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Abstract: The purpose of this study was to investigate anti-melanogenesis effects of mulberry seed extracts (MSE). MSE
inhibited melanogenesis in melan-a cells at 10 xg/mL without cytotoxicity. Also, MSE decreased tyrosinase,
tyrosinase-related protein-1 (TRP-1) protein expression in the melan-a cells. To identify the signaling pathway of MSE,
the ability of MSE to influence extracellular signal-regulated protein kinase (ERK) activation was investigated. MSE
induced ERK protein expression in a dose-dependent manner. In addition, MSE presented inhibition of the body
pigmentation in vivo zebrafish model. These results suggest that MSE may be an effective anti-melanogenesis agent

regulating the expression of ERK protein and melanogenic enzymes.
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tyrosinase related protein-1 (TRP-1), TRP-27} 121 o]
= @A) 93] 3,4-dihydroxyphenylalanine (DOPA)®]
DOPA quinonel. & Z$HH F A& AAHS AX 4
ghdo] FAHETHS]. wetA Wepd Ao A GA ]
tyrosinase, TRP-1, TRP-2 T o] &S oA gtz
A waggdg ZIHE 5 QL

Lt (Mulberry)= BU-H(Morus alba L.)S] o] 24
59elA 6ol AA o] AL = AFAE L
bl off 23 sk A-8epA Y Hzske] ARgSkaL Ak
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e ol FAl sk A, ARAZA o] &EHAA sk
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2.1 7171 & A2t

2 Aol AREE  AISFE L-tyrosine, 12-0
-tetradecanoylphorbol-13-acetate, 1-phenyl-2-thiourea
(PTU)< Sigma Chemical Co. (St. Louis, MO, USA)°ll 4]

A3+H A, anti-ERK1/2, anti-phosphorylated ERK1/2
(p-ERK), anti-rabbit IgG antibodiest= Cell Signaling
Technology (USA)ellA] T3}t Microphthalmia-as-
sociated transcription factor (MITF) antibodyx Thermo
Fisher Scientific (USA)NA TFU3IH 2™, Tyrosinase,
TRP-1, TRP-2+ National Institutes of Health, Bethesda,
MD.2] Dr. VJ Hearing® ZH-E] 7]ZwHko} A&-3}i )
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2.3, MIZZHHS

Melan-a AlZ+= TS St George & Fth o]
D.C. Bennett 5HAk7} CS7BL/6 mice| A A3 3te] BHE
AWl Z 2 immortalized melanocyte®] THSt George’s
Hospital Medical School, London, UK). MZ+= 37 C, 5%
C0O,2] 27191 COM %7 (Thermo, USA)OIA] 1) ]
At AFEE WA= 10% fetal bovine serum (Gibco
Co., USA)°] XZ&= RPMI-1640 HIA|oll 1% penicillin/
streptomycin®} 200 nM 12-o-tetradecanoylphorbol-13-ace-
tateS F715FH oM, ¢F 24 h 712 RPMI-1640 Hjj| %
As wASHRT AHEZAHL cell counting  kit-8
(CCK-8, Dojindo Lab., Japan)S AM&-3}e] =3} Th

2.4, Azt & £

HAepd 92 Hosoi 59 WS Wyt AHE-SIA
TH10]. Melan-a Al 1 x 10°70E 24-well plate®] Z}
welloll 38t 3FRF v st AP ARSI
MSEE sE=RE djAo At 39 Ft s ATt
©] % phosphate-buffered saline©-= A4 3}3. 1 N NaOH
5 200 uLA 7+ welloll Agjste] AT &3i€
M5 96 well plateZ %71 microplate reader (Bio-Rad
3550, Bio-Rad, USA)E Al8-3}] optical densityE 405
nmol| A ZA3}I3L melanin A4 AL =T O
H|3l %= Al4kgiot

2.5. Western blot 24

d=" B ¥HS

°o]-88t melanin &Aool 2H-&
3= O E(tyrosinase, tyrosinase related protein-1
(TRP-1), TRP-2 5)9] T@-& EA3ATE 4712] mel-
an-a MEZE v d3ste] 1.25 ~ 10 ug/mL 9] 5% MSE
£ 24 h A3 &, A7) AZE DA a4 A
A (protease inhibitor cocktail, Sigma, st. Louis, MO USA)
£ 371 RIPA $€4F-8H(10 mM Tris-HCl (pH 7.5),
1% NP-40, 0.1% sodium deoxycholate, 0.1% SDS, 150
mM NaCl, 1 mM EDTA)S. 2 &A1 Z T} o] &, dojxl
M E3ES 4 CTAlA 5 min 7+ 12,000 x g2 L4
23 &, BCA Tthid 7|EE o] &3l il w5
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7}E ¢k % SDS-PAGE (sodium dodecyl sulfatepolyacryla-
mide gel electrophoresis)& T3t X785 +,
AR EelE oEe AoA  itrocellulose
(NC) membrane®l] Ho|AZ T}, oju] H|Eo]Z] w32
Haslstr] 918l %8 H(phosphate buffered saline;
PBS (pH 7.4), 0.1% Tween 20, 5% skimmed milk)< 1
h &¢F 2ol A ¥kgAIZ & 12F FAE T3 2ol
3|4t ARGkt A 342 5% Skim milk 8-}
S o]g3t] Ad2ollA 1 h B WH--AIA 3]s

kel

WS &A1& 959(0.1 % Tween-20, PBS) -2 5 min
ZF 3 ~43) AH3 F 1 : 500008 3271 23} 34

(HRP-conjugated anti-goat IgG antibody) &HS.Z | h
5k Aeold WS AT, 23 WA Whg T ECL
(enhanced chemiluminescence) A]9F& AR8-3l] E2A)]
gl e WA AR,
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g <5 zebrafishi= 14 : 10 he] St} wFo] F7]2 285 C
9] S 1A, HH =8 AF A 2FS ZEE FxolA
AHEEFATH11,12). A< zebrafishi= 20 L 5739 3 ~ 50}
2] Y11 Ao}9l = brine shrimp (San Francisco BayBrand,
Inc., USA)E &FFoll 31 o] stk AA AF2 =1
285 Co| &< FAI ool A A3t
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Astar, YA 4] IS & AA F 2w A
=< A8tk MSE A1) 48 h o] F-ol] thz=7 thH]
ME AT M4 A ARE AAEnE e E A

zebrafish embryo medium®l] 2L

e b ] s L

o
L.
Z

o1-=
ahgiek.
2.8, S22
B Ao BE AT 33 wE Aol o B
[e)

(mean) + 352 X(standard deviation, SD)=. YERI
o, EAEALS Student’s t-testS A A S| FESF T

RN i

9

265

wehd 3 oAl ast 265
g
2
E
o
5
=
(&)
0 1.25 25 5 10 20
MSE (ug/ml)
(A)
120
100
g
“E 80 | *
] "
§ w0 i
I *
£
s @
=
20 |
0
0 1.25 25 5 10
MSE (pg/mib)

®)

Figure 1. Effects of mulberry seed ethanol extract (MSE) on cell
cytotoxicity and melanogenesis in melan-a cells. (A) Effect of
cell cytotoxicity was measured with triplicate experiment. The
cells were cultured with 0 ~ 20 ug/mL of MSE for 3 days, and
cell cytotoxicity was determined by CCK-8 cell counting kit.
(B) Inhibition of melanin synthesis was measured with triplicate
experiment. The cells were cultured with 0 ~ 10 ug/mL of MSE
for 3 days. Each value is expressed a means = SD of triplicate
determinations. *p < 0.001 versus of untreated group.
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Figure 2. Effects of mulberry seed ethanol extract (MSE) on
melanogenesis and expression of melanogenesis-related protein
in melan-a cells. The cells were cultured with 0 ~ 10 ug/mL
of MSE for 24 h. Whole-cell lysate were then subjected to
western blot analysis using antibodies against tyrosinase,
TRP-1, TRP-2, and MITF. Equal protein loading was
confirmed using S-actin antibody. The blot shown is
representative of three independent experiments performed in
triplicate. Each values are expressed a means + SD of
triplicate determinations. *p < 0.01, **p < 0.01, ***p < 0.001
versus of untreated group.
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Figure 3. Effects of mulberry seed ethanol extract (MSE) on
ERK protein expression in melan-a cell. The cells were
cultured with 0 ~ 10 ug/mL of MSE for 24 h. Whole-cell
lysate were then subjected to western blot analysis using
antibodies against p-ERK, and ERK. The blot shown is
representative of three independent experiments performed in
triplicate. Each values are expressed a means + SD of triplicate
determinations. **p < 0.01, ***p < 0.001 versus of untreated

group.
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Figure 4. Effects of mulberry seed ethanol extract (MSE) on
melanogenesis in zebrafish. Decline of pigment cells is shown
(black arrowhead). Synchronized embryos were treated with
melanogenic inhibitors at the indicated concentrations. MSE
were dissolved in 0.1% DMSO then added to the embryo
medium. The effects on the pigmentation of zebrafish were
observed under the stereomicroscope.
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