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Mangosteen leaf extract increases melanogenesis in B16F1
melanoma cells by stimulating tyrosinase activity in vitro
and by up-regulating tyrosinase gene expression
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Abstract. Melanin synthesis is stimulated by various effectors,
including a-melanocyte stimulating hormone (a-MSH), cyclic
AMP (cAMP)-elevating agents (forskolin, isobutylmethyl-
xantine, glycyrrhizin) and ultraviolet light. Our investigation
focused on the identification of the melanogenic efficacy of
mangosteen (Garcinia mangostana) leaf extract with regard
to its effects on melanogenesis in BI6F1 melanoma cells, since
it has been known to possess strong anti-oxidant activities.
The mangosteen leaf extract was found to stimulate melanin
synthesis and tyrosinase activity in a dose-dependent manner
without any significant effects on cell proliferation. Cytotoxicity
of the extract was measured using a 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay; the
highest concentration of the extract that did not affect cell
viability was 32 ug/ml. Formation of melanin from cultured
B16F1 melanoma induced by extract treatment was estimated
using spectrophotometry. In order to clarify the subsequent
mechanism of tyrosinase activation by the extract, the levels
of tyrosinase expression in BI6F1 melanoma were examined
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using an intracellular tyrosinase assay and tyrosinase zymo-
graphy. Up-regulation of intracellular tyrosinase expression
seemed to correlate with an increase in microphtalmia-associ-
ated transcription factor (MITF) protein levels since MITF is
the key factor for genes involved in melanogenesis. Both of the
results showed that tyrosinase activity was markedly enhanced
from extract-treated cells. The overall results suggest that
mangosteen leaf extract may be a promising candidate for the
treatment of hypopigmentation disorder and useful for self-
tanning cosmetic products.

Introduction

Mangosteen (Garcinia mangostana L.) is a tropical tree
native to Southeast Asia and is found predominantly in China,
Cambodia, Indonesia, Malaysia, Thailand, Singapore, Taiwan
and the Philippines. The mangosteen fruit is consumed fresh
and can be processed into jams, preserves and candies. It is an
important seasonal fruit consumed throughout South and East
Asia and regarded by many as one of the best flavored in the
world. Garcinia, an evergreen tree genus of the plant family
Clusiaceae is native to tropical regions of the world; these
include the purple mangosteen as one of possibly 300 species
in the genus known for their edible fruits and rich pericalpal
pigments. The mangosteen has also been used for nutritional
and medicinal purposes for many centuries by these same
countries to alleviate fever, diarrhea, headaches and heal
wounds. The fruit rind has been used for internal and external
infections treatment, and poultices can be used to treat skin
condition; an extract of mangosteen pulp has even been used to
control fever (1). The rind decoction is used to relieve cystitis,
gonorrhea and gleet and is applied externally as an astringent
lotion. Filipinos employ a decoction of the leaves and bark
to treat thrush, diarrhea, dysentery and urinary disorders. In
Malaysia, an infusion of the leaves, combined with unripe
banana and benzene is applied to the wound of circumcision
and a root decoction is taken to regulate menstruation. The
dried mangosteen rind is use to treat dysentery, diarrhea and
gonorrhea (1). Made into an ointment, mangosteen rind powder
is used to treat skin disorders such as eczema. Mangosteen
pulp and rind contain many antioxidants, which may have anti-
tumor activity (2).
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Research results have shown that the mangosteen leaf
extract possesses five active compounds, namely catechins,
mangostin, normangostin, xanthones and gartanin (3). In
recent years, mangosteen has attracted special attention for its
xanthone, a particular class of plant phytochemical extracts
from mangosteen, which is highly biologically active, possesses
anti-inflammatory properties inhibiting cyclooxygenase (COX)
enzymes, and have cardiovascular protective effects (4-8).
Studies have demonstrated that prenylated xanthones are
capable of treating tuberculosis (9). Of the xanthones tested,
o- and -mangostins, and also garcinone B, had the strongest
inhibitory effects against mycobacterium, which are known to
cause tuberculosis (9,10). However, there have been no reports
specifically addressing the effects of the mangosteen leaves on
melanogenesis.

Melanogenesis is a biosynthesis pathway for melanin produc-
tion from melanocytes located in the lowest layer of the human
epidermis (9). UV-irradiation, a representative melanogenesis
triggering factor, causes secretion of several melanogenic
signaling delivery substances: proopiomelanocortin (POMC),
a precursor of a-melanocyte stimulating hormone (a-MSH), a
receptor of a-MSH; melanocortin-1 receptor (MCIR); mela-
nogenic enzymes; tyrosinase; tyrosinase-related protein-1
(TRP1); protein kinase C (PKC) from melanocyte (12,13).
In human epidermis, once a-MSH and adrenocorticotropic
hormone (ACTH) are produced and released by keratinocytes
after UV-irradiation (14,15), they combine with their specific
receptor MCIR and activate adenyl cyclase through G-protein,
which converts adenosine triphosphate (ATP) to cyclic
adenosine monophosphate (CAMP), leading to an increase in
intracellular cAMP levels (16,17). Cyclic AMP, generated from
ATP, plays a role as a second messenger in the intracellular
signaling pathway (18). When increased cAMP has an effect
on PKA, the cAMP response element binding protein (CREB)
and the cAMP response element (CRE), located in the M
promoter of the microphtalmia-associated transcription factor
(MITF) gene, bind together (19). Cyclic AMP then undergoes
melanogenesis, primarily via activation of MITF, thereby
leading to induction of the expression of melanogenic enzymes
(16). Increased expression of MITF leads to enhancement of
the expression of genes for the melanogenic enzyme family,
tyrosinase, TRP1, TRP2 and dopachrome tautomerase (DCT),
which eventually stimulates melanin synthesis (20-22). Cyclic
AMP-related biological effects depend on protein kinase A
(PKA) and once PKA phosphorylates CREB, it interacts
with CRE and increases the expression of the MITF gene-
containing CRE, which is responsible for the DNA sequence
in its promoter region (18,23). Materials believed to cause an
increase in intracellular cAMP are a-MSH, forskolin (FK),
isobutyrylxanthine (IBMX), and dibutyryl cAMP (dbc AMP);
these substances can be applied to pigment cells in human and
mouse (18). Therefore, phytochemicals and other biomaterials
that can modulate intracellular cAMP levels may also be able
to regulate melanogenesis in human and mouse melanocytes
(21).

The skin pigmentation processes involve de novo synthesis
of melanin in melanocytes and the transfer of synthesized
melanin packed in melanosomes to neighboring keratino-
cytes, which eventually turns the skin to a dark color (24,25).
Melanosomes contain three types of enzymes: tyrosinase;
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TRP1; DCT (TRP2) (26). Tyrosinase is a rate-limiting enzyme
involved in melanin synthesis that hydroxylates tyrosine,
a kind of phenylalanine, to L-3,4-dihydroxyphenylalanine
(L-DOPA) and oxidizes L-DOPA to dopaquinone (2,27).
Excessive accumulation of dopaquinone generated from
hydroxylation and oxidation of tyrosine forms dopachrome,
which conditionally exhausts cysteine, resulting in accumula-
tion of the black and brownish pigment, eumelanin. Another
type of melanin, pheomelanin, is produced through formation
of 3- or 5-cysteinyldopa in the presence of cysteine (27-29).
These three enzymes determine the types of melanin to
eumelanin or pheomelanin (30). Accordingly, skin color can
be determined by a ratio between the two types of melanin, the
amount of each type of melanin, and the extent of transferring
melanosomes to keratinocytes (22).

There are several diseases marked by a lack of pigment in
the skin that are referred to as leukoderma; some are caused
by an inability of the melanocytes to produce melanin, while
others are caused by melanocytes either not being present or
being destroyed (31). The latter are the pathology of the pheno-
typically similar piebaldism and the disease vitiligo (31,32).
Piebaldism exists during birth and is a lack of melanocytes in
the skin, whilst vitiligo is a progressive disease, whereby the
melanocytes are gradually destroyed, causing unpigmented
areas on the skin (31).

In our search for a new potential treatment of hypopigmen-
tation disorders in herbal medicine, we found the mangosteen
leaf extract effective with regard to melanogenesis in B16F1
melanoma cells. The mangosteen leaf extract stimulates
melanogenesis by up-regulating tyrosinase expression and
microphtalmia-associated transcription factor (MITF) in
B16F1 melanoma cells. In this study, the effects of the extract
on melanogenesis were verified. The present study was also
designed to gain insight into the role of the extract in melano-
genic signaling in BI6F1 melanoma cells.

Materials and methods

Materials. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazo-
lium bromide (MTT), a-MSH, dimethyl sulfoxide (DMSO),
and FK were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Dulbecco's modified Eagle's medium (DMEM),
fetal bovine serum (FBS), and penicillin-streptomycin were
obtained from Welgene (Daegu, Korea). Antibodies against
tyrosinase, MITF, and (3-actin were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). Fresh mature
mangosteen leaves were purchased from Toko Tenaga Keluarga
Sdn Bhd, Johor, Malaysia. The selected leaves were from the
division of Magnoliophyta, class of Magnoliopsida, family
of Clusiaceae, genus of Garcinia L., and species of Garcinia
mangostana. The entire leaves were carefully washed in water
and immediately dried at a temperature of 45-50°C in a vacuum
dryer for 8 h and stored at room temperature until future use.
The dry leaves were further ground using a stainless-steel
powder grinder PG-10 (SUS), with a driving motor 10 HP and
a fineness of 100 meshes.

Extraction of the mangosteen leaf extract. Extraction of the
mangosteen leaves extract was performed as follows: 5 kg of
dried mangosteen leaves were extracted in 80 liters of boiling
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water for 2 h. After removal of the solids by filtration, the
extracted solution was spray-dried using a pilot spray dryer
(Niro A/S, GEA Group, Soeborg Denmark). The inlet and
outlet temperature were 200 and 110°C respectively, with a
feed capacity of 7 I/h. The yield of the extract was obtained at
8% of the total raw material. The resultant powder was used
for determination of the melanogenesis effect. Working solu-
tions of the sample were prepared as follows: dried powder
was dissolved in water to a final concentration of 1% (w/v) and
sterilized through filtration. The resulted filtrate was stored at
-20°C.

Cell culture. BI6F1 melanoma cells were obtained from the
Korean Cell Line Bank (KCLB) and sustained in 10% FBS and
1% penicillin-streptomycin supplemented DMEM. Incubation
was carried out in 5% CO, incubator at 37°C .

a-MSH and mangosteen leaf extract treatment. BI6F1 mela-
noma cells were seeded at a density of 1.5x10° cells/well in
6-well plates containing DMEM supplemented with 10% FBS
and 1% penicillin-streptomycin. After 24 h, the medium was
substituted by a fresh medium supplemented with 5 nM of
o-MSH, 10 M of FK, and different concentrations of mango-
steen leaf extract (4, 8, 16 or 32 ug/ml) and incubated for 48 h.
DMEM was used as a negative control, and 5 nM a-MSH or
10 uM FK (32) were used as positive controls.

MTT assay. The MTT assay is colorimetric assay for measuring
the mitochondrial activity of enzymes that reduce MTT to
formazan dyes, giving a purple color. A main application allows
assessing the viability (cell counting) and the proliferation of
cells (cell culture assays). It can also be used to determine
cytotoxicity of potential medicinal agents and toxic materials,
since those agents would stimulate or inhibit cell viability
and growth. After 48 h, the culture medium was removed and
incubated with the MTT solution at 37°C for 90 min. The solu-
tion was replaced with 0.04 N HCl-isopropyl alcohol solution,
with further incubation at room temperature for 30 min. The
harvested solution was centrifuged at 13,000 rpm for 5 min.
Absorbance of the supernatant was measured at 570 nm using
a microplate reader (Perkin-Elmer, USA).

2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay. Scavenging of
DPPH free radicals is the basis of common antioxidant assays. A
number of protocols have been followed for this assay resulting
in a variation of results from different laboratories. DPPH is
a common abbreviation for the organic chemical compound
DPPH. It is a dark-colored crystalline powder composed of
stable free-radical molecules. DPPH has two major applica-
tions, both in laboratory research, one as a monitor of chemical
reactions involving radicals and the another as a standard of
the position and intensity of electron paramagnetic resonance
signals. The method using DPPH as a stable free radical to
measure radical-scavenging activity has been widely used.
Antioxidants react with DPPH, which are stable free radicals,
and convert it to 1,1-diphenyl-2-(2,4,6-trinitrophenyl) hydra-
zine. The degree of discoloration indicates the scavenging
potentials of the antioxidant compounds. DPPH was used to
measure radical erasure capacity (anti-oxidative property) of
various agricultural products. In this assay, DPPH (Sigma)
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was dissolved in ethanol at a volume of 250 uM, followed by
sonication for 5 min to obtain the stable free radical DPPH
(33). The test compound was diluted in DPPH solution at a
ratio of 1:1. Appropriate controls were run in each series and
fresh DPPH solution was prepared daily. Mangosteen leaf
extracts were assayed in triplicate at five different concentra-
tions, such that a 50% decrease in DPPH absorbance could be
calculated. Absorbance of the reaction mixture was measured
after 20 min using a UV/V is spectrometer (DU730, Beckman
Coulter, USA). The FSCs, (concentration causing 50% radical
scavenging activity) value of the mangosteen leaf extract was
determined and compared with that of L-ascorbic acid and
Trolox (all from Sigma).

Melanin assay. A secreted melanin assay was performed as
described previously with slight modifications (34,35). After
48 h, the culture medium was harvested and centrifuged at
10,000 rpm for 10 min. Absorbance was measured at 405 nm
using a microplate reader (Perkin-Elmer). The secreted
melanin was expressed in a ratio calculated as follows: secreted
melanin (%) = (C-A)/B x 100]

In this formula, A represents absorbance value of the
medium supplemented with each sample (before incubation),
B, the absorbance value of the untreated medium (harvested
after 48 h of incubation), and C, the absorbance value of the
medium supplemented with each sample (harvested after 48 h
of incubation). All values were obtained from measurements
at 405 nm.

Measurement of melanin content. The melanin content of
the cultured melanoma was evaluated in accordance with the
method described previously, with slight modifications (37). In
brief, the cell pellets were solubilized in 10% DMSO, dissolved
in 1 M NaOH (80°C), and boiled for 2 h. Melanin concentra-
tions were calculated by comparison of the OD at a wavelength
of 400 nm and compared with a standard curve obtained from
synthetic melanin. In order to determine the actual melanin
formation from the same number of cells, the total melanin
content of each pellet was divided by the number of melanoma
cells. All of the measurements were performed in triplicate.

Intracellular tyrosinase activity assay. An intracellular tyrosi-
nase activity assay was performed as described previously,
with slight modifications (13,27). After 48 h, the culture cells
were washed with PBS and harvested in RIPA cell lysis buffer
supplemented with a protease inhibitor. The cell lysate was
obtained after centrifugation at 13,000 rpm for 15 min. The
amount of protein was calculated by a Bradford assay (Bio-
Rad, Hercules, CA, USA), using BSA as a standard (bovine
serum albumin, Bio-Rad). The amount of each cell lysate was
adjusted with lysis buffer to give the same protein concentra-
tion. L-DOPA (10 u1) in sodium phosphate buffer (10 mM) was
added and incubated for 1 h at room temperature. Absorbance
was measured at 475 nm using a microplate reader (Perkin-
Elmer).

Tyrosinase zymography (L-DOPA staining). Tyrosinase
zymography was performed as described previously (36). After
48 h, the cultured cells were washed with PBS and harvested
with RIPA cell lysis buffer supplemented with a protease
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Table I. Free radical-scavenging activity of mass content of antioxidants.

Antioxidant

Scavenging activity (FSCy,) concentration (u g/ml)*

L-Ascorbic acid
Trolox
Mangosteen leaf extract (methanol)®

27.62+1.05
29.57+1.71
34.30+1.25

“Bach value is the mean = SD of three replicate assays. "Each value is the mean solvent of sample extract. FSCs,, 50% free-radical scavenging

activity.
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Figure 1. Mangosteen leaves extract has no detectable influence on B16F1
melanoma cellular mitochondrial activity. BI6F1 melanoma cellular mito-
chondrial activity was validated through MTT assay method. (A) As showed
in this figure, BI6F1 melanoma cell viability was increased by mangosteen
leaves extract treatment ranges at concentration of 4 and 8 yg/ml. At the con-
centration of 32 ug/ml, cell viability was shown to be 90% and decreasing
rate of cell viability was grown according to the high concentration (data not
shown). (B) The relative number of BI6F1 melanoma cells after 2 days treated
with mangosteen leaves extract. The number of melanoma cells decreased
dose-dependently up to 32 pg/ml of ML extract treatment. Results are the
average of three independent experiments + SD. "P<0.05, “P<0.01 compared
to (+) a-MSH control.

inhibitor. The amount of protein was also equilibrated as in
the intracellular tyrosinase assay. Each sample mixed with the
zymogram sample buffer was loaded onto 8% gel SDS-PAGE

(sodium dodecyl sulfate polyacrylamide gel electrophoresis).
After running, the gel was soaked twice in 0.1 M sodium phos-
phate buffer for 30 min. Staining was carried out with 10 mM
L-DOPA in 0.1 M sodium phosphate buffer for 1 h at 37°C.

Immunoblotting analysis. Once the cell lysates were prepared
using a standard protocol, each sample was mixed with
Laemmli sample buffer and denaturated at 85°C for 5 min.
Thereafter, samples were loaded onto 8% SDS-PAGE gels.
After running, the gel was transferred to a PVDF membrane
and blocked with 5% skimmed milk. Anti-tyrosinase and anti-
MITF were used as primary antibodies and anti-goat IgG-HRP
and anti-mouse IgG-HRP (all from Santa Cruz Biotechnology)
as secondary antibodies. The antigen-antibody reaction was
detected using an ECL solution system (Perkin-Elmer).

Statistical analysis. Statistical significance was assessed
using the Student's t-test. All results were presented as the
mean + SD of the combined data from replicate experiments.

Results

Mangosteen leaf extract possesses strong radical-scavenging
activity. To evaluate the antioxidant activity of the mangosteen
leaf extract, the DPPH assay was performed. The absorbance
of the free-radical DPPH decreased when measured at 517 nm
for five different concentrations and produced a color change,
with colorization from violet to yellow. The FSC,, value
determined for the extract was 34.30 pug/ml (Table I). The
FSC,, value of L-ascorbic acid and Trolox were 27.62 and
29.57 pug/ml, respectively. The data indicate that the extract
possesses a strong antioxidant capacity, comparable to that of
L-ascorbic acid and Trolox.

Effects of mangosteen leaf extract on cell mitochondrial
activity and relative number of cells, using cultured BI6FI
melanoma cells. The cellular mitochondrial activity of cultured
B16F1 melanoma cells was measured by an MTT assay. After
2 days of treatment, the mangosteen leaf extract (ML) showed
no detectable adverse effects on cellular mitochondrial activity
at concentrations between 4-32 pug/ml (w/v) (Fig. 1A). The
cellular mitochondrial activity was slightly decreased when the
concentration of ML increased, however, the opposite pattern
was observed for a-MSH, whereby the cellular mitochondrial
activity of melanoma cells increased in comparison to the
negative control. Based upon this observation, the experiments
were performed within this concentration range. For the rela-
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Figure 2. Melanin synthesis was increased by treatment with the mangosteen leaf extract. (A) The secreted melanin assay results show that the mangosteen leaf
extract (ML) strongly increases melanogenesis in BI6GF1 melanoma cells. The effect of 16 yg/ml ML was comparable to the a-MSH-treated control and was
3-fold higher compared to the negative control. The result of 32 ug/ml was more efficient than the a-MSH-treated control and was 3.5-fold higher compared to
the negative control. This increment efficacy was apparently more effective than 5 nM of a-MSH or 10 uM of forskolin (FK). Upon ML treatment, the melanin
content increased in a dose-dependent manner up to 32 yg/ml. (B) The relative number of the secreted melanin increased dose-dependently with increasing ML
extract concentration. In agreement with the results from secreted melanin, the relative number of melanin of the individual melanoma cells increased up to
5.2-fold when treated with 32 pg/ml of the extract compared to the negative control. (C) The relative number of melanin content showed a similar pattern, with
a dose-dependent increasing trend from the results obtained from secreted melanin. By treating with the highest concentration of the extract (32 ug/ml), the
melanin content for each individual cell was found to be ~2-fold higher than the negative control. (D) The total melanin secreted into the culture medium and
presented inside the cells of each individual BI6F1 melanoma, revealed that FK demonstrated a very powerful melanogenic effect by inducing melanogenesis
activity up to 2.1-fold and a-MSH also showed significant effects of inducing such activity by nearly 2-fold. ML showed even stronger melanogenic activity
toward total melanin content and secretion, better than a-MSH and FK. By treating with the maximum concentration of the extract (32 pg/ml), the total
melanin content and secretion for each individual cell was significantly boosted up to 2.7-fold compared to the untreated control. Results are the average of
three independent experiments + SD. "P<0.05; “P<0.01 compared to the positive a-MSH control.

tive number of B16F1 melanoma cells, the authors examined
whether ML could increase the number of BI6F1 melanoma
cells with up to 2 days of treatment. Based on the result from
Fig. 1B, the relative number of BI6F1 melanoma cells did not
increase, but decreased after 2 days of treatment with ML.

Effects of mangosteen leaf extract on melanin secretion of
BI6F1 melanoma cells. In order to observe whether or not the
mangosteen leaf extract induces melanogenesis, the amounts
of melanin secreted into the culture medium and present inside
the cells were determined. The melanin contents of B16F1
cells treated with different concentrations of ML extract
were measured. Both a-MSH and FK have been proven to be
effective melanogenic agents, and were thus used as positive

controls. Both a-MSH and FK are also known as cAMP-
elevating agents (18), as cAMP pathway is one of the most
pivotal signaling pathways in melanogenesis. In these experi-
ments, cells were treated with ML (4, 8, 16 or 32 pg/ml), ao-MSH
(5 nM), and FK (10 yuM) for 2 days, and then the amount of
melanin secreted into the culture medium and present inside
the cells were analyzed.

The secreted melanin content gradually increased after
treatment with 4-16 pg/ml ML, reaching a maximum value
at the highest dosage (32 ug/ml) of ML (Fig. 2A). FK clearly
demonstrated its powerful melanogenic activity by increasing
the secreted melanin to the level of 3.5-fold of the untreated
control, while a-MSH also showed a significant increase in
the melanin secretion (3-fold). The mangosteen leaf extract
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Figure 3. Mangosteen leaf extract increases melanogenesis in BI6F1 melanoma cells. (A) Up-regulation of tyrosinase expression resulted in a dose-dependent
increase in BI6F1 melanoma cell media color from light-red to very dark brown. (B) The dark-black color of the BI6F1 melanoma cell pellets demonstrate that
a-MSH, forskolin, and the mangosteen leaf extract (ML) stimulate tyrosinase activity. Treatment with 5 nM a-MSH resulted in a blacker and darker color of
the BI6F1 melanoma cell pellet. The color of the cell pellet was significantly blacker and darker after treatment with 10 xM forskolin, compared to that of the
negative control and a-MSH. Treatment with 32 yg/ml of the ML resulted in the blackest and darkest color for the BI6F1 cell pellets compared to the other
treated cells, showing that the ML dose-dependently increased melanogenesis activity.

showed even stronger melanogenic effects upon the secretion
of melanin than FK and a-MSH under these experimental
conditions. Dose-dependent increment of the secreted melanin
content was observed when treated with increasing amounts
of ML extract. At 16 ug/ml, the melanogenic effect of the ML
extract on secreted melanin was very similar to that of a-MSH
and FK. The melanin secretion maximally increased when
B16F1 melanoma cells were treated with 32 zg/ml of the extract
(Fig. 2A), indicating that the extract might have prompted
melanin synthesis within the cells. To further confirm whether
the extract induced melanin secretion in BI6F1 melanoma
cells, the actual melanin value of the melanin secretion for
each individual melanoma was examined. In agreement with
the results of secreted melanin, the relative value of melanin
of individual melanoma cells increased up to 5.2-fold when
treated with 32 pg/ml of the extract when compared to the
negative control (Fig. 2B). Treatment with 16 ug/ml ML,
resulted in an actual value of the relative melanin similar and
comparable with that with FK treatment, and even better than
that with a-MSH. Conversely, the relative value of melanin
in B16F1 melanoma cells increased up to 3.5- and 4.0-fold,
respectively.

Effects of mangosteen leaf extract on melanin content of BI6F I
melanoma cells. To further clarify the effects of ML extract
on melanogenesis, the amount of melanin inside the cells was
assayed and the results obtained revealed that the melanin
content for each individual melanoma cell dose-dependently
increased by ML. As shown in Fig. 2C, treatment with the
highest concentration of the extract (32 ug/ml), resulted in
an ~2-fold increase in the melanin content compared to the

negative control. No significant effect was observed upon
treatment with a-MSH, thus indicating that a-MSH signifi-
cantly increased secreted melanin, but not melanin content
of the B16F1 melanoma cells; however, FK demonstrated an
increase in melanin content per cell, up to 1.6-fold compared to
the untreated control, an effect similar to those in cells treated
with 8 gg/ml ML. From this result, once again, the mango-
steen leaf extract clearly demonstrated powerful melanogenic
activity by markedly increasing the melanin content more than
treatments with o-MSH and FK.

The total melanin secreted into the culture medium and
present inside the cells of each individual BI6F1 melanoma
cells revealed that FK demonstrated very powerful mela-
nogenic effects by stimulating melanogenesis activity up to
2.1-fold (Fig. 2D); a-MSH also showed significant effects on
stimulating this activity by ~2-fold, even though the results
obtained from assaying the melanin content were not as
significant as those obtained by the secreted melanin assay.
The mangosteen leaf extract showed even stronger melano-
genic activity toward total melanin content and secretion
than a-MSH and FK. As predicted, by treating with the
maximum concentration of the extract (32 ug/ml), the total
melanin content and secretion for each individual cell were
boosted significantly, up to 2.7-fold compared to the untreated
control. By treating with 8 and 16 ug/ml of the extract, the
total melanin content and secretion per cell were comparable
and better than those treated with a-MSH and FK. From these
findings, it was confirmed that increase in melanin biosyn-
thesis and secretion also resulted in a distinct and darkened
coloration of the BI6F1 melanoma media and black color of
cells pellet (Fig. 3A and B). These observations suggest that
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Figure 4. Activation and increase of intracellular tyrosinase activity of BI6F1
melanoma cells by mangosteen leaf extract. (A) Mangosteen leaf extract
(ML) treatment effectively increased intracellular tyrosinase activity. Upon
treatment with a-MSH, the intracellular tyrosinase activity of the B16F1
melanoma cells increased by 2-fold, a significant increase compared to the
negative control group, while treatment with forskolin increased intracellular
tyrosinase activity by 2.3-fold. Further treatment by 32 yg/ml ML increased
the intracellular tyrosinase activity by 2.8-fold. (B) Increased tyrosinase
activity by the ML was confirmed through tyrosinase zymography in order
to identify the active form of the tyrosinase. The role of ML in the stimulation
of activated tyrosinase in BI6F1 melanoma cells was examined. The tyrosi-
nase zymography results show a dark, stained tyrosinase band after treatment
with a-MSH. The band became darker by treatment with forskolin; treatment
with the ML at a concentration of 32 yg/ml resulted in increased intensity of
the band. These results confirmed that there was an increment in tyrosinase
activity in ML-treated cells. Results are the average of three independent
experiments = SD. "P<0.05, “P<0.01 compared to (+) a-MSH control.

the mangosteen leaf extract increased the melanogenesis
activity of the BI6F1 melanoma cells.

Melanogenic effect of mangosteen leaf extract on intracellular
tyrosinase activity of BI6F1 melanoma cells. Melanogenesis is
regulated by the activity of tyrosinase, a rate-limiting enzyme
in melanin biosynthesis (13). Since melanin is derived from the
precursor dopaquinone that is formed by tyrosinase oxidation
of L-tyrosine, tyrosinase plays an important role in melanin
synthesis. Increased tyrosinase activity in melanocytes could
be achieved either by direct inhibition of tyrosinase itself or
stimulation of tyrosinase gene expression, leading to increased
amounts of the protein level in cells. Thus, in this study, the
authors examined the effects of the mangosteen leaf extract
on tyrosinase activity. To elucidate the mechanism of melano-
genesis stimulated by the extract, BI6F1 melanoma cells were
treated with the extract at similar concentrations, with those of
the melanin assay. Each percentage value of tyrosinase activity
in the treated cells was calculated with respect to the control
group. The same amount of cell lysate calibrated with respect
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to protein concentration was applied to the oxidation reaction
with L-DOPA. Upon treatment with a-MSH, the intracellular
tyrosinase activity of the B16F1 cells increased 2.5-fold as
shown in Fig. 4A. Treatment with FK significantly increased
the intracellular tyrosinase activity more than 3-fold, while
treatment with 32 yg/ml of the extract clearly demonstrated
a 4-fold increase in intracellular tyrosinase activity. This
observation is consistent with the fact that they are known to
be direct tyrosinase stimulators and as a result, confirmed that
increases in melanin synthesis were accompanied by increased
tyrosinase activity. In parallel with the secreted melanin levels,
the intracellular tyrosinase activity was also increased dose-
dependently by the extract.

Mangosteen leaf extract induces tyrosinase gene expression by
tyrosinase zymography. In order to clarify the further mecha-
nism of tyrosinase activation by the mangosteen leaf extract,
the levels of tyrosinase expression in the BI6F1 melanoma
cells were examined by tyrosinase zymography. Tyrosinase
activity can also be analyzed after separation by SDS-PAGE.
Tyrosinase separation based on the molecular weight on a gel
indicates its enzymatic activity by observing the oxidation of
the L-DOPA solution applied on the gel to form dark-colored
dopaquinone (38). a-MSH treatment created a dark-black band
compared to that of untreated control. FK treatment created
darker black bands than a-MSH or the treated control (Fig. 4B).
Meanwhile, treatment with 32 pg/ml of the ML extract resulted
in a very distinct and the darkest black band. Treatment with
8 ug/ml of the ML extract yielded a black band similar and
comparable to that with a-MSH treatment, while treatment
with 16 ug/ml of the extract gave a black band darker than
that obtained by treatment with FK. From this observation, the
results proved that tyrosinase zymography seemed to correlate
well with measurement of intracellular tyrosinase activity.

Immunoblotting shows up-regulation of MITF and tyrosinase
expression. Melanin is synthesized in melanosomes, which
harbor the specific enzymes required for melanin production.
Among them, the tyrosinase gene family has been determined
to perform a crucial role in melanogenesis regulation (39).
Tyrosinase, the specific enzyme that catalyzes the rate-limiting
step for melanin biosynthesis, is a well-characterized marker
of differentiation in melanocytes and melanoma cells. MITF
has a basic-helix-loop-helix (b-HLH) and b-HLH-leucine
zipper motif, a dominant transcription factor critical for
melanogenic expression, and plays an essential role for regula-
tion at the transcription level in melanogenesis of tyrosinase,
tyrosinase-related protein 1 (TRP-1), and tyrosinase-related
protein 2 (TRP-2) (16). Thus, activation of MITF is known
to be a critical event in melanogenesis (17). Up-regulation
of melanin synthesis-related components like tyrosinase and
MITF result in increments of melanin synthesis. Thus, to
investigate the mechanism of mangosteen leaf extract-induced
melanogenesis, we examined the effects of the extract on the
expression of melanogenic proteins such as tyrosinase and
MITF, via determinations of tyrosinase and MITF genes using
immunoblot analysis. In this experiment, the similar -actin
expressions obtained indicate that the same amount of protein
was loaded during SDS-PAGE (Fig. 5). The marked enhance-
ment of the 75-kDa tyrosinase upon treatment with o-MSH and
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Figure 5. Tyrosinase and MITF expressions detected by immunoblotting.
(A) Tyrosinase expression was shown to increase. 3-actin expression was
used to indicate equal protein loading in all lanes. Protein expression of
tyrosinase and MITF increased by treatment with mangosteen leaf extract
(ML). ML mimics the melanogenesis stimulators, increasing tyrosinase and
MITF expression, which directly regulates melanin synthesis. (B) Western
blotting indicates that MITF expression increases by ML treatment. $-actin
expression was used to verify that equal amounts of protein were loaded in
all lanes. MITF is a key transcription regulator, which is related to activation
of melanogenic proteins like tyrosinase. ML increases melanogenesis by up-
regulating MITF expression.

FK correlated well with an increase in intracellular tyrosinase
activity under identical conditions. The level of tyrosinase and
MITF expressions increased markedly after treatment with
the extract (Fig. 5A). MITF and tyrosinase protein expressions
gradually increased in a dose-dependent manner, indicating
that both protein expressions correlated well and were in
agreement with increase in melanin synthesis (Fig. 2A-C) and
tyrosinase activity (Fig. 3). The MITF and tyrosinase expres-
sions for cells treated with mangosteen leaf extract seemed
to be very distinct and darker compared to the cells treated
only with 5 nM a-MSH and 10 yuM FK. The results indicate
that up-regulation of tyrosinase gene expression by the ML
extract could be due to increased levels of MITF. However,
whether this increments of the MITF protein were caused by
induced expression of the MITF gene were not determined in
this experiment.

Studies have found that upstream effectors regulate
MITF, including extracellular signal-regulated kinase (ERK),
phosphatidylinositol 3-kinase (PI3K), and glycogen synthase
kinase 3 (GSK3p) (16,40,41).

Discussion

Previous studies from other groups show that bee venom
increases melanogenesis in human melanocytes (42).
Furthermore, it has been shown that extracts from some herbs,
including kava rhizome extract (43), glycyrrhizin (44), lotus
flower (45), cubebin (46), quercetin (47) and naringenin (17)
increase melanogenesis in B16 melanoma cells and human
melanocytes, thereby indicating that natural resources should
be extensively screened for the development of gray hair
prevention agents or therapeutic drugs to induce repigmenta-
tion in the skin of vitiligo patients.

HAMID et al: MANGOSTEEN LEAF EXTRACT INCREASES MELANOGENESIS

In accordance with a tendency of increasing demand to
overcome the problems regarding hypopigmentation and
vitiligo, the mangosteen leaf extract was evaluated for the possi-
bility of inducing melanogenic efficacy using cultured B16F1
melanoma cells. In this study, the effects of the mangosteen leaf
extract were evaluated by a skin pigmentation induction and a
melanin assay, by an intracellular tyrosinase assay, tyrosinase
zymography, and by immunoblotting to prove that ML remark-
ably induced melanin synthesis in cultured BI6F1 melanoma
cells and restrained it at a concentration of 32 pug/ml, an effect
which was more potent than that produced by 5 nM a-MSH or
10 uM FK.

The ML extract was shown to enhance melanin synthesis
in B16F1 melanoma cells in a dose-dependent manner.
B16F1 melanoma cells, after treatment with mangosteen
leaf extract, showed a more than 2-fold increase in secreted
melanin and intracellular tyrosinase activity, indicating that
this extract can be one of the melanogenic-stimulation agents.
Furthermore, the intracellular tyrosinase activity resulted from
the ML extract acting as a stimulator of tyrosinase oxidation.
Tyrosinase zymography, a method to identify intracellular
tyrosinases, proved that intracellular tyrosinase was stimulated
by the ML extract more efficiently than with a-MSH or FK.
The ML extract elevated the level of tyrosinase expression
and resulted in very dark and distinct band via tyrosinase
zymography. In addition, the expression levels of tyrosinase
and MITF via immunoblot analysis indicated that the mango-
steen leaf extract may be a promising candidate capable of
stimulating melanogenesis by up-regulation of cellular tyrosi-
nase activity and direct catalytic process. Select mangosteen
leaf extract concentrations (16 and 32 pg/ml) were found to
be more potent than 5 nM a-MSH or 10 M FK in inducing
the melanogenic effects of B16F1 melanoma cells. Thus, the
presented results indicate that the mangosteen leaf extract may
be useful towards treatment of hypopigmentation disorder, in
the development of gray hair prevention agents, and useful for
self-tanning cosmetics products. Future studies will focus on
identifying active compounds responsible for this melanogenic
activity and mechanical study of the melanogenesis pathway
of the mangosteen leaf extract.
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