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Arbutin has been used as a whitening agent in cosmetic products. Melanin, the major pigment
that gives color to skin, may be over-produced with sun exposure or in conditions such as
melasma or hyperpigmentary diseases. Tyrosinase is a key enzyme that catalyzes melanin
synthesis in melanocytes; therefore, inhibitors of the tyrosinase enzyme could be used for cos-
metic skin whitening. A recent study has reported that arbutin decreases melanin biosynthe-
sis through the inhibition of tyrosinase activity. However, this inhibitory mechanism of
arbutin was not sufficiently demonstrated in skin tissue models. We found that arbutin both
inhibits melanin production in B16 cells induced with o-MSH and decreases tyrosinase activ-
ity in a cell-free system. Furthermore, the hyperpigmentation effects of a-MSH were abro-
gated by the addition of arbutin to brownish guinea pig and human skin tissues. These results
suggest that arbutin may be a useful agent for skin whitening.
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INTRODUCTION melanin is to protect the skin and underlying tis-
sues from UV-induced skin injury. However, exces-

Melanin plays an important role in phenotypic sive melanin formation and the accumulation of

appearance, protection of the skin against ultraviolet
(UV) rays, balance and auditory processing, absorp-
tion of toxic drugs and chemicals, and neurological
development during embryogenesis (Jung et al.,
2001; Virador et al., 1999; Yamaguchi et al., 2007).
Skin colors depend on the amount, size, and type of
melanins produced by melanocytes. Melanocytes
are dendritic cells that exist in close contact with
nearby epidermal keratinocytes. One of the roles of
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melanin in the skin cause hyperpigmentation skin
disorders such as melasma, freckles, and geriatric
pigment spots (Ha et al., 2005; Kim et al., 2005).
In mammals, a-melanocyte-stimulating hormone
(0-MSH) is required for hyperpigmentation. The o-
MSH binds to its melanocortin-1-receptor (MC1R)
and increases cyclic AMP (cAMP), which stimulates
melanogenesis by activating microphthalmia-associ-
ated transcription factor (MITF), a melanocyte-
specific transcription factor (Briganti et al., 2003;
Kim et al., 2007; Ohguchi et al., 2005; Schwahn et
al., 2001). Melanin synthesis is mainly regulated by
tyrosinase, tyrosinase-related protein-1 (TRP-1), and
TRP-2. Tyrosinase is a bifunctional enzyme that
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plays a significant role in the modulation of melanin
production, first by catalyzing the hydroxylation of
tyrosine to DOPA and second by catalyzing the
oxidation of DOPA to DOPA-quinone. TRP-2, which
functions as a DOPAchrome tautomerase, catalyzes
the rearrangement of DOPAchrome to 5,6-dihydroxy-
indole-2-carboxylic acid (DHICA); TRP-1 oxidizes
DHICA to a carboxylated indole-quinone.

In mammals, two major types of melanin are
formed: black/brown eumelanins and yellow/red
pheomelanins. Tyrosinase is required by both eumel-
anin and pheomelanin. In contrast, TRP-1 and
TRP-2 are more important for eumelanin biosyn-
thesis than for pheomelanin biosynthesis (Kim et
al., 2005; Tsuji-Naito et al., 2007; Zhong et al.,
2006). Tyrosinase inhibitors have potential for the
treatment of hyperpigmentary disorders and can be
used as skin-whitening agents in the cosmetic in-
dustry (Virador et al., 1999). Arbutin has a hydro-
quinone moiety similar to that of hydroquinone, a
tyrosinase inhibitor. It was previously reported that
arbutin exhibits dose-dependent inhibitory effects
on tyrosinase activity in B16 and HMV- melanoma
cells (Sugimoto et al., 2003; Sugimoto et al., 2004;
Akiu et al., 1991). Despite its use as a whitening
agent, the anti-melanogenesis mechanism of arbutin
is not fully understood at the molecular level (Hori
et al., 2004).

The culture of skin tissue such as guinea pig or
human skin is a valuable technique that can be
used for investigations of skin biology, cutaneous
pharmacology, and skin diseases (Tammi et al.,
1979). The cultured skin tissue system is more phy-
siologically relevant than artificial skin equivalents
that contain cultured melanocytes and keratinocytes
for tests of effects on the pigmentation of bioactive
melanogenic compounds. Furthermore, guinea pig
skin serves as an excellent pigmentation model
because it is similar to human skin (Tobiishi et al.,
2004; Yoshida et al., 2002). To date, the inhibitory
mechanism of arbutin in brownish guinea pig skin
and human skin models has not been examined.
Therefore, we examined the inhibitory effects of
arbutin on melanin biosynthesis in o-MSH-sti-
mulated B16 melanoma cells, cultured brownish
guinea pig skin tissue, and human skin tissue.

MATERIALS AND METHODS

Cell culture and treatment
B16 cells (American Type Culture Collection [ATCC])
were cultured in DMEM with 10% fetal bovine
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serum and penicillin/streptomycin in air containing
5% CO, at 37°C. During incubation, the medium
was changed every 2 days. A stock solution of
arbutin was made at a concentration of 10 mM in
phosphate-buffered saline (PBS) and was added to
the cell culture at final concentrations of 10, 100,
250, 500, and 1000 uM. After 72 h of treatment
with the samples, the cells were harvested and used
for various assays.

Melanin content assay

Melanin content was determined according to the
modified methods of Hosoi et al. (1985). B16 cells
were cultured at 1x10° cells/well with 10 nM o-
MSH in six-well plates. After 24 h, the cells were
treated with various concentrations of arbutin (10-
1000 uM) for 72 h. After washing with PBS, the
cells were harvested by trypsinization. The cell
pellet was solubilized in 200 uL of 1 N NaOH con-
taining 10% DMSO at 80°C for 1 h. The absorbance
of each well was measured at 405 nm using a
spectrophotometer.

Effect of arbutin on cell viability

The cell proliferation assay was carried out using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT). B16 cells were cultured at 4 x 10°
cells/well with 10 nM o-MSH in 96-well plates.
After 24 h, cells were treated with various concen-
trations of arbutin (10-1000 uM) for 72 h. At the
end of the incubation, 50 uL of MTT solution (1 mg/
mL in PBS) was added to each well. After incuba-
tion at 37°C for 2 h, the medium was gently removed
and 150 uL of 0.04 N HCl/isopropanol was added.
The absorbance of each well was measured at 570
nm using a spectrophotometer.

Mushroom tyrosinase activity assay

Mushroom tyrosinase was purchased from Sigma
Chemical (St. Louis, MO, USA). Various concentra-
tions of test material (10-1000 uM) were dissolved
in PBS. We added to each well of a 96-well micro-
plate, 120 uL of 8.3 mM L-dopa (dissolved in 80
mM phosphate buffer, pH 6.8) and 40 uL of either
the same buffer or a test sample; 40 uL of mushroom
tyrosinase (125 U dissolved in 80 mM phosphate
buffer, pH 6.8) was then mixed into the solution.
The amount of dopachrome in the reaction mixture
was measured after incubation at 37°C for 30 min.
The inhibitory activity of the sample was determin-
ed based on the optical density at 490 nm using a
spectrophotometer.
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Western blotting

Changes in the levels of melanin formation-
related proteins, including tyrosinase and TRP-1, in
B16 cells following treatment with 10, 100, and 250
uM arbutin were evaluated by Western blotting.
After washing with PBS, cells were lysed in ice-cold
RIPA buffer containing protease inhibitors and
centrifuged at 13,000 rpm for 20 min at 4°C. The
supernatant was collected and assayed for protein
concentration using the DC protein assay kit (Bio-
rad, Hercules, CA, USA). Lysates containing 20 uL
of protein were separated by SDS-PAGE with 10%
resolving and 3% acrylamide stacking gel and were
transferred to nitrocellulose sheets. Blocking was
performed in Tris-buffer saline containing 5% skim
milk powder and 0.1% Tween-20. The primary anti-
bodies used for Western blotting included mouse
anti-o-tubulin antibody (Sigma, MO, USA), goat anti-
tyrosinase, and goat anti-TRP-1 (Santa Cruz Biote-
chnology, CA, USA).

Skin specimen organ culture

Human skin tissues were obtained from skin
surgeries of 57-year-old women (n = 8). Female brown-
ish guinea pigs (350-600 g) were used in the pig-
mentation study. Organ culture methods were used
with minor modifications for whole skin surviving
for 5 days, so that the structure of the epidermis
and dermis closely resembled that of skin in vivo
(Tammi et al., 1979). Hair was shaved from the
dorsal skin of guinea pigs using an electric shaver,
and a 4-mm punch biopsy was taken. Subcutaneous
fat and lower dermis were carefully removed under
a stereomicroscope using a surgical scalpel. Skin
samples were placed on culture inserts (polytetra-
fluorethylene membranes, 0.4-um filter pore size;
Millipore, Bedford, MA, USA) with the uppermost
epithelium facing the air-liquid interface. The inserts
were placed in six-well plates for 5 days at 32°C in
a humidified incubator with 5% CO,. Organ culture
was performed with DMEM containing 10% bovine
calf serum and penicillin/streptomycin (100 TU/50
pg/mL). The medium was changed daily.

Arbutin treatment

Each of the skin biopsies was stabilized and tre-
ated with and o-MSH for 24 h. The a-MSH induced
an increase in melanin production. After 24 h, skin
tissues were treated with 10 mM arbutin for 72 h.
After 3 days of survival ex vivo, the skin fragments
were removed from the culture inserts and the
effect of arbutin on the brownish guinea pig skin
tissues was examined histologically.
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Histological study

Skin biopsy specimens were fixed in 4% para-
formaldehyde solution at 4°C for 24 h. The tissue
was then dehydrated and embedded in paraffin
according to standard procedures. Serial sections of
5 um thickness were obtained. Melanocytes and
melanin were visualized using Fontana-Masson
staining (Grabe, 1968).

RESULTS

Melanogenesis of B16 cells induced with o-
MSH

Melanogenesis was initiated by the addition of 1
or 10 nM o-MSH and was assessed by the deter-
mination of the intracellular melanin content. After
stimulation with a-MSH for 24 h, the melanin con-
tent increased in a dose-dependent manner, reach-
ing maximum at 10 nM a-MSH (Fig. 1).

Effect of arbutin on cell viability and the
melanin content in B16 cells

The viability of B16 cells after arbutin treatment
was examined using the MTT assay. Arbutin was
not significantly cytotoxic to B16 cells at concen-
trations of 10-250 uM, although it had some cyto-
toxicity in higher doses (Fig. 2A). To investigate the
effect of arbutin on melanogenesis, B16 cells were
cultured in the presence of 10-1000 uM arbutin.
Arbutin reduced melanin production in a dose-
dependent manner (Fig. 2). Upon exposure to -
MSH alone, the melanin content of cells increased
by approximately 23%. Arbutin exhibited dose-
dependent inhibitory effects of 66% inhibition at
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Fig. 1. Melanogenesis in B16 melanoma cells induced by
o-MSH. The cells were treated with 1 and 10 nM o-MSH
for 24 h, and the melanin content was determined as
described in Materials and Methods. Data represent the
mean + SD of five experiments; *P < 0.05, compared with
the control.
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Fig. 2. Effects of arbutin on the cell viability and melanin content of B16 cells. A. Cells were treated with various doses
of arbutin (10-1000 uM) and were examined using the MTT assay. Data represent the mean + SD of five experiments.
B. B16 cells were incubated with various concentrations of arbutin (10-1000 uM) for 72 h, and the melanin content was
then determined. Data represent the mean + SD of five experiments; *P < 0.05, **P < 0.01, ***P < 0.001, compared with

the control.

1000 uM, 59% at 500 uM, 51% at 250 uM, 46% at
100 uM, and 32% at 10 uM (Fig. 2B).

Effect of arbutin on mushroom tyrosinase
activity and the protein expression of melan-
ogenic enzymes

Arbutin was investigated for inhibitory activity

toward mushroom tyrosinase. Arbutin inhibited the
DOPA oxidase activity of mushroom tyrosinase in a
dose-dependent manner (Fig. 3A). Up to 40% in-
hibition was observed at 1000 uM arbutin compar-
ed with the control (Fig. 3A). The protein expres-
sion levels of tyrosinase and TRP-1 were examined
using Western blots. The a-MSH increases melano-
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Fig. 3. Effects of arbutin on mushroom tyrosinase activity and the protein expression of melanogenic enzymes. A.
Mushroom tyrosinase activity was determined using L-DOPA as the substrate in a cell-free system. Data represent the
mean + SD of five experiments; *P < 0.05, **P < 0.01, ***P < 0.001, compared with the control. B. B16 cells were
cultured with 1 uM o-MSH and treated with 50, 100, or 250 uM arbutin for 72 h. Western blots were performed for
whole-cell lysates using antibodies against tyrosinase and TRP-1. Equal protein loading was confirmed using anti-o-

tubulin antibody.
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genic enzyme protein levels in melanocytes (Ohguchi
et al., 2005). We confirmed that 1 uM o-MSH sti-
mulated tyrosinase and TRP-1 gene expression in
B16 cells. Otherwise, no significant differences were
observed in tyrosinase and TRP-1 protein expres-
sion between the arbutin-treated and untreated
B16 cells (Fig. 3B).

Melanin content visualized by Fontana-Mas-
son staining of brownish guinea pig and
human skin

The distribution of melanin in the skin is a cri-
tical factor in determining the constitutive skin
color and photoprotective efficacy (Sturm et al.,
1998). Melanin transfer and distribution can be
modulated by the melanogenesis stimulator o-MSH
(Thody, 1999). We used Fontana-Masson staining of
the skin after 24 h of incubation with various
concentrations of o-MSH to demonstrate that the

A
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melanin distribution was increased compared to the
control (Fig. 4A). In contrast, using a similar an-
alysis, we treated skin with the melanogenesis in-
hibitor arbutin for 72 h. The melanin content was
decreased in epidermis that was exposed to 10 mM
arbutin (Fig. 4B). We thus demonstrated a decrease
in melanin content in human skin specimens
following treatment with arbutin. Using the same
tissue culture methods, we stimulated melanogene-
sis with a-MSH for 24 h and then treated the skin
with 10 mM arbutin for 72 h. The proportion of pig-
mented cells with melanin content decreased signi-
ficantly under this condition (Fig. 4C).

DISCUSSION

Melanin is an exclusive pigmented biopolymer
that is synthesized by specialized cells known as
melanocytes. UV radiation regulates melanogenesis

Fig. 4. Melanin content visualized by Fontana-Masson staining of brownish guinea pig and human skin. A. The
morphological distribution of melanin in brownish guinea pig skin as visualized using Fontana-Masson staining.
Pigmented skin was treated for 24 h with 100, 200, or 500 nM of a-MSH. a) control; b) 100 nM o-MSH; ¢) 200 nM o.-
MSH; d) 500 nM o-MSH. Scale bar = 20 wm. B. The melanin content was visualized using Fontana-Masson staining of
brownish guinea pig skin. The skin was treated with o-MSH for 24 h and then with arbutin for 72 h. a) control; b) 500
nM o-MSH treatment; ¢) 500 nM a-MSH and 1 mM arbutin treatment. Scale bar = 20 um. C. The melanin content was
visualized using Fontana-Masson staining of human skin. The skin was treated with o-MSH for 24 h and then with
arbutin for 72 h. a) control; b) 500 nM o-MSH treatment; ¢) 500 nM o-MSH and 1 mM arbutin treatment. Scale bar =
20 um.
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directly by increasing tyrosinase expression and
activity in melanocytes or indirectly through the
release of keratinocyte-derived factor; this induces
the subsequent accumulation of melanosomes in
melanocytes (Kim et al., 2005). Adrenocorticotropic
hormone (ACTH) and o-MSH enhance melanocyte
proliferation, melanogenesis, and melanocyte den-
drite formation (Sulaimon & Kitchell, 2003). The o-
MSH plays numerous roles in the skin. By activat-
ing the MC1 receptor on melanocytes, o-MSH sti-
mulates melanogenesis; o-MSH acts specifically to
stimulate eumelanin synthesis, rather than produc-
ing large increases in melanin production. In humans,
pigmentation plays an important cosmetic role,
which can be compromised in certain hyperpig-
mentary skin conditions and/or in conditions such
as melasma, age spotting, and post-inflammatory
hyperpigmentation (Usuki et al., 2003; Virador et
al., 1999). The regulation of human skin pigmenta-
tion has been a long-sought-after aim for cosmetic
and pharmaceutical applications. Many whitening
cosmetics and medicines such as hydroquinones,
kojic acid, and their derivatives have been develop-
ed for cosmetic skin-whitening purposes. However,
these products have not been fully satisfying because
they produce poor results or side effects. Arbutin
has been widely used as a whitening agent, along
with tyrosinase inhibitor. It has been reported that
arbutin reduces cellular tyrosinase activity in a
human melanocyte culture and in human melanoma
cells at non-cytotoxic concentrations and that it
does not affect tyrosinase mRNA expression levels
(Maeda and Fukuda, 1996; Nakajima et al., 1998).
Moreover, Western blots indicated that there was
no change in protein content or the molecular size
of melanogenic enzymes after arbutin treatment.
However, the effects of arbutin had not been deter-
mined in cultured brownish guinea pig skin or a
human skin model. Tyrosinase (monophenol, 3,4-
dihydroxyphenyalanine:oxygen oxidoreductase, EC
1.14.18.1) is synthesized and glycosylated in the
endoplasmic reticulum and Golgi apparatus. The
enzyme is continuously transported to melanosomes,
where it participates in melanogenesis (Jimenez et
al., 1988). We demonstrated that the addition of
arbutin blocks and inhibits o-MSH-stimulated
melanogenesis in B16 melanoma cells, brownish
guinea pig, and human skin tissue. These observa-
tions imply that the depigmenting effect of arbutin
may be highly effective in both cell culture and ex
vivo skin models. Skin tissue culture has the ad-
vantage of allowing extensive testing of various bio-
activities with minimal expense and effort. This ex
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vivo tissue culture is an appropriate experimental
model with which to study the events leading to
pigmentation in the epidermis, as are other ex vivo
models (Boisnic et al., 2005). If a reduction in
melanin distribution within skin tissue is observed
following the use of a whitening substance, the sub-
stance may be valuable for use in the development
of whitening cosmetics and medicines. We did not
attempt to measure whether arbutin regulates the
glycosylation pattern of tyrosinase. Furthermore,
the detailed signal transduction pathway of the
arbutin-mediated inhibitory effect on melanogenesis
necessitates further study. In conclusion, our results
indicate that arbutin should be recognized as a
useful depigmenting compound for skin lightening
in the cosmetic industry.
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