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G

We studied the inhibitory effects of 4-hydroxyphenyl a-glucopyraooside (a-arbutin) on melanogenesis in
cultured human melanoma cells, HMV-D, and in a three-dimensional cultured human skin model. a-Arbutin
showed no inhibitory effect on HMV-D cell growth at a concentration below 1.0 mM. Melanin synthesis in ceUs
treated with a-arbutin at O.S DlM decreased to 76% of that in non-treated ceUs. The ceUular tyrosinase activity of
HMV-n cells also significantly decreased, while the expression of its mRNA was not affected. Melanin synthesis
in a buman skin model was also evaluated by the macro- and microscopic observation of its pigmentation as weD
as by quantitative measurements of melanin. Treatment of tbe human skin model with 250 JJg of a-arbutin did
not inhibit cell viability, while melanin syntbesis was reduced to 40% of that in the control. These results indicate
tbat a-arbutin is an effective and safe ingredient for skin-lightening.
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Hyperpigmentation in the epidennis is caused by excessive melanin synthesis, and tyrosinase (EC 1.14.18, I) is a
key-enzyme in melanin synthesis. It catalyzes the first two
steps in melanin synthesis: the hydroxylation of tyrosine to
3-(3,4-dihydroxyphenyl)-alanine (DOPA) and the oxidation
of DOPA to dopaquinone. Several tyrosinase inhibitors have
been used as skin-lightening agents in the cosmetic industry.
4-Hydroxyphenyl a-o-glucopyranoside (a-arbutin; Fig. I)
was enzymatically synthesized from hydroquinone and saccharides,I-4) and its inhibitory activity against tyrosinases
from mushroom, B 16 mouse melanoma and HMV-Il human
melanoma cells has been examined previously.2.s.6) a-Arbutin
specifically inhibited mammalian tyrosinases, and its effect
on human tyrosinase was the strongest among the hydroquinone-glycosides that we have studied so far.6)
In this study, we examined the inhibitory effects of a-arbutin on melanin biosynthesis in cultured human melanoma
cells and in a three-dimensional human skin model.
MATERIALS AND METHODS
Cell Culture Human malignant melanoma cells, HMVII' ) were provided by the Cell Resource Center for Biomedical Research, Tohoku University. The cells were cultured in
FI2/DMEM (OIBCO) supplemented with 10% fetal bovine
serum at 37°C in a humidified atmosphere of 5% CO2 in air.
The three-dimensional cultured human skin model.
MelanoDenn, (MEL312B; a co-culture of nonnal human
melanocytes (NHM) from black donors and nonnal human
keratinocytes (NHK)) was purchased from Kurabo Co.
(Osaka, Japan). The human skin model was maintained acCH"'HO
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cording to the manufacturer's instructions.
Reagents L-DOPA and synthetic melanin were purchased from Sigma Chemical Co. (SI. Louis, MO, U.SA).
Medium for the human skin model [long life maintenance
medium (LLMM)] was supplied with the MEL-312B kil.
Other chemicals were purchased from Wako Pure Chemical
Industries, Ltd. (Osaka).
Preparation of G-Arbutin a-Arbutin was prepared by
the method described by Nishimura el al. I) a-Amylase from
Bacillus sp. strain X-23 was added to 100mi of 50mM
sodium acetate buffer solution (PH 5.0) containing 5% hydroquinone and 20010 maltopentaose. After incubation at
40 °C for 16 h, glucoamylase from Aspergillus niger was
added, and the mixture was incubaled at 40 DC for 4 h. a-Arbutin was purified from the reaction mixture by extraction
with ethyl acetate and charcoal column chromatography.
Assay of Melanin Synthesis by HMV-O Cells HMV-II
cells ( 1.0XI06) were plated with 10mi of medium in a 100mm dish and grown for 10d. On days 1, 4 and 7, the medium
was changed to fresh medium containing various concentrations of a-arbutin.
Determination of Melanin Content The melanin content of cells was measured by the method of Hosoi el al. 8)
with a minor modification. HMV-II cells grown in a 100-mm
dish were washed with Mg'+ -, CaH -free phosphate-buffered
saline [PBS( - )]. After being treated with 0.25% trypsin, the
cells were harvested by centrifugation at 1000Xg for IOmin
and sonicated in 0.5 mI of I % Triton X- I OOIPBS( - ) on ice.
In contrast, the human skin model was harvested and sonicated in 0.5 ml of PBS( -). The lysate was centrifuged at
IOOOO Xg for 10min and the pellet was incubated with
0.04% Proteinase KlPBS( - ) at 45 °C for 18 h. After centrifugation at lOOOOXg for lOmin, the pellet was sonicated
in 0.5 ml of I % Triton X-I OOIPBS( - ) on ice. For a quantitative measurement of melanin, acid-insoluble materials were
obtained by extracting the pellet twice with 10% trichloroacetic acid. The precipitate was washed once with 100%
ethanol, dried and then solubilized by incubating with I inl of
IN NaOH-IO% dimethyl sulfoxide at 80°C for 2h. Syn-
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thetic melanin was also solubilized and used as a standard
solution. The absorbance of the solutions was measured at
470 nm and the melanin content was calculated as Ilgl10'
cells.
a-Arbutin Treatment and Cell Proliferation Determination HMV-ll cells (l.OX 10') were grown for 6d in 10 ml
of medium containing various concentrations of a -arbutin,
with the medium changed on day 3. The cells were treated
with 0.25% trypsin and the cell number was counted with a
hemocytometer.
Assay of Cellular Tyrosinase Activity Cellular tyrosinase activity was assayed based on the method of Tomita et
at') using L-DOPA as a substrate. A total of 2.0X 10' HMVII cells in 100,u1 of med.ium, containing various concentrations of a-arbutin. were added to a 96-well plate and incubated for 6 d. On days I and 4, the medium was changed to
fresh medium. The a-arbutin-treated cells were washed with
PBS( - ) and lysed with 0.5% Triton-XlPBS( - ) (100
IlVwell). The Iysates were mixed by vibration, and 50111 of
10 D1M L-DOPA was added to each well. After incubation at
37°C for 3h, the absorbance at 475nm was measured by a
spectrophotometer.
Reverse Transcription-Polymerase Chain Reaction
(RT-RCR) Total RNA was prepared using a QuickPrep
Total RNA Extraction kit (Aruersham Pharmacia Biotech)
from HMV-II cells grown in the presence or absence of
0.5 mM a -arbutin for 6 d. Two hundred nanograms of the
total RNA were reverse-transcribed and the synthesized
eDNA was amplified using Ready-to-GO RT-PCR beads
(Aruersbam Pharmacia Biotech) in a total vo lume of 50111
containing 0.51lg pd(T)I2_ ,,-first strand primer, 400llM
sense primer and 400 I1M antisense primer. Programmable
Thermal Cycler conditions were 42°C for 30 min, 95 °C for
5 min, 18, 20, 22 or 24 cycles at 95°C for 0.5 min, 60 °C for
0.5 min and 72 °C for 2 min. and a final treatment at 72°C for
7 min. The following oligonucleotides were used; human tyrosinase gene primers (GenBank accession Nos. E06554 and
A24706): sense, 5' -TCCAATGCACCACITGGGCCT-3';
antisense, 5'-GCTATCCCAGTAAGTGGACT-3'; human
glyceraldehyde-3-phosphate dehydrogenase (G3PDH) gene
primers 10): sense, 5'-ACCACAGTCCATGCCATCAC-3'; antisense, 5'-TCCACCACCCTGITGCTGTA-3'.
Culture of the Human Skin Model The human skin
model was placed in 6-well plates and incubated for 1 b at
37°C in 5% CO,. The a -arbutin solution ({}-500 !l.g dissolved in 0.1 ml of ultrapure water) was applied to the surface of the tissue. The tissue was incubated for 13 d, and fed
with 5 ml of fresh LLMM on days 0, 2, 4, 6, 8 and 10. On
days 12 and 13, the tissue surface was rinsed twice with
PBS( - ) and 1001'1 of ultrapure water was applied to the surface to remove a-arbutin in the tissue whkh may react with
MIT. After cultivation for 15 d, the viability of the tissue
cells was measured by MIT assay.
MTT Assay The human skin model was placed in a 24well plate, 0.3 ml of MIT solution (MIT diluted with
medium: 1 mg/ml) was added to each well and the tissue was
incubated at 37°C in 5% CO2 for 3 h. After incubation, the
tissues were washed twice with PBS( -). Two milliUters of
MIT extraction solution (isopropanol containing 0.04 M
HCI) and 40111 of sodium dodecyl sulfate (to aid extraction)
were then added to each well, and the plate was shaken gen-

tly at room temperature for 2 h. The absorbance of extracts
was measured at 570 nm-660 mo.
Statistical Analysis Results are expressed as mean ±
S.E.M. One-way analysis of variance (ANOVA) with Fisher's
PLSD post hoc test was used to assess the statistical significance of differences, with a p value of <O.OS used as a measure of significance.
RESULTS
Effect of a-Arbutin on Melanin Synthesis To investigate the effects of a-arbutin on melanogenesis. HMV-Il
human melanoma cells were cuLtured in F12IDMEM containing various concentrations of a-arbutin for 10 d. An acidinsoluble fraction was prepared from the cells and the
amount of melanin was quantitatively measured by the
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Fig. 2. Effects of a-Arbutin on Melanin Synthesis, Cell Growth and Cellular Tyrosinase Activity of HMV-JI Cells
HMV-JI cells were cultured in the presence or absence of a_arbutin as described in
Materials and Methods. A: Results o f the quantification of melanin synthesis. I : c0ntrol, 2: 0.25 mM a-arbutin, 3: O.SmM a-arbuti n. 8 : Results of a cell proliferation assay.
I: control, 2: 0.25 mM a-arburin, 3: 0.5 mM a -arbutin, 4: 1.0 m.\I a -arbutin, 5: 2.0 m\l
a-arbutin. C: Results of the measurt.'f1lC"llt of cell ular tyrosinase activity. 1: control, 2:
O.I3mM a-arbutin, 3: 0.2SffiM a-arbutin, 4: O.Srru.t a-arbutin. Bars represent means:!;:
S.E. of at least three independent experiments. - Signifil;antly different from the nontreated control group at p<O.OS. -- Significantly different from the non·treated control
group and other a-arbutin-treated groups at p < O.05.
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method of Hosoi e/ al. 8} The cellular content of melanin was
reduced by the addition of a-arbutin to the medium in a
dose-dependent manner (Fig. 2A). Melanin synthesis was
significantly inhibited at 0.5 ruM, at which the melanin content was reduced to 76% afthat in non-treated cells.
Effects of a-Arbutin on Cell Viability To exclude the
possibility that the above inhibitory effects of a-arbutin on
melanogenesis mjght be caused by the inhibition of cell
growth, we compared the number of cells grown in the presence and absence of a-arbutin. As shown in Fig. 2B, a-arbutin did not seem to inhibit cell viability at a concentration
below 1.0 ffi M. However, the number of cells was apparently
reduced at 2.0 rnM. These results indicate that a-arbutin had
an inhibitory effect on melanogenesis at Doncytotoxic concentrations ( ~ l D1M).
Effects of a-Arbutin on Cellular Tyrosinase Activity
We then examined the inhibitory action of a -arbutin on cellular tyrosinase activity in HMV-II cells. As shown in Fig.
2e, treatment of the cells with a -arbutin reduced cellular tyrosinase activity in a dose-dependent manner. The tyrosinase
activity was reduced to 60% of that in the control at 0.5 lllM,
at which cell viability was not affected (see Fig. 2B, column
3).
Effects of a-Arbutin on the Expression of the Tyrosinase Gene To detennine whether the expression of the
tyrosinase gene was affected by a-arbutin, we measured
mRNA levels by a semi-quantitative reverse transcriptionpolymerase chain reaction (RT-PCR) assay. The total cellular
RNA was extracted from cells treated with 0.5 DlM a -arbutin
for 6 d. After reverse transcription, DNA fragments were am-

A

plified by PCR using two sets of primers specific for the
human tyrosinase gene and the human glyceraldehyde-3phosphate dehydrogenase (G3PDH) gene. No significant difference was observed in tyrosinase gene expression between
the a-arbutin-treated and non-treated HMV-lI cells (data not
shown).
Effects of a-Arbutin on Melanin Synthesis in a Cultured Human Skin Model To examine the effects of a-arbutin on natural skin pigmentation, we used a three-dimensional cultured human skin model. Figure 3A shows the
macroscopic darkening of the human skin model grown in
the presence of different amounts of a-arbutin. Darkening of
the model was clearly inhibited by the addition of 125 Ilg of
a-arbutin. When the cultured tissue was observed under an
inverted microscope, there appeared to be fewer darkened
melanocytes in a -arbutIn-treated tissue than in non-treated
tissue (Fig. 3B).
To quantitatively evaluate the inhibitory effect of a-arbutin
on cellular melanin synthesis, an acid-insoluble fraction was .
prepared from the tissues and the amount of melanin was
measured (Fig. 4). When a -arbutin was applied at 125 and
250llgltissue for 13 d, the melanin production was reduced
to 70010 and 40% of that in non-treated cells. respectively. In
this assay. most of the a-arbutin penneated the ti ssues, since
70% of the total a -arbutin that was applied to the surface of
tissue was recovered in the medium after incubation for 48 h.
Nevertheless, hydroquinone was not detected in the medium
(data not shown).
We then evaluated the cell viability in the human skin
model that had been topically treated with different concen-
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Macroscopic and Microscopic Views ofa Cultured Human Skin Model with and without a-Arbutin Treatment

Thc human skin model was placed in 6-well plales and incubau:d ror 13d. a·Amulin dissolved in 0. 1 ml or ultnlpure wafer was applied 10 the surfaee or the tissues on days 0, 2,
4,6, 8 and 10. A: Macroscopic view of the cell cultures. B: The cell cultures were observed under an inverted microscope. I: control, 2: 125 j.lg/tissue, 3: 250 ,ugltissue.
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Fig. 4. Effect of a-Arbutin on Melanin Synthesis in a Cultured Human
Skin Model
lbe huntan skin model was cultured with topical doses of a-arbutin as deserilxd in
Fig. 3, and the mclanin cootent of the tissue was assayed quantitatively. I: control, 2:
125 JIg/tissue, 3: 2S0 JIgftissue. Bars represen t mcans~S.E. of three independent experiments. * Significantly diffcren t from the non-lreated control group al p<O.OS. ··Sig.
nificantly diffcrt.'Jlt from the non·tre:ucd cootrol group and other a-arbutin·treated
groups at p< O.05 .
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Effect of a-Arbutin on Cytotoxicity in a Cultured Human Skin

1bc human skin model was cultured with topical doses of a-arbutin for 12d and
then wi th ultrapure water for an additional 3 d. The viability of the human skin model
was dctcrmined by MIT assay, ns descrilxd in Matcrials and Methods. I: control, 2:
250pg/rissuc, 3: 500pg/tissue. Thc results arc expressed as % control, and the bars
represent means:tS.E. of thrcc independent experiments. NS, no significant change.

trations of a-arbutin by MIT assay. No significant decrease
in cell viability was observed when the tissue was treated
with up to 500!,g of a-arbutin (Fig. 5). These results suggest
that topical treatment of the tissue with a -arbutin decreased
melanin synthesis without affecting cell viability.

DISCUSSION

A

a-Arbutin produced a concentration-dependent inhibition
of melanin synthesis of human melanoma cells. HMV-II.
Cell growth was not affected by a-arbutin at concentrations
lower than 1.0 1llM. Tyrosinase activity in cells treated with
0.5 mM was reduced to 60% of that in non-treated ce ll s, while
the expression of tyrosinase mRNA was unaffected. The decrease in melanin synthesis in a -arbutin-treated cells was
well correlated with the inhibition of cellular tyrosinase activity by a-arbutin. Therefore, the inhibitory effects of a-arbutin on melanogenesis may be due to the direct inhibition of
melanosomal tyrosinase activity, rather than the suppression
of cell growth or tyrosinase gene expression.

Several researchers have reported that arbutin, an optical
isomer of a-arbutin, also reduced cellular tyrosinase activity
in human melanocyte culture and human melanoma cells at
noncytotoxic concentrations,I I- 13) and that the expression
leve l of tyrosinase mRNA was unaffected by arbutin. II .12)
Chakraborty et al. reported that there was no change in protein content or the molecular size of human tyrosinase between before and after arbutin treatment by immunoblotting
experiments. They suggested that the inhibition of tyrosinase
activity by arbutin might be due to its effects at the posttranslational level. 13) It is unclear whether a-arbutin and arbutin. both of which are derivatives of hydroquinone glucosides, inhibit cellular tyros inase activity via the same mechanism.
We also evaluated the effect of a-arbutin on a human skin
model, i.e., epidermal equivalents containing melanocytes.
Its inhibitory effect on melanin synthesis was confirmed by
quantitative measurements of melanin as well as macro- and
microscopic observations of tissue pigmentation. Several researchers have indicated that human epidennal equivalents
containing melanocytes and keratinocytes provide a convenient and reliable alternative to animal testing for evaluating
the regulation of mammalian pigmentation. 14 ,15) Our results
indicated that a-arbutin also affects melanogenesis in this
human skin model. Furthermore, this effect was observed
without any detectable cytotoxicity to the human skin model.
The inhibitory effects of hydroquinone on melanogenesis are
considered to be due to the inhibition of tyrosinase in
melanocytes and to its cytotoxicity toward melanocytes.I6--19)
However, HPLC analysis showed that while 70% of a-arbutin appl ied to the human skin model was recovered in the
medium, hydroquinone was not detected at all after cultivation. These results suggest that the inhibitory effect of a-arbutin on melanin synthesis was not due to the action of hydroquinone released from a-arbutin.
In this study, it was difficult to compare the inhibitory effect of a -arbutin on the human skin model with that on
HMV-ll melanoma cells. When 250!,g of a-arbutin (IOO!,.I
of 0.25%) was applied to the tissue, the original concentration was calculated to be approximately 9 mM, which is much
higher than that applied to melanoma cells (0.5 ffiM). However, the final concentration of a-arbutin that permeated
through the tissue into the medium was estimated to be less
than 0.1 8 mM. This may partly explain the difference in sensitivity between the two assay systems that we used. We are
now seeking to characterize the inhibitory effects of a -arbutin and its derivatives on melanogenesis in normal human
melanocytes.
In conclusion, these results suggest that a-arbutin may be
a novel candidate for a skin-lightening agent in the cosmetic
industry.
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