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Anti-Oxidative and Inhibitory Effect of Saussurea involucrata
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w3le} A#ste dde i3t &3 in viro MMP 84 Adls, A9H ZA o8 fFxE MMP-1 23] ojg 9%
Yolr 7] 943t} DPPH radical™ superoxide anion radical 4

AEAE 2439 2 A3 DPPH radical 427159 ICs %2 389 pg/mLo] i, xanthine/xanthine oxidaseol] 2% superoxide
anion radical AAEY ICon e 6729 pg/mlelck A@ 1000 wg/mLolM 9327%9 AAFatsl As)dunE Vel
At on ICxn & 97.18 pg/mlolth, HEFH zF2AXM FAR o3
Abgr Aol EoA ddEe MMP-19 dis @Wde] A9 WelE 4286% #AaHom, Ao i vE gEHoR
MMP-1 mRNAY 3@ e ZHAHY. ofqd AR St HAHE s Za¥al o) A4 zAld) o8 25
= MMP-1 99 287} mRNA f474 $30M9) 22o] b5 :

MMP-1¢] 2484 A3 Zde gk J&H o2 84& 9

A4EE MMP-19] 28g Afgtezy w3id g giEe 153}
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Abstract: In order to investigate the effects of Saussurea involucrata on (relationship between) aging (and Saussurea
involucrata), we examined the activities of antioxidation, in vitro MMP inhibition and UVA-induced MMP-1 expression in
human dermal fibroblasts. S. involucrata showed scavenging activities radicals and reactive oxygen species (ROS) with the
ICs values of 389 pg/ml against 1,1-diphenyl-2-picrylhydrazy! (DPPH) radical and 67.29 ug/ml against superoxide radicals
in the xanthine/xanthine oxidase system, respectively. At the concentration of 1000 pg/mL, S. involucrata showed 93.27%
inhibition on lipid peroxidation of linoleic acid. S. involucrata inhibited the activities of MMP-1 in a does—dependent manner
and the ICx value calculated from semi-log plots was 97.18 ug/mL. Also, UVA induced MMP expression in human dermal
fibroblasts was reduced 42.86% by treatment with S involucrata, and MMP-1 mRNA expression was reduced in a
dose-dependent manner. Therefore S. involucrata was able to significantly inhibit MMP expression in protein and mRNA
level. All these results suggested that S. involucrata might act as an anti—aging agent by antioxidation and reducing UVA-

induced MMP-1 production.
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30 NBE- 2R84 9 olF
Ze3a B8 E X(collagenase) 7t F23% 9&& = AS
o £ gtk fEdtaE AEY dE 712e T4k
ol& AtFAZIAl Hu dstE Ao o8 MIETL &
AEo] A AFAEY HTo] AgtATt FHA F
slate FviE o FA Hdae ¥4d 9 e 9
A wglo] 93k F£5 WA vjg- Fag ddojrh IF
o AxHez JFe Fr AYHL IR =Y A
o A&sA Fiaeie, AdsAR AEatd 45k
F& QA ol9 Zo] AgHorRE Ay TN
4% A

& AFAH o7 Hie FAH LA g3 Wl

s o] FEE ARy o2 f{¥
< of7| A A
ZAHog F
(56). AAUNA Zetda} 22 MLy 7]d(extracellular
matrix, ECM)¢] &4 23l HAsiA 4= w3}
7b AYEEA 1 FAo] Zhaste 2 FAbl 2
therst 7|2 wwlal Ba FA(matrix metalloproteinase,

MMP)e| o] FAE[). olefe FIAL Bt -

2 FF Bestel 43 gol gEA Qi R

7] 98] AsfA= A =EEd o]E tissue inhibitors of
metalloproteinase (TIMP)&+st goH5,7]. 18y MMPS)
TIMP Atole] AE&A FPJele UVRALY TE2E &
78, dzurga AAAQ w3134 o ¥t 2
HER wshix] Aol glol MMP] xd7]#e] #E
AF7} ZolAz gjon FHZo|E retinoic acid, retinol
F=A, =2 FEEH 1 FAHEL (-)-epigallocatechin-
3-gallate (EGCG) 5°] st o] TFHAH W &
At AR glom 1 HAYFE MA 3] BEHAL
ATHB-111.

A ¥ (Saussurea involucrata Kar. et Kir,, Compositae)
& Z29 kg AERZ i 3% 2800 ~ 3400 me] Aler
Tai9} Tianshan A GelA #gc) RIaHow ALY,
7], BE mAY B9 Ago o)gHw, ddo o
A AF2E 99, A, g, 92354 5o 2t
otz delxd 12l ddel ol tARIEEE api-
genin, kaempferide, acacetin, luteolin, apigenin—56-di-
methoxy-flavone, apigenin-6-methoxy—flavone, quercetin,
rutin 59 flavonoid$} alkaloids, stercids, lignans %]
B ErH13,14].

B d3e dee shabst a3 MMP-1 &4 &4 A

8 &3 2 UVAS ZANE ke AEAGoldZeA]

MMP-1 28 Az 2348 zHste] Fudt 242 o8
ataLa} shgict

gigsbd-Eata A, A3 A 4 5, 2005
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2. MlE M= W w
2.1. NBe| &

1

24N Agd Hde 33 2AuRAN AT
oF AgEtETh MW 100 g& Bt} 0% EtOH
1000 mLE BRAHA 3 by 28 9B FEetn 244}
5%, §4 Azse] 1 $2L ASHG

2.2. DPPHo of&t RiFaicizt &~H &5

gAksl &4 DPPH (1,1-diphenyl-2-picrylhydrazyl,
Aldrich, USA)E o]#3t Alz9] vz LA & (rad-
ical scavenging effect)E Z743l= BloisH{15]& &3}
gt 0.1 mM DPPH methanol &9o] Sz H4d F
£E% 718t vortex: mixer®2 & EEF 3 A20A 10

min <t WA ZITE ©]% spectrophotometers o] &3}
o 565 nmol A FFEE SAHSA

2.3. Superoxide Radical &+ =z}
Xanthine/xanthine oxidase ¥Fg-°lA 3A¥ superoxide
radical A7 &3 nitroblue tetrazolium (NBT) ®Hol
o) At Ti16]. 005 M NaxCOs buffer (pH 10.2)<l
3 mM xanthine, 3 mM EDTA, 0.72 mM NBTS A#
FE2EL 718 ¥ 25ColA 10 minZt 9HESHTE o] wvb
2ol 025 U/mL xanthine oxidaseZ 7}8til 25Tl A

2.4. X|EpE gDt

Linoleic acid (285 mg/mL)®+ Tween 20 (2.85 mg/
mL)& 40 mM phosohate buffer (pH 740 &&3le] wt
S7142 AT, Htst FEE VEE9H ARE
33t 80TCA 120 rpmeE 5 h ¥+ 5 37TolA
24 h FgA AT Faart 2 AlEd AEAAE ¢
# 3.6% BHASF 300 ul TBA-TCA-&<%(thiobarbituric
acid, 15% trichlorozcetic acid, 0.25 N HCDS &&3lo
boiling water batholA 15 minzb ¥+& £ WBztatz 03
mL chloroform& 718 & 2000 rpmol A 15 min7t ¥
ARgsld 2 AEAE 532 nmolH EHEE A3

oH171.

2.5. MMP-1 (Collagenase) Z4X5l &3 -
]

MMP-1 4 A8 238 29371 A3t 3% 24
& olgaleh 49el A8E J1de FHBAol A

1
H

# dye quenched collagen (DQ-collagen), =.Ax(col-
lagenase)= Molecular ProbeAl (Eugene, OR, USA)diA]
NEZEY AFE AHgEEeH, WeAFA05 M Tris-
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HCl, 15 M NaCl, 50 mM CaCls, 2 mM sodium azide,
pH 7602 108 4 & ARg3tir) wh-g-2k39 100 uL
o 025 mg/mLE ¥-3F Nl &8 DQ collagen 20
ulet AlE 40 pl& #H7Meta 05 unit® A4S col-
lagenase 40 yL-g& #H7rec) oA A-2oA 20 min A3

33 23335 A (Perkin Elmer, UK)E o] &3le] E
37 495 nm, FE 9 515 nmE IFHS A5,
i 5% AL
ste] Fagre Ao AR AAY YFHE FA

F

o

2.6. M= gljet

A AYolel sz Aol|A E28 human dermal fibro-
blasts (HDF)+< Modern Tissue Technology (MTT, Ko-
rea) 258 Y3 et. +Y¥ HDFE DMEM/FI2 (3:
1) #lAlell 10% FBS (fetal bovine serum), 1% penicillin-
streptomycing F7Fste] 37C, 5% CO: Z7 3ol Wi
Sl trypsinization .2 Aol it H 6~ 10 A Al
£ A o] 833t

o}

52}

2.7 ME MEE =3

MTT [3-(45-dimethylthiazol-2-y1)~2,5,~diphenyltetrazo-
lium bromide] A %& Mosmann[18]¢} -3 ¥ E 3}
AN TE HDFE 2 x 10 * cells/well FEE 96-well
plate?] wellel ¥ F2EZ Fofsto] COy widr]elA
24 h W%EAY. MTT 496 pg/mb)E 7kt 4 h
T dalEe st AeAg AASL 100 ul acid-isopro-
panol (0.04 N HCl in isopropano)E #718 ¥ 570 nm
ol A microplate reader (Model ELX 800, BIO-TEK
Instruments Inc, USA)Z £3=8 FHsIh

2.8. UVA ZAL Y Al22o] HMa

HDFS 15 X 10° cells/mLe] %2 35 mm dishol )
& oF 80%2 confluency®l =2 wj7bx] syttt UV
ZAF Ao wjujA & AAT F PBSE A# st wlAu
serime A7 F 63 Jem® UVA (UVA FI5STSBLB,
Sankyo Denki, Japan)& ZAFstEth UVA A} & Wi
WA= FBSE #71skAl ¥ DMEM/F12 (3:1) wjA]d]
AH FEES Folste] 24 h vty

2.9. MMP-1 &8s EF(ELISAH)

HDFel UVAE 24 & A&85 Astd 24 h oo
A& 96 well plated] 38l 4ColAM overnightshed
coating3t$1t}. PBS-T (phosphate buffered saline + 0.05
% Tween 2002 33 AFsta 3% BSA (bovine serum
albumin)/PBSZ 37C, 1 h ¢ blockingd ¥ mono-

clonal anti-MMP-1 (mouse)& 1:30002.2 blocking so-
lution (3% BSA)o| EA3he] 150 uLA BFE3 37T,
90 minzt ¥HEAZTE Anti-mouse IgG alkaline pho-
sphatase conjugateZ 1:30002.2 blocking solution®] 3]
Aske] 150 LA BFskn 37T, 90 mint vHEAIZ F
PBS-TE Al#&3 t}e diethanolamine buffers]l 1 mg/
mlL pNPP (p-nitrophenyl phosphate)® X33t 7]2 &
150 uLE Yol A2elA 30 minZt ¥-5-A1At} 3 N NaOH
50 L A7hstel we-& @3] FXAZ § microplate
readerd ARE&Fo] 405 nmol A EHEE A T)

2.10. RNA £2| ¥ RT-PCR

Total RNAZ%-2 RNeasy mini kit (Qiagen, Maryland,
Germany)< ©]-&3tith cDNAZAL 1 pg9 total RNA
Z oligo (dT)15 primer, dNTP (05 pM), 1 unit RNase
inhibitor 2] 31 4 unit Omniscript reverse transcriptase
(Qiagen, Hilden, Germany)& 37CollA 60 min, 93°CollA
5 min heating N7 C.2A 58 FA AT Polymerase
Chain Reaction (PCR)2 ¢cDNAZYE MMP-1, GAPDH
E ZFZ37] 943l 1 uL cDNA, 05 uM9] 5'3} 3'primer,
10 X buffer (10 mM Tris-HCl, pH 83, 50 mM KC|,
0.1% Triton X-100), 200 uM dNTP, 25 mM MgCly, 25
unit Tag polymerase (Qiagen, Hilden, Germany)E 4331
distilled water® AAZ 25 L& @ S PCRS 44
stk PCRol 9j3led AE AES 15% agarose gel
oA A7]9dEstel MMP-1# GAPDH fr3Ate] wd&
ek

2.11. Az % AN

EE AgAdE 3o+ 2EEdE #sEslan B
A 942 Student’s t-test® 3FH2H p gto] 0.05 ¥
W w BAHE Fosivtn At
3. dn o o
3.1. DPPH Radical &+ &}

DPPH:= free radical®] <¢t¥ ®49= ®kg F DPPH
9] #ZaE free radicalel ANl IPPE & 4 9l
i Azt x7] ¥ JAHAREE 5 5 9
ok faiitaE Eexe @40 AL AT 74
e BEE ke 343 AARe s o
oA AW st AAS FHstor s AA 7ol
AstE L FA =g R AN AEE {198 A
o dEx don oo FHY HEHE ¥ FEE
of o3t ghatst apgol HaEo] gItH2021) Ay &
28t ZatE Yol ] 948 DPPHE o]gdled 3ikal 2t
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Table 1. Antixoidative Activities of S. involucrata
DPPH Superoxide Inhibition of

Sample Conc. radical radical lipid
D (ug/ml) scavenging scavenging peroxidation
(%) (%) (%)

S involucrata 1000 9847+432 927+356 93.27+433
100 91.21+317 69.28+211 51.31+298

10 7241+298 1865+101 325%171

1 1667£099 676+079 10.87*1.09

BHAY 100 81.44+369 5362+213 34.83+214

Y BHA (3-t-butyl-4-hydroxyanisole)
The data were expressed as mean Values (% SD.) of three ex-
periments.

48 AL ¥4 dxToRE e st 4
7l 3-t-butyl-4-hydroxyanisole (BHA)S o} &3to] A&
o g8 FRE nasGTh 2 27 BHAE 100 pg/
mLo A 81.44%¢] DPPH radical® AAsIFon, A€
Fo] X o4 o7 DPPH radical &2A4%&S el
THTable 1). 44-g 1, 10, 100, 1000 ,ug/mL«] EEE A
3 ¢ Z+ DPPH radical 2A%<S 1667%, 72.41%,
01.21%, BA7T% = -3 free radical 2AHZHE YERY
At

3.2. Superoxide Radical &~H Z1t

Xanthine/xanthine oxidase® &4°] 93 superoxide
£o]2 Ad2EL superoxide Lol AAZEI xan-
thine oxidase &4 Aol <& yebcH22]. Xanthine
oxidase®l <&l FA == superoxide anion® 84 Asj ol
A3z Table 1o Ve A diz7 o2 BHAE
o]-gate] A& superoxide radical AAEFHE v aldts
th o AF HEe o TR EH SR superoxide
radical 27424 Jehl 1, 10, 100, 1000 ug/mLe] &
2 A3 B$ 7 superoxide radical 2745 6.76%,
18652, 69.28%, 92.7%% 53 superoxide radical 44
e vt FddizTel BHAYE 100 pg/mLol
Al 53.62%9] superoxide radicals A A st

3.3. X|&appts AR FE 2}
/Kg%]]tﬂ-o]],}- Z]E}Hﬂ%j_]i}\.i 23 5h= o

WABHE free radical?] $AS l‘ﬂ:l-o} o 1 z

=& FAsted, o HAts= THAEE

o ol FH YAEAE] ?%.9}
A 7pA] AR st He Aow dEAn Y
tH23l. olelst 2149 kst JAE FA48t7]. Hste] li-

noleic acidE ©|-&3} 2-thiobarbituric acid (TBA)HS ©]
Lato] Ade AALE AAEZHE ElE v Table
. A" 1, 10, 100, 1000 ug/mLe] =2 3 A$

W dES A, A31A A 4 3, 2005
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0 8. /nvolucrata
M 1,10-phenanthrolin

0 . ] . l_’_l__n
0.5 0.1 0.05

Concentration (mg/ml)
Figure 1. Determination of ICsy values for the inhi-
bition of collagenase (MMP-1). Fluorometric assays of
the activities of MMP-1 were performed in the pres-
ence of increasing concentrations of S. involucrata and
1, 10-phenanthrolinz. The results were expressed as
mean values (£ SID.) of triplicate samples.

g

g

Inhibition of collagenase (%)
8 2

n
o

Zh AARAe AR ERE 1087%, 325%, 51.31%, 93.27
%2 FT% Adist qAaRE epdAch Fdd
Z2l BHAE 100 pg/mLellA 8483%<] AA#Aast o
AZIE Hehdih

3.4. In vitro MMP-1 (Collagenase) N3l 21}
el Agzze] @8 Yy Ads 746

= gAY 70%E AA ) ol g FehAae Eajste

A5E O FTH7F vdste A Bol @EA e Ao

collagen type I% -rifH 6‘}‘:- matn'x metalloprotease—l

322 S 34E vxwﬂ E}w Jw—ﬂ 9l

g4 A3l Eﬂr% 31.“1‘ff}?i‘jr(Figure 1. °o“é =79l
1,10-phenanthroline¢] 4% 0.05, 0.1, 05, 1 mg/mLe &
To\ A ZFZy 26%, 63%, 83%, 9% BABAS A e
Aoz Yehygon Ad#l 22T MMP- 14 A A
g3= 005, 0.1, 05, 1 mg/ml FEolA 25%, 51%, 78%,
W% 2T E Adste A2 Yehyth o= d7o)
FA U Zel 110-phenanthroline® f-A}3t collagenase
Ae]l aHE vehf= Aoz A¥ F280] collagenase
asd AFHY] AREAAE JHE Ao oddn

A 2B ALSY 533 el AP A14d
2AE el MTT assays Al33asich



Adel #asbsel Al A folAEd A UVAY ojsh MMP-128 A3) i) 333
120 10 50 100
* * 8. involucrata (ug/ml) 10utt
EGCG
100 1 uvA - + + + ¥ ¥

[o]
[=)
-

Cell viability (% of control)
I
(=]

40 r
20 1
0 H 1 —
10 100 1000 10000
8. involucrata (ug/ml)

Figure 2. Relative cell viability of S. involucrata on
human dermal fibroblasts by MTT assay. The cells
were treated with various concentration of S. in-
volucrata for 24 h. The results were expressed as
mean values (£ S.D.) of triplicate samples. *p <0.05
compared with control.

120

100 .- *
% % | s

60
g o
»
< 40}
g
= 20+

0 1

UVA 10 EGCG
(a%:mz) - + + + + +
S Involucrata (ug/mi)

Figure 3. The effect of S involucrata on the produc-
tion of MMP-1 by the irradiated human dermal fibro-
blast. The cells were treated with various concentration
of the extract for 24 h. The results were expressed as
mean values (£ SD.) of triplicate samples. *p <0.00
compared with control.

HDFA X tid 43 FZ£E9] *1]E =48 43 23,
Ad FE2EL 100 pg/mL olste] $=& AHZA dfol
AE gl Fgkol = Ao 5”"@"1 o] % Aol
= 100 pg/mlL ©l3te] T2 APE 733 HFigure 2).

3.6. ELISAE o[8% MMP-1 &8 XNl &
Hio] Fwslo 9lo] FoF ALE @FsL 9
MMP-1¢] %82 UVASl s A3elx JNK/p38 &
=7 F7vetm AARQIARS] activator protein-1 (AP-1)
Bgdxrt St AIALGHRE B3 MMP-1 ¢d S

fol

oft

o ﬁ ox rlr

il

-

Figure 4. The effect of S imwolucrata on MMP-1
mRNA expression in human dermal fibroblast irradiated
with UVA, Fibroblast cultures were treated with
varying does of S. involucrata 24 h and compared with
culture alone (control). Total RNA extracted from
human dermal fibroblast was analyzed by RT-PCR.

S7MANA FEoA wdAe AFPE zYdvin LA
ATH24). olE 3t UVASl o8 2¥ol F7ixE MMP-1
of Md™o] wXE AFE LolH A AFfrotAEd 63
Jem® UVAE 2Ateta A8 228< H7kste 24 h o)
%3 & MMP-1 28As] EHE enzyme-linked im-
munosorbent assay (ELISA)E ¥ dolnsity o1 4
7 HEe v JEAHOE MMP-1 2dAd E34E Y
Tk Y $£EEL 10, 50, 100 pg/mLe) T2 A
3 A MMP-1 23EA3 a3E 1064%, 30.79%,
2836%2 VeI en, UVel <3 AP-13 NF-xBo &
AL E715 JAstel MMPEE A &3/ Rud[5)]
(-)-epigallocatechin-3 -gallate (EGCG)Y A%+ 10 uM
NA 4566% THAAN E24E el AHFigure 3).

A=

3.7. RT-PCRE o|gst MMP-1 mRNA 28 Xaf 22
Ae F280] AfotdEdlA UVA &) 2ol
715+ MMP-1 mRNAZ & A& JEg dolry)
3 RT-PCRS 9% 27 F& /]Z:’H‘DE MMP-1

mRNA 28& Adzle A2 & 5 ANHFigure 4).
Scharffetter 5126 wj%® "4 frolAl o] 5~60 J/
cm’®) UVAZ 13 2A}sle] MMP-1 47 @do] %
Z98 A5 o Wlaschek S[27]5 UVAE ZAA
MMP-1 2zt #ddo] ZEEe AL #E3 wp ok
UVA ZAH2 18] MMP-1 22k ddo] F7ts e 7]
qE o)z Bz erout MMP-1 AL @ 3
A % A3 AH9(signal transduction) 43 HAAHtran-
scription) A EFol UVASLl AFo] oo 3 Aoz
AZEn uh & UVAZAR] 98 AfobAlEelA
MMP-19] §4x 28& x5k FAF QHtranscrip-
tional factor)2 ¢#HA e AP-19 AT F7lH0]
B v} JuH28). Barthelman §129]3 Fisher $[30]2
Ztzt EGCGSF all-trans—retinoic acid?} AF&jAo] 93k
AP-19] 4% 712 9xgo g MMP-1 #32 &
Ho] #AATE syt AEHoZ HPL AHRolA

=
S

do
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ZollM UVAd 93} 2qe] F7h8E MMP-1S @93
S mRNA &4 2R S Aste Z37h UL
o, ol 7|& Bad EGCGS 4K -9 &#HE o
Bl mebA Aot EoA ¥ FE22 UVAR
FH 44" ROSE 2ASAY Axde o #olst
o MMPZ#d & Eﬁrﬁﬁi 24T 5 g Aoz Az
ok

4.8 B

2 A ddd] g gakstaz 2 HDFOA
UVA©l 9j8] &do] Z7l5E MMP-19] vX& 3&8&
AZstgrh A5 DPPHS superoxide radical &7 &%
At Fo1gd et R T ow AAEH
vetyon 247k 1000 pg/mLol A 98.47%, 1000 ug/
mLA A 92.79% % DPPH®} superoxide radicalg 473t
S5t sate a3E JERdTh £8 By FEEe

Adaret Asjazhe 1000 pg/mLoAlA 9327%= A4
Hikst 4T S48k YERgTh MMP-1 24 24 A
) B3= 1000 pug/mLollA 98%E Al Ao= e

e Z20E YERY Al Adfob o)A
UVA®] -4311 ‘“‘?ﬂol 7k MMP-19 238 Aslaz
e‘-ﬁ FZ2E 100 pg/mLolA 4286%% wHulz /\Zoﬂ
H HE el mRNATFAANE A4

T oEAoR HE A EHI) ‘/‘r‘ﬂ‘)"‘/}
ﬁc} GalE T, MMP-1 £4 8448 25
MMP 19] H8e Ao Al
3 Pzt aAEN ol&E 4 Ue A

i e

o r}l
iwm
A R rlo —~
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