee P, Eckert AO, Schrey AK, Preissner R (2018) ProTox-II: a
webserver for the prediction of toxicity of chemicals. Nucleic
acids research, 46, 257-263

Ben-Shabat S, Yarmolinsky L, Porat D, Dahan A (2020) Antiviral effect
of phytochemicals from medicinal plants: Applications and drug
delivery strategies. Drug delivery and translational research, 10,
354-367.

Budhwar S, Sethi K, Chakraborty M (2020) A rapid advice guideline
for the prevention of novel coronavirus through nutritional
intervention. Current Nutrition Reports, 9, 119-128.

Cavanagh HMA and Wilkinson JM (2002) Biological activities of
lavender essential oil. Phytotherapy research, 16, 301-308

Cherrak SA, Merzouk H, Mokhtari-Soulimane N (2020) Potential
bioactive glycosylated flavonoids as SARS-CoV-2 main protease
inhibitors: A molecular docking and simulation studies. PLoS
One, 15, ¢0240653.

Coulibaly F (2021) virusMED: your travel guide to the virus world.
IUCrtJ, 8, 857

COVID-19 Dashboard by the Center for Systems Science and
Engineering (CSSE) at Johns Hopkins University (JHU)”.
ArcGIS. Johns Hopkins University. Retrieved 28 November 2022.

Cryer M, Lane K, Greer M, Cates R, Burt S, Andrus M (2017) Isolation
and identification of compounds from Kalanchoepinnata having
human alphaherpesvirus and vaccinia virus antiviral activity.
Pharmaceutical biology, 55, 1586-1591

Denyer CV, Jackson P, Loakes DM, Ellis MR, Young DA (1994) Isolation
of antirhinoviralsesquiterpenes from ginger (Zingiberofficinale).
Journal of natural products, 57, 658-662

Do TV, Krieger UR, Chakka R (2008) Performance modeling of an
apache web server with a dynamic pool of service processes.
Telecommunication Systems, 39, 117-129

Douek DC, Roederer M, Koup RA (2009). Emerging concepts in the
immunopathogenesis of AIDS. Annual review of medicine, 60,
471

Endy and Nisalak (2002). Japanese encephalitis virus: ecology and
epidemiology. Japanese encephalitis and West Nile viruses.11, 48

Fidanka T (2021) Herbs & spices, sub-sector analysis Socio-economic
impact of the COVID-19 crisis in the agriculture.

Fu Y, Jaarsma AH, Kuipers OP (2021). Antiviral activities and
applications of ribosomally synthesized and post-translationally
modified peptides (RiPPs). Cellular and molecular life sciences,
78, 3921-3940

Gad EAM, AhmedME, Al-Fahemi JH (2021) Comparative study on
quantum descriptors, molecular docking and dynamic simulation
of antiviral drugs with Covid-19. Egyptian Journal of Petroleum,
30, 45-51

Gangal N, Nagle V, Pawar Y, Dasgupta S (2020) Reconsidering
traditional medicinal plants to combat COVID-19. AIJR Preprints,
34, 1-6

Ghildiyal R, Prakash V, Chaudhary VK, Gupta V, Gabrani R (2020)
Phytochemicals as antiviral agents: recent updates. In Plant-
derived bioactives (279-295). Springer, Singapore.

Goyal S and Gill A (2021) Deploying a framework to improve the
performance of a web service. Technology (IJEET), 12, 137-147

Griffin DE, Lin WH, Pan CH (2012) Measles virus, immune control,
and persistence. FEMS microbiology reviews, 36, 649-662

Griffiths C, Drews SJ, Marchant DJ (2017). Respiratory syncytial virus:
infection, detection, and new options for prevention and treatment.
Clinical microbiology reviews, 30, 277-319

Gupta S, Singh AK, Kushwaha PP, Prajapati KS, Shuaib M, Senapati
S (2021). Identification of potential natural inhibitors of SARS-
CoV2 main protease by molecular docking and simulation studies.
Journal of Biomolecular Structure and Dynamics, 39, 4334-4345.

Hamulka J, Jeruszka-Bielak M, Gornicka M, Drywien ME, Zielinska-
Pukos MA (2021). Dietary supplements during COVID-19
outbreak. Results of google trends analysis supported by
PLifeCOVID-19 online studies. Nutrients, 13, 54

Horvath G and Acs K (2015) Essential oils in the treatment of respiratory
tract diseases highlighting their role in bacterial infections and
their anti-inflammatory action: a review. Flavourand Fragrance
Journal, 30, 331-341

Hospital A, Goni JR, Orozco M, Gelpi JL (2015) Molecular dynamics
simulations: advances and applications. Advances and applications
in bioinformatics and chemistry: AABC, 8, 37

Hu B, Guo H, Zhou P, Shi ZL (2021) Characteristics of SARS-CoV-2
and COVID-19. Nature Reviews Microbiology, 19, 141-154

Iquebal MA, Jaiswal S, Mahato AK, Jayaswal PK, Angadi UB, Kumar
N (2017) MiSNPDb: a web-based genomic resources of tropical
ecology fruit mango (Mangiferaindica L.) for phylogeography and
varietal differentiation. Scientific Reports, 7, 1-9

Ireland DC, Wang CK, Wilson JA, Gustafson KR, Craik DJ (2008)
Cyclotides as natural anti-HIV agents. Peptide Science, 90, 51-60

Kamboj A, Saluja AK, Kumar M, Atri P (2012). Antiviral activity of
plant polyphenols. J. Pharm. Res, 5, 2402-2412

Khaerunnisa S, Kurniawan H, Awaluddin R, Suhartati S, Soetjipto S
(2020). Potential inhibitor of COVID-19 main protease (Mpro)



Tilak Chandra et al. / Journal of the Indian Society of Agricultural Statistics 165-174 173

from several medicinal plant compounds by molecular docking
study. Preprints, 2020, 2020030226.

Khuntia BK, Sharma V, Wadhawan M, Chhabra V, Kidambi B, Rathore
S (2022) Antiviral potential of Indian medicinal plants against
influenza and SARS-CoV: a systematic review. Natural Product
Communications, 17, 1934578X221086988

Koonin EV, Senkevich TG, Dolja VV (2006). The ancient Virus World
and evolution of cells. Biology direct, 1, 1-27

Kudi AC, Myint SH (1999) Antiviral activity of some Nigerian
medicinal plant extracts. Journal of ethnopharmacology, 68,
289-294

Kuriata A, Gierut AM, Oleniecki T, Ciemny MP, Kolinski A, Kurcinski
M (2018) CABS-flex 2.0: a web server for fast simulations
of flexibility of protein structures. Nucleic acids research, 46,
338-343

Kurokawa M, Basnet P, Ohsugi M, Hozumi T, Kadota S, Namba T
(1999) Anti-Herpes Simplex Virus Activity of Moronic Acid
Purified fromRhusjavanica In Vitro and In Vivo. Journal of
Pharmacology and Experimental Therapeutics, 289, 72-78

Lipinski CA (2004) Lead-and drug-like compounds: the rule-of-five
revolution. Drug discovery today: Technologies, 1, 337-341

Liu X, Zhang B, Wang Y, Haymour HS, Zhang F, Xu LC (2020) A
universal dual mechanism immunotherapy for the treatment of
influenza virus infections. Nature communications, 11, 1-14

Malgwi YM, Mathias L, Muhammad LJ (2018) Development and
implementation of e-commerce system. International Journal of
Advanced Research in Computer Science, 9, 1

Mammari N, Krier Y, Albert Q, Devocelle M, Varbanov M, Oemonom
(2021) Plant-Derived Antimicrobial Peptides as Potential Antiviral
Agents in Systemic Viral Infections. Pharmaceuticals, 14, 774

Maximiano MR and Franco OL (2021) Biotechnological applications
of versatile plant lipid transfer proteins (LTPs). Peptides, 140,
170531

Mukherjee S, ChouhanKBS, Tandey R, Yadav N, Dhobi M, Mandal V
(2021) A status report with critical analysis of research trends in
exploring medicinal plants as antiviral: Let us dig into the history
to predict the future. Phytotherapy Research, 35, 4284-4296

Mukhtar M, Arshad M, Ahmad M, Pomerantz RJ, Wigdahl B, Parveen
Z (2008) Antiviral potentials of medicinal plants. Virus research,
131, 111-120

Pandur E, Balatinaicz A, Micalizzi G, Mondello L, Horvath
A, Sipos K (2021) Anti-inflammatory effect of lavender
(Lavandulaangustifolia Mill.) essential oil prepared during
different plant phenophases on THP-1 macrophages. BMC
complementary medicine and therapies, 21, 1-17

Pastor N, Collado MC, Manzoni P(2021) Phytonutrient and nutraceutical
action against COVID-19: current review of characteristics and
benefits. Nutrients, 13:464

Patel B, Sharma S, Nair N, Majeed J, Goyal RK, Dhobi M (2021)
Therapeutic opportunities of edible antiviral plants for COVID-19.
Molecular and Cellular Biochemistry, 476, 2345-2364

Perez RM (2003). Antiviral activity of compounds isolated from plants.
Pharmaceutical biology, 41, 107-157

Phumesin P, Panaampon J, Kariya R, Limjindaporn T, Yenchitsomanus
PT,Okada S (2022) Cepharanthine Inhibits Dengue Virus
Production and Cytokine Secretion. Virus Research.199030

Piret J and Boivin G (2021) Pandemics throughout history. Frontiers in
microbiology, 11, 631736

Quadros de Azevedo, D., ViniciusVieraNoia, J., Ribeiro, Y.C.M., Alves
dos Reis, R., Ribeiro, P.H.O., Almeida Moura, G., Mendes, P.,
Barbosa de Souza, A.B., CarpiniMermejo, S., Serafim, M.S.M. and
Fernandes, T.H.M., 2024. Development of an Antiviral Medicinal
Plant and Natural Product Database (avMpNp Database) from
Biodiversity. Chemistry & Biodiversity, 21(12), p.e202400285.

Quer J, Rodriguez-Frias F, Gregori J, TaberneroD, SoriaME, Garcia-
Cehic D (2017) Deep sequencing in the management of hepatitis
virus infections. Virus research, 239, 115-125

Qureshi A, Thakur N, Tandon H, Kumar M (2014) AVPdb: a database
of experimentally validated antiviral peptides targeting medically
important viruses. Nucleic acids research, 42, 1147-1153.

Racaniello VR (2006) One hundred years of poliovirus pathogenesis.
Virology, 344, 9-16

Raven PH (2019) Saving plants, saving ourselves. Plants, People,
Planet, 1, 8-13

Rizvi SMD, Shakil S, Haneef M (2013) A simple click by click
protocol to perform docking: AutoDock 4.2 made easy for non-
bioinformaticians. EXCLI journal, 12, 831

Rolland JS (2020) COVID-19 pandemic: Applying a multisystemic
lens. Family process, 59, 922-936

Sabbaghi A, Miri SM, Keshavarz M, Zargar M, Ghaemi A (2019)
Inactivation methods for whole influenza vaccine production.
Reviews in medical virology, 29, ¢2074

Salmeron-Manzano E, Garrido-Cardenas JA, Manzano-Agugliaro
F (2020) Worldwide research trends on medicinal plants.
International journal of environmental research and public health,
17,3376

Sellers MS and Hurley MM (2016) XPairlt Docking Protocol for
peptide docking and analysis. Molecular Simulation, 42, 149-161

Sharma N, Murali A, Singh SK, Giri R (2017). Epigallocatechin gallate,
an active green tea compound inhibits the Zika virus entry into
host cells via binding the envelope protein. International journal
of biological macromolecules, 104, 1046-1054

Singh NA, Kumar P, Kumar N (2021) Spices and herbs: potential
antiviral preventives and immunity boosters during COVID-19.
Phytotherapy Research, 35, 2745-2757

Sultan MT, Buttxs MS, Qayyum MMN, Suleria HAR (2014) Immunity:
plants as effective mediators. Critical reviews in food science and
nutrition, 54, 1298-1308.

Thomas E, Stewart LE, Darley BA, Pham AM, Esteban I, Panda SS
(2021) Plant-Based Natural Products and Extracts: Potential
Source to Develop New Antiviral Drug Candidates. Molecules.
26,6197

Trivedi P, Abbas A, Lehmann C, Rupasinghe HV (2022) Antiviral
and Anti-Inflammatory Plant-Derived Bioactive Compounds
and Their Potential Use in the Treatment of COVID-19-Related
Pathologies. Journal of Xenobiotics, 12, 289-306

Ullah, S., Rahman, W., Ullah, F., Ullah, A., Ahmad, G., Ijaz, M., Ullah,
H., Zheng, Z. and Gao, T., 2023. AVPCD: a plant-derived medicine
database of antiviral phytochemicals for cancer, Covid-19, malaria
and HIV. Database, 2023, p.baad056.

Virus Taxonomy: (2021) Release”. International Committee on
Taxonomy of Viruses. Retrieved 4 April 2022.



174 Tilak Chandra et al. / Journal of the Indian Society of Agricultural Statistics 165—174

Walia ES and Gill ESK (2014) A framework for web based student
record management system using PHP. International Journal of
Computer Science and Mobile Computing, 3, 24-33

Wen CC, Kuo YH, Jan JT, Liang PH, Wang SY, Liu HG (2007) Specific
plant terpenoids and lignoids possess potent antiviral activities
against severe acute respiratory syndrome coronavirus. Journal of
medicinal chemistry, 50, 4087-4095

Whitley RJ and Roizman B (2001). Herpes simplex virus infections.
The lancet, 357, 1513-1518

Xu XY, Wang DY, Li YP, Deyrup ST, Zhang HJ (2021) Plant-derived
lignans as potential antiviral agents: A systematic review.
Phytochemistry Reviews.1-51

Yang A, Wu J, Wang L (2008) Research and design of test question
database management system based on the three-tier structure.
WTOS, 7, 1473-1483.

Yang Y, Xiu J, Zhang L, Qin C, Liu J (2012) Antiviral activity of
punicalagin toward human enterovirus 71 in vitro and in vivo.
Phytomedicine, 20, 67-70

Yuce M, Cicek E, Inan T, Dag AB, Kurkcuoglu O, Sungur FA (2021)
Repurposing of FDA-approved drugs against active site and
potential allosteric drug-binding sites of COVID-19 main protease.
Proteins: Structure, Function, and Bioinformatics, 89, 1425-1441

Database construction
workflow

XAMPP Framework
HTML
i

=

Web server ]
APACHE / It e

[ Scripting search engine MySQL
Middle tier

Client tier

it

PHP

Database management system Database ti

Fig. 1 A web resource, AVR-AgDb: A plant-based antiviral repository was
created using the three-tier architecture viz. client, middle, and database
tier to contain all the collective and compiled results on plant-based
antiviral molecules, their characteristic features. XAMPP framework was
used to design and deploy the webpage. The website framework was made
using HTML, designing was done by using CSS, and was made dynamic
using JavaScript, while software Apache was used as the web server, the
website was supported by the MySQL database in the backend, and PHP
was used as the server-side language and for database connectivity.
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Fig. 2. The cartoon diagram summarizes that medicinal agricultural crops
produce three kinds of phyto-compounds. These are phytonutrients,
nutraceuticals, and phytochemicals. These plants’ derivative antiviral
compounds are used as preventive antiviral measures or utilized post-
viral infection. These compounds act directly on the virus life cycle or
boost host immunity in multifarious ways. A centrally developed database
collectively provides user-friendly access to known antiviral molecules,
their mode of action, and other necessary related information with a single
click. Bi-model search option makes it more effortless to find plant-based
antiviral molecules for the sixteen deadliest viruses. The virus and database
figures have been fetched from BioRender (https://biorender.com/).



