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Abstract: The transcription factor c-Myc plays a pivotal role in regulating cell proliferation, growth, apoptosis, metabolism, and differentiation;
however, its overexpression is strongly linked to cancer. Due to its intrinsically disordered structure, c-Myc has been inherently challenging to
target therapeutically. To exert its oncogenic effects, c-Myc must form a heterodimer with its binding partner Max, enabling DNA binding and
transcriptional activation of target genes. Despite decades of research, developing effective c-Myc inhibitors remains challenging due to issues
such as low potency and poor pharmacokinetics. Here, we investigate natural compounds derived from Artocarpus altilis as potential c-Myc
inhibitors using computational methods. From screening 81 bioactive compounds, four candidates demonstrated stronger binding affinities
to c-Myc than the reference drug Alisertib: Ellagic acid, Artonin M, Cycloaltilisin 7, and Broussoflavonol F. Molecular dynamics
simulations showed Broussoflavonol F had exceptional stability and the most favorable MM-PBSA binding energy. Pharmacokinetic
analysis suggested promising drug properties, though some toxicity risks were noted. These findings highlight Artocarpus altilis-derived
compounds, particularly Broussoflavonol F, as promising c-Myc inhibitors. This study provides a foundation for experimental validation
and optimization, offering new therapeutic potential against c-Myc-driven cancers.
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1. Background Study

The c-myc (MYC) proto-oncogene, a key transcription factor
characterized by its basic helix-loop-helix leucine zipper (bHLH-
LZ) structure, significantly influences cellular dynamics, such as
proliferation, growth arrest, apoptosis, and the suppression of
cellular differentiation [1]. Strikingly, MYC overexpression is
estimated to occur in a staggering up to 70% of various human
cancer types [2]. Moreover, numerous studies have unequivocally
demonstrated that MYC drives cancer progression by enabling
key characteristics such as avoiding programmed cell death,
sustaining proliferative signals, inducing genomic instability,
escaping immune surveillance, and reprogramming metabolism
[3, 4]. Despite its central role in cancer progression, direct

targeting of MYC remains challenging due to its unstructured
nature and complex regulatory mechanisms.

MYC forms a dimer with its small partner proteinMAX, another
bHLH-LZ protein, and notably influences the expression of
approximately 15% of the human genome [5]. The MYC-MAX
heterodimer binds particularly to palindromic E-box sequences in
promoter regions, facilitating the recruitment of chromatin
remodeling complexes [6] and transcription initiation machinery [7],
thereby regulating the transcription of target genes. Additionally,
the human MYC gene is situated on chromosome 8 at locus
8q24.21 and is intricately controlled at both transcriptional and
translational levels [8]. MYC deregulation primarily occurs through
gene alterations and the activation of upstream signaling pathways,
such as NOTCH, WNT, and EGFR [3]. Furthermore, MYC is a
very unstable protein with a brief half-life [5], and its stability is
influenced by post-translational changes [8].

MYC stability is tightly regulated through phosphorylation and
cis-trans isomerization, which direct its degradation via the
ubiquitin–proteasome system. Two conserved sites within MYC’s
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transactivation domain, Serine 62 (Ser-62) and Threonine 58
(Thr-58) [9], are pivotal in this process. Phosphorylation at Ser-62
by kinases such as ERK1 and CDK2 stabilizes MYC, while
subsequent phosphorylation at Thr-58 by GSK-3β or BRD4 marks
it for breakdown. These modifications are governed by signaling
pathways like Ras/Raf/ERK1 and PI3K/Akt, which modulate
GSK-3β activity. The isomerase Pin1 further regulates MYC by
altering the conformation of proline 63, enhancing its
transcriptional activity before facilitating degradation. The
interplay between Ser-62 stabilization and Thr-58 degradation is
crucial for MYC function during cell proliferation, and disruptions
in this balance are closely linked to cancers such as Burkitt
lymphoma [10].

Mutations affecting MYC or its SCFFbw7 ubiquitin ligase
binding site often lead to MYC stabilization, driving cancer
progression in conditions like lymphomas and leukemias. Recent
research also highlights the discovery of a second phospho-degron
(Thr-244/Thr-248) that may synergize with the Thr-58/Ser-62
degron to enhance SCFFbw7 binding. This suggests that MYC
degradation mechanisms are more complex than previously
understood, requiring further study to refine current models.
Additionally, BRD4 plays an essential role in Thr-58
phosphorylation, making it a critical regulator of MYC stability
and a promising therapeutic target in MYC-driven cancers.

Despite promising candidates under investigation in preclinical
and clinical studies [4], noMYC inhibitor has been approved to date.
The main challenges with identified compounds include low
potency, poor selectivity, and suboptimal pharmacokinetics, which
limit their ability to reach sufficient concentrations to disrupt
MYC-MAX dimerization [11]. Previous in silico studies have
explored various small molecules as potential c-MYC inhibitors.
For instance, L755507 has been identified as a novel inhibitor that
disrupts c-MYC/MAX heterodimerization [12], while other
studies have focused on natural compounds and their binding
affinities to c-MYC. Our work builds on these findings by
systematically screening Artocarpus altilis-derived compounds,
which have not been extensively explored for c-MYC inhibition.

Natural products serve as a rich and diverse reservoir for
discovering novel therapeutic agents [13]. Breadfruit (Artocarpus
altilis) belongs to the Moraceae family and gets its common name
from its bread-like appearance. The plant contains various
phenolic substances including flavonoids, stilbenoids, and a lectin
called jacalin. Different parts of the plant – from its fruit and
leaves to its bark and stem – contain compounds that show
promise for medical applications. Research has demonstrated that
these bioactive substances have multiple therapeutic effects, such
as fighting bacteria, tuberculosis, viruses, and fungi. They may
also help with arthritis, prevent blood clots, inhibit tyrosinase, and
show toxic effects on certain cells.

This study distinguishes itself by focusing onArtocarpus altilis-
derived compounds, which have shown promising bioactivity but
remain underexplored for c-MYC inhibition. Using a structure-
based drug discovery approach, we targeted the drug-binding
pocket within the MYC bHLH domain through molecular docking
simulations. By integrating molecular docking, pharmacokinetic
analysis, and molecular dynamics simulations, we provide a
comprehensive evaluation of these compounds. The top-ranked
compounds demonstrated strong binding affinity to the MYC
bHLH domain, effectively disrupting its dimerization with the
partner protein MAX. Our analysis identified novel candidates
with superior binding affinities and stability compared to existing
inhibitors, while providing crucial insights into their viability as
potential drug candidates.

2. Experimental Procedures

The study employs a multi-step computational workflow
to evaluate Artocarpus altilis-derived compounds as c-MYC
inhibitors. Molecular docking identifies potential inhibitors based on
binding affinity, pharmacokinetic analysis assesses drug-likeness
and ADMET properties, and molecular dynamics simulations
evaluate the stability and dynamic behavior of protein-ligand
complexes. Finally, binding free energy calculations provide
quantitative insights into the strength of interactions. This integrated
approach ensures a comprehensive evaluation of the compounds,
from initial screening to dynamic behavior in physiological conditions.

2.1. Ligand selection and preparation

A set of 81 bioactive compounds derived from Artocarpus
altilis fruits, compiled from prior research [14, 15], were obtained
from the PubChem database. Alisertib, an experimental aurora A
kinase inhibitor under investigation for cancer treatment, served as
a reference drug. All compound structures were converted from
SDF to PDB format using Discovery Studio for subsequent
ligand-protein docking assessments.

2.2. Protein-protein interaction

The three-dimensional structure of the unliganded c-MYC:
MAX bHLHZip complex was obtained from the Research
Collaboratory for Structural Bioinformatics (RCSB) Protein Data
Bank (PDB ID: 6G6K) at a resolution of 1.35 Å. This crystal
structure, derived from Homo sapiens and expressed in
Escherichia coli, belongs to the functional category of apoptosis
and contains no mutations [16]. The protein structure was refined
using UCSF Chimera Software (v1.16). Protein-protein interaction
examination was conducted using the Search Tool for the
Retrieval of Interacting Genes/Proteins web server.

2.3. Molecular docking

Molecular docking studies can reveal the binding interactions
between specific proteins and desired ligands [17]. Computational
ligand-protein interaction assessment was carried out using
AutoDock 4.2.6 following the preparation of the protein and ligand
structures. The docking grid was established with dimensions of
24.1782 × 36.3133 × 37.1921, with the center coordinates at x:
−61.3414, y: −59.8109, and z: −66.0998. The docking site was
determined by amino acid residues within helix 1 (Arg913, Leu917,
Ser920, Phe921, Leu924), the loop region (Gln927, Ile928), and
helix 2 (Leu943, Ala946, Thr947, Tyr949, Ile950, Val953). As
identified by Singh and colleagues [12], this site is situated in close
proximity to the basic helix-loop-helix domain junction and aligns
with the Myc–MAX heterodimer interface. The docking results
were evaluated and prioritized based on their docking scores to
determine the most favorable ligand-protein interactions.

2.4. Structural analysis and visualization

The strength of binding interactions for the top compounds was
evaluated using PyMOL 3.10 and LigPlot software, with
comparisons made to the reference drug, Alisertib. PyMol 3.10
was employed for visualizing the 3D protein-ligand interactions,
while LigPlot V.2.2 was utilized for generating 2D representations
[18, 19]. Table 2 shows the analysis involved a comprehensive
examination of each ligand cluster, including the identification of
amino acid residues interacting with the ligand, the determination
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of hydrogen bonds (H-bonds) formed, along with their respective
distances (Å), and the detection of hydrophobic interactions.

2.5. Drug-likeness and ADMET prediction

The bioactive compounds from Artocarpus altilis fruits
exhibiting the best binding affinity were further evaluated for their
drug-likeness and bioavailability properties as shown in Table 1. To
evaluate their suitability as drug candidates, these compounds were
analyzed based on Lipinski’s rule. The bioavailability score for each
compound was determined using the SwissAdme online tool [20].

Furthermore, the ADMET properties (absorption, distribution,
metabolism, elimination, and toxicity) of these compounds were
assessed using the pkCSM web server [21]. This extensive evaluation
aimed to pinpoint the most promising bioactive compounds derived
from Artocarpus altilis fruits by analyzing their binding affinity, drug-
likeness, bioavailability, and ADMET profiles, thus increasing their
potential for further development as drug candidates.

2.6. Analysis of molecular dynamics simulation

Molecular dynamics simulations were employed to evaluate the
stability of the top-ranked protein-ligand complexes and validate the
docking results [17], using GROMACS 2020 software and the
CHARMM-36M force field [22]. The initial structure for each MD
simulation was based on the most stable docking conformation.
Ligand topologies were generated through the CHARMM-GUI web
interface [23]. The system was solvated using the TIP3P water
model, with periodic boundary conditions applied. Neutralization of
the system’s charge was achieved via the Monte Carlo method by
introducing Na+ and Cl− ions. Energy minimization was
performed for 5000 steps using the steepest descent algorithm,
while hydrogen bonds were constrained using the LINCS
algorithm. The system was equilibrated for one nanosecond under
NVT and NPT ensembles, employing the leap-frog integrator.

After equilibration, production runs of 100 nanoseconds were
carried out under isothermal-isobaric conditions. Temperature
(310.15 K) and pressure (1 bar) were controlled using the
velocity-rescaling and Parrinello-Rahman methods. Post-
simulation analysis focused on key parameters, including root
mean square deviation (RMSD), root mean square fluctuation
(RMSF), intermolecular hydrogen bonding, solvent-accessible
surface area (SASA), and radius of gyration (Rg). These metrics
were calculated using the built-in GROMACS tools: gmx_rms,
gmx_rmsf, gmx_hbond, gmx_sasa, and gmx_gyrate. The data
were visualized using the QtGrace plotting tool [24, 25].

This detailedMD simulation analysis offers valuable insights into
the structural integrity and conformational behavior of the protein-
ligand complexes, aiding in the drug design and optimization process.

2.7. Binding free energy analysis using MM-PBSA

Assessing the interaction strength between ligands and receptor
proteins is essential in structure-based drug development. The
Molecular Mechanics Poisson-Boltzmann Surface Area (MM-
PBSA) method serves as a robust computational technique for
estimating the binding free energies of non-covalent protein-
ligand assemblies [26].

In our research, we utilized the gmx_MMPBSA program to
determine the end-state free energies of chosen protein-ligand
complexes. This Miniconda-based tool integrates GROMACS and
Amber features using Python. The complexes were modeled for

100 ns in physiological conditions (310.15 K, 1 bar pressure)
utilizing GROMACS 2020. The produced MD trajectory, topology,
and index files were subsequently used to calculate the binding free
energies [27]. This approach offers important perspectives on the
energetics of protein-ligand interactions, aiding in the assessment
and enhancement of possible drug candidates.

3. Results and Discussion

The docking results identify Ellagic acid, Artonin M,
Cycloaltilisin 7, and Broussoflavonol F as potential c-MYC
inhibitors, with binding affinities superior to the reference drug
Alisertib. These findings address the study’s objective of
identifying novel inhibitors from Artocarpus altilis.

3.1. Protein-protein interaction (PPI)

Protein–protein interactions (PPIs) play a pivotal role in cellular
function and regulation [28]. In healthy cells, PPIs stabilize
multiprotein complexes, orchestrating nearly all cellular processes.
Consequently, numerous PPIs have been identified as promising
molecular targets for treating human diseases, including cancer.
Despite the inherent challenges of targeting PPIs, significant progress
has been made in drug discovery, with several small-molecule
inhibitors advancing to clinical trials for cancer therapy [29, 30]. A
deeper understanding of PPI networks and the structural mechanisms
underlying these interactions has been instrumental in developing
effective small molecules that disrupt these interfaces.

This study conducted a protein-protein interaction (PPI) analysis
of the human c-MYC protein to identify its primary interacting
partners. Key proteins predicted to interact with c-MYC include
EP300 (Histone acetyltransferase p300), BIN1 (Myc box-
dependent-interacting protein 1), MAX (Transcription regulator
protein Max), TRRAP (Transformation/transcription domain-
associated protein), ZBTB17 (Zinc finger and BTB domain-
containing protein 17), BRCA1 (Breast cancer type 1 susceptibility
protein), FBXW7 (F-box/WD repeat-containing protein 7),
CDKN2A (Cyclin-dependent kinase inhibitor 2A), TP53 (Cellular
tumor antigen p53), and KAT2A (Histone acetyltransferase
KAT2A). These interactions, depicted in Figure 1, highlight the
potential functional connections and regulatory roles of c-MYC and
its binding partners, shedding light on the intricate signaling
pathways and biological processes that this protein influences.

3.2. Molecular docking, drug-likeness and ADMET
profiling

This study investigated the potential of several phytochemicals as
c-MYC suppressors using molecular docking analysis. Among the
compounds evaluated, Ellagic acid, Artonin M, Cycloaltilisin 7,
and Broussoflavonol F exhibited superior docking scores compared
to the reference drug, Alisertib, as shown in Table 1. Structural
representations of these bioactive compounds are provided in
Supplementary Figure 1. These results highlight their promising
potential as c-MYC inhibitors. The findings align with the study’s
objective of identifying novel inhibitors derived from Artocarpus
altilis and provide a strong rationale for further investigation into
the selected compounds.

Figure 2 displays the binding conformations and interactions of
these compounds with the target protein, emphasizing the involved
amino acid residues, hydrogen bonds, bond distances, and
hydrophobic interactions, with further details provided in Table 2.
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The pkCSM web server was employed to comprehensively
assess the drug-likeness and ADMET (Absorption, Distribution,
Metabolism, Excretion, and Toxicity) properties of the top
compounds [21]. Table 3 presents their pharmacokinetic profiles,
detailing intestinal absorption, blood-brain barrier permeability,
plasma protein binding, cytochrome P450 interactions, and
toxicity risks.

All four compounds (Ellagic acid, ArtoninM, Cycloaltilisin 7,
and Broussoflavonol F) are predicted to have good human
intestinal absorption (86.684%, 100%, 90.827%, and 90.043%,
respectively), indicating positive oral bioavailability. However,
Caco-2 permeability varies, with Cycloaltilisin 7 showing the
highest permeability (1.137 log Papp) and Broussoflavonol F the
lowest (0.108 log Papp). All compounds are predicted to be
P-glycoprotein substrates, which has significant implications for

their bioavailability and drug-drug interactions. Artonin M,
Cycloaltilisin 7, and Broussoflavonol F are projected to be P-gp
I inhibitors, while only Artonin M and Broussoflavonol F are
expected to be P-gp II inhibitors. P-gp is an efflux transporter
that limits the absorption of drugs in the intestine and promotes
their excretion into bile and urine. While being a P-gp substrate
can reduce oral bioavailability, it also helps in preventing the
accumulation of toxic compounds in the body [31]. However,
P-gp substrates are prone to drug-drug interactions when
co-administered with P-gp inhibitors or inducers, which can alter
their pharmacokinetics and efficacy. For example, Artonin M
and Broussoflavonol F were predicted to be P-gp inhibitors,
which could further complicate their use in combination
therapies. This highlights the need for careful consideration of
co-administered drugs during clinical development.

Figure 1. Protein-protein interaction profile of c-Myc

Table 1. Molecular docking and the drug-likeness results revealing the top 10 hit compounds and Alisertib

No. Compounds M/W g/mol Docking scores Lipinski violation Bioavailability score

1 Alisertib* 518.92 −6.6 1 0.56
2 Ellagic acid 302.19 −7.2 0 0.55
3 Artonin M 502.56 −7.1 1 0.55
4 Cycloaltilisin 7 406.47 −7 0 0.55
5 Broussoflavonol F 422.47 −6.8 1 0.55
6 Cycloartenyl acetate 468.75 −6.7 1 0.55
7 Cycloheterophyllin 502.56 −6.7 1 0.55
8 Cyclocommunol 352.34 −6.6 0 0.55
9 Kazinol A 394.50 −6.5 0 0.55
10 Morin 302.24 −6.4 2 0.55
11 Cyclomorusin 418.44 −6.4 0 0.55
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The volume of distribution (VDss) varies among the
compounds, with Cycloaltilisin 7 showing the highest (0.651 log
L/kg) and Artonin M the lowest (−0.328 log L/kg). All four
compounds are predicted to have extensive plasma protein
binding, with fraction unbound (Fu) values of 0.083 for Ellagic

acid and 0 for the others, which may reduce their free
concentrations and affect distribution and clearance. Regarding
blood-brain barrier (BBB) permeability, Cycloaltilisin 7 shows the
highest potential (−0.242 log BB), while the others have lower
values, indicating limited BBB penetration. CNS permeability

Figure 2. Molecular docking analysis ofArtocarpus altilis phytocompounds and Alisertib with c-MYC. (A) Solvent-accessible surface
view of the binding site, highlighting key amino acid residues. (B–E) 2D interaction diagrams for Ellagic acid, Artonin M,
Cycloaltilisin 7, and Broussoflavonol F, showing hydrogen bonds and hydrophobic interactions
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follows a similar trend, with Cycloaltilisin 7 having the highest value
(−1.743 log PS) and Ellagic acid the lowest (−3.533 log PS).

None of the compounds are predicted to be CYP2D6 substrates,
while Artonin M, Cycloaltilisin 7, and Broussoflavonol F are

expected to be CYP3A4 substrates. Ellagic acid and
Broussoflavonol F are projected to inhibit CYP1A2. Artonin M,
Cycloaltilisin 7, and Broussoflavonol F are predicted to inhibit
CYP2C19 and CYP2C9. Artonin M and Cycloaltilisin 7 are also

Table 3. ADME prediction table

Compounds Ellagic acid Artonin M Cycloaltilisin 7 Broussoflavonol F Unit

ABSORPTION
Water solubility −3.181 −3.755 −4.38 −3.601 Numeric (log mol/L)
Caco-2 Permeability 0.335 0.419 1.137 0.108 Numeric (log Papp in 10−6 cm/s)
Intestinal absorption (human) 86.684 100 90.827 90.043 Numeric (% Absorbed)
Skin Permeability −2.735 −2.735 −2.815 −2.735 Numeric (log Kp)
P-glycoprotein substrate Yes Yes Yes Yes Categorical (Yes/No)
P-glycoprotein I inhibitor No Yes Yes Yes Categorical (Yes/No)
P-glycoprotein II inhibitor No Yes No Yes Categorical (Yes/No)
DISTRIBUTION
VDss (human) 0.375 −0.328 0.651 −0.15 Numeric (log L/kg)
Fraction unbound (human) 0.083 0 0 0 Numeric (Fu)
BBB permeability −1.272 −1.247 −0.242 −1.014 Numeric (log BB)
CNS permeability −3.533 −2.844 −1.743 −1.965 Numeric (log PS)
METABOLISM
CYP2D6 substrate No No No No Categorical (Yes/No)
CYP3A4 substrate No Yes Yes Yes Categorical (Yes/No)
CYP1A2 inhibitor Yes No No Yes Categorical (Yes/No)
CYP2C19 inhibitor No Yes Yes Yes Categorical (Yes/No)
CYP2C9 inhibitor No Yes Yes Yes Categorical (Yes/No)
CYP2D6 inhibitor No No No No Categorical (Yes/No)
CYP3A4 inhibitor No Yes Yes No Categorical (Yes/No)
EXCRETION
Total Clearance 0.537 −0.74 0.398 0.285 Numeric (log ml/min/kg)
Renal OCT2 substrate No No No No Categorical (Yes/No)
TOXICITY
AMES Toxicity No No No No Categorical (Yes/No)
Max. tolerated dose (human) 0.476 0.04 −0.384 0.603 Numeric (log mg/kg/day)
hERG I inhibitor No No No No Categorical (Yes/No)
hERG II inhibitor No Yes No Yes Categorical (Yes/No)
Oral Rat Acute Toxicity (LD50) 2.399 2.293 2.604 2.562 Numeric (mol/kg)
Oral Rat Chronic Toxicity (LOAEL) 2.698 1.821 1.965 2.054 Numeric (log mg/kg_bw/day)
Hepatotoxicity No Yes No No Categorical (Yes/No)
Skin Sensitization No No No No Categorical (Yes/No)
T. Pyriformis toxicity 0.295 0.287 0.43 0.306 Numeric (log ug/L)
Minnow toxicity 2.11 −0.5 0.449 0.411 Numeric (log mM)

Table 2. Molecular interaction analysis of c-Myc with Ellagic acid, Artonin M, Cycloaltilisin 7, and Broussoflavonol F

Ligand-Protein complexes

Residues
forming
H-bonds

Residues involved in
Hydrogen bond formation
(Bond distances Å) Hydrophobic interacting residues

c-Myc_Ellagic_acid 3 Glu935(3.04, 2.89),
Ala937(2.95)
Asp914(3.16)

Lys 936, Lys 918, Phe921,
Leu917, Phe922, Lys939

c-Myc_ ArtoninM 0 None Lys939, Arg914, Leu917, Lys918,
Phe222, Ala937,
Glu935, Lys936, Pro938,
Val940

c-Myc_Cycloaltilisin 7 0 None Pro938, Ala937, Ile942,
Arg914, Lys918, Lys939,
Lys936

c-Myc_ Broussoflavonol F 1 Lys918(3.27) Pro938, Val940, Arg914, Leu917,
Leu917, Phe922,
Lys936, Ala937
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expected to inhibit CYP3A4, the most abundant CYP450 enzyme
responsible for metabolizing approximately 50% of clinically used
drugs [32]. These interactions indicate potential drug-drug
interactions. All compounds are predicted to exhibit favorable
clearance rates, with Ellagic acid showing the highest total
clearance (0.537 log ml/min/kg) and Artonin M the lowest (−0.74
log ml/min/kg). The analysis suggests that none of the compounds
will likely interact with the renal OCT2 transporter.

Furthermore, the results of the Ames test indicate that none of the
compounds are expected to induce mutations. The maximum tolerated
dose in humans varies, with Broussoflavonol F having the highest
(0.603 log mg/kg/day) and Cycloaltilisin 7 the lowest (−0.384 log
mg/kg/day). The compounds are not predicted to exhibit hERG I
inhibition. However, both Artonin M and Broussoflavonol F are
expected to inhibit hERG II, raising potential concerns regarding
cardiotoxicity and the risk of QT interval prolongation, a serious
side effect that can lead to fatal arrhythmias [33]. Oral rat acute
toxicity (LD50) values range from 2.293 to 2.604 mol/kg, with
Cycloaltilisin 7 showing the highest value. Chronic toxicity
(LOAEL) values range from 1.821 to 2.698 log mg/kg_bw/day,
with Ellagic acid having the highest value. Only Artonin M is
predicted to be hepatotoxic. None of the compounds are expected to
be skin sensitizers according to the pkCSM data. The compounds
show varying toxicity levels to T. Pyriformis and Minnow, with
Cycloaltilisin 7 having the highest toxicity for T. Pyriformis (0.43
log ug/L) and Ellagic acid for Minnow (2.11 log mM).

The ADMET predictions for the top compounds revealed
promising drug-like properties, though some toxicity concerns were
noted. This is consistent with previous studies on natural compounds,
which often face challenges related to toxicity and bioavailability [29].
For example, while Ellagic acid and Artonin M showed favorable
intestinal absorption, their potential hepatotoxicity and cardiotoxicity
(hERG II inhibition) highlight the need for further optimization. These
findings underscore the importance of balancing efficacy and safety in
drug development, particularly for natural compounds.

3.3. Molecular dynamic simulations study

Molecular dynamics simulations (MDS) were conducted on the
top-ranked docking conformations of four selected compounds

(Ellagic Acid, Artonin M, Cycloaltilisin 7, and Broussoflavonol F).
The MD simulations were used to validate the docking predictions
by incorporating the dynamic nature of both the protein and ligand.

3.3.1. Root mean square deviation (RMSD)
Figure 3 presents the Root Mean Square Deviation (RMSD)

profiles of selected ligands (Artonin M, Broussoflavonol IF,
Cycloaltilisin 7, and Ellagic acid) and the protein (cymc)
compared to the reference drug, Alisertib, over a 100-nanosecond
molecular dynamics simulation. Alisertib exhibits a gradual
increase in RMSD, reaching ∼9 nm, indicating significant
conformational flexibility, while Artonin M, Broussoflavonol IF,
and Ellagic acid maintain stable RMSD values below 2 nm,
suggesting consistent binding poses. Cycloaltilisin 7 shows
notable fluctuations, with a sharp rise after 60 ns, peaking at ∼9
nm, reflecting potential instability. The protein (cymc) remains
stable, with RMSD fluctuations below 2 nm, confirming its
structural integrity. These results highlight the robust binding of
Artonin M, Broussoflavonol IF, and Ellagic acid, contrasting with
the instability of Cycloaltilisin 7 and the flexibility of Alisertib,
providing critical insights into ligand-protein interactions and
identifying promising candidates for further investigation.

3.3.2. Root mean square fluctuation (RMSF)
To further elucidate the structural dynamics, the backbone

conformational variation and stability of the c-Myc_Alisertib,
c-Myc_Broussolflavonol_F, c-Myc_Ellagic acid, c-Myc_Artonin
M, and c-Myc_Cycloaltilisin 7 complexes were examined and
visualized in Figure 4. The analysis revealed a common pattern
across all complexes: significant fluctuations were observed
within the first 20 amino acid residues, followed by a stabilization
period spanning approximately 65 residues (from residue
20 to 85). Beyond the 85th residue, the complexes again exhibited
fluctuations extending to the C-terminal end of the protein. This
pattern suggests a central region of relative stability flanked by
more dynamic N- and C-terminal regions in the c-Myc protein
when complexed with these ligands. Figure 5 also shows the
Ligand RMSF (Root Mean Square Fluctuation) plot of the
selected ligands compared to the reference

Figure 3. RMSD plot of the selected ligands in comparison with the reference (Alisertib)
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3.3.3. Hydrogen bond
Hydrogen bonding significantly influenced the strength and

specificity of the protein-ligand interactions. Recognizing the crucial
role of hydrogen bonds in complex stability, their formation
between c-Myc and the promising ligands was monitored
throughout the 100 ns MD simulations to assess the dynamic
stability of the complexes. As shown in Figure 6, the results
revealed varying levels of hydrogen bond formation across the
complexes. The c-Myc_Alisertib and c-Myc_Broussoflavonol F
complexes exhibited the most robust hydrogen bonding network,
with four bonds observed in each. The c-Myc_Ellagic acid complex
formed three hydrogen bonds, while the c-Myc_Artonin M and
c-Myc_Cycloaltilisin 7 complexes each formed two hydrogen
bonds. These findings suggest that Alisertib and Broussoflavonol F
may establish more stable complexes with c-Myc, potentially
resulting in stronger binding interactions. Furthermore, Figure 7
depicts the distribution of hydrogen bonds (within 0.3 nm) within
the protein-ligand complexes, providing insights into the

interactions of compounds exhibiting stronger binding affinities
than Alisertib.

3.3.4. Radius of gyration (ROG)
The Radius of Gyration (Rg) was evaluated and visualized in

Figure 8 to ascertain the compactness variations of the protein-
ligand complexes. The control drug, Alisertib, exhibited high Rg
fluctuations compared to other compounds, indicating greater
variations in the overall shape of the complex. Ellagic acid
experienced fluctuations until approximately 50 ns, after which it
regained stability. Notably, Artonin M and Broussoflavonol F
maintained relatively constant Rg values throughout the entire
simulation, suggesting consistent compactness of these complexes.
Cycloaltilisin 7 showed a deviation between 78 ns and 89 ns
before regaining stability. These Rg results corroborate the RMSD
findings, particularly highlighting the stability of the Artonin M
and Broussoflavonol F complexes.

Figure 4. Protein RMSF plot for the selected ligands compared to the reference (Alisertib)

Figure 5. Ligand RMSF plot of the promising ligands compared to reference (Alisertib)
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3.3.5. SASA
The SASA of the complexes was evaluated during the

simulation, as shown in Figure 9. This analysis offers valuable
insights into the extent of the complexes’ exposure to the
surrounding solvent environment. The c-Myc_Alisertib complex
initially exhibited a SASA of 91.5 nm2, which decreased to
83 nm2 as the simulation progressed, indicating a reduction in
solvent exposure. The other complexes showed varying degrees
of solvent accessibility: c-Myc_Ellagic_acid (92.8 nm2),
c-Myc_ArtoninM (89.25 nm2), c-Myc_Cycloaltilisin 7 (90.5 nm2),
and c-Myc_BroussoflavonolF (92 nm2). The lower SASA value
for the Artonin M complex suggests a more compact structure
with less solvent exposure, which aligns with its stability
observed in the RMSD and Rg analyses.

3.4. Molecular mechanics Poisson-Boltzmann
surface area (MM-PBSA)

The MM-PBSA calculations provided quantitative support for the
superior ligand-protein interaction strength of these compounds.
Broussoflavonol F exhibited the most favorable interaction with a
calculated energy of −23.84 kcal/mol, followed closely by Artonin M
at −17.88 kcal/mol. Ellagic acid (−10.57 kcal/mol) and Cycloaltilisin
7 (−8.80 kcal/mol) also demonstrated stronger interactions compared
to Alisertib (−2.70 kcal/mol), as detailed in Table 4. The energy
component analysis revealed that Broussoflavonol F and Artonin M
benefit from strong van der Waals interactions and a favorable
balance between electrostatic and solvation effects, explaining their
superior performance across different analyses.

Figure 6. Graph depicting the number of intermolecular H-bonds formed between protein-ligand complexes of selected ligands and
the reference drug (Alisertib)

Figure 7. H-bond distribution (within 0.3 nm distance) for protein-ligand complex of the selected ligands in comparison to the
reference drug (black)
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Themolecular dynamics simulations provided valuable insights
into the stability and dynamic behavior of the protein-ligand
complexes. The exceptional stability of Broussoflavonol F, as
evidenced by its low RMSD and favorable Rg values, aligns with

previous studies emphasizing the importance of dynamic stability
in drug design [29]. However, the unexpected fluctuations
observed in the Cycloaltilisin 7 complex suggest that further
investigation is needed to understand its binding mechanism.

Figure 8. Radius of gyration plot

Figure 9. Solvent-accessible surface area plot

Table 4. MM-PBSA binding energy calculations for top-ranked ligands

S. No. Compound ID
ΔGVDWaals

(kcal/mol)
ΔGEEL

(kcal/mol)
ΔGEPB

(kcal/mol)
ΔGENPolar

(kcal/mol)
ΔGgas

(kcal/mol)
ΔGsolv

(kcal/mol)
ΔGtotal

(kcal/mol)

1. Alisertib (reference) −3.57 −40.79 42.17 −0.51 −44.36 41.66 −2.70
2. Artonin M −33.76 −18.16 37.62 −3.58 −51.92 34.04 −17.88
3. Broussoflavonol F −36.48 −10.50 27.07 −3.93 −46.97 23.14 −23.84
4. Cycloaltilisin7 −15.51 −2.10 10.67 −1.86 −17.61 8.81 −8.80
5. Ellagic acid −19.84 −6.11 17.68 −2.30 −25.95 15.38 −10.57
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Future studies should progress from computational predictions to
experimental validation, beginning with in vitro evaluation of
candidate compounds (ellagic acid, artonin M, cycloaltilisin 7, and
Broussoflavonol F) in c-MYC-driven cancer models, followed by
in vivo assessment using xenograft systems. Our findings both
confirm and extend previous work on c-MYC inhibition – while prior
studies focused on synthetic bHLH domain-targeting molecules, we
demonstrate comparable efficacy from natural Artocarpus altilis-
derived compounds. The promising computational results for these
candidates, particularly their binding affinities and pharmacokinetic
profiles, warrant rigorous preclinical validation before clinical
development.

4. Conclusion

This study employed a comprehensive in silico approach to identify
and evaluate Artocarpus altilis-derived compounds as potential c-MYC
inhibitors. Through molecular docking, pharmacokinetic analysis, and
molecular dynamics simulations, four compounds – Broussoflavonol
F, Artonin M, Ellagic acid, and Cycloaltilisin 7 – demonstrated
superior binding affinities and stability compared to the reference
drug Alisertib. Notably, Broussoflavonol F exhibited the most
favorable MM-PBSA binding energy (−23.84 kcal/mol) and
exceptional stability during molecular dynamics simulations, making
it a strong candidate for further development as a lead compound.
These findings align with previous studies on natural compounds as
c-MYC inhibitors but also highlight the unique potential of
Artocarpus altilis-derived compounds. However, the potential toxicity
concerns, particularly for Artonin M and Ellagic acid, underscore the
need for further optimization. Future research should focus on
experimental validation and structural modifications to improve the
pharmacokinetic profiles of these compounds, offering a promising
strategy for targeting c-MYC-driven cancers.
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Supplementary Figure 1. Structures of bioactive compounds discussed in the manuscript. (A) Alisertib. (B) Ellagic acid. (C) Artonin
M. (D) Cycloaltilisin 7. (E) Broussoflavonol F. (F) Cycloartenyl acetate. (G) Cycloheterophyllin. (H) Cyclocommunol. (I) Kazinol A.
(J) Morin. (K) Cyclomorusin
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