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ABSTRACT

Breast cancer mortality still remains the seconddieg cause of cancer-related deathisrldwide. Patients with
breast cancer have increasingly shown resistanakhagh toxicity to current chemotherapeutic drughbis has led
to the identification of newer drugs/therapies fi@atment of breast cancer. Plant-derived prodinase proved to
be an important source of anti-cancer drugs. Hetiee present study was directed to evaluate the-camtcer
activity of ethanolic extract of the flowers of Aima squamosa and Manilkara zapota against MCF-astreancer
cell lines in vitro and was compared with the nokméero cell lines. At 3.12 pg/ml concentrationfofsquamosa
and M. zapota, MTT assay showed 74.6% and 82.6Pwiabllity respectively and at 100 pg/ml concetita of A.
squamosa and M. zapota, MTT showed 1.3% and 2.8%iability respectively. The 1&g values were 6.87 pg/ml
and 12.5 pg/ml for A. squamosa and M. zapota resmdg. The results indicate that M. zapota flowstowed
potent cytotoxic activity as compared to A. squanftmver extract. The study confirms the anti-caregtivity of
both the plant extracts and hence can be usedveldg them as a novel drug for the managementezdircancer.
Their property may be due to the presence of phgtmicals such as alkaloids, phenols and flavonoids.
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INTRODUCTION

Cancer is a multi-step disease incorporating plysenvironmental, metabolic, chemical and genfetitors [1].
Breast cancer is the most commonly occurring caimc&omen, comprising almost one-third of all makgcies
[2]. It accounts for approximately 25% of all femahalignancies with a higher prevalence in develagmintries.
Breast cancer is the second leading cause of casle¢ed death among females in the world [3]. ¢wihg
genotoxic stress, an intact DNA damage responsdjD®necessary to eliminate lethal and tumorigemit¢ations.

The DDR is a network of molecular signaling evethiz control and coordinate DNA repair, cell cyakeest and
apoptosis [4]. Targeting the cell cycle to induceest pharmacologically is known to be effectiverastricting
tumor growthin vitro andin vivo, particularly in transformed cells that have aeraént response to genotoxic and
cellular damage [5]. Due to the lack of succestiarapies for the treatment of cancers and otfetHreatening
diseases, the use of complementary and alterr@vapies is increasing. Many natural products heeen isolated
from herbs and screened for anti-cancer activityath cancer cell lines and in animal models of anmancer [1].
Annona squamosgCustard apple) belonging to family Annonaceaeoisimonly found in India and cultivated in
Thailand and originates from the West Indies andtiS&merica. It is considered beneficial for cadidisease,
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diabetes, hyperthyroidism and cancer. The roobissicered as a drastic purgative. The crushed $eane flowers
are sniffed to overcome hysteria and fainting spetey are also applied on ulcer, wounds and cafite ripe
fruits of this plant are applied to malignant tusty hasten suppuration [6].

Manilkara zapota(Sapodilla) belonging to family Sapotaceae, i®mrgtlived, evergreen tree native to Southern
Mexico, Central America and the Caribbean. It hasrbused in the indigenous system of medicinehtreatment
of various ailments. Decoction of the bark is ufsddiarrhea and fever. An infusion of the youngits and the
flowers is drunk to relieve pulmonary complaintancer and fever. Leaf decoction is used for fekemorrhage,
wounds and ulcers. The crushed seeds have a diagtitbn and are claimed to expel bladder and kidtenes, and
effective in rheumatism [7].

Hence in the present study an attempt has been todithel out than vitro anti-cancer activity of ethanolic extracts
of Annona squamosandManilkara zapotdlowers in breast cancer cell line, MCF-7.

MATERIALS AND METHODS

2.1 Cell line and reagents

Cell lines were obtained from National Centre fallGciences (NCCS), Pune. The cells were maindgiméEM
(Minimal Essential Media) supplemented with 10% FE<tal Bovine Serum), penicillin (100 U/ml), and
streptomycin (10Qug/ml) in a humidified atmosphere of 5% ¢@t 37°C. MEM, FBS, trypsin, MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium brahe), DMSO (Dimethyl sulfoxide) were purchased frdn
Media and Sigma-Aldrich, Mumbai.

2.2 Plant collection and extraction

The flowers ofA. squamosand M. zapotawere collected from Vellore District, Tamilnaduhd plants were
identified and authenticated by a Professor fromaByp Department, Voorhees College, Vellore. Coddct
materials were washed thoroughly with fresh runnirager, dried under shade at room temperature (Z5fbr 10

- 15 days, coarsely-powdered and soaked in etHfanal2 hours with intermittent shaking. The ligquedtract so
obtained was filtered and solvent was completetyaeed by using rotary evaporator. The resultantgyraxtract
of both the plants were used for subsequent assays.

2.3 Preliminary phytochemical analysis
The extracts were qualitatively tested for the gneg or absence of chemical constituents like geeneducing
sugars, flavones, glycosides, saponins, alkalsigsoids, anthroquinones, quinones and tannins [8].

2.4 MTT Assay

Sensitivity of MCF-7 and Vero cells to ethanolioler extract ofA. squamosand M. zapotawere determined
individually by the MTT colorimetric assay [9]. Celwere seeded in a flat-bottomed 96-well plateiandbated for
24 h at 37°C in 5% C£ Both the celllines were exposed to two plant extracts mentioaieolve. The solvent
DMSO-treated cells served asntrol. Cells were treated with MTT reagent (@@vell) for 4 h at 37°C and then
DMSO (200ul) wasadded to each well to dissolve the Formosan ciSkhke optical density was recorded at 492
nm in amicro plate reader. Calculations were done andctmeentration required for 50% inhibition of viatyil
(ICsp) was determined graphically. Percentage of resicklaviability was determined as:

Cell viability (%) = 1 0D of treated cells % 100
el viablilty L+0) = 0D of control cells

2.5 DNA fragmentation assay

MCF-7 cell lines treated with the ethanolic extrattA. squamosand M. zapotaflowers was subjected to DNA
fragmentation technique. A distinctive feature pbptosis at the biochemical level is DNA fragmenta{10]. This
method is used as a semi-quantitative method fasoméeng apoptosis [11]. The culture medium was redaand
centrifuged at 3000 rpm for 5 min to collect deedtitells. 2 ml of cells which was centrifuged t®@8@pm was
suspended in 200l of 1X TE buffer and 10Qu of 10% SDS, incubated at D for 20 min. 300ul of phenol,
chloroform and isoamyl alcohol in the ration 25: 24was added and mixed well, then centrifugedGa®d0 rpm
for 10 min. To the supernatant 500of isopropanol was added followed by additior260 ul of 70% ethanol, then
centrifuged at 10,000 rpm for 10 minutes. The pelias dried at 3T till there were no traces of solution. The
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pellet was re-suspended in @0of 1X TE buffer. Agarose gel electrophoresis wagied out for the extracted DNA
[12]. For casting 1% agarose gel, 0.8 g of agaveae dissolved in 80 ml of diluted 1X TBE buffer.er'gel was
allowed to solidify without disturbing the wells.h& gel was then transferred to 1X TBE buffer-filled
electrophoresis tank. # of gel loading dye was added to 2i0of sample DNA, mixed well, so that a total of g2
of sample was loaded to gel. The power card tedsiware connected to their respective positionsthadyel was
run at 50 V till the gel loading dye migrated tonmsthan half of the length of gel. The unit waststéd off and the
separated sample DNA was visualized with a DNA é&ddarker under a UV Trans-illuminator.

RESULTS AND DISCUSSION
3.1 Extract yield

The ethanolic extract yield &. squamosand M. zapotaflowers were 6.62% w/w and 4.02% w/w respectively
(Table 1).

Table 1: Physical nature ofAnnona squamosa and Manilkara zapota flower extract

Plant Part Extract | Yield | Texture Colour
Annona squamosa Flowers | Ethanol| 6.629 Gumm Dark green
Manilkara zapota| Flowers| Ethanol| 4.029% Gummy Dark green

3.2 Phytochemical analysis

The ethanolic flower extract ofA. squamosaand M. zapota contained phenols, reducing sugars, flavones,
glycosides, saponins, steroids, alkaloids, proteind tannins. Both the extracts did not have agthnanes,
guinones, amino acids and phlobotannins (Table 2).

Table 2: Phytochemicals inAnnona squamosa and Manilkara zapota flower extract

S. No. Compounds | Annonasquamosa | Manilkara zapota
1 Phenols + +
2 Reducing sugars + +
3 Flavones + +
4 Glycosides + +
5 Saponins + +
6 Steroids + +
7 Alkaloids + +
8 Anthraguinones -
9 Quinones
10 Proteins + +
11 Amino acids - -
12 Tannins + +
13 Phlobotannins

‘+" indicates presence; ‘-’ indicates absence

Polyphenolic compounds might inhibit cancer cells senobiotic metabolizing enzymes that alter meliabo
activation of potential carcinogens, while somevdiaoids could also alter hormone production andibibh
aromatase to prevent the development of cances. CRle mechanism of action of anti-cancer actigityphenols
could be by disturbing the cellular division duringtosis at the telophase stage. It was also regdHhat phenols
reduce the amount of cellular protein and mitatieix and colony formation during cell proliferatiohcancer cells
[13]. Extracts of the above mentioned medicinalnfdacontain a wide array of polyphenolic compoumdsch
might possess cancer preventive and therapeutpepies. Our goal was to determine whether theaetdrof these
medicinal plants exerted an inhibitory effect omasr cell proliferation and caused cell death. Tdwults of our
studies suggest that the ethanol extractd.a§quamosandM. zapotapossess cytotoxic effects on human breast
cancer cells.

This study is correlated with a previous study [Wjich indicated that the whole plant extract atdi from
Artemisia vulgarisrevealed the presence of tannins, polyphenolsjofieids, such as eupafolin, diosmetin,
rhamnetin, apigenin and their glucosides, lutedjmercetin, rutin and vitexin which were charactedi for their
anti-cancer properties. In another study, the pthgmical screening of methanolic extract of leaagsvell as bark
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of Holigarna grahamii showed the presence of phenols, tannins, alkalaitt$ reducing sugars which are
characterized for their anti-cancer properties.[15]

3.3 Cytotoxicity

In our study both the plant extracts showed a aumaton-dependent inhibition of cell growth. Thesults are
tabulated (Table 3). The ethanol extractAofsquamosandM. zapotaflowers on normal Vero cell lines showed
that the percentage with regard to viability ofleelas found to be 95.8% and 92.7% respectively. 52 pug/ml
concentration which decreased with increase in eotmation. However with the 200 pg/ml concentratadrthe
extracts A. squamosandM. zapotashowed 30.9% and 15.4% cell viability respectively.

Table 3: Percent cell inhibition ofA. squamosa and M. zapota on Vero cell line

S. No. | Concentration Cell viability (%)
(pg/ml) Annona Squamosa | Manilkara zapota

1 Control 100 100
2 3.12 95.8 92.7
3 6.25 91.7 86.5
4 125 75.2 73.1
5 25 60.¢ 59.7

6 50 48.4 46.3
7 100 42.2 40.2
8 200 30.9 154

Vero cell line, a fibroblast type, initiated frorhet kidney of normal adult African green monkey mpéoyed
extensively in virus replication studies and plagssays. In the present study both the plant estsnowed a mild
cytotoxic action against Vero cell line. Few cyatipological changes were observed with g90nl concentrations
and photomicrographs were taken (Figure 1).

(A (B) ©
Figure 1: Cytopathological changes of Vero cell lias. Control (A),Annona squamosa 200pg/ml (B), Manilkara zapota 200pg/ml (C)

Table 4: Percent cell inhibition ofA. squamosa and M. zapota on MCF-7 cell line

S N Concentration Cell viability (%)
.No -
(pg/ml) Annona sguamosa | Manilkara zapota

1 Control 100 100
2 3.12 74.6 82.6
3 6.25 52.0 70.6
4 125 36.0 50.6
5 25 20.0 28.0
6 50 4.0 6.6
7 100 1.3 2.6
8 200 0.0 0.0

Screening of ethanolic extracts Af squamosandM. zapotaresulted insignificant anti-cancer activities against
MCF-7 cell lines. The treated cellgere compared with the control. The percent calbvity profiles were found to
be concentration dependent. The maximocomcentration used in the study was 3@@ml and the results are
summarized (Table 4). At this concentration, nofi¢he cells survived confirming its anti-cancer peday. The
probable reason might be by inhibiting cell protifigon and finally killing the cells which was wethplicated by
the absence of Formosan crystals in the dead ddiis.cell death suggesting that both the plantaektrould be a
good cytotoxic agent. The well-defined pathologichinges such as giant cell formation, roundedsimdnken
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appearance of cells, particulate and vacuolategttstre, grouping and peeling of monolayer obsewedboth the
plant extracts further confirmed the compounds mittdeas a cytotoxic agent against the MCR-7 éeé.|

Both the plant extracts showed a well-defined patfioal change on MCF-7 cell line when compared/évo cell
line (Figure 2). Morphological changes of extraeiated cells were examined using an inverted mioms and
compared with the cells serving as control. Thesgeovations may be due to the presence of actedical
compounds.
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Figure 2: Cytopathological changes of MCF-7 cellties. Control (A),Annona squamosa 200pg/ml (B), Manilkara zapota 200pg/ml (C)

The 1G values of ethanolic extracts Af squamosandM. zapoteon Vero cells and on MCF-7 cells were recorded
(Table 5).

Table 5: ICs values ofAnnona squamosa and Manilkara zapota

S. No. Plant extracts Vero cell line|  MCEF-7 cell lin
1 Annona squamosa 75 pg/ml 6.87 pug/mi
2 Manilkara zapota| 42.5 pg/ml 12.5 pg/ml

This study can be correlated with the study of metth extract ofSolanum nigrumon Hela cell line showing
greater activity on HeLa cell line and little adtyjvon Vero cell line, indicatingolanum nigruncan be used as anti-
cancer agent [14]. Chloroform extract Bpipremnum pinnaturproduced significant growth inhibition against T-
47D breast carcinoma cells and analysis of celttde@chanisms indicated that the extract eliciteth apoptotic
and non-apoptotic programmed cell deaths [16]. Alper of active compounds such as flavonoids, dteojs,
triterpenoids and alkaloids have been shown togsssanti-cancer activity. According to the repdrthe American
National Cancer Institute (NCI), the criterion aftiacancer activity for the crude extracts of heibsan 1G<30
ug/ml [17]. The plant extracts used in this studg well below this level providing a strong confitioa of their
anti-cancer effect against breast cancer cell lines

3.4 DNA fragmentation Assay

DNA fragmentation analysis was performed by agageeclectrophoresis of extract-treated MCF-7 lreaacer
cell lines (Figure 3). The DNA migrated as discredémds which were compared to DNA markers, givitadaer of
approximately 200 base pairs. Such DNA laddercansidered to be a hall mark of apoptosis. Contisugmears
may also indicate DNA fragmentation due to apogtoshe ladder from DNA fragmentation is catalyzedamn

endogenous endonuclease that cleaves inter nuok@bdoNA to form ladder like bands of oligo nucleos®
fragments. Results revealed that the DNA fragmbotvs that the ethanolic extract Af squamosandM. zapota
has anti-cancer activity in the MCF-7 breast cawedrlines.

DNA fragmentation assay confirmed the anti-candéece of extracts. A cancer cell is a mutant huncafi that
differs from normal cell only in the rapid growth cell. The DNA of the rapidly multiplying cancerscells is
more exposed as compared to normal cells. ThuscaheDNA is one of the targets for the treatmehtancer.
Breakdown of DNA molecule is one of the sign ofibition of DNA replication. Furthermore, DNA fragmition
assay clearly indicates potential of both the péastitacts in cancer management.

102
Pelagia Research Library



Gricilda Shoba F.et al Der Pharmacia Sinica, 2014, 5(6):98-104

10000 bp
2000 bp
4000 bp
3000 bp
2000 bp

1000 bp

I.ane 1 = Control cells
Lane 2 = Anrnorica Sqlicantosd

Lanc 3 — Manilkara zapota
Lane 4 = DNA Ladder 1 Kb

Figure 3: DNA Fragmentation by the plant extracts

These results support the previously reported asoptnducing activity of resveratrol against tunsetl lines [18].
Willow extracts also caused DNA fragmentation [1B0iffin from the seeds ofuffa aegyptiacavas found to
induce an increase in cytosolic oligonucleosomeabloDNA in both melanoma and Ehrlich ascites tumeelfs,
the level of DNA fragmentation in the former cétlid being higher than in the latter [20].

CONCLUSION

Medicinal plants constitute a common alternativedancer prevention and treatment in many coun&iesnd the
world. Approximately, 60% of the anti-cancer drumsrently used have been isolated from natural yectsdfrom
the plants. At this time, more than 3000 plantslawide have been reported to possess anti-canopefies. The
plants,A. squamosand M. zapotahave been commonly used in traditional Indian wiedi for the treatment of
various human ailments for many years. Resultstfcancer activity of the flower extracts Ahnona squamosa
and Manilkara zapotashowed a potent cytotoxic activity against MCFféast cancer cell line and a very little
activity against the non-cancerous Vero cell lifieus, we can assume that the possible mechanisis ahti-
cancer activity may be apoptosis induced by DNAyfinantation and this is contributed by active phlytonicals
such as alkaloids, phenols and flavonoids founithénextracts. Our findings support the reportedapeutic use of
these plants as an anti-cancer agent in the Irsjistem of medicine. Further experiments are howegeded, both
in vitro andin vivoto obtain more details on its mechanism of action.
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