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ABSTRACT: Oxidative stress and inflammation have a role in the development of various diseases. Oxidative stress and inflammation are asso-
ciated with many proteins, including Kelch ECH associating protein 1 (KEAP1) and inducible nitric oxide synthase (iNOS) proteins. The active
compounds contained in Holothuria scabra have antioxidant and anti-inflammatory properties. This study aimed to evaluate the antioxidant and
anti-inflammatory activity of sea cucumber’s active compounds by targeting KEAP1 and iNOS proteins. 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
and nitric oxide (NO) scavenging activity of H. scabra extract were measured spectrophotometrically. The 3-dimensional (3D) structures of
sea cucumber’s active compounds and proteins were obtained from the PubChem and Research Collaboratory for Structural Bioinformatics
Protein Data Bank (RCSB PDB) databases. Molecular docking was performed using AutoDock Vina software. Molecular dynamics simulations
were carried out using Yet Another Scientific Artificial Reality Application (YASARA) software with environmental parameters according to the
cell’'s physiological conditions. The membrane permeability test was performed using the PerMM web server. The methanol extract of H. scabra
had a weak antioxidant activity against DPPH and strong activity against NO radical. Scabraside and holothurinoside G had the most negative
binding affinity values when interacting with the active site of KEAP1 and iNOS proteins. Molecular dynamics simulations also showed that both
compounds were stable when interacting with KEAP1 and iNOS. However, scabraside and holothurinoside G were difficult to penetrate the cell
plasma membrane, which is seen from the high energy transfer value in the lipid acyl chain region of phospholipids. Scabraside and holothurino-
side G are predicted to act as antioxidants and anti-inflammations, but in their implementation to in vitro and in vivo study, it is necessary to have
liposomes or nanoparticles, or other delivery methods to help these 2 compounds enter the cell.
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Introduction
Oxidative stress and inflammation have important roles in the
progression of various diseases, including cancer. The oxidative
stress machinery and inflammatory signaling are intercon-
nected and have a role in apoptosis, proliferation, and redox
state control.! Oxidative stress is an imbalance condition
between free radicals and antioxidants in cells or tissues.
Excessive free radicals can induce damage to cellular molecules,
such as DNA, proteins, and lipids.? Free radicals are generated
from various cellular activities, one of which is the protein
inducible nitric oxide synthase (iINOS) activity. Inducible nitric
oxide synthase protein can produce nitric oxide (NO) from the
conversion of L-arginine to L-citrulline.3 Nitric oxide in cells
can undergo several reactions that produce reactive nitrogen
species (RNS) that cause oxidative stress.* In addition, NO can
also stimulate various inflammatory responses.3 Inflammation
is an organism’s protective response to a pathogen or damaged
cells, but long-term inflammation can be fatal to tissues.
Oxidative stress and inflammation occur due to the activity
of proteins such as Kelch ECH associating protein 1 (KEAP1)
and iNOS. Reactive oxygen species (ROS) induces nuclear

erythroid-related factor 2 (NRF2) activation, and protein
NREF2 will control the presence of ROS/RNS. Activated NRF2
binds to avian musculoaponeurotic fibrosarcoma (MAF) pro-
tein and acts as a transcription factor for antioxidant genes.®
NREF2 activity is controlled by KEAP1, which acts to inhibit
NRE2 activity by promoting NRF2 degradation by the ubiqui-
tin-proteasome pathway.” Meanwhile, inflammation is induced
by the iNOS protein. Inducible nitric oxide synthase is a pri-
mary downstream mediator of inflammation in various cell
types.® Inducible nitric oxide synthase protein can produce NO
from the conversion of L-arginine to L-citrulline. Nitric oxide
is a short-living signaling molecule with a proinflammatory
effect.3 Oxidative stress, long-term inflammation, and cancer
are closely linked. Many studies have revealed that KEAP1 and
iNOS are promising therapeutic targets for several long-term
diseases. Therefore, various synthetic drugs which act as anti-
oxidants and anti-inflammatories targeting KEAP1 or iNOS
proteins were developed, such as AN-465 and PSTC for
KEAP1-Nrf2 and CM544 and GW274150 for iNOS.-11
However, synthetic drugs often have adverse side effects, in
contrast to natural drugs which rarely cause side effects.!?
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Therefore, antioxidant and anti-inflammatory agents from
natural resources is needed.

Sea cucumber which belongs to the phylum Echinodermata,
family Holothuriidae, class Holothuroidea, is an essential gelati-
nous marine resource because of its known medicinal properties
aside from its nutritional value.’3* Many studies have reported
the pharmacological activity of sea cucumber active compounds
such as bivittoside, CFC-3, colochiroside A, ds-echinoside A,
echinoside A, frondoside A, holothurin B, magnumoside Al,
magnumoside A2, magnumoside A3, magnumoside A4, mag-
numoside B1, nobiliside D, patagonicoside A, pentactasides I,
philinopside A, stichoposide A, and stichorrenoside D.1415
Previous research stated that Holothuria polii extract could pre-
vent the reaction of NO into free radicals.’® Previous studies
have also noted that the glycosaminoglycan-rich fraction of sea
cucumbers can reduce the level of proinflammatory proteins
such as nuclear factor-kappa B (NFkB), zumor necrosis factor alpha
(TNFa), interleukin-11 (IL11), IL6, IL10, and signal transducer
and activator of transcription 3 (STAT3).17

Pranweerapaiboon et al'® studied the anti-inflammatory effect
of H. scabra extracts in lipopolysaccharide (LPS)-induced inflam-
mation and found that ethyl acetate fraction of H. scabra extracts
inhibited proinflammatory cytokines synthesis, notably NO,
iNOS, interleukin-1p (IL-1B), prostaglandin E2 (PGE2), and
TNF-o. In their subsequent research publication, they stated that
H. scabra methanolic extract reduced the viability of human pros-
tate cancer cells and triggered apoptosis by accumulating intracel-
lular ROS resulting in the upregulation of JNK and p38 signaling
pathways.” One in vivo study demonstrated that scabraside D
trom H. scabra induces apoptosis and inhibits lymphangiogenesis,
invasion, and metastasis in human cholangiocarcinoma via sup-
pression of iNOS and STAT-3 expression.?’ However, there has
been no research on the inhibitory activity of KEAP1 and iNOS
in antioxidant and anti-inflammatory pathways by the H. scabra
active compound. Therefore, evaluating the antioxidant and anti-
inflammatory effects of the active compounds in sea cucumbers is
essential. Therefore, this study will predict the anticancer activity
of the active compounds of sea cucumbers as antioxidants and
anti-inflammatory by inhibiting the activity of KEAP1 and
iNOS proteins using an iz sifico approach.

Material and Methods

Sea cucumber extraction

Fresh samples of the sea cucumber H. scabra (Figure 1) were
collected from Malang sea, East Java, Indonesia (S8° 26'
47.3346", E112° 39' 12.3444") on May 15,2019. Sea cucumber
identification was done based on the Food and Agriculture
Organization of The United Nations Species Catalog for
Fishery Purposes.?! Twenty grams of sea cucumber was ground
to a powder and then extracted with 500 ml of absolute metha-
nol using the maceration method for 48 hours. Macerate was
filtered with Whatman filter paper No. 41. The filtration
results were evaporated using a rotary evaporator (Buchi

R-114) at a temperature of 50°C to 60°C.
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Figure 1. External anatomical features of H. scabra (dorsal view).

DPPH and NO scavenging activity

About 100 uL of H. scabra extract was mixed with 100 pL
2,2-diphenyl-1-picrylhydrazyl (DPPH) 0.4 mM solution in
a 96-well plate. The mixtures were incubated for 30 min in
the dark at 2,2-Diphenyl-1-

picrylhydrazyl scavenging activity was measured spectropho-

ambient temperature.
tometrically at 490 nm. Ascorbic acid was used as a standard
compound.

A small volume of (60 uL) the H. scabra extract was mixed
with 60 pL sodium nitroprusside (SNP) 10mM solution in a
96-well plate. The mixture was incubated for 160 min in the
dark at 30°C. The solution was added with 120 pL Griess solu-
tion. Then the solution was incubated for 30 min in a dark
room at 30°C. Nitric oxide scavenging activity of all mixtures
was measured spectrophotometrically at 571nm. Gallic acid
was used as a standard compound.

2,2-Diphenyl-1-picrylhydrazyl and NO scavenging activity

were calculated using the equation:

‘40 - Al
% Inhibition = x 100

0

A, is the absorbance of the control and 4, is the absorbance
of the sample. The 1Cs, represented the concentration of the
extract that inhibited 50% of free radicals.

Data retrieval and sample preparation

The compounds contained in sea cucumbers were determined
based on previous research (Table 1). The 2-dimensional (2D)
structure of the active compound was obtained from the
PubChem database

Construction of the 3D structure and preparation of the com-

(https://pubchem.ncbi.nlm.nih.gov/).

pound was performed using the Open Babel plugin integrated
with PyRx 8.0.22 The 3D structure of the KEAP1 (PDB ID:
6QME) and iNOS (PDB ID: 4NOS) protein was obtained
from the Research Collaboratory for Structural Bioinformatics
Protein Data Bank (RCSB PDB) database (https://www.rcsb.
org/). Protein preparation was carried out by removing water
molecules and contaminant ligands using Biovia Discovery
Studio 2019 (Dassault Systémes Biovia, San Diego, California,
USA).
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Table 1. The active compounds contained in H. scabra.

COMPOUND MOLECULAR WEIGHT (DA)
Holothurin A 1221.3
Holothurin B 883.0
Holothurinoside C 1103.2
Scabraside 844.8
Holothurinoside G 1427.5
Bivittoside A 751.0
Cousteside E 1427.6
Cousteside | 1441.6
Eicosapentaenoic acid 302.5
Glycoside B2 1267.4
Nobiliside E 1207.3

Table 2. Grid setting for specific docking.

PUBCHEM ID REF.

23675050 Wargasetia et al??
23674754 Wargasetia et al??
102036379 Caulier et al*
159134 Caulier et al*
102036382 Caulier et al*
157053 Mitu et al?5
102234628 Mitu et al?®
102234632 Mitu et al?®
446284 Mitu et al?®
44559478 Mitu et al?®
102144660 Mitu et al?®

PROTEIN ACTIVE SITE POSITION GRID POSITION
CENTER DIMENSION (A)
KEAP1 Arg415, Phe478, Arg483, Heightman et al2¢ X: 16.461 X:19.506
Ser508, Tyr525, GIn530, Y: 62.085 Y: 21.675
Ser555, Ala556 Z:26.612 Z: 21111
iNOS Glu377, Trp372, Gly371, Fischmann et al?” X: 35.0986 X:14.2149
Phe369, Val352 Y: 98.996 Y: 16.3306
Z:12.898 Z:16.9690

Abbreviations: INOS, inducible nitric oxide synthase; KEAP, Kelch ECH associating protein.

Control compound preparation

The controls consisting of native ligands and inhibitors of each
protein were prepared. The DLG motif from NRF2 was cho-
sen as the native ligand of KEAP1. The DLG motif is part of
the NRF2 protein interacting with KEAP1.22 The DLG motif
was taken from the RCSB PDB database with ID 2DYH. The
inhibitor for KEAP1 was also taken from the PDB RCSB
with ID 6QME. L-arginine is a substrate of iNOS, which will
later be converted to L-citrulline and produce NO.3 Therefore,
L-arginine (PubChem ID: 6322) was chosen as the native
ligand of iNOS, while A54 was used as iNOS inhibitor
(PubChem ID: 51003749). These compounds were prepared
using Open Babel on PyRx 8.0 software.

Molecular docking simulation

Molecular docking is performed using AutoDock Vina soft-
ware integrated into PyRx 8.0.° The specific docking was per-
formed by arranging the grid around the active sites of KEAP1
and iNOS proteins (Table 2). Visualization of docking results
is carried out using the Biovia Discovery Studio 2019 software.
In each protein, 2 compounds with the most negative binding

affinity values were taken to proceed to the molecular dynamics
simulation.

Molecular dynamic simulation

The molecular dynamic simulation was carried out using
YASARA (Yet Another Scientific Artificial Reality
Application) software with an AMBER14 force field.® The
cells were arranged in a cuboidal shape with the length of the
X,Y, and Z axes 20A larger than the protein. The parameters
used were set to the physiological conditions of the cells (37°C,
pH 7.4,1 atm) for 20 ns. Several programs were chosen to run
this analysis, such as macro md_run for running the simulation,
md_analyze to analyze the root mean square deviation
(RMSD), hydrogen bond, dan radius of gyration, and md_ana-
lyzeres to obtain the root mean square fluctuation (RMSF)
value, and md_bindenergy to determine the molecular dynamic
binding energy.

Membrane permeability test

The ability to penetrate the plasma membrane of potential
active compounds in sea cucumbers was analyzed using PerMM
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Figure 2. Free radicals scavenging activity of H. scabra methanolic extract: (A) DPPH scavenging activity of H. scabra methanolic extract and (B) NO

scavenging activity of H. scabra methanolic extract.

DPPH indicates 2-diphenyl-1-picrylhydrazyl; IC50 indicates inhibitory concentration 50%.

tools (https://permm.phar.umich.edu/). Environmental param-
eters were set according to the physiological conditions of the
cell, namely pH 7.4 and temperature 310K. Samples were
entered in PDB file format. The steps of the compound through
the cell membrane were simulated in 3D visualization. The
energy transfer value represented the ability of compounds to
penetrate the cell membrane.

Results
The free radicals scavenging activity of H. scabra

The antioxidant activity of the H. scabra extract showed in
Figure 2. The extract had antioxidant activity against DPPH
and NO radicals. Figure 2A presents the scavenging ability of
H. scabra methanolic extract against DPPH radicals. Meanwhile,
Figure 2B shows the scavenging activity of H. scabra methanolic
extract against NO radicals. Antioxidant activities of the extract
were increased in a dose-dependent manner. ICy, 244.59 ppm
tor DPPH assay and ICs, 14.98 ppm for NO assay.

Molecular docking

Interaction between KEAPI1 and sea cucumber active com-
pounds. The docking results showed that 8 compounds had a
more negative binding affinity value than the native ligand when
interacting with KEAP1. The active compounds with the most
negative binding affinity values were scabraside and holothuri-
noside G, which were -9.8 and -9.9 kcal/mol (Table 3). Both
compounds bind to the active site of the KEAP1 protein (Figure
3A). Scabraside and holothurinoside G interacted at the same
site as the native ligand, so they have potential as competitive
inhibitors (Figure 3B). Scabraside interacted with KEAP1 by
forming 8 hydrogen bonds, while holothurinoside G formed 12
hydrogen bonds. Scabraside binds to KEAP1 at the same resi-
due as the native ligand, namely Tyr334, Asn382, Tyr572,
Ala556, Ser555, Gly364, Tyr525, Leu557, Ala510, Gly462,
Phe478, Arg415, Arg483, Ser508, and Asn414. Holothurino-
side G binds to KEAP1 at the same residue as the native ligand
in Arg380, Ser363, Gly364, Asn382, Arg415, Gly462, Ser508,

Table 3. Binding affinity value of the interaction between sea
cucumber active compound with the proteins.

COMPOUND BINDING AFFINITY (KCAL/MOL)
KEAP1 INOS
iNOS inhibitor - -8.1
L-arginine (iNOS native ligand) - -6.0
KEAP1 inhibitor -8.8 -
Nrf2 DLG motif (KEAP1 native -8.1 -
ligand)
Holothurin A -8.5 -75
Holothurin B -8.5 -7.6
Holothurinoside C -9.4 -8.2
Scabraside -9.8* -9.1*
Holothurinoside G -9.9* -9.5*
Nobiliside E -87 -8.8
Bivittoside A -8.6 -6.9
Cousteside E -8.0 -6.1
Cousteside | -7.8 -5.7
Eicosapentaenoic acid -6.4 -6.6
Glycoside B2 -9.3 -6.6

Abbreviations: iINOS, inducible nitric oxide synthase; KEAP, Kelch ECH
associating protein; Nrf2, nuclear factor erythroid 2—related factor 2.
The (*) symbol indicates the most negative binding affinity value.

Tyr525, Ser555, Ala556, Leu557, and Tyr572. In comparison,
KEAP1 inhibitors bound to residues Gly364, Gly509, Gly603,
Gly462, Ala556, Phe478, Arg483, Tyr525, and Tyr572 (Figure
3Cto ).

Interaction between iNOS and active compounds. Scabraside and
holothurinoside G also had the most negative binding affinity
values when interacting with iNOS, namely -9.1 and -9.5


https://permm.phar.umich.edu/

Wargasetia et al
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Figure 3. The interaction between KEAP1 with ligands: (A) all ligands bind in the KEAP1 active site (yellow surface represents the protein’s active site).
(B) Binding pose comparison between native ligand with inhibitor, scabraside, and holothurinoside G. (C to F) The visualization of the interaction between
KEAP1 with native ligand, inhibitor, scabraside, and holothurinoside G. Circle marks indicate residues that bind to the native ligand that also bind to

inhibitors, scabraside, and holothurinoside G.
KEAP1 indicates Kelch ECH associating protein 1.

kcal/mol, respectively. In addition, other compounds have a
lower binding affinity value than inhibitors, namely holothuri-
noside C and nobiliside E (Table 3). Scabraside and holothuri-
noside G interacted with the active site of iNOS (Figure 4A).
Some parts of the scabraside and holothurinoside G structure
are located on the binding site between the native ligand and
iNOS (Figure 4B). In addition, the 2 compounds also formed
interactions at the same residue as the native ligand. Scabraside
formed the same interactions as native ligands at Arg388,
Glu377, Tyr373, GIn263, and Val352. Holothurinoside G
formed bonds with Val352, Pro350, Tyr373, and GIn263. In
addition, these 2 compounds also bind to HEM like the native
ligands (Figure 4C to F).

Interaction stability based on molecular dynamic simulation sta-
bility of the KEAPI-ligand complexes. The molecular dynamic
simulation analyzed the protein-ligand interaction’s stability
and the protein structure’s stability after binding to the
ligand. The molecular dynamics simulation results showed
that the KEAP1-scabraside and KEAP1-holothurinoside G
complexes were stable, characterized by RMSD values below
3 A and minimal fluctuation. The KEAP1-scabraside com-
plex tended to be more stable than KEAP1-holothurinoside
G because holothurinoside G had a higher RMSD value
(Figure 5A). Molecular dynamic binding energy showed that
scabraside interacts with KEAP1 more stable than holo-
thurinoside G because it was higher and had less fluctuation

(Figure 5D). Kelch ECH associating protein 1 structure
remained stable after interacting with scabraside or holo-
thurinoside G as indicated by the value of the radius of gyra-
tion (Rg) and the number of hydrogen bonds (Figure 5B and
C). In addition, most amino acids had RMSF values less
than 3 A, indicating that most residues were stable during
the simulation (Figure SE).

Stability of iNOS-ligand complexes. The simulation results
showed that the iNOS-scabraside and iNOS-holothurinoside
G complexes tended to be stable because they had an RMSD
value of less than 3 A during the simulation (Figure 6A). Based
on molecular dynamic binding energy, scabraside is more stable
than holothurinoside G (Figure 6D). The conformation of
iNOS interacting with scaabraside or holothurinoside G was
stable during the simulations characterized by a stable number
of hydrogen bonds and a radius of gyration (Figure 6B and C),
and most residues had RMSF values less than 3 A (Figure 6E).

The ability of compounds to penetrate the cell membrane. The
results of the membrane permeability test showed that scabra-
side and holothurinoside G had different abilities to penetrate
the plasma membrane than inhibitors. The conformational
change of the compounds when they penetrate the cell mem-
brane was depicted in Figure 7A. Each molecule constantly
changed its position to suit the hydrophilic and hydrophobic

properties of the plasma membrane. During movement, the
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Figure 4. The interaction between iNOS with ligands: (A) all ligands bind in the active site of INOS (yellow surface represents the active site). (B) Binding

pose comparison between native ligand with inhibitor, scabraside, and holothurinoside G. (C to F) The interaction between iINOS with the ligands.
Circle marks indicate residues that bind to the native ligand that also bind to inhibitors, scabraside, and holothurinoside G.

iNOS indicates inducible nitric oxide synthase.

nonpolar side of the compound will rotate and sink into the
lipid acyl chain region and the more polar side toward the
membrane boundaries.3! Energy transfer values showed that
scabraside and holothurinoside G had high values at the center
of the phospholipid membrane (Figure 7B). The high value
represented that scabraside and holothurinoside G were more
difficult to pass through the lipid acyl chain region than

inhibitors.

Discussion

Sea cucumbers are marine animals that have been used as tra-
ditional medicine for thousands of years by people in several
countries in Asia.3? H. scabra is a sea cucumber species contain-
ing various bioactive compounds with pharmacological activi-
ties.33 The scabraside and holothurinoside G in this study had
the best potential antioxidant and anti-inflammatory activity
compared to other active compounds in H. scraba. There are
many studies on the anticancer effect of scabraside with various
mechanisms and target pathways.? Previous studies also
reported that compounds of the holothurinoside group, such as
holothurinoside A, B, C, and D have antitumor effects.3*
However, study on the pharmacological effects of holothurino-
side G is still scarce. In addition, there have been no studies on
the antioxidant and anti-inflammatory effects of scabraside
and holothurinoside G. Therefore, this research can be a new
finding that the 2 active compounds have antioxidant and anti-
inflammatory activities. According to Phongpaichit (2007), an
1Cs, value between 10 and 50 ppm indicates strong antioxidant
activity, and ICs; more than 100 ppm indicates weak toxicity

activity.® The antioxidant assay results showed that the H.
scabra extract had weak radical scavenging activity against
DPPH but strong activity against NO radical. The antioxidant
activity was predicted due to the presence of active compounds
that have antioxidant activity in the extract. In addition, several
active compounds in H. scabra also had the potential as inhibi-
tors of certain proteins that caused oxidative stress and
inflammation.

Scabraside and holothurinoside G bind to KEAP1 and
iNOS proteins at their active sites. Its binding affinity value is
also lower than native ligands and inhibitors, indicating that
scabraside and holothurinoside G can act as good competitive
inhibitors. The interaction stability was then measured by
molecular dynamic simulation. The RMSD value represents
the conformational stability of the protein-ligand complex.
The complex is stable if it has an RMSD value below 3A36
The KEAP1/iNOS-scabraside and KEAP1/iNOS-holothuri-
noside G complexes had RMSD values below 3 A, indicating
that the complexes were stable during the simulation. The
molecular dynamic binding energy supports these results.
Molecular dynamic binding energy is influenced by the value
of potential energy and solvation energy of complexes, ligands,
and proteins. The more positive the value, the more stable the
protein-ligand interaction.’” The conformational stability of
the protein after binding to the ligand was measured by the
value of the radius of gyration (Rg), the number of hydrogen
bonds, and the RMSF. Hydrogen bonds are needed to form the
secondary structure of proteins so that the number of hydrogen
bonds can be used as a parameter of protein conformational
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complexes. (B) Radius of gyration. (C) Number of hydrogen bonds. (D) Molecular dynamic binding energy. (E) RMSF.
KEAP1 indicates Kelch ECH associating protein 1; RMSD, root mean square deviation; RMSF, root mean square fluctuation.

stability.® The number of hydrogen bonds in KEAP1 and
iNOS proteins when interacting with scabraside and holo-
thurinoside G tends to be stable during the simulation indicat-
ing conformational stability. The radius of gyration represents
protein structure compactness. A high Rg value indicates a
protein conformation that blooms due to the loss of bonds
between residues. In contrast, a small Rg value indicates that
there are interactions between residues that make the protein
in a stable state.®® The Rg of all complexes in this study were
stable, indicating that there was no significant conformational
change in the proteins after binding to the ligands. The RMSF
value was also used to assess the conformational stability of the
protein. Residues with an RMSF value between 1 and 3 A
indicate that the residue is stable.*0

Kelch ECH associating protein 1 is a protein that plays a
role in regulating NRE?2 activity. Under free radical exposure,
NRF2 will form a heterodimer with MAF. NRF2-MAF then

acts as a transcription factor for genes encoding antioxidant
and detoxification enzymes.*! Under normal conditions,
KEAP1 binds to the DGL motif of NRF2 and then induces
NREF?2 degradation via ubiquitin-dependent degradation and
inhibits NRF2-dependent gene expression.*? The DLG
motif from NRF2 consists of 16 mer interacts with specific
iNOS residue, including Tyr334, Arg380, Asn382, Arg415,
Arg483, Tyr525, and Tyr572.4 One strategy to inhibit
KEAP1 activity is to block its interaction with the DLG
motif of NRF2. Various studies have been conducted to find
synthetic compounds that can inhibit KEAP1 activity, so cells
avoid oxidative stress.** However, candidates from natural
ingredients are still preferred because they have minimum
side effects.!2 Previous studies have shown that inhibition of
KEAP1 activity can inhibit diseases caused by oxidative
stress, such as epilepsy, cancer, atherosclerosis, and other car-
diovascular diseases.* 47
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Inducible nitric oxide synthase is a 131 kDa mammalian pro- electrons from nicotinamide adenine dinucleotide phosphate to
tein consisting of 1153 amino acids.*® Nitric oxide production is heme via flavin adenine dinucleotide and flavin mononucleotide.
related to the catalytic cycle process that facilitates the transfer of The electron transfer cycle mediates the conversion of L-arg to
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L-citrulline with the concomitant production of NO.# Nitric
oxide is involved in many inflammatory regulatory functions
such as infection control, vascular response regulation, leukocyte
rolling, migration, and cytokine production. Inhibition of NO
synthesis by inhibiting iNOS activity has been shown to inhibit
inflammation.’® One strategy to inhibit iNOS activity is to
inhibit the interaction of iNOS with L-arginine on the active
site. The active site of iNOS is in the cavity containing heme, a
cofactor that acts as electron transfer.?’ Scabraside and holo-
thurinoside G, which bind to the active site of iINOS with a
lower binding affinity value than inhibitors, have great potential
as new iNOS-inhibitor agents.

Prediction of membrane permeability is necessary for devel-
oping and optimizing new drugs. Based on this study, scabraside
and holothurinoside G have high energy transfer values in the
lipid acyl chain region of the lipid bilayer, indicating that these 2
compounds are difficult to penetrate. One of the reasons why
scabraside and holothurinoside G are challenging to penetrate
cell membranes is that the compound size is too large.
Compounds with a molecular weight of more than 500 daltons
will have difficulty penetrating the plasma membrane.’! In com-
parison, scabraside and holothurinoside G had sizes of 844.77
and 1427.53 Da, respectively. Therefore, suitable delivery meth-
ods such as liposomes and nanoparticles are needed to improve
the delivery of these 2 drug candidate compounds.

Conclusion

The scabradide and holothurinoside G compounds contained
in H. scabra are predicted to have the highest potential as anti-
oxidant and anti-inflammatory agents because they have the
potential to inhibit the activity of KEAP1 and iNOS proteins.
Further research is needed to confirm this research using cell
lines or animal models.
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