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In this study,

ethanol extract of Epimedium koreanum NakafEEKN) enhanced melanogenesis by inducing

expression of tyrosinase and tyrosinase-related protein-1 (TRP-1). But EEKN did not increase the protein expression of
tyrosinase-related protein 2 (TRP-2). Moreover, EEKN enhanced tyrosinase activity and melanin contents of B16F10
cells. EEKN raised the expression of CREB phosphorylation and microphthalmia-associated transcription factor (MITF)
as a key transcription factor for tyrosinase expression regulating melanogenesis. And PKC inhibitor H89 supressed that
EEKN induced tyrosinase activity, melanin contents, and expression of tyrosinase, TRP-1. These results suggest that
melanogenesis-promoting effect of EEKN was correlated with regulation of tyrosinase and TRP-1 protein through

cAMP/PKC pathway.
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2, AlEFI 5o 9s HWapd AP EXIUARI  tyrosinase,

TRP-1, TRP-2 59 &40 Qg ol o|FojAct?. @ahdxy

A Axo] @abd AR (melanosome)oflA] @ahde AAEo] A&

sto, 2A14E718 5ol ZAFHNER o5 A Hj&ste] s
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243 935 o5 FEA7IAU A7t RS WS
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AepdAyd Alzol dapd oA %lojA]  tyrosinase,

yrosinase-related protein (TRP)-1 @ TRP-2 S£9] Thulxl uhy
o Fysts 5 EATHLS e F8F Qo
Tyrosinase: Hztd A4 TAHat BH|9 7|58 5= g40]1

Behd AR YolAeh wEEHY, 4R A

T QE=29] tyrosinase:

9] N-glycosilation siteE 7}%l type I membrane glycoprotein

olt}. Tyrosinase= L-tyrosineg hydroxylationS AX
L-DOPAZ ZHgA]7]2 chA] L-DOPAS oxidationg A
dopaquinoneo.@ AFA|7|= EHof] gL PP, TRP-2-=

DOPAchrometautomerase2 €24 910® DOPAchromeg 0]
£35}9] 5,6-dihydroxyindolecarboxylicacid (DHICA)S A3AIsStiL
N, TRP-12 TRP-20] ©oJ3] §4€ DHICAS AHIAA
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Edl 242 nof WalJx|stE, gl aa =53 So] Qi) of N,N,N',N-tetrametylethylenediamine (TEMED), H-89,
AR MAR AR 5150 € A2He L-3,4-dihydroxyhpenyl alanine (L-DOPA)2 SigmaAl (St.

R)E Hstd 250 ME S5 ot FSAHAER)E AoNE

=2

RN 715ASHE SERD URE GYT HRYY So| Yck
Z=Q AHBO=ZL jcariin, icaritin, baohuoside I, epimedin A,

B, and C 50| Qi 202 F2~gIcH.
B AL AA2S 5U NG AF MAARANEY Az
b WAy 53 awt dos M3
= 71A0] disl AHAIs] Lopruat stsict.
TAx oet2 %5 2(EEKN)] tf5t9] tyrosinase activity,
£ MmBEY, western blotg AlA|5}o]
tyrosinase, TRP-1, TRP-2 THulAl wigl=fkg 3Holstgict. o]2|sh
NYATRE Fotol YR TYE S ESHEEKN)Y Bakd B4
Rt 1 A7|He Wokste] WehdAyol Msfslol Lehte

<l
A2l WUkS SolA9 HAFARO] #HE THsdeS LorE T

oo P

HJI

BRI

LA =&

AN A ARFARE FEAEAM2YONA FAt
Aoz UM AP ARFFEE 70 % EtOH= F&E8tq &
AUz A2 P BEsidon DMSOO wof Ay At
gt
2. A%

Dulbecco's modified eagle's medium (DMEM)il fetal
bovine serum (FBS)Z GibcoAl (NY, USA) Al=E, dimethyl
sulfoxide (DMSO), alpha-melanocyte stimulating hormone (a
-MSH), (BSA), triton X-100,
ethylenediamine tetraacetic acid (EDTA), phenylmethyl

bovine serum albumin
sulfonyl fluoride (PMSF), goat polyclonal IgG tyrosinase,
TRP-1, TRP-2, p-CREB: Santa CruzAl (CA, USA) A|=E,
CREB, MITFE cell signalling(MA, USA) A|&&, anti-Goat,
anti-Rabbit, anti-Mouse IgG HRP

hybond-ECL nirocellulose

conjugate antibody,

membrane, western blotting

detection reagent= Amersham BiosciencesA}t

(Buckinghanshire, England) A&, non-fat skim milke

BectonA} (Le Pont de Claix, France) qES,

Lousi, MO, USA) Al&E, ¢9iA A A2k Bio-Rad (CA,
USAR} MES AH8strt.

3. A8717]
AAEa]7] (centrifuge HA-12, micro 17TR centrifuge),
clean bench, CO, incubator= $t¥7]7]A} (Inchun, Korea) A
£8, ELISA reader:= Bio-TA} (Winooski, USA) A=,
supply= AmershamA}
(Buckinghanshire, England) Al&2, ChemiDoc image analysis
+ Bio-RadA} (CA, USA) Al&8, Z2¥%5%7]= EYELAAL (Rotary
evaporator N-100, Digital water bath SB-1000, Temp
controller coolace CCA-1100, Japan) A& Al&35}9ct.

Electrophoresis power

4. Azx HiYg

st Alx 5 23Y(KCLB, Korea)oA 3%t BI6F10 AlZ:=
5 % fetal bovine serum(FBS)¥} 100 yg/md penicillin, 100 pg/
md streptomycin, 0.25 pg/md amphotericin BE ZH7}sto]
dulbecco's modified eagle medium(DMEM)2 A}&3t0] 37 °C,
5 % COy0llA ui¥stAct.

5. AE BES 54

NEYELL 24-well WY £7]0] 2x10° 748 EF35t1 484]
UMY & HRAAE NHZFES(EEKN)E o7 522 A7t
& 37 °C, 5 % CO; stolA] 2¥3F viYstAt. vig & 100 m
of MIT 8912 ol 4X7 Wlgd che A5 AAR
DMSO 1 md oA ELISA readerS o]|£35}o] 540 nmof|A] &3

=8 359

6. Tyrosinase &4 &4

N ZY tyrosinase &4 Martinez-Esparza 5(1998)9] 4t
Wog =Xt 6 cm v{YL7]o] BI6F10 N ZE 3x10*744
w&ote] BARZ &, AR LYE T2 FZE(EEKN)}Z 50, 100
ng/mAA x2]stct. 72X|7F B]Y¥S phosphate buffered saline
(PBS)Z 23] A|A5ta, 5 mM EDTA’F ZgEl 0.1 M sodium
phosphate buffer (SPB, pH 6.8) o 1 %(V/V) triton X-100 =}
0.1 % (V/V) 0.1 M PMSFE 2843l lysis buffers £53t1 A
ZE p7sto] 304 303 &A1 &, 4 °C 15,000 rpmO]
A 3027 dAdRElst ¥ AEHE Argsteict. oA FF2
bradford A|fe2 595 nmoA FEEE F7sto] 5J9 o
A ¥ 7A4tste] 0.1 M SPB (pH 6.8)9] FF°] 150 o] =%
BZ51 0.1 % (W/V) L-DOPAS 50 w233t} 37 CollA
30% WSAAN 475 nmolA FYEY WakE Ssteic

7. Behd B 57
Wepd PFe HoselS9 Wug Wstol AHgstgct. 10
cm #F87I0] 1x1071% Rxsto] 287 MYF 5., ARFYE
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o
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o|-2%&=(EEKN) 50, 100 pg/md & A2Jet o3 3UIT v st BI6F10 M=Zo|N HAFLAE oTEEFEZS(EEKN)S] A=
gon, 7t 29 210718 47519 lysis buffer(5 mM EDTA, tyrosinase &t Wabd FFF Wste] = T2 5457
0.1 M SPB(pH 6.8), 1 % triton X-100)2 MZZ &3h5tict. & Qsto] AR TFE oHFEZ(EEKN)S 25 pg/md, 50 pg/md,

Agdste] a2 Az FFSS €222 AAE £ 10 % DMSO
7t A7FE IN NaOH &0z 90 “ColAl A7t 8313t 475
nmz =g 45U

8. Werstern blot ¥4

BI6F10 A|ZE 10 cm HIYL7]o] 1x107fW A ZE BAA]
711 50, 100 ng/m¢ A HALHZE oTHSFEE(EEKN)E A2st
D 3% Fot Hslach YR AEE YT PBSZ AN &
27A510] lysis buffer(lx RIPA buffer 1 mQ, 1 % protease
inhibitor)2 A2 9JolA 30%3F &3lAI &, 4 °C 13,000 rpm
o4 308 WAEA sto] gEAS Hatdlch stgiNE Bag
Al ™2 NE-PER™ and Cytoplasmic
Extraction reagents (Thermo Fisher Scientific, Inc.)& o]&
sto] Rejstgirt. TS bradford AJoFE olgsto] Ayatal
a1, AAtEl duiAlal 2x sample buffer(l md glycerol, 0.5 md
B-mercaptoethanol, 3 m¢ 10 % SDS, 1.25 m¢ 1 M Tris-HClI,
2 pg bromophenol blue)s TFoz Zdst & = CiulA 40
g2 10 % SDS polyacrylamide geloA] A7|dE 3519t
nitrocellulose membrane2 ZAOoJA]7]|I 5 % non-fat skim
milk2 blocking A]7]1 ¥, tyrosinase, TRP-1, TRP-2, CREB,
p-CREB, MITF antibodyE Yh2-A|#itt. TBSTZ 53] MASH &,
27} antibodyE A-20]A 1X7t &2t ¥HgAIZIT}. B-actin bands
cytoplasmic T@HiZAlo] HEE=2 o0]85}9 1, lamin B bands
nuclear @A AEZE =2 AL235}9ct. TBSTE AASH & ECL
o2 LAt $ ChemiDocE ©]&3to| bandd] AtZlE #9Y
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x‘__._]
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9. A=
A3 Z3= ANOVAE o] &3t p-value 1515120, p<0.05
A BE * p<0.019 F& »+x2 {0l ok EAIIA

2

L AR TE 2 Nz5d ZA

AES4Z Yote7] ¢Jsto] BI6F10 MZo] HAFHE g
2% Z(EEKN)S 25 ug/mQ, 50 pg/md, 75 pg/md, 100 pg/ml,
150 pg/mo] =2 72Xt Aottt NEAYEES MTT
assay2 FQ5IATh. APAFN HR2Hzx o2 FEES(EEKN)2
tjEZo) H|3) 87 %, 84 %, 85 %, 84 %, 72 %2 NENELL
BHoH(Fig. 1). olo] wa} 25 pg/md, 50 ng/ml, 100 pg/md 5=
HATAE S FE=(EEKN)S Atgsto] WahddAd 5o &
g o AYE FIsgsilrt

o

2. R4z A2l tyrosinase &4 FXlazt, WepddY &

£av 3 Wkl 2Y B 9UR 2@ 54

ox

100 pg/meo] == 2 X2] & tyrosinase 84 /4y Wapd A
g2 404, YU EF R+ Adenylate cyclaseE Z/d3t
5to] cAMPO] 552 A2A]7]= Aoz &}Z forskolin(FSK)"
< AMgSith AR AEE AEFEFES(EEKN)Y 5% 50 pg/ml
A2 Ao gz oiy] 285 %, 100 pg/md oA+ 410 %< Wzt
4d 3ty 2712 vyt ol ¢4 =9 forskolin 500 nM
AAl iz Y] 422 %9 F7tge B A(Fig. 2A)d vl 23
< 0 ARFHE 100 pg/m s=oA U] =2 Wehd dHE
Holu Q132 Uehdch E§ Fig. 2BE W ARALAx AgE
FEZ(EEKN)Z N 5= 9JEAOR tyrosinase =7t 5
7Iete S ¥ & ok ARFEE o©25ES(EEKN) 5= 25
ug/md, 50 pg/ml, 100 pg/meoflA] Z+Z+ 120 %, 193 %, 374 %9
HNlZY tyrosinase &4 %7t Uehdch %3t Fig. 2CE2 W AA]
TEZE oEEFES(EEKN)o] B16F10 MEoA Hahd /g #A
THRZIQ] tyrosinase, TRP-1, TRP-2 THBAIESo] W] 0]%]
TS AWEYY, AXFEAxR AYA  SEYEFC
tyrosinase, TRP-19] @3dlo] F7}%|9ly TRP-29] @do:e 4
o giglth. olF Fol HFATFAN BHYA MR LFx Az}
T4 FA0 FE A AE O] AT 2 YA

E
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Fig. 1. Cell viability of EEKN of B16F10 cells. The cells treated with
EEKN at different concentrations for 72h was assayed using MTT. Data are
mean * S.D. of triplicate experiments. + S.D. *p<0.05, **p<0.01 compared
to the untreated control.

3. AR 1P %9 CREB, MITF THBAl dHd A}
AR T1EE eSS 5 EE(EEKN)O] BI6F10 AN xo] Hapd

4 ¥ oA CREB, MITF THiAE9] Wio] njx]: g%
Yotr 7] 2|5 western blotZ 53t0] RAISIYTE. o]F Hall Al
H2 3 Uo} NZAoJA Qitst ® CREBY Iy Wats wilst
doh. AR FE M T 8AIZtolA & o] <Qlitst € CREBY
Wgo] UEE O] 213 %2 3719 UsIh(Fig. 3A). EF
AR 7Y AMalsto] 24A7tat 48417 & A Yot AlxA9)
MITF<] AS A}, 48A13F 2] $o] MITF U@ Hste
2477t A2 & NEZAQ MITF U@
QIx|gt, 3 ) MITFQ] uHdo] EEKN 50
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ve/molA 222 %, 100 ng/molH 244 %2 37tEE stk
(Fig 3B). olaigt e o) AAIYEI Bahd THAY 3

A 2y B ohet AEY Wekd Y BA T wAL 54
Am 4Pe ot 982 el gck
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Fig. 2. EEKN stimulated the melanin synthesis, the tyrosinase activity
and the effect of EEKN on the tyrosinase, TRP-1, TRP-2 expressions
in B16F10 cells. The cells were treated with 25 pg/m¢, 50 pg/m¢, 100ug/me
EEKN and forskolin 500 nM for 72h. The melanin synthesis(A) and the
tyrosinase activity(B) were measured as the increase in contents(%) with
respect to control cells(100%). The cells were treated with 50, 100 pg/me
of EEKN. After 72h, cells were analysed using western blot(C) as described
in materials and methods. Values are means + S.D, N=3. *p<0.05,
**p<0.01 compared to the untreated control.
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Fig. 3. EEKN increases phosphorylation of CREB and MITF expressin.
CREB and MITF cytoplasmic and nuclear protein expression in B16F10
cells after EEKN treatment. Cells were treated with EEKN for the indicated
time periods, and the subcellular fractions were then isolated and western
blotted for phosphorylated CREB(pCREB) and CREB(A). And cells were
treated with 50, 100 pg/m@ of EEKN and forskolin 500 nM After 24 h and
48h, for measuring the expression of the MITF, cells were analysed using
western blot(B). Lamin B and B-actin were used as markers of the nucleus
and cytoplasm respectively. Values are means + S.D, N=3.

4. AR THZEO] cAMP/PKA Ao U]x]& F3F

Waphd 4o lojq cAMP/PKAL @ AlsAyg ZHzolct
Theba] & "a‘?"OIIH MR FAE7T cAMP/PKAS] A sHdo] O]%]
i wabstict. o]2 &tolsly] 9J8] PKA inhibitor?l H89
L5 pME HA2 g &, ARLFE HSFEE(EEKN)E 100
ng/md A 2Jsto] 72h HH%*?J 2 Fetd FZ tyrosinase B/
A AR FAER FIEAY D

4 st K(Fig. 4A)T}t tyrosmase a4 gd(Fig. 4B)2 H899] 9]
al dase A2 st o ZuE Ediz 9HE »F
olde] wets W7 A8l western blots HAIHAC HE 2
o ARFAEER F7HEE tyrosinase?t TRP-1 T U0
H89 AXY Al Zade A2 LY & YA(Fig. 4C). o|5 &
sl ARIEEES Hhd ¥4 FI o] cAMP/PKAY F=E
ot A FAE & A
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A B2 AeiAZle Aol #et AFE Sl 710 Xl o) &)
FE 0l & At TAAY 1 H2S e o] F5 oFA
7 " oh. Wehd A4S AT Aol Yk Ao A A
S L 2& g, HAY, Ao, MBaY, FA, Fo™ So| 9]
5 s T ok At AoRY AT FAZO] st o] kobe] et
g Webd AYHE SN2 o MaARAsEEY AR of
] ™= 8 2 9t Aol B A7E AN olRolx|L et olo]
F 0| = g3t 472 1 &%e AU Aoz Ly Aozt shtg
0 ] W, AP, ASAY, LEULY) Sof k. YA FYEE BY
HS9 1.5pM : 1 - + 9] M3 AqoA oju] Hatd A4 FA aipr} Qe Ao W
FRRN 00 et ' ! A b Qo). ey AR 1gA oldt Wahd Y £4 &
B 7t AEYolH ol Hze Fots AUX obdl A8 walA
of gic. mehq 2 A4S BN AXTEEY Wetdmy 53
_ 300 o] z2 7| XS Yats| whs| A} shRct
< T Wahd(melanin}e BYFHO2RE HRE wIsh 5o
E 0 gg gyt Wehde 229 gWetd(eumelanin)t A3
; A8o] mQ Wahd(pheomelanin)o] JOM, tyrosinaser Hahd ¥
g 2 9 43 8 5 55 T VYl 25 Basly, TRP-13
& TRP-2& §2hd &40l O G ol ol Aoz A 9
o o}, ﬂ“a}L‘j% PAst=d 9ol E3] tyrosinase: £ THlA
e | - 24 Wy M2 53 $RAPNN FR¥ AEE oARG.
Tyrosinase+= E]22Xl(tyrosine)o|A] E1}3]=(DOPA quinone)O.2
C Rgtst= Qo] T!ojsty, DHIE indole-5,6-quinoneo 2 At
P4 A7)e FAolE Fojst GEAlOH), maty AXTAE o
T)Tosinase?___ - -+ —+- e ‘%—7;3%%9‘] D“EI:‘] )\g_jgo“ il %?‘J% EO—I'—‘T'-ZI o
N = ey tyrosinase #/442 £ 2} ’é.*xl?"“;_i oﬂEJ%ZF‘_%EOI 100
- /o] 5 OlA] o 374 % 0|49 ¥4 SA askE Falsigct
E AAAEE P 2FEE0] Bd FEZ R FFE
. AmE AAAA 100 pg/mio] H=ofA 410 %9 Hatd FH &
- — : A &7g woln ikt 2FOIA tyrosinased] WS A
: HE 23 X AXTEEY SE EHOR 1 wdlo] F7bH:
3 » 22 B 2 Atk EF TRP-1 Wahd BHoIH Ga9 o
;i Sl :?;::ﬂse &2 DHICAE indol-5,6-quinone-2-carboxylic acid& 4t3HA]7]
Z t AR ofYzt tyrosinased ARSHA7|L Batd2A9 F2E
00 - AT 4 JEg EoEE Aoz ded Y. AXTGE o
R $23522 A AYZOIN BE JEFoz UMy 27
= e TRP-1 Wdle] 3717 galslgieh. oj2izt 4y AnE F3 A
Fig. 4. Effects of H89 on celluar tyrosinase activity, melanin synthesis JH9x EH2xE Eo] MZY tyrosinase?} TRP-19] ¥ =
o e of e T B veS 1T ola1a 5 prosinase W93 Wi B99E B
and treated 100 pg/me of EEKN After 72 hours, cell lysates were using as 237t 22 AFY & Ao
described in materials and methods. The melanin synthesis(A) and the Walyo] gtyo o

tyrosinase activity(B) were measured as the increase in contents(%) with
respect to control cells(100%). The expressions of tyrosinase, TRP-1 and
TRP-2(C) were analysed using western blot as described in materials and
methods. Data are means + S.D. of three experiments. *p<0.05, **p<0.01
compared to the untreated control.

ST

ol ael Wakd gEAYol B3 712 A7k Bahd F

Rt A, cytokine, 222 So o3 xAE]
o 0] ohgdt AAMEO] Wojste BT ol BAIFA

2 7M. Ay Azdg 713E §5H Hed 72 3

cAMP/PKA 27} gict. mi7t At =55 o dd
A2 cAMP X157} $25 1 ol PKA #4ets =t €
t}. &3t PKA: ANXU CREB T¥iAS Qlistxzloax
MITFO] 2@ Z7MZICHEY. MITF: Hatd &4 BN 39
3 MAF =4 QAR tyrosinase?t TRP-1, TRP-29] &42 37}
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A Pl AR TAE
EF}% shol5}7] -,-]oH western
blotg AAlste HatdAYd #d GOASE sy, £ o]
J3d =X 3171 cAMP/PKA ZA2E o2 —Kl st
1A} 319ict o]2 93 PKA inhibitiorQl H89Z XA 2] & A
4% EHEEE2S A2lslo] tyrosinase ATt Wahd A4
o] wislo] ojm3t g+ Ulx|Lx] olgt Az}, HEIS AYA|
HRAAEE gESFES0) A3l 5712 tyrosinase E/4J ot Ha}
U aAato] 7hast: ZQ #olstgct ®3 H89S X2 of
tyrosmase TRP-19] THAl uh& o] 'J]7<]h g2 Qg At
"”‘HL Oﬂ‘%aT%—}%

A

Hol

PKAS] &3S fedozi MITFO] ¥2 ul& Hehd FEA
o AFRoz 4010}5 &40l tyrosinase®t TRP-19] Wie &
RAF= Ag AARE.

4 2
AT o8¢ Bt ohysty AR MANAREY A
22 57 9l AATGEY Bepd A 7 auol g A
P A7E oz I A J1Fe] distel AAE] Lotruat
A72 YAt
Wehy PHFL SR A0 AXTUE oHeEE 20l 100
/el SR GEZ G 410 % o FhE iy

tyrosinase /42 MR LAZE &S FEEF0] 100 pg/meofA 374
%9 &4 TS Ued:= AE FUAsA.

AR AR HLFEEZE 50, 100 pg/me] FEER A2
B16F 1005l &= TRP-1, tyrosinase ¥@o| AA|1LAUX 55
A2J5tA] &2 ._E‘_Ef E7hte AZ AT £ ey, &5 &
AFHZE AN £ 24A%0] At & 3WUo] MITFQ| Hdo] X
TEE 100 ng/meof A 244 %o2 FItoto] FdiEFQ 500 uM
F&9 forstkolind] H[siA § &2 F7IE HFon, Ay <
Atetel CREB 22 AR LEE FEF AT 8A]Z0] A|UA}
gzl vl 213 %= T¥o] F7Ist A FUstyt. PKA
inhibitor H899] AA2]E &aofl HATAxY HWpdBY &1 &
o] wsts wastaAl stgch. AY AT AKFAE2 F7EY
9 tyrosinase A=, "oty § ’z,%k J2]1 AJZY tyrosinase,
TRP-1 Gl wHilo] HBge| AajA] ZaEE Ao Uepgrt.

ojiel Zutz Hol UXLAYx JTHZFEEZ cAMP/PKA
725 5ol CREB7} QMatE|w, o]o] wa} MITF7} 2/d8}eof
tyrosinase®t TRP-19] Tzl HEPowIOI Z7lg]o] Wald ML =
A7l Ae & 5 Ak ole HALAEY FNAMLH R &A
29 7]1% Ata2 {&F Aot
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