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Abstract - To investigate skin-whitening effect of Adenophora triphylla var. japonica sprout extract, antioxidant activity,
inhibitory effect on tyrosinase and melanin synthesis in B16/F10 melanoma cell were examined. Total phenolic content
(246.25 mg GAE/g) and total flavonoid content (303.94 mg RE/g) of ethyl acetate fraction from Adenophora triphylla sprout
(EFAT) showed the highest contents than other fractions (#-hexane, chloroform and distilled water). Antioxidant activities
of EFAT has been evaluated using ABTS, DPPH radical scavenging activities, FRAP and inhibitory effect of lipid
peroxidation. EFAT showed excellent radical scavenging activity and inhibitory effect on MDA production. Inhibitory
effect of tyrosinase as a major enzyme of melanin synthesis was also measured. In these results, EFAT showed higher
inhibitory effect against L-DOPA (51.27%) than L-tyrosine. ICs, value on a-glucosidase was 41.93 gg/ml. In B16/F10
melanoma cells, EFAT inhibited melanin synthesis at 200 gg/ml concentration (about 42% decrease). Finally, main
physiological compounds of EFAT were identified as a rutin and a chlorogenic acid using high performance liquid
chromatography.
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M o ROS) ol = A=A (hydrogen peroxide, HyOp), Z1PAFSES-
0] (superoxide anion, 'Oy ), SFO|=FA gtr]ZH(hydroxyl
L35k idlof| e n] ol A TR = e SHphoto— radical, ‘OH) F°| 3lom, 7240 =& ufe- EQrsl| &

aging)= Ae|Ao]| gt 7ol A w|xj= A o0& U4 9l of Y] BRI} =2 Whg/dS UEho] T, Ajxzvl &
o zpe)A Al o) mjE 22 Yof] =& = o] o]y & 2 9 DNA S0 A3}2 22418 o] 0 71tH(Papa and Skulachev,
A ARTE A M ZARe] =8 Y1010 R dRA Stk 1997), ol&gt At TR 24 Yjof| 22 T2 A

(Han and Park, 2006), &4k (reactive oxygen species, o] W]¥ -3}2 A7) =g, AE "ol 7] [0z wakdo] A
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Z(Adenophora triphylla var, japonica)<= OP|EAE £2E9] u)i vjd gy}

radical) & AAsH F1L, A& T4 AFHA|A TH-E B55t
7] 9lsto] Ad=|Aut, phegh Wapd AYEHd-e 71 A7 Akt
A 2EHAE WYAIA B 1e3kE 7RG A 4= Qe A
= deA QUok, T3, mjito] 7]n), ek
HPIAIZ1AL, o Uolrt wjRere] felo] H 4=
SICHHill of al., 1977).

dahd LS 2AsIE 49+ tyrosinase, tyrosinase
related protein—1 (TRP-1), tyrosinase related protein—2
(TRP-2)7} ).2H, tyrosinase+ copper—binding glycoprotein
ol Wzhd 9| 7H Stk 27] AR TA o Thofst
= 842K, asparagine?] side chaind] )= NHy7|of &2 &
0] N-linked glycosylation I} o] 2]s}] AJAJ = THKobayashi
et al, 1994), TriZo] HAE T endoplasmic reticulum
(ER)¢f| E°]7}H oligosaccharide transfer7} A Z & o)A TH&
o] %] GlesMangGleNA, 2] -2 01527 a1, ol £A8l= 3
709 glucoseE a—glucosidase [} 7} #FojE0 2K N-
glycosylation ¥+ o] AJZECH Mikami et al,, 2013), 132
2 a—glucosidaseS A a}|514] =W tyrosinase] glycosylation
o] AsfjE]e] = W EHI £2 FHIE Wl o R o
&51A Eo] A1} © & melanogenesis7t A=) 1, Ai}H o
= a—glucosidase A|Al= Wehd S Aslid 4= = A
o7 4HA Uth(Petrescu et al,, 1997),

2| @EF0 wjo} olof w2 A o] faf S R S
7¥staL glom, ofefgh UQlEo] osto] WA =)= Tk A}
A AEH A D 5VFHE BS o3z oll wek, WAL siF )
Zret 057 A28 B o] shube Aeju g shHA] ulE 7]
A HEY addol FKHA oItk (Han and Park,
2006), PH7|5-2 7HAl= aAlof] ot Aot tyrosinase A4
2 22 0l & 71 Aol Jeon et al, 2013). FA
tyrosinase A A ZA] kojic acid, arbutini} -2 E2E0] 1]
WA= ARGEL QLo FAkgo] HATEHA] QRIS A =
njEE o] =& HAf £ 7ol 87% 3L {lth(Han
and Jung, 2003).

Z¥t(Adenophora triphylla var, japonica)~= AMd, T35 A|
U 5 olg] olgoz BeA1L Qlo, Fof Hol QlaL #&
215 7= ofefeliol R S, Y 9 F= FAlol 2
o] At Boll= ol AES: o] &sto] Uz HaL, e E o]
B FHHAY T2 o2 AN E oA 2aLglen, I 5
els 7P ol o] 8H L Sl FRlEHA By, ZebA|e vl

3 eEvh 9l A0 el 9T, R HE-L saponinit

inulin® &2 YA QIeHKim ef al,, 1995), Ztjofl gt A=
) el A2 5jod T 4 203 s EHChol et
al, 2010), 7+ B35 FINGum et al., 2007), H]Gk oko-Ao)A]
R A Choi et al,, 2010)2} 2187174 50] o] Fo]A] Sl
A|Zo|oRZ o A 9] A EU R B2 w2 o= Hajel 4
A8 7Hs 3 AR SEE 0] glon, i ol et A+
= A7 w9 wEfgt Aok, e ER & Aol Af= 2t
& ol8sto] n| 7|5 e TR A= o) Aklat 7t
=ALS SISt} in vitro 3AFE BT a—glucosidase,
tyrosinase ]3] &1} 2 B16/F10 melanoma cellof|A4] 2] melanin
A Al aaks A-skei.
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Folin—Ciocalteu's phenol reagent, gallic acid, 2,2'—azino—
bis (3—ethylbenzothiazoline—6—sulfonic acid) (ABTS), 1,1—
diphenyl—2—picrylhydrazyl (DPPH), 2,4,6—tripyridyl—S—
triazine (TPTYZ), trichloroacetic acid, thiobarbituric acid,
ascorbic acid, cetechin, 3—(4,5—dimethyl—thiazol—2—yl)—
2,5—diphenyltetrazolium bromide (MIT)+= Sigma—Aldrich
Chemical Co, (St, Louis, MO, USA) A& F¢5k3ich
Sodium bicarbonate, fetal bovine serum, Dulbecco's Modified
Eagle's medium (DMEM) media+= Gibco BRL Co. (Grand
Island, NY, USA)of|A] F+913}93. 2™, penicillin} streptomycin
2 1pH 2] A2k Sigma—Aldrich Chemical Co, A& W& 7
Q15fol AREBITE. 1 9] AL Sof 3 AlORS B 21 of
Ae] 5L Agsisi

N & 9 &3

E o] Lol| ARR-3T A (Adenophora triphyila var, japonica)
2 25 EIHCampanulaceae) ol &3t= A= 7FHE 23
T SPR7IA) 2 2] S7bol| A 2015 4ol AeEl AL e}
o, Sty ESAFAAT} o] HiALe] FAHE
AR, Ao ARSRE AR 9] S5 (EEH S NIBRVPOO
00586797)-2 = H A=A ol Byte]a ooy, F2AZ7E
olgsto] ARAI7] & Thasto] 20 CeollA W Bt A3
of] ARg3EeITt, AZRAZ] AR 60 gof] 80% oehe 3LE 7t
o] k5 Wzt slof 2417t 52t &8I, FEES 54300

ml2 A-8-5}37 22 oF0] 1tk 31X Ql(n—hexane), SZEELE
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1
= Zo|9)s S 242 Kim (Kim et al,, 2003)%52] A+
H& Hgsto] Akt A& 1mlof 33 SR/ 9 mlE 37t
3} & Folin & Ciocalteau's phenol reagent 1 mlE 2315}o] Al
20| A 5L HRSAIZAT, HES-8-210] 7% NayCOs 894 10 ml&
e R 32F = 25 ml F-85H3I, Aol
A 2A17E F9F T AE RESAIX] $ 760 moflA] Y EE
. S FdE gallic acidE 0| 8310] Al=2et 2
SHHo R 2 E HE e R 3 HsdlekE e ALtst

Z ZR ol AL Tee (Lee et al, 2001)52] AdHr
]

A5t S48 FHEE ruting 0|85
o] Ao e HHOR AHE YRR F Behiico|S
S ARt

Fibs g4 &4

2,2'—azino—bis (3—ethylbenzothiazoline—6—sulfonic acid)
(ABTS)-&H-2- 150 M NaClo| 338}+%] 100 mM phosphate buffer
(pH 7.4)°] 2.5 mM ABTS?} 1.0 mM [2,2'—azobis—(2—a—
midinopropane)HCl] (AAPH)- 2513+ 5 68°C water batho]|
X 308 B9 R a1l ALLolA] 108 E2b izalie), vhgol
2] ABTS 2018 734 nmojl /| B35 7ko] 0,700,027} Lo &
2 37 2542 SHeA ALSSIIh AR 20 plo] 24
ABTS €92 980 nl& &3ate] 37CollA] 10827t ¥h-g-A17] 2,
734 nmoj| A T4 EE 243U THKIm et al,, 2003).

DPPH #t]Zh 47 &4 274 WH-& 0.1 mM 1,1-diphenyl—
2-picrylhydrazyl (DPPH)Z 80% ek -&-af5te] 4% 7k
o] 517 mo 4] 1,000,027} Lh2 52 80% HEFS-S 3]415)A]
ARE8HATE Al 50 nlof] 274 % DPPH &9 1,45 ml5 48}
of A2 3057 HFSAI7] T, 517 melA BHES 25
StH(Blois, 1958).

0.3 mM sodium acetate buffer (pH 3.6)2} 2,4,6—tri (2—
pyridyl)—1,3,5—triazine (TPTZ) reagent in 40 mM HCl, 20

mM FeCls2 £3H10 : 1: 1, v/v/v)3Fe] 37Col|A] 158 7F ke
A|# FRAP -§-H-& ZH|5}3iTt AR 50 nlof] FRAP 8- 1,5 ml
£ Aol A 3087t WHE-5te] 593 nmof| A SF=E Sl
(Benzie and Strain, 1996).

A D AA3E F S

IR | 2215 o] 8]k X
= 9l8to] ICR (74, 45+%)
Osan, Korea) 25E] 719] 315 3222 2°0), 3}5(50-55%)=
AP, 12417 7HA 0 & Sk wkE: WA 7] Sgol A Al
SHITH et 524 ¢17hE GNU-131105-MO0067).
A7) S0 AT ICR mh92s0] )
7)) 10 8 2] 20 mM Tris—HCI buffer (pH 7 4)& A7}5}0] #2413
AlA AT (12,0004g, 155, 4C)5H & 45N
8-3F%tHChang et al., 2001), A& 0.2 mlo] x| 22 AF-5H
0.1 ml, 10 uM FeSO, 0.1 ml, 0,1 mM ascorbic acid 0.1 mlE
Egfsto] 37ColA] 1AIZE 2t BREAIFTE 1AIZE &, 30%
trichloroacetic acid 0.1 ml2} 1% thiobarbituric acid 0.3 mlE
#718to] 80C water batho| A 2087 71dgh & HE--olS
532 oAl FF=E S5

)

Aipiteks

14 55 33 YA (Samtako,

oZ

3 oA 24

2| A

o,
NI\

tlo
S~

oo

ool

=

i
>
N
me
o
i
N
3
-d

a—glucosidase ¥ Tyrosinase 24| A &3
a—glucosidase A 248 A|Z2} 0.1 M sodium phosphate
buffer (pH 6,9) & 0.5 unit/ml a—glucosidase TN 3515}
o] 37Co)|A] 108 Z<t uljost 3 5 mM p—nitrophenyl—a—
D-glucopyranosidase s 7}5to 37Coll 4] 587 HRGAIZ1 &,
405 nmoj| A S =5 243Gt Aportolidis et al., 2007),
Tyrosinase A3 AL 2435}7] ¢5lo] Mason (Mason
and Peterson, 1965)%2] WH-& HEd|o] AMESIG oM, L-
tyrosineX} L-DOPA2] = 7}#] 7] A& 0]8-5}9it} L—tyrosine
2 71AE o] &3t WL 96 well plateo] 0.1 M sodium
phosphate buffer (pH 6.8)5 Y1l A]|Z2} tyrosinase (1,100
units/ml), 1.5 mM L—tyrosine2 A2 €& 3 37Col|A] 10
B7FHkeA|Zt) B2 & ELISA microplate reader® 490 nm
oA TFEE 453t L-DOPAE 0]-83l tyrosinase?]
A3} 442 67 mM sodium phosphate buffer (pH 6,8)T} A| &
40 nl, tyrosinase (125 unit/mL) 40 1l, 10 mM L—DOPA 8-}
40 W5 AT H71sto] 415 mojl A FFEE S5k
L—tyrosineE 7|42 AM-5149-S W= arbuting, L-DOPAS:
71AZ AR 7 9-olli= ascorbic acidE YIHETE AMES
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XV (Adenophora triphylla var, japonica)s: OM|EAlE £252] o|f ojul Fa}

Atk

A U AT JEE 24

B16/F10 melanoma A3+ 25 mM sodium bicarbonate,
10% fetal bovine serum, 50 units/ml penicillin 2 100 fg/ml
streptomycin®| X 38F5}= Dulbecco's modified Eagle medium
(DMEM) HiR|E- vjoFel 0 & 3o 37°C, 5% CO, 2749] incubator
MGRIN e

BI6/F10 M| ZE 96 well plate©] 110" cell/ml 9] - 2 B2E
11, 37C, 5% CO; incubatorof| 4] 24417 B Fa10] A| LS F2HA|
e}, o7|of N&E s R 7 wellof] H2fslo] 48417 HieF 5,
3—(4,5—dimethyl—thiazol —-2—yl)—2, 5—diphenyltetrazolium
bromide (MTT) -89 37} 5t H|7|of| A HEG-A[T] 3, 84
ZF T DMSOE o] &3}o] AM|32E {-3|A]# ELISA microplate
rederol|A] 570 nE Z7g8}Ih, Al EES A& FH7RE
= 100%= sto] A2 Al A3ES S745HtHSohn et
al, 1989).

dzhd B4 As &4 5A

B16/F10 melanoma A|ZE 24 well plated] well & 4X10*
cell- B30 94 7F S0k uljokalgit}. A& 200, 500, 1000
pg/ml ot 1 uMe] a-MSHE #]2]s}o] 37CelA] 48417t 2t Hi
Foalet, HiAIE B AASKL trypsing A 2{8lo] A|2E 3]
423144 10,000 rpmof| A] 1087 4lete] sto] A5 M-S AAT
o} Eol 84S Uil dWebdS H3tiz)7] flste 1
N-NaOH in 10% DMSOZ #7}5}11 80°C water batho]|A] 205
ZF 9z ske] Wabd-g 945 521 396 well plate©] 100 ul
A &7 490 nmof| A T =S 2433 th(Hosoi et al,, 1985).

HPLCE 5T &4 Ed &4

T = ot EAlE £E5] ey E8S 46
£]8}o] High—Performance liquid chromatography (HPLC,
Ultramate 3000 series, Dionex, CA, USA) 2418 =345}t
A E= 1000 rg/ml 2 vek&ofl G-k $-0.45 um filter & ©-6-
sto] o] el F A of] ARE-8E3ITE Cis column (250%4,6
5.0 um, Agilent, Santa Clara, CA, USA)S 0]-&3}%1aL, o
4= 0.1% formic acid (A)2} 100% MeOH (B)<] xAdH
0-100% (030 min) & & 307+ A5kt Al=2] ¢
20 ul, o]54¢] <452 1.0 ml/mino|™ UV #7422 94
diode array detector (DAD) = 310 nmoj| 4] E-A513tt A<

:

y

ffo o

0

o)

k

& o

H= A 33 HHE A3)5lo] meantSDE LERH o1, 7}
A7kl gk §-o)A4 AHZL SAS software (version 9.1, SAS
institute, Cary, NC, USA)E o|-&5}o] EAHZA (analysis of
variance, ANOVA)S AlAJ5al, Duncan®] th9AdAW
(Duncan’s multiple range test) 22 7} A|27F0] $-2)21= 5%

oA A3

=t

7='E|- =} -T'—E

=
3 Eovs € SR olE

#|&=AHphenolics) ¥ Z2}H 0] =(flavonoids) 5= X3}
ot Zojuls SRhES A9 22t tiAME A k=9 AL
SAEOl 7P B BIEE erE O] Qe st = ol &
2oz SRR AR A AE Adjsle] AL 2] 2 2t
Uzt 7 B4 TP A0 Pl glov), Fepnicos
R EREES CEELSPEEERESERER O
2% B It Woo et al,, 2012), Zhff <=0 5 #=4] 3ot
& e i A|9l(n-hexane), &
OFA|EALO €l (ethyl acetate) W & E3]E(distilled water) ©f| 4]
717} 33,00, 74.67, 246,25, 45,83 mg Gallic Acid Equivalent/g
(g GAE/g) O & o | EAtoE B2l 50| 807 7P =2
e UEt ltkFig, 14), 2t £9&9] & Edds T2
O EANY, EREZE, &, = A% sA = RolH

T S0l A RARN AR Y Aite F EYuls o
o] ATl fASHA oRAEAtE Kl EoA] 303,94 mg
Rutin Equivalent/g (n¢ RE/g) ©-2 T} #-21&2} v|asto] 4}
Aoz #& e Uetglet ot EAlE 228l o]¢]
O I AR, ERRAE, & o= 217 95,54, 14,31,
10,60 mg RE/g®] & &k 0| = ga LYER Ith(Fig. 1B).
Kim et al, (2009)52] AollA Tt & ofghe 3559 & &
2§ St o) = FHE- 146, 7 mg TE/g, 99.4 mg QE/g
o2 Uepilth, ofof Hlg) & dAtellA A8l EFAT (ethyl
acetate fraction from Adenophora triphylla var, japonica
sprout)i= Zrtlf 9 9] ofehE FEEH T Ha A O = v &

SZE(chloroform),

-355-



HEEHGE Korean J, Plant Res, 30(4) : 352~363(2017)

300

250 -

200 -

180 |

100
b

Total phenolic contents {mg GAE/g)

;//
50 - L
N
y AN
Ch\orofnrm Ethyl acetate  Distilled water
(A)
350
g 300 |
=]
E 250+
2z
[=
& 200
c
=]
o
T 180
[=]
c
2
T 100 | b
=
=
°
- 50
° d
0 A, TR
n-hexane Chloroform  Ethy acetate Distilled water
®

Fig. 1. Total phenolic contents (A) and total flavonoid contents
(B) of each fraction from Adenophora triphylla var. japonica
sprout. Date were statistically considered at p<0.05, and different
small letters in graph represent statistical difference.

2ol Eit Setiieo|E e T E AR dtE, o2
ol

AR $T Y AR e A e
o}, 7 28 Aol nre} /g e F Hlisu § Sehae
o1 9% el 2e) ¢ SHIEAIE EUEERADS o
galo] o] F ATL Aaloich
arst g4 &3t

ABTS 2}ej2 7] 242 ABTS®} 341250 ofa) 414

&l
Aol Lo 6"?_§]r 4o &
8 eheizo] AAslo] BB A el olgd
(Roberta et al,, 1999), EFATS] ABTS eftjZ 47 &A
3 3R g, 29 20 557} 27kl ujek bzt

5| 3= 10] ABTS 2htjZo]

120

- LalllE
(Zo)ncentration (ug/mL)
(;t))ncentration (ng/mL)

%%;3- < B

Concentration (pg/mL)
©

Fig. 2. ABTS radical scavenging activity (A), DPPH radical
scavenging activity (B) and Ferric reducing/antioxidant power
assay (C) of EFAT. Date were statistically considered at
<0.05, and different small letters in graph represent statistical
difference.
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XN (Adenophora triphylla var, japonica)<

o] S7Fshe 432 UERHSIH. EFAT 1000 #g/mlojlA
P A S
9] oFA T 249l vitamin C} -G-AFSH 2442 LERY| | EFATO]
vitamin C9} H]228} 2Hr]Z A7%0] Q= 712 &R0l
DPPH 2}tjZt 27 2445 43 3= 5% 1000 pg/mlof|A
72.85%Z A vitamin Co} H| W 5}59S ) Tha W& SAJS- L}
WCHRig, 28), e} ABTS elei2t 47245} A1 28
0] Hepsr} 27kl wet YA .3 2zt 2rAgol
7o L WS, ABTS el 2480l DPPH 2]
2 2749 e} 7] Vel o] 9 ABTS H
T 2R 4 Sl 8 7P 5] ol ABTS 2
7 47 BHo| d U A et Aow waEn
(Roberta et al., 1999). eftjz &7 &4 A58 S lH
EFATO] 2jt)Zh 27 BJL 527t 71t et 34k} 54
o] 2719l e ol
FRAPE: o|-83}0] & et E S5k W colored
ferrous tripyridyl triazine complex®] 2|3 ferric ion©]
ferrous = H2HE 02| = J’]'Xé = wAste] &L st 5
<= 70k WHolt. W pHollA Ao 9fsf ferric
tripyridyltrizaine (Fe3+—TPTZ) E35}2|7} ferrous tripyridy —
ltriazine (Fe*' ~TPTZ) 2.2 3w Ya]o| 7] x3}0] gjHh
of GAIBAE FALL 1T R ol H<bste] k]
o]Z] HlHo|tH(Benzie and Strain, 1996). EFATS ©]-835}o]
FRAP assay©ll 2|3t gHitet #Hda 5743 At Fig, 2094 2
on| H8120] 557} 27kt uhet BAJo] £/ S o]
Z20] ATRS Kol om 1 1000 pg/mlof A= 1.179) 71 =
& FFE 2 UERth Osawa (1994)= AE=7E dojl
i) salo) gpakel w3 W Alejala 7)o e x@]@}
of| oJ3t ZAo|gtar B 11k}, T3 Woo et al, (2012) 5
Aol ot F w3 SehE ol = SlghEo] 2
27| Bde Hehditkal Busigltt, ol At 2vE 1L
o, EFATO] 950 Qli= -3t @hatel At ohegst
/3 SRekET Sepi ol T AJEo] o3t Ao g v,

%

e é

o
rB. i)

A
ok m:i

i)

7

SPERGER S

chepe] Aol w2 522 W Ao S}
¥Rl Sl BAAITH e Al E Y] T ESl B}
Ae g XIZ‘JM@HPO : o) A At

oPEAYE SEBO] s mju vk

=]
=]

= @ oo
o = =
T T

Malondialdehyde(MDA) inhibitory effect (%)
M

%
.

=

Catechin 10 20 50 100
100 pg/mb

Concentration (pg/mL)

Fig. 3. Malondialdehyde (MDA) inhibitory of EFAT. Date
were statistically considered at p<0.05, and different small
letters in graph represent statistical difference.

© Ao® defA gthJeong, 1991), WAl EFATE] A2 7}
A1B 79 MDA A o] B3I ol 2k g
35} 2T}, BRATS 37} 374l mheh A A0MISHE A3
01402 Ak AT Uehfglon], Az 100
nli} U FEO] A R 7S 242 72.08%,
74,3192 FARRE Asl AE Hloh of2|dt Ayt =
EFATZ AU} &] E/dA4baxo]] ofsf BAYshe= A apitohas o
Al A 4 Sl a7t Fold Aow Al Er)

Aol SJ3] A ST 7 o] M2 HHS 51
SIth= H|AH U 5o] tsto] Tobin and Thody (1994) 5-2 2/dAt
&5 A3 }”4 Hehd S Alsh=d axbdoleks A
£ X341, Han and Jung (2003)5-2 E/3AHAE A 7|5}
S} 31E 71 B ES e AeHe] AR A0
tyrosinase® o} & 4 G £ Aol T BRElol sick
W wsgi, B AH6IA BRATE e Fold Gt
fae A4e) ALl gol ofe) Hlsh Wehd B o
Aske] £go] B 4 9l Atfeka AzElolAle), teby
tyrosinase?] glycosylationo] A-&5h= a—glucosidase, 8l
' A47ge] =8 849 tyrosinase 4] 2/ B BI6/FI10 A2
M| wefed AL oA aks H/keke 2 ERATS) vl 8la )
oF oA ZH=FA QL 714 ok Azt i,

Tyrosinase A &A ax}
Tyrosinase= HekeE Yol Hepd A4S =
St aagH, 2 @A depd o whgof| #ofsl=

25}

=
A

I flo
rr

o

O]
e
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Fig. 4. Tyrosinase inhibitory effect of EFAT using L-tyrosine
(A) and L-DOPA (B) . Date were statistically considered at
p<0.05, and different small letters in graph represent statistical
difference.

A ek A WA Sl tyrosines AFSHAIA dihydroxy —
phenylalanine (DOPA)< A/dshH, = WA T ol A= A4
% DOPAE AFSFA|A DOPA quinone- BH== DOPA AHslg 4~
ZA Aot S Sl hemA Wehd ARE S4s)
L 84 Eo|cHKobayashi et al, 1994), 3 Ao Wepd
4 Tge] 71 ALl tiat o) S 29e1] 9
519 L-tyrosine?} L-DOPAE 7| &2 AMg5t] 47 A=
717} Fig. 4A%} Fig. 4B} 2t} WA L—tyrosine®] hydroxy—
lation A|7]+= EFATY] tyrosinase A|3f| &4 &4Jst A1}, oF
A 2721 arbutin 200 gg/ml &2] A] 59.47%2 YERL O

TUSH =1 O EFAT A 2] A] 17.37%2 AT A 0 & o s

WS UEPITHFig, 44), ESH W= sofA] izt
arbutin thH] 2] & 9] tyrosinase A3} 17} YeP A=
Skl L-DOPAE ARE5}] tyrosinase A3l &AL =43t
= Fig, 4B9} At} L-tyrosine?] tyrosinase A3f S 1=
ok th2A] F = 92 ek B o 10 ghE 438,67
pg/ml 2 Rt 21 %291 500 pg/mlol|A] 51,279%2] ]3]
S B3 ARl vitamin C s W2 S
UERARE Al 27 A 24 FE5E0s Aekehd vl os
=2 A8 S vehdl Zl o g s, A= F 7] 78S
AR&SHo] tyrosinase A3 B/de SR AufE Higo= vt
3w, EFAT9] tyrosinase A3 &= melanogenesis®] L—
tyrosine®| L-DOPAR Ats}E]= Hl-8-H t} DOPA7} L-DOPA
quinone ©.2 AHHE] = whgo] holgho2K 2% 42 nlu)
kS Uehd 4 918 Ao HoEdt

Ao AE(Geranium krameri) 552 X742l tyrosinase
24 Al W AL W tyrosinase 'WES AAAH =M et
W TS AT 202 Uekstekkim, 2016), 9 1)
ool A avke HaEo]d Aol AEe] tyrosinase A5
B/ ICs0 456,86 ug/mlo|w o] 9} Halsto] EFATS] 737,
50% tyrosinase A3 T4 == 438 67 ug/ml =M Ao]2l
FEE W Fold Adf aukE Holgomn | 754

&2 r_Q

hed
=
E

AZA 0] B8 7RIS BelEkgIT
a—glucosidase A &4 a3}
Tyrosinaset= G 2A-& TFE= glycosylations §of A4

Sje, o] 3go] Prelsh ofe] 7H ik % a-glucosidase S
Aaljet o 2 M tyrosinaseS H<5H| foldingA# copper”} $1
= =23 FHIE ol FA HrhMikami ef al,, 2013), w2t
A tyrosinase= Wl £ 0 & o) E35}A] H5lAL} o) 55}t gt
T AR A2 & o]Fdto] tyrosinase /g5 WERA] Sot
2 Hlzld-S A & 4 1A Elth(Petrescu ef al, 1997), EFAT
2 0]83F a-glucosidase o] T4 27 ATk= Fig, 59} 20
H, B8E9] Frrt oo Mt a—glucosidase A E4do]
Z7Fh= 73 Uit 55 500 g/mlofl A= 97, 35%=
# F g 241 acarbosed} FARGE A &I LRI, a—
glucosidase AA| A 9) ICs0 42 41,93 pg/ml= LERHT]
S| ATE e 02 Seldl A% {Nelumbo
nucifera Gaertner) F£Z52] u|d! §3M= tyrosinase A4S
A 02 Ael| dh= A H Tt a—glucosidase A3 A u}o]| &
3} tyrosinase?) glycosylation2 Ao 2 ujdl] g5
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Fig. 5. a-glucosidase inhibitory effect of EFAT. Date were
statistically considered at p<0.05, and different small letters in
graph represent statistical difference.

Uehfl= Zloz B siithLee et al, 2013), 3t 24
(Pueraria lobata) FZ=9] n|¥lai}= tyrosinase?] a—
glucosidase ASJA| = ZF-E-5}0] tyrosinasel] HY & AT =
e Ao =HA wapd S Asfgithal Hasklct
(Kim et al,, 2016), o|&{gt A5 v O = & uf, Z o E
Aol e 28 E59] 1G4k 247.8 1g/ml 2 EFAT gk} B3 &
uj oF 6Hj T 93k a—glucosidase A8 Z/d& Uehf= 2o
= A ot AvES FE| & ul, EFATY] 3¢
DOPA7} L-DOPA quinone © 2 AFs}te]= 34 of| 4] 9] tyrosinase
Al a2k ofu gl Hojdt a—glucosidase A EIE L E}
ol whet ThfRt 7] 4kS 2 nju A 20 7 A S AN
= Qe AbE e

Wb A Ao B4 a3

o] A4S B AR A9, cytokine U B2
59 theRE SRIQIAFS0] EASHH, 2L a—MSH (melanocyte
stimulating hormone)7} Q31 Q&S f= T2 0 & ¢y
A Qltt, a-MSH= 75 2313} of 2] YR F A oA FH|==
pleiotropic molecule2H =|a}=Aof|A] EH] & 3—isobutyl—
1-methyl—xanthine (IBMX), forskolin, dibutyryl cAMP%} 1}
Z7IA| 2 cAMP 2] A5 7 291 PKA (cAMP-dependent
protein kinase) A== Hzld AJetAL A= (Hosoi et
al, 1985), Weld A4 Asjarts S7dst7|ol 94 EFATZ}
B16/F10 melanome cell 2] AJE-&0] n]A]+= ke doti ] ¢
o) Al S S4T Aok= Fig, 6A%F LT EFATS A2
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Fig. 6. Cell viability (A) and melanin contents (B) of EFAT.
Date were statistically considered at p<0.05, and different
small letters in graph represent statistical difference.
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o A=

) A 2245 (200-10,000 pg/ml) ol A A E HEE
| Gkl g3 Eeletol whet, 24 5 200 pg/ml F=of A
Az of debd A4 Asjas 46kt

B16/F10 melanoma cell 0]-&35}o] HWahd A Asfjaa=s
5793 A= Fig, 6B9F 2}, o-MSH #2]5-e] HWebd ghg
& 2wt e of 4877t S7lskl o, TR o AR
= 500 pg/ml Q) arbutine control} ARG Hahd AAJ=RS
Btk a-MSH Azt tiju] EFATS] 200 pg/ml 5=oflA]
108.04% 570 2 oA T Z¢] a—MSH tjH] §-ojdoz &
R Eehd 3 Al AE UeRglon, oF 40% A= 4
St 2k et Kim et al, (2015) 5] QoA tg)
2> (Myelophycus simplex Papenfuss) +252] 300 rg/ml &=
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Fig. 7. HPLC chromatogram of the EFAT (A) and chlorogenic acid as a standard (B) and rutin as a standard (C) at 310 nm. Phenolics
were analyzed by comparing their retention time (RT) and UV spectra of standards.

Tl A 41%2] Hehd oA AnE vERon, X |
W 22X 7he S HAsHelTt vl FE=ol vis)
A & T W2 EFAT 200 1g/ml 9] -ieof| 4] 41%2] Asf &
= Uerfelen, of2jdt AvE 1d wf EFATY a-
glucosidase A3} &4 2 L-DOPA AF1}A o] A9 tyrosinase
Alelf antol| &1t B16/F10 Allazofl o] wiehd A4 oA = et
ol R,

A
o

HPLCE ST B2 &
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& b RATE] 20 g AS $AG Aok
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7A%} 2t} HPLC £-4] A7} 310 nme] UV-VIS TH3tol| 4] 15,96
w3} 23,7704 291 ¥]5= EFATE =8 Ae] 24 =29
Ao e AJgof -2 P 0 2 3E3E219] chlorogenic
acid®} rutin®] retention timed} UV ABIEHS v w9
0| similarity7} o 32 202 ERIE I h(Fig. 7B & 70).
EFATO] F8 Ajg] &4 4= g2lH chlorogenic acid
(y=0.21x+5.99, R?=0.99)2} rutin (y=0,64x+1.41, R*=0,99)&
Ak B8 A3} 7F7) 181.83126.11, 57.20+6.22 wg/mg of
dried weight= UEFIT}H

Chlorogenic acid+= caffeic acid2} quinic acid®] o AHZ

a2 Yy sl s Aol AT ETS v}
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o A etz AlA 9 Iieks Ao Hofshes aiE
AL A A QlaL, A oA ARRFA /40 fele
2 sk golu A8 Aehe e 4= Qe 7o
AThIl B %] 31 Q)THChen et al, 1997), T3t Li ef al (2014)
Sof 9J5}H chlorogenic acid= 8—methoxypsoralen®| 23}
A1) B16/F10 melanoma cellof| 4] diphenol @] &4 AH31S
ofAlgko.2 A ety A4S oA 4 SlEk B3k Cha
et al. (2014) 59| ¥3Lo]| A<= chlorogenic acid7} UVB HlAFA
off &J3f = AlSt AEFARRE A|25 HoRithal il
shlh, AN oA ruting A FASHA = 2 gzl
ZR 0|0 UFOZ Lee ef al, (2003) 52| Aof w2
M UV-Bo]| A HM3KO A|3E2] Hzhd A3AJo] rutino] H2}
H A IA A tyrosinase A8l EA4o] A7l Aoz B
03}Eh ESE Lee (2014)9] 9Atof WhEH rutind ZepA,
AAES SHAISk= Q7K uA-GoA|Z(normal  human
dermal fibroblasts)ol|A] A4 Ath A AR E1HE A A sH=
ofg o] lolie A Wje] s} 0710] WalS 20 4 9)
Loz nuskrh, ofeid AUEE FUst] B 1), W)
o] Z¥= in vitro AFS} A, a—glucosidase, tyrosinase 4]
12-4] 2l B16/F10 melanoma cellof| A 2] Bald A4 oA &
= 20 A2|EAJE219] chlorogenic acid?} rutind]] .,]?TP a
T2 At Eo A, o] gt BAES A2kt A5 44
/S Uehdlof whef o5 ol a 1S vehd 4= Qe l%"
YRR 7hs/do] A& AL E AlRHH, webA] ol =3

S5 Hrobe A 2 3 g Fuja g vte] TE5 £ 4 9l
271 E Aoz wekE|ofRie), spA|Rh HPLC 2419]| &Js) <
QANEJA] b2 A n|F EHE 24S fI8) LC/MS/MS -9
F7HAQ1 Aot A, EFATZF LRl nlel aato] dieh 24t
AeIsk 712F A7t 3% el ARt

O

r4> |

o

o

4
rll‘ N o r

J

M Q

E o Lo|| A= A (Adenophora triphylla var, japonica)&>
opA| EAto e BB E0] in vitro n|W Ao tidte] Atakel
t}. EFATE th2 28123} vlmato] Hofud 5 Zejo)s 3%
(246,25 mg GAE/g) 7} & Ze}H 0| = §12K(303,94 ng RE/g)
S YER|%l.o ™, ABTS, DPPH 2]zt 47| &4, FRAP assay
% MDA A Z/doflA] At e = gt ikt B/ 2ol
T} EFATE= a—glucosidase A EAJol|A] 41,93 pg/ml 2] 1Cs,

S Uehfglon, L-DOPAE 7] A& o83t tyrosinase

A B4 9] 10502 438,67 pg/ml 2 tyrosinase®] A3} HHe-S &
A 0 2 oA|5k= Ao &2 YERTE E3BI6/F10 melanome
A o] A a-MSHo 2]l G-=5 Wahd L 200 pg/ml 2] Hwo|
A]108.04%% =2 A3 A1E Holx=9th wehi] EFATS=
a—glucosidase A BI}E &35t tyrosinase?] glycosylation

= A3|| 2H8-3} tyrosinase?] 7121 AHES- A5 E St
Wzl o] AL A6l A 02 AL} npA]uho 2 EFAT
94 A(})Ja]zz]—/\*l 22 ‘E 3} ]o]—7] Ho]-] HPLC E&!g *]/\]6} 7337’]',
F9 g F4-2 chlorogenic acid®} rutin @2 FAEQ]
o}, ofefgt A+ AE o2 B uf, BFATE Ao 5o
HE dAE= A1 AEFG AR YRR wahd o] AshA
Al ks Fotol, vl 7]59S T PR o] %
7h540] 3oy ghekElolAle,

NN,

o] =2 20151 & AR (LS o] AL O & S A AT
9] 7] %A (NRF-2015R1DIA3A01015931) 2 20179 %
Al o] AT AR Aol EAR) (2017028 A00-1719—
BAQ1) 9] 2| ¢L vho} =a)w] Avla o]of] 7A=Y
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