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Effect of Astragali Radix on Low Density Lipoprotein Oxidation

Eun Jeong Kim and Ki Sook Yang
College of Pharmacy, Sookmyung Women's University, Seoul 140-172, Korea

Abstract — The root of Astragalus membranaceus Bunge (Leguminosae), which has been used for the
treatment of hypertension, chronic hepatitis, duodenal ulcers, chronic nephritis and promotion of immunity
in folk remedies. Several lines of evidence indicate that oxidative modification of low-density lipoprotein
(Ox-LDL) may play an important role in atherogenesis. Hence, the role of antioxidants in the prevention
of LDL oxidation needs to be determined. To investigate the antioxidant activity, we determined the MeOH
ex. and fractions of Astragali Radix on the inhibition of LDL oxidation. The CH,Cl, and EtOAc frations
inhibited the oxidative modification of LDL by a decrease in the lipid peroxide content and the elec-
trophoretic mobility of LDL. Calycosin-7-O-B-D-glucoside which was isolated from EtOAc fraction inhibits

the oxidative modification of LDL.

Keywords [] Astragali Radix, low density lipoprotein oxidation, Calycosin-7-O-B-D-glucoside

37)(HEE Astragali Radix)= Z3}(Legumiosae)el]
ot thdA REAEQ Gty AR
Astragalus membranaceus(Fisch.) Bunge(Legumino-
sae)?} 7]E} T}2 Astragalus®s 4189 FuE w7
B Azd Aoz o Aoge WS
BEHEETE), AN ERCE EERTYES), A
AR Z (2K, WP R ECERER) < AU
om P wziellA sk}, 2, HI)@H), o=
R) 5ol o185 Qitt. 3719 ZECZ = flavonoid
3}3HEQ1 astraisoflavans, formononetin, 23-dihydroxy-
7,4-dimethoxyisoflavone 5# saponin® % astraga-
loside, soyasaponin 5-°], 1 £] yaminobutyric acid,
B-sitosterol, polysaccharides 5°80] ®1%o] i},

AL XA (Low density lipoprotein)?] Abgl=
FAA31el Bo] Qlokn A Uk HAE S

TE 2ol 9 BOJE o] AAAR
(A3} 02-710-9578 (H2) 02-710-9578

529

LDLoA b B8 @7F2E Liang 597 Yang 5%
o] A7}t om RATINE SHEs Bt
RE FAALES ALst] fste] 3719 LDLel o
 FAslEE AN B Ao 3]
methanol extract ¥ Zt #&o] LDL Aksle] wix|=
FEE dotEA LDLY &4 ARE FEEE 718t
3 Cu®*-induced oxidation 1A ¥, TBARS assay
9} agarose gel electrophoretic mobilitys 27381
o}, w3k SRl Eeist 5709 sigheel disix
X TBARS assayg ©|-83 dslass Z4sigict

HEYY

MEME - 2 2l A3t 3] (Astragali Radix)
AT gAoA Aulgt 5~6d38 HEAIelA
THE] 71E RIS F ARRIlGled, 5w
(SMP 97020y & thg} Aok o] nawlo] Qi)

Alef 2 7[7] —Bovine serum albumin, aprotinine

-
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& "= Sigma Co. AlEE ARSI CH, YE}F A
oF 9l 28 gulle ¥AE EFolu dFAekE A}
23ttt TLC plate MerckAFY]  precoated
Kieselgel 60F,,, column chromatography®] %34
E MerckAt Kieselgel 60(No. 7734, 9385)2 A}
313t

7171 Electrophoresis system(Vision), Ultracen-
trifuge(Beckman, Optima™ XL-100K), UV/VIS
Spectrophotometer(Jasco, V-530), NMR(Bruker, Avance
500, 500 MHz, 11.4 Tesla/Avance 600, 600 MHz,
14.1 Tesla), FT/IR(asco, FT/IR-430), Mass spectro-
meter(Jeol, JMS-AX505WA), GC/MS(Hewlett Packard
6890 GC, Hewlett Packard 5973 MSD) 2 AM&
stk

=& ¥ 28 - 33t M-S 3V)(Astragalus
membranaceus)?] 2] 6kgs 80% methanolZ
EFeA] X 38 FE35 F st NS 7
o 5531 80% MeOH FZE 660 g2 AUrt. o]
A& FFTel d€A7]2 Hexane, CH,Cl,, EtOAc,
n-BuOHZ AEHOE F%E39 hexane ¥3 363
g CH,Cl, ¥ 376g EtOAc £& 185g BuOH
38 2640g Z %3 3036g2 Itk A9
80%MeOH I 9 7} BEZof tfsl s} BA3S
HES} CH,Cl, ¥ EtOAcK-2ol 84< gklskn
column chromatographys T35le] BHEZ Q) £3)
& AZETh #8719 80%MeOH Ex.ollx] &
CH,CL#38 % 17g& silicagel column chromato-
graphy(n-hexane—acetone 100:1—0:1)5 4 A5}
13718] &REE AU, olF 444, AL 1085
oA e 1250 my), 3TE 2(35my), e
E 340mge ¥SLT, £F EtOAEE Z 8¢
& silicagel column chromatography(CHCl;—~MeOH
20:1-0:)2 AAE 16719 A28 dgjon)
T 8, 1044 E£ollM 3}HE 49 mg), SFE 5(16
mgye w3t

Al MY XEeHY(LDL)S| 22| - gt y
£ 1.025~1.055 g/miel I3h= lipoproteins H7)
$18t] A4S human plasma®l aprotinin 0.002%,
EDTA 0.05%, NaN; 0.05%Z 4o} @slst & KBr
(d=1.006~1.025)% 7}stx 1ak AAEFAG
(40,000 rpm, 4°C, 16 hr). o9 #2j¥ VLDLE A4
&ti LDLe] 23 288 #% & KBrg 7135k 2

LDL

94K

67K

43K

30K

20.1K
144K

Fig. 1 -SDS-PAGE gel pattern in 10% slab gel.

2} A44%-2](40,000 pm, 4°C, 16hr)dle] LDLE &
25l ¥8% LDLS pH 74 PBSE FAA7
¥ Argigit). LDLE 9l A% Lowry 5199
W o)l F31] bovine serum albuming ZFZ o=
3}l oo, SDS-polyacrylamide gel électrophoresis
(SDS-PAGE)E HABlY =5 ERIsISrkFig. 1).
LDLo| A5} — Aj3gol] dalale] 35do] 400 ugoll
3 F3H= LDL(00 pg protein/ml), phosphate buffered
saline(pH 7.4+ A& @ 1mM CuSO, 16 pE 3
7tel AAF7} 1mio] HEF 3 F & 4o 37°C
shaking incubatorollA] ¥j%¥A17]:2 EDTAQ1 mM)$}
BHT(1 mM) 20 W 3715t Akle FX| A4t
Relative electrophoretic mobility - A7} LDL
2k}l H)A e Y¢S Bk 80% MeOH AA9) 7}
FE AEE AARE @ FREE HEA7EA
agarose getd?] olsAZE 4319}, LDLe| PBS
4 7zt AlgE FRHEE AR & ZHE CuSO&
7¥ete] AP ARBIAIZAT. 80% MeOH A9 73
= AN 47 4, 8, 16, 240 E AIZRE
gEdle] Ao, 7 REEL AIAZRE 44
7ro g &gnt, 487l LDLE9} <= LDL&YS
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553} sample buffer(IM trishase 0.26 ml, glycerol
1ml, 1%bromphenol blue 0.5 mioll E=FFZ 714
10m7t 52 AN 312 49 0.7% agarose
geldl AA33 TBE €& d@EH 749)F |83t
14~16 mAY APOoR AV|FFS AN o)A
g E4s3lon, ARE %‘47}3}X] %2 Ox-LDLY]
olFA el tiet A olzEE ARSIt

Thiobarbituric acid reactive substance
(TBARS) &3 -LDLo| 80% MeOH 9x9} 7 &
B NRE FEEE Wl Mzt A & R
SA17) LDLZ9e) 25% trichloroacetic acidES 4ol
Gzl e HAA & g AFE e 1% thiobarbituric
acidg #71ste] 95°CollA z‘%’\]ﬁ A7l &zt
Al713, 4/8¥ MDAS %& 532 nmelA] spectrop-
hotometerE ©]-£-5}¢] —Jé'lx::‘::‘ F33le] T3k
7} A58 LDL AA#itst dAERE vw AES}
7] 93 Cu?tel 23t Akslz A= st A
+g 50%0‘]}“01"—13“ Feasgh I\]E_,] (Icso)g' :llf"]’
Atk

gy ¥ 0

Agarose gel electrophoresisE 0]838F &1l
&% - A4 LDLA Cu®*it 713 4-9-¢ A4 LDL
of A& ¥ Cu¥*E 713 § AZHdaky, 8, 16, 24
Alzbel e olFEE HlEGEE W ArsAlRio]
7V Ak LDLYY vld) 1 o5 %r) STk

t), o)A Cu?*e] &3} LDL% apolipoprotein-B<)
lysine derivatization®] negative chargeE Z7HAA
anode% 2 29] o)z 7]Ql%itt. =% 7] MeOH 9
AZ 100, 200, 400, 600, 800, 1000 ppme] EET
LDLo| A7}t & Cu**2 7} FEHE 4, 8, 16, 24
AR ASIAIL & 2 A8 AR R sl o
g olTEE AE W A5 5= STl ot
1 o)kl TP A eH, FAIZE AlslE o
A&7}t
z} #3-& LDLe| 50, 100, 200, 300, 400, 500
ppm./] FER 7]—5]' Cu2+E 4*]7]' }\]'51'}‘]7]
0.7% agarose geloll loading 3+ A3} A3}l LDLe
uls] Z+ A|EE /1%t LDLY ]%—L:J} 7A=Y A5
7} dasgo] les & Yth 2 T°ﬂ"1—-—
EtOAc®} CH,Cl, #EolX thE £Frr} £2 &7
E RojFYck(Table I, Fig. 2).

LDL X|&zRIEle| o — =29 s 54
= uogE Y malondlaldehyde«] *e 574
A} hydroperoxide®] %2 Iodometryel] 213 &3,
B 325" Hconjugated dlen)—-“é‘ﬂ vhabA| g,
TBARSE ©]£€¢t MDA &74%o] gz o]&5 1 Qirh
7] 80% MeOH <)~ 2 7} 538 o83 LDL

o 7ksled Cu*E 4Nzt ABAZ] & MDAS EFA
5% 3H= TBARS assays AA3le] x| AzkElE
50% AABH=H "ag AEF(ICH)S s A
EtOAcs} CH,Cl, #8o4 27} 1.3, 25 pgmiE th&
5o vleiA &37F #3koH(Table ).

],
}_

[«0 op

Table I - Effects of Astragali Radix MeOH Ex. on electrophoretic mobility changes by LDL oxidation time

Group REM (%)”
(ppm) 4hr 16hr 24hr
Ox-LDL? 100 100 100

100 87.3 £ 1.3* 935 £ 1.1 90.7 = 3.1 98.4 T 4.0
200 84.7 + 1.7* 86.2 * 0.7* 87.6 £ 2.5 93.8 * 1.5
400 84.3 + 1.2* 817 = 1.0* 78.0 £ 1.4* 923 = 88
600 784 £ 2.1* 81.2 £ 1.2* 77.7 £ 1.0* 78.4 = 2.9%
800 782 * 2.0 80.5 & 1.3* 771 £ 2.1* 74.0 = 1.2%
1000 769 + 1.6* 80.4 + 1.2* 76.9 = 2.1* 738 + 1.1*

Each value represents the mean + SE.
*Slgmﬁcantly dlfferent from the control group (p<0.05)

90x-LDL: Cu’*-induced oxidized LDL
_ [Sample]
REM(%) = 5 B x 100

YREM (relative electrophoretic mobility) regared as sample added oxidized LDL migration compared with oxidized LDL

mobility
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Table II- Effects of Astragali Radix fractions on electrophoretic mobility changes by LDL oxidation

REM (%)
Group

50 100 200 300 400 500(ppm)
Ox-LDL? 100
Hexane 986 £ 1.0 945+ 1.1 89.3 £ 42 89.3 £ 8.1 880 £ 9.1 88.0 £ 6.5
CH,Cl, 96.6 £ 1.6 91.6 = 4.4 90.0 £ 4.2 88.3 £ 2.6* 867 +39* 866 3.1*
EtOAc 98.7 = 0.9 97.4 + 0.8 97.0 + 3.2 839 £28% 743 +26*  73.0 %25
BuOH 984 * 0.8 969 + 02* 954 +03* 924 £ 20 924 + 24 90.9 * 4.0
Water 97.9 £ 0.9 945+ 0.8* 943 £ 08* 937X 09* 932X 08* 931L 10

Each value represents the mean * S.E.
*Significantly different from the control group (p<0.05)
90x-LDL: Cu’*-induced oxidized LDL

[Sample]
[Ox-LDL]
YREM(relative electrophoretic mobility) regared as sample added oxidized LDL migration compared with oxidized LDL

mobility

REM(%) = x 100

LDL OX-LDL® 50 100 200 300 400 500 ppm

Fig. 2 —Effect of EtOAc fr. on electrophoretic mobility
changes by LDL oxidation
90x-LDL: Cu®*-induced oxidized LDL

SlgE9| TBARS 24 - #7]9] 80%MeOH Ex.°]
M 4L CHCLE3S silicagel column chromato-
graphy & AAske] EElet SE 1, 2, 32 771E
A Ave) T3 6950 nlw2 ZH7} B-sitosterol, B-

sitosterol  3-O-B-[6-O-palmitoyl]-glucoside, B-sitosteryl

Table III - Efficacies of Astragali Radix on Cu?*-induced
LDL lipid peroxidation

Group IC;, (ug/rnl)“’
MeOH Ex. 355
Hexane fr. 39
CH,Cl, fr. 2.5
EtOAc fr. 1.3
BuOH fr. 2.6
Water fr. 4.6

"DICSO : Required sample concentration (ug/mf) for 50%
inhibition of Cu?*-induced LDL (mg protein) lipid peroxi-
dation

3-0-B-D-glucopyranoside® <1, 59315129, EtOAc
BHo)A] silicagel column chromatographyZ A3}
o 23 TS 49} 5% 7|78 A T2
o] ¥ w2 7,2-dihydroxy-34'-dimethoxyiso- flavan-
7-0-B-D-glucoside, calycosin-7-O-B-D-glucoside® ¥
Ql, B3Ik B3t kA el diEiA ol
o] LDLAE) uixj= &92 Br7]9s) LDLY) 2+ 3}
SHE-g =eHE J18ka Cu®*-induced oxidationd A
Al ¥, TBARS assayZ AArl3te] MDA 43S 5
g3, SIE 155 47 & &SR LDL
Absle]] il AAR-E-S VeRdth AAIALSLE 50%
A=t gt A8 pmolsT(IC)E oIS
o], 31E 5= 11.2 umol/miZ ascorbic acid®] 4.5
pumol/mie} Bla S w A FHHoX|A] = FFS
7 93l ci(Table IV, V).

42l LDL Abaetciziol osf fA Atsker,
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Table VI - Efficacies of isolated Compounds 1-5 from Astragali Radix on Cu?*- induced LDL lipid peroxidation

MDA (nmol/mg protein)

Group

(Ascorbic acid) 50 (5) 100 (10) 200 (25) 400 ppm (50)
LDL 3.3 £0.29

Ox-LDL 33.8 £ 1.70

Ascorbic acid 386 £2.14 6.6 * 0.99 5.6 £ 1.99* 4.9 * 0.03**
Compound 1 24.2 £ 2.67 223 £ 1.31 20.7 £ 1.77 18.7 £ 0.77
Compound 2 28.1 £ 1.93 244 £ 0.46 20.5 £ 1.33 18.2 *+ 0.49
Compound 3 28.1 = (.88 253 = 251 204 ¥ 145 18.0 + 1.83
Compound 4 23.9 £ 0.85 224 £ 149 175 *+ 0.63 17.3 = 0.50
Compound 5 24.1 £ 3.95 45 * 031 2.8 £ 0.05 1.7 £ 0.24**

*Significantly different from the control group (p<0.01)
**Significantly different from the control group (p<0.001)
Compound 1 : B-sitosterol
Compound 2 :
Compound 3 :
Compound 4 :
Compound 5 :

B-sitosteryl 3-O-B-D-glucopyranoside

calycosin-7-O-8-D-glucoside

Table V -ICy, of isolated Compounds 1-5 from Astragali
Radix on Cu®*-induced LDL lipid peroxidation

Group® 1Cs, (pmol/ml)”
Ascorbic acid 4.5
Compound 1 1215
Compound 2 48.7
Compound 3 89.8
Compound 4 729
Compound 5 11.2

9Compound 1 : B-sitosterol
Compound 2 : B-sitosterol 3-O-B-[6-O-palmitoyl]-glucoside
Compound 3 : B-sitosteryl 3-O-8-D-glucopyranoside
Compound 4 : 7,2-Dihydroxy-3',4'-dimethoxyisoflavan-7-
O-B-D-glucoside
Compound 5 : calycosin-7-O--D-glucoside

IC,,: Required sample concentration (umol/ml) for 50%
inhibition of Cu’*-induced LDL (mg protein) lipid
peroxidation

Atgtd LDLY #Aokdt Aoz {28 form cell
F9AE e 27| Wilolgty AZtEE AduH(fatty
streak), A-5-F(fibrous plaque)?] FAS oAl &
Ak, 3 ABILDLE: H2 AXd by 548 A
doza g UuAHxel JEIMEY FAAL &
Ak& o7 athrosclerosis) PR R AL3PIE F
t}, o]g)3t AHEL oxidized LDLo] TH7Fs}e] =
23 SIS TeIF A e A S|
©] LDL Atgl AsjAExy g7 159 FHs
oAz X5 ael] s Xig A4S 58 oA
©w o-tocopherol, B-carotene, ascorbic acid5-< T

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

7,2-Dihydroxy-3',4'-dimethoxyisoflavan-7-0-8-D-glucoside

Ao ks A7t BRIt Jialal> 5] AT
oA ascorbic acid®} o-tocopherol®] LDL Akt
A BHZ v)w3PE-& o, ascorbic acid®] 37} ¢
Lrslg o, ATAQ] B-carotene ™ a-tocopherol
wot o gddelzty Rwsty ok E=3 flavonoid
9] AF7F HEEA A HES AR A7
A} RuHe) vk B AHo)x ascorbic acid
Zy Bejgt 3lekey giE vlwelyS o, isoflavone
glycoside?] calycosin-7-O-B-D-glucoside”} tf2 3%
Bl vl <8 &£9F5 vtk 22 isoflavone
glycoside?!  7,2-Dihydroxy-3',4-dimethoxyisoflavan-7-
O-B-D-glucosides Aks} oA E77} YANE, calycosin-
7-0-B-D-glucosideel| 13} 2 &7} Ak,

4 £

sk

2|7y BT w3 59 IR 4E3 A
T Aguitstel] vxli= &FE AME AijolA,
relative elcetrophoretic mobility S g% A
CuSO0°ll €3 Atstel LDLe| Hlsk] 371 MeOH
g9 9 FEE 7RE & Ak3RAZ) LDLY) o)EA=7t
A3) sl ng, B7)7h CuPtel gt Absler
E] LDL® B3 aAx7t 58 &8ili, TBA
methodZ o83t Al &% HAileMxm 37]9]
EtOAc 34 a7t $r3lgitt. =8 a3t $
& CHCL ¥ EtOAc ¥3oM Fgt x| s

i)
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Zo)A calycosin-7-O-p-D-glucoside®] Cu?*e]l 2]t
LDL) Akst Al &37} $<raigich.
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