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A B S T R A C T

α-Mangostin, one of the major xanthones isolated from pericarp of mangosteen (Garcinia mangostana Linn),
exhibits a wide range of pharmacological activities, including antioxidant, anti-inflammatory, antimicrobial as
well as anticancer, both in in vitro and in vivo studies. In the present study, α-mangostin' anti-cancer and anti-
parasitic properties were tested in vitro against three human cell lines, including squamous carcinoma (SCC-15)
and glioblastoma multiforme (U-118 MG), compared to normal skin fibroblasts (BJ), and in vivo against
Caenorhabditis elegans. The drug showed cytotoxic activity, manifested by decrease of cell viability, inhibition of
proliferation, induction of apoptosis and reduction of adhesion at concentrations lower than 10 μM (the IC50

values were 6.43, 9.59 and 8.97 μM for SCC-15, U-118 MG and BJ, respectively). The toxicity, causing cell
membrane disruption and mitochondria impairment, was selective against squamous carcinoma with regard to
normal cells. Moreover, for the first time anti-nematode activity of α-mangostin toward C. elegans was described
(the LC50= 3.8 ± 0.5 μM), with similar effect exerted by mebendazole, a well-known anthelmintic drug.

1. Introduction

α-Mangostin belongs to the major xanthones isolated from pericarp
of mangosteen (Garcinia mangostana L.), which has long been used in
traditional medicine in South East Asia to treat inflammation, skin in-
fection, wounds and chronic ulcer. Numerous in vitro and in vivo studies
revealed α-mangostin exhibits a wide range of pharmacological activ-
ities, including antioxidant, anti-inflammatory, antimicrobial and an-
thelmintic (Ibrahim et al., 2016; Ovalle-Magallanes et al., 2017; Zhang
et al., 2017). Since cancer treatment still remains a challenge, antic-
ancer activity is particularly interesting and α-mangostin was demon-
strated to inhibit cancer cells proliferation and metastasis, as well to
induce apoptosis in certain human malignancies such as skin (Wang
et al., 2011), breast (Won et al., 2014), brain (Chao et al., 2011) and
digestive system (Shan et al., 2014) cancers.

α-Mangostin has been reported also to exert anticancer activity in
vivo, with significant reduction of tumor growth through induction of
apoptosis and cell cycle arrest (Zhang et al., 2017). In tongue mucoe-
pidermoid carcinoma (YD-15) xenografts, α-mangostin increased the
levels of pro-apoptotic factors (LEE et al., 2016). Mitochondria-medi-
ated apoptosis was observed in hepatocellular carcinoma (Sk-Hep-1)

xenograft mice (Hsieh et al., 2013). Cell cycle arrest induced by α-
mangostin has been proven by Johnson et al. (2012) on athymic nude
mice bearing prostate cancer.

Parasitic worms cause diseases mainly in developing countries with
over two billions of infected (Hotez et al., 2008). Due to the relatively
low number of available anthelmintics (Hu et al., 2013) and reports of
increasing resistance to these drugs among human parasites (Geary,
2012; Sutherland and Leathwick, 2011), potential α-mangostin activity
of this type seems also worthwhile to seek (Keiser et al., 2012). Con-
sidering several common features of cancers and parasites, as well as
antiparasitic properties of certain anticancer drugs and anticancer ac-
tivity of some antiparasitics (Dorosti et al., 2014; Klinkert and Heussler,
2006), potential mutual action should be taken into account. Moreover,
due to an increasing necessity to reduce testing on animals, Cae-
norhabditis elegans has emerged as in vivomodel organism for anticancer
drug screening without the limitations of ethical boundaries. Im-
portantly, 60–80% of C. elegans genes have human homologs and many
similar conservative biological processes are described in both (Artal-
Sanz et al., 2006; Kobet et al., 2014; Kyriakakis et al., 2015).

Such a wide range of biological properties of α-mangostin are re-
lated to its chemical structure (see Fig. 1). The position and the number
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of attached prenyl and hydroxyl groups determine its anticancer
properties (Cai et al., 2016). Phenol groups on C3 and C6 are critical to
anti-proliferative activity and C4 modification is capable to improve
both anti-cancer and drug-like properties (Fei et al., 2014). Moreover,
considering the drug's potential target, the crystal structure of α-man-
gostin complex (PDB 6AA4) with MTH1 hydrolase should be men-
tioned. MTH1 hydrolyzes oxidized nucleoside triphosphates and pre-
vents their incorporation into DNA, making this enzyme crucial for
cancer cells in oxidative stress defense and becoming a potential target
for anticancer therapy (Yokoyama et al., 2019).

The present paper is aimed at assessing anti-cancer potential of α-
mangostin, tested against squamous carcinoma (SCC-15) and glio-
blastoma multiforme (U-118 MG) cell lines, representing the most
malignant and lethal types of human tumors, especially glioma (5-year
survival of 5% of patients) (Ostrom et al., 2014). Studies were per-
formed in comparison to normal fibroblasts. Cytotoxic, anti-pro-
liferative, anti-motile and pro-apoptotic properties, as well as in-
tracellular ATP level changes accompanying metabolic disturbances
were examined. Furthermore, the drug's anti-nematode potential was
checked, using Caenorhabditis elegans as a model of parasitic nematodes
(Bürglin et al., 1998).

2. Materials and methods

2.1. Materials

α-Mangostin (purity≥ 98% (HPLC)) was purchased from Sigma
Aldrich (St Luis, MO, USA) and dissolved in dimethylsulfoxide (DMSO)
to obtain 80mM stock solution. The tested solutions of α-mangostin
were prepared from stock solution in a corresponding cell culture media
with adjusting the DMSO concentration to ≤0.05%, which had no
significant effect on treated cells.

Human glioblastoma (U-118 MG, ATCC® HTB-15), human squa-
mous cell carcinoma (SCC-15, ATCC® CRL-1623) and human normal
fibroblast (BJ, ATCC® CRL-2522) cell lines, Dulbecco's Modified Eagle's
Media (DMEM and DMEM: F-12), Eagle's Minimum Essential Medium
(EMEM), fetal bovine serum (FBS), penicillin and streptomycin solution
were obtained from American Type Culture Collection (ATCC,
Manassas, VA, USA). Trypsin-EDTA solution, phosphate-buffered saline
(PBS) with and without magnesium and calcium ions, hydrocortisone,
0.33% neutral red solution (3-amino-m-dimethylamino-2-methyl-phe-
nazine hydrochloride), XTT sodium salt (2,3-bis[2-methoxy-4-nitro-5-
sulfophenyl]-2H-tetrazolium-5-carboxanilide inner salt), phenazine-
methosulfate (PMS), 0.4% trypan blue solution, dimethylsulfoxide
(DMSO) and other chemicals and buffers were provided by Sigma-
Aldrich (St Louis, MO, USA). DAPI (4′,6-diamidino-2-phenylindole,
dihydrochloride) and CyQUANT® GR Cell Proliferation Assay Kit were
purchased from Life Technologies (Carlsbad, CA, USA). CellTiter-Glo®
Luminescent Cell Viability Assay for ATP level determination and Apo-
ONE® Homogenous Caspase-3/7 Assay were obtained from Promega
Corporation (Madison, WI, USA). All other cell culture materials were
from Corning Incorporated (Corning, NY, USA), Greiner (Austria) or

Nunc (Denmark).

2.2. Cell cultures

Human glioblastoma cells U-118 MG (doubling time 37 h) were
cultured in DMEM, human squamous carcinoma cells SCC-15 (doubling
time 48 h) were grown in DMEM: F-12 supplemented with hydro-
cortisone (400 ng/ml) and normal human skin fibroblasts (doubling
time 1.9 day) were cultured in EMEM. All culture media contained 10%
heat-inactivated FBS and 100 U/ml penicillin and 100 μg/ml strepto-
mycin. All cell lines were cultured at 37 °C in humidified 95% air,
containing 5% CO2, with media changed every 2–3 days. Cells were
passaged at 80–85% confluence after treatment with 0.25% trypsin-
EDTA in PBS (calcium and magnesium ions free). Cell morphology was
checked under Nikon TE2000S Inverted Microscope (Tokyo, Japan)
with phase contrast. Number and viability of cells were estimated by
trypan blue exclusion test using Automatic Cell Counter TC20TM
(Biorad Laboratories, Hercules, CA, USA). All assays were performed in
triplicates in three independent experiments.

2.3. Cytotoxicity (NR and XTT) assays

Cytotoxicity of α-mangostin was estimated by neutral red uptake
(NR) and XTT reduction assays allowing determination of cellular
membrane integrity and mitochondria condition, respectively. Cells
were seeded in a flat, clear bottom 96-well culture plate in three re-
plicates at a density of 1× 104 cells/well and allowed to attach for
24 h. Then the cells were treated with α-mangostin (2.5–40 μM) for
48 h. After exposure to the drug, NR assay or XTT reduction assay was
performed as earlier described (Uram et al., 2017a).

2.4. Proliferation assay

Proliferation of α-mangostin-treated cells was monitored using the
CyQUANT GR Cell Proliferation Assay Kit. Cells were seeded in a flat,
clear bottom 96-well plate at a density of 5×103 and incubated for
24 h to attach. Then the cells were treated with 5–20 μM α-mangostin
solutions (200 μl/well) for 72 h, followed by centrifugation (5min,
700 g) and gentle culture medium removal. Afterwards the plate was
frozen at −80 °C and thawed (repeated twice), 200 μl/well of
CyQUANT GR dye/cell-lysis buffer, prepared according to manufac-
turer's protocol was added, followed by incubation on a shaker for
5min and fluorescence measurement at 480/520 nm with Tecan
Infinite M200 PRO Multimode Microplate Reader (TECAN Group Ltd.,
Switzerland).

2.5. Cell adhesion assay

To evaluate adhesiveness of cells treated with α-mangostin, the
crystal violet assay was performed. Cells were seeded in a 96-well clear
plate at a density of 1×104 (BJ and U-118 MG) and 2× 104 (SCC-15)
cells/well, and allowed to attach for 24 h. Following attachment, cells
were incubated with 5–20 μM α-mangostin solutions for 48 h, and
crystal violet assay was performed as described by Uram et al. (2013).

2.6. Cell migration assay

α-Mangostin influence on cell migration was estimated using the
scratch assay, known also as wound healing assay. Cells were seeded
into a 24-well plate at a density of 1×105 (for BJ and U-118 MG) and
2×105 (for SCC-15) cells/well in 600 μl culture medium and incubated
for 24 h to attach and reach confluence. All subsequent steps were
carried out as previously described (Uram et al., 2017b). To inhibit cells
proliferation and avoid false results, decrease of the FBS concentration
in culture medium up to 2% was performed (Liang et al., 2007; Uram
et al., 2017b). The influence of lowering FBS concentration to 2% on

Fig. 1. Chemical structure of α-mangostin. The 9H-Xanthen-9-one ring is
marked in red with a numbering of carbons.
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cell proliferation was tested and proliferation inhibition confirmed.

2.7. Determination of intracellular ATP level

Estimation of intracellular ATP level (reflecting cell energy meta-
bolism condition) in α-mangostin-treated cells was carried out using
CellTiterGlo® Luminescent Cell assay. Cells were plated in a flat, clear
bottom 96-well plates at a density of 1×104/well and treated with
5–20 μM α-mangostin solutions (100 μl/well) for 48 h. The CellTiter-
Glo® Reagent was prepared accordingly to manufacturer's protocol and
added 100 μl/well, followed by 10min incubation on plate shaker.
Luminescence was measured in Tecan Infinite M200 PRO microplate
reader and adjusted relatively to the number of cells per well (the
number of cells was determined by fluorescence measurement after
DAPI staining).

2.8. Apoptosis assay

Apo-ONE® Homogenous Caspase-3/7 Assay was performed to verify
whether α-mangostin would induce programmed cell death in tested
cells. The assay allows to measure activity of caspase-3 and -7, two
executive caspases involved in a late stage of apoptosis (Elmore, 2007).
To perform an assay cells were seeded in a flat, clear bottom 96-well
microplate (1× 104/well) and treated with α-mangostin under condi-
tions described above. After treatment, Apo-ONE® Caspase-3/7 Reagent
was prepared according to manufacturer's protocol and added in a
1:1 vol ratio followed by 1.5 h incubation on a plate shaker. Fluores-
cence was read at 495/525 nm with Tecan Infinite M200 PRO Multi-
mode Microplate Reader (TECAN Group Ltd., Switzerland), adjusted in
relation to the number of cells per well (the number of cells was de-
termined by fluorescence measurement after DAPI staining).

2.9. Toxicity to Caenorhabditis elegans, a nematode parasite model

C. elegans was maintained as previously described (Wińska et al.,
2005). The effect of α-mangostin or mebendazole (the latter used as a
positive control) on C. elegans population growth was determined ac-
cording to Simpkin and Coles (1981), with the chlorhexidine pre-
washing step omitted, by comparing the population levels reached in

the control and test wells after 7 days of incubation at 20 °C. Tests were
done in 12-well plates, with two wells used for each experimental
group. Mebendazole was used in a parallel test as a positive control.

2.10. Statistical analysis

Due to the lack of normal distribution in the experimental groups,
statistical analysis was performed using the non-parametric Kruskal-
Wallis test to estimate the differences between the α-mangostin-treated
cells and non-treated control in each cell lines, P≤ 0.05 was considered
as statistically significant. Calculations were performed using Statistica
12 (StatSoft). In addition, IC50 values were calculated based on results
of the cytotoxicity assays (NR and XTT) using MS Excel. Medians of
viability (%) were plotted against α-mangostin concentration (μM),
followed by transforming the X axis to logarithmic. Using logarithmic
regression, y = a*ln(x)+b equation was obtained and used to calculate
the α-mangostin concentration corresponding to the cells viability de-
crease by 50%. The results describing reduction of C. elegans population
are presented as LC50 values being means ± S.E.M., followed by the
number of independent experiments (N) in parentheses.

3. Results

3.1. Cytotoxicity and cells proliferation

The biological effect of α-mangostin on normal (BJ) and cancer cells
(U-118 MG and SCC-15) was estimated with two viability assays:
neutral red uptake (NR) and reduction of tetrazolium salts (XTT). NR is
one of the most sensitive assays, which relies on the uptake and re-
tention of neutral red dye within lysosome compartments of the viable
cells. XTT in turn, evaluates the reducing properties of trans-plasma
membrane electron transport including the activities of mitochondrial
oxidoreductases (Repetto et al., 2008; Uram et al., 2017a). Ad-
ditionally, α-mangostin influence on cells proliferation after 72 h
treatment was measured with the CyQUANT GR Cell Proliferation
Assay Kit, which delivers CyQUANT GR dye that binds to DNA of intact
cells and, after excitation at 480 nm, emits green fluorescence propor-
tional to the cell number.

α-Mangostin revealed concentration- and cell-type-dependent

Fig. 2. Viability of BJ, U-118 MG and SCC-15 cells
after 48 h treatment with α-mangostin at different
concentrations, determined by neutral red uptake
(A) and XTT reduction (C) assays. (D) Cancer (SCC-
15 and U-118 MG) and normal (BJ) cells prolifera-
tion after 72 h incubation with α-mangostin in the
range of 5–20 μM concentrations. Results, presented
as medians of triplicate assays in three independent
experiments, are expressed as % of non-treated
controls. The whiskers are lower (25%) and upper
(75%) quartile ranges. *P ≤ 0.05; Kruskal-Wallis
test (against non-treated control). (B) Cell mor-
phology and neutral red accumulation after α-
mangostin treatment and 1 h incubation with neu-
tral red dye. Red vesicles are lysosomes containing
dye. Numbers indicate a micromolar concentration
of α-mangostin. Images were collected with
Olympus IX-83 microscope with contrast phase
(scale bar = 50 μm).
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effect, in both toxicity and proliferation assays, as shown in Fig. 2.
The strongest effect of α-mangostin, monitored by the NR assay, was

observed in squamous carcinoma cells, with significant decrease of
their viability to about 40% at 7.5 μM concentration, then reducing it to
zero at the highest concentrations. Activity of α-mangostin against U-
118 MG and BJ cells was lower, with cell viability at 7.5 and 10 μM
concentration being around 60%, and total viability reduction observed
only at 20 and 40 μM concentrations (Fig. 2A). This effect was also
visible during microscopic observations, presented in Fig. 2B. As the
concentration of α-mangostin increased, accumulation of neutral red in
lysosomes decreased and the cell morphology changed, followed by
cells shrinkage and loss of adhesion. At 20 μM concentration only
normal BJ cells were alive but at 40 μM concentration almost all cells
lost their adhesion (Fig. 2B). With the use of the XTT assay similar
toxicity pattern was demonstrated of α-mangostin against SCC-15 cells,
with glioma and fibroblast cells showing weaker response (Fig. 2C). The
highest sensitivity of SCC-15 cells to the drug, demonstrated by both NR
and XTT assays, is reflected also by the IC50 values (insets in Fig. 2A and
C).

Due to high toxicity and lack of viable cells, 40 μM concentration of
α-mangostin was omitted in further studies.

The effect of α-mangostin on proliferation of investigated cells was
closely correlated with its toxicity pattern (Fig. 2C). Stronger inhibition
of proliferation was observed for SCC-15 cells (reduction to 12% at
7.5–20 μM drug) than glioma cells (2.5-fold weaker at 10 μM drug) or
fibroblasts (reduction to 49% at 20 μM drug).

3.2. Cellular motility

Cellular motility is a cell movement from one location to another,
with associated consumption of energy, constituting a very important
parameter of the cancer metastasis process. Cell motility phenomenon
relies on adhesion and migration of a cell, resulting from interactions of
adhesion receptors on the cell surface with immobile constituents of
extracellular matrix or on the surface of other cells (Soloviev et al.,
2006).

Adhesion of cancer (SCC-15 and U-118 MG) and normal (BJ) cells
after incubation with α-mangostin was assessed with crystal violet dye
that stains DNA in the nuclei of intact adherent cells. Squamous car-
cinoma cells were more susceptible to the adhesion loss than glioma
and fibroblast cells. Results presented in Fig. 3A, show significantly
stronger decrease of adhesion of SCC-15 than fibroblasts and glioma
cells under influence of α-mangostin.

At the highest concentration all tested cells lost their adhesion.
Microscopic observations (Fig. 3B), in accord with results of measure-
ment demonstrated the number of adherent cells to decrease with in-
creasing α-mangostin concentration; in particular, this was evident for
10 μM concentration applied with SCC-15 and BJ cells.

The scratch assay is a common method for evaluation of cell mi-
gration in vitro (Liang et al., 2009), allowing reveal reorganization of
the actin cytoskeleton and mimic to some extent migration of cells in

vivo. In our experiments migration of cancer cells SCC-15 and U-118
MG was stopped only at 10 μM of α-mangostin, whereas migration of
fibroblasts was distinctly more sensitive to the drug (decrease to the
12.7% of the control at 5 μM α-mangostin; Fig. 4A and B).

3.3. Apoptosis and ATP level changes

In order to determine pro-apoptotic activity of α-mangostin and its
influence on intracellular ATP level in the studied cells, the Apo-ONE®
Homogenous Caspase-3/7 (Promega) and CellTiterGlo® Luminescent
Cell (Promega) assays were applied. The results are shown as a

Fig. 3. Adhesiveness of BJ, U-118 MG and SCC-
15 cells after 48 h incubation with α-mangostin at
different concentrations obtained with crystal violet
assay. A) Results are medians of triplicate assays of
three independent experiments expressed as a % of
non-treated controls. The whiskers are lower (25%)
and upper (75%) quartile ranges. *P ≤ 0.05,
Kruskal-Wallis test (against non-treated control). B)
Cells morphology and adhesion to the bottom of 96-
well plate after 48 h α-mangostin treatment and
after 30 min incubation with crystal violet.
Numbers indicate a micromolar concentration of α-
mangostin. Images collected with Olympus IX-83
microscope with contrast phase. Violet signal:
crystal violet, scale bar = 200 μm.

Fig. 4. (A) Cancer (SCC-15 and U-118 MG) and normal (BJ) cells migration
after incubation with α-mangostin at the range of 0.63–10 μM concentrations
estimated with scratch assay. Results are presented as medians and whiskers are
lower (25%) and upper (75%) quartile ranges. *P ≤ 0.05, Kruskal-Wallis test
(against non-treated control). (B) Representative images of scratch assay of BJ,
SCC-15 and U-118 MG cells treated with α-mangostin. Images were obtained
using inverted phase contrast microscope (10 × objective for BJ and SCC-15,
scale bar = 100 μm; 4 × objective for U-118 MG, scale bar = 200 μm).
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relationship between the intracellular ATP level and executioner cas-
pases activity in each cell line (Fig. 5).

α-Mangostin induced apoptosis in all the tested cell lines, with
lower concentrations affecting cancer than normal cells. While a sig-
nificant increase of caspases activity in SCC-15 and U-118 MG cells was
apparent already at 10 μM α-mangostin, the corresponding effect in
fibroblasts required 20 μM of drug. At 10 μM α-mangostin caspase-3/7
activity in squamous carcinoma cells was 5-fold higher than in glioma
cells (865% and 180% of control, respectively). Interestingly, in fibro-
blasts at non-toxic concentrations a significant decrease of caspse-3/7
activity was observed.

When activity of caspases in SCC-15 cells has been raising, in-
tracellular ATP level was undergoing reduction to 80%, and then to
12%. Different effect was seen in U-118 MG cells, where at the non-
toxic concentrations of the drug, activity of caspases was not growing
but ATP level significantly increased to 130% and then returned to
control level at the highest drug concentration. In case of fibroblasts, no
changes in the intracellular ATP level were observed at the range of
studied concentrations.

3.4. Toxicity to C. elegans

The nematode Caenorhabditis elegans, a multicellular organism
widely recognized as a model for basic biological and medical research,
is also used to model a live animal in anti-cancer drug screening (Kobet
et al., 2014). In the present study it was used to model parasitic ne-
matodes, in order to test a potential antiparasitic effect of α-mangostin.
The results revealed α-mangostin to cause reduction of growth of C.
elegans population with the LC50 value of 3.8 ± 0.5 μM (5). Of note is
that mebendazole, tested in parallel experiments, showed slightly lower
activity, reflected by the LC50 value of 4.0 ± 0.5 μM (10), the latter in
accord with the finding of 1.2 μM concentration of this drug being the
minimum detectable dose against C. elegans (Simpkin and Coles, 1981).

4. Discussion

α-Mangostin shows strong pharmacological effects in a variety
cancer models, including breast, prostate, lung, colon, pancreatic
cancer and leukemia, both in vitro and in vivo (Akao et al., 2008; Cai
et al., 2016; Ibrahim et al., 2016). Cai et al. (2016) revealed that α-

mangostin inhibits cell proliferation in four hepatocellular carcinoma
(HCC) cell lines in a dose- and time-dependent manner, with the IC50

values in the range of 10 μM, by inducing the G0/G1 phase cell cycle
arrest. Anti-proliferative effect of α-mangostin was demonstrated also
by Matsumoto et al. (2005) with human colon cancer cells (DLD-1),
where the drug caused cell-cycle arrest in the G1 phase and subsequent
induction of apoptosis via the intrinsic pathway resulting in nuclear
condensation and fragmentation. The same author described studies on
four human leukemia cell lines (HL60, K562, NB4 and U937) and re-
ported cell growth inhibition and apoptosis induction at 5–10 μM
concentrations of α-mangostin after 24–72 h incubation (Matsumoto
et al., 2003).

The presented results are in line with reports from other researchers.
The strongest cytotoxic effect was seen in squamous carcinoma cells
with the IC50 equal 6.43 μM (NR assay) and total viability reduction at
concentrations≥ 10 μM after 48 h treatment. The toxic effect of α-
mangostin in SCC-15 cells caused the disruption of the cell membrane
integrity and mitochondria functions. Similar toxic effect against
human skin cancer cells was observed for human oral squamous car-
cinoma cells (HSC-2, HSC-3 and HSC-4 cell lines). The IC50 values de-
termined after 24 h treatment were 8–10 μM (Kwak et al., 2016) and for
human melanoma cell lines, SK-MEL-2 and SK-MEL-30 after 48 h of
incubation with α-mangostin, the IC50 values were 8.14 μM and
7.78 μM, respectively (Xia et al., 2016). Likewise, for human melanoma
cells SK-MEL-28, the IC50, determined after 48 h treatment, was
5.92 μM (Wang et al., 2011). Also Kaomongkolgit et al. (2011) found
that α-mangostin at 3 μgmL−1(7.32 μM) concentration after 48 h ex-
posure, displayed moderate cytotoxicity against head and neck squa-
mous carcinoma cell lines (HN-22, HN-30, and HN-31 cells) with in-
hibition rates of 45%–60%.

Glioma and fibroblast cells showed a weaker response in both tests,
as confirmed by the IC50 values, which in the XTT assay for U-118 MG
were 2-fold higher than for SCC-15 cells (18.15 μM against 7.72 μM),
and a significant decrease of cell viability was seen at concentrations
above 20 μM. Moreover, α-mangostin-mediated-toxicity in glioma and
fibroblasts was mostly achieved by destroying cell membrane. Stronger
effect of α-mangostin against two glioblastoma cell lines has been re-
vealed by Chao et al. (2011), who obtained the IC50 values 6.4 μM for
GBM8401 and 7.3 μM for DBTRG-05MG after 48 h treatment using
WST-1 assay.

Fig. 5. Changes of caspase-3/7 activity and in-
tracellular ATP level in BJ, U-118 MG and SCC-
15 cells after 48 h treatment with 5–20 μM con-
centration range of α-mangostin, measured with
Apo-ONE® Homogenous Caspase-3/7 assay and
CellTiterGlo® Luminescent Cell assay, respectively.
Results are medians of triplicate assays from three
independent experiments expressed as a % of non-
treated controls and presented in logarithmic graph.
The whiskers are lower (25%) and upper (75%)
quartile ranges. *P ≤ 0.05, Kruskal-Wallis test
(against non-treated control).
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Anticancer activity of α-mangostin was also manifested by inhibi-
tion of cell proliferation. After 72 h treatment with α-mangostin, SCC-
15 cells displayed significant reduction of proliferation at concentra-
tions ≥7.5 μM. However, U-118 MG cells showed a lower sensitivity
than SCC-15 (83% against 31% at 10 μM), with BJ cells exhibiting the
weakest response.

Cytotoxic effect of α-mangostin also affected cells motility. This
parameter was assessed by crystal violet and scratch assay, which de-
termine cells adhesion and migration, respectively. Cell adhesion plays
an essential role in stimulating signals that regulate cell differentiation,
cell cycle, cell migration and cell survival. Dysregulation of these cel-
lular processes is involved in initiation and/or progression of various
diseases including cancer metastasis. The cell adhesion plays a pivotal
role in the driving force production of the cell migration (Zhong et al.,
2012). Cell adhesiveness is generally reduced in human cancers and
decreases in line with their increasing “metastatic potential”. Tumor
cells are characterized by changes in adhesion to ECM (extracellular
matrix) due to possessed alterations in the expression and pattern of
plasma-membrane protein complexes (Ahmad Khalili and Ahmad,
2015; Uram et al., 2017b).

Some research groups have studied anti-metastatic potential of α-
mangostin. In the research conducted by Zhang et al. (2018) α-man-
gostin inhibited migration of A549 cells in a dose-dependent manner. At
5 μM concentration, cellular migration was found to be inhibited by
almost 33% and in the presence of 10 μM α-mangostin, migration was
inhibited by 60%. It has been proven that α-mangostin displayed anti-
metastatic effects also in human skin cancer cell lines, melanoma and
squamous cell carcinoma. Beninati et al. (2014) observed a marked
reduction (by 70%) of the adhesion of human melanoma cells (A375)
and the invasion decrease by 38% and 28% in SK-MEL-28 and
A375 cells, respectively after treatment with 15 μM α-mangostin. Ac-
cording to Wang et al. (2012), α-mangostin inhibited motility, adhe-
sion, migration and invasion of human squamous carcinoma (A-431)
and human melanoma (SK-MEL-28) cells after 48-h treatment. The
migration inhibitory effect was found to be concentration-dependent
and was the most marked for the concentration of 1.25 μg/ml (3.05 μM)
for A-431 (migration reduced to 6%) and 2.5 μg/ml (6.1 μM) for SK-
MEL-28 (migration reduced to 23%). The adhesive capability decreased
to around 55% and to 61% for A-431 and SK-MEL-28 cells, respectively.

In our research, α-mangostin showed the strongest effect of redu-
cing cellular adhesion in squamous carcinoma cells. This cell line de-
monstrated 60% loss of adhesion at 10 μM concentration of α-man-
gostin while glioma cells did not reveal significant adhesion decrease at
the same concentration. Moreover, at toxic α-mangostin concentra-
tions, migration of each tested cell line was reduced to about zero,
however at non-toxic concentrations (< 10 μM) ability to migrate was
affected only in normal cells. Referring to cytotoxicity results, at 10 and
20 μM concentrations of α-mangostin, all tested cells remained dead, so
the adhesion and migration decrease is likely due to the toxic action of
the compound, therefore it will not have the anti-metastatic potential.
Such effect would be suspected if the reduction of cancer cells adhesion
and/or migration occurred at non-toxic concentrations.

α-Mangostin potential to induce apoptosis has been documented by
numerous studies. Zhang et al. (2018) demonstrated that drug treat-
ment caused a dose-dependent induction of apoptosis, associated by an
increased Bax/Bcl-2 ratio in human lung cancer cell (A549). According
to Wang et al. (2011), α-mangostin induced apoptosis in human mel-
anoma SK-MEL-28 cell line, due to caspase activation and mitochon-
drial membrane pathway disruption, revealed by 25-fold increase in
caspase-3 activity and 9-fold decrease in mitochondrial membrane po-
tential when compared to untreated cells. In accord, α-mangostin in-
duced mitochondrial-dependent apoptosis in human hepatoma SK-Hep-
1 cells (Hsieh et al., 2013), and in human leukemia HL60 cells
(Matsumoto et al., 2004), with activation of caspase-9 and -3 but not
caspase-8. Parameters of mitochondrial dysfunctions such as swelling,
loss of membrane potential, decrease in intracellular ATP, ROS

accumulation and cytochrome c/AIF release, were observed within 1 or
2 h after the treatment, indicating that α-mangostin preferentially tar-
gets mitochondria in the early phase. There is also an evidence of Chao
et al. (2011) that α-mangostin in 2.5–10 μM concentrations does not
induce apoptotic cell death in glioblastoma cells (GBM8401 and
DBTRG-05MG cell lines) after 48 h of incubation, but autophagy with
formation of acidic vesicular organelles (AVOs) and autophagic va-
cuoles.

In our research, α-mangostin induced apoptosis both in cancer and
normal cells, but in squamous carcinoma cells this process has started
earlier, with caspase 3 and 7 activities 5-fold higher than in glio-
blastoma cells. In addition, induction of apoptosis in SCC-15 cells was
accompanied by ATP decrease. Pradelli et al. (2014) established the loss
of energy production during apoptosis, orchestrated by caspases, to be
involved in the dismantling of the dying cell. Interestingly, U-118 MG
cells at non-toxic concentrations of α-mangostin displayed increase of
ATP level, presumably providing energy for pro-apoptotic proteins
synthesis. In contrast, fibroblasts showed no changes of ATP level in the
drug-treated cells. In this context it should be mentioned that Pradelli
et al. (2014) demonstrated the decrease of cellular ATP level during
apoptosis in a caspase-dependent manner, as a consequence of a cas-
pase-dependent inhibition of glycolysis.

Certain selectivity of α-mangostin, showing stronger toxicity toward
tumor squamous carcinoma than glioblastoma and normal cells, ac-
cording with previous observations of cell type-dependent drug activity
and related potential for human skin cancer and leukemia treatment
(Kaomongkolgit et al., 2011; Matsumoto et al., 2003). Moreover, it is
noteworthy that α-mangostin preferentially targeted cancer cells over
non-cancerous cells, indicating some potential as a chemopreventive or
selective anticancer agent (Shan et al., 2011).

Of particular interest is anti-nematode activity of α-mangostin,
especially as the drug is similarly toxic toward C. elegans as mebenda-
zole, a known anthelmintic drug (McKellar and Scott, 1990; Simpkin
and Coles, 1981), and rather more toxic than certain other anthel-
mintics, including albendazole (Hu et al., 2013; Sant'anna et al., 2013),
ivermectin, nitazoxanide and pyrantel (Hu et al., 2013). Of note is also
that α-mangostin lacked activity or showed only low activity against
several other nematode species (Keiser et al., 2012). Thus, further
parallel studies of antiparasitic and anticancer properties of α-man-
gostin and its analogues are warranted, aimed at potential shared target
(s) (Dorosti et al., 2014).

5. Conclusions

α-Mangostin, a xanthone derivative from the pericarp of the man-
gosteen, with a wide range of biological activity (Ibrahim et al., 2016),
displayed at concentrations lower than 10 μM cytotoxic activity, man-
ifested by cell viability decrease, inhibition of proliferation, induction
of apoptosis and reduction of adhesion. The toxicity, causing cell
membrane disruption and mitochondria impairment, showed certain
selectivity, being somewhat stronger with tumor squamous carcinoma
than glioblastoma and normal cells. Of interest, α-mangostin demon-
strates, beside antitumor also anti-nematode activity, suggesting further
studies in search of mechanism(s) of both activities.
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