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Background: Brucea javanica (L.) Merr. is a plant from the genus Brucea, which is used
in local traditional medicine to treat various diseases. Recent studies revealed an impressive
anticancer efficiency of B. javanica extract in different types of cancer cells.

Purpose: In this study, we have investigated the cytotoxic effects of the B. javanica hexane,
ethanolic extracts against colon cancer cells. HT29 colon cells were selected as an in vitro
cancer model to evaluate the anticancer activity of B. javanica ethanolic extract (BJEE) and
the possible mechanisms of action that induced apoptosis.

Methods: 3-(4,5-dimethylthiazol-2-yl)-2, 5,-diphenyltetrazolium bromide (MTT), lactate
dehydrogenase, acridine orange/propidium iodide, and annexin-V-fluorescein isothiocyanate
assays were performed to determine the antiproliferative and apoptosis validation of BJEE on
cancer cells. Measurement of reactive oxygen species (ROS) production, caspase activities,
nucleus factor-xB activity, and gene expression experiments was done to investigate the potential
mechanisms of action in the apoptotic process.

Results: The results obtained from this study illustrated the significant antiproliferative effect
of BJEE on colorectal cancer cells, with a concentration value that inhibits 50% of the cell
growth of 25+3.1 pug/mL after 72 h of treatment. MTT assay demonstrated that the BJEE is
selectively toxic to cancer cells, and BJEE induced cell apoptosis via activation of caspase-8
along with modulation of apoptosis-related proteins such as Fas, CD40, tumor necrosis factor-
related apoptosis-inducing ligands, and tumor necrosis factor receptors, which confirmed
the contribution of extrinsic pathway. Meanwhile, increased ROS production in treated cells
subsequently activated caspase-9 production, which triggered the intrinsic pathways. In addi-
tion, overexpression of cytochrome-c, Bax, and Bad proteins along with suppression of Bcl-2
illustrated that mitochondrial-dependent pathway also contributed to BJEE-induced cell death.
Consistent with the findings from this study, BJEE-induced cancer cell death proceeds via
extrinsic and intrinsic mitochondrial-dependent and -independent events.

Conclusion: From the evidence obtained from this study, it is concluded that the BJEE is a
promising natural extract to combat colorectal cancer cells (HT29 cells) via induction of apop-
tosis through activation of extrinsic and intrinsic pathways.

Keywords: Brucea javanica, apoptosis, cancer, HT29, mitochondrial pathway, apoptosis

protein array

Introduction

Cancer is a debilitating disease that is known as one of the major health problems of
global concern, and a substantial portion of the world population is currently affected
by different types of cancers irrespective of age.! Among the various types of cancer,
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colon cancer is the second and third leading cause of cancer
deaths among men and women, respectively, in the USA.
Surgery and chemotherapy are the main modes of medical
treatments used in treating diagnosed colorectal cancer
patients; nevertheless, there are innumerable failure cases
during treatment because of delay of diagnosis or drug
resistance.”*

Natural products and extracts derived from plants have
been used traditionally from thousands of years for the
survival and treatment of various types of ailments and
diseases.>® The usage of medicinal plants has been practiced
among the people from China, India, and South-East Asian
countries from the early civilization.” There is a similarity
between body composition and plant ingredients as per the
traditional Chinese medicine (TCM), believed for more than
2,500 years, which has increased the interest in plant-derived
medicines.® TCM is recognized as an effective comple-
mentary and alternative medicine modality by the National
Institutes of Health (USA), while TCM is expanding in the
USA and global use in the world is also rising.” Recently,
the effects of medicinal plants derived from TCM herbs on
cancer treatment has increased the attention of researchers
to do experiments on the cytotoxic effects of the medicinal
plants on cancer cells.!® These medicinal plant products
induce cell death by various types of mechanisms. The
most common mechanism is programmed cell death, which
includes apoptosis and necrosis.'!

Apoptosis is a mode of cellular suicide, which is a pro-
grammed process of cellular self-destruction. This process
involves individual cells and it does not have any inflam-
matory effects on the neighboring cells.'? Thus, the char-
acterization of apoptosis includes a series of biochemical
and morphologic changes in cells, which are cell shrinkage,
nuclear fragmentation, chromatin condensation, membrane
blebbing, chromosomal DNA fragmentation, and externaliza-
tion of phosphatidylserine (PS)."* Two different pathways,
namely, extrinsic and intrinsic can trigger the apoptotic
process. In the intrinsic pathway, mitochondrial dysfunc-
tion events and cell stress signals make the cells to be ready
for suicide, while in the extrinsic pathway cell kills itself
via outside signals, where in both the pathways cell death
will be induced by activation of caspases or antiapoptotic
gene degradation. In addition, overproduction of reactive
oxygen species (ROS) leads to increased oxidative stress
and decrease of the glutathione levels in cells, which triggers
apoptosis signaling.'*!3

Brucea (Family: Simaroubaceae) is a widely distributed
genus occurring in tropical Africa and tropical Asia. Certain
species of Brucea genus have been used traditionally to

combat various types of illnesses like amoebiasis, malaria,
diabetes, and cancer.'® Brucea javanica is one of the spe-
cies derived from Brucea genus that has a long history of
medical use for treatment of numerous diseases in China.
Different parts of this plant contain a variety of active com-
pounds, and the corresponding extracts were reported for
anti-inflammatory, antidiabetic, anticancer, and antimalarial
activities.!™!8 To confirm these traditional usages, extracts of
these plants were tested against 1210 lymphoid leukemia,
solid murine tumors, lung carcinoma cells, and B-16 mel-
anocarcinoma, which showed the potent cytotoxic effects
against these cancer cells."

Several efforts have been made to identify the bioactive
chemical compounds from B. javanica extracts, and some of
these chemical components include quassinoids, alkaloids,
triterpenoids, flavonoids, steroids, and fatty acids. Quassi-
noids are the major components from B. javanica extracts that
are represented for the antitumor, anticancer, and antimalarial
properties. The quassinoids could be found in methanol,
chloroform, and aqueous extracts from B. javanica plant.
Quassinoids are most abundant in the seeds and fruits of the
plant. Quassinoid glycosides and Bruceoside C have shown
to exhibit cytotoxic activities against melanoma, ovarian
cancers, and KB (a human epidermoid carcinoma of the
nasopharynx) cell lines.?

According to previous studies, this plant has shown prom-
ising anticancer properties; hence, this study was designed to
investigate the anticancer activities of B. javanica dried fruit
extracts on the HT29 colorectal carcinoma cell line.

Materials and methods

Plant materials

The fruits of B. javanica plant were collected from Rimba
Ilmu Botanical Garden, University Malaya. A herbarium
(KLU) sample of the plant with the number KLU.48132 was
deposited in the garden. The B. javanica fruits were air dried
and crushed, and the plant material (300 g) was extracted
by the method described by Kim et al with some modifica-
tions.?! The crushed fruits were defatted with 1 L hexane
(merckmillipore) by soaking for 3 days, and then the mixture
was exhausted and the hexane extract was clarified with fil-
ter paper. The resulted hexane extract was concentrated via
rotary evaporator and then dry residues of crushed fruits from
hexane extract were soaked in 1 L absolute ethanol (99.5%
purity) at room temperature for 3 days, and the mixture was
filtered. Finally, the crude extract was concentrated in a
rotary evaporator (Buchi rotavapor R-124) at 40°C to produce
B. javanica ethanolic extract (BJEE). The extracts were stored
in the refrigerator at 4°C for further experiments.
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Cell culture and 3-(4,5-dimethylthiazol-
2-yl)-2, 5,-diphenyltetrazolium bromide
(MTT) assay
Human colon cancer cells HT29 (American Type Culture
Collection [ATCC®] HTB-38™), human breast cancer cell
MDA-MB-231 (ATCC HTB-26™), human cervical cancer
cell HeLa 229 (ATCC CCL-2.1™), normal human liver cell
WRL-68 (ATCC CL-48™), human fibroblast cells BJ-5ta
(ATCC CRL-4001™), and normal human colon epithelial
cell CCD-841 CoN (ATCC CRL-1790™) were purchased
from the ATCC (Manassas, VA, USA). Colon cancer and
normal cells were cultured in McCoy’s 5A (Sigma, St Louis,
MO, USA) medium, and rest of the cells were maintained
in Dulbecco’s Modified Eagle’s Medium (Sigma, St Louis,
MO, USA), supplemented with 10% fetal bovine serum
(Biowest, MO, USA), 100 U/mL penicillin, and 100 mg/mL
streptomycin (Gibco, Thermo Fisher Scientific) and incubated
in a humidified atmosphere incubator with 5% CO, at 37°C.
Untreated medium with vehicle dimethyl sulfoxide (DMSO)
(0.1%) was used as negative control for all the assays.*
The MTT assay was used to identify the effects of
B. javanica extracts on cell viability of normal and cancer
cells and the following method previously described by
Hajiaghaalipour et al was used. In brief, normal and colon
cells (5x10° cells/well) were treated with hexane and BJEE at
different concentrations in a 96-well plate. Cells were incu-
bated at 37°C for 24, 48, and 72 h. MTT solution was prepared
in phosphate-buffered saline and 20 uL/well was added at a
concentration of 5 mg/mL to stain the cells and incubated the
plates for 4 h. After incubation time, the cells’ media were
replaced by DMSO to dissolve the formazan crystals. Then
the absorbance of the solution was read by using a microplate
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Figure | DPPH radical-scavenging activity (%) versus concentration (ug/mL).

reader (Tecan Infinite 200 Pro) at 570 nm wavelength.
5-Fluorouracil (5-FU, Sigma, St Louis, MO, USA) was used
as a positive control, and untreated media that contained
DMSO (0.1%) was used as a vehicle control in this study.?
The potency of cell growth inhibition was expressed as IC
(concentration that inhibits 50% of the cell growth) value,
which was calculated by the following formula:

Inhibition (%)
_ optical density (OD) untreated — OD treated y
OD untreated

100

Antioxidant activity

2,2 diphenyl-1-picrylhydrazyl (DPPH) radical-
scavenging assay

DPPH assay was employed to measure the free radical-
scavenging activity of the extract, and the following method
was previously reported by Ablat et al with slight modifi-
cations.? Briefly, 10 uL of sample, which is the BJEE, and
standards (ascorbic acid and gallic acid) with different con-
centrations (6—50 pg/mL) were mixed with 190 uL of 50 uM
DPPH solution in ethanol. The mixture was immediately
shaken and incubated for 20 min in the dark at room tem-
perature. Absorbance was read at 515 nm wavelength after
incubation with a microplate reader (Tecan Infinite 200 Pro).
The plate was kept incubated for 1.5 h and the absorbance was
measured again. The percentage of inhibition of DPPH was
calculated according to the following formula (Figure 1):

DPPH radical scavenging activity (%)

_ OD control — OD sample or standard <100

OD control

11.37%
20.88%
40.28%
59.82%

Notes: *p<<0.05; Indicated the significant differences of DPPH inhibition compared to other groups for the same dosage.
Abbreviations: AA, ascorbic acid; BJEE, Brucea javanica ethanolic extract; DPPH, 2,2 diphenyl- | -picrylhydrazyl; GA, gallic acid.
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Ferric reducing antioxidant power (FRAP) assay

The antioxidant capacity of BIEE was measured as previously
described by Lu et al with modifications.”® Ten microliters
of sample was loaded with 300 uL of FRAP reagent, which
contained 10 mM 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ) in
40 mM HCI, 2.5 mL of 20 mM FeCl,, and 24 mL of 300 mM
acetate buffer (pH 3.6) in a 96-well plate. FeSO, solution was
used as standard to calibrate standard curve. The plates were
incubated at 37°C for 1 h before absorbance was recorded at
593 nm. Gallic acid and ascorbic acid were used as positive
controls. The FRAP values were calculated according to the
standard curve equation (Figure 2) and the measurement unit
was mmol Fe**/g of extract from triplicate tests.

Lactate dehydrogenase (LDH)

measurement

Commercial LDH kit (Promega, USA) was used to measure
LDH release of cell medium. LDH release assay is used to
identify the cytotoxicity of extract or compounds. The method
was used following the manufacturer’s protocol. Briefly,
HT29 cells were seeded at a density of 5x10* cells/well
in the 96-well plates and treated with BJEE at different
concentrations for 24 h. One hundred microliters of treated
cells medium was transferred to a new 96-well plate, then
100 puL of LDH reaction solution (CytoTox-ONE™) was
added to each well, and the plates incubated at room tem-
perature for 10 min. The LDH release activity was measured
by recording the absorbance at an excitation wavelength of
560 nm and emission wavelength of 590 nm using a Tecan
Infinite 200 Pro (Tecan, Mannedorf, Switzerland) microplate
reader. Cells were treated with Triton X-100, which was used
as a positive control.?®

Acridine orange (AO) and propidium
iodide (Pl) double staining

A PIand AO double staining assay was performed to detect
morphologic features of apoptosis in the treated cells with
BJEE by using a fluorescent microscope (Olympus BX51).
HT?29 cells were plated at a density of 5x10* cells/mL in a
T-25 culture flask. Cells were treated with BJEE at different
concentrations for 24 h. Then, cells were harvested and
stained with equal volume of AO and PI (10 pg/mL) dyes.
The morphology of the cells was observed under a UV-
fluorescent microscope within 30 min.?

Annexin-V assay

Annexin-V (AV) assay was performed to quantify early and
late apoptosis in HT29 cells treated with BJEE. This assay
was carried out by using cytometry analysis using the com-
mercial kit of BD Pharmingen Annexin V-FITC Apoptosis
Detection Kit (APOAlert® Annexin V; Clontech, Mountain
View, CA, USA). The method was followed as per the
manufacturer’s instructions. Briefly, the HT29 cells were
seeded at a density of 1x10° cells/mL at culture flasks, and
then the BJEE was added to the cells at an IC, concentra-
tion for 24 h after incubation time. The cells were washed
and stained with AV-fluorescein isothiocyanate (FITC) and
PI. BD FACSCanto II flow cytometer (BD Biosciences, San
Jose, CA, USA) instrument was used for fellow cytometric
analysis and quadrant statistics was used to identify early
and late apoptotic cells and necrotic cells.?®

Measurement of ROS production
Production of ROS levels in HT29 cells treated with the
BIEE at different concentrations were carried out by using

Standard curve (FRAP)

o
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y =0.0009x +0.0133
R?=0.9976
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Figure 2 FeSO, standard curve plotted against concentration versus mean OD of the samples; standard equation: y =0.0009x +0.0133; R=0.9976.
Abbreviations: Conc, concentration; FRAP, ferric reducing antioxidant power; OD, optical density.
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a commercial kit, Cellular Reactive Oxygen Species Detec-
tion Assay Kit (Abcam, Cambridge, UK; ab113851). The
method used was based on the manufacturer’s protocols.
Briefly, HT29 cells were seeded into 96-well plates at a
density of 1x10* per well. The cells incubated overnight in
a 37°C incubator, then the cells were treated with different
concentrations of BJEE (25, 50, and 100 pug/mL) for 12 h.
Dihydroethidium (DHE) probe was oxidized to ethidium in
the presence of superoxides, and the fluorescence intensity
was read using a fluorescent plate reader (Tecan, Ménnedorf,
Switzerland) at an excitation wavelength of 500 nm and
emission wavelength of 580 nm. Formation of ROS was
quantified by using DHE staining. The following method
was previously described by Rouhollahi et al. Briefly, 5x10*
cells were seeded on cover slips and incubated overnight.
The cells were treated at an IC, | concentration of BJEE and
incubated for 12 h. After incubation, the cells were stained
by DHE dye for 30 min and washed with washing buffer.
ROS formation was identified under fluorescence microscope
(Olympus BX51).%

Measurement of caspase-3/7, -8, and -9
activities

Caspase-3/7, -8, and -9 were measured using the commercial
Caspase-Glo-3/7, -8, and -9 assay kits (Promega, USA).
The activation of caspases was determined according to the
manufacturer’s protocol. Briefly, HT29 cells were seeded
at white-walled 96-well plates and then treated with BJEE
for 24 h in a concentration-dependent manner (25, 50, and
100 pg/mL). After incubation time, the treated cells were
supplemented with caspase-Glo reagent (100 pL) and then
the sealed plates were incubated for 30 min at room tem-
perature. Finally, the caspase activities were analyzed by
a laminator plate reader (GloMax microplateluminescence
reader, Promega Company, USA).*

Measurement of nucleus factor-xB
(NF-xB) activity

NF-xB translocation assay was previously described by
Hajrezaie et al. In brief, HT29 cells were seeded at six-
well plates on top of cover slips, and then was exposed to
a BJEE IC, concentration for 3 h. One group of cells was
stimulated with TNF-o (5 ng/mL) for 30 min. The staining of
cells was done according to the manufacturer’s instructions.
Cellomics NF-xB Activation Kit was used. The transloca-
tion of NF-kB was determined by florescence microscope
(Olympus BX51).2

Gene expression by real-time quantitative

polymerase chain reaction (RT-PCR)

The mRNA expressions of six proteins that play key roles
in the apoptosis process were quantified by RT-PCR. The
experimental method was used as described by Mohan et al.
In brief, HT29 cells were seeded in a T25 cm? flask with a
density of 1x10° ug/mL, which were incubated overnight.
Then the cells were treated with an IC,; concentration of
BIEE for 24 h. The total RNA of treated and untreated cells
was extracted using the commercial available kit, which is
RNAeasy Mini kit (Qiagen, Germany), followed by quality
identification of RNA using the NanoDrop 2000c and gel
electrophoresis. Complementary DNA (cDNA) synthesis
and cDNA conversion were performed using high-capacity
RNA-to-cDNA kit and TagMan® Gene Expression Master
Mix kit, respectively, accordingly to the manufacturer’s
instructions. Two endogenous housekeeping genes GAPDH
(Hs03929097_gl) and ACTB (Hs99999903_m1) were used
as positive references and were applied to normalize the
target mRNA. Specific primers include BCL2-associated X
(BAX, Hs00180269_m1), BCL2 (BCL2, Hs00608023_m1),
caspase-3 (CASP3, Hs0,02,34,387_m1), caspase-8 (CASPS,
Hs01018151_m1l), caspase-9 (CASP9, Hs00609647_ml), p53
(DM02154335-g1), and NF-xB (NFKBIL1, Hs00428211-m1)
and were bought from TagMan (MGB probes, FAM™
dye-labeled) for the gene expression analysis. RT-PCR was
performed on the StepOne PLUS real-time PCR machine
(Applied Biosystems, Carlsbad, CA, USA) and results were
analyzed by AACt method to calculate the relative changes
in gene expression specified from RT-PCR.*!

Apoptosis proteomic profile array

To identify the potential apoptotic pathways induced by
BJEE, we performed an assay to determine involvement
of apoptosis-related proteins using the Proteome Profiler
Array (RayBio® Human Apoptosis Antibody Array C1 Kit,
Raybiotech, Inc., Norcross, GA, USA), according to the
manufacturer’s instructions. In brief, the HT29 cells here
treated with BJEE at an IC,  dose (65 pg/mL) for 24 h.
Around 300 pg of extracted protein from each sample was
incubated with the human apoptosis antibody array over-
night. The membranes were used to quantify the apoptosis
array data via scanning on a Biospectrum AC ChemiHR 40
(UVP, Upland, CA, USA). The membranes’ image file was
analyzed using ImageJ analysis software and the signal fold
expression was determined according to the manufacturer’s
instruction.*?
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Statistical analysis

All experimental data were presented as mean + SD of
three independent experiments, and also for in vitro studies.
The statistical analysis was performed using Excel 2010,
SPSS (version 18.0) statistical software, one-way analysis
of variance with Tukey’s multiple comparisons, and the
Student’s #-test for the statistical and graphical evaluation. All
p-values <0.05 were considered as statistically significant.

Results and discussion
Cancer cell growth inhibition by

B. javanica extracts

Carcinogenesis is a multistage process that includes unregu-
lated cell proliferation and reduction in apoptosis. One of
the most basic requirements of a potential anticancer product
is to induce apoptosis in carcinoma cells. Apoptosis is recog-
nized as a programmed cell death that plays a crucial role in
the treatment of cancer.** Medicinal plants were traditionally
used to combat various types of diseases as these plants con-
tain extensive and diverse chemical compositions, of which
some of them have a potent activity for cancer treatment.**
Plants in the genus of Brucea are included in this category
as they are potential producers of anticancer compounds;
however, only two species of Brucea genus, B. javanica and
B. antidysenterica, have been extensively used in traditional
medicine and researched. The chemical constituents of these
plants have shown extensive biologic activities, which include
antimalarial, antidiabetic, anticancer, antitumor, antiviral,
and anti-inflammatory activities.'” The first step to confirm
cytotoxicity of anticancer agents on cancer cells is to evaluate
the IC, concentration of the drug.” In this study, MTT assay
was performed to determine the effects of hexane and BJEE
on human cancer cells and normal cells. The cell viability
of three different cancer cell lines after 48 h treatment with
extracts showed extensive range of cytotoxicity on cancer
cells upon treating with hexane and ethanolic extracts, and
IC, ranged from 48%2.5 to 11244.3 ug/mL (Table 1). The
results from MTT assay presented that B. javanica extract
is selectively toxic to cancer cells and BJEE has shown the
highest cytotoxicity effects on HT29 colon cancer cells at
an IC, value of 48+2.5 pug/mL after 48 h treatment. HT29
cells have recently been characterized as a suitable model
for colon cancer studies. As shown in Table 2, IC, value of
BJEE at different times (24—72 h) was between 6514.2 and
2543.1 ug/mL. Relatively, there was a higher IC value of
BIJEE (>1,000 pg/mL) on normal colon cells CCD-841 CoN
compared to the colon cancer cells of HT29, which suggested
that this extract is nontoxic toward normal human cells.

Table I IC, values of B. javanica extracts on six different cell
lines after 48 h of treatment

Extract Cell lines, mean + SD
HT29 MDA- HelLa CCD-841 B)-5ta WRL-68
MB-231 229 CoN
Hexane, 65+4.3 89+3.0 112+4.3 >1,000 200 670
IC,, (ug/mL)
Ethanol, 48+2.5 76+0.8 98+4.1 >1,000 167 500

IC,, (ug/mL)

Notes: Cells were treated with different concentrations of hexane and ethanolic
extract of B. javanica for 48 h. The IC, values represent the concentration of the
BJEE that could inhibit 50% of the cell growth. The data represent the mean * SD of
three independent experiments.

Abbreviations: BJEE, Brucea javanica ethanolic extract; IC,, concentration that
inhibits 50% of the cell growth.

Furthermore, the results of this assay revealed that BJEE
has an antiproliferative effect on human colon cancer cells
(HT29) in a time- and dose-dependent manner. As BJEE had
shown strong cytotoxic effects on HT29 cells, we carried out
additional assays on colon cancer cell line for validation of
mechanism of action of the extract.

Antioxidant activity of BJEE

Most of the medicinal plants are rich sources of natural
antioxidants.”* DPPH radical-scavenging assay (1,1-diphenyl-
2-picryl hydrazyl radical reducing power methods) and FRAP
assay were the two bioassays that were used to identify the
antioxidant activity of the extract.s

DPPH assay

In the DPPH radical-scavenging assay, antioxidants react
with DPPH, followed by its conversion to the yellow-colored
a,a-diphenyl-fS-picryl hydrazine (DPPH-H). The degree of
discoloration identified the radical-scavenging potential
of the sample.’® The results from Figure 1 showed the
percentage inhibition of DPPH by BJEE and standards at
different concentrations. Table 3 revealed that IC, of BJEE
is 41.83 ug/mL, which is almost similar to that of ascorbic
acid (38.9 ug/mL), while the highest antioxidant activity

Table 2 Cytotoxic effect of BJEE on colorectal cancer cell lines
(HT29) after 24, 48,and 72 h

Sample HT29 treatment time periods; BJEE IC,
(ng/mL) for each period

HT29 24 h 48 h 72h

BJEE 65+4.2 48+2.5 2513.1

Notes: HT29 cells were treated with different concentration of BJEE at different
time periods (24, 48, and 72 h). The IC,; values of BJEE were detected for different
times of treatment. The data represent mean + SD.

Abbreviations: BJEE, Brucea javanica ethanolic extract; ICSO. concentration that
inhibits 50% of the cell growth.
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Table 3 Concentration that inhibits 50% of the DPPH radical
values for DPPH inhibition

Samples Concentration that inhibits 50%
of the DPPH radical (ug/mL)

BJEE 41.83+3.1

AA 38.90+2.8

GA 25.00£1.5

Note: Measuring the concentration that inhibits 50% of the DPPH radical values of
extracts and standards for inhibition of free radicals (DPPH). The data represent the
mean + SD of three independent experiments.

Abbreviations: BJEE, Brucea javanica ethanolic extract; AA, ascorbic acid; GA, gallic
acid; DPPH, 2,2 diphenyl- | -picrylhydrazyl.

belongs to gallic acid with an IC_ of 25 pg/mL followed by
ascorbic acid and BJEE at the end (Table 3).

FRAP assay

The FRAP assay was performed to evaluate the antioxidant
capacity of samples based on the reaction between antioxi-
dant potential and Fe**-TPTZ complex to produce Fe**-TPTZ,
which is blue in color.” Figure 2 showed the standard curve
of ferrous sulfate within the range of 0.2—1.0 mM with a good
linearity (R?=0.9976). The results of FRAP assay have been
tabulated in Table 4, which revealed the highest antioxidant
activity for ascorbic acid (3.98+0.9 mmol Fe?*/g), gallic acid
(2.09£0.7 mmol Fe**/g), and BJEE (0.23£0.003 mmol Fe**/g)
(Table 4). The observed results from antioxidant assays
illustrated that the BJEE has less antioxidant effect to inhibit
the formation of oxygen-derived free radicals compared to
standards, which is in the line with previous study that has
been done on the extract of B. javanica.**

BJEE elevated LDH activity

LDH assay is a test to identify the cytotoxicity of an anti-
cancer agent on cancer cells by measuring the level of LDH
release from the treated cells into the medium. LDH release
in the medium is an indicator that determines cell membrane
damages, apoptosis, or necrosis.’” The loss of membrane
integrity was reflected in LDH elevation in the cell medium
treated with BJEE for 24 h (Figure 3). The LDH levels were

Table 4 Ferric reducing antioxidant capacity of ethanolic extract
and standards

Sample Concentration Antioxidant capacity
(mg/mL) (mmol/Fe?/g)

BJEE 1.0 0.23+0.003

GA 1.0 2.09+0.7

AA 1.0 3.98+0.9

Note: The data represent the mean + SD of three independent experiments.
Abbreviations: AA, ascorbic acid; BJEE, Brucea javanica ethanolic extract; GA,
gallic acid.

LDH

A O O
o O O
*

% cytotoxicity
S8

-
o o

25
Concentration (ug/mL)
Figure 3 LDH assay confirmed the cytotoxicity of BJEE against HT29 cells in a
dose-dependent manner. The data represent the means * SD of three independent

experiments. ¥p<<0.05 compared with the untreated group.
Abbreviations: BJEE, Brucea javanica ethanolic extract; LDH, lactate dehydrogenase.

increased by 3.2%, 11.7%, and 13% following exposure to
50, 100, and 200 pg/mL of BJEE, respectively. There is a
linear correlation between LDH activity and cell viability
(Figure 3). Our results from this assay indicated BJEE cyto-
toxicity on HT29 by significant elevation of LDH release
into medium via the loss of membrane integrity, through the
activation of apoptosis or necrosis pathways.

Quantified assessment of apoptosis using
AO/PI double staining

The mechanism of apoptosis is complex and many morpho-
logic changes such as membrane permeability, chromatin
condensation, and cell shrinkage are a few of the contributing
factors in occurrence of apoptosis.!* There are two distinct
phases in apoptotic process, named early and late apoptosis,
which could be distinguished with intracellular staining
assay. AO/PI double staining is one of the in vitro staining
assays that can quantitatively distinguish viable cells from
dead cells by analyzing cell morphologic features by using
fluorescence microscope. AO stain with special character-
ization emits different colors of fluorescence accordingly
when bound with different cellular organelles. AO emits
green fluorescence when binding to dsDNA, while orange
fluorescence color of AO binds to ssDNA. AO is able to
penetrate plasma membrane of viable cells or early apoptotic
cells with fragmented DNA. However, PI stain cannot cross
the membrane of viable cells and can be observed only if
there are dead cells. It can help in the detection of necrotic
or late apoptotic cells via red fluorescence emission.* In this
study, the morphologic changes of treated HT29 cells with
different concentrations (25, 50, and 100 pg/mL) of BJEE
were observed under fluorescent microscope. Figure 4
showed that the untreated cells have healthy intact nuclei
with green color, while membrane blebbing and chromatin
condensation were detected after 24 h in cells treated with
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Magnification: 12.6x

Figure 4 Microscopic detection of apoptosis using AO/PI double staining in untreated and treated HT29 cells with BJEE.

Notes: HT29 cells treated with BJEE at different concentrations (25, 50, and 100 pg/mL) during 24 h. Untreated cells are shown normal structure of cell without significant
apoptosis or necrosis (A). After treatment with 25 pg/mL of BJEE, EA features including blebbing and chromatin condensation were observed (B). In 50 pg/mL treatment, LA
significantly increased with orange color cells (C). After cell treatment with high dose of BJEE, 100 pg/mL, SN cells were noticed by red color (D), magnification: 20x.
Abbreviations: AO, acridine orange; BJEE, Brucea javanica ethanolic extract; BL, blebbing cell; CC, chromatin condensation; EA, early apoptosis; LA, late apoptosis; PI,

propidium iodide; SN, secondary necrosis; VI, viable cell.

25 ug/mL BJEE, which are the signs of early apoptosis.
Further, presence of reddish-orange color was detected in
cells treated with a higher concentration of BJEE (50 and
100 pug/mL), which is represented as late stage of apoptosis or
necrosis. The AO/PI results illustrated morphologic features
of apoptosis in a concentration-dependent manner.

Externalization of PS induced by BJEE

PS externalization is one of the biomarkers of apoptosis,
which could be identified by AV flow cytometry assay.
AV-FITC is designed for early detection of apoptosis by a
probe with high affinity for PS, because exposure of PS is
a prevalent event during apoptosis process, which occurs
during DNA damages and membrane leakage.** Therefore,
staining with FITC in conjunction with PI dye helps to
identify cells in early and late apoptosis stage. Viable cells
with intact membranes exclude PI, whereas the membranes
of dead and damaged cells are permeable to PI. Thus, cells
that are considered viable are both AV and PI negative.
In contrast, the cells observed both stain AV and PI positive
marked the cells in the late apoptosis stage. Cells at early

stages of apoptosis are AV positive and PI negative because
of the affinity strength between AV-FITC and PS, which leads
to transportation from inner leaflet to the outer surface of the
plasma membrane. In addition, AV negative and PI positive
staining represent the necrotic cells.* The characteristic dot
plots of Figure 5A—C indicated the flow cytometric valua-
tion of apoptosis compared to the control (untreated cells),
and the percentage of early apoptosis significantly increased
(»<<0.05) in the cells treated with BJEE and the reference
drug (5-FU). Moreover, the percentage of cells at late apopto-
sis stage remarkably increased (p<<0.05) to 8.5% and 11.7%
in the cells treated with BJEE and 5-FU, respectively, while
there are no significant necrotic cells after 24 h of treatment
(Figure 5D). Overall, the results demonstrated that the BJEE
treatment has an antiproliferative effect on HT29 cells by
activating the induction of apoptosis cells.

Effect of BJEE on ROS generation

ROS generation plays a crucial role in the cell signaling and
cell apoptosis pathways via activation of mitochondrial-
intrinsic events or lipid peroxidation leading to cell death.
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Figure 5 Flow cytometric analysis of early and late apoptosis in treated HT29 cells with BJEE.

Notes: HT29 cells were treated with BJEE and reference drug (5-FU) at IC,; concentrations, and then maintained for 24 h at 37°C in a CO, incubator. The cells were
analyzed after staining with FITC-conjugated AV and Pl by flow cytometer. The dot plot represents the untreated HT29 cells as a control group (A), treated HT29 cells with
IC,, concentration of BJEE (B), and treated HT29 cells with reference drug (5-FU) (C). The early apoptosis events (AV*/PI") shown in lower right quadrant (Q4). The late
stage of apoptosis/dead cells (AV*/PI*) is shown in quadrant Q2. Bar chart represents the percentage of viable, early apoptosis, late apoptosis, and necrotic cells in treatment
with BJEE on HT29 cells (D). The results are shown as mean £ SD of three independent experiments with *<<0.05.

Abbreviations: 5-FU, 5-fluorouracil; AV, annexin-V; BJEE, Brucea javanica ethanolic extract; FITC, fluorescein isothiocyanate; IC,, concentration that inhibits 50% of the

cell growth; P, propidium iodide.

Overproduction of ROS in cytoplasm involves different
factors of non-receptor-mediated stimuli, which include lipid
oxidation, DNA and protein damage, and p53 expression that
induced tumor genesis or cell apoptosis.* DHE is the most
specific fluorescent probe used for superoxide detection.
Cytosolic superoxide production could be detected by the
DHE dye.* In this study, ROS production levels have been
identified using DHE staining, which exhibited the influ-
ence of BJEE on ROS production at HT29 cells as shown
in Figure 6. Our results revealed a significant elevation in
the ROS production at HT29 cells after 12 h of treatment
with different concentrations (0, 25, 50, and 100 pug/mL) of
BJEE (Figure 6A). Intracellular superoxide generation was

evaluated by DHE staining. In comparison with the control
group, the production of ROS was significantly increased at
HT29 cells’ exposure to BJEE during 12 h (Figure 6).

Evaluation of caspase activity

Apoptosis is a complex mechanism that has many pathways
that may be involved in the cell death processes such as
mitochondrial membrane dysfunction, mitochondrial path-
way, and extrinsic pathway. Caspase cascade events are an
important factor in the induction of apoptosis via extrinsic
or intrinsic pathways. Activity of caspase enzymes such as
caspase-9, -3/7, and -8 in treated cells is closely linked to
the apoptosis signaling through the intrinsic and extrinsic
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Figure 6 ROS production in the presence of BJEE in HT29 cells.

Control negative (DMSO)

Notes: Bar chart represents quantification of DHE fluorescence intensity at different treatment concentrations (0, 25, 50, and 100 ug/mL) (A). DHE fluorescence folding
increased at higher concentrations of BJEE treatment. Untreated HT29 cells stained with DHE (B). The yellow staining of nuclei reflects the intracellular generation of ROS. A
large number of HT29 cells showed intense staining for ROS (arrows) after dimethyl sulfoxide treatment (control negative) (C), and this reaction was developed in HT29 cells
treated with BJEE for 12 h (D). A significant formation of ROS observed in treated HT29 cells with BJEE. Data are expressed as the mean + SD of triplicate measurements.

*p<<0.05 compared with the no-treatment group, magnification: 200x.

Abbreviations: BJEE, Brucea javanica ethanolic extract; DHE, dihydroethidium; ROS, reactive oxygen species.

pathways. In many cases, caspase-9 activation is a down-
stream production from ROS elevation, which is linked to
mitochondrial intrinsic pathway. Activation of caspase-3/7
triggered by caspase-9 and -8 activations is the last stage
leading the cell to apoptosis. Moreover, the significant
increase of caspase-8 in treated cells closely related to the
extrinsic pathway, and in many cases, caspase-8 could be
linked to the mitochondrial pathway by upregulation of Bid
protein from Bcl-2 family members.*

In this study, the results from bioluminescent intensi-
ties showed caspase-3/7, -8, and -9 activities in HT29 cells
treated with different concentrations of BJEE for 24 h.
Figure 7 demonstrated that caspase-8 remarkably has higher
activation in comparison to caspase-3/7 and -9 during treat-
ment with BJEE. Caspase-3/7 and caspase-9 also revealed
a significant increase in activation during 24 h of treatment.
The elevation of caspase-3/7 activity after 24 h of treatment
confirmed induction of apoptosis in colon cancer HT29
cells. Furthermore, the expression level of caspase-9 activity
elevated in treated cells is considered as the intrinsic pathway
contribution during apoptotic process. In addition, ROS assay

results showed that elevation of ROS production may lead
to the activation of the caspase cascade and the results are in
accordance with the caspase activity assay. The significant
increase in caspase-8 level could confirm occurrence of
extrinsic pathway in apoptosis of HT29 cell.

Inhibition of NF-kB translocation by BJEE
NF-xB activation and translocation from cytoplasm to
nucleus play a critical role in inhibition of apoptosis in cells.
This translocation will be induced by incubation of cells in
the presence of TNF-o.. NF-kB has a critical role as apoptosis
inhibitor by the regulation of various genes in nucleus, and
then the suppressive activity from translocation of NF-xB
closely associated with the activation of the extrinsic apop-
totic pathway in cancer cells.*

As shown in Figure 8, HT29 cells incubated with TNF-a.
remarkably induced NF-xB translocation compared to
control group (untreated cells). However, the treatment of
cells with BJEE at an IC, concentration during 3 h showed
inhibitory effect on NF-kB translocation in the presence of
TNF-o (Figure 8). Since treatment with BJEE, HT29 cancer
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Figure 7 Effect of different concentrations of BJEE (25, 50, and 100 pg/mL) and reference drug (5-FU) on caspase-3/7, -8, and -9 activations in HT29 cells after 24 h of

treatment.

Notes: The results showed significant activation of caspase-3/7, -8, and -9 compared to nontreated control group. Data are expressed as the means + SD of triplicate

individual experiments. *p<<0.05.
Abbreviations: BJEE, Brucea javanica ethanolic extract; 5-FU, 5-fluorouracil.

cells showed inhibitory effect against NF-kB translocation
from cytoplasm to nucleus; therefore, we could assume
induction of apoptosis via suppression of NF-kB as well.

Gene expression analysis
Due to the important role of caspase activity in stimuli of
apoptosis, we had investigated the expression of these markers
at the gene level, using the RT-PCR analyses. The mRNA
expression from this study has revealed a significant expres-
sion of the Bax, caspase-3, caspase-8, caspase-9, and p53
after 24-h treatment of HT29 cells with BJEE. Furthermore,
the gene expressions of antiapoptotic proteins such as Bcl-2
and NF-xB were inhibited after treatment (Figure 9). The
results showed that the caspase-8, -9, and -3 have the higher
upregulation of genes with approximately log based 2 values
of 3.4-, 4.4-, and 4.8-fold higher than control, respectively.
mRNA expressions of p53 and Bax proteins were signifi-
cantly upregulated but log base 2 of folding values were 1.7
and 1.3, respectively, after 24 h of treatment. In addition,
antiapoptotic genes such as Bcl-2 showed the significant
downregulation after treatment, while the downregulation of
NF-xB gene was not statistically significant but its expression
was slightly inhibited during treatment. This suppression of
NF-xB expression confirmed findings from NF-kB trans-
location inhibition in treated (BJEE) HT29 cells.
Upregulation of caspase genes is in line with caspase
activity and ROS findings. In addition, obtained results from
overexpression of caspase and p53 genes are also corre-
sponding with the caspase activity and ROS findings.
According to the earlier studies, the excessive production
of ROS activated downstream production of p53, which is a

mitochondrial apoptotic-stimuli mediator to activate caspase
molecules and consequently lead to apoptotic cell death.*>4¢
In this experiment, a significant amount of ROS production in
HT29 cells after 12-h treatment with BJEE was noticed along
with the activation and upregulation of p53 and caspases
according to the results from gene expression.

Effect of BJEE on apoptotic proteins

After exposure of HT29 cells to BJEE for 24 h, the critical
proteins were implicated with cell death and apoptotic
pathways were observed via human apoptosis protein array.
In Figure 10A—C, the images showed the changes of apoptotic
proteins in treated and untreated cells. Many proteins were
observed to be up- or downregulated according to their role
in apoptotic pathways. As shown in Figure 10C, the important
proteins that play a critical role in the intrinsic apoptosis such as
Bax, Bim, cytochrome ¢, SMAC (second mitochondria-derived
activator of caspases), and HtrA-2 were significantly upregu-
lated after 24 h of treatment, while expressions of antiapoptotic
proteins including Bcl-2, Bcel-w, cIAP-2, XIAP, and LIVIN
were inhibited. There are evidences that show that the members
of'the Bcl-2 family proteins such as Bax, Bim, Bad, Bcl-2, and
Bcl-w play a key role in mediating mitochondrial pathway via
releasing the cytochrome ¢ from mitochondria into cytosol,
which triggers the formation of apoptosome and activation of
downstream caspase-9, which leads to activation of caspase-3,
and -7, and overall these intermittent cellular activities were
called the intrinsic apoptosis pathway.*” Moreover, SMAC/
DIABLO and HtrA2/0Omi markers inhibit the activity of apop-
tosis protein suppressor, such as cIAP-2 and XIAP,* whose
expressions were reduced in our experiment.
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Figure 8 Inhibition effects of BJEE on translocation of TNF-o-induced NF-kB in HT29 cells.

Notes: Microscopic tracking of NF-xB translocation by staining of DAPI (nucleus) and NF-kB in HT29 cells. Cells were pretreated with 50 ug/mL of BJEE for 3 h, followed
by TNF-a (5 ng/mL) stimulation for 30 min. Nonstimulated cells with no treatments are represented in group (A), the untreated cells stimulated for 30 min with TNF-o
(NF-xB activation) is represented in group (B), and treated cells with BJEE reduced the fluorescent intensity of nuclear NF-kB (C), which confirmed that BJEE inhibited
TNF-a-induced translocation of NF-kB from the cytoplasm to the nucleus (magnification: 200Xx).

Abbreviations: BJEE, Brucea javanica ethanolic extract; N, nucleus; NF-xB, nuclear factor-kB; TNF-o, tumor necrosis factor alpha.

In addition, earlier studies had revealed that the tumor
suppressor protein p53 plays a critical role in leading the
cancer cells into apoptotic death through dependent or
independent pathways. This p53 protein may be interlinked
with the mitochondrial pathway via regulation of Bcl2
protein family or could be involved in the cell cycle arrest
through p21 protein overexpression.* p53 also was induced

expression of p27, which is associated with apoptotic stimuli
by correlation with Bax expression.’® The obtained results
from this study showed that overexpression of p53, p27, and
p21 is supportive of the results from gene expression analy-
sis. Further, HSP70 and HSP27 were significantly down-
regulated in the induction of apoptosis. In addition, highly
overexpressed p53, along with p27, are cell proliferation
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Figure 9 Gene expression analysis using RT-PCR in HT29 cells after 24 h of treatment with BJEE.

Notes: Quantitative analysis of gene expression results illustrated significant elevation in the expression of Bcl-2, Bax, p53, Cas-3, -8, and -9 genes, compared to the untreated
control group. Meanwhile, gene expression of NF-kB was slightly inhibited but it has not revealed statistical significant changes. The gene expressions were shown in 2 log
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Abbreviations: BJEE, Brucea javanica ethanolic extract; RT-PCR, real-time quantitative polymerase chain reaction.

suppressor markers, which induced apoptosis in HT29 cells ~ TNFR-II), and the TNF-related apoptosis-inducing ligand
by activation of proapoptotic Bel2 family proteins and cell  TRAIL-4 proteins were overexpressed during treatment
cycle arrest (Figure 10). with BJEE, which showed the contribution of the extrinsic

Additionally, apoptotic markers including Bad, Bid, pathway in apoptosis of HT29 cells. Earlier studies had
caspase-8, Fas, CD40, DR6, TNF receptors (TNFR-I, indicated that the activation of death receptors such as Fas,
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Figure 10 Quantitative analysis of the human apoptosis proteome profiler array in treated and untreated HT29 cells.

Notes: Cells were treated with IC,  concentration of BJEE for 24 h, then cells were lysed and protein arrays were performed. Equal amounts (300 Lig) of protein from each
control and treated sample were used for the assay. Representative images of the apoptotic protein array are shown for the control (A) and treatment (B), and a bar graph
shows the difference in the apoptotic markers between treated cells as well as untreated control cells (C). The data are expressed as the mean + SD for three independent
experiments. *Indicates a significant difference from control (*p<<0.05).

Abbreviations: BJEE, Brucea javanica ethanolic extract; IC,;, concentration that inhibits 50% of the cell growth.
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CD40, TRAILs, TNFR-I, and TNFR-II mediated extrinsic
pathway of apoptosis, which in turn increased the caspase-8
expression to activate downstream effector caspases
(caspase-3/7), or may be interlinked with mitochondrial
pathway through cleavage of Bid to tBid.’' In agreement
with previous studies, the obtained results from apoptosis
proteome array revealed involvement of both intrinsic
(mitochondrial) and extrinsic (death receptors Fas, TNFR,
and TRAIL) pathways to induce apoptosis in HT29 cells
after treatment with BJEE.

Conclusion

Overall, we had provided evidence that the BJEE has
caused cytotoxic effects toward HT29 colorectal cancer
cells. The obtained results from this study also revealed
that the extract induced apoptosis in HT29 cells through the
caspase activation via the ROS production, and p53, Bax,
and NF-xB involvement. In addition, contributions of both
extrinsic and intrinsic pathways could be concerned in the
induction of apoptosis via elevation of caspase-8 enzyme
level and inhibition of NF-xB translocation from cytoplasm
to the nucleus. The association of mitochondrial-intrinsic
events guided by mRNA and upregulation of p53, Bax, and
cytochrome ¢ might have triggered mitochondrial dysfunc-
tion via increased level of caspase-9 activity. These results
of the study indicated that B. javanica is a promising plant
in the fight against cancer. However, further in vitro and in
vivo studies on the probable active compounds of this plant
responsible for the above activities are still required to be
investigated.
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