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Abstract

	 Breast cancer is the most common type of cancer causing mortality for women due 
to metastasis. More than 50% of breast cancer patients are suffered lung metastases. One 
strategy to target the cancerous cell is Boron Neutron Captured Therapy (BNCT) which 
showed high affinity toward cancer cells and reported to have anti-proliferative as well as 
anti-metastatic activities. Pentagamaboronon-0 (PGB-0) is a curcumin analogue substance 
which had reported to exert anticancer activities against Her-2 expressing as well as triple 
negative breast cancer cells. Despite its great potency as BNCT agent candidate, this 
compound also exerted several anticancer properties. Complex formation of this substance 
with sorbitol was achieved to improve the solubility and maximize compound’s delivery to 
the target cells. This study aimed to investigate the ability of Pentagamaboronon-0-Sorbitol 
(PGB-0-So) to modulate cell cycle and induce apoptosis especially through the mechanisms 
of reactive oxygen species (ROS) modulation. The 3-(4,5-dimethylthiazzol-2yl)-2,5-
diphenyltetrazolium (MTT) cytotoxicity assay of PGB-0-So against 4T1 breast cancer cell line 
were found to exert potential effect in dose-dependent manner with lethal concentration 
(IC50) values of 39 µM. The cytotoxicity of PGB-0-So complex was found to be increased 
considerably compared with that of PGB-0. Cell cycle modulation identified using propidium 
iodide (PI) staining showed cell accumulation in S phase following treatment with PGB-0-So. 
Apoptosis induction assay analyzed using flowcytometer with Annexin V and PI staining on 
its IC50 dose was found to induce programmed cell death (apoptosis). The sub-IC50 treatment 
of this compound was also improved the cellular ROS level which also took role in apoptosis 
induction. These findings suggest that PGB-0-So is potential as an anticancer agent.
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INTRODUCTION

	 Breast cancer is the most common type of 
cancer causing mortality for women which is still 
poorly identified (Xiao, et al., 2018). In 2012, there 
were registered 1.67 million new cases of breast 
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cancer mortality in women by 198,000 in all over 
the world (Ferlay, et al., 2015). It was estimated 
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that 20-25% of all patients with breast cancer found 
has Human Epidermal Growth Factor Receptor 2 
(HER2) amplification (Mendes, et al., 2015) and 
approximately 10-15% of them was known to be 
triple negative breast cancer (TNBC) (Dawood, 
2010). These breast cancer subtypes are positive-
metastatic breast cancer (MBC) which have worse 
prognosis leading to aggressive disease. Metastatic 
pattern investigation on breast cancer patients 
showed 57-77% of them suffered lung metastases 
(Lee, 1983). Moreover, failure of metastasis 
prevention primarily caused mortality in breast 
cancer (Redig and McAllister, 2013).
	 Curcumin analogues based on 
benzylidine cyclopentanone backbone such as 
Pentagamavunon-0 (PGV-0) and Pentagamavunon-1 
(PGV-1) exerted potent cytotoxic and anti-metastatic 
activities toward several types of breast cancer 
cells (Meiyanto, et al., 2014; Putri, et al., 2016). 
Pentagamaboronon-0 (PGB-0) is a novel curcumin 
analogue based on benzylidine cyclopentanone 
developed by Faculty of Pharmacy, Universitas 
Gadjah Mada. Cytotoxicity of PGB-0 toward HER2 
positive breast cancer had been determined and 
showed to decrease HER2 expression (Utomo, et 
al., 2017). PGB-0 also performed anti-metastatic 
activity toward triple negative breast cancer cells 
(Kusumastuti, et al., 2019). Since this compound 
showed poor solubility in water, complexation 
PGB-0 with polyol sugar Sorbitol was done to 
optimize the potency of this substance as anticancer 
agent (Chen, et al., 2013; Dash, Srinivas and Babu, 
2019). PGB-0-So had reported to inhibit the activity 
of Matrix Metalloproteinase 9 (MMP-9) which 
plays role in tumor invasion in several breast cancer 
cells (Qodria, et al., 2018; Ramadani, et al., 2018).
	 Reactive oxygen species (ROS) showed an 
interestingly important role especially in biological 
processes (Covarrubias, et al., 2008; Abdal Dayem, 
et al., 2017). Under normal conditions, the regulation 
of ROS level is conducted steadily to prevent cells 
from damages through the activation of cell survival 
signaling cascade involving mitogen-activated 

protein kinase/extracellular signal-regulated 
protein kinases 1/2 (MAPK/ERK1/2), p38, c-Jun 
N-terminal kinase (JNK), and phosphoinositide-
3-kinase/ protein kinase B (PI3K/Akt) (Simon, 
et al., 2000; Liou, et al., 2010; Son, et al., 2011; 
Schattenberg, et al., 2014; Aggarwal, et al., 2019). 
Moreover, large amount of ROS molecules inside 
the cell could also trigger oxidative stress which 
later would regulate cell damage through the 
mechanisms of cell death induction (He, et al., 2017). 
Previous researches reported that the elevation of 
ROS level was detected from many kind of cancers. 
At high concentrations, ROS can cause cancer 
cell apoptosis. Therefore, in this study we aim to 
investigate the potency of Pentagamaboronon-0-
Sorbitol (PGB-0-So) to induce apoptosis towards 
triple negative breast cancer cells.

MATERIAL AND METHODS

Chemicals
	 The PGB-0-So complex was prepared 
according to (Watanabe, et al., 2016) using the 
PGB-0 and Sorbitol compounds in the ratio 
1:8. The result of the complexation was in the 
form of 5 mL of clear yellow PGB-0-So solution 
then freeze dry and stored at 4oC for further use. 
The Freeze dried PGB-0-So was dissolved in 5 
mL ddH2O and filtered using a 0.22 μm syringe 
filter. The filter results were then analyzed using a 
spectrophotometer to determine the concentration 
of the PGB-0-So compound and the compound 
could be used for testing.

Cell Culture 
	 The 4T1 cell line were kindly given by Prof. 
Dr. Mashashi Kawaichi (NAIST, Japan) and were 
cultured in CO2 incubator (37oC) with Dulbecco’s 
Modified Eagle Medium (Gibco, New York, USA) 
suplemented with 10% Fetal Bovine Serum (FBS) 
(Sigma, St. Louis, Missouri, USA), 150 μ/mL 
Penicillin and 150 µg/mL Streptomicin (Gibco), and 
1.25 µg/mL Fungizone (Amphotericin B) (Sigma). 
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Subculture was performed using Trypsin-EDTA 
(Gibco) for cell detachment. Samples used were 
synthesized PGB-0-So, as previously described. 

3 - ( 4 , 5 - d i m e t h y l t h i a z z o l - 2 y l ) - 2 , 5 -
diphenyltetrazolium       (MTT)      Cytotoxicity      Assay
	 Cytotoxicity assay of was performed using 
MTT assay adapted from Utomo, et al., 2017. The 
2x103 of 4T1 cells were seeded into each well on 96 
well-plate. On the next day, cells were treated with 
PGB-0-So by the series of concentrations (5, 10, 15, 
25, 50, 75, and 100 μM) for 24 h. Cells were added 
with 100 uL of 0.5 mg/mL MTT reagent (Biovision, 
California, USA) and incubated for 2-4 h. At the 
end of incubation period, SDS stopper solution 
containing 0,01N HCl was added to each well. 
The absorbance was measured by ELISA reader 
at λ 595 nm. Cells were added with 100 uL of 0.5 
mg/mL MTT reagent and incubated for 2-4 h. At 
the end of incubation period, SDS stopper solution 
containing 0,01N HCl was added to each well. The 
absorbance was measured by ELISA reader at λ 595 
nm. In combination cytotoxic assay, combination 
index value was examined using CompuSyn® 
software and the category was defined based on 
Patrick Reynolds and Maurer (2005). The potential 
application in combination therapy was analyzed 
using the combinatorial index method (CI) based 
on Reynold and Maurer (2005). 

Cell Cycle Assay
	 Cell cycle assay of this research was 
performed using flowcytometer according to 
Amalina, et al., 2017. A total of 2x105 cells/mL of 
4T1 cells were seeded in each well of 6-well plate 
with DMEM medium (10% FBS, 1.5% penicillin-
streptomycin, 0.5% fungizone) and incubated in an 
incubator (5% CO2, 37˚C) for 24 h. Furthermore, 
cells were treated with PGB-0-So compound at 
concentrations of 40 and 60 μM for 24 h. On the 
next day, cell harvesting and centrifugation were 
carried out to obtain cell pellets. Cells were fixed 
with 70% ethanol for 30 minutes and stained with 
propidium iodide (PI) (400 μl PI reagent containing 

1 mg/mL PI, 10 mg/mL RNAse and 0.1% (v/v) 
Triton-X 100) to read after 30 minutes using the 
FACS Calibur flowsitometer.

Apoptosis Assay
	 Apoptosis assay was conducted by Annexin 
V-FITC/PI staining flowcytometry according to 
Putri, et al., 2016. The 2x105 4T1 cells were seeded 
in each well of 6-well plate and treated with the 
different concentrations of PGB-0-So for 24 h. Cells 
were harvested using trypsin-EDTA, collected, and 
stained Annexin-V-FLUOS staining kit (Roche, 
Zhangjian Hi-Tech Park, Shanghai, China) 
consisting of 500 mL of binding buffer, 2 mL of 
Anexin V and PI and incubated for 10 minutes in the 
dark room, according to manufacturer’s instruction, 
then the cells were analyzed with flowcytometer 
(FACS Calibur).

Reactive Oxygen Species (ROS) Assay
	 The 4T1 cells in as much as 5x104 were 
seeded into each well of 24-well plates. Incubation 
cells for 24 h at an incubator temperature of 
37oC. Then, the cells were harvested in 500 µL 
supplemented buffer (10% FBS in 1x PBS). 
Furthermore, cell staining was conducted by adding 
15 µM Dichlorodihydrofluorescein diacetate 
(DCFDA) (3.75 µL 2 mM DCFDA) (Abcam, 
Cambridge, UK) and incubated for 30 minutes in 
an incubator. The experiments was conducted as its 
describe on manufacturer’s instruction. 4T1 cells 
were treated with concentrations of 40 and 60 μM 
of PGB-0-So compounds and treatment with 1 µM 
H2O2 as a positive control group. Incubation at 37oC 
for 3-4 h and analyzed by using a flowcytometer 
(FACS Calibur).

RESULT

Cytotoxicity of Pentagamaboronon-0-
Sorbitol (PGB-0-So)
	 Single cytotoxic assay of PGB-0-So 
compound showed a dose-dependent inhibitory 
profile in 4T1 breast cancer cells (Figure 1). The 
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Figure 1. The Cytotoxicity Profile of PGB-0-So on Several Cell Lines. (A) The single cytotoxicity profile of 
PGB-0-So and conjugated sugar Sorbitol against 4T1 cell, (B) The single cytotoxicity profile of PGB-0-So 
against normal cell model Vero, (C) The single cytotoxicity profile of against normal cell model NIH-3T3. 
Cells were treated with several concentration of PGB-0-So and Sorbitol (A) for 24 h then was analyzed 
by MTT assay. After regression analysis, the IC50 was measured by excel software (P<0.01). All data were 
conducted on three independent experiment (n=3). The single cytotoxicity test of PGB-0-So against triple 
negative breast cancer cell 4T1 cell showed the decrease of cell viability in dose-dependent manner, while 
the single cytotoxicity test of the conjugated sugar Sorbitol showed no toxic effect of Sorbitol agaist triple 
negative breast cancer cell 4T1 cell. PGB-0-So was also found non-toxic into two normal cell models, Vero 
and NIH-3T3 cell line.

graph above shows that the higher the concentration 
of the PGB-0-So compound given, the lower the 
viability of 4T1 breast cancer cells based on linear 
regression line interpolation. These data indicate 
that the PGB-0-So compound is toxic to 4T1 
cells with a lethal concentration (IC50) of 40 µM. 
Moreover, the IC50 value of PGB-0-So on Vero 
and NIH-3T3 were >250 and >150, respectively. 
According to the selectivity index, PGB-0-So is 
considered as selective toward cancer cells based 
on SI > 3, in which >6 in Vero, and >3 in NIH-3T3 
cells.
	 Combination treatment of  ½ IC50 PGB-0-So 
compound and ½ IC50 doxorubicin compound was 
able to reduce cell viability by up to 70% compared 
to the control group (Figure 2). Combination of 

PGB-0-So with doxorubicin showed the synergistic 
effect of the PGB-0-So and doxorubicin causing 
the accumulation of cytotoxic effects between the 
two tested compounds compared with a single 
treatment.

Effect of Pentagamaboronon-0-Sorbitol 
(PGB-0-So) in 4T1 Cell Cycle Modulation 
	 The treatment of PGB-0-So compounds on 
4T1 breast cancer cells for 24 h is known to be able 
to modulate the cell cycle and cause accumulation 
in the S phase of the cell cycle (Figure 3). The 
administration of PGB-0-So at concentrations 
of 40 µM and 60 µM showed an increase in 
cell accumulation in the S phase along with the 
increasing dose of PGB-0-So treatment given. 
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Treatment with 40 µM PGB-0-So increased the 
S phase up to 11.92%, meanwhile treatment with 
60 µM PGB-0-So increased the S phase by up to 
12.59%, both compared to control cells without 
treatment with PGB-0-So.

Effect of Pentagamaboronon-0-Sorbitol 
(PGB-0-So) in Apoptosis Induction
	 A single cytotoxic test of PGB-0-So 
compound showed the occurrence of cell death after 
incubation for 24 h, then it is necessary to confirm 
which of the cell death pathway influenced by the 
compound. In this study, further apoptosis induction 
experiment was carried out using a flowcytometer. 
The data showed an increase in the induction of 
early stage and late stage apoptosis along with 
PGB-0-So treatment by the concentrations of 40 
µM and 60 µM (Figure 3). Treatment with PGB-
0-So compounds generally induced an increase in 
4T1 breast cancer cell death. The cell control group 
had a necrosis mortality rate of 1.4%, an early phase 
of apoptosis of 3% and a late phase of apoptosis of 
1.54%. In the group treated with 40 µM of PGB-0-
So compound, the percentage of necrosis mortality 
was detected 0.77%; the early phase of apoptosis 
was 7.18% and the final phase of apoptosis was 

Figure 2. The cytotoxic effect of PGB-0-So in combination with Doxorubicin on TNBC 4T1 Cells. A. Cytotoxic 
profile of PGB-0-So in combination with Doxorubicin on 4T1 describing correlation between concentration 
and cell viability. B. Table of Combination Index of PGB-0-So with Doxorubicin on 4T1 cells. PGB-0-So per-
formed synergic effect with Doxorubicin with combination index <1 against 4T1 cells.

7%. Meanwhile, in the group treated with 60 µM 
of PGB-0-So compound, the percentage of necrosis 
mortality was detected 0.71%; the initial phase 
of apoptosis was 9.41% and the final phase of 
apoptosis was 9.41%. 

Reactive Oxidative Stress (ROS) Generation 
upon Pentagamaboronon-0-Sorbitol (PGB-0-
So) Treatment
	 The cytotoxicity and anti-proliferative 
activities of the PGB-0-So compound against 4T1 
breast cancer cells can occur due to increased levels 
of ROS (Liou and Storz, 2010; Aggarwal, et al., 
2019). In this study, the ROS intercellular level 
test was carried out using fluorescent compounds 
and cell permeable chemiluminescent probes, 
namely DCFDA which were then measured using 
flowcytometry. Based on the results below, it can be 
seen that incubation with the PGB-0-So compound 
on 4T1 breast cancer cells for 4 h was able to 
increase the ROS level, the higher the PGB-0-So 
treatment given the higher the ROS level detected. 
The treatment group with 40 µM and 60 µM PGB-
0-So compound showed DCFDA mean fluorescence 
of 1.25 and 1.45 which was higher than the positive 
control group with H2O2. This result showed the 
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role of PGB-0-So as a pro-oxidant that might able 
to increase cellular ROS level. Increasing the ROS 
level beyond the threshold can induce death in 
cancer cells (Atsumi, et al., 2007; Larasati, et al., 
2018) .

DISCUSSION

	 This study aims to study one of the 
curcumin analogue compounds, namely PGB-0 
which is reacted with PGB-0-So as a chemotherapy 
agent in triple negative 4T1 breast cancer cells. The 
initial screening to determine the potential of PGB-
0-So compounds in inhibiting the proliferative 
activity of highly metastatic 4T1 breast cancer cells 
was a cell cytotoxicity test using the MTT Assay 
chlorometric method. Single cytotoxic test of PGB-
0-So compound against 4T1 breast cancer cells 
showed a decrease in cell viability in accordance 
with the dose (dose-dependent manner) with an 
IC50 value of 40 µM. Meanwhile, sorbitol, which in 
this study was reacted with the PGB-0 compound 

to increase the solubility of the compound, did not 
show cytotoxicity effects on 4T1 breast cancer 
cells. It showed that the cytotoxic potential exerted 
by PGB-0-So compound is not an accumulation 
of cytotoxic effects between the two compounds 
being reacted. Based on the results of testing the 
cytotoxicity activity of PGB-0-So, compound’s 
complexation with sorbitol not only improved its 
solubility but also its cytotoxic properties compared 
to previous studies. Utomo, et al., 2017 reported that 
PGB-0 inhibited MCF-7/HER2 cell growth with 
the IC50 value of 270 μM while Kusumastuti, et al., 
2019 reported that PGB-0 showed cytotoxic effect 
against 4T1 cell with the IC50 value of 294 μM. This 
result explained that complexation with sorbitol 
significantly increased PGB-0 cytotoxicity against 
breast cancer cells. Nevertheless further research 
is needed regarding the stability and solubility of 
this compounds. In addition, in the development 
of PGB-0-So as BNCT agents, further testing 
regarding the transportation and accumulation of 
the compound in cells are importantly needed. 

Figure 3. The Effect of PGB-0-So on Cell Cycle Modulation and Apoptosis Induction against TNBC 4T1 cell. 
Cells were treated with 40 μM and 60 μM of PGB-0-So against 4T1 cells for 24 h. The cells then harvested 
and conducted DNA content analysis by flow cytometry with PI staining for cell cycle modulation analysis 
and with Annexin-V and PI for apoptosis induction analysis.  Cell cycle profiles in the sub-G1, G1, S, and 
G2/M of the cells and the quantification of cell distribution on the each cell cycle phase. PGB-0-So re-
vealed S phase arrest as well as apoptosis induction at the concentration 40 μM.
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	 Cytotoxic testing of the combination of 
PGB-0-So compounds with doxorubicin showed 
a synergistic effect of the two compounds on 4T1 
breast cancer cells. Previous studies reported that 
at certain concentrations, the combination of 
curcumin and the chemotherapy agent doxorubicin 
has a synergistic effect and is able to influence 
down regulation of the expression of several genes 
including: c-myc, Bcl-XL, c-IAP-2, NAIP, XIAP 
which play an important role in maintaining the 
ability to proliferate cancer cells (Notarbartolo, et 
al., 2005; Limtrakul, 2007). In this study, the sub-
lethal dose of PGB-0-So and doxorubicin were 
found to be able to reduce the viability of 4T1 
breast cancer cells by up to 70%, this is in line with 
previous studies which stated that the synergistic 
effect of the combination of curcumin analogue 
compounds with doxorubicin was obtained at sub 
IC50 doses (Putri, et al., 2016; Kusumastuti, et al., 
2019). It indicates that PGB-0-So can be combined 
with doxorubicin as a co-chemotherapy compound 
with a smaller chemotherapy dose.
	 The findings of the compound cytotoxicity 
test then can be confirmed through the cell cycle 
modulation test using the flowcytometry method. 
The single treatment of the PGB-0-So compound 
is able to modulate the cell cycle through induction 

arrest in the synthesis phase (S phase) of the cell 
cycle. They are in line with previous research which 
shows that the DBBAC or PGB-0 compound causes 
S-phase arrest which is most likely due to DNA 
damage (Kusumastuti, et al., 2019). DNA damage 
results in the accumulation of broken DNA double 
strands which is induced by topoisomerase I inhibitor 
(SN38), this event has implications for arrest in the 
S phase of the cell cycle. Cancer cells that did not 
undergo arrest in the G1 phase after treatment with 
flavopiridol showed growth inhibition activity in 
the S phase which could then experience cell death 
(apoptosis) earlier and more efficient than cells 
that undergo arrest in the G1 phase after treatment 
with drug compounds. Failure of G1 arrest due 
to the presence of Cyclin dependent kinase (Cdk) 
inhibitors increases the apoptotic response of cells 
(Doumont, et al., 2005). A further test to confirm 
the results of cytotoxic tests and the results of cell 
cycle modulation tests was apoptosis induction test. 
In apoptosis testing with flowcytometry, we need 
to identify membrane conditions and cell genetic 
material 24 h after treatment. The initial phase 
of apoptosis is characterized by translocation of 
phosphatidylserine (PS) on the inner cell membrane 
to the outer membrane. This displacement causes 
PS to face the outside of the cell so that it is able to 

Figure 4. PGB-0-So modulated the ROS level of TNBC 4T1 Cells. Cells were stained with DCFDA then treated 
with two different concentrations PGB-0-So for 4 h and then subjected to FACS flowcytometry. X-axis, the 
cellular ROS level; Y-axis, the relative cell count. ROS level elevated after treatment with PGB-0-So in 
dose-dependent manner.
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interact with the external proteins of the cell. In this 
test, detection of the presence of PS was carried out 
using Annexin V (in the form of Ca2 + -dependent 
phospholipid-binding protein) which is a specific 
protein and is able to strongly interact with the PS 
residue. The detection of PS in cells indicates an 
early phase of cell death in the apoptotic pathway 
(Elmore, 2007). The detection of apoptotic events is 
also carried out with PI which is able to intercalate 
with DNA so that it can show the DNA content of 
cells. The final phase of apoptosis is characterized 
by the occurrence of DNA fragmentation followed 
by loss of nuclear DNA, which can be detected 
using a PI. Viable cells will have low Annexin V 
and PI intensities (Vermes, et al., 1995; Riccardi 
and Nicoletti, 2006).
	 Incubation with PGB-0-So compound 
showed the ability of the compound to induce 
an increase in the percentage of cell death in the 
apoptotic pathway. The mechanism of apoptosis 
induction in 4T1 breast cancer cells is most likely 
to occur via the p53-independent mitochondrial 
pathway (intrinsic pathway). This is because triple 
negative breast cancer cells, such as 4T1 cells used 
in this study, have mutations in the p53 protein 
which play an important role in the induction of 
apoptosis in the extrinsic pathway (Yerlikaya, 
et al., 2012). Incubation with the PGB-0-So 
compound is possibly affected depolarization of the 
mitochondrial membrane so that cytochrome C is 
released from the membrane, cytochrome C then 
activates caspase 9 which can induce activation of 
other caspases (caspase 3). Activation of caspase 
protein then induces activation of endonuclease and 
proteases which play a role in the degradation of 
chromosomal DNA, nuclear lamina and cytoskeletal 
proteins until apoptosis occurs (Tsang, et al., 2003; 
Elmore, 2007; Karp, 2008).
	 To understand more deeply about the 
cytotoxic and anti-proliferative effects of PGB-0-
So compounds on 4T1 breast cancer cells, as well 
as the mechanisms for inducing cell death that are 
likely to occur, in this study, intracellular ROS 

levels were tested in 4T1 breast cancer cells after 
incubation with compound PGB-0-So for about 4 h. 
In this study, it can be seen that there was an increase 
in ROS levels in cells incubated with the PGB-0-So 
compound compared to the untreated control group 
(as a negative control group) and the group induced 
by addition of H2O2 (as a positive control group). 
ROS can be in the form of ions or radical molecules 
with one single electron in the outer layer of the 
electron layer, so it has a very high reactivity. In 
normal conditions, ROS is very tightly guarded by 
the presence of antioxidants and repair mechanisms 
so that it does not cause oxidative stress (Manda, 
et al., 2009). Elevated levels of ROS beyond the 
normal threshold are known to cause cancer cell 
death. Previous studies reported that curcumin 
has the ability as a pro-oxidant agent capable of 
inducing increased production of ROS in cells 
(Atsumi, Tonosaki and Fujisawa, 2007; Larasati, 
et al., 2018). In cells ROS acts as a messanger in 
the signal transduction pathway, influences protein 
phosphatase and plays an important role in the 
regulation of transcription factors (Chiarugi, et 
al., 2003; Torres, et al., 2003; Zhang, et al., 2004). 
ROS can affect the activation of several important 
genes for transcription factors, including the c-fos, 
c-jun, ATF, JDP and NF-ĸB gene families (Manda, 
et al., 2009). In addition, high production of ROS 
can induce apoptosis by influencing the expression 
and translocation of Bax to mitochondria, causing 
mitochondrial damage, release of cytochrome 
c, activation of caspase 3 resulting in apoptosis 
(Dumay, et al., 2006; Susnowa, et al., 2009; Redza-
Dutordoir, et al., 2016).

CONCLUSION

	 The PGB-So treatment against TNBC cell 
4T1 was able to modulate cell cycle and induce 
apoptosis especially through the elevation of the 
cellular ROS level. These findings suggest that 
PGB-0-So is potential as an anticancer agent.
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