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 Abstract: Chisocheton macrophyllus is a medicinal plant that contains sesquiterpenoids, 
triterpenoids, limonoids, steroids, and phenolic compounds. This research aimed to assess 
the effect of Dysobinol, a limonoid compound from the seed of C. macrophyllus, on MCF-
7 cell growth. Cell viability was evaluated using the MTS colorimetric assay, DNA 
fragmentation was assessed by agarose electrophoresis, apoptosis and cell cycle arrest were 
determined by flow cytometry, and gene expression levels were evaluated using qRT-PCR. 
Dysobinol was also analyzed in silico using drug-likeness, pharmacokinetic, and molecular 
docking analysis. Dysobinol demonstrated moderate cytotoxicity against MCF-7 cells, 
with an IC50 of 148.20 μg/mL. Dysobinol induced G1 phase cell cycle arrest that was not 
accompanied by the induction of apoptosis in MCF-7 cells. In silico studies showed that 
the EGFR/AKT/cyclin D1 proteins were affected by Dysobinol. Furthermore, drug-likeness 
and pharmacokinetics analysis showed that Dysobinol is bioavailable orally and has high 
gastrointestinal absorption and low penetration into the blood-brain barrier. Together, 
these results indicate that Dysobinol can regulate breast cancer cell proliferation through 
cell cycle arrest rather than apoptosis, and its pharmacological profile highlights its 
potential as a promising lead compound for anticancer drug development. 

Keywords: cell cycle arrest; Dysobinol; DNA fragmentation; molecular docking; 
pharmacokinetics 

 
■ INTRODUCTION 

Cancer is the second leading cause of death around 
the globe, where cervical and breast cancer are among the 
most significant contributors to the cause of death for 
women [1]. The search for new candidates for cancer 
treatment is one of the efforts to overcome treatment 
limitations, including cases of resistance and side effects 
from chemotherapy drugs. Plants are one source of drugs 
that are believed to be able to be used to obtain new drugs; 
therefore, many studies have been conducted in silico, in 
vitro, and in vivo on medicinal plants [2-4]. The National 

Cancer Institute (NCI) reports that 35,000 plant species 
have been researched, with 3,000 identified as having 
potential anticancer properties [5]. Plant phytochemicals 
have been reported to have various anticancer effects, 
such as inhibiting cell proliferation and cell cycle arrest 
or inducing cancer cell death [6-7]. Paclitaxel is an 
example of an alkaloid plant-derived chemical agent in 
clinical use [8]. Saponins, quinones, flavonoids, tannins, 
and terpenoids are other phytochemical groups reported 
to have anticancer effects [9-12]. 

Chisocheton is a genus of the Meliaceae family 
consisting of 50 species distributed in India, Vietnam, 



Indones. J. Chem., 2026, 26 (1), 69 - 84    

 

Shabarni Gaffar et al. 
 

70 

Myanmar, Brunei, the Philippines, China, Thailand, 
Indonesia, Malaysia, and Papua New Guinea. The 
Chisocheton genus is known to contain various compounds, 
including limonoids, tirucallane, dammarane, lupane, 
oleanane, steroids, sesquiterpenes, anthraquinones, 
alkaloids, coumarins, and simple phenolics [13]. 
Limonoids are oxygenated triterpenoid derivatives that 
have lost four terminal carbon atoms in their side chains, 
forming a furan ring [14-15]. These compounds are 
commonly found in the genus Chisocheton. Limonoids 
have been reported to possess various biological activities, 
such as anticancer [16-18], antiplasmodial [19], 
antimicrobials [20], apoptosis-inducing [21], antivirals 
[22], anti-inflammatories [23-25], antiobesity [26], 
insecticidal [27], and antifungal activities [28]. 

Several studies have reported the anticancer activity 
of limonoid compounds against cancer cells. Limonoids 
from the seeds of C. macrophyllus, namely, Dysobinol, 7α-
hydroxyneotrisilinone, dysobinin, and nimonol, exhibited 
cytotoxic effects on P388 cells, with IC50 values of 19.5, 
64.5, 49.7, and 79.4 μg/mL, respectively [29]. Dysobinin, 
azadiradione, mahonin, and epoxiazadiradione from the 
seeds of C. siamensis have been reported to have anticancer 
effects on MCF-7 cells, with IC50 values of 2.15, 7.13, 18.42, 
and 4.68 μg/mL, respectively [30]. Ceramicin G and 
ceramicin I, which are compounds from the stem of C. 
ceramicus, were found to have anticancer effects on HL-
60 and MCF-7 cells, with IC50 values of 11.85 and 
12.39 μg/mL (ceramicin G) and 19.71 and 20.42 μg/mL 
(ceramicin I) [31]. The limonoid compounds pentandricin, 
ceramicin B, 6-de(acetoxy)-23-oxochisocheton, and 6-
de(acetoxy)-23-oxo-7-O-deacetylchisocheton from the 
bark of C. pentandrus exhibited cytotoxic effects on MCF-
7 cells, with IC50 values of 162.73, 61.55, 94.44, and 
49.24 μg/mL, respectively [32]. Limonoids have been 
reported to exhibit anticancer activity against various 
cancer cell lines, including leukemia cells (MOLT-4 and 
P388) [33], colorectal cancer cells [34], breast cancer cells 
(MCF-7) [35], liver cancer cells (HepG2) [36], and 
neuroblastoma cells [37]. Moreover, they have also been 
shown to inhibit the growth of breast cancer cells that 
express estrogen receptors (ER+) as well as those that do 
not express estrogen receptors (ER−) [38]. 

Breast cancer is the second most common cancer, 
following cervical cancer, and is expected to become the 
most widespread cancer among women. Breast cancer 
typically develops in the epithelial tissue of the breast, 
where it continues to grow and eventually forms a lump. 
Breast cancer occurs almost exclusively in women (99%) 
but can also occur in men (1%) [39]. Approximately 90% 
of breast cancer cases occur in Western countries and 
developed Asian countries [40]. 

Previous research demonstrated the anticancer 
activity of Dysobinol against P388 cells, with an IC50 of 
19.5 μg/mL [29]. This study is the first to investigate the 
cytotoxic effects and underlying mechanisms of this 
compound in MCF-7 breast cancer cells. The 
cytotoxicity of Dysobinol was evaluated alongside its 
ability to induce apoptosis and disrupt the cell cycle, 
using DNA fragmentation assays, apoptotic cell 
quantification, and flow cytometric analysis. These 
findings provide insight into the mechanism of action of 
Dysobinol and support its potential as a lead compound 
for the development of breast cancer drugs. 

■ EXPERIMENTAL SECTION 

Materials 

The MCF-7 cell line was obtained from the Central 
Laboratory of Padjadjaran University. Dysobinol 
(Colorless crystal, m.p. 194–195 °C, IR (KBr, max, cm−1): 
3448, 1755, 1743, 1680, 1606. HR-ESI-TOF/MS m/z 
551.2287 [M+Na]+ (calcd for C30H40O8Na, 551.3343), was 
provided by Nurlelasari et al. [29]. An apoptotic DNA 
ladder kit was obtained from Roche, and a FITC Annexin 
V Apoptosis Detection Kit with propidium iodide (PI) 
was purchased from BD Biosciences. Roswell Park 
Memorial Institute-1640 (RPMI-1640) medium, fetal 
bovine serum (FBS), penicillin, streptomycin sulfate, 
trypsin-EDTA, and trypan blue dye were purchased 
from Gibco. An MTS assay kit (CellTiter 96® Aqueous 
One Solution Cell Proliferation Assay Kit) was purchased 
from Promega. TRIsure™ was from Meridian-Bioscience, 
and the SensiFAST™ SYBR® No-ROX One-Step Kit was 
from Bioline. Other chemicals, such as DMSO, SDS, 
chloroform, isopropyl alcohol, ethanol, DEPC-treated 
water, agarose, diamond nucleic acid gel stain, loading 
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dye, TAE buffer (Tris-acetic acid-EDTA), ethanol, 
isopropanol, PBS, and nuclease-free water (NFW), were of 
cell culture grade and were purchased from Sigma-Aldrich. 

Instrumentation 

All experiments were conducted using standard cell 
culture facilities, including a CO2 incubator (Thermo 
Fisher Scientific, USA) and a Class II biosafety cabinet 
(Esco, Singapore). Cell viability was assessed in 96-well 
microplates (Corning, USA) and absorbance was measured 
with a multimode microplate reader (NanoQuant, TECAN, 
Switzerland). The DNA fragment was separated by 
agarose gel electrophoresis in a horizontal electrophoresis 
apparatus (Bio-Rad, USA), with DNA bands visualized 
under a UV transilluminator (Bio-Rad Gel Doc, USA). 
Apoptosis and cell cycle were analyzed by flow cytometry 
(BD FACS-Calibur, USA) equipped with CellQuest 
software (version 2.5.1, BD Biosciences, USA), and data 
were further processed using Flowing Software (version 
2.5.1, Turku Centre for Biotechnology, Finland) and 
Microsoft Excel 2013 (Microsoft Corp., USA). Total RNA 
was quantified using the NanoQuant multimode 
instrument (TECAN, Switzerland), and quantitative RT-
PCR was done on the ARIA MX Real-Time PCR system 
(Agilent Technologies, USA). 

Procedure 

Cytotoxic activity assay 
MCF-7 cells were cultured in RPMI medium 

supplemented with 10% FBS, 100 U/mL penicillin, and 
100 μg/mL streptomycin, and maintained for 24 h until 
reaching approximately 80% confluence. Cells were then 
harvested, counted, and seeded into a 96-well plate at a 
density of 1.7 × 104 cells/well, followed by a 24-h incubation. 
The culture medium was subsequently replaced, and the 
cells were exposed for another 24 h to varying 
concentrations of Dysobinol (1.95–250 μg/mL) prepared 
in 10% (v/v) DMSO in PBS, with the final solvent 
concentration maintained below 0.2% to avoid cytotoxic 
effects or color interference. Doxorubicin (0.75–48 μg/mL) 
served as a positive control. After treatment, 20 μL of MTS 
reagent was added to each well and incubated for 4 h at 
37 °C. The reaction was stopped by adding 10% SDS, and 
absorbance  was  recorded  at  490 nm  using a  microplate  

reader (NanoQuant, TECAN). 

Observation of DNA fragmentation 
MCF-7 cells (1.8 × 106 cells/well) were seeded in a 

12-well plate and incubated for 24 h. The medium was 
then replaced, and cells were treated for 24 h with 
Dysobinol (50, 100, or 200 μg/mL). Untreated and 
DMSO-treated cells served as controls. DNA was 
extracted using an apoptotic DNA ladder kit, dissolved 
in nuclease-free water, and analyzed by agarose gel 
electrophoresis (1.5 h, 80 V) with UV visualization. 

Determination of apoptosis by Annexin V-FITC/PI 
flow cytometry 

MCF-7 cells (0.3 × 106 cells/well) were seeded in 
6 cm petri dishes and incubated for 24 h, The medium 
was then replaced and treated for a further 24 h with 
Dysobinol (50, 100, or 200 μg/mL). Following treatment, 
cells were harvested with 0.25% trypsin-EDTA, 
centrifuged at 2000 rpm for 3 min, washed twice with 
PBS, and kept on ice. The pellet was further washed twice 
with cell staining buffer, resuspended in 100 μL Annexin 
V binding buffer, and transferred to flow cytometry 
tubes. Annexin V-FITC (5 μL) and PI (10 μL) were added, 
and samples were vortexed and incubated for 15 min at 
room temperature (25 °C) in the dark. Afterward, 
400 μL Annexin V binding buffer was added, and the 
samples were analyzed by a flow cytometer (FAC-Scan 
v2.5.1) data were processed with Microsoft Excel 2013. 

Cell cycle arrest analysis by flow cytometry 
MCF-7 cells were seeded in 6 cm petri dishes 

following the same procedure used for apoptosis 
determination. Cells were harvested by adding 0.25% 
trypsin-EDTA and centrifuging at 2000 rpm for 3 min. 
The cell pellet was washed twice with cold PBS. Cells 
were resuspended in 400 μL of PI, and 1 mL of DEPC-
treated water. The mixture was incubated for 10 min at 
37 °C. DNA content was analyzed using flow cytometry 
and Flowing software (version 2.5.1), as well as Excel in 
Microsoft Office 2013. 

RNA isolation and determination of gene expression 
levels by qRT-PCR 

MCF-7 cells (1.8 × 106 cells/well) were seeded in a 
12-well plate, incubated for 24 h following the previous 
procedure, and treated for a further 24 h with Dysobinol 
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(100 and 200 μg/mL). Total RNA was extracted using 
TRI-sure™ reagent according to the manufacturer's 
protocol, and the concentration was measured using a 
multimode reader instrument. Quantitative PCR was 
performed using the One-Step SensiFAST™ SYBR® NO-
ROX kit using 5 ng/μL of RNA template per reaction 
following the instructions of the ARIA MX real-time 
qRT‒PCR instrument. The PCR procedure consisted of 
two steps: the first step involved reverse transcription at 
45 °C for 10 min, and the second step involved PCR 
cycling, which consisted of an initial denaturation at 95 °C 
for 2 min, followed by 40 cycles of denaturation at 95 °C 
for 5 s and annealing/extension at 60 °C for 20 s. Primers 
were designed based on the gene sequences available in 
NCBI (Table 1). Gene expression was quantified using the 
2-ΔΔCT method, with β-actin as the reference housekeeping 
gene [41]. 

Statistical analysis 
The data presented are the averages of three 

experiments. The qPCR results were analyzed using 
Minitab version 17, and ANOVA was conducted at a 95% 
confidence level. Differences were considered statistically 
significant if the p-value was less than 0.05. Tukey's post 
hoc test was used to compare the means of each treatment 
with the means of all the other treatments. 

Drug-likeness and pharmacokinetic analysis 
The SwissADME (http://www.swissadme.ch/) was 

used to analyze the likeness and pharmacokinetics of 
Dysobinol and compare it with dysobinin. The drug-
likeness analysis was performed according to the criteria 
of Lipinski, Ghose, Veber, Egan, and Muegge [42]. 

Molecular docking analysis 
The crystal structures of the proteins used for 

molecular docking analysis were downloaded from the 

Protein Data Bank (https://www.rcsb.org/). The protein 
was separated from its native ligand to provide a pocket 
for molecular docking. Molecular docking analysis was 
attempted using AutoDock Vina [43] and UCSF 
Chimera [44]. Native ligand docking was performed for 
docking validation. For a specific docking approach, the 
gridbox was set as follows: EGFR (center_x = 31.935, 
center_y = -16.447, center_z = 3.567, size_x = 24, size_y 
= 10, size_z = 16), VEGFR1 (center_x = 5.377, center_y 
= 18.452, center_z = 31.774, size_x = 18, size_y = 14, 
size_z = 16), VEGFR2 (center_x = 20.194, center_y = 
25.385, center_z = 37.986, size_x = 20, size_y = 12, size_z 
= 14), mutant HER alpha ligand binding domain 
(center_x = -2.00, center_y = 52.00, center_z = 164.00, 
size_x = 15.00, size_y = 15.00, size_z = 15.00), estrogen 
receptor alpha rbd (center_x = 67.00, center_y = 35.00, 
center_z = 18.00, size_x = 20.00, size_y = 20.00, size_z = 
20.00), estrogen receptor α ligand-binding domain 
(center_x = −15.00, center_y = 1.00, center_z = -27.00, 
size_x = 20.00, size_y = 20.00, size_z = 20.00), AKT 
(center_x = −20.00, center_y = 5.00, center_z = 11.00, 
size_x = 17.00, size_y = 17.00, size_z = 17.00) and CDK6 
(center_x = 15.00, center_y = 27.00, center_z = 10.00, 
size_x = 17.00, size_y = 17.00, size_z = 17.00). UCSF 
Chimera and Ligplot Plus were used for molecular 
docking visualization [45]. 

■ RESULTS AND DISCUSSION 

Cytotoxic Effect of Dysobinol on MCF-7 Cells 

The viability of MCF-7 cells decreased in a 
concentration-dependent manner after treatment with 
Dysobinol, yielding an IC50 of 148.20 μg/mL, whereas 
doxorubicin showed much greater potency with an IC50 
of 15.55 μg/mL (Fig. 1). Morphologically, untreated 
MCF-7  cells  formed  thin,  oval,  adherent  monolayers,  

Table 1. Sequences of primers used in this study 
Gene Forward primer Reverse primer 
p53 5'-CCTCAGCATCTTATCCGAG-3' 5'-TGGATGGTGGTACAGTCAG-3' 
Bcl-2 5'-CAGGCCGGCGACGACTTCTC-3' 5'-TCCCGGTTGACGCTCTCCAC-3' 
CycD1 5-'AGGCGGAGGAGAACAAACAC-3' 5'-GTGAGGCGGTAGTAGGACAG-3' 
NFKB 5'-CAAGGCAGCAAATAGACGAG-3' 5'-GGGCATTTTGTTGAGAGTTAG-3' 
B-act 5'-GATCATTGCTCCTCCTGAGC-3' 5'-TAGAAGCATTTGCGGTGGAC-3' 
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Fig 1. Viability of MCF-7 cells after treatment with (a) Dysobinol and (b) doxorubicin for 24 h. Data represent the 
mean ± SD of the three independent experiments 
 
while Dysobinol-treated cells appeared rounded and 
detached from the culture surface (data not shown). Based 
on US NCI criteria, Dysobinol is classified as moderately 
cytotoxic (21–200 μg/mL), whereas doxorubicin falls into 
the highly cytotoxic category (< 20 μg/mL) [46]. 

Dysobinol Affects Cell Cycle Arrest in MCF-7 Cells 

Table 2 summarizes the distribution of MCF-7 cells 
across cell cycle phases after 24 h of treatment with 
Dysobinol (50, 100, and 200 μg/mL). Dysobinol induced 
a concentration-dependent accumulation of cells in the 
G1 phase, accompanied by a slight increase in the sub-G1 
population, while the proportions of cells in the S and 
G2/M phases decreased relative to controls. These 
changes indicate that Dysobinol inhibits progression 
beyond the G1 checkpoint, thereby reducing DNA 
replication and limiting entry into G2/M. The DNA 
content in the G1 phase (Fig. 2) increased following 
Dysobinol treatment, indicating cell cycle arrest at this 
checkpoint and a consequent reduction in MCF-7 cells 
entering the S phase. Targeting the G1 phase has been a 
key strategy in anticancer drug development, with several 
agents evaluated in silico, in vitro, and in vivo, and some 
progressing to clinical trials for breast cancer [47]. 

Dysobinol Does Not Induce Apoptosis in MCF-7 Cells 

To monitor whether cell cycle arrest was 
accompanied by apoptosis in MCF-7 cells, cells positive 
for PI/Annexin V were analyzed by flow cytometry (Fig. 3).  

Table 2. The percentage of DNA in each cell cycle phase 
was determined in control cells and MCF-7 cells treated 
with Dysobinol for 24 h by flow cytometry combined 
with PI staining 

Treatment 
DNA populations (%) 

Sub-G1 G1 S G2/M 
Control cells 1.5 27.4 26.9 43.6 
50 μg/mL Dysobinol 2.9 36.7 28.3 31.2 
100 μg/mL Dysobinol 3.2 41.1 25.4 29.4 
200 μg/mL Dysobinol 5.5 51.1 19.4 23.5 

 
Fig 2. DNA population profiles at each phase of the cell 
cycle in (a) control cells and MCF-7 cells treated with (b) 
50 μg/mL, (c) 100 μg/mL, or (d) 200 μg/mL Dysobinol, 
determined by flow cytometry with PI staining 
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Fig 3. The effect of Dysobinol on MCF-7 cell death; (a) MCF-7 cells were treated with Dysobinol for 24 h and quantified 
by flow cytometry to determine PI uptake (PI positivity) and exposure to phosphatidyl serine (Annexin V positivity); 
(i) medium (control), (ii) 50 μg/mL Dysobinol, (iii) 100 μg/mL Dysobinol, and (iv) 200 μg/mL Dysobinol. (b) The 
DNA fragmentation pattern of MCF7 cells characterized by agarose gel electrophoresis. (1) DMSO, (2) 50 μg/mL 
Dysobinol, (3) 100 μg/mL Dysobinol, (4) 200 μg/mL Dysobinol, (5) doxorubicin, and (6, 7) 1 kb DNA ladder 
 
This assay aims to observe phosphatidyl serine exposure 
on the outer membrane during apoptosis, which binds to 
Annexin V. PI will specifically stain cells by intercalating 
into DNA [48]. The results showed that cells did not 
undergo apoptosis (at the same concentration and 
duration as those used in the cell cycle experiment). Most 
cells were PI-negative and Annexin V-negative (95–98%). 
These findings are consistent with our observations of 
DNA fragmentation (one of the biochemical markers of 
apoptosis), where complete DNA fragmentation (a DNA 
ladder) does not occur. 

The Gene Expression Level of MCF-7 Cells Treated 
with Dysobinol 

The results of the quantitative PCR analysis of 
several carcinogenesis genes indicated that treatment of 
MCF-7 cells with 100 or 200 μg/mL Dysobinol 
significantly altered the expression of the cyclin D1 and 
Bcl-2 genes (Fig. 4). A one-way ANOVA followed by the 

Tukey post hoc test revealed significant changes in the 
expression of Bcl-2 (3.01× and 4.22×) and Cyc D1 
(−0.47× and −0.36×) in MCF7 cells treated with 
Dysobinol. Furthermore, the change in NFKB gene 
expression reached significance only at higher doses. 
However, there were no significant changes in the 
expression of the transcription factor p53. These qPCR 
results are consistent with the observed inhibition of the 
cell cycle, indicating G1 phase arrest, which was 
confirmed by decreased expression of Cyclin D1. The 
significant increase in Bcl-2 expression after treatment 
with Dysobinol suggested that this compound does not 
induce apoptosis, as shown by flow cytometry results. 

Drug-Likeness and Pharmacokinetic Analysis 

The drug-likeness analysis (Table 3) showed that 
Dysobinol meets all five drug-likeness criteria (Lipinski, 
Ghose, Veber, Egan, Muegge). The ADME analysis 
suggests  that  Dysobinol  has  more  favorable  drug-like  
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Fig 4. Expression levels of the p53, Bcl-2, Cyc D1, and NFKB genes after administration of Dysobinol to MCF7 cells for 
24 h. Blue = control cells (without treatment), orange = Dysobinol (100 μg/mL), gray = Dysobinol (200 μg/mL). Gene 
expression was normalized to that of β-actin. Data are presented as mean ± SD and are representative of three 
experiments. Bars that do not share a letter differ significantly for each gene based on one-way ANOVA, followed by 
the Tukey post hoc test with a significance level of a = 0.05 
 

Table 3. The drug-likeness analysis 
Parameter Dysobinol Dysobinin 

MW 470.10 494.62 
Hydrogen-Bond: 
Acceptors 
Donor 

 
8 
2 

 
6 
0 

Fraction Csp 0.65 0.63 
Rotatable bond 5 5 
MR 118.19 136.18 
TPSA 123.27 82.81 
Consensus log-P 1.98 4.74 
ESOL log-S −3.44 −6.03 
ESOL Class Soluble Poorly Soluble 
Violation: 
Lipinski 
Ghose 
Veber 
Egan 
Muegge 

 
0 
0 
0 
0 
0 

 
0 
4 
0 
0 
1 

properties compared to dysobinin. Dysobinol complies 
fully with Lipinski, Ghose, Veber, Egan, and Muegge 
rules, indicating strong drug-likeness with no violations. 
It also exhibits better solubility (ESOL log-S = −3.44, 
classified as soluble) and acceptable lipophilicity (consensus 
log P = 1.98), which supports good oral bioavailability. In 

contrast, dysobinin exhibits multiple violations (Ghose, 
Veber, Muegge), higher lipophilicity (log P = 4.74), and 
poor solubility (ESOL log-S = −6.03), which may limit 
its bioavailability. Moreover, the higher topological 
polar surface area (TPSA = 123.27 Å2) and hydrogen 
bond donors/acceptors in Dysobinol suggest a stronger 
potential for biological interactions without compromising 
permeability. Overall, Dysobinol is predicted to be a 
more promising orally bioavailable and synthetically 
accessible lead compound compared to dysobinin. 

The pharmacokinetic analysis further supports the 
potential of Dysobinol as a drug candidate. Both 
Dysobinol and dysobinin showed comparable 
bioavailability scores (0.55) and high gastrointestinal 
(GI) absorption, but neither compound was predicted to 
cross the blood–brain barrier (BBB), which is desirable 
for minimizing central nervous system side effects. 
Importantly, Dysobinol exhibited fewer structural alerts 
(one Brenk alert and one lead-likeness violation) compared 
to dysobinin, which had two Brenk alerts and two lead-
likeness violations. In addition, Dysobinol demonstrated 
slightly better synthetic accessibility (6.58) than dysobinin 
(6.25), indicating it remains feasible for chemical 
synthesis  (Table 4).  Overall,  these findings  suggest that  
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Table 4. Pharmacokinetic analysis of Dysobinol and dysobinin 

Compounds 
Bioavailability 

score 
GI 

Absorption 
BBB 

Permeant 
Alerts Lead-likeness 

violation 
Synthetic 

accessibility PAINS BRENK 
Dysobinol 0.55 High No 0 1 1 6.58 
Dysobinin 0.55 High No 0 2 2 6.25 

 
Dysobinol has a more favorable pharmacokinetic and 
safety profile than dysobinin, reinforcing its potential as a 
lead compound of natural origin. 

Molecular Docking Analysis 

To investigate the molecular mechanism underlying 
G1 arrest in MCF-7 cells induced by Dysobinol, molecular 

docking was performed against key receptor proteins, 
including EGFR, VEGFR1, VEGFR2, the HERα and ERα 
ligand-binding domains, AKT, and CDK6. Molecular 
docking analysis revealed that Dysobinol interacted with 
several cancer-related protein targets, although with 
generally lower affinity than the native ligands (Table 5, 
Fig.  5–10).  Dysobinol   showed  the   strongest  binding  

Table 5. Binding affinity results in the specific docking to particular proteins compared to native ligands 

Protein target 
Docking score (kcal/mol) 

Native ligand Dysobinol Dysobinin 
EGFR (7LGS) −8.5 −6.3 −6.6 
VEGFR-1 (3HNG) −10.9 2.0 4.8 
VEGFR-2 (4AG8) −11.1 −2.4 0.8 
Mutant ERα (1QKT) −10.6 −7.1 −5.6 
Erα rbd (2YAT) −9.4 −5.6 −5.4 
ERα ligand-binding domain (2JF9) −10.1 −4.9 −4.5 
AKT (4GV1) −9.4 −8.2 −8.2 
CDK6 (5L21) −11.1 −5.6 −5.0 

 
Fig 5. Binding visualization of ligand on AKT: (a) 3-dimensional visualization of native ligand (yellow), Dysobinol 
(orange) and dysobinin (blue), (b) native ligand interaction with AKT, (c) Dysobinol interaction with AKT, and (d) 
dysobinin interaction with AKT 
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Fig 6. Binding visualization of ligand on EGFR: (a) 3-dimensional visualization of native ligand (yellow), Dysobinol 
(orange) and dysobinin (blue), (b) native ligand interaction with EGFR, (c) Dysobinol interaction with EGFR, and (d) 
dysobinin interaction with EGFR 

 
Fig 7. Binding visualization of ligand on mutant ERα: (a) 3-dimensional visualization of native ligand (yellow), 
Dysobinol (orange) and dysobinin (blue), (b) native ligand interaction with mutant ERα, (c) Dysobinol interaction 
with mutant ERα, and (d) dysobinin interaction with mutant ERα 
 
toward AKT (−8.2 kcal/mol), comparable to dysobinin 
(−8.2 kcal/mol), suggesting that AKT may represent a 
potential molecular target mediating its cytostatic activity. 

Both compounds also exhibited moderate binding to 
CDK6, consistent with the observed G1-phase arrest and 
downregulation of Cyclin D1. 
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Fig 8. Binding visualization of ligand on Erα rbd: (a) 3-dimensional visualization of native ligand (yellow), Dysobinol 
(orange) and dysobinin (blue), (b) native ligand interaction with Erα rbd, (c) Dysobinol interaction with Erα rbd, and 
(d) dysobinin interaction with Erα rbd 

 
Fig 9. Binding visualization of ligand on ERα ligand-binding domain: (a) 3-dimensional visualization of native ligand 
(yellow), Dysobinol (orange) and dysobinin (blue), (b) native ligand interaction with ERα ligand-binding domain, (c) 
Dysobinol interaction with ERα ligand-binding domain, and (d) dysobinin interaction with ERα ligand-binding domain 
 

In contrast, Dysobinol displayed weak or 
unfavorable binding to VEGFR-1 and VEGFR-2, 
indicating limited antiangiogenic potential. Binding to 
estrogen receptor isoforms (mutant ERα and ERα 

domains) was weaker than native ligands but still 
notable, suggesting possible interactions relevant to 
breast cancer cell signaling. Although dysobinin 
generally exhibited slightly stronger binding than 
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Dysobinol across most targets, the comparable 
interaction of Dysobinol with AKT and CDK6 provides a 
plausible mechanistic link to its observed effects on MCF-
7 cell cycle regulation. Further interaction analysis 
revealed five hydrogen bonds involved in the interaction 
of Dysobinol with AKT (with Lys276, Asn279, and 
Gly294) (Fig. 5), and two hydrogen bonds with EGFR 
(with Leu728 and Gly799) (Fig. 6). 

EGFR plays a significant role in the CDK 4/6-cyclin 
D complex. The arrest of the G1 phase in the cell cycle is 
the most common result of EGFR inhibition before DNA 
synthesis [49]. The estrogen receptor α (ERα) is a target 
that inhibits the progression of the G1 cell cycle since 
blocking ERα causes the downregulation of cyclin D1 and 
leads to G1 arrest [50]. Through transcriptional control of 
cell cycle proteins and a decrease in cell cycle inhibitors, 
the PI3K/Akt pathway also controls the G1/S cell cycle 
transition [51]. Inhibition of proteins involved in the cell 
cycle, such as CDK6, induces G1 arrest [52]. 

Dysobinol (Fig. 11) shares strong structural 
similarity with dysobinin from C. siamensis, which shows 
potent cytotoxicity against MCF-7 cells (IC50 = 
2.15 μg/mL) [31]. However, Dysobinol displayed much 
lower activity (IC50 = 148.20 μg/mL). The key structural 

differences include the presence of an acetyl group on the 
B-ring, a methylene group at C-16, and two hydroxyl 
groups on the D-ring (C-14 and C-15), whereas 
dysobinin possesses a double bond on the D-ring. These 
modifications may influence molecular interactions 
with cellular targets: the additional hydroxyl groups in 
Dysobinol could increase polarity and reduce membrane 
permeability or hydrophobic binding, while the absence 
of the D-ring double bond may alter conformational 
rigidity and decrease binding affinity [47]. Together, these 
structural changes likely explain the reduced anticancer 
activity of Dysobinol compared with dysobinin. 
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Fig 11. Structures of (a) Dysobinol and (b) dysobinin 

 
Fig 10. Binding visualization of ligand on CDK6: (a) 3-dimensional visualization of native ligand (yellow), Dysobinol 
(orange) and dysobinin (blue), (b) native ligand interaction with CDK6, (c) Dysobinol interaction with CDK6, (d) 
dysobinin interaction with CDK6 
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Furthermore, Dysobinol inhibits the cell cycle, 
which could inhibit cell growth/cell proliferation without 
inducing apoptosis.  A similar phenomenon has also been 
observed for several other anticancer agents [53-54]. Such 
an agent is expected to avoid toxic side effects in normal 
cells/tissues. Therefore, Dysobinol could be an effective 
cytostatic anticancer agent. These findings are consistent 
with the qPCR data, which demonstrated reduced cyclin 
D1 expression. As cyclin D1 downregulation can suppress 
the G1–S phase transition, Dysobinol appears to exert a 
cytostatic effect by limiting cell cycle progression rather 
than inducing apoptosis. The concurrent increase in Bcl-
2 expression and lack of apoptotic features in flow 
cytometry further support this mechanism. Collectively, 
these results suggest that Dysobinol may function as a cell 
cycle–modulating agent, highlighting its potential as a 
cytostatic compound for anticancer therapy. 

Cyclin D1 plays a pivotal role in controlling the G1–
S phase transition by activating CDK4/6 and inactivating 
the retinoblastoma (Rb) protein, thereby enabling E2F-
dependent transcription of genes required for DNA 
synthesis [49,55-57]. The inhibition of cyclin D1-CDK4/6 
mainly causes the G1 phase delay. Prolonged arrest of G1 
negatively regulates the replisome component, leading to 
DNA replication failure and cell cycle exit in a p53-
dependent manner [57]. In the present study, the 
observed downregulation of cyclin D1 following 
Dysobinol treatment suggests a disruption of this 
regulatory pathway, consistent with inhibition of cell 
cycle progression rather than induction of apoptosis. This 
cytostatic effect positions Dysobinol as a promising lead 
compound for further development as an anticancer 
agent targeting cell cycle regulation. Beyond its role in 
driving the G1–S phase transition, cyclin D1 also 
modulates signaling pathways that regulate growth, 
differentiation, and migration, thereby influencing 
multiple aspects of tumor cell behavior. Dysregulation of 
cyclin D1 is frequently observed in human cancers, where 
its overexpression promotes uncontrolled proliferation 
and tumorigenesis, while loss-of-function alterations can 
disrupt normal cell cycle control [58-59]. 

According to the Lipinski, Ghose, Veber, Egan, and 
Muegge criteria, Dysobinol meets the requirements for a 

drug-like molecule with no violations. Its favorable 
bioavailability and Csp3 scores suggest good oral 
absorption, which is further supported by 
pharmacokinetic predictions showing high GI uptake. 
Dysobinol also exhibits low BBB penetration, a desirable 
property for minimizing central nervous system (CNS)-
related side effects, along with moderate skin 
permeability (log Kp). In addition, its moderate synthetic 
accessibility score indicates that structural modification 
and large-scale synthesis are feasible. Collectively, these 
features strengthen the potential of Dysobinol as a 
promising natural product–derived lead compound for 
anticancer drug development [60]. Dysobinol generally 
showed slightly reduced docking scores across most 
targets than dysobinin. This difference can be explained 
by structural variations: Dysobinol possesses two 
hydroxyl groups on the D-ring and lacks a double bond 
present in dysobinin, which likely affects hydrophobic 
interactions and reduces binding affinity at certain 
active sites. In contrast, the double bond in dysobinin 
may stabilize ligand–receptor interactions, contributing 
to stronger affinities. Despite this, Dysobinol’s 
comparable affinity for AKT and CDK6 highlights these 
proteins as plausible molecular targets underlying its 
observed cell cycle inhibitory effects. 

■ CONCLUSION 

Dysobinol demonstrated cytotoxic activity against 
the MCF-7 cell line, with evidence of moderate 
anticancer potential. Mechanistic studies indicate that 
its effect is primarily cytostatic, inducing G1 cell cycle 
arrest as reflected by inhibition of DNA synthesis in the 
S phase and downregulation of cyclin D1, without 
triggering apoptosis. Such a phenotype is consistent with 
anticancer agents that minimize toxicity to normal 
tissues by targeting cell cycle progression. Molecular 
docking further supported this mechanism, suggesting 
potential interactions with EGFR, AKT, and cyclin D1. 
In addition, pharmacokinetic predictions revealed 
favorable oral bioavailability, limited BBB penetration, 
and moderate synthetic accessibility, underscoring its 
promise as a natural product–derived lead compound. 
Taken together, these findings highlight dysobinol as a 
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candidate for further in vivo validation and potential 
development as a cytostatic anticancer agent. 
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