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Abstract
AIM: To investigate the effect of α-mangostin on the 
growth and apoptosis induction of human colon cancer 
cells.

METHODS: The three colorectal adenocarcinoma cell 
lines tested (COLO 205, MIP-101 and SW 620) were 
treated with α-mangostin to determine the effect on 
cell proliferation by MTT assay, cell morphology, chro-
matin condensation, cell cycle analysis, DNA fragmen-
tation, phosphatidylserine exposure and changing of 

mitochondrial membrane potential. The molecular 
mechanisms of α-mangostin mediated apoptosis were 
further investigated by Western blotting analysis in-
cluding activation of caspase cascade, cytochrome c 
release, Bax, Bid, p53 and Bcl-2 modifying factor.

RESULTS: The highest inhibitory effect of α-mangostin 
on cell proliferation of COLO 205, MIP-101 and SW 620 
were 9.74 ± 0.85 μg/mL, 11.35 ± 1.12 μg/mL and 19.6 
± 1.53 μg/mL, respectively. Further study showed that 
α-mangostin induced apoptotic cell death in COLO 205 
cells as indicated by membrane blebbing, chromatin 
condensation, DNA fragmentation, cell cycle analysis, 
sub-G1 peak (P  < 0.05) and phosphatidylserine expo-
sure. The executioner caspase, caspase-3, the initiator 
caspase, caspase-8, and caspase-9 were expressed 
upon treatment with α-mangostin. Further studies of 
apoptotic proteins were determined by Western blotting 
analysis showing increased mitochondrial cytochrome 
c release, Bax, p53 and Bmf as well as reduced mito-
chondrial membrane potential (P  < 0.05). In addition, 
up-regulation of tBid and Fas were evident upon treat-
ment with α-mangostin (P  < 0.01).

CONCLUSION: α-Mangostin may be effective as an 
anti-cancer agent that induced apoptotic cell death 
in COLO 205 via  a link between extrinsic and intrinsic 
pathways. 
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INTRODUCTION
Searching for new biologically active compounds, novel 
chemotherapeutic agents derived from active phytochem-
icals, could be used to improve the anti-carcinogenicity of  
standard drug treatment. A variety of  tropical plants have 
useful biological activities and some offer potential thera-
peutic applications. Mangosteen (Garcinia mangostana L.) 
in the Clusiaceae family has been used in Southeast Asia 
as traditional medicine for treatment of  wounds, skin 
infection, diarrhea and chronic ulcer[1]. Phytochemical 
studies showed that the fruit hull of  mangosteen is rich 
in a variety of  oxygenated and prenylated xanthones[2,3] 
which possess different biological properties, such as 
anti-mycobacterial[4], anti-fungal[5], anti-oxidant[6-8], cyto-
toxicity[9-12] and anti-inflammatory activities[13]. However, 
the underlying molecular mechanisms of  α-mangostin in 
COLO 205 cells are not yet reported.

Apoptosis plays a vital role in controlling cell number 
in many physiological and developmental stages, tissue 
homeostasis, and regulation of  immune system[14], while 
insufficient apoptosis is an integral part of  cancer devel-
opment[15]. Mammalian cells have two major apoptotic 
pathways. One pathway (extrinsic pathway) is triggered 
when ligands [Fas/CD95, tumor necrosis factor (TNF)-α] 
bind to receptors on cell surface leading to the activation 
of  caspase-8 and -3[16], respectively. The other involves 
mitochondrial (intrinsic) pathway induced by anti-cancer 
drugs, prostaglandin, etc. resulting in disruption of  mito-
chondrial membrane and release of  various pro-apoptotic 
factors[17-19]. The pro-apoptotic and anti-apoptotic mem-
bers of  B-cell CLL/lymphoma 2 (Bcl-2) family regulate 
the release of  cytochrome c, a mitochondrial protein that 
can activate caspases. 

Fas/CD95 belongs to the TNF superfamily and is 
the prototype of  death receptor that initiates an apop-
totic cascade[20]. FasL, the tumor necrosis factor-related 
cytokine, is a ligand of  Fas and synthesized as a type 
Ⅱ membrane protein[21]. Upon FasL binding, activated 
death receptors engage the Fas associated death domain 
(FADD)[22], which in turn recruits caspase-8 and forming 
the death inducing signaling complex (DISC). The DISC 
then activates caspase-8 through a proximity-inducing 
dimerization mechanism. In type Ⅰ cells, caspase-8 di-
rectly activates caspase-3, -6 and -7, leading to cell death. 
In contrast, in type Ⅱ cells the small amount of  active 
caspase-8 generated at the DISC is not sufficient to in-
duce cell death, therefore the mitochondria-dependent 
apoptosis pathway is needed[23]. As such, the pro-apoptot-
ic signal has to be amplified via cleavage of  the BH3-only 
protein Bid, Bax/Bak-assisted release of  cytochrome c 
from the mitochondria, an activation of  caspase-9 and 
subsequently caspase-3[24].

The objective of  the present study was to purify the 
α-mangostin from the fruit hull of  Garcinia mangostana L. 
and explore its effect on apoptosis induction and mecha-
nisms involved in COLO 205 cells. 

MATERIALS AND METHODS
α-mangostin preparation
Mangosteen fruit (G. mangostana) was collected from 
Kombang District, Chantaburi Province, Thailand in 
April, 2007. A voucher specimen (Ms Porntip Wongnapa 
No. 002) was deposited at the Faculty of  Science, Ram-
khamhaeng University. The dried and pulverized fruit hull 
of  G. mangostana (0.5 kg) was thoroughly extracted with 
ethyl acetate (EtOAc) at 50℃. The combined extract af-
ter filtration was concentrated under reduced pressure to 
yield the extract as a yellowish solid (285 g). A portion of  
the extract was subjected to repeated column chromatog-
raphy over silica gel using a gradient of  hexane/acetone 
which yielded the pure major compound, α-mangostin, 
including other minor xanthones. Purity of  α-mangostin 
exceeded 98% as determined by LC analysis and its spec-
troscopic data (NMR and MS) was consistent with the 
reported values[12].

Cell lines and culture conditions
Three human colorectal cancer cell lines were used: COLO 
205 (colorectal adenocarcinoma), MIP-101 (colorectal car-
cinoma) and SW620 (colorectal adenocarcinoma). COLO 
205 and SW620 were obtained from the American Type 
Culture Collection (Manassas, VA). MIP-101 was a gener-
ous gift from Peter Thomas, Boston University School 
of  Medicine, Boston, MA. COLO 205 and MIP-101 
were maintained in the RPMI 1640 medium (Invitrogen), 
supplemented with 10% fetal calf  serum (Invitrogen). 
SW620 were cultured in Dulbecco’s modified Eagle’s 
medium (Invitrogen), supplemented with 10% fetal calf  
serum. All cell lines were maintained in culture at 37°C in 
an atmosphere of  5% CO2.

Cell proliferation and cell viability assays
The cytotoxic activity of  α-mangostin was determined 
by cell proliferation analysis using MTT assays as previ-
ously described[25]. Briefly, cells were cultured in 96-well 
plates at a density of  1 × 104/well in complete medium. 
Then the cells were treated with varying concentrations 
of  α-mangostin and incubated at 37℃ for 24 h. The final 
DMSO concentration in each well was 0.05%, at which 
concentration no appreciable effect on cell proliferation 
was seen. Then, 100 μL of  5.0 mg/mL MTT in culture me-
dia was added to each well and incubated at 37℃ for 2 h.  
The metabolic product of  MTT, formazan, in each well 
was dissolved in DMSO, and the absorbance was deter-
mined at 595 nm. Effect of  α-mangostin on the viability 
of  COLO 205 cells was analyzed by using a trypan blue 
exclusion method. Briefly, cells were cultured in 96-well 
plates at cell density of  1 × 104/well at 37℃ for 24 h. 
α-mangostin was then added to culture wells at 0, 10, 20, 
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30 and 40 μg/mL or vehicle (in DMSO), incubated at 
37℃ then collected periodically (0, 3, 6, 9 and 12 h). The 
number of  viable cells was determined with hemocytom-
eters under a light microscope. Cell viability was expressed 
as a percentage of  the number of  viable cells to that of  
the control, to which no α-mangostin was applied. 

Apoptosis assay
Characterization of  the anticancer activity of  α-mangostin 
in COLO 205 cells was further conducted. Based on the 
preliminary experiments, 20 μg/mL of  α-mangostin was 
used to study cell and nuclear morphology, cytochrome c 
release, mitochondrial transmembrane potential, expres-
sion of  pro-apoptotic proteins, Fas and truncated-Bid (t-
Bid). However, a selective range of  test concentrations, 
ranging from 10 to 30 μg/mL was used to study DNA 
fragmentation and for cell cycle analysis and annexin 
V-FITC assays. 

Microscopic analysis of cell and nuclear morphology
COLO 205 cells were cultured in 24-well culture plates 
at the initial number of  2 × 104/well in the presence of  
20 μg/mL α-mangostin for 3, 6, 9 and 12 h. As controls, 
cells were cultured in the same fashion in the absence of  
α-mangostin. The cells were examined under a phase-
contrast inverted microscope (model CKX31/CKX41, 
Olympus) for cell morphology. 

The nuclear morphology was analyzed by treatment 
of  COLO 205 cells with 20 μg/mL α-mangostin for 3, 6, 
9 and 12 h. Control cells were grown in the same manner 
in the absence of  α-mangostin. Cells were trypsinized 
and fixed with methanol. Then, cell nuclei were stained 
by treatment with 1 μg/mL Hoechst 33342 (Sigma) at 
37℃ for 15 min in the dark. Stained cells were examined 
under a fluorescence inverted microscope (model BX50, 
Olympus). 

Analysis of DNA fragmentation
COLO 205 cells were treated with varying concentrations, 
10, 20 and 30 μg/mL, of  α-mangostin for 12 h and then 
lysed in 500 μL of  lysis solution, consisting of  5 mmol/L 
Tris-Cl (pH 8.0), 0.5% Triton X-100, and 20 mmol/L 
ethylenediaminetetraacetic acid (EDTA). The cells were 
then treated with RNase A (0.5 mg/mL) for 1 h at 37℃. 
DNA fractions were prepared using phenol-chloroform-
isoamyl alcohol (25:24:1) and electrophoresed on 1.8% 
agarose gels. Approximately 20 μg of  DNA was loaded 
in each well and the agarose gels were run at 50 V for 2 h 
in Tris-borate/EDTA electrophoresis buffer. DNA was 
stained with ethidium bromide and visualized under a UV 
light trans-illuminator and photographed.

Flow cytometer analysis 
The cell cycle analysis, annexin V binding and mitochon-
drial transmembrane potential were investigated by flow 
cytometric analysis (FACScan, Becton Dickinson). The 
proper filters and optimal setting of  the instrument were 
chosen, the histograms generated by FACS were analyzed 
by Cell Quest™ software (Becton Dickinson).

Cell cycle analysis using flow cytometer 
COLO 205 cells were cultured in 6-well culture plates 
at 4 × 106 cells/well and treated with 0, 10, 20 and  
30 μg/mL of  α-mangostin for 3 h. The cells were then har-
vested, washed with PBS and resuspended in 200 μL PBS 
and fixed in 800 μL of  ice-cold 70% ethanol at -20℃, 
overnight. The cells were stained with 1 mL of  50 μg/mL 
propidium iodide solution (containing 0.1% Triton X-100, 
and 0.1% sodium citrate) for 30 min at 37℃. The samples 
were then analyzed by a flow cytometer (FACScan, Bec-
ton Dickinson). Excitation was done at 488 nm, and emis-
sion filter at 600 nm. Histograms generated by FACS were 
analyzed by Cell Quest™ software (Becton Dickinson) to 
determine the percentage of  cells in each phase.

Annexin V-FITC assay
Percentage of  α-mangostin-treated cells undergoing ap-
optosis was determined using an annexin V-fluorescein 
isothiocyanate (FITC) apoptosis detection kit (BD) 
Bioscience, San Jose, CA). COLO 205 cells at 1 × 105 
cells/mL were treated with 0, 10, 20 and 30 μg/mL of  
α-mangostin for 3 h and resuspended in 100 μL of  annex-
in V binding buffer (10 mmol/L HEPES, 150 mmol/L  
NaCl, 5 mmol/L KCl, 1 mmol/L MgCl2, 1.8 mmol/L 
CaCl2), then incubated with 5 μL of  1 μg/mL FITC-
conjugated annexin V and 1 μg/mL propidium iodide 
for 15 min at room temperature prior to analysis on a 
FACScan, Becton Dickinson. 

Analysis of mitochondrial transmembrane potential 
COLO 205 cells at 1 × 106 cells/mL were treated with 
20 μg/mL of  α-mangostin for 3 h, and then incubated 
with 10 μg/mL JC-1 (5,5’,6,6’-tetrachloro-1,1’,3,3’-
tetraethylbenzimidazolcarbocyanine iodide) at 37℃ for 
10 min in darkness. Stained cells were washed with PBS, 
followed by FACS analysis. The mitochondrial function 
was assessed as JC-1 green (uncoupled mitochondria) or 
red (contact mitochondria).

Western blotting analysis of cytochrome c
COLO 205 cells were cultured in 6-well culture plates at 
4 × 106 cells/well and then incubated in the absence or 
presence of  20 μg/mL α-mangostin for 3, 6, and 9 h. Cell 
lysates was prepared as previously described[25]. Briefly, cell 
suspensions were sonicated for 10 s and the cell lysates was 
centrifuged at 4℃ at 10 000 × g for 30 min. The super-
natants (cytosol fractions) were subjected to SDS-PAGE 
using 12% polyacrylamide gels, and transferred onto Im-
mobilon P membrane and subjected to immuno-detection 
of  cytochrome c using a mouse monoclonal antibody 
against human cytochrome c (7H8, mouse monoclonal 
Ig G 2b, Santa Cruz, Biotechnology) with goat anti-mouse 
IgG conjugates to horse radish peroxidase (Cell Signal-
ing Technology) and detected using an ECL Plus Western 
Blotting Detection System (Amersham Biosciences).

Western blotting analysis of caspases, Bid, p53, Bax, 
Bmf and Fas
COLO 205 cells were treated with 20 μg/mL α-mangostin 
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for 3 h, lysed in lysis buffer. Cell lysates were subjected 
to SDS-PAGE using 12% Tris/HCl ready gels (BioRad), 
The transfered proteins were incubated with appropri-
ate antibodies at 4℃ overnight: rabbit polyclonal anti-
caspase-3 (8G10); mouse polyclonal anti-caspase-8 (1C12); 
mouse monoclonal anti-caspase-9 (C9); rabbit polyclonal 
anti-Bid; mouse monoclonal anti-p53; rabbit polyclonal 
anti-Bax, anti-Bmf  (Cell Signaling Technology) and 
mouse monoclonal anti-Fas (CD 95) (CH 11, MBL inter-
national). After the removal of  unbound primary antibod-
ies, the blots were incubated with a secondary antibody 
(goat anti-rabbit IgG and goat anti-mouse IgG, each of  
which was conjugated with horse radish peroxidase; (Cell 
Signaling Technology) as described for Western blotting 
analysis of  cytochrome c above. 

Statistical analysis
Data were expressed as mean ± SD. Statistical compari-
sons were performed by using one-way analysis of  vari-
ance. A P value less than 0.05 was considered statistically 
significance.

RESULTS 
Cell growth inhibition by α-mangostin 
The IC50 value of  the three human colonic cancer cell lines, 
after 24 h incubation with serial dilutions of  α-mangostin, 
COLO 205, MIP-101 and SW 620 were 9.74 ± 0.85 μg/mL,  
11.35 ± 1.12 μg/mL and 19.6 ± 1.53 μg/mL, respectively. 
Among the three cell lines tested, the highest inhibitory 
effect of  α-mangostin on cell proliferation was detected 
with COLO 205. Thus, COLO 205 cells were used as the 
primary target in subsequent experiments. 

The viability of  COLO 205 cells decreased by the 
treatment with α-mangostin in both concentration- and 
time-dependent fashions (Figure 1). Treatment of  COLO 
205 cells with α-mangostin at 20 μg/mL or higher for 
12 h reduced the number of  viable cells to approximately 
5%-10% of  the control cells, to which no α-mangostin 
was applied. 

Morphological and nuclei changes 
Cells treated with 20 μg/mL α-mangostin for 3, 6, 9 and 
12 h showed evident morphological changes including 
rounding and blebbing as well as the presence of  apop-
totic bodies (Figure 2A, 3, 6, 9 and 12 h). Such morpho-
logical changes were not seen with control cells (without 
the α-mangostin treatment) (Figure 2A, 0 h). For nuclei 
staining with Hoechst 33342, chromatin condensation and 
destructive fragmentation of  the nucleus with intact cell 
membrane was seen with COLO 205 cells which had been 
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treated with 20 μg/mL of  α-mangostin for 3, 6, 9 and  
12 h (Figure 2B, 3, 6, 9 and 12 h), indicated early apopto-
sis while the nuclei of  control cells without α-mangostin 
treatment showed normal morphology (Figure 2B, 0 h).

α-mangostin mediated apoptotic cell death 
The early apoptosis was detected upon treatment of  COLO 
205 cells with 0, 10, 20 and 30 μg/mL of  α-mangostin for 
3 h using Annexin V-FITC assay. The results indicated 
significant increases in apoptotic populations in COLO 
205 cells approximately 0.50% ± 0.02%, 4.00% ± 0.25%, 
10.00% ± 0.50% and 13.00% ± 0.30%, (P < 0.05) re-
spectively (Figure 3). Exposure of  COLO 205 cells to 
increasing concentrations (0, 10, 20 and 30 μg/mL) of  
α-mangostin for 3 h resulted in increased percentage of  
cells arrested in sub G-1 phase (apoptotic cell death) of  
1.03% ± 0.15%, 7.00% ± 0.20%, 51.00% ± 1.53% and 
80.00% ± 2.08% (P < 0.05), respectively (Figure 4). It is 
evident that the formation of  apoptotic cells at sub-G1 
phase was directly proportional to the increased concen-
tration of  α-mangostin.

Fragmentation of chromosomal DNA 
Fragmentation of  genomic DNA was apparent by the 
presence of  DNA ladders when COLO 205 cells were 
treated with 10, 20 and 30 μg/mL α-mangostin for 12 h 
(Figure 5). The characteristic ladder pattern of  discon-
tinuous DNA fragments was observed only in the treated 
cells, whereas the untreated control showed no DNA 
fragmentation. 

Activation of caspases upon α-mangostin treatment
The activation of  caspases-3, -8 and -9 was detected 
(Figure 6). The amount of  the pro-enzyme form of  cas-
pase-3 (pro-caspase-3, 35 kDa), pro-caspase-8 (57 kDa)  
and pro-caspase-9) (47 kDa) decreased with increasing 
concentration of  α-mangostin (10, 20, 30 and 40 μg/mL). 

Accordingly, cleaved activated forms of  caspase-3 (19 
and 20 kDa), caspase-8 (41 and 43 kDa) and caspase-9 
(35 and 37 kDa) (P < 0.01) became apparent upon treat-
ment of  α-mangostin at 20 μg/mL or higher. Activated 
caspase-3 was apparent upon treatment with 20 μg/mL 
α-mangostin but not at higher concentrations (30 and 
40 μg/mL α-mangostin) due to cell death at higher con-
centrations, as the effector caspase-3 is the late event of  
the pathways. On the other hand, caspase-8 and -9 were 
also detected implying the consecutive activation of  cas-
pases of  the intrinsic pathway. In addition, induction of  
apoptosis by α-mangostin was accompanied by increased 
phospho-p53, pro-apoptotic Bax and Bmf  (P < 0.01) 
(Figure 7). The release of  cytochrome c from mitochondria 
to cytosol was evident upon treatment of  COLO 205 cells 
with 20 μg/mL α-mangostin for 3 h and 6 h (Figure 8).  
The non-cytosolic fraction (pellet) of  the treated cells 
showed no cytochrome c expression (data not shown). At 
9 h of  α-mangostin treatment, cytochrome c was reduced 
due to increasing cell death. No appreciable amount of  
cytochrome c was detected in the cytosol fraction of  con-
trol COLO 205 cells, to which no α-mangostin was ap-
plied (Figure 8). This implied that α-mangostin mediated 
apoptosis is accompanied by mitochondrial dysfunction, 
which could be further strengthened by mitochondrial 
membrane depolarization detected by a carbocyanine 
fluorescence dye, JC-1, upon treatment with α-mangostin. 
The results indicated the increased percentage of  cells 
with depolarized mitochondrial membrane potential (red 
to green) approximately 82% after α-mangostin treatment 
for 3 h (Figure 9). These results further confirmed that 
α-mangostin is an efficient inducer of  apoptosis that both 
extrinsic and intrinsic pathway may be involved. Thus, we 
further conducted the Western blotting analysis of  Bid, 
t-Bid, the linker between extrinsic and intrinsic pathway, 
and Fas receptor and found that they were up-regulated 
upon α-mangostin treatment (P < 0.01) (Figure 7). 
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DISCUSSION
The evident goal of  medical research is to be able to ma-
nipulate the machinery of  cell death. Regulation of  apop-
tosis might also lead to new possibilities for cancer ther-

apy[26]. In the present study, we showed that α-mangostin 
treatment of  human colon COLO 205 induced cytotoxic 
effects in a dose and time dependent fashion. We then 
investigated the apoptotic effects of  α-mangostin in 
COLO 205 cells to advance our knowledge of  its biologi-
cal functions and also health advantages. The membrane 
shrinkage, chromatin condensation and fragmentation 
were detected. As cancer growth is associated with the 
loss of  cell cycle checkpoints, which regulate the DNA 
integrity and ensure that the genes are co-ordinately ex-
pressed[27]. The sub-G1 fraction and phosphatidylserine 
translocation is an indication of  apoptosis cell death 
that naturally occurs in cells and is beneficial for cancer 
therapy[28]. Therefore, to characterize apoptotic cells upon 
treatment of  COLO 205 cells with α-mangostin, a bi-
parametric cytofluorimetric analysis was performed using 
PI and annexin V-FITC, which stained DNA and phos-
phatidylserine residues, respectively. In the early apoptotic 
process, a phosphatidylserine residue became exposed on 
the cell surface by flipping from the inner to outer leaflet 
of  the cytoplasmic membrane[29,30]. Our results demon-
strated the increased sub-G1 population and numbers 
of  early apoptotic cells upon treatment of  COLO 205 
cells with 20 μg/mL α-mangostin for 3 h as compared to 
untreated control. The Bcl-2 family of  proteins regulates 
apoptosis and it has been shown that the gene prod-
ucts of  Bcl-2 and Bax play important roles in apoptotic 
cell death[14]. The Bcl-2 family comprises of  both pro-
apoptotic and anti-apoptotic proteins that elicit opposite 
effects on mitochondria. Anti-apoptotic members include 
Bcl-2, Bcl-xL, Bcl-W, Mcl-1, whereas pro-apoptotic mem-
bers are Bid, Bax, Bakm, Bmf  and others. Several path-
ways involve p53-mediated apoptosis, and one of  these 
is the Bcl-2 and Bax proteins. The Bax protein is a p53 
target and known to promote cytochrome c release from 
mitochondria which in turn activates caspase-3. Regula-
tion of  Bax/Bcl-2 and caspases activity becomes impor-
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Figure 4  Flow analysis of cell cycle. Representative plots of PI staining 
of COLO 205 cells that were treated with 0 (control), 10, 20 and 30 μg/mL 
α-mangostin for 3 h. The values are expressed as mean ± SD; aP < 0.05.
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Figure 10  A proposed diagram for α-mangostin-induced apoptosis in COLO 
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pase-8 was cleaved to caspase-8 which then further activated the cleavage of 
Bid to t-Bid. The t-Bid then translocates to mitochondria resulting in the activa-
tion of mitochondrial apoptotic pathway. 

tant targets for cancer intervention. Caspase-3 being the 
major executioner caspase[31], thus we examined whether 
activated caspase-3, -8 and -9 is involved in apoptotic 
induction and found evident expression of  activated cas-
pase-3, -8 and -9. 

Under the influence of  α-mangostin treatment in 
COLO 205 cells, a cell death pathway both via death 
receptor pathway and mitochondrial pathway may be 
involved, as caspase-8 and -9 were expressed. We fur-
ther demonstrated the loss of  mitochondrial membrane 
potential, release of  cytochrome c into the cytosol and 
DNA fragmentation. Our results are in agreement with 
a study showing that apoptosis was associated with a 
loss of  mitochondrial membrane potential, which may 
correspond to the opening of  an outer membrane pore, 
leading to cytochrome c release from mitochondria into 
the cytosol. The released cytochrome c later triggered the 
cleavage and activation of  caspases and onset of  apop-
tosis[32]. The expression of  Fas and caspase-8 implies the 
death receptor pathway, while regulation of  mitochon-
drial membrane permeability by upregulation of  Bax and 
p-Bad triggering the release of  cytochrome c from mi-
tochondria to cytosol. Our further investigation showed 
the expression of  Fas, Bid, t-Bid, p-53, phospho-p53 and 
the proteins in Bcl-2 family (Bax and Bmf). Expression 
of  t-Bid is the important linkage between death receptor 
and mitochondrial pathway. When Bid is cleaved into t-Bid 
by the activated caspase-8 and translocated towards the 
mitochondria to activate Bax and Bak, then changing the 
mitochondrial membrane permeability and the release of  
cytochrome c[33] which form a complex with apoptotic 
enzyme activators and caspase-9. It activates and starts 
a caspase cascade reaction, which further activates the 
downstream caspase-3 and other caspase family members 
for apoptosis induction. We also noticed that α-mangostin 

up-regulated the expression of  Bax in COLO 205 cells at 
protein level, suggesting that Bcl-2 family protein regulate 
α-mangostin mediated apoptotic cell death.

Taken together our results evaluating the molecular 
mechanism that α-mangostin induced apoptosis cell 
death in COLO 205 cells may occur via caspase-8 depen-
dent cleavage of  Bid to tBid providing a link between ex-
trinsic and intrinsic pathways (Figure 10). This could be 
a promising chemotherapeutic agent and may also serve 
as a model to develop and design new derivatives which 
may be more potent. 
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system, while insufficient apoptosis is an integral part of cancer development. 
The main function of apoptosis is to dispose of a cell without causing damage 
or stress to neighbouring cells. Thus, the anti-cancer drug that induces apop-
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developed. Therefore, the effect of α-mangostin on the growth and apoptosis 
induction of human colon cancer cells was investigated in this study.
Innovations and breakthroughs
The results showed that α-mangostin induced apoptotic cell death in COLO 
205 cells indicating by membrane blebbing, chromatin condensation, DNA 
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posure. The expression of caspase-3, caspase-8 and caspase-9, cytochrome 
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