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ABSTRACT

Oxidative stress results from an imbalance between
reactive oxygen species (ROS) and the body's
antioxidant defense system, contributing to various
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degenerative diseases. The enzyme Lipoxygenase | - e = | ommdons
(LOX) plays a crucial role in ROS formation; thus, its ,ﬂ&%,&:ﬂ B 8| sa‘a»ce«j[:"
inhibition offers a strategic approach to mitigate oxidative <"}

damage. This study aims to evaluate the potential of
bioactive compounds from Jatropha curcas L. leaves as
LOX inhibitors using in silico approaches. The target
protein (Human 15-LOX, PDB ID: 7LAF) and ligand structures were retrieved from the Protein Data Bank
and PubChem. Flexible molecular docking simulations were performed using YASARA Structure to
accommodate receptor side-chain adjustments, validated against the native ligand (XRP) and a positive
control (Zileuton). The results revealed that Naringenin-7-O-f3-D-glucopyranoside exhibited the strongest
binding affinity (—10.41 kcal/mol), surpassing both the native ligand (-9.03 kcal/mol) and Zileuton (-7.48
kcal/mol), driven by extensive hydrogen bond networks with residues ASN173 and ASP625. Meanwhile,
the aglycone (-)-Pinoresinol demonstrated competitive affinity (—8.80 kcal/mol) stabilized by hydrophobic
interactions with PHE88 and TRP109. While glycosides showed superior potency, (-)-Pinoresinol and
Epicatechin were identified as the most rational oral drug candidates, fulfilling Lipinski’s Rule of Five and
demonstrating high intestinal absorption (>90%) in ADMET analysis. These findings provide a structure-
based rationale for selecting J. curcas metabolites as promising LOX inhibitor candidates for further in
vitro validation.

X3P -8.03

Keywords: Molecular docking; Jatropha curcas; Lipoxygenase; Antioxidant; Oxidative stress.

*Corresponding Author: fahmisadik@unkhair.ac.id

How to cite: F. Sadik, W. O. Rufiyani, and M. F. R. H. Yusuf, “Molecular Docking Analysis of Bioactive
Compounds from Jatropha Curcas L. Leaves As Lipoxygenase Inhibitors and Antioxidant Candidates,”
JKPK (Jurnal Kimia dan Pendidikan Kimia), vol. 10, no. 3, pp. 564-579, 2025. [Online]. Available:
https://doi.org/10.20961/jkpk.v10i3.110639

Received: 2025-11-04 Accepted: 2025-12-12 Published: 2025-12-31

INTRODUCTION [1]. Within this biochemical pathway, the
o ) enzyme Lipoxygenase (LOX) assumes a
Oxidative stress, triggered by the

pivotal role as a pro-oxidant, facilitating the

accumulation of Reactive Oxygen Species
(ROS) and Reactive Nitrogen Species (RNS),
has the potential to induce biomolecular
damage, ultimately leading to apoptosis,

necrosis, and a range of cellular pathologies

oxidation of polyunsaturated fatty acids to
hydroperoxide [2]. The catalytic function of
LOX the

generation of reactive species that intensify

substantially contributes to

@00
B =
®2025 The Authors. This open-

access article is distributed
under a (CC-BY-SA License)

564


http://jurnal.uns.ac.id/jkpk
mailto:fahmisadik@unkhair.ac.id
https://doi.org/10.20961/jkpk.v10i3.110639
https://doi.org/10.1038/s41420-024-02278-8
https://doi.org/10.1016/j.arres.2023.100061

JKPK (Jurnal Kimia dan Pendidikan Kimia), Vol. 10, No. 3, 2025, pp. 564-579 565

oxidative stress, inflammation, and
carcinogenesis [2]. Consequently, inhibiting
the activity of this enzyme emerges as a vital
strategy for alleviating oxidative stress. Such
a central role renders LOX a highly pertinent
molecular target for in silico screening studies
of natural inhibitors.

Antioxidants play a significant role in
mitigating the detrimental effects of free
radicals on biological and food systems [3].
Despite the demonstrated efficacy and cost-
effectiveness of synthetic antioxidants such
as Butylated Hydroxyanisole (BHA) and
Butylated Hydroxytoluene (BHT), their
application is increasingly curtailed by
international food safety regulations [4].
Toxicological investigations indicate that
prolonged exposure to these compounds
may pose carcinogenic risks and induce
mutagenesis [4]. The apprehensions
surrounding the adverse effects of these
synthetic agents have galvanized the
scientific community to intensify the quest for
natural antioxidant alternatives that exhibit
comparable effectiveness while maintaining
an improved safety profile.

Leaves of Jatropha curcas L. represent
a promising source of natural antioxidant
candidates due to their richness in secondary
metabolites [5], with the ethanol extract of its
leaves reported to exhibit robust antioxidant
activity, evidenced by an IC50 value of 32.83
pg/mL in the DPPH free radical capture assay
[6]. Furthermore, the leaves of this species
possess a considerable total phenolic
content, quantified at 56,659 yg GAE/g [7].

Flavonoid compounds within this
botanical family are acknowledged for their
substantial  inhibitory

activity  against

oxidoreductase enzymes, including
Lipoxygenase (LOX) [8], typically via
competitive interaction mechanisms or
chelation formation [9]. It is this empirical
substantiation of flavonoids' capacity as LOX
inhibitors that renders them highly suitable
candidates for further examination through
computational methodologies.
Molecular docking is frequently

employed to elucidate interaction
mechanisms by predicting binding modes
and binding affinities between phytochemical
ligands and target macromolecules such as
Lipoxygenase (LOX) enzymes [10]. While the
antioxidant capacity of the crude extract of
Jatropha curcas leaves has been extensively
documented [11], to the best of our
knowledge, data regarding the molecular
interactions of its secondary metabolites
specifically with the crystal structure of
Human 15-Lipoxygenase (GDP ID: 7LAF)
remain markedly limited.

This study aims to investigate the
potential of selected bioactive compounds
derived from Jatropha curcas L. leaves as
antioxidants through molecular docking
simulations against Lipoxygenase (LOX)
enzymes, while also assessing their
pharmacokinetic and toxicity profiles via
ADMET

outcomes of this research are expected not

prediction. The  anticipated
only to bolster the utilization of local biological
resources in the formulation of herbal
medicines but also to furnish a structure-
based rationale for identifying potential LOX
inhibitor candidates from Jatropha curcas
leaves prior to advancing to subsequent in

vitro testing phases.
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METHODS

1. Equipment and Materials

Computational analysis was
conducted using a personal computing
device running Windows 11 Pro (64-bit),
equipped with an Intel Core i5 processor and
32 GB of RAM. The requisite macromolecular
structures and ligand compounds were
procured from the Protein Data Bank (PDB)
and PubChem databases. Furthermore, the
software employed for molecular modeling
and simulation encompasses YASARA
Applications and Discovery Studio Visualizer
(DSV) 2025 Client v25.1.0. Subsequently,
ADMET Analysis was executed utilizing the
pkCSM web server.

The target protein used in this
investigation is the crystallographic structure
of Human 15-Lipoxygenase (PDB ID: 7LAF),
which was obtained from the Protein Data
Bank. Conversely, the chemical structures of
the test ligand compounds were retrieved
from the PubChem database in a two-
dimensional data format. The test ligands
comprised selected secondary metabolites
derived from phytochemical analyses of
Jatropha curcas L. [12]. The selection criteria
were previously established based on the
availability of structural data within the
PubChem database, as well as the structural
diversity that represents groups of flavonoids,
lignans, and phenolic glycosides.

Zileuton® was incorporated as a
positive control alongside the native ligand
(XRP) to support comparative evaluation of
binding activity [13]. The selected test
compounds included Naringenin-7-O-3-D-
Pinoresinol-4'-O-3-D-

glucopyranoside, Buddlenol D, Isovitexin,

glucopyranoside,

Syringaresinol-4'-O-3-D-glucopyranoside,
(2S,3S)-Epicatechin,
(2R,3S)-

(-)-Pinoresinol,

Chamaejasmin,
(2R,3R)-Dihydroquercetin,
Catechin,

Isoneochamaejasmin A, (-)-Syringaresinol,

and Neochamaejasmin B.

2. Ligand Preparation

The preparation of ligands was
meticulously executed to obtain a stable and
representative molecular conformation prior
to conducting molecular docking analyses
against the Lipoxygenase enzyme (7LAF). All
test compounds derived from the foliage of
Jatropha curcas L. were effectively prepared
and transformed into three-dimensional (3D)
representations. The ligand structures were
sourced from the PubChem database in SDF
format. Subsequently, a comprehensive
geometry
undertaken utilizing the YASARA Structure

software. During this phase, an energy

optimization  process was

minimization experiment was conducted to
refine the molecular geometry, rectify bond
lengths and angles, and mitigate unnatural
steric  interactions, until the  most
thermodynamically stable 3D configuration
was attained [14]. This optimization phase
ensures that the entire set of test compounds
possesses optimal structural integrity and
suitable force field parameters prior to
engagement with the enzyme active site in

the tethering simulation [15].

3. Lipoxygenase Protein Preparation
Lipoxygenase proteins identified by
PDB ID 7LAF were acquired from the Protein
Data Bank and subsequently processed
utilizing YASARA software. The initial phase

of the preparation involves the meticulous
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cleaning of the  structural model,
encompassing the elimination of non-
essential crystallographic water molecules
and the disassociation of the native ligand

from the principal protein backbone. This

particular stage is designed to streamline the
simulation environment and mitigate solvent
interference within the active site [16].
Visualization of the prepared Lipoxygenase

structure is presented in Figure 1.

Figure 1. Lipoxygenase Protein (PDB ID: 7LAF)

The protein structure was then
optimized to improve hydrogen atom
orientation, residue protonation states, and
tautomeric forms under physiological
conditions at pH 7.4. Protonation assignment
was performed to represent realistic
ionization of titratable residues, including
selection of appropriate histidine tautomers,
while hydrogen atoms were refined to
stabilize the hydrogen bonding network and
minimize steric clashes. The AMBEROS3 force
field parameters are subsequently applied
automatically to assign atomic charges and
potential energy parameters throughout the
entire protein structure, eliminating the need

for manual charge assignments. This refined

protein structure  was  subsequently
designated as a receptor for simulated

docking.

4. Docking Method Validation

The validation process for the docking
methodology is conducted to ascertain the
precision of ligand positioning and the
dependability of the employed simulation
protocol. This validation is performed by
executing a redocking simulation of the initial
ligand (XRP) within the active site of the
target protein. The parameters for the
simulation, encompassing definitions of
search space and tethering algorithms, are

established to be identical to those employed
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during the simulation phase of the test ligand
(production run).

The tethering region (simulation cell) is
delineated around the initial ligand with
central coordinates of x = 106.44, y = 106.44,
and z = 106.44, along with spatial dimensions
of 90 x 90 x 90 A, thereby encompassing the
entirety of the active site residue. Simulations
are conducted by configuring the number of
repetitions (docking runs) to a total of 100
iterations. Upon the completion of the
redocking process, the conformation
exhibiting the lowest binding energy is
selected and overlaid with the crystal
structure of the original ligand to compute the
Root Mean Square Deviation (RMSD) value.
The validation procedure is deemed
successful and valid if the resultant RMSD

value is less than or equal to 2 A [16].

5. Molecular docking

Molecular docking simulations were
conducted employing tethering algorithms
integrated within the YASARA Structure
software [16]. In contrast to conventional
methodologies that preserve the rigidity of
receptors, this simulation adopts a flexible
paradigm wherein the side chains of amino
acid residues located at the active site are
permitted to exhibit mobility (side-chain
flexibility). This methodological framework is
designed to encapsulate the influence of
induced-fit modifications as ligands engage
with proteins, thereby yielding more precise
energy estimations.

Simulation parameters were defined
by performing 100 docking iterations for each
ligand to ensure thorough sampling of the

conformational space, and all test

compounds, including the native ligand
(XRP) and the positive control (Zileuton),
were docked using a chamber definition
consistent with the validation stage. The
resulting poses were ranked, and the
conformation showing the lowest (most
negative) binding energy alongside the most
stable interaction geometry was selected as
the optimal pose for subsequent molecular

interaction analysis [17].

6. Drug-likeness evaluation with
Lipinski's Rule of Five

The viability of the compound as a
potential oral pharmacological agent was
scrutinized through the lens of
physicochemical attributes indicative of drug-
likeness. The evaluative criteria
encompassed Lipinski's Rule of Five, which
includes parameters such as Molecular
Weight, logP, Hydrogen Bond Donors, and
Hydrogen Bond Acceptors, in addition to the
supplementary metric of Molar Refractivity
(40-130) [18]. This analytical process was
conducted utilizing structural information
derived from PubChem, which was
processed via the SCFBIO web server at IITD
(http://www.scfbio-iitd.res.in/software/
drugdesign/lipinski.jsp). This particular stage
of evaluation was implemented to determine
the bioavailability characteristics of the test
ligands, to prioritize compounds that not only
exhibit a robust binding affinity to LOX but
also meet the requisite criteria for being

considered effective oral pharmaceuticals.

7. ADMET study using pkCSM
The pharmacokinetic characteristics
and potential toxicity of the experimental

compounds were predicted through in silico
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methodologies utilizing the PKCSm web
server [19]. The assessment was not
confined to a finite set of specific parameters;
instead, it concentrated on numerous pivotal
ADMET descriptors, which included: human
intestinal absorption, status as a substrate for
P-glycoprotein, permeability across the
blood-brain barrier, central nervous system
(CNS) permeability,
cytochrome P450 enzymes (CYP2D6 and
CYP3A4), overall clearance, in addition to

interactions  with

toxicity metrics such as mutagenicity (AMES
assay) and hepatotoxicity. The quantitative
data acquired are subsequently analyzed
against the standard threshold values
outlined in the literature for classifying the
pharmacokinetic profiles of compounds as

‘favorable' or 'less favorable' [20].

8. Visualization of Ligand-Protein
Complexes

Molecular interaction analyses were
conducted on ligand conformations exhibiting
the highest binding affinity scores derived
from docking simulation outcomes. The
Discovery Studio Visualizer software was
used to identify specific non-covalent
interactions, including hydrogen bonding,
hydrophobic interactions, electrostatic
interactions, and -1 stacking. The results of
the analysis are illustrated in a two-
dimensional interaction diagram to elucidate
the crucial amino acid residues involved,
alongside three-dimensional visualizations to
provide a spatial understanding of the ligand
orientation within the active site of the target

protein [21].

RESULTS AND DISCUSSION

1. Docking Method Validation

Preliminary structural examination of
the Lipoxygenase protein complex (PDB ID:
7LAF) elucidated the orientation of the
endogenous ligand (XRP) occupying deeply-
seated hydrophobic binding pockets [22]. The
identification of the crystallographic position
of XRP delineates critical residues within the
active site, which subsequently serve as a
reference in the delineation of simulation
space coordinates for the validation
procedure.

The validation of the methodology was
executed by simulating (redocking) the
original ligand into the active site utilizing the
YASARA protocol [16]. According to the
analysis findings, an RMSD value of 1.913 A
was achieved (Table 1). The attainment of
this value, which remains beneath the 2 A
validity threshold, signifies that the docking
protocol employed possesses a high degree
of geometric fidelity in reproducing
crystallographic  configurations [23]. In
addition to the validity of geometry, this
simulation yields a Binding Energy of -9.05
kcal/mol, as determined by the YASARA
force field scoring function. This energy
measurement is further established as a
reference standard for evaluating the
competitive efficacy of test compounds.

The illustration presented in Figure 2
depicts an exact overlay between the ligand
obtained from redocking (represented in
blue) and the initial ligand (depicted in green).
Moreover, the analysis of interactions has
substantiated that the

configuration effectively preserved the

redocking

binding orientation towards critical residues
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located at the active site, which computational methodology  employed,
encompasses significant interactions with
PHE438 and GLU369. This consistency in

both structural and chemical aspects

thereby establishing a robust basis for
predicting molecular interactions involving
the test compounds derived from Jatropha

validates the curcas L. leaves.

dependability of the

Figure 2. Visualization of the overlap between the native ligand position before (green) and after
(blue) redocking

Table 1. Redocking results for Lipoxygenase method validation

Grid B Validation
rid Box RMSD (A) AG (kcal/mol)
X =106.44
Y = 106.44 1.913 -9.05
Z=106.44
The graphical representation in Figure Docking assessments targeted
2 llustrates a meticulous congruence selected secondary metabolites from

between the ligand obtained from redocking Jatropha curcas L. leaves representing

(depicted in blue) and the initial ligand flavonoids, lignans, and  glycosides.

highlighted the
abundance of phenolic hydroxyl (—OH)

(illustrated in green). The attainment of this Structural analysis

minimal RMSD value substantiates the

dependability of the employed flexible groups in flavonoid and lignan scaffolds as a

docking methodology, thereby establishing a

robust and validated computational

framework for  forecasting  molecular
interactions of the leaf test compounds from

Jatropha curcas L. in forthcoming analyses.

2. Molecular docking results

key driver of binding [24]. These —OH
moieties act as proton donors that strengthen
ligand recognition within the active site.
Hydrogen bonding networks were predicted
to form with important polar residues,
including GLU369 and THR431. Such
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interactions support stable accommodation
of the ligands in the LOX binding pocket.
YASARA based dynamic simulations
showed that glycone addition in glycosides
not steric  hindrance.

does cause

Glycosylation instead improved overall
complex stability [25]. Hydroxyl rich glycone
groups enabled additional polar contacts with
residues near the pocket periphery. Local
side chain flexibility supported these contacts
through an induced fit adjustment [26]. Such
interactions likely strengthened binding
persistence during the simulation.

Thermodynamic results in Table 2

show that all tested ligands produced
negative binding energies (AG < 0),
indicating spontaneous and stable

interactions [27]. Glycosides displayed the
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the
binding energy (—10.41 kcal/mol), followed by

glucopyranoside showed strongest
Pinoresinol 4' O 3 D glucopyranoside (—10.03
kcal/mol) and Buddlenol D (—9.91 kcal/mol).
These values surpassed the binding of the
native ligand XRP (-9.05 kcal/mol) and the

control drug Zileuton (-7.48 kcal/mol).

Conversely, aglycone compounds
such as (2S,38S) -Epicatechin (-8.95 kcal/mol)
and (-) -Pinoresinol (-8.80 kcal/mol)

demonstrate competitive interaction profiles
with affinities that are either comparable to or
marginally below that of the original ligand.
Despite possessing binding energies that are
somewhat inferior to those of their glycosidic
counterparts, these aglycone compounds
nonetheless exhibit remarkably strong and

specific interaction potentials at the enzyme's

highest predicted affinites among the catalytic site
compound set. Naringenn 7 O B D
Table 2. Binding energies and interacting residues of test ligands.
PubChem Ligand Name AG Interacting Residues
CID (kcal/mol)
1778842 XRP (native ligand) -9.05 HIS378, LEU415,
HIS373
60490 Zileuton® (control) -7.48 ARG618, LEU172, TRP109, PHES88S,
92794 Naringenin-7-O-3-D- -10.41 LYS175, TRP109, PHE88, TYRA408,
glucopyranoside GLU12
486614 Pinoresinol-4'-O-3-D- -10.03 ARG145, TYR149, TYR408,
glucopyranoside GLU191
157010307 Buddlenol D -9.91
162350 Isovitexin -9.70 ARG145, ASN173, HIS394, TYR107, TYR149,
445586343  Syringaresinol-4'-O-3-D- -9.13 ASN173, LEU172, LYS175,
glucopyranoside
155320 Chamaejasmin -9.11 ALA236, LEU326,
GLU234
182232 (2S,3S)-Epicatechin -8.95 ARG90, GLU12, PHESS, ASN173
439533 (2R,3R)- -8.86 ARG618, TRP109,
Dihydroquercetin
9064 (2R,3S)-Catechin -8.82 ARG145, ASP625, TRP109,
12309636  (-)-Pinoresinol -8.80 HIS394, SER177, TYR408,
12991583 Isoneochamaejasmin A -8.70 CYS323, GLN319, PRO469, PRO325, HIS231,
11604108 (-)-Syringaresinol -8.62 PHESS,
21636084 Neochamaejasmin B -8.59 ARG145, TRP109, VAL117,
Description:

-:]:] : Hydrogen bonds

I ] :Hydrophobic interactions [

:] van der Waals forces :

- Other bonds

: Electrostatic
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A comprehensive examination of the
molecular interaction dynamics associated
with ligands exhibiting optimal affinities is
presented in Table 3. In the complex formed
Naringenin-7-O-3-D-

glucopyranoside, the stability of bonds is

between

reinforced by an exceptionally intricate
network of interactions with residues located
in the active site. The principal interactions
encompass  polar ASP625,
ASN173, and ARG618, which contribute to

the formation of hydrogen and electrostatic

residues

bonds [28], alongside aromatic residues
PHE88 and TRP109 that
hydrophobic  stability

enhance
through  stacking
interactions [29].

Interaction dynamics involving crucial
residues, such as ASP625 and TRP109, are
also consistently detected in additional
candidate ligands, including (-)-Pinoresinol
and (2S,3S)-Epicatechin.
observations elucidate a pattern of conserved

These

interactions at the active sites of LOX
enzymes, wherein the residues function as
fundamental anchoring points that
accommodate a diverse array of ligand
structures, encompassing both aglycones
and glycosides [30]. Naringenin 7 O B D
glucopyranoside showed binding energies
stronger than both the native ligand XRP and
the positive control, supporting its position as
the most promising candidate in this study.
The main advantage of this ligand is its
inhibition

enhanced thermodynamic

potential, reinforced by an extensive
hydrogen bond network [31]. Despite the
glycosidic properties posing a challenge to
the parameters governing oral bioavailability,
the predominant strength of interaction
positions it as a priority candidate for
subsequent structural optimization, including
the modification of the sugar moiety to
achieve an equilibrium in its pharmacokinetic

profile while maintaining its inhibitory efficacy.

Table 3. Key residues and conserved interaction patterns in the LOX active site.

Residue Domlna_nt Frequency of Biological Role (Based on Model)
Name Interaction Type Occurrence
Hydrophobic . Aromatic residue forming the pocket wall,
TRP109 Interaction / Tr—r Dominant (8 of  providing an extensive hydrophobic surface for
Stacking 13 ligands) stacking interactions with ligand rings.
) Key polar residue forming hydrogen bond
ASN173 Hydrogen Bond High (5 of 13 networks, particularly with sugar moieties in
ligands) glycosides and hydroxyl groups in aglycones.
) ] Positively charged residue facilitating ionic
ARG407  Electrostatic/ High (5 of 13 interactions or salt bridges with polar ligand
Hydrogen Bond ligands) groups.
] Primary proton acceptor interacting with donor
AsPe25  Hydrogen Bond/ High (5 of 13 groups (such as phenolic -OH) to anchor the
Electrostatic ligands) ligand orientation.
] ) Aliphatic residue contributing to the stabilization
ILE403 Hydrophobic High (5 of 13 of the hydrophobic core via Van der Waals
Interaction (Alkyl) ligands) forces.
Hydrophobic
PHESS Interaction / TT—T1 Moderate (4 of Acts synergistically with TRP109 to establish a

Stacking 13 ligands)

stable aromatic environment for the ligand.
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3. Drug-likeness evaluation using
Lipinski’s Rule of Five

Physicochemical profiling in Table 4,
indicates a clear relationship between
predicted oral feasibility and ligand structural
class. The category of aglycone compounds,
which encompasses monomeric flavonoids
Epicatechin,

(such as Catechin,

Dihydroquercetin) and lignans (including
Pinoresinol, Syringaresinol, Buddlenol D),
exhibited complete adherence to Lipinski's
criteria. These specific compounds possess
a molecular weight below 500 Dalton, a
moderate logP value (less than 5), and an
optimal quantity of hydrogen bond donors
and acceptors, which is conducive to passive

membrane permeability.
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the

compounds

Conversely, categories  of
(for

Naringenin-7-O-glucoside and pinoresinol-4'-

glycoside instance,
O-glucoside), along with biflavonoids (such
as Chamaejasmin and Neochamaejasmin),
consistently fail to meet drug likeness criteria.
This shortcoming is primarily attributable to a
dual violation regarding the parameters of
hydrogen bond donor/acceptor ratios and
elevated molecular weight, which arises from
the incorporation of sugar moieties or dimeric
configurations. These indicate that, despite
showing strong inhibition potential in docking,
glycosides may face reduced oral
bioavailability compared with more drug like

aglycone compounds.

Table 4. Drug-likeness results based on Lipinski's Rule of Five

Parameter
. Molecular Mo!ecular Log Hydrog Hydrogen Molar . N
Ligand Name Formula  Weight P en Bond Bond Refractive ~Suitability
(<500) (<5) Donor Acceptor Index
(<5) (<10) (40-130)
Buddlenol D CagHss04 578 9.69 1 4 171.19 No
(2R,3S)-Catechin C15H1406 290 155 5 6 72.62 Yes
Chamaejasmin CasH2012 542 449 6 10 138.14 No
(-)-Syringaresinol C2H260s 418 321 2 8 106.79 Yes
(2S,3S)-Epicatechin C15H1406 290 155 5 6 72.62 Yes
Isoneochamaejasmin A CaoH2010 542 449 6 10 138.14 No
Isovitexin C21H20010 432 0.09 7 10 105.63 No
Naringenin-7-O-3-D- CoHonO 434 - 6 10 102.93 No
glucopyranoside 21112210 0.02
Neochamaejasmin B C30H22010 542 449 6 10 138.14 No
(-)-Pinoresinol CooH206 358 319 2 6 93.68 Yes
Pinoresinol-4'-O-B3-D- 520 066 5 1 126.41 No
: CasH32011
glucopyranoside
Syringaresinol-4'-O-3-D- 580 068 5 13 139.52 No
H C28H36O13
glucopyranoside
(2R,3R)-Dihydroquercetin C1sH1207 304 119 5 7 73.25 Yes

Note: Bold numbers indicate violations of Lipinski's Rule of Five

4. ADMET study using pkCSM

The pharmacokinetic characteristics

and toxicity of the compound were assessed

using in silico methodologies (Table 5).

Regarding absorption,

the entire

test

compound demonstrated a satisfactory level

of intestinal permeability (greater than 30%)

in accordance with established

criteria. The

compound

literature

(-)-Pinoresinol

demonstrated the highest absorption rate of

93.29%,

bioavailability.

indicating

exceptional

Conversely,

oral

glycoside
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derivatives such as Syringaresinol-4'-O-3-D-
exhibited
absorption (32.59%), which is marginally

glucopyranoside reduced
above the minimum threshold, attributable to
the elevated polarity of the sugar moieties
[32].
transporters,

terms of associated efflux
the
categorized as a substrate of P-glycoprotein,
inhibit  the

accumulation of the pharmacological agent.

In

entire  compound is

which  may intracellular

Regarding distribution, the entire
compound exhibited logBB values of less

than 0.3 and logPS values of less than -2.

This  diminished permeability  profile
concerning the blood-brain barrier is
considered a beneficial attribute for

peripheral antioxidant agents, as it reduces
the likelihood of crossing into the brain
parenchyma and minimizes the potential for
neurotoxic adverse effects on the central
nervous system.

Metabolism predictions identified only
two compounds, (=) Pinoresinol and (-)
Syringaresinol, as CYP3A4 substrates. This
result indicates a potential risk of drug drug
interactions if co administered with CYP3A4
inhibitors or inducers. Future studies should
consider this possibility during compound
prioritization and experimental validation.
Other
metabolic stability toward CYP3A4 and
CYP2DE6 isoforms.

ligands were predicted to show

Table 5. ADMET analysis of compounds in Jatropha curcas L. leaves.

Absorption Distribution Metabolism Excretion Toxicity
o S >
® 2> > 2 o~ 2 =
= £ Es E5 o0g s s g 2 3
Compound £8- & omf8m oafa QFf SE S SE of & o
05 S Mo Yoo A0 Ao ‘65: -0 [ °
£8% @ WES “EQ 58 52 FEE  ES o 3
£2 5 §T §gT U6 ©a S &% £ %
o = < I
Syringaresinol-4-0O-B- 75 853 ves 0771 3146 No  Yes 0.255 No No No
D-glucopyranoside
(-)-Syringaresinol 44376 Yes -1.903 -4.174 No Yes 0.377 No No No
(-)-Pinoresinol 93.29 Yes -0439 -2975 No Yes 0.023 No No No
Pinoresinol-40-B-D- 53 365 ves .1.485 4003 No  Yes 0.39 No No No
glucopyranoside
Buddlenol D 77.285 Yes -2.031 -4.07 No No 0.521 No No No
(2R,3R)- . 64.709 Yes -0725 -3198 No  No -0.078 No No No
Dihydroquercetin
(2S,3S)-Epicatechin 68.829 Yes -1.054 -3.298 No No 0.183 No No No
(2R,3S)-Catechin 68.829 Yes -1.054 -3.298 No No 0.183 No No No
Isovitexin 64.729 Yes -1.375 -3.754 No No 0.442 No No No
Naringenin-7-O-B-D- 36 435 ves .1261 4053 No  No 0.378 No No No
glucopyranoside
Chamaejasmin 81.124 Yes -1.035 -3.216 No No -0.23 No No No
Neochamaejasmin B 81.124 Yes -1.035 -3.216 No No -0.23 No No No
Isoneochamaejasmin A 81.124 Yes -1.035 -3.216 No No -0.23 No No No
Grade requirement 230 - >0.3 2-2 - - Higher is better - - -

All
exhibit

clearance and a minimal likelihood of renal

compounds are anticipated to

low to moderate rates of total

excretion via the organic cation transporter 2
(OCT2).

assessment, neither compound is expected

Regarding toxicological
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to possess mutagenic properties (negative estimations; therefore, ongoing validation
Ames test) or hepatotoxicity. Nevertheless, it through in vitro toxicity assays is crucial to
is essential to emphasize that these findings ascertain the safety profile of the compound
are derived from computational model unequivocally.
(3A)
0% 2
— S A O
el | s i
i‘«‘ Eoo =
(3B)
e
A ﬁﬂ & ...
Arg90
(3C) %(\ .8 @
: s —).(?‘ ’ @ o .;__ -
= @ -}

Figure 3.3D binding modes of top J. curcas ligands within the Lipoxygenase active site (PDB:
7LAF). (A) Naringenin-7-O-B-D-glucopyranoside (highest affinity); (B) (-)-Pinoresinol
(optimal oral candidate); (C) (2S,3S)-Epicatechin; (D) Pinoresinol-4'-O-3-D-
glucopyranoside; (E) Buddlenol D. Ligands are rendered as sticks; dotted lines indicate
hydrogen bonds and hydrophobic contacts.



5. Ligand-Protein Complex Visualization
Five representative ligands were
selected for detailed binding mode analysis
in (Figure 3) based on two criteria: (1)
Maximum Inhibition Potential, represented
by (e.g.,
Naringenin-7-O-f-D-glucopyranoside,
Buddlenol D, and (2) Oral Drug Candidate

Profile, represented by aglycones balancing

high-affinity compounds

affinity with Lipinski compliance (e.g., (-)-
Pinoresinol). Visualization panels display the
(left),

(center),

3D binding orientation specific

molecular interactions and
comprehensive 2D residue maps (right).

Structural analysis of glycosides
(Figures 3A, 3D) reveals that the sugar
moiety stabilizes the complex via extensive
hydrogen bond networks with polar residues
at the pocket's lip (ASN173, ARG618,
ASP625). This polar interaction acts as a
secondary anchor, explaining the superior
affinity of glycosides (-10.41 and -10.03
kcal/mol) despite their larger volume.
Conversely, aglycones (Figures 3B, 3C)
penetrate deeper into the hydrophobic
pocket, stabilized by t—1 stacking with
conserved residues PHE88 and TRP109,
alongside H-bonds with ASP625 and
ARG407.

Uniquely, Buddlenol D (Figure 3E)
lacks classical hydrogen bonds, relying
instead on extensive hydrophobic and Van
der Waals contacts to achieve high affinity (-
9.91 kcal/mol), underscoring the role of
dispersion forces. The consistent interaction
of ASP625 and TRP109 across these
ligands identifies them as critical anchoring

points, suggesting that targeting these

576

residues is a rational strategy for optimizing
future LOX inhibitors.

CONCLUSION

Flexible molecular docking using
YASARA that

compounds from Jatropha curcas L. leaves

indicated bioactive

have potential antioxidant activity through
(LOX).

Naringenin 7 O 3 D glucopyranoside showed

inhibition of Lipoxygenase
the strongest predicted binding affinity (AG =
—-10.41 kcal/mol), outperforming both the
native ligand and the positive control,
Zileuton (AG = -7.48 kcal/mol). This high
affinity was supported by an extensive
hydrogen bonding network, particularly
involving ASN173 and ARG618. (-)
Pinoresinol and (2S,3S) Epicatechin also
exhibited favorable interactions, reinforced
by conserved hydrophobic contacts with
PHE88 and TRP109.

screening identified (-) Pinoresinol as the

Pharmacokinetic

most promising oral candidate due to full
compliance with Lipinski criteria and a more
favorable ADMET profile. These findings
provide a structure based rationale for
prioritizing  Jatropha  curcas  derived
compounds as LOX inhibitor candidates and
support further validation through in vitro

assays.
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