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SUMMARY

I. Title : Development of Antioxidative Neuroprotective Nutraceuticals

II. Objective and Importance of the Project
Stroke is a major cause of death and permanent disability, and occurs
more frequently in people over age 65. It occurs when blood flow to a
region of the brain is obstructed and may result in death of brain tissue.
Stroke is the third leading cause of death and the leading cause of
disability in the United States. Approximately 600,000 strokes, or brain
attacks, occur in the United States each year and of these, approximately
150,000 (25%) are fatal. Total cost of stroke to the United States was
estimated at about $30 billion each year. It was reported that stroke is
also the leading cause of death in Korea as a single disease and
approximately 200,000 patients are suffering from this disease each year.
Ischemic stroke is caused by blockage in an artery that supplies blood
to the brain, resulting in a deficiency in blood flow. During ischemic
stroke, diminished blood flow initiates a series of events that may result
in additional, delayed damage to brain cells. Recurrent stroke is also
frequent; about 25 percent of people who recover from their first stroke
will have another stroke within 5 years. Recurrent stroke is a major
contributor to stroke disability and death, with the risk of severe
disability or death from stroke increasing with each stroke recurrence.
Early treatment can help minimize damage to brain tissue and
improve the prognosis (outcome). Acute treatment for ischemic stroke
involves removing the blockage and restoring blood flow. Tissue
plasminogen activator (t-PA) is only a medication at the present time that
can break up blood clots and restore blood flow when administered
within 3 hours of the event. However, this medication carries a risk for
increased intracranial hemorrhage and is not used for hemorrhagic stroke.
Neuroprotectants are medications that protect the brain from secondary
injury caused by stroke. There are several different classes of

neuroprotectants that show promise for future therapy, including calcium
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channel antagonists and glutamate receptor antagonists. These agents
modulate  neuronal receptors to reduce  release  of excitatory
neurotransmitters. However, these agents often produce severe toxic or
side effects probably due to the contribution to early stage of neuronal
signal transduction cascades.

On the other hand, brain ischemia initiates a complex cascade of
metabolic events, several of which involve the generation of nitrogen and
oxygen free radicals. These free radicals and related reactive chemical
species mediate much of damage due to their higher reactivity that occurs
after transient brain ischemia, and in the penumbral region of infarcts
caused by permanent ischemia. Therefore, the use of antioxidant
compounds, for example, 21-amino steroids, has shown neuroprotection in
animal models.

The objective of this project was to develop antioxidative neuroprotective
nutraceuticals, which can reduce the neuronal injury after ischemia or mitigate

the symptom of ischemic stroke, from Korean native plants.

M. Contents and Scope of the Project

Contents Scope of the Project

- Isolation and structure determination of
antioxidative constituents from native plants
- Antioxidative activity screening (DPPH free

- Preparation of native plants extracts ) . . . )
radical scavenging, superoxide anion radical

- Isolation and structure . ] . .
L _ scavenging in xanthine/xanthine oxidase
determination of constituents from . L
system, lipid peroxidation inhibition, NO
production inhibition, etc.)

- In vitro neuroprotective activity screening in

natural products
- Antioxidative activity screening

- Neuroprotective activity screening

neuronal cell culture systems
- Safety tests of neuroprotectve , . - o
. - In vivo neuroprotective activity screening in
constituents . .
. . rat models of focal cerebral ischemia
- Large scale isolation of . ) ) .
- In vivo blood-brain barrier penetration test

- Pharmacokinetic study
- General pharmacology study

antioxidative constituents

- Acute and chronic toxicity tests
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IV. Results of the Project

In this project, we tried to develop neuroprotective nutraceuticals from Korean
native plant through the isolation and structure determination of antioxidative
constituents, and antioxidative activity screening, neuroprotective activity screening
in neuronal cell systems and in vivo neuroprotective activity screening in focal
cerebral ischemic rat models, for isolates.

Aloesin isolated from Aloe vera, which has been known to have antioxidative
activity, was selected as the first candidate of this work because this compound
has been already proven to be effective as a potential neuroprotectant from in
vivo activity screening using a transient focal cerebral ischemic rat model.
Transient focal cerebral ischemia was induced by occlusion of middle cerebral
artery for 2 hr with a silicone-coated 4-0 nylon monofilament in male
Sprague-Dawley rats under isoflurane anesthesia. Treatments with aloesin at the
doses of 3 and 10 mg/kg (i.v.) significantly reduced both infarct volume and
edema by approximately 47% compared with the control group, producing
remarkable behavioral recovery effect. Treatment at the dose of 30 mg/kg also
significantly reduced infarct volume to a lesser extent by approximately 33%
compared with the control group, but produced similar degree of behavioral
recovery effect. Furthermore, treatment with aloesin in a permanent focal cerebral
ischemic rat model was found to produce better neuroprotective activity than
MK-801, a well known anti-stroke candidate. In addition, general pharmacological
studies showed that aloesin was a quite safe compound. The results suggest that
aloesin can serve as a lead chemical for the development of neuroprotective agents
by providing neuroprotection against focal ischemic neuronal injury.

For the development of back-up compounds for aloesin as
neuroprotectants, we tried to synthesize or further isolate aloesin
derivatives from Aloe vera. Additionally, methanol extracts of 57 Korean
native plants were studied for antioxidative activity to discover five
plants with potent DPPH free radical scavenging activity and eight
plants extracts with strong iNOS production inhibitory activity.

Among ten derivatives of aloesin synthesized or isolated from Aloe vera,
KYS 50163 (7-O-methylaloesin) exhibited improved antioxidative activities in
various assay systems, inhibitory activity for HO,- or xanthine (X)/xanthine

oxidase (XO)-induced oxidative injury and neuroprotective activity in a focal
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cerebral ischemic rat model when compared with the parent compound aloesin.
Plants Opuntia ficus-indica and Gardeniae Fructus were also studied to
search back-up compounds for the development of neuroprotective
nutraceuticals, resulting in the isolation and structure determination of totally
21 pure compounds. It is notable that six compounds isolated from Gardeniae
Fructus were identified for the first time from nature. Among compounds
tested for the antioxidative activity, KYS 50182 (quercetin 3-methyl ether)
showed the most potent anitoxidative activity (DPPH free radical scavenging,
ICso = 19 uM; superoxide anion scavenging in X/XO system, ICs = 15.1 1M
Iron-dependent lipid peroxidation inhibition, ICs = 24 uM; NO production
inhibition , ICsp = 10.3 uM; Caspase-1, 3, 9 inhibitions, ICsp = 0.24, 0.6, 04
mM, respectively). KYS 50182 also showed neuroprotective activities
againstneuronal cell injuries induced by H;O; (ICxo = 1.9 uM), superoxide
anion radicals generated in xanthine/xanthine oxidase system (ICs = 2.1 1
M), NMDA (54% protection at 100 uM) and growth factor withdrawal (86%
protection at 100 uM). Furthermore, treatment with KYS 50182 at the dose of 10
mg/kg (iv.) significantly reduced both infarct volume and edema by
approximately 50% compared with the control group, producing remarkable
behavioral recovery effect. In addition, the LDsy value of KYS 50182 was found
to be over 150 mg/kg when administrated intravenously to rats, indicating

that the safety margin of this compound is at least 15-fold.

V. Application of the Research

We have found that KYS 50182, one of the active constituents
isolated from Opuntia ficus-indica, possesses potent free radical
scavenging effects and neuroprotective effects in ROS-induced neuronal
cell death models and transient focal cerebral ischemic rat models. The
extract containing that constituent also showed potent free radical
scavenging effects and neuroprotective effects in ROS-induced neuronal
cell death models.

In the future work, we will develop the extract of Opuntia ficus-indica
as a neuroprotective nutraceutical through the optimization,
standardization and efficacy validation of the plant extract followed by

general pharmacology and safety tests of the extract.
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A, in vitro AT Yol FARTE Aol wl$ A HEA HeAte] AEFE
Ed 9 HE&) PP e o]8sle HAEFES 53 ey e sy FREA
€9 a5 Ay 1 ok 7)Hd, &F, AL ‘;‘ AL 7 ATFE AAFHo=Z I
Hal Urts Zo] astrz old digh A Fx7b A4 aFHL e Ao
o 53 14 04%“61 HEGSY in vivo B AN AFE B Aol F50] Hoj
278 AFAEY ATt AP Qe AHo|BRZ o] Eofo ML ¢FFoE
o] &g §-8& HdAe FH APE T A" FFo] Hasi.

A HEFT NEAE ALyl Y3t ARLFeA gt A7t D H
Sz BTt AR HEF Ao e} 22 =04 HAAAS g F
23 A 5A7 gle Aotk v, 4, FEIS 2L HAAFgELS EE 7

= : o] M} F7t AR oz HEAY
] A

2, HEQ T AEE Y vUraygoed 2 AH&EHO $

€ FAFOET Wol AMEH Yk FRA 9] Fa A4
T F Sl &2 41[8-C-p-D-glucopyranosyl-7-hydroxy-5-methyl-2-(2-oxopropyl)-
4H-1-benzopyran-4-one]-2 I & & (chromone) FE=Aol &3l= 3}4EE HEPY Eg
Fast g4 P9k 2 GasiA e g EES A (Trolox) 9t fAMS 71224
= 23 vk EF, G Ay AF 2, AAG Ar &2, vy 53, A
o2 a8a 9
of thste] M3
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AAFAME oln] ¥ ARE HHEIRE HEAdd ojl2s dHe Hel 7]
s FE 29, 53] rato]y} gerbil&
A28l rodent modeld JlWsle 9 9 in vitro brain tissue slice &
neuronal/glial cell culture system& ©]-§3l= A7} &3] APH Yo} o)A
AEEd S EYE sl 1980@ thol| =, ischemiao] 93l thake] glutamate9} 2
T AFAGEZ FYH] 584 &S T3 HFY calciumo] HETUE
TS} excitotoxicityE doFjogr FFHo R HAAHNEE AlEAZIGE
glutamate cascade 7}Ao] A ¢tElojH Tl o] 7pAdo] HIES Fa A ZoAFo
glutamate F%= =73, glutamate &4 2o E3 ] NMDA <=8-A]¢] Zgeko|L}
magnesium®] A}-8 % adenosine =&AH AF oy 7S glutamate 8 A A 9}
methionine sulfoximine®} 72 glutamate 4] @,xﬂxﬂ T AMES AFEATAEY
ot of 7HE dE AAE WA HUh 2 Fol AT AFIHAL F AL
AME olE o8 7tA 7 H NMDA $&A 9] ZAget /e JFHOE =5 &
7120 A3 CGS 19755, MK-801, Dextrophan, Remacemide, Eliprodil, Magnesium
sulfate, CNS 1102 53 22 JFHEESL MUY o] FEEL AFFE 2
%40l focal ischemiao] <]3t ﬂ%}’z}% AT A2 Ve oZ A dRET FA)
DAY B Aot gREL AN HAE UAT B0l AFHA EOE
A FEERen E3]) CGS 197559]- Eliprodil2 A 3ox FAHAT. HrdA
global ischemiad] &J3F &AL OE FHY glutamate FEAd &H3e
AMPA /kainate 428 A 2] Aslekel NBQXOH sl ZAHE Aocw RuHE?
¥ amplification #Ao] Foste ZAgolLe MIWERY YL =] ¢Ystd
Nimodipine, Lifarizine, SNX111, Israd1p1neu} 2o Z+4+ channel blockers7t A% F
Aoy 1 a7t dAYSA JYElUR] giten, GM1 ganglioside(A34o X F3)
€ X338 protein kinase C JAA 59 A= $E3H L ATEHAO Y A3
ATEojop & REoz Follt}y. vhAY} expression VAE AP EFo=
Pharmacia & Upjohn Companydl| A= free radical scavenger2*] Tirilazad®} Z-2
21-aminosteroid lipid-peroxidation inhibitor 3}&g&EES 73] yrtz o, F
o= Na' channel x}¢+A|(Lubeluzole, Riluzole, Fosphenytoin), nitric oxide (NO
FHEL AAAL A8 FF 9 neurotrophic factor (Trofermin; Scios Nova)E %
HARR S a3t e Ziii TdEE ] o]ES 3838 FES NEeHe AT
7} #3s] AYPHI Y. olF FRFEEY JE H3o] ¥ 20 Qokx o] gth

==

¢
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3 2. Acute stroke trials of agents affecting excitotoxicity

Drug category Drug name Mechanism Trial status

Glutamate antagonists YM872 AMPA antagonists P il: ongoing
ZK-200775 (MPQX) P lla:abandoned
CGS 19755 (Selfotel) Competitive NMDA antagonists P Ili: no efficacy
Aptiganel (Cerestat) NMDA channel blockers P Iii: no efficacy
Dextrorphan P Il: abandoned
Dextromethorphan Abandoned
Magnesium P lll: ongoing
NPS 1506 P tb/lla: ongoing
Remacemide P illin CP bypass:

borderline efficacy

ACEA 1021 (licostinel) NMDA glycine-site antagonist P I: abandoned
GV 150526 Abandoned
Eliprodil NMDA polyamine-site antagonist P lll: abandoned

Voltage-gated calcium- Nimodipine Reduction of Ca?* influx P IIt: no efficacy

channel antagonist Flunarizine P Ill: no efficacy

Voltage-dependent BMS-204352 Reduction of Ca?* influx P Ill: ongoing

potassium-channel agonist

Sodium -channel antagonist Fosphenytoin Reduction of excitation & P llt: no efficacy

glutamate release
GABA agonist Clomethiazole Reduction of excitation & P lll: ongoing
glutamate release

Free-radical scavengers Tirilazad Reduction of free-radical-mediated P ill: no efficacy
Ebselen injury P lIi: borderline efficacy

Unknown Lubeluzole Reduction of glutamate release P Iz no efficacy

& neuronal excitability, or
reduction of NO-mediated injury

E3) 584 ¥&Ao] neurotoxic cascaded] o] AFEW TEFel cytotoxic T
o]lLe NO Fdase B43 2 Fge] NO AL 53] ROSRNS)E A7
t}.  ¥E3 mitochondriad] Qo] Z=7tE ZgolL- oxidative phosphorylations
uncouplingA|Z} 0. 24 o= EF9 o =2 ZHx % free radical 59 A F
7h2 . ol9} & free radicalSL DNA €49 o % lipid peroxidationd]]
s AEee &AAG. TSl ALH £ F o3 HE FH2l blood
ﬂow7} 3B 5o A reperfusiono] Yold W& FFHE 4FAV) free radicalE S &
3 12 4 drt. wabd FHZoll= o] free radical:
< A7) Yty AEAE HEFT NEE AT APE
Hol o1 Zo] AAFoA AP Ut

ol
o
Dad

(1) Daiichi Pharmaceutical ; Ebselen, Nefiracetam

Daiichi Pharm.o| A= &-4k3} &%0] 9= Ebselen®, A mode of action Z
adH" YAAE EA T, TRANSLONo] & brand name® £ cerebrovascular disorder
o] A-g38te] AlFE T ¢ NefiracetamS H&EAN B3 A2 /st Aok

_22_



oo o

Ebselen Nefiracetam

(2) Hoechst Marion Roussel ; cyclic nitrone type compounds

HEFe Redd 9 ABow 53 NPy A YA AL free
radical2 €&Hx &t} WA o] 23 radicalE < trapping g 4 9= compounds
g AR olgslele AT e AP, 1 F FIww Ye BI 5
stu7F PBN (phenyl-tert-butylnitrone)o]t}. &3] Hoechst Marion Roussel (HMR)
< o] PBNE} 783l radical trapping €2 2 cyclic nitrone type 2% 7|3}
At ol EZEL 53] radical-induced oxidative damage W& ZZF o] W3 A=
AHE 7HEsttta dE gt HMRO A & vitamin E § 53491 MDL-74180DAE 74t
st e, o] &L antioxidante] &3E Yehle FE3} lipophilicityE &
7MN71e FEo A3 RE AT Jom, rat ZAo A transient focal

_‘_?'_

infarct volumeg& Z+FAA)7|+d a37F b= BHart Yok

m (:[ [ ;[ N

_N* _N* N*

o o 2" o =N\
o

cyclic Nitrone

//\N/
N/

cerebral ischemia

HO.
0

MDL-74180DA

(3) SmithKline Beecham ; Carvedilol (SB-209995)

SmithKline Beecham A}l A= antioxidant activity & 53] iron-catalyzed lipid
peroxidation®l] 7} #8314 FHELE 4 YE CarvedilolE HEA X 2A|2 7Y
Fetn ot Bustg
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OH

(4) Russian Academy of Medical Sciences ; GVS-111

ZE A3o|AM restoring cognition/memoryol| &7} 3§13, neurodegenerative
diseases®] pathogenic mechanismso] thal dAT%H A=, GVS-111> neuronal
voltage-gated Ca>*# K’ channelsg blocka}1l, neurotoxicdt glutamate 5= A
ROSY =717} AR =Y o] YA A E neurons® survivalg E71A17]=d &3
7t Aokl B skt

@kaﬁmﬁorov

(5) Senju Pharmaceuticals
Senju Pharm.o| X & F&A¢] Vitamin C9 x-84<] Vitamin EE AT
%9 33§ Eo] freeradical scavengerZX* myocardial infarction, heart failure,

arrhythmia, cerebral infarction, stroke 59l H€2 & e HiE A

HO OH oKt
- o0
g i
o)
o)
HO

(6) Gedeon Richter ; RGH-5279

trans-Apovincaminic acid ester FEA Q) RGH-52797} anti-ischemic %
antiamnesic 29| o]4 7}s3ltty BHuE gl o] #§3E Y lipid peroxidation A
a3 enzymatic (NADPH-induced)®} nonenzymatic (Fe2+-induced) oA ICsg
value7} Z+zt 637 4.8uM=Z U} E}GE O 1, anti-ischemic activity:= cerebral ischemia
Zdo A EDsp7} 0.76 mg/kg (ip)2 2& ZdoXA idebenone®} vitiamin E< Z}
7} 45 mg/kg (ip.)¢ 17.80 mg/kg (ip)E Aoz $53 EHE vepdtz
B AT
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HCI

Q o
P

(7) Cerebrus ; 276705 , 276707

ortho-Hydroxypyridinone %A &2 iron-chelating®} antioxidant £/-8 e}
o] oxidative stress, 53] strokeol] # &3} neuroprotective agentZ 7}sAl o] ot
= B} Ho.

OH
NN OH HO N>\:§ro
CH3SO3H =
HO A O

276705 276707

(8) Mitsubishi Chemical ; Edaravone (MCI-186)

I 59 /HY¢E freeradical trapping EEEL W& lipophilicity$} w2 A 9
A MEHS AU Fary dEEy] FEAG. ¥ Mitsubishi chemical o) A
7143t Edaravone- lipophilicdt d4F3s}l 3}3+E 2 hydroxyl radical scavenging
activity & 7JA= Ao 2 By HJon, dx] I AE phase 1Mo At}

©\ 0

Zz—2Z

(10) = B¢

Tl M E, ME TEA o
EAte) 98] 2 EHE neurotoxicityE AAFte AAES Mt d77t 3
I ATt

g o) F}u} 3ol A& cerebral ischemia®] in vivo @ in vitro modeld ©]&3t
AMEANE S AERE 71 55 AHEste 77 FREHT doen, dx3staTd
o 4 &4+stA K channel activator ¥ NMDA glycine site antagonistZ §+4] 3}
Yeg A aAz AgseE 7k A .
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513 KISTo| A% focal cerebral ischemia®] <423 WA modelS 71E &4
stol w7 BASY 0P AA U Folo] 9@ HAARE B5E AMSE AF

AT}
AZEe dZAAFE 9|4 Alzheimerd s} H7l&H e MEEo] AT
gE Byt 98 oF, ¥ dF vreS njsfshe dEHA AERl mto]laRF o}
A Eeo] 843} (activated microglia)E AISE BAY @A77 47 tidtellA

AEHT gk
=g Admsta seldosl e T A4BFY FEYZRE AARIE
37} Qe AelorEe Adstels ATt AWHD Yok
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H 3% edpsuss g o 25

A 18 L= (Aloe)o] W3 AF

L g2o] fEQR] ¥eiy

7} 35HE 139 £

£ Agdl AH8-E Aloind 200013 122 18 Nacalai Tesque Inc. (Japan)ol| A #ofj 3}+=
AlekS FYste] AP o] &3 4G . Aloin 23.6 g2 Sephadex LH-20(MeOH)2- ©] £-3}
2y azuEaggE At 5709 & 8 (Aloin A~E) 22 Rtk & £ 3
Aloin C (204 g)E silica gel 2 o]-83F 23] I 2rlEIHIAE AAlA 8719 & £
(Aloin CA~CH)2.2 Y73t} o|&3F & uj= ethyl acetate/methanol/water(10:1:0.2
— 33)E AHSstl e, ntA R HegEg ZYE Ao FUH & £8 Aloin CD
(9.98 g)& HlEhe-S Suj2 A BAL AAste] 8FE 1(KYS 50164, 71.3 ng)S ATk
o] B2 silica gel S o] &3+ ZH I 2rlE 2 0 & A A5l 971 9] A £ 3 (Aloin CDA ~
CDl o 2 Y+t o] &3 &uj= CHCls/MeOH (10:1 —»1:1)E A3} H 0.1, npx) 2t
< Heggz ZHEE Ao FA u HA A& E3F(Aloin CDD)2 Sephadex

-

A=}
s
=]
s

o

= 1 =2
LH-20MeOH)& o83 #¢ A=vt=a#d s A8t 332 2(KYS 50116, 1.0 )5
2] 3513, 2 3 8 (Aloin CDD4) & silica gel & ©|- 88 2¢ A2vt=12) 98 A3
o] 3}3HE 3(KYS 50162, 90.9 mg) S & 34t}
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Aloin 23.6 g I

Sephadex LH-20 (MeOH)

| I | |

Aloin-A B(247g) C(204¢g) D(0.13g) E (0.06 g)

(0.27 g) -
Silica gel cc.
(EtOAc:MeOH:H,0=10:1:0.2 —=3:3:1)
| | ! | l l | |
Aloin-CA CB CcC CDh CE CF CG CH

(03g) (0362 (1.06g)(5.98¢g) (l.16g) (1.07g) (1.60g) (2.71g)
| crystalization (MeOH)
[ 1

[ Comp. 1(KYS50164,71.3 mg)] filtrate
Silica gel cc. (CHCI;:MeOH=10:1"> 1:1)

Aloin-CDA Aloin-CDD Aloin-CDF Aloin-CDI
(43.3 mg) (5.62 g) (296.4 mg) (3.69 g)

Comp. 2 (KYS50116,1.0 )]  Aloin-CDD2 =ermmemmsemoeemoo = Aloin-CDD4
Silica gel cc.
(CHC1;:MeOH=7:3)

Comp. 3
(KYS50162,90.0 m g)

L}, 3132 49} 59 &7
2 E3)(Aloin-CDAB) 94.6 mg& Sephadex LH-20MeOH)& ©]-8-3 24 A 2nE
aRFE AAse] 5709 #3 (Aloin-CDAB1~5)o & yrled, 3 WA &2
(Aloin-CDAB1) 116.8 mg2 silica gel & o]-&3 28 A2l E 1 HE A5t EE
4(KYS 50186, 50.2 mg) & &2l 33t} oju) A} &ujj= CHCl;/MeOH (9/1)9] E3-&
g AMLdzE ALsgc. & EZ(Aloin-CDF) 2964 mgs  Sephadex
LH-20(MeOH)& ¢] 43 Z-8 a3 2nlE 181 & 2A]5le] 57) 9] £ 3 (Aloin-CDFA ~E)
o2 J¥yon, & 23 (Aloin-CDFB) 882 mge LiChroprep RP-18-2 ©]-8-3 &4 7
Y ZzntEadAE ATk AHSE &ulE 40% methanol& AME-SH =
5(KYS 50185, 49.2 mg) & #-=} 3t AT}

“

Aloin-CDAB (94.6 mg) Aloin-CDF (296.4 mg)

Sephadex LH-20 (MeOH) Sephadex LH-20 (MeOH)
Aloin-CDABI ==~ » Aloin-CDAB5 |~ ~DEA  Aloin-CDFB  ---» Aloin-CDFE
(116.8 mg) (6.4 mg) (93.3 mg) (88.2 mg) (11.5mg)
Silica gel cc.(CHCl;:MeOH=9:1) I LiChroprep RP-18 cc (40%MeOH)

Comp. 4 Comp. 5
(KYS50186, 50.2 mg) (KYS50185, 49.2 mg)
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2. Ao A §xr Aol A

7} 3FHE 6(KYS 50161, 10R,S-8-C-Glucosylaloesol) ¢] 34
25 mg(0.063 mmoles)2] aloesin(KYS50116)2 5 m{e] W EH-So £3)3l3 47 mg(1.24
mmoles)2] NaBH,E 7}35to] AL2o]x 3A)72F b2 X 7]t} o] ®EE £o4S 3N HCI
€HOZ pH 328 acidifydt & HeLz AYAHESL F230 3 2 s g
BE FH HFe& AAE silica geld o] 83 ZY ELEU}EZEHYJJ%
(CHClg/MeOH 6:4)5He] 31T E 6(KYS 50161, 23.2 mg) S 93% &} &2 A& 4 YA
H-NMR (300 MHz, CD;OD): 8 6.59 (1H, s, H-6), 5.98 (1H, s, H-3), 4.85 (1H, br,
H-1"), 48-3.35 (6H, m, H-2/, 3, 4, 5, ¢), 2.64 (1H, d, J=6.52 Hz, H-9),
260 (3H, s, 5-Me), 1.17 (3H, d, J=6.04 Hz, 11-Me).

. 338 7(KYS 50163, 8-C-Glucosyl-7-O-methylaloesin) ] 34
93.5 mg(0.237 mmoles)2] aloesin(KYS 50116)2 10 ml2] wgt&o] £3)5t CHN,

ether €d-8 A3 718l] 308 ZoF ukex)7Ith ¥kE & 233 ZAFE  silica

gelS 0|83 A I 2rtE a8 5 E A (CHCl/MeOH=5:1)3} 335 7(KYS 50163,

56.8 mg)< UL 5 Yt

'H-NMR (300 MHz, CD;OD): & 6.82 (1H, s, H-6), 6.05 (1H, s, H-3), 4.87 (1H, d,
overlapped with water peak, H-1), 4.8-3.35 (8H, m, H-2, 3, 4, &, ¢, 9),
3.83 (3H, s, OMe), 2.65 (3H, s, 5-Me), 2.18 (3H, s, 11-Me).

o}t 81 3HE 8(KYS 50187, aloeresin A)2) g4
87.3 mg(0.221 mmoles)2] aloesin(KYS50116)2 14 mé2] THF] £33t 0Tl A

54.5 mg(0.332 mmoles)2] 4-coumaric acidE 7}3+ &, 92.2 mg(0.443 mmoles)e] DCC

9} 145 mg(0.11 mmoles)e] DMAPE 7}35le] w3271t} o] Hbg fo12 35U F

o Aeold WMeA F, 2EEAL WESn AL $EF 0L, silica gelE o]

&3 zZd ziu}izam%_— A A)(CHCls/ MeOH=6:1)35}o] 3}3}% 8(KYS 50187, 27.9 mg)

R S A=

'"H-NMR (300 MHz, CDsOD): & 729 (1H, d, J=162 Hz, H-3"), 724 (2H, d,
J=8.41 Hz, H-5", 9”), 6.64 (2H, d, J=849 Hz, H-6", 8"), 646 (1H, s,
H-6), 6.08 (1H, s, H-3), 698 (1H, d, J=159 Hz, H-2"), 545 (1H, dd,
J=9.81, 9.58 Hz, H-2), 5.04 (1H, d, J=10.1 Hz, H-1"), 3.82 (1H, dd, J=12.1,
1.9 Hz, H-6"), 3.63 BH, m, H-3', ¢, 9), 3.39 2H, m, H-4, 5), 2.53 (3H, s,
12-Me), 2.24 (3H, s, 11-Me).

2}. 3}3HE 9(KYS 50205, aloeresin F)<] 34
45.0 mg(0.114 mmoles)®] aloesin(KYS 50116)% 5 mfe] THFe] £3istx 291 ng
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(0.197 mmoles)®] cinnamic acidE 7}3+ 3, 54.1 mg(0.263 mmoles)e] DCCe} 8.01
mg(0.0657 mmoles)e] DMAPE 7}&te] 2Lox wrg-A)Z)h o] ¥hg §d2 3¢
S WhgA]Z] F, ethyl acetate® 23] 223 & 23 L, Na,SO2 23
05, F5% ZAE silica gele o]€F ZY Z2ulEIdaE A4
(CHCls/MeOH=10:1)3}>] 3} 9(KYS 50205, 21.5 mg)9} 19.5 mge] aloesin(KYS
50116)¢ 2L 4 A%k
'H-NMR (300 MHz, CD:OD): & 7.29 (1H, d, J=15.72 Hz, H-3"), 723 (5H, m,
H-ph), 646 (1H, s, H-), 619 (1H, d, J=16.02 Hz, H2"), 619 (1H, s,
H-3), 555 (1H, dd, J=9.62, 9.56 Hz, H-2'), 5.04 (1H, d, J=10.1 Hz, H-1'),
3.82 (1H, dd, J=12.1, 1.8 Hz, H-¢"), 3.63 (3H, m, H-3, 6, 9), 3.41 (2H, m,
H-4, 5), 252 (3H, s, 12-Me), 2.23 (31, s, 11-Me).

vl 8} 3HE 10(KYS 50206, 4 “ -methoxyaloeresin F)] g4

45.0 mg(0.114 mmoles)9] aloesin(KYS 50116)% 5 mfe] THF] &35l 34.97 mg
(0.196 mmoles)e] 4-methoxycinnamic acid® 7}3F &, 539 mg(0.262 mmoles)<]
DCCS} 8.01 mg(0.0657 mmoles)] DMAPE 7}ate] Ago)A a-gAZIT} o HH-L

YL 3d FE H3A F, ethyl acetate FE3| FF
=

Al(CHxCL/MeOH=10:1)3}o} 33& 10(KYS 50206, 18.9 mg)=}

50116)S 4& & At

'H-NMR (300 MHz, CD:OD): & 7.32 (2H, d, J=7.97 Hz, H-5", 97), 729 (1H, d,
J=162 Hz, H-3"), 6.77 (2H, d, [=8.61 Hz, H-6 ", 8 "), 659 (1H, s, H-6),
6.10 (1H, s, H-3), 6.04 (1H, d, J=16.0 Hz, H-2"), 554 (1H, t, [=9.60 Hz,
H-2'), 5.04 (1H, d, J=10.2 Hz, H-1"), 3.82 (1H, dd, J=12.1, 1.62 Hz, H-¢'),
3.69 (3H, s, OMe), 3.60 (3H, m, H-3, ¢, 9), 340 (2H, m, H-4, 5), 253
(BH, s, 12-Me), 2.24 (3H, s, 11-Me).

3. g=ol FEAEY TEAY

7b 38E 1KYS 50164)9] FREA

FFE 12 vehe SholA 2oz Ygech 'HNMROA § 7.709] A triplet(j=8.0
Hz) peak(H-6)9} § 7.25(H-7) 9} 7.06(H-5)%] A 2] doublet peak& 5}1}] aromatic ringol]
Al 71918+ peakEolH, § 7.26(H-4)3} 7.10(H-2)o| 4] 9] broaddt singlet peaks & t} &
aromatic ringoll A 713k LS & 5 ATk § 4899 2/ FaoA A%
benzyl proton®| &) 9} § 3.81-3.149]| 4] 2] B33k peakE sugare] EAE o4& 5 AN
o}, 'H-'H COSY 2 B8] 6 4.780] A ] 108 =4 3.630) 4} o] peaks} cross peak7} L}E}F
1+ anomeric proton®l & & < 9Sit}. webA) 338 18 E@3}e] v 25} aloin
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A(isobarbaloin) & %7 3} g o}V

"H-NMR (300 MHz, CD;OD): 6§ 7.70 (1H, t, J=8.0 Hz, H-6), 7.26 (1H, s, H-4), 7.25
(1H, d, overlapped with H-4, H-7), 710 (1H, s, H-2), 7.06 (1H, d, J=8.3 Hz,
H-5), 4.89 (2H, d, J=1.08 Hz, CH,OH), 4.78 (1H, d, J=1.57 Hz, H-10), 3.79
(1H, dd, J=11.6, 1.28 Hz, H-6'), 3.65-3.14 (6H, m, H-1’, 2/, 3, 4, &, 6').

. 33HE 2(KYS 50116)9] F2EA
313HE 25 FA 9] amorphous powder& TLC plateol| A} 32k @kl x] =gkl o g2 b
A=), 'H-NMRO A § 6.58(H-6)°l X ¢] singlet®} 6.05(H-3) ]/HS’»] eak aloesin]
chromone moietyol 4] 7|23l peakdS & & glon, 4859 4 2] doublet
peak(J=9.8 Hz)= glucose2] anomeric protonoj A 7]¢135} B-form‘” S &4 YA b
3.91-3.3201| A 9] multiplet peaks 23 o] X33} )= 9H 2] methylene peakS E &3}
o sugar®] U 2] a0 A 713 peakr} VER L Q1T § 25990 4 ¢ singlet peak
= 370 9] 49 d Gl peakE aromaticel] x| &5t 9l 7] W) Fol] down-field shifta}
I e, 219949 @ FAE 119 9] methyl peakol] A 71213 AU S & 5 AATH
ut2hr 3498 2% aloesin© 2 EA 54
'H-NMR (300 MHz, CD;OD): 6 6.58 (1H, s, H-6), 6.06 (1H, s, H-3), 485 (1H, d,
J=9.8 Hz, H-1'), 48-335 (8H, m, H-2, 3, 4, 5, 6, 9), 259 (3H, s,
5-Me), 219 (3H, s, 11-Me).

3(KYS 50162)e] Fz5-A

3—3—1 H-NMRe| A 813+% 29} fAHHA ehda 9lou, §3.8500 4 371 9]
o A 7121 methoxy peak”} 912.™, § 4.199] A 9] quertet2 aloesino]] 4] 2] carbonyl
group©| reduction®©] methine protono] AAFo] § 117949 peak(H-11)}
coupling g 3}7}F Wf £ 918 & 4= A dth uheba] § 2.649) 4 2] doublet: 9 o] A 7] 218
Z12.2 aloesin®] 9 449} Bl W& uf up-field 2 o] 53 AL & S AAT}. WA 3}
& 32 8-C-glucosyl-7-O-methyl-(10S)-aloesol 2 53 s o?

'H-NMR (300 MHz, CD:OD): & 6.83 (1H, s, H-6), 6.01 (1H, s, H-3), 489 (1H, d,
]=9.95 Hz, H-I'), 419 (1H, q, H-10), 415 (14, t H-3), 385 (H, s,
OMe), 3.77 (1H, dd, J=12.08, 2.09 Hz, H-6¢'), 3.57 (1H, dd, J=12.0, 5.72
Hz, H-6), 340-324 3H, m, H-2, 4, 5), 271 (3H, s, 5-Me), 2.64 (2H, d,
J=6.58 Hz, H-9), 1.17 (3H, d, J=6.23 Hz, 11-Me).

tt. 3
3=

2}, 318 4(KYS 50186)9] FREA

335 4= '"H-NMRo| A 3132 331 =0 peak7} Y EFU I ¢ 0.1} aromatic % & o] A
trans vinyl groupol] X 71138} peak$} phenyl ringoll A 71213} peak7} Y eI AE A
S EUTE F, 6 7.249} 6.050 A 2] doublet peak (J=16.0 Hz)= trans vinyl groupo] 1€}
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phenyl ringd)] trans vinyle] 91+ cinnamic acid7} X832 Y& & = AR 8 5.56
ol 4¢] triplet peak(=9.9 Hz)E sugar®] 2¥oX 712138 peakZ #HFE 3014
cinnamoyl groupo] 2 o] X]3l5| o} down-field shift® A 4-& &
anomeric proton®] 10.1 Hz2 Yeh} 9 A] glucos7} B-formA & ¢
2] singlet peaks= methoxy peaks, § 2.500] A4 1211 &] methyl peak”7} e & &
A} x3 § 1.1201 4 2] doublet peakt 10 2] methine peak$} couplingg 3
<& &gka1, § 2.6390 A ] multipet peak ¢ A] 101 ¢] methine peak$} couplingS 3-8 &

rob. @b 3HEHE 4% 8-C-glucosyl-7-O-methyl-(105)-aloesolof]  cinnamic acid”} 3]

2 e Q aloeresin EZ EA3}gon, 10019 absolute configuration& opitical

rotation® F#| ¢&t (5)91S &sih?

[]*p -131.3° (¢ 0.0367, MeOH)

'H-.NMR (300 MHz, CD:OD): § 7.24 (1H, d, J=16.0 Hz, H-3 "), 7.23 (2H, m, H-ph),
7.13 (3H, m, H-ph), 6.67 (1H, s, H-6), 605 (1H, d, J=16.0 Hz, H-2"), 5.94
(1H, s, H-3), 556 (1, J=9.9 Hz, H-2), 502 (1H, d, J=101 Hz, H-1'), 418
(1H, q, H-10), 378 (5H, m, H-3, 4, 5, 6), 3.67 (3H, s, OMe), 2.63 (2H,
m, H-9), 250 (3H, s, 12-Me), 1.12 (BH, d, J=6.17 Hz, 11-Me).

BC-NMR (75 MHz, CD;OD): § 182.6 (C4), 168.0 (C-1”), 167.9 (C-2), 162.3 (C-7),
160.0 (C-8a), 1468 (C-3 ), 145.0 (C-5), 135.9 (C-47), 1320 (C-7 "), 130.4
(C57,97), 1299 (C6”, 8”), 1187 (C2"), 1176 (C-4a), 113.0 (C-6),
1126 (C3), 1122 (C-8), 832 (C-5), 782 (C-3), 746 (C-2), 73.0 (C-4),
725 (C-1'), 67.2 (C-10), 63.4 (C-6), 57.5 (OMe), 45.0 (C-9), 241 (C-11),
24.0 (C-12).

X2

)

o}, 83HE 5(KYS 50185)9) FREA
812 5= 'H-NMRO A § 7.249} 5910 A trans vinyl peak (J=15.8 Hz)ol A 7]
3l peak’} UEhuba, § 7187 6.6200A41 zZbzb 2709 FAolA 71Ad peakrt
doublet peak(j=8.8 Hz)Z 1}ehi} aromatic ringo] ortho couplingS 84 para X%
& Lok} § 552004 9] triplet peak(J=9.7 Hz)e sugar?] 2¥1o|A] 711§ peak=
o] 3}§ & X2¥ coumaroyl groupo| sugar?] 2%l XFEHASTS & F AU
t}. 8 5.040)42] doublet peakt anomeric proton® 2 coupling constant’} 10.0
Hz& p-formydS A4 4 AAch § 3.740) 4 9] singlet peak= methoxy groupei
Al 719135+ peakZ aloesin®] 79 $X]7} methylationehlsrjtd & &okth. whehr o]
3gEL EH3 vjwdle] 7-O-methylaloeresin A (7-O-methyl-2'-O-coumaroylaloesin)
2 5333
"H-NMR (300 MHz, CD;OD): & 7.23 (1H, d, J=16.7 Hz, H-3 "), 7.18 (2H, d, J=8.8
Hz, H5”, 9”), 666 (1H, s, H-6), 662 (H, d, J=8.6 Hz, H-6", 8"),
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6.11 (1H, s, H-3), 591 (1H, d, J=15.8 Hz, H-2"), 552 (1H, t, J=9.7 Hz,
H-2'), 5.04 (1H, d, J=10.0 Hz, H-1"), 382 (3H, m, H-9, ¢), 3.74 (3H, s,
OMe), 3.66-3.32 (4H, m, H-3', 4, 5, ¢), 259 (3H, s, 12-Me), 223 (3H, s,
11-Me).
®C-NMR (75 MHz, CD;OD): 5 205.0 (C-10), 1824 (C-4), 168.4 (C-1"), 1634 (C-2),
162.5 (C-7), 161.7 (C-7 "), 160.0 (C-8a), 147.0 (C-3”), 145.1 (C-5), 1315
(C57,97), 1274 (C4 "), 1171 (C-6”7, 8"), 1144 (C-2"), 113.9 (C-3),
1132 (C-6), 1124 (C-8), 83.2 (C-5), 782 (C-3), 743 (C-2), 729 (C1),
72.5 (C4'), 63.7 (C-6'), 57.5 (OMe), 303 (C-11), 24.1 (C-12).

4. G2 FAAE D 2 FrAe FAAAM

(1) 1,1-Diphenyl-2- picrylhydrazyl(DPPH) free radical &A%

AAEZRE E2l® FEEOIY GAHEEY free radical AAZH}E =8}
7] $15ted kY A9 free radicalz A DPPHE o] £3t9 A3t DMSO m&=
gol2 o =9l oy 59 AFEAT 300 pM DPPH ethanolic 8942 96-well
microtiter plateol|] 7}l 37C incubatoro| 4] 30 E7F vH8-A1Z1 & 515 nmolA &
BFEE 233tk NPT free radical 278 DMSO E& Zo]243 A
& iz N HgRA Ao ol e AN Azsgoh?
IGo#t2 DPPH &3 o 934 AlME = free radical?] FEE 50% A sH=H
LTEE ANEEY FEE Grapad Prizm®E o] &3t AAkst gt

RS

o

Inhibition (%)=[(Absyzz-Absxg¢ )/ Absyzz] x 100

(2) Xanthine/xanthine oxidase(X/XO) &4 <A &

XO<x xanthineS AFS}A|A HF AHEZ A uric acid®} superoxideE A A5}
295 nmol|A] A EE uric acide] FILE S EI X0 FATE =R
McCord ¢} o] whe} XO &4 A8 A8stach™ 10 ule] DMSO E&

T EA steA 100 pMe] X £-H(in sodium phosphate buffer, pH 7.8) 980 u
0.04 U9 XO 10 piE g2oA 587 w8A171 & AAHE uric acide] FFEE
295 nmo|A FA3te] g FOR 313, X} XO Hksof o] Fxo AFER
= 7F ¥ 295 nmojjAe] FFE S AEFY oz st AEFY XOEA
AA YL tjxFo i AFEAY vE2A AEIdeH ICoiS XO enzyme
2GS 50% AAsted 2o AEERY FEE eI



(3) Iron-dependent lipid peroxidation(LPO) A&

Iron-dependent LPO A &ZHE &A3}7] ¢3te] Sprague-Dawley(SD) rats
3] A sle] whole braing %23 ¥ 20 mM Tris buffer(pH 7.4)E rat braino] 7}s}
of AL B3t 4CE Y349 AR 743000 x g o £=2 1083 d4dE
213l & 4= a2 do] LPO 4 ol A28}l t}. Brain homogenate(195 ul), 100 uM Fe™?,
400 UM ascorbic acid, DMSO & go| 250 %< o8 vx o AIFELS 71t F
Z volumeg 200 pl& 3t 37T A 30 #7F w-8-A1Z . LPOT polyunsaturated
fatty acids25E] YA HE F2 2E<Ql malonaldehyde F=5 SHFO2ZH ALt
#th'” Malondaldehyde =42 $siA HFSEo WAoo zx 103 mM
N-methyl-2-phenylindoleS 7}3}1L 150 plE 7}ste 2AFAZA S|4 45T

=)

= PN
= O B
oA 60RZE WgAIZ] F AT WA FHEES 586 nmolH S

=

(4) Lipopolysaccharide/interferon-v(LPS/IFN-v)oll 23] f¢® NO A A=
Preincubation® Raw 264. 7 cell$ o2 %2 AFEZ EA 3follA 2 ug/mi
LPS¢ 10 U/mlE X33 wjA oA 24A17F vk ¥ culture mediumOo 2
release® nitrite(NO,)E Griess reaction W& o] &3ted ZA3kAth” 24431 wj
% ¥ 300 w0 wiAe}F 500 uee] Griess reagent(1% sulfanilamide, 0.1%
napthylethylenediamine dihydrodhloride, 2.5% Hi:PO,)E E&3sli 20 10&
ZF vkeA17l & 3 AlE NO; 9] F33 %2 UV/VIS spectrophotometer(V-550, Jasco
Co., Japan)& ©]§3}e] 540 nmojA FH3Ach SAHE FFE=2HE NOo A
Z#2 93] 7R EE9 sodium nitriteE AF2-3}e] standard curveE ZHA3ta]l NOo

&
AA F=E AFEAT

(5) nNOS enzyme &4 =7

nNOS enzyme?] specific activity's ["H]L-arginine© £ %€ nNOS enzyme]
98A MAEE [PH]Lcitrulline?] HE=2xE =A==k Murine neuronal
recombinant enzyme(nNOS)= Cayman, Chem.(MI, USA)Z%¥ Fwujdte] A-&3}
Fom 50 mM HEPES, pH 74, 04 M [SH]L-arginine, 2 mM NADPH, 10 pg/ml
calmodulin, 3 pM TBH;, 3 uM FAD, 3 uM FMN, 1 mM CaCl, 0.1 unit NOS<}
o8 FE9 AYEAL(final volume, 200 xl) 7}8}iL 37ColA 60E Ft whgA
Zth 1.2 ml ice-cold stop buffer(> mM HEPES, pH 5.5, 20 mM sodium acetate,
2 mM EDTA, 2 mM EGTA)E Yo HF$S HXAAIF]a ¥HE mixtureE Dowex
50W-X8 resin, Na" formol loading A]Zt}. Ion exchange chromatography ] o
&l wrg-atA e [HlL-arginine®] NH,"& Dowex?] O'gt HH714Q Ao
2 columno] Fo} A = nNOS enzymed] 3 MA4® [H]L-citrulline
columnol| A elution¥| 22 DowexE F 33+ elutantE liquid scintillation counter
2 A3l nNOS activityE A A+s H ot
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(6) Rat = 3jd WAL Axju]F

Rat ef7te] the 23 e 2% AAHMEY e 2 59 el we Fos
Ack” 2, 16 WA 189 © SD rat Bj7le} )@ HEL BeF ¥ ando]
g ol43tel Mg AASGT. oJ2RE de 2HE B mM EEY, 5% $

Bo} @3, 5% T ¥, 2 mM L-Z WS 83w X (MEM, Gibco BRL) of] A
¢S HEZ A9 IAVE 2 gagE fug o)fste vdAER B
stk #2d MEE poly-L-lysined} zlojdo s I E 24 well A|Eujek &)
ol %‘” 4 W= 5x10° X Yx 2 0|45t 37C vl 7)ol A 95% Oa/5% CO»
S FASEA v AT FF 23] wde] JdRE mBsPoH, oy F 7
W= 9¥o 10 uM cytosine arabinosideE 24 LHX] 2A17F FeF A st A7 /‘]
o] ME AZS AAANAHD. HIUYAETE o4 F 10 WA 14d Fo| AF
AHE-31 9 o}

él-

(7) Ar3HA 2EH 2] o3 HABME &4 BE

WjeFe ¥ NANEE HEPES-2A® @ £(HCSS)o.2 33 A 3
ZAE05 mM) 2 2= %A]u}xﬂ(lo mU/m)E FHdte= 78l =] (serum-free
MEM; 25 mM 259, 2 mM SFES FH7IsE MEM)E 1087 X5t 5
SAbol = Fole HryZe] 9% xﬂz%@—% FEstgnh. ol thA] HCSSZ A3
Sl 83 MEMO® okl e w3lsle] 37°C ) 0}:7] A 95% O2/5% COE
AshE A 20 WA 244 7F Fek wiokatdTh AakslAo] o ABAE &R
< WFAEE AHT F 100 M A4S Fiste HCSSZ 583 e
O TRl A8t 834 MEMo 2 wigdS w33}

=
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6 NMDA T& 4804 A7 4% AASAAEE 9% rat sivpsh hx =g 4

AAES] QA
Rat®] ¥ %7 Z sfjup(hippocampus)¢t 3] &AR 9= Y4lgkA 1799 SD rat HY
Ao 2Ry v A AEHQG A2 svieh ABL 2Azte] HEER
o

H RS ygoz ZdA B3 T, EH4ES AR 4 Axw
poly-L-lysineo] ZE R 96 4 ZFdolE2 7z 43 svlAE = 25x10* AlXE, B FA
o}

ZE 5x10* AE7} HEE 2z Zrpstgd. 7 de] B27 B39k (Life
technologies) 2%, EFEHOlE 25 M, E-rE]—‘ﬂ 05 mMo] Eg = F=njo](Life

=
technologies) M9} 200 W& W7He F 37T WA 72N F 3
olEst el® EgdgAo WG % nee F AL Wt AZSA

A9e 7 WA 109 Fo) AAssict

(9) NMDA= A& AA=A g FXNAMNE &

200 yMe] NMDA(Sigma)E siwte] wjd AR I 24 T st =
S fEEaTt AIYERL FojW Fx2 NMDASH Zo] AHeg & A
AstA Fi AFE 7RAZ) Wu REFEES sttt NMDA AE| § 2443
Sl LDH %23% ) E(Boehringer Mannheim)& A}-&3to] wjgdoz H9

H

(10) AEAA AAZR A3 1_73 Aol tE HAd MEEY BS

Hj kst =2 d AFMEE DMEM Hj o B2 Z FFAE 2% HIHE H
FA-S AHE-Ste] W ksl B-27—% A A DMEMwo 2 w3hsle] JUPHEFoZ
AT AFArEE FEstah 244 Fol AL A3 F
=78 7) E (Boehringer Mannheim)2 Z73}a] A|FAIE AZE &

(11) %= ¥ (middle cerebral artery occlusion, MCAO)ol| &g+ AA|A =
© 973 T4 FHEY H &4 WA 249 AF

AZF 250~300 go] ¥4 Sprague-Dawley rat(thsHd &
AT e AF g 70% NO9}F 30% 0.5 &
isoflurane(%ﬂxﬂ E Ol}) 3‘—011:]-_,,] o}O]]}ﬂ BHe m=ol R A

)20) % dxEta Ee;um sl Be) A3dS et

= T4 %
a9, 283 YRFHE 2A=HA —E-a]é}gic}_ 17‘151:14_,,}, 9]
Hdozxreyg WASY HE 17 me Z2BE
HHE 9% ZFFoN FUHENY JARE AHsH
2 %4 (Nitcho Kogyo Co., Ltd., Japan)e] 3% £& g 9

offl
12

)
S o o £

];:( . o
e =z
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o2t rir & flo
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of 1 FEE At 17 mE A2 F A g F(Bayer Dental, Xantopren)S 7 3}H4)

(Optosil-Xantopren Activator, Bayer Dental)¢} & £33t 7o & &2 & BB ¢
7UA 9 m AEE WolM HAFaH FAE 03 WA 04 mvt HES A =
HE A Al F oF 25 WA 30270 Fed WA AT AdEE ZH3)
T4e Yl 9MTe 37 TINHT AATH ZAEE F2 FFA
Aol meE 43 EJAS W HAF AF 2Fo] dojue Aok mYgE Y= &
& W Ee ALHOR dF07 Folte FAo] dojue AE #Fste Hr)
T 1208 T YAHLE FUHHEHE HAT £ oA isoflurane FIwhA
st A B HE Ast 73 TaH £S5 O 10 m A= vrez oy
S E2H olF MBFAA LAH T4 ¥ HE WA ZdF AEIAY e ZRE
T 1 WHEFe 974 T4 ¥ 38 UM 2d BEEE ARSI 2 F, o
Al FER-AE SRSt oF 19 ¥ ABTH FAEE FFs JHBAAN HE:S
Hz2A ol et A 8tE dARE AdstATh

(12) %2 H¥4 ¥ £4 94 DAy 2AH Yy 5}
Sl d BT Ta H Y wxRdoA P s i
‘?5]—04 TTC(2,3,5-triphenyltetrazolium chloride) &A1&
F o 190 AT ¥ BFU AN A7)
%S}S&E}. ¥ F3(ASI Instruments, Warren, MI, USA)& ©]
H 1 mse A-FEH 2 m FA d&Hez Zeid o ¥
HHE A7) 09% HPHEFE AxH 2% TIC £95 7sta 37ToA 60%3t
Mogstel  g@asielt. TICz @a® ¥ FWg 10% QiAF xaw
(phosphate-buffered formalin) g o 2 31A]7] o

J:L
)
)
Lo
g
-

HES NS olgao] BHANA ASAHG, olzrel AT Adoz @M
| A & Aol dojd tiHud & HxA A9y Al ()L FFEE &
ZE 9] o}(Optimas, Edmonds, WA, USA)E Al&3la ZA3stPoen, A2 &3 (ur)
< HEEY A WA A HE FAE FHoEXN AMSAG. o, F
A4 gAe gund 9 A2 A A9 A4 $49 PAZA dehRg
o 3, §F ARE Hstr] Aste R AA &£A3 S AN, 4 A
"ol o] wA F AN WAL Y WS (FS) oy W] F WHOIRE
Y E2($3) U wpol dolNe WAZAY WAL MEoLA AVIYL, 2
A F AN 4L A F AN WA RE Adriet 2 WHog Aitstdd
T3 o] fiE i whgre] RF&L d|Ad oty AEHAG

35 8(%) =428 <100

A F D5 ARSAA Aol H2R o w7 27 (m)

B: & #= HAUEANA FF dH 979 &4 ()



Preparation of Focal Cerebral Ischemic Rat Models

ek

cca

Neurological Deficit
- Left hemiparesis
- Leftward circling

2% 1. 1: Silicone rubber cylinder inserted from right internal carotid artery
obstructs blood flow to middle cerebral artery (MCA, arrow). 2: Cylinder is
made of 4-0 nylon surgical thread coated with silicone mixed with hardener on
distal end and heated at proximal end. Millimeter scale; each increment
represents 1 mm. 3: Schematic representation of position of silicone rubber
cylinder during occlusion of right middle cerebral artery (A) and after
recirculation (B). ACA, anterior cerebral artery; PCA, posterior cerebral artery;
ICA, internal carotid artery; ECA, external carotid artery; CCA, common carotid
artery; SCA, superior cerebellar artery.
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E, d¥gd 9@ dxA JojA TTC FM9] intensity= 9] image
processing softwareE Al8-3le] ZHE optical density2A] Ve o] R 3 A
£Rslel £A4HEE UEE injury indexs T3} o] A4HE o] F o

Injury index=1-(optical density on the injury side/optical density on the control side)

(13) =4 EA ¥ &4 A Bdoxe] ARYFTHA 2L Hrt

T4 S84 ¥ & WX ABAFEE ZE JEE Relton 59 41733
5823 A (neurological score) =AW wat 31719} Zo] =FsPt® FA A
o=, HAE %—l,—(forehmb flexion, WA m S Fi FFd LA3] =

=
=

(o3 ]
AA
FH= AZF ), AF FF 7|ZH(duration of forelimb flexion, 10Zx7}x] 2] =3 7]
& ek A% % lﬂ) R FHGY AEAe mE B L FFA E
Az shavroz A g w £4de BA)E AAFELZ stef 2t g
uhet obef FE 3o JEbH vl e HFE RS
¥ 3 ARPENH A5 53
) 2=
Axpere s
0 1 2 3 4
NNESEED
5 Axo) | A5 A=A, oy
A% 2% | gAYl | AwE | T Jen i
;ﬂa 2 _%_ 02101 A ﬂ = B =
R=Naa = o) ‘%‘7—9,%1
AZ 23 7|7 8-10% 6-8% 4-6% 2-4% 0-2%
=z HZEz o
#% A% ’*: 1‘?’] & REo) | WEe W
AZlolo
£A49 By | $ZYo] :;J czug 9| gyFes i
Asge | O 1 we Ae
" WY A

(14) =4 38 ¥ &4 fA 22 o419 DNA fragmentation

Brain matrix(ASI Instruments, MI, USA)—E— o] &3} rat brain® frontal poleZ
€ 5 mn to 10 mm coronal sectiong 2|3t & SNET buffer(100mM NaCl, 10mM
Tris-Cl, 25 mM EDTA, 05% (w/v) SDS)E #H7}slo] testle2 TA3AZITH
RNAse A 100 ul/mlE A3} 30CoNA 1A7F ¥E3-A171 &, proteinase K 100
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/s A est1 shaking incubatord]A] 55T overnight ¥-3-AlZ1Th. Samples}t 2
2 %<9 PCI(phenol: Chloroform: isoamylalcohol = 25: 24: 1, Sigma)E 41 %
invertingstil 3,000 g 1083 ARGt FEHS ZALHA A FRA &7
11, CIA(chloroform: isoamylalcohol = 24: 1, sigma)E sampled 2 ¢S <
invertinga} 12 3,000 g, 10 min ¥A&E2] 3t} Samples] 1/10 $3 <9 3 M Sodium
acetate, 28] X319l 100% ethanolg Y3 3¢k DNA AAHEEL 3ol 70%
ethanol& Y1l 4T 3,500 gollA A4l & oA 1xA)7]3, TE buffer®
pellets Eo]F H, 4TolA R#AZIch Sample 719 58 ZLEH

6x gel-loading bufferg 41oJFt}. final concentration 1:10,0002.2 SYBR
(Molecular probes)& *2]38l] 1.5% agarose gelo] A719%5 S gt} Gel images=
Kodak digital Science 1D(CCD-based image detection systems)Z H 33 £
computerel] # &3} o}

(14) =& 38X ¥ &4 WA HZZF o2l Western blotting

Brain matrixg ©]-83}4 rat brain®] frontal poleZ2*%€ 5 mmn to 10 mn 7}% <)
FA & slicested F2]gtt}. Normal braing 388 do7|x k2 ratdl X £&d%
i1, contralateral hemisphere= 3L Yozl WAoA HEAS X ke

£ EEsld 2839t 29 Wi E ipsilateral hemispheres £4% W&
F HE AMSRE, 25 AzA¢ ddEs 4 Agstdoh 2Ed =3
lysis buffer(0.2 M mannitol, 0.05 M sucrose, 10 mM KCI, 1 mM EDTA, 10 m
HEPES-NaOH, pH 74, 0.1 mM PMSF, 1 uM pepstatin A, 1 uM leupeptin, 0.1
uM aprotinin)E 7}3}31 glass homogenizerZ T &3}A| 71t} o] lysatex 1,000 gol
Al AAEYE e A=dLe cytosol, pellet2 mitochondria fraction® & 3ot
Nuclei®} mitochondria fraction& 1% triton X-100% X33l lysis buffer2 Z0]
i oA 30837 WX AR F protein FEE ZA 3o

2 A¥or= procaspse-39} activated caspase-37} nucleus, mitochondria,

o
ro fu IR

<

cytoplasm EFo E¥3}7] wj&ol, braing preparationd W fractiong FA| o
3 APt al, western blottingg 3 w) well @ 150 pg] proteing loading
st

o] A]8& 2x SDS sample buffer(100mM Tris-HCl, 3.1 g DTT, 4% SDS, 0.001%
(w/w) bromophenol blue, and 20% glycerol)®} &3t 100TCA 1087 %9
a1, 12-15% SDS-PAGEE 483t t}. Caspase-3S #1371 ¢3iA= well & 150
ug, Bcl-2, Bax, m-calpain, AIFE H®7] siMc= well T 60-80 pgo] proteing
loading3} 91 t}. Nitrocellulose membrane(Millipore) ©. 2 transferA] 71 ¥ nonspecific
bindingg §l°}7] #3] 5% skim milk(Tris-buffered saline-tween 20, pH 7.6)°] %
o] AF&o]A 1x]7} %9t incubation 3+t}.

Western blot analysiss anti-B-actin mouse monoclonal antibody(1:2000,

__4_0_..



Sigma), anti-cleaved caspase-3 rabbit antibody(1:500, Cell signaling), anti-Bax
rabbit antibody(1:1000, Santacruz), mouse monoclonal anti-Bcl-2 antibody(1:1000,
Santacruz), anti-m-calpain rabbit antibody(1:1000, Chemicon), anti-AIF goat
antibody(1:1000, Santacruz)@ overnight R®F-§-A]7]3, HRP-conjugated anti-rabbit
IgG, anti-mouse IgG(1:10000, Pierce)E 1A% ¥H&-A]Z1 & ECL system(Pierce)-S
o|8-3t Hyper X-ray film(Amersham)d] =% A7 protein?] &3} localization
Ly

3

=439 7+ protein®] densityE image processing softwareE A}-&3}a
HA THOptimas, WA, USA).

AN B

o

(15) T4 A ¥ &4 WA HZ A A2 Immunohistochemistry

Immunohistochemistry #2418 ¢33}7] 93] 8 HL F oF 1do] YAE o
Ed@E A 50 mg/kgip)E vlHAIA AAES F3) Ca”'-free Tyrode solution
150 m=E perfusionr] 7|32, 200 mée] 4% paraformaldehyde in 0.2 M phosphate
buffered saline(PBS, pH 74)& xAGAIZIY. HzAL 2143 HEsto 4%
paraformaldehydeol| A #3113 -& A7l & sectiond}”] 35 Zo 20% sucrose -84
of &S Dry icedlH F& WEAIZ HZZFL cryostat(Leica)E %713 40 ym
TAZE sectiondle] glasso] -T HFAL A2oA] SER HAERA]7|AL 20T
A B#3),

Section2 acetone®. 2 1087 TAAIZ] & PBSE Aol F1 3% HO%
endogenous peroxidaseE quenchingA] It} SectionS THA] A O]F10 rabbit serum
o2 A2dAM 1AzF E<t blockingdlil anti-cleaved caspase-3(Cell signalling,
1100)E FedA 3E weAzith. HxZFe tA] MolF3  biotinylated
secondary antibody, ABC reagent(Vector lab.) =0 2 3084 A ¥H-3A]7]3
NovaRED(Vector lab.)Z @23+ & methylgreen® 2 counterstainingdt}. wpz]2to
2 HXAL xylene® Z rehydrationA] 7131 mountingdt ¥, #3}¥v] 7 (Optimas,
Japan)o| A x12.59} =400 vj-& 2 &3 F Optimas program= ©]8-3}4 imageE
A1
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G2 B - 5HE FFEY FAHT FFEEC st rAA Tled
HE o]&3led DPPH #UiZ &A%, #¥SAIE Fol2 oz &7, &/
e SAGA-FE F4 dAEH, Fasri-E 54 AAERE AH FAE
o I AFHE ofy E 49 Yehhgid. EHE IAFE 15F04 FFE 59
7-O-methylaloeresin A7} DPPH o)z AAFHol $Fdgoen, gFE 29
aloesin®] DPPH #t]zt AA% L R LGEZ A}R-3 vitamin ER T} 52314 U
Ui 928 guch 33FE 4(aloeresin E)ye el /el S A A 93] AAAHE
FHSAbolE Jole BT &A% WELFEQ allopurinolhth F-F3tHTH 1
Ay B4 SFEe a3 ave 2w FgEY ARt A9 A 4
gz Qed, 38E 7(8-C-Glucosyl-7-O-methylaloesin)> DPPH #}t)Zd A7AF
(EDs0=77 uM)E gAkstA 2 & &2lF vitamin C& FAIE EFHE Holw, T/
ZE SAGA Y 93 wHEAllE ol T AAT(EDx=251 uM)&= H] i
A deEda Aok £33, 300 wg/molM IR/FRD SATA A st
By B4 AAY([CH=97 IM) @ FASF o] st HrE 22 H(1Cx=19 1M)
b ARt ¢ Ao Z2 JEwTh

flo

- brPPH X/XO Inhibitory X/XO s | Ha0 s
I3R= Scavenging (ICsq. M) A (at 300 | AA1& (at 300
(ICs0, uM) ' pg/ml) rg/ml)

EE 2(KYS 50116) 140 441 23.8% A <10% A
338 3(KYS 50162) 491 199 - -
33 E A(KYS 50186) >464 42.3 - -
338 5(KYS 50185) 91 - - -
335 6(KYS 50161) >500 461 274% A <10% <A
F3HE 7(KYS 50163) 77 251 IC50=97 UM | ICs=19 uM
338 8(KYS 50187) 60 230.2 - -
38 9(KYS 50205) 110 183.2 - -
352 10(KYS 50206) 114 - - —
Vitamin C 70 _ _ _
Vitamin E >500 - - -
Allopurinol - 68 - -




53], @R Hag gis a52 aoksd o33 2ok
- DPPH free radical 4~ 2 (EDsp: Aloesin 140 uM, V-C 70 uM, V-E >500 uM)
- Xanthine/xanthine oxidase &4 9} A& (ICs: Aloesin 441 pM, Allopurinol 68 pM)
- Primary rat cortical cell 2] cytotoxicity A &: 0.3 mg/ml o] A X/XO & 54-&
24%, H,Op 58 =428 10% ©]3t2 oA
- Iron-dependent LPO & #| & (ICsp: BHT 2.6 uM): 1 mg/ml ol A 17% A
- nNOS 24 A2 (ICsy: 7-N1 6.9, NAME 11 pg/ml): 1 mg/mlel A 20% A
- Caspase-3 &4 A= : ICso= ~30 UM

(2) €AY N8 HAEF FE EDdJMY invivo HAAEE AF

Oh LNA Th HEA Wy 9 2deNY HARRE B

= d =

A HHE WA Bdg Abgsted S {04 of 19 Fol 2HTH HEg F Al
| P R ARE At Hokth $RANE Y fT

2A1ZF 2 4217 33)o ZA 1, 3, 10, 30 =¥ 50 mg/kg & FS thEHY
5 Fostglen HAA =rE A% 8 TIC2 I HAY o7 AHx
BA 7k ¥ Aol 3y 2004 HejAch 1 % 50 mg/kg AN T
o e ABRE At BFHA Qo 3, 10, 30 mg/kg HAF BT
e da HzA) W82 (infarct volume) ¥ & M EF(total infarct
A ZF A8 F(corrected total infarct volume, 1% 4), ¥F&
EF7E A ALE Fod dizgel vis] f44 dA #Ha
3 9 10 mg/kgel SN Eopt 7HF SEA et B4
4 % B2g RS F /% AE #aAYe FRY AFERE 938 el

w =
rot

r

(% edema, 1%

volume, 1% 3), oL
H 5)
53]

o @E & AF(injury index)oll oAl diETol HlE] G4l XA o3
Oa Zaste BAEE Aoy 3 mg/kg AXFANL Fodo] UERTHE 5,
a9 6). E3 AAFFTEE Hsx 3, 10, 30 mg/kg AXNT EFAA HE
oF 1 Fo T vs) FoA4 A 433 IR =N AL BB F
A 38 FHE VEMIATHE 6, 28 7). wEA] 22l HEF A X
S8 o &48 HAT & dv AYFAE ABRIAZAMY B85S 7HAT A
on G Ve H &4 AE XNEE AT AARIARA ALE 75l eSS
A A gkt



Vehicle 1 mg/kg 3 mg/kg 10 mg/kg 30 mg/kg 50 mg/kg

3mm

Smm

7 mm

$mm

11 mm

13 mm

15 mm

%
e AAT NEAY 2 ¥ AREL et 7 M x%%%ziﬁra 1
5

mm3E = X|H 5 2202 2 mm —,—7]]«] 7709 coronal MHo g ZAH AT 7}
HAHe] 9 gGAto] Hogxm TTCo o8] AAAZAL 2 Aoz JAEL 7
AzAe Aol Hx) gferh. 9% £AEL Ho AFFozrEY AdE Y
[Spulss
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Absolute Infarct Volume

350
[ Vehicle
Aloesin (1 mg/kg)
300 + T Aloesin (3 mg/kg)
B Aloesin (10 mg/kg)
—_ = Aloesin (30 mg/kg)
“e 250} — ([ Aloesin (50 mg/kg)
E
°E’ 200 i
2 %
S .
> 150 %
° /
< 100 | 7
= é
7
50 Z
o
o N

Cortex Striatum

a9 31208 YAA T4 M 5F WA mdo] 9o HY {3 F 308, 247 %
407F 35)0] Z2A AW Y2 W FaE Lzdie] o WY, A L F 3

9 g4o] hg &% EF}E UEhATh Duncan'’s multiple range test 27 th

¥
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Corrected Total Infarct Volume

250
C__1 Vehicle
—~ Aloesin (1 mg/kg)
”E Aloesin (3 mg/kg) -
£ 200 B223 Aloesin (10 mg/kg)
~ E=3 Aloesin (30 mg/kg) ——
g [0 Aloesin (50 mg/kg)
2
g 150 .
rey *
O
S
©
[P
£ 100+
T
[0
el
Q
Q@
r s0r
[o]
(&)
0

I 41208 YA F Fa H FE WM 2do o] HE fd F 308, 2430 &
4712 330 AX A9 U2 whE Fog g2l uy F A

2y 3= Yehdo. Duncan’s multiple range test 23 ZT#H 9
2} o) (p<0.05).
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% increase in size over

contralateral hemisphere

20

% Edema

16

10 +

[ Vehicle

Aloesin (1 mg/kg)
Aloesin (3 mg/kg)
B2 Aloesin (10 mg/kg)
== Aloesin (30 mg/kg)
[T Aloesin (50 mg/kg)

*

1

a8 5. 1208 AAIE FA H FHE @A 2dd 9lo]
4X)2F 33)o 24X A Y2 dHE oy dgoale B
Yeldtl. Duncan’s multiple range test 23 2T F9
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Neurological Score

10
[ 30 min after MCAO
I 24 hr after MCAO
* *

8 *
[
| =
(o}
Q
N 6 F
©
2
o
L)
S 4r
-}
(]}
=

2 -

0

Vehicle 1 mg/kg 3 mg/kg 10 mg/kg 30 mg/kg 50 mg/kg

SY 71208 QAH T2 ¥ A wy wdel Qo] HF HL F 0%, 247 2
4A1ZF 33 AA FH HE Rl H G2y AFYEFEA o e &
P8 KRS UedD. 47T de WrkE AF #2% F o 308 w2 A 2
Azkell Aol FTh. Duncan’s multiple range test 237 38 {4 & 247 7o)
N EZT F98 e o] (p<0.05).

==
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%5 dzoAe] Fol §%d G ¥ &4 A d@ D

Absolute infarct volume Corrected o Injury index
Treatment | n total infarct | deoma
Striatum Cortex Total volume Striatum Cortex
Vehicle
] 8{ 55.6+6.1 | 213.3+9.3 | 272.9+8.5 191.7+11.3| 13.020.8 | 0.53+0.04{0.63+0.02
(saline)
1 mg/kg | 11] 50.7+3.2 | 191.6+14.3] 242.3+16.6| 162.2+9.3 | 11.9+£1.1 10.45£0.04}10.58+0.02
3 mg/kg |11} 27.5+4.8"|110.8+25.6"| 140.3+29.4°| 102.4+21.8"| 6.7+£1.27|0.31+£0.04°(0.47+0.05"
10 mg/kg| 9| 32.0+£6.171113.9418.6"} 145.9423.7°| 102.3+17.4"| 6.9+0.910.40+0.06| 0.54+0.03
30 mg/kg| 6| 33.9+2.1"| 162.2+7.6" | 169.1+£7.7" | 129.0+£7.4" |11.0£0.77{0.42+0.02{0.5540.01
50 mg/kgl| 4| 59.1+1.7 | 218.3+32.4| 277.4+33.2 | 187.7+£23.5 | 14.1£1.4}0.46+£0.07]0.61+0.04
n A¥8FE T
AR YA +EFLAZE TA|H.
*Duncan’s multiple range test 27 2T Fo]A e 2ol (p<0.05)
¥ 6 GzolAo Fo] 3] hE NAVESHH Aol NG B}
Measured Treatment
time after Vehicle
MCAO (saline) 1 mg/kg | 3 mg/kg 10 mg/kg | 30 mg/kg | 50 mg/kg
30 min | 2.00£0.00{2.13+£0.12 | 2.08+0.10 | 2.224+0.15 | 2.17£0.17 | 2.00£0.00
24 hr 2.384£0.26 | 2.45+0.30 | 7.50+0.76"| 7.44+0.82"| 7.17+0.607] 2.254+0.25
AP E BTAN+RFLAE FAE.
*Duncan’s multiple range test A& 24AIZFA HEZRTZH FdAH U ol

(p<0.05).

@ AAIAR @3 Fo A HAFEZ 5%

1% 8o TAIE ui9} o] gzl K& AW FoEF 10 mg/kgE HE
i & 308 @38 F9 A {94 dE 2FH ARG a}F ANE&3F
31%, 27 F AMEA 31%, H5& 36% #a) 2 AAYFEH IBEgHRE g
Wil ¥ ¥ 8 T 120800 Fof Al okt 2AEA AAFES a(F A



i

| 20%, A 3 -
dehle A%e Ao fo4de gtk @A 10 mg/kgd] B
2 @3] Fo ]9 Therapeutic time windows 2A17F oW 2 o 25 oz oh.

BHEH 2%, BTE 18% #a) R AFYETRH JHAARE
FAEFL

Q@ 7€ d2AFEEHe HAFEE A5 Bl A4
1208 I3 4 P A& diste] 732 NMDA receptor channel
blocker= &efzl thzehg MK-801(1 mg/kg, ip)e] @ £ Ao AFHE &

e
Agt Ay Y {8 & 3084 Fo] A g2 Boe $53 §94
AR ANF AMLH 2% 77 F A4LH 84%, RIS

JBEHE YERRATHIZH 9). HE3IF free radical
scavengerZ 4] acute stroke®] XFAZ YEoA FHIo| F<A-E Edaravone
(MCI-186, 3 mg/kg, iv)E ¥ fd & 30&d Fo A FoA4 e 2AFH
*J%‘E‘-i EJﬂr(’é AAEH 61% 1Y F ANEH 62% FFE 5

D02 UAA Fa HRY HEl dR BN RS D5 418
e Fe AAREA FHEAET EFL vwe Furh F 7o) nelAth

# 7. Comparisons among neuroprotective agents in 120-min transient ischemia

Reduced infarct volume

Agents Administration (%)
0.5, 2 and 4 hr after onset of ischemia 47%
Aloesin . . °
. 0.5 hr after onset of ischemia 31%
10 mg/kg, i.v.
22%

2 hr after onset of ischemia ..
No significance

MKS801

) 0.5 hr after onset of ischemia 84%
1 mg/kg, i.p.
MCI-186 (Ed
( a‘ravone) 0.5 hr after onset of ischemia 62%
3 mg/kg, i.v.
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-
S

300

B Vehicle {n=6)
BB Aloesin 10 mg/kg, 30 min after MCAO (n=8)
250 Aloesin 10 mg/kg, 120 min after MCAO (n=8)

=y
)

=y
o

Infarct Volume (mm?)
contralateral hemisphere

% increase in sjze over

Totat Cortex Striatum

0.8 10

EEEE 30 min after MCAO
8l 24 hr after MCAD

Injury Index
Neurological Score

Cortex Striatum Vehicle Aloesin-30 min Aloesin-120 min

18 8. Temporal effects of single administration of aloesin in a 120-min MCAO rat

model.
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Infarct Volume (mm?)

Injury Index

300

0.8

Total

I Vehicle (n=11)
G MK-801, 1 mg/kg i.p. (n=6)

Cortex Striatum

Cortex

Striatum

% increase in size over
contralateral hemisphere

Neurological Score

Vehicle MK-801
M 3¢ min after MCAO
[EZER 24 hr after MCAO *

Vehicle MK-801

1™ 9. Neuroprotective effects of MK-801 (1 mg/kg, i.p.) in a 120-min MCAO rat

model.
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@ ¥rE o A9 Apoptosis AA &%

@b DNA fragmentation & A &3}

Apoptosisol] thgh Gz Aol 9GS =AMEY] 95t 1208 MCAO ¥ DNA
fragmentationo] ¥ o1 }7] AJ&aE 18 & 24A]7kol| A] rat brain®] striatum} cortex&
23l X0 2HE DNAE F2£3}9 ladderingd #2183 th. 1 Z# vehicle
groupl] A& apoptosisol] 23} DNA fragmentationo] ¢ o{ut laddering 7} F=
A A dehkon, ¢Z o) A1(10 mg/kg, iv.)S 8 F2 F 05,2, 4A]7Fel| 33 w5 F
o gL o o]2]3 DNA laddering A4Ho] A A adte AL SAAHTH 10).
wheba] &2 o Alo] 1208 MCAO A apoptosisel] & & A B M ZALE S A 8h= &3}
7} ATHIL At g E o] ZI T

@ Caspase-3 activation 2} #] &1}

ZOHS ) AN Ao 9% HBA Heae] UoIA caspase-3E apoptosis F
32 kDa®] procaspase-37} 17 kDa 2 19 kDa ¢} activated form 2. 2 cleave B Thil & A
Attt EA] cleaved caspase-39] antibodyE ©]83} western blot& S350
Vehicle#} &2 o)) 418 E&3} rat braing 12, 24417t #2819 S o, transient focal
ischemiao| A& 23 112] lane 49} 7o) 24X 7k A Z7}138}= cleaved caspase-37F &2

A& Fof Al lane 73} o] A4G3] radste AL BFAT & UATH EF activated
caspase-3  immunoreactivity®] ¥ < FF W #X ZAYs7] YA

immunohistochemistryE $88tg< w, 28 12004 HXo] infarct regiono]A]
activated caspase-3 immunoreactivity7} 243ttt wEkA] g2 Ale] | o35t
F-4 5] & caspase-3 activationg ¢ A5l A 37 T AR H o KT
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2% 10. Agarose gel electrophoretic DNA laddering patterns. Reduced DNA
fragmentation by aloesin was observed in the samples from 18 hr and 24 hr of
reperfusion. A, 120-min MCAO with vehicle treatment; B, 120-min MCAO with
aloesin treatment; M, marker; 1, striatum contralateral; 2, striatum ipsilateral-18 hr; 3,
striatum ipsilateral-24 hr; 4, cortex contralateral; 5, cortex ipsilateral-18 hr; 6, cortex

ipsilateral-24 hr.
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Density

Density

1% 11. Inhibition of ischemia-induced caspase-3 activation by aloesin. In the bottom
panels, the results represent optical density. 1, normal; 2, vehicle contralateral-24 hr; 3,

vehicle ipsilateral-12 hr; 4, vehicle ipsilateral-24 hr; 5, aloesin contralateral-24 hr; 6,

aloesin ipsilateral-12 hr; 7, aloesin ipsilateral-24 hr.
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Vehicle Aloesin

719 12. Inhibition of ischemia-induced activated caspase-3 immunoreactivity by
aloesin. Activation of caspase-3 (brown color) after 120-min MCAO was reduced in
infarct regions at 24 hr. A, B, X125; C, D, striatum ipsilateral , X400; E, F, cortex
ipsilateral, X400.
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@ Calpain cleavage2] &} #] &3}

m-Calpain necrotic cell death®} apoptotic neuronal injuryo|A] %8 3 mediator=
Al intracellular cysteine proteasec]™, Ca’'e| ¥%7} &< w Z4stdch walA
m-calpain®] 80 kDa, large subunit®] cleavage?] ¥ 3} 2 western blotS =3 3} of A8}
ARt} Vehicle treatment groupol #1= latent calpain(80 kDa) 2] degradationo] & A3} 51
S}, GF Al Fo Aol = degradation®] 9Fo] 7+HA A tH(1 ¥ 13).

@D Bcl-2 down regulation} bax translocation2] 4| &3}

Bcl-2 protein® mitochondrial proton fluxe]] &S v]H A¥mE HA 3} A)7] 3L Ca*
homeostasis& ZA3tt}. L3k ROS level & 7+ A A}7) 31, neuronal cell mitochondria<]
A} calcium uptake capacityE 7}A Ca’’-mediated death® A& 4 Ut Bal-2&
membraned]| A3t AHel 2 &) 8}, Bax-induced caspase activationg A3} 7] %
St YA1A T A WY 2l oA Bal-29] B F-E 244 b0l A HAEkET v €2
A X o] Fo A= 244 Tkl A Bel-2 @ 3] ZravF @A 3] A H JATHTH 14).

3t pro-apoptotic protein?] Bax+E cytosold) 4] mitochondria® translocation ] H A]
transducing signal24 2] &S 3t} Baxi: conformational changes(dimerization,
oligomerization)E ¥ © 7 mitochondrial outer membrane®] &7} very-high
-conductance channels, lipidic pore, large cytochrome ¢ conducting channelS 373 g
o} o] 2 QI3 Baxi= A¥m loss, matrix swelling, cytochrome ¢ B&S 4 2. A cell death
7} ojutt}. Bax X3 western blot-2 433+ A1}, 18] 159 A &} 2] vehicle group®ll
& cytosol o] A mitochondriaZ ¢} translocationo] 24A|7F7} 2] Z718t o, G294
FE o] Foll A= cytosoldl] A 2] Baxe 745 X] @&9tial, mitochondriadl] A& 742314 Bax

9] translocationo] A &&= A0 2 ALE H o] x T}

Apoptosis-inducing factor(AlF) translocation®} A &3}

Mitochondrial intermembrane flavoprotein?]l AIF+= caspase-independent 7] 0 2
chromatin condensation, large-scale DNA fragmentationg ¥ © 7] =H| apoptosis &<t
mitochondria®l A cytosol®} nucleusZ translocationst= A2 ¢ 3} Vehicle
2] X) ol A& mitochondria®] AIF7} 24X 7boll A A 3] 2bAsted v d2o4ls
F43% FoAME A AT AP ER dzorlo] FE o] FiEE AIFY
translocationg A= Ao Z ALZ HAZTH Y 16).

olge] AAZ & w FRINE FHEf o Ey
deaths} BHF o] BEAANEE A FAL =
Aol selslolAck

T A Z A 9] apoptotic cell
o] AAst= AARE 894 E U=

B
rr

2
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Calpain

B-actin

0.8 80 kDa

Density

13 13. Inhibition of ischemia-induced m-calpain cleavage by aloesin. In the bottom
panel, the results represent optical density. 1, normal; 2, vehicle contralateral-24 hr; 3,
vehicle ipsilateral-4 hr; 4, vehicle ipsilateral-24 hr; 5, aloesin contralateral-24 hr; 6,

aloesin ipsilateral-4 hr; 7, aloesin ipsilateral-24 hr.
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Bel-2

B-actin

Density

13 14. Inhibition of ischemia-induced decerase in bcl-2 expression by aoesin. In the
bottom panel, the results represent optical density. 1, normal; 2, vehicle
contralateral-24 hr; 3, vehicle ipsilateral-4 hr; 4, vehicle ipsilateral-24 hr; 5, aloesin

contralateral-24 hr; 6, aloesin ipsilateral-4 hr; 7, aloesin ipsilateral-24 hr.
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Bax - M

Density

0.8 |} Bax -C

Density

19 15. Inhibition of ischemia-induced bax translocation into the mitochondria by
aloesin. In the bottom panels, the results represent optical density. 1, normal; 2,
vehicle contralateral-24 hr; 3, vehicle ipsilateral-4 hr; 4, vehicle ipsilateral-24 hr; 5,

aloesin contralateral-24 hr; 6, aloesin ipsilateral-4 hr; 7, aloesin ipsilateral-24 hr.
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Density

719 16. Inhibition of ischemia-induced AIF translocation into the cytosol by aloesin.
In the bottom panel, the results represent optical density. 1, normal; 2, vehicle
contralateral-24hr; 3, vehicle ipsilateral-4 hr; 4, vehicle ipsilateral-24 hr; 5, aloesin

contralateral-24 hr; 6, aloesin ipsilateral-4 hr; 7, aloesin ipsilateral-24 hr.
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(b 97A T2 HPH HEa va) 2doe) HAZRE B

0

Zol| Blaf g2l
o AS cortexE]— striatum E’_—‘?—Oﬂlﬂ infarction B¢ =717} ZHAFHE oK
17). I ¢2d4L 30 43 F9 striatumol A infarct volumeo] 2z+z}
35.77+8.069 4] 15.87+3.45% <F 50%, cortexol| A+ 138.62+17.589| 4] 35.93+10.092
¢k 70% infarct volumeo] Fo & o=z 7+A3E I corrected infarct volume2-
131.35+17.10o1 4 49.27+1056 2.2 °F 60% ZFA3IET. HE§ £33 FZAg =
AZE Tl A oF 50% Fx= AAATE ZF F9l injury indexE AAFEE A3} cortex
oA 0.69+0.011 4 04120082 YZfil Fojfo] FoFoz F2dHY. H3
2 AW AZAFHH o] UAME Lol dEel v fo4 At
ARBESHA HREIN} ASL & & AAHZE 1)

@ AAIHA @3 Fo A9 HAUBRZ "5F

d2AE HHE & & 05 2 T 4479 10 mg/kg SFo g @3] T
st AAHQA AFERE AsS B AYSATHE 19). d2440E HEHdE {3
- ‘o
k-3

3
5A17 e @3] Bl AL PgxTEH v S u, striatumol 4] infarct volume
o] 48.65+8.320f 4 24.49+6.372 <k 40%, cortexo| A= 157.19+19.69 A 56.95+18.07
2 9 60% FoFHoZE ZFASIH A corrected infarct volumeg 150.35+17.4800 A
72.40+19.142 °F 60% ZASEPct HEEL 11591434 5.29+1.200.2 ¢k 50%
AE a3t ZF FoA injury indexE AAHgE A3} cortexol A 0.67+0.020 A
037:0.092 <¢2ol4g 05A17 &3 Bt oA Fojxoz AAIET. ¢
ZAAE HEE FF F 2A30e] B3] T FoA A= cortexo| AgE tzFol H]
& infarct volumeo] 157.19119.60| A 72434218322 ¢k 53% H-<9 Al 7AE
A3 corrected infarct volume& 150.35+17.480]| 4] 84.94+20.230. 2 ¢F 43% 7+A 5}
fch $EE3 injury indexs o}t ZasRoY foldo] gATh N ¥ 4
AlZEe A4S TS #& 27 d HAPE W infarct volume, HFE,
injury index EF #FoH<Q zolE WA Fsith. T AABAFNH AE A
TE 34T 478 H38 % T 05470 FAREL wolwt oz Blusly
oA AADEHE A BAE dehdn, gebd 10 mg/ked) A Fol g
© 2 @3] Fo] Al Therapeutic time windowE 4A]7F o[l & djZ 5 o)At}

FI
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9 mm

11 mm

13 mm

15 mm

1% 17. Coronal sections of the TTC-stained rat brains of the vehicle- and
aloesin-treated groups. Each section was cut out coronally into 2 mm thick slices
from the frontal lobe. A is a control group and B is an aloesin treatment group
at 0.5, 2 and 4 hr after onset of ischemia (3 times administration, 10 mg/ke,

iv.).

_64_



250 12

IR Vehicle (n=12)
EBEE Aloesin 10 mg/kg x 3 times, i.v. (n=15)
10
~ 5 8
L >
€ & gl
E °2
= NE
@ ]
£ cl
2 % ST *
g o5
- o -
g 5%
£ 2L 4
£ B
o
2L
0
Total Cortex Striatum Vehicle Aloesin
0.8 3
N 30 min after MCAO
EZE0 24 hr after MGAO *
[
4
x 3
_g w
= g
o
g E:
) g
E
)
-4
Cortex Striatum Vehicle Aloesin

¥ 18. Effects of multiple administrations of aloesin (10 mg/kg, i.v.) in a permanent
MCAO rat model.
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300 14
I Vehicle (n=11)
&R Aloesin 10 mg/kg, 30 min after MCAO (n=14) 12
250 b Aloesin 10 mglkg, 2 hr after MCAO (n=12)
-1 Aloesin 10 mglkg, 4 hr after MCAO (n=9) o
e
o 22 10
>
E 200 3E
E 32
@ @ 5 8
E c<
2 150 =
° 3o
> 23 ¢
- o
g 5%
‘E 100 £5
£ = g 4
o
50 2
0 0
Total Vehicle  Aloesin-30 min Aloesin-2hr  Aloesin-4 hr
0.8 35
EEE 30 min after MCAO *
s0b E=Z9 24 hr after MCAO
o 25-
4
o
3 ]
g E 20
g g
B s 151
= =4
3
°
Z g0+t
0.5
0.0

Cortex

Vehicle  Aloesin-30 min Aloesin-2 hi  Aloesin-4 hr

1% 19. Temporal effects of single administration of aloesin (10 mg/kg, iv.) in

permanent MCAO rat model.
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© 71E HEGEEL HARFRET &5 vla #HY
F7H TUHEY HHZ AT AYAY HEG dEg G2 AARE &
5S 71 20824 MK-801, Ebselen 2 Edaravoned Alg-3}o] H] | 2L & THE

8. MK-801& ¥3% #3 % 0547] 27 W2 el A hzes Nugde o
cortexoll A 7t infarct volumeo] 161.44+26.58 4] 64.45+20.642 ¢F 60% 72393
swame| 4 BZET FAF Aol fel4 U= Aolg molx Wtk

Corrected infarct volume& 157.28+26.430]| 4] 92.57+23.892 <F 40% FoHoz 7+
2EAT. BFEL 10214228004 5560952 oF 45% ZAsHT 2 &4
A=E YeEl = injury indexE 2T xtol7t IATHLE 20).

Free radical scavenger® A &# & Ebselen2 H3HE & & 0547t 10 =
30 mg/kge] &Fow EZ U EAF AL striatum? infarct volume |z &
zlol 7 UL cortexol| A& 167.66+9.469 A 123.71+22.68 2 102.32+35.692 7+A s}
71 SHAAT 4L gt BEEF injury indexol ME FoATT hERT A

olol] @ o]z} LpehpA] egeh.

Edaravone& X3 &d 9 & 0547t 3 mg/kg SHFo g A Fo45 AL
NZzFF vadS o), striatumo] A infarct volume©o] 51.87+5.400] 4] 20.15+5.50.0.
E o 55%, cortexol| A= 140.90+17.289) 4 64.89+16.060.2 oF 60% Folxdoz 7+
28} 31 corrected infarct volume® 138.65+14.030 4] -61.11+18.302.2 ok 50% 7+
25k( Y. BE88 11.51+0.809 4 797+0.852 ¢F 30% AE ZFAEHET 18yt
injury indexoll& #9420 2|7t Aot

FH AARFTAE FEaH deide dx FER AL MK-801h
Edaravone FojFoAe F9A80 2738 EsHd 3)Ba7E el oy} Ebselend]
BFoll= 10 mg/ked] &F22 T3 FoA dx2TH FHA ZolE YERIT
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3t 8. Comparisons among neuroprotective agents in permanent ischemia

Agents

Administration

Reduced infarction volume

(%)
0.5,2 & 4 hr after onset of ischemia 63%
. 0.5 hr after onset of ischemia 52%
Aloesin
10 mg/kg, i.v.
2 hr after onset of ischemia 44%
4 hr after onset of ischemia No protective effect
MKS801 . .
. 0.5 hr after onset of ischemia 41%
1 mg/kg, i.p.
Ebselen 0.5 hr aft ¢ of ischemi 29%
10 mg/kg, i.p. > e after onset ol ischemia No significance
Ebselen 0.5 br aft ¢ of ischemi 34%
30 mg/kg, i.p. > e after onset ol ischemtia No significance

MCI-186 (Edaravone)
3 mg/kg, i.v.

0.5 hr after onset of ischemia

50%
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300 14

M Vehicle (n=6)
EEEE MK-801, 1 mg/kg, i.p. (n=12) 12 +

250

Infarct volume (mm3 )
contralateral hemisphere

% increass in size over

Total Cortex Striatum Control MK-801

0.8 4
|7 W 30 min after MCAO
24 hr after MCAO
08 [
o
<4
Q
3 @
° pus
z g
04 =2
0 o
ES 2
3 [
£ =4
3
o
z
02
0.0

Cortex Striatum Vehicle MK-801

3% 20. Neuroprotective effects of MK-801 (1 mg/kg, i.p.) in a permanent MCAO

rat model.
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@ WrE Fo X)) Apoptosis A AT

@b DNA fragmentation A &3}

g7 ZuxE" HYZ A8 HEZA A DNA fragmentationo] Lojdth
G4 9t HE 32 Qs DNA degradatione FAAHA(ROS) o3 A4 3
&7} caspase-39] 93 B3 EE  CAD(Caspase-Activated DNase)9t %
endonucleased] &3+ 7+ Aol &Ao] B o7 ottt B AFE FuH
@ ##2 <18 DNA degradationo] Lz ejale] oa AA=ER FAstr] Hal
A wade] Ho} 18A17F B 2447 5 FUHFUS FHHT WAL H oA
DNAE FZ3}o] agarose gel AolA #Esigcy. 1 274 F

A
[e]
fragmentationo] Ao}z FYa 18A1ZF FH& 244 B HES 7R

oft o 2 K

s 2T
o)A} DNA fragmentationo] dojytct -2 t‘c} o2 WYL el a1 F
05, 2 281 4A)17te] Y2oae 3 wE Edd FoA DNAE FE3td

agarose gel Foll Al #ASIAES wf =T ¥lE] DNA fragmentation®] d#3] ZF
23tTHE 21).

@ L= Ao o3 TUNEL positive celld] 7ha
w382 2% DNA fragmentationd Hrlele the g oez2 TUNELEAS A
5ttt TUNEL @4 DNA degradation®. 2 W43l DNA free 3-OH endl

= L
labeled nucleotideE ¢ fragmented® DNAZE #3dl= wWHo|th. Agarose gel
Aol 5 DNA fragmentatlona gol13 Axel dBA A TUNEL AT HZE

9] cortex$} striatume) A} TUNEL positive cello] o] ZAF PR FZ A 2
Zol 4] TUNEL positive cello] @43 7ra3tQAtHad 22).

€) Caspase-3 activation &4 &3}
Apoptosisel] oM Fa3 AT 1= caspase-3°] thdr YRolil9 in vivo
RS zABH] Y8 97 SUEEFY HA2 8 H3 o] dold B9 =
oA active form caspase-3Z Wz 3 etx WHoZ FQ ?l’ Az, a7 239 A
Zo] UlZF(A)9 A% activated caspase-37t HEE £4F o AkHo R U

mlo
ol

e AL 3F2E S AU v dRdae 543 (B)"ﬂ}ﬂ'_ 538 &%
Bolol 749t 3 activated caspase-39] WHAEI} BAH3I) Fadte AE BEFE
&
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700 bp \
500 bp 4=

1% 21. Representative agarose gel electrophoresis exhibiting DNA fragmentation
in rat brains obtained at 18 and 24 hr after onset of middle cerebral artery
occlusion. Lane M is marker. 1: normal cortex, 2: normal striatum, 3: 18 hr
ischemic cortex, 4: 18 hr ischemic striatum, 5: 24 hr ischemic cortex, 6: 24 hr
ischemic striatum, 7: 24 hr ischemic cortex in the aloesin treatment group, 8: 24

hr ischemic striatum in the aloesin treatment group.



s—— - ————————

. Cortex

L
— 50 micron

%Y 22, Representative TUNEL staining for tissue sections from rat brains
obtained at 24 hr after onset of ischemia. A represents the cortex and striatum
of the control group and B represents those of the aloesin treatment group (3

times administration of 10 mg/kg, i.v. ).
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Cortex

1% 23. Representative immunohistochemical staining of rat brains using cleaved
caspase-3 antiserum. A is the control ischemic brain section (30 ym) and B is the

brain section of the aloesin treatment group (3 times administration of 10

mg/kg, i.v.).
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(3) L2419 in vivo Fofol] ¥ EF F& profile ¥ HxF HE o FHA FA

A WAoo ©@3] AWMEA(10 mg/kg) F AAHA EF 4
F2o|Al F=E switching HPLC/UV detectorZ =
dFoAMe HlaA wmeE S 2 i/‘E‘E]OMiQU%
Ae HlawE ofg Ao E YElgoy Hole HA
Aok FE Az Y2 %E FEndo B He HEH(ng/g tissue)/plasma
TE(ng/ml) ratioE &3]3 A3 FEo FT 52 A+ 0.006, 30E A= 0.02, 6089
ME 003, 120894 0922 Vg vlud Hz3 o= fZas Azre 3
Aoz Atz Eoizith

3# 9. Concentrations of aloesin in plasma and brain after a single intravenous
administration (10 mg/kg) to normal rats

Concentration (ng/ml or g tissue)

Time (min)
Plasma Brain Brain/Plasma
5 14816 + 1031 81+40 0.006
30 1492 + 966 29 £ 26 0.019
60 444 + 103 13+14 0.029
120 12+ 7 11+ 6 0.917

S 1208 YA1F F
(10 mg/kg) & ZAA]H<
1ooﬂfﬂ Hoxo. ¢

g Hed AR S @ Y9 ol
8% 2 ¥z U gy $ES YT @ust X

fru
=2
lo ™
s
{1
il
=2
:J,
p)
'
o
O 012
&
=2 7
i
FE
—H
é
R
M
%
4
A
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3t 10. Concentrations of aloesin in plasma and brain after a single intravenous

administration (10 mg/kg) to 120-min ischemic rats

Concentration
Treatment Group

(Ischemia & & F0{A[Zt Plasma (pg/ml) Brain (ng/g tissue)

+ 50 T HYE XYFAIZH Contralateral Ipsilateral
302 + 302 3.561+0.74 13.04 + 2.56 13.65 +2.08
302 + 60 0.37 + 0.1 7.23 +0.31 6.76 £ 0.06

1202 (Reperfusion) + 30& 212 +0.41 14.62 +2.11 47.74 + 2.91

(4) KYS 501639] YA|H 22 &4 Hed WA 2doAle] in vivo HAARE &%

d2q4 FEH F&5EF KYS 50163(7-O-methylaloesin, 10 mg/kg)e] & f2
T 30l @3] e W Fof Al 1208 EFe] IAH F4 PG HEde] dig
A 6 B

AN A% U AAEE, 3 2L 54 F A48, $Ee B
Hls] Zbz} 351, 33.9, 35.0, 29.8%2] FA AE
FAE 4% AARE AAE dehigon B9 oz
¥ 59E Gehiead 2. ole YA 2e A
P RN BE5 AAT R0
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300 20
mm Vehicle
KYS50163 (10 mg/kg, i.v.,
n’E‘ 250 | 30 min after MCAO)
E 15k
2 200}
] —_
g 150¢ g 10T
8 3
= 11}
8 100
3
< 50r
0 - 0
Total Cortex Striatum Vehicle KYS50163
1.0 8
R 30 min after MCAO
E=33 24 hr after MCAO
0.8

Injury Index
Neurological Score
o

Striatum Vehicle KYS50163

719 24. Neuroprotective effects of 7-O-methylaloesin (KYS 50163, 10 mg/kg, i.v.) in a
120-min MCAOQO rat model.
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AT F AL

A3 & A2 g

B A o) AFEE ubg A A (A E 901-15)2) £7)9} G 2001d 1€ A &4 S
T AT AEAFAA FAsIE oy, Al A E AAST F AFE-S 9T
901-15 &7]- 2143 Enfe AR Z27)(AF5H 325 k) S
GZE 33 FEN T AYG FHIA WEELFEE 819g)S Ak
A& 901-15 Gl - NE AAT NN ) (BFHF 78 ke)E A
233 FEI T A FE5}A EEFESE (49892 E0-

SR Sl geFEES 800 wel SRS @
chloride (CH2Cl,, 500 m¢x3), ethyl acetate (EtOAc, 500 m{x3) &

n3)E o §5te] AR o Su) BYL st 72t gul2E

46.24 g S A
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EA171 & methylene
n-butanol (BuOH, 500
2 2144g, 49 g4



r 901-15F MeOH ext. 818.98¢

‘CH2012 (500 ml x 3) / H,0(800 ml)

‘ EtOAc (500 ml x 3)

CH2C12 ext. 1
(21.44 g) #-BuOH (500 ml x 3)
EtOAcext. _
(4.99 g) | ‘
n-BuOH ext. H, O ext. insoluble Solid
(46.24 g) (522.07 g) (220.24 g)

AR dof- HEFEES 800 MY FH5o] HEAA methylene chloride
(CH2Cly, 500 m¢x3), ethyl acetate (EtOAc, 500 m¢x3) 2 n-butanol (BuOH, 500 m¢*3)& ©]
ge] £ M 02 S0 BYS ol 27o] SRS S 745355 % MgH S ARl

7V Eng AR E7|2REH 244889 £
&nlebA QA £719) ethyl acetate ¥ =

Al 29 2~ (Cat. No. LH-20-100, A|Z1rpE 31 2 ol43le Y ZAZuE

)& AANEYTH doid BHEL &4 AsHA TLC(HA R S22
= 51)et 94 Ag7tA TLC(RAAEH: EwWee = 4060)2 #ZT F,
< E719 Fol 17749 & REEY 1 - £8 17)2.2 73l
8 128 A4 ¥z =vteEad s (LiChroprep RP-18, 40~63 m, 2.5%35
m)E AAEt AASYT FE2AL 40 % HEFEE AFEA 60 % wHE7HA

8
\

498 g RS AMETIE AHET
379 5

= =49 )

23 120)e2 Ut oF w5 PEe] FHHLE Ak AgE £
9l 2d & E(12B)S Wg&S ALz ARste] AuEx 2y mZrlEE
(2.5x35 cm)E AAIse] 3FE 9(KYS 50183, 132.1 mg) 9} 10(KYS 50184, 6.1 mg) S &

= 4 23 5dls BEY(12B) £5% JFEE 3
32 6(KYS 50179, 30.7 mg)S €< & UARTh & £ 12CERH wEES WS
2 olgsted Audx 2y AzctEaddE 25 x 35 m) HFE
7(KYS 50181, 775 mg)S LUTh A & B3 DRI2REHE oA AT 203
598 27 ol&std Angs 2P azvEaHIg 50 % HEEE &%
Aar 2d = 2elE 18 9(LiChroprep RP-18, 40~63 (m, 2x35 cm)E A8t 3§t
B 4(KYS 50182, 59.3 mg)S} 3}3E 8(KYS50208, 40 mg)E A3k 7H3 =A &&4€
EEo & £y DRKERHE WEeS ANEME sto Aads &2y Z=2rED
Z
£

i

>

e AA BT, ol tha] 94 Ag7hA TLC (10x10 cmx 0.25 mm, 50 % MeOH)
o]g3led UV H=zZojx ©d JFFE= Holt FIFES £ 3FE
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3(KYS50178, 5.2 mg)S A3lth w3, ethyl acetateS Alupellx 23l ste] B &35 £
ZFAAM 1594 28 Y1525 Ands A 2y A2elE 18 3(2.0x30 o,
o gk-g)9} <A Ag)7bA TLC(10x10 cnx0.25 mn, 60 % MeOH)E A A|dte] 3345
1(KYS50180, 10 mg)® 3}3HE 2(KYS 50034, 10 mg)S AUTh

DO1-15F EtOAc ext. 4.99 g l

Sephadex-LH20 ( MeOH)

Lo l T 1
1 Fo F13
(1341 mg) 246.9 mg)
LiChroprep RP-18 Compd. 1 Compd. 2
(50— 70% MeOH) (KYS50180, 2.6 mg) (KYS50034, 6.4 mg)

1 .3 .. 10
LiChroprep RP-18

LiChroprep RP-18 (40— 60% MeOH)
1. 45% MeOH
‘ Compd. 6 Compd. 4
Compd. 10 l KYS50179,26.9 m :
} (KYS50184, 6.1 mg) | ( , 9) (KYS50182, 72.2 mg)

Compd. 9
(KYS50183, 132.1 mg)

Compd. 8
Compd. 7 l (KYS50208, 4.0 mg) '

Compd. 3

(KYS50181, 77.5 mg) (KYS50178. 5.7 ma)

(¢

0]

g1 Ao ethyl acetate #3)
nfE2EH (4.0 x 265 cm, WES)E HAE
TLCE Wiyt ANEme] S4& nhro
FE7Y Zop 13709 & EH(EH 1 - ¥4
& AFEZ 24 ngl FFE 1KYS 50180)%
3.6 mg9 3ITE 28 E& F UUT & £9
EI9(2 x 30 cn)E HASIATE AN &=
FErleln AR FA4S woA UF22Y
< £ENA FFE 6 (KYS 50179, 6.1 mg)<
Ag o]g3 7Y azrEaHg(l x 185 m)E AASAT ML=
oles} WEE(20/1)e] EFEuoln YAz SAHE w4 HEzdgsn HEgs
G/19 Mz ZESs FSAAAM BAFE 7(KYS 50181, 22 mg), 3= 3
(KYS 50178, 0.6 mg), 33HE 5(KYS 50201, 3.0 mg)E Ztz} &34 E2latdh

. Eute R gui2RE 84489 9
3]

iy ™
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=
7}
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901-15GE
(1.8214g)

N
Sephadex LH-20
(MeOH)

f ] ] | i [ I I | T 1
901GEL 2 3 4 56 7 8 9 10 13
(3.8mg) (326.1) (2653) (892.4) (7192)_%4_2) (46.8)  (22.6) 133y (52) (6.1)

Si gel CC Si gel CC. Compd. 1
CHLCLMeOH O CH,Cly MeOH (KYS50180, 2.4 ™)
2Cly: Hy a1 1.
=4:1:0.1 ~ 1:1:0.1 200 ~12
[ I [ [ ] Compd. 2
T T [
901GE 5 WIGEBA B C D E (KYS50034,3.6 mg)
(Sms? (11.6) (,(;2) (11;:9) (53.0) (12mg)  (11.1) (9.5) (124) (3.2)
e ' o ' ' Prep. RP-18 TLC
(60% MeOH)
Compd. 5 Compd. 6 l Si gel CC.
(KYS50201, 19.8 mg) CAEEN AN . CH,Cly:MeOH = 20:1 ~5:1

901GESA

{0.3mg)

I I I
B C D
(02) (0.2) (0.1)

! I 1
F H I

G
(34  (Lo) (14)¢8

Prep. RP-18 TLC

Compd. 4
KYS50182, 2.3 m

(60% MeOH)
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l Compd. 4 Compd. 7
(KYS50182, 0.6 ma) (KYS50181, 2.2 mg)




7b 3HE 1(KYS 50180)¢] FxE4
3E 18 o BAE Bk A TLCo| A 10% 34+ Al A] gk o 2 il g
At} 'TH-NMR| A § 6.07 (1H, br s)7} 6.29 (1H, br s)o] 4] ©] peak flavonoid 2] A ring
o] A 7)213+ H-63 H-8 peako] 11, § 6.803} 7.78 o)) A 2]doublet peakE Z}7} 5 7} 9] =24
of 3§ F3l= peakZ B ringoll A 710% H-2",6 3% H-3",5" 9 47 ME ortho
coupling (J=8.1 and 8.3 Hz)< &} 31 §lo], o] & 3+E o] kaempferol moietyd] 33EYJ<S
2 5 Ak PC-NMRe) A= 137)9] carbon peaks} VeI 9101, § 179.5 (C-4)2]
peaki= carbonyl7]o) 4] 71918 A< & 4 A ATh WA o] #EE 12 kaempferol 3]
S FUNeH, FARE & x5t kP
'H-NMR: 3 1132

. 8198 2(KYS 50034)9] FRE
SFE 2T =T TAHYP Y BEa s TLCA A 10% 34 Sl A o2 bl 5
o] flavonoid®] Y& L o4kt 'H-NMRoJ A §6.08 (1H, d, J=1.8 Hz)2] peak$} §
6.28 (1H, d, J=1.7 Hz)9] peake= 9] A ring9] H-63} H-80| A 7|13} peakZ XM Z meta
coupling & 3t U & 5 Ak 8 6.78 (1H, d, J=8.5 Hz) 2] peaks H-5 7 o A 7] o]
H peak® H-6 " oA} 7118 § 7.53 (1H, dd, J=8.5, 1.8Hz) peak$} ortho coupling S &
UL, EEFF§7.53 (H-6 " )oll A 9] peaks= H-2 " ol A 71913k 5 7.63 (1H, d, J=1.75 Hz) peak
o} meta coupling< 3}31 ] o] aromatic ringo] ABX system© 2 X849 3}FEI L &
F AU A o] BFE 25 querceting] & & 4 A TH PC-NMRA A = 1570 ¢
carbons2 T ¥ 3138 2, carbonyl”]ol| A 71213t peak”} § 176.3 (C-4)ofl A YEh}aL
gow, BAAE 2 gx)stm Aok
'H-NMR: 3 11 3%

1

o} 318 3(KYS 50178)9] TR EA

3HeHE 32 =Y Y B2 A TLCoA 10% 4t SAA] eghd o & WAl g
At} CIMS9) A+ molecular ion peak7} 301([M+H] el A Vi gloen, IR 289 E

iSZ

& ol A 3484 cm™ o} A ] broaddt peaki free hydroxyl7]| 9] EA2 23 & 4 AN,
1652 cm 2 X ¥ q,p-unsaturated carbonyl 717} Q& o33 F Tt "H-NMRol| A 37) )
protonol] 3 338} peak7} 6 3.680) A LlEb}aL lEH 0] AL methoxy 71E AT &=
AT 8 6.10(1H, d, J=1.9 Hz, H-6)3} 6.30(1H, d, J=1.9 Hz, H-8)o*¢] peak=
flavonoid®] A ringol| A 7]Q1%F peako] ™, & 6.82(1H, d, J=8.8 Hz)¢} 7.88(1H, d, |=8.8
Hz)¢] peakE-2 flavonoid 2] B ringo] para X|83|2 222t H-3 " ,5 3 H-2",6 " o 3
33t peakolr, o] #§Eo] kaempferol moietyE 7HO= AL ¢ F UATH
BCNMRAME 332 13} S}t pattern© 2 eI 9 A1, methoxy 7]ol| A 7121
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3t peak7} 860.99] A W ERI I 910, 3135 3-2 kaempferoldl] methoxy 717} X128 &l
oS o 2= 912tk HMQCH A § 3.6809)] 4] 2] methoxy peak § 60.99] A o] peak$} cross
peak7} VFERF AL 943, § 6.10(H-6)l A 2] peak7} 8 100.201 A1 2] peak$} cross peak”7} 1}
e 9om, § 6.30(H-8)o A ] peake= § 95.20 4 2] peaks} cross peak7} el A
ring2] &3 chemical shift& & 4 JAch =& 6§ 6.82(H-3 ", 5" )2 peak= )
117.00] 4 ©] peak®} § 7.88(H-2", 6 )4 2] peakE & 131.8¢4 2] peake} Z}zh
correlation©] o] B ring®] & &tchemical shifts £33tk HMBCO| A= 6 3.68
(OMe) o)) A 9] peak7} § 139.9(C-3)ll A &) peak s} 4 Z=H-8-& 3kl 1o A kaempferol 9]
C-39 9o methoxy7]17} X &5 o] 9l AL &< & 5= AAh o] F9 717184 2
o} £ 7o vl WE 3} 3FE 32 kaempferol 3-methyl ether2 57 st >
'H-NMR: 3 11 &z

2} 33E 4(KYS 50182)¢] FZEA

3EE 4 T B Bz A TLCAA 10% 34t SaA] o g Wy 5
2l ot FABMSo) A= molecular ion peak7} 317([M+H]+)°ﬂ A JEelgod, IR 2 E
A] 3412 cm™ o) A ] broadd} peak free hydroxyl7] &) EA4E 4 & 4 U3, 1652
cm” 2 2E] q,f-unsaturated carbonyl7] 7} 91&-& o 43t h 'H-NMR®|| A ¢} data’} 3}
&2 29} §-A}3 patterng H 9 0.1}, 371 ] protondl] 3] B8 6 3.689] singlet peak 27
B} methoxy 7|7} 9182 o435ttt 6 6.09(1H, d, J=1.8 Hz, H-6)¢} 6.29(1H, d, J=1.8
Hz, H-8)9] peakE flavonoid] A ringol| A 71213 peako|™, § 6.69(1H, d, J=8.1 Hz),
7.43(1H, dd, J=8.5, 1.9 Hz), 7.52(1H, d, J=1.9 Hz)¢] peakE-& flavonoid®] B ring®l| 4 7]
QI8+ H-5 " ,H-6" 2 H-2’ 2 peak& ¢] 3}3 & ¢] quercetin moiety S ZtEthe A& ¢
2= 91tk PC-NMRo| X = § 60.92] peak 2 X-E] methoxy peakS &A & & 311, §
180.4(C-4)°] peak® carbonyl7]o| X 7]¢1%F peakd S LAt WA 3sHE 4=
quercetin®l] methoxy 7] 7} 218€ Fe) gL & 4= A3t 22t o] methoxy group9]
23 X3S &) 95t HMQCS HMBC 28-S a4t HMQCH| A 8 3.68¢] peake
8 60.9 peak$} cross peak’} e methoxy”| & & & glglew, § 6.09 (H-6)2]
peak7} 6 100.12}peak} cross peakr} VERIT 3loH, § 6.29(H-8) peakE § 95.19]
peak$} cross peak”} LUER A ring®] A &3} chemical shifts & & Ak w3 b
6.69(H-5 " 1o 1 2] peak= 811699141 9] peaks}, & 743(H-6 ' ol 4 ¢} peak 8 122.7¢]
#12] peak$} correlationo] o™, § 7.52(H-2 " )2] peakE § 116.84] A 2] peaks} Z+z}
correlation®] 1] B ring®] # &8t chemical shift® FFE 4 A Ath HMBCO A 8
3.68(0Me) peak7} C-3(6 139.9)7 A3 28-S 33 glojA] quercetin®] C-3H 94| o)
methoxy 7] 7} &5 o] e AL AT = 9421, thE correlation peaks = ARy
# o] quercetin®] 2 221 81t} o]4ke] 717184 Aol FAR v E B3 o]
FE & quercetin 3-methyl ether2 221 5% stg et
'H-NMR: ¥ 11 &%



b 858 5(KYS 50201)¢] FEA

e Sv meA o] B8 BT R A TLCH A 10% A4t 3 Al =g o g kA 5
A ot FABMSol| A &= molecular ion peak7} 647([M+H] ) ol A LFEFETEH IR 228 E & of A
3400 cm™ o) A 2] broad3dt peakZ free hydroxylZ|8] ZAQE 3 & 4+ YA, 1654
em?Z 2 ¥ g p-unsaturated carbonyl”7| 7} 913-& A48 HTE 1604 cm 13} 1508 cm™ o)
9] F4 peakZ aromatic double bonde] A E o)A 81931, 1206 cm’ Loj A sugar
groupd] C-O peak7} EF A 0 2 JEIGS2 U 4 92k 'H-NMR| A 371 <] proton

o &) 53t 8 3.969] singlet peak 2 F-E] methoxy 77} Yttt AL & = AUt § 344}
o] o] B33t peakB B 2 sugard] EAE o4 & 4 1o, § 1.11(3H, d, J=6.2 Hz) 9
peak=rhamnose 2] methyl groupl] 3| Z-3}= &7 & ¢l peako| ™, § 4.54 (br s)2] peak=
rhamnose 2| anomeric protono}} 3] 33} peakZ 1 coupling constant® a-form-2 of] A
g o U1, § 5.249] doubletd THE sugar?] anomeric protond]] 3 33} peako]H
coupling constant7} 7.5 HzZ el B-forme 2 2SI S & F A} 6
6.22(1H, d, | =2.1 Hz) ] peak®} § 6.42(1H, d, | =2.1 Hz )¢] peak+= flavonoid 9] A ringol]
A 71918He peak2 7Hzt H-67 H-89] siwahn], § 6.92(1H, d, J= 8.5 Hz)9] peak, 6
764(1H, dd, J= 2.1, 85 Hz)9] peak 123 § 7.95(1H, d, J= 2.0 Hz )¢] peakS&
flavonoid ¢} B ringoll A 7|13t H-5 ", H-6 © & H-2 " ¢] peakZ o] 3}3E 9] aglycone
o] quercetin moiety S & 4= 1tk PCNMR 23 E & o] A §70-79 o] A 2] peaksE 2
Rl sugard Al Z]Agk Ao E rhamnoseo| A 7]¢1%F peakr} & 74.2(rtham-4),
72.7(rham-3), 72.5(rham-2), 70.2(rtham-5)o| 4| YE} L}, glucoseod| A 7]1Q1%+ peak”} b
78.6(glc-5), 77.7(glc-3), 76.3(glc-2), 72.0(glc-4) S} 6 BrA o) &) 7191 3k peak7} & 68.99 A]
UERYIL =], o] A2 rhamnose”} glucose?] 61 h4of |85 o] A A0 2 o]%F
g AYS & F AN §18.32] peaks= rhamnoses] H-6 28] 1 § 102.9+= rhamnose2]
anomeric carbon®] 5% &<l signale]™, § 104.9 peake glucose?] 57 <l anomeric
carbon & & 4 I A HMQCo| A § 3.96-2 § 57.29} cross peak”} YEFY methoxy 7|

E &< & 4 A3, 64.54(rtham-1) &) peak: § 102.9(rham-1)ol| A &] peak$} correlation

o] 1o, § 5.24(glc H-1) peak:= glucose?] & 104.9(glc-1)o) A 2] peak$} correlation
R 313HE 59 X 3d sugarg & & AATh 28} sugare] X FE 9% 9} methoxy 7]
7} A8 91 %] 915kl HMBC 482 44 5190ch. 1 A3 5 3.96(0OMe)9] peak7}
6148.7(C-3)2] peake} 43 zH-g-o] vheEb} methoxy )7} C-39 X o) x| 35lo] Y& &
T AN 6 4.54(rham-1) 2] peak= § 68.90) A ¢] peak(glc-6)9} /3 5 282 X o glucose
o] H-69] Aol rhamnose”} X] &8 A& 891 &1 3L, § 5.24(glc-1)2] peake § 135.9(C-3)
9] peak®} F 320 UERL C-39 R o glucoser} X $HE o] the AME S & 5 AN
o} o] 3e] V718 Aol B ninE B3ty 318E 59 & E isorhamnetin-3-
O-rutinoside (nacissin) 2 &4 3} 9}
'H-NMR: % 11 3%
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vk, 33E 6(KYS 50179)8) L&A

3E 62 =B TAHF Fug X TLC A 10% 2 BAA] 340 2 da 5
21t} FABMSe]| A1 & molecular ion peak7} 289([M+H]")oll A 2.9, IR 2~2H E ol A=
3426 cm o) A 2] broad 3F peak £ free hydroxyl”7| 2] 241 & F4 & 4 AL, 1640 cm’
ZRE carbonyl”|7} U2 odstET. "H-NMR data:e 3}&E 13 FABHAIRE, &
4.39(1H, d)ol| A ¢] peak<} 8 4.80(1H, d)oll A &] peakE 2] coupling constant(J=11.58 Hz)
2 % $£47F A2 trans 23S 3t ¢l dihydroflavanol g2 o 4 & 4 Atk H-89]]
A 7e18 § 5.77(1H, d, J=1.9 Hz)¢) peakQ‘r H-601 4 71918 § 5.81(1H, d, J=2.0 Hz)]
peakE flavonoid @] A ringol| A 71213} peak Z A 2 meta couplingS 3} Y& g 4
A A Th. §7.24(2H, [=8.5 Hz) ¢} 6.72(2H, [=8.5 Hz) peak:= B ringol| A 7]1Q18}= peak = o
A] o] 88+ o] kaempferol moiety Z 3} 31 &2 & = AUk "C-NMRe| A C-29} C-3
A 71Q18+ peaks} & 84.0% 72. 701]1<1 ztzb VeRba 9lo] oxygeno] Q1AEI R dE
carbon® & oA+ & 5 AUk EI AR A eI & § 197.4(C-4)0l 4 & peak
¥ flavonol -2 9] carbonyl 7| o 4] 71918} peak 2 saturate® peakE o & 5 AN}
'H-"H COSYo| = 8 4.39 o] A] H-3 peak$} § 4.80 o] 4| H-2 peak7} 4| 2 coupling & E.
o]a1, § 7.24(H-2", 6 )&+ 8 6.72(H-3 ", 5" )2] peakE = correlationo] 1o B ring©]
para A2 flavonol 729S <4 T & Uy HMQCZRE 33hEe] AT
peakES AT F UATH &, H-30 4 71213 § 4.399] peaks= 6 72.79] peak?} o
A7t Yebba laz, § 4.80(H-2)9] peak: 8 84.09] peak9} cross peak7} YEREIL 310
A5} peakE FA st 3§ 5.77(H-8)0 4] 2] peaki= 8 95.4 peak$} correlation©]
A, & 5.81(H-6)ol A4 2] peak= & 96.5 peaks} correlatlonO] Aol A rings] A &3t
chemical shiftE T3 & 4 ATt § 6.72(H-3 ", 5 " )ol| A ¢] peak+= 8 115.3 peak$}, &
7.24(H-2", 6 " )ol| A 9] peakE § 129.5 peak9} cross peak”’} UER} B ringe] &3k
chemical shift® 4359 th. HMBC 48& $3t4 o] & XA S BT AAE &
% 5] gir:}. 8 4.80 (H-2)o| A 2] peakE § 84.0(C-3), 197.6(C-4), 124.3(C-1) 12] 3 129.5(C-
27,67)9 peakET 4382 st 1o flavonoide] B ringo] 2 B0l X|&H
5%1 S & & ARTh 3§ 5.81(H-6)0ll A 2] peakE § 167.8(C-7), 95.4(C-8), 101.0(C-10)
o] peakE 3 A5 282 3 1o, § 5.77(H-8) ol A ¢] peak+= § 167.8(C-7), 163.5(C-9),

101.0(C-10 )] peakE # 43528 < 311 Y& & 4 AU o] 9] datas S T3}
o] o] 3}3HE o] dihydrokaempferol (aromadendrin) & 221 3t 1, o] &L FAH =

2 dxsta g
"H.NMR: 3 12 2%

Al i}@% 7(I<YS 50181)¢] FxEA

sheHE o] A REg A TLCo| A 10% 34 WAl A] 33120 0 2 b2 g
o] ﬂavonmd«] gdEALe dAslge. FABMSOH| A= molecular ion peak”}
305(IM+H]")ell A vbelgtth IR 2HEZ A 3366 cm™ol| A broaddt peakE free
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hydroxyl 7| 2 &4 & 4= 91131, 1640 cm™ o] A o] F4peakE E3l] carbonyl”] 7} &
& d4stitr. 'H-NMRY datas 3H3HE 29} $AFSFAY § 4.40(1H, d)o] peaks}
4.80(1H, d)&] peakE 2] coupling constant”} 11.58 HzW e} 5 47} M E trans 23
< 33 gl= dihydroflavanol & ol4F & 4= AATH H-8 A 71218 § 5.77(1H, 4,
J=1.7 Hz) %] peake} H-604 71213} § 5.81(1H, d, J=1.7 Hz)¥] peak: flavonoid] A
ring®l| A 71?13t peak & meta coupling g 311 Y& & = AUATH H-5 " o A 712136
6.69(1H, d, J=8.1 Hz)9] peaki= H-6 ~ o] 4] 7213k 6 6.74(1H, dd, J=8.1, 1.5 Hz) 2] peak
¢} ortho coupling &}31 o™, § 6.74 (H-6 " )l A 2] peakt & 6.86(1H, d, J=1.4 Hz)2]
peak(H-2 * )¢} meta coupling=S 3117 $]o} B ring®] ABX system ©. 2 X]8-9 quercetin
moiety & 7HIThe A& & 4 A AT 28U Cring2] 21 3} 33 o] quercetin 3= 2
saturate® 72 Y4< & F AT P"C-NMR M & C-29} C-39) 4] 71913 peak 7} § 83.1
3} 8 7410 A 247 el glo] oxygeno] A AL Q= carbonYd & &1 & 4= U
a1, 3 AR A e L E § 198.8(C-4) 2] peakE flavanol 7% ¢} carbonyl 7] o]
M 710 % peak & & F AATH o] 717184 A9 2 31FE 7 v, 18
1 ¥ g E3le o] FFES dihydroquercetin(taxifolin) 0.2 %43}
o} 227

'H-NMR: 3 12 #=

of. 33+ 8(KYS 50208)] FREA

3} 3HE 8 9 A falvonoidd] 4E 0 2 kbl A3 o] BEato|n, TLCO A 10% A
Al ) o 2 Al 5 Q)T FABMSe] 4+ molecular ion peak7} 289([M+H]") el 4] 1}
ERtom, IR 228 E 7] o 4 3386 cm™ o] A broad § peak+¥ free hydroxyl7]| 2 oA & 4=
YA, 1640 cm” 25 carbonyl7]7} &2 )443kt "H-NMRo| A 242z} st
protone]] 3| 33 peak”} 8 2.59(1H, dd, J=17.1, 3.1 Hz) ¢} 2.97(1H, dd, J=17.1, 12.6 Hz)
N A YeR}Il Q& coupling constant”} 17.1 HzZ UE}Y} geminal couplingd < <
A& 4 e, o] peakE-2 thA] § 5.18(1H, dd, J=12.6, 3.1 Hz)¢] peaks} A&
vicinal coupling& 3}a1 91&-& & & Itk H-8¢| A 7]1% 6 5.77(1H, d, J=2.1 Hz) ]
peak e} H-69l 4] 7|13} § 5.79(1H, d, [=2.1 Hz) 2] peak: flavonoid 9] A ringel| A 7] <1+
peak® A Z meta coupling 3t 9o, § 6.69(1H, br s, H-6 " )2} 6.68(1H, br s, H-
57) 12831 86.81(1H, s, H-2 " )] peaks: flavonoid ] B ringoll A 71213 A& & & 3
Atk PC-NMRo A C-29] chemical shift7} § 80.99 4] ehls A 22 C-24) oxygeno]
NS ATS A T 5= 91313, C-39] chemical shift7} § 44.50) A e 83+ 73}
=22] C-32] 9 X7} methylene (CH>)¢] flavanon 72 Y& & 4 A1 Th § 198.8(C-4)2]
peak ¥ 2] saturated carbonyl7] 9] A& &0 & AT} o]4Fe] 717 EA Ao} 5}
FEzte) v, 223 TR WnE F3te o FFES eriodictyol2 FY 33
E]r-23'24)
'H-NMR: 3 12 &=



2. SEE 9KYS 50183)e] FRIEA

395 9% Ao BAHY B2 A TLCH A 10% 3410 2 LAl A] mgha] o 2 W) 5
21tk FABMS®) 4] molecular ion peak7} 371([M+H]+)oll A L}EFRETE. IR spectrumof] A
£ 3412 cm™ o) 9] broad3dt peak® free hydroxyl7] o] EAE F4 & 4 AL, 1654
em 2 2B ketone”] 7} 9-&L o459 0., 1038 cm™ 9] 73 -4 band 2 C-O A g0l
23S A4 & 3= 990 'H-NMR A= 2}+2} 37) 9] protond] &) 3-3}=singlet peak
E0] § 0929} 0.949) ] ¢] sharps}A] V}E}L} quaternary carbonoll X] &% methyl 7] &
A8t 01, §1.180) A= 371 2 protond]] 3} 33t doublet peak(J=6.4 Hz)= A X
o] tertiary protono] 1< o4 & 4= A A} 3§ 1.849] A 2] doublet peakE 374 ¢
protonol] & 33}1, coupling constant(J=0.9 Hz)9} chemical shift2 allylic coupling<
33 & methyl groupd S st e, 6 1.96% 2.349] doublet2 Z}7} 3sjito
proton®l &} 23} coupling constant7} 16.7 Hz2 F7] 9] 42427} geminal coupling-&
3tal 12 o AEATh 8 34 Alole] B3 peakZ sugar®] EAE FHSAUL, b
3.53(1H, dd, J=11.8, 5.8 Hz)#} 3.77(1H, dd, J=11.8, 1.8 Hz) 4l 4 &] peaks+ sugar$] H-69
A} 71418 methylene peako] ™, § 4.23¢] 4 &] doublet-2- anomeric protono] 4] 7113 A
© 2 coupling constant7} 7.5 Hz2 el B-Fel 2 AF3IL ASS ¢ F UA 8
5.47(1H, dd, J=15.0, 8.5 Hz)ol| 4 ¢} peak2} § 5.64(1H, dd, J=15.3, 9.2 Hz) || 4} &} peak=
trans vinylol| 4] 7113} peak 2 doublet of doublet& vinyl group FZ:ol F4a71 UE=
o 4} & o= AT} 9] protond]] 3 F3l= 8 5.781 A 2] peak+ broad singlet® 2 &
3o o] FAg o A 71913 A0 2 vinyl group?] b= 45 €4 (quaternary carbon)
Ag 44 & 2 A PC-NMR spectrumo] A 137] 9] B4 2 T4 9 aglyconed)] 6%
Fo g TAHE sugarr} X FIEYE A4 T 5 AU} 6§ 101.49] peaki=anomeric
carbonol| A 7]213} peak Y& & 5 A 21, § 63.3(C-6), 72.2(C-4), 75.4(C-2), 78.6(C-3),
78.7(C-5)9] chemical shift® €] o] 3} &) 2350} = sugar?} glucosed S &<l
g = otk E=F § 20230 4 9] peaki= saturated carbonyl carbon®]-& < 43} T
DEPT(135°)2 K-8} § 22.6, 24.1, 28.1, 28,544 &] 47} 2} primary carbon(CHs)7} 27} ¢}
secondary carbon(CHy), 107] ¢] tertiary carbon(CH), 37} ¢] quaternary carbon(C)2. =
TAE terpendlFEYS ¢ & YAtk 'H'H COSY HES HA3t peakE 9]
correlationS 743519 2.1, HMQC A & & £3}d] o] 5 peakE 2] A &3} chemical shift
= @ % YSith =, 50929} 0.940) A ] 113 7} 12 9] peaks 5 28.59} 28.10] 41 9] peak
E 3} correlation©o] 1.0.™, § 1.840] 4] 2] 10¥ peak= § 24.19)| 4] 2] peak$} correlation&
B o]E9 AHE3 chemical shiftES A3t § 1.963 2.340| A 2] 2 H A 7)1+
doublet peak+= § 48.70) A 2] g4 9} F@#A 7} VERAL 9lo.H, 6 2.609] 6% peak= 8
57.39)) 4 2} peak$} cross peak7} eI 1SS & 4 A%tk Glucoseo| A 7]Q1%H §
3.09-3.16A 0] 9] E-A3 peakEE § 721-78.7) 4 9] ©AEH 9] cross peakE A &3t
chemical shiftE 213} .o.1, § 43904 2] 9H A 7]Q1 %+ multiplet-2 § 75.20] 4] 9
peaks} AAAA IV Yt 938 & 5 ATk § 42394 2] anomeric proton2 §
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101.49 A ] peak$} correlationg X.0] 31 §) 0.1, § 5.470l| A 2] 81 peak+= § 137.59) A ]
peak®} & AA) 7t YEl} T, § 5.640) 4 2] 731 peake § 131.80] A 2] peak$} cross peak
7} Ve vinyl groupS 54 4= 1T} § 5.7890 A &) 4 of] 3] F3}= singlet peakE
§ 126.691419) peaks} A#ATA 7} VERY T2 X0 X|8H tertiary vinyl groupe]
chemical shiftE 743} 9t} HMBC spectrum ©. 2 8] = anomeric protond] 4] 7]213%}
6 4.239) 49} peak”’} & 752014 2] 9¥H peako} AF LS Ho glucoses= 9H I
O-glycoside®Z A3l YLS ¢ 5 Ut 1822 o] 85 = 1-butene & 2 o]
F0] 2} chaino] 4] 311 9] x| of| glucose7} O-glycosideZ A3t side chaino] &2 4k
t}. o] chain®] terminalel] $]X] 3+ vinyl&- § 57.32} 6 ol| 3 F3} tertiary carbon} A
AAA T Ao, § 261042 68 FAE 6 0.929) 0.949) A 2] dimethyl groupse] A}
33 A+ 6 37.59 A 2] 19 carboni} A A S Ve I )], side chaing § 57.32] 6
H carbonel] A3} ASS L F AUATE 6 0.928} 0.940] 4 2] dimethyl peak= 234 2]
methylene groupol| 4] 7|21 3t § 48.60 4 2] peaks} A4 HFBAA 7} YEY L 9lo™, § 1.96
9} 2340 M) 29 FA4E § 202394 9] carbonyl carbonit AAAA L U] 3¥
carbonyl groupo] 23 Z& & 4 UG 4, 59 o]FAF ] X¥F 158 9
methyl groupol| A] 7]Q1¢+ § 1.849) A} 2] peakt= 1-butenyl groupo] 2%3}aL A& §57.3
o} 1 2] 61 carbon} § 126.60) A4} 2] 4 4, § 165.99 A 2] 5 EFA 9} correlationg B
olal o™, 4 FhoA 7[QUZF § 57894 2] peakt § 57.301A 2] 6 EBA9}
correlationa R0 31of 8tgtE-o] ringS o] FiL US& & F AT Wk o] 315
&< cyclohexened] carbonyl groupe] .29, glycosideZ3HE 311l & terpened &
o = U3t} 4, absolute configuration& CDoll 4 242 nmo) A negative, 320 nmoi) 4
positive cotton effectE e 6592 29k11, *C-NMRo A 9H o)A 7]913) g4 9]
chemical shift7} 9R ol 4} 9] chemical shift® t} up-fieldol| A JElL} 9SS Lgto, B
FaAx & dAE & 4 ARt o3 FHE T8 o] FFEL (65,95)-3-0x0-a
-ionol-B-D-glucopyranoside 2 291 53 R

'H-NMR: ¥ 12 &=

2t 3H3HE 10(KYS 50184)9] F2E-A

3H9hE 102 E¥ 3189 44 2 spectral dataE P ES A 31 E 99 FANE £ E
e 1ok FABMSel A molecular ion peak7} 409([M+Na]+) 2 Vel 1, IR spectrum
ol & 3412 cm™of| 4 9] broad 3t peak 2 free hydroxyl7] 9] £A1& 24 & & Ylow,
1654 cm ™ 2 B-Ef carbonyl 7] 7} &g o 4819 11, 1038 em™ ©] 48+ &4 band 2 C-O 2
Fol EATE 44 T F AN H-NMRANE 3138 99} FAHE peak patterng 1
o3 AT F, 6091, 0.94, 1.19, 1.840) A 2] peakE-& z+zt H-12, 11, 10, 139 A4 7]<]
g methyl peako] 37, § 2.03(1H, d, [=16.9 Hz)#} 2.51(1H, d, [516.9 Hz)ol| A 2] peakE-&
H-2¢| A 7}Q13+ methylene peakd & & 4 AR § 4.17(1H, d, J=7.5 Hz)ol| A ¢] peak
+ B-glucose 2] anomeric protono] ¥, &h1}2] protono] 3 93l § 4.439] B33 peake=
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H-9¢l 4] 71413 peak] S & = AT 11} 343 102 3138 99k 22l H-690A
71913} peak7} WFEFGA] 99k oW, H-79] vinyl groupoll A} 7113 6 5.92(1H, d, J=15.6
Hz)o) A 9] peak7} 335 99 Z$-®t} down filedZ ©] &3} doublet® 2 YEh} 2
2 2 vicinal coupling%F L}EhL} 69 9] %] ol hydroxy groupo] X & T2 A& &4
911t} BC-NMR spectrum® 33+ 99} tfF-2 U] 8kA] gk § 49.80] 4 <] 61 w49
chemical shift7} up filed 2 0] 53 AL 29 & 4= 9l o] hydroxy groupo] C-6 #1 ] ol 2]
5ol IS & 5 A o144 HolBE Tt o] FFEL HFE 99 7x9
A H-691F)9  hydroxyl7]7} X &= ) F%o], corchoionoside C
(6S,9S-roseoside) & B Y1 AT & 9 5H& dopck?
'H-NMR: ¥ 12 %%

rl?

11,_.
o
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3 11. "H NMR data for compounds 1-5 (300 MHz, CD;OD)

1

2

3

4

5

6.07 (br s)

6.08 (d, 1.8)

6.10 (d, 1.9)

6.09 (d, 1.8)

6.22 (d, 2.1)

6.29 (br s

6.28 (d, 1.8)

6.30 (d, 1.9)

6.29 (d, 1.8)

6.42 (d, 2.1)

7.78 (d, 8.3)

763 (d, 1.8)

7.88 (d, 89)

752 (d, 2.0)

7.95 (d, 2.0)

6.80 (d, 8.1)

6.82 (d, 8.8)

6.80 (d, 8.1)

6.78 (d, 8.5)

6.82 (d, 8.8)

6.79 (d, 8.5)

6.92 (d, 8.5)

7.78 (d, 8.3)

7.53
(dd, 85, 1.8)

7.88 (d, 8.9)

7.43
(dd, 85, 2.0)

7.64
(dd, 85, 2.1)

3.68 (s)

3.68 (s)

3.96 (s)

5.24 (d, 75)

3.26-3.47 (m)

3.26-3.47 (m)

3.26-3.47 (m)

3.26-3.47 (m)

350 (d, 9.3)

554 (br s)

3.26-3.47 (m)

3.26-3.47 (m)

3.26-3.47 (m)

3.26-3.47 (m)

1.11 (d, 6.2)
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3 12."H NMR data for compounds 6-7 (300 MHz, CD;0D)

NO. 6 7 8 9 10
5.18 19 (d 167 2.06 (. 169)
2 |487 (d, 116)1480 (d, 119)| (44 197 31)| 234 (d 167) 551 (d. 16.9)
2.5
3 |444 (@ 116)|440 (g 115)| 9 LTL 3D,
(dd, 17.1, 12.7)
4 5.78 (s) 5.77 (s)
6 | 581 (4 20) | 581 (d 17) | 579 (d 21) | 260 (d, 9.1)
7 564 (dd. 153, 92)| 587 (d, 156)
8 1577 (d 1.9) 1577 (4 1.7) | 577 (d 2.1) 1547 (dd. 153, 86) 562 (dd, 155, 7.2)
9 438 (m) 4.43 (quin)
10 118 (d, 6.4) 118 (d, 6.4)
11 0.94 (s) 0.93 (3)
12 0.92 (s) 091 (s)
13 184 (d 0.9) 184 (d, 1.3)
2 724 (d. 85) | 686 (d 1.4) | 681 (br s
37 1672 (d. 85)
57 1672 (d 85) | 6.60 (@ 81| 668 (br s
, 6.74
6 (724 (d 85 | (gq 51 15| 669 (r o) |
Gle-1 423 (d 75) 167 (d, 75)
5 309 316 (m) | 306 315 (m)
3 309 3.16 (m) | 306 315 (m)
4 300 316 (m) | 306 3.5 (m)
5 300 316 (m) | 306 3.15 (m)
. 353 (dd, 118, 58) [352 (dd, 124, 6.6)
377 (ad. 1.8 1.8) |3.74 (dd, 118, 2.2
*: Pyridine - ds
5. EMaAY FRE D FEAR B4
7} EHEHANY 2550 P08 A8 2 NAPAE 25 B

Eupehd e A F2EQ Afgdud AR, zE/IESAITH
FE FHSA =Sl 28T Z(0)e &A &7 8y s a-fd ABEA
AAEEE A71E viet 22 Yo R SAIAY. EnpddFd vy Wge
F2E USE2Yg 8L F9& F8E § £3E2 U & 2 "/
ZE SATGA e JAsFLs i ARE5Y JARTE AY Holx &e ki
o, olHES old BIHEL oz LA%o] 600 pg/me] ICx e JYERRAL,
R/ SAOA-TE AFEA JARFO] 67.7 pg/ml, FASFEA-FE AHF
4 A RES0] 1159 pg/m ICs ghS YeEhlio] AAE AARSaIHRE HolB=R
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gz 2y

Jo
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B

(Cso, 18/ mb)

>1,000
>1,000

1159
>1,000
>1,000

457.6

202.2

21.2

803.9

852.1
>1,000
>1,000

SERE!

(ICs0, pg/ml)

>1,000
>1,000

67.7

>1,000
>1,000
600.8
277.1
222
570.6
>1,000
>1,000
>1,000

(ICs0, 18/ mb)

>500
145.4

60.0

142.2
>500
367.5
58.0
206.3
>500
>500
448.2

(GM)

il
_zw__
_zT

oj
!

o]

duje] 2R ede 28 (GD)

EED
(GE)

o
o

opAl| el o] E

g

3
2l

dujo] gz aveg 2

1
(SE)

R

=
(SD)

7

(FM)

a)il
W
.ZT

oy
my

=714 =

17.5
>1,000
>1,000

A&7, NMDA 4]

152
>1,000
>1,000

gt A71A Zled Y

3

60.0
>500
>500

-sAE BAEEEC W
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AZAR 309 A= 43 FPEES E 159 Ueh} AEo], B
AR Sste] R0 ARAZE E4M ol g HusFLd oI5
& /g B SASE Aew dusa. w3, =

g2 A oin oo J}O Y odo M 2 yE

A" 3-rd g Eae 43R ﬂlﬂi A ‘<5H Z‘EEHQL M A
N

=2

o

rok

r

o -
At

o

19 I
2

¥4 |DPPH g9z 42745 | #92Aol= gole gozt
3= (ICso, g/ ml) &A% (ICso, ug/mb)
2 & >50 >50
Hsl=2 703 E >50 >50
2 E 3-vdE ez >50 >50
AzAd 2.89 >50
tl=zHA=NE 4.49 2.48
AzA9 3-94g dg= 3.76 4.77
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HAAAA
]:]E]_
X2

31% A
(9 ug/me)
86% A
(30 pg/mi)

33% AA (9
g/ me)
47% A
(30 _pg/mb)
21% A (9

vg/ ml)
54% <A

(30 pg/mb)

29.7

>300

>300

41

7.8

0.60

249

>300

55

16.6

0.65

R
AHg 3o g

AeAd

O3 =2H 2A4"

HA=ZAY 3-vd
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t}. KYS 50182(quercetin 3-methyl ether)e] €12 Z4 HEA HEd WA LA
9 in vivo HAZHRZ &%
st o2 R RelE §85 Paist B HABAE B

ox
e
¢
)
m
x
(T

(KYS 50034), #A=zAd 3-wd oH=z, == U=
50190)2 38 4 A2} & 3080 10 mg/kg £F0g B W2 &3] Fojsia] =l
RE 8%% &

Hlw gasigot. 1 Z3, A2A" 3-vd dHE

%!
¥ 97 A4 23 2 2 44 83, 24 F A4 £ 9 558 25N A
g =23 gjz2go] vl zhzt 553, 49.6, 45.6 L 547%9 oA Ae HL
g veldozn g Ay HAAMNL BRiads RoFn. ®hde] #
2 EQFGME BESAMT 289%9] 424 e HAE RAFAey B3I
=z zAd BATdAE ofEd f44 e Riads velA ZIo
3 ZE AfE 87 B 16 @ 192594 Bt

sy AAYEEH 2age glojMEe A=Add 2 AZAE 3-HE H=
AT EANT 2T v AR3PFFH vt FA44 A STHEeER A
AYFLH FEAAE HEHES & F JAHE 17).

£ YA g $43 HJAARE F5e Ul AZA- 3-vE AdHEE
2o ggoz ¥ 4 F 308 w3 AW ) Bo A HARERD B5& A
s A3 ieEd AAgE, 2 9 a4 F ANEH, 2FE 257 2T viE
74z} 556, 50.3, 49.3, 50.9%2] F94 Uv TAE Uiz FHI 2H T
AARE ERE Yerfden txFo] vls 94 e AAFERH & 2%
E JePRATH (I E 26). ole YolA ZIgd B2 Ul 54 Ao AsH FAR
FolEg HIAT T2 EuE @A FIF HUFERS A5 UEdS
¢ AU
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oY
s
l-olt
‘.‘o{t
olf

3t 16. A=A, A=A 3vd dez, d3j=2A2 AL in vivo A4

34 84 A
3] n F B4 | FEE%)
Az o= = % &4

HEHA(A L) 6 | 367+ 20 | 1818+ 114 | 2186+ 125 | 1500+ 71 | 128+ 1.0

A=zA" 9 301+ 49 | 1305+ 186 | 1611+ 21.4| 1106+ 158| 91+ 1.1

o 5 = 11| 289+ 31 | 812 208 | 1101+ 229 | 8L6+ 17.8 | 58+ 07

Ui =2A2A- 8 301+ 43 | 1694+ 12.7 | 1995+ 165 | 130.7+ 131 | 119% 05
A

L=
a7 o H9 FA ZHA (Duncan’s multiple range test) 2T 244 A= Aol

¥ 17. A=A, A=A 399 db2, dal=zA=A9s] AFA5eR H8aq

%’Eﬁi}%tﬂ ;‘q ;‘q
= 5
=4 i AzA49 3-9e
A 7}3) 9) 23 5 (2 <) A=A SE 2 B R=R=E =0 =]
A1z
308 233 + 0.24 244 + 024 236 + 0.15 233 + 0.16
24X 7¢ 250 + 041 456 + 053 481 + 044 3.00 + 033
Wztel thE WY PBA AT 4NN ETFH §94 dE =] (p<0.05)
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300 200
Ml Vehicle (n=6) —
KYS50034(n=9) &
250 EEM KYS50182 (n=11) €
r N KYS50190(n=8) E
c
,.;E‘ g 150
3
E T °
~ >
£ B
3 150} E 100
o e
> =
+ [3
4 -
5w K
£ k-]
& 50
[*]
or £
§ S
0 . - 0
Total Cortex Striatum
18 8
16 | EEME 30 min after MCAO
[ZTH 24 hr after MCAO
o
§s o
58 £
[ R] Q
NE 7]
] @ E
£ & o
@ ® ‘D
28 S
0% * [
8T 3
£5 2
o < z
> Q
(2]

1Y 25. Neuroprotective effects of KYS 50034, KYS 50182 and KYS 50190 (10 mg/kg

i.p.) administered 30 min after onset of ischemia in a 120-min MCAO rat model.
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250

200
R Vehicle (n=11) -
BB KYS50182 {n=12) r’E
-
£ 200} E
£ 2 150
e 3
o
3 1s0} >
o ]
2 5
'é ué 100
£ 00t =
< s
& =
] °
© $ 50
2 sof 2
< £
<]
3]
0 : 0
Total Cortex  Striatum Vehicle KYS$50182
14 8
M 30 min after MCAQ
12 ¢ 24 hr after MCAO
s -
10 ’— @
S
—_ L Q
g s 2
o
E . L 4t
s >
- 6 F k)
u [
3
4 L 3
2 |
2 -
0 0

Vehicle KYS50182 Vehicle KYS50182

19 26. Neuroprotective effects of KYS 50182 (10 mg/kg, i.v.) administered 30 min

after onset of ischemia in a 120-min MCAO rat model.
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4. g2 A=A 3-mg e =9 WE Fof Ao HAZHRDT 87

= HAZEE %S YEUR

d R AzAqd v dezs $F fu F 0¥ A7 10 mg/kge
Fo A9 HAARE B%E AT 2 diHAE

s} z+zk 664, 59.1,
Fo Al aREn
2o Hls)

300 200

MR Vehicle (n=6)
R Aloesin + KYS50182 (n=14)

250 |

=
w
o

100 |

50

Absolute Infarct Volume (mm®)
2
Q
Corrected Total Infarct Volume (mms)

Total Cortex Striatum

M 30 min after MCAO
24 hr after MCAO

15

s
g 10t 2 4l
[
o
w
.
| ' |
0

713 27. Neuroprotective effects of aloesin and KYS 50182 concomitantly administered
30 min after onset of ischemia at the dose of 10 mg/kg (i.v) in a 120-min MCAO rat
model.

Neurological Score
F-Y

Vehicle Aloesin+KYS50182
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A 3 A AA dig A

1 AA AR By

oF

oA Ao g ey Qe

(A E 895-15)= 2000d 69 17Y 3ok
Adate] A7l o] &3tk Z HEE A 3.0 kgg 184 ¢ 9] MeOHd

A
o] AoA 4~59 Ft YA oAHstFa, &l 40TCo|stollA ZeF A=
MeOH ext & TFERITE o] & 3WH #HE Ad3 A F MeOH ext. 5004 gs
Eavi=g

MeOH ext. 5004 g& 3000 m(e] Eo] dE Al7]x, 2500 m¢e] dichloromethane,
ethyl acetate Z18]1 n-butyl alcohol2 £u] ZAJo)| wet £xHo =2 ZHz; 334

W FEsel BHE Jr

o

S
e & 2

e Ok ol

=
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895-15 (3.0 Kg)

extract with MeOH (18.4 L x 3)

| 895-15 MeOH extract (500.4) |

CH,Cl, (2.5Lx3)/H,0(3.0L)

|
CH2C12 ext.
(126.4 g) EtOAc (2.5Lx 3)
EtOAc ext. ﬂS Lx3)
(25.04 g) ’
n-BuOH ext.
H,0 layer
(143.7 g) (1299.3 i

EtOAc &2 95086 g& UxHOZ Sephadex LH-20 ZH ABvtEIHY
(MeOH)Z AA)3t¢] EA~EJe] 10719 & 2L AQ3, o|HHoE EOAc A=
1333 g& 9A¢ 2o 2Roe 7Y mgvtEaH9E AAEe  E(T)A~E(I)I
o oY & EAE YA, WiT 14 BT & BHF AN 4 220w

EtOAc ext.
(25.04 2)

Sephadex LH-20 column chromatography
(MeOH)

N 1

E(IDA E(IDB E{DC EJADD ﬁ(II)E E(IDF E(IDG E(IDH E(DI
2755mg

8.995¢g

7b 3E 179 &4

A& B3 895EEX 8-S silica gel column chromatograpy(CH2Cl:MeOH:HO =
51:01 —3:15:02)8 AAEe A& 8o A EFF EE2 £3F 98 mgS prep
RP-18 TLCE AA3te] sFE 1(KYS 50220, 7.2 mg)e Ldoem, & =3
895ED9%3 7794 mgg  silica gel®  ©]&3  column  chromatograpy
(CH:Cl:MeOH:H,O 6:1:0.1-3:1:0.15) 5 ¥HE A g3t 33E 1(KYS 50220, 90.12 mg)
< FIIE —E—Elél—‘ﬁofﬂ ED9% 3 1.86 g Sephadex LH-20 2% ZZutE1#] Y
(EtOH)E A A3l 4L 10719 & BF F & #3F 895ED9%5 323 ngg &
2 TLC (64% MeOH)é— o] &3} F3FE 4(KYS 50241, 6.0 mg)S IS F AN
, & ¥-3 895ED9g 2903 mgl 2R E silica geld o83 Z¥ Z=2rtEIH I}
A8 A4 TLC (60% MeOH)E o] &3t 335 2(KYS 50242, 6.8 me)s ¥= <+
=y

¥ ML 2
32 A

2§37 895ED10%-8 3.03 g& Sephadex LH-20 Z¥ ZzZvwlE 1 H (EtOH)E
Alsle] A& 13719 & B E3E ED10cEE 375 mgg E3FHE& RP-18 TLC (64%

i
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MeOH)= AAJlolE 32 7(KYS 50243, 43 ng)S Alom, & £ 895ED10d
8 1233 mgE& THA] silica gel A I ZelEIY N (CH?Clz'MEOH'HQO
8:1.0-41:0.1)2 AA st 9o B At o] 895EDI0A2 23 511 mgg =
#g RP-18 TLC (64% MeOH)E AA|3te] Ha}E 5(KYS 50225, 64 mg)et 313
3(KYS 50244, 57 mg)S AJct A H-3 895ED8E-3F 146 g8 Sephadex LH-20 Z
¥ =ZZolEad I (EOH)S AA5te] 895EDSa-EDShe] 8749 & 2¥yL A7,
895ED8e 3 779 mgS THA] Sephadex LH-20 Z¢ A ZviE I I(EtOH)E A A3}
o 10719] & FZo =z YFth o] £ 895ED8ed £33 S silica gel ¢ mZZnlE
T T 9 RP-18 prep TLCE AAgte] FH3HE 6(KYS 50214, 4.3 mg)e L

l

ED9 (1.86 g)
| sephadex LH-20 (EtOH)
T ( T l
ED9a ~~ """~ > ED9%e ED9f ED9g
779.43mg 290.37mg

silica gel C.C.
CH2C12 : MeOH IHzo
(4:1:0.1 - 3:1:0.1)

silica gel C.C.
CH,Cl; : MeOH :H;0 (6:1:0.1 - 3:1:0.15)

ED9g104t (12.3 mg)
[

l j RP-18 prep. TLC
60% MeOH

ED9e3 ED9%eS ED9e8

(87.9 mg) (32.3mg) (149.1 mg)

I
7 | ' ‘ KYS50242
silica gel C.C. RP-18 prep. TLC (comp. 2, 6.8 mg)
64% MeOH

CH2C12 MeOH (15:1)

KY$50220 | KY550241
(comp. 1, 90.1 mg) (comp. 4, 6.0 mg)

ED10 (3.036 g)

Sephadex LH-20 (EtOH)

[ l I |
ED9a ED9 ED10c EDl0d - --~-- - ED10m
37.51 mg 123.36 mg 290.37 mg
RP-18 prep. TLC ( 64% MeOH) .
silica gel C.C.
KYS50243 CH,Cl, : MeOH :H,0
(comp. 7, 4.3 mg) (8:1:0 - 4:1:0.1)

ED10d2 (51.1 mg)
RP-18 prep. TLC( 64% MeOH)

KYS50244
(comp. 3, 5.7 mg)

KYS50245
(comp. §, 6.4 mg)
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895EDS (1.4592)
Sephadex LH-20 (EtOH)

N |

ED8a ED8b ED8c  EDS8d ED8¢ ED8f EDS8g ED8h
779.43 mg

Sephadex LH-20 (EtOH)
ED8edq (25.49 mg)

RP-18 prep. TLC
60% MeOH

\ KYS50214 (comp. 6, 4.3 mg) I

. 33E 8, 9, 107 119 £

- BYEFe} E(INF £8 805 mgd G4 A7HAde o8¢ 27 AZvEDY
7 (30%—50% WEL)E A st EF1~EF99] 9709 4 ¥3E& E3Ui, ©] T EF3
23 1299 mge 94 S o] 43 2y AZntEIHI(B0%—-50% HE2)E
AANEtY] 3FE 10476 mg)S AT EF4 23 268 mgS G4 A7HAS o&F
7y mAErlEHH@0% WEL)E AAse s3E 8(KYS 50034), 3= 9(KYS
50022D, 5.15 mg), BEE 11(KYS 50223, 16.85 mg)S +=45HA LUTH

EF + E(IDF (800.5 mg)

Lichroprep RP-18 column chromatography
(40%MeOH - 50% ™ 70% MeOH)

I

EF1 EF2 EF3 EF4 EF35 EF6 EF7 EF8 EF9
18.6mg 16.6mg 1299mg  268.0mg 170.7mg 457mg 6l.lmg 49.0mg 18.1mg

Lichroprep RP-18C.C.

(30—50%Me(H)

EF4-6 EF4-7 EF4-8 EF4-9 EF4-10

Lichroprep RP-18C.C.
(40%MeOH)

KYS50192
{comp. 10, 4.76 mg)

Prep. RP-18 (60% MeOH)

r

\ KYS50034 (comp. 8) I KYS50022D KYS50223
| (comp. 9, 5.15 mg) (comp. 11, 16.8 mg)

- 102 -



oh 3eHE 12, 13, 147 159 £

2 3 895ED(I)¢} EF(Il) #8 102 g& Sephadex LH-20 Zy I ZwlE 1o
(EtOH)E A Aldle & ED1I~EDI189 4 ¥3& ED5 23 18595 mgl THA
MeOH= Sephadex LH-20 Z+y zm=ZulEaz)uAdA)3ta, 71 = ED5Sb 23 30.65
mgS prep RP-18 TLCE AAEt 27 AEY mixture® 2592mg Atk o]
mixtureE prep HPLC(10% CHiCN)E AA1sted 3}3HE 13(KYS 50238, 141 mg)S
ettt & £3 ED5Sble £3& 185 mgS RP-18 prep TLCE AAste AL
ED5b16-1 #3825 Sephadex LH-20 Z¥ ZZvlE 1z 3(MeOH)E A A3}
338 12(KYS 50239, 5.99 mg)e A
4 ¥ ED8e® 3 779 mgd Sephadex LH-20 Z¥ =2 vlE 181 (EtOH)E A A3}
o 1071 & £8& dRen, ¥3 ED8e5d(131.3 mg)E Toyopearl HW-40 (EtOH)

< o] &3 HAS} EHE I TLCA0% Werg)E AAste] 313HE 15(KYS 50246,
47 mg)st BIE 14(KYS 50211, 35.0 mg)E AL 4 UTh
89SE(IND + E(IDF (10.02 g)
Sephadex LH-20 (EtOH)
EDl'==™ ED§ -------vr----- > ED7 EDS ED9 ---> EDI8

356.8 mg l 26.1 mg

‘ Sephadex LH-20 C.C. (MeOH) 1. Sephadex LH-20 C.C. (MeOH)
] [ ] | | 2.Toyopearl HW-40 (EtOH)

ED5a gpsp ED5c ED5d EDSe  EDsf

185.9 mg | J

silica gel C.C.
. o . KYS50211 KYS50246
| CH,Cly : MeOH :H,0 —-110-1 S 3O comp. 14, 35.0 mg)<| (comp. 15, 4.7 mg) I
ED5b8 (30.6 mg) ED5b16 (18.5 mg)
RP-18 prep HPLC RP-18 prep. TLC
10 % CH;CN 23% MeOH
KYS$50238 KYS50239

(comp. 13, 14.1 mg) (comp. 12, 5.99 mg)

2. A fFraRe Fx219

7} 3582 1(KYS 50220)9] FxREA]

"H-NMR spectrumol A 1709} caffeoyl”]9} 17}9] sinapoyl”]7} &= A1,
quinic acid®] 493 59 S peakrt AAFOE o]FIJYoEF, o]E<
hydroxy 717} X&HAS2 & & AR, & 3.629 4 methoxy peak7t #ZEH YO
B2 qinic acid®] methyl esterdd 2 FAE = AJY. HMBC spectrumF 3
3-O-caffeoyl-4-O-sinapoylquinic acid spectrum data®} ®lw3sle] Felgk Az
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sinapoyl®] carbonylz]e] EBhaol 4 $x|9] F4, caffeoyl®] carbonyl7]e] o}

58 Z=&A}o]9] correlationo] #HE L, quinic acide] 1 %] carbonyl EFA

9} methoxy7]ol 7]Q13F 424 peak$}2] correlationo] Rolm g o] FFFEL 5HIY

49  hydroxy7l7b  ZZt  caffeoyl?}  sinapoyl® A ¥E  methyl

5-O-caffeoyl-4-O-sinapoylquinate 2 5% 3} %} t}.%0

'H-.NMR (CD;OD, 300 Mz): & 2.01(1H, dd, J=6.2, 13.99 Hz, H-6), 214(3H, ddd,
J=6.86, 3.38, 14.03 Hz, H-2,6), 3.62 (3H, s, OMe), 3.70 (6H, s, 2 x OMe),
426 (1H, m, H-5), 5.02 (1H, dd, J=3.01, 8.18 Hz, H-4), 5.04 (1H, dd, J=6.34,
1418 Hz, H-3), 6.05 (1H, d, J=15.88 Hz, H-2'), 629 (1H, d, J=15.86 Hz,
H-2"), 6.63 (2H, d, J=8.19 Hz, H-8), 6.76 (2H, bs, H-5", H9"), 680 (1H,
dd, J=1.92, 8.27 Hz, H-9"), 6.84(1H, d, J=1.97Hz, H-5") 7.38 (1H, d, J=15.89
Hz, H-3), 7.52 (1H, d, J=17.72 Hz, H-3").

BCNMR (CD:OD, 75 Mi): & 388 (C-6), 39.0 (C-2), 535 (OMe), 572 (2x OMe),
69.1 (C-3), 69.5 (C-3), 754 (C-4), 762 (C-1), 107.3 (C-5", 9"), 1149 (C-2),
115.6 (C-5), 116.0 (C-2"), 1169 (C-8), 123.5 (C9), 127.0 (C4"), 1279
(C-4), 140.0 (C-7"), 1472 (C-6), 1481 (C-3), 1482 (C-3"), 149.8 (C-6", 8"),
150.2 (C-7)), 168.3 (C-1'), 168.8 (C-17), 175.6 (COOMe).

U B8 2(KYS 50242) FEEA
"H.NMRO) A aromatic G doA] 28219 caffeoyl”]9] peak7} H2AE o,
aliphatic moietyos]l % 27§} -CH, peak®} 1709 -CHs peakz}, & 3.6194
methoxy peak7} TZEHATh  Quinic acid®) 3,45¥ protono] W AAFHOZ
o] E3L W, o] 3FEL 345H0] 2709 caffeoyld} aliphatic® 2 X]¥E quinic
acid methyl esterg 333 & llch. "C-NMROIA 8 1704, 174.74] 4 carbonyl
719] peak®} 17844 free acid®] peak’} IE = AT} HMQCo| A caffeoyl”] 2]
carbonyl 7] &] €49} quinic acid®] 3, 5 Y X2 F4-9}9 correlationo] WZE O
o, 19 $x]9] carbonyl €49} methoxy7]¢] correlation®] A&t b B
3382 35W0] 217} caffeoyl®, 4 X7} (3-hydroxy-3-methyl)glutaroyl”1= %
3% methyl 3,5-di-O-caffeoyl-4-O-(3-hydroxy-3-methyl)glutaroylquinate 2 717 3}
.3
'H.NMR (CD:OD, 300 Mg): 6 121 (3H, s, -CHg), 207225 (4H, m, H2, H-6),
2.30-252 (4H, m, 2x-CHy), 361 (3H, s, OMe), 518 (1H, dd, J=3.2, 6.67
Hz, H-4), 532 (1H, brd, J=39 Hz, H-3), 550 (1H, m, H-5), 613 (1H, d,
J=15.9 Hz, H-2"), 622 (1H, d, J=15.9 Hz, H-2"), 6.65 (1H, d, J=8.4Hz, H-8),
6.69 (1H, d, J=8.2Hz, H-8"), 6.86 (1H, dd, J=1.96, 821 Hz, H-9), 6.88 (1H,
dd, J=1.91, 8.17 Hz, H-9"), 6.96 (1H, d, J=1.83Mz, H-5) ,6.99 (1H, d, J=1.82
Hz, H-5"), 7.41 (1H, d, J=14.5 Hz, H-3'), 7.51 (1H, d, J=14.5 Hz, H-3").
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PC-NMR (CD:OD, 75 My): & 269 (-CHs), 353 (C-6), 363 (C-2), 46.2 (-CH,), 465
(-CHz) 521 (OMe), 682 (C-5), 68.3 (C-3), 69.8 (C-4), 70.1 (C-OH), 73.4
(C-1), 113.4 (C-2'), 113.9 (C-2"), 114.0 (C-5), 114.1 (C-5"), 1154 (C-8"), 1155
(C-8), 1222 (C9"), 1223 (C-9), 1265 (C-4"), 1268 (C-4), 1458 (C-6"),
1459 (C-6'), 1466 (C-3"), 1469 (C-3)), 1487 (C-7"), 1489 (C-7), 166.5
(C-1), 1673 (C-1"), 170.4 (COQ), 174.7 (COOMe), 178.4 (COOH).

o} B3HE 3(KYS 50244) TR EA
"H-NMR spectrumol| A 17§9] caffeoyl7]®} 17§¢] sinapoyl”Z|7} EAH A1,

quinic acid®] 43 53 F4 peak’} HAFAOE o]FIHPOoBE, o]F9

hydroxy7]ol] &HAS & & AU, § 1.183 4.089 4 ethyl peak7} &2 5

ANo.EF quinic acid?] ethyl estergd S FA T £ YUh HMBC spectrumol A

A% A} sinapoyl®] carbonyl 49} 4¥ X9 F2, caffeoyl®] carbonyl B4

o} 51 FaAtol 9] correlationo] #FEQ1, quinic acid®] 1M x| carbonyl &

29} ethyl”7]o] 7]913F 424 peak} 2] correlationo] Hoj2 g, o] 33EL 5HT 4

el 9x]9] hydroxy”|7} Ztz} caffeoyl® sinapoyl® X3¥ ethyl 5-O-caffeoyl-

4-O-sinapoylquinate 2 %73} ;.

'H-NMR (CD:OD, 300 Mg): 6 118 (3H, s, -CHs), 2.02 (1H, dd, =63, 13.8 Hz,
H-2), 215-226 (3H, m, H-2,6), 3.78 (6H, s, 2xOMe), 4.08 (2H, m, -CHy),
4.27 (1H, brd, J=2.6, 5.39Hz, H-3), 5.06 (1H, dd, J=2.85, 8.15 Hz, H-4), 5.49
(1H, br dd, =74, 13.3 Hz, H-5), 6.09 (1H, d, J=15.83 Hz, H-2), 6.35 (1H,
d, J=15.83 Hz, H-2"), 6.66 (1H, d, J=8.16 Hz, H-8), 6.76 (2H, bs, H-5",
H-9"), 6.82 (1H, dd, J=1.52, 8.23 Hz, H-9"), 6.90 (1H, d, J=1.67Hz, H-5") 7.43
(1H, d, J=15.86 Hz, H-3), 757 (1H, d, J=15.84 Hz, H-3").

BC.NMR (CDsOD, 75 Mg): 8 13.3 (C-CHs), 37.3 (C-2), 37.6 (C-6), 558 (2x OMe),
617 (C-CH,), 67.7 (C-3), 68.1 (C-5), 74.0 (C-4), 748 (C-1), 105.9 (C-5", 9),
1134 (C2), 1141 (C5), 1145 (C2"), 1155 (C-8), 1221 (C-9), 1255
(C-4"), 1264 (C-4'), 1387 (C-7"), 1459 (C-6), 1467 (C-3), 1468 (C-3"),
1484 (C-6", 8"), 149.1 (C-7'), 167.0 (C-1’), 167.4 (C-1"), 175.7 (COOMe).

2}, 3FE 4KYS 50241)9] FREA

"H-NMRA o A 170 2 caffeoyl7] 9} 171¢] sinapoyl”]7} Q1= %131, quinic acid
o 359 A9 427 ARGz o] FHRenE, 0|59 hydroxyrlel XA}
AZHARSTS € F UYL, 8 349994 methyoxy peak7} BEEH o] o] FFE 9
quinic acid®] methyl esterd]-2 3213}t HMBCS AHE o)A sinapoyl”] ol A
71138k carbonyl B4} 5 9 X]9] 24, caffeoyl7]o| A 7]Q18l= carbonyl B4
o 3 FaAtol9f correlationo] BE-E L1, quinic acid®] 1 91X 2] carbonyl &
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29} methoxy 71| 4=4: peak$}9] correlationo] Ho|2 =, o] &L

hydroxy 7|7} z}yz} caffeoyl s} sinapoyl 2 ARl methy!

3-O-caffeoyl-5-O-sinapoylquinate 2 &7 3} 3 1=

'H-NMR (CD:OD, 300 Mg): 6 1.93-2.09 (4H, m, H-2, H-6), 349 (3H, s, OMe), 3.66
(6H, s, 2 x OMe), 3.77 (1H, dd, J=3.17, 6.66 Iz, H-4), 510 (1H, brd, J= Hz,
H-3), 519 (1H, m, H-5), 602 (1H, d, J=15.9 Hz, H-2), 627 (1H, d, J=15.88
Hz, H-2"), 6.57 (1H, d, J=8.15Hz, H-8"), 6.71 (2H, s, H-5", H-9"), 6.76 (1H,
dd, J=1.98, 821 Hz, H-9), 684 (1H, d, J=1.97lz, H-5), 7.35 (1H, d, J=15.89
Hz, H-3"), 748 (1H, d, J=15.88 Hz, H-3").

BENMR (CD;OD, 75 Mp): 8 347 (C-2), 358 (C-6), 520 (OMe), 558 (2x OMe),
688 (C-4), 711 (C5), 712 (C-5), 73.7 (C-1), 1059 (C-5", 9"), 1138 (C-2),
1141 (C5), 1153 (C2), 1155 (C-8), 1221 (C9), 1258 (C4"), 1266
(C-4), 1385 (C-7"), 1459 (C-6), 1462 (C-3"), 146.4 (C-3), 1485 (C-6", 8"),
1488 (C-7), 167.0 (C-1), 167.6 (C-1"), 174.6 (COOMe).

o}, 3188 5(KYS 50245) TREA
"H-NMRAFo| A 1709] caffeoyl?1 9} 171 2] sinapoyl”7]7} Q1= 13, quinic acid

o] 359 $x9 Fa7 AAFoR olFIHPL B, o]E9 hydroxy7lel] X7}

ABHPSS @ & Y, § 1187, 4.07914 ethyl groupell A 71Q1gH peak7t &

Ax)o] o] 3}FFE9 qinic acide] ethyl ester = 2359t HMBCE =¥

o A sinapoyl®] carbonyl B9} 5¥ $X]2] =4, caffeoyl”]2] carbonyl Ets9) 3

W Z2Alo] 9] correlationo] #2E )31, quinic acide] 1% %] ¢| carbonyl EbA 0}

ethoxy7]ol A 7]Q1gt 44 peak<} 9 correlationo] Holm =, o] 3}3E-2 3HY 53

9] hydroxy7]7}+ d rdc caffeoyl®} sinapoyl® =85 ethyl

3-O-caffeoyl-5-O-sinapoylquinate 2 5% 5} g k¥

'H-.NMR (CD:OD, 300 Mg): & 1.18 (3H, s, -CHs), 206-222 (4H, m, 138 I
H-2,H-6), 3.78 (6H, s, 2xOMe), 3.90 (1H, dd, J=2.93, 6.35 Hz, H-4), 4.07
(2H, m, -CH), 523 (1H, brd, [=3.35lz, H-3), 533 (1H, m, H-5), 610 (1H,
d, J=15.92 Hz, H-2), 639 (1H, d, J=15.88 Hz, H-2"), 6.70 (1H, d, J=8.15 Hz,
H-8), 6.83 (2H, s, H-5", H-9"), 6.88 (1H, brd, J=1.62 Hz, H-9), 695 (1H, 4,
J=1.97 Hz, H-5) 748 (1H, d, J=15.89 Hz, H-3), 7.61 (1H, d, J=15.88 Hz,
H-3").

BCNMR (CD;OD, 75 Mi): 6 133 (C-CHz), 346 (C-2), 358 (C-6), 558 (2x OMe),
61.6 (C-CHy), 68.8 (C-4), 708 (C-5), 71.1 (C-3), 73.6 (C-1), 1059 (C-5", 9"),
1138 (C2), 1141 (C-5), 1153 (C2"), 1155 (C-8), 1220 (C-9), 1258
(C-4", 1266 (C-4), 1385 (C-7"), 1459 (C-6), 1462 (C-3"), 1468 (C-3),
1485 (C-6', 8", 148.8 (C-7)), 167.0 (C-1'), 167.6 (C-1"), 174.2 (COOMe).
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v} 3}3HE 6(KYS 50214)9) FZEA
"H-NMR, spectrumol| A aromatic G Hol| A 17§19 sinapoylZ]¢} 1709} vanillic
acidel] 9|3} peak$} § 3.34-4.479) 4 o 7|Q1% peak’t #EEF A O W, 493 ppmd
A glucose®] anomeric protonol J=73 Hz o2 #EHJoEZ, o IHFEL B
-configurationg Z+= wlgAZ 24tk PC-NMR spectrumdl] 4] &2] anomeric
carbone| § 102.00. & xix}ﬂog o] 53l BAHNSH, 1719 ester carbon peak
o} 179 free acidZ2 FAHE peak’} BHHJT o5 AFTRE TR
#3te, HMBC, TOCSY5 9] spectrum® E 33E3 HFAFE vanillic acid 4-O-p
-D-(6’-O-galloyl)glucopyranoside®} spectrum¥ v 3l-2wf o] I}FEL vanillic
acid®] 49 X Fo|l AFHIUT, Fo 61 X7} sinapoyl’]) 9} esterd{Hg
St vanillic acid 4-O--D-(6'-O-sinapoyl)glucopyranoside 2 5% S0 A A
'H-NMR (CD;OD, 300 Mg): & 334 (1H, d, J=89Hz, H-4)) 339(1H, t, J=88, Hz,
H-3), 350 (1H, t, J=2.03, 7.4Hz, H-2), 3.69 (1H, dd, J=2.3, 6.2Hz, H-5),
4.28 (1H, dd, J=6.9, 11.9Hz, H-6"), 447 (1H, dd, [=2.07, 11.9 Hz, H-6"), 4.93
(1H, d, J=7.3H;, H-T'), 632 (1H, d, J=15.8Hz, H-2"), 68 (2H, s, H-5"H-9"),
7.08 (1H, d, J=84Hz, H5), 745 (1H, d, J=19 Hz, H2), 750 (1H, dd,
J=1.91, 6.8 Hz H-2), 7.54 (1H, d, J=15.8 Hz, H-3").
BC.NMR (CD:OD, 75 Mi): § 567 (OMe), 569 (2xOMe), 64.7 (C-6), 717 (C-4),
748 (C-2), 75.7 (C-5), 77.8 (C-3), 1020 (C-1'), 106.9 (C-5", 9"), 114.4 (C-6),
1157 (C-2"), 1165 (C-5), 124.5 (C-2), 126.5 (C-4"), 1273 (C-1), 139.6 (C-7",
1473 (C-3"), 149.5 (C-6", 8"), 1503 (C-4), 168.8 (COOMe), 170.16 (COOH).

AL SR 7(KYS 50243) FREA
'"H-NMRo) A 17§ 2] caffeoyl”]7} #ZH o™, quinic acid®] 58 $ X 4
7} ARAow 0]56]—93,9_E‘.i 5 A9 hydroxl7]7} caffeoylz 2] 3Hd
chlorogenic acid2 FAHow, § 1.167} 4.0691A ethyl”]o] <] peakr} TZ =]
o] o] 33EL quinic acid®] 1H x| ethyl”]$} esterd3S 3}= chlorogenic
acid ethyl ester® 5% % A=l
'"H-NMR (CDsOD, 300 Mi): & 1.16 (3H, t, J=7.13, 14.2 Hz-CH;), 1.93 (1H, dd,
J=63, 13.8 Hz, H-2), 2.05-2.14 (4H, m, H-2, 6), 3.65 (1H, dd, J=3.09, 7.52
Hz, H-4), 3.78 (1H, d, J=2.55 Hz, H-3), 4.06 (2H, m, -CH,), 520 (1H, br dd,
J=7.02, 12.2 Hz, H-5), 6.14 (1H, d, J=159 Hz, H-2'), 6.66 (1H, d, J=8.07 Hz,
H-8), 6.86 (1H, dd, [=1.89, 8.21 Hz, H-9), 6.93 (1H, d, J=1.92Hz, H-5") 7.45
(1H, d, J=15.9 Hz, H-3).

o}. 3}3E 8(KYS 50034)¢] 24
o] 3IgtEL =M BHY A2, 'H-NMR| A2 peak F o] flavonoids]
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S o 4 YA 6 7.6090 42 doublet peak= 2"

peak(dd, 1H,J=1.6, 84 Mz)9} meta couplingg &}il 32w, o} peak= b 6.761 X

o] doublet peak$} ortho coupling(d, 1H, J=84 Hz)< 31 AL & + AT

o] AL flavonoid®] B ringd|X 7]21& o] o]Eo] ABX systemoZ X3}l

9lee & 2= gk 3L, § 6279049 peak2} 6.484] 4 2] peak= A ringol A

7118 peakdS & & UATh wakx o] s E 8L quercetino E AR ASH,

authentic sample¥}= x| g3 orgre}

'H NMR (CD:OD, 300 M) § 627 (s, 1H, H-6), 648 (s, 1H, H-8), 6.76 (d, 1H,
J=8.4 Hz, H-5), 748 (dd, 1H,J=1.6, 84 Hz, H-6"), 7.60 (d, 1H, J=1.5 Hz,
H-2).

|4 71213 peak® § 7.48°] 4] <]

o

2b. 832 9(KYS 50022)9] TEEA
o] 3gEL 'HNMRIA T2 87 fFAHS peak RY e YA, 6

3-49 4 YEelte B33 peakE: Ei o E=AE FAsH, Fel anomeric

protone] 5.15 ppmol|41¢] doublet peak¥E coupling constant7} 7.3 HzZ e

glucose7} B-A2¥E T ASE ¢ F AT 'HNMRY} £aE nluste) 1 725

quercetin®l]l glucose § EA7F AFEHO Ue quercetin-3-O-B-D-glucopyranoside

(isoquercitrin) 2 543l th.

"H-NMR (CD;OD, 300 Mg): & 3.0-40 (6H, m, H-2", 3", 4", 5", 6"), 515 (1H, d,
J=7.3 Hz, H-1"), 610 (1H, H-6), 6.29 (1H, H-8), 6.76 (1H, d, =84 Hz,
H-5), 748 (1H, dd, J=1.6, 84Hz, H-6), 7.60 (1H, d, J=1.5 Hz, H-2)).

2} 8 HE 10(KYS 50192)¢] F2EA4

o] 3}3Ee #42] amorphous powderZ, WEZo] & FH=rt A A
HolA HEgdd TAE 4& & Utk TLC plateol| A 4+ TAA] A
w@Ae worh Azte] AUdA Bede WA HAo 'H NMRA 9] peak
pattern& 3}3E 29} FASIATE quinic acid®] 3W 3} 5H A 7]AEE peakrt A
Z UHAA Yz g Hol o F, FFE 2A4E § 542004 FA9
Z=20) #|F3lE peaks’t multiplet® 2 overlap® o] UElI AT, FHE 69
MNE 8 5559 5390 A Z+zZ} multiplete 2 Ve Atk T 40X 7I1EkE
peak7} & 3.91¢] A doublet of doublete.2 Ueh}y ed 3FE 29+ A 4
W 229} 58 449 coupling constant 7} 9.86 HzZ A Jehtz ek °C
NMRAME 33E 29 §ABIAEE quinic acid®] 3HI 588 AT oA

&) AT WA o] F3HE

& 3,5-di-O-caffeoylquinic acid2 F33stz F&3s+ e 9l A A3
Zoll ek

'H NMR (300MHz, CD;OD): § 2.04 (m, 1H, H-2.), 211 (m, 2H, H-6), 228 (dd,
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1H, J=152, 2.7 Hz, H-2), 391 (dd, 1H, =9.9, 3.4 Hz, H-4), 539 (m, 1H,
H-3), 555 (m, 1H, H-5), 6.31, 643 (d, each 1H, J=15.8 Hz, H-8), 6.78 (d,
2H, J=82 Hz, H-5), 696, 697 (dd, each 1H, =82, 2.0 Hz, H-6), 7.06,
7.08 (d, each 1H, J=2.0 Hz, H-2'), 7.59, 7.62 (d, each 1H, J=15.8 Hz, H-7).

BC NMR (75 MHz, CD;OD): § 36.6 (C-2), 39.7 (C-6), 715 (C-5), 72.1 (C-4), 735
(C-3), 754 (C-1), 1143 (C-2), 1145, 1150 (C-8), 1155 (C-5), 122.0 (C-6),
126.9, 1271 (C-1), 1457, 1457 (C-7'), 145.9, 146.0 (C-3'), 148.3, 1485 (C-4)),
168.1, 168.5 (C-9), 180.4 (COOH).

7}, SFE 11(KYS 50223)2] FZEA
o] 33& 9A] dicaffeoylquinic acid F 3 FE TLColA WHAA] :g2lolt)r}

A gedog Wtk 'H NMRe|A S peak patterno] 3 73 fA}sho]

4,5-DCQAY & 43t HT) 5¥olA 7118t peakZF § 5.679A multiplete 2

B3, 8511004 4o A 7]918t peaks} doublet of doublet (1H, J=9.5, 2.6 Hz)<.

2 Y ok oA F group? caffeoyl group©] quinic acide] 4H 3} 53

NEd PP ¢ & AT °C NMReNE FFE 79 dXshe 2goz

Bl o] s3HEo] 45-DCQAAL ol & 2= igth o]Ate] Hlo|EE Z&sle o

3B 2 4,5-O-dicaffeoylquinic acid2 T+ 3t .7

'H NMR (300MHz, CDsOD): § 2.06 ~ 2.30 (m, 4H, H-2, 6), 436 (m, 1H, H-3),
511 (dd, 1H, J=9.5, 2.6 Hz, H-4), 567 (m, 1H, H-5), 616, 627 (d, each
1H, /=159 Hz, H-8), 6.72, 6.73 (d, each 1H, J=8.2 Hz, H-5), 6.87, 6.90
(dd, each 1H, J=83, 1.9 Hz H-¢"), 6.99, 7.01 (d, each 1H, J=1.8 Hz, H-2),
749, 758 (d, each 1H, J=15.9 Hz, H-7).

BC NMR (75 MHz, CDsOD): § 37.5 (C-2), 38.6 (C-6), 68.1 (C-3), 68.6 (C-5), 75.0
(C4), 755 (C-1), 1137 (C-8), 1142 (C-2), 1155 (C-5), 1221 (C-6)), 126.6
(C-1'), 1457 (C-7)), 146.6, 146.7 (C-3), 148.6 (C-4'), 1673, 167.6 (C-9), 1765
(COOH).

e} 313 12(KYS 50239)¢F 13(KYS 50238)9] F2EA
3EgE 125 'H-NMRojA H-3d] 7]203t= EAHQ signalo] 741 ppmollA

J=0.83 Hz9] doublet®Z YE}O M, 461 ppmolA glucose9] anomeric protono]

J=7.83 HzZ2 BAFRES & F A }; Geniposidic acid®] = 'H-NMRe] A3

ot Ed@te] wima FAsigch?

'H-NMR (CD;OD, 300 Mg): § 2.05 (1H, J=8.0, 18.78 Hz dd, H-5), 258 (1H, t,
J=7.57, 7.72 Hz, H-9), 3.04 (2H, m, H-6), 419 (2H, m, H-10), 4.6 (1H, d,
J=7.8 Hz, anomeric-H), 5.69 (1H, s, H-7), 7.38 (1H, d, J=0.95 Hz, H-3).
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o

338 138 Aol AAHOoZ, 'H-NMReA H3o| 7glstes SAZAA
signalo] 741 ppmolA ]=0.83 Hze] doublete.Z ERGEOM, 3.69 ppmelA=
methyl estero] 7]Q18}= 3HS signalo] singlet® = 3.01-3.31 ppmAtol ol A e}
E peak® 3 3 Byt EAFTS & F A9, 461 ppmol A glucose®| anomeric
protono] J=7.83 HzE BATES ¢ 4 Ao Geniposided] FE= 'H-NMR#
BCNMRY] Z3s} £@ze] vmz &P
'H-NMR (CD:OD, 300 Mg): 6 2.0 (1H, br dd, J=5.6, 163 Hz, H-5), 2.6, 3.04 (2H,

m, H-6), 26 (1H, dd, 7.6, J=153 Hz, H-9), 361 (3H, s, OMe), 42 (2H, m,

H-10), 4.6 (1H, d, J=7.8 Hz, anomeric-H), 5.69 (1H, s, H-7), 741 (1H, d, J=

0.8 Hz, H-3).

BC.NMR (CD:OD, 75 Mg): 8 35.6 (C-5), 387 (C-6), 47.4 (C-9), 50.7 (OMe), 60.4

(C-10), 61.6 (C-6), 705 (C-4), 738 (C-2), 768 (C-3), 774 (C5), 97.2

(C-1), 9931 (C-1), 1115 (C4), 1273 (C-7), 1438 (C-8), 1523 (C-3), 1685

(C-11).

o 3gHE 14(KYS 50211)2} 15(KYS 50246)2] 2 H-4
3%% 145 'H-NMRO|A aromatic oM 378 Fad 3%

ABX system© 2 23&t1 glom, F/)9 doublet peak(/=15.85 Hz)-2 I coupling

constant7} & Ao W Fo] trans YAE X3y YE FFEIS ¢ F UA

o} Wb o] 3EHE-2 caffeic acid®2 A 3H T}

"H-NMR (CD;OD, 300 ME): & 6.14 (1H, d, J=15.85 Hz, H-2), 6.69 (1H, d, [=8.15Hz,
H-8), 6.85 (1H, dd, J=1.99, 8.17 Hz, H-9), 6.94 (1H, d, J=1.98 Hz, H-5), 7.45
(1H, d, ]=15.86 Hz, H-3).

8l peaks

33E 155 'H-NMRO A aromatic J QoA trans vinyle] s 33e peakr}
7483} 624 ppmo| A doublete® e }m Fr)9 peakel] 3|EdtE peak”t 6.80
ppmell A singlet® 2 }El} aromatic ringo] thF o2 X3t USS EUH E
3 3.78 ppmolA 6788 Fad P E peakst VERY aromatic ringel F7H 4
methoxy groupe] X|¥Ho] &S & 4+ U WA o] 3}3+E-2 sinapic acid
2 FAsA -
'H-NMR (CD;OD, 300 ME): & 7.48 (1H, d, J=15.79 Hz, H-7), 6.80 (2H, s, H-2, 6),

624 (1H, d, [=15.85 Hz, H-8), 378 (3H, s, OMe).
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3. AR FEAES BARN

ghibol| A 220]3 Y A XA =ZEZHE 229 flavonoid AQ 3}FE, 2
%9 iridoid 33E, caffeic acid, 34-dihydroxybenzoic acid, vanillic acid 4-O-8
-D—(6"-sinapoyl)glucopyranoside% 25t :]12; THEeET. £33, 659 quinic
acid #EA ¥ F 3% F8EL Lelstel 72E ARG 2oE v 23
= 3FE 1-69 67H94 SHEE-S AAA A A Z%Q-EE Y Hu He £20H, 3}
HE 7S AANM AHE FE Rixe Aot

o5 VYR W& P45 B4E DPPHol 9@ A4202 27 5A% 2
/AR EATA A g5 3 FAlolm Fole Bz &A%, AAPHY f%
of &3 glEdAte A Azl Asftgo digh HAS A s

Ea)

7k A #2223 £98 SFEEY AFHUE 2AE5Y
Positive controlZ 7]&of Ozt AAAZ 2 ded olazm 2w e Q)

C-EFHEMER E), d2H P EE (resveratrol) S AHE-3] FAAIE 9] A
#BoZd AAEZHRE v 2AE E 189 AAFIT. AANHE bolgHE 33 A
Al BFgkolth

¥ 1894 & 4 UE ule} o] 895-159] o€ olAEHo]E B3 %W 1z 2E
e stgEEY ARtz SARRE 7]EY B4 2AA S vwd 23,
g2 2t EE oy of2FBRAMHIEY Q)9 A8 d AAETSY FAS A0S
Uetlisr 3lew, o olAdEolE FE3 od oM ERZRE R FFE
WL -ERZFHEMET BE)ED $43 595 Holu &S ¢ 5 Uk



g SgEse AR 2A5%

ANEEd AfEdd 2AEH (Cs, ng/me)
Her s FE25 >50
gz2v& 9 >50
ol ELMY B 14.02 £ 1.25
FEE £3 >50
E 7y >50
3138 1(KYS 50220) 875 = 017
3 E 2(KYS 50242) 439 + 0.02
FEE 3(KYS 50244) 6.08 + 0.06
385 4KYS 50241) 85 + 0.36
338 5(KYS 50245) 952 + 0.31
3}3HE 6(KYS 50214) 2267 + 0.44
338 7(KYS 50243) 71 + 042
3} 3HE 8(KYS 50034) 5.88 + 0.71
335 9(KYS 50022) 16.56 +1.04
332 10(KYS 50192) 5.64 + 0.11
335 11(KYS 50223) 5.89 + 0.21
313HE 12(KYS 50239) >50
33HE 13(KYS 50238) >50
3} 88 14(KYS 50211) 3.22 + 0.08
FE 15(KYS 0246) 694 + 1.06
of2F 2 WIAHHIER C) 553 + 0.13
«-EFHE(HET E) 942 + 0.26
g 2 o] 2} E Z (resveratrol) 17.05 = 1.08
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AR F2E 2 PR 3385 BY/BULAGA HE Rl =80
220 )9l 2A &

Xanthine(X)3} xanthine oxidase(XOD9| ¥F8-0 2 A EE HEAjo]E Lol
2t Z(superoxide anion radical)?] AL AAAI|E E5S Hrtshr] st E
o 59 HE e go] systAnt?

%, 0.1 mM xanthine, 0.1 mM EDTA, 50 ug/ml A8* ¢HET (Bovine serum
albumin, BSA), 25 mM HE=ZEF HEZEF (Nitroblue tetrazolium, NBT)3} 40
mM NaxCOs &, 2t F=82 N AY IFE &, 283 14x10° G4
XODE x@she HFTHF 7 200 w2 AL EF3SIH 25T A 2087 §HEAH
o A7) gh3g 9 6 mM CuCly 6.6 WS H7lsle] HFSS AHAAZ T, AL
2tz (formazan)g& 560 oA FF=g FHslY T/ FEAITA FE #9
FAlolE ol AARAE HwI HAHYE ICo #HeE T ICxnS el/zt
BEAITA 2 FHSALo] = 2ol & (superoxide radical, Oy) &A &HE ALt
o 50% AAEAE Udelle FE(Co)E o njgitt.

EXIAEER Q), du-ExHEH el E), o v eE E(resveratrol) 9] &3} 9}
Hlagk d3E F 199 etk AAEE dHolE e 33 HA] Hwgholdh

3E 190 Jebd npol Zof, 89515 FEEH WEgg FEEZREH I o4
obAlElolE  E&o ZR/AR-GAITA f= FHIA|E  Zo]&(superoxide
radical, Oy") &AAHEHE 7|&E9 AAAEH vwg A3, 895-15 HetE FEE3

A2 FE2EH B 4 FFgE] A/ AEGAGA FE o GAlE £
2 #t)Z(superoxide anion radical, Oy) AAHAHE 7|&9 FAIL 2AAA of
ot

]

Mg FSESRE 283 g obEolE £8 adn Rug Bl WS =
e 24¢ ey 982 ¢ + dgon, 9 oAHoERYLe S8 e
242 Uehin 98-S BAY + Atk EF, oY oAEoEREE 2D 3%
g oREdA e BANE 2ABHE YD Agen, 53 3TE 73 149
Eahe 493 S5al deda god, 639 AR FFES =P 959 &
g Uehim o} o[Fe] Fash Ao FYRYL YA Ak oF HYE
oo e SFEEE FUFEAE dein Uee ¢ & At agd AE
FUAZ Lol HPE AR A} Qe & 5 Aok



X

% 19 JA 225 o
e
=y

228 SRS FYIASALA FE w984l =

ol 20 )2 £2A 8%
R A /A2 A A FE FH2APE gl Fdu#E
(superoxide anion radical, Oy) &A&EH (ICx, Ug/mi)

HeE FEF 36.14 + 8.43
tZzavg 23 >50
OlH EXboll e E 3 146 + 032
FEE 3 18.03 + 3.23
E 3 4739 + 4.32
3E 1(KYS 50220) 1.8 + 0.43
s3HE 2(KYS 50242) 228 + 0.23
33 E 3(KYS 50244) 204 + 027
3H3HE 4(KYS 50241) 216 + 0.31
313HE 5(KYS 50245) 2.69 + 0.09
33HE 6(KYS 50214) 46.32 + 3.5
3H3HE 7(KYS 50243) 0.97 + 0.02
3}3HE 8(KYS 50034) >50
3}3HE 9(KYS 50022) 341 + 0.27
315 E 10(KYS 50192) 290 + 0.14
33HE 11(KYS 50223) 329 + 042
3HHE 12(KYS 50239) >50
3}3HE 13(KYS 50238) >50
S E 14(KYS5 0211) 054 + 0.03
313 15(KYS 50246) 12.97 + 3.12
ol2~F 2 HHHELY C) >50
a-EZ ¥ E(HEFR! E) >50

@) 221 2} E E (resveratrol) >50
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2 o7t Ay, 895-15 F2E 4
A EFE U5F 2ol FAsA
AAPH, [2,2 7 -azobis(2-amidinopropane)dihydrochloride]ol]l 2]3} linoleic acid)
28-S AR E5S HUshy] Y8l & 59 Ferric thiocyanate assayZ
FARste] AASFHTY =, 3 ng/ml linoleic acid, 15 mg/ml Tween-20, 02 M Y E
F EAMoE 98N (pH70), 1.7 mM AAPHE &3l wHE £ o g2
T ARENG HTPITL 300 U HES BH} 7 TAN 150831 WEAR
(&8N T 2 A5 HFTEEE 3125 gg/molth). 47| wkSgod 01 mes}
30% ammonium thiocyanate 0.1 ml, 2x10% M FeCl, 0.1 mE Z33l9 3% Zo
microplate readerZ 500 mmolA FFEE =A3¥UTE 895-15 F=E31 B3 2+
Azl ALJINE A AAE(A, %)S ofHe FAHoE FIa 1 AHE X
200 vetier, 71& £AA] olxFERIAKHIE C), du-EzsES(nlEw!
E), d&HSES R EES29 ade} nastdy, AXHE gL 33 FFgholth

o

A (%) = NPED AR VEFLE/INETY VEFFE x 100

3E 200 Hole upsh Zof, 89515 WghE FEEH VS FEEZHH £3
oY oMEolE EHoM 2 FHS HAFI glon, REE EIA Fo
gol sle 24 UrhI 3UeS ¢ F UG EF, dE oA HEZREH &
2g e R ¥ B4S BT e ol AR F gz o
2 3= FAE AFHE Rolx UEE ¥ F AT wEA AR FE2E H
T84 SAFEES WxEAR Hud w3 AFHE A4S Y.
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¥ 20 A FEE 2L BAW FFESY ARAANEE A A 5T

AEEA A AFE A AAE (%)
He-E FE5F 235
tZzzvg §£3 1.6
oje olAEHo]E EF 49.9
FeE 28 31.1
E ¥E 3.7
338 1(KYS 50220) 56.0
33E 2(KYS 50242) 52.0
33HE 3(KYS 50244) 54.9
g2 4(KYS 50241) 547
33HE 5(KYS 50245) 53.8
33E 6(KYS 50214) 38.4
33HE 7(KYS 50243) 51.1
3138 8(KYS 50034) 54.2
332 9(KYS 50022) 49.9
3}3HE 10(KYS 50192) 51.5
3 3HE 11(KYS 50223) 51.7
33E 12(KYS 50239) 4.8
338 13(KYS 50238) 2.0
3} 3HE 14(KYS 50211) 54.1
313 15(KYS 50246) 38.1
olxzERIsHHIEE Q) 441
-EZH EMER E) 61.2
Y| 2 vl] 2} E 2 (resveratrol) 39.1
E & & 2 (Trolox) 61.6
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Aad FuEde 8% 9 A AAFFATHA)
1. =0 H(Aloesin)e] Y FrHARtel] 2 =4 A

7} vhezg YES ol 88 SHAY
LAY Y BAE SAe) hess) ASE o8B FA U WEES 54
AlEE AAE Y. FASAAEAN @3 AW Fo4sHS w100, 300, 1000
mg/kg) A8F E % ANFHF 1000 mg/kg FAF FIHE A o B
HoA ek, ABE
3 2T fol4 29 2 499 Bl YA
WGTh weh AZeIAlS) REHFE HZA Al HolT 1000 mg/kg olF O
FEEHAYG. olFA ESAANFAME FE=E o] L3 dose range finding
study(DREF)E 3)sl9th. 74 DRF Alge A= 250, 500, 1,000 mg/kgS &3], J
HEd2 74 F2A male 5vtE| ¢} female Sui]o] FHSIGI, ofF-A o] dF A7t
BEEA] AU B AFAME AFEA T #EE Algoly J4F oldAh

A5 BIYA) gob RAN] B HNF BALL ¢ & AL

G GaA ol A BAS AT 4ASH AW 53

Aloesin®] 3|2Eld Q74 Axdzl #(TA98, TA100, TA1535, TA1537)% E
HEH 274 tAT(WP2 uvrA)o] st B9 Al 24 o5& nlAtEd
A aAg 2 Ag A zASAT APEAY A8 Ay AR FE 500 b
g/plateE 31 F=Z 3}31, 5000, 1000, 200, 40, 8, 1.6 ng/plate?] 6 == A|g
EAFY &4 2 ok gz2Fo thE AlFES AASET). Aloesing] B3 =9
ol Ald A3} Al BA A& ARl BAGC] 5 AR TF EFNA 24 o
2200 02 ARED A2l SAEddol oAb FAH Fhe a4
Gt ol AEAH, aloesin £ AlFP 27t 3|2EH &F
salmonela typhimurim TA98, TA100, TA1535, TA15372) 47) ¢} EHER
T4 TFA E coli WP2 uvrA A|E F5o ois 57 Edvols f3
Aoz weeE .

o, {HIO

fo

04.4
rﬂ,J
N
2.

durere] NPL obBo] AlgelA BRMow stk ok Fgoloe T oy
1A q

$(F P48 VEE A RS Folny] A% AP P AU A
of & Aysjorste AYolth S8 FBol AA AEFHAYS W ANNOE F8
AN, £F, e A5 JHY JFL MAEAS ¢ F Q7] B S
k)

A 3
e ez B3 Agsior sl Aol



4
o)
o
i
=2
=
N
il

o2
)
>,
ng

(1) ah$-2o A9 dutalE B
Irwin®] catAd#ZH 2 7]
°FE(10 mg/kg T 300mg/kg)

o} * o}£~(ICR male mouse, 20-25 g)°ll

oz %
Eod &, 5%, 308, 1A T Irwin @2
A = 3

oft o FiN ofy

Ju ot A
o
_zi
o
>,
ol
2
20,
0%
o
i
do ofL
41 o
N, ol

(2) Aloesin®] A= FEFEI|ANAY 228 LS A4
24 SD # o) urethane(125¢/kg)S BAFA 8L wlAA ] §F &85 547

E

=

(RM-95, Columbus Instruments)el] @31, wj 28 tACZ ok

b ] W
F &4 (rate/min)E Atk A=e TFo] AAstE Fof aloesin 10, 100, 500
mg/kgE H7FoZ ©8) Fodn IATEL 2% BALE TEHF,
e

2. F2ANLe % §
o

B I an 2

(B) AFETAd vA= FF

A% 350-450 g2 SDA #=Z urethane(1.25g/kg)S BFFAlete] wtHAIZ F
g Sdz oy AW, BAEW A4 cannulaE Ay oiE T AUT
catheters} 7S do] AZA3t catheterE pressure transducer % physiograph
Cardiomax II, Columbus Instrumnets, USA)oll dZAs) < & Aubg, AEFEFE
= 4oTh o 1 A7 B¢ EYo] A AL A F AWYE 18 B o
Sojsta, o 3 DAL 247 B UL, AAFF, A4EF 5 249
dzoae EodLZF @B mg/ke, 50 mg/kg 100 mg/kg) Fol&vte A%

sol e

—_

¥
2

g Lot J
My X2 me oo

N
Bu)
=
N
82
32
kv

charcoal S AF-E o 7} &
%9 ARZ AL vlfso] GBS FHFAQ(B, 10, 300 mg/kg)sti, 15+
Zo) wpg2o] (5% charcoal, 0.5% CMC)& ATFFAE F 30 £ Fo mpx
2 AT FA] FERAA B3 A™7A 2HEF £ charcoal meald] 27 W
g9 olFAYRREANTEH BFANE ZAHsA ol AA 2ol WF
WMBg(%)E FAste] Uehdth d2d4e 7 &FdA fARALT obFY 9
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4 rota-rod testz}il® 31 Zolrie I AE YA wlgATE dAHAZE Fob
HojX| A 31 #3& FAGE AL FFEE Aoy IR 2 ZTHHNE ¢
g A Eoltt. F34173 AAA Y AS vfeart FES FA E3tn BojRe RS

[e]

p =

Ean]

£ ¥ o % Soprbe
g Ao 22 BU FANRE 9 FYL A RHa olAE vheaE &
AA ool 47 AL BT "ol F2 o
T

k

S

Aezd F3ol hd JFe APsr) Aol BT F Yo A

w0 o
1o
24

N
o
>
Y
[o
hu
>
i
(b
o
s
fol
foy
X
il
L
ful
e
pa

ol

A=

=l 2

olAEE e FHY AR vh¢2E Y3 acetic acid &9 F

10&-7F v}9-2-9] writhing syndrome 348 =33t iz S
& (writhing) & A|&}3sl= A7t onset time) @ =3 ¥k§ 3|48 43

300 mg/kg(iv) FAZNN fol4 e A% ads BFRAL.

I Az WEE FE A Ale] At gAen

[}
partial thrombin time), PT(prothrombin time)e] W3} E

S\
=
o

APTT(activate

Q.
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o). okE % X|(1, 5, 10, 50, 100, 500 uM)F Alge] Ao APTT, PTS] WH3LE =
Ag 23 dzd ua A F94 de 2ol stk

2, d2oj29 ok AT
7l HAARS &% A+ & )

(1) A A (apoptosis) 71 Mo F23 H&L 3l caspase A BIHE A%}
7] 93} caspase 1, caspase 3, caspase 9 AAE ¥ AA S aloesin®] T
A AR ade A HTt G2 AL caspase 32 FAT A5 o1, caspase
17 99 &AolE ol FFo] Ut Ki g& 30 M X2 ofF HojuXe &
Aut A48 A A aFR7) J&S FAsAT

Aloesin shghtiy inhibits caspase-3 act;v:ty

12000 (
10000 [
> 8000
=
©
< 6000 [
4000
2000 |
o L
0 10 20 30 40 50 60

Time (min)

Q) HAAANZ &4 A4 BEHE in vitroo ] sty 3] WS A
vl A % (hippocampal cell)\} thi] A A E(cortical cell)ol]A] AHZA} 3]
AP, A= HAFAMAE viFe g3 Zo] APIJHAT =9 HE
BMutet HAESE YATA 17497 SD 4= oty H2HEE @wAFsAM HE
st 23 sinte dHAAL A7t AEZERYH BHHES Filoz ZA
B8 2, BHEL dARYsy g2 AEwe Zgto] i (poly-L-lysine)o] Z¥
2 9% 4 Egole9 7z 4 sl EE 25x10° 4%, JFAAMETE 5x10° A X7}

T2 27 #Arstgoh. 7 Lo B-27 BE %l (Life technologies) 2%, =FEt
wolE 25 M, ZFE% 05 mMo] TFHE FFZujol4t(Life technologies)

Lo

O{N dy &

Eo
=

b}
=

ek
=
Z_1
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200 plE H7Fe & 370 o
ko g tha] wEgk & A& st ABAE 2A4LTL 7 WA
Fol At

NMDAZ Q1% AAAE EA gt A ARE
FE A X 2417 FF A2 skd

>
)

2 200 uM<e] NMDAE Hj
ok NgEae

o
>
K
b
ox
tlo
Ho
e
ol

#0171 FEZ NMDAS o] Aeld & AASHA 23 27 712AZ) U 2
=% k. NMDA Az % 2443t Hol LDH 738 ZE(Boehringer
Mannheim) 2 A}g51o] wjoFelo 2 428 LDH g Z33H4ck

AAAA AAR A ABAE 5400 i ABRT AFL2 WS i 2
AZE DMEM o] B27 B3 FFA L 2% H7He wigFd S ARgsho] wj st
U7F B27% AAF DMEMuhe 2 ugste JgiFos I AxAE S fxst
Aok 24A7 T AEFA o8 %o Je

i,
=
)
T
i
.
)
T
By
o2
o

(Boehringer Mannheim)2 &3l M AR AT E HFAoh

2o} o] THA =292 NMDA A E rat hippocampal cellg] AlE S /=3
= WH3} growth factor A4 & rat cortical cell?] AR S F3te= 5714 HW
& °|83}to, aloesin AT HiA LA MEAE FEE HIASIAT HE
AHE A= AEANE F djd Fo 7 {ElE & lactate dehydrogenase(LDH) <]
gL St WU AHESHAT

Aloesin 10 pM¥} 100 pM-& X289 S o NMDAZE F538 A EALE &= of
9 237 fldA 9 growth factor A/ AZ AgH /‘1]:‘3_/\]-“5% A 81(10-30%) %= AR
< AT o)y AgjgE Hol dRAe AEIAE &AW A wIUE
(caspase 3¢] A&, F§25taH-8) 02 apoptosisZ AUFF HUFAHE AIEE W
St G5 Hole Ao g Alsdh
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Aloesin did not protect cells from NMDA-induced cell death

SRR
f

120 —=— Control

100 4 —*—MK-891 10 uM
- —— Aloesin 1 mM
g w0
E .
a 60
B 40

20 A

0 T T | T —T 1
0 200 400 600 800 1000 1200

NMDA pM

*Embryonic Rat Hippocampal culture

Neuroprotective effect of aloesin on
growth factor wnthdrawaf mduced neuronal ceil death

< 501 IDMEM only

i = B27

o 407 E=BHA 10 uM

S L] [0 Aloesin 100 uM
) Y Aloesin 10 uM
S % LB84068 10 uM
£

£

X

TN

DMEMonly B27 BHA 10uMaioesin 100uM aloesin 10uM LB84068 10uM

*Embryonic rat cortical cell culture

AT WANZ2RE $F Jurkat A E) FasE A st A EoA AH9HL
2 apoptosis® 9oz Thgd] Yzolde AP Wels LA 10 uM ¥
100 UM, 1 MMM E A ZAIE Az aarF 99eS FESATE o) Aoz B
of dzoAle AEAES B AW fuske ddAs TEvt glee ¢ &
glom dzolae] I oke) WAUSE F o ATV Bad ASE gL



() ¥NE% 5% mddAe ¢E 2l

GoAe] HAA HEEH AAS 9L FEY TAHA AL A7) 3] 29
2 27)) MDSH 4 (Panlab)e] k& 7AZE olFalAh KISTS] £2rdn §413
Zh HE4 Hed WA Zuae olfdlon, ¢2o4e 3 mg/kg 10 mg/kg

‘/J\— AO [e]
Fgoz HHY FE F 302, 2404, 400 Fol FY FAsg Feae 10
g BPTh olpoE Fzo)A

Hed 25 3 M &0 AIg E1 HMDS panlab)

Total Infarct Volume

400
=
£
E 300
c
£
3
5 2001 T
-~ } ——
2 =
S 1004
£
Q- 4 T +
Control 3 mg/kg 10 mg/kg MK801

Fzode HIAH HEH TERAAN X 23S AUAE B AR
AR 9F wrgol o8 AYlE FAolnE RERLY o4 WAUZS ¥
@ NP FASA

(1) =9 5 ZF 2 d(Rat paw edema model)ol| o] GZoile] &G}
Rat paw edema model2 =9l o) carragenan(3%)& ©]-&3to =
LYPA 7L T ko] BEL AZAIE ARV} JEANE HE Agez F
Aol FEE E uf AJE3th  carragenang HT 9] FEo] FAIGE, G2
100, 400 mg/kg o2 EZ FA 3A7F Ho EERAA AL
pleythythermometer—e— 0]%—0}01 % A8 3tx] & #3 Hlul 5‘}93% “ﬂ
Z

m&
(N

Pfi]./_:—?f 30% A B2E O*zﬂ agE \JrEM?iE}.
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J7om rel UTT ML AN 39 Fo EUES Aelshel 48
Ao ZAHFEE radioactivitye] W32 ZAFJTE 2Tl @

x9) 277} BRI o 224 ALE1 M- 1 mM)% 2ol Folzh
AR WA GRANLE WA V5L jle AR AtrdEH:

(B) 4 % &4 TE Rl g2l &7 g

Lipopolysaccharlde(LPS)ﬂ— galactosamine® Foi% ¥ Z7}H cytokined ©]&
3l FANEE doy]= 293 acetaminophen F-#f Zh&EA 5\;:_1]_01]11 oF = o Al
o ERE APk Z=2ojal 100, 300 mg/kgE ratol PS(1mg)}
acetammophen(SOO mg) o A B Y2 Fo9313 6AIZE Fof] T \:—] E o3
the 24217F Zo] mortality9} 7tEA AHE A AST, ALT levelS Z4 38t
oA FoFH hRIA Aolr) gl Ao Hel & BE AL flE
= st

|

ol T e EA, Fagy FF Pt APy B2l FRFALHE Hl
=2 4-2H]|Q] therapeutic window7} 100 o]4HQl % A3 EFZ Holw, <A
WX T in vitro®} in vivool X apoptosis®E 23 HAE SAoly HEA £
s BEESRI JSS & £ AAT AW o85G Favt ARAZA AAR
ol ARHol & HAE2 gL Ao disiAde obF offe] dn BHY FHE
o AAEAT ¢ B A7Vt Bed Aoz HAG 1 ¢ AGFAEolW
apoptosisZ Q1% HEZRIE Jldistdoy 58 adrt filen), 24
okg] 7)Ao M E o} EEE REo] @ol o B d7rt destdx AR
o} mEld oL BFFME B4 Holx ¥e HAPdME ¢4 =4
olu} HEA HEFY HEd ABAZA AL ZAES FHIY] A |
o 2 A7 Hasitn AZtEd. 2y b R ztz EHEA

A4 g 5% 2
A% nzAg AEejtezAel AAEe dg $5Atm ¥ & e Aol

3. ] =N FF(%FE 2 AL AP 2o F FEANNS FH)

2o EZE(QZA TlA F 100 go] LR Bste] F 80 g&
=449 2 AP Abgaact
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4. SR AQQAR FEEA 23 FAA ERES] dn @ GAA

7y In vitro A4 R an 73

901-15F 3 901-15GEFH &8 ddZFA9 st a9 E o8 AlgoA &%
737% KYS 501813 KYS 501829] ICo(uM) #tEo] 7HE ¢53td of sitEEs o
o2 $A in vitro caspase activityol] th3t Asfl EFel AAME HE AL A

A1, 1 9] slso] 48 137] compound®] AFAE BE EAE HAEAC

(1) Caspase-1, 3, 99 A &7 (1Cso, 2+ mM)E =33 A, KYS 501818 z+zt
o] d&Ad Wity >4, 3.7, >40] o, KYS 50182 Ztz} 0.24, 0.6, 042 KYS
501827} <F3tAIRE #-9d UA caspase®E AL AHsEEtt. 1 9 1370
compound A A7}, caspase A5 L UYEIHE compoundE T M
(0.35 mM - 0.82 mM)9] IC 2 vFERH QAT

=2

4

=
-

(2) Hi<FSt rat hippocampal cello} A NMDA-induced excitotoxicity <A & 3}&
s Aab, KYS 501818 100 uMol| A 47%, 3 uMoll 4] 33%<] AAME H3 a7
vehisioer, KYS 50182+ 100 uMof| Al 54%, 3 uMol A 21%9] AAAME B3
#E YER AT

koi' ﬂllﬂl b

(3) W oFst rat cortical celloA] growth factor withdrawal-induced apoptosis &} A
e Aag A, KYS 50181L 3~100 uMe] B0l REF#st o),
KYS 50182+ 100 uMo|\ A 86%, 3 pMollA 31%2] AAAE B3 EaHE BP0

AE&A o =2, KYS 50182%& #4hst as@¥7t olyzl NMDA-{f% cytotoxicity,
growth factor withdrawal-induced apoptosis ZZ oA AAA LR T GF0] ¥
A Ueht HAAREE 4Fo e B YEF A=A AR A4 =L
Ao Z AL H YT

1o NMDA-Induced Excitotoxicity . 0Gcrowth Factor Withdrawal-Induced Cytotoxicity
4 KYS 50182
gor 80 I
= i =4 I
£ sof 1 - Kvssoisz | § eof
2 i 2
° ] 3
£ t £
® 40 KYS 50181 | = *°F l
r
20 201 ,} ;
E—— l KYS 50181
[ o L L I
L7 6 ’5 ) 3 o ; *5 ¥ 3
Log [M] Log [M]
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1}. KYS 50182(quercetin 3-methyl ether)2] orH A A

KYS 501829] otAA HAL Fdtol AFojctol} HEF AEARZY NL 7h
=L ZAEl7) 98 KISTERE FF9ke KYS 50182F o] &3te] male R
female mouse zt 10vte]d| X FAEA AP APstAch AAFAA S LDsod&
150 mg/kg AE=Z ZFAHY F& G4ES vehles &3 ws) 158 FExe
safety margino] & Aoz Alg®ch Compound A8 B Wi solubility
7} B2 @o} O L §FAMY Aol BrIsE FEE LDk T8 &
atgth = FAEAAE YA 318%F9] compoundE Ar&Efolste AR
KYS 501827} &3€ 4 9= vehicle2 A7ttt KYS 50182« v #& £
Hog Alg3sle A¥sHEd 40% HPCD(hydroxy propyl b-cyclodextrin)9t
cosolventE 9:1 Bl2 EFSIH AZ: 2 FHHo] AV A AATHFIL: cosolven t=
PEG:Ethanol;tween = 85:10:5). ©|4#} & preliminarydt A A @olA KYS
501825 L2 o Alo] HISIAME tAA o] HolxE ZAH Holy HUEgA H
O AFEQAME O B iAol grg 5 glong AFFod dad 4
¥ data® A9 4% (pharmacokinetics, A #)S Faf FRIT Fo AR ANEE&
Al Alzste Aol & Z0E AlREH.

—_—
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A5d A7EA% ¢ nF

G2 AL 3-30 mg/kgiv) SFHNN A F ZF4 P He&d BAR
o] glo} FT AAET EHE Yo, 53 d7F HFA e WA
EdoME, HE E402 Qdte Aol FRHJYAT olA7A 1 o] &

T HE Xlﬁxﬂ FREAZR }é 4 MKB01ET, 424 AEES &%
o] & 34 JEelgtl =3 OLioﬂ/‘ﬂS_ in vivooll 4l ZFALE apoptotic cell
deatho] ofe] EAYEER Wit dAEE Aoz Jehgd U, 9=
AL dBEF, FFURA, AFERA, TFA, 2874, SEAAA, WA,
Azl vlAE 9F T @EI UuifE] AP L FA, olFA, FAZA AE
Zaol A W AT HPEUC WAAOEZ FEHATE OB BB YT
o 7hsd, Add 2 AT ASse AgATE A2e HEF 2AZ )
TE 7ol A Ao AlgdHY
Au gol, eubbddY @ AAel 3F9 4BE UAOZ activity-guided
fractionation R Z2elEIE9E ANl & 3159 BFES wshl Relstunk
A

ge) 4e8m e 4 °‘§°ﬂiﬂ—ﬂ—‘: 5%<) dlocsin FEAS LA T

G
st 24S AR

SR Z = 8F2] flavonoid AlE SFEH 2%9| terpen AQ9 3TE
= st F2E FANHLH, 639 FPEL o] A HLoz BY R
nhe 2AYS ERo

A= AF A FESEZHEH 8F AYL FEA ) 2% 9
flavonoid A€ #FE, 239 iridoid :@}?}i}% 19 ZFI= FE4 Y caffeic
acid$} sinapic acidE @5ty THEEEY. o] FF}E FolA 6%F2] quinic
acid FEA(EHE 1-6)= }?3741 ]/‘1 Aego 2 Fstd Huston, G4
quinic acidf%EA| Q1 chlorogenic acid ethyl ester(KYS50243)& o] A|EZHE &
e Biag sigEolo

oFel F 35%9 EE - FAHE BTAAEEC st A7 & Y
°]&3td DPPH =tz &A%, +HSAbo|= <
ATHA-fr i AR EA JAEY, FaseEs fd AA
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SUMMARY

Recent studies suggest that reactive oxygen species(ROS) play important roles in
various human disease including stroke and neurodegenerative disorders. On this line,
potent antioxidants, especially which are present in natural products, have received
considerable attention for the development of effective therapeutic agents.

In this study, in order to identify potential natural antioxidants from Korean
indigenous plants and study these mechanism of actions, we collected fifty-seven
methanolic extracts and investigated these antioxidant potentials. As a result, nine plant
extracts were found to exhibit the DPPH free radical scavenging activity in the criteria of
ICo< 40 upg/ml, and eight plant extracts inhibited nitric oxide formation on
lipopolysaccharide(LPS)-activated RAW 264.7 cells in the criteria of % inhibition at 40
ug/mi > 70%. In particular, the extracts of Melioma oldhami (ICso = 0.1 pg/ml), Myrica
rubra (ICsp = 16.2 pg/ml), Sympolocos paniculata (ICs = 23.0 ug/ml), Carpinus laxiflora (ICso
= 251 pg/ml), and Cleyera japonica (ICxo = 262 pg/ml) showed a potent radical
scavenging activity, and the extracts of Actinodaphne lancifolic (ICso = 2.5 pg/ml), Calystegia
soldanella (ICs = 43 pg/ml), Viburnum awabuki (ICs = 5.9 pg/ml), Dystaenia takeshimana
(ICso = 7.6 ug/ml), and Citrus dachibana (ICxy = 9.6 pg/ml) showed a potent inhibitory
activity of nitric oxide production. Subsequent study also exhibited that extracts of
Actinodaphne lancifolin and Calystegia soldanella suppressed the iNOS protein and gene
expression in a dose-dependent manner. Further study for the identification of active
principles from these lead extracts might be warranted. These results suggest that
Korean indigenous plants, especially Melioma oldhami, Actinodaphne lancifolia and Calystegia

soldanella, might be potential candidates for the development of natural antioxidants.
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M1 & AR C iR

Al 1T AT AL w7

AT /32 AF(reactive oxygen species, ROS)E =31, &, HA%, &34 ¥ F
2 Ade Fao ddoz AT Uk HASY BHE FHYIJLTOEE superoxide

anion(O; }, hydrogen peroxide(H;O,), hydroxy radical(OHj), Z28]3L nitric oxide(NO)& A&
g don, o5 AFLoAe AE WolA AEE AEdh= w7l Al (second messenger)
2 8% F o 9% Wh, prooxidant enzymed] HHE Foll ofsf HF A FH
Ab3H AE | X(oxidative stress)E F-58 A AXE FASHE 4 dd, xdo] it
3HE ety 23 &AL FUsly ol HEFH 22 B HFFo| Alzheimer's
diease, Parkinson’s disease, Huntington's disease$} #Z-& HiqAd HAHIE o7& F&
29107 L34 F} (reviewed in Chan, 2001, and Behl, et al., 2002).
wEka o]l ROSe) tigh AWl Wol AAE FASAINAY B FIAE ol g8t
ROSE ‘/1\_7.] }1— mmo 0133;«4 = E]zsg}ﬂ ﬂ;ﬂﬂ X]E«] Ei};ﬁo} ;qg_ @r—:"ko] = ZT:
1S Ao Mzmn, o]y3t wjAd ugr MAZTgME HEF L Alzheimer's disease
22 A% SHoz PAAAE o)geI Axstu dT BA ATE =Y B
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MEL oJokF MEY YHoeM F83F 9T IR don,
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2O QF AES AR 34T 202 dFH0 Utk 442 A BIE AU
A FAS) MR 500 o) FojE KW Qo] Y T AFANCE DFAFF HTY
MEF, WA Agsie 297 e Aew vehgd

oleiE Y Ao wet AR A N2 L Y BAL Agste Al BF
Holehi & & gled, @A) FU AYNE AT $FL F2 ¢ AR R oPEA AL
Aol BFolA gon obAE YRR Mg HEE £Y & ARl =R
HABe FIHOE fAH £ JUH hE Fustd 714 A8E Fag )
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M2 & =Uel Jisihg &

ROS7H ushe 4818 2Ed27h X259 28 84 ¥A8 2 4% =94 ¥4
o] F49 Qo] E F vk oy dF ZFEd) w} (reviewed in Chan, 2001, and
Behl et al, 2002), M= fref Ee FAHE 3 &5 EZES HEY AR % 42
et B d7E0] ojFA I ot

YA RS o4 wE YA B3 §77F 9v HAE f8 EZZ = resveratrol,
curcumin, (-)-epigallocatechin gallate (EGCG), S-allylcysteine, Ginkgo biloba extract (EGb
761) To2A 7] UE AFS HUg 3 AT 48 i% ERE HuEHIY
EZEolth Resveratrol& ojn] of) QAFoA g4tsl, §43F, dU 2 Go &5 =
Rog d#A 3 9JET (Fremont, 2000, Bhat, et al, 2002), 3|84 23 & 2dof lo]
AE resveratrol2 At3F AE@ 2] o3 ¥ 27 &AL AASe ZAeg YEhdt
(Sinha, et al., 2002, Wang, et al., 2002). &g45 L St G5°] €HA curcumin &84
HA% $EF ZdoA xpAe] k3 4] P xanthine oxidased] 2]3} superoxide anion®)
AAAE T 73S B89 o 239 &4 A Aoz BHaFH T (Ghoneim, ef 4l,
2002). FAs, #FEF, g § oI Aol Jde ALE ¢HAL e FAY
#Q tannin AJ¥<l ()-epigaliocatechin gallate (EGCG)E AFsHA] 2Eg 2o o8 A4
¥z2 &4 g Parkinson's disease®] A3 RZd<l N-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine (MPTP)o| 93] %% doparminergic neuron®] £S5 At AoE 4HA
t} (Levites, et al, 2001, Nagai, et al., 2002). S-allylcysteine® 3|84 HAFT FTE 2ol
A3l A AE# 20 o3 free radical AA, A& FAE 9 AAAE APEE AAFE Ao
2 Yegy (Numagami, et al, 2001), Ginkgo biloba extract (EGb 761)= NO7} fZdh=
hippocampus A|E A}E-E Lojsle FAS AW Aog HuHAC (Bastianetto, et dl.,
2000).

SHARE 7]
e #-gst Y
53 9] A HEZRH HAE E 24 He a3t e ARE

717& HWile dF< obd F4stEA X3 Aol

¢

dTe olnl A e s &% =F
Al
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P FHE FZF2EE Udte] DPPH free radical £4% % iNOS(inducible nitric oxide
synthase)ol] 2|3+ NO(nitric oxide) A4 35S H7}3IHTh

> NO A Aslsol FRol Yetgd FEEE date] NO 44 A3 28 7138E A+
SHAT

> s B EF B s, free radical £7% R NO A4 As) @4o] 7 =
Al Uehsd 4250 tate] v £23}E Awste]l B4 FY& AAsHTH

B AT diidel B AAAE 57 FH ZALE Bk RI7E YekdA o] EHAAY
b A3

Sstent HEE

2 A7 olfE meA tAMEF RAW 26478 10% FBS7} 3% DMEME
o] &3}ta] 37T, 5% CO, incubatoro|A] 15 d) 33 Ath viks}gich
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2. DPPH free radical 2H% &3

DPPHE 316 mMo] HEE& pure ethanold] o] Hagdoz A3, AH: A
A5 57} 300 pMo] H 52 ethanolg 3431k A8 FZES DMSOE oj&sty A&
3] FMEY 4 FEZ HEQL, )5S 5 pl¥ 9% well plated] AT HERTAAE
DMSOE 5 pl¥ ¥tk 1 o ,wg DPPH €988 95 pl® Y1l parafimo g W53
= 37Tl A 3087 wjekstg et vk £ 515 nmol|A] microplate reader(Bio-Rad Laboratory,
Hercules, CA, USA)Z FH3EE 243} BT thit % inhibitiong 73t A2 free
radical ~AASS -57]-0}99\1:}.

3. INOSe 23k NO A A3 &4 37}

RAW 2647 M EE phenol red7} 1= DMEMS o]88ta] 5x10° cells/ml2 X3
24 welld] Wil 24A17F E2F wjkste] M EE A A 0 PBSE 123 AF3a
FBS9} phenol red7} §1¥ DMEME ¥ 3 A4 A8 FA9 lipopolysaccharide(LPS,
HZ¥E 1 pg/m)S 7pste] 2047 Hob wiekatdck vl & A5 100 ulE Hétd 9%
well plated] 271 5| Griess reagent(1% sulfanilamide 8943} 01% N-(1-naphthyl)ethylene-
diamine dihydrochloride &% 1:112 A& AR 4-5)E 180 pl 73t T4 H=E 540
nmmo A EFEE A5l #elsldr). Sodium nitriteE o] 23a] wlZ standard curveE
293 ohe FHEES nitited] FEE St NO AAFS Hrhstgich LPST *2d
Z73 vasted % mhlb1t10n~ T393 ©]ZHE non-linear regression analysisE ©]-&
3to] 1Go 3t Tate] A4 ARES NO A4 AsieS vla Bt

4. M E=/] 7} - SRB assay

A% A AN AREL 10% DMSO9| A3 = 10 ul® Hslo] 96 well plateZ &7
test plate® WSk RAW 2647 X EE DMEME o] &3ted 5x10° cells/mlE 3]45}ed
190 ul# 96 well plates] R1 397 vj%atgiTh zero day control& A A|RE A 23}A]
k1 34" AET 9% well plated] Re 9§ 3083 sty tho HPHE HAISATH
HjoF 3 50% trichloroacetic acid(TCA) &S 7}3le] HF F=7} 10%7F =5 g H 4T
ol A 30E~1A17F Bk wjksle] AEE TAAT] TS £EEE 4~53) WkE /\ﬂfﬁ,%}:ﬂ_ 4
ZolA =gk 2 e 04% sulforhodamine B(SRB) fHo.Z 308~1A1TE B €
H]E% AME)T 1% acetic acid £H o= 4~53] HiE /‘1]5‘4; 1 37 FoA ZHo nE

% 10 mM tris buffer (pH 10.0)Z ¥ 1 microplate shaker2 EEo] @M€ AZE FHoj1
515 nmollA FRE=E 2459t AdTH WRTE 47 zero day control A&
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e 27 v ot ABEY % survivalS ekt 2 AEFY §HE % survival2

HE non-linear regression analysis® £t AolA 1Cs o2 A% v W3 TH

5. Western blot analysis

RAW 2647 AEE 100 mm dishe] 5x10° cells/dish® P31 24Xz E<F vjoFatgict.
I oS PBSE 23] A|H3 ohe FBS/L §lE DMEMS 41 AM Ag¢ LPS(1 pg/m)E
A9 AEjste] 16417 Bk vkt v ¥ cold PBSE 23] 4|23 th lysis buffer
£ 7ot AEE molula BCAY S o]&ste didS At o) T 40 pge 8%
SDS-polyacrylamide gel2 o]-83}e] A7) Q535 228 @2 S PVDF membrane® 2
&7t methanolg ©]€3t membraneS A3 ARAIZ FH 1/10000.8 34H
anti-INOS primary antibody(Santa Cruz Biotechnology, Santa Cruz, CA, USA) ¥ 1/20002.
2 3437 anti-f-actin primary antibody(Sigma, St. Louis, MO, USA)9} A2l 1A1ZF 20
£ Fob ksl PBSTE o] &3] 587F 33 M&3 5 anti-mouse EF anti-rabbit
secondary antibody(Santa Cruz)9} Ao A 5087+ wj¥3k o} PBSTZ 587F 33] Al&s}
11 ECL western blotting detection reagents(Amersham Pharmacia Biotech Inc, Piscataway,

NJ, USA)E ol&3t9 235 23ttt

6. RT-PCR

RAW 2647 AEE 100 mm disho] 5x10° cells/dishe P31 24417+ Feb woFstgich

O g PBSE 23] AEH3E the FBS7F §lE DMEMS Wil A A9 LPS(1 pg/ml)E
FAll AEste] 423t Bk wlgEtATh wide AMEE TRI reagentE ©]-8-3t4] lysisA)7]
& chloroform& A3t} ME Ule] RNAZ E]8tt isopropanol$ Agjste] B2l
RNAE HAAZl & 75% ethanol2 Aj2]8}a1 ethanold F7] FAqA ARAZ FH E&
RNA pellet2 nuclease-free water® =tk =9 RNAE 55Tl 10831, 72Tol[A 5%
7tgsln EX deod] Yol RNAJ} single strand FEl2 ZEAs=E
spectrophotometerE o]-&3}le] 260/280 nmojA FHAEE ZA3tY RNAY & 2 £:5F
A% T2 1 uge 9AAL vhS(reverse transcription)d] ©]-&3}ick GHAL WHE-2 avian
myeloblastosis virus(AMV)2] 9 HA} &9} oligo dT primerE ©}&3}a] 42To)A 608-5<t
AABle (DNAE AASINTE AAAE (DNAE 0]%—8}5# target gene(iNOS ¥ p-actin)ol
M- primer ¥ Taq polymeraseE ©]-83}4] polymerase chain reaction(PCR)S 433}
Atk PCR ®h3-2A-L cyce A1F A 94T A 487 7183t cDNAE single strand2
thso}l & o 1 cycde B 94T 30%7t denaturation, 55Tl A 30% %<t annealing,
72Co) A 3927t elongationd}s HA-L 283) wHE3IATL cycle 8 F 72To)A 587 AA

[

g
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A strandE extensiondte #AL AZTh PCR #bgol €Y Fdv FEd DNAE 2%
agarose geld o]-&-3ka] 80 VeollA] 1A17F Tt A7) F537, 10,0008 343 SYBR Gold
staining solution(Molecular Probes, Eugene, Oregon, USA)S.Z 1A17H~1A12F 30 T+ B4
& & Alpha Imager™(Alpha Innotech Corp., USA)EZ &4 ¥ DNAE #23h3ich

PCR W80} AH8-9 primer®] sequencew 3% 13 2T

=

E 1. PCR wk3-o} A}8-H primer®] sequence

Target gene Sequences Product size (bp)

Sense 5-ATGTCCGAAGCAAACATCAC-¥

iNOS 401
Antisense 5Y-TAATGTCCAGGAAGTAGGTG-¥

Sense 5 - TGTGATGGTGGGAATGGGTCAG-¥
B-actin 514
Antisense 5-TTIGATGTCACGCACGATTTCC-3

=

=1
W3 9047 33] sonicationdle] FZEATE FEAS AL FHVIE AT U
28 FHTE AR sl dEAA 2 Zd7]e ¥tk I U nchexane,
methylene chloride, n-buthanol, & 5& o83t F4¢] &2 £AHRE B 81 £3=
S 4L O o)ES FEING A v BYEES 2% Hho] DMSOY = NO
A4 A A = DPPH radical 27 48 #H78A0-

e
Ol

A 34 A A 3 uF

1. DPPH free radical 2A A

% 57%9) APAE Mee F2ES0) tiste] DPPH free radical 2AZHE AU
A3} HuFEe) 100 pg/miolA FORUFE vRe F 2F9 A FE2EEC] 50% o%
9 radical A B4E¢ JEMIAT (F 2). ol5& o R w25 AQ IHeq v=R
radical &4 & FAHIYRL ol F 0839 ICog Pt 2 2% FruR (G =

iC)
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01 pg/ml), AR (ICs = 162 pg/ml), A=@A (ICo = 23 pg/ml), Ao (ICs =
251 pg/ml), HIFIIE ((ICx = 262 pg/mlo)A f2]A 9lE DPPH free radical 427
FAo] e AT Y o5 oA et =25EL2 ICo7} 01 pg/mle e}
7HE F2le radical 2A E40] S 4+ UATH

2. iNOS9) 98] $=5E NO A4 94 &4

Z 5729 ARAE 1) % FEEE rﬂs}a} RAW 2647 M EE o]-&a}o] LPS Az
of Aoﬂ fred INOse| ot NO A4 As) &35S Hristgeh Hex= 40 pg/miclA
AL vZe 8% ng-;—: ] 50% ovu NO A4 A#f axE Yehlilal (& 3),
of & AvE, Aduld, o}fuT, AxNGZ, FUUR, TF, FAAIGE, SUIGE, =7
O Z2Z2EE22 70% olel A AL Urhyo] o]5L dAoz I EEe wE NO
A As maRe Btk 1 A% g FEE0] 1Gort 25 pg/mleE ek
7 Hold A 848 Jehhda, AME (G = 43 pg/ml), otfuF (ICo = 59
ng/ml), Awit] (Csx = 7.9 pg/ml), &F (ICx = 96 pug/ml) FEEBFEE ICGo #o] 10
ug/ml olatz iR} INOSe] 23t NO A4S axxoZ Asjshs 22 Yepst
(44 a8 0.

3. RAW 2647 M Zo| A9 AEEA H7}
ol9} Ze NO AA A &yl iINOSY &4 Wd e Fx¥ &4 AAd o
AA A7} ofbd MEFAG o3 HAAJNAE R 2647 A Eo) THI
AYAE FE2EEY ANIEAS SRB gAayos 3 . X 59 U npel o),
INOSel| 93t NO A43-& agadoz Assid Suhuy, AvE, o, Auid, &2,
BAQILE, FNE, =ZUR, AAGE FEFESNA AESAL
el o] ZZEES NO A4 As) aaE iINOS &4 @8 45 74 ,E—‘e
iNOS &4 AAo gig A3} anz AR

F.BL
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3 2. 57%9 AQYAE Were 22859 DPPH free radical 24 24

W3 =3 5t e | ICs (ug/ml)
1 A % Calystegia soldanella Az >100
2 AAN D= Cayratia japonica o uj >100
3 A2z Sympolocos paniculata o 23
4 AYUF Celtis choseniana =Rl >100
5 LFUE Staphylea choseniana & v} >100
6 AFYol Wasabia koreana i >100
7 T3P ol Wasabia koreana Az >100
8 =3 Ligularia ficheri Az >100
9 FUE Ligustrum japonicum 27 >100
10 et e Lamium album var barbatum Az >100
11 BT Lonicera maackii Z7] >100
12 E3 Y o] Cardamine amaraeformis Az >100
13 [BAs=t=al Kirengeshoma koreana Hz 39.5
14 yzsvf Kirengeshoma koreana Bg >100
15 ol Capsella bursa-pastoris R AFE >100
16 =z Stewartia koreana 27 62
17 =2 Actaea agsiatica Az >100
18 &4 Thuja koraiensis £ 65.9
19 ol AU Ilex macropoda = 61.5
20 =R AR Viburnum erosum Qo) 37.6
21 B Sambucus sieboldiana Z7]-41] >100
22 A U Cornus walteri Z7) >100
23 BZAUE Vaccinium bracteatum Z7)-49) 54.3
24 u]Eyo] Lepidium ruderale Az >100
25 Llg=g= Osmanthus insularis Z7]-79 >100
26 Hallz Tetragonia tetragonoides Az >100
27 | RAAIGE Erysimum aurantiacum o, 27] >100
28 H| 27| U5 Cleyera japonica Z7]-41 26.2
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£ 2 57%8) AWNE Wee $22S0) DPPH free

radical 27 4 (A4%)

Wwz| =49 o9 %9 | ICx (pg/ml)
29 ALAL Crataegus pinnatifida = 52.7
30 AzH Vicia angustifolia var. segetalis =z >100
31 A FAGBA-S Lindera obtusiloba e, £7] 64.9
32 AR Cinnamomum japonicum Z7]-41] 389
33 Ao U Carpinus laxiflora Z7)-45 251
34 Az Asperula odorata Az >100
35 Adwt] Dystaenia takeshimana R| AR >100
36 At Dystaenia takeshimana B >100
37 AAUE Myrica rubra Z7]-49 16.2
38 &ot Phlomis umbrosa Az >100
39 ST Maackia fauriei Z7)-45 >100
40 AAHUF Caesalpinia japonica o, &7] 78.1
41 ol - Viburnum awabuki g 71
42 S EL R Lonicera vidalii ) >100
B | gumays Syringa velutir.za va.r. kamibayashi 9 27 100

"Miss Kim’
44 Suh) e Actinodaphne lancifolia AR 472
45 g Vaccinium oldhami Z=7] 33.3
46 =79 Daphniphyllum glaucescens Z7] >100
w7 | zygus Abelia tyaihyoni z7) >100
48 2 X)u} Heloniopsis orientalis Az >100
49 R Sorbus alnifolia = 56.1
50 st U Melioma oldhami Z71-45H 0.1
51 dyolE Tjarella polyphylla e 59.8
52 [ ABRrs Hovenia dulcis = 95.5
53 TG = Mitchella  undulata Az >100
54 sz Citrus dachibana =7)-41 >100
55 Ay o] Cardamine flexuosa A AFEL >100
56 3 g o) Neolitsea aciculata o 58.3
57 8] 2:1lA Ixeris dentata var. albiflora | 55 >100
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E 3 AAE tue #2559 NO 44 As] 53 (40 pg/mlciNe) As) 24)
5 R e 8ty 39 % Inhibition

1 A Calystegia soldanella FI e 83.6
2 AAG= Cayratia japonica = 79.6
3 A=A Sympolocos paniculata ) 51.8
4 AL} 5 Celtis choseniana b 24 .4
5 =y Staphylea choseniana =k 14.2
6 1Yo Wasabia koreana ) 13

7 Yo Wasabia koreana Az 61.9
8 =3 Ligularia ficheri Az 455
9 B Ligustrum japonicum A 64.5
10 Fed Lamium album var barbatum Az 29.2
11 E Lonicera maackii Z7] 38.1
12 Z3 A Y o) Cardamine amaraeformis Az 35.6
13 [BRSElol Kirengeshoma koreana Az 58.1
14 Uz <o} Kirengeshoma koreana g 9.9
15 Y o] Capsella bursa-pastoris R AR 35.7
16 7R Stewartia koreana 7] 70.3
17 =F4 Actaea asiatica Az 49.6
18 il Thuja koraiensis 2 53.4
19 o2 A Ilex macropoda Z7] 342
20 T Viburnum erosum A 17.5
21 [ BR=S Sambucus sieboldiana Z27]-49 46

22 g1 e A =2 Cornus walteri Z7] 514
23 A E Vaccinium bracteatum Z7]-49 483
24 n] S o] Lepidium ruderale Az 60.9
25 1g= R Osmanthus insularis Z7]-45 -20.1
26 Ha) 2 Tetragonia tetragonoides Nz 11

27 | Ao UE Erysimum aurantiacum q, =7] 715
28 H| 7V Cleyera japonica Z71-59 -12.1




3 ANAE Hee FFEE NO A4 As) B3 (40 pg/mlole] As) &4; A<%)
HE =1 o1 .9  |% Inhibition

29 AFA} Crataegus pinnatifida =7) 57.9
30 crie Vicia angustifolia var. segetalis Az -14.4
31 A7 Lindera obtusiloba ol 7] 65.9
32 Ao Cinnamomum japonicum Z7]-44 29.7
33 Ao LR Carpinus laxiflora Z7]-59 43.7
34 Az Asperula odorata Az 422
35 Autt] Dystaenia takeshimana Z| A} EL 81.9
36 At Dystaenia takeshimana LS| 52.3
37 AAVUE Myrica rubra Z7)-49 21

38 ot Phlomis umbrosa Az 45

39 s A=A Maackia fauriei Z7)-45 51.9
40 | AAYVYT Caesalpinia japonica o, &7 329
41 ol st Viburnum awabuki A 81.4
42 o S R B = Lonicera vidalii 2 218
s | sgmaue Syringa veluth'm va'r. kamibayashi 9 z7) 8.1

"Miss Kim’

44 Seh)F Actinodaphne lancifolia AR 74.3
45 AT Vaccinium oldhami =7 68.3
46 =AY Daphniphyllum glaucescens Z7] 47

47 SYE Abelia tyaihyoni 7] 66

48 214 2w} Heloniopsis orientalis Az 65.2
49 2B Sorbus alnifolia =7) 69.1
50 stohe U Melioma oldhami Z7)-49 514
51 ol F Tjarella polyphylla vz 67.7
52 SR Hovenia dulcis 2=7] 714
53 IAYF Mitchella  undulata Ax 16.9
54 I Citrus dachibana Z7)-43 72.3
55 3N Yo Cardamine flexuosa A AFEL 26.6
56 3 A Ao Neolitsea aciculata ) 63.6
57 3 &ulA Ixeris dentata var. albiflora A 5}4- 634
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£ 440 pg/miolA] 70%0) ANBHS UeidE F22E9 NO 44 As) &
Lk =73 3ty 54 ICs0 (ug/ml)
1 A E Calystegia soldanella Az 4.3
2 ARG = Cayratia japonica = 155
27 | BRAo|JE Erysimum aurantiacum A&7 16.6
35 At Dystaenia takeshimana R AFR- 7.6
41 ot Viburnum awabuki o1 5.9
44 Sl Actinodaphne lancifolia A2 A 2.5
52 AT Hovenia dulcis = 19.3
54 = Citrus dachibana Z7)-49 9.6
(A)

Nitrite (M)

(B)

Nitrite (uM)

a9 1. A

LPS- LPS+ 50 17

6 2

Calystegia soldanella (jg/ml)

LPS-

LPS+ 2 6 17

50

Concentration (ug/m!)

Z(A)e
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X5 AAAE vgg FEEE9 RAW 2647 Aol e 54 H7}
S =g shy 9 | ICx (pg/ml)
1 A& Calystegin soldanella Az > 50
2 ARG = Cayratia japonica =R > 50
3 A Sympolocos paniculata A > 50
4 A Celtis choseniana g > 50
5 IFUE Staphylea choseniana o ujf > 50
6 J12pg o) Wasabia koreana ) > 50
7 o) Wasabia koreana Az > 50
8 =3 Ligularia ficheri Az > 50
9 B B R= Ligustrum japonicum A > 50
10 Zd Lamium album var barbatum Az > 50
11 BT Lonicera maackii = > 50
12 3ol Cardamine amaraeformis Hx > 50
13 e u} Kirengeshoma koreana Az > 50
14 Rl Kirengeshoma koreana a > 50
15 yol Capsella bursa-pastoris A AR > 50
16 R Stewartia koreana = > 50
17 22k Actaea asiatica Az > 50
18 =& Thuja koraiensis 2l 3.56
19 IR EARB =S Ilex macropoda Z7] > 50
20 g Viburnum erosum < o) > 50
21 Ciu- Sambucus sieboldiana Z7]-59 > 50
22 LAY 5 Cornus walteri Z7) > 50
23 EAE Vaccinium bracteatum Z7)-y > 50
24 )21y o| Lepidium ruderale Az > 50
25 2 A Osmanthus insularis Z7]-H > 50
26 LG ES Tetragonia tetragonoides Az > 50
27 | BAANIE Erysimum aurantiacum A, £ > 50
28 H| & 7|2 Cleyera japonica Z27)-49 > 50
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5 AMAE e F2EE9 RAW 2647 A Zo] tiE =4 H7} (A1)
n| =4 373 29 [ICk (ug/ml)
29 AEAL Crataegus pinnatifida =7] > 50
30 47 Vicia angustifolia var. segetalis Az 34.79
31 R AR Lindera obtusiloba Ql, &7) > 50
32 YR Cinnamomum  japonicum Z7]-549 > 50
33 Ao U Carpinus laxiflora Z7)-49 3348
34 Az Asperula odorata Az > 50
35 Aqutt] Dystaenia takeshimana PARARS > 50
36 Adutt] Dystaenia takeshimana ) > 50
37 A2AUE Myrica rubra Z7]-49 > 50
38 &t Phlomis umbrosa Az > 50
39 LBV Maackia fauriei Z7]-59 > 50
40 LAY Caesalpinia japonica %, 7] > 50
41 ol LHE- Viburnum awabuki 9l > 50
42 IR A= Lonicera vidalii ol > 50
5 | guRsuE Syringa velutina var. kamibayashi o9 27 > 50
"Miss Kim’

44 SR Actinodaphne lancifolia 24 > 50
45 AFLE- Vaccinium oldhami Z7] > 50
46 F=A= Daphniphyllum glaucescens Z7] > 50
47 | E9UF Abelia tyaihyoni Z7) > 50
48 A 2| u} Heloniopsis orientalis Az 32.23
49 o /R Sorbus alnifolia Z=7) > 50
50 | SoeluF Melioma oldhami Z%7)-%9 > 50
51 dHolE Tjarella polyphylla Bl > 50
52 U Hovenia dulcis Z7) > 50
53 IAYE Mitchella  undulata A% > 50
54 e Citrus dachibana Z7)-47) > 50
55 &l A 1 o] Cardamine flexuosa PPN > 50
56 g o] Neolitsea aciculata % > 50
57 3 2n} Ixeris dentata var. albiflora PR R > 50
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4. Avx §EF wekg 3250 NO A4 A A871d

INOSS] €& NO 44 A3l Eavh 4 FR8 Aoz vehgd Avz
Mee F220 date 059 4877 wase ngth $4 INOS @

nx]= 9ES Western blot analysisE ©]8-3}e] 2013

Zo] ol FEHEEL T 9FEFHoZ INOS viid S Ao 53] Huwxdl

20 pg/mieiE F3F As EIHE U Y INOS H84 wHe) UAE FBe
3 E FEEEL INOS F3H7 4o Jojrx

ot

Calystegia soldanella Actinodaphne lancifolia

LPS- LPS+ 125 5 20 03 125 5 20 (ug/ml)

21§ 2. A (Calystegia soldanella)Z} SEhI-5-(Actinodaphme lancifolia) W&-& FE=29
INOS e del] viAle 9%

Calystegia soldanella Actinodaphne lancifolia
Marker LPS+ LPS - 03 1.25 35 20 0.3 1.25 5 20 (ug/ml)
iNOS
(401 bp)
B-Actin
(514 bp)

a9 3. A Z(Calystegia soldanella)} &8P IT-(Actinodaphne lancifolia) #eH-g& FE59
iINOS frx7} 8o vxle 9
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5. AWZ B St vee 3289 4o £9s @ 2 2250 e A4

XA Az 2 BFH 22 EYE s, NO A4 A &4 ZsiA veiddd
A Zst DPPH free radical 47 &3} Felshd velgd goejuss @3t 84
FREAL Fe)a) 9 4B AT o5 FTu ARXAMRE £ 5of Be
ZZE 9 WET AV dhd) wE 80 $33E AAste NO A8 34 2 DPPH free

F 59 UEehd nieh o] A AW &) EIFE F nhexane E methylene
chloride ®&o]A NO A4 Jo] UehgEd], INOS A¥ ZhdA 9 NESAS
gols] £ A} nhexane H¥ Hu%¥Tel 20 pg/mio]A AT AYEFo| 80% ool
1} methylene chloride %32 268%% Uelyttl. et methylene chlorideZ-¢] NO A4
A e AZEATH DHF Ado] YL AT AAAH, T BHS FHEA gow
A INOS A3 842 UehAY nhexane B30 2Ry 48 84 48 BT + U
Ao E oAzt

a8y, N2 gueyR 2582 BF4EFEEAY ARde 2y dEge F=

25 X33 28 gu] B 3ox DPPH free radical £~A g—/ﬂo] UrE}UrX] okttt (£ 6).
olglgt AFE AE AYA B Az A gAYt AR AV €3] jELRE o
AAY, wgA HE LS oA FrEY §u) £IES 7= 7—} Y59 S T

ALY Hotob & Ao

o
o
u
)
¥
=Y
)

%5 A= F33 AdE guf BHEE NO 44 Al 24

n-hexane methylene chloride | n-buthanol water
ICs (ug/ml) 1.1 0.4 > 20 > 20
% Survival
at 20 ug/mi > 80 268 > 80 > 80

6. M2 TR FoUR &) BEES9] DPPH free radical £7 24

methanol | n-hexane | methylene chloride n-buthanol water

ICs0 (1g/ml) > 500 > 500 > 500 > 500 > 500
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]:LW}XH 734% THHE, F 57F9 U AYNE BRVBLFZE FoA
A=A, *10114—?, vl &7 UF F£&Eo0] DPPH free radical & A

%“éoi 401‘4 A2 e, SHRR, e R, ol ”HPEI, TE FEEe M
82 o7 FowA INOSY 9 NO A4 As F4o] F3d "oz Yehyt
ol FToAM 2 A A B AHE 2 g 24 EHO}@? B A7t o} FoAA
B g AdEs Gisgy Fu 24 Bi AE2 3489 Az gt
o HEE FHst] S0 RHEL ¢S50 i FYS Adsgh 1 A3 AvEe
n-hexane Fo4 NO A4 A3 %L*éol Uetde 284 € F ddou goauy &

$IEAE DPPH radical &7 40 Jehin) ob gohelupe) ASds 482
) £33 g9l $82 950} radical 47 BAE OA HAAHE @ Aoz AR
t}.

3, NO 44 As) Z4o] FyishA vehd AvEs Suhln g
NO A4 Asf 28 71d& goprr] 213t INOS @ a 2 {HdA &3 =
& Western blot analysis9} RT-PCRH o2 315l Hotth Ao Jehd upe} 7o)
AW EDL SR F2EL ¥5 &8 02 INOS il d 2 44z dgoa s
o2 vehg o2 A8 711E Bl NO A4S Aslete Aoz Az
AOE ofF HEZREH INOS 52 % As 711dS 3 NO AA A3 =
T8 A2S 29T F U& 208 AgEn, 53] A A9oe 2 a7 Ais
53} n-hexane 8o NO AL 7
e

]
ol NO 4 As) & 48 #2FT F 42 Ao JAAL
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4 & =H2d: & 2820019 DI

P2 A7 BE 2 Bt HA g4

B HAEAYonRY Fgas A 100%
(2001.2;}~Ld ;oz. gl > 0 A ABAE RN % 228 Ax A7 100%
> 2 FEIS0 Fabst F AN FF 100%

8 % 249 29, 54 2 484 A7 | 100%
V= 4 Be g2 100%
(2002. 7 ~ 2003. 6) = wnr ’

=
T 7 100%

Al 24 Y Eope Tlewdde] 7o

B APME 5759 I AYAE dehe 3289 DPPH free radical £7 &4 2
ol

iNOS9j| 2]3 N ’%W Al B9 AMsIHon, g At ARE Uy B3 =19
Ty 4 ‘QE AT (Kim, ef al., 2003a, Kim, et al., 2003b, Kim, et al., 2003c). )23t

Nare] oA I AYAESY ol JXE EYFH HEA A%
XW*‘ 25 H sk 55 4 2y A7Y 7R AEEAM ol8E F g o=
AARY. 53] & AFE B3t By FEEL 7 e DPPH free radical 24 &4
£ INOSY] #E& Asfsle 718 5t
7l Yo olE HEEL ¢oz ANRE
7

= !
21 BAE 99 9A9 resA A} 98 Aoz A
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Rl 5 & AR 22l

2 97 ZA#Z DPPH free radical &7 &40

[oh

=

o nfd

NO 47 A3 &4o] e Aoz vehd AdE,
hud o]
]

sk B4 B3 ) 97 QoA 14 oy A
o 4 ¥ 48 710 A7E

o7 g
=

2
'T']
_Or_z'g-}\

gopee 2
0 AYAEERY
o8 oA, geld
_Cq =13

20] 2
shof Aj=
A 2 ALE A4S & Qe Ao AZdr

2 9 4ze 7
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M6 & ANLUENAM =&et ofele) =82

it

R A7y F kgl BAo] yehdd Ul AYAEEY B £ A A, o)
o 4% 2 AT g5 B AT} o] FIAT UeE ALk

DPPH free radical 44 24L Yeidd 4&AVEe] 7Z$  diarylheptanoid,
flavonoid, terpenoid A¥ B3 disle AoZ €A (Inoue, ef al, 1984, Nonaka,
et al, 1983, Sakurai, et al, 1986) 3}At3}l &4, 3} androgenic activity, melanin 43 4|
gAo] e Aoz RuHUTH Matsuda, ef al, 1995, Matsuda, et al., 2001, Sakurawi, et
al., 199, Xi, et al, 2001). 7}& 783t radical 24 4& YeplId dohgui-o] 359
E 5480 U AR 2 B4 BniE gloy 55 A EYA triterpencid glycosider}t ¥+
Hol Qe AR deHt) (Abe et dl., 199%).

EE NO A A8 az7 Jdde Al Lo 7o resin glycoside?] soldanellin A,
B 18]3 caffeic acid ester, coumaric acid ester Eo] dfFHo e A2 dHA=Y
(Gaspar, 1999, Gaspar 2001, Tori et al, 2000), E& A&l g gy A5 A=
old w1y up QUoh mI SuhFox= lignanF 2 lactonic compoundE©] Tt
HEo 2 BngEdn A vprixz g4 & g deixs 477 AY
o] Fo]z|x] gkttt (Tanaka ef al, 1989, Kim et al., 2002). 18|31 o}j}F = diterpene,
sesquiterpene FE5< T3t HAOZ ¥ (Fukuyama, et al, 199a, Fukuyama, et
al, 1996b, Kawaga, et al., 1998, Kubo, et al., 1999, Kubo, et al, 2001), F& 2 ol|X]
kst 24, T4 93 ¢ AT ol FEo| v AR RuHY (Calle et dl,
1999, Iwai, et al., 2001).

==

>
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B
o
=

1L A7 E

=2

EEE S

b AT AZEE
S AYAEEZRY PR FREYEES Fo)3
A g rRAS 7 £ 4
[=}]

=

2, G0 $4% @

v A7uE

2 HACdME HAREI Aol dF YFE aloesing F71AQ HAARIE
T A R A, AT TE B3t WYY FREAR =Estan dgeH,
FENAEZAATE A5t aloesin FAMA] A7 2L I AYAEZHE A
FELEES 28 T o9 24 P HEY e JZERE 558
AAsta, of2) B AHA FHEE Bitd HAARRIAR Awstaz s =3
ALdBE AL AGHANE FAA 57F ALANE HEE FEEZHE T
el 5 A4S Sl ¢4 58S FRIGen SR, AWE § 8%

A INOS A3 &40l
7= FPstAT
Aloesing 3-30 mg/kg(i.v.)e] T S3FHoNM LAH T4 A HEA
WMEd] E5S AN 27, FoT AARE 535 Jehiided, 53] o
3 |

i

H P HEY MRHME HETXEA FEHERAZ F €8z MK-801KR
t}, aloesin® A7BHEZF &Fo] UL $F34 Yehth =3 aloesin® in vivoo

A 24} apoptotic cell deathe] o8 RAYESHH 4L Fylo] JAste 3
2 UERT 6, aloesin® dnborE] A1E 2 g4, obg4, AR AR AH
ol A wjg- tAF stFEUC] B Ak

Aloesin A€ TLEAZ 74ast AU T ST IRE AREIE B
st FoJA 10F9 FFEBEL =FIYh 1 F,  KYS 50163
(7-O-methylaloesin)2- aloesin} W] algt g2kg} 8 9 orat primary cortical
cell cultureE ©]8-3 xanthine/xanthine oxidase ¥ H)O, #& A EEAc 22X
Blo] ARBEE HFo] ¢33, T4 Y HEY FTERYANE ABAER

T gE FHUAEAS 2237 A5l 4T SuHAY 3 Adere @
g

AP ES TS A, 21%9 FFEo] &34 EYHYen, 1 F 659 3T
FEE AGANM Lo EEYUy. Eye IJFEELS I3 AAMA A NN
o] 33l 248, rat primary cortical cell cultured| A o] ABRIFT &%, dAIH
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S ¥WMEdoAMe NHAZARITEFS HAstHoh dA7Z3, KYS 50182
(quercetin 3-methyl ether)= 1) 7213 2E aatsl HAA| =" A FEHg Pqk
cortical cell cultureE A}E3F 74 A A]2~H] of| A

3} 852 H$oen, 2) Rat primary

MNAAME] Bean £ 4381, 3) YA HHE YMRAAME A7
308 Fofl 10 mg/kg £Fo2 FN S Fato B3 5o A3, diHAgd 4§
2, % 9 34 F AM4EH, 25 & 257t gz vlsf o 50% £ FAA
Je FHAE UYEdezAN FHYE 2HTH ABRIZ &HE UrE‘r‘ﬂc”o“‘] e
dzae] Ha) o4 de AZBBEFHH E aHE Jehidd. =3, 4) KYS

501822 AAlEo FAHEA AFZAT LDxpe= 150 mg/kg olde= "}E}‘/} vl‘i ok
Ag&go] 10 mg/kg Axoluz Hojm 158) o]ite] safety marging 7}A& ZoZ
bty

Esla 5 7.0 alm
2HEHHE [SH4ER)EA (Eachd)
SRR
535 38 A 213, HE3,
A% o g KR 01-18228 2001. 04. 06 | ]84, A7RA, | 3= | &4
A8E 2AE, 2 28R (KIST)
ol g X3sl= AA
mEEgs @ uh2-3], 21,
TAARESY NEE KR 01-8668 2001. 02. 21 | o] 84, 84, | &= | &
£ olAld (KIST)
&g 0l A}
szy o184, W,
)23 £2)9 484, s | L | L
agze sass KR 01-66810 2001. 10. 29 2R% oA, = | 24
4‘173/‘1 ; :%_i% vo)A  (KIST)
=
Use of Opuntia i
Ficus-indica Extract o] &4, XN,
and Compounds | WO 03/037324 | 2003. 05. 08 | A¥=A}, o, per | 2
Isolated Therefrom |(PCT/KR02/0210)| (2002. 10. 29) | A&, £-8A4, (=4
for Protecting dho) & (KIST)
Nerve Cells
A} 2E2E o] 84, T,
AREHY 289 olzg, AEA, | 5
- ]_ =3 ol
A7 BE 2 o KR 03-36482 2003. 06. 05 A8, £4A 3 | &9
= (KIST)
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G ZEOY 5EEE AYe
EEETICE [ 595 | =94 I
o xshs wel : Agee
SoB4E % AE B9 APas
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