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ABSTRACT

Pratol is a 7-hydroxy-4-methoxyflavone found in 7rifolium pratense. In
this study, we investigated the effects of pratol on melanogenesis and
anti-inflammation. We also studied the mechanism of action of pratol in
B16F10 melanoma and RAW 264.7 cells. The B16F10 cells and RAW 264.7
cells were treated with various concentrations (6.25, 12.5, 25, and 50 pM) and
(25, 50, 100 uM) of pratol respectively to observe its effects. The results in
B16F10 cells showed that pratol significantly increased melanin content and
tyrosinase activity without being cytotoxic. In addition, pratol strongly
increased the expression of tyrosinase and tyrosinase-related protein-1 and 2
by enhancing the expression of microphthalmia—associated transcription factor.
Furthermore, pratol stimulated melanogenesis via the phosphorylation of p38,
c-Jun N-terminal kinases (JNK), and extracellular signal - regulated kinase
(ERK). The findings from an assay searching for the inhibitor revealed that
SB203580 (a specific p38 inhibitor) or SP600125 (a p—JNK inhibitor) attenuated
pratol-induced cellular tyrosinase activity whereas PD98059 (an ERK inhibitor)
did not. Additionally, pratol interfered with the phosphorylation of p-AKT.
We also found that pratol-induced melanogenesis was reversed by H9,
which 1s a specific protein kinase A inhibitor. The results in RAW 264.7 cells
showed that pratol significantly decreased NO and PGE; production without
any cytotoxic. In addition, pratol strongly decreased the expression of INOS
and COX-2. Furthermore, pratol reduced proinflammatory cytokines such as
tumour necrosis factor (TNF)-a, interleukin (IL)-1B, and IL-6. The results
suggest that, owing to its multi-functional properties, pratol may be use as
potential tanning agent or as therapeutic agent for hair depigmentation,
hypopigmentation and inflammation.
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. Bacteria and other pathogens enter wound.

. Platelets from blood release blood-clotting proteins
at wound site.

. Mast cells secrete factors that mediate vasodilation
and vascular constriction. Delivery of blood,
plasma, and cells to injured area increases.

. Neutrophils secrete factors that kill and degrade
pathogens.

. Neutrophils and macrophages remove pathogens
by phagocytosis.

. Macrophages secrete hormones called cytokines
that attract immune system cells to the site and

activate cells involved in tissue repair.

. Inflammatory response continues until the foreign
material is eliminated and the wound is repaired.

Figure 6. The mechanism of inflammation in RAW 2647 cell, and

inflammatory disorders.
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Glveyrrhiza uralensis Glabridin

Figure 7. Pictures and structural formulas of Centella asiatica (Madecassic

acid) and Glycyrrhiza uralensis (Glabridin).

Trifolium pratense L. (Red clover) Pratol

Figure 8. Picture of Trifolium pretense L. and structural formula of pratol.
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II. A5 9@ ¥

O
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L AgE R A%

HooAGo] AFEH  pratol Extrasynthese (Genay CEDEX, France)el A

1&t9dtt. DMEM, fetal bovine serum (FBS), penicillin/streptomycin,
trypsin—ethylenediaminetetraacetic acid BCA kit Z#32 ERK A<l
PD98059+= Thermo Fisher Scientific (Waltham, MA, USA)olA T3 L
Dimethyl sulfoxide (DMSO), a-MSH, NaOH, MTT, radioimmunoprecipitation
assay (RIPA) buffer, PKA <A #1 H-89, 18] 3 NF-kB & #| A2l ammonium
pyrrolidinedithiocarbamate (APDC)E Sigma-Aldrich (St. Louis, MO, USA)el A
TAste] AFg3Att. PGE, ¥ A9 5A  cytokinese mouse enzyme-linked
immnunosorbent assay (ELISA) kit R&D Systems Inc (Minneapolis, MN,
USA)o A F918te] A3ttt Tyrosinase, TRP-1, TRP-2 18]a2 MITFY
primary antibodyE< Santa Cruz Biotechnology (Dallas, TX, USA)Z%FE
Telatelth. p-p38, p3s, p-JNK, JNK, p-ERK, ERK, p-AKT, AKT =181
B-actin antibodyE+> Cell Signaling Technology (Danvers, MA, USA)Z4-H
TYste]l AFE3skTE JNK oA #AIQl SP6001259F p38 A A1AIQl  SB203580+
7}7} Cayman Chemical (Ann Arbor, MI, USA)¥} Calbiochem (San Diego, CA,
USA)el A 9438kl A&ttt Enhanced chemiluminescence (ECL) kit®} 2x
Laemmli sample buffer= 27} Biosesang (Sungnam, Gyeonggi-do, Korea)<}

Bio—Rad (Hercules, CA, USA)o A F+3te] A& S st
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2. X Mg R AEFAHHL

2.1. A XM EF

ot d A A F e AFE-E BI6F10 mouse melanoma ¥ A Z2A38 o] A=
RAW 2647 AEXES 3= MEF 23 (Koeran Cell Line Bank)E 3l

=

A3, MEES 1 % penicillin® 10 % fetal bovine serum (FBS)7}

H

¥ ¥ Dulbecco’s Modified Eagle medium (DMEM) ®j#]ell 37 °C, 5 % CO:

< 2zt incubatorol| A vl &k T

BN
el

2.2. AXE=AH7}

A 57F AEAE v A= GEs dotry] flste] MTT A38S st
MTT 23 4olsli= AE W mitochondria®l 44 &42HE] 25t
Ao F8A 7)ol 3-(4,5-dimethylthiaxo-2-y1)-2,5-diphenyltetrazolium
bromide (MTT)E AF4& we HFEAY  formazanlo = LA 7| =
nEZ=gole] 58S o] &3 HARolth & F3=7F A4 UeF5E dolids
ME7E Boes AL 9n|sth(28). BI6F103 RAW 2647 AXE 1 %
penicillin®} 10 % FBS7}F x2%¥ DMEM HjX|o] 24A17F &b nj 33T}

247ve]  welld BI6F10 (20 x 10" cells/well) 2 RAW 2647 (15 x 10°
cells/wel)WHE 24 well plateo] EF3a1 48A17F HoF wjst = A

b

FEEE AYsdr. 4598 AASL DMEM #iA2 MTTAI S (0.5 g/L)
TER 845t ZZbe] wellol 400 pl A ¥l 3A]7F FoF Agskdch 19
e AEAS A AL formazan crystalse]l DMSOE o] 1A7F &<
Ao =2 H 96 well plated] %7 ©°} microplate reader (Tecan,

Mannedorf, Swizerland)”7] & A}-&3}e] 550 nmoll A SF=E S48t
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Incubation

DMEM containing 10 % FBS,
1 % penicillin/streptomycin

37 °C under 5 % CO:

Figure 9. Process of cell culture.

S_( Mitochondrial Reductase S-"{
bl - NH~=N
NG M 3
Br '
34 5-dimethylthiazol-2-v1)-2. 5-diphenyltetrazolum bromide (E.21-5-(4.5-dimethylthiazol-2-v[)- | 3-diphenylformazan
(MTT) (Formazan)

Figure 10. Principle of MTT assay.
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3. Melanoma cell Al ¥ WolA Pratold Hadd A

3.1. Melanin contents &%

B16F10 mouse melanoma AXZ 6 well plated] 7z well & (5.0 x 10
cells/wel) 2 FF3Fal 48A1FF &<t wjFstAtt. I & v st 5%9 pratol
(6.25, 125, 25, 50 uM)<S Aadtt dHxrons obFAE AshA &2
DMEM ®j#A|7} #2931 FAETeZE o-MSH (100 nM)WE A 28k 3i o
MEES AT T BN F, AF5dS AASL ZF welld 10 % DMSO7F
A7Fd 1 N NaOHE 1 mL % 93 70 °ColAl 1AZFsr AEstdn. 1+

the 2 welle] €4S 200 u A 96 well plated] =74 il microplate

AN
o
ol
o,
2
=
av)
=
i)
off
rlr

reader7] S AF&3le] 4056 nmolA] FFLEE

bicinchoninic acid (BCA) ©® 2 A= kitE AF-g3slo] A ZFssioh
3.2. AIX Y tyrosinase &4 =3

BI6F10 AI¥£E 100 mm dishel (1.0 x 10° cells/wel)® 747} &3 3 F,
48A1 7t Fot incubatorol A wiYstTE 19 the pratold (6.25, 12.5,

uM)Z  Zhzhe]  dishel HEstgn SAUERToZE o-MSH (100 nM)Z}
xzwo2E ol 3% AP EHA 22 DMEM HiAE Aste] 72413k &<t
i eFatslnt. vidko]l 1 & AFAe A Fi EFAS Asto] AExES
disholl 4] wWo] conical tubeol &7 ®o} 11,000 x g, 3+ &< A EEE 3l
stATE A=dS A AL 7FeFere A Eo]  RIPA buffer®t protease inhibitor
cocktail (1.0 %)& 7Z}7 AHeste] NEXES SalAFAT AEX &E5S 1A
&<t 10 vlt} vortexing 33 10+ &<F 13000 x g o2 A& 3 FA).

AAEY T AEFHS o] BCA protein assay® @ AS A=l RIPA
bufferZ $l4ste] G AFes Wi MIES TEAT 96 well plate 7}

welle] o] A& 20 pL ¢ L-DOPA (2 mg/mL) 80 puLE i 37 °CelA

2A1 7Hs¢F w93l & microplate reader’]E AF&3Fe] 490 nmelA FHEE

O
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3.3. Western Blot 4]

B16F10 A2 100 mm dishell (1.0 x 10° cells/wel) & Z}zF B33+ 5 484]
7F Eor s FAo) Pratols HEHEE (625 125 25 50 uM) &
OS2% o-MSH (100 nM)E A7 ste] ujdstdtt. MXEXES wo] protease

inhibitor cocktail (1.0 %)E $F3t31 9+ RIPA bufferE Y1 1A17F 59t 10+

BN

ult}h vortexing S SFWHA MEES &S|AI AT 1300 x go2 JARHE L
AZdS T E e-tubed %74 ¥ & BCA protein assay® @z A&S 3}
ATt Western sample2 "F57] 93] 20 pg 22 A=3x @Ay 2x Laemmli

sample bufferg 1:1 H] &2 4o+ vt 5&7F 100 °CoAlA #Z9ch MES 4 °C

il

oA 213l & sodium dodecyl sulfate-polyacrylamide gelsol] Z} lane vt} A3
20 pLA Y3 1AZFsCF loadingstHth. wElE @A ES polyvinylidene
difluoride membrane®| = 7]3l Tris-buffered saline containing 0.4 % Tween 20
(TBST)Z %91 5 % non-fat skim milk® membrane?] THAES 1A &
¢} blocking 3t L % primary antibodyZ 1:1000 H] &2 ¢ skim milkel
membraneS 24A1%F FF WESAZ T TBSTZ 10wttt 6W AlF&E H,
1:3000 ®]& & TBSTel ¢l secondary antibodyZS 1A417F o wHEA| AT
TBSTZ 107ttt 691 A& ¥ Enhanced chemiluminescence (ECL) kitE& A}

galo] 7A7te] gMAN=E AZaAT
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Gk Sample treat Melanin Detection
contents test (405 nm)

Figure 11. Process of melanin contents test.

T T R —
Seeding Sample treat
Cell lysis & Collect
20 ul
80 pL L-DOPA
Supernatant .

N

ey [l

Total vohmme 100 pL Detection
(490 nm)

Figure 12. Process of tyrosinase activity test.

Transfer Target

protein proteln Skim milk
membrane
SDS-PAGE Transfer Blocking
Secondary
Antibody

Primary
Antibody

e — e e

Antibodies
detection

Detection

Figure 13. Principle of western blot assay.
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4. RAW 2647 AlX W} 95 84 54
4.1. NO B4 944 54

RAW 2647 A5 1 % penicillin®} 10 % FBS7} 7}¥ DMEM HjA] & o]
23te] 24 well plated] Z+ welld (15 x 10° cells/wel) & FF8FiL 2447+ &<t
kel 7 & gdst wx 2 8AM¥ pratol (25, 50, 100 uM)@ LPS
(1 ng/mL)E B4 Agse] 2427 Bk gl Exw o2y ofF AR A
kA 2> DMEM A2} LPS (1 ug/mL)¢t 25 uM APDCE &Alol A2
WA E ARG 29 S 2 welle] A5 100 pLob GriessAl eF 100 nL&

96 well plated] &3slo] WS 2okst AdejolA 1A WA 2l & 550 nm
ol 4] microplate reader’] & A}&3to] SFFE=E S5

4.2. Prostaglandin E; (PGE2) A &34

RAW 2647 AEE 7} welld (15 x 10° cells/wel)Z 24 well plateo] 33}
I 24X Eob viget . 1 & 9Yd 5% pratol (25, 50, 100 uM)Z}
LPS (1 pg/mL)E A Hgg A 50 uLE 2k wellol A3kl 24412 &<t
et ErTdoerE ofF AL AEstA %S DMEM HiA ¢t LPS (1 p
g/mL)RE A 3, 183 LPS¢ 25 yM APDCE sl Aeleh wix7b 229
o} 24A17F 3 owfekel S 10,000 rpmoll A 3% ok dAlRE e F AFAS Ho
mouse enzyme-linked immnunosorbent assay (ELISA) kitE Alg&3slo] 72 5%

H PGE; &&& SA At
4.3. 4ZWAMA cytokine (TNF-q, IL-6, IL-18) Al &3

RAW 2647 MEZ 24 well plate ZF wello]l (1.5 x 10° cells/wel) 2 2EF 351
24N 7F Bot wik Skt 1 & st %9 pratol (25, 50, 100 M) LPS

(1 pyg/mL)E &A1 A&g #i# 50 pLE 2F wellell A 2]sfaL 2443k F<2t v gat
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Atk dxwozs oAk AYshA &2 DMEM #i#¢ LPS (1 pg/mL)Rt
A A, 283 LPS9F 25 uM APDCE sAlell A2 wiAE ARg-sttt. 24
AZE F w kS 10,000 rpmell A 3% 9 dAEEE FH TS Ho
mouse enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems Inc.,
Minneapolis, MN, USA)E A}&3le] 7} =¥ AZwi7/0A cytokineE 9l &S

=438k

4.4. Western blot &4

RAW 2647 A¥E 100 mm dishel (15 x 10° cells/wel)® 2z} £33 ¥
24712 Fob viFsta et ¥l v thd s =9 pratol (25, 50, 100 pM)= A
g3l fRToRE ofF AR AHE SR &2 DMEM #iA] ¢} LPS (1 pug/mL)%H
AEgk 2, e al LPSeF 25 uM APDCE SAlol Ak A& AR&sAth Al
A+ RIPA buffers

Ho
p‘L
=

Y52 W] protease inhibitor cocktail (1.0 %)& 3t
Y 1A FoF 10®vtth vortexingS SHHA AMEES S AHY. 15683
g5 dF1 F5AS U2 etubed A4 BC

%
At Western samples W7 98] 20

=

.

1300 x go=2 YA

il

protein assay® w3z  A=S 3

ng o2 Agd o

=

A3} 2x Laemmli sample bufferE 1:1 B &2 4oj& &
5&7F 100 °CollA &9 FAoh AES 4 °ColA 23 F sodium dodecyl
sulfate—polyacrylamide gelsell Z} lane vlt} AZ 20 plL¥® Y3 1A3F &9t
loadingd FAtt. F]¥ @A LSS polyvinylidene difluoride membrane®] &
7131 Tris-buffered saline containing 0.4 % Tween 20 (TBST)Z =9 5 %
non-fat skim milk® membrane® W HE5 1A+ &<k blocking 3 FUT .
71 % primary antibodyE %9l skim milk®] membranes 24A17F  F<QF ¥Fg-A]
At TBST= 102wtk 6 Al¥ais F, 1:3000 Wl&= TBSTel =<
secondary antibodyE 1A &<t WA T TBSTZ 10&2vttt 691 A& s8]
% Enhanced chemiluminescence (ECL) kitE AF-&3ste] Zb7zbeo] dhildmi= & 7

=38l
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Y

Cell Iysis & Collect

100 pl. Supernatant 100 pl. Griess reagent

Total volume 200 pL

Figure 14. Process of NO production test.

Antibody Labeling Reagents
Bj;:ilnu E:mgl Subwtrate
o
\ o L of
Target Analyte sm'i“ ® Product
(Antigen) Target Analyt
e @R
= -
S - - » A :'.-. o
™ .' L & -
: . > . Y b o Y " - i
e Solid Phase
Bind Waah Labal Read

Figure 15. Principle of ELISA assay.

_26_



BE AFdAINELS student's ttestE AFEES] p-values < 0.05 4%

p-values <

A= Al
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1. 2 7

1. BI6F10 Al x4 A ABE L AZAE dg sStHEES I

A2 AABRTY 2o € GPES olgdel AL ATD

= s Aol A&sk= Abelzh Bol ol FojAan glnh whEkA E AP elA =

(®

Figure 16. Structural formula of (a) 7-methoxycoumarin (7-methoxychromen
-2-one); (b) bergamottin ((E)-4-[3,7-dimethyl-2,6-octadien-ylloxy)-7H-furol[3,
2-g][1]benzopyran-7-one); (c) 8-methoxycoumarin; (d) stigmasterol ((3S,8S,9
S,10R,13R,14S,17R)-17-[(E,2R,5S)-5-ethyl-6-methyl-hept-3-en-2-y1]-10,13-dim
ethyl-2,3,4,7,89,11,12,14,15,16,17-dodecahydro-1H-cyclopentalalphenanth-ren—-3-
ol); (e) synephrine (4-[1-hydroxy—2-(methylamino)ethyl]-phenol); (f) pratol

Table 1¢] A% Hol, pratolold @ed el 74 27 S75e o
91oith. whebA E7k Aol A= pratole] BIGFI0 AEA @ebvl 44zt we}
A4 BE gaAse] wale ofwA AFaAel el 2AeA.

AV

_28_



Table 1. Effects of some natural compounds on melanin production and the

viability of B16F10 melanoma cells.

Compound Concentration Melanin Cell Viability
(uM) Content (%) (%)
7-Methoxycoumarin  12.5 108.5 99.7
25 100.7 89.4
50 96.5 93.2
100 87.6 95.2
Bergamottin 125 101.2 100.9
25 97.3 104.4
50 79.2 1109
100 85.5 63.8
Synephrine 125 102.7 102.0
25 100.2 96.2
50 96.8 98.3
100 116.1 98.1
Stigmasterol 12.5 100.0 99.1
25 97.0 96.4
50 105.0 98.2
100 117.3 101.3
8-Methoxycoumarin 12.5 103.7 103.4
25 112.1 1055
50 115.7 99.3
100 130.3 98.1
Pratol 6.25 99.2 101.0
125 108.9 99.2
25 176.2 92.1
50 208.7 88.4
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2. BI6F10 AlZ oA AExAE 2 A JdYJ] #3 pratol B 3F

2.1. B16F10 Al XY A pratole] AE AE&

R

g3 2 FX9 pratold BI6F10 Aol A2 de Al AEZAPEC] 7Hsd
A dotry] 93] MTTAAS T3t Pratols %% (6.25 12.5, 25, 50
uM)Z BI6F10A o] 7+7F A elstga Fduzdoas= o-MSH (100 nM) 1
il R oRE oA E HYeA Z2 wjA DMEM< AR&3she] 48417 &
b wiksldth MTTAE A3, pratole] AZAEEL HEd F= oA 2
W7t Qe wEkA o] X ol e AESAol A A F g v

A ekt (Figure 17a).
2.2. B16F10 A £ W A pratol® melanin contents

Pratole] #ebdgHAdel mA= A3dS dotrr] &) v %9 pratol
(6.25, 125, 25, 50 pM)S 18|31 ERTOE olF AR *
##], FAdNRTORZE o-MSH (100 nM)E 484
melanin  contents A¥ES At 1 A, dWHUIAPES dixTd G
s FAUERT (a-MSH 100 nM)<> 50 % S718S HIa s
uM)7F A8l ® pratolol A= thEFHT 108 % =7Fshe Bt Td srde
AYPS Al A s=o wep dHgdAde] FoHor Friete A
FAE o+ AATHFigure 17b). webA] ol2dk A3+ pratole] 1L
B16F10 A xeA detdsds S7HAzItheE 2S RofFa o

)

ot ¢
r (3

=

e

2 &
2

Ach

ol

&

ot
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Cell viability (% of control)

100
*
80
60
40 -+
20
o - . I . . .
+ - -

a-MSH (100 nM) -

Pratol (M) - - 6.25 12.5 25 50

(a)

EE3

200 A

*k

*k

*%k

100 -

Melanin contents (% of control)
|

0 -
a-MSH (100 nM) - + - - - -

Pratol (uM) = = 6.25 12.5 25 50

(b)

Figure 17. Effects of pratol on melanin production and the viability of
B16F10 melanoma cells. The cells were treated with pratol (6.25, 125, 25,
or 50 uM) for 48 h. a-MSH (100 nM) was used as the positive control. (a)
Cell viability and (b) melanin content are expressed as percentages compared
to the respective values obtained for the control cells. The data are presented
as mean * standard deviation (SD) of at least three independent experiments.

* Indicates p < 0.05, whereas ** indicates p < 0.01.
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2.3. B16F10 A £ Wl A pratol?d tyrosinase &4

K

kel

m&

Tyrosinasex= ™

a3t g4z Z dyA duk(B). uwEbA
%3] pratole] B16F10 A Xol A tyrosinase™ & 3 A

fllo

tyrosinase A4 ¥
o3t JaFS mx=x=E dolH gty BI16F10 Al 3Eo pratol (6.25, 12.5, 25, 50

_%
IS FENE 27 Aesa, gET adn PYRERTS A A% 1%

1_1

L2 A5 tyrosinase@g o] xR vlulste] Lk EXHOR FUlekE A
S st 53] 5= pratolA ] Al W&o vlaste] 40 % FUFeE F

-MSH 100 nM)XE.t} 84 2 170 % 57 H. A HFigure 18). ©| ¢}t
2o ARE E&, pratolS WabdgtAe H Q3 &4 tyrosinasel TS =

A WIS ST AS BT &
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300 -

*x

250 -

200 +

ke
wx
How
*%

150

100 -

) J

0 4 . . . .

- “+ - - -

@-MSH (100 nM)

Tyrosinase activity (% of control)

Pratol (uM) - - 6.25 12.5 25 50

Figure 18. Effect of pratol on tyrosinase activity. BI16F10 cells were
treated with pratol (6.25, 12.5, 25, or 50 uM) a-MSH (100 nM) used as the
positive control. The results are expressed as percentages compared to the
value obtained for the control cells. The data are presented as mean + SD of

at leastthree independent experiments. ** indicates p < 0.01.
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2.4. Western blot #4

Tyrosinase, TRP-1 12|31 TRP-2= ®Wzld Ao T3 9&d& 3= &4
Eo|th(24). MITF: tyrosinase®] M-box @ta &g T2 REC ZAgEd
tyrosinase ¥ Watd A4 #IH §4AE TS fFEgoEN O S x4
st= Aoz A dHA AvH6-8). WA pratol?] HEld A A RS o] o] s
HAUSES Sl dolus AdAE FH7IHN 4 sl wE MITF9
o ded

she] aAlsh o)

0

Ol
Y

i

3
)

tyrosinase L g4 d9d Id S HuEday A

oo

Z]
western blot #4195 A}
=
g ¥ tyrosinase B TRP-12¢] wulztad ¢S 13t A3 fFo|xo=w F7}

{3l pratole] MITF @& v x| & &S ZASEA T Figure 20at™ 7HY ils
T9] pratols A& P& Al AZte] wWE MITFe 2d S yekd ZHola
figure 20b+ 24A17F&<F pratol Al Al =¥ M

t}. Figure 20a°] mW=2W pratol> Alito] S7Fs45 MITFS 28 &S S7HA
7130 2447 A2l Al 7P e BEE BS99 5 Aok B3 figure 20b
o] A3}E= pratolS 244 7F A E 2

A T et Ae BolFa v wEbA oloh 2
BI6F10 Aol MITFS 2&# & =39 tyrosinase 5 2t g dd o)

459 2L FME A4S & F o

—_
'
4
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48 h 140

«MSH(000M) - o= - s -
Pratol (uM) - - 6.25 125 25 50
Tyrosinase | . = Ty = !

TRP-1 ------

Tyrosinase protein level (% of control)

TRP.2 | S e - - —

: -MSH (100 nM) - + - - - -
pacin | S G G -
Pratol (M) - - 625 125 25 50
(a) (b)
200 140 - o
- .
= 2 **
£ ERFUE i
B <
g -
= °
100 4
g =\° *k
< <
=1 3 8 4 ,
E H
: &
= 2 60 |
2 e
2 2
£ & a0
£ o
= o
= € g |
0 |
a-MSH (100 nM) ” + - - - - -MSH (100 nM) = &2 - . - -
Pratol (M) - - 625 125 2 50 Pratol (iM) - - 625 125 25 50

Figure 19. Effect of pratol on TRP-1, TRP-2, and tyrosinase expression
in B16F10 cells. Cells were treated with various concentrations of pratol
(6.25, 12.5, 25, or 50 uM) for 48 h. Protein levels were examined by western
blotting. (a) Result of western bolting, and protein level of (b) tyrosinase;

(c) TRP-1 and (d) TRP-2. Results are expressed as a percentage of the
control. The data are presented as mean + SD of at least three independent

experiments. * indicates p < 0.05, whereas ** indicates p < 0.01.
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C: Control 24 h
P: Pratol 50 (nM) 2k =k Ty
C P C P C P Pratol (pM) - 6.25 125 25 50
T T R MITF
p-actin | | Practin | WS - ———

400 -
180 *k

350 160 4

300 - 140 4

250 120

200 - 100
e

150 - 80 -

60
100

Time interval of MITF protein level
(% of control)

40
50 -

MITF protein level (% of control)

20 -

0 4

0
Pratol (50 pM) - + - + - +

Pratol (uM) = 6.25 125 25 50

22h 23h 24h

(a) (b)

Figure 20. Effect of pratol on MITF expression in B16F10 cells. (a)
Cells were treated with pratol (50 pM) at different time intervals; (b) Cells
were treated with various concentrations of pratol (6.25, 12.5, 25, or 50 uM)
for 24 h. Protein levels were examined by western blotting. Results are
expressed as a percentage of the control. The data are presented as mean +

SD of at least three independent experiments. ** indicates p < 0.01.
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2) B16F10 AlEW oA pratol® AKT 2143l A 3

Mg AFEe M2 AKT 2sdg 25 AKT <QlibstE F3) 2epd
Ade FHste Aox HuFEATA819). I FHT Pyd

AKT®] <14bst= MITFE S14Fst ato depd A S #AaA s S BT
I JoH16,17). wEkA W dAAAd S7FE Holal & pratole] BI6F10 A 3E 2]
AKT Alsdgd7d 2ol AKT 14tstel] ojujg

& western blot 2 %S 2 35A . Western blot 2323} pratole &% 2&

)

How AKTO I4tstE A&fste A &8 4+ Ui, 53 50 pMe] 5=
oAM= WEstA AKTE 14ksks Asfsts A& &
A3E EWE pratol> AKTY <¢14bstE Adfste] ded A S S7HA 2=

o 2~
AeE & F ok
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4h

Pratol (jtM) - 625 125 25 50

P-AKT

T-AKT

p-actin

120 4

*
*
100 +
80 4
Hk

60 +
*k

40 4

20 | l
0 M 1 1 1 1

= 6.25 12.5 25 50

Pratol (uM)

P-AKT protein level (% of control)

Figure 21. Effects of pratol on AKT phosphorylation. B16F10 cells were
treated with various concentrations of pratol (6.25, 12.5, 25, or 50 uM) for 4
h. (a) Protein expression levels were investigated by western blotting; (b)
Results are expressed as a percentage of the control. The data are presented
as mean * SD of at least three independent experiments. * indicates p <

0.05, whereas =** indicates p < 0.01. P: Phosphorylated, T: Total.
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3) MAPKI A pratolel <% p-ERK, p-p38 2 i p-JNK¢ 37}

A Ao wEw MAPK AsddZd 2 Waidgda4gdy 34 ot B
w¥ 3 gtk (9-11). wEkA pratole] BI6F10 Al XA p38 MAPK, ERK %
INKe] QlAtsle] ojust F&gS v X =AE Lolr7] 934 western blot 2
S B8 QASIAEE Fels] Bt} Figure 229] Hol= Ay o], pratole
p38 MAPK, ERK ¥ JNK¢| ztsls sk oEdoz Z7lA7E S

—

o] &
=2

7}

ol A=A Izl 98 p38, JNK, ERK A##]?1 SB203580, SP600125,
PDOR059E Z+7F 10 uM & A 2]38l¢] tyrosinase A A3 S 433t} Figure
23a%] 235 XM pratol 50 M= A=A 71 B16F10 Al 3Z 9] SB203580 (p38 <
AlA ek SP600125 (JNK AA1ANE A2 dl& Al pratols @502 Agg AW
= 9 = v ol A= pratolo]
p38¥ JNKo A3 5o} tyrosinase? FAFAS FE3ta YrisE AS
B ojFE

fo

o|N

o

T AAY. T3 o]k MAPKsE©] BI6F10 Ao A tyrosinase A
A

t} tyrosinase Ao A4S

e

4) PKA o9& 235 BA2ZE 53 pratold 2IIHA F=

PKA &40l 93 CREBQ ¢l4tsl= MITFS AALE FEdts S23 Ao
ot} (12,13). wtA pratole] o]# 3k Az dGdygo g <3 wWabdgAlo] oJtS
TEAE golr7] 93] BI6F10 Aol pratol 50 pMS A2 E+= A FshA] &

PKA JAASl H-895 ztzt Agls) wmotvh 1 23t figure 23bE RH,
pratol ¥ H-89E sAlol A2 g Al tyrosinase &4 o] H-895 A E|shA| &2
S o 1o A3 faskE AS AT 4 Uik mebA ol g AdE F
pratolS PKA o|&EXIZAHREE E3 AH

3]

wehd g wuAse Bde FA7E Ae & 5 Ak

R

)

S =2 tyrosinase A4S S Al7]a
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Figure 22. Effects of pratol on the phosphorylation of p—ERK, p-p38,
and p-JNK. BI6F10 cells were treated with pratol at the indicated
concentrations for 4 h. (a) Result of western bolting, and protein level of (b)
p-ERK, (¢) p—p38 and (d) p~JNK. The data are presented as mean * SD of
at least three independent experiments. ** indicates p < 0.01. P:

Phosphorylated, T: Total.
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.

Pratol (50 phI) - —+ -+ + +

Tyrosinase activity (% of control)

SP600125(10 uM) - - + - -
SB203580 (10 pM) - - - + i
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Figure 23. Effect of MAPK inhibitors on pratol-induced tyrosinase
activation in BI16F10 cells. To determine the involvement of MAPK
enzymes In melanogenesis, a cellular tyrosinase activity assay was conducted
using the following MAPK inhibitors: (a) SP600125 (JNK inhibitor), SB203580
(p38 inhibitor), and PD98059 (ERK inhibitor). To observe the involvement of
the cAMP pathway in melanogenesis; (b) a H-89 (PKA inhibitor) was
subjected to a cellular tyrosinase activity assay. The data are presented as

mean * SD of at least three independent experiments. ** indicates p < 0.01.
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3. RAW 264.7 M Z WA pratole] 5 A "X= I

3.1. RAW 264.7 AIX WA pratold] AE A&

PratolS& RAW 264.7 Ao AYPS Al AEAE] 7Hse =5 27 9
ad MTT 23S 33t} PratolS (25, 50, 100 pM) =2 Al ¥Eo] X835k
3 HERTOREE oFALE A s &> DMEM #ix ¢t LPS (1 pug/mL)%F A
st 21, 123 LPS9 25 uM APDCE sAlol A st vlx]& Al 4841715 <t
ket MTT A3 A3} pratole] MEAEELS AP 5= oA & W
b7 A TH(Figure 24). @ebA] o] & UolA= AEFAgo] AFAdte] F o

Fo AA FeEtE As BoFa Utk
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Figure 24. Effects of pratol on the viability of RAW 264.7 cells. The
cells were treated with pratol (25, 50, or 100 pM) for 48 h. Cell viability is
expressed as percentages compared to the respective values obtained for the
control cells. The data are presented as mean * standard deviation (SD) of at
least three independent experiments. * indicates p < 0.05, whereas *x

indicates p < 0.01.
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3.2. RAW 264.7 Al X WA NOS PGE; BA Ao W3 pratold] o
1) Pratol®] NO A A A
RAW 264.7 M ¥o| 5A4& ztx &= W9 pratol 3% (25, 50, 100 pM)S

AR 2T oZE olF A% AHEsA ¢ DMEM Hix<} LPS (1 p
g/mL)WF A& A, 283 LPS9 25 utM APDCE A4 A8 3 mAS AFE

3to] 24A17FE o WSkt 1 A3, LPSYE A8 dlS A NO9 AAS =
3F% 3L, inhibitor?]l APDCE NO<9 AAS 60 % o] JATgS A = A
o LPSE A% RAW 2647 A3 pratols =2 AHgst 33 LPS ©=

12

L
A A& AlE vas] B 3% (100 pM)ol A NO9 AAS 45 % o]
Ast= Aoz YElY =2 NOAA AE XY tH(Figure 25a).

2) Pratol9] PGE; A A oA
Ao L3 =AM PGE; ELISA kitE A}434] Pratole] PGE; A4 A

I, LPSE ©5A2 @S wol vls] LPS9 Pratols 2] A

& TN FE JEHOR PGE, 4Tl HhE AL FAT + Ym

g
ma
o
&
o2

o
in)
m

Jm

3] aEXe] pratol (100 pM)olA &= 85 % #HAsteE Aoz yelygt, Eo
inhibitor¢] APDCE A2 @& wf ®Bu s oA PGE, 44wl 5 % ¢
2EtE Ao R Yyt ol e AE 53 pratol AlEEAo] 9l HY
St Al LPSE =¥l RAW 264.7 A9 PGE, A FS a3 oz FAaA7]

= AS ¢ 4 Ak(Figure 25b).
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3) iINOS$ COX-2 & oA

2] gdstr] $18] western blot assayE Sdl @A LGS SAS Rk
LPS (1 pg/mL)Z #2121 RAW 264.7 Al ¥l Pratolg (25, 50, 100 uM) =
2 AR a fEToRE ol AL YEA ¥ DMEM HiA|, LPS% A g
g 7, 283 LPS$F 25 uM APDCE sAlel A st six& AM&3te] 24A17Hs
oF Wittt o1 Ay LPS w5 Aol Hld] Pratole A& Al iINOS9}

COX-29] wuld wgdo] AA 3HATHE AT + AAvHfigure 26).
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Figure 25. Effect of pratol on NO and PGE: production in
LPS-stimulated RAW 264.7 cells. RAW 264.7 cells were treated with pratol
(25, 50, or 100 uM) for 24 h. (a) NO and (b) PGE; production were analyzed
by ELISA kit. The data are presented as mean * SD of at least three

independent experiments. ** indicates p < 0.01.
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LPS (1 ng/mL) - + + 4 = +
APDC (25 pM) . - + - - -
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Figure 26. Effect of pratol on iINOS and COX-2 expression in
LPS-stimulated RAW 264.7 cells. Cells were treated with various
concentrations of pratol (25, 50, or 100 pM) and APDC (25 pM) for 24 h.

Protein levels were examined by western blotting.
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3.3. 945"/ A cytokineE < AA YA

RAW 2647 A3EoA dZm /04 cytokineE<l TNF-a, IL-6, ¥ IL-18<] 3
&ol pratole] WX &S ELISA kitE o]&38te] zAekgith LPS (1 pg/mL)
Z A" RAW 2647 AlEo] vk 59 pratol (25, 50, 100 pM)S =2}
o TNF-q, IL-6 ¥ IL-182 A4 <dAE Attt 2 A3, Pratol> LPS
g Ay HadS Al 7247te] wLo|A TNF-q, [L-6 2 IL-1B9] 23S

w5 ozqow oA3e 89lskscFigure 27).
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Figure 27. Effect of pratol on TNF-a, IL-6 and IL-1B production in
LPS-stimulated RAW 264.7 cells. RAW 264.7 cells were treated with pratol
(25, 50, or 100 uM) for 24 h. (a) TNF-a, (b) IL-6 and (c) IL-1B production
were analyzed by ELISA kit. The data are presented as mean * SD of at
least three independent experiments. * indicates p < 0.05, whereas *x

indicates p < 0.01.

_49_



Aepd e $g 5o AFHURS FFAAY Eolos ALHS EaAA #
Lo RRY MFE BIsta wETiEey v M AAss T8 4
S 3rh(22). ey B AAAQ AL ow o Wy Ay wuE

AnARF, AT @ A

(2). A olH T fdsS A8 & s WAL TS AT A

2 F/48S 4 BI6F10 Al ¥l A pratole] 93-S el wgku),

F7HA M= Webd g} tyrosinase EAS Hrhgto A dabd Ao
gt pratole] E3E FASEE 2 WAebd A #-H g4 5 (Tyrosinase, TRP-1,
TRP-2)¢] F&@Ert ofyzt Alxu Hebd A4 =4 dAQd (MITF, AKT,
MAPK)9] <14tsl7t AL At A3E5-2 Pratole] BI6F10 M XEo|A sk o&
Moz detd PSS Fdvts AS HogF

AA MTT A8S 53] 100 uMe] FZolA = AlEZEAo] dthe A4S g

kAL webM AlE5gol gl w29 (6.25 125,

S 25t} Weldstel 2483} tyrosinase A A T2 pratole] TR oE
Aoz Wl EFy) tyrosinase A4S TUHAIIE AS BT O AAE
F3 pratol> WAAAES FET Aolgtn & & UK (Figure 17,18).
Western blot A& Z23+= pratol®] HHIAAA F%7F tyrosinase, TRP-1 %
TRP-29] W8 Z712 23 dojdrls RS 1o F 9 th(Figure 19).

el AF3 tyrosinase 2 TRP-12% @efdgAddd T34 9&S5 st= AA}
IARQI MITFoll ol dAtz4d dvt webd depd Ay o a4 FHo| 3o
sk MITFO As g A=E AdaAy @48 7= 22 s =
g Al Aol fFeld = Aok olef 2 ol

=
v =X 5 3elst7]) 98] western blot 28-S 33t A8 A= MITF

o(l

FI

rr



W S pratol 28] 24X 7 & A E 7S B F ) (Figure 20a). =3 %

pratol (6.25, 125, 25 % 50 uM)& A& S A] MITFe] &
T gEH oz SIS HoFtH(Figure 20b). o] 21 A3+ pratol®]
MITFS] @H&dS Z7FAZA 24 BI6F10 Aol #Aztd g S A2t A

cAMP Az HehdAdded zad 943s I ol dAy-Eed wad

cAMP &4 PI3K ¥ AKTS9] Q4tstE A Aste] MITF9 degradatione 9hal

MITF7} tyrosinase 2R E o] M-boxol] ZAgggozxn WadPAS =247
Ul B EQvH14,44). ek cAMP 2137 29 pratole] &S VA=A E
dolr 7] 98 western blot AHE F3 AKTE <dAitst dHE H7bskadoh
Figure 21914 ¢} o], pratol> AKTS] QAslE fod oz oA on oy
g A3 pratole] p-AKT A& &3 2L S FEgtes A4S HoAF
3L Y (Figure 23b).

MAPK 724 p38 ¥ JNKe| Q14tsl= MITF 2de S7hAgo = et
A 2 AR TH45-47). iy ERKS &4 st BI6F10 Al3Zol A tyrosinase
g4 2 Wt d S FAaA21tH4849). E A2 western blot A ¥ pratol
o] p-p38 ¥ p-JNK vk oftyg} p-ERKS] 2dE T7/HAIHE AS BT
A tHFigure 22). WebAd oWl g4 AZ7F Wepd Ao #ost=A5 &Qlsty
&l AA]D SB203580 (p38 inhibitor), SP600125 (JNK inhibitor) % PD98059
(ERK inhibitor)Z A}-83}o] tyrosinase @4 A&S F383HvH(19,50). 1 A,
pratol @5 A2l H]L3}e] pratolo] PDIR0S9E 7ol 8] 3}e] %= tyrosinase
gdo] A WekA FUeS & AAH(Figure 23a). Wb ERK == 2
g s FA & te A & 7 Ak

2}

U S S7HA 71 pratole] thE 339E &2l

_

olN

2 A 32l pratols A2t o

o] 264.7
Aubge Bols] moth AFNES APsiH Wel et AER FX

fas

2l
ue,
o ™Y

RAW 264.7 A%+ LPSE #=std NF-kB % MAPK 4=9 2 4%



Aol e MTT 28RS AR&ste] Alx54d0] e = H9E Zoldl
o 29 vy 2 R QA pratols A AE Al d50] JAH=AE NO Z
PGE:; A4 oA A&z A=w7lA cytokineE¢l TNF-a, IL1-B % IL-62
d A AFES Bl gelstd i AFEEAAl NO 9 PGE: Aol #ost=
iNOS % COX-29 &2 western blot 23S T3] &2139

MTT 2AdZ23 200 pM o] A+e] pratol # 2] Al AlEZ=Ao] vebykar, whaba]
(25, 50 2 100 pM)e] =& AF&ste AFES PR th(Figure 24). o
2o FEAA pratole] dFE AAlst=A e fdte] LPSE A=4

RAW 2647 A3l pratols *2]sto] NO A &S st 2 23 LPS

G g ol vlEl pratolS FEHEE AYIAS A FE oEHoE NO AA
g gAlstE AL #Felst = At (Figure 25a). TS A 5HFg-20 A2l PGE;

o
oX,
1
2
>
el
it
<)
Z,
o
o
oX,

AA APAel o] pratolS HEPS Al LPS
Al ol BlE FREE PGE: A4 @o] Hadte S ST = sl
(Figure 25b). NO% PGE; A/4& INOS % COX-2&5E AguEo]x]7] wito]
NO¢ PGE:°] Z47F iNOS9F COX-29] Az gk ARIAE FRlstr] 93
western blot A&8& G335t INOS9F COX-29] ©@uld HdS gelsf Rt
71 A3 INOSeF COX-2¢] vl whgo] LPS wh=s A ol wla] gas] 3t
Ae F A} TH(Figure 26). @Al pratol> iINOS9F COX-2¢] &

(e
I

adte A @
dg aRgom %o NOS PGE, A4S Alsh: 2e & 5 otk

AZuj7hA cytokineE¢l TNF-a, IL1-B 2 IL-69] A A= 37 9
3l ELISA kitE AM&3to] cytokineE9l A4 oA 43S FasArt. 1 Ay
TNF-q, IL1-B ¥ IL-6 5 LPS w5 A o H]3)] pratols s=HZ A g
P& A v= oEH o AT HATS AT + AATHFigure 27).

B ATZ B 9 2F ZAI3EL pratolo] BIGFI0 SAF A EoA AEH
4 glo] WatdAA S fFEschs 3e HolFa gl =g
2oA pp38 B p-JNKO| &S Fr7HA 7= AS HdT F UYL cAMPE
43t sto] MITF 2dS F7HA17132 v Hapd g s SVt As

5 of

o 5 glth EF olel@ AN Fl, prawle ANLVLEF A=

ratolo] MAPK 73

°

A I EjYAl F anti-white hair AlFol AHEE F AE AT AR

N



HAr} =3 pratolS> LPSE A=H RAW 264.7 Al E A iNOSS COX-29 23

S ayAHoR gAgto 7 dE=ur3-21ztel NO9F PGE»ol AAS #HAaA 7],

g

ASM7H cytokines ol A& AAANAoZHA AT A E3rF dvkar &l
73

HAag 28y FF MAPK % NF-kB A d9 425 &2lstd]
o] 31
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Figure 28. Pratol enhances melanogenesis by p-p38 and p-JNK upregulation

and p~AKT downregulation in B16F10 melanoma cells.

_54_



HO 8]

Cytoplasm

COX-2 | ——= || PGE,

NOS |—|] NO

v ‘l‘l
W

_— Inﬂammationl

‘ TL-1p,IL-6 and TNF-q

Figure 29. Pratol induces anti-inflammation by inhibiting the expression of
COX-2, iINOS and cytokines such as NO, PGE; IL-183, IL-6 and TNF-a in
LPS-stimulated RAW 264.7 cells.
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