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Aol dahd o] AA-S AT ICs A 28.2 ug/mLeI T} B8t Silymarins cell-based tyrosinase2] &<
3}a1, western blot ¥4 A3} tyrosinase A Q] THS THAAT)= 1S 81T Silymarin S 2 -8 #2]3F

i}fﬂ Q1 silybin %! isosilybin®] w1 @35 Fs A3}, 212} 42.25 uM E 16.32 uM 2] ICsp Fhe 7HA ™ dahd
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Abstract: We found that silymarin exhibited the inhibitory effect on melanogenesis in a spontaneously immortalized
mouse melanocyte cell line, Mel-Ab. Silymarin is a standardized extract obtained from the dried seeds of milk thistle
(Silybum marianum Gaertn.). Silymarin significantly prevented melanin production in a dose-dependent manner with
an ICs value of 28.2 ug/mL without effects on cell viability. Also, silymarin inhibited tyrosinase activity in melano-
cyte, while it did not affect the catalytic activity of cell-free tyrosinase. Furthermore, Western blot analysis indicated
that silymarin decreased the expression of tyrosinase protein. Silybin A/B and isosilybin A/B were also able to inhibit
melanin production and tyrosinase expression in protein level. Double blind study on the clinical efficacy of a cream
containing 2 % silymarin showed that silymarin have a significant skin whitening effect. Therefore, this study sug-
gests that silymarin may be useful as a natural skin whitening agent.
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3 IFAMAEE BoETE IS sk i HakAo]
ot 2y ARl wE 9 9 westkE Qlgk dephd o
AL A v, A T& FAsHaL AsH
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dabd A 3ol F2 FAQ tyrosinase= L-ty-
rosine © 2B 1.-3,4-dihydroxy-L-phenylalanine (DOPA)
7} #45= @A L-DOPAZS-E DOPAquinone©]
= dAE S8t Aepde] IS FXeHA |
oH2]. 7] FHF vMAR AEEo] 29 kojic acid,
arbutin, AW FE=, fx FEFE 5o ol&9] ty-
rosinase®] 285 A3 Adlste] v g3E YEh=
Aoz deiA UH34]. ol tyrosinase] &
AHH o7 AASHA] koA AXE YollA tyrosinase
o el e vA v GAE el AR &
AEAE BuEa QIH5,6].

Silymarin> =8}l &ah= 3739 (milk thistle, Sily-
bum marianum Gaertn,) ©] Gufjol|x] FE&3t Zepne] 1d
(flavolignan) AlY 33EE2 HAAZA, 49 F5=
o= silybing H]E3}] isosilybin, silychristin, silydianin
T TheFst Setrelad sekee] EAEk oles T
319 silymarin®|2} A 3HH 7], Silymarin 1F 75 3]
a3, kst a9 55 Uil Aow delA
5| Qs oetal I ok (tojshe 5 I
X5 Bodhs avE Yehdu8-10]. =5k o] &
Troll W=, silymarin 8558 ZPAAE] F3te} 13t
E AISk MES] tfEZ A Tl (extracellular matrix
protein, ECM protein) = A7 IF9] w3}= ®x|st
ok &3 A 111, $HH Choo 5121 silymarin 33
E9] Mel-Ab melanocyte WellA Hehde] A4 9 ty-
rosinase WA L] WS ofAgth= AaE Bargk vl 9l
t}. o] & AFoM = silymarin 3HE W I2HE &
23t -FEAIEQ silybin, isosilybin &H8FE-2] Hald 284
oA &avE Sk, AP A silymarin 3
Ee] I nu g RAe] a%S Frketast skglck
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O] QA=A A Frkol ARSI Al E 5] 2 ry
B2 =437 98 silymarin 2 9 AEESL di-
methyl sulfoxide (DMSO)el &3] 100 mg/mL
stock solutione W] -20 CeollA BAsSI )
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22. 72 4Ee = 22

Silymarin ©. 2 5-€] v F5 RS 28] $15he]
745 Ay ARvtE Y] W HPLCE A8t =,
silica gel column chromatography (chloroform : meth-
anol = 100 : 0 ~ 0 : 100)& AAlste] thge] =44 A
5 A 2= ol gsto] M ket
S A BEE-S octa-decyl silica (ODS) open column
chromatography (20 ~ 100 % ag. methanol) & 2 A3}
Atk 2= o] &sto] nMEAS ARk & A
LY EE o] &3t HPLCE AAsHAth & #38 col-
umnS AHE-EF] HPLC (50 % aqg. methanol) & 2 A3}
o silybin A} B7F &3-¥ 8 1(silybin), 181l iso-
silybin A9} B7F =39 -8 2(isosilybin) & €& 7+ AU
Ak 38 1 9 2= 244 columns AHE-3Fe] HPLC
(50 % aq. methanol) & AAl8te] silybin A (1) % B
(2), Z18]3 isosilybin A (3) 9 B (4)& ZH2} #&l5kd
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2.3.1. M|IZE HiQf

Mel-Ab mouse immortalized melanocyte= DMEM
Hj=]o 10 % heat-inactivated fetal bovine serum
(FBS), 100 nM 12-0O-tetradecanoyl-phorbol-13-acetate
(TPA), 1 nM cholera toxin, 50 ug/mL streptomycin ~1
2]3L 50 U/mL9] penicilling 7}k 37 C, 5 % CO,
ERZE R b

232 M=Z MEg =8

A E BEEL Dooley 2] M-S 0]8-3}9] crystal vio-
let assay & AAI5F] S 8ATH13]. Mel-Ab A ZE
x 10° cells/well®] F%% 6-well platesell ®58 3, 24
h = A8S R Agste] 24 h &<t st
W& AAS $ 01 % crystal violet £ (in 10 %
ethanol) © & 5 min &< F4%E & 95 % ethanol= ©|
goto] F2Eo] Qe AMEe] GAEo]l Q= crystal
violet2 FZ38}%] microplate reader (Molecular Devices,
USA)E o]43to] 590 nmelA §45=5 4k



2.3.3. "zt xafetd

Aehd 2 Tsuboi®] WS o] g-sto] A3kt
[14]. Mel-Ab AEZ 2 x 10° cells/well®] FE= 6-well
platesoll 53t ¥, 24 h § Al5E TEHE At
72 h &< wjeFEkeiTh A2 E 33k 1 N NaOH &9
1 mL& 78k vortex 5, 100 CollA 30 min EF &
BIAIZ] # 16,000 x gollA] 20 min FoF Yl A
o] Abzalo]l B3R TE 400 nmeollA] =3It

2.3.4. Tyrosinase &4 =8

Cell-based tyrosinase &> Busca] WS o] &3}
o] 43R TH15]. Mel-Ab AIZE 2 x 10° cells/well 2]
LR 6-well platesol] F3 5, 24 h F AEE F%
U2 Agsto] 72 h B3F w8tk A2 E 36k
SaAI7 5 ARl ste] FUS W Pgo] 23T
= phosphate bufferg 7Islo] ozl 2458 90 uL 2}
10 mM L-DOPA 10 uL-& &3kate] 37 CollAl 1 h <t
HES A7 1o 10 min IFA S22 475 nmeollA SFEE
=43t} Cell-free tyrosinase &2 mushroom ty-
rosinase® ©]-&3to] SHSUT =, 7 A5V sEEE
¥3%¥ phosphate buffer (pH 6.8) 170 uL} 2,000
U/mL mushroom tyrosinase 10 yLE £33 3 10 mM
L-DOPA 20 uL& F7Fsto] 37 CelA] 10 min &<+ ¥t
SAIZL % 475 nmolA FHEE ST

2.3.5. Western Blot &£44

Silymarin, silybin 2 isosilybin®] 7% g gl A=
o] We)| JEFE WA =A Yot A Western blot
analysis® AAISITE &, Mel-Ab AIZE 2 x 10°
cells/well®] =2 6-well platesel] 53 & 24 h &
7t A5 E SEHE AEste] 72 h F<F vkttt Al
IE T 5 &alste] Aozl 7 AlE Tl 20 pge
10 % SDS-PAGEE °]-&all 1d719-s3taL o]& PVDF
membrane®.E O] HAAIZl & tyrosinase (SC-7833, 1 :
500), TRP-1 (SC-10443, 1 : 500), TRP-2 (SC-10452,
1 :500) % actin (SC-1616, 1 : 1,000) A<} 242z} 1t
SAIF T 4 CeollA overnightdt
idase-conjugated anti-goat (tyrosinase, TRP-1, TRP-2)
9 anti-mouse (actin) IgG FAE 1 : 1,0008] H|&E=
Z}zy g Asto] A4 2 h &t WA ¥, chem-
iluminescence method (ECL kit, Amersham, UK) & ©]

g3l TA s3I

3 horseradish perox-

5 deivilel 317 o) 153

2.36. A2 EM F EAH A

Silybin A, B Isosilybin A, B #ehd A4 As) &3}
+ 13] 43t YRS 21 silymarin, silybin % iso-
silybinel] o3t 2E A3 Ao Hof + EEUAE B

718k 0 BAA 29792 Student’s t-testZ 3R o™ p
Ze] 0.05 Pk W BAH o7 Fojstrial Attt

2.4, I|F0|9 Ay

20083 49 1495FE 200819 6€ 20¥7HA4] silymarin
o] FjHujul g 5ol thsl uAAAt 21 o ® 4
A5 T A= ol WA EHZ—’*V_‘*:'L vl
919t (double-blind test) S o] €3t om, AL sily-
marin 2 %E % AH AFF vwTo N T35t
9 AHS 27 ARGl

o|A|-E17|.

2.4.1. TAIRRe] MH

2278 ] A A= dWOi A71Eel A et 37415
B 52412] o4 2178 FF Al odate] H4
A 44.3M019 0, A HARS 913 13](1.0 MED)
ZA} B (mI/em?) & F1k 3070tk

242 AMEHSHES £x

Z} 93 2}k2] Lol 1,000 W xenon arc lamp (ozoneless)
7} &zbe olF =} W71 (Oreil solar UV stimulator,
Oriel Instrument, USA) 1709] light guideE E3&}o] &
73 8 x 8 inches A7|Z ZF-& LA sHA WAFSHATH
H AA HE 24 h FHE 24 h A0 9A A B
o 1.0 MED®ll s 33z Fda & 33 LAk vhA|
2 ze)d 2AE dFY SHE O FAbE AIRRSE
"ﬂ"‘TLTJr Writo s FARS et ol x2AlE S A
A& 8 12+ (531/157°) % & 85 59 =3l

243 TSI A2olof ofst W0 Fite| SoHEI}
A H919) I3 AL F o) 3Rat A7) o

& o]% "% (double-blind test) 2 H7}E At} AFe]
R ALl )3 vk e QAL FAEA 13(07), 45
(4%), 87(85) A% F S BAE 9% AL g
o] HE® F-Este] B7hekqith 00 none, 1t none/mild
pigmented, 2: mild pigmented, 3: mild/moderate pig-
mented, 4: moderate pigmented, 5: moderate/severe
pigmented, 6: severe pigmented, 7: very severe pig-
mented. AlFAE T A3} ©F 47 W 85 Fo] Ak
= Hlwsto] I A WstE HrkeRoith
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Milk thistle seed

EtOH extract
(Silymarin)

Si0z2 column
(CHCl3 : MeOH = 100 : 0 ~ 0 : 100)

ODS column chromatography
(20 ~ 100 % MeOH)

Prep HPLC
Column @ YMC-Pack OD5-A
Eluent : 50 % ag. MeOH
Flow @ 6 mL/min
[ I
Fr. 1 Fr. 2
Prep HPLC
Column @ YMC-Pack ODS-A
Eluent : 50 % agq. MeOH
Flow : 0.7 mL/min
Silybin A Isosilybin A
Silybin B Isosilybin B

Figure 1. Extraction and isolation of silybin A/B and iso-
silybin A/B from milk thistle seeds.

2.4.4. ChromameterE 0|88t 7171 HIt

Chromameter (CR-400, Minolta, Japan)e°ll 2]t 3%
nM g 542 9 R dEef ot G wy A7)
o} FUaA AA HAE F-919) L*, a* b* value ¥s}
£ % 53] =435t Hrisksith L*: Luminosity, a*:
Green to red spectrum, b*: Blue to yellow spectrum.

245 TRo|AL}
93 AR A eI AFE X 4T U 85
A F AAES PEem 33 oo £4) of

(A

4.6, EAEM

Ao ot 82k 37} W chromameter CR-400-S
183+ 717124 H7l= paired t-testS T8 A1 A&}
Y2AEZE] {2 o 5 7M. Ak 5 % FRlst
o] p-value7} 0.05 ©lstd A5 A CE Felatrt
L g srgivh

o
2, % H{d

o gkebdEetel A, Al 35 Al 2 %, 2009

1.00
080 4 (1) (f)
0.60 }

2
0.40 4 (3)
0.20 1 ¢ P
‘ A
0.00‘_|‘:—|_be:“,| T |},,,,,..|.|||.||.

500 1000 1500 2000 2500 3000

Time (min)
Figure 2. HPLC chromatogram of silybin A (1), silybin B
(2), isosilybin A (3), isosilybin B (4) from silymarin
complex. Eluent system: methanol : water = 50 : 50

(v/v).

31. REdEe 2 ¥ 7= &Y

Silymarin® 2% fF8 AEsE Bk S
Figure 1] YeRY3Utt =, silica gel column, ODS open
column chromatography %! reverse phase preparative
HPLC (50 % aq. methanol) & 2A|8te] silybin A9} B
7} diasterecisomer2MA E3+¥ =3 1(silybin), 183l
isosilybin A$} B7} diasterecisomer®# =3ty 3
2(isosilybin) & ¥& o AScE #8112 25 F48 col-
umn= ARESEe] HPLC (50 % ag. methanol) & AA]5ko]
silybin A (1) (tr 16.2) % silybin B (2) (g 18.8), 7183
isosilybin A (3) (tg 26.4) 9 isosilybin B (4) (g 28.3)&
27y & 22 tH(Figure 2). <55 8l fa
RS ESI-MS 2 'H, “C-NMR, HMBC. HMQC.
COSY 59 AFEHS S4stal 7|2 w3 vlal

Aate], 2 RS g8 122 ARSI 16].

3.2. Silymarin2| 0|2 =1}

w
N
<2)
=
3
2
=
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=
Hel
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Z
pl=
=
L]
T
Rl
ol
jo
z

o

1o

fob i
o 0

Mel-Ab melanocyteE ©]-83}93 silymarin =
Az 9 depd AsiEAd-s S8tk (Figure 3(A)).
71 A3} silymarin 0 ~ 50 pug/mLe] FENA AX &
& YERA] = kst shEdS & 7 Utk =
$F 10, 20 2 50 ug/mLelA 242} 385 %, 469 % 2 64.9
%2 Webd A AEdS Hols B o®E e
Silymarin®] @zhd A Ao thek 1G5 a2 28.2
ug/mL=E LERSTE
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Figure 3. Effects of silymarin on melanogenesis in Mel-Ab cells. Melanin contents and cell viability (A), cell-based or cell-free
tyrosinase activity (B) and Western blot analysis of tyrosinase, TRP-1 and TRP-2 (C) were measured as described in Materials

and Methods.

>
1]

== pelanin == Cell viability mSilybin A
120
= 140 4 120 B
-g 120 ‘—Q’/H’&_—( ! 100 E § 100 +
5 5
‘; 100 + 1 80 ; = 80
< 80 & £ gl
2 F60 - &
g 60 | J £ €
& | 2 S 40 4
E 40 r4o g k=
= = =
5 2| I 20 8 3 20+
L =
=
0+ . v v 0 0 4
0 1 5 10 20 50 0 1

Silymarin (uM)

o Silybin B
o Silybin (uM)
0 1 5 10 20
5 10 20

Concentrations (uM)

Figure 4. Effects of silybin, silybin A and silybin B on melanogenesis in Mel-Ab cells. Melanin contents and cell viability of silybin
(A), melanin contents of silybin A and silybin B (B) and Western blot analysis of tyrosinase (C) were measured as described

in Materials and Methods.

3.2.2. Silymarin2| Tyrosinase X3l &

Wapbd A g F= S5 2d g ZgeE ty-
rosinase &4l tfgh A3 H7tsh7] flste] cell-
based tyrosinase 3 mushroom tyrosinase®l] th3dt #]3|
45 Hrketsity. 1 A3, silymarin 5, 10 9 20
ug/mLel FEoAlA, 22 219 %, 338 % W 555 %2
cell-based tyrosinase A3&FS ERNUTH Figure
3(B)). 3FAI%F, musrhoom tyrosinase® ©]838Fo] cell-
free tyrosinase &5 B7Fst A3, silymarin $H3HE©]
100 ug/mL2] 5%7F4] mushroom tyrosinase #3l&d
S YERYA] ok 2107 Kol o] silymarin 3F8-E0]
Azhd A 39 F tyrosinase’} L-DOPAE AF3HA] 7]
© &% 24 WS AR oE AsfstE slo] ofyet,
ME Yol tyrosinase?] waS ZA3CE JteAS

ey,

3.2.3. Silymarin2| Tyrosinase EHHZ! w5d X3l &1t
Silymarin®] A= W dzphd B4

oL _I
<
o
O
N
ko
o
kr
r o]

tyrosinase, TRP-1 @ TRP-2 &42] &3 of ¢3-S n)
A=A FRleh7] $15k] Western blotS 24 8FACH Figure
3(C)). L A%, silymarin 38 tyrosinase?] o3&
Afshs Aoz vebgeh ARk TRP-1 9 TRP-2
o] Mol &= vIAA 4T Tyrosinaser= 3 W
A AR L-tyrosine®] L-DOPAE oxidation®+= 374
2 &= WA Al L-DOPA”}F DOPQquinone . % hy-
droxylation®+= F gl 2-8-3ki= Al as=A At
o S AYAE M a8 a4 4EA o
], B silymarin 3F3HES tyrosinase] WS oA 51o]
Aehd o] Y-S Al AoE AT

3.3. Silybin A 3! B2 0|8 St

Silymarin #3834 2 58] 223 &4 3359 silybin
A 9 silybin B7F Webd Ao wx= JFS 2ALS
A H(Figure 4). Silybin< 50 uM2] s=7kA] AE57d
S YERQA] 9 B0 sk oEd o dahdel A
e Adstglon webd As) el digh 10 e
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== Melanin —e— Cell viability misosilybin A Olsosilybin B
120
5120 120 = .
§ 100 100 8 §
] § % 8o
5
i [z Isosilybin (uM)
2 60 60 = 2 60 c sosilybin (u
§ > 5
g £ €
8 40 1 r4 5 g 4 0 1 2 5 10 20
b > e
= =
1] 1 2 5 10 20 ] 1 2 5 10 20
Isosilbin (uM) Concentrations (uM)

Figure 5. Effects of isosilybin, isosilybin A and isosilybin B on melanogenesis in Mel-Ab cells. Melanin contents and cell viability
of isosilybin (A), melanin contents of isosilybin A and isosilybin B (B) and Western blot analysis of tyrosinase (C) were measured
as described in Materials and Methods.

4525 uM= eI Silybin © 2 5FE 2] FAek sily- Table 1. Visual Assessment of Skin Color by Dermatologist
bin A % silybin B 3}5HE BF % &K or dghd Placebo Silymarin p-Value
o] A A e F getEite] & Aol HE 4 Weeks  -0.67 + 060 -0.76 + 0.29 0.54021
A kbl gk Western blot< AAIE A3, silybin 8 Weeks ~ -1.74 + 071 -2.05 + 0.85 0.01550

o] tyrosinase ¥ e] WS B35 A= A
2 Uehd, 2 4 33 silybine Al WellA ty-
rosinase T A ] WH-S zdsto g2 Helbd A3 &

e Jenls 22 gsar.

Table 2. Change in Skin Brightness (A4L* Value) by a
Chromameter

Placebo Silymarin p-Value
4 Weeks 1.91 + 0.60 221 £ 118 0.19388
8 Weeks 2.57 £ 0.90 312 + 1.27 0.01546

3.4. Isosilybin A %! B2| OJ¢H To}
Silymarin A ZHE FElst 4 =2 iso-
Bl

silybin A 2 isosilybin B7} @ebd AAJ o) m)x|= o3&k _ _ . N o
< APt (Figure 5). Isosilybine 20 uM 9] -5 %7} _?(X}ﬂ}d_ 38| AL ). 74 73_34 FOF), AF =24
2 AEEAS JERA] k= EAj] 5 o]EA 07 T 75‘1]' S (457) 2 8 A F(8F) IH-3} Zﬂ%J ]
el o] S Aajstd o Wald A3 g4 o)st Sk F<t B2 71714 37k 8l s ol dnbae] st 4
Gy 22 1632 (MEA slybinith S8 BYS et 7Ve AAISHATE 1 AT, Table 1 2 201 YERA H}B}

WIteh Tsosilybin & 28] 2] A isosilybin A L 2] silymarin AlF AHE 85 F7H AR Fol9h
isosilybin qu Ué]_ﬂ‘ﬂ Xiéﬁg'/\é% H]jﬂ_ﬁl— @_ﬂ]_’ 9R. 3R, T—’_A ]H U]Hu -ELJ’]F—“ "]'FJ'LH%OE] 7]7] %7]' %)
7S, 852 QIATES 2= isosilybin B7E 2R, 3R, 7R, WV AIRAE silymarin)e] - HZEAE (placebo) °f

BRY) QATHE 2 isosiybin Aol vla) o w1 FElEOl S ST VI JPEAS eI
P AABHS 2 A0 Uehgrt ot Western L gure 691 TR ATl 85 sgiAe] v o)
blot_Q_ }\]}\] 6]— éi]_ iSOSﬂybiHO] tyrosinase ﬂ—ﬂﬂ}(]g] }:ﬂ— /\\_JI_ }g—ﬂ]% 0‘?—9’}' H]ﬂg}oﬂ ﬁ%g] Oﬂ 318}' [e] O}' %7]' Q‘T’/]'

de B Asas Hos e &y s D AR Uehigion ARl daze vis) Az

isosilybine A|XE oA tyrosinase T2 2] whalS X% HEARETE Y el Q}QH%“% E itk = A
- 1 SO = o HAF L o Z2=AF *Pl T 5T g5 o) -s
%] Aehd As) GAS = AL g5ty
I e A B e TAL o) paa go 2 AFE A9 Gaw l9ss B
35. Slymarine| T% 0]¥ Eujof Ch3t Aty Aoz A=,
Silymarin®] 4 v ¥ &ﬂrf"‘ F7retr] flsked 21
o SPAE o sFES AAHE NS A 4B F
Atk A ANA AlFAE T} hZ2AFS 19 13 (58]/1
F) AR Bkl A, A2l zAbel] 98k Sl A &) F7F) Al 2FEE2 silymarin?} 12 FE -8

o gkebdEetel A, Al 35 Al 2 %, 2009
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8 Weeks
rating score 1 2

Description Before

8 Weeks

rating score 5 2

Description Before

Figure 6. Visual assessment of (A) the placebo group and
(B) the test group by dermatologist (double blind test ) af-
ter the use of the formulation containing silymarin (2 %) for
8 weeks. Description rating score: 0: none, 1: none/mild
pigmented, 2: mild pigmented, 3: mild/moderate pig-
mented, 4: moderate pigmented, 5: moderate/severe pig-
mented, 6: severe pigmented, 7: very severe pigmented.
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