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g Ea R LDL F AR 0 S g 03] LDL A ~ eniE o A A Tm AT g ¢ o
Ao m=HERRZER (PCA) foit 4l 15k 584 (HSE) $3t% 4] LDL #7 4 e
T JmH# 4v (lipogel electrophoresis) % *3%5pk % it (TBARS) 3 #r4l% it chie* > &4
F ok AL PCA 4o HSE i2— #H#FH $4L LDL § i~ eni®* 3533 o 242 10 pM
CuSOy4 £2 100 ug protein/ml 0 LDL 2 37CT £ k% 12 /| PFH# e HmEE % i3
%4 r 3 AR PCA & HSE e pF it » 23 30 0.1 mg/ml «H HSE i 4% 7% 7] fig *%
fRens g w4E 18.15% > @ 0.5 mg/ml 5 HSE plw 42 7 67.25% ; PCA R £ 4% ¥ ik
Behd e o BPERRE iR NILEBHR v 4L IR % 0 B 0.05 mg/ml gk BT A M FH R
F ORI % KA w AR 74.96 % o @ Tk 7 OXLDL % £ it enffa,pF > A g g ¥ HSE

ek B M 4e o ApoB B ELTY eI R B bk v 4R 0 2 0.5 mg/ml ek & T ApoB B it e
B g w47 100% ; » PCA B £ 0.03 2 0.05 mg/ml k& ™ ApoB £ it chii
%k Ak w 4R 100 % o %%’t“ » A diip] PCA 2 HSE e LDL % i ey 4 > ¥ 12 A3f

PE R A a2 P - BER L o
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¥ < % (Abstract)

The natural antioxidants, such as Vit E, Vit C and beta-carotene, has been found
to possess the ability to avoid LDL oxidation or reduce oxidized LDL (oxLDL) uptaken
by macrophage; and furthermore, they were able to prevent the formation of
atherosclerosis. In our previous studies, we explored that both protocatechuic acid
(PCA) and the aqueous extract of its original plant, Hibiscus Sabdariffa (HSE),
showed strong inhibitory effects on the negative charge increasing of protein moiety in
oxLDL (lipogel electrophoresis) and on the lipid peroxidation of lipid moiety in oxLDL

(TBARS). At present, we further investigate the effects of PCA and HSE on LDL

oxidation - We incubated 10 uM CuSO4 and 100 ug protein/ml of LDL at 37°C for 12

hrs to induce the degradation of cholesterol. When cotreating with various
concentrations of PCA or HSE, the results showed that 0.1 mg/ml of HSE recover the
degradation of cholesterol by 18.15% and 0.5 mg/ml of HSE by 67.25% compared to
native LDL. On the other side, the more concentrated PCA showed more significant
recovery of cholesterol degradation. At the concentration of 0.05 mg/ml, the
degradation of cholesterol was recovered by 74.96 %. On the investigation of ApoB
fragmentation, HSE recovered the fragmentation gradually depending on the
increasing concentrations. Moreover than, the ApoB fragmentation recovered almost
by 100% at the concentration of 0.5 mg/ml. When cotreating with PCA, the similar
situation also occurred. At the concentration of 0.03 and 0.05 mg/ml, ApoB
fragmentation was recovered by 100 %. Taken above together, we suggested that
PCA or HSE should play an important role on preventing atherosclerosis via inhibiting

LDL oxidation.
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EERELAGHEAT R - > » AR - BRFEH DL R dpih o BE DL A
ARFIEL A - 30 o 4 A RRAFFEREL adad 4 > SR s AR 7 ol
o ARFEL IR DA KL E %ﬁ)%v PRS- e X Bochid B o so L s r e
R w R REER R AR BT 2 0 TR TR | NFRE T o &
FRELEFAZFEH A FYFERET > B2 757 d FEBLE W3
s B s Fe i R sk B AR SRR R ORI 2 R Y S
P o 1997 EfFd a2 TRAFAEERCREANL ) »FRe +T it Ak
WROR B REFFE S 1% 43.1% > & PR R (240mg/dl) s (7 5 ik 22.8% o

R it o RP wii}%«”i#%ﬁoﬁﬁﬁf] 66 § + > %i@,&ﬁfﬁ] 260 3 * > o BT

FRERF 17T F A aF L BREFLEABRGYL-HA G, T E- R FERFEL

&)

Heonge 8 €3 55> 32135 R (LA EF* B 16.3%)  Flpt p % F 37 54

AN

TRANBEFCRSAREL D RPN L EARE T NP A FF A F R 4

s ar
BT =

/";:J!':

B RE G EFMER F LN FIYEERRG M PERRR T E S 3 e e i)
FEEFAR S Ry LLAPM ey SRl R TeOgi £ RRAR LT R
B4 = 1 #4: chylomicron ~ very-low density lipoprotein (VLDL) ~ intermediate density
lipoprotein (IDL) ~ low density lipoprotein (LDL) - high density lipoprotein (HDL) > #
 high density lipoprotein * ¥ ‘m4 % HDL2 2 HDL3z> 7 Ip 775 3-d B F #7 3 chfg 35 %

3-v (apolipoprotein) e =357 4p e (Bl - ~ 't & - ) p KRB HEFHFHE &R kA 1t
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(Atherosclerosis)a) & 4k d| } %8 T kF L HF M G LHMBIT 2 514
wkali ke - > @ E.d LDL + en7 42 {efy 9spk (polyunsaturated fatty acid, PUFA) =%
T|F iba A F LAl 39 B (oxidized LDL) #7ig = e7 (1-5) o fedv "Rifs R A 1 A5 =
B TR A # o %14 (endothelial dysfunction) | 22 T i< % & 7 3 ¥ - 34 (LDL
oxidative modification) | @ i 2 ik o ¥ ¢b > A EF L] L ]ﬁﬂiﬁv#ﬂﬁ-—\ A = 3
Paded fnd (b AT A RNEEd B IET P ARTER O AR A A TR TR K
Ay & TR1EE (restenosis) ; = & > ™ jEip § &8 o Flla 5 - 1T & kAL F
Feon- Lk o~ 2 RE IR A e 3 5 F1F (molecular pathogenesis) it & 3%
oo g B PR RA (VAR 2 AR W o A b s Aol kA ViR o H
$pf (monocytes) X F|F v A M A& g Fou AR TEY @ TN L e~ A F R
P it SRV P nE e ?e (macrophages) E i e i 4 X 48 (scavenger
receptors) ¢ su@ T p 4 (endocytosis) F it A K R A& fp F-9 ) =@k mPe (foam
cell) iz ik imse f ¥ {org 95 if % (fatty streaks) » Eofi ;R AT it B 427 B ¥ g o
PR iRIE R g B A g o (fibrous plaque) b Sk B nmoodd g EUE 2 Ay T e

A g Y BB~ g Ao HAIG (phenotype) ¢ d deipRlE# s £ 23 A ap
R S ’é_i%li_i-‘)]%"f:‘.“’ R BRI T HEE R E ek o RS e AR 0 Bk
£ chimre ok Ry ?ﬁB’»A 7 #Tm'm”z?bh’F"*?ﬁ’ m A, — B {;‘muﬂﬂﬁfﬁ LIS A
¥ Bt inifi o (atheroma) Jik e 3 AR AR fg ded 7 g FrdlE PR
R g Py 5T p LoefrR A A0 e M LR AR o
L E PR g B B HFH 4 L e (endothelium) {rd s 3 (leukocyte)

it ¥ ~ + (adhesion molecules) > ¢ w 3P| ¢ ~ B AR B Pl gAY > A REFQN L lwie
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x4 (6-12, RIS ) e B F IR FHRERA LS EE AP Y o L LT - R
Boenfrde Pl F AT > RheP iR R S A BY R EE A RERE  REEHA
# o

LDL ¥ - #T353 95 25nm a2 333 kig ek > & 230 A v o
L 4z LDL % & 4 1.019-1.063g/mL » & F=v Fezrg forie= - 3 LDL * 53
1600 i fig i* £ % (chlesterol ester) ~ 500-600 B & fi5 i* "2 Ff% (free cholesterol)
800 M #%*3 B (phospholipids) ~ 170-180 i = f& 4 # Ay (triacylglycerol) 2 - &
apolipoprotein (apoB-100) » * 2% & % 2500- 2800kDa ("t # = ) - # # LDL #+ g
AT A G H ﬂf %ok £ & (hydrophilic surface) £ 3.7 t4 4% < (hydrophobic
core) » % k& Pld mivy [ H & (monolayer) #tH= » t G § Afg it PEFRE - BA S E
¥ % 550 kDa s apoB (7 4536 % #pt) “THh¥E - F BLDLAF PN 55 6-12 B~ F
era-tocopherol » Z_LDL ¥ # i & ehp Jhiddes i & > H &g i FH|deB-carotene ~
lycopene ~ ubiquinone-10 % » ¥% 43+ 0.1-0.5 B~ + 2 F o LDL hE A% & 53
F 2700 @rginpes G 0 HP - L3RR RE o B R h- A T R (linoleic
acid > Ciga) © * M ¥ "2 FfFenid kA 9 5 200 mg/dL > # # ) 65%d LDL #7454 ;
LDL #x %t ¢ X % 4 (half life) ¥ % 2—3 % » d receptor-mediated ¢ /= (B/E
receptor ; LDL-receptor)# nonspecific endocytosis 1= ;% i& » fmPe 2235589 (X 4
(13-15) »

LDL eh§ it & - f&d g d Aorildecnd 40 F sz > 20 LDL 7 g e v
i LA E g Fane® (15) &rqTing 26 > L & L LDL p o g T8

PERRR i  cPPUFAE 5 4B e E d g (7 s £.0H- 2 ROOH s Fenton reaction
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# 4 RO-+) % PUFA } chbis-allylicsite i 7@ p ¢ & (hydrogen radical;H « )= 45 >
BF AL BHOEEA AL Y (conjugated diene)(HFIZ ) o B od A8 ek Rk
A ehd e BUR A FHCHBe ) A EL pd AR Bed & ki H - G ki
4rE ¥ w2 (macrophages) ~ # % T i~m*e (arterial smooth muscle cells) ~ p & m
¢ (endothelial cells) £ # = ‘w2 (lymphocytes): 32 ¢ #xiE {23 + F (40 O2"~ OH" »
RS ~RSO): £ d i £ /H4+ (Wi B44F) Bivy tagd; ¥ - WAL
#5142 ey 14 > 4 lipoxygenase (15-1ipoxygenase ~ 5-1ipoxygenase) ~ xanthine

oxidase - NADPH oxidase - phospholiase 2 myeloperoxidase % - 32% igit PUFA B

GE R hF VB (T o rppi Y A hE RGBS T F a b § )R
i F i 4~ (peroxides) > £ i&- # %74 = fF (aldehyde) ~ fix (ketone) % | » 3 » @ ¥ &

B A& RS LDL ¥ ehi-d 7 (apoB-100) i {7 § i ig4F (6, 13-17)c @ f i
Feng P34 5 > 5 apoB X 3 p d AN LGt 0 g R TR i
s (lysine) &2 e ps & 4 & 7 el L che-amino group ¥ F it A fr g sg < B
(cross-linking) m & # Schiffbase> @ & LDL £ & chr T fmjp > 2 § T im 3 4v > L AT
%i¢§ it 2 LDL 7 £ 4% LDL receptor (B/E receptor) #r5## » & o Evfiiw®e & 2 i
",éf‘, % %8 (scavenger receptor) #i¥¥:% o H ¥ & 1 & Zg-amino group T * i sE & 15
malondialdehyde (MDA) ~ 4-hydroxynoneal (4-HNE) £ hexanal (15, 18) - i§ 3 i+ &2 i3
4 t5 » apoB ¢ %74 (fragmentation) » ¥ d T A% H 7 - Kreuzer %(19) 45155
i 45 fs hrapoB 1 & AGEd N A 7|8 s S Mm@ 2 5 A A5 23%

2 ML R AR ‘T‘ X REFED o
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B kY v i LDL ] " e 1Y F o Ferns % (20) 47 Jidrds 480

fde vt ¥ EEen LDL § 14 o o 447 L1 2 iz Fenton reaction 1§ i #4140 ¢
Fenton-like reaction (to generate OH - )
Cu* + Oy — Cu" + O
Cu" + Oy + 2H" > Cu* + H0,
Cu" + H0, — Cu*™ + OH + OH
Initiation of chain reaction
LH + OH — L+ + H)O (linoleic acid)
Propagation of autoxidation
L- + O, — LOO:-
LOO- + LH — LOOH + L

PR TR AR RAEA e F Y2 R h LDL > 4eods i is 4 <0 LDL (minimally
modified LDL; MM-LDL) ~ = > ¥ it =7 LDL (extensively oxidized LDL; OxLDL) ~ % #
]2 ks & % a0 LDL (small » dense LDL; sd-LDL)# #& it 2. LDL (glycated-LDL;
Gly-LDL) %35 o r%afieal A H 8 130 A @ AL R ek 4 (18)

LDL eh§ it d »v 4 3 § A drkd § AP 27 > @ ¢ OxLDL 4% fé%}iﬁ%%rﬁiiﬁ
FE R srEEd WplE A HiE s kR e OXLDL k3= LDL % it 2R (15) - &
R A RHETLDLF 1 e R 0 2 L {1 - & 3 0§ Y A 4 malondialdehyde

(MDA) & - » % 0 TBA % ¢ - & 4 T thiobarbituric acid reactive substance
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(TBARS) o ¥t ¥ 4% B 3ic e 4p 47 K& B LDL p a2 32 E & rgppacnz £ > 77
¥ i¥ 5 LDL eh§ it494%  (15)
F15 LDL &g it S5lded "ol ml v in- B &£ & Ghigp Fl o @ Bk 1 2 %
ERCEA R P T Lk B KGRI PR EH A A 0 TR F RS
#ﬁﬂﬁﬁﬁ@i%ﬁ@ﬁﬁ%’ﬂﬁ%%ﬁwﬁuﬁ#ﬁw&ﬂmﬂmumﬁ4’B
ﬁ&#@?ﬁﬁqﬁwmg%&%}éwﬁiﬂﬁﬁgi%’a%ﬂﬁiﬂmwﬁﬁ’
LR xmi“/‘fl dACHEERREFI AR T Padein A R BFD (lag
phase) - ix TR EH &4 & F A% g b ¥ “T 5 F (4ra-tocopherol ~ polyphenols)£:
&1$$(me\mmmwﬁﬁéﬂm’ﬂ%ﬁﬁﬁuigﬁﬁﬁﬁiﬁiﬂéw@
(21) ° BBk B 4 H50 P 7§ 2 4 D4 A0/~ (intervention)$t LDL #0F it A
M5 % iedEd > ¢ 355 LDL receptor-deficient rabbit ~ cholesterol-fed New Zealand
White rabbit (NZW rabbit) ~ Watanabe heritable hyperlipidemic rabbit (WHHL rabbit) -
cholesterol-fed hamster - LDL receptor-deficient mice - apoE-deficient mice (apoE #*
Fer] &) £ nonhuman primates & # 4~ -3¢ > 320 * 7 - & § fd s © &) %’ﬁ“é i3
bk m R B Carek (18)(HAw ) PR AR Y S E R fy
CHR P A R T AL (1) M R oiy CEdcas 3 Ch s
%2 E 8§ &y A P-carotene 2 (2) et & » & & X Rendn VB> H Afr4 LDL

F P BB R RA gk (BHSHFLET )

“\

-—
i
'
B
(@)

w2 % C i timee fTp o g Al G- Mok e e R p o

Leng T v R LA i fd s LDLEI(22)0 44 C v R 4 N8l
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it F o EEERS o ¥ - 3 g 0 a2 % C ¢ g endothelium-dependent
vasodilation & j# > ¥ % i 4% (monocyte adhesion) (23-25) - ¥ “F - § & & 45 ¢
harBhiag azmavad 3 C(1,000mg) 2 a4 % E (800 IU) s v w 4R
PAZAE R F i 4 (26) - R g A F R PRk E T E S far s
FREZSEHFEY > Ra5d T EARB L Skt £ Co T A AR

kikiFad 2 C afp chkR (recommended dietary allowance, RDA: 60 mg/day) -

2. 222 E
B4 % EV hwet iy 5 d e e i 0 B AR AR 240
o, B, v, 5-tocopherol #w f& - # ¢ & 2 4 FE 4 5 o-tocopherol - & § i3] LDL

T > A 2 E nie¥ S rfg e 2 e iy o SQL RV EM Y ahg B TR
LDL sh§ i o 4 % E 7 e g skl %2 &k kY + ¥ikins £LDL 9k

flergeg (v B (27,28) 0 pt b > et % E B R 5 el BT (B ML B )2 fr

M-

FIEPALF DT o 42 3 E ARG AN FEERAAEN Y 0 T A AR &k
2 EY R ERS CRDAGuESR L% 2 30 U (pgr5= 30mg)- £ L Ed &4

PALAe 3R d 2 E ARG FEE 0 Flptivipd SR F avd SURZE AT L o

3.5%H B§ % (R-carotene)

WHEF AL 3 A v Ay > e T2 LDL Y (29) v eniE® L%
M 4] LDL ##» (uptake)d 2tigf LDL § i (30)- #f# B § % 4 & kiR 5k
o EFAITRY 3 A E R R BEFORFEE BF CRDA ¥ mEik

Ry Fehxpr g o
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4. Probucol
- §RA b TR R R g B & NZW & WHHL & =+ #5538 7, 397 5 ¢
"F I LDL St F 1 enagg fR g R s B R T enir 4 (31, 32)0 e & 4 57 ch PQRST
(probucol quantitative regression Swedish trial) - probucol i & i x4 & *2 Ff & F
# ik afi kAl i (femoral atherosclerosis) < i&# s #_d * probucol 825 i< 7 ¢ 3 & %
ik AL iv h LDL-cholesterol » e #re e pers i1 HDLgy (33) > 7% € 8 M 37 chi 2

#E (%15 14%) 22 B A (% 1 30-40%) (34) 0 ¢t ¥ "aid Ldnq HT i 6§ @

¥

s ? B REA e p ARF SRR S 2 5 B (35) - Zhang etal. (36) r4p 0 &
4 apoE i k] & 0.59% s probucol i = T ? {4 » B2 7 B M ’J\ woreE A 4090 0 fe ot
P 7 HDL 3 7090 30 2 254 5 3 @ B PR3l R AT T o s fi 8 e 7 2-4 3 -Bird
et al. (37)4 w §] * &k B (0.025%) ¥ % k& A& (0.5%) 2 probucol 4 =
receptor-deficient mice > # fic & 0.1%%24 2 E2 & * » kg% LDL ¥ i~ & & "o kA
Lo BRI, IR LI A F E> (vmiE e Kk R probucol #rig & et §s 0% ok i
ez 48% > @ B kAR probucol Rl PR F RS AT T o BT B BRSSP o
BRI e EEBOZE > EERET HDL2HAE2 2 £ > 4 M1 LDL ep
AP FF AR RIT A - e E R R A andrd| 3 Ew P B ek o

5. Butylated hydroxytoluene (BHT)

BHT 5 - f i Bdeg &> A8 P R E e % c 472 "% M "EHAEYE 3 A
BT OBHT ARGER e b & B30 Y FIRIRE (Ceni®h A R ERGERA p T o ff
T 32% (38)c tinF HmypEMT (PTCA)RIZ® P & e df 5 e NZW & #58@
BHT 7= ¥ jF g n ¢ p 5oensif B % (39) o iw C57BL/6 &% - &4k & 7 19 BHT 15 &

Freb BT E Rk Y > TPt m i > A P g e B R ORA (YA 8
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(40) -
6. N,N’-diphenyl 1,4-phenylenediamille (DPPD)

DPPD 5 - #8733 i it &> & NZW 4 &2 apoE # [&y| Blenficst @ 12k
7 A dFendrd| LDL § it g dnds ikl koA (o (41,42) FORIERT 6 T1% (%9 &
B3V )& 36% (apoE 4 Fev] Rficst) - BB 5 RRFW (41) & & apoE # K] 84
PP RGO ERNT o B2 KR L IRERE R T fRR B -
7. Polyphenols

Pan¥td Afaspit Edig tendEd SR A7 drd] LDL chdd iz A G o
4ok jF)Y h resveratrol B H B S Asag it 4 AR F R ARET 4y H 12 (43
44) > A LA %Y T H 4o F ¢ hidng 1+ 4 (45) - Fuhrman et al. (46) 4 44
FoemE e eand pedgic &4 --glabridine ¥ & apoE i | Blenfist ¢ G s
#/LDL ehg L2 g 4k 8§ 6k fe B n § puCY W4T 5§ dvje e 3 Ao Tijburg et al.
(47) gwr g @ dpdi > B R T E M NZW & 31%end- kiRm0 o m  d F E &2p-
By % P&tk - Hayeketal (48) <7 3 ¢ 30 7 %4k § ApOE 4 I Bz i)~
quercetin & 2 F & 5f 0 33V R0 R aE o 1 AR prE gt DL § v ATR
M

Poan— e deg iAo L3V el - B9 MR o Ao B BR SR AL T S R

TS R AR AR SRR R E (49)c B e FF S L Ap ARy ARG Pl
BP0 & 123 g dondk o A E ME R R A grnk B L EL
LDL § i S5 s af e ol 1+ e 9 B o o 4§ B 8 T4 (dolmie et ~ p LG B)F
PE I pRSgd c REMA T o RF MR RERA S ﬂ\F"%?*ﬁ DA E A2 B

Momd GHNI RS PFFouRE AL LARFRIS 9 o
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FERY LFEBREY pd A B o a FENF S A RN R kS 1k
#1+ % (reactive oxygen species)¥t{e =4 cnig % » #3527 (1)fE 3 s S—doiB ¥ 2
% (peroxidase) -~ i % t & fix% (catalase) - 4z % # it fi¥% (superoxide dismutase)
%;(2)% it £ 404 T s~ fopi (phenolic acid) ~ # % A+ (falvonoids) # s
pAag i &4 (404 F % ~ ubiquinol %); (3)% ¥ # F-—4-fe 44k (alkaloids)sr ¥ & %
(chlorophyll); (4) # & § %;(5) H & |~ 3 -kp g “ & ok i (50)- 2 @ 5
x?iﬂz;ﬁizﬁdm"r’—,\ P Aapgis g4 ¢ 2 flavonoids, & A 7 RARIRE EHR ¥ ~ i 1
By LG R ol 72(51) - Flavonoids & fedrch= sk dpA 4 > H AR PR B4 S
2-phenyl-benzo-a-pyrones > ¥ - #& diphenylpropane (CsC3Cs) i3# 7 (52) » & H 32

B FA RPN G A T2 194000 S A endE o BILTH ANEE kR

SEEY R RS2 e} LB (53) MK EY B 57 5 30%

flavonoids - Flavonoids i it @ AP mEarig chf Fof ~ s L~ FuB A ~ R ¥
P F o~ PR Pk R FIEY o Gl H AT AR A Y E B Ay A T
A A BIRFRE CTRAF RN T G T AR RN A
flavonoids % Catechin fris i 472 4= 4o oligomeric proanthocyanidins, quercetin,
quercetin chalcone, Ginkgo flavone glycosides, silymarin, % H s g— & 3g i* &l» 4
AT CL BRR CRE CF L FREITARE -

Flavonoids £ # 3k jk 2¢ %ﬁ&?:}p}b e HEB R AP R Y AR A B R R
it 7 4 > Rice-Evans et al. (52, 54) 41 * Trolox equivalent antioxidant activity (TEAC)
k ¥ & & 44 flavonoids i it i 4 > TEAC l_ﬁ_ﬁ B ﬁ%ﬁ—‘r Hirg iv 4 ﬁ oo 7 B

flavonoids 2 f & S L W= » B 4 HeE2 B0 £ 7 o ¥ ¢ 4 1990 & - Das
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% Pereira ~ § i flavonoid st = g g I e e B B3 REBAZ 5 -5 2R
oS EaEfFelLy 8 Addng 4 4ok f ik (isoflavones) ™ fi X g it B dtHd ¥
ZF A-mipiiA s 5-3 % A& o
p @ flavonoids fp spiElF 2 & chet 2y - L FRE L R R L P (95)

Zutphen # % ¢ 451 > & * § 7 flavonoids 128 fE# ¥ ~ 12 #6-k % &7 9 fh &AL e &
kim5g 15 & > v Mo FARKOF LS B 2 0 E  EKEIF S dkk
% B4 (56, 57); - B 25 &= FFE 1 4 (Seven Countries Study) # # ZLiEP~
7 I & dhfiavonoids ¥ ©jEfE 2 e EHE Y o A RBE L F L R e X AR
JE e 4 22 flavonoids e & £ 7 st ehL B (58); B a5k (Cohort Study)

¢ dp 1Pt 2 e flavonoids € 7 iE e koo s ?ﬁ]f?,m? R B4 XL T ME

__<.
<

A (59) P A B R e E AT R TR B AT R E B K G
MPETERL S = faq b fn LDL PR H R s M B (60); @ h3E R £73 % ¢h Caerphilly
Study (61) &2 H w3 @ (62) AL A% 4P~ flavonoids & *% i o 3 o 5 o3 4 5
FORE M DG L H g o ¥ G SRRl b B dp o) flavonoids & - Fph S B AR i
&4 (44, 63-65) ~ 2 x A% (47, 66-69) ¥ #r4| LDL g it » ¥ ‘o ARy
aspmied kg i (70-72) ) T R B KRR MO(73) 0

R 52 % f& (protocatechuic acid, PCA)& - & #§ ¥ chps 41 £ F - H B o't B
= > d A gk iS4 #ea % > Chinese herbal medicine (* ¥ AR B e A
>4 % (8 ¢ Hibiscus Sabdariffa Linnaeus, HS) @ & 44 % chic » £ 5 @ # ~ 1/
M REF G o WARY FE F R AR o S F A CEBP o BB ER

FookEiefosr e (T4)(d B~ )T & R F Fdp 2 52 K LA~ 48 chemopreventive
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agent» Fpt bt I EAR (75-78)o» § 5 B Kdp R QF At P F R T | 4
Flit FRogpenic 4 (79-81) L F LI RDFRE F sy tit 4 (82)- F5
Uoengig 1t 4 g o F AP iR - 3R g OXLDL stk Ao o § ok 5 d 30
PCA v f iadl 150 @ — ik PCA £ g4k b & e » 2 a4 £ g4t— &
AREH g * o A1 AR PCA (8% thfe pF > B ar 385 440 T4 S B chmi *
AP F R REA RS TR F AP sk R T PCA 2 A VR
o5 Bg (HSE)ermwa* od 3> A9 2% % AL ¢ 4% PCA 7 LDL ¢h§ v 5% 2 4p B
PR s 0 Rl 85 TBARS (i) % LDL 0y Fr3nA § i hfiaj) 2 lipogel
electrophoresis (if] T LDL eh3-v BI04 5T e R hfia)) S F Mt - e ord
DL ¥ i 52 % 7 Ak PCA #1r] - f gt 2 b > OXLDL ¢ )% F 3% e ih
FLETAAA N rEI Ao Mo A4 LR BB S €% OXLDL £ P gt
(fragmentation)sH s % » ¥ *F P EF RS ¢ & LDL § 1t chpriz £ AR S a0l pl

A B E R K RRnIns o
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FEFE A RFNLLR c RF s & Sk #P% 5 s (coronary heart disease,
CHD)e & ¢ » % Repgeg B P L 5 b "o o/ 3205 Vit E~ Vit C -~
beta-carotene - izt @ i ¥ @ LDL § i 255 > & 14§ 1 4) LDL At » #if
oo pAFHREFADETY L GF R PCA g3t F it 3] LDL A& g T i 4
(lipogel electrophoresis) % #3i»pk % it (TBARS) 7 #r4]¥  hi®* > & AF % ¢ A
& 1R 2 (PCA)frig 4 ok 554 (HSE): 484 k4731 # 4L LDL § 1+ ehie® 5
35 o F A iEd ¢? 4o 2 kA E e PCA & HSE £ oxidative modified LDL 5% » £ »
118 OXLDL # £ it cnfia) 2 S e FIpg ek & > JF 4t 147 % i PCA £ HSE 3 LDL

Filbenad o NEEX RP LI SR E R R S i
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F A% 2
l. i & %
Protocatechuic acid (PCA), EDTA, CuSO4 sodium chloride, sodium
dihydrophosphate, sodium dedecyl sulfate, glycine, acrylamide, bisacrylamide, Tris,

glycerol, bromophenol blue, coomassie Brilliant blue R250, acetic acid, methol Fp
Sigma = @ (US); TEMED, B-mercaptoethanol i p Bio-Rad = @ (US); potassium
bromide £ p Merck = & ; coomassie blue, Sephadex G-25 column (Pharmacia
PD-10) £ p Pharmacia = # ;Beckman paragon lipo gel electrophoresis system 2%
lipoge Bt p Beckman analytic = # (Milan,ltaly) ; MENAGENT Cholesterolo pp
Menarini = & (ltaly) »
Il A 5K 3 Bgr eng B
FP~50g g A - (A SARKRE €) 0 4o r 228 s Sk AGRE 2 PR
MR AR F R 0 BRI E N G5 800g 0 £ AR~ A kTR B L TR 19 7
BReobRfELE N kB ERE S 100 mg/ml & %%+ 20C k4P F5 & o

. % 36 ) &

e

B AR G R Pep o ¥ e d e (PTR Y 2 FUEA 5 0.01% EDTA) » Sk
Wer¥E (LA RD RH) LDL kA S =¥ (1.019-1.063 g/ml) - # & - &/
fFt6 > 3000 rpm Froo - A dh > B b A oo RS B R R ELE LDL o B~
48 ml e j-4e » 16.8 ml s sodium chloride 2 EDTA 2 &% (¢ 73 0.5 M NaCl
and 0.3 mM EDTA, pH7.4) > iR &£355 5~ %+ 8 ¢ &AL i 3o % (Beckman T-80L,
rotar Ti90) 2 200,000g % 10 C ™ &< 10 248 > o7 f (A FF L ou 3Rendfs » 1+

& % chylomicron)># & &£ 6 ml> % 48 ml> £ 4 » 16.8 ml 3 sodium chloride 2 EDTA
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MER - BB rApRaeiEtgre 35 e ppt B2 8 TR R I Rt

=

A (FBBTIR RIS ) ) B E L 6mlo & 48 ml HisfE 40032 g 2
potassium bromide - 1/ 4p e dtos ik it L s 3.5 ) pF P B KRR G 4 Rl
L (5 LDL). & 3-9 =& (coomassie blue, Pharmacia) {2 PBS (1.37 M sodium
chloride and sodium dihydrophosphate, pH 7.4) #-k & # & % 0.5 mg/ml > 2 {8 i
Sephadex G-25 column (Pharmacia PD-10; bed volume, 9.1 ml) 12 3 “éf 7§ >+ LDL
2. EDTA(83) - ¢ 5 i column éhLDL = F %53 4°C2 i £ 7 & F e 13PN #
* o LDL ¥ CuSO4 F &= & {2 P| 2 Beckman paragon lipo gel electrophoresis system
(Beckman analytic, Milan,ltaly) 7% LDL ¥ ez & s g% - & o (10 mM
CuSOy4 tte » LDL 32 % 24 /| pFis ¢ Jpsc ¢ LDL 3 i 42& 5 OxLDL % lipogel + = #
#_native LDL #14 12 })
IV. OXLDL % &% % g i & ehis 3

B %45 ch LDL (B %k A 5 100 pg protein/ml) %4 » 2 3k & 5 PCA (0.01 -
0.03 ~ 0.05 mM)z¢ HSE (0.01 ~0.03+~0.05+0.07 mg/ml) > & & %]4c » % k& 5 10 uM
2.2 CuSO4*t 37 CTF ki 24 | PFis e AB TR T -
V. B AR F E R

F ERFFRERZE A BERI AR ERS 1 mM 2 EDTA %0k £ BT
LS F R IER LDL S5 1 o WPETA R s B fERE > 4 ¥
7_% % MENAGENT Cholesterolo (Menarini Co., Italy). =% 22 FLEF R
&R & (F B& P 7z 7 cholesterol-esterase, cholesterol oxidase {- peroxidase) » i

37CT F & 10 ~ 481125 chinoeimmine 75 ¢ 4 B> ot 12 7 7 & 500 nm & & 7 3
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Hex k@ (Hitachi U-2001 floroscense spectrophotometer): % gt Bl z_¢ »200 mg/dl
cholesterol 4 * % § (F4& M 502 3 8 4% 558 "2 FfE ok B o
VI. ApoB 3-¢¥ % £ it (fragmentation) :rip|:&.

AE K2 {8 0 ¥k~ 812 denaturing bugger (3% SDS, 10% glycerol 2 5%
2-mercaptoethanol) & 95°C 4c # 5 4~ 4 - # ¥ fc @l 3-15% gradient
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) » B~tk & 40 pl /& » B enit
PoooRRiEn 48 V s A 160 A48 o 2T Ak &2 21 Coomassie Brilliant blue

R250 % ¢ 2 | phis & & 7429 (68) -
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(=)

(=)

1y

I

(=)

(z)

&
*-n

Gras 22 LDL £ Ip 32 % 14 enih v B i o 8 el

EAFE%RY AP E 510,15uM (#ER) e CuSOs &2 % k& 5 100 pug
protein/ml 7 LDL & 37CTx k2% 0,2,8,12,24 | pF» %3R4 12 | FF
SR F e e FEEE > 10 2 15 uM 7 CuSO, 7 @ e FE £ 5 129 41%
BEEE PR G 24 ) PEIS > HAPERIRCE R0 BTG PEER e > X d TR
%z A A S%erie 0 CuSOy A 5 10 puM > 972 At A iz r 10 uM
CuSO4 2 1 00 ug protein/ml =7 LDL & 37C T £ k& 12 /] BFiT 538 8%
FiE R o E e EF T q % (B ) e

A TR RSB 4 CuTTerig A eng 1) LDL ¢ MR FEE E 2 endr o %
AL bR g RO R R RO R AT KRR R A TR R e F B
$o 0 kR AW 5 0.01,0.05 0.1, 0.5 mg/ml > %% #RAEF A Dok ke 5Bt
Sk B e BPERRE ROOM R v 4R (B2 ) 2 0.1 mg/ml gk R T
YE R R R At w 4R 18.15% 0 A & 0.5mg/ml Bl w 4R 1 67.25% > i & 1.0
mg/ml 4rit g4 (LDL & CuSO4 # I &L 4) T ' 26.6% -

R FEE Cu™Hris & eng (v 4] LDL ¢ " FAE % 2 e d] s %

Fhafr? LR AR IER kRSB S 0.01,0.03,0.05 MM - % 5 IR
FR D FF R AR S BT R DR AR % (B2) & 0.05
mg/ml &k B T 558 F AR E iR DI % Ak v 4R 74.96 % (P<0.01) o

43S 27 LDL £ 32 % 15 ApoB ¥ £ 1 thifa;
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(+)

AF Y > AP u 510,15 uM (¥ k&) CuSO, E % kAR 5 100 pg

F_*

protein/ml ¢ LDL 2 37CT k£ % 0,2,4,8 | 2% #m10% 15uM
CuSO4 % 2 [ FE#ri g ch ApoB H Bt et b5 5 76% > & 4 [ pFis » 10 %
15 uM 1 CuSOy4 #7343 e ApoB % F it et H i7" 100% » 8 ] FFfs » 10 %
15 uM 7 CuSOy4 #7344 7 ApoB 5 £ it et b diez >t 4 ) Bﬁﬁ Plaw = % i o
At e e CuSOy HE S 5uM > TR EJ2 8 pF o 5 22y (LDL 7
se » CuSQy4) #p i » 1 ApoB % i  dgi % o #1210 uM CuSOy4
22 100 pug protein/ml =7 LDL 2. 37CT X k% 4 | pFiF 5 3% ApoB * it
FNEE LR EFLT R % (Ble) e

A ROR BB CuTT g & eng ] LDL ¢ ApoB F £ dhbri sk
AP bk g s ApoB BB e 0 AR A Y E R AJE A 5K E e 5
> kR~ %5 0.01,0.05 0.1, 0.5 mg/ml » &% RAEFEA TR E RSB

ek BB 4e 0 ApOB B ELiY IR ik bt w 4R (BT )0 & 0.5 mg/ml sk R T
ApoB ® it P g w 4R 3T 100% o
REFRE Cu™ g & enf L 4] LDL ¥ ApoB % £ 1t chrdst

Fhtir? ER g2l R 2R ER A% 5 0.01,0.03,0.05 MM & % 3 5T
¥ RS2 F ek R H 4 0 ApOB B ECib s I iR v R I g (B> ) 0 2 0.03

% 0.05 mg/ml =7k & ™ ApoB H ELib eI d KAk 4R 100 % o
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e

F “3LDL ¢ FIGH iv% & R G IRGRA g d > e FEwied s L H e
SR (E%  FALE e g i % R BATRRER L 3O s AR F AR 2 J8 ik m e oD
) (84) > Flutdrd] LDL chi it & €% fap b b ki Al i AR S - AES R
FARE &Ry o i AnF L v Y RO LR AR 3] LDL ok
¢ FH A - BN Ry AEAciad F Chd R EN 2 & B F B-carotene > iz L
A F R AFRT 0E M LDL F M iER X F A R b F eiE R R MO R
Bgd 2 Bangig o 0 W R EP A ARdg N R g 4o LDL F 1 2 Fde ik
WA ihran (A - )od WRLFR AT REFADYURDERE A CEFPP
wid 2 Cd 2 Eim4n DL F M iFr agnt g B FMRTEME B T

Frengig itivr @4 2 EAAAL E2C R H L AR A ROARGE D

PRA s AR T ERANERE S AT A BRI BE L - - 24 A S
AFFEEABARELELIRAR P oV £ 0A > AR TFRY L FRGEHR

dEp e SR TRIAREBR MU ARE P FARBIRIEBIEL o ¥

HoATE R HAARS T L RO AR L - A 2R e

RAagaid L A REH - F A TR LG E B e

AR TR R RPLE EA TTE B Y P i i1F 4 LDL ehi
2 B paFperig r ek R N £ 0.03-0.05 mM T i D] ik dF gk 0 @
A TEE PR 0.5 mg/ml T i B dF o gk o Flt - Fudae hE R A

WKL RN TREPS R PRI RIEAENT R kAT ST R IR

RPN XS e P i 04-2 % (85-87) 0 o BT LARBIEAN SR E B4 P
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f sxdlDL§ M end A A R R SR i kIR 2 FE- F 9 et (88) ik
AR E B P % RYEERY 77 BRI (citric acid) ~ Hibiscusic acid 2 - i
Flavonoids 4= gossypetin & » 2 ¢ g k2 flavonoids = A EF & 7 #23 L chie®
foRA TR ER iRy P H T R A B Y E A s e 2 B E o At BB S
| B TR iE- BT h > d Bl %57 UFRER 1 mg/ml e i KB4
T EER NG Cavtk o Foa g IIRApF niE* o Bt B> 2000 & pF 0 Skibola %
Smith (89)% & MR R BB T f ik #-¢ 3 2430 d A= > g% #7 WERY
Ry LA D g pd Rehp T o o A - A EIT R R CRIRE L
wenka oo s ﬁ*‘uifiﬁ - fEiy A PRARKREAE S F T FRAEE A VEE -
IS AFEY O RE (f4EZF k- &8) PRV EALFIha D K LR
EFEHRPADEASF LA AL~ Eehpd Ko pd Al RIR7T AL FES
(Reactive nitrogen species, RNS) 4= NO, ONOO- % %1+ 3% (Reactive oxygen
species, ROS) 4 Oy, HO- %7 + #F » &5 4 BER e Andp ) ¢ ¢ LDL % = OxLDL &
g B iR A it 2 (7 (90-93) AR ERE AW OGN RCERT 5 2] NO
donor (sodium nitroprusside)#t3l4zen LDL % i » F]pt flavonoids #r+4] OXLDL =77} =
¥ 3 e A o 22001 # > Fuhrman % Aviram (94) ip 1 flavonoids # 4 4= 5 M-k f2 2
MM f Bkt anflavonoid ¥ kB 2 LDL B2 & ki ey it iv* @ £ (1)
BRB VIR ET G 2P EF LT )Y i“f pd A2 KeErfEes
I pd g d S 3) BRAZEAESRET ZEN Ry MARSE T
i LDL 2485 1 5 (4) RdF A Ao ) 7 # ¢ paraoxonase A L B¢ n 'g fmre %

LDL #7j74 chp o ARG kg gmpd Aeng £ o @iz s > & &5 3F § «rflavonoids
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sy (b RALEE 4 (46, 95-100) » i FIH 2 38 B enfd (> ST uF 5 sk A2 A A
POASTFLIL A PRI IBFAEAIE T S TS T TRBET R Lo

d Fifengcif @ e Arflavonoids srdng a4 A B0 AR RY A YT

AN

Frep A SR ERP2 RO REE RGO LDL § a4 T RT ARG R R G
L pr [odmee d nie® 2 gl L oo 20 24000 B34 KRB 2 ROIF R

FIFS 3T o
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Fig. 1. The effects of Cu®" mediated cholesterol degradation in LDL. LDL (100mg
protein/ml) was incubated with 0, 1, 5, 10 uM CuSOy4 at 37°C as indicated periods. After the
incubation, EDTA (final concentration 1 mM) was added to prevent any further oxidation and
the total cholesterol contents were determined enzymatically. Each vertical bar represented
mean *SD for triplicate determinations. The P value was calculated by an unpaired t-test
respectively compared with the control (LDL and CuSOj, incubated together); *, P<0.05; **,
P<0.01.
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Fig. 2.
Inhibi
tion of
Cu*" mediated cholesterol degradation in LDL by HSE. LDL (100mg protein/ml) was
incubated with 10 uM CuSOy at 37°C in the presence or absence of HSE for 12 hours. After
the incubation, EDTA (final concentration | mM) was added to prevent any further oxidation
and the total cholesterol contents were determined enzymatically. Each vertical bar
represented mean +SD for triplicate determinations. The P value was calculated by an
unpaired t-test respectively compared with the control (LDL and CuSOj incubated together);
*, P<0.05; **, P<0.01.
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Fig. 3. Inhibition of Cu*" mediated cholesterol degradation in LDL by PCA. LDL (100mg
protein/ml) was incubated with 10 uM CuSOy at 37°C in the presence or absence of PCA for

12 hours. After the incubation, EDTA (final concentration 1 mM) was added to prevent any
further oxidation and the total cholesterol contents were determined enzymatically. Each
vertical bar represented mean +SD for triplicate determinations. The P value was calculated
by an unpaired t-test respectively compared with the control (LDL and CuSO, incubated
together); *, P<0.05.
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Fig. 4. The effect of Cu’* mediated ApoB fragmentation in LDL. LDL (100 pg protein/ml)
was incubated with 1, 5, 10 uM CuSOy at 37°C as indicated periods. After the incubation,

EDTA (final concentration 1 mM) was added to prevent any further oxidation. 25 pg Protein
of LDL was applied to SDS-PAGE (3-15% gradient). After the electrophoresis, each band was

stained with Coomassie Brilliant blue R250.
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Fig. 5. Inhibition of Cu*" mediated ApoB fragmentation in LDL by HSE. LDL (100 ng
protein/ml) was incubated with 10 uM CuSOy at 37°C in the presence or absence of HSE for

4 hours. After the incubation, EDTA (final concentration 1 mM) was added to prevent any
further oxidation. 25 pg Protein of LDL was applied to SDS-PAGE (3-15% gradient). After

the electrophoresis, each band was stained with Coomassie Brilliant blue R250.
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Fig. 6. Inhibition of Cu*" mediated ApoB fragmentation in LDL by PCA. LDL (100 pg
protein/ml) was incubated with 10 uM CuSOy at 37°C in the presence or absence of PCA for
4 hours. After the incubation, EDTA (final concentration 1 mM) was added to prevent any

further oxidation. 25 pg Protein of LDL was applied to SDS-PAGE (3-15% gradient). After

the electrophoresis, each band was stained with Coomassie Brilliant blue R250.
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Plague rupture Thinning of fibrous cap Hemorrhage from plaque
microvessals

(Stage IV: 7 F& F sk BITH.)

(4% # The New England Journal of Medicine, 340, 115, 1999)
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Figure 1. Inhibition of copper ion-induced LDL oxidation
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Figure 2. Anti-atherogenic effects of dietary polyphenalic flavonoids
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Component Molecules/LDL particle
Protein
Apo B-100 1
Total lipids
Tnacylglycerol 170
Phospholipids 700-900
Free cholesterol 500-600
Esterified cholesterol 1500-1700
Fatty acid esters
Palmitic 693
Stearic 143
Oleic 454
Linoleic 1100
Arachidonic 153
Total PUFAs 1282
Antioxidants
o-Tocopherol 6-12
y-Tocopherol 0.5
B-Carotene 0.3
Lycopene 0.2
Ubiquinol 10 0.1-0.5

(4% # American Journal of Clinical Nutrition, 61, 670S, 1995)
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Tahle 2. Effects of antioxidants in animal models of atherosclerosis

Tipe of study Refarance Rasult

Probucol in LOLE ™ rabhbits Carew et al. (1987
Kita ct al. (1987
Mao et al. (1991
Daugherty et al. (19915
Fruchis ot al. {19943
Witting et al. {1999a)
Probucol analogs in LDLR ™ rabhits Mao et al. (1991 t
Fruchis ot al. {1994
Witting et al. {1999a)

Probucol in cholesterol-ied rabhits Stein et al. (1989
Dravgherty et al. (19859 t
Prasad et al. (19945 t
Shaish et al. (1995 t
Oither antiokidants in rabbits
DPPD Sparrow et al. {1992 t
BHT Bjorkhem ot al. (1941 t
Witamin E Manthact al. (1993) t

Morel et al (1994
Kleinweld et al. ¢ 1995
Shaish et al. {19957
Fruchis ot al. {19959

Anticxidants in rodents

Probucal in hamsters Parker ¢t al. {1995) t
Vitamin E in hamsters Parker ¢t al. {1995) t
DPPDin apoE-"- mice Tangirala et al. (1995) t
Probucol in apoE ™" mice Zhang et al. (1997 *
Probucal in LOLRE™ mice Bird et al. { 1998) :
Probucol in LOLRE - mice Cynshict al. (1998) *
Probucol in apoE ™" mice Witting et al. (2000} Hi—*
Probucol analog in LODLRE Cynshi et al. (1998) t
Probucal metabaolite in t
LOLRE ™ fapoE Witting et al. {1999}
Vitamin E in apoE Pratico ot al. { 1548) t
Dictary antioxidants in LOLR Crawford et al. { 19498) t
Antioxidants in nonhuman primaies
Probueaol Sasahara et al. (1994) t
Vitamin E Verlangiceri and Bush {1992} i
Meddifieal from Sieinbeng and Witeinnm (19990, + = posilive study (athemsclemsis decrensed); negntive
sty imiherosclkaosis anchamged); © = athercaclercsds equivoeal; - = pihberosclenmsis enhoneed.

(4% # Trends in Cardiovascular Medicine, 11, 93, 2001)
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Compounds Sources Free OH- TEAC
substituents (mM)
Flavonols
Quercetin Onion, apple 3.5 30 e 4.7+0.1
skin, tea
Kaempferol Grapefruit, tea 3,5,7,4° 1.34+0.08
Flavone
Rutin (Rutinoside of 5,7,3°,4° 2.4+0.06
quercetin)
Luteolin Lemon, olive, 5,7,3",4° 2.1+0.05
red pepper
Apigenin Celery, parsley 5,7, 4’ 1.45+0.08
Flavanols
Epicatechin Black grapes 39,7, 3.4 2.5+0.02
Epigallocatechin Tea 3,5,7,3,45 2.8+0.06
Epigaliocatechin Tea : 3.5.7. 3*.4%. 5. 4.8+0.06
gallate 374,57
Epicatechin gallate Tea 3 5.7. 34", 4.9+0.02
! : 37 47 §»
Flavanones
Naringenin Peel of citrus S, 7.4 1:53+0.05

B

fruit

%'TEAC, trolox equivalent antioxidant activity, is defined as the

concentration of trolox solution with equivalent antioxidant potential to a 1

. mM concentration of the compound under investigation.

(4% p Free Radical & Biological Medicine, 20, 933, 1996)
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Bioavailability in humans of polyphenols consumed alone or in foods?

Quantity of Maximum
polyphencl concantration Excration
Polypheanal Source ingested in plasma in urine Refaranca
mg pld %
Phanaolic acids
Caffaic acid 1000 27 Jacobson et al.
1953
Favenols
Quearcatin Cnian B8 0.74 1.38 Hollman et al.
19a7
Quarcatin Apple a8 0.20 0.44 Hollman et al.
1947
Quercetin-4-0-rhamnoglucesida Pure compound 202 0.30 0.35 Hellman et al.
1947
Quercatin-4-0-glucoside Pure compound 144 3.2 Hollman et al.
1909
Quercatin Cnian 138 1.4 08 Aziz et al. 1998
Quarcatin Mixed black curmant and apple 5.4 05 Young ot al. 1999
juice, 1000 miid for 7 d
Catechins
Epigallocatechin gallata Green tea infusion, 1.2 g 88 0.23 WD Les ot al. 1985
Epigallocatachin a2 0.67 a5
Epicatechin gallate a3 WO ND
Epicatechin az 0.27 6.2
Epigallocatechin gallata Grean tea infusion, 5 g 106 013031 Unno at al. 1996
Epigallocatechin gallata Green tea infusion, 6 g 50 Maiani et al. 1997
Epigallocatechin gallata Grean tea extract 525 4.4 Nakagawa ot al.
19a7
Catechin Red wina, 120 m/ 4 0.o072 Donecwan et al.
1999
Catechin Pure compound 500 20 0.45 Balart et al. 1973
Isoflavones
Genistein Soy milk 12 0.74 198 Xu et al 1994
Daidzain 25 ore 53
Genistain Soy proteins, 60 g/d for 1 mo 20 9.2 Cassidy ot al.
1994
Daidzein 25 25
Genistain Soy proteins, 60 o/d for 28 d 80 0.50 Gooderham et al.
1985
Daidzein 5 0.9
Genistain Soy proteins, 20 g/d fr 9 d 23 87 Karmr et al. 1987
Daidzain 13 26
Flavanones
Maringin Grapafruit juice, 120 mi 43 <4 a8 Fuhr and Kum mert
1945
Maringin Grapefruit and orangs juica, Gea 68 Ameer ot al 1998
1250 ml each
Heasperidin a 244
Maringin Pure compounds 500 49 Ameer ot al. 1995
Heasperidin 500 a0
Anthooyanins
Anthocyanins Red wina, 300 m/ 218 1.0-67 Lapidat &t al. 1938

1 Polyphencls, principally in the form of conjugated metabolites, as sulfate esters or gducuronides, in plasma and uing, were hydrolyzad by acid or erzymes bsfors
chromatrographic or colormetric analysis.
ND, not detected.

(4% B American Society for Nutritional Sciences, 2073S, 2000)
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Table 1. Anticxidative and antiatherosclerotic effects of flavonoids

Inhibitery effect (% of control)

LOL cmiclative LOL cuiddation LOL agepeqation Atheroaderotic
Muirent/flavoncd stake (momper ion-nduced) [worteamng] lemaon area Red
Red wine: 49 43 50 48 [0, 48]
Catechin b4 b4 a3 b4 [45]
Qe ctin 48 54 48 48 [45]
Licories 54 68 20 35 [43]
Gilabrichn 51 a7 25 30 [43,80)
Pomegranalk pecs 30 &0 43 44 (287
Ginger [gingeeol) g2 50 3 M [27]

Conwrol values are e fobowing: LOL oxdative state 30 + 1.1 neol thicharbitic ackd reaciive subatances (TBARS)mg LOL proein; LOL cuidation
{mopper ndanduced), 30 4 7 nmol TBARSmg LOL proten; LOL aggregation, 0.45 + (.04 Optical Density at 580 nm; atheroadesnoaia lesion area,
17000 4 1500 um,

(4% A Current Opinion in Lipidology, 12, 41, 2001)
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dhwagEy Y e gFmR 2 (PCA)foaa 5k ¥ B4 (HSE) £ 3 #r+|
LDL § it chi®* » Flpt A A F %Y AP REF e L b aJL R T RRRS AN T REB P
2% 100 pg/ml § i+ 3] LDL (OXLDL)» f 2+ % ik m s e i &gt > 4 i . OxLDL
¢ 5ldeqe & B chimie = @ B~ 5 Leukostat 4 ¢ 2 DNA % g it (TUNEL
assay) Rl > BR L fAwre - ARV (apoptosis) o F a7 A £ oo
PCA & HSE > R # Rim?e 5 = 027 S ¥ PCA & HSE ek & 3 4c @ & IR 247 cigr
#1 A& 1.0 mM 5 PCA & 0.5 mg/ml HSE #7R g2 chje b H 3 7 @ fmbe ) 5 22 o4 e
- Ik @ % apoptosis chip iR T e 4 PARP 3-v %7 2 Caspase-3 #-v i#it - 7 &
o PCA& HSE v = # £ 3% % @ @ PARP Fv %74 4404132 100% & 93%; ¥ &
Caspase-3 #-v Eftauplz_t > P R PCA & HSE v #74] 74.2% & 72.3%-° ¥ * »
s * migration assay # R # ¢ 2 PCA & HSE T ® dedrd] OXLDL =4

Efmie 2 o 4 FRBME M f REIT 6P 0 LR EE S

OXLDL i fed 7= o fwm A 2 7 ¢ dg I Eeiim?e 5 el OXLDL {8 4+ - 4 -2 2
f2 > WE w5 OXLDL 6 9vF5= » @24 f%2 OxLDL; & <« £ 7~ nEfiwe ¥

it 4eif o ipig s (fatty streak) 07) < @ % 5 8RR o o SRR Bk o A dp
PCA s HSE &7 %3 E vifim®s tofle » OXLDL 15 4305 = » 4ot -7 & fm % iy 2 4 A

f2 OxLDL - %’Jﬁ'ﬁ“ BT R E R R R A (L e Ae e DR AR RA L ehiEd o
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%~ £ & (Abstract)

In our previous study, we found that protocatechuic acid (PCA) and the aqueous
extract of Hibiscus Sabdariffa (HSE) possessed the abilities to inhibit LDL oxidation.
Because of that, in this study, OxLDL was added to RAW264.7 macrophages to
further investigate the effects of PCA or HSE. When treating with 100 ug/ml OxLDL,
the cell was induced severe death. Under the demonstrations of Leukostat stain and
DNA fragmentation (TUNEL assay), we proved that the cell death was apoptosis.
When co-treating with PCA or HSE, the apoptosis was able to reduce in a
dose-dependent. At the concentration of 1.0 mM PCA or 0.5 mg/ml, the cell
morphology showed almost same as the control. We further detect PARP protein
cleavage and Caspase-3 activity to confirm the inhibitory effects of PCA or HSE on
macrophage apoptosis. The levels of PARP protein cleavage was able to decrease to
100% by 1.0 mM PCA and 93% by 0.5 mg/ml HSE; and Caspase-3 activity was also
inhibited by 74.2% or 72.3% when co-treating with 1.0 mM PCA or 0.5 mg/ml HSE. In
migration assay, we found that the inhibitory effect of PCA or HSE attributed to
reduce the uptake of OxLDL by macrophage, and some interactions between
PCA/HSE and macrophage. Some researchers pointed that the OxLDL-laden
macrophages possessed the ability to digest OxLDL. However, when macrophage
uptaking too much OxLDL, they would die, and they would not digest OxLDL.
Furthermore, the abundant death macrophages could accelerate the formation of
fatty streak to process to atheroma. According to these results, we suggested that

PCA or HSE was able to protect macrophage from dead when uptaking OxLDL; and
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that could make macrophage to digest OxLDL and further decelerate atherosclerosis.

Under the circumstance, PCA and HSE were able to prevent atherosclerosis.
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Bk &k LA RAAR SRR EEL ) GE > BERRZAR G
¥AL g~ 1 EF PR T gL i3] sedentary life e et 0 SEF A E2Z FAEE B F
FEESRBONB RAORIY R e iem 2 D RE CFEARBRILE > 7 AR

A4 PHABIT RS § 2 B Fo Ao R 1 Bk Be

,\-‘\
W
o
=t
F_&

TR TR F

R R L LIRS F) T R R TS B E YN e

o
F_x

PEFEYCFRAL Sehad 2T R A B RS RERCRRE TSI
FOYRERE A G b A F IR F R RRT] 0 SR 6 R RO R 2 AT e
FoE® T g TR 2 g o # % g i (arteriosclerosis) % #° % s koA it
(atherosclerosis) & *au f22 1 & g5 %] > 2 d 0 i FAHCE R E AN L
(thrombosis) o x g A1 * £ g RECR % > 7 F]g o B~ HEPRE S i Po ¥R B OE Aok

A o Gl hEGE A ARE 0 L0 RITE KRG A aBH o BRA T S AR

]h‘i

B F1 0k e de ik qa &~ Takayasu 34 8 0% 2 AIREG LT A2 p Fle AT S B Ro
SRS R T & S B R Y R E SRR R Ra L RS
% oh B RTHAR ST T (R e MR RAT 1L o TR EF R SRS RIE G 2 Bt & R
BRI ERE L A EOFS R T ST FRF R kg o T @ aeh R R A T s
GFT R AR N R R LEH B B R B B s R RR

(homocysteine)(1-7) » izt 7 M i d s g4 8 2 2 F Y1 Reed - R ZHPF M F LF

SEE

2% ik A 14 (atherosclerosis) - 7y JF &2 3 W imee chR B & LU F T o
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‘wF  (smooth muscle cell, SMC) #i # ¢ e ¢k B 5% & & (extracellular martix
secretion) #rildzchlmre p g M 217 5 (intimal fibrosis) - *3 -v F @ ¢ LDL %

HDL frd= "% Al it 5 fxipcoip B2 (8) o & "%if5 )k it (atherosclerosis) 3 & i 4%
o B39 EH P wre (monocyte) € v A ch% 5 4% (adhesion) > IR % Ed 5
B3t e o IRE RN A wie aidEF A+ (adhesion molecules) I Ap it #* @ A e H A%
BN LA G AEFEZS 0 g BT TP LT M (subendothelial space) 5 fgt A it & B
HE v n?e (resident macrophage) - #& % &M% & "5 39 B (LDL)= % Freug ¥ i

=% (lipid peroxidation) 2 &F = ¥ it Z] < % /& #3 39 F (oxidized LDL, OxLDL) > & g
OxLDL it & E vifim¥e cjfif £ X 48 (scavenger receptors) *iugdh: p 4c @ 2 = E wiie
& Ym e (macrophage foam cell)(9-11)(*qH Bl - ) > e xR mPe & ¢ &7y 950k & (fatty
streaks) i kAl LAY B S T FERAUE Y o B IER §E R DA SR En
(fibrous plaque) > e FEHF 2 g T cwed L P A~ g EF - H

A& (phenotype) o fcial %+ & £4] > @ AP Wl 2 o Al pEd 1 E oy

FHF R G e kime > Bob @ mre AR B% L B

mPe ¢ g BB LT hlm e
SR A - BREOU RSP 0 ke FIF S OB il Rk
(atheroma) st o

BRH R A T G - A RO EAL 0 o PEFIRR e ded g T PR S B

G R A E R ) (intima) 2 RS wie S @ @ § 0% Floa s (plaque)
2EA RPN G o HOFIEAT A TS BRI (1) & O S

(intimal thickening); (2) *5 %=z (fatty streak); (3) * Rzt (intermediate lesions);

(4) @tz (fibrous plaque); (5) 47 fe it b (complicated lesion)(12) o #: *% ifi &
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A i ig B (risk factors) s Fau 4t # "Rk A $ ~LDL kA % ~HDL R & i »
LDL @ § i3 4F ~ & o B ~ 37 ~ ehiF)> Ao ~ % k&R ch2 %okpk (homocysteine)
% (13)

Tesk b ORA TRk SR T e R REE (14) 1 (1) F tmmmand &

—
T
pu
L=
R
[
aa
=h
/
-
e
—

A ) @ ik (encroach)’ & g ez B A R MY (2) 3B
T RS A AEIRE A A4 5 > (thrombosis) > B i8 T i A2 ARG T R W F
(3) &F E W end iRy Vg wiER AL A RESe g HAF; (4) = g7 K (media) o
EHpapga $300 8 F % (aneurysm) A L o R TRHE A AR 0 4 M flfzf‘ Y
Bigded RREEWMPRA 2 B jph o FA/BDAL FELAPM,; 5 d &3 2
wmre B ehk R kg o BORRA T E W ¢ R A w4 3 (endothelial cell
dysfunction) ~ ¥ % wm* (monocytes) & » T 4% 5 E ¥ w? (macrophages) ~ T if
gy - (migration) £ 3 4 (proliferation); B "2 # Ak x (hypercholesterolemia) -+
BE AR RA (g 2 5 R B R (15-17) o
B Pk AL i (atherosclerosis) i< i ts# (pathogenesis) if & %k 7 874LiE
w o BTEIREE KA ) B R NF IR Y R E R a5

(i) 3 % » BB (Response to injury hypothesis)

5 Ross #1986 &2 1993 & (13, 17)#7#& i3 & {8 2 B3 > s AL fm %2 5 4t
S S UL AR Y R NP ORI R RN S LR i ) N

DRTREG T (e B A A AR F SR REMT)  CEBG T (eRD s ot
F) B RF R B (o OXLDL) » £ FIF G ep L 0% § Bk 5 A b — BRI

shpE ¥  (adhesive glycoprotein) » st 8 39 &2 i R FH R S H X e
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(monocytes) 2 T-# = z¢ (T-lymphocytes) } cniFsk X fii®id & o P pFrp g w2 ~
¥y mrer T-” i8¢ 2w § 4k~ + (¢ 45 E-elastin ~ P-selectin ~ VCAM-1 -
ICAM-1 %) @ p L fm¥e &2 T jf5vimiz (smooth muscle cells)f] 7= & it — £ Ag it 4 5
(chemoattractants) » 4- ¥ 4% ‘w2 i & 3% 51 39 -1 (monocyte chemotactic protein;
MCP-1) ~ & -] ¥ 3% % 4 £ 73 (platelet-derived growth factor ; PDGF) £ % {1 7]
+ (colony-stimulating factors ; CSFs) % » @ 4vig & ‘e P2 TR GEH =1 0 g P
W (intima) o fw g o H Priwie d At - A 4 £ F]F & wde ek (cytokines) eiE
@ oE it & B inre (macrophages) b B & -5 i (T iR 4F iy B (45 % E OxLDL) &
W XA AR F G AR L S hE Pimre S o g P (13, 17) o d At T chide 0 3
R om E PSR B EORERA g 2
(@A MEBRP S HHL > P B T T e T v o R B
(accumulation) -
(b)iz 4 kx4 = » 4o elastin fiber protein ~ collagen £ proteoglycans -

(C)E vlimPz &2 T i svimiz < § Py F3afgm A) /2 'm¥e (foam cells) -

\\\?{r

Srde R el AT (AN L dmre B2 & 4 K F) S s dmie ek chiTh HER LRl S o
(ii)¥ B3R (oxidation hypothesis)

B B2 444 OXLDL Ad kil kAl it @ g g fa s ¢ @ e d > 3F 5 ar@dy
B257 7 OXLDL g £ 5 B4 ez %1% (15-16, 18-25)c 14 ™ W & OXLDL s 5% 4%
4
(@) MM-LDL + ixigv o 7k (leukocytes) &2 A im¥e & f F endkrif i *  (adhesion) -
¥ W R g e 4 s MCP—1 (macrophage colony-stimulating factor (M-CSF) -
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(b) MM—LDL ¥ i ¥ t2im¥z d j3® F5d 481 I (chemoattractant)z » & m &2\ 2
i

e

ﬂﬁ-

& XHINAT 2R (subendothelial space) 3 B # b o4 -
87 ¥74F *o (recruitment)i g & o

(C) OXLDL 3 H frimee crdfit o ¥ » @ ¥ ' U Eiim e chfp doft > @ B 8§ b
BEEP M AW Rl R YRR

(d) OXLDL £ ‘¥z & #44 (cytotoxic) > € & p A fmP2 ezt iy 4 34 22 018 Pp Wpmadl =& 4 38

(e) OxLDL ¢ =% g B B A Fendk o 4eiiié interleukin-1 (IL-1) d E vglim
20 At @ L-1b T 7 @ T rcmie 3 2 B h L e L I eARi TE Y

(f) OXLDL 7z # 55 841 > 4ol plasminogen activator inhibitor-1 & = ~ j& %
tumor necrosis factor(TNF)# platelet—derived growth factor (PDGF)s4 35 > @
LA AL 8 N

(g) OxLDL ¢ #r#]d endothelium-derived relaxation factor (EDRF) *fi#+F e}k n
# 475k i£ % (coronary vasodilation) » @ i "k w B o

(h) OxLDL % 3 3 & # 4% (immunogenicity) » ¥ & p #8448 (autoantibodies) &

M OX-LDL #73) % e B AF R ¥ 7 2 AR E v w11 Fc receptor «hig fT it {7

internalization -

P e R OxLDL #native LDL f #ej 5@ %3 R It fnie 4 > 2 78§ 00 g
Jphim OXLDL 5 Aifd8 ¥ (in vivo) Esgsy & 7%afs,al i+ 5 B
(a) OXLDL = % #7 g7 WHHL # chfe #%aff R AT - g5 # 3040 3 TR > @ o ¢ % 3] 2 OxLDL

Fd BPRME (eniid 2ibR) & i“f < %8 (scavenger receptor) z_ iz * (@
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TIFERR

(b) f1* d& w5t % (immunohistochemistry) - fﬁ:}‘@%ﬁ? ¥ OxLDL } #skenfh

T & (epitope) & {7 & - M & > 7 uz OxLDL % L_}}% S O A R ¥
7 ga—\}};«jué 7 OXLDL @ & /% $%3 w g ¢ ® ¥ LDL o
(c) A #ger o+ w5 ¥ 39% 15 3] OXLDL #hp #4248 (autoantibodies)

(d) d % apdsrgafi Al it g ¢ P OXLDL s H 2 3 e~ F 2 2 Fo T
2 g b F %9119 22 OXLDL 4p 0> 404 * ¥+ MDA-lysine £ % — [ ey v &2
fp #ri¥ 2. OxLDL % o

(e) 1 * v pRFuE i & #7138 {7 chd = F % 0 4o probucol ~ a-tocopherol - butylated
hydroxytoluene (BHT) £ N,N’-diphenyl 1,4-phenylenediamine (DPPD)% - # 4
F ~ 4 & (hamsters) ~ -] HE 24 g & i 4 ¢ 307 & B0 R 1L chi B R
%> 3315 w4 (regression)sian % o

bR RA (Y R B BARR Bm LR 53 R A (26) 0 W A Bkl

AR oM AE R G F M R0 i iE RS s s & 27)(HRIZ ) o & I e

e A (Y Lo mreend & gt LDL shE L s B~ o ? MR~ AR HE N B R i be

2 Hiprwmbe a3 M, Evgiete AR iﬂéf ZHFE~ <~ F OxLDL 14 » 2 £ ¥t

PR PPEERRE ALY MIFE T g - HTIEENF DAL BRI AB L E

e MM-LDL A % i~ = OXLDL » 2t B HHRT R < Echemiz g2 o * £ e lm

el AR e R B A S R AL 0 R T et e o F R B 0

40t Lk A hE RO AT I o (advanced lesion) o BT & AE S type IV

lesion o gt pF i v F]E % oli kB (atheroma) =3 4

a3
&k
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g
g
i
i
i
|
‘fg
=F
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@Rk B s d 3 470 (calcification) > * d Ata [ HEREYHE BRE > BRI T A
4w 2R % (thrombosis) o &% a5 e Al - iR B pF > ¥ 547 B PR a 3 B g
F1A & B A (X Pl 0 Ao Bl (18) o &M¥tdrd] LDL iS5 1t or g B ahiag 1

| T:"’ﬁ IpF S iemieng 4 o SR m R BRERA L G- BALE e o

-

AT (e B LK TR SR R R P R T S B X

,;;

PR REEFFAY o A0 wdf3t OXLDL £ & "% afs o/ it e b > B 5 1 lmfe 550 K
AR o BRHERA gAY o BA A 4 chOxLDL ¢ B B ki) L B
1145 OXLDL > @ iz a5 v 7 OXLDL ehE wiiim?e ¢ 11 w2 ek & 4 £ ¥+ P &
Ao T e e g R e B B R A @ BB S R R T EF o F] gt
(1) B2, L Evgiwbe ; (2) Evgiw?e 57 OXLDL 2 (3) T i ovimre chfd =22 3
AEZFERY S 5 PR FREDFIe IR R R s AV FRZ e B oW A
B3 PR R 1 S B n T S A Rde T
(i) & FRepadripg 2L A3 ok > £ OXLDL %7 fjpcid HAgi 2 B
2o FlEHPIR-E e B i 1T ARORE R LA BIEARY Y T A
(28,29) > g imiE s pF o H {n ok € add (rolling) £ ARF Pl g A e o iE
A E* ¥ w4k - I w2 g% 4 monocyte chemotactic protein 1 (MCP-1),
macrophage colony-stimulating factor (M-CSF) % interleukin-8 (IL-8) #74&1i
(30): Flpt  H Pk S HOVRR H AR L B e (il AR § 2% fRE AR A b
5 Hoopg 4 ohE % o
(i) f1* Kk p &P nFErgimbe w2 fhde J7T74A.1 (murine) , THP-1 (human), RAW

264.7 (murine) cells ® &%+ OxLDL m g% H it* » Atsumi % 4 (31) & 2000
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£ 9 @A T 4y RAW 264.7 cells % #* OxLDL ¢ - ¢ 3£ migration
inhibitory factor (MIF) mRNA « € % £ > @ iofd % % #-it ¢ OxLDL ~ & A4l » v
‘vik OXLDL "% f2 > e £ 2 8B > AR & BE R RA L g 4
DeVries % * 12 OXLDL 4: » RAW 264.7 ‘m*s ¢ > & % 3 B H (N dhE F 4o 5 (32);
@ % OxLDL # RAW 264.7 m® chit* & ¢ > Kim % 4 g/ 3 Small

) +

heterodimer partner (SHP, - f&# > & s nuclear receptor) ~ & %t 1 ¥ i 0

[o=2

RAW 264.7 :Wm*z ¢ > ¥ 12§ it nuclear factor-kB 7 transcription coactivator »
e 12 OXLDL %4 18 > v g 3 SHP g > > ' 4a e+ & &L OXLDL % RAW
264.7 mre it iz~ (33) -

(i) AdefRafi R pl v ehd SiEAeY > 3F 5 P E FRARI| T frrwie ¢ A EH A T
DI E N e lvanov dp i FUR s e (ascorbic acid) 4e » & #tp guinea
pigs i &% L favimie ¢ B % B F ke ik ¢ 1 dose-dependent IR % 3F
BoR A ATEr R & N 2 s a T i te i 4 X D] o TR Rl R
Frylf v - Ak p et B ahd0 T F & 5 % £ 3 hyaluronic acid + > &
e R4S FERG LR FE T o oa T icme b s R A LS ) g
NI A PR o TG SR R MR R g L L E
P L it 3 2 L E BRI FARGE R AL T eh P che ¥ 0h > Mayr (34) # dp s
B ey A ERER A L chiEAR Y 0 B X 3] OXLDL #73f iR B

(apoptosis) > &~ fix # § T hE & F]F o
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Fipe
dA@aE g e G MR 2FR (PCAfrizs {5k ¥ 54 (HSE) $>+§ it
LDL =74 3§ ¢ j7# e (lipogel electrophoresis) ~ #3:f § i+ (TBARS) ~ 2 ApoB

BB drdlanitr > TP ARG %Y APRE- HUEE e PRI AILR 2

Y

Fags ja A LK E B fs o £ 40 x OxLDL’;ﬁ KPLZ e gt o AP -L AR

i
-

Plex 2 R AE S PCA & HSE» 5§ 4c » OXLDL > £ 2 R (S8 (7% » %ﬁ“t‘“ TR
Z_PCA & HSE *‘,f TRFEY EF4LDLF it 4 b EF AR i A IR
WA ?E PCAY HSE L Erim® e ® 237 FLLDL § i ehit 4 > Hwwe A e

43 4. - 1L B % 4 4
BLiw?2a AR Ex G0

ra

DR E 7 BE AN K AR o B

1
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F Ao 2

XVI. - F@Hz F5

Tris-base, ethylenediamine-tetraacetic acid (EDTA), sodium hydroxide, MTT
(3-[4,5-dimethylthiazol-zyl]-2,5-diphenyltetrazolium bromide), sodium chloride,

sodium citrate, bovine serum albumin, Triton X-100, paraformaldehyde ‘¢ pp %
® Sigma Chemical Co. ; RPMI 1640, Trypsin, Penicillin-Streptomycin mixed
antibiotics, L-Glutamine, phosphate buffer solution (PBS)* ptp % B Gibco Co. ;

TUNEL assay kit (In situ cell death detection kit, TMR red) ptp 4 B Roche Co.

e bR &

% p male BALB/c mouse 2. RAW264.7 Erfim® pp >t & F1 £57 7 97> B &30
RPMI 1640 32 £ & (7 10% fetal bovine serum, 2 mM L-glutamine, 100 units/ml
penicillin 2 100 pg/ml streptomycin) » 32 & 45 245> 5% CO, 2 37 CILR » = &%
BilEg 2-3 0 AT AdcE AR 20 fs T B M A ficie e B 5%
ME R E A PRk e %R L 4x10%ml i erd 2Rl A
hER O TR B B R A AL LG R ERIBR

D-MEM/F12 3 % & (# z %2 & i > 7 2 mM L-glutamine, 100 units/ml

penicillin 2 100 pg/ml streptomycin) -

XVIL. LDL e B~

XVIll. OxLDL z % %

b kRS 05 mg/ml 7 LDL 4~ CuSO4 3t 37CTF B 20 | FFis > il iE
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PD-10 column 12 3 Gi Sapcngp g o £ 02 045 pm e gt {6 @ OxLDL =
AFREF* o OXLDL & g = i #* o

XIX. fm % 4r » OXLDL %5 2_ ¥ 7% 35
# RAW cell =+ it B M a2 ¥ > FREEE 6 | B { B ELS
D-MEM/F12 > & 4c » OxXLDL x im?¢ ¢ (OxLDL ¥ k& 5 100 ug/ml- 2 & 12 % jk
B 1,5 10uM 7 CuSO4:5 % 2% k5 42K« OxLDL) > » %3 % 0369~
1224 > F 0 MTT 07 20 Lm e chig 5 o 2w 575 5 4 47 %4345 alley
%2 32 (35) H RI® 5% s himie s % MTT (3-[4,5-dimethylthiazol-z-yl]-2,5-
diphenyltetrazolium bromide)(tetrazolium salt) 5 d # %48 ¢ dehydrogenase it *
w#r® i = Formazan Crystal » kBl H fm?e 575 o F & = 2 £ A8 (7 F o
BELE ’“,éfté. B A& PBS k- 84 » 2738 & 97 100 pl MTT (5 mg/ml»
HER 5 05mg/ml) w% v | i H L iR L PBS e - o2 84 r T ml
isopropranol > #-formazan 3 f# > *t kL& 563 nm Tl E kim0 d fpdl e g
Bl b R e TR R o

s A i R
fwie AR LR S Bk b it enimee BUT S N s A R AR b PEE Y )2 BcE
(Nikon, DIAPHOT 300) g% 4p BB » BLEE B T o e A fi o

XX. Leukostat & ¢ ;2
& wie it {7 apoptosis BF o f IR - LR DA E R Aot R d TR Bg
(chromatin condensation and margination) ~ DNA %1% (DNA fragmentation) ~ ‘m

* .45 (cell shrink) ~ & #R:3 ¥ % 4 (detach from neighboring cells) = 1 3R m %

138



%4272 (membrane blebbing) 3 % - £ € 3142~ 48 (apoptosis bodies):2
0 iE i w5 (cellnecrosis) Apg A o R A w2 (8 PRL €
DUILE= R T A g eEAe T 12 % Leukostat 44 2 k% 4 o & Leukostat
i Fmgkd o P fwe g IR Fwiel (we iz wmie F Y2y g g);
apoptosis fm e It e JT o F @ g DI A e PR A DI % s @ R mie B g
NI PON enfmre Foife (ghost) o A F Bk 2. 2 5 e S E M AL TS 0
PBS jrie- =t » Zis nH Wk (7 2 mg/ml malachite green, /3% methanol @)
T 10 )0 S F R T R b §ois o e r Rlere Feny - AR (7 0.1%
eosin Y; 0.1% formaldehyde; 0.4% sodium phosphate dibasic; 0.5% potassium
phosphate monobasic) %4 10 #; > ffE2 A Fdegcis > 4o r % - B4 A (7
0.04% methylene blue; 0.04% azure A; 0.5% potassium phosphate monobasic)
B4 10F) "Itk b RPL AT R GV R
XXI.DNA 3% B~¢ agarose 7 i
R LERT TR S FE PV ff‘%,—_g » 12 PBS it 2= > ¥ ¢h4e 1 ml PBS 3B~
Ty g e > & 3000 rpm, 4C T de 10 2 450 2 2 Five ts 4e ~ lysis buffer (20
mM EDTA, 50 mM Tris-HCI, pH7.5, 1% NP-40; & 10°  im®2 4c » 10 pl > £ 7 &
5x108 B mre B fF4e ~ 50 pl)» # % 10 A48 & H % 2312 & 12000 rpm, 4°C
T Y S A4 Bt ik ts 4~ SDS (final concentration: 1%) * RNase A (final
concentration: 5 pug/ul) i & 56°C ™ & & 2] pF » H {5 L 4 » proteinase K (final
concentration: 2.5 ug/ul) & 37CTF i 2 IR o HF L4 r 123 7%1

# ¢ 3M sodium acetate (pH5.2) 2 2.5 &3 %44 «hethanol> & » -20C k4
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1] pF > & 15000 rpm, 4C ™ 4w 15 248 > 2 iR S e xR Aok Rk
H & ¥ 4~ i £ 0 loading buffer mig i £ 4 (36) o FE T ATEBER S
1.5% -

XXIL. TUNEL Assay

S S 25 = W AEY 0 DNA g 47 %7 200kb & 50 kb th=~ & 5+ & %
Boop PRI R E SRR T AR ST DNA ladder - Flpt H i R < F
B DNA %74 7 en 382 i 4 g * - TUNEL (terminal deoxynucleotide transferase
(TdT)-mediated dUTP-digoxigenin nick-end labeling) # & - #& in situ 27§ ;2] DNA
#rA Hen i (37) RILE G I DNA %A S > v € IR E H i DNA
PR s AN R E YT Y B ARt 4 B2 (modified nucleotides o 4r
biotin-dUTP, DIG-dUTP & fluorescein-dUTP).% & & DNA %1% 5 a5dg 3-OH =3
YR DNA 5 enp eno @ ipfB i3 A7 cntr 4 falg £ 7] DNA 740 7 el Az
’F 7 terminal deoxynucleotide transferase =it & = ¥ 2 {7 o F 2% > 2 5 B-lm?
#2 %+ 8-well chamberslide » > % & % 4x10%ml> % - well #&» 125ul> tg

AR BB R R R A 4 » RJRHS 0 11 PBS ik 2 A et M ATHEAR B 2 B R
(2% paraformadehyde in PBS, pH7.4) ** 87 5 & 1 ] pF > 2 {6 £ 7 PBS ji%
- =t {¢ % ~ permeabilisation solution (0.1% Triton X-100, 0.1% sodium citrate)
BRI ER 244 2 "éft permeabilisation solution ¢ £ 2 PBS /it = = & £ &
»~ TUNEL reaction mixture (terminal deoxynucleotidyl transferase from -calf

thymus (EC 2.7.7.31) in storage buffer, nucleotide mixture) » #- chamber slide 3z

T ORReg F ¢ L%~ 37 CIp Ak hincubationoven ¢ ok E R 1) P H (S
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£ 14 blocking buffer (0.1 % Triton X-100, 0.5 % bovine serum albumin in PBS) 7
7 3=t is e kB st (Nikon, ECLIPSE, TE300) ™ @L% -

XXINL 3¢ Fxz 2§

mPe S D {4 11 PBS ik A0~ > & 4°CT 4 1500 rpm 5, % >t buffer ¢

(20 mM Tris-HCI, pH7.4, 0.03 mM sodium orthovonadate, 2 mM EDTA, 2 mM
magnesium chloride, 1 mM DTT, 250 mM sucrose, 2 mM PMSF %2 10 pg/ml
leupeptin) » R T FREF 1> & 800rpm T e 10 445 > B b R 18 1F v
B2 g o2 f1* 39 F ¥ & Commassie Billiant blue G-250 2 = ¥ ¢ ci4f & 4+
FomgBEd i &4 2595 nm - BRA X LENRITAP| T o §FLEUHF 1
BSA (Bovine Serum Albumin) & 1528 % chjd-d B R B kR > IR EY RS R
VIph R LR ADRY FRA -

XXIV. v FE*&

B4 3w 50ug 4 » 5 % 2. protein loading buffer ;& & 323 sloading 2 5% staking

gel / 8% separating gel SDS-PAGE » i& {7 § % o

XXV. & * & 8Lz (Western Blotting)4 7 PARP 3-v
mA RSS2 4C~100MA # 4 3= 2 NC membrane:- 16 -] ¥ 15 » % membrane
2~ 7 S%riadmgs 2. TBS-T e p >3t 4CL S #d 6 /) PF o 4v » - Y
(PARP) »+ 4°Cie* 3 ] prrrt » g0 TBS-T k=% » # =t & 10 4 48 > -
Z 448 (0.2 ug/mh)F & 1 -} Pt > 0 TBS-T Fik=z & > = 10 ~ 480 & s %

membrane 2 » 3P B2 ¥ KX P > 4 » enhanced chemilluscence substrate >

BEFFR 4T R P Xray film 56 {8 40 ~ BB B B o (31 TBS-T
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buffer = Tris-base 20 mM, NaCl 138 mM, Tween-20 0.1%)
XXVI. Caspase-3 activity g z_
% mre g 4 Rt anp A= F 2% ¥ Caspase-3 & £ % o g ¥ Caspase-3
B U E phd Pz apoptosis sk i o A e kit {1 * Caspase-3 & 7 7 3] 3-v e
45§ 2 % g Caspase-3 % 7 1 F is #-A 4 5 — $ k@ Rt - =
kg g it W (7 e Caspase-3 (s i F B = 2 5 Blwre 5 & {50 1 trypsin-EDTA
Bimred A T > PBS#ikis o 2 1000 rpm 3o 5 A 46 0 BTk m e o Ao i
%A L B A B AR AX10%ml s A 10 2 AR Er ¢ o Finve
PRES > (AT AR  PRFRIHRT & 4o ~88 <334 24 ] FF{2 2 trypsin—EDTA
Blwmred B Hx 4T > PBS # ks 2 1000 rpm o 5 4 48 0 Btk e o 4o ke
lysis buffer >tk + & F 10 » 4575 > 12 10000 g &< 1 245 o B+ K% » 3R 23
vk R EER T Img/mle s  # # 4 chsample B~ 12.5 ul 4« + % # reaction
buffer (A 2 10mM DTT) » £ 4 1.25ul 22 4mM DEVD —pMA substrate » »* 37°C ™
WEE B1.5-2 ] FF - i L& 405nm B 23 £ & o
XXVII. Migration assay

#-LDL 2 CuSOs % Fx % 20 | pFis » i PD-10 column % 0.45 um filter 12 {8 5|
& A OXLDL » #-i& 4 75k K fe B4 & g 52 e 27 OxLDL 4 = 48-well
chemotaxis chamber (Neuro Probe, Inc) T & » %+ polycarbonate membrane
(8 um, Neuro Probe, Inc)> | «= éfr#- chamber ¢t f§ 42 = & 4 % > 2 {2 F # 2X 10°
Bimrex » + ko> & 37TCT3% 4/ FFis > ¥-membrane B~ > L7 i 28

ks FUORILFE L 0 £ B~ Giemsa (Sigma Co.) ## ¥ 44 1] pFis o B
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B g nim e gedd qoiE 0 R RME T ERT e B Falmivdc e T b

OxLDL 4 & chamber e & » it 4 ik K An X0 & R QR LRI e £ Jp 4ot
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XXVII. w4 » 2 kB2 CuSO, &7 ™ 3% % OxLDL i3 2 % idH35
RAW 264.7 cell e » 2 )k B ¢ 42 1,5, 10 uM CuSO,4 #73% % ¢ OxLDL (¥ kR 3
100 pg/ml) %A 52 % 03691224 | fF » & MTT cip] 2.7 7 124 3w
e Ao d Bl B %A 1 uMCuSO4 #7344 v OXLDL %12 /] =t § ¢ fw
fe kb= > @ 5uM 2 10 uM CuSOyq #7344 v OXLDL R E_ & 9 ] FFis ¢ & fmoe

B = o @ e = ang RN ¥ OxLDL +0% i 422 % 7 dose-dependent =3

%o A HAT- BT AR OXLDL ¥ 1 fnve (24 ] PE 2B o Bt s A
Pod %702 5 uM CuSOs 3% % 2. OXLDL 4 » fm#2 33 % 15 | pF ki (74T &b
F B o

B ok kAR F B 4 F (4] LDL #1351 Az chin®e 5 = 2 5
RAW 264.7 cell rg2 iz 4 7=k R e 524 » )R &~ % 5 0.01, 0.03, 0.05, 0.1, 0.5
mg/ml> % e » OXLDL £ Fr 32 % 15| p5 > & MTT sip] 2.7 7 o0 a4l 750k
Boge FPf ik RAXF ch 2 T Hwe 2 e T A& 0 2R
dose-dependent esh % > fd B kR AJLT T M-lmie = hiEA g gl (8
4 LDL iz u]) 0 100% © (F-)

XXIX.  AJZRSZFEHFFE A LDL #ildzinime & = 2 B I
RAW 264.7 cell e s2 & e » kR A % 5 0.01, 0.05,0.1,0.5, 1.0 mM » {s%g
ber OXLDL £ 2% 15/ & MTT chpl 2T F NHF R D F RS b HRhik
RAER il iR T ftimre 52 g (F ¥ A%5 0 ¥ R 3L dose-dependent IR % o

B bR ST T i te = A 5 gl e 95% o (B =)
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¥ Ae A kR CuSO, %% 2 OXLDL o7 P EFR ™ BLR v | &f s 1L
RAW 264.7 cell 4 » 1,5, 10 uM CuSO, #7373 1 OxLDL (% k& 5 100 pg/ml)
fgaurx 03691224 | pF > &> ik B E wme A gt > 71U
FI CuSOy MERAXE 2 2 AR AX A » Wi A L D IARP B ehee 0 ¢ HE
RS~ mie AR R Y i 4 10 0 & e s JRAF 02 apoptosis body 7] & e
(#=)

IR g A 7ok AR 3P 1§ 14 4] LDL #7314z indm e 4] i se R 2 B2 36
RAW 264.7 cell i iz 4 7= k g e 524 » kR 4 % 5 0.01, 0.03, 0.05, 0.1, 0.5

5] > B ML R o ie T B ensE 1

F_k

mg/ml > 5§ T4 ~ OXLDL % k32 % 15 ] P& »
g R OXLDL #73 F chim e 57+ = 7 Aed@ g A 1K B R 5B rded] > 2 &
7. dose-dependent 3R % » Ak & % > 0.5 mg/ml (iR T ¥ #-dmre v = )
Frdl s Eirdle ST - R o (BlI)

XXX, mSLR 2 EE¥F 7 LDL #rildecnimee | s B2 B2 5
RAW 264.7 cell i@ i 2 % ps > k&~ % 5 0.01,0.05, 0.1, 0.5, 1.0 mM > & 9 4¢
~ OXLDL £ 3 & 15/ 7> A if > BAE B R % 4| iy g v > 7 113 3 OxLDL
PR him e = VORIE A AR R 2R AR kR S 1.0 mM iR T w
Belmbe 7= DA L B dle BT - & e (Bl2)

XXXI. 12 Leukostat % ¢ ;2 H|#r% v 3| LDL »r3ld=enim®e 5= £ 3 5 apoptosis
RAW 264.7 cell 4 » 7 I Jk & CuSOy4 #7344 e OxLDL (% k& 5 100 ug/ml)
¥ % 12/ > 12 Leukostat 2 ¢ 2B we chA i 2 e i o d Bl B % ETF 4

» 1 uM CuSOy #7343 2. OXLDL p& » fm®e ¢ J134m % H R > 2 %k % ¢ apoptosis
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BB s % 4 S UM CuSOy #73 % 22 OXLDL p& > km ¥ #7 11 38.ch apoptosis 1. % 4 4&
PrEE S & 4r > 10 uM CuSOy #7374 % 2. OXLDL p¥ > ‘m ¥z f] “$ 7 apoptosis e % ¢t >
g IS R e Ar g I ghost I % o

XXXI. 2 E g5 A e g iv 3 LDL #r3ldecntm e 5+ = fig 3 305 DNA %74 3R %
RAW 264.7 cell 4 » % kB ¢ 4 0.01, 0.05, 0.1, 0.5, 1, 5, 10 uM CuSO, #73% %
e OXLDL (¥ k& 5 100 pg/ml) f632 & 12 /) pF> A F T A cipla T 0y
A LDL #7514z enfmre 7+ = w2 Do) S B DNA ST % (B ) -

XXX i@ iasd -k A e 584 43§ i 4] LDL #7338 & 2. DNA %74 2 #2 F

d 3§ el 2 5 2= gAY o DNA ¢ a7 %= 200 kb & 50 kb e+ & +

(s

PRI EEE B E PR AT DNA ladder o F]pt A g

PR

%

TUNEL assay ~ 7 5 DNA %74 3 £ 2 S ? & s PR B R iBpas o7

F_

HPEx L ? izt TUNEL assay 27 insitu duplzd (s » %% 2RBI4 ¢ #RE
fmrz = pEix (CHW) > APe UEZIP DS TMRred ¥ £ - @ &kR 0.5
mg/ml iR ¥ Bdm e 5= A e e s PR e

XXXIV. BSZh 2 R pest§ 7] LDL #rg = 2. DNA $74) 2 B2 5
RS2 EFO: AT Hiwme B8R LR ? k12 TUNEL assay i& {7 in situ gz o
BEABCFRY ROAER S 1.0mM pF o w5t ff A5k (8 22 b
A~ R e

XXXV. & * & 22 (Western Blotting)4 1 PARP 3-v
RAW 264.7 cell 4c » 2 k& & 45 1, 5, 10 uM CuSOy4 (¥ k&) #13 % ¢ OxLDL

(#ER 5 100 ug/ml) %A 632 % 061224 | pF » & PARP 36 chi L+ ¥
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VIRt 24 ) pEenpE P 8L PARP 3-¢9 4 110 kDa %74] & 85 %2 25kDa thifa) 5

S o 0 23R PARP Fov cn¥TA R E A0 12 524 ) PEZ R (BRI -) e
XXXVI. EJZ i3 ok k X B4t F v A LDL #7338 = 2 PARP v s b

RAW 264.7 cell rg® iz 4! 7=k R 5 B~4 » k& » % 5 0.01, 0.03, 0.05, 0.1, 0.5

mg/ml > £ 4 » OXLDL {8 32 % 15 /] pF » 4 % &g m OXLDL #73 % 1 PARP 3

0BT T AT O A RJEAA TR E B s @ o AkR 52 0.5 mg/ml pF o

PARP 3-v 74| i % 97 r2w 42 93% (48930 7 g2 LDL shiew]) - (B -)
XXXVII. S22 FEe$t§ 3] LDL #i3 & 2. PARP 34 chg i

RAW 264.7 cell B2k s2 ¥ » kA 4 % 5 0.01,0.05,0.1,0.5, 1.0 mM » £ 4c »

OXLDL % f 32 % 15 ] > % % B or § i3] LDL #7343 0 PARP 3% %74 e 27

"

}—J’.

1\3

Fa 2 F Fets 8 Fic L ¥ % 3L dose-dependent I % o kR 2 0.5 mM

F_*

P> PARP 36 $7] chi % © 97 2w 4E 100% (49 3t ¥ ASZ LDL ce w]) o (]~

It

)

XXXV @it 4! 7ok B fe P-4~ 44§ 1 3] LDL #7i¢ = 2. Caspase-3 F-v /&%
L
RAW 264.7 cell i iz 4 = k g e 524 » kR 4 % 5 0.01, 0.03, 0.05, 0.1, 0.5
mg/ml > £ 4 » OxLDL ¢ % I3 % 15 /] % > % % 57 OxLDL #73 % < caspase-3
AR e DA T O B RIERA TR BB (5 1 T o kR 5 0.5 mg/ml pF >
caspase-3 F ¥ 11T E 72.3% (ApRATE AJE LDL ehlew]) o (Bl-+L )

XXXIX. A2 R 2 Fpest§ 3] LDL #1i3 & 2. caspase-3 3-v & chsg b

RAW 264.7 cell g2 i 2 7 s » k&~ % % 0.01, 0.05,0.1,0.5, 1.0 mM > £ 4c »
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OxLDL # % 15 /] pF > 5 % kot § it 4] LDL #1734 % < caspase-3 & [2: 4v e 35 ¥

B ESE R 2K L 18 Pl d ¥ & IR dose-dependent s % o Ak AR 5 0.5 mM

pF > caspase-3 iE it T TR T4.2% (Ap Rt F &2 LDL e n]) o (Bl 7))
XL. & # ?':’]i% JeZ B g 1 B o m % JOXLDL (%% cdp B 1%

d Bl = i % (B OxLDL % >t transwell chamber e £ @ ‘m@e B 30+ B >

g¥ A& 4 PP Eim®e § 47 migration gk % 4w OxLDL » @ jE 4 f5 K &

Bde B mie X e 3 PE A e B v OXLDL e & bb 2 30 4 oK B e

OxXLDL % i P choic 3 0 B> 2% 10 b iRl 42 =k 5B i85 7 10 E 44+ OXLDL

“~

B2 b v VB EmeF ST FF 0 JEu e OXLDL B E i E
#imre 3 ) OXLDL 13 fem 7= > & i il Tk X B fp 2 B viiinre 2 [V en 3 (73
im0 B PR - W AR g

XLI. & 52 B ft 21 B e w2 JOXLDL €% efojp B 42

Bl = eni % gk TR I R 1B S ARIT ) TN A S BB R RS T

St

g0 7 E eprd] OXLDL hE 2 #h > #ics BErme§ XTI (7Y o @ ig
B A S R

XLIL a4 ¢ L5 B4 3 OXLDL i & E wiim e 7 = i i
Fla A T kEBp e g goggng it ad 5o TP RaER (PCA) -~ §
fir it 5 2~ (polyphenolic extracts, PHE) % =3 % % 2% (anthocyanins extracts,
ACE) 4 ulip| % H & OXLDL #73l4echimee 7= o gurd| (e o &% 5% 31 PHE 2
IC50=0.0335mg/ml ; PCA z_ 1C50=0.037mg/ml ; ACE z_ 1C5,=0.0513mg/ml » %

A TR E B Y g s A FE R drd] OXLDL #rildecnimie o= ¢ g € & 0
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£d (Bl+~)-IC50 st 2 22 OXLDL 5 A8 2o FiSFrd|mie v = 7 &

WoB B B CER A, X AR e e o
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i

RAW 264.7 w2 p A w7 ¢ § 243tk & F 5 (reactive oxygen
species, ROS)* e ensg it ; & Z 12 lipopolysaccharide (LPS):% % NO Z 4 #73l4=
iz ie g o 52001 & > Cho & 4 (38)FF L edZaf & k34 B > £ 1 HoOg 4e » e
MHEFERE 0 SR P REN HO, M F p d A w2 2 proinflammatory
cytokines interleukin-1 f (IL-1B) % interleukin-2 (IL-2) &8 %14 £ 3 4c > 555 fb 574
2 3 dose-dependent cihgrd| (E% » @ Hfrd|eni®® 2§ § A3 ed7IL-1p2 IL-2 0
## 4%+ nuclear factor kappaB (NF-kappaB)% activator protein-1 (AP-1)s5 i > 12
RAF AT ke hiTh o b 2001 £ o Ishii ® 4 (39) g 4w LPS 3
% inducible NO synthase (INOS) #i 4@ # # NO > phloroglucinol derivatives & }=
F B A AR ¥ e 4] INOS 3-v 2 mRNA hi i § A NO chg 4 & ¢ % Fl4r
#l o m ot RAW264.7 ‘w2 3531 B viim e o ds "%afi e il - & ¢ a7 7 ¢ > OxLDL 4 8«
FAT Fde N dmie ch— i F1 5 B b Rl 1 enR B g R 4 R
¥ (scavenger receptor) % v OxLDL (40) > % »* % ¢ OXLDL {8 4 E v w2 e 55R)
% OxLDL ek & 3 B > & 2001 & Hundal % 4 (41)% 4% 21 &2 50 pg/ml ™ eh
OxLDL ¢ i€ Evtim®e 3 4 > @ &> 100 npg/ml 9 OXLDL ¢ HE w2 4 F }4 7 (¢
e oo LRSS L Han Ay ¢ m g iR (42) 0 ¥ ¢h Tabas # 4 4 B 3%
TiE 5 PR (Afgt) B A B we S T € R S BRI R
(43)o 50t @ 8]0 § e R G0 Mk & o OXLDL po mee 3 4 8 % 7 433 % v OxLDL
T-E R 3 LA f wre R B F k& o OXLDL pF > vz B ¢ SIS IS MR

]
LT o ErEwir il A VoA A5 0 e ? B A, B B 8% o sk 20 % m
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o2 RIT AR BRI i 4 (44) 0 2 mie i 2 dwie = Rl
PR REFRES PG ERGF

BRARFROTL %Y o APFIRF kR OXLDL AJLE wlim®e » g% § 3R
Bef ehimrz o= > &2 H 50§02 apoptosis 7 Vie 7 o (e B f R A ASE A TR

B R RIS SR < TR M k] e B R TR e F B it

R
ﬁm
=
N
TR
NN
|
~=be

"

A
A4

a\
ey

Lg\;,gu\b’ﬁ—-ﬁ:‘}]%‘l% (B N) A2 g v n P > A f

AR B RAR IR MR et = o LA F TR S PR G Ao g - IR TR 2

» X

A
/

Riv

3

LB AMEE A e pd AP @ 4 FF (i 4 0 - i

F

F_k

FUORARB LGS R ZTEBRIEIAA L UL F Ak oA A

it
o~y
+

AR RJIL R e FiE MR AT S hE e 2 P T R R R AR RS
GRH LA BRPER Y 5 T 5 i 1993 £ > Russell Ross Ap I e Rl A T i AR
¢ By i OxLDL (» 7 i 44 % 2 & homocysteine, immunologic, toxins,

viruses % 4~ ) v ¢ WH i lwie kit L B 0 Evlmie F] L &3 OxLDL @ #;

\\

foam cell » &iz#p & » E w2 ¢ 11 lipoprotein lipase (%3 3-v "qf2ft %)~ f2 8 » 2

N
R
=

OxLDL - "f pt 2 ¢k > Baoutina & + (45) » % 2001 # 4% N EppHET Ermwie ¥ o
cholesteryl ester hydroperoxides (CEOOH, % - & LDL:£ 7% * p% Hp ehA £7) 0 F)
M % it i@ macrophage % ¥| OXLDL #§ % ehifimz & B3 8 57572 7 7RA-#-¢ B
fmPe g CuARenpER A f2a ~ 2. OXLDL > + yvﬁ ¥ € i i1 fatty steak # @ jf i Es #R o
Aot ooo@m AN arda Pl et A ek 1990 & 2 1983 £ 3 4 w4k Darley-Usmar 2
Steinberg % * “r#% 2 > 5 PG A ARIRT > Eeimre i 2 Vo £ - iR §

& ¢ (46, 47) - ¢t s Ross » P § gk~ £ 3 ff chfoam cell ~ T cells 2 smooth

151



muscle cells 75 & fatty steak s - ’]} ¢ &b = g e (fibrous plaque) i 3 B i
fo iRy o @A) fatty steak chie & 4 R 5 £ - s 5+ = chimie 2 B4 B ipr AR
POGREvE e X B AR RGRA LR AR A - By 3 T RiR o
ARG EEY AP Fapi ok RER PR RIERT LS (1) R
5 OXLDL ehZg 4 5 (2) 4% W Ewme hi A affwree 55 o 27 Fivg
FLIORHEAT H- S0 OXLDL chA 4 H.d i p d ez £ 2 75 S 4o /p0 I
LDL P ibig Al4cad 2 E~%3 % Cofge By 2 enfer 28 - plauesd £k k
FE B N R 2 AR AR Ermre b o receptor it @ B e o fRan & L
H B 45 d wmoe M AL (v (endocytosis) & » im ¥y (FH b dmi 3 A 4 chiE R 9
% 1992 £ Esterbauer %+ (48) e g dg 0 » § M4k 3+ A K LDL § v pF - LDL p
g 2 RO MR VR € Ean 4 0 Bl 8 enpr S G a-tocopherol o ¥ ‘b
H i ?«‘ﬁﬁﬂﬂi"%iﬁ.%%ﬁ” Mrd 2 EpFo v g;%’d B4 LDL p B2 o-tocopherol
e g @ oro s LDL #hE i ARt 14(49, 50) - a-tocopherol i & {%ﬁ'g RO -F: A LY e
3 “ F 2z Fera £ 2 (recycling) » 4o 4 % C ~ ubiquinone % ; Wu % <+ %A 1998
Eqpdt (B1) G F FokAMIT PHLZE FKBRRSGTHEER T 0 A
LDL ¥ a-tocopherol 2- #icg o @ it o R k5Bt ?d 2 25 Hhopaz sgw fr 2 k03
thing VA B RZERA ST L - BN R 0 Pl dlwie ¥ f7g Tl dhd OxLDL
E% 7 5 5 d 8RBy B ¢ Fa-tocopherol & 7 £ 4 @ A 4 #ic P - Terao (52) *
P E G RE RS HEL R M &4 (4 catechuic acid, quercetin) &gty B

& % (phospholipid bilayer) 4 st ¢ & 7 f£% 7% 82 £ & ff (i 4 o d 2N 885 f oLk
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ok g F p o B SEY e [TEF B ¥ 6 8 LDL ek spr s (T B 110
chfg (Y548 R N JRto-tocopherol @ E g itk k o e g o ¥ B A F (L aMEp

B PE > 4o Princene & 1998 # (53) MG REATIFAFTIL P B LK B K

m

REF S ABET NP 45X @B TS e LDL chf farg i e d 1
SHT T FTET A UE LG T o TR R R R R
oA HBEERY ABBEATR R SILE V4 2 R A EREZERTH SR
AREAPI Rl B TR S AR £ AN T AR R4 T
Fid £ LDL P PRI A2 23 6% 0 A T E LDL A% F S AF2 P o i

d AP TR R DET SR FRRFRG R H DT RET ST BT

W
.

7 4F % 45 914 & quercetin £ apigenin = (F I F PT A R SRk SRRy B3 &
Fs & i S (54) 0 BT B ORAHSRAL R K T AEIRY §AEE MR £ 4 A s el
o T2hd AR e s g e e o

FE bt AP EP @R kRS OXLDL 7 $imre i 4 4 Bt 2 o

-~

Eh

apoptosis » @ Ff L rJTiE A Ok Ko 5 BRIART NPrFlEA - g o I

2 H SR DA P T R R 3 A AT -
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Fig. 1. The effect of oxLDL in macrophage. 4 X 10°/ml cells were seeded for at least 4 hrs
before incubated with 100 pg/ml oxLDL for various durations. The viable cell was measured
by MTT assay as described in Materials and Methods. The experiment was repeated three
times, and the data were presented as mean = SD from the triplicate. The P value was

calculated by an unpaired t-test as compared with the control (native LDL treated group). *

P<0.05; ** P<0.01.
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Fig. 2. Inhibitory effect of HSE on oxLDL-induced macrophage death. 4 X 10°/ml cells
were seeded for at least 4 hrs before incubated with 100 pg/ml oxLDL for 15 hours. Prior to
the treatment of oxLDL, 0, 0.01, 0.03, 0.05, 0.1 or 0.5 mg/ml of HSE was added to the cells.
The viable cell was measured by MTT assay as described in Materials and Methods, and
represented as percentage of the control group (treated with 100 pg/ml native LDL). The
experiment was repeated three times, and the data were presented as mean + SD from the

triplicate. The P value was calculated by an unpaired t-test as compared with the control

(native LDL treated group). * P<0.05; ** P<0.01.
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Fig. 3. Inhibitory effect of PCA on oxLDL-induced macrophage death. 4 X 10°/ml cells
were seeded for at least 4 hrs before incubated with 100 pg/ml oxLDL for 15 hours. Prior to
the treatment of oxLDL, 0, 0.01, 0.05, 0.1, 0.5 or 1.0 mM of PCA was added to the cells. The
viable cell was measured by MTT assay as described in Materials and Methods, and
represented as percentage of the control group (treated with 100 pg/ml native LDL). The
experiment was repeated three times, and the data were presented as mean + SD from the

triplicate. The P value was calculated by an unpaired t-test as compared with the control

(native LDL treated group). * P<0.05; ** P<0.01.
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Fig. 4. The morphological changes on oxLDL-treated macrophages. Cells were treated
and observed as “Materials and Methods” section.
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Fig. 5. The morphological changes of HSE on
oxLDL-treated macrophage. Cells were treated and
observed as “Materials and Methods™ section. A, normal (no

treatment); B, native LDL; C, oxidized LDL; D, 0.01 mg/ml
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HSE plus oxidized LDL; E, 0.03 mg/ml HSE plus oxidized
LDL; F, 0.05 mg/ml HSE plus oxidized LDL; G, 0.1 mg/ml
HSE plus oxidized LDL; H, 0.5 mg/ml HSE plus oxidized
LDL. The arrows pointed out the locations of apoptotic-like

bodies.
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Fig. 6. The morphological changes of PCA on oxLDL-treated macrophage. Cells were
treated and observed as “Materials and Methods” section. A, normal (no treatment); B, native
LDL; C, oxidized LDL; D, 0.01 mM PCA plus oxidized LDL; E, 0.05 mM PCA plus oxidized
LDL; F, 0.1 mM PCA plus oxidized LDL; G, 0.5 mM PCA plus oxidized LDL; H, 1.0 mM
PCA plus oxidized LDL. The arrows pointed out the locations of apoptotic-like bodies.
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Fig. 7. RAW cell were treated with 100 pg/ml LDL and CuSOy4 and incubated at 37°C for 12 h to observe the apoptotic cell.

A, normal; B, LDL only; C, LDL and 0.01 uM CuSOg; D, LDL and 0.05 uM CuSOQOy; E, LDL and 0.1 uM CuSOy; F, LDL and 0.5 uM
CuSOq4; G, LDL and 1.0 uM CuSOyg; H, LDL and 5.0 uM CuSOy; I, LDL and 10 uM CuSOs.
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Fig. 8. The DNA fragmentation observed by agarose gel electrophoresis on
oxLDL-treated macrophages. Cells were treated and observed as “Materials and Methods”

section.
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Fig. 9. The inhibitory effect of HSE on oxLDL-induced macrophage DNA fragmentation.
The detail of the treatments was described in Materials and Methods. A, normal (no
treatment); B, native LDL; C, oxidized LDL; D, 0.01 mg/ml HSE plus oxidized LDL; E, 0.03
mg/ml HSE plus oxidized LDL; F, 0.05 mg/ml HSE plus oxidized LDL; G, 0.1 mg/ml HSE
plus oxidized LDL; H, 0.5 mg/ml HSE plus oxidized LDL. The red signals represent positive
for DNA fragments.



B+ ~ &2k ey OxLDL 3% % 'w*e apoptosis 782 58

Fig. 10. The inhibitory effect of PCA on oxLDL-induced macrophage DNA
fragmentation. The detail of the treatments was described in Materials and Methods. A,
normal (no treatment); B, native LDL; C, oxidized LDL; D, 0.01 mM PCA plus oxidized
LDL; E, 0.05 mM PCA plus oxidized LDL; F, 0.1 mM PCA plus oxidized LDL; G, 0.5 mM
PCA plus oxidized LDL; H, 1.0 mM PCA plus oxidized LDL. The red signals represent
positive for DNA fragments.
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Fig. 11. Immunoblotting examination of the effect on oxLDL-induced PARP cleavage in macrophage.
Protein lysate was obtained from macrophages and subjected to Western blot analysis for the cleavage of PARP.

Cells were treated and observed as “Materials and Methods” section.
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Fig. 12. Immunoblotting examination of the effect of HSE on oxLDL-induced PARP cleavage in

macrophage. Protein lysate was obtained from macrophages and subjected to Western blot analysis

for the cleavage of PARP. Lane 1, normal (no treatment); lane 2, native LDL; lane 3, oxidized LDL;
lane 4, 0.01 mg/ml HSE plus oxidized LDL; lane 5, 0.03 mg/ml HSE plus oxidized LDL; lane 6, 0.05
mg/ml HSE plus oxidized LDL; lane 7, 0.1 mg/ml HSE plus oxidized LDL; lane 8, 0.5 mg/ml HSE

plus oxidized LDL.
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Fig. 13. Immunoblotting examination of the effect of PCA on oxLDL-induced PARP cleavage in

macrophage. Protein lysate was obtained from macrophages and subjected to Western blot analysis

for the cleavage of PARP. Lane 1, normal (no treatment); lane 2, native LDL; lane 3, oxidized LDL,;

lane 4, 0.01 mM PCA plus oxidized LDL; lane 5, 0.05 mM PCA plus oxidized LDL; lane 6, 0.1 mM
PCA plus oxidized LDL; lane 7, 0.5 mM PCA plus oxidized LDL; lane 8, 1.0 mM PCA plus oxidized

LDL.
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Fig. 14. The inhibitory effect of HSE on oxLDL-induced caspase-3 activity in macrophage.
Cells were treated and assayed for caspase-3 activity as described in Materials and Methods. Each
vertical bar represents mean = SD from triplicate determinations. The P value was calculated by an

unpaired t-test as compared with the control (native LDL treated group). * P< 0.05.
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Fig. 15. The inhibitory effect of PCA on oxLDL-induced caspase-3 activity in macrophage. Cells
were treated and assayed for caspase-3 activity as described in Materials and Methods. Each vertical
bar represents mean = SD from triplicate determinations. The P value was calculated by an unpaired

t-test as compared with the control (native LDL treated group). * P<0.05; ** P< 0.01.
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Figure 16. The inhibitory effect of HSE on the migration of macrophages attracted by oxLDL.
In these experiments, cells were treated and counted as described in Materials and Methods. Each
vertical bar represented mean + SD from triplicate determinations. The P value was calculated by an

unpaired t-test as compared with the control (native LDL treated group). * P< 0.05; ** P<0.01.
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Fig. 17. The inhibitory effect of PCA on the migration of macrophages attracted by
oxLDL. In these experiments, cells were treated and counted as described in Materials and
Methods. Each vertical bar represented mean + SD from triplicate determinations. The P
value was calculated by an unpaired t-test as compared with the control (native LDL treated
group). * P< 0.05; ** P< 0.01.
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Fig. 18. The inhibitory effects of different components in HSE on oxLDL-induced macrophage
death. In these experiments, 4 X 10°/ml cells were seeded for at least 4 hrs before incubated with
100 pg/ml oxLDL for 15 hr. Prior to the treatment of oxLDL, the components isolated from HSE
were added to the cells. The viable cell was measured by MTT assay as described in Materials and
Methods. The experiment was repeated three times, and the data were presented as mean + SD from

the triplicate. The P value was calculated by an unpaired t-test as compared with the control (native

LDL treated group). * P<0.05; ** P<0.01.
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P2 iR

dAmap g ? e SRR CER (PCAMfriz# i=-k 5P~ (HSE) $+>+% it 4] LDL #7351
Ao E Hmte S LG el e o B A AR R AP R A KR e A
Fatimve f AT OxLDL 2 FLf 1 & 1s > fwoe N F B imbe = Fov D% 1L o doie R AAE 0T
£t AJE i OXLDL 15 ™ % 3 #5241 261 27.4% » @ EJL HSE 4r PCA thim u Bt & B &) & &
VR AR 5 100% 2 104% - @ pEF L 3 VR A AR Y S MAPK F-d 2

P53 :x % » & e 4B 0 B d7 = o Ra > AJE HSE & PCA shiew] (3w A3 kAR &) 7

-

w4

CHTE T L E R AR A G T - S G o AP RN bt 2 E X pod
feng £ 22 HSE & PCA #F LDL *témre p #h § U drd|enfEas > S % 23 .3 )k B ch HSE 2
PCA » w v 11t ig mre p #b LDL ¥ it enf2 & > @ i&f8dr4] LDL § A2 cni®® 8k p 303
bt 3 EHFREEFUEAGRER D Aenp T a S o d B HE % B0 R

FiomArep hIBE G R F CBRA G4 o A e fAiEr BT g OXLDL i & Erfine

k)

S o RN T 0 HSE 2 PCA -7 8 % g A8 4] 10 E DI 4 6%l R AT 1 eni®r o A

g £ HSE 2 PCA &l v ik F A Jh b - fBE & gl o
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» < & (Abstract)

In our previous study, we observed the inhibitory effects of HSE and PCA on
OxLDL-induced macrophage apoptosis. Based on that, we further investigated the
mechanisms here. Firstly, we surveyed the changes of apoptotic proteins, such as
mitochondrial proteins, MAPK proteins and P53. When treating with OxLDL in
macrophages, the mitochondrial potent lowered to 27.4% compared to control (the group
of native LDL). Interestingly, the group co-treating with HSE and PCA in highest
concentrations recovered the mitochondrial potent to 100% and 104%. At this moment, the
mitochondrial proteins, MAPK proteins and P53 were changed because of the extreme
oxidative stress, and more over than, this stress would make cell to trigger to apoptosis.
However, co-treated with HSE or PCA (especially the groups in high concentrations) would
change the expressions of these proteins and make cell survive. In addition to, we also
detected the contents of vitamin E and free radicals existing in cell inside and in media. By
the way, either in cell inside or in media, we examined the inhibitory level of OxLDL by
co-treating HSE or PCA. We found that high concentrations of HSE and PCA were able to
decelerate the level of LDL oxidation, and the inhibitory effects could be contributed by
increasing vitamin E and by decreasing the content of free radicals. Taken the above
together, these two antioxidants possessed the abilities to reduce oxidative stress in either
cell inside or environment (media). These inhibitory effects would slow down the
macrophage apoptosis induced by OxLDL. Under the circumstance, HSE and PCA were
able to prevent the blood vessel from forming atherosclerotic lesions, and further prevent

vascular diseases.
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- BEFREUFAABL o AL PREFR TEQ £ Lo BRERSRBEFI

Fud- L fldwmed o B BnRA FEF 4 B0 LA BB R A R0 FE v iFR s

PEE L g A )enil

o
ﬁ
i

\“:’

P eio iR 5 KEEFIR S i s TN Bend
EAEZ R MR AR R NSRS 0 P R ERR R G R B em b
Bl Ty PREE - LA BERIEPT F A G AR B FRAMG R,
v B AP € BRI g o TS - A L E R 2 R R 4L
FEabP R R Y HmRT g L AR PR TR G IR¥T (resistance) &M% KA 1 ch ¥
o AR A TR s SR L AR Y TR RV A RIEF v B AR G S
FUE* oA IRS AP G SR R MG DT ARG L F AR DAPT UL
Boehp e F S Aol R (TR AAREY A F S d ) R A EY PR S RIEE
WE S PFFER RO R TS (WFEAE ERBHRE o A H P g 2 g
Mrgmpe g 4~ LDL ¢ @ 5142 LDL § it) % % S0 g crdfieB o § 28 0 P 30 bRk e B p

ERCLE PICr S T E e

ek

2 5 an 5 ¢ flavonoids & 4 o AP A2 WP %Y L SR
F R EE (PCAYfrit#? 1=k 554 (HSE) £ § #r4] OXLDL chit 4 » £ 2 A F kAR
§F 4 LDL i & Evfim®e ¢ pRa-sldctm®e 3t = 0 @ PCA 2 HSE £ § #rd| B vifim ™ b 33

=g 4 o R A EFF Y T £ 52 F s F AP RR - R iR e

(i) A8~ (Apoptosis) £ & %35k 5 i

\..

e

AR R KR > AP gy OxLDL ¢ i = RAW 264.7 'w % % 5 =
(apoptosis) o f it ¥ ehA Ik T > fwfe & JE 3N A (proliferation) ~ 4 & & b ( growth
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arrest) > 12 %2 mPz enfg B 4 5v = (programmed cell death, apoptosis )z BF 3% ¥ & jit T

o A lmie P LR OA ) Rme B B I S PN EARN A H AL e 4
U LR RN 2 A i&{f@m}?é A2 B 5= (programmed cell death) » P m/j} B

WP Eir- FRNPLFEA LR S R ALEL LG et e AT A A

3

PRE TR ARA LA A P RE D L BT R0 T - PRI A T ATl

hime F o ol XTFREGT > ARG ARPLEGE 2 XA R HIRE oy

ffe R TR B B G e i e T € B & (condensation) ~ DNA i3 1t 4 fiZ 2
Booomtstmre B 5 BB d mrergire 3] 48 (apoptotic bodies) (1-2) o — Sk 0 F %~
I:ﬁém’f'é%i‘]ﬁﬁ%)é A P BRSF L pRF R W] §ABTRAER Y AR

FT S Plmre < ER 4 o F &L CFEY R € 2 apoptosis @ mre Fep b A T e

=
=

@\

Y35 ki 3§ ans i  Bdr = 25 > Pl AR RFE4odk L 47 b (ischemic stroke) ¥ &
o (AIDS)% A s o B Biachd BE & &30 % ;7 SAp s b e 43 g il R g
L S LE R

ERg BEar T HFs - ki, ]"+ﬁ;?5m)§i v IR A L ehimie e = s B

p)
AN
5,\..
g
o
‘é

A
g

§ERET A LR RIS o B v ?ﬁffi” B0 WP NIt E kA S o
finvivo s e 5 3F % FHe SRR By L e B A ORE S ahip 12 (3-5)
0 g TR A % ik A (Y Bl (atherosclerotic plaque) * VIR @ 3R R BES < R
(necrosis) & faip 4] eh e > 1994 # > Escargueil-Blanc & 4 » 3R & ¥yt = f e F 4
Fapg FIEE (6) 0 FlP ST g PR ANE e RS hon FARKY BIRDES oA iR
B b MLEFEIRA A G i e o B TR < mredk S (7-9) o BT Y A
F o0 dp MR B 2 e e et BT 3ad 2% 1] 30% 0 #3143 gL E 60%
(10-14) » Kockx i J5 # % s jh 4R 1 i B 2 47w %e 8 = af2 B > B % F M flmve N EH B

(intimal thickening) % 25 = Fa9miz B (fatty streak) =pFdp » = e chiic® &> 5 fp¥ar
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oo AR F IR R LR P S T AP R A S e NI ¥ A SIS U EE
Hiiw 2 2 (macrophage infiltration) (it Bl - > 4) o & Rl R A I gt d 0 Begimi 2 T
A resmre (smooth muscle cells, SMCs) ¢ ¢ J1 IR iwfe k= » @ ied fwme k= L B Py
B o Tipriimir k- € R R IR s A T A AR X R A E e e ko
7= 5l Az P Bd sk AT 1 s AR AR A E KX f2ehT A (15, 16) 0 & A ¥ E it A
BORRA (AR hd R R B Apt Y B R E e B0 A 10 S e
RImiedifh o TP > hlwerp g ¢ %4 5 3] LDL (OXLDL) ¢ 5142 Ergimre 3 4 > F] 5 4ot

AL (R o A 0 b 1999 &

;?\

SRR RN IS ERER LY T RES L
Han % « 3§ 142/ i OXLDL ¢ @ B Evgm e 2 > @ § “ 424 % & OXLDL ¢ ¢ F E
M FH = (17) o £ $4 Am e 3 TR N E e 57 OXLDL 6 & § Bufig it 7y
Foo g4 (18,19) 0 Flut Tabas »t 2001 # & &) e B eitim #e 3 2 ehfim ™ ¥ o 8% § sl
BEDIEY K2 o EEmr e Ao PlEA T 2 Wd A > 3 FL S e §
Bk RGP R G Bt @ e A i 2 (20) -

(i) = 7 g s

f 48 (Mitochondria) — P42t 1850 # - k&L ® R Biwie p 0GR g R 5

34

ik (mitos) fosp gk (chondros) shir B A% B » G #-H AL h oL M o
1912~1913 & > Kingsbury fr Warbury % A 3 R 8488 5 e chd o ¥ o 0 sad-d fl2 4
"powerhouse of the cell" » 1920~1930 & Kerbs % 3.7 citric acid cycle 2 1931 & ATP
PFRLED TR A w R BRI E R o - LR FA R D W
R URCLEE N B SIS S TR PN SPNE TR NINSVE- SCREE SN ES SEN S (IR S S
- P WG ¥ e k= (apoptosis) Ak FlF » dmre oo P AR i+ ¥ 87 Bel-2 4p iveng
%] CED-9 (C. elegans) # % ¢ #ehi= 3 4 P RWT + Bfisaecnd & Fo9 |

cytochrome b % :f > izt Bel-2 #2Feh= § % i A J’rs H-EwmEE EAp 0 (40
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diphtheria toxin = colicins) » ¥ Bcl-2 72&dms 5 & [ 48 ¢ % & G sa e - 3 dg
M A G A FF LI o BRI DA 8 g SRR E T cytochrome ¢ e
apoptosis-inducing factor (AIF) 4 /%t caspases m 5l42— & B mP /&= IR F 4 o & F]
PR AR G e k= g3 £ (executioner) o P Tz R RPN F B RN &
PR - fAH 5 mitochondrial permeability transition pore (PT pore) «HE =~ i@ if 7 B >

ve ZaR

\4

Ra - H_ Ak smpp 5 adenine nucleotide translocator (ANT) #p R 2 3~
v ¥ - L hehwehiew (2457 porin, voltage-dependent anion channel, VDAC) - 4+
Bt - g s s B HY gradient 3 £ - R SRAEHCT T % matrix %5 R
B o0 g AR & o bk 2 18 > caspase-inducing factors (cytochrome ¢ = AIF) # -z
Plimre F P i 2w k= (21,22) Ay PTpore #E427 3 % > ¥ 5 #r4] PT pore 3 & e
CEFT U drdlme B a4 o TR Y @ EA T RRWET eh y&p Hipg £ & o 7
e O RSMET T E R L E e kS - BE Rt oA At - EAp g £ & Pl
G o R RE At § LAY > BT A A i BRIV E i TR AR O (9 250
mV/5~10 nm) » f£2 % mitochondrial membrane potential (Dym) » & r4 gt =i kg7 3 + i@

Had > B M A4 ATP iEme @ % o @ pt— LA R AN s SRR f At o

X

MRS AP € S E TR PN T AT S R T e ok T Uy 2 i
¥R AN & e LR A R B R AR ) oA B e 1 TS 0 BB AL T AR
244 % rhodamine 123 (Rh123) > Dr. Lan-Bo Chen =4 2% % % 3 Rh123 ¥ £ £ {4 end AiF
mre vk A8+ > @ ionophores, uncoupler #® - g F F @ ifsanZE - (rotenone,
antimycin, cyanide) % ¢ *% < Dym > & ¢ j* > fsUi#k » Rh123 =& - Rh123 12 490 nm
B kT €2cdl 515 nm g k> Fpt Rh123 P Ak g = - fEf 5 cripl RET e B o
(ifi) A2 %8 3-v B H IRl e g 1L

Apoptosis it {7 &7 cysteine aspases (caspases) F &~ b %> F] 5 caspases ¢ f.im
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'2 il X k= {1 (apoptotic stimuli) pFARE it @ & {7 F-9 K f2eni®* o p w0 ¥ K- Apoptosis
WA LA ImAeEE (1) ¢ Ak 2 (extrinsic pathway) @ 5 58 o chfmie = 4] o o
# 5% 424>t transmembrane death receptor (4= CD95, TNF receptor 2 TRAIL receptor)
g - & ligands % & ¥ ¢ % i membrane-proximal (activator) caspases (caspase-8 %
caspase-10) » A i@ H ™ %52 effector caspases 4 caspase-3, 6, 7 &t 2 {5 » T HFE (7
apoptosis > iz B E AT AL Cc-FLIP (¥ #r ]+ #% it &9 caspases) % &~ F-v | &
(inhibitor of apoptosis protein, IAP) § * & (*¢®l=); (2) p &2 /& (intrinsic pathway) >
AEPABT M D S o PRI FTARPERMEET B R Y e
Smac/DIABLO, HtRA2 % cytochrome c > cytochrome c ¢ & Apaf-1 i & T i¢ caspase-9 &
i- r1fz#> apoptotic caspase cascade © @ Smac/DIABLO 2 HtRA2Z cnie ™ Q] &3t/ & 1 4
#] 1APs (23, 24) - > el 3+ J‘!,‘%ﬁﬂ % #¢ Bcl-2 family z_ 4p & eni®® gt A & > H
- % proapoptotic proteins (4= Bak, Bax) v ¥ 12 .2 Bid (BH3-only Bcl-2 protein):& 7 =
I iEH {53 FakE @ 3l4e apoptosis ; # - 4 Bcel-2 2 Bcel-XL % antiapoptotic proteins
PIE & tn i& {7 apoptosis P4 4 @ ¥fi% apoptosis h3-d o 12t 2 ¢ proapoptotic
antiapoptotic #v » ¥ & {72 3 i¥* » G4 & BH3-only Bcl-2 protein 4~ Noxa, Puma,
Bad 2 Bim ¥ 124 antiapoptotic #-v % & 14 i¢ Bax % Bak /& it 11 {7 apoptosis o 1 **
Bel-2 39 #p 4k SRR el 3 1 B R R AR SRR 0 2 a5 B R 0 dr et %’EE* Ba
HE B MEFFEDIZD DR AT oo £ 7 AN E R A gt
proapoptosis % antiapoptosis kv 2z FeE (T* K¢ PR w4 52 24 3 o &
extrinsic % intrinsic &~ € 11 3 % > (4o caspase-8 ¥ )2 i¢ Bid &t @ i@
cytochrome ¢ # ) > o8 % #-¢ ¥ death receptor #7342 apoptosis A& 2 4c = ciE *
(25) o @ BB RRARA R i o FH IR A f g hnai Y T ivie i 2 B
MEmie G Bax kv 3 f0 @ Bel-2 4r 7 g gt Rl 23 (26) -
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E R ARs e L LA R - Ry AT e 3R T L% hF o
P d Rl e 1 i s A B e E_P53 F-v
(iv) p53 3-v B i kA b

P53 i - MEAFrd R F] 0 Ak d i B B pb3 A ¥ e &4k % % (mutation) EW'J",er
(deletion) » izt 3 5 R % pb3 chiw® FRi B § fimPe b= ehic 4 0 @ T AL 4 2 A
%7 (Metastasis) it # ",fi w2 b > P53 F-v & HE_P om0 e MmN M= oS 24P
Mihde (27)> v 5 - fa~ + & 583 KDa thkv 5 > ¥ WA DNA G £ 2 - & A F| 5 F R 4
Mg Ak o AEFRAFIELNER T o - BRpaF BiEaY o Y ¢ I P53 o
g fr & 2 P53 R B o P53 g~ ¢ g 4 B (transformed) fhimre ¥ > ¥ o id

+ e end £ 2% (cell growth arrest) % wmfe i@ o FF o PE3 v M Kk mir 4 K

BEE B o TN RZAG R BF N e S s Bl RIRB 2 i infd
Kpm d e el FefinT o P53 v cnA B g F 2 DNAG T pEg s P53

7 e PE3 e T £ PE3ET 0 4 g - BT 0 L E T - A EOR
£ (target element) + £ 5 P53 F R iRiE+ cnfl ¥l - P53 T 25V A i ime 2 S AELT 1w
Pz 4 £ ixHpieiF (cell cycle arrest) 2 wre ck 345~ (apoptosis) o frimPz 4 £ FHp injF >
G 0 P53 ¥ i d i £ p21"A1, p16 cyclin D1 > cdk4 2 Rb % #5 wmz it i# b (cell cycle
arrest) - % apoptosis * & > B|E 4] * bax 2 IGF-BP3 % ;i P53 #1352 /m%e 2.k #f5- = i
= (28-31) - i & % 3 Bcel-2 7 2 4| P53 ¥ 5k ¢ apoptosis » @ Bax ¥ 222 Bel-2 2 & 7@ A&
4 3EFEr o 21 d P53 #7131 3 Bax, Bak, PUMA %2 Noxa % ¢4 & ¥ 8¢ wmbe 4_
apoptosis (32-35) - %rt Tipd % 2 ¢k > PB3 & ¥ 11 transactivate - & ¢ ¥ 3k apoptosis 3
%v 4 PTEN, Apaf-1, PERP, p53AIP1 % ; #4x% i* death receptor 4 CD95 2 TRAIL
receptor 2 ; ¥ ¢t v B ¥ B it — 4 i3 reactive oxygen species (ROS) ek F14 i » 1 4o

apoptosis g {7 o F]yt > P53 F-v % apoptosis shiEAE? F 5 - fAi Fenk d oo K,% 7 P53 eh
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A & 0k 5 Bel-2 ehig it T o pEER 1Y R T RS 13 46 > B 4e— i prosurvival kinases ¢
1% Akt, p90S6K, p70S6K 2 PKA ¢ i¢ Bad mifis it > iz ¢ #r4] Bad £ antiapoptotic Bcl-2 3-
v 3 0E%* ¥y Bad i dpke U8 @ {r 14-3-3 adaptor proteins & & 0 & 1T { 7 #Epdp !
Bcl-2 35 » ¥ it MAP kinases #ifiz it @ :c s H 51+ (36-38) -

seb s nling # 4 4wl 1997 fo 1998 & & 3 4 BT BRI RAE G ¢ 2 AR BH S
§ 33 P53~ P21 2 MDM2 e it % § 3 e il & » 35l enilip Jod 2 35 00— 0 A
4 & apoptosis ¢E im0 iEmor F 82 P53 4p B cnid i T 4] F &R R IR enA) S
(39-43) - @ 7 L fin vivo ek su¢ ¥ IR P83 hbe MR R A (gAY hk d Jﬂz %_Guevara %
A (44) = g P53 4k knockout o) v B AAziE 10 3 enF rgiakk B (8 € DIRR § 0
£ PTG 2 D RERGRAE G R g 0 B AR Y B S e = g o F)p i K
3% P53 Al kiR At en R P AT e P L me? B - BELhd o T
L P53 2 H T e p2AWAFT 43 T 0 A K 2 60 o R AT G 60T b vinse 2 B L e
B A PO3 b R KA I eI/ Y iy end d . g B - B ABTAR
(v) %58 1%

e 2 4 P LT GERERIL PISE S IR L 50 P e Feme g B A R

i
3
e
%
A
B
)

PEEMFNF AP IARBEFE Y BREL - F o F S Al Y R
e A2 e 45423 L85 (superoxide anion) ~ i ¥ i~ & (hydrogen peroxide) ~ & ¥ (singlet
oxygen) ~ & ¥ # (hydroxyl radical) % &% A (peroxy radical)% - iza- 4 H % € % 3 4P 3
BE PR (45, A - ) mMP w R PREZSRE M Aead 3 B T g R
3pd ARenF o Ly phibady PR IR AT O AT EF T FAPRKE
A F@sldzimie B E o FP G F SRR PR € aldme = (46, HERIZ) o
(@) § 1R+ 26 vk A 1t
MEFAREE N LR LR P g R R 0 R A FARRART A frs B aiF b
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BHRFEE T AR A DWETAS T LT LR B BT AL S ERE l4e
WELRFECESTAAME SR o pd A%y AL Ad &~ 1956 £ d &R
A

Harman # : > p 4 & (free radical) i 8 e & 25 - B2 % fea F e+ & A3

IR R LA RN Eal AR AES R LN
# DNA> m g mwe g2 4 it - 4 55+ Benpd AF U ed 279 wihpd Ao @ BER

P RIERA SRR ) T

};‘_

PEELy 1. 25 pd A(-OH); 2 EF
i (H02): 3. 5 83 (0)% cigt g 3 g f ¥ BFAP G P ini FiEdh (2 15512
F); AP EGRADF Y R Mmed kF RS BUR DR D RS
B9 PR T o pd AATHE GipM AR 0 2 RF -5 Haliwell a4 chp d A 4o
i fEamY TP HFRp D ALEREERE R BRI L PLIEFF AT HFR
Spd ARG MR HT T SRR A S Lo s 2. R L OREE R S
FEAEEUERE 3 TH TS F - THESERTIEY (4 0 R F R B
B ~ AR 5. e EERRE T A g B B2 a FOR% 6 KR EL (I
Bop) s pHAARRE (b s B &) MEAFIAS 2308 < Fehjd 7g 0 F
Bh A F iy A e BAR T pd R WAL (v Rl Y o E¥ AT Y
G- FAEZ G F 1 FERAR (oxysterols) e o L@ G PREHARE F MR A 12 /AR
(et Blw - A7) @ AEEAR TS A F A MR R fy D A EBTR R  BORERA e R
(48) - %2002 # > Heinle £ A e d ff~v & 53757 H % > LB LHMA S F 38 %Rk

Aot igAe? o 2 luminol &% pd A FF DL k3 203 BRI TASRY pd Ahd

B0 PHEILA D RERARF 0w g7 OXLDLARE o @ 2 FoRE koI Rt (49) -

\F‘

2 ¢h o F VRS T g d M A 0 S T d R - g T SR i TS (B
4 nuclear factor-kappaB, c-Myc, % peroxisome proliferator-activated receptor family %)=

Ramie = o F A d PR FE L ERHRA A H e w A (50) -
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(b) 22 % E (a-tocopherol) £ & %5k A i
BEARp d Aend 4 kiRdopt S A BEE g R MM 3T - K FF AT B2 o

% Al bl4oi4g ¥ b it f¥ 2 (superoxide dismutase); $5%+ ~ iF§ it i % (glutathione

ETTRS

peroxidase)s » v d BIP] f (FL A > RFHRBE - ELEFEZ NP ERATHL A EY 5 A
F g AR Bt o ¥ - AR AR pe i pd Pt F Crad x E 2
B-carotene ; ¢t &4k & #74F S 82 A f& (Catechins) 2 #+% f¢ (Flavonoids)® 1 3F % 57 4<%

VR Ry o Ao A A L F AR

CEIF B BE - BEERT R

%*‘;

ridp g A9 LDL 5 it o LDL pofrz 2 RS PRy A g B 4 > A g
A % a-tocopherol (51) 5 FJp p Jaldendig (&> 5 > a4 2 E4#F 3 & % - Reaven %

ST RGO L ad FER T € %‘%’d # 4 LDL p SR+ o-tocopherol enfic & @ = % LDL
g v agp #4(52, 53) - a-tocopherol i & {%ﬁ—?i RETRY KB AL fleba g2
(recycling) » 422 % C > ubiquinone * ; Wu & 4+ % 1998 #4ph - 4§ § 7 KB 144

iL ;E"fﬂ]_i_n_

\\\?{r

KA

ﬂ} b

RN PFTRFH AT o 4 LDL ¢ a-tocopherol 2z #c& (54) - @ L@k
Z i )ﬁa?mp’% HPrE ks s o & 1996 & Stephens % 4 7 7 ¢  (Cambridge Heart
Antioxidant Study, CHAOS)#; 11 %4 % k& 4 % E (800 mg/day) v 4w’ 17 47%
B AR e 50 £ %2000 # Yusuf 598 3 (The Heart Outvomes Prevention Evaluation,
HOPE)%2 Boaz # 3 (The Secondary Prevention with Antioxidants of Cardiovascular
disease in Endstage renal disease, SPACE) @ #rFma? 2 EA R BB ¢ A g 4 2

7 % (5557 ) e d B APT IR R AR F E Ak - o vl 3 4

Aot F E R € R Fb i A i A B o Tl do ¥ Z A andih it > T

e

5 ARt A AT AR D g (bt L FrE %%?l 2 LDL pimitdg it &2 2

!

TiEr > A EFRELDL AR E B2 P o

A0 I 4R +F 50 apoptosis g2 & R AT (Y A ALY o P e 3 S ESRAr OXLDL 1
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By = BERGIRA (G Ay PR AR R o F)pt AP i 2 apoptosis 4p B 2.
a2 ARRE PTEB F1 R RgE A kY B2 ROoF g 4] LDL # % B w5 = pF

gl ik -
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BB

§ AW Y o SF MR KR (PCA)Yfrib A 15k 554 (HSE) #3+§ i3 LDL #3!
AXPE igimie v 2 B i o FR A AR R A PRE- HURFHE G BEIFIE
e e B TR A AR H AR PCA & HSE {6 » £ 4c~ OXLDL 2 32 & {8 > 4 3 042
FE S ¥ - e e OXLDL 2 $23 “ &1 > fwre p M w22 k= Fov on
f1 oo g AR L R A HT AL se R eniTA) ¢ fE ¥_apoptosis E_F Gd R AR ihig T e
7o & F L e T d-o Bl %_apoptosis-related F-v ¥ S gEEL 1Y A e R % - AR =

e bt FEZ pd ANZ R R A S MR R AN MR L4 A R o R
B RS R R A Tk E B § 4] LDL S7slAeehE sim e 2 e

B
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R 2

XIX. 1 F33H 2 F 5
rhodamine 123, Tris-base, ethylenediamine-tetraacetic acid (EDTA), sodium hydroxide,
sodium chloride, cupper sulfate, HEPES, EGTA, KCI, DTT, leupeptin, PMSF, sodium
orthovanadate, Vitamin E, luminol, lucigenin 'z pp % E Sigma Chemical Co. ; RPMI
1640, Trypsin, Penicillin-Streptomycin mixed antibiotics, L-Glutamine, phosphate buffer

solution (PBS)# ptp # B Gibco Co.; Oilred 2 Hematoxylin B p & 7 i & & 4% 3¢
€ Ad o

XX. LDL s B~

2

g e LA

XXI. OxLDL 2_ %] &%

\ o

3 i

—n\:y

XXII. fw¥e 32 %

% = A o

—n\:y

XXIII. % 8 %553d 3% 142 B) 2_ (mitochondrial membrane potential determination)
B mre PR ARG R - AT A e X PO B T R AEAE 5 495 ¥ 4 mitochondrial
membrane potential BL% » & 9 Z%#: 2 rhodamine 123 /% 7 (7% kT Z AW T =2 %
Lo MM E R G wre T (apoptosis) {8 A A R oo # ROk AR D
pre-apoptotic 2 anti-apoptosis #p B e— & F-o Fcd k> Flptok T 2 g -
& % apoptosis & # B ¢ £ & chdpikof & 2 2 #-4x10° cell 4c » 1 uM rhodamine 123
F R 30 ~ 4878 F 4c w2 HSE & PCA~% OxLDL# % 1.5 | FFisics me > 2 3
mlPBS (7 1 % Triton X-100) iwgkim? » v 6000 g &g~ 15 & 4518 P~ 2ml 1} ik » 30K

%k B & Ex400nm/EMsisnm T B 2%k i@ (Hitachi F-2000) -
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XXIV. 30 T3z 2§
B = 300 o (e d 3 AL 0 B R-4E 3T apoptosis g (T o AT S B et o
2 e BB o # & #-imre o &0 PBS ikt 0 4~ cold-ice lysis buffer (10 mM
HEPES, pH7.9; 10 mM KCL; 0.1 mM EDTA; 0.1 mM EGTA; 1 mM DTT; 0.5 mM PMSF;
proteinase inhibitor containing 2 ug/ml leupeptin, 2 pug/ml apoptinin, 0.03 mM sodium
orthovanadate) » & *t k1 iv* 15 4~ 45 > 4 » 10% NP-40 #3171 &2 10 5 > 12 10000g,
4CHr~ 10 & &8> B~F 57 (cytosol)e iR 4 R4 4 » ice-cold nuclear extraction buffer
(20 mM HEPES, pH7.9; 400 mM NaCl; 0.1 mM EDTA; 0.1 mM EGTA; 1 mM DTT; 1 mM
PMSF; 2 ug/ml leupeptin, 2 ug/ml apoptinin, 0.03 mM sodium orthovanadate) - % *t 7k}
£ 30 ~ 4 (SEPF£AcHE LR &) £ 2 120009, 4C a4 15 » 4>~ Fik (membrane)-

XXV. v FT*&

[ S /A

i\4

XXVI. Western Blotting 4 7
B Z 304 ov Horid % dh— IR Tk AN F KT & 2 8 0 ¢ 32 MEK, ERK,
pJNK, Bcl-2 2 Bax 3 P53 -
XXVII. 22 % E g 2_
*;%# 72 i3:xp Rocheford & 4 a4 % E plaz (58) - 4cift4rT™ @
(1) 4 r2
# % 4+ en LDL (B % k& 5 100 ug protein/ml) £ 4c » % J& )k & - PCA (0.01+0.05 -
0.1-0.5~1.0 mM)zt HSE (0.01 ~0.03 ~0.05~0.1 ~0.5 mg/ml) » £ & %4 » % kR
5 10 UM z_ 2. CuSO4*t 37 CT KiF 24 | PFIS PR M (7 AL o 2 > 58 5 B
01ml &4 » 2 5mMPBS o His4e » 2ml ¢ %% 7% (alcohol : isopropanol

=05:5) 2 2mlitemieivEB ARF 1-2 24515 > 11 2000 rpm e 10 4 45 >
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Bt R BBk {600 F F eRicE € Y=o 11150 ul 273 7% (Methanol : Alcohol =1: 1)

s

ATV EREFLIT Lmfep a4 Z Emple > o PIE B wme iy = I

-r:\j,

R AL A Flime e chad FESEE M AR D L iyl 4x10" B
WP T o ¥ Al el G R E A R 3 % t6 » 12 PBS j%& 2 & » * scraper
T s (1500 rpm o 5 & 45) 12 4 f 54 PBS - Hisp2 0.1 mlz 5MPBS £ %
FOoOTURFARTIBARIABLEEFED Z23 0 Pifdpk o

(2) & @
G ST R4 ] P BRI A Tk EIE(S 0 B4 % E &% 2.2 methanol : alcohol = 1 :
1#% =+ 0,3.125, 6.25, 12.5, 25, 50, 100, 200, 400 pg/ml i {7 ] Z_- retention time %)
780G BREEHAVTEILEEAHREFIREY & o

# 4 : LiChrospher RP-18 (250x10 mm, 5um) » 4  E. Merck Co.

i

# # 4p : Acetonitrile : Methanol =85 : 15 (v/v)
s~ ik 1 ml/min, at ambient temperature

i Jp) B Hitachi D-2500 chromato-integrater UV-Vis detector (295 nm)

(3) # &
BRITEAR Y RS B A DA SR AR REREY DER -
XXVIII. g d £ enip] 2

M IR N R ML o e BRI A AR e s b e 3R 4 B2 PBS
e 2 =ie o 1 ml PBS (7 1 % Triton X-100) $=giim®e o 12 g d J4 kR T ik
(Chemiluminescence Analyzer CLA-2100, TOHOKO Electronic industrial Co. LTD) #= »
300 pl et A iz 7 100 £ # 2 & 42p) 2> % 7 4c » luminol 12 ] _hydrogen peroxide - #
R A T hE Fm 0 300 pl e A R 7 100 4 AR B eip] Fo0%E T4 ~ lucigenin

14 p) Z_superoxide o »F S = | 2 300 F) 0 F SBE 2 02 % 150 FyiE 7 A o e &
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A& Z nfe b B R B T3S AR T v $F hydrogen peroxide %2 superoxide g o
XXIX. LDL-peroxidation-relative electrophoretic mobility (REM)

2 Beckman paragon lipo gel electrophoresis system (Beckman analytic, Milan, Italy) i& =
T e SRS Z A SRS B A A Sl iF R A o 100V i F 30 A 4smfs 0 1Y
Feop F e b A4S i B Y 4F L d 5 dEo B ImE WM o0k T A S L band
# o e (electrophoretic mobility s EM) |2 LDL % i 28 » w A % i* 2. LDL 22 EM
510

XXX. TBARS assay
fI* Yagi * (1987) iz 42 ¥ kPl (59)  # R LDL 5 it ¢ 2 =% it $
Malondialdehyde (MDA) - - 4 =+ s MDA £ = 4~ =+ s thiobarbituric acid (TBA) § # = £ ¥
k2 5 % & # TBARS (thiobarbituric acid reactive substance) » ¢ 4= 53t e i & (Ex)

2 532 nm > #F et E (Em) 52 600 nm v g sk k g R R oo
1,1,3,3-tetramethoxypropane (TEP) %k ®w m v 28 LDL § it 28 > H =
% nmol MDA/mg protein o ‘m? FiF4e %k = 300 i JdLis » & BeB i £ A 2 e (e
PBS % 2 = 5 12 1 ml phosphate buffer, 50 mM, pH7.0 #2~) » 2~ 700 pl & # 4 » 0.2 ml
TCA[20% (W/V) ]2 0.2ml TBA[0.67% (W/V) in 0.3%NaOH] {5+t 90-957C 4 41 45 4~
& 0 FAAEERIE .

XXXI. Foam cell formation ] Z_

WRE B2 Aol % 23R4 o v g ) LDL en# kR e i 25 ug/ml o 2 & e 16

pERS 0 F "fi‘»‘; % #ht6 1 PBS if-i% 2 =t » 4 » 10% paraformaldehyde 7 2 15 4~ 45 - 3 ¥
bexoilred 24 201 ) Higexdoilred s -kied 54L& {8 - £ % hematoxylin

2% 1 g% foam cell -
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2%

XXXIL &40 757k K 42 53~ 55 1+ 4] LDL #7314 chje AT o2 B2 358
RAW 264.7 cell 5g £ jig2 rhodamine 123 {5 30 4 45 5 4v » jadd fo-k kde 584 o K
& & 4w % 0.01, 0.03, 0.05, 0.1, 0.5 mg/ml > *g T 4c » OXLDL 32 % 1.5 ] B » A& ¥ & aip)
TV F IR OXLDL ¢ # R =T 'F 27.4% (frdlie s v LDL dhlew]) o A4 ook ke
FBP AERARE R T OEET T " g (FF 4% 35 ¥ % I dose-dependent 3R
B0 BB RARAILT VBT T M enfF A4 B Bl e 100% - (B-)

XXXII. & 52 KR %t F 4] LDL %731 42t ST =2 B 55
RAW 264.7 cell 7g £ 2 rhodamine 123 {4 30 4 450 4c » RS2 ke k&R & % 5 0.01, 0.05,
0.1,0.5,1.0mM > 5g %4 » OXLDL 32 % 1.5 /] p# > B g Eeip| 2 T 7 g 3 OXLDL ¢ i¢
WER T 27.4% (34l s B3 LDL ehimn]) s R 2 F Rk Gk B ARG Rl T T
T enfrd] T 48355 0 ¥ % IR dose-dependent sIR %o Ak B R A AL T W BT (2T '

A Fr ] 5 e 104% < (R =)

XXXIV. &4 15k B 5B 5 © 3] LDL #75ldedop MM Ey 2 B F
RAW 264.7 cell @84 7=k e 5B~ 4» > kR & % % 0.01,0.03, 0.05, 0.1, 0.5 mg/ml >
BT 4e ~» OXLDL 3 % 6 ] P f P39 2 (R H Bcl-2, Bax 2 cytochrome ¢ #-v %
tod 2%V UBFMATR &2 OXLDL ehie %] » # Bel-2 sh8 T % 5 37% ~ Bax (7€ 3 4c
5 142%-~ cytochrome c 78 3 v 5 205% @ 5% 240 15K & 42 5 Bdr k B e 4c - Bel-2

HE &b 4 0 ¥ Bax 2 cytochrome ¢ e frik b b o § A TR R Bk R BB
pF o Bel-2 chg 38 3 147% ~ Bax sh& & 1 67% ~ cytochrome ¢ & R 1 %) 100% (i1
Frale)o (B#le i 73 LDL shew)(Mz=)

XXXV. R 52 KR F 4] LDL #7514 s SR 30 2 B 5

RAW 264.7 cell kg R 52 x4 0 kAR A % 5 0.01, 0.05, 0.1, 0.5, 1.0 mM » &g % 4c »
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OXLDL 2 % 6 /| P¥ » 4B~ Fv 2 {8 L% H Bcl-2, Bax 2 cytochrome ¢ 3-v e it - d %
¢ VB RAET J2 OXLDL shiew]> 2 Bel-2 chE T % 5 26% - Bax hE 4 5 116%-~
cytochrome ¢ eh& #i 4 5 214% > @ S % R W2 & folk & 73 4 > Bel-2 ch@ &b 4e 0 ¥
Bax % cytochrome c en& frik b > o 4 R 2k fhik B B % ¥ > Bel-2 eh & # 3 5 100% ~
Bax en& 51 52% ~ cytochrome ¢ sh& 7 2 107% ° (dx#]% 5 ¥ 3 LDL chew])(Rle )
XXXVI. &4 ik ke 534 3§ 4] LDL #75142 9 MAPK 30 2 258
RAW 264.7 cell @8 4 7=k e 5B~ 4» > kR # % % 0.01,0.03, 0.05, 0.1, 0.5 mg/ml >
T4 r OXLDL £ % 6 ) o B~ 3-v 2 (s %2 ERK1/2, MEK 2 JNK/p-JNK %%
Bt od BEPVUFRAY &JE OXLDL shfew) > H ERK1/2 08 & "% 2 % 51% ~ MEK
1R TE L 18% ~ p-INK & 3 4r 5 185% » @ ML F L4 K B dr 5 B4k & e 4o o
ERK 1/2 2 MEK ¢ i% b 4 > @ JNK/P-JNK e §rif g & o a4l 2ok & de 5 B4
ERBFFERK 1/2 chg 3 3 5 100% ~ MEK 78 3# 1 ) 103% ~ p-IJNK 78 5 1 9
43% - (£-41e % 7 4 LDL ehie w|) (BT )
XXXVII. & s2 xpe$t5 i 3] LDL #7542 0 MAPK 3-v 2. #2538
RAW 264.7 cell 2l 2 p fa- kB~ % 52 0.01,0.05,0.1,0.5, 1.0 mM>- g ¥ 4c ~ OxLDL
BA 6P By 2 g2 H ERK1/2, MEK 2 JNK/p-UNK 3-d chsgi o d 5% ¢ &
BB AT EI2 OXLDL s 2 ERK1/2 58 7 %% 5 41% MEK 78 T "2 67%~ p-JNK
R H b h 166% 0 @ EE R T EFLE A R 4 0 ERK 1/2 2 MEK ¢ i b 4 0 a
JINK/p-INK g rik g > o § RS2 R ek R B BF > ERK1/2 5083 3 9 100% ~ MEK
SEMI Y 9% p-INK R I 9 92% - (54l s £ 4 LDL i u])(Fl=)
XXXVIIL 724 75k k2 52~ 44§ i ) LDL #7351 42 p-P53 30 2. B
RAW 264.7 cell @iz 4! =k kde 524 > k& 4~ % 5 0.01,0.03, 0.05, 0.1, 0.5 mg/ml >
Mg~ OXLDL 32 % 6 /] pF > P~ Fov 2 (SR H p-P53 Jov et o d B & ¥ v g
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ot X &2 OXLDL ehiew] » # p-P53 en® s 4c 5 273% > @ SEF a4 15k B e X B4k
Feehdf 4 > p-P53 cnB iR brT ME o F A TSR KX PP kR BB P p-P53 B TR
4 122% o (¥4l i 7 LDL e w]) (8- )
XXXIX. & 2 Fpe$t§ 1 3) LDL #3142 5 p-P53 39 2 F 48
RAW 264.7 cell a2 jp s2 ¥ sk & A 5 % 0.01,0.05,0.1,0.5, 1.0 mM> 5§ 74 » OxLDL
6/ P i BFov 2 (SR HE p-P53 Fov chitod %P P UF R AR AI OXLDL
chew] s # p-PS3 ehE S 4 & 192% 0 @ MEF R 2R FLR R S 4o 0 p-PS3 ehE B prT RE o
FROFFIERBF M p-PS3 R T D 73% - (4541 B F LDL chimn])(B )
XL. @4 Sk k5P pity tILDL 2 Extime ¥ 2 3 E2Z P
& RAW 264.7 cell ¥ Iz ok k554 » kR A% 5 0.01, 0.03, 0.05, 0.1, 0.5

mg/ml»  t54c » OXLDL 32 % 15 /| B » fc b ¥ BB Mm% (3 Bl % im% p 24 2 E 4

=k

;¥
hEGEE Y A Wb B Sk K e Pt LDL 2 a0t 37 C A 24 /) RS 5B LDL
Pl A ERA e SR T USRI F Bt 2 EST mARLY A i
2% ERE A&0.5mg/ml e s w rple s 0 kR A B 7.51ug/mle (£ -)

XLI.. R2 7 pe¥ts A LDL 2 Exiimre ® 22 3 E2 £ 5
RAW 264.7 cell sg® i 52 A fa> )k & & W 5 0.01,0.05,0.1,0.5,1.0 mM> # i 4 » OxLDL
BA 15 F ki mer Rz mep a2 2 EZE VAR EY AR RS2
AEe~LDL 2 45 > > 37Cr % 24 pFis 53 LDL? a4 2 Epla e %Y v Uy
RFEFF ORI FEST 2PN Awed a2 FERE052 1.0 mM ey
wLp T kAR S 532 2 947 ug/mle (%)

XLIL @4 ik 3 Rt A2 Efmer? pd A2 B
& RAW 264.7 cell » @it -k ke 554 - kg~ % 5 0.01, 0.03, 0.05, 0.1, 0.5
mg/ml > f {s4c~ OXLDL £ % 15/ pF - cE TR Pz mep pd L7 & ;5 ¥t
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Pllctr gt AR HRzdpd Lo &5%%7 ¥ g4 hydrogen peroxide =gz ¢ »

‘v » OXLDL & >3 % 7 ¢ <1 hydrogen peroxide 7 & f4v &' 7 4o dd 5K E B ¥ F 5

B HA ] I % (%) 20-28%2. ) @ w2 p dhydrogen peroxide 7 & fdte B A S gAY
LkEBFRaEP AR - ¥ A superoxide R e ¢ o F 4e ~» OxLDL 78 » 2% A+

2 fm¥e 0 osuperoxide 7R ftv A e EA TREBRL P APREALIR o (£2)

XLIL R2FEe A2 Eapmied pd A2 B840

% RAW 264.7 cell » w2 i 52 ke > k&~ % 5 0.01,0.03, 0.05,0.1, 0.5 mg/ml > f £ 4c

~ OXLDL# % 15/t TR pmme SRl mep pd L3 &0 V4R ERF AR

HplTEpd A %P ¥R A hydrogen peroxide =g 2 » § 4 » OxLDL & >

% & 7 & hydrogen peroxide 7 & ftc » J S22 F ik (8 4k dr 4] 5 22-30%2 5 @ dmie )

hydrogen peroxide 3 & f4v et % 4r RS2 A faR|iX 5 £ % o ¥ *b > & superoxide g2 @ >
%4~ OXLDL /8 » 52 % AL ¢ 2 w2 ) &0 superoxide 7z € e4e 8 A 4 RS2 E e+ 5 map
BA R > W B kA2 R S2F L superoxide £ 3 L irdl 34 & o ()

XLIV. 24 Sk ke 5ptsfn £ 47 § 3] LDL 2 F4
. RAW 264.7 cell » @it # -k X B4 > kR 4~ % % 0.01, 0.03, 0.05, 0.1, 0.5
mg/ml > f {54~ OxLDL # & 15 /] FF > B~ % A 2 7 AP 2 OXLDL A e enfi-a) o &
SR P T OUFIY b B TR K R E B8 0 T LB b d] OXLDL shy Rk i AR R
= 0.5mg/ml pF > Hprglcrrcig E 3 &8 o (Fl4)

XLV. R 2 ppestss £ 47 § 3 LDL 2 B
% RAW 264.7 cell » w2 R 52k e > kR & % 5 0.01,0.05,0.1,0.5, 1.0 mM > f & 4c »
OXLDL 32 % 15 /] P> B3 & K 0 2 AR 2 OXLDL A drd|enfF2as o« 2% ¢ ¥ g 1§ 4o
o2 R ets o v ik beprd] OXLDL eng vk is > kR 5 0.5 mM pF s 7 RE-EUNE g
Frdpek o a FHER G 1.0MMEBr > Frd| e b S 88 % - (B L)
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XLVL 4 kB fsefriz 2 we? MDA z E2 5
RAW 264.7 cell rd® 84! 7=k k4o 524 > k& » % 5 0.01, 0.03, 0.05, 0.1, 0.5 mg/ml -
A4~ OXLDL 632 % 15 [ pF > A NBE 5 A2 w PIT_ MDA chE - S5 87 72 Hhi i
Az ? T MDA 735 OXLDL Py 44353 » T A A7 dr B £ 47 o MDA 2 #&
5o fde r A KA R E B e ¢ BT g Rehn] ¢ B F 5 I MDA AR P e o
(- -)

XLVI. 2 p g % 4 %2 w2 @ MDA 7 £ 2 5
RAW 264.7 cell i@ 52 x4 > k&~ % 5 0.01,0.05,0.1,0.5,1.0 mM > £ 4 » OxLDL
% 15 ) AUBREAZ w Pl T MDA (8 o« 25T A HEE AN e oh
MDA %133 OXLDL p=4 ghshs > 2 5 &2 A7 ch2 g & 47 H MDA £ 7 > fe fte »
R pacniew? RV Raew? Bl¥ I MDA P g drd] o (Bl =)

XLVIL g4 7=k K 42 524 $5 1 4] LDL #7i¢ & foam cell formation 735 3§
RAW 264.7 cell @it 4! 1ok B 4o 524 » Jk & » % 5 0.01, 0.03, 0.05, 0.1, 0.5 mg/ml >
£ 4c~ OXLDL £ % (¢ > % % &+ OxLDL #73 % «» foam cell formation #2357 17 & g2
A TREBRFEED L > 2 EEFEAN v a3 dose-dependent I % o (B 2)

XLIX. ms2 X get§ i 3] LDL #7i¢ = foam cell formation -8 38
RAW 264.7 cell g2 25 s » )k R ~ % 5 0.01, 0.03, 0.05, 0.1, 0.5 mg/ml > £ 4 »
OxLDL & % 13 » % 7+ OXLDL #73% % 5 foam cell formation 35+ 1 & &d® h 52 F

Fats @Flecd » ¥ P MEF LR M 4@ 5 dose-dependent hIR % o (Bl 2 )
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Hig

AE- A HFT YRR P 5 AP KRB & R 2 L K OXLDL #7514
PP imre S SR TR A )RR RE BEFRAEE N > AP ER
T %5 OXLDL pF > fwfe € HF 3 FH7> = > LR A E 42 7 e T ¥ P RW
Wb ihded x g N2 w4 %1 o & proapoptotic proteins ¢ o 2 i 5 3] Bax v f gt g H 4
i Kockx f A $gde fRafi o fl it s ¥ LR T E vgllmbe 5+ = BF > 47 IR0 Bax 8 4v 2 -
R (26) minfAM A F AR R e P BLET] o ¥ ¢t & antiapoptotic proteins ¢ s i
% Bel-2 306 chd ¢ g8 1 i Kockx A § ¢ chld % — Koo o & SEds P o AT (b padi @
BRI Ervmie = o 7@ BRI Bel-2 3¢ o ¥ ¢ &k e antiapoptotic proteins ¢ >
Bel-X fwst F A Jp " ek ¢ 2 g 487§ o Periman 45 &) Bl-X % &0 4 ¥ &4 ¢ (60) -
Pollman p] &_r2 antisense probe i+ Bcl-X o mRNA» Bla § ¢ #27 2 f ik s e sl (61) o
FoobA Py R MAPK ¢ di-  3ed hd & 5 &4 i B 4 chinged i side MEK 2
ERK1/2 3-¢ > ¥ g4 » OXLDL 16 » H AR EP BT "% > &0 de » 24 TR B 3
PR QKRR A VRERERI G B o ¥ AT F RS S EFET o MAPK F-d
P AR EERR] INK R0 Bift it » @85 R LR REE e A~ 2 - - P53
B o d ¢ b ki A L B4 AR E 5 > P53 kP2 4 antiproliferation 2
proapoptosis 14 ¢ (62-64) o - & w2 B4 (Cellular stress)™ > 4o DNA i ~ 4% 5 &
oAl Ry B € R P53E M @ A e PE3 g B 1 (1) BT - 2 Fv o 4o p21 VAT
2 Bax; (2) #r4l4e IGF-Il 2 bcl-2 A Flenid i 5 () E &% helicases % caspases 7
protein-protein interaction % i¥* 12:if 3| antiproliferation 2 proapoptosis imre 4 32 iF %
(63,64) - ¥ ¢t 2 P53 fiIF - 3% P73 4w P63 3-v = *Wt’? 7L H_proapoptotic proteins - @

bed Y TR o ABRHRA ST Y S ARF IR P53 Fv £ AT A- AR R =
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1%

fmre ¥ o S B R A AP %Y TELE D § OXLDL 3 & E rimre pF € ¢ P53 F-v
AR Ao Ao 2 A R KR ER S N RDFRS AR B AR BT R o d Bt
FRTHP O A VR PG AT e BB S E PR T A RREBEARAR
s R G0 RA KA REPF A RIERE Tl R by hE A Tl
doRz = eni®d o L HIEA AR CRend R IEH A AR M LR oo

Py g (VI S ARSR G AR KA p I B L ehE & F]F (65-68) % in vivo
Yo FWpd RERAEF > L fJ\v‘ 9 OXLDL A% 3 » @ ¥ $ iRk pady 4%+ (49); @ fin
vitro e B ? & FIRF RS TEarg A anp d A o » TR G B - B HF L IEY R
O FF e > F R FHEAF B SRR A sk F A (B0)e pod
AAORRE T BB F A FF L0 M R B R RS JRE W PASFAS
(69) o Blde b £ BT § FALY F AL (LT 2 ABRRH) 2 AL S F g
o BRFIT i A ¢S R €28 § cop d A ri4eid LDL g v (70-72) 0 Ft o Y
g hpd ARBAIPTIEP L PRFIIRAZE cFF I TN e - L
fr4- flavonoid # isoflavones % £ § itk f d ghenat it o gt 2 e B PR T A F] LR 4T
LDL & sm¥e @ chp 4 hdeg C&ldciad 2 E~ 2 % C & p-carotene & @ 4vdp 1 fifg i g it
A o AR P REY FRENTTRE RIS A RIER L) 2 RE (BAA)
PRER T MM EEY t 42 OXLDL h@ 0 FE AJRAR B e B[P F g Rimie popie
FE RS g FIP T LTSS fidng MR RS 2 N2 - F o A A Y
pPAfad FEDzEAES o

TR R T S G 0 APRAE R BRI ARE (BEA)Y cAd A (7

# hydrogen peroxide # superoxide)i’ & a4 R A e 5B & R 2R b’“ri%"ﬁ% » Ho@

~

K

F_k

<A

w4

P A ARA R R £ 82 & Bk > superoxide fiw e 2 kB ¢ T &
¢ N RIEL% T hydrogen peroxide ¥ 123 Ui 4l ik ke E B N RS2 B RLR R
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superoxide & A L LA RIS A RO AR T RAE A E Y 21T MM R

PR FenEw AR Y I & grsuperoxide ¥ it 2_F] 5 A f# R 52 & ik e3 A DMSO #r3l

ey
K
o

hoPatel 8 A B 7 % B ¥ Pbfube o ol VS PR S S TE G R M TR
Wi 4 e ERRIE T WA TRGET T 0 A R g d Reni  RE N (73) @

B AR - B AR AR S A AE RS o T Y

F_k

2003 # Moridani %3 ¢ » 4p &1 flavonoids (& 4% Taxifolin, Luteolin, Rutin, Quercetin,
Kaempferol % Fisetin) & i § 75 B £ % il @ B T chs s
A2 FIF o R R G flavonoid Mg @R G F G o B BEETIRES
Fenp eh (T4) o Flot g4 7ok ke 50 BROAR AP M TEF B g e

T S B

AIFHE IR RA LY B e R A H I A AR R R AR BEEP A
e G R kR S OXLDL fli™ g 5IACE iiim®e 7> = > @ S A i prit At 1

AR v PR (L AR o F LA TR R F B A RS T L B e ch
SRR A e fAEART A A SEH P A E2 FESRMRY § a4 P Reie poi
L BIEFIG A RATR cBEARE e AR IRIERA LiEARY F ER AT > L E SRR
ﬁgﬂﬁﬂ% TEMEmE o g Tpreiere 2 on g QL e o BAr R e F ¢ iR A 45 0n
Vitro F kit > PR aWI 2 R ErEme 2 N L lmie K R A MELERN A mir e i A
Kena (5 o PR g N - BER RN TR E R F P2 RO ERL B R R A TP

ek & o LR AR T A Y B OF R ety o
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Fig. 1. The effect of HSE on oxLDL-induced mitochondrial potent decrease in macrophage.

Cells were treated and assayed for mitochondrial potent as described in Materials and Methods. Each
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vertical bar represents mean + SD from triplicate determinations. The P value was calculated by an

unpaired t-test as compared with the control (native LDL treated group). * P<0.05.
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Fig. 2. The effect of PCA on oxLDL-induced mitochondrial potent decrease in macrophage.
Cells were treated and assayed for mitochondrial potent as described in Materials and Methods. Each
vertical bar represents mean = SD from triplicate determinations. The P value was calculated by an

unpaired t-test as compared with the control (native LDL treated group). * P<0.05.
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Fig. 3. Immunoblotting examination of the effect of HSE on oxLDL-induced the expressions of
mitochondrial proteins in macrophage. Protein lysate was obtained from macrophages and
subjected to Western blot analysis for the expressions of mitochondrial proteins. Lane 1, normal (no
treatment); lane 2, native LDL; lane 3, oxidized LDL; lane 4, 0.01 mg/ml HSE plus oxidized LDL;
lane 5, 0.03 mg/ml HSE plus oxidized LDL; lane 6, 0.05 mg/ml HSE plus oxidized LDL; lane 7, 0.1
mg/ml HSE plus oxidized LDL; lane 8, 0.5 mg/ml HSE plus oxidized LDL.
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Fig. 4. Immunoblotting examination of the effect of PCA on oxLDL-induced the
expressions of mitochondrial proteins in macrophage. Protein lysate was obtained from
macrophages and subjected to Western blot analysis for the expressions of mitochondrial proteins.
Lane 1, normal (no treatment); lane 2, native LDL; lane 3, oxidized LDL; lane 4, 0.01 mM PCA plus
oxidized LDL; lane 5, 0.05 mM PCA plus oxidized LDL; lane 6, 0.1 mM PCA plus oxidized LDL;
lane 7, 0.5 mM PCA plus oxidized LDL; lane 8, 1.0 mM PCA plus oxidized LDL.
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Fig. 5. Immunoblotting examination of the effect of HSE on oxLDL-induced the expressions of
MAPK proteins in macrophage. Protein lysate was obtained from macrophages and subjected to
Western blot analysis for the expressions of MAPK proteins. Lane 1, normal (no treatment); lane 2,
native LDL; lane 3, oxidized LDL; lane 4, 0.01 mg/ml HSE plus oxidized LDL; lane 5, 0.03 mg/ml
HSE plus oxidized LDL; lane 6, 0.05 mg/ml HSE plus oxidized LDL; lane 7, 0.1 mg/ml HSE plus
oxidized LDL; lane 8, 0.5 mg/ml HSE plus oxidized LDL.
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Fig. 6. Immunoblotting examination of the effect of PCA on oxLDL-induced the expressions of
MAPK proteins in macrophage. Protein lysate was obtained from macrophages and subjected to
Western blot analysis for the expressions of MAPK proteins. Lane 1, normal (no treatment); lane 2,
native LDL; lane 3, oxidized LDL; lane 4, 0.01 mM PCA plus oxidized LDL; lane 5, 0.05 mM PCA
plus oxidized LDL; lane 6, 0.1 mM PCA plus oxidized LDL; lane 7, 0.5 mM PCA plus oxidized LDL;
lane 8, 1.0 mM PCA plus oxidized LDL.
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Fig. 7. Inmunoblotting examination of the effect of HSE on oxLDL-induced the expression of

P53 protein in macrophage. Protein lysate was obtained from macrophages and subjected to
Western blot analysis for the expression of p-P53 protein. Lane 1, normal (no treatment); lane 2,
native LDL; lane 3, oxidized LDL; lane 4, 0.01 mg/ml HSE plus oxidized LDL; lane 5, 0.03 mg/ml
HSE plus oxidized LDL; lane 6, 0.05 mg/ml HSE plus oxidized LDL; lane 7, 0.1 mg/ml HSE plus
oxidized LDL; lane 8, 0.5 mg/ml HSE plus oxidized LDL.
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Fig. 8. Inmunoblotting examination of the effect of PCA on oxLDL-induced the expression of
P53 protein in macrophage. Protein lysate was obtained from macrophages and subjected to
Western blot analysis for the expression of p-P53 protein. Lane 1, normal (no treatment); lane 2,
native LDL; lane 3, oxidized LDL; lane 4, 0.01 mM PCA plus oxidized LDL; lane 5, 0.05 mM PCA
plus oxidized LDL; lane 6, 0.1 mM PCA plus oxidized LDL; lane 7, 0.5 mM PCA plus oxidized LDL;
lane 8, 1.0 mM PCA plus oxidized LDL.
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Fig. 9. The oxidation level of oxLDL in the media of HSE and oxLDL cotreated macrophage.
Media was obtained from macrophage culture and subjected to lipogel electrophoresis analysis for
the oxidation level of oxLDL. Lane 1, normal (no treatment); lane 2, native LDL; lane 3, oxidized
LDL; lane 4, 0.01 mg/ml HSE plus oxidized LDL; lane 5, 0.03 mg/ml HSE plus oxidized LDL; lane
6, 0.05 mg/ml HSE plus oxidized LDL; lane 7, 0.1 mg/ml HSE plus oxidized LDL; lane 8, 0.5 mg/ml
HSE plus oxidized LDL.
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Fig. 10. The oxidation level of oxLDL in the media of PCA and oxLDL cotreated macrophage.

Media was obtained from macrophage culture and subjected to lipogel electrophoresis analysis for

the oxidation level of oxLDL. Lane 1, normal (no treatment); lane 2, native LDL; lane 3, oxidized
LDL; lane 4, 0.01 mM PCA plus oxidized LDL; lane 5, 0.05 mM PCA plus oxidized LDL; lane 6,
0.1 mM PCA plus oxidized LDL; lane 7, 0.5 mM PCA plus oxidized LDL; lane 8, 1.0 mM PCA plus

oxidized LDL.
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Fig. 11. Effects of HSE on OxLDL-induced lipid peroxidation in the macrophage culture and
the media. The samples were obtained from macrophage culture and assayed for lipid peroxidation
(MDA). Each vertical bar represents mean + SD from triplicate determinations. The P value was

calculated by an unpaired t-test as compared with the control (native LDL treated group). * P<0.05.
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Fig. 12. Effects of PCA on OxLDL-induced lipid peroxidation in the macrophage culture and
the media. The samples were obtained from macrophage culture and assayed for lipid peroxidation
(MDA). Each vertical bar represents mean + SD from triplicate determinations. The P value was

calculated by an unpaired t-test as compared with the control (native LDL treated group). * P<0.05.
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Fig. 13. The inhibitory effect of HSE on oxLDL-induced macrophage foam cell formation. The
detail of the treatments was described in Materials and Methods. A, normal (no treatment); B, native
LDL; C, oxidized LDL; D, 0.01 mg/ml HSE plus oxidized LDL; E, 0.03 mg/ml HSE plus oxidized
LDL; F, 0.05 mg/ml HSE plus oxidized LDL; G, 0.1 mg/ml HSE plus oxidized LDL; H, 0.5 mg/ml

HSE plus oxidized LDL. The arrows represent positive for foam cell.
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Fig. 14. The inhibitory effect of PCA on oxLDL-induced macrophage foam cell formation. The
detail of the treatments was described in Materials and Methods. A, normal (no treatment); B, native
LDL; C, oxidized LDL; D, 0.01 mM PCA plus oxidized LDL; E, 0.05 mM PCA plus oxidized LDL;
F, 0.1 mM PCA plus oxidaized LDL; G, 0.5 mM PCA plus oxidized LDL; H, 1.0 mM PCA plus

oxidized LDL. The arrows represent positive for foam cell.
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Fig.15. Schematic mechanisms of oxLDL-induced macrophage apoptosis.
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PCA/HSE
Fig.16. Schematic inhibitory mechanisms of HSE or PCA on oxLDL-induced macrophage apoptosis.
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No. Treatment® concentration of vitamin E (ug/ml)
HSE (mg/ml) LDL OxLDL (100ug/ml) cell lysate in tube assay
1 - - - - -
2 -- + -- -- -
3 -- -- + -- -
4 0.01 -- + -- --
5 0.03 -- + -- --
6 0.05 -- + -- --
7 0.1 -- + -- --
8 0.5 -- + 7.51 --

* Cell or LDL were co-treated with various concentrations of HSE as described in

“Materials and Methods™.
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No. Treatment® concentration of vitamin E (ug/ml)
PCA(mM) LDL OxLDL (100ug/ml) cell lysate in tube assay
1 - - - - -
2 -- + -- -- -
3 -- -- + -- -
4 0.01 -- + -- --
5 0.05 -- + -- --
6 0.1 -- + -- --
7 0.5 -- + 5.32 --
8 1.0 -- + 9.47 --

* Cell or LDL were co-treated with various concentrations of PCA as described in

“Materials and Methods™.
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No. Treatment® Inhibitory percentage of free radicals®
HSE (mg/ml) LDL OxLDL (100ug/ml) hydrogen peroxide superoxide

cell lysate media cell lysate media
1 - - - 93.7 77.4 101.5 92.2
2 - + - 97.1 88.6 105.4 93.9
3 - -- + 100 100 100 100
4 0.01 - + 100.3 80.3 91.4 100
5 0.03 - + 108.5 721 105.7 91.3
6 0.05 -- + 99.1 78.3 109.4 99.3
7 0.1 - + 97.4 78.2 110.2 99.1
8 0.5 - + 97.5 79.2 101.7 100.4

 Cells were co-treated with various concentrations of HSE as described in “Materials and Methods”.

® All data compared with oxLDL as 100%.
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No. Treatment® Inhibitory percentage of free radicals®
PCA (mM) LDL OxLDL (100ug/ml) hydrogen peroxide superoxide

cell lysate media cell lysate media
1 - - - 93.7 77.4 101.5 92.2
2 - + - 97.1 88.6 105.4 93.9
3 - -- + 100 100 100 100
4 0.01 - + 100.3 70.6 99.5 93.1
5 0.05 - + 108.5 74.7 100.2 94.2
6 0.1 -- + 94.9 75.4 99.2 94.3
7 0.5 - + 91.0 71.0 100.9 84.89
8 1.0 - + 99.4 78.7 101.2 3408.7

 Cells were co-treated with various concentrations of PCA as described in “Materials and Methods”.

® All data compared with native LDL as 100%.
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Atherosclerotic plagues
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Execution Phase
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R fipidy
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PR lipids }
Major cell type SMC ++ SMC ++ (lipid) SMC +
Mé + (lipid) M¢ ++ (oxidized lipids++)
Pro-apoptotic Fas ™ Fas **"*4° Bax™ Fas %, Fas ligand , Bax ™
proteins Caspase 3 9
Tunel (<01 %) {<0.1%) SMC and Mg + (up to 2 %)
Normal Commitment Phase Execution Phase

Schematic representation of the commitment and execution phases of
apoptotic cell death in different stages of atherosclerotic plaque formation.

(4% A Arteriosclerosis, Thrombosis, Vascular Biolology, 18, 1519-1522, 1998)
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(4% p Free Radical Biology & Medicine, 29, 323-333, 2000)
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Structure of 1, cholesterol, and the most important oxysterols; 2,
7-hydroperoxycholesterol; 3, 7[alpha]-hydroxycholesterol; 4,
7[beta]-hydroxycholesterol; 5, 7-oxocholesterol; 6,
cholesterol-5[alphal,6[alpha]-epoxide; 7, cholesterol-5[beta],6[beta]-epoxide;
8, 4[beta]-hydroxycholesterol; 9, cholestane-3[beta],5[alpha],6[beta]-triol; 10,
24-hydroxycholesterol; 11, 25-hydroxycholesterol; 12, 27-hydroxycholesterol;
and 13, 24,25-epoxycholesterol.

(4 p Arteriosclerosis, Thrombosis, Vascular Biolology, 22, 734-742, 2002)
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Name Formula Comments

Hydrogen atom H: The simplest radical

Singlet oxygen 'AO, Producing from photosensitizing
agents and superoxide dismutase
(SOD)

Superoxide anion 0,° Producing from uncoupled electron
transport and enzyme oxidative
system

Hydrogen peroxide H,0, Producing from SOD or reduction of
superoxide

Hydroxyl radical OH A highly reactive oxygen centered
radical producing from metal ion-
catalyzed Fenton reaction
Attacks all molecules in the human
body

Alkoxyl radica! RO Formed during the breakdown of
organic peroxides

Nitric oxide NO One of the reactive nitrogen species

(RNS) formed in vivo from amino
acid L-arginine

(4% p Nutritional Toxicology, 19, 1994 2 Nutrition Review, 52, 253, 1994)
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