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Abstract: This study aimed to investigate the antitumorigenicity of xanthones-rich
extract from Garcinia mangostana L., Clusiaceae, fruit rinds which was obtained
by a simple recrystallization of 75% ethanolic extract. a-Mangostin content of the
extract was determined qualitatively by TLC and quantitatively by HPLC, and
total xanthones content was quantified by UV spectrophotometry. The extract was
evaluated for cytotoxicity, apoptosis and antitumorigenicity on HCT 116 human
colorectal carcinoma cells. a-Mangostin was found to be the main constituent of the
extract which was 71.240.1%, and the total xanthones content was 95+4.8% (wt/
wt). The extract showed potent dose dependent cytotoxicity with IC50 value 9.2 pug/
mL. Apoptosis studies revealed activation of caspases 3 and 7, DNA fragmentation,
chromatin condensation and loss of mitochondrial membrane potential. Studies on
cell migration and colony formation indicate reduced cell migration ability and
clonogenicity of treated HCT 116 cells at sub-inhibitory concentrations. Taken
together, the cytotoxic effect of the xanthones extract is mediated through the
mitochondrial pathway of apoptosis. The reduced cell migration and clonogenicity
of HCT 116 cells might prevent both primary and metastatic tumor growth in vivo
which will be the topic of our future work using the metastatic orthotopic colon
cancer model.
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Introduction

Garcinia mangostana L. or mangosteen is a
tropical tree from the family Clusiaceae. The tree is
cultivated for centuries in the tropical rainforests of
some Asian countries. The tree can be found now in
Northern Australia, Brazil, Central America, Hawaii,
Southern India, Indonesia, Malaysia, Thailand and
other tropical countries (Ji et al., 2007). The fruit is
dark purple or reddish with soft, white and juicy edible
pulp. The pericarps of the fruit have been used in folk
medicine for the treatment of several human diseases
including skin and wound infections, hemorrhoids,
arthritis, tuberculosis, inflammation, mycosis, ulcers,
genitourinary tract infections, fever, amoebic dysentery
and abdominal pain (Baxter et al., 1999; Caius, 2003;
Moongkarndi et al., 2004; Salguero, 2003; Suksamrarn
et al., 2006). Mangosteen is also used worldwide as an
ingredient of several commercial products including
nutritional supplements, herbal cosmetics and
pharmaceutical products (Ji et al., 2007).

The presence of high levels of xanthones in
mangosteen fruit rinds was reported by several research
groups (Ee et al., 2006; Peres et al., 2000; Zhang et
al., 2010). a-mangostin was the first xanthone isolated
from G. mangostana and several other xanthones
were isolated as well (Pedraza-Chaverri et al., 2008).
Previous studies on different xanthones demonstrated
remarkable pharmacological activities including
analgesic (Cui et al., 2010), antioxidant (Jung et al.,
2006), antiinflammatory (Chen et al., 2008; Tewtrakul
et al., 2009), anticancer (Akao et al., 2008; Doi et
al., 2009; Hung et al., 2009; Matsumoto et al., 2004),
antiallergy (Nakatani et al.,, 2002), antibacterial
(Chomnawang et al., 2009; Sakagami et al., 2005),
antituberculosis (Suksamrarn et al., 2003), antifungal
(Kaomongkolgit et al., 2009) and antiviral (Chen et al.,
1996).

This study was performed to investigate the
in vitro antitumorigenic activity of xanthones-rich
extract from G. mangostana fruit rinds on human
colorectal carcinoma cell line HCT 116. The motivation
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behind this study was to produce a cost effective but
pharmacologically potent extract from the fruit rinds
of G. mangostana using a simple and commercially
applicable extraction method. This extract can be
a good candidate for developing new noninvasive
chemopreventive and therapeutic agent targeting colon
cancer and other cancers as well.

Material and Methods
Plant material

Ripened fruits of Garcinia mangostana L.,
Clusiaceae, were obtained from a local fruit farm
from the Island of Penang, Malaysia, in June 2009.
Taxonomic authentication was done by Mr. Shanmugan
A/C Vellosamy, Herbarium of School of Biology, USM,
where a voucher specimen (11155) was deposited. The
fruit rinds were separated from the edible pulp, dried at
45-50 °C for 24 h and grinded into fine powder. 60 g
of the powdered material was extracted on a magnetic
stirrer with 600 mL 75% ethanol: 25% water at 60 °C for
48 h with continuous shaking. After filtration ethanol
was evaporated at 50 °C by rotavapor under vacuum,
and the liquid residue was kept at 2-8 °C for 24 h. A
yellow precipitate was formed which was collected by
filtration and dried at 45-50 °C. The percent yield to the
dried plant material was found to be 7.5% (wt/wt).

Chemicals

a-Mangostin (97% purity) was purchased
from Chroma DEX Inc. Wizard® SV Genomic DNA
Purification System and Caspase Glo 3/7 kit were
purchased from Promega. 2,3-Bis (2-methoxy-4-nitro-
5-sulfophenyl)-2H-tetrazolium-5-carboxanilide inner
salt (XTT) reagent, phenazine methosulfate (PMS),
betulinic acid (90% purity), agarose, ethidium bromide,
dimethyl sulfoxide (DMSO) were purchased from
Sigma-Aldrich. HPLC grade solvents were purchased
from Merck. Fetal bovine serum (FBS), penicillin/
streptomycin solution (PS) and RPMI-1640 cell culture
medium were purchased from GIBCO BRL. TLC plates
precoated with 0.25 mm layer of silica gel 60 F,,, was
obtained from Merck.

Cell culture

Human colorectal carcinoma HCT 116 cells
(ATCC) were grown and maintained in RPMI 1640
medium with L-glutamine supplemented with 10% FBS,
100 pg/mL streptomycin, and 100 U/mL penicillin at
37 °C in a humidified atmosphere of 5% CO,
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Determination of a-mangostin and total xanthones

Firstly, the extract was analyzed on TLC as the
following: 10 uL a-mangostin or the xanthone extract
at 1 mg/mL in methanol was spotted and allowed
to dry. The chromatograms were developed under
chamber saturation conditions with n-hexane: ethyl
acetate: methanol at 7:3:0.5 v/v. After drying, the plates
were visualized at 254 and 366 nm. The identity of the
band corresponding to a-mangostin in the sample was
confirmed by comparing the R, value with that of the
reference compound.

Then a-mangostin content of the extract was
determined quantitatively by HPLC (Agilent 1100)
as the following; 10 pL of the extract or a-mangostin
at 1 mg/mL was separated on Nucleosil C18 (5 um,
4.6x250 mm) column at 25 °C. The mobile phase
was isocratic consisting of 90% acetonitrile and 10%
(0.1% H,PO, in water) at 1 mL/min. Separation time
was 10 min and detection was performed at 254 nm.
The data acquisition was performed by ChemStation
version A.08.03. The percentage of a-mangostin in the
extract was calculated based on the peak area. The total
xanthones content of the extract was determined by
UV spectrophotometry. Briefly, a calibration curve of
a-mangostin was prepared by plotting the absorbance
at 260 nm versus the concentration. The absorbance of
the extract was taken at 50 pg/mL in methanol and then
the concentration was calculated by applying the linear
regression equation of the standard calibration curve.
The wt/wt percentage of total xanthones was calculated
using the formula: (the calculated concentration pg/
mL/50 ng/mL)x100%.

Cell viability

To determine cell viability, XTT assay was
performed in 96-well plate format as described
previously (Jost et al., 1992). Briefly, 1x10* cells
were seeded in each well in 100 pL culture medium.
After overnight incubation, additional 100 pL of fresh
medium containing different concentrations of the
xanthones extract or the positive controls (a-mangostin
and betulinic acid) were added and further incubated
for 48 h. Afterwards, 20 pL of a mixture of XTT and
PMS at 1 mg/mL and 10 pg/mL was added to each well
and incubated at 37 °C for 4 h. The OD was measured
at 450 nm by microplate reader (Thermolab Systems
354, Finland). The cell viability was calculated using
the formula: ((OD,,, samples-blank)/(OD,,, negative
control-blank))x100%. IC50 values were determined
from the respective dose response curves=SD (n=3).

Effect on caspases 3 and 7
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Effect on caspase 3 and 7 was measured using
caspase 3/7 assay system according to supplier’s
instructions. Briefly, cells were seeded at 2x10%well
in 100 pL medium in a white 96-well plate. After
overnight incubation, cells were treated with the
xanthones extract at 25 pg/mL for three time intervals
viz. 45 min, 90 min and 180 min. a-mangostin was
used as a positive control and the vehicle (DMSO) was
used as a negative control. At the end of incubation,
100 pL of caspase 3/7 reagent was added to each well
and further incubated at room temperature for 30 min.
Luminescence was measured by a microplate reader
(Multitechnology Plate Reader type, 425-100 Finland).
The results are presented as a mean of relative light
units (RLU)+SD (n=4).

DNA laddering assay

2x10° cells at 70-80% confluency were treated
with the xanthones extract or a-mangostin at 25 pg/mL
for different intervals. At the end of each incubation
period, cells were collected by centrifugation at 3000
rpm for 5 min and washed once with PBS. Total genomic
DNA was extracted using Wizard® SV genomic DNA
purification system and analyzed by electrophoresis
on 1.2% agarose gel stained with 0.5 pg/mL ethidium
bromide.

Effect on mitochondrial membrane potential and
nuclear morphology

Mitochondrial staining with rhodamine 123 was
performed in order to study the effect on mitochondrial
membrane potential (Johnson et al., 1980), and nuclear
morphology was examined by staining with Hoechst
33258 as previously described (Cheah et al., 2006;
Chen et al., 2008). Briefly, 60-70% confluent cultures
of HCT 116 cells were treated with a-mangostin or the
xanthone extract at 25 pg/mL for 45, 90 and 180 min.
Then the cells were washed with PBS and fixed with
4% paraformaldehyde for 20 min. After washing with
PBS, the cells were stained simultaneously for 20 min
with rhodamine 123 and Hoechst 33258 at 1 pg/mL and
10 pg/mL, respectively. The stained cells were washed
extensively with PBS and the morphology of cells was
examined immediately under x20 magnification of
fluorescent microscope supplied with digital camera
(IX71, Olympus). The morphological changes of treated
cells were evaluated by studying 25 randomly selected
microscopic fields. The apoptotic index was calculated
for each microscopic field using the formula: (the
number of apoptotic cells/ the total cell count)x100%
and the results are presented as mean+SD.

Effect on migration of HCT 116 cells

Effect on migration ability of HCT 116 cells
was studied by wound healing assay as described
previously (Liang et al., 2007). Briefly, cells were
prepared in a single cell suspension and seeded in
6-well plate at 1x10¢ cells/well in 3 mL medium. After
48 h when cells reach 100% confluency, a scratch was
made along the middle line of each well with sterile
200 pL micropipette tip. The edges of the scratch were
smoothened by cell culture medium and the detached
cells were washed out with PBS. Afterwards, 3 mL cell
migration medium containing 2% FBS and the treatment
compounds was immediately added. The scratches
were photographed at zero time at x4 magnification
in inverted light microscope with digital camera and
after 18 h. Leica Quin software was used to measure
the width of the cell-free area of minimum 100 points/
well. The average percentage of wound closure of three
independent experiments was calculated relatively to
zero time using the formula: (1- (the width at 18 h/ the
width at zero time)) x 100%.

Effect on clonogenicity of HCT 116 cells

Effect on clonogenicity of HCT 116 cells was
evaluated by the colony formation assay as previously
described (Franken et al., 2006). 1000 single suspended
cells were seeded in 6-well plate at 2.5 mL/well. After
overnight incubation, the old medium was replaced
with a fresh one containing different concentrations
of the extract 10, 7.5, 5 and 2.5 pg/mL. After 48 h,
the medium containing the treatment compounds was
removed and the cells were washed twice with PBS
and a fresh medium was added. Then the cells were
incubated for 12 days to allow colonies to form.
At the end of incubation, the colonies were fixed in
4% paraformaldehyde and stained with 0.5% crystal
violet. The number of colonies of more than 50 cells
was counted using a stereomicroscope. The plating
efficiency (PE) of untreated cells was determined as the
following: (the number of formed colonies/ the number
of seeded cells) x 100%. The survival fraction (SF) of
treated cells was calculated using the formula: ((the
number of formed colonies after treatment/(the number
of seeded cells x PE)) X 100% (n=3). a-mangostin at 5
pg/mL was used as a positive control.

Statistical analysis

Statistical analysis was carried out with the
SPSS 16.0 for Windows software package. The results
are expressed as the mean£SD. One way ANOVA with
Dunnett test were used to compare the means, and
differences were considered significant at p<0.05.
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Results
Determination of a-mangostin and total xanthones

The UV spectra of o-mangostin and the
xanthone extract were collected in the wavelength
range of 500-200 nm (Figure la). The figure indicates
almost identical spectra which provide the basis for
quantitative analysis of total xanthones. Analysis in
TLC indicates o-mangostin as the main constituent
of the extract (Figure 1b). In HPLC analysis the
retention time was found to be 5.52+0.02 min for both
a-mangostin standard and that from the extract which
further confirms the identity of the compound (Figure
Ic and 1d).Quantitative analysis in HPLC shows that
a-mangostin is present at 71.24+0.1%. Concentration of
xanthones in the extract was quantified by applying the
linear regression equation of a-mangostin calibration
curve (y=0.0662x—0.0205, R?>=0.9935). The calculated
wt/wt percentage of total xanthones in the extract was
95+4.8% (n=4).

The xanthones extract exhibited potent cytotoxic effect
on HCT 116 cells

Cell viability was measured following 48
h treatment at seven concentration points 25, 20, 15,
12.5, 10, 7.5 and 5 pg/mL. a-Mangostin and betulinic
acid were used as positive control. Figure 2a shows that
the test compounds exhibit strong cytotoxic activity in
a dose dependent manner. Analysis of the dose response
curves indicates low IC50 values of a-mangostin
6.6+0.1 pg/mL. The IC50 of the xanthone extract was
9.240.09 pg/mL and was equivalent to that of betulinic
acid which was 8.7+0.9 pg/mL (n=3).

The xanthones extract enhanced caspases 3 and 7
activity

Activity of the executioner caspases was
significantly induced by treating HCT 116 cells with
both the extract and the positive control at 25 pg/mL in
time dependent manner (Figure 2b). Statistical analysis

(A) 2.0 | (B)
e \ | The crude exfract
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Figure 1 Fingerprints of a-mangostin and the xanthone crude extract. UV spectra (a), TLC fingerprints of a-mangostin and the
xanthones extract (b). HPLC profile of a-mangostin (¢) and xanthones extract (d).
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by One way ANOVA and Dunnett test using untreated
cells as reference indicates significant enhancement of
caspases 3 and 7 activity as early as 45 min of treatment,
p values=0.0

The xanthones extract induced DNA fragmentation

We looked into the ability of the xanthones
extract to cause DNA fragmentation of HCT 116
cells as a late marker of apoptosis. Treatment of cells
with the extract caused apparent DNA degradation. A
characteristic DNA ladder was produced on agarose gel
electrophoresis which was detected early after 6 h of
treatment. Untreated cells show the presence of intact
DNA characterized by the presence of a single band
(Figure 2c¢).

Effect on mitochondrial membrane potential and
nuclear morphology

In order to study the apoptotic pathway
induced by the extract, we investigated effect of the
extract on mitochondrial membrane potential of HCT
116 cells. Microscopic examination revealed altered
mitochondrial potential of treated cells compare to
untreated cells. Figure 3 shows more brightly stained
and swollen mitochondria of treated cells (apoptotic)
which is lacking in untreated cells. The bar chart analysis
reveals a time dependent and significant increment in
the apoptotic index of treated cells compare to untreated
cells, p values=0.0.

Staining of HCT 116 cells with Hoechst 33258
resulted in differential morphological appearance of
treated cells. Cells treated with the vehicle only (DMSO)
showed normal nuclei morphology characterized by
weak intensity fluorescence with uniformly stained
DNA. On the other hand, the treated cells showed clear
apoptotic morphology characterized by either single
intense fluorescence or multiple strong fluorescence
signals in the cell nuclei (Figure 4). The apoptotic
index was calculated in each interval and compared to
untreated cells, the results indicate that the treatment
compounds caused a significant and time dependent
induction of chromatin condensation, p values=0.0.

The xanthones extract inhibited cell migration

We examined the effect of the extract on
migration ability of HCT 116 cells by wound healing
assay. The percent of wound closure in the presence
and absence of treatment compounds was calculated
after 18 h relatively to the zero time. The wound of
untreated cells was closed by 644+5%. Wound closure
was significantly reduced by treatment with the extract
in a dose dependent manner, the percent wound closure
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Figure 2. Effect on cell viability and apoptosis markers. Both
treatments reduced cell viability in a dose dependent manner (a),
enhancement of caspases 3 and 7 in time dependent manner (b)
and induction of DNA fragmentation of HCT 116 cells (c), L
(DNA ladder), 1 (untreated cells), 2 (o-mangostin), 3, 4 and 5
for the xanthones crude extract (6, 12 and 24 h treatments).

was 27+7% at 10 pg/mL, 32+7% at 7.5 pg/mL and
52+7% at 5 pg/mL (p=0.0). No significant difference
was found when the pure compound (a-mangostin) was
compared with the extract at the same concentration
point (p=0.532).

The xanthones extract decreased clonogenicity of HCT
116 cells

Effect on clonogenicity of HCT 116 cells
was investigated by colony formation assay. The
PE of untreated cells was 50+1.4%. Dose dependent
reduction of the SF was obtained by treating the cells
with the xanthone extract; the SF at 10, 7.5, 5 and 2.5
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pg/mL was 2.2+0.3, 26+1.7, 48+£7.5 and 76+7.3%,
respectively. The SF of a-mangostin treated cells at
5 ng/mL was 48.8+3.6%. Statistical analysis indicate
that clonogenicity of HCT 116 cells was significantly
reduced in all treatments compare to untreated cells
(p=0.0). No significant difference was found between
a-mangostin and the extract at 5 ng/mL, (p=0.158).

Discussion

In this study, we report antitumorigenic effects

(A)

of xanthones-rich extract from fruit rinds of Garcinia
mangostana L., Clusiaceae. Phytochemical analysis
shows a-mangostin as the main constituent of the
extract and total xanthones was almost 100% (wt/wt).
Anti-colon cancer effects of the extract were
investigated on HCT 116 colorectal carcinoma cell
line using a-mangostin and betulinic acid as positive
control. HCT 116 was selected because it was previously
reported as a model of invasive and metastatic colon
cancer (Rajput et al., 2008). a-mangostin was selected
as a positive control because it is the main constituent of

100
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Figure 3. Effect on mitochondrial membrane potential. Untreated cells (a), and the treated cells with; a-mangostin (b), the extract for
180 min (c), 90 min (d), 45 min (e) and a bar chart showing the apoptotic index of each treatment (f) (* indicates p value <0.05).
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the extract and it was reported previously as apoptotic
compound (Matsumoto et al., 2004; Matsumoto et al.,
2003). Betulinic acid was selected as positive control for
the cytotoxicity study because itis a cytotoxic compound
from natural origin. Dose dependent cytotoxicity was
obtained at seven doses of all treatments, the 1C50
value of the extract was achieved at 9.2+0.09 pg/mL.
Cytotoxicity of the extract was equivalent to that of
betulinic acid which shows IC50 value of 8.7+0.9 ng/
mL

On the basis of cytotoxicity results we carried

(A)

out more advanced experiments to investigate the
effect on both early stage and late stage apoptosis
markers. The apoptosis experiments were performed at
25 pg/mL since this concentration was found to induce
apoptotic cell death after short period of treatment and
since the experiments were carried out in short term
manner. Lower concentrations but above IC50 could be
used, however the time required for detection of early
signals of apoptosis activation will be increased as
well. We studied the effect on the executioner caspases
3 and 7 as early markers of apoptosis; the results show
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Figure 4. Effect on nuclear morphology of HCT 116 cells. Untreated cells (a), and the treated cells with; a-mangostin (b), the extract
for 180 min (c), 90 min (d), 45 min (e) and a bar chart showing the apoptotic index of each treatment (f) (* indicates p value <0.05).
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that these proenzymes were activated as early as 45 min
after treatment (Figure 2b). Following that, we studied
the effect on late stage events of apoptosis including
DNA fragmentation and nuclear condensation. DNA
fragmentation was clearly obvious after 6 h incubation
(Figure 2c). Induction of nuclear condensation was
also observed in a time dependent manner providing
further confirmation on the activation of apoptotic cell
death machinery (Figure 4). In order to explore which
apoptotic pathway is involved, we looked into the
effect on mitochondrial membrane potential. Treated
cells appeared more brightly stained than untreated
cells (Figure 3), which indicate lower concentration
of the cationic dye in mitochondria relatively to
the cytoplasm. This indicates loss of mitochondrial
membrane potential which considered as early stage

in the activation of mitochondrial pathway of apoptosis
that precedes cytochrome c release and activation of
different caspases (Scarlett et al., 2000). Based on these
findings, we can conclude that the apoptotic potential
of the xanthones crude extract and o-mangostin
was mediated through activation of the intrinsic
(mitochondrial) pathway of apoptosis.

Since treatment of HCT 116 cells with high
concentrations of the xanthone extract resulted in potent
cytotoxic and apoptotic effects, we found it essential to
investigate the effects at sub-cytotoxic concentrations.
The treated cells at these concentrations did not
reveal any sings of cytotoxicity but showed a reduced
migration ability (Figure 5). This result highlights the
anti-metastatic potential of the xanthone extract. In
studies that looked into reversibility of cytotoxic effect

~
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Q

)
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40 -
30
20

wound closure (%)

10 4
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a-mangostin 5ug/mL 7.5ug/mL 10 ug/mL Untreated

Figure 5. Effect on cell migration ability of HCT 116 cells. Zero time (a), and the cells after 18 h; untreated cells (b), a-mangostin at
5 ng/mL (c), the extract at 10 pg/mL (d), the extract at 7.5 pg/mL (e), the extract at 5 pg/mL (f) and a bar chart showing analysis of
the percent wound closure relatively to zero time (g) (* indicates p value <0.05).
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of the extract, we observed irreversible cell damage
and significant reduction in the clonogenic potential of
HCT 116 cells (Figure 6). Overall, we report a novel
xanthone extract from G. mangostana fruit rinds with
cytotoxic, apoptotic, with potential anti-metastatic
effect. This extract might provide effective prevention

L]
*e vii : , ;
Figure 6. Effect on clonogenicity of HCT 116 cells. Untreated cells (a), a-mangostin at 5 pg/mL (b), the extract at 10 pg/mL (c), the
extract at 7.5 pg/mL (d), the extract at 5 pg/mL (e) and the extract at 2.5 pg/mL (f).
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