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Abstract: An outbreak of COVID-19 disease caused by a novel SARS-CoV-2 virus is a major treat 
public health worldwide. This viral pneumonia is extremely pathogenic and highly infectious with no 
known treatments at the beginning of the outbreak. Traditional Chinese medicine (TCM) was often used 
in combination with Western medicine to cure the disease or alleviate symptoms at least. Pharmaceutical 
industry and academic research groups responded quickly to find possible treatments by searching for anti-
viral agents or developing vaccines. This mini review explores early use of computational chemistry methods 
to evaluate the potential of TCM to treat COVID-19 disease. Molecular docking was found to be method of 
choice as one of approaches that is least computationally and time demanding. This is often complemented 
with drug target prediction and network pharmacology analyses that allowed identification of molecules and 
formulations that have highest potential to either affect host-pathogen interaction or treat already infected 
patients. These in silico studies benefited from structural studies that provided structures of viral targets and 
from the use of various databases of TCM. It was found that flavonoids have potentially high affinity for 
druggable targets, however these molecules are not adequate drug candidates due to their poor bioavailability 
but could provide a basis for drug development. It was suggested that various known formulations could be 
more effective due to multicomponent multitarget synergistic action of their constituents. However, there is 
a lack of knowledge of other interactions, including drug-natural products and off-target interactions, that 
could cause adverse effects. Studies that include molecular dynamics simulations of multicomponent systems 
and experimental validation of theoretical studies are already underway. Such integrated approach with 
greater collaboration between research groups has a potential to find a suitable treatment for COVID-19 or 
a lead molecule for drug development
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Introduction

A major threat to global health is ongoing outbreak of the 
respiratory disease named COVID-19 (1) that was declared 
pandemic by the World Health Organization when the 
number of confirmed cases approached 200,000 with over 
8,000 deaths (2). Currently, October 2020, there are over 
33 million confirmed cases and over 1 million deaths. 
The COVID-19 is causing enormous challenges not only 
for public health and medical communities, but also for 
economy (3), society (4) and mental health (5).

COVID-19 is caused by highly virulent SARS-CoV-2 
virus that belongs to the Betacoronavirus genus. The rapid 
spread of the disease, with no or very little knowledge 
about effective treatments, instigated hunt for COVID-19 
treatments and engaged research groups to identify effective 
anti-viral agents or to develop a vaccine. As a part of these 
efforts, structural studies provided three-dimensional (3D) 
structures of viral target proteins such as main protease 
(Mpro) (6) and spike (S) protein (7) amongst others. Such 
knowledge provide a basis for the structure-based drug 
discovery (SBDD) (8) and drug repurposing (9). The 
extensive reviews on drug targets and early efforts in the 
discovery of the agents for the COVID-19 treatment are 
given elsewhere (10-12).

The aim of this mini review is to explore the use of 
computational chemistry to enhance the efforts to utilize 
traditional Chinese medicine (TCM) of the COVID-19 
disease. The focus of this review is on the identification of 
potential anti-viral agents from TCM herbs or formulations 
and/or to find rationale for their use in the clinic by 
conducting in silico mechanistic studies. This review will 
cover selected case studies and it is not a comprehensive 
review of all literature published in the field.

We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/lcm-20-42).

Methods

Data sources

The Google Scholar and Scopus databases were used to 
perform this review (from February 2020 to August 2020).

Focal question

This review was carried out to explore the use of in silico 

methods to evaluate potential Chinese medicine for the 
treatment of COVID-19.

Search

The searches of the databases were conducted using a 
combination of keywords “traditional Chinese medicine” 
“COVID-19” with one of the following keywords “in silico”, 
“docking”, “molecular dynamics simulation” and “virtual 
screening”.

Results and discussion

Virtual screening of components extracted from Chinese 
herbal medicine (CHM) plants

Flavonoids, often found in food and in CHM plants, were 
investigated for their potential to favourably interact with 
SARS-CoV-2 proteins and disrupt its replication. AutoDock 
Vina was used to conduct the docking of 23 natural 
flavonoids against three targets, amin protease (Mpro), RNA 
dependent RNA polymerase (rdrp) and spike (S) protein. 
The 3D structures of these proteins were not available and 
homology modelling was conducted using SwissModel 
online server using PDB entries 6M71, 6YB7 and 6LZG 
as template structures. All natural products have shown 
the propensity to interact with these three proteins at their 
active surfaces. However, it was predicted that quercetin 1, 
a compounds with an established anti-viral activity, has a 
greatest potential to establish favourable interactions with 
Mpro at Glu290 and Asp289, as well as with the receptor 
binding domain of the viral spike (13).

Mpro was selected for a different docking study, but 
protein target structure was extracted from PDB entry 
6LU7, a crystal structure of the Mpro with an inhibitor 
N3 (14). The set of natural products was established 
based on their previously established anti-viral activity 
against different viruses, including SARS-Coronavirus 
and were downloaded from the PubChem Database. The 
compounds from the set that are found in TCM plants were 
glycyrrhizin (CID:128229), indirubin (CID:10177), indican 
(CID:441564), indigo (CID:10215), hesperetin (CID:72281) 
The docking was conducted using AutoDock Vina (15). 
Amongst those, it was found that glycyrrhizin have most 
favourable interaction with the target protein by forming 
five hydrogen bonds with residues from the protease active 
site (GLN 127, LYS 5, LYS 137, ARG 131 and TYR 239). 
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Despite predicted favourable interactions, glycyrrhizin is 
not a drug-like molecule as it violates three of Lipinski’s rule 
of five. Therefore, this molecule can provide a basis for a 
further development of lead compound against COVID-19.

In silico investigation of a potential for anti-COVID-19 
activity was conducted on the selected chemical class, 
saikosaponins found in TCM plants such as Bupleurum spp., 
Heteromorpha spp. and Scrophularia scorodonia (16,17). A set 
of 23 molecules was used in a docking procedure against 
NSP15 endoribonuclease from SARS-CoV-2, PDB entry 
6W01, (18) and prefusion 2019-nCoV spike glycoprotein, 
PDB entry 6VSB (7). Docking using GLIDE software 
revealed that the saikosaponins U and V have potential for 
favourable interactions with both proteins. Such interactions 
could potentially both affect the virus replication and curtail 
the cell entry (19).

Molecular docking was used to explore interactions of 
components of CHM with two selected targets ACE2 and 
SARS-Cov-2 3CL (20). Target protein structures were 
downloaded as PDB entries 1R42 (21) and 6LU7 (14), 
respectively, and used without further modifications. A 
total of 12,541 components of CHM were downloaded 
from a TCM systems pharmacology database and analysis 
platform (TCMSP) (22). These components were docked 
against both targets using Autodock Vina (15). Top six hits 
were TCM components (puerarin, bicuculline, luteolin, 
quercetin and isorhamnetin) and had a better docking score 
than clinical drugs (lopinavir, ritonavir and remdesivir). 
These compounds can be found in 238 CHM that could 
have potential anti-COVID-19 effect, with Forsythiae fructus 
and Lonicerae Japonicae flos as CHM with most containing 
possible active ingredients. Network pharmacology also 
revealed that these two plants could act on 121 targets and 
14 biochemical pathways related to viral pneumonia (20), 
and therefore, could potentially be used in the treatment 
of COVID-19 in combination with Western medicine. 
The multi-component and multi-target aspects of CHM 
may play considerable roles in anti-inflammatory and 
immunomodulatory response to viral infection.

The other approach was to explore the potential of 
TCM components to prevent host-pathogen interaction 
by targeting the protein-protein interaction (PPI) surface 
between human angiotensin-converting enzyme 2 (ACE2) 
and SARS-Cov-2 spike protein. One of the approaches 
was to select potentially active compounds based on 
the anecdotal evidence of their use in the treatment of 
COVID-19. Caflanone, hesperetin and myricetin are known 

to have anti-viral activity (23) and were chosen to establish 
their affinity for ACE2 enzyme (24). Induced fit docking 
was conducted using Schrodinger suite and it was found 
that these flavonoids have affinity for the sites different than 
the binding site of chloroquine (25), a molecule currently in 
the clinical trials for the treatment of COVID-19 infections. 
These promising results in silico studies instigated in vitro 
studies that suggest that caflanone has a potential to inhibit 
virus entry factors including cathepsin L as well as cytokines 
that may be relevant to response of human macrophages to 
infection with SARS-CoV.

Astragaloside IV (PubChem, CID13943297) is the major 
active compound amongst 40 compounds isolated from 
Astragalus mongholicus root that exerts anti-inflammatory 
effects. This compound is found in a well-known Chinese 
tonic, Huangqi (Radix Astragali Mongholici) that is 
used by patients with kidney disease, viral hepatitis and 
cardiovascular conditions. Over 400 potential targets 
were identified using SwissTargetPrediction, Comparative 
Toxicogenomics Database (26), TargetNet (27) and 
PharmMapper (28). The list of these predicted targets 
was used to obtain pathways that could be affected by 
astragaloside IV using Metascape (29). Additionally, 
protein-protein association network that is involved 
in COVID-19 was predicted using the knowledge of 
differentially expressed genes as a result of SARS-CoV-2 
infections and STRING webserver (30). The overlap 
between targets involved in COVID-19 those that predicted 
for astragaloside IV revealed that 12 proteins are common 
including NF-κB-p65 and IL-6. Although the docking 
scores, obtained by Autodock Vina, of this natural product 
against all 12 targets are generally lower when compared 
to the docking scores of rapamycin, it is still possible that 
astragaloside IV may potentially alleviate the effects of the 
cytokine storm in the lungs that is caused by COVID-19. 
Additionally, there may be additional beneficial effects 
due to the multi-level and multi-target pharmacological 
responses in the use of astragaloside IV in the treatment of 
COVID-19 (31).

Peach [Prunus persica  (L.)  Batsch] was recently 
recognized in the TCM as a contributor to the prevention 
and treatment of COVID-19 (32). The isolation and 
identification of potential active components has revealed 
a novel compound (3'-hydroxy-4'-methoxy-chroman-7-O-
β-D-glucopyranoside) and three already known molecules 
(ferulic acid heptyl ester, naringenin and 4,2',4'-trihydroxy-
6'-methoxychalcone-4'-O-β-D-glucopyranoside). Their 
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structures were used for in silico evaluation of their potential 
to combat COVID-19. Their structures were used for the 
docking against two viral targets, evaluating their molecular 
similarity to know anti-viral drugs and prediction of their 
ADMT properties. Two structures of Mpro were extracted 
from PDB entries 6LU7 (14) and 6Y2F (6), while the 
structure of spike protein was extracted from 6VSB (7). 
Glucopyranoside containing molecules were shown to 
interact favourably with both target proteins. Additionally, 
molecular similarity determined using ROCS software (33) 
indicated that these molecules have likeness to drugs that 
could prevent either entry of SARS-CoV into lung cells 
or inflammatory response that could cause lung injury. 
Therefore, it was suggested that these two glucopyranoside 
compounds may be candidates for drug development.

There are similar studies that did not go through the 
peer review process. Preliminary report on the docking 
study of natural products into ACE2 protein target 
(PDB entry not defined) indicated that four molecules, 
baicalin (Scutellaria baicalensis georgi), scutellarin (Erigeron 
breviscapus), hesperetin (Citri reticulatae pericarpium) 
and glycyrrhizin (Glycyrrhiza radix), have a potential to 
exert anti-viral effects and possibly prevent COVID-19  
infection (34). Rutin, a component of Lianhua Qingwen 
(LHQW), is known to inhibit different proteases, including 
viral Mpro. The mechanism of the action of rutin was explored 
by molecular docking using Autodock Vina followed 
by molecular dynamics simulation using NAMD (35).  
Although it was revealed that rutin fits into Mpro pocket, 
the binding is not stable due to its hydrophilicity and the 
part of the molecule leaves the active site during molecular 
dynamics simulation. This suggests that rutin molecule 
would not be an optimal inhibitor, but it could provide a 
basis for the design of more active analogues (36).

Network pharmacology and target identification for TCM 
decoctions and formulations

Decoctions are more complex mixtures of natural products 
obtained by boiling water extractions of components from 
plants used in TCM. They are often used in treatment 
of viral infections and as in the case of many of the 
formulations, some of those were used in the COVID-19 
treatment based on the anecdotal evidence.

Multicomponent formula Qingfei Paidu decoction 
(QFPD) was recommended as a possible treatment of 
COVID-19 in February 2020, however the mechanism 

of action of this formulation is elusive. The composition 
of five key herbal components were extracted from the 
TCMSP with 175 effective compounds selected for further 
study. The prediction of target genes were predicted using 
BATMAN-TCM tool (37) and revealed 300 of potential 
QFPD targets. The COVID-19 docking server (38) 
revealed that nine compounds with favourable ADMET 
properties can favourably interact with 12 COVID-19 
targets including Mpro. Network analysis indicated that 
QFPD containing those molecules (PubChem IDs: 
CID6918970, CID3902, CID14135323, CID42607889, 
CID440833, CID177149, CID11438306, CID712316 and 
CID373261) can potentially aid the regulation of metabolic 
and pro-inflammatory processes to combat infection by 
SARS-Cov-2 virus (39).

Two decoctions, QFPD and Ma Xing Shi Gan decoction 
(MXSGD), were characterized using ultraperformance 
liquid chromatography (UPLC) by identifying compounds 
in the extracts (40). The therapeutic potential of these 
decoctions was assessed by querying databases of 
potential targets, namely the encyclopaedia of traditional 
Chinese  medic ine  (ETCM) (41) ,  SymMap (42) ,  
SwissTargetPrediction (43) and David (44) by establishing 
their therapeutic networks. The COVID-19 disease 
network was established using a limited data on the 
symptoms and known treatment options at the time (March 
2020) and querying SymMap database followed by target 
enrichment analysis by using DAVID database. These 
results, visualized using Cytoscape (45) and Power BI (46), 
allowed overlapping the targets identified for the decoctions 
components with the COVID-19 disease network. It was 
found QFP could potentially affect 24 target genes in 
the Toll-like signalling pathway, with three of those are 
related to drug therapy. Additionally, it was experimentally 
demonstrated that MXSGD has anti-platelet aggregation 
effect, and it can be used in conjunction with QFPD to 
achieve synergistic effects in the treatment of COVID-19 
due to change of the content of their components, 
ephedrine and glycyrrhizic acid (40).

The lung-cleaning and toxicity-excluding (LCTE) 
soup, Chinese herbal formula, has been used in treating 
COVID-19 infections, however, without a rationale in terms 
of TCM. Therefore, all compounds from twenty plants used 
in the formulation were identified using TCMSP, ECTM 
and SymMap, and only molecules that had favourable 
ADME properties for oral delivery were used in the network 
analysis. DisGeNet (47) database was used to identify protein 
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Table 1 Top targets for the TCM formulations and potential inhibitors identified using network pharmacology and docking studies

Formulation Human targets 1 Inhibitors of targets 1 Virus targets 2 Inhibitors of targets 2 Ref.

Qingfei Paidu Mpro CID6918970, CID3902 – – (39)

Lung-cleaning and 
toxicity-excluding

TNF Quercetin, kaempferol, luteolin,  
beta-sitosterol, stigmasterol and naringenin

SARS-CoV-2 3CL Kaempferol and quercetin (51)

Kangbingdu ACE2 Bicuculline, luteolin, and quercetin – – (54)

Da-Yuan-Yin ACE2 Quercetin, kaempferol, baicalin – – (55)

Huashi Baidu ACE2 Quercetin SARS-CoV-2 3CL Baicalein (56)

Shufeng Jiedu – – SARS-CoV-2 3CL 26 compounds including 
bicuculline, quercetin, 

luteolin

(57)

Tanreqing – – SARS-CoV-2 3CL Kaempferol, quercetin, 
baicalein luteolin, and 

wogonin

(58)

Dayuanyin IL-6, ILIB, and 
CCL2

Kaempferol, quercetin, 7-methoxy-2-methyl 
isoflavone, naringenin, formononetin

– – (59)

targets related to the key COVID-19 symptoms. Pathways 
of the plants-compound-symptom network were constructed 
using igraph R package and visualized using Cytoscape, 
while potential in vivo effects were predicted by KEGG 
pathway (48,49) and Disease Ontology enrichment (50)  
databases by mapping all proteins that can be targeted by 
the compounds founds in LCTE soup. Analysis of herb-
compound-protein-symptom networks found that mainly six 
compounds from LCTE (quercetin, kaempferol, luteolin, 
beta-sitosterol, stigmasterol and naringenin) may act on 
tumour necrosis factor (TNF) and Solute Carrier Family 
6 Member 4 (SLC6A4) as those contribute to alleviating 
more than five COVID-19 symptoms. Additionally, it 
was shown that LCTE compounds may be affecting 30 
enriched KEGG pathways related to infections by viruses 
and other microorganisms, as well as the pathways related 
to pneumonia caused by coronavirus. This study provides 
a strong rationale of the LCTE soup effectiveness in 
alleviating main symptoms of COVID-19, while it also 
alerts to possible effects due to off-target interactions and 
compound-compound interactions (51).

Similar approaches, where network pharmacology 
combined with the molecular docking were used to 
rationalize the mechanism of action for other TCM 
formulations, such as Qing-Fei-Da-Yuan (QFDY) 
granules (52) and Cold-Damp Plague (CDP) formula (53) 
amongst others. The constituents were identified from 

TCMSP database in both cases, and although the methods 
for prediction of their potential targets were different, in 
both cases STRING and KEGG database were used to 
propose PPI network with relevant pathways and propose 
most likely targets for the formulation constituents. The 
docking results obtained by Discovery Studio showed that 
quercetin, luteolin and naringenin favourably interact 
with the COVID-19 3CL hydrolase, while anemarsaponin 
and medicocarpin have a potential to interact with ACE2. 
The constituents of CDP formulation were docked using 
Autodock Vina against IL-6 and ACE2 as targets. It 
was found that highest potential to be most active were 
quercetin and luteolin against IL-6, while cl-tyrosine and 
dl-phenylalanine were interacting most favourably with 
ACE2. Both formulations have a potential to regulate 
multiple signalling pathways via synergistic effects of 
herbal components. Summary of other studies based on 
the network pharmacology combined with molecular 
docking is shown in Table 1.

Homology modelling and molecular dynamics

Despite the rapid determination of 3D structures of 
relevant druggable SARS-CoV-2 virus proteins, there 
are some proteins that are attractive targets but without 
experimentally determined structures such as guanine-N7 
methyltransferase. This protein is responsible for 
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cloaking the 5'-ends of viral genomic RNA from hosts’ 
innate immunity and therefore offers opportunities for 
drug development. Homology model of this protein was 
generated based on the structure of SARS-CoV nsp14-
nsp10 protein (PDB entry: 5C8S) as a template and it was 
used for a virtual screening for the potential inhibitors. 
Five molecules from the set of TCM compounds (TCM 
ID: 57025, 3495, 31007, 20111 nad 5376) were identified 
as good binders into the active site. Molecular dynamics 
simulations of all protein-TCM compounds showed 
that all complexes have adequate stability of complexes 
and dynamic behaviour, indicating that these five 
phytochemicals may have strong potential to be used as 
anti-viral agents (60).

Molecular dynamics simulations is indispensable 
method in the SBDD (61), however, it is computationally 
more demanding than molecular docking and virtual 
screening. Therefore, due to the urgency to respond to 
quick spreading of the COVID-19 and lack of the effective 
therapies, there was limited use of molecular dynamics 
simulations in studies that involved TCM. Nevertheless, 
the advantages that molecular dynamics simulation methods 
offer will be needed to make further progress in prediction 
of TCM components interaction with desired targets, their 
off-target interactions as well as component-component 
interactions in such complex formulations.

Conclusions

This mini review demonstrates that scientific community 
has responded quickly in to address challenges due 
to the lack of the COVID-19 treatments. Molecular 
docking and virtual screening were adopted as most 
pragmatic and least time-consuming approaches that were 
complementing timely release of structural data for the 
target proteins. Additionally, due to the complexity of the 
TCM formulations many studies were employing network 
pharmacology approach to understand potential synergistic 
effects due to their possible actions on multiple targets 
within host and virus.

It was already recognized that the TCM databases are 
being used for the rapid assessment of the potential of 

TCM to protect against SARS-CoV-2 infections and/or 
treat COVID-19 disease. Additional, these databases are 
also used theoretical mechanistic studies of TCM against 
COVID-19 and may provide rationale for the action of 
remedies used in clinic (62). However, these database-based 
studies are mainly theoretical and conducted over the short 
period that did not allow experimental validation of the 
theoretical studies. In 80 studies that were reported until 
mid-June 2020, 36 TCM formulations were not validated 
experimentally for the use for in clinic. Due to the lack 
of information on component interactions and off-target 
interactions, such studies may overestimate the potential 
effects of these TCMs in the treatment of COVID-19 (63).

It is notable that some TCM components (Figure 1) 
are identified as potential inhibitors in several different 
studies, in particular flavanols quercetin and luteolin, 
which is not surprising as the most reported studies utilized 
similar target proteins and same software. Furthermore, 
the flavonoid core is present in many of putative inhibitors, 
suggesting that there is a shape complementarity between 
the active sites on the protein and flavonoid scaffold. 
The significance of these favourable interactions will be 
strengthened especially once the binding is validated and 
the dynamic behaviour of flavonoid-protein complexes is 
understood by using molecular dynamics.

As the flavonoids are known to have poor bioavailability (64),  
these are not necessarily good drug candidates, but may 
provide a basis for design of analogues with acceptable 
ADME properties. As the more knowledge is acquired on 
the action of components of TCM and their formulations, 
the design of new molecules and formulations may become 
a “big data” that will allow use of machine learning 
approaches (65). Especially, emerging evidence about the 
use of TCM to treat COVID 19 (66,67) must be taken 
into account in future in silico studies. Moreover, the 
good practice of sharing the results of the studies should 
be further extended by supporting open drug discovery 
initiative as reported previously (68,69).

Finally, the validation of in silico results can only be 
achieved by testing most promising candidates in in vitro 
and by effective testing using animal models that are 
currently being developed (70).
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Figure 1 Structure of selected TCM components identified using molecular docking against different targets relevant to COVID-19. 
Structures were retrieved by querying PubChem database and downloaded as Canonical SMILES without information about 
stereochemistry for clarity. TCM, traditional Chinese medicine.

ephedrine	 indirubin	 indican	 indigo

quercetin	 hesperetin	 luteolin

myricetin	 naringenin	 isorhamnetin

caflanone	 scutellarin	 baicalin

rutin	 puerarin	 bicuculline
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