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Abstract

The present study evaluated the ability of methianelxtract of Centella asiatica(Linn) Urban
(Umbelliferae) to induce apoptosis in different cancell lines. MCF-7 cells emerged as the mossitea cell line
for in vitro growth inhibitory activity.C. asiaticaextract induced apoptosis in MCF-7 cells as ingiddy nuclear
condensation, increased annexin staining, lossitafchondrial membrane potential and induction of Dbreaks
identified by TUNEL reactivity. It is possible thtite use ofC. asiaticaextract as a component in herbal medicines
could be justifiable.
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Introduction

Plant based remedies have always been used asegmainpart of traditional medicines throughout the
world. There are many examples of potential antieareffects of various herb/plant extractdgrinvitro cell line
models (Wing et al., 2007; Sebastian and Thamp@®i/;2Suffredini et al., 2007; King and Murphy, 20@handra
et al.,, 2007)Centella asiaticalLinn) Urban (Umbelliferae) is one such plant used initiaakl medicine for the
treatment of various ailment€.asiaticais a creeper found in wetlands of most of the Asiauntries. The whole
plant or the fresh leaves of the plant are widalgdiin ayurvedic preparations [(C.S. I. R) CountiGcientific and
Industrial Research., 1950. The extract [partidylditrated extract ofC. asiatica (TECA)] has been proven as a
promising candidate for improving memory, and ukeccognitive disorders and for various skin aifitsee(Dash et
al., 1996; Sampson et al., 2001; Satyavati etLlall6; Sharma, 1992; Sivarajan, 1993).asiatica is used in other
folklore medicines for the treatment of leprosycar| extensive wounds, eczema etc (Duke and Ayel@g5;
Satyavati et al., 1976; Sharma, 1992jnmunomodulatory effects ofC. asiatica extracts suggest its
chemopreventive and antiproliferative effect (Puetuet al., 2005). Methanolic extract of the aepaits of the
plant showedn vitro antiproliferative effect in mouse fibrosarcoma seghiuman liver cancer cells, human gastric
adenocarcinoma cells, MK-1, murine melanoma cBI€§F10, keratinocytes, SVK-14 aimdvivo tumor model test
systems(Babu et al., 1995; Bunpo et al., 2004; Lin et 2002; Sampsoron et al., 2001;Yoshida et al., R(Bifice
apoptosis is described as the main mode of cethdeduced by a variety of stimuli such as drugess, radiation
etc., the present study was carried out to evalilegebility of C. asiaticaextract to induce apoptosis in different
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cancer cell lines. The result of this study indésathat apoptosis induction By asiaticaextract may provide clues
regarding its antitumor activity in at least huntmeast cancer cells.

Materials and Methods
Preparation of plant extract

The fresh plant collected was authenticated bywan@amist from Kerala Forest Research Institute (§FR
Peechi, Thrissur, Kerala. A voucher specimen (AGR@) was kept in Amala Cancer Research Centredtierh.
The extraction procedure was done as describedu(Baal., 1995). Briefly, the whole plaBtasiaticawas washed,
dried under shade at room temperature and powdereel.grams of dry powder was extracted with 500fr80%
methanol under stirring at room temperature ovémnighe extract was filtered and the filtrate waaporated to
dryness in vacuum. The yield of the solvent freeaet was 20% (i.e. 1gm).

Cell culture and maintenance

MCF-7, HeLa, HepG2, SW 480 cells were procured fthenNational Centre for Cell Science, Pune, India.
The cells were grown in monolayer culture in Dulties Modified Eagle’s Medium (DMEM, Life Technolazs,
USA) containing 10% fetal bovine serum (FBS)(Sigtd&A) and antibiotics (100 U/ml penicillin and 1Q@/ml
streptomycin) in a humidified atmosphere of 5%,G® 37C. For all experiments DMEM containing 2.5% FBS
was used.

Cell viability assay

Cell growth assays were carried out as describeSrinifas et al., 2003). We prepared different
concentrations of the extract by serial dilutioanfr the stock (82 ug/10QaL). Cells grown in 96-well microtitre
plates (7000 cells/well) were incubated for 48 hweind without different concentrations of methamektract of
C. asiatica(MECA) (10.5-82ug). Then the medium was removed and fresh mediusnadded along with 20 of
3-(4-5 dimethylthiozol-2-yl) 2-5 diphenyl-tetrazoth bromide (MTT, 5 mg/ml) to each well. The platesre
incubated for another 3 h and the formazan cry$tataed were solubilized with MTT lysis buffer (2086dium
dodecyl sulfate in 50% dimethyl formamide). Thet@tawere placed protected from light, for 2 h atG3h an
incubator. The color developed was measured (Maaswave length: 570 nm, Reference wave lengtl®: &3)
using a plate reader (BioRad, USA). Likewise, walgzed the cyotoxicity of asiatic acid (2.5 -10 ub) the same
assay. The cell viability was expressed as pergentaer the control. This assay is used for therdehation of
cell viability and cell proliferation because itrche carried out in a microtitre plate. This minr&ation allows
many samples to be analyzed rapidly and simultasigou

Acridine orange / ethidium bromide staining methods

MCEF-7 cells grown in 96-well plates (7000cells/\yellere treated with and with out 88 extract for 16 h.
After washing once with PBS, the cells were staimgith 100 pl of a mixture of acridine orange and ethidium
bromide (1:1, 4ug/ml) solutions. The cells were immediately waslede with PBS and viewed under a Nikon
inverted fluorescent microscope (TE-Eclipse 30Qridine Orange/Ethidium Bromide Staining uses caration
of two dyes to visualize cells with aberrant chréimarganization. Acridine Orange was used to Jigeathe
number of cells which has undergone apoptosisjtlm#nnot distinguish viable from non-viable cell® achieve
this, a mixture of Acridine Orange and Ethidium Bide was used. The differential uptake of these tlyes
allows the identification of viable and non-vialoils.

Annexin/propidium iodide staining

For annexin/propidium iodide staining, the cell8q@ cells/well) were seeded in 96-well plates apdted
with and without 82ug extract for 16 h. Then they were washed with RBSE treated with 1x assay buffer,
annexin-fluorescein isothiocyanate and propidiudide as per the protocol described in the annexepbdptosis
detection kit (sc-4252 AK) from Santa Cruz Bioteclogy. After 10-20 min, they were washed with phuste-
buffered saline and the greenish apoptotic cellseweiewed using a Nikon fluorescent microscope and
photographedin the early stages of apoptosis, there occurslwaation of phosphatidyl serine (PS) from the inne
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side of the plasma membrane to the outer layem®Rrg PS at the surface of the cell. Annexin bittd®S with
high affinity. Similarly, Annexin V-Biotin binds im calcium dependent manner to negatively chargedgholipid
surfaces, and shows affinity for PS. Simultaneot@nimg of DNA (with propidium iodide) will allow he
discrimination of necrotic cells from apoptoticlsel

Mitochondrial membrane potential assay

Mitochondrial membrane potential was measured kipgua MitochondrialMembrane Sensor Kit as
described by the manufacturer (Clontéetboratories, Inc., Palo Alto, CA). After 16 h atment with 82ug of
MECA, the cells were washed with serum-free mediulpl mitosensor reagent was dissolved in 1ml inculpatio
buffer; 100ul of it is added to the cells. Cells were theruimated at 37°@ a humidified, 5% C@incubator for 15
to 20 min. Cells were washed with incubation buéfied examined with a Zeiss Axioskope 2 Plus miope using
blue filter and documented. MitoSensor aggregatethé mitochondria of healthy cells and fluoresced. In
apoptotic cells the mitochondrial potential is @dtband MitoSensor cannot accumulate in mitochananid remain
in the cytoplasm as monomer and fluoresces green.

Terminal deoxynucleotidyl transferase mediated dUTRhick end labeling assay

The assay was carried out usiimysitu cell death detection kit, POD (Roche Diagnostics GmbH,
Germany). Cells were cultured with cover slips &reéted with and without 82 g for 24 h. The cellre then
washed with PBS and fixed in 4% paraformaldehyde dells were again washed with PBS and blockeld 3%
hydrogen peroxide in methanol and permeabilisedgu8i1% triton X 100 in 0.1% sodium citrate for Zhron ice.
The staining was performed according to the marufacs protocol. TUNEL assay is a non-radioacthystem
designed to provide simple, accurate and rapicctieteof apoptotic cellfn situat the single cell level.

Statistical analysis

All statistical calculations were carried out usthg statistical package for social sciences (SR88)are
program (version 9.0) for Windows. All values wengressed as meanSD. The data were statistically analyzed
using one way-ANOVA followed by Tukey's post Hotest analysis and significant difference of mearas w
determined at the level of p<0.05.

Results

The study was initially done on HelLa, HepG2, SW{&ita not shown) and MCF-7 cells. Preliminary data
and analysis showed that MECA predominantly shoaetbncentration dependent cytotoxicity to MCF-7Iscel
only. Therefore, further experiments were condiicte MCF-7 cells.

Growth inhibitory effects of MECA/asiatic acid on MCF-7 cells

MECA and asiatic acid inhibited the proliferatiof buman breast cancer cell line MCF-7, in a
concentration dependent manner as shown in Figuk® &, value of MECA for MCF-7 was also calculated and
was found to be 6fig. The highest concentration of the extract (82 inhibited MCF-7 cell growth almost
equivalent to growth inhibition obtained by u® tamoxifen; a known antiestrogen drug currenthgdign breast
cancer patients. On the contrary asiatic acid (1) jnduced ~95 % cell death in 48 h. This shows M&CA
possess only moderate cytotoxicity compared tdipleer cytotoxicity of asiatic acid, one of itsiaetcomponents.

Apoptosis induction by MECA in MCF-7 cells

The phenotypic characteristics of cells treatech WilEECA were evaluated by microscopic inspection of
overall morphology. Treatment of MECA below g did not show a significant evidence of cell dezten after
24 h. Treatment with higher concentrations of ME©dract for 48 h resulted in the formation of ajotic bodies.

In contrast, cells with control medium were weltesod with flattened morphology (Figure 2 A, B).
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Nuclear condensation —Determination by acridine orage/ ethidium bromide staining

The ability of the MECA to induce apoptosis wadially screened by using acridine orange/ ethidium
bromidestaining. The MECA treated cells (32.3%) showedialis nuclear condensation after 16 h treatment.
Control cells (7%) showed bright green nucleus wittiform intensity and had not taken up ethidiurorbide,
where the apoptotic cells appeared orange in délgure 2 C, D, K). Based on the above cytomorpgicial
changes and cell death the effect of MECA in thesdls were indicative of apoptosis.

MECA induces annexin V binding

We further confirmed apoptosis induction due toek&ract with annexin V bindinglt is one of the early
indicators of apoptosis. Bright green annexin FI$i@ining was imparted to membrane of the apoptogits
(47.8%), indicating the early stage§apoptosis. The nuclei of cells with later segé apoptosis exhibited red
color of propidium iodide, signifying its condensstitus. Control cells (1.5%) were negative fonextin FITC
staining (Figure 2 E, F, K).

Loss of mitochondrial membrane potential AW) of MCF-7 cells

Cells after 16 h treatment with §& MECA induced a decrease in mitochondrial membgoiential and
those cells fluoresce as green (93.7%). But timrabcells (13.3%) turned up as red due to théadignembrane
potential (Figure 2 G, H, K). This indicates thgbptosis induction by MECA involves mitochondpathway.

MECA induces DNA strand breaks

dUTP labeled 3" OH groups of cleaved DNA indicatadreliable substantiation of MECA induced
apoptosis in MCF -7 cells (71%) after 24 h of treant. The cells without MECA treatment (6.6%) shdwgnimal
staining by TUNEL assay (Figure 2 |, J, K).

Discussion

There have been so many reports showing the metijgfoperties oC. asiatica extract in a wide range of
disease conditions like diabetic microangiopatidgnea, venous hypertension, venous insufficiencgafidela et
al., 2001a; Incandela et al., 2001b; Incandelal.et2801c). The role ofC. asiaticaextract in the treatment of
memory enhancement and other neurodegenerativeddisas also well documented (Mohandas Rao e2@0D6).
The first report concerning the antitumor propertyC. asiaticaextract was on its growth inhibitory effects or th
development of solid and ascites tumor and that teancreased life span of the tumor bearing nfRabu et al.,
1995). The authors also suggested that the exdiemttly impeded the DNA synthesis. In our stu@y,asiatica
extract showed an obvious dose dependent inhibitfarell proliferation in breast cancer cells, MCF-In MCF-7
cells, we could show a concentration dependentdserin cell viability (by MTT assay) on treatmeiith different
concentrations o€. asiaticaextract. However, in other cell lines such as HelapG2 and SW 480 we did not
observe a concentration dependent decrease inighility. We observed a higher Lspfor MECA that may be due
to the synergistic action of both cytotoxic andopybtective components present in the extract. Sbudy showed
nuclear condensation, a characteristic apoptotitufe visualized by Ethidium Bromide/Acridine Orangtaining
upon treatment with MECA. The binding of Annexint&'the phosphatidyl serine of the cell membranetemsize
the ability of the extract to initiate apoptosifieTobserved loss of mitochondrial membrane potestiggests the
involvement of an intrinsic pathway of apoptoticiction by MECA. DNA strand breaks induced by MEGA,
characteristic feature in programmed cell death alas observed. Even though we have observed aihlgby,
value with MECA, asiatic acid (1oM), one of the active components of MECA killed 4®%ells.

The individual components of the extract may shgpasing roles and it may be important in making the
crude drug less effective than the isolated compiorie this connection the increased cell deatmeans of asiatic
acid may due to ROS generation (Park et al., 2905hida et al., 2005). In contrast, methanolicaottof the same
plant is known to have antioxidant properties (3ayeae et al., 2003). We are unable to comment enttividual
components present {D. asiaticaextract responsible for the documented anticanifects. However, we conclude
that C. asiaticaextract induces apoptosis in MCF-7 cells by induttf nuclear condensation, flip-flop movement
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of the membrane, loss of mitochondrial membraneerm@l and by inducing DNA strand breaks. Further
investigation is essential for deciphering the roolar mechanism of action of MECA in MCF-7 and alsdook
whether the cytotoxicity is specific to other briegancer cell lines as well.
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Figure 1: Analysis of cell viability in MECA/asiatic acidgated MCF-7 cells by MTT assay

A. MCF-7 cells grown in 96-well plates were treateith the indicated concentrations of MECA for 48110 uM
served as a positive control in this experimentth&t end of treatment, cell viability was assedsedITT
assay with quadruplicate samples as describedteriala and methods.

B. All the experimental conditions were same arndt@sacid was added instead of MECA.

All results are expressed as the mean percentagerdfol + S.D. of quadruplicate determinations from three
independent experiments. The differences amongrben values were analyzed using 1-way ANOVA
followed by Tukey post hot test analysis.
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FIGURE 2
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Figure 2: (A, B) Morphological changes induced by MECA in MCFeells

MCF-7 cells were seeded in 96 well plates. Afteri24.00ul of DMEM containing 5% fetal bovine serum was
added without (control) and with 88 MECA. Cells were visualized in an inverted micage after 48 h and
photographed. The experiment was repeated thres tivith similar results.

(C, D) Changes in nuclear morphology MCF-7 celduioed by MECA
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Cells were seeded in 96 well plates and then tleatth and without MECA for 16 h. After washing WiPBS, the
cells were stained with a mixture of acridine omueghidium bromide mixture. The cells were viewettler an
inverted fluorescent microscope and photographedieasribed under materials and methods. The expatimas
repeated two times with similar results.

(E, F) Changes in annexin reactivity of MCF-7 céliduced by MECA

MCF-7 cellswere seeded in 96 well plates and treated withveitftbut the indicated concentrations of MECA for
16 h. Then the cells were stained with annexinffigoein isothiocyanate/propidium iodide mixturengsian
apoptosis detection kit as per the manufacturedtopol (Santa Cruz Biotechnology). These resuisenconfirmed
in another independent experiment.

(G, H) Changes in thg¥,,in MECA treated cells

Cells were grown in 96-well plates with and with®ECA. The cells were stained with a cationic dgedascribed
in materials and methods and photographed in aartied fluorescent microscope.

(1, J) DNA fragmentation by MECA

For TUNEL assay, MCF-7 cells were grown in covépsshnd treated with and without MECA for 24 h. Tdedls
were fixed, permeabilised with 0.2% Triton X-10Mddabeled with Terminal deoxynucleotidyl Transtea
reaction mix and the TUNEL reactivity was visuatizas described in materials and methods. Thesésegere
confirmed in another independent experiment.

(K) Graphical representation of various apoptosssays

For the quantitative analysis of various apoptasiays the cells were counted in random fieldgedich experiment
in both control and treated. Then the numbers optgiic cells were represented as percentage @rdrat. The
results were similar when the experiment was regkeat
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