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Promising inhibitors against main protease of SARS CoV-2 
from medicinal plants: In silico identification

Some compounds reported as active against SARS CoV were 
selected, and docking studies were performed using the 
main protease of SARS CoV-2 as the receptor. The docked 
complex analysis shows that the ligands selectively bind with 
the target residues and binding affinity of amentoflavone 
(‒10.1 kcal mol‒1), isotheaflavin-3’-gallate (‒9.8 kcal mol‒1), to-
mentin A and D (‒8.0 and ‒8.8 kcal mol‒1), theaflavin-3,3’-di-
gallate (‒8.6 kcal mol‒1), papyriflavonol A (‒8.4 kcal mol‒1), 
iguesterin (‒8.0 kcal mol‒1) and savinin (‒8.3 kcal mol‒1) were 
ranked above the binding affinity of the reference, co-crystal 
ligand, ML188, a furan-2-carboxamide-based compound. To 
pinpoint the drug-like compound among the top-ranked 
compounds, the Lipinski’s rule of five and pharmacokinetic 
properties of all the selected compounds were evaluated. The 
results detailed that savinin exhibits high gastrointestinal 
absorption and can penetrate through the blood-brain bar-
rier. Also, modifying these natural scaffolds with excellent 
binding affinity may lead to discovering of anti-SARS CoV 
agents with promising safety profiles.

Keywords: SARS CoV-2 main protease inhibitors, medicinal 
plants, molecular docking, ADMET properties

Coronavirus 2019 (COVID-19) is a new infectious disease that started as an epidemic 
in Wuhan, China, in December 2019. COVID-19 is caused by severe acute respiratory syn-
drome coronavirus 2 (SARS CoV-2) virus, a twin sister to SARS CoV. Although the two 
viruses are genetically and clinically different, they still share about 70–80 % similarity in 
genome homology. In addition, closely to 96 % of SARS CoV-2 genes are shared with the 
bat coronavirus (Bat-CoV) (1).

The genome of SARS CoV-2 consists of non-segmented RNA that includes 5’ and 3’ 
untranslated regions (UTRs), structural proteins and non-structural proteins. Structural 
and non-structural proteins in the virus genome are encoded in the open reading frames 
(ORFs) (1). The ORF1a and ORF1ab of several ORFs are proteolytically cleaved into 16 puta-
tive non-structural proteins (nsp1–16) for genome preservation and replicase complex 
development in viral replication (2, 3). Notably, the SARS CoV-2 genome is more stable than 
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SARS CoV or MERS-CoV. However, it generally mutates more rapidly, enabling evolution-
ary and genetic diversity. Thus, it results to alterations such as viral transmission, receptor 
affinity, host tropism, and pathogenicity compared to other RNA viruses (4). Its high trans-
missibility has led to the pandemic mentioned above, including global lock-down and 
adverse effects on global health (2, 4–6).

Numerous experts and pharmaceutical establishments are still conducting extensive 
research to appraise therapies for COVID-19 infection. As of August 24, 2021, there were 
506 therapeutic drugs for COVID-19 at the development stage, 419 in human clinical trials 
and 87 in preclinical development. Interestingly, 53 therapeutic agents have reached clini-
cal trial phase IV. In addition, 122 vaccines are in the phase of preclinical development and 
a total of 92 in human trials (7).

Modern medicine today utilizes active compounds isolated from higher plants, and 
about 80 % of these show a positive correlation between their modern therapeutic use and 
the traditional uses (8). As well, the isolated compounds with activity against targets 
associated with SARS CoV infection could provide insights into drug development for the 
new anti-SARS CoV-2 agents. The prospect of using a computer-aided drug design (CADD) 
approach, which uses substantial computational power, has become one of the more effec-
tive methods to search for new lead compounds (9). In the continuation of the anti-SARS 
CoV-2 agents search, this article presents a molecular docking analysis of compounds iso-
lated from medicinal plants with a high potency of anti-SARS CoV activity (10).

EXPERIMENTAL

Ligand’s selection

Compounds used as ligands in the molecular docking procedure were selected based 
on their strong anti-SARS COV inhibiting activity (in vitro experiments) reported in the 
literature and recently reviewed by Ebenezer et al. (10). The most active compounds tested 
against SARS CoV proteases are detailed in Table I.

Receptor selection

The protease’s X-ray crystal structure (PDB ID: 6LU7) was retrieved from the RCSB 
Protein Data Bank (23). Drugs that target conservative protease are usually capable of 
blocking the replication and proliferation of the virus simultaneously, reducing the risk of 
mutation-mediated drug resistance (24).

Molecular docking

Molecular docking simulations were performed to explore the binding profile of iden-
tified SARS CoV inhibitors at the binding site of SARS CoV-2 3CLpro. At the same time, 
Chem3D Ultra was used to construct the 3D geometry of identified compounds, followed 
by structure optimization. Subsequently, docking simulations were performed with the 
AutoDock 4.2 module implemented in PyRx 0.8 using the empirical free energy force field 
and Lamarckian genetic algorithm conformational search with default parameters. The 
grid coordinates for the protein’s ligand-binding site were centered at x = ‒20, y = 13, z = 47, 
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while grid dimensions were set at 40 × 30 × 62 Å (25). The complex’s grid box had a grid 
spacing of 0.375 Å. Analysis and visualization of the binding interactions in the protein- 
-ligand complex were achieved using Discovery Studio Visualizer.

Additionally, the physico-chemical and ADME properties of the docked compounds 
were computed with SwissADME web-based tool (26).

RESULTS AND DISCUSSION

Before simulating the binding interactions of the active compounds detailed in Table I 
with SARS CoV-2 3CLpro, a reliable docking model was first created using ML188, a 
furan-2-carboxamide-based and non-covalent inhibitor of SARS CoV 3CLpro. ML188 is bound 
tightly to the SARS CoV-2 3CLpro receptor with a binding affinity (BA) of −7.7 kcal mol‒1.

The ML188, a furan-2-carboxamide-based compound which is the co-crystal ligand 
formed hydrogen bond with the Cys145-His41 catalytic dyad alongside hydrophobic inter-
action with other active site residues such as Thr24, Thr25, Phe140, Gly143 and Pro168. 
Interestingly, similar binding profiles were observed with the docked compounds; amento
flavone displayed the tightest binding overall. ADME profiling of amentoflavone also 
suggested that it possesses desirable drug-like properties for good oral bioavailability and 
plasma distribution. The computed PAIN (Pan-assay interference compounds) alert 
indicates that all the compounds as shown in Table II (except isotheaflavin-3 -́gallate, 
theaflavin-3,3’-digallate, dihydrotanshinone 1, xanthoangelol and hirsutenone) are non- 
-promiscuous drug candidates, i.e., they are target specific.

Table I. Compounds used for molecular docking studies

Plant name Family Plant part 
studied Isolated compound(s) Ref.

Tribulus terrestris Zygophyllaceae Fruits Terrestrimine 11

Isatis indigotica Brassicaceae Root Sinigrin, hesperetin 12

Salvia miltiorrhiza Lamiaceae Root Cryptotanshinone, dihydrotan-
shinone 1 13

Angelica keiskei Apiaceae Leaves Isobavachalcone, xanthoangelol 14

Broussonetia papyrifera Moraceae Root  Papyriflavonol A 15

Torreya nucifera Taxaceae Leaves Amentoflavone 16

Psoralea corylifolia Fabaceae Seeds Psoralidin, isobavachalcone 17

Alnus japonica Betulaceae Stem bark Hirsutenone 18

Tripterygium regelii Celastraceae Bark Iguesterin 19

Green tea (Camellia 
sinensis) Theaceae Leaves Theaflavin-3,3’-digallate (TF3), 

isotheaflavin-3 -́gallate (TF2B), etc. 20

Paulownia tomentosa Paulowniaceae Fruits Tomentin A-E 21

Chamaecyparis obtuse Cupressaceae Heartwood Savinin 22

https://en.wikipedia.org/wiki/Camellia_sinensis
https://en.wikipedia.org/wiki/Camellia_sinensis
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Binding interactions of COVID-19 main protease with potentially active compounds
Papyriflavonol A. – Our docking simulation of papyriflavonol A suggests that hydro-

gen bond interactions of chromenone core with Glu166, and hydroxyl units of ring B with 
Gly143, Ser144 and key residue Cys145, resp., might be crucial for potent protease inhibi-
tion (Fig. 1a). Also, hydrophobic interactions with His163, Met165, Pro168 and Gly189, pre-
sumably stabilized the protein-ligand complex in the binding pocket. The physico-chemical 
properties show that papyriflavonol A has the potential to be used as a drug. Besides, the 
total polar surface area (TPSA) of papyriflavonol A is 131.36 Å2 which indicates an excellent 
value for bioavailability of potential drug candidate.

Amentoflavone. – The absence of methoxy groups in amentoflavone molecule seems to 
favor its inhibitory potency, reflected in the compound’s superior binding affinity (–10.1 
kcal mol‒1) at SARS CoV-2 3CLpro active site. Significant interactions in the amentoflavone- 
-3CLpro complex include H-bonding of chromenone hydroxy group and oxygen atom with 
Thr26 and Glu166, resp., and ring B hydroxy group with Tyr54 amino acid (Fig. 1b). The cata-
lytic dyad (Cys145-His41) is also sandwiched between the chromenone cores via hydrophobic 
contact and H-bond and T-shaped π-π stacking interactions with phenoxy linker and ring B, 

Fig. 1. Binding interactions of: a) papyriflavonol A and b) amentoflavone with active site residues of 
SARS CoV-2 3CLpro.

a)

b)
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resp. Similar hydrophobic contacts exist with Leu27, Gly143, His163 and Asp187. It is worth 
mentioning that the increase in the molecular mass and hydrogen bond acceptors of amento-
flavone compared to papyriflavonol A have a significant impact on the compound bioavail-
ability. Amentoflavone has a molecular mass > 500 and the TPSA is >140 Å2 (Table II).

Iguesterin. – Molecular docking of iguesterin in the substrate-binding pocket of SARS 
CoV-2 3CLpro presented H-bond interaction of hydroxyl group with Cys145 and Glu166 
(bond distance = 3.01 and 2.92 Å2, resp.), and hydrophobic interaction with Pro168 and 
Ala191. The presence of a quinone-methide moiety plays a significant role in the inhibitory 
potency of iguesterin and its interaction with drug targets. The TPSA was found to be 37.30 
Å2 which is far less than 140 Å2, as shown in Table II, thus predicting that iguesterin has 
better membrane permeability than amentoflavone. Namely, the molecules with TPSA ≥ 
140 Å2 show a low ability for penetrating cell membranes, while docked compounds with 
TPSA ≤ 60 Å2 are easily absorbed in the cell membranes.

Isotheaflavin-3 -́gallate and theaflavin-3,3 -́digallate. – Our molecular docking studies 
showed that isotheaflavin-3 -́gallate (TF2B) and theaflavin-3,3 -́digallate (TF3) fitted better 
in the binding pocket of SARS CoV-2 3CLpro compared to tannic acid. A detailed analysis 

Fig. 2. Binding interactions of: a) isotheaflavin-3’-gallate (TF2B) and b) theaflavin-3,3’-digallate (TF3) 
at the active site pocket of SARS CoV-2 3CLpro.

a)

b)
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of the inhibitors’ binding profile (Fig. 2a) established the dominance of H-bond inter
actions, particularly between hydroxy units and Thr26, Phe140, Leu141, Asn142, His163, 
Glu166, Gln189 and Thr190. Ser144 and Gln189 also interacted in the like manner with the 
carbonyl oxygen atoms of 3,4,5-trihydroxybenzoate moieties. On the other hand, TF2B 
scaffold featured an identical binding profile with TF3, albeit with additional H-bond inter
actions of trihydroxy substituted ring-B with Cys145 and Met165 together with a T-shaped 
π-π stacking interaction with His41, which might favor inhibitory potency against SARS 
CoV-2 3CLpro (Fig. 2b). Moreover, it is reasonable to assume that the hydrophobic contacts 
of TF2B with His41 and Met165 helped stabilize the protein-ligand complex and contributed 
to the increased binding affinity recorded (Fig. 2b). Interestingly, the physico-chemical 
predictions detailed that TF2B and TF3 violate the rule of five which is not surprising due 
to their similar functional groups and structural skeletons. The compounds have high 
molecular mass, as shown in Table II, whereas the pharmacokinetics prediction showed 
incapacity of the compounds to pass through the blood-brain barrier, thus presumably not 
be suitable for drug development.

Tomentin A and tomentin D. – Molecular modeling of the SARS CoV-2 complex of tomentin 
A and D revealed that both compounds could form hydrophobic interactions with the 

Fig. 3. Binding interaction of: a) tomentin A and b) tomentin D at the active pocket of SARS CoV 3CLpro.

a)

b)
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catalytic dyad – Cys145-His41 (Fig. 3). Precisely, tomentin A-3CLpro complex featured H-bond 
interactions with Thr24 and Gly143 via the hydroxyl units of 2-methylhex-3-en-2-ol pendant 
and ring-A, resp. (Fig. 3a). The chromenone carbonyl oxygen and the ring-B hydroxy unit 
also form H-bonds to His168 and Arg188, resp., whereas the complex is possibly stabilized 
by hydrophobic contacts with residues Thr26, Glu166 and Val188.

In parallel, the hydroxyl unit of alkanol pendant in tomentin D also forms H-bonds 
with the amine group of Thr26 while the endocyclic chromenone oxygen and methoxy 
group of ring-B are involved in similar H-bond interactions with Glu166 and Thr190, resp. 
(Fig. 3b). The Mr, log P, and TPSA of tomentin A varied from that of tomentin D as shown 
in Table II. There were no significant differences in the skin permeability, through log Kp 
values, and the two compounds followed Lipinski’s rule of five. In addition, tomentin A 
and D have a high probability of oral bioavailability without pain alert; hence they are 
good candidates for the drug development.

Savinin. – Savinin is lignoid which exhibited more potent anti-SARS CoV effects than 
ferruginol, dehydroabieta-7-one, sugiol, 8-hydroxyabieta-9(11),13-dien-12-one, 6,7-dehy-
droroyleanone, pinusolidic acid and R-cadinol, with an IC50 of 25 µmol L‒1. The visual 
studies showed H-bond interactions of benzo[1,3]dioxole fragment with Ser144 and His163, 
as well as the ligand’s stable conformation in the binding pocket through hydrophobic 
contacts with residues such as Cys145, His41, Phe140, Met165 and Glu166 (Fig. 4). These 
significant interactions will aid the SARS CoV-2 inhibitory activity of savinin. Interest-
ingly, the compound complied with most drug-like indices; the predicted lead compound 
tends to be drug-like. Savinin is expected to cross the blood-brain barrier (Table II); mean-
while, its human gastrointestinal absorption might be also high.

CONCLUSIONS

In this study, we performed molecular docking using COVID-19 main protease on 
some selected active compounds isolated from medicinal plants. These compounds have 
been reported to inhibit SARS CoV activity. The docked complex analysis shows that the 
ligands selectively bind with the target residues, and binding affinity of amentoflavone 

Fig. 4. Binding interaction of savinin with residues in the active pocket of SARS CoV-2 3CLpro.
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(‒10.1 kcal mol‒1), isotheaflavin-3 -́gallate (‒9.8 kcal mol‒1), tomentin A and D (‒8.0 and ‒8.8 
kcal mol‒1), theaflavin-3,3’-digallate (‒8.6 kcal mol‒1), papyriflavonol A (‒8.4 kcal mol‒1), 
iguesterin (‒8.0 kcal mol‒1) and savinin (‒8.3 kcal mol‒1) were ranked above the binding 
affinity of the native ligand. The pharmacokinetics predictions detailed that savinin extracted 
from Chamaecyparis obtuse might exhibit high gastrointestinal absorption and probably 
penetrate through the blood-brain barrier. Also, modifying these natural scaffolds that 
have an excellent binding affinity may lead to discovery of novel drug-like candidates.

Abbreviations, acronyms, codes. – CADD – computer-aided drug design, 3CLpro – 3C-like prote-
ase, Nsp – non-structural proteins, ORFs – open reading frames, PDB – protein data bank, RO5 – rule 
of five, SARS-CoV – severe acute respiratory syndrome coronavirus, TF2B – isotheaflavin-3’-gallate, 
TF3 – theaflavin-3,3’-digallate, TPSA – total polar surface area, UTRs – untranslated regions
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