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The computational study of 5,7-dihydroxy-3(R)-methylphthalide reveals its potential as a natural ovarian anticancer agent, 
warranting further experimental validation and clinical research.
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Introduction: Ovarian cancer is a serious disease with high incidence and mortality in 
women, despite advances in surgical and medical therapies. Continuous efforts to develop 
safer and more effective treatments are crucial. The aim of this study was to explore the 
potential of 5,7-dihydroxy-3(R)-methylphthalide against ovarian cancer. 
Methods: This study utilized a bioinformatics approach with network pharmacology to collect 
active compounds and genes related to ovarian cancer, predict targets, perform network 
analysis, gene and pathway enrichment, molecular docking and molecular dynamics, and 
ADMET (Absorption, Distribution, Metabolism, Excretion, and Toxicity) prediction.
Results: The bioinformatics approach revealed that the SRC protein was the most promising 
target among 28 potential target genes related to ovarian cancer influenced by the active 
compound. Molecular docking results indicated that the compound formed major hydrogen 
bond interactions with amino acid residues and exhibited relatively low binding energy values, 
indicating strong binding affinity. Molecular dynamics simulations confirmed the stability of 
the protein and ligand over 100 ns. MM-PBSA (Poisson-Boltzmann Surface Area Molecular 
Mechanics) analysis indicated lower binding energy for the compound. ADMET analysis 
indicated that the evaluated compounds did not violate the Lipinski, Ghose, Veber, and 
Egan rules, considering that the formulation changes showed no indication of cytotoxicity, 
mutagenicity, hepatotoxicity, neurotoxicity, cardiotoxicity, or immunotoxicity.
Conclusion: The compound 5,7-dihydroxy-3(R)-methylphthalide has potential compared 
to its native ligand (1BU) and epirubicin as a control drug in targeting the SRC protein in 
ovarian cancer. Further in vitro and in vivo evaluation is needed to validate the activity.
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A B S T R A C T

Introduction
Ovarian cancer is the fourth leading cause of cancer-
related deaths among women, with over 300,000 new 
cases diagnosed globally each year and more than 20,000 
fatalities attributed to the disease (1,2). It primarily affects 
women who are middle-aged and older (3). The incidence 
is especially high among postmenopausal women, and 

the total number of new diagnoses is anticipated to rise 
in parallel with the growing proportion of the elderly 
population (4). Ovarian cancer is generally categorized 
into three primary types based on the origin of the tumor 
cells: epithelial tumors, germ cell tumors, and sex cord-
stromal tumors (5-7). Epithelial ovarian cancer constitutes 
the predominant subtype, accounting for approximately 
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85%-90% of all ovarian cancer cases (8). These tumors 
are developed from the surface epithelial cells that cover 
the ovary and encompass various histological subtypes, 
including high-grade serous carcinoma, low-grade 
serous carcinoma, mucinous carcinoma, endometrioid 
carcinoma, and clear cell carcinoma (9,10). Among these, 
high-grade serous carcinoma is the most common and 
aggressive subtype, frequently diagnosed at an advanced 
stage due to its rapid progression (11). Despite available 
treatments, the survival rate for ovarian cancer patients 
remains low, with only about 30% of patients surviving 
(12,13). Therefore, effective treatment strategies for this 
cancer are critical to improving survival and saving lives 
in the future.

Several ovarian cancer treatments are available today, 
such as surgery and chemotherapy (14). Surgical removal 
of affected ovaries is the ultimate treatment option, but 
this practice often affects other reproductive organs that 
can have consequences on reproductive fertility and other 
complications (15,16). Therefore, chemotherapy is the 
most preferable. Chemotherapy often requires selective 
and non-toxic chemicals that can inhibit cancerous cells 
and evade normal cells, but available approved choices are 
not effective (17,18).

Epirubicin is a standard drug for ovarian cancer, but it 
has been found to cause blood in the urine or stools (19), 
bleeding gums (20), cough (21), swollen lymph nodes 
(22), menorrhagia (23), sore mouth (24), ulcer (25), chest 
pain (26), skin changes (27), nausea (28), fatigue (29), 
diarrhoea (30), and hair loss (31). These negative impacts 
increase the difficulty for cancer patients to recover. In 
contrast, anticancer drugs from natural resources have 
been considered safe and non-toxic treatments (32). Some 
natural products have been isolated and investigated 

as anticancer agents for ovarian cancer cells (33). Many 
natural compounds have demonstrated good SI (Selectivity 
Indices) greater than 1.5, indicating strong activity against 
ovarian cancer cell lines while sparing normal cells (34), 
as shown in Table 1.

In-silico studies play a crucial role in the discovery 
and development of new drugs for ovarian cancer by 
significantly accelerating the research process while 
reducing costs and resource consumption (38). The 
bioinformatics approach enables researchers to analyze 
vast biological data and identify potential molecular 
targets specific to ovarian cancer. Molecular docking 
further aids in predicting the binding affinity and 
interaction mode between candidate compounds and 
target proteins (39). Complementing this, molecular 
dynamics simulations provide deeper insight into the 
stability and behavior of drug-target complexes over time 
(40). Additionally, ADMET (Absorption, Distribution, 
Metabolism, Excretion, and Toxicity) analysis is vital to 
evaluate the pharmacokinetic and safety profiles of new 
compounds early in the drug development pipeline, 
minimizing the risk of late-stage failures (41). Together, 
these in-silico techniques form an integrated framework 
that enhances the efficiency and precision of discovering 
novel ovarian cancer drugs, ultimately facilitating the 
translation of promising compounds from the laboratory 
to clinical use. Many studies have explored that the in-silico 
approach correlates positively with in vitro testing results, 
as demonstrated in Table 2. However, the application of 
an in-silico approach specifically targeting polyketide-
derived compounds for ovarian cancer treatment remains 
limited, indicating an area with potential for further 
research and development.

Building on this research, our previous work isolated 

Table 1. Selectivity index (SI) of natural products against ovarian cancer cells

Compound
IC50 (μM)

SI Category Ref.
Ovarian cancer cells Normal cells

Monoterpene derivative A2780: 0.77 NIH/3T3: 4.36 5.66 Not cytotoxic (35)

Evernic acid OVCAR-3: 10 OSE: 159 15.90 Not cytotoxic (36)

Corilagin A2780: 47 IOSE-80: 263 5.59 Not cytotoxic (37)

OSE: Ovarian surface epithelium; IOSE-80: Immortalized ovarian surface epithelium 80.

Table 2. In-silico studies of drug compound development

Protein by bioinformatics 
approach Compound Key amino acid in hydrogen 

bond interaction
Binding affinity 
(kcal/mol)

RMSD of MD 
simulation (Å) Bioactivity Ref.

lrp proteins Xanthyl 
chlorocinnamate Val59 and Gly60 -6.00 -

MIC:
S. aureus: 6.25 ppm
E. coli: 12.5 ppm

(42)

JAK2 protein Petunidin Lys581, Gln626, Val629, 
Lys630, and Ser698 -9.46 <3 SARS-Cov-2: nd (43)

CXCL2 protein Quercetin Asn73, Lys21 -7.20 <6
Psosiaris: nd (44)

CXCR4 protein Triptolide His87 -10.10 <10

RMSD: Root mean square deviation; MD: molecular dynamics; MIC: Minimum inhibitory concentration.
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natural compounds from an endophytic fungus named 
Xylaria brevipes (45). This fungus was macerated with 
methanol and then partitioned further using an ethyl 
acetate solvent. The chromatographic process resulted 
in the separation of 12 fractions, one of which included 
a novel compound identified as 5,7-dihydroxy-3(R)-
methylphthalide, as shown in Figure 1a. This compound 
exhibited a low cytotoxicity profile with a good mortality 
rate at a shallow concentration. To explore the potential 
applications of this compound, we utilized a bioinformatics 
approach, molecular docking, molecular dynamics 
simulations analysis, and ADMET analysis, with a focus 
on its ability to target ovarian cancer cells.

Materials and Methods
Materials
The 3D single-crystal structure of SRC protein (PDB: 
3F3V) was obtained from the RCSB Protein Data Bank 
website. Computational analyses were performed using 
a PC equipped with an Intel® Xeon processor CPU E5-
2650 v2 @2.60 GHz. The software utilized included 
GaussView 5.0, Gaussian 09W, Chimera 1.13.1, AutoDock 
4.2, Discovery Studio 2019, and YASARA. Additionally, 
several databases such as SwissTargetPrediction, 
Cytoscape 3.10.1, Online Mendelian Inheritance in Man 
(OMIM), DisGeNET, Therapeutic Targets Database 
(TTD), and GeneCards were employed to investigate 
potential biological targets and their associations. 

Isolated active compound
The active compound, 5,7-dihydroxy-3(R)-
methylphthalide, was isolated from the ethyl acetate 
extract of the fungus X. brevipes in previous studies. This 
extract was derived through sequential partitioning of 
the methanol extract using n-hexane, chloroform, and 
ethyl acetate, as described in previous studies (45). The 
structures of the isolated compounds were constructed 
using GaussView 5.0 software and optimized with 
Gaussian 09W. The optimization process employed 
density functional theory at the B3LYP/6-311G+(d,p) 
level of theory (46,47).

Identification of the potential activity of the active 
compound against ovarian cancer
For specific targets of active compounds, Simplified 
Molecular Input Line Entry System (SMILES) data were 
obtained using ChemDraw software and then uploaded 
to the SwissTargetPrediction database, with the species 
parameter set to Homo sapiens. The resulting target 
prediction data was downloaded in CSV format and 
processed using Microsoft Excel for further data cleaning 
and organization.

Simultaneously, ovarian cancer-specific targets were 
collected from the GeneCards database by searching for 
the keyword “ovarian cancer”. The gene symbols obtained 

from the GeneCards dataset and the predicted protein-
coding targets from SwissTargetPrediction were then 
input ino VENNY 2.1 to identify overlapping proteins. 

The intersection of these datasets represents potential 
target proteins implicated in ovarian cancer that are also 
predicted to interact with the active compound, providing 
insight into the compound’s possible therapeutic effects 
(48-50).

Protein-protein interaction (PPI) analysis and screening
PPI represents the relationships between two or 
more proteins, influenced by biochemical properties, 
hydrophobicity, and electrostatic interactions. Proteins 
are essential participants in numerous biological 
processes in both normal and pathological states. PPI 
networks visualize the interconnections between genes 
and proteins, serving as a critical area of bioinformatics 
research (51-53). In this study, proteins shared between the 
active compound and ovarian cancer were uploaded to the 
STRING database with parameters set for Homo sapiens 
and a confidence threshold of 0.4, while other settings 
remained default. The resulting PPI data, including 
node1, node2, and the combined score, were exported and 
imported into Cytoscape 3.10.1 to construct an interaction 
network. To identify key proteins, a top target analysis was 
performed using the CytoHubba plugin in Cytoscape, 
highlighting the top 10 proteins based on three centrality 
measures: betweenness centrality, indegree centrality, 
and closeness centrality. Betweenness centrality evaluates 
node importance based on connections with immediate 
neighbors, indegree centrality measures the number of 
direct links a protein has, and closeness centrality assesses 
the average shortest distance to all other nodes, reflecting 
network influence. This combined approach provides a 
robust identification of hub proteins (54,55).

Gene ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway analysis
GO and KEGG analyses were carried out focusing 
on biological processes, cellular components, gene 
function, and molecular functions using ShinyGO 0.77. 
Bioinformatic analysis of STRING data was performed 
by mapping the target proteins of active compounds 
associated with ovarian cancer, revealing the molecular 
mechanisms through which these compounds act in 
ovarian cancer treatment (56).

Molecular docking analysis 
To validate the docking protocol, redocking was 
performed using the native ligand 1BU of the SRC 
protein (PDB: 3F3V). Docking simulations were carried 
out with AutoDock4, applying a grid box sized 40 × 40 
× 40 Å centered at coordinates (-4.504, 34.198, -7.299). 
Lamarckian genetic algorithm was used with 100 runs 
to explore the binding conformations and predict the 
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most favorable ligand-protein interactions. Following the 
same parameters used in the redocking process, the active 
compound was docked into the receptor binding sites to 
evaluate their interactions and binding affinities (57).

Molecular dynamics simulation 
Molecular dynamics simulations of the complex were 
conducted using YASARA software and the md_
runmembrane.mcr script. The simulation was set to a 
temperature of 310 K, pressure of 1 atm (NPT ensemble), 
pH 7.4, and a NaCl concentration of 0.9% to replicate 
physiological conditions. Energy minimization was 
performed using the steepest descent method followed 
by simulated annealing minimization to achieve a density 
of 0.999 g/mL. An initial equilibration phase of 250 ps 
was carried out to stabilize the system before running 
production simulations for 100 ns with a timestep of 2.5 
fs, recording snapshots every 100 ps. After the simulation, 
analyses were performed using md_analyze.mcr macro 
in YASARA to calculate root mean square deviation 
(RMSD), radius of gyration (RoG), root mean square 
fluctuation (RMSF), and solvent accessible surface area 
(SASA), and dictionary of secondary structure of proteins 
(DSSP) values. Additionally, the BEcalculation.mcr macro 
was employed to assess the MM-PBSA binding energy 
(58,59).

Secondary structure analysis
The validation of the 3D protein model was carried 
out through secondary structure analysis using a 
Ramachandran (RAM) plot, which evaluates the dihedral 
angles phi (φ) and psi (ψ) of amino acid residues. The 
RAM plot for the protein was generated using the PDB-
Sum online tool (60).

ADMET study
Drug-likeness was evaluated based on Lipinski’s rule of 
five, along with additional criteria outlined by the Ghose, 
Veber, and Egan rules. Molecular properties, including 
molecular weight, the number of heavy atoms, hydrogen 
bond acceptors, hydrogen bond donors, rotatable bonds, 
molar refractivity, topological polar surface area, and 
log P, were predicted using SwissADME. Furthermore, a 
comprehensive ADMET analysis was performed using the 
pkCSM software to assess the pharmacokinetic and safety 
profiles of the compound (61).

Results
Identification of active compound and ovarian cancer 
target protein using a bioinformatic approach
The compound-specific targets of the active compound 
5,7-dihydroxy-3(R)-methylphthalide were identified 
using Swiss Target Prediction, which yielded 30 top target 
genes. Concurrently, ovarian cancer-specific target genes 
were retrieved from the GeneCards database, resulting 

Figure 1. (a) The chemical structure of 5,7-dihydroxy-3(R)-meth-
ylphthalide and (b) The intersection of proteins associated with the active 
compound and proteins linked to ovarian cancer targets. 

in a list of 8,423 related genes. The intersection of active 
compounds and ovarian cancer genes was performed 
using a Venn diagram, and 28 potential target genes 
related to ovarian cancer affected by the active compound 
were obtained (Figure 1b). These 28 target genes were 
then built and analyzed in the STRING database to obtain 
a PPI network, setting Homo sapiens as the organism and 
a confidence threshold of 0.40 (Figure 2a). The target-
active compound intersection was then imported into 
Cytoscape 3.10.0 to create a map of the potential main 
target protein interaction network (Figure 2b). Notably, 
the top 10 protein targets were identified as SRC, CCNA2, 
PARP1, CCNA1, KDR, CDK2, MET, PTK2, CCNT1, 
and CA9 based on minimum neighborhood connectivity 
(MNC) (Figure 2c), Degree Centrality (Figure 2d), and 
Closeness Centrality (Figure 2e).

GO and KEGG pathway analyses were performed 
using the bioinformatics tool ShinyGO 0.77 to investigate 
the mechanisms of 28 target proteins involved in ovarian 
cancer treatment. The GO analyses, such as biological 
processes, cellular components, and molecular functions, 
are shown respectively in Figure 3a-3c. In addition, 
KEGG pathways corresponding to potential targets of 
these active compounds are shown in Figure 3d.

Molecular docking of 5,7-dihydroxy-3(R)-methylphthalide 
against SRC protein
The docking parameters for the active compounds were 
validated through redocking of 1BU, the native ligand. 
The redocking process yielded an RMSD value of 0.74 
Å, confirming that the docking parameters were reliable 
and acceptable. The superimposed conformations of 1BU 
before and after redocking showed minimal structural 
differences (Figure 4a-4d).

Molecular dynamics simulations of 5,7-dihydroxy-3(R)-
methylphthalide against SRC protein
The RMSD and RMSF values were measured for 
the active compound, epirubicin, and native ligand 
1BU (Figure 5a-5b). The RMSD values for the active 
compound, epirubicin, and 1BU were 3.371 ± 0.270 
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Figure 2. Analysis of protein-protein interaction (PPI). (a) PPI network built from the intersection of Venn diagrams using STRING analysis; (b) PPI 
network visualized with Cytoscape; (c) Protein target network ranked by minimum neighborhood connectivity; (d) Degree centrality; (e) Closeness centrality.

Figure 3. The analysis of gene ontology (GO) categories. (a) Biological processes; (b) Cellular components; (c) Molecular functions; (d) Kyoto 
encyclopedia of genes and genomes (KEGG) pathways enrichment, based on the potential targets of active compounds in the ovarian cancer treatment.
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Å, 4.085 ± 0.304 Å, and 3.492 ± 0.238 Å, respectively. 
Furthermore, the RMSF values were 1.82 ± 0.756 Å for 
the active compound, 1.59 ± 0.631 Å for epirubicin, and 
1.77 ± 0.676 Å for 1BU.

The SRC protein complexed with the active compound 
generated the most favored regions with 211 residues 
(85.6%), allowed regions with 34 residues (13.8%), and 
generously allowed regions with 2 residues (0.8%). 
Meanwhile, the SRC protein complexed with epirubicin 
generated the most favored areas with 210 residues 
(85.0%), allowed regions with 34 residues (13.8%), and 
generously allowed regions with 2 residues (0.8%). 
Additionally, the SRC protein complex with native ligand 
generated the most favored regions with 208 residues 
(84.2%), allowed regions with 35 residues (14.2%), and 
generously allowed regions with 3 residues (1.2%). The 
DSSP analysis demonstrated that the secondary structural 
elements of the SRC protein, including helices, sheets, 
turns, coils, helix-310, and helix-Pi fractions, remained 
stable throughout the 100 ns molecular dynamics 
simulations (Figure 6a-6c).

RoG values were 2.07 ± 0.016 nm for the active 
compound, 2.04 ± 0.017 nm for epirubicin, and 2.03 ± 
0.013 nm for the native ligand (1BU). In addition, SASA 
values were 147.76 ± 2.72 nm2 for the active compound, 

151.26 ± 3.41 nm2 for the epirubicin, and 150.38 ± 2.77 
nm2 for the 1BU. These results are displayed in Figure 5c 
and 5d. Molecular mechanics Poisson-Boltzmann surface 
area (MM-PBSA) calculations indicated binding energies 
of -4.12 kJ/mol for the active compound, -175.79 kJ/mol 
for epirubicin, and 29.16 kJ/mol for 1BU, as summarized 
in Table 3.

ADMET study
Comprehensive ADMET analysis of the active compound, 
epirubicin, and 1BU is presented in Table 4, covering 
drug-likeness, absorption, distribution, metabolism, 
excretion, and toxicity. This comprehensive evaluation 
provides insights into the pharmacokinetic and safety 
profiles of each compound, which are crucial for assessing 
their potential as effective and safe therapeutic agents.

Discussion
The bioinformatics approach is crucial in investigating 
natural product compounds for ovarian cancer 
treatment. It enables comprehensive analysis of 
molecular interactions, target identification, and pathway 
elucidation, thereby accelerating drug discovery and 
development. By integrating computational tools, 
researchers can efficiently screen, predict, and optimize 

Figure 4. The superimposed conformations of 1BU before and after redocking. (a) The superimposed structure of 1BU as the native ligand before 
(black) and after (yellow) redocking process; (b) The visualization of chemical interactions of 1BU; (c) 5,7-dihydroxy-3(R)-methylphthalide; (d) Epirubicin 
with the active site of SRC protein.
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the therapeutic efficacy and safety of natural compounds, 
ultimately contributing to more effective and targeted 
cancer therapies. In this study, SRC protein was identified 
as the most significant protein among 28 proteins related 
to ovarian cancer based on MNC, Degree centrality, and 
Closeness centrality measures from the PPI network, 

which were further supported by GO and KEGG pathway 
analyses.

SRC protein is a non-receptor tyrosine kinase that 
plays a central role in various cellular signaling pathways 
related to cancer development and progression. Its role in 
coordinating metabolic pathways further supports cancer 

Figure 5. Backbone root mean square deviation (RMSD; a), root mean square fluctuation (RMSF; b), RoG (radius of gyration; c), and solvent accessible 
surface area (SASA; d) analysis during 100 ns simulation of SRC protein.

Figure 6. Ramachandran plot (RAM) and dictionary of secondary structure of proteins (DSSP) analysis of SRC protein: (a) 5,7-dihydroxy-3(R)-
methylphthalide, (b) epirubicin, and (c) native ligand (1BU).
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cell adaptation and survival in challenging environments. 
In ovarian cancer, elevated SRC levels are associated with 
chemoresistance and poor prognosis (62). By interacting 
with nuclear receptors such as the estrogen receptor, SRC 
enhances target gene transcription, thereby promoting 

cancer cell proliferation (63). Additionally, SRC plays a 
critical role in metastasis by regulating ovarian cancer 
cell migration and invasion; its downregulation has been 
shown to significantly reduce these processes (64). Due 
to its widespread involvement in tumor progression, SRC 

Table 3. Molecular mechanics Poisson-Boltzmann surface area (MM-PBSA) calculation for various compounds after molecular dynamics simulations in the 
active site of SRC protein

Energy
Energy value (kcal/mol)

Active compound Epirubicin 1BU

EpotRecept -9864.74 ± 801.84 -9330.45 ± 858.03 -9397.20 ± 935.18
EsolvRecept -23652.99 ± 948.26 -23825.15 ± 965.30 -24660.64 ± 1435.75

EpotLigand -176.62 ± 17.51 523.75 ± 28.78 -710.16 ± 26.50

EsolvLigand -162.08 ± 18.88 -497.44 ± 23.62 -218.72 ± 14.30

EpotComplex -10174.63 ± 806.27 -9110.54 ± 879.98 -10508.28 ± 943.53

EsolvComplex -23639.04 ± 953.48 -23842.97 ± 983.36 -24507.05 ± 1445.54
Binding energy -43.12 ± 34.97 -175.79 ± 38.77 29.16 ± 33.13

Table 4. Absorption, distribution, metabolism, excretion, and toxicity (ADMET) results of the active compound

Pharmacokinetic parameter Native ligand (1BU) Epirubicin Active compounds

Drug-likeness
Molecular weight (g/mol) 506.61 543.52 180.16
Log P 7.19 0.70 1.33
H-bond donor 4 6 2
H-bond acceptor 8 12 4
Topological polar surface area (Å2) 122.78 206.07 66.76
Rotatable bonds 8 5 0

Absorption
Water solubility (log mol/L) -3.30 -2.91 -1.81
HIA (%) 92.23 62.37 93.32
Caco-2 permeability (cm/s) -0.13 0.46 1.08

Distribution
log BBB permeability -1.04 -1.38 -0.35
VDss for human -1.01 1.65 -0.13
CNS permeability -1.54 -4.31 -3.29

Metabolism
CYP2D6 inhibitor Inactive Inactive Inactive
CYP2E1 inhibitor Inactive Inactive Inactive
CYP3A4 inhibitor Inactive Inactive Inactive
CYP2C9 inhibitor Inactive Inactive Inactive
CYP2C19 inhibitor Inactive Inactive Inactive
CYP1A2 inhibitor Inactive Inactive Inactive

Excretion
Total clearance (log mL/min/kg) -0.17 0.99 0.59
Renal OCT2 substrate No No No

Toxicity
Cytotoxicity Inactive Active Inactive
Mutagenicity Inactive Active Inactive
Hepatotoxicity Active Inactive Inactive
Neurotoxicity Active Active Inactive
Cardiotoxicity Inactive Active Inactive
Immunotoxicity Inactive Active Inactive
hERG I inhibitor No No No
hERG II inhibitor Yes Yes No
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is considered a promising therapeutic target, with efforts 
ongoing to develop inhibitors that can effectively disrupt 
its signaling and improve cancer treatment efficacy.

Based on KEGG pathway analysis, the SRC protein 
was significantly associated with EGFR tyrosine 
kinase inhibitor resistance. Inhibition of SRC played a 
critical role in regulating key cellular processes such as 
proliferation, survival, growth, differentiation, motility, 
and angiogenesis. Additionally, SRC was linked to HER-
2 mutations as well as the overexpression of HER-2 and 
HER-3 within the EGFR signalling pathway, all of which 
were closely related to targeted inhibition strategies 
in ovarian cancer. Members of the HER family were 
frequently overexpressed or dysregulated in ovarian 
tumors. Moreover, SRC was responsible for the abnormal 
dimerization of STAT3. Abnormal activation and 
dimerization of STAT3 contributed to sustained signalling 
that supports cancer progression, including ovarian 
cancer, by regulating genes involved in cell growth and 
metastasis. This interaction between SRC and STAT3 
highlighted a critical pathway that could be targeted for 
therapeutic intervention in tumor progression and drug 
resistance. 

The molecular docking analysis revealed detailed 
interactions between the SRC protein and three 
ligands: 1BU as the native ligand, 5,7-dihydroxy-3(R)-
methylphthalide as the active compound, and epirubicin 
as a drug for ovarian cancer treatment. 1BU exhibited 
strong binding affinity toward SRC with a binding energy 
of -40.50 kJ/mol and a highly favorable binding constant 
of 0.01 µM. Its interaction profile included multiple 
hydrogen bonds with key active site residues Met341 (2.30 
Å), Asp404 (2.13 Å), and Glu310 (2.00 Å). Additionally, 
a carbon-hydrogen bond with Glu339, a salt bridge, and 
a pi-anion interaction with Glu310, as well as a pi-sulfur 
bond with Met314, contributed to binding stability. The 
hydrophobic contacts involved Leu273, Leu393, Ala313, 
Met314, Val323, Leu322, and Ala403, demonstrating a 
comprehensive engagement with the active site.

The active compound showed a different interaction 
pattern, with a binding energy of -22.97 kJ/mol and a 
binding constant of 95.03 µM, indicating a weaker affinity 
relative to the native ligand. This compound formed 
hydrogen bonds with Asp 404 (2.22 Å) and Val402 
(2.14 Å). Notably, Asp404 played a crucial role in SRC 
inhibition, as it was involved in interaction with both the 
native ligand and this compound. Additional hydrophobic 
interactions were detected with Val313, Met314, Val323, 
and Ala403, plus a pi-sulfur bond with Met314, which 
supported moderate binding stability.

Epirubicin, with a binding energy of -38.37 kJ/mol and 
a binding constant of 0.19 µM, bound SRC with high 
affinity similar to the native ligand. It formed multiple 
hydrogen bonds within the active site, involving Leu273 
(1.71 Å), Met341 (2.28 Å), Glu310 (1.90 Å), Asp404 

(2.11 Å), and Phe405 (2.84 Å). However, an unfavorable 
acceptor-acceptor interaction with Leu273 may reduce 
overall binding efficiency. A carbon-hydrogen bond with 
Gly274 and hydrophobic interaction with Val281, Leu393, 
and Val323 further participated in ligand stabilization.

In summary, 1BU demonstrated the strongest binding 
affinity to SRC by engaging multiple key residues via 
diverse interactions, serving as a benchmark for inhibitor 
binding. Epirubicin showed comparable binding strength, 
with extensive hydrogen bonding to the same active site 
residues but with some unfavorable contacts. In contrast, 
the active compound exhibited moderate binding affinity, 
maintaining critical interactions with Asp404 but with 
fewer hydrophobic contacts and weaker overall binding 
energy. These findings suggest that while the active 
compound can interact with SRC’s active site, optimization 
may be needed to enhance its binding affinity relative to 
more potent ligands like 1BU and epirubicin. 

RAM analysis identified zero residues in the disallowed 
regions for the active compound, whereas epirubicin and 
1BU each showed one residue, signalling slightly better 
overall structural integrity for the active compound. This 
finding aligns with the DSSP secondary structure analysis, 
which confirmed the SRC protein’s secondary structural 
elements remained stable throughout the simulation for 
all complexes. RoG values were comparable among all 
ligands, such as 2.07 ± 0.016 nm for the active compound, 
2.04 ± 0.017 nm for epirubicin, and 2.03 ± 0.013 nm for 
1BU, indicating similar compactness and folding stability 
of protein-ligand complexes. SASA values were also close, 
with 147.76 ± 2.72 nm2 for the active compound, 151,26 
± 3.41 nm2 for epirubicin, and 150.38 ± 2.77 nm2 for 1BU, 
suggesting no significant difference in solvent exposure 
upon binding. The binding free energy calculated by MM-
PBSA yielded the most favorable value for epirubicin at 
-175.79 kJ/mol, followed by the active compound at -43.12 
kJ/mol, while 1BU exhibited a positive binding energy of 
29.16 kJ/mol. Despite the highest binding energy favoring 
epirubicin, the active compound showed superior 
structural stability, indicated by its lower RMSD and zero 
disallowed residues in RAM. In summary, considering 
both structural stability and binding energetics from 
the MD simulation data, epirubicin demonstrated the 
strongest binding affinity energetically, but the active 
compound exhibited the most stable protein-ligand 
complex dynamics. The active compound’s superior 
conformational stability suggested that it might be the 
most promising candidate for further development 
targeting SRC inhibition under physiological conditions.

ADMET analysis provided a comprehensive evaluation 
of the pharmacokinetic and safety profiles of three 
compounds. In terms of drug-likeness, the active 
compound had the lowest molecular weight (180.16/mol) 
and a moderate Log P value of 1.33, indicating favorable 
lipophilicity for drug absorption. It also had the fewest 
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hydrogen bond donors and acceptors (2 and 4, respectively), 
which could improve membrane permeability. Compared 
to 1BU and epirubicin, the active compound had the 
smallest topological polar surface area (66.76 Å2), which 
often correlates with better oral bioavailability. Notably, 
the active compound had zero rotatable bonds, which 
may have contributed to a more rigid structure and 
enhanced binding specificity. Regarding absorption, the 
active compound displayed the highest water solubility 
(-1.81 log mol/L) and human intestinal absorption (HIA) 
at 93.32%, surpassing both 1BU and epirubicin. Its Caco-2 
permeability value (1.08 cm/s) was also the highest among 
the three, suggesting superior intestinal permeability and 
better absorption potential.

In the distribution phase, the active compound showed 
better blood-brain barrier (BBB) permeability (-0.35) 
compared to 1BU and epirubicin, indicating potential 
central nervous system (CNS) exposure if needed. The 
VDss was closer to neutral (-0.13) versus positive for 
epirubicin (1.65) and negative for 1BU (-1.01). Central 
nervous system penetration predictions showed that the 
active compound had intermediate CNS permeability 
(-3.29), better than epirubicin (-4.31), but less than 
1BU (-1.54). Metabolically, all three compounds were 
inactive as inhibitors of major cytochrome P450 enzymes 
(CYP2D6, CYP2E1, CYP3A4, CYP2C9, CYP2C19, and 
CYP1A2), reducing the risk of metabolic drug-drug 
interactions. This was a favorable property for drug 
candidates regarding safety and metabolic stability. In 
terms of excretion, total clearance values suggested that 
epirubicin (0.99) and the active compound (0.59) had 
higher clearance rates compared to 1BU (-0.17), potentially 
influencing dosing intervals. Toxicity profiling highlighted 
clear differences; the active compound was inactive 
in all tested toxicity categories, including cytotoxicity, 
mutagenicity, hepatotoxicity, neurotoxicity, cardiotoxicity, 
and immunotoxicity. In contrast, epirubicin showed 
multiple toxic effects such as cytotoxicity, mutagenicity, 
cardiotoxicity, and immunotoxicity. Meanwhile, 1BU 
exhibited hepatotoxicity and neurotoxicity risks and was 
a hERG II inhibitor, which raised concerns for cardiac 
safety. In summary, the active compound demonstrated 
the most favorable overall ADMET profile. It combined 
optimal physicochemical properties for drug-likeness 
and absorption, metabolic stability by not inhibiting CYP 
enzymes, and a clean toxicity profile without adverse 
effects. Compared to 1BU and epirubicin, the active 
compound appeared to be the safest and most promising 
candidate for further drug development, balancing 
efficacy potential with reduced safety risks.

Despite the advantages, this study had some limitations. 
The computational methods, including bioinformatics, 
molecular docking, and molecular dynamics simulations, 
could not fully capture the complex biological environment 
and tumor heterogeneity in vivo. The bioinformatics 

databases and pathway analyses were limited by the 
quality and completeness of existing data, which may have 
introduced bias or overlooked novel targets. Molecular 
docking and molecular dynamics simulations provided 
insights into binding stability but did not fully represent 
cellular pharmacodynamics and pharmacokinetics. The 
ADMET predictions offered preliminary pharmacokinetic 
and toxicity profiles but required experimental validation 
to confirm safety and efficacy. Therefore, further in vitro 
and in vivo studies are needed to validate the therapeutic 
potential of the active compound targeting SRC in ovarian 
cancer. 

Conclusion
A comprehensive computational study of 5,7-dihydroxy-
3(R)-methylphthalide was performed to evaluate whether 
this compound shows a promising profile for the active 
compound against ovarian cancer cells. The bioinformatic 
data revealed that this compound could target 28 proteins 
related to ovarian cancer disease. Through a PPI network, 
as well as GO and KEGG pathways, the SRC protein 
was found to have the most significant protein target for 
ovarian cancer. The molecular docking study revealed 
that the active compound had moderate binding affinity, 
maintaining critical interactions but fewer hydrophobic 
contacts. Overall, while the active compound interacted 
with SRC’s active site, it needed optimization to improve 
binding relative to 1BU and epirubicin. Furthermore, 
molecular dynamics simulations revealed that the active 
compound’s superior stability suggested it was the most 
promising candidate for further development targeting 
SRC inhibition under physiological conditions. Moreover, 
the active compound demonstrated the most favorable 
ADMET profile, combining good drug-like properties, 
metabolic stability, and a clean toxicity profile. It appeared 
to be the safest and most promising candidate for further 
drug development compared to 1BU and epirubicin. 
Future studies should focus on structural modifications 
and experimental validation to confirm its therapeutic 
efficacy.
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