25

26 2014
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13

23

85

97



4-(4- )-2-

74

100

4-tert-
MBEH

4-TBP




1
4-(4- )-2-
2-1
18 7
20 1
25 7 4
2-2
26 3
1 8
70 HPLC LC/MS
HPLC LC/MS
3



C
1
53
85
44%
74
2
2-1
4-TBP

2-1-1

4-TBP MBEH
4-TBP MBEH
54 1 4-TBP
29 81 55 MBEH
ROS
35%
2-1-2
4-TBP MBEH
1Cs0 uM
40%
GPMT 4-TBP
4-TBC
MBEH
4-TBP MBEH
SH
/
1939
MBEH 1)
4-tert- 2
3
IL-6



IL-8

2-2
2
R S
11
0.04%
10
2-3
4-TBP
ROS
1Cs0 uM
GPMT
CCET
AS-AA

3
3-1
R S
3-2
2%
3-3
3-4
LLNA
GPMT
Haber

1200



3-5
GVP

3-6

74%

GVP
1-2
1-2-1

4-TBP MBEH

ROS
4-TBP  MBEH
1-2-2
0.04%
4-TBP

4-TBP

MBEH



4-TBP MBEH

4-TBP
MBEH

ROS
4-TBP
MBEH

23

4-TBP MBEH

30

GVP
26

26 13



4-TBP MBEH

GVP
ROS

70



81
2013 12

Rhododendrol
raspberry ketone
134 2014 3



25

54 54
1 54 29 81 55
85
15 I BRAAR 1EE LA B 32 BEAS HHER L U=, SRR T 44% 35%
74
40%
2
C
H25 47 H~11
54
1 53
29 % ~81 55
52.5
3
6% 3—~6 6% 6~12
4% 12~24 33% 24~



36 34% 36 17%

3
11% 3~6 13% 6
~12 24% 12~24 S 814110
19% 24~36 15% 36
1% 0% 2550% | 14 | 11 | 5 | 3 | 0
4% 6% 025% | 1 | 11 | 11 | 15
1 2013 12

2% 6

1
9%
91%
44% 56%
35% 65%
2 A
1 18 11 2
13 9 3 7
3 4 5
2 5 2 D
1 6 3 2
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G
W, A TCITREE SRR A 1 O 2%, R 1
W2 o TH IRAICRIE UL D EA S AVRFE
2
6
81
2013.12 19
74% H
1
2
3

suction blister

70
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25

4-tert-
4-TBP MBEH

4-TBP  MBEH ROS
SH

1939

MBEH 48

vitiligo depigmentation phenol
chemical leukoderma

-13-

25




Cummings and Nordlund, 1995 1977
4-tert- 4-TBP
198 54
James et al, 1977

Lancet

Cummings and Nordlund,
1995; Boissy and Manga, 2004 1

James et al, 1977

4-TBP MBEH

MBEH

Peck and Sobotka, 1941 MBEH 5

50%

4-TBP
4-tert- 4-TBC
4-TBP 4-TBC
10%DM SO 3
3
Gellinet al, 1970
1 10% 1

N-(2- )-
Blechen et al, 1968

4-TBP MBEH

in vitro

Yang et al, 2000; Hariharan et al, 2010

2 4-TBP
MBEH
Yang et
al, 1999; van den Boorn et al, 2011
2 4TBP
4-tert- 4-TBC
tert- -O-
3
ROS
Boissy and
Manga, 2004 4-TBP
ROS Mangaet al,
2006 MBEH
3 ROS
van den Boorn et al, 2011
4-TBP
vitiligo
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Dell'anna and Picardo, 2006

4-TBP
Manga et al, 2006

4-TBP
Manga et al, 2006;
Boissy and Manga, 2004
4-TBP MBEH

4-TBP

Yang et al, 2000 4-TBP
1 TYRP1
TYRP1
Boissy and Manga, 2004; Manga et al, 2006
TYRP1

MBEH
MBEH van den Boorn,
2011 MBEH

MBEH

Hariharan et al, 2010

4-TBP

GPMT Guinea Pig Maximization Test

4-TBP 4-TBP
4-TBC
4-TBP Zimerson et al,
1999
MBEH

1.2%
2 6 13%
Lerner and Fitzpatrick, 1953

Nordlund et al 1985

MBEH 4-TBP
IC50 uM
(1)4-TBP
Kroll et al, 2005 (2MEBH
4-TBP
(250 300 uM) unfolded
protein response: UPR
IL-6 IL-8
Toos et al, 2012
(3MBEH  4-TBP
SH Michael
2
4-TBP 4A-tert-
tert- -O-
SH
Michael
Thornerby-Andersson et al, 2000 3 MBEH
4- -1,2-
SH Manini et al,
2009 3 SH

van den Boorn et al, 2011a
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Becker and Schrama, 2011

Manga and
Orlow, 2012; Passeron and Ortonne, 2012
T
Le Poole et al, 2004
4-TBP
MBEH
Boissy
and Manga, 2004
MBEH
FDA MBEH
CD8 T

Becker and Schrama,
2011; van den Boorn et d, 2011b MBEH

van den Boorn €t al, 2010
MBEH
(1)MBEH

Hariharan et al, 2011 @) MBEH

van den Boorn et al, 2011a

4-(4- )-2-
30% 50% 1 3
17 21
31 98
31 52
2-1-1
13

1Cs0 014 054mM 554 6.8mM

SIRNA 50%
[Cso 0.052mM 5.9mM

4-(3,4-
)-2- 2
1Cso 0.19mM <0.1mM
6.6mM 7.3mM

1ImM
ROS
1ImM
2-2 2-31
2-3-2

GPMT LLNA Loca Lymph Node Assay
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2-2-1 CCET Cumulative Contact Enhancement
Test
AS-AA Adjuvant-Strip-AA
Harber
LLNA
2-1-2
elF2a IL-8
2-3-3
4-(34- )-2-
2
1
D

Casarett & Doull’s, Toxicology: The Basic
Science of Poisons 8th Edition, pp851-852

/ /
Cummings and Nordlund, 1995; Boissy
and Manga, 2004
MBEH
4-TBP
4-TBP MBEH

Becker and Schrama,

2011
4-TBP MBEH

ROS

4-TBP MBEH
Becker and

Schrama, 2011

Passeron and Ortonne,
2012; Toosi €t al, 2012 MBEH
T

Manga and Orlow, 2012
/
/ (1) 4-TBP MBEH

Thornerby-Andersson et al,2000; van den Boorn et
al, 2011a
al, 2011b; Becker and Schrama, 2011  (2)

/

van den Boorn &t

Kroll et al, 2005 (3)

Passeron and Ortonne, 2012

/
Boissy and Manga, 2004

Manga and Orlow, 2012;
Passeron and Ortonne, 2012

MHC HLA
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4-TBP MBEH

In vitro

II

4-TBP MBEH
ROS

ICso
uM  4-TBP MBEH
5 4
CCET
4-TBP MBEH
4-TBP

MBEH

4-TBP MBEH

4-TBP MBEH

SH

[ ]

Becker JC, Schrama D. J Invest Dermatol 2011;
131:1185-7.

Bleehen SS, Pathak MA, Hori Y, Fitzpatrick TB. J
Invest Dermatol 1968; 50:103-17

Boissy RE, Manga P. Pigment Cell Res. 2004 ; 17:
208-14

Casarett & Doull’s, Toxicology: The Basic Science
of Poisons 8th Edition, pp851-852
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0 OH
gl ne
HO NF; HO

4-(4-hydroxyphenyl)-2-butanol

tyrosine (rhododendrol,rhododenol)

ol e N

4-tert-butylphenol hydroquinone monobenzyl ether 4-(4-hydroxyphenyl)-2-butanone
(4-TBP) (monobenzyl ether of hydroguinone, MBEH) (raspberry ketone)
posllee allie SRNNNe e
HO HO HO HO
4-tert-butylcatechol 4-tert-propylcatechol 4-tert-amylphenol S-cysteaminylphenol
(4-TBC)

1

(Peck 1941, Bleehen 1968, Gellin1970, James 1977, Ito 1987, Fukuda 1998, Cummings 1995, Boissy 2004, Solano 2006)

(0] - o
HO 2
OH — OH OWOH
NH NH
HO 2 HO 2 o ~._.-NH;
Tyrosine DOPA

Dopaquinone

+Cy§/

HO COOH HO
L™ o
HO 2 HO N

| M
S"cooH Leucodopachrome
Pheomelanins Eumelanins
OH OH OH
——HO o
—_———— S e e
HO HO o

Rhododenol
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o L
HO/©/ Monobenzone (MBEH)

Tyrosinase | O,

HO
- . e
4-TBP Tyrosinase 4-TBC D/
/ o 4-benzoxy-1,2-benzoquinone
b R
HN
© HS\/:\H/RZ
o R
Cysteinyl residue
4-tert-butyl-o-benzoquionone in tyrosinase
Cys GSH \
/ \ HO 0
.R
HO HN
S Ry
HO HO
Cys GS o

Quinone haptenation of cysteine residue

Thornerby-Anderson, Pigment Cell Res 2000 van den Boorn, J Invest Dermatol 2011

3 4-TBP MBEH SH
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Web

2-1 in vivo
2-1-1
2-1-2

2-2
2-2-1
2-2-2
2-2-2-1
2-2-2-2

2-3-1
2-3-2
2-3-3
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2-1

in vivo
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2-1 in vivo

2-1-1
@]
[ ]
4-(4-
C10H140, 166.22
Lot.002002
100%
[ ]
Kwl-A-1
[ ]
2cmx 2cm
4 a a )c)cH)
a ) 1
9:00 13:00 17:00
No.5 60 No.4
Uv-B
11

Day 2

D

I+

++

I+

)-2-

++

97

HO

uv-B
K166 30%

No.3

-27 -

K166

OH

6

0.75 Joule/cm?

30

50%

No.1

40

20p L

1

No.2

50



++

+++

L*
Day O
CR-300
L* -

UVB

DOPA

2N-Na Br
10%

10%

K166

1

2 Day4l 3 Day78

28 uv

1
MINOLTA C
Uv-B
UvB
37 2
DOPA
HE
Day 9
L
uv

FM

-28-

20

5 mm

14

Uv-B

L*a*b*

UvB

DOPA

uv

Uv-B

L*a*b*

3

CIE 1976

Uv-B

0.1% L-DOPA

1 mm?

S-100

4
Day 75 141

/ PBS 37

Day 21

1 DayO



[DOPA ]

DOPA 2
84.1  /mm? K166 30%
1.3 /mm? 22.5 /mm2
33.0 25.9 /mm2 12.8 14.9 /mm?
[HE 1
K166 30%
1
3
1
3 1
4
[Fontana-Masson ]
K166 30%
[S-100 1
K166 30%
4 18
4 10 7 16
3 17 6
@)
K166
K166 30% 1 3
30%
Dopa
K166
1 2
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Hl. 2EZEHEEGEEEILEVN)

EA AL I B (2 cmX2 cm) DO &

a) PR B3N (B R AR KT pRBF f2 AR AR IRER)
a)" SRR A (O 1 B2 D)

b) UV3FBB S84 (B M AT RibT EB IR IR
b}’ UV3ES2 51 854 ¢ CHE 152800

¢y UVEB BT8R ( 8.3 MR X T2 RRBS i A FR HE3R )
¢y UVEA S8R i ([Of1E M EASTAR D)

1. K166
+
1) 2) 3)
No.1 9 21 82
No.2 9 17 75
No.3 9 17 141
No.4 11 21 91
No.5 9 21 91
1) 4+
2)
3)
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2 K166 30% DOPA
DOPA / mm?
Day 0 stage stage

¥

1 74.8 Day31 0.3 50.5 3.5 ND Day91 18.3 22.7 15.2
r

2 99.4 Day41 0.7 49.4 13.6 ND Day78 31.2 13.2 23.8
r

3 115.5 Day98 0.1 19.6 7.4 16.1 Day141 45.2 57.6 7.1
r

4 45.7 Day61 2.5 27.0 22.0 ND Day98 4.2 18.1 11.5
r

5 85.2 Day51 3.2 18.4 17.4 ND Day98 134 17.9 16.7
mean+S.D.  84.1 4+ 264 13 +14 330 + 159 128 + 74 - 225 + 16.0 259 + 18.0 149 + 6.2
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QY
(®)
©
®

QY
(®)
©
®

1 K166 30%

2

L
R

K166 30%

L
R

L
R

L
R

~ A~
(SN

¢+
¢+

2 Day O
)
)

2 Day 41

)
)

'’ 13.07.10

’ 13.08.20
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QY
(®)
©
®

3

K166 30%

L
R

L
R

(ND)
)

2 Day 78
(ND)
)

’ 13.09.26
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4-1

HE

4-3

HE

4.5

HE

2 K166 30%
Day 41
x 40

Day 41
x 40

Day 41
x 40

42

HE

4-4

HE

4-6

HE

-34-

2 K166 30%
Day 78
x 40

Day 78
x 40

Day 78
x 40



5-1

5-3

5-5

2 K166 30%

Day 41
Fontana-Masson

2
Day 41
Fontana-Masson

2
Day 41
Fontana-Masson

x 40

x 40

x 40

5-2 2 K166 30%

Day 78
Fontana-Masson

5-4 2
Day 78
Fontana-Masson

5-6 2
Day 78
Fontana-Masson

-35-

x 40
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x 40



6-1 2 K166 30%

Day 41
S-100 x 40
6-3 2
Day 41
S-100 x 40
6-5 2
Day 41
S-100 x 40

6-2 2 K166 30%
Day 78
S-100 x 40

6-4 2
Day 78
S-100 x 40

6-6 2
Day 78
S-100 x 40
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2-1-2

[ 1
4-(4- )-2-
C1oH140, 166.22
Lot.002002
100%
[ 1
GPMT (Guinea pig Maximization Test)
D
Kwl:A-1
2)
a FCA v/v
b K166 0.8 w/wh%
c K166 1.6 w/wh%
d
e K166 50 w/wh% 50%
f 50%
g K166 50 30 10 5 3 1 w/wh
3)
4x 6 cm
c a d a
0.1 mL
8
0.2mL
3 48
0.5¢

K166
HO
OH
10 5
FCA v/v

50%

0
2 a b a d

e f 2x 4.cm
3M
24 10%

-37-



4)

21 g 1.5%x 1.5 cm 0.1 mL
24
3M 5
5)
3 24 48 Draize

0

1

2

3

4

0

1

2

3 1 mm

4 1 mm

CCET (Cumulative contact enhancement Test)®
D

Kwl:A-1 10
2)
K166 50 w/w 50%
50%

21

K66 50 30 10 5 3 1 0.5 0.3 w/wh 50%
3)
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2% 4 cm 0.2 mL
CP 24
< 7 >
X FCA 0.1 mL
< 9 >
CP X
K166  50% w/w FCA
50% FCA
CCET
4)
21 2 cm? 0.01mL
5)
24 48 72
0
t 1
2
++ 3
+++ 4
LLNA (Local Lymph Node Assay) ©
1)
CBA/J 16
1 4 x 3 12 4
2)

AQO (Acetone Oliveoil 4 1) MEK (Methyl ethyl ketone) PG (Propylene glycol) DMSO (Dimethyl sulfoxide)
70%
*H-methyl thymidine
*H-methyl thymidine Moravek imCi/ml PBS 80 p Ci/mL

3)
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251

4) *H-methyl thymidine

3 ( ) 0.25 mL/ *H-methyl
thymidine 5 (Auricular lymph node)
PBS
*H-methyl thymidine
#200 PBS PBS 2
5% Trichloroacetic acid (TCA) 1mL 4 18 1mL TCA
10 mL (Ecolume™, MP Biomedicals)
Tri-Carb 3110TR PerkinElmer DPM / mouse
5)
*H-methyl thymidine DPM / mouse
DPM / mouse (Stimulation Index SI)
S 3
DPM / mouse
St = DPM / mouse
[ 1
AS-AA (Adjuvant-Strip-AA) 7
1
Kwl:A-1 8 4
2)
50% 50%
50%
21
K166 50 30 10 5 w/w% 50%
3)
UVA 310 400 nm 350 nm FL20S BLB
4)
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2% 4cm

5)

0.02 mL

6)
24 48

I+

w N - O

++

+++ 4

Harber ®

1
Kwl-A-1

2)

50%

50%

27
K166 50 30 10 5 w/wh

3)

11
Stripping 3

10 cm

10 cm

72

50%

50%

-41 -

10

4 0.1 mL
0.1 mL
1cm
10.2 J/cm?
21
15 mmx 15 mm
1cm 3 mm
10.2 J/cm?

3 mm



A uv-B 275 380 nm 315 nm FL20S E

B UV-A 310 400 nm 350 nm FL20S BLB
4)
2% 4cm
0 3 6 0.1mL
A 6 25 cm
1J/cn? B 6 1cm 3 mm
10 cm 30 J/cn?
5)
27
0.05 mL 15 mmx 15 mm
B 6 1cm
3 mm 10 cm 9 J/cm?
6)
24 48 72
0
+ 1
2
++ 3
+++ 4
(@]
[ 1
GPMT
1 1 2 3 4
CCET
2 5 6 7 8
1) K166 50%
48 + 2 72 + 3
24 48 72 0 0.2 0.3

2) K166 30%
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48 + 2 72
24 48 T2 0 0.2 0.3
0
3) K166 10%
48 + 2 72
24 48 T2 0 0.2 0.3
0
4) K166 5%
48 + 1 72
24 48 T2 0 0.1 0.1
0
5) K166 3% 1% 0.5% 0.3%
0
LLNA
A00 MEK 50% 25%
50% 25% 10%
70% 50%
50%
Sl
«c1r )
[ 1
AS-AA
3 9 10
Harber
4 11 12
1) K166 50%
@
48hr + 1
&)
48hr + 1
2) K166 30%
@
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S%

I+
w

I+
w

5%
PG
25%

50% 25% 10%
S1

10%

3

S%

50%

5%



I+
-

@
+ 1
3) K166 10%

€y

&)

4) K166 5%
€))

&)

GPMT

[ 1
UV-A AS-AA
Uv-A UV-B Harber

CCET
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50%

24

30%

CCET

1
48
UvV-A UV-B



1 GPMT

100.0%
GPMT
0.8%
50% 50%EtOH SDS
2 1 /
3hr 24hr 48hr
n=10 n=5 n=10 n=5 n=10 n=5
..50% ____ _S0%EtOH [ 0.(0)70(0)].0€0).70(0)]0(0). 70 (0)[0(0)70(0)]0(0).7000)[00). 700
Day 21 30% SO%ELOH 0(0)70(0)]00).70(0)]0(0). 70 (0)[0(0)700)]0()709)[00).70(0)
_____ 10%  SO0%EtOH 10 (0) /0 (0)[0 (0) 70 (0)]0 (0) 70 (0)|0 (0) 70 (0)]0 (0) 70(0)|0(0) 70 (O)
| S% _____ S0%ETOH 10 (0).70.(0) |0 (0. /.0 (0)]0 (0).70.(0)[0 (0. 70 (®f0(0). 70 (9]0 0) 70 (0
o 3% S0%ETOH 10 (0) /0(0)|0 (0) /0 (0)]0(0) /0 (0)f0(0) /000 (0)70(0)]00) 70 (0]
1% 50%EtOH 0@ /0@]O0@WZ/Z70@JO @70 @]|0 @ 70 @]0 (O /70 @)|[0 () /0 ()
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2 CCET

K166
Lot.002002
100%
CCET
50% 50%
+
24 48 72
n=10 n=5 n=10 n=5 n=10 n=5
K166 50%( ( 50% ) 0(C 0) 0(C 0) 0( 2) 0(C 0) 0(C 3) 0(C 0)
Day 21 Lot.002002 30%| ( 50% ) 0(C 0) 0(C 0) 0(C 2) 0(C 0) 0 ( 3) 0(C 0)
( ) 10%| ( 50% ) 0(C 0) 0(C 0) 0(C 2) 0(C 0) 0 ( 3) 0(C 0)
5% ( 50% ) 0(C 0) 0(C 0) 0(C 1) 0(C 0) 0(C 1) 0(C 0)
3% ( 50% ) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0)
1% ( 50% ) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0)
0.5% ( 50% ) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0)
0.3% (50% ) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0)
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3 AS-AA

K166
Lot.002002
100%
AS-AA
50%
50%
+
24hr 48hr 72hr
n=8 n=4 n=8 n=4 n=8 n=4
K166 50% (50% ) 0(C 0) 0(C 0) 0o(C 0) 0(C 0) 0(C 0) 0(C 0)
Day 21 Lot.002002 30% (50% ) 0(C 0) 0C 0) 0oC 0) 0oC 0) 0(C 0) 0(C 0)
( ) 10%  (50% ) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0)
5%  (50% ) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0)
24hr 48hr 72hr
n=8 n=4 n=8 n=4 n=8 n=4
K166 50% (50% ) 0C 0) 0C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0)
Day 21 Lot.002002 30% (50% ) 0C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0)
( ) 10%  (50% ) 0(C 0) 0(C 0) 0o(C 0) 0o(C 0) 0(C 0) 0(C 0)
5%  (50% ) 0(C 0) 0(C 0) 0oC 0) 0o(C 0) 0(C 0) 0(C 0)
10.2 J/cm?
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4 Harber

K166
Lot.002002
100%
Harber
50%
50%
+
24hr 48hr 72hr
n=10 n=5 n=10 n=5 n=10 n=5
K166 50%  (50% ) 0(C 0) 0(C 0) 0(C 1) 0(C 0) 0(C 0) 0(C 0)
Day 27 Lot.002002 30% (50% ) 0(C 0) 0(C 0) 0 (r 1) 0(C 0) 0(C 0) 0(C 0)
( ) 10%  (50% ) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0)
5%  (50% ) 0o(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0)
24hr 48hr 72hr
n=10 n=5 n=10 n=5 n=10 n=5
K166 50%  (50% ) 0(C 0) 0(C 0) 0( 1) 0(C 0) 0(C 0) 0(C 0)
Day 27 Lot.002002 30% (50% ) 0o(C 0) 0(C 0) 0 (' 1) 0(C 0) 0(C 0) 0(C 0)
( ) 10%  (50% ) 0o(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0) 0(C 0)
5%  (50% ) 0(C 0) 0C 0) 0C 0) 0C 0) 0(C 0) 0(C 0)
Uv-A 30 J/cm2 UV-B 1 J/cm2

Uv-A 9 J/cm2

-48 -




1 50 % 0/0 30 % 0/0 10 % 0/0

21 1 24hr. ' 13.09.26
2 1% 0/0 3% 0/0 5% 0/0
21 1 24hr. ’ 13.09.26
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3 50 % 0/0 30 % 0/0 10 % 0/0

21 11 24hr. ’ 13.09.26
4 1% 0/0 3% 0/0 5% 0/0
21 11 24hr. ’ 13.09.26
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5 K166 0.3%

K166 50 % =+
21 6 48hr. " 13.08.08
6 K166 5% =+ K166 10% =+ K166 30% =+
K166 0.5% K166 1% K166 3 %
21 6 48hr. ’ 13.08.08
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7 K166 50% K166 30% K166 10%

K166 5% K166 3% K166 1%
21 11 48hr. ' 13.08.08
8 K166 0.3% K166 0.5%
21 11 48hr. " 13.08.08
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50%
50%

50%
50%

30%
30%
48

30%
30%
48

10%
10%
'’ 13.08.14

10%
10%

5%
5%

5%
5%

'’ 13.08.14
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11

10%
10%

50%
50%

11

5%
S%

30%
30%

48

48

50%
50%

10%
10%

+ 30 %
+ 30 %
13.10.09
5%
5%
13.10.09
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2-2
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2-2
2-2-1

KK-4009 lot.927477 EpiLife®
Mediumwith 60p M Calcium M-EPI-500-CA Thermo Fisher Scientific Human Keratinocyte Growth Supplement
S-001-5 Thermo Fisher Scientific
4-(4- )-2-
K166 Monobenzyl ether of hydroguinone MBEH Sigma
HQ Sigma L- 2- AAG2 Sigma
Human IL-1 alpha/IL-1F1 Quantikine ELISAKit DLAS0 Ré&D Systems
Human IL-1ra/IL-1F3 Quantikine ELISAKit DRAOOB R&D Systems  Human IL-6 Quantikine ELISAKit D6050
R&D Systems  Human TNF-alpha Quantikine ELISA Kit DTAOOC R&D Systems
Cell Counting Kit-8

[K166 ]
1x 10 24 EpiLife® 24 37 5 (0,
EpilLife® 24
50 EtOH ELISA
Kit
[K166 1
EpiLife® Cell Counting Kit-8
Co, 1 450nm
Cell
Viavility
©)
[ 1
K166 1 K166 50u M 1.3
ImM
K166 1mM
[ 1
K166 2 5 K166  IL-6
1mM 10 2 IL-1la
3 IL-1RA 500u M 4
TNF-a 5
K166 500u M
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= Kit Sensitivity »55pe/mL
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2-2-2

2-2-2-1
@)
[ 1
4-(4- )-2- K166
Phenylthiourea (PTU) Sigma-Aldrich (St Louis, MO, USA)
Stealth RNAT™ siRNA Lipofectamine RNAIMAX Life Technologies (USA)
[ 1
PTU
1 % human melanocyte growth supplement Invitrogen
MCDB153 37 5 Co, PTU 1
K166 K166 1
RNA
1 % human melanocyte growth supplement Invitrogen
MCDB153 37 5 Co, SiRNA
3 K166 K166 1
[ 1
Alamar Bioscience,Inc
10 1 37 1
[ 1
HEPES 10 TCA 1:1 1N
NaOH/10% 60 15 Coomassie Plus Protein
Assay Kit Thermo Fisher Scientific Inc.
[ 1
(Tyrosine hydroxylase) Oikawa o
24 1 u Ci [*H]- 500 p |
750 p 1 500 p 1
@)
[PTU 1
PTU K166 PTUL0 u M,
30p M, 100 M K166 1 PTUL0p M, 30 u M,
100 M 2
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PTU K166

[RNA
K166

SiRNA
( 4) RNA

Negative control siRNA

K166
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RNA
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——PTUD
AlamarBlue == PTU 10
== PTI 30

150 ——PTU100
n
125 L LTl |
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] "5 T \\ K
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bS] \\

50 KT
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J !ll

ratio

4

25
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2-2-2-2

TYR activity
(ratio to NC siRNA)

o ot =
o 00 - N

Cell viability
I~
=

(ratio to OuM of K166/NC siRNA)

o
N

o

4 RNA

o
=N

O O O O

N B O 0

0 |||||||||| i ““““‘I

NC siRNA TYR siRNA

3 RNA

M NC siRNA
B TYR siRNA

0 300 1000 3000 10000
K166 concentration (uM)

K166
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4-(4- )-2- K166
[ 1
Medium 254 (Life Technologies)
Human Melanocyte Growth Supplement  HMGS) ( ) 37 5% CO,
[ DOPA oxidase 1
2x 10
1.5mL Phosphate Buffers Saline (PBS) 2
96-well plate 1.2x 10* /well
SiRNA 2 PBS 2
Buffer 0.1MTris-HCL pH:7.2 1% NP-40 0.01% SDS 20p L Assay
Buffer 4% 100 mM Sodium phosphate-buffered pH:7.1 20 p L 4 2
DOPA oxidase DOPA oxidase 3- -2-
MBTH
well Assay Buffer 80y L 20.7 mM MBTH 60y L 5mM L-
L-DOPA 40 p L 37 30 60 505 nm
[K166 ]
96-well plate 1x 10* /well Phorbol 12-Myristate 13-acetate
PMA PMA  -) PMA - K166 4
alamar blue
[Alamar blue 1
K166 4 PMA(-) 10% alamar blue Bio-Rad
100CJL/well Co, 37 90
560 nm 590 nm
[ 1
96-well plate D6C0595 1.2x 10*  /well PMA -
SIRNA TransIT-TKO Mirus Bio 25nM  Tyrosinase
siRNA Life Technologies Control siRNA Life Technologies 2
DOPA oxidase PMA - K166 alamar blue
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13

1.5mL DOPA oxidase
D
K166
K166 4 alamar blue
K166 Control alamar blue 50% K166 (1Cs,
1 1 DOPA oxidase
K166 alamar blue 1Cs, 2
K166 K166
2
K166
K166 D6C0595 RNA
K166
2 DOPA oxidase Control siRNA
SiRNA 50% ( 3
K166 alamar blue 4
K166 K166 alamar blue
Control siRNA SIRNA 0.052mM 5.9mM
100
K166

- 67 -

13

)

1Cso

SIRNA



F1 K166 Fmi=dk Balamar blueiE{EIC50f

HASA 20N #&DD. M. LIZFhFhBEEEED: Darkly, M:
Moderately. L: Lightly)ZRLTL 5, $IFADODOPA oxidase/BtE(FO
FT—EEEATVIBIZZEDOEEZRLTWNS,

alamar blue
ETEICs0fiE
(mM)

D 6C0595 0.405
D 5C0126 0.27
D D3C0782 0.54
L 5C0247 5.94
D AA4 0.135
M 5C0570 5.535
L CA4 6.21
L LMCP7 6.75
M 4C0760 6.48
L CA3 5.94
M 4C0465 6.21
L LC1C1022 6.345

L 1C1018 6.21
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110

100
%0 =#—Control siRNA
=a=Tyrosinase siRNA
80

Alamar blue;E % (% of Control)

‘10 I I I I

K166 (mM)

B4 TyrosinaseSHRMHIRFOK166FEMIc &I BEDE L
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2-3

2-3-1
@)
[ 1
4-(4- )-2- K166
[ 1
Medium 254
(Life Technologies) Human Melanocyte Growth Supplement  HMGS ( ) 37
5% CO,
[K166 K166-0H 1
96-well plate 1x 10* /well Phorbol 12-Myristate 13-acetate
PMA (PVA - PMA - K166 K166-0H
4 alamar blue
[Alamar blue 1
4 PMA - 10% alamar blue
Bio-Rad 100u L/well Co, 37 90
560 nm 590 nm
©)
K166 K166 K166-0H
K166 2 (L LC1C1022 M 4C0760)
K166 K166-0H 4 alamar blue
1Cs, ( D K166 K166-0H
1Cs K166 K166-0H
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&1 K166 &% U0H-K166FMI=dk Halamar blueiE{EICsofl

RS A2 OHNI<RR&DOD. M, LIZFhFhAaERER(D:
Darkly. M: Moderately. L: Lightly)Z3Rd, &£f=. <0.1{F0.1K#ET
HH_EETT,

Alamar blue;E ¥ 1CsofiE

OH-K166
(mM)

L LC1C1022 6.6 0.19

K166 (mM)

M 4C0760 7.3 <0.1
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2-3-2

[ 1
4-(4- )-2- K166
[ 1
4-(4- )-2- K166
(ROS) Total ROS/Superoxide
Detection kit (ENZ-51010: Enzo) 3.6 x 10(4) 1 HMGS
ROS/Superoxide Detection Mix B (ENZ-51010: Enzo) modified-MCDB153HAA
15mL K166 (30, 100, 300, 1000 p M) 5% C02 37
3 (100, 500p M)
0.1% BSA-PBS 2 (BD FACSCalibur(T™M): Becton, Dickinson and
Company, CA) (Ex=488nm, Em=520nm)
[ 1
K166 ROS
1 ROS ( )
ROS ( ) ROS
K166 ROS
K166 K166
ROS
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ROS EEH &
(B FEAED 5o F1ME)

160
140
120
100
80
60
40
20

[l | H = =

100 500 30 100 300 ‘ 1000

NC Pyocyanin (UM} K166 {uM)

1. K166 § L1F K166-OH FINBEAS /A MIFHITHR0S OEH

AS /YA hEKI66F 1L K166-OH 777 T C3HBIIEEL-, M, SHETS
ROS MF&H (Z[XTotal ROS/Superoxide Detection kit Z{EAL., Z70—H A kAR —
THRHEh-#iE10,000E 7 O 5 F{E O E 0 F 1l (Geo-mean) FEH L=,
NC, ERHINPEME R EE, PC, A 7=V HiNB M Xt B
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2-3-3

[ 1
4-(4- )-2- K166
Phenylthiourea (PTU) Sigma-Aldrich (USA)
[ 1
(Kurabo, Japan) PTU 1
K166 K166 3 6
[ 1
p- eukaryotic Initiation Factor 2a (elF2
a) elF2a Cell Signaling Technology, USA 5000
[ 1
Real-time PCR TagMan® Gene Expression Assays (GAPDH, Hs99999905 mi; IL-8,

Hs00174103_ml1; Life Technologies, USA)

MBEH 4-tert- 4-TBP
Interleukin-6 8 19 K166
[elF2a K166 1
1 elF2a elF2a 0.3mM
1mM K166 K166
Thapsigargin (TG) Toosi 19
Monobenzylether of hydroguinone (MBEH) elF2a elF2a
MBEH 0.3mM 1mM K166 elF2a
PTU K166
TG elF2a PTU
elF2a
ATF4

9 K166
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[1L-8 mRNA
2
35

3 mM

0.1mM

K166

in vivo

1mM

K166
PCR

PTU

K166

K166

IL-8

13)

K166

IL-8 mRNA
elF2a
0.1mM  PTU
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K166

3 mM

10 mM K166
Toosi

XBP1

IL-8
MBEH
K166

K166
3 mM



F 10 2 (%) vs Control

NC TS5 MBEH K166

1500M  0AmM 03mM 1mM
PTU MM -+ - + - + -+ - 4

p-elF2c

E1. K166IZ L5elF2ay s 28 ) BE{LSEE

MC, Negative control; TG, Thapsigarging MBEH, Monobenzyl ether of
hydroquinone; FTU, Phenylthiourea

4000

3500

3000

M Control
H PTU (3.1 mh)

2500

2000

1500

1000

500

0 0.01 0.03 0.1 0.3 1 3 10
K166 (mM)

B2, K166(C LBIL-8 BT FRIFEE

IL-8D HIRBII. NEEEEIZ FGAPDHO RIRTHLIZBTTLIZ.
PTU, Phenylthiourea
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30%

K166

GPMT LLNA CCET
AS-AA Harber
ImM 500IM
2
ROS
ROS ROS
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ortho-Quinone Generated By Tyrosinase-Catalyzed Oxidaation of Skin Depigmenting Agent Monobenzone: Self
Coupling and Thiol Conjugation Reactions and Possible Implications for Melanocyte Toxicity. Chem. Res.
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25

4-(4- )-2-
4-(4- )-2-
OoDSs HPLC
RS 11
HaCaT

A.
4-(4- )-2- HPBol 1 Fukuda et al., J. Occup. Health, 40, 118

(1998)
8 7

20
1
4-(4- B
)-2-
HPBone 1 4-(3,4- )-2-
DHPBol 4-(3,4- )-2-
A 7 4 DHPBone
1 7 HPLC
LC/MS
500 mg/ml
DMSO 4
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Sigma-Aldrich
50 mmol/L KPB (pH6.5)
10,000U/mL

HaCaT

DMEM Sigma-Aldrich 10% FBS Gibco
Gibco, Cat. No. ;15240-062
1><10° cellg/75 cm® Flask
3~4
African
American Cat No. KM-4009,

N0.01392

DermaLife M,

15 mL 5

2 20 mL
HPLC

0449

0.2 um LC/MS

HPLC

1100 Agilent
HPLC
Chiral CD-Ph (2.0 mm i.d. x 250 mm; parti-
cle size, 5 pm; Shiseido) 40
25% acetonitrile 0.2 mL/min 280

nm

HPLC LC/MS
ACQUITY UPLC H-Class/TQD system

Waters HPLC MS

ACQUITY UPLC CSH C18 (2.1 mm i.d. %

100 mm; particle size, 1.7 um; Waters )
40 40% 0.02% TFA

0.2 mL/min ESI positive
3.0kV 30V 120
350 600 L/hr
50 L/hr SCAN mode (m/z
50-600)
HaCaT 1.0>100° cells/ml
1210 cells/ml
96 100 ul/well 24
DMSO 100
well
100 pl/well DMSO 1.0%
CO, 24
DHPBol DHPBone
2.4>10° cells/ml 50
ul/well 24
50 pl/well
500 DMSO 250
DMSO 0.2%
DMSO well
DMSO well
ATP CellTiter-Glo
Luminescent Cell Viability Assay kit (Promega)
well 100 pl
Reagent 120 10
well 1

RLU, relative light units
SpectraMax M5, Molecular Devices
100

LC/MS
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3well DHPBol

LC/MS
DHPBone
DHPBol
DHPBone HaCaT
50 mmol/L KPB (pH6.5) 0.33 mmol/L
1
30 U/mL 6 HaCaT
25 LCso
12.7 mmol/L 10.5
mmol/L  DHPBol 0.52 mmol/L. DHPBone 0.39
C mmol/L
2
2
R S 2
HPLC African American
3 R 7
S LCs
1 16.5 mmol/L 15.5
mmol/L.  DHPBol 0.072 mmol/L DHPBone
0.049 mmol/L HaCaT
HaCaT
HPLC
4 2.5
mmol/L 24
2 LC/MS
0.04% PDA
MS 8
PDA
2% DHPBol
DHPBone
DOPA
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25
LC/MS
9
DHPBol

DHPBone
A B
C
DHPBol DHPBone

DHPBol A

C D

DHPBone

0510 15 20

0

E

10

DHPBone

DHPBol

HaCaT

HaCaT

HaCaT

DHPBone

- 88 -

LCso

DHPBol



DOPA  dopaquinone

HPLC

11
ODS HPLC

HaCaT

RS
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2014

3

Rhododendrol

raspberry ketone
134



OH 0]
/w - reduction /@/\)J\
HO HO

4-(4-hydroxyphenyl)-2-butanol 4-(4-hydroxyphenyl)-2-butanone
(HPBol, rhododendrol) (HPBone, raspberry ketone)
1
(2R)-HPBol (2S)-HPBol
2
Material
R
S

T T T T T T T T T T T T T T T T T T T T T T T T T
T & a 10 1 ik

R |Product 3 MeOH extract

5
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49.8% 50.2%

1 50.0% 50.0%

2 50.0% 50.0%

3 50.2% 49.8%

4 50.0% 50.0%

5 50.0% 50.0%
R_3in 40% MeOH 15-Aug-2013
13:43:28
Rhodo046 5: Diode Array

Range: 4.033e+1

Material

5: Diode Array
Range: 3.532e+1

Product 3
MeOH extract
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2
HPBol
HPBol HPBone
0.008%
1 1.9% 0.018%
2 2.1% 0.011%
3 2.2% 0.027%
4 2.1% 0.027%
5 1.9% 0.031%
0] O
‘o
DL ey g (e
HO _ NH, HO NH,
tyrosine inhibition? DOPA
OH : OH
/@/\A (ty?ggizie) HOW ——> reactive oxygen species?
HO Y™ ~ Ho “
cell death?
4-(4-hydroxyphenyl)-2-butanol 4-(3,4-dihydroxyphenyl)-2-butanol
(HPBol, rhododendrol) (DHPBaol)
@) - O
oxidase ) e
/@/\)J\ (tyrosinase) HOK)/\)J\ —— reactive oxygen species”
Ho YY) HO “
cell death?
4-(4-hydroxyphenyl)-2-butanone 4-(3,4-dihydroxyphenyl)-2-butanone
(HPBone, raspberry ketone) (DHPBone)
5
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Relative Luminescence
(% of control)

—4&—HPBol —&— DHPBoI —A—HPBone  —— DHPBone

R ‘
* e S
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Relative Luminescence
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