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Background: Vatica diospyroides type LS is a known source of valuable compounds for
cancer treatment, however, in contrast little is known about therapeutic efficacy of type SS. DOI:

Objective: This study focused on in vitro cytotoxicity of these fruit extracts, and the cell death 10.4103/0973-1296.157718
mode they induce in breast cancer cells. Materials and Methods: Acetone extracts of fruit were
tested for cytotoxicity against MCF-7 and MDA-MB-231 cell lines. The apoptosis and necrosis
of these cells were quantified by fluorescence activated cell sorter (FACS) and western blot
analyses. Results: After 72 h of treatment, the 50% growth inhibition concentrations (IC,;)
levels were 16.21 + 0.13 yg/mL against MCF-7 and 30.0 + 4.30 yg/mL against MDA-MB-231,
indicating high and moderate cytotoxicity, respectively. From the FACS results, we estimate
that the cotyledon extract at half IC,  produced 11.7% dead MCF-7 cells via apoptosis, whereas
another concentrations both apoptosis and necrosis modes co-existed in a dose-dependent
manner. In MDA-MB-231 cell line, only the apoptosis was induced by the pericarp extract in a
dose-dependent manner. With the extracts at half IC_, concentration, in both cells, the expression
of p21 decreased while that of Bax increased within 12-48 h of dosing, confirming apoptosis
induced by time-dependent responses. Apoptosis dependent on p53 was found in MCF-7, whereas
the mutant p53 of MDA-MB-231 cells was expressed. Conclusion: The results indicate that fruit
extracts of V. diospyroides have cytotoxic effects against MCF-7 and MDA-MB-231 cells via
apoptosis pathway in a dose-dependent manner. This suggests that the extracts could provide
active ingredients for the development, targeting breast cancer therapy.
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INTRODUCTION

Vatica diospyroides Symington is a critically endangered
species in Dipterocarpaceae,'! and is the key soutrce of
ingredients in a blood tonic used in Thai traditional
ethnopharmacology. These natural compounds have
been explored for cancer treatment in a modern drug
discovery program.”! Among the many cancer types, breast
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cancer, colon cancer, and oral cancer have been treated
using 1. diospyroides stem compounds.”! The important
compounds found in the stem are resveratrol derivatives,
vaticanol series, found not only in this plant, but also in
other related genera in this family."* Breast cancer is
currently the leading cancer type as cause of death, for
women in middle-income and high-income countties.”

Only the stems of plants in this family seem to provide
the resveratrol compounds. Aside from the stem, the
most valuable organs reported as new sources of
chemopreventives inhibiting breast cancer 7z vitro are
fruit and root of 1. diospyroides type LS. Their extracts
have been reported as highly cytotoxic against MCF-7
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and MDA-MB-468 cell lines.*” A new subtype (SS) of
the thinly distributed 1 diospyroides, with purple fruit and
pink in the flower, has been described recently."! Its fruit
have not previously been studied for their therapeutic
compounds or extracts. Our hypothesis was that this fruit
might show potential for breast cancer treatment, similar
to the fruit of type LS. The current study was designed to
detect and distinguish between cytotoxic, apoptotic, and
necrotic effects of SS fruit extracts, in breast cancer cell
lines. As we report below, the nonvolatiles from crude
acetone extracts of 1. diospyroides type SS fruit were highly
effective in inhibiting human breast cancer cell lines 7 vitro,
and significantly induced apoptosis via p53, p21 and Bax
protein related mechanisms.

MATERIALS AND METHODS

Plant materials and preparation of the two extracts
Fruit of I diospyroides type SS was collected from a 10-year-
old tree at the Nong Thung Thong nonhunting area,
Kiansa, Suratthani. The specimens (Collector number T.
Srisawat 002) were authenticated by Dr. Charun Maknoi,
and deposited at the Queen Sirikit Botanic Garden,
Maerim, Chiangmai, Thailand. The fruit pericarp and
cotyledon were separated, and each cut to small pieces
and completely air-dried in shadow. Dried pieces of
each type of samples were separately extracted with
acetone ((CH3),CO) for 5 days in agitated condition. The
solvent extract was then transferred to a new containet,
filtered through a cotton fabric, and evaporated at room
temperature using a rotor evaporator (Heidolph Rotary
Evaporator, D-91126, Germany) under reduced pressure,
and the dry gum of nonvolatile compounds was stored in
cool and dark conditions.

4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay

Cell lines MCF-7 (HTB-22™) and MDA-MB-231 (HTB-
26™) were purchased from the American Type Culture
Collection, USA. MCF-7 and MDA-MB-231 were maintained
in RPMI1640 and high glucose Dulbecco’s Modified
Eagle’s Medium (DMEM), respectively, supplemented
with 10% fetal bovine serum and 100 units/mL penicillin-
streptomycin, in a humidified atmosphere with 5% CO, at
37°C. Cells wete seeded in 96-well plates at the density of 2
X 10* cells, in 100 uL. of medium per well. Crude dry extracts
were diluted to 5-80 pg/mlL concentrations in a medium.
Each MCF-7 or MDA-MB-231 culture was incubated
for 72 h with the cotyledon or pericarp extract included
in a medium, for which the dry extracts were dissolved
in dimethylsulfoxide (IDMSO). Each cell line was only
tested with a matched extract, not with both extracts. This
matching was based on preliminary scoping experiments,
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where only these matches showed efficacy: MCF-7 with
cotyledon extract and MDA-MB-231 with pericarp extract.
For the control experiments, DMSO at 0.04% was used
as a solvent control whereas negative control (medium)
and positive control (doxorubicin) were also used as
treatments. The treated cells were washed with phosphate
buffer saline (PBS) prior to determinations of cell viability
by 4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay according to the method described
previously.”! By measuring the optical density and using a
calibration curve, the growth inhibition was determined for
each well. The 50% growth inhibition concentrations (IC,
dose level) of crude extracts were calculated from fitted
response curves. The cytotoxic activities of the extracts
against the cancer cell lines MCF-7 and MDA-MB-231 were
determined according to the US. National Cancer Institute

and Geran e a/"" and labeled for activity levels as follows:
IC, ,=20pg/ml.=highlyactive,IC, 21-200ug/ml.=moderately

507
active, IC, 201-500 pg/ml. = weakly active, and IC, >501
ug/mL = inactive. The whole experiment was replicated

three times.

AnnexinV-FITC/propidium iodide binding and flow
cytometric analysis

AnnexinV-FITC/propidium iodide (PI) binding was
determined with a kit following its manufacturer’s protocol
(BD Pharmingen™, USA). Cells were seeded at the density
of 3 X 10° for MDA-MB-231 and 4 X 10° for MCF-7 in
12-well plates. Cell harvesting was carried out by adding
200 pL of trypsin to detach the cells and centrifugation.
After centrifugation, the harvested cells were resuspended
in 1x binding buffer (0.1 M Hepes, 0.1 M NaOH pH
7.4, 1.4 M NaCl, 25 mM CaCl)) at a concentration of
1 X 10° cells/ml.. Five microliters of AnnexinV-FITC was
added, then adding 5 pL. of PI into the suspensions. The
suspensions were vortexed gently before incubating for
30 min at room temperature, in darkness. Finally, before
analysis by flow cytometry, 400 pul. of X1 binding buffer
was added into each tube and then incubated at 4°C for 30
min in darkness. The flow cytometer was a fluorescence
activated cell sorter (FACS) Calibur (Becton Dickinson
Biosciences [BDB], San Jose, CA) with CellQuest software
(BDB), equipped with a 488 nm argon ion laser. Five
thousand nuclei were acquired with FACS per sample.
The data were analyzed by WinMDI version 2.9 software
(Scripps Institute, La Jolla, CA).

Western blotting

The MCF-7 and the MDA-MB-231 cells were treated with
the extract at half IC_ (0.5 IC, ) concentration for up to
48 h, then released by trypsinizing the cells and collected
by centrifugation. The cells were washed once in cold PBS,
and lysed cells in radioimmunoprecipitation assay buffer
(Peirce Biotechnology, IL, USA). Protein concentration
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was then measured using Bradford protein assay (Biorad,
CA, USA). Fifty micrograms of each protein sample were
separated in 12% sodium dodecyl sulfate polyacrylamide
gel electrophoresis, and electrophoretically transferred
to a nitrocellulose membrane. The membranes were
blocked in 5% low-fat dry milk in Tris Buffered Saline
with Tween® 20 (TBS-T) (5% low-fat dry milk, 0.1%
Tween-20 in Tris-buffered saline) for 1 h at room
temperature. After that, each membrane was incubated
overnight with primary antibodies against p21WAF1/
Cip1 (1:1000), p53 (1:1000), Bax (1:1000) and B-actin
(1:1000) used as an internal control. All the antibodies
were purchased from Cell Signaling, MA, USA. The
membranes were washed 3 times (5 min/wash) with
1% low-fat dry milk in TBS-T, and incubated with ECL
anti-rabbit IgG horseradish peroxidase (GE health care)
diluted 1:5000 in 1% low fat dry milk in TBS-T, for 1 h at
room temperature. After secondary washing with TBS-T
3 times (10 min/wash), the signals were detected using
a chemiluminescent detection system (Pierce, 1L, USA)
and exposed to film.

Statistical analysis

The cytotoxicity experiments were replicated three times,
and the results are expressed as mean * standard deviation
Student’s t-test was used for comparing means.

RESULTS

Cytotoxicity determination by 4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide assay

The breast cancer cell inhibition is shown in Figure 1.
Cytotoxic effects, of the cotyledon and pericarp extracts
of V. diospyroides type SS fruit, against MCF-7 and
MDA-MB-231 were quantified by MTT assay. After 72 h
treatments with various concentrations of the extracts, the
IC, dose levels were estimated from fitted response curves.
Each curve describes how the percentage of surviving
cells depends on the dose level, and the level giving 50%
inhibition is the IC, | dose level. The inhibition observed
was dose dependent, with a typical sigmoidal shape of dose
response, corroborating validity of the observations. The
IC, of the cotyledon extract against MCF-7 was 16.21 *
0.13 pg/ml., indicating highly cytotoxic activity. On the
other hand, the pericarp extract had moderate activity at
30.0 £ 4.30 pg/mlL, against MDA-MB-231 cell line. Based
on these determinations, half IC,, IC_ and 2-fold IC_
dose levels were used in the cell death mode analysis to be
discussed next.

Cell death mode analysis by AnnexinV-FITC/propidium
iodide staining

Prior to determining the modes of cell death by using
FACS, after removing the medium on harvesting cells,
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the cells were trypsinized by adding 200 pl. of trypsin
and incubating at 37°C for 3 min. The cells in suspension
were then collected by centrifugation and washed twice
with ice-cold PBS. In Figure 2, the results of apoptotic
pathway assessments are shown separately for untreated
and treated MCF-7 and MDA-MB-231 cells, with various
concentrations of cotyledon and pericarp extracts,
respectively. After a 24-h treatment, the apoptotic
pathways of MCF-7 and MDA-MB-231 were different.
Treated MCF-7 cells cluster in the plot in the shape of
number 7, and the path of apoptosis is indicated with
yellow arrows. The plots indicate that treated MDA-
MB-231 cells were in an initial stage of apoptosis rather
than in mid or late stages. Treatment with cotyledon
extract at half IC | divided the MCF-7 cells to viable,
early, late and apoptotic cell death populations (51.2,
15.5, 21.7 and 11.7%) [Figure 2|. The quadrants within
which these populations were counted are separated by
straight lines in the figure. Interestingly, at IC, dose level
the populations of viable and early apoptosis stage cells
were comparatively higher at 54.8 and 18.2%, respectively,
whereas the populations of late apoptosis stage and
nonviable cells were reduced to 20.5 and 6.4%, indicating
inhibition of apoptosis mode despite increased dose.
Simultaneously, a track connecting viable cells directly to
nonviable cells, indicated by a red arrow, shows initiation
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Figure 1: The inhibition responses of MCF-7 (a) and MDA-MB-231
(b) cell lines to 72 h treatments with cotyledon and pericarp extracts of
Vatica diospyroides Symington type SS fruit, respectively, at various
concentrations (5-80 pg/mL)
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of necrosis mode. This track to necrotic cells was also
induced at 2-fold 1C,, which gave a high population of
nonspecific dead cell (12.9%). The population of viable
cells increased to 58.1%, while the populations of cells
in early and late apoptosis stages decreased to 11.0%
and 18.0%. Therefore, delayed apoptosis, and induced
necrosis of MCF-7 cells were first observed at IC_  in a

502
dose-dependent manner. On the other hand, the treated
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MDA-MB-231 cells were consistently in the apoptosis
mode, in a dose-dependent manner.

Using the concentration of pericarp extract at half
IC,, IC_, and 2-fold IC_, the population of cells in
early apoptosis stage declined from 38.1 via 27.1% to
24.3%, with increasing dose level. Correspondingly, the
populations of late apoptosis stage and of nonviable cells
increased significantly (12.1 via 13.7-20.0%, and 0.6 via
2.9-6.6%, respectively). The fact that the 6.6% population
of nonviable MDA-MB-231 cells was about half of the
12.9% tor MCF-7 suggests, that the cotyledon extract at
IC,  induced both apoptosis and necrosis in MCF-7 cells
while only the apoptosis mode in MDA-MB-231 cells was
induced by the pericarp extract. Overall, the observations
above varied consistently in a dose-dependent manner.

Cell death mode analysis by protein-based assay

To determine the roles of p21, p53 and Bax proteins in
the apoptosis of MCF-7 and MDA-MB-231 cells induced
by the extracts of . diospyroides type SS fruit, we studied
the effects at half 1C_ extract concentrations on apoptosis
induction by means of apoptosis-related protein expression
as observed by western blots. Western blot analysis revealed
that there was no detectable p53 protein expressed in the
treated MCF-7 cells, whereas p53 was observed in the
treated MDA-MB-231 cells [Figure 3]. On the other hand,
continuous changes in the expression levels of p21 and
Bax were detected in both cell lines, in a consistently time-
dependent manner, indicating activation downstream of
p53. There was up-regulation of p21wafl/Cip1l at 12 hand
Bax at 24-48 h. The expression of p2lwafl/Cipl protein
could induce cell cycle arrest and allow DNA repair to

MCEF-7 MDA-MB-231
0 12 24 48 0 12 24 48 (h)
p53 - —mamme®» 53 kDa
p21 W, -~ - 21 kDa
Bax —— —— 20 kDa
Actil  ~——————semmpe- 12 KDa
a Cotyledon extract mPerlcarp extract

Figure 2: Scatter plots indicative of apoptotic patterns for (a) MCF-7
cells untreated and treated with cotyledon extract, and (b) MDA-MB-231
cells untreated and treated with pericarp extract of Vatica diospyroides
type SS fruit. Treatment dose levels were half 50% growth inhibition
concentrations (IC,), IC, and 2-fold IC,, for 24 h. The cells were stained
with AnnexinV-FITC/PI and analyzed by flow cytometry. Viable, early
apoptotic, late apoptotic, and nonviable cells are positioned in the lower
left, lower right, upper right and upper left segments of the diagram. Yellow
arrows indicate apoptotic progression of cells, whereas red arrow shows
necrotic transition. Five thousand events were counted in each assay
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Figure 3: Effect of Vatica diospyroides type SS fruit on expression of the
tumor suppressor protein p53 and downstream products affected by it,
namely the proapoptotic protein Bax and the antiapoptotic protein p21.
(a) MCF-7 cells were treated with the extract of fruit cotyledon, whereas
(b) MDA-MB-231 cells were treated with the extract of fruit pericarp,
both at concentration of half 50% growth inhibition concentrations.
The cellular proteins were separated on SDS-polyacrylamide gels
and subsequently transferred to membranes. The protein levels were
determined by western blots with appropriate antibodies directed
against each protein
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occur. As long as the cells are not able to repair their
damaged DNA, the expression of Bax protein will be
stimulated leading eventually to apoptosis. Simultaneously,
apoptosis in both of the treated cell lines was also induced
by the Bax protein, a proapoptotic protein that had a
consistently time-dependent response (12—48 h) [Figure 3].

DISCUSSION

Several recent 7z vitro studies on human breast cancer
treatment have explored compounds extracted from
various medicinal plant species. Most of these investigate
cell growth inhibition as an indication of cytotoxicity and
may include other molecular-biochemical-cytological assays
for apoptosis or necrosis observations.'” In the present
study, we first preliminarily determined the antiproliferative
actions of /. diospyroides type SS fruit extracts, on
MCF-7 and MDA-MB-231 breast cancer cell lines. The
evaluation of cytotoxic effects revealed that cotyledon
and pericarp extracts exhibited dose-dependent activity,
with high activity against MCF-7 and moderate activity
against MDA-MB-231. The cotyledon extract inhibited
MCF-7 growth by 50% at 24 h while 50% inhibition
of MDA-MB-231 cell growth with pericarp extract
took about 48 h (data not shown). The antiproliferative
activity of these fruit extracts may be associated with the
presence of some secondary metabolites. For example,
terpenoids and saponins, which are present in the extracts
of 1. diospyroides type LS fruit that are antiproliferative
against MDA-MB-468 cell line,® are likely also extracted
from the cotyledon of type SS fruit. The antioxidant
activity of terpenoids is well established.!">'* Interestingly,
these compounds inhibit cancer cell proliferation and
metastasis by several mechanisms and are currently studied
with hopes for breakthrough insights in some anticancer
discovery programs.!”l Aside from terpenoids, the saponins
are another well-known group of phytochemicals that
also exhibit antioxidant and antitumor activities, and are
currently tested in several laboratories."""® On using
cell viability measutrements, many phytochemicals might
be interfering with MTT tetrazolium reduction, and
specifically resveratrol and various antioxidants rapidly
form datk blue formazan in the absence of live cells.['”"
Since V. diospyroides is a major source of resveratrol,) it is
necessary to wash the treated cells with 1X PBS, in order
to avoid such interference with MTT determinations. In
future studies, the experimental design could include tests
of such interference, but clearly washing cannot eliminate
the disturbances to measurements from intracellular
compounds — the disturbance effects will remain difficult
to resolve from true treatment effects on undisturbed
determinations, because treatments necessarily will have
intracellular effects. Further, other assays related to
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growth and proliferation might be used in combination
with viability assays, but the interpretation from multiple
indications can become disputable and partly subjective,
as there is no single correct way to aggregate such
disparate observations. However, the leap from in vitro
cancer studies to clinical treatments is long and risky, and
perhaps imperfections in early zz vitro screening should
be tolerated while acknowledging them and looking for
improved methods.

In the apoptosis study, we discriminated between apoptosis
and necrosis based on the density traces in diagrams from
flow cytometry. These diagrams represent four main
states, namely viable cells, early and late apoptosis stages,
and nonviable cells. The trace from a cell population that
includes transitions from viable cells to eatly apoptosis
stage, on to late apoptosis, and finally to nonviable cells,
is called an apoptotic pathway in the context of these
diagrams. The staining fluorochromes (AnnexinV-FITC/
PI binding) relate to cytological apoptosis, because in
a viable cell phosphatidylserine (PS) is located on the
inner surface of plasma membrane; it cannot conjugate
AnnexinV or PI (both negative). In a cell undergoing
apoptosis, with the breakdown of plasma membrane the
phospholipids (PS) are translocated from inner to the outer
leaflet of the membrane, and thus the PS are available on
the outside. This induces AnnexinV-FITC binding with the
PS (AnnexinV-positive but Pl-negative), for cells in early
apoptosis stage. When the plasma membrane has been
lost, the PI can pass through to the inside and intercalates
with DNA, so both AnnexinV-FITC and PI are conjugated
(both positive). These dye-conjugating cells are in the late
apoptosis stage. In the final stage of apoptosis, the cells get
segmented into membrane-bound apoptotic bodies with
intense intercalation of PI with DNA (AnnexinV-negative
but PI-positive), and hence the signals in the diagram
are in the nonviable cell quarter.”**! The AnnexinV-
FITC/PI binding assay therefore enables detecting
and distinguishing early and late apoptosis stages and
apoptotic cell death related to the cell cycle.” Meanwhile,
the diagram trace directly from viable cells to nonviable
cells might be identified as the nonapoptotic pathway.
Necrosis, in nonapoptotic cells, describes accidental cell
death considered to be an uncontrolled process. The
plasma membrane first swells and consequently ruptures,
with rapid loss of membrane integrity. This is in contrast
with the maintained membrane integrity during apoptosis
until the plasma membrane is lost. We thus suggest that
the necrotic cells could not be intensely conjugated by
AnnexinV-FITC, but they allowed PI to pass through and
to intercalate with DNA inside. In the flow cytometry
diagram, therefore, necrosis was indicated by a direct trace
from the viable to the nonviable cell population.
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In the present study, the effects of cotyledon and pericarp
extracts at half IC_, IC_ and 2-fold IC, on apoptotic or
necrotic cell death modes of MCF-7 and MDA-MB-231
cells were determined after a 24-h treatment. In MCF-7,
the apoptotic cell death population increased to about
12.9% at 2-fold 1C, dose level. Increased populations of
viable and dead cells and decreased populations of eatly
and late apoptotic cells were observed when the dose level
increased. It is interesting to note that, at IC, and 2-fold
IC, , the population of viable cells is higher than at half of
IC, , indicating an effect against apoptosis. Moreover, some
viable cells could directly convert to dead cells. As discussed
above, these findings indicate that there might be necrosis
caused by acute toxicity at high dose levels.”>* The necrotic
and apoptotic deaths in combination gave the highest
final cell death, correlating with iz vitro antiproliferation.
A low concentration of chemopreventive may increase
intracellular oxidative stress,”” shifting the Bax-Bcl-2 ratio
to favor apoptosis while high dose levels would not do this.
Thus, at IC_ or higher dose levels, the death of MCF-7
cells arose from both apoptosis and necrosis modes. A
comparison between half of I1C_, IC_,and 2-fold IC, dose
levels of pericarp extract, the populations of late apoptosis
stage and dead MDA-MB-231 cells increased significantly
(12.1 via 13.7-20.0%, and 0.6 via 2.9-6.6%) whereas the
population of viable cells was persistent (49-56%). In this
case, the extract had no acute toxicity, and viable cells were
not directly converted to dead cells. Hence, necrotic cell
death was not induced, instead apoptotic cell death only
was triggered. These results are coherent with the IC, |
levels of the pericarp extract.

Our findings resemble those found in the work of Balijepalli
et al. (2010),”! who found a higher apoptosis rate in
MCF-7 cells than in MDA-MB-231 cells. The MCF-7 is
an estrogen receptor-positive (ER+) cancer cell line, and
these share substantial global similarities in the structures
of their transcriptomes. This cell line is a good model for
identifying molecular events of some ER+ human breast
cancers.” The MDA-MB-231 (estrogen receptor-negative;
ER—) cell line is more aggressive and unresponsive to anti-
estrogens. A chemopreventive for ER— cancer cell lines
needs to have a stronger toxicity and more side-effects than
chemopreventives of ER+ cell lines.” The high rate of
apoptosis in MCF-7 was probably due to lack of estrogen
stimulation in our test conditions. The flow cytometry
results revealed that MCF-7 is able to respond quicker than
MDA-MB-231 to treatment, by means of vigorously shifting
from viable, early or late apoptotic stages to nonviable
cells. Apoptosis and necrosis were clearly indicated in the
cells treated with the fruit extracts 7z vitro. These results
confirm that MCF-7 model allows the study of competing
mechanisms in response to chemotherapy, representing
estrogen-dependent human breast cancer cells.”
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Apoptosis induction in cancer cells is more critical than
induction of necrosis for the efficacy of a chemopreventive
agent.P!) Gorezyca (1999) suggested that distinguishing
between apoptotic and necrotic cells by using flow
cytometry is not based on cell morphology, and cannot
be correlated with morphological charactetizations.*
Therefore, in many laboratories, mostly fluorochromes
and other indicators such as acridine orange and Hoechst
33342 have been recently used with fluorescence
microscopic observations, as markers for discrimination
between viable and apoptotic dead cells.P>”! Furthermore,
molecular-based methods such as flow cytometry, gel
electrophoresis and western blot have been commonly
used for apoptosis quantification by (1) comparing the
sub GO/G1 histogram,”" (2) detecting the smear band
of fragmented DNA, and (3) determining the expression
of various tumot-related proteins,P! respectively. In the
present study, the western blots confirmed that apoptosis
in both cell lines could be induced by 1. diospyroides type
SS fruit. Furthermore, the p53 protein was completely
absent from the treated MCF-7 cells in at all treatment
times, whereas its expression was found consistently in
the treated MDA-MB-231 cells. Normally, under stress
conditions, the p53 is naturally unstable and can be
rapidly degraded by the cellular proteasome,P namely by
the mouse double minute 2 (MDM?2) protein. Therefore,
the half-life of p53 may be as short as minutes to an
hour.™ In contrast, the MDA-MB-231 had increasingly
p53 associated apoptosis within 12—48 h. In more than
50% of human cancers p53 is mutated, and this is also
the case with MDA-MB-231 cells.” Unfortunately, the
mutant-p53 may resist degradation by MDM2,PY and
thus the p53 band in a western blot may show significant
expression. The p53-transcription targets include p21
and Bax, and we confirmed in MCF-7 the induction
of p21 early at 12 h (DNA damage repair), while Bax
was stimulated in the late 24-48 h stage (apoptosis).
This evidence suggested that the induction of p21
and apoptosis by the extracts of . diospyroides type SS
cotyledon is through a p53-dependent pathway. When the
MDA-MB-231 cells, with p53 dysfunction, were treated
with extracts of . diospyroides type SS fruit, the effects
on cell growth arrest and induction of apoptosis were
p53-independent. Apoptosis might occur by an alternative
pathway, but further studied would be needed to clarify
this. Our results reveal that the p53 protein was not
essential for the responses of MCF-7 and MDA-MB-231
cells treated with 1. diospyroides type SS fruit extract,
similar to observations by Lam e a/. (2012),P" whereas the
time-dependent induction of p21 and Bax proteins was
significant in both cell lines. In this analysis, the diagrams
from flow cytometry were successfully combined with
protein expression patterns to discriminate between
various stages of apoptosis as well as necrosis. The flow
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cytometric characterizations are considered accurate, easy,
reliable, and more rapid than other current options.

CONCLUSION

Extracts of 1. diospyroides type SS fruit had cytotoxic
effects on MCF-7 and MDA-MB-231 breast cancer cell
lines; cotyledon extract doses at IC, or above produced
mixed MCF-7 cell apoptosis and necrosis, whereas a dose
at half IC, only induced apoptosis. All concentrations of
the pericarp extract induced MDA-MB-231 cell death, only
via apoptosis. Modern molecular immunology enabled
the identification and counting of necrotic and apoptotic
cells, to determine the respective populations as well as the
cell deaths. The extracts studied may contribute to cancer
therapies or prevention, particularly if in vivo studies were
pursued, as well as contribute to drug development in case
the active ingredients are identified in future studies.
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