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(20øg/ml) treatment for 2h at 60 C. An equal volume of pure phenol 
was added and gently agitated for 30min.andsubjectedto 
centrifugation at 10,000rpm for 5min. The upper aqueous phase 
was carefully harvested and an equal volume of 1:1 mixture of 
phenol and chloroform was added and centrifuged for 5min. at 
14,000rpm and DNA precipitated with double thevolume of 
absolute ethanol.The obtained pelletwas washed with 70% ethanol, 
air dried, suspended in 50øl of TE buffer (10mM Tris-HCl, pH 7.4, 
1mM EDTA). The DNA was electrophoretically resolved on 1.8% 
agarose gel in 1x TAE buffer and stained withethidium bromide 
(0.5øg/ml) for visualization. 

Quantification of apoptosis 

Flow cytometric analysis was performed to quantify the DNA 
content by using propidium iodide staining. In brief, MDA-MB-231 
cells (2x105 cells / well) were seeded in 6-well plates containing 
DMEM. The confluent cells were treated with -Mangostin at a 
concentration of 10øM and 0.1% DMSO (control) for 24h at 37 C. 
Then, cells were washed with PBS, harvested, fixed with ice cold 
70% ethanol (2.5ml) at 4 C for 30min. and rinsed with 0.01M PBS 
(pH 7.4). The cell pellets were suspended in 0.1% Triton X-100; 
0.08N HCl and 0.146M NaCl followed by RNase A (10øg/ml) 
treatment at 37 C for 10min. The cells were stained in absence of 
light with PI solution (50øg/ml of Propidium Iodide, 1% Triton X-
100, 0.9% NaCl) by incubation at room temperature for 30min. 
Then fluorescence of PI stained MDA-MB-231 cells was measured 
at 488ηm at a flow rate of 1000-1200 cells/secusing FACS-
CALIBUR Flow Cytometer [14]. 

Detection ofCaspase-3 by immunocyto chemical 
analysis 

Caspase activation is one of the most specific indicators of the 
apoptotic process andthe detection of caspase-3 could, therefore, 
be a valuable and specific tool for indicating apoptosis. 
Immunostaining was utilized to analyze the caspase-3 expression 
in -Mangostin treated MDA-MB-231 cells [15]. In brief, the treated 
cells were permeabilized, washed and blocked with 0.5ml of 1% 
BSA and the cells were incubated with the primary antibody i.e., 
rabbit anti-caspase-3 (1:500) for 2h andsecondary antibody, anti-
rabbit (1:5000) for 30min. and later with peroxidase substrate 3, 3'-
diaminonbenzidine (DAB) for 5min. The cells were washed and 
counterstained with hematoxylin for 5min.at room temperature. 
After counterstaining, the cells were washed and covered with DPX 
mounting solution and observed under light microscopy. 

Results and Discussion 

In the present study, the effective role of -Mangostin on growth 
inhibition and apoptosis induction in highly invasive and metastatic 
human breast cancer MDA-MB-231 cell line was determined by 
performing cell proliferation and apoptosis analysis. Mitochondrial 
respiration, the representative of cell viability, was determined by 
the mitochondrial-dependent reduction of MTT to formazan. MTT, a 

yellow tetrazole, is reduced to purple formazan in living cells. MDA-
MB-231 cells were incubated with different concentrations (1 to 
20øM) of -Mangostin for 24h and assessed by MTT assay to 
determine the anti-proliferative activity of -Mangostin. We 
observed that more formazan crystals were formed by control 
(0.1% DMSO) cells than in cells treated with 10øM of -Mangostin 
due to mitochondrial dehydrogenase activity.A significant decrease 
in cell proliferation with increasing concentrations of -Mangostin 
was noticed at 24h.The number of viable breast cancer cells was 
decreased below the initial number after 24h at 10øM of -
Mangostin concentration. The MDA-MB-231 cells are significantly 
sensitive to -Mangostin with an IC50 of 10øM as determined by cell 
viability assay. The percentage of cell proliferation of MDA-MB-231 
cells reduced to 47.6% and 3.4% respectively with 10øM and 20øM 
of -Mangostin (Figure1). Thus, -Mangostin displayed a strong 
anti-proliferative activity on MDA-MB-231 breast cancer cells. 
Studies on prenylated xanthones of ( -, β- and γ-Mangostin) 
showed the anti-proliferative effect in DLD-1 cells [16]. It is 
generally believed that the balance between proliferation and 
apoptosis influences the response of tumors to cytotoxic treatment 
[17]. 
In order to demarcate the mechanism of cell death mediated by -
Mangostin, DNA fragmentation analysis was performed, which is 
the hallmark of apoptosis. MDA-MB-231 cells treated with different 
concentrations (2.5, 5, 10,15 and 20øM) of -Mangostin for 24h 
indicated the generation of oligonucleosomal fragments of DNA on 
1.8% agarose gel. The degree of nuclear DNA fragmentation is 
directly proportional to the increasing concentrations of -Mangostin 
(Figure2). 
The induction of apoptosis in cells treated with -Mangostin was 
further confirmed by Flow cytometric analysis. The control cells 
showed prominent G1 phase, followed by S and G2/M phases 
(Figure3A). The control cells showed only 1.85% of hypodiploid 
DNA and the percentage was increased to 13.70% on exposure of 
cells to 10øM of -Mangostin (Figure3). Thus, MDA-MB-231 cells in 
the presence of -Mangostin showed significant apoptotic peak to 
the left of G1/G0 peak as compared to control cells(Figure-3B). Our 
study reveals that the anti-proliferative effect of -Mangostin on 
MDA-MB-231 cells was primarily through the induction of 
apoptosis. 
Apoptosis can be triggered by the diversity of extracellular and 
intracellular factors [18].The signal transduction and execution of 
apoptotic mechanism require activation of a series of caspases 
(cysteinyl aspartate-specific protease) [19]. Caspase-3 has been 
considered as the principal effector caspase and its activation 
stimulates the cleavage of several substrates and results in the 
formation of characteristic feataures of apoptosis, such as DNA 
ladder formation [20] and chromatin condensation [21]. Caspase-
3 is a critical regulator of cell death during execution phase of cells 
undergoing apoptosis. It is indispensable for the cleavage of a 
large number of proteins and leads to morphological changes in 
cells such as DNA fragmentation and nuclear collapse all along the 
apoptosis proces. Immunocytostaining for caspase-3 protein 
expression was performed and developed using DAB substrate kit. 
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Figure 4:Immunocytochemical staining for detecting caspase-3 expression in MDA-MB-231 cells. a) Control cells (0.1% DMSO) and b) 10øM -
Mangostin treated cells after 24h. Arrows shows the expression of caspase-3 as a marker of apoptosis in -Mangostin treated cells. Pictures were 

taken with a 40x objective under light microscope. 

 

Conclusion 

The present findings clearly demonstrates the therapeutic 
importance of   -Mangostin based on the antiproliferative activity 
dependent on caspase mediated apoptotic pathway. 
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