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ABSTRACT

COVID-19 has an unprecedented effect on every aspect of human existence. The chief targets for drug design
against SARS-CoV-2 are, spike envelope glycoprotein (S), the viral main proteinase Mpro, also referred to as 3CLpro,
Angiotensin-converting enzyme 2 (ACE-2), and RNA-dependent RNA polymerase (RdRp). A systematic literature survey
was performed extensively from various published sources and peer-reviewed electronic databases such as PubMed,
Scielo, Google Scholar, and Science Direct databases to obtain peer-reviewed studies on the chief targets for drug design
against SARS-CoV-2 and phytochemicals. Of the 1012 titles identified by the search, 151 were adequate according to
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the inclusion and exclusion criteria. The promising antibacterial, antioxidant, anti-inflammatory, and antiviral activities
of phytochemicals make them an attractive option for drug discovery against SARS-CoV-2. In the quest for finding
drug molecules against these targets, ethno-medicinal knowledge is also being explored. In this review, the authors
have deduced the available phytochemicals with reported anti-CoV activity. In addition to that, the authors have also

briefly thrown light on the etiologic and existing drug targets for SARS-CoV-2. Authors conclude that a multi-target
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gold mine for designing such drugs.

treatment strategy would be the most useful approach against SARS-CoV-2 and phytochemicals can prove to be the
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INTRODUCTION

It has been a test of the ingenuity of scientists to develop a cure
for COVID-19 due to its high mortality, extraordinary basic
reproduction number, lack of clinically approved drugs and
vaccines, and the advent of novel, mutated variants (Kolifarhood
et al., 2020). The collaborative efforts for designing a drug for
this multi-dimensional problem range from drug repurposing to
looking at alternative medicine for inspiration.

Drug repurposing is very beneficial as it decreases the time
required to find a new drug but has its limitations, for instance, the
repurposed drug can show adverse effects such as cardiotoxicity,
hematologic toxicity, hepatotoxicity, hematologic toxicity, and
nephrotoxicity (Saini et al., 2022; Saini et al., 2023d). There was
so much hype about chloroquine and hydroxychloroquine, the
antimalarial drugs for treating COVID-19 but they led to side
effects like neuromyopathy, cardiomyopathy, and retinopathy. So

much so, that World Health Organisation (WHO) had to notify

that HCQ has no benefits if used as a drug against COVID-19
infection (Singh et al., 2020a; Hussain et al., 2021; Kamat &
Kumari, 2021; Shah, 2021). Thus, the problem of ‘adverse effects’
has led rescarchers to focus their attention on phytochemicals
having less toxicity and enhanced bioactivity (Gorlenko et al.,
2020). COVID-19 could be managed by various traditional health

systems as depicted in Figure 1.

Phytochemicals are a diverse collection of naturally occurring
bioactive compounds in plants with excellent therapeutic,
pharmacological, and nutritional properties (Anhé et al., 2013;
Sharma & Bhatia, 2020a; Saini & Sharma, 2022). They comprise
polyphenols, alkaloids, flavonoids, terpenoids, and lignans (Dali
etal., 2019; Srivastav et al., 2020), for instance, epigallocatechin
gallate (EGCG), curcumin, quercetin, resveratrol, apigenin,
anthocyanidins are some of the well-investigated phytocompounds
(Saini et al., 2023¢). Phytochemicals have excellent anti-
inflammatory, anti-amyloidogenic, and antioxidative activities
(Davinelli et al.,, 2012). Also, they have fewer adverse effects,
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Figure 1: Traditional Health Systems in COVID-19 Management

show less toxicity, and better tolerance exhibited by patients for
drugs based on phytochemicals (Rodrigues et al., 2016; Saini
et al., 2023b). These are some of the reasons that researchers
are investigating phytochemicals to look for scaffolds/templates
for the development of a cure for COVID-19 (Awasthi et al.,
2016; Sharma et al., 2022). Various mechanisms have been
proposed for the antiviral activity of phytochemicals such as
stopping viral assembly and interfering the replication of the
virus by targeting DNA/RNA polymerase or post-translational
modifications (Swamy, 2020; Barkat et al., 2022).

Literature is rife with examples of phytochemicals being used
for treating viral infections. There are various formulations
like Ayurvedic concoctions such as AYUSH Kwath (Niphade
et al., 2009; Alsuhaibani & Khan, 2017; Bhalla et al., 2017,
Ghoke et al., 2018), Samshamani Vati (Guduchighanavati)
(More & Pai, 2011; Sachan et al., 2019), AYUSH-64 (Sharma
et al., 1994; Panda et al., 2017; Win et al., 2019; Woo et al.,
2019), Agasthaya Hareetaki (Avalehakalpana) (Mouhajir et al.,
2001; Balasubramanian et al., 2007; P. Patel & Asdaq, 2010;
Lampariello et al., 2012), Anuthaila (Patil et al., 2008; Cohen,
2014; Mohanty et al., 2017; Mukta & Neeta, 2017), Unani
concoctions like Triyag-e-Araba (Loizzo et al., 2008; Ahmad
et al., 2018), Roghan-e-Baboona (Srivastava et al., 2010), Arg-
e-Ajeeb (Laiet al., 2012; Zaia et al., 2016), Khamira-e-Banafsha
(Gerlach et al., 2019), AsgandhSafoof (Withania somnifera (L.)
Dunal), Habb-e-Bukhar (Devaux et al., 2020; Rastogi et al.,
2020), and Siddha concoctions such as Nilavembu Kudineer,
Ahatodai Manapagu (Sampath Kumar et al., 2010), Kabasura
Kudineer (Jin et al., 2011; Chang et al., 2013; Bhattacharya &
Paul, 2021; Devi et al., 2022).

In addition to that, Indian medicinal herbs such as Zingiber
officinale Roscoe (Ginger), Allium sativum L. (Garlic), and
Withania somnifera (L.) Dunal (Ashwagandha), Chyawanprash,
Cinnamomum zeylanicum Blume (Cinnamon), Tinospora
cordifolia (Wild.) Miers (Giloe), Sharbat Rooh-Afza, Curcuma
longa L. (Turmeric), Piper nigrum L. (Black Pepper), Triphala,
Linum usitatissimum L. (Flax Seed), Phyllanthus emblica L.
(Amla), Nigella sativa L. (Black Cumin), and Ocimum sanctum
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L. (Tulsi) are regularly being used as a part of the diet or as spices
for flavoring agents in food. Some argue that Indians regularly
consume them and the phytochemicals present in these are
responsible for the slow death rate in India due to COVID-19
among other factors (Ahmad et al., 2021).

Another major area of phytomedicine that is helping in the
management of COVID-19 is Traditional Chinese Medicine
(TCM). The main respiratory focus of COVID-19 is the lungs,
and TCM targets the lungs (Zhang et al., 2020; Lee et al.,
2021). In the initial phase of coronavirus infection, patients
display clinical symptoms of sore throat, fever, cough, myalgia,
etc. TCM employed in this phase is Maxingshigan (MXSG)
decoction (which includes herbs like Gypsum fibrosum, Ephedra
sinensis, Glycyrrhiza, and Semen armeniacae amarum), and
Gancao ganjiang decoction (GCGJ) (which includes herbs like
Rhizoma zingiberis and Radix glycyrrhizae).

The common symptoms of coronavirus infection are diarrhea,
fever, chest pain, muscle soreness, vomiting, and cough. The
TCM formulations often employed as first-line therapy are:
Qingfeipaidu decoction (QFPD) (Chen et al., 2020; Yang et al.,
2020) (It includes sheganmahuang decoction, MXSG decoction,
xiaochaihu decoction, and wuling powder), Sheganmahuang
decoction (SMD) (Eng et al., 2019) (which includes herbs like
Schisandra chinensis seeds, Rhizoma Belamcandae, Pinelliae
Rhizoma Praeparatum Cum Zingibere Ephedra sinensis Rhizoma
Zingiberis Recens, Ziziphus jujube, Asarum sieboldii, Flos
Farfarae, and Radix Asteris), MXSG decoction, Lianhuagingwen
capsule (LH) (Jia et al., 2015) (which includes herbs like Fructus
Forsythiae, Glycyrrhiza, Honeysuckle, Radix et Rhizoma Rhodiolae
Crenulatae, Eiphedra sinensis, Rheum palmatum, Agastache rugosa,
Semen Armeniacae Amarum, Herba Houttuyniae, Isatis tinctoria,
Gypsum fibrosum, and Rhizoma Dryopteridis Crassi Rhizomatis),
and Jinhuaginggan granules (JHOG) (Liu et al., 2020; Lee
etal., 2021) (which includes herbs like Honeysuckle, Glycyrrhiza,
Ephedra sinensis, Herba Menthae Haplocalycis, Gypsum fibrosum,
Herba Artemisiae Annuae, Semen Armeniacae Amarum, Rhizoma
Anemarrhenae, Fructus Arctii, Bulbus Fritillariae Thunbergii,
Scutellaria baicalensis, and Fructus Forsythiae).

Viral diseases such as chikungunya, dengue, HIV/AIDS, Ebola,
ete. have all been subject to numerous Ayurvedic and Western
natural formulations, which gives hope that they may also prove
to be potent against SARS-CoV-2 (Boukhatem & Setzer, 2020;
Koulgi et al., 2021). Worldwide, native and aboriginal peoples
have relied upon plant-based medicinal strategies, and this
approach is also supported by the WHO’s call to develop natural
product-inspired drug candidates (Yuan et al., 2016; WHO,
2019). At present, 70-80% of commercial drug formulations
originate from plant-based compounds (Harrison et al., 2020;
Niet al., 2020; Yanez et al., 2020). Thus, in light of the scarcity
of effective medicinal interventions available for SARS-CoV-2,
phytochemicals may provide crucial breakthroughs. For instance,
the Indian Ministry of AYUSI has initiated clinical trials for the
evaluation of four Ayurvedic herbs viz. ashwagandha (Withania
somnifera (L.) Dunal), Guduchi (Tinospora cordifolia (Willd.)
Miers), yasthimadhu (Glycyrrhiza glabra L.), and pipli (Piper
longum L.) against COVID-19 (Ministry of Ayush, 2020).
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In light of the above, the authors have tried to summarize the
available studies of phytochemicals with reported anti-CoV
activity. Moreover, the authors have also briefly discussed the
existing drug targets for SARS-CoV-2 and the mechanism by
which phytochemicals act.

METHODOLOGY

Prominent search engines such as Google Scholar, ScienceDirect,
Scopus, Web of Science, SpringerLink, PubMed, and BioMed
Central were used to search and identify the relevant literature.
Extra reading material was retrieved by consulting books and
ethnopharmacological. Search terms such as “SARS-CoV-2 and
phytochemicals”, were used, either alone or along with the terms
“spike envelope glycoprotein” and/or the viral main proteinase
“Mpro”, “3CLpro”, “Angiotensin-converting enzyme 2 (ACE-2)”
and “RNA-dependent RNA polymerase (RdRp)”. Of the 1012
titles identified by the search, 151 were adequate according
to the inclusion and exclusion criteria. All of the 151 articles
were comprised of only research and review articles Literature
search included thesis, book chapters, conference abstracts,
encyclopedias, book reviews, and others. Articles excluded from
this review are those with incomplete information.

MAIN DRUG TARGETS FOR SARS-COV-2

The potential drug targets, as shown in Figure 2, can be virus-
based and host-based, that is, all enzymes and proteins of

Saini et al.

the SARS-CoV-2 that take part in the replication of the virus
and arc involved in the control of host cellular machinery.
Virus-based proteins of SARS-CoV-2 are structural and non-
structural. Structural proteins, as the name suggests, form the
structure of the coronavirus, and they include the spike (S)
glycoprotein, envelope (E) protein, membrane (M) protein,
and the nucleocapsid (N) protein. Out of these, the Spike (S)
protein helps in the process of the entry of the virus into the
host cell via receptor recognition and membrane fusion; The
envelope (E) protein helps in the envelope formation, assembly,
and virulence; membrane (M) protein helps in viral assembly
and nucleocapsid (N) protein helps in the packaging of the viral
RNA genome into nucleocapsid and protects it (Niet al., 2020).

The 16 non-structural proteins (NSP) have specific roles, in
theory, all of them can be used as a drug target but it to be a
success, the crystal structure of the target and ligand should be
available and they should have a significant role in the process
of infection. Keeping these factors in mind, predominantly,
the focus has been on the RdRp, the two proteases (3CLpro
and PLpro) and helicase (NSP13). Host-based drug targets
include angiotensin I converting enzyme 2 (ACE2) receptor,
Transmembrane Serine Protease 2 (TMPRSS2), furin, cathepsin
L, adaptor-associated Kinase 1 (AAK1) and cyclin G-associated
kinase (GAK), phosphatidylinositol 3-phosphate 5-kinase
(PIKfyve), and two-pore channel (TPC2). The recognition of
the angiotensin-converting enzyme 2 (ACE2) on the surface of
the host cell by the S protein of the SARS-CoV-2 and its binding
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Figure 2: Main drug targets for SARS-CoV-2; Taken from (Sumon et al., 2020) under CC-BY licence
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to the membrane by the envelope protein explains the entry of
the virus into the host cell. After the introduction of the viral
genome into the host cell, transcription and translation of this
genome leads to the formation of a polyprotein. This polyprotein
is then treated by the protease (3CLpro) into the structural
proteins, S, E, M, and N proteins, and NSPs. It is important to
note that the human body does not have a 3CLpro homolog,
making it a desirable drug target against SARS-CoV-2 (Jo et al.,
2020; Singh et al., 2020b; Zhang et al., 2020). Phytochemicals
such as carboxylic acid esters, peptides, alkanes, alkenes,
quinolines, terpenes, pyrazines, nucleoside analogs, alcohols,
flavonoids, and acridones exhibit activity against SARS-CoV-2
(Milugo et al., 2025).

The mechanistic aspects of the action of phytochemicals include
interaction with both structural and NSPs of SARS-CoV-2.
This involves strong bonding with the active site, leading to
large conformational changes. That is why phytochemicals
act as inhibitors of these proteins. There are various ways in
which they can do so: inhibiting the toll-like receptors (TLRs)
and endothelial activation, blocking the ACE-2, inhibiting
the entry or replication of the virus, activating the nuclear
factor erythroid-derived 2-related factor 2 (Nrf2), blocking the
TMPRSS2 and regulating the mediators causing inflammation
(Malckmohammad & Rafician-Kopaci, 2021).

CURRENT STATUS OF PHYTOCHEMICALS FOR
TREATING SARS-COV-2 INFECTION

In this section, we have summarized some of the seminal studies
that have been done to gauge the potential of phytochemicals
against SARS-CoV-2. Most research groups focus their efforts
on medicinal plants already documented in the literature.

For instance, six potential inhibitors of the main protease (Mpro
or 3Clpro) of SARS-CoV-2 were found through molecular
docking and molecular dynamics studies from Withania
somnifera (Ashwagandha), Tinospora cordifolia (Giloy),
and Ocimum sanctum (Tulsi). The inhibitors identified are
Withanoside V, Somniferine, Tinocordiside, Vicenin, Ursolic
acid, and Isorientin. The ADMET profile of these inhibitors
was very promising (Shree et al., 2022). In another study, a
constructed phytochemical library was virtually screened and
explored against SARS-CoV-2 papain-like protease, and two
potent compounds, broussochalcone A and broussoflavan A,
were identified as promising lead compounds against COVID-19
(Wadanambi et al., 2025). India has a long history of using
medicinal plants in ayurvedic medications, but the use of
phytochemicals is also a global phenomenon. For example,
the phytochemicals present in the medicinal plants of the Al-
Haouz region, Morocco, were investigated by in-silico methods,
and the phytochemicals having potential activity against Mpro
were rosmarinic acid, hesperetin, gallocatechin, and cyasterone
(Ghanimi et al., 2022). Another study explored the traditional
Siddha formulation, Milagai-Kudineer, as an inhibitor of SARS-
CoV-2. And it was noted that phytocompounds like Ascorbic
acid, Quercetin, Curcumin, and Capsaicin showed considerable
binding affinities against the viral target proteins, suggesting
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their potent role in blocking the viral entry and replication.
Also, bioactive natural compounds like Dihydrocapsaicin,
Cuminaldehyde, Carvacrol, and Linalool were identified as
antiviral agents as they interact with the key amino acid residues
of the S protein (Rajamanickam et al., 2025).

Network pharmacology was also employed extensively to
find compounds against SARS-CoV-2; for example, 34,472
phytochemicals from 3038 Ayurvedic herbs (AHs) were
investigated via network pharmacology and molecular docking.
The results highlighted six significant AHs responsible for
antiviral immunity. In addition to that, the binding affinities
of 292 potentially effective phytochemicals (PEPs) against
24 SARS-CoV-2 proteins were analyzed. This analysis gave
forward a bi-regulatory network of 115 PEPs that could help in
the regulation of protein targets in the host and the virus. This
study was very significant because it also identified 12 PEPs as
potential COVID-19 comorbidity regulators (Choudhary &
Singh, 2022).

One very interesting trend observed in exploring phytochemicals
for treatment against SARS-CoV-2 was the use of secondary
data, that is, the use of already published data. This was then
coupled with primary data (predominantly in silico studies).
For instance, for the medicinal plant Artemisia herba-alba,
literature was searched for its phytochemical ingredients, ethnic
uses, and pharmacological activities against SARS-CoV-2.
The phytochemicals rutin, 4,5-di-O-caffeoylquinic acid, and
schaftoside were identified, and they were then investigated
using in-silico studies (Hasan et al., 2022).

According to a report, the maximum therapeutic activity is
reported from medicinal plants belonging to the Lamiaceae
family used in four countries: India, Australia, China, and
Morocco. This was followed by Fabaceae, then Asteraceae,
Meliaceae, Piperaceae, Zingiberaceae, and Ranunculaceae
(Mukherjee et al., 2022). Also, substantial heterogeneity
is much more in 3CLpro inhibitors than PLpro inhibitors
(Ebenezer et al., 2022). It will be better if the focus is on the
recognition of different mechanisms to fight against SARS-
CoV-2 infection. That should be the general approach while
using phytochemicals for this infection (Soleymani et al., 2022).

Phytochemicals have been screened for their activity against the
new delta variant SARS-CoV-2 Indian Delta Variant B.1.617.2.
In a recent study, the focus was on inhibition of the S protein
Trimer (Bharathi et al,, 2022). 603 phytocompounds from 22
plant species were studied and were compared with standard drugs
such as ceftriaxone, lopinavir, chloroquine, remdesivir, hydroxy-
chloroquine, and ritonavir. Phytochemicals such as acteoside,
verbascoside, kanzonol V, progeldanamycin, and rhodoxanthin
were suggested as leads against SARS-CoV-2 infection (Bharathi
et al., 2022). Design of inhibitors against the Receptor-Binding
domain (RBD) of the S protein of SARS-CoV-2 is a hot area of
research now. In one such important study, phytocompounds from
two mangrove plants, Pandanus odorifer and Pistacia integerrima,
showed activity against the receptor binding domain (RBD)
of the S protein of SARS-CoV-2 (Paul et al., 2022). In another
computational study, various active sites of the S protein and its
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interaction with different conformers of various phytochemicals
were examined. The effectiveness of various ethno-medicinal
practices were explored to investigate various drug targets to treat

COVID-19 infections (Milugo et al., 2025).

Ursolic acid, a pentacyclic terpenoid, is also touted as a potential
therapeutic option against SARS-CoV-2 infection (Al-kuraishy
et al., 2022). Morcover, the isolation of five abictane-type
diterpenes from Glyptostrobus pensilis has been reported to be a
plausible lead against SARS-CoV-2 (Phonget al., 2022). Similarly,
natural biflavones have also been investigated for their inhibition
potential against PLpro. The National Compound Library of
Traditional Chinese Medicines (NCLTCMs) was searched, and
from 9000 TCM-based phytocompounds, nine natural biflavones
were sclected as potent PLpro inhibitors (Li et al., 2022). And
recently, 3 compounds, capparispine, bergenin, and (3R)-7,4'-
dihydroxy-8-methoxyhomoisoflavane, displayed considerable
interaction with key residues of PLpro through hydrophobic
interactions and hydrogen bonding, thus highlighting their
potency as PLpro inhibitors (Rajchakom et al., 2025).

In addition to that, mannose-specific/mannose-binding lectins
(MBL), should also be explored against SARS-CoV-2. Evidence
suggests that the glycomimetic approach can be effective in
controlling the glycobiological aspects of COVID-19. Plant-
based mannose-specific lectins BanLac, FRIL, Lentil, and
GRFT from red algae can reduce SARS-CoV-2 infection
(S. Sharma & Bhatia, 2020a; Ahmed et al., 2022).

Many medicinal plants have been investigated for possible
efficacy against SARS-CoV-2 because for ages they have been
used to treat respiratory infections. One such example is Blumea
balsamifera (L.) DC. Out of 331 phytochemicals investigated,
113 proved to be potent SARS-CoV-2 Mpro inhibitors, with the
phenylpropanoid moiety (Ph-C3-) as a possible pharmacophore
of the target enzyme (Cayona & Creencia, 2021). In another
interesting study, 15 out of 23 active phytochemicals of
fingerroot (Boesenbergia rotunda) exhibited inhibitory activities
against the SARS-CoV-2 main protease enzyme (Gurung et al.,
2022). Polycyclic glycoside ouabain is effective for treating
COVID-19 patients with cardiovascular morbidity. This was
confirmed via in silico methods too (Mithilesh et al., 2022).

In silico investigations confirmed chebulagic acid, chebulinic
acid, terflavin A, and chebulinic acid, from Triphala formulation
as potential inhibitors of SARS-CoV-2 Mpro (Rudrapal et al.,
2022). One other class that should be tapped as possible drug
leads against SARS-CoV-2 is nucleoside analogs. They are
known anticancer and antiviral agents. In fact, in a recent
study, Cordycepin (3'-decoxyadenosine) assists greatly in the
inhibition of the multiplication of the new resistant strains of
SARS-CoV-2. The EC50 of about 2 uM is required, making it
better than remdesivir and its active metabolite GS-441524
(Rabie, 2022). This is an interesting finding and paves the
way for its preclinical/clinical trials. A TCM Formulation, Jing
Si showed inhibition of replication of COVID-19 Variants
(Lin et al., 2022). Moreover, forty-six flavonoids were tested
in silico against human TMPRSS2 protein, Results seemed
promising, with naringin proving to be a better inhibitor for
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TMPRSS2 and 3CLpro, and hesperidin for Plpro. Glycosylated
bioflavonoids were less toxic and had enhanced solubility and
bioavailability (Kumar et al., 2022). 50 dietary polyphenols
were analyzed computationally for their inhibition potential
against Mpro. The analysis revealed some interesting findings.
Kievitone and Ellagic acid are promising inhibitors of SARS-
CoV-2 main protease as they show effective disruption of the
His41 and Cys145 (two crucial residues of Mpro) compared to
Remdesivir. Thus, functional foods having kievitone and ellagic
acid can be used to manage COVID-19 (Adelusi et al., 2022).

Bitter cola phytochemicals showed promising inhibition
against SARS-CoV-2 main protease and RNA dependent-RNA
polymerase (Arumugam et al., 2021; Oluyori et al., 2022).
Also, Nigella sativa exhibits anti-SARS-CoV activity (Idrees
et al., 2021). Computational investigations of fifty-seven
phytochemicals against 3CLpro, ACE-2, S protein, and RdRp
revealed six phytochemicals showing promise as inhibitors.
These were apigenin-o-7-glucuronide and ellagic acid from
Eucalyptus globulus; eudesmol and viridiflorene from Vitex
negundo and; vasicolinone and anisotine from Justicia adhatoda
when compared with lopinavir and remdesivir, apigenin-o-
7-glucuronide appeared to be a remarkable inhibitor of both
polymerase and protease (Gowrishankar et al., 2021). In another
study, 127 bioactive compounds were screened against the N
protein of SARS-CoV-2, nine (cudesmol, linarin, alpha-thujene,
kaempferol-3-O-glucuronide, geranyl acetate, cadinene,
kaempferide, germacrene A, and baicalin) emerged as potent
inhibitors. These phytochemicals come from 3 Indian medicinal
plants Coriandrum sativum, Ocimum sanctum, and Mentha
arvensis (Muthumanickam et al., 2021). Similar biochemical
screening of phytochemicals was done by Bano et al. (2025)
and Scopoletin was identified as a potent antiviral drug agent

against SARS-CoV-2 (Bano et al., 2025).

Gas chromatography was utilized to analyse essential oils from
herbal plants of Lebanon viz, Calamintha origanifolia, Pinus
pinea, Pistacia palaestina, Juniperus oxycedrus, Juniperus excelsa,
Cuminum cyminum, Pinus brutia, Lavandula stoechas, Laurus
nobilis, Origanum syriacum, O. ehrenbergi, Satureja thymbra,
Cupressus sempervirens, Foeniculum vulgare, Mentha longifolia,
Salvia tribola, and Pimpinella anisum (Muthumanickam et al.,
2021). This revealed potential natural compounds against
SARS-CoV-2 (Saabet al., 2021). 22 phytochemicals from various
Indian medicinal plants were screened against six NSP from
SARS-CoV-2. Analysis revealed nine effective phytochemicals,
predominantly from Withania somnifera (Parida et al., 2021).
Exhaustive in silico investigations revealed that Indian
medicinal plants Aegle marmelos, Vetiveria zizanoides, Moringa
oleifera, and Punica granatum have great anti-viral potential
(Qazi et al., 2021). Himalayan medicinal plant (HMP)
phytochemicals have shown potential inhibition against
replication and transmission targets of SARS-CoV-2. About
forty-two IHIMP bioactives were analyzed against these targets
for their binding energy, molecular interactions, inhibition
constant, and biological pathway enrichment analysis (Natesh
etal.,2021). Another similar study postulated the role of HMPs
against SARS-CoV-2 (Natesh et al., 2021).
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In an important study, 132 phytochemicals from 3 herbal
plants conventionally used as antivirals; Artemisia annua L.
(Asteraceace), Zingiber officinalis Roscoe (Zingiberaceae), and
Moringa oleifera Lam. (Moringaceac), were screened for their
inhibition activity against TMPRSS2. Quercetin, niazirin, and
moringyne from Moringa oleifera exhibited effective inhibition
of TMPRSS2 (Oyedara et al., 2021). 605 phytochemicals from
37 plants and 139 antiviral molecules were computationally
analyzed in the inhibition of SARS-CoV-2 multiple protein
targets. Results revealed the anti-viral properties of traditional
“Kabasura kudineer”, which is also used in traditional
AYUSH medicine (Nallusamy et al., 2021). Phytochemicals
isorhamnetin, isorhamnetin 3-O-glucoside, astragalin,
3-O-caffeoyl quinic acid, and quercetin from Opuntia ficus-
indica with SARS-CoV-2 Mpro (Vicidomini et al., 2021) with
astragalin having a maximum affinity for Mpro and was least
toxic. Four phytochemicals were identified from Nigella sativa,
particularly o-hederin, as RNA-dependent RNA polymerase
inhibitors of SARS-CoV-2 (Mir et al., 2022). Alkaloids have also
been explored for their antiviral effects against SARS-CoV-2
(Majnooni et al., 2021). Recently, the components of Ligustrum
ovalifolium Hassk, which include phenylethanoid/propanoids,
iridoids, and triterpenoid derivatives of ursolic acid and oleanolic
acid, were also identified as antiviral drug agents against SARS
CoV-2 (Afifi et al., 2025). In another study, screening 586
phytochemicals from forty-seven medicinal plants revealed
that they could be effective against both the host as well as
viral targets (Singh et al., 2021). Ocimum sanctum, commonly
known as Tulsi was investigated a lot for its possible role against
SARS-CoV-2 infection. One such report suggests that flavonoids
and polyphenolic compounds of Tulsi, especially Luteolin-7-O-
glucuronide, after binding to the catalytic residue Cysl45 of
the main protease, can lead to the irreversible inhibition of the
enzyme (Mohapatra et al., 2021). In silico evaluations of the
phytochemicals from the plant, Andrographis paniculata, led to
a promising lead, neoandrographolide (Murugan et al., 2021).
Some known antimalarial phytochemicals such as recursive
and several shizukaols, have been reported as potential anti-
viral agents and can be effective against SARS-CoV-2 (Hasan
et al., 2021). In another recent study, Beta-Amyrin acetate,
20(29)-Lupenol acetate, 3-Epimoretenol, Lanosterol acctate,
and Methyl 3-ox0-12-en-23-0ate were identified as the most
potent antiviral drug agents against the S protein, RdRp, and
SARS-CoV-2 Mpro (Abdullahi et al., 2025).

Chlorogenic acid and hesperidin present in ginger and L-(—)-
catechin have been reported to be potential drug leads against
Mpro of SARS-CoV-2 (Jahan et al., 2021; Janlou et al., 2025).
The concept of chemical space was also invoked for the
corroboration of drugs identified from phytochemicals against
SARS-CoV-2 (Joshiet al., 2021; Swain et al., 2021). Six phenolic
compounds of Rhus spp. They were identified for potential
inhibition against Mpro of SARS-CoV-2 (Sherif et al., 2021).

In silico investigations revealed that fisetin, quercetin, and
kamferol have the potential to disturb the binding of the
hACE2-S complex and thus can be explored as possible leads
against SARS-CoV-2 (Pandey et al.,, 2021). In an attempt to
identify Mpro inhibitors from a library of bioactives with proven
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antiviral activities, five active compounds, viz., Withanosides
V and VI, Racemosides A and B, and Shatavarin IX, showed
promising results, but the best leads were Withanosides V and
VI (Patel et al., 2021). One study reported the phytochemicals
sarsasapogenin, ursonic acid, curcumin, ajmalicine, novobiocin,
silymarin and aranotin, piperine, gingerol, rosmarinic acid, and
alpha terpinyl acetate as promising Nspl5 inhibitors (Kumar
et al., 2021). In another study, silymarin was identified as a
potent drug agent for both omicron and wild-type spikes and
human ACE2 protein, which reflects its ability to block the
interaction of host-pathogen and avert infection (Dutta et al.,
2025). Computational investigations reveal that phytochemicals
SilybinC, Isopomiferin, Lycopene, SilydianinB, and Silydianin
inhibit the HRI domain in SARS-CoV-2 S protein (Majeed et al.,
2021). In another study, the analysis of 3CLpro and its screening
against a medicinal plant library comprising 32,297 probable
anti-viral phytochemicals/TCM compounds gave nine possible

drug leads against SARS-CoV-2 (Tahir ul Qamar et al., 2020).

In addition to that, Withaferin A from Withania somnifera,
Silybin, an active constituent found in Silybum marianum,
phytochemicals from Tinospora cordiofolia and Aloe barbadensis
displayed good binding energetics with the target proteins
in SARS-CoV-2 (Pandit & Latha, 2020). Withanolide R
and 2,3-Dihydrowithaferin A emerged as potential drug
leads from the screening of phytochemicals from Withania
somnifera and Azadirachta indica (Parida et al., 2020b).
In another in silico investigation, 92 phytochemicals from
medicinal plants of the Andean region were screened against
SARS-CoV-2 3CLpro and RdRp. Hesperidin and lupinifolin
emerged as potential leads against SARS-CoV-2 infection
(Mosquera-Yuqui et al., 2020).

In silico screening of around 1000 phytochemicals derived from
traditional Saudi medicinal plants revealed that withanolide A,
isocodonocarpine and calonysterone bound tightly to PLpro,
luteolin 7-rutinoside, chrysophanol 8-(6-galloylglucoside) and
kaempferol 7-(6"-galloylglucoside) effectively bind to RdRp, and
chrysophanol 8-(6-galloylglucoside), 3,4,5-tri-O-galloylquinic
acid and mulberrofuran G showed strong binding with 3CLpro
(Alamri et al., 2020). In another computational investigation,
1916 phytochemicals from fifty-five Indian medicinal plants,
were virtually screened on eight structural and non-structural
SARS-CoV-2 protein targets. triterpenoids from Azadirachta
indica and steroidal lactones from Withania somnifera emerged
as the drugleads (Parida et al., 2020a). 226 phytochemicals from
African medicinal plants were virtually screened against RdRp.
Alkaloids (strychnopentamine, 10’-hydroxyusambarensine,
and cryptospirolepine) and flavonoids (12a-epi-millettosinand
usararotenoid A) came out as potential inhibitors of the
enzyme (Ogunyemi et al., 2020). The main phytochemicals of
the two pulses, Vigna radiata and Vigna mungo, were virtually
screened against C-3, like the main protease of SARS-CoV-2,
which showed greater binding of certain phytochemicals with
the protease. The authors of this study claim that this could
be a cause of the low morbidity of SARS-CoV-2 in India and
Bangladesh, as these two pulses are consumed mainly by the
populace in these countries (Jannat et al., 2020). Yashtimadhu
(Glycyrrhiza glabra) was also reported to be effective against
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SARS-CoV-2 (Maurya, 2020). Also, phytochemicals from
Solanum surattense Burm. f. showed potential inhibition against
the C-3-like main protease of SARS-CoV-2 (Hasan et al., 2020).
An empirical study by Luo et al. (2020) saw quicker recovery
among patients (n '/4 54) administered TCM. The Qingfei Paidu
decoction used in SARS-CoV-2 treatment (n /4 214) produced
a significant improvement in patients (60%) after a day regime
across 4 provincial-level hospitals in China. 30% of the patients
showed stable symptoms without aggravation. This was one of
many TCM regimens that have shown effectiveness in screening
and clinical trials. It also demonstrates the advantage of using
plant secondary metabolites over other natural products, given
their lower toxicity, economic costs, and multi-target activities
(Andersen et al., 2020; Luo et al., 2020; Zhang, 2020). Zhang
et al. (2020) used a rational screen approach to conclude that
13 reported TCM derivatives used to fight other viral respiratory
infections, such as MERS-CoV/SARSSeCoV, also showed anti-
SARS-CoV-2 activity.

Despite the publication of over 5000 reviews in PubMed, since
the COVID-19 outbreak, natural product-based strategies have
remained neglected. However, literature on various nature-
inspired compounds with anti-SARS-CoV and anti-MERS-CoV
activity has been of importance as the sequential similarity
between the two viruses opens up avenues for computationally
supported repurposing of these natural products to tackle SARS-
CoV-2 (Andersen et al., 2020). It is a safe and cheap approach
to developing anti-COVID-19 drug candidates in shorter
periods. The study into phytochemical potential for COVID-19
treatment does not come without its challenges. Knowledge
gaps in the mechanism of action of the latent protection against
the cytopathic effect of CoV, and crystallographic details of the
interaction of phytochemicals with targets on the viral protein
remain as obstacles. The inclusion of advanced computational
methodologies and machine learning may further strengthen
the mission to find potent anti-CoVID drug candidates (Dey
et al., 2020; Harrison, 2020; Zhang et al., 2020).

CONCLUSIONS AND FUTURE PERSPECTIVES

As COVID-19 continues to affect millions of people across the
globe and exerts overwhelming pressure on national healthcare
setups, the search for anti-COVID-19 drugs represents a vital way
forward to improve patient outcomes. Since time immemorial,
and even in the modern world, especially in aboriginal and tribal
communities, substances obtained from medicinal plants have
remained a reliable and effective treatment option (Kakkar &
Sharma, 2011; Saini et al., 2023a). These include anti-allergic,

anti-inflammatory, and anti-viral action.

Apart from their direct anti-viral action on the virus itself, such as
3CLpro, Mpro, and RNA-dependent RNA polymerase inhibition,
phytochemicals can also provide other alternative effects to
fight SARS-CoV-2. For instance, in cases of COVID-19 with
acute respiratory stress disorder, immunomodulatory and anti-
inflammatory compounds such as interleukin (IL)-6 antagonists
and corticosteroids are employed. V. amygdala and E. longifolia
have both exhibited impedance of the pro-inflammatory
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cytokines and reduced IL-6 (Asante et al., 2019; Ruan et al., 2019;
Zeng et al., 2020). The latter also helps stimulate the immune
system in adults, and its ability to control existing cytokine levels
needs further validation (George et al., 2016).

The multi-faceted impact of SARS-CoV-2 on patients both
during and post-illness through long-term complications such
as chronic inflammation, which includes neuropsychiatric
and lung fibrosis (Fraser, 2020; Paterson et al., 2020), is a
challenge where phytochemicals may be particularly useful.
Using the Multi-Target Drug Ligand (MTDL) design, where
the computational process focuses on developing ligands that
show good binding affinities with multiple targets, has already
been used for in silico investigation for drug candidates to
tackle Alzheimer’s Discase, another complex, multifactorial
discase (Saini & Sharma, 2024). These molecules are found to
have better ADMET properties, can easily cross the blood-brain
barrier, and have insignificant side effects. Phytochemicals, by
nature, are polypharmacological, less toxic, and have minimal
adverse reactions, making them ideal starting candidates for
the MTDL approach.

However, phytochemical-based drug design comes with its
own set of obstacles. Unlike synthetic drugs, the identification,
isolation, and standardization of plant-derived compounds
are tedious, slowing down the development of candidates
during crises such as the current pandemic (Lim et al., 2021).
It also impacts uniformity and effectiveness among batches,
which is a major cause of concern. As most medicinal plant
usage originates from traditional texts and practices, rigorous
scientific validation is necessary. Phytochemicals often consist
of harmful chemical moieties which need to be identified and
neutralized. Traditionally, plant-derived drug candidates also
suffer from poor solubility, low biocompatibility, toxicity, low
tissue distribution, ctc. which need to be addressed before any
effective formulation can be made (Sharma & Bhatia, 2020b;
Saini & Sharma, 2023). The reproducibility of experimental
findings concerning phytochemicals and their mechanisms of
action is often called into question.

Phytochemicals, despite their challenges, represent a vast
resource of information that the scientific community should be
tapping into to explore potentially revolutionary interventions
for COVID-19 management. It combines our traditional
knowledge as well as modern technological and scientific
advances in a synergistic vehicle that will drive us through not
only this pandemic but the pandemics of the future as well.
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