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SUMMARY
I. The subjective of the project

The development of health-benefit functional foods using Saururus chinensis

through the study of prevention effects on atherosclerosis

II. The objective and importance of the project

The cultivation and production of Saururus chinensis is recently increased
because of its prevention effects on the several degenerative diseases such as
atherosclerosis, hyperlipidemia, diabetes and cancers. Several simple processed
products like exract and powder from Saururus chinensis are now processed
and marketed at the farm level. Therefore through the scientific study of
pharmacological effects and prevention effects on the several degenerative
diseases, health-benefit functional foods using Saururus chinensis should be
developed for the high income of the farmers as well as the decrease of the
social medical expenses.

This study was intented to study the atherogenic prevention effects of
Saururus chinensis, in viro, ex vivo and in vivo and elucidate their active
compounds. Furthermore the deveolpment of more efficient health-benefit

functional foods using Saururus chinensis was aimed.

M. The scope and contents of the project

1. The development of anti—atherogenic functional foods wusing Saururus

chinensis

0 The procedures of solvent fractionation and SiO: column chromatography,
Sephadex LH-20 column chromatography and HPLC were executed in order
to isolate and purify the active compounds from the aerial and underground
parts of Saururus chinensis. The chemical structures were elucidated using
NMR and MS analyses.



o The reactive oxygen species scavenging activities and LDL oxidation

inhibition effects were examined in vitro and ex vivo.

0 Quercetin-3-0O-a-L-rhamnoside, kaempferol-3-O-o-L-rhamnoside and
quercetin—3-O-rutinoside were isolated from the aerial parts of Saururus

chinensis.

0 Di-O-methyltetrahydrofuriguaicin, Saucerneol D and Machilin D were

isolated from the underground parts of Saururus chinensis.

o The extraction process for 4 hr using 40% ethanol was most effective for
the preparation of anti—atherogenic functional foods using the aerial parts of

Saururus chinensis.

o0 The extract beverage having the improved activity and taste using the

aerial parts of Saururus chinensis was deveolped.

o The proximate composition and the contents of minerals, sugar, organic

acid and amino acid of the 40% ethanol extract were determined.

o The microencapsulation process of the 40% ethanol extract was deveolped.

o The anti—atherogenic functional capsule and tablet using the 40% ethanol

extract were developed.

2. The verification of anti—atherogenic effects of Saururus chinensis by in

vivo experiment

o This study was performed to investigate the anti-atherogenic effect of

ethanol extract from Saururus Chinensis in vivo.

o Normal diet—fed, high cholesterol-fed and 40% ethanol extract of Saururus
Chinensis (STE40)-fed rats were bred for weeks.



o Weight gains decreased in STE40-fed rats.

o Food intake and food efficiency ratio were no significantly different among

treatment groups.

o Plasma total and LDL cholesterol contents of STE40-fed rats were lower

than other treatments.

o AST, ALT activities and lipid peroxide level were decreased, and SOD,

catalase activities were progressively increased in .STE40-fed rats

o The 40% ethanol extract of Saururus Chinensis (STE40) was verified to

reveal the activity of preventing atherosclerosis based on these results.

IV. The research results and the recommendation

1. The research results

1) The development of anti—atherogenic functional foods using Saururus
chinensis

o The several chromatography procedures were executed in order to isolate
and purify the active compounds from the aerial and underground parts of
Saururus chinensis, and the chemical structures were elucidated using NMR

and MS analyses.

o The reactive oxygen species scavenging activities and LDL oxidation

inhibition effects were examined in vitro and ex vivo.

0 Quercetin—3-O-a-L-rhamnoside, kaempferol-3-O-ao-L-rhamnoside and
quercetin—3-O-rutinoside were isolated from the aerial parts of Saururus

chinensis.



o Di-O-methyltetrahydrofuriguaicin, Saucerneol D and Machilin D were

isolated from the underground parts of Saururus chinensis.
o The extraction process for 4 hr using 40% ethanol was most effective for
the preparation of anti-atherogenic functional foods using the aerial parts of

Saururus chinensis.

o The extract beverage having the improved activity and taste using the

aerial parts of Saururus chinensis was deveolped.

o The proximate composition and the contents of minerals, sugar, organic

acid and amino acid of the 40% ethanol extract were determined.

o The microencapsulation process of the 40% ethanol extract was deveolped.

o The anti-atherogenic functional capsule and tablet using the 40% ethanol

extract were developed.

2. The verification of anti-atherogenic effects of Saururus chinensis by in

vivo experiment

o This study was performed to investigate the anti—atherogenic effect of

ethanol extract from Saururus Chinensis in vivo.

o Normal diet-fed, high cholesterol-fed and 40% ethanol extract of Saururus
Chinensis (STE40)-fed rats were bred for weeks.

o Weight gains decreased in STE40-fed rats.

o Food intake and food efficiency ratio were no significantly different among

treatment groups.

o Plasma total and LDL cholesterol contents of STE40-fed rats were lower

than other treatments.

_10_



o AST, ALT activities and lipid peroxide level were decreased, and SOD,

catalase activities were progressively increased in .STE40-fed rats

o The 40% ethanol extract of Saururus Chinensis (STE40) was verified to

reveal the activity of preventing atherosclerosis based on these results.

2. The recommendation

0 These results were transferred to the farm in order to produce

helath-benefit—functional foods using various agricultural products.
o These results on the anti-atherogenic effects ex vivo and in vivo were
used for important data for the development of health—benefit functional food

using Saururus Chinensis,

0 Some results are going to submit to domestic and international journals in

order to improve the related technology and academic research.

0 The research of unknown active compounds of Saururus Chinensis 1is

urgently needed.

0 The mechanism study of pharmacological effects is also needed.
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dHA Atk A=A EAEE HA FAskA ] -

A, olelgt flavonoid= Aol Absl, &dikaeo] A E 4ksd ~EYAE

Mz
rlo
th
Q
<
)
=
o
£
1o,
e
iy
o
it

flavonoid
of EA)sk= flavonoide F&E<A e 4.
quercetine =AWl &g Butk oyt FUAIE FoE & & ARSI
lipoprotein(LDL)2] 2Fs}o} A E A o

sUAsE dov|= YgPdecloeres ndY, uAIF,
THF, 2Ed2 GOl dste] fIE flada @2 (-OH, 07, H0y, A2
AbstEe . S)olw ol Fo] ofF AWdulid

LDL) #t3}&3 macrophagee] X 2jo] Fdoz dHA4 vt LDLe Atsh=
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o

=
Wz AZE AREE 2A FANA F£Hste] AR AR 2
o]

B age] Anz s

%
A AER G, dEE B 60% otE FEES AR A 108 7kt

7} Hydroxyl radical 4724

Hydroxyl radical 2A&4-& 2-deoxyribose oxidation'! &2 374 3}Sich.
0.1mM FeSO40.ImM EDTA - 2Na 0.2mL, 10mM 2-deoxyribose 0.2mL, 10mM
HyOs 02mLE E£3H8t1 H= EFo| 2mL7} ¥ =% 0.1M Phosphate buffer (pH
74)% 7tstdth. O-time®l - 0ColA, =+ B A8 A= 37CAA 44
F kg A TE 4A17F wEE$ 2.8 % TCA (trichloroacetic acid) 1mLE 7Fsfe] 1t
&< TEA713L 1% TBA(thiobabituric acid)/50mM NaOH 1mLE 7}she] 10
0ColA 10&7F 7Fdstar F¥A2 F 532nmelA F3=E FAHsA
Hydroxyl #tt]jzte]l AA %58 olglef o]

Abs— Abo

Abc— Abo 100

Hydroxyl radical scavenging activity(%) = (1-

Ay, © Absorbance of O-time at 532 nm
Aype © Absorbance of control at 532 nm

Ayps ¢ Absorbance of after sample treatment at 532 nm



1}) Superoxide anion A7 &4

Superoxide anion( + Oy ) 27242 Xanthine-xanthine oxidase cytochrome c
sy or A F, AR 02mL, 50mM PBS $58€9 (pH 7.8) 1.2mL,
ImM xanthine 0.2mL%} 0.05mM cytochrome c¢ 02mLE &3t th. o 7]
550nmel Al #% FdEe ®wsrt 0.027F HE% 524 ¢ xanthan oxidase 0.2mL
£ 7tele] 387 F33 =2 WatE &A% ol Superoxide anion AA %S
ofefo] 2o =EE T3t

Superoxide anion scavenging activity(%) = (1*%%100

Aype © Absorbance of control at 550 nm

Ayps ¢ Absorbance of after sample treatment at 550 nm

t}) Hydrogen peroxide 47 &4

Hydrogen peroxide 27842 Mullers 9 ol uel =433 A8 o
AFS e =21 % 20uLE FHstel 0.0M PBS €F8&< (pH 5.0) 100uL,
0.1mM hydrogen peoxide 20uL 9} &3%+3lo] 96 micro well plate’doll A 37T ol A
=7t HES A AT o] 7] 9 1.25mM ABTS [2,2'~azino-bis
(3-ethylbenzthiazoleine)-6-sulfonic acid] 30uL, peroxidase (1 unit/mL) 30ulL-S
7bekE 37ColA 1023F HHSS AlHTE WHEo] £ microplateE  ELISA
(enzyme linked immunosorbent assay) reader(ELISA Processor II, Behring
Co., Germany)Z A3} 405nmolA F3 =2 =431 th. Hydrogen peroxide
G eI e Ao RN TEolth

Abs
Abc

Hydrogen peroxide scavenging activity(%) = (1- )x100

Aypc ¢ Absorbance of control at 405 nm

Ayps ¢ Absorbance of after sample treatment at 405 nm



2) 5 MA3 f2< % Low-density lipoprotein(LDL)2] AF3}eiA] A] &

7} Human LDL2] 2]

Human LDL& A7 200) ojd oz g AP & b3 22 Wy
it @ 50 mLE 4Tl A 3A1zF B¢k £ 3000 rpmoll Al A4l gk $
22 ¥© A= 1mLol EDTA /NaN3/ phosphate buffer (pH 7.4) 0.5mL<%} NaCl/
phosphate  buffer (d=1.006) 2mLE F7}&te]  14TColA LA EE7]
(ultracentrifuger optima TLX, Beckman Co., USA)Z 44,000 rpmell A 16417+ €
AiEgstel VLDLS #&@3tsith. VLDLS AlAsHL @2 35 2mLol NaBr/
phosphate buffer (d=1.006) 2mLE % 7}8to] 14TlAl 44,000 rpmS 2 20A] 7+
ddZdste] LDLE  &##sksivh. Z8€ LDL> 015M  NaCl, 10mM
PBS(phosphated buffered saline, pH 7.0) 2% 48A17F F4] 3}011 EDTAZS A|A3}

gt #2l¥ LDL2 022 um membrane filter® ]33k & 4ToA dFL7 B
#stHA Aol ALg3 T

th) LDLe] Atst

PBS® 343 LDL (0.1 mg protein/mL) 2009 10uM CuSO; %+ 5mM
AAPH(2,2' -azobis[2-amidinopropane] dihydrochloride) 10040, DMSQo®]| 921 A
5 10E E3ste] 37T A wgete] AHstE fFEskd o™, ImM EDTA 1mlL,
ImM BHT ImLE 7}ste] wb&-& S8kl

) LDL %Fst AAd =9 54

(7}) Thiobarbituric acid reacting substance(TBARS)

LDL®] Akstoll ozl A AbstA|d o] & Hermann ¢ W& Wit
TBARS= Z74stltt. 4kst LDL &9l 25% TCA ImLE 7}ste], 10,000 rpm
o=z dAFEst dNdS HHA7A, Fed 1 mLel 1% TBA 1ImLE 73}
o] 100TCeolA 1023 7FE s ¥ 532nmeolA] F3 =& S txated g
Am F7FRe] ks oA 24E vt iEo] ALt



Abs

Inhibitory effect on LDL oxidation (%) = (1- )XIOO

Aype ¢ Absorbance of control at 532 nm

Ayps ¢ Absorbance of after sample treatment at 532 nm

(1}) Conjugated diene &% =74

LDL9] 4tslel <]3] AAE conjugated diene ©] 42 Esterbau &2 %
of wal FAsAck F, 37ColA weAZl LDLel F22¥E 2mLe v
ImLE 7Fste] 1,000rpmoell Al €4l elste] 4352 ¥l 8% 2mLE  Fsk3
th 35S a2 &2 AAS T cyclohexane 1.5mLel] €342l $ 234nm
oA BAIZE & BAHoE FREE F8ee] R Bl ith

o o

2}) apo B 100 fragment =7

23 LDL €98 10% SDS-PAGE (sodium dodecyl sulfate polyacrylamide
gel electrophoresis)ol A7 A1zl & apo B 1009 &3S #Z3A}. #7195
4wl SDS-Tris glycine $+&-89 (0.025 M trislhydroxymethyllaminomethane,
0192 M glycine, 0.1% SDS, pH 83)% A}&3%12™, bromophenol blue&
tracking dyeZ 3}o] 150mAZ 4A1F A7 F3st9 et A719% F Coomassie
brillant blue R-250 &S 2 1243 dAstdon, @42 50% wes 10%
Z22bs ek 1A G o m 2T4AZE Gk F 7% AR 10% MlEE S

43k 2xF @Al o7 12417 &gt

eh. eHAEs o AL wd # A, et 7= 24

_10_



2) Column chromatographyol ¢]3%F &2

7} Sephadex LH-20 coulumn chromatography

Az 23S Sephadex LH-20 column (# 25x30 cm)S &23e MPLC
(moderate pressure liquid chromatography, Tris'™ model 160, ISCO Co., USA)
& ol&ste] 9 ImLe == 10 mL¥ 38kl

P

1}) Silica gel column chromatography
Silica gel G 60 S22Z¥ 5 /W&L/E(70/30/10, v/v/v, 3t5)2 HE =
121 % open column (# 3.0x60 cm)ol FX3}ATH &L vE&o] +S T~
7|WA SREZXE/MEE/Fo H&S 75/25/10 (v/v/v)elA 60/40/10 (v/v/v)E

A o7 By 15mLe SR8 §EFA7]HA 50mLy 35}

>

=

%
p

3) Prep HPLCol ©Jgh &2 % A, 4=

o RFHS i dete] &Aool 7MY ¢ JES #3HE column
(Develosil ODS HG-5, # 20x250 mm)& AH&3te]l HPLC (high performance
liquid chromatograph, LC-10A, Shimadzu Co., Japan)& g - A3ttt £
H AELE 248 HPLC column (Develosil ODS-5, # 4.6x250 nm) % TLC

(thin layer chromatography)® @344 &dS &Qlsta 3 A4S 3T

4) Nuclear Magnetic Resonance (NMR) spectroscopy

22" 3 10mgs DMSO-ds X+  methanol-dsol £33 %
TMS(tetrimethylsilane) & W% F& A2 3t H-NMR (500 MHz)# C-NMR
(125 MHz)9] spectrums AMX-500 Spectrometer (Varian Unity PLUS,
Varian, USA)E Al&3le] 294 ®EASAY. F2EALS 38ty ol&#

(ppm)S F3 &5

_11_



) As

2 A ARES AW (A YT AEEAkl A 2002 59 AE RS ¥
Hukol ALg3AT quercetrin(Sigma Co., US.A) %  quercetin(Sigma Co.,
USA)ES (XFSE AMgstdoern, 7 ¢ #FA48&o= A&3 Methanol(].T.

Baker, U.S.A) 2 Trifluoroacetic acid(ACROS, US.A)& &5 AH&3th

2) T&

Zb Ze A Aozl AMxFEEY F FETES FEFY 10mLE FEFS
3 g7l FHale] 105ColA F¢ AuAA I FAES ZAHe FE58(%S

% FZE9 DPPH (aa-diphenyl-f-picrylhydrazyl)2tt]Ztoll o3t LA A
& olehe HA L A7 02mLe 4x10 M DPPHE& 0.8mL< 7}ahke] 10%3t

1087 HAF F 525nmel M FHEE SA4ste] R et Blastglal
DPPH &}tz &A% ofefe} #Zo] Aiksdrt.

Abs
Abe

Aype - Absorbance of DPPH solution without sample at 525 nm

DPPH radical scavenging activity(%) = (1- )x100

Ayps ¢ Absorbance of DPPH solution with sample at 525 nm

%ﬁ]l‘é‘ %‘%’ﬁ% Prussian bluei 2.2 ZSAstAd. =& AWz 100uLd S/

3mL, 0.016M KsFe(CN)s 1mL, 0.01M FeCly/0.IN HCl ImLE &%3te] 23t
g & Ao 15683 WX 8laL, stabilizer (HO : 1% gum arabic : 85%
phosphoric acid=3:1:1, v/v/v) bmLE& 7}t $ 700nmelA FFEE SHS
th F¥w g2 gallic acidE o] &3t HHEFFAS 2A St gallic acidol] o
gt ko2 gttt

_12_



5 FTEYH-olE I

=
ZZgHyole TS

= Z = 3 FZ3 A% Imloll diethylene glycol 10mL, 1N
NaOH ImLE %3 st &g § 37C F27]A 1417 ZAg F 420nm
A FTHAEE FAH}UY. FEFTFR o= 2 naringing AFE35te] HIT
& #A3kaL naringindll dlg FEFo R ksl lth

6) Az FEE FgHrols i 24

Al = FZ Aol quercetin, quercetrind ZFS 10mLE FH3dlo] =3 T 5%
Ethanol 50mLE #7}ste] d2olx FE3 F, HCIZ 25N #A x4t 8
0C g2F=FA 40%3r 753 o ¥ 0.22um membrane filter2 o 23k &

HPLC®Z #24]3}9] o,

%748 Table 13 2t}

Table 1. Conditions for operating HPLC in the analysis of quercetin

and quercetrin.

Items Conditions
Instrument LC-10A (Shimadzu Co., Japan)
Column ODS-HG5
Mobile phase 60% MeOH / 0.1% TFA
Flow rate 0.7mL/min
Injection volume 10pL
Wave length UV 370 nm

21 A

=2 Ll
g Aor AFFoF AEE 47 lom Wol2 ddste] €3 A

% (Saururus chinensis Baill)¥ AFE- 52kl A
Z

_13_
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o
1=
P
Lo
=5
=
s
)
o
i

2
it

ol

) Az AR B Aekee] S &

A ol Agrel A e EFHES 77t SR - ASE 0:100,
20:80, 50:50, 80:20, 100:0) 7t Z AAGdte] FELEE 100T, FEAITHS 44]
7+ AE O fu(E)HE 1002 1A 9AgH FE2 FEEg o,

o551 54 EAbSHE ARE AEsTh

B &
2 2RA ol HWEEEEY F F o)
@ 710 Astel 105TAA % ABAA 1 RAF FAdtel FEFE00E

LHERA AT

F%%9° DPPH (nn-diphenyl-fi—picrylhydrazyl)gtt] Ztol] st A7 &
qe oete HAAT A2 0.2mLe 4x10 M DPPHE 9 0.8mLe 7}sle] 10
7F E&3kal 1087 A3 525nmeolA] R EE Ao dxe vlus)

31, DPPH &tz 27 %2 ofefi9 o] Aitstsit.

_ Abs
Abc

Aype ¢ Absorbance of DPPH solution without sample at 525 nm

DPPH radical scavenging activity(%) = (1 )x100

Ayps ¢ Absorbance of DPPH solution with sample at 525 nm

_14_
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Table 2. Central composite design RSM computer program for the
optimization of recipe conditions for effective components from

Saururus chinensis, Panx gin-seng and Cinnamomum cassia extraction

content
Recipe conditions
Experiment

number" Panx gin-seng Cinnamomum cassia
extract contents (%) extract contents (%)

1 7.5(1) 15(1)

2 7.5(1) 5(-1)

3 2.5(-1) 15(1)

4 25(-1) 5(-1)

5 5(0) 10(0)

6 5(0) 10(0)

7 10(2) 10(0)

8 0(-2) 10(0)

9 5(0) 20(2)

10 5(0) 0(-2)

Y The number of experimental condition by central composite design.

>,
juad

z
P
Ll
o
oo

gk m A7 & 3t
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Az AR FEES vEo And F 50T ANHH, B ¥
SRR AND HCL B0 (D& 10mLE kel EAARC oI F water
bathdel Al ZW 4713 HCl © HO (1:3)89) 10mLE 7Hste] oln@ & 257

T 10mL= g&ate] E4&No=z stk Ca, Mg, Fe, Cu, P, Na, K, S 52
ICP (Iris Intrepid. Thermo Elemental, UK)Z A393.366, A279.088, A259.950,
A324.768, A214.914, A181.975, A589.586, A766.4861 41 Z+7} 2189l ot

Freld 248
frElg 2R A 40% e &4 200mLE }FYAUI7F H-EFE
heating mentelol Al 80°C, 2A|7F wWHE =& Whatman No. 22 o] ¥}&}3it}.
o] 72 hexanel. &2 A A& A AL 40TCAA FF FFH3 F HPLC (Waters
2414, Waters, USA)E4 & AFE3L9 . o] columne carbohydrate column(ID
3.96%300mm, Waters Co., USA)E Alg&3l3o

e
o

, column oven=%=+ 307,
mobile phase™= 85% : 15% acetonitrile : water flow rate:= 2.0 mL/min, A &
P 20ne] =722 RI detector (Model 2414, Waters Co., USA)l Al HZ3}
oﬂ(:]_

AA .

T4 2AARALS Az 40% oleHE & 200mLE 3HFWZy
heating mentaloll 4] 80T, 2A]%F ¥+& FZ3 & Whatman No. 22 o] %3}t
o] 7} o hexaneo & A AL A AGI 40C A& 55 Aud T =
2 A83 3 Seppak Cis= T334 045pm membrane filter2
HPLC(Waters 2695, Waters, USA)Z 43}l o]lwl column< Shimadzu
SCR-101H(7.9%x30 mm)E AM&33 2™, column &%+ 30C, o542 0.1%
phosphoric acid, +%< 0.6mL/min, 7% 7]+= PDA(Waters 2996, Waters, USA)
2 215nmell A 24384

_17_



Zh frefobu =t 24
el obvlieAbe A 40% oleE &9 200mLE FFYA77F FEE I

eszol A 80C, 247 WE25E F Whatman No. 22 o 33hsich. ol zhaje
S

)

P

hexane® = AA& AAstL 40C F¥E = il $ 02 M Sodium citrate
buffer (pH2.2)&9 5S5mLE AHE31, Seppak Cil® A3 F 045um
membrane filler®2 AoJ3}3te] automatic amino acid analyzer (Pharmacia
Biotech Co., Model Biochrom-20, Swiss)® #4139t} ojw] Z# & Na form

column(18F #4-8)o = A3t

3) AR ES

i

Az AR F2EE B&AZ cyclodextrin, arabic gum, dextring ZZ}

10%% H7tste] &3A1zl & EF7127](B-191, Buchi, Swiss)E ©] &3] inlet

temperature 180°C, aspirator 50%, flow 20%0°ll 4 &2 3}3}$] o).

4) A&

nAEstE e RE&Ae] HIME &9 HE= A=A (viscometer,
Brookfield Model, U.S.A)E AF&3t3Ath olw Spindle 15 AR&33 oM,
25C, 100 rpmel A M= A3

Al AR FEE0 vAfRES ol wheoj EEe i s d S A
M FEFA7I(FD-240, Kett Co., Japan)E ©]-&3te] 105TelA FA W37t
(3]

6) &34
nAlEstE Az EEE 25g Fste] S0mLel TRTE ¥ A
A EYA7Ian A2el A 30 EAIE B2 5,000rpmoll A 1027 A4 E e ekt

_18_



I 1087 A% & 525nmel A FFEE SASY] dxo vask a,
DPPH =tz A~A 52 olgje} Zo| Aakstytt.

_ Abs
Abc

Aype ¢ Absorbance of DPPH solution without sample at 525 nm

DPPH radical scavenging activity(%) = (1 )x100

Ayps ¢ Absorbance of DPPH solution with sample at 525 nm

10) FAR A E

o e & #Azsly] st FAFA A @17 (scanning electron microscopy,
S-570 Model, Japan)< °]&3lth £HlE A|RE Fo2 FYHI & FAAA
An] A el Al 10008] &F 50008 = o] FEE HEEA

of AuzE olgF Pu L AA

(Semi-automatic capsule machine, W17 A&, Korea)E& ©]&3te] Az 7

&S Az Y)

_19_



2) A Az

Az BRAe $4 Az vANEs Bl §93 S5 ARe EHe
o 60TOIA 2447t A% th& 40meshel H§ S Axd F 2elofdvi 1%
3 gaE EFetel Biel AXFAE ol §3te] Azt

Az BERAZX Edol A= AMAA(CR-200 Model, Minolta Co., Japan)<

FAEE Z4sgon, o u A TFUT A

Azg AWz Hed A FAE SAH 2w Hd FAE T &3l
7 2] (Disintegration, J-MA Model, JISICO)E o]&3}o] 37Tl A

=
0rpme. 2 A3 F A E AFo] &3] = A0S AU

% FZE 9 DPPH (na-diphenyl-f-picrylhydrazyl)2tt]Ztoll o3t LA EA
o oghe HAZ Al® 02mLet 4x10'M DPPHE < 0.8mLS 7Fske] 10%3F

3 10%3F BRI & 525nmelA FEEE SA sk tixTek Hlaskel A,
DPPH #ttZ &A% th53 #Zo] Aikst.

DPPH radical scavenging activity(%) = (1- jg‘z )x100

Aype ¢ Absorbance of DPPH solution without sample at 525 nm
Ayps ¢ Absorbance of DPPH solution with sample at 525 nm

_20_



4) A=

F¥ = S Prussian blue &2 43P h FE3 A% 100uLo] SHS
3mL, 0.016M KsFe(CN)s 1mL, 0.01M FeCly/0.IN HCl ImLE &%3te] 23kl
g & Ao 15683 WX 8laL, stabilizer (HO : 1% gum arabic : 85%
phosphoric acid=3:1:1, v/v/v) bmLE& #7}3 3 700nmolA S3FE=E ZAH3IA
o FlE I gallic acide ol&ate] =4S AAShAL gallic acidell o

@ ggom s,

5) LDL 4Fst A4 =9 54 (TBARS)
Human LDL:& 27¢ 20t ogde=ie Adst §F € LDLS 0.15M
NaCl, 10mM PBS(phosphated buffered saline, pH 7.0)02% 48A17F F2]3}¢]
EDTAE AA3%Y 0.22 ym membrane filter2 o33k & 4CoA 45U B3
stHA Aol AMESERIT LDLO Abste w53 o] xdgesitt. PBSE 3
s LDL (01 mg protein/mL) 20000 10uM CuSOs %+ 5mM
AAPH(2,2' -azobis[2-amidinopropane] dihydrochloride) 100 p¢, DMSO°|] =¢I
A& 10pE EFste] 37ColAM wjeFste] AbstE fFE=stslem, ImM EDTA
ImL, ImM BHT 1ImLE 7}ste] @8-S FA83ith

LDL® Atstel] ol A AFstA A & Hermann ¢ "WH-S W& 5
TBARS= Z743tltt. 4kst LDL &9l 25% TCA ImLE 7}ste], 10,000 rpm
oz daEdgstel dids FdA7a, sl 1 mLel 1% TBA 1ImLE 7}st
o] 100TCelA 1023 7FE s ¥ 532nmeolA] F3=E S txated g
Am A7 ks oA 24 S thgdt o] A

o

Inhibitory effect on LDL oxidation (%) = (1- Abs

Aypc ¢ Absorbance of control at 532 nm

Ayps ¢ Absorbance of after sample treatment at 532 nm
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aga 2FEE 2 7 HE9 «OH, HOy O 59 AT 2AZH 2
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A FAHS =A3 23S Table3o]l YeERHAT. DPPH radical 47
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ol M e’ LDLel wisto] Arstelal &3tE TBA WHo=

diethyl ether, ethyl acetate 2ol A ZF7} 61.8, 51.4%¢] =2 A4S BRI}
olzfj o] Table 3ol Aot o] Az AR &nj F radical 2ALH =
ethyl acetate, diethyl ether, 60% acetone ZF&%, &% <oz e Ak
72t e LDL AtstoAass dds & A3t diethyl ether 22olA 7H
e A EdE EAh

Al Al 9] 60% acetone EFEEZFE SuliEE et i T o] Hol
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Saple powder (250 @)
extract with chloroform

Chloroformresidue

extract with 60% acetone (2 times)
60% aostone extract (15.6 @)
suspended in 10% methand

water : methandl (9/1 vA)

partitioned with diethyl ether

I |

dethyl ether layer (206 0) agueous layer
| 5% NaHOO, | ety acetete/H,0
' | | |

diethyl ether aqueous layer ethyl aoetete anueous layer
layer INHO, pH2 layer (759 o) (1059
ethyl acetate/H,O

I | .
ethyl acetate layer (442 mg)  aqueous layer silica gel colurm chrometography

Sephadex LH-20
| | | | | | [
colunm chromretograpy fl 2 3 w4 5 .6 f.7 fr.8
| | | (198m)(239.2m0) (40. 1 mo)(502.3 mo) (1.7 9)(532.8 o) (425 o) (579 o)

fr. | fr. 1l fr. Il fr. v

prep HPLC
(85mg) (05my) (41.3mg) (483D
prep HPLC (CDS HG) (CO8HGE)
comp. 3 comp. 4 comp. 9
(8mo) (4mg) (38mo)

Fig. 1. Extraction, isolation and purification schemes of active

compounds from the aerial parts of Saururus chinensis.
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Table 3. Reactive oxygen radical scavenging activites and LDL
oxidation inhibition effect of each solvent fraction from the aerial

parts of Saururus chinensis.

Scavenging activity (%)

DPPH SO H202 « OH LDL

60% acetone 92.7 4.98 90.07 76.21 55.23
diethyl ether 70.4 86.88 81.35 83.98 61.80
ethyl acetate 934 73.77 88.39 87.93 58.39
water 64.8 39.34 79.28 71.90 38.68
BHA 90.66 12.36 30.70 78.83 74.6

Test solution: DPPH, SO, LDL : 100 ppm, H202: 500 ppm, <« OH: 1ppm
* SO: Superoxide anion radical, <+ OH: Hydroxyl radical, LDL : LDL oxidation by CuSO4

T Aol  Hojt  ethyl acetate FFHOo=ZXEE  silica gel colunm
chromatography S 33ste] TLCE B3] EF /M9 FFEoz FEFITY. Z+ 3§
9] reactive oxygen sepecies AAZAE A3 A= Tabled I Zr)
DPPH(A A g o )& ol A B 90%°13e] =& &S Helilen, fr2 9
fr7o] 96%°1d9 714 =& &S et} Superoxide anion radicalz~” &
oAM= fr. 80] 61.29% = 71 =& &S5 UEhgloen, fr. 30] 54.83% % =
& A4S YT HO, &7 EAoAE fr. 80] 43.06%°] &Aoo 74
e &2A AL Yehullew, Hydroxyl radical A2AZAlo A+ fr. 89
S UERlew) fr. 30] 71.42%¢] H=2 A4S YE
Jabao] e AAGEE THAeE AHE A fr. 8

=

rl

s
24e Yt Aoz YEyt ol &4 7MY A fr. 8%
HPLC® EA43 A3t 1749 F8 peaks #<lsta o]& SC 9= WHsiitt £
2 ¥ peakE ¥ - A7 skl +HE ODS 5-HG columng o] §-3}¢

i

[
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Table 4. Reactive oxygen radical scavenging activity of silica gel

column chromatography fraction of the aerial parts of Saururus

chinensis
Scavenging activity (%)

DPPH SO H,02 « OH
fr. 1 93.83 23.11 37.57 68.25
fr. 2 96.82 36.55 34.85 56.08
fr. 3 95.55 54.83 33.91 71.42
fr. 4 95.74 19.89 18.29 55.55
fr. 5 95.75 54.83 38.59 67.19
fr. 6 94.85 44.08 40.33 4761
fr. 7 96.25 39.24 36.63 56.08
fr. 8 92.05 61.29 43.06 67.72
BHA 90.66 12.36 30.70 78.83

* Test solution: DPPH, SO, H»02 500 ppm, <+ OH: 1ppm
* SO Superoxide anion radical, <+ OH: Hydroxyl radical, LDL : LDL oxidation by CuSO4

W AR R RE i E Si0, 29, Sephadex LH-20Z% =z 20l E 12}ty

Ak
o} 3 HPLCE ol&sle] ¥eld siEe 34 +25 'H “CNMR ¥

ofell 9] Table 5& 29 SC3, SC4, SC99 'H, "C-NMR spectrum< UEF
Aoty SC39 SC4% 'H-NMR spectrum Aol A AR | g mglon o
So] A& Al flavonol glycoside ¢S HolFa gtk = 29| anomeric proton
o] 5ppm F, 3 ~4ppmelA G2 tE proton £ FAHE & AT I
'TH-NMReI A Z+zF 0.82, 0.79 ppmell A 3H®] paekZ 2213}4] o] rhamnose ¢
& FA8gt. W PC-NMR chemical shift & F#A9 vasli,

17ppmH-Lel A rhamnose® W& 7| (-CHy)E  &<Qlsto], o] z

}
Z}

O
-

il
o
)

’
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quercetin-3-O-a-L-rhamnoside, kaempferol-3-O-n-L-rhamnoside® %43}
t}. SC9%= 'H-NMR spectrum AellA] 3-4ppm H8S A9t 5AFek sid
& mgon, m#x PC-NMR 2HE@E  FAX W EAgh,
quercetin-3-O-rutinosideZ =43} % th. ol ®E % AAE FgFgEe
FAB-MS #24& 2AIg A3} SC3= &A3Fo] 43221 CxnOiH, SC4= A
o] 44821 CpOnHy, SC 9+ Aol 61124 CyuOHuEA NMR 4 2 3o}
dA sttt o5 stekE e 732212 Fig. 20 Ueh At

HO p o H HO 7o HHO 0 H
OH 0 OH OH
SC3 R,= OH SC9
SC4 R,=H

Fig. 2. The chemical structures of compounds isolated from the aerial

parts of Saururus chinensis
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Table 5. Chemical shift values of the compounds isolated from the aerial

parts of Saururus chinensis

:os't'o sc3 sca sC9
ISC 1H 130 1H 130 1H

> 1565 159.3 158.9

3 1342 136.2 136.9

4 71T 179.7 180

5 1613 161.6 163.5

6 987 62  (IH d J=2.0) 999 614 (M, d, J=2.0) 100.4 6.19 (1H, s)

7 1643 163.3 166.5

8 937 638 (IH d J=1.5) 948 633 (1M, d, J=2.0) 952 6.37 (IH, s)

9 1572 158.6 159.6

10 104.04 106.0 107.5

" 1207 120.7 123.3

2 1156 73  (1H d, J=8.0) 131.9 7.74  (2H, d, J=85) 116.9 7.35 (1H, s)

3 1452 1166 69  (2H, d, J=0.0) 146.9

4 1484 159.3 150.3

5 1156 686 (1H d, J=8.0) 1166 69  (2H, d, J=0.0) 117.3 6.92 (1H, d, J=8.4)

(1H, dd, J=8.4,

ottt 725 131.9 7.74  (2H, d, J=8.5) 123.3 7.32 (1H, d, J=8.1)

Gl 10184 525 (iH, d, J=2.0) 1035 5.29  (1H, d, J=2.0) 106.2 56 (1H, s)

G2 705 397 (M, 1) 720 397  (1H, dd, J=5, 2) 75.7 3.41 (1H, m)

G3 706 35  (1H dd, J=3.3) 72.2 36  (iH, dd, J=9, 2) 832 3.4 (iH, m)

G4 7118 3.2-33 (1H, t, ) 732 31-32 (1H, t,) 741 322 (1H, 1

G5 70.07 3.2-3.3 (1H, m) 71.9 3.1-3.2 (1H, m) 782 3.32 (1H, m)

Géa 17.51 0.82 (3H d, J=6.0) 17.7 0.79  3H, d, J=6.0) 626 3.8 (iH, d, J=9.6)

Géb 3.36 (1H, m)

Gl 100.4 4.39 (1H, s)

a2 722 356
dd,J=1.8,3.5)

a3 72.4 348 (1H, m)

a4 739 3.25 (1H, 0

as' 711 342 (1H, m)

a6’ 181 0gg o d
1=6.24)
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th. SDS-PAGE®] ©]g LDL apo B 100 43} oA €4

ol el A AW euka thAbe] zlo] Folstal Sl Adwd F) LDLS
A=7F 1.019~1.063, 7ol 180~280 Ao 2 21X A3 apoprotein®] A<
XHS A8, 2449 cholesteryl ester, cholesterol, triglyceride’} <FZ:
o] core FEL o]Fi gt} LDLE FA3:E apoproteine 98% o] Ato]
apoprotein B (apo B) 100°]W & &0l cholesterol®] 4 2 thaleo] 2H
#& LDL-receptorell Z23%E 4 3+ ligand= 2}t AUolA A4
H ZAaTol oste]l AbsteE LDL 2 &A% AfetA XA Ha o
M Z 29 macrophageel °o]ate] sHPytel] A o]y ¥t AFstE LDLE
dopgt JHRow fFrE XUNEE FAsHAS e 2r|WRolgtal A7

= A WE (fatty streak)oly A3 (fibrous plaque)® B4 & of7|AlZ &

otk G A5hE LDLS 22 AZW 35hd 542 AgosA FaHel
Aeu A LSt BB Axe] £4E dorA FPEUPste] YRoE 4§

d 5]
3t Ao R gixTo vty ®EEd 4T E9| tocopheroldy FAFe HAE== LDL

o] AF3le] W& conjugated diene®] MAS oATS B = 9l
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Fig. 3. Inhibition of conjugated diene formation by the isolated

compounds from the the aerial parts of Saururus chinensis.

ol ¢] Table. 62 CuSO; = LDLE 4FstA] A4 = malon dialdehyde&
TBA WHoz FAste] Az gk s3E 59 LDLY S AAEE
ojth, HEE AE & F SCI9¢ SC39 oAl &Ao] =4 YEhom,
%29 a-tocopherol Bttt = oA FAo] =ghtl SC4+= vy e 3
L mEbA olE EFoR o= SRHES SIS W T LDL
= < B OH7I9 ¢ f1xlol wep &4 Jrrk th=w, SC9
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Table 6. Inhibition rate of the compounds isolated from the aerial
parts of Saururus chinensis on the formation of TBARS by CuSO4
induced peroxidation of LDL.

Compounds SC3 SC4 SC9 a-tocopherol

Inhibition rate

58.46 24.12 67.70 40.31
(%)

LDL®] Abstel] w& whfgo] faf s ##st7] 9ste] LDLE CuSOs=
25E FEI T 10% SDS-PAGEC A

R-2502.2 A8tk LDLY 98%% A3l apolipoprotein B (apo B)& %
S AEAR o8 A3 12 Fx7F wEA A ga k.

Fig. 4 ¢} Fig. 5= AWz AFY 2F5E, &9 9, SiOZH 9
AAste]  FxE AT 94w LDLS 37CAA 4N whg
SDS-PAGE®] #74A1z1 & wdol faj& ##3g Zio|rh native LDL-
apo B @A o] &7t Ao dojuhA @

7l A1zl % Coomassie brillant blue

el

o

Fk 31 control9] ¢ wEld Ea 2 9l
&}l tailingo] #EHJT. WA ZFE2EFH FE Fo = crude extracte} ethyl
acetate & #9| native LDL¥} &Y Ao A band’} F8lo] ##E o apo B 100

of Asrh dAES 4 5 A ada Byd AR Fods SC39

quercetin-3-O-rhamnose, SC 9¢] W=7} £gls}4 apo-B protein®] 23 E o] &

el AT F Qe AL L F Arh wekd AwEe) AgpelA FelE o
% JRe LDLE A43HE Aste] $U4sE W & A BA=A 429
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170

116
T6

Fig. 4. Inhibition of CuSO4 induced apo B fragmentation by
the solvent fraction of Saururus chinensis

lane N; native LDL, lane CE; crude extract,Et: ethyl ether fraction,

Ea: ethyl acetate fraction, Bu; butanol fraction, H; H2O fraction, Toc;
—tocopherol, C: control

Electrophoresis was carried out on a 10% SDS-polyacrylamide gel, which
was stained with Coomassie brilliant blue R-250.
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5 % 8§ 5 5 7
i I € C C o
N C 5 B 3 4 % ¢
m —
170
16
76

Fig. 5. Inhibition of CuSOs induced apo B
fragmentation by the fraction and compounds of
Saururus chinensis

lane N; native LDL, lane C; control, Si5; silica gel fr 5,

Si8; silica gel fr. 8, SC3: quercetin—3-O-rhamnose,

SC4; kaempferol-3-O-rhamnose, SC9: rutin, Toc; s-tocopherol
Electrophoresis was carried out on a 10% SDS-polyacrylamide

gel, which was stained with Coomassie brilliant blue R-250.

Az S ERE BUPE Y 24 Bosh 24
Az ARy B4R B Fg 69 2o Atk = AR

=2 n-hexane, CHCls, EtOAc,
BuOH, &= &WZsAtt ol& T ZAol 3 SEEZIEF LA silica
gel& ol &3 ¢ AmvtEagty 2 5 e F&E& Eelsta vAl Si0; #H A
ErlEagu 2 IERe-F223 5, S Sz 15 /o) o 7
stal, TLC®F &4 AME E3t4, 3, 7, 9 oA #3 HPLCE SCRI, SCR2,
SCR3, SCR49] 4719 A&5 Zelstdth.
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Saururus chinenses root

(1kg)

refluxed in MeOH 65°C, 8 h

MeOH extract
(85 gr)

solvent fractionation

n-hexane extract CHCI, extract EtOAc extract BuOH extract H,0 extract
(15.7 g) (156 g (0.7g) (99¢g (45.1g)

Vacuum Liquid Chromatography
(silica gel, gradient n-hexane to EtOAc to MeOH)

VLC 1 VLC 2 VLC 3 VLC 4 VLC5
(249 (309 (629 (2.0 039
Column Chromatography

(Silica gel, gradient CH,Cl,-CHCIl; to MeOH)

CcC1 CcC2 CcC3 CC4 CC5 cco cc17 CCs cCco CClo Cc11 cCc12 CC13 CCl14 CC15
(223mg) (1514mg) (321.4mg) (1439mg) (452mg) (474mg) (31.7mg) (700mg) (520.1mg) (63.6mg) (557mg) (115.5mg) (940mg) (208.4mg) (661.1 mg)

Prep. HPLC Prep. HPLC Prep. HPLC
SCR 1 SCR 2 SCR 4 SCR 3
(71.7mg) (8.1 mg) (10 mg) (273 mg)

Fig. 6. Scematic flowchart of the isolation of bioactive compounds from

Saururus chinensis
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Table. 7 Wz X s ZF=E, &vEF E29 DPPH, Superoxide
anion, HyOs, « OH i 27% 2 LDL Ats A axE FAFgE Zlojt),
DPPH(H A1 5) &6l glolA= CHCw 8 T3to]l 7Hd =2 87.7%° &4
S YEeERItE. Superoxide anion radical A& A= EtOAcHE3E F Aol A
7HE =& Al 995% 2 Ueti 9l o™, Hydroxyl radical 27 &A= RE
B FANA thxF2 a-tocopherol¥} BHAXR T =& A4S eluith. LDL
A4l APellA= CHCL 873t 7HE 2 2410 646%E5 HEhHT &4
Aol aA7sEs FTES] Eu, AWz AdFe E93F FolA CHCL,
EtOAc¥ #¢] % BHA, a-tocopherol?} fA}g &4& How CHCl; #3
TRkl Mg F2 #AS Ut wekd CHCL fRo=iE SH=4S

Table 7. Radical scavenging and LDL oxidation inhibition activities

of solvent fraction from Saururus chinensis

Sample Inhibition activity (%)

DPPH SO + OH H20, LDL
CHCI; 87.7 14.7 85.6 31.0 64.6
EtOAc 74.4 99.5 90.3 87.1 55.9
BuOH 275 53.6 94.9 18.6 61.6
H>O 46.9 72.0 945 88.3 535
u-tocopherol 92.8 2.8 85.6 85.0 75.1
BHA 90.7 12.3 78.8 30.7 74.6

* SO: Superoxide anion radical, <+ OH: Hydroxyl radical, LDL : LDL oxidation by CuSOy
* Test solution : DPPH; 100ppm, SO;100ppm, + OH: 10ppm, H2O2; 500ppm, LDL;

Table. 82 ZHa=zvwE ety &9 DPPH, Superoxide anion, H.0; < OH
gz 245 2 LDL 23 oA a3&5 veld Aolth DPPH(H Ao 5) 27
gl A9 VLC27F 7HE =2 788%<9 A4S yelslen, VLC1¥ VLC57h

I gger =& FA4S YeEMSIY. Superoxide anion radical AAEA S
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VLC1# VLC27F =2 A4S Yelddth.  Hydroxyl radical 2AZ4d2 E&
TR =S FA4S Jelliglen, LDLAME oA &4 VLC2H 319
732% % 717 =& FAS Jelydth

Table 8. Radical scavenging and LDL oxidation inhibition activities
of column chromatography fraction from Saururus chinensis

Sample Inhibition activity (%)

DPPH SO + OH H;02 LDL
VLC 1 52.6 63.0 89.8 70.2 19.7
VLC 2 78.8 55.8 89.0 97.4 73.2
VLC 3 20.1 43.1 78.4 6.2 42.4
VLC 4 185 29.5 97.0 13.8 325
VLC 5 46.9 49.8 92.4 8.2 29.3
CC 3 85.3 235 90.7 69.3 457
cCc 7 89.8 78.6 94.6 89.4 78.4
CC 9 68.5 63.1 76.7 56.4 63.1
—tocopherol 92.8 2.8 85.6 85.0 75.1
BHA 90.7 12.3 78.8 30.7 74.6
100ppm

* SO Superoxide anion radical, <+ OH: Hydroxyl radical, LDL : LDL oxidation by CuSOq4
* Test solution : DPPH; 100ppm, SO;100ppm, ¢ OH: 10ppm, H3O02; 500ppm, LDL; 100ppm

"&ds F43 23, A4 azvEIdy A8 T
wdE Sio, 749 & FTol= CC3,
woste] &4 a2ASYS SAHT A3 Table 83 2kt

7P Aol =" VLC2 28& o]gste CC3, CC7, CCY FAite Fem.

g omHH £33 HPLCE ol&3dte] SCRI1, SCR2, SCR3, SCR42] 4719

Aye #d 9 AAsdrh 23 HPLCE oo HEHom Ae SCRI,



SCR2, SCR3, SCR4¢] 474¢] A#&el g &4ixr 27 S =Hs Az
Table 99} #& ZAZS velydth. DPPH(HAE A S) A2AGA o gojas=
SCR47F 718 =2 82.0%° 45 Yelyl e, SCR27F 482%< €4S e}

d
rlo

WA}l Superoxide anion radical 2~A &4l A% SCR27F 23.3%< 7173
g4 Jet e, Hydroxyl radical 2~A 842 SCR47F 71 =& 97.5%9]
S HEtlil e, SCR27F 94.9%° 2745 YERW Itk LDLASE 9 A&7 o
o] A= SCR4¢F SCR27F 615%<] &S e AT HeE A Tl
Y sRoA AN 2ALEE AT A SCR494 gdo] M =
o, SCR 29 &A= 433 =4 YEh

ol G VA <

50
5T

Table 9. Radical scavenging and LDL oxidation inhibition activities

of isolated compounds from Saururus chinensis

Sample Inhibition activity (%)

DPPH SO + OH H202 LDL
SCR 1 4.0 10.0 545 715 12.9
SCR 2 49.2 23.3 94.9 21.5 61.5
SCR 3 3.9 20.8 63.5 12.5 28.7
SCR 4 82.0 14.8 975 79.6 67.5
a-tocopherol 92.8 2.8 85.6 85.0 75.1
BHA 90.7 12.3 78.8 30.7 74.6

* SO: Superoxide anion radical, <+ OH: Hydroxyl radical, LDL : LDL oxidation by CuSO;4
% Test solution : DPPH; 100ppm, SO;100ppm, + OH: 10ppm, Hy0y; 500ppm, LDL; 100ppm

ahogbuz Asel A Reld 84 4Rel sety paEA

3 HPLCS olgshe] HEHox a2 SCRI, SCR3, SCRA9] 371¢] A %ol
Al
%

d 72 E4e 98l H 3 "C-NMRE o] &3le] spectrumg ZAb 89
Fig. 82 SCR19 'H-NMR spectrume ZA}e Aot} SCR1¢ “C-NMR
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spectrum= ZAFSH A3 = Fig. 99 eIt B33 Az AspHe F+x
sAE 93 GC-MS 245 dsto] Aol 37291E F<lsksith. SCR19
GC-MS  spectrume  Fig. 10°] veliglch. Fig. 112 SCR3¢ 'H-NMR
spectrume FA}a AFo|t}. SCR39 “C-NMR spectrume FA}e A=
Fig. 12¢] Yepfidth. £33 Az Astio 72 #4885 93 GC-MSE4 &
galo] BEalgo] 5364 sttt SCR32] GC-MS spectrum< Fig. 139 1
Elfich Fig. 142 SCR4¢] 'H-NMR spectrum& ZAMEH ZAvolrh. SCR49|
BC-NMR spectrum FA}s Ay Fig. 159 et 238 sz X
shte] 2 T84S f8 GC-MS®EA S ot Eabde] 34495 gelsksl
SCR4¢] GC-MS spectrum<> Fig. 16°] YE ATt SCR1, SCR3, SCR4el o gk
'H 3} “C NMR9| chemical shift g% Table 10 ol F&ste] Jepaich. 'H
7 BC NMRE o] &3] 9L spectrum ©]E3te] 2 BAsa 87 bl
3} SCR1& Di-O-methyltetrahydrofuriguaicin, SCR3%= Saucerneol D&, SCR4
< Machilin D2 &4 383tk ol &2 7245 Fig. 174 YeEbH At

Fig. 8. 'H-NMR spectrum of SCR1 isolated from the underground parts of

Saururus chinensis
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Fig. 9. 3 C-NMR spectrum of SCR1 isolated from the underground parts of

Saururus chinensis

Fig. 10. GC-MS spectrum of SCR1 isolated from the underground parts of

Saururus chinensis
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Fig. 11. 'H-NMR spectrum of SCR3 isolated from the underground parts of

Saururus chinensis

Fig. 12. BC-NMR spectrum of SCR3 isolated from the underground parts of

Saururus chinensis
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Fig. 13. GC-MS spectrum of SCR3 isolated from the underground parts of

Saururus chinensis

Fig. 14. '"H-NMR spectrum of SCR4 isolated from the underground parts of

Saururus chinensis
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Fig. 15. ®*C-NMR spectrum of SCRA4 isolated from the underground parts of Saururus

chinensis

Fig. 16. GC-MS spectrum of SCR4 isolated from the underground parts of

Saururus chinensis
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Table 10. 'H and *C NMR spectral data of sesquilignano compounds isolated
from underground part of Saururus chinensis (400/100MHz, CDCls)

Carbon Data SCR1 Data SCR3 Data SCR4
iy iic iy i iy fic
1 - 134.0 - 135.3 - 131.94
2 - 109.6 6.81(d, 1.7) 106.9 - 109.17
3 - 148.6 - 1475 - 146.59
4 - 1479 - 146.4 - 145.50
5 - 110.7 6.78(d, 8.0) 107.8 - 114.10
6 - 1184 6.76(br d, 8.0) 119.3 - 120.74
7 5.44 (d, 6.4) 835 5.42(d, 6.5) 83.6 4.62(d, 8.3) 78.48
2.26(ddq, 12.8,
8 2.24 (m) 44.0 439 4.09 (m) 84.24
6.5, 6.5)
9 0.69 (d, 6.6) 14.7 0.71(d, 6.5) 14.7 1.15 (d, 6.1) 17.06
1’ - 134.0 - 136.5 - 133.48
2! - 109.6 6.89(d, 1.6) 110.1 - 109.37
3’ - 148.6 - 150.5 - 150.78
4’ - 1479 - 146.4 - 146.74
5’ - 110.7 6.99(d, 8.0) 118.7 - 118.79
6.82(dd, 8.0,
6’ - 1184 118.7 - 118.99
1.6)
7 5.44 (d, 6.4) 383.5 5.43(d, 6.5) 83.4 6.37(d, 1.5) 130.46
2.29(ddq, 12.8,
8’ 2.24 (m) 44.0 439 6.12(m) 124.92
6.5, 6.5)
1.87(dd, 1.5,
9’ 0.69 (d, 6.6) 14.7 0.71(d, 6.5) 14.7 67) 1841
1 - 132.6
2 6.94(d, 1.7) 110.1
3" - 149.0
4" - 148.8
5" 6.84(d, 8.2) 110.9
6.92(dd, 8.2,
6" 120.0
1.7)
7" 4.65(d, 8.3) 78.3
4.13(dq, 8.3,
8" 84.0
6.2)
9" 1.17(d, 6.2) 17.0
OCHs 3.88 55.9 3.84 (s) 55.76
OCH3 3.90 55.9 3.88 (s) 55.94
OCHs 391 (s)
3-OCH20
4 5.95(s) 100.8
3'-OCHs 3.92(s) 55.8
3"'-OCHs 3.89(s) 55.8
4'-OCHs 3.87(s) 55.8
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OH,CO

Fig. 17. Chemical structures of sesquilignan compounds isolated from

underground part of Saururus chinensis.
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Table 11. Extract volume, yield, DPPH, total phenolic compound and
total flavonoid of Saururus chinensis extracts prepared with different

extraction solvent

C}f)iljr(]‘;j) Yield(%) DPPH C(;l;r(l);?)lllllqjg Z;lgilrin ﬂavonrgf(;[?rlg/ ml)
0 13.35 47.05 1.17 1.25
20 12.76 60.74 1.54 147
40 13.50 83.50 2.60 2.09
60 14.32 84.59 2.63 1.95
80 11.92 71.70 1.92 1.68
95 8.98 63.55 1.17 1.30

Extraction condition : 90°C, &hr, 10 times volume of solvent.
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of Aol FrhaA @t AL Fal AWz ALRE FET 9 0o FFe
= Aol A aEAge & 5 Agth

Table 12. Extract volume, yield, DPPH, total phenolic compound and
total flavonoid of Saururus chinensis extracts prepared with different

extraction time

t};:r)flter(?lcrt) Yield(%) DPPH cgrr?;zilsg (‘3;31;1) ﬂavonrg?(;?rlng/ ml)
4 12.79 71.13 2.83 2.16
8 12.46 71.10 2.78 2.03
12 13.01 70.31 2.72 1.96
16 12.89 71.77 2.93 2.06
20 12.92 68.99 2.88 2.05
24 12.76 69.45 3.01 2.15

Extraction condition : 90T, 40% etanol solvent, 10 times volume of solvent

S FEEL  quercetrin®t#o]  360.13mg/100gS  YEFHA S,
quercetin® &< 137954 mg/100gS YEMAF ST, 80% dEHE FEE
o] 249.67 mg/100g, quercetind =2 1060.72 mg/100gS YEFHA

ol
ol

quercetring:
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Mixing ratio

DPPH(%)

Yield(%)

root)
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12.86

7.37

100
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7.29
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Table 15. Experimental data on DPPH radical scavenging activity and
total phenolics content of Saururus chinensis beverage by recipe

conditions based on central composite design for response surface

analysis
Experiment DPPH radical scavenging Total phenol content

number” activity (%) (mg%)
1 83.48 16.94
2 82.57 16.57
3 82.57 17.09
4 82.28 6.76
5 83.54 14.85
6 83.12 14.24
7 81.85 16.54
8 81.19 17.98
9 83.66 18.39
10 80.50 16.51

Y The number of experimental condition by central composite design.
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Fig. 18. Response surface and contour map for the effects of Panax.
gin-seng extract contents and Cinnamomum cassia extract contents on

DPPH radical scavenging activity of Saururus chinensis beverage.
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Fig. 19. Response surface and contour map for the effects of Panax.
gin-seng extract contents and Cinnamomum cassia extract contents on

total phenol contents of Saururus chinensis beverage.
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) Az 40%0l e FEE FA 54

>

HA oA FE9 Az AFFo 4 54 A dal #714, fE
3, 7714 2 el eAibs #AIgE AY Table. 16 ~ Table. 199F 22 23}

£ et ¢4 ICPE ol &38te] F71dS B3 A3 Ko gHFol 1011.66
mg/100g= 7H¢ A vEbwon, Ca®l ol 423mg/100g= ERSITE 1 9]
o] FEIHAAHEES Co, Cu, Fe, Mg, Mn % Zn& 77} 1.48mg/100g,
0.68mg/100g, 1.57mg/100g, 0.55mg/100g, 0.57mg/100g = 0.13mg/100g3i n) 2
S el A AR 40% dete FEE dhEH Jde fEle
S A3 A3 Table 179 22 2345 Yepuidle f2l9d = fructosePJ Rias
°] 16.98mg/100go2 74 EA WEs e, glucose®] F#el 15.88mg/100g %
sucrose®] dH#Eo] 9.32mg/100ge] &S e AT

=

Table 16. Mineral contents in 40% ethanol extract of Saururus chinensis

(mg/100g, dry weight)

Mineral Ca Co Cu Fe K Mg Mn Zn

Content 4.23 1.48 0.68 1.57 101166 055 0.57 0.13

Table 17. Free sugar contents in 40% ethanol extract of Saururus chinensis

(mg/100g, dry weight)

Free
Ribose Xylose Fructose Glucose Galactose Sucrose Maltose Raffinose
sugar

Content N.D" ND 1698 1588 N.D 9.32 N.D N.D

V' N.D. : No detect
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0% oletE FE=9 714 s HPLCE o] &3t 43
Ay Table 18¥% 22 A¥}E YellR e, D-malic acid’} 27.97mg/100g ¢t
go7 7hd = 7S YelyAy. 1 3o 2 D-tartaric acid’} 27.97mg/100g
deko g =& 21S el e, citric acid’t 8.39mg/100g¢] S YRS
t}. 1 9] oxalic acid, manolic acid, succinic acid, L(+)-lactic acid % furmaric
acid9] &#o] zZtZF 3.06mg/100g, 1.96mg/100g, 1.51mg/100g, 1.80mg/100g 2
1.01lmg/100g 2. & v}elykT).
Al AR 40% dEE FEEC fg otvx=Al S HPLCE ol &3k
ZA3 A3 Table 199 2ol & 18F 9] g ofv| =it o+
2 olmlx=AF % Serineo| 41,820 nM/100g® 713 =& 3
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Fig. 22. HPLC chromatogram of free sugar analysis in 40% ethanol

extract of Saururus chinensis.
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Table 18. Organic acid contents in 40% ethanol extract of Saururus

chinensis

(mg/100g, dry weight)

Organic Oxalic Citric D-tartaric D-malic Manolic Succinic L(+)-lactic Furmaric

acid acid  acid acid acid acid acid acid acid
Content 3.06 839 12.69 27.97 1.96 151 1.80 1.01
| )
TG0 |
1 1 :-I:l. |
e O I
[
- [
- SR L |
& | .
0000 2285 - '
- gt K B
b 3_’: =" g = Pl
o T Wige® i |
s EiiE; 1 |
o . E 2eF E |
i E% 48 ¢ |
H——————————rrmerfyy "‘I'E‘."E_I_g=.:...ﬂ—.?—_- e e / I" — —=
0 290 400 0§00 DD 44 1205 400 B0 IA00 000 IED D) MO IR0 oo
Bl gl

Fig. 23. HPLC chromatogram of organic acid analysis in 40% ethanol

extract of Saururus chinensis.
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Table 19. Amino acid content obtained by amino acid analyzer analysis
of Saururus chinensis extract

(nM/100g, dry weight)

Amino acid Asp Thr  Ser Glu Pro Gly Ala Cys Val

Content 9930 7930 41820 4730 13340 3660 9700 4090 14640

Amino acid Ileu Leu Tyr Phe His Lys Asn Arg

Content 11390 10660 2190 6520 540 430 29050 2650

Fig. 24. Amino acid analyzer chromatogram of amino acid analysis in

40% ethanol extract of Saururus chinensis.

2) A zo] n M A& 2o WE olzleE EA WM}
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[e]

cyclodextrin®] 1t} FE3tako] QlojA = dextrin
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Table 20. Physical properties of microcapsulated Saururus chinesis

powders
Viscosity Moisture content Solubility Moisture sorption
A1Y 14.0+0.10 5.75£0.25 96.38+0.77 43.97+3.26
A2 44.5+0.84 14.72+1.13 95.07+0.00 46.32+0.73
A3 15.6+0.53 3.37£0.33 95.90+0.01 38.66+4.51

b Al; Microcapsules with 10% cyclodextrin, A2; microcapsules with 109 arabic gum,

A3; microcapsules with 10% dextrin.

Table 21. Color evaluation of microcapsulated Saururus chinesis

powders
Color evaluation
L a b
A1Y 69.85+0.95 2.21+0.20 23.34+0.15
A2 71.11+1.25 2.62+0.27 23.27+0.52
A3 74.68+0.59 1.58+0.14 23.1240.35

b The same as Table. 20

_60_



T

=
=5

w
AL ul
“

L
e

3t

=
K3

S

LHER A

7}

=
9
=]
=

=

]

1}

FAH =7
[

A3
4
=

1o

24

Hjj & ol A

A2

10001 ¢

S YERHRICE arabic gum

\

o
o

-+

=
A

Al
ek 4

[e]

YER o1 dextrin

100

(%) AHAIOE BUIBUBABDS [BDIPBI HddA

=

=

Al, A2, A3 ; The same as Table. 20
2}

10% cyclodextrin

Az dngdoew

H

Fig. 25. DPPH radical scavenging activity of microcapsulated Saururus
o]

chinesis powders

an
il

o)

—

0

B

o

‘_.ﬁ_m.o

PN
=

o] g3}l

el

FAAA @nl

)
T
o

3=

J 7}3]

S
™

[e)

=

HE A3t A3 cyclodextrin

_61_



Fig. 26. Scanning electron micrographs of microcapsulated powders
from the 40% ethanol extract of Saururus chinesis

Al, A2, A3 ; The same as Table.21, 1000

Al1-1 : Microcapsules with 10% cyclodextrin, 5000
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Table 22. Color evaluation for several kinds of Saururus chinesis

products
Color evaluation
L a b
Freezing dry 33.16 + 1.13 2.31 +0.34 6.49 + 0.67
Spray dry 67.16 + 0.08 443 +0.05 26.91 + 0.05
Capsule 57.25+ 378 3.04 + 0.48 17.99 £ 1.25
Tablets 76.59 + 3.71 1.28 £ 0.55 11.03 £ 0.59

Table 23. Weight variation and disintegration test for several kinds of

Saururus chinesis products

Capsule No. 0 Capsule No. 1 Tablets
Wagh(tmvgafla“"n 31839 + 0.012 299.95 + 0.013 211.96 + 0.005
disintegration test 15:41 « 2:33 757+ 1:16 2:45+ 58

( min: sec)

Az Axd AEe AdFels AL 24 A9 Fig 07 2L Ans
UER AT A2 AGEE 40% deE FEste] sA0AZ AFe] A
90.61 +2.61%°] oS el o, 53 3
S 6765+842% THS UEPNITE A& A$ 5892+ 437%S LERN oM,
AAE 1619+ 0.13%S e AT
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Fig. 30. DPPH radical scavenging activity for several kinds of
Saururus chinesis products
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Table 24. Total phenol content for several kinds of Saururus chinesis

products
Products Freezing dry Spray dry Capsule Tablets
Content
91.25+6.77 12.86 + 1.42 6.66 £ 0.86 0.96 £0.26
(mg%)
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749 total cholesterol, HDL-cholesterol % triglyceridex= Z AWl 2|3k kit
(o}rbA eF,  d=)E AFESte]  FEEE FASRew, AST  (Aspartate
aminotransferase), ALT (Alanine aminotransferase)&Al-2 auto dry chemistry

analyzer(SPOTCHEM ™ SP-4410, ARKRAY, Inc., Japan)< AMg&3to] =314

e A dar dRAA AW ddS A & HEeglon, X2
o] 7+x2 1 g 48]=Fe] 0.1 M potassium phosphate
o] WlWslo] A glass teflon homogenizer® w}a|sl$ i o]
o= o XAHRASHLPO) 2 GSH gHF FA o

ol

=4

buffer(pH 7.5)% 7}3}
w2 8-S homogenate
AL-83F1th. Homogenate &3-S 600 xgoll A 10%3F HdE23s & 1 4
10,000 xgoll Al 207 94 wElste] 1 A& YA 0.1 M potassium
phosphate buffer(pH 7.5)& 7}stal @EA|A mitochondria &8 2.2 33t} <
o] A5 dS thA] 105000 xgoll A 1AIZF 24 #alste] 4 45 9L cytosol
Hgow 3sto] QR, GST, SOD ##A ¢ F74el ZLgJil mitochondria &2

=
=
catalase &4 2] Ao gAY oz 7tz A&l

=

ol
o

vt Glutathion(GSH) &% 574
% =AW GSHe 3
homogenate 0.2 mlol =74 0.3 mle} 4% sulfosalicylic acid 05 mlE 7}3}F¢]
oFstA HolE ¥ 3,000 rpmol A 1087 AAEEEG Y. 2 A5 0.3 mlol
disulfide reagent [0.1 mM 5, 5'-dithiobis in 0.1 M sodium phosphate buffer(pH
80)] 27 miE ¥ Aol 20%3 WA F 412 nmel M FHE=E FA36
R Aksty GSHe #EddAlol Fake] 1 s =St GSH $&2 1F
%% 1 g9 umole® YEFN AT
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A} Lipid peroxidation(LPO) &% 37

o z=Ad LPO S Ohkawa®l ol Fstol F48At. 1hx4
homogenate 0.2 mlo]l &< 1.3 mlet 20% trichloroacetic acidel =<1 1 mM
FeSOs €9 05 ml 2 0.8% thiobarbituric acid 1 mlE #H7}sle] 25 wb&

3 ml7b JA & F 95TolA 1A WhgAIZ ths A 2olA WZAIZ T of 7]
n-butanol 5 mlE 7}3Fe] 1,000 goll A 1027 A E2 3 & n-butanolE=
3te] 532 nmoll A EFFEE =439 malondialdehydee] EF7 @Ao| F3&o]
I %S AEEAY. LPO 32 3 22 1 g9 A4 ¥ malondialdehyde nmol

2 e AT

o}. Quinone reductase(QR) &4 =4

7F cytosol U QRe A S Benson ¢ W F3do ATt =4
WS 0.07% bovine serum albumin, 0.01% Tween 20, 5 uM flavin adenine
dinucleotide(FAD), 0.2 mM B-NADH % 0 ®+ 10 uM dicumarolS 33l
2.9 ml9 25 mM Tris-HCI(pH 7.4)°] 0.1 ml¢] cytosol £&<& H73s & 10 w
9] 40 uM 2,6-dichloroindophenol(DCPIP)S 7}&te] 25Co| A 187 w-&A 7).
600 nmell A FF=E =43¢ v DCPIPY & 5% ¢l 21/mM/cmE °©]-&3f

= A
ol QR A AIQ dicumarole] EAsA &S we] FFE= dicumarol =73}
o] FRE2 Aol SAHEE AFsA o, FA == 183 Imge] cytosol &Y
o] 3t A 71 DCPIPY %<2 nmole® XA 8 Th

Z}F. Glutathione S-transferase(GST) &4 =4
b cytosol #¥EW GSTe A& Habig 59 e 3] 1 mM
glutathion(reduced form)< &-%3F+= 0.1 M potassium phosphate buffer(pH 6.5)
A A Fol cytosol 8 0.1 mlE 7}ste] 25Ceol A 5% 7F preincubation Al Z Tt o]
ol absolute ethanolel =<1 0.12 M 1-chloro-2,4-dinitrobenzene(CDNB) 25 ul
A7vste] HF REgHo]l 3.0 ml7F HA g F 25TelA 107F vH&A Z ot
5 % AAF glutathion-2,4-dinitrobenzene conjugateE 340 nmeol 4]
CDNB9] &= F3A+2 96/mM/cmE °©]&ste] 45

gALE= 187k 1 mg  cytosol @@l o] A d gk
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2,4-dinitrobenzene-glutathion®] %-& nmole® X A| 3} th.

=}, Superoxide dismutase(SOD) &4 =4

2t cytosol 3 SODe] &4 Martin 59 HHol

cytosol & 1ml3d 04 ml9 ethanol®} chloroform® &3-& N4 (5:3, v/v)=
vortexdtil 4°C2] 10,000 rpmol A 3023F A& g & &5 HE SOD —i—@%
Zzaidoz 3t 01 mM EDTAZE 3= 50 mM potassium phosphate
buffer(pH 7.5) 4@z AN 10 W= 713t 25Co A 587F preincubation

AlZl ¥ 5 mM hematoxylin 60 plZE 37Fste] HF w5-Yo] 3.0 ml7F HA
o 25TColA 433 vhgAIZ Y ¥hg 5 & A4 ¥ hemateins 560 nmol A
FTHEE SAst] FAHS EEsIY ey, &84 ©9E hematoxylin® As4tsE
50% AAst= AE=E 1 unit® YERATH

7}. Catalase &4 =3
ZF mitochondria +3W catalase®] XS Aebi®] WHo Fslo] A3
1

50 mM potassium phosphate buffer(pH 7.0) 1.9 mlol

mitochondria ¥ 3& 0.1 mlE F7}sle] 25ColA 1E70 dHSA AT, HESE8 &
FHAEE F43% HOzo & F375< 0.0041/mM/cmE o] &3t &S 4F
3oy, E4 d9E 1870 1 mge @il o] Bt H.0:9 %S pmole
= zAS .

Wz &a9S  hinchinchoninic acid solution protein kitg ©] €3] bovine
serum albumin ZFFwHE §ole] FERHoRRE ZF 3 Zo g wd

Fheko 2 ALtesl

I, FAA =

AE A= SAS programS o] §3te] B BAE T fojArt e FEo
) A4l &= Duncan’s multiple range test2 P<0.05 oAl A&7k F2E 7
ettt

=
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Table 1. Experimental design of animals

Groups Diet
I Basal diet
i Basal diet + 05% CSE40"
I High fat diet”
I\ High fat diet + 0.19% CSE40
\% High fat diet + 0.5% CSE40

1) 40% ethanol extract from Saururus Chinensis (Lour.) Bail

2) High fat included 10% of lard, 1% of cholesterol and 0.25% of sodium cholate in the diet
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wARlel Az 0.1% 0.5%

Table 2. Body weight, food intake, food efficiency ratio (FER) of rats

fed experimental diet for 4 weeks

D Body weight change Food intake 3
Groups FER
(g/4weeks) (g/day)

I 193.75+8.757" 30.32+2.29¢ 24.13+1.23¢

il 208.83+17.59" 29.71+4.16% 26.22+1.67%

I 250.17+28.99* 29.62+2.13" 31.76+2.23"

v 200.00+9.88" 26.69+2.45" 28.82+2.34

\% 204.00+18.78" 28.22+4 67° 27564178

1) The same as Table 1.

2) Values are expressed as mean*S.E.M.

3) FER: Body weight gain(g/4 weeks)/food intake(g/4 weeks)x100

4) Different superscripts in the same column indicate significant differences between groups at

P<0.05 by Duncan’s multiple comparison test.
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Aw ZFHlTel e 27 W AFE deha ek ol F B3 nAYHE
of glol Az 40% o Ee FEEol AW AL AL F  Agich

Table 3. The liver, kidney and spleen weight of rats fed experimental

diet for 4 weeks

Liver Kidneya) Spleen
Groups1>
Weight(g) g/100 g(BW) Weight(g) g/100 g(BW) Weight(g) g/100 g(BW)
I 11.98+152%¢ 308+0.297 1.36+0.15® 0.70+0.06* 0.70+0.12> 0.18+0.03"

il 155142.95°  3.80+0.69° 1.40+0.30 0.69+0.14* 0.75+0.17°  0.19+0.04"
M 2455+247° 558+1.04* 153+0.17* 0.70+0.12° 0.96+0.19* 0.21+0.05°
IV 21.96+3.16™ 552+0.77" 1.28+0.10° 0.65+0.07" 0.80+0.27" 0.21+0.07""

\% 19.02+1.77%  4.74+0.60° 1.48+0.17" 0.74+0.09"° 0.71+0.10°  0.18+0.02"

1) The same as table 1.
2) The same as table 2..

3) Mean of two kidneys.
4) The same as table 2.

(1)

() (IV) (V)

Fig. 2. The liver shape of rats fed experimental diet for 4 weeks

I: Basal diet, I: Basal diet+0.5% Ethanol extract, I: High fat diet, IV: High fat diet+0.1%
Ethanol extract, V: High fat diet+0.5% Ethanol extract
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(1) (1) (I (IV) (V)

Fig. 3. The kidney shape of rats fed experimental diet for 4 weeks
I: Basal diet, II: Basal diet+0.5% Ethanol extract, IM: High fat diet, IV: High fat diet+0.1%
Ethanol extract, V: High fat diet+0.5% Ethanol extract

UL

(1) (1) (1) (IV) (V)

Fig. 4. The spleen shape of rats fed experimental diet for 4 weeks

I: Basal diet, II: Basal diet+0.5% Ethanol extract, IM: High fat diet, IV: High fat diet+0.1%
Ethanol extract, V: High fat diet+0.5% Ethanol extract
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Fradte AEE BAo

T3k FAAAY A, Bl vlE e BEE AddelA 9 yEyton,
AFY2HE AHoldtolA] 7hE vre b Az 40% ol ehe FEE 05% H7t
ol A ot Frbele AEdE Btk dH 5 SAAAEY vk AsAES BA
FdHo] FEA5+= lipoprotein lipase’} chylomicron¥ very low density

lipoprotein(VLDL)2] #3|E Zulsty] wlZo dojdt,
HDL-cholesterol &%= A/Fwtol Hls|A] e 2elE 2olatolA] ekt 3

&
© A%s dEla, 2EUSHE Aol AMR40% dEE FEES FO
£

vl e ElE Aolatel A 3uf o] Frlst o, AMx FEES Fofd
et T oEHoR adteE A4S Rt LDL-cholesterol % ZFd 2~
HEZo T8 ugoln FudaAdd ZY2HES XA sHAsE £X
Al71B 2 8% LDL-cholesterol &%t A4 374 A3ke] TA}= Ly

Table 4. Plasma lipid profile in rats fed experimental diet for 4 weeks

y Total cholesterol Triglyceride HDL~ LDL~ 3 9
Groups cholesterol cholesterol Al
(mg/dL) (mg/dL) (mg/dL) (mg/dL)
I 5421+11.13°  62.09+12.94%%  26.26+6.76™ 1553+3.54°  1.17+0.20°
il A7 37+7.70° 46.06+4.44°  28.99+353° 9.17+4.67°  0.72+0.06"
I 81.62+9.44 41.98+877°  25.98+5.34 A7.24+6.73°  2.96+0.78°
v 74.74+5.90° 49.63+6.18"  29.09+3.53° 35.72+5.29  1.61+0.33"
\% 65.29+9.98"  54.90+9.86™  31.59+8.76" = 22724358 1.26+0.36"

1) The same as table 1.

2) The same as table 2.

3) LDL-cholesterol: Total cholesterol-(HDL-cholesterol+TG/5)

4) The same as table 2.

5) Al(Atherogenic Index): (Total cholesterol-HDL cholesterol)/HDL cholesterol
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g g4 W AST ¥ ALT &4

LoE el TP we el 2 =
of £4& wow AT oF FAES FAol ITUiEHA "t meM FT
ASTSF ALTS] 874 S4& 17152 A¥ae dhte] A7t At

AST 848 Adwd vs] ngeseE AolelM ofzte] S7be maon,

Table 5. Plasma levels of AST, ALT in rats fed experimental diet for 4

weeks
Groups" AST (IU/L) ALT (IU/L)
I 170.48+12.86°" 32.06+4.11°
i} 171.45+11.42" 31.22+3.01°
Im 188.52+16.70° 35.63+6.15"
I\ 181.68+13.37%" 34.14+4.34%
\% 168.82+6.22" 32.98+2.97"

1) The same as table 1.
2) The same as table 2.
3) The same as table 2.
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Table 6. The hepatic glutathione(GSH) and lipid peroxidation(LPO)

levels in fasted rats
Groupsl) GSH? LPOY
I 4.62+0.767* 9.58+2.82°
i} 3.18+0.81" 8.83+1.77°
I 0.82+0.08° 14.84£5.21°
I\ 0.83+0.29° 11.36+1.44°
\Y 0.930.20° 10.91+2.98°

1) The same as table 1.

2) umol/1 g of liver

3) The same as table 2.

4) The same as table 2.

5) nmols malondialdehyde/1 g of liver
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Table 7. The hepatic cytosolic quinone reductase(QR), glutathion

S—-transferase(GST),

superoxode

dismutase(SOD),

mitochondrial catalase activity in fasted rats

activities and

Groupsl) QR? GsT? SoD” Catalase”
I 409.76+87.03™" 421.27+50.77° 7.75+2.89 3.85+0.44"
I 500.49+37.32° 469.91+68.74° 10.51+1.70™ 5.28+0.82°
I 447.96+89.34° 567.98+60.15" 14.88+3.00° 3.32+0.98"
I\ 464.31+83.86" 461.43+72.59° 19.54+8.07* 3.76+0.57"
\% 479.06+79.32" 469.37+82.24™ 20.49+6.89% 4.38+0.98"

1) The same as table 1.

2) nmols 2,6-dichloroindophenol reduced/min/mg protein
3) The same as table 2.

4) nmols 1-chloro-2,4-dinitrobenzene reduced/min/mg protein

5) units.mg protein(50% inhibition of autooxidation of hematoxylin)

6) umols H20: reduced/min/mg protein

7) The same as table 2.

- 101 -



3} th. Sprague-Dawely

o WA= e =4

),

40%
40% il

.

H

7k Aol

=]
hm

a8

2
=

e
=
=

[ (8%, Da(05% 4z 40% O

=

AL ul
= 1

2ol 0.1%
ol 0.5%

)om el 7 vt goheld 477 A

ol), V(1% e ~H
T5Y9 AT nIFU2HE 4o

=

}

1}
HH
5|

| Al
1 h=4

), V(1% =89 2=

7
?l_

2
hm
7}

=t
=

Ny

oo

/‘%_]

o
533

=]
L=

=i
=

Ay

7t

=
]

ol

of #Aglel A%<

ol

N
N

=
<R

ol

= v

e

ki3

)

Fol

o)

o

WA ket wef Al

=Y =H =

&

LA

s el mEHE AolaolA :okom,

3]

o, A%t

FEE YTl v

o

_

-

W

LDL = 2H

1
.

A7 A

AST, ALTS] #42 nZd=HE

=
K3

i
o

o)

o] o= AA}
SOD¢} catalase®]

quercetin®]

=

=

oj/del Axtell M, Az 40% o

el

b oA

pul

AoZ o, o]

o
u

1 A2} apaksiAd o) sas

il

= At

0

o
o)
i
2]
J)mo
ol
or

|

bl & Aol

b5 o] of

=
T

- 102 -



1. Choi. J.H., Kim. D.W., Kim. JH.,, Kim. D.I., and Kim. CM. Effect of Brown
Algae (Undaria pinnatifida)-Noodle on Lipid Metabolism in Serum of SD-Rat.
J. Korean Fish. Soc. 32(1):42745 (1999)

2. Kim. HS, Kim. Y.G, and Kim. G.]J. Effect of Soybean Curd Refuse
Supplementatoin on Lipid Composition Serum in High Fat Fed Rats. J. Agrl
Tech. & Dev. Inst. 3: 179 (1999)

3. Chung. CK,, Ham S.S., Lee S.Y., Oh D.H., Choi S.Y., Kang 1.J., and Nam
S.M. Effests of Houttyunia cordata Ethanol Extracts on Serum lipids and
Antioxdant Enzymes in Rats Fed High Fat Diet. J. Korean Soc. Food Sci.
Nutr. 28(1):2057211 (1999)

4, Jung G.T. Ju 10. Choi J.S, and Hong JS. The Antioxidantive,
Antimicrobial and Nitrite Scavenging Effects of Schizandra chinensis

RUPRECHT (Omija) Seed. Korean J. Food Sci Techenol. 32(4): 9287935 (2000)

5. Kim H.O, and Lee Y.S. Prevent Mechanisms of [-Glucan on the
Experimental Atherosclerosis in Rats. The Journal of Applied Pharmacology.
1:109-120 (1993)

6. Lee YW., Roh W.S., Kim J.G,, and Kim P.G. Effects of Aloe vera in the
Cholesterol and Vitamin D: - induced Atherosclerosis in Rats. J] Fd Hyg.
Safety 11(4):2437259 (1996)

7. T. Yokota, T. Hattori, K. Hasegawa and k. Watanabe. The Effect of

Antioxidant-containing  Fraction from Fermented Soybean food on

Atherosclerosis Development in cholesterol-fed Rabbits. Lebensm.-Wiss.

- 103 -



u.-Technol. 29: 7517755 (1996)

8. Myron I. Cybulsky, Kaeko Iiyama, Hongmei Li, Suning Zhu, Mian Chen,
Motoi Iiyvama, Vannessa Davis, Jose-Carlos Gutierrez -Raos, Philip W.
Connelly, and David S. Milstone. A Major Role for VCAM-1, But not
ICAM-1, in Early Atherosclerosis. J. Clin. Invest. 107: 125571262 (2001)

9. Thomas P. Johnston, Lien B. Nguyen, Waihei A. Chu, Sarah Shefer.
Porency of Select Statin Drugs in A New Mouse Model of Hyperlipidemia
And Atherosclerosis. International Journal of Pharmaceutics. 229: 75786 (2001)

10. M. ail, K. K. Al-Qattan, F. Al-Enezi, R. M. A. Khanafer, T. Mustafa.
Effect of Allicin From Galic Powder on Serum Lipids And Blood Preesure in
Rats Fed With a High Cholesterol Diet. Prostaglandins, Leukotrienes and
Essential Fatty Acids. 62(4): 2537256 (2000)

11. Hanna Leontowicz, Shela Gorinstein, Antonin Jojek, Maria Leontowicz,
Milan Ciz, Robert Soliva-Fortuny, Yong-Seo Park, Soon-Teck Jung, Simon
Trakhtenberg, Olga Martin-Belloso. Comparative Content of Some Bioactive
Compounds in Apple, Peaches And Pears And Their Influence on Lipids And
Antioxidant Capacity in Rats. Journal of Nutritional Biochemistry. 13:6037610
(2002)

12. Bae. J.H. Effect of Saururus chinensis Baill on Lipid Metabolism Against
TCDD Damage. J. Fd Hyg. Safety. 18(3):1667170 (2003)

13. Lee. Y.J.,, Shin. D.H., Jang. Y.S. and Shin. J.I. Antioxidative Effects of

Fractions From Sequential Ethanol Extracts of Houttuynia cordata,

Potrulacaceae And Sesame Cake. J. Korean Soc. Food Nutr. 25:283 (1993)

- 104 -



14. Workoff. A.W., Ketly. J.N., and Waggoner. J.G. Hepatic Accumulation and
Intracellular Binding of Conjugated Bilirubin. J. Clin. Invest. 61:142 (1978)

15. Prohaska. J.P. and Ganther. H.E. Glutathion peroxidase Actiyities of
Glutathion-S-S\Transferase Purified From Rat Liver. Biochem. Biophys. Res.
Comm. 76:487 (1977)

16. Kang. J.O. and Kim. K.S. The Effect of Dry Edible Leaves Feeding on
Serum Lipids of Hypercholesterolemic Rats. J. Korean Soc. Food Nutr. 24:502
(1995)

17. Shon. Y. S. Studies on Hyperlipidemia in Korean(l) Hyperlipidemia in
Normal And Hypertensive Person. ]J. Korean Medical Asso. 18:354 (1975)

18. Vahouny, G. V., T. Roy., LL Gallo., J.A. Story., D. Kritchevsky. Am. J.
Clin. Nutr. 33:2182 (1980)

19. Rudle, L.L., M.D. Morris. Determination of Cholesterol Using o
-phthalaldehyde. J. Lipid Res. 14:3647366 (1973)

20. Lowry, O.H., Roseborough. N.L., Farr. LA, and Randall. R.J. Protein
Measurement With The Folin-Phenol Reagent. J. Biol.hem. 193:2657275 (1951)

21. Choi. JH., Kim. JI, Kim. DW. and Oh. DH. Effect of Alginic
Acid-added Yoghurt on Inhibitor of obesity And Physiologial Action of Rats.
Kor.j. Gerontol. 3(2):1237128 (1993)

22. Choi. JH., Kim. DW.,, Moon. Y.S., Kim. JI, Lee. D.S., and Pyeun. J.H.

Feeding Effect of Dietary Fiber-added Instant Noodle on Biological Action of
Rats. Kor. J. Gerontol. 5(2):883792 (1995)

- 105 -



23. Kim. JI, Kim. LS., Moon. Y.S., and Choi. J.H. Effect of Brown Algae
Component on Lipid Metabolism in Obese Rats Induce By A High Fat Diet.
Kor. j. Gerontol. 3(1):33738 (1993)

24. Anderson. J.W. and Chen. W.L. Plant Fiber, Carbohydrate and Lipid
Metabolism. Am. Clin. Nurt. 32:3467363 (1979)

25. Anderson. J.W. Physiological And Metabolic Effect of Dietary Fiber. Fed.
Proc. 44:290272909 (1985)

26. Anistchow. N. and Chalatow. S. Ueber Experimentelle Cholesterinstetase
Und Die Bedeutung Fur Die Enstehung Einiger Pathdogischer Prozesse,
Zebtrable. Allg. pathol 24:179 (1913)

27. Avogaro. P. Bittolo. B.G., Cazzolate. G. and Quincy. G.B. Are
Apolipoproteins Better Discriminators Than Lipids For Atherosclerosis? Lancet
1:9017903 (1979)

28. Bridges. S.R., Anderson. J.W., Deakins. D.A., Dillon. D.W., and Wood. C.L.
Oat Bran Increases Serum Acetate of hypercholesterolemic men. Am. J. Clin.

Nutr. 56:4557459 (1992)

29. Dietschy. J.M. and Wilson. J.D. Regulation of Cholesterol Metabolism. N.
Engl. J. Med. 282:112871138, 124171249 (1970)

30. Goldstein. J.L. and Brown. M.S. The Low-density Lipoprotein Pathway
And Its Relation To Atherosclerosis. Annu.Rev. Biochem. 46:8977930 (1977)

- 106 -



31. Hamsten. A. Apolipoprotein, Dyslipoproteinaemia And Premature Coronary

Heart Disease. Acta. Med Scand. 223:3897403 (198%)

32. Holman. R.L., McGill, Jr. H.C., Strong. J.P.,, and Geer. J.C. Technics For
Studying Atherosclerotic Lesions. Lab. Invest. 7:42747 (1958)

33. Perinkulam. R.D., Palaninathan. V. Protective Effects of Certoparin Sodium,
A Low Molecular Weight Heparin Derivative, in Experimental Atherosclerosis.

Clinica Chimica Acta 339:105-114 (2004)

34. Robert, S. R. Stains in Atherosclerosis: Lipid-lowering Agents With
Antioxidant Capabilities. Atherosclerosis xxx 1-13 (2003)

35. M.R. Safari.,, N. Sheikh. Effects of flavonoids on the sysceptibility if
low-density lipoprotein to oxidative modification. Prostaglandin, Leukotriens

and essential Fatty acids. 69:73-77 (2003)

36. Lee. SM., Kim. S.S., Oh. M.S, Kim. E.S.,, and Koh. K.H. Antioxidant
Effect of Quercertin with Rice Bran Oil in High Cholesterol-Fed Rats. Food
Sci. Biotechnol. 11(5):490-493 (2002)

37. T. Hayek., B. Fuhrman., J, Vaya.,, M. Rosenblat., P. Belinky., R. Coleman.,
A. Elis, and M. Aviram. Redused Progression of Atherosclerosis in
Apolipoprotein E-Deficient Mice Following Consumption of Red Wine, or Its
Polyphenols Quercetin or Catechin, Is Associated With Reduced Susceptibility
of LDL to Oxidation and Aggregation. Arteriosclerosi. Thrombosis, and

Vascular Biology. 17:2744-2752 (1997)

38. Lee. S.T., Lee. Y.H., Choi. Y.]J,, Shon. G.M. Comparison of Quercetin

Soluble Tannin in Houttuyinia cordata Tuuns. according to Growth Stages

- 107 -



and Plant Parts. J.Korean Medicinal Crop Sci. 10(1):12-16 (2002)

39. Antonio M. Gotto, JR, MD, DPun, FACC. Antioxidants, Statins, and
Atherosclerosis. J.American college if Cardiology Foudation Published by
Elsevier Science Inc. (2003)

40. Ann. M., Benson, Markus, J., Hunkeler, and Paul. T. Increase if NAD(P)
H:quinine redutase by dietary antoixidants: Possible role in protection against
cracinogenesis and toxicity. J. Poc Natl. Acad. Sct. USA. 77(9):5216-5220
(1980)

41. William H. Hanbig, Michael ]J. Pabst, and William, B.J. Glutathinone
S-Transferases. J. Biological Chemistry. 249(22):713077139 (1974)

42. Akinyanju, P. and J. Yudkin. Effect of coffee and tea in serum lipids in
the rats. Nature. 214:426 (1967)

43. kimura, M., and Y. Hiromi. Interaction in the antibacterial activity of
flavonoid from Sophora japonica L. to propionibacterium. J.Yakugaku Zasshi.
104:3407346

(1984)

44, Matsuzaki. T.K. and Y. Hara. Antioxidantative activity of tea leaf
catechins. J. Nippon Nogeikaku kaishi. 59:129 (1985)

45. Veckenstedt. A. and R. Pusztai. Mechanism of antiviral action of
quercetin against cardiovirus infection in mice. J. Antiviral Res. 1:2497261
(1981)

- 108 -



46. Kim, S. K., Lee, S. C.,, Min, G. G., Lee, S. P., and Choi, B. S. Effect of
organic matter applicants on essential oil contents and composition in

Anthriscus sylvestylis Horrm. J. Korea Medical crop Sci. 6(1):21727(1984)

47. Skousen, M. B. Aloe vera handbook. Aloe vera research insititute.
35737(1979)

48. Lee, Y.]., Shin, D.H,, Chang. Y.S. and Kang, W.S. Antioxidantive effect of
Rhus Javanica Linne extract by various solvents. ]J. Korea Food Sci.Technol.
25:6777682 (1993)

49. Jeong E.J. Antioxidative And Nitrite Scavening Effect of Solvent Extract
From Gyrophora Esculenta. J. Korean Food Nutr. 11:426-430 (1998)

50. Seo. KI, Lee. SW. and Yang. KH. Antimicrobial and antioxidative

activities of corni frustus estracts. J Korea Postharvest Sci. Technol. 6:997103
(1999)

- 109 -



=Oofofl 2| 7|0

El
oK
L5
30
il
4
Hr

F2

M4

b el A4 AAH o A

ojp

JJo
~

o

ﬂyl
veel

X

Ho

T

o
T

0

0

X
Jlo

.
HO

)
ﬁo

=

o

of
N
=
<

)

ox

e

1o

7
No

SR LT

]

B/

2

3 AFE N

A AFH-o A quercetin-3-O-a-L-rhamnoside,

Zhi o]

=
=

kaempferol-3-O-a-L-rhamnoside, quercetin-3-O-rutinoside?] 3% 9]

, A stH-ol A Di-O-methyltetrahydrofuriguaici, Saucerneol

al

b pxE ERs.

3
<1

3

D, Machilin D, 3% <] sesquilignans & 8}t

tol 40% olghE F&

S

bl ol% A%

3|

tel e 2 AA

shol vl A&

71 A =2

KeN
=

A 238}, cyclodextrin

oj
A

N

el

;onﬂ

ZA}5}o]

s

K

]

3

—
1o

i
=
)
I
Hr

B
!

cupebA] B AT A8 A7)

)

W 5o el

A%
ol A

ki3

B oA oY

= AA

o] 7} 35}

113
=

T A E AT A

ko3
T

&k

A = e,

- 110 -



El

0{0
ol

ol

M
[l

Tl

T

o}

H 5 &

3L

o

SR

=1
=

ato] el WA Est Ve 3o 714

S

7ol 71

=

o

3 7%l )

AR
o
=
e

1

-

Aol A A = o

A

R

)
il

on

Nfo
fut

B
T/

al

K

ol o] vk

N

ol

Jo

B ATn THEA @

ko3
T

o, A el A

&k

o

A77F L8

il

i

o "7y

0

B

=0

A

H,

3} el

ﬁo

=

Ho

o

- 111 -



N

71= 71 Al

3
5)

3. =7k

ol g .

- 112 -



	삼백초의 동맥경화 예방 효과 및기능성 식품개발
	요 약 문
	목 차
	제 1 장 연구개발과제의 개요
	제 2 장 국내외 기술개발 현황
	제 3 장 연구개발 수행 내용 및 결과
	제 1 절 서론
	제 2 절 삼백초의 동맥경화 예방효과 및 기능성 제품 개발
	1. 서설
	2. 연구수행 방법
	3. 연구수행 결과
	가. 삼백초 지상부로부터 동맥경화 예방 물질 분리와 활성
	나. 삼백초 지상부에서 분리한 활성 성분의 화학적 구조분석
	다. SDS-PAGE에 의한 LDL apo B 100 산화 억제 활성

	라. 삼백초 지하부로부터 동맥경화 예방 물질 분리와 활성
	마. 삼백초 지하부에서 분리한 활성 성분의 화학적 구조분석
	바. 삼백초 기능성분의 효율적 추출 조건
	사. 삼백초를 이용한 음료 개발
	아. 삼백초를 이용한 미세캡슐화
	자. 삼백초를 이용한 캡슐 및 정제개발
	차. 삼백초 제품의 품질 특성 및 동맥경화 예방 활성 검증

	4. 요 약
	5. 참 고 문 헌

	제 3 절 삼백초 동맥경화 예방 기능성의 생체검증
	1. 서설
	2. 연구수행 방법
	3. 연구수행 내용 및 결과
	가. 체중증가량 및 식이효율
	나. 장기 중량 변화
	다. 혈장 내 지질 수준
	라. 혈장 내 AST 및 ALT 활성 수준
	마. 간 조직에서의 lipid peroxide 및 glutathione 활성
	바. 간 조직의 항산화효소 활성

	4. 요 약
	5. 참고문헌


	제 5 장 연구개발결과의 활용계획

