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Abstract

Inflammation is a biological response to injury that can become chronic and lead to various
immunological disorders in humans. Bioactive compounds in Sauropus androgynus exhibit a broad
spectrum of biological activity, including anti-inflammatory effects. This study employed a
computational approach involving Lipinski’s Rule of Five, protein network analysis, molecular
docking, ADMET prediction, molecular dynamics simulations, and Density Functional Theory (DFT)
calculations for electronic structure elucidation. Among the tested compounds, corchoionoside C
and afzelin demonstrated the strongest inhibitory potential against the COX-2 enzyme, with
binding energies of -9.57 and -9.14 kcal/mol, respectively. Molecular dynamics simulations
showed that the S. androgynus bioactive compound-COX-2 complexes exhibited minimal
fluctuation and remained highly stable throughout the simulation, supporting their potential
biological activity. DFT HOMO-LUMO analysis further indicated the capability of corchoionoside C
and afzelin to interact with biological targets such as COX-2 through polar or electrostatic
interactions. These findings are expected to provide a scientific foundation for the development of
novel anti-inflammatory agents with promising pharmacological profiles and reduced adverse

effects.

Keywords: Bioactive compounds, Sauropus androgynus, anti-inflammatory, molecular docking,
molecular dynamics.

prostaglandin E2 (PGE2) and nitric oxide

I .
ntroduction (NO). The activation of these immune cells

Inflammation plays a significant role
in  the pathogenesis of  various
immunological disorders in humans,
including neurodegenerative and
cardiovascular diseases (Ju et al,, 2022). It
represents an immune response aimed at
eliminating harmful stimuli, regenerating
damaged tissue, and restoring biological
homeostasis (Jantarawong et al, 2025).
Upon stimulation, macrophages produce
several inflammatory mediators such as

triggers the release of arachidonic acid from
cell membranes through the enzyme
phospholipase A2 (PLA2), which
subsequently becomes the main substrate in
the biosynthesis of PGE2 via the
cyclooxygenase-2 (COX-2) pathway. COX-2
induction is regulated by various pro-
inflammatory cytokines, including
interleukin-18 (IL-1B), tumor necrosis
factor-a (TNF-a), and interleukin-6 (IL-6),
acting through nuclear factor-kappa B (NF-
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kB) activation (Lee et al,, 2020). PGE2 is one
of the primary eicosanoids involved in
mediating inflammatory responses and
plays a crucial role in vascular permeability,
hyperalgesia, and pyrexia. If inflammation is
not promptly managed, it may progress
from an acute to a chronic condition (Utami
et al, 2020). COX-2 inhibitors serve as
central targets in non-steroidal anti-
inflammatory drug (NSAID) therapy due to
their involvement in the pathophysiology of
inflammatory diseases.

NSAIDs are among the most widely
prescribed medications, accounting for
approximately 5-10% of global
prescriptions, with more than 30 million
individuals estimated to use them daily
(McEvoy et al.,, 2021). Although commonly
used to treat inflammation and cancer
therapy, prolonged NSAID use can lead to
various adverse effects, including gastric
ulcers and gastrointestinal bleeding
(Chandwe & Kelly, 2021). Around 10% of
patients receiving NSAID therapy
experience gastrointestinal symptoms such
as dyspepsia and gastroesophageal reflux,
including heartburn and regurgitation (Tai
& McAlindon, 2021). Therefore, the broad
spectrum of biological activities present in
bioactive constituents from natural sources
offers promising alternatives for the
development of safer and more effective
therapeutic agents.

Sauropus  androgynus  contains
various essential nutrients, including
vitamin C, protein, polyphenols, minerals,
carotenoids, ascorbic acid, and antioxidants
(Awaludin et al,, 2020). It is also rich in
secondary metabolites such as flavonoids,
tannins, alkaloids, steroids, and terpenoids.
These bioactive components exhibit
antioxidant, antibacterial, and anti-
inflammatory potential (Xia et al, 2024).
Additionally, the high chlorophyll content in
S. androgynus contributes to mitigating
oxidative stress. Previous studies reported
that chlorophyll extracted from .
androgynus exerts antioxidant effects in rats
induced with NaNO,, evaluated through
blood and liver parameters. Ananda et al.
(2024) found that afzelin from the ethanol
extract of S. androgynus leaves, evaluated in

274

silico, has potential as a herbal candidate for
COVID-19 treatment. In vitro findings by
Hikmawanti et al. (2021) also demonstrated
that S. androgynus leaves possess
antioxidant activity with an IC50 value of
88.33 ppm. Thus, S. androgynus shows
strong pharmacological potential for
therapeutic interventions across various
diseases.

This study investigates the efficacy
of S. androgynus bioactive compounds as
anti-inflammatory agents using Lipinski’s
Rule of Five, protein network analysis,
molecular docking, ADMET (Absorption,
Distribution, Metabolism, Excretion, and
Toxicity)  screening, and  molecular
dynamics simulations. The molecular
docking analysis focused on the COX-2
receptor (PDB ID: 5IKQ) due to the limited
number of studies evaluating the anti-
inflammatory potential of S. androgynus
through in silico approaches. COX-2 is an
enzyme that regulates pain during
inflammation, and pain remains one of the
most distressing symptoms for patients
(Yucel et al, 2024). Moreover, COX-2
catalyzes the synthesis of pro-inflammatory
prostaglandins, acts as a central stimulator
of cancer metastasis progression, and is one
of the four key inflammatory mediators
alongside PGE2, NF-xB, and inducible nitric
oxide synthase (iNOS) (Trabalzini, 2020; ur
Rashid et al, 2019). Molecular dynamics
simulations were conducted to validate the
docking results and to assess the stability
and conformational behavior of the
complexes under conditions resembling the
human physiological environment (Sinha &
Wang, 2022). The findings of this study are
expected to provide a scientific foundation
for the development of anti-inflammatory
agents with improved pharmacological
profiles.

Experimental Section

Materials

This in silico study utilized an ACER
Laptop-5C7HDF19 equipped with an 11th
Gen Intel® Core™ i5-1135G7 @ 2.40-2.42
GHz processor, 8.00 GB RAM (7.78 GB
usable), a 64-bit system, and a high-
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performance custom-built PC with an AMD
AM5 RYZEN 7-7700X 9KY7375W30231
CPU, an AM5 GigaByte B850M Aorus Elite
WIFI6E ICE motherboard, and DDR5
SN250950035162 memory. The software
used included AutoDockTools 1.5.6 (Morris
& Lim-Wilby, 2008), Chimera 1.14
(Pettersen et al, 2004), BIOVIA Discovery
Studio Visualizer (Dassault Systemes, 2019),
and YASARA Dynamics developed by
Bioscience GmbH (Land, Henrik, 2017). The
3D structures of 12 bioactive compounds in
S. androgynus were downloaded from
PubChem
(https://pubchem.ncbi.nlm.nih.gov/). The
compounds were 2,4-Di-tert-butylphenol,
afzelin, astragalin, kaempferol,
corchoionoside C, trifolin, quercetin, 1-
methyl-2-pyrrolidineethanol, favipiravir, 2-
acetylpyrrolidine, 2-methoxy-4-vinylphenol,
and morpholine (Ananda et al. 2024; Fikri &
Purnama, 2020; Gayathiri et al. 2024; Zhang
et al. 2017). Meclofenamic acid, the native
ligand in this study, was obtained from the
RCSB PDB database database using PDB ID:
5IKQ (Orlando & Malkowski, 2016). This
receptor has a high-resolution X-ray
diffraction structure of 2.41 A. Based on the
Ramachandran plot, the structure
demonstrated good stereochemical quality,
further supported by favorable Verify-3D
and ProSA scores (Bommu et al,, 2017).

Lipinski’s Rule of Five

The Lipinski analysis was performed
using the web-based platform at
http://www.scfbio-
iitd.res.in/software/drugdesign/lipinski.jsp
#anchortag to predict physicochemical
parameters related to drug-likeness.
Candidate Dbioactive compounds must
comply with Lipinski’s criteria for oral
administration in humans. These
parameters include molecular weight < 500
Da, log P < 5, <10 hydrogen bond acceptors
(HBA), and <5 hydrogen bond donors (HBD)
(Lipinski, 2004).

Protein Network Analysis

Protein network analysis was
conducted using the Search Tool for
Interactions of Chemicals (STITCH) via its

Molecular Docking And Dynamics ...

free web server (http://stitch.embl.de/) to
identify interactions between S. androgynus

compounds and human proteins (Kuhn et
al.,, 2008).

Molecular Docking Calculation

The 3D crystal structure of the COX-
2 enzyme was obtained from the RCSB PDB
database using PDB ID: 5IKQ (Orlando &
Malkowski, 2016). Ligand structures were
prepared using Chimera 1.14 (Pettersen et
al, 2004). Redocking was performed to
validate the docking protocol. The grid box
size was set to 66 x 66 x 66 with a spacing
of 0.375 A, centered at X = 22,518, Y =
51.524, and Z = 17.635. All bioactive
compounds from S. androgynus were
geometrically optimized using Avogadro
with the MMFF94 force field to obtain
minimum-energy conformations prior to
docking. Docking simulations were
conducted wusing AutoDockTools 1.5.6,
running 10 iterations with the Lamarckian
Genetic Algorithm. Ligands were treated as
flexible, allowing exploration of torsional
angles to identify the most favorable
binding poses. Ligand-protein interactions
were visualized using BIOVIA Discovery
Studio 2021 (Dassault Systemes, 2019).

Absorption, Distribution, Metabolism,
Excretion, and Toxicity (ADMET)

Pharmacokinetic properties were
predicted using ADMET Lab 2.0
(https://admetmesh.scbdd.com/service/ev
aluation/index),  covering  absorption,
distribution, metabolism, excretion, and
toxicity parameters. These characteristics
are essential in drug discovery, as poor
ADMET profiles frequently lead to
preclinical or clinical failure. Early
prediction improves the success rate of
candidate compounds while ensuring safety
and efficacy.

Frontier Molecular Orbital (FMO)

Density Functional Theory (DFT)
was used to calculate the electronic
properties of S. androgynus compounds as
potential anti-inflammatory drug
candidates. The calculations were carried
out at the B3LYP/6-31G level of theory
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using the ORCA software package and
visualized with IboView (Knizia, 2013;
Neese et al,, 2020).

Molecular Dynamics Simulations

The two compounds with the lowest
binding energies from the molecular
docking results were selected for molecular
dynamics simulations. The simulations were
performed using the YASARA Dynamics
program developed by Biosciences GmbH
(Land, Henrik, 2017). Simulation
parameters were set at 310 K and
physiological pH 7.4. The simulation time
was configured using the md_run macro

with a duration of 100,000 ps (100 ns). The
AMBER14 force field was applied (Case, D.
A., 2016), with 4000 simulation steps and
snapshot saving every 25 ps. The simulation
was executed using the md_runfast macro.
Root Mean Square Deviation (Ca RMSD),
ligand RMSD, total hydrogen bonds, and
radius of gyration were analyzed using
md_analyze. Meanwhile, Root Mean Square
Fluctuation @ (RMSF) and  Molecular
Mechanics Poisson-Boltzmann Surface Area
(MMPBSA) energies were obtained using
md_analyzeres and md_bindenergy,
respectively.

Table 1. Results of Lipinski’s Rule of Five for compounds from Sauropus androgynus.

No. Compounds Lipinski’s Rule of Five
Molecular Hydrogen Hydrogen MiogP Violation Drug-likeness
Mass (<500 Bond Bond Donor
Da) Acceptor (HBD <5)
(HBA <10)
1. Meclofenamic acid (native 295.020 3 2 5.133 0 Unviolated
ligand)
2. 2,4-Di-tert-butylphenol 206.170 1 1 4.832 0 Unviolated
3. Afzelin 432.110 10 6 1.892 1 Unviolated
4. Astragalin 448.100 11 7 0.570 2 Violated
5. Kaempferol 286.050 6 4 2.656 Unviolated
6. Corchoionoside C 386.190 8 5 0.245 0 Unviolated
7. Trifolin 448.100 11 7 0.828 2 Violated
8. Quercetin 302.040 7 5 2.155 0 Unviolated
9. 1-Methyl-2- 129.120 2 1 -0.220 0 Unviolated
pyrrolidineethanol
10.  Favipiravir 157.030 5 -0.934 0 Unviolated
11.  2-Acetylpyrrolidine 113.080 2 1 -0.210 0 Unviolated
12.  2-Methoxy-4-vinylphenol 150.070 2 1 2.251 0 Unviolated
13.  Morpholine 87.070 2 1 -0.556 0 Unviolated

Results and Discussion

Lipinski’s Rule of Five

Among the tested bioactive
compounds from S. androgynus, most
showed no violations of Lipinski’s Rule of
Five, indicating good potential for oral
bioavailability. Two compounds, trifolin and
astragalin, were found to violate the rule.
Both possessed 11 HBA and 7 HBD, which
might reduce membrane permeability and
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lead to poor absorption, despite their
known biological activity as natural
flavonoid glycosides. In addition, afzelin also
violated the HBD criterion with a value of 6.
Drug-likeness plays an important role in the
early stages of physicochemical property
assessment in drug discovery. The HBA
value indicates the number of oxygen and
nitrogen atoms capable of accepting
hydrogen bonds, whereas HBD reflects the
number of hydroxyl (-OH) and amine (-NH)
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groups capable of donating hydrogen atoms. suggesting  balanced  physicochemical
In contrast, corchoionoside C, quercetin, characteristics and good potential for oral
kaempferol, favipiravir, 2,4-di-tert- formulations. All compounds had a
butylphenol, 1-methyl-2-pyrrolidineethanol, molecular weight below 500 Da, indicating
2-acetylpyrrolidine, 2-methoxy-4- their ability to permeate cell membranes
vinylphenol, morpholine, and the native efficiently and diffuse easily.

ligand fully comply with Lipinski’s criteria,
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Figure 1. Protein-ligand interaction network using STITCH: (a) meclofenamic acid/meclofenamate, (b)
2,4-Di-tert-butylphenol, (c) afzelin, (d) kaempferol, (e) quercetin, (f) 2-Methoxy-4-vinylphenol/4-
vinylguaiacol, (g) corchoionoside C/roseoside, (h) favipiravir, and (i) morpholine.

Protein Network Analysis inflammatory agents. Some compounds
STITCH integrates molecular, were also associated with protein kinases,
cellular, and phenotypic data related to including RPS6KA3 and RPS6KA1, which act
small molecules and enables the exploration as major downstream effectors in the
of interaction networks derived from Mitogen-Activated Protein Kinase (MAPK)
known and predicted associations between signaling pathway. The interaction network
chemicals and proteins (Kuhn et al,, 2008). further highlights the involvement of
Figure 1a shows that meclofenamic acid has CYP1B1, CYP1A1, and IL-6, all of which play
a strong affinity for key proteins involved in important roles in inflammatory regulation.
inflammatory regulation, particularly Ptgs1 Favipiravir, corchoionoside C, and
and Ptgs2 (Dawidowicz et al., 2020). It also morpholine were not detected in Homo
interacts with the Alox8 and Alox12 sapiens and appeared only in plant
enzymes. Several S. androgynus compounds, organisms. Meanwhile, 1-methyl-2-
such as 2,4-di-tert-butylphenol, afzelin, pyrrolidineethanol and 2-acetylpyrrolidine
quercetin, kaempferol, and 2-methoxy-4- were not detected in STITCH at all. The
vinylphenol, were identified in the STITCH absence of STITCH-mapped interactions
Homo sapiens database as potential anti- does not necessarily indicate biological
277
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irrelevance; rather, it may reflect limitations
in available experimental annotations.
These compounds may represent potential
novel inhibitors that have not yet been
experimentally validated or recorded in the
STITCH database. Therefore, further
confirmation through in vitro or in vivo
studies is required.

Molecular Docking Calculation

The redocking process was carried
out to validate and ensure the accuracy of
the docking protocol used (Elalouf et al,
2024). Redocking was performed between
the native ligand, meclofenamic acid, in the
5IKQ structure and the COX-2 receptor. The
results are presented in Figure 2. Based on
this  figure, the conformations of
meclofenamic acid before and after
redocking show no significant differences.
The RMSD obtained from the redocking
process was 0.45 A. The stability of the COX-
2-meclofenamic acid complex is supported
by two hydrogen-bond interactions
involving the amino acid residues Ser530
and Tyr385. These findings are consistent
with previous reports showing that Ser530
and Tyr385 are key residues involved in
ligand interactions with the COX-2 receptor
(Orlando & Malkowski, 2016). A valid
redocking result must produce an RMSD
value of less than 2 A, indicating that the
protocol used in this study is suitable for
subsequent docking analysis.

Figure 2. Superimposition of the native ligand
(green) and the ligand after redocking (orange).

Molecular docking calculations were
conducted to model the interaction between
proteins and ligands (Noureddine et al,
2021). In this study, docking was performed
between ten bioactive compounds from S.
androgynus and the 5IKQ receptor. Table 2
summarizes the binding energy values of
these compounds. All tested compounds
exhibited negative binding energies,
suggesting their potential as COX-2 enzyme
inhibitors. Visualizations of the native
ligand in 2D and 3D formats are provided in
Figure 3. Among all compounds,
corchoionoside =~ C demonstrated the
strongest affinity toward the target protein,
with the lowest binding energy value of -
9.57 kcal/mol. This value was lower than
that of the native ligand, which showed a
binding energy of -8.72 kcal/mol.

Table 2. Results of molecular docking calculations of bioactive compounds from Sauropus androgynus

against the inflammatory COX-2 receptor.

Bindin
No. Compounds PublCDh em Energ;'; Hydrogen Bonds
(kcal/mol)

1. ffgeacﬁﬁgemmlc acid  (native 537 872 Ser530; Tyr385

2. 2,4-Di-tert-butylphenol 7311 -7.29 ¥§?3§§fv¥§i§; A‘?;gg;& GIn192; Tle517;
3. Afzelin 5316673 -9.14 Ser353; Arg120; Phe518; GIn182
4. Kaempferol 5280863 -8.2 Trp387;Ala199; Thr206; Asn382
5. Corchoionoside C 10317980 -9.57 Tyr385; Trp387; Phe210

6. Quercetin 5280343 -8.19 Met522; Val349; Phe518; GIn192
7. 1-Methyl-2- pyrrolidineethanol 93363 -4.89 Tyr385

8. Favipiravir 492405 -4.81 Ser530; Asn375
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9. 2-Acetylpyrrolidine 550747
10. 2-Methoxy-4-vinylphenol 332
11. Morpholine 8083

Molecular Docking And Dynamics ...

-5.05 Trp387; Thr206
-5.64 Tyr385
-4.52 Phe529; Asn375

TYR3B5

Lower binding energy indicates
stronger ligand affinity, thereby increasing
the likelihood of inhibition (Shivanika et al,,
2022). The hydroxyl group (-OH) of
corchoionoside C interacted at the active
site through hydrogen bonds involving the
amino acid residues Tyr385, Trp387, and
Phe210, as visualized in Figure 4b. The bond
lengths formed with these residues were
1.87, 1.67, and 2.00 A, respectively, as
shown in Figure 4a. The catalytic residue
Tyr385 is associated with the conversion of
arachidonic acid to prostaglandins through
electron transfer to heme, initiating the
formation of a tyrosyl radical at the COX
active site (Harshitha et al, 2022).

Interactions.

van der Waals

Conventional Hydrogen Bond

[ ot
D Pr-Akyl

B s
Figure 3. (a) Native ligand 3D complex, (b) Native ligand 2D complex

Hydrogen bonds play a crucial role in drug-
receptor interactions and in maintaining the
structural stability of biological components
such as proteins (Ust et al, 2024). The
presence of these interactions may inhibit
active sites and decrease COX enzymatic
activity by reducing the synthesis of pro-
inflammatory prostaglandins (Smith &
Malkowski, 2019). Corchoionoside C is
classified as a flavonoid. An experimental
study by Gayathiri et al. (2024)
demonstrated that bioactive compounds
from S. androgynus  exhibit anti-
inflammatory activity and are capable of
modulating pro-inflammatory mediators.

Interactions

[ ven der wadis [I] Pitonerair
I Conventonsl Hydrogen ond [ Aot
[ CerbontytrogenBond [ syt

Figure 4. (a) Corchoionoside C 3D complex, (b) Corchoionoside C 2D complex.

The next compound identified with a
relatively strong interaction toward the
target receptor was afzelin, with a binding
energy of -9.14 kcal/mol. Afzelin formed

four hydrogen bonds but did not share
residue similarities with the native ligand in
these interactions, as depicted in Figure 5.
The amino acid residues involved and the

279

Copyright © 2025 WIC | ISSN 2621-5985 (online) | ISSN 2549-385X (print)

Volume 8, Nomor 2, 2025



Aisyah, W. Utami, A. Faadila

corresponding bond lengths were Ser353
(2.08 and 2.13 A), Arg120 (3.00 and 2.76 A),
Phe518 (2.38 A), and GIn182 (1.83 A).
Figure 5b illustrates the interaction types
for each amino acid residue. A single amino
acid residue may exhibit two different bond
lengths due to intermolecular and
intramolecular interactions. Khalipa et al
(2021) reported that afzelin provides a
protective effect against UV-induced
damage in human Kkeratinocytes and
epidermal equivalents, which is crucial in
managing inflammation-related skin
injuries. This compound also shows
inhibitory activity against several pro-

inflammatory mediators such as tumor
necrosis factor-a, IL-6, and PGE2.

Hong et al. (2025) further
demonstrated through in vitro studies that
afzelin  modulates inflammatory and
lipogenic responses, as indicated by reduced
expression of IL-6, IL-13, and COX-2 in
Cutibacterium acnes (SZ95)-stimulated
sebocytes and particulate-treated cells.
Afzelin also inhibits neuroinflammation by
suppressing MAPK and NF-xB
phosphorylation signaling pathways (Lim et
al., 2023). Meanwhile, quercetin,
kaempferol, and 2,4-di-tert-butylphenol
exhibit binding energies around -8
kcal/mol.

ARG
A:120

2 7
GLN) 1LE GLY; E £:385
A192 A517 526 AI'E%IZ g

A:5Th TRP.
MET A
MEL Ase7

Interactions

i4 van der Waals D Amide-Pi Stacked
I Conventional Hydrogen Bond [ Axv

Carbon Hydrogen Bond | 7\ Pi-Akyl

B soms

Figure 5. (a) Afzelin 3D complex, (b) Afzelin 2D complex.

Absorption, Distribution, Metabolism,
Excretion, and Toxicity (ADMET)

The ADMET properties of a molecule
describe its absorption, distribution,
metabolism, excretion, and toxicity within
the human body. These properties form the
pharmacokinetic profile of a drug molecule
and are essential for evaluating its
pharmacodynamic activity. Based on Table
3, among all the medicinal chemistry
parameters assessed, only corchoionoside C
satisfied Lipinski’s Rule of Five, Pfizer’s rule,
GSK’s rule, and the Golden Triangle,
indicating its potential suitability as an oral
drug candidate. Afzelin violated the GSK
rule due to its molecular weight of 432.110
Da. The GSK rule is fulfilled when MW < 400
and logP < 4 (Abedin et al, 2024).
Meanwhile, the native ligand violated two
medicinal chemistry parameters, both the
GSK and Pfizer rules. Afzelin also had a logP
value of 5.133, which further violated he
rule. The Pfizer and GSK rules predict that
280

meclofenamic acid may pose long-term side
effects that should be carefully considered.
Therefore, optimization of the formulation
is required during drug development.

The human intestinal absorption
(HIA) value indicates the extent to which an
active compound is absorbed in the human
intestine. A compound is classified as well
absorbed when its HIA% falls within the
acceptable range of -0.01 to 0. Poor
absorption  affects the compound’s
distribution and metabolism, which may
increase the risk of neurotoxicity and
nephrotoxicity (Utami et al, 2024).
Corchoionoside C exhibited a poor HIA
value because it exceeded the threshold,
with a score of +0.903. All compounds
showed low probability as P-glycoprotein
(Pgp) inhibitors, while corchoionoside C and
afzelin demonstrated high probability as
Pgp substrates, with scores of 0.987 and
0.984, respectively.
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Corchoionoside C showed a
relatively low plasma protein binding (PPB)
value of 68.847%. This PPB affinity reflects
the compound’s ability to bind strongly to
plasma proteins (Veligeti et al, 2020).
Meclofenamic acid, on the other hand, had a
PPB value of more than 90%, indicating
poor PPB characteristics. Highly bound
compounds tend to remain in plasma and
have limited penetration into peripheral
tissues. Standard blood-brain barrier (BBB)
permeability is considered good when the
log BB value ranges from 0 to 0.3. As shown
in Table 3, all compounds and the native
ligand demonstrated acceptable BBB
permeability, with log BB values of 0.154,

Molecular Docking And Dynamics ...

0.016, and 0.133, respectively. The volume
of distribution (VD) parameter describes
the compound’s distribution capacity in
vivo. A VD < 0.07 L/kg indicates strong
plasma protein binding for highly
hydrophilic compounds (Mashkani et al.,
2023). Corchoionoside C and meclofenamic
acid exhibited VD values of 0.515 and 0.268,
respectively. Afzelin, however, showed a
much higher VD value of 0.903, suggesting
that the compound is lipophilic. The
unbound fraction in plasma (Fu) is a key
determinant  of drug efficacy in
pharmacokinetic and pharmacodynamic
evaluations.

Table 3. ADMET prediction of Sauropus androgynus compounds.

Parameters Corchoionoside C Afzelin Meclofe-namlc
Acid

Medicinal Chemistry
Lipinski rule accepted accepted accepted
Pfizer rule accepted accepted rejected
GSK rule accepted rejected rejected
Golden triangle accepted accepted accepted

Absorption
Human intestinal absorption +++(0.903) - (0.142) - (0.003)
(HIA)
Caco-2 permeability (log cm/s) -5.714 -6.031 -4.472
P-glycoprotein inhibitor --(0.141) --- (0.026) --- (0.001)
P-glycoprotein substrate +++ (0.984) +++ (0.987) --- (0.002)
F20% --- (0.015) --- (0.007) --- (0.001)
F30% +++ (0.969) +++ (0.989) ---(0.01)

Distribution
Plasma protein binding (PPB) (%) 68.847 92.642 99.281
Blood-brain barrier penetration

--(0.154 --- (0.016 --(0.133

(BBB) (cm/s) ( ) ( ) ( )
Volume distribution (L/kg) 0.515 0.903 0.268
Fu (%) 28.993 8.466 0.843
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Metabolism
CYP1A2 inhibitor --- (0.008) +(0.556) +(0.502)
CYP1A2 substrate --(0.134) --- (0.068) ++(0.872)
CYP2C19 inhibitor --- (0.02) --- (0.043) --(0.191)
CYP2C19 substrate ++(0.778) --- (0.055) --(0.142)
CYP2C9 inhibitor --- (0.003) -- (0.229) +(0.699)
CYP2C9 substrate --- (0.067) ++ (0.86) ++(0.711)
CYP2D6 inhibitor --- (0.001) +(0.528) -- (0.245)
CYP2D6 substrate --- (0.09) --- (0.191) -- (0.115)
CYP3A4 inhibitor --- (0.008) ---(0.311) -- (0.109)
CYP3A4 substrate -- (0.287) ---(0.021) --(0.132)

Excretion
Half-time (t1/2) 0.791 0.780 0.536
Clearance 1.790 5.030 1.217

Toxicity
Human hepatotoxicity --(0.29) --(0117) ++ (0.84)
hERG blockers ---0.034) --- (0.034 --- (0.06)
Rat oral acute toxicity - (0.452) --(0.136) ++ (0.751)
AMES toxicity -- (0.23) ++(0.791) --- (0.017)
Drug-induced liver injury - (0.383) +++ 0.978 +++ (0.986)
Carcinogenicity ++ (0.885) --- (0.059) - (0.345)
FDAMDD +++(0.902) --- (0.035) -- (0.202)
Skin sensitization --(0.26) ++ (0.808) +(0.553)
Eye corrosion --- (0.003) --- (0.003) --- (0.004)
Eye irritation --- (0.015) - (0.427) --- (0.078)
Respiratory toxicity +++(0.913) --- (0.059) +++(0.937)

Cytochrome P450 (CYP) is the most
important enzyme family involved in drug
metabolism, mediating the
biotransformation of endogenous and
xenobiotic compounds (Zhou et al,, 2021).
Approximately 75% of marketed drugs are
metabolized by CYP enzymes, primarily
through five major isoforms: CYP1AZ2,
CYP3A4, CYP2C9, CYP2C19, and CYP2DG6.
Based on the prediction results,
meclofenamic acid is identified as a
substrate for CYP1A2 and an inhibitor of
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CYP2C9. Meanwhile, corchoionoside C is
predicted to function only as a substrate for
CYP2C19, whereas afzelin acts as a
substrate for CYP2C9. The excretion profile
of a compound can be evaluated using total
clearance and half-life parameters (Siswina
et al, 2023). A shorter half-life indicates
that the compound is less likely to
accumulate excessively in the body, thereby
reducing toxicity risks associated with
accumulation. Corchoionoside C, afzelin, and
meclofenamic acid exhibited half-lives of
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0.791, 0.780, and 0.536 hours, respectively.
Afzelin demonstrated the highest total
clearance at 5.030 mL/min/kg. A compound
is considered favorable in this category if its
clearance value is =5 mL/min/kg. In
contrast, corchoionoside C and
meclofenamic acid had clearance values

The potential compounds also show
acceptable liver safety based on human
hepatotoxicity predictions, although
meclofenamic acid displays a positive (+)
signal, suggesting a possible risk of liver
damage. The drug-induced liver injury
(DILI) score of 0.383 for corchoionoside C
further indicates a low potential to cause
hepatic injury. The Ames test prediction was
used to evaluate the mutagenic potential of
each compound for genotoxicity
assessment.

Molecular Docking And Dynamics ...

Frontier Molecular Orbital (FMO)

FMO was computed based on the
optimized structures. Electronic parameters
were calculated using the DFT approach to
describe the conductivity, biological
properties, chemical reactivity, Kinetic
stability, and spectroscopic characteristics
of the bioactive compounds. These
parameters included the highest occupied
molecular  orbital (HOMO), lowest
unoccupied molecular orbital (LUMO), and
the energy gap (Isravel et al, 2021). FMO
was calculated using Becke’s three-
parameter hybrid exchange-correlation
functional (B3LYP)/6-31G based on the
optimized geometry. The HOMO and LUMO
energy levels were determined based on
changes in orbital occupancy from filled to
empty states (Shivaleela et al.,, 2023). The
visualization of the HOMO, LUMO, and
energy gap values is presented in Table 4.

Table 4. Frontier orbital interpretation of bioactive compounds in Sauropus androgynus based on

DFT/B3LYP calculations.

Compounds LUMO (eV)

HOMO (eV) AE (eV)

Meclofenamic acid

Corchoionoside C

Afzelin

-1.696

4.254

4,228
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Meclofenamic acid, as the native
ligand, had a HOMO value of -5.612 eV and a
LUMO value of -1.358 eV. Corchoionoside C
exhibited HOMO and LUMO values of -6.352
eV and -1.560 eV, respectively. Analysis of
its orbital distribution shows that the HOMO
is primarily centered on the carbonyl atom,
whereas the LUMO is concentrated on the
alkene group, indicating the presence of an
electrophilic site in the LUMO region. In
comparison, afzelin had a HOMO value of -
5.924 eV and a LUMO value of -1.696 eV.
The orbital distribution in afzelin is more
delocalized throughout the molecular
framework, rather than being localized on a
specific functional group. This
delocalization reflects strong electronic
flexibility (Bakti & Martoprawiro, 2024).

The energy difference between the
HOMO and LUMO orbitals, known as the
energy gap, represents the molecular
stability and plays a crucial role in
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determining the spectroscopic behavior of a
chemical structure (Ariefin & Alfanaar,
2023). Meclofenamic acid had a smaller
energy gap (4.254 eV) than corchoionoside
C (4.792 eV), indicating favorable molecular
stability and electron transfer potential.
Meanwhile, afzelin exhibited the smallest
energy gap (4.228 eV), suggesting higher
chemical reactivity and stronger
intramolecular charge-transfer capabilities
due to its conjugated system (Akbari et al.,
2024). A smaller energy gap generally
indicates that electron excitation occurs
more readily and that intramolecular
electronic  transitions become more
pronounced (Bakti & Martoprawiro, 2024).
This is often associated with a higher
excited-state dipole moment, which may
enhance the compound’s ability to interact
with biological targets such as the COX-2
enzyme through polar or electrostatic
interactions.
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Figure 6. (a) Ca RMSD, (b) RMSD conf ligan, (c) Radius of gyration, (d) Total HBond, (e¢) RMSF, and (f)
MMPBSA complex corchoionoside C and Afzelin to native ligand.
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Molecular Dynamics Simulations

The movement of atoms is
integrated through molecular dynamics
simulations based on Newton’s equations of
motion (Puthanveedu & Muraleedharan,
2022). The thermodynamic stability
trajectory over a 100 ns period was
analyzed using parameters such as the
number of hydrogen bonds, Ca RMSD,
ligand RMSD, radius of gyration, RMSF, and
MMPBSA, as interpreted in Figure 5 (Sohrab
& Kamal, 2022). Molecular dynamics
simulations were performed on the
conformers of corchoionoside C and afzelin,
as both exhibited the lowest binding
energies in the molecular docking
calculations. Corchoionoside C formed the
highest number of hydrogen bonds
throughout most of the simulation, followed
by afzelin, while the native ligand generated
the lowest number of hydrogen bonds.

Stabilization of the protein structure
through hydrogen bonding occurred
between the hydrogen atoms of the amide
group and the electronegative atoms of the
carbonyl group in the protein backbone
(Ghahremanian et al, 2022). At 48 ns,
corchoionoside C successfully formed 15
hydrogen  bonds. Hydrogen  bonds
contribute significantly to the stability and
specificity of protein-ligand complexes and
influence binding affinity as well as
conformational changes. Corchoionoside C
also showed a higher average number of
hydrogen bonds (9.504) compared with
afzelin (8.986). The average number of
hydrogen bonds reflects the frequency and
strength of possible interactions (Thapa et
al, 2024). This suggests a stronger and
broader interaction profile between
corchoionoside C and the protein,
potentially contributing to higher binding
affinity and increased site stability.
Hydrogen bonds play a central role in
stabilizing  protein-ligand  complexes,
particularly in terms of specificity,
metabolic behavior, and bioavailability
(Gayathiri et al, 2024). Therefore,
hydrogen-bonding interactions are essential
considerations in rational drug design.

The RMSD value during MD
simulations is a critical parameter that

Molecular Docking And Dynamics ...

reflects the integrity of conformational
stability. A low RMSD indicates a more
stable complex, whereas wide oscillations
or high RMSD values indicate instability in
the protein-ligand complex (Azimi et al,
2021). Figure 6a shows that corchoionoside
C exhibited the highest Ca RMSD value at
2.96 A. In contrast, meclofenamic acid and
afzelin  displayed lower  maximum
deviations of 256 A and 247 A
respectively.

In addition to calculating the RMSD
of the entire complex, the YASARA program
also allows ligand-specific RMSD analysis to
evaluate conformational stability.
Compounds from S. androgynus and the
native ligand exhibited relatively stable
ligand RMSD values. Figure 6b shows that
afzelin experienced slight fluctuations
during the 80 ns simulation period,
although these changes were not significant.
These conditions correlate with the binding
energy data, which indicate that afzelin has
a higher binding energy compared to
corchoionoside C. This difference may be
attributed to conformational adjustments in
the afzelin ligand structure during the
simulation. Meanwhile, corchoionoside C
showed an RMSD range of 0.5-1.8 A
throughout the simulation.

The RMSF values indicate the
mobility and flexibility of each amino acid
residue in the protein throughout the
simulation (Zrieq et al., 2021). The highest
RMSF fluctuation was observed in the loop
region at residue 33,825 of the
corchoionoside C complex, with a value of
24.853 A. High deviation and fluctuation
during a simulation may indicate structural
deformation and reduced stability. The
RMSF counterplot of afzelin showed
fluctuations of 4.56 and 4.29 A at residues
48 and 341, respectively. The average root
mean square distance between the center of
gravity and the terminal atoms of the
molecule represents the Radius of Gyration
(Rg), which reflects the degree of
compaction in the protein structure. The Rg
profile indicates that all ligand-protein
complexes exhibited stable values within
the range of 24 to 24.9 A.
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MM-PBSA provides an integrated
approach for calculating binding free
energy, which is essential for evaluating the
affinity between a ligand and its receptor
(Rahman et al., 2021). The average MM-
PBSA binding energies of the bioactive
compounds in S. androgynus showed
positive values, whereas meclofenamic acid,
the native ligand, exhibited negative values.
The MM-PBSA calculations in YASARA
Dynamics employed the AMBER14 force
field, where more positive binding energies
indicate stronger ligand-target interactions.
Corchoionoside C demonstrated an average
MM-PBSA energy of 403.617 k]J/mol, while
afzelin showed 25.441 kJ/mol. In contrast,
the native ligand meclofenamic acid showed
an average value of -198.629 k] /mol.

Conclusion

The molecular docking results
indicate that several compounds from S.
androgynus exhibit lower binding energies
than the native ligand. Corchoionoside C and
afzelin emerged as the most potent COX-2
inhibitors, with binding energies of -9.57
and -9.14 kcal/mol, respectively. Protein
network analysis using STITCH further
confirmed interactions within the Homo
sapiens biological system. Additional
analysis revealed that the active site of
corchoionoside C formed key hydrogen
bond interactions with amino acid residues
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