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ABSTRACT

The present study was performed to investigate the 1,l1-diphenyl-2-picryl hydrazyl
(DPPH) radical scavenging and prolyl endopeptidase (PEP) inhibitory activities of plant
extracts. The whole extract of Fragaria yezoensis inhibited the DPPH radical by 90.4%
and the stem of Gingko biloba, Gardenia jasminoides for. grandiflora and Rhododendron
vedoensa var. poukhanense, the leaves of Rhododendron mucronulatum var. ciliatum,
Gardenia jasminoides for. grandiflora and Corylus sieboldiana var. mandshurice, the fruit
of Cornus officinalis, and the toot of Gingko biloba showed high DPPH radical scavenging
activities. In the case of PEP inhibitory activities, high inhibition was observed in the
whole plant of Fragaria ananassa, Fragaria yezoensis and Hypericum erectum, the stem
of Actinidia arguta and Rhododendron yedoensa var. poukhanense, the leaves of
Rhododendron yedoensa var. poukhanense and Rosa davurica, the fruit of Cornus
officinalis. and the root of Acer okamotoanum. There was significant correlation (P=0.000)
between DPPH radical scavenging and prolyl endopeptidase inhibitory activities, thus
some of plant extracts such as whole Fragaria yezoensis, fruit of Cornus officinalis had
high activities in both DPPH-scavenging and prolyl endopeptidase inhibition. Therefore, it
is required to examine the mechanical interaction between DPPH-scavenging and prolyl
endopeptidase inhibitory activities and further studying plant extracts with both these
activities is desired to develop agents for preventing and treating of Alzheimer’s disease.

Key words: plant extract, 1,1-diphenyl-2-picryl hydrazyl radical scavenging activity, prolyl
endopeptidase inhibitory activity
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I A&

Adx&lolw] 2 FHAlzheimer’s disease)-S 19073
o 5Y2] A4l#} 2)A} Alois Alzheimersll o34
Aoz ¥ Q4 Xuiz, Xvj9] 714 &
¢ daAY oy, HAEe HAFH &40z 9
& A 7159 ARXAHY £EHE F8 ERQo=
FHZZF 2000; 1A 2001). HZ FUHG
FEY I Friee] g2 Yuseyge] =
7vehaA 1] n#sle}l FA k09 X &
HE F7PF EAAER ) 20053 79 @A)
S Auf=lo] 654 ol AT 83%<
367t 4000 o2 FAbE|o]zlul §)looj(R AL
A7Y 1997), AAIHczE gxsloln AS &
BEo| 200030 2,5002k0)Q 1, M2 o
Ee JZEZ aWo] 43R gedd o] &
© 2050139l 11,4009+7}R] 2718 Ao g oAtE
o] FtHWimo et al. 2003).

A dzstoln Aol F 23 x8AE ol
g3 #a) A sl A)(acetylcholin esterase inhibitors)
22X, 94 21733 Y(cholinergic transmission) <]
et dz3dtolnioA QIX|, 7%, BEFH 4
of 8% 98-S Il F94 714 (cholinergic
hypothesis)ol] 7]%%+ ZlojthlLane et al. 2004;
Francis et al. 1999). Tacrine, donepezil, rivastigmine
92 galantamine 2] 4] 7}#] 2FE-o] FDA(U.S. Food
and Drug Administration)®] 4¢1-& wigtor} 1
% BYQl tacrine®] ¢ EA o] AFe
A9 ALEE1A] %3 glthLleo et al. 2005). o] £
o gdzstolv] AF FA] WM 45H AE
dzet AF Hoze &FHd dF wn
(Rottkamp et al. 2004; Behl 2005)2 ¢x3}o|n]
A& AAH KgaA dtArt AFE v
Aok Foldzol= oW EF AMFA A= ]
et gzstolm A Wy P A Fg
A2 1 E A& olEZol= wgl Tuiz e
BAE ZEATNAY AAE FM71E F 7R
W2 A2 4 UtKCitron 2004). ©] F H|
B} old2ol= Ao B HL2EAN FHE
+ o] PEP(prolyl endopeptidase)©) ™ (Ishiura
1990), PEP A& Aol 2)8llA] amyloid-like deposition

o] A go] B rHKato 1997). X|wje] o
2 X8E A% F549 FE MEE A B
< A3t s ot ofAtA] Xuje] o
B 71Holu F3d %S 71 A EAd uF
B} gle AFc)oiM MRS AYddX gx3t
oln] AR ANFAZA Y 5 HE BYsE A
o] Fa3jct.

weta] B AFd M= F(Daucus carota var.
sativa), 115E(Hypericum erectum), “Y27)(Fragaria
yezoensis) 59 Az FEE 355 23F
(Gingko biloba)e] &7], AV&Z(Rhododendron
yedoensa var. poukhanense)?] €, A21AH(Opuntia
ficus-indica var. saboten)?] vl T HYE F&
& 36%9] 2E F&E 71504 DPPH ulz

- &7%% PEP 84 AHEE FHToE A0

¥ 3 XNEE AT FFNE VZAEE A
T3tz gk

. A= g a9y

1 AlERZ

2 A7l AL8E 48 23Ee IBE 2%
B ez, IXAPIFATE BHAEFE
el £ BTk 4B FETE F 7150
™ 9Z(Daucus carota var. sativa), 1FE}E
(Hypericum erectum), 2 7\(Fragaria yezoensis)
Y Az FEEo 35%, 2 }F(Gingko
biloba)e] Z7], AFEZ(Rhododendron yedoensa
var. poukhanense)2] 9, Q4K Opuntia ficus-indica
var. saboten)?] Evj} 5 K9 FEFo| 36%0]

Ak

2. srMst ol B
NersEse) YA BY ZHe A=

G AAYoRA et AARE A
PO 2 Yoshida 5(1989)9] el we} 2 Al
2] 1,1-diphenyl-2-picrylhydrazyl(DPPH) }c|Ztofl
3 AA EHE FHEAUT AEE e
=9 F(0 ppm) 160 wE FH3t] 96 well
microplate(ELISA readen)oll ¥& % 1.5x10°M &
T2 veggo] §3)4%1 DPPH &9 40 s} 2



ol AEXII0)A DPPH 2iEI1Z HAS

E3th o] ’Bbg TR H2oA 3087 %
28 &, 520 nmoll A ELISA reader= ZA3it)h
2% e ARE kA 4L txeEn v
st} fE Edze] AAEHES Jehied
positive control2+= L-ascorbic acidZ AM&-s}¢itt.
st 84 A8 23 ukEsiq

3. PEP(Prolyl endopeptidase)X{sii&txe) =X

PEP A384d &AL Toda 5(1992)2] Wi
9ste] ZAslHT) 0.1M tis buffer(pH 7.0) 200
%} 0.25 unit/mle} #A 20 ul 23l sample
(125ppm) 10 ple} E39P-S 96well microplate(3
70yl M 1023 ¥HEA1Z & 71FZA 20 mM
Z-Gly-Pro-pNA 20 Nl 7}8F 3, 37Col A 3027
HEg-Al7Ith WS- & 96 well microplate reader
(ELISA reader)& o] &3}l 410 nm FHE=E &
AZTHA). I F tris buffer(pH 7.0) 240 pl, sample
10 ple] E3FYE £vIste 410 nm FREE F
A8 B) F ot o] A& o] &3t A&E T3
Ho oluf controlL sample T4l sampleS =¢%)
S E AMSEte £H% FF T ftolth PEP A
3 N 2R 23] wrEE Y

Inhibition rate(%)= Contré)'l;tgfl— B) 100
[}

4. SHHME=

A A= SPSS 100 TEIWL o] 83}
BREFBAE AN GGOR WFne] FBA
& #EYE A2 A8 WD F A8 0%
N wiEsd ARAFd SRR BRASF
(Spearman correlation coefficient) 2 -3} T}

m. A3 9 323

1. gt} Mol g3t

gzzlolw Ago] Aferidd] 23 Az
9 HAE g g JAstEe) A @
d5)o] R11E]%.2 2 Z (Domenico 2002; Behl 1999)
A 2ol Xuje] 4 2 X5 LAAEAY
VoS B 3t AE FEE @Y

1} prolyl endopeptidose &4 XMalis EtA 97

ol MAE F& YUY ZARIATH
AROEF T 2000 M e} o) HE Az
59 F£%0)4 DPPH ZHUjze) A &4
2 g4h3Es A9E AI(Table 1), BE7]
(Fragaria vyezoensis)| A 90.4%, B 7\(Fragaria
ananassa)®} VA (Suaeda  asparagoides)ol} Al
88.4%, T1E)1 A|B|&Artemisia japonica), 87|
(Plantago depressa), IL5F\}=-(Hypericum erectum),
ks (Mentha arvensis var. piperascens), v}
(Dioscorea japonica) 5% 85% ©]’32=Z DPPH
Fod-g 2ANE B F4EELE B
T3 (Hypericum erectum)®] 7%, 3443t &
& ZrE flavonoid AEo] Hel® v oA E
5 1997), ¥ A7 AFHNMY nFUHEY F
AR} FAR Aol on g HE F
M= Fatsl 4L Jehlle e #
F7F 3% 4a¥ Zlos gddn.
A F7), o, G, e 79 FE2oA vt
2A7}A 2 DPPH &t Z9] AARA=Z 3istel S
Aw B Zil(Table 2), 23 U5(Gingko biloba),
R AN 5-(Gardenia jasminoides for. grandiflora),
AVH Z(Rhododendron yedoensa var. poukhanense)
59 Z71014 88% °)de] & #Z AA &
7}, @ B9 FEEoAE dxEeH(Rhododendron

mucronulatum var. ciliatum), X A}R-(Gardenia

ox

rg M rz 2
e

Jjasminoides for. grandiflora)$} 7\ G +5-(Corylus
sieboldiana var. mandshurice)o} <] 89% ©}4 <]
DPPH 2tz AA £zl by tgew
AL ANE (Rosa davurica)®] ¥ HHdA w2
Fatstgio] UElGL AMAE F(2002)0] B EH
R grg 7ad g4 E3E gsgeny
a %‘*“koﬂ #3 AFE B1d 6 Yok A
FAGE Ao vieg £8E9 DPPH A/
Z 2AY 93 P Eg ICso0] 64 ug
Fzo) 3% 8oz BRI B Axe Fx
% 2004). JE] duj F

94.6% = A} positive controlZ  A}E-3+  L-ascorbic
acide] DPPH iz A8 84-& 969% 713
asgon, Bel 29el 22BN LU
E(Gingko biloba), S-AY3LZ 3\ (Acer okamotoanum),
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Table 1. Effects of various whole plant extracts on inhibition of DPPH and PEP

Plant species DPPH PEP

Korean name Scientific name Inhibition(%) Inhibition(%)
ks Solanum tuberosum 23.7£0.8 0.9+0.1
S Brassica juncea var. integrifolia 48.9+1.2 2.3+0.1
ZolA & Setaria viridis 42.7+2.0 2.240.1
AL Rorippa indica 43.8+0.4 6.6:0.9
A5 Raphanus sativus var. hortensis for. raphanistroides 42.4+0.0 6.210.3
IEu ) Youngia sonchifolia 37.9+24 1.740.3
AFUE Hypericum erectum 86.7+1.2 86.5+0.3
=Jo|gt Oxalis corniculata 81.1£2.0 5.4+0.7
U&A Suaeda asparagoides 88.410.4 2.1:0.8
Yo Capsella bursa-pastoris 39.6:1.6 1.5£0.4
YEaAtE Davallia mariesii 85.9+0.0 35.2+34
I Daucus carota var. sativa 35.3+0.4 6.3+0.6
FuEE Allium senescens 31.9:0.4 3.5£2.6
7] Fragaria ananassa 88.4:0.4 96.60.2
gh7) Fragaria yezoensis 90.410.0 96.3x1.0
R Gnaphalium affine 87.3+1.2 6.40.5
w2 Fagopyrum esculentum 86.7+1.2 9.0+0.7
HolF Chenopodium album var. centrorubrum 31.4:04 37129
Eyo] Nasturtium offiinale 40.4£0.4 6.410.5
vl Oenanthe javanica 25.7+1.2 -
ujukg] ol Cardamine leucantha 469+1.6 79+1.0
HHYE Cacalia auriculata var. matsumurana 74.6+0.0 -
u}s} Mentha arvensis var. piperascens 85.6:0.4 6.6£1.0
gl Cardamine violifolia 47.4+0.0 49+0.1
A g Vicia hirsuta 87.0+0.8 42407
A o] Cardamine impatiens 45.210.8 5.510.4
et Houttuynia cordate 82.81+0.4 -
+54 Brassica campestris subsp. napus var. nippo-oleifera 47.2+4.4 6.9+0.9
Au)&: Artemisia japonica 86.2+0.4 -
e Pimpinenella brachycarpa 39.0+0.0 3.240.5
o} Dioscorea japonica 86.2£0.4 15.6x1.1
g9 Farfugium japonicum 46.6+0.4 3.2+0.6
g2 7 0] Plantago depressa 87.30.4 7.5+2.5
39 Secale cereale " 514140 6.1+0.8
ANEH Taraxacunm coreanum 40.7+2.4 59139
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Table 2. Effects of plant(stems, leaves, fruits and roots) extracts on inhibition of DPPH and PEP
Plant species DPPH PEP

Korean name Scientific name Part Inhibition(%) Inhibition(%)
T Staphylea bumalda Stem 50.0+2.8 55£13
=3 Actinidia arguta 85.610.4 93.210.2
53 Aristolochia manshuriensis 57.6£0.0 3.710.1
3 Eucommia ulmoides 41.8+0.8 3.0+1.1
BEEFUF Oplopanax elatus 37.9+0.8 5.3+2.4
AHZ Rhododendron yedoensa var. poukhanense 88.4+0.4 89.0+0.8
ST Gingko biloba 89.6+3.6 78.743.3
U5 Kalopanax pictus 81.642.0 13.841.5
g Rhododendron mucronulatum 86.2+1.2 30.3t1.3
R At 5 Gardenia jasminoides for. grandifiora 89.3+1.6 8.9+0.6
% Pueraria thunbergiana 49.4+2.0 7.810.1
gxgg) Rhododendron mucronulatum var. ciliatum 87.3:0.4 52.7+4.4
g B R Hovenia dulcis 87.6+0.8 9.3+0.7
Ag-4dol Viscum album var. coloratum Leaves 57.10.0 7.8£0.7
I Staphylea bumalda 77.142.8 7.6+1.8
o) Actinidia arguta 86.7+0.4 31.4+19
Lig By Oplopanax elatus 86.4+2.4 4.5+40
2ahgg Chaenomeles sinensis 83.9+0.4 87.6+0.3
7 Ficus carica 41.5:1.2 1.740.2
EREYF Corylus sieboldiana var. mandshurice 89.3+1.6 82.6*1.6
wHE Alangium platanifolium var. macrophylum 58.8+2.4 -
A% Rhododendron yedvensa var. poukhanense 86.7+1.2 92.640.5
A Cryptomeria japonica 88.7+0.8 90.7£0.4
A AL Rosa davurica 88.7+0.8 91.8+0.6
St Gingko biloba 70.642.4 8.330.3
AR Gardenia jasminoides for. grandifiora 89.3+1.6 5.0:0.6
gadgy Rhododendron mucronulatum var. ciliatum 89.8+2.4 90.3+04
oz} Ricinus communis 87.3x0.4 32.9+1.6
Fuh}R Machilus thunbergii 86.4+0.0 61.4+3.0
WEF Liriope platyphylla Fruit 55.1£2.0 2.720.6
A Cornus officinalis 94.6+0.4 95.3+0.5
AR Zanthoxylum schinifolium 30.5+2.4 1.7+0.3
Aol Opuntia ficus-indica var. saboten 39.840.4 5.0+0.1
23 Gingko biloba Root 89.0:0.4 17.9+1.8
QAP E A Acer okamotoanum 87.6+0.0 83.3+1.1
+9 Arctium lappa 85.6+1.2 9.6+0.2
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2% (Acer okamotoarum) E5 <F 85% o]Ate)
DPPH gtz A &3E HA AR &
A6l dig o2 AFgME EFEE 200 ul
A7t 90% o)de) FaF3%e vERen,
linoleic acid o] i3l dAaksE FALIAE 10 ul
712 0.1% BHT 50 uls} 22 Axo] 75 34
3} 878 JeRQITHAEY F 1999). Streptozotocin
22 fod GarRddyE £ AFH FE2E
o] g3t Avyl Rang v ATHAHST 2005)

2. Prolyl endopeptidase &H&e| Xalilg =&

PEP= g23loln] Agke] A W WP F4a
g ARE YA Ue obdRo|= dEr Tl
Ao Bdhe HAZA, X} 22 L G443
1z} A FFE2| PEP A 848 FA3AT
21g Ax F&Eo\AM PEP 849 Adl&& 54
&led vl g AIKTable 1), B7)(Fragaria ananassa)
oA 96.6%, WHE7|(Fragaria yezoensis)ol| A
96.3%, 113\ 2-(Hypericum erectum)ol| A 86.5% 2]
& A&S BAY O dgeZe YEIAt
2)(Davallia mariesii)®} Fvl(Dioscores joponica)7}
Z}z} 35.2%, 15.6%2 Aa&S BYon 1 99
Ax 25 10% nvko g PEPS] €418 A8
Ly 1=

A8 38 FEEA PEP 849 A&
E4%o vlay ZINTable 2), E71 9] 3
9 Clel(Actinidia arguta), 2+HZ(Rhododendron
poukhanense), &3V 5-(Gingko
biloba), BB (Rhododendron mucronulatum var.
ciliatum), 2] (Rhododendron mucronulatum) 2]
£02 932%, 89.0%, 78.7%, 52.7%, 30.3%<] A3
&8 B3tk o F-HeAME B Z(Rhododendron
poukhanense)=} 23 B A V- (Rosa
davurica), 1V 5-(Cryptomeria japonica), @ Q2
(Rhododendron mucronulatum var.  ciliatum)ol| X]
90% ©]¢e] ¥& PEP ¥4 A& HYoH,
BINJE(Chaenomeles sinensis), B 7\ G I5-(Corylus
sieboldiana var. mandshurice)7} 80% ©1¢] #]3)
&% Jgdh gul FEEAME AFH
(Cornus officinalis)?} 953%2} As]&L, g F

EEdMMe AT E N (Acer

yedoensa  var.

yedoensa var.

okamotoanum)7}

83.3%2] A& vt 7 B4 FFEUDG
G ggE g B 7N ST 423
] PEP 4 U A7V A9 U= 2A)
olx, ¥ A3 Az PEP 84 Ase& A4
8% 71288 ATE F A Aol

3. DPPH gicjge] A=1} PEP &M X8l
£ Alolo] AlEH

NE F%E 7139 tisiA DPPH 0z 47
53 PEP B4 Adg&e Az £HE v H
E£9E o) g3 BlEFA APASFQ 29T
PAS5E 79k 2 A3, Figure 1] AAJE A
2% DPPH 2lt)d &A% PEP &4 A& Al
ool f-oJ4E 0.000014 Fe} FUAATE AT
w7 )(Fragaria yezoensis) 7%,
officinalisy Gvl ®<91e| 7% DPPH =tjzt &4
53 PEP 84 A &olA BEF 90% o3 &
A& Bk 3 13 }E(Hypericum erectum)
9] Az, 9r)(Fragaria ananassa)e] Az, o
(Actinidia arguta)®] 7|, 4H3 Z(Rhododendron
yedoensa var. poukhanense)®] Z719} ¢, AEH
W-(Rosa davurica), " }5-(Cryptomeria japonica),
QA& (Rhododendron mucronulatum var. ciliatum)
9] 9 R9le|A DPPH gjtlZd AA%3 PEP &
A Ae ol st 85% ool EAdol #AEH
1t} Chung %(2003)©) Phyllanthus ussurensis2 %

A4r(Cornus
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* *
. A' * o
—~ . * N
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Figure 1. Correlationship of DPPH radical scavenging
and PEP inhibitory activities of plant extracts
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B E23} PEP A|3lA)7} corilaging] S T35ty
31 hydroxide, superoxide anion radical, hydrogen
peroxide, 28|31 DPPH®} & reactive oxygen
species§ BIH oz AHY F USS B
o} 9ok Gk PEP B4 As) WAUZ] gg
FU3) 80 GBS DS © 2AY Bes) 9
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