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AR EERESRNKERDBEART IS FARBERE
% @& (low-density lipoprotein; LDL) #.4 b2 & - G 2 4R8E1(0-50
UM fE 6932 % » LDL ¢ S ALiE A 2 3w - 2 Cu*#% % LDL &
JeAEAh8h £ 4 & e AAR AR K BBy 0 & TBA RE#(TBARS) ~ 3t
4 (CDYM R R Bk e B 5 EREM)& R 4 R BT AT
X B A H 4R T 5 % LDL RLE a2 8 9 sk AP
BEAERY KR RE  ERADES REE AN - BHRALL
2 BB AL KRR MLE LB R RG> ERAR TLC &
A 874 4% {8 Band - sA$i LDL fAL##h xRk 4 Band 2
(Rf=0.40) + & 44 HPLC At B E— peak #4T NMR Y3
MS 2 44 » & £/% Band 2 ERARRAHM K AR L F#
(protocatechuic acid; PCA) o #§ Ak A% Kk 3 By 42 8 K A8 & o4 HPLC 2
bR RS AT BB KRN AH B ENR KR
EEHAELSERS 1717 my/g BERBEYHM 2.99 mg/g> ="
2 5k 44 1.16 mg/g o A48 R B T (10 pg/ml) - 4§ PCA fALAT A
3 5y H A T 735 % LDL SUL# A 2 B a8 8 RE R PCA
2 ¥ LDL SAb1585 e s 1 B 7eae b K B & ascorbic acid » #
7 PCA T4 EAL E A KB ¥ R4 LDL bt 22
RBRZ— o

b A A ABBREEREES  WET - A8 R
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Abstract

This study investigated the effect of water extracts from leaves, raw
cortex, and roasted cortex of Du-zhong (Fucommia ulmoides Oliv.) on the
oxidative modification of human low-density lipoprotein (LDL) induced
by copper ion (Cu?*). With increasing concentration of Cu*, oxidative
modification of LDL also increased. Through determination of the
formation of thiobarbituric acid reactive substances (TBARS) and
conjugated diene (CD) as well as relative electrophoretic mobility (REM),
all extracts of Du-zhong were found to possess inhibitory effect on the
oxidative modification of LDL induced by Cu**. The leaf extract had
the most significant inhibitory effect, the roasted cortex extract exhibited
modest inhibition while the raw cortex extract had the least inhibitory
effect. The ethyl acetate extract from leaf extract of Du-zhong was
separated into six bands by preparative TLC. Band 2 (Rf=0.40), which
was most inhibitory to LDL oxidative modification, was analyzed by
HPLC; and the single, main peak was collected and further examined by
NMR and MS. The antioxidant compound thus identified was
protocatechuic acid (PCA). The leaf extract of Du-zhong had the
highest PCA content (17.17 mg/g), and that of roasted cortex and raw
cortex had 2.99 mg/g and 1.16 mg/g PCA, respectively. At the
concentration of 10 pg/mL, PCA showed the stronger inhibitory effect
toward LDL oxidative modification induced by Cu?* than that of Du-
zhong extracts and ascorbic acid at the same concentration. The results
suggest that in leaf extract of Du-zhong, PCA could be a major source for

its inhibitory effect on LDL oxidative modification induced by Cu**.

Key words : Du-zhong, human low-density lipoproteins, copper ion,
oxidative modification, protocatechuic acid
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B ARAEACHT 6 BB R ST R e B R E — E AL B
W+ KL B Z AT F o #F 45 & $) Bk 3 1K A2 1t (atherosclerosis) $1 LDL
#y § L4545 5 11 49 B 4 (Steinberg et al., 1989; Esterbauer et al.,
1992) < LDL &) &4t 1545 & ¢ E *% 4= B (macrophage) & & & M 5 8¢
(scavenger receptor) &) #i A (uptake) » K 2 AR LK 4w Bl 0BG B 05 1
WERAM BEE - BRE ok BHEBRSEETRHB/NSY
Rk fn % P30 AR AR S (plaque) » A S R ERM B F 5 > BT
B Ak 3% AR 72 16 &9 7% *E(Berliner and Heinecke, 1996; Jialal et al., 1996) -
A T TR0 B AR ARARAG T 1 s 7k (fatty streak) @97 2%, > #7 %] LDL &)
BAALRE A fE B ey 4E R A B AT R ¥ A &9 7 '&(Tangney, 1997) - 4%
AALHI 94 A TH %4 LDL BAd AEBolb RS H
A e AR AL BET @A L DL BN -

BARRRE S ROTAAK G HF#H LDL @ IR - &M
Y fn 5 % (Diaz et al,, 1997) > 12.% — b4 & 89 5L EAL B 7 $9 4
ABRBERARETA L EEBYY > BHA-BHT € 5% L AN E
(forestomach) # 4 fE & & 3] A¢ % & 2% 4 & (Phillips et al., 1989; Shahidi
and Wanasundara, 1992)° B ttdo e &3 X 2R 470 B 4L ) 89 3B R 3 4] LDL
MBI EMBAEFRBERILRBNEEYHAREE -

B F B~ X ¥ R & & iH(Vinson et al., 1995; Frankel et al., 1998)
T S B B A RAFeipH] LDL BALM AL - Bob o T
%) %8 % & (flavonoid) & B 8% 1t 44 (phenolic acid) IR A R4284 5% 4
HARELSLBETFHRES » MmIps LDL 498 A/t - Hagerman

6



519 ma FENHD ZBILEH(RER)EARFOGFR
peroxyl radical &9 R » TEAEMERAALE - BATEBATRER
AW RIS EBECEM Y FRumBAGEZ MM LTHER
EFei 484 2H RIFHEMRMN - ARBERENFREA FRMEE S
& 3 HE R ¥ 4| Bs BY BT 849 % & (Nakasa et al., 1995) - Nakazawa (1997)4
HHAFREAERRBE A - TS HEEER S LB EEIREL
A X2 E 6948 B Fi Bk it s LDL &9 E1664hF Biney
Bl 1% Iﬁ*iﬁ"ﬂ(?iﬁi%’ﬁ R%F@"I&Eﬁlﬁ]ﬁ?&mmfﬁ:ﬁﬂl’%]ﬂ“ GRS
ey zhfe » BsbibP R EFEA¥H LDL KAt amdyshse » AL F
B EILHE RIS W E QIR X fT » B RAF X
BR¥E R B AR % £ 2 RIF AT K E R0 48 F A7 35§ LDL
FiuEamee s REFRACRTHEZRTLALR T HI AR
&= -



MR R &

-~ REi#
(—) A

AFRFFTIR R Z AL b (Eucommia ulmoides Oliv.) @3 % ~ 4 A A
BIMAPREA G P THBELER o

(=) R

Protocatechuic acid - ascorbic acid + butylated hydroxytoluene
(BHT) ~ phosphotungstic; acid ~ 1,1,3,3-tetramethoxypropane » sodium
dodeyl sulfate (SDS) % #% & % B Sigma 2 3 ° Copper sulfate
pentahydrate (CuSO,,5H,0) * sodium chloride (NaCl) ~ thiobarbituric acid
(TBA) A tricholoracetic acid (TCA) % 3% & 42 BIE. Merck /) 3] ° Sodium
dihydrogen-phosphate ~ disodium hydrogenphosphate - potassium
bromide - ethylenedinitrilotetra-acetic acid disodium salt dihydrate
(EDTA)%¥ 5% & B A fv 4k % ) 3] - Agarose gel ~ barbital buffer ~ sudan
black ¥ 5% & 7% B Biomidi/> &) ° n-Haxane * methanol ethyl acetate ~
chloroform ~ n-butanol ~ tetrahydrofuran - o-phosphoric acid%4 8 & &
EESENE) -

(2) & RIR

B ERA R -



=~ KBy

(—) Bt RERYZ MM

410 gk AT AR R BRI 0 JuA100 mLEBEF K > KBH100°C
WG A5 4BE 0 BRSREEER KLY SR EERE
BA20CRBHER -

(=) LDL &4 &

#R ¥ Yamanaka % (1997) 84 7 7% > 4§ f2. 3% 24 3000 rpm 2% 10 min >
BP eI BT f i o B 2.7 mL o F AR H R BECE T iwA 0.9 mL &5 0.15
M NaCl#= 0.3 mM EDTA (pH 7.4)» $A#3 & i% # . 4% (Himac CS 120 GX,
Hitachi)# 100000 rpm ~ 10°C F&#. 7 min - 807 0 B LB & & 26
S FLBAOR E o B 2.7 mL B A A 0.9 mL #4 0.15 M NaCl #= 0.3
mM EDTA (pH 7.4) » & 2% 100000 rpm ~ 10°C F&k 2.5h « #0048 o
4§ L& & VLDL /4 BH H 2.7 mL v 225 mg 84 KBr & 1L 100000
rpm ~ 10CF#s 25 he BB B TALEER —R 4% &8 LDL -
W B EATE A -

(=) LDL ##4F
BEE# 10 cm &3 4 B (SnakeSkin™ Pleated Dialysis Tubing,

code No. 68700)— %3t % > WwABEEW LDL NEHMEY > BB F
ERFRERGER > BhoA 100 434449 phosphate buffer saline



(PBS (125 mM NaCl, 428 mM Na,HPO, - 2H,0, 0.14 mM KH,PO,),
pH=7.4] » & 4C % % #4THAM - 2.5 h 2B RRMPBS > 3 h & &
¥ 3 PBS 2% TR AREMN o 4 LB E L Bio-Rad protein assay kit
REEGYREE - BAthe LDL TARA @ e iasdin 4
CThETHAFH—EH -

PBS & ¢35 A8 1 M Na,HPO, - 2H,0 60 mL > suA 10 mL & 1M
KH,PO, R f234 4 % & A « B 5 mL LR eik 7.305 g # NaCl -
HBhonNFEEFREBBBKEIL

(W) A:fhKE B HRE T % % LDL RASHZBE

1.LDL Z &t

g ARG Y X EHhe LDL B E B A AR AR ERY -
#4488 2 B Cu?* (CuSO, KiEik) » # B aal s PBS BAAA K
Bl ~ R AnAEE 2R Cu o S EA 37 °C ~ 120 rpm &h3R 4R B A
b RALRE 0 REBRMRE FASHAMLE T BT U3F
# LDL fA6H% 7 -

2. TBA R J& ¥ (Thiobarbituric acid reactive substances; TBARS) &£
BB B

HB4% Yagi (1989)#5 # i% 4% LDL (100 pg protein/mL)~10 pM Cu*
4o 10 pg/mL #4837 °C FRBR R EFR% » 5 100 pL v Ao
A 50 pL 4% (w/v) BHT ~ 500 pL 0.3% (w/v) SDS ~ 2 mL 0.1 N HCl &
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0.3 mL 10% (w/v) phosphotungstic acid ° j&Fv35 4 # w1 mL 0.8%
(w/v) TBA» % 100 °C 7K % A2k 45 mine £&:447 5 2L 3 mL % n-butanol
FEE{E 0 BRER KR UAB KA K (650-40 Fluorescence spectro-
photometer, Hitachi)/] Ex. 515 nm #v Em. 555 nm = & % {& - X
1,1,3,3-Tetramethoxypropane #4412 & dh 4 * KE MDA #4454 & -

3. st#EAE M (conjugated diene, CD) & g 44 R &

AR BournefrRice-Evans (1997)&) i - #LDL (100 ug protein
/mL) ~ 10 uM Cu**#210 pg/mL&y# & > 4£96-well plate ¥ R & » 7R
B 485 4% > e A150 pL EDTA (1.2 mM)i4-345 4 - B #5100 pL
e A900 puL iso-propanol 3t £212000 rpm## 510 min » R E E#E 7% » 24
2% S B # AT £ 232 nm (U-3000 Spectrophotometer, Hitachi) 2 % #
{8 % 44t » # Zconjugated diene4 REER S FHAFHBEEILA
Ik o

EROHFART A EBFE LDL K12 Lag phase (4
Propagation phase &jt74 ¥t X #hay 354X % Lag phase ) ZH & F
#p#l LDL & RALE461E M » A1 R lag phase BfR] @340 > LFRA
f&THLpH LDL SALEHEREE -

4. LDL § 7 # R 3 48 ¥ 8 #) & (relative electrophoretic mobility,
REM) & % 2 R &

#RIE Miura %(1994)e F ik o ed A48 KB E (A L 8FK
Ti%1E—18 B )& k%% Barbital buffer> £ €5 1 L 24 80 mL
ethanol #1 4 mL sudan blank # 4 ° & /v _E 40 mL NaCl (20 g/L)#z s,
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¢ ]+ 24 150 mL ethanol Az 150 mL NaCl (20 g/L)&2 s & 2 % 54 90 mL
Distilled H,O ~ 30 mL /&4 & & 180 mL ethanol &2 s Bl & %

J 4% buffer #AE kg ¥ - iy MIDIDEL LIPO (& & %
Biomodi 4 3)) » LA blotters 4§ gel L&y KBRE » Repihf gel LR E
templates (£ ¥ 4 10 well) = 3 LDL (100 ug protein/mL) ~ 10 pM Cu’**
#7910 (2% 100) pg/mL #9345 > RIE 24 h 4% > B4 pL B well ¢ -
THEBAEER Smin EHBAN - R%ERA blotter B S HRBR
%% o 4 MIDIDEL LIPO &) EARS TR X B4 GBEN G4
B2 A buffer > ®%E 80 V> 35 min> R BHIHE(EE 4 gel @)
B i MIDIGEL # L7 B 2% F 10 min » 4% ERN A4AK T 5 min -
% 44 4 MIDIGEL # i 2.3 (T A 70°C oven $.)% 30 min 5 A =AM
5 min) > BIARE K E 10 min o AFRBFHRARSRE, BE 2 K
MIDIGEL 3 48K 8% » 3k gel ° 3t 5 RA8 Bk s & & (relative
electrophoretic mobility * REM) e

() $43 TLC BANEFM RERXERYZI LR LEE LY

BOALAF 3 K S B 2 50 K10 g B7N300 mLAK > B EEHE
(300 mL)Z B 2 85 3 ES5R (#1500 mL) > F LB LB E 54 > W E
2689 % MILLHLUEBEEY MU LB LERE » ALEHEERE
SR B B B B MR £ (5%20 cm © Kieselgel 60F » & 0.25 mm °
g BB E. Merck/:3)) ° £ /& B % #tchloroform * methyl alcohol *
acetic acid =80 : 20 1 (v/v/v) ¥ B B - #11204-42% i 31.64Bbands (band
1-band 6) °
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(%) HER SRR AER A HPLC)SL TLC R E 54

T ke ke B 453k A B A Hitachi 4 3) 2 LC-organizer * Eofs
&, 4 Model L-6200 intelligent pump ~ Model D-2500 Chromato-
integrator - B & 483k A & # & % 4 (Mightysil RP-18, 5 pm, 250x20 mm
i.d., Kanto Chemical Co., Tokyo, Japan) - # # 48 & A & %l
(2.4%tetrahydrofuran & 0.25% o-phosporic acid Z K% )& B & #|(F
BE)BUA 3% K LB IRA 2 M (o T &) 0 iE 4§ 100-200 pL - s Hitachi
L-4200 UV-Vis {58 B 488 280 nm & KA - # #HH A TLC R B 7 A7
42284 band 2 & 44 0 A B R HPLC #h4b4-3k £ & peak ({lb4%
X) HBaitibsdd X RBREBESIE  HHEROGILEY X BT
NMR ~ MS & UV %#f «

HPLC 447t °

=R A B B & #| ks S
(min) (%) (%) (mL/min)
0 98 2 1.0
4 88 12 1.0
32 35 65 1.0
55 60 40 1.0
65 98 2 1.0

() #ak iR A HONMR) 2

b4 X Bp CD,0D 58] » £# NMR tube ¥ » 22 NMR 3
3 1% 25 (Varian VXR-300S FT-NMR spectrometer, Harbor City, USA):3]

13



KA RBAAERGER TRk AL E(H NMR 2 299.95
MHz #5345 » °C NMR 3 75.43 MHz #3%) - &34 #47 tetramethylsilane
(TMS)#% 2 P 3R 42 £ » 24 6 &AL $ A #(Chemical shifts) 5 s F3 A
& i (singlet) ; d &4k ¥ (doublet) ; t KT = F¥(triplet) 5 q &
g & i (quartlet) ; br & & L& (broad) s m k=% F & (multiplet) -

() R

4 A B A8 F 5 2JEOL IMS-SX/SX 102A%! & #%4&(Tokyo, Japan) °
2L EI-MS (electron impact mass spectra)Z 5 i& 547 © K & 100°C L.#+2]300
C» B4 mm119.7C -

(Fu) 5 5h 47T R AR TH

4 A 8 & Hitachi 2 82 U-3000 Spectrophotometer #x#] ° B
SLENFE > EERHESTEERIRKBREESN KK

(+) BB HZARBESTH

PRI ARAAR I A AR S AR K ERSE 28 BwA 25 M
& H,50, & 50 mL & 20 mg &) P42 BHA (B BHA AL RA
HPLC 4845 & i - 0 B Z By b &4 > b A MAR) » iRE3H
HBEREE RS TEAR 2 he 2B B S0 mL TEHRLER
KA 30 min @ REEIASRBFNE  BHRELRBRZLBRTLER
BRTFRzZARE% » KB BHA 50 mL 7B 7 BS B /K A2 30 min 0 &
BEUSRBINRE  BERM LR UEAZAAMUENEH > @
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KEBWANLBUBEERELHBUEHEECLTEREAL B LR
LB BB BEEEWNT - LEEE FEN HPLC 447 » ;A BHA
B EAERBEIAAE  BUBRFRBELRELALE
ZGE o

HPLC 4-#7 &4 -

%4t : LiChrosorb RP-18 (150X 4 mm > #4&5 puM)4& HE.

Merck /> 2]
%48 Ak 2%EEEE Bk LT R

Gradient :

Time (min) Mobile phase

0 100% Ak
20 87% Ak
60 60% Ak
70 100% A&

ik ¢ 1 mL/min
ERE UV AR R (280 nm)

(+-—) B®E&3t 54
AARZ BB SEBIT=ZEHZAE  FRFTREBERH
B3 LA 5 2 43 97 & % (Statistical Analysis System, SAS, 1985 )

EAT 5 H7 - 8 R B 47 B 24 PROC ANOVA A& Duncan's multiple range

test AT 5H7 ©

15



X

— < A AR KR HCu™ % BLDLAA L KTBARSZ B

AR Fl 3R & 649 8 F(0-50 pM) > 3% % LDL sy ffb- b B — &5
& e NAREETF(0 uM)F ¥ A itz LDL Fﬁ%ﬂ%rﬁéﬁﬁsﬁn%%%ﬁﬁ‘:
F IR e - BT R R AR BB TAT
B30 R EPAR AR TR RS L ¥ LDL & BB A AR - B
Cu®* (10 uM)# % LDL (100 pg protein/mL)Z E L4546 » #RITAEAP K
# By LDL f/bia2 8% &R B A7 A K 2 B A (10
ug/mL) » %% ¥pHlsAskF %% LDL ALBEHIBX - - BVE T e S
K3 B B 9A BA > £ 8 ascorbic acid Z ¥pH|BCRABL 240 A
BEAEIEE LB (P05 kmAKLERAETOARLT £ 1]
h & TBARS &%/ %% ¥ 52 oM MDA/mL - oh B A A 3 K R4
¥ k4 B TBARS &4 o AP B AR K EIRY 3 A 47 5]
MR KR ERRRAR -

=~ ﬁ4+$$gx%§%Cu2+%§ #]DLAAE R I EEHCD)ZHE

£LDL (100 pg protein/mL) ~ Cu®* (10 UM) & %t A AR AR KK
E(10 pg /mL) » 3t EHAHCuE #1 DL AT a2 I Z %
W oo B = 0 THE M A% P 1EH LDLE G & T (B K Av Ak o) Z3E
#)4a 0 BB 6% B (lag time)#66 min ° KA K ERYE A
Yo BLDL EALAE b6 2 e F > B E A SN AEAP R R Hlag
fime® A i B2 B % 0 E ¥ SUEAR E K E B Rascorbic acidz R &
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1 » Hlag time 3 pu24% 0 Bp H¥pHILDLAALE 4 X R T3] 52
£ > lag time %128 min * M & AL RIS ALMP K ERM £ 8 £ » Hlag
time4- %] %874 104 min * H 7 LA £ MM R EBRYIpF MR K £

=~ B AKRERpHCH RLDLA/E R TS H FREM)ZH
¥

% LDL §1bt5 > R4 mA 2 @0 TN E/LRRELTHHE
MR EREALTESEAEENEZR - 4 LDL $&EH
AR > &~ LDL /bty AR € @ iR H T ABH EREM)A K -
HEwWERET > UEREH LDL £ REM % 1 fux Cu® (10 uM)#
B REM #/jv# 3.8 BpéRdk T ARG RE LDL s &1t - bR %
% B ho AL K B (100 pg/mL)# - Brkk) LDL At - i
% REM « % 5/ 24 h # LDL E5k A LB, + ALK K5 445 2%
AAEAR K X B4 B ascorbic acid B HAE o BAMSEKERYH
£ 10 ££(10 pg/mL)#% > £ REM L4 4 A R kb4 K 3 B 47(100
ng/mL)z A8 11 > #p%] LDL EAbL545 6458 1 20 R R4 » B3k £ REM
$11% K 4A8ETF 2 LDL(BP ko Ah a2 47 4] 48) 4B 3 o

WP ERERYZ R LEZETHARNERN TLC R EZ R

RpHlsRsE-Frrh s LDL S8R REHEFTELRER
o —FIbETHE X EH LDL S/bi545 216484 o AP £k
ERYBRUBLEZEY FLBLEE Y BLESHEY
A TLC 4R L @47 58t » £ 5844 47 6 f8 band » £ & %  Rf
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B-UV BB 2 ZE > mk—FF o X P band 2 (RE=0.40)e &
REER& o 153 42% - ™ band 3 | band 6 & & RAg i EF A 10-14%
A4 o s BuJR B % %89 7545 % chloroform methyl alcohol : acetic acid
=80 : 20 : 1(V/V/V) » $LEl 48 % silica gel » B gt band 2 Tl & & B
AR & HIEEY -

BB REKRERDZESHIFHARET S S LDL R/5H2BE

AT EREBRY S ERERYZ LB LEE > Pfo g TLC
wyEkey & band WE LY — AL E 4] LDL /65645228 »
HERWEE -Band2-4 RUHMLEES YRR AR EAFBEE
£(p<0.05) > LDL 2 §Ab& 4 234l R 5 £ 89% A & » HAMP E A
ERMZ LB UBEZER MBI F B - £54 8 HPLC 54743
foband2 AR E - G band 2 8 £ % 5 B XE » BASULE
SRR HPLC Bt —Fahshib » THAER G s X (&
By ORI XIGETmHEE 5% L) MRS LR R AG &6
R BITE-FHEHEER -

AN HRECRTHEEBER

% HPLC @t mF 2 &t T A — G Een K » X NMR & MS
FhREF L BITERER  ERBXN BLRAEA - LBWE2Y
BB TASTRTFM)ZEESL 154 e E B &F 137 (M-OH)*
& 109 (M-COOH) * » 4| st ¥ 8 T4 OH & COOH H# T i i -
#7 PC-NMR %3# ¢4 CE% MK » Zrklbb MR D BAEA £
B > Fhvbd Had R TR E T4 OH & COOH #y

18



THA BT EA 154> HiER LS FRXAE CHO, - #$bMhiEn
W E A & UV #3043 UV 32 RiE % 248 - 258 & 293 nm -
BE T b4t 8 X B 7 benzenoid 38 o & 'H-NMR %3+ - 4 =18
F2 A&z 35 (down field)#h & R &5 7.43,7.42 & 6.75) » T LA4F 4o sbdhy
BT Z—BE_EARAEHEE BTLEEZHHEESESEEN
(splitting pattern)tb & #ik » B2 HAEFIB A RAREAGEHME - 2
HbE—EARKEEMLEE  HERAAEGR AR E TR
LESRF -8 'HNMR ¥ =B aNE%E  ERAIERHA
CD,OD » ¥ #|#7 b =18 £ &3% /B OH & COOH %7 Xz & &
BT BERE o SCNMR % 0 A5 170.2 ppm &) RS & %
COOH z# » Re#y<ERAEHTA 151.5-115.8 21 > R E
sp? 2.5 0 WEP¥ B ERE EeisE o FlEFA PC-NMR F 35 cfEB i
B RTrEEtREARAMHART B bEaEHAHERAZLS T
(C,HO) R L&y Rl & T b FRA #48- B R 4£ 151.5 & 146.1 ppm
B RBERUMET o RBERETRERRERBARGR T TFEFT
AEdE T OH 4 » ¥t F4 %18 OH - sA L&y F 3 > 7T BAH|E7 sk
MEAHE—RFEB2/4AY  ERXELARME OH BRARL - BLEH &
FEBAOE KX 0 T AT LIE A B B R 525 B (protocatechuic acid;
PCA) - AR #1794 PCA 4% &4 (38 B £ B Sigma 2> 8))Z 348k
MBS Fmb > FREAEYBE > BAAERAS XY
(Pouchert, 1978; Zhang etal, 1998) » LEERE B R AXEL » HTHEF
&b H & PCA -

+ ~ AR ERYZBDBRICASBZKBRIW
YA B K AR 0 & HPLC H# A Eraicodhz am
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HERWE AT B 2 ARBIEAHRELZRE B b
B c BAEA d 25 AP EARS BRI ZRATE  BFRES
B ¥ B 2 75 G 05 P T 4o Ab AP K B4 ' A A 11.26 min 2 PCA > Ee
DA E K ERYZ A EES  BE FARIFSAEPCA - HF PCA X
BHA AMEBHmELALE  BURFREZ PCA HAMREF R
B 8(r>0.99) 0 3 E AR ERMIL T Z PCA 24F » BRw
o BABRA AN ESDHAT> £ o B3 b 7T fo ik A K E
By PCA ZEBBILAMTHEEMBENE

A BRESAMAKERY S Cu'% % LDL RBHZBH

9 AL A K B AR AR K R B S LAT Bl e shib e PCA
4 LDL fALiS#h B & &R K= A 3L #5415 lag time ~
TBARS % REM #&8]3K "zé%%%fi LDL AuA 10 pM &34 # 785> LDL
# BRBA Y §1b 545 > & lag time % 62.5 min~ £ R & 8 h 85 TBARS &
4 % 2 51.6 ("M MDA/mL) & REM % 3.8 fu A AR 3K 54y L lag
time % 115 min~TBARS & £ £4 % 1.7°REM &/ % 2.0 fun PCA
4% R4p#] LDL E/bB A 2 R Rt B R =X & RTA hi#p#Hl LDL
S b5 4 2k B4R B PCA>#LAY % 2ascorbic acid>¥p At 4> 4 A+ AP
KEERY o & i T hok K E B ¥ 49 PCA Z¥#%] LDL £ 4
tHEEEAE -
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BAFELEREALNERERDEA RIFGI B4R T
¥ LDL &) a1cts4h - %—4@&&@%*&&%&%%& - LDL ¢4
FEENHREREEEEFXLBHETHF T MG £ RIS 41E
Ao AREZE Cu¥ > f4bi5ahth e LDL 4R34 SLO SRRk @b g
% 7 & 48 B M (Steinberg et al., 1989; Esterbauer et al., 1992) - & A&k
SRR AN FAEIIA R 838 LDL S5 82 5 -
RFFAF R B RERYAGRBRRCHEF LA RTHER %
71 » B4R# Nakazawa (1997)Z 8t J045 i AL AF 55 (Bp AL AP 3 Kk 2 Fdy)
A ORI E B R s Z A8 0 TN A IR AE B B2 89 o) gk B i bl s
Wi AT 89 %% & (Nakasa et al., 1995) o B pbat AP K EBRY K R A &
Bk AL LR & — SR A ER] -

RATREBRTIAMAEA-—LEROBRELBEFAKRRARKREY
&> ZH|BRAXARTEBRBENRE > AT ZR4EMHAY
2 By R 88 S BR L &4 (Block et al., 1992; Hollman and Katan 1999) >
BT BB YO BERRAFEREFY S8y - H 55
REHBBILEHRLBRFERFHEE4 LDL f/beyd @ity
" Ay @b BBt ¥ E %6 & s (Frankel et al,, 1993;
1995; Meyér et al, 1997) - ¥ T By EE L S W A I o B
hydroxycinnamic acid (chlorogenic acid #v caffeic acid) -
hydroxybenzoic acid (protocatechuic acid) A& ellagitannins % » i $b4t
CHMBEARSHAEHELRRER - HEAILRIEMN % (Tanaka et
al., 1993 ; 1994) -

R EAERMTESEHLER  BREZORAIEAN S
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J& 5,2 8 (protocatechuic acid; PCA) » & FlIRE T 3 #7 #I R 74
4% & ascorbic acid - AP EKERMF S EBME T ERHE 20%%
T R EAERYGERELSE 10% (F—FK) BREMELER
Byt PCA 484k 1.7 % - ELI 100 g ghibfP 3 > T ZR
1210 g A EKERY 5 3610 g RN ERERYTH2 g S8
feo¥32 g & % BribA-n + #7743 170 mg &5 PCA - Frankel %(1998)
MEBRYEH R FAENS 10 pM & gallic acid B8RS T
Hr%) 62-75% ¢4 LDL &4t > Bdik 7T-2TBARS 2 & R4 3 PCA £
10 pg/mL &3 B F Bp TT404) 9%y LDL f4t - BB a4KA 10 g
Bk TS 1 g P ERERY RS 17 mg &9 PCA >
LB B AR RS R4 LDL S/bEa 28R - PCA £ —18
BEWBBRILAY  H5TREMARERARTEAGL > MR
2 2 — 18 % 468 (Ueno, 1993) » Ohnishi 201997745 i PCA fE
# # i #p#] 7, 12-dimethylbenz[a]anthracence £ 3% # hamster BRI
2 ¥ o PCA TFAcA % t¥p#] 12-O-tetradecanoylphorbol-13-acetate
(TPA)FF 3% B o2 B & BB i & > Bk PCA A X — 8 RIFH
4t 4 15 3 #](chemoprevention agent) (Tseng, et al., 1998) o &1 &3 24
B hmE R EKERY T PCA £4A8FAHE LDL RALEH
WHELHRERAL -

4B b o 5 EL A — AR AR HBRIRRLY E R
£ #)(Fuhrman et al., 1995)+ B & 58 ¥ & % @b &b A R AT
BATER AR KL G B EECHLEREBN I REKARE LEH
% 4 P38 %5k B X, F J& (France paradox)” 3 o 48 ¥ 43 5 Brbe
4 %] LDL 89 €1L4546 + Abu-Amsha F(1996)38 & 5 F % 3 69 #
S | ARMTHESEA 2 B ERSFRIES o Yashino fr
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Murakami (1998)+.35 i JE $5-F BR 48 &9 % By4b&-# 4o protocatechuic
acid & chlorogenic acid & Fe*" » $E7 B R & M1t 8y Fe**-polyphenol
HEAY o HEA M ARER Ak R ILRE 5 B protocatechuic acid &
chlorogenic acid 48 F R EH A » BT § 4 — RFMILAIE - PCA
feHp 4| t-butylhydroperoxide PR3k BT tmfatitape R A B FHFMH > £ P
EE2HBHR AL FERE B AT (Tseng et al., 1996) - B b RFA R
B PCA RAAMPEAKERY FH 2 e¥# LDL S4B 4e) € 21t
St EFPmMESRIBRIRSBETHESRE SR FR -

A PCA AR A RFAORAAM » EARN I RA EKR
§ o R A 4R 1 R M T 6249 78 F F(cyanidin) 22 28 P9 A AR AR
protocatechuic acid » B gt PCA 4% Tsuda (1999 AKX ek F X 2
ILEACH E o BT R aEE PCA AR AN A A LA EH
B BATRERF ot ERERNE RIF693# LDL |14
275k » B PCA iAbKERYyEHrH] LDL RAGMH LER €S
MAG ALEHREBSIRARGTREEHEBEARERA/I B
BMBERAMERESIPHVER » R P48 PCA A58 ARG
—EREHHAAAER -
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S RER

B AR RERFLRwA AL TBARS » HEEHCD)OH AR E
A # 8 EREM)E - P KERYE A 548 T % LDL
FALE M2 B P AP ERERY MR FRE A RA A
REZHEMRF - BAECRRREORFERERY » £—F o
BEGILER B EXRZHRAILHE AR ALK - BHEMFKERYE
B KA HPLC S # £ BRIt A M ERAEF K ERY T A4E &
EHERARE AP RMESERS 1717 mg/g AR R BIHAH 2.99
mg/g » &KV E AL MM 1.16 mg/g o st PCA 4 F 85 LDL & /b15 46
ZEARM > B~ PCA TheRALAT ¥R XKERY FRA4EH LDL f4bth
EAENERBRRZ— -

B AN A EE RS EKERMA REFe44 % LDL &4t%
R Ihfe  RTFBREFEKRERDAEGRBEIELYTEG LA R
FEHERRES  EIFE—FHH o
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Figure 1. Different concentrations of copper ion on LDL oxidative

modification. LDL (100 pg protein/mL) was incubated with
different concentrations of copper sulfate at 37°C for various

times.
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Figure 2. Effect of water extracts from Du-zhong on Cu** mediated

TBARS formation in LDL. LDL (100 ug protein/mL) was
incubated with 10 pM CuSO, at 37°C in the absence or

presence of water extracts of Du-zhong (10 pg/mL). Data

represent mean * standard deviation from three experiments.
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Figure 3. Effects of water extracts from Du-zhong on Cu** mediated
conjugated diene formation in LDL. LDL (100 ug protein/
mL) was incubated with 10 uM CuSO, at 37°C in the absence
or presence of water extracts of Du-zhong (10 pg/mL).
Conjugated diene formation was measured by determining the
absorbance at 234 nm every 15 miﬁ for 195 min and the

results are expressed as relative absorbance at 234 nm.
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Figure 4. The eletrophoretic pattern of human LDL incubated with Cu**
with or without water extracts from Du-zhong. LDL (100 pg
protein/mL) was oxidized with Cu?* (10 uM) in the presence
of Du-zhong extract for 24 h. Lanes 1, 8: native LDL; lane 2:
LDL and Cu®; lane 3: LDL and Cu®* and 100 pg/mL leaf
extract; lane 4: LDL and Cu** and 10 pg/mL leaf extract; lane
5: LDL and Cu** and 100 pg/mL raw cortex extract; lane 6:
LDL and Cu** and 100 pg/mL roasted cortex extract; lane 7:
LDL and Cu** and 100 pg/mL ascorbic acid.
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2 FRESREAER RARUV EBAEE

Table 1. Yield, Rf value and the color after UV-irradiation of ethyl acetate

fraction from Du-zhong leaf extract developed on the

preparative TLC plate
Band  Yield (%)  R;value color after UV-

irradiation *

1 8.70° 0.18 Light green

2 41.90 0.40 Dark purple

3 13.41 0.45 Dark green

4 10.46 0.58 Light purple

5 14.38 0.62 Light purple

6 11.15 0.70 Light brown

4UV-irradiation was at 280 nm.

’Each value is the mean of three replicate analyses.
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Figure 5. Effect of Du-zhong leaf extract, ethyl acetate fraction from leaf
extract and its TLC fractions on the Cu?*-mediated LDL
oxidation. LDL (100 pg protein/mL) was incubated with
Cu** (10 puM), Du-zhong leaf extract, ethyl acetate fraction
from leaf extract and its TLC fractions (10 pg/mL) for 12
hours at 37 °C.
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Figure 6. 'H NMR spectrum of compound X isolated from Du-zhong leaf extract.
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Figure 7. °C NMR spectrum of compound X isolated from Du-zhong leaf extract.
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Figure 8. Mass spectrum of compound X isolated from Du-zhong leaf extract.
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Figure 9. HPLC chromatogram of polyphenol standards and water extract
from Du-zhong (WEDZ). (a) polyphenol standards; peak
identification: 1. gallic acid; 2. chlorogenic acid and caffeic acid;
3. catechin; 4. epicatechin; 5. ellagic acid; PCA: protocatechuic

acid. (b) leaves extract; (c) raw cortex; (d) roasted cortex.
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&k =~ HAFKEERY F protocatechuic acid #4-&F
Table 2. The amounts of protocatechuic acid in water extract from Du-

zhong (WEDZ)
Sample Protocatechuic acid (mg/g of Du-zhong
extracts lyophilized powder)
Leaves 17.17 £0.01*
Raw cortex 1.16 £ 0.01°
Roasted cortex 2.99+0.02°

¢ Each value is the mean * standard deviation of three replicate analyses.
Values in a column with different superscripts are significantly different
(p<0.05).
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Table 3. Effect of water extracts of Du-zhong and protocatechuic acid
(PCA) on the Cu* - mediated LDL oxidation

Sample Lag time (min)®  TBARS (uM)° REM*

Control 64.25+2.47 51.58+0.83 3.840.08
Leaves 121.549.19 1.65+0.02 2.010.02
Raw cortex 89.25+3.18 43.8610.16 3.5+0.07
Roasted cortex 104.5+0.71 42.18+0.19 3.31£0.01
PCA >200 0.26+0.00 1+0.02
Ascorbic acid 118.5+13.44 1.6340.05 2.240.01

“ LDL was incubated with 10 uM CuSO, without samples.

> LDL (100 pg protein/mL) was incubated with 10 pM CuSO, at 37°C in the
absence or presence of 10 pg/mL water extracts of Du-zhong.

° TBARS: thiobarbituric acid reactive substabces. LDL (100 pg protein/ mL)
was incubated with 10 uM CuSO, at 37°C in the absence or presence of 10
ug/mL water extracts of Du-zhong for 8 h.

YREM: relative electrophoretic mobility. - LDL (100 pg protein/mL) was
incubated with Cu®** (10 uM) in the presence of Du-zhong extract (100
ng/mL) for 24 h.
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