ORIGINAL ARTICLE

Heartwood extract of Acacia catechu induces apoptosis
in human breast carcinoma by altering bax/bcl-2 ratio
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Background: The heartwood extract of A. catechu, called pale catechu or “Katha” in Hindi www.phcog.com

has been widely used in traditional Indian medicinal system. Although various pharmacological DOI:

properties of this plant had been reported previously, only a few were concerned with the 10.4103/0973-1296.126654
anticancer activity of this plant. Objective: The objective was to assess the in vitro anticancer
and apoptosis inducing effect of 70% methanolic extract of “Katha” (ACME) on human breast
adenocarcinoma cell line (MCF-7). Materials and Methods: MCF-7 cell line was treated with
increasing concentrations of ACME and cell viability was calculated. Flow cytometric methods
were used to confirm the apoptosis promoting role of ACME. Morphological changes were then
analysed using confocal microscopy. Western blotting was then performed to investigate the
expression of apoptogenic proteins and to analyse the activation of caspases. Results: ACME
showed significant cytotoxicity to MCF-7 cells with an IC  value of 288.85 + 25.79 ug/ml. Flow
cytometric analysis and morphological studies confirmed that ACME is able to induce apoptosis
in MCF-7 cells. Furthermore, immunoblot results suggested the pathway of apoptosis induction
by increasing Bax/Bcl-2 ratio which results in the activation of caspase-cascade and ultimately
leads to the cleavage of Poly adeno ribose polymerase (PARP). Conclusion: These results provide
the evidence that ACME is able to inhibit the proliferation of MCF-7 cells by inducing apoptosis
through intrinsic pathway.
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INTRODUCTION

Cancer is a global public health problem because of its high
occurrence and mortality rate. Worldwide breast cancer is
the most common cause of cancer-related death in women
with 4,58,000 deaths annually.!! Despite developments in
diagnosis and advances in therapies using chemotherapy,
oncosurgery and radiation, along with various palliative
treatments, breast carcinoma remains a great challenge for
clinical therapy. Subsequently, new strategies are evolving
to control and treat cancer. One such strategy could be the
use of herbs and medicinal plants.

Acacia catechn (L.£.) wild (Family-Leguminoseae) is a moderate
size deciduous, thorny tree common to Southern Asia and
widely distributed in India. It is commonly known as “khair”
and its various parts have been used since ancient times in
Ayurvedic medicine. The heartwood extract of A. catechu,
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called pale catechu or “Katha” in Hindi, is a necessary
ingredient of “pan” which is beetle leaf preparation chewed
in India. In Ayurveda, “Katha” is used in the treatment
of cough, dysentery, throat infections, chronic ulcers and
wounds.” Catechu is also teported for its antimicrobial,’
anti-inflammatory,” immunomodulatory,” antipyretic,
antidiarrhoeal, hypoglycemic and hepatoprotectivel®”
properties. Gum exudates from this tree also reported to have
antioxidant activity.”! Several natural bioactive compounds such
as (+)-catechin, (-)-epicatechin, (-)-epicatechin-3-O-gallate,
epigallocatechin-3-O-gallate, quercetin, (+)-cyanidanol have
been isolated from heartwood, batk, roots, leaves and stem
of A. catechu™ It is also reported that 70% methanolic
extract of _A. catechn possess antioxidant, iron chelating and
DNA protective properties.!'” A. catechn is also proven for its
anticancer and cytotoxic potentials against HelLa, COLO-205
and HT-1080 cell lines 7z vitro.")

The present study is aimed to demonstrate the 7z vitro
anticancer activity of 70% methanolic extract of A. catechn
heartwood (ACME) on human breast carcinoma MCF-7
through investigation of apoptosis inducing property by
studying morphological changes, cell cycle analysis and by
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checking the expression of anti and pro-apoptotic proteins
as well as a caspase cascade pathway.

MATERIALS AND METHODS

Chemicals

Dulbecco’s Modified Eagle’s Medium (DMEM), antibiotics
and amphotercin-B were purchased from HiMedia
Laboratories Pvt. Ltd., Mumbai, India. Fetal bovine serum
was purchased from HyClone Laboratories, Inc., Utah, USA.
Cell Proliferation Reagent WST-1, Annexin-V-FLUOS
staining kit and Polyvinyl difluoride membrane were
purchased from Roche diagnostics, Mannheim, Germany.
RNase A, 4°,6’-diamidino-2-phenylindole (DAPI) and
Triton X-100 were purchased from MP Biomedicals,
France. Non-fat dry milk was purchased from Mother Dairy,
G. C. M. M. E Ltd. AMUL, India. BCIP/NBT substrate
was purchased from GeNei™, MERCK, India. Anti-
PARP N-terminus, anti-Bcl-2 (NT), anti-Caspase-3 (p17),
anti-Caspase-9 and anti-Caspase-8 (IN) antibodies were
purchased from AnaSpec, Inc., USA. Anti-Bax and
anti-beta-actin antibodies were purchased from OriGene
technologies, Inc, Rockville, USA. Alkaline phosphatase
conjugated anti-Rabbit secondary antibody was purchased
from RockLand immunochemicals Inc., Gilbertsville, USA.

Extraction

Pale catechu was purchased from local market and finely
powdered. The powder (100 g) was stirred using a magnetic
stirrer with 1000 ml 70% methanol in water for 15 h.
The mixture was then centrifuged at 2850 X g and the
supernatant decanted. The process was repeated with the
precipitated pellet. The supernatants from two phases were
mixed, concentrated in a rotary evaporator and lyophilized.
The obtained dried extract was stored at —20°C until use.
The working stock solution (20 mg/ml) of ACME was
prepared using double distilled water and sterilized using
0.22 um syringe filter. The obtained sample solution was
stored at 4°C until use.

Cell line and culture

Human breast adenocarcinoma (MCF-7) cell line
was purchased from the National Centre for Cell
Science (NCCS), India and maintained in sterilized
condition. The cells were grown in DMEM supplemented
with 10% (v/v) fetal bovine serum (FBS), 100 U/ml
penicillin G, 50 pg/ml gentamycin sulphate, 100 pug/ml
streptomycin and 2.5 pg/ml amphotericin-B. The cell
line was maintained at 37°C in a humidified atmosphere
containing 5% CO,,.

WST-1 assay
Cell viability was quantified using the WST-1 Cell
Proliferation Reagent, Roche diagnostics, according to
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the manufacturer’s instructions. The principle of this
assay is based on cleavage of a tetrazolium salt to a
formazan by cellular enzymes, especially mitochondrial
dehydrogenases." The number of metabolically active
cells correlates directly to the amount of formazan.
Briefly, 1 X 10* cells/well were treated with ACME
ranging from 0-200 pg/ml for 48 hours in 96-well
culture plate. After treatment, 10ul of WST-1 cell
proliferation reagent was added to each well followed
by 3-4 hours of incubation at 37°C. Cell proliferation
and viability were quantified by measuring absorbance
of the formazan at 460nm using a microplate
ELISA reader MULTISKAN EX (Thermo Electron
Corporation, USA).

Cell cycle analysis

Cell cycle analysis was performed by flow cytometry
using the method previously described!" with
slight modifications. 1 X 10°¢ cells were treated with
ACME (0-200 pg/ml) for 16h in a 6-well culture plate.
After treatment, cells were fixed with suitable amount
of chilled methanol and diluted with Phosphate
Buffered Saline (PBS). Cells were then treated with
RNase A at 37°C for 1h to digest cellular RNA.
The nuclear DNA of cells was then stained with
propidium iodide (PI) and cell phase distribution
was determined on FACS Calibur (Becton Dickinson)
equipped with 488 nm Argon laser light and 623 nm
band pass filter using CellQuest software. A total
10,000 events were acquired and data analysis was
done using ModFit software. A histogram of DNA
content (x-axis, red fluorescence) vs count (y- axis)
was plotted.

Annexin V staining

This assay was performed using Annexin-V-FLUOS
Staining kit, Roche diagnostics. The cells (1 X 10°) were
treated with ACME (0-200 pg/ml) for 16h labelled with
PI and Fluorescein isothiocyanate (FITC) according to
the protocol of the kit manufacturer. The distribution of
apoptotic cells was identified by flow cytometer on FACS
Calibur (Becton Dickinson) equipped with 488 nm Argon
laser light and 623 nm band pass filter using CellQuest
software. A total 10,000 events were counted. Cells that
were Annexin V (-) and PI (-) were considered as viable
cells. Cells that were Annexin V (+) and PI (-) were
considered as early stage apoptotic cells. Cells that were
Annexin V (+) and PI (+) were considered as late apoptotic
or necrotic cells.

DAPI (4’, 6’-diamidino-2-phenylindole) staining
DAPI staining was done using the method described

earlier with slight modifications."! 5 X 10° cells were
treated with ACME (100 pg/ml) for 48h in a 6-well
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culture plate and were fixed with 4% paraformaldehyde
followed by permeabilization with 0.1% Triton X-100.
Cells were then stained with 50 pg/ml DAPI for 40 min
at room temperature. The cells undergoing apoptosis,
represented by the morphological changes of apoptotic
nuclei, were observed and imaged from ten eye views

at X63 magnifications under a laser scanning confocal
microscope LSM510META (Zeiss).

Western blot analysis

Cells were treated with ACME (100 pug/ml) for various time
intervals (0.5-24 h). After treatment, cells were lysed with
triple detergent cell lysis buffer (50 mM Tris-Cl, 150mM
NaCl, 0.02% Sodium azide, 0.1% Sodium dodecyl sulphate,
1% triton X-100, 0.5% sodium deoxycholate, 1 pg/ml
aprotinin, 100 pg/ml phenyl methyl-sulfonyl fluoride, pH 8)
and the lysates were then centrifuged at 13800 X g for
20 min at 4°C. The supernatants were stored at -80°C until
use. Protein concentration was measured by Folin-Lowry
method. Proteins (50 pg) in the cell lysates were resolved on
12% SDS-PAGE for caspase-9, caspase-3 and Bax whereas
40ug of protein used to resolve caspase-8, Bcl-2, PARP
and beta-actin on 10% SDS-PAGE. The proteins were
transferred to the PVDF membrane using transfer buffer
(39 mM Gilycine, 48mM Tris base, 20% Methanol, 0.037%
Sodium dodecyl sulphate, pH 8.3). The membranes were
then blocked with 5% Non-fat dry milk in TBS followed
by incubation with corresponding antibodies separately
overnight at 4°C. After washing with TBS-T, (0.01% of
Tween-20 in TBS) membranes were incubated with alkaline
phosphatase conjugated anti-Rabbit IgG antibody at room
temperature in the dark for 4h, followed by washing, The
blots were then developed with BCIP/NBT substrate and
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Figure 1: Effect of ACME on cell proliferation and viability of MCF-7
cells. Cells were treated with increasing concentrations of ACME for
48 hours; cell proliferation and viability was determined with WST-1
cell proliferation reagent. Results were expressed as cell viability
(% of control). All data is expressed as mean + SD (n=6). *P < 0.05,
**P < 0.01and ***P < 0.001 vs. 0 pg/ml
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the images were taken by the imaging system EC3 Chemi
HR (UVP, USA). The blots were then analysed for band
densities using Image] 1.45s software.

Statistical analysis

Cytotoxicity data was reported as the mean * SD of 6
measurements and cell cycle analysis data was reported as
the mean * SD of 3 measurements. The statistical analysis
was performed by KyPlot version 2.0 beta 15 (32 bit). The
IC,, values were calculated by the formula, Y = 100%A1/
(X + Al) where A1 =1C, , Y = response (Y = 100% when
X = 0), X = inhibitory concentration. The IC, values
were compared by paired ~test. P < 0.05 was considered
significant.

RESULTS

Cell viability assay

The effect of ACME on cell viability was evaluated by
WST-1 assay and the IC, values were calculated from
dose-dependent response studies. Figure 1 showed that
ACME was able to exert anti-proliferative effects in the
MCF-7 cell line tested in dose-dependent manner. The
IC, value of the ACME for MCF-7 cells was found to be
288.85 £ 25.79 pg/ml after exposure for 48h.

Flow cytometric cell cycle analysis

The anti-proliferation effect of ACME on MCF-7 was
extended by studying the effect in cell cycle distribution.
This study showed that ACME was able to induce significant
sub-G1 peak dose dependently 16h post-treatment. The
cells in the sub-G1 population were quantified as the
apoptotic index [Figure 2.
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Figure 2: Cell cycle distribution was determined in propidium iodide
stained samples using flow cytometer. Percentage of cells in sub-G1
was calculated for MCF-7 cells after treatment with ACME (0 -200 pg/ml)
for 16 hours. All data is expressed as mean + SD (n=3). *P<0.05, **P
<0.01and ***P < 0.001 vs. O pg/ml
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Apoptosis vs. necrosis

From the dot plots [Figure 3], it was observed that with
increase in the concentration of ACME the number of eatly
apoptotic and late apoptotic cells were increasing, After 16h
treatment with ACME (100 pg/ml), 28% cells were found in
early apoptosis and 37% cells were in late apoptosis; while
higher concentrations of ACME (150 pug/ml and 200 pg/ml)
resulted in the increase of cell population in upper left
quadrant which refers to the disrupted cells or the cells
undergone necrosis. These results indicated that ACME
effectively induced apoptosis in MCF-7 cells at 100 pg/ml. So
this concentration of ACME was selected for further study
to investigate the pathway by which apoptosis had occurred.

Microscopic observation of ACME-induced apoptotic
cells

Both the untreated and ACME (100 pg/ml) treated
cells were stained with DAPI and visualised by confocal
microscope [Figure 4]. Untreated cells were found with
normal morphology and intact nuclei, while the treated cells
exhibited the characteristics of apoptosis, with condensed
and fragmented nuclei, along with marked shrinkage in the
cell membrane.

Alteration in expression of apoptogenic proteins
Bcl-2 and Bax protein levels in untreated and treated

MCF-7 cells were studied using western blot technique
to examine the involvement of Bcl-2 family proteins
in ACME mediated apoptosis. As showed in the
Figure 5a, ACME dramatically increased the expression
of Bax (pro-apoptotic) protein in a time dependent
manner while there is no change in the expression of
Bcl-2 (anti-apoptotic) protein. This resulted in increased
Bax/Bcl-2 ratio.

Effect of ACME on caspases and PARP cleavage
Western blot analysis investigated response of certain
caspases to ACME treatment. The 17 kDa subunit of
cleaved caspase-9 was found increasing with time in treated
cells [Figure 5b]. 17 kDa subunit of cleaved caspase-3 was
clearly detected after 4 h of treatment followed by a gradual
increase in its level [Figure 5c|. However, the cleavage of
caspase-8 to its 28 kDa subunit was not detected in treated
cells (Data not shown). Similarly, a role for the cleavage of
PARP was shown by the gradual increase in 25 kDa PARP
fragment post-treatment with ACME [Figure 5d].

DISCUSSION

Traditional Indian medicine incorporates the use of
medicinal plants which are found to serve promising
antioxidants and free radical scavenging agents, which
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Figure 3: Flow cytometric plots of annexin-V-FLUOS and propidium iodide staining of MCF-7 cells treated for 16 hours with different concentrations:
Control (a), 50 pg/ml (b), 80 pg/ml (c), 100 pg/ml (d), 150 pg/ml (e), 200 pg/ml (f) of ACME. Numbers in boxes represents % of total cells
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Untreated

ACME (100 pg/ml)

DAPI

Figure 4: Morphological assessment of ACME treated MCF-7 cells for 48 hours. Nuclei were stained with DAPI and observed under confocal
microscope. Untreated MCF-7 cells (upper region) and MCF-7 cells treated with 100pg/ml ACME (lower region). White arrows indicate the cells

which have undergone apoptosis

ultimately results in prevention of various diseases 7z
cancer, autoimmune diseases. The results from our previous
study suggested that ACME possesses protective antioxidant
and free radical scavenging activities."? In addition several
researchers have reported that antioxidants, such as retinoids
and vitamin E, produce genetic changes that cause apoptosis
in cancer cells by mechanisms other than antioxidant
effect.'”!™ Our phytochemical study suggests that ACME
has abundant amount of carbohydrates, alkaloids, tannins
and ascorbate. Furthermore, HPLC standardization of
the extract confirms the presence of tannic acid and
catechin (unpublished communicated data). In reference
with many previously reported pharmacological activities
of A. catechu, the present study was carried out to assess its
in vitro anticancer activity against breast cancer.

The WST-1 assay showed that ACME is effective in
inhibiting the growth of MCF-7 cells dose dependently.
The viability of the cells was reduced to 50% upon
48h exposure to ACME. Previously it is reported that
the inhibition of growth or reduction in cell viability in
presence of anticancer agents resulted from apoptosis,
necrosis or cell cycle block.”! Many cytotoxic agents
arrest the cell cycle at GO/G1, S and G2/M phase and
then induce apoptosis.’” ! The flow cytometric analysis
showed that ACME remarkably induced cell cycle arrest
in MCF-7 at sub-G1 phase in a dose dependent manner.
In addition, apoptosis versus necrosis study demonstrated
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that ACME induced apoptosis significantly at 100 plg/ml in
MCEF-7 cells 16h post-treatment. Internucleosomal DNA
fragmentation is the primary hallmark to indicate an early
event of apoptosis and it represents a point of no return
from the path to cell death.” The observation from DAPI
staining also supported the above dose (100 pg/ml) of
ACME to be effective in inducing apoptosis in MCF-7 cells.

Two major mechanisms exist that induce apoptosis by
initiating the caspase cascade: The extrinsic involving
caspase-8; and the intrinsic pathway involving caspase-9
as the initiator caspase. Expressed as inactive enzymes,
caspases are members of a family of cysteine proteases,
play a central role in the apoptosis.””! Once activated,
caspase-8 activates the downstream executioner caspase-3
by proteolytic cleavage of their zymogen forms. The
other initiator caspase, caspase-9, respond to the release
of cytochrome C from the mitochondria. Once released
from mitochondria, cytochrome C acts as a co-factor and
interacts with Apaf-1 and procaspase-9, which in turn
activates caspase-9. This formed apoptosome is then
involved in the activation of caspase-3.2* Activated
caspase 3 is responsible for the proteolytic degradation
of PARP, which occurs at the onset of apoptosis.”” The
present study provides the evidence demonstrating that
ACME-induced apoptosis in MCF-7 cells is mediated by
increased cleavage of caspase-9, activation of caspase 3,
and degradation of PARP and not by the activation of
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Figure 5: Whole cell lysates were prepared and resolved followed by western blotting with antibodies specific for the indicated proteins. Graphs
adjoining the blots represent the levels of the indicated proteins at given time intervals. Effects of ACME on Bax and Bcl-2 expression; MCF-7
cells were treated with 100 pg/ml ACME for indicated time intervals (a). Effects of ACME on cleaved caspase-9, cleaved caspase-3 and PARP;
MCEF-7 cells were treated with 100 pg/ml ACME for indicated time intervals (b, c, d)

caspase-8. This observation suggested that 4. catechu
induced the apoptosis in MCF-7 cells by intrinsic pathway.

It has been shown that the Bcl-2 family proteins play
an important regulatory role in apoptosis, either as
activator (Bax) or as inhibitor (Bcl-2).P” Of the Bcl-2
family members, the Bax and Bcl-2 protein ratio has been
recognized to play a key role in regulation of the apoptotic
process.”*? The balance between the expression levels of
the protein units (Bcl-2 and Bax) is critical for cell survival
and death as the increase in Bax/Bcl-2 ratio contributes
to the release of cytochrome C from mitochondria and
activation of intrinsic apoptotic pathway.* Changes in
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Bax/Bcl-2 ratio and activation of caspase cascade have
been reported to be caused by downregulation of Bcl-2
with slight downregulation of Bax,” and downregulation
of Bcl-2 with upregulation of Bax. In this investigation,
it is found that Bax expression was significantly elevated
in ACME treated MCF-7 cells while Bcl-2 expression
remains unchanged which ultimately results in an increase
in the Bax/Bcl-2 ratio and activation of the caspase
cascade.

CONCLUSION

In conclusion, the present report demonstrates that
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70% methanolic extract of Acacia catechn exhibits an
anti-proliferative activity by induction of apoptosis
through upregulation of Bax/Bcl-2 ratio i.e., through
intrinsic pathway. This induction of apoptosis in the
breast adenocarcinoma is verified by performing apoptosis
assays, microscopic methods and immunoblotting studies.
Considering the effect of A. catechu in killing MCF-7 cells,
it needs to be tested on several other cell lines, along with
further study to characterize the bioactive anticancer
compounds present in the same medicinal plant.
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