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Abstract

Antioxidative activity of daidzin and puerarin isolated from Puerarige radix against oxidation
of low density lipoprotein(LDL) was investigated. The concentration of daidzin at 100ng/ml and puerarin
at 60ug/ml inhibited Cu®** -mediated oxidation of LDL almost completely. The electrophoretic mobility
of oxidized LDL by addition of daidzin(100ug/ml) and puerarin(60ug/ml) was faster than that of native
LDL, but slower than that of oxidized LDL. The oxidized LDL induced by J774 or macrophage was
inhibited strongly in the presence of 100ig/ml daidzin and 60pg/ml puerarin. The formation of conjugated
dienes in the oxidized LDL was strongly inhibited by 100pg/ml daidzin and 60ug/ml puerarin.
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Fig. 1. Structure of isoflavonoids.

304nm(sh). MS(m/z, %) 118, 136, 254(M " "H)
'H-NMR(DMSO-ds, 300 MHz) 8 : 9.54(4'-OH), 8.38
(Hy) : 8.036(d, J=1.79 Hz, H 5), 7.396(d, J=8.79 Hz, H
2", H6"),7.22(d, J=1.95 Hz, H 8), 7.13(g, H=2.44, 8.79
Hz ; H 6), 6.804(d, J=8.79 Hz, H 3’, H 5')
BC-NMR(DMSO-ds, 50.3MHz) 8 : 164.0(C-2), 1326
(C-3), 182.2(C-4), 152.1(5), 132.7(C-6), 156.4(C-7), 94.3
(C-8), 1068(C-10), 122.7(C-1"), 1283(C-2"), 1150(C-3"),
160.3(C-4"), 114.7(C-5"), 129.3(C-6"), 101.6(C-1"), 73.0
(C-2"), 75.4(C-3"), 69.5(C-4"), 75.7(C-5"), 64.3(C-6").

sIBtE e M

mp: 230~232°C, 'H-NMR(DMSO-ds, 300MHz) 8 :
10.12(4'-OH), 8.30(d, J=8.79Hz, H 5), 7.13(d, J=8.79
Hz, H2', H6'), 7.43(d, J=1.95 Hz, H 8), 8.03(g, J=2.44,
879, Hz; H 6), 7.42(d, J=879 Hz, H 3’, H 5")

BC-NMR(DMSO-ds, 50.3MHz) 6 : 163.2(C-2), 1326
(C-3), 182.2(C-4), 152.4(C-5), 132.6(C-6), 157.0(C-7),
94.4(C-8), 152.8(C-9), 105.2(C-10), 123.0(C-1"), 1283
(C-27),1148(C-3'), 161.4(C-4"), 1152(C-5"), 130.2(C-6"),
101.6(C-1"), 73.0(C-2"), 75.4(C-3"), 69.5(C-4"), 75.7
(C-5"), 64.3(C-6").
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Cell lines

J774 cells2 10% fetal bovine serum, 2mM gluta-
mine, 900 units/ml penicillin 2 0.17mM streptomycin
£ 353+ DMEMBI Ao wlf3isict

A2} low density lipoprotein(LDL) 2| £2|
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+8(2000X g)3le] ¥2]¥F o}& gentamycin sulfate
(1mg/25ml)-& A 7}shed vt LDL(d. 1.019~1.063g/ml)
< 274 YAE] 71 (46,000 X g) & 244 7F B 2
sle] dedet. 2% LDLL 0.15M NaCl, 0.01% EDTA
7} &% 0.01M phosphate buffer, pH 7.424 16~20

A 7F 5459 oH31). = LDLY v A 22 bovine
serum albumind ¥FE 0 & Al-&alod A 2ks)gth(32).

Macrophage2| =2|2} uft

Female ICR mice& CO: & AAAJ A A3 B3I
el A HE Ca?t, Mg®t o] ¢+ Dulbecco’s phos-—
phate buffered saline® ¥ <] 4|33} macrophage s
IAT F AR oS S AAsL T A E 3
g3ttt o] AMlE & 10% £-34 A7) fetal bovine se-
rum3} 2mmol/L, L-glutamine, 100units/ml penicillin
2 0.17mmol/L streptomycin-g % 7}%} Dulbecco’s Mod-
ified Eagle Medium(DMEM)¥} x| | A 5% CO»/air &
2R3}l A vl oFaled T wl ok 2447 3ol Al & WX 2
2ZFA 7] )-8 5% lipoprotein-deficient serum(LPDS),
L-glutamine - DMEMe¢l| LDL %=+ oxidized LDL
8 A3t FE5 HFrlsted AYPsiAch33).

LDLel S&REol 2t At

Copper mediated At}

LDL(100ug/ml)l} 1~5uM CuSOs5 §3F phos-
phate buffer saline(PBS)¢l] 33} sx9 A &S A7}
3tod 5% COy EA&} A 37°Cell A 24417} wlj oFa}od
LDL®] 4k5h5 ZAFsl4TH(34). HEE 2L o] ]
FAo ABE #HIFSIA] & A AA wikstH Tl

Cell-mediated LDL

J774 cells, human monocyte derived macrophages
2] whefY o LDL(100pg/mi)ol daidzin ¥ pueraring
A FEHZ AR F 5% CO; EA 3}l A 37°CE
24217} Fob wekg ¥ LDLY) 4t3}e] A w2 Ay s}
SATH(35).

Thiobarbituric acid reacting substances(TBARS)
o &3

LDL®] Ak3l= TBARSY #A 224 Frlsigdct.
100ug LDL Al e) 343 wjoF 3 0.5mlel 20%
TCA 15mlE 7138} )& o 7] ol 0.05M NaOH4l| 0.67%
TBA 15mb& 9ol 4-& F 72 98 £3942 90°C 48
Aol A 4587 Gk A ZE 1027 441 22(2,000

X )& o AH5-4 9] 333§ Perkin-Elmer fluorescence
spectrophotometer(Model 650-10S) 2 4] 510 & 553nm
A &84} A& 52 TBARS® 4§+ malonal-
dehyde(MDA)E24] &2 MDAS ZEIJACR
F& MDA® nmolez4] Vel $1TH(36).

LDLe| MI|HE

LDLS} #7)¢ 52 Nile red2 £33 LDLE barbital
buffer, pH 8.6.2.2 %tE- agarose gelell loading&}]
75V el A 2085t AN st ) o] F UV lamp2 A &
&kl Th(37).
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LDLe) Oxid LDLE &2 24 X758 34 253
el YA & 234nmell A 24 skl T} = 100ug protein/
ml9) LDL% PBS(pH 7.4)9ll o}, 5uM CuSOs 2
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$18ted ZA7ker Atahe] FAbol A 2] A AF LDL(100
pg/mb)ell CuSOsE SUME 3 7}sled AkskA] 71394 LDL
9] Abslo) A& 7] ¢33t daidzin ¥ pueraring 27+
20, 40, 60, 80 ¥ 100ug/mlE A 7}sled 37°CellA] 184]
ZH5-<t TBARSE &4 415 Fig. 20 vetuigdc)
Fig. 20| 4] K= we} zho] LDL2| 4+3} el WAt daidzin
2] #A FEE 100ug/mlo] ¥ puerarine 60ug/ml
o w Fabs merh gkl

LDLS 484A17)7) $13ks) 24 vj7) 4 Cu®*
o4 Fe*'7} wo)] AL&-5 A9 Cu?™ & A=l afo] A3 5]
t}. £ A3l 4 LDLY 413+E A717] g8t Cu*t g
EE7} 5UME ARE-31g] 2.1 o]+ Esterbauer $(39) 2
wha}l $(23) 59 A7 A} 2L x|t =3 o
71 AH4-€ LDL9 &%E 100ug/ml LDL protein®l|
A RS ARE AL 5 Uddnh B AN 34
A 2 713t daidzin®] A-$ A7F FEF 20, 40, 60,
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Fig. 2. Antioxidative effect of daidzin(@-@) and puer-

arin{O-0) on the oxidation of LDL in the pre-
sence of 5UM cupric sulfate.
LDL(100ug protein/ml) was incubated for 6 or 18hr
at 37°C in the presence of different concentrations
of daidzin or puerarin. Oxidation was initiated by
the addition of 5pM CuSOQy4 in the presence or ab-
sence of increasing concentration of daidzin or
puerarin. The lipoperoxide content was determined
and is expressed as nmol malonaldehyde equiva-
lents/ml. Results are expressed as mean® SD of
triplicate analyses. The significance of difference
between daidzin or puerarin treated values was
calculated by unpaired t-test.

80 ¥ 100ug/mlez =Ad3te] A3 A3} 20, 40ug/
mlo A = gatsl Z37} Vel ot 80 E 100ug/mi
A o] ¥ F4rst &9 Aok = puerarin®] 7
- daidzin® 5 & FEZ A3} 60 2 80ug/
migd o 7b¢ $3tsdet. @eka LDLe} Cu®” Hi7f
Atzel] glojA] ZHZ oA 3£ daidzin puerarin®]
E537} gl et daidzine] B} puerarine] ¢33 Ao

2 e} Esterbauer S(38)-2 Cu®* =7} LDL¢] 4t
stel] 9lolA] 2~25A7F Ax wjokate] AlstAHT}h o
Al B Ao £ 18417 vl F3t 4] Aksk Al =
ol Algte] ¥l A AF 5] & LDLY Az 9l
o] LDL 2] A} Al o] 2303} 3H4k3hA) o] 2] 3led Ars}r}
3%g W) wFelrh

B ol vlelal A 2 E9} 2H-& &4k3HA| 7} LDL ]
ol vlgk g A AS F43) ZA9E e
d 4 gled, = gl S 9$-& Abeke dxkel LDL
FRo] il & T-$-A o= AHE 2o A 43t
dod = 91 7] wj o] AF3}el] PR3 AJZH-E 184] 710]
A -3}t}H(39).

LDLe| At&tof 2 electrophoretic mobility

Tahle 1 macrophagesell 2]3F LDL2] 4t3] oA &
<do}r 7] 93le] 100ug/ml daidzin 2 80ug/ml puerarin
£ Artsted A7 Astolrt. o]w LDLel| daidzin 2
puerarin$ 3 7}8}4] macrophagell o] 2443t F4t
sjoFgt ¥ LDLY o] %<& #Agt A3 native LDL 2 o
ZTFo = o] 5 A7} 2he] 7} 9l 2ok 2]t daidzin ¥
puerarin® #7}7-¥ native LDL®} 2§72} =9k} LDL
o 2T Beps ol 5 AV AL AL & 4 Utk

Cell R 2tztoll of8t daidzin & pueraring}
EHirel 20}

Aol Al gleiA] A]Al 8} 4ks} F LDLo] 4tshr) ==
cholesterol ¥ cholesteryl ester?] &4 o2 T3}
7} 4= o}, Fig. 3+ J774¢} human monocyte-derived
macrophages 24] LDLE CuSO4 &) 8}¢ll 4] daidzin
2 pueraring A3 Aol

B A8 oA Ab2e) macrophages® A @3 A3} 3
AR 2 A 7}E1A) ek 5uM CuSOsL M 7Hak 2T
o] 4= TBARS7} 2867+ 1.34nmole MDA/mg LDL
proteine] 93 21} native LDL2] TBARSS 1.32+0.31
nmole MDA/mg LDL protein®] $it}. 281} 3H4k31A]
41 100ug/ml daidzin ¥ 60ug/ml pueraring 2H2}+ A7}

Table 1. Antioxidative effect of daidzin and puerarin on LDL oxidation as assessed by electrophoretic mobility

Incubation condition Relative electrophoretic mobility p
Native LDL 10
LDL +macrophages 1.88+0.24 <0.05
LDL +macrophages +daidzin 100ug/ml 1.36*+0.10 <0.01
LDL + macrophages + puerarin 60ug/ml 1.2310.14 <0.01

LDL(100ug/ml) was incubated at 18h in DMEM medium in 35mm dishes containing macrophages in the presense
or absence of the daidzin and puerarin. The electrophoretic mobility of LDL was determined in agarose gels as described
in Methods. The electrophoretic mobility was measured in mm. The data are presented as mean = S.E.M. for experiments
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Fig. 3. Antioxidative effect of daidzin and puerarin on
cell-induced oxidation of LDL.
LDL(100ug/ml) was incubated with human mon-
ocyte-derived macrophages or J774 cells for 24hr
at 37°C in the presence or absence of daidzin or
puerarin. The medium was then removed and as—
sayed for TBARS as described in Methods. Results
are expressed as means £ SD of triplicate analyses.
The significance of the difference between daidzin
or puerarin treated and control values was evaluated

‘by t-test.

3 A% 27 4.04%0.13 2 4.09+0.42nmole MDA/mg
LDL protein®] gt}

3+ J7749 & daidzin ¥ puerarin®] $AMs R 9=
=72 LDLS TBARS+ 30.21+ 1.37nmole MDA/
mg LDL protein®] $1 21} 1001g/ml daidzin = 60ug/ml
pueraring Zt7t Ar1sle] A3 22 LDLS| TBARS
= Z+7h 2.43+0.21 9 2.28+0.74nmole MDA/mg LDL
protein®] &l c}.

B APAT 24 FZ A A7} daidzin ¥ puerarin
& A}% monocyte-f-= macrophage®} J7749] A Zof 4]
A9 vl A B3 el e daidzing 73
% 100ug/mld7HA] 71 9] $h43] LDLY] AbEHE oA
81521} puerarin®] 7 9= 60ug/mlF 7}A] AkEHe] A
A7} daidzin 2ehe S8t

3 diene2| ool A &R}

LDLe] 4t3t=lw 1LDL2] X894t | 28l 271 254
& PA 3= o] & o] &3l Ao AEE AT
<= )}, Fig. 4€ LDLE 5uM CuSOs%& 3718} ok 37°C
ol A wfekA|7bell mE A 252 e F71E B 59l

1.2
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04

OD 234nm
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Fig. 4. Antioxidative effect of daidzin and puerarin on
the formation of conjugated dienes observed
during different times of the LDL oxidation.
LDL(100ug protein/ml) was incubated in the pre-
sence or absence of daidzin and puerarin. Oxidation

was initiated by the addition of 5UM CuSOa.
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o] AjukAL o 2B 2] AL ZFAAFE AL B F

qgieh.
2 o

Z+Z(Puerariae radix)-& MeOH 5% €9l 4] silica gel
column chromatography 2 o] 43l Eef rol= 3}
3}E9] daidzin % puerarin® ¥2] o] low density li-
poprotein®] Ab3}el] sl A} o} 5 FetH
0] =% daidzin®] 7-$- 100ug/mlol| A puerarin 60ug/
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ol =A e} 7} ok &= J774 ¥ macrophages = A3}
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