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Abstract

The flavonoids are one of the most numberous and widespread groups of natural constituents. The low
molecular weight of benzo-Y-pyrone derivatives are ubiquitous in plants and are vegetables, nuts, seeds,
leaves, flowers, and bark. The flavonoids constitute of a large class of compounds, ubiquitous in plants,
containing a number of phenolic hydroxyl groups attached to ring structures, conferring the antioxidant
activity. Epidemiologic studies suggest that the dietary intake of antioxidants constitutes a risk factor
for vascular disease, indicating that oxidation may be important in the pathogenesis of human athero-
sclerosis. Elevated plasma low density lipoprotein (LDL) cholesterol concentration are associated with
accelerated atherosclerosis, LDL is oxidized by smooth muscle cells, resulting in several chemicals and
physical changes of LDL. Oxidized LDL is responsible for cholesterol loading of macrophages, foam cells
formation and atherogenesis. There have been insulficient tests of the protective effects of flavonoids
against LDL oxidation to make definitive statements about their structure activity relationships. How-
ever, hydroxylation of the flavone nucleas can appears to be advantageous because polyhydroxylated
aglycone flavonoids are potent inhibitor of LDL modification. This identification may lead to new and
more effective antioxidant strategies for abrogating the atherosclerotic process, the leading cause of
death and disability in industrialized societies.

Key words : flavonoid, antioxidants, low density lipoprotein.

M 2 flavones, flavanones, flavanols, anthocyanidin-
s, isoflavones, dihydroflavonols 2 chalcones %
Zaty ol =(flavonoid) & A|EAY da X g2 /71 Aok (Fig. 1).
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Fig. 1. The structures of the major classes of
flavonoids.
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Table 1. Some dietary sources of flavonoids

Flavonoid Dietary sources
Flavanol
Epicatechin
Catechin Green and black teas
Epigallocatechin red wine
Epicatechin
gallate
Epigallocatechin
gallate
Flavanone
Naringin peel of citrus fruits
Taxifolin citrus fruits
Flavanol
Kaempferol endive, leek, broccoli, radish,
grapefruit, black tea
Quercetin onion, lettuce, broccoli, cran-
berry, apple skin, berries, ol-
ive, tea red wine
Myricetin cranberry, grapes, red wine
Flavone
Chrysin fruit skin
Apigenin celery, parsley
Anthocyanidins
Malvidin red grapes, red wine
Cyanidin cherry, raspberry, strawberry,
grapes
Apigenidin coloured fruit and peels

Phenyl propanoids

Ferulic acid wheat, corn, rice, tomatoes,

spinach, cabbage, asparagus

white grapes, white wine, oliv-

es olive oil, spinach, cabbage

aspatagus, coffee

p-Coumaric acid white grapes, white wine, tom-
atoes, spinach, cabbage, as-
paragus

Chlorogenic acid apples, pears, cherries, plums,
peaches, apricots, blueberries,
tomatoes

Caffeic acid
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EZgRol= &£ flavonols3]& 7} catechin,
catechin gallate, quercetin, kaempferol @ 1
glycosidese S8, =3}, 3} 2 AEE o) @

o] E¢f Ut} (Table 1)
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Fig. 2. Pathway of the metabolism of(+)—ca-
techin in man. ---> metabolites arising from cleav-
age of the catechin rings and excreted in urine;
—> metabolites excreted in urine within 0~6hr
after administration of (4) —catechin: = metabol-
ites excreted in faces.
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Table 2. Lipid compostition of human LDL
LDL protein LDL

Components (mean+SD, {(mean+SD,
nmol /mg) mol /mol)
Total phospholipids 1300227 700+122
Phosphatidylcholine 818+143 45078
Lysophosphatidylcholine 145425 80+14
Sphingomyelin 33659 185+32
Total fatty acids 4800 2700
Linoleic acid 2000+541  1100+298
Palmitic acid 1260+375 693206
Palmitoleic acid 8044 4+
Stearic acid 260+118 143+65
Oleic acid 825+298 454+164
Arachidonic acid 2781100 153+55
Docosahexaenoic acid 53+31 29+17

Free fatty acids 48 26

Triglycerides 304 £140 170+78
Free cholesterol 1130+82 600+44
Cholesteryl ester 2960220 1600x119

Total cholesterol 4090 2200
Conjugated dienes Not detectable -




Vol. 12, No. 3(1999)

LDLe 52 5% 9 ez 73L& 19~
nm AEoln Bxtgre 1.8x10°~ 2.8x10° ¥ $o]
t}. 28y So)g LDLE +2% 1,600 Fx=o] &4
S 2HE 229 1708 49 EZA
g AU 25x10AE7} He Ag 43 &
A 4 A= At

LDLe] &4 F4HRE Fide 60089 #e
Zg A& A}, phosphatidylcholineg 353t
70089 <IxFe BAe] ©FoF Ho| ot
LDL ¢i=}¢] i u]-&-2 ¥ apolipoprotein
B-100(apo B)e] o™ Apo B <F 4500 kDa2)
ohuliate Fhgdhes we Aotk Al oA
LDL%E =B X spa|ute] Atslel] ojste] FdjiE|
g 9 Zy2EHE oAHER $ilEe] FAEAR
Y ol o] T3} 5 AAWES FEATIL N
t}. (Table 2)

4.1DL2| 4t5 7|7

Rurzo] LDLE ¥l oA cholesterol ester
o] 2ukEA 2 AL 3~5% triacylglyceride,
40~44% cholesteryl ester, 20~24% phosphol-
ipid, 9~10% cholesterol @ 20~26% apolipop-
rotein® 2 FAE] ek g e AL JHA
LDLo] Akglx]o} Oxid LDLe} 9 in viveolA &
WASE doithe 4384 ZAE AAEL Uk
LDLE 8Ad) 9= cholesterole] F23F kA2
A} cholesterol 32} ¢F 75%7} cholesteryl es-
ters¥BE| 2 A} LDLo| 4k3lse] Oxid LDLZ
o) Turzo] WolA A AEAME (foam cells)
2 A5, o]E P& cholesteryl estersE &
vhshe &g 998 dd. Oxid LDLE A3
(fatty streak)Z cholesteryl esters2r £ H|%
2 AR)ska glon, F9Wy o= cholesteryl esters
24 ®a AFa AHEZ(hypercholesterolemia)
< dodle TS UAEAYC] HEATGES,
(Fig. 3)

Macrophage& o] &3 d#oA % Oxid LDL
monocytes$t macrophaged] 47 83 AR
(scavenger receptor pathway)E& %3}ld chol-
esteryl esters2A] Tulo] & 3}A Hoja®, T
Oxid LDLo] gu#A3E dov)e FHdde #2471,
#HakslE @ malondialdehyde9t 23 (malondial-
dehyde-bound LDL)3}ed AFolle THHFAHXE
o] &Afo) dojdr}®),

H]| 2 LDLo] in vitrodl A At NEE QAetA] &

Za}ln o= 9% Al Low Density Lipoprotein ol thgh A3t a3 323

e o1 growar
€nzn'u=uv¢n: lu-enWmu:@« "'“::_:'";a

scve orvpen

resruzmers of oapensse
MACIEDnIges emsase
4 ——

Piasma

7}
encothelial ze
._% feamMaGEEAEOL T ot o= -,
W

whma v /‘

oxicalively modified LDL
-aZOB Doung 4-Hycrarynonenal
-f3iy 2TIC NyTrspercices
-oxicizeT hDigs

£ally Streak

e ©2
Focam cell| @€ @
e g

Fig. 3. Free radicals and atherosclerosis. In
addition to cholesterol, LDLs contain proteins and
polyunsaturated fatty acids. Oxidation of these fat-
ty acids and modification of the apoB protein
make LDLs highly susceptible to phagocytosis by
tissue macrophages and monocytes. These phago-
cytic cells adhere to the endothelium and then pen-
etrate into subendothelial spaces, perhaps in re-
sponse to chemotactic factors including oxidized
LDLs. The presence of large amounts of lipid wit-
hin macrophages and monocytes yields foam cells
which appear to be necessary to generate fatty
streak in the vessel wall. These fatty streaks re-
cruit additional macrophages that can damage en-
dothelial cells releasing additional factors. The net
result of these reactions is the eventual pro-
duction of an atherosclerotic lesion.
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Fig. 4. The generic structure of flavonoids.
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Fig. 5. Degradation by human macrophages
of LDL oxidized in the presence of increasing con-
centrations of silymarin(E) and silybin(@).
125].LDL (200ug /ml) was incubated in the pres-
ence of various concentrations of silymarin or sil-
ybin with phosphate buffer saline containing 5uM
CuSQ;, at 37T for 24h. The LDL was reisolated by
chromatography on Sephadex-G25 and aliquots
(12ug) were incubated with human monocyte de-
rived macrophages in 1ml medium at 37°C for 6h.
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Table 3. Degradation by human monocyte derived macrophages of oxid LDL in the absence and pres-

ence of silymarin or sylibin

Silymarin{ug /ml) Silybin{ug /ml)
0 0 50
CuSQ, 8.43 +0.46 456 +£0.23 8.43 £0.46 403 =+0.17
Endothelial cell 0.047 £0.005 0.0036 £0.002 0.047+£0.005 0.0032+0.002
Macrophage 0.821+£0.16 0.053 +0.04 0.821x0.16 0.047 +0.011

Values are ug LDL degraded /mg cell protein. LDL was preincubated in the absence and presence of silymarin or sil-
ybin with enthothelial cell, macrophage or phosphate buffered saline containing 5uM CuSO;, for 18h at 37C. The LDL
was reisolated by chromatography on Sephadex-G25 and reincubated with fresh enthothelial or macrophage. Degra-
dation of LDL was determined as the release of [ 1251 ])-LDL into the medium during the incubation period as described in
methods. Results are expressed as means +SD of triplicate experment, The significance of differences between silymar-
in and silybin treated and values was calculated by an unpaired #-test and is indicated by *P <0.01.
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Fig. 6. Antiatherogenic action of flavonoid.
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