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gz 2AE(DPPH)AA ICs =638 ug/mlL, superoxide radicals &AL ICx =217 yg/mL2 Yelith 455258
melanoma A X9 Wahd M AsEdte 100 yg/ml FEFFEEE 48 h A3 A= Hzbd g4 Fe] 271%
gtk 4E $E22 F5 v]#8 Bl6 melanoma ALY Elo]ZAYo]= B4& A5t o™, western blotd ©]-§3}o]
Elo] 2A|vlo] 29} Elo]Z A olAl B gl (TRP-1)9 AXRAE EAst9rh £3, RT-PCRS ol&3to 45FFE] de
d oA B BEEe fAA 48 A A Ele] Ao £ TRP-19] mRNAEAS A ste 2 gdaart. 28
22 423282 3ad a9 g7 debd A gaprb S5t 2E oy gAFE S48 § g AoE A

Abstract: To obtain effective and safe depigmenting agents, we investigated the effects of Scirpi rhizoma, a medicine
among Chinese herbs, on melanogenesis. Dried S, rhizorma was refluxed with 70% aqueous ethanol and the extract was
evaporated to dryness. To determine the effects as a whitening agent, various in vitro tests were performed such as free
radical scavenging activity, melanin formation assay, tyrosinase activity and expression of tyrosinase, TRP-1 and TRP-2
(western blot and RT-PCR) in Bl6 melanoma cells. S. rhizoma showed scavenging activities of free radicals and reactive
oxygen species (ROS) with the ICsx of 638 ug/ml against 1,1-diphenyl-2-picrythydrazyl (DPPH) radical and 21.7 ug/mL
against superoxide radicals in the xanthine/xanthine oxidase system, respectively. S. rhizoma significantly inhibited melanin
production in B16 melanoma cells. S. rhizoma treatment (48 h) suppressed the biosynthesis of melanin up to 27% at 100
ug/mL and reduced tyrosinase activity up to 31% at 100 pg/mL in BI6 melanoma cells. S. rhizoma was also able to
significantly inhibit tyrosinase and TRP-1 expression in protein and mRNA level. These results suggest that S. rhizoma
inhibited melanin biosynthesis by regulating tyrosinase activity and expression in Bl6 melanoma cells. Therefore, S. rhizoma
may be useful as a new antioxidant and whitening agent to inhibit melanogenesis.
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protein-1 (TRP-1)3 dopachrome tautomerase (DCT)
Zo] 9itH23]. ©]E F tyrosinaset melanogenesis®} &
CAAGA] 7] g EdE FAFA, tyrosines
34-dihydroxyphenylalanine (DOPA)Z A 33} tyrosine
hydroxylase 43 DOPAE DOPAquinone2 2 4tglst
= DOPA oxidase 84& =57 7F1 it TRP-1&
56-dihydroxyindole-2-carboxylic acid (DHICA)E indole-
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2.1. AR F&

B Ao ARgE AE(S rhizoma)S Scirpus flu-
viatilis G.2] BeE7N 2 T3 54Ul A AFo}l A}
ottt AE 100 g2 #Astd 0% dge 1 LE &
Fatda 3 hA 23] wE FEG ol A FF,
=4 Azxstd 1 24S dimethyl sulfoxide (DMSO)Z
f8 3t A2

2.2, M= 2 Al

BI6F12 #¢] melanoma AZEFZ A &hgta g A
3 2o FAsgrl FUS ATE 5% fetal bo-
vine serum (Bio Whittaker, USA), 1% penicillin-
streptomycin  (Gibco BRL, USA), 200 uM «-MSH
(Sigma, USAYS #A7}sle]l 37T, 5% COz W7o A W
okstgth Tyrosinase, TRP-1, TRP-2, actin 3=

igksl A E8ta]#], A 318 A 4 &, 2006

Santa Cruz Biotechaology (USA)OlA TUste] ALg3
et

2.3. DPPH Radical &+ &3}

gatsl gAL 1, [-diphenyl-2-picrylhydrazyl (DPPH,
Aldrich, USA)E o]-&3ld A7 oz 2AgdE &
A&t Blois®[9]E #8354tk 01 mM DPPH #gh&
Lo QT AiLE 7189 vortex mixer® & g
g & A2 10 min 9 W83k ol % spectropho-
tometer® ©] &35t 365 nmoll A FFEE SN

2.4. Superoxide adical &7 &1}

Xanthine/xanthine oxidase ¥rg-ol4 #A¥ superoxide
radical AAEFE aitroblue tetrazolium (NBT) 2l
ol =A"sATHI0L 005 M NaxCO; buffer (pH 10.2)
3 mM xanthine, 3 mM EDTA, 072 mM NBT$t 455
252 748 & 25T A 10 minZd &St of W
el 025 U/mL xarthine oxidaseZ 713t 25ColAM 25
min £¢F W & syperoxide radical AAEHE 565
nmell A FFEE S48t

25 M=Z M= =4

MTT (3-4,5-dimethythiazol-2-y1)-2,5-diphenyltetrazoli-
um bromide) A= Mosmann[11]¢] #H-& W83
AA8t4 T BI6 meanoma AEE 1 X 10° cells/well &
52 24 well plated] 53 AT H}E FE2ES 59
a3l 24 h B¢t wjskaldeh MTT €46 ug/mb)e
7¥sta 3 h ¥, 94 2elsld A45AE AAst 100 pL
acid-isopropanol (004 N HCl in isopropanol)& #7pgt
% 565 nmoll X &3 58 A3

2.6. Hapd Mzt
Ay AZE Yasunobu[12] WS AR 6
well platee] 3 X 107 cells/well2 A EE 5t WY
3 & A 22 Aesm 48 h F9 37C COz W7ol
vjoFatsith, Wik HELE st AETE FAS L,
1,200 rpmell A 5 mingt ¥4 2alste] Adg $ 1 ml
homogenization buffer (50 mM Sodium phosphate pH
65, 1% Triton X-100, 2 mM PMSF)E &A1 7} o
714 AL pelletel 1 N NaOH (in 10% DMSO) 200 uL
A7Fsla vortex ¥ 405 nmold EFE=E ZA3Y
CdEd FEEog A FFE APHS o|fste 7
wellol A AAE Hepd $g AEsrh
HE(1 X 10 cells)ll A1 9] b g4 g o]
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Figure 1. Anti-oxidant effect of S rhizoma in the DPPH
assay. A solution of 150 L. of 100 uM DPPH solution in
methanol was gently mixed with 100 uL of S. rhizoma
for 10 min and the absorbance was measured at 565 nm.
The data were expressed as mean values (£SD.) of 3
separate experiments. * p <0.05 compared with control.
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2.7. MZW Tyrosinase &M &H

AIEZW tyrosinase B4 £4HL Pawelek® Pomerantz
[1314] e AH2atTh 6 well plated] 5% 10° cells/
well2 AEXE 53t 3FF &<t Mds & A58 A
Z3tArh 24 h ¥, AEZE FR8e A7 T 02%
L-DOPA7} 718 01 M sodium phosphate buffer (pH
6808 ¥ 37ClA 2 h &<k &3t 490 nmoll A &

=8 S,

2.8. Western Blot Analysis

ABE 48 h A3 B16 melanoma M ¥Z RIPA buffer
(10 mM sodium fluoride, 0.196 SDS, 1% NP-40, 1 mM
DTT, 500 uM sodium orthovanadate, 10 pg/mL apro-
tinin, 10 pg/ml leupeptin, 1 mM PMSF)Z &3jstm ¢
A EEsigd o7l de AEAS 12% SDS-PAGE
£ o]&3] #7]9Fsta o] S nitrocellulose membrane .
2 o] HAIA o] 3% skim milk7} - tris g
Ao A tyrosinase (sc-7833), TRP-1 (sc-10443), TRP-2
(sc-10452), actin (sc-1616) A<} 242t wb-&-A21 & al-
kaline phosphatase’} A3d FHE 713 % 5-bromo—4-
chloro-3-indoly-1-phophate/nitro blue tetrazolium (BCIP/
NBT)S 7}ste] 2taA 7Y}, Western blot 23 Cali-
brated ‘densitometer GS-800 (Bio-Rad, USA)E o]-&3}
o B3

2.9. RNA £2] 9 RT-PCR
Total RNA%%2 RNeasy mini kit (Qiagen, Mary-
land, Germany)< ©]&3t3th cDNARA S 1 ug9l total

RNAE oligo (dT)15 primer, dNTP (05 uM), 1 unit
RNase inhibitor Z# 3! 4 unit Omniscript reverse
transcriptase (Qiagen, Hilden, Germany)% 37CelA 60
min, 93ClA 5 min heating AP OEA W3-& FAA
Zit}. Polymerase chain reaction (PCR)& cDNAEH-E
tyrosinase, TRP-1, TRP-2, A-acting $Z3}7] ¢35}
1 pl. ¢cDNA, 05 uM®] 57 3'primer, 10 X buffer (10
mM Tris-HCl, pH 83, 50 mM KCl, 01% Triton
X-100), 200 uM dNTP, 25 mM MgCl, 25 unit Tag
polymerase (Qiagen, Hilden, Germany)& 413 distilled
waterZ AAE 25 ul® 2 ohE PCRS AA8H3H
PCRFEZ2 94T 05 min, 50C 05 min, 72C 1 min, 28
cyclesZ WHSA|ZTh PCRell 93t AAH AES 15%
agarose geldlA 71953t tyrosinase, TRP-1, TRP-
2, B-actin®] A 2EE gt
.10, X A gl EAIXNZ

AYAdes AT L ZFHAE ®ZU|693, B4
9] 48 Student's t-test®Z 3tG.oH, pgtel 0.05 7
W FAHCR sty dsht
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3] DPPHE o]gste ksl 288 SAsth 4
252 o 5 & o7 DPPH radical &A%
Lrebith(Figure 1), 423252 10, 100, 1000 gg/mLe]
ez A3 A9 7 DPPH radical 271%<2 10.7%,
18%, 675% % YEtwTh ¥4 HExToZE F4kst 2he
o] 9+ Aoz 2472 butylated hydroxytoluene (BHT)
g o|g3dto] MEFEE tEt mife) vluEth 1
A3 BHT+E 647 ug/mLAlAl AE85E2EL 633 ug/mL
FEo A 50%9 DPPH radicale A7+
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3.2. Superoxide Radical & &1}
Xanthine/xanthine oxidase®] &Ad] 29l& superoxide
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Figure 2. Anti~oxidant effect of S rizomag in the
NBT assay. Superoxide radical was generated by a
xanthine/xanthine oxidase system and measured by
NBT reduction method. The data were expressed as
mean values (T SD.) of 3 separate experiments. * p <
005 compared with control.
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Figure 3. Relative cell viability of S. rhizoma on Bl6
melanoma cells by MTT assay. The cells were treated
with various concentration of S rhizoma for 24 h. The
cell viability was measured by the MTT method. Data
are normalized by taking 100% as a viebility of
non-treated cells. The data were expressed as mean
values (X SD) of 3 separate experiments. *p < 005
compared with control.

Lol A2 superoxide 2o]L AAHALI wan-
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oxidase] 9j& HAHE superoxide anion 4873 A &) <]
AI-= Figure 2o JePICE 44 dlzate 2= BHT
& ol &3l HE3EE 9 superoxide radical AAEHS
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Figure 4. Effect of S rhizoma on melanin production
in B16 melanoma cells. The cells were incubated with
S. rhizoma for 48 h, Melanin content is quantified by
absorption at 405 rm calibrated with synthetic melanin
as standard. S..rhizoma decreased the intracellular
melanin contents?%}ét freated concentration. Results are
means £ S.D. f;ém 3 separate experiments. *p <005
compared with control.
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3.3. MzE4
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Figure 5. Effect of S rhizoma on tyrosinase activity
The cells were incubated with
S. rhizoma for 24 h. The data were expressed as mean

in B16 melanoma cells.

values (£ SD.) of 3 separate experiments. *p<0.05
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Figure 6. Effect of S rhizoma on tyrosinase, TRP-1
and TRP-2 expression in B16 melanoma cells. B16
cells were treated for 48 h with S. rhizoma Solubilized
total protein (30 ug) was electrophoresed in 12% SDS-
PAGE gels and transferred to nitrocellulose membrane.
Specific detection of proteins was perfomed with the
polyclonal antibody against tyrosinase, TRP-1 and
TRP-2.
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Figure 7. Effect of S, riizoma on Tyrosinase, TRP-1
and TRP-2 mRNA expression in B16 melanoma cells.
B16 melanoma were treated with various concentrations
of S rhizoma for 48 h. Total RNA extracted from Bl6
melanoma was analyzed by RT-PCR.
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3.7. Tyrosinase/TRP-1/TRP-2 mRNA Z& X
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S5 82 (tyrosinase, TRP-19] &S Asst=s Ao
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