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Abstract
Cancer remains one of the most lethal diseases globally, with CHK1 being a critical pathway frequently altered in cancer pro-
gression. This study evaluated the anticancer and cytotoxic properties of the ethanol extract of Matoa (Pometia pinnata) leaves in 
silico and in vitro. Maceration was conducted to obtain the ethanol extract with physicochemical, pharmacokinetic, and toxicity 
predictions conducted using Lipinski’s Rule of Five, pkCSM, and Pro-Tox II. Molecular docking was performed using Autodock 
Vina and DOCK6.2, followed by molecular dynamic simulations using GROMACS. Cytotoxicity assays on MCF-7 cells were 
carried out using the MTT methods. The results demonstrated that the extract tested positive for flavonoids, alkaloids, tannins, 
saponins, glycosides, and steroids. The extract also shows potential inhibitory activity against CHK1, supported by favorable 
binding affinities and critical amino acid interactions. Additionally, the extract exhibited a moderate cytotoxic effect on cell MCF-
7 with an IC50 of 139 µg/mL.
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Introduction
Cancer remains one of the most significant public health 
challenges globally, with its prevalence and mortality rates 
continuing to rise. According to the global cancer obser-
vatory (GCO) 2020 data, an estimated 19.3 million new 
cancer cases and nearly 10 million cancer deaths occurred 

worldwide in 2020. A multicenter study conducted by the 
Indonesian Radiation Oncology Society (IROS) highlight-
ed that breast cancer, followed by cervical, nasopharyn-
geal, lung, and rectal cancers, are the most common types 
of cancer in Indonesia (GCO 2020; Jayalie et al. 2023). 
This staggering figure underscores the fact that cancer 
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recurrence is more common compared to other diseases 
and is challenging to treat due to delayed diagnosis and 
the development of resistance to chemotherapy.

Cancer is initiated by the accumulation of genetic al-
terations and genomic insults through exogenous (UV 
and chemical radiation) and endogenous factors (free 
radicals and alkylating agents during metabolic process-
es). This led to cell damage and caused up to 105 lesions/
cell/day. DNA lesions then affect crucial processes such as 
DNA transcription and replication and even cause dou-
ble-strand breaks. As a response to these damages, cells 
are equipped with DNA damage response that plays a 
significant role in maintaining genomic stability and the 
integrity of DNA. DDR is triggered by a signal of damaged 
DNA, activating the cell cycle checkpoints, DNA repair 
mechanism, DNA damage adaptation, and cell death. Two 
central serine/threonine kinases regulate these processes, 
CHK1 (Shin and Cho 2023).

As a response to single-strand DNA breaks, the ATR-
CHK1 signaling pathway will be activated by single-strand 
DNA breaks. Activation of CHK1 initiates the arrest of cell 
cycle progression in phase G2/M, which allows the DNA to 
be repaired or possibly cell death. CHK1 caused cell cycle 
arrest in phase G2/M by phosphorylating the CDC25C (cell 
division cycle 25C), which prevents the activation of CDK1 
(cyclin-dependent kinase 1), providing time to resolve the 
DNA damage (Manic et al. 2015; Ronco et al. 2016).

In human neoplasms, CHK1 is frequently upregulat-
ed and overexpressed, especially in triple-negative breast 
cancer carcinomas (TNBC) and MYC-neuroblastoma-re-
lated (MYCN)-amplified and high-risk tumors. Based on 
this, it can be concluded that overexpression, mutation, 
and the loss of CHK1 are responsible for most cancer cas-
es. Therefore, targeting CHK1 in cancer cells has become 
crucial to halting cancer progression (Manic et al. 2015).

The importance of inhibiting CHK1 has led to the de-
velopment of their inhibitors. Prexasertib is a selective 
ATP inhibitor of CHK1 that causes DNA DSBs in the 
S-phase cell cycle and removes the protection of the DNA 
checkpoint. Prexasertib was also reported to induce the 
accumulation of unrepaired cells in the S-phase, reflecting 
the accumulation of DNA damage in the cell, leading to 
cell death or apoptosis. Prexasertib has completed a phase 
II clinical trial for its use as a single anticancer agent or in 
combination with other anti-neoplastic drugs. Despite its 
activity as a selective inhibitor of CHK1, its efficacy still 
needs to be monitored because, in some cases, Prexasert-
ib has been reported to cause serious adverse effects. This 
underscores the importance of finding compounds that 
can act as multi-target inhibitors of CHK1 with minimal 
side effects (Ronco et al. 2016; Nikolaev and Yang 2020).

Matoa (Pometia pinnata) is a traditional Asian medi-
cine that treats fever and skin infections. This plant’s wood 
and bark extracts have demonstrated antioxidant prop-
erties, while the leaf extracts exhibit antifungal activity 
against Phytophthora infestans and also show potent in-
hibitory activity against HIV-1 integrase (IN). Previous 
studies have identified flavonoids as the major bioactive 

compounds in these extracts. Flavonoids are known for 
their diverse biological activities, including anti-inflam-
matory, antiallergic, antiviral, and antioxidant effects. 
Additionally, phenolic compounds have been report-
ed to possess astringent, antibacterial, and antidiarrheal 
properties (Razoki 2023). Kaempferol-3-O-rhamnoside 
and quercetin-3-O-rhamnoside are two flavonoids isolat-
ed from Pometia pinnata leaf ethanol extract, which has 
shown antioxidant and antibacterial effects against Ba-
cillus subtilis, Staphylococcus aureus, and Escherichia coli 
(Wiart 2006; Suedee et al. 2013). However, research on the 
anticancer potential of Pometia pinnata is limited. This 
study aims to explore the anticancer activity of Pometia 
pinnata using both in silico and in vitro approaches.

In silico methods are commonly used to screen po-
tential compounds in drug discovery. Molecular dock-
ing predicts the interaction between the protein-ligand 
complexes in 3D geometry. In order to predict the pro-
tein-ligand complexes further to their molecular system, 
molecular dynamics need to be employed. Molecular 
dynamic simulations can capture crucial biomolecular 
processes, such as ligand binding, protein folding, and 
conformational changes, and even predict how biomole-
cules respond at an atomic level to signaling, such as pro-
tonation, phosphorylation, or mutation. Prediction of a 
potential compound’s physicochemical, pharmacokinetic, 
and toxicity properties was also part of in silico compu-
tational methods, where it plays a big part in forecasting 
the properties of the potential compound as a drug can-
didate, minimizing the need for animal research. It can 
also screen chemical compounds for further testing based 
on their ADMET qualities to reach the desired compound 
and obtain possible effectiveness against the targeted ill-
ness. Based on that, in silico has become a more accessible 
and powerful method by providing a vast amount of data 
and implementing a considerable budget reduction need-
ed for the development of new drug candidates (de Ruyck 
et al. 2016; Hollingsworth and Dror 2018; Navien et al. 
2021; Yusuf 2023).

Following the initial screening of potential candidates 
using in silico methods, in vitro testing is pivotal in val-
idating the compound’s efficacy. In vitro assays provide 
a controlled environment where the behavior of cancer 
cells can be closely monitored under various conditions. 
MCF-7 is a breast cancer cell line that is estrogen receptor 
(ER)-positive, progesterone receptor (PR)-positive, and 
HER2-negative. This cell is commonly used in developing 
chemotherapeutic drugs due to its sensitivity to various 
cancer agents. One of the most common methods used to 
assess the cytotoxic effects of compounds on MCF-7 cells 
is the MTT assay. The MTT assay measures the reduction 
of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) to formazan, which is directly propor-
tional to the number of viable cells. This method allows for 
determining the IC50 value, representing the compound 
concentration required to inhibit cell growth by 50%. The 
results from these assays help in identifying compounds 
that exhibit significant cytotoxicity against MCF-7 cells, 
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thereby indicating their potential as anticancer agents 
(Edirweera et al. 2018; Kitaeva et al. 2020; Purwaningsih 
et al. 2021). Therefore, this study is conducted to obtain 
the activity of compounds contained in the ethanol ex-
tract of Pometia pinnata leaves through in silico and in 
vitro assays to determine their ability as anticancer agents 
in MCF-7 cells.

Materials and methods
Materials

The materials used include a hardware device, a com-
puter with 11th Gen Intel® Core™ i9-11900KF, RTX 2060 
16 GB NVME 3.50 GHz, RAM 64 GB DDR 4, SSD 1,8 
T, software DOCK6.2, Avogadro, CHARMM-GUI web-
site (https://www.charmm-gui.org/), Discovery Studio 
(Systemes 2016), Lipinski’s Rule of Five website (https://
www.scfbio-iitd.res.in/software/drugdesign/lipinski.jsp), 
Grace, GMX Tools, GROMACS 2022.4 (Bauer et al. 2022), 
pkCSM Online Tools website (https://biosig.lab.uq.edu.au/
pkcsm/), proTOX-II website (https://tox.charite.de/pro-
tox3/), Protein Data Bank website (https://rcsb.org/), and 
PubChem website (https://pubchem.ncbi.nlm.nih.gov/).

Ethical approval
This study has obtained ethical approval No. 0670/
KEPH-FMIPA/2021 from the Animal Research Ethics 
Committee of the Faculty of Mathematics and Natural 
Sciences, Universitas Sumatera Utara.

Methods

Extraction and phytochemical screening of 
Pometia pinnata leaves

The extraction process was conducted through macer-
ation using 96% ethanol added at a sample-to-solvent 
ratio of 1:2 (w/v). The mixture was then filtered through 
a Buchner funnel with a vacuum pump to separate the 
extract from the residue. The solvent was subsequently 
removed from the extract using a rotary evaporator to 
produce a concentrated form. Phytochemical screening 
was conducted for specific compounds: flavonoids were 
detected using magnesium powder, alkaloids with Dra-
gendorff ’s reagent, tannins with FeCl₃, glycosides with 
Molisch’s reagent, saponins by observing foam forma-
tion, and steroids with the Liebermann-Burchard reagent 
(Praptiwi et al. 2020; Razoki 2023).

Prediction of physicochemical, pharmaco-
kinetics, and toxicity of ethanol extract of 
Pometia pinnata leaves
The 3D structure of 20 compounds contained in ethanol 
extract of Pometia pinnata leaves, which are: Apigen-
in 7-O-diglucuronide, benzene, pigallocatechin, gallic 
acid, jasmonic acid, kaempferol, kampferol-3-O-gluco-

side (astragalin), kaempferol-3-O-rhamnoside (afzelin), 
nicotiflorin, p-coumaroyl glycolic acid, phenol, p-hy-
droxybenzaldehyde, quercetin, quercetin-3-Oglucoside 
(isoquercetin), quercetin-3-O-rhamnoside (quercitrin), 
quercetin-3-O-glucosyl-(1→4)-rhamnoside (rutin), syrin-
gic acid, tannin, vanillic acid, vanillin were downloaded 
from PubChem in *pdb and *smi format and was subjected 
to physicochemical prediction by Lipinski’s Rule of Five by 
submitting the compounds in the website and the pH was 
set in 7. The results are then saved. The smiles were submit-
ted for the pharmacokinetics and toxicity prediction, and 
the prediction was run; the results were then saved.

Protein and ligand preparation
Protein and ligand preparation was conducted twice for 
each software used. For AutoDock Vina docking, Aut-
oDock Tools was utilized to prepare the proteins and li-
gands by separating CHK1 from the native ligands, YEX, 
and removing water molecules. Polar hydrogens were 
added, computed Gasteiger charges were calculated, and 
a grid box of 40 × 40 × 40 Å was set to cover the protein’s 
active site. The ligand and receptor were converted into 
PDBQT format. In the case of DOCK6.2, the protein and 
native ligands were separated using GNINA via the termi-
nal. Hydrogen atoms were added, GAFF force fields were 
applied, and the geometry was optimized using Avogadro 
(Trott and Olson 2010; McNutt et al. 2021).

Molecular docking of ethanol extract com-
pounds against CHK1
The docking process started by doing docking validation 
of the receptors and the native ligand using Autodock 
Vina by setting the exhaustiveness to 32. The RMSD was 
calculated using Pymol. For the docking process by Aut-
odock Vina, the grid box of the ligand and receptor was 
constructed, and the exhaustiveness was set to 32, then 
run. The binding affinity results are then saved in Excel. 
The docking process through DOCK6.2 required build-
ing the ligands’ sphere; before the docking process started, 
energy minimization was carried out first and followed 
by rigid and flexible docking. The grid score results are 
saved in Excel. Visualization of the docking results was 
carried out using Biovia Discovery Studio Client 2021 by 
inserting the clean receptor file and the output ligands file, 
resulting in the interaction of ligands and the receptor in 
the form of amino acid residues (Trott and Olson 2010; 
McNutt et al. 2021).

Molecular dynamic simulations of ethanol 
extract compounds against CHK1
From the docking results, five chosen compounds were 
subjected to further testing with MD simulations. The li-
gand-receptor complexes were built using the output file 
from the docking. The complex file was then submitted 
through CHARMM-GUI to obtain the output file for MD 
simulations. The ionization throughout the simulations 
was changed to NaCl with GROMACS as the force field. 
A 250 ps NVT (constant number of particles, volume, and 
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temperature) ensemble was used for equilibration, and a 
250 ps NPT (constant number of particles, pressure, and 
temperature) ensemble was selected for dynamics input 
generation. The temperature was set to 310°K, and the 
input file was generated and extracted from the .tgz file. 
A molecular dynamics simulation was conducted using 
GROMACS 2022.4, which involved 5000 steps of energy 
minimization and a 50 ns simulation with a four fs-time 
step. The binding energy calculations were based on 200 
snapshots extracted from the last 10 ns of the 100 ns sim-
ulation. Grace was used to visualize the ligands’ RMSD, 
RMSF, SASA, and hydrogen bonds. Additionally, MMPB-
SA calculations were conducted using the g-mmpbsa tool 
(Lee et al. 2016; Bauer et al. 2022).

Cell culture
MCF-7, a human breast adenocarcinoma cell line, was 
provided from the cell culture collection of the Labora-
tory of Parasitology, Faculty of Medicine, Public Health, 
and Nursing, Universitas Gadjah Mada, Indonesia. MCF-
7 cells were cultivated in Dulbecco’s Modified Eagle Medi-
um (DMEM) supplemented with 10% fetal bovine serum 
(FBS), 2% penicillin-streptomycin, and 0.5% amphoteri-
cin B (CCRC 2009).

Cytotoxicity assay of ethanol extract of 
Pometia pinnata leaves to MCF-7 cells
The cytotoxicity assay begins by preparing the DMEM 
media by mixing one sachet of DMEM with 2 g of HEPES 
and 2 g of NaHCO₃ in an Erlenmeyer flask containing 
800 ml of sterile water. The pH is adjusted to 7.2–7.4 by 
adding 1N HCl or NaOH. The solution is then topped 
up to 1 liter with sterile water, sterilized using a vacu-
um filter, and aliquoted into 500 ml bottles for storage 
at 2–8 °C. In a laminar flow cabinet, the media is sup-
plemented with 10% fetal bovine serum (FBS), 2% peni-
cillin-streptomycin, and 0.5% amphotericin B and stored 
at 2–8°C. Cells from frozen storage are thawed, mixed 
with 10 ml of media, and centrifuged at 600 rpm for 5 
minutes. The supernatant is discarded, and the cells are 
resuspended in 4 ml of culture media. The suspension 
is divided between new culture flasks with 5 ml of me-
dia and incubated in a CO₂ incubator. Cells are observed 
under an inverted microscope daily. The MCF-7 cells are 
harvested, washed twice with PBS, treated with 0.25% 
trypsin-EDTA, incubated for 3–5 minutes, and then neu-
tralized with 4 ml of media. The cells are resuspended 
and counted using a hemocytometer. For testing, 5 mg of 
the test compound is dissolved in 100 μl of DMSO and 
diluted to the required concentrations. A concentration 
series is prepared with a concentration of 1000 μg/mL, 
500 μg/mL, 250 μg/mL, 125 μg/mL, and 62.5 μg/mL for 
ethanol extract of Pometia pinnata leaves and 50 μg/mL, 
25 μg/mL, 12.5 μg/mL, 6.125 μg/mL, and 3.125 μg/mL 
for doxorubicin as a positive control. MCF-7 cells (1 × 
10⁴ cells/100 μl) are distributed into a 96-well plate and 
incubated for 24 hours before treatment with the pre-
pared compounds (CCRC 2009).

Results and discussion
Phytochemical screening of ethanol ex-
tract of Pometia pinnata

The phytochemical screening of the ethanol extract of 
Pometia pinnata leaves was done to identify several bioac-
tive compounds. The results can be seen in Table 1.

From the table above, it can be seen that the ethanol 
extract of Pometia pinnata leaves tested positive for fla-
vonoids, alkaloids, tannins, glycosides, saponins, and ste-
roids, which are associated with potential anticancer activ-
ity. Flavonoids are known for their antioxidant properties, 
which help protect cells from oxidative stress and can in-
duce apoptosis in cancer cells. Alkaloids exhibit cytotoxic 
effects by interfering with DNA replication and protein 
synthesis, leading to cell cycle arrest, while tannins pos-
sess anti-inflammatory and antioxidant activities that can 
inhibit tumor growth by modulating key signaling path-
ways. Saponins can induce apoptosis and disrupt cancer 
cell membranes, while glycosides enhance the solubility 
and bioavailability of other active compounds, supporting 
their therapeutic potential. Lastly, steroids may influence 
growth-related signaling pathways and enhance the effi-
cacy of chemotherapeutic agents. The presence of these 
compounds in Pometia pinnata leaves suggests a synergis-
tic effect that could enhance their overall anticancer activ-
ity (Rajasekar et al. 2021; Dhyani et al. 2022; Duyen et al. 
2022; Roy et al. 2022).

Analysis of physicochemical, pharmaco-
kinetic, and toxicity properties

The physicochemical prediction includes molecular 
weight, logP, hydrogen bond donor, and hydrogen bond 
acceptor. The result can be seen in Table 2.

The results above show that out of the 20 compounds 
found in the ethanol extract of Matoa leaves (Pometia 
pinnata), 17 met the criteria for Lipinski’s Rule of Five. 
The compounds that did not meet the criteria include 
apigenin 7-O-diglucuronide, nicotiflorin, and quer-
cetin-3-O-glucosyl-(1→4)-rhamnoside (rutin). These 
compounds failed to meet at least two of the rule’s cri-
teria, suggesting they are less likely to have good oral 
bioavailability as potential drugs (Roskoski Jr 2023). 
Lipinski’s Rule of Five is a guideline to evaluate the po-
tential oral bioavailability of drug-like molecules. If 

Table 1. Bioactive compounds of ethanol extract of Pometia 
pinnata leaves.

Bioactive compounds Results
Flavonoids Positive
Alkaloids Positive
Tannins Positive
Saponins Positive
Glycosides Positive
Steroids Positive
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a molecule violates one or more of these criteria, it is 
considered to have low bioavailability. The criteria include 
(1) molecular weight < 500 Da; (2) log P (lipophilicity) < 
5; (3) hydrogen bond donors < 5; and (4) hydrogen bond 
acceptors < 10. A molecular weight exceeding 500 Da 
may reduce a compound’s ability to penetrate cell mem-

branes, affecting its solubility within the body (Lipinski 
2004). Compounds with a LogP > 5 are highly hydro-
phobic and are more likely to stick to membranes than 
distribute into aqueous environments like cells or the 
bloodstream (Barber and Rostron 2021). The number of 
hydrogen bond donors must be less than 5 and 10 for the 
acceptors, as too many hydrogen bond donors in a drug 
molecule reduce its ability to penetrate the lipid bilayer of 
cells (Ivanović 2020).

The pharmacokinetics prediction was done using 
pkCSM; the results can be seen in Table 3.

The absorption activity of a compound is predicted us-
ing parameters such as water solubility, human intestinal 
absorption (HIA), and p-glycoprotein substrate. Water 
solubility measures a compound’s ability to dissolve in 
water. The solubility range of the compounds tested was 
between -3.74 and -0.76, indicating that these compounds 
do not dissolve well in water but are more soluble in lipids. 
The intestine is a crucial organ for absorbing orally admin-
istered drugs, and HIA is used to predict how well a com-
pound is absorbed in the intestines. A compound is con-
sidered well-absorbed if it has an absorption rate of more 
than 30%. According to the test results, compounds such 
as apigenin-7-O-diglucuronide, nicotiflorin, rutin, and 
tannins showed poor potential as oral drug candidates. 
P-glycoprotein, a transporter that expels toxins from cells, 
is also an important factor in drug development. Of the 
tested compounds, 12 were identified as p-glycoprotein 
substrates, while 8 were not, which will play a crucial role 
in determining their suitability for different routes of drug 
administration (Pires et al. 2015; Myung et al. 2024).

In predicting distribution properties, the critical pa-
rameters used are the steady-state volume of distribution 
(VDss) and the blood-brain barrier penetration (logBBB). 

Table 2. Physicochemical properties of ethanol extract of 
Pometia pinnata leaf compound.

Compound Molecular 
Weight

LogP HBD HBA

Apigenin 7-O-diglucuronide 622 -2.09 9 17
Benzene 78 1.68 0 0
Epigallocatechin 306 1.25 6 7
Gallic acid 170 0.50 4 5
Jasmonic acid 210 2.41 1 3
Kaempferol 286 2.30 4 6
Kaempferol-3-O-glucoside 
(astragalin)

448 -0.43 7 11

Kaempferol-3-O-rhamnoside 
(afzelin)

432 0.59 6 10

Nicotiflorin 594 -1.58 9 15
p-Coumaroyl glycolic acid 222 0.42 3 5
Phenol 94 1.39 1 1
p-hydroxybenzaldehyde 122 1.20 1 2
Quercetin 302 2.01 5 7
Quercetin-3-O-glucoside 
(isoquercetin)

464 -0.73 8 12

Quercetin-3-O-rhamnoside 
(quercitrin)

448 0.29 7 11

Quercetin-3-O-glucosyl-(1→4)-
rhamnoside (rutin)

610 -1.87 10 16

Syringic acid 198 1.10 2 5
Tannin 1152 -4.91 2 24
Vanillic acid 168 1.09 2 4
Vanillin 152 1.21 1 3

Table 3. Pharmacokinetics prediction of ethanol extract of Pometia pinnata leaves.

Compound HIA (%) Water solubility 
(log ml/L)

P-glycoprotein 
substrate

VDss Log BBB CYP3A4 substrate 
& inhibitor

Total 
clearance

Apigenin 7-O-diglucuronide 0 -2.87 Yes -0.09 -1.94 No -0.11
Benzene 95.90 -1.81 No 0.18 0.40 No 0.25
Epigallocatechin 48.17 -2.90 Yes 0.59 -1.44 No 0.53
Gallic acid 40.15 -1.91 No -0.27 -1.42 No 0.62
Jasmonic acid 94.55 -2.11 No -0.65 0.008 No 0.45
Kaempferol 84.95 -2.98 Yes -0.17 -1.36 No 0.52
Kaempferol-3-O-glucoside (astragalin) 42.26 -3.36 Yes -0.38 -1.67 No 0.68
Kaempferol-3-O-rhamnoside (afzelin) 57.49 -3.74 Yes -0.54 -1.49 No 0.65
Nicotiflorin 27.58 -2.96 Yes -0.21 -2.02 No 0.25
p-Coumaroyl glycolic acid 45.28 -1.82 Yes -1.28 -0.88 No 0.39
Phenol 93.58 -0.89 No -0.03 -0.04 No 0.25
p-hydroxybenzaldehyde 85.87 -0.76 No -0.06 -0.20 No 0.58
Quercetin 74.80 -2.86 Yes 0.16 -1.58 No 0.47
Quercetin-3-O-glucoside (isoquercetin) 35.16 -2.99 Yes -0.08 -1.91 No 0.65
Quercetin-3-O-rhamnoside (quercitrin) 50.39 -3.10 Yes -0.15 -1.72 No 0.62
Quercetin-3-O-glucosyl-(1→4)-
rhamnoside (rutin)

20.47 -2.90 Yes -0.10 -2.25 No 0.06

Syringic acid 75.31 -1.72 No -0.45 -0.36 No 0.72
Tannin 29.98 -2.89 Yes 0.01 -3.90 No -3.37
Vanillic acid 75.00 -1.58 No -0.45 -0.31 No 0.70
Vanillin 86.60 -1.69 No -0.07 -0.19 No 0.63
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VDss reflects the total volume into which a compound 
is distributed when the drug concentration stabilizes in 
blood plasma. From the table, only epigallocatechin ex-
hibits a VDss value greater than 0.45. The ability of a drug 
to cross the blood-brain barrier is crucial for developing 
treatments targeting the brain. All compounds, except 
benzene, showed poor brain distribution. The metabolic 
capability of a compound is assessed through the param-
eters of CYP3A4 substrates and inhibitors. CYP3A4 is a 
vital detoxifying enzyme in drug metabolism, predomi-
nantly found in the liver. The results indicated that none 
of the compounds are substrates or inhibitors of CYP3A4, 
suggesting that this enzyme does not metabolize them. 
For excretory activity, total clearance was used as the pa-
rameter. Total clearance combines hepatic clearance (me-
tabolism in the liver and biliary clearance) and renal clear-
ance (excretion via the kidneys), predicting how long a 
compound remains in the bloodstream. The results show 
total clearance values ranging from -3.37 to 0.70, indicat-
ing that compounds with higher clearance values are ex-
creted more rapidly (Pires et al. 2015; Myung et al. 2024).

The toxicity properties of the compounds can be seen 
in Table 4.

The toxicity parameters evaluated in this prediction 
include LD50 (lethal dose 50), hepatotoxicity, carcino-
genicity, immunotoxicity, mutagenicity, and cytotox-
icity. LD50 represents the dose required to cause death 
in 50% of a test population. The LD50 values obtained 
ranged from 10000 mg/kg to 159 mg/kg, indicating the 
compounds’ toxicity range. An LD50 value of 10000 mg/
kg suggests low toxicity (classified as practically non-tox-
ic), while a 159 mg/kg value indicates moderate toxic-

ity. LD50 is a crucial parameter for assessing the acute 
toxicity of a compound (Drwal et al. 2014). Hepato-
toxicity refers to a compound’s potential to cause liver 
damage at predicted exposure levels; none of the com-
pounds exhibited hepatotoxicity in this prediction. Out 
of the 20 compounds, 6 of them, which are gallic acid, 
kaempferol-3-O-rhamnoside (afzelin), p-coumaroyl 
glycolic acid, p-hydroxybenzaldehyde, quercetin, and 
quercetin-3-O-rhamnoside (quercitrin), tested positive 
for carcinogenicity, indicating potential cancer-caus-
ing properties. This is important for understanding 
carcinogenic activity mechanisms and modifying these 
compounds to reduce cancer risk. However, a positive 
result for carcinogenicity does not necessarily mean the 
compound is harmful in all cases, as the prediction mod-
els are primarily based on specific animal models that 
may not fully replicate human physiology (Madia et al. 
2019). Immunotoxicity, which assesses a compound’s 
potential to impair immune function, was observed in 
five compounds: Kaempferol-3-O-rhamnoside (afzelin), 
nicotiflorin, quercetin-3-O-glucoside (isoquercetin), 
quercetin-3-O-rhamnoside (quercitrin), and querce-
tin-3-O-glucosyl-(1→4)-rhamnoside (rutin).

In some cases, compounds showing immunotoxicity 
could be helpful in therapeutic applications, particularly 
in conditions requiring immune modulation. Thus, it is 
essential to consider the broader context, including the 
therapeutic window, dose, and mechanism of action (Bal-
drick 2020). Only quercetin was found to be mutagenic, 
indicating its potential to cause genetic mutations, a factor 
that raises concerns about genetic damage and cancer risk. 
Finally, none of the compounds exhibited cytotoxicity, 

Table 4. Toxicity prediction of compounds in ethanol extract of Pometia pinnata leaves.

Compound LD50 (mg/kg) Hepatotoxicity Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity
Apigenin 7-O-diglucuronide 5000 Inactive Inactive Inactive Inactive Inactive
Benzene 10000 Inactive Inactive Inactive Inactive Inactive
Epigallocatechin 10000 Inactive Inactive Inactive Inactive Inactive
Gallic acid 2000 Inactive Active Inactive Inactive Inactive
Jasmonic acid 180 Inactive Inactive Inactive Inactive Inactive
Kaempferol 3919 Inactive Inactive Inactive Inactive Inactive
Kaempferol-3-O-glucoside 
(astragalin)

5000 Inactive Inactive Inactive Inactive Inactive

Kaempferol-3-O-rhamnoside 
(afzelin)

5000 Inactive Active Active Inactive Inactive

Nicotiflorin 5000 Inactive Inactive Active Inactive Inactive
p-Coumaroyl glycolic acid 2000 Inactive Active Inactive Inactive Inactive
Phenol 270 Inactive Inactive Inactive Inactive Inactive
p-hydroxybenzaldehyde 250 Inactive Active Inactive Inactive Inactive
Quercetin 159 Inactive Active Inactive Active Inactive
Quercetin-3-O-glucoside 
(isoquercetin)

5000 Inactive Inactive Active Inactive Inactive

Quercetin-3-O-rhamnoside 
(quercitrin)

5000 Inactive Active Active Inactive Inactive

Quercetin-3-O-glucosyl-(1→4)-
rhamnoside (rutin)

5000 Inactive Inactive Active Inactive Inactive

Syringic acid 1700 Inactive Inactive Inactive Inactive Inactive
Tannin 2260 Inactive Inactive Inactive Inactive Inactive
Vanillic acid 2000 Inactive Inactive Inactive Inactive Inactive
Vanillin 1000 Inactive Inactive Inactive Inactive Inactive
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meaning they did not induce cell death at the concentra-
tions tested. Therefore, all compounds are subjected to the 
next step, molecular docking (Banerjee et al. 2024).

Molecular docking analysis

This step consists of molecular docking validation of the 
receptor to the native ligand and molecular docking be-
tween the compounds with the receptor using Autodo-
ck Vina and DOCK6.2; the results can be seen in Fig. 1, 
Tables 5, 6.

The docking validation produced an RMSD of 0.990 
Å, less than 2 Å, showing substantial similarity between 
the compared structures. This is evident from the similar 
positioning of the native and docked ligands (McNutt et 
al. 2021).

In Autodock Vina, the docking method used was rigid 
docking, where the ligand and the receptor were in the 
rigid position of the geometry, while in DOCK6.2, the 
docking process was performed in both rigid and flexi-
ble conditions, where the flexible docking allows both 
the ligand and receptor to move during the simulation, 
enabling a more accurate representation of molecular 
interactions in conditions that mimic the human body’s 
dynamic environment. This approach provides a more 
precise and more detailed understanding of how the li-
gand and receptor behave under physiological conditions 
(Andrusier et al. 2008; de Ruyck et al. 2016).

The docking process using Autodock Vina produced 
binding affinities ranging from -4.6 to -9.3, with the native 
ligand, YEX, and Prexasertib (used as a reference drug) 
showing the lowest binding affinities. Binding affinity re-
flects the energy required for a compound and receptor to 
establish a stable interaction during the docking process; 
lower binding affinities indicate a stronger interaction, re-
quiring less energy. In contrast, the DOCK6.2 results exhib-
ited grid scores from -13.2196 to -66.4655, with compounds 
such as apigenin 7-O-diglucuronide, Kaempferol, Kaemp-
ferol-3-O-glucoside (astragalin), Kaempferol-3-O-rhamno-
side (afzelin), Nicotiflorin, Quercetin, Quercetin-3-O-glu-
coside (isoquercetin), Quercetin-3-O-rhamnoside 
(quercitrin), Quercetin-3-O-glucosyl-(1→4)-rhamnoside 
(rutin), and Tannin having lower grid scores compared to 

Table 5. Molecular docking results using Autodock Vina.

Compounds H-Bond interaction Hydrophobic bond interaction Binding affinity
Apigenin 7-O-diglucuronide GLU 17, ALA 19, LYS 132, ASN 135, SER 147 VAL 23, LYS 38, VAL 68, LEU 84, LEU 137 -8.3 ± 0.0
Benzene - LEU 15, VAL 23, ALA 36, CYS 87, LEU 137 -4.6 ± 0.0
Epigallocatechin GLU 91 LEU 15, VAL 23, ALA 36, LEU 134, LEU 137 -8 ± 0.5196
Gallic acid GLU 85, SER 147 LEU 15, VAL 23, ALA 36, LEU 137 -6 ± 0.0
Jasmonic acid GLU 85 LEU 15, VAL 23, LEU 137 -6.767 ± 0.057
Kaempferol GLU 85 VAL 23, ALA 36, VAL 68, LEU 84, LEU 137 -8.4 ± 0.0
Kaempferol-3-O-glucoside 
(astragalin)

GLY 16, GLU 17, SER 147, ASP 148 LEU 15, VAL 23, GLU 91, LEU 137 -7.267 ± 0.378

Kaempferol-3-O-rhamnoside 
(afzelin)

GLY 16, GLU 134, ASN 135, SER 147 GLU 91, LEU 137 -6.433 ± 0.057

Nicotiflorin GLY 16, GLU 17, GLY 18, LYS 132, GLU 134, 
ASN 135, SER 147, ASP 148

LEU 15, VAL 23, LYS 132, GLU 134 -6.733 ± 0.057

p-Coumaroyl glycolic acid GLU 17, GLU 85, CYS 87, GLU 134, ASN 
135, SER 147

LEU 15, VAL 23, ALA 36, LEU 137 -7.1 ± 1.087

Phenol - LEU 15, VAL 23, ALA 36, LEU 137 -4.9 ± 0.0
p-hydroxybenzaldehyde LEU 15, CYS 87, GLU 91 VAL 23, LEU 137 -5.5 ± 0.0
Quercetin GLU 17 VAL 23, ALA 36, VAL 68, LEU 84, LEU 137 -8 ± 0.0
Quercetin-3-O-glucoside 
(isoquercetin)

GLY 16, GLU 134, ASN 135, SER 147, ASP 
148

GLU 91, LEU 137 -6.6 ± 1.087

Quercetin-3-O-rhamnoside 
(quercitrin)

GLU 91, GLU 134, ASN 135 ALA 19, ASP 130, LYS 132 -6.2 ± 0.0

Quercetin-3-O-glucosyl-(1→4)-
rhamnoside (rutin)

GLU 17, GLY 18, GLU 91, LYS 132, GLU 134, 
ASN 135, ASP 148

LEU 15, VAL 23, LYS 132, GLU 134 -6.7 ± 0.0

Syringic acid GLU 17, GLU 85, SER 147 LEU 15, VAL 23, ALA 36, LYS 38, LEU 84, 
TYR 86, CYS 87, LEU 137

-6.3 ± 0.0

Tannin GLU 91 LEU 15, VAL 23, ALA 36, LEU 137 -7.6 ± 0.1732
Vanillic acid GLU 91 LEU 15, VAL 23, ALA 36, LEU 84, LEU 137 -6.2 ± 0.0
Vanillin CYS 87, GLU 91 LEU 15, VAL 23, LEU 137 -6 ± 0.0
YEX (Native ligand) GLY 18, GLU 55 LEU 15, VAL 23, ALA 36, VAL 68, LEU 84, 

LEU 137
-9.3 ± 0.0

Prexasertib LEU 15, GLU 91, GLU 134, SER 147 ALA 36, LYS 38, LEU 84, LEU 137 -8.7 ± 0.0

Figure 1. Docking validation of native ligand (green) and 
docked native ligand (pink).
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YEX and Prexasertib. Grid scores quantify binding energy, 
whereas lower scores correspond to more stable ligand-re-
ceptor interactions. The hydrogen bond interactions identi-
fied for the native ligand and Prexasertib in both Autodock 
Vina and DOCK6.2 involved critical amino acid residues, 
including LEU 15, GLU 85, GLU 91, GLU 134, and SER 147, 
suggesting these residues play a role in CHK1 inhibition. 
Research by Li et al. (2019) and Jin et al. (2021) supports 
the inhibitory activity of CHK1 through the formation of 
hydrogen bonds at additional residues, including GLY 16, 
GLU 17, GLY 18, GLU 55, CYS 87, ASN 135, and ASP 148. 
Hydrophobic interactions were also identified, with resi-

dues LEU 15, VAL 23, ALA 36, LYS 38, VAL 68, LEU 84, 
and LEU 137 contributing to the binding stability in both 
docking programs. Previous studies indicate hydrophobic 
interactions involving CYS 87 and GLU 91 further enhance 
CHK1 inhibition (Chen et al. 2010).

The docking analysis revealed that all compounds 
formed hydrogen bonds and hydrophobic interactions 
with key amino acid residues essential for CHK1 inhibi-
tion. Further evaluation identified five compounds with 
the best binding affinity and the most extensive hydro-
gen bonding, which were chosen for further validation 
through molecular dynamics simulations.

Table 6. Molecular docking results using DOCK6.2.

Compounds Rigid Docking Flexible Docking
H-Bond interaction Hydrophobic bond 

interaction
H-Bond interaction Hydrophobic bond 

interaction
Grid Score

Apigenin 
7-O-diglucuronide

LEU 15, GLY 16, LYS 38, 
CYS 87, ASP 94, ASP 148

LEU 15, VAL 23, LEU 
137

TYR 86, CYS 87, SER 
88, GLY 90, GLU 91, 

ASP 94, ASN 135

LEU 15, LEU 137 -55.9013 ± 0.0

Benzene - ALA 34 LEU 15, LEU 137 -13.2196 ± 0.0
Epigallocatechin LEU 15, CYS 87, GLU 91, 

GLU 134
LEU 15, VAL 23, LEU 

137
GLU 134, ASN 135 LEU 15, VAL 23, GLU 

91,  LEU 137
-41.7892 ± 0.0

Gallic acid CYS 87, GLY 90, GLU 91 LEU 15, VAL 23, LEU 
137

GLU 85 LEU 15, VAL 23, ALA 
36, LEU 137

-27.5333 ± 0.0

Jasmonic acid SER 147, ASP 148 - GLY 16, GLU 17, 
GLU 134, SER 147

LEU 15, LEU 137 -35.0886 ± 0.0

Kaempferol LYS 38, CYS 87, GLU 91, 
ASP 148

LEU 15, VAL 23, LEU 
137

LYS 132, GLU 134, 
ASN 135, ASP 148

VAL 23, LEU 137 -48.1075 ± 0.0

Kaempferol-3-O-glucoside 
(astragalin)

GLU 17, GLU 91, ASN 135 GLU 91, LEU 137 LEU 15, CYS 87, SER 
88, GLY 90, GLU 91

LEU 15, LEU 137 -57.9473 ± 0.0

Kaempferol-3-O-
rhamnoside (afzelin)

GLN 13, TYR 86, CYS 87, 
GLY 90, GLU 91

LEU 15, GLU 91, LEU 
137

GLU 17, LYS 132 GLU 91 -59.1781 ± 0.0

Nicotiflorin THR 14, GLY 16, GLU 17, 
GLU 91

ASP 94 GLU 17, ASP 130, 
ASN 135, THR 170

GLU 91 -65.2588 ± 0.0

p-Coumaroyl glycolic acid SER 147, ASP 148 LEU 15, LEU 137 CYS 87, SER 147, 
ASP 148

LEU 15, VAL 23, LEU 
137

-36.2013 ± 0.0

Phenol CYS 87 LEU 15, LEU 137 GLU 85 VAL 23, ALA 36, LEU 
137

-17.1177 ± 0.0

p-hydroxybenzaldehyde GLU 85, SER 147 VAL 23, ALA 36, LEU 
137

CYS 87 LEU 15, LEU 137 -21.2022 ± 0.0

Quercetin GLY 18, GLU 91, ASN 135 LEU 15, VAL 23 LYS 132, GLU 134, 
ASN 135, ASP 148

VAL 23, LEU 137 -49.5158 ± 0.0

Quercetin-3-O-glucoside 
(isoquercetin)

LEU 15, TYR 86, CYS 87, 
SER 88, GLY 90, GLU 91, 

ASP 94

LEU 15, LEU 137 GLU 17, GLU 91, 
ASN 135

GLU 91, LEU 137 -58.8390 ± 0.0

Quercetin-3-O-rhamnoside 
(quercitrin)

LEU 15, GLY 16, GLU 91, 
ASN 135, SER 147

GLU 17, LEU 137 GLU 91 GLU 91, LYS 132, ASN 
135

-57.7804 ± 0.0

Quercetin-3-O-glucosyl-
(1→4)-rhamnoside (rutin)

GLN 13, THR 14, TYR 86, 
GLY 90, GLU 91

LEU 15, ASP 94, LEU 
137

GLU 17, ASP 130, 
ASN 135, THR 170

GLU 91 -66.4655 ± 0.0

Syringic acid GLY 16, GLU 85, CYS 87 LEU 15, VAL 23, ALA 
36, VAL 68, LEU 84, 

LEU 137

GLY 16, CYS 87, 
GLU 91

LEU 15, VAL 23, ALA 
36, LEU 84, LEU 137

-31.6952 ± 0.0

Tannin GLY 90, ASP 94, GLU 205 ASP 94, ARG 95, GLU 
97, PHE 93, PRO 98

CYS 87, GLY 89, GLU 
91, ASP 94, ASP 106

LEU 15, GLY 90, ASP 
94, ARG 95

-65.4795 ± 0.0

Vanillic acid GLY 18, SER 147, ASP 148 LEU 15, VAL 23, ALA 
36, LEU 137

LEU 15, GLU 85, 
SER 147

VAL 23, ALA 36, LYS 
38, LEU 84, LEU 137

-27.6175 ± 0.0

Vanillin GLU 134, ASN 135, ASP 
148

VAL 23, LEU 137 LYS 38, GLU 85 VAL 23, ALA 36, VAL 
68, LEU 84, LEU 137

-25.6195 ± 0.0

YEX (Native ligand) GLU 85, GLU 91 LEU 15, VAL 23, ALA 
36, VAL 68, LEU 84, 

LEU 137

LEU 15, GLU 85, 
GLU 91

VAL 23, ALA 36, VAL 
68, LEU 84, LEU 137

-44.34 ± 0.0

Prexasertib LEU 15, GLU 85, SER 147 VAL 23, LEU 137 LEU 15, GLY 16, 
GLU 17, SER 147

VAL 23, ALA 36, CYS 
87, GLU 91, LEU 137

-46.7221 ± 0.0
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Molecular dynamic simulations

The simulations were run for 50 ns for each compound 
through GROMACS. The visualization throughout the 50 
ns MD simulations can be seen in Fig. 2.

From the figure above, it can be seen that most of the 
ligands stay on the active site of the receptor throughout 
the 0 ns, 25 ns, and 50 ns trajectories except for Kaemp-
ferol-3-O-rhamnoside (afzelin) in 25 ns, which was out of 

the active site of the receptor. The ligand’s ability to remain 
bound to the receptor’s active site indicates stable binding 
interactions. This stability can be crucial for understand-
ing the ligand’s potential as a therapeutic agent, as it sug-
gests that the ligand can maintain its activity over time, 
while a ligand that leaves the active site indicates unstable 
binding interactions. This instability suggests that the li-
gand may not maintain its activity over time, which could 
limit its therapeutic potential (Pieroni et al. 2023).

Figure 2. Visualization of ligands in 0, 25, and 50 ns.

Apigenin 7-O-diglucuronide. Epigallocatechin

Kaempferol-3-O-rhamnoside (afzelin) Nicotiflorin

Quercetin-3-O-glucosyl-(1→4)-
rhamnoside (rutin)

Prexasertib
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Analysis of the RMSD, RMSF, SASA, and hydrogen 
bonds formed throughout the 50 ns simulation was cap-
tured and can be seen in Fig. 3.

RMSD (Root Mean Square Deviation) is commonly 
used to evaluate the stability and convergence of molecular 
dynamics simulations by measuring the average displace-

Figure 3. Results of: a RMSD; b RMSF; c SASA, and d hydrogen bonds of compounds to CHK1.

(a)

(b)

Activation segment
Activation segment

(c)

(d)
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ment between atoms of superimposed structures over time. 
It provides insights into the extent of structural deviations 
from the initial configuration. In this study, the RMSD val-
ues of most compounds remained stable, except for kaemp-
ferol-3-O-rhamnoside (afzelin), which reached 6.8 nm after 
15 ns, while other compounds ranged between 0.5 and 1.5 
nm. Higher RMSD values suggest potential instability or 
conformational flexibility, which may impact the biological 
activity of the ligand or receptor. RMSF (Root Mean Square 
Fluctuation) measures the flexibility of individual residues 
or atoms within a molecular system during an MD simula-
tion. It provides insights into which parts of a molecule are 
more dynamic and which are rigid. Low RMSF values indi-
cate stable regions essential for maintaining structural integ-
rity and function, while higher values suggest flexibility that 
could be important for ligand binding or protein activity.

The simulations showed RMSF values between 0.05 and 
0.74 nm, suggesting that most atoms within the protein or 
ligand exhibit low fluctuation, indicating stability. The ac-
tivation segment, critical for the protein’s ability to phos-
phorylate substrates, was observed between residues 80–
95 and 130–150, aligning with the CHK1 binding pocket 
interactions, particularly involving GLU 85, CYS 87, GLU 
91, GLU 134, ASN 135, SER 147, and ASP 148. Activation 
in this segment results in CHK1 inhibition. Analysis of 
solvent accessible surface area (SASA) is important to un-
derstanding molecular interactions, such as ligand binding 
and protein folding. It provides insights into how much 
of a molecule is exposed to solvent, which can influence 
interactions and stability with other molecules. The simu-
lations form a stable SASA interaction with values ranging 
from 143 to 151 nm2, indicating that the protein or ligand’s 
solvent-exposed surface remained stable throughout the 
simulation, maintaining ligand accessibility to the binding 
site. The number of hydrogen bonds provides insight into 
molecular stability and interaction strength between li-
gands and receptors. A higher number of hydrogen bonds 
typically correlates with increased complex stability. The 
hydrogen bonds formed ranged from 0 to 8, with apigen-
in 7-O-diglucuronide having the highest hydrogen bonds. 
The presence of hydrogen bonds is crucial for stabilizing 
protein structures and ligand-receptor interactions; thus, 
fluctuations in this range could imply dynamic interac-
tions and increased stability of a complex (Zhao et al. 2015; 
Tanwar and Doss 2018; Hashemzadeh et al. 2020; Horx 
and Geyer 2020; Maruyama et al. 2023; Yekeen et al. 2023).

The amino acid residues formed in hydrogen and hy-
drophobic interaction were also analyzed along with the 
MMPBSA value; the results can be seen in Table 7.

The amino acid residues in hydrogen bond interaction 
were formed in GLU 17, CYS 87, and GLU 91, suggesting 
these residues play a role in CHK1 inhibition. Research by 
Jin et al. (2021) and Li et al. (2019) supports the inhibito-
ry activity of CHK1 through the formation of hydrogen 
bonds at additional residues, including LEU 15, GLU 17, 
GLU 85, CYS 87, GLU 134, ASN 135, and ASP 148. The 
hydrophobic bond interaction was formed in amino acid 
residues LEU 15, VAL 23, VAL 36, TYR 86, GLU 91, LEU 
137, and ASP 148, and all compounds formed the hydro-
phobic bonds in the identical amino acid residues.

As for the MMPBSA analysis, the value of EVDW (van der 
Waals energy), EELE (electrostatic energy), Epolar (polar sol-
vation energy), Enon-polar (nonpolar solvation energy), and 
EGTOTAL (total energy). The van der Waals energy represents 
the attractive and repulsive forces between non-bonded 
atoms, which significantly stabilize the ligand within the 
binding site. Electrostatic energy, on the other hand, ac-
counts for the electrostatic interactions between charged 
groups, which are critical for the specificity and strength 
of binding. The polar solvation energy term quantifies the 
contribution of polar solvation, calculated using continu-
um models like the Poisson-Boltzmann equation, reflect-
ing how solvent affects the stability of the protein-ligand 
complex. The nonpolar solvation energy term models the 
contribution from nonpolar solvation effects, often relat-
ed to the ligand’s solvent-accessible surface area (SASA), 
which accounts for the energetic cost of cavity formation 
in the solvent. Finally, the total energy is the sum of these 
energy components and represents the overall binding af-
finity of the ligand to its target (Genheden and Ryde 2015; 
Wang et al. 2018; Akkus et al. 2023). The MMPBSA values 
of the compounds are lower than those of the standard 
drug, Prexasertib. This suggests that all the compounds 
exhibit stable interactions with the target ligand. As a re-
sult, the ethanol extract of Pometia pinnata leaves warrants 
further investigation through in vitro cytotoxicity assays.

Cytotoxicity assay to cell MCF-7

The cytotoxicity assay was conducted using the MTT meth-
od on MCF-7 cells; this assay calculated the percentage of vi-
able cells and the IC50 value, as seen in Graphic 1 and Table 8.

Table 7. Amino acid residues and MMPBSA of compounds to CHK1.

Compounds Amino Acid Residue MMPBSA
H-bond interaction Hydrophobic bonds interaction ∆EVDW ∆EELE ∆Epolar ∆Enon polar ∆EGTOTAL

Apigenin 
7-O-diglucuronide

THR 14, GLU 17, TYR 86, SER 88 LEU 15, VAL 23, ALA 36 -45.40 -51.22 77.02 -7.00 -26.60

Epigallocatechin GLU 85, CYS 87, GLU 91, ASP 148 ALA 36, LEU 137 -32.40 -43.75 55.64 -5.12 -25.64
Kaempferol-3-O-
rhamnoside (afzelin)

LEU 15, ALA 19, GLU 134, ASN 
135, ASP 148

VAL 23 -24.37 -18.70 31.81 -4.16 -15.43

Nicotiflorin GLU 17, GLU 91, GLU 134, ASP 148 - -21.03 -30.50 43.30 -3.54 -11.77
Quercetin-3-O-glucosyl-
(1→4)-rhamnoside (rutin)

THR 14, CYS 87, SER 88 LEU 15 -21.29 -47.35 60.78 -3.87 -11.74

Prexasertib GLU 17, CYS 87, GLU 91 LEU 15, VAL 23, VAL 36, TYR 
86, GLU 91, LEU 137, ASP 148

-28.32 -537.74 560.53 -5.37 -10.91



Wahyuni HS et al.: Pometia pinnata: In silico CHK1 targeting and anticancer potential in MCF-712

In the cytotoxicity assay, the concentrations used for 
the ethanolic extract of Pometia pinnata were 1000, 500, 
250, 125, and 62.5 μg/mL. These concentrations were se-
lected based on commonly applied variations in studies 
involving plant ethanol extracts, where concentrations 
typically range from 10 to 1000 μg/mL. Furthermore, the 
previous research on the cytotoxic activity of Pometia pin-
nata extract utilized concentrations from 500 to 1500 μg/
mL in a brine shrimp lethality test (BSLT). For doxoru-
bicin, the concentrations used ranged from 50, 25, 12.5, 
6.25, and 3.125 μg/mL. Doxorubicin is commonly used in 
concentrations of 0.25 to 150 μg/mL, which allows for the 
establishment of a dose-response curve and the determi-
nation of the IC50 value effectively. This range of concen-
trations enables a comprehensive assessment of the cyto-
toxic potential of the Pometia pinnata ethanol extract in 
cancer cells (Wang et al. 2014; Rahmawati et al. 2024).

The graphic above shows that the cell’s viability decreas-
es as the compound’s concentration increases, showing that 
the ethanol extract of Pometia pinnata leaves can cause 
inhibitory activity in the cell. The method used in this ex-
periment is the MTT assay, a standard method employed 
to assess the cytotoxic effects of compounds. The MTT as-
say measures the reduction of the yellow tetrazolium salt, 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT), to purple formazan crystals by mitochondrial 
enzymes in viable cells. This reduction occurs primarily in 
metabolically active cells, indicating that the cells are alive 
and functioning normally. When cells are exposed to com-

pounds, the metabolic activity diminishes as cell viability 
decreases. Consequently, fewer viable cells lead to a reduced 
amount of formazan produced, which can be quantitatively 
measured using a microplate reader at an absorbance wave-
length of 570 nm. This method also allows for determining 
the IC50 value, representing the compound concentration 
required to inhibit cell growth by 50% (Ghasemi et al. 2021; 
Purwaningsih et al. 2021). The results from these assays 
help identify compounds that exhibit significant cytotoxici-
ty against cells, thereby indicating their potential as antican-
cer agents. The cell used in this assay is MCF-7, a luminal 
breast cancer cell whose growth depends on estrogen recep-
tors. This cell is commonly used in studies developing the 
potential anticancer compound to treat breast cancer, as it is 
a poorly aggressive and non-invasive cell and is considered 
to have low metastatic potential (Comsa et al. 2015). Doxo-
rubicin is a positive control used in this experiment where 
it is known to be an FDA-approved chemotherapy agent; it 
works by intercalating into DNA, inhibiting topoisomerase 
II, disrupting mitochondria function, and potentiating oxi-
dative damage to cancer cells (Kciuk et al. 2023).

Molyneux (2004) classified half-maximal inhibitory 
concentration activity based on IC50 values, with com-
pounds exhibiting high cytotoxic activity if the IC50 value 
is < 50 μg/mL, vigorous activity between 50 and 100 μg/
mL, moderate activity between 101 and 150 μg/mL, and 
weak activity if the IC50 value is > 150 μg/mL. According 
to this classification, the ethanol extract of Pometia pin-
nata leaves demonstrates moderate cytotoxic activity. 
At the same time, Doxorubicin shows very strong cyto-
toxic activity, consistent with the findings of Yusuf et al. 
(2020), who reported an IC50 value of 5.074 μg/mL for 
Doxorubicin. The moderate cytotoxic activity results of 
Pometia pinnata extract may indicate that its therapeutic 
effects are not fully optimized, but it still shows potential. 

Table 8. IC50 value of ethanol extract of Pometia pinnata leaves 
and doxorubicin to cells MCF-7.

Value Ethanol Extract of 
Pometia pinnata Leaves

Doxorubicin

IC50 (μg/mL) 139.38 ± 1.12 7.76 ± 1.06

Graphic 1. Cell viability percentage of MCF-7 cells treated with ethanol extract of Pometia pinnata leaves and doxorubicin.
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Further studies using assays such as proliferation inhibi-
tion and apoptosis induction could provide additional in-
sights into its anticancer properties. Additionally, testing 
the extract on a broader range of cancer cell lines could 
reveal different levels of sensitivity and potentially uncov-
er cancer types in which the compound is more effective.

Conclusion

The overexpression of CHK1 is commonly observed in 
many cancer types, establishing CHK1 as a critical pathway 
in cancer progression. Inhibiting CHK1 could reduce can-
cer incidence, making the development of CHK1 inhibitors 
essential in anticancer drug discovery. The extracts show the 
presence of flavonoids, alkaloids, tannins, saponins, glyco-
sides, and steroids that contribute to the potential anticancer 
activity of the extract. Prediction of physicochemical, phar-
macokinetic, and toxicity properties of compounds revealed 
that only some compounds met the required parameters; 
however, because of some limitations in their predicted pro-
files, these compounds will still advance to the next step of 
analysis, including molecular docking, to fully explore their 
potential interactions and efficacy. Molecular docking and 
molecular dynamics simulations of compounds from the 
ethanol extract of Pometia pinnata leaves revealed that 5 
out of 20 compounds displayed strong, stable interactions 
with CHK1, as indicated by favorable binding affinity, grid 
scores, and MMPBSA scores. These interactions involve 
hydrogen and hydrophobic interactions with critical ami-
no acid residues, further supported by in vitro cytotoxicity 
assays on MCF-7 cells. The ethanol extract demonstrated 
cytotoxic activity, as evidenced by decreased viable MCF-7 
cells with increasing extract concentration. Additionally, the 
extract exhibited a moderate IC50 value against MCF-7 cells.
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