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Background: Recently, our research group developed MA128, a novel herbal medicine, and www.phcog.com
demonstrated that MA128 is effective for the treatment of asthma and atopic dermatitis (AD). In DOI:

particular, postinflammatory hyper-pigmentation in AD mice was improved with MA128 treatment. 10.4103/0973-1296.139774
Thus, in this study, we determined the effect of MA128 on melanogenesis and its underlying
mechanism in murine B16F10 melanoma cells. Materials and Methods: After treatment with
MA128 at 100 and 250 ug/mL and/or alpha-melanocyte stimulating hormone (a-MSH) (1 uM),
cellular melanin content and tyrosinase activity in B16F10 cells were measured. Using western
blotting, expression levels of tyrosinase, tyrosinase-related protein-1 (TRP-1), TRP-2,
microphthalmia-associated transcription factor (MITF), and activation of c-AMP-dependent protein
kinase (PKA), c-AMP-related element binding protein (CREB) and mitogen-activated protein
kinases (MAPKs) were examined. Results: MA128 significantly inhibited melanin synthesis and
tyrosinase activity in a resting state as well as a-MSH-stimulating condition, and significantly
decreased the expression of tyrosinase, TRP-1, TRP-2 and MITF. In addition, phosphorylation of
PKA and CREB by a-MSH stimulation was efficiently blocked by MA128 pretreatment. Moreover,
MA128 as an herbal mixture showed synergistic anti-melanogenic effects compared with each
single constituent herb. Conclusion: MA 128 showed anti-melanogenic activity through inhibition
of tyrosinase activity mediated by p38 MAPK and PKA signaling pathways in B16F10 cells. These
results suggest that MA128 may be useful as an herbal medicine for controlling hyper-pigmentation
and as a skin-whitening agent.

Quick Response Code:

Key words: c-AMP-dependent protein kinase, MA128, melanogensis, microphthalmia-associated
transcription factor, p38 mitogen-activated protein kinase, tyrosinase

INTRODUCTION

Melanin, the major pigment of skin and hair color in
mammals, has beneficial functions in the photo-protection
of human skin from harmful ultraviolet radiation and
plays a critical evolutionary role in camouflage and animal
mimicry.l"! However, abnormal hyper-pigmentation by
overproduction of melanin, such as freckles, melasma,
chloasma, senile lentigines and melanoderma incurred
by inflammation (e.g eczema, allergic contact dermatitis,
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and irritant contact dermatitis) can be an emotionally
serious and distressing problem.” The tyrosinase
gene family, including tyrosinase, tyrosinase-related
protein-1 (TRP-1) and TRP-2 is essential for melanin
synthesis. Microphthalmia-associated transcription
factor (MITF) can regulate the genes encoding tyrosinase
and TRP-1, thus substances capable of reducing MITF
expression and activity could be potent melanogenesis
suppressors.

Identification of a tyrosinase inhibitor is important in
the development of cosmetic products and medicinal
drugs treating skin hyper-pigmentation.””! Some tyrosinase
inhibitors, such as arbutin, kojic acid, hydroquinone
and stilbene, are used in the cosmetic industry due to
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their whitening effects. However, such synthetic agents
often cause undesirable side-effects in the skin - such
as contact dermatitis and erythema.l! Therefore,
alternative novel skin-whitening agents, including naturally
occurring compounds with more potent efficacy but less
adverse effect are needed for cosmetic and medicinal
purposes.l Several herbal formulas such as Ssanghwa-tang,
Qian-wang-hong-bai-san, and San-bai-tang have been
shown to be effective tyrosinase inhibitors.*'” Propetly
formulated herbal cocktails may contain numerous
phytochemicals and act in cooperation to amplify the
efficacy of each single herb with no adverse effect.

Recently, our research group developed a novel herbal
medicine, MA and its bioconversion product, MA128.
MA was formulated with herbs that were traditionally
used to treat allergic disease and inflammation. To achieve
therapeutic advantages via increases in absorption and
bioavailability of the active components in the body, we
fermented MA with Lactobacillus rhamnosus and designated
the product MA128. We found that MA and MA128
have anti-asthmatic effects by modulating OVA-specific
Th1 (interferon-y) and Th2 (intetleukin-4) cytokines.'!! In
addition, MA and MA128 were shown to be effective for
the treatment of atopic dermatitis (AD) by reducing clinical
features (e.g; severity score, and scratching) of AD and IgEl
production.I” Interestingly, MA fermentation significantly
enhanced the efficacy for asthma and AD by increasing its
indicator molecules. In the AD BALB/c mice model, skin
severity score calculated based on the following five major
symptoms: Darkening/erythema, edema/population,
excoriation, lichenification/prurigo and dryness, was
significantly decreased in MA- and MA128-treated groups
compared with the untreated group.

In this study, we evaluated the effect of MA128 on
melanin production in murine melanoma B16F10 cells and
investigated the mechanism underlying its anti-melanogenic
activity.

MATERIALS AND METHODS

Cell lines

The murine melanoma B16F10 cell line and immortalized
human keratinocyte HaCaT cell line were purchased from
American Type Culture Collection (ATCC, Manassas,
VA) and maintained as a monolayer culture in Dulbecco’s
Modified Eagle Medium (DMEM; Lonza, Walkersville,
MD) supplemented with 10% (v/v) heat-inactivated
fetal bovine serum (FBS; GIBCO/Invitrogen, Catlsbad,
CA), 100 units/mL penicillin, and 100 pg/mL
streptomycin (Welgene, Korea) at 37°C in a humidified
5% CO, incubator.
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Antibodies and reagents

Synthetic melanin, mushroom tyrosinase,
L-3,4-Dihydroxyphenylalanine (L-DOPA),
alpha-melanocyte stimulating hormone (0--MSH), arbutin,
and 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium
bromide (MTT) were purchased from Sigma
Chemical Co. (St. Louis, MO, USA). Anti-tyrosinase,
anti-TRP-1, ant-TRP-2, anti-MITE anti-cc:AMP-dependent
protein kinase (PKA), and anti-phospho-PKA (Thr198)
antibodies were obtained from Santa Cruz Biotechnology
Inc. (Santa Cruz, CA, USA). Anti-c-AMP-related element
binding protein (CREB), anti-phospho-CREB (Ser133),
anti-p38, anti-phospho-p38 (Thr180/Tyr182),
anti-extracellular signal-related kinase 1/2 (ERK),
anti-phospho-ERK (Thr202/Tyr204), anti-c-Jun-N-terminal
kinase (JNK), anti-phopsho-JNK (Thr183/Tyr185),
and anti-tubulin antibodies were purchased from Cell
Signaling Technology (Danvers, MA, USA). All of the
other chemicals and solvents used were analytical grade.

Preparation and fermentation of novel herbal medicine
All herbs for preparing MA (Glyeyrrbigae Radix, Polygoni
Cuspidati Rhizoma, Sophorae Radix, Cnidii Rhigoma, Arctii
Fructus, Ginseng Radix Alba, S crophulariae Radix, Zizyphi Semen,
Angelica Gigantis Radix, Saposhnikovia divaricata Schischkin,
etc., Korean Patent Application no. 10-2010-0093901,
PCT/KR2010/007523) were purchased from Korea
Medicinal Herbs Association (Yeongcheon, Korea).
Identification of all herbs was confirmed by Prof.
KiHwan Bae of the College of Pharmacy, Chungnam
National University (Daejeon, Korea), and all voucher
specimens were deposited in the herbal band in Korea
Institute of Oriental Medicine (KIOM, Korea). A total of
1840 g MA formula was soaked in 18.4 L distilled water,
boiled for 3 h using an Herb Extractor (Cosmos-600
Extractor, Gyungseo Co., Inchon, Korea), and then
filtered through standard testing sieves (150 wm, Retsch,
Haan, Germany). Prior to fermentation, decoction MA
was adjusted to pH 8.0 using 1 M NaOH and then
sterilized by autoclave at 121°C for 5 min. Pure cultures
of L. rhamnosus Korea Food Research Institute (KFRI
128) was obtained from the KFRI. L. rhamnosus was
prepared by incubation in MRS medium (10 g/L peptone,
10 g/L beef extract, 5 g/L yeast extract, 20 g/L glucose,
1 ml/L Tween 80, 2 g/T.K HPO,, 5 g/L. sodium acetate,
2 g/L triammonium citrate, 0.2 g/I. MgSO *7H O,
0.2 g/I. MnSO4+4H,0, pH 6.2-6.6) at 37°C for 24 h.
The decoction MA (10 L) was added with 10 ml of L.
rhamnosus (1 X 108 CFU/mL) and fermented at 37°C for
48 h. The fermented MA, designated as MA128, was
then passed through a 60 um nylon net filter (Millipore,
MA, USA), freeze-dried, and stored in desiccators at
4°C until use.
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Cell viability assay

After seeding at a density of 5 X 10° cells/well in
96-well culture plates, cells were allowed to adhere and
then incubated with various concentrations of MA128
(50, 100, 250, 500, and 1000 pg/mL) or single herbal extract
with individual concentration in MA128 250 pg/mlL for
the 48 h. After incubation with 10 ul. of MTT solution
(5 mg/mL in phosphate buffered saline [PBS]) for
additional 4 h, the formazan precipitates were dissolved
by dimethyl sulfoxide (DMSO) and then absorbance
at 570 nm was measured with Infinite® M200 microplate
reader (TECAN Group Ltd., Switzerland). Cell viability
was presented as the percentage of viable cells compared
with untreated, control cells.

Measurement of cellular melanin contents

Cellular melanin content was determined as described
previously.” In brief, BI6F10 cells were seeded at a density
of 3 X 105 cells on the 100 mm culture dishes, treated
with 100 and 250 pug/mL of MA128 for 12 h, and then
stimulated with 1 UM of o-MSH for additional 36 h.
Harvested cells (1 X 107 cells/sample) were lysed in 100 puL.
of 1 N NaOH/10% DMSO for 1 h at 80°C, and solubilized
melanin was measured at 475 nm using Infinite® M200
microplate reader. Melanin content was calculated from a
standard curve using synthetic melanin.

Measurement of cellular tyrosinase activity

B16F10 cells seeded in 6-well plates (1 X 10° cells/
well) were treated with 100 and 250 pwg/mL of
MA128 for 12 h, and then further incubated with 1
UM of a-MSH for 36 h. To examine cellular tyrosinase
activity, cells were lysed with 1% Triton X-100 in PBS
by repeated freezing/thawing, and then centrifuged at
12000 rpm for 15 min at 4°C to obtain a supernatant as a
source of tyrosinase. The reaction mixture containing the
same amount of supernatant (or mushroom tyrosinase)
compensated with 50 mM phosphate buffer (pH 6.8) up
to 90 ULl and 10 UL of 10 mM L-DOPA as a substrate
for tyrosinase was incubated at 37°C in a 96-well plate,
and then monitored the dopachrome formation from
L-DOPA by measuring the absorbance at 475 nm using
Infinite® M200 microplate reader. Relative tyrosinase
activity was calculated from that of standard mushroom
tyrosinase.

Mushroom tyrosinase inhibition assay

Colorimetric tyrosinase inhibition assay was performed
as described previously with slight modification.”! Each
sample solution (80 uL) diluted in 50 mM potassium
phosphate buffer (pH 6.5) were combined with 20 uL
of tyrosinase (10 ug/mL in phosphate buffer, pH 6.5) in
triplicate in 96-well microplates. After incubation for 5 min
at room temperature, 100 ul. of L-DOPA (10 mM in
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phosphate buffer, pH 6.5) were added into each well, and
then incubated for 30 min at room temperature. Optical
densities of the wells were determined at 475 nm using
Infinite® M200 microplate reader.

Western blot analysis

Whole cell lysates were extracted in M-PER mammalian
protein extraction reagent (Thermo Scientific, Rockford,
IL) by centrifugation (12000 g X 15 min, 4°C), and
the protein concentration was determined using
bicinchoninic acid (BCA) Kit (Sigma). Total protein
(10-20 ng) was separated by electrophoresis on sodium
dodecyl sulfate-polyacrylamide gels, and transferred to
Immobilon®-P PVDF transfer membrane (Millipore,
Bedford, MA). After immunoblotting, proteins were
visualized using a PowerOpti-ECL Western blotting
detection reagent (Animal Gentetics, Inc., Korea) and an
ImageQuant LAS 4000 mini (GE Healthcare, Piscataway,
NJ). Band intensities were quantified using Image]
software (National Institutes of Health, USA).

Statistical analysis

Data are presented as the mean * standard deviation (SD)
values of at least three independent experiments, unless
otherwise specified. Statistical significance was analyzed
by the two-tailed Student’s #test in Sigma Plot 8.0
software (SPSS Inc., Chicago, IL) and a P < 0.05 was
considered as statistically significant.

RESULTS

MA128 at noncytotoxic concentrations suppressed
melanin production and tyrosinase activity in
B16F10 cells

First, MA128 cytotoxicity in B16F10 cells was
determined by MTT assay. MA128 at concentrations up
to 250 ug/mL did not cause any noticeable cytotoxicity
during incubation for 48 h, but MA128 at higher doses
slightly reduced the number of viable cells [Figure 1a].
Thus, in all subsequent experiments, MA128 was used
at 100 and 250 pug/mL. We evaluated the cytotoxicity of
MA128 when applied as a therapeutic agent to human
skin by examining the effect of MA128 on human
keratinocyte HaCaT cells. As shown in Figure 1a, MA128
did not cause cytotoxicity in HaCaT cells, suggesting that
MA128 is safe for therapeutic use. During incubation,
B16F10 cells produced a substantial amount of melanin,
resulting in a black-pigmented cell pellet. Treatment with
MA128 at 100 and 250 pg/mL for 48 h reduced melanin
accumulation in cells [Figure 1b] and melanin content to
68.9 £ 6.4% and 21.2 = 4.2% of that in untreated control
cells, respectively [Figure 1c|. Next, we investigated the
effect of MA128 on the cellular tyrosinase activity by
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Figure 1: Effects of MA128 on the cell viability and melanogenic
activity in B16F10 cells. (a) B16F10 cells and HaCaT cells seeded onto
a 96-well culture plate were incubated with indicated concentrations
of MA128 for 48 h, and then the cell viability was estimated by
3-4,5-Dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide assay.
(b) B16F10 cells were incubated with or without 100 and 250 ug/ml
MA128 for 48 h, and then observed for the accumulation of melanin
under phase contrast microscope. Image magnification, x200.
(c) B16F10 cells (1 x 107) incubated for 48 h with or without 100 and
250 pg/ml MA128 were determined for the melanin content. (d) Cellular
tyrosinase activity in B16F10 cells was examined by measuring the
L-3,4-Dihydroxyphenylalanine oxidation. Each percentage value was
calculated by comparing to that of untreated “control” cells. Data are
expressed as the mean =+ standard deviation of two independent
experiments. *P < 0.05 versus untreated control

measuring L-DOPA oxidation using cell lysates as a
source of tyrosinase. MA128 treatment with 100 and
250 250 pug/mlL for 48 h decreased tyrosinase activity
by 26.2 * 4.1% and 51.4 £ 4.3%, respectively, compared
with untreated controls [Figure 1d]. These results
provide a pharmacological basis for the use of MA128
in skin-whitening.
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MA128 down-regulated the levels of melanogenic
enzymes and inhibited the phosphorylation of
p38 mitogen-activated protein kinase (MAPK) in
B16F10 cells

To elucidate the anti-melanogenic mechanism of
MA128, we examined the expression of major signaling
molecules involved in melanin synthesis by western
blotting in cells treated with 100 and 250 ug/mL
MA128 for 48 h. MA128 treatment at 250 ug/mL
significantly reduced tyrosinase, TRP-1, TRP-2 and
MITF levels by 92.8 = 0.9%, 62.3 £ 1.0%, 77.6 £ 0.8%
and 58.6 £ 2.0%, respectively, compared with untreated
control cells [Figure 2a]. To further investigate
mitogen-activated protein kinase (MAPK) pathway
involvement in the hypopigmentation of MA128,
p38, ERK and JNK phosphorylation were examined
by western blotting after treatment of cells with 100
and 250 pg/mlL MA128 for 48 h [Figure 2b]. At 50, 100
and 250 250 ug/ml., MA128 decreased phosphorylation
of p38 by 15.8 £ 5.2%, 42.1 £ 4.3% and 50.9 + 6.7%,
respectively, compared with MA128-untreated cells.
However, MA128 treatment did not significantly
influence the phosphorylation of ERK or JNK,
suggesting that ERK and JNK are not involved in the
anti-melanogenic activity of MA128. These observations
suggest that inhibition of p38 MAPK phosphorylation
together with reduced levels of MITF and melanogenic
enzymes with MA128 treatment led to suppression of
melanin synthesis in BI6F10 cells.

MA128 blocked alpha-melanocyte stimulating
hormone -induced elevation of melanin synthesis and
tyrosinase activity in B16F10 cells

c-AMP-inducing agents, such as .-MSH and forskolin,
activate PKA and CREB transcription factor, increase
MITF expression, a master regulator of melanogenesis,
and consequently induce melanin synthesis.”'¥ As shown
in Figure 3a, treatment with 0-MSH caused considerable
melanin production, resulting in black pigmentation
in cells, while pretreatment with MA128 dramatically
blocked a-MSH-induced melanin production in a
dose-dependent manner. The o.-MSH treatment
significantly increased melanin content and tyrosinase
activity by 265.8 £ 9.8% and 312.5 £ 21.5%, respectively,
compared with untreated control cells. These increases
were dose-dependently inhibited by MA128 pretreatment;
levels in cells treated with 250 pug/mL MA128 were
similar to untreated control cells, suggesting that
MA128 almost completely blocked o--MSH-mediated
melanogenesis [Figure 3b and c]. Arbutin used as a
positive control also inhibited a-MSH-induced elevation
of melanin synthesis and tyrosinase activity to about
50% of untreated control cells.

Pharmacognosy Magazine | Vol 10 | Issue 39 (Supplement 3)



Kim and Ma: Anti-melanogenic activity of MA128

MA128 (ug/ml)
0 50 100 250

tyrosinase |y w— -

TRP-1 h..-

TRP-2 ey e - .

MITF |y e =

Relative band intensity (fold)

o-tubulin |- > <> <

MA128 (ug/ml)
0 50 100 250

P-p38 | v - -

t-p38 | -_> > - e

p-ERK

(ERK | ——

PINK | e

Relative band intensity (fold)

t'JNK | —— e e o

a-tubulin | - — w— W

tyrosinase

1.2 1 TRP-1
&3 TRP-2
14 3 £ MITF
0.8 -
e 5 :
H 0%
0.4 A :E:,
Hles
0.2 [y
£[R bl
0 - W7/ %
0 50 100 250
MA128 (ug/ml)
1.2 1

50 100 250
MA128 (ug/ml)

Figure 2: Effects of MA128 on the expression levels of melanogenic proteins in B16F10 cells. (a) B16F10 cells were treated with 50, 100, and
250 ng/mL MA128 for 48 h. Harvested cells were lysed and then examined for the expression levels of tyrosinase, tyrosinase-related protein-1
(TRP-1), TRP-2, and microphthalmia-associated transcription factor by western blotting. After normalization to a-tubulin, relative ratios were
quantitated with Imaged. (b) The levels of p-mitogen-activated protein kinases, including p-p38, p-extracellular signal-related kinase 1/2, and
p-c-Jun-N-terminal kinase were also examined by western blotting. Relative ratios of phosphorylated forms to total levels were determined after
normalization to a-tubulin expression. Data are expressed as mean + standard deviation of two independent experiments. *P < 0.05 versus

untreated control

MA128 suppressed the alpha-melanocyte stimulating
hormone -induced increase in the expression of
melanogenic enzymes and phosphorylation of
c-AMP-dependent protein kinase and c-ANMP-related
element binding protein in B16F10 cells

In cells stimulated with a-MSH, expression levels of
tyrosinase, TRP-1, TRP-2 and MITF were considerably
increased. However, pretreatment with 250 ug/mL
MA128 significantly suppressed the a-MSH-induced
increase in tyrosinase, TRP-1, TRP-2 and MITF by
93.5+ 1.1%, 97.6 = 0.7%, 40.5 £ 6.2% and 84.6 = 1.0%,
respectively, compared with expression in cells treated
with 0i-MSH alone [Figure 4a]. To investigate the effect
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of MA128 on the PKA pathway, the effect of MA128
on 0--MSH-induced phosphorylation of PKA and CREB
was evaluated by western blotting. Upon stimulation with
0-MSH for 30 min, the p-PKA and p-CREB levels were
significantly increased by 5.5- and 3.2-fold, respectively,
compared with the levels in untreated control cells.
In contrast, pretreatment with MA128 (250 pug/mL)
significantly decreased a-MSH-induced increase in
the levels of p-PKA and p-CREB by 85.2 + 0.4% and
85.1 £ 0.3%, respectively, compared with levels in
cells treated with o--MSH alone [Figure 4b]. a.-MSH
stimulation and MA128 treatment did not change total
expression of PKA and CREB. These results collectively
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Figure 3: Effects of MA128 on the alpha-melanocyte stimulating hormone (a-MSH)-induced melanogenic activity in B16F10 cells. B16F10 cells
were preincubated with or without 100 and 250 pg/ml MA128 for 12 h, and then simulated with 1 uM o-MSH for additional 36 h. (a) Accumulation
of melanin in cells were observed under phase contrast microscope. Image magnification, x200. Melanin content (b) and tyrosinase activity
(c) were also determined. Arbutin (100 png/ml) was used as positive control. Data are expressed as mean + standard deviation of three independent
experiments. *P < 0.05 versus untreated control, #P < 0.05 versus a-MSH stimulation
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Figure 4: Effects of MA128 on the levels of melanogenic proteins, p-c-AMP-dependent protein kinase (PKA), and p-c-AMP-related element
binding protein (CREB) in alpha-melanocyte stimulating hormone (a-MSH)-stimulated B16F10 cells. (a) B16F10 cells preincubated with or
without 100 and 250 pg/mL MA128 for 12 h were simulated with 1 uM a-MSH for additional 36 h. After harvest of cells, lysates were subjected to
western blotting for the detection of tyrosinase, tyrosinase-related protein-1 (TRP-1), TRP-2, and microphthalmia-associated transcription factor
levels. (b) B16F10 cells were preincubated with or without 100 and 250 ng/mL MA128 for 12 h, and then further stimulated with 1 uM a-MSH
for 30 min. Changes in the level of p-PKA and p-CREB were examined by western blotting followed by quantitation with ImageJ. Relative ratios
were determined after normalization to a-tubulin expression. Data are expressed as mean + standard deviation of two independent experiments.
*P < 0.05 versus untreated control, #P < 0.05 versus a-MSH stimulation
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indicate that MA128 regulated signal transduction
upstream of c-AMP-induced melanogenesis and
inhibited melanin synthesis via down-regulation of
melanogenic enzymes.

MA128 showed synergistic anti-melanogenic activity
Many medicinal herbs have greater pharmacological efficacy
when used together as a cocktail.”*'l Therefore, we
evaluated the potential synergistic anti-melanogenic activity
of MA128 in comparison with the anti-melanogenic activities
of single herbs. After cells were treated for 48 h with each
hetb at the individual concentrations included in 250 pg/
ml MA128, cell viability and cellular tyrosinase activity were
measured. As shown in Table 1, at these concentrations,
none of the individual herbs caused cytotoxicity, rather
increased cell proliferation in B16F10 cells. In addition,
most herbs did not individually suppress cellular tyrosinase
activity. To confirm the synergistic anti-melanogenic effect
of MA128, inhibition of mushroom tyrosinase activity in
a cell-free system was measured. Single herbs showed less
than 5% inhibitory activity against mushroom tyrosinase,
while MA128 had 53.9 * 2.3% inhibitory effect. The sum
of the individual activities was much lower than in MA128,
suggesting synergism existed among the multiple herbs
present in MA128.

DISCUSSION

Melanin is synthesized in the melanosomes of melanocytes,
transferred to neighboring keratinocytes through

Table 1: Effects of single medicinal herb of MA128
on the cellular and mushroom tyrosinase activity

Herb or formula Cell Cellular Mushroom
viability tyrosinase tyrosinase
(%) activity (%) inhibition (%)
Control 100.0+¢2.3 100.0+2.3 -
Sophorae Radix 111.316.5 96.3%1.1 0.02+0.1
Glycyrrhizae Radix 128.4+1.8 104.7+1.2 3.11+£0.8
Arctii Fructus 134.3x4.5 109.3+0.2 0.64+0.1
Cnidii Rhizoma 157.5¢6.1 100.1+3.4 2.41+1.2
Polygoni Cuspidati 143.9449 95.5+2.8 1.8740.8
Rhizoma
Ginseng Radix Alba 114.7¢2.7 100.5+0.5 2.5+0.5
Scrophulariae Radix 116.845.2 97.5+2.6 0.6+2.6
Zizyphi Semen 135.243.3 101.3+1.1 0.3+1.1
Angelica Gigantis Radix 130.5+1.9  97.7+0.3 3.4£0.3
Saposhnikovia 114.614.5 100.3+0.3 0.910.3
divaricata Schischkin
MA128 (250 pg/mL) 98.7+1.7  30.3t6.1* 53.9+2.3*

B16F10 cells were incubated for 48 h with each herb at its concentrations in 250
pg/mL MA128, and then cellular tyrosinase activities were determined by L-DOPA
oxidation. Inhibitory effects of each herb on mushroom tyrosinase activities at its
concentrations in 250 pg/mL MA128 were examined. Data are representative of
two independent experiments carried out in triplicate and expressed as mean+SD.
*P<o0.05 versus untreated control. SD: Standard deviation; L-DOPA: L-3,4-
dihydroxyphenylalanine
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dendritic tips in melanocytes and eventually distributed
throughout the epidermis.l'”! Melanin synthesis is
controlled by melanogenic enzymes including tyrosinase,
TRP-1 and TRP-2, which are transcriptionally regulated
by MITE Since melanin is a key determinant of color
and tissue tone, tyrosinase inhibitors could potentially
treat abnormal pigmentation disorders and be used in
skin-whitening cosmetics. Recently, due to the demand
for complementary and alternative medicines with
increased efficacy and less side effects, many researchers
have attempted to identify clinically useful agents from
natural resources that can inhibit melanin formation and
tyrosinase activity.["'®

In this study, we demonstrated that MA128, a novel herbal
medicine, reduces melanin synthesis by inhibition of
tyrosinase activity and MITF expression via suppression
of p38 phosphorylation. In addition, MA128 pretreatment
blocked the a-MSH-induced increase in melanin
content and tyrosinase activity through suppression of
o-MSH-induced PKA and CREB phosphorylation.
Treatment with individual herbs at the concentrations
present in 250 pg/mL MA128 minimally inhibited
tyrosinase activity, indicating synergistic effects on the
inhibition of melanin synthesis without unwanted side
effects, such as cytotoxicity. Several herbs in MA128,
including Sophorae Radix, Glycyrrbizae Radix, Arctii Semen,
Ginseng Radix Alba, Angelica Gigantis Radix and Saposhnikovia
divaricata Schischkin, reportedly control melanogenesis;
however, the effective doses were much higher than the
doses in our experiments and potentially cytotoxic. For
example, extract of Gheyrrbizae Radix inhibited tyrosinase
activity by approximately 25% and 68% at 3.3 ug/mL and
333 ug/mlL, respectively.”! Sophorae Radix and Arctii Semen
extract suppressed tyrosinase activity by approximately 25%
at 333 and 500 ug/mL, respectively.'”*" In ethanol extract
of Ethanolic extract of Angelica Gigantis (AGE), melanin
synthesis was significantly inhibited at doses of 5-30 ug/
mL in a dose-dependent manner, but at 20, 25 and 30
ug/mlL, cell viability was reduced by 10, 20 and 40%,
respectively, compatred with untreated control cells.” In
contrast, MA128 is a relatively safe formula because at
concentrations up to 1000 pg/ml., no cytotoxicity occurred
in normal human keratinocytes [Figure 1a].

In accordance with previous reports that activation of p38
MAPK is essential for melanin synthesis via up-regulation of
MITF expression to promote tyrosinase transcription, '’
MA128 treatment dose-dependently decreased p38
phosphorylation, inhibiting MITF expression, tyrosinase
activity and melanin synthesis [Figure 2].

In HPLC PDA analysis, six marker components (liquiritin,
nodakenin, icariin, glycyrrhizin, decursin and decursinol
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angelate) were identified in MA and MA128 """ In previous
studies, topical liquiritin treatment was shown to be
effective in the management of melasma, an asymmetrical
brown or greyish-brown facial hypermelanosis.”” In
human epidermal melanocytes, icariin reportedly inhibited
tyrosinase activity and melanogenesis but exerted potent
melanogenic activities in murine B16 melanoma cells.”!
Decursin and decursinol angelate were shown to retain
potent inhibitory effects on melanin synthesis.””! These
results suggest that MA128 exerts anti-melanogenic
effects via these active components.

Our research group recently reported that MA and
MA128 exhibited therapeutic properties for the
treatment of AD.I'"M In particular, postinflammatory
hyper-pigmentation in AD mice was also significantly
improved in the MA and MA128 treatment groups,
confirming that MA128 inhibits pigmentation.
Collectively, these results suggest that MA128 represents
a safe herbal medicine for controlling pigmentation
disorders and for use in cosmetics
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