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Inhibitory Effects on Melanin Production in B16 Melanoma Cells of Sedum sarmentosum
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Abstract — To develop effective skin whitening agents, we tested natural herbal extracts for their melanogenic inhibitory
activities. Sedum samentosum was selected for its inhibitory effect on melanogenesis in B16 melanoma cells. Ethanolic
extract of S. samentosum (SSE) was evaluated for antioxidative effect and tyrosinase inhibitory activity of melanogenesis.
We investigated the changes in protein level and mRNA level of tyrosinase, tyrosinase related protein (TRP)-1 and TRP-
2 by using western blotting and RT-PCR, respectively. SSE showed scavenging activities of free radicals and reactive oxygen
species (ROS) with the ICy, of 342.7 ng/m/ against 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical and 64.69 pg/ml against
superoxide radicals in the xanthine/xanthine oxidase system, respectively. SSE treatment suppressed the biosynthesis of
melanin up to 46% and reduced tyrosinase activity up to 51% at 100 pg/m/ in B16 melanoma cells. The tyrosinase activity
and tyrosinase expression in B16 melanoma cells were reduced in a dose-dependent manner by SSE. Also, SSE was able
to significantly inhibit tyrosinase and TRP-1 expression in mRNA level. These results suggest that SSE inhibited melanin
production which may be dependent on tyrosinase activity and expression in B16 melanoma cells, and an effective whitening

agent for the skin.
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TRP-17} dopachrome tautomerase(DCT) 0] Qltt3% o5 &
tyrosinasei= melanogenesis®] &2 HAIQ]l 27] WSl #
{3l @44, tyrosineS 3,4-dihydroxyphenylalanin(DOPA)
2 %3l tyrosine hydroxylase #/d3} DOPAE DOPA
quinone® # 4F3}3l= DOPA oxidase S 55 714l Qloh
TRP-1-2 5,6-dihydroxyindole-2-carboxylic acid(DHICA)E- indole-
5,6-quinone-2-carboxylic acid® AFs}sh= &4-o]t}, DCTE %
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A, A ArFS A7R= ok~ =W ascorbic acid) 2 F-
SAl, coenzyme Q10, EFHE 5 O0% FHE 4 Qlrk. mEst
W), G, a4k FHE, Ak 171, A 59 vk A
FE50) v a) gl Zlo® Yehga ek

SUE(Sedum sarmentosum Bunge)yS S Edlof| £31= t}
A 22X A5 Alopr|of] Bl A8 ok dg o7 2
ow, B2 (), TEXEAT)HIE Eeleth sUE2
k34 © 7= sedoheptulose, sucrose, fructose 52| &2 3}
53] vjep C, A 9 I+ 55 T sk Sl o]
et SUES] A A2 terpenoidsel] 2% 7HRT &
7.9 EZEex] H2]8t flavonoids?! quercetin, isorhamnetin®}
kaempferol 52| wlE = 2]¢t angiotensin converting
enzyme AEZI? EE FEE0] ZHAPAAH FA <
hyaluronan 4 %% 2Hgo] Qlth= o] waL Hc1?

H ATeM s HAEETFE L] vuAlE pds] flste]
T AAEE Ao o] dekd B As) aE
WAshy SUE 259 A 2484 2 B16 melanoma
AIXEE o] gato] Hepd A Aal avE A7silth

NEME o w

N2l F:&

B ASolA] AN EU-E(Sedum samentosum Bunge)S L]
S FE PRI st e StellA] xSt EuE 100g

M= 2 Alef

B16F102 #1°] melanoma A¥F2 A&thsty 3= A|¥3
LaBol] FRlEItE. T8t A= 5% fetal bovine serum(Bio
Whittaker, MD, USA), 1% penicillin-streptomycin(Gibco BRL,
MD, USA)S 3$H+3F Dulbecco's modified Eagle's medium
(DMEM) Hj#]¢] 100 nM o-melanocyte stimulating hormone
(MSH, Sigma, USA)E 37F1] 37°C, 5% CO, Hj71o1A #j
oF&}%I T}, Tyrosinase, TRP-1, TRP-2, B-actin &#]+= Santa
Cruz Biotechnology(CA, USA)IA T-J&to] ARgslict.

DPPH radical 27 &1}
hrksl 842 1,1-diphenyl-2-picrylhydrazyl(DPPH, Aldrich,
USA)Z olgslo] A|ge izt 2AFINS Z46R= BloisH™
< 285191t} 0.1 mM DPPH methanol £-90]] £2lke] A8
= 7Fste] vortex mixer® & £3st & Ao 103 <t
33T}, ©]F- spectrophotometers ©]-83}0] 565 nmol| 4]

w8 S50,
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Superoxide radical 271 3}

Xanthine/xanthine oxidase WH-5-°lA 34 % superoxide
radical 27 &¥-= nitroblue tetrazolium(NBT) # o] o2& =
A3k tE2 0.05M Na,CO, buffer(pH 10.2)°]l 3 mM xanthine,
3mM EDTA, 0.72 mM NBTS} A5 7}3F & 25°CollA 10%
7k #3313}, o] HkS-olo] 0.25 U/m/ xanthine oxidaseZ 713}
31 25°CollA] 255 F<9F HH-5- % superoxide radical A~ &S
565 nmelx] S4=E S7dsklth

M= MZEE 53

3-(4,5-dimethythiazol-2-yl)-2-5-diphenytetrazolium  bromide
(MTT) %2 Mosmann'2] HH-S- WHEslo] Ax&iSit). B16
melanoma AZZ 1x10° cells/well 552 24 well plateo]] 15
Sk Azel] AlEE HEstal 48A13F st wikeklch. MTT &
NG ngmlys kst A & AAEEste] Asds AAst
31 100 p! acid-isopropanol(0.04 N HCI in isopropanol)= 3 7}

@ F 565 nmelH FREE S50,

Hapd M2

Aahd g2 Hosoi' 59 & HEslo] ARg-3lich. 6
well platec] 3x10° cells/well® A XS B30, Al 85 22
Skal 48A13F 53 37°C CO, w71l wijkslelc. s 4
Asto] MEFE =4 8}ba, 1200 rpmoll A 5587 92 2
slo] A3k % 1m/ homogenization buffer(50 mM Sodium
phosphate pH 6.5, 1% Triton X-100, 2 mM PMSF)& 83iA1%)
o} o714 9 pellete]l 1N NaOH(10% DMSO) 200 & 3
7}kl vortex ¥ 405 nmollA] 0D, #hS S8 Aehd
HE7F(Sigma, USA)CE A2 B HFAE 0]8319] 7 well
o] e A k& ARESIITE e TAIE (10" cells)
oflxe] wehd Bdes nlasigich

MZL tyrosinase &M =X

A tyrosinase 24 Z44& Pawelky} Pomerantz!>'® 1
HE AFEsT) 6 well plateol] 5x10° cells/well2 A2 S 2
Tkl sl Bk Wit § AlEE AEsiSith 24403 3, Al
X 0.1
sodium phosphate buffer(pH 6.8)5 ¥al 37°Collq 2417 &
HijeFstal 490 nmell A FEEE S7sISith

=2 X

Western blot analysis

AN 55 48A)17F 21 2]+ B16 melanoma A %5 RIPA buffer
(10 mM sodium fluoride, 0.1% SDS, 1% NP-40, 1 mM DTT,
500 uM sodium orthovanadate, 10 ug/m/ aprotinin, 10 pg/m/
leupeptin, 1 mM PMSF)E g3l|3ta 94 Ha3sk3ict o7)4
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A2 FZ NS 12% SDS-PAGEE o] 83l 17|95t o5
nitrocellulose membrane®. % ©] AT}, ©]= 3% skim milk
7} -39 tris-bufferol A tyrosinase(sc-7833), TRP-1(sc-10443),
TRP-2(sc-10452), B-actin(sc-1616) 3+ ¢} 247} Wh-g-A)71 3
alkaline phosphatase’} A%¥ A& 713 F, 5-bromo-4-
chloro-3-indoly-1-phophate/nitro blue tetrazolium(BCIP/NBT)
S 71510 WAIAIFHT), Western blot 2¥R= Calibrated densito-
meter GS-800(Biorad, CA, USA)E ©]-g-3lo] #4131t}

RNA £2| ¥ RT-PCR

Total RNA %2 RNeasy mini kit(Qiagen, MD, USA)<
o] g3ttt ¢DNA 4> 1uge] total RNAE oligo(dT)15
primer; ANTP(0.5 uM), 1 unit RNase inhibitor “72]3. 4 unit
Omniscript reverse transcriptase(Qiagen, Hilden, Germany)=
37°CellA] 60:E, 93°CellA] 5% heating Al 0 2A] HES-S FAA|
ZIt}. Polymerase chain reaction(PCRRS cDNAZHE] tyrosinase,
TRP-1, TRP-2, B-actine: 5%3}7] $lsto] ¢cDNA, 0.5 uMe] &'
3} 3'primer; 10xbuffer(10 mM Tris-HCI, pH 8.3, 50 mM KCl,
0.1% Triton X-100), 200 uM dNTP 25 mM MgCl,, 2.5 unit
Tugq polymerase(Qiagen, Hilden, Germany)E ©]835}%] PCRS
A8 TE PCR %2 94°C 0.5%, 50~55°C 0.5, 72°C
I3, 20~29 cycles® HHSAIZICE PCRel| <J3lo] A3 Abe-g
1.5% agarose gelollX] 717]%95310] tyrosinase, TRP-1, TRP-2
9} B-actin A+ -5 image analyzer(BIS303PC, DNR
Imaging Systems Ltd, UK)Z &1 3191, Z} band®] density=
densitometric program(NIH Image software, MD, USA)S- ©]-83}
$t). Tyrosinase, TRP-1, TRP-22] oligonucleotide ] €2 ty-
rosinase: sense; 5-GAGAAGCGAGTCTTGATTAG-3, antisense;
5-TGGTGCTTCATGGGCAAAATC-3', TRP-1: sense; 5-GCTG-
CAGGAGCCTTCTTTCTC-3,, antisense; 5-AAGACGCTGCAC-
TGCTGGTCT-3, TRP-2: sence; 5-CCTGTCTCTCCAGAAGTT-
TG-3', antisence; 5-CGTCTGTAAAAGAGTGGAGG-3°]™, B-
actin®] oligonucleotide 4 B2 sense; 5-ATGAGAAGGAGATC-
ACTGC-3', antisense; 5-CTGCGCAAGTTAGGTTTTGT-3¢]t}.

AEEM W SAXE

BE Agdrhs B R8s 2089, A &
A& Student's t-testZ 310 p Fko] 0.05 v w) A
o2 fosirta ddsisict.
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Table I- Anti-oxidant activity of SSE in DPPH and NBT assay

DPPH radical Superoxide radica

T Concentrations . .
reatments (ug/ml) scavenging scavenging
activity (%) activity (%)
SSE 50 18.95+1.98 39.74x2.01
100 31.79+3.17 63.28+2.11
500 64.12+2.32 89.19+3.56
BHA 100 75.27*1.69 51.38+2.43

The results were expressed as the average of triplicate samples
with S.D.

= s
Z7NHEe] oA EE o5 & & ok faEkt
ke Al AR IR EESHIRE
Wa kS Ao Al FEAAS FHFOR Q)

o] Aalu L EAlo] MR -3 1l Aoy A3
o)

] 2T,
Fasts 2

s 2 EA Ik g FEE0) S} 2
= A5 Felsly] ¢35k DPPHE ©]83t #g] oz &
A WS #FSIITE FUE FE5E2 50, 100, 500 pg/mi)
FE2 A3t 739- Z} DPPH radical 27152 18.95%, 31.79%,
64.12% G HERGITE Y diZat e 2= Falst v
7} 423 3-t-butyl-4-hydroxyanisole(BHA)S ©]8-3l] 1=
FE=2 st a7E nlwsiivk 1 A3 BHAE 100 pg/m/
o 75.27%°] DPPH radicate 2A3lolom, BUE FE52
o] % 9]F% © 7 DPPH radical 27282 YeR)QIth
(Table D).

Xanthine/xanthine oxidase®] 4ol 23+ superoxide 5°]2
A 222 superoxide +°]2 4723-3} xanthine oxidase &
2 Aallo] 28 vrebdt}, Xanthine oxidaseo] 9& A=
superoxide anion®] AY/d#Jl2] A¥= Table Il YERISITE <
d 2T 0% BHAE ©|83le] EUE F=E2] superoxide
radical 27 &35 Blw3Th 1 Ay} BUE FEES £
5 o)A 02 superoxide radical 272E-S- YERY 50, 100,
500 pg/mi2] == A2|st 79 2t superoxide radical 275
2 39.74%, 63.28%, 89.19%%= -+<~3F superoxide radical 4~7]
2235 ek A thxF9 BHAYE 100 pg/miol] A
51.38%2] superoxide radicals 23}t

ELE FEEQ M= =4

EUE FEE0] AX 544 vAE FRE AR v
A AHE % WHA4E A MTT assays A3t
%t} B16 melanoma M) tfdt EUE FEE2] AXEAS
=43 A3}, BUE FEE2 100 pg/ml 015k FEE A
Al AFEAEEC] 90% oo R UEhtor, 1 o)Ak Eko|
Az AEEC] At thEFig. 1). ICsy 42 413 pg/mi= L}
k.
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Fig. 1 — Relative cell viability of SSE on B16 melanoma cells by
MTT assay. The cells were treated with various con-
centration of SSE for 48 h. The cell viability was measured
by the MTT method. Data are normalized by taking 100%
as viability of non-treated cells. Results are means+S.D.
from 3 separated experiments.
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B16 melanoma¥| 5 o]g-ato] Hehd A A&l 3
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Fig. 2 — Effect of SSE on tyrosinase activity in B16 melanoma cells.
The cells were incubated with SSE for 24 h. Results are
means=*S.D. from 3 separate experiments. *p<0.05 com-
pared with control. Arbutin (100 pg/ml).
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Fig. 3 - Effect of SSE on melanin production in B16 melanoma cells.
The cells were incubated with SSE for 48 h. Melanin
content is quantified by absorption at 405 nm calibrated
with synthetic melanin as standard SSE decreased the
intracellular melanin contents at treated concentration.
Results are means+S.D. from 3 separate experiments.
Arbutin (100 pg/mi).

3l &7t A ThFig. 2). Fddix
100 pg/miellA] ok 35% Hepd 714
d 34 A EAE getow BEep) Slale] 7 AR 1x
el AIEE FAsle] BASIT) tixFo A Aehd YA
7M7) T 2EQ o-MSHE 2|3t Al ETtoll X = U*E!ano
8] SIS Il By FEE AT gz
TR el W27 2819001, £3] 100 pg/ml FEelA] &
A3] 74 3Th(Fig. 3).
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Fig. 4 — Inhibitory effect of SSE on melanin accumulation in cult-
ured B16 melanoma cells. Cells were cultured for 48 h in
medium containing 100, 50, 25 ug/m/ of SSE. Picture of
cellular melanin solubilized with 2M NaOH. Arbutin
(100 ug/m).
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MZLH tyrosinase X{slf 2}

Wahd 42 tyrosinaseo]] 28] FEE = dwo] F4A Wb
of eJ3l) Zd=|, tyrosines 7]AE sto] dopaE A7
T}A] dopaquinone® 2 AFSIA|7) = 5410 44 Akslr)
e T 7} A=) TSl 93l o]Foxitkal I A
\ot. Hehd g/de] Bedshs Al tyrosinase®] 24 A3l
25 St svE FEES YT AEE s
37171 ¥, 0.2% L-dopa’} 37}l 0.1 M sodium phosphate
buffer(pH 6.8)5 ¥l 37°CollA] wljokst & S35 43I
t}h Fig. 49] A¥s} o] EuE FE535 A AdaelA
T &% 94 0= tyrosinase®] E4Jo] A= 0, 100 pg/
mlollA] tyrosinase 8735 °F 51% A8l a2t & AoE
EpsiT),
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Fig. 5 - Effect of SSE on tyrosinase, TRP-1 and TRP-2 expression in
B16 melanoma cells. B16 melanoma cells were treated for
48h with SSE. Solubilized total protein (50 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. Similar results were observed in three
independent experiments.
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Tyrosinase, TRP-1, TRP-2 EHHZ! 25 x5 S}

A tyrosinase A3l A AR FUE FEES Al
Yl tyrosinaseZ’d-S AJalate] melanin A4S 7 ZAT of2
3t Ay} dehd Ao dEE dd deake dakdol] 9l
A2 ER1sl7] )8l tyrosinase, TRP-1, TRP-2¢] 3A|S o] &
Sk western blot® = ¥ Tl o] Wi eF wislel] tfsio] AL
3IAtH(Fig. 5). BUE FEE2 tyrosinase, TRP-19] &S A
dsh= A o® YePdor TRP-29 Walskol= AJ3ks 1)x]x|
T}, TS o]of] tht densitys 793 23, 100 pg/miolA
tyrosinase™ &S 29%, TRP-12] &S 13% A= o
2 Yehdal, TRP-2 &% Wslh 11tk Yoon 51960 2J3k
tyrosinase?} TRP-1¢] & Aall= A7zl o) ArFEEo]
o-MSHel 9§t A sHE A2 F #4240 ERK 43t
Aeligho ZH tyrosinase?} TRP-19] W3S Asfish= Z10& X
= Qo Wb, EuE FEES o-MSHel &8l f=d
extracellular signal-regulated kinase(ERK)2] &4 3}= A8l
oz wapd A 2HH 07 o= T4 tyrosinase
¢} TRP-19] DS Asfiskz 2102 AlE¥)
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Fig. 6 — Effect of SSE on tyrosinase, TRP-1, TRP-2 mRNA expres-
sion in B16 melanoma cells. B16 melanoma cells were
treated for 24 h with SSE. Total RNA extracted from B16
melanoma cells was analyzed by RT-PCR.
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Tyrosinase, TRP-1, TRP-2 mRNA &3 Xl 51}

S FEEC] el el Holaks frAke] el
nX)= JEE #1517 $15ke) RT-PCRE Fraisioltt. 234
I} SUE FEEL tyrosinase, TRP-19] 28-S Aaljsl= 212
T UERgAE TRP-29) Rolls 932 vIAA] it vt
olo]] th&t densitys =793 23}, 100 pg/miolA tyrosinase
& 21%, TPR-19] &S 12% {71 Zo= Yehsta,
TRP-2 'd&lZ=2 W7} sl3lchFig. 6).

Agbd AT A oy AE A AZE F3ho]
tyrosinase o] F7kEo] Lo, o]21dt tyrosinase A4/l
%93 AAFQIZFQ]l  microphthalmia-associated transcription
factor(MITF)?] kel ol za€ra g QIek.!*# MITF
© epd A3del Holeke AsdY HAE F o-MSHe 23t
CAMP A 25 F3to] W¥o] 57hE 1L, extracellular signal-
regulated kinase(ERK)ell 2Jafl Qlalslelo] Higlo] Aajgict 29
WEbA, tyrosinase®} TRP-1 -4 &S Adllst =UE 5=
B MITFS 288k Alsdd 317 #ofste] Wehd A4
= Adllehs Zo® F55w 9o F7HA1 A7t Fesht
aL Yz

a =

SE FEEo] Wehd A vAE S AR $Ist
o] g4tsl E3 2 B16 melanoma A ZEE o]&sflo] AU
tyrosinase A&l a3}, WA 84 #3837}, tyrosinase?} T
g gl fhzte] v S ATslth s FEEC
DPPH A& 72} superoxide radical 2 &3} 5314 1}
ERkor, B16 melanomaH|ZE ©]-8-3F M¥Y| tyrosinase /3
& 51% Asetiar, Wehd A4S 100 pgml SEE A2 ek A
ol 46% A3, B3t tyrosinase THNZA WEHERS- 299
72, TRP1E 13% 74A171.00 TRP-20)| tish Aslavl= o
ERA] okSkth RT-PCRE: o8-8t faak S g7hsk Aot
tyrosinase, TRP-12] mRNA W& %= 7443519 0 U, TRP-29]
A P} Qlsleh e FEES Ak a9 9 depd A
Aol Holsh= Ty} ke dHxd ARE Sofo] 2
ghd YA Asl a3E UEhlle 0% Rolu 35 wjuliz)
258 T 7 IS ZAow Ayzdn.
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