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Coronavirus-induced COVID-19, a highly contagious respiratory illness first 

originated from Wuhan city of Hubei province, China, and has affected 235 

countries across the globe. The COVID-19 is mainly transmitted by the droplets 

of an infected person when they cough, sneeze, or exhale. Currently, there are 

no specific drugs licensed for the effective treatment or prevention of COVID-

19 and the treatment is mainly focused on controlling symptoms. Identification 

of small bioactive plant molecules that specifically target whole viral 

replication apparatus have great potential towards the development of antiviral 

drug discovery. This communication describes our current understanding of 

SARS-nCoV interaction with some herbal bioactive compounds of A. annua 

including sesquiterpenes, flavonoids and phenolics using in silico approach. 
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Introduction

Deadly SARS-nCoV has created serious attention 

worldwide as there are currently no effective therapeutic 

drugs for treating COVID-19 coronavirus infections to date 

(Gao et al., 2020). Seeing serious health emergencies 

throughout the globe we systematically analyzed the 

genome of SARS-nCoV. The genome of this virus is 

peptidoglycan enveloped, positive-sense, single-stranded 

RNA beta-coronavirus. The whole-genome sequence of 
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2019-nCoV (Severe acute respiratory syndrome 

coronavirus 2 isolate Wuhan-Hu-1, GenBank: 

MN908947.3) indicates that this new coronavirus has four 

catalytic sites of the enzymes that can be utilized as antiviral 

targets because they are highly conserved, and have high 

sequence similarity with the viruses causing severe acute 

respiratory syndrome (SARS) and the Middle East 

respiratory syndrome (MERS) (Gao et al., 2020). 

Furthermore, 2019-nCoV virus protein structural analyses 

revealed that major drug-binding pockets in enzymes are 

highly conserved across 2019-nCoV, MERS, and SARS 

(Xu et al., 2020).  Although the disease SARS and MERS 

have been reported to have higher mortality rate than the 

COVID-19. Yet COVID-19 is highly infectious because the 

SARS-nCoV virus is highly contagious and spreads more 

easily among people, leading to increased fatality around 

the globe.   

Similar to SARS and MERS, the SARS-nCoV open reading 

frame, ORF1a encoding non-structural proteins (such as 3-

chymotrypsin-like protease, papain-like protease), ORF1 b 

encoding RNA-dependent RNA polymerase and helicases 

and ORF for spike glycoprotein and other accessory 

structural proteins (Fig. 1) (Li et al., 2016). Several options 

and studies for emerging infections of SARS-nCoV, 

including small-molecule drugs, monoclonal antibodies, 

oligonucleotide-based vaccines, peptides, interferon 

therapies are being suggested by many health professionals 

(Wu et al., 2020). The drug therapies that act on the 

coronavirus based on the mode of action can be divided into 

following groups based on the target of specific pathways: 

(1) by blocking the virus from binding to human cell 

receptors, (2) by preventing the virus RNA synthesis and 

replication; (3) by improving host’s innate immunity; and 

(4) by preventing virus entry to the host’s cells (Fig. 2). 

However, new interventions related to target the genome of 

SARS-nCOV are likely to require several months or years 

to develop (Xu et al., 2020). 

The ongoing SARS-nCoV pandemic makes us painfully 

realizethat our current known options for the treatment of 

this highly infectious life-threatening zoonotic new 

coronavirus infections are very limited (Bogoch et al., 

2020). Therefore, there is an urgent need for specific drugs 

that can efficiently block the processing of virus, 

replication, modification, and infection along with the 

ability to boost host immunity (Hui et al., 2020). The 

SARS-nCoV enters into its host cell by the attachment of its 

S-glycoprotein through the receptor-binding domain (RBD) 

to a membrane protein that acts as a first receptor (human 

ACE2) on the host’s surface. Among them, the 3C-like 

main protease (3CLpro), Papain-like proteinase (PLpro), 

RNA dependent RNA polymerase (RdRp), helicase, capsid, 

and spike proteins/enzymes are the major targets for the 

development of small-molecule inhibitors as a potential 

drug(Wu et al., 2020).As therapeutic options in response to 

COVID-19 are urgently needed, we analyzed the potential 

of some Artemisia annua derived bioactive compounds and 

their conjugates that are already established as an 

antimalarial agent and have antiviral and 

immunomodulatory potential too. Interestingly, in the 

recent years, the bioactive components of A. annua herb 

such as artemisinin, beta–arteether, flavanoids and phenolic 

compound along with its semisynthetic derivatives such as 

artesunate and artemether have proven its efficiency as an 

antiviral agent. It has proven its efficacy against human 

cytomegalovirus, herpes simplex virus type 1, Epstein-Barr 

virus, hepatitis B virus, hepatitis C virus, bovine viral 

diarrhea virus and various other viral diseases. In this study 

an in-silico approach has been exploited to attest the 

efficacy of several bioactive compounds of A. annua along 

with artemisinin and its derivatives against SARS-nCoV. 

Materials and Methods 

Sequence Retrieval of SARS-nCoV, Human ACE2 

Receptor and Data Collection 

The complete genome of “severe acute respiratory 

syndrome coronavirus 2 isolate Wuhan-Hu-1” was 

downloaded from NCBI GenBank 

https://www.ncbi.nlm.nih.gov/genbank/ , accession no. 

MN908947.3 (Li and Clercq, 2020) and the native crystal 

structure of the human ACE2 extracellular domain (PDB 

code: 1R42) were downloaded from the protein data bank 

(PDB). The viral whole genome has been divided majorly 

into 3 open reading frames (ORFs) by NCBI ORF- Finder 

i.e. ORF1a containing Protease domain, ORF1b containing 

RNA dependent RNA polymerase and Helicase domain, 

and last coding region contained Spike and other associated 

structural proteins (Fig. 1). Each ORF was extracted from 

the whole genome of 2019-nCoV and translated by 

employing a translational tool of ExPASy server (Gasteiger 

et al., 2003). Further, each protein sequences were aligned 

individually to search the homologs as well as paralogues 

by BLASTp program 

https://blast.ncbi.nlm.nih.gov/Blast.cgi. To analyze the 

functional domains, different tools were used such as 

SMART http://smart.embl-heidelberg.de/, NCBI CDD 

https://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml, 

and Pfam https://pfam.xfam.org/. Further other 

physicochemical properties of the proteins were 

characterized including isoelectric point, GRAVY (grand 

average of hydropathicity) 

https://www.bioinformatics.org/sms2/protein_gravy.html 

(Stothard, 2000).  
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Fig. 1: Overall genome and nucleotide sequences responsible for coding different ORFs of SARS-nCoV. The large replicase 

polyprotein ORFab with the purple rectangle showing PLpro, and 3CLpro and the residues that bound the individual 

proteins/domains. Red rectangle showing ORF1b that includes RNA dependent RNA polymerase and helicase and brown 

rectangle showing sequences responsible for spike and other glycoproteins. 

 

Fig. 2: Proposed model for Artemisinins (artemisinin and its derivatives) and flavonoids from Artemisia annua as potential 

candidate drugs for SARS-CoV-2 treatment therapy. ACE2 receptor inhibition, spike protein inhibition, protease 

inhibition, helicase inhibition and RNA polymerase (RdRP) inhibition are various mechanisms of action for artemisinins 

and flavonoids of Artemisia annua. Artemisinins also exhibit anti-inflammatory responses by targeting inflammatory 

networks including NF-kB, IRF3 and IRF7 and may prevent cytokine storm which is the leading cause of death in Covid-

19 patients. 
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Structural Modelling and Analysis 

Once the genomic sequences were analyzed and validated, 

those were further divided into fragments, according to the 

proteins. In our work we have dissected the genome into 5 

parts: 1st denoting the translation of whole CDS (ORF1a), 

2nd denoting helicase, 3rd RNA polymerase, 4th spike 

protein, and 5th glycoprotein portion of 2019-nCov.  

Experimentally resolved templates (based on X-ray 

diffraction and NMR parameters) were obtained by SWISS- 

MODEL; https://swissmodel.expasy.org/, a homology 

modelling tool (Waterhouse et al., 2018). Templates having 

a maximum identity and query coverage were selected for 

3D modeling. 3D structure of all the five proteins was 

modelled in intensive mode with the hidden Markov model 

(HMM) by employing Phyre2 server (Kelley et al., 2015). 

3-D model having minimum DOPE score were further 

refined by ModRefiner server 

https://zhanglab.ccmb.med.umich.edu/ModRefiner/ using 

two-step Atomic-level Energy Minimization (Xu and 

Zhang, 2011). All models were validated RAMPAGE 

http://mordred.bioc.cam.ac.uk/~rapper/ and ProSA web 

servers (Widerstein and Sippl, 2007).  

Active Site Analysis 

Active pockets of the modeled proteins were predicted by 

analyzing the sites and amino acid residues participating 

actively in covalent and non- covalent interactions with 

ligands using  Metapocket 2.0 server (Huang, 2009) which 

characterize topology of the functional domains of query 

protein by other predictors like LIGSITEcs, PASS, Q-

SiteFinder, SURFNET, Fpocket, GHECOM, ConCavity, 

and POCASA. The final selection of ligand binding sites on 

the protein surface was done based on the Z- score.  

Preparation of Ligand Database and Molecular Docking 

In this work, we have selected 4 test ligands which are either 

natural or derivative bioactive compounds of Artemisia 

annua. The ligands are- artemisinin (CID: 68827), beta-

artether (CID: 107929), artesunate (CID: 6917864), and 

artemether (CID: 68911), while the control ligand was set 

to remdesivir (CID: 121304016). With the help of PubChem 

database https://pubchem.ncbi.nlm.nih.gov (Kim et al., 

2019), target ligands were drawn using ChemDraw 

software 

https://www.perkinelmer.com/category/chemdraw. All the 

docking calculations were executed by employing the 

Patchdock server in which receptor and ligands were 

docked having local molecular shape complementarity 

(Duhoyny et al., 2002). Based on the area, score, and ACE 

(Atomic Contact Energy) value, the results were visualized 

in both 3D and 2D format to locate the binding site of 

ligands on the receptor surface and to identify the potential 

amino acid residues that are involved in the interaction.  

Results and Discussion 

Artemisinin and its derivatives have been already known for 

their powerful outstanding bioactivity, tolerability, and 

relative affordability. These properties of proven effective 

safety and availability make artemisinin a natural plant-

based drug of special attention for various clinical studies 

(Chen et al., 1994; Wang et al., 2020).  Indeed, its non-

malarial applications have augmented progressively over 

time since artemisinin was known to the world for the 

approved treatment of malaria. The possible use of 

artemisinin as anti-cancer, anti-inflammatory, anti-parasitic 

(other than malaria), and anti-viral roles have been also 

discovered. In addition, flavonoids of A. annua are also 

known for various biological activities including anti-tumor 

(Razak et al., 2019), anti-inflammatory and 

immunomodulatory activities (Laavola et al., 2012). Here, 

in this paper, we analyzed some auspicious research in 

artemisinin and flavonoids repurposing, especially for 

COVID-19 treatments, as a window that can help future 

drug development processes for this pandemic (Ho et al., 

2012). 

Sequence Retrieval and Ligand Database  

Artemisinin and its derivatives are sesquiterpene lactones 

that bear the 1,2,4-trioxane moiety having endoperoxide 

bridge which is essential for the effective pharmacological 

activity of artemisinin and its chemical derivatives (Zhou et 

al., 2020).  In this paper, we have tested several ligands that 

are natural/derivatized bioactive compounds of a Chinese 

medicinal plant Artemisia annua. These ligands are 

artemisinin, betaartether, artesunate and artemether. In 

addition, apigenin, casticin, chrysophanol, eupatorin, 

limonene, pinene, rosmarinic acid and rutin were also tested 

while the control ligand was set as remdesivir, 

hydroxychloroquine and ivermectin (Table 1). Remdesivir 

is a nucleoside analogue that acts as RdRp inhibitorwhere 

as hydroxychloroquine (HCQ) which is an analogue of 

chloroquine has been widely known to act as 

immunomodulator and Ivermectin is basically an 

antiparasitic drug use to treat skin infection and cutaneous 

diseases. However, compared to remdesvir, both HCQ and 

Ivermectin also have antiviral properties which have also 

shown promising results in the preliminary treatment of 

SARS-nCoV. On January 31, 2020, the New England 

Journal of Medicine reported the diagnosis and treatment of 

the first SARS-nCoV patient by Remdesivir which showed 

some effective possibility in the treatment of the novel 

coronavirus infected individuals. Recently, several 

researchers have confirmed the antiviral effect of HCQ 

which was effective in the preventing the progression and 

infection SARS-nCoV disease (Zhou et al., 2020). 

Similarly, Yao et al. (2020) has designed and optimized the 

respective doses of HCQ for the treatment of SARS-nCoV. 

The mechanism by which HCQ is being effective for the 

treatment of SARS-nCoV is that it is able to regulate various 

post-translational modification processes particularly 
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glyosylation of angiotensin-converting enzyme 2 (ACE 2) 

with in the host cell as well able to cleave SARS-nCoV 

spike protein thereby preventing the binding of SARS-

nCoV virus to the receptor protein (Yao et al., 2020).On the 

contrary, researchers have also indicated promising effect 

of Ivermectin in treating SARS-nCoV disease as it has 

shown to inhibit replication of SARS-nCoV under in-vitro 

condition (Caly et al., 2020). Similarly, Lv et al. (2018) has 

also demonstrated the inhibitory effect of Ivermectin on 

importin-α/β-dependent nuclear transport viral proteins thus 

inhibiting the entry of virus into the host cell. 

 

Table 1: Details of the selected phytocompounds used in this study with their PubChem IDs. 

Compound name Mol. formula Mol. Wt. 

(g/mol) 

2D structure PubChem ID 

Terpenes: 

     

Artesunate C19H28O8 384.421 

 

6917864 

Artemether C16H26O5 298.37 

 

68911 

Betaartether C34H56O10 624.8 

 

3037930 

Limonene C10H16 136.23 

 

22311 

Pinene C10H16 136.23 

 

6654 

Flavanoids 

Apigenin C15H10O5 270.05 

 

5280443 
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Table 1: Details of the selected phytocompounds used in this study with their PubChem IDs. 

Compound name Mol. formula Mol. Wt. 

(g/mol) 

2D structure PubChem ID 

Casticin C19H18O8 374.34  

 

5315263 

Chrysophanol D C15H10O4 254.24 

 

10208 

Eupatorin C18H16O7 344.3 

 

97214 

Rutin C27H30O16 610.5 

 

5280805 

Phenolic Compounds: 

Rosmarinic acid C18H16O8 360.3 

 

5281792 

Recommended drugs as control 

Hydroxychloroquine  C18H26ClN3O 335.9 

 

3652 

Ivermectin C48H74O14 875.1 

 

6321424 

Remdesvir C27H35N6O8P 602.6  

 

121304016 
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Table 2 Patchdock results showing interaction of Artemisia annua flavanoids, artemisinin and its 

derivatives with different selected ORFs 

 

A. Results showing interaction of drugs with 1st strand ORF 1a 

S. no. Receptor + 

ligand 

Active 

pocket 

involved 

Amino acids 

involved in 

interaction 

Score  

 

Area ACE 

value 

Other surrounding 

residues 

1. Protease (ORF 

1a) + 

artemisinin 

1st HIS2352, 

CYS2456, 

MET2360, 

HIS2474, 

HIS2475, 

MET2476, 

GLU2477 

3592 407.60 -176.24 LEU2338, PHE2451, 

GLY2454, SER2455 

2. Protease (ORF 

1a) + 

betaartether 

1st LEU2452, 

ASN2453, 

CYS2456, 

HIS2352, 

HIS2474, 

HIS2475, 

MET2476, 

GLU2477 

4220 487.00 -212.11 PHE2451, GLY2454, 

SER2455, HIS2474 

3. Protease (ORF 

1a) + artesunate 

1st HIS2352, 

MET2360, 

GLY2454, 

CYS2456, 

GLU2477 

4536 500.20 -190.81 THR2337, LEU2338, 

HIS2475 

4. Protease (ORF 

1a) + artemether 

1st HIS2352, 

MET2360, 

ASN2453, 

CYS2456, 

HIS2474, 

HIS2475, 

MET2476, 

GLU2477, 

GLN2500  

3854  459.20 -150.20 PHE2451, GLY2454, 

SER2455 

5. Protease (ORF 

1a) + Casticin 

1st THR24, 25, 26, 

CYS44, 

THR45, 

SER46, 

MET50 

4344 518.80 -256.33 LEU141, ASN142, 

GLY143, SER144, 

HIS164, MET165 

6. Protease (ORF 

1a) + 

Chrysophanol D 

1st GLN2500, 

GLU2477, 

MET2476, 

ASN2453, 

HIS2474 

3716 424.40 -181.37 LEU2452, ARG2499, 

HIS2352, PHE2451, 

GLY2454 

7. Protease (ORF 

1a) + Eupatorin 

1st GLY2382, 

VAL2384, 

MET2328, 

ALA2381, 

LYS2408 

4514 520.20 -185.43 GLY2431, SER2432, 

ASN2406, TRP2342, 

PRO2407 

8. Protease (ORF 

1a) + Pinene 

1st ASN2462, 

ILE2417, 

GLN2421, 

THR2422 

2716 281.00 -71.72 PHE2319, THR2603, 

ASP2606, PHE2605 

9 Protease (ORF 

1a) + 

Rosmarinic acid 

1st TYR2465, 

PHE2605, 

THR2422, 

ASN2462, 

ASP2464 

4594 533.80 -105.49 THR2603, GLN2421, 

PHE2423, PHE2319 

10. Protease (ORF 

1a) + Apigenin 

1st GLN2503, 

GLU2477, 

ARG2499, 

VAL2497 

PHE2496 

4048 458.50 -141.64 HIS2352, GLN2500, 

THR2501, LEU2478 

11. Protease (ORF 

1a) + Linonene 

1st ALA2381, 

GLY2382, 

LYS2408, 

PRO2407 

4160 482.10 -216.83 SER2432, GLY2431, 

PRO2433, MET2328, 

TRP2342 

http://ijasbt.org/
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12.  Protease (ORF 

1a) + Rutin 

1st MET2476, 

THR2336, 

THR2337, 

HIS2352, 

MET2360 

4194 532.30 -263.46 ARG2499, ASP2498, 

VAL2497, THR2335, 

GLY2454 

13 Protease (ORF 

1a) + 

Remdesivir 

1st HIS2352, 

MET2360, 

LEU2361, 

GLY2454, 

GLN2500 

6064 865.80 -422.56 THR2336, LEU2452, 

CYS2456 

14. Protease (ORF 

1a) 

+Hydroxychlor

oquine 

1st ASP142, 

GLY143, 

SER144, 

CYS145 

4178 473.90 -270.13 HIS41, MET50, 

TYR55 

15. Protease (ORF 

1a) + 

Ivermectin 

1st PHE144, 

LEU145, 

ASN146, 

GLY147, 

SER148 

6092 747.90 -381.18 HIS162, HIS163, 

MET164, GLU165, 

LEU166, PRO167 

 

B. Results showing interaction of drugs with RNA polymerase 

S. no. Receptor + 

ligand 

Active 

pocket 

involved 

Amino acids 

involved in 

interaction 

Score  

 

Area ACE Other surrounding 

residues 

1. RNA 

polymerase 

 + artemisinin 

6th VAL317 2978 342.60 -219.68  SER312, PHE313, 

GLY314 

2. RNA 

polymerase 

 + betaartether 

6th LEU257, 

THR539, 

LYS675, and 

SER680 

3274 341.70 -126.14 PRO315, LEU316, 

VAL317 

3. RNA 

polymerase 

 +artesunate 

4th  VAL191, 

ASP208, 

PHE209 

3968 495.60 -215.84 GLY190, GLY207 

4. RNA 

polymerase 

 + artemether 

6th TYR260, 

VAL317 

3218 359.70 -256.13 GLY314, PRO315, 

LEU316 

5. RNA 

polymerase 

 + 

Apigenin 

4th GLY502, 

TYR455, 

LYS675, 

LYS499 

4526 480.90 -160.80 SER680, VAL666, 

GLY558, VAL559 

6. RNA 

polymerase 

 + 

Casticin 

4th VAL327, 

TYR280 

5098 599.50 -118.45 GLY290, GLY337 

7. RNA 

polymerase 

 + 

Chrysophanol D 

4th VAL30, 

VAL6, ARG9 

4306 470.90 -143.02 ASP39, ALA33, 

PHE34, VAL41 

8. RNA 

polymerase 

 + 

Eupatorin 

4th ARD554, 

ALA684, 

TYR688, 

LYS550 

5218 612.80 -185.16 ILE588, ASP683, 

THR686, SER681 

9. RNA 

polymerase 

 + 

Linonene 

4th ALA687, 

GLN931, 

SER758 

3542 427.10 -59.56 ARG554, HIS927, 

SER758, ASN690 

10. RNA 

polymerase 

 + 

Pinene 

4th HIS132, 

CYS21, 

GLY22, 

TYR128 

3496 374.30 -111.08 PRO20, PHE133, 

ASP134 

11. RNA 

polymerase 

 + 

Rosmarininc 

acid 

4th GLU810, 

ASP617 

5262 611.80 -84.65 SER758, LYS797, 

ASP760 
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12. RNA 

polymerase 

 + 

Rutin 

1st GLN931, 

GLY589, 

ASP683, 

ALA687, 

THR555, 

LYS550 

5862 734.70 -235.01 ALA557, ILE588, 

LEU757 

13 RNA 

polymerase 

 + remdesivir 

6th SER 549,  

LYS 551, 

ARG 555 

5464 663.40 -279.49 SER 759, ASP 760, 

ASP 761 

14. RNA 

polymerase 

 + 

Hydroxychloroq

uine 

1st ASP217, 

HIS112, 

ASN38,  

PHE47 

4926 582.10 -216.97 ASP39, LYS40, 

PHE44, ILE113 

15. RNA 

polymerase 

 + 

Ivermectin 

1st THR539, 

GLN540, 

MET541, 

ASN542, 

LEU543, 

LYS544, 

TYR45 

7092 975.80 -266.44 ASN506, LYS510, 

GLU559, VAL560 

 

C. Results showing interaction of drugs with Helicase 

S. no. Receptor + 

ligand 

Active 

pocket 

involved 

Amino acids 

involved in 

interaction 

 

Score  

 

Area ACE Other surrounding 

residues 

1. Helicase + 

artemisinin 

2nd ASN557 3840 442.20 -130.33 GLY415, THR416, 

LEU417 

2. Helicase + 

betaartether 

2nd ASN557 4064 492.70 -149.81 PRO406, GLY415, 

THR416, HIS554 

3. Helicase + 

artesunate 

2nd ASN557 4614 561.80 -174.04 LEU405, PRO408, 

GLY415, HIS554 

4. Helicase + 

artemether 

1st HIS554 4002 470.20 -145.50 ALA407, LEU417 

5. Helicase + 

Apigenin 

2nd SER539, 

ARG443, 

GLN404, 

LYS288, 

GLY538 

3988 470.00 -99.84 HIS290, GLY287, 

SER289, SER567, 

THR566 

6. Helicase + 

Casticin 

1st PRO516, 

GLY515, 

THR556, 

HIS584 

4400 513.90 -166.74 ARG378, CYS309, 

MET388, ASP393, 

PRO418 

7. Helicase + 

Chrysophano

l D 

2nd ARG443, 

PRO284, 

LYS288 

3648 421.10 -21.20 GLN404, SER539, 

GLN537, GLY538 

8. Helicase + 

Eupatorin 

1st LYS288, 

PRO284, 

SER289, 

GLU375, 

ALA312, 

ALA313 

4440 539.40 -104.88 HIS311, SER310, 

GLU319, LYS320 

9. Helicase + 

Linonine 

1st GLY285, 

PRO284, 

ARG443 

3122 355.20 -63.78 LYS288, GLY287, 

SER289, THR286, 

GLN404 

10. Helicase + 

Pinene 

1st TYR180, 

LYS139, 

GLU142 

2840 314.70 -36.40 LYS146, GLU143, 

THR410, ASN179 

11. Helicase + 

Rosmarininc 

acid 

1st SER539, 

GLN404, 

GLY285, 

GLN537, 

ARG443 

4374 514.00 -71.90 ARG442, LYS288, 

SER289, LYS320 
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12. Helicase + 

Rutin 

1st TYR180, 

LYS146, 

GLU143, 

THR380 

5664 606.50 -41.46 ASN176, CYS309, 

ASP383, TYR382 

13. Helicase + 

remdesivir 

1st LYS139, 

SER310, 

ASN361, 

THR380 

6292 774.40 -139.69 ARG178, CYS309, 

MET378, ASP383, 

PRO408 

14. Helicase + 

Hydroxychlo

roquine 

1st GLY285, 

GLY287, 

LYS288, 

SER289 

4274 492.90 -45.15 GLU319, LYS320 

15. Helicase + 

Ivermectin 

1st CYS309, 

SER310, 

HIS311, 

ALA312 

6816 847.60 -188.33 ASN179, VAL181, 

THR359, ASN361 

 

D. Results showing interaction of drugs with spike (Corona S2) 

S. no. Receptor + 

ligand 

Active 

pocket 

involved 

Amino acids 

involved in 

interaction 

 

Score  

 

Area ACE Other surrounding 

residues 

1. Spike+ 

artemisinin 

- TYR558, 

CYS584, 

SER593, 

ASP600 

3958 484.70 -225.03 TRP553, TYR556, LEU559, 

CYS594 

2. Spike+ 

betaartether 

- TYR547, 

SER583, 

CYS584 

4182 541.4 -263.36 TYR550, ASP598 

3. Spike+ 

artesunate 

2nd HIS389, 

LYS448 

 

4780 549.60 -105.14 LYS379, VAL381, GLY434, 

GLN447 

4. Spike+ 

artemether 

- TYR556 4176 513.90 -257.98 TYR550, TRP555, CYS588, 

SER593,  CYS594 

5. Spike+ 

Apigenin 

3rd GLN145, 

ILE159, ILE272 

4140 509.30 -201.86 LYS166, GLN276, LEU163 

6. Spike+Casticin 2nd ASN145, 

GLY159, 

ILE272 

4868 584.20 -275.97 TYR166, ARG76, LEU163 

7. Spike+Chrysop

hanol D 

2nd CYS584, 

SER583, 

CYS594, 

GLU599, 

TYR550 

3980 479.30 -247.15 PHE597, ASP600, SER593 

8. Spike+Eupatori

n 

2nd LEU585, 

CYS584, 

GLU599,  

ASP598 

4538 591.40 -325.16 SER593, SER583, PHE597 

9. Spike+Linonine 2nd LYS74,  

GLN115, 

ILE111 

3416 389.50 -142.77 ASN296, ALA299, TYR348 

10. Spike+ Pinene 2nd TYR556, 

ASP598, 

TYR550 

3308 367.20 -137.89 GLU599, TRP555, LEU559 

11. Spike+Rosmari

ninc acid 

2nd LYS596,  

ASP600,  

SER583 

4930 592.10 -207.23 TYR550, CYS584, TYR547 

12. Spike+Rutin 2nd SER45, 

GLU433, 

GLN447, 

LYS379, 

ILE250 

5802 665.60 -138.29 TYR388, GLY249, SER378, 

VAL46 

13. Spike+ 

remdesivir 

2nd GLY249,  

ILE250,  

LYS379, 

TYR388, 

ARG432, 

GLU433, 

GLN447 

6550 806.10 -263.5 GLY251, VAL252, GLN377, 

SER378, GLY434, ASN449 
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14 Spike+ 

Hydroxychloroq

uine 

2nd PHE164, 

ALA172, 

PHE174,  

LYS176 

4360 477.70 -178.73 PRO204, LEU206, THR207, 

ASP208 

145 Spike+ 

Ivermectin 

2nd ILE5,  

PRO6,  

ILE7,  

GLY8 

6664 869.10 -256.89 ASN20, SER21, PRO22, 

ARG23 

 

E. Results showing interaction of drugs with spike receptor (Glycoprotein) 

S. no. Receptor + 

ligand 

Active 

pocket 

involved 

Amino acids 

involved in 

interaction 

 

Score  

 

Area ACE Other surrounding 

residues 

1. Spike receptor + 

artemisinin 

Rather 

than 

pocket 

SER110, 

SER181 

3806 452.20 -175.57 PHE19, TRP108, LEU113 

2. Spike receptor + 

betaartether 

Rather 

than 

pocket 

TRP108, 

LEU113 

4312 518.80 -181.79 SER110, ASP114, SER181 

3. Spike receptor + 

artesunate 

Rather 

than 

pocket 

SER110, 

SER181 

4838 548.90 -209.07 PHE14, TRP108, ASN112 

4. Spike receptor + 

artemether 

Rather 

than 

pocket 

TRP108 4148 479.00 -171.70 ASN109, SER110, LEU113 

5. Spike receptor + 

Apigenin 

1st SER141, 

TYR145 

3800 415.00 -189.53 PRO163, ASP139, THR142 

6. Spike receptor 

+Casticin 

1st TRP143, 

LEU159 

4604 564.40 -235.73 SER120, ASP143, SER192 

7. Spike receptor 

+Chrysophanol 

D 

1st PHE14, 

SER181, 

ALA44 

4042 454.40 -183.23 ALA16, ASN15, ALA44, 

SER110 

8. Spike receptor 

+Eupatorin 

1st THR17, 

ASN122, 

ASP114, 

TYR123, 

SER181 

4226 508.60 -126.76 PHE14, TRP108, LEU113 

9. Spike receptor + 

Limonene 

1st SER18, 

PHE14, 

SER110 

3048 345.60 -128.55 ASP114, SER110, ASN15 

10. Spike receptor + 

Pinene 

1st LEU113, 

TRP108, 

SER110 

2926 332.60 -120.91 PHE19, THR17, ALA16 

11. Spike receptor 

+Rosmarininc 

acid 

2nd SER18, 

ALA44, 

TRP108, PHE 
19 

4604 564.00 -229.61 TYR 41, ASN42, ASP114, 

ALA16 

12. Spike receptor 

+Rutin 

2nd TYR41, 

ASN42, 

ASN15, 

ASN16, 

THR17, 

SER181 

5392 689.50 -301.22 PHE14, PHE19, TRP108, 

ALA44 

13. Spike receptor + 

remdesivir 

------ -------- 6270 783.30 -398.75 ------ 

14 Spike receptor + 

hydroxychloroq

uine  

2nd PHE10, 

ASN11, 

ALA12, 

THR14,  

PHE16 

4462 523.60 -255.38 TYR37, ASN38, SER39, 

ALA40 

15 Spike receptor + 

Ivermectin 

2nd PHE10, 

ASN11, 

ALA12, 

THR14, 

SER15,  

PHE16 

6164 859.10 -393.73 TYR37, ASN38, SER39, 

ALA40 
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F. Results showing interaction of drugs with Human ACE2 receptor protein 

S. no. Receptor + 

ligand 

Active 

pocket 

involved 

Amino acids 

involved in 

interaction 

 

Score  

 

Area ACE 

value 

Other surrounding 

residues 

1. ACE2 + 

artemisinin 

1st ASN103, 

GLN102, 

TYR196 

3548 385.10 -113.74 ALA193, ASN194, 

TYR202 

2. ACE2 + 

betaartether 

1st ALA562, 

TYR521, 

ASN563 

4204 452.80 -152.21 VAL209, TYR207, 

ALA396, PHE400 

3. ACE2 + 

artesunate 

1st GLN442, 

LEU370, 

PHE438,  

4628 532.30 -29.42 MET366, LYS441, 

ILE291 

4. ACE2 + 

artemether 

1st HIS195, 

TYR196, 

GLN98 

3670 414.00 -100.63 TYR202, GLN101, 

ASN103, GLN81 

5. ACE2 + 

Casticin 

1st ASN272, 

ILE273, 

MET349, 

HIS356 

4588 536.50 -46.37 HIS360, GLU384, 

GLU388, ALA395 

6. ACE2 + 

Chrysophanol D 

1st GLN81, 

GLN102 

3652 387.00 -99.55 ALA99. ASN103, 

ASN194 

7. ACE2 

+Eupatorin 

1st PHE438, 

GLN442, 

GLU406 

4666 544.90 -59.64 LYS441, THR445, 

ARG518 

8. ACE2 + Pinene 1st LYS441, 

MET366, 

PHE438 

2370 338.90 -84.68 LEU370, ALA413, 

GLN442 

9. ACE2 + 

Rosmarinic acid 

1st HIS374, 

ILE291, 

ASN290, 

SER409 

4406 494.20 -113.63 LEU370, ALA413, 

MET366, LYS441 

10. ACE2 + 

Apigenin 

1st TYR207, 

TYR521, 

PHE400, 

ASN397, 

VAL561 

3796 418.60 -160.86 VAL561, PHE525, 

VAL559, ALA562 

11. ACE2 + 

Linonene 

1st ILE291, 

LEU370, 

PHE438 

2934 346.10 -59.89 GLN442, ASN290, 

ALA413 

12. ACE2 + Rutin 1st TYR207, 

ALA562, 

VAL561, 

ASN563, 

ARG560, 

LEU564 

5348 647.70 -388.24 TYR217, VAL559, 

GLN524 

13.  ACE2 + 

Remdesivir 

1st TYR184, 

GLY187, 

ASP188, 

TYR189, 

GLU190 

6564 812.60 -318.63 LEU373, LEU374, 

ARG375, ASN376, 

GLY377 

14 ACE2 + 

Hydroxychloroq

uine 

1st TYR189, 

VAL191, 

TYR199,  

4134 466.80 -208.38 HIS360, ALA379, 

MET380 

15 ACE2 + 

Ivermectin 

1st LEU77, 

GLU80, 

ALA81, 

GLU84 

6768 770.80 -245.70 TYR184, GLY188, 

ASP189, GLU190 

 
In the present study, we first dissected the genome into 5 

parts: (1) whole CDS (ORF1a), (2) helicase, (3) RNA 

polymerase, (4) spike protein, and (5) glycoprotein portion 

of SARS 2019-nCov, and analyzed the interaction of some 

major bioactive compounds of A. annua along with 

antimalarial compound artemisinin and its derivatives with 

each subset of ORFs (Fig. 1). The ORF 1a (nucleotide 266 

to 13,468) is responsible for coding papain-like proteinase 

(PLpro) that cleaves N-terminus of the replicase poly-

protein to release Nsp1, Nsp2 and Nsp3 for correcting virus 

replication and 3C-like main protease (3CLpro) that 

facilitates the maturation of Nsps, which is needed for the 

virulent life cycle of the coronavirus (Wang et al., 2020). 

Both of them are attractive targets for anti-coronavirus drug 
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development. Another ORF 1b includes expression of 

RNA-dependent RNA polymerase (RdRp) (starting from 

nucleotide13,442 to 16,236 also known as Nsp12, a highly 

conserved protein of coronavirus replication/transcription 

complex and Helicase (Nsp13), a multi-functional protein, 

include N-terminal metal-binding domain and helicase 

domain which is a necessary component for the replication 

of coronavirus (Kirchdoerfer and Ward, 2019). Besides this, 

in our study, another target that has been selected here is a 

virus structural spike protein (nucleotide 21,563 to 25,384) 

that interacts with the host cell receptors and causing virus 

invasion into the host. Spike structural integrity and its 

activated cleavage play a crucial deciding role in virulence 

capacity. 

Structural Modelling and Validation 

Sequence analysis and model validation through MSA and 

phylogenetic analysis revealed the close homologues of 

SARS-nCoV (Fig. 3). All the five modeled protein qualities 

were validated using RAMAPAGE and PROCHECK 

analysis which confirm the superiority of model proteins 

with 98.0%,92.2%,95.3%, 79.1%, and 94.5% residues were 

present in favoured region of Corona peptidase, RNA 

dependent RNA polymerase (RdRp), helicase, spike, and 

glycoprotein respectively (Fig. 10; Table 3). Further, active 

site prediction and molecular docking analysis revealed the 

actual active sites of the receptor proteins which is involved 

in the interaction with ligands by covalent or non-covalent 

interactions (Subissi et al., 2014). The result of Metapocket 

2.0 server identified the pockets sharing same amino acid 

residues along with interacting residues which are as- 

Pocket 1st- HIS2352, MET2360, LEU2361, HIS2352, ASN2453, 

GLY2454, CYS2456, HIS2474, HIS2475, MET2476, and GLU2477 

for the whole peptidase, Pocket 4th - PHE206, GLY207, 

PHE209, ASP208, ILE188, ALA186, GLN211, PHE179, ALA182, 

and MET183, and  Pocket 6th - LEU257, LEU258, LYS259, 

TYR260, LEU316, THR331, GLY332, VAL340, VAL341, HIS342, 

SER318, TYR333, VAL317, PRO315, SER312, THR311, ASP256, 

PHE313, GLY314, and PRO310for RNA dependent RNA 

polymerase. Besides these, 611- 

TPHLMGWDYPKCDRAM-626 and 753-

FSMMILSDDAVVCFN-767 are also involved in the 

interaction (Gao et al., 2020).  From helicase receptor, 

Pocket 1st - LYS139, SER310, ASN361, THR380, and HIS554 and 

pocket 2nd - ASN557 were involved in the interaction. 

Further, active site in spike protein, sharing interaction with 

the ligands were found as Pocket 2nd - GLY249, ILE250, 

LYS379, TYR388, HIS389, ARG432, GLU433, GLN447, 

andLYS448. However, analysis of active sites of 

glycoprotein domain showed no pockets were involved in 

the interaction, as all the interacting residues were found to 

be other than the pockets (Table 2).  

 

Fig. 3: Phylogenetic tree depicting the closer homologues of SARS-CoV-2 

 

Table 3: Quantitative and qualitative assessment of modelled proteins  

S. no.  Type of protein 

studied 

Result of Ramapage quality assessement  

(No. of amino acid residues in)- 

Results of 

Prosa server 
GRAVY 

score 
 favoured 

region 

 

allowed 

region  

 

outlier 

region 

 

Z- score  

1. Corona peptidase 

(nsp3, 4, and 6) 

98.0% 

 

1.3% 

 

0.7% 

 

-6.61 0.024 

2. Corona RNA 

dependent RNA 

polymerase (nsp12) 

92.2% 

 
5.8% 
 

1.9% 
 

-11.06 -0.135 

3. Corona helicase 

protein 

95.3% 

 

3.8% 

 

0.8% 

 

-9.6 -0.004 

4. Corona spike 

protein 
79.1% 
 

11.7% 
 

9.2% 
 

-6.7 -0.182 

5. Corona 

glycoprotein 
94.5% 
 

4.4% 
 

1.1% 
 

-5.39 0.036 
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Fig. 4: Patchdock analysis showing the interactions of ligands to the protease residue of SARS-

CoV-2. A-O are the interactions of protease with Artemisinin, Betaartether, Artesunate, 

Artemether, Rosmarininc acid, Rutin, Linonene, Pienen, Eupatorin, Chrysophanol D, 

Casticin, Apigenin, Remdesivir, Ivermectin, Hydroxychloroquine respectively. 

Remdesivir, Ivermectin and Hydroxychloroquine are the control ligand.   

 

Fig. 5: Patchdock analysis showing the interactions of ligands to the RNA Polymerase 

(Whole nsp12) residue of SARS-CoV-2. A-O are the interactions of RNA Polymerase 

with Artemisinin, Betaartether, Artesunate, Artemether, Rosmarininc acid, Rutin, 

Linonene, Pienen, Eupatorin, Chrysophanol D, Casticin, Apigenin, Remdesivir, 

Ivermectin and Hydroxychloroquine respectively. Remdesivir, Ivermectin and 

Hydroxychloroquine are the control ligand.   
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Fig. 6: Patchdock analysis showing the interactions of ligands to the Helicase residue of SARS-CoV-2. A-O 

are the interactions of Helicase residue with Artemisinin, Betaartether, Artesunate, Artemether, 

Rosmarininc acid, Rutin, Linonene, Pienen, Eupatorin, Chrysophanol D, Casticin, Apigenin, 

Remdesivir, Ivermectin and Hydroxychloroquine respectively. Remdesivir, Ivermectin and 

Hydroxychloroquine are the control ligand.   

 

Fig. 7: Patchdock analysis showing the interactions of ligands to the Spike residue of SARS-CoV-2. A-O are 

the interactions are the interactions of Spike residue with Artemisinin, Betaartether, Artesunate, 

Artemether, Rosmarininc acid, Rutin, Linonene, Pienen, Eupatorin, Chrysophanol D, Casticin, 

Apigenin, Remdesivir, Ivermectin and Hydroxychloroquine respectively. Remdesivir, Ivermectin and 

Hydroxychloroquine are the control ligand.  
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Fig. 8: Patchdock analysis showing the interactions of ligands to the Glycocapsid residue of 

SARS-CoV-2. A-O are the interactions of Glycocapsid with Artemisinin, Betaartether, 

Artesunate, Artemether, Rosmarininc acid, Rutin, Linonene, Pienen, Eupatorin, 

Chrysophanol D, Casticin, Apigenin, Remdesivir, Ivermectin and Hydroxychloroquine 

respectively. Remdesivir, Ivermectin and Hydroxychloroquine are the control ligand.   

 

Fig. 9: Patchdock analysis showing the interactions of ligands to the Human ACE 2 protein. A-O 

are the interactions of Human ACE 2 with Artemisinin, Betaartether, Artesunate, Artemether, 

Rosmarininc acid, Rutin, Linonene, Pienen, Eupatorin, Chrysophanol D, Casticin, Apigenin, 

Remdesivir, Ivermectin and Hydroxychloroquine respectively. Remdesivir, Ivermectin and 

Hydroxychloroquine are the control ligand.   
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Fig. 10: Quantitative and qualitative analysis of (1) whole CDS (ORF1a), (2) helicase, (3) RNA polymerase, 

(4) spike protein, and (5) glycoprotein portion of SARS 2019-nCov. 

 

Fig. 11: Schematic representation of different processes that are stimulated upon viral infection and counter-

measures adopted by cells to eliminate the threat and simultaneously boosting immunity with in the 

body. 

Molecular Docking and Interaction 

After the analysis of active sites, molecular docking of 

receptors and ligands was done by Patchdock server, and 

results with the highest score were analyzed further. All the 

interacting residues, area, score, and ACE values of the 

interactions are compiled in Table 2A-2E, which shows that 

majority of amino acid residues taking part in interaction 

with ligands, were common to those within binding sites as 

depicted by Metapocket. The docking results indicated that 

remdesvir, hydroxychloroquine and ivermectin interacted 

strongly with protease ORF1a by GLY, SER and LEU 

(binding score -263.46 – 422.56) residues where as HIS, 

MET and TYR residues were also involved in stabilizing 

the interaction by covalently interacting with the former 
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residues (Table 2A; Fig. 6). These interacting amino acids 

were also found to be common in artemisinin, beta-arteether 

and casticin suggesting the strong conservation of these 

amino acid residues (binding score -176.24 to -256.33). 

Similarly, docking results of all the ligands with RNA 

dependent RNA polymerase (RdRp) is shown in Fig. 5. The 

RdRp was found to be in interaction with HCQ and 

ivermectin with conserved ASN, LYS, TYR and PHE 

residues with the docking score of -216.9 to -266.44 which 

indicate a strong bnding of these componds to the receptor 

complex (Table 2B; Fig. 5). Other phytocomponds which 

also showed interaction with RdRp with similar core amino 

acid residues along with other residues (VAL and ASP) 

were artmesisnin, artesunate, eupatorin and rosamrininc 

acid (Fig. 2B). It is already reported by Gao et. al. that RdRp 

make a hydrogen bond with remdesivir and other phyto-

compounds by THR, SER, and ASP which is in accordance 

with the results of the present study. 

The control ligands viz., remdesvir, HCQ and ivermectin 

interacted with helicase receptor with conserved GLY, 

SER, LYS and ASN amino acid residues along with other 

supporting amino acid residues with the docked score of -

45.15 to -188.33 indicating strong interaction with the 

helicase receptor (Table 2C; Fig. 6). On the contrary, the 

phytocompounds that were in interaction with helicase 

domain with similar conserved amino acid residues were 

artemisinin, apigenin, chrysophanol D, eupatorin and 

pinene with the docked score of -21.2 to -130.3 thus 

validating the effectiveness of these residues (Imbert et al., 

2006).Molecular interaction of spike protein with control 

ligands reveals strong interaction with control ligands viz., 

remdesvir, HCQ and ivermectin via PHE, PRO, ILE and 

LYS amino acid residues with docking score of -178.7 to -

263.5 and these residues were also responsible for the 

interaction with artesunate, apigenin and limonene  with 

spike receptor with docking score of -105.1 to -201.1 (Table 

2D; Fig. 7). Furthermore, remdesvir, HCQ and ivermectin 

also exhibhited good score and most negative ACE values 

of docked complex showing PHE, ASN, ALA and THR 

were the core amino acid residues involved in the 

interaction (Table 2E; Fig. 8). Among phytocompounds that 

showed interaction with glycoprotein with similar amino 

acid residues were chrysophanol D, eupatorin and rutin 

whereas artemisinin and its derivatives showed interaction 

with SER, TRP and LEU residues which may be due to the 

point mutation that have alter the binding of these 

compounds thus affecting their ability to bind with SARS-

nCoV inhibitors. Furthermore, human ACE-2 protein 

interated with the HCQ via TYR and VAL residues whereas 

ivermectin exbhited interaction with ACE-2 protein via 

GLU, ALA and LEU residues (Table 2F; Fig. 9). On the 

contrary, remdesviralong with artemisinin, beta-artether 

and rosmarinic acid interacted with core amino acid 

residues viz., TYR, GLY, ASP and ASN (Table 2F). 

Several independent research groups investigated that 

SARS-nCoV also utilizes ACE-2 as a cellular entry 

receptor in humans. The ACE-2 receptor is a vital element 

for regulating processes such as wound healing 

inflammation and blood pressure by the renin-angiotensin-

aldosterone system (RAAS) pathway (Imbert et al., 2006). 

It can be hypothesized that treating patients with ACE 

inhibitor (ACEi) can reduce the Angiotensin2 accumulation 

which is the substrate for ACE-2 by preventing ACE 

mediated cleavage of Angiotensin1to7 thereby having 

potential to negatively regulate RAAS. The ACE-2 have 

shown a protective function in the cardiovascular system 

and other organs also.  The modulation of RAAS activation 

through the ACE2/Ang 1-7 pathway should be considered for 

treatment of COVID-19 disease. The bioactive compounds 

artemisinin, β arteether, rosmarnic acid, rutin and apigenin 

have shown ACEi potential in this study.  

Overall, the present study identified potential, non-toxic 

natural bioactive compounds that showed strong interaction 

with helicase domain, RdRp receptor and spike protein 

receptor of SARS-nCoV (Table 2 and Fig. S2-S7). Among 

these screened phytochemicals, artemisnin, beta-artether, 

artesunate, and eupatorin exhibited highest binding affinity 

with docking score ranging from -21.2 to -130.3 as well as 

significant binding with the spike protein and RdRp 

receptor proteins (Table 2A-2F, Fig. 4-9). Artimisinin and 

its derivatives has been proven superior to quinine and other 

malarial drugs in endemic regions of malaria and the drug 

is currently recommended as the first-line treatment for 

severe malaria by the World Health Organization (WHO, 

2020; Zhou et al., 2005) which has also been reported in 

Chinese medical reportire.In addition, eupatorine is a 

natural flavonoid and has been reported for its anti-

cancerous and anti-inflammatory properties (Razak et al., 

2019; Laavola et al., 2012).Eupatorin has the ability to 

modulate immune system and hence, was probably found to 

have strong affinity with the viral proteins thus 

strengthening its potential as a candidate drug against 

SARS-nCoV.). Another bioactive compound apigenin have 

potential to activate B cells and inactivate nuclear factor 

kappa-light-chain-enhancer in human cell culture. It 

decreases the expression of adhesion molecules, which is a 

defensive strategy against oxidative stress. It also promotes 

different anti-inflammatory pathways, have capabilitiy to 

reduce COX-2 activity along with preventive role in the 

IKB degradation and nuclear translocation of the NF-κB. 

Our screened phytocompounds specially artemisnin, beta-

artether, artesunate, and eupatorin showed strong binding 

energies, docking scores and close interaction with core 

amino acid residues equivalently to remdesvir, HCQ and 

ivermectin against SARS-nCOV. 

Recently, the researcher tested in vitro antiviral activities 

of A. annua whole plants herbal preparations against 

SARS-nCoV for prophylaxis and treatment of COVID-19. 

In China, most of the infected patient receiving traditional 
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Chinese medicine for treatment of COVID-19 and few 

evidences have already demonstrated that the herbal 

preparation of A. annua is effective against SARS-nCoV 

infectious diseases (Yang et al., 2020). Our in-silico results 

of the present study suggested that these naturally derived 

phytochemicals of A. annua can be useful candidates for 

SARS-nCoV drug therapy (Fig. 2 and Fig. 11).  Though 

properties of A. annua bioactive compounds are appreciable 

in-silico studies, the in-vitro and clinical trials dealing with 

SARS-nCoV should be considered for further studies. 

Conclusion 

Artemisinin and its derivatives are known as potential 

antimalarial agents due to their high efficiency and lower 

toxicity. Besides its excellent antimalarial activity, 

artemisinin and its conjugates also possess 

immunomodulatory functions and are experimentally used 

to treat viral and autoimmune diseases. We summarized 

here the recent possibilities of artemisinin and /or 

itsconjugatives in treating COVID-19 and other 

inflammatory disorders. We conclude that artemisinin along 

with its derivatives showed good interaction with SARS-

nCoV and have potential to perform as good antiviral agent 

primarily by down regulating T& B cell activation, 

inhibiting antibody production, and expanding the function 

of regulatory T cells.In the present study, molecular 

docking analysis revealed that all the ligands become 

activated and exert immunoregulatory response after 

possible interaction with protease, helicase, RDRP, spike 

and glycoprotein domain by His, Met, Glu, Leu, Val, Asp, 

Phe, Tyr, Val, Gly, Ile, Lys, Arg, Glu, and Gln residues as 

compared to control remdesvir, HCQ and ivermectin where 

the interacting domains were also  Val, Asp, Phe, Tyr, Val, 

Gly, Ile, Lys, Arg, Glu His, Met and Glu suggesting strong 

condensed nature of core amino acid residues involved in 

triggering effective anti-inflammatory and 

immunoregulatory mechanism of action. We believe that, 

as anti-inflammatory/ antiviral agents, artemisinin and its 

derivatives are much more potent capable of acting on 

various frontiers within the viral cascade, thereby reducing 

virulence activity with discrimination for stimulated T cells, 

to produce a synergistic effective treatment on disease 

activity. Thus, this artemisinin, its derivatives and various 

other bioactive components present in A. annua leaf may be 

promising candidates for the treatment of inflammation, 

immunomodulatory disorders and other symptoms induced 

by a viral infection in COVID-19. 
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