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The objective of this study was to examine the effects of Morinda citrifolia (noni) extract and its con-
stituents on a-melanocyte stimulating hormone (z-MSH)-stimulated melanogenesis in cultured murine B16
melanoma cells (B16 cells). A 50% ethanolic extract of noni seeds (MCS-ext) showed significant inhibition of
melanogenesis with no effect on cell proliferation. MCS-ext was more active than noni leaf and fruit flesh ex-
tracts. Activity guided fractionation of MCS-ext led to the isolation of two lignans, 3,3'-bisdemethylpinores-
inol (1) and americanin A (2), as active constituents. To elucidate the mechanism of melanogenesis inhibition
by the lignans, a-MSH-stimulated B16 cells were treated with 1 (Su#m) and 2 (2004m). Time-dependent in-
creases of intracellular melanin content and tyrosinase activity, during 24 to 72 h, were inhibited significantly
by treatment with the lignans. The activity of 1 was greater than that of 2. Western blot analysis suggested
that the lignans inhibited melanogenesis by down regulation of the levels of phosphorylation of p38 mitogen-
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activated protein kinase, resulting in suppression of tyrosinase expression.
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Melanogenesis is a multistage process involving melanin
synthesis, melanin transport, and melanosome release. Tyrosi-
nase is one of the key enzymes in the melanin biosynthetic
pathway. Abnormal deposition of melanin pigment causes
hyperpigmentary disorders, such as melasma, freckles and age
spots. Tyrosinase inhibitor is one of the candidates for reduc-
tion of melanogenesis."? In the development of novel and use-
ful cosmetic agents and functional foods, we have continued
to research melanin hyperpigmentation inhibitors from natural
sources. The fruit, roots, bark and leaves of a tropical tree,
Morinda citrifolia L. (Rubiaceae), commonly known as “noni”
in Hawaii and Tahiti, have long been used throughout Polyne-
sia as a folk medicine in the treatment of many diseases, e.g.
hypertension and diabetes.? Recently, the noni fruit juice and
tea made from noni leaves have been introduced into the func-
tional food market. Noni fruit contains a large number of seed
throughout its flesh. During the production of noni fruit juice,
these seeds are removed and discarded. Consequently, we have
investigated the utility of noni seeds. In a previous paper,* we
reported the tyrosinase inhibitory activity and 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical scavenging activity of 50%
ethanolic extracts of noni seeds, fruit flesh and leaves. A 50%
ethanolic extract from noni seeds (MCS-ext) inhibited tyrosi-
nase activity and scavenged the DPPH radical more potently
than extracts from the leaves or fruit. Activity-guided frac-
tionation, followed by chromatography of MCS-ext, led to the
isolation of 3,3’-bisdemethylpinoresinol (1), americanin A (2)
and quercetin (3), as active constituents with both tyrosinase
inhibitory and radical scavenging activities.” After the publi-
cation of our previous paper, Akihisa et al. reported melano-
genesis inhibitory activities of a methanolic extract from noni
fruits.” However, the effect of noni seed extract (MCS-ext) on
melanogenesis in B16 melanoma cells is hitherto unknown. In
this paper, we examined the anti-hyperpigmentation activity
of MCS-ext and its constituents by a-melanocyte stimulating
hormone (a-MSH)-stimulated melanogenesis in cultured mu-
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rine B16 melanoma cells (B16 cells).
MATERIALS AND METHODS

Plant Materials Fruits and leaves of M. citrifolia were
collected in French Polynesia during 2004—2006. These sam-
ples were identified by Tropical Resources, Inc. (Provo, UT,
U.S.A)). Fruit samples were separated into flesh and seeds by
hand. The fruit flesh was freeze-dried. The leaves and seeds
were air-dried. Voucher specimens of dried noni fruit flesh
(Noni: Lot Code. 2555900), leaves (Noni Leaf: L06-017-MIT
75) and seeds (Noni Seed: L06-017-MIT75) are deposited in
Kinki University.

Preparation and Fractionation of 50% Ethanolic Ex-
tract from Noni The preparation of 50% ethanolic extracts
of dried flesh (MCF-ext, yield 53%), dried leaves (MCL-ext,
yield 36%) and dried seeds (MCS-ext, yield 5%), have been
described previously.”? A suspension of the MCS-ext (30g) in
water (120mL) was extracted with hexane (120mLX2) fol-
lowed by ethyl acetate (120mLXx10). Evaporation of solvent
from each combined extract gave a hexane-soluble fraction
(0.29¢g) and an ethyl acetate-soluble fraction (5.4 g). The aque-
ous layer was evaporated and then followed by lyophilization
to give a water-soluble fraction (22 g).

Reagents The isolation of lignans (1, 2) from MCS-ext
has also been described previously.”? Quercetin (3) and ursolic
acid (4) were purchased from Wako Pure Chemical Industries,
Ltd. (Osaka, Japan). 3,4-Dihydroxy-L-phenylalanine (L-dopa),
[Nle*, p-Phe’]-a-melanocyte stimulating hormone trifluoro-
acetate salt (a-MSH) and synthetic melanin were purchased
from Sigma-Aldrich (St. Louis, MO, U.S.A.). Protease in-
hibitor mixture was purchased from Calbiochem (Darmstadt,
Germany). The antibody to tyrosinase was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, U.S.A.). Antibod-
ies against p38 mitogen-activated protein kinase (p38 MAPK),
extracellular signal-regulated kinase 1/2 (ERK1/2), phosphor-
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specific p70 ribosomal S6 kinase (p70 S6K), phosphor-spe-
cific p38 MAPK, phosphor-specific ERK1/2 and f-actin were
purchased from Cell Signaling Technology (Beverly, MA,
U.S.A)). The enhanced chemiluminescence (ECL) Plus West-
ern blot detection kit and ECL anti-rabbit immunoglobulin
G (IgG), horseradish peroxidase linked spices-specific whole
antibody were obtained from GE Healthcare UK. Ltd. (Lit-
tle Chalfont, England). Other chemical and biochemical rea-
gents were of reagent grade and were purchased from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan) and/or Nacalai
Tesque, Inc. (Kyoto, Japan) unless otherwise noted.

Cell Culture The B16 cells (B16F1) were purchased from
Dainippon Sumitomo Pharmaceutical Co., Ltd. (Osaka, Japan)
in Oct. 2009. The B16 cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM, Sigma-Aldrich) supplemented
with 10% (v/v) fetal bovine serum (Nichirei Biosciences Inc.,
Tokyo, Japan) and 1% antibiotic—antimycotic solution (a mix-
ture of 10000 U/mL penicillin, 10000 xug/mL streptomycin sul-
fate and 25 ug/mL amphotericin B, Invitrogen Corp., Carlsbad,
CA, US.A) at 37°C in a humidified, CO,-controlled (5%)
incubator. Stimulation of melanogenesis was initiated by the
addition of a-MSH.

Melanogenic Assays The amount of intracellular melanin
in B16 cells was measured at the indicated times after treat-
ment of samples according to the method of Ohguchi et al.®
Briefly, cells (2X10* cells) were seeded on 24-well plates with
800uL and treated with test samples (100uxL) and a-MSH
(100uL) at 24h after seeding. Test samples were dissolved
in dimethyl sulfoxide (DMSO) and then diluted with DMEM
to an appropriate concentration. The final concentration
of DMSO was 0.1% v/v. In the control and vehicle control
groups, DMSO solution was used instead of the sample solu-
tion. o-MSH was added to the medium in the vehicle control
and test groups. a-MSH was dissolved in aqueous acetic acid
solution (5%, v/v) and then diluted with DMEM to 1um of the
final concentration. The mixture was incubated at 37°C for
the indicated times. The Bl6 cells were washed twice with
phosphate-buffered saline (PBS, pH 7.0) and dissolved in
2N NaOH for 1h at 65°C. The absorbance at 490nm of each
sample was measured by using a microplate reader (Sunrise
Rainbow Thermo, Tecan, Ménnedorf, Switzerland) and mela-
nin amount was determined by using the authentic standard
of synthetic melanin. The cell proliferation of B16 cells was
assessed according to the method as described previously.”
Cell proliferation was shown in percentages. Each percentage
in the treated cells was calculated with respect to that of the
vehicle control cells.

Tyrosinase Activity Intracellular tyrosinase activity was
measured at the indicated times after treatment of samples
according to the method of Ohguchi et al.® The cells were
washed twice with ice-cold PBS and then lysed by incubat-
ing at 4°C for 30min in a lysis buffer 2mwm Tris—HCI, pH
7.5, 15mm NaCl, 0.lmm disodium salt of ethylenediami-
netetraacetic acid, 0.1% triton, and 0.lmm ethylene glycol
tetraacetic acid, Cell Signaling Technology) containing pro-
tease inhibitors. The lysates were centrifuged at 15000Xg,
4°C, for 20 min to obtain a supernatant as source of tyrosinase.
The reaction mixture, containing 50 mm phosphate buffer (pH
7.4), 0.05% L-dopa and the supernatant (tyrosinase), was incu-
bated at 37°C for 20min. After incubation, dopachrome for-
mation was assayed by measuring absorbance at 475nm with
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a microplate reader. Tyrosinase activity was shown in percent-
ages. Each percentage in the treated cells was calculated with
respect to that in the pretreated cells.

Electrophoresis and Western Blot Analysis According
to the method of Ohguchi er al.,® B16 cells were lysed in a
lysis buffer containing protease inhibitors and centrifuged
at 15000Xg, 4°C, for 20min. The resulting supernatant
(solubilized proteins) was subjected to sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) on 7.5% po-
lyacrylamide gel. Proteins were transferred electrophoretically
onto a polyvinylidene-difluoride (PVDF) membrane. After
blocking in 5% skimed milk in PBS containing 0.05% Tween
20, PVDF membranes were incubated with an appropriate
primary antibody and then further incubated with horserad-
ish peroxidase-conjugated secondary antibody. Proteins were
visualized using the ECL Plus Western blot detection kit. Gel
images were obtained with a ChemiDoc XRS imaging system
(Bio-Rad Laboratories, Inc., Hercules, CA, U.S.A)).

Statistical Analysis The experimental data were evalu-
ated for statistical significance by Bonferroni/Dunn’s multiple
range test with Stat View for Windows, Ver. 5 (SAS Institute
Inc., 1998).

RESULTS AND DISCUSSION

Effect of Noni Extracts on Melanogenesis in a-MSH-
Stimulated B16 Cells The cultured murine B16 melanoma
cells (B16 cells) have been frequently used for in vitro mel-
anogenesis assay. Melanogenesis is stimulated by various
effectors, including an a-melanocyte stimulating hormone
(a-MSH), theophylline,” cAMP elevating agents (e.g., for-
skolin,” isobutylmethylxanthine!® and glycyrrhizin'”) and
UV light. Among the B16 cell stimulators, a-MSH has been
the most frequently used in studies of melanogenesis regula-
tors.® In the preliminarily tests, melanogenesis stimulation by
o-MSH in BI16 cells was observed at a concentration of 1um
of a-MSH, but not at 10nm and 100nm (data not shown) as
described by Smalley et al.'” Thus, we used a-MSH (1 um) as
a melanogenesis stimulator in our experiments as reported by
Ohguchi et al.?

The a-MSH-stimulated B16 cells were treated with MCF-
ext, MCL-ext and MCS-ext for 72h. Inhibition of melano-
genesis was evaluated by measurement of the intracellular
melanin content which is shown in ug/well. Cell proliferation
was expressed as a percentage of the controls. As shown in
Table 1, MCS-ext (12.5 to 200ug/mL) and kojic acid (100 to
200um), a reference compound which is a well known mel-
anogenesis inhibitor with potent tyrosinase inhibitory activity
(ICs, value: 30um¥), inhibited a-MSH (1 um)-simulated mela-
nin production in a concentration-dependent manner without
any significant effects on cell proliferation, whereas MCF-ext
and MCL-ext were inactive at 200 4g/mL. In contrast, Akihisa
et al.” reported that a methanolic extract of noni fruits at
100 ug/mL inhibited a-MSH (100 nm)-stimulated melanogene-
sis in B16 cells. They also described that a number of iridoid-,
hemiterpene- and fatty acid-glycosides from the methanolic
extract of noni fruits exhibited melanogenesis inhibitory ac-
tivities at a concentration of 100 m.”

Inhibition of Melanogenesis in a-MSH-Stimulated B16
Cells by 3,3’-Bisdemethylpinoresinol (1), Americanin A
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Table 1. Effects of MCF-ext, MCL-ext and MCS-ext on a-MSH-Stimulated Melanogenesis in B16 Cells
Samples Concentration (u«g/mL or um) a-MSH (final conc.) Melanin content (ug/well) Cell proliferation (%)

Control 1.60.4 61.9%1.2
Vehicle control 1 um 42.8+1.6" 100.0+1.2%

MCF-ext 12.5 (ug/mL) 1um 39.3x2.1 99.7£0.5

50 1um 38.2£1.6 100.0£2.3

200 1um 41.3%1.0 96.7%0.9

MCL-ext 12.5 (ug/mL) 1um 41.7x1.2 100.6+1.7

50 1M 43.7+0.4 101.6+2.9

200 1um 38.9+0.8 102.0£1.5

MCS-ext 12.5 (ug/mL) 1um 29.0+0.6%* 100.6*+1.1

50 1um 21.120.6%* 105.9*1.2

200 1um 11.9+0.6%* 103.5%2.5

Kojic acid 100 (uM) 1um 13.5£0.4%* 107.4+1.9

200 1um 6.9+0.4%* 103.2+2.4

Each value in melanin content represents the mean+S.E. of 3 experiments. #»<0.01: statistically significant vs. the value of control group. **p<0.01: statistically
significant vs. the value of vehicle control group. Each value in cell proliferation represents the mean*S.E. of 3 experiments.

Table 2. Effects of Hexane-sol. Fr., Ethyl Acetate-sol. Fr. and Water-sol. Fr. from MCS-ext on a-MSH-Stimulated Melanogenesis in B16 Cells
Samples Concentration (ug/mL or um) a-MSH (final conc.) Melanin content (ug/well) Cell proliferation (%)

Control 1.6x1.6 60.2+5.7

Vehicle control 1 um 36.4+2.5% 100.0+1.5%
Hexane-sol. Fr. 12.5 (ug/mL) Lum 29.3*+1.9 96.6+£2.3
50 1 um 19.8£2.2%* 100.5+3.9
Ethyl acetate-sol. Fr. 12.5 (ug/mL) Lum 24.9*3.0%* 95.2*1.4
50 1 pm 17.2£0.6%* 104.1£0.8
Water-sol. Fr. 12.5 (ug/mL) Lum 43.5%+2.5 99.1£3.4
50 1 pm 39.1+37 102.3+3.1
Kojic acid 100 (uM) 1 pm 18.1+0.6%* 102.2+0.5
200 1M 8.41.2%* 103.9*1.4

Each solvent sol. Fr. means each solvent soluble fraction. Each value in melanin content represents the mean+S.E. of 3 experiments. *»p<0.01: statistically signifi-
cant vs. the value of control group. **p<<0.01: statistically significant vs. the value of vehicle control group. Each value in cell proliferation represents the mean*S.E.

of 3 experiments.

(2), Quercetin (3) and Ursolic Acid (4) Activity guided
fractionation of MCS-ext with a-MSH-stimulated B16 cells
was carried out to identify the active constituents of MCS-ext.
Fractionation of MCS-ext by solvent extraction gave three
fractions, namely a hexane-soluble fraction (yield from MCS-
ext: 1%), an ethyl acetate-soluble fraction (18%) and a water-
soluble fraction (73%). At concentrations ranging from 12.5
to 50ug/mL, the ethyl acetate-soluble fraction exhibited more
potent activity than the hexane-soluble fraction without any
significant effects on cell proliferation, as described in Table
2. The water-soluble fraction was inactive. As to the con-
stituents of the ethyl acetate-soluble fraction of MCS-ext, the
isolation of 1 (isolation yield from MCS-ext: 1.17%; isolation
yield from dried seeds: 0.055%), 2 (0.51%; 0.024%), 3 (0.19%;
0.009%) and 4 (0.74%; 0.035%) from this fraction has been
reported in the previous paper.” The IC,, values of tyrosinase
inhibitory activities of 1, 2 and 3 were 0.3, 2.7 and 0.1 mwm,
respectively, whereas 4 was inactive.” To identify active con-
stituents with melanogenesis inhibition in a-MSH-stimulated
B16 cells, the activities of 1, 2, 3 and 4 were assayed. As
shown in Table 3, a lignan, 1, displayed potent inhibitory ac-
tivity on a-MSH-stimulated melanin production. Inhibition by
1 was concentration-dependent from 1.25 to Sum without any
significant effects on cell proliferation. However, 1 decreased
cell proliferation at high concentrations (10, 20um). Another
lignan, 2, also inhibited melanin production at concentrations

of 100 to 200um without any significant effects on cell prolif-
eration.

Although 3 exhibited potent tyrosinase inhibitory activity,
it had no effect on melanin content and cell proliferation at
concentrations of 12.5 to 200um. This fact was not in accord-
ance with the report in which 3 enhanced melanogenesis in
human HMVII melanoma cells at a concentration of 20um
and in normal human epidermal melanocytes at a concentra-
tion of 1um."” Moreover, the influence of 3 on melanogenesis
is controversial. Recently, Yang et al.'” suggested that 3 had
different and opposite effects on melanogenesis depending
on the experimental conditions, e.g. concentrations of 3 and
species of melanoma cells. Compound 4, with no tyrosinase
inhibitory activity, was inactive on B16 cells. Considering
with the content of 1 and 2 in MCS-ext, the melanogenesis
inhibitory activity of MCS-ext may be attributable to the two
lignans.

Inhibition of Tyrosinase Activity in a-MSH-Stimulated
B16 Cells by 3,3’-Bisdemethylpinoresinol (1) and Ameri-
canin A (2) Since 1 and 2 are newly described as melano-
genesis inhibitors, we attempted to elucidate their melanogen-
esis suppression mechanism. The a-MSH-stimulated B16 cells
were treated with 1 and 2 at a concentration of 5 and 200 um,
respectively, as these concentrations were found to be the
most effective in the previous assay (Table 3).

The time-course of intracellular melanin content and ty-
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Table 3. Effects of 3,3"-Bisdemethylpinoresinol, Americanin A, Quercetin and Ursolic Acid on a-MSH-Stimulated Melanogenesis in B16 Cells
Samples Concentration (um) a-MSH (final conc.) Melanin content (ug/well) Cell proliferation (%)
Run 1
Control 4.5+0.8 55.2*1.3
Vehicle control 1 um 37.5+1.5% 100.0+1.1%#
3,3'-Bisdemethylpinoresinol (1) 1.25 (um) Lum 29.9+0.6%* 97.8+0.4
2.5 1um 21.6£0.8%* 101.0x1.7
5 1M 18.51.2%* 99.1+£0.7
10 1M 15.2+0.2%* 88.8+1.2%*
20 1M 13.2+0.8%* 88.5+0.3%*
Kojic acid 100 (zem) 1 pm 17.2+1.1%* 97.1*+1.3
200 1 um 6.4+0.4%* 98.2x14
Run 2
Control 7.3%x2.5 58.8€2.4
Vehicle control 1 um 39.0+0.9% 100.0+5.1%
Americanin A (2) 12.5 (um) 1um 39.3%0.7 101.6*1.0
25 1 um 36.7£0.7 107.1+0.4
50 1 um 33.9%0.8 103.3%0.9
100 1 pm 25.5+1.5%* 99.4+4.5
200 1 pm 13.91.0%* 102.8+1.4
Quercetin (3) 12.5 (um) 1 pm 41.7%0.6 100.6+10.1
25 1 um 43.0+2.0 95.8+2.8
50 1 pm 44.6+0.4 91.3+x4.4
100 1 pm 36.5+7.1 103.6+6.3
200 1um 40.0*1.2 100.2+4.0
Ursolic acid (4) 12.5 (um) Lum 36.7+0.7 101.8%£7.9
25 1 pm 40.2+0.4 100.5+2.9
50 1 pm 41.1%0.8 100.6+2.6
100 1 pm 40.4x2.5 108.0£5.6
200 1 pm 42.4+2.3 108.6+5.7
Kojic acid 100 (pem) 1 pm 15.7£1.0%* 101.9+3.8
200 1 um 8.60.6%* 98.4+2.7

Each value in melanin content represents the mean=S.E. of 3 experiments. #»<0.01: statistically significant vs. the value of control group. **p<0.01: statistically
significant vs. the value of vehicle control group. Each value in cell proliferation represents the mean*S.E. of 3 experiments.

rosinase activities after treatment of a-MSH-stimulated B16
cells with 1 and 2 are depicted in Fig. 1. Each percentage of
tyrosinase activity in the treated cells was calculated with
respect to the activity in pre-treated cells. As shown in Fig.
1A, the intracellular melanin content of the control group
time-dependently increased from 24 to 72h, whereas the
melanin content of the treated group decreased significantly
72h after addition of the lignans. As shown in Fig. 1B, the
time-dependent increase of tyrosinase activity from 24 to 72h
was also inhibited significantly by treatment with the lignans.

Effect of 3,3'-Bisdemethylpinoresinol (1) and Americanin
A (2) on Tyrosinase Expression in a-MSH-Stimulated B16
Cells To further investigate the anti-melanogenesis mecha-
nisms of 1 and 2, we used Western blot analysis to assess the
levels of tyrosinase expression in a-MSH-stimulated B16 cells.
As shown in Fig. 2, the tyrosinase expression at 72h was en-
hanced remarkably by the stimulation with a-MSH. After the
treatment of the a-MSH-stimulated B16 cells with 1 (5um) and
2 (200um), the tyrosinase expression did not increase at 72h.
Thus, inhibition of melanogenesis by the lignans was associ-
ated with a corresponding decrease of tyrosinase expression
and consequent activity.

Effect of 3,3'-Bisdemethylpinoresinol (1) and Ameri-
canin A (2) on Phosphorylation of p38 MAPK in
a-MSH-Stimulated B16 Cells During melanogenesis in
melanocytes, the p38 MAPK cascade activates microphthal-

mia-associated transcription factor (MITF), which positively
regulates tyrosinase gene expression, whereas p70 S6K and
ERK1/2 cascades depress MITE.'>!®) Recently, the p38 MAPK
cascade was demonstrated to be involved in the melanogenesis
in B16 cells induced by a-MSH.!? More recently, negative
regulation of melanogenesis by phospholipase D1 through
mammalian target of rapamycin (mTOR)/p70 S6K signal-
ing in BI16 cells has been reported.'” In the preliminarily
time-course studies on the levels of phosphorylation of p38
MAPK in a-MSH (1 um)-stimulated B16 cells at 0, 1, 2, 3, 4,
5, 6 and 12h, a significant increase of the phosphorylation
level was detected at first at 6h and the highest increment was
observed at 12h as shown in Fig. 3A (other data not shown)
in contrast to the reported transient peak at 1h in a-MSH
(10nwm)-stimulated B16 cells.!” We assumed that a part of the
discrepancy of the peak time might be due to the differences
in experimental conditions, such as B16 cell lines and concen-
trations of a-MSH. The effects of 1 (5um) and 2 (200um) on
phosphorylation levels of p38 MAPK, ERK1/2 and p70 S6K in
o-MSH (1 um)-stimulated B16 cells were examined by Western
blot analysis using the respective mouse antibody for phospho-
rylated forms of p38 MAPK, ERK1/2 and p70 S6K. As shown
in Fig. 3A, a time-course analysis at 6 and 12h revealed
that the levels of phosphorylation of p38 MAPK in a-MSH-
stimulated B16 cells were enhanced by a-MSH treatment in
comparison to those without a-MSH. Smalley et al.'® reported
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Fig. 1. Effects of 3,3’-Bisdemethylpinoresinol (1) and Americanin A (2)
on Melanogenesis and Tyrosinase Activation in a-MSH-Stimulated B16
Cells

The cells were treated with a-MSH (1 um, black column), 1 (5um, white column)
and 2 (200um, slashed column) for the indicated times. (A) The melanin content
was determined as described under Materials and Methods. (B) Tyrosinase activity
was determined by measuring the formation of dopachrome as described under
Materials and Methods. Data represent means*=S.E. of two different experiments
each carried out in triplicate.

Tyrosinase | -— ‘

B-actin | — — —— —-|

a-MSH (1 pM) - + + + +
16um) - - + - -
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Kaojic acid (200 pM) - - - - +

Fig. 2. Effects of 3,3'-Bisdemethylpinoresinol (1), Americanin A (2)
and Kojic Acid on Tyrosinase Expression in a-MSH-Stimulated B16 Cells

The cells were treated with a-MSH (1 um) in the presence of 1 (Sum), 2 (200um)
or kojic acid (200um) for 72h. The level of tyrosinase expression was examined
by Western blot analysis using specific antibody as described under Materials and
Methods. Equal protein loading was confirmed by f-actin expression.

that the levels of ERK1/2 phosphorylation in B16 cells were
enhanced by a-MSH (10nm) treatment. In contrast, according
to the paper by Kumar et al.,'¥ the level of phosphorylation
was not affected in the presence of a-MSH (100nm). In our
experiment, phosphorylation was suppressed time-dependently
at 6 and 12h, regardless of the presence or absence of a-MSH
(Fig. 3A). Treatment with 1 and 2 both suppressed a-MSH-
stimulated p38 MAPK phosphorylation and enhanced ERK1/2
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Fig. 3. (A) Effects of a-MSH on Phosphorylation of p38 MAPK and
ERK1/2 in B16 Cells. (B) Effects of 3,3’-Bisdemethylpinoresinol (1) and
Americanin A (2) on Phosphorylation of p38 MAPK, ERK1/2 and p70
S6K in a-MSH-Stimulated B16 Cells

A) The cells were treated with or without a-MSH (1 um) for the indicated times.
B) The cells were treated with a-MSH (1um) in the presence of 1 (Sum) or 2
(2004m) for the indicated times. Phosphorylation of p38 MAPK, ERK1/2 and p70
S6K was assessed by Western blot analysis with using the mouse specific antibody
for phosphorylated forms of p38 MAPK, ERK1/2 and p70 S6K. Equal protein load-
ing was confirmed by f-actin expression.

phosphorylation at 6 and 12h (Fig. 3B). The lignans had no
effect on p70 S6K phosphorylation (Fig. 3B). These results
indicate that the lignans may decrease the phosphorylation
of p38 MAPK, whose cascade activates MITF. The lignans
may also elevate phosphorylation of ERK1/2, whose cascade
depresses MITF.

It has been reported that deoxypodophyllotoxin, a lignan
with anti-inflammatory and anti-atherosclerosis activities,
inhibited matrix metalloproteinase-9 which plays key role
in atherosclerosis via MAPK pathways in tumor necrosis
factor-a stimulated human aortic smooth muscle cells, namely
deoxypodophyllotoxin inhibited the phosphorylation of p38
MAPK, ERK1/2 and c-Jun-N-terminal kinase in the smooth
muscle cells.'” It was found for the first time that the lignans,
1 and 2, inhibited tyrosinase expression via inhibition of p38
MAPK phosphorylation and elevation of ERK1/2 phospho-
rylation. The tyrosinase inhibitory activity of 1 (ICs, value:
0.3mm)* was comparatively weak, whereas 1 showed a potent
anti-melanogenesis in a-MSH stimulated B16 cells at lower
concentrations of 1.25 to 5um. It may be considered that the
inhibition of tyrosinase expression was contributory to the
potent anti-melanogenesis activity.

In conclusion, MCS-ext significantly inhibited melanogene-
sis in a-MSH-stimulated B16 cells, without any effects on cell
proliferation. The lignans, 1 and 2, isolated from MCS-ext de-
creased intracellular tyrosinase activity and melanin content.
Western blot analysis suggested that the lignans inhibited mel-
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anogenesis through the suppression of tyrosinase expression,
resulting from down regulation of p38 MAPK phosphorylation
and elevation of ERK1/2 phosphorylation. The melanogenesis
inhibitory activity of MCS-ext in a-MSH-stimulated B16 cells
was confirmed, along with previously reported tyrosinase in-
hibitory and radical scavenging activities. Thus MCS-ext may
be a useful ingredient for the prevention of hyperpigmenta-
tion.
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