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Study of Skin Depigmenting Mechanism of the Ethanol Extract of
Fagopyrum esculentum
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The aim of this study was to investigate the effect of ethanol extract of Fagopyrum esculentum on the
melanogenesis. To determine whether ethanol extract of Fagopyrum esculentum suppress melanin synthesis in cellular
level, B16F10 melanoma cells were cultured in the presence of different concentrations of Fagopyrum esculentum
ethanol extract. In the present study, we examined . the effects of Fagopyrum esculentum ethanol extract on cell
proliferation, melanin contents, tyrosinase activity, expression of melanogenic enzyme proteins including tyrosinase,
tyrosinase-related protein 1 (TRP-1) and tyrosinase-refated protein 2 (TRP-2). Cell proliferation was slightly increased
by treatment with ethanol extract of Fagopyrum esculentum (25-200 «g/m). The ethanol extract of Fagopyrum
esculentum effectively suppressed melanin contents at a dose of 100 ug/mf. It was observed that the color of cell
pellets was totally whitened compared with the control. The ethanol extract of Fagopyrum esculentum inhibited
tyrosinase activity, regulate melanin biosynthesis as the key enzyme in melanogenesis. Using western blot analysis,
the ethanol extract of Fagopyrum esculentum dose-dependently decreased tyrosinase and TRP-1 protein levels, and
tyrosinase and TRP-1 were detected in similar manner. o-MSH leads to a stimulation of melanin synthesis through
increase of tyrosinase activity, melanin contents and cytoplasmic dendricity. In this study, ethanol extract of Fagopyrum
esculentum down-regulated the o-MSH-induced tyrosinase activity, melanin contents and cytoplasmic dendricity.
Regarding protein levels of the melanogenic enzymes, the amounts of tyrosinase and TRP-1 was increased after
incubation with a-MSH. The treatment of ethanol extract of Fagopyrum esculentum decreased the a-MSH-induced
expression levels of tyrosinase and TRP-1. These results suggest that the ethanol extract of Fagopyrum esculentum
exerts its depigmenting effects through the suppression of tyrosinase, TRP-1 and cytoplasmic dendricity. And it may
be a potent depigmetation agent in hyperpigmentation condition.
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WAL A1E0l o ]U‘(Fagopyrum esculentum moench)Q] SALE 3
Hol| Wl Ao st 55 Ad ruting T gHFokL
RemH, %‘]—Ho:‘ 5, HEE, A A8, Y, XE, AIKNE &
o] E3} Q1EE o] PAH O ol8F I e, e ame
AW s, EERE, 238 Adigd, ACE Adigd, g+t
aF gy, €8S ogan ol HuEACE.

Hehd 2 13 71X 50 EXi5hs "WEhd Al Z(melanocyte)

9 Wt E oA B85, olg2 +#Ad 718 Sl &
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29 ZHEFGM Z (keratinocyte) = O1FH O 3119 ME LE
A} ojEEt WEhde EZ49] eumelaninid} EE A9
ol em, mEide  #ye
tyrosinaseol] 23 tyroine®] DOPA, DOPAquinoneS . F &
WA ARFRTYOY, I3 Tyrosinase-related protein 2(TRP-2)2
DOPAchrome& 5,6-dihydroxyindole-2-carboxylic acid,
tyrosinase-related protein 1(TRP-1)<=  indole-5,6-quinone-2-
carboxylic acid2 4IEHIEE &MY  eumelanin  Feol
tyrosinase, TRP-13} 27} o8l Qo

Melanin kol #A5h= QIAFEE a-melanocyte stimulating
hormone (a-MSH), adrenocorticotropic hormone, prostaglandin E,

pheomelanin®. 2

E2 cAMPE ES melanin S ZEEI™, nitric oxide:=
GMPE E3ll melanin TS Z8 she AQE Bl Q.
A oA SEE HEpde A4 e 9E A= 22

SLERE HRE Hoshs S8HQ 7isol A2, et 4
2 FE2 7], FE I8 2ol i S8 4271 dRE

2
3E EX5kE 9 BEE0 1152 UERIZIE St
ATe TR AETE A FE) Qg 7], FEM, &
v 59 /HIAE 7N2SELAT B16F10 mouse melanoma All
g o]83lo] uW oletz & E0] Wkl YH g A sk
A ZASHA

v

1. &Y
Hgloll AHE WM A LoRALA] TS ) HAE
JHsid AHEsIern, axle AFrHSta SH e Frh s

W 100 goll olehE 1000 mE 716lo] 48413 AS2ollA] &
Z 1417} S0} sonication A1Z] RS QAR sl 74
& SEBI 165 g(FEE 165%)9 AEE HUoH
dimethylsulfoxide (DMSO)E =GiA) AT

3. Mz U A el

B16F10 mouse melanoma A|ZE 10% fetal bovine
serum(FBS, GIBCO) &+ 1% Antibiotic-Antimycotic(GIBCO)E &
718t Dulbecco’s modified eagle’s medium(DMEM, GIBCO)&
AFEBIA 5% CO,, 37ToNAY BieFBIATh

kol

S =01 & ELISA reader? SHL(540 nm)E SF5}A
273 B WEIAC

5. B16F10 Al =9 FeAshs B

B16/F10 AZE 6 cn WA 7100 1x10° 7A%) 25310 A Z
BARF) I T o-MSH (100 nM)S 242 H2igkod ujest
Bl6/FIOMIZSY A E719 #gE AUAEHErE

(inverted phasecontrast microscope, Leica)& 0183l] HESIAC,

=
=
=
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6. Tyrosinase 8% &3

A ZEW tyrosinase 88 Maﬁnez—Esparzazo)%—Ql HpHO &
ZX 3190} Bl6/FIONEE 6 well BHEE70l 8x1004 2F
Bl 24174 SR BBl MEE BARIT F, W (50, 100 pg
o)

=

/n0)F a-MSH(100 nM)yE ZHZt ME)3HL 72417} tHBITE. ul
Jo| Bt M EE PBSE MA S lysis buffer[5 mM EDTA, 0.1
M sodium phosphate buffer(pH 6.8), 1% triton X-100, 0.1 mM
PMSF|Z2 MZZ E35F4CE 4T, 15000 rpmoilA] 308237 &4
BEE dlo] g MENE tyrosinase FHEE BHOE ALE
519331, protein assay £ (Bio Rad, USA)CE F&(595 nm)
g 5%, 599 dhlad o8 ARk A& 50 wet 01 M
phosphate buffer 150 e, 0.1%
L-34-dihydroxyphenylalanine(L-DOPA) 50 & 531

3} & ELISA reader”| = 37°COllA] 405 nm&} SIRQE 14]
Ol 308 7HACE EALY HilE SHo0irt 882

o HBEE 71FOT B URBT BN

sodium

Of
X

]
Mool IS

}

A

o

7. DOPA ¥4}

Chamber slide(Nunc)] Zt welloll 1x10709] M ZE EF5}
of 24A17F BNQF & W 50 pg/mé, 100 pg/mlF a-MSH(100 nM)
2 7tz AIsIct. 7281 BikSt & 5% formylsalin SHQZ
1AL, MASL 01% L-dihydroxyphenylalanine(L-DOPA,
Sigma)2 3173 0.1 M PBS(pH 7.2) BHOE 447 SO A2
oA HFZAIZT) 10% formylsaline Q.2 A LE3BIIL 50%, 70%,
95%, 100% LEZ ANl T Bldl] daienlges &

a3t

8. dWahd &3 % &

Wehd TS Hosel'BY WHS WIS AEIIICh
B16/F10 A1 ZE A1Z 10 cn HILE7]0] 3x10704 B335l Fat
N7l &, AIRE AR5l 38 B0 wigsha 7t 2y 5410° 71
HEE A8 WehdE ST Lysis buffer(5 mM EDTA,
0.1 M sodium phosphate buffer(pH 6.8), 1% triton X-100]% M3
2 Ralsky 94 2elsldl 98 NZARE LASE sl
AEE & AZAIZEY. 10% DMSO7E 718 1 N NaOH 942
Z 95CollAl 1K1 SO WEhd 2 SaAI71A, 405 nmollAf &2
T2 2Rk 39 WEk M 7 28 51070 HEE
S4B KM OR HERlH o) Mz BT

9. Western blot £41

B16/FI0AIZE 10 cm WFE710] 2x10°7H2] AMZE BEA]
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710 A28 AT 7 72417 SQh uhesIrt. mieke MEE
25 A NEFHES A ZE3 N (Nonidet P-40, sodium
dodecyl sulfate, 0.1 M Tris-HCI(pH 7.2), 100 mM/ # PMSF, 10
g/ mé aprotinin, 10 pg/mé leupeptinjoll 8314171 & 15,000 rpm
oA SRR sk AENE FBISTE Protein® bradford Al
OHBIO-RAD)Z Ol&dld EEBIFIL, 50 pg TR 2x
sample buffer(l mé of glycerol, 0.5 m¢ of B-mercaptoethanol, 3
né of 10% SDS, 1.25 mé of 1 M Tris-HCl, 1~2 pg of bromophenol
blue)g SHOE S8 & 7.5% SDS polyacrylamide geloflA]
H718E BIHCE Nitrocellulose membraned] FOIAIF1I 5%
non-fat skim milkZ 1417} E¢QF blocking Al7] ThS tyrosinase,
actin, TRP-1, TRP-29] antibodyE 1:10002.E 345k z}2z} 4
SollM AR B0t HIBAIEEE TBSTZ 33 AMEHGE &
tyrosinaset anti-rabbit HRPZ, actin, TRP-1 % TRP-2&=
anti-goat polyclonal IGgE 2%} antibody& 1:10002.F 3451
AH200A 2417 F¢t REEAIZC) TBSTE M&3E & western
detection B O T Wl & jmage analysis 7]7](ChemidocXRS)
Z 0|83l band9 AKKIE EHBINCL

10. RT-PCR(EHAL EEEL HsintS)

B16F10 MEE 1x10° cells/dish 714 WY £7]0) B2 &
ARE ANe SIACh 484131 v & total RNAE total RNA
extraction kit(iNtRON Biotechnology)& AMESlH FESICE
cDNAE 2 pg9] RNAS Maxime RT PreMix Oligo dT
primer(iNtRON Biotechnology)E @1l 45ColA] 1A11L, 95 CollAd
527 2SAlZl & FEAIA BHSIMEt i-Master mix PCR
Kit(iNtRON)oll 4% cDNA 2 %} tyrosinase, TRP-1, TRP-2
primerE €2 & S E4A AHUSE AIYEIFTE 9 TolA] 58
7H13] HESAIZ] & 94TCollA] 20%, 55CAlA 10, 72°CollA] 50X 2
& 359] Ui=Eelel o AEEOR 72Tl 587 13] "I8AIZICh
OlE 2% agarose gelol 7] &Stk HHSIICL Tyrosinase
primer®] §7|AHS forward ; 5-CATTITIGATTIGAGIGITCT-3
0|1l reverse ; 5-TGIGGTAGICGT CITIGICCC3 oI} TRP-1
primer®] F7 B2 forward ; 5-CTTTCTCCCTTCCIT ACTGG3 0]
1L reverse ; 5-TGGCTTCATTCTTGGIGCIT-3 0]t} TRP-2 primer®]
A7 B forward ; 5-TGAGAAGAAACAAAGTAGGCAGAA-Y 0]
L reverse ; 5-CAACCCCAAGAGCAAG ACGAAAGC3 olch Iz
I actin primerdml ¥7IMEL forward ; 5-TCAGAAGGACT
CCTATGIGG3 0L reverse ; 5-TCTCITIGATGIC AGCAQG3 o[tk

2 7

P

o
SAi]
P

>

N
=
0

5
o

5171 f15kod 25~200 pg/mee SEE AIchL 3¢
MTT assayZ HEES 54 SIUrkFg 1). 1 E3
2 e, i REE9 st SVIE] el AxE
¥ E71ete ErhFig. 1). E8 o-MSHS W E &

X
0= H
t

.
o o

©

Cell Profiferation
{0.0. Values)
N

DAYS
Fig. 1. Effect of FE on cell proliferation. Cels were plated at 1x10*
celis/dish and incubated in media containing from 25 to 200 wg/m of FE for 72
hours. Cell proliferation was determined by MTT assay as described in Materials
and Method. Data are means = S.D. of three experiments performed in triplicate,

150% 1

100% 1

Viable cells
(% of control)

)
S
R

0% <
control 50 100 MSH  M+50 M+100

Concentration of FE (ug/m#)

Fig. 2. Cytotoxic effect of FE. Cells were sceded at 1x10* cells/dish. After
24 hours, cells were treated with FE and a-MSH for 72 hours. Cell proliferation was
determined by MTT assay as described in Materials and Method. Data are means
+ SD. of three experiments performed in triplicate.

oW oflEtE REES 100 pg/nld o-MSHE ZH2} A2l5o
72817 Bl & ZSIHuIZ 02 HESH 23 100 pg/ w2 tHE
T3 Blasld MESS A4 5719 HE IRACHFg. 3). L
3} Bluskd A4 E717F E X8
= 100 gg/mé} o-MSH HE A2
T AL o-MSH He)Tol HIsl A4 E717}F 748190k

e

Fig. 3. Light micrographical observation of B16/F10 cells after
treatment with FE and a-MSH. Cells were incubated with FE and a-MSH.
After 72 hours, cell were photographed with phase contrast inverted microscope.
Control, FE 100: FE 100 «g/ml, MSH: a-MSH 100nM, MSH + FE 100: a-MSH+ FE
100 wg/ml (200%).
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3. Tyrosinase 84T &3

oW oEtE FEE 50 pg/m} 100 pg/mé ZEolA] Z¥zb
tHZETO| HIGH 81%, 50% 2 tyrosinase®] &Mool 43It I
MUl o-MSH XZIA| 252% 2 thAR Y] ¢F 250 AT tyrosinase
9 gdo] ErrerE e, i oEe REE 50, 100 wg/miI} o
'MSH(100 nM)S HE RS W 217} 213%, 125% 2 S5}

Al 2813 Fig. 4).
3 DOPA 4 0|83} tyrosinase®] DOPA oxidase

g8 HET 23, R0 Hlsld I oBg 2EF 50,

100 pg/mé 2] FoNA] tyrosinaseQ] E4o) ZAsINC 121

a-MSH @ A2l iAol ik g4o) 8A35] E7161%
oLl o-MSHS WM oEtE ZEES HE Ay ZL
tyrosinase®] &do] A7 A4S HTHFg 5). olAHEA
FAM E7] YAl o-MSH ATl uls] Bo] Zaslies &
F AUAACE
300% 4
250% 1 4
2z 200%
z=°~ #
gzg— 150% -
ES 1oox ]
g .
2 s
% |
Controt 50 100 MSIH M150 M1100
Concentration of FE(um/mt}

Fig. 4. Effect of FE and a-MSH on the tyrosinase activity. The effect
on tyrosinase activity was tested with various doses of FE and a-MSH in B16/F10
cells for 72 hours. Data are expressed as percent(%) of control and each column
represents the mean + SD. of at least three experiments performed in triplicate.
* p0.05: compared with control, # p<0.05: compared with a-MSH.

Fig. 5. Observanon of tyrosinase activity by DOPA stain after
treatment with FE and a-MSH. Cells were incubated with FE and a-MSH.
After 3 days, cells were stained with DOPA as described in materials & methods.

Control, FE 50: FE 50 we/ml, FE 100: FE 100 we/aml, MSH: a-MSH(100 nM),
MSH + FE 50 a-MSH+FE 50 wg/ml, MSH+FE 100: a-MSH+FE 100 g/ mi (x200),

50 ug/ml, 100 pg/mé} a-MSH

72417 ARIBRL 2 T 5x10° WY MZE 488 e 1
SAAIA AE UolM S4E d2id g€ F88Iict 2

W 100 pg/mé Rt A AR 57% 2 WEhdo] 246l
t}. 28} o-MSH ABIZ2 360% 2 @ahdo] E 9] 3.6m
&7t GHALE B WW oekg £EE 50 pg/me} o-MSHE 8t
7 ATBS uh 180%, LW 100 pg/mS} o-MSHE 7 X2

ﬂ.Iu. Hil _!\‘
R W o 18

= W %5%E 7oK BA6ITHFg. 6). o Fihd A4
FAZg BES A 100 pg/nb A2)TolA AT Q] H3E
TEE 4 UACHFig. 7).

500%

400%

300% 9

{% of contral)

200% 1 #

Melanin content

100% 1

0%
Control S0 100

Concentration of FE(uq/mf)

MSH M50 M+ 100

Fig. 6. Effect of FE and a-MSH on melanin contents of B16/F10 cell.
The cells were seeded at 3x10° cells/dish. After 24 hours, cells were treated with
several concentrations of FE and a-MSH for 72 hours, Then, melanin contents
were measured as described in materials and methods. Data are mean +
three experiments performed in triplicate. *
compared with a-MSH.

SD. of
p<0.05: compared with control, # p<0.05:

Fig. 7. Formation of melanin on the B16/F10 cells after treatment
with FE and a-MSH. B16/F10 cells seeded at 3x10° cells/dish. The cells were
Ireated with FE and a-MSH for 3 days. Cells pellets containing 5%10° cells were
photographed. 1: control, 22 FE 50 we/ml, 3 FE 100 we/ml, 4 o-MSH(100 nM), &
a-MSH+FE 50 we/nl, 6 a-MSH+FE 100 wg/mi.

5. HWohd-3ed 49 ThE ek
Hohd M2 tyrosinase ¥EF OHZ} DOPA quinone&

DHICAZ Fg|71= TRP-29} DHICAE indol-5,6-carboxylic
acidZ A& A)7)&= TRP-19) ¥120] 213l dojuit) 2 ¢ Tl
Al western blot& O] &3 tyrosinase, TRP-13} TRP-29] THZ]

U e ZAKSH 2 tyrosinase™ MW olBtx FEE 50 ug/ml
100 pg/mt SEolA SRS HA4E HH O™, TRP-1 W TRP-2+=
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W ZEE 100 pg/mlolA] ZAE BHC) a-MSH A2 o
ol H15H tyrosinase®} TRP-12] wh3lo] XS] S7I5I9tt 1
L} a-MSHS} W ofEtE FEE 100 g/ wlS HE M2NE
W= tyrosinase®}t TRP-19] widlo] |OJ61AH 2451 CHFig. 8).

bl K
BN

Tyrosinase —»

Fig. 8. Effect of FE and a-MSH on melanogenic enzyme expression.
Cells were incubated with FE-and o-MSH. After 3 days, whole cell lysates were then
subjected to western blot analysis using antibodies against tyrosinase, TRP-1 and
TRP-2 as descrived in materials & methods. Lane 1: control, Lane 2: FE 50 ug/ml,
Lane 3 FE 100 we/nl, Lane 4 a-MSH(100 nM), Lane 5 a-MSH+FE 50 wg/ml,
Lane 6 a-MSH+FE 100 wg/ml.

b
(e}
=

=~
Z
>
e
ek

-MSHS} 1% 100 pg/mé AT LS AASIA ZadIChFig.
9). TRP-19] B o-MSHS} W E HE Aelst F1lollA] b
Z4asi oM, TRP-2= & W7t fIQUCHFig. 9).

Tyrosinase

Actin

Fig. 9. Effect of FE on mRNA of tyrosinase, TRP-1 and TRP-2.
B16F10 mouse melanoma cells were cultured with FE 50 wg/ml, 100 we/mt and 100
nM a-MSH for 2 days. mRNA was isolated and amplified using RT-PCR as
described in Materials and Methods. Lane 1: control, Lane 2: FE 50 we/ml, Lane
3 FE 100 we/ml, Lane 4 a-MSH(100 nM), Lane 5 a-MSH+FE 50 we/ml, Lane &
a-MSH+FE 100 wg/ml.

i 2z
AL UV Aol BES 24 ik Q07

FQ Yolog YA E WA E= Ak 4ol the

-MSH(melanocyte stimulating hormone)@} HEA1T]ZIA}

(adrencorticotropic hormone, ACTH)¥} Z'2 meranocortin
peptideZ E0|5l=0, olul o-MSHE HEhd A29] FHEH|
(paracrine)®} A}7HH](autocrine) QIAIZA] TR Q] A4 F Al
HBASL Uct?. ®3FF melanocortin peptidet= melanocortin
receptors(MS-Rs)2} Z8}5H=T] 0] G-protein-coupled receptor
ZA] 5719 subtyped] A 2H, O]F & a-MSHE melanocortin 1
receptor®] ZgSl & adenylate cyclaseE SIS TA A
ZU cAMP e 7RI, cAMPE

ZZ8H= key messengerEA] tyrosinase &4 9 Yw9 HHs
2 AX diid 888 05 ASZ 4uEn

FHd Aol WEH AMP FEEZC
forskolin S} melanogenic enzyme®] TRP-1, TRP-2, pMel 173}
HEHR20  FslE
expression factor @1 MITF, Pax-3 Soll QaiA L WEhd 0]
Qe vHeThL LEA oh .

B dFolA] AW(E%, Fagopyrum esculentum) OfEHE &
Z20] BI6F10 A ZolA] tyrosinase? B8 & ZA A1712M, a
-MSH Al=oll 98] S71E tyrosinase &4 ¢ IEog o
A BIETHFig. 4). WEtAl AE o] 498 melanin® A F8
S A7 W ZZEE melanin THE AHF O, o-MSHE
AF=E melanin 3 B3 AAEHS HACHFig. 6 & 7). WER-
B G40 tyrosinase, TRP-1 & TRP-28] Thld w3 HEE
ZAKSH 23} tyrosinase@t TRP-12 ™ 100 pg/meolA] thE ol
L28KH 2, o-MSHE QIsl E718 tyrosinase

Bl JR] XS] AAAIZACHFig. 8). IEIL} TRP-2E

HaE 25 AL A9 ITHEFg. 8).
SHE 2 743 nY ZEE2 MESHo] glor
£ EX5KICHFig. 1). e-MSHS} Al ZEA] 1}
AT EH, e-MSHE Bie Q1A Wizhd Az S410
or=rty 2 viEPY deid MEY B4
IThe HIE UeP™. 2 AslolA o-MSHE X218 & Al
g ZARSE A3 R vl Al Z47} BAsiR e,
2 50 pg/mt, 100 pg/mbe BA M) SkAE Ws A=

2 HYTHFig 1 & 2).

H7E 0 HWahd-#d §4 mRNA ofE Hakg 1]
golr7] fJ8ld RT-PCRE 4d3l9tt. 48 &
tyrosinase W FEE 100 pg/ml ©= AE]TolA] R
Aol FXSHA FABIA2H, o-MSHSE wH
WS AASHA ZAGISTHFig. 9). TRP-19 &
o

SRS L
H

cholera toxin,

7Y% cytokine, melanocyte gene

ol
v

0o

, (F
EZ_ 02 e 5

7

N

H

I
!

7

—_—

>

A=)

TRP-2& & W3V} {IATH(Fig. 9).

WP Z= 41854 (neural crest)olA] FEASE A ZE
A X4 7HAE 7 (dendritic process)E 2L ASm o
30-407M9) ZEFEMES dZd¥o Fo-dshd oS
(epidermal-melanin unity& & 3dh=d, o] 718 Sl &
BeEo] ZAHYYHMEE ol Bk wiaii deldAzY
7184 (dendricity) 3} TS ZAFHME Alo]9] FA2

o

/5] =1
At EY &0 SR8 AEE sl Yo, AJHTL o

=
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-MSHol| 213} o]2{$t epidermal-melanin networko] EAMAT).
vl SR Wl &9 447183 2= tiste] AY

2N 81914, melanosome kinesin, dynein, myosin V&}

2 ST E (motor protein)i} microtubule, actin filament
718 el ZLFEHMER o)8HE ASE
AYolA o-MSHE $A4 VINENE &
oY FEE2 JHEY) 848 gaHoR O”ﬂ
ACHFig. 5). Wl B AFoll4] Rac Rhoo] D]x]‘— =
-E— 7HE719 EEE
E59 £24 7HA

ZH20]  kinesin, dynem, myosin V&} 22

Al 39
Ol
ol
ﬂ
N
>
mm

for |
o

olfl
Ay
oo oogl ook

Q

HO ﬂl}ﬂ ml
I
fio w4 o o rlo o N

(motor protein)il microtubule, actin filamentol] &
7Fsdol et

ol d A}, WY oS FEEL tyrosinase
AHHCE HAI5H] A= melanin A4S AAEIGICE o= A
Al o1 PAOIA W HZEF0] AEFOZA tyrosinase T

09
o
=

gue

mRNAE Z4A1337] thEQl AEE HOIth Athr A ZEE40|
e Aoy Ag dil EEol Hy] ulEd B AT A
£2 CHIEAIY 7hsdo] g Aol WPt
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