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Abstract 

Context: Breast cancer is characterized by the abnormal growth of cells in the ducts and lobules of the breast. Numerous therapeutic targets for breast cancer 

are currently under investigation, one of which is matrix metalloproteinase-2 (MMP-2), a heterodimeric protein highly expressed in circulating tumor cells 

from patients with pancreatic carcinoma, positioning it as a potential target for breast cancer therapy. Anredera cordifolia is a plant known for its medicinal 

properties with anti-cancer effects, particularly in breast cancer. 

Aims: To determine the potential of compounds derived from A. cordifolia leaves as drug candidates, specifically focusing on their binding affinity to inhibit 

the metastasis pathway of MMP-2 protein in breast cancer. 

Methods: A. cordifolia leaf extraction and LC-MS analysis compound screening, ligand preparation, ADMET analysis, protein pathway network interaction 

analysis, molecular docking, and molecular dynamics simulations were performed. 

Results: LC-MS results showed six compounds in A. cordifolia that exhibited the highest mass spectrum values. These were vitexin, saponin, betalain, 
bethanidine, terpenoid, and ursolic acid. The six compounds were docked with the MMP-2 protein. The highest binding affinities were observed for saponin   

(-10 kcal/mol), ursolic acid (-9.1 kcal/mol), and vitexin (-8.8 kcal/mol). The molecular dynamics simulations demonstrated that all compounds exhibited 

stable interactions, with average RMSD values ranging from 1-3 Å.  

Conclusions: The binding affinity values, binding site similarity of some amino acid residues with the control, and molecular dynamics results for the ligand 

from A. cordifolia showed stable binding to the MMP-2 protein with a low level of fluctuation.  

Keywords: Anredera cordifolia; breast cancer; MMP-2; molecular dynamics; molecular docking. 

 

Resumen 

Contexto: El cáncer de mama se caracteriza por el crecimiento anormal de células en los conductos y lobulillos de la mama. Actualmente se están 

investigando numerosos objetivos terapéuticos para el cáncer de mama, uno de los cuales es la metaloproteinasa de matrix-2 (MMP-2), una proteína 
heterodímera altamente expresada en células tumorales circulantes de pacientes con carcinoma pancreático, lo que la posiciona como un objetivo potencial 

para la terapia del cáncer de mama. Anredera cordifolia es una planta conocida por sus propiedades medicinales con efectos anticancerígenos, 

particularmente en el cáncer de mama.  

Objetivos: Determinar el potencial de los compuestos derivados de las hojas de A. cordifolia como candidatos a fármacos, centrándose específicamente en su 

afinidad de unión para inhibir la vía de metástasis de la proteína MMP-2 en el cáncer de mama. 

Métodos: Se realizó la extracción de hojas de A. cordifolia y el análisis LC-MS, selección de compuestos, preparación de ligandos, análisis ADMET, análisis de 

interacción de la red de la vía de proteínas, acoplamiento molecular y simulaciones de dinámica molecular. 

Resultados: Los resultados de LC-MS mostraron seis compuestos en A. cordifolia que exhibieron los valores de espectro de masas más altos. Estos fueron 

vitexina, saponina, betalaína, betanidina, terpenoide y ácido ursólico. Los seis compuestos se acoplaron a la proteína MMP-2. Las afinidades de unión más 

altas se observaron para la saponina (-10 kcal/mol), el ácido ursólico (-9,1 kcal/mol) y la vitexina (-8,8 kcal/mol). Las simulaciones de dinámica molecular 

demostraron que todos los compuestos exhibieron interacciones estables, con valores promedio de RMSD que oscilaron entre 1 y 3 Å. 

Conclusiones: Los valores de afinidad de unión, la similitud del sitio de unión de algunos residuos de aminoácidos con el control y los resultados de dinámica 

molecular para el ligando de A. cordifolia mostraron una unión estable a la proteína MMP-2 con un bajo nivel de fluctuación. 

Palabras Clave: Anredera cordifolia; cáncer de mama; MMP-2; dinámica molecular; acoplamiento molecular. 
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INTRODUCTION 

Cancer is one of the leading of death worldwide. 
According to Globocan, in 2020, there were approxi-
mately 9.6 million deaths from cancer every year 
throughout the world, with 70% of cancer deaths 
occurring in developing countries, including Indone-
sia. Based on the same data, in 2020, there were 
396,914 new cases of cancer in Indonesia, with 234,511 
deaths. The highest cancer in women is breast cancer 
(65,858 cases), followed by cervical cancer (36,633 
cases). The highest cancer in men is lung cancer 
(34,783 cases), followed by colorectal cancer (34,189 
cases). Breast cancer is a cancer that is dominant in 
women, with the highest percentage of cases at 43.3%, 
while the percentage of deaths due to breast cancer is 
13.9% (Guillen et al., 2022). 

Cancer is generally divided into two categories 
based on the origin of the cells, namely carcinoma, 
originating from epithelial cells, and sarcoma, origi-
nating from bones and soft tissue. Carcinomas in-
clude breast, prostate, lung, and colon cancer, which 
are invasive to surrounding tissue and metastasize to 
lymph nodes and other body organs (Gallagher et al., 
2020). Breast cancer is an abnormal growth of cells 
lining the ducts and lobules in the breast. Classifica-
tion of breast cancer is based on the origin of the can-
cer cells from ducts or lobules, invasive or non-
invasive, and the microscopic appearance of the can-
cer. From the classification, breast cancer is grouped 
as non-invasive or in situ carcinoma and invasive or 
infiltrative (Huang et al., 2022). Even though there has 
been a lot of research on breast cancer, the cause of 
this disease is not yet fully known, and neither is the 
cure (Roberts et al., 2023). So far, standard drugs and 
chemotherapy have been given, but chemotherapy 
also affects normal cells with a fast division rate in 
addition to cancer cells. This causes side effects such 
as vomiting, stomatitis, bone marrow suppression, 
and alopecia (Hong et al., 2022). Therefore, targeted 
therapy with specific targets was developed to avoid 
side effects. 

Currently, many breast cancer therapy targets are 
being researched, one of which is the matrix metallo-
proteinase-2 (MMP-2). MMP-2 is a heterodimeric 
protein that is expressed in almost 90% of cells, mak-
ing it a potential target for breast cancer therapy (El-
Tanani et al., 2022). MMP-2 activity induces the mi-
gration of breast epithelial cells by regulating the 
function of specific components of the extracellular 
matrix (ECM) (Chen et al., 2021; Permana et al., 2024). 
In recent years, there has been much research and 
publication on MMP-2, which has been identified for 
its role in tumor invasion and metastasis through 

degradation of the basement membrane and extracel-
lular matrix components (Tsimberidou et al., 2020) 
reported that MMP-2 displays high expression and is 
strongly associated with metastasis, and is associated 
with cancer development and progression (Xu et al., 
2016). In addition, MMP-2 has been shown to con-
tribute to the activation of the phosphatidylinositol-3-
kinase (PI3K)/protein kinase B (AKT), extracellular 
signal-regulated kinase (ERK) and receptor tyrosine 
kinases (RTKs) pathways, which support the growth 
of breast cancer cells. MMP-2 also plays a role in regu-
lating the metabolic processes of breast cancer cells 
depending on glutamine and glucose (Lee et al., 
2020). 

Consideration of therapy is based on disease risk 
as assessed by cytogenetic and molecular profiles. The 
therapy being developed is based on the presence of 
mutations in genes that play a role in abnormal DNA 
methylation in hematological malignancies, including 
breast cancer. However, chemotherapy also affects 
normal cells with fast dividing rates besides cancer 
cells, such as cells of the buccal mucosa, bone mar-
row, gastrointestinal (GI) mucosa, and hair follicles. 
This causes side effects such as vomiting, stomatitis, 
bone marrow suppression, and alopecia (Salas-Benito 
et al., 2021). Therefore, a combination of chemothera-
py with a specific target is needed to reduce side ef-
fects. Combination therapy in cancer is a treatment 
modality that combines two or more therapeutic 
agents. The combination of these anti-cancer drugs 
can increase their level of effectiveness compared to 
the monotherapy approach. This is because combina-
tion therapy is carried out synergistically or additive-
ly. This approach has the potential to reduce drug 
resistance while providing the benefits of anti-cancer 
therapy, such as reducing tumor growth and metasta-
sis potential, inhibiting cells that are actively under-
going mitosis, reducing the population of cancer stem 
cells, and inducing apoptosis (Febriansah and Lak-
shita, 2021; Tsimberidou et al., 2020). 

Anredera cordifolia (Ten.) Steenis, family Basellaceae, 
known commonly in Indonesia as A. cordifolia, is a 
plant that has medicinal properties for various diseas-
es, including saponins, alkaloids, and flavonoids for 
anti-cancer. The effectiveness of A. cordifolia in terms 
of medical treatment is due to the various phytochem-
icals in the plant (Feriyani et al., 2020). Some experi-
mental results state that A. cordifolia contains several 
compounds that have the potential as an anti-cancer 
in the MMP-2 pathway. Other research on this plant 
in India stated that in the last decade, it has shown 
that the compounds in the A. cordifolia plant extract 
have the potential to modulate tumor signaling, over-
come chemoresistance, and re-educate the tumor mi-
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croenvironment (TME) (Yuliani et al., 2015). This may 
occur due to overexpression of one or more anti-
apoptotic proteins or decreased expression of pro-
apoptotic protein groups (Endharti et al., 2025; Hong 
et al., 2022). Based on the anti-proliferative effect of 
vitexin on the MMP-2 pathway, A. cordifolia plant 
extract has the potential to be a complementary ther-
apy for breast cancer patients. However, there are still 
no studies examining the potential of the leaf extract 
of the A. cordifolia plant in reducing breast cancer cell 
metastasis, especially through the MMP-2 signaling 
pathway.  

MATERIAL AND METHODS 

Plant material 

This study used bioactive compounds from Anred-
era cordifolia leaf (specimen No. 000.9.3/1145/ 
102.20/2024) obtained from Herbal Materia Medica 
Batu Laboratory, Batu, Indonesia (S07º52.016' 
E112º31.199'). The taxonomical verification was per-
formed by Herbal Materia Medica Batu Laboratory 
staff. 

Anredera cordifolia leaf extraction and Liquid 
Chromatography-Mass Spectrometry (LC-MS) 
analysis 

The extraction process of A. cordifolia leaves begins 
with thorough rinsing using water, drying at room 
temperature, heating in an incubator at 40°C, and 
pulverizing with an electric grinder until it becomes a 
coarse powder. One kg of coarse powder was macer-
ated in 96% ethanol solvent for as many as three liters 
for five days, with repetition three times, resulting in 
a yield of 34%. The total filtrate was concentrated and 
evaporated at 40°C with a rotary evaporator under 
low pressure (100 millibars) for 90 minutes to produce 
a paste-shaped precipitate. The resulting paste was 
then subjected to freeze drying process to obtain ex-
tract powder. The extract powder was stored in a 
refrigerator at 4°C, and then the LC-MS test was con-
ducted with LC-MS QTof in Forensic Laboratory Cen-
tral of Indonesia National Police, Bogor. 

Ligand collection and preparation  

In this study, the screening and data collection 
were carried out on bioactive compounds found in A. 
cordifolia from various reliable literature (Dwitiyanti et 
al., 2019). The bioactive compounds from A. cordifolia 
with reported potential for breast cancer treatment 
were compiled from literature sourced from the Pub-
Chem database (Table 1). The compiled data includes 
compound names, PubChem CID, compound syno-

nyms, molecular formula, canonical SMILES, and 
chemical structure 
(https://pubchem.ncbi.nlm.nih.gov/). This data will 
serve as a reference for subsequent testing to predict 
similarities in the drug design process of these com-
pounds.  

Biological activity analysis and cytotoxic prediction 

Bioactive compounds in A. cordifolia were analyzed 
using the PASS (Prediction of Activity Spectra for 
Substances) server to analyze biological activity and 
CLC-Pred (Cell Line Cytotoxicity Predictor) to predict 
cytotoxicity effects 
(https://www.way2drug.com/PassOnline/). The 
analysis was performed using canonical smiles taken 
from the PubChem database (Table 1) and sent to the 
PASS server. Biological activity and cytotoxicity pre-
dictions will be obtained with Pa (probable active) 
and Pi (probable in active) values. A value of Pa>0.7 
was determined in this study for the PASS server and 
Pa>0.3 for the CLC-Pred result (Jonnalagadda et al., 
2020). The probability of activity of a compound is 
interpreted by the Pa value, where the higher the Pa 
value, the higher the activity of the compound. The 
PASS server analysis results are displayed as a 
heatmap using Microsoft Excel. 

Protein interaction and network analysis MMP-2 

Network analysis and MMP-2 protein interactions 
in breast cancer were carried out to determine certain 
pathways involved in cancer using the STRING anal-
ysis web (https://string-db.org/). The data of the 
port interaction image will reveal what proteins are 
involved in the pathway related to the MMP-2 protein 
(Zhang et al., 2020). 

Molecular docking and visualization 

The ligand and receptor preparation phase marks 
the initiation of the molecular docking process. The 
PyRx application is employed to generate confor-
mations aiming to minimize binding energy. Protein 
structures are prepared using Biovia Discovery Studio 
Visualizer 2019 software to eliminate water molecules 
and covalent ligands, whereas ligands are generated 
utilizing the OpenBabel menu in the PyRx software. 
Specifically, docking is performed with MMP-2 pro-
tein utilizing dimensions (Å) and central coordinates 
(Å) X = 319.8754 Y = 243.4963 Z = 291.2976 (Table 2). 
PyRx software is utilized to obtain binding affinity 
values for MMP-2 bonds using A. cordifolia or with 
controls via the Vina Wizard menu. After docking, 
Biovia Discovery is utilized to open the docking result 
files stored in PDB format. 
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Table 1. Databank of Anredera cordifolia active compounds. 

No Compound  Pubchem CID Molecular formula Canonical Smiles Chemical structure  

1. Vitexin  5280441 C21H20O10 C1=CC(=CC=C1C2=CC(=O)C3=C(O2)C(=

C(C=C3O)O)C4C(C(C(C(O4)CO)O)O)O)O 

 

2. Bethanidine 2368 C10HH15N3 CNC(=NC)NCC1=CC=CC=C1 

 

 

3. Betalains 56841626 C24H26N2O13 C1C(NC(=CC1=CC=[N+]2C(CC3=CC(=C(

C=C32)O)OC4C(C(C(C(O4)CO)O)O)O)C(

=O)[O-])C(=O)O)C(=O)O 

 

4. Saponin  482162 C58H94O27 CC1(CCC2(CCC3(C(=CCC4C3(CCC5C4(C

CC(C5(C)CO)OC6C(C(C(C(O6)CO)O)O)O)

C)C)C2C1)C)C(=O)O)C 

 

5. Ursolic acid 64945 C30H48O3 CC1CCC2(CCC3(C(=CCC4C3(CCC5C4(CC

C(C5(C)C)O)C)C)C2C1C)C)C(=O)O 

 

6. Terpenoid 10764483 C21H38O8 CC12CCC(CC1C(CC(C2)O)(C)O)C(C)(C)O

C3C(C(C(C(O3)CO)O)O)O 

 

7. Marimastat 

(control) 

119031 C15H29N3O5 CC(C)CC(C(C(=O)NO)O)C(=O)NC(C(=O)

NC)C(C)(C)C 

 

 
 

Table 2. Coordinates active site molecular docking. 

Protein name 
Docking coordinates 

Center Dimension 

MMP-2 X: 319.8754 X: 53.1567 

Y: 243.4963 Y: 47.9735 

Z: 291.2976 Z: 65.0024 
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Molecular dynamic 

A molecular dynamic simulation process was con-
ducted to ensure that the docking result of MMP-2 
protein with ligand from A. cordifolia showed optimal 
potential as an inhibitor. The molecular dynamics 
simulation was conducted using Yet Another Scien-
tific Artificial Reality Application (YASARA) software 
with an AMBER14 force field. The system was adjust-
ed as close as possible to cell physiological conditions 
(37°C, pH 7.4, 1 atm, and 0.9% salt concentration) 
throughout 20 ns (Khanal et al., 2023). The macro 
programs used were “md_run” to run the simulation 
and “md_analyze” to analyze the root mean square 
deviation (RMSD). Root mean square fluctuation 
(RMSF) analysis was then performed using the CABS-
flex web server. Each A. cordifolia compound was 
combined with MMP-2 protein using PyMOL soft-
ware and stored in PDB format. The data was then 
entered into the CABS-flex 2.0 web server 
(https://biocomp.chem.uw.edu.pl/CABSflex2) with 
100 cycles. The selected chain was chain A, while 
other settings followed the defaults of the web server 
settings followed the defaults of the web server (Ilmi-
yah et al., 2024). The highest RMSF value indicates 
greater flexibility, while the lowest value indicates the 
limitation of system movement during simulation. 
The analyzed plot data is saved in CSV and graph 
formats for further interpretation. Thus, these simula-
tions provide deep insights into the dynamics of pro-
tein-ligand complexes, which can help identify the 
therapeutic potential of the tested compounds. 

ADME and toxicity 

ADMET analysis is a critical evaluation in drug re-
search, focusing on Absorption, Distribution, Metabo-
lism, Excretion, and Toxicity. This analysis assesses 
how compounds interact with the human body, in-
cluding how they are absorbed by the body, distrib-
uted to various organs and tissues, changed by meta-
bolic processes, excreted from the body, and their 
potential to cause toxic effects (Ilmiyah et al., 2024). 
ADME analysis was carried out in this research using 
the SwissADME web server 
(http://www.swissadme.ch/). The screening results 
of potential compounds from A. cordifolia were 
checked for potential drug candidates related to ab-
sorption properties, solubility, pharmacokinetics, and 
physicochemical characteristics. This research focuses 
on compounds' suitability as drug candidates as 
measured based on Lipinski's rule of five. Lipinski's 
rule of five includes a molecular mass of less than 500 
daltons, high lipophilicity/LogP and number of hy-
drogen donors less than 5, number of hydrogen bond 
acceptors less than 10, and molar reactivity between 
40-130. Each bioactive compound from A. cordifolia 

was identified using the canonical SMILE structure 
downloaded from the PubChem database previously 
(Table 1), which was then entered into the active box 
on the SwissADME web to evaluate the ADMET 
characteristics of each compound in A. cordifolia 
(Dwitiyanti et al., 2019). 

In silico data analysis 

The data obtained were analyzed at each stage, in-
cluding the validation of the docking method, the 
predicted value of the Lipinski rule, the prediction of 
absorption and distribution, the prediction of toxicity, 
the chemical interaction of the ligand and target pro-
tein, the binding affinity interaction and molecular 
dynamics interaction of the ligand and target protein. 
The ligand interactions of MMP-2 proteins were com-
pared to those of native ligands on target proteins. 

RESULTS  

Liquid Chromatography-Mass Spectrometry (LC-
MS) analysis 

LC-MS is an analytical technique that combines 
the separation capabilities of liquid chromatography 
with highly sensitive mass detection. The basic prin-
ciple of LC-MS involves two main stages: first, the 
separation of compounds in the sample using liquid 
chromatography, and second, the detection and iden-
tification of those compounds using mass spectrome-
try based on the mass to charge ratio (m/z). In the 
first stage, the extracted sample from the A. cordifolia 
plant was put into a liquid chromatography system. 
In this system, compounds are separated based on 
their affinity to the mobile phase and stationary 
phase. After separation, the separated compounds 
then enter the mass spectrometry detector. Here, the 
compounds are ionized and detected based on their 
m/z, which results in a unique mass spectrum for 
each compound. This spectrum is then compared to a 
database of mass spectra to identify the compounds 
present in the sample. 

In this study, MassLynx software was used to ana-
lyze the LC-MS results in a tagged manner. MassLynx 
was developed by Waters Corporation. MassLynx 
allows researchers to identify, quantify, and manage 
mass spectrum data efficiently. In the analysis of LC-
MS results, the use of MassLynx helps to simplify the 
interpretation of complex data and ensure the accura-
cy of compound identification. MassLynx is designed 
to manage mass spectrum data from various LC-MS 
instruments. The software has various features for 
data processing, including deconvolution, mass spec-
trum matching with databases, and quantitative anal-
ysis (Broeckling et al., 2016).  
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Figure 1. Liquid Chromatography-Mass Spectrometry (LC-MS) results of A. cordifolia leaves. 

 
 

Table 3. Lipinski’s rule of five molecular properties of the ligand. 

Ligand 
Molecular mass 

(Dalton) 

H-bond 

donors 
H-bond acceptors LogP Molar refractivity 

Vitexin 432 7 10 -0.065500* 103.534.050*  

Bethanidine 177 2 3 0.981400* 55.700.394* 

Betalain 550 8 15 -2.735200* 125.417.267* 

Saponin 634 6 9 4.030.199* 166.726.974 

Ursolic acid 456 2 3 7.089.501 132.611.557 

Terpenoid 418 6 8 -0.090200* 103.733.742* 

Marimastat (control) 527 6 11 0.563500* 128.476547* 

(*) indicates that the results meet the criteria selectivity index. 

 
After the A. cordifolia LC-MS data was generated, 

the analysis process was carried out with MassLynx 
software for the identification of target compounds by 
matching the resulting mass spectra (Fig. 1). 

Saponin is a compound detected in A. cordifolia ex-
tract through LC-MS with the highest presentation 
result (456.71530 m/z). Mason et al. (2023) reported 
that saponins in A. cordifolia extract have anti-cancer 
and antimicrobial activities. Saponins are able to in-
duce apoptosis in cancer cells and increase microbial 
membrane permeability, making them effective in the 
treatment of infection and cancer. Vitexin was found 
in A. cordifolia extract with the next high yield 
(432.38101 m/z). Dwiyanti et al. (2019) showed that 
this vitexin has significant anti-inflammatory and 
antioxidant effects. Bethanidine and betalain contrib-
ute to the protection of body cells from oxidative 
damage and chronic inflammation. Klont and 
Hopfgartner (2021) stated that this ursolic acid is im-
portant for cardiovascular health, as it can help lower 
cholesterol levels and improve overall heart function. 

LC-MS testing on A. cordifolia plants has successfully 
identified various bioactive compounds that have 
potential as therapeutic agents. The discovery of 
compounds such as saponin, vitexin, bethalain, 
bethanidin and ursolic acid confirmed the potential of 
A. cordifolia plant in medical applications. Further 
research is needed to explore the mechanism of action 
of these compounds and develop effective clinical 
applications. 

ADMET and toxicity analysis 

The ADMET analysis of A. cordifolia compounds 
using SwissADME, evaluated based on Lipinski's 
Rule of Five, highlights the drug-likeness properties 
of the ligands, with most compounds meeting the 
criteria (Table 3). Vitexin, bethanidine, and terpenoid 
demonstrated favorable properties, including molecu-
lar weights under 500 Daltons and suitable hydrogen 
bond donor and acceptor counts, supporting their 
bioavailability and interaction potential. Saponin and 
betalain slightly exceeded the molecular weight limit, 
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but their strong hydrogen bonding and high lipo-
philicity suggest potential efficacy in protein interac-
tions. Ursolic acid showed high lipophilicity (LogP 
7.0895), which may affect solubility but supports 
membrane permeability. Despite some limitations, 
these compounds exhibit promising characteristics as 
drug candidates targeting MMP-2 in breast cancer, 
with the potential for optimization through formula-
tion strategies (Daina et al., 2017; Lipinski et al., 2001). 

The pharmacokinetic analysis of A.cordifolia com-
pounds involved water solubility tests, gastrointesti-
nal absorption assays, P-gp analysis, testing of their 
ability to pass through the hematoencephalic barrier, 
and topological polar surface area (TPSA) analysis. 
The solubility of the compounds is an important fac-
tor in drug development, especially for drugs intend-
ed for oral and inhalation administration. The drug 
candidates should have a high aqueous solubility so 
the compounds can work in the body effectively. The 
solubility value can predict the absorption rate and 
ease of distribution of the drug in the body. Predic-
tions using SwissADME will produce a value in LogS, 
the decimal logarithmic value of molar solubility in 
water in units of mol/L or mg/mL. Based on ESOL 
(Estimated SOLubility) rules, LogS values can be in-
terpreted qualitatively, where LogS values close to 0 

indicate a high solubility, values between -4 to -6 in-
dicate moderate solubility levels, though all values 
above -6 indicate a general solubility. The selenium 
compounds have a LogS value of -2.66, indicating that 
this compound is soluble (Table 4). The pharmacoki-
netics of this compound suggest that it has a high 
absorption rate in the intestine, cannot be pumped 
out by P-gp, cannot enter through the hematoence-
phalic barrier, and has a TPSA value below 140 Å² 
(127.45 Å²) (Sethi et al., 2019). 

Biological activity analysis and cytotoxic prediction 

The results of the bioactivity screening of six com-
pounds using PASS Online found that compounds 
that have activity related to the cancer pathway (Fig. 
1) where have shown activity related to breast cancer, 
including anti-cancer, MMP-2 expression inhibitor, 
antineoplastic, antioxidant, apoptosis agonist, prolif-
eration disease treatment, TP53 expression enhancer, 
JAK2 expression inhibitor, caspase-3 stimulant, 
MMP9 expression inhibitor, and TNF expression in-
hibitor. However, from the heatmap results, vitexin 
and saponin are the six compounds from A. cordifolia 
that have good overall bioactivity expression and 
more potential toxicity to inhibit growth and devel-
opment (Fig. 2). 

 

Table 4. The properties of Veber and Egan ligands. 

Ligand LogP TPSA Å Total H bond Rotatable bond 

Vitexin -0.065500* 181.04 17 3* 

Bethanidine 0.981400* 36.42* 5* 4* 

Betalain -2.735200* 249.37 23 7* 

Saponin 4.030.199* 156.91 15 5* 

Ursolic acid 7.089.501 57.53* 5* 1* 

Terpenoid -0.090200* 139.84* 14 6* 

Marimastat (Control) 0.563500* 185.84 16 4* 

The asterisk (*) indicates that the result meets the selectivity index criteria. 

 

 

Figure 2. Heat map visualization based on six active 

compounds from Anredera cordifolia.  

Rows: compounds; columns: cancer-related bioactivity. The color key 

indicates bioactivity expression value, dark red: highest; white: lowest. 

Protein pathway interaction 

The interaction of MMP-2 with other proteins is 
central to its role in various physiological and patho-
logical processes, including cancer progression, angi-
ogenesis, tissue remodeling, and inflammation. MMP-
2 interacts with a diverse array of proteins through 
both direct physical binding and indirect regulatory 
mechanisms. IMPs are endogenous inhibitors of 
MMPs that regulate MMP activity and maintain ECM 
integrity. MMP-2 is inhibited primarily by TIMP-2, 
which forms a 1:1 stoichiometric complex with MMP-
2. This interaction plays a critical role in controlling 
MMP-2 activity and preventing excessive ECM deg-
radation (El-Tanani et al., 2022). Dysregulation of the 
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balance between MMP-2 and TIMP-2 is associated 
with various diseases, including cancer, where elevat-
ed MMP-2 activity due to decreased TIMP-2 levels 
contributes to tumor progression and metastasis. Un-
derstanding the complex network of interactions in-
volving MMP-2 is essential for elucidating its role in 
cancer and identifying potential therapeutic targets 
for cancer treatment. Targeting MMP-2 interactions 
with specific proteins or pathways holds promise for 
developing novel anti-cancer therapies aimed at in-
hibiting tumor progression and metastasis while min-
imizing off-target effects. Further research into the 
specific molecular mechanisms underlying MMP-2 
interactions in cancer is needed to harness the full 
therapeutic potential of targeting MMP-2 in cancer 
therapy (Widyananda et al., 2021). 

Molecular docking 

Based on the results of molecular docking that has 
been done, the results of binding affinity between 6 
ligands contained in A. cordifolia with MMP-2 protein 
receptors are marimastat control -6.4 kcal/mol, sapo-
nin -10 kcal/mol, ursolic acid -9.1 kcal/mol, Vitexin -
8.8 kcal/mol, betalains-8.5 kcal/mol, terpenoids -7.3 
kcal/mol, bethanidine-5.7 kcal/mol (Table 5). The 
average results showed that the ligands of A. cordifolia 
compounds that bind to the MMP-2 protein receptor 
have lower binding affinity results than the control 
drug marimastat, which is more than -6.4 kcal/mol, 
except for the bethanidine compound. The binding 
affinity value can be interpreted as the free energy of 
the binding conformation of the protein and the inter-
acting ligand. The lower the binding affinity value, 
the stronger the bond between molecules (Ilmiyah et 
al., 2024). The binding affinity results between A. cor-
difolia compounds and MMP-2 protein compared to 
the control drug marimastat showed that these com-
pounds have potential as MMP-2 inhibitors in breast 
cancer. 

Table 5. Molecular docking active compounds Anredera 

cordifolia. 

No. 
Complex 

name 

Formula 

molecular 

Binding 

affinity  

1. Marimastat 

(control) 
C15H29N3O5 

-6.4 kcal/mol 

2. Saponin C58H94O27 -10 kcal/mol 

3. Ursolic acid C30H48O3 -9.1 kcal/mol 

4. Vitexin C21H20O10 -8.8 kcal/mol 

5 Betalains C24H26N2O13 -8.5 kcal/mol 

6. Terpenoid C21H38O8 -7.3 kcal/mol 

7. Bethanidine C10HH15N3 -5.7 kcal/mol 

Identification of amino acid active compounds of 
Anredera cordifolia 

Amino acid identification and interaction visuali-
zation of the docking results were performed to un-
derstand the specific interactions between the ligand 
of the A. cordifolia compound and amino acid residues 
in the active site of the MMP-2 target protein (Fig. 3). 
The analysis results include the identification of key 
residues that interact with the ligand through hydro-
gen bonds and hydrophobic interactions using Biovia 
Discovery Studio software. The resulting hydrogen 
and hydrophobic bond categories contribute to the 
bonding that occurs, which will impact the strength-
ening of the bond formed. This can occur because 
hydrogen and hydrophobic bonds are the most im-
portant in protein and ligand interactions. After all, 
they have a function in the structure of a bond and 
increase bond stability (Hamdy, 2024). The residues of 
the control compound blind docking results deter-
mine the active sites for specific docking of each A. 
cordifolia compound with MMP-2 protein that shows 
its binding potential. The type of bond formed from 
the respective compounds and the variation of the 
bond shown can be seen in the 2D visualization by 
Discovery Studio (Fig. 4). 

 

Figure 3. Interaction network of MMP-2 protein with other proteins 

in the STRING database 

Molecular dynamic 

The stability of the interaction between the MMP-2 
protein and the chemical A. cordifolia was examined 
using molecular dynamics simulations. The molecular 
dynamics simulation chosen in this research was 
RMSD value analysis and value analysis RMSF. The 
RMSD value is used to determine the stability of the 
bond between the receptor and the ligand, the stabil-
ity of the shape of the protein, to the movement of the 
ligand when it binds to the receptor, while the RMSF 
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value is used to explain fluctuations each amino acid 
residue that binds to the receptor. The results of the 
molecular dynamics simulation will be analyzed fur-
ther. The RMSD all value (complex-ligand stability), 
RMSDBb (backbone) and RMSDLigMove (stability of 
ligand movement when binds to the receptor). For 
RMSD values, all complex protein-compounds show 
RMSD values below 3 Å, which indicates that the 
protein-compound complex binds to quite stable 
(Nafisah et al., 2022). This value shows that all A. 
cordifolia compounds that bind to the MMP-2 protein 
receptor are considered to have the same stability 
ability or even better than the control (marimastat) 
(Figs. 5-7). 

The analysis of molecular dynamics results in sili-
co molecular docking studies, an essential advanced 
step to profoundly understanding the interaction 
between ligand and target protein. After docking 
simulations, ligand molecules with potential as target 
protein inhibitors are further evaluated using molecu-
lar dynamics (MD) simulations to estimate the stabil-
ity and dynamics of the ligand-protein complex. This 
analysis involves modeling the movement of atoms in 
the system over a specific period, usually on the na-
nosecond scale, to estimate how the interaction be-
tween the ligand and protein changes over time.  

 

A B 

 

 

C D 

 

 

Figure 4. Interactions of MMP-2 and Anredera cordifolia extract bioactive compounds against MMP-2 

protein (A, C, E; G, I, K, M).  

3D model of ligand interaction with interacting protein atom (B, D, F, H, J, L, N), where 2D diagram of ligand interaction in 

A and B is for marimastat (control): in C and D is for saponin, in E and F is for ursolic acid, in G and H is for vitexin, in I and J 

is for bethalain, in K and L is for terpenoid and in M and N is for bethanidine. 
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Figure 4. Interactions of MMP-2 and Anredera cordifolia extract bioactive compounds against MMP-2 

protein (A, C, E; G, I, K, M) (continued...)  

3D model of ligand interaction with interacting protein atom (B, D, F, H, J, L, N), where 2D diagram of ligand interaction in 

A and B is for marimastat (control): in C and D is for saponin, in E and F is for ursolic acid, in G and H is for vitexin, in I and J 

is for bethalain, in K and L is for terpenoid and in M and N is for bethanidine. 
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Figure 4. Interactions of MMP-2 and Anredera cordifolia extract bioactive compounds against MMP-2 

protein (A, C, E; G, I, K, M) (continued…)  

3D model of ligand interaction with interacting protein atom (B, D, F, H, J, L, N), where 2D diagram of ligand interaction in 

A and B is for marimastat (control): in C and D is for saponin, in E and F is for ursolic acid, in G and H is for vitexin, in I and J 

is for bethalain, in K and L is for terpenoid and in M and N is for bethanidine. 

 
 
The structure can be stable if the graph values are 

in the range of 1-3 Å. In this analysis, parameters such 
as RMSD are used to evaluate the stability of the 
complex, where a low RMSD indicates good stability 
between the ligand and protein. In addition, RMSF is 
used to evaluate the flexibility of protein residues 
during simulations, which can provide insight into 
how interactions with ligands affect protein structure. 
This analysis can also include calculating parameters 
such as the system's total energy, the distribution of 
hydrogen bonding interactions, and other non-

covalent interactions between ligands and protein 
residues. By performing this analysis, researchers can 
better understand the molecular interactions between 
ligands and protein targets, which can be used to 
guide the design of more effective and selective drug 
molecules (Ilmiyah et al., 2024). Based on the results 
of molecular dynamics that have been carried out, the 
average amino acid position of the interaction of the 
A. cordifolia compound with the MMP-2 protein recep-
tor is in a stable condition in the range of 1-3 Å (Fig. 
8). 
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Figure 5. Root mean square deviation (RMSD) vitexin and 

control.  

(A) RMSD Ligmov; (B) RMSD Backbone; (C) RMSD ALL. 
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Figure 6. Root mean square deviation (RMSD) bethanidine and 

control.  

(A) RMSD Ligmov; (B) RMSD Backbone; (C) RMSD ALL. 
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Figure 7. Root mean square deviation (RMSD) ursolic acid 

and control.  

(A) RMSD Ligmov; (B) RMSD Backbone; (C) RMSD ALL. 
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Figure 8. Root mean square fluctuation (RMSF) control marimastat and bioactive compound Anredera cordifolia.  

(A) Vitexin; (B) ursolic acid; (C) bethanidine; and (D) betalains. 

 

DISCUSSION 

Research using LC-MS on A. cordifolia plant ex-
tracts has revealed various bioactive compounds that 
have potential health benefits. For example, a study 
by Mason et al. (2023) identified a number of flavo-

noids, such as vitexin, in A. cordifolia leaf extract. 
These flavonoids are known to have strong antioxi-
dant properties, which can protect cells from oxida-
tive damage and inflammation. Saponin is another 
compound detected in A. cordifolia extract through 
LC-MS. Souza et al. (2014) reported that saponins in 
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A. cordifolia extract have anti-cancer and antimicrobial 
activities. Saponins are able to induce apoptosis in 
cancer cells and increase microbial membrane perme-
ability, making them effective in the treatment of in-
fections and cancer. Vitexins such as bethanidine and 
betalain are also found in A. cordifolia extract. Klont 
and Hopfgartner (2021) showed that these vitexins 
have significant anti-inflammatory and antioxidant 
effects. Bethanidine and betalain contribute to the 
protection of body cells from oxidative damage and 
chronic inflammation.  

In addition, LC-MS also identified the presence of 
essential fatty acids such as ursolic acid in A. cordifolia 
extract. Wan et al. (2023) stated that ursolic acid is 
important for cardiovascular health, as it can help 
lower cholesterol levels and improve overall heart 
function. LC-MS testing on A. cordifolia plants has 
successfully identified various bioactive compounds 
that have potential as therapeutic agents. The discov-
ery of compounds such as flavonoids, saponins, poly-
phenols, and fatty acids confirmed the A. cordifolia 
plant's potential in medical applications. Further re-
search is needed to explore the mechanism of action 
of these compounds and develop effective clinical 
applications. 

Breast cancer remains a significant health chal-
lenge worldwide, with its progression often linked to 
metastasis facilitated by enzymes such as MMP-2. 
MMP-2 is an enzyme that degrades the extracellular 
matrix, enabling tumor invasion and metastasis. Its 
overexpression has been observed in circulating tu-
mor cells, making it a promising therapeutic target for 
breast cancer (Xu et al., 2016). Natural compounds 
derived from medicinal plants like A. cordifolia offer a 
potential source of anti-cancer agents due to their 
diverse bioactive properties. This study evaluated the 
binding affinity of compounds from A. cordifolia 
leaves to MMP-2 by utilizing in silico methods. This 
plant, known for its medicinal properties, contains 
bioactive compounds such as saponins, alkaloids, and 
flavonoids, which have been previously linked to 
anti-cancer effects. These compounds were screened 
and prepared for docking studies, followed by 
ADMET analysis and molecular dynamics simula-
tions to ensure their drug-likeness and stability in 
interacting with the MMP-2 receptor (Feng and Su, 
2019). 

The docking results identified saponin, ursolic ac-
id, and vitexin as the most promising compounds 
from the A. cordifolia leaf extract. Among the com-
pounds analyzed, saponin exhibited the highest bind-
ing affinity with a docking score of -10 kcal/mol. This 
strong interaction indicates its potential to inhibit 
MMP-2 activity, thereby disrupting the metastatic 
process in breast cancer. Saponins are known for their 

role in inducing apoptosis and modulating cancer-
related pathways, further supporting their candidacy 
as therapeutic agents. Saponins displayed the strong-
est binding affinity, suggesting a robust interaction 
with the MMP-2 active site. These interactions may 
interfere with the enzymatic activity of MMP-2, po-
tentially halting extracellular matrix degradation and 
thereby impeding metastatic progression. Previous 
studies have shown saponins exhibit anti-cancer 
properties, including inducing apoptosis and inhibit-
ing metastasis (Xu et al., 2016) 

Ursolic acid demonstrated a docking score of -9.1 
kcal/mol, highlighting its significant interaction with 
the MMP-2 protein. As a triterpenoid, ursolic acid is 
renowned for its anti-inflammatory and anti-
proliferative properties, targeting signaling pathways 
such as NF-κB and MAPK. Its interaction with MMP-
2 reinforces its role as a potential inhibitor of cancer 
metastasis. Vitexin, a flavonoid compound, scored -
8.8 kcal/mol in the docking analysis, also showing 
stable interactions with MMP-2 in molecular dynam-
ics simulations. Flavonoids are widely recognized for 
their antioxidant and anti-inflammatory properties, 
which can contribute to the suppression of tumor 
progression. The ability of vitexin to bind to MMP-2 
further underscores the therapeutic potential of fla-
vonoid-rich plant extracts in cancer treatment (Lee et 
al., 2020). 

Molecular dynamics simulations further validated 
the stability of these interactions, with RMSD values 
ranging from 1-3 Å, indicating consistent binding 
throughout the simulation period. This suggests that 
the identified compounds are not only effective in 
docking studies but also likely to maintain stable in-
teractions in physiological conditions, enhancing their 
potential as drug candidates. While the in silico ap-
proach provides compelling preliminary evidence, it 
is essential to validate these findings through in vitro 
and in vivo studies (Daina et al., 2017). Testing the 
efficacy of saponin, ursolic acid, and vitexin in breast 
cancer cell lines and animal models would be crucial 
for understanding their biological mechanisms and 
therapeutic potential. Furthermore, combining these 
compounds with existing cancer therapies may offer 
synergistic effects, enhancing treatment outcomes. 

Future directions 

While the in silico approach provides valuable ini-
tial insights, further validation through in vitro and in 
vivo studies is essential to confirm the anti-metastatic 
effects of these compounds. Additionally, structure-
activity relationship analysis could help optimize the 
identified compounds for drug development. Formu-
lation studies to improve the bioavailability of these 
compounds are also recommended. 
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CONCLUSION 

Six compounds were identified in Anredera cordifo-
lia from LCMS analysis, which were docked with the 
MMP-2 protein and showed the highest results, 
namely the saponin compound with a binding affinity 
value of -10, ursolic acid -9.1, vitexin -8.8. This shows 
that the compounds reported in Anredera cordifolia 
extract are able to bind well with the MMP-2 protein 
and have the potential to inhibit metastasis in breast 
cancer via the MMP-2 pathway. 
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