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Background Carcinoscorpius rotundicauda is a species of horseshoe crab that is rarely studied. This animal is often
used as part of the blood as a medical sterilization material. This study aims to identify the content of bioactive
compounds and their bioactivity as an antiviral for COVID-19. The stages of this research include extraction, GC-MS
analysis, molecular docking analysis, and ADME analysis.

Results The results showed that in the ethyl acetate extract of the meat, there were 13 bioactive compounds

with dominant compound which is propanoic acid (32.15%). Based on molecular docking, one potential compound
was found as an antiviral for COVID-19 ACE2, 3CLP, and RdRp inhibitor, namely 2-methyl-5-(4'-methyl phenyl)
sulfonyl-4-nitroimidazole. The druglikeness and ADME compound profile shows support as an excellent oral drug

Conclusions Carcinoscorpius rotundicauda has potential as an inhibitor of ACE2, RdRp, and 3CLP™ receptor as an anti-
SARS-CoV-2. Further research, such as in vitro and in vivo, is still needed to develop its potential as a COVID-19
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Background

Mimi Mintuna (horseshoe crab) is one of the marine
arthropods known as living fossils with habitat char-
acteristics in shallow waters. There are currently only
four species of Mimi Mintuna in the world: Limulus
polyphemus, Tachypleus gigas, Tachypleus tridenta-
tus, and Carcinoscorpius rotundicauda. The status of
L. polyphemus and T. tridentatus is included as threat-
ened species, while the species C. rotundicauda and
T. gigas are included as having data deficiencies [1,
2]. Due to the habitat degradation of Mimi Mintuna,
it faces a high risk of extinction in India, Hong Kong,
and Singapore, among other places, whereas the dis-
tribution of other species is ambiguous, resulting in a
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data deficiency [3-6]. C. rotundicauda is a common
species in Indonesia that is infrequently utilized. Its
sole application is as a remedy for convulsions, also
known as rituals to exorcise evil spirits [7].

The existence of these arthropods is still far from pri-
mary research studies. The uniqueness of Mimi Mint-
una is that her blood does not contain hemoglobin but
hemocyanin in the form of copper. The content in the
blue blood of these animals provides the only natural
source in the form of Limulus amebocyte lysate, a sub-
stance that can detect endotoxins, a toxic substance in
human blood [8, 9]. Because of its antimicrobial activ-
ity, part of the blood tests the sterility of drugs or vac-
cines [10]. Research on C. rotundicauda found that its
meat contains terpenoids and steroids. In addition, the
plasma has antibacterial activity against Staphylococ-
cus aureus and Bacillus bacteria [11]. Even so, until
now, the research results related to the content of bio-
active compounds in C. rotundicauda meat have not
been published. Bioactive compounds from animals
have good effectiveness but minor side effects. Drug
compounds that have an activity to inhibit target pro-
teins in viruses are called inhibitors [6, 12].

Three well-known diseases caused by coronaviruses
include severe acute respiratory syndrome (SARS),
Middle East respiratory syndrome (MERS), and coro-
navirus disease (COVID-19), which emerged in the
twenty-first century and are caused by various coro-
naviruses (CoVs) [13]. All of these viruses are thought
to originate from bats and are transmitted to humans
through intermediaries. SARS-CoV-1 and SARS-CoV-2
cause COVID-19 disease, which shares about 80% sim-
ilarity from the same genome; thus, CoV is included in
SARS [14]. This virus enters the body using its spike
glycoprotein, which binds to the human body’s angio-
tensin-converting enzyme 2 (ACE2) receptor as a host
cell [15]. Furthermore, this virus will replicate with the
help of 3C-like protease (3CLP™) and RNA-dependent-
RNA-polymerase (RdRp) enzymes. 3CLP™ will help
the dimerization process to form other enzymes in the
replication process [16], while RdRp will help catalyze
the RNA strand of this virus [17]. So a suitable inhibi-
tor is needed to block these three receptors so that
SARS-CoV-2 infection can be inhibited. Based on this
description, this study has several objectives, including
identifying bioactive compounds in C. rotundicauda
meat and their bioactivity as an antiviral for COVID-
19. The present study aims to explore the potential
of Mimi Mintuna, an indigenous Indonesian plant, as
a natural constituent in the pharmaceutical industry,
specifically as a potential candidate for antiviral medi-
cations targeting COVID-19.
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Results

GC-MS analysis

The results of the GC—MS analysis of the ethyl acetate
extract from C. rotundicauda meat are given in Fig. 1 and
Table 1. There are 13 bioactive compounds in the ethyl
acetate extract, with the majority group being oils and
the dominant compound content being propanoic acid
(32.15%) at a retention time of 2.366 min.

Molecular docking assay

The potential of chemicals in C. rotundicauda as triple
antiviral inhibitors for COVID-19 was assessed using
molecular docking analysis using VinaWizard in the
PyRx program. The proteins employed in this investiga-
tion comprised ACE2 (PDB ID: 7VX5) [18], RdRp (PDB
ID: 7DFG) [19], and dan 3CLP™ (PDB ID: 7WYP) [20].
The results of the molecular docking analysis in Table 2
show that one compound has a better binding affinity
value than the three control drugs synergistically, namely
2-methyl-5-(4'-methylphenyl)sulfonyl-4-nitroimidazole
with a binding affinity for ACE2 (-7.0 kcal/mol); RdRp
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Fig. 1 GC-MS chromatogram of C. rotundicauda ethyl acetate
extract. The peaks that appear are analyzed using an MS detector

so that the name of the compound appears in Table 1. The peak
with the highest concentration is peak number 1, namely propanoic
acid



Sururi et al. Future Journal of Pharmaceutical Sciences (2023) 9:115

Table 1 Identification bioactive compound of C. rotundicauda
ethyl acetate extract

Peak RT (minute) Composition (%) Compound name

1 2366 32.15 Propanoic acid

2 2936 1.95 Toluene

3 2988 6.86 1,1,2-trichloroethane

4 3436 11.46 Butyl acetate

5 4162 493 Ethyl benzene

6 4289 17,99 p-xylene

7 4664 12.56 o-xylene

8 5025 148 1,1,2,2-tetrachloroethane

9 5795 1.78 2-methyl-5-(4'-methylphenyl)
sulfonyl-4-nitroimidazole

10 6089 359 Octamethylcyclotetrasiloxane

1 6346 3.11 1,2 A-trimethylbenzene

12 6923 033 Dodecamethylcyclohexasi-
loxane

13 11,970 1.82 Azulene

Table 2 Binding affinity of C. rotundicauda bioactive compound

No Compound Binding affinity (kcal/mol)
ACE2 RdRp 3CLP®

1 Chloroquine (control drug) -58 - -

2 Favipiravir (control drug) - -5 -

3 Boceprevir (control drug) - - -6.7
4 Propanoic acid -33 -33 -34
5 Toluene —43 -39 —42
6 1,1,2-trichloroethane -29 -29 -26
7 Butyl acetate -38 -39 -35
8 Ethyl benzene —45 -43 -43
9 p-xylene -46 -43 —45
10 o-xylene —45 —42 -43
11 1,1,2,2-tetrachloroethane -33 -30 -27
12 2-methyl-5-(4'-methylphenyl)  —7.0 -59 -638

sulfonyl-4-nitroimidazole

13 1,24-trimethylbenzene -5 —48 —46
14 Azulene -54 =50 -52

(—5.9 kcal/mol); and 3CLP™ (— 6.8 kcal/mol). The binding
affinity refers to the Gibbs free energy that arises from
the interaction between a ligand and a receptor. A more
negative or lower value of the binding affinity indicates a
stronger binding affinity [21, 22]. The lower the binding
affinity value of a complex, the more stable the complex
formed and the more optimal its inhibitory activity [23,
24].

The position and type of interaction generated between
the ligand and receptor are determined by visualiz-
ing potential compounds using Discovery Studio. The
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visualization results of 2-methyl-5-(4'-methylphenyl)
sulfonyl-4-nitroimidazole are shown in Fig. 2a (ACE2),
Fig. 2b (RdRp), Fig. 2c (3CLP™), and Fig. 3 (3D visualiza-
tion on active site). Various sorts of interactions can be
formed by receptor-ligand complexes. Hydrogen bonds
are bonds formed between H atoms and atoms with
high electronegativities (F, O, and N) between amino
acid residues and ligands [25]. Hydrophobic bonds are
bonds between the hydrophobic groups of the ligand—
receptor [26]. Electrostatic bonds are bonds formed due
to the presence of a charge [27]. The ACE2 receptor
with  2-methyl-5-(4'-methylphenyl)sulfonyl-4-nitroim-
idazole has similarities with the drug chloroquine with
residue control positions Phe 390, Arg 393, Phe 40, Leu
73, and Leu 391. The drug control exhibits a hydropho-
bic bond at residues Phe 390 and Arg 393, while the
prospective compound forms a hydrogen bond (and a
hydrophobic bond at Phe 390). Notably, the strength
of the hydrogen bond surpasses that of the hydropho-
bic bond. RdRp receptors with the potential compound
2-methyl-5-(4’-methylphenyl)sulfonyl-4-nitroimidazole
have the same amino acid residue position as the drug
favipiravir in position Val 560 (hydrogen bond) and Ala
512 (hydrophobic bond). Also, the 3CLP* receptor with
2-methyl-5-(4’-methylphenyl)sulfonyl-4-nitroimidazole
has similarities with the control drug boceprevir at Cys
145, Gly 143, Ser 144, Glu 166, and Leu 141 positions.
The Cys 145 location of the drug control exhibits hydro-
gen and hydrophobic bond interactions, whereas in the
prospective compound, only hydrophobic bonds are
observed. At the Leu 141 position, distinct sorts of bond-
ing are seen. Specifically, a hydrophobic link is formed
in the control, but a hydrogen bond is created in the
potential compound. In other residues, hydrogen bonds
are also produced as a result of the same type of interac-
tion. The similarity of these amino acid residues supports
validation that the potential compound has a comfortable
inhibitory position with the control drug. The similarity
of these residues supports that the potential compounds
have a similar inhibitory activity to the control drug com-
pounds [28].

Pharmacokinetic ADME analysis

ADME pharmacokinetic analysis (absorption, distribu-
tion, metabolism, excretion) was performed on a poten-
tial compound, namely 2-methyl-5-(4'-methylphenyl)
sulfonyl-4-nitroimidazole. The ADME profile of prospec-
tive compounds was determined by the utilization of the
SWISSADME web server in this investigation [29]. The
assessment of the ADME profile is advantageous in fore-
casting the efficacy of a pharmaceutical candidate upon
its introduction into the organism [30, 31]. The results
of the ADME analysis are given in Table 3. The potency
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Fig. 2 a Interaction of potential and drug compound with ACE2. The red circle indicates the amino acid residues that are similar to the control.
The red circle indicates amino acid residues that are similar to the control including Phe 390, Arg 393, Phe 40, Leu 73, and Leu 391. The interactions
with the dotted line include hydrogen bonds (green) and hydrophobic bonds (pink). An interaction without a dotted line is a Van der Waals force
interaction. b Interaction of potential and drug compound with RdRp. The red circle indicates the amino acid residues that are similar to the control.
The red circle indicates amino acid residues that are similar to the control including Val 560 and Ala 512. The interactions with the dotted line
include hydrogen bonds (green), electrostatic bond (orange), and hydrophobic bonds (pink). An interaction without a dotted line is a Van der
Waals force interaction. c Interaction of potential and drug compound with 3CLP™. The red circle indicates the amino acid residues that are similar
to the control. The red circle indicates amino acid residues that are similar to the control including Cys 145, Gly 143, Ser 144, Glu 166, and Leu 141.
The interactions with the dotted line include hydrogen bonds (green) and hydrophobic bonds (pink). An interaction without a dotted line is a Van

der Waals force interaction
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Fig. 3 3D interaction (surface area interaction) between ligand-receptor. A ACE2; B RdRp; C 3CL
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pro

. The interaction surface area represents

when the ligand is at its active site where the receptor in purple tends to be a hydrogen bond donor, while green tends to be a hydrogen bond

acceptor

Table 3 Pharmacokinetics ADME of potential compound

Parameter Score
Molar mass 281
Hydrogen bond donor 1
Hydrogen bond acceptor 5

Log P (lipophilicity) 5.848
Molar refractivity 66.654
Druglikeness lipinski Yes
Bioavailability score 0.55
Gl absorption High
BBB permeability No
P-gp substrate No
CYP1A2 inhibitor No
CYP2C19 inhibitor No
CYP2C9 inhibitor No
CYP2D6 inhibitor No
CYP3A inhibitor No
Log Kp (cm/s) —6.51

of the compound 2-methyl-5-(4'-methylphenyl)sulfonyl-
4-nitroimidazole has compatibility with Lipinski’s drug-
likeness parameter, which is a selection rule based on the
five Lipinski rules that include molar mass <500 kDa,
hydrogen bond donors<5, hydrogen bond accep-
tors <10, lipophilicity (log P)<5, and molar refraction
40-130 [32].

Discussion

C. rotundicauda is an animal that has the potential to be
developed in the medical world, seeing that other spe-
cies have been used. Research on the alleged content of
these compounds in animals has not been reported in
detail. This study aims to identify the compound content
in the meat using ethyl acetate solvent. Ethyl acetate is a
semipolar solvent that has the ability to attract polar and

non-polar compounds so that compounds can be iden-
tified properly [33]. GC-MS is a method for identifying
the content of compounds, especially volatile compounds
(oils), in a matrix. The method begins with the separation
of compounds by GC (gas chromatography) and identifi-
cation by MS (mass spectrophotometer) [34]. The com-
pounds that have been identified are then analyzed to
determine their potential as COVID-19 antivirals using
molecular docking.

The results of molecular docking found a compound
that synergistically inhibits 3CLP™, RdRp, and ACE2.
Visualization shows that these compounds form various
kinds of interactions, namely hydrogen bonds, hydro-
phobic bonds, and electrostatic bonds. In addition, it
was found that the complex did not form unfavorable
bonds where a good complex was a complex that had few
unfavorable bonds [26, 35]. In addition to the aforemen-
tioned, there exists a form of weak interaction known as
the Van der Waals force, which arises from the interplay
of atoms and is contingent upon the distance between
them, hence determining the magnitude of this force. The
congruence between the position or amino acid residues
involved in the interaction of the proposed compound
and the control indicates that the potential compound
exhibits inhibitory characteristics similar to the pharma-
cological control [36]. The degree of similarity between
the inhibitory location in the active site and the phar-
macological control is directly proportional to the pro-
posed compound’s inhibitory action. The present work
focused on the inhibition of ACE2, which serves as the
entry route for the SARS-CoV-2 virus, as well as the inhi-
bition of RdRp and 3CLP™ enzymes derived from SARS-
CoV-2. These enzymes are known to play a crucial part
in the replication phase of the virus. The docking results
indicate that the potential compound exhibits synergistic
potential in inhibiting three proteins. However, the bind-
ing affinity value suggests that the potential compound



Sururi et al. Future Journal of Pharmaceutical Sciences (2023) 9:115

demonstrates greater stability in inhibiting ACE2 com-
pared to the other proteins. This is evident from the more
negative binding affinity value associated with ACE2.

Lipinski’s rule of five (Ro5) is a rule based on algorith-
mic rules that helps in the process of predicting drug
potency. Pharmacokinetic analysis shows that the poten-
tial compounds have high gastrointestinal absorption,
where this parameter is used to predict the absorption
ability of drug candidates [37]. This result shows that the
drug can be adequately absorbed in the intestine. In addi-
tion, the high bioavailability value of 0.55 indicates that
this compound is suitable for oral consumption because
it can be absorbed well by the body. [38]. In addition,
there is no ability to bridge blood—brain barrier (BBB), so
it can be considered to suppress lower side effects in the
central nervous region. The BBB is a physiological barrier
consisting of a layer of brain microvascular endothelial
cells that separates it from the bloodstream [39].

Potential compounds also do not have potential as sub-
strates of P-glycoprotein (P-gp substrate). P-gp is a pro-
tein that calcifies foreign substances out of cells widely
distributed in the intestinal epithelium, stopping xeno-
biotics from returning to the intestinal lumen. [40]. P-gp
plays a vital role in the absorption and excretion of the
drug compound, so when a compound is a substrate of
P-gp, it will be pumped out [41]. In addition, the poten-
tial compounds are predicted not to have inhibitory
activity against all cytochrome P450 (CYP) isoforms. This
result shows that this compound will be metabolized and
excreted quickly from the body. Inhibition of isoforms of
these enzyme systems by drugs can result in poor elimi-
nation and drug-induced toxicity. [42]. In addition, when
a compound does not inhibit the activity of the CYP450
enzyme, it is likely that the potential compound will be
easily transformed and can be taken orally [43].

Conclusions

This study examined the potential of the C. rotundicauda
compound as an antiviral for SARS-CoV-2 through a tri-
ple inhibition mechanism through inhibition of ACE2,
RdRp, and 3CLP™; it was found that there was one poten-
tial compound, namely 2-methyl-5-(4'-methylphenyl)sul-
fonyl-4-nitroimidazole, which has better binding affinity
than the control drug and has a good ADME profile as a
drug compound.

Methods

Sample preparation and extraction

The sample was split and separated for the flesh, visceral
organs, gills, and carapace. The meat parts were taken
and then macerated using ethyl acetate with a ratio of
1:3 (w/v) for 1x 24 h. After maceration, the samples were
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separated by filtering and evaporated using a rotary evap-
orator to obtain a thick extract.

GC-MS analysis

The obtained extracts were tested by gas chromatogra-
phy—mass spectrometry (GC-MS) to identify the com-
pounds in Mimi Mintuna meat. Analysis used an Agilent
8890 GC with an Agilent 190915-433UI column (dimen-
sional 30 mXx 250 pm x0.25 pm). The sample was heated
at 60—325 °C with a temperature increase of 100 °C/min-
ute and left for 18 min. Helium gas was used as the car-
rier at a 1 mL/min flow rate. The injector was heated to
280 °C, and the sample was carefully maintained (1 pL
injection size), with a split ratio of 1:10. There were the
interactions between MS and ion sources at 280 °C and
150 °C. The mass spectrum of the C. rotundicauda bio-
active compound was obtained at 70 eV within a reading
range of 200-700 amu. The data obtained were analyzed
with GC-MS software with NIST and Willey Library.

Molecular docking assay

The 3D conformer of the identified compounds and
drug controls was obtained via the PubChem web server,
which was minimized using OpenBabel in the PyRx soft-
ware to convert the.sdf file to.pdb which aims to obtain
a flexible conformer structure [44]. Proteins obtained
by the RCSB webserver were sterilized using PyMOL
and Discovery Studio to determine the active site [45],
and the sterilized protein was then docked using Vina
Wizard by PyRx [46]. The proteins used include ACE2
(PDB ID: 7VX5) (X: 161.262000; Y: 204.724875; Z:
284.353208) [18], RdRp (PDB ID: 7DFG) (X: 128.933609;
Y: 131.912522; Z: 140.694652) [19], and 3CLP™ (PDB ID:
7WYP) (X: 15.349000; Y: —13.021278; Z: 1.423000) [20].
Then, visualization was performed with Discovery Studio
to obtain types and positions of formed interaction.

Pharmacokinetics ADME analysis

Analysis of ADME (absorption, distribution, metabolism,
and excretion) was performed by the SWISSADME web
server [29]. ADME parameters include Lipinski’s drug-
likeness rule, bioavailability, GI absorption, BBB permea-
bility, P-gp substrate, CYP inhibitor, and skin permeation
[47].

Abbreviations

3CLPe 3C-like protease

ACE2 Angiotensin-converting enzyme 2

ADME Absorption, distribution, metabolism, excretion
BBB permeability  Blood-brain barrier permeability

CYP Cytochrome

GC-MS Gas chromatography-mass spectrometry

Gl absorption Gastrointestinal absorption

P-gp substrate P-glycoprotein substrate

RdRp RNA-dependent RNA polymerase



Sururi et al. Future Journal of Pharmaceutical Sciences (2023) 9:115

RNA Ribonucleic acid

Ro5 Lipinski’s rule of five

SARS Severe acute respiratory syndrome

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
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