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R o B Ao o FEEY e v, 55 Ea9E 9 dest EE AT ofF FEEY] free
radical (1,1-diphenyl-2-picrylhydrazyl, DPPH) 4A 843 (FSCs) S ¥E & F ethyl acetate ¥ ollA 523 ug/mL=
7 2 #49e e Luminol-ol&A e S o] 83 Fe'-EDTA/H.0:7014 A" Sgaas
(reactive oxygen species, ROS) ol tjgt o¥] FEE2 F iels2 L& 5 ethyl acetate 5 (0.40 ug/mL)°]
2 A4S eIt o7 FEE0l thalo] rose-bengal 2 S AM Ad o] F-gdol thet oA 235 A3
ok of¥ FEEY A1 ~ 10 ug/mLe] F=oA FE&EE At v 9 F594 aRSH 2= 747 ty-
rosinase 4 elastase?] &4 A8 IS S th Tyrosinase? B4 A&l B 3H(ICs) = aglycone ¥ (8.90 ug/mL)
of| A, elastase®] B4 Asl| TIHICs) = aglycone F(2.37 ug/mL) oM 74 & ANEAH S Yeldth dH 55
% ethyl acetate 53 aglycone ol thet A3 Az Y g}, g} s 45249 73S <18k

Abstract: In this study, we investigated the antioxidative activity and inhibitory effects on elastase and tyrosinase
of Persicaria hydropiper L. extracts. The free radical (1,1-diphenyl-2-picrylhydrazyl, DPPH) scavenging activities
(FSCs) of ethyl acetate fractions of Persicaria hydropiper L. was 5.23 ug/mL. Reactive oxygen species (ROS) scav-
enging activities (OSCsy) of some Persicaria hydropiper L. extracts on ROS generated in Fe**-EDTA/H0; system
were investigated using the luminol - dependent chemiluminescence assay. The ROS scavenging activities (OSCso)
of ethyl acetate fractions of Persicaria hydropiper L. was 0.40 ug/mL. The protective effects of extract / fractions
of Persicaria hydropiper L. on the rose-bengal sensitized photohemolysis of human erythrocytes were investigated.
The Persicaria hydropiper L. extracts suppressed photohemolysis in a concentration dependent manner (1 ~ 10 ug/
mL). Inhibitory effects (ICs) on tyrosinase of aglycone fraction of Persicaria hydropiper L. extracts was 8.90 ug/mL.
Inhibitory effects (ICs0) on elastase of aglycone fraction of Persicaria hydropiper L. extracts was 2.37 ug/mL. These
results indicate that extract / fractions of Persicaria hydropiper L. can function as antioxidants in biological system:s,
particularly skin exposed to UV radiation by anti-oxidative activity and protect cellular membranes against ROS.
Persicaria hydropiper L. extract / fractions could be used as a new cosmeceutical for whitening and anti-wrinkle
products.
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(reactive oxygen species, ROS)©] ¥]¥-2] gAalslA =
ot=dh w Aot} ROS® HkgAJo] w9 2 0, 2
- OHE H|F3}] Oy, H:0 ROO -, RO -, ROOH %
HOCl 5& X35t 1.2]. ol52 2993 22 35
Aol &gt FEtg W 2 7HA] EANSS 23St
T OhFe s AAA AR 9 27 FollA AdE

\TH31. ‘0, B - OHE 33k ROSE 3% 3
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434 ward g o
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FEAA, debd 848 33
7HEAIZITH4-7].
Abgh A2 QlofA] A 2 A i 24

AA T Y Akl E4HERE ofY el UVA-E4
AlZAPEOI Y fFA%F /3 stell = ROS7F 23+ A
2 dEA vk FeHle 95 1] o] wEA A
T 7P g2 dEow Feple] A e
& st 3 FollA alo] Hal lvk Abg
Aot oA 10,5 H]FE3E ROS7F matrix metal-
loproteinases (MMPs) 9] ¥td-& F-3kA]7]H, UVAZ £
T8 MMP-1 (collagenase) @] A< '0,0] wi7)e 4=
UTHB-12]. o] FstE Wolstal Ao wm T H B
SAE Zdsh=dl 9lolAl 10,8 BlEE ROSY 2%
FS AJAbehE Zlolt) 10, H)EE ROS7} el
7] wjZell gHakshAl el &gt ko] =F § ROS
2[13-161= Fshs oWstal #HAsA1717] 9
P ekl #ysiri17-21].
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|22, A= 4 9 Fooln, T2 Jyk
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kaempferol-3-glucoside, 6-hydroxy-apigenin, galloyl
kaempferol 3-glucoside, scutillarein, 6-hydroxyluteolin,
6-hydroxyluteolin-7-O- A-D-glucopyranoside, quercetin
3-0- B-D-glucuronide, galloyl quercetin, quercetin -]
e Zlow R aEQIri23]. o]y et EetH o]t}
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2.1. 7171 & Alek

UV-visible spectrophotometers= Varian (Australia)
ALS] Cary 50, A& F2d o A3k Spectronic 20D
i Milton Roy Co. (USA) #5%, $+8h#337]= Berthold
(Germany)AF] 6-channel LB9505 LTE, pH meter+=
Istek (Korea)Al A& AHE-3FITH

(4)-a-Tocopherol (1,000 IU vitamin E/g), L-as-
corbic acid, EDTA, luminol, heparin, S7AZ AFE
rose-bengal, free radical 27| AMgS 1,1-di-
phenyl-2-picrylhydrazyl (DPPH) radicals Sigma
Chemical Co. (USA)elA +§iate] AR&-akdct 71et
FeCl; - 6H,0= Junsei Chemical Co. (Japan) A%<,
H,Oo= Dae Jung Chemical & Metals (Korea)A} A3
S ARESISIYE EEegdAZe] AFSE NaHPO, -
12H,0, NaH,POq - 2H,0, NaCl, 18]3l trizma base,
HCl, °I®-2(EtOH), W®&(MeOH), ethyl acetate
(EtOAc) & 7% &vlle Al 55 Aloks ARSI
7142 AH&¥ N-succinyl-(Ala)s-p-nitroanilide, E4%
A2 elastase (0.35 mg protein/mL, 7.8 units/mg
protein) = Sigma Chemical Co. (USA)IA %135t
ARESHGITE Eebr o] =] EA o] ARE-SE thin layer
chromatography (TLC)+ aluminum sheet silica gel 60
Fosi (0.2 mm) = Merck (USA)AFA F-48ksict &2

wol= HlwEAZE ARESF quercetin, kaempferol,



quercitrin, hyperin, isoquercitrine Sigma (USA)A}oll A
Tkt AE A5 o= 2008d 6274 A

oA Friste] ARg-sIATh

22. 047el EetELO|E 2E F&

Az o7 200 g ZA A2 F50 % oﬂf/l'% 2 L=
19-3h0] 17=0] ol M A o]
= 1 dxste] eHE da olE Q?ﬁ*’ﬂ *}%—5‘}93\
TS50 % dEE FEES AY 5
hexanes ©]-&3ato] Hl=A 3|
acetate +8& 7Y - &5

Ethyl acetate #3°.
acetate #3 01]/‘1 g 3t
= o] &3l F= AAAZ F L aglycone FHHE
Ao /\}%5}91‘:}. AE 2 ethyl acetate 745 &
Aol HoSOy X acetone 4918 YW1l 4 h B 9 7}
AabHA g - YA SRA 84S 5 % KOH-
MeOH §-Ho % F3} 2A74sitt 53} 2414 § thA| eth-
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2.3. o{¥ FE2o tE gt =4

2.3.1. DPPHEE 0|28t Free Radical &~ &d

Free radical:> =3}, 53] 9% =3}2] 2 4= 1t
FH 3 e}t A7 FEE] )3 free radical 2 DA
=7 DPPHE ol &si3ith A wiekol &3l
A1Z1 02 mM DPPH €9 1 mLel olgk& 1 mLE 7}
stal oy 529 FE= 1 mLS H7kste] A2 o
224 10 min &< ¥R & spectrophotometer 2 517
nmellX FFEE AT 1 249 A7 A s

il

9x] ke A5 tZ7(control) .2 1L A|BE %‘—%
AL AT (experiment) O & 3to] TS Ao 93|

DPPHE] €4 Asll&s Hehdisith 27 €48 DPPH
9 F57} 50 % FAEEY o3 AR FE(free
radical scavenging activity, FSCso, ug/mlL) 24 %7]8}k
s

Inhibition (%) = {1- [@Mﬁﬁt—fﬁm@] b x 100

2.3.2. Luminol &S
O{A] EdibA A0 &2
Holu Fg] 22 Holg&H2 ‘?}f*éol 7}72} £ hy-

1 Freshe] st AT 295

droxyl radical ( + OH)S AXA71= Sz 2-g3ic}
2 Agos A3 Fe''-EDTA/H.0.71%= 76 ROS
(0", - OH 183 H0p) 5 A/dA1Z0t} wheba] o] Al
= o] g3hd ROSO| Ulst = SAlels s =4 o 2= 9
o} o] T FAksksoll= &9 BdS Yol A
go|Eag - 23ke 5= gtk Fe' -EDTA/H0.A o4
A E ROSE A& luminol¥} ROS 7+o] ¥H-8-& %31
ﬁl,ﬁ’]—tﬂ—jg—_g z;ﬂal—oi,yq o Ea 9\1‘3]'

b S48 FEO SR L8 mLE Wil o
3k RO FEES €tk o719 25 mM EDTA 40
uL 2 5 mM FeCls « 6H,0 10 uL& 713 & 35 mM lu-
minol 80 uLE& Y1l E5°] 4ol F]t} ololA Fshd
JaL 712] cell holder®l -rETEi Y3 5 min E<F AR

< 150 mM H0, 40 uLL.5 ¥ 3345 25 min 59
SR A= e B control)f_’_ AlZ&d gialel TH75
5 931, FAIE(blank)S A&7 o] A3t
H,0:8} FeCly - 6H0& 718k & o= 3¢l
3}8Pak337] 6-channel LB9505 LTS] 7+ @2 A3 7
of BAste] AI1re] 2po|7F AL GlEF shitt 38t
gow SAst A& ths A2 Zo] YERlaL,
A4 2AGA ) A7) ek Al7I7F 50 %
7Hew=d) Q3 A F.9] FE(reactive oxygen species
scavenging activity, OSCs, pg/mL) =24 %713kt

(Control 2] - Sample?] )
Inhibition (%) = ntrol®] com - Sample®] cpm) 100
(Control®] cpm - Blank®] cpm)
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241 HMgq SiEH M=

AP A7st A GHEEEH Atk AE SA
heparin®] 7} Al@ o] W2 % 3000 rpmoE 5
min &< daEgste] Ao IA-S Eelstal, e
3t AE 4= 09 % saline phosphate buffer® Al %] }o]
At g Wyt F2 A ASHTE 33] vHE
sto] A&, st AdE 4 o] Ware] HastaA
ARESFL, B AP Y F 12 h ool skt
F8d A oln] g5 W el wpet skt 4
ol AFgE AT A2 700 nmellA O.D.7} 0.69]
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om ol A F=1= 15 x 107 cells/mLOI 3Tk

242 oy FE=o| 28 AM ot

A8 e 35 mLE Fto] A Al #H(No. 9820)
of 92 & AlE&ds HAUtslit FEES vEEE
747k 50 ulL A A 7vskedct axellA] 30 min &<F pre-in-
cubation A1X1 ¥, F57A rose-bengal (12 uM) 0.5 mL
£ 7}l g2l E(Whatman laboratory sealing film,
UK) 2.2 Q]75 2> & 15 min <+ F3A} 313l

Fedo Ao FxAk= F-E AA FE 50 cm x
20 cm x 25 cm F718] AFAF _bell 20 W TS A=
Shal, PFG o2 HE 5 cm Ao AP+ g0
71 pold A NS FFed FPo| HES wid
% 15 min &<?F FZAF SQlTE FRAPL 1 5 ok
(post-incubation) A7l & AdF-2] YT E 15
min 7F2 2.2 700 nmelA F3 % (transmittance, %) 2
- FSiGlTt o] spelA] AT dEoe] FE Rl
T7hs AET S84z wHdth BE A3 20
T F2AA Balith A7 FE552 F8del vA
+ E 7= post-incubation A1 GEHEE FYE 1
P2 HE AP 50 %7t S8 AR e T
stof Bl skt

tZ (control) 2 75°] 31 min® & 2AHe
min oJUE B 352 A3 AdA o] &
EFth Rose-bengals H7Fetal FxALE o
9} rose-bengals H7VelA 9k FzAME §
5 RS 120 minZbA = §-80] A2 dof
B AYE 43] wbEsto] Fatsigitt A
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) ) Sample 750
Relative protective effect = ———x 100
Control 750

2.5. Tyrosinase XMoH&ENM =&

L-Tyrosine . 255 #zhd A3 o= tyrosinase
7F A EAT ZHg-shvl WA tyrosinase?] A4
= v S S8k WS- T8tk L-Tyrosine
(0.3 mg/mL) 1.0 mL, potassium phosphate buffer (0.1
M, pH 6.8) 1.8 mL, A& 01 mLE &3+ 3 37 CTollA
10 min &<t &2 MIe o5, EERES doTx
of Yol Wkg-& FZA7| L, 475 nmelld] SF=E 5435
Atk TyrosinaseE 7FsHA 9> A& +A1¥ (blank) ©.
% 3t a4g Al Atskth @49 7]+ 01

kel dFste] =), Al 357 Al 4 &, 2009
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mL tyrosinase®] @A 50 % AA7)=d BLF A
79 5 (Cs. pg/mL) = E7]8k3 Tk
2.6. Elastase Mail&d &8

543}, 53] FRAA = @A e gt 2Hg-
matrix metalloproteinases (MMPs : collagenase, elas-
tase &)l 2t AlxLS] mEZ A9 sy} FHQle=w
ZHEE 2 Qi) wEka] MMPsS] A& 542 J5
=3} oA Frte] tids] Fasitt

Tris HCl (pH 8.0) 0.13 Mol elastase 7122l N-suc-
cinyl-(Ala)s-p-nitroanilide 1.0 mMe] 23| buffer
1,300 uLoll SHA 58 75 L} buffer 925 uLE 3
7¥ske] 25 CollA 10 min &<F pre-incubation 3t % &
719l elastase &S 100 uL F7HHAFFE 0.0025 U/
mL)3te] 25 C F&2FelA 10 min 5<%t F-=2vjFst 5
410 nmoA FFEE S35 37 (control) = Al
Al AlRgdo R AN 295 100 ul. H7FsHSIT
Blank+ N-succinyl-(Ala)s-p-nitroanilide”} £a¥ <
49 tjal 012 M Tris HCI buffer 1,300 uL. & %7138}

gov, sEE A9 FAse

A

>

S~

9Fe 38 WRIAAT FARLAE 5 % {5

Fof| A Student’s t-testZ st}

FA

3.1. 0¥ FE=| st g

e

3.1.1. DPPHE& 0| &8} Free Radical ~H&EY

A gtef o] BAgAkh i XA gl o8| i
Al A A7k} 9h-g-2 Absakst -8 st ARk
So]t}. (4+)-a-Tocopherol ¢ EASIAI= A&
oAl X2 daksletr] el 4 TR 2Hg-ste] At
< TAANFOEZN MEES HE gt} o]9) o] Al
zuto A FATFNE AFEehs AsHA Y] 8 FY
St free radical?l DPPHS}S] HHg-& F3to] o} & 4=
[e)

30
o

¥ (P. hydropiper) %% 18]1 Bl=4Q] L-as-
corbic acid, (+)- @ -tocopherol®] free radical 27243
(FSCs0) 57 A= Figure 13+ 2t} o%] FEE2 50
% e FEEQA ¢ FSCx°l 815 ug/mL. ethyl

j=]

acetate ¥3-2 523 ug/ml, aglycone 3 6.25 ug/
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Figure 1. Free radical scavenging activity of extracts and
fraction of P. hydropiper L. and standards.

mLS YEFACT} Ethyl acetate 83} aglycon 32
Bl W =291 (+)- @ -tocopherol¥} B W g2 | free rad
ical Aol & ZoE Yehlgdch vl EAE
(+)- @ -tocopherol<> 8.98 ug/mLo|3It}.

3.1.2. Luminol Fe* -EDTA/H:0.I01 U
oM it A e(SELHES)

Luminol Fe’ -EDTA/H,0, 7Al°lA 28438 ROS®]
oJaf AbstE]o] E8 ]S ofw|nrHito] H & g
(420 ~ 450 nm)= 3= ZAoZ 484 Qlt}h Aglycon
T80 YA A (TS, OSCso) 2 Figure
264 8} o] 1.12 ug/mLolglom, 50 % ek FEE
& 2.33 pg/mL, ethyl acetate #3%] 040 uyg/mL= }E}
o} whebA ethyl acetate #32) i"ﬂ’\}i}%% 50 %
°ﬂ S oy} aglycon ¥ HT} S8 HoFth

L3k Ethyl acetate #33} aglycon &2 «’7‘—%%3 H] 3

%é‘i AFE-8F L-ascorbic acid (1.50 yg/mL) Xt} & &
& YERSITE

B S 0|25} F

===11x

TEE

CE AN HeSel ma|of tiet MEZES
¥ FEEL Frtaol F A EEA ] olA B
% 4%t A7} Table 1 ¥ Figures 3, 41 1}¢}
AAE7E 50 % I =g Al AR )
2 Hlﬁiig*“l S5 A HeRdT) o379 agly-
&1, 25,5, 10 pg/mLe] oA 0] ZHzt
144.60, 345.0, 391.67, 393.93 min®. 2 AXE 37 E JA|
3R, $9 Ao B30l 10 ug/mLo] sZolA 7}
Z F AXERE 8939393 min) & HoIFUT} Ethyl
acetate 3 9] 38.83, 108.05, 250.9, 327.50 min, 50

A%
% oletE FE==2 -9+ 4387, 60.03, 105.40, 287.50

Fieste] wdt AT 297
4
z
2
o 3 |
SE
Co
o =1 I
)
30
w>~ 1 r
%
I
0
50 % EtOH EtOAc Aglycone L-Ascorbic
extract fraction fraction acid

Figure 2. Reactive oxygen species scavenging activity of P.
hydropiper L. extracts and reference in Fe*"-EDTA/H:Oq
system by luminol-dependent chemiluminescence assay.

15
50 % EtOH extract

5 ®EtOAc fraction
e 12 1 wagycane traction
7}
o€
28 94 =
S 2

£
2
°%
o o 6

Pt
se
0
©
® I
[} J
& 3

N -
0
1 25 5 10

Concentration (ug/mL)
Figure 3. Cellular protective effects of Persicaria hydropiper
L. extracts against 'O, induced photohemolysis of human
erythrocytes, relative protective effect = sample zs50/control

750 (Control = 31.0 £ 1.0 min).

Ao AERT s JERYA
9k aglycone =& vl @2 a3E e

wb MEZRS 3= 10 pg/mLolA 50 % olekE
FZ2( 15, 287.50 min) < ethyl acetate %3 (327.50) <
o] AAE #E(39393) +o® F7FeIITE 1 ~ 10
ug/mL FEolA A% FFE 9 ethyl acetate = of| A
= AAANR B2 vuEdE AFSE A4 Ak
shAle]™ vlEl] E 482l (+)- @ ~tocopherolZ} H] gt
F e AR Z AXERT FFS YERYATh

minl.%® % &

3.3. Tyrosinase Xaff &4

Aehd Al lelA A G A= tyrosinase®] T ©]
FAE tyrosine 2 2HE AZtE = Aebd A A4
=, tyrosine®]] DOPA, DOPA®|4 DOPAquinone, “1
2|3l DHI 2% eumelanin® 22 23S Fvj| 3h=4)
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Table 1. Effects of Extracts from P, hydropiper and Reference Compounds on the Rose-bengal Sensitized Photohemolysis of

Human Erythrocytes

5 (half time of hemolysis")

Concentration, ug/mL 1 25 5 10

P. hydropiper L. extract (50 % EtOH) 4387 + 385 60.03 £ 1.39  105.40 + 9.00 28750 + 850
P. hydropiper L. extract (EtOAc fraction) 38.83 + 8.17 108.05 £ 103 2509 + 11.7 32750 = 250
Deglycosylated fraction from P, hydropiper L. extract 1446 £ 156 345.0 £ 400 391.67 = 7.73 393.93 + 16.59

(EtOAc fraction)
Rutin 35.20 £ 1.40 - - 40.50 + 10.44
(+)- @ -Tocopherol - - - 38.00 + 1.80
YControl, 75 = 31 + 1.0 min
15 250

y z

S I =

5 12 r S 200

] ©

2% . i )

gg 90 2E |

s 39

ao 6 | £ s

28 a§ 100

= o=

E o3t £

© 2 50 +

o L NEEE . > ﬁ T
control 50 % EtOH EtOA.\c Agyc?ne (+)-a— 0 —
extract fraction fraction Tocopherol 50 % EtOH EtOAc Agycone Arbutin

Figure 4. The effect of extracts and fractions from of extract fraction fraction

Persicaria hydropiper L. and (+)- @ -tocopherol at 10 ug/mL
on the rose-bengal sensitized photohemolysis of human eryth-

ocytes, relative protective effect = sample r50/control 5.

o] -ir%g % ethyl acetate ®&ollA TS A A3k
FEE-S tyrosinase A3 E4d (ICs0) ©] 8.90 ug/mL=E L}

Wt} Ethyl acetate #32] %% tyrosinase 43l
241 50)°] 22.80 ug/mLE Blu BHZE AMSE 75
4 PRl wiAlE X arbutin®] A3 €49
226 88 ug/mLel ¥ISIME A& T tyrosinase #131&4]

S Btk weba do]l AAE FEE ethyl acetate
Hﬂ o PEEel $8F Af vMaERrt s Al
Z Atae(Figure 5).

3.4. Elastase X3

Zpe) A 4 &4 ol o3l fFEE I)5 93
of] &4 3F= matrix-metalloproteinases (MMPs)+= 3] 5
o3}, 53] T4 WA st dA7) itk MMPsE ©]

h e
RENE

FE= FLRAF S 2 collagenase, gelatinase 2! elastase 5
o] Qlow, wFo gt s U FEAA o lojA elas-
tased] &4 A= vl$ L35

E383)#), A 3598 Al 4 F, 2009

Figure 5. The effect of extracts and fractions from of
Persicaria hydropiper L. and reference on tyrosinase.

[e]
fi

===

A FEFES 50 % oeHE FEER] A9 elastase
A &2 (ICs0) ©] 4.82 /Jg/mL ethyl acetate %32 4.66
2 2.37 ug/mLS YERH oW, 1]
WEHZ ARE3SE oleanolic acid?] As &4 13.70 ug/
mLel v = F elastase A EATS BTk 350
% ANer2 FEE, ethyl acetate &3} aglycone 32
B &34 quercetin®l] B8] 2R T} B 2 elastase A&
o] w3t Figure 6).

Ql

ug/mL, aglycone &3

4, 4 =
) A7 F=Z=EY free radical 2452 (FSCs) = 50

% oletE F
ug/mL, ethyl acetate ¥
6.25 ug/mLE e
2) oA¥ FEFE] @A 2AGI(0SCs) 2 o1
50 % ol¥re %% 233 ug/mL, ethyl acetate #3)
0.40 pg/mL, ethyl acetate ®212] o #| 73 aglycone

FEE2 112 ug/mLE ethyl acetate &&o] 7P &
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