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SUMMARY

This research work was carried out to find some natural food materials or
medicinal herbs which are effective in the prevention of hypertension or
senile dementia. Screenings of functional materials with in vitro method were
followed by evaluation works with in vivo anima. models for their
physiological effects. The selected materials were analyzed and processed to

prepare functional food products effective against hypertension and dementia,

Part 1. Screening of anti-hypertensive materials

About 80 kinds of medicinal herbs and 110 kinds of food materials such as
cereals, legumes, fruits, vegetables and shell fishes were extracted with
water or 70% ethanol followed by freeze dehydration to be screened with their
Angiotensin converting enzyme (ACE) inhibitory activities, Among the medicinail
plants, Glycyrrihiza uralensis, Eucommia ulmoides, Morus alba and Achyranthes
Japonica were selected in terms of ACE inhibitory activities, extract yields
and organoleptic characteristics. Garlic, broccoli, small watercress and
Shiitake mushroom from food materials were also chosen for the animal
experiments, The active ACE inhibitory component of small watercress extract
was identified as adenosine using several column chromatographies, HPLC, UV

adsorption scanning and NMR spectrometries,

Part 2. In vivo evaluation of anti-hypertension activities

for selected materials



Four medicinal herbs such as Glycyrrihiza uralensis, Fucommia ulmoides,
Morus alba and Achyranthes japonica, and some food materials like garlic,
brocolli, small watercress and Shiitake mushroom were fed to spontaneously
hypertensive rats(SHR) for 4 weeks and evaluated in terms of their effects on
the blood pressure and lipid profiles. In old SHER, the extracts of
Glacyrrihiza uralensis, Achyranthes japonica, and brocolli had no significant
effects on the regulation of blood pressure. W%hen SHR were fed diets
supplemented with garlic(3%), Shiitake mushroom(5%), Eucommia ulmoides(2%),
and Morus alba(2%), their systolic blood pressures were significantly decresed
by 19.0 mmHg, 30.0 mmHg, 30.9 mmHg and 21.9 mmHg respectively compared to that
of control group after 3 weeks of feeding. In diastolic blood pressure,
however, Shiitake mushroom and Eucommia ulmoides groups were significantly
lowered than the control group by 28.2mmHg respectively. The garlic group
showed a significant decrease of diastolic blood pressure in young SHR. The
addition of small watercress(3%) or garlic powder (1%) did not show any

significant reduction of either systolic or diastolic blood pressure of SHR,

Part 3. Screening and evaluation of preventive materials

against dementia

This research has established several in vitro and in vivo models for
Alzheimer’'s disease and screened crude natural products_ based on the
beta-amyloid peptide toxicity, the inflammation mechanism or the oxidative
stress mechanism of Alzheimer’'s disease pathogenesis, With the above models

for Alzheimer’s disease, the extract of Angelica autiloba was found to be the
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most promising material and effective at. the dose of 0.1g/kg rat weight in

form of oral intake.

Part 4. Product development for the selected materials

Among the garlic, Shiitake mushroom and Eucommia ulmoides selected as
anti-hypertensive materials and Angelica autiloba effective against
Alzheimer’'s disease, garlic and Angelica autiloba were finally chosen for the
development of functional foods. To remove the pungent taste of garlic, it was
heat-treated for 10 minutes in hot steam or 1 minute in microwave oven. The
heat-treated garlic cloves were dried and powered with ordinary methods for
various uses. Garlic pickles prepared by soaking in vinegar or in soy sauce
are another products which could be consumed as side dish in large amount. The
extract of Angelica autiloba could be prepared with a high yield of more than
40% on the basis of solid content using water extraction at 80~100C for 1
hour. It was found that the effective dose of 6g extract was too large to
intake because of its strong odor and taste. Jelly, gel-type products and
beverage mixed with fruit juice such as grape juice were prepared using

Angelica autiloba extract and found to be acceptable products,

_11_
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The AR WAstey £2]71 o] Folx™
BEAE st o] FHFE 3 WEStM 7 HFAS B § ol§ A4l
rotary evaporator® 7t} }&A]#H ethylacetate 2 E A B E AR5}

Jdo] ethylacetateg 7}5lo E&

AN

"ol 3lE & ol n-butanol & 7}sle] A EEO|E F ol UBAT WAAIHA
T2t ol FolXE AZFNE Htdch o] A 3 WEY F 2 A4FAL Ro}
o] & o 3l3l rotary evaporator® 7}¢} %HA|H n-butanol B E A8 E AR}
drt. gol A= & F& rotary evaporator2 7% H&AA B FEE AEE 4}
&3t

) Telehale A=
Ethyl ether® ¥x|3t U F/ AlRo] FR/RTE 718t & 42 F IN-NaOH &
HOo=g pH 10.022 25l 3027 aitstdAM A S F&3tdch o &8
S 1,000xgollA 2027 Al Re|stn 1 AR S 2|5le] IN-HCl 9O F pH 4.5



2 ZPsAAM shdg A I3, o]F 1,000xgolA 208 FHEest by
A BAEL Q3 o)E & AL ¥ 5AARsI Feldyl A8 AHgsiacth

5) g JheE3)

A 7h4Esls MontecalvoFd) W™ HYst 79 HLE ARgsl
&3} gol AAstarh &, pepsing] Z¢ EUNYUANE 3gE FFHT 289meol A
BAA7l F 2N-HC1 £ 11meE 7]5lod pHl.658 ZE3t3 pepsin E A (pepsin
30mgS FHF 1no] %¢)& A4, 71Ae u7l 1:1000] H =8 7]AL ol XA 3]
7bs] 37C A2 4ZolA 1, 4, 8 B 2447 Fet sMeEsisigict. 2 thE 10
0CollA 1023 7183t pepsing ERZAA N3-S AA|AZAch

o] 7}4E3E 5000rpmoll A 2082t YAlEeldt F Whatman No. 12 o 23}
A2 g FAAZRSI -5ToM AYSIRA A28 AHESIGC

pepsin, a-chymotrypsin, trypsin B! papaing 37TCollA], bromelaind 43T,
pancreating 40T, alcalase: 60°Col|4 2|3 pHi pepsino] 1.85, pancreating

8.00% st 1 99 AL pH 7.02% Zzt ZAY F /M3 E HAISHACh
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% ne ex

add small amount of water to suspend
extract with ethylacetate (X3)

Ethyiao:tate layer Wa(:erv layer

-dry over Na;SOs anhydrous - evaporate residual

- filtrate and concentrate ethylacetate

 J extract with n-butanol (X3}
Ethylacetate phase

Y Yy
n-Butanol layer Water layer

*— dry over Na;S0Oq anhydrous
«——— filfrate and concentrate ————p-

4 \
n-Butanol phase Water phase

Fig. 1, Solvent separatiom into water, ethylacetate and n-butanol

from 60% acetone extract of Nasturtium officinale
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6) Peptide-nitrogen¥}ta} &3

7hE3l Al (1, 4, 8 9 242 2) HE Alg w2 peptide-nitrogen A F %
2 A% bivretd® o2 ZAsIATh F vl &Y FolA 1001 H3}o} 5,000 rpm
ol 2027 YAEelsty B2 B ol HFF=rt 547} A 20 TCA &4 7}
3lod A W ochaAg MAAZTh o] & thA] 5,000 rpnoilA 2087 LAE2)A
713 ¢ F AR ANE st FAAhI|R o] AT 7)ol ether§ 7}ty T
& TCAS AAAIL A 7heEsf g0z st o] &4 F 7 AlEH
of ztz} 0.5ml% 23l FF4 4.501% 718t c}e, & Al@ o)  biuretr]et]
(CuSO4 0.4g, NaOH, 8.0g, glycerine 0.2g& & 100mlo] %¢!) 5mlE H7}sted ANt
STE, TIE Aol biuretA] I (NaOH, 8.0g, glycerine 0.2g& & 100mlo]
=49) 501§ H7iste BHETE st (o] wf FAIEL AR€Y tjile] FFs
SmlE& AHE3IATL ) o] A& 2417 WZAI F, 545mio)N FHEE FAsI A1)
o 23t 7t4=F3l & 2] peptide-nitrogen L F&}3I, 21(2) o mle} 4]

2 ¢h#A ot peptide-nitrogen ¥8F-& FE3tgcl.

® peptide-nitrogen ¥% (mg/ml) = (A-B) X 0.94 — ———— — — — ®

A AT FRE ( AETY Mg FRE-ANETY FAE FEER)
B : BT FF= ( BUEFY AR FH=-BUETY IFAE FIEE)

® mg peptide-nitrogen/mg protein
N X 3A a4 X 7-&318%(nl)
= ———-®
A% 3 (mg)

;723 89 méw peptide-nitrogen ¥}
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SAJAZRAZ A 4EIHE A® 0.229 4med] ZFHFE st & gl
X BN cell(ultrafree-4, Biomax 10, MECO 10,000)c]] @< 7,500rpmoiir] 2087
dAENA €2 Uzt g 2tz FAARSIY FHARE A1gstadct

8) ACE A sjzte] &%

ACE M3j&3t 2H-& Cushman} Cheung?] W%l miel st & EuAs
100mgS 57 2meo]] & HoA 50 33tar A7]o] 71AEH Hip-His-Leu 8
(25mg/2.33m¢ sodium borate buffer) 5048 B 0.1M sodium borate buffer(pH 8.3)
1004E B 7tsto} 37CollA 1087 preincubation ATl o 7jof] ACE XA 4] 50
#E 7¥8EAL tha] 37°Collq 3087 whEAIZl 5| IN-HCI 25022 wh-§-& x| AlFTh
(blank: Al8 €9 thMo] FF4 5048 AFESIT controlE IN-HCIE WA 7hgh
TS ACE E 49 5048 713tgdrl). o7)o)l ethyl acetate 1.5m¢E 7}3ted 15237
vortex ¥ F A3 1.25m¢E 33T o]dEYS 105TolAM 1A B &3]
Az F ZH 1.5m0] S3§2]713 228moll M EYES &3t ofzlig} Lo
ACE 3] #4& AAilbstodch.

S - Sc
® ACE inhibition{(%) = ( 1 - —~——=——) X 100
B - Be

: Sampled] E¥Ix

: Sample®] TIZZ (HClo] &J¥t WA= ¥ TAE Y& F) o FU=
: Blank (Sampletfdl 2H48 Y& &) 9 %%‘E

: Blank thzZe] ¥XE

g 28 @



9) n-Butanol ¥ 2 EZFE ACE 3|52 £l % B4

Enjue), 2232 5 AR ACE HEde] ojal 2 Y wHe WAy 3

£ column chromatography % HPLC AlAELS B3lod S a2 B¥HS Al

(Fig. 2)
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l (29.9g)
Canocentration

ether
Dervant <¢—— Chicvophy]l #—

I

Water

Ambertite XAD-2
v

%6 Methanal

100%6 viethanol
pxoling

Silicugel G60
(CHCl: © MeOH = 30 : 0—0 . 10

A
Frection A

L

Fraction B

l

FPractien C
|

Sephadex LH-20
(2:;D : MeOH = 10 : 00 : 100

!

Fracuon 1
{148.8ng)

|

Fracton 0O
d12.1m3)

r

Feacticn M
{R.2ag)

! }

Pracion IV frecticn V
(23.80g) {90.6ng)

HPIC (ODS-80my, 23%% MeOH)

v

Compound P-1 P-2 P-3 P-4 (max. peak)
EOmg) (7.98ms) {8.74:)
oanceniration
Purified active principdle (4258ag)
Fig 2. Isolation and purification produre of ACE

compound from n-butanol phase of Nasturium officinale

inhibitory



{1) Amberlite XAD-2 column chromatography o] &}3t £g]

Eon[ule]e] n-butanol 2¥HEZHE chlorophyll& #HAX ¥ Amberlite XAD-2
column chromatographyS 383ttt & Zo] 35cm, V|7 4.5cme] glass colomnd] &

B AAlZl Amberlite XAD-2 (Sigma Co.,H0558)& %2 ¥ n-butanol EHES £
2] Eof 59 loading 3ttt F¥-& I3t 8ulE = water 500ml, 50% methanol
500ml, T 100% methanol 500ml& <x1x o Al&sigct o] ABE B3l @2
2}z2te] Y EE-S rotary evaporatorZ ZttsE3dlo] ACE A a2E FAslct.

(2) Silicagel G 60 column chromatography off 2J%t £¢g]

Silicagel G 60 column chromatography= (1)oflA &2 ACE 3j&Ado] ¥HUH
50% methanol} 100% methanol Z}tzte] ¥E-S Z3lsla Zels3 2 ES AL}
o] t&z} Zo] #yitdct F o] 28cm, W7 3.6cnd] glass columnd]| chloroform
o2 Hatal7l Silicagel G 60(Merk, 230-400mesh ASTM)-& #3135l3, 1 flof &
H A|8F 489 chloroformo] 59 loading 3}&r}. Chloroform: methanol(10:0
— 0:10) EYLE ANEuIE st 2 YEE ozl TLCE Ee|delE &3}
of Rf A7} w28 25718 BolA 348 fraction(A, B, ()& Adich 5L 2t

2} rotary evaporatorZ ZI¢E&%t 3| ACE A AAE FA 6T
(3) Sephadex LH-20 column chromatography of 2]%t #2]

Sephadex LH-20 column chromatography (2)ollA] &2 ACE A3j&/do] ¥HUH
fraction B2} C&] Z3 &0 e #385tact & Zo] 15cm, 7 3.6cm
2] glass columo] &2 H4x|F]l Sephadex LH-20(pharmacia, 25~100)& 33135}
of7loll 55" ANEE 2% 8ol = loading 3tHcrt. EYE ¢3¢ 1218ul=



vater 20008 Al&319 32, 22}= water :@ methanol {(9:1) E¥Lnf 100zl E, 3xt=

water @ methanol Z382ulE 8:2 v &2 100ml, 4x}= o]& 7:3 v]| &= 100ml, 53}

= 6:4 H] &2 100ml, 22]3 6xM= methanol 200ml& &xPH o g AMEsldrt.
olatofl L HEES TICE Ee| 78S A5 fraction (1,111, IV, V)

€31 2}2}-& rotary evaporator2 Z2%ts& % ¥ ACE Msj&2E ZA sl

{4) High performance liquid chromatography(HPLC)ef 2}%F 2]

Sephadex LH-20 column chromatography -8B o]zl 57118 HE Z ACE =] s]¥Ad
ol 7t %<& fraction M2 ¥ ¥ BPYELLS 2317 ¢ HPLCE A Alstdch

& AMEE UdBEE(0.5~1.0%)7t HA HPLCF methanolo] €3] 50 0.2%m
membrane filter® o{2}¥ ¥ HPLC X agiog EAsigct

HPLCE= Waters A}2] model 510 AM&3lE D 1 BEAM2AL Table 13} 2t}

Table 1. HPLC analysis conditions for separation of the active

principle
Column : 0DS-80m (7.8 X300mm)
Eluent 1 25% methanol

Flow rate : 2.2 mé/min
Detecter : UV absorbance (254 mr)
Controller : isocratic

Pump : 0~4000 psi




HPLCE E%t fraction MY Ee|z}doz2Xe 4712 main peak compound(P-1,
P-2, P-3, P-4)& ¥ oo, Z}7}& Fel3l rotary evaporator® ZeHAN F
ol &2] ACE AsiE}E A4 slgct

{5) Thin layer chromatography{TLC)of} 2j¥t ACE A{&s}E2342] #<I3} ninhydrin L4

g

el AdelE HAsrl ¢t AMEE @oln zhzbe] HPo] s HPTLC
plate(silicagel 60 Fisq) S o] &3} TLCE 3i3slgict. A/fLulE chloroform
methanol : water(40 : 16 : 3) ZYULuiE AEsId, o 4087 A F W
lamp& o]-&3lo] WA {55 Bistach

=Y goll A HPLCE B3l Y53 4719 main peak compcundol] thsjA TLCE 3}
g, B2 54E ¥Asty] $18 ninhydrin 4ARbgS RS Peptided
Z&3H= ninhydrin reagent§ YA & plateo] HF, =23 t}& vacuum drying
ovenoll A 110C, 1587 ¥t g Helstdrl

(6) ACE M3j&He] Ag 9 22EA
a) UV-spectrophotometer& ©]-&%} absorption scanning
Eojuiele] ACE AjEALR A= S compound p-4F preparative HPLCE &4 2
2|8t x|ZAF A vk, 10% methanolo] $A3] 0] 0.2/m membrane filterE

o 2}3t F  UV-VIS recording spectrophotometerE o]f8d UV absorption
scanning(200~285m)-& Al A]51oict,

-3t -



b) FAB-MSE ©|-&% Ex13 &%

Compound p-42] Ex}332 JEOLALY] FAB-MS A|A®lE o] &3t &A3iATE
ol &ujj: H,0, reagent gas:= Xe& AR, &L XJ|2E 25T, #Hi
£ 320C, &ALex 30.1Cgen, positive ion mode ArEfSilA] glycerol

matrix(92n+1)& 712 E3AE 3l peakE ¥ls}ac).
c) VMRE o] &% FZEA

2ol AEx} YL FREAA gy A8 23HE IR B 439
ARE UoE 83 B ¥ AR 347t §o|sin, Bl BYY TR Yol 7He
3 NMRE o] ARgsta 9l Zaolt). 'H-, c-, 'H-'H cosy, 'H-"*C coSY(HMac) W
HMBC(Hetro nuclear Multiple Bonding Connectivity) NMR(Brucker, AMS 500)2 z}2}
12542} S500MEOlA sl oem, o] wf =& 30TCATE {yxIFF FrAA
(chemical shift)= A& 20mgS DMSO-doof] o SAY ol
TMS(Tstramethylsilane) & 3Altstod Ltehjglct.

10) <A 7t=E3fE2] ACE AHER 22 % A

T ovlF T A AFolMe TAS T Aslo JheEAIR 1

B3| 52 ACE #3348 column chromatography % HPLCE 22|, A A]ZIcl

(1) Ultrafiltration

chia H 4 IR ES YM-10 membrane (MWCO, 10,000 cut off Amicon Co.,
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USA) & AMg3to] AUl the) oztsla WgRAS ARgstgct

(2) Ion exchange column chromatographyoll &3} &2]

o] 3t g FH o FUSHA pHE UWEF Sp Sephadex C-25 column (3.3
X16cm)oll loadingdtl ZH4 200m¢, 0.IM ammonian formate 400m¢ U 0.5M
ammonian formate 400mlE. X} R ZA)7 18n¢ £ slo 280mmollA FH o} ACE

Asise ystach

(3) ODS column chromatographyof] 2]3%t & 2]

Ion exchange column chromatographyoll A &% ACE AM3j¥Ad HE-2 7I¢ts23}
o ZF4+ dFPol| Hojfo] 0DS-AQ 120-S50 column (1.7 X20cm)oll loadingd}il,
0%, 20%, 40%, 60% 3! 100% ethanol &< 200m¢Z 2}2} RFA)7|3 2t YE-S 7qt
FAY FACE M5 AT

(4) Sephadex LH-20 column chromatographyol] 2]3F & 2]

10% methanol 2 221§} Sephadex LH-20 column(2X80cm)el ODS columnofjr] &2
ACE 3l &H/d HEE& loadingdl 12me/hre] K502 4me¥] FH3IA I 280mofl A
TR} ACE Ao 2Asto} ACEANBAYR S Bo} PYEAHAT,

(5) High performance liquid chromatographyoll 2}3F 2z}

Sephadex LH-20 columoll Al @0}l YHYES HPLCS ol §3lod &, FAlstalc).
oluf BHZAE Table 29} P,
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Table 2. HPLC conditions for purification of ACE inhibitors from

protein hydrolysate,

Instrument ¥ater 501 and 510

Column Capcell pak Cig UG120 S-5um

Column size 10 X 250mm

Eluent Acetonitrile (10-45%)
Water (90-60%)

Flow rate 2.5mé/min

Detector UV absorbance (220mm)

Sample size 0.5m¢

Data module Water 745 B

(6) ACE 3fEHe] T3

a) Electrosprayg o]|-&%l §=xjgf &34

e} HPLColM @2 ACE AP YEQ peak p-po] ¥£A}}E LC- electrospray
Mass-Spectrometer(Mass lynx, 2.1, Micromass platformll, Manchestic U K)& ©o]&
sty &3l ojuf Lol HO : acetonitrile : formic acid (49.9 : 49.9
10.2)2.2 Ag3}o] peakE ¥t

b) ojmjx=2t =4

2] HPLCOIM A& ACE AN siEdYFo 6N-HCIZ 715lo] 24A17 7h5=H3)et X
AFHU27t A2E Pico-Tag workstation (Waters, USA)ollA] ZA =&t ¥ WPLC 2A
(Hewlette Packard HPLC 1050)& #3t%c). ojmj AFR¥ column Pico Tag column

(Waters, 3.8X150mm) 22, oven temp.+= 43CollA, detector?] EXT= UV 254m



ol A, flow rate= 1.0m¢/mino]gjc}.

C) obulizat Age) 24

ACE A3ZH2 FYE = peptide?] amino acid sequence?] EAL protein
sequenator (ABI 473A)E A}8-3}o] Edman 3l o2 33}ldct ojuf BAe] g
X+ 45T, conversiondmi& 64°C, HPLC AtefollA= 55CHct ER 5= 269mol A
&33td o &of A= 3.5%2] trifluoroacetic acidgd {3 ZHF4E, L) B=

100% acetonitriled A}&3}4it}.

A 3d. A3 4 2%

. AR W x1F9) ACE A&t

) 580l whE ACE A3|a )

T2t A4 AEolAM Wol HI Yk A4 F BFL BT 33239 gL Ex2
2ollA ACE AsjZ et 348 23] A= Table 49} Yt}

4714 BuE, Eulvel, ole, §£%, B3, miae] AL 10%olate] e
ACE A3i&& B3, It 71x], ZY, ¥, 528 HA etk

P T AAANEFANRSY dFRFEESYH ACE AH¥AHE S ZAstA =, nhs,
gut, 3, AFoMe £ HHolMEc W M2 RYR, Suzuki e w3
oAM= shgel, 7HA], &%, ¥3, oHsd Z¢ 2 d¥ANEc ¢ Aeg B
1 vt 20, Adeje], 34, o], wid, QuiF, A2, ¥, 53, B 5

(30}

rO
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orzte] FeE wA Urluch = 5“2 BgolA 47.9%x2] A& B B 4U¥
ol A 2} Hl3tAch

AzY AYAge] 43RS EE F23tn Gt 22 AP Ag FA4=
AA Ue EReE I 2 A5 £8&& EY (Table 4) 3%, nhs, 84
B, ¢3u, B23e, AZA, 2ol m, wF, 53 £202 2x0]4} £ES B
dch ol ohe 12.1%, 7 7.3% T} 6.1%, oiF 2.3%9] $82 2 ¢ o
ARt A4 Viepylch

Sk AES HAUhIT ACE Asfjfzes Zt AFY 8o oet detds ol
o222 AREE 8ol o2 AMIME(ACE A& X $& / 100)& Bd, nhs,
BgZe, BUE, 45, Svjue, 3t ¢o2 w4 Ueikch 53, 71A], Azl
. o3, Fh2 ACE AsllsE Wotou, £8&0] wold FHE& HHE de &
< ACE A3 E2E vepdcia &4 gl

Tl xHRolM BE Fxpet Ao ACE A7} 50%01%d A Ueldteut
Ul stoith suzuki 5 o RIolM A7t 105.1%2) AHsjE&e Ro B AY
ARt A Uelgou B8t 12.8%, Faks 11,6524 2 AgAIEC} WA
1532374

€ Aol £&& sl AES FYLE VAW ACE AHe2 FAvst
57.78%2 VA3 wAUARL I v BHAL BAaY &oldrt. =R, Fxs
72.25%2] A3 &S BAoU $&o] Yol AFYo2E 9.3%8 W Mg U
Ehui gt
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Table 4. ACE inhibitory activity of water extract from various

vegetable a Tea

Sasple ACE AXB/100
. inhibition( Yield(B)

Korean name English name A) (%)

7}A] Egg plant 69.63 18.56 12.99
A=t Horse leaf 9.90 9.60 0.95
78e) Perilla leaf 61.14 17. 32. 10.59
2tf Chard 16.77 8.04 1.35
ool Nomain 15.45 7.61 4.22
SUE Sedum 81.63 25.56 20. 86
Zajitg] Small watercress 88.80 17.16 15.24
2] =3 Garlic 76.53 30. 80 23.42
Tt Radish bud 15.45 3.10 0. 48
oo Radish root 63.76 18.10 11.54
73 Radish leaf 38.12 13. 46 5.13
] B Chinese cabbage 23.44 21.76 5.10
Re|aal Borigole 16.83 17.16 2.89
B Leek 80. 84 21.36 17,27
ngaa Broccol i 90.97 24.02 21.85
;1A% Vitamin 40.27 14.56 5.86
A% Native lettuce 42.71 13.74 5.87
A g Celery 22.35 12.14 2.7
A7+ Ginger root 47.37 16.82 7.97
e Radish 22.51 7.90 1.78
A2 Z] Spinach 39.60 23.14 9.16
%7 Crown daisy 52.82 12.14 6.41
ok 3 Cabbage 55.80 7.52 4.20
A Lettuce 2.33 10. 46 0.24
ok} Onion 11.67 24.30 2.84
L0] Cucumber 28.82 22.94 6.61
U= Wild plant 40.36 14,58 5.88
Azl ety Cauliflower 41.85 16. 82 7.04
Ad Kale - 34.80 15.88 5.53
Enie Tomato 11.00 13.96 1.54
1} Creen onion 67.99 22.22 15.11
i1 Parsley 70.84 13.88 9.83
k-2l Pumpkin 30.67 36. 34 11.15
7+e) =} Persimmon leaf tea 19.08 11.92 2.27

-37_



-continued

X} Green tea 26.01 14.52 3.77
Xl x} Barley tea 15.03 15.00 2.25
%tglx} Ssanghwa tea 15.16 100.00 15,61
A 7k x} Ginger tea 11.27 100.00 11,27
# 3 Coffee 57.78 100. 00 57.78
X} Black tea 72,25 12.88 9.31

2) Buj3Zof wE ACE Asj&z}

ol B FEA] 70%014te] 7% ACE M35 Rol: AAFo AFE I &
71&vl Br} 480l && ethanol } methanol B #&3le] 1 ACE A3YH S &3
¥ Z 3= Table 58 Zrch

o714 B Ay, EvfEE B3} methanol BTl ethanol $2&4A] A IA w9
o vhge], Helal, =x}, B7AL, 2edxl, 43X pethanol F&A] A3|-&]
Eott. 28y ethanolll' methanol &A1& & $2AHr} £80] AAsiA Wo
22 A4 8% 3131?1 < FAA B §F &A1 Ec @3] w& ACE A3
ZRE Ueldcin & 5 ok = 5 o Bao) ofshd Awal, i, zate
B¢ & FEAEL] ethanol F&4] 2 Azjge] A uvelWn, &7, 2nja}, 2
Zy 9 FRoMe § FEA0] o £ Uehdoia stdrl



Table 5. ACE inhibitory activity of alcohol extract of various

vegetables and instant teas

(%)
ACE inhibition(A) Yield(B) AXB/100

Sample EtOH MtOH EtCH MtOH EtOH MtOH
Sedum 42.58 0.58 3.33 0.43 1.42 0.003
Small watercress 8.99 30.41 2.67 2.90 0.24 0.88
Garlic 10.94 16.28 0.97 0.80 0.11 0.13
Leek 18.75 45,00 5.17 2.10 0.97 0.95
Broccol i 76.17 24,88 4.93 1.20 3.76 0.30
Onion 2.74 1.84 1.27 0.47 0.035 0.009
Tomato 37.50 0.58 1.97 0.83 0.74 0.005
Parsley 12.11 96. 41 4.03 3.07 0.49 2.96
Persimmon leaf tea  3.72 23.96 5.60 1.50 0.21 0.36
Green tea 2.03 44,70 4.63 0.77 0.03 0.34
Barley tea 30.63 56. 68 1.30 0.17 0.40 0.10
Ssang hwa tea 16.18 14. 45 4.17 3.43 2.34 0.50
Ginger tea 10. 40 40.17 3.83 3.40 0.40 1.37
Coffee 83.11 0.46 1.57 0.57 1.30 0.003
Black tea N.D" 25.58 N.DY 0.37 N.D¥ 0.09
N.D" : not detected
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2. FR, AR, 77 R U oziwe] AAHINEN]

NE F2&2] ACEXN3 T}

I/ AR 7R AR W o3iF 5 F F 6301FS ¥l d2EUS A=
3 & FEES ¥l AEANSS &P Z}e Table 624 Lt

q71M B ZReME miE, Helsl FReME 8, 5% ZEFE dFoL A
AFoME o F, 3RINE. F1$i7t 2l ojsfFolaE &2}, vixlel, BAIZA 2

02 ACEX 327t A elutct



Table 6. ACE inhibitory activity of water extract of various cereal

legume, fruit and fishes

Sample ACE inhibition (%) Sample ACE inhibition (%)
iy 61.00 5 6.86
e 51.73 B\ 20. 00

x| 38.91 wt 14.10
Likel| 26. 59 35 30.03
20 24.24 2 39,34
4o 23.11 zlof & 36. 44

4 16.33 71 ¢ 34.26

2 10. 54 S 31.15
o} 9.54 ol A 29.76
) 9.43 olrIt= 27.33

| 8.40 e 22.10
k-2 7.47 A7 20.22

3 5.84 PIRS 18.96
Xt 4.64 77 16.95

I3a} 12.25 Hzo} 16.32
72} 11.40 o 2 14.58

g 61.96 FE 14.29

X 51.05 o} 7] 12.07

BEE 50. 95 22 11.74
& 50. 86 v 11.50
A 8.57 73tz 7.93
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- continued

viuint 7.47 Bol 45.85
2z} 5.90 H o] 33.45
A}z} 4.54 o] 27.42
A 4.02 g} 58. 34

L8x] 1.35 BA 27 40.95
e 0.61 LI 40.20

i o 0.48 7heju] 36.71

150 38.53 nut 32.10

A4 32.62 2 25.48
H ] 21.14 < 19.02
o+ 47.25 i3 18.10
27) 46.37 hiES 13.11
A 45.65 A& 4,87

2)7180f +&E¢] ACEN &

okl BF2A ACEHINELT &S 1039 AIZE Wslo] {7]8u] ethanol,
methanol., ethylether, chloroform, ethylacetate® &3t Ztzle] 718423}
=888 Ee] ACE AHjaNE FFsle Table 72 22 ZAE St

A7lM BE, 78 F2EBolA ACE AsaAst GAHA A veldn gupd
2 BH B2 ethanol, ethylether &5 o)A, 4L ethylether & EojA, 1
2|31 Z'$F 2 ethylether, methanol, ethanol F&EojA B &4 Hr}l &4
Elgtenyt O3 28 AES E FEART} WA velklich
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Table 7.

ACE inhibitory activity of solvent extracts from various food materials

Sample

ACE inhibition

Ethanol Methano! Ethylether Chloroform Ethylacetate
Souble Insouble Souble Insouble Souble Insouble Souble Insouble Souble Insouble
g 81.55 0.75 45,57 - 81.64 4.05 61.45 - 52.76 -
4 2,24 0.32 - 87.00 2.55 - 0.28 52.72 -
AR 75.08 - 87.08 - 88.12 - 56. 98 4.22 59.87 0.97
4R 6.16 - 38.65 - 8.2 28.08 - 6.16 -
Az} 52.59 0.16 14, 82 - 9.37 9.16 13.35 - 14.59 -
vlx)e} 15.45 - 20.01 4.89 10.28 - 8.32 2.91 32.90 -
ZAZA 19.52 17.51 - - - 8.28 - 18.82 10.91 6.68
7}ely] 1.77 8.21 - 2.53 - 10. 83 3111 10.07 12,37 14.66
150 - - 19,17 11.16 9.51 - 7.52 4.7 19.24 | -
714l 13.33 - 26.30 - 27.78 - 21.85 - 35.56 17.20

S : Souble fraction of solvent extracts

v

- ! negative

i ¢ Insoubie fraction of solvenl extracts



3) 4 W 71dA]8] ACE Af3Lz}

E 223004 ACE ASEHI} &S 202 2570 ASE Yot Exjao] wpE
ACE HslZ3}E ul2s}r] sistod £alate] cut of {7} 10,0009 e o] &3t} T
& Wil vz s 2tz 57 AZAIN ¥ ACE ANNEAE AW AT
Tabie 82} c}.

A71M uE, TRINEI} ojfel e vel, sldely 2 Aol Holx oot
gk 0 ool ujaleld KT} gleje] AEal Z-elM ACE ASEII EA Uelt
ok

=3 ACE H3lEAS] 2ol thyt FIME Yoluma FE, TF, AR, of
£, SRl 212 Frhx A Aesio] 50T} 100CIN 7HAT F ACE sl EIE
2% Zbs Table 98} .

71N B Qe 2o, 2z, BAZA L Hel SAME 100C HE Fol
S 2 Aol7} glo} dol HY RoZ Uiz, vl WelHE xol& Rarh.



Table 8. ACE inhibitory activity of dialysis fraction from various food

materials
(%)
Sample Dialysis fraction
inner solution outer solution

H Y 78.13 85.44
Hel 23.84 45.07
bl 20.05 31.05
#Ho) 8.48 15.24
o] 72.21 90.99
2L 73. 44 68.57
&7 40.17 51.58
J7-u} 10.71 48.09
2=} 15. 66 29.83
g 85.16 100.0
T 38.78 94.14
AR 75.59 91.99
o 50. 86 94.30
3t 69. 53 83.01
ut 14.10 77.55
IF 37.74 42.82
oF 38.29 40. 32
Tpelof & 33.58 39. 48
71 ¢ 63.29 97.82
th S 29.90 89. 32
159 47.96 94.49
aas 50. 04 96.33
Ag} 17.73 85.44
B zAN 23.70 93.77
v}x] 2} 18.06 42.97
7t2]H] 16. 82 36.71

_45_



Table 9. The changes in ACE inhibition of various food material

by heating
| ACE inhibition (%)
Sam

pie Before(507C) Yield After{100TC) Yield
o 58.03 11.34 45,54 .53
LTE) 42.97 10.28 40,24 9.87
FAgRE 3 67.29 15.71 59.55 14.25
¢ 61.48 16.48 51.34 9,37
7191 38.68 6.43 32.54 4.28
5 30.02 7.55 28.54 5.49
Yoi 38.04 8.78 33.40 6.99
3159 43.52 9.21 37.62 7.56
Aa} 66. 45 9.90 75. 84 8.61
2z 45.27 7.38 40. 48 5.81
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3. A2l ACE A3iE3 24

s8] EBE2Z2IZoa ACE AH3|8o] 71} &S AeHturban shell, Turbo
cortunus) & AHg3te] Had Acteiyael sleEsiEd 188 FME, e
column chromatographyoll 2]%F whial JlgaEe] E¥'E ACE 35S HA s
whald F}-RE]E& Gel filtration, TLC, HPLC 522 £ AAZ ACE &5
2] EAS lojy 2} 3t}

1) 2212 8 $#28 4 7180 #8829 ACE s}

HH B 332 2t /1A £ ACE A3HE&E Holglil(Table 6.) 4% &
71gn] ZZo w}2 ACE As)FE 3T Table 73} P}

2) ZA JRof u}E ACE A& &zl

(1) peptide-nitrogen ¥8rz} ACE Asj&E=}

Alg e F{FFE 7Iste] WERE ¥ Fdof ube} pHel &EF WeishdA
pepsin, trypsin, a-chymotrypsin, alcalase, bromelain, papain %4 pancreating
ztz} HE FY NFELE Ix BEER AFssln JleEs] Ao ulE
peptide-nitrogen®] Bd%& Y Az} Fig 49 Yk
o714 E@ bromelaing H ¥ clE HAEL ditHo g Ji4E3 8A WA=
ZA3] 71t I ol ¥ Y] 4 mE E HEI JArh
Jeln wha Jhegs] Azt wlE ACE A3 & R Table 10 2 o] 8]3tellA
748 A Uveisten, O Fole 4 e 2 HHI7L Qadch
3 2o)A] alcalase® E3JA]|Z-& ul] peptide-nitrogen B d ez} of&e] ACE Asi¥
BEE 713 A JErsch
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100

Peptide-nitrogen content(mg/ml)

Hydrolysis time(hr)

Fig. 4 The changes in peptide-nitrogen content of turban shell protein

hydrolysate by various protease during hydrolysis time.

-0
A-A

0-0 :

A-A
0-0

*-o

: pepsin (pH 2.0, 37C, 600unit/mg)

: trypsin (pH 7.0, 37C, 0.6unit/mg)
m-m

a -chymotrypsin (pH 7.0, 37C, 38unit/mg)
alcalase (pH 7.0, 60T, l.94><10‘unit/aqg solid)

: bromlain (pH 6.0, 35.5C, 2unit/mg)
: papain (pH 6.2, 25C, 2.lunit/mg)
: pancreatin (pH 8.0, 37C, 52unit/mg)



Table 10. ACE inhibitory activity of turban shell protein hydrolysate

at various proteases during hydrolysis time.

ACE inhibition(%)

Enzynme

lhr 4hr 8hr 24hr
Pepsin 36.92 39.32 45.79 38.00
Trypsin 15.78 42.07 44,23 39.43
a -chymotrypsin 17.52 36.11 46. 84 41.72
Alcalase 51.70 64.25 67.82 79.58
Bromelain 35.78 32.07 43.79 46.71
Papain 37.62 36.13 39.15 40.25
Pancreatin 13.56 19.68 35.15 40.35

- 49 -



olRe g Bol I3 Fo| ABAEl= peptide U2} ACE M3{I 2} Alojoll= L
A QBBAS A Hee Azdch Y5 ofF DuAe LRSI 2
ACE A 3|2h-&-2 8AI7tAl = F3] F7iste Z¥E Rolddey, I olF= &utst
A F715HER] B Z4"ria sin & Lo} oMo} B2 Bl oLt egg
albumin 9 caseinoj A= trypsino)l} a-chymotrypsinol] &|&t JlrE3iollA Jhp
3§21 2 8AI1M& B gtel ulel ACE A 3fztgo] VA3tA AAHTIR st 2 A&}
£ 42 ctEA Geldch

£FFol wtE A st EY ACE MIMEAE ABRA A} F¢t A
2 7Rt e o TARES Z2Y/2OE 1 Zo|A alcalaseo] g Fp4E
20| ACE AHsiE 7} 71& =A Lielste 2 th& @ -chymotrypsin > pepsin >
trypsin 5¢ $22 &A VeI, Papain} pancreatino A= 7h3 wolch

d 5%  alcalased} bromelainof 2J&t 7hEaiA] ACE A sj2t&3} 7H4-Eale
ol 7tx AA Ueldrh seki $'& Folel s14Esl ELItelA pepsinoll g T4
BsjBo] 71 &2 MEAE RArta stHI, Miyoshi $V' 44 Uf 714
23] EfollA] thermolysisoll & JlF3Eol 71 w2 A a}E Uehdrin
B st

¢ F'=  dfsieEsiiscd  wE  AE  AsjEAlN  trypsin,
protease(Bacillus subtilis) 2|3 hot water extractollA A LlEldciz 51ed
t}. o] ACEY] active siteo]] Woisl= C-wtte] £ amino acidol] tidt 7]3 Eo
43 o] gl Reg wojAr} ¥

3) Gel filtrationS Es] Hal® whyal sl&Esj2 Y& ACE As&z

HA JhrEsiA] ACE AH3MBEMIE &AW pepsin, trypsin, a-chymotrypsin,
alcalase 4&5{29] HAE A3}l Azl vhyAL 714838}l 3 Bio-gel P-22 gel
filtration 3} & w 5~77018 peak& il (Fig. 5~8), we|H Z peakEY
ACE A3|E2HE &Y Zz}e Table 119} Zrh
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I

Absorbance,280nm
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e

Fig. 5 Gel filtration pattern on Bio-gel P-2 of turban shell protein

hydrolyzed with pepsin.
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Fig. 6 Gel filtration pattern on Bio-gel P-2 of turban shell protein

hydrolyzed with trypsin.
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Fig. 7 Gel filtration pattern on Bio-gel P-2 of turban shell protein

hydrolyzed with a-chymotrypsin.



Absorbance,280nm
[

Fig. 8 Gel filtration pattern on Bio-gel P-2 of turban shell protein

hydrolyzed with alcalase.



Table 11. ACE inhibitory activity of peaks of turban shell protein

hydrolysate seperated on Bio-gel p-2 column.

(%)

Enzyme Peak No. (Fraction No.) ACE inhibition
Pepsin Peak A {Fraction No. 26-47) 63. 60
Peak B {Fraction No. 48-60) 82.74
Peak C (Fraction No. 61-71) 73.39
Peak D (Fraction No. 72-78) 95. 65
Peak E (Fraction No, 79-93) -
Trypsin Peak A {Fraction No, 30-51) 59, 68
Peak B {Fraction No. 52-64) 79.84
Peak C (Fraction No. 67-75) 91.13
Peak D  (Fraction No. 76-80) 59. 68
Peak E (Fraction No, 81-89) 81.72
Peak F {Fraction No. 95-102) 37.64
Peak G {Fraction No, 103-112) 23.12
@ ~chymotrypsin Peak A (Fraction No. 25-43) 43.20
. Peak B (Fraction No. 44-58) 60.57
Peak C (Fraction No. 59-65) 83.29
Peak D (Fraction No. 66-72) 86.12
Peak E {Fraction No. 73-80) 97.48
Peak F {Fraction No, 81-85) -
Peak G (Fraction No. 92-100) -
Peak A (Fraction No. 31-40) 83.99
Alcalase Peak B (Fraction No, 50-58) 54. 63
Peak C (Fraction No. 61-70) 63.64
Peak D {Fraction No. 74-80) 80. 31
Peak E (Fraction No. 93-100) 32.90

o471 EWE pepsing AHg8lo] @2 570 Peak (Fig. 5)¢] ACE Asj&}E 2
(Table 9) Peak D (Fraction No 72-78)7} 95.65%% 7} 9t o ] Peak E:= Asi&
A7 A2 dehtA] ¢holth trypsing AMERF B9 770 Peak7t @olFH L (Fig.
6), Peak C (Fraction No 67-75)7} 91.13%2 7}% &A UE}Rtom g -chymotrypsin

o] HALE 771 PeakE YU A(Fig. 7), 3 2 peak EJ} 97.48%2 713 & A Lie}
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wtt. alcalase2 AME% Z$LE 5709 Peak (Fig. 8)Z&of Peak A (Fraction No
31-40) 2} Peak D (Fraction No 74-80)2] %ZojM & A UEelLic]

ol}el Aol HAE At MM E £YES 33| Fraction No 70-80
Y MZ vx¥ EALE Zhe HE6lM ACE MsjErt A delddch 123
olge] ExgtS £A43517] ¢35l vitamin Bz (Cyanocobalamine : MW 1,355.4)<
Agste] flol e 2AoT EYslAE S uwf, Fraction No 40-500)M 2tj PeakS
vepglens 2 4eichyd £¥E F ACE As{EH (Fraction No 70-80)& £x}
% 1,355.4) 5t o 22 peptided Zog FPEch

2 5Me "R Y EHEY gel filtration (Bio-gel p-2)oll 2J¥ Y& ACE
M| E = AUEH O F Fraction No 32-44 ‘Helol4 Actz Basida @ 9=
&I t)Fut, egg albumin W casein JFEESES] gel filtrationo] &g ¥Ey
ACE A 32182 HNIH © 2 Fraction No 408 H¥3|4 Lrin std1, o|5 ACE A
fE Exape of 1,40082Q Reog FH3tdct

¢t £ % rFchual 7148388 Sephadex colum chromatography 5}9l& wj
Fraction®] S48 & $2t37]19 peptideoll s ACE M3j¥4do] AA Uepdria s}
of B Aye AejolAet fAtet B ¥olAdrt.

o] dYolA ACE MsHEAI} 713 & alcalased] 57 peak& TLC si& ZHz}
+ Fig. 9%} Zodrh

o714 B ACE 2 3j#4do] 83.99% peak A ol o 7| J&o] EgEo Y
Elutsl, o] 54,63% QA peak Bol= 4740 HE oz EHelsam, ¥Ao] 63.64%
Ql peak C, 80.31% Q] peak D, ¥Alo] 32.9%2 7}F Y& peak E &= 22} 1749 g
d FEL=E Yelydrt, 22]3 0]EL ninhydrin & 2.2 peptide @ol uH Al
Agctiz 8] alcalase 7l4-E 35S Bio-gel p-28 gel filtrationdle] @& peak
D (Fig. 8)& HPLC ¥} A} Fig. 103} o] ACE Aol &2 T peptide®
‘ol Hch



Fig. 9 TLC patten of peak from gel filtration(Bio-gel p-2) protein
hydrolysates.
TP : Pepsin hydrolysate of turban shell protein
TT : Trypsin hydrolysate of turban shell protein
Ta : a-chymotrypsin hydrolysate of turban shell protein
Ta : Alcalase hydrolysate of turban shell protein

i indicate band exhibiting higher ACE inhibition
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v Activity peptide
100

Le

5017

Peak intensity (%)

| ] 1
0 3 : 6

Retention time(min.)

Fig. 10 HPLC chromatogram of ACE inhibitory peptide from alcalase
hydrolysate of turban shell protein,
Symmetry C18 (3.9X150mm)
Solution : 20% MeOH
Flow rate @ 0.8mé/min
w : 214mm
«  indicate peak D (ACE inhibitory peptide)



4) BAE ACE A 3lEF (peptide)d] olnizat 243

22} a2l alcalase 7HEE3ES gel filtration(Bio-gel p-2)3le] 42
peak D& TLC 2 ¥Ql3l: HPLCE 2|3 A|std ACE A3jE/do] &2 T peptide
BEE 8o o]9 ofnjxit 24-& KB Table 12 & it}

o} 714 X phenlyalanine, valine, prolined] €22 ¥-FElo] o]lE olnj At
233} peptidert ACE A3|E2}7} dlvhe 2o Yelytch

A (2H) 5V Folzl ©NA sleEsjBola ACE A3] peptide & lysine ¥
2¥o| 31, trosine, leucine W phenyalanine ¢} A4Ad oln|xit ko] Y
AoZ Mustgon AE AMELIAE Hol: peptides] obnlwAtEHoly F2 3t

B8 9 £ ohulizate] WIS HIsgrh

Table 12. Amino acid composition of ACE inhibitory peptide from

turban shell hydrolysate

Amino acid Concentration ( 1 mole/mé)
Glu 0.15
Ser 0.05
Thr 0.18
Ala 0.06
Pro 0.48
Tyr 0.02
Val 0.54
Cys 0.34
Ile 0.27
Leu 0.24
Phe 3.72
SUM 6.05
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4. Enjutele] ACE A8 B4

2AF £ ACE Aol ¥ Eoue|(small watercress, Nasturtium
officinale)?] ACE A3¥yd ZEEHE A $£&, §uE¥., ZF colum
chromatograph, TLC W HPLCS AAl3te| ACE AMsiEA L el FAstdch EF of

513122 UV, FAB-MS T MMR spectrometry S0 2 H¥IZXE ¥A3tgct

1) Eujitele] guid 29

En[u}2] 2] 60% acetone 25 water, ethylacetate @ n-butanol 8 £¥3}o]

ACE Asi¥d& &3Y Zze Table 139} Hrh

Table 13. Yield, ACE inhibition ratio’ and ICsp of 60% acetone, water

ethylacetate and n-butanol extracts of Nasturtium officinale.

Solvents Yield (%) Inhibition ratio ICso (1g)
60% Acetone 32.11 52.32 239
Water 67.88 21.67 577
Ethylacetate 8.03 -23.48 -
n-Butanol 24.09 62.48 201

#Each sample amount used in this experiment is 250.g/250.4

Enjile] e} 60% acetoneFBE 2] ACE A3|YAH L 52.32% g2 SujdEHFo=
n-butanol EYoMq olRT} S HA(62.48%)S UEhIAR, Zze] FHS
n-butanol > water > ethylacetate & #02 7% ¥4 & Rach E, /o]

7}3F Yol ethylacetate 232 &% 8.03%2 Hota, & ¥ 67.88%2] ¥
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288 BoloU WA 21.67%2 Wol ACE ASIEAE A 7X7t e Rnog o
AR}

A, Enji}e]e) 60% acetone $£&2E, water I n-butanol EYof tfit ICx
(ACES] B3E& 50% Y 4 ot A3Ale &) & n-butanol HE (ICo =2014)
o] water & (ICx =577ug)oll wlel HG3] o} chf-E2o] H/do] n-butanol¥Fof
E2)3h= ZoE Helxct

ZE nbutanol P E2] ICoee XK 572 Aol ACE A3 E7} Hal Felatele]
theaflavin®] g} (ICso =400ug)BT} WA wte Aog UEel} ACE Hsjd el 7}

s8E dFstact

2) ©AE column chromatographyS 23 Hej® SHAE B3 ACE A3k}

tjge 2 Hz" Sojuel] n-butanol fraction® ANE3toed amberlite XAD-2
column chromatographyS ®3s}gich oj7|4 €2 water, 50% T 100%-methanol
fractiono thdle] ACE A3jXE A3 Azp= Fig. 113} o] 50% methanol 3}
100% methanol fractionollAl 24z} 73.05%2} 74.92%2] &2 ¥ vehjdct £
EHollA 67.34%2 water fractiono] 7HY &3O} ACE Aaj#ido] ytopr] o] &2
o] & Zog Alg¥crh ACE A3j¥’do] ¥UH 50%2} 100%-methanol fraction2]
Z3HsHEoll i3l Silicagel G60 column chromatographyS 438%t A} 3742 B
AB W CE& @Ach (Fig.12) ol&oll uidt ACE AM3j&2 ZFFPolA YE Bt C7}
80.72%, 70.42%% 73 VAL HAon, o]F HE B Aol 88.79%] HS 4
&5 Yehidrt

ACE A 3jE 27t &2 Y& B CE EYsto ZYeHY FHEL Sephadex LH-20
column chromatographyE #3le] 570¢ HEZ 1,1,V ¥ VE 4o
(Fig.13) o] 5ol that ACE A3z} FPoA HE Mo] 82. 7452 713 &2 A&
}E Rch
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80

B Yield (%)

B ACE inhibition ratio (%)

Fig_ 11 ACE inhibition ratio and yield of eluents obtained

from amberlit XAD-2 column chromatography.
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100 ;

& led('yo)

W ACE inhibition ratio (%)

Fig.12 ACE inhibition ratio and yield of fractions obtained

from silicagel G60 column chromatography.



100

80

60

B Yield (%)

m ACE infibitian ratio (%)

1

[ on m v Vv

Fig.13 ACE inhibition ratio and yield of fractions obtained

from sephadex LH-20 column chromatography



3) HPLCOl| 23t fEAH T2 FA

Sephadex LH-20 column chromatographydeollr] @& ¥EIMO ZHE ACE M|
BEY &L s )M HPLCE 33t (Fig. 14)

o 7]1A Uehd 4702) main peak P-1, P-2, P-3 @ P-45 23|, o]& %3l AEC
A3} B8-S 33 A3} (Fig. 15) P-47} 92.0%2 713 &2 Y4 S BYPD, $8%
65.50%% 713 &3lrt.

o] &2 & AHo] A18H 60% acetone FEE] 4+ 10052 L wj 0.035%
off 3igste Ao, ol AzlolM BAJ} APLSF ACE HHEHY £82 F
A3 AL =7 FolA Asjazrt F713E o 4 QUth (Table 14)

—t—s

my %

?gé I U A k_J WA PN

1 L] O
.50 ic.ad 2.6 N30 35,40 @8R

Time (minutes)

Fig. 14. HPLC chromatogram of fraction HI obtained from

sephadex LH-20 column chromatography
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2 Yield (%)

m ACE inhibition tatio (%)

Fig. 15. ACE inhibition ratio and yield of compounds P-1

to P-4 obtained from HPLC



Table 14. Changes in yield and ACE inhibition ratio according to each

purification step

Purification step Yield (%) Inhibition ratio (%)
60% Acetone 100.00 52.32
n-Butanol 24.09 62.48
AMBY 3.28 74,92
siL” 1.48 80.72
SEP/ 0.08 82.74
HPLC® 0.04 92.00

a) Amberlite XAD-2 column chromatography
b) Silicagel G 60 colum chromatography
¢} Sephadex LH-20 column chromatography

d) High performmance liquid chromatography
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1) ACE H3BA AL © 7= ¥4

(1) UV spectrophotometer &3

Sojuteld] ACE AN3EAUZ £3EE= H3YE P-4E Fig. 163} o] preparative
HPLCE &2 thy ol& 23, s%3lq UL ¢ o] 8L 239 =9
%0 UV absorption scanning® A1A1&F Az} &= Fig. 173} o] 259 8moll A Hcoi¥
Z=E Ueldo], o] FA2 WYF ringS 717 HYPER FF=HAUCH

mV % P-4

T T T ¥
.90 4.8 6.40 4.48 16,60 12,08 n.00 16.

Time (mioutes)

Fig. 16 Preparative HPLC chromatogram of the finally purified

active principle (compound P-4 obtained from HPLC)
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Fig. 17.
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200.0 220.0 240.0 260.0

286.0

UV spectral data of compound P-4



332 P-4o] Exjele #Issl 913l positive ion FAB-MSE & A5l S
Fig. 1864 Uehle uiet o] MW 267(R &R /2 -
th.

(2) FAB-MS &%

Abundonee

364

Ll

184

P4

268[MH] ) A2 HH

Mass/Charge

Fig. 18 FAB-MS spectrum of compound P-4
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(3) 'H 2 C-NMR spectrometryol] 2]3F FZZ3}A

ACE 3|22l 3IUS P-4 'H L "C-NMR spectral datai= Table 159} Ut}

Table 15. 'H @ C-NMR spectral data of compound P-4

lH‘ ISC"
No.
8 (ppm) Integra, J(Hz) & (ppm)
2 8.33 s 1H 139.9 d
5 8.12 s 1H 152.4 d
7 156.1 s
8 119.3 s
9 149.1 s
-NHg 7.30 s ZH
1’ 587 d 1H 6.2 87.9 d
27 4.59 dd 1H 6.0, 5.2 73.5 d
3’ 414 dd IH 4.9, 3.1 70.6 d
4’ 3.85 dd 1H 6.7, 3.5 85.9 d
5 3.66 dd 1H 12.1, 3.7 61.7 t
3.55 dd 1H 12.1, 3.7
* 500ME in DMSO-ds % 125Mk in DMSO-ds
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'H-NMR spectrum(Fig. 19)AtollA] §3.55ppm~ 85.87ppnoll Ut 6702] proton
signalZ o] H§Fo] g AS AlApgich

F& §8.12ppm(1H.S) 3 &8.33ppm(IH, S)&] signald WakHe] Z2& Lejio
o, o]&°o] 429 protonzt= AP coupling 3l QUx] 94U C 2T ortho, meta ¢

X]9] protonE2 XY Ao Hexr}

3w, SC-NMR spectrum (Fig. 20)ArolA  5119.3ppm~ §156.1ppmoll LbE}LE
signalZ H¥RFo] BF 509 wtart Ea43510, 561, Tppn~ 587, 9ppmol]l LIE}H
sugar moiety?] signalo] 57§Q1 RS E p|Fo] o] HYZ L furanosideQ] Ho 2 X
= 2dct. 2283 DEPT(45 °)spectrum &A%t Z2}, §119.3ppn~ §149. 1ppm
8156.1ppm 5 37H¢] signalo] HtH E|goBE o] ¥lAE $HE] x¥HY Reg
¥t
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Fig. 19. 'H-NMR spectrun’ of compound P-4

% The spectrum was measured in DMSO-ds at 125ME



B et
40

Fig. 20. 3Cc-NMR spectrum’ of compound P-4

% The spectrum was measured in DMSO-ck at 500ME
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o] 3IE-2 HMQC spectrum AJollA (Fig. 21) 8H ¥rA(6139.9ppm )2} 4HERA

(8152 4ppm)oll Z}z} §8.33ppm(1H, S) I §8.12ppm(2H, S) signal} ArAZA

o 2

Ao o]Eo] N2 At o] =3 §7.30ppm(2H, S) signalZ oHEEAL}
BBBAE HolA] ol -NH719] E7F B3] AlAlEodet. whebx -NHe Z e
A& #3}7] ¢i8te] HMBC spectrund £33 k= Fig 220 Uehd v} o]

6 kiAol -NH7|7F AR BV BAE Urhldleng ol5o] HNE AYstn A&

N

v~

et T2 4 Ao} YA FAB-MSHEF T dojl APl 267 A& Z

¢t5lH o] E&-L ribonucleoside?] UE¢l 6-amino-9- B8 -D-ribofuranosyl-9H-

-T5 =
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Fig. 21. HMQC spectrum of compound P-4
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HMBC spectrum of compound P-4



Fig. 23. Structure of compound P-4 (Adenosine)
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5. #e] ACE AMEE 24

g2 g BEUAEE ARRsl] E3 §71&ulE FE310] ACEASEAE S FAsta,
Telehyd g Azsl TLE i sheEsEY] ACE MRPE FHH3I, ACE
A3Pgo] &2 pepsin AN A JeRIANES AHESIY 2 F column
chromatography, HPLCE Al A]8}lod ACE 23} peptidedS ¥ BA3I3 1 peptide?]
otuimat 242t olul4t MEE FA3tAch

1) B 9 /7180) 322 ACE Haigy

2 9 $7180) 2282 A ANBES 23 A3: Table. 163 P} §7]
£uf M2 ethanolol A 7HR &9t3, tHE methanol>chloroformdethylether>
ethylacetate ©2 8 LUIElIYtn BRAFZRBojrls ACE Aol ALl vieh}x]
okstet.

B 2252 f714032 B0l ulslo ACE AajRAgo] B3] ol ACE AsiyA
38 Boll 20 ok $84EUYS ¢ 4 Atk

= 5P ot B7), oual, o2y W AZME I18uIFEA] BHrhs
E F&Alo] 222 #7180 $&A e B84 Brhe JHEEH ol ACE A3k
27t o aA vehdrin stel £ Ay Azjel e Ayolgct.

2) el sheFajEe] ACE Asjaz

Fa FFRo oiet WA steEMEY ACE MEAE ZHH-E wi(Table 17)
A 7i-E AIZRE 8A|Tojden, HAHEE pepsinol]l &3 JhEEIEolA
ACE AMaj&ztrt 71 &t 2 th2 alcalasedbromelaindpapaind @ -chymotrypsin

5 £28 ¥A UeluI pancreatin?t trypsindilE A Liepgict
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Table. 16 ACE inhibitory activity and yield of various solvent

extracts from small red bean

Solvent Inhitory activity(%) Yield(%)
Water 62.0 17.2
MeOH 38.7 (soluble) 12.5
0 (insoluble) 5.4
EtOH 51.8 (soluble) 14.8
0.8 (insoluble) 6.3
Ethylacetate 6.2 (soluble) 11.5
0 (insoluble) 4.8
Chloroform 28.0 (soluble) 9.4
0 (insoluble) 5.5
Ethylether 8.2 (soluble) 13.7
4.1 (insoluble) 7.1




Table 17. ACE inhibitory activity of small red bean protein

hydrolysates by treatment with various enzymes for 8 hours

Enzyme Inhibitory activity (%)
Pepsin 83.27
Trypsin 15. 66
a -chymotrypsin 30.6
Alcalase 65.12
Bromelain 61.56
Papain 37.9
Pancreatin 21.88
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3) %tAE  column chromatography® B3l e REEE THEY
ACE =8} &3}

(1) lIon exchange column chromatographyol 2]§t £2]

gt J14E3E S YM-10 pembraned A123lof ultrafiltrationdle] & &
212k 10,0000] 318} A Ex12 218 SP-Sephadex C-25-column chromatographyS 8}
tl. o714 EYslo] UL fraction?] ACE A3 A4S &3Y A} Fig 249 T
o] 1.0M ammonium formate €02 £&A|ZAE uf ACE H3j&’do]l 71 &2 peak
13} peak 2& ¥2l3, 0.5M ammonium formate &N 08 L2 of peak 3& &
dct. FRTE2 347 vEH HEAME ACE AMEE3E vehifiz] egich
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Fig 24. Chromatography on SP Sephadex C-25 column of filtrate
from YM-10 membrane

A stepwise gradient elution (condition): 200ml of H:0. 400mi

of 0.1M ammonium formate {pH 6.05), 400ml of 0.5M ammonium formate

{pH 6.05)



Maruyama 5'¥2 casein®] HAJISEs|E2e] SP Sephadex C-25 column
chromatographyE 33%t A2} 0.2M ammonium formate® RFA|Z] ¥ Eojr &2 ACE
A3 #FS Jehdcia sto] & AE Ao} vyt F ot

(2) ODS column chromatography of 2|3t &2

SP Sephadex C-25 column chromatographyollAl @-& P-1, P &

&St FHTo BBl HES %A v}, FFEE BN F AH AN
7 829 42 AAY FH 2= 0SD colum chromatographyS 3B A= Table
182 i}

o714 B ACE AsjA}E ZH= peptide: 20% EtOH €402 £&]7 HE
(Y-2)%8 60% EtOH §ejo2 &&2A/7l HE(Y-4)9 Hs7ka] £&Ho UL S &
4 2%il, 3 F P-13} P-32 20%-40% B$1] EtOHOA] P-2= 20%-60% H<ele] Et
OH s=olA 718 &2 ACE A3} ¥4 Fdo] &&= uUsich a2y ACE A3}
8ol &2 Y-1 HEL vl ol Wil HEHUY wlBoll AEE AMESA] Yok

c},



Table 18. ACE inhibitory activity of fraction on 0DS

column chromatography

Inhibitory activity (%)

Fraction No.

P-1° P-2 P-3
Y-1 91.11 75.35 98.32
Y-2 95.99 97.28 86.345
Y-3 89.74 97.82 96. 47
Y-4 53. 69 90. 61 55.24
Y-5 0 0 0

Each fraction eluted with 200ml of 0%, 20%, 40%, 60% and 100%-ethanol
solution is denoted as Y-1, Y-2, Y-3, Y-4 and Y-5, respectively.

'P-1, P-2 and P-3 fractions were obtained from SP Sephadex C-25 column

chromatography
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Ukeda §V& Folz] hejasl4EalZo)4 2] OIS column chromatographyS #3}
& wh 10%-25% 'H9]9] EtOHE Sl 27 YEoj M ACE Asi”Ao] etz
53] 25%2] EtOH 8ol 713 &2 ACE A8 YAHEMo| 2T sjo] & Ay
Z3tet fratstedch. ¥ Matsui 52 19%-50%3¢]19] EtOH $902 827 ¥
Foll ACE A3 ¥Ado] Uehtn, 1 F 10% EtOH& o] A &riz B st}

ODS column chromatography+= reverse phase chromatography systemQ &) £3l2]
agdel] A S 2 Aol FHYL Eahe) grasel Zriet ulEslng &
25X EtOH &olq 8= ACE A3l BHEUL 444 ofuliat gado] gt

2 peptide 2tz A},

(3) Sephadex LH-20 column chromatograpyo] 2]§ g

212} 0DS column chromatographyollrl @& ACE AHa|¥EYE L BE Tolxy gt
55% ¥ 10% methanol £ H¥AF]3L Sephadex LH-20 column chromatographyS 33
¥ A= Fig 259} g},

71 W, ACE A3} ¥/d peak} TH¥M peak7} S| Ux|s}x| Q= RHoT
Ho} ACE Asigd o] T olo] Ex}ado] 2 of&] 7}x] peptides} E{F

ol Yee ¢ 4 gtk

- 86 -



15
1 ~
J ®
|
: £
2 4 z
N 1]
% b
: :
g 8
2 <
‘s

Fraction nunber

Fig 25. Chromatography of Sephadex LH-2 column of ACE inhibitors

eluted with 20%-60% ethanol from 0DS column chromatography
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(4) High performance liquid chromatographyol 2}t & #&]

g}e} Sephadex LH-20 column chromatographyoll 2j8} ¢€o{zl ACE =3} gAdo] 7}
A &2 peak AE 33t ZUEHY ¥ 0.4u4n pore size?] HPLC prefilter® 23
A BEEE AAAT F Capcell pak Cis UGI20E ©]-§3le] HPLCE Y A=
Fig 262} it}

Abscstuics o2 2900m

Fig 26. HPLC chromatogram of peak A obtained from Sephadex LH-20
column chromatography

Conditions for HPLC : column, Capcell pak C-18(1.0X25cm), mobile phase,

CHiCN(5%-40% for 40min), flow rate, 3.0ml/min



A7IA R g2 chilal peak7} UElItCH, o]5L retention timeol ulz}l 10
4 4789 & (F-1, 11, I, V)28 o] E3is15, olF ACE A3j¥do] 7}
Z w2 2wzl HE  (Fractionll)& Fo} (Table 19), ZsZ AUF,
rechromatography& A A13ted Th peptide peak& ¥ol (Fig.27) ofmjxAtzAgd A

ofulieAtHd £H-& AEE A&3laAct

Table 19. ACE inhibitory activity and protein contents of

fraction - I, - I, - M, and -V on HPLC
protein contents
Fraction Inhibition activity (%)
(pg/ k)
I 76.08 32.15
11 88.59 38.07
i 84.20 43.95

v 28.48 62.51
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Fig. 27. HPLC chromatogram of ACE inhibitiors fraction

(Fractionll) obtained from HPLC

/P-P . peptide peak exhibiting ACE inhibitory activity



4) V2] ACE A 3] peptided] 53

HPLColl A Fe2|jt ACEX 3] ¥’do] &2 w4 peptide peak® ofm|iit Y S &4
¥ Zz} (Table 20) Asp®] 3¥ao] 62.95nm/mlZA 7M. 3 ok
LeudValdGlu)Gly>lledPro2] «22 HUFE AU, Cysz} His H2FgoZ FE
lglrh. Zejal HPLColA e’ ACEM 3] peptidei= Fig 280ilA 2t o] Nugto g
2| 57 27} 74%) 2] ojn] =4t v (amino acid sequence)©]

F-V-L-G-P-(Phe-Val-Leu-Gly-Pro-) 2] &2 2 v}e}yic},

Table 20.  Amino acid composition of ACE inhibitory peptide from

small red bean protein hydrolysates

Amino acid  Concentration(nmol/ml) Composition (%)

Asp 62.95 11,92
Glu® 46. 20 8.75
Ser 33.57 6.35
Gly 38.49 7.29
His 8.09 1.53
Arg 19.10 ~ 3.62
Thr 24. 41 4.62
Ala 26.30 4,98
Pro 32.58 6.17
Tyr 14.75 2.79
Val 50.78 9.61
Met 12. 58 2.38
Cys 5.81 1.10
Ile 37.36 7.07
Leu 60.13 11.38
Phe 32.26 6.11
Lys 22.89 4.33
Total 528. 25 100.0

Amount of aspartic acid containing asparagine
* Amount of glutamic acid containing glutamine
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4 $°e 150 28U JH-EiSol A ACE Hslpeptidel= Asp, Glu, Lys,

Leu, Val W Ala®] §igfo] @k Ao g B

N FYe ByozyE LAY AE Asgyol 7 &S fractions] ofmlicat
Eold & ofulxAtzd 3 His3t Pheo] WE B Axstadz, slo] Asp,
Glu, Ser, Gly, Arg, -Thr, Val, lle, Lys So| 42 {13 s}t

Cushman ' o2} 7}x| dipeptided ¥4stod AEABNEAS el c-ug
ot xAtR7|2 M= Try, Tyr, Pro -2 Phe o] 22|31 N-Ugh oln|AtTr| 2 4
branched-chain aliphatic amino acid7} ‘Z 233 . Ms|A| &N ACEo] ZB¥sl= peptide
22X Aslcin sttt 223 Cheung 52 peptide] C ko)l .9l ofn|x
4t % glutamyl-L-proline2} succinyl-L-prolineo] ACEQ] 7}3 -2 binding ¢]x]oj
A& Basldch

Kohmura S92 ¢ wtlo] prolineg 23 Q& 14 % peptide 2] ACEAN s& 2}
§ A3t N-UTHe| peptideF-Foll 2hA = ACEMsiR o] Hepaictn sty

Maruyama §%'2 34% peptideZoll A V-H-L-P-PS] uj@el peptides} ACEX s
4& Bria 8193, Kohmura 578 V-R-P w@2] peptides} ACE 3PP S X

Acta stgict
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Fig. 28 Chromatogram of purified ACE inhibitiors peptide

obtained from protein sequencer (ABI 473A)
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6. 2'3F2 ACE A=A ¥4
1) & 9 {7180l 3252 ACE A&z}

YA Y ZEUE BE 738319 2 EFEE3 #718&vi(pethanol, ethanol,
ethylacetate, chloroform, diethylether)Z F&3lo] €2 71843 £2E8 &84
22Eo) tisle] ACE A3BAY U £&& 53T Azte Table 213} Arh. 2 B
g B B33 ACE AN3YPo] 50.9x2 M gwoted, RI8W H=RE
diethyletheroll A} 44.06%% 7}% ¥ol3, 2 c}2 22+ methanol > ethanol >
ethylacetate > chloroform > 60% acetone &] £02 UElyton o|5 2E oo
e 7184 225004 S ACE 8488 Hola B840 E #dol A ey
2] bkt
3 FEEY &8 Y doE EFE80] o 2&AYSE ¢ 4 vk 19
2 ERZEL 471803280 w3 ACE Asiaztrt BASHA got ACE XEE

ol #8744 E4YE ¢ & Adrh

2) ¥ sig-Eaol WE ACE A a3

(1) &3 71453 E2] peptide-nitrogen §F

gt de] FHSE 715t BYY ¥ Hio] wiel pHet 2EE el SHEA
pepsin, trypsin, a-chymotrypsin, alcalase, bromelain, papain 3 pancreating
247t AE FHE VIFELE 1% 27 HA B JheEs] AlFIHEA Aol ot
£ peptide-nitrogen?] M4%& FFY Azk: Fig 299 Lol 7M+E3) 841 7HA|
L 343 Fstelout 1 ol ¥ol: Aujy FUt BE Zashe F¥olrt 84
°

& 712028 E u] pepsin AH2|A] peptide-nitrogen “§dol MY Wkn

bromelaindpancreatindpapaindtrypsin®] &2 8 LIE}GICTEH
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Table 21. ACE inhibitory activity and yield of water and

various solvent extracts from kidney bean.

(%)

Inhibit
Solvent activilt:(rky) Yield (B) {A)X(B)/100
Wat 51.0 19.1 9.74
ater
43.5° 2.4 1.04
Methanol b
4.14 71.8
37.5° 1.1 0.40
Ethanol b
5.4 82.9
29.9° 0.2 0.05
Ehylacetate b
1.0 85.5
28.5° 0.1 0.03
Chloroform b
4.2 78.5
Diethyleth 44.1° 0.2 0.09
ie ether
Y 0° 79.9
12.9° 6.6 0.85
80% Acetone b
0 76.3

a

soluble about organic solvent

® insoluble about organic solvent



(*10°2)

Peptide-nitrogen
[pep.(mg)/pro.(mg)]

T T Y

0 ’ 4 8 12 16 20 24

Hydrolysis time (hrs)

Fig 29. The changes in peptide-nitrogen content of defated kidney bean

protein hydrolysate by various proteases during hydrolysis time.

®-e® : pepsin (600unit/mg)

A-A : trypsin (0. 6unit/mg)

®-a : g-chymotrypsin (38unit/mg)
0-0 : alcalase (1,94x10'unit/mg solid)
A-4 : bromlain (2unit/mg)

0-0 : papain (2.1unit/mg)

®- & : pancreatin (52unit/mg)
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(2) &3 7L E9] ACE A3
FAFR e A st Ee] ACE A3lB4ES B Table 229} Uth

Table 22. ACE inhibitory activity of defatted kidney bean protein

hydrolysate by proteases

ACE inhibition (%)

Enzyme
1h 4h 8h 16h 24h

Pepsin 59.30 69. 50 72.42 75.06 77.70
Trypsin 2.65 3.41 20.81 21.67 22.52
a -Chymotrypsin 17.20 35.76 33.26 32.59 31.82
Bromelain 46.52 40.45 34.29 34.18 34.06
Pancreatin 1.44 10.25 24.77 18.17 11.56
Papain 42.00 47. 44 64.39 56. 61 48.83
Alcalase 15.74 43.59 55,22 47.92 40.62

A7 B JReEd 8A1%e] 1R wA JElRten O olFolx A EE &
WS Bo|x] girt. ILH EE 8AZ ZheEslolA pepsinX 2A] 71 &kl
2 th& papain) alcalasedbromelaind @ -chymotrypsin 58] <22 £A Uelutch
J2]3 pepsin® B 8A1ZF 7hE3] A1H S wf peptide-nitrogen 333} ACE *]5}
¥dol wA Ueht peptide ¥zt ACE A3jEfAlololle LA FAAAZ AUe
Ao 2 A o]o] ACE M3EHL I WHUNMTENEU peptided Holetes 5 7Hs
A Ul E oW HAE 24X 7 JHpElolM ACE AHsiEgo] ZHAEE Bied
ol peptide & 7HpR3i7t o HyHel uhel peptided] Zojut F27t et of
Folel AARL A8 Ffol wel 7ol st B8 peptided] A& 2
o|2} ujgo] tl27] wfEY Roleta AlzHrh
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A = chFrgalel sj4Re) Aol BE ACE Mg 842k
Z7Mte ARE Ushideu 2 F2E gueid F7bAU BR 2ta
B A2e ge AR Ryt

3) ©A column chromatographyE %3] Ez8 {A8E ¥Y29
ACE Ajsy&2}

(1) Ion exchange column chromatographyoll °o}3F % g|

2gg sha st 8-S YM-10 membrane® AM23}od ultrafiltrationdled @
2 Ex}eF 10,000 o|ste] A Ex} 2.8 Sp Sephadex C-25-column chromatography-&
Bstoct. 4714 EY3to] UL fractiond] ACE MBS HHTY AfE Fig. 30
=} Zrh
0.1M ammonium formate YT BBA|ZS ul ACE A 3j¥Ado] 7}A B peak 1
3} peak 28 €32, 0.5M ammonium formate 298 827 & o] peak 3& A
th FFTE 347 v YA E AYAHS Vel odsith
Marayama S Z3jzhs i Sephadex C-25-column chromatography 3 A
2} 0.5M ammonium formate Re§o g Z&A17] HEoA O & ACE Asj¥EL »
Qlriar stgch. ERE casein 7}4E-3]8 2] Sp Sephadex C-25 column chromatography
ol A= 0.2M ammonium formate RHHFojA & ACE AH3HEAZS Lepdctn sl
£ A¥ A} vl BYE B4rch



HoO 0.1M HCOONH,4 0.5M HCOONH4
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Fig. 30. Chromatography and ACE inhibitory activity of fraction on Sp
Sephadex C-25-column of filtration from YM-10 membrane.
* A stepwise gradient elution(cindition) : 250m¢ of H;0, 450m¢ of 0.1M

ammonium formate (pH 6.20), 450mé of 0.5M ammonium formate (pH 6.20).

_100-



(2) ODS column chromatographyof 2]3F &z
Sp Sephadex C-25-column chromatographyoll4] @& peak 1, 2 B 3& 2}z2} Zids
Z3lo] AP ZHTo o] FHAFI, AHA AN A 82H S AHAY

202 0DS column chromatographyS 333t ZA 2} Table 233} Zc}.

Table 23. ACE inhibition of fractions on ODS coluun chromatography.

Inhibition ratio (%)

Fraction

No. .

P-1 pP-2 P-3
Y-1 92.30 98.18 97.87
Y-2 95.03 84.94 94.94
Y-3 97.43 99 44 95.00
Y-4 56. 94 89.45 84.07
Y-5 18.77 25.98 82.06

Each fraction eluted with 200mé¢ of 0%, 20%, 60% and 100%-ethanol solution

is noted as Y-1, Y-2, Y-3, Y-4 and Y-5 respectiely.

A7l BE Y-1, Y-2 W Y-3 HEoA ACE M A2} A LiEbt=d, Y-l
YHEL tie] do] ¥ 4 &7 wEol A82 AHEsHA] ¢katch

UkedaE™® & Hoje] thjAst4EsiEoe] 0DS column chromatographyollAl 1
0%~25% ethanol HEZ §&A27 YEoJA ACE Aol Uetdz, 1 F 25%

ethanol -§oolA EEAIZE o] 7Y & ACE H3EE HArka sto] 2AEZ

- 101 -



2o} fAsbgct,
ODS column chromatography:= 83d2] Ao PSS 2ta 9oy FaYe
Bzhje] gtasel Z7iel vlHBIRE, &2 $59 ethanolfdollA &&E &= ACE

AHEDL 244 ohuliat §ado] b peptidedtz FFATHY
(3) Sephadex LH-20 column chromatographyof 2]3F 2 2]

¢}2] ODS column chromatographyollA] @-& ACE A3j¥d HEL 2F AU
¥ 10% methanol ® B A]F| 1 Sephadex LH-20 column chromatographyE ¥%t Az}
= Fig. 318 grl.

o7]1M ACE AM3[#dE& Holi= peik A, B & C7} EelH e ol&S& sl #
7} ZRs ST F HPLCY] AR ARRSdch

(4) Reverse-phase high performmance liguid chromatographyofl 2§t £2|

g}2] Sephadex LH-20 column chromatographyol] ]3] o]zl ACEX3j¥/do] 713
£ peak AE 3l LU HY F 0.4 prefilter? AjAM BEES A
3, Capcell Pak Cis UG120& o}&3to] HPLCE *3%t Az} Fig. 329} Zrh

oA 7] B H, retention time o] wie} 670¢] ¥ E(Fraction a, b, ¢, d, e, f)2&
UElStS o] &¢] ACE X3l&S Y Z2: Table. 249} Hrh
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Fig. 31 Chromatography and ACE inhibitory activity of fraction
on Sephadex LH-20 column of ACE active fraction eluted

with 20~40% ethanol from ODS column chromatography.
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Table 24. ACE inhibitory activity and protein contents of

fractions on HPLC

Fractions Inhibitory activity (%) Protein content(ug/de)
F-a 30.52 22.03
F-b 64.13 14.53
F-c 51.24 21.89
F-d 82.48 36.04
F-e 56.75 28.38
F-f 76.74 139.60

- 104 -



2. 14

£ o vo

Absorbance at 220 nm

Retention time(min)

Fig. 32 Reverse-phase HPLC chromatogram of peak obtained from
Sephadex LH-20 colramn chromatography.
Conditions for HPLC: column, Capcell pak Cis, mobile phase,

CHACN(10 ~45% for 35min) conraining 0.08% TFA, flow rate=2.5m¢/min.
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o714 B, 4Hx] HEQ Fraction doflA] ACE A&7 713 &4 Ueldte
o o] ¥ES Ro} UdsH A2 F rechromatographyE ¥ Azt Fig. 33¢}
Zrh. o714 cix] 6788 HE(Fraction da, dy, de, do, de, di)& BHI ©o|F 54
2] Y& (Fraction de)o] ACE HMaj¥Ado]l A Uelytz, ol& thi Zds&e ¥
rechromatographyS 35tod 37 Y& (Fraction de- 1, de-1I, de-II) 22 £2]3IG R
(Fig. 34) o] 2 3H=] Y&l Fraction de-MojA &2 VAL Uehjgrch

npxja}o @ ACE = sj@Ado] 713 L& Fraction de-IIPHE THA] rechromatograph

3t Tt peptide peakE VU2 (Fig. 35), o] & Electrospray 2} olnjial A
FE5XE A EE ARt
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Fig. 33. Reverse-phase HPLC rechromatgram of ACE inhibitors fraction

{Fraction d) obtained from HPLC,

Conditions for HPLC: column, Capcell pak Cis, mobile phase,

CHsCN{10~45% for 35min) containing 0.08% TFA, flow rate=2. 5mé/min.
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Fig. 34. Reverse-phase HPLC rechromatgram of ACE inhibitors fraction
(Fraction d.) obtained from HPLC.
Conditions for HPLC: column, Capcell pak C;s, mobile phase,

CHaCN(20~30% for 28min) containing 0.08% TFA, flow rate=2.5mé/min.
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P-P

Absorbance at 220 nm

Y 4/
| | | |
0 10 20 30
Retention time(min)
Fig. 35. Reverse-phase HPLC rechromatogram of ACE inhibitors

fraction (Fraction de-II) obtained from HPLC

P-P : peptide peak exhibiting ACE inhibitory activity
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4) ACE A EH 53

(1) Electrospray-MS &%

HPLCOll A} £el3tod ACE Asj8Adol 7hY £3UW U peptide peakd] Ex1FE §
Q15}7] $181, Electrospray-Mass SpectrometerE o]-23%}o Fig. 363 o] ZA 3}
gdch, 3 A3 MK, 633.09 daltonQ] o2 Axgc),

ol 7129 ACE MsiEdo] tiZf ARAIZ U8 R FUT Felalch

100
633.09

% -

0:

T 1 I I H ] 1
450 500 550 600 65 700 750
mz

Fig. 36 Electrospray-mass spectrum of Fraction P-P,
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(2) Amino acid sequence?] ¥4

HPLCOIA ¢4 #2180 DY peptideis N-UDSZHE 67BN oful et A
¥ (amino acid sequence){l Val -lIle-Pro-Ala-Tyre] £98 vL}E}GIC}(Fig. 37). 23]
3 2}z}e) olmli-ite] Eapske] o] 632.80 daltons S A ¢te] Electrospray-MS
FRoA @& FExleFol 633.09daltonsgl ZE Uy of FLEAUUS ¢ F Udd
=3

Cushman 5'& of#] 712 dipeptide® st ACE As)A2E Ltele C-st
otu]:Atzt712 A Trp., Tyr., Pro., &2 Phe. 2} 2 444 olnjxcitog Tila
N-"etoln] At 7] 2 A= branched-chain aliphatic amino acid7t B3 Az 2
A ACEd]| ZA¥Yst= ;;eptidei Horsica shedch. 223 Cheung S¥'2 peptide?)
C-dttofoly= olu|k4t & ghatamyl-L-prolinez} succinyl-L-prolineo] ACE2] 7}3
%2 binding $IXo] ASS Basidct. @ §% & 150 2yt JISRHE
ol Al ACE 3} peptide:= Asp., Glu., Lys., Leu., Val. @ Ala. 2] ¥ako] r}n

staict.
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Fig. 37 Chromatogram of purified ACE inhibitory peptide

obtained from protein sequencer. (continued)
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7. B2 Ze|o] ACE HHER 4

A A4F F ACE Aol 2 B 3F2] (Brassica oleracea)?] A& EA43sia
~ £z 8ulE &3l ZF chromatography, TLC I HPLCE AlAI3}o] ACE A 3|&
AL Fel, BAstAct

1)8upd ¥

B2 22|29 50% acetone ¥ 5 & water, ethylacetate, 2 n-butanol 8 ¥ 3}

ACE Hel@dzt 488 53¢ 2= Table 25 9 ok

Table 25. ACE inhibition ratio and yield of 50% acetone, water,

ethylacetate and n-butanol extracts' of Brassica oleracea

Solvents Inhibition ratio (%) Yield (%)
50% acetone 59.73 28
Water 72.46 14
Ethylacetate - 7
n-Butanol - 5

%! each sample amount used in ACE inhibitory experiment = 250.ug/250.4
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B2H]9] 50% acetone 2B ACE AL 59.73% Fou o]e] Lujd £
Yol EFMT 72.46%2 &A VELLI, $8E &ol thi-Eo] o] 3ol
EAske Aoz HASA ol o] Fujute|oe] ACE AM3j-go] n-Butanol
Yo Ealsh= Axehe tiE2A JEebdch

2) <tAY column chromatography & 3] Ee|® Sa8ME 3Fo ACE

Az

thato 8 zAg B2 R2]o] vater fractiond AFE8}e] Amberlite XAD-4 column
chromatography S 338} ch.

o714 dolR water, 30%-, 50%-, 70%- 3 100%-methanol fraction of ti3f ACE
| FES =A% ZAAE Fig. 382} Lol 50%-, 70%-, WU 100% methanol fraction
ol Ztzt 84.37, 82.77, W 81.22%2] &L VAL Urhidrh 13 $&HA
t &3°] 32.6%2 7} wd oLl ACE Aol Yol o] &Aool G Ao A}
Esxdch

o] HUH 50%-, 70%- I 100% methanol fraction®] EEZEo cish
Sephadex LH-20 column chromatography }3-& %3t Fig. 398} o] 4708 &
A, B, C, 9 DE ¥rh

olZof th¥t ACE #sjE 2= HE A7} 82.5%, B7l 57.9%F & MEUE Ho)
Adon, o]F UL AY ZHfol: 67.5%2] &2 48 LIEhATE ACE A&}
B2 HE A%} BE EWsA 7Y AT £YELZ i 2 Sephadex LH-20& o] &
¥t rechromatography & 383lo] Fig. 40z} Zo] Al 71 M 1, 11, ML €92
o oo ti¥t ACE AMMEE 2T A3} Y& 1o 81.5%2 7¢ WA uetyd

t}.
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® 3

Yield(%

ACE inhibition ratio('

waer 30% 90% 70% 100%
MeOH MeCH MeOH MeOH

Huert

Fig. 38. ACE inhibition ratio and yield of eluents after washing

amberlite XAD-4 resin with water, 30%-, 50%-, 70%- and 100% MeOH

- : ACE inhibition ratio (%)

@ : Yield (%)
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—

o8 &8 38 388

Yield(%

1§ 5

A B C D

ACE inhibition ratio(

Fig. 39. ACE inhibition ratio and yield of fraction A, B, C and D

after sephadex LH-20 column chromatography

@B : AcE inhibition ratio (%)

B : vield (%
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Yield(%

ACE inhibition ratio(

o3 85888

Fig. 40. ACE inhibition ratio and yield of fraction I, II, I

after sephadex LH-20 column rechromatography

. : ACE inhibition ratio (%)

B8 : vield (%)
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Sephadex LH-20 column rechromatographyol] 2 ¥E [2HE ACE ¥4S A
ste RESS c+EelE $iste HPLCS $-WstATHFig. 41). AA7IAM Lehd
671 HE(P-1 ~ P-6)& &3], ©l& &3t ACE A3|¥EE& 233 HA3(Fig.
42), P-27} 94%x2 713 73 AHVAH S BAA, $8% 45.5%2 A Leldtm,
P-3 E 90.64% £ VA4S Btk ol4e A3t VA DWUSSF ACE A
HEAY &2 FHS Zasht €571 kol AEs FAYL ¢ + A
t}. (Table 26)
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Fig. 41. HPLC chromatogram of fraction I obtained from sephadex LH-20

column rechromatography( absorbance at 214nm)
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100

Yield(%

ACE inhibition ratio(

P4 P2 P3 P4 P55 P-6

fraction

Fig. 42. ACE inhibition ratio and yield of compounds P-1~P-6 after
the isolation by HPLC
- : ACE inhibition ratio(%)

B : vield(»)
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Table 26. Change in yield and ACE inhibition ratio according to each

purification step

Purification step Yield(%) Inhibition ratio(%)
50% Acetone 100. 00% 59. 73%
Water 50, 00% 72.46%
AMB® 16. 30% 82.98%-
SEP” 12. 06% 82.50%
SEP®! 1.10% 81. 50%
HPLCY 0. 5% 94. 00%

a) Amberlite XAD-4 column chromatography
b) Sephadex LH-20 column chromatography
c) Sephadex LH-20 column rechromatography

d) High performance liquid chromatography
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A44d:4dE

d

2 dFe WA A7 AR, FR R ALF, olblF L ASA 2E T
% 110439 AFLNE At & U /7182 F&31] ACE AfBE S 53
R, 1 FolM dfE 54 U stdo] ulE ACE AsjE ] WIS JFF ulast
Act. ZEa ol & A E4x] F ACE H3¥Hol &2 ME, F AMLF, FF OMUF
oA 5% ARsl & Ee U8R FE312 HAYU chE §upE HE
E Bl REEES F23ER B H4ANY I VL EHES ol #

F3EE &%l o]ES Amberlite XAD-2, Silica gel G 60, Bio-gel p-2,
Sephadex LH-20, Sephadex C-25 column chromatography 592 gel filtration 3}
ACE Ay 4&& el il HPLCE o83t BHAlA &2 ACE A3
peptideE M2 ofu]:=AHEM 2} protein sequencerE A}E3to EAFAHS 31EA],
EL d] peptide’d B2 UV Spectrophotometer, Mass 5& ©|-&3}o] ACE AsHEA
o T2 ¥M& Wt theat e AE ddch

EF&0] M ACE ANAAE B ALFAME BUE, Eujue]. oiE, %,
BEge, E2lolA 70% o] w2 ACE As&S Holdy, #E8M: X,
oy, EVE, ¥¥, BEZel, AFA, 0], 3}, wiF, B3 £O0% 20 oA
LEIRES, AR 8o wtE A& S B niy, BEFE, BUE, ¥, Ev
w2], mte] o8 Rolrh

AFolMe Fxtet Azloll M 50% o]t EA ueldch ZTHIME wiw, st
FRoMe ¥, % 29T diFsh AdFeMdEe ofF, ol E, Jieist, e
3 ofsiFolM= 4zl wiREh, BAIZIoIAM ACE Asi&o] &A Lelutch

BujFE&olMe B &80 AubH o8 ACE A EJ FASA wgten, £
EE RE $2 ethanol, ethylether £&Eoll4, F¥& ethylether $&Eo)A,

a2]3 7¢ES ethylether, methanol W ethanol 2 8oy HA Jeisten, &
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] 3% HYREEE B84 F£EEET /H8E FESolA ACE HAEAIE VA3
EA Jelsich

T4 oM YRTlEe e HExIEHA ACE Hsjxztrt A ueludch

Azjeals FAHE IR slASus alcalaseE 8A|Z  JHEEsfolA
peptide-nitrogen A3z} ACE A sigAdol 713 & Ut gel filtration 3] E&
Azt J1gsiEel YEH ACE s &= Fraction No. 70-802] HslolA &
A Jelsted, olg Y& TICE Hesta HPLCE FA3lq 2 U8 &EY
peptidel &x}gko] ot 11,3559 A EAL peptideEAN I olnjxitRAgS
phenylalanine, valine, ¥ proline 2] £22 &3 o] qldlc}.

Eujule] & 60% acetoneo® $£&sti Luld £¥ 319S i, n-butanol ZojA
7H3 &2 ACE As¥4d & Rojdrl o] n-butanol %& Amberlite XAD-2 column
chromatography 3t& w 50% methanol2} 100% methanol fractionollA 2z} 73.05%
2} 74.9%94 2 ¥/4& Holorl. o]j& ctlA] Silicagel g-60 column
chromatography 3l wf A, B ¥ C HE&& ¥z, olF B2} C HFoAM 80.72%
2} 70.42%2] 7% YL Holo] o] F EFolE sephadex LH-20 colmn
chromatography S #ste] 570 & 1, II, I, V ¢ VE A3 o]F Y& Il
A 82.74%2] &2 ACE ¥4 & Bolzict o] ¥E ME HPLCE 335t 4709 main
peak (p-1, p-2, p-3 W p-4)& 33U S o p-47} 92.0%] &2 VP& HolAd
Cl. o] p-4 HFE-& W absorption scanning 3}5& o 259.8 nmollA] 2t FHUE S
Uehd W8EF rings 71X HYER FFHACL o] HES FAB-MSE &35l £
=}5F 2672 ¥lst 'H g C-NMR spectrometryo 2]s}o] FZEA st furanoside
2 3% 38}3 DEPT spectrum, HMQC spectrum, HMBC spectrum &3 9 2 ribonucloside
o] AXQ 6-amino-9- 8 -D-ribofuranosyl-9H-purine & adenosine?l 202 FEH
aict. |

¥ ACE AMEW HHS HAdMMe ¥ AS I JleRdsiae ds

pepsin® 2 8A]Zt JheEelstald wi ACE Asj&o] P w3, olEF WM-10
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membrane & A28} ultrafiltrationdte] @2 A EAEHAE SP-Sephadex C-25
column chromatographyS 3%} ZA2} 0.1M ammonium formate £ O 2 £ZH peak-1
3} peak-20i|A] ACE A 3j¥do] &eton o] P-12} P-2& ODS column chromatography
514 uf 20-60% ethanol'z S0l A 7H8 &2 ACE AP EA] §&HAR, oA
& 7Y% ¥ Sephadex LH-20 column chromatography 33&}lo] 37§¢] peak&E &
3 % ACE M3igyo]l 73 & peak AE HPLC 33lo] 470 HE (F-1, F-
I, F-NI, F-IV)22 o] #3312, olF ACE A3j™ge] &2 F A HE
(Fraction 11)& Ro} 21¢ts2% ¥ rechromatography& AlA|8le] ACE A& Ado]
713 &2 thY peptide peakE @olth o] %t peptided] olni=At ZAJE Asp>
Leu>Val >Glu>Gly>Ile>Pro8] 428 38E 3, amino acid sequence= N-%h
o238 5718 7171%] ] otu|:Aituld Phe-Val-Leu-Gly-Pro®] &4 2 LIElRiTh
2dEel ACE AHBY WAS ANAE AYE WHAL pepsin® T BANEY
7t-28l5t9& wl peptide-nitrogen®] Bd3t ACE A3#/do] I &olrh o]
chl 2] R3S YM-10 membrane& A}23}o] ultrafiltrationdle] @& A EAE
218 SP-Sephadex C-25 column chromatography & ¥3}ed ACE 3] &0] &2 peak-1
2} peak-28 ¥93, 0.1M ammonium formate RO T R2A)|H peak 3 Lrcl.
o] peak5L ODS column chromatographyS 383} 0%, 20% W 40% ethanol-&-¢jo &
£25E Y-1, Y-2 ¥ Y-3¥ES Gt o]F ACE A3¥go] &2 Y-2¢ ¥-3 Y
& Sephadex LH-20 column chromatography 383} 372] peakE& @23L, olE &
ACE A 3f&/do] 71 &2 peak AE 23] HPLC 33t 6708 HE (Fraction
a,b,c,de, )T E2|slH3, olF ACE AH3|¥Ao] 71 &2 Fraction d&
rechromatographydto] THA 6708] & (da, db, de, da, de, dr)S YERAIL, ©]
Z ACE AH3gAMo] 71 &L Fraction de& CTlA| rechromatographyd ¥stoe] HAd
o] 7}A &2  Fraction de-MIE Yo, tlA] rechromatographydte] gl
peptide peak& ¥, ©]F Electrospray-mass spectrometer@A] 2x}&Fo] 633,09

dalton?] 22 ¥, o Y peptide= N-UTtoZFE 670 7|7Ex]8] of
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o] x4t <l Val-lle-Pro-Ala -Ala-Tyrg] £23 JElLTT.

235 60% acetoneL. ¥ F&3}31, water, ethylacetate @ n-butancl 2 £¥
3ld S ml, £33} n-butanolFollA 2t} 72.46%2t 59.73%2 & ACE AEHS
Bojga, o] & ESS Al9sto] Amberlite XAD-2 column chromatographydtdl&
o, 70% U 100% methanol fractionold &2 TG Holo] o] ¥ fraction EYE

[«

€ Sephadex LH-20 column chromatography3dle] 3702] 52 dgon, o] F &

BEES B HFE ME L3t HPLCE $335to] 6742 ¥ E(P-1~P-6)S ¥4,
o] & P-27} 94%E 7} B ACE A YA L Bdom, 8% 45 5% %A e}
wic},
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M2z =2o|de o A™e| in vivo EIt

[—

R I B

27 £59 ZFvlel uwizt £l yelolAe A% g AP dAFPoE upy
o}7}3 gith. 93] FoAIY HAS B £\ A ABo] 30.2%, ZHF & 21.4%,
1% AL} 14.8%, A371A AR 8.2%, TFIIA APo] 4.9% £05 HiFo] gl
th ol Al € FolME «BIIA B 83d 9] 27.9%0A 93dof 30.2%=
F7tstdch

SHIIA AHe FRE 18 AR, HEF(FF) UEHE, ¥EE 42
B 5o A 9 ¥ szt A e AEE AU APo] Fridl et
Z 504 ojato] EW £y AROE AP AlgEo] A ol Z¥E HArh
83d 5 93d7ix] YA yuABoT AR At MR FH3) FUisted 83d
2.2do]lA 93 13,5 o2 6ull olA FI1st4ct

cBIA AR FIFsEol 52 HAIFM v]Fo] 2 Ao 2 ety
BE &4, 2EdL, &7 A2 59 3R Yoz ALt FY HLE 4
Tt 9349 8N Y FRoN £HU|A AR X Bof x|F3 A8HY doiet
T 3817 A Zof 24,562,870 Aol o] Ect. et £BI|A AR oy g AP
HES A% Jed AlEY ¥4 A e "aFolch

2, dxAige] Wagd

1) 71&3 &9

(1) AAIFQA MR AE 7|dEY U2 £71 HAAd LR 7% AF 228 =3
3lo] o|EZRHE AMEL JIFES MUt E AF 58] FAEI dch -

(2) X 718 MES in vivoold He AMS T A AE AA HY
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of Fhssict.
(3) In vive AYE 18U 5y NE RAM Ade ¥R ANE B 7
54 AES GRY AAE 2RY 4 Anh |
(4) 4E, 42 d4% 52§ YEAY A4 BAE YL 4
(5) $2l Uzel ol W 4 B4 AW OB ApH
g w7kl &5 Ui AVEel UL AWEE Dol slejbch

32
d
at

>_',
i

[}

zte] ®

J
=

2) B4 &4

(1) A& A& HAAY R FAsH: LFolele=(R) U HE iy g
(biodiversity)& I13{¥ uf Apgd Wl €I ) 2/ 7154 453 /MYs)
o FI7I7HA] w2 AES AL EA $& YA J) ¥ 4

(2) dE, 3 SoAAE TYoA oARE A3l U= X 58 7% AE
o 22 FUstA AFEES slZ AUcHEg ey oy 4=, 5).

) o1E31S] FAolAM ¥z £AE A3 Hside 92 YelME 243 4

d ol 71578 AEA AL AAE updsteio} it

(4) 71578 ME2E /MU ¥ K& & A3 ot 287 AEQ 2lejes
Aol A Fhsd = drh

3) AEH &4
AR B A4t Al A2 RE S8 AEY AL B A5 Fuje
2 oohuat gt Fobe] & g gtz IY A PAoE sl Fojrt.

f.

3. A3y B3

AR 9 F4 il AYeZRY, I BY £F0 Yo A1y B
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HE2 e 28Y 9 HEZY oy U X8 Bz BAE Ze V168 AE
B Aug the, A" AE 4219 35S FEUES Bt FrhRe Ry, 7]

P>

2§
)
3

B AE el et SE UY ARE YEsie ol ¥ d7e) HF HFolth
H2d AdgAs @ Wy

1. 4888 ,

AREELS U HESERAM A5 AdUs: 28y A=
(spontaneously hypertensive rats, SHR)E A}&3tgch. A@7|7H] A #BHF S
23+2C, AUSE 55148 SASIATL, 12407 AF 2% sold A= AR
Z}(polycarbonate, 42X28X18cm, HA7|Al)o] 3t uleld] Yol 437 xpS3tgct. b
SAzte] 2R AYFINE A5 AL 130 134 a#sidct AH Aol&
HE AR (HLA D)2 A AMFEA Histes FFskdch

2,

ok

o} AlE AxTYE Y B B By
£ ugel A8t WY s BULS 3 A7 MYASYH B Yk In

[+

vitrooll] ACE(angiotensin converting enzyme) H3|%& Brtste] del 23 &z}

[+

8 7bs7del & £AE SHRE| 4ol Foisigict,

2) nkg, Ea8A, $£F, 24y 9 Eojvele Fo .
oy, EIHA, FF, Abds o Sopvtele] ¥ok st H3p ML SR 3
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of HEFEE] 7I2Aa(2ehy 20%, 2AW 3%, PR 10%, ZHE 108, Lg
0.6%, Q1 0.4%, A AAD)oll 2tzt AzEwgelel vhe 3% W 1%, EIHN 5%, F
% 2%, 49y 2% @ Sulve] %E A7t FoAstarTh

3. AF 8¢ W s &3

AF2 AE A3 Az 4dE Ao B ¥ 13 2408 &3k 37,
g7l € ¥ A tail-cuffY g o] 8% =g 25 &P 7](blood
pressure monitor, Muromachi Co., Japan)E ZRsldth. ¢S &35ty Ao 23
A B varmero] A& AZAE AF v JIHA U= Y &F 71A A-&AY
F. BA7 42 A= BFEo| R=F TFAFIL 37C ¥ chambero] A 153
AFAIY th, ¥ FEoA 53 ol vtE FHslo HAAE AMRstAct +57],
¥37] 89 % Asee AYE AzAz AY Aol B ¥ 157U TFog dF
&t A Ztoll(13:00-17:00) &4 s}t

4. H4F AE 429 £4

AHTE F HEFES 164 5¢ HAAN F o2 np3AlAct. EoiF
WollA heparin(Sigma, USA) A2|¥t FAl712 Af¥stgen, [Hg el 3000rpn
(4T)olM 10237 YA sl EFE Festdl, g€9F 4% AE 4E2
Photometer (Photometer 4020, Hitachi & Boehringer Mannheim, Japan)& o|-&3}o
&3 stalct.

1) & Y288 24
Y 39 ¥ SH2HEY == ¥ FY2HE 5% kit(CHOD, Boehringer
Mannheim, Germany)E& AF&3}lo] Photometer (Photometer 4020, Hitachi &
Boehringer Mannheim, Japan)® &#3}lgcl. & We]E cholesterol esterase(CES)
o agol o) orHEY ZAHEL RUY Sd2EEE EAAY F
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cholesterol oxidaseoll 2j3} 2|8 FHAHES AHAA HHrL(H0)E A
A alZict, of HAt¥l4-AF peroxidase, 4-aminoantipyrine, 3,5-dimethoxyaniline
sulfonateo] 2j3] At3} £3 AlA UMAIZ F 546nmoll A FRZE HFF3ld F F
g ES A&t

2) High density lipoprotein(HDL) S AEE £

% 39 HL-ZH2HE Fxt HL-ZY2HE FFE  kit(HDL-C,
Boehringer Mannheim, Germany)& AF&3sle] ZAstgdct. @A 0.2ml0] A7ajet
0.5m1-& 7bsto] Z3h3t ¥ A2oflA 10837 Wxg the 3000rpmoil A 2027 ¥4
Eelste] HDLol#|9) lipoproteing HZAIZTH 4% 0.1nl& 23le] JaAQ}

Inl& 7}SEAL Af2ollA 1023t WHEAI1Z F 546nmoll M &8 3te] Ab&sisdch

3) 2418 24
YA Fo] FAAL 2424 XL kit(TG, Boehringer Mannheim, Germany)
g AFgsted Zstdct. ¥A 0.0lmlol Ale} 1.0mE Wi & Estod ALo|A

1022 b A]H F 546nmoll N FR=E ZH3 A&stdct

4) Low density lipoprotein(LDL) 2dAEH 2] A4l

LDL ZIAHES] A4t Friedwald %A Al(Mackness@} Durrington, 1992)& o]
&3t & Fel2E|SolM HIL ZAEE3} F4x14e] 1/58 ZAst A4rstd
t}.

5) 513 &x|4, HTR I LTRY A4t
AEBAATY BT by W oz Sul AR 4 (Atherogenic Index : Al:
(Total cholesterol - HDL-cholesterol) / HDL-cholesterol}, HTR (HDL-cholesterol

/ Total cholesterol) @ LHR (LDL-cholesterol / HDL-cholesterol)& A}&3}&t}.

- 137 -



5. =2 ZHat

A 28 doll 4 2o MEFES 16A0F¢ AHA F oHE nly st
Sabstel AR 2 ARS A2 slgch HE B 108 48 EEUR ZAof 244]
% 2B A 2

1) &<t sy 2Ap
dubFel FF wrdel wel R=g slFsla SAAos BHY £ o= o
A& 2ASIAlen], 22 A7) AA @u|F(Nikon, Japan)E o]§3te] JWIAL

1=

2) 23 A 9 Hd Az

23 el dol = RE=UAE HAB #3] 2L Bo FE3] A3z
oetg AP E AA, eyl EojE stdch Eojd 2AE 4w FAZ HUS
A 2H(Reichert-Jung, Germany)3to] Mol ARgsleir).

3) &4 o BH

dae & mieptl AH S AH hematoxylin & eosin BAL sty FH A
HE FF+ BES 93] Entellan FYUHE A3} cover glass& @I & ¥ F&
@ u] 7 (Reichert-Jung, Germany)o. 2 Has}oict.

6. ¥]&F 24 7y

718 AUl 458 AZHREE Tzt 4bav dyd #o18 EYs
2 23 wjtd o2 35-60% T kF AR, A4 U RePS EPshe MEMuIQ
dog Iust= WYPS ol% MBAFHMEES o &8 AHTY HHEF 2L ¥
g stact.
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1) 27 oluleal fd 4 A7 54 2de ¥y

3 F 15-174% ohe2o] i ARAEE 237wl ¥ 25EY T2
43 o] AH100-500 zMS] NMDA &-Lglutamate) S 5-1087 24|17 The Yol EA
A MK-801 A 2] 24A17 Frofl &4 AAF-& FFH o2 FAsIcT

M

2) FE4 ol $t ¢ AR 54 By ¥y

Ao FEAM oluliAl £8A FHAQ NMDA(10-20 uM), kainate(50 xM),
AMPA(10-15 uM)E 20-24217F M elsled, xpghalel DNQX(30-50 uM)Z Rus &
2& QABH: ZAeg Ho} o] AlaRle] J5d AlFo] FEA ot Y
g 4173 580l B3 H2U dle A& AASHE in vitro(AEHY) 2RYE
elstdct.

=]

3) Mongolian gerbilofjAle] A4 X H(global ischemia) &4 Rl ¥3)
Mongolian gerbilg 37CE ML RXAo] Ei= AtelolA] 2.5% isoflurane ¥ A

Alnt3](Ohmeda, USA)RE Aefolld ZEo F¢lo] €8 #2 J¥E AN e 4

A Yoz ZeUHE x=2AA B ¥F Z5He FE AUUYLEH

Mongolian gerbiloflAe] MAIA x|# ¥ (global ischemia) €7} REl& §usteich

6. A=

= A¥olM dojzl Az}e] BAA FolAd2 saS(statistic analysis system) W
microsoft excel Z2713.& o] &3l HYPILY Fd(Mean) t EFQAHS.EM.) U
AE TG BF(Mean) + EZHAHS.D.)E At 2t2e] Bgo] thah S
0.05 &0l A Duncan’s multiple range test W student’s t-testol] &}3f A3}
=3
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A3d Az ¢ g

1. xdwE 289 295 E(spontaneously hypertensive rats, SHR) % Ttz

(Wister Kyoto rats, WKY)2] NF U ¥le] #H 3}

1) A3 83

s 28U EPFE(SHR)Y  diRIF(KY) H= ANFE ¥
8,10,12,14,28, 4050 S Aslaitt. SHRS AJF 105%H WKyu|s] NF F7171 A
th ¥ 405 AFE ulas) ¥ SHRY o3 U 4ol %2} 210.6%14.0,

320+25.28, S FHe] WKyol nvls} ¢+ ZzZ 15.8%, 9.2% W2 F18L B4
th 2L} SHR2 WKY: &F A 71S £3l AFo] Fuistden, ¢zlo] £33

of uls} Moz e 48 BYTHTable 1),

2) "ete] W

WY R 2 AF 879 +37] ¥dol ¢4 &2 122.0, 117.0 muHgZ 1 &
%71 "2 87.5, 90.3 mHgololem, Aol Friye] wret 2FY Frtste] BF
4070l +57) dgdol o4 Ztzb 149.7, 164.3 A2 ¥A7) "L 100.3, 106.1
mHgZiTh SHR R= 22 ¥ 875 37 dedol &4 72t 173.2, 165.5 muHg
olglom ¥y W2 ¢4 27} 132.5, 128.0 muHgol o, o] ¥ &2 §
4o B BYE Hol ¥ 07l £37] "ol U+ 7 248.3, 252.3
maHg, ¥737] 2 o4 22475.8, 176.5 mollg GTHTable 2,3). o4z} e 2
2He AldUE 28U EEFE(SHR)S ¥ 73t AA 4209 &y Ao /831
glet Atz odrt.

X
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Table 1. Changes of body weight in WKY and SHR.

Age{weeks)
Strain Sex
8 10 12 14 28 40

M 223.6t21.0t 245.3%20.1 275.0£20.5 291.3%+24.2 324.6%11.0 353.0*45.5
WKY

F 176.5+18.2 223.0+17.2 226.0£16.5 230.7+x14.7 242.0+31.6 250.0%21.4

M 224.4%25.3 250.9+24.9 254.0%+22.1 277.0%28.0 307.4%+4.8 320.4+25.2
SHR

F 151.5%6.5 170.0x16.5 171.0%+18.3 182.5*12.7 203.5+2.9 210.6x14.0

1) T: Mean * S.

D.(g)
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Table 2. Changes of systolic blood pressure of WKY and SHR.

Age(weeks)
Strain  Sex ,
8 10 12 14 28 40
M 117,0%17.0" 125.3+20.2 125.0*14.9 132.4%24.5 145.7%13.0 164.3%31.9
WKY
F 122.0%12.5 125.5%17.5 124.7+16.8 125.6*14.9 140.8%*16.3 149.7124,1
M 165.5%25.3 170.0%+20.9 182.7+22.5 179.3+29.5 227.1+29.2 252.3%t24.6
SHR
F 173.2*15.3 170.5%21.5 176.9*17.5 189,5*11.0 216.9%16.9 248.3124.2

1) 1: Mean * S. D. (muHg)
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Table 3. Changes of diastolic blood pressure of WKY and SHR.

Age(week)
Strain Sex .
8 10 12 14 28 40

M 90.3%16.57 86.9+20.1 93.9+20.5 88.9+24.2 92.3%15.2 106.1+£22.9
WKY

F 87.5%18.2 83.5%t17.2 92.2%16.5 90.3%14.7 99.0+16.8 100,.3%+22.7

M 128.0t25.3 130.5+24.9 137.5+22.1 147,8£28.0 165.6=%31.5 176.5%30.9
SHR

F 132.5%6.5 136.5+16.5 129.9+18.3 138.0x12.7 140.8%£10.0 175.8%+22.1

1) t: Mean = S. D.(mmHg)



2. ¥|&F 29 g

1) sig4 NEFY NEF 29 AW
Q718 Beueld wjol AZMEE EET % 448 2WA WPALE 7
A7) ZVSET 40-608 ¥ A4 W EEgo] b AN w2 ule] F= 2
A FEA ofulat Hyo] AYFoE WUHE ARMEY WM ¥ + dde
o 20-24417 ¥ MESHE FeisE, FPPos wuY + ot
MEEo2 AP HAUZ AR F &4 YT A7 AW S FFeho]
so] 48Ao] e o2 EUNEES ANVl wlE UAFLY e 7
Balol 7154 ABY e AN U 4+ UES 71ES HYstAch
(1) NAY NBS

AMPA © 10 uM 52 20-24 A|Zt A 2lA] 70-90 %2] A1ZAHX &At

r,
oX

Kainate : 50 uM X2 20-24 A|ZF A 2]A] 50-70 %&] A RAAX

D 300 M 522 587 Al 50-80 %2 ABMX &4
2) ¥|&% RYSEQ Mongolian Gerbil& o] &% global ischemia B ¥g
Isoflurane ul3] AJefold ¢& ZEUE 5T AT F AAFA 4-74 #
g 9 J1gS BASIE ¥ sinbEeo CAl AF MR &Afo] Filo] dojdhg 2
Astgs HulRsto] AFHNESY £& Mol MBAMEY &4 =S FPHLE 3
7hste WS ¥ysiackad 1)
F&A 2= Hijo] opE CAl AZ AR Yolof ot 7|2 AHAEE dux}
AL Fuste MEE AS A HHEA dojuhe A=Y S A

_144_



Qoo ols} vl st CAl ARMTY &£2E A3k A3E UehidtH 2R 2)

3) AERRE L] ¥ nAe F¥

B3 ABoa el F4EQ eugenolo] thal HEF oY W A2AES 2
A}st7) ¢lsl &ebHE (50-200mg/kg) x| & F 2522 Mongolian gerbilell Foid}
AL ol £ AEAHOT HEHE AAYE HAsiHch of AFZAN &Y
ZFEMHOlE 484 7L st WDASEA XA oA MK-801 Fo Alo]
Uehts A2 23t 2347t o] AEY FRAEBoE Uvetdg HAsdrh F3,
100-200mg/kgFol & Fol e X H¥A fusle A Y EHE AAY  ohY
g A7 SEdAME A9 E AL ICE FAANAE Aoz 30-50%F =2 X
&4 AR a2E BHY 4 9dodrh

4) A2 U &9 Yr1A7t WS o) nA= EF

Mongolian gerbilolA A4 X E /U2 A sful(CAl) T2l AUBAHE &
Aol Thgt A X W & Ae] YRS ARSI s, AAX W &4
A5 A4 U3 Y fY 493N E AYE oA W] BT F FAAE =
S A sjobEe] ARMEZ &S BT W 2 vlasigch. BSIolA
sful CAl #¢l AZME 22 &4 A JIUY 4+ dden, ZAHx H

&dgrlL RN 22 2 F2e] &4E& Rt
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Figure 1. CAl neuronal cell count in the global ischemia model.
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Figure 2. Rectal temperature in the global ischemia model
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3. $&, #x, BEZert :=FY SHR(1074Y) ] ol nlxls %

1) AFeof Hst

" %3t 2ale] FofA] SHR M FE EE R0l 324.4%124.28, $& F
Fo] 365.2+8.49g, 7= FojFo] 317.6*15.3g, B3z FoFo] 306.6+29.1g
doul, 3047 T Fol: tizFo] 297.0+21.28, & FojFol 366.0%15.1g,
22 TojFo] 304.0+18.3g, HEFe] FojFo] 281.8+45.9g 28 & A%t
A AEZA NFE 23¥ Z4dte ZYE EHrHTable 4).

2) "o W
(1) +%7] g ¥t

Hol #st T zR|Eo] HE Y Fof AE Ao ¢&Fol 235.5
+10. 6mnHg, ZZF-o| 261.2+22. 7TmnHg, B2 Za|Fo] 264.8120. 2muHg ojH 3, 30
U3t FodFols $&Fo] 2294122 lonHg, ZXFo] 249.5+33. 2mmHg, B2 F
o] 237.0%46.5mmHg %iTHTable 5). ol2j¢ A= ¢¢&, Z2, B2Fe|IddA &
Z} 6, 12, 27onHg E¢lo] WojZ o} thRFoME "ol Holx Foigt AY Ao
o] "ot st 2 {FE ©RY 4 ¢dddch

2) |37 e Hg
H}47] €42 Fo AY A Hol £5F0] 168.8+7. 4lmuHg, ZrEFo] 189.4
+17.8uaHg, B EZe]Fo] 194.4%15. 5mHg oL}, 30U o Fole L&Fo]
157.2+16, 6mHg, ZXFo] 176.5+20. 5mmHg, B.23228]Fo| 163.0+45. 4mHg T}
(Table 6). olgj¥t A= AFAFo)A #A7] "ol o] Hoy, tjRIA=
HlRE $4E 2o T3t AY Aojof o3t ZapRche =Y SHRY 3o
A& ¥ odct.
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(3) dete+2] HE
Fo AY AL At $4E5F0] 408.5145.93], 7R Fo] 446.4131.3
3], BgZe|Fo] 472.2+10.43 9o}, 30¢N Fo Fol: &0l 360.8+33.8
3], 7}xFo] 470.0%32.5%, HE2Fa|Fo] 417.8+51.53] ¢tHTable 7). AE Al
o] Fof AlZAlE A ABFAA K7t oot Fo 0AFRH $& FAZ2S
22} vy o §3H(pc0.05) A 542 AS Rl

3) A AX| W3
) & Z2HE
ot 73t g 43 R F FYAHELS 9&Fo] 86.4116.8 mg/dl,
2txFo] 68.418.53 mg/dl, B23e|Fo] 79.0£12.7 mg/dl oL}, 3047t B
Fole L& Fo] 82.416.23 mg/dl, ZHEFo] 64.5+2.12 ng/dl, BEF o] 93.7
*£11.3 mg/dl LcH(Table 8). Fof AE A2 FFE vayS of F FeHLHES

f& W ZARIAM= RAE BEFIdAME F78te B8-S BArh

) S8
et A3t A A4 Fo{A plasma triglyceridet:= $-&To] 124.6+45.4
mg/dl, ZtZXFo] 84.4+19.5 mg/dl, BE3a|Fo| 117.4+32.4 mg/dl GO}, 30
P 2o Fok 94Fo] 89.0+38.0 mg/dl, ZEFo] 52.0+17.0 mg/dl, BE 22
o) 66.3+12.4 mg/dl & AE A FojA] A= #H3S LiEhjgdtH(Table 9). B
2Ze FAZE T A8 AR B aYE o Fo 209 FHE FEAYY #
2}3F 7+A(p<0.05)8 B4l

(3) HOL S 2HE
"ol A3t g 24 FojHe HL-ZHAHES &0l 48.418.87 ngvdl,

ZxFo] 40.919.64 mg/dl, BEFe|Fo] 40.417.21 mg/dl gor}, 3047 2o
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Folle &l 47.9%11.4 mg/dl, ZZXFo| 35.9+1.70 mg/dl, BEFe]Fo] 46.1
T4l ng/dl2 € 9 FH2AAME H4E B2 ZePME 78k 3¥L 24
o} FAAA Fxhs glodch(Table 10).

olidel Az FUNRE $&, 72, BIIs A% 019 AAUE 2
Het Y=(SHR)Y Gl mlAlE 8 BalsA ottt olg¥ A3s in vitro
A9l A Fzbel AUY oz FY AME T3 2N DY oY THE B
etr) elslMd "efol 45sts] Alatshs SRS ol st AT Zio] Wasic
2w oict.
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Table 4. Changes of body weight in 10 month-old SHR fed medicinal herbs (100mg/ml drinking water)

for 30 days.
Age(days)
Group
0 . 10 20 30

SHR-Control {n=5) 324.4+24 27 291.7+2.89 293.5+10.6 297,0+21.2
_" SHR-Achyrantheo japonica Nakai (n=5) 365.2%8.49 369.5+16.5 367.0£16.5 366.0£15.1
2
1

SHR-Glycyrrihiza uralensis {n=5) 317.6*15.3 306.0+19.7 305.0%19.1 304.0*+18.3

SHR-Broccoli (n=5) 306.6+29.1 283.0%51.1 279.0+47.8 281,.81+45.9

1) t: Mean = S. D.(g)
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Table 5. Changes of systolic blood pressure in 10 month-old SHR fed medicinal herbs (100mg/ml drinking
water) for 30 days.

Age(days)
Group
0 10 20 30
SHR-Control (n=5) 243.8+19.9* 237.7+17.0 226.54+0.70 209.0+19.8
SHR-Ach the i 1 Nakai
( S)C vrantieo  Japontca 31 23554106  257.3+18.4  245.9+6.32 229 4221
n=
SHR-Glycyrrihiza uralensis (n=5) 261.2+22.7 252.01+19.8 250.8+26.5 249.5+33.2
SHR-Broccoli (n=5) 264.8+20.0 250.2+19.3 245.4+21.2 237.0+46.5

1) 1: Mean % S,

D. (mmHg)
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Table 6. Changes of diastolic blood pressure in 10 month-old SHR fed medicinal herbs (100mg/ml
drinking water) for 30 days.

Age(days)
Group -
0 10 20 30
SHR-Control (n=5) 178.61+23.4" 157.7£11.7 151.8+6.72 141.5%26.2
SHR-Achyrantheo japonica Nakai (n=5) 168.8+7.41 182.0x21.7 171.9+4.73 157.2+16.6
SHR-Glycyrrihiza uralensis (n=5) 189.4+17.8 185.5%+26.1 181.0+23.3 176.5£20.5
SHR-Broccoli (n=5) 194.4+15.5 179.0x17.2 173.3x21.0 163.0+45.4

1) t: Mean £ S.

D. (mmHg)
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Table 7. Changes of heart rate in 10 month-old SHR fed medicinal herbs (100mg/ml drinking water)

for 30 days.
Age(days)
Group
0 10 20 30
SHR-Control (n=5) 402.0+50, 31 479.3+3.78 462,0%4.24 445.5%3.53
SHR-Achyrantheo japonica Nakai (n=5) 408.5%45.9 373.0*+21.6" 360.7+14.9° 360.8+33.8
SHR-Glycyrrihiza uralensis (n=5) 446.4+31.3 493.0%2.82 481.5%14.8 470.0x32.5
SHR-Broccoli (n=5) 472.2%10. 4 468.4154.6 437.3%48.5 417.8%51.5

1) t: Mean £ S, D.(beats/min)

2) % significantly different at the p<0.05 level compared with control group by student’s t-test.



Table 8. Changes of plasma total cholesterol in 10 month-old SHR fed medicinal herbs (100mg/ml drinking
water) for 30 days.

- 6§ -

Age(days)
Group
0 10 20 30
SHR-Control (n=5) 61.0+13.2" 53.0+t4.24 58.5%1.41 64.0x7.07
SHR-Achyrantheo japonica Nakai (n=5) 86.4+16.8 91.0+5.38 86.7%3.91 82.4%6.23
SHR-Glycyrrihiza uralensis (n=5) 68.4+8.53 86.0+1,53 74,5*+1.52 64.5+2.12
SHR-Broccoli (n=5) 79.0%12.7 81.3%11.1 88.2%1.60 93.7%11.3

1) t: Mean £ S.

D. (mg/dl)
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Table 9. Changes of triglycerides in 10 month-old SHR fed medicinal herbs (100mg/ml drinking water)

for 30 days.
Age(days)
Group
0 10 - 20 30
SHR-Control (n=5) 93.5+10. 4" 38.5%+4.95 45.313.18 52.0%1. 41
SHR-Achyrantheo japonica Nakai (n=5) 124.6%45.4 99 6+4.83" 94.3+19.8 89.0+38.0
SHR-Glycyrrihiza uralensis (n=5) 84.4%+19.5 79.0+4.56 59.5%1.63 52.0x17.0
SHR-Broccoli (n=5) 117.4+32.8 92.0+8.00 66.3%8.75° 66.3+12.4°

1) T: Mean * S. D.(mg/dl)

2) %: significantly different at the p<0.05 level compared with 0 days by student’s t-test.
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Table 10. Changes of HDL-cholesterol in 10 month-old SHR fed medicinal herbs (100mg/ml drinking water)

for 30 days.
Age(days)
Group
0 10 20 30
SHR-Control (n=5) 40.8+4.72°7 25.3+7.22 30.6x6.05 35.6+4.88
SHR-Achyrantheo japonica Nakai (n=5) 48.4+8.87 50.9%10.5 49.4+5 36 47.9+11.4
SHR-Glycyrrihiza uralensis (n=5) 40.91+9.64 62.4£8.65 49 8+5 26 35.9+1.70
SHR-Broccoli (n=5) 40.417.21 39.618.45 45.8%5.27 46.1x14.1

1) t: Mcan = S. D, (mg/dl)

2) *: significantly different at the p<0.05 level compared with O days by student’s t-test,
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o] AEA sS4 $4Fo] 416.3133.43], 7xTFo] 411.6+26.33], B
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459 Fof= 398.0%49.13 = 23.63 F713 Wi $& iz @ mEIdFoAMs
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3) 2o HE}
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Table 11. Changes of body weight in 8 week-old SHR fed medicinal herbs (100mg/ml drinking water)

for 45 days.
Age(days)
Group
0 15 45

SHR-Control (n=5) 239.2+11.3" 268.3+17.6 307.0x27.7
SHR-Achyrantheo Jjaponica Nakai
(n=5) 234.6+25.6 272.8+19.3 299.2+25.8
n=
SHR - CGlycyrrihiza uralensis

245.6%£21.0 288.41+21.1 320.4+19.7
(n=5)

228.9+28.6 278.31+25.8 301.3%15.4

SHR-Broccoli (n=5)

1) t: Mean £ S. D.(g)
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Table 12. Changes of systolic blood pressure in 8 week-old SHR fed medicinal herbs (100mg/ml

drinking water) for 45 days.

Age(days)
Group
0 15 45
SHR-Control (n=5) 206.0+25.5" 210.7+4.16 224.0%16.3
SHR-Achyrantheo japonica Nakai (n=5) 213.5*14.9 222.1+18.3 224.0+25.0
SHR-Glycyrrihiza uralensis (n=5) 207.9+7.80 209.3%13.1 229.7*t14.6
SHR-Broccoli (n=5) 200.4+9. 68 213.1+31.2

239.3%19.0

1) t: Mean = S. D. (mmHg)
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Table 13. Changes of diastolic blood pressure in 8 week-old SHR fed medicinal herbs (100mg/ml

drinking water) for 45 days.

Age(days)
Group
0 15 45

SHR-Control (n=5) 132.8+17.8" 131.5%+9.36 151.3+11.3
SHR-Ach th l ] Nakai

crantheo  Japonica faal 142.0%12.9 135.0%13. 8 151.1%22.7
(n=5)
SHR-Glycyrrihiza uralensis (n=5) 145.9£8. 63 141.2%8.28 159.1%15.9
SHR-Broccoli {n=5) 140.1%11.1 132.8£35.0 166.3£16.3

1) t: Mean *+ S. D. (mmHg)
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Table 14. Changes of heart rate in 8 week-old SHR fed medicinal herbs (100mg/ml drinking water)

for 45 days.
Age(days)
Group
0 15 45
SHR-Control (n=5) 372.4+50,9' 395.3+36.9 398.0%49.1
SHR-Achyrantheo japonica Nakai
416.3%+33.4 391.7%44.6 377.3%£32.8
(n=5)
SHR-Glycyrrihiza uralensis (n=5) 411.6+26.3 430.7145.1 396.6145.0
SHR-Broccoli (n=5) 418.4%55.3 407.9+53.6 388.2150.1

1) t: Mean x S. D, (beats/min)
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Table 15. Changes of plasma total cholesterol in 8 week-old SHR fed medicinal herbs (100mg/ml
drinking water) for 45 days.

Age(days)
Group
0 15 45
SHR-Control (n=5) 58.6+3.91" 63.7+3.06 61.6+4.72
SHR-Achyrantheo japonica Nakai (n=5) 55.3+4.64 63.1+4.78° 61.2*+12.5
SHR-Glycyrrihiza uralensis (n=5) 57.1x15.7 62.8+11.1 60.6+10.2
SHR-Broccoli (n=5) 57.7+5.37 65.7+2.73° 61.0+6.90

1) t: Mean = S. D.(mg/dl)

2) % significantly different at the p<0.05 level compared with 0 days by student’s t-test.
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Table 16. Changes of triglycerides in 8 week-old SHR fed medicinal herbs (100mg/ml drinking
water) for 45 days.

Age(days)
Group
0 15 45
SHR-Control (n=5) 114.6£19. 47 103.7%+16.2 82.7+48.9
SHR-Achyrantheo japonica Nakai (n=5) 85.7+20.4 119.0x32.9 38.0+4.2¢4°
SHR-Glycyrrihiza uralensis (n=5) 96.4+17.2 122.3+47.0 50.4+20.7
SHR-Broccoli (n=5) 88.1+16.5 130.5*18.9 36.7+5.96"

1) t+: Mean = S. D. (ng/dl)
2) % significantly different at the p<0.05 level compared with 0 days by student’'s t-test.
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Table 17. Changes of HDL-cholesterol in 8 week-old SHR fed medicinal herbs (100mg/ml drinking water)

for 45 days.
Age(days)
Group -
0 15 45

SHR-Control (n=5) 39.2+1.87" 44.8*1.15 32.4+7.69°
SHR-Achyrantheo japonica Nakai (n=5) 38.4+5.46 41.3%+3.98 35.81+8.96
SHR-Glycyrrihiza uralensis (n=5) 42.3%5.11 39.4+11.0 37.6%8.49
SHR-Broccoli (n=5) 38.5%5.58 43.8+1.94° 40.8+6.28

1) 1t: Mean = S. D.(mg/dl)

2) % significantly different at the p<0.05 level compared with 0 days by student’s t-test,
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(3) AepE4e) w3
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Table 18. Changes of body weight, heart rate, blood pressure in SHR fed 3% garlic diet for 4 weeks

Groups Weeks

Control: n=4

3% Garlic: n=5 0 1 2 3 4

Control 214.3+ 8.3" 235.5+13.5 260.3+14.6 278.3+17.3 287.3+13.1
Body Weight (g)

3% Garlic 214.2+13.1 226.6+10.8 238.8+ 7.1 253.4+ 8.9 266.8+10.3
Heart Rate Control 4158+ 7.4 391.5+16.2 402.3+17.6 407.0:21.5 403.5:12.5
(beats/min) 3% Garlic 406.6+22.5 421.6+23.1 382.6+ 8.0 385.0+ 8.8 391.2+ 9.0
Systolic Control 181.5+ 6.5 202.8+10.8 202.8+ 7.7 202.0+ 9.5 207.8+ 5.9
Blood Pressure -

3% Garlic 187.6+ 6.6 184.2+ 59 189.4+ 5.0 196.2+13.5 177.4% 6.7
(mmHg )
Diastolic Control 115.8+ 9.1 140.0+ 5.0* 1355+ 1.7° 132.5+ 9.8 1350+ 5 3°
Blood Pressure
(mmflg) 3% Garlic 12542 4.7 119.4% 2.0° 119.4+ 3.6° 131.4+ 9.2 110.8% 5.5

1) t: MeanxS.D.

2) Values within the same column with different alphabets are significantly different(p<0.05) among groups

by Duncan's multiple range test
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Table 19. Weight change and food intake in SHR fed 3% watercress diet for 4 weeks.

Body weight (g)

Weight gain Food intake
Group
Initial Final (g/30days) (g/day)
SHR-Control (n=8) 206,3+19.27 272.8+27.6 66.5%15.2 27.3£11.9
SHR-watercress .
(n=7) 220.2%11.7 277.6%16.5 57.4+13.0 20.4%1.89
n=

1) t: Mean = S. D.

2) % significantly different at the p<0.05 level compared with control group by student’s t-test
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Table 20. Changes of body weight, heart rate, blood pressure in SHR fed 3% watercress diet for 4 weeks

Group Age(weeks)
control: n=8
Effects
3%watercreww: 0 1 2 3 4
n=7
SHR-Control 198.3+20.3" 245.8+23.8 249.0%+19.8 255.8+22.4 258.3+22.9
Body Weight
dy Weight (g) SR-3%
224.8+15.4 254.0%10.3 267.7+10.3 277.5%11.7 269.3+25.0
watercress
SHR-Control 420.0%x33.4 394.8*+22.1 416.0+47.0 419.8%+35.3 403.3£30.2
Heart Rate
(beats/min) SHR-3%
393.7+5.0 407.5+35.5 391.5+21.3 383.5+24.9 368.71+£32.6
watercress
SHR-Control 192.3+7.1 205.8+22.2 203.5*13.5 232.5+24.6 217.0*+17.5
Systolic  Blood
Pressure (mmHg) SHR-3%
207.8+14.6 209.8*28.3 208.5*+17.4 222.0x15.3 217.3%14.2
watercress
SHR-Control 130.8+12.2 139.3+15.9 135.3+9.9 163.0*12.9 128.0+19.2
Diastolic Blood
Pressure (mmHg) SHR-3%
136.3+13.1 138.2+27.9 139.7+10.5 152.8%+19.4 128.7%17.5
watercress

1) t: Mean £ S. D,
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Table 21. Lipid profile in SHR fed 3% watercress diet for 4 weeks.

Total HDL-cholestero LDL-cholesterc
Group Triglycerides
Cholesterol 1 1
Control (n=8) 54.2+7.337 31.1£3.01 39.4+7.13 10.4+2.88

Watercress (n=6) 51.6%4.51 36.0+5.01° 39.0+8.86 7.80+6.08

1) t: Mean £ S. D.(mg/dl)

2) % significant different at the 0.05 level compared with control gruop by student’s t-test
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Table 22. Atherogenic index, HTR and LHR in SHR fed 3% watercress diet for 4 weeks

Atherogenic®’ .
Group . 8 HTR" LHRY
index
Control (n=8) 0.66+0.11" 0.60+0.04 0.38%0.02
Watercress (n=6) 0.46+0.27 0.70+0.12 0.24%0.20

1) t: Mean * S. D.(mg/dl)

2) Atherogenic index=(Total cholesterol - HDL-cholesterol)/HDL-cholesterol
3) HTR = HDL-cholesterol/Total cholesterol

4) LHR = LDL-cholesterol /HDL-cholesterol
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Fig 3. The cross section of hearts.

a: WKY, b SHR, ¢ SHR fed 3%
Mushroom e: SHR fed 2% Eucommia Ulmoides Oliver, f: SHR fed 2% Morse

Garlic, d© SHR fed 5% Shiitake

alba Linne Bark
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Fig 4. The myocytes in WKY, H&E stain(x400)
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Fig 5. The myocytes in SHR, H&E stain(x400)



SHR(S), SHR fed 3% Garlic(6), SHR fed 5%

Mushroom(7), SHR fed 2% Eucommia Ulmoides Oliver(8), and SHR fed 2%

Fig 6-11. The glomerulus in WKY(4),
Morse alba Linne Bark(9).

Shiitake
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Table 23. Changes of body weight, heart rate, blood pressure in SHR fed 3% garlic diet for 4 weeks

Groups Weeks

Control: n=4

3% Garlic: n=5 0 1 2 3 4
Control 214.3+ 8.3" 235.5+13.5 260.3x14.6 278.3+17.3 287.3%13.1

Body Weight (g)
3% Garlic 214.2+13.1 226.6+10.8 238.8+ 7.1 253.4+ 8.9 266.8+10.3

Heart Rate Control 415.8+ 7.4 391.5+16.2 402.3+17.6 407.0+21.5 403.5+12.5
(beats/min) 3% Garlic 406.6+22.5 421.6+23.1 382.6+ 8.0 3850+ 8.8 391.2+ 9.0
Systolic Blood  Control 181.5+ 6.5 202.8+10.8 202.8+ 7.7 202.0% 9.5 207.8+ 5. 9%
Pressure (mmHg) 34 Gaplic 187.6+ 6.6 184.2+ 59 189.4+ 50 196.2+13.5 177.4+ 6.7
Control 115.8+ 9.1 140.0% 5.0° 1355+ 1.7° 132.5+ 9.8 135.0+ 5 3°

Diastolic Blood
Pressure (mmHg) 3 Garlic 125.4+ 4.7 119.4+ 2.0° 119.4+ 3.6° 131.4+ 9.2 110.8+ 5.5°

1) 1: MeanktS.D.
2) Values within the same column with different alphabets are significantly
different(p<0.05) among groups by Duncan's multiple range test



7. Fujue|st el nlAe ¥%

1) Alg a5 W@ Al 4P

suuve]l Fof HY A9 22 f A¥Z NFS A7 206.3%19.2,
220.2+11.7g Aoy, 3% E0URE 472 A2 A FoAY ojFoie A Fo)
Ztz} 272.8+27.6g,277.6+16.5g= ZF7}stoich 438 A8 Hajare ol
27.3%11.9g, A¥Fo] 20.4+1.89g2. 2 ABFo] thz2Fol Hls] RsHA WG A
2148 RoTHTable 24).

2) ¥ 9 Anteae] wuy
(1) %71 84 ¥
AP dgh2 chzd 3% Fovle] FAFol 47}t 192.3 £ 7. 1mHg,
207.8 + 14.6mmHgo 2 ¥} JelE R4t 3xo] Euju g Alge A 457
BE ol %7 Y2 217.3 £ 14.2mHg O 8 T2 A)=tr o] dolz} WS xjo)
7b glgen, tizxIuxs Lo xlolg BAY 4 ¢crHTable 25).

(2) 37 "ete] Wy
T HE AA YY) ke thRFo| 130.8+12. 2mHg, AHFo] 136.3
13.1mmHg oLl 3%9] FujuelE 4373 Fojyd Fol:= ctfRFo] 128.0t
19.2onHg, A ¥Fol 128.7£17. 5mmHg B th2Z 3 B F Alolo] |3t xloj= B
g 4 gleltH(Table 25).

(3) Antgae He
Fol AE del HuEsE thRFo] 420.0+33.48), Sohte] FojFo]
393.715.03] dou, 4FFol tiRFo| 403.3+30.23), AHFo| 368.7+32. 63
§ Bo iz 9 AEIZNE HokE fx}7t ¢ladtHTable 25).
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3) x|Axje w3}
s8] EouelE 457 FA% F F ZH2HE, F8AY, HL-ZYH2HE,
LDL-Z A AHEL 22z} 51.6+4.51 mgsdl, 36.0%5.01 mg/dl, 39.0i8.86 mg/dl,

7.80+6.08 ng/d1 02 T]2Z3} v S w HIL-ZYAE|ETto] o xjo]E B
¢ch(Table 26).

4) A3 x4, HIR @ LTR
%2 HulyelE 47 FAR F FUAE x4, HIR 9 LTRE 2420.46%
0.27, 0.70%0.12, 0.24%+0.202.8 SM A3} x4 Y [HRLS cj=Iof v)3] BAE,

HTRE tiRFoll vls] 45 sl A8 S Bo 32 Enjivle] Fox] AdUA A
O F ol¢td ¥ F2 AagoL, BAYAHU §xt= ¢ grHTable 27).
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Table 24. Weight change and food intake in SHR fed 3% watercress diet for 4 weeks.

Body weight (g) Weight gain Food intake
Group
Initial Final (g/30days) (g/day)
SHR-Control {(n=8) 206.31+19.27 272.8+27.6 66.5%15.2 27.3%+11.9
SHR-watercress (n=7) 220.2%11.7 277.6£16.5 57.4%+13.0 20.4%1.89°

1) 1: Mean=S.D.
2) % significantly different at the p<{0.05 level compared with control group by student’s t-test.



- ¥8L -

Table 25. Changes of body weight, heart rate, blood pressure in SHR fed 3% watercress diet for 4 weeks

Group Age(weeks)

Effects control: n=8
3%watercreww. n=7 0 1 2 3 4
SHR-Control 198.3:1+20,3" 245.8+23.8 249, 01+19.8 255.8+22.4 258.3+22.9

Body Weight (g)
SHR-3% watercress 224.8+15.4 254.0%10.3267.7%£10.3277.5+£11.7 269.3%x25.0

SHR-Control 420.0+33.4 394.8+22.1 416.0£47.0 419.8+35.3 403.31+30.2

Heart Rate (beats/min)
SHR-3% watercress 393.71t5.0 407.5%+35.5391.5+21.3383.5+24.9 368.7%+32.6

Systolic Blood Pressure SHR-Control 192.3+7.1 205.8+22.2 203.5+13.5232.5+24.6 217.0%17.5
(mnHg) SHR-3% watercress 207.8+14.6 209.8%28.3 208.5+17.4 222.0+15.3 217.3+14.2
SHR-Control 130.8+12.2 139.3+15.9 135.3+9.9 163.0+12.9 128.0%19.2

Diastolic Blood Pressure

(mnHg) SHR-3% watercress 136.3+13.1 138.2+27.9139.7+10.5152.8+19.4 128.7£17.5

1) +: Mean = S. D.
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Table 26. Lipid profile in SHR fed 3% watercress diet for 4 weeks.

Total
Group ot HDL-cholesterol Triglycerides LDL-cholesterol
Cholesterol
Control (n=8) 54.2+7.33" 31.1£3.01 39.4%7.13 10.4+2.88
Watercress (n=6) 51.6+4.51 36.0%5.01° 39.0+8.86 7.80£6.08

1) 1: Mean = S, D.(mgsdl)
2) *: significant different at the 0.05 level compared with control gruop

by student’s t-test
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Table 27. Atherogenic index, HTR and LHR in SHR fed 3% watercress diet

for 4 weeks.

Atherogenic®’

Group ) HTR*’ LHR"
index

Control (n=8) 0.66x0.11" 0.60X0.04 0.38%0.02

Watercress (n=6) 0.46x0.27 0.70x+0.12 0.24+0.20

1) +: Mean + S, D.(mg/di)
2) Atherogenic index=(Total cholesterol - HDL-cholesterol )/HDL-cholesterol
3) HTR = HDL-cholesterol/Total cholesterol

4) LHR = LDL-cholesterol/HDL-cholesterol



8. uhgo] ol njAe V(BT H¥E)

Al UF 1YY AE=(SHR)O) 1%2] nheg 4573 Foisled 8 23 72 A%
£ Ad¥gsiarch

1) 3o ¥y

4728 Fo] APFL AYEIY AFS 202.3112. 2004 290.0+10.9g= 87.7g
Z7¥8to] th2 2] MF Z718 71.6g32} vl Table 28). ol 23t A3} nls
2 3% Foi NPTl ulsIA MF Fkare] watch |

2) ¥¢ R HEs g
(1) +37] g4 ¥t
1% obe & Aol2 437 Fojsto] At oF-& 24 A2 4E A3 3
Aol Welo] 198,546, bmtigol 4 4F ol 234.8%15 ImHge 36.3mig 2718+
th ol %7 Y Frhe vh2E e FU1(32. 8maHe) 3 At bt
£33 ¥ ¥ 4 gigitHTable 28),

(2) ZA7] "t My
AEZ 82 Fo A3A9 133.3+12. ImHgol N £ 45 Fol= 150.8%
5.4mHg 8 tiRII FABIA F7isted, AV g E B B3t A g
Ql & 4 ¢ glcHTable 28).

(3) AutE<o] ¥y
3ol AY AL AuESE clRPo] 404.3%13.8%), UYFo] 388.0%
12.33] go}, 4537 BojFol tfRFo] 382.0112.2%], AEFo] 369.8+6.1g3]
2 2} Fhol]l f ¥ o= glodrHTable 28)
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Table 28. Changes of body weight, heart rate, blood pressure in SHR fed 1% garlic diet for 4 weeks

Body Weight (g)

Groups Weeks

Control: n=4

1% Garlic: n=6 0 1 2 3 4
Control 208.8+24.9 252.6+20.2 264.6+25.5 278,2+33,0 281.4+30.7

1% Garlic 202.3+12,2 238.5+32.5 268.3+23.2 288.7+15.1 290.0+10.9

Heart Rate (beats/min)

Control 404.3+13.8 389.8+14.4 399.3+17.4 386.5+15.1 382.0+12.2

1% Garlic 388.0+£12.3 389.7+40.6 390.8+21.9 370.4+11.4 369.8x6.1

Systolic Blood Pressure

(mmHg )

Control 192.0+6.6 211.6+22.8 207.8+10.9 229.4+24.0 224.8+9.1

1% Garlic 198.5+6.6 219.0+19.1 214.0+11.3 246.8+6.8 234.8+15.9

Diastolic Blood Pressure

(mmHg)

Control 136.3+6.1 145.0+11.3 140.5+3.9 151.0+19.8 146.3+6.8

1% Garlic 133.3+12.1 148.7+20.9 150.3+13.4 165.0+13.7 150.8+5.4

1) t: Mean%S.D.
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2 HEQES AAES st o] dFAelN 71EY ZFElHO|E &3] 7}
24 st NMDASFEA] ActAlE e MK-801 Fof Aol UEelue Al27st &3

7} ol A& BRAEEAE UeldS st

5. ¥ 1071¥2] SHRoN &, %, BRFe7 Yol ulAles Y8 ZAISH)
23l °]& HE MHolE 30UT S5 FAY A}, Y] U U £F7] Yol
Sofxl= ZH¥E Baou uRIAME ol dobx FAUFoE Foxte ¢l
glch. ol2¥ A= Ao AHET SHRY Aol oy Hoz ALRECH

6. ¥ 2708 SHRelM $&, ZE, BEIes} Yol HAE YU ZAs)
sk ol& Mol £AE 45U 42 FAT A, YA U £37] WU 27}
Fol 9&, BE ToZol4 Zastdou. BANY R gt vH AFe
A Aol FAZ AR T2 ul2E 718 BAoH, UAF4E thRRo|

S7tshedl Bls] AE o] RoiE ANojM 2astdct

2
X

7. ohe, EIMA, $3 U PANEG SHRol 472 A9} Ul Foiyt A3k, ok
Rojgol 2FARE 2ol ulsl £27] Yalel RJH 22 (p0.05) ol AT,
Fol 4F5le BE AY Mol FARolN $37] Yol thz ol s} KHoE
WOITHp<0.05). #7371 QUL AY Mol Fof ¥ 2375l £& RojTo| 347
A EIHA FolZol thzZol ulsh $21M o2 Wtk 0.05).

8. nhy, EIMM, F3% WU AYuE SHRo| 457 AR} o FAY ¥, YRS
o] & FU2dE, 34 A4, WL-ZY2HE, LL-Z2uE9 S8 vjay 2
2 EawAZolAnt & SH2HE U F4AY 27 2ol uls Ko
2 Sorh(p<0.05). HERA A E7t 5 YRS, HIR @ LTRS A¥Ale] £
2ol F2lFel o] s} glalch
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= ZARY 23, cjzol wis) nhe, EaMAR, £33 FolFolM AR A v
e BE7H 43" Aog PAFUCh AFojAE thRFo) vls] AE Alo] B
A Foll A ARPAl MR th BEF o] pUMZ uFs Sstgosd
Zeto]l 23t Aoz FFEYc)

10. ohs 3%E HY Ao|Z SHRe| Fojsted ¥t 78} H3HE AYAY A3} Fo 4
FFoe 571 ol vzl vis] fRoz yoroni(p0.05), ¥37) g
< FAF 1,247} ch2Zofl wis] RelatAl Wol(p<0.05) nizel el st AE
A & £ 9lglch 32ul, ohs 155 AE Aloj & SHRell Foj§t A} W s}
T3 A ¥ 4+ gk

. Eulue] 38 A AolZ SHRol Fofslel Wdle] mAL Ay AR A
+27] WYL UxZol vs) F7Ee] 72 ngon, ¥y WYL z ol
el Zta ol ke e RS BAUFA fa: dglth AN
HOL-Zl 2ol &l Eujue] Foi@o] chzzol uls) oot watem (pc.05),
59734 U LIRS chZZo] uls) W3, HIRS thzTof ulsh Lo} AVTA
E7h AYAlo] FoiZolA AuE et
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37 Auje] Y-S 9 LA ©HA 2 Py}
13 AE

=g A3 Frhs kel JFEYH x4 X|vl(senile dementia)X|Fof it
THE AHAIFIZ At o] AR 2 UEE W @A FIY A5 L oUH
7t e Bo2 Asty oyt A AA AL &S fUst gk dReoMEe
Asd xuie] HALe] izt 22 A A 712% AN BdE o] &3t olo] of
T HAAEL] TS ANl o] A¥o] oyt U e JAlE VIsd AEF
HEAE #E3la=} st

gzsloln] Hol At AAMEY A& Mol tig wE} ofuo| 7}

i

(Glenner and Wong, 1984: Masters et al., 1985: Wong et al., 1985, Selkoe et
al., 1986: Cotman and Pike, 1994)c] AHA MEYS tv]sl5l Qr}{Fraser et al.,
1997: Selkoe, 1997). &, 7}58 AdRslo|nj¥ & H'Usl:: apoE4 polymorphism,
presenilin 1 mutations, presenilin 2 mutations o] R X|<of ¥E} o}l 2o
= ehe] gat W FHE FIME Ao dBid glon(Selkoe, 1997), 2 2o
= e} olURol=E YUY amyloid A-Fwh(amyloid precursor protein)2]
carboxyl-terminal £¢] ojuliAlt 105712 o]Fo|RA 2% carboxyl-terminal
105-amino-acid fragment (CT105)8] 217 &Ado] ¥ I (Fraser et al., 1996: Kim and
Suh, 1996)¥o] #Elo]d2ol= 7bdS o &3 AA|sta Q).

d2stoln] el Yol chsted wEl ol 2ol= Jpdat tlEe] FEUNE dF
(inflammation) 7}do]l B I A5 tista k. A Z74x] Y gRstoly *Ho

AFoAME ABM R FHo] whiojF oL}, 2 4 e AxZAje] o3tH,
‘873 E(astrocyte) 3 microgliaZ} AZRslo|n] el AAE o Qlojy Fo3 o
dS & ZdS Aabste AEH FAEC] HEL Qrh(McGeer and McGeer,

1995). ¥, X 9| microgliax X232 AF3 Mol glojd F33¢d dug ¢
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B THMcGeer and McGeer, 1995). 2 HE AR IEL W} ojd o= thilo)
nicrogliagE 2 FHO R 233 tl= FAES #Ast gt} &, microgliaZFE
2] b33 HAthARE 2} TNF-ao] Ad4to] vl ol 2o]= w3} interferon-Y& %
Aol £ BsHog Frlgol BaFArHGoodwin et al., 1995: Meda et al.,
1995). 3} human AB1-40 9 AB1-420] ]%} microglia®] ¥-g3l7} AIZHZ 24}
g wEE 5 UZol HIA AEufggeld AAE vp AUcH(Giulian et al.,
1996). wietA U=3slo|m o] pathogenesisoll AoiA ZE23%F G842 3t e} o}

2o, AF9HS, vhgAd At4 glr|Z(reactive oxygen radical )& A F <)

A 23 Ad¥gaAE ¢ Py
1) AAqdy A8 XEEY A=z
MG AREAM e, A4, 9, BU5E Y FA4FS HAs
o} 80% methanol& 7}8lo] EFE extractE A R3tg3, Ztzte] AA mdoa 82

4 2

fr

ARE Holx AAEY FELEL TE3] fIstd, +£84 U 2849
Rzof utel ¥ 9HECh &, ARE Hag F 80% methanol S 7}5led 3 A7t
T reflux AlAH &3t o 4stodrh( e A). Zialoll T}A] 80% methanol & 7}3}
o 3 AT B reflux Al F&312 o2 o BE o Aet gstdTi().
Methanol th4l SF/4E AM&3te 2ot 53U YYPOSE FFELAE ARl o]lF &
3 NG EEA2LR ALESIATH2). olF Y AR HAI|I ol AR
EEOR ARgsiath ol ZF f718mY I4E &9 Urhe WEoE Ao
2 F&319 n-hexane extract, CHCl, extract, EtOAc extract, L&]3 n-BuOH
extract& 7z} @of ARg3HdTh & 47l (1)2} (2)8 EEALE Fst 39

200)e] FH4oh FUY GhCleF 7H5tn EHATE AMgstd WpgAlsidch A

- 199 -



(2350l thA] CHClE 718t ARYAIste] d32 E2YHLE Ass, 3%
Az3le] SO stal, st52 AAY stazt gsto] HC12 Safste] A&y
A& 3% ol4 WHE3dt] MLl RHOE FH3to] HHARR AHgstort

2) MAME dxluje}(primary culture)

Mixed cortical cell(neuronal 3} glial elements& X &, glia:= ¥ 1-3d
H nAE ARSI 3-6F7 wlQF mixed cortical cultureof] A}R)e] uvjg2 ¢
Al 14-164H nfeAZHE L) (Choi et al., 1987). mixed cortical cell& 24
well plates(Falcon Primaria #3847)of m]g] &8|H glia wjUAM X 9ol plated}s]
th. wjYMEE 3752 humidified €0, Bj}7]olA] Sx|A|ZATh. 5-7¢ ¥ 10 uM
cytosine arabinosideol 1-3Zt wRQAN|EXE »2A]A nonneuronal cell division
(53] microglia)& A&t ¥ 15-20 days in vitro(DIV)ol cortical cultureZ} 43
%3t4dS ol APol AHE3tHcTt

3) ABMAXEL &45F
AMABME £4L lactate dehydrogenase(LDH) % MIT(Mitochondria toxicity
test)& &Fdl=vl LH: &4 % #A ¥ HEZ 5 release® LDHE A ¥ ¥ 24
A2t ¥ AE]NE Aste] FFstAct o] gl tisted= o]n] o] Hef hypoxia
of 2% LDH efflux 7} &4 W 2™ AZAHE 2} vldstq dA}LZES B3
3t THKoh and Choi, 1987). AlZME &4 o] 100x 2} 200x #&olA
phase-contrast microscopy.@ ZA}ste] &els}adcy.
EY MITE stock €(5 mg/ml)& wiFUFAHE HFSEE log/ml HA
Y2 thy AdA37x0A 2 AT wigstdct. £E5¥ENE Yo formozan graing
A1 vy A 37=olA 20412 et ¥ 570mmollA 0.D. & &Fstch o
YHS ABARL] IFFHE BIBIASEY AFAE &Agofl ht HHE LDHE
Tt 2710 A2 47} olch
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4) A3t A

W 48] brain homogenateE Z} FZLOE Lro] 3 F& Bk FE2ES A
3t ThE 3 2 AR HBES Ae|slr] 9414 25 NADPH/ADP/Fe generating s
ystenQ 2 Ab3LE SUHE Ay AR E FEE v wstgdcl. &, 20mM HEPES + 1
40mM KCl(pH 7.4) buffer@ RFE brain homogenate®} WI7HA] % H ZUAzx| &
B2 37 °C oA 15, 30, 45, 60% A|ZhHE Wh-EA|ZF NACPH/ADP/FeR AMtE &
U3t ¥ TBA solution& 7t3l $-§& A AlA brain homogenateZ2 & FH th
iobarbituric acid reactive substance(TBARS)E& Ao ZFIPoZH Pt
2B WA H, EE 5E LU YAARE HAsiATh o] AYo DY

gasteo] 48 oz AFH P FHEL A wEEE AFHBE A

5) HAdu F4
XAl FAl= Laursen & Belknapg] ®¥hH o2 A|3slgdch(E=R: Laursen &
Belknap, J. Pharmacol. Methods. 16, 355, 1986). 7% (bregma)oll 50 ul Hamilton

Fat7]oll 26 gauge FAMMHES B3, FAME 2.4 mE A3t 5 pl & FApstdch

6) XA H0; I xanthine oxidase Foj 2 QI3 Algof glojy AAE
ojo] Achag
BFel ZHB AEE F2YL 13 gk 8FLE FFE2 FAY i

-

A7V ) 5% H0p 5 pl B, xanthine oxidase (15%) 5 nl& XAE FYUsta
Al A Zto] ¥ HAZo| 3] AAHE=AE FFsAcL

7) 53y g HAL
gzmstolopg o] JEAZ U AP 1.85 ngS HAHUE FAsta, 1
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A -¥ol one-trial step-through 4583 uh-g-g ZAalsldct. $53H I AAl= ke
2t ol A#stgch(Song 5, 1998). FHH At uiA Z9E w3 o]Te ul
S8 o]Folx olon, uldel: AINFHL & F ARE AXIUCL. FAA

-

(training trial)ole= $3E W2 Yol & o, B} TS Yo Eojrl:=
FAl 7133 7IRHO0.25 mA, 1 s). ZAH(testing trial)s B Fof A2 ¥
8 9 17ol] F Holl AAM AAsHch. &, 43S Y Wl 3, o
22 Eo{7}A] 72| A ZFSIATHH AT A7 300:%).

f

(=]

ok
q
ok

8) LPS Fo{ 2 QI Aol gt xjchatg
Lipopolysaccharide(LPS, 40 ng/kg, i.p.) ¥ D-galactosamine(800 mg/kg,
i.p.) FAshd, MM REoA INF-a7} Hulso] &4 9 X AHS fugich ule}
A LPS W D-galactosamine FALZ Q¥ X|ALZo) thgh Adord ol ox¥gM ZHA
< A|835tct

A3d d3 2 2%

1) &=sloln) Mol in vitro REe] Hal

AP B A ZE GGl A HE} ol Bole 54 Ry 2Lg st olo tis
o 71 AEEY HEE extract?] HIE} opUBolE xitt WHE AMslgr) 39 2
o] MAE] sl MY Az}, BPE extract 100 ug/ml2] S o)A B} ol
2ol=9] 54& 80xold xktst= 2 F(A%, AAF)2} 50-79% xjghets 2% (|
¥. 2zt o] AAES A&t
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Sample Death(%)
B-amyloid control 100
35 16
Rimea 47
X}A =} 38
Azt 55
Qlat 342
23 93
n}ebx}pE 325
o}ghz} x| 89
A n} . 55
ELR=S 110
2= 111
RH =} 616
=] 121
Ne 139
Ztok 490
=) A 113
Z 5] 172
Az 657
ExZ 12
w2}y 1255
LAY 109
3+ ehy) 302
4t 101
L% 517
AUF 81
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-continued-

Sample Death{%)
¥ 59
=un} 72
K-X14 66
chat 65
At 80
okat 76
o 145
A 54
k-2 77
R 411
chubRel 100
"Iy 78
Q= 105
A% 18

2) =073 xufe] HA AU F3) YL A L B

ol Aofel Hdol] WHsIAl A|H 3} YAYAIA(ROS: reactive oxygen
species) QA 2}g FAMLEAN in vitro X in vivo ANYE ¥ysla BY AN
AlBgstdct.

a) in vitro ZYYPYOSRLE brain homogenateZFE| NADPH/ADP/Fe generating
systemoll 4| malondialdehyde(MDA)S] B4l YL &gsigdon, 19 F9 A
=0l chsf AN A3}, c2I(FEE FAZ) vis) HEZ(FEE AYR)ol
100 ug/ml8] sxollA 50-79%2] Atz BAH G B HAFEE 4F(nRRIAE, y#
¥, A4, B¥)& A&stdct
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2.

Brain  homogenate2%-E|  NADPH/ADP/Fe  generating  systemoi|A]
malondialdehyde(MDA)2] A dof thdt HAEL] EF extract?] HAH|Z}&

Sample nmol MDA/ml brain homogenate/min(%)
Control 100
2} 2} 81
Atz 83
% 95
opgkatE 42
Mot 99
HEF 99
2 98
gk =} 100
=] 93
B 100
Zpet 78
2| 99
Ay 97
UzbE %} 80
A} 99
s ol 24
i 87
2d 2
AlAl 33
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b) in vivo AP 2 AN Ui A FEES 2 gked] §322 FI=2
of T ths, 4T W0 (15%)8] U FAIA(S ul)e] FEAT AZEANE

oY

Asts oS 29 Fo| HAE s AN A3 d2FFEE FAR)e
B3l HEZ(FEE AelF)ol 23(HI, BR)oA 228 HE AT AR &
Jstgct

J
i

_206_



FE 3. H02 (15%)] XAl FALAJ(5 pl) Ae] BEAIZMo] that HA B9

HF extractg] 3} H 2}

Sample BEN (&)
control 98
ul7] 101
A=) 97
€A 77
2ok 101
yho} 95
k-2 101
o 83
2in} 104
215 o) 117
A 99
23 109
quF 105
2R 92
Rz 127
53 112
37y 126
gl 89
FAtd 75
x] =} 103
7+=} 94
B 101
=)z} 125
3 146
*7 120
AZ 131
e b 119
5 110
Exql 115
43 7] 110
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3) =978 Auie] BRG] HY

HiEl ofl 2ol=2] in vivo §4 U EYE #3st olof cfste] A7) HAE
o] & extract?] HE} ol 2olE Aivt B AAE AYPsich e} olUBol=
& HAUERE Foq3ta 2 d¥o £ i3S AAY ZHa}, e obdRol=v}
FoH = BAT escape latency?] ZHAE Bt (Fig. 1). o8 HAExL
BE AT ZA3}, ¥ Hdo] ol e ¥y St (Fig 2) ¥ 223
(Fig. 3). Ed¥F (Fig. 4), ¥R (Fig. 5), A4 (Fig. 6) FA¢ £2E el
=] Ztgich. Jev dHE 0.25 W 0.5 grkgdl &FolM folyt 8-S B
w (Fig. 7A), 415 9 Fer&Fold K3 ZE Vehhdc} (Fig. 7). ¥,
FH 0.1 grkgd] €& 8Y ¢ FAY F¢, FEY BYS Edon (Fig. 84),
ol& AFloA 712 9U F¢ o FAY FE, BAAE AY KoY HEE Y
Ehfolct (Fig. 8B). EX 93 0.1 g/kgdl 8%¥& 1, 2, 4 & B¢ FA% 3%,
Foig J7te] o2 Hog FHAY AYL Rgon, 4 F T T FoME §
g% B3 g Jehfodct (Fig. 9). ¥, 3329 FoAL 43 AFd
£ olF d¥o] gdrl (Fig. 10).
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300+

2004 . C +

100+

Step-Through Latency
(sec)

1855
AB 442 (uglul)

Fig, . AB1-2& mouse®] intracerebroventricular(i.c.v) injectiondt% c}.
saline, A 81-42(1.855, 3ug/mouse)? ic.v injectiondtX 1Y Foll passive
avoidance task training3ti ic.v injection 2Y ¥l testEF AA &Yt 4
3 1.855ug-group®| 3ug-group®.th Step-through latency?} & $ 9
A A% BAY £ AWK n=10, * p<0.05, + p<0.06).
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300-
2
€ CJ Saline+Saline
K Saline+Af 4
3 20- = oo
§ ) R = 1 20.5g/kg+AB 4,
= 1001
[~ X
5
»n
0
B
304

— : 3 Saline+Saline

) T, hd

z ol 18 : Saline+ABy 4,

5 2074 1 I S 71 =40.1g/kg+AB, 4,

2 al: B =M 20.59/kg+AB 47

s %; 18

o 10+ . I ,

a 1K

E—y 0.0 1.0 20

After i.c.v injection days

Fig. 2. Micedl 7% 3&828 1923 0lg/ke 05gkg8 2oz 77 =
A48t AB1-42& 1.855ug/mouse ic.v injectionst Tt  ic.v injection3} 7]
Aol EAM 582 1908 FoIskT icy injection® Fol 2Y(33}) %
A3t (A) S 2528 AB1-ao o step-through latency Z2
A AN EL debdA) FATH n=10, * p<005. +» P<OOD. (B) passive
avoidance test 71HE mice?| weights #29¢ W32 wo|x gt
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>

— 300
)
Fry
3 ] Saline+Saline
- . +
5 0 . - _]— Saline+AB4 4
E T . EE3 220.19/kg*AB 14
S B B3 280250kg+AB L,
E . E= S 220.5g/kg+AB 4,
)
0
B
30+
— s
2 4 : A 3 Saline+Saline
5’ 204). ] Saline+AB, 4,
; 2 2210.1g/kg+AB; 4,
% A =1 35}0.2591kg+A[31_42
104 H (=1
3 : E=3 = S2t0.5g/kg+AB 42
o4l

-1.0 0.0 1.0 2.0
After i.c.v injection days

Fig. 3. Miceol 323 288 1923] 0.1g/kg, 0.25g/kg, 0.5g/kg & %22
A7  F93tm ABi1-25 1855ug/mouse ic.v injectiondt @tk icwv
injectiondt 7] Ao %%3}‘%”’%%% 1922 FA5 1 icv injectiond F
o 2932 FA#AG (A) F28 282 AB1-a29] ¥ step-through
latency ZHaol Haz8&& Yelnal otch(n=10, * p<0.05 =+ P<0.0D).
(B) passive avoidance test 7123 mice®) weights F93 HAZ Bol

A gkt
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>

300+

[ Saline+Saline
SAline+AB 4,
. - 1T EEEH 201gkg+AB L,
Bl £ & 2 0.25g/kg+AB 42
E3 & H 2 0.50kg+AB 142

2004

100+

Step-Through Latency (s)

B

=] A [ Saline+Saiine

Ea» Saline+AB; 45

g E U 3 0.1g/kg+AB 47

8 Bl £ X 3025g/kg+AB 1,

f: B2 £ © 20.5gkg+AB 1,
0

-1.0 0.0 1.0
After i.c.v injection days

Fig. 4. Micedl EH T F2EE 1¥Y23 0.1gkg, 0.25¢/kg, 0.5g/kg ¥ ¥2 2
AT FoAsD APB1-2F 1.855ug/mouse ic.v injection3HE & WeRY
injectiondt?] Mol EXWF %2 E 1923 FASL icv injectiond F
of 29 @3ah) FA&A) (A) EHT F5FE Ad-2ol o3t step-through
latency Z+4oll A &L bl obAcka~{0. « 003k (A) Passive
avoidance test /| 2+5 mice2l weighti= -2 ¢t #3k5 Qo2 Yt
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@

>

;

1T T Saline+Saline

= : =] Saline+AB 4,

" L 2 % 0.1g/kg*AB 42
Wl & 21X1 0.25g/kg+AB 42
B © 11X 0.5g/kg+AB 142

[\
8
1
»
»

g

Step-Through Latency (s)

Bodys Weight (g)

0
30-
& I . [ Saline+Saline
2 ' 2] Saline+AB, 4,
’ BB St K| 0.1g/kg~AB 4o
B = TR 0.25/kg+AB iy
g E= 5t 21 0.50/kg+AB 142
4
4
0.0 10

After i.c.v injection days

Fig. 5. Miceoll #32 &2 1923 0.1g/kg. 025¢ kg 0.5g/kg & ¥2.2
AF EA3n Afi-2t 1.355ug/mouse ic.v  ingectiondt cf LC.V
injectiond}7] Mol FAAFEFEL A2 Fofstil icv injectiond &
o 29(3ah) FA3tdet (A) #FaF FEES AB - 2§ step-through
latency #Zof A4 g& bl ¥k a=10. < 5 305 (B) Passive
avoidance test 717+% mice® weights S 3F Hakt ol et
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P

[N)

o

o
J

N

o

o
Il

Step-Through Letency (s)
o
(=)

) Saline+Saiine
Saline+Af 442

T B 2! 210.015g/kg+AB 142

B 2! 10.05g/kg+ApB 4147

B 2 &l0.1g/kg+ABy 42

3014

T

n
o
1

Bodys Weight (s)
S

oL i} ; ‘| 3
-1.0 0.0 1.0 29
After i.c.v injetion days

T3 Saline+Saline
Z=]Saline+AB, 4,

M 2! & 0.015g/kg+AB 142
Bl 2! & 0.05g/kg+AB 4o
E=5 < &0.1g/kg+AB 4,

Fig. 6. Miceol A4-AtE2 U & 1928 001z ke, 0.5g/kg, Olgke $%o 2

AT Fosn ABi-a2e  1.855ug/mouse
injection3d}7] Holl A4-AE UL 12}

23 FeAsAh (A)  AY-AE42

i.c.v  injectiondt ¥ c}. i.cv
F 3L ic.v injectiondt Fof
AJ-o] g step-through

latency Aol ML et ket n-ig, « p<0.05). (B) Passive

avoidance test 71135 mice? weighti= & 9| ¢
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>

< 300 +

-

1%

§ {3 Saline+Saline
@ 2004 Saline+AB ;4
5 Hll ©710.19/kg+AB 142

g Bl ©'710.25g/kg+AB 142
£ 1901 E= €70.59/kg+AB 142

4 (0 ©#1.0g/kg+AB 14
@ 0 S712.0g/kg+AB 142
B

= 3001

L

b o)

Q

&

3 200- [T Saline+Saline

o (] Saline+A8, 4>

3 T HexaneS 0.05g/kg+AB o
é 100+ Sl Hexane S 0.2g/kg+AB 4 4>
g. E=3 BUOHZ 0.05g/kg+AB 1 42
b

0

Fig. 7. (A) Micedl 2B F48L 1423 0lgks, 025g/kg 03g kg,
1.0g/kg, 20g/kgdFo2 ZAF F9az Af1-25 1.855ug/mouse ic.v
injectiondt A}, icv injectiond}r] Hol @ FHEL 1YW Fod
2 icv injection®@ Foff 2934 Foistdck Z¥H FE2EL 0.lyka,
1.0g/kg, 20g/kgF A% groupdll & Ag-uol 2@ step-through latency %
2o AL GEIRR| ey 025gkg. 05g/kg® 3 groupdlME &
A3tA AAz2EE Jebdcl (BY #HPA-Hexane(0.05xkg, 0.2g/kg).
BuOH(0.05g/kg) $¢& U9 & =uolYy =& 42 Hexane 0.2g/kg.
BuOH-¢ Fo# groupoll A A Zi-acell 2l st step-through latency 2400 2
Hzpgol A2 gk Fo 4 vetul Y AT pa0S, e PLOOL, -
p<0.67).
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>

Step-Through Latency (s)

(o0

Step-Through Latency (s)

o

(o]

(=]
i

200+

1004

Saline+Saline
Ml Saline+AB 4,

Wl e +AB

300+

200+

100

0

p<0.0763

+

{1 Saline+Saline

Saline+A 14,
Wl S +AB

Fig. 8. (A) Miceol %A #2942 19 13 Olgked 8302 8Y §¢ 72

F 5o

1.855ug/mouse ic.v injectiondt %t Passive

avoidance testZ & 9H %TE2 4L FAE groupolA step-through latency
o #as JdAHA (BY 4719 micest HEdtod FH 22 AL 9Y ¢
o] £oj8lI passive avoidance testdH o€ FelEA AB1-2d 9%
step-through latency 228 M3 Achn=10, « P<0.05, *+ P<0.01).
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[N
o
o
]
»

£ Saline+Saline
S Saline+AB4 42
B < 7 (1week)+AB4 4,
Bl 7 (2week)+AB 4,
E= € 7l(aweek)+AB 1 4,

2004 | T

1004

Step-Through Latency (c)

Fig. 9. Miceol @ 329 19 13| 0lgked £32o2 15, 25Y, 4
FUEQ HAFE FAdHZ AB1-28  1.855ug/mouse ic.v injectiondti
passive avoidance test® A sttt 27 25U EQF growpolM AB1-e
o 9§ step-through latencyZ Aol M2 S YetddA 439 FoF
groupl A E o1F Fogid dAAELE Jebdtkn=10, + P<0078,
P<0.05).
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b4
o
J

_ 3 Saline+Saline
g Saline+AB, 42
£ 20 Bl S710.1g/kg+AB 42
[
2
b}
.10
@
04

=X 0.0 1.0 20

After i.c.v injection days

30+
S \ 5 [ r 4 Saline+Saline
g 204} Il Saline+AB 4 42
° | Il S710.25g/kg+AB 142
E B ='70.5g/kg+AB 42
§ 104); 1 S1.0g/kg+AB 4o
0 00 10 2.0
40- After i.c.v injection days
C)
] I Saline+Saline
3 Sl Saline+AB, 4,
=
> Bl S712g/kg+ABy 42
2

1.0

After i.c.v injection days

Fig. 10. Micesl 9HA F&2EE 1923 0.1g/kg, 0.25g/kg 0.5g/kg, 1.0g/ke,
20g/kgdl %oz HAF»¥4351 AB1-eE 1855ug/mouse ic.v injection
8tk Passive avoidance test A3 % mice®| weight® Foid WHE ¥
o]z U}
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4)x178 Almje] Hlel WA AuY ¥E8 Ay
g Auiel gdol] WHIA dBd FHEAE MR in vivo ZMYE
e

i

slal el ¥ B ANE APt =AU Aol cytokineo] 213t &

oY oM

3 ABLZ o3l glen, ol ¥FA cytokined] 2gof it AIUAEE
Mg £ gl RBRYWZ A galactosamine AAMA 3 oA UYHA

(lipopolysaccharide, LPS)ofl 23t Alwb o4} 28&-& ZApstgich

¥ 4. 93 EYe 922 (LPS W galactosamineo]] 23t X bgol thgt B3 2}g)

Sample AEule]/ AN ofe] A2I Azl ML APz
Saline 275 35.5 =+ 2

methanol (1g/kg, p.o.) 1/5

hexane (lg/kg, p.o.) 2/5

Z7t% (lg/kg, p.o.) 4/5 37 + 0.24
EtoAc (lg/kg, p.o.) 4/5 3.5 £ 0.5
Buthanol (lg/kg, p.o.) 4/5 37.4 = 0.4 (13 =4 A

E 4ol et o] buthanol Fo] ZM actived ow, uleld wHY datge
buthanolFo Exjste 2o zitch g, @39 buthanol ¥HE thi] 4%
Yatof, 2} £FHE 200 ng/kegd] BFOE FFFAA ] LPS Y galactosamineo]]
3t XAbgol iy REage ARANE ® 59 Pt
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B 5. YHaBHe] 8td2t2(LPS WU galactosamineo] 2%t X|x|&of tfdt B35 2R )

23 &uie]/ At BEY 33 AL
Saline 2/5 4/10  37.1% 0.54
ABL 3/5 3/5

AB2  2/5 2/5

AB3  5/5 8/10  37.41% 0.25
AB4  3/5 3/5

AB5  2/5 2/5

AB6  4/5 8/10  37.97% 0.19
ABT  2/5 2/5

AB7-1 3/5 3/5

AB8  4/5 9/10  37.86% 0.4
ABY  4/5 7/10  37.94% 0.51
ABIO  5/5 10/10  37.81% 0.18

R 50jlA 2} o] ABIO Zo] J}A active 3}, ABS, AB6, AB3, AB9 &A 2

active s}ttt
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5)k=Ql4 X|ujel Hlol f3 VP AZE A

QA xnje] #Ql(pathogenesis)oll &3 HAALA(ROS: reactive oxygen
species)5o] WA ABVE DL FYPAL AH2R AYOZA in vivo oA
o] 2 2&E& ZAPstAch
33 2 BY 1 g/kgd] €80T AITE Fo § rhe, YA 2 xanthine oxidase
15%)8] <A FAMA(S pl)o] &3t Abd AAERE AMsle Ro2M, 2T
el g HelF)ol vz df HAEI(ZH Y AHeld)olMd BB ArgddA

—_

Saline 174
Hexane (lg/kg, p.o.) 4/4
Z7t%  (lg/kg, p.o.)  2/4
EtoAc (1g/kg, p.o.) 374

Buthanol (lgr/kg, p.o.) 1/4

3

%, E 60142} 2o hexane 20| 71E active st e, mebd WA gL
buthanol 2o, BHAFZE-L hexaneZol Eajsts o2 Alzsglct
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6) WALl HEEA A7

oligoll A =&d G Uiy SEEH d+E AN

(1) 7171 2 Ao

(a) 717]: 'H, "C-NR 2 DEPT 135 Spectrum Bruker  Avance 250(250Miz)
spectrometer B! Bruker ARX 300(300MHz) spectrometerE, 2D-MMRES Bruker DMX
600(600MHz) spectrometerE ARRS}] FHA3lel o™, chemical shift value = part
per million (ppm)¥*¢]E& UEhHTtl. Mass spectrum® JEOL JMX-HX/110A2} VG
Autospec (Micromass Co. )& A}R3lo{ Fab positive k4= negative mass WHOZ

spectrung &3 3toich

(b) Ale}: $& G column chromatography-§& &ule Aetg 135 AHgsigieni 7}
Ajere B3 S Algsiadct. Silica gel TLC plate:= precoated Kieselgel 60Fzs
(NO. 5715, Merck)&, reverse phase TLC plateX precoated RP-18FausS AFEStCE
Column chromatography-%8 silicagel-2 Kieselgel 60 (NO,7734, 70-230mesh, Merck}Z
AF&319d3l, Sephadex LH-20 = Pharmacia LKBAMS] AEL Feste] Algslgz
reverse phase colum?®] S3 A8 LiChroprep RP-18(particle size : 40~63m,
Merck)E AHE-stoicl.

(2) #&¢ 9 &3 -Scheme 1-

AZE P 4.2kegS MeOH:H0 = 901 (12¢)2 o 60 “CollA 1241 #FBztsha
A 28 F&3lq 329 A F UUsHslo] MeOH extract 1.lkg& dch o
MeOH extractol] Z/-4:(1.5£)& 718 HEIA|Z] ¥ n-hexane(1.0 £ )& 7}8le] 2 ELA]
713 Y Zu7|2 n-hexaned 3t 502 EYsh= 2SS 23 Al @2
n-hexane3-& 7t4t%25}9] n-hexane extract(100.2g)E ¥ch A& £2& 4

L]

-t
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719} 2 PHO2 EtOAc, BuOH&ME £&3}od EtOAc extract 14.68g, n-BuOH

extract 39.43g2 493

flo

T35S 2UsEdl] HO extract 638.85g2 &ch
o] 3 BuOH extract 39.43g% silica gel column chromatographyS AlA]s}ed thez}
ol Felstgdrt. &, columm (Zo] 80cm, X]& 8cm)ol| silica gel (No.9385,
230-400mesh, Merck)& <¢F 2lcm FE 2931 CHCI3 : MeOH(= 9 : 1) 1 £ Z elutionA]
7 stationary phaseE EIAF F A8 38.5g2 silica gel (No.7734, 70-230mesh,
Merck) ¢} 39goll F2A]A columnoll loadingA]ZAT}. CHCl3 : MeOH{= 9 : 1) mobile
phase elutiong A]2slo] &4 o7 85:15 7:3, 6:4, 1:1, 3:7 1:9¢0T IAHS
£ elutiondlHA columo]l N, gas& YA £=2 Za Z= flash colum
chromatography®} © 2 fraction 1~102 £za|3}gc}.

228 fraction®d fraction 3% reverse phase (particle size: 40~63m) column
(Zol 55cm, 2]F 2cm)of] MeOH:H0(=3:7) ¢ RulE A colung A Zch A)
£ 0.1403g& MeOH, H0 Z3HBuloll %o columnol]l loading¥t ¥ MeOHS] ¥]&-& THAA
22 ol elutionX]HA Compound I& Yt}

%412] fraction $oll4] fraction 5(16.2522g)% silica gel TLC(A 7} Rof CHCl3
: MeOH : water = 8:2:0.1)%4ollA] RfX]7} 0.40Q) major spot 1749} 0.32 1 0.239) 2
782 minor spoto] HUZxje] AAFE AAstary AE F U4 (4.9688g)2 230
MeOH 50ml-& 7}3lo] water bath(70 ~ 80°C)AtollA B3lx7]2 2 LS Ao —
B Bxsto] Fdd e HABES oAU acetonel @ 3] MHE o 2 zs}
o} Compound IIE A%rh

U, 4719 fraction FollA fraction 8(0.7500g)% reverse phase (particle
size:40~63/m) columnoll A} MeOH:H0(=3:7)% columng E3}1|7]l £ A]S & loadingd}
L olF MeOHY HEE FAHOE FIMIA fraction 1~17& B3 o5 2
fraction 4= MeOHZ 3 3}X| 2] Sephadex LH-20 column(Zo] 75cm, X]& 2.2cm)o) A&
S loadingdted MeOHE elutionA]#AA] Compound M-S @Bz} EAjo fraction 100

4 Compound V& @it}
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‘3718 fraction $ollA] fraction 10(0.6045g)2 MeOH:H0(=3:7)E QA E}A|
7] reverse phase column(Zlo] 45cm, =& 3.2cm)ol] loadingdlo] MeOH:H0 3§} Ruj)
& gradient2, TAFLE I43& WFof elutiondle] Compound V& BT
glollq Belgt B2 'H-WR, VC-NR, 20-WR U MS 502 ZAsld 24 28
aqict.

(3) Az ¢ 2%

Compound 12| “C-NMR spectrum(fig. 12)oll4 o] #§tEe] HA| carbondt 107}
o] aromatic carbon FH oA AEE|E= 47§ peakF 157.4 W 130.7ppne] signalo]
DEPT 135 spectrun(fig. 13)ollA £AH ZO2 Mo} quaternary carbon@& & + &
3, 128.6 I 115.4 ppm?] peak= 71 intensity® & wll, Z peak: 1 3}3}3 ¥7o]
22 2702 peakell 7|ASN= 4708 carbon peak @& & 4 Ut o]RS Yl 2%
¥ benzene¥ 2] patternS LlEh il 9l em, quaternary carbon ¥ 157.4ppm¢] peaki=
downfield¥l BE 2 BolM oxygeno] AYsHI Q&S o 47} Qo).

Benzene ring®] 1M f|xjof ZAYSIT QU= carbon®] chemical shift value7}
85.1ppmE 23e3] downfield shiftd}il 9131, DEPT 135 spectrumofA] methylene
carbonl & & 4 Q= 67.2ppn?} signal = downfield shiftElo] Uehh= Hog w
o} & carbon BF oxygenoll ZAYH carbony& & 4 gltlh. Ethanole] B-¢ixjo] A
¥ methoxyl carbong 56.2ppmo A HA& 4= glch

'H-NMR spectrum(fig.11)oA C-NR spectrumofjA] L}ejyt uje} o] 6.84ppm=}
7.16ppmofl 242t 2744 ¥etE o] F7Iel 470 protonol sj@EM= signalo] W
&xlo} PC-NR spectrunoi] A oAbl Az} o] para-X¥ benzene & ¢ 5 gtk
4. 14ppmoll ] LIEE signal-& benzene ring?] 1 ¢lxjoll ZYH ethanol moiety &
B-91x18] protonolny, 3.66~3.44ppmAloloE a-91x18 2702] methylene protonoi]
71918t signal W 3.21ppmoilA] methoxy proton peakE W& 4 gic). gz
benzene ring?] 4'H ¢IX]of AYH -OH protono] 8. 34ppmofl LER} alcl.
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olAte] AE E uj o] 3YE-E 4-hydroxy- B -methoxybenzene ethanolql Zo =g
822y,

Compound I12] 'H-NMR spectrum(fig. 14)¢] aromatic proton @&l ztz} 1742
7.58(d), 7.00(s), 6.74(s) 'R 6.26ppm(d)®] peak®}, “C-MR (fig.15) B DEPT 135°
spectrun(fig. 16)oll4] aromatic carbon®olA 112.2, 144.5, 113.0(q), 124.0,
126.0(q), 164.1(q), 97.7, 156.2(q) % ketone carbonoll 2}3} signalql 161.3ppm2]
peakE & mwj, o] YISL XA UL coumarine¥ & 713 HYEFET FFWch
Carbon signal % 164.1ppm7}&] downfield shift{t 2122 Ho} o]23|A| oxygeno] &
AL & 4= k. T, benzened Pof| furan ringo] Z21% o 'H-NMR spectrumod]
A BEE = 7~8 ppo AlelollA AEE = 2709] doublet peak THA! 3.23, 3.44ppm 2
71¢] two doublet o 5. 06ppm?] ©] tripletql 17} proton signal’} AZEF2Z 113
-dihydrofurocoumarin®& & 4 it} 63.1ppmoflA] F|&EFE=  carbono] DEPT 135°
spectrum(fig, 16) 2 2HE| quater- naryo|d, downfield shiftt ZoF RHo} o
carbon®)| & oxygeno] ZA¥E S 913 'H- U C-NVR spectrum(fig. 14, 15)o0A BZH
2718] methyl group (1.41, 1.56ppm % 21.6, 24.1ppm)©| quaternary carbonoi ZA%}
ol gl Ao oatsich ER H-WRAIA 4ppne] ol 7]Q%t signalo] 3R
5.1ppmof| A %] anomeric protono] HZFE|3L coupling constant7} 7.7Hz2 & Zog

Hol go] g Log At UL #HUsACh

ol3e] Zzte} E¥ixe} vyt ul, o] ¥RIELS nodakeninl & gtrh

Compound IV: *C-NMR spectrum(f