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Abstract Covid-19 is an ongoing pandemic as we speak in
2022. This infectious disease is caused by the SARS-CoV-2
virus, which infects cells by binding to the angiotensin-
converting enzyme 2 (ACE2) receptor on the cell surface.
Thus, strategies that inhibit the binding of SARS-CoV-2 to
the ACE2 receptor can stop this contagion. Hanjeli (Coix
lacryma-jobi) essential oil contains many bioactive compounds,
including dodecanoic acid; tetradecanoic acid; 7-Amino-8-
imino-2-(2-imino-2H-chromen-3-yl); and 1,5,7,10-tetraaza-
phen-9-one. These compounds suppress viral replication and
may prevent Covid-19. Accordingly, this study assessed
whether, these four limonoid compounds can block the ACE2
receptor. To this end, their physicochemical properties were
predicted using Lipinski’s “rule of five”” on the SwissADME
website, and their toxicity was assessed using the online tools
ProTox and pkCSM. Additionally, their interactions with the
ACE2 receptor were predicted via molecular docking using
Autodock Vina. All the four compounds satisfied the “rule of
five” and tetradecanoic acid was predicted to have a higher
affinity than the comparison compound remdesivir and the
original ligand of ACE2. Molecular docking results suggested
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that the compounds from hanjeli essential oil interact with the
active site of the ACE2 receptor similarly as the original ligand
and remdesivir. In conclusion, hanjeli essential oil contains
compounds predicted hinder the interaction of SARS-CoV-2
with the ACE2 receptor. Accordingly, our data may facilitate
the development of a phytomedical strategy against SARS-
CoV-2 infection.

Keywords Antiviral, ACE2, ACE2 Inhibitor, Coix lacryma-
jobi, Essential Oil

Introduction

Viruses considered as biological chemicals are often referred
to as meta organisms. Several diseases caused by viruses have
caused global outbreaks. At this time, the world has been in
shock with a new virus that is endemic and even causing a
pandemic, namely SARS-CoV-2 (Rothan and Byrareddy 2020).
This virus has phylogenetic similarities with other types of
coronavirus (Helmy et al. 2020). The recent studies have
shown that the SARS-CoV-2 virus is more amenable to the
human Angiotensin Converting Enzyme 2 (hACE2) receptor
than SARS-CoV. This may cause the rate of human-to-human
transmission of SARS-CoV-2 to be higher than that of SARS-
CoV (Wan et al. 2020).

The World Health Organization (WHO) determined the
status of Covid-19 as a pandemic on March 11, 2020 (WHO
2020). The unavailability of appropriate treatment therapy for
Covid-19 patients has caused the death rate from this
pandemic to be quite high (Bimonte et al. 2020). There are
several classes of drugs that are in clinical trials regarding
their potential against SARS-CoV-2 such as RNA polymerase
inhibitors (remdesivir and favipiravir), protease 4 inhibitors
(lopinavir/ritonavir), aminoquinolines (chloroquine and its
hydroxyl derivatives) and anti-inflammatory agents. (corti-
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costeroids). Some of these synthetic drugs are currently used
in therapeutic guidelines for Covid-19 positive patients (Neldi
and Suharjono 2020). However, according to WHO (2020)
these drugs have not been able to reduce patient mortality
rates.

The current COVID-19 treatment therapy in China does not
only rely on synthetic drugs, but also herbal medicines.
Clinical evidences from various studies of herbal plants in the
treatment of the coronavirus (SARS-CoV) have shown the
significant results, and supports the idea that herbal medicines
have beneficial effects on the treatment and prevention of
epidemic diseases (Yang et al. 2020). Based on these respects,
various studies currently focus on the potential of medicinal
plants as SARS-CoV-2 antivirals. Various studies have stated
that bioactive compounds in plants have anti-inflammatory,
antibacterial, antioxidant, antifungal and even antiviral acti-
vities. Thus, medicinal plants are considered as the fruitful
sources, one of which is considered as the SARS-CoV-2
antiviral (Borkotoky and Banerjee 2020).

Hanjeli plants have complex metabolites including tannins,
alkaloids, flavonoids, anthracenoids, steroids and carotenoids
which are suspected to have antiviral activity (Diningrat et al.
2020). Hanjeli essential oil has been known to contain Dode-
canoic acid; Tetradecanoic acid; 7-Amino-8-imino-2-(2-imino-
2H-chromen-3-yl); and 1,5,7,10-tetraaza-phenanthren-9-one.
The silico study of the bioactive hanjeli essential oil com-
pound showed that the compound has potential as an antiviral
corona (Diningrat et al. 2020). Based on the results of these
studies, to determine the potential for bioactive compounds of
hanjeli plant essential oil as an antiviral for SARS-CoV-2, it is
necessary to conduct research in silico.

SARS-CoV-2

Coronaviruses are single-stranded RNA virus that can infect a
wide variety of animals including birds, guinea pigs, mam-
malian species and humans. These viruses differ due to their
ability to mutate rapidly, change tissue tropism, bypass species
barrier, and adapt to different epidemiological situations
(Decaro and Lorusso 2020). They have a particle size of
120 ~ 160 nm. They also belong to the subfamily of Ortho-
coronavirinae under the family of Coronaviridae (Wu et al.
2020). SARS-CoV-2 is part of the genus -CoV. Based on
phylogenetic analysis, it was found that SARS-CoV-2 harbored
one gene (ORF8) which is phylogenetically closest to SARS-
like CoV, but differs in lineage (Ren et al. 2020).

The following is the taxonomy of SARS-CoV-2 based on
the results of the Coronaviridae Study Group (CSG), which is
part of the International Committee on Taxonomy of Viruses

(Coronaviridae Study Group of the International Committee
on Taxonomy of Viruses, 2020):

Kingdom : Riboviria

Order : Nidovirales

Suborder  : Cornidovirineae

Family : Coronaviridae

Subfamily : Orthocoronavirinae

Genus : Bethacoronavirus
Subgenus  : Sarbecovirus

Species : SARS-related coronavirus
Individual : SARS-CoV-2 Wuhan-Hu-1

SARS-CoV-2 displays an excellent affinity for hACE2
which could bind SARS-CoV-2 in both open and closed
conformations (Wrapp et al. 2020). The RBD and hACE2
spike complex showed that the binding capacity of SARS-
CoV 2 protein with hACE2 is significantly higher than that of
SARS-CoV (Xu et al. 2020). SARS-CoV-2 enters target cells
via membrane fusion or endocytosis. After the entry of the
virus into the host cell, viral RNA enters the cytoplasm and is
cleaved (proteolysis) to form a transcription-replication com-
plex. The viral particles are then released from the infected
cells by exocytosis (Li et al. 2021).

Hanjeli Plant

Hanjeli plant (C. lacryma-jobi) is one of the plants from the
Poaceae family. Usually, it is used as food and animal feeds.
This plant usually grows wild, so it is easy to find it. The
potential use of Hanjeli is very high because a few people
have used this plant for specific research, for example, to
know the benefits of its bioactive compound content. There
are two varieties planted by people, namely, C. lacryma-jobi
variety of lacryma-jobi and C. lacryma-jobi ma yuen variety.
The former has a hard white shell, oval shape and is used as
beads, while the latter as the other variety is eaten by people
and also part of the medical tradition in China (Diningrat et al.
2020).

The essential oil is one of the extraction products widely
used in the world of pharmacology as a medicine for the
certain diseases. In general, many essential oils are produced
from the seeds of the average plant. Usually, essential oils are
produced through the distillation process — the process of
pulling or extracting compounds that evaporate with water as
the solvent. Then, to see the content of compounds contained
in the essential oil, it is important to carry out a gas chromato-
graphy process

The secondary metabolites have the main task of being a
weapon to survive or protect themselves against other organisms.
In contrast to animals, the results of plant metabolism are
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accumulated in certain parts of plants such as vacuoles,
specialized cells or glands or probably followed by catabolism
processes. The recent studies have shown that Hanjeli seed
and root essential oil has antiviral potential (Diningrat et al.
2020).

ACE2 receptors

ACE2 is a type 1 membrane integral glycoprotein that is
expressed and activated in almost all human tissues (Homo
sapiens). The highest expression of ACE2 was observed in
the respiratory tract (lungs), gastrointestinal tract and heart.
ACE2 has a nucleotide base sequence similarity of 42% to
angiotensin-converting enzyme (ACE) (Wiese et al. 2020).
This causes ACE and ACE2 to have homologous protein
characters, but both have different substrate specificities
(Gheblawi et al. 2020). The similarity of nucleotide base
sequences on the catalytic sites of ACE and ACE2 was 61%.
ACE2 functions as a carboxypeptidase, cleaving a single
hydrophobic/base residue from the C-terminus of its sub-
strate. ACE2 efficiently hydrolyzes the potent vasoconstrictor
of angiotensin II to be angiotensin (1-7). ACE2 is not widely
found in the blood circulation, but this enzyme is widely
expressed on the epithelial cell membranes of the lungs and
digestive tract, where the region was the main route of the
virus entry into the human body [18]. The presence of
excessive ACE2 is an opportunity for the entry of SARS-
CoV-2 and the beginning of its pathogenesis. The mechanism
of ACE2 inhibition or the expression suppression of this
enzyme is one of the targets in its control (McMurray et al.
2020; Zheng et al. 2020).

Material and Method

Research Method

This research was a pre-experimental research type of com-
puter-based design conducted in silico from six bioactive
compounds of hanjeli plant essential oil named Dodecanoic
acid; Tetradecanoic acid; 7-Amino-8-imino-2-(2-imino-2H-
chromen-3-yl); and 1,5,7,10-tetraaza-phenanthren-9-one against
the ACE2 receptor using Chem Bio Draw Ultra software
version 19.0, Chem 3D Ultra version 19.0, Discovery Studio
Visualizer, SwissADME, Autodock Vina, MGLTools, PyMol,
PkCSM Online Tools, Protox Online Tool and Microsoft Excel.

Research Time and Place

This research was carried out from February to April 2021 at

the Laboratory of the Biology Study Program, Faculty of
Mathematics and Natural Sciences, State University of
Medan. Multifunction Laboratory of UIN Ar Raniry Banda
Aceh and Laboratory of the Department of Biology, Faculty
of Mathematics and Natural Sciences, Universitas Pendidikan
Indonesia, Bandung.

Research Tools and Materials Research Tools

This study used a device consisting of hardware and software.
The hardware used was a set of Lenovo Yoga Laptops with
Intel(R) Core(TM) i7 processor specifications, 16 GB RAM,
and 500 GB hard disk. Meanwhile, the software used was the
Windows 10 Pro operating system, Chem Bio Draw Ultra
version 19.0, Chem 3D Ultra version 19.0, Discovery Studio
Visualizer, SwissADME, AutoDock Vina, MGLTools, PyMol,
pkCSM Online Tool, Protox Online Tool, and Microsoft
Excel 2013.

Results And Discussions

The research on the antiviral potential of bioactive com-
pounds of hanjeli plant essential oil (Coix lacryma-jobi) was
held using an in silico computational method. The silico
method is often used as an initial screening in the discovery of
new drugs. The scope of the in silico method used is a docking
study (Hussein and Elkhair 2021). The choice of docking
study was based on the role of molecular docking, which aims
to determine the bond between the ligand and the receptor.
This method could play an important role in the success of
structural drug design. In addition, this method has the
advantage of being able to save costs and time for finding new
drugs (Sefternick and Lindert 2020).

Downloading ACE2 Ligand preparation
receptor by using PubChen

! I
Receptor dissociations from [ |
solvents, the native ligands,
non standard residues
|
Validating receptor using
Autodock Vina and Phymol

Validated receptor

Prediction of ligand-receptor interaction by using Autodock Vina
|

Assessment of the Toxicity prediction by
physicochem prop | |using pKCSM online tool
[ ]
[
3D ligand model based on
Chem Bio Draw

Analysis and visualization of binding results using Discovery Studio Visualizer

I
Descriptive data analysis

Fig. 1 Research flow
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Table 1 Structure of the ACE2 downloaded from the Protein Data Bank

The number of

No Identity sub unit

Bound ligand Resolution (A)

1 1R42 3

Dodecanoic acid; tetradecanoic; acid; 7-Amino-8-imino-2-(2-imino-

22

2H-chromen-3-yl); and 1,5,7,10-tetraaza-phenanthren-9-one.

In this study, bioactive compounds of hanjeli plant essential
oil were used, namely Dodecanoic acid; Tetradecanoic acid;
7-Amino-8-imino-2-(2-imino-2H-chromen-3-yl); and 1,5,7,
10-tetraaza-phenanthren-9-one. These compounds are com-
monly found in the roots and seeds of the hanjeli plant [9]. The
research on bioactive compounds of hanjeli plant essential oil
was conducted to determine whether these compounds had
the potential as antiviral SARS-CoV-2 in silico. An approach
method carried out included the testing of physicochemical
properties, toxicity and prediction of activity between ligands
and receptors by molecular docking.

In Silico Sample Preparation

Sample preparation used in the in silico process was an
important step to reach an optimal result (Maia et al. 2020).
The in silico sample preparation stage included the pre-
paration of the ligand and receptor (target proteins) used in the
study (Kanakaveti et al. 2020). The samples prepared in this
study were the ACE2 receptor (target protein) with PDBid
code: 1R42 and the compounds tested were Dodecanoic acid;
Tetradecanoic acid; 7-Amino-8-imino-2-(2-imino-2H-chromen-
3-yl); and 1,5,7,10-tetraaza-phenanthren-9-one.

ACE2 Receptor Download

The first step in this research was downloading the ACE2
receptor as the target protein. The receptor download was
done through the Protein Data Bank database (PDB; http://
www.rscb.org.pd) in .pdb format. The downloaded receptor
was a macromolecule with the identity (PDBid) 1R42. This
structure had three different types of subunits (hetero-3-mer)
with native ligands as a result of electron microscopy. The
conditions and qualities of the downloaded ACE2 structures
were listed in Table 1.

The Protein Data Bank shows ACE2 receptor a macromo-
lecular structure bound to the native ligands. This complex
(1R42) consists of three chains (sub units) namely nsp 7 (C
chain), nsp 8 (B chain) and nsp 12. A chain also known as
ACE2 (Yin et al. 2020).

SARS-CoV-2 Receptor Preparation

While downloading the receptor with the identity of 1R42

Fig. 2 1R42 receptor based on Discovery Studio Visualizer

through the Protein Data Bank, the structure was in the form
of a single unit with native ligands, water molecules and other
non-standard, which were remnants of the previous protein
crystallization. These non-standard residues must be removed
so as not to interfere with the belay process. The non-standard
residues removed were nsp 7 and nsp 8. These residues in this
case were a complex entity with ACE2 (nsp 12). The native
ligand on the receptor also needed to be removed because the
ligand was bound to the active site of the receptor, so it can
prevent other ligands from binding. Meanwhile, the presence
of water molecules would also affect the results of binding, so
it needs to be removed (Maia et al. 2020; Yin et al. 2020). The
separated structure was saved in .pdb format.

The next step after the separation of the macromolecular
chain was the optimization phase of the macromolecular
structure. At this stage, the MGL Tools application was used.
The optimization steps carried out again were by removing
water molecules and adding hydrogen atoms. The removal of
water molecules aims to prevent water from connecting with
compounds that would be tethered to the receptor (Zhao and
Tajkhorshid 2021). While the addition of hydrogen atoms
needed to be done because the presence of hydrogen affected
the results of the bonding with the formation of hydrogen
bonds. After that, Kollman charges were added to extend the
load on the amino acid residue, namely electrostatic potential
energy. Furthermore, the receptor was added gasteiger charge
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Fig. 3 1R42 receptor binding area based on Discovery Studio
Visualizer

which aimed to adjust to the molecular anchoring environ-
ment (Goodsell et al. 2021). The structure was then saved
in.pdbqt format.

Determination of Binding Site and Grid Box

Docking studies generally begin with determining the binding
site. This is because in general proteins had a limited binding
region. The size of (grid box) and protein binding sites can be
visualized in the docking application and can be adjusted
interactively. Optionally, the residue in the binding area is
flexible during the docking process (Valdés-Tresanco et al.
2020). While determining the binding site and grid box, the
Discovery Studio Visualizer application and MGL Tools
were utilized. In the Discovery Studio Visualizer application,

Table 2 3D structures of the test and comparison compound

the binding site could be determined based on structural data
obtained from Protein Data Bank, the Discovery Studio
Visualizer application and based on the previous research
journals. The amino acid residues Lys545, Arg553, Asp623,
Asn691, Ser682 and Leu759 made interactions between
proteins and remdesivir (Koulgi et al. 2020; Dahab et al.
2020). The determination of binding sites based on the 1R42
receptor was reviewed based on amino acid residues located
around the native ligand receptor, where the position of native
ligand is allegedly the active side of the receptor (Yin et al.
2020). Based on this, a suitable binding site was found and
then the center size x=91.776,y =91.56 and z=104,863. The
next step was to determine the grid box using the MGL Tools
application. The determination of the grid box aimed to decide
the size of the area to be docked with certain compounds
(Dahab et al. 2020). Based on the results of MGL Tools, the
grid box size was x= 8, y= 8, and z= 10 with a space of 1. The
results of determining the binding site and grid box were then
stored in .txt format as data used in the docking process.

Preparation of Test Compound

Construction of 2D, 3D Compound Structures and SMILES
Code

2D and 3D compound structures were created using the
ChemDraw application (Pratama et al. 2020). The structure of
the compound to be tested was previously drawn using the
ChemDraw 2D version 19.0 application. The structure of the
compounds drawn included dodecanoic compounds, acid;
Tetradecanoic acid; 7-Amino-8-imino-2-(2-imino-2H-chromen-
3-yl); and 1,5,7,10-tetraaza-phenanthrene-9-one. In addition,

Compound name

3D structure

Dodecanoic acid

1S/C24H41NO5S/c1-3-5-7-8-9-10-11-12-13-14-15-23(24(26)27)30-22-18-16-21(17-19-2 e e e
2)25-31(28,29)20-6-4-2/h16-19,23,25H,3-15,20H2,1-2H3,(H,26,27)
Tetradecanoic acid n ] & A B
1S/C14H2802/c1-2-3-4-5-6-7-8-9-10-11-12-13-14(15)16/h2-13H2, 1 H3,(H,15,16) Y Y Y W R
|
7-Amino-8-imino-2-(2-imino-2H-chromen-3-yl) = B
1S/C21H11CIN2038/c22-13-5-6-18-12(7-13)9-15(19(23)26-18)20-24-16(10-28-20) 1 4-8- 2L *H.@'-Jﬁ
11-3-1-2-4-17(11)27-21(14)25/h1-10,23H o
)
1,5,7,10-tetraaza-phenanthren-9-one e
1S/C10H6N4/c1-2-11-5-7-6-14-10-9(8(1)7)12-3-4-13-10/h1-6H B ‘Qi
¥
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Table 3 SMILES code structures of the test and comparison compound

Name SMILES code

Dodecanoic acid

Tetradecanoic acid

CCCceeeeceec=0)o
CCCcceeececeeecee(=0y)o

8-Amino-8-imino-2-(2-imino-2H-chromen-3-yl) C1=CC=C2C(=C1)C=C(C(=0)02)C3=CSC(=N3)C4=CC5=C(C=CC(=C5)C1)0C4=N

1,5,7,10-tetraaza-phenanthren-9-one

Remdesivir

C1=CC=C2C(=C1)C=C(C(=0)02)C3=CSC(=N3)C4=CC5=C(C=CC(=C5)Cl)OC4=N

CCC(CC)COC(=O)C(C)NP(=0O)(OCCIC(C(C(O1)(CHN)C2=CC=C3N2N=CN=C3N)O)
0)OC4= CC=CC=C4

Table 4 Energy minimization of test and comparison compounds

Energy Minimization (kcal/mol)

Compound - -
Replication 1 Replication 2 Replication 3 Average
Dodecanoic acid 741,15 741,15 741,15 741,15
Tetradecanoic acid 153,38 153,38 153,38 153,38
9-Amino-8-imino-2-(2-imino-2H-chromen-3-yl 132,93 132,93 132,93 132,93
1,5,7,10-tetraaza-phenanthren-9-one 150,70 150,69 150,69 150,69
Remdesivir -1,94 -1,95 -1,95 -1,95

Details:

Compound IUPAC Name:

* Dodecanoic acid: Dodecanoic acid

* Tetradecanoic acid: Tetradecanoic acid

* 9-Amino-8-imino-2-(2-imino-2H-chromen-3-y1):3-[2-(6-chloro-2-iminochromen-3-yl)-1,3-thiazole-4-ylJchromen-2-one
* 1,5,7,10-tetraaza-phenanthren-9-one:pyrazino[2,3-c][2,7]naphthyridine
* Remdesivir:2-ethylbutyl(2S)-2-[[[(2R,3S,4R,5R)-5-(4-aminopyrrolo[2,1-f][ 1,2,4]triazine-7-yl)-5-cyano-3,4-dihydroxyoxolan-2-yl|methoxy-

phenoxyphosphoryl]amino]propanoate

the structure of the comparison compound used, namely
remdesivir, was also drawn. After the compounds had been
drawn, they were visualized in 3D using the ChemDraw 3D
application version 19.0. The following was a table of
compound images that were tested in 3D:

Based on Table 2, it was known that the test compounds
belonged to the polydentate ligand group. Moreover, ligands
were grouped according to the number of donor atoms, and
polydentate ligands could donate more than two atoms
(Pratama et al. 2020). In the structure of the test compound,
there were more than two donor atoms where the atom that
acted as a donor was an oxygen atom (O). The next step after
creating 2D and 3D structures was downloading the SMILES
code where each test compound as well as the comparison
compound, remdesivir, was taken from the ChemDraw
application. The SMILES code of each compound was used to
perform physicochemical and toxicity tests. The following
was a Table 3 containing the SMILES code for each test and
comparison compound.

Optimization of Test Compounds

The optimization of the test compound was the final stage in

the compound preparation process. This stage aimed to find
the most suitable conformation with the minimum energy of a
molecule to bind to other molecules, thereby stabilizing the
bond arrangement during molecular docking (Godsell et al.
2021). The optimization of the tested compounds was carried
out 3 times to obtain a valid minimum energy outcome of the
compound. The optimized compound was then saved in.pdb
format. Then, the compound was converted into pdbqt format
using the MGL Tools application (Table 4).

Based on Table 4, the different minimization energy values
were obtained for each compound. This was influenced by the
distance, angle and torsion angle of each compound. The
optimization result was an absolute value, where the negative
mark indicated that the electrons were bound in the atom
because of the attraction in the nucleus (Lipinski 2004).

Prediction of Physicochemical Properties

The physicochemical properties of a compound were related
to the acceptable absorption of the drug and its permeability.
This was the first step in the bioavailability of oral drugs
(Lipinski 2004). The prediction of physicochemical properties
carried out in this study employed the SwissADME
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Table 5 Predicted physicochemical properties of the test and comparison compounds
Parameter
Compound Hydrogen bond i
P MW (¢/mol)  Log P o8 Rotating ¢ Jiability
donor acceptor atom
Dodecanoic acid 200.32 3.28 0 5 3 No deviation
Tetradecanoic acid 228.37 2.54 0 6 3 No deviation
9-Amino-8-imino-2-(2-imino-2H-chromen-3-yl 406.8 2.56 0 7 3 No deviation
1,5,7,10-tetraaza-phenanthren-9-one 182.18 2.23 1 6 1 No deviation
Remdesivir 602.58 0.18 4 12 14 3 deviations

MW (Molecular weight) < 500 g/mol
Log P (Coefficient Particle) < 5
Hydrogen- bond Donor < 5
Hydrogen-b bond Acceptor < 10
Rotating Atom < 10

application with Lipinski's five law method. The results of the
prediction of the physicochemical properties of the test
compounds were shown on Table 5 below.

Lipinski's fifth law defines four ranges of physicochemical
parameters including molecular weight of a compound < 500
g/mol, which was expressed by the number of OH groups and
NH Donor Hydrogen Bonds < 5, Acceptor Hydrogen Bonds
which were expressed by the number of O and N atoms < 10,
and the logarithm value of octanol/water partition coefficient
(Log P) < 5. This parameter corresponds to 90% of oral
drugs that had reached clinical phase I (Lipinski 2004). In
further research, there were the additional parameters in the
form of torsion values and compounds said to be good if they
did not have more than 10 rotating hydrogen bonds (torsion)
(Chagas et al. 2018).

Semipolar property of hanjeli essential oil compounds
(Dodecanoic acid; Tetradecanoic acid; 7-Amino-8-imino-2-
(2-imino-2H-chromen-3-yl); and 1,5,7,10-tetraaza-phenan-
thren-9-one) happened because it contained a hydrophilic
aromatic carbon ring and a polar carbonyl group. This made
the compound have a larger log P value. The hydrogen bond
of the donor and the hydrogen bond of the acceptor were the
parameters used to describe the hydrogen bonding capacity of
a compound needed in the absorption process, so that if the
number of hydrogen bonds in the donor was = 10 and the
acceptor was = 5, the energy required in the absorption
process was higher. Hydrogen bonding can affect the che-
mical-the physical properties of compounds such as boiling
point, melting point, solubility in water, ability to form
chelates and acidity.

In general, the existence of Lipinski's five law is used to
describe the solubility of compounds in penetrating cells by
passive diffusion (Lipinski 2004; Patrick 2001). Meanwhile,

the torsion parameter is related to flexibility and drug per-
meability. It was reported that IV drugs usually had a higher
BM than oral drugs and a low log P value, which indicated
that this structure was more likely to have a higher number of
torsion bonds (Chagas et al. 2018). This caused the drug
molecule to be much more structural and flexible. Based on
Table 5 above, it was known that the hanjeli essential oil
compound fulfilled all the five Lipinski law parameters
without any deviation in each parameter. From the prediction
results, it could be predicted that these compounds were easy
to absorb and had good permeability.

The comparison compound in use named as remdesivir,
also did not meet Lipinski's five laws because it had 3
deviations, namely a molecular weight of more than 500
g/mol, more than 10 hydrogen acceptors and more than 10
tosion. If the compound fails to comply with Lipinski's five
laws, there was more likely to be a problem with the oral
absorption of the drug. However, a compound that satisfies
Lipinski's five law did not guarantee a good activity because
this law was not related to the specific chemical structure that
was present in a compound (Lipinski 2004).

Ligand — Receptor Binding

Docking molecular aims to help provide an overview of the
interaction between the drug (compound) with the target
receptor (Setiawan and Irawan 2017). The Docking molecular
was done using Autodock Vina software. The selection of the
Autodock Vina software was based on its better ability than
Autodock 4. The advantage of this program is that it has better
speed and accuracy compared to the previously developed
program, Autodock 4, thereby shortening the running time
during docking (Godsell et al. 2021).
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Table 6 RMSD re-docking of the native ligand and 1R42 (ACE2) receptor

i RMSD Value (A
Compound Receptor name Center Grl(f&box &)
(A) I Il 11 Average
' RNA dependent X: 91.776 X: 8
2-acetamido-2-deoxy-beta-D- p\u imerase  Y: 91.56 Y: 8 1.236 1.201 1.203 1.213
glucopyranose
PDB ID : 1R42 7:104.863 Z: 10
Table 7 Binding results based on Autodock Vina
Binding affinity (kcal/mol)
Compound — — —
Replication I Replication 1I Replication III Average
Dodecanoic acid -5.5 -5.5 -5.5 -5.5
Tetradecanoic acid -5.8 -5.8 -5.8 -5.8
9-Amino-8-imino-2-(2-imino-2H-chromen-3-yl) -5.9 -5.9 -5.9 -5.9
1,5,7,10-tetraaza-phenanthren-9-one -6.4 -6.4 -6.4 -6.4
Remdesivir -5.2 -5.2 -5.2 -5.2
Native Ligand -5.1 -5.1 -5.1 -5.1

Docking Method Validation

The receptor used in this study was the type of ACE2 receptor
with PDBid code: 1R42. In this receptor structure, a native
ligand with the name NAG or the chemical name 2-aceta-
mido-2-deoxy-beta-D-glucopyranose is found.

Based on Table 6 above, it was known that the results of the
Ist to 3rd replications had various RMSD values. This indi-
cated that the native ligand occupied a different docking
position, although the position difference was not too big. The
difference in position among the replication results was
because the docking method used is flexible docking. This
condition caused the ligand to be flexible, allowing the ligand
to make structural adjustments in order to achieve a stable
conformation when it bound to the active side of the receptor.
The results showed that there was no significant difference in
RMSD values between the 1st and 3rd replications. This
confirmed that the protein interaction with native ligands was
very stable, so it tended to maintain its structural position
(Muttaqin et al. 2019).

Ligand-Receptor Binding Results

The visualization of the ligand interaction with the receptor
showed amino acid residues from the receptor that played an
important role in the binding site area (Arwansyah et al.
2014). To determine whether a compound was predicted to
have better activity, a comparison drug compound was used
as a control. The test compound that has a lower affinity value
than the comparison compound is predicted to have a more
stable binding ability than the comparison compound (Suhadi

etal. 2019). In addition, the interaction of amino acid residues
determines whether the compound has the same biological
activity as the comparison or native ligand (Prasetiawati et al.
2021).

Determining the Value of Binding Affinity

Binding affinity is a measure of a drug's ability to bind to a
receptor. This value affects the stability of the interaction
between the ligand and the receptor in the binding site region.
The smaller the binding affinity value is, the higher the
affinity is between the receptor and the ligand otherwise, the
greater the binding affinity value is, the lower the affinity is
between the receptor and the ligand (Prasetiawati et al. 2021).
The following was be Table 7 showing the binding affinity
values of the test compounds, comparisons and native ligands.

Based on the results in Table 7, to find out the better
biological activity of the compound, it was necessary to
compare the binding affinity value between the test com-
pound with the comparison and native ligand. Based on the
results in Table 7, all the test compounds were Dodecanoic
acid; Tetradecanoic acid; 7-Amino-8-imino-2-(2-imino-2H-
chromen-3-yl); and 1,5,7,10-tetraaza-phenanthren-9-one had
a lower binding affinity value than the comparison compound
and native ligand. If the binding affinity value of the test
compound is smaller than the comparison compound, it is
possible that the test compound has better selectivity on the
test receptor (Godsell et al. 2021). The lower the binding
affinity value is, the stronger the binding power of the ligand
to the receptor is. The lower the binding affinity value is, the
stronger the bond between the compound and the receptor will
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be due to the stability and strength of the non-covalent
interaction between the compound and the receptor. Thus, it
can be said that the test compound in the binding site area
interacted more easily than the comparison compound and
native ligand (Prasetiawati et al. 2021). From this, it showed
that the hanjeli essential oil compound was the most potential
test compound as an ACE2 receptor inhibitor (GDP id: 1R42)
which was indicated by the lowest binding affinity value
compared to other compounds.

Ligand and Receptor Interaction

The visualization of interactions between ligands and re-
ceptors aims to identify residues of receptor proteins that play
an important role in the binding site (Arwansyah et al. 2014).
The binding site areas of the receptor protein involved amino
acid residues that played an important role in binding to the
ligand. The interactions that could be observed were
hydrogen bonds, hydrophobic interactions and electrostatic
interaction; Moreover, the bond distance that occurs is also
observed (Prasetiawati et al. 2021). The visualization results
showing that the test ligands with amino acid residues and
hydrogen bonds that are close to natural ligands showed a

similar type of interaction. In this case, they illustrated the
similarity of their activities (Prasetiawati et al. 2021). The
visualization results of the binding among the native ligand,
the test ligand, and the comparison ligand (remdesivir) with
the ACE2 PDBid : 1R42 receptor were shown in Figure 4.

Based on the results from Table 8, it was shown that the
native ligand, the test ligand and the comparison ligand
interacted with the ACE2 receptor. This was evidenced by the
interaction of amino acid residues between the ligand and the
receptor. The types of interactions produced were hydrogen
bonds, hydrophobic interactions and electrostatic interactions.
These interactions determined the strength of the bond
between the drug and the receptor. In general, the binding
between the drug-receptor was reversible, so the drug would
leave the receptor immediately when the drug level in the
extracellular fluid decreased. The bonds involved in drug and
receptor interactions must be relatively weak but still strong
enough to compete with other bonds (Suhadi et al. 2019).
Therefore, most of the docking results do not find any
covalent bonds because covalent bonds are irreversible even
though they produced strong affinity and stable interactions
(Prasetiawati et al. 2021).

The results of interaction between ligands and receptors in
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Table 8 Hydrogen bonds, hydrophobic interactions, electrostatic interactions between ligands and receptors

Hydrogen Bond

No Compound Ao acid . Aming E.lectrost.atic Hydrophf)bic
residue Distance (A) acid-ligan Interaction Interaction
Ser759 (A)*** 3.08 N-H Thr687 (A)***
Asn691 (A)* 3.33 N-H Ala688 (A)*
1 Native ligand 3.16 O-H Asp623 (A)***
Ser682 (A)* 3.04 O-H Cys622 (A)*
Asp760 (A)* 3.39 O-H Arg555(A)*
ArgSSS(AY* 3.09 O-H Arg553(A)** Cys622 (A)
3.15 O-H Lys545 (A)** Val557 (A)
) Remdesivir 2.82 O-H Asp623 (A)***
Ser759 (A)*** Ser682 (A)
Thr687 (A)***
Asp760 (A)**
Arg555(A)** 3.11 O-H Arg553(A)**
3.30 O-H Asp623 (A)***
Ser682 (A)**
3 Dodecanoic acid TRe687 (A
Asn691(A)* Ala688 (A)*
Ser758 (A)
Ser759 (A)
Asp760 (A)**
ArgSS3 (A) 2.90 O-H Ser759 (A) Ala688 (A)
3.04 O-H Asn691 (A)
4 Tetradecanoic acid ~ Arg555 (A)** 3.10 O-H Asp623 (A)***
Ala688 (A) 3.04 O-H Thr687 (A)***
Asp760 (A)**
Arg555(A)** 2.99 O-H Lys545(A)**
Val557 (A)
Ser759 (A)
Asp760 (A)**
9-Amino-8-imino-2- Asn691 (A)
5 (2-imino-2H- Thr680 (A)*
chromen-3-yl) Ser682(A)* 3.69 O-H Thr687 (A)***
Cys622 (A)*
Asp623 (A)***
Asp618 (A)
Tyr619 (A)
ArgS55(A)H* 2.86 O-H Ser759 (A) Ala688 (A)
2.93 O-H Arg553(A) Thr687 (A)
6 ;hznznlglrt::zaﬁie Thr680 (A) 3.05 0-H Asp623(A)
Asn691 (A)* 3.16 O-H Ser682
O-H Asp760
Details :

*: amino acids similar to the native ligands

**: amino acids similar to the comparator (remdesivir)

***: amino acids similar to the native ligand and comparator (remdesivir)
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Table 9 Similarities between the native ligand hydrogen bonds and the test and comparison compound hydrogen bond

9-Amino-8-imino-2

AI?:Sli(;utCld Native ligand Remdesivir Dodaecciacllnmc Tetra;l(;si;anmc -(2-imino-2H- pllir’lz’lit(l)l-rt::;ii—e
chromen-3-yl)

Ser759 + + - - - -

Asn691 + - + - - +

Ser682 + - - - + }

Asp760 + - - - - -

Thr680 - - - - - +

Ala688 - - - + - -

Arg553 - - - + - -

Arg555 - + + + + +
Tabel 10 Prediction toxicity of the test and comparison compounds

Toxicity
Compound -
LD50* Group LD50* LD50*  Hepatic toxicity** Skin irritation™*

Dodecanoic acid 555 mg/kg v No No No
Tetradecanoic acid 555 mg/kg v No No No
9-Amino-8-imino-2-(2-imino-2H-chromen-3-yl) 555 mg/kg v No No No
1,5,7,10-tetraaza-phenanthren-9-one 274 mg/kg I No Yes No
Remdesivir 1000 mg/kg v No Yes No

* @ Predicted using the Protox Online Tool
** 1 Predicted using the pkCSM Online Tool

Table 8 showed that the test compounds have an amino acid
residue similarity with native ligands and remdesivir as
comparison compounds. It was known that all the test com-
pounds have hydrogen bonds at different distances. Hydrogen
bonding is a bond that involves the interaction of covalently
bonded hydrogen atoms with electronegative atoms such as
flour (F), nitrogen (N), oxygen (O) (Muttaqin et al. 2019). In
molecular docking, hydrogen bond is the main bond that
maintains protein stability (Suhadi et al. 2019).

Hydrophobic interactions are the residue interactions of
non-polar amino acids (Prasetiawati et al. 2021). This inter-
action occurs because some of the amino acid residues on the
active side of the protein are hydrophobic (Muttagin et al.
2019). Hydrophobic interactions also play a role in determining
the stability of the ligand toward the receptor (Arwansyah et
al. 2014). The results of the hydrophobic interaction analysis
among native ligands, test compounds and comparison com-
pounds in Table 8 showed that the test compound Tetra-
decanoic acid had a hydrophobic interaction with Ala688
residue, while the compound 9-Amino-8-imino-2-(2-imino-
2H-chromene-3-yl has hydrophobic interactions with Ala688
and Thr682.

One of the strong bonds between the receptor and the ligand
was characterized by the number of hydrogen bonds. Test
ligands with amino acid residues and hydrogen bonds that are

close to natural ligands show similar types of interactions.
which in this case describes the similarity of their activities
(Arwansyah et al. 2014). To make it easier in looking at the
similarity of amino acid residues among native ligands, test
ligands and comparison ligands can be seen in Table 9.

Based on Table 9, it can be seen that both the test com-
pounds and the comparison compounds had similar hydrogen
bonds with native ligands except for Dodecanoic acid and
Tetradecanoic acid compounds. The more hydrogen interactions
were between compounds and amino acid residues, the better
predicted interactions were between compounds and receptors
(Arwansyah et al. 2014). If the test compound bound to the
same amino acid residue as the native ligand, it had the
possibility of having the same biological activity as the native
ligand. Based on Table 9, it is known that all the test com-
pounds have similar hydrogen bonds with the comparison
compound (remdesivir). The test compound that has the same
hydrogen bonds as the comparison compound may have the
same activity as the comparison compound (Prasetiawati et al.
2021).

Toxicity Prediction

Toxicity prediction is one of the parameters tested in this
study. To predict the toxicity of the test and comparison
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compounds, the pkCSM Online Tool and Protox Online Tool
sites were used. The parameters tested in the pkCSM Online
Tool included skin sensitization, hepatic toxicity (hepato-
toxicity), and mutagenicity test with ames (ames toxicity),
while the parameters tested on the Protox Online Tool were
LD50. Its toxicity class is classified according to the Globally
Harmonized System (GHS) and is divided into VI classes
based on the range of LD50 values (Muttagin et al. 2019). The
toxicity prediction results of the test and comparison
compounds at both sites were carried out by inputting the
SMILES code of each compound for further analysis. The
following was Table 10 which depicts the toxicity predicted
results of the test and comparison compounds.

Based on Table 10, the results of the compound dodecanoic
acid and tetradodecanoic acid are predicted was part of
toxicity class IV, which is between 300 < LD50 2000 mg/kg
which is interpreted as dangerous if ingested (Muttaqin et al.
2019). The compounds gedunin and deacetylgedunin are
predicted to be classified as toxicity class III, namely 50 <
LD50 300 mg/kg, meaning that they are toxic if ingested. The
comparison compound, remdesivir, had an LD50 value of
1000 mg/kg and belonged to the toxicity class IV, which
meant it was dangerous if swallowed.

The prediction of toxicity based on the LD50 value (Lethal
Dose 50) associated with a single dose of a substance that
could cause the death of 50% experimental animals (Chagas
et al. 2018). The greater the LD50 value is, the safer the
material was being tested (Patrick 2001). Based on these facts,
the compounds of 9-Amino-8-imino-2-(2-imino-2H-chromen-
3-yl) and 1,5,7,10-tetraaza-phenanthren-9-one was the ones
that have the most toxicity of the other compounds.

Other toxicity predictive parameters tested were skin
sensitivity, liver toxicity, and ames mutagenic test. Prediction
of skin sensitivity was related to skin allergies due to exposure
to certain substances. Based on the results of this test, it was
known that both the test compound, namely hanjeli essential
oil and the comparison compound, namely remdesivir did not
cause a sensitivity reaction on the skin. The same results also
work out to the ames mutagenic test parameters, which was
that both the test and comparison compounds did not have the
potential to be mutagenic. Ames mutagenic testing is one of
the most important toxicity tests to assess genotoxic risk. The
different results are shown on the toxicity parameters on liver,
where there are compounds that are predicted to cause liver
toxicity. For example, there were 1,5,7,10-tetraaza-phenan-
thren-9-one and a comparison compound (remdesivir), while
the compounds dodecanoic acid, tetradodecanoic acid, 9-
Amino-8-imino-2-(2-imino-2H-chromen-3-yl) were the safe
compounds and did not cause liver damage (Prasetiawati et al.
2021).

Conclusions

Based on the results of the study, it could be concluded that:

1. The essential oil compound of the hanjeli plant (Coix
lacryma-jobi) complies with Lipinski's five laws.

2. Prediction of toxicity of hanjeli plant essential oil (Coix
lacryma-jobi) showed that the compounds of 9-Amino-8-
imino-2-(2-imino-2H-chromen-3-yl) and 1,5,7,10-tetraaza-
phenanthren-9-one (toxicity class III: 50 < LD50 300
mg/kg) are more toxic than dodecanoic acid and tetrado-
decanoic acid (toxicity class I'V: between 300 < LD50 <
2000 mg/kg).

3. The compound essential oil of the hanjeli plant (Coix
lacryma-jobi) interacted with the ACE2 receptor (1R42)
on the active site of the receptor with better affinity than
the comparison compound and the original ligand.

Suggestions

For further researchers, it is hoped that they will be able to
carry out binding with a more precise grid box arrangement
and explain in more detail the interactions that occur,
especially for each amino acid residue involved, so that a
more definite mechanism of action can be obtained. In
addition, the binding of different types of receptors can be
carried out to find out further the prediction of activity on
hanjeli plant essential oil compounds.
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