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Chlorogenic acid reduce oxidative stress
and inflammatory-related gene
expression in hyperlipidemic rabbits
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A LDL ¥4 # i kA e BT ER &4 B FF 2 — % R
it (chlorogenic acid, CA) & - = #fd T > B L5 & g% fob &
dol FE R T OEH ;“flir% ~ & ¥ (Hemerocallis spp.) ~ iz & frekertrd o
AT HER > SRBRL IR FEBEALED SRS o A
T A HE_DPPH p d 2 ~ #rd] LDL ¥ it 7% 2 ey (b a4
(trolox equivalent antioxidant capacity, TEAC ) % %8¢ 3% » 731 % Rk
facndid “acd > BFUA LG RBEE e p A RPN F VRS
BE UM AT ZEAFEN BT A0 ARERA ST BT AR
8 Fistkd > mulm b5 A& G — 4 rabbit chow s ¥ B (N); %5 B
BEAMA S 4l e(C) ) B B ERRA S LR 0.1 % (Wiw)
probucol = probucol 2 (P) > 14 2 & 4c4p e B £ ik i fe 2 (CA) - 4 7h
WMo 0 B RBEFH_DPPH pd A0z drg] LDL ¥ it 0T % )
probucol & » % i fh it dng (it 4 27 probucol 4p§ o # 4 F BRI o
Frdlletpor ® F ey AR NSO B 5 0 % R L 2 probucol
Zo OEHE BORAG E EE B o % R ik 22 e probucol e Ap T 44

o BT ORFE M P RA(TC) » LDL-C ~ = i i 73 (TG) »



MDA & & » % 333 #7% luminol-CL ¢h& 4 » Tt £ M3 & "q k-
v Y& 8P (lag time) 5 %% Jr ik 22 fr probucol feAp ATl e > W F AR
3 ' M VCAM-1 ~ MCP -1 ~ #6873 7~ F]+ -0 (tumor necrosis factor-a,
TNF-a) fr*%; 3 7 F]+ - (tumor necrosis factor-f, TNF-) 22 mRNA
LM FEN P RE > BRET I F UL AT LT F
VR4 122 v AR M A F)(TNF-o ~ TNF -B) » VCAM-1 2 MCP -1

2. mRNA # 3R > i P " MA~ B b P afa e AT it e B o
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Atherosclerosis is a major cause of coronary heart disease. Previous
studies have indicated that oxidized LDL plays an important role in initiation
and progression of atherosclerosis. Chlorogenic acid (CA) is a phenolic
compound present in fruits, vegetables and some drinks including apples,
pears, berries, Chinese day lily (Hemerocallis spp.), black tea and coffee. It
has been found to have antioxidant, antimutagenic, and immunomodulatory
properties. In this study, we investigated the antioxidative effects of CA
using the DPPH radicals scavenging ability, inhibition of LDL oxidation and
trolox equivalent antioxidant capacity (TEAC) in vitro, and the effects of
chlorogenic acid on oxidative stress and anti-inflammatory gene expression
in hyperlipidemic rabbits. Twenty-four New Zealand White (NZW) male
rabbits were assigned randomly into four dietary groups and were scarified
after eight weeks. The normal group was fed regular rabbit chow and the
control group was fed a high fat and cholesterol diet. The probucol group
and the CA group were fed the same diet as the control group plus 0.1 %
(w/w) probucol or chlorogenic acid. The result indicated that CA had better
antioxidant activity than probucol in DPPH radicals scavenging ability and
inhibition of LDL oxidation, and as good as probucol in TEAC. The serum
levels of total cholesterol (TC), LDL-cholesterol (LDL-C), triglyceride (TG),
MDA, luminol-CL of thoracic aorta and intimal thickening was significantly
increased in the control group compared with the normal group, and
decreased in the probucol and the CA group. The lag time of LDL oxidation

in the control group was shorter than the normal group, and longer in the
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probucol and the CA group. The mRNA expression of VCAM-1 (vascular
cell adhesion molecule-1), TNF-a (tumor necrosis factor-a), TNF-f (tumor
necrosis factor-) and MCP-1 (monocyte chemotactic protein-1) was
significantly increased in the control group compared with the normal group,
and decreased in the probucol and the CA group. In conclusion, chlorogenic
acid suppresses the progression of atherosclerosis by lowering serum lipid,
reducing oxidative stress and inflammatory-related gene expression

including TNF-a, TNF-, VCAM-1and MCP-1 in hyperlipidemic rabbits.
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FRHE L

ABTS : 2,2'-azino-bis(3-ethylbenzothiazoline -6-sulfonic acid)
BSA : Bovine serum albumin

CA : Chlorogenic acid

CHCI; : Chloroform

Luminol-CL : Luminol-chemiluminescence
CuSQy, : Cupric sulfate

DEPC : Diethyl pyrocarbonate

DDW : Distilled water

DPPH : 1,1-diphenyl-2-picrylhydrazyl
EDTA : Ethylene diamine tetraacetic acid
GK : Glycerokinase

GOP : Glycerolphosphate oxidase

C : High cholesterol diet

CA : High cholesterol + chlorogenic acid diet
HDL-C : How density lipoprotein-cholesterol
HE : Hematoxylin-eosin

KBr : Potassium bromide
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KCI : Potassium chloride

KH,PO, : Potassium dihydrogenphosphate
LDL-C : Low density lipoprotein-cholesterol
LPL : Lipoprotein lipase

MDA : Malondialdehyde

MCP-1 : Monocyte chemoattractant protein-1
N : Normal diet

NaCl : Sodium chloride

Na,HPO, : Disodium hydrogenphosphate
NZW rabbits : New Zealand White rabbits

P : High cholesterol + probucol diet

PBS : Phosphate buffer saline

PCR : Polymerase chain reaction

ROS : Reactive oxygen species

RT : Reverse transcription

TBA : Thiobarbituric acid

TBHP : turt-Butyl hydroperoxide

TCA : Trichloroacetic acid)
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TEAC : Trolox equivalent antioxidant capacity

TG * Triglyceride

Trolox : 6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
TNF-a : Tumor necrosis factor-alpha

TNF-B : Tumor necrosis factor-beta

VCAM-1 : Vascular cell adhesion molecule-1

VLDL : Very low density lipoprotein

B-actin : beta-Actin
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(oxLDL) & 3% % £ 4p M 72 F] ()4 @ IL-1 » TNF-a. » TNF-B) frdb
HFF s ABTC F]S (40 0 VCAM-1 - MCP-1) % A P14 30 > @ 358 6 4%
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¥ - & BIRERA L s F

TR GR A A - AR L AL Ao AERDAE R R
P Al forep T 4 g 4 o BURHRA L) E dhml e A
FAEAE L FRE o ERCH S I Sy ik n @ 0 Eag S
?OR o SR R F [1,2) TR R E fofE F o g e 0 P
AR~ g T e ie B R R U G AR o B G R D
BTG Al B fogE c B XL F]F 4o i INF~IL-1 5 A2 ™ » Eitigsm
R R FA- N L F GRS RAR A J N S r LN =
B PR R AT A P R E & e i Y B IR B R 3 P sanElA [3])
e § AT R 0 A e ARG T R R A g 2 o A
A BRI R o FIRG Bk R A L > A H E AR

JE e R gét 5$B‘?}Et£4 i3 ng_ira}gp%ﬁffxﬁrjﬁm,iq, [4])-

;‘\

PR (Y2 8 B - fd e A A - W AR -

4.1

LA SRR AL T ¥ B ek ak [1,2])
fi v % -1 (interleukin-1, IL-1) fr?&% 3 5>* %]+ (tumor necrosis factor,

TNF) & - f&+ % X % % (pro-inflammatory cytokine ) > ¢ %% H i



WP ek 4o D IL-4 ~ [L-6 ~ IL-10 » frdk it F]3 4o @ B 3R F]F A
SN0 I - *g AL dm e AR F] S e I o i Apo-E }}"J“,ér‘ | BN
g AT 0 oo 3N IL-1 % B4R (IL-1 receptor antagonist, IL-1 Ra)
H - fA& M pFd 30 F (acute phase protein) > IL-1 Ra ¢ £ IL-1 49 3 3%
TRXE e A2 TE LK BiEY S Fpt o IL-1/IL-1 Ra st
B F O e B kR R E Rk [5]

BREIFLH R RFEEIRGRA - Dp g F S RpEEYE
MO BER T 0 2F S BTG o el A - B FE g (hyperglycemia)
B BLE FRE B RY FE S iR R R B Y
TR R A i B G e B 5E [6] -

% & f5 39  (low density lipoprotein ,LDL) # 4 = /| frx fo: ¢ B
% & *5 3¢ (high density lipoprotein HDL ) )k & 7 & 4l > @ fr= B
+ 74 fg (triglyceride, TG) kR 5 f Ap B > o fo: LA GO F TR
LDL B > ¢ 3 ## kA HDL 12 2 Mk R (TG 5 e o F18t > #f#
#oo ~ B R #® 0 LDL £ # i< s HDL-cholesterol Jk & > 11 % B 1=
Rt fia kR — b = F R AL T RERRA 4 32 i
3.73] (atherogenic lipoprotein phenotype ) ; [7] > s~ f& % A+ it € 3 =

REbEGESEd > ATV R R R oos BARDE R [89]-



FF B4 LDL 0 § WRBRARA L s &

ok

(1) P Rk Mook » w3 F  LDL (oxLDL) ¢ @igd %

Sk AT 1 end & [10,11)

(2) td o fl IL:}E%m)—rﬂ—n‘,t‘ RAPIAE - i NIVE L %

(oxidative damage ) 175 #-v < (lipoprotein-like particles )[12]
(3) %A% A2 i FiEs i % A5 40 [ = ff (malondialdehyde ) -

A fo®s o B R L RIBL Y 0 T L AR B A ke

R

7 [12])-

(4) BF AL m &5 A2 PR R RS 0 FRT

A eff 1R T R e Bl R A 1 1 enA) A [11-14]

P EE Y &k d

d TR g e g G AR R
[13]-
- & RO MR

BEHE RS G2 KR 2-1 417 0 &

v

gﬁh@@ﬂam&wp:

4

(1) *t & (adventitia) : *t /& 5 s ¥ E=enb vt > d B4 o 8dr

$T 1 gk m* ¥ (fibroblasts ) & T i i *e (smooth muscle cell, SMC )



(2) 7 & (media): =3 m g en? o> Tifstimre 28 3 & &4
™2 fnre ¢k JUB (extracellular matrix )

(3) P (intima) @ & F ehp 2b§ & > & 7B L JRap R
e 2t imie b g 4 w B AL (extracellular connective tissue matrix ) » 4e
F-v pE(proteoglycan )f=#% & F-v (collagen ) pr $%3& # & (internal elastic
lamina) =3t powcs B REITY B [1)]ep Lmreanr ¥ #i e 3¢
A e R B A ek i (local coagulation ) 1 2 FgF WKk iR ehie
Fode o ¥ o L wie T o %E’ Fr4) NF-xB e& 14 > @ % K0 w 3f ef

= ivirr [15]) -

«— Blood

<« Endothelial
cells

<— Intima

<« Internal
elastic lamina

<— Adventitia

B 2-1 #27%. % Eenfpid (Lusis Al 2000)



¥z & Bkt aF B

Fori R e B AR A Sy [2]):

(1) p A # it * 2 (endothelial dysfunction )

S R R R A G A L s R R A EIeh
shear stress :2 % ¢ i3 = p £ # i 2 27 [16,17)> F %ﬁfd - % iv § (nitric
oxide) [17]) -~ = 51]’#}&7% (prostacyclin ) » w /] & 74 4 £ F]3

( platelet-derived growth factor, PDGF ) ~ s & P]J:‘{ﬁ% I (angiotensinIl )
{= endothelin k3 4v o # il F 4 [18] & & Fp 4 & ¥ ”ff( LR N
BHE A2 W EPHA[19) T F ¢ g d n AR F1F (leukocyte
adhesion molecules ) ~ f A 44 ]+ (endothelial adhesion molecules) =
%3 [20-22); 42 % > 4§ ¢ OXLDL fo— s 481 73 4o H Prpig i 75

i H prakie g [23]

(2) a5 i%E3a5 = (fatty-streak formation )

PR e - ALY A% sl PR B eiime > A T T TRt

A B F T m s § e r AR S B AL o B ARE 450 T



veeriB 45 (migration ) ~ T fw e erif i ~ je R w2 e0A5 5 > 11 E p o[ KD
At [24) - B¢ T e @ B AL Tl ATE 2R FF R & TS
enf g [25) T vz e it P 2 %] 5 "8k 7 F]1+ o (tumor necrosis
factor-a, TNF-o.) [26])~ 4 ¢ % interlukin-2 (IL-2)~IL-15 ~ oxLDL [27]
Fodf 3k - E v fm P2 BT ] %]+ (granulocyte-macrophage
colony-stimulating factor, GM-CSF ) enf ;i [28] o 2 /% fm % 07 = P §_
% 3] oxLDL[ 29 ) E ¥ fm*2 B j% {18 F]+ (macrophage colony-stimulating
factor, M-CSF )[30]~ TNF-o fr IL-1 2255 @ — - p g w2 FL5g 5] 5 o
4o @ intergrin ~ P-selectin > ™ % & /|- {558 & %2 A, (thromboxane A,) » 4%

=7

o L e Ak g B (2]

(3) & HAFfe b R R A L 45§ 235 (formation of an advanced,

complicated lesion of atherosclerosis )

RS SRR S AL LA RAE E L RE E R
d T vcimte ~ R Fev & 2 b LB (extracellular matrix, ECM) #7
e [31) e popF o BRa R ATV AE B R 0 v F B o A 91 4k
Ip A XD H R4 713 (monocyte chemotactic protein 1,

MCP-1) ehfljgem &~ i ¥ B » #% % 3| M-CSF chfljiem A v 3 B



mRe > © ¥ 8% oXLDL A5 & i ik dnre @ BIAE YA B EE o ¢ ik dn ¥
£ Pliw*e &= (Apoptosis) &3k 7 (necrosis) T% > FIR ok Py ¥b ek

7 ¥% (necrotic core) A;= ; o ** g [ {72 4 £ F]F ~ TNF-a ~ IL-1 &

e ek HE T LR KBS B enA R R MDA 2 [3233]

(4) # #& w4 ez (unstable fibrous plaques in atherosclerosis) 7

2% A&
PO B AT ¥ § A RBAMAS AT A - BB

(thrombosis ) efFiw o F]L B it B vgimre s €510 T w2 2 2 35 5
‘o ¥¢ gk 4o IL-1 > TNF-o~ IFN-y ~ Fas-L > 122 Hy0,~ O, % d 2 >

A FERTFremie k= 0 2 "M nve ok ZLBT (extracellular matrix ) 7

w

F R F ok G ARG U e hE 0 6 I E e §
) AR £ 39 ps (matrix metalloproteinase, MMP){r 3-9 5 4 2 fi%
30 AT ERBID Pofrdy TARMADEA B A AT B34 P
k&M Pe 87 fmPe 2. B ek & (cell-to-cell connection ) 33 » Kk i 7 42 T i
AR @ %A F B A E R 27,2 (thrombus formation) » s 235
HE ;‘,‘.“Liﬁ%i #igm slAeFo Rk F k2% (coronary embolism) & (Fo#e

"%4>% (cerebral embolism) » i# & < 7L & (myocardial infarction) &

-10-



*""J

3

oY b 4 [3435)° o o] & & (Platelet aggregation ) f$s %%l
514z % (embolism) #F L& hd d > & i v nEF» P e
[ AE g (57 o [ 45T 3 § AT VIDL > § § ARiE A ¢ o
%339 4ot LDL ~ HDL [36] - % st 2 ¢b » s ¥ 2B ek & § 2 8
PE AR EEY o G35 BT D BERAR L R E L

FREFOTR > Vi 515 oxLDL e 4v @ if & o ] R E AR 1L

i“g}' 4e [37-40] -

Yra pd A

- BA SR AHLF o FET AL P A (free

™y
=

radical ) o

23 (oxygen, 0,) B4 bif it ty s cnge 1 » 1L EEA 3 507y 2
RELF b e s B35 5B HEP T o B3 g 3% 5 o g 3/4p
1 F 4 ¥ (reactive oxygen species, ROS) ¢ %81 - L pI2igAE > *
- B H R EE RS SR o F o PEAE k> ROS 4%

AR RRET CELRFEF RS

%

Feng viTr A BRITR 5 Ay

AR E g0 & 77 E Bd B

-~

B3R i F A

oy

(superoxide, Oy + )~ £ A FF i F i & (hydrogen

11 -



peroxide,H,O, )~ & ¥ p ¢ #& (hydroxyl radicals, OH - ) ~ hypochlorite ion
(OCl') fris & Ty A8+ (peroxynitrite, ONOO ) % 2 % o o A
[41,42])-
FLF OBEX-BT A2 345 BT (00 )0y - &

R fr s DR LB RERS R > &4 TE 1 (activation) | ¥ &
+@ A2 > F Oy 54 % (primary) $HROS ; @ 4% ROS £ £ d ¥
FAELAEREPECDER §E- KRB AT E L B
(secondary) ROS 4r : HyOp° Oy e Al ¥ # BHE B chpH & F 224 4%
55 TG Oy THokipdE o P E RS il B i A o T
APl T AR W GE e~ fwe [43,44) 2 Oy g MapH & (pK,=
4.8) g’f‘-"H 2 HO,> A A ¥4 pH BT > BIZ RAZF B it s
( superoxide dismutase, SOD ) &3t B> » F o™

20, +2H" SOD _H,0,+0,

@ ¥ dismutation e3¢ F2EF 2 [45]) PR R AT K ERT 0 WmiE
PTG PERLABR ARG (freeiron) 3 A e g RPN E IR 4 K f pF (under

stress conditions ) » O, * _ﬁfug TIcPFaB e+ K 2 4 o P 25t %o
,‘S/F:r;ga‘% A A B OEERE L R J{;;fj"\;?;ﬂfrrgﬂ_fim' LALSEEEE |- § N O 1

B30 g 3 e [46] -

-12-



5 i (0, ApRetde sy s » RIS & mie i [T A
G BT E YRR Bt R AW EY o LR 2 s
[47,48) A2 5 PR3+ ¢ TR chdng 1 B {off & 4o © catalase
peroxidase > # H,0, & f& = -kfrg & F » L adFwmre p HyO, c0 K
Bk SMACTRA RET LT M S § TR 4 B0 R
(freeiron); p* pF > Hy0, f 7 friz G & g B+ 4o Fe' - Cu+§ Kl
d Fentonreaction 224 & ¥ p d & » & ;%47 [49]:
Fe’ + H,0, —— Fe’’ + OH « + OH
FRIERIBFSE - GBRIOBRREY 5 F AT
Fe® +0,+ ——> Fe’' + 0,
& # 1+ {r Fenton reaction = i €% > £ % Haber-Weiss reaction » » J&
4T o
O,+ +H0, —> 0,+OH - +OH
i3 pd A (hydroxylradica,OH « ) £ % & A 5 Jgtt > Adgp
X F P 2EY & 0 #7020 OH - ng}ujﬁ’ﬁ WP EeEE R G5 pd A
g2 3 T A (1) FoRA FARGHRBKLE > T RS S
A f325% OH « o H' 5 (2) fd# M 1 £ % :F Fenton reaction i {76 & 4

BT +EMHA 2 o OH-+ §{-DNA g A & DNA 2 § {1t et iz

-13 -



(backbone) »~ & > ¥k DNA#& A B 7[5 T & %4 [50]) -
Fm2epd AR5 5 pd A (peroxyl radical 7 B 7™
peroxide) > ¥ p d AEF i A5 > &Jp R group ~ “TH IR E ~ § B

FALFOERIF R DAR > FHRFO0TIVERR 3+ 1.44V 0 2 i

—\‘y:}

EFCER AP B EARF L NRERRFSED L R0 EF P
B8 AN A R RS A g [50-52])

AAF P F gAE P E- 5 it g (nitricoxide, NO+» ) F o 2 2
W E LA AIE 4+ (peroxynitrite, ONOO ) & 40T

NO+ + O, — > ONOO

%é%NO-%E%%%%%“%%%%&WRﬁﬁ%Qofﬂ,%ﬁ
¥ /& (reactive oxygen species, ROS) » € fra #4115 = 7 &pfoiy ih ik
( polyunsaturated fatty acid, PUFA) & & » B 4o%g FiEF it g g F & o
P EF trAL DL EF pd A (HOO: ) » g4 NO - F & A 2
ONOO - ¥ % #&" P A $ NO « & & [46;50-52]

dutpd Renhge Fm o pd A ARSI A AEH

TEARBEL LA

-14-



$78% 5 'L@J 2% 0% 5’]»5,'5]%/@' L

=1+ % % (reactive oxygen species, ROS )» ¥ 12 422 B % 4 iV 5 R »

e

FTREFEEHAY LA L 3 TR Sl ? 5 3 3F ik
R ‘%”3? A4 EME R 4o i NADH/NADPH oxidase [53,54]) ~ Xanthine
oxidase [55] & 3#i=24 w if BBt S48 c0%, § & (lipoxygenase) [56] fo
7% % fis (cyclooxygenase ) [57])° At ¥ £ J KR ™ » wie A g
RHET g A2 B o A F RS oo Sl ] A2
# iv fF (superoxide dismutase, SOD ) » ¥ 12 #-3 BAF g+ (O, )
g it (dismutate) = - BiEF i* & (H0,) [50)° @ H0,4- O, - _?%%'
d Fenton reaction A& 4 F1+% < eF “ P 4ol & F p d A (hydroxyl
radical, OH ® ) & % A 32k ;nT > Mp g d Afrdiy LA E g
ek e4p3 (v% e Tk i o blde D 3EF 1 3 € AL catalase A fE =
kfeF » 3 (0,) & iF peroxidase #-H # < FF i@ frd] HO0, 9%
o F Ao

2 HzOz _calalas.&, 2 HZO + 02
substrate-H, + HO, _peroxidase , substrate + 2 H,O

¥ *t » glutathione peroxidase A iZ 173 &34 ¥ 12 4r catalase % i

* > F5d B R glutathione (GSH) > #2482 7 H0, 0 F 3t 40

-15-



2 H,O, + 2GSH _glutathione peroxidase , 2 H,0 + GSSG
glutathione peroxidase { ¥ "4 4r HyO, 2. *heifgd i pd A F B> =X P

pend 2w B R F EER <9 LOOH (lipid hydroperoxide ) = 3 fis #f -
F R3S heT

LOOH + 2GSH _glutathione peroxidase, LOH + H,O + GSSG

APl f b F end TRk AR T 5 42 ¥ it s~ peroxidase v catalase €4 & §7
Flamre o HyOyfr Oy « T e 4 2§ L ko5t [49]) -

H s chp¥ % & %0 NOS (nitric oxide synthase ) + #3305 € 74 45w
PR REAL e S EEET S BAHEI G A A L R ARERE A
#.:11eNOS (endothelial NOS ) 4= nNOS (neuronal NOS ) > ¥ - & 5 # %
A 9 iNOS (inducible NOS ) [53,58]) -

% ROS chAg 2 fedng “H2Z B2 Tl abie i i asli
ho 1Oy ~OH - ey friE ¥ i p d £ (lipid peroxyl radicals ) 7 fpF >

TR FP AT e AT oS ROS RAAE T E R
FRECE RS SAT PO Y FEEE AR ST o R
(ischemia/reperfusion-induced inflammatory injury ) ~ 4 i 2% %05 ~ #
AR A T s B Bfoc BRR DT 3 RAPMAE [59,60] FEF B AR
RATVIRAFEPSweon B § VR RS RS TS

4 NF-xB 4 AP-1 ‘)5'3’4\/\:']“ F AP F [61]- £ F 1 NF-«B

-16 -



frAP-1 Bl ¢ R Fenr it 243 0 2 3 P MAFHA A 2~ 5 F 4 LDL
Rl A e~ WEEP L ¢ LDL hF it > S g4 AL b b D
AL FIF AR iase s U F i [62,63)0 @ { % kA ROS R € H ik
e = [61])-
FEORAAZEMMAYF L FESF  (lipid peroxidation ) -
_LDL %3 i § 1 (6% fods o Rl - B F F R 7 A
Bk o Evginfe ~n g T frcmie A L lmie 2T A 2 chp d € 5T
LDL p 17 47 4r?g " fx (unsaturated fatty acid, LH) > # H oa-methylene
A 24 % g it ¥% (hydrogen abstraction ) » @ A1) = fg Bz J o d A (lipid
alkyl radical, L « ) ; ¢ *% & lipid alkyl radical + e7g + 25 % 2 £ 2> #11U
7= % = Y (conjugated diene alkyl radical ) & fs4r™
LH+OH+ — L -+ H,0
# ¥ 3 ~» 3 4v conjugated diene alkyl radical & J&R|2)= lipid peroxyl
radical (LOO -+ ): @ lipid peroxyl radical ¢ 4 sz ¥ % i 1% & {o7y ¥%
f4 > A5 = lipid hydroperoxide (LOOH ) v lipid alkyl radical (L + )> @ &
A - AV Iy FiEY AR F B AoR 2-2 77 0 B AT
Le+0O,— LOO -

LOO++ LH—> L« +LOOH

-17 -



peroxyl radical at an internal
position of the fatty acid chain

2.

H

Fe(l
Fe(lll)

RH
:/\_/\7/<_/\=/ OO 0—0
‘0
9/14
hydrocarbons,
e.g. gaseous pentane

cleavag

HC cH cH
o Nens
Bl 2-2. P EiEF It ET

2

P AT

& Cu'it (= Fenton reaction’ &

-

#

’

LO-) fOH - ; #&

v ¥ & 4 4c : malondialdehyde (MDA ) >

;)/ ‘00 \ychsanon

K . peroxyl radical at the
=/ ==/ \—= endoftheconjuga‘ledsyslem
e 3G i/
%
RH
H \& H absence of metals
OOH
0—0 cycllsatlon

OCH malondialdehyde B-hydroxyacrolein
(MDA}

«fﬁm

deozyFt

% ¥ > LDL P 5 lipid hydroperoxide (LOOH) ¢ 4r Fe®'

A2 =% A p d A& (lipid alkoxyl radical,

£ 53 B-scission f¢ & 2 F F

FE kg B 5

iZ# A 4 ¢ fo LDL + ¢ Apo

-18 -



B-100 % & m i@ LDL ¥ g % > |t » 3 * B4 LDL $& % 44 E v m %2
b oefiiE A 42X F (scavenger receptor ) FE [64-68] -
§ it 34 LDL (oxLDL) #£3u 5 7 i ™ 544 0 5 seanp 58

v AT 1 chd & s hoB] 2-3 212 [166] :

(1) oxLDL iR F eiim®e cnB e (5% @ & 4 @ 7k mbe o

(2) oxLDL £} fm# & |2

(3) oxLDL # ﬁ/ﬁ&g Rag L ivim e {o B e imie g A A T E G Rse
B4 e ® o

(4) oxLDL ¢ GEE wgfim®e b i3 % #&{c B (scavenger receptor ) e IR o
[69]

(5) oXLDL £ 4 f 2 & » 7 1iE it T oz ehrb iy - [27])

(6) oXLDL § 3% in# jfr e : PDGF g 4 » i & i | 4 e & (platelet
aggregation ) °

F i drF] LDL chg it iv% » i sofrdld ik it g B [69] -
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Circulating monocytes

Vessel lumen
Native LDL

O , . ' Endothelial

cells

e o

Endothellal Endothelial
|njury dystunction

Resident
monocyte—macrophage—

#

=
l N
B TN
-!
c: !
- s Subendmhalial
o ; space
"z
Cell-maediated Foam cell — - i "'
axidation ; . Foam-cell necrosis
Oxidized LDL E
st -l'—_. - . - - - e e a = ™ L
s . "'"_'""-—--" Smooth muscle

B 2-3 % i* LDL Aaf"%afikf t 94> (DiazMetal., 1997)

5285 Py VA R e A b
FHEPEROREF R M A AR 3 RE a5 ER s 2

mEEiFy V4o 4o w2 2 C~ E -~ B-carotene ~ #F A 5 peaE o

v A 4 & (7010 A A AR LT G ¢ e
AY o h- MG PFEE R \gﬁv,r‘fr?ﬁﬂ & 7; o‘,‘}ﬁf%:}?:,%fﬁj,{ﬂi‘

-

Jobs B ST BB 0 A BREFER A AP0 PR L4 F

B [71]) ‘= iFp@«sgw ik 4 F resveratrol - 7%-%' Frdl 5 pe F13 AP-1

-20 -



¢17% it e endothelin-1 ek F1 £ I & @ $rdl & A F 39 54-9 (matrix
metalloproteinase-9 ) 59 mRNA # I ; ¥ resveratrol i% 5 KB 1% HA)
=@ FR RS ERK1/2 B o F]pt o de@] 2-4 #7748 vy 1V # T A

L3 tE Mo e B [72] -

Blood monocyte Arterial
era
lumen
( ) Monocyte
adherence
Adhesion / Monocyte
molecule migrating
VCAM-1 @ into intima

MCP-1vg Dying —

M-CSF macrophage <L
ANTIOXIDANTS | g % rophag <
‘ i

Monocyte

differentiating to ——» _

macropha eg SR Apoptohc

Phad (@] = bodies
oxLDL Lipid= (H}gg kines
droplets
T P TF
Arterial
inti Macrophage
ANTIOXIDANTS ANTIOXIDANTS

intima | l foamn cell ‘ |

Bl 2-4 Foif A Ad Rl Lk d (Kaliora AC et al.,2005 )

< ¥ Rt (chlorogenic acid) >
% Jn & (chlorogenic acid, CA) & =& (phenolic acid) ® A fit
(cinnamic acid)e— & » S 4o Bl 2-4 #7on 0 5 d et il fr 2 B F (qunic

acid ) fig L 2% @ = [73) - B ifehig a3t did v > AT 5ehéfo P 4
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FER AR T R ] e e [74] 27 [75])
¥ ¥ (Hemerocallis) [76) %4v [77) CA & Eivhd 54 ¢ (L4 A8
1503 % > 3 2 HG dF o Fulcd 0 [77~79] B P g i
[80,81) T A4 a ¥ W gehs mafse —oF AL A7 > CAT ik
Bz iy YR E AN Frdld ROS #r4-/ i NF kB ~ AP-1 v
MAPK &5 i » 3=k 85 ¥ ik Jgpd~ [82]) CA ¥ 12 "8 1 (fa/fa) Zucker
ks LR SR TN SRS SRR s R L

Fd TR F AL, [83) B & A CA 42375 % §

£ = % (insulinreceptor) fv# ligands e734 #7 » » A %22 35 insulin
receptor #c ¥ F B RBEIR CA T glucose-insulin index » ¥ %_

EAFERY P v 2 v e DNA sk & [84]- &% M4 X4 & e
(Nepetasibthorpii) en® fEX B3¢ > % RG> E CAchs s > H I

Brjr B 4 44 DPPH p o Jhenig 4 2ovg i-kdenic 4 [85] -

0] OH
OH_OOH
HO,C
HO OH
OH

Chlorogenic acid
(3-Caffeoylquinic acid)

B 25 BhpaiFRiE (Azuma K et al., 2000 )
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< Probucol >
Probucol > 4,4’- (isopropylidenedithio ) bis ( 2,6-di-tertbutylphenol ) -
- AR A4k R ES 0 ¥ Ft A L B b iRl R A
feinfe® > H v 2 4p 4o 2-5 0 1986 & ¢ Parthasarathy % 4 & 'm? §
& 7 3 3R> probucol ¥ 1 Frdl4F B riE e LDL & (Y i AR (T * [86]) -
S 2%EFMmA ST e AR > s e AR
R 2 PR iT & > I probucol ¥ 14 *E M H Ik endErg T
[87])-Probucol » ¥ 2% i<d p o L7518 e g #5072 24F35[88])
IV UEMBLBET RS A FRPN EFAE S [89]) A&
Apo-E & f [ BP0 2 TR probucol ¥ 0 FE A5G A ik PR 2 B TR s kAT Tt
4% ® g Mg % ¢ B imee h® 4 [90]5 & Apo-E - HDL 4
% % (scavenger receptor class B) 7 FI & §7 “,% e1-]- B¢ s 3 I probucol
?u;ggl R IRE R A L4 2@ g e R T g e 4 fe s -
[91])0 A ggwdg ok o & dm¥e enfm & #7 3 Hi-5% > probucol ¥ " iE # |4
#ri]d TNF-a fo IL-1 #7134 % 79 VCAM-1 mRNA & 3R> @ §r % ¢ $r )
ICAM-1 mRNA & 3R [92] - # 3 481 » & 5 4k it »% <0 probucol
"7 F 1% LDL-C ik & ¢ > JEd i858 HDL-C $7& Ak g

B §Tes B B R R AT v TR Tl B S R R AT 1 i
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# [93]o

C(CHy)s C(CH3)s
cr
HO S -(;.:'-S OH
CH4
C(CH3)3 C(CHa)s

B 2-6 Probucol ehi* £ %4  (Kuzuya M and Kuzuya F. 1993)

B Rl AL T - R KA 0 B Bk 7T et R
& 4 4ol B i 7~ F]F (tumor necrosis factor, TNF )~ 4 & % -1(Interlu
kin-1, IL-1) ~ 4 ¥ % -6 (Interlukin-6, IL-6 )~ 4 v % -10 (Interlukin-10,
IL-10)~ 4 ¢ % -12(Interleukin-12, IL-12)> f=¥ 1t #5 & L & (pro-oxidative
lipids) 2} = > 2 L F eng 2 [94])- % i« LDL & 5 % Wi
g AW eng F 3L [95)c BB RA G Y FIRT E e

T %~ T L e R frA A SR BB AR L
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* & LPS fgrt R NE w2 5 (4 8% > g 2 4 TNF-o o IL-1 &
g cinse ek (9610 %5 Eitimse o gt 3k [97] M pisp o vige g2
% (neutrophils ) ~ p A4+ m? (natural killer cells) f= T fwm*¢ & LPS
T > 4 € 224 TNF-o [98) - @ i3 > ]+ -B (tumor necrosis
factor-B, TNF-B) B i & §d T fm*e{c B i 4 & » TNF-B f= TNF-q
ek e B2 2 52 02[99,100) @ TNF-B ~ 4% 4 % lymphotoxin(LT-a.);
TNF-B (LT-0) ¢ =% %9 TNF-C (LT-B) )4 heterodimer 73 ;% & fo £
. (coexpress) » & & LT-of (lymphotoxin-af) =%f & %8 > B £33 &b
fofe o dev B F S LT-ouf, ¥ M fr TNF 72% crdg < & —LTPR (lympho
toxin-p receptor) & o F M T mre AL 0 N - 2w gk > 4R 7
4+ o 4o P IL4 ~ IL-7 5 pF > ¥ 134 LT-op e i [101]) -
FRELA TN $30 3% b A i penaki FAph 4o
T oA - AR TS 0 Flo TNF-B € 518 { 47520 ATR i Fh iF #F

# (metabolic syndrome ) [102]) - 7 figser £L ¥ % % (micro array ) X #£
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o A KA Flfoo UL B fp MY 0 5 L TNF-B A 51 € 515 %37 b A
$erdlE A M B oA & B TNE-B & Fldrfos 7ot & 2
ARBE G R R A S X R O % R TNF-B A Flfrw il & 5 4p
8 (1011 TNE-B & FI# % (TNE-B -/-) 5] &4 #2 ¥ 2 1) (wild-type)
1B TNF-B L F1P % ) &7 00T TR K 62 Yoside MRERAT 4 )
[100])- 4B 2-7 #751 » 2w % % 4ot TNF 4v IL-1 gﬁ:@/‘é it IKK (I-xB
kinase ) a4 > B_@ [-xB gEpi - @ 22 $5 & F]3+ (nuclear factor-xB,
NF-«kB) 4 &t » 5% ;88 %]+ (nuclear factor-kB, NF-kB ) & i* @ i& » ‘m
e i P 2 DNA B & BFEEFTHAFe D AT+ ~ 4R 75 2R
[96]: & TNF + ¢ = IL-1 %%f d & 4 ROS (reactive oxygen species ) > ¥F
BrALF R fogF X E [98]c F A7 LAt o ¢ #F F 4 42 tilianin
R *{m%%ﬂ Frd) NF-xB 7= 1 » %" ixd TNF-a #7/% (¢ dn 'F;-T‘(\]E'KIT
F5 VCAM-1 t74 2 [103); &7 TNF-a 4= TNF-B &8s 5% i A it i

FES o HF RS fos LI mpiwFaizas 4 [98,100,103] ¢
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IL-1, IL-18
LPS, eic

TNF, LTo &

‘ TNFR IL-1/ T"B'R, TLRs

CD40

CD40L

*

cell membrane4‘

‘

IKK complex
IKK2
nucleus gene BXP!'SSSJ'-OW.'
adhesion molecules, chemokines

a cytokines, anti-apoptotic factors, etc.

B 2-7 NF-kB %} 7% ifs e Al (L e 32

RN PR T AT

fn e Ab ‘J‘r‘]—-)-)jj’n\leﬁ,} KOLEAE A WA

( de Winther MP et al., 2005 )

o imie AR o 9 A 1993 F > B FHtE B B A e o

CETR LS SRR ST

AP A T A KA S 2 A

B

R

-7 -

iZamnae [104) 0 @ gt v



(1) Selectins : # 7 : ¥gpeft? {43k (eosinophils) ~ H 25k ~ % =
3k 4 e L-selectin (CD62L ) ~ p A w2 4 351 E-selectin (CD62E ) ~
R dm P fon o] 45 & e P-selectin (CD62P) % o

(2) Immunoglobulin superfamily 5 % % I 3¢ T & 7% > 40 ! o
¥tz 3k %15 (vascular cell adhesion molecule, VCAM-1) ~ ‘m%s [ 3k
't %]+ (intercellular adhesion molecule, ICAM-1) [104] -

(3) Integrins : ~ 5 &2 w305 = 2k - EP Bkt » 57 F
shim¥e % 3 7 Fe b intergrins > @ 35

(A) VLA-4 (aupi: CD49d/CD29) © A i %o v i+ 6w 3%
(eosinophils ) ~ # = ZR &2 H %2k -
(B) LFA-1 Caf,: CD11a/ CD18) @ A 38 % #4] fk v o 3
( polymer-phonuclear leukocytes, PMN ) ~ B 5k {oi & % o
(C) Mac (oppBs: CD1Ib/CDI18) @ A fi*t 4y Alfe v w3k ~ B 2
s p AR L wmer T e [105]) 0
E3 0 @Iﬁ% B 25 jfi P A AR F]F 0 4 D VCAM-1 ~ ICAM-1 #&
T ¥ Bt § [106,107] iz E-selectin A fra BE ¥ FilG ¥ £ 3
[107]- $>0F & R EH NRFPERAMLER L > B EFMFL I § 3 %

w TR ARAR N Bl etk [106] ¢ B 2 e W fla e £ 9 A e ¥
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Agpit s B VCAM-1~ICAM-1 k& #8 > © & F 475k 4 (brachial artery
flow mediated vasodilation) 7= 7 it ¥ [108] w% % & #7#& I edb Y 7]

3

3

\\\?{.r

2 vz 38 4% (migration) ~ MEL @ EfcH ©# L F 4 TR

=

HAw g ffon 3flhmie (T% 0 Zi3 S4B &R A L g B ehE £
.%[109]o el R R A G A o L e i3 Y I VCAM-] -
ICAM-1 ~ E-selectin £7 > #% 55 Je A 14 c2 = 5 4p BE 42 o F]pt > 0 iR e
w R gkt A A Rat R AP A MR 2 { S BRI KA
ipt% [110] -

VCAM-1 (CDI06) %~ fherd i %om 4 B 4 o 1 > 7 uypa 4
e v w3 (eosinophils) F &7 od-integrin o pEF-0 & € DR A
Hyikfop sk > i ¢ IR ¢ 23R IR (neutrophils) F o $¢
] VCAM-1 fr o4-integrin 9% & > B ¥ :}»P%HV* faddo w3k Tk H

PRI R g L b o SEH T G oo AT LA I [105,111]-

¥4 & Hipsagi T3 @Rk

B R PE e T % § 2 87480 g R AL 2 5 58
w1 4 iR Ze[112])0 B % 2k 48 i F]3F (monocyte chemoattrac

tant protein 1 ,MCP-1) ¥t 3b5>w g p AL doe chH 11382 18 » 0 F B
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POCERIFER & o 3F S cnmte g g A MCP-1 s et p L tmre ~ T
PLimiE s BoeEim e o m in i dm e B R R R L e qWF’rs by E L
g = [113] -
Tk 8§ ¢ 0 Res 9 o MCP-1 ik R fross i 8 e ¢
P RS R FIF AR F RS Ul B AR RONE e RO s B o
7 #B o MCP-1 k& [114] e m ¢ T ifrcimie p g L H €35
i NF-kB > 34 £2 MCP-1 ¢ 514 . [115)e o & o & erds o ot @
0.5 % EE 4 &t T F 4 8 4+ 2 99 4 7% MCP-1 mRNA v
B ARG 0 @ i estradiol {8 RIE R E T E 3 FEFRE
4 & 4 3§ 3 $59% MCP-1 mRNA fed-v Fend am [116] 75 £ 3 4,
N A L d Y 4 #EF k4 B 4o ¢ naringin {r naringenin > R ¥ 14 'E i€
3+¢ ACAT (acyl-CoA: cholesterol acyltransferase ) =754 » 12 % 33 3 >

% VCAM-1 £ MCP-1 mRNA 4 3 [117] -
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% ARk 4P A_DPPH fi d &~ #e4] LDL § 22 @ fnf &

4 (trolox equivalent antioxidant capacity, TEAC ) ip| %% J& fix v probucol

e d i+ 9 % (New Zealand White rabbits, NZW rabbits ) £ &
MBEEARA G ERB L PR D A BRI RA i ki
=

Ld e AR ES Y S BRI D TP RPFR
TR P A 2141 C ~ BARG40~60 % & & 4T H AL NES P o
i~ 2 B w o 1Y rabbit chow 4% — |5 BAEIT @ 4 3 if & 100 g/d
FURLERR 024 Bl o LG ABEE 9 225ke  WEA S w o A
w| % 4k & rabbit chow it ¥ %2 (normal group * N); % = 2 54k 8 3 7
10 %+ E# ~05 %" FHEEnF @ 8 F s 2 (high cholesterol diet
group> C); % = B P H A4S 3 F % Ff% 24 probucol (1 g/Kg diet)

(high cholesterol + probucol diet group * P); % = 2P| ¥ 4 & F ¥ 3 &
FEg ek s (1 g/Kgdiet)  (high cholesterol + chlorogenic acid diet

group> CA)> ¥ pd b= i-RoR X ek a0 & Fiesrd + i E >
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MR AE ARG L L RRATER c R A 8 00 41
EBERR L A M FHRTE S 12 P 432 8 41* CO,
TR BT A G 12 LB o PR 0 Bl e s W %
e o #5 P 5 303t DEPC -k & PBS it (7 i A %0 & = Tk » 280 Crkda -

F AL BlAeT

Bl 3-1 %8 °H 7 A2 f B

Chlorogenic acid Probucol

#4# DPPH p ¢ &  #r4|LDL 5 Sy 1A 4RI

(TEAC)

TR R

# 3L : TEAC : Trolox equivalent antioxidant capacity
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Bl 3-2 HpF oA B

¥ 2 N) e (O) % Rtk (CA) probucol & (P)
Rabbit chow 10 % soy oil 10 % soy oil 10 % soy oil

0.5 % cholesterol 0.5 % cholesterol 0.5 % cholesterol

0.1% % hp 0.1 % probucol

0 i P D PEER - Z gy (TG)
4 i PEER 2 piY % (TG)
8 it & #r— &% (*&F@ TG LDL-C~HDL-C)

— 3 gtk — TBARS

L LDL-Lag phase

~E

= g thE, 2 v
— ‘? = ,_T%c 7

— ROS B & : Luminol-CL

— % RNA ! RT-real time PCR
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L
N

s
—
et

< - > fhehEs%-1: §#_DPPH § ¢ & (DPPH radicals scavenging

ability )

A EH

DPPH ( Sigma, MO, USA )

B R%:
Ak B 32 (HITACHI U-2000 spectrophotometer, HITACHI, Japan )

C R :
BT BRIEE S

DPPH ( 1,1-diphenyl-2-picrylhydrazyl ) ¥

ME CHFHRISEERNF S 0 517 nm F Bk {E o fru )
*HEI R ARIE RIS F iy .

D % 3% :
#-7% F )k & chchlorogenic acid v probucol 4 %] 4t » DPPH p o 2 2

¥ ERA % 0 R Fe 30 min {¢ > 12 spectrophotometer ik £ 517 nm Bk

2.

FRF oA FTHLLT - FRbE g M4 755 DPPH A o 4

P
T

R R ik}’]‘ v chlorogenic acid & probucol 3 #4] % » 12 F 4] ke ek

kB 5 100 % % 7t die & 4474 50 % DPPH f 4 & & # 2 chlorogenic
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acid v probucol 1k B (ICsp) ©

S S R
E % 7)\,

FhE (%) = fleskE-gaen ki X100 %

< = > HhEsk2: #r# LDL § ( (e7

A RE

i 2424

ELISA plate reader (pn QUANT, Bio-Tek, USA )

B # 2 :

BOE B 4 i ¢ A s LDL > 4317 3 28 £ 5 PBS

1 09 mg/ml i3 =m 1 &3

HE Y o2 (S ABEL A RERGRMA
probucol » i 12 50 uM CuSO;3% % § i~ » & 41* EDTA % it § 1 o 4c »
2-propanol ik v B o ¥ 12 12000 rppm s 10 4 418 0 B iR A
K 234 nm Rk B LA e B dg A2 CuSO, % LDL § i
RIS FAle s T AR N R A SR o CARER G
ghiad frdd o> % R L& probucol #741] 50 %2 LDL § it pF > 9t

%3"}1/&&%; ICsg
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C 3k

#r4]LDL 3 ¢ (%) = (4l kiE - F ke kiE) X100 %

< = > Fp*hEaE-3 0 g it 4 Rl (Trolox equivalent antioxidant

capacity , TEAC assay )

A RE:

& kS & 2+ (HITACHI U-2000 spectrophotometer, HITACHI, Japan )
B #F#He g -

Peroxidase ¢ & %k & 1000 unit/mg > * = S k¥ + 44 unit/mg; o
30% H,0, i B~ 57 L 4v = =t -ky& = 1L 53500 uM H,0, ; P~ 8.23 mg
ABTS * 95 % i¢ & 20 mL 1750 uM ABTS 3 i -

C # 2

#- 0.5 mL 2 44 unit/mg peroxidase~0.5 mL 2. 500 uM H,0, 12 2 0.5
mL 2 750 uM ABTS (2,2'-azino-bis ( 3-ethylbenzothiazoline -6-sulfonic
acid)) # 3 mL ¢h= S KiRArdag > W RIEF R 6 A s v
$¢ PEHIT pd A ABTS« " £ A w4~ 0.5 mL # kB 5 trolox

% chlorogenic acid £22_ F J& 6 ~ 48 > k& 734 nm TR E =X E > I



* trolox ‘}Fi“,f ABTS « "3+ p d i 4 % 2% chlorogenic acid ¢
TEAC - {1* 4p I > 5% » | 2 probucol fhig i- 4 - TEAC B 4 < & o

’

£ o

ey
-
&=
=
.
=S

(1) F1* trolox #& & % $17 & &k &

e Sk Sk i

(2) TEAC &

0.028 © X # &k &

70 0.028 ALk b Cr i

<z > &R

i

A

c -
S .

N

Cholesterol ( Sigma, MO, USA )

Probucol ( Sigma, MO, USA )

Chlorogenic acid ( Sigma, MO, USA )

<~ E¥ (4;]{; i » Taichung » Taiwan )

% 494 (452 > Taichung > Taiwan )
B ¥ 5}? :

F=P~-+ X 1 & cholesterol, probucol, chlorogenic acid £ — £ & &L
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(rabbit chow ) o L #-4 jf cndeid £y o s DA R § 0 B APRLERCE
% Kb Py 0 ] » #24F 5 cholesterol ~ probucol # chlorogenic acid » % ¥
ber LA e B U MOEIYIEEE s IR N IER RS AU LER oY)
W 4l R HITRH A ARG FRELF L

520 Crkds

<37 >

A FHt

23 1/2 G s ¥4+ (#F 2 > Meditop Corporation, Malaysia )

= (P F50t > 2 8)

10mL &% (#FF > B2 2#8)

15mL 3.« ¥ (Sastedt, Germany )

% 7
B ‘H},ﬂ?!

P FHRFAANTITRE B AFEHAY o LBTFL R

HFHAET > Sl r AHET RO E R - A ¥ LR
foFEEIR o WA AFIRR A P EER{EEG T 0 AR TN

PP LR A F AR s A RBFRIYRIT o F g R BT~ B S oD
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B RIGAREHBEAZRA T w R o Lo P 2 AL T A L 3
| SFE’F HIER -Eﬁ@-!‘»ﬁﬂf‘ﬁ-f—'-ﬁf PN ’F‘: ho R F R LT RERLG 4

WM AR N SR E FE oBod 2k Ak 4 T - IR o

< # > &3 i (Isolation of serum)

A KRB
AAR BT ER RiE (Reciprocal shaking baths, TKS, Taiwan )
#.o % (Himac CR21, HITACHI, Japan )
% # (% &7, Taichung, Taiwan )
B # 3
A ML AR R ARRE o SR P B A G 2 0 2 T 37CK
B kiE LS P B kg P ek A~ 4 Cokfa® 1) BE o 1

Tl i st

“H-
\

;%
&
o
a1

F B4 °C ~4000g 3w 15 & 45 0 Jd B~

Fe bFRTELF L FRF FEREN4 CTA20 C o

< - > EHEYVRL ( Histochemistry )
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1S

2§
10 % 4& 5 %
B &xe 4 :
10% 4G5 kB~ pEh (RigkR :37%) 2703 mL 4 » DDW
I 1L #Afe= 10%465 Rz R B FETT &+ o
C #3:
B o B g or PBS ¢ fiie 0 BT N 3~5mm o p e s
P g M E R 2EEN 0% TRE R AL e RF R
ﬁﬁﬁ’¥;&§ﬁjéﬁ’£$mﬁ¢&§$%&%%ﬁ’£$§@
THLE I ANA S IR BER 2 PSR K 35 um T
» I 9 % Froh % %= (hematoxylin-eosin, HE) % d o g A % ¥ #-'m
PR REYS > BER T R AL K23 - 1% alphaimage
2200 oA B PN EH B hd i 0 MR R B (3 5 B ¥ D2 6 R A
VEm A 0 WE I F PO B f oo AR e WO 5

N\ 5 =2 .
) 53N s G T

PR E (%) =  HEpEREa A X 100%

IR =
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< N > g FRMEFRRRE (Total cholesterol level of serum)

A FH
SMT calibrator ( Merck, Germany )
cholesterol reagent ( Merck, Germany )
LDL precipitant reagent ( Merck, Germany )
B RE:
sk Sk B 3+ (HITACHI U-2000 spectrophotometer, HITACHI, Japan )
C miz:
FI¥ "E FIAS fa fR 5K 2 AR AL 0 A 2 PEFIRfrig R > £ R F
fe3 ‘psy P PETEE > 2@ A 4 HyO, - cholestrol-3-one » & {5 1 *
peroxidase # H,0, f= 4-aminoantipyrine % phenol it* » & 2 H,0 friz
¢ ¢ quinonimine % ¢ 4 Fi¥ 5 T E ok o
D # A
ST AT Rt 4 CH T E 4R Y 0B 10 pL eha F4e ~ 1000 uL
e F AR R 0 B 10 uL e =Rk fodR 8% 7 5 blank fr standard » R & 39

FieZR#FE 10 448 > > £ 500 nm Rjex k& e

_4] -



cholesterol (mmol/L) = (# Av & & - blank % % &) X 6.03

Standard = -k ©

3r 1 6.03 % standard #jk B (mmol/L)

<4 > ';;‘- % % & %5 39 JBi¥ (LDL-cholesterol level of serum )

A EH
SMT calibrator ( Merck, Germany )
cholesterol reagent ( Merck, Germany )
LDL precipitant reagent ( Merck, Germany )
B R%:
&3k Sk & 2+ (HITACHI U-2000 spectrophotometer, HITACHI, Japan )
C R
e &4 » heparin #-+ 84 LDL itk 0 3w 2 {8 HDL 4= VLDL
R A R BEFRE Y GIRASSERR > PAERRRD
RS 0 380 5 LDL-C R R -
D # o

(1) i
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I~
Rd
%

B~ 100 pL ¢t 3 4c » 1000 uL ¢ LDL st > i & 325 1
BOIS a4 ¥ 12500 B 20 AdE o - ] BER o B FRGE
70T R B

() SERE

B~ 100 pL &7+ i 4e ~ 1000 pL "2 F A% 2% » 77 B~ 100 pL ek &
i 4e » 1000 pL "% B fE 2EH A s standard o R 2393 1 2R E 10 A
&8 0 3T 45 a2 p Ak E 500 nm plER ko
E -8 :

()3 E b ifin e A

cholesterol (mmol/L) = (¥t Avk & - blank = % & ) X 6.03 *

Standard ® -k &
:x 1 6.03 % standard &k B (mmol/L)
(2)3* & # » LDL-cholesterol

LDL-cholesterol (mmol/L) =% 2Ef% - + ik ¥ L FfR

< 1> &3 %A% &9 B3 (HDL-cholesterol level of serum)

A A

SMT calibrator ( Merck, Germany )
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cholesterol reagent ( Merck, Germany )
HDL precipitant reagent ( Merck, Germany )
B &% :
&k Sk & 2+ (HITACHI U-2000 spectrophotometer, HITACHI, Japan )
C R
41 * phosphotungstic acid fr4% 3+ #-5 B ik ~ VLDL e LDL it
AR o Yoo 2t ik 5 HDL-C (high density lipoprotein- cholesterol,
HDL-C): *2Ff 7 £ 7 * 3 j2< N >p|1F o
D # -
(1) T
B~ 200 uL 7w 4 » 500 uL en HDL ek /R 6353 (4 3 888
15 248 0 %121 2500 g Hrs 20 A 4 o B o] FER o b B b iR E (7 Y
- ??5@ o

2) BE

B 100 pL £t ik e r 1000 uL & B3R > 755 100 pL i o
4~ 1000 pL P2 FAE R # s standard - R £3593 S 2R EE 10 &

4 > 3 E 500 nm Jprx sk E o
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HDL-cholesterol (mmol/L) = (4 Avx % & - blank ¥ £ & ) X 6.03

Standard sk &

3 1 6.03 % standard #jE B (mmol/L)

<t - > & F=pH Rl (Triglyceride level of serum )

A A

SMT calibrator ( Merck, Germany )

Triglyceride reagent ( Merck, Germany )
B RE:

&k Sk B 3+ (HITACHI U-2000 spectrophotometer, HITACHI, Japan )
C miZ:

f1% #Fv #qfapy (LPL) ¢ ~ 2= e o faendit > & 4

quinoneimine # 4p &F¥# 4 - FER & 24T

(1) triglyceride —LPL glycerol + fatty acid

GK

(2) glycerol + ATP » olycerol-3-phosphate + ADP

GOpP

v

(3) glycerol-3-phosphate + O,
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dihydroxyaceton phosphate + H,O,

Peroxidase o
»

(4) 2 H,0,+ amynoantipyrine + 4-chlorophenol

quinoneimine + HCI + 4 H,0
D #2 :
9d R R4 C W T B4R ¥ B 10 uL i F4e ~ 1000 L
PEEEREA 0 B 10 L e =Kok ek % ' 5 blank v standard 0 R &
P32 EFE 1044 & S50nm Pk E o
E %

Triglyceride (mmol/L) = (4% ¥k & - blank % & & ) x 2.63

Standard w3k i

3 1 2.63 % standard 9k B (mmol/L)

<Lz > & F%FiEF i # MDA 273 (TBARS of serum)

A A
MDA ( Alderich, WI, USA )
95 % Ethanol ( # B i* 1, Taichung, Taiwan )
TBA (Sigma, MO, USA)

TCA (Sigma, MO, USA)
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CuSO, (Sigma, MO, USA )
B &% :

AAR B TR Ris 1 (Reciprocal shaking baths, TKS, Taiwan )

ELISA plate reader (p QUANT, Bio-Tek, USA )

#row % (5415R centrifuge, Eppendorf, Hamburg, Germany )
C R

[ = f& (malondialdehyde, MDA ) & %3 i % it i£* ch% 24 > @

TBA (thiobarbituric acid) ¢ fr MDA % & &2 2 ko d e > p o 7
gk 532 nm PG Bk PRk E o Tk Gt CuSO4 A B F
it » @ TCA (trichloroacetic acid) it fri—v B 5 & @ ik » & v F 2
RS TN IR
D %3k :

s F 25 UL 4e » 60 UM 1 CuS0,2.5 ul 8§ i > © e » 22,5 L £
PBS i® £323 o Blank e13%i» B * 95 % Ethanol & sample ; * &% &
MDA (1 g/mL) #f# =3 & hik & > NG ER > BBtk
)k & ~ Blank o sample 4¢ B~ 50 uL » % & 4c ~ 0.67 % TBA ~20 % TCA
£ 350 uL iR & 353 1803~ 67 Cokip ) -kiF 30 » 450 4% % 12 10000 rpm

Brow 2 4 480 o[ o B B b i 200 ul 2z ~ 96 well> §1 * ELISA plate reader
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BIEH AR E 532nm Rk iE o gl R AR * & E R4e T sample ¢

MDA sk B > 14 nmol/mL % -

= > 4 3 LDL (Isolation of LDL )

A FH
NaCl ( Sigma, MO, USA )

KBr ( SHOWA, Tokyo, Japan )

0.9 % NaCl @ #2~ 0.9 g 5 NaCl ;2 = 100 mL » ¥ & Fi * o

Vortex genie 2 ( BOHEMIA, N.Y., USA )
A2 % i# 3. (Himac CS100EX, HITACHI, Japan )
D ‘)15.3? :
HRFHRARAS ZZ X o5 - 2B 2mL e % » 3PCHE >4 » 0.7
mL 0.9 % NaCl ;& £353 st r 423 #F 4w 4 10 °C 2 100,000 rpm

(Acc.:5>Dec.:7) &35/ pF > BN 3PCH > HE & A 0.7mL

R R F F o R-20 Cokfh e ¥ % ukEBA3PCF
BRETfRA ST SFEBRBI P LY R - 2GR
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e 220 Cokda o % = = ’%513PC? R R T RN ”?é5§4

[x}

»~ 166.8 mg 7 KBr 2% Bz 4k & # & > * Vortex genie 2 #- KBr ;#
IRIBFFEAORFIEHE S A 10 Cr2 100,000 rpm  (Acc. 1 9

C :7) T"%}/ﬁ_:\‘_ﬁ 3.5 /J\E[;'? ’ ,J\,u\?;\ﬁhﬁxlé] 06 erT‘Jlf /%-/{‘Q ’ ,._,;5 SF ,&

ki i .

i

T34 Crk$s o 2423
<tz > 39 F2E (protein assay)

A A
Bradford reagent ( BioRad, CA, USA )
BSA (Bovine serum albumin ) ( Sigma, MO, USA )
B R%:
Vortex genie 2 ( BOHEMIA, N.Y., USA)
ELISA plate reader (p QUANT, Bio-Tek, USA)
C # 3!
"z Z KR 0.1 mg/mL BSA (597 kR etk £ 6 B 10 uL
Ik &de 790 L = oK 0 FE:F 4e » 200 uL s Bradford reagent j2 £ 35

B R 10 A 415 > & 4 49 200 uL % » 96 well » 4 ¥ 41 * ELISA

A
ok

plate reader B & 590 nm Xk B o pd G E R 0 * & E AR ¥ 38 sample
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¢ 3-9 Fenk R 0 M mg/mL & % o

< -+37 >LDL 2 "3k i§% i*&#F R (Lag time of LDL)

A A
CuSO, (Sigma, MO, USA )
KCI (SHOWA, Tokyo, Japan )
KH,PO, (SHOWA, Tokyo, Japan)

Na,HPO, ( SHOWA, Tokyo, Japan )

PBS ( Phosphate buffer saline) : ##B~ 9.35 g 1 NaCl~ 0.2 g
KH,P0,4~0.38 g 557 Na,HPO,- 7H,O 4 » = =t-Kyz = 1 LR £353 {4 >
AEHPH L 74> 7 kTR FR T o
C RE:

AR BT EE -kis ¥ (Reciprocal shaking baths, TKS, Taiwan )
Micro centriphuge II ( The Griffin Group , USA )

e Sk 4 Sk Sk 2¥ iR (DU-640 spectrophotometer, Beckman Coulter,
USA)

b Sk 4 Sk k¥ iR (DU-800 spectrophotometer, Beckman Coulter,
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USA)

D %3k :
3¢ %% LDL ¢k & > "2 24 % LDLEA 5 50 pg/mL> CuSO,
BER S SuMo Bts® PBS kAP FIAROREAA D ImL o R A0 1
or 37 CevkiE 10 A 4508~ 31 {8 #9775 R 48 4] * Micro centriphuge
RT3 R A8 spin down v R FHRATF RMH A T EE o o L KEFR
P37 CplE 234mnm vk ki@ = 154485 FFFRRE - >+ 1200

o

<+ > B335F (Homogenize)

A A;éé‘?lj :

Tris-Sucross ( Sigma, MO, USA)

Tris-Sucross buffer : ##8~ 3.152 g 7 Tris-HCI ~ 85.575 g 7 Sucross »
03722 g e EDTA » 4c » = t-kyefll= L B @+ o
C R%E:
Heg % = (CP2248S, Sartorius, Germany )

T25 Basic 7 % ;% B i# 325 54 it $% (T25 Basic, IKA, Germany )
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#row % (5415R centrifuge, Eppendorf, Hamburg, Germany )
D ¥ 3% :
7RSBRTRR A S T Ry BE PR FEL A AR
* oo K80 CE~-d k& > 425~ 100 mg 4 + 2 # %% > T (s 4 » 1.1 mL
Tris-HC1 buffer » 3 % %tk b 1395 43 i (20000 rpm/min) 3275 B
Feo R 3 st > s BRI B € 1 mL o eppendorf ¢ 45 F 1
4000 g &4 CHrw L B pro B 2R ET - F R X

EEE O A L

< +t-= > 5.5.'_3%‘« A d &£ (Luminol-CL levels of thoracic aorta)

A FA
Luminol ( Sigma, MO, USA )
TBHP ( turt- Butyl hydroperoxide, Aldrich, USA )
B &g :
Luminol © #8~ 0.0025 g ¢ Luminol v » 500 mL = = -k » & * 4§
PR EEE Y 4 Cokda e
C RE:

AZ frss i & & ik CLA-110 chemiluminescence ( Chemiluminescence
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TOHOKU, Kawasaki, Japan )
D %2
P~ 14 Tris-HCI buffer 32 .} ji% 400 pL 4c » 200 pL luminol - *

;Ié

TR ER LB

e
N

o

FERRECOBRE IS A& RV EY
Kk 237 C17 44k F 5% B 418 0 F] 100 45 pF > 4c » 100 uL TBHP
TR £33 5 BE Total CL count o 12 F-v FZE e~ 7 Fov [k

A > #- Total CL count % 1/ 3~ B ek & > 12 CL count /mg protein k #

5

oo R R T 2 ALEFE

< LA~ > L#d 3 3 #7% total RNA (Isolation thoracic aorta of

total RNA )

A A
Trizol reagent (Invitrogen, CA, USA)
Chloroform ( BDH, Poole, England )
Isopropanol ( Sigma, MO, USA )
DEPC ( Sigma, MO, USA )

95% Ethanol ( § P i* 1, Taichung, Taiwan )
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DEPC-treat water : 4t »~ 100 pL % DEPC ®B;j% % 1 L ¢z =t-k
(DDW)» # % 0.01% (v/v) ik R > &l Rid Fis e * o
C RE:
Mg % = (CP2248S, Sartorius, Germany )
T25 Basic 7 % ;% % i# 32§ 54 i % (T25 Basic, IKA, Germany )
#row % (5415R centrifuge, Eppendorf, Hamburg, Germany )
D %3k :

7R RETHEEE A3 W7 E g B E S A R

80 CB~ 5 o 25 100 mg & + 3 647% > TR 4~ 15 mL
Trizol » 4% ¥ x>tk b 135 % i (20000 rpm/min) 355 B 11 &

FRER > BF 3 41 > BB R T 2mLeppendorf ¢ > FEFE

A

WokPSA& S BREY O EEA04mL F 0 FHERE IS F

R

Batokt 104480 £ % 12000 g 24 Cae 15 448 0 o s B 800 pl

i

pas)
=

et ik 2 ¥ - 2mL feppendorf # 5 4c » 950 uL isopropanol

FTEER LAY

Btk 10 A48 0 E 712000 g f4 Cas 10
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AaE s L R F T ORI 4 s 0 4o~ 1.5 mL 75 % DEPC
Wit § B R IR o e h 4 CHRBIER o FI% 7500 g &4 CHE S
g BIH Y IR T T vk 0 @ 75 % DEPC FlR & E A& # 0 £ 4o r

10~20 pL DEPC -k #4775 f# > 73 37-80 Crk4a o

< -+ 4 > Total RNA Z_# (Quantification of total RNA )

A A
DEPC ( Sigma, MO, USA )
B Z#¢ 4 :
DEPC-treat water : 4c » 100 uL 7 DEPC R/ & 1L &= -k
(DDW) > A @ = 0.01 % (v/v) kB Tl R FE &Y o
C R%E:
&k Sk & 2+ (HITACHI U-2000 spectrophotometer, HITACHI, Japan )
D %3k :
4 3z Total RNA » = B~ 1 uL A g % ¢ Total RNA 4¢ » 999 uL
R E&353 > 721000 uL DEPC -k f#a % Blank » B & % 260 nm ~ 280 nm
S B o PEER gk £ 260 nm OB < BfTd 0 A7 OD 260 FORF R ok

BRI o v F £ 280nm F E * BTid > #71 OD 280 F
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£ % RIFo FrE o OD 260/0D 280 5 Total RNA s & » 1+ i&
B 1.8~2.0 1 F gk & ’g OD 260 £ 43 Blank % 5k i& {8 » Total RNA
kR g 4T ((RNAER 10D =k iE =40 ug/mL )

Net total RNA & & (pg/mL) = OD 260 & & X 40

< = -+ > F #4% (Reverse transcription )

A A

Reverse Transcription kit (Invitrogen, CA, USA )
B &% :

Thermal cycler PCR machine (iCycler, BioRad, USA )

Micro centriphuge II ( The Griffin Group , USA )
C # 2

*% % _total RNA % 4.2 pg/¢ > B P~if £ o sample RNA > * & i i

= =R RAF B A KR8 0 4e » Oligo (dT )~ 10 mM dNTP > * pipement
36353 > 2t >~ PCRmachine 265 CT K B S &4 > 4 4r30 4 C s &
¥4 » 10X RT buffer ~ 25 mM MgClL, ~ 0. M DTT ~ RNase OUT™
Recombinant RNase Inhibitor ;& & 353 {3 >z » PCR machine %42 ‘C ~*

F R 2 A48 443 4 °C 5 8% 4~ SuperScript™ II RT #z » PCR
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machine =42 CTF B 50 24270 CT K B 15 & 454 4> 4 °C
% % 4r » RNase H 2z » PCR machine %37 CT™ ¥ & 20 A 45> 4 #r3t 4

Co F#rtsnad > %p-20 Crkinins o

<zL- > vz B Lf4aF B (Real-time PCR)

A A
SYBR Green supermix ( BioRad, CA, USA )
VCAM-1 Primer ( Invitrogen, Taichung, Taiwan )
MCP-1 Primer ( Blossom > Taichung, Taiwan )
TNF-o0 Primer ( GeneMark - Bio Basic, Taichung, Taiwan )
TNF-B Primer ( Genemed synthesis, South San Francisco,CA, USA )
B-actin Primer ( Genemed synthesis, South San Francisco,CA, USA )
B &% :
Thermal cycler PCR machine (iCycler, BioRad, USA )
Real-time machine (iCycler, BioRad, USA )
Micro centriphuge II ( The Griffin Group , USA)
C #3:

200 uL ¢ thin-wall PCR tube ~ tips fo= =t R % § SiE 7 o $ 17 &
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AW 0 2 Mf:si WPRBARFILEGNTIE T F LT
E B o
=20 Crk 4620 ¢cDNA ~ & 48 5 F] 5 sense fr anti-sense primer 7o

BT f24 > @ SYBR Green supermix P| Z & ik f2,L - SYBR Green

ok

supermix 3 F #HFAE K LA T 1o ERIR RS & (600bp T AEH ) o
T3 R H&R R A4 Tk T cDNA by BATF T 0 7 tsense
fr anti-sense primer - ;@ i 7= =t -k fo SYBR Green supermix > *
pipement 4 %323 > F L H A F K E 0P % 0 AT E Y micro
centriphuge #-7% § I_E%z'v’ﬂ?‘;ﬁé*'ﬂj*‘]gl&%’g;*f ko AT FoRMAFERAT
BE o FeF P-if £ 4c » 200 pL &7thin-wall PCR tube @ £ 4c » ¢cDNA F
* pipement $¢ %333 > £ F * micro centriphuge #-#% ¥ >t ’Ff RE IR —‘,'5!3
#row T k{2~ thermal cycler. X TR B ~FFR frcycle &> £ % 95 °C -
hotstart 3 4 45 > 14 95 °C it {7 denature > & B3% DNA x4~ B » & F %
P ek F1F 7 e B E 4T

VCAM-1 : (50X) 60.1 'C > 1~48;72.0 C>50#)

MCP-1 : (40X ) 60.1 'C > 1 ~4&;72.0 C > 50 %)

TNF-a : (40X) 60.1 'C > 1 ~ 45 ; 72.0 'C > 50 )

TNF- : (40X) 63 C 1 ~ 48 ;720 C > 50 %)
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Bam b b BEs o e Bt pRer R iE 0§ BT % DNA 2 el ok
AT B R Bk L PR Ehcycle > fLs Ct & (threshold cycle) - Ct &
A% A7t A F e mRNA £ #3535 F 2 » Ct B4k 4 77 & Flen
mRNA # 5 BEFRLCHOS Co 1 M4aruffe; 5% > 1155 C >
| 4~ 4515 > a8 melting curve I fT B pL PFF e sk g o

#4 melting curve 77 ;%407 1 55 CH 4> 1= - B cycle 3 4«
0.5 Cen™ ;X34 1 95 C - melting curvet ",/T? O F kB %7 PCR h A
PETEFE - P FHEERFTREALT FTEAF AL > 2 LT
primer dimer (P& 2 > FIZ A A H- Pl A RET R - B> ¢4
MAe RgegEd kel R > ¥ g B 5L R < o F 975 hmelting curve
2 E A R e g e - B R A AN 80 T o 2 e
peak X ~ AERIBIERR ) F > AR L RHREFLFT AL P ALT
primer dimer =& 4 ; #r2ApEw 2 Ct gk F 4! target gene mRNA
. B.E o ~F % B-actin i¥ % housekeeping gene - mRNA 4 & 1/
ACt k&7 > Ct B8 2407 ¢
D R

A\ Ct = target gene Ct - housekeeping gene Ct
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% 3-1 v EREpraRg F B33 RIE

Name Sequence Length
Vascular cell adhesion (F) GAACACTCTTACCTGTGCACAGC 567
molecule-1 (VCAM-1) (R) CCATCCTCATAGCAATTAAGGTGAG
Monocyte chemoattractant | (F) GTCTCTGCAACGCTTCTGTGCCTG | 369
protein-1 (MCP-1) (R) CAATGAAGTAGTAGTAGAGGGTGT

Tumor necrosis factor -a (F) CCTCTCATCCTCCTCTAGCT 150
(TNF-0.) (R) TGCAGGCCTACACCACCAT

Tumor necrosis factor-f (F) CTCCGCCACGGCTTCTC 81
(TNF-B) (R) AACCACCTGCGAGTACACGAA

p-actin (F) GCCGGGACCTGACAGACTAC 74

(R) CCTCTCAGCTGTGGTGGTGAA

i

- 60 -

B (F) # 7 Forward sequence ; (R) # 71 Reverse sequence




= L= > st

O i

b
b

73 Hedyp 0T 32 E AR R E (means + SEM) k £ 57 0 control £
normal % 2R Z £ 12 one-way ANOVA k& 47 > @ * 2zt fitd8 SAS
91 B RRE &L 77 FF & | B F L B2 (Duncan’s multiple

rangetest) k¥ 2 2 F2z L& > A p<00SFEFHFLEM
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kv
]
s
i
4=

% — & Probucol fri R phehdug it 4

% probucol fri R fa:E Ty 4 B ohR% Y > d £ 4-1 TR

7| probucol ** 12.52+0.46 uM ¥ Fr4] 50 % LDL § it % > ¥ %

=

et L M@ E (7.95£0.19 uM ) » 7~ ¥ E I gtk o Adrd] DPPH
pd et Es%? > 2 F I L probucol 3t 1.45+0.05 mM ¥ 12 ]
DPPH f o féng 4 » 5 % R 0.85£0.02 mM ¥ » & if 5| I f% chdrd]
% o BF o £ 4 TEAC = % » # probucol frik i fafrryg i3 (e s
% E—trolox shfmg b 4 4p b fi > % I8 probucol #idFd it 5 4 F_2.38+

054 S hpaifisg itac # & 1724019 & 0 = B3 % > B ¢

probucol fr% i fit Bkl hEBk ¢ E 4 i 4 o

I8 FRIFLELLRRIRE

FHRYE > AL & X 100 gtk > ¥ esrd 5 X ks i
0 P FERNPIEFEAOMER o d £ 42997 > B[ BN
FREL 5220407 FEHRAFELEONE YL 283207

’ 2

G R ESL B

P “\..
b
\_.
(w
[
14
g0y
w
"_"!J;t'(,
i
p ]
TE
a
Ag‘_.
B
ki
gl
_‘_k
TR
G
=3
¥
¥
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AP THRAANL ) A7 AR S Lyl Qe bR T 1§

4E > P AR s

F2 & L4 Eahp s

RPN F T i JHd BERERE 7 5 Bl 2
w T AL F o A HRE P PR E AR (total cholesterol, TC)
= e i Ctriglyceride, TG); % ~ (B4 o0 @ s F > 7 gl £
LDL-C fc HDL-C o d Bl 4-1 o8] 4-2 #+5 > #6534 3 "2 F 4 & o=
Blrew o g EHR e B B R ERR A 3 A R
BTN AEPEE S MEFBLR CAPER S B RMESZ @Y W
FEAPETE F G A O g s N FpFIE X 3 T g e 2
BrREREbipt ez T o PR EDREFEALAR o d U dTRRBIEA T
B0 B EEMA ST /B Y —WERAMB oz B W ik
B o @ i 4o % R R o probucol — R 0 F AL & M M G AE AR o=
it b fig vk e

ARG A S AR T A A3FR DY Behe ARG
1.58+0.21 mmol/mL» 12 7 & *& FIF & & chfr | s 2 WAL FR F i

15.8610.28 mmol/mL ; @ probucol % (13.77£0.67 mmol/mL ) = CA

-63 -



(14.2240.53 mmol/mL ) P& ¥ b 4] et o & 57 % R fh {0 "% "L H
% 4 —probucol F 4p FF 7% P& F R v % o

Pdle e B Py 30 -2 E % (low density lipoprotein-cholesterol,
LDL-C) (&8 ~ e sk i > 2 3 5 14.1120.38 mmol/mL > @ probucol
& (12.73£0.66 mmol/mL ) §= CA % (13.1440.54 mmol/mL ) B|&g ¥ (& #2
Falle i (p<0.05); 48R % R 7 2 fe probucol — $ ¥ 12 " K F %
Hpg 0+ £ 3 " 1 LDL-C ac%k o

d 243 FR-BHY P EEESNTRRDC I en TG 23
1.414£0.14 mmol/mL » P &g+ i % % (0.76+0.23 mmol/mL ) & ; & § /d
% E TR AL S 7 4 0.1 % (w/w )probucol & % J fi& {5 > probucol % (0.82
+0.28 mmol/mL ) & CA = (0.77£0.09 mmol/mL ) 1= fiH & fig P & ¥
BEMA o

% 43 Bore g 0B %R k9 -"2 FHE (high density

lipoprotein-cholesterol, HDL-C) = & - #+5 #& 9 3 W B "L H R 973 &

Bl @ 7 tdxdli - probucol e CA &3kt I ¥ g e
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B EREERS S L FATET & MDA LDL S ¢

B B g

EPUSHEIEEFLFAY Xik- H A4S LDL> #* CuSO,
e LDL 32 " Fig g b ey > JI* § 4 B S R E R TiEE
CEFHE L c BFP PR GE > SAUERTEE Er gk
fAred £ 435751 ¥ 24 probucol e ek F Hp o W] 5 688.47435.54
A4 657.00244.3 4 48 0 @ % R L e R ) (4121344748 A48 ) )
Woh e (e AL e 200.87421.13 A 4L (p<0.05)c &7 B W
BREF RO SR T IR LB R PARE § % d CuSO,
LDL 75 fiE § v enfia)s 2 o

12 CuSOq 8% o jf"g Fil & - a8 4 o akm * sk sk R KRl
P EiEY 4 MDA thA 2 o MDA ERAXE R 4% FiEF L i)
ARBE o d £ 4397 0 A B MDA R P B £ 2 F (p<0.05)
CA & R|4c probucol - #& > ¥ " M B ¥ 3 "L A ST A 4

MDA © 5% & R ™ 12 % id CuSOy #7345 ey B 1t (77 o
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$I&% ¥REHFE F Luminol-CL i 5

i

O A AR N EREFRYE PR TR R A
GO RILE P A P EF R RUPPILI TR D APE A o F
Luminol-CL A% 2 X £ pd LA 4 F4% 5 od Bl 43977 FHBHLF 3
W B EF|ERAC S 0 € €991 B "% Luminol-CL PP AE3 B 5 Ra > B
B v A aﬂr $0 0.1 % (wiw) eni Rpg > BI¥ P BEdrd]99 2 9% p

d Aeng 4 > B 2% 2 probucol Ea o T F FRIE Bt kg E AR

(p<0.05)-
£ 8 SREHFE LA EREER TS o (TNF-0) ~ 555 7
3 -p (TNF-p) mRNA % ;L E o 58

AFRMEL S B 0 BRI - B AT & R
P2~ 5B RNA S 3 #-5B- eh RNA 38 (7 F 4015 % > JE1¥ cDNA {4
7P LR G FaY g (real-time PCR) > 7 = TRl . =+ 59 1 &5
% 2 Fle mRNA £ 3 - § cDNA 47 fl <195 % #ic (cycle threshold ) » 42 i
iCycler iQ™ real-time PCR & B 22 f§ & ¥ > st 4f B Ct B -

~ 9 % 2 B-actin i¥ % housekeeping gene - /AACt ( P % gene - B-actin )
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% & P A Fl{r housekeeping gene 2. Ct B L » ACt § ] * £ 2 Fleh
ZRELS D BAA T 0 A AR FEAMBAS > AT A

5§05 v R i 7 F] 5 -0, (TNF-0) 57 mRNA & 2 (p<0.05);
R oo ,,T ‘v % R ke probucol 0 B P Eg g9 A #'% TNF-0
mRNA % 7 (p<0.05)-

d B 4-5 #77 > HRH s F]F B (TNF-f) mRNA &4 3Rir
VCAM-1 ~ TNF-a 3 48 b 4% 5 #4299 2 # #% TNF-f mRNA 34 3R
EmgrAe ey (p<005): % o BB EHMBA SR SRR
g« probucol & - % J k- probucol i R¥ rLfE 483 1 #5 7% TNF-B
mRNA 4 . (p<0.05)-

B 4-6 o] 4-8 4 ] £_TNF-o fv TNF-B c1le # % 8 o 5B > & 41
A % TNF-o v TNF-f (A F1 & R RQE KR TP 22 P Y LR E -
§ k&g (v BB 4-4 foB) 4-5 #17 o B 4-7 4o B 4-9 4 4| & TNF-a
Fo TNF-B 23 BLiF & o 3] ",ﬁ% ToE kR R S ELA K RS DA
Fork o 2t B N AFRIEICAS HBPRF TR 0 4 27

primer dimer 2 4 > ¥ R % A P ¥ B A
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¥ SREEE FRHFS (VCAMAD) -~ ¥ popdgi 73

(MCP-1) mRNA # 2£ g 5

F #k * real-time PCR L% & + %9 2 # "% L F]5O mRNA £ 3 - d B
4-10 #771 » B o BIEFFRAL G oAl ¥ 2o €A F A F 94
#7% VCAM-1 imRNA & 2R (p<0.05); &a > A % s B
probucol > f| ¥ 12 1 kg e 439 4 #57% VCAM-1 s mRNA % 3.(p<0.05)-

aH i zkdg it F]5 (MCP-1) s mRNA £ 3+ > d B 4-11 #5577 >

H %4 fo VCAM-1 # o4 299 2 #5% MCP-1 s mRNA £ R E &

i % (p<0.05); & ;__/, 7 4e 7 %% R pa 2 probucol & 0 P 0L RE 89 A
% MCP-1 enmRNA £ 3 ; % hptle (ACt:6.6) & probucol 2 (A
Ct:69) "mRNA #mEse At 1 4 & (ACt:77) & > ®iz} &7

Myaoi o

Bl 4-12 4o @] 4-14 » 5] E_VCAM-1 4v MCP-1 e 4 T8 & 5§
¥ A A VCAM-1 fo MCP-1 chfh 514 B AT R BN 22 R % %
PR E 0 F k@R BlicB 4-10 foB) 4-11 #757 o B 4-13 B 4-15
2 W A_VCAM-1 {v MCP-1 573 BLiR B SUR] > 5 7 dh = L8 R4 RS

A F iAo g Bl ik R AR RF AL E P
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PS4 4 L} primerdimer 24 > T FH AL F LG - o

BAE BBATASRS UGS LR R

Bl 4-16 fr@l 4-17 £.45 A3 7 b3 %4 8 4 F 2 40 240200 2%

) 2

~ |

=\

FT AWM RAK-B2L I P Bl o d B 4-16 T Do
PR F E o ’;\EFL"/T‘ FeP-B b BIEFE AL & g e ) O 2
P imiE A 2 ehiiiw o B & probucol L felk Rk e 3Rfel F e g Ak
Bise i@ % 200 B F PR EE > B 4-17 7 FRR T 0t S RT A
P¥i F 02 B g 1 RIS A p e o 0 M R F ¢
R P A“HE g enth Koo RO BT 0 @ AT ey
TR 4-17 (C) ¥ Mp 5 33 AR op L wie foie iR iwme R fE
S BRI B el N A F R i
072 o F B> CA 2§ 4-17 (CA) v probucol ‘e d B 4-17 (P) #g iz >
AP MR BAEF A fer ¥ e L3 5 od B 4-187
BLZRT] o F o dlEp o B 55 100 % 0 Bl CA e fe probucol & p
g B A 4 B 5 101 %40 9.7 % o 2o §R 7F i 4o S R e probucol &

RS I AR SET LU N U SRRV S0t i Ee s L PRt
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% 4-1 % R f&fr probucol egug it it #

Table 4-1 Antioxidative abilities of chlorogenic acid and probucol in

vitro.
Inhibition of LDL DPPH radicals TEAC
oxidation scavenging ability
(I1Cso, uM) (ICs9, mM )
Probucol 12.5240.46" 1.45+0.05° 2.3840.54
CA 7.9540.19" 0.85+0.02° 1.72+0.19

TEAC : Trolox equivalent antioxidant capacity ; CA : chlorogenic acid. ICs,
values were obtained from the concentration response curve. All values are
the means + S.E.M. *® Data with different superscripts in the same row are

significantly different at p < 0.05.
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Table 4-2 Body weight in New Zealand White rabbits

N C P CA
Number of rabbits 6 6 6 6
Initial 'BW ( kg) 2.2210.10 2.4240.10 2.42+0.10 2.3810.10
Final BW (kg) 2.83+0.08 3.17+0.17 3.12+0.15 3.2240.13

All values are the means + S.E.M. In the normal group (N), rabbits were

fed rabbit chow; in the control group (C), rabbits were fed rabbit chow plus

10 % soy oil and 0.5 % cholesterol; in the chlorogenic acid group (CA) and

in the probucol group (P), rabbits were fed the same diet as control group

plus 0.1 % chlorogenic acid or 0.1 % probucol, respectively. ('(BW = body

weight )
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Table 4-3 Serum total cholesterol (TC), LDL-C (LDL-Cholesterol), HDL

-C (HDL-Cholesterol), TC (Triglyceride), malondialdehyde (MDA) and

LDL-Conjugated diene lag phase (lag time) levels from rabbits fed with

experimental diet for 8 weeks.

N C P CA

Serum

TC (mmol/L) 1.58+0.21° 15.86+0.28"  13.77+0.67°  14.2240.53"
LDL-C (mmol/L)  0.68+0.14¢ 14.11+0.38*  12.7310.66"  13.14+0.54"
HDL-C (mmol/L) 0.85+0.03" 1.08+0.05" 1.00£0.06* 1.04+0.08"
TG (mmol/L) 0.7610.23" 1.41+0.14*  0.82+0.28" 0.77+0.09"
TBARS

(MDA nmol/mL)  0.35+0.05° 1.3740.10" 0.58+0.05" 0.39+0.04¢
LDL

lag time (min)  688.47+35.54"  200.87+21.13°  657.00+44.3"  412.13+47.48"

All values are the means + S.E.M. In the normal group (N), rabbits were

fed rabbit chow; in the control group (C), rabbits were fed rabbit chow plus

10 % soy oil and 0.5 % cholesterol; in the chlorogenic acid group (CA) and

in the probucol group (P), rabbits were fed the same diet as control group

plus 0.1 % chlorogenic acid or 0.1 % probucol, respectively. “* Data with

different superscripts in the same row are significantly different at p < 0.05.
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Fig 4-1 Plasma cholesterol levels versus time in rabbits fed various diets.

All values are the means + S.E.M. In the normal group (o), rabbits were fed

rabbit chow; in the control group (m), rabbits were fed rabbit chow plus 10
% soy oil and 0.5 % cholesterol; in the chlorogenic acid group (®) and in the
probucol group (©), rabbits were fed the same diet as control group plus 0.1
% chlorogenic acid or 0.1 % probucol, respectively. * p < 0.05, vs. normal

group; * p < 0.05, vs. control group.
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Fig 4-2 Plasma triglyceride levels versus time in rabbits fed various diets.

All values are the means + S.E.M. In the normal group (o), rabbits were fed

rabbit chow; in the control group (m), rabbits were fed rabbit chow plus 10
% soy oil and 0.5 % cholesterol; in the chlorogenic acid group (®) and in the
probucol group (©), rabbits were fed the same diet as control group plus 0.1
% chlorogenic acid or 0.1 % probucol, respectively. * p < 0.05, vs. normal

group; * p<0.05, vs. control group.
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Fig 4-3 Luminol-CL of rabbits fed an experimental diet for 8 week.

All values are the means + S.E.M. In the normal group (N), rabbits were

fed rabbit chow; in the control group (C), rabbits were fed rabbit chow plus
10 % soy oil and 0.5 % cholesterol; in the chlorogenic acid group (CA) and
in the probucol group (P), rabbits were fed the same diet as control group
plus 0.1 % chlorogenic acid or 0.1 % probucol, respectively. “* Means with

different letters are significantly different at p < 0.05.
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Fig 4-4 Thoracic aorta mRNA expression of TNF-a from rabbit fed an

experimental diet for 8 weeks.

cDNA from individual rabbits were placed in separate well and analyzed by
iCycler iQ™ real-time PCR. /\Ct (gene - P-actin) represents the difference
in cycle threshold (Ct) between the expression of the individual gene of

interest and the housekeeping gene B-actin. Each unit of ACt (gene -
B-actin) represents a 2-fold decrease in mRNA of genes. The fewer the /A
Ct (gene - B-actin), the more the number of starting copies of a gene

(mRNA). All values are means + S.E.M. “° Means with different letters are

significantly different at p < 0.05.
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Fig 4-5 Thoracic aorta mRNA expression of TNF-f§ from rabbit fed an
experimental diet for 8 weeks.

cDNA from individual rabbits were placed in separate well and analyzed by
iCycler iQ™ real-time PCR. /\Ct (gene - P-actin) represents the difference
in cycle threshold (Ct) between the expression of the individual gene of
interest and the housekeeping gene B-actin. Each unit of ACt (gene -
B-actin) represents a 2-fold decrease in mRNA of genes. The more

negative the /A\Ct (gene - B-actin), the more the number of starting copies

of a gene (mRNA). All values are means + S.E.M. ““Means with different

letters are significantly different at p < 0.05.
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Fig 4-6 PCR amplification cycle graph of TNF-q.

(Normal group (N); Control group (C); Probucol group (P); Chlorogenic acid

group (CA) ; No template control group (NTC))
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Fig 4-7 Melting curve graph of TNF-a.

(Normal group (N); Control group (C); Probucol group (P); Chlorogenic acid

group (CA) ; No template control group (NTC))
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Fig 4-8 PCR amplification cycle graph of TNF-f

(Normal group (N); Control group (C); Probucol group (P); Chlorogenic acid

group (CA) ; No template control group (NTC))
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Fig 4-9 Melting curve graph of TNF-f.

(Normal group (N); Control group (C); Probucol group (P); Chlorogenic acid

group (CA) ; No template control group (NTC))
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Fig 4-10 Thoracic aorta mRNA expression of VCAM-1 from rabbit fed
an experimental diet for 8 weeks.

cDNA from individual rabbits were placed in separate well and analyzed by

iCycler iQ™ real-time PCR. ACt (gene - B-actin) represents the difference
in cycle threshold (Ct) between the expression of the individual gene of

interest and the housekeeping gene B-actin. Each unit of ACt (gene -
B-actin) represents a 2-fold decrease in mRNA of genes. The fewer the ACt
(gene - B-actin), the more the number of starting copies of a gene (MRNA).

All values are means + S.E.M. *“Means with different letters are

significantly different at p < 0.05.
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Fig 4-11 Thoracic aorta mRNA expression of MCP-1 from rabbit fed an
experimental diet for 8 weeks.

cDNA from individual rabbits were placed in separate well and analyzed by

iCycler iQ™ real-time PCR. ACt (gene - B-actin)represents the difference
in cycle threshold (Ct) between the expression of the individual gene of

interest and the housekeeping gene [B-actin. Each unit of ACt (gene -
B-actin) represents a 2-fold decrease in mRNA of genes. The fewer the ACt
(gene - B-actin), the more the number of starting copies of a gene (mRNA).

All values are means + S.EM. *® Means with different letters are

significantly different at p < 0.05.
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Fig 4-12 PCR amplification cycle graph of VCAM-1.

(Normal group (N); Control group (C); Probucol group (P); Chlorogenic acid

group (CA) ; No template control group (NTC))
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Fig 4-13 Melting curve graph of VCAM-1.

(Normal group (N); Control group (C); Probucol group (P); Chlorogenic acid

group (CA) ; No template control group (NTC))
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Fig 4-14 PCR amplification cycle graph of MCP-1.

(Normal group (N); Control group (C); Probucol group (P); Chlorogenic acid

group (CA) ; No template control group (NTC))
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(Normal group (N); Control group (C); Probucol group (P); Chlorogenic acid

group (CA) ; No template control group (NTC))
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Fig 4-16 Representative micrographs of lesion area of aorta arch stained
with hematoxylin and eosin in rabbits fed an experimental diet for 8

week. Original magnification: 40X. (Between two arrow was the intima of

thoracic aorta; [ - intima ; M  media ; Normal group (N) ; Control group (C) ;

Probucol group (P) ; Chlorogenic acid group (CA))
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Fig 4-17 Representative micrographs of lesion area of aorta arch stained
with hematoxylin and eosin in rabbits fed an experimental diet for 8

week.

Original magnification: 200X. (I : intima; M ‘ media; A : adventitia ; Normal

group (N) ; Control group (C) ; Probucol group (P) ; Chlorogenic acid group

(CA))
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Fig 4-18 Aorta arch intimal thickening of rabbit fed an experimental
diet for 8 weeks.

All values are means + S.E.M. Normal group (N); Control group (C);

Probucol group (P); Chlorogenic acid group (CA). *“ Means with different

letters are significantly different at p < 0.05.

-90 -



b
S|
ik

b

B W BORURA AR A S MR

B BEEMA SR E T BT LT A A B e h 0 B
TG A 10%4 258 [118) 40 0.5 % Fm [119) 4% L - i
8o Fg g e, S R B E 90 %0 L3RG F o Tag ihi a2 [120]5
ARG RS R REF LT A0 LB R
AL g 4 o

Leeetal. (2001) 2+ SD 4 & 1 % & Ffafe 5 %1 3 b %5 2

.

B faE 0 I E {F‘ff’f‘}f]t 40 0.1% (wiw) iz L pahv4 4 —3,4-di (OH)
-cinnamate £ 3,4-didihydroxy-hydrocinnamate > 7% 3.4 + % % SRARSR J

TR MR R e B W faeE 0 2 0.1 % (w/w) 3 3,4-dihydroxy-

cinnamate B+ ¥ 0B F b F M ]\ ey £ [121]) - Fruebis et al.

A~

(1999) %3 & @ W4 ¢ & 0.5 %% "EAMA S > 257 v 100 mg/100 g
diet a4 2 Efs > ¥ I FE M4 335318 VCAM-1 ek 38> 7 "8 4
5053l B AT 1 s & [122) & TEAC § %5 0 % R g i 4 i
trolox @& » F]M > AR FHCE Y B RAE 100 mg/100 g diet eh % fr i

3% & (chlorogenic acid, CA) > ¥ ¥ S R v Mirfiy i Had 2 E
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B drdlEe R AT 4 A ek o
¥ & %,v_'z%”&ﬂﬁ;fﬁa—frﬁﬁ%)ﬁﬁﬁﬁi?&ix'-fﬁn’*:2@

AT R R 0 Y G R AERR R R B R
RN RUIREY SRS LT Ty SEEU L IR QPX) BN E
4P RFEEERL R LD B AT R RIRPERR o= BLY M fig o
dB 41 2B A2FREFR D B EHAMA S €2 S o FREHB

o fe e PRAE 3BT F S 7y ot

=

BRI INERET R
5 0RTRERIABAHSEF0 2468 HE 0 UELLTFE
B 152 e BRF KA 2

¢ & 43R o fpdledn B Rt LY e 0 AT &S N
BOREFMBAST LA FF L aEn AL o BT B0 FEFRA S
. e probucol fe Rk {5 s P& AP - LDL-C & = fh 4 i i 35§ ™
Menffa), P ERFR AR o AT % B REET IE W (fa/ffa)
Zucker ~ i J&+ *EBFE ~ = fiH i fig ik R AE 02 [83] ¢ & HDL-C ¢h
i RIERES BB EAMA S 2y HDL-C 3/l § 23 5 o
A G HRP- Y AR E RIS B ey R BRI &R

B R FEFMGA S e n] o ki S GPERAE o TR AR i



A2 RS iy b RE > Fpt HDL ek R » & ¥ 2ehg o

AL w1y B om0 02 Hamster 5 80P %@ o B ILE L% i

LW Pz 5 Rken- L) A FF o REHFREK

23.5~39.6 %ux # R BRI R 0 fo'E M 13.3~46.4 % LDL-C (k& 4 € '3
€ 23.5~39.6 % HDL-C sk & » &% € % M= i i fig 3 &% M 7
P B R 0 ke EEreR kot F R AR [124) F - 2 E W F
A G F LT 20 4B e Rl » W RP AR 2 F
24 % E (200 mg/kg diet) fv B-carotene (20 mg/kg diet) @ (5 iE ~ iF 4
EW oo mpE R L 3 B e [125)0 4 Ay e
C L= j‘*“//f TR EME R R ERRA S TR LR R
(10.4 %) f= LDL-C (6.9 %) = 3 (p<0.05) » L ¥ 14" 4 45.4 %
SR AS 2 3 g M HDL-Co et 47 ¥ ehic i3 i s
oy tAAp R [124,125) S RpEE F M w gk > T UM MR
o 7 i 2 ek BB o

% F) % fin 3% 45 f* (cholesteryl ester transfer protein ,CETP) & - fx
fﬁ% q B #&#% 3¢ (plasma lipid transfer proteins ) > = iff: AR A R
#¢ 2 (analogous) Mm% #q F#&# 3¢ (cellular lipid transfer proteins )

PR R AR FRAES I kR DR B T
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T ORTEA 2 B b fig A o A MPETE A 6 0 ¢ LDL $2% e CETP

2IMED ¥ ek T 0 £ & CETP (CEPT &8 A& 4 1) ¢ a2 HDL-C
¢ PR FIAE Ay i~ VLDL foft B ficke > @ gt 5A) F 3 2 3t R s
VR fo R R TE B A AR ER i ~ PR [86] B
B0 BEFAE4A a2 T oCEPT ¢ B £ 3 847 HDL-C ¢ "2 FHf%
fafr= peH @ fgi& » VLDL » & 2 ¢ R 80P H i g B S Bhg T 40 @ 3
4o ApoB i B A 4 0 @ B MEEMAL 64 €% R LDL 2 % B b

o ERR 313‘ Y5 S H Z PEFIRRfin 0 VLDL ~ LDL & 54 Bk B 45 -
AR CETP A F & 5 chBE & 7 1050 M3~ 70 05 fm 52 odep fmbe o
1% T TR AR £ (86,1260 F % § AR 6 5 A
AR ¢ jjg # I CETP € 3 4v > e g3 kmPe fosvp P2 ch CETP £
BB €M R R ERR oD B W g r Fg i lemre foitp n
% > & 2 78 [126] - Adlouni etal. (2000) %7 % 45t » probucol ¥
" E A 5’]%“‘ CETP ensjziv* 223k 8 CETP ché = v @ & o 5]{?“
CETP /& 2.3 4v > i& @ 858 HDL-C ¥ "2 Hff fig fr= f 4 W fig 3
izm % 17 HDL-C ch% & @ % i HDL-C ; ® probucol » # 1/ 3 4v o J]*i
® lecithin: cholesterol acyltransferase (LCAT) =514 » BaEw fo( L

-

PR S i b B T L @

4

SURAEAE U RERR R ) S
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F %% i 5y e ok [93]) -

¥ ¢k s 375K HMG-CoA reductase 7= 833 37 Y& B fig (& e & fi%
% "% X HMG-CoA reductase 7 14 » R ¥ "% MPEFEFR 4 £ = o fh L 3
(naringin ) ¥ 14 %’ﬁf d M d fF v & for BUFEK HMG-CoA reductase

i I R A g B [117,127]) £ % R R

Vapd SIS R B IE DI g ehe i > Rl B KRG -

¥ = & % R Ao probucol shpig it T

WA TR e B 0 AT AR RSk KR % R L probucol
Gf a4 o %A T oxLDL A B R A L PR FE R hs 4 o
Flpt AEE 1 CuSO4 3% LDL § it 0= 5% » %% i i2 &2 probucol #7
#] LDL § it efi) » #3550 ICso ek & > DR R AR MM X £ 4L LDL § 1t
o 4 AR o AWM T RS E P T - it (pure compounds )
LA AE (MyrtuscommunisL) # 5 fk fgpE 5 i & ¥ (flavonol
glycosides ) e i 4 » BFIS Fhfig V4 2R - 4o o
3,5-di-O-galloyl-quinic acid >= 4 # (rutin) >#§ 1% F (myricitrin ) > &
+ & (gallicacid) ; 22 m » B AP F B4 8RB P £ b 524 0

B A ER BFAEFE Y & 4o quercetin glycosides ~ myricitrin

-05 -



glycosides ~ galloyl-quinic derivatives » % &€ (0.001~1.23 uM ) ﬁﬁ?

pu

Z |34 50 % LDL § ek & 0 2 FHBIE A H L BT T

catecholic ring-B » #7142 +* {5 3§ ¢ pyrogallolic group { % 7 #3 * 7%

k]

t 5 @ quercetin glycosides ¥ st ¥] % #7 catecholic ring-B » # $#r+| LDL
F v A%+ ¢ myricitrin glycosides i 7 »x [128] ¢ F= $k e73> Neudorffer
etal.(2004 )% 3 # R-4-3 3 A A fh e fig 472 4 (4-hydroxycinnamic
ethyl ester derivatives ) » % %42 e14-3 § A g fh ¢ fitd 9 & 2~15
M 37 i £l304] 50 % LDL § 1+ sk & [129]; ¥ & % {7 § % f ik
B 79uM v > 3 0B ICs sk B2 R %] > & s ifsk#rié * 7 LDL jk
BEAFET S8 » #rrrd ldrd] LDL § 1 50 %k B~ p¥H 3 o
. TEAC enifip » A5 3 3 > se b R4 fieng? P 5B fr 2
TEAC % 1.1~146> 7 £ ¢ it I eh } peafde @ 3270 (ellagic acid) 4c

\:7/\ A el

A a+ pe (gallic acid) — = fAps & - is &g 1 & ¥ (. monomeric

~

phenolics) # 2% % ¢ TEAC A % % © 3.12~ 2.61 fv 2.51 [130] > & +
Fred N TEACF %> 2% > % ch ABTS p o FRERIRE » #7115

f f&qr probucol hit 4y v 4 4B 5 1.7 8 238 34 dpd 0 4-4 F
ARRAR LMLy R A PP R 24 - AMEH

(dehydrodimer ) 3474 47+ B 48 (monomer ) #72 $ $#F # B hfii
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fvd SHPIRF] Vo A F G 4-4 F AL friTA P ¥ S ABTS
podhis VS RILRGEDM G T b 242 FHITE P Y

PG R PTG T RERE UL RS 0 974 TEAC 2 42§
b4 g [129)-82 % 29 %Y S Ry .4 3 ARARSFEL
e o fafgatd oo B R anit § B #uf v catecholic ring-B > #71
H g (v egd 7 50 ¥ catechin $isg 02 o

T BRI E F M A _DPPH pod A o A MR KA w
T BB FIRT U M Py ?‘”’t’:}?%l\ﬂ- % DPPH p & 2k by
PLE-HAF R EZERS AL RIS B RS T (124
fé (cinnamic acid) #72 # )» @5 % & f¢ (flavonoids) # & [131] -
LR fody 408 ¥ * i dE (cane brown sugar) > » £ 3 Fr+| DPPH
foABTS pd A2 chie 4 2 Adrlcig?d chd &> FIREphz £ 91k
WA S0 %2 1 0 5 F 2T kA 400~4000 pug 3 E AT T T
R 10 g/l T i T 48.4 %3rd] ABTS f d fhehi 2 [132) 4
THER G FHEFHADPPH pd Renr it » 2 R 25 5 § 7
P P F AV RE R F S P H R AR AN ER o H P
s ROV ER M Y 0 ¢ 7 P4k (ferulic acid) ~ B+ & (sinapic

acid) ~ % E fi¢ (p-coumaric acid ) ~ vwe2fit (caffeic acid ) [133]) ™} &

-97.



AP SEES BARRE L LS AR SRR RS R

5

T - 0 3 £ 2§ #r#] LDL § i ehiE ¥ o 2 7 1 I ABTS

cDPPH fd Adm B4 $uF ita 4 o
j

Fr& PREAHEHALF C41 MDA{-LDL § tEFH2 BF

LDL % “ 124 (* » €@ 3,3 F i fie9 LDL (oxLDL) » 248
DRz TR AR S S fﬁ%gu # e 2. LDL>oxLDL ¢ 4 E wiim e
Fop L wre b oanig X B MR A &2 F 3 5 (scavenger receptor ) 0 FEi%
% viem A5 ek dmre [134)e Tt o 4 %5 i1 LDL ch§ it v o i
B K F e an Y cnB (T @ TR 8 ik e e A o

e LT 2 EARA 5 EF D ~ e HP (propagation phase ) ¥
AP o B oA 2 kR il & 234nm ¥R %ﬁ@ BIE £ P
B A & T T R B F R e iR 0 s E e B
Aty sm 8 lag time o 2o % 7 7 8o > Hamster 5 #-58 @ %@ 0 2

28

E:0y
\
}

WA G P AP (R RS R R 2) S FF P

-08 -



POF LR F £ o) Ap 3+ 74 % LDL 2 lagtime 0 ¥ F F it ik &
R A s 8 [124)0 %5 F i a3 0.0 %% % Eir
0.075 %< probucol ¢ ¥ 12 &g ¥ 3 2t £ LDL s lag time> X 5 % £ H % &
144 2> a4 L3 HE (0.5%) “hprobucol PV af £ 7.5 & 171+ dlag
time [122); @ A F %7 > %7 0.1 % K fa{e probucol 4 %] 7 12 4t
EBFY L2 B8 332 5 F probucol (st k P AV % R
oot eh % | LDL 3 it R %7 - ReD R F o 5 F a0 AT A
# ~ ch% Jp fefe probucol SSERE P ) b fTis 0 A 2 RN BFA 2 g

ibae 4 2 g Bl o F AR % Fruebisetal. (1999) 4t H

S

FoeRd s 81 % > ¥ Ao e RHES Y 05%TEFRIET R & g
A 0 ARA AR BT %Y S 56 X 2 A FAEHE L 0.5%TEFHRE
bk 10 %sht B 0 JRIT & F1 S AL R R RCED £ TR
“710 % J fefe probucol 4 % LDL #&/F #p = 302 3 LA w F B4+ [122] -
FFFATHET O MFABERBAIAT LT W9 LB e g

Vo EiEA L4 2 E s PBcarotene ~ B A frio AL =i VUL

LDL thlagtime > e ¥ § o Fxfriad 2 EEFIEFHLLE | 22 {cs
£ ¥ 4 % E 4o B-carotene ﬁﬂ?ﬁé&?ﬁﬁir'g o JHPIF AL IR FF L H

- 0 Fla Bl k¥ F8F 3 quercetin ~ catechin ¥ 7 fe 4 0 Bk RIB

W
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Py Fe s § B iiid 15 o dot 82 F EE R

(incorporated ) LDL %f#>7 > 2 ¥ i § 2216 % * L % & ApoB 7 %

b

M LDL eh§ B &F1T* 5 %= 0 ZF e A7 i H 47 LDL P 051
g vk R [125) B A9 %R $RARics 20 F 58
PPt TS AT TR A% AT i FEY # 4 LDL N 42§
iHng £ o4 Vil fEd 2 LDL e ApoB & & 0 @ ¢ LDL gy i F 1t
SRR R

EEF P EREY EAAR B DRAEP TR -
( malondialdehyde, MDA ) [65) - % MDA # ¥ 4% ﬁ}%‘ GCR L E]
CIEH AREEE o ¥ b AR L E § S pAsE 9 5E 14 Wistar * Bl T

WE CFOF R FIR o F A L3 gkgdietchE E o - FF kA0

PEFReT A BT R AT X FP 7 -7 % (anthocyani

dins) fo& fk fiE4¢ (flavonols) # 5 » @ ¥ ¥ = 7 § 7 & *=f (flavanols)
fek =5 % (procyanidins) [135]); @ 4 X g F|@A&HE A7 7 o7 *
GRS RBAR BN 2 IR BRSNS — 4

¥ A2 A pe (hydroxycinnamic acids) [135] 4p ke > Tt 48 L % pe v

probucol ¥ '¥ X d F b F PEF AL S AT B jﬂ"’( MDA kR =23 > &
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B 5 71.6 % 57.7 % -

AR DRSS oA F R AEawT T G Mg e % [124,125,
135 F)4t > il % RpL ' 0L LDL chf (5% > 7 54 0T S s
(1) "M FriEg 8% chg 4 ;(2) &t ¥ LDL p a-tocopherol %)%
iLier @ 42 5 (3) £ 4 ¢ 44§ it eha-tocopherol [125):(4) £ & & /%

B o Fla T K g TS ) [124]

=%

¥1I & ¥REHs g7 Luminol-chemiluminescence (CL) 3§ 5

Luminol ¥~ & ¢ # 114 kenit EH 57> ¥ {rifz it 3 (H,0,) %
e H,0, AT ¥ Mg+ cnit A > @ HO, milf R £ 3 2 T 6.5
i Fentonreaction 22 & ¥ o d & (OH»+ ); #1172 » 12 H,O, ¥ 11 1% £
&1+ % M (reactive oxygen species, ROS) & 4 o % Az fie3s iv £ 5 &

% (chemiluminescence) % i€ luminol #f3c i ek sk » 4k f 55

By RhAL g S o
La 7 B oo 4 2w 50mg/kg 24 % E - 1% probucol ¥ 12 & ¥ &
9 A B 7% ROS ehA 4 o i@ ' E kA e B [137] »

BEEARAFHREN T AFHZ T 0.1 % probucol #F I 1A FE i d

BB EEERA S ATAE L 92 5% 90 % ROS 1A 4 > P % Rpade
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probucol #7412 % 4p § ° Heinle et al. (2002) 1% F ke ;4 » LR A
G833 % - (intima ) 2. e R g (VR4 p Rl > B L FR R
shFE w2 ~ oxLDL ¥ ROS 78 > S F & %5 o Al 1L et B @ 1%
tv B b B PEFAE 4 3 99 A #%% luminol-CL shA £ P &b 0 ¥ 23

® ROS i & £d Eimre fol Frcmme 74 2 [136]

¥ & ¥ REHE TNF-0 f« TNF-p mRNA £ 3§ 0§ 58

¥ F R e il s R BRI e § AR eniE i
WAFE e Rl F e o e B IR H R A Y F]3 (proatherogenic factors )
4o D TNFSIL-1B S & o Pa s B 0 AR 224 R it faep
BF i % o iRk fl v F]F ¢ Mf g NO-&m Fxa ¢
SR b 4 6T R U F i g TS bt NF-kB e it o @
W R e g d 4o D INF folm e 384 5]+ 4ot VCAM-1 > 12 2 41 F] 5 4o ¢
MCP-1 eh= & & 4 [138])c #7m » d%afs e al % #in i 2 - T RiE

R LA S F T L gk 4o D TINF eng 4 o RIF 0

Mg LR B B R g B [1])
Ambd Ao AL B BEFAMBAS H L R? chTNF-a P &

Wit 2§ > Zhaoetal. (2005) f- Madej etal. (1998) 35 Pa%hai ik ©
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1 TNF-0 k& fri F 88 F)a5 ~ LDL-C ZAp b 1% > & F RS FAs g
Pl TNF-o kB 753 e > #7003 "L F AR g € 13 = 2 P Mg L F
[139,140]); * L= 7 B+ > % atorvastatin (- A3 "2 FfE & ) &
1R g TNF-o ik B 0 7 g d] 7 95 w5 g 5 o 3 TNF-o
2. mRNA % 3 [139] - L7547 3 % ApoE 4% £ ¥ TNF-o £ ¥]71'%
| & (ApoE-Leiden TNF-a”~ mice) 4= ApoE 44 % -] & ( ApoE-Leiden
TNF-0"" mice) P24 6 "% ofi o fl it crdc & 74 > TNF-a £ F157] % £
ApoE 4 7 /| B¥ 1B F b T g derk s el (V35 5 9 30% [26]) ¥ - 7
7 Bt > TNF-B % %44 £ /) & (TNF-f mice) #p % 4 4] &
(wild-type) » TNF-B & 137 % | BT 14 T '8 5 62 Yo "R afi e A 1+ 4
% o it TNF-o & Fl5% [ & (TNF-o ' mice) ' (s #%sfi kit 4f 1§
s E it P ERLE [100)- 232853 - RenR F o 7 A
FliFokid* ] A3 4ot ApoE A F4 2L > 02 7 [ ikt 9 &
PRI T S PR T MR T hE > £ H 4 L TNF-o & 7 &
TNFBBUPK—HM MRk A g 4 [141]) RS RV i &

%ﬁd"il"&TNFa TNF-B £ F14 B> @ i )" s ol (L e B
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PR SREHL FAHTT (VCAM-1) fo¥ kgl 515

(MCP-1) mRNA % R E e 58

Br i e B HELF B d ERADERP R DA
[139,140]) ot ¥ » j& ik 'm¥e € & X 'm"% j§c% 4o 1 IL-1 ~ TNF-a ™1 %2
d A3 s Fp A wre 2 4 G F A F]S 4o D VCAM-1 [2] @ ¢ =
71 ;/F%I%\;L e P e H AR IR AN T "F? A SR NI NN S g AN
MCP-1 > $f3b%f st p PR A DEPIRA 2B 8 > 2a BT o g B
P HEPiThie- HE A AR E e T o B R § i
ro g B0 P MY BrEF Y LDL | chie AR 0 I ERERGRA L A
B rg B0k 0w o AT E R rdle F AR Fl S o E kAR TS hE
4 o PIF bRl e b 4o e B [116] -

ADFATEHT LT FLqEET Y L ARG F A A
¥ —crocetin » ¥ %‘gﬁ % A F]F NF-kB 05 b 5 @ "% 499 4 # %
VCAM-1 cn4 1 [142); ¥ - 7= 5 B » 4 % 0.1 %hia 4 % E e 0.075
%22 0.5 %< probucol g1 ¥ 1L & F 3 T T —82 7% 5 VCAM-1 7 mRNA {r
Bv AR [122)5 ¥ M-k % ¢ S F B —1o A F (naringin) foih

# % (naringenin) > » # 11474 VCAM-1 = MCP-1 & 3 [117]);
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BAFTPRZEIDGRET M FE R EF o &L H% VCAM -1
Fo MCP-1 e mRNA 2G5 - R, ARd wmHE%Y > SREELT
%’ﬁ‘z’ g 45 F]+ NF-xB e it 0 @ i 34 VCAM -1 §= MCP-1 4

B RIF &L & engEst e

A8 BRABHAIAFRS BEERPL BT

AR B L RET WY %o B AEhid B A f—

—l |
-anl-

crocetin » “,/TT 7' M % VCAM-1 a4 e NF-«B 5 it #b > ¥ d HE
& B R4 R Rl R b e PR 5 P R B AR R R I sl
& > @ % crocetin e/ %] B AR E M prsl i) A [142] - Ling et al.
(2001)F $:12 0.5%(wWiw ) B P2 FIiR4p S e d 7~ 0 & B & g
B IA L L F ¥ Sk (black rice) 2 &3k (redrice) @ ¥ 14 FE K 50 %ds
oA oA 2 > JERIEFIZ Y F (colorrice) ¥ o7 F A %
E chpf i [143]); 2 ¥ - R T &ET > "% ™ TNF-a ¥ 128 % 30 %% 7%

ARA AR A 2 [26)0 0 Mgk % ¢ el Ak —1 £ H (naringin)

feth £ %2 (naringenin ) » #] 5 st #r 4] VCAM-1 v MCP-1 & @ " K

‘%‘“

H oAb I A mre o 4 " Mg A SR Eelimie e R A 0 i@ TE M

PR AT 1 s A [117) e #500d AT 5 @) 4-16 ~ B 4-17 1 2 [
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4-18 P H R BF R AP T UL BR[O FRET LT
PN R B %) 90 % 0 H %%k e probucol £ 5 0 B REET a4 fr
His g V& - 4> BEF My VRS > Ed*F K TNF-o ~ TNF-B 04
4 @ Fri] VCAM-1 fv MCP-1 eh4 38 » i )% Mo F N W B 2 7 s i

3 A e o

¥4 & U4 L probucol ¥ 5 A EiTHE2 R F)

"% . "5 % probucol f1970s & 5 Hp 5 12 5 FF i n PEF AR 25 3%
Fa o3 RRFEILIpEDEF Y P EFPHEAY > FR
probucol I 2423 §2 'm %2 e LDL receptor @ ¥ i 3 H 5 ez i #5498 [86] -
s kewa 3 % F  probucol ¥ 12 *% i1 3F58 HMG CoA reductase & » jf( o
FIfhfa A 3 (CETP) e dd [93,126] > i& @ 3 4e o JE PR FI M fig fo
R B T e G PR rg ek [93]

3 F1F % I probucol 7 e g FE . Fg oo 4 T Fr B0 AR R AT T s
14 4 [137]) - Carew et al. (1987) % - Watanabe heritable hyperlipide
mic rabbits (WHHL rabbits ) lovastatin = probucol = & "% & 75 % > 3 7
probucol "# X & o kAT 1 4F 5 A 4 oS i lovastatin & [144] -

%@?ﬁpfﬁﬂﬁiﬂ%%:ﬁi%(%E’%éﬂﬁiﬂﬁ

¥

2

’
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¥ oo v i LDL ch§ v (5% » @ v 12 B i R 1 e B [145])

9712 0 4-%f probucol E_F & F FLF 1V ITH 2 G cfp AT T S BB B o

T L e

(1)

)

Probucol fhigi % 3 # ¥ p & F i 4 ¢ BHT ( butylated
hydroxytoluene ) # - f@MPq it ® £ 5 i t E iy v
| 5 @ probucol méf#{%’ﬁd sulfur-carbon-sulfur =3 ;%@
#% = & BHT - Probucol # ™ §f i fick R p % p d A
(peroxyl radical) > # #v¥ i* # ¥ fv a-tocopherol 483 T %
[146]- 7] 5 probucol ¥ /1% 3 & phenolic group %4 >
WHaEs b pd Ko mE Pl LDL #q Figs it i g
4 [137]-
Probucol &2 H 8 Fuz it F it (5% D RPN KA Beadn
F {“ F4r : FUow i (ascorbate ) > ¥ %’?—,‘d BRI Ay
A4 a-tocopherol > @ ¥t3EF# LDL ehuf § L 1% 5 £ & &
¢ [122]-# 3 » 4ph » %3 probucol <7 WHHL # =+ 5 ¥
tocopherol 7k & #dy 4] % > 48R probucol ¥ frH i chf
§ UM Ak (FR chs N iE* 4 LDL > s @4 LDL &

g vier [122]) - ‘w9 3253 I > probucol #r#4|d Frfkdr 4
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e LDL & 2 »c% v 4 % E4F 5-6 & [85,147]) -
(3) Frdlmg Lwiegi A4 o mg Ll ek i Rl R i
FEBSFTELR £ J o probucol F UFrH|E S m e A g W T
F IL-1[92]) = e pers AN 5 1C B4 > @ B 5 prgld ki
AR 1 B e vk [85] -
(4)  Probucol #2 5 LDL %4 * McLean f- Hagaman (1989) 3%
% probucol ¥ 12 i#3E LDL # w = &1 % ¢ LDL < lysine
ABAE g AT 1L K LDL frE v im e ,;‘-lg £ 5
% B Aol @ '8 00 LDL AL E o 5e 40 5 o005 2 52 ik fn v
[148]) -
¥ ¢t » probucol » ¥ 14 %ﬁ\z} B o902 iR mbe (g “/f e o T
PRPEE R TR E > 4 B FRFE M BRI R g o R4
b E S s FdIT G A o~ dF i [145]) ot om g
ek A4 KA FF 0 FP probucol ¥ LG A E M AR A (L b

(851 Flu* & J #7 % 14 probucol %5 474k > k225 o flAf

KR 8
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FE SR 1 SRR H L L

Rav ML e FAePERE - 2 RELES T Al At
BEFRh o dWAgHESY FIHERE AR 4 E S
62~395 mg/kg > & ¥4 7 7 60~280 mg/kg [154) &F 2 7 0.5~2 g/kg
B2%iP7 7 S0mg/L [155) 4 %7 773 6~120 mg/ kg [158]» ¥

b fuemetd 54 500~800 mg/L [152)0 ¥ ¢ tefin s FE ~ K9 4 1

BplF] > 2 F APM LR AHT Y 0 T B R LA P I fe b

A LM > BT S REE S SR E KR i g
BPL o FIU AN L R R g R Gt R kR S A G SR G
WY ooea fc T RN [149,150) A HFF B 0 B X R 025 %
(wiw) % Rt d » T4 H S REE L% g T~ Sofgiti o 1Y
2fcA e R BERET 0 AN (AR RARR) %R
fe o d FURE TS & - AP S SR o e T 0L G e
R ? R M B R L AR RT RS
[151)- » &3 i;é—‘ﬁﬁ % 2.8 mmol 1% Rk 0 24 o] BFEILE S ag T

Yo b B o R s Bl EREETT 5 33%; T RERBREET R
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Lo R RAREE CFRERET AN DT B RATA R
P AR RIT S RELFRAEY MR 2RI B Bpor B R R D
LB ) AR T [73])- }}%'f@.“,/f TF AR T i pH2 0§ phiE ~
[ oh o FIRDS R L € AR A T ] B ARR e fo i IE N Dy iR e
(esterase) 4 & [152)° $ 15-32 % Rps ip % € e + FE K
f# = > 4 %k (aromatic acid) [151] 4% < % i d 4 AE A fE o L

|
4
Y

0 %

|J‘,/

J

FHE = BRI B) U AFTHRLTES S REOHE 40 mgkg bw
(body wight)$ & 4 %a4#& & & & 5 13 mg/kgbw: P £ 50kg (74 & p &
B~X) 650 mg FRPET wv v L B L PR AE I PRl RE ( A 2 ek
B o,

BREARA RIS R 4 RRE > o ettt C PR - 4 23 [152])

B SFHREARDI N > T EARHERBEONBTE P EFRP -

< - > vehetfig (caffeic acid)

eeezifie (3,4-dihydroxycinnamic acid; caffeic acid)) #_& ¥ A4 &
- B o ASREA R PR o el R S A ES Y ol H)

(pear) [153)~ # & b [133) 5 % [154) 5 & (lettuce)~ § & &
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(endive) ~ § # (chicory) [155]~ B # ~ % £ % [156]) ¢ % v [157]

WGBS ARECFHECFEY AR @ g AN R

i

& (malic acid ) £ /)% 4 (tartaricacid) % & » M B8 &35 F LgF g » o

i

g

Z &4 95 1 50~120 mg/kg ~ 200~500 mg/kg ~ 20 mg/kg [158); § §
sty et 4 % 10~430 mg/L [154) « R #h 222k ¢ > 20 % vhetpg B
74y L Eende B o ¥ e LDL chg v e [159]) e ¥ 1135 1B
B ST A kR P o R EHRARE M Fr| LDL chy iR
TE R ED ek E A e i [73,149]) - ety B G B piaR A
ok PR s BN 2T R 0T RARL B
(a-adrenorecptor ) % & o F] & ewefik 7 5 %2 & s (catechol group ) 1%
o T AR BT TS B 5§ il 0 i a RRALY 2 %
% (Leukotriene ) 2 & = o F]pt > el B 5 Fr|fn ¥ frpd £ 51
o PG R A o AU R O RS $HRAB AT A AR B A s o

Bhod a2 — [160] -

< = > P#f: (ferulic acid)

oLy LS REARETHAMAS > AFE A T F %

BoL133]~ Fae [157)~ ¥ ~ § 5 7+ (154> % (leeks)~ 4 FF
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(cabbage )~ 7 H & (Brussels sprouts )~ j& 3 ( spinach )[ 158 ) #: % (oat )~
~ % 4 (barley bran ) v 2 % (Rye (Secale cereale L.)) * FF IR
[155,161)] %% 5 Bk » AL £ & 2 makg: @ LifEe - o
#pe € fvi- 7 % (anthocyanidins ) M 4F & # 0| i 5 &> 2 £ 9 15 mg/kg
[158])- #rygi* ch g & % 5 43 50~160 mg/L [155) #4c® ez & &
20~70 mg/kg [157); 2 ¢ > 12+ % 45 50 mg/kg fo# & 200~300 mg/kg
7255 [161,155]- &xa @ cnfg L7 iR A 10 > B4 A T
Wppd AEFA AL DT &n FRARKFL S A H#P2 4T 1P
1% SR S o B S e LR R 3 £ 5 1000
ng/g [162)- Fr#hpt £ 5 4| LDL ehg (5% » ¥4 £ 75 2 HFap o

i §AFRUNERGH T b STUT 7 B TR g

# 5 s [163) -

< =z >3 &% (coumaric acid)

# 2% (coumaric acid) " . & Rpas [RS8 enT R BA P > AiF
%~ (pear) [153]~ & &+ [133]~ #i [155]~ 5 § [154]- B # ~
+ &% [156] 4 E£F ~ i ¥ [158]~ H4v [157,155] # 487 g am -

P g 2 E o2 Bk & > 14 p-coumaroylquinic acid 753% 5
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bz 85 40mgkg[154) A Fiavd vz £+ 9 5 15~50mg/kg[157]);

T

'F_*

&55[154] ’?L",ﬂ;¥t’ 7-?[37\]_\]1 p%/ﬁ?ﬁxibmilﬂﬁé‘,

g B > 7iE 200 mgkg o B RS E A ER T 25~30 mgkg

PR RS § R S bR R A hE B 0 @ E cAMP ¥ L Fr ]
wol g [164)- A4 - 42448 % © % (dopamine) % & #7

P 5L ’]‘x B xR

&k

A5 = e N-coumaroyldopamine ° ¥ 12
( B-adrenorecptor ) #% B = -] ¥ cAMP & ¥ - &@ Prd|o | F TR §
[164,165)- ¥ “b > B-FF 5'?7% # % B (P-adrenorecptor) ¢ 522 4 484
WF 5 end P (Fd 5 el Bmﬁvv]’(f{‘ﬁ VLRI o B IEETE );;]1% g
B-adrenorecptor 1% & o ¥ v R ¥ o B R 2T B oy o T X
N-coumaroyldopamine % ﬁ_ R B-F ’9?7% B BadEiity o A1
N-coumaroyldopamine = B-%_F ’;fj‘\% FXRFELE AT EFE-HD

- ENEIETEE Hgfos g o Pl A RFE»>E7 [165]-
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FL-o8 AKEIHE

AP EHERBEEB L EL T RS S AT

BeFHE o TERRINSEREL G FL ek > £ 1R

5

i

i
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Hfgb s ¥ ARVERSEREIoPE Me g2 38 FHF

(1) &F2v%v ;%%’ d "% M5 HMG CoA reductase & 1 m & B 3r 4] % ¥
fet = o(2) £F 7% % HDL + LCAT st » 516 LCAT @ #-3% 8
e s T im e TP FIMR i 1 2 "R AR g 0 J5 Y HDL 463

IOFREA M e ARk R 0 (3) AF ¥ & 975K LDL receptor -

R

v AR e 4 > B Y Fq v 4w D VLDL - LDL 2 R AR5 &
@ ' i % LDL-C & MOVE IR gk R o

e SREE T IR TR E RS B S g
B AE A et PR A ERE cn S RB AP TR R
i 4 T RARPREAHAL S S RT3 6 W%
PR el  RALEE 4 B F crdF (Lar 4 0 & 0 HPLC A 948 X 3t
AP R ORTAT AP BRLRES ARWAY S T 3G o on

4

SR ARSI F R s R s R RBE R A
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(2) %8 8 TR B EFMA S goldd + B g g > H4en i
MDA £ s ¢ luminol-CL 4 & » & ‘{ﬁt‘ﬂ LDL ¢ lag time » &
€ 3% %9 2 7% TNF-o ~ TNF-B ~ VCAM-1 {= MCP-1 2 mRNA
B R AT P ORI 5 2 OV B B R BRI AE o
(3) FEHA 2 0.1 Y%orh% R ™ M B ¥ 3 '8 M - P2 FF ~ LDL-C
Bz FeH W ek R 0 " Ma i MDA # 4 ¥ luminol-CL 12
£ % 2t & LDL ¢ lagtimer & ¥ ¢ 5 199 3 #5 % TNF-a~TNF
B~ VCAM-1 fo MCP-1 2 mRNA 14 > ¥ %% (5% 3 2 o

B 42 7 v AR PR o

ENS

L1 % BREET A AI ERF L RL L G
§ (“J&A4 > 0% %895 3 $9% TNF-0~ TNF-p 22 mRNA % 3> &7 '
%39 3 $97% VCAM-1 22 MCP-1 22 mRNA # %> F]p- % 11§ R4 %
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