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Background: Elephantopus scaber and Phaleria macrocarpa have recently been interested as novel anti-
cancer agents. However, there was no scientific evaluation of the anticancer effect of both plant
combinations.
Objective: This study investigated the potential anticancer effects of combined E. scaber and
P. macrocarpa leaves extract on human breast cancer cells lines.
Materials and methods: T47D cells were treated with the combination of E. scaber and each part of
P. macrocarpa (leaves/EL, mesocarp/EM, seed/ES and pericarp/EP). T47D cells were then exposed to three
ratios (1:1, 2:1, and 1:2) of the best combination for 24, 48, and 72 h. The cell viability of T47D and TIG-
1 cells was assessed using WST-1 assay. The apoptotic hallmarks were determined using FITC Annexin V-
PI staining and DNA fragmentation assay. The cell proliferation and cell cycle profiles were analyzed
using CFSE (carboxyfluorescein succinimidyl ester) and Propidium iodide-flowcytometry assays. The
relative number of p-ERa, p-Nrf2, p-PI3K, p-AKT, and p-mTOR were assessed using flow cytometry. The
molecular docking analysis was also performed to confirm the mechanism of the extract in silico.
Results: The combination of E. scaber and P. macrocarpa leaves (EL) possessed strong cytotoxic activity
(p < 0.05) than other combination groups and cisplatin. EL showed selective killing only to T47D cells. EL
at a ratio of 2:1 potentially suppressed the cell viability and cell division, induced apoptosis, and arrested
the cell cycle of T47D cells by triple inhibiting the p-Nrf2, p-ERa, and p-PI3K/AKT/mTOR signaling
pathway. Molecular docking analysis confirmed that the possible mechanism of EL to reduce T47D cell
growth was by inhibiting ERa and Nrf2-complex, resulting in the reduction in the crosstalk effect of Nrf2,
ERa and PI3K/AKT/mTOR pathways.
Conclusion: The combination of leaf extracts from E. scaber and P. macrocarpa caused cell death in breast
cancer cells T47D and not in normal cells TIG-1; hence has the potential to show anticancer efficacy in
preclinical and clinical trials.
© 2022 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Breast cancer is the most common cancer diagnosed in women
worldwide [1]. In 2020, Global Cancer Observatory estimated that
female breast cancer cases about 2.3 million (11.7% of all cancer
types) [2]. Various therapies, such as chemotherapy and radio-
therapy, were used to eliminate breast cancer cells. Unfortunately,
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the chemotherapy drug had a cytotoxicity effect on cancer and
healthy cells [1,3]. Radiotherapy is also used to treat cancer, but this
treatment has a radio-resistant impact that leads to treatment
failure [4]. The use of natural plant products for clinical develop-
ment has developed tremendously in recent decades [5]. Medicinal
plants and their bioactive compounds are identified as potent
treatments for cancer due to their selective effect, demonstrating a
non-toxic impact on normal cells and a cytotoxic effect on cancer
cells [6]. In Indonesia, various experimental studies have indicated
anticancer activities from various herbal medicines such as Mah-
kota Dewa (Phaleria macrocarpa (Scheff.) Boerl) and Tapak Liman
(Elephantopus scaber Linn.).
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E. scaber Linn. belongs to the Asteraceae family and is a genus of
perennial herb widely spread in Asia, Tropical Africa, India and
Australia [7]. In Indonesia, the plant is commonly known as Tapak
Liman and is used for traditional medicine. E. scaber can be used as
an antidiuretic, antiviral, antibacterial agent and is traditionally
used to treat hepatitis, cough, pneumonia and bronchitis [8e10].
Sesquiterpenes lactones are abundant in all E. scaber parts,
including deoxyelephantopin, isodeoxyelephantopin, scabertopin,
and isoscabertopin, which is a potent anticancer compound [11].
Lupeol isolated from E. scaber also induce apoptosis in MCF-7 cell
by downregulating Bcl-2 and Bcl-xL protein [12].

P. macrocarpa (Scheff.) Boerl is mainly known as East Asian
herbal medicine, which is traditionally used to remedy various
diseases, including diabetes mellitus, liver and heart disease, can-
cer, kidney disorder, skin, and stroke [13]. Many pharmacological
effects have been studied over the year, including anticancer,
antioxidant, antidiabetic, anti-inflammatory, and antibacterial ac-
tivity [14]. The methanol extract of P. macrocarpa seed possessed a
cytotoxic effect against HT-29, MCF-6 Cas Ki, and SKOV-3 cell lines
and produced mild toxicity in MRC-5 cells [15]. Christina et al. [16]
revealed that P. macrocarpa leaves could inhibit the growth of T47D
cell lines with IC50 value of 97 mg/mL.

ERa is mainly contributed to the initiation and progression of
breast cancer with ER-positive. The activation of ERa causes
phosphorylation of IGF-1R, EGFR and IRS1 and then leads to
activation of PI3K downstream, such as AKT1 and mTOR. ER-a also
directly activated p85 as a regulatory subunit of PI3K protein.
Then, the downstream protein is still activated and leads to the
progression of tumor growth and survival [17]. In this study, we
used T47D cells with ER-positive and upregulation of Nrf2. Nrf2 is
one of the targets downstream of PI3K and ERa. Upregulation of
Nrf2 could promote the survival of breast cancer [18]. Therefore,
there is a crosstalk between ERa, Nrf2 and PI3K/AKT/mTOR, which
upregulation of those pathways leads to an increase in breast
cancer growth and survival. Targeting those pathways is a
promising strategy to inhibit the growth and survival of breast
cancer cells.

The use of plant extract combinations can be developed as a
potent therapy for breast cancer. Otieno et al. [19] and Christina
et al. [8] revealed that the mixture of several plant extracts had
larger bioactivity than a single plant extract as an antibacterial
agent. However, to the best of our knowledge, there is no scientific
evaluation on using the multi-plant extract for treating breast
cancer, especially P. macrocarpa and E. scaber. Considering the
crucial need to develop novel therapeutic strategies for breast
cancer, the present study aimed to investigate the potential anti-
cancer effects of combined E. scaber and each plant part of
P. macrocarpa extract and its underlying mechanism to inhibit T47D
cell growth. We also used TIG-1 cells to determine the selectivity
and safety of the plant extract on normal cells. This study is the first
experiment revealing the anticancer activity of the combination
plant extract.

2. Materials and methods

2.1. Plant materials and extraction

The fresh leaves and fruit of P. macrocarpa and leaves of E. scaber
were collected from UPT. Laboratorium Herbal Materia Medica
Batu, Indonesia. A voucher specimen for E. scaber (074/228/102.7/
2018) and P. macrocarpa (No. 074/384A/102.7/2020) was deposited
at the herbarium of the UPT. Laboratorium Herbal Materia Medica
Batu, Indonesia. The seed, mesocarp and pericarp of P. macrocarpa
fruit were separated. All samples were washed with tap water,
dried, and blended. Briefly, the powdered sample of all plant
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samples was subjected to ethanol extraction, as Christina et al. [8]
and Djati et al. [20] described. A total of 200 g of each powdered
sample was extracted with 2 L of 95% ethanol for 3 � 14 h at room
temperature in a dark place. Each sample was filtered and then
evaporated at 50 �C using a rotary evaporator (IKA® RV 10, IKA
Works (Asia) Sdn Bhd, Malaysia). All extracts were stored at 4 �C for
further analysis.

A total of 10 mg dry weight of ethanol extract of each sample
was dissolved in 5 mL RPMI-1640 for T47D treatment and 5 mL
MEM for TIG-1 cells. After mixing, each diluted sample was then
filtered using 0.22 mm syringe filter (Minisart®, Sartorius AG, Ger-
many). The concentration of extract stock was 10 mg/mL medium
and then prepared for treatment medium based on IC50 value of
each extract. The IC50 values of leaves, mesocarp, seed and pericarp
of P. macrocarpa on T47D were 97, 144, 139, and 125 mg/mL,
respectively, obtained from our previous study [16]. While the IC50
value of E. scaber against T47D was 121 mg/mL, obtained from our
previous study (in review).

2.2. Cell cultures

The human breast cancer cell line, T47D (ATCC®) was purchased
from Cancer Chemoprevention Research Center (CCRC), Faculty of
Pharmacy, Universitas Gadjah Mada, Indonesia. The normal human
fibroblast cell line, TIG-1, was obtained from JCRB Cell Bank (Japa-
nese Collection of Research Bioresources Cell Bank), National In-
stitutes of Biomedical Innovation, Health and Nutrition, Japan. T47D
and TIG cell lines were used between passages number 20e25.
T47D cells were cultured in Roswell Park Memorial Institute 1640
medium (RPMI), supplemented with 10% fetal bovine serum (FBS)
and 1% antibiotic (100 U/mL penicillin and 100 mg/mL strepto-
mycin). TIG-1 cell lines were maintained in Minimum Essential
Media (MEM) supplemented with 10% fetal bovine serum (FBS) and
1% antibiotic (100 U/mL penicillin and 100 mg/mL streptomycin).
These cell lines were incubated at 37 �C in humidified air with 5%
CO2 incubator.

2.3. Apoptosis investigation

T47D cells (5 � 104 cells/ml) were seeded in 24-well plates and
incubated for 24 h at 37 �C in humidified air with 5% CO2 incubator.
Cells were treated with the combination of IC50 value of E. scaber
and each IC50 value of leaves (EL), mesocarp (EM), seed (ES) and
pericarp (EP) of P. macrocarpa in ratio 1:1. The best combination
ratio was found in EL group. Then, cells were treated with three
ratios of the best combinations (2:1, 1:1, and 1:2) for 24, 48, and
72 h. The composition of ratio 2:1, 1:1 and 2:1 was 2 � IC50 value
(242 mg/mL) of E. scaber leaves and 1 � IC50 value (97 mg/mL) of
P. macrocarpa leaves, 1 � IC50 value (121 mg/mL) of E. scaber leaves
and 1 � IC50 value (97 mg/mL) of P. macrocarpa leaves, and 1 � IC50
value (121 mg/mL) of E. scaber leaves and 1� IC50 value (194 mg/mL)
of P. macrocarpa leaves, respectively.

Cells were subsequently harvested for 24, 48 and 72 h by
using trypsinization and centrifuged at 2500 rpm for 5 min.
Then, 100 ml of cell suspension was transferred to a 1.5 mL
microtube. Each sample was added with 2 ml of Annexin V-FITC,
4 ml of Propodium iodide (PI) and 44 ml of binding buffer and then
gently mixed and incubated for 20 min. Data were collected
(10,000 events/sample) using a Flow cytometer (BD FACS Cal-
ibur™, San Jose, CA). FACS data were analyzed using FlowJo™ v.
10 Software (Vancouver, BC). The cell population in different
quadrants were analyzed. The lower right (LR) indicated early
apoptotic cells, the upper right (UR) indicated late apoptotic cells,
the upper left (UL) indicated necrotic cells, and the lower left (LL)
indicated live cells.
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2.4. Cell viability assay and cell imaging

Briefly, T47D cells (5 � 103 cells) were seeded in each well of a
96-well plate for 24 h. Cells were treated with three ratios of the
best combination extract (1:1, 1:2, and 2:1) for 24, 48 and 72 h at
37 �C, 5% CO2. Then, themediumwas removed and replaced with a
complete medium containing 5 ml/well of 4-[3-(4-Iodophenyl)-2-
(4-nitro-phenyl)-2H-5-tetrazolio]-1,3-benzene sulfonate (WST-1)
reagent (Sigma-Aldrich, Inc., USA) for 30 min. The plate was
shaken thoroughly for 1 min. The absorbance of the sample was
measured using a microplate (ELISA) reader (BioTek Instruments,
Inc., USA) against blank at 450 nm. All experiment was carried out
in triplicate. The cell viability was determined with the following
formula:

Cell viability ð%Þ¼Asample � Ablanko

Acontrol � Ablanko
� 100

T47D cells were observed and captured using Olympus Inverted
Microscopes Models IX71 (NY, USA) with 200� magnification for
cell morphology analysis.

2.5. DNA fragmentation assay

T47D cells were treated with three ratios of the best combina-
tion extract (1:1, 2:1, and 1:2) for 72 h. The DNA of harvested cells
was then extracted using DNA purification kit, which is the pro-
cedure according to the manufacturer’s protocol of NEXPrep™ Cell/
Tissue DNA Mini Kit (NEX Diagnostics, Korea). The obtained DNA
from each group was analyzed using electrophoresis on 1.5%
agarose, 100 V, 60 min. The gel was stained with Diamond™
Nucleic Acid Dye (Promega Corporation™, USA) and captured in a
CCD imager (ImageQuant™ LAS 500, USA) with 1 kb DNA ladder
(Promega Corporation™, USA) as a marker.

2.6. CFSE proliferation assay

T47D cells (5 � 104 cells/mL) were seeded in 24 well plates and
incubated at 37 �C in humidified air with 5% CO2 incubator. After
24 h, T47D cells were harvested and washed with 500 mL Phosphate
Buffer Saline (PBS). Cells were stained with 5 mM of CFSE (carbox-
yfluorescein succinimidyl ester) (ThermoFisher™ Scientific), incu-
bated for 20 min at 37 �C and added 500 mL PBS. Cells were then
washed with 500 mL PBS once and PBS twice. Stained cells were
then seeded in 24 plates with a density of 3 � 105 cells, followed by
incubation for 24 h. Then, cells were treated with EL, EM, ES and EP
in ratio 1:1 and three different ratios of the best combination (1:1,
2:1, and 1:2) for 24, 48, and 72 h. The CFSE fluorescence intensity
was determined by flow cytometry using a flow cytometer (BD
FACSCalibur™, San Jose, CA, USA) and analyzed using FlowJo™ v. 10
Software (Vancouver, BC).

2.7. Cell cycle phase distribution

Briefly, cells were treatedwith EL, EM, ES, and EP in ratio 1:1 and
three different ratios of the best combination (1:1, 2:1, and 1:2) for
24, 48, and 72 h. Then, cells were harvested and centrifuged at
2500 rpm for 5 min. The pellet was washed with 1 mL PBS and
centrifuged at 2500 rpm for 5 min. Cells were then suspended with
500 uL of 70% ethanol for 30min. Then, cells werewashed with 500
uL PBS twice by centrifugation at 2500 rpm for 5 min. Cells were
stained with 5 mL of Propidium Iodide (500 mg/mL). After 30 min
incubation, data were collected (10,000 events/sample) using a
Flow cytometer (BD FACS Calibur™, San Jose, CA, USA) and
analyzed using FlowJo™ v. 10 Software (Vancouver, BC).
3

2.8. The relative number of p-Era, p-Nrf2, p-PI3K, p-AKT and p-
mTOR

Briefly, T47D cells were treated with EL, EM, ES, and EP in ratio
1:1 and three different ratios of the best combination (1:1, 2:1, and
1:2) for 24 and 48 h. Harvested cells were centrifuged at 2500 rpm
for 5 min. Then, 100 mL of cell suspension was added with 50 mL of
Intracellular (IC) fixation buffer (eBioscience™, Invitrogen, Thermo
Fisher Scientific, USA) and incubated for 20 min in a cool box. After
incubation, each sample was added with 500 mL of diluted Per-
meabilization Buffer (Invitrogen, Thermo Fisher Scientific, USA) and
centrifuged at 2500 rpm for 5 min.

Pellets were then stained with the following antibody: PE-
Phospho-PI3K p85/p55 (Tyr458, Tyr199) Recombinant Rabbit
Monoclonal Antibody (Catalog no. MA5-36954), PE-Phospho-
AKT1 (Ser473) Monoclonal Antibody (Catalog no. 12-9715-42),
PE-Phospho-mTOR (Ser2448) Monoclonal Antibody (Catalog no.
12-9718-4), Phospho-Estrogen Receptor alpha (Tyr537) Mono-
clonal Antibody (Catalog no. MA5-31845) with conjugate of
FITC-Goat anti-Mouse IgG (H þ L) Cross-Adsorbed Secondary
Antibody (Catalog no. F-2761), and Phospho-Nrf2 (Ser40) Re-
combinant Rabbit Monoclonal Antibody (Catalog no. MA5-
32116) with the conjugate of FITC-Goat anti-Rabbit IgG (H þ L)
Cross-Adsorbed Secondary Antibody (Catalog no. F-2765). All
antibodies were purchased from Invitrogen, Thermo Fisher Sci-
entific, USA. The relative number of p-PI3K, p-AKT1, p-mTOR, p-
Nrf2, and p-ERa were measured using a flow cytometer (BD
FACS Calibur™, San Jose, CA) and analyzed with FlowJo™ v. 10
Software (Vancouver, BC).

2.9. Molecular Docking analysis

The three selected bioactive compounds (apigenin, coumaric
acid and sesamin) of P. macrocarpa leaves were obtained from
Liquid Chromatography-High Resolution Mass Spectrometry (LC-
HRMS) analysis based on our previous study [21]. While the three
selected compounds from E. scaber extract (oleanolic acid, sca-
bertopin, scutellarin) were obtained from our previous study (in
review). The compounds were retrieved in.sdf format from Pub-
Chem database (https://pubchem.ncbi.nlm.nih.gov/) and con-
verted into.pdb format using PyMol (Schrӧdinger Inc., LLC). Each
ligand was then minimized using Open babel in Pyrx 0.8 (The
Scripps Research Institute, California). The 3D structure of protein
target Era (1 � 7R) and Nrf2-Keap1 complex (4IQK) were obtained
from Protein Data Bank (PDB) (https://www.rcsb.org/). The water
molecules and unnecessary ligands of protein were removed.
Tamoxifen (Pubchem ID: 2733526) and AEM-1 (Pubchem ID:
9196193) were used as a natural inhibitors for ERa and Nrf2,
respectively. Ligands docking to ERa was set to x ¼ 10.2328,
y ¼ 27.3348, z ¼ 8.4267 with dimensions (angstrom) x ¼ 13.5222,
y ¼ 12.6181, z ¼ 16.1499, and Nrf-2 was set to x ¼ �32.8510,
y ¼ �0.8653, z ¼ �17.2136 with dimensions (angstrom)
x ¼ 15.1608, y ¼ 10.0973, z ¼ 10.0340. Molecular docking was
performed using Pyrx 0.8, then visualized in PyMol and evaluated
its amino acid interaction using Biovia Discovery Studio v20
(Dassault System, Biovia corp.) [22].

2.10. Statistical analysis

All data were expressed as mean ± SD for three independent
experiments. Statistical analysis using two-way ANOVA followed
the Tukey test, which SPSS performed for Windows version 22. The
datawere considered significantly different if the p-value <0.05. All
graphs/bars were visualized using GraphPad Prism 8 (GraphPad
Software, San Diego, CA, USA).

https://pubchem.ncbi.nlm.nih.gov/
https://www.rcsb.org/
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3. Results

3.1. EL induced apoptosis on T47D cells

T47D cells significantly (p < 0.05) entered early and late
apoptosis stages after being treated with all combination extract
and cisplatin (Fig. 1A). EL group possessed the higher time-
Fig. 1. Flow cytometry analysis of apoptosis in T47D cells after being treated with the combi
staining. Untreated cells and cisplatin were used as negative and positive controls, respective
left quadrant), late apoptosis (Q2/upper right quadrant), early apoptosis (Q3/low right quad
EM, ES and EP in ratio 1:1. (B) The graph showed the quantification of apoptosis levels in al
three independent experiments. The different letters indicated statistical differences (p < 0
E. scaber þ P. macrocarpa seed; EP: E. scaber þ P. macrocarpa pericarp.

4

dependent increase in late and early apoptotic cells (Fig. 1B) fol-
lowed by a high reduction in live cells compared to cisplatin.
Interestingly, the lowest percentage of necrotic cells was found in
the EL group. Compared to untreated cells, EL at the ratio of 2:1
significantly (p < 0.05) reduced the live cells population in a time-
dependent manner (Fig. 2A). Furthermore, the ratio of 2:1 signifi-
cantly induced a higher percentage of late apoptotic cells in a time-
nation of E. scaber and each plant part of P. macrocarpa extract using FITC Annexin V/PI
ly. (A) The representative dot plots indicate that T47D cells undergo necrosis (Q1/upper
rant) and live cells (Q4/low left quadrant) after 24, 48, and 72 h treatment with (A) EL,
l experiment groups. The mean values ± standard deviation (SD) were expressed from
.05). EL: E. scaber þ P. macrocarpa leaves; EM: E. scaber þ P. macrocarpa mesocarp; ES:



Fig. 2. Apoptosis detection by flow cytometry based on FITC-Annexin V/PI labelling in T47D cells. T47D cells were treated with combined E. scaber leaves and P. macrocarpa leaves
extract (EL) at three different ratio combinations (1:1, 1:2, and 2:1) for 24, 48, and 72 h. Untreated cells and cisplatin were used as negative and positive controls, respectively. (A)
Representative dot plots indicated that apoptosis cells could be detected by increased fluorescence intensity of double-positive Annexin V/PI. The necrotic cell (Q1/upper left
quadrant), late apoptotic cells (Q2/upper right quadrant), live cells (Q3/lower left quadrant) and early apoptotic cells (Q4/lower right quadrant). (B) Percentage of necrotic, live, early
and late apoptotic cells in all experiment groups. The mean values ± standard deviation (SD) were expressed from three independent experiments. The different letters indicated
statistical differences (p < 0.05). 2:1 ¼ 2 � IC50 value of E. scaber leaves and 1 � IC50 value of P. macrocarpa leaves; 1:2 ¼ 1 � IC50 value of E. scaber leaves and 2 � IC50 value of
P. macrocarpa leaves.

Y.I. Christina, M. Rifa’i, N. Widodo et al. Journal of Ayurveda and Integrative Medicine 13 (2022) 100674
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dependent manner (p < 0.05) compared to cisplatin. The numbers
of early apoptotic cells were increased at a ratio of 1:1, followed by a
ratio of 2:1 after 48 h incubation (Fig. 2B). Interestingly, a low
number of necrotic cells was found in the ratio of 2:1. These results
indicated that EL effectively induced the highest apoptotic cells,
followed by low necrotic cells (see Fig. 2).

3.2. EL reduced cell viability and induced DNA fragmentation,
followed by morphological changes in T47D cells

The results revealed that untreated T47D cells displayed normal
morphology and did not degrade their DNA into nucleosomal size
fragments indicated by a single DNA band (Fig. 3A). When treated
with all ratios of EL and cisplatin, T47D cells exhibited DNA frag-
ments as shown by typical DNA laddering compared to marker. The
appearance of DNA fragments in all treatment groups ranged from
500 to 10,000 bp.

After 24 h of treatment, the highest reduction in cells viability
was observed in the cisplatin group, followed by the EL group at
1:1 and 2:1 (34.63% versus 44.31% 44.64%) (Fig. 3B). The high
decrease in the viability of T47D cells was found in the ratio of 2:1
(10.17%) at 48 h, followed by cell morphological changes. All
combination groups caused the changes in cell shape into
rounding and floating cells, the appearance of nucleus conden-
sation (yellow arrow), blebbing in the cell membrane (red arrow),
and then the formation of apoptotic bodies (green arrow). These
characteristics were more observed in the combination group
than in the cisplatin group (Fig. 3D). These results align with the
apoptosis assay results that the cisplatin group exhibited a high
percentage of necrotic cells (black arrow) compared to the com-
bination group.

Interestingly, the normal fibroblast cell line (TIG-1) responds
differently to the EL combination. TIG-1 cells showed 85e93% of
viability after 24 h of treatment in all ratios of EL, but the cisplatin
group exhibited only 65.34% of viability simultaneously (Fig. 3C).
Ratio of 2:1 was not significantly (p > 0.05) different from the ratio
of 1:2. These findings align with the morphological assessment of
TIG-1 cells, as displayed in Fig. 3E. An elongated fibroblast-like cell
morphology less rounded and floating cells were observed in all
ratios of EL. However, the cisplatin group exerted more rounded
and floating cells. Therefore, the EL combination appears to have a
selective effect against breast cancer but less affects the viability of
normal fibroblast TIG-1 cells.

3.3. EL abrogates the proliferation of T47D cells

The untreated cells demonstrated a reduction in CFSE staining,
which indicated cell proliferation in T47D cells (Fig. 4A). The per-
centage of proliferating T47D cells was significantly decreased after
being exposed to all combinations and cisplatin groups. EL group
exhibited a high reduction (p < 0.05) in the percentage of prolif-
erating cells at 24 h of treatment compared to the cisplatin, EM, EB,
and EP group (Fig. 4C). At 48 and 72 h, the EL group also abrogates
the proliferating cells at a high number and is similar to the
cisplatin group. EM group could only reduce proliferating cells at a
high number after 72 h. These data indicate that EL could reduce
the higher proliferating cells in T47D cells compared to other
combinations. Ratios 1:1 and 2:1 exhibited a high decrease in
proliferating cells, which are not significantly different from the
cisplatin group (Fig. 4B and D).

3.4. EL arrested the cell cycle of T47D cells

As shown in Fig. 5A, the cisplatin group exhibited a high accu-
mulation of apoptotic cells (sub-G1 phase) followed by a reduction
6

in the G2/M phase was clearly observed after 72 h. Compared to
other combinations, the EL group effectively (p < 0.05) increased
the apoptotic cells in a time-dependent manner (Fig. 5B). These
data were in line with the apoptotic results, in which EL have a
higher percentage of late and early apoptotic cells. EL group also
exhibited an increased accumulation in G0/G1 phase at 24 h, fol-
lowed by a high reduction in the S phase at 24 h and G2/M phase at
72 h.

The results demonstrated that the different ratio of EL
significantly affects the cell cycle distribution of T47D cells
(Fig. 5C). The number of proliferating cells (G2/M) was markedly
decreased (p < 0.05) in T47D cells after being exposed to EL at the
ratio of 2:1 (Fig. 5D). EL also induced high apoptotic cells time-
dependent, followed by accumulation of G0/G1 and reduction
in the S phase at 24 h. These data confirmed that the ratio of 2:1
could inhibit the growth of T47D cells not only by G2/M arrest
but also by triggering apoptosis due to a high increase of the sub-
G1 phase.

3.5. EL inhibited phosphorylated-Nrf2 and ER-a in T47D cells

The untreated cells exhibited a high number of phosphorylated
Era and Nrf2. After 48 h of incubation, the lowest expression of p-
ERa was observed in a ratio of 1:1 (Fig. 6A). Furthermore, the
exposure of all ratios of EL to T47D cells resulted in the down-
regulation of p-Nrf2 after 24 h (Fig. 6B). Cisplatin group exhibited
the highest reduction of Nrf2 at 24 h. After 48 h, the highest inhi-
bition of p-Nrf2 was observed in the ratio of 1:1, but not signifi-
cantly different from a ratio of 1:2. These results suggested that the
EL reduced the cell proliferation of T47D cells by suppressing p-
Nrf2 and p-ERa.

3.6. EL suppressed the phosphorylated-PI3K, AKT and mTOR in T47D
cells

Compared to untreated cells, the ratio of 1:1 showed a high
decrease in p-PI3K expression, followed by a ratio of 2:1 (Fig. 6C).
However, all extract combinations were not significantly different
after 48 h of treatment. Interestingly, the deficient level of p-AKT
was observed in a ratio of 2:1 in a time-dependent manner, fol-
lowed by ratios 1:1 and 1:2 (Fig. 6D). While the expression of p-
mTOR dramatically declined after treatment with EL with the
ratio of 1:1 for 24 h (Fig. 6E). The level in p-PI3K, p-AKT and p-
mTOR in the combination group was lower than cisplatin.
Therefore, EL at ratio of 2:1 mostly has an anti-proliferative ac-
tivity by downregulating the phosphorylation of PI3K/AKT/mTOR
cascades.

3.7. Molecular docking analysis

Three identified compounds of E. scaber (oleanolic acid, sca-
bertopin, and scutellarin) and P. macrocarpa leaves (apigenin, ses-
amin, and coumaric acid) were evaluated for their interaction with
ERa and Nrf2. We used molecular docking to determine the
mechanism insight of those bioactive compounds to modulate ERa
and Nrf2 expression. The results demonstrated that the three-
dimensional structure of tamoxifen (Fig. 7) showed interaction to
ERa with eight van der Waals forces on Gly390, Leu320, Leu387,
Leu403, Lys449, Phe445, Pro324, and Val446 (Table 1). Interest-
ingly, scutellarin from E. scaber and sesamin from P. macrocarpa
leaves strongly interacted with ERa and gave a stronger binding
affinity (�7.6 kcal/mol and �8.5 kcal/mol, respectively) than
tamoxifen as a control drug (�6.7 kcal/mol). Scutellarin interacted
with ERa through four hydrogen bonds on Arg394, Ile386, Pro325
and Trp393 and eight van der Waals forces on Glu353, Glu397,



Fig. 3. The investigation of DNA fragmentation, cell viability and morphological changes in T47D cells after 24 and 48 h treatment with EL at different ratios (1:1, 1:2, and 2:1). (A)
DNA fragmentation assay in T47D cell. Utr: untreated cells; Cis: cells treated with 1 ml/mL cisplatin. (B,C) Changes in cell viability of T47D and TIG-1 cells line. (E,D) Morphological
assessment of T47D and TIG-1 using Olympus Inverted Microscopes Models IX71 (NY, USA) with 200� magnification. The apoptosis hallmark is indicated by nucleus condensation
(yellow arrow), membrane blebbing (red arrow), apoptotic body (green arrow) and necrotic cell (black arrow). 1:1 ¼ 1 � IC50 value of E. scaber leaves and 1 � IC50 value of
P. macrocarpa leaves; 2:1 ¼ 2 � IC50 value of E. scaber leaves and 1 � IC50 value of P. macrocarpa leaves; 1:2 ¼ 1 � IC50 value of E. scaber leaves and 2 � IC50 value of P. macrocarpa
leaves.
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Fig. 4. Combination of E. scaber and P. macrocarpa inhibits proliferation of T47D cells. Fluorescence histogram of CFSE (carboxyfluorescein succinimidyl ester) labelled T47D cells
after 24, 48 and 72 h treatment with (A) EL, EM, ES, and EP in ratio 1:1; and (B) three different ratio combinations of EL (1:1, 1:2, and 2:1). Untreated cells and cisplatin were set as
negative and positive controls, respectively. The left population was separated by the dotted line representing T47D cells that were divided more than once. (C,D) The flow
cytometry results were expressed as the percentage of proliferating T cells. Data were obtained from three independent experiments. Data are expressed as the mean of proliferating
cells (%) ± SD in response to treatment. The different letters indicated statistical differences (p < 0.05). EL: E. scaber þ P. macrocarpa leaves; EM: E. scaber þ P. macrocarpa mesocarp;
ES: E. scaber þ P. macrocarpa seed; EP: E. scaber þ P. macrocarpa pericarp; 1:1 ¼ 1 � IC50 value of E. scaber leaves and 1 � IC50 value of P. macrocarpa leaves; 2:1 ¼ 2 � IC50 value of
E. scaber leaves and 1 � IC50 value of P. macrocarpa leaves; 1:2 ¼ 1 � IC50 value of E. scaber leaves and 2 � IC50 value of P. macrocarpa leaves.
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Gly390, His356, Leu327, Ley387, Met357, and Phe445. While ses-
amin bonds to ER-a through one hydrogen bond on Arg394 and
eight van der Waals forces on Glu323, Gly442, His356, Ile326,
Ile386, Lys449, Phe445, and Pro325. The identification of interact-
ing amino acid residues revealed that both compounds had the
same amino acid residues with tamoxifen, including Gly390,
Lys449 and Phe445. Furthermore, Phe445 has appeared in all
complexes except oleanolic acid-ERa. This molecular docking
analysis supports our in vitro results, demonstrating that the EL
combination greatly affected the relative number of ERa in T47D
cells.
8

The molecular docking analysis also demonstrated that three
compounds had the best binding affinity to bind with Nrf2,
including oleanolic acid (10.6 kcal/mol), scutellarin (�10.1 kcal/
mol) and sesamin (�9.9 kcal/mol). The binding affinity of these
compounds was lower than AEM1 (�8.8 kcal/mol), as an Nrf2 in-
hibitor. Furthermore, these compounds had the same binding po-
sition as AEM1 (Fig. 7), which is indicated by the same amino acid
residues of Nrf2. Oleanolic acid bound Gly367, Ile559, Val467, and
Val606 through hydrogen bonds (Table 1). This compound has the
highest binding affinity and bond to Nrf2 at a similar site as AEM1
than other compounds.



Fig. 5. The combination of E. scaber and P. macrocarpa leaves caused cell cycle arrest in T47D cells. Flow cytometry histogram demonstrates cell cycle distribution in T47D cells
treated with (A) EL, EM, ES, and EP in ratio 1:1 and (B) three different ratios of EL (1:1, 1:2, and 2:1) for 24, 48 and 72 h. Untreated cells and cisplatin were used as negative and
positive controls, respectively. (B, D) Representative graph was obtained from three independent experiments and expressed as the mean ± SD. The different letters indicated
statistical differences (p < 0.05). EL: E. scaber þ P. macrocarpa leaves; EM: E. scaber þ P. macrocarpa mesocarp; ES: E. scaber þ P. macrocarpa seed; EP: E. scaber þ P. macrocarpa
pericarp; 2:1 ¼ 2 � IC50 value of E. scaber leaves and 1 � IC50 value of P. macrocarpa leaves; 1:2 ¼ 1 � IC50 value of E. scaber leaves and 2 � IC50 value of P. macrocarpa leaves.
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Fig. 6. The relative number of p-ER-a, p-Nrf2, p-PI3K, p-AKT and p-mTOR on T47D cells after being exposed to different ratios of EL (1:1, 1:2, and 2:1) for 24 and 48 h. Untreated cells
and cisplatin were used as negative and positive controls, respectively. (AeE) Representative histogram of p-ER-a, p-Nrf2, p-PI3K, p-AKT and p-mTOR by flow cytometry analysis.
(FeJ) The graph was obtained from three independent experiments and expressed as the mean ± SD. The different letters indicated statistical differences (p < 0.05).
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Fig. 7. Three-dimensional structure of ligand interacting with ER-a and Nrf2.
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4. Discussion

Breast cancer is commonly known as aggressive cancer, which
exhibits high mortality rates and poor prognosis. Even though
chemotherapy is one of the effective therapy for breast cancer
11
with high side effects, it should not be considered for long-term
use. Thus, it is crucial to develop an alternative therapy that is
more effective in killing cancer cells without producing severe
side effects [23]. The research on the anticancer activity of
P. macrocarpa leaves is limited. Many research focused on the



Table 1
The interaction of the selected compound of E. scaber and P. macrocarpa leaves with ERa and Nrf2

Protein Ligands Binding Affinity
(kcal/mol)

Hydrogen bonds Van der Waals force

ERa Tamoxifen �6.7 e Gly390, Leu320, Leu387, Leu403, Lys449, Phe445, Pro324, Val446
Oleanolic acid �6.4 Leu320 Asp321, Glu323, Trp393
Scabertopin �6.4 Trp393 Glu323, Leu320, Phe445
Scutellarin �7.6 Arg394, Ile386, Pro325, Trp393 Glu353, Glu397, Gly390, His356, Leu327, Ley387, Met357, Phe445
Apigenin �7.6 Glu353 His356, Ile386, Leu327, Leu354, Leu387, Met357, Phe445, Pro325, Trp393
Coumaric acid �5.7 e Arg394, Glu326, Gly390, His356, Ile386, Leu354, Leu387, Lys449, Met357, Phe445
Sesamin �8.5 Arg394 Glu323, Gly442, His356, Ile326, Ile386, Lys449, Phe445, Pro325

Nrf2 AEM1 �8.8 Ile559, Val606 Ala466, Ala607, Gly417, Gly419, Gly511, Gly558, Gly605, Ile416, Leu365, Leu557,
Val418, Val512, Val604, Val608

Oleanolic acid �10.6 Gly367, Ile559, Val467, Val606 Ala466, Ala510, Ala607, Cys368, Cys513, Gly419, Gly464, Gly511, Gly558, Gly605,
Leu557, Thr560, Val418, Val463, Val512

Scabertopin �8.2 Thr560, Val420, Val608 Ala466, Ala607, Cys368, Gly367, Gly419, Ile559, Val418, Val465, Val512
Scutellarin �10.1 Val463, Val514 Ala510, Ala556, Arg415, Cys368, Gly364, Gly367, Gly417, Gly419, Gly462, Gly509,

Gly511, Gly558, Gly603, Ile416, Ile559, Leu365, Leu515, Leu557, Thr560, Val418,
Val465, Val512, Val604

Apigenin �8.7 Thr560, Val463, Val465, Val604 Ala607, Cys513, Gly367, Gly417, Gly464, Gly558, Gly603, Gly605, Ile416, Ile559,
Leu365, Leu557, Val418, Val512, Val561, Val606

Coumaric acid �6.1 Leu557, Val418 Ala556, Gly364, Gly367, Gly417, Gly419, Gly464, Gly558, Gly603, Gly605, Ile416,
Leu365, Val463, Val465, Val604

Sesamin �9.9 Gly367, Thr560 Ala607, Cys368, Gly364, Gly417, Gly419, Gly509, Gly558, Gly603, Gly605, Ile416,
Ile559, Leu365, Leu557, Val418, Val463, Val465, Val561, Val604
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whole fruit and seed to eliminate cancer cells [15]. Amir et al. [24]
revealed that the methanol extract of P. macrocarpa leaves had
been proven to inhibit the growth of MCF-7 cell lines with an IC50
value of 15 mg/mL. When the concentration of the extract is high
or low from the IC50 value, the viability of the MCF-7 cell line is
increased [24]. Our previous study investigated the single extract
of P. macrocarpa leaves for their anticancer activity against T47D
cells in-vitro [16]. A single extract of E. scaber also causes a
decrease in the relative number of proinflammatory cytokines in
mice after exposure to DMBA [25].

Our results showed that the EL group was the best combi-
nation to inhibit the growth of T47D cells. EL possessed the
highest accumulation of apoptotic cells without producing high
necrotic cells compared to cisplatin. According to Xu et al. [26],
cisplatin could induce apoptosis and necrosis in cancer cells,
which is indicated by the high necrosis markers of RIPK1 and
RIPK3. EL decreased proliferating cells indicated an expansion of
sub G1 and G0/G1 phase and a high S and G2/M phase reduction.
Furthermore, EL at a ratio of 2:1 showed a notable decrease in
the live cell by triggering late apoptosis after 72 h of incubation
without producing more necrotic cells. After 48 and 72 h treat-
ment with EL, the relative number of proliferating cells was not
significantly different. Several possible reasons can be explained.
First, maybe EL optimally decreased the proliferating cells only at
24 and 48 h. Second, perhaps the number of absorbed bioactive
compounds by the cells was low after a long incubation. There-
fore, EL loose toxicity after 48 h. Third, cancer cells have the
ability to enhance the efflux of the extract and increase DNA
repair capacity. Thus, after 72 h, EL induced a little cell death.
However, in the next experiment, the observation after 72 h
treatment (up to 72 h) should be done to confirm that EL works
at time-dependent.

T47D is one of the human breast cancer cell lines with estrogen
receptor alpha positive (ERþ) [27]. The role of ERa is mainly
contributed to the initiation and progression of the growth of
breast cancer [28]. Several drugs were used in the therapy for ER-
positive breast cancer, including fulvestrant, tamoxifen and letro-
zole [28,29]. This therapy inhibited ER signalling pathway that
mediates estrogen stimulation in breast cancer cells [30]. Therefore,
exploring selective ERa antagonists is essential to developing a new
treatment for ER-positive breast cancer. This study found that the
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EL ratio of 1:1 reduced the relative number of p-ERa, followed by a
high reduction in proliferating cells. In line with molecular docking
results, scutellarin, sesamin, and apigenin had the potential role
become ERa antagonists. Sesamin, scutellarin and apigenin
strongly bind with ERa with Glu353 and Arg394 as key amino acid
residues in inhibiting ERa.

The Nrf2/Keap1 pathway is a master regulator of oxidative stress
and xenobiotic detoxification [31]. However, recent studies showed
that aberrant activation of Nrf2 in cancer causes metabolic
reprogramming, leading to resistance in radiotherapy and chemo-
therapy [32]. Metabolic reprogramming by aberrant Nrf2 expres-
sion will provide energy and metabolites to support the
proliferation and promote metastasis formation in breast cancer
[33,34]. The sustained Nrf2 activation is caused by KEAP1mutation,
which is observed in adenocarcinoma and breast cancer [35].
However, the activation of Nrf2 in normal cells leads to chemo-
preventive effects by suppressing ROS-dependent DNA damage and
carcinogenesis [31]. This study revealed that T47D cells constitu-
tively expressed Nrf2 at a relatively high level and exhibited high
sensitivity to cisplatin and EL. Based on molecular docking results,
we hypothesize that oleanolic acid and scutellarin from E. scaber
extract and sesamin from P. macrocarpamay stabilize themolecular
interaction between KEAP1 and Nrf2 and then inhibit the trans-
location of Nrf2 to the nucleus. If the Nrf2 is inactive, the cell fails to
prevent oxidative stress, leading to cell death. This hypothesis was
supported by in vitro study that all ratios of EL significantly
decreased Nrf2 levels.

The phosphatidylinositol-3-kinase (PI3K) pathway regulates cell
cycle progression because this pathway is important for the DNA
synthesis of the cells. The activated PI3K could catalyze the phos-
phorylation of AKT and then indirectly or directly activate its
downstream protein, including NF-kB and mTOR [17]. AKT can
activatemTOR through phosphorylation of TSC2 (tuberous sclerosis
complex 2) protein. TSC2 is a component of the TSC protein com-
plex that acts as a GTPase activating protein (GAP) for Rheb [36].
GAP is an inhibitor of GTPase protein by stimulating the conversion
of active GTPase-GTP to GTPase-GDP. In the GDP form, GTPase be-
comes inactive and cannot bind to its target, thus inhibiting the cell
signaling pathway [37]. However, the activation of AKTcaused TSC2
to become inactive. Therefore, Rheb-GDP (inactive) becomes Rheb-
GTP(Active) which then activates mTORC1. The activation of mTOR
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leads to activate gene-related metabolism and cell growth [36]. In a
recent study, GAP dysregulation promotes tumor growth and sur-
vival [37].

Our study demonstrated that untreated T47D cells exerted a
high relative number of p-PI3K, p-AKT and p-mTOR, leading to
high cell division. In line with Liu et al. [38], this pathway is
highly activated in breast cancer, resulting in multidrug resis-
tance. Activating PI3K/AKT requires synergistic transduction up-
stream and downstream to cause multidrug resistance. PI3K/
AKT/mTOR causes dysregulation of micro-RNA and then medi-
ates tumorigenesis [39]. Our previous in silico study revealed
that corymboside could inhibit Bcl-2 expression, and sesamin
stimulated the expression of caspase-3 and Bax protein [21]. The
present study proved that EL notably declined the relative
number of p-PI3K, p-AKT and p-mTOR with the optimal ratio of
2:1. The suppression of this pathway could promote apoptosis
and cell cycle arrest and inhibit cell proliferation of T47D cells.
The upregulation of PI3K is caused by the mutation or over-
expression of upstream receptor tyrosine kinases (RTKs) and the
loss of function of PTEN as PI3K regulator [40]. Recent studies
have indicated crosstalk between PI3K and estrogen receptor
(ER). During PI3Ka inhibition, ER could activate SGK1 protein
levels, resulting in the high phosphorylation of KMT2D, sup-
pressing its function and attenuating ER-dependent expression.
The highly active SGK1 will inhibit ER activity [41].

Three bioactive compounds of P. macrocarpa leaves, including
apigenin, coumaric acid and sesamin, were selected according to
our previous study. Those compound has been predicted to have
apoptosis activity [20]. Three selected compounds from E. scaber
leaves extract (oleanolic acid, scabertopin, scutellarin) were also
obtained from our previous study (in review). Based on molec-
ular docking results, oleanolic acid and scutellarin from E. scaber
leaves and sesamin from P. macrocarpa leaves can inhibit ERa
and Nrf2, which are indicated by the lowest binding affinity and
have the same binding position with drug control. The inhibition
of the crosstalk effect between PI3K/AKT/mTOR, ERa and Nrf2
signaling pathway is necessary to develop a promising treat-
ment for breast cancer. Our in silico study confirmed that the
possible mechanism of reducing T47D cell growth by EL is by
inhibiting both ER-a and Nrf2, resulting in the reduction in the
crosstalk effect between Nrf2, ERa and PI3K/AKT/mTOR path-
ways. Therefore, this study proved that the bioactive of E. scaber
and P. macrocarpa leaves inhibited breast cancer growth by tri-
ple inhibiting p-Nrf2, p-ERa and PI3K/AKT/mTOR signalling
pathways.

5. Conclusion

The combination of E. scaber and P. macrocarpa leaves effectively
suppressed the cell viability, induced apoptosis, inhibited the cell
division and arrested the cell cycle of T47D cells by downregulating
p-Nrf2, p-ERa and p-PI3K/AKT/mTOR signalling pathway. These
findings suggest that EL at a ratio of 2:1 could be exploited to in-
crease their therapeutic activity in vivo.
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