
Open Access Maced J Med Sci. 2021 Dec 09; 9(A):1181-1186.� 1181

Scientific Foundation SPIROSKI, Skopje, Republic of Macedonia
Open Access Macedonian Journal of Medical Sciences. 2021 Dec 09; 9(A):1181-1186.
https://doi.org/10.3889/oamjms.2021.6963
eISSN: 1857-9655
Category: A - Basic Sciences
Section: Pharmacology

Molecular Docking Approach of Natural Compound from Herbal 
Medicine in Java against Severe Acute Respiratory Syndrome 
Coronavirus-2 Receptor

Yuyun Yueniwati1 , Mokhamad Fahmi Rizki Syaban2 , Icha Farihah Deniyati Faratisha2 , Khadijah Cahya Yunita2 , 
Dedy Budi Kurniawan3 , Gumilar Fardhani Ami Putra3 , Nabila Erina Erwan3

1Department of Radiology, Faculty of Medicine, Universitas Brawijaya, Dr. Saiful Anwar General Hospital Malang, Malang, 
Indonesia; 2Faculty of Medicine, Universitas Brawijaya, Malang, Indonesia; 3Master Program in Biomedical Science, Faculty of 
Medicine, Universitas Brawijaya, Malang, Indonesia

Abstract
BACKGROUND: Indonesia’s diversity of natural resources presents an intriguing opportunity for the exploration 
of potential herbal medicines. Numerous compounds, both purified and crude, have been reported to exhibit 
antiviral activity. The angiotensin-converting enzyme 2 (ACE-2) receptor may be a therapeutic target for severe 
acute respiratory syndrome coronavirus (SARS-CoV-2) infection. We used a search engine to search for herbal 
medicines with ACE-2 inhibitory activity to predict the potential inhibition of natural compounds (i.e., theaflavin, 
deoxypodophyllotoxin, gallocatechin, allicin, quercetin, annonamine, Curcumin, 6-gingerol, and cucurbitacin B) to 
SARS-CoV2–ACE-2 complex.

AIM: This research conducted to search potential compound against COVID-19 receptor.

METHODS: We performed molecular docking analysis using the ACE-2 receptor protein target from Protein Data 
Bank. Protein stabilization was carried out to adjust to the body’s physiology, carried out using Pymol by removing 
water atoms and adding hydrogen atoms. Ligands of active compounds from natural resources were selected and 
downloaded from the PubChem database, then optimized by Pymol software.

RESULTS: The complexes of the tested ligands compounds and ACE-2 receptors, which have a bond strength smaller 
than the control, were selected for analysis. It was discovered in this study that the aflavin, deoxypodophyllotoxin, 
gallocatechin, curcumin, and cucurbitacin B had a higher bond affinity than the control ligands XX5. This binding 
pocket interaction is also the same for all ligands.

CONCLUSION: It is hoped that this study would serve as a starting point for future research into possible treatment 
candidates for SARS-CoV-2.
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Introduction

Angiotensin-converting enzyme 2 (ACE-) is 
a homolog of ACE that was discovered in 2000 [1]. 
ACE-2 is a glycoprotein of type 1 integral membrane 
that contains 805 amino acids and is composed of two 
domains: carboxyl and catalytic. The catalytic domain 
of ACE-2 contains an active domain called the zinc 
metalloprotein domain. ACE-2 expression is found in 
the heart, lungs, liver, and intestines [1], [2]. ACE-2 
functions physiologically in two distinct ways: as a 
dependent peptidase and as an independent peptidase. 
Dependent peptidase participates in the metabolism of 
angiotensin by converting it to angiotensin peptide 1–9 
and then to angiotensin II peptide 1–7. Meanwhile, the 
function as independent peptidase is related to amino 
acids absorptions in intestines [3].

ACE-2 has been proved as the receptor of 
severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) [4]. A study in 2020 showed that SARS-
CoV-2 infects a cell with ACE-2 expression, but not 
to other expressed receptors commonly attached to 
coronaviruses, such as dipeptidyl peptidase 4 and 
aminopeptidase N [4]. Furthermore, another study 
showed that the binding affinity of SARS-CoV-2 spike 
glycoprotein toward ACE-2 receptor was 10 times bigger 
than those of the common coronaviruses receptors 
mentioned above [5]. The viruses could invade the cell 
through the ACE-2 receptor during internalization, a 
process when a receptor enters a cell along with the 
virus [6].

No drug has been noted to bind to ACE2 
receptor to inhibit SARS-CoV-2 and ACE2 complex [7]. 
One of the measures that could successfully compete 
with endogenous ACE2 is soluble ACE2 or an Fc 
domain fused to ACE2 that may act as a decoy to direct 
SARS-CoV-2 away from endogenous ACE2 and itself 
bind the invading virus. The soluble form floats in the 
bloodstream and may act as a competitive interceptor 
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of SARS-CoV-2 from binding to the full length ACE2 
anchored in the cell membrane. In a clinical study, human 
recombinant soluble ACE2 (hrsACE2) can significantly 
block initial stages of SARS-CoV-2 infection [8].

The most promising ACE2 therapy against 
COVID-19 is the drug APN01, which mimics the protein 
ACE2. The drug works by confusing the coronavirus, 
so it attaches to the drug instead of the ACE2 protein 
in the human cell. Positive evidence is emerging from 
small clinical trials on the effectiveness of APN01 in  
COVID-19  patients, especially those that are 
hospitalized [9].

Chloroquine (CQ) has a broad-spectrum 
action against viruses such as Dengue, Chikungunya, 
HIV, Hepatitis A, etc. CQ can inhibit a pre-entry step 
of the viral cycle by interfering with viral particles 
binding to their cellular cell surface receptor. In 
in-vitro and in experimental mouse model, CQ is an 
effective inhibitor of the replication of the SARS-CoV1 
by blocking SARS-CoV1 fusion with and entry into the 
host cell through interfering with the glycosylation of 
the ACE2 receptor and the S protein. CQ impaired 
the terminal glycosylation of ACE2, suggesting 
that the variations in its glycosylation status might 
result in the ACE2–SARS CoV interaction being 
less efficient and therefore inhibit virus entry when 
the cells are treated with CQ. Furthermore, it was 
shown that the recombinant SARS-CoV S protein 
downregulates ACE2 expression. Based on its 
profile, it may be hypothesized that CQ also interferes 
with ACE2 receptor glycosylation thus preventing 
SARS-CoV2 binding to target cells. Earlier in the 
pandemic, CQ is one of promising drugs against 
the new SARS-CoV-2 coronavirus that causes  
COVID-19 [10], [11].

However, CQ shows potentially life-
threatening cardiac side effects due to its quinidinic-
like properties. Ongoing clinical trials listed in 
Chinese, European, and US clinical trial registries, 
with a large variety found in the design or endpoint. 
However, the result is potentially more subjective and 
more subject to bias than an objective one like death. 
To date, no published data support the use of CQ in 
COVID19 [12].

Indonesia has abundant natural resources 
to be explored as potential regiments through active 
compounds screening and development. Those 
kinds of regiments are possibly natural and semi 
synthetics [13], [14], [15]. The utilization of Indonesian 
herbs has become a cultural belief for many centuries in 
traditional medicine and has been passed down through 
the generations [16], [17], [18]. Herbal medicines and 
medicinal plant-based natural compounds have been 
shown to be potential for antiviral drugs, including 
coronavirus, herpes simplex virus, influenza virus, 
human immunodeficiency virus, hepatitis B and C 
viruses, SARS, and MERS [19].

Molecular docking is a method that 
uses chemometrics to visualize molecular and 
intermolecular forces to identify and predict 
receptor-  ligand complexes  [20]. This method is 
now widely used in drug discovery research [21]. 
Most drugs must interact with specific membrane 
molecules called receptors. Molecular docking has 
shown great promise as a new tool for discovering 
novel small molecule drugs with high protein targeting 
potential. In silico drug design interactions can predict 
the ligand-target protein interaction mechanism 
and the bond energy that occurs  [22], [23]. Based 
on the concepts above, this study was conducted 
to identify the potential herbal medicines through 
in  silico approach as the candidate for treating the 
transmission of COVID-19.

Materials and Methods

Herbal medicine search

We employ various active chemicals that are 
extensively included in herbal medicine plants found 
in Java. The active chemicals that we utilize in this 
investigation include Theaflavin, Deoxypodophyllotoxin, 
Gallocatechin Gallate, Allicin, Quercetin, Annonamine, 
Curcumin, 6-Gingerol, Curcubitacin B [24], [25]. We 
chose these compounds because they are frequently 
found in herbal plants in Java that are frequently used 
by the general population. Apart from Theaflavin, 
Deoxypodophyllotoxin, Gallocatechin gallate, Allicin, 
Quercetin, Anonamine, Curcumin, and 6-gingerol, 
Curcubitacin B has been shown in several studies to 
have antiviral activity [26], [27], [28], [29].

Ligand and protein preparation

The 3D structure of each phytochemical 
substance was downloaded from PubChem (https://
pubchem.ncbi.nlm.nih.gov/) or ChemSpider (http://
www.chemspider.com) and then was saved in SDF 
format. Furthermore, the energy of the test ligand 
compound is minimized in ordered to get an ideal bond 
interaction effect using Open Babel. The compound 
XX5 (ChemID 395128) was used as a control ligand 
following pre  [29] various research as an ACE-2 
receptor Inhibitor [30]. Protein ACE-2 receptor which 
was obtained from Protein Data Bank web server 
(https://www.rcsb.org/). Protein stabilization was 
carried out to adjust to the body’s physiology, carried 
out using Pymol by removing water atoms and adding 
hydrogen atoms [23].

The computational docking method was used 
to determine the orientation and conformation of ligands 
at protein-binding sites, as well as the strength of their 
bond. Specific docking was performed to ascertain 
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the interaction between the protein ACE-2 and the 
ligands mentioned previously. The software used to 
determine the ligand-binding affinity was PyRx 0.95. 
The coordinates of the bond’s center were determined 
in previous studies [30]. The prediction of bond strength 
was done with grid box can be seen in Table  1. The 
grid box and dimension position get from the previous 
study [30].

Table 1: Molecular docking coordinate
Center_X Center_Y Center_Z Size_X (Ao) Size_Y (Ao) Size_Y (Ao)
45.27 8.21 32.65 30 30 30

Pharmacokinetic profile

SwissADME (http://www.swissadme.ch/index.
php) was used to determine the pharmacokinetic 
profile of the tested ligands compounds by entering the 
simplified molecular-input line-entry system (SMILES) 
formula for each active substance. SMILES data were 
retrieved from the PubChem database. Lipinski’s 
Rule of Five analysis was conducted to determine the 
compound’s pharmacokinetic properties [31].

Visualization binding interaction

To determine the chemical bonds formed, we 
analyzed molecular interactions on molecular complexes 
generated through docking simulations using the 
Discovery Studio software version 16. 1. 0. Numerous 
chemical bonds were visualized in two-dimensional 
structures, including hydrogen, hydrophobic, Pi-Alkyl, 
Van der Waals, and electrostatic [32]. PyMol structural 
selection and coloring software was used to illustrate 
the complex three-dimensional structure of the mooring 
simulation results. The complexes of the tested ligand 
compounds and ACE-2 receptors, which have a bond 
strength smaller than the control, were selected for 
analysis.

Results and Discussion

Herbal medicine source

The ligands obtained from PubChem was 
Theaflavin (CID: 135403798), Deoxypodophyllotoxin 
(CID: 345501), Gallocatechin Gallate (CID: 

199472),  Allicin (CID: 65036), Quercetin (CID: 
5280343), Annonamine (CID: 56929881), Curcumin 
(CID: 969516), 6-Gingerol (CID: 969516), and 
Curcubitacin B (CID: 5281316) with a molecular 
weight as shown in (Table  2). This active compound 
found in herb medicine in java such as Black tea, 
Propolis, Eucalyptus leaf, Allium sativum, Moringa 
oleifera, soursop, Curcuma longa and Zingeber 
officinale [29], [33], [34], [35], [36], [37], [38], [39]. The 
target proteins were identified in the PDB database with 
protein data bank code 1R4L. A sample was aligned in 
the laboratory using the X-ray method. ACE-2 receptor 
structure had a resolution of 3Å. Meanwhile, the protein 
resolution in silico represents the clarity of the atomic 
distance between amino acid residues when presented 
in the software; the higher the value, the more described 
the molecular visualization [30]. The compound XX5 
(ChemID 395128) was used as a control ligand and 
download as sdf file.

Pharmacokinetic analysis of test ligand 
compounds

Absorption, Distribution, Metabolism, and 
Excretion (ADME) is the study of how administered 
substances interact with the body over the course of 
their exposure. ADME is an important study to know 
how drugs will be administered to get an optimal 
therapeutic effect. This study calculated candidate 
drugs for ACE-2 inhibitors by SwissADME and 
PreAdmet. Druglikeness analysis based on Lipinski 
Rule of 5 (LR5). Lipinski’s criteria’ Rule of Five’ is used 
to evaluate the absorption ability and permeability of 
oral regiment. The drugs are identified as excellent in 
absorption ability and permeability if they meet that 
Rule of Five,’ which is described as molecule mass 
≤500 g/mol, LogP value ≤5, amount of hydrogen bond 
acceptor ≤10, and hydrogen bond donor ≤5 [40]. 
However, Lipinski specifies that the rule of 5 applies 
only to compounds that are not active transporter 
substrates. When the rule of 5 was developed, 
there was very little information available about drug 
transporters [31].

According to our findings as shown in Table 2, 
the ADME of three compounds found in nine herbal 
medicines does not meet LR5. Cucurbitacin B violates 
the first rule by having a molecule mass greater than 
500 g/mol, whereas Gallotechin Gallate and Theaflavin 
violate three rules by having a molecule mass greater 

Table 2: The pharmacokinetic profile of ligan compounds
Compound Molecular weight Hydrogen donor Hydrogen acceptor cLogP Lipinski criteria
Theaflavin 564.49 g/mol 9 12 1.07 No
Deoxypodophyllotoxin 398.41 g/mol 0 7 3.08 Yes
Gallocatechin gallate 458.37 g/mol 8 11 1.01 No
Allicin 162.72 g/mol 0 1 1.61 Yes
Quercetin 302.24 g/mol 5 7 1.23 Yes
Annonamine 296.38 g/mol 1 2 1.53 Yes
Curcumin 368.38 g/mol 2 6 3.03 Yes
6‑Gingerol 294.39 g/mol 2 4 3.13 Yes
Cucurbitacin B 558.70 g/mol 3 8 3.19 No
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than 500  g/mol, a hydrogen bond acceptor greater 
than 10, and a hydrogen bond donor greater than 
5. In addition, Theaflavin, Deoxypodophyllotoxin, 
Gallocatechin gallate, Allicin, Quercetin, Annonamie, 
Curcumin, and 6-gingerol met the requirements for LR5.

Binding affinity interaction

Molecular docking is frequently used to 
understand how a small-molecule ligand recognize 
and interact with macromolecule, which is important 
in pharmaceutical research and drug discovery by 
placing a ligand (molecule) into a preferred specific 
region of receptor (DNA/protein) to form a stable 
complex of potential efficacy and specificity [41]. PyRx 
software was used to estimate binding energy, the 
molecular docking algorithm searches for all possible 
binding conformations and scores ligand-receptor 
complexes using a specific scoring function based 
on the molecular mechanism. Prediction of binding 
energy is accomplished by calculating the physical-
chemical properties of the ligand-receptor complex 
using mathematical equations; a low (negative) energy 
indicates a stable complex and a high probability of 
forming a binding interaction [42].

Our natural compounds have binding 
energies ranging from 4.3 to −10.9 kcal/mol, with 
the top five candidates having the lowest score 
when compared to the control ligand, indicating the 
highest binding affinity: Theaflavin (-10.9 kcal/mol), 
Gallocathecin gallate (–10.7 kcal/mol), Cucurbitacin 
B (–10.6 kcal/mol), Deoxypodophyllotoxin (–9.6 
kcal/mol), Curcumin (–9.4 kcal/mol) as shown in 
(Figure 1). Due to theaflavin’s low binding energy, it 
will have a strong interaction with the ACE-2 receptor. 
Theaflavin, Gallocathecin gallate, Cucurbitacin B, 
Deoxypodophyllotoxin, and Curcumin were analyzed 
to determine their molecular interactions with the 
ACE-2 receptor.

Figure 1: The result of molecular docking of herbal medicine ligands 
compared to control ligand

Molecular docking interaction

There is another type to evaluate scoring 
function by physical event involved in the formation 
of the ligand-receptor complex [43]. The interaction 
between the control ligand (XX5) and the ACE-2 
receptor-binding complex occurs through the formation 
of two hydrogen bonds at Arg273 and Pro346 and 
11 hydrophobic bonds with a binding affinity of 
approximately –9.2 kcal/mol.

We analyze the chemical compounds with 
the lowest bond energies to determine the molecular 
interactions and the types of bonds formed using the 
Discovery Studio software. As shown in Figure  2, 
Theaflavin, Gallocathecin gallate, Cucurbitacin B, 
Deoxypodophyllotoxin, and Curcumin have the same 
binding pocket interaction compared with control. 
Theaflavin forms a hydrogen bond at His354 and a 
hydrophobic bond at His374, Pro346, and Arg273 with 
an electrostatic bond. In contrast, ligand XX2 forms 
hydrogen bond interaction with Pro346 and hydrophobic 
bond with His345.

Figure 2: Binding site of angiotensin-converting enzyme 2 receptor 
to Theaflavin (Blue) and Gallocatechin (Magenta), Curcubitacin B 
(Orange), Deoxypodophyllotoxin, Cucumin (yellow)

Deoxypodophyllotoxin forms a hydrogen bond 
at His345, Arg273 and His 505, while hydrophobic 
bond at His374, Pro346, and Arg273 with electrostatic 
interaction. In contrast, the control ligand forms 
Arg273 as hydrogen bond and His505 as Hydrophobic 
bond interaction. Gallocatechin gallate had similar 
amino acid interactions. There was hydrogen bond 
(His345, Tyr515, Glu402), hydrophobic bond (Pro346), 
electrostatic bond (Glu375, Arg273), and Unfavorable 
donor-donor (His374). This interaction had the same 
interaction amino acid residues but different kinds 
of binding interaction with control. Curcumin forms 
a hydrogen bond at His5050, Arg273 and His345, 
while hydrophobic bonds at Tyr510, Tyr347 and 378. 
Curcumin had the same type of binding interaction 
at Arg273 as hydrogen bond, while Tyr510, Thr347, 
His378 as hydrophobic bond. At last, Curcubitacin B 
was only the same in one amino acid residue at His345, 
but the type of interaction binding was different from 
control as shown in (Figure 3). The type of interactions 
is important in triggering protein biological responses, 
such as activation and inhibition [44], [45]. Hence, 
the ligands have pontential as drugs candidate for 
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COVID-19. The findings of this study can be used as a 
baseline for future research as a potential therapeutic 
candidate against SARS-CoV-2.

Conclusion

In sum, the results of the molecular docking 
analysis indicated Theaflavin, Deoxypodophyllotoxin, 
Gallocatechin, Curcumin, and Cucurbitacin B have 
promising as candidate drugs for COVID-19. It is 
suggested that additional research be conducted to 
determine the biological effects on ACE-2 receptors.
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