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Study on Skin Whitening and Antioxidant

Effect of Anemarrhenae Rhizoma Extract

Chanhun Choi*, Hyun Woo Jeong

College of Korean Medicine, Dongshin University

The objective of this study is to investigate the skin whitening and antioxidant effects of the Anemarrhenae
Rhizoma extract (ARE). Following the previously studied method, we examined the inhibitory effects of melanin
synthesis and tyrosinase activity by using B16F10 cells. First, we measured the Diphenylpicrylhydrazyl (DPPH) assay,
nitrite scavenging activity, and superoxide dismutase-like activity to verifying antioxidant efficacy according to skin
whitening. In addition, we confirmed the skin whitening efficacy of ARE by measuring gene expression associated with
a skin whitening by the Reverse transcription polymerase chain reaction (RT-PCR) method in B16F10 cells. In this
study, we confirmed that ARE has skin whitening and antioxidant effects at high concentrations. In particular, ARE at
a concentration of 500 yg/ml inhibited the expression of Tyrosinase, TRP-2 (tyrosinase-related protein), and MITF
(microphthalmia transcription factor) genes better than Arbutin. In conclusion, our results confirmed that ARE has the
potential for development as a skin whitening efficacy substance.
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o] m oo gt AFAQA A7 A RT-PCRS &
250 X2 ELFEE9 melanin A&t tyrosinase &4
Mgy, 2]y PCRS &8sl X2 FEHF0| tyrosinase,
TRP-2, MITFY] I@0] UlX]= FFE FFoIAT. of22 »if
oMalel Ams PAS &5 DPPH U oplid 2A%

O

Superoxide dismutase (SOD) GAFRAE WUAFS =5 EAs A
2 BusHALL gt
ERROL
1. N2 A=
4 354 AR A R(FAHA ¢ FARSAT)E GFGA

AT SOidAolA S38tol A3t A& A& 100
go] &4 1,500 Moz A 7|eFel7|(Deawoong, Korea)zZ 120
2 A & Az=2 23 YAEY7](Eppendrof, Germany)E
0|83t} 3,000 rpmoA] 15 37t AAE2|ste] A5AZ AU
o] F5AE UYSF7I(EYELA, Japan)g o|&sto] Y &5 ¢
&727%7](lshin, Korea)g ©o|&sto FFAoz X2 FAAX
FEE 395 g (5F 39.5%)2 55t AMESIIT

k

2. A=z

Ao AFRH otd SMZE(melanoma) A|ZFQl BI6F10 cell
St M| 25 28)(Korean Cell Line Bank, Korea)o|A] F#<15t%
t}. B16F10 N|ZxZ0] A& v|X]:= DMEM (Gibco, USA)E A}&5t
A1, HjX|o] 10% fetal bovine serum (Gibco, USA)%}t
Antibiotic-Antimycotic (Gibco, USA)S H7lst¥al, 37°C, 5%
CO, incubatorof|A] vj%stgict.

rlo

3. AE BEE 5%
Nx MESL EZ-Cytox Assay kit (Dogenbio, Korea)S A}
£35t0] 54519t BI6F10 A= S ujdst & 96 well plateof z+
welld 5x10* cells/well &2 BZAEst1, 37°C, 5% CO;
incubatoro|A] 24A]7F S9Qt Hjstic) o] X B XEE2L =td
(0, 62.5, 125, 250, 500, 1,000 pg/me)= X 2|t & 24A|7t vjF
tal EZ-Cytox& 10 w05 7 wello] ANt 2413t 71 wid
Microplate Reader (Bio-rad, USA)ES A}235to] 450 mmoflA]
o2 ZA519ct.

ol

n:[olv ok

4. Wl YBYE 57
= : 12 X} 5]
Wehd Y& 58 Hosol 59 Pue Fusiuct

3
BI6F10 N|ZZES ujgsto] 24 well plated] ZF well G 3x10*
cells/well 522 X511 24A7H WY & A2 £528 55

(0, 62.5, 125, 250, 500, 1,000 pg/md)= KiElé_ 3 37°C, 5%
CO, incubatoro]A] 48A|7F vjg5}9ict. o] & ZF well2 PBS=
AIAME & IN NaOH 8% 400 m0-g A7sta 60°ColA 1 A7t
=90l &5 & Microplate ReaderE Al235}o] 405 mojA 435}
At a-MSH (a-melanocyte stimulating hormone)2 2 EXIg
datd MY ase KB FEHEES @I 37C, 5% CO,

incubatorolA] 1A|7F wj¥st o-MSH 100 nME A2 5 3
7°C, 5% CO; incubatorof|A] 48A]7t v|gstYct o] 7t wellE
PBSZ ANASH & 1 N NaOH €9 400 w02 A71sta 60°CoflA]
1A]7F &9t 835fgt & Microplate ReaderS Al8-5t0] 405 nmoj|A]
AR5ttt

5. Tyrosinase &4& &4

Tyrosinase 240 OlXlE FFL Yagi 59 $H¥g ol
8 &Ast¥ct. 10 mM L-DOPA £9 0.2 m® sodium
phosphate buffer (pH 6.5) 0.5 mE 713t & buffero] zo]il
3]5%%=(0, 62.5, 125, 250, 500, 1,000 pg/m0)7} EH == st
mushroom tyrosinase (110 unit/mQ) 0.2 m@E A7}sto] 37°C of
Al 2 B7F 912A)71 & Microplate ReaderE AF8-35t0] 475 mmoj

N U5 245D Nalee Theat 2ol Axstsitt.
. L (B-C)
Tyrosinase inhibition(%) = (1-[1- (AD) 1X100)
CABADH MILE HE 29
“B o RAQ ARV RE HIIE Hg 29
SC AT HILE B 89
.D:B4% AlR7 BF HIIEX YL we 89

6. RT-PCR &8

RT-PCR (Reverse transcription Polymerase chain
reaction)2 ©0]835to] ARE’} tyrosinase, TRP-2, MITF ¥ <
o ojx]l= &2 ¢7] 9351 ARE 500 pg/mle} arbutin 500 pg/

£ N7t & X259t a-MSH 100 nME A|2]sta 37°C, 5%
CO; incubatorolA 24 AJ7F v[LSH & NZE 1% Triton X-100
£ 93 10 mM PBS 100 pof] @ErAZl & N|EE vortexing
3tal 1,000 rpmolA] 5 & AMEE st F5AS Y 5 &4
Aoz Agstgrt.

Total RNA Ea]&= B35l &85 BI6F10 celle] viX|S A|A
stal PBSZ AJAst o2 800pd TRIZOL reagent (Gibco-BRL,
USA)E Asto] cellg &sliAIZ T 33]15‘ 0] 200m0.9]
chroloform& E%3}3l 15%7t vortexing$t & 4°C, 13,000 rpm
oM 5¥zt YAEalstel gzolst s che 500 o)
isopropanol (Sigma, USA)Z A7lsto] A4 EoA 5 23t ¥R

S RNAE E2]517] Ydll 4°C, 13,000 rpmoflA] 5 7t A&
E.]o}gil:}. AAB 2 TtE pelleto] WAETE 70% ethanolu}
st DEPC-treated water (Biosolution, Korea)Z2 di 4°C,
13,000 rpmoj|A] 5 E7F YAEE] & pellettt G7|1 25 HASH
ot @2 ethanol2 A2oA 10 &t WX|sto] ARA &
DEPC-treated watero]] 0] Biophotometer (Eppendorf,
Germany)o|A] 260 mof]A] OD260 g 5] RNAS] =& AIF
sttt Ea]E]ojAl total RNA 1 pgS Mastercycler gradient
(Eppendorf, Germany)& 0]-835}0] 50 @ cDNA& 3HA5to] PCR
229 9J3t template2 AF235t¢Ict. cDNA, sense primer,
DEPC-treated waterE PCR premix
(Bioneer, Korea)o]] 2911 Mastercycler gradient (Eppendorf,

Germany)oflAl cDNAS FEstQla, A0 A& primer 5/

antisense primer,
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9} sequences:= otgf Table 11} Zch

Table 1. List of primer sequences used for RT-PCR analysis

Primer igrrfs(hg)g Sense Antisense
Tyrosinase ~ 57°C CCTCCTGGCAGATCATTTGT  GGCAAATCCTTCCAGTGTGT
TRP-2 62°C  GGCCAGCTTTCAGGCAGAGGT CGGTTGTGACCAATGGGTGCC
MITF 58°C TAGACATGCCAGCCAAGTCC  CGCTGTGAGCTCCCTTTTTA
GAPDH 58°C ACCACAGTCCATGCCATAAC TCCACCACCCTGTTGCTGTA

7. DPPH &7 4AH%

DPPH 2z AALE Blois™o Wi < . DPPH
42 100 md ogrZo] DPPH 0.15 mM& =91 & F/0 &
3+510] filteringsto] AR5t ch 96 well plateo]] A& PPH
|AE 14 "R ERsto] 37CoA 30 &1t ¥RSAIE,
Microplate ReaderZ ©0|83}o] 520 nmoA &3S EA5IY
(4-B)
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1, DPPH =224 A5
CA IR BT
B AREIT gBE

X100 &2 AAtstyct.

3 471 A8 Kato 59 e wastol S733
;. 1 mMQ NaNO; €% 1 mio] A& 1 M3
HCL 9 md& RA7[st & 37°CollA 1 Azt 5t gt
1 mQof] 2% acetic acid 5 M= A7}5t1L, Griess reagent 0.4 md
Whstel EYAT & AN AWAEZ 15 B2 PR
Microplate Readerrg ©o]€3}o] 520 nmojlA §4 =5 745}
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Hor

s 2309 e L0 o2 maa
- A: NaNO, 80| A2t GriessE H7tet &

- B: NaNO, 80| GriessE ®7I3H 823k
- C: NaNO, 80| A|2Qt ER4E Mo 52

9. Superoxide dismutase SAIEAHE 54

SOD QAMPYEL: Marklund S9] 4 o] wa} S44435
= itekpA(H0.)2 At ¥HgE FUfjsh= pyrogallol®] A
4FZ 5745t SOD fARAdS U 5=(0, 62.5, 125,
250, 500, 1,000 yg/n)E2 X2 3%E< buffero] %o 10 W
A 96 well plated] A7} &, 7.2 mM pyrogallol 10 109}
Tris-HCl Buffer(50 mM Tris aminomethane, 10 mM EDTA,
pH 8.0) 150 & A7HiTh A4 10 ¥7H w27 3 1 N
HCl 50 & Z7Isto W32 AXAZIY. ©o]& Microplate
Reader® o]83lo] 420 mold EW=S S4sIYL, SOD QA

451 SOD(%) = (1—%)><100 oz Axtstelrt
A XEE HJlR0 EBE
B: X222 SHJITo SR

10. $AX2

gojglo] EAXN Qo HZ2 IBM® SPSS® Statistics (Ver.
25.002 g3t & 719 ¥ HlWZE one-way ANOVA=Z &
o/dE oA, AteHdZ o2 Tukey YHS AMEsilon,
p ol 0.05 O[Tl H-ogt {oJido] e Hoz oot

2

LAz BE&

A2 ZF&EEZ(Anemarrhenae Rhizoma Extract, ARE)9]
BI6F10 AZo] &gl UXl: e A Aet ARES A2
g BE FROA R e AESY WIS WEFE 2 QT

(Table 2, Fig. 1).

Table 2. The effects of ARE on cell viability rates in B16F10 cells

Concentration
(ug/nd, n=8) 0 62.5 125 250 500 1,000

Cell viability Mean 10000 99.85 9817 9944 10322 106.31
rate(%) SD 4.33 6.17 7.40 6.78 4.95 746
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Fig. 1. The effects of ARE on cell viability rates in B16F10 cells. The
X-axis represents the concentration of the ARE. The graph shows the
mean and standard deviation (n=8).

2. @2hd A4 oA axt

A2 ZZEZ(ARE)0| melanin A4 Ao njxjs &avs &
% 2% Ak AZolAt melanin o] AREJoU &
o3t xjo]t Ho|A] 9Itn, ARE 250 pug/m) A 2]FofA5E
melanin Ado] §9]5tA ZtAE 9K Table 3, Fig. 2).

Table 3. The inhibitory effects of ARE on melanin production in
B16F10 cells

C(zg/cnfgntﬂg” 0 625 125 250 500 1,000
Melanin  Mean 1000 916 8.7 855 855 833

production rate(%) Sp 582 675 710 651 419 441

120

100

——

§ —t——

Melanin synthesisrate(%)

60
0 62.5 125 250 500 1,000

Concentration(pg/mi)

Fig. 2. The inhibitory effects of ARE on melanin production in B16F10
cells. The X-axis represents the concentration of the ARE. The graph
shows the mean and standard deviation(n=4). * : Statistically significance
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compared with group “0" (Non-treated group) (*; p<0.05, ** ; p<0.01).

3. o-MSHO] 9J5]] £X1% melanin A/ g3}

Melanin A3dS o-MSH (a-melanocyte stimulating
hormone)2 £XIA|1 & AREQ] AA|&atE AT A1t & 9
ZX 02 melanin AAo] 7451¥ 1 500 pg/md ==BE EAA
9l 9.0]4do] WAL YcHTable 4, Fig. 3).

Table 4. The inhibitory effects of ARE on melanin production in a
-MSH stimulated B16F10 cells

Concentration
(ug/me, n=4) 0 62.5 125 250 500 1,000
Melanin Mean 10000 9145 8889 8376 7991 7821

production rate(%) SD 931 1011 957 777 818  7.03

120

100 = =

80

60

40

20

Melanin synthesisrate(%])

0 62.5 125 250 500 1,000
Concentration{pg/mi)
Fig. 3. The inhibitory effects of ARE on melanin production in a-MSH
stimulated B16F10 cells. The X-axis represents the concentration of the
ARE. The graph shows the mean and standard deviation(n=8). * : Statistically
significance compared with group “0" (Non-treated group) (*; p<0.05).

4. Tyrosinase 2A] &3}t

ARE9] tyrosinase &/ A a3t 4 A As=79
Ne A9 anzt YehtA] ghgkout 500 ug/moet 1,000 ng/me 2
oA EARoR 995 tyrosinase 42 AAsH= Zo] I
&]9icKTable 5, Fig. 4).

Table 5. The tyrosinase inhibitory effects of ARE in vitro

Concentration
(ug/n, n=4) 0 62.5 125 250 500 1,000

Tyrosinase Mean 10000 9895 9846 9975 9431 8349
inhibition rate(%) sp 000 196 125 251 073 160
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Fig. 4. The tyrosinase inhibitory effects of ARE /n vitro. The X-axis
represents the concentration of the ARE. The graph shows the mean and

standard deviation(n=8). * : Statistically significance compared with group
"0" (Non-treated group) (**; p<0.01).

5. Tyrosinase g
o-MSHZ tyrosinase £XIA]7] $9] tyrosinase Z3of OJx]
+ IS W] Yall a-MSHZ ANstaL Alg§ Folstx] ¢
& 7S Controltez AMA3MY, o-MSH X2 & Arbutindt
ARE 500 pg/m0 A2]st #& Ztzt Arbutingdt AREZ#o=2 AR
S PCR & g #ae Ax Arbuting ¥ ARER: 250
7\1 Controli“’ﬂ Hlsl 3old A7l AA= AcKFig. 5).

Normal Control Arbutin ARE
200
160
]
@ 120 .
£ -
8 20
s
F 40
0
Normal Control Arbutin ARE

Fig. 5. The effect of ARE on tyrosinase level observed through PCR.
Normal: Not treated with a-MSH and extract; Control: a-MSH treatment
Group; Arbutin: a-MSH 100 nM & Arbutin 500pg/m@ Treatment Group;
ARE: a-MSH 100 nM & ARE 500ug/m@ Treatment Group (n=4). *
Statistically significance compared with Control group(**; p<0.01).

6. TRP-2 ¥4

TRP-2 @] U]x]= T Wi A1 Arbuting*y} ARE
7 257t Controlato] H|3] FAXCo=z ZAston] AREFO|
Arbutingof H]3] Z+4A=o] ZItKFig. 6).

Normal Control Arbutin ARE

250

TRP-2

GAPDH

200

1

w
=]

TRP-2
=
=]

w
=]

Normal Control Arbutin ARE

Fig. 6. The effect of ARE on TRP-2 level observed through PCR.
Normal: Not treated with a-MSH and extract; Control: o-MSH treatment
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Group; Arbutin: a-MSH 100 nM & Arbutin 500ug/me Treatment Group; ARE:
o-MSH 100 nM & ARE 500pg/m@ Treatment Group (n=4). *: Statistically
significance compared with Control group (*; p<0.05, **; p<0.01).

7. MITF &d

MITF 2do] ojx] S JASH 23t Arbuting® ARER
B % Controlo] H|5] Zr4Asl9on EAXOCR Arbutingd2 &

ogt £ ohigL, AREZY EAHCZ

oA cH(Fig. 7).

Normal Control Arbutin ARE
MITF

GAPDH

Normal Control Arbutin ARE

Fig. 7. The effect of ARE on TRP-2 level observed through PCR.
Normal: Not treated with a-MSH and extract; Control: a-MSH treatment
Group; Arbutin: a-MSH 100 nM & Arbutin 500pg/me Treatment Group;
ARE: a-MSH 100 nM & ARE 500ug/m@ Treatment Group (n=4). *
Statistically significance compared with Control group ( **; p<0.01).

8. DPPH A7%
ARE®] DPPH radical AA%& #WAst Ay free radical A&

A gAyol sroERoz Josh Frkste oz WAHIG

(Table 6, Fig. 8).

Table 6. The free radical scavenging activity of ARE.

C(ES/C;Q”TB%” 625 125 250 500 1000
Free radical  Mean 2806 3925 5051 6203 7117

scavenging activity(%) Sp 437 422 4275 5449 2101

60
) ' I I
0

125
Concentratmn pg,fml)

Fig. 8. The free radical scavenging activity of ARE. The X-axis
represents the concentration of the ARE. The graph shows the mean and
standard deviation(n=8). * : Statistically significance compared with "62.5"
group (**; p<0.01).

Free radical scavenging
activity(%)
S

9. oMY 2AE
ARES] oPgitd 2452 WAF A 27 WYo] SEAE
Moz Qo5 Z7tst Aoz Tt gitiTable 7, Fig. 9).

Table 7. The Nitrite-scavenging activity of ARE.

Concentration
(uo/n2, n=8) 62.5 125 250 500 1,000
Nitrite-scavenging Mean  10.60 3198 35.68 36.22 414
activity(%) SD 2.82 2.59 347 2.16 2.78

- 50
®

2w

S

2

0

g3

o

£

g 2

1]

7

L

2

E 0

= 1,000

Concentration(ug/mi)

Fig. 9. The Nitrite-scavenging activity of ARE. The X-axis represents the
concentration of the ARE. The graph shows the mean and standard
deviation(n=8). * : Statistically significance compared with “62.5" group (**;
p<0.01).

10. Superoxide dismutase -G-A}&A

ARE0| SOD SAIHAo] ulxl: auts BES & Zx 250
ng/mH A= =& 07 FIlehe AP BFoy 500 ng/md
ojdY NsrolXe Zadhe 4TS AT 5002 1,000 ng/ml
9] 3% 125 pg/meo]l wlall JoJstA FasH IS HEE & AA
CHTable 8, Fig. 10).

Table 8. The SOD-like activity of depending on concentration.

Concentration
(ug/me, n=8) 62.5 125 250 500 1,000

SOD-like  Mean 1750 2538 2374 1746 1554
activity(%) SD 423 5.17 471 377 313

40

20
10 '
0

1,000

SOD-like activity (%)

Cuncentration(pgfml)

Fig. 10. The SOD-like activity of depending on concentration. The
X-axis represents the concentration of the ARE. The graph shows the
mean and standard deviation(n=8). * : Statistically significance compared
with "62.5" group (**; p<0.01).
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AARCcz g3 = A
Mg A7t Es| AP oo
AR AR ot Z4F AN A So7 1 297
Z7tsta 9ot

AlOFR o A= gt Qo] EHE|D Ookst AFE Fall
aI3p7F 434 Y=o dolide AF AIE §gste 7154 Y&
2 3Aste PRI, o5 oo i3t &%t obgA U obdA
o] AEE|o] A|Y G} E &2 Arbytin, niacinamide!'®?”
9] FeAE WAoR XY 7|54 AREL AA AMEOA ZA
AEo] UHE L glo] uA|Y mE O¥f 7|5/ dael H|wsto]
o] o L5 AY 4% H|&E GatE 7HRIHA gt o
o] Zug M2 mY u]wA|Q] WFo] W Ao
A2 QA E d2] AMEE9 $i, saponin AEE FA
o2 gt AT norlignan AFY EA1E oA FY
=glon, Ay x| wat Jio] AL Uth= EJ"—SQ} Bl
A&siAN B2 24 249 a7 AP ot A2 xE5F 9

2222 olgdtel V154 APE A4 HES AR r}%ro& 559

2 fob
ox o

—EaEa=

FEEY B & Fets B 22D A B s o
1171 xisig]QloLt mE owle FAoz Alx 9l RIS
kil oEe 230l olo MRS A|=7t mF o]fo) &

> %= 7]%’8 AN 2N HE 7H5ES HEes i o4
gl o]24 Hukdle WXst= o] "Wesithy

otgla, A= Qe AE 7159 ol& fal 4 ZMF
NZZ(B16F10)2 o]8&5to] M= AEL3 melanin TS
tyrosinase ¥/ Aoj&ds WYY, PCRE F8sto] x|ox
EE59 YAHNEZFOZ Arbuting A5t tyrosinase, TRP-2,
MITF2] ‘?a’?‘ﬂql A= G2 Ao o2l A2 F&29
F4et 852 DPPHIF obd4td 475, SOD AR =S Sol
Wastof 7‘1291 oy odaa 7158 AEAY AY 7tsE
EpRlal WA} shict.

X2 FEZ(ARE) £o{o] ©t& BI16F10 Nl2o] &S W&
gt 2t 23 FE(1000 pg/m)7HR] EHF A= =4S Holx| ¢
%THTable 2, Fig. 1). o]& "lgoz IS AAPA AREY 5k
1,000 pg/m7tx] x2)5t¥. o0y, RT-PCRIIAE oja] X®ojA
50l FEZA= 500 ng/miE AEsr|2 ARSI ARE9
melanin 414 o&] ZTE WA AT ARE 50j7} wa} e
308 melanin o] A== FFo] BYol XNesk AT
oAM= 37t Atol= HolA] ¢9¥gty, ARE 250 ng/md A 2o
X 2E melanin Aol [sHA ZiEHE Aoz WHEHJT
(Table 3, Fig. 2). Adenylate cyclaseS &3} A|AH tyrosinase
o] T A4S =5 Sl melanin "Mée EJ5h= a-MSH
(o-melanocyte stimulating hormone)?'S 3t 50| AmE
’giﬁli‘:ﬁl ARE #2]5& 53l 5=9/£X02 melanin 40| Z4x

lm

FAE volt Zug 5ol £ SEoIN AREZH Bl 4

Mt e Helstsict

Melanin /4o 717 34 TostH my ojulx] sfdo] 9lof
A a3 ABg FLEL" tyrosinase AA| Fits WL 2
1 62.5 ng/mf, 125 pg/ml, 250 pg/md Fo{FoN= A WHast
UER}A] ¢roi} 500 pg/mi9t 1,000 pg/m) FoflA EANO=R
w93 £FOZ tyrosinase FHZ HAlsk= Zo| FFEJUG
(Table 5, Fig. 4).

Tyrosinase®}t $t7| tJEAQl tyrosinase related protein® 2
wao] A=Y Wy umEne O & b TRP-2%
MITF (microphthalmia transcription factor)?”e] Wdg o
-MSH A2]st & JHYxF o2 Arbuting AA5to] PCRS
5] wlw W|ASIYCh Arbutin2 Aol gt MisFo] Wk
S713HE R 2% Yo g, "apd 4ol 5e% &
tyrosinase?] &4JZ AAsto] Hatd FH& AAlsh= 5
O4dto] MY oM uAlPERR AMGET o,

Zut5 MAWHEW tyrosinasedt TRP-2 o] UX|= FF2
a-MSHEHS ®]2]3t Control#o] H|3] YAThEF9 Arbutingd}
AREZ 2Solq gojsl oMste oz wasged,
Arbuting? ¥} ARE+# H]W oA = AREo] 2435t 7102 watg|
CHFig. 5-6). MITF ¥d9] 7L0o]A % Controla#of H]&] Ld)
ZFQ Arbutin##t AREZ 2% H@Z ARAII= FFE BN}
o AR F9/d2 AREFATH #EE|0](Fig. 7) PCR Zilo|
AolA = FHUEFQ Arbutin® HlEoME § 45 Fap
Bt} MITF: TRP-29] promotero] Zgsto] QXA Wd L
7}A1A melanogenesisE G&stog ZaRloz MITFO 9lA
TRP-2 HA] ‘H@E AAAIA o] Foll melanin A4S A5}
Mg 53 A2 F&80] Wabkd B4 oA Agg dctn
o 2 Qe

Aol ege me Sy o
QQloz AL XA At

rr

iy

il

rl?i rr rlr 0

e Ft gus 9y
SA At Z(reactive oxygen
species, ROS)9] v A4t %7}9} A|EWO, FParart A
FEA HY o]59 w2 WAooz AN ArEAtetay o
RALEE Faet daurgez A Ld4EES A &4
€ go71n2® B J15yd AN Pt a5 FAF A
Ho|t}. AREQ] &35t 858 A55H7] 9sto] DPPH radical 4
A, oAl A7, SOD AR ES F4styct. 1 ZAst
DPPH radicald obditel 4745 &4e sEoasoz golst
A Z7tst= oz BWEEY(Table 6-7, Fig. 8-9), SOD
(Superoxide dismutase) -SAFZAo]A= 250 pg/md7HA]= 29|
EXOoR Frlohe A Hon 500 pg/md o]Fo] iz oA
+ Tashe F¥E BJ0 500, 1,000 pg/mo] F-¢ 125 pg/ml
o uls] {stA FastAE BEFY £ AA=T|(Table 11,
Fig. 10), o]2jgt Zat= wjg AlZtoly =0 & SOD &4 &
A7} o]do] BuEYd o2 MH@Zo] Huloly u|235 QkAto|gl
q_zma).
oleie Auts muw A 3580 Fuet wi'E Fat
of Watd Ayste] oxjste, kgatcizel AT BHL AXst
L Aol gAlsl 50| tyrosinase, TRP-2 2 MITFo] &4 o

ol

o

ne
1] é
o?:.

_>,:.
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AP3VQL AMEICty AR HC)

X

=
T

ojog A» ZEF0 Y njWay HAZZ 9l BI6F10
ML E o]835}9 tyrosinase AdAdi} PCR Ad

3t &4x AYE F3Psta, o-MSHE 0|83t melanin 2§49 A
WAY e A Ak, AS Fagol TAUYY oA o 3
MobgE B9 Wy oy muks Uepde o 4 oo

A z dd xFoA L oy ojwWguE QAAYre Arbutin
3 ulZelE AR 222 Wy oM g 958 ATt yet
U Qol, olejst Aase JioR Aes ULH 6 AR 9

t a72 APt o A2 LY, o2 A J15H 9=
2 Jpgstd Qold skl 28T 2 e Zolet Az

ZA 2
ol 22 FACSE Aad7ulo) oste] APHS
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