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Antilipidperoxidative activity of Astragalus membranaceus

Eun-Jung Kim and Ki-Sook Yang”
College of Pharmacy, Sookmyung Women’s University, Seoul 140-742, Korea

Abstract — The root of Astragalus membranaceus (Leguminosae) has been used in traditional chinese prescriptions for
strengthning the superficial resistance, promoting pus discharge and tissue regeneration, diuretis and alleviating edema.
Lipid peroxidation has been suggested as a major cause of atherosclerosis, cancer, liver disease, and the aging process. In
order to investigate the anti-lipid peroxidation activity, Astragali Radix was extracted with 80% MeOH and fractionated with
hexane, CH,Cl,, EtOAc, BuOH and Water. The antilipid peroxidation activities of them were determined by human eryth-
rocyte ghost and CCl,-induced lipid peroxidation. CH,Cl, and EtOAc fractions, especially, isoflavonoids, 7,2'-dihydroxy-3',4'-
dimethoxyisoftavan-7-O-B-D-glucoside and calyco sin-7-O- B-D-glucoside from EtOAc fraction showed anti-lipid peroxidation
activities.

Keywords [] Astragalus membranaceus, human erythrocyte ghost, anti-lipid peroxidation activities
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B (3kgE AL & LR 5o 80% MeOHZ 877l
A R3] AT 33 7ke F3 F ofTlekn ojdg 3¢
E551] MeOH #2588 ATHESE: 11.1%). ©] MeOH
E2 FHTE 718t gl wet £33 hexane(5.5%),
methylene chloride(5.7%), ethyl acetate(2.8%), butanol(40.0%),
water(46.0%) =8-S It
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41712] 80% MeOH 525 9 7} 22 2
& AE31Y CHCl, 2 EtOAc EEolr 24
column chromatographyZ =3Jslod &2 9 l"\i“ 153k
St} 3719 80% MeOH FEE°4 ¥ CH,CL, 28 F 17¢
< silicagel column chromatography(n-hexane—acetone 100:1
—0: 1)E HAlEle] 13719 &REE T, o5 44, THA
o} 1044 T2olM 3HE 1250 mg), 3= (35 my), 3HE
(40 mg)rs #2l3F% 1, T3 EtOAc 28 5 8g& silicagel
column chromatography(CHCl;~>MeOH 20: 1—0: )E AAJ3}
o] 16709] &8 d%ler, 11 F 8, 1044 FEdlN 3E
IV(9 mg), 3HE V(16 mg)E F&]8Ith

5}818 I-Colorless plate(CHCl;-MeOH) mp 139~142°C;
IR, v, P 3421(0H), 1057 (OH), 959(C=C) cm’; 'H-NMR
(500 MHz, CDCl; & ppm, 0.67(3H, s, CH;-18), 0.82(3H, d,
J=6.82 Hz, H-21), 0.83(3H,d, /J=6.84 Hz, H-27), 1.00 (3H, s,
CH,-19), 3.51(1H, m, H-3), 5.34(1H, br d, /=5.1 Hz, H-6);
13C-.NMR(125 MHz, CDCly) & 11.8(t, C-18), 12.0(t, C-29), 18.8
t, C-21), 19.0¢t, C-27), 19.4(, C-19), 19.8(t, C-26), 21.1(d,
C-11), 23.0(d, C-28), 24.3(d, C-15), 26.1(d, C-23), 28.2(d,
C-16), 29.2(s, C-25), 31.6(d, C-2), 31.9(d, C-7), 31.9(s, C-8),
33.9(d, C-22), 36.1(s, C-20), 36.5(q, C-10), 37.2 (d, C-1), 39.8
d, C-12), 42.3(d, C-4), 42.3(q, C-13), 45.8(s, C-24), 50.1(s,
C-9), 56.0(s, C-17), 56.7(s, C-14), 71.8(d, C-3), 121.7(s, C-6),
140.7(q, C-5); MS(m/z) : 414[M]*, 399, 381, 329, 303, 273,
255, 231, 213

8}8tE I - Colorless(CHCl;-MeOH) mp 168~169°C; IR
VmaxKBr 3420(0H), 1755(ester), 1467, 1389(CH,), 1081, 1020
(glycosidic C-0), 721 ([CH,}.) em™; 'H-NMR(500 MHz, CDCly)
8 0.67(3H, s, CH,-18), 0.84 (3H, t, H-29), 1.00@3H, s, CHy
19), 1.26({CH,1)), 4.001H, m, Glc H-5), 4.08(1H, m H-3),
437(1H, d, /=76 Hz, Glc H-1), 4.26(1H, br d, /=11.8 Hz,
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Glc H-6), 4.46(1H, dd, /=48, 12.1, Glc H-6), 5.08(1H, d,
J=176 Hz, Glc H-1), 5.36(1H, br s, H-6); “C-NMR(125 MHz,
CDCly) 6 11.8(t, C-18), 12.0¢t, C-29), 14.1(t, CHy), 18.8(t, C-
26), 19.0(t, C-21), 19.4(t, C-19), 19.8(t, C-27), 21.1 (d, C-11),
23.1(t, C-28), 24.3(d, C-15), 26.1(d, C-23), 28.3(d, C-16), 29.2
(s, C-25), 31.8(d, C-2), 31.9Gs, C-8), 32.0(d, C-7), 34.0(d, C-
22), 36.2(s, C-20), 36.7(q, C-10), 37.3(d, C-1), 39.8 (d, C-12),
39.9(d, C-4), 42.3(q, C-13), 45.8(s, C-24), 50.2(s, C-9), 56.1
(s, C-17), 56.8(s, C-14), 63.2(s, glc-6), 70.1(s, glc-4), 73.5(s,
glc-b), 73.9(s, glc-2), 76.7(s, glc-3), 79.6(d, C-3), 101.2(s, glc-
1), 122.2(s, C-6), 140.3(g, C-5), 174.7(C=0)

8}2t2 I - Colorless powder(CHCl;-MeOH) mp 264~
265°C; IR v, *B" 3421(0H), 1637(C=C), 1075, 1024(glycosidic
C-0), 800(CH=C) cm™; 'H-NMR(500 MHz, C;DsN) & 0.67
(3H, s, CH;-18), 0.95(3H, s, CH3-19), 5.07(1H, d, /=7.7 Hz,
Glc H-1), 537(1H, br s, H-6); BC-NMR(125 MHz, C;DsN)
& 12.0¢t, C-18), 12.2(t, C-29), 19.1(t, C-21), 19.3(t, C-19),
19.5(t, C-27), 20.0(t, C-26), 21.4(d, C-11), 23.4(t, C-28), 24.6
(d, C-15), 26.7(d, C-23), 28.6(d, C-16), 29.5(s, C-25), 30.3(d,
C-2), 32.1(s, C-8), 32.2(d, C-7), 34.4(d, C-22), 36.4(s, C-20),
37.0(q, C-10), 37.6(d, C-1), 39.4(d, C-4), 40.0(d, C-12), 425
(g, C-13), 46.1(s, C-24), 50.4(s, C-9), 56.3(s, C-17), 56.9(s,
C-14), 62.9(s, glc-6), 71.7(s, glc-4), 75.4(s, glc-2), 78.1(s, glc-
3), 78.1(s, glc-5), 78.7(d, C-3), 102.6(s, glc-1), 122.0(s, C-6),
141.0(q, C-5)

S}gHE IV - Colorless needles(CHCL,-MeOH) mp 145~147°C;
[0]?5,=-52.4%, 0.14 in EtOH); IR v, XE" 3405(0H), 1093,
1024(glycosidic C-O) cm; UVA,,, MeOH) : 232, 280 nm;
'H-NMR(500 MHz, MeOH-d,) & 2.77(1H, br dd, J=3.9, 14.7
Hz, H-4), 2.89(1H, dd, /=10.7, 15.8 Hz, H-4), 3.35(1H, m,
H-3), 3.70@3H, s, 3-0OCHy), 3.71(3H, s, 4-OCHy), 4.16(1H,
ddd, /=19, 3.3, 10.1 Hz, H-2), 4.75(1H, d, /=73 Hz, Glc-1),
6.36(1H, d, H-5), 6.45(1H, d, /=2.4 Hz, H-8), 6.52(1H, dd,
J=2.5, 84, H-6), 6.68(1H, d, /=8.7 Hz, H-6) 6.88(1H, d,
J=8.4 Hz, H-5); ®C-NMR(125 MHz, MeOH-d,) & 31.3(d, C-
4), 55.3(t, OCHj), 61.0(t, OCHy), 62.5(d, glc-6"), 71.0(d, C-2),
71.4(s, glc-4"), 75.0(s, glc-2"), 78.1(s, glc-5"), 79.4(s, glc-3"),
102.5(s, gle-1"), 104.5(q, C-8), 105.7(s, C-5"), 110.3(s, C-6),
117.9(q, C-10), 122.3(gq, C-1", 122.8(s, C-6", 131.2(s, C-5),
133.5(s, C-3), 137.6(gq, C-3) 149.6(g, C-2'), 153.2(q, C-4),
158.4(q, C-7), 159.3(q, C-9)

BI_fE V - Colorless powder(CHCl,-MeOH) mp 221~222°C;
IR vmaxKBr 3405(0H), 1622(conjugated C), 1592(C=C), 1086,
1024(glycosidic C-0) cm™; UVA_, (MeOH) : 262, 288(sh)
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nm; Positive FAB-Mass(n/z) : 447 [M+H]", 285; 'H-NMR
(600 MHz, C.D:N) & 3.75(3H, s, OCH,), 5.80(1H, d, /=74
Hz, Glc-1), 7.03(1H, d, /=88 Hz, H-5), 7.26(1H, br d,
J=88 Hz, H-6), 7.29(1H, d, J=8.3 Hz, H-6), 7.41(1H, br s,
H-8), 7.76(1H, br s, H-2'), 8.14(1H, s, H-2), 8.34(1H, d,
J=8.8 Hz, H-5); ®*C-NMR(150 MHz, C,D;N) & 55.9(t, OCH,),
62.4(d, glc-6"), 71.2(s, glc-4"), 74.8(s, glc-2"), 78.5(s, glc-3",
79.4(s, gle-5"), 101.8(s, glc-1"), 104.2(q, C-8), 112.4(s, C-5),
116.0(s, C-6), 117.8(s, C-2), 119.8(q, C-10), 120.4(s, C-6",
125.0(q, C-3), 126.0(q, C-1), 127.8(s, C-5), 148.1(g, C-3),
148.8(q, C-4", 153.1(s, C-2), 157.8(q, C-9) 162.3(y, C-7),
175.6(q, C-4)
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MeOH F2E3 2t ¥89] Aldzh] A@7irs} A 2h8-2
human erythrocyte ghost membranes ©|-23t A8} 339
EAZ 0]83lo] Fe' */H,0, systemS 0§43 APCF R}
stttk AlETh A8elM 794 Ae Xd3itel AAzE-2
LeRd 2o tiste] YA AP E HFel CClLE T3t
EAE dov|a BYRE S Fojste] AR v
FEE SHlrh. =3 8% F GOT, GPT, AlP total-
cholesterol ¥ triglyeride(TG)] $%2 &35k 7 & &)
Atel] B)A] = Y2 HESISITH

Human erythrocyte ghost membrane2 0|8t X|& n}ot
8 HERe HF - AT A o 50 mio) 10mM
phosphate/152 mM NaCl buffer(pH 7.4) 150 mf& 75t £3}
St 2 1,500 goflA] 2027 AAEEIse] A AE A ATTH3S
HFE), o)A erythrocyteo] 10mM phoshate buffer(pH 7.4)
100 miS 7hsto] E813 5 20,000 gollA] 4087 22l stod
APNg AA ghostS DATHE~43] W17 gl ek
< bovine serum albuming EFF 2 )1 Bradford protein
assay U5 o]g-3lo] £35191, ghost®) RS dhulzer gatk
A2 Fk3ict.

Yo B og AL erythrocyte ghost membraneS 2.5 mg
protein/m/® ZA|& ¥ 24 mM t-butylhydroperoxide$} 558
2 ZAg AEE 718t 1mio] HA & $F 37°ColA 3083t

Hjoret - Wvsic), o] gololl TBA AlY 1.5 m/@ 50 mM BHT
10 W 71l 100°CelM 1087 7Hdst 3 Wwdska 3,500 rppm
02 4°Ceollq 1587 94 3ok A4 NS 535 nmoll A
spectrophotometer® |23l SHTE 43y JASS T
g T IC,E AT

BlF ZF ZEYS 0|88t X|Z S} AX||ZBo| HH - o2
Fo7t Bt SFAE ether® 7PEAl niFAIZIIL sfiFste] 1F
e Eafo] g8o07 Yzkstk 0.15M KCl §8-& AFAA

[
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o] g8-E AAS T 2He FAETE 712 FAE S35
d502 Y718t 0.15M KCl 902 AAst & A43] 7+ =
4 1g& F3lo] 522 ¥7hst 0.15M KCl 948 7131
10 mpe] H5Z st} AEe & oF 587 A-8ox FAslst
o] ARSI 7 Y F8 guAe] F T bovine serum
albuming X F A8 = &}o] Bradford protein assay'®el )3}
Agstdeh. 272 7 T A N3 mg protein)ell H,O 100 W,
10mM FeSO, 100w, 60 mM H,0, 50w/, A2 HE W25
9 FFES e 2A8 7 A 100w 2 001M At
SZHE vhsted AA KBu7h 1mo] HEE 3 & FAVZ
Eskalar 37°CollA] 20%-7F gl skdch® wjokelol TBA
& 2.0 mkE 22} 7B8EaL 95°CellA] 3043t 7}%‘0]04 A Z
. 3000 rpmell A 15E3F AAE g ‘5‘}’2}%
22 #3]9 spectrophotometer® 53
%t

& pasteurpipette
ol SEE 3951

MAILY X| > 2kt ARIEE

Normalcontroli- salines:, negative control, positive-
controtr#} A|&FTL CClLe) olive ot 1:1 §HOF2A
3] 2mlkgS ¥ ARSI, 1A17F & normalcontrolit o
negative controlz™2- 0.05% Na-CMC £ 1 m//kgg-, positive-
controli2 silymarin 100 mi/kgs 37 T3t AR FoiF
< Z+ A &E 200 mi/kg, 400 mi/kg, 800 mi/kg® 3YU7r Foi3}
Sk Al 4dele AETE ARt vl §o T 244]
7k Bt AARkE FR3IGIT ol saline Foi-& AT, CCl,
Folis B mi/kget 2= St AA9] 24, Ty A gl
A As) AAFRE-0] 92 Al hlolx ] AeM et T
sHAl 228kl

BAZE GOT, GPT, Al totalcholesterol, triglyceride(TG)
o} 5% &3 —Normal control, negative controlT*
controli* ¥ A|F TN BHE LT &
chemistry analyser(Cobas-Mira, Roche Co., Germany)Z ©|&
o] GOT(glutamic oxalo acetic transaminase), GPT(glutamic
pyruvic transaminase), AlP(alkaline phosphatase), total cholesterol
3! TGtriglyceride)?] 525 Z43513 ).

a2 uidel A % - Normal controld, positive
controlT*, negative controls 3 A|E5%oiF2] 7H4 4l H]Ako]
FTFE 431 ATl i HEES IRt

, positive

Blood auto-

SHEE XE|

BE A= B2 A AR e T 24 T3k
H] ¥+ Student's t-testS AFE3H o0 273 Hl w3t
<005 WE BAEE FoAde| gloka ddeict.
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3188 12 WAl B A 07 IR spectrumolA] 3421 cm™
oAl OH, 1057 cm™el4] OH, 959 cm™@4] trans double bond
2 ZALE= 84 pand’} YEh = A 0F sterol® AR,
El-msoll Al m/z : 414[M]", 399[M-CH,]*, 381[M-CH,-H,01*,
329[M-85]", 303[M-111]*, 273[M-side chain]®, 255[273-H,01*,
231[M-side chain-ring D]*, 213[231-H,0]* 2] peakES &1&
4 AL B F Bsitosterold & FAE 4 Yk H-NMR
spectrum®lA & 0.67 ppm¥} 1.00 ppmlIA CH;-18% CH,-199]
singlet signats°] 77} ##%gl e, 3.51 ppmellAl H-39] 1H
ol #j3H= multiplet signalo] WFERH) T, 5.34 ppmellX H-6
9] olefinic proton®] J=5.1 Hz2) broaddt doublet® & ‘Ehj=
Rog o)g &4 = Uk BC-NMR Z3}g} F5202310)
Z3tzlol vlnel FFE9 TLCE E4f, 33E 12 B-sitostorol
2 ERIgIgt. E e #ae] F43 B2 IR spectrum
oA 3420 cm™el X OH, 1738 cm™ o)A ester, 1467 2 1380
cm™ld CH,, 1081 2 1020 cmlollA glycosidic C-O band, 1
11, 721 ecm™ F-ZelA long chain(CH,),2] EAE Yehj=
£ band7} #AE QO T Z | acylated sterol glycoside® 57
53t} 'H-NMR spectrume] CH,-18 % CH;-199] proton©]

s,
’”’h,,
%

0 !

It
CH;{CH ;),,COCH,

OH O

OH OH

B-sitosterol 3-0- -[6'-O-palmitoyl]-glucoside

CH,OH

o]
O
: m{ L
x\\\\
OM
OH OH @ e
R OM

2

7,2'-Dihydroxy-3',4'-dimethoxyisoflavan-7-0-B-D-glucoside

Scheme I - Structure of compounds.

242} 0.677F 1.00 ppmell Al UERU= 2102 1Ko} sterol B-
sitosteroldS 598 = A3t 22| anomeric proton®] § 4.37
ppmellA] J=7.6 Hz2] doublet® & LteRton 2 2 FASs}
I 85 ¢ 7 UL olg)elE 1.26 ppmellA] (CHy) ol 7121
St signal®] 735HA] WElU, 2] methylene protone] ZHzt
426(1H, br d, J=11.8Hz)? 446 ppm(1H, dd, J=4.8, 12.1
Hz)lld Jep}=A22 Hol acylZ]= %2] C-6 OHol esterd
Fota deg F9Z 4 AUt PC-NMR spectrume 23 3
o] 7|91t signal=©| 64.6, 71.5, 75.0, 754, 77.4 & 102.6 ppm
oA YeElE= o2 Hol & glucose®! ™, acyl group
glucose?] C-6°1 AEstn -5 AT & USlT). o]
AP o) 318HE2] HMBC spectrum®.s EQ1E 4= 9lgit}. o]
g3ta-S dze] BalAlA B-sitosteryl glucosideE 13111,
AMAFE methylation | GOMSE: AAJEHe} 2448k A3}
9] =AUk palmitic acid(63.0%)7} F-A) 800, o] glo&
Cis Z3A WAL stearic acid(15.2%), C;g B E 324
linoleic acid(16.3%) & oleic acid(5.5%) 7} gr&-5o] 9le-2 &
QlElsict, wjebA 315hE 19 3}eH1FE B-sitosterol 3-0-B-[6-
O-palmitoyl]-glucoside®. EH§31ac}. 3}e+E IS Wale] 714
& P92 4 IR spectrum©lA] 3421 cm!ell A OH, 1637, 800
em oA trisubstituted C=C, 1075, 1024 cm™ o] A glycosidic
C-O% FA=+E 5 band’} Ul = 0= sterol glycoside

OH

Calycosin-7-O-B-D-glucoside

J. Pharm. Soc. Korea
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2 F4 53t} 'H-NMR spectrumel A 18-CH; ¥ 19-CH, )
chemical shiftgte] 0.67 ppm3?} 0.95 ppmellA] YERH, glucose
9] § 5.07 ppmellA] 7.7 Hz2] doublet® 2 vER}T Qigit}. BC-
NMR spectrumell A} 62.9, 71.74, 78.14, 78.53 2 102.6 ppmo]]
A} 29| carbon peak7} GERE o2 Bol o] EFL B-
sitosterol-3-O-B-D-glucopyranoside® 3310w o]= BC.
NMR, DEPTY] Z3¢} B3%2Pu0] wjwz it 33t
E Vi o] 4 AR o7 R spectrumelX] 3398 cm ol 4]
OH, 1093, 1028 cm™ |4 glycosidic C-0F 34 == &% band
7} JERdt). 'H-NMR spectrumol] § 3.705% 3.71 ppmellA] 2
702l -OCH,71¢l| 719181= singlet signalg°] “JERIH, 6.363}
6.68 ppm®lA4] ortho couplingglal = 271€] proton®] doublet
(J=8.7Hz)2. 2 Jehta QJc}. 53 1,2 4-trisubstituted benzene
of] 71913}= signalE©°] 6.45(d, /=2.4 Hz), 6.52(dd, J=2.5, 8.4
Hz), 2 6.88(d, /=8.4 HzplA] VERITE. ol9le= 4.16(1H, ddd,
J=19, 3.3, 10.1 H2)¥ 3.91 ppm(1H, t, J=10.1 Hz)*| A oxy-
genated CH,oll 7]1Q18= protons3}, 3.35 ppmellA 1He] 33
S} multiplet, 2 2.89 ppm(1H, dd, J=10.7, 158 Ho)3} 2.77
ppm(1H, br dd, J=3.9, 14.7 Hz)oI4 YERH= benzylic CH,ol
71918z signalge] 5 H 0= ehls 70 R o] 3IFES
isoflavan7] S}FEQN-E FG3HUL, 0|92 FHL o] FE
9] BC.NMR spectrumeoll ] C-2, 3 ¥ C-47} Z+2} 71.0, 33.5
4 313 ppmelA] VEREDL Sl AeR #E 5 QI of o]
9] % 78.1, 780, 75.0, 71.4 Z 62.5 ppmel A Fell 7|QIEH=
signalg0] UYeh b= 2102 Hol glucose’} EAFHS 50135190
o} 3 glucose] anomeric H7} 4.75 ppmell A J=7.3 Hz2]
doublet® ® YER = A2 Hol fAsHL 9199, o] proton
- HMBC spectrum®l4] C-7(8 158.4)3} cross peakE ERY
i A0E Hol C-78 OHell A%d 7oz ARE 4 9t u}
A o] BEE-L 7,2-dihydroxy -3'4-dimethoxy-isoflavan-7-O-
B-D-glucoside®Z ZAE 4 Ao, o] g¥E2 HMBC
spectrum®] Ao ol F FHqct. o] FFLES] dFT
grol [o]?°,=-52.4(c=0.14, EtOH) o} =2, o] 33529 C-3
configuratione RYE &3k, o] 3}5HE-2(3R)-7,2-dihydroxy-
3 4'-dimethoxyisoflavan-7-0-B-D-glucoside®}-& 24 8}1r} 2420
3E Vi= wdo] 2% Bakd [R spectrumelA] 3405 cm™
olA] OH, 1623 cm™l|4] conjugated carbonyle], 1592 cmellA]
aromatic C=CZ F45]1= band’} 221¥9131, 1086, 1036 cm™
oA glycosidic C-OF FY == &5 band7} e o™, UV
E4 MeOH &9 Foll*] 288(sh) nm, 262 nmellA] =thE4
7} Yep b= 2102 Bol isoflavone glycoside®Z 4% 31t} o]
3}3HE-9] Positive FAB-MSellA4 [M+1]" peak”} my/z 447904
Uehta, o]Z5E hexoseZ} B21H o] aglycon F-915 Leh]]
+ fragment ion peak’} m/z 28504 UEh = Ao g Ro} o]
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3HE-E shte] OCH,9k 27118 OHZF EA13E: & 4= Uit
o] 31829 TH-NMR spectrums ¥ 3.75 ppmolAl &h}19)
methoxyl®] singlet®Z Weh}, 8.14 ppmellA] isoflavone &
] H-2 signalo| singlet® 2 veR}tar gith2 o] 9o H-
H cosy spectrum= K. 7.29(1H, br d, /=82 Hz), 7.03(1H,
d, J=8.2Hz) ¥ 7.41(1H, br s)°iA] eI} signalE0] HE
correlation 3131 QO FZ BE2] 3'491%]oll OH ¥:= OCHy7|
7t XSS 9 5 vk X 8.34(1H, d, /=88 Hz),
726(1H, dr d, J=8.8Hz) ¥ 7.76(1H, br s)°lA vEl}+=
signals = A2 correlationd}al 1002 AR C-7 YRI7T A
#0952 & 5 AUSTD whakA o) 3859 aglycone>
oln] AEZHE B 1Ho] = calycosingd-& FHE = ACH
BC.NMR spectrumol|A] 55.9 ppmol|4] -OCH,%] peak’} 62.42,
71.21, 74.84, 7850, 79.35 % 101.84ppm FolA YeElt:=
signal52 glucose?] 7+ ¥4 9] signalz % ¥ 2t} HMBC
spectrum B9 § 5.80004 J=7.4 Hz9] doublet® & e}zl
91+ glucose?] anomeric proton®] 162.3 ppmoflA] LFERETL )
£ C-77% correlationdl L2 2 glucose”} calycosin®] C-7
o pAEE] AeS Lsirt. mEbA o] FHEL calycosin -7-
0-B-D-glucoside 2 AAs.on £A%V5} n|wst v}, 3¢

& VE calycosin-7-O-B-D-glucosided)-& &3 515it).

Human erythrocyte ghost membranedi| O|X}= &t
23t A1 (Lipid peroxide)o |t A3} kAt Aeksto] 4
39 peroxide(-0-0-) F25 7H 7}E A ES Do,
A AR EX3} A Ate] abav) Ao A FFEES
F33c}, Al g8 X akskEel dishds Glavind®
7t H2E AATEET oA sHAEEe BAE B
3k o) HE Ho gl 22 9] A@aPdsHEe] EA9 23 o
gt Asido] FEHA Hlw, A W AFdHHEe] 2 %
716l el Fof 2] glo] H& wE Wt Mzt ¢
AAG L dA]Ho]H, o] 1A A2 linoleic acid} arachidonic
acid 57 2 olF Aol W& IEEXS} APPikS g8l
UL S AR A EFolA BHh AAFA 2 LajEm
A Foolle 7 et st oAl H 53ET heme T
AEo] EAEE] izl AT A ZAAAsEEo] dour]
Hoh B3 ol2jst 2|14 sbsle] tifozs HET wo) wiws}
Al g5=t, ol 7o B3} Akite) o] w1
T A& ¥ o}, A sRER] FEEERIo] £
o1, LS A Sk 7] To|RR 079 H0,7F ol
3o]7| % &)t} H3t catalase, SOD, free radical
scavenger 57 2 WolgA|7} W o] Qs o7 oy,
olg)sl AYukE g = 759 ghost, resealed ghostE
AAakst Ao v o go) AT o)ef) 2 A7)
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Table I - Effects of Astragalus membranaceus on human erythrocyte
ghost membrane lipid peroxidation

Table III - Anti-lipid peroxidative effects of compound I~V of
Astragalus membranaceus on the liverhomogenate

Group 1Cyy (mg/mi) Group® Concentraton (uUM) Inhibitory ratio (%)
Ascorbic acid 0.06 Compound 1 0.6 11.7
MeOH ex. 1.50 1.2 24.1
Hexane fr. 1.48 24 34.9
CH,(Cl, fr. 0.19 Compound I 0.3 10.1
EtOAc fr. 0.09 0.6 21.6
BuOH fr. 0.68 1.2 44.0
Water fr. 2.01 Compound IIT 0.3 29.9
IC5, : Concentration samples required for 50% inhibition of 0.6 340
control (100%) lipid peroxidation. Erythrocytes were isolated by Compound IV 12 422
centrifugation for 20min at 1500G with 10 mM phosphate/ 0.5 91.9
152 mM NaCl buffer (PH 7.4) washed three times with buffer. 1.0 96.6
Suspended in phosphate buffer (10 mM, PH 7.4) containing NaCl 2.0 98.3
(152 mM) buffer for all subsquent experiments. Compound V 05 92.2
1.0 96.7
2.0 98.9

A+ human erythrocyte ghost membrane A&-8lo] 379
MeOH F2& 9 7t #8o| Axnte A& skl v
= FEE AESIST. Ghostoll AIRE 7184 942 A& UiZ
TOE 3, o] 7] AW ES 10002 31%E of
AEE 71 A9 AAHE SRS EAssith 283 o
279 AALEE 50% AR o3 YHIC)e ST
A= Table I} 2t} Ascorbate= resealed human erythrocyte
ghostsellA] 2| M| Zeke] 4bs14] Aol tiste] Hoatg-2 gt
e B} ek EtOAc B8 IC;, 0.09 mg/miz P
2922 ascorbic acid IC,, 0.06(mg/m)H= H|527 Hwo ki
£ Yehiglon, thgo 2 CH,Cl, £80] IC,, 0.19 mg/miZ
&S Btk B 282 IC,, 2.0l mgmiZ ¥ 4L et
il

AEZHHOIA Zi=Z(e] XIZ2ME D|XlE Q&

Fe™*/H,0, systeme ©]-83t] A|A3IsHE F2A17 2k =
Aol 7t £ 2 33EL TR 718t 44F MDA &
TE 5733 3= Table ¢} 2t} CH,CL, #3 2 EtOAc &

Table II - Effects of Astragalus membranaceus on lipid peroxidation
of rat liver homogenate in vitro

MDA (nmol/mg protein) IC,

Group 0.625 1250 2500 (mg/m)) (mgmi)
Normal 4.59+0.70
Control 18.43+0.12
PC. 8.32+0.84**
Hexane fr 14204248 13.40+086 12.46+2.79 347
CH,Cl, fr  9.03+0.81* 546+052** 536=0.23** 191
EtOAc fr  10.672045% 7.90=120* 5.12+026** 0.24
BuOH fr  14.17+1.72 13.80+024 11.06+143* 2.28
Water fr  1639+0.60 13.21+150 1220+2.73  2.65

PC. (Positive control) : 200 pg/m! of silymarin. Each value represents
the mean+S.E. of 5 rats. Significantly different from CCl,-
intoxicated group : *p<0.01, **p<0.001.

395 inhibition of MDA levels in rat liver homogenate.

b)Compound I : B-sitosterol, Compound II : B-sitosterol 3-O-B-[6'-
O-palmitoyl]-glucoside, Compound III : [-sitosteryl 3-O-B-D-
glucopyranoside, Compound IV : 7,2'-Dihydroxy-3',4'-dimethoxy
isoflavan-7-O-B-D-glucoside, Compound V : Calycosin-7-O-f-D-
glucoside.

£ ol ol IARE-S vehigie™ BuOH
82,500 mg/kg)olA 21491 AA2H8-& YERSL
OAc #8& 187l PguizerE<] silymarindt Bl
s Jelgglon IC,, 0.24 mgmiE BXo] 7P =4
ekl 3712 CH,Cl, 2 EtOAc ¥Eold 2elg 3129
)2 3akatA A 282 Table T3 Zth. Steroid AE< 3}E
I 2= flavonoid A< 3h8HE IV 318HE V7 538
XAk} Jx2g-g YeRigit) o]2iEt dak= Toyoda!? %

o] superoxide anion generationcll 2J8ll =% lecithin peroxida-

o [lo
o
L r

m (o
—

Mrolo Hr e
[T T

o
15

tiong isoflavone® <! calycosin¥} formononetin®] <A 3Hc}=
Bels 9xj51ith £ isoflavonoid?) BRME- IV(7,2-Dihydroxy-
3'4-dimethoxyisoflavan-7-O-B-D-glucoside)2} 3HE V(Calycosin-
7-0-B-D-glucoside}= 90% o3| & AAAI3L &S
gt

HILHOA Zt=ZE|o] X[EnHtsiol OlXl= g

Fadhel 5% CCLE Foiste] 5A4& 4o F black
tea(the fermented leaves of Camellia sinensis, Theaceae)
EES Folslo] ANl nXe A S A9 1
F n8e) AAFslel FoA sle RS UYEislEE
Bu3lelch. 87] MeOH F+552] CH,Cl, EtOAC ¥ BuOH
32 747} 200, 400, 800 mgkg/dayS FEE ATEE &
e Azt ALl wXE S BEe A= Table
Ivel 2t} 37]9] CH,CL, ¥ EtQAc 32 CCl A& 7+ 54
o7 A% 7+ FAAY XAtste] ) & JEFoR F
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Table 1V - Effects of Astragalus membranaceus on carbon tetra-

Table VI - Effects of Astragalus membranaceus on liver and spleen

chloride-induced hepatic lipid peroxidation weights
G MDA (nmol/mg protein) ICs, Grou Liver/Body weight (%) Spleen/Body weight (%)
Tou|
P I i il (mg/mi) Normal 3.53+0.07 0.28+0.01
Normal 4.02+0.38 N.C. 4.85+0.03 0.41+0.01
NC. 13.27;1‘02 PC. 4.20+0.11* 0.33+£0.01%*
BC. 6.86-0.20* CH,Cl, fr. 1 4.77+0.04 0.35+0.01%*
£
CHCl, fr. 7.92+021% 6.04+0.19%* 4.46+047** 0.6 1L £595006 0'32f0'01**
EtoAc fr  7.46£0.47** 595+0.45%* 431018  0.12 I 4.37+0.01 0-30=£0.01"
BuOH fr.  952+050 9202045  848+044 071 EtOAc fr. 1 4.80+0.02 0.360.01
it i 4.67=0.01 0.34=0.01%*
Normal group was injected 2 ml/kg of saline, s.c for 3 days. il 4.35+0.02** 0.30+0.01**
The samples were administered into p.o. afters.c CCl -olive oil BuOH £ 1 4564015 0.35+0.01**
(2 mg/kg/day for 3 days). N.C. (Negative control) : 2 mi/kg/day of Y ) I 4‘66:0.09 022:0'81**
CCly-olive oil for 3 days. PC. (Positive control) : 100 mg/kg/day I 4.13+0.12%% 0.30+0.01%

of silymarin, p.o. I : 200 mg/kg/day, p.o. II : 400 mg/kg/day, p.o.
I : 800 mg/kg/day, p.o. Each value represents the mean +S.E. of
5 rats. Significantly different from CCl-intoxicated group : *p<
0.01, **5<0.001.

Normal group was injected 2 mil/kg of saline, s.c. for 3 days.
The samples were administered into p.o. afters.c. CCl;-olive oil
(2 mg/kg/day) for 3 days. N.C. (Negative control) : 2 ml/kg/day of

CCl,-olive oil for 3 days. PC. (Positive control) : 100 mg/kg/day
of silymarin, p.o. I : 200 mg/kg/day, p.o. I : 400 mg/kg/day, p.o.
III : 800 mg/kg/day, p.o. Each value represents the mean =S.E. of
5 rats. Significantly different from N.C. : *p<0.01, **p<0.001.

o e AEHNE Blow, EtOAc 3 3 CH,Cl, 39
800 mg/kg/day FoJollA= Normabra} n]s=3l =07 x4
TakEkE olAjskt). 9 free fatty acid(FFAY]™ FFA= albumin®} 2313 7]} 2]
A& lipoprotein® 2 EAIEHH s ¥ish= A durlold
o] ol o3 S ke ZloE ¥uld k. Y F T
cholesterol &&% CH,Cl, @ EtOAc & T4 FL9
FHo7 73l oH TGE ZE EEoA fo4%0e oA

$2 tehlle] AUIAE ARNDE & 5 Ak

83 QXM O|Xl= ek

2719] EtOAc, CH,Cl, @ BuOH £8& 5= AT T
shaslEEe] I o g E] GOT, GPT, AIP, total cholesterol(T-
cholesterol), triglyceride(TG)S] 34& 4T ZI= Table V
2} v}, CH,Cl, B EtOAc 78 Fo7e CCl, 5= F7Het
7F 715 AFEAQ s-GOT, s-GPT, AlPE= FEEF O R 7ha
e B0 400 mgkg/day FoATole FIHEELR AL
23} silymarind} 53 JRo] oS LERS) 01, 800 mg/
kg/day Foirol e silymarin®tl 578 &35 VERSich
HY = Aol FoAEL2 cholesterol, triglyceride, phospholipid

ZHs o HIE SE olxls g

#712] EtOAc, CH,Cl, ¥ BuOH £&o] 7Hgs} vl u}x)
T S 2] 8l 1 v AR ATl Ois wEsR
el A= Table VT Zth, 2H8e] Fok 7h #89]
]l 800 mg/kg/day Foirolld oA Qe ZAAE BoH,

g1

Table V —Effects of Astragalus membranaceus on s-GOT, s-GPT and AIP activities

Group s-GOT AU/ s-GPT AU/ AIP AU/ T-Chole sterol (mg/dl) TG (mg/dl)
Normal 179.0x14 27.0+0.8 142.0+2.8 48.0+0.8 16.7+0.5
N.C. 450.6x9.0 98.5+2.3 264.5+13.8 73.0x1.8 62.2+1.7
PC. 270.2x17.7%% 62.2£1.7%* 198.5+2.4* 62.2+3.4*% 45.7+2.6*
CHCL f. 1 386.6+22.8 80.0x7.0 227.3x11.7 65.3+1.5* 40.3+1.5*
I 260.0+4.0%* 64.0x3.6%* 202.6+1.5%* 58.3£2.3%* 32.6+0.6%*
I 231.6+1.5%* 53.6+1.5%* 188.0+3.6%* 51.6+1.2%* 26.3x0.6%*
EtOAc fr. I 376.3x32.1 76.6£5.7* 239.6+3.5 62.3+0.6% 35.3+£1.2%*
I 250.3£15.6%* 57.0x4.0%* 199.0+4.6%* 57.6+1.5* 31.3x0.6%*
m 200.3+6.0%* 49.6+2.1%* 161.0£4.0%* 52.3x1.5%* 26.6+£2.5%*
BuOH fr. I 407.6+13.2 83.3+9.5 240.3+9.0 70.3+2.3 24.6x£1.2%*
I 385.0x19.2 80.0x7.2 227.0x10.8 68.3+2.5 22.0+1.7%*
m 256.3+3.2%* 53.0+3.6%* 189.3£2.5%* 61.0£1.0%* 18.6+0.6%*

Normal group was injected 2 mi/kg of saline, s.c. for 3 days. The samples were administered into p.o. afters.c. CCl -olive oil (2 mg/kg/
day) for 3 days. N.C. (Negative control) : 2 ml/kg/day of CCl,-olive oil for 3 days. PC. (Positive control) : 100 mg/kg/day of silymarin,
p-o. I : 200 mg/kg/day, p.o. Il : 400 mg/kg/day, p.o. III : 800 mg/kg/day, p.o. Each value represents the mean =S.E. of 5 rats. Significantly
different from N.C. : *p<0.01, *¥»<0.001.
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71 AHe] fglo] H 1 Qle /Aol st HAERTEH
9] atalAe] Eg FEA o= 3o tisl] 1 84S HE
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water ¥ 2] human erythrocyte ghost membrane 0|43} #|
Ao #itet oA avkel AT 9 Al X2 #ats)
9 FYof v Y¢S FA A= o2 2

Human erythrocyte membrane ghostoll 3+ %2 3Ats} of
ARHE-2 EtOAc FEojlM okdu) k5 ascorbic acid®t H)S:
g A2 VRIS e, T o 2= CHCL, & E'fg.ol St
S VERGICE 7 ) Fe]| w|X= 93k EtOAc ¥ CH,CL,
F-319] 400 mgkg/day T 7t 715 A EAEA 5-GOT,
s-GPT, AIP 5ol Djgix sﬂymarm»} st %o 3 1t
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