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ABSTRACT

Hyperlipidemia is a major metabolic disorder characterized by elevated levels of cholesterol and triglycerides, predisposing
individuals to atherosclerosis and cardiovascular diseases. Although statins remain the first-line therapy through inhibition of 3-
hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase, their long-term use is associated with adverse effects, including
hepatotoxicity and myopathy. This has fueled interest in identifying safer, plant-derived alternatives. Jatropha curcas, a medicinal
plant traditionally used for various ailments, is particularly rich in bioactive diterpenoids in its root extracts. These secondary
metabolites exhibit a wide spectrum of pharmacological properties, yet their potential in lipid-lowering therapy remains
underexplored.The present study aimed to evaluate the binding affinity and interaction profile of selected diterpenoids from J.
curcas roots against HMG-CoA reductase using molecular docking. Ligands were retrieved from published phytochemical reports
and optimized, while the crystal structure of HMG-CoA reductase (PDB ID: 1HWK) was prepared by removing water molecules and
heteroatoms. Docking was performed using AutoDock Vina, and results were visualized with Discovery Studio. Among the tested
compounds, [ Curcusone B] exhibited the lowest binding energy (-9.1 kcal/mol), forming stable hydrogen bonds with key active
site residues such as Lys735, Glu559, and Ser684, comparable to the reference drug atorvastatin. Other diterpenoids such as
[Jatropholone B (-8.9 kcal/mol)] also demonstrated favorable interactions, suggesting their potential as natural HMG-CoA
reductase inhibitors. These findings highlight the promise of J. curcas diterpenoids as lead candidates for hyperlipidemia
management, providing a strong rationale for further in vitro and in vivo validation. Overall, this study emphasizes the relevance of
in silico approaches in accelerating the discovery of plant-based lipid-lowering agents.
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INTRODUCTION central risk factor in the development of atherosclerosis, a
pathological condition in  which lipid-rich plaques
accumulate in arterial walls, leading to narrowing and
hardening of blood vessels. Over time, this progression
significantly increases the incidence of cardiovascular
diseases (CVD), including coronary artery disease,
myocardial infarction, and stroke. According to recent
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Hyperlipidemia is a widely prevalent metabolic disorder
characterized by elevated plasma concentrations of
cholesterol, triglycerides, and low-density lipoproteins
(LDL), often accompanied by reduced levels of high-density
lipoproteins (HDL). These dysregulated lipid profiles are a


http://ajprd.com/
http://dx.doi.org/10.22270/ajprd.v14i3.1765

Singh etal

epidemiological reports, cardiovascular complications
associated with hyperlipidemia account for a substantial
portion of global morbidity and mortality, underscoring the
urgent need for effective therapeutic strategies.

The current pharmacological standard for managing
hyperlipidemia is statin therapy. Statins are potent inhibitors
of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase, the rate-limiting enzyme in the mevalonate
pathway responsible for cholesterol biosynthesis in the liver.
By competitively binding to the active site of HMG-CoA
reductase, statins reduce hepatic cholesterol synthesis,
leading to upregulation of LDL receptors on hepatocyte
surfaces and enhanced clearance of LDL cholesterol from
circulation. This dual mechanism effectively lowers plasma
LDL concentrations, thereby reducing the risk of
atherosclerotic cardiovascular events.(11)

Despite their established efficacy, statins are associated with
several clinical limitations. Long-term statin use is linked to
adverse effects such as hepatotoxicity, —myopathy,
rhabdomyolysis, and, in some cases, new-onset type 2
diabetes. Additionally, inter-individual variability in
pharmacogenomics and drug response leads to incomplete
therapeutic outcomes in certain patient populations.
Economic factors also play a role, particularly in low- and
middle-income countries, where the high cost of prolonged
statin therapy can restrict patient adherence. Together, these
concerns have stimulated a growing interest in natural, plant-
based alternatives that may offer lipid-lowering potential
with fewer side effects and greater accessibility.

Medicinal plants have long been a cornerstone of traditional
healthcare systems, and in recent years, phytochemicals have
gained recognition as a valuable source of bioactive
compounds with therapeutic potential. Among such plants,
Jatropha curcas (Euphorbiaceae) has emerged as a species of
considerable  pharmacological interest.  Traditionally,
different parts of the plant have been used in folk medicine
for the treatment of inflammation, skin infections,
gastrointestinal disturbances, and wound healing. Modern
phytochemical investigations have revealed that J. curcas
roots are particularly rich in diterpenoids, a diverse class of
secondary metabolites with complex structures and broad
biological activities. These include cytotoxic, anti-
inflammatory, antimicrobial, and antioxidant properties.
Importantly, certain diterpenoids isolated from the roots of J.
curcas, such as curcusones, jatropholones, and
jatrocurcasenones, exhibit structural features that suggest
potential interactions with enzyme active sites, making them
attractive candidates for computational screening against
therapeutic targets like HMG-CoA reductase.

While numerous studies have focused on the phytochemistry
and pharmacological activities of J. curcas, the role of its
root-derived diterpenoids in lipid metabolism remains largely
unexplored. A few diterpenoid classes have been reported to
exert anti-inflammatory or cytotoxic effects, but systematic
evaluation of their potential as hypolipidemic agents is
lacking. In particular, there is limited evidence from
molecular docking studies, which serve as an efficient in
silico approach to predict binding affinities, interaction
profiles, and structure-activity relationships of natural
compounds with biological targets. Docking methods can
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provide critical preliminary insights into whether
phytochemicals may act as competitive inhibitors of enzymes
such as HMG-CoA reductase, thereby guiding subsequent in
vitro and in vivo studies.

This research aims to bridge the current gap by conducting a
molecular docking investigation of diterpenoids isolated
from the roots of J. curcas against HMG-CoA reductase. The
rationale for this approach is twofold. First, diterpenoids
possess structural diversity, including lactone rings, dienone
systems, and hydroxyl substitutions, which may favor stable
binding interactions within the enzyme’s active site. Second,
evaluating these compounds through computational docking
provides a cost-effective and time-efficient method to
identify promising lead molecules before embarking on
resource-intensive biological experiments.

In this study, selected diterpenoids were retrieved from
published phytochemical literature and optimized for
docking analysis. The crystal structure of HMG-CoA
reductase was prepared by standard procedures, and docking
simulations were performed using AutoDock Vina, followed
by interaction analysis with Discovery Studio. Binding
affinities were compared with atorvastatin, the widely
prescribed reference drug, to evaluate the relative inhibitory
potential of the diterpenoids. Key hydrogen bonds,
hydrophobic contacts, and interaction residues were analyzed
to elucidate structure-activity relationships.

The findings of this work are expected to provide novel
insights into the hypolipidemic potential of J. curcas root
diterpenoids. By identifying compounds with favorable
docking scores and stable binding interactions, this study
contributes to the discovery of natural HMG-CoA reductase
inhibitors and supports the development of alternative
therapeutic strategies for hyperlipidemia. Ultimately, the
integration of phytochemistry with in silico molecular
modeling has the potential to accelerate drug discovery and
expand the pharmacological relevance of traditional
medicinal plants such as J. curcas.

MATERIALS AND METHODS
Ligand Retrieval and Optimization

The selected ligands were chosen based on previous
phytochemical investigations of Jatropha curcas, which
identified several diterpenoids and related compounds with
potential pharmacological activity. The key ligands included
Curcusone  A-D, Jatrophone,  Jatropholone  A/B,
Jatrophenone, and Jatrophaldehyde. These compounds were
reported in phytochemical studies by Chen et al. (1988) and
later confirmed by de Souza et al. (2007) as major
diterpenoid constituents of J. curcas roots and latex (1,2).

The 2D chemical structures of the ligands were retrieved
from the PubChem database wherever available (3). In cases
where compounds were not available in databases, they were
manually constructed using ChemDraw Professional
(PerkinElmer, USA) based on published structural
descriptions (4). The drawn 2D structures were then
converted to 3D conformations using Chem3D and further
energy minimized to obtain the most stable conformation for
docking studies (5), For optimization, the MM2 force field
was applied to minimize potential energy and stabilize bond
lengths, bond angles, and torsional strain (6). Each ligand
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was subjected to iterative minimization cycles until reaching
a minimum RMS gradient of less than 0.01 kcal/mol-A (7).
This step ensured that the structures were in their lowest
energy conformations, suitable for reliable docking analysis

(8).

In addition, physicochemical parameters of each ligand, such
as molecular weight, number of hydrogen bond donors and
acceptors, topological polar surface area (TPSA), and logP
values, were calculated using SwissADME (9). These
properties were further assessed against Lipinski’s Rule of
Five to predict oral bioavailability and drug-likeness
(10).Representative optimized 3D structures of ligands are
shown in Figure 1, confirming their readiness for use in
docking experiments against HMG-CoA reductase.

Ligand Preparation

The diterpenoid compounds reported from Jatropha curcas
roots were selected based on published phytochemical
literature. Major constituents such as curcusones (A-D),
jatropholones (A and B), jatrophone, jatrophenone, and
jatrophaldehyde were retrieved in 2D format from the
PubChem compound database
(https://pubchem.ncbi.nim.nih.gov).  In  cases  where
PubChem identifiers were unavailable, chemical structures
were sketched wusing ChemDraw Ultra 12.0 and
subsequently converted into 3D structures using Chem3D.
All ligands were optimized using the MMFF94 force field to
minimize steric strain and energy, ensuring geometrically
stable conformations for docking. Further energy
minimization was performed using Avogadro software
(version 1.2.0) to reduce potential energy until the molecules
reached convergence. The optimized structures were then
saved in PDBQT format, compatible with AutoDock Vina,
for molecular docking studies.

Protein Preparation

The 3D crystal structure of HMG-CoA reductase, the key
rate-limiting enzyme in cholesterol biosynthesis, was
retrieved from the Protein Data Bank (PDB ID: 1IHWK) at
a resolution of 2.0 A. The protein was prepared for docking
using AutoDock Tools (ADT).All crystallographic water
molecules, co-crystallized ligands, and heteroatoms were
removed to prevent interference with docking analysis. Polar
hydrogens were added to the protein to account for hydrogen
bonding interactions, and Kollman charges were assigned.
The prepared macromolecule was then saved in PDBQT
format for docking simulations.

Docking Software and Protocol

Molecular docking was carried out using AutoDock Vina
(version 1.1.2) integrated with PyRx 0.8 as the graphical
user interface. The active site of HMG-CoA reductase was
defined based on the coordinates of the co-crystallized ligand
(atorvastatin) to ensure accurate docking within the
biologically relevant binding pocket. The grid box
parameters were set as follows:

e Grid center (x, Y, z): 12.48, 35.62, 18.44

e Dimensions (A): 40 x 40 x 40

e Grid spacing: 1.0 A

These parameters ensured that the docking search space
encompassed the entire active site cavity. Exhaustiveness
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was set to 8 to balance computational efficiency and
accuracy.

Each diterpenoid ligand was docked into the prepared protein
structure, and the docking scores (binding affinity in
kcal/mol) were recorded. The output files were analyzed for
binding poses, interaction residues, and docking
conformations.

Validation of Docking Protocol

To validate the docking methodology, the co-crystallized
reference ligand atorvastatin was extracted from the
protein structure and re-docked into the active site of HMG-
CoA reductase using the same grid box and docking
parameters. The accuracy of the docking protocol was
evaluated by calculating the root mean square deviation
(RMSD) between the re-docked pose and the
crystallographic pose of atorvastatin. An RMSD value of
<2.0 A was considered acceptable, indicating the reliability
of the docking protocol for further ligand screening.

Post-Docking Analysis

Docking results were ranked based on binding affinity
(kcal/mol), with lower values indicating stronger binding
interactions. The best docking pose for each ligand was
selected and visualized using Discovery Studio Visualizer
(version 2020). Key interactions, including hydrogen
bonds, hydrophobic interactions, van der Waals forces,
and 7-mr stacking, were analyzed in detail to understand the
molecular basis of ligand binding. Special attention was
given to interactions with catalytic residues of HMG-CoA
reductase, as these are critical for inhibitory activity.

For comparative evaluation, the binding affinities of
diterpenoids were analyzed alongside atorvastatin to assess
their potential as natural HMG-CoA reductase inhibitors.
Ligands showing docking scores comparable to or better than
atorvastatin were considered as promising candidates for
further pharmacological studies.

Workflow Summary
The docking workflow followed a systematic sequence:

1. Retrieval and optimization of diterpenoid ligands from J.
curcas roots.

2. Preparation of the HMG-CoA reductase protein structure.

3. Grid box configuration and docking simulation using
AutoDock Vina.

4. Validation of docking protocol through re-docking of
atorvastatin.

5. Visualization and interaction analysis using Discovery
Studio.

6. Comparative evaluation of diterpenoid docking scores
with reference ligand.

This integrated methodology ensured robust in silico
predictions of the binding affinity and interaction profiles of
J. curcas root diterpenoids against HMG-CoA reductase,
thereby laying the foundation for subsequent in vitro and in
vivo investigations.
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Molecular Docking Results and Discussion

Ligand Preparation. Usingthe Pub Chemdata base, all of
the chosen chemicals (Ligand) were downloaded in the
SDF(Standard Data Format).These were examined using
Marvin View, a sophisticated chemical viewer for 2D or 3D
chemical structures and related data. All of the selected
ligands' canonical SMILESIDs were recorded, and the Pub
Chem database was used to estimate the physico-chemical
characteristics of these ligands. The chosen ligands were then
made in to 3Dstructuresusing Biovia Discovery software for
later usage (Kavitapuand Sharma 2021).

Protein Preparation: PDW ID 1HW9 was chosen based on
criteria such as species, resolution and R factor protein,
length of structure solved, and whether the structure is native
or ligand-bound. The protein was obtained in PDB format
from the Protein Data Bank (PDB ID: 1HW9) and then
refined and purified using Biovia Discovery Studio.The
protein hadall co-crystals, heteroatoms, and water molecules
taken out of it.

Active Binding Site Analysis. The molecular docking
procedure normally begins with determining the active
bindingsite of th eselected proteins,which identifies the
specific protein-restrictedarea.The prediction of ligand
binding sites on the surface of proteins using a fast, accurate,
and automated technique isa key difficulty in virtual
screening.The Bioviadiscovery tool was used to identify
active binding sites. A blind docking approach was use
dinthisinvestigation between the target protein andligand.

Molecular Docking Analysis. Estimating and locating the
proper target for effective docking isa key stage in molecular
docking.Using the known three-dimensional structure of
target proteins, a suitable docking program may be used to
search for the optimal binding site of ligand and target
protein (Dallakyan and Olson 2015). For docking-based
virtual screening, several docking solutions are available.
PyRx (https://pyrx.source forge.io/), an open-source program,
was used. Py Rx provides additional applications such as
Open Babel, Auto Dock, and Auto Dock Vina. Once the
docking has been finished, the rankingisd one using the dock
score function (Trott and Olson 2010).

Curcusone B binds to numerous amino acids in proteins.
Curcusone B binds to HMG-CoA reductase via a number of
interactions  with  particular aminoacid  residuesinthe
enzyme,including hydrogen bonding and van der Waals
forces. The total binding interaction sreveal Curcusone B’s
versatilityin bindingtoa wide range of amino acids and
regulating protein function.

RESULTS AND DISCUSSION

The selected compounds were docked with HMG-CoA
reductase, and the top two compounds have more negative
energy than the positive control drug, atorvastatin. The more
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stablelig and-receptor complexes were found with curcusone
B. The molecular docking study shows that curcusone Bhasa
stronger negative binding affinity than atorvastatin and may
be useful for the treatment of hyperlipidemia; further study is
requiredtoevaluateanti- hyperlipidemic activity in different
models.

The rate-limiting stepin the production of cholesterol is the
conversion of HMG-CoA to mevalonate, which is catalyzed
by the enzyme HMG-CoA reductase. Anti- hyper
cholesterolemic medications (statins) aim to reduce blood
cholesterol levels by inhibiting the process mediated by
HMG-CoA reductase. The endoplasmic reticulum is where
the enzyme is attached. Cellular cholesterol homeostasis
critically depends on HMG- CoA reductase (Friesen and
Rodwell 2004). The rate- limitingenzyme in the cholesterol
biosynthes is pathway, HMG-CoA reductase, was an
appealing target in the hunt for medicines to lower plasma
cholesterol levels (Tobert, 2003). Inhibitors of HMG-CoA
reductase ,such as statins, are the main treatments for hyper
cholesterolemia. A statin medicine called atorvastatin is used
to reduce the body's cholesterol levels. It functions by
preventing the production of cholesterol by blocking the
HMG-CoA reductase enzyme. Several interactions with
certain amino acid residues in HMG-CoA reductase enable
atorvastatin to bind to the enzyme.

It was discovered that atorvastatin binds to the HMG- CoA
reductase enzyme residues Val522, Cys527, Met534, 11e762,
GIn814, and Cys817. It is through hydrophobic interactions
that atorvastatin binds to the 1HW9 amino acids.
Atorvastatin has a sizable hydrophobic area that can interact
with the enzyme's hydrophobic residues, such as valine and
isoleucine. These interactions support atorvastatin's binding
to the enzyme and keep it from easily detaching. Hydrogen
bonds play a role in yet another binding interaction between
atorvastatin and the 1HW9 amino acids. A number of polar
groups in atorvastatin, including amides and alcohols, can
establish hydrogen bonds with the polarresidues of the
enzyme.These hydrogen bond said in further stabilizing and
boosting the affinity of atorvastatin for the enzyme. Van der
Waals forces are another mechanism via which atorvastatin
interacts with 1HW9 amino acids, besides hydrophobic and
hydrogen bonding interactions.The atorvastatin-enzyme
complex is often stablebe cause of these forces, despite their
lower strength compared to the other binding
interactions.The binding of atorvastatin to HMG-CoA
reductase involves avariety of interactions with certain
aminoacid residues in the enzyme, including hydrophobic
forces, hydrogen bonds, and vander Waals forces.These
interaction said in complex stabilization and raiseator
vastatin's affinity for the enzyme, enabling it to successfully
reduce the body's production of cholesterol. The efficiency of
atorvastatin as a medication for decreasing cholesterol
depends on these binding interactions.

Tablel: Binding Affinity of Curcusone Band Atorvastatin.

PubChemID Ligand Protein BindingAffinity(kcal/mol)
175944 Curcusone B 9.1

1HW9
60823 Atorvastatin -8.8
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Table 2: Docking results of J. curcas diterpenoids with HMG-CoA reductase

Asian Journal of Pharmaceutical Research and Development. 2026; 14(3): 09-17

Compound Mol name I(Bljggi/rr:goﬁﬁinity Key Active Site Interactions 2?::5:3;%?\ with
Curcusone A Mol2 -84 Lys735, Glu559, Ser684 Comparable
Curcusone B Mol3 -9.1 Lys735, Asp690, His752 Better than atorvastatin
Curcusone C Mol4 -8.2 Glu559, Ser684, Arg590 Slightly lower
Curcusone D Mol5 -8.6 Lys735, Val683, Asp690 Comparable
Jatrophone Mol6 -7.9 Arg590, Glu559, His752 Lower

Jatropholone A Mol7 -8.7 Lys735, Glu559, Asp767 Comparable
Jatropholone B Mol8 -8.9 Ser684, Lys735, Arg590 Slightly better
Jatrophenone Mol9 -7.6 Arg590, Val683 Lower

Atorvastatin (control) Molt -8.8 Lys735, Glu559, Ser684, Asp690 Reference standard

Table: 3 Comparison of various parameters of Curcusone Band Atorvastatin

Parameter Curcusone B (C20Hz402) Atorvastatin (Cs:HssFN:0s)

Molecular Formula C20H2402 C33H35FN20s

Molecular Weight (g/mol) 296.40 558.64

Number of Heavy Atoms 22(20C+20) 41

Aromatic Heavy Atoms 0 (non-aromatic diterpenoid) 23

Rotatable Bonds 1 13

H-Bond Acceptors 2 6

H-Bond Donors 0 4

Molar Refractivity 88.82 158.26

Topological Polar Surface Area (TPSA) (A?) | 34.10 111.79

Lipophilicity (Log P o/w) ~3.90 3.48

Solubility . t’;?gjfﬁﬁg‘ﬁﬁgg{’b'c Moderately soluble

Gastrointestinal Absorption Predicted high Low

Drug-likeness oay® (e LIS Drugtie; 1 Lipingi violation (MW > 500)
Lead-likeness No explicit lead rule violation ’F\zlg:at!af)a:g-tl)icl)(ne ds(i 7";2:?8%';53 >|\gv5v) > 350,

Table 4: ADMET Predictions of Jatropha curcas Ligands

Sr. No Ligand Gl Absorption | BBB Permeability ﬁmmfﬁm ?(l)\f(:zc?ty Hepatotoxicity
1 Curcusone A High Low No No No
2 Curcusone B High Low No No No
3 Curcusone C High Low No No No
4 Curcusone D Moderate Low No No No
5 Jatrophone High Low No No No
6 Jatropholone A Moderate Low No No No
7 Jatropholone B Moderate Low No No No
8 Jatrophenone High Low No No No
Std Atorvastatin High Low No No No

Gl = Gastrointestinal; BBB = Blood-Brain Barrier; CYP450 = Cytochrome P450.
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Data predicted using Swiss ADME and pk CSM tools.

Figure 1:3Dstructure of HMG-CoAreductase
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Discussion
Significance of Jatropha curcas Diterpenoids

Jatropha curcas roots contain a variety of diterpenoids, such
as curcusones and jatropholones, known for their anti-
inflammatory, anticancer, antimicrobial, and antioxidant
properties. While their ability to lower lipids has not been
extensively studied, this molecular docking study indicates
that specific diterpenoids show strong binding affinities to
the active site of HMG-CoA reductase, hinting at potential
cholesterol-lowering capabilities. The binding strengths
observed for these compounds are comparable to or even
better than atorvastatin, making them promising candidates
for further investigation. Interaction analysis revealed that
key residues Lys735 and Glu559, which are essential for
stabilizing the transition state in mevalonate synthesis,
consistently formed hydrogen bonds with high-scoring
ligands, mirroring the interaction profile of atorvastatin.
Specifically, Curcusone B and Jatropholone B displayed
strong interactions with Lys735, indicating they could
effectively inhibit enzymatic activity. Additionally, van der
Waals interactions were strengthened by residues Val683 and
Arg590.

Comparative docking validated the study's approach, with
docking simulations successfully reproducing the binding
pose of the control, atorvastatin, at an RMSD of <2.0 A.
Notably, Curcusone B (-9.1 kcal/mol) demonstrated stronger
binding than the reference drug atorvastatin (-8.8 kcal/mol).
However, it is important to note that these in silico findings
need to be followed by in vitro and in vivo studies to account
for pharmacokinetics, bioavailability, and safety.

CONCLUSION:

Based onin silico (computer-based) modeling, this study
indicates  that  specific  diterpenoids  from Jatropha
curcas roots-particularly Curcusone B and Jatropholone B-
are promising candidates for managing high cholesterol and
heart disease. These natural compounds act as
potential HMG-CoA reductase inhibitors, demonstrating
docking scores that sometimes exceed those of the leading
drug atorvastatin.

Based on computational modeling, this study revealed
that Jatropha curcas root diterpenoids form robust binding
interactions with critical enzyme residues, specifically
Lys735, Glu559, and Ser684. These findings indicate that
these natural compounds have potential as safe, cost-
effective therapeutic agents for treating cardiovascular
diseases and hyperlipidemia, although further laboratory
validation is necessary to confirm these results.

Future scope

The future scope of molecular docking studies of solasodine
against HMG-CoA reductase could include optimization of
Jatropha curcas derivatives, screening of other protein
targets, invitro and invivo validation, and combination
therapy.

The results can be used for the optimization of the chemical
structure of curcusone B & Jatropholone B for improved
activity and to screen solasodine against other protein targets
involved in cholesterol metabolism or other disease
pathways, potentially leading to the discovery of new
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therapeutic applications. The results of the molecular
docking study can provide a starting point for in vitro and in
vivo validation of the activity of against HMG-CoA
reductase and for further development of curcusone B &
Jatropholone B-based drugs.The results can be used to
investigate the potential synergistic effects of curcusone B &
Jatropholone B with other drugs used in the treatment of
hypercholesterolemia, such as statins. Overall, the future scope
of this study of curcusone B & Jatropholone B against HMG-
Co A reductase is promising and could lead to the
development of new therapies to treat hypercholesterolemia
and other related diseases.
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