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Review 

The Efficacy of Traditional Medicinal Plants in Modulating the Main 

Protease of SARS-CoV-2 and Cytokine Storm 

Jomin Choe,a Phaik Har Yong,b and Zhi Xiang Ng*,a 

a School of Biosciences, Faculty of Science and Engineering, University of Nottingham Malaysia, 43500 Selangor, Malaysia,  

e-mail: zhixiang.ng@nottingham.edu.my    

b School of Bioscience, Faculty of Medicine, Bioscience and Nursing, MAHSA University, 42610 Selangor, Malaysia 

Selected traditional medicinal plants exhibit therapeutic effects in coronavirus disease (Covid-19) patients. This review aims to identify the 

phytochemicals from five traditional medicinal plants (Glycyrrhiza glabra, Nigella sativa, Curcuma longa, Tinospora cordifolia and Withania 

somnifera) with high potential in modulating the main protease (Mpro) activity and cytokine storm in Covid-19 infection. The Mpro binding 

affinity of 13 plant phytochemicals were in the following order: Withanoside II > withanoside IV > withaferin A > α-hederin > withanoside V > 

sitoindoside IX > glabridin > liquiritigenin, nigellidine > curcumin > glycyrrhizin > tinocordiside > berberine. Among these phytochemicals, 

glycyrrhizin, withaferin A, curcumin, nigellidine and cordifolioside A suppressed SARS-CoV-2 replication and showed stronger anti-inflammatory 

activities than standard Covid-19 drugs. Both preclinical and clinical evidences supported the development of plant bioactive compounds as 

Mpro inhibitors.  

Keywords: anti-inflammation • anti-viral • Covid-19 • herbs • phytochemical 

1. Introduction 

Coronavirus disease (Covid-19) is a human respiratory complication 

caused by severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) [1]. SARS-CoV-2 is an airborne virus that infects humans 

through the nose, eyes, or mouth.[2] Long term SARS-CoV-2 infection 

may result in myocardial inflammation, acute respiratory disease 

syndrome (ARDS), pneumonia, organ failure and death.[3] The 

cysteine protease of SARS-CoV-2 virus is commonly known as the 

main protease (Mpro) (PBD ID: 6LU7) or 3-chymotrypsin-like cysteine 

protease that regulates viral maturation, replication, and gene 

transcription.[4] The viral activity could be suppressed by inhibiting the 

Mpro action, leading to the suppression of virions released from 

human host cells.[5] Hyperinflammation is a common complication of 

SARS-CoV-2 infection due to excessive human immune response 

against the virus via the expression of pro-inflammatory factors such 

as interleukins (IL)-2, 6, 8, 10, 1β, tumor necrosis factors (TNF), and 

interferons (IFN).[6] The overproduction of these pro-inflammatory 

cytokines and chemokines during hyperinflammation may ultimately 

leads to cytokine storm.[2]    

The current Covid-19 treatment including the use of antiviral, 

anti-inflammatory, and immunomodulatory drugs. However, none of 

them can effectively halt the viral infection.[7] For instance, nelfinavir 

and lopinavir are typical standard drugs for Mpro 6LU7 while N3 is a 

computer designed native ligand with high stability and binding affinity 

(-8.37 kcal/mol) towards 6LU7 of Mpro.[8,9] However, the Mpro docking 

value of N3 is lower than nelfinavir and lopinavir.[8,10] Anti-inflammatory 

drugs like tocilizumab is mainly used on ARDS patients to inhibit the 

production of pro-inflammatory cytokine IL-6.[11,12] 

 The therapeutic role of medicinal plants is mostly attributed to 

their rich source of bioactive components including the 

polyphenols, saponins and alkaloids with pharmacological 

effects.[13,14] Selected bioactive compounds such as flavonoids, 

proanthocyanidins, alkaloids, and terpenoids with antiviral and 

immunomodulatory effects are believed to play a potential role in 

combating Covid-19.[13,15] Although several medicinal plants such as 

Glycyrrhiza glabra, Nigella sativa, Curcuma longa, Tinospora 

cordifolia and Withania somnifera have been previously demonstrated 

to attenuate Covid-19 infection, their interaction with Mpro of SARS-

CoV-2 remains to be elucidated.[16] Besides that, scientific evidences 

on the role of natural bioactive compounds in combating cytokine 

storm are still lacking. Hence, this study aimed to review and explore 

the bioactive profile of G. glabra, N. sativa, C. longa, T. cordifolia and 

W. somnifera to determine their inhibitory potential against Mpro 

protease and cytokine storm in Covid-19 patients. 
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2. Methodology 

Literature review was performed with original research articles 

published between June 2003 and June 2022 in four electronic 

databases, namely the Scopus, Ovid Medline, Web of Science 

and Google scholar. Specific keywords were used in the literature 

search including “Curcuma longa” OR “Turmeric”, “Glycyrrhiza 

Glabra”, “Nigella Sativa”, “Withania somnifera”, “Tinospora 

cordifolia”, “pharmacology”, “covid”, “Covid-19” OR “Sars-Cov-2”, 

“Mpro” OR “main protease”, “phytochemicals”, and “cytokine 

storm”. The articles were screened for their titles and abstracts 

with the following inclusion criteria: Medicinal plants with 

phytochemicals and pharmacological activities related to Mpro, 

cytokine storm and Covid-19 as well as articles published in 

English language. Out of 315 shortlisted articles, 95 articles were 

included in this review. 

3. Results and Discussion  

3.1. Pathogenesis of SARS-CoV-2 and current treatment for 

Covid-19 Patients 

Mpro of SARS-CoV-2 is a key enzyme that regulates viral 

replication and transcription.[8] It cleaves the polyproteins which 

are translated from the viral ribonucleic acid (RNA) of SARS-CoV-

2 in order to form active viral proteins.[17] Due to its rate-limiting 

characteristic, the enzyme has been recognized as an attractive 

drug target site for Covid-19 patients.[10] 

Cytokine storm occurs when both the innate and adaptive 

human immunity systems are triggered by SARS-CoV-2.[18] A 

sudden surge of pro-inflammatory cytokines overwhelms the 

human body, leading to organ failure, ARDS and death.[19] 

Cytokine storm is the major factor that contributes to the high 

mortality rate in Covid-19 patients.[18] Therefore, early detection of 

Covid-19 infection may prevent the escalation of cytokine storm 

via common immunological interventions involving the use of IL-6 

antagonists, immunosuppressive drugs, and corticosteroids.[18] 

The replication and maturation of SARS-CoV-2 could be 

prevented by inhibiting the Mpro action.[4] Several phytochemicals 

could bind to Mpro and destabilize the protein with incorrect 

protein folding, leading to the stoppage of viral replication.[20] The 

inhibition of Mpro also prevents the upscaling of cytokine storm. It 

has been shown that a reduction of viral replication may result in 

a lower secretion of uncontrolled pro-inflammatory cytokines in 

Covid-19 patients.[21] The suppression of inflammatory events 

during cytokine storm may reduce the Covid-19 patients’ risk of 

ARDS development, organ failure and death.[3] Therefore, the 

prognosis of Covid-19 patients could be modulated by managing 

the outcome of Mpro action and cytokine storm. 

 

3.2 G. glabra  

3.2.1. Geographical distribution, traditional application, and 

toxicity 

G. glabra is native to Mediterranean region and Asia.[22] It belongs 

to Fabaceae family and is commonly known as licorice or mulaithi. 

In folk medicines, G. glabra is considered as a prophylaxis for 

duodenal ulcers, gastric disorders, and dyspepsia while its 

essential oil is commonly used to manage hemorrhage, 

rheumatism, and diarrhea.[23] Due to the natural origin of G. glabra, 

it shows low toxicity and is considered relatively safer than most 

antiviral drugs.[21] However, there were cases where patients 

experienced mild gastrointestinal reaction, hypertension, 

hypokalemia, or fluid retention after consuming high doses of G. 

glabra extract.[21,23 In silico analysis revealed that G. glabra had 

good absorption, distribution, metabolism, excretion, and toxicity 

(ADMET) properties, suggesting the plant’s potential for further 

investigation as SARS-CoV-2 inhibitors.[24] 

 

3.2.2. Phytochemicals  

G. glabra composed of flavonoids, saponins, anthocyanin, tannin 

terpenoids, alkaloids, phlobatannin, anthraquinones, glycosides, 

and sterols.[25] The presence of alkaloids, saponin and flavonoids 

confers anti-bacterial and antioxidant activities in the plant.[22] 

Among the phytochemicals, three major bioactive compounds, 

namely the glycyrrhizin, glabridin and liquiritigenin (Table 1a-c) 

showed Mpro inhibitory and cytokine storm modulatory effect. 
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Table 1. Selected plant phytochemicals with anti-viral potential  

Structure Phytochemical  PubChem CID Sources Characteristics 

 
 

 

 

 

 

 

 

(a) Glycyrrhizin  14982 Rhizome of Glycyrrhiza glabra[26]     Anti-inflammation [27] 

    Binded to SARS-CoV-2 Mpro through hydrogen bonding and 
hydrophobic interactions[28] 

    Blocked SARS-CoV-2 replication by inhibiting Mpro at high 
concentration [29] 

 
 
 
 
 
 

   Better bioactive profile for drug candidate when compared to 
glabridin and liquiritigenin[29] 

 (b) Glabridin 124052 Rhizome of Glycyrrhiza glabra[26]  Formed strong hydrogen bonding at the active site of Mpro[26] 

    Boosted immunity in human host[26] 

 
 
 
 
 
 

   Evidence of anti-viral activity against SARS-CoV-2[26] 

 
 
  
 
 
 
 
  

(c) Liquiritigenin 
 

114829 Rhizome of Glycyrrhiza glabra[26]  Inhibited Mpro catalytic activity through molecular 
interaction[26] 

    Boosted immunity in human host[26] 

    Evidence of anti-viral activity against SARS-CoV-2[26] 

 
 
 
 
 
 
 
 
 
 
 
 
 

(d) Withanoside IV 

 

71312551 Roots of Withania somifera[30]  Interacted with amino acid residues in the active site of 
Mpro[31] 

    Strong binding affinity towards Mpro[31] 
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(e) Withanoside II 

 

101168811 Roots of Withania somifera[30]  Interacted with amino acid residues in the active site of 
Mpro[31] 

    Strong binding affinity towards Mpro[31] 

 
 

 

 

 

 

 

(f) Withaferin A 

 

 265237 Leaves of Withania somnifera[30]  Blocked SARS-CoV-2 viral entry into human host cells and 
reduced viral activity with computational docking analysis[32] 

 
 
 
 
 

   Exhibited antiviral effect by demonstrating strong binding 
affinity towards the active site of Mpro[33] 

 
 

 

 

 

 

 

  

 

(g) Withanoside V 

 

10700345 Roots of Withania somnifera[30]  Formed highly stable hydrogen-bonding at the active site of 
Mpro[15] 

    Shared similar function as native ligand N3 inhibitor[15] 

 
 
 
 
 
 
 
 
 
 
 

 

(h) Sitoindoside IX. 

 

189586 Roots of Withania somnifera[30]  Strong binding affinity towards Mpro[34] 

    Interacted with amino acid residues in Mpro[34] 
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(i) Curcumin 
 

969516 Rhizomes of Curcuma longa[35]  Good chemical absorption, distribution, metabolism, 
excretion, and toxicity profile for the development of Covid-19 
drug[36] 

    Possessed high Mpro inhibitory effect via covalent bonding 
with the Mpro protein residue[36] 

 

(j) α-hederin 
 

73296 Seeds of Nigella sativa[37]  Strongly interacted with SARS-CoV-2 Mpro via four hydrogen 
bondings[38] 

 
    Showed superior Mpro binding affinity than synthetic drugs[37] 

 
 

 

 

 

 

(k) Nigellidine 
 

136828302 
 

Seeds of Nigella sativa[39]  Interacted with the amino acid residues in Mpro via three 
hydrogen bondings[37] 

 
 
 
 
 

   Strong binding affinity towards Mpro[37] 

 (l) Tinocordiside 

 

177384 Stem of Tinospora cordifolia[40]  Strongly interacted with Mpro[41] 

    Control viral entry and replication in the host cell[41] 

 
 
 
 
 
 

   Well-known for its immunomodulatory effect[41] 

 
 
 
 
 
 
 
 

 

(m) Berberine 

 

2353 Stem of Tinospora cordifolia[40]  Docked significantly to Mpro[41]  

    Regulated Mpro activity and inhibited SARS-CoV-2 viral 
activity[42] 

 
Mpro: main protease, SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.      
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Other phytochemicals in G. glabra such as β glycyrrhetinic 

acid, isoliquiritigenin, and ursolic acid have also been 

demonstrated to suppress the expression of pro-

inflammatory cytokines in humans.[43] 

 

3.2.3. Regulation of Mpro and cytokine storm  

The Mpro binding affinity of glycyrrhizin or glycyrrhizic acid 

(-7.3 kcal/mol) was comparable to the standard drug 

nelfinavir (-10.72 kcal/mol) and lopinavir (−9.41 kcal/mol) 

(Figure 1).[9,26] Glabridin and liquiritigenin bound to Mpro at 

-8.0 kcal/mol and -7.7 kcal/mol, respectively with AutoDock 

4.2 model (Figure 1).[26] Apart from binding to Mpro, G. 

glabra also inhibited SARS-related virus replication by 

blocking the virus entry into the human host cells.[44] It has 

been demonstrated that 1.6 mg/mL of glycyrrhizin 

completely suppressed the Mpro that regulated the 

adsorption, penetration, and replication of SARS-CoV-2.[29] 

The antiviral effect of glycyrrhizin against SARS infection 

has been confirmed via the reduction of SARS-CoV-2 RNA 

expression in Vero E6 cells treated with glycyrrhizin.[29,45] In 

addition, glycyrrhizin could relieve Covid-19 symptoms with 

its liver-protective effect and the suppression of airway 

mucus hypersecretion.[46] Although in silico simulation 

model is commonly used to evaluate the docking value of 

newly designed compounds,[47] in vivo and clinical 

experimental models are still required to confirm the 

antiviral potential of G. glabra.[47]   

 The pharmacological activities of G. glabra including 

anti-oxidation, anti-inflammatory, anti-tussive, anti-cancer, 

anti-viral, cyto-protection and immunomodulation.[28,48] The 

anti-inflammatory action of G. glabra is mainly attributed to 

its ability to suppress oedema in inflammatory events 

associated with myocardial and lung diseases.[23,27] A 

recent study has reported that β glycyrrhetinic acid, 

isoliquiritigenin, and ursolic acid from G. glabra inhibited 

gene expression of an inflammatory factor, TNF-α, in mice 

with cytokine storm complication.[43] Glycyrrhizin from G. 

glabra also attenuated the production of inflammatory 

cytokines such as TNFα, IL-1β and IL-6 by inhibiting the 

toll-like receptor 4/nuclear factor kappa light chain (TLR-

4/NF-κB) signaling pathway, leading to a reduction in viral 

replication activity.[46,49] The anti-inflammatory role of G. 

glabra has been proven to be effective in managing 

inflammatory diseases with in vitro and in vivo models.[50] 

For instance, Fiore et al. [51] have showed that SARS-CoV-

2 patients who are treated with G. glabra displayed lower 

viral load and higher survival rate when compared to that of 

placebo group. The above evidence supports the potential 

anti-inflammatory role of G. glabra in attenuating the 

progression of Covid-19 infection. 

 

3.3. W. somnifera  

3.3.1. Geographical distribution, traditional application, 

and toxicity 

W. somnifera or Ashwagandha is a medicinal plant 

commonly known as winter cherry or Indian Ginseng under 

the Solanaceae family which grows in sub-tropical 

regions.[30] This medicinal plant has long been used in the 

Ayurvedic and Sidha medicinal system to manage chronic 

diseases such as tuberculosis and upper respiratory 

diseases.[30,52] W. somnifera is traditionally used to improve 

human physical and psychological well-being.[53] The plant 

has been recently determined to be non-toxic and safe for 

human consumption.[15] Since Verma and Kumar[53] have 

previously reported that W. somnifera could improve the 

effectiveness of modern drugs with fewer side effects, the 

medicinal plant is viewed as a repurposed drug for 

managing Covid-19 patients.[15] 

 

3.3.2. Phytochemicals 

The main phytochemical constituents of W. somnifera 

include alkaloids, steroidal lactones, tannin, saponins and 

flavonoids.[52] Among these phytochemicals, withanone, 

withanoside, sitoindoside and withaferin (Table 1d-h) have 

been proposed as potential inhibitors for Mpro in SARS-

CoV-2.[31] The phytochemicals of W. somnifera showed a 

strong binding affinity towards Mpro active site and 

inhibited the viral activity in the host cell.[31] Nevertheless, 

the effectiveness of W. somnifera as Mpro SARS-CoV-2 

inhibitor could be enhanced by combining all the above 

phytochemicals in drug formulation.[32]. The 

phytochemicals from W. somnifera have a non-toxic and 

safe ADMET profile as well as drug-like quality, suggesting 

that they could serve as Covid-19 medication.[15] 

 

3.3.3. Regulation of Mpro and cytokine storm 

The molecular docking scores of five phytochemicals 

isolated from W. somnifera against Mpro, namely the 

withanoside II, withanoside IV, withaferin A, withanoside V, 

and sitoindoside IX (Table 1d-h) have shown decreased in 

the following order: -11.30 kcal/mol > -11.02 kcal/mol > -

9.83 kcal/mol > -8.96 kcal/mol > -8.37 kcal/mol (Figure 

1).[31,33] The docking scores were performed by using 

molecular dynamics simulation model which showed the 

types and the number of interactions between the 

phytochemicals and Mpro.[31]
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 Figure 1: Selected phytochemicals and standard covid-19 drugs that interact with the amino acid residues in Mpro active site. 

Arg: arginine, Asn: asparagine, Asp: aspartate, BE: binding energy, Cys: cysteine, Glu: glutamate, Gln: glutamine, Gly: glycine, 

His: histidine, Leu: leucine, Lys: lysine, Met: methionine, Mpro: main protease, Phe: phenylalanine, Pro: proline, Ser: serine, Thr: 

threonine, Ytr: tyrosine, Val: valine 

 

Table 2: In silico, in vivo and in vitro findings of phytochemical interaction with Mpro of SARS-CoV-2.  

Phytochemicals  In silico study In vitro study In vivo study 
Glycyrrhiza glabra 

Glycyrrhizin  A docking analyses on the inhibitory 
potential of licorice against viral 
Mpro showed that the key residues 
in Mpro active site strongly 
interacted with the glycyrrhizin 
compounds.[47]  

Glycyrrhizin had antiviral 
effect on SARS associated 
viruses’ replication in Vero 
cells.[45] 

- 

  Antiviral activity assay 
with in vitro Vero E6 cells 
effectively prevented 
SARS-CoV-2 cellular 
proliferation at a 
concentration of 0.5 
mg/mL.[29] 

 

Glabridin Autodock 4.2 method showed that 
glabridin, when bounded to 6LU7 
protease site, could obstruct viral 
replication. [26] 

- - 

Liquiritigenin Autodock 4.2 method showed that 
when liquiritigenin bounded to 6LU7 
protease site, it could likely obstruct 
viral replication.[26] 

- - 

Withania somnifera  

Withanoside IV Docking study showed that the 
binding energy of withanoside IV 
was significantly higher than those of 
standard drugs.[31] 

- - 

Withanoside V Docking study found that 
withanoside V could serve as 
powerful Mpro inhibitor with its 
antiviral properties.[31] 

- - 

Withanoside II  Docking study revealed that the 
binding energy of withanoside II was 

- - 
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higher than those of standard drugs, 
but withanoside IV has stronger 
binding energy to the active site of 
Mpro.[31] 

Withaferin A Molecular docking tool showed that 
withaferin A exhibited antiviral 
activity by inhibiting the Mpro or via 
the blocking of host cell receptor 
GRP78.[33] 

Attenuation of side effects 
in pulmonary fibrosis by 
reducing the inflammatory 
cytokine responses which 
had been proven to be 
useful for Covid-19 
treatment.[54] 

Improved side effects of 
pulmonary fibrosis by 
reducing inflammatory 
cytokine responses which 
had been proven useful for 
Covid-19 treatment.[54] 

  - Through in vivo studies, 
withaferin A was shown to 
possess anti-inflammatory 
ability by reducing the 
inflammation in rats.[55] 
 

Sitoindoside IX Molecular dynamics simulation study 
revealed a high docking energy 
towards Mpro.[31] 

An Ayurvedic formulation, 
NOQ19 which contained 
W. somnifera herb 
displayed potent antiviral 
activity against SARS-
CoV-2 in Vero E6 cell 
line.[56] 

- 

Curcuma longa 

Curcumin Molecular docking study on Mpro 
receptor showed that curcumin could 
act as a covalent inhibitor, 
suggesting its potential to be used in 
Covid-19 treatment.[36] 

C. longa could modulate 
the NF-kB/MAPK and RIG-
1/STAT-1/2 signaling 
pathways and suppress 
the expression of 
inflammatory cytokines.[57]  

 

Covid-19 treatment with 
curcumin has been proven 
to be beneficial due to its 
antiviral, antiemetic 
antinociceptive, anti-
inflammatory, antiapoptotic, 
antifibrotic, and antipyretic 
effects in animal models 
such as rats and mice. Apart 
from inhibiting cytokines and 
chemokines, curcumin also 
reduced myalgia and fatigue 
in mice.[35] 

  Curcumin effectively 
neutralized SARS-CoV-2 
action in Vero E6 and 
Calu-3 cells.[58] 

Curcumin attenuated 
inflammation which may halt 
Covid-19 progression in 
animal models.[58] 

    
Nigella sativa 

α-hederin Molecular docking study suggested 
α-hederin showed high binding 
affinity towards Mpro.[37] 

- - 

Nigellidine Molecular docking study showed 
that nigellidine exhibited high binding 
affinity towards Mpro. [37] 

- - 

Tinospora cordifolia 

Tinocordiside Numerous computational analyses 
suggested that tinocordiside closely 
interacted with viral Mpro.[15,33] 

- - 

Berberine Berberine could suppress Mpro 
protein's activity and prevented viral 
replication.[59] 

- Recent research has shown 
that berberine and its 
derivatives showed 
therapeutic potential, 
particularly against viral 
entrance and reproduction, 
while preventing virally 
induced inflammatory 
reactions.[60] 

Mpro: Main protease, NF-kB/MAPK: Nuclear factor kappa B/Mitogen-activated protein kinase, RIG-1/STAT: retinoic 

acid-inducible gene I/signal transducer and activator of transcription, SARS-CoV-2: severe acute respiratory syndrome 

coronavirus 2

10.1002/cbdv.202200655

A
cc

ep
te

d 
M

an
us

cr
ip

t

Chemistry & Biodiversity

This article is protected by copyright. All rights reserved.

https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-lineage
https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-lineage


Chem. Biodiversity 

9 

 Interestingly, the Mpro binding affinity of withanoside II and 

IV were stronger than standard drugs nelfinavir (-10.72 

kcal/mol) and lopinavir (−9.41 kcal/mol).[9] When these 

plant bioactive compounds were combined with other drugs 

like dexamethasone, they could potentially improve the 

effect of Covid-19 drug treatment.[34] In vivo and in vitro 

studies (Table 2) on the binding affinity of W. somnifera 

towards Mpro are currently unavailable for further 

analysis.[34] 

 Apart from regulating cell apoptosis and homeostasis 

of human immune system, W. somnifera also exhibited 

anti-inflammation, anticancer, anti-tumorigenic, anti-

angiogenic, anti-invasive, antiviral, antioxidant, and 

immunomodulatory activities.[34] The anti-inflammatory 

effect of W. somnifera has been demonstrated by its ability 

to reduce the secretion of cytokines such as IL-2, IL-6, 

TNF-α, interferon-gamma (IFN-γ), IFN- γ protein 10 (IP-10) 

in Covid-19 patients through the confirmation by in vivo and 

in vitro models.[42] On the contrary, long-term administration 

of withaferin A suppressed the pro-inflammatory factor NF-

κB which subsequently resulted in the immunosuppression 

of human islets.[61] Several experimental models have 

demonstrated that withaferin A suppressed IL-1β and IL-6 

while alleviating cytokine storm symptoms.[32] Since W. 

somnifera could alleviate oxidative stress caused by 

papain-like proteases during lung fibrosis, this study 

suggests that the medicinal plant may play a significant role 

in alleviating the cytokine storm in Covid-19 patients due to 

its prophylactic action against inflammatory diseases.[32,62] 

 

3.4. C. longa 

3.4.1. Geographical distribution, traditional application, 

and toxicity 

C. longa is a member of the Zingiberaceae family which is 

native to South Asia.[63] The plant is widely known as 

turmeric with multiple health benefits, including the roles as 

antacid, spice, food ingredient and color dye.[64] C. longa 

also possesses neuroprotective effect against Parkinson’s 

and Alzheimer’s diseases.[65] The plant has been 

traditionally used to manage biliary disorders, anorexia, 

cough, diabetic wounds, hepatic disorders, rheumatism, 

and sinusitis.[63] Since most bioactive compounds derived 

from C. longa are non-hepatotoxic, non-mutagenic and 

non-carcinogenic, C. longa is considered safe which was 

supported by the absence of side effects in humans who 

receiving a high dosage of C. longa extract and its 

phytochemical curcumin (Table 1i).[64,65] 

 

3.4.2. Phytochemicals  

C. longa contains phytochemicals with functional activity 

such as flavonoids, coumarins, steroids, saponins, tannin 

and phenols.[66] It has been speculated that C. longa may 

play a role in Covid-19 management due to the action of 

polyphenolic compounds in boosting human immune 

system while inhibiting the proliferation of SARS-CoV-2.[67] 

Among these phytochemicals, curcumin (Table 1i) which is 

mainly found in the rhizomes, may serve as a natural 

ingredient for Covid-19 treatment due to its strong 

interaction with Mpro of SARS-CoV-2.[35] The ADMET 

characteristics of curcumins have further confirmed that 

they may be deemed potential as drug-like compounds.[68]  

 

3.4.3. Regulation of Mpro and cytokine storm 

The past molecular docking studies have demonstrated 

that the Mpro binding affinity of C. longa compounds 

ranged from -7.04 kcal/mol to -9.08 kcal/mol.[69] Five types 

of C. longa constituents have been discovered to bind 

tightly to Mpro of SARS-CoV-2.[69] Garg et al.[20] have 

reported that the Mpro binding score of curcumin was -7.57 

kcal/mol (Figure 1). The Autodock 4.2 model was used to 

obtain the molecular docking scores.[20] The interaction of 

curcumin with Mpro via covalent and hydrogen bonding 

showed increased  stability over time through CovDock.[36] 

Curcumin also displayed Van der Waals forces, 

hydrophobic and pi-based interaction with other proteins at 

the active site of Mpro.[70] Although the binding of curcumin 

to Mpro was not as strong as those of standard drugs 

nelfinavir (-10.72 kcal/mol) and lopinavir (−9.41 kcal/mol), 

its fairly good ADMET parameters makes it as a potential 

Covid-19 treatment agent.[9,36] More in vitro and in vivo 

studies are required to confirm the docking results,.  

The current notable pharmacological effect of C. 

longa against Covid-19 symptoms include anti-nociceptive, 

anti-emetic, anti-pyretic, anti-fatigue, anti-apoptotic, anti-

fibrotic, anti-inflammatory and antioxidant activities.[35] 

Clinical studies have demonstrated that C. longa inhibited 

the expression of toll-like receptors, NF-κB, inflammatory 

cytokines, chemokines, and bradykinin, which indirectly 

reduced oxidative stress and other Covid-19 symptoms.[71] 

Curcumin from C. longa has been demonstrated to 

suppress inflammation in mice infected with 

Staphylococcus aureus by downregulating macrophage 

inflammatory proteins 2, TNF-α, transforming growth factor 

beta (TGF-β), and IL-6 (Table 2).[35] Another in vitro study 

found that curcumin suppressed the production of 

proinflammatory cytokines, including TNF-α, IFN-α, 
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interferon-gamma-induced protein 10 and IL-6 in influenza 

A virus-infected human macrophages via NF-κB 

pathway.[54] As the ability of curcumin in regulating the NF-

κB signaling pathway has been validated via both in vitro 

and in vivo studies, this phytochemical shows great 

potential as an alternative ingredient to manage cytokine 

storm in Covid-19 patients.[72]  

 

3.5. N. sativa  

3.5.1. Geographical distribution, traditional application, 

and toxicity 

N. sativa is an indigenous Mediterranean plant native to 

Southeast Asia.[39] The medicinal plant belongs to the 

family of Ranunculaceae and it is commonly known as 

black seed or black cumin. The effectiveness of N. sativa 

seed extract has been previously reported against asthma, 

allergies, arthritis, and inflammatory diseases.[73] Since N. 

sativa is traditionally used to manage respiratory diseases 

and endothelial dysfunction, the plant has been suggested 

to play a therapeutic role in Covid-19 patients with similar 

lung complications.[39] Along with its excellent solubility, gut 

absorption, and drug-likeness profile, this plant is a 

promising source for future structural optimization to create 

more powerful derivatives for Covid-19 drugs.[74] Due to its 

immunomodulatory effect and low toxicity, N. sativa could 

be a good alternative source to manage inflammatory 

diseases. [38,73] 

 

3.5.2. Phytochemicals 

The major phytochemicals found in N. sativa including 

terpenoids, saponins, flavonoids, and alkaloids.[75] The role 

of N. sativa as herbal medicine is mainly attributed to the 

wide range of phytochemicals with antioxidant, anti-

inflammatory, anti-hypertensive, anti-cancer, 

immunomodulatory, anti-bacterial and hepatoprotective 

effects.[73] Among the various phytochemicals, nigellidine 

and α-hederin (Table 1j-k), have been previously identified 

as potential alternative sources for Covid-19 treatment due 

to their strong Mpro binding affinities.[37] 

 

3.5.3. Regulation of Mpro and cytokine storm 

The binding affinities of α-hederin and nigellidine towards 

the active site of Mpro were -9.0 kcal/mol and -7.7 kcal/mol, 

respectively (Figure 1).[37] These results were obtained 

using Autodock vina 1.1.2 in PyRx 0.8 system.[37] Although 

standard Covid 19 drugs lopinavir (-10.72 kcal/mol) and 

nelfinavir (-9.41 kcal/mol) displayed higher Mpro binding 

affinities than these phytochemicals, α-hederin is a likely 

Mpro inhibitor candidate for Covid-19 treatment due to its 

close interaction with Mpro enzyme in clinical trial.[38] 

Further in vivo studies with different experimental models 

are essential to validate the antiviral effect and support the 

relatively high binding strength of both phytochemicals to 

Mpro.[37] 

In vivo and in vitro models showed that α-hederin 

exhibited antihistaminic, anti-eosinophilic, antileukotrienes, 

anti-immunoglobulin characteristics by reducing numerous 

pro-inflammatory cytokines (Table 2).[76] N. sativa and its 

metabolites could induce antioxidation, anti-inflammation 

and immunomodulation which may play crucial roles in 

COVID-19 pathophysiology treatment. Many COVID-19 

comorbidities, inclusive of diabetes, cardiovascular 

diseases, rheumatoid arthritis, and a range of bacterial and 

viral infections, responded well to supplementation with N. 

sativa seed and/or oil.[76] Molecular docking studies have 

demonstrated that nigellidine could bind to receptor IL1R at 

-6.23 kcal/mol and attenuated inflammatory cytokines as 

well as SARS-CoV-2 viral activity.[73] Nigellidine also 

attached to the active site of inflammatory cytokines (IL-6 

and IL-1) and reduced the pathogenesis of H9N2 virus.[73] 

A clinical trial has reported that N. sativa could stabilize a 

patient’s cytokine profile throughout Covid-19 treatment.[50] 

Besides, N. sativa could act as a bronchodilator and 

oxidative stress reliever to alleviate Covid-19 symptoms 

among the patients.[77] Further clinical studies on the 

bioavailability of N. sativa extract may ascertain the 

effectiveness of N. sativa in Covid-19 treatment. 

 

3.6. T. cordifolia  

3.6.1. Geographical distribution, traditional 

application, and toxicity 

T. cordifolia is a plant species under Menispermaceae 

family.[40] This medicinal plant is commonly found in Asia 

where it is widely known as Guduchi, Giloy or heart-shaped 

moonseed.[78] T. cordifolia plays an important part in 

Ayurvedic folk and tribal medicines where the whole plant 

has been documented to manage asthma, fever, diabetes, 

stomach ache, jaundice, rheumatism, urinary problems, 

cough, allergies, inflammation, prolonged diarrhea, anemia, 

and dysentery.[40,79] The medicinal plant also showed low 

toxicity and has been claimed to be safe for repurposing 

into Covid-19 therapeutic agent.[15] 

 

3.6.2. Phytochemicals 

The major phytochemicals detected in T. cordifolia mainly 

comprise glycosides, steroids, alkaloids, lignans, phenolics, 
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aliphatic compounds, sesquiterpenoid and diterpenoid 

lactones.[80] The plant is well-known for its 

immunomodulatory effect due to the presence of 

tinocordioside, cordifolioside A, magnoflorine, and 

syringin.[41] It was interesting to find out that berberine, 

iocolumbin, magnoflorine and tinocordiside from T. 

cordifolia could bind to SARS-CoV-2 proteins and 

prevented the virus attachment and replication in human 

host cells.[55] Besides, magnoflorine also displayed anti-

cytokine storm potential.[81] Based on the above finding, it 

is pertinent to suggest T. cordifolia with immunomodulatory 

activities as a likely candidate to prevent oxidative damage 

and increase immune homeostasis response in Covid-19 

patients.[82] The phytochemicals from T. cordifolia which 

exhibited drug-like effect is considered safe for human 

consumption.[15] 

 

3.6.3. Regulation of Mpro and cytokine storm  

The pharmacological activities of T. cordifolia against 

Covid-19 include immunomodulation, antioxidant, anti-

hyperglycemia, anti-inflammation and anti-

hepatotoxicity.[15] Previous molecular docking and in silico 

simulation studies have demonstrated that the Mpro 

binding affinity of tinocordiside and berberine from T. 

cordifolia, (Table 1l-m) were -6.7 kcal/mol, -6.5 kcal/mol, 

respectively (Figure 1).[77] The docking protocol was based 

on the autodock vina.[82] Although the Mpro binding affinity 

of these phytochemicals were weaker than the standard 

antiviral drugs nelfinavir (-10.72 kcal/mol) and lopinavir 

(−9.41 kcal/mol), their reliable origin and drug-like 

properties made them a likely drug candidate to combat 

Covid-19 disease.[9,42] However, more in vivo and in vitro 

studies are needed to validate the molecular docking 

results. 

T. cordifolia extract has been previously reported to 

suppress pro-inflammatory cytokines (IL-1β, IL-6, IL-17, 

TNF-α) in macrophages, arthritis and neuroinflammatory 

animal models.[42] Berberine could inhibit several signaling 

pathways in different parts of the virus cycle, leading to the 

inhibition of pro-inflammatory cytokines secretion.[56] In 

addition, it has been proven to inhibit viral replication of 

various types of viruses including the influenza virus.[56] 

Among the various phytochemicals, the 

immunomodulatory effect of cordifolioside A was stronger 

than berberine due to its interaction with TGF-β and TNF-α 

receptors.[81] Although its binding affinity to Mpro was quite 

low, cordifolioside A has high potential in modulating the 

cytokine storm event in Covid-19 patients.[82] The discovery 

of anti-inflammatory role in T. cordifolia extract via the 

angiogenic animal model provides further evidence for the 

anti-inflammatory and anti-angiogenic potential of T. 

Cordifolia (Table 2).[83] 

 

3.7 Interaction of phytochemicals with Mpro  

Figure 1 depicts the amino acid residues from the active 

site of Mpro that interacted with plant phytochemicals. 

Standard drugs such as nelfinavir and lopinavir bound 

strongly to the active site of Mpro. Three of the amino acid 

residues from the active site of Mpro formed hydrogen 

bonds with the standard drugs. However, the binding score 

of nelfinavir was higher than lopinavir due to the additional 

hydrophobic interaction among the amino acid residues.[9] 

Out of all the phytochemicals in G. glabra, glycyrrhizin 

displayed the most abundant interacting residues with 

Mpro.[26] However, glabridin with the lowest interaction 

showed higher docking value than other phytochemicals 

and standard drugs.[26] For W. somnifera, sitoindoside IX 

displayed the most interacting residues with the active site 

of Mpro.[31] Although the interaction of withanoside II was 

not as many as sitoindoside IX, its high docking score 

surpassed those of standard drugs.[31] Curcumin had three 

hydrogen bonds that could react with Mpro but it was one 

of the phytochemicals with the lowest docking value.[26] 

Among the N. sativa phytochemicals, α-hederin with high 

binding energy towards Mpro showed lesser residue 

interaction than nigellidine.[37] Both tinocordiside and 

berberine from T. cordifolia collectively exhibited the lowest 

Mpro binding energy.[15]  

 

3.8 In silico, in vitro and in vivo findings on the effect 

of phytochemical on Mpro of SARS-CoV-2 

Table 2 summarized the in silico, in vitro and in vivo finding 

of the interaction of selected phytochemicals with Mpro of 

SARS-CoV-2. A number of in silico studies have 

investigated the docking values of phytochemicals from G. 

glabra at the active site of SARS-CoV-2. Among the 

phytochemicals, glycyrrhizin was identified as the most 

likely bioactive compound to inhibit Mpro with a binding 

energy of -7.3 kcal/mol.[47] In vitro study with Vero E6 cell 

lines has demonstrated that the antiviral potential of 

glycyrrhizin was due to its action in suppressing SARS-

CoV-2 multiplication.[29, 45] Majority of in silico studies have 

utilized AutoDock 4.2 docking tool to predict the binding 

affinity of glabridin and liquiritigenin.[26] Unfortunately, there 

was a lack of in vitro and in vivo finding to confirm the 

interaction of glabridin and liquiritigenin with Mpro. 
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Nevertheless, G. glabra displayed anti-inflammatory 

potential in several animal models by inhibiting the pro-

inflammatory cytokines.[84,85,86] Clinical trials of glycyrrhizin 

were mostly targeting diseases such as SARS-CoV-2. 

Patients who were infected with SARS-CoV-2, when 

treated with glycyrrhizin, showed early sign of recovery.[87] 

Another clinical trial involving the glycyrrhizin treatment led 

to a lower prevalence of hepatic impairment and a rise in 

lymphocytes among the experimental subjects.[88] 

Glycyrrhizin also shorten the average duration to achieve 

50% improvement from severe pulmonary lesions among 

the SARS-CoV-2 patients.[89]  

Majority of the phytochemicals in W. somnifera 

showed high docking scores for Mpro.[31,33] The docking 

scores for withanoside II, withanoside IV, withaferin A, 

withanoside V, and sitoindoside IX were -11.30 kcal/mol, -

11.02 kcal/mol, -9.83 kcal/mol, -8.96 kcal/mol, -8.37 

kcal/mol, respectively. [31,33] Among these phytochemicals, 

withaferin A and sitoindoside IX have been investigated 

further with in vitro models. Nevertheless, in vitro and in 

vivo evidences of the anti-inflammatory effect of withaferin 

A supported the possible pharmacological role of W. 

somnifera in Covid-19 patients.[57,58,59] Interestingly, W. 

somnifera also showed its synergistic anti-viral potential 

when combined with Ayurvedic drugs. The polyphenols 

presented in W. somnifera could potentially prevent SARS-

CoV-2 infection in Vero E6 cell lines.[90] It is noteworthy to 

highlight that most phytochemicals in W. somnifera are yet 

to be investigated in-depth with in vivo and in vitro methods. 

In addition, clinical trial on W. somnifera against Covid-19 

infection is currently unavailable. 

C. longa is one of the medicinal plants which has 

been explored with in silico, in vitro and in vivo methods 

(Table 2). Although in silico finding revealed that the Mpro 

binding energy of curcumin was weaker than other 

phytochemicals, since C. longa has been in the market for 

a long time.[64], curcumin is still favorable by most studies 

with its high potential as an immune booster for Covid-19 

patients [35,36,54]. The anti-viral effect of curcumin has been 

evaluated in vitro with Vero E6 and Calu-3 cells.[60] Two 

registered clinical trials (IRCT20121216011763N46 and 

IRCT20200611047735N1) which evaluate the mechanism 

of curcumin in treating Covid-19 patients are currently 

ongoing.[60]  

Several in silico investigation on the phytochemicals 

of N. sativa revealed that both nigellidine and α-hederin 

interacted significantly with the active site of Mpro. 

Previous in vitro and in vivo findings suggested that N. 

sativa extracts exhibited anti-histaminic, anti-eosinophilic, 

anti-leukotrienes, anti-immunoglobulin, and anti-

inflammatory effect.[76] Since N. sativa seeds possessed 

immuno-potentiating effects,[76] it was widely believed that 

N. sativa seeds, when taken orally together with honey 

three times daily, could potentially alleviate Covid-19 

symptoms.[37] To date, no clinical trial has been performed 

to evaluate the efficacy of N. sativa in Covid-19 

treatment.[37]  

T. cordifolia with anti-inflammatory effect could 

suppress the pro-inflammatory cytokines secretion via in 

vitro model.[42] Several computational studies have 

collectively suggested that tinocordiside and berberine 

from T. cordifolia may interact with Mpro to inhibit viral 

replication.[15,33,55] Another in vivo study has demonstrated 

that the anti-inflammatory characteristic of berberine may 

inhibit viral entry into living cells.[56] In general, there is still 

limited evidence-based in vitro and in vivo studies to 

support the specific roles of tinocordiside and berberine in 

managing COVID-19 infection. 

 

3.9 Why are traditional medicines preferred over 

standard drugs?  

Standard drug lopinavir has previously failed for ADMET 

parameters, therefore it was not suitable for long-term 

Covid-19 patients treatment.[91] Although nelfinavir has the 

highest docking value among the standard drugs discussed 

in this review, there was a violation within the ADMET 

parameters of nelfinavir that led to possible toxicity in 

human subject.[92,93] On the contrary, phytochemicals 

extracted from traditional medicinal plants such as 

glycyrrhizin scored better in ADMET than glabridin and 

liquiritigenin.[24] Besides, glycyrrhizin is a non-carcinogenic, 

and non-tumorigenic alternative source that can bind 

effectively to the active site of Mpro. Hence, glycyrrhizin is 

considered a better drug candidate when compared to 

other phytochemicals in G. glabra.[24] Phytochemicals from 

Ayurvedic medicinal plants such as W. somnifera and T. 

cordifolia’s with favorable ADMET parameters have been 

scientifically proven safe to use against Covid-19.[15] As 

curcumin has demonstrated low toxicity in humans from 

several clinical investigations,[35] the phytochemical is 

suitable to be repurposed as drug. On the other hand, 

nigellidine met all the drug-likeness criteria in ADMET 

profile while its binding affinity towards Mpro was better 

than that of N3 natural ligand of Mpro.[94] For N. sativa, its 

phytochemicals have passed the ADMET profiling.[95] As 

the seeds and oils of N. sativa did not show any side effect, 
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the medicinal plant is a strong candidate source for Covid-

19 treatment.[95] 
 

4. Future Perspective 

The computational approach may hold some promise for 

the development of novel antiviral medications with fewer 

side effects and a stronger focus on the intended target. As 

the majority of in vivo and in vitro investigations were 

centered on viruses like HIV and SARS-CoV, the next step 

is to confirm in silico results with clinical trial investigations 

involving animal models and Covid-19 patients.[24] With the 

current limited in vitro and in vivo evidences, the safety 

dose, toxicity, lower limit of tolerance, ADMET parameters, 

and the possible interaction with other drugs requires 

further validation. The exploitation of natural compounds 

from medicinal plants for Covid-19 treatment ought to be 

further explored due to their low toxicity and reliable origin 

when compared to that of the synthetic antiviral drugs. 

Validation on the therapeutic mechanism of 

phytochemicals via in vitro and in vivo studies shall offer 

more insight into their safety and efficacy in living 

mammalian cells and tissues. Although the five medicinal 

plants exhibited great potential to reduce Covid-19 

symptoms, in-depth clinical trials with Covid-19 patients 

may offer a better understanding of the bio-accessibility 

and bioavailability of plant phytochemicals in living subjects. 

The identification of antiviral mechanisms in specific plant 

bioactive compounds offers another opportunity to exploit 

the polyherbal formulation of medicinal plants in Covid-19 

treatment. 

 

5. Conclusion  

The current review has compared the Mpro binding affinity 

and immunomodulatory effect of phytochemicals from the 

five selected traditional medicinal plants with standard 

drugs which currently used in Covid-19 treatment. The five 

medicinal plants exhibited similar pharmacological profiles, 

including antioxidant, anti-viral and immunomodulatory 

activities. Medicinal plant extracts that interact and inhibit 

Mpro could lower the risk of cytokine storm while alleviating 

Covid-19 symptoms. Pre-clinical evidences have 

suggested that G. glabra, N. sativa, T. cordifolia, C. longa 

and W. somnifera are worthy alternative natural sources to 

combat Covid-19 infection. The isolated plant 

phytochemicals such as withanoside II, withanoside IV, 

withaferin A, α-hederin, withanoside V, sitoindoside IX, 

glabridin, liquiritigenin, nigellidine, curcumin, glycyrrhizin, 

tinocordiside, and berberine could bind and inhibit Mpro of 

SARS-CoV-2. Among these phytochemicals, glycyrrhizin, 

withaferin A, curcumin, nigellidine and cordifolioside A have 

shown strong anti-inflammatory effects in Covid-19 patients.  
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Twitter Text 

This review paper focuses on the potential drug-like properties 

of selected medicinal plants as SARS-CoV-2 virus inhibitors. 

To better understand the roles of plant bioactive compounds in 

combating Covid-19 infection, data involving their protein 

binding affinity, absorption, distribution, metabolism, and 

toxicity characteristics from selected five medicinal plants are 

compared and discussed. This paper shall shed more insight 

to the public and scientific community in identifying plant 

bioactive compounds with high therapeutic potential to develop 

as anti-covid 19 drugs. The official twitter account for the 

University of Nottingham Malaysia and the School of 

Bioscience are @UoNMalaysia and @UNMBiosciences, 

respectively. 
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