
 

 © 2025 Journal of Pharmacy & Pharmacognosy Research, 13 (s1), S47-S57, 2025 

ISSN 0719-4250 
https://jppres.com 

 

DOI: https://doi.org/10.56499/jppres24.2110_13.s1.47 

 

Original Article 
 

 

In silico prediction of MMP-2 pathway related to anticancer effects 
of Sterculia foetida L. 

[Predicción in silico de la vía MMP-2 relacionada con los efectos anticancerígenos de Sterculia foetida L.] 

Aiko Zavira Permana1, Naura Luviezka Choirunnisa1, Debora Chris Kezia1, Edwin Widodo2, Happy Kurnia Permatasari3, 
Hikmawan Wahyu Sulistomo4, Eviana Nurahmawati5, Nik Ahmad N. Nik Malek6, Agustina Tri Endharti7,8, Sofy Permana9* 

1Master Program in Biomedical Sciences, Faculty of Medicine, Universitas Brawijaya, Indonesia. 
2Department of Physiology, Faculty of Medicine, Universitas Brawijaya, Indonesia. 

3Department of Biochemistry, Faculty of Medicine, Universitas Brawijaya, Indonesia. 
4Department of Pharmacology, Faculty of Medicine, Universitas Brawijaya, Indonesia.  

5Department of Pathology Anatomy, Faculty of Medicine, Universitas Brawijaya, Indonesia. 
 6Centre for Sustainable Nanomaterials (CSNano), Universiti Teknologi, Malaysia 

7Department of Parasitology, Faculty of Medicine, Universitas Brawijaya, Indonesia. 
8Biomedical Central Laboratory, Faculty of Medicine, Universitas Brawijaya, Indonesia.  

9Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Brawijaya, Indonesia.  
*E-mail: sofy-bio@ub.ac.id 

 

Abstract 

Context: Matrix metalloproteinase-2 (MMP-2) is a protein found in tumor cells and is important in breast cancer spread and development. Natural substances 

like quercetin, cardenolide, epicatechin, coumarin, and anthraquinone have been studied for their ability to block MMP-2 activity, which may lead to lower 

tumor invasiveness and reduced spread. These bioactive compounds present potential treatment options for targeting MMP-2 and slowing down the 

progress of breast cancer. 

Aims: To determine the mechanism of MMP-2 inhibition by active compounds of Sterculia foetida L that have the potential therapy for breast cancer. 

Methods: This research uses an in silico method with molecular docking. A low binding affinity value also indicates a more stable binding potential compared 

to a higher binding affinity value. 

Results: From the bioavailability results using molecular docking method to compare binding affinity values, using Biovia discovery studio visualizer 

application, Autodock tools, command prompt, and Ligplot. PubChem, RCSB-PDB, and PASS online tests also showed the highest binding affinity for the 
active compound quercetin (-8.7 kcal/mol). In the results of the toxicity test, epicatechin compounds have the highest toxic level of 2, while cardenolide has 

the lowest toxic level of 6 have the potential to inhibit MMP-2.  

Conclusions: It can be concluded that the five active compounds of S. foetida could be used as breast anticancer agents, which could be consumed as oral 

medication.  

Keywords: anticancer; Sterculia foetida; coumarin; MMP-2. 

 

Resumen 

Contexto: La metaloproteinasa de matriz-2 (MMP-2) es una proteína que se encuentra en las células tumorales y es importante en la propagación y el 

desarrollo del cáncer de mama. Se han estudiado sustancias naturales como la quercetina, la cardenolida, la epicatequina, la cumarina y la antraquinona por 

su capacidad para bloquear la actividad de la MMP-2, lo que puede conducir a una menor invasividad tumoral y una menor propagación. Estos compuestos 

bioactivos presentan posibles opciones de tratamiento para atacar a la MMP-2 y ralentizar el progreso del cáncer de mama.  

Objetivos: Determinar el mecanismo de inhibición de la MMP-2 por compuestos activos de Sterculia foetida L. que tienen potencial terapéutico para el cáncer 

de mama. 

Métodos: Esta investigación utiliza un método in silico con acoplamiento molecular. Un valor de afinidad de unión bajo también indica un potencial de unión 

más estable en comparación con un valor de afinidad de unión más alto. 

Resultados: A partir de los resultados de biodisponibilidad utilizando el método de acoplamiento molecular para comparar los valores de afinidad de unión, 

utilizando la aplicación de visualización Biovia Discovery Studio, las herramientas Autodock, el símbolo del sistema y Ligplot. Las pruebas en línea PubChem, 

RCSB-PDB y PASS también mostraron la mayor afinidad de unión para el compuesto activo quercetina (-8,7 kcal/mol). En los resultados de la prueba de 

toxicidad, los compuestos de epicatequina tienen el nivel tóxico más alto de 2, mientras que la cardenolida tiene el nivel tóxico más bajo de 6 y tienen el 

potencial de inhibir la MMP-2. 

Conclusiones: Se puede concluir que los cinco compuestos activos de S. foetida podrían usarse como agentes anticancerígenos de mama, que podrían 

consumirse como medicación oral. 

Palabras Clave: anticancerígeno; Sterculia foetida; cumarina; MMP-2. 
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INTRODUCTION 

Cancer is characterized by uncontrolled and 
abnormal growth of cells. It can metastasize or spread 
to various tissues in the body. Breast cancer refers to 
abnormal cell growth originating in epithelial cells, 
which make up 85% of ducts and 15% of lobules in 
breast tissue (Del Piccolo et al., 2021). 

Around 2.3 million new cases of breast cancer are 
diagnosed each year, making it the most common 
cancer in women globally and a major cause of can-
cer-related deaths. The development of the disease is 
complex influenced by environmental, hormonal, and 
genetic variables. Effective treatment of metastatic 
breast cancer is still difficult, despite improvements in 
early identification and treatment. Finding molecular 
targets for treatment has emerged as a key component 
of studies aimed at enhancing patient survival and 
quality of life (Lu et al., 2011) 

Because of its involvement in the development and 
spread of breast cancer, matrix metalloproteinase-2 
(MMP-2) has become a crucial therapeutic target 
(Mustafa et al., 2022). As a member of the zinc-
dependent endopeptidases family, MMP-2 facilitates 
angiogenesis and tumor invasion by breaking down 
extracellular matrix components. In breast cancer, the 
overexpression of MMP-2 is associated with a more 
aggressive tumor, a worse prognosis, and a lower 
survival rate (Jiang and Li, 2021). 

Both synthetic inhibitors and natural substances, 
including flavonoids and polyphenols, have shown 
promise in inhibiting MMP-2 activity, which would 
lessen tumor invasiveness and metastasis (Pawłowski 
et al., 2024). Exploring MMP-2 inhibitors and how 
they work may open the door to new treatment strat-
egies for advanced and metastatic breast cancer. 

Matrix metalloprotein is a class of zinc-dependent 
endopeptidases (Cabral-Pacheco et al., 2020). MMP-2 
is produced naturally by stromal cells and cancer 
cells. In breast cancer, MMP-2 is significantly 
overexpressed compared to cancer cells in other 
tissues and is specifically expressed by tumor cells, 
thereby enhancing type IV collagen degradation. This 
has an impact on the occurrence of metastases and 
invasion of cancer cells (Li et al., 2017). 

Currently, the standard therapy used as 
chemotherapy for breast cancer is tamoxifen 
(Bhushan et al., 2021). Tamoxifen is the most often 
used drug for estrogen receptor-positive breast 
cancer. Tamoxifen acts as an antiestrogen by blocking 
estrogen receptors in the body (Ahmad, 2018). 
However, as time progresses, resistance to tamoxifen 
has emerged, and resistance to this therapy is the 

main cause of death in breast cancer patients. This 
underscores the need to develop a combination of co-
chemotherapy to minimize resistance (Ahmad et al., 
2018). 

It is noted that more than 60% of the anticancer 
agents currently used are derived from natural 
sources. One such source is Sterculia foetida L. (family 
Malvaceae), which has active compounds for treating 
cancer and disease. S. foetida has high antioxidant 
properties and can increase the level of anticancer 
effectiveness (Rollando and Prilianti, 2017). S. foetida 
has bioactive compounds such as cardenolide, 
anthroquinone, epicatechin, coumarin, and quercetin 
as anticancer agents (Rollando and Prilianti, 2017). 

An enzyme called matrix metalloproteinase-2 
(MMP-2) plays a key role in the breakdown of extra-
cellular matrix components, which is critical for breast 
cancer tumor growth and metastasis (Jiang and Li, 
2021). MMP-2 is a crucial target for cancer treatment 
since high levels in cancer cells are associated with a 
worse prognosis (Pfeffer and Singh, 2018). Natural 
compounds derived from plants are increasingly 
studied because they may offer greater effectiveness 
and fewer side effects compared to synthetic drugs 
(Nassim et al., 2022). 

The tropical plant S. foetida, sometimes known as 
the Java olive tree or wild almond, is utilized in tradi-
tional medicine (Jiang and Li, 2021). Flavonoids and 
terpenoids, two compounds from this plant, have 
demonstrated anti-cancer properties (Deryugina and 
Quigley, 2016). However, the exact mechanism by 
which these drugs inhibit MMP-2 is still unknown. It 
is critical to comprehend this in order to develop 
more effective breast cancer treatments. 

To address the existing challenges, this study aims 
to systematically investigate the anticancer 
mechanisms of active compounds from S. foetida 
including cardenolide, anthraquinone, epicatechin, 
coumarin, and quercetin—targeting MMP-2 in breast 
cancer through in silico analysis.  

MATERIAL AND METHODS 

Docking and visualization 

Docking of MMP-2 – ligand of active compound of 
S. foetida and MMP-2-tamoxifen (Table 1). Hereafter, 
the binding affinity, energy, position, and type of 
bond were analyzed. PyRx software version 8.0 was 
used for the docking method in order to ascertain the 
interaction between MMP-2 and the ligands of 
Sterculia foetida. Using Discovery Studio R17 and 
PyMol software, the visualization and aminoacid
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Table 1. SMILE code and bioactivity of each active compound of Sterculia foetida. 

No. Compound PubChem ID SMILE Bioactivity Reference 

1. Quercetin 5280343 C1=CC(=C(C=C1C2=C(C(=O)C3=C(C=C(C=C3O2)

O)O)O)O)O 

Antioxidant 

Anti-inflammatory 

Anticancer 

Anti-proliferation 

Lozano et al., 2019 

Mohammed et al, 2022 

2 Cardenolide 53957771 CC12CCCCC1CCC3C2CCC4(C3CCC4C5=CC(=O)

OC5)C 

Anticancer 

Cytotoxic 

Anti-tumor growth 

Apoptosis 

Wen et al., 2016 

3 Epicatechin 182232 C1C(C(OC2=CC(=CC(=C21)O)O)C3=CC(=C(C=C3

)O)O)O 

Anticancer 

Anti-inflammatory 

Antiproliferation 

Anti-angiogenesis 

Anti-proliferation 

Anti-metastatic 

Mani et al., 2021 

4 Coumarins 323 C1=CC=C2C(=C1)C=CC(=O)O2 Antioxidant 

Anti-inflammatory 

Anticancer 

Anti-mutagen 

Anti-proliferation 

Hassanein et al., 2020 

5 Anthro 

quinone 

12517757 CN1CCCC1=NC2=CC=CC3=C2C(=O)C4=CC=CC=

C4C3=O 

Anticancer 

Antioxidant 

Antimetastasis 

Rollando and Prilianti, 

2017 

 
interaction were completed after the docking process. 
The sites specific for compound candidates to bind 
were MMP-2 binding sites.  

Analysis of bioactivity values of active compounds 

The Pa value is obtained by entering the SMILE 
code of each active compound of S. foetida, which can 
be downloaded from the PubChem platform into the 
search box on the PASS-online platform, which can be 
accessed at the following link 
https://www.way2drug.com/PassOnline/predict.ph
p. 

Analysis of the bioavailability active compounds of 
Sterculia urceolata with Lipinsky rules and Veber 
rules 

Lipinski rules assess the potential of a compound 
as a drug seen from ADME status, while Veber rules 
assess the potential of a compound as an oral drug. 
Lipinski can be accessed at the following link 
http://www.scfbio-
iitd.res.in/software/drugdesign/lipinski.jsp 
(Ivanović et al., 2020).  

ADMET analysis 

Potential chemicals from S. foetida were screened 
for physicochemical traits, pharmacokinetics, solubili-

ty, and absorption characteristics in order to identify 
possible therapeutic candidates. The canonical SMILE 
structure that was previously retrieved from the 
PubChem database (Table 1) was used to identify 
each bioactive component from Sterculia foetida. This 
structure was then entered into the Swiss ADME 
web's active box to assess each compound's ADMET 
properties. The free website server provided by Swiss 
ADME (http://swissadme.ch/) was utilized to de-
termine the lipophilicity, absorption, water solubility, 
drug-likeness, and physicochemical descriptors were 
among the metrics that were used to predict the phys-
icochemical and drug-likeness characteristics of S. 
foetida. 

Data analysis 

First, utilizing PyRx software to redock the natural 
ligand in each target protein crystal structure 
validated the internal validation of the docking 
process. The root mean square deviation (RMSD) 
value (<2A), which represents the precision of the 
docking technique by re-docking the native ligand to 
the target protein, was used to evaluate the validity. 
S. foetida absorption and distribution predictions, 
pharmacokinetics analysis value of the Lipinski rule, 
and pharmacokinetics analysis. 

https://jppres.com/
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A B 

  

Figure 1. (A) Visualization of the structure of MMP-2 as a receptor. (B) Visualization of 

the structure of tamoxifen as a ligand (anti-estrogen therapy).  

 

RESULTS AND DISCUSSION  

Ligand collection and preparation 

Data on the bioactive chemicals found in S. foetida 
were gathered and screened for this study from a 
variety of credible sources. Literature retrieved from 
the PubChem database was used to gather bioactive 
chemicals from Sterculia urceolata that have been 
shown to have promise in breast cancer (Table 1). 
Compound name, PubChem CID, compound syno-
nyms, molecular formula, canonical smile, and chem-
ical structure are among the bioactive compound 
bank data that was gathered 
(https://pubchem.ncbi.nlm.nih.gov/). This infor-
mation will thereafter be used as a guide for more 
research to forecast parallels in these substances' med-
ication design processes. 

Structure of control ligands of MMP-2 and 
tamoxifen (an antiestrogen therapy) used in 
molecular docking 

The MMP-2 structure used in this research was 
downloaded from RCSB-PDB, which can be accessed 
at the following link 
https://www.rcsb.org/structure/1HOV. The MMP-2 
protein belongs to the hydrolase inhibitor group and 
comes from Homo sapiens (humans) without 
mutations. Matrix metalloproteinase 2 (MMP-2) itself 
plays a role in angiogenesis and metastasis of cancer 
cells, and its levels increase significantly in breast 
cancer cells (Pittayapruek et al., 2016). The RMSD 
values for this structure are 1.02 and 1.62A from the 
central coordinate point. The MMP-2 structure used 
in this research is type 1-HOV, which is a complex of 
MMP-2 with i-52. Meanwhile, the 3D structure of the 
tamoxifen control ligand was taken from PubChem, 
which can be accessed at the following link 
https://pubchem.ncbi.nlm.nih.gov/compound/Tam
oxifen  

Figure 1 shows a visualization of the MMP-2 
receptor and its ligand tamoxifen as a control agent.. 

The active compound of Sterculia foetida 

The potential anticancer activity of each active 
compound in S. foetida can be evaluated through its 
Pa value using the PASS-Online platform, which 
provides a quantitative assessment of bioactivity. 
PASS-Online, accessible at 
(https://www.way2drug.com/PassOnline/predict.p
hp), generates probable activity (Pa) and probable 
inactivity (Pi) values that serve as key indicators of a 
compound's bioactivity potential. A high Pa value 
suggests a higher likelihood of bioactive properties, 
aligning with known pharmacological agents, while 
the Pi value indicates inactivity. Selecting compounds 
with the highest Pa values may thus reveal structural 
analogs to existing pharmacological agents (Table 2). 

A Pa value greater than 0.7 suggests that the 
structural compound closely resembles known drug 
compounds and has a high potential for significant 
experimental activity. For values between 0.5 and 0.7, 
the structural similarity to pharmaceutical agents 
decreases, as does the predicted experimental activity. 
When Pa values fall below 0.5, the likelihood of 
predicting notable experimental activity is 
considerably reduced (Filimonov et al., 2014). 

Analysis of the active compound Sterculia foetida 
with MMP-2, compared with tamoxifen 
(antiestrogen therapy) and i-52 ligand (control 
ligand) 

Upon completion of the docking process, the 
complex bond structure of the newly formed 
compound will be saved in PDB format for further 
examination using LigPlot. This tool allows for 
detailed visualization of amino acid interactions, 
specifically identifying hydrophobic and hydrophilic 
bonds within active compounds. This analysis 
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Table 2. Results of online Pa PASS prediction of bioactivity of the active compound Sterculia foetida, which is related to 

anticancer activity. 

Bioactivity of active 

compounds 

Pa value of the active compound of Sterculia foetida 

Quercetin Cardenolide Epicatechin Coumarins Anthraquinone 

Antineoplastic 0.797 0.823 0.675 0.523 0.614 

Anticarcinogenic 0.757 0.322 0.795 0.324 0.620 

Pro-apoptosis  0.887 0.783 0.698 0.611 0.750 

Antioxidant 0.872 0.170 0.810 0.389 0.421 

Anti-Inflammatory 0.689 0.516 0.548 0.615 0.499 

Anti-proliferation 0.614 0.607 0.681 0.280 0.593 

TP53 Enhancer 0.844 0.690 0.959 0.713 0.695 

Antimutagenic 0.577 0.133 0.571 0.767  

Antineoplastic (breast 

cancer) 
0.577 0.689 0.486 0.472 0.197 

Metalloproteinase 

inhibitors 

0.734 0.387 0.722 0.576  

CYP1A2 substrate 0.910 0.226 0.608 0.672  

Antimetastatic  0.479 0.290 0.594 0.519 

Beta glucuronidase 

inhibitor 

0.681 0.276 0.604 0.557 0.546 

Average Pa value 0.71* 0.46 0.64 0.54 0.41 

The asterisk (*) indicates that quercetin has the highest Pa value of the active compound of Sterculia foetida. 

 
generates a visual representation of the amino acid 
bonds, enabling a comparative study of the binding 
interactions of S. foetida active compounds with MMP-
2. These results are then evaluated alongside those of 
tamoxifen, a commonly used antiestrogen therapy, 
and the control ligand i-52, with comparative data 
presented in Table 3. 

The ligplot results provide insights into the amino 
acid interactions of the tested compounds with the 
target site in comparison to the control ligand, i-52, 
which serves as a benchmark for binding affinity and 
stability. Quercetin shows the greatest similarity to i-
52, sharing six identical amino acid interactions: 
Glu121(A), His130(A), His120(A), Pro140(A), 
Leu82(A), and His85(A). This high degree of overlap 
suggests quercetin may possess a binding 
conformation closely aligned with i-52, potentially 
contributing to its relatively high binding affinity and 
stability. 

Other compounds, such as cardenolide and 
epicatechin, exhibit moderate similarity by sharing 
three amino acid interactions with i-52. Specifically, 
cardenolide interacts with His120(A), Leu82(A), and 
His85(A), whereas epicatechin engages with 
Pro140(A), His120(A), and Glu121(A). These 
compounds display a moderate degree of structural 

alignment, suggesting a potential for binding that 
may be slightly lower than that of quercetin. 

Anthraquinone shows intermediate similarity with 
four shared amino acid interactions (Glu121(A), 
Leu82(A), Pro140(A), and His120(A)), indicating a 
potentially moderate binding affinity within the 
target site. Tamoxifen, the antiestrogen ligand, does 
not share any amino acid interactions with i-52, 
suggesting it may operate through a different binding 
mechanism or act at an alternate site, potentially 
resulting in lower comparability in terms of affinity 
and stability. 

These results suggest that quercetin, with a 
binding affinity of -8.7 kcal/mol, forms the most 
stable interaction with MMP-2 among the tested 
Sterculia foetida compounds. Its binding energy is 
notably close to that of i-52, the control ligand, 
indicating a strong and potentially stable binding 
similar to the control standard. Furthermore, 
quercetin’s binding affinity is lower than that of 
tamoxifen, indicating it may form a more stable 
complex with MMP-2 compared to conventional 
antiestrogen therapy.  

The stability of quercetin’s binding, as inferred 
from its relatively low binding affinity, highlights its 
potential as a promising candidate for MMP-2 
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inhibition, possibly offering an alternative or adjunct 
to tamoxifen in targeting breast cancer pathways. This 
data underscores the therapeutic potential of 
quercetin within S. foetida and suggests further 
investigation into its anticancer mechanisms and 
efficacy in MMP-2 modulation (Endharti et al., 2025).  

It has been demonstrated that quercetin binds effi-
ciently to a number of cancer-related proteins, includ-
ing MMP-2. It may be able to stop the spread of can-

cer because of its high binding affinities. These results 
imply quercetin's capacity to interfere with cancer 
cells' survival processes. A lower binding affinity 
value indicates easier binding to the target protein, 
requiring minimal energy in the process. 
Additionally, a lower binding affinity suggests a more 
stable binding interaction compared to higher affinity 
values (Chaudhary and Mishra, 2016).  

 

Table 3. The interaction between active compounds of Sterculia foetida and MMP-2. 

No. Receptor Active compound Type and number of ties Bond interactions Bindings affinity 

1 MMP-2 Quercetin Hydrogen bonds: 8 Ala139(A) 

Leu83(A) 

Glu121(A) 

Ala86(A) 

Zn166(A) 

His124(A) 

His130(A) 

His120(A) 

-8.7* 

 

   Hydrophobic bonds: 6 Pro140(A) 

Tyr142(A) 

Leu82(A) 

Ala84(A) 

His85(A) 

Ile141(A) 

 

2 MMP-2 Cardenolide Hydrogen bonds: 9 His120(A) 

Pro140(A) 

Tyr142(A) 

Ala139(A) 

Tyr74(A) 

Leu82(A) 

Ala84(A) 

Leu83(A) 

Ile141(A) 

-8.3 

 

 

   Hydrophobic bonds: 1 His85(A)  

3 MMP-2 Epicatechin Hydrogen bonding:  - -8.1 

 

 

Hydrophobic bonds: 8 Ile141(A) 

Pro140(A) 

His120(A) 

Tyr142(A) 

Glu121(A) 

Val117(A) 

Leu83(A) 

Ala84(A) 

 

https://jppres.com/


Permana et al. In silico anticancer activity of Sterculia foetida 

 

https://jppres.com  J Pharm Pharmacogn Res (2025) 13(s1): S53 

 

 

Table 3. The interaction between active compounds of Sterculia foetida and MMP-2 (continued...) 

No. Receptor Active compound Type and number of ties Bond interactions Bindings affinity 

4 MMP-2 Coumarins Hydrogen bonding  -6.4 

 

 

Hydrophobic bonding   

5 MMP-2 Anthraquinone Hydrogen bonds: 4 Val117 (A) 

Leu83(A) 

Ala84(A) 

Glu121(A) 

-7.9 

 

 

  

 Hydrophobic bonds: 4 Tyr142(A) 

Leu82(A) 

Pro140(A) 

His120(A) 

 

6 MMP-2 Tamoxifen control ligand Hydrogen bonding - -7.1 

 

 

Hydrophobic bonding Asp45(A) 

Phe148(A) 

Val42(A) 

Phe115(A) 

Arg38(A) 

Gln41(A) 

Leu150(A) 

 

7 MMP-2 Control ligand i-52 Hydrogen bonding Zn166(A) -9.1 

 

 

Hydrophobic bonding Glul21(A) 

His120(A) 

His130(A) 

Pro140(A) 

Gly81(A) 

Leu82(A) 

Phe87(A) 

Asp72(A) 

His85(A} 

 

 
Lipinski’s rule of five molecular properties of active 
compounds of Sterculia foetida  

The Lipinski Rule of Five (RO5) is a widely 
recognized set of guidelines used to evaluate the 
drug-likeness of a compound, particularly its 
suitability for oral administration. RO5 criteria assess 
specific molecular properties—such as molecular 
weight, hydrogen bond donors and acceptors, and 
lipophilicity—each of which plays a crucial role in a 
compound's absorption, distribution, metabolism, 
and excretion (ADME) profile. This approach aids in 
predicting the compound’s potential success in 
clinical testing and further development (Chaudhary 
and Mishra, 2016).  

The Lipinski Rule of Five (RO5) output includes 
data aligned with five key criteria: a molecular weight 
of less than 500 Daltons, high lipophilicity (LogP 
value of less than 5), a hydrogen bond donor count of 
fewer than 5, a hydrogen bond acceptor count of 
fewer than 10, and a molar refractivity within the 
range of 40-130 (Lipinski et al., 2004). These 
parameters will be applied to assess and compare the 
active compounds of S. foetida in complex with MMP-
2 against tamoxifen, a standard antiestrogen therapy. 
Comparative results are detailed in Table 4, 
illustrating each compound's alignment with RO5 
criteria and their potential as orally active agents. 
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Table 4. Lipinski’s rule of five molecular properties of active compounds of Sterculia foetida. 

No. Rule of five 
Active compound 

Quercetin Cardenolide Epicatechin Coumarins Anthraquinone 

1 Molecular weight 302* 342* 209* 146* 208* 

2 Donor hydrogen bond 5 1* 5 1* 1* 

3 Acceptor hydrogen bonds 7* 2* 6* 2* 2* 

4 LOG P 2.010900* 5.289581 1.093060* 1.130040* 2.036500* 

5 Refractivity molars 74.050* 113.047* 68.131* 34.912 52.586* 

The asterisk (*) indicates that it meets the criteria selectivity index. This data is based on information from the Lipinski rules of 

five website platforms, which is available at http://www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp. 

 
 

Table 5. The screening results of Veber's rule criteria for the active compounds of Sterculia foetida in complex with MMP-2, 

in comparison to tamoxifen. 

Active compound H-bond donors + number of H-bond acceptors tPSA (A) Rotatable bonds 

Quercetin 12* 131.35Å2 1 

Cardenolide 2 26.30Å2 1 

Epicatechin 11* 110.37Å2 1 

Coumarins 2 30.21Å2 0 

Anthroquinone 4 49.74Å2 1 

tamoxifen 2 12.47Å2 8 

Quercetin and epicatechin show strong potential for good bioavailability, enhancing their pharmacotherapeutic applicability. It could be 

necessary to modify the formulation of quercetin and epicatechin. 

 
Veber's rule criteria for the active compounds of 
Sterculia foetida in complex with MMP-2 

Veber's rule shows that the majority of compounds 
have rotatable bonds. of more than 10 bonds have 
poor permeability. So it can be concluded that 
compounds with good permeability are compounds 
with a small surface area, namely less than 140 Å2, 
and the number of rotatable bonds is less than 10 
bonds, as well as a total of H-bonds ( nOHNH) + H-
acceptor (nON) less than or equal with 12 (Ivanovic et 
al, 2020). Data from Veber's rules was obtained from 
the mollsinspiration website, which can be accessed at 
the following link https://www.molinspiration.com/ 
and listed in Table 5. 

Quercetin, with 12 hydrogen bond acceptors, a 
high tPSA of 131.35 Å², and one rotatable bond, aligns 
closely with these criteria, suggesting good 
bioavailability potential despite its numerous 
hydrogen acceptors, which may influence solubility. 
Cardenolide, with a relatively low tPSA (26.30 Å²) 
and minimal hydrogen bonding capacity, meets 
Veber's parameters, indicating a high potential for 
membrane permeability and oral bioavailability. 
Epicatechin, which exhibits a tPSA of 110.37 Å², one 
rotatable bond, and 11 hydrogen bond acceptors, 
similarly falls within the acceptable range, suggesting 

favorable bioavailability while still maintaining 
significant molecular interactions due to its hydrogen 
bonding. Tamoxifen, the control ligand, has a 
minimal tPSA of 12.47 Å² and a higher rotatable bond 
count of eight, yet still fulfills Veber's criteria. Its 
limited hydrogen bonding capacity and low tPSA 
imply favorable membrane permeability and 
potential for oral bioavailability. 

Based on Veber's rules, each of the analyzed 
compounds, including tamoxifen, appears to exhibit 
molecular characteristics favorable for drug 
development. Quercetin and epicatechin, with their 
balanced tPSA and hydrogen bonding, show strong 
potential for maintaining both bioavailability and 
interaction within biological systems. Epicatechin also 
demonstrates effective docking results, with binding 
energies comparable to quercetin. Its antioxidant and 
anti-inflammatory actions disrupt cancer progression 
pathways. Epicatechin's interactions with MMP-2 can 
reduce oxidative stress and cancer cell survival and 
growth (Umar et al., 2021). 

Toxicity test  

This test is usually the first test performed for any 
chemical before further toxicity tests are conducted. 
This test functions to predict the potential danger of 
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http://www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp
https://www.molinspiration.com/


Permana et al. In silico anticancer activity of Sterculia foetida 

 

https://jppres.com  J Pharm Pharmacogn Res (2025) 13(s1): S55 

 

chemicals to humans. Median lethal dose-50 (LD50) is 
the death rate in 50% of test animals at a dose of 
milligrams per kilogram of body weight after 24 
hours of exposure to a compound. Substances with an 
LD50 below 5 mg/kg are classified as highly toxic 
substances, while substances with an LD50 above 
15.000 mg/kg are referred to as relatively harmless 
substances (Erhirhie et al., 2018).  

Based on the LD50 value, toxicity is divided into six 
classes based on the globally standardized chemical 
labeling classification system (GHS). LD50 values are 
given in [mg/kg]: Class I: fatal if swallowed (LD50 ≤ 
5), Class II: fatal if swallowed (5 < LD50 ≤ 50), Class III: 
toxic if swallowed (50 < LD50 ≤ 300), Class IV: 
dangerous if swallowed (300 < LD50 ≤ 2000), Class V: 
may be harmful if swallowed (2000 < LD50 ≤ 5000), 
Class VI: non-toxic (LD50 > 5000). Toxicity test data 
are listed in Table 6. 

Coumarin’s toxicity profile shows it to be 83% 
carcinogenic and 56% cytotoxic, with an LD50 of 196 
mg/kg, placing it in class 3 toxicity. This classification 
indicates a moderate toxicity risk if ingested, 
necessitating further investigation into its dose-
response relationship to mitigate potential 
carcinogenic and cytotoxic effects. Anthraquinone, 
with an LD50 of 910 mg/kg (class 4 toxicity), was 
deemed hazardous upon ingestion, though less 
acutely toxic than cardenolide. Tamoxifen exhibited 
high predictive toxicity in the estrogen receptor 
pathways (ERα at 99% and ER-LBD at 100%), with 
liver toxicity at 69% and immunotoxicity at 96%. Its 
LD50 of 1.190 mg/kg classifies it in class 4 toxicity, 
which is hazardous upon ingestion. Its strong 
estrogenic signaling and associated immunotoxicity 
suggest a higher risk profile when compared to 
quercetin and epicatechin, possibly limiting its 
application due to these adverse effects. 

Due to their favorable toxicity profiles and better 
cytotoxic activity, quercetin and epicatechin stand out 
as the most promising anticancer possibilities. With 
toxicity ratings of 5 and 6, respectively, both sub-
stances show no negative impact when consumed. 
They are good candidates for additional preclinical 
and clinical research in the development of anticancer 
drugs because of their potent cytotoxic effects and 
low toxicity. Quercetin has 83% cytotoxic activity, 
indicating that it can successfully cause the death of 
cancer cells. Furthermore, its full activation against 
the ER ligand-binding domain (ER-LBD, 95%) and 
estrogen receptor alpha (ERα, 100%) indicates that it 
may be useful in addressing hormone-dependent 
malignancies like breast cancer.  

Quercetin's capacity to interact with hormone re-
ceptors such as ERα makes it extremely particular for 
hormone-sensitive cancers. Both substances have 
modest levels of toxicity, which suggests that they 
could be administered safely from an in silico perspec-
tive. Epicatechin's antioxidant mechanism provides 
adaptability, while quercetin's potent activity against 
hormone receptors such as ERα makes it extremely 
particular for hormone-sensitive cancers and high 
cytotoxicity. Their potential for medication develop-
ment is further enhanced by their low expected levels 
of oral toxicity (Pereyra-Vergara et al., 2020). 

Through hydrophobic and hydrogen bonding in-
teractions, quercetin demonstrates robust contact with 
the MMP-2 active site, hence impeding its enzymatic 
activity. Because of its hydroxyl groups, it can chelate 
the zinc ion in the catalytic domain of MMP-2, pre-
venting substrate binding. Similar to this, epicatechin 
binds to the MMP-2 enzyme, engaging with the cata-
lytic region and changing its conformation to stop the 
breakdown of the extracellular matrix. By disrupting 
important regulators of MMP-2 production, these 
polyphenols reduce MMP-2 expression at the tran-
scriptional level (Smolarz et al., 2022). 

 
 

Table 6. Active compounds Sterculia foetida with MMP-2 compared with tamoxifen.  

Active 

compound 
Hepatotoxicity Carcinogenic Cytotoxic 

Immuno 

toxicity 
ER alpha ER-LBD 

LD50 

(mg/kg) 

Toxic 

level 

Quercetin* Inactive Inactive Active 83% Inactive Active 100% Active 95% 3.919  5* 

Cardenolide Inactive Inactive Inactive Inactive Inactive Inactive 34  2 

Epicatechin* Inactive Inactive Active 56% Inactive Inactive Inactive 10.00  6* 

Coumarins Inactive Inactive Inactive Inactive Inactive Inactive 196  3 

Anthraquinone Inactive Inactive Inactive Inactive Inactive Inactive 910  4 

Tamoxifen Active 69% Inactive Inactive Active 96% Active 99% Active100% 1.190  4 

*No observed Adverse Effect Level( NOAEL). ER: Estrogen receptor; ER-LBD: Estrogen receptor ligand-binding domain.  
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These toxicity predictions underscore the need to 
balance therapeutic efficacy with safety profiles, 
particularly when considering compounds like 
cardenolide and tamoxifen, which exhibit higher 
toxicities. In contrast, quercetin and epicatechin 
emerge as promising candidates for MMP-2 
inhibition. 

CONCLUSION 

Molecular docking analysis between MMP-2 and 
various active compound ligands derived from S. 
foetida revealed that quercetin exhibited the highest 
binding affinity (-8.7 kcal/mol) among the test 
compounds, indicating strong stability, though 
slightly lower than the reference ligand i-52 (-9.1 
kcal/mol). Following quercetin, epicatechin (-8.3 
kcal/mol) and anthraquinone (-7.9 kcal/mol) also 
displayed favorable binding affinities, with tamoxifen 
(-7.1 kcal/mol) and coumarin (-6.4 kcal/mol) showing 
moderate interactions. These results suggest that the 
five active compounds possess inhibitory potential 
against MMP-2. Toxicity profiling indicated that, in 
descending order of toxicity, cardenolide > coumarin 
> anthraquinone > tamoxifen > quercetin > 
epicatechin, providing essential insights for further 
investigation into the safety and efficacy of these 
compounds as MMP-2 inhibitors. 
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