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Introduction
The natural tanning process occurs as a response to ex-

posure to UV radiation.  This process is characterized by an
increased number of melanocytes in the basal layer of the
epidermis, increased size and number of melanosomes, in-
creased production of melanin in melanosomes, increased
dendricity of melanocytes, increased transport of melano-
somes from melanocytes to keratinocytes, increased prolif-
eration of keratinocytes and the thickening of the epidermis
and stratum corneum.  Keratinocytes with melanosomes pro-
vide protection from subsequent UV radiation exposure by
scattering incoming light and absorbing UV radiation-gen-
erated free radicals in cells[1].  However, UV-induced tanning
can cause damage of DNA and other cellular molecules, lead-
ing to mutagenesis, carcinogenesis, altered immunological
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responses and photoageing.  A highly photoprotective tan
that does not require skin damage and does not require al-
tered metabolism might be highly beneficial.

Melanin synthesis is regulated by melanogenic enzymes
such as tyrosinase, tyrosinase-related protein 1 (TRP-1), and
tyrosinase-related protein 2 (TRP-2)[2].  Tyrosinase is a bi-
functional enzyme that plays a pivotal role in the modulation
of melanin production, first by catalyzing the hydroxylation
of tyrosine to 3,4-dihydroxyphenylalanine (DOPA) and
second, by catalyzing the oxidation of DOPA to DOPA-
quinone[3].  TRP-2, which functions as DOPAchrome
tautomerase, catalyzes the rearrangement of DOPAchrome
to 5,6-dihydroxyindole-2-carboxylic acid (DHICA)[4], and
TRP-1 oxidizes DHICA to a carboxylated indole-quinone[5].
Both work at downstream points of tyrosinase in the mela-
nin biosynthetic pathway.
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During the screening process, while looking for com-
pounds that influence melanogenesis, we observed that
scoparone (6,7-dimethoxycoumarin), a derivative of
coumarin, was a potent stimulator of melanogenesis.
Coumarins comprise of a group of phenolic compounds
widely distributed in natural plants[6].  They have recently
attracted much attention because of their broad pharmaco-
logical activities.  Scoparone has been shown to have bio-
logical properties that include the inhibition of xanthine
oxidase, immunosuppressive effects, vasodilation, lipid low-
ering activity and antioxidant effects[7–12].  However, the di-
rect effect of scoparone alone on the expression of regula-
tory enzymes involved in melanogenesis has not been re-
ported yet.  In the present study, we examined the direct
effects of scoparone on proliferation and melanogenesis in
cultured B16 melanoma cells.

Materials and methods

Cell culture  B16 murine melanoma cells (kindly sup-
plied by Professor DG  KIM, Department of Internal Medicine,
Chonbuk National University Medical School, Jeonju, Korea)
were cultured in DMEM containing 10% fetal bovine serum,
100 U/mL penicillin, 0.1 mg/mL streptomycin and 0.25 µg/mL
amphotericin B at 37 ºC in a humidified 95% air/5% CO2

atmosphere.  Drug treatment began 24 h after seeding.
Scoparone and 7-methoxycoumarin were obtained from
Aldrich Chemical Co (Milwaukee, WI, USA), and other cou-
marin derivatives were obtained from Sigma Chemical Co (St.
Louis, MO, USA).  The cells were harvested 3 d later and the
melanin content and tyrosinase activity were determined in
triplicate for each treatment[13].

Melanin content measurement  The melanin content of
the cultured B16 cells was measured as described previous-
ly[14].  The cells were washed twice with phosphate-buffered
saline (PBS) and lysed with 20 mmol/L Tris-0.1% Triton X-
100 (pH 7.5).  Cell lysates were precipitated with the same
amount of 20% trichloroacetic acid (TCA).  After washing
twice with 10% TCA, the pellets were treated with ethyl
alcohol:diethyl ether (3:1) and diethyl ether successively.
Samples were air-dried, dissolved in 1 mL of 0.85 mol/L KOH,
and boiled for 15 min.  After cooling, absorbance was mea-
sured with a spectrophotometer at 400 nm.  The amount of
cellular melanin was corrected according to the protein con-
tent of the samples.  The protein concentration was deter-
mined by the method used by Bradford[15].

Assay of tyrosinase activity  Tyrosinase activity was as-
sayed as DOPA oxidase activity using a modified method
described by Lerch[16].  The cells were washed twice with

PBS and lysed with 20 mmol/L Tris-0.1% Triton X-100 (pH
7.5).  Tyrosinase activity was analyzed spectrophotometri-
cally by following the oxidation of DOPA to DOPAchrome at
475 nm.  The reaction mixture containing 100 µL of freshly
prepared substrate solution [0.1% L-DOPA in 0.1 mol/L so-
dium phosphate (pH 6.0)] and 50 µL of enzyme solution was
incubated at 37 ºC.  The absorbance change was measured
during the first 10 min of the reaction while the increase of
the absorbance was linear, and corrections for auto-oxida-
tion of L-DOPA in the controls were made.  The specific
activity of tyrosinase in the control cells was 0.37±0.01 mmol
L-DOPA oxidized·min-1·mg-1 protein; activities were expressed
as a percentage of the control cells.

MTT assay  General viability of cultured cells was deter-
mined by the reduction of 3-(4,5-dimethylthiazol-2-yl)-2.5-
diphenyltetrazolium bromide (MTT) to formazan[17].  After
treatment, the cells were washed twice with PBS.  MTT (100
µg/0.1 mL PBS) was added to each well.  The cells were incu-
bated at 37 ºC for 1 h and dimethyl sulfoxide (100 µL) was
added to dissolve the formazan crystals.  The absorbance
was then measured at 570 nm with a spectrophotometer
(Spectra MAX PLUS, Molecular Devices, Sunnyvale, CA,
USA).

Western blotting  The cells were homogenized in 100 µL
of ice-cold lysis buffer (20 mmol/L Hepes; pH 7.2, 1% Triton
X-100, 10% glycerol, 1 mmol/L phenylmethylsulfonyl fluoride,
10 µg /mL leupeptin, 10 µg /mL aprotinin).  The homogenates
containing 20 µg of protein were separated by SDS-PAGE
with 10% resolving and 3% acrylamide stacking gel[18] and
transferred to nitrocellulose sheets (Whatman, Brentford,
Middlesex, UK) in a Western blot apparatus (Bio-Rad,
Hercules, CA, USA) run at 50 V for 2 h.  The nitrocellulose
paper was blocked with 2% bovine serum albumin and then
incubated for 4 h with 1 µg/mL goat IgG anti-murine tyrosi-
nase (Santa-Cruz Biotechnology Inc, Santa-Cruz, CA, USA)
or rabbit IgG anti-actin (Sigma, USA).  The binding of anti-
bodies was detected with anti-goat or anti-rabbit lgG conju-
gated with alkaline phosphatase (Sigma, USA).  lmmunoblots
were developed using a 5-bromo,4-chloro,3-indolylphos-
phate/nitrobule tetrazolium (BCIP/NBT) solution (Pierce,
Rockford, IL, USA).

Reverse transcription-polymerase chain reaction (RT-
PCR)  Total cellular ribonucleic acid (RNA) was prepared
using Trizol solution (Gibco-BRL, Paisley, Scotland, UK) ac-
cording to the manufacturer’s instructions.  After the prepa-
ration of cDNA with oligo d(T) as a reverse transcriptase
primer from the extracted RNA, amplification with PCR was
performed using a GeneAmp kit (Perkin Elmer, Foster City,
CA, USA).  The oligonucleotide primers used for PCR were
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as follows: tyrosinase upstream 5'-GGC CAG CTT TCA GGC
AGA GGT-3'; downstream 5'-TGG TGC TTC ATG GGC AAA
ATC-3': TRP-1 upstream 5'-GCT GCA GGA GCC TTC TTT
CTC-3'; downstream 5'-AAG ACG CTG CAC TGC TGG TCT-3':
TRP-2 upstream 5'-GGA TGA CCG TGA GCA ATG GCC-3';
downstream 5'-CGG TTG TGA CCA ATG GGT GCC-3': actin
upstream 5'-ACC GTG AAA AGA TGA CCC AG-3'; down-
stream 5'-TAC GGA TGT CAA CGT CAC AC-3'.  cDNA am-
plification used the product of about 1 µg of the total RNA.
The reaction was cycled 28 times for 60 s at 94 ºC, 60 s at 56 ºC
and 60 s at 72 ºC.  Fifty percent of the reaction mixture was
analyzed by electrophoresis on 1% agarose gels and stained
by ethidium bromide.  In order to check the reproducibility of
the results, each experiment was carried out 3 times.

Statistical analysis  Values were expressed as Mean±
SEM.  All data were examined for their statistical significance
with the Student’s t-test, one-way ANOVA and repeated mea-
sured ANOVA.  Differences with P<0.05 were considered
statistically significant.

Results
Methoxy group of the coumarin ring determined the mel-

anogenesis  To investigate the effect of coumarin deriva-
tives on melanogenesis, B16 cells were incubated with 50
µg/mL of each compound for 72 h.  Coumarin, 6,7-
dihydroxycoumarin, 7-hydroxycoumarin showed little effect
on melanogenesis, but the methoxylated coumarins, includ-
ing 7-hydroxy-6-methoxycoumarin, 7-methoxycoumarin, and
6,7-dimethoxycoumarin, increased melanin content 3.1-, 5.8-,
and 8.4-fold, respectively.  These findings suggest that the
6- or 7-methoxy group is essential for enhancing melanogen-
esis (Figure 1).  Since scoparone (6,7-dimethoxycoumarin)
was found to be the most potent compound for stimulating
melanogenesis, all additional experiments focused on this
analog.

Scoparone increased the melanin content and tyrosi-
nase activity in a dose-dependent manner   After the expo-
sure of the cultured B16 cells to scoparone or isobutylmethyl-

Figure 1.  Chemical structure (A) and melanogenic effects (B) of
coumarin derivatives. B16 cells were incubated with DMEM contain-
ing 50 µg/mL of coumarin derivatives for 72 h. Data are expressed as
a percentage of control and are Mean±SEM of 3 separate experiments.
cP<0.01 vs control by Student’s t-test.
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xanthine (IBMX), their suspended cell colors were grossly
darkened.  Treatment with scoparone (50 µg/mL) resulted in a
deep brown pigmentation, which correlated with increased
melanin production (Figure 2A, lane 2).  Its pigmentation
was similar to the effect of IBMX, an inhibitor  of
phosphodiesterase, used as a positive control for the stimu-
lation of melanogenesis (Figure 2A, lane 3).  To determine
the effect of scoparone on melanogenesis, B16 cells were
exposed for 72 h to 3 concentrations of scoparone (12.5, 25
and 50 µg/mL).  The cellular content of melanin and tyrosi-
nase activity were increased by scoparone in a dose-depen-
dent manner (Figure 2B).  At a concentration of 50 µg/mL,
the cellular melanin content and tyrosinase activity reached
a near maximum level that was about an 8.5-fold increase for
melanin and about 6.34-fold increase for tyrosinase activity
compared to the control cells.  The viability itself as assayed
by MTT was unaffected by the presence of scoparone at
this concentration.

Scoparone increased melanin content and tyrosinase
protein through cAMP signaling  To demonstrate the in-
volvement of cAMP signaling in scoparone-induced

melanogenesis, a melanin content assay and Western blot
for tyrosinase were performed in the presence of H-89, a
cAMP-dependent protein kinase A (PKA) inhibitor[19].  As
shown in Figure 3A, increased melanin content by scoparone
and IBMX were completely abolished by the presence of 10
µmol/L  H-89.  Little cytotoxicity was observed at this con-
centration of H-89 as determined by MTT assay (data not
shown).

Increases of melanin content and tyrosinase activity by
scoparone were accompanied by the increase of the tyrosi-
nase protein (Figure 3B, lane 5).  IBMX was used to induce
tyrosinase expression as a positive control (Figure 3B, lane 3).
H-89 also abolished the scoparone- or IBMX-induced in-
crease of tyrosinase protein expression (Figure 3B, lanes 4
and 6), indicating the involvement of cAMP signaling in
scoparone-induced melanogenesis.

Scoparone-regulated melanogenesis at the transcrip-
tional level  We also examined the effects of scoparone treat-

Figure 2.  Effect of scoparone on the appearance of cell suspension
(A), melanin content, tyrosinase activity and cytotoxicity (B). (A)
B16 cells at 2×105 cells/well untreated (lane 1), 50 µg/mL scoparone
(lane 2) or 0.1 mmol/L IBMX (lane 3) for 72 h; (B) after incubation
of B16 cells with various concentrations of scoparone or 0.1 mmol/L
IBMX for 72 h, determination of melanin content, tyrosinase activ-
ity and MTT assay were performed. Data are expressed as a percent-
age of control and are Mean±SEM of 3 separate experiments. cP<0.01
vs control by repeated measured ANOVA.

Figure 3 .  Effect of H-89 on the scoparone-induced increase of
melanin (A) and tyrosinase protein (B). B16 cells preincubated with
10 µmol/L H-89 for 1 h were stimulated with 50 µg/mL scoparone or
0.1 mmol/L IBMX for 72 h and then subjected to melanin content
assay or Western blot analysis using murine tyrosinase and actin
antibodies. (A) melanin contents are expressed as a percentage of
control and are the Mean±SEM of 3 separate experiments and ana-
lyzed by one-way ANOVA and Scheffe’s test. cP<0.01  vs none.  fP<
0.01 vs scoparone (SCP) or IBMX; (B) Western blots of tyrosinase
and actin were presented. Lane 1, none; lane 2, H-89; lane 3, IBMX;
lane 4, IBMX and H-89; lane 5, scoparone; and lane 6, scoparone and
H-89.
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ment on mRNA levels.  The cells were treated with 50 µg/mL
of scoparone for 72 h and the total cellular RNA was extracted.
Specific mRNA was amplified after reverse transcription with
PCR using specific primers for tyrosinase, TRP-1 and TRP-2.
As shown in Figure 4, mRNA of tyrosinase, TRP-1 and TRP-2
increased after treatment with scoparone.  These results sug-
gest that scoparone-induced stimulation of melanogenesis
occurs at the transcriptional level.

Discussion

Studies have demonstrated that extracts from some herbs
such as glycyrrhizin[14] or quercetin[20], increase melano-
genesis.  In this study, we tried to further identify compounds
affecting melanogenesis and demonstrated that scoparone
stimulated melanogenesis in B16 cells in a dose-dependent
manner.  Among the many coumarin derivatives tested, 7-
hydroxy-6-methoxycoumarin, 7-methoxycoumarin, and 6,7-
dimethoxycoumarin (scoparone) treatment increased the
melanin content in the cells studied.  Other coumarins, in-
cluding coumarin 6,7-dihydroxycoumarin, 7-hydroxy-
coumarin, which is structurally similar to scoparone, had little
effect on melanin production in the B16 cells.  This suggests
that the methoxy group, at the C-7 position (and possibly
the C-6 position) in the coumarin ring, is essential for mela-
nogenic activity.  Actually, coumarin derivatives with hy-
droxyl group at the C-6 or C-7 positions have been reported
to have inhibitory effects on tyrosinase activity[21].

Melanin is a unique pigmented biopolymer synthesized
by specialized cells known as melanocytes, the dendritic cells
in the skin, hair, eyes and other locations.  Melanin has a
number of important functions including determination of
phenotypic appearance, protective coloration, balance and
auditory processing, absorption of toxic drugs and chemicals,
as well as neurological development during embryogenesis[1].

Melanogenesis itself is a complex process.  In fact, the num-
ber of genes involved in regulating mammalian pigmentation
is quite large, and at least 80 genetic loci have been identi-
fied for the regulation of melanogenesis either directly or
indirectly[22].  Mutations of these genes have been shown to
be associated with a number of different pigmentary diseases,
including various forms of ocular and oculocuta-neous
albinism, piebaldism, Hirschsprung’s disease and Waarden-
berg’s syndrome[22].

Among these, the tyrosinase gene family has been shown
to play an important role in the regulation of melanogenesis[23].
The tyrosinase gene family consists of tyrosinase TRP-1
and TRP-2.  These molecules are glycoproteins embedded in
the melanosome membrane that share a 70%–80% nucleotide
sequence homology with 30%–40% amino acid identity; they
also share common functional motifs such as epidermal
growth factor receptor and copper binding sites[2].  As shown
in the results, scoparone-induced melanogenesis was
accompanied by the increase of activity, mRNA and protein
expression of tyrosinase.  In addition to tyrosinase, a key
regulatory enzyme for melanogenesis, expressions of TRP-1
and TRP-2 were observed to be increased after treatment
with scoparone, indicating the important roles of the tyrosi-
nase gene family.

Recent investigation on the molecular mechanisms regu-
lating pigmentation suggests that cAMP and protein kinase
C (PKC) are the 2 major intracellular signaling molecules critical
to pigmentation[24].  Extracellular signals increase cAMP
levels, activating PKA.  PKA then presumably alters the tran-
scription rate of key genes including tyrosinase.  Inactive
PKC may also be activated by extracellular signals.  Active
PKC then phosphorylates tyrosinase, leading to its activa-
tion[25].  Recent reports suggest that the cGMP signal trans-
duction pathway also stimulates melanogenesis[26,27].

cAMP-induced melanogenesis has been reported to be

Figure 4.  Effect of scoparone on mRNA
expression of tyrosinase, TRP-1 and
TRP-2. B16 cells incubated with nothing
or 50  µg/mL scoparone for 72  h. The
resulting cDNA was subjected to 28 cycles
of polymerase chain reaction using spe-
cific primers that gave amplified prod-
ucts of 528 bp for actin, 477 bp for
tyrosinase, 268 bp for TRP-1, and 1044
bp for TRP-2. PCR products were elec-
trophoresed on a  1% agarose gel and
stained with ethidium bromide.
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mediated by phosphorylation and the activation of the cAMP
response element binding protein (CREB) family transcrip-
tion factors by PKA.  The binding of CREB to the promoter
site of the microphthalamia-associated transcription factor
(MITF) results in the indirect activation of tyrosinase pro-
moter by MITF[25,28].  Increased melanin and tyrosinase pro-
tein expression by scoparone and IBMX were completely
inhibited by the presence of H-89, an inhibitor of PKA.  These
results indicate that cAMP signaling pathways play a major
role in scoparone-induced melanogenesis.  Tumor necrosis
factor-α inhibits both basal and cAMP-induced melanogen-
esis through the activation of nuclear factor κB (NF-κB)[29],
and recently, scoparone was reported to inhibit NFκB acti-
vation[30].  While no NFκB activator was included in our
experiments, further study is needed for the thorough un-
derstanding of the signal transduction pathway in
scoparone-mediated stimulation of melanogenesis.

Currently many research efforts have focused on the
specific mechanisms involved in melanogenesis in order to
develop new therapeutic agents for skin pigmentation
abnormalities.  In this regard, the agents that stimulate tyro-
sinase activity and melanin production can also be used as
skin tanning agents.  Dihydroxyacetone (DHA)-containing
preparations have been used for more than 50 years and are
still very popular for temporary pigmentation resembling a
UV-induced tan[31,32].  The tan produced by UVB and/or UVA
radiation is photoprotective against subsequent UV
exposure.  DHA also produce cosmetically acceptable pig-
mentation of vitiliginous skin[33].  Application of the stimula-
tory effects of scoparone on melanogenesis might be useful
as an adjunctive therapy for treatment of hypopigmentation-
related disorders, as well as for tanning.

In summary, we have demonstrated that scoparone stimu-
lates melanogenesis and tyrosinase activity.  In addition, we
have also found that scoparone-induced stimulation of mel-
anogenesis occurs through increased expression of tyro-
sinase, TRP-1 and TRP-2 at the transcriptional level through
PKA signaling.
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