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Anti-oxidant and Anti-aging Activity on Saxifraga stolonifera MEERBURGH Ethanol Extract
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Abstract — To investigate the effect of ethanol extract of Saxifraga stolonifera MEERBURGH on skin care, we measured
anti-oxidant and anti-aging activity. S. stolonifera ethanol extract itself had anti-oxidant activity in a dose-dependent manner
in DPPH radical scavenging. Silica dose-dependently increased the intracellular ROS generation in RAW 264.7 cells. S.
stolonifera ethanol extract inhibited silica-induced intracellular superoxide anion generation, H,0, and hydroperoxide gen-
eration in RAW 264.7 cells. S. stolonifera ethanol extract significantly inhibited both hyaluronidase and elastase activity, also
significantly inhibited MMP-1(collagenase) activity as well. In NIH 3T3 fibroblast cells, S. stolonifera ethanol extract sig-
nificantly increased collagen-like polymer synthesis, which suggesting the S. stolonifera ethanol extract might be used as
hydration and anti-wrinkle agents. From the above results, it is suggested that the main ingredients of S. stolonifera ethanol
extract play an important role in anti-oxidant and anti-aging activity.
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H}9|%] (Saxifraga stolonifera Meerburg.y= A& - Heol7z)
olm] 73 FA o AHPhs thdxE SeivzlE Al o
=3 3ol g EaEEo] glvh Aol ool e
otz 2 Aebe RIZEQrellA] Thekst A ) A EAZ AMH7)
% 8t thY Hl91 3= caffeic acid, quercetin, bergenin % 2]
phenolic A1F9] & Edeta 1o, ojgfdt AR5 B
A7olM datsl, #9% 24 9 collagen TS 771 A
Fog Husogltk ) ulelHE o)e)dh g ARo= o
FOlAQUTONE E78tal ofy o] 2&e] FEE gt tels
ofg] Aol tieth it gl Agolth 13T R o] Adefx
T phenolic AFE] -8 Xdst Y& vlYFHE e &
3] A} Zed By W TR W) Oigt 28-S B2
3ha1, AASPEE, 7154 EE] A shsAdo) QRS
gait.
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Human leukocyte elastase(HLE), hyaluronic acid, hyaluron-
idase, 1,1-diphenyl-2-picryl-hydrazyl(DPPH), MTT, collagen,
collagenase type I =2 Sigma chemical Co.ZHE -¢J5l55.0
], DQ collagen, dihydroethium(DHE), dihydrorhodamine
(DHR), dihydroethidium, 2'7-dichlorofluorescin diacetate
(DCF-DA )= Molecular Probe Co.(Eugene, OR, USA)IA +
AetsiTh. RAW 264.7 4|39} NIH 3T3 A%+ &gk Al
7 egozre Fskirt.

MIZ ¥

RAW 264.7(rat macrophage) A3 2} NIH 3T3(mouse fibro-
blast) AlZE 10% fetal bovine serum™ penicillin/strepto-
mysin(100 IU/50 pg/ml)S: &3 Dulbecco's modified Eagle's
medium(DMEM) §-0 % 37°CE #A|5= 5% CO, #j9k7o]
A} afeksITt. RAW 264.7 AISES 08310 M3l superoxide
A3, H,0, A7, hydroperoxide 84S =43}5ith. NIH 3T3
MEE 0] 83197 collagen-like polymer 848 &30t

Al=ze| F=

2 Adgell ARS ullF = dubee oat Skl Ay
F Fr AdEo A AR 2 72 6keS AFso] A
B2 ARRSIGITE AlEE olgloiatusty. A alely: sk AlE)
sl 78 & o2 ARSSFATH# SE-10). 360 g2
HRIFE AIZ$E 3 absolute ethanol 315 7F|A] 2ol 48

ARE #2310 AAERR dEE FEAE Aot 23S 23]

BEgon] T e ofolg Aax BFUHAE olgste]
R 3 F 1RFsEeT FAAE SITEY ole) mEe ol
WA B3R Aol 2 Folck,

MTT assay

HERH ollehg FEEY] MESAS Es] sk, MTT
assayS SF3ith Al S5 NIH 3T3 A|EE ARSI oH, 96
well plateo] well & 1x10* F2 BF3a 21219 NEE 55
2 748 5 4847t Fek 37°Coll CO, wi71olA mj ks
o} 48417 & Wik 89 W] 1L, Krebs buffer & (mM:
NaCl 137, KCI 2.7, Na,HPO, 0.4, MgCl, 0.5, HEPES [pH
7.4] 10, CaCl, 1.8, glucose 5)°l %< MTT £ 500 pg/mi<
7k wellell 200 w2 718k o8- oA Azt wiF 5 459
< W11, 100% DMSOE 7} weltell 200 W& 7}t MIT
formazans EaA171Th, A4 1587+ MTT formazans &

3] g3l F 570 nmelq SFEE SsIdch

sl &Y =N

DPPH #tiZh2 w7 eh Ahfr i)z (free radical)o]th.
o] Btz AASHE HEEA FAE 2HE-& Hrteksic
96 well plateol] ol &h-E-¢ll =<l 100 uM 1,1-diphenyl-2-picryl-
hydrazyl(DPPH) £ 180 Wl vk$i5 &he F2ES 1, 3,
10, 30, 100 pg/mi®} 5= 22 20 W A 7¥akar 2bF Adeofl
Al 37°CellA 2087 w3ttt Wi F FL 600 spectro-
fluorometer(Bio-Tek, U.S.A)Z o] &3] 517 nmellA] SH=E

= EIct?

MIZLH superoxide A4 =X

RAW 264.7 A|EE 10 m/2] Krebs buffer €40 A1 $
10 uM dihydroethidiume 7}8kal 1A1ZF W& Xpdst 3eflA 4l
okt3At}. dihydroethidiume] $li= Krebs 2402 ShH
F 10°cellym/® BF8kar ZH7e] A58 AXF) & &
1mg/ml 715t 3047} superoxide S =3t 4
2] $ cell pellet & 200 we] Krebs £ 421 §- F%
(Ex: 480 nm; Em; 586 nm)S &43}3ich19

MZLH H,0, M &3

RAW 264.7 M|3EZ- 10 m/2] Krebs buffer 22l suspend*]
71 ¥, 20 uM DCE-DAE 7}etar 3023t A3 3ol X wlierat
Sit}. DCF-DA7} $l= Krebs S8 0% $hd AAg & A4E
g 31 AES FE8Th 10° cellymiE AE-51a1 274e] A
2E 4] 32 A3 T silica(l mg/ml) E 713lo] 308
7F H,0, AE S8kt 9452](3,000 gx 10 min) 5 cell
pelletS 200 p/2] Krebs -22o]] A F4EAIA 96 well plate] &
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7 & FPT(Ex 485 nm/Em 535 nm)E &5tk P

MZLUW hydroperoxide 444 &%

RAW 264.7 A1FZ 10 /%] Krebs buffer §eo] B-5-A]171 3,
10 uM DHRE 713}a1 303 xbgg2aell A wijekslsith. DHR
o] Q1& Krebs M0 7 3HH AH3 & 10° cellsm/z AH8}
2 7478 AEE A7) sER HAXT F silica(l mg/m)E
7Vatal 30i27F hydroperoxide®] A& F=skeith 94E
(3,000 gx10min) ¥ cell pelletS 200 p/°] Krebs -§-2ioll A &
ARA)A 96 well plate ol 7! § FF=(Ex 488 nm/ Em 515

nm)s S7gsgict?

Hyaluronidase *si&2 &5

96-well microplate®l] 55°C= 7}2¥ hyaluronic acid-agarose
mixtureE 100 WA 755 F 2ol WAt gelshAl At
100 p/ hyaluronidase(40 unit)E 7}6t3l AR5 FEHE=Z 10 W
H7kst 3 37°ColA] 5AIZE weksSit. 45g vigla, 10%
(w/v) cetylpyridinium chlorideZ 100 p 71310 A4 30%-
A8k 595 nmelld FEEE Ak

Elastase B4 &4

Human leukocyte elastase® 50 mM sodium acetate buffer
(pH 5.3)°% = 1 unit/m/ §H-& TE3]T). elastase 712 S
< MeO-Succinyl-Ala-Ala-Pro-Val-pNa(p-nitroanilide) E DMSO
ofl = 20 mM stock solutions THEUT ZF A 87} Ao
nAe GRS B3] A5k elastaseE A5 LY
10 W & 96 well plate o] ¥5-3}37 10 mM sodium phosphate
buffer(pH 6.8)1l =<1 200 uM p-nitroanilideZ 200 Ws #7}3}
At BEg-NE 37°CoA 208 wjeFstil 410 nmellX FEEE
=gt

MMP-1(collagenase) MaliS2t &H

HE-8- k% M (phosphate buffer saline, PBS pH 6.0) 100 p/ojl
0.25 mg/mlZ PBSe] £33+ DQ collagen 20 Wt A2 40 W2
7Kk 0.5 unit® 3]493F collagenase 40 plg 78}, o4,
A2 208787 §- G TFFEAE olgstod T 495
nm, WEIHY 515 nmT FEES S, 30 EA a4
o tjal PBS & F49 T WUlslol gauke S48

NIH 3T3 fibroblast M=ZHIA collagen-like polymer M2

NIH 3T3 AlZE 10% FBSo| g$t DMEMoA &3] u)
okst & 7o) 35mm?) 6 well plate ©f 10°cells/3 m/E £
3Tk, 24AM1700) A Fofl ZH4e] AlSE A RSk 48A1%F

X
[e]
QF vkttt S A HEl T scraperg ©1E31 MEE
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2]519] eppendorf tubeol] o] AAIZ{ Tt AEE Buffer A20 mM
Tris-HCl, pH 7.5+5mM CaCly)°ll 2. sonication$- A+
(12,000 rpm, 20 min)3ko] cell debrisE A A3} Crude cell
lysateZ 80°ColA] 1087 AA{ sl d4d%-21(12,000 rpm, 20
min)ste] FHdE @HE A ASIA T Collagen-like polymer
(CLP)= AHzolof =ol9l: AElE St ¢t sample & 47119
tubeZ =HIEFo] 37°Cell M 1A1ZE woFslgiTh HiE e
ninhydrin reagent 1 miZ Z-2+e] tubedl] 7I8F1 boiling water
bath oA 2087t wleksiSitt. Tice-cold water bath® &4 B
3] PZIAA #S AA A7) 3148 2 H(n-propanol : water
=1:1, v/ 2 58 34519 570 nmeld E3=E ST
collagenase type IA°] ©]3l] f2]€ % collagen-like polymer
(CLP)Z Z153lgict

A2EM 3 SAHN H4Y
A3 Ay FE+RFEREE 2815 eH, A% A4S non-
paired Student's t-test® 73°35}53t}.

HI9IF ofEtE &80 MEZ=M &% ¥ DPPH radical 27
g

Afopr o] YeRd vielH oehsE FEE AEsdS A
Falgict, vH ek FEENA HA 95.1%] BEES
Rl o (Fig. 1), Wiz o} vlaste] {28 W3k vehiA|
o= Zog Hol Alxssdo] wilg- ke Ao® ERIFGITE &
3 ukF e akel Geo] vk el RS Edska 9
orj w9l FEE AAHA ks AL e A8t
o] DPPH radical 2~ 8/3-% #2313{vh. DPPH radical 427
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Fig. 1 — The cytotoxicity of S. stolonifera ethanol extract in NIH 3T3
fibroblast. Cells were treated with each concentration
of S. stolonifera ethanol extract for 48 hr at 37°C. Cell
cytotoxicity was measured by MTT assay.
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Fig. 2 — Anti-oxidant effect of S. stolonifera ethanol extract in the
DPPH assay. A solution of 180 W of 100 uM DPPH solution
in ethanol was gently mixed with 20 w of S. stolonifera
ethanol extract for 30 min and the absorbance was measured
at 517 nm. Results are means*SD from 3 separate
experiments. *p<0.05 : Significantly different from control.
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Fig. 3 —Effects of S. stolonifera ethanol extract on intracellular
superoxide generation in RAW 264.7 cell. DHE-loaded
RAW 264.7 cells were preincubated with S. stolonifera
ethanol extract and stimulated with 1 mg/my/ silica (SIL) at
37°C for 20 min. Control (CON) was the cells treated with
1% DMSO in the absence of silica. Data were expressed as
% change of silica. Results are means+SD from 3 separate
experiments. *p<0.05 : Significantly different from control.

+ &A2A] superoxide dismutase’} hydrogen peroxide® &
2A171t}. Hydrogen peroxides Al ¥ catalasett peroxidase
of oA gt B AR Agdn) a8y o)ed B4
o ] MZ el peroxynitritel}t lipid hyperoxide$} A ¥
hydroperoxide”} /35715 stct. Al wilH F2E
AA7F 7 aksh 28-g Ve gl o] AdeE Al
FuUel AAHE ROSS Aolw J&S = X2 A1)
t}. Silicax= macrophage©l A ¥t o}u)&} fibroblast °lA &
reactive oxygen speciesS A E24Z @A b
RAW 264.7 A|3Eo|A vk913 F:252] A2 ROS &4 84
BIE BERIGH=] QloiA silica 1 pg/miE AHE315ch. DHE:=
superoxide anion¥} ¥l FFE e B4R Agd= A
o]g3lo] MU superoxide anions &A1) vRgH o
‘%‘z& FZE-L silicaol 2J3}F superoxide anion & ¥& &R O
2 A th(Fig. 3).
DCF-DAZ ©]&3t A2u| H,0, A4S SAct AHolA u}
AH e FE2EE 5 IEFOF silicadl] 23 H,0, A4
S 7517 AABLTE. 0] 2229 100 pg/ml F=N4 60.8%
2 H,0, BAE A3 2 (Fig. 4), ol s A 7= DPPH
radical 27 A¥s} & x|k et
$hH DHRE °©]&3s}lod ROSe 218t AlEW hydroperoxide 8
4L Fgsiqint. vkl ek 552 silicacll 23 AlFY)
hydroperoxide 39S 5% &9 0F AABI}HFig. 5). o)1=
v H olgE 3259 TANRLE 483 caffeic acid 9
quercetin, bergenin ©] 25 A} g5 9= ARER o9
2 Baeh Ix)skm ek mey AEs st
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Fig. 4 — Effects of S. stolonifera ethanol extract on intracellular H,0,
generation in RAW 264.7 cells. DCF-DA-loaded RAW 264.7
cells were preincubated with S. stolonifera ethanol extract
and stimulated with 1 mg/m/ silica (SIL) at 37°C for 20 min.
Control (CON) was the cells treated with 1% DMSO in the
absence of silica. Data were expressed as % change of
silica. Results are means+SD from 3 separate experiments.
*p<0.05 : Significantly different from control

J- Pharm. Soc. Korea
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Fig. 5 - Effects of S. stolonifera ethanol extract on intracellular
hydroperoxide generation in RAW 264.7 cells. DHR-loaded
RAW 264.7 cells were preincubated with S. stolonifera
ethanol extract and stimulated with 1 mg/m/ silica (SIL) at
37°C for 20 min. Control (CON) was the cells treated with
1% DMSO in the absence of silica. Data were expressed as
% change of silica. Results are means+SD from 3 separate
experiments. ¥*p<0.05 : Significantly different from control.

S vk e FERo) AR Al A et of
Yz} AU ROS B9 et b elRlshs 2103 ol
3 &% 429 A% k54 ke Ao® kg,

Hyaluronidase2| X3l &2}

Hyaluronidases= hyaluronic acidZ 7}833h= F 40|t}
Hyaluronic acide 58] B 715 ol Z3t 2445 &
T B4R AR 2008 SEes S S Q)
Y2 7R EAZA RN o] BA9 e vy
g Alo] H7I= giet. wiehr] vi}F F%E°] hyaluronidase
ol omst J3Fe vA=AE BRI uiglH ogke &
2Be ¥E JEHOR F4 NS AT, 100 ugml 5
oM 65.1%9) w2 AAE-S HSITHFig. 6). WebA BkH
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Fig. 6 - Effects of S. stolonifera ethanol extract on hyaluronidase
activity. Results are means+SD from 3 separate experi-
ments. *p<0.05 : Significantly different from control.
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Fig. 7 — Effects of S. stolonifera ethanol extract on elastase activity.
Results are means+SD from 3 separate experiments.
*p<0.05 : Significantly different from control.

g FEEo] i B FRef oM et adE v
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Afafe] e,

Elastase &4 XSt

R 249 gEAS Yehlle 4% 324 AREA elastin®]
ok t. Elastin> collagen oL} reticular fibers} ko] A
?3}_2%‘4 Al dFoz A9 vEAdE Uehle wihas

2o yellow fiber? &2+ E4o|t}, Elasting 7123}

oF elastase 35 FE52 Aol U BARA viYFH F
ﬁol elastase Ao vX= P3RS SIS vlF &
FEES L gEHew L%OE AAEIS 2. (Fig. 7),

oyt Adbz nutFH Y FAYGELE UHX quercetin®]
elastase BAL AAITh= B399} U=)EH] elastase A3
A BEIF Clehg FEE] FENAAIRA Y N7 s Al
Apste] Ett.

13

N«

ﬂﬂo

MMP-1(collagenase) X352}
Collagen < A¢=A9] &g yehd JvE st v
Bo) 283 B 75 2k glom, Alge) Yoyt A A
‘%“éol ek oigA]l 2doltt. Collagen & T8fdhs f4
Z27) thokstn 718 wo) AEA 9= Ao collagen
type —% F3l5l= MMP-1(matrix-metalloproteinase, collagenase)
olth. webq MMP-1 8484& JASAY Asllehs 42
20 fES fAAA Fo v deRE FEES MMP-
1 A ads Bast 29 v5 ofEF e 33 AaHE o
ERCH(Fig. 8). o= WIS FEE2] collagen /33 HAT &
#o} gl Zow AlgHY, AfolAE YoM 2l collagen 34
7o) IAE wlFo] JAE 3l Aot
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Fig. 8 — Effects of S. stolonifera ethanol extract on collagenase
activity. Results are means=+SD from 3 separate experi-
ments. *p<0.05 : Significantly different from control.

NIH 3T3 MIZ0IM collagen 8M40ff O|Xl= HfSIH FE&EE0|
Azt

8 ol QloiA TR w3y} 7k #AEkA vEbdTh
e wshs o] B sl £F 34 2D 2% @A)
veRR=d] olgfet @4k i Aera Yol EAsk= collagen
2 elastin A2 %} L3 A} k. Collagens Alfrob
Aol 9= 242 o2 &y} 2] 4-hydroxyproline
olu|rzAte] 10% AEEY 4-hydroxyprolineg s 3730
A} vitamin C7} #o43}7] wiEof| vitamin C ¥ A scurvy7}t
LR fth vlelF olghE FE2EE a3} 3hgo) e &
o7 el Aot Zell A== collagen $HJ AL
% A0E AtgdH) o] A3l AE= collagenased]] 28 A3hE

150
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H *
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Fig. 9 - Effects of S. stolonifera ethanol extract on collagen
production in NIH 3T3 cells. NIH 3T3 cells were incubated
with S. stolonifera ethanol extract at 37°C for 48 h. Control
(CON) was the cells treated with 1% DMSO. Results are
means+SD from 3 separate experiments. *p<0.05 : Sig-
nificantly different from control.

o}v] Ak ninhydrin®} ¥HEA1A 7HH A S collagen-like
polymerE Z78}it}. NIH 3T3(mouse fibroblast) A&l =}
7 olgks FEE8 FEEE AXT F 4843 el collagen
= A% A3 309 100 pgml FEolN FEE BT sk
T YA OR collagen TS T7/MIRTHEFIE. 9). o= v
212-0] 4R 2= quercetin®] collagen §44-& F7HA71= A
o oju] dFEol An} AXsh= Aow Yepgrh =i
caffeic acid A] )zl 2%t collagen fiber 74 A3}
= R1Z n)Ro] B u) o]5g ¥slT gl HlH dgke
FEE0| FEAA YoM 58 Za3E ERT e Al
Akstsitt.

A

oY AileE TSl & o uilH e FE=2 ¥
Ast 285 2w glor, REAg ol FEUs 55S TR @
=]

3} Z-go] QS-S ARt oleldt 42 vk H AE &
Aol F9 AFEEQ caffeic acid, quercetin, bergenin 9] &
S ARES Aol o3t ATet AFE ™, anti-wrinkle AlES
2A9] 7FeAo] Sl AR AlEE)
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