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Apolipoprotein  Lipoprotein Molecular Comments

mass (Da)

Apo A-1 HDL, chylomicrons 28,000 Activator of lecithin: cholesterol
acyltransferase (LCAT). Ligand
for HDL receptor.

Apo A-II HDL, chylomicrons 17,000 Structure is two identical mono-
mers joined by a disulfide bridge
Inhibitor of LCAT?

Apo A-IV Secreted with chylo- 46,000 Associated with the formation of

microns triacylglycerol rich lipoproteins.
Function unknown. Synthesized
by intestine.

Apo B-100 LDL, VLDL, IDL 550,000 Synthesized in liver. Ligand for
LDL receptor.

Apo B-48 Chylomicrons, chy- 260,000 Synthesized in intestine.

remnants

Apo C-1 VLDL, HDL, chylo- 7,600 Possible activator of LCAT.

microns

Apo C-II VLDL, HDL, chylo- 8,916 Activator of lipoprotein lipase.

microns

Apo C-III VLDL, HDL, chylo- 8,750 Several polymorphic forms de-

microns pending on content of sialic acid

ApoD Subfraction of HDL 19,300 May act as lipid transfer protein.

Apo E VLDL, HDL, chylo- 34,000 Present in excess in the B-VLDL

micron remnants

of patients with type III hyperli-
poproteinemia. The sole apopro-
tein found in HDL  of diet-
induced hypercholesterolemic
animals. Ligand for chylomicron
remnant receptor in liver and

LDL receptor.
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4 J v Y] [ I~
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% v 1 v o o o
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4 A ] % 1
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A = J )
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1 9 1 A J 1 A = =
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s A g o
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(3-hydroxy-3-methylglutaryl CoA reductase) znduda Mlnmsas19uulnmi
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v Y
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FINNMIANINOUAINUI IAANINNITNTZAY sterol regulatory element binding

. . . . J Y d! 3 [
protein (SREBP) cleavage activating protein 1 olwwaa lviges SREBP guduilede
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qannd Tuvazhszan HDL Tuidoage vzaieilosiunnizaina1n 1@ (Patsh and

Gotto, 1995)

Dietary TG
Mazcent
chiylomicran
SMALL . |
INTESTIME Lymphatics .I
Chylamicron
|
EXTRAHEPATIC |
TISSUES i
LOL .;
(Apo B-100, E) 1
tacaptor & ]

< Cholesternl v

Fatty acids MO
\ &
%

LIVER

Fally acids

] ]

Chiylemicran remnani
{apo E receptar}

Chylarmicron Glycanal
remnant

) . Metabolic .fate of 1:_l1yl¢mlcron$. tA, apolipoprotain A; B-48, apolipoprotein B-48; £, apalipoprotein G E,
apelipoprolein E; HDL, high-density lipoprotein; TG, tracylglycerol; €, cholesterol and cholesteryl ester; P, phospholipid;
HL, hepatic lipase.) Only the predominant lipids are shown,

319 2 mumuedguveslaTalunseu (Mayes, 1996)



Nascent T
vLOL

EXTRAHEPATIC
TISSUES
LDL
(Ape B-100, E)
receplor
',

Chelesteral

LIVER _ —

/ LI:.:L

{#po B-100, E) [ o 4
recoplor . \ —= . Glyzerod

x\\
EXTRAHEPATIC
TISEUES

Metabolic fate of very low density lipoproteins (VLDL) and production of low-dansity lipoproteins (LOL). (A,
apolipoprotein &; B-100, apolipoprotein B-100; ©, apolipoprotein C; E, apolipoprotein E; HOL, high-density lipoprotain;
TG, triacylglyceral; IDL, intermediate-densily lipoprotein; C, cholesterol and cholesteryl ester; P, phospholipid.) Only the
predeminant ligids are shown. It is possible that some DL is also metabolized via the chylomicron remnant (apo E) re-
ceplor,

Final destrucion in
liver, axtrahepatic
tissues fag. fpmpho-
aptes, fibroblasts)
vid ardocyloss

517 3 WuNDeATUYEI VLDL 11az LDL (Mayes, 1996)
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Figure 27-6. Metabolism of high-densily lipepretein (HDL). [LCAT, lecithin:cholesterol acyltransferase; ©. cholesterol;
CE. cholesteryl ester; PL, phosphalipid; FFA, frae fatty acids; A-l, apoprotein A-l.) The figure illusirates the role of the
three enzymes hepatic lipase, LCAT, and lipoprotein lipase in the postulated HOL cycla for the transpen of chalesterol
from the tissues 1o the liver. HOL;, HDL;—see Table 27-2. In addition to triacylglycerol, hepatic lipase hydralyzes phos-
pholipid an the surface of HDL,, releasing cholesterol for uptake into the liver, allowing formation of smaller and more
dense HDL; Hepatic lipase aclivity is increased by androgens and decreased by estrogens, which may account for
higher concentrations of plasma HDL, in womean.

JU7 4 wuMUeAFUYEI HDL (Mayes, 1996)
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1.2 M3NANTBIATHYDY LDL AUNIZHAdAaaauatT 62

'
1 JAaAA [

ufinswsumuuudah gifisedu Lo ludeage Slemaianisvaen
@eauaadsdnilosninnsazauvesnemdmeseafimiiasaben mﬂﬂﬂwé’ﬁﬁ
LDL 'e)sjﬂmzﬁnﬁw (Kannel et al., 1961 814108 Libby et al., 2000) HONING WA
FeveainInenmans 2 ngy Ao Daniel Steinberg TUAME (1989) FIWUT LDL 7
Qﬂf)’é]ﬂ?]f”lﬂﬁ"ﬁWﬁﬂﬂi%éjuﬁ?l%U (scavenger receptor) U macrophage THndunau
18 (Steinbrecher et al., 1984 8141a8 Chisolm and Steinberg, 2000) 448 Guy Chisolm
funaiz (1991) Famui e LDL gnoond lad lasouyadaszamnsaiatosad
o Tafiden nazsadnduniioGouluvaoanaase|dd (Morel er al., 1984 $19Tag
Chisolm and Steinberg, 2000) Wuniludnddaniligmssunulunareini
Twana LDL fifasuudasliiifesningneendlad duaumandnveamsnlaen
129913 9 UPIHADALADA AADAIUMITATANYDY foam cell dUNAIETIU
atherosclerotic plaque Qﬂﬁumamﬁaﬂﬂmuﬁq A (Chisolm and Steinberg, 2000)
2NM3A LDL annsounsndamugesinssuasadionlafidonveutey
wﬁ’waamﬁam'?u“luqa (tunica intima) @8 e ldUnamelugesinednedd
oo ufing17 (sub-endothelial space) 3 LDL vwdudn llazauog
(Montgomery et al., 1996) §ari lunsdififinemmnesealuzilves LDL Usinaga
oglunszumann lidnzimannanuialndvesnssy LDL Wuwad edrusu
N9l familial hypercholesterolemia éﬁﬁﬁ?%ﬂ LDL Uuﬁawaﬁﬁmﬂmﬂﬁ (Hobbs
et al., 1992) t1ag familial defective apo B-100 9 LDL finnuiiailnd iifesain apo
B-100 13/idumusF Uy LDL receptor (Borén et al., 1998) Hudu w3o 1os0niu
Usgmuemsiiineasmeseanieluiuand (saturated fan) JutSiasmndiy
15281 (McNamara, 2000) 923 Tomany LDL 7ol intima 1nn3nalnd diodhin
11d7 LDL mfi"lﬁy%:zgﬂﬁﬂgﬁuaéiuﬁwqggwmaq proteoglycan n1eluntisviaondon
Tagordonisdunuszniedszguinuunsaozdluladu (ysyl residue) uag
GRECITY (argininyl residue) Y93 Apo B-100 ﬁ‘U‘]Ji%ﬂﬁ‘U‘*ll’eN glycosaminoglycans ﬁ

iWlueAilsznouves proteoglycan (Camejo et al., 1998) LDL Wazauogi aontny
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a 7 a o 1 . . £ 3|
Qﬂ’é)f]ﬂ"lfulﬂﬁ' Tﬂﬁl’dﬁ@@ﬂcﬂﬂﬁiuﬂqu “reactive oxygen species (ROS)” %491911U
H,0, (hydrogen peroxide), HOCI (hypochlorite) W30 augaﬁaizdw 9 1B 0,

. . . =) . . 3 Yy A a Aa 1
(superoxide anion radical) 138 OH' (hydroxyl radical) WuaU NNAINNINTTUA d
J @ A 1 IS J A A J v g =
"umwaamﬂgluwmwaamaaﬂ UliJ’JTi]%LTJHL“KﬁﬁL@UIﬂWLﬂEHJ AN TUIUBDLITYY
) A =] A 3 a I 9
VOINUINADALADA LIFAAUNALADAVNINNBUA macrophage LIAE lymphocyte L‘]J‘L!@u
Y
A v A ' J
(Leake, 1998) wonanil &alisrearudnon L 15-lipooxygenase (Yla-Herttuala
et al., 1990 919198 Witztum and Steinberg, 1991) t1ag myeloperoxidase (Heinecke,
1999 8191Ag Libby et al, 2000) fnunely intima ©19MeIVRINUMINTZAU
9 ]
pondatu LDL ameluiiiotonina1nale
[ Y F
N5ZUIUNTODNFIATUVDI LDL ﬂlﬂﬂﬁuﬂ”lﬂslu‘ﬂa@ﬂlﬁﬂﬂﬁu L%Tiﬁn”llﬂﬂi]”lﬂ
a Y 1 o 1A o . A d
ysnuiuszgluTuanavensa luiiulududs (polyunsaturated fatty acid) iy
4 3 =~ 4 J = 4
aﬂﬂﬂizﬂamjmmllﬁiﬂmclf’e)”l'iﬂ ADIATINDIDADALNDT Llﬂ$1/‘|ﬂﬁ1/‘lﬂﬂﬁ!“lf@llﬁﬂ
a J aaa .. . . & Ao 3|
moeluluana LDL gnoond lad Iagifn5e1 “lipid peroxidation” delanymziilu
aaa ' . . 4 o 3 a {
Un3e1gnTla (chain reaction) tilosniniiainaruilueyyaddsziozneeuaa

Aag @ dl ~ 1 Y A [ a' o a' Aaaa A
glanaseunINnsa luiiudu q feglnames aoritesnuliises q Taslulfnsensy
9 Y] 1 Y] a 4 d! [y (R~ c!'
Au Wuszguedluanansa lviuszgneend ladeinas Ros Feda luidluiingu
[ IKY) o . . o Y = [ ]
u¥aluilagafu (Chisolm and Steinberg, 2000) i1 lvigaydseyya hydrogen (H )
a  d [ ] 8 o 4 ] ]
T Rentlueuya lipid alkyl (L)) deazlimsdsunlasulnssadnlnilieglugl
. . A = A d? aaa 1 £ a dgl '
YD conjugated diene NUANMEDoTINNIY TUPTe90 9 IFILNATUDE19TIA
< J y A a 4 v a a
5azAnIted 81505201 conjugated diene MAAIU 125U TuANAOONFIUDHTE
= & o 2% a 7
(0,) 11111 wlaswiueyya lipid peroxyl (LOO") Fuiluasoons ladn laun oz
adg o A { S .. .
liasoianasouainTuanansa luiiudu q feglndifes 1aillu lipid hydroperoxide
(LOOH) #ulnAneudiuades uaniely intima &0 Fe' waz Cu’ ogade
Y
(Kritharides et al., 1995 819108 Abuja ez al., 1999) e151U5znoviivzaaedne 1114

Wuesidsznoudad ladans ] (aldehydes) 1514 malondialdehyde (MDA), 4-

hydroxynonenal {18 hexanal udu (Leake, 1998) ﬁmmﬂu;ﬂﬁ 5
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wennnmMsasuutlasvesnsaluiudennanuwas 115 Apo B-100

D.

' I a v . a J
VNAIUANAMIUANHD  (fragmentation) 1#oM18A0 vz LDL gnoond lad
) . = o Ay ¢
(Fong et al., 1987 ©141A8 Steinberg e al., 1989) WoNMINH d151l5zNOUDAA |a@
' A g a a o v o Y A ' . o ' a
AN 9 MdlumanannInmsendinsu vy Judusonas (cross-link) fnyozii Tu
~ J 09/} A @ 1 @
(€-NH, group) ¥4 laduuumiemil Indues Apo B-100 nefiuaniinuas luuanin
a g (% ~ o A W ' =
malua1sdsznou Schiff’s base awaaslugdd 5 MldTUsAuasnaniidszy
. 3 ) A a 7 Ao
UINAAAY (Steinbrecher, 1987) 1Wuwald lutanaves LDL figneend lad Hdrau
4 g O oy gu o vad 4 (d
N (319 6) wonvnil LDL igneend laddliauauiaou q finfasuulaslal

210 LDL Un# aaraad T lua1snan 3

/\/W\ part of a polyunsaturated fatty acid

free radical o i

lipid alkyl radical NS +XH

NN\ conjugated diene alkyl radical
02
O -
i
polyunsaturated fatty acid [ LH
? H
o
lipid hydroperoxide /\/\M + L

Fe?* or Cu* \i
o .
lipid alkoxyl radical /\/\/\/\ + OH- + Fe3* or Cu?*

l B-scission
-0

o
AN NN o AUTE s AN

lysyl residue of apo B-100 — ]‘“‘]3+ i

o
N\
N\

lipid peroxyl radical

=N-

~N=C C
Schiff base NN o« A +H,0+H*

Y
U

319 5 FunoUVD4 lipid peroxidation 11 Tutana LDL (Leake, 1998)
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1989)
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- Increased rate uptake and degradation through the acetyl LDL or "scavenger "

receptor, leading to foam-cell formation
- Reduced rate of uptake through the LDL receptor
- Increased negative charge
- Increased density (to as high as 1.07 or 1.08)

- Increased lysolecithin content

- Decreased content of polyunsaturated fatty acid because of oxidation

- Increased content of oxidized forms of cholesterol

- Fragmentation of apoprotein B-100; decreased histidine, lysine, and proline content

- Chemotactic activity for circulating human monocytes

- Cytotoxicity (in absence of serum)

Native LDL, Oxidized L.DL.

Phospholipids
Phosphatidylcholine
Sphingomyelin Apo B-100

Metal ion : Fe, Cu?*

Endothelial ceils

Vascular smgoth-
muscle cells COOH
Macrophages

Lipophilic 1§, )
antioxidants LDL receptor fragments

binding domain

Schematic representation of the conversion of native LDL to oxidized LDL
and the accompanying physicochemical changes that occur.  Indeed, oxidized LDL
exerted a myriad of effects that would be atherogenic if they occurred in vive, the
major of which were not duplicated by native, vnoxidized LDL-

u

16 nlSeuiendnyme LDL 1Und fu LDL igneand lad (Cox and Cohen, 1996)
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d' d' a dg} o 9 1 Y o o (% v o
namsasuudasinaty 119 Apo B-100 Tiawnsatndusumneiuaisy
9 @ 09}/ ~ a J J dy 1 o 9 J < a
LDL la @uiu LDL #igneond ladmariiaz hignsudiaas naredluduan
A Y o w & Y & A
aounsemenosmiang Tﬂﬂqﬂﬂizﬂu macrophage YNNUIVIN monocyte Tu
Y ] 4
ATLUADDA HATINNDITBTUNAN (media) VBINIIVADADDA (Aqel ef al,, 1984
9 . 9 [ A A 1 v o dl
01918 Steinberg et al., 1989 ) THIVNAUNY HIUNNAIS (scavenger receptor) N
ﬁWﬁﬂJu 2 %1ia Ao CD 36 (Endemann et al., 1993) 1tas SR-A (Freeman et al., 1991)
a 1 { 1 a 4
ABIATINGIPAD AT LA IUN JaInMsdaseond lad LDL 7elu macrophage 92
[ A 1 = 1 Aa 4 Y
ﬂ@ﬂQﬂﬁgllﬁlﬁﬂﬂWTU‘VI"NIﬂﬁG]UGUUﬁQ‘VIN'Jl“Kaa “ABC-1 transporter” HagYn HDL
sundunuly Taenszuiums reverse cholesterol transport (Remaley et al., 1999)
' A A & [ J I 3} o
ﬂamﬁmaiaamu‘wmaamﬂﬁauiwmagiugﬂmﬁmm %ﬂmmﬂu‘mﬂumuﬁzﬁn
1 o [~ 5 1 4 H
agneluly Inwaradu $11% macrophage nanean iy foam cell &< lindoudn
a |z=; 9 ) A d' [y 9 A a é’
!!a3LﬂTZGIQEJEJVIGIIWQIHWUQW@@@LQ@W (2‘]_]1/] 7) immmumn%ﬁzﬁmwmﬂimmmu
d‘ I dy %] = Y t:i' [ dy d‘ a ::;
1398 9 ﬂaWlef]Jul]u‘ﬁu"lﬂqﬂ@]uwa@ﬂlﬁ@ﬂllﬂiuWQ'ﬂ UANTTUNNIUBDLYDINYIN
o & o 1 a J { @ a .
A aiuayud oond lad LDL Mea903iumsIina atherosclerotic plaque 16
1 9 [l
UN WANITNAADIVDN Palinski tiazAle (1989) G?Qé@ﬂﬁlﬁ@iﬁ@ﬂﬁﬂﬁ!@?ﬂ d VDINY
9 A v 1 [ 4 ::i'ci v
amluriaoaidoaraly (aorta) ¥oINTTAIW@1OWUE Watanabe N3 luiulu
4 ) [ Y Aa J
NITUAADAGUN0I9INVIATUA 1T VAT 19AISY LDL VUAIYAd (Watanabe
heritable hyperlipidemic rabbit) Tagodamain immunostaining 9y LDL ﬁgﬂ
Aa J I o a . 1 3 1
pong ladtudiuiumnmmiz luusie atherosclerotic plaque MUY LASADU
o A J v A ’a a d?l aaa ..
aunsoanaeendlad LDL wazd1sdsznoudad laannaduainilgnsen lipid
Y ] 4
peroxidation POANINIIBIEOUTIIY atherosclerotic plaque niluauuazlunseane
Y o . & A v v o
Ulmﬂummumﬂ (Yla-Herttuala et al., 1989) ﬁ]TﬂVN‘W?Jﬂ‘VIﬂﬂTJiﬂLm’JLlﬁﬂﬁGlWLWu

' a a o 1< o o o !
N MImnaeendatuves LDL melunasadon iuawiadagiildgane

g U

A I~ [ ogj = [ A % ) Y
NADALADALIANLLUNA ) ﬂQuuu’e']ﬂmuE)inﬂmﬁuﬂizmummiwuhlﬂlmumum
9

9

a 9 a @ 2 A v o @ A ]
miauamimqmmwmamimu’eaﬂmﬂ%u%’m‘ﬂumamuﬂum"lﬂclwumzum ¥

Poerun11za9na1 1A (Parthasayathy ef al., 1999a)
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© Fatly streak
DL & 0% Monocyte y
& @@ A a Adhesioa
EC @
o

P @ ot .

%W‘@” ) |
‘{(@ +\D\iffcﬂ:ntiulioi1
,/ —b

Y e
O%HON. . ‘.’. \ oo Modified LDL vptake 0
“Tr apped” - PROTEIN - -'.' -~ .7
1LDL MM-LD1, MODIFICATION 0;_LDL ROS Macrophage
IEL
SMC

Formation of the fatty streak. LDL is oxidized to MM-LDL, which
stimulates the formation of monocyte binding molecules (X-LAM}, MCP-1, and
 MCSF. These causcs eatrv and maturation of monocytes, which then further oxidize
LDL and form foam cells.

9
Y

3 17 7 TUADUMITINA atherosclerotic plaque (Berliner and Heinecke, 1996)

1.3 a19MUeNBIAY UV LDL

1 4
ﬁ?iﬁllﬁﬂﬂﬂﬁ?%ﬁWh?iﬂ@@ﬁ?U W30 JUSIMsINABONTIATUYEY LDL N

u

4 1

AURUNATIA #9d108197590594 13 TR Parthasarathy uagame (1999a)

9
ddwd

a5 4 ansmariiianiy od Tun ety oulsl esdunszriaze aaoa
WANTARANNTTINIR Taommzansaiannia dn wazwa'ld Faiuiueldiy
anwe latuauion I Lﬁmmﬂﬂmmmmﬁmmmﬁﬂﬁu’gj‘ﬁiﬁwﬁ (back to
the nature) uazmm?iuﬁﬂumﬁ@uaqelm1w¢1umwmﬂiw1ﬂiﬁ’ﬂaﬂ
(Parthasarathy e al., 1999b) ﬁqgu Tuilagiiudelsngeaumsaunumsana
mﬂﬁﬂfwatimumwﬁﬂﬁﬁt:]mﬁdﬁus%ﬂmﬁ%aﬂ«?m%umm LDL Iag ROS @AW 9
U @1TANADINK elderberry (Sambucus nigra) (Abuja et al., 1998) ATANANKA
Ltﬂﬂlﬁa (Pearson ef al., 1999) LaZ@15@NAINNA hawthorn (Crataegus sp.) (Zhang

aAan

9
et al., 2001) ewsadudlgnsereengiatuves LDL Tagoyya OH" 91013
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mitienihwes cu Tuvaes asafannluulzie (Gingko biloba) (Maitra et al.,
1995) Llaxﬁﬁﬁﬁﬂmﬂfﬁj’]mﬁﬂﬁ (Glycine max) (Kerry and Abbey, 1998) @1015D
é’ugqauy,a peroxyl 1NNITUANAIVOY a0 -azobutyramidine dihydrochloride
(AAPH) 1az@13ana1nIIn licorice (Glycyrrhiza glabra) Fedmoendiaduued
LDL Ipg ROS 910 macrophage “ﬁgﬂﬂi%ﬁé}u 149 (Aviran and Fuhrman, 1997)
dudu  asdieendiaduninsssunamani dwlvaiilaseafrudums
UsenouWuoa (phenolic compounds) u,azﬁagji‘im’gumﬂﬁ%’mﬂmmuiwﬁ?\luaa
(polyphenol) éﬂﬂi&ﬂﬂﬂﬁlﬂﬂyz aromatic hydroxyl (Ar-OH) S;]%}QLLG]' 2 mﬁu”lﬂ
Ui g) mjmﬁmdﬁ;ﬁwumﬁwﬁﬂﬂumsf‘iﬁﬂm@“aﬁﬁiwhq °] (free radical
scavenging) 1417 lnszdunsens liinalfnseoendiadu’la Tasmslieyya H
uﬁawaﬁﬁizmdnfu (Van Acker e al, 2000) @I9861%U A15aIAIINABN
Helichrysum arenarium (L.) Moench Falurlszmaganiiamminnladueiu
AnsuIigeday wazdnh@ iy ssafaiilsznoudieTnatiueasiouinn
éﬂﬁﬁﬂiﬂiﬁ!ﬂuyja H* l,!,ﬂ"e')‘lféiJua DPPH" (1, 1-diphenyl-2—picryl-hydrazyl radical)
Hagoya OH' 210 H,0, °luﬂﬁﬁ?en Fenton (Fenton’s reaction) (Czinner et al., 2000)
Fudu wonannil msszneuTndilueaiis nssadiaves ortho-dihydroxyl phenol
pdluluiana é’iqﬁmﬁaé’fugmmﬁﬂauyja on’ lulfaseriiiiouyalans
NIUFFU (transition metal) 15U Fe' waz Cu’ iiludumniioni (metal-induced lipid
peroxidation) 1A8MIINITY (chelate) AU Tanzaana1 adluaslszneusadon
(complex) 1@DnAI8 (Sanchez-Moreno er al., 2000) 8614 15Aay ANwagnly
mi%’uiammmmiﬂizﬂaﬂwﬁ?\luaa"lai”lﬁ’ﬁuﬁ’uﬁ’ﬂﬁamm{imaumqj ortho-
dihydroxyl uuammuimm?nﬁu%maua%aiammwﬁu (Morel et al., 1998)
ug pH miluiladedAnde 11NHAaNINARDIVDY Satué-Gracia LazAME (1997) WU
7 M5V Cu’ Y99 anthocyanins 2 ¥HA AD malvidin N delphinidin ‘ﬁ pH 2 13
mmamﬁwﬁu"lﬁ' Lﬁ’e)ﬂmﬂ‘ﬁii hydroxyl VUNUHIUD (B-ring) Y83 anthocyanins N,

na1 luuanda @il pH 10 wiyasnanaunsauandl larua 391y co’ 10a
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luvmsii pH 7.4 My hydroxyl mari uandaldifsanedan SehlEms oy
524714 anthocyanins Fadoaiia fu cu® Raau lianify 7 pH 10
astlszneunlaTauesdis o Alednannaesialufisiill dredsy
proanthocyanidins “lumﬁﬂag'u (Yamakoshi ef al., 1999) quercetin IUHIVION
(McAnlis et al., 1999) luteolin Tudu artichoke (Brown and Rice-Evans, 1998)
glabridin  1U51nU0WZI0N (Belinky ef al., 1998)  epicatechins }1 U382
(Chamelia sinensis) (Ishikawa et al., 1997) phloridzin Tu Wﬂll’é)‘ﬂlﬁa (Ridgway et al.,
1997) genistein 4as daidzein °lu5"amﬁm (Kapiotis et al., 1997) dudu fadluans
Twatluoangdulngjiiganniisnssusssunanimsesngnigmesndad LDL
Tuvaoanaaodlanad Taslinn IC,, (concentrations that inhibit oxidation by 50%)
Taamasedluseduniag uM (Leake, 1998) HonvNANNAMNIAMTARLYadaTS

9
o o 1

1 Yy Y
AN FINIHUYUAUSWIUNY hydroxyl TuTuanauda (Rice-Evans ef al., 1996)

v A C%

4 a o A A A AKX J 9
ﬁTiﬂigﬂaﬂwaTTju@ﬂﬂUﬂuﬂmﬁuﬂﬂGlf')fﬂfgﬁ@ﬂ15qmuLﬁf]']@TiJu@‘ﬂNlﬂuﬁWﬁ@nu

q

]
o w [

pandatudnyNwuegluluana LDL (Esterbauer ef al., 1991) Iagaoslagy
A a ‘g 1 Aaaa A % Y o I
DA o-tocopheroxyl MnaYU UszHINNT00NFIAFUYEI LDL Tvindunuily
d{ 4 a
a-tocopherol (Leake, 2001) 91nMsfAnyIgnsvesaisdszneurarliuesa 4 wila
1aun kempherol, morin, myricetin Ll quercetin AOMINADBNTATUVYDY LDL g
9 2+ 9 I~ 1 Aaa 1 @ Qs}l a @ osj
los cu”" uazly AAPH dluansnelnsen wudn msanana 4 silaauisodudans
a a Aa A 1 d' a Aaaa qgj 9y
anasvoslsuadmiudly LDL sewinimadjnserisaesnunlan Tae
. . . N . &£ g

myricetin Q& quercetin E)E]ﬂt]‘ﬂ‘ﬁulﬂﬂﬂ’ﬂ kempherol (¥ morin FUUHaNIIN
ANVUANANYDITIUIY HAZAWNUIVOINY hydroxyl TABMMIZUUIMKIUT VDI
9 Jd A :/’ QSJ} Y] 1 a v 4
TaseasaarTusgariatiu 9 sauneanuasalvesasuaazyialutives

(sodium phosphate buffer) Alinaaouaie (Zhu et al., 2000)
S Y A an A A a A
uonnniarliuseaual Gaas Inaueanguon o NNWEHAIEFia N

P

unumdusaimsnlgnsereendiatuiy LDL ved ROS 1HU 1INMIANIUO

' . A J @
Huong ttazame (1998) WU @151U52n9Y saponins MiTluosnlsenovvianvoslau

(ginseng) 2 FUA A9 Vietnamese ginseng (Panax vietnamensis) 0% Panax ginseng i
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ANUTUTY 0.05-0.5 Waansuseiadans awnsoaueendadulael Fe' A
a a A = 2+ @ < Y] 1 aaa 9 =) dy ,
AMNUE uazll Fe™ fu 1,0, iudnsalfnser 1awad uena1nil Frémont waz
AnLe (1999) MMsnaaoulTouNeUNavDl resveratrol (3, 4', 5, trihydroxy stilbene)
£ g . a £ A 4 a
Futluas phytoalexin FUAH U Anuunluiuasnesie (Belguendouz et al.,
Y] 4 a ]
1997) furanTiuess 3 ¥ila Ao catechin, epicatechin Q¥ quercetin WU
resveratrol @1UOONFIAGUYDY LDL Y (porcine LDL) lag Cu laanin
o’c?j a 1 a [ 1 1T W 4
WanTruseana 3 ¥ila  usdusendasulas AAPH 18 luaminunarliuess
1 A a dy [ 2+ Y 1 Q‘{o [ a
uaaed1 s Inadueariaiiawsndy cu’ 1da ualigniidnoyyaddss
9
1 J ~ v 1 (Y]
doonvlanTivuesd wonIINT SANTIBNUNATANANINNIT (thizome) VDI
Y [
YNUKYW  (Curcuma longa) (tumeric hydroalcoholic extract) 93 curcumin
A
. [ J @ a @ Y
(diferulomethane) 11 uIRlszROUNEN anTadiueendasulag Cu® Nelu LDL
Y9IAU (Ramirez-Tortosa et al., 1998 $191A8 Ramirez-Tortosa et al., 1999) wazlu
LDL v04n32618 (Ramirez-Tortosa ef al., 1999) taziioransanadinanuiilon
Y 1 = a AA (A év @
Tinsgamedanueisnidsnunaaamesoags (1.3% veuiminening) lu

a o a

F v
YT 1.66 Haansy waz 3.2 Taansuaen lansuuestimiingd wun nszanen 1d
FA v Y
SumsanauluFuIdeIngy izauasamnesoalunszidaonanas UenaIni
nizarwngui lasumsanalulSmud (1.66 aansy) ddiiszauneaneona
4 = L A c; 1 1 ~ " Yo [ us/} ~
we'lsa uaelasnae lsaluwaeadindn nseaen lilasuaisana soue LDL ¢
9 = 1 d' Y v (Y] a (Y] 1 v A vAa
wenlaandeanszaten ldsuasanalulTuiuainan daliquaniiagn
a J 4 . IS
20NT 1ad lag1NIUAY (Ramirez—Tortosa et al., 1999) dudu
9
dmsu msdueendinduanisluaszna Garcinia Wy dalimsnyinu
1INUN 91NI18UVON Yoshikawa tazane 1l A.8. 1994 WU A15ENALEILOA
(methanol extract) VDY Lﬂﬁ@ﬂﬁﬂﬂﬂ (Garcinia mangostana L.) #915EnouAe
4
uasuTsu §1A% 2 ¥iA AP o-mangostin N y-mangostin AWNT0IVIIOYNADAT I8
@n11 BHA (butylated hydroxyanisole) Laz3miud ilenaaeualeis ferric

thiocyanate (FTC method) Hazaou1 Williams NUAME (1995) 1@ Mangostin 41

4
= aan a % <3
nadeugniAIgAsewendnduves LDL Taold cu™ uazld AAPH fuds
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1 Aaaa 1 [ Aaaa 9 = d‘ 1 c&y
nelfnser wud1 ewnsadudalfnsemsaesnuldnad waziie livuini
A
[Y] -4 Y] Jd
Mahabusarakam asaue (2000) Ulﬁﬁﬁlﬂinﬁ@HWUﬁ@N ] UDN Mangostin U L!,é}?l
4 Y
i mageugniAueenFatusiaves LDL uazwaaun lagly Cu™ uay AAPH
] [ 1 @ 4 4
IFWAINY Williams tagame (1995) WU @130YAUTYOI Mangostin 714910
~ 1 ~ 4 ) oA ) oA
MIUNUNNY  hydroxyl NATVOUMLMUIN 3 (C) uagdumuan 4 (C,) Vo3
=1 Q‘{
Tnseardreluana A2ovy methyl, acetate, propane diol Wag nitrile UgNTAIU
Aaaa a o 1 1 @ 4 H 1
Ufn3e100nHATUA0ENT1 Mangostin UAFITOYWUSNNNY aminoethyl 1150
9 Q(y a [ 9 A d? d! d' 9 [ cy
nIzdugniAueonFadu IANuIY  Fo1une N uANNEINITaz 181U
9

[ 4 a A [ [
@150UWUT Mangostin ¥iall uenna1slseneuusuIsunnnladoninauan &

=~ 1 a 1 c!' 9 di} 9 Y
N300 uu Isuyiaaa 9 Auenldiniie 1vesdy G. subelliptica 8137159

A

dudaoyya DPPH" uag 0, lunaoanaaod|Af (Minami ef al, 1994, 1995, 1996)
v T Y
5909 ensanamsIueannly 510 uaz 1Waen VeIFUUYN (G. atroviridis) FINA
4{9/ Aaaa a % . . . [ 2+ 9 =~ T A Aa A
uaLaAIgNEA U310 FaFUVDA linoleic acid NU Fe' lanaAn11Iadud

(Mackeen et al., 2000)
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A13199 4 AIAUNFATUYDY LDL (Parthasarathy ez al., 1999a)

Group Antioxidants

Phenols Tocopherol derivatives, probucol, BHT, butylated hydroxy anisole, glabridin, quercetin, catechin, propyl
gallate, tyrosine, caffeic acid, boldine, ubiquinol, nordihydroguairetic acid, polyphenols from plant extracts,
green tea extracts, red wine extracts, licorice extracts, onion extracts

Thiols Cysteine, glutathione, S-ally cysteine, N-acetyl cystein, lipoic acid

Metal chelators

Hormones and antihormones

Vitamins
Ca'-channel blockers

Miscellaneous

Antioxidant enzymes

Synthetic antioxidants

EDTA, pyrollidine diamine thiocarbamide (PDTC), lazaroids

Estradiol, esterified estradiol, phytoestrogens, RU-486, onapristone, tamoxifen, ethinylestradiol,
iodotyrosines, thyronines, iodothyroacetic acid, thyronimetic analogs (Chomard et al., 1998)

Vitamin E, Vitamin C, caroteniods, riboflavin

Nifedipine, captoprill, carvediol

DPPD, MUFA, ebselen, spintraps, nitric oxide, selenium, statins, phenothaiazine derivatives, thaiocarbanates,
amino acids (specifically L-arginine and L-lysine), cigarette smoke extract, leuteolin-rich artichoke extracts,
uric acid, lipoxygenase inhibitors, fibrates, 3-hydroxy-3-methyl glutaryl coenzyme A (HMG CoA) reductase
inhibitors, troglitazone (Crowford et al., 1998), ticlopidine (Lapenna et al., 1998),gliclazide (Richard et al.,
2000), angelica (Xiaohong et al., 2000)

Catalase, SOD, paraoxanase, platelet activating factor-acetyl hydrolase, phosphiolipid-glutathione peroxidase

Innumerable synthetic antioxidants have been reported to inhibit the oxidation of LDL
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Y] 1 4
(triterpenoids) A0 oleanolic acid ﬂ‘]J’dﬁWﬁiJﬂQiJ’dai 9YA (steroids) Ao [-sitosterol
Y] v J a 1
N1 stigmasterol Lmzmiauwummui‘ﬁu 5 wia laun 1,7-dihydroxyxanthone,
12b—hydroxy—des-D-garcigerrin A, 1-0-methylsymphoxanthone, symphoxanthone
. 9y v 4 A
e garciniaxanthone E Taannansafanas lsvlosy (chloroform extract) Yodi1lasn
[ 4 4
SAuuzya Famenaanun @rsdszneunauTsuns 5 yiadinan ausaduds
Y [ U
MRS YALIAYOWUTD Plasmodium falciparum Niolvinalin l¥3Udu (malaria) 14
Had TasliAl IC,, 5eM319 0.96 D9 3.88 pg/ml (Likhitwitayawuid et al., 1998b)
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P
methoxy- (a¥ 1,3,6-trihydroxy—8—isoprenyl-7—methoxyxanthone FIUNI 13NN
benzophenone—xanthone dimers 1 3 sila Ao garciduols A-C LT3 uar 15 Tnal
1 v 4
dnnilewiiafe 1,3,6-trihydroxy-7-methoxyxanthone [WNAIU INAIUTINUDINZYA
Y
(Iinuma et al., 1996b) UBNINNU Ito LAZAUL (1997) uen'laesisznou depsidone
A lM1AD garcinisidone-A taziu T5u1M3Dn 6 ¥iialALA assiguxanthone-A, -B,
dulxanthone-A, -B, -C, -D tazasUsenou pyranoxanthones v 4 wia Ao
Y
latisxanthone-A, -B, -C 1as -D 9 NN xanthone, benzophenone, chromone LY
v 1 v A Y
OUNWUD biflavonones AN €] NTTANALDTIUDA (ethanol extract) voulasnniu

VWA Laza1ga Kosela tazame (1999; 2000) dunsouenaisisn I1susiialuine
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14 a
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	ApolipoproteinLipoproteinMolecular Comments
	mass (Da)



	Apo A-IHDL, chylomicrons28,000Activator of lecithin: cholesterol
	acyltransferase (LCAT). Ligand
	Apo A-IIHDL, chylomicrons17,000Structure is two identical mono-
	Apo A-IVSecreted with chylo-46,000Associated with the formation of
	Apo B-100LDL, VLDL, IDL550,000Synthesized in liver. Ligand for
	Apo B-48Chylomicrons, chy-260,000Synthesized in intestine.
	Apo C-IVLDL, HDL, chylo-7,600Possible activator of  LCAT.
	Apo C-IIVLDL, HDL, chylo-8,916Activator of lipoprotein lipase.
	Apo C-IIIVLDL, HDL, chylo-8,750Several polymorphic forms de-
	µÒÃÒ§·Õè 2 ¢¹Ò´ áÅÐÊèÇ¹»ÃÐ¡Íº¢Í§�
	¤ÇÒÁË¹Òá¹è¹ \(g/ml\)\(0.940.94-1.0061.0
	¢¹Ò´ \(?\)750-10,000300-800205-22075-100
	àÊé¹¼èÒÈÙ¹Âì¡ÅÒ§ \(nm\)120-110030-701
	ËÁÒÂàËµØ  % ËÁÒÂ¶Ö§ ¤èÒà»ÍÃìà«¹µ�
	1.1.3àÁá·ºÍÅÔ«ÖÁ¢Í§äÅâ»â»ÃµÕ¹
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	PhenolsTocopherol derivatives, probucol, BHT, butylated hydroxy anisole, glabridin, quercetin, catechin, propyl gallate, tyrosine, caffeic acid, boldine, ubiquinol, nordihydroguairetic acid, polyphenols from plant extracts, green tea extracts, red wine e
	ThiolsCysteine, glutathione, S-ally cysteine, N-acetyl cystein, lipoic acid
	Metal chelatorsEDTA, pyrollidine diamine thiocarbamide (PDTC), lazaroids
	
	ÃÙ»·Õè 9 ÅÑ¡É³Ð·ÑèÇä»¢Í§µé¹ ãº á�

	ÇÑµ¶Ø»ÃÐÊ§¤ì


