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ABSTRACT

Torreya nucifera is an evergreen tree of Taxaceae, and their seeds, leaves
and stems have been used as edible and herbal materials in Korea. Previous
studies have shown that 7. nucifera has physiological activity such as
antioxidant and anti-inflammatory effects. However, the effect of T. nucifera
leaves on melanogenesis has not been studied yet. In this study, we used the
B16F10 melanoma cells to confirm the efficacy of T. nucifera leaves water
extract (TLWE). The present study, a-MSH-stimulated B16F10 melanoma
cells were treated with various concentrations of TLWE (50, 100, and 200 u
g/mL). 200 nM a-melanocyte stimulating hormone (a-MSH) was also used as
a negetive control. The results showed that the TLWE reduced the melanin
contents and cellular tyrosinase activity in a concentration dependent manner.
It also inhibited the phosphorylation of p38 mitogen—activated protein kinases
(p38) and c-Jun N-terminal kinase (JNK) in mitogen-activated protein Kinase
(MAPKs) signaling pathway. As a result of HPLC analysis, catechin and
p-coumaric acid which are known to have a whitening effect were observed.
These results suggest that the TLWE has an anti-melanogenic effect. In
addition, the safety of the TLWE was tested. The results of the heavy metal
screening and skin irritation test showed that the TLWE was harmless to the
human body even at higher concentrations than those used in the experiment.
Therefore, we suggest that the 7. nucifera leaves water extract can be used
as a potential whitening ingredient.
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L A =

At e oy FE IRy v 5o 2Fo EAEH 9§ vt
S AAste e A Fdolth[12] "Wehd AP

W3l 9%, =3 2 A9gH w=F 5o 29 A FHHE Fhe IS
A=ste] Fx14E 4 k3]

Aebd A S melanocytedll A @] &4 B 8 wbgS F3) zlaEn)
d5-7F Ae] el =EFH W 918 melanocyte 4 1AFe] ZH|[7F X =1, o]
F gEAHe dgyd A¥ AT T2 o-MSHolth. F7bd o-MSH7F #ekd
A 5ol FE&A] MCIR¥ Zgste] sh9] 4AsE HdEshi=tl, adenylate
cyclaseE® A3 AA cAMP & S7HAZIY. S7Fs cAMPi= PKASF
CREBE QIAHsAl A MITFe| 2d & S7HA1 1t [4-7]

MITF+= 22bd A &4 Tyrosinase, TRP-1, TRP-2 ¢ 7F&3k HAF 242l

H
=

O

AAZA, @ W' o] el DNAC Tyrosinase, TRP ZZ= K E o] Agsto] 247}
of A4 HAE F/IA Wehd & A4 B8]

Serine / threonine A€ <] MAPKsi= p38, JNK, ERKE ¥ g3l e A3
) B4 F2F 9laolth. MAPKs: MITF whilde] @] wojais Ao
2 RIHAT p38F INKe| ¢labsb= MITFO] Q4bsts Asjstn 2de f%
sto] "Webd S F7HAZITh ERKE] 14Esh= MITFO] serine73 -5 {14

state] MITFE degradation A1 A Hebd AAF-S 7HAA210[6,10-12]
ol@A Y Walde FH Z4F AELRE o]FITh RYAX KA HAdLe

27 Bo) AfARE FrAAY, Soot AME BANA AR o] 4o

Aske A% @k ady Wedel MRz wel 44E H
=
)

o] AAE A7 st AT H Y=o gpr.
Kojic acid, arbutin, hydroquinone, HE}W A, H|E}W C ¥ o]&59] FEA| 5ol



H) Ay (Torreya nucifera (L.) Siebold & Zucc.)w FHIe] AEHFuf o
2, Uide]l 23 gty Eo] 25 m, A F 2 moll @3t} E7])v= ©Adol 4
sta 7hgo] Aew, WHRSAEE AFaiA A=, 7t A Soll o] §H ] wpsa
A7) AEogw da 22th[l

3 800 m olske] XrigolA Aeh Jh= A Aol A A ska Q)
th 53] AFE F&AS ddo 2800 ZF7F S o]Fo] wEo X uAYS
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T2 dA4srt16,17]
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o A, 2]+ B16F10 melanoma A|X& AR&3sto] H| x| 9 FEE9 a5 AT
stk vA s FE 9 R8sty A AlRE Ax

(Water Ext.), 70 % EtOH F+%%(70 % EtOH Ext.), EtOAc % =(EtOAc
37HA] Al gl thsto] kst &4 7S et
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Torreya nucifera 101.76 g Torreya nucifera 1040 g

Distilled water, 90 °C. stirring, 6 hr 70% EtOH. 25 °C, stirring, 24 hr

Water Ext. 30.23 g (29.71%) 70% EtOH Ext. 169.42 g (16.29%)

Suspended with distilled water

EtOAc Fr. 2.43 g (0.24%) Water layer

Figure 1. Extraction and solvent fraction of 7. nucifera leaves.

d4FE=E(Water Ext.), 70% EtOH F+&(70% EtOH Ext.), EtOAc +3%&

(EtOAc Fr.) 37FA] Al&ol gk &2bst &ds 213 43, 25 95738 243
Uetlloy 328 50 v o 2 J o= et

Table 1. ICs values of TLWE on DPPH and ABTS' radical scavenging

activity.
Water Ext. 70% EtOH Ext. EtOAc Fr. Ascorbic acid
DPPH 53.10 55.26 63.96 6.62
ICso (ng/mL)
ABTS 16.57 21.89 25.21 222

B3 BI6F10 A5 o] &3to] Aol gl Wl el A&7t depbd Ao

of /1% T4 PAMS WN PE HdA BAE A,
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Figure 2. Effects of (a) Water Ext, (b) 70 % EtOH Ext., (c) EtOAc Fr.

on melanin production in B16F10 cells.

Cells were treated with 7. nucifera leaves extracts at a concentration without
any cytotoxicity for 72 hours. a-MSH (200 nM) was used as the negative
control and arbutin (200 pM) was used as the positive control. The melanin
content 1s expressed as a percentage compared to the untreated control. The
data are expressed as mean * standard deviation (SD) at least four
independent experiments. (* p < 0.05, ** p < 0.01, *** p < 0.001 vs. a-MSH,
### p < 0.001 vs. control)



L AE 2 A

2 ATl AREE M)A A Fold M= oA st Al AR

Dulbecco’s Modified Eagle medium (DMEM), fetal bovine serum (FBS),
penicillin/streptomycin, trypsin—ethylenediaminetetraacetic acid, BCA protein
assay kit Thermo Fisher Scientific (Waltham, MA, USA)olA 43t} a
~Melanocyte stimulating hormone (a-MSH), sodium hydroxide (NaOH), %
protease inhibitor cocktail>= Merck (Darmstadt, Hesse, Germany)ol 4 %3}
t}.  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
VWR (Radnor, Pennsylvania, U.S.A)olA F* 3t} Western blot 2 3-8 3
Al P-p38, T-p38, P-JNK, T-JNK, P-ERK, T-ERK, P-pl05, T-pl05 P-p65,
T-p65, T-IkB-a, B-actine Cell Signaling Technology (Danvers, MA, USA)°l
A, TRP-1, TRP-2, Tyrosinase, MITFi= Santa Cruz Biotechnology (Dallas,
TX, U.S.A)ol A T3kt Dimethyl sulfoxide (DMSO),
radioimmunoprecipitation (RIPA) buffer, enhanced chemiluminescence (ECL)

kit, Z22]32 2X Laemmli sample bufferi= Biosesang (Sungnam, Gyeonggi-do,

Korea)¥} Bio-Rad (Hercules, CA, USA)ZX¥ 7}7} G:9)8} 9]t}



2. 24 iy

21. 112  AFFEZE(TLWE) Ax

TRA Ol A R vk e AlFH F ol dxste] s e 9

3T

101.76 g °l 3# =7 1.8 LE 23 90 T oA 6A1%F &<t m1uE &

al

Rkt FEEATh o] F 2¥ oA Fste] AAVIE A, Y EE71E ARESH

=

of §ME AAstaL FAAZzs ] 2L FH O ARE A F5EE2 207 %

slom Aol AHEE7] A 4 Toll M Rassivh

Figure 3. Torreya nucifera leaves.



22. 9|2  AFFEE(TLWE)Y d4kst 24

2.2.1. DPPH radical &4 &4

Bloise] ®H[18]= &3sle] DPPH (1,1-diphenyl-2-picrylhydrazyl) free
radicall ™3t radical ~7 A& ok s ez 3438 v 9
FE&=(Water Ext, 70 % EtOH Ext., EtOAc Fr) 20 uLel 02 mM
DPPH(1-diphenyl-2-picrylhydrazyl)-8-<} 180 nLE F7}stdch. 10+37F 2o A
HS-A171 3 Jolli= DPPH free radical® microplate reader (SUNRISE,

e

&

Oll

TECAN Austria GmbH)E &3 517 nmolA F3EE 433t DPPH
radical 2ABHE NE §48 HATG F AT Aol FRE Aol vhe

3} zko] Alabste] YEFUATE thERT SR ascorbic acidE AFg-3HS T

DPPH radical —/117% fﬂe-/\é(%) = [ 1- (Asample - Ablank) / Acontrol ] X 100

Acmple - 517nmel A4 sample?} DPPHS] &34 %=

Apank  517nmol Al sample AHA| 9] &3 %
Acontrol : 5171]1’1]01] H DPPHQ] %%E



2.22. ABTS' radical &7 34

ABTS' radical 27 #&4-& Pellegrini 59 WW[19]d] uiz} =AHsc). 74
mM ABTS®} 2.6 mM potassium persulfateE 1 11 H] &= &3 & A4 16
AlZE & WA|8ke] radicals B /338 Th Radicalel Ad¥ ABTS' 845 734
nmell A F33 =7 0.70£0.027F ¥ =5 A5t 34 E ABTS' 8- 180 uLel
H] 2} o] FZ&E(Water Ext, 70 % EtOH Ext., EtOAc Fr.) 20 nLE #H7}ste] 2
2ol 15% FeoF WA 73 700 nmol A EFEE SAHI}IY. HERToRE

ascorbic acid® A3}t
1%]_3)’I‘SJr radical ﬁ\—7i :6:‘?.]'*6] (%) = [ 1- (Asample_Ablank) / Acontrol ] X 100
Asample - D17nmel A sample¥} ABTS 9] &3 %=

Apank : 517nmoll Al sample AFA| 9] &3 %=

o
Acontrol : 517nm0ﬂ }‘1 ABTS+9/] :%—'3'61' =

_10_



2.3. B16F10 A3 oA ¥z Q AF-FZ=E(TLWE)Q #zd AA A3
a9

23.1. Al W F

B16F10 mouse melanoma A ¥ & 3+ A X528 (Korean Cell Line Bank)ol A

Toste] Ao ALt vl WA 2= 10 % Fetal Bovine Serum (FBS)$}¢

1 % Penicillin/Streptomycins % 7}3F Dulbecco’s Modified Eagle’s Medium

(DMEM)& AFg3tiom 37 C, 5 % CO, ZHAA 49 7tAo =2 Anstn uj
F3HS

232. AIXE AEE A}

H[ 2} ] AFFEE(TLWE)S A AE=ES 89lsl7] 95t MTT assay s

A& th BIGF10 AlX2 24 well plate ol 0.8 x 10* cells/well & 500 pl. ¥
sttt 24X 7F Al § wiAE A, A s Aol 84 g TLWE (50, 100,
200, 400, 800 ug/mL)E A& 3ttt 72A1%F & wjA & A A, MTT A eF
0.2 mg/mL A&ttt 4417k & AdE ®BepA o] formazan A%
LAl 7131, 96 well plated] 200 pL? %7 570 nmolA &

ALAEEE FFAE AL e

< ) Z7(Control)¥H2] WME-&S ALEsHo]
LHER ST

_11_



2.3.3. Melanin contents

TLWEZ} Alxe] depd Aol mAl= s FAst7] 918k Melanin
contents assay® &tk 60 mm cell culture plate] AZZ 04 x 10°
cells/plate”} ¥ =5 4 mL #+73Fc] 24A17F A kst ct. TLWE (50, 100, 200
ug/mL)E A 2|33l a-Melanocyte stimulating hormone (a-MSH)E 200 nM 3
743ttt a-MSHE &4 RO &, 200 uM Arbutin® 44 tixFo s AE
H Ak 72A 7 8l & wixE A ASEa RIPA buffer®} inhibitor cocktail (1 %)
= 200 puL ¥o] 4 T oA 203 Agsto] MEE G H T Cell scrapers
Abg-sle] galE A EE FFo] WAl microtubed] 24 Hol 15000 rpm, 4 C =4
o % 2083 ¢4 EEath EE pelletell 10 % DMSO7F % 7Hel 1IN NaOH
5 1 mL 9ol 90 ColA 1417 A sttt o] F 96 well plateel 200 uLA &
A wol 405 nmel A FFEE A3, A94E o MSH Hwdhe] HEgs

AlZkske] R A

_12_



2.34. Al Y] Tyrosinase activity

60 mm cell culture plated] AZEZ 04 x 10° cells/plate’} ¥ EZ 4 mL &35}
of 24Xt Awistitt. TLWE (50, 100, 200 pg/mL)E *&lstil a
~Melanocyte stimulating hormone (a-MSH)Z 200 nM #H 7}t t). a-MSH&=
w4 dxd ez 200 uM Arbutin® HA HET o= ARSEH AT 72A17F wi <k
F WA= AlAska RIPA buffers} inhibitor cocktail (1 %)< 200 uL Yol 4 C
o Al 2043t AHElsle] MAEE S| A AT Cell scrapers ARE-3lo] &3 E A2
= FoJW 3L microtube ol %7 ®o} 15000 rpm, 4 C ZHA o & 2087 914 #
#]3F9tF. BCA Protein assay kitE AFg-3fo] AbZole]
0.1 M sodium phosphate buffer (pH 6.8)2 A}-&3te] @z w27} 20 ug/ul7}
HEE g5kt 843 dmAE 20 ulLE 96 well plated] %3 2 mg/mL
L-DOPAE 80 uL ZF7FetAtt. 37 TellA 2A3F &F ¥l 5 490 nmeol A 53
L5 453, 49%E a-MSH A #e] MiE&s Aikste] YT

ﬂd
=
i)
i
ol
o
I\
ol

ol
=

n:
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2.3.5. Western blot ¥4

60 mm cell culture plate ° A*EE 04 x 10°cells/plate’} ¥ EZ 4 mL &35}
of 72717 ArvfeFstdel. TLWE (50, 100, 200 ug/mL)E ] €]3F3 a-Melanocyte
stimulating hormone (a-MSH)Z 200 nM F7}ste] 24417k vjkst ot A £

SAA sl 3L microtubed] &7 ol 15000 rpm, 4 T o2 2027 9
A #2359tk BCA Protein assay kitE ARE-3fo] ArEofo] diwlz saks =

Aata @A Fwrsk 40 pg/ulrt U =EE 349t 2x Laemmli sample
buffers L3 I HIkstar 100 ColA 533F Al § SDS-PAGE gelol
Z}7F 10 LA loadingdte] Tl @S 2 stth. PVDF membrane®. & transfer
% 5 % skim milk® overnight blockingste] EZ Q3 EdE0] HAE=HA &k
% okt TBS-T (0.1 % Tween 202 233} Tris-buffered saline)E A}
3te] membrane & 10% 7FA o 2 63] A2 ¥ 1% &A(primary antibody)E 2
A7 AgskAth. TBS-TE 63 A2 % 22 &) (secondary antibody)E 24] 7F
gt Al TBS-T® 63| AlH3star ECL solution®} #3217 Chemidoc
(Fusion solo 6S.WL, VILBER LOURMAT, France)o. & @23ttt AdE
housekeeping geneg! B-actin ¥ stk vluste] e YERY AT

_14_



24. HPLCE o] &3 H|# 9 A4-FEZE(TLWE)9 A% AW #4

B0 Ag¥ High performance liquid chromatography (HPLC) 7]7]+=
Alliance €2695 separations module® 2998 PDA dectctor (Waters, USA)S A}-&
st o golE ¥4 S/Wi Waters®] Empower system= ©]-83}o] #4311
t}. HPLC ®Ao] AFE-¥ A% &2 catechin®} p-coumaric acides =¥ &
(0.78, 1.56, 3.13, 6.25, 12,5, 25, 50, 100 pg/mL) &|Aste] EF4 4= (Figure
4)5 At on, ZFZE (Gottumukkala, R.V., et al, 2014)[20]13} (Karthikeyan,
R, et al, 2015)[21]¢] W& WPt £41S st ¥4 2 &8 20

(Table 2, Table 3)o] YEFHRATE.

_15_



Table 2. HPLC chromatographic conditions for Catechin.

Control factor Conditions
Inject volume 10 pL
Column YMC Triart C18 (5 pm, 4.6 x 250 mm)
Mobile phase A : 0.01% phosphoric acid, B : acetonitrile
Flow rate I mL/min
Column temperature 30 °C
Wavelength 280 nm
Detector 2998 PDA (Waters, USA)
Separation module Alliance 2695 (Waters, USA)
Time (min) A (%) B (%)
0 89 11
0.1 89 11
30 75 25
Gradient elution conditions
35 75 25
39 0 100
40 89 11
50 89 11

_16_



Table 3. HPLC chromatographic conditions for p-coumaric acid.

Control factor

Conditions

Inject volume
Column
Mobile phase

Flow rate

Column temperature

Wavelength

Detector

Separation module

10 uL
YMC Triart C18 (5 um, 4.6 x 250 mm)
Water : MeOH : acetic acid (64 : 34 : 1 v/v)
1 mL/min

25°C

310 nm

2998 PDA (Waters, USA)
Alliance 2695 (Waters, USA)

Area

(b)

Area

Figure 4. Calibration curve for quantification of (a) catechin,

p-coumaric acid standard.
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500000
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200000 A

100000
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y=83807x ~ 5236.2
" R=1

T T T T T 1
20 40 60 80 100 120

Amount (ug/mL)

_17_

(b)



(a) 0305

0.25]
0.201
5 0151
2015
0.10]

0.05

>Calechn -11.644

0.004 ~
1020 1050 10.80 1110 1140 1170 1200 1230 12.60 12.90
Minutes

(b)‘ ]
0.30

0.25]

0.207

Coumaric acid - 15.87

2 ]
< 0.159
0.104

0.05

-14.508

0.00] Fay Fa fay
1320 1380 1440 1500 1560 1620 16.80 17.40 18.00 18.60
Minutes

Figure 5. HPLC chromatogram of (a) catechin, (b) p—coumaric acid

(100 pg/mL).
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25. kAN HIAE

251. 9% AA

Aot g aetr] =S AAE (RIC)O e # ko] TLWES] T5% 99 o
5 AAsH TLWES &vfell =ol#] &2 &% ZH(0 g2 AEste] =

TLWEZ} A= A835d 45 Al mA= §&s dobrr] ffste] 24431

S QES W A BANEE QAT o HAEE G et

70 % olgtE® Hol HERAIZY. P Al Fol 15 uLe A&E Finn chamber
of =¥ % plaster® g3t tE 24417 & sjAE Al Ak, 304, 48417k, 72
AlZrol Ak & #F AE I F}HE7E A5 AAE FAH ST
A3 (ICDRG, International contact dermatitis research group)® 4 7]=3}
=3} 43 3] (PCPC, Personal Care Products Council)®] ¢FdA H7E 7hol=
}els 83 7I=(Table 4ol wet F7hsidvt. JdAE9] 97 whg JAFE

ol g3tel et wol AFALE AWSY

¥ Irritation score at 24,48 and 72 hr

NERSE .
total number of observations
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=

it A= AFE 2FE3E - Draize Dermal Classification System 2 EPA
(Environmental Protection Agency) Standard Procedure Dermal Classification

System= &%t (Table 5ol we} A=449] L& HAAT)

Table 4. Skin irritation score system.

H4 Conditions
0(-) No signs of inflammation, normal skin
0.5(2) Doubtful or slight reaction
1(+) Slight erythema
2(+H) Moderate erythema with or without partial edema or papules
3(+++) Moderate erythema with diffuse edema
4(++++) Intense erythema with diffuse edema with vesicles
Table 5. Skin irritation judgment.
NERIES NEVEF
0<<0.02 B XI= no irritancy
0.02<<0.25 X Xt= low irritancy
0.25<<1 A X}= slight irritancy
1<<2.5 % A= moderate irritancy
2.5< ZHXF= severe irritancy

BE AYAdE student’s t-testE AFEEe] BAA folA 2 pvalueE Al
(x p <005, *x p < 0.01, == p < 0.001). & A3 717} 34 o]

om Hyt + & WAHED)E HERH S

_20_



. 2 7}
1. Wz @ A5Z=ZE(TLWE)S 43 a4
1.1 TLWES9Y DPPH radical &7 &4

Q1A A free radical®] -313F d&FS WX s 9k dakst B sk #
H

2ol F7ketal vk, DPPH radical 27 &4 A2 Hlaz hdebds de

AgEE s B4 FRoR, W

_21_



120 -

9
< 100 A
:.
=
2 80 -
{=11]
=
S0
S 60 -
o3
S 40 -
;t 20 A
=
0 . 1 ! 1 I I 1
TLWE (ug/mL) 15.6 31.3 62.5 125 250 500 1000

Figure 6. Effects of TLWE on DPPH radical scavenging activity.

TLWE (15.6, 31.3, 62.5, 125, 250, 500, 1000 pg/mL) were reacted with DPPH
reagent for 15 min. The percentage of the control group was calculated and
shown as a graph. Ascorbic acid was used as a positive control. The data
are expressed as mean * standard deviation (SD) at least four independent
experiments.

x* ICs values : TLWE = 53.10 ug/mL, Ascorbic acid (Positive control) = 6.62
ug/mL
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1.2. TLWE® ABTS' radical &4 &4
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Figure 7. Effects of TLWE on ABTS' radical scavenging activity.

TLWE (156, 31.3, 625, 125, 250, 500, 1000 ug/mL) were reacted with ABTS"
reagent for 15 min. The percentage of the control group was calculated and
shown as a graph. Ascorbic acid was used as a positive control. The data
are expressed as mean * standard deviation (SD) at least four in dependent
experiments.

* [Cs values : TLWE = 16.57 pug/mL, Ascorbic acid (Positive control) = 2.22

pg/mL
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2. BI6F10 A3E JlolA] v]x} ¢ A4-FZE(TLWE)S 2zd A Ad a3
2.1. B16F10 A% AF & U3 TLWES 93
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Figure 8. Effects of TLWE on cell viability in B16F10 cells.

The cells were treated with TLWE (50, 100, 200, 400, 800 pg/mL) for 72 hr.
The data are expressed as mean =* standard deviation (SD) at least four

independent experiments. (* p < 0.05, ** p < 0.01, *** p < 0.001 vs. control)
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2.2 Melanin contents®] 3 TLWE®S 3

a-Melanocyte stimulating hormone (a-MSH)® =%l Al¥o] TLWE (50,
100, 200, pg/mL)E A glste] depd Adol v A= F3s s 54 o
Far o2 AREE a-MSHE obF2l% Aefsh# &2 thxu(Control) ¥ H|als}ed
Welbd S FURAIA Y. 23y TLWES 37 Aglsha dAebd A o] &
LolEA o FFasteE AL #0T 4 Ao, 53 200 ug/mLolA a-MSH
Aol Hs] 42 % Ak o' yErwth webA o] A= TLWEZF 4
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Figure 9. Effects of TLWE on melanin production in B16F10 cells.

The cells were treated with TLWE (50, 100, 200 png/mL) for 72 hr. a-MSH
(200 nM) was used as the negetive control and arbutin (200 uM) was used
as the positive control. The melanin content is expressed as a percentage
compared to the untreated control. The data are expressed as mean =*
standard deviation (SD) at least four independent experiments. (* p < 0.05, *x*

p < 0.01, =+ p < 0.001 vs. a-MSH, ### p < 0.001 vs. control)
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2.3 Al¥ Y Tyrosinase activityol dig TLWE® %3

a-Melanocyte stimulating hormone (a-MSH)® =%l Al¥o] TLWE (50,
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T ARen, 53] 200 pug/mLAAlA a-MSH Hglatell H|a| 34 % 7HAshe
2 Yehwy. webA o] A3t TLWEZF Tyrosinaseo] 2@y S48 FrosE
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Figure 10. Effects of TLWE on tyrosinase activity in B16F10 cells.

The cells were treated with TLWE (50, 100, 200 png/mL) for 72 hr. a-MSH
(200 nM) was used as the negetive control and arbutin (200 uM) was used
as the positive control. Tyrosinase activity is expressed as a percentage
compared to the untreated control. The data are expressed as mean =*
standard deviation (SD) at least four independent experiments. (* p < 0.05, *x*

p < 0.01, *#x p < 0.001 vs. a-MSH, ## p < 0.001 vs. control)
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24. Western blot #4]
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Figure 11. Effects of TLWE on Tyrosinase, TRP-1, TRP-2, B-actin

expression in B16F10 cells.

The cells were treated with TLWE (50, 100, 200 pg/mlL) for 24 hr. a-MSH
(200 nM) was wused as the negetive control. (a) Protein levels were
determined by western blotting. (b) Tyrosinase, (c) TRP-1, (d) TRP-2 were
expressed as a percentage compared to the value of the [B-actin. The data
are expressed as mean * standard deviation (SD) at least four independent
experiments. (x p < 0.05, ** p < 0.01, *** p < 0.001 vs. a-MSH, ## p <

0.001 vs. control)
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24.2. MITF 2dd] v x= TLWE®S 9%
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Figure 12. Effects of TLWE on MITF, B-actin expression in B16F10

cells.

The cells were treated with TLWE (50, 100, 200 ng/mL) for 22 hr. a-MSH
(200 nM) was used as the negetive control. (a) Protein levels were
determined by western blotting. (b) MITF was expressed as a percentage
compared to the value of the PB-actin. The data are expressed as mean =*

standard deviation (SD) at least four independent experiments. (* p < 0.05, **

p < 0.01, =+ p < 0.001 vs. a-MSH, ## p < 0.01 vs. control)
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24.3. MAPKs 2549 A= og TLWE? 93

Serine/threonine Al ¥ 2] MAPKs+= p38, JNK, ERKE 33}, MITF 2
of wrge #ojst= Aepd AR FAolA F8g QAo p38a JNKe| <l
A3k MITFS] 14EstE Asista 2d S freste] debd AdS SV
ERK®9] 14Fsli= MITF9] serine73 H#< <l14s}ste] MITFE degradationA] A
Aebd S A 710[6,10-12]

TLWE7} MAPKs @#jde] @] vx= g3 western blots ©]-8-31¢]
gFelst A tH(Figure 13). Total form$! T-p38, T-JNK, T-ERK= TLWE®S] # €]
o Tt 4R dmdE RS yedd o QlAkstE P-p38, P-JNK,
P-ERK+= TLWE A 5 @z ghiFo] Wstst= 25 @A 5 Sdh
P-p38<& TLWES A#3t3le vl a-MSH v Ao s tasigion, 5
E oEAQ WgkE et A ektth P-JNKeF P-ERKE a-MSHE AH#34<
W F7Fet o, TLWES sAloll Agsisls W §= oEHow Hashs 4

ol gt A= P-p38et P-JNK7F 7Hash= ArbAQl depd Ad A& wlAY
T3 dA s, P-ERK: fvbAQl F&y & AdE detil webs gekst
NE AG ARE dolry] g5t ERK9| <libst A3 Al(PDI8059) & A &) 3k
tysosinase acivityE 213}t (Figure 14).

ERK <14Fst A 3fAl(PDI98059)+= WO 2 A E3td S we} a-MSHeF & Al
A st9S W tyrosinase A4S EF7MAFHTE a-MSHE  AFFA171 Al 320
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Figure 13. Effects of TLWE on MAPKs and B-actin expression in
B16F10 cells.

The cells were treated with TLWE (50, 100, 200 pg/mL) for 15 min. a-MSH
(200 nM) was used as the negetive control. (a) Protein levels were
determined by western blotting. (b) P-p38, (¢) P-JNK, (d) P-ERK were
expressed as a percentage compared to the value of the B-actin. The data
are expressed as mean *+ standard deviation (SD) at least four independent
experiments. (* p < 0.05, ** p < 0.01, =+ p < 0.001 vs. a-MSH, ## p <
0.001 vs. control)
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Figure 14. Effects of TLWE and ERK inhibitor (PD98059) on tyrosinase
activity in B16F10 cells.

The cells were treated with TLWE (200 ng/mL) and PD98059 (8 uM) for 72
hr. a-MSH (200 nM) was used as the negetive control. Tyrosinase activity is
expressed as a percentage compared to the untreated control. The data are
expressed as mean * standard deviation (SD) at least four independent
experiments. (x p < 0.05, ** p < 0.01, *x p < 0.001 vs. a-MSH, ## p <
0.001 vs. control)
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244. cAMP A3 AZ Ao o3t TLWE® o

TLWE7 ®o& webd 44 54942 cAMP Z42e] 438 wix
$e157] 91ste], AKTSE PKA 9148} Al A% A2 3te] tyrosinase BAE =

cAMP A3 de Amo] &= AKTO| 14ksh= GSK3Be] was A dlshe]
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2h4] TLWEZ}F AKT®] <lakslel] v A= g8 dolir] 98] AKT 14kst A
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=439t (Figure 15b)
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Figure 15. Effects of TLWE and (a) AKT inhibitor (LY294002), (b)
PKA inhibitor (H-89) on tyrosinase activity in B16F10 cells.

The cells were treated with TLWE (200 pg/mL) and (a) LY294002 (1 uM),
(b) H-89 (1 puM) for 72 hr. a-MSH (200 nM) was used as the negetive
control. Tyrosinase activity is expressed as a percentage compared to the
untreated control. The data are expressed as mean * standard deviation (SD)
at least four independent experiments. (x p < 0.05 ** p < 0.01, #x*x p <
0.001 vs. a-MSH, ### p < 0.001 vs. control)
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Figure 16. Structures of (a) catechin, (b) p-coumaric acid, (c)

L-tyrosine.
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Figure 17. HPLC chromatogram of TWLE. (a) catechin, (b) p-coumaric

acid.
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42. 9% HE AA BN A9

E o §h o) a8kl ol o] Fdte] TLWES 2447 3% HIEZ 53 kA
Fr7NEE  APsdy. (ANPHE KDRI-2018-552-Q1, IRB 533
KDRI-IRB-18552) A& 2018 11¥ 20¥ 48 3A7F A=At A4 750
et 930S dAste] vAAe] ol 15 ple] TLWEE 2447 H ¥
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Table 6. Subjects Information.

NO. ID Gender Age NO. 1D Gender Age
1 J3147 female 20 16 13298 male 23
2 J3295 female 20 17 J3153 male 24
3 J2387 female 20 18 J3098 female 24
4 J3150 female 20 19 13207 female 25
5 J2332 female 21 20 J3009 female 25
6 J3176 female 21 21 13297 female 26
7 J3178 female 21 22 12473 female 28
8 12448 female 21 23 J3156 female 34
9 J3087 male 21 24 12350 female 37
10 J3138 female 21 25 J3157 female 37
11 J3082 female 22 26 12362 female 38
12 J3060 female 22 27 J2659 female 39
13 13296 female 22 28 12904 female 40
14 J3203 male 23 29 J2660 female 40
15 J2280 male 23 30 J3103 female 44
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Table 7. Test results.
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