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ABSTRACT Triple‐negative breast cancer (TNBC) faces significant treatment challenges due to its resistance to chemother‐
apy and high‐rate metastatic occurrence. Adjunctive treatment is a promising approach to improve chemotherapy
effectiveness while reducing toxicity on normal cells. Natural compounds of Lansium domesticum (duku) exhibit potential as
adjunctive cancer treatments. This study aims to investigate the potential of duku peel extract (DPE) to be developed as
an adjunctive agent. The cytotoxic activity of DPE against 4T1 cells was conducted through MTT assay, both in single and
combination treatments. The anti‐migratory effect of DPE was examined by scratch wound healing assay. The molecular
mechanism of DPE was confirmed using virtual screening via bioinformatics approaches, including protein target prediction
and molecular docking. The results show that DPE has cytotoxic activity with an IC50 value of 47 µg/mL against the 4T1
cell line, in a 24‐hour treatment period. Interestingly, DPE not only had a good synergistic effect (mean CI value, i.e. 0.34),
but also showed significant inhibition of cell migration with doxorubicin (Dox). Additionally, virtual bioinformatics screening
approaches suggest the potential mechanism of DPE compound action by targeting CDC25B and TOP2A. Overall, DPE
holds promise as an adjunctive treatment of Dox against 4T1 TNBC cells.

KEYWORDS Adjunctive treatment; Bioinformatics; Lansium domesticum; Migration; TNBC

Indonesian Journal of Biotechnology
VOLUME 30(1), 2025, 39‐46 | RESEARCH ARTICLE

1. Introduction

Breast cancer is themost common cancer in womenworld
wide (Manjunath and Choudhary 2021), with a mortality
rate of 6.8% (Sung et al. 2021). Triplenegative breast can
cer (TNBC) is one of the subtypes of breast cancer, ac
counting for 15–25% of all types of breast cancer (Alman
sour 2022). The characteristics of TNBC are low expres
sion of human epidermal growth factor receptor 2 (HER2),
estrogen receptor (ER), and progesterone receptor (PR),
making hormonal and antiHER2 therapy unable to be
used to treat in this subtype of cancer (Won and Spruck
2020). Apart from being difficult to treat, this subtype of
cancer also shows a worse prognosis than other subtypes
(Won and Spruck 2020). Due to the low expression of
these protein receptors, the treatment for TNBC therapy
is nonspecific chemotherapy, which induces several side
effects (Mollah and Varamini 2021). Another challenge in
treating TNBC is because of its highrate metastatic occur
rence (Singh and Yadav 2021). Doxorubicin (Dox) is one
of the effective chemotherapeutic agents including TNBC

by causing DNA damage, leading to the death of cells.
However, Dox has limitations because of its long side
effect such as cardiotoxicity (van der Zanden et al. 2021).

Adjunctive treatment or cochemotherapy is an ap
proach to enhance the effectiveness of chemotherapy
while reducing its toxicity on normal cells (Meiyanto et al.
2012). Natural resources such as plant give promising
effect to enhance the efficacy of chemotherapy. Various
plants resources such as Caesalpinia sappan L., Alpinia
galanga L., Piper nigrum L., and rice bran extracts has
been investigated as adjunctive treatment in several can
cer cell lines and have been reported to poses a promising
anticancer drug (Alif et al. 2021; Nugraheni et al. 2021;
Zulfin et al. 2021; Haryanti et al. 2022). In this study, we
propose Lansium domesticum (locally known as “duku”
in Indonesia) to be developed as an adjunctive treatment
agent for TNBC.

Duku, commonly grown in Southeast Asia, is a plant
from the Meliaceae family (Mayanti et al. 2023). Its peel
is known to have various phytochemicals, such as lan
sic acid, lansioside B, and lansiolic acid, which are triter
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penoid compounds (Abdallah et al. 2022). Three iso
lated compounds from duku peel, i.e. 3hydroxy8,14
secogammacera7,14dien21one, lamesticumin A, and
kokosanolide E, were shown to have moderate cytotoxic
activity againstMCF7 and T47D cell lines (Fadhilah et al.
2021; Labibah et al. 2021; Mayanti et al. 2023). Those
compounds suggest that duku peel may possess anticancer
activity. However, the cytotoxic effect of duku peel ex
tract (DPE) and its combination with Dox on TNBC cell
line has not been performed yet. Therefore, we focused
on the cytotoxic and antimigration activity of DPE, using
ethyl acetate solvent, and its combinationwith Dox against
the TNBC cancer model, 4T1.

This study aims to investigate the potential of DPE to
be used as an adjunctive agent with Dox against TNBC.
We employ 4T1 cells as representatives of TNBC. The
cytotoxicity of DPE using MTT assay was performed
to determine the IC50 value and its antimigratory effect
through scratch wound healing assay. Dox was employed
as a chemotherapy agent for in vitro studies. The synergis
tic effect of DPE in combination with Dox was determined
by calculating the combination index (CI) value. Addi
tionally, we analyzed the potential mechanism of DPE
through bioinformatics approaches, including protein tar
get prediction and molecular docking.

2. Materials and Methods

2.1. Sample preparation and triterpenoid identification
The fruits of duku (Lansium domesticum) was obtained
from Small and Medium Enterprises in Sleman, Daerah
Istimewa Yogyakarta, Indonesia. The sample was authen
ticated by a specialist at the Faculty of Pharmacy, Univer
sitas GadjahMada. The peels were dried in a dehydrator at
around 40 °C, then ground and sieved to a 40mesh size to
obtain duku peel powder. A total of 0.92 g of the powder
was weighed and macerated with ethyl acetate p.a. (1:10
ratio) assisted with a rotary shaker. overnight. The result
ing mixture was separated from the residual powder, and
the duku peel extract (DPE) was evaporated to obtain dried
extract, yielding 0.177 g of dried extract, corresponding to
a 19% w/w yield value. The DPE was prepared for an in
vitro experiment.

2.2. Cell culture
The 4T1 cells were obtained from Cancer Chemopre
vention Research Center (CCRC), Faculty of Pharmacy
UGM. The medium used for cell culture was high glucose
Dulbecco’s Modified Eagle Medium (DMEM) (Gibco,
New York, USA). The fetal bovine serum (FBS) 10%
v/v and penicillinstreptomycin (Gibco) were added to the
medium. The incubation condition was at 37 ºC with 5%
CO2.

2.3. Cytotoxic activity on 4T1 cells
The cytotoxicity of DPE on 4T1 cells was performed using
MTT assay. The 4T1 cells (5×103/well) were seeded in a

96well plate, then incubated overnight. The cells were
treated using a series concentration of 1500 µg/mL DPE
and 0.01–10 µM Dox for 24 h. In the cytotoxic combina
tion setting, the concentration used was ½, ¼, and ⅛ of the
IC50 of both DPE alone and in combination with Dox, and
incubated for 24 h. The treated cells were washed using
phosphatebuffered saline (PBS, Sigma) and then added
with MTT solution for 3–4 h until the formazan crystal
formed. The stopper solution (SDS 10% in HCl 0.01 M)
was added after the crystal formed and incubated overnight
in the dark room (Zulfin et al. 2021). The absorbance was
measured using a microplate reader (BioRad) at 595 nm.
The percentage of viability cells was analyzed from the ab
sorbance to measure the IC50 value by using linear regres
sion (95% confidence), followed up by the CI calculation
using ChuoTalalay method as follows:

CI =
(D)1
(Dx)1

+
(D)2
(Dx)2

(1)

(D)1 and (D)2 represents concentration of sample 1 and
sample 2, respectively, while Dx represent concentration
of a single drug that achieves an effect comparable to that
produced by a combination treatment (Chou 2010).

2.4. Scratch wound healing assay
The antimigration activities of DPE and Dox both sin
gle and combination on 4T1 cell, were assessed using
scratch woundhealing assay, following the protocol es
tablished previously (Wulandari et al. 2021). The cells
(7.2×104/well) were seeded in a 24well plate, then incu
bated overnight. A day after, the medium was changed
into starvation medium (1 µg/mL mitomycin, 0.5% FBS)
and incubated for 18 h. The cells were washed with PBS
(Sigma Aldrich). The cells were scratched using a sterile
yellow pipette tip. Subsequently they were treated with
both single and combination of DPE and Dox (at concen
tration ¼, and ⅛ IC50), and simvastatin (Sim) was used as
a positive control due to its proven ability to inhibit cancer
cell migration (Tripathi et al. 2023). The wound closure
was captured using an inverted microscope at a 24h and
48h interval and calculated % wound closure using Im
ageJ software (version 1.54).

2.5. Protein target prediction analysis
The protein target prediction analysis was retrieved by col
lecting the top 250 overexpressed genes in TNBC from
UALCAN (https://ualcan.path.uab.edu/) and identifying
potential protein targets based on molecule structure from
SwissTargetPrediction (http://www.swisstargetprediction.
ch/) (Daina et al. 2019; Chandrashekar et al. 2022). The
potential compounds of DPE were retrieved from several
literature studies that conduct extraction and isolation of
DPE followed by cytotoxic testing against breast cancer
cells (Fadhilah et al. 2021; Labibah et al. 2021; Mayanti
et al. 2023). Themolecule structure of potential DPE com
pounds was redrawn in SwissTargetPrediction, simultane
ously obtaining their SMILES codes. The data list was
compared to analyze the correlation using InteractiVenn
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(https://www.interactivenn.net/). The protein identified
across all data lists was subjected to further analysis to elu
cidate the proteinmolecule interactions.

The proteinmolecule interactions analysis was per
formed using the Molecular Operating Environment
(MOE) version 2015.10 software licensed from the Fac
ulty of Pharmacy UGM with a default setting. The DPE
compounds were constructed using MOE, followed by en
ergy minimization and conformational search. The crystal
structure of protein targets was retrieved from the RCSB
Protein Data Bank (https://www.rcsb.org/). Molecular
docking validation was accomplished by selfdocking the
crystal structure with its native ligand. The output scores
of proteinmolecule interactions were compared with the
known protein inhibitor, which serves as the established
native ligand in the crystal structure.

2.6. Statistical analysis
The statistical analysis was utilized using software Mi
crosoft Excel 365 and Jamovi version 2.6.2. Linear re
gression was calculated by comparing r value with r ta
ble in Microsoft excel 365. The parameter for the scratch
wound healing assay, percentage of wound closure, was
analyzed for significant differences using ANOVA fol
lowed by Tukey PostHoc test in Jamovi 2.6.2. All the
statistical analysis was conducted with a confidence inter
val of 95% (p < 0.05).

3. Results and Discussion

3.1. Cytotoxic activity of DPE and Dox
The cytotoxic activity of DPE was performed using MTT
assay against the TNBC cell model, 4T1. One hundred
percent (100%) cell viability indicates the number of vi
able cells in the intervention group have the same amount
as the untreated group. The calculated IC50 values were 47
µg/mL and 0.35 µM for DPE and Dox, respectively (Fig
ure 1). This data showed that both DPE and Dox have cy
totoxic activity toward 4T1 cells. This IC50 value was uti
lized to determine the treatment concentration in further in
vitro analysis, including combination cytotoxic assay with
Dox and scratch wound healing assay.

3.2. DPE showed potential cytotoxic activity combined
with doxorubicin

The synergistic impact of DPE in conjunction with Dox
was assessed using the MTT assay. For each agent, we
utilized serial concentrations below the IC50 value, specif
ically ⅛, ¼, and ½ of the IC50 value. The 4T1 cell via
bility decreased in concentrationdependent manner, with
the combination treatment of the DPE and Dox exhibits
more promising reduction compared to individual treat
ment (Figure 2a). This combination demonstrated a favor
able synergistic effect, as indicated by a CI value of less
than 1 (mean CI value = 0.34) (Figure 2b). These findings
highlight that when combined with Dox, DPE effectively
reduces 4T1 cell viability.

(a)

(b)

FIGURE 1 Cytotoxic effect of DPE (a) and Dox (b) on 4T1 cells.
DPE and Dox had cytotoxic activity on 4T1 cells with IC50 of 47
µg/mL and 0.35 µM, respectively, obtained from linear regression
calculations of concentrations vs cell viability (p < 0.05).

(a)

(b)

FIGURE 2 The cytotoxic combination effect of DPE and Dox on
4T1 cells (a) and its combination index (b).
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3.3. DPE inhibits the migration of 4T1 cells
The antimigration activity of DPE was examined using
scratch wound healing assay. The wound closure of 100%
indicates that there is no remaining gap area in the time
interval compared with gap area immediately after the
scratch. A lower percentage of wound closure indicates
a stronger antimigratory activity exhibited by the sample.
The antimigration effect was observed using inverted mi
croscope (Figure 3a). The concentration used was ⅛ and
¼ of IC50 to evaluate antimigration property while min
imize the cytotoxic effect. After 24 h, cells treated with
Dox showed percentage of wound closure up to 75.4 ±
1.1% even 92.2 ± 0.2% after 48 h (Figure 3b and 3c). In
the other side, cells treated with DPE both single and com
bination with Dox showed significant difference (p < 0.05)
after 48 h treatment. Interestingly, DPE 24 µg/mL in com

bination with Dox showed significant difference (p < 0.05)
compared to DPE alone.

3.4. Potential protein target of DPE
Research on isolated compounds from DPE has already
been conducted. Among these compounds, several have
been tested the potential against breast cancer cells. Those
compounds were 3hydroxy8,14secogammacera7,14
dien21one (against T47D cells), lamesticuminA (against
MCF7 cells), and kokosanolide E (against T47D) (Fadhi
lah et al. 2021; Labibah et al. 2021; Mayanti et al. 2023).
The potential protein target by those compounds was an
alyzed using SwissTargetPrediction (http://www.swisstar
getprediction.ch/). The top 250 overexpressed genes in
TNBC were collected from database UALCAN (https://
ualcan.path.uab.edu/). The correlation of potential protein

(a)

(b)

(c)

FIGURE 3 Anti‐migration effect of DPE in 4T1 cells observed with an inverted microscope (a) at 24 h (b) and 48 h (c).
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targets and overexpressed genes in TNBC was analyzed
using Interactive Venn (https://www.interactivenn.net/).
The potential protein targets analysis identified CDC25B
and TOP2A (Figure 4). Furthermore, their interactionwith
DPE’s compounds were analyzed using molecular dock
ing.

The crystalized protein structure of CDC25B (PDB
ID:4WH9) and TOP2A (PDB ID:5GWK) was retrieved
from the database RCSB PDB (https://www.rcsb.org/).
These crystalized proteins were chosen due to the exis

tence of native ligand as inhibitor of the protein. The
interaction between CDC25B with DPE compounds was
stronger than with its native ligand, whereas interaction
between TOP2A and DPE compounds was weaker than
its native ligands, as indicated by the docking score (Fig
ure 5ac). The RMSD of the native ligand (Figure 5c) ≤
2 Å, suggesting a good docking protocol (Verdonk et al.
2003). This suggests that DPE compounds potentially
bind to CDC25B and inhibit its activity through a similar
site and mechanism as its native ligand (Figure 5c).

FIGURE 4 Potential protein targets of DPE compounds. The InteractiVenn showed that CDC25B and TOP2A as potential targets of DPE.

(a) (b)

(c)

FIGURE 5 Model of protein‐molecule interaction. DPE compounds including 3‐hydroxy‐8,14‐secogammacera‐7,14‐dien‐21‐one, lames‐
ticumin A, and kokosanolide E bind to CDC25B (a) and TOP2A (b) compared to their respective native ligand, suggesting their role as
inhibitor. The docking score in the targeted protein were compared for their binding affinities and amino acid residues (c).
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3.5. Discussion

This study aims to investigate the potential of DPE to be
developed as an adjunctive agent of Dox against triple
negative breast cancer (TNBC) cell model, 4T1. TNBC
is one of the subtypes of breast cancer characterized by
treatment limitation and poor efficacy (Yin et al. 2020).
The 4T1 cells are suitable for this experiment because
of their active proliferation and migration characteristics
(Kaur et al. 2012). Chemotherapy is still the first choice to
treat TNBC, however, unfortunately chemotherapy can af
fect the resistance for a long time (Hermawan et al. 2021).
Accordingly, adjunctive treatment is one of the solutions
to overcome the effectiveness of chemotherapy.

First, we examined the single cytotoxic effects of DPE
on 4T1 cells. The previous studies reported that isolate
of DPE has moderate cytotoxic activity on breast can
cer cells. The IC50 value of DPE compounds are 30.69
µg/mL for 3hydroxy8,14secogammacera7,14dien21
one, 15.68 µg/mL for Lamesticumin A, and 45.90 µg/mL
for Kokosanolide E (Fadhilah et al. 2021; Labibah et al.
2021; Mayanti et al. 2023). Our study revealed that DPE
has cytotoxic activity with an IC50 value of 47 µg/mL.
Interestingly, the IC50 value from DPE crude extract in
this study was close to the IC50 value of the isolated com
pounds. This suggests that the active compounds in the
crude extract may be present in sufficient concentration
and/or work synergistically. Bioinformatics analysis in
dicates that DPE may potentially target the overexpressed
CDC25B. CDC25B plays a main role in the initial activa
tion of CDK1cyclin B during G2M transition, suggest
ing that the cytotoxic mechanism of DPE may involve the
by inhibition in the G2M transition (Boutros et al. 2007).
This hypothesis requires further evidence, warranting ad
ditional cell cycle analysis.

Doxorubicin is one of the most common first line can
cer therapies, including breast cancer with TNBC subtypes
(Ikawati et al. 2020). In this study, we used Dox as a rep
resentative chemotherapeutic agent. Interestingly, when
combined with Dox, DPE exhibited a promising synergis
tic effect indicate by CI value less than 1 (0.34) (Chou
2010). The observed synergistic effect potentially from
complementary mechanisms of action; however, further
analysis is required to confirm this hypothesis. Further
more, DPE showed significant inhibition of cells migra
tion, surpassing the effect of DPE. Targeting cell migration
will be a good prospect in developing treatment for TNBC
due to its high rate of metastasis (Singh and Yadav 2021).
The potential targets of DPE identified through bioinfor
matics approaches were TOP2A and CDC25B. TOP2A
over expressionmay promote the proliferation, metastasis,
and invasion of cancer cells, whereas CDC25B silencing
could suppress the invasion and migration of gastric can
cer (Leal et al. 2016;Wang et al. 2022). Although DPE ex
hibited stronger binding to CDC25B but weaker binding to
TOP2A than of its native ligand (the established inhibitor
in the crystal structure), its migration assay demonstrated
significant inhibition compared to control and Dox at 24

µg/mL. In this regard, the antimigratory mechanism of
DPE may involve the same binding site as the native lig
ands of the CDC25B protein used in molecular docking, or
it may operate through a different mechanism in inhibiting
migration. This suggests further investigation about the
mechanisms underlying these synergistic effects. Never
theless, this result suggests that DPE has potential for en
hancing the efficacy of chemotherapeutic agents.

Overall, DPE is promising to be developed as an ad
junctive treatment for TNBC. In this study, DPE has cy
totoxic activity and has good synergistic effects with Dox
against TNBC cells. The challenge of future studies in
deepening the exploration of active compounds in DPE.
Furthermore, the next studies can investigate the cytotox
icity in other cancer cell lines and the related molecular
mechanism. In addition, cytotoxic tests on normal cells
are needed to prove the selectivity of DPE against cancer
cells.

4. Conclusions

This study concluded that DPE showed moderate cyto
toxic activity against 4T1 cells as a model of TNBC. The
combination of DPE with Dox showed synergistic and
antimigration effect. Additionally, the bioinformatics ap
proaches showed that DPE potentially targeted CDC25B
and TOP2A, suggesting that DPE have the potential to be
adjunctive treatment of Doxorubicin in TNBC.
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