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Abstract

	 Fingerroot (Boesenbergia pandurata) is an Indonesian herb, with anti-proliferation 
and anti-migratory effects against several cancer cells. This study aims to investigate the 
anticancer property of Fingerroot Extract (FE) in combination with doxorubicin (Dox) against 
4T1, a metastatic breast cancer cell lines. FE was prepared by 96% ethanol maceration and 
characterized by thin-layer chromatography analysis. FE was subjected to a cytotoxicity 
test with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay alone 
or in combination with 10 nM Dox against 4T1 cells. Cytotoxic effect was then confirmed 
by measure reactive oxygen species (ROS) intracellular level using 2’,7’-dichloroflourescin 
diacetate (DCFDA)-staining flow cytometry-based assay. The anti-migratory effect was 
observed using scratch wound healing assay and gelatin zymography to investigate matrix 
metalloproteinase (MMP)-9 expression. FE showed a cytotoxic effect with an inhibitory 
concentration 50 (IC50) value of 25.5±3.9 μg/mL and performed an improved effect in 
combination with 10 nM Dox. A single treatment of FE decreased ROS intracellular level, 
while in combination with Dox, FE increased the ROS intracellular level. Further, at 42 h 
observation, FE and its combination with Dox inhibited the migration of 4T1 cells with 
% closure of 82.6 and 82.5, respectively, correlates with a significant decrease of MMP-9 
expression. Overall, FE performs a cytotoxic activity and anti-migration activity on 4T1 
breast cancer cells.
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INTRODUCTION

	 Triple Negative Breast Cancer (TNBC) is 
one of the foremost troublesome sorts of cancer to 
cure since it incorporates a destitute guess (Blows, 
et al., 2010; Adrada, et al., 2014). Furthermore, 
most breast cancer patients who express TNBC 
phenotype are metastatic which result in difficult 
healing process and increase the risk of patients’ 
death (Ma, et al., 2012). Metastasis defines as a 
dissemination process in which cancer cells migrate 
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and grow on other organs, continuously proliferate 
resulting in a new tumour mass (Brooks, et al., 
2010). On the other hand, doxorubicin which is 
often used in TNBC therapy often causes failure 
in therapy and triggers the process of migration 
through the formation of lamellipodia (Vinod, et al., 



104

Nurrachma, et al., 2020
Indones. J. Cancer Chemoprevent., 11(3), 103-114

2013; Mehta, et al., 2013, Bandyopadhyay, et al., 
2010, Amalina, et al., 2017). Nonetheless, the most 
widely used treatment for cancers nowadays is still 
chemotherapy though resistance and recurrence 
remain crucial problems (Wilson, et al., 2009). 
Therefore, it is necessary to explore alternative 
treatments that safer and more affordable, one of 
them through the exploration of natural materials.
	 Fingerroot (Boesenbergia pandurata) 
is an Indonesian original rhizome containing 
various flavonoid compounds such as panduratin 
A, boesenbergin A, boesenbergin B, cardamonin, 
and dihydromethoxychalcone (Kirana, et al., 
2007), has been observed its anticancer activity 
through apoptotic induction, cell cycle disruption, 
reactive oxygen species (ROS) induction, and anti-
angiogenesis (Nurrachma, et al., 2018). Panduratin 
A known to inhibit the growth of HepG2 cancer 
cells (Sohn, et al., 2005), MCF-7 breast cancer 
cells, and HT-29 human colon adenocarcinoma cells 
(Kirana, et al., 2007). Furthermore, Isa, et al. (2013) 
reported that boesenbergin A was able  to  induce 
apoptosis  in  A549 lung cancer cells through the 
formation of ROS. In addition, pinostrobin induced 
ROS generation in PC12 kidney cancer cells (Xian, 
et al., 2012). Likewise, panduratin A is also able to 
inhibit vascular endothelial growth factor (VEGF), 
a pro-angiogenesis factor (Lai, et al., 2012). 
	 In this study, we used 4T1 cells as a 
TNBC model, characterized with lack of estrogen 
receptor, progesterone receptor and human 
epidermal receptor-2 (HER-2) expression (Bao, et 
al., 2011), and also high metastatic ability (Kaur, 
et al., 2012). Thus, this cell line is a suitable 
model for exploring an anti-breast-cancer agent 
with high metastatic properties. This study aims 
to explore the potency of Fingerroot Extract (FE) 
as a co-chemotherapeutic agent combined with 
doxorubicin to provide a synergistic effect in 
inhibiting the development of highly metastatic 
breast cancer. The anti-proliferation activity of FE 
and its combination with Dox was outlined using 
cytotoxic assay and focusing on the intracellular 

ROS level. Furthermore, anti-migration and anti-
invasion activity of FE was performed to exhibits 
its anti-metastatic potency. Thus, the results of this 
study are used as supporting data to develop FE as a 
cancer co-chemotherapy agent in highly metastatic 
breast cancer cells.

MATERIALS AND METHODS

Extract Preparation and Thin Layer 
Chromatography 
	 Fingerroot was obtained from Bina Agro 
Mandiri Inc. (Bantul, Yogyakarta, Indonesia) and 
determined by Pharmaceutical Biology Department, 
Faculty of Pharmacy, Universitas Gadjah Mada, 
Yogyakarta, Indonesia. It was macerated, and re-
macerated with 96% ethanol (1:10) for 8 days. The 
filtrate was dried using a vacuum rotary evaporator 
at 40-50°C, resulting in viscous extract.
	 FE was identified by thin-layer 
chromatography (TLC) using silica gel 60 F254 
(Merck, Darmstadt, Germany) as stationary phase 
and n-hexane: ethyl acetate (4:1) as the mobile 
phase. A total of 5 mg extract was dissolved in 0.5 
mL ethanol (Merck). The chromatogram profile 
was observed under visible light, UV 254 and 
266 nm (in-house specification). It was sprayed 
with citroboric reagents to identify the flavonoid 
contents, then compared with 100-fold value of 
retardation factor (hRf) of standardized FE in 
Indonesian Herbal Pharmacopeia 1st Edition (2008). 

Cell Culture
	 The 4T1 breast cancer cells (ATCC ® CRL-
2359) were obtained from Prof. Masashi Kawaichi, 
(Nara Institute of Science and Technology, Japan). 
The cells were cultured in Dulbecco’s Modified 
Eagle’s Medium supplemented with 10% Fetal 
Bovine Serum (Sigma, St. Louis, USA), penicillin-
streptomycin (10.000 Unit/mL penicillin, 10.000 
μg/mL streptomycin) (Gibco, New York, USA), and 
0.5% fungizone (Gibco) under standard conditions 
(37°C, 5% CO2).
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Cytotoxic Assay
	 Cytotoxic assay was carried out using 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide (MTT) assay adopted from 
Mosmann, 1983. Cells (2.5 x 103) were seeded into 
each well of a 96-well plate and incubated for 24 
h. After incubation, the cells were treated with FE 
at single concentration of  2.5-50 μg/mL and in 
combination with 10 nM Dox (Sigma). Media were 
discarded, and cells were washed with 100 μL/well 
1X phosphate-buffered saline (PBS). Then, MTT 
reagent (Sigma) was added, incubated in 37°C for 
4 h then 10% sodium dodecyl sulphate (SDS) in 
0.01 N HCl was added, incubated overnight, and 
the absorbance was measured using a microplate 
reader (Bio-Rad) with λ=595 nm. 

2’,7’-dichloroflourescin Diacetate (DCFDA) 
Staining 
	 The changes in the intracellular level of 
ROS were monitored using the fluorescent probe 
DCFDA, a specific probe for hydrogen peroxide. 
The 4T1 cells (5 x 104) were seeded into each well 
of a 24-well plate and incubated overnight. After 
incubation, the cells were treated with 100 µL of 
FE and Dox in the concentration of 10 µg/mL and 
10 nM, respectively, for 24 h. Media were discarded 
and cells were washed with 1X PBS. Cells were 
collected using trypsin-EDTA 0.25% (Gibco) and 
resuspended with 400 µL 1X supplemented buffer in 
microtube and stained with 3.75 µL 2 mM DCFDA 
(30 min, 37°C, 5% CO2 incubation). The DCF 
fluorescence of at least 20,000 cells was detected 
and analyzed using flow cytometry (BD Accuri C6 
flow cytometer) with an excitation wavelength set 
at 488 nm and an emission wavelength set at 525 
nm.

Scratch Wound Healing Assay 
	 Migration assay was carried out by scratch 
wound healing assay adapted from Liang, 2007. 
4T1 Cells (7.5 × 103) were grown into each well of 
24-well plate overnight and starved in a starvation 
medium for 24 h. Each well was scratched vertically 

using a yellow pipette tip and treated with FE, Dox, 
and a combination of both agents. The closures of 
cell migration were documented at 0, 24, and 42 
h using digital camera (Nikon Coolpix S800c). 
Quantification of the closures area was calculated 
using ImageJ software (National Institutes of 
Health, Maryland, USA). 

Gelatin Zymography of MMP-9 Expression 
	 MMP-9 expression was  traced   through 
the gelatin  zymography-based  assay.  4T1  Cells  
(3 x 105) were seeded into each well of 6-well plate 
then incubated for 24 h. The cells were treated 
with FE, Dox, or a combination of both agents in 
serum-free medium. Cells were washed with cold 
PBS and added with cold lysis buffer. The solution 
was centrifugated at 400 g for 3 min at 4°C. The 
protein calculation was conducted using Bradford 
assay method. The lysate was subjected for gel 
electrophoresis on 8% SDS-PAGE gel containing 
0.1% gelatin under conditions of 120 V and 80 mA 
for 110 min. The gel was denatured with a denaturing 
solution containing 2% Triton-X in aquadest for 30 
min and incubated with incubation buffer for 24 
h, and then stained with 0.5% Coomassie Brilliant 
Blue and incubated for 30 min. After 30 min, the 
gel was destained to form a transparent band with 
a dark blue background. The gel was scanned and 
documented. Band intensities were measured using 
ImageJ software (National Institutes of Health).

Statistical Analysis 
	 Data presented as mean±SE, except for 
MTT Cytotoxic Assay (mean±SD) followed 
by statistical analysis using One Way ANOVA. 
P-values (*p<0.05, **p<0.1) are included in each 
experiment figure.

RESULTS

Characterization of Fingerroot Extract using 
Thin Layer Chromatography
	 Fingerroot extraction yielded 16.87% 
w/w brown viscous extract. The extract was 
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Figure 1. Characterization of FE with Thin Layer Chromatography. (1) TLC profile of standardized FE based 
on Indonesian Herbal Pharmacopoeia 1st Edition (2008). S: standardized FE, P: pinostrobin. Stationary 
phase: silica gel 60 GF254, mobile phase: n-hexane: ethyl-acetate (4:1). The plate was observed under (2) 
254 nm and (3) 366 nm UV light (after citroboric spray). Red arrows: spots which had similar hRf value with 
standardized FE. Blue arrows: compounds that are predicted to be flavonoids.

characterized based on the chemical profile to 
identify the conformity between FE and the standard 
in literature. 
	 We used TLC to figure the separation 
profile of its chemical content and compared with 
standardized FE based on Indonesian Herbal 
Pharmacopoeia 1st Edition (2008). Under UV light 
254 nm (Figure 1), we obtained yellow and blue spots 
at hRf of 9, 17, 28, 35, 63, 75, 83, which similar to 
the standardized FE profile. The citroboric spraying 
of TLC plate under UV light 366 nm appeared 8 
yellow spots on hRf of 9, 25, 34, 55, 63, 68, 75, 83, 
which predicted to be flavonoid (Figure 1.2; Wagner 
& Bladt, 1996). Furthermore, the spots at hRf of 64 
have a similar position to pinostrobin (Figure 1.1) a 
marker compound in fingerroot (Health Ministry of 
Indonesia, 2008). 

Cytotoxic Activity of Fingerroot Extract-
Against 4T1 Cells
	 Anti-proliferation activity of FE was in-
vestigate using MTT cytotoxic assay towards 4T1 

breast cancer cells. Our results showed that treat-
ment of FE for 24 h exhibited IC50 of 25.5±3.9 μg/
mL in a dose-dependent manner (Figure 2) which 
categorized as high cytotoxic potency according to 
Prayong, et al. (2008). The combination of 10 μg/
mL FE and 10 nM Dox showed to reduce the % cell 
viability up to 35% compared to a single treatment 
of these compound (Figure 3.2). Since ROS intra-
cellular level contribute to the cytotoxic activity, we 
used DCFDA-staining flow cytometry-based assay 
to measure ROS level. 

Effect of Fingerroot  Extract on Reactive  
Oxygen Species Level in 4T1 Cells
	 To investigate whether FE treat-
ment correlates with ROS level, we carried out 
DCFDA-staining flow cytometry-based assay to 
measure intracellular ROS level on 4T1 cells. Our 
results showed that 24 h FE treatment decreased 
intracellular ROS level, while in combination with 
Dox, FE increased the level of intracellular ROS 
level (Figure 4). Since low concentration of Dox 
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was known to induce cell migration (Amalina, et 
al., 2017), we performed scratch wound healing   
assay to scrutinize the anti-migration activity of FE 
on 4T1 breast cancer cells.

Combination of  Fingerroot  Extract and 
Doxorubicin  in  4T1 Cells  Migration
	 We performed scratch wound healing assay 
to explore anti-metastatic potency of FE on 4T1 
highly metastatic cell. Our result showed that FE 

Figure 2. Effect of FE on the proliferation of 4T1 cells. (1) The morphology of 4T1 cell after treatment of FE. 
Morphological observations of cells were carried out with an inverted microscope with 100x magnification. 
(2) Cytotoxic profile of FE on 4T1 cells. The data was displayed as an average of mean±SD (n=2).

and in combination with Dox were able to inhibit 
4T1 cells migration (Figure 5.1). We obtained that 
FE and in combination with Dox (42 h) significantly 
inhibited cell migration compared to the untreated 
group with closure of 82.6% and 82.6%, respec-
tively (Figure 5.2). Whilst, single treatment of Dox 
induced cell migration with closure up to 95.7%. 
Moreover, we then conducted gelatin zymography 
assay to examine FE ability to inhibit invasion of 
4T1 cells through reducing MMP-9 expression. 

Figure 3. 4T1 cells viability after a combination treatment of FE and Dox. (1) 4T1 cell morphology after 
treatment with FE and in combination with Dox. Observation was performed using an inverted microscope 
with 100x magnification. (2) Graph of 4T1 cell viability after treatment with FE and combination with Dox. 
Significant differences between the two treatments were determined using One-Way ANOVA. 
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Figure 4. Effect of FE on intracellular ROS levels in 4T1 cells. (1) ROS-FITC profile vs Cell Counts 4T1 cells 
without treatment, after treatment of Dox, FE, and its combination. (2) ROS level profile of 4T1 cells on 
indicated treatments. The significance between treatments was determined using ANOVA One Way test.

Effect of Fingerroot  Extract on MMP-9 ex-
pression in 4T1 cells
	 We observed MMP-9 expression to under-
stand the initial of metastasis progression that fa-
cilitate cell migration. Our results showed that 24 
h treatment of single FE and in combination with 
Dox significantly inhibited MMP-9 expression 
compared to Dox and untreated group (Figure 6). 
Thus, we suggest that both single and combination 
FE have anti-metastatic possessions by inhibiting 
MMP-9 expression.

DISCUSSION

	 Fingerroot and its constituent exhibit po-
tency to be used as anti-cancer agent. The present 
study aimed to identify the potency of fingerroot as 
anti-proliferative and anti-migration agents against 
4T1 metastasic breast cancer cell. We evaluated 
the evidence-based  cytotoxic  properties  of   the   
physiological changes caused by fingeroot. The   re-
sults showed that fingerroot, in  the form of etha-
nolic extract (FE), had IC50 value of 25.5±3.9 μg/
mL on 4T1 cells. This finding indicated that FE had 
high cytotoxic potency towards 4T1 cells according 

to Prayong, et al. (2008). FE was already known 
to exhibit high cytotoxic potential in various cells, 
such as MCF-7 breast cancer cells and HeLa cervi-
cal cancer cells (Zaeoung, et al., 2005; Listyawati, 
et al., 2016). Furthermore, flavonoid compound, in 
the form of isolates and synthesized from fingerroot, 
such as panduratin A, boesenbergin A, cardamonin, 
and pinostrobin, are also known to exhibit antican-
cer activity towards various cancer cell line (Cheah, 
et al., 2011; Isa, et al.; 2013, Jia, et al., 2016; Xian, 
et al., 2012). TLC analysis indicated the presence of 
flavonoid compounds and pinostrobin as fingerroot 
marker compound. FE used in this study represents 
the content of fingerroot active compounds, espe-
cially the flavonoid content. The content of these 
compounds supports the potential effects of FE as 
an anticancer agent.
	 High cytotoxic potency of extract, lead 
FE to be developed as a co-chemotherapy agent. 
Since we are now facing to chemotherapeutic drug 
problems, including Dox, a choice of drug in breast 
cancer therapy remains to have low-effectiveness, 
correlates with resistance and metastasis incidence, 
and toxic for healthy cells (Fimognari, et al., 2006). 
Therefore, natural co-chemotherapy agents will be 
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Figure 5. The effect of FE treatment on 4T1 cell migration. (1) Inhibitory activity of cell migration after 
treatment FE, Dox, and its combination. (2) The quantification of closure area percentage on each treat-
ment at 18, 24, and 42 h. Statistical analysis of % closure on each treatment at 18, 24, and 42 h (**p<0.1) 
by ANOVA one-way test compared to untreated cells. 

useful  to  improve the efficacy and  reduce  side 
effects of synthetic commercial drugs (Bastl, et al., 
2007). In a more in-depth study of changes in cell 
physiology due to the administration of extracts 
and in combination with Dox showed impressive 
results toward 4T1 cells. Combination treatment 
of 10 μg/mL FE and 10 nM Dox were carried out 
on 4T1 cells to understand its potency to develop 
FE as co-chemotherapeutic agent. We used Dox at 
concentration of 10 nM, which did not possess high 
anti-proliferative activity towards 4T1 as shown by 
similar cell viability profile compared to untreated 
cell (Amalina, et al., 2017). The results showed that 
the combination of FE and Dox decreased the per-
centage of cell viability compared to a single Dox. 
So, it can be assumed that a single FE as well as 
its combination with Dox have inhibitory activity 
towards 4T1 cells. Further, FE can be developed as 
Dox co-chemoterapy agent.
	 One characteristic of cancer in general is 
its ability to do energy metabolism reprogramming 
which  needed  to  support  cell   growth    and  pro-
liferation (Hanahan and Weinberg, 2011). To meet 
the energy needs, cancer cells manipulate com-
pounds in metabolic pathways such as ROS and an-

tioxidant enzyme. Optimizing the use of ROS can 
be used by cancer cells to maintain their survival. 
Thus, we suggested that the cytotoxic effect of FE 
was probably related to the increased level of ROS. 
We then continued our study for possible pathways 
that  affect cell  growth  inhibition through the  mea-
suring ROS level using DCFDA-staining assay.
	 ROS level measurements were carried out 
on 4T1 cells by using Dox as a positive control and 
to understand the effect of its combination with FE, 
since Dox is well known as ROS inducer, that boost 
ROS overproduction inside mitochondria (Asen-
sio-López, et al., 2016). Interestingly, we found a 
different result that single FE at concentrations of 
10 μg/mL reduced intracellular  ROS levels, but  its 
combination   with  10 nM  Dox   increased   in-
tracellular  ROS  levels. Cancer   cells  have  the  
ability to   modify  or  reprogram  cell   metabo-
lism  to  support effective proliferation  (Hanahan & 
Weinberg, 2011). However, high levels of ROS can 
damage cells so that strict control is needed. Tumor 
initiation results in increased metabolic activity and 
ROS production, thereby triggering tumorigene-
sis. However, in the process of tumors, some cells 
encounter hypoxic nutrient-deprived microenvi-
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Figure 6. The effect of FE treatment on MMP-9 expression in 4T1 cells. (1) The quantification of band inten-
sity of MMP-9 expression after treatment with FE and its combination with 10 nM Dox. (2) Band profile of 
MMP-9 expression. Band intensities were quantified using ImageJ (n=3). The percent band intensity was 
analyzed using One-Way ANOVA (*p<0.05).

ronments. To prevent the accumulation of ROS to 
toxic levels, cancer cells increase antioxidant ca-
pacity to maintain ROS in non-lethal levels (Vyas, 
et al., 2016). The reduction of ROS level in single 
FE treatment is suspected due to an increase of an-
tioxidant enzymes as a mechanism for eradicating 
free radicals (Abe and Berk, 1998; Murdoch, et al., 
2006; Nabeebaccus, et al., 2011). ROS eradication 
is facilitated by non-enzymatic molecules (i.e. glu-
tathione, flavenoids and vitamins A, C and E) or 
through antioxidant enzymes which specifically 
scavenge different kinds of ROS (Liou and Storz, 
2010).
	 Whilst, the increasing of ROS level in the 
combination  of  FE  and Dox is caused  by  Dox  
ability to induce ROS level. Excessive increase in 
intracellular ROS  levels  as  mediated  by chemo-
therapeutics, can induce cell cycle arrest, senes-
cence or cell death of tumor cells (Liou and Storz, 
2010). An increase of ROS level in cancer cells is 
expected to exceed the toxic limit so that the cell 
is able to undergo apoptosis (Panieri and Santoro, 
2016). The rate of cell death is inversely propor-
tional to the level of cellular ROS when therapeu-
tic agents reach its toxic levels (Zhu, et al., 2014). 

Previous research show that Boesenbergin A and 
pinostrobin in FE, found to be able to induce cell 
death through formation of ROS (Xian, et al., 2012; 
Isa, et al., 2013). Further observations regarding 
FE cytotoxic activity against 4T1 highly metasta-
sis cancer cells were carried out through migration 
with scratch wound healing assay and MMP-9 ex-
pression with gelatin zymography.
	 Since we used 4T1 breast cancer cells which 
characterized as highly metastatic (Pulaski and Os-
trand-Rosenberg, 1998), we continued our study on 
cell migration assay. We used FE at concentrations 
of 2.5 μg/mL to minimize the cytotoxic effect of FE 
on 4T1 cells, so the gap closure is purely caused 
by the  anti-migratory  effect of  FE, not  its an-
ti-proliferation activity. Dox was used as a positive 
control, wherever known to induce cell migration 
through lamellipodia formation at a concentration 
of 10 nM (Amalina, et al., 2017). Dox also known 
to activates the RhoA/MLC pathway and enhances 
breast cancer cell migration and invasion (Liu, et 
al., 2019).
	 The combination of FE and Dox treatment 
showed the highest inhibition of migration with % 
closure of 35.7 compared to the single Dox and FE 
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with % closure of 46.7 and 38.6, respectively (18 
h). However, the % closure of a single FE treat-
ment and its combination with Dox did not differ 
significantly from that of a single Dox treatment. 
Whereas after 42 h, the % closure of Dox single 
treatment was higher than the single FE treatment 
and its combination with Dox but not statistically 
different. Anti-migratory activity of FE was in-
dicated before, in which, Panduratin A, an active 
compound in fingerroot, was reported to be able 
to inhibit phosphorylation of the mitogen activated 
protein kinase (MAPK) family, namely ERK, JNK 
and p38 (Shim, et al., 2008) which are regulators 
of cell migration (Huang, et al., 2004). Pinocem-
berin which is also present in fingerroot is known to 
be able to inhibit migration of Y-79 retinoblastoma 
cells through  suppression of EMT induced  by  TG-
F-β1 through the p38α pathway (Chen, et al., 2014). 
Further, FE and in combination with Dox inhibited 
cells migration after 48 h observation in MCF-7/
HER2 breast cancer cells (Fadliyah, et al., 2018). 
Thus, FE is also believed to inhibit migration in 
4T1 breast cancer cells. 
	 The process of invading cancer cells in-
volves proteins to degrade extracellular matrix 
components, one of which is matrix metallopro-
teinases (MMPs) (Gialeli, et al., 2010). Conse-
quently, it is also important to know the potency 
of FE in inhibiting cell invasion by observation of 
MMP-9 expression, that play a role in the stages 
of migration and metastasis. Dox inhibited MMP-
9 protein expression up to 30.5% compared to un-
treated cells. Whereas, the single FE treatment and 
its combination with Dox were significantly able to 
reduce the percentage of band intensity compared 
to  untreated and single Dox  at 37.9 and 39.7%, 
respectively. Previous research revealed that FE 
was able to suppress the expression of MMP-9 on 
KB (human oral epidermoid cell line) cells induced 
by Porphyromonas gingivalis supernatant through 
decreased regulation of MAPK phosphorylation, 
as well as through inhibition of AP-1 and nuclear 
factor (NF)-κB (Gwon and Hwang, et al., 2009). 

Further, FE caused lower expression of MMP-9 in 
MCF-7/HER2 (Fadliyah, et al., 2018). Thus, it is 
possible that anti-proliferative and anti-migratory 
effect of FE correlates with the inhibition of MMP-
9 expression. In the present study, we found that 
FE cytotoxic properties are more potent than the an-
ti-migration properties, it will be better to do further 
investigation on its cytotoxic pathways, such as an-
ti-proliferative assay, cell cycle assay, and apoptotic 
assay. 

CONCLUSION

	 Fingerroot (Boesenbergia pandurata) Ex-
tract (FE) has anti-proliferative and anti-metastatic 
potential, so that FE could be developed as a chemo 
preventive agent for metastatic breast cancer.
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