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Abstract Spondias pinnata, a commonly distributed
tree in India, previously proven for various pharma-
cological properties and also reported for efficient
anti-oxidant, free radical scavenging and iron chelat-
ing activity, continuing this, the present study is aimed
to investigate the role of 70 % methanolic extract of S.
pinnata bark (SPME) in promoting apoptosis in
human lung adenocarcinoma cell line (A549) and
human breast adenocarcinoma cell line (MCF-7).
These two malignant cell lines and a normal cell line
were treated with increasing concentrations of SPME
and cell viability is calculated. SPME showed signif-
icant cytotoxicity to both A549 and MCF-7 cells with
an ICsy value of 147.84 + 3.74 and 149.34 +
13.30 pg/ml, respectively, whereas, comparatively
no cytotoxicity was found in normal human lung
fibroblast cell line (WI-38): ICsy 932.38 £ 84.44 ng/
ml. Flow cytometric analysis and confocal micro-
scopic studies confirmed that SPME is able to induce
apoptosis in both malignant cell lines. Furthermore,
immunoblot result proposed the pathway of apoptosis
induction by increasing Bax/Bcl-2 ratio in both cell
types, which results in the activation of the caspase-
cascade and ultimately leads to the cleavage of Poly
adeno ribose polymerase. For the first time this study
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proved the anticancer potential of SPME against
human lung and breast cancer by inducing apoptosis
through the modulation of Bcl-2 family proteins. This
might take S. pinnata in light to investigate it for
further development as therapeutic anticancer source.
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Introduction

Cancer is a major public health issue with millions of
new patients diagnosed each year and many deaths
resulting from this disease. Cancer is a net accumu-
lation of abnormal cells, which can arise from an
excess of proliferation or an inefficiency of undergo-
ing apoptosis or the combination of both. Manifesta-
tions of apoptosis are easily noticeable by the
appearance of cell shrinkage, membrane blebbing,
chromatin condensation, DNA cleavage, and finally,
fragmentation of the cell into membrane-bound apop-
totic bodies.

Thus, in cancer therapy, the focus is on strategies that
suppress tumor growth by activating the apoptotic
program in the cell. Till date chemotherapy remains the
principal mode of treatment for various types of cancers
including breast and lung cancer. Tamoxifen, a-non
steroidal anti-estrogen drug, is used in the treatment of
breast cancer patients and as chemoprevention in high
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risk women (Fisher et al. 2005). The anthracycline
doxorubicin is regularly used as a chemotherapeutic
agent in the treatment of lung and breast cancer (Lin et al.
2012; Moreno-Aspitia and Perez 2009). Conversely, the
development of resistance to chemotherapeutic drugs
obstructs effective killing of the cancer cells, resulting in
tumor recurrence. In addition, patients usually suffer
from serious side-effects such as cardiac and other
toxicities (Christiansen and Autschbach 2006; Wonders
and Reigle 2009). So, the development of better and safer
drug from natural resources to cure cancer still remains a
big challenge for the scientific community.

Spondias pinnata (Linn. f.) Kurz (Family—Ana-
cardiaceae) is a deciduous tree widely distributed in
India, Sri Lanka and South-East Asian countries. In
India, it is seen in the deciduous to semi-evergreen
forests. The gum exudate of the species has been
reported to contain acidic polysaccharides (Ghoshal
and Thakur 1981). In ethnomedicine, S. pinnata is used
for its antibacterial activity (Bibitha et al. 2002),
treatment of dysentery (Mahanta et al. 2006) and
inhibits the citrus canker of lime (Leksomboon et al.
2001). It is also reported that the bark of S. pinnata acts
as a very good antioxidant and free radical scavenger
(Hazra et al. 2008) as well as a potent iron chelator
properties (Hazra et al. 2013). However, there has been
no report on the anticancer properties of this species.

It will be much of interest if the anticancer and
apoptosis inducing property of S. pinnata bark can be
established. Therefore, the present study is aimed to
demonstrate the in vitro anticancer activity of 70 %
methanolic extract of Spondias pinnata bark (SPME)
on human lung carcinoma A549 and on human breast
carcinoma MCF-7 and to investigate the apoptosis
inducing property by studying morphological
changes, cell cycle analysis and by checking the
expression of anti and proapoptotic proteins as well as
a caspase cascade pathway.

Materials and methods

Chemicals

Ham’s F-12, Dulbecco’s Modified Eagle’s Medium
(DMEM), antibiotics and Amphotercin-B were pur-
chased from HiMedia Laboratories Pvt. Ltd. (Mumbai,

India). Fetal bovine serum was purchased from HyClone
Laboratories, Inc. (Logan, UT, USA). Cell Proliferation
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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 and Triton X-100 were
purchased from MP Biomedicals (Illkirch Graffensta-
den, France). Non-Fat dry milk was purchased from
Mother Dairy, G. C. M. M. F. Ltd. AMUL (Anand,
Gujarat, India). BCIP/NBT substrate was purchased
from GeNei'™, MERCK (Mumbai, 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. (Fremont, CA, USA).
Anti-Bax and anti-beta-actin antibodies were purchased
from OriGene Technologies, Inc (Rockville, MD, USA).
Alkaline phosphatase conjugated anti-Rabbit secondary
antibody was purchased from RockLand Immunochem-
icals Inc. (Gilbertsville, PA, USA).

Plant material

The stem bark of the S. pinnata was collected from the
Bankura district of West Bengal, India. The plant was
identified by the Central Research Institute (Ayurve-
da), Kolkata, India, where a specimen of the plant was
deposited (Specimen No. CRHS 111/08).

Extraction

The powder (100 g) of air-dried stem bark of S. pinnata
was stirred using a magnetic stirrer with a 70 %
methanol in water (1,000 ml) for 15 h; the mixture was
then centrifuged at 2,850x g and the supernatant was
decanted. The process was repeated by adding the same
solvent 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.

Sample preparation

The working stock solution (20 mg/ml) of S. pinnata
bark extract was prepared using distilled water and
sterilised using 0.22 pum syringe filter. The obtained
sample solution was stored at 4 °C until use.

Cell line and culture

Human lung adenocarcinoma (A549), human breast
adenocarcinoma (MCF-7) and human lung fibroblast
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(WI-38) cell lines were purchased from the National
Centre for Cell Science (NCCS, Pune, India) and
maintained in the laboratory. A549 cells were grown in
Ham’s F-12 medium whereas MCF-7 and WI-38 cells
were grown in DMEM. Both media were supplemented
with 10 % (v/v) fetal bovine serum (FBS), 100 U/ml
Penicillin G, 50 pg/ml Gentamycin sulphate, 100 pg/ml
Streptomycin and 2.5 pg/ml Amphotericin B. All cell
lines were maintained at 37 °C in a humidified atmo-
sphere containing 5 % CO, in CO, incubator.

WST-1 cell proliferation assay

Cell proliferation and cell viability were quantified
using the WST-1 Cell Proliferation Reagent, Roche
Diagnostics, according to the manufacturer’s instruc-
tions. The principle of this assay is based on cleavage
of a tetrazolium salt to a formazan by cellular
enzymes, especially mitochondrial dehydrogenases
(Mosmann 1983). The number of metabolically active
cells correlates directly to the amount of formazan.

A549 cells were seeded in a 96-well culture plate at
a density of 5 x 10* cells/well whereas MCF-7 cells
and WI-38 cells were seeded at 1 x 10* cells/well and
allowed to settle for 2 h. The cells were then treated
with SPME ranging from O to 200 pg/ml for 48 h.
After treatment, 10 pl of WST-1 cell proliferation
reagent was added to each well followed by 3—4 h of
incubation at 37 °C. Cell proliferation and viability
were quantified by measuring the absorbance of the
formazan at 460 nm using a microplate ELISA reader
MULTISKAN EX (Thermo Electron Corporation,
Waltham, MA, USA).

Cell cycle analysis

Cell cycle analysis was performed by flow cytometry
using the method previously described with slight
modifications (Sarkar and Mandal 2011). Before
treatment with SPME (0-200 pg/ml), A549 and
MCEF-7 cells were seeded in 6 well plates at a density
of 1.5 x 10° cells/well and allowed to adhere to
surface for 12 h. After 16 h of treatment, cells were
harvested and fixed with suitable amount of chilled
methanol and diluted with PBS. Cells were then
treated with RNase A at 37 °C for 1 h to digest cellular
RNA. The nuclear DNA of cells was then stained with
propidium iodide and cell phase distribution was
determined on FACS Calibur (Becton-Dickinson,

Franklin Lakes, NJ, USA) equipped with a 488 nm
Argon laser light and a 623 nm band pass filter using
CellQuest software. A total of 10,000 events were
acquired and data analysis was done using the ModFit
software. A histogram of DNA content (x-axis, red
fluorescence) versus count (y-axis) was plotted.

Annexin V staining

This assay was performed using the Annexin-V-FLUOS
Staining kit (Roche Diagnostics). The cells (1 x 10°)
were treated with SPME (0-200 pg/ml) for 16 h
labelled with PI and FITC according to the protocol of
the kit manufacturer. The distribution of apoptotic cells
was identified by flow cytometry on a FACS Calibur
(Becton—Dickinson) equipped with a 488 nm Argon
laser light and a 623 nm band pass filter using the
CellQuest software. A total of 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 (4) 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 (Machana et al.
2011). In brief, A549 and MCF-7 cells were seeded
in 6-well culture plates containing 22 mm glass
coverslip at a density of 5 x 10° cells/well. The cells
were then allowed to adhere to surface for 16 h
followed by treatment with SPME (80 and 100 pg/
ml). After 48 h of treatment, cells were fixed with 4 %
paraformaldehyde followed by permeabilization with
0.1 % Triton X-100. Cells were stained with 50 pg/ml
DAPI for 40 min at room temperature. The cells
undergoing apoptosis, represented by the morpholog-
ical changes of apoptotic nuclei, were observed and
imaged from ten eye views at 63x magnifications
under a laser scanning confocal microscope
LSMS510META (Zeiss, Oberkochen, Germany).

Western blot analysis
1 x 10° cells were treated with SPME (80 pg/ml for
A549 and 100 pg/ml for MCF-7) for various time

intervals (0.5-24 h). After treatment, cells were lysed
with triple detergent cell lysis buffer (50 mM Tris—Cl,
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150 mM NacCl, 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 13,800x g for 20 min at 4 °C. The
supernatants were stored at —80 °C until use. Protein
concentration was measured by the Folin-Lowry
method. Proteins (50 pg) in the cell lysates were
resolved on 12 % SDS-PAGE for caspase-9, Caspase-
3 and Bax whereas 40 pg of protein were 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 Glycine,
48 mM 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 at4 °C. After washing with TBS-T (0.01 % of
Tween-20 in TBS) membranes were incubated with
alkaline phosphatase conjugated anti-Rabbit IgG anti-
body at room temperature in the dark for 4 h, followed
by washing. The blots were then developed with BCIP/
NBT substrate and the images were taken by the
imaging system EC3 Chemi HR (UVP, Upland, CA,
USA). The blots were then analysed for band densities
using ImageJ 1.45 s software.

Statistical analysis

Cytotoxicity data were reported as the mean = SD of 6
measurements and cell cycle analysis data were reported
as the mean &+ SD of 3 measurements. The statistical
analysis was performed by KyPlot version 2.0 beta 15
(32 bit). The ICs, values were calculated by the for-
mula, Y = 100*A1/(X + Al) where Al = ICs5o, Y =
response (Y = 100 % when X = 0), X = inhibitory
concentration. The ICsy values were compared by
paired ¢ test. p < 0.05 was considered significant.

Results

Cell proliferation assay

The effect of SPME on cell viability was evaluated
individually by WST-1 assay and the IC5, values were
calculated from dose-dependent response studies

assessed 48 h post-treatment. SPME inhibited the
growth of both A549 and MCF-7 cells in a dose-
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dependent manner with an ICsy value of 147.84 +
3.74 and 149.34 £ 13.30 pg/ml, respectively. The
cytotoxicity of SPME on the normal fibroblast cell line
was also evaluated, the results showed that treatment of
WI-38 with the extract did not inhibit the cell
proliferation significantly and the ICsy was calculated
as 932.38 + 84.44 pg/ml (Fig. 1).

Flow cytometric cell cycle analysis

To verify the mechanism by which anticancer effect
was achieved, the effect of SPME on cell cycle
distribution was studied. As indicated in Fig. 2, SPME
increased the number of cells in sub-G1 phase both in
the case of A549 and MCF-7 dose dependently, which
refers to the cells that underwent apoptosis. This sub-
G1 population was quantified as the percentage of
apoptosis. These results indicate SPME induced cell
death in A549 and MCEF-7 cells.

Apoptosis versus necrosis

Both cells were treated with SPME (0-200 pg/ml) for
16 h. Figures. 3 and 4 depict the dual parameter dot
plots of A549 and MCEF-7 cells, respectively. In case
of A549 cells, at an SPME treatment of 80 pg/ml, the
number of cells in the annexin V (+) quadrant was

= SPME - A549
120 - [ SPME - MCF-7
E= SPME - WI-38

Cell viability (% of control)
IS -3 0 3
o o o o

N
o

10 30 50 80 100 150 200
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Fig. 1 Effect of SPME on cell proliferation and viability of
A549, MCF-7 and WI-38 cells. Cells were treated with
increasing concentrations of SPME for 48 h; cell proliferation
and viability were determined with WST-1 cell proliferation
reagent. Results were expressed as cell viability (% of control).
All data are expressed as mean =+ SD (n = 6). *p < 0.05,
**p < 0.01 and ***p < 0.001 versus 0 pg/ml
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Fig. 2 Cell cycle distribution was determined in propidium
iodide stained samples using flow cytometry. Percentage of cells
in sub-G1 was calculated for A549 (a) and MCF-7 (b) cells after
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treatment with SPME (0-200 pg/ml) for 16 h. All data are
expressed as mean £ SD (n = 3). *p < 0.05, **p < 0.01 and
*#%¥p < 0.001 versus 0 pg/ml

Fig. 3 Flow cytometric plots of annexin-V-FLUOS and
propidium iodide stained AS549 cells treated for 16 h with
different concentrations: Control (a), 50 pg/ml (b), 80 pg/ml

higher (17.23 %) while higher concentrations resulted
in an increasing number of double (+4) cells (late
apoptotic cells). Whereas, in case of MCF-7 cells, at
100 pg/ml early and late apoptotic cell number was
higher compared to lower concentrations but higher
concentrations showed a higher number of late
apoptotic cells and disrupted cells. These results
indicate that SPME effectively induced apoptosis both
in A549 and MCF-7 cells at 80 and 100 pg/ml,

A
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% s T
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FLI-H L
Annexin-V-FLUOS >

(), 100 pg/ml (d), 150 pg/ml (e), 200 pg/ml (f) of SPME.
Numbers in boxes represent % of total cells

respectively. So this concentration of SPME was
selected for further study to investigate the pathway by
which apoptosis had occurred.

SPME induces DNA fragmentation in A549
and MCF-7 cells

When A549 and MCF-7 cells were treated with SPME
at80and 100 pg/ml, respectively, for48 h, appearance

@ Springer



Cytotechnology (2014) 66:209-218

Annexin-V-FLUOS

A
(@= (b) = (c)=
1.02 % 0% 0.4 % 10.35 % 20.67 % 30.94 %
5 54 B £ 54
.l
0.04 % _1325% 16% . ]2569% 22.69 %
o2 10% 10! 9[00 10! 2 103 10 e|c° 10! e 109 10
E FLI-H FL1-H FL1-H
d) < e) < )=
( ) ~31 22.01 % 35.32 % ( ) ~§ 69.68 % 2111 % ( ) "1 68.7% 12.6 %
x T ] 3
23.47 % o 9.21 % 0 % 0%
103 10 100 10! e 103 10 109 10t
FL1-H

»
' o

Fig. 4 Flow cytometric plots of annexin-V-FLUOS and
propidium iodide staining of MCF-7 cells treated for 16 h with
different concentrations: Control (a), 50 pg/ml (b), 80 pg/ml

of DNA fragmentation and nuclear condensation was
observed indicating apoptosis. The capability of SPME
to induce morphological changes and apoptosis in both
cells was investigated using DAPI stain. Cells with
fragmented nuclei are shown in Fig. 5.

Activation of caspase cascade and PARP cleavage

Western blot was performed on members of caspases
and PARP in the cell lysates obtained from SPME
treated cells and the results showed increased levels of
active caspase-3 and 9 in a time dependent manner in
both cells while the appearance of active caspase-8
was only found in A549 cells. The 17 kDa subunit of
cleaved caspase-3 was clearly detected after 8 h of
treatment in A549 and MCF-7 cells followed by a
gradual increase in its level (Figs. 6¢c, 7c). The
cleavage of caspase-8 to its 28 kDa subunit was
detected after half an hour of treatment in A549 cells
(Fig. 6e). The 17 kDa subunit of cleaved caspase-9
was found increasing with time in both types of cells
(Figs. 6b, 7b). Similarly, a role for the cleavage of
PARP was shown by the gradual increase in 25 kDa
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(c), 100 pg/ml (d), 150 pg/ml (e), 200 pg/ml (f) of TBME.
Numbers in boxes represents % of total cells
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<
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Treated (100 pg/ml)
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Fig. 5 Detection of DNA fragmentation in 48 h SPME treated
A549 and MCF-7 cells. Nuclei were stained with DAPI and
observed under confocal microscope. Untreated A549 cells
(upper left) and A549 cells treated with 80 pg/ml SPME (upper
right); untreated MCF-7 cells (lower left) and MCF-7 cells
treated with 100 pg/ml SPME (lower right). The white arrows
indicate cells with fragmented nucleus
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Fig. 6 Whole cell lysates (a)
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PARP fragment in both types of cells post-treatment
with SPME (Figs. 6d, 7d).

Alteration in expression of Bcl-2 family proteins

To further explain the molecular mechanism of SPME
mediated apoptosis induction, the expression of sev-
eral Bcl-2 family proteins has been studied. The
western blot result showed an enhanced expression of
Bax (pro-apoptotic) protein in a time dependent
manner with decreased expression of Bcl-2 (anti-
apoptotic) protein in A549 cells. On the other hand, the
expression of Bax was also found increasing in MCF-7
cell with no change in expression of Bcl-2. Taken
together, the results suggest that an increase of the

Level of cleaved caspase-8
(arbitrary unit)
o w o © S

0051 2 3
Time (hours)

Bax/Bcl-2 ratio might be involved in apoptosis induced
by SPME in both type of the cells (Figs. 6a, 7a).

Discussion

In India, the use of medicinal plants and herbal therapy
was practised long before recorded history. Remark-
ably these plants were also found to serve promising
anti-oxidants and free radical scavenging agents,
which ultimately results in prevention of cancer and
autoimmune diseases.

The WST-1 assay showed SPME inhibited the
growth of A549 and MCF-7 cells dose dependently.
The viability of cells was reduced by 50 % for A549
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Fig. 7 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 SPME on Bax
and Bcl-2 expression; MCF-7 cells were treated with 100 pg/ml

and 60 % for MCF-7 upon 48 h exposure to SPME
dose dependently. By comparison, the cytotoxicity of
SPME on human cancer cell lines was found very
strong as compared to the normal cells referring to
dose response curves and calculated ICsq values.
However, this inhibition of growth of both types of
cells after treatment with SPME might be resulted
from apoptosis, necrosis or cell cycle block (Chan
et al. 2010). To further verify whether this effect was
from apoptotic induction or cell cycle arrest, flow
cytometric analysis of cell cycle and apoptosis was
performed. Cell cycle distribution analysis showed
that SPME induced cell cycle arrest at sub-G1 phase in
a dose dependent manner. In addition, previously it
was reported that many cytotoxic agents arrest the cell
cycle at GO/G1, S and G2/M phase and then induce
apoptosis (Martinez et al. 1987; Torres and Horwitz
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SPME for the indicated time intervals (a). Effects of SPME on
cleaved caspase-9; MCF-7 cells were treated with 100 pg/ml
SPME for the indicated time intervals (b). Effects of SPME on
cleaved caspase-3 and PARP; MCF-7 cells were treated with
100 pg/ml SPME for the indicated time intervals (c, d)

1998; Murray 2004; Orren et al. 1997). Apoptosis
study using the Annexin-V-FLUOS Staining kit
demonstrated that SPME induced early apoptosis
significantly 16 h post-treatment in both A549 and
MCEF-7 cells at 80 and 100 pg/ml, respectively.
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 (Allen et al. 1997). The observation from DAPI
staining also supported that the above dose (80 and
100 pg/ml) of SPME is effective in inducing apoptosis
in both types of cells.

As regards the mechanism of apoptosis induction, it
is a genetically regulated biological process with two
major pathways; namely the death-receptor-induced
extrinsic pathway and the mitochondria-apoptosome-
mediated intrinsic pathway (Hu and Kavanagh 2003).
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Bcl-2 family proteins have a vital role in controlling
the mitochondrial pathway. The proapoptotic (e.g.
Bax, Bak, Bad) and antiapoptotic (e.g. Bcl-2, Bel-xl,
Bcl-1) proteins of the Bcl-2 family may turn on and off
apoptosis because of the formation of heterodimers
among these proteins (Reed 1997). Therefore, the
balance between the expression levels of the protein
units (Bcl-2 and Bax) is critical for cell survival and
death. Changes in Bax/Bcl-2 ratio and activation of
caspase cascade have been reported to be caused by
downregulation of Bcl-2 and slight downregulation of
Bax (Tian et al. 2008), downregulation of Bcl-2 and
upregulation of Bax (Wang et al. 2010). In this
investigation, it was found that Bax expression was
significantly elevated in SPME treated A549 and
MCEF-7 cells while Bcl-2 expression remained
unchanged in MCF-7 cells and decreased in A549
cells which ultimately resulted in an increase in the
Bax/Bcl-2 ratio and activation of the caspase cascade.
Expressed as inactive enzymes, caspases are the
family members of cysteine proteases, play a central
role in the apoptosis and are activated in a cascade of
sequential cleavage reaction (Pastorino et al. 1998),
whose activities was assessed for further evidence of
apoptosis induction. It is known that caspase-9 is the
sole initiator of the intrinsic apoptotic pathway, which
is activated in a complex termed the apoptosome by the
scaffold protein Apaf-1 and its cofactor cytochrome C
(Shi 2002). The present study suggested that caspase-9
was activated in both types of cells which led to the
cleavage of caspase-3 toits 17 kDa active subunit. This
subunit further triggered the cleavage of PARP and as a
whole induced apoptosis. Caspase-8, which is an
initiator caspase in case of the extrinsic pathway of
apoptosis (Donepudi et al. 2003) was also found
activated in A549 cells but not in MCF-7 cells. It was
reported that caspase-8 plays a very important role in
activation of both the pathways (Anto et al. 2002).
This is the first ever report illuminating the anticancer
activity of 70 % methanolic extract of S. pinnata bark
against A549 and MCF-7 cell lines, through the
induction of apoptosis by altering the expression of
Bcl-2 family proteins viz. Bcl-2 and Bax, in other words
through the intrinsic pathway. In conclusion, the present
report demonstrates that S. pinnata did not exhibit
cytotoxicity on a normal lung fibroblast cell line but was
effective in inducing apoptosis in a human lung and
breast adenocarcinoma cell line. Considering the selec-
tivity of S. pinnata in killing cancer cells it needs to be

tested on several other cell lines. It is also important to
further characterise the bioactive anticancer compounds
present in the same medicinal plant.
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