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Abstract
COVID-19 is a pandemic that has an impact on all aspects of life. This pandemic is caused by the SARS-CoV-2 virus, which has a fast pathogenesis
cycle, so alternatives are needed, such as incredibly natural and marine ingredients that can be used as drug candidates. Holothuria atra is an animal
candidate that has great potential. This study aims to describe the potential of H. atra as an antiviral candidate for COVID-19 through in silico analysis.
The research began with extracts and GC-MS tests to identify the compound content in H. atra. Molecular docking analysis, Lipinski druglikeness, and
toxicity predictions were carried out to determine the potential of the compound as an antiviral candidate for COVID-19 through inhibition of RNA-
dependent RNA-polymerase protein (RdRp) and human Angiotensin Converting Enzym-2 (hACE2). The research results showed that there were five
volatile compounds in the methanol extract of H. atra with one potential compound as a COVID-19 antiviral, namely Cyclohexanone, 2,6-bis((4-
methoxyphenyl)methylene)-. Lipinski's druglikeness analysis and toxicity prediction provide support as a COVID-19 antiviral. Further research, such as
in vitro and in vivo testing, can be carried out to give an overview of living cells and its activity as an antiviral for COVID-19.
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Sea cucumbers, scientifically known as Holothuria
atra, represent a marine organism with promising
prospects for advancement within the field of medicine
(Jayathilake et al., 2023; Migas & Klemenchenko, 1990;
Yamada et al., 2000). This particular species of mammal
is commonly observed inhabiting the aquatic
environments spanning from the Red Sea and East Africa
to Australia. Omnivorous organisms of this nature
consume detritus and various forms of organic material
as a means of sustenance (Ahmed et al., 2016). In
response to predatory threats, these creatures possess a
defensive mechanism wherein they release a toxic
crimson fluid when their integument is subjected to
rubbing or injury. This particular organism has the
potential for biomedical applications due to its bioactive
constituents, including lectins, sapogenins, steroids, and
terpene glycosides, which exhibit therapeutic properties.
Species belonging to the same family exhibit diverse
bioactive constituents (Dhinakaran & Lipton, 2014; M.S.,
2005; Puspitasari et al., 2023). For instance, H.
fuscocinerea is known to possess Fuscocineroside C, a
compound that demonstrates anticancer properties
(Zhang et al., 2006). Similarly, H. hilla is recognized for
its content of Hillaside C, which exhibits anti-leukemia

and breast cancer activity (Wu et al., 2007). Telenata
ananas, an alternative species of sea cucumber, exhibits
promising potential as an HIV antiviral agent (Bordbar et
al., 2011). The medical applications of H. atra, a type of
sea cucumber, are being explored due to its potential in
several areas, including its potential as an antiviral agent
for COVID-19.

The COVID-19 pandemic has emerged in recent
years as a global health crisis, characterized by the
prevalence of the SARS-CoV-2 virus as the causative
agent of this infectious disease. SARS-CoV-2 is an RNA
virus that has remarkable transmissibility and primarily
targets the respiratory system in humans (Zhou et al.,
2020). SARS-CoV-2 is classified as an enclosed, single-
stranded RNA virus, possessing a genomic size of
around 30 kilobases. The genetic material of the virus
contains instructions for the synthesis of many types of
proteins, both structural and non-structural. Among these
proteins is the spike (S) protein, which has a crucial
function in facilitating the virus's entry into the cells of
the host organism. The transmission of the virus is
mostly facilitated through the dispersion of respiratory
droplets, which are generated when an individual who is
infected with the virus coughs, sneezes, or engages in
verbal communication. Transmission can also occur
through direct contact with surfaces that have been
polluted (Hoffmann et al., 2020; K. Wang et al., 2020).
The viral pathogenesis commences with the infection
facilitated by the Spike protein, which then binds to the
human ACE2 (Angiotensin Converting Enzyme 2)
receptor (Walls et al., 2020). This interaction is followed
by activation through the transmembrane protein serine 2
(TMPRSS2) (Hoffmann et al., 2020). The replication
cycle is sustained by the involvement of two crucial
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enzymes, notably 3CLpro (3C-like protease) (Ahmad et
al., 2021) and RdRp (RNA-dependent RNA polymerase)
(Shannon et al., 2020). One potential strategy for
impeding the infection and subsequent replication is to
hinder the activity of three key components: 3CLpro,
RdRp, and ACE2. The primary objective of this research
is to determine the composition of bioactive chemicals
present in sea urchin extract, with a particular focus on
its essential oil. This will be achieved through the use of
Gas Chromatography-Mass Spectrometry (GCMS)
analysis. Furthermore, the study seeks to investigate the
potential of these compounds as inhibitors for the SARS-
CoV-2 viral enzymes 3CLpro and RdRp, as well as the
ACE2 receptor, using an in silico methodology.

Sampling technique
The sampling process in Gili Ketapang, located in the

Sumberasih district of Probolinggo Regency in East Java,
involved purposive sampling and a quadratic transect
method. The primary organisms were preserved in
refrigerated containers following collection, whereas
echinoderms were sampled twice using the "square
transect method" with a 1 x 1 m paralon frame. A
perpendicular transect was delineated across the beach,
covering 100 meters. Observation plots were positioned
at regular intervals of 10 meters along the transect line.
The transects were spaced 30 meters apart, while the
stations were spaced 50 meters apart. Surveillance was
conducted during the reduced water level, known as low
tide (Nugroho, Ardiansyah, Kurniawan, & Rahayu,
2023).

Sample preparation and extraction
The sea cucumber samples obtained were then

opened and cleaned inside. Next, clean and fresh samples
were macerated using methanol solvent with a ratio of
1:4 (w/v) for 1x24 hours with three repetitions (Nugroho,
Ardiansyah, Kurniawan, Rahayu, et al., 2023). The
mixture was then separated using a Buchner funnel with
a vacuum pump to separate the filtrate. The filtrate
obtained was then concentrated using a rotary vacuum
evaporator to get a concentrated extract.

GC-MS (Gas Chromatography-Mass
Spectrophotometry) analysis

Analysis of volatile bioactive compound content was
carried out using a GC-MS instrument. GC-MS
instrument (Agilent 8890) using a column measuring 30
m x 250 μm x 0.25 μm (Agilent 19091S-433UI:
0236716H). 1 μL of the sample was injected, where the
initial temperature was set at 100 ℃ and held for 2
minutes, then heated at a rate of 10 ℃/minute to a
temperature of 200 ℃ which was held for 15 minutes.
Next, it was heated at the same rate to 250℃, which was
held for 18 minutes. The helium gas flow rate used was 1
mL/minute with a running time of 50 minutes. The
separated compounds were then analyzed by MS with a
molar mass between 50 to 550 g/mol with a source MS
230 ℃ (Max.=250 ℃) and MS Quad 150 ℃

(Max.=200 ℃). The libraries used as the basis for
identification are NIST and Willey.

Preparation, docking, and visualization
The protein receptor structures RdRp (PDB ID:

7DFG) and ACE2 (PDB ID: 7VX5) were obtained from
RCSB and prepared using Discovery Studio to remove
unnecessary air molecules, protein chains, and other
molecules. In addition, active site determination was
carried out using Discovery Studio based on the drug
ligand of the protein receptor (Sururi, Maharani, et al.,
2023). Sterile proteins were then entered as
macromolecules in the PyRx software. The compounds
resulting from GC-MS analysis are then identified, and
the 3D compound conformers are downloaded from the
PubChem page. Next, it was minimized using
OpenBabel in the PyRx program and input as a ligand
(Sururi et al., 2022). Molecular docking analysis was
carried out using Vina Wizard in the PyRx program
where coordinates were used, namely ACE2 (X:
161.262000; Y: 204.724875; Z: 284.353208) and RdRp
(X: 128.933609; Y: 131.912522; Z: 140.694652).
Chloroquine and favipiravir were chosen as control
comparison drugs to select potential compounds.
Potential compounds with a more negative binding
affinity than the control were visualized using Discovery
Studio and PyMOL to determine the position and type of
interaction formed.

Drug profil analysis with Lipinski’s rules and toxicity
prediction

The potential of the compound obtained from
molecular docking was then analyzed for its potential as
a medicinal compound using Lipinski's rule of five.
Lipinski's drug similarity parameters include a molecular
weight (MW) of less than 500 Da; lipophilicity (log P)
less than 5; hydrogen bond acceptors less than 10;
hydrogen bond donors less than 5; and molar refraction
between 90-130 (Lipinski, 2004; Lipinski et al., 2001).
The SWISSADME web server (swissadme.ch) is used
for the analysis (Daina et al., 2017). To assess the
possible toxicity of the chemical, a toxicity prediction
analysis was carried out utilizing the ProTox-II web
server (tox-new.charite.de/protox_II) (Banerjee et al.,
2018). Hepatotoxicity, carcinogenicity, mutagenicity,
and cytotoxicity are the four parameters used in the
analysis.

GC-MS Analysis
The results of the analysis in the form of a

chromatogram (Figure 1) show that there are five
compounds in the methanol extract of H. atra. The
identified compound content (Table 1) shows that the
dominant compound is Allylamine (36.55%). The five
compounds identified were then analyzed using
molecular docking to determine their potential as
antivirals for COVID-19.

Methods

Results
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Figure 1. GCMS chromatogram of H. atra methanolic extract

Table 1. Identified Bioactive Compound by GC-MS of H. atra
Methanolic Extract

Peak RT
(Minute)

Comp.
(%) Compound

1 4,896 36,55 Allylamine
2 18,025 14,51 Methyl nonanoate

3 21,458 1,28 Cyclohexanone, 2,6-bis((4-
methoxyphenyl)methylene)-

4 23,415 28,51 2,3-Dimethyl-3-heptanol
5 23,504 13,25 N-Hexylacetamide

Molecular docking and visualization
The analysis results (Table 2) show that the five

compounds have negative binding energies with a range
of -3.0 to -6.2 kcal/mol for the RdRp receptor and -2.7 to
-8.4 kcal/mol for ACE2, thus representing that the five
compounds form a complex and have activity. Inhibition
of each receptor. However, it is known that the binding
affinity value of the control drug favipiravir is -5.1
kcal/mol and chloroquine is -5.8 kcal/mol, so only one
compound from H. atra was found which has potential
as an antiviral for COVID-19 by inhibiting RdRp and
ACE2, namely Cyclohexanone, 2,6-bis((4-
methoxyphenyl)methylene)- because it has a lower
binding affinity value than the control drug.

Table 2 Molecular Docking Result

Compound
Binding Affinity

(kcal/mol)
RdRp ACE2

Favipiravir (Control drug) -5.1 -
Chloroquine (Control drug) - -5.8

Allylamine -3 -2,7
Methyl nonanoate -3,9 -4,6

Cyclohexanone, 2,6-bis((4-
methoxyphenyl)methylene)- -6,2 -8,4

2,3-Dimethyl-3-heptanol -4 -4,6
N-Hexylacetamide -3,8 -4,2

Potential compounds are then visualized to determine
the position and type of interaction formed with each
receptor. The visualization results on the RdRp complex
(Figure 2a) and ACE2 (Figure 2b) show that the potential
compounds form complexes with several types of
interactions, namely hydrogen bonds, hydrophobic bonds
and electrostatic bonds. In the complex with RdRp, the
potential compound has hydrogen bond interactions at
residues Asn 543, Thr 565, and Tyr 689, as well as
hydrophobic bonds at residues Ala 558, Ala 685, and
Leu 576. Meanwhile, in the complex with ACE2, the
potential compound has a hydrogen bond interaction at
position Leu 391, as well as hydrophobic bonds at
residues Leu 73, Phe 390, and Trp 69. 3D visualization
of the complex with control and potential compounds is
presented in Figure 3.

Figure 2a. Visualization of potent compound (a) and control drug (b) in RdRp. Note: red circle is similliar amino acid residues with control drug
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Figure 2b. Visualization of potent compound (A) and control drug (B) in ACE2 complex.Note: red circle is similliar amino acid residues with
control drug

Figure 3. Surface Area Interaction of Each Complex

Druglikeness lipinski and toxicity prediction
Lipinski druglikeness analysis was performed to

determine the profile of potential compounds as drug
compounds. Lipinski's rule of five (Ro5) is a rule that is
often used in selecting and investigating the potential of
a compound as a drug compound. When a compound
complies with Lipinski's five rules, the compound has
the potential to be used as a drug compound, especially
an oral drug compound. The first parameter is Lipinski's
rule of five, a rule for predicting the potential of a
compound as a drug compound, including the following
parameters: molar mass < 500 Da, hydrogen bond donors
< 5, hydrogen bond acceptors < 10, lipophilicity (log P)
< 5, and molar refraction 40-130 (Lipinski, 2004). In
addition, a toxicity prediction analysis was carried out to
determine the toxic profile of potential compounds,
including hepatotoxicity, carcinogenicity, mutagenicity
parameters, and predicted LD50 values. The analysis
results show that the potential compound has a good

Lipinski druglikeness profile because it fulfils the five
Lipinski rules, so the potential compound has potential as
an oral drug. The potential compound has hepatotoxic
potential but does not have the potential to be
carcinogenic and mutagenic; apart from that, the LD50
value is 5000 mg/kg, which is included in the class 4
category (mildly toxic), so it has good potential as a
medicinal compound.

Table 3. Druglikeness Lipinski and toxicity prediction result
Parameter Result

Molecular weight (g/mol) 334.41
Hydrogen bond acceptor 3
Hydrogen bond donor 0
Molar refractivity 101.25

MLOGP 3.33
Druglikeness Lipinski Yes

Bioavailability 0.55
Hepatotoxicity Active
Carcinogenicity Inactive
Mutagenicity Inactive
LD50 (mg/kg) 5000
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H. atra is a marine biota that has the potential to be
developed in the medical world because of its bioactive
content (Awad et al., 2023; Ikhsan et al., 2023; Zayed et
al., 2023). Generally, marine biota contains volatile
compounds such as terpenoids and steroids, so one of the
identification analyses that can be carried out is gas
chromatography-mass spectrophotometry (GC-MS)
analysis (Ralte et al., 2022). This analysis is based on
separating compounds using GC and identifying the
content that has been separated using an MS detector.
GC separation begins when the concentrated extract is
heated so that the compound content evaporated and is
separated according to its boiling point (Heryanto et al.,
2023). The output obtained from GC separation is a
chromatogram with the dominant peak as the number of
compounds that appear (Sparkman et al., 2011). The
separated compounds are then identified using MS,
where the compounds separated by GC will be passed to
the detector and shot with electrons so that they will
experience separation, and fragmentation patterns will
appear (Sympli, 2021). The compound fragmentation
pattern was then analyzed using the NIST and Willey
libraries to identify the compounds present in the extract.

Molecular docking analysis is carried out to
determine the potential of a compound to inhibit a
particular target protein as a drug candidate at its active
site (Sururi, Wati, et al., 2023). This analysis is a
fundamental analysis before proceeding to the following
analysis to reduce the risk of failure in developing a
medicinal compound. The receptors used in this research
are RdRp and ACE. RdRp has a role in the replication of
the SARS-CoV-2 virus (Shannon et al., 2020), while
ACE2 has a role as a gateway for the virus to enter host
cells (Walls et al., 2020). Molecular docking analysis is
carried out to determine the binding affinity value of a
compound when it is a ligand for a receptor. Binding
affinity is the free energy score of a complex formed
(Anish et al., 2023). The lower the binding affinity, the
more stable the complex formed will be. In this study, a
compound is said to be potent if it has a lower binding
affinity value than the control drugs favipiravir for the
RdRp receptor and chloroquine for the ACE2 receptor.

Potential compounds are then visualized to determine
the position and type of interaction formed with each
receptor. Hydrogen bonds are strong interactions that are
formed due to the attraction between hydrogen atoms
and fluorine, oxygen, and nitrogen atoms (atoms with
high electronegativity) (Głowacki et al., 2013; Rasyid et
al., 2023). This bond is a stable and strong bond that is
generally used as a basis for drug development in the
world of drug discovery (Sharma et al., 2018).
Hydrophobic bonds are interactions that are formed due
to the meeting of the hydrophobic group of the receptor
with the hydrophobic group of the ligand (Cheng et al.,
2020; Joshi et al., 2023). Hydrophobic groups are groups
that do not like water, such as carbon chains and benzene
rings (Fan et al., 2004).

Meanwhile, electrostatic bonds are interactions due to
the attraction of charge differences (between positive
charges and negative charges) (Berenger et al., 2014;
Njoroge et al., 2008). This interaction is an interaction
that affects the stability and free energy of the complex
formed. The more favorable interactions that are formed,
the more stability will increase (Cheng et al., 2020). In
addition, there are amino acid residues that are similar to
the drug control (J. Wang et al., 2019). The similarity of
these amino acid residues shows that the potential
compound has an inhibitory position identical to the drug
compound, thereby validating the potential compound's
potential as an RdRp and ACE2 inhibitor agent for
antiviral COVID-19. The similar amino acid residue in
the RdRp complex is at position Thr 565, while in the
ACE2 complex, it is found at positions Phe 390, Leu 391,
and Leu 73. The more similarities in position, the more
the validities of its potential as a receptor inhibitor will
be similar to the drug control (Musfiroh et al., 2013).

Lipinski druglikeness analysis was performed to
determine the profile of potential compounds as drug
compounds. Lipinski's rule of five (Ro5) is a rule that is
often used in selecting and investigating the potential of
a compound as a drug compound (Lipinski, 2004;
Lipinski et al., 2001). When a compound complies with
Lipinski's five rules, the compound has the potential to
be used as a drug compound, especially an oral drug
compound. The first parameter is Lipinski's rule of five,
a rule for predicting the potential of a compound as a
drug compound, including the following parameters:
molar mass < 500 Da, hydrogen bond donors < 5,
hydrogen bond acceptors < 10, lipophilicity (log P) < 5,
and molar refraction 40- 130 (Lipinski, 2004).
Compounds have the potential as drug compounds when
they meet at least three parameters of this rule. The
potential compound fulfills the five Lipinski rules so that
it has the potential as a drug compound. In addition, a
toxicity prediction analysis was carried out to determine
the toxic profile of potential compounds, including
hepatotoxicity, carcinogenicity, mutagenicity parameters,
and predicted LD50 values. A hepatotoxicity profile is a
profile of whether a compound has a toxic potential to
the human liver or liver (Chang & Schiano, 2007; Zahno
et al., 2011). Carcinogenicity is the ability of a
compound to induce tumor/cancer cells, causing the
growth of tumor/cancer cells (Jamal et al., 2012;
Paparella et al., 2017). Mutagenicity is the ability of a
compound to induce genetic mutations, thereby causing
normal cells to experience mutations (Rivera-Torres &
Kmiec, 2017). The LD50 value or lethal dose 50 is the
dose that produces a death response in 50% of the total
population. The lower the dose, the compound is more
toxic. The analysis results show that the potential
compound has a good Lipinski druglikeness profile
because it fulfills the five Lipinski rules, so the potential
compound has potential as an oral drug. This is
supported by a bioavailability value of 0.55, which is a
good bioavailability category (Martin, 2005). A good
bioavailability value represents that a compound can be
absorbed quickly and well. The potential compound has
hepatotoxic potential but does not have the potential to
be carcinogenic and mutagenic; apart from that, the LD50

Discussion
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value is 5000 mg/kg, which is included in the class 4
category (mildly toxic) so it has good potential as a
medicinal compound. However, this compound has the
potential to be hepatic or hepatotoxic. Hence, testing
needs to be carried out to determine the lethal dose to
damage the liver so that the minimum and maximum
dose of the potential compound can be obtained.

Based on the research results, five compounds were
found in the methanol extract of H. atra with potential
compounds as COVID-19 antivirals, namely
Cyclohexanone, 2,6-bis((4-methoxyphenyl)methylene)-
because it has a lower binding affinity value than the
drug control. In addition, Lipinski's druglikeness profile
and predicted toxicity profile supports the potential for
the compound to be a promising drug candidate. Further
testing is needed to determine further its potential,
especially in vivo testing to determine the toxic dose of
potential compounds.
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