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ABSTRACT

Living organisms require oxygen to sustain their existence, and oxidative compounds such as reactive
oxygen species (ROS) and reactive nitrogen species (RNS) in cells are produced from molecular oxygen as a
consequence of aerobic metabolism. ROS can be classified as either free radicals (radicals) or non-radicals
(paired with electrons). Free radicals are molecules with one or more lone pairs of electrons. Therefore, they
have the agility to react by receiving electrons from other substances nearby, resulting in self-stabilization. This
causes other substances that lose or gain electrons to become new free radicals and will react with other
substances in a chain reaction. Generating a large number of free radicals (ROS) causes cell injury, which is an
important mechanism that causes various pathologies such as high blood pressure, diabetes mellitus,
hypercholesterolemia, heart attack and atherosclerosis. Atherosclerosis is associated with the deterioration of
lipids and hardening of the arteries. It is a disease associated with chronic inflammation, thickening and
hardening of the blood vessels which is the main cause of coronary heart disease and stroke, including
myocardial infarction. It is recognized that ROS plays an important role in atherosclerosis. This disrupts the
equilibrium of vascular endothelial cells, which are important steps involved in fatty streak formation, atheroma
induction and atherosclerotic plaques leading to thrombosis. Antioxidants are molecules that can neutralize
the oxidation of ROS before they interact with cellular biomolecules, causing structural or functional changes.
Antioxidants are a defense system. They are divided into two levels; 1) primary defense mechanism, a defense
mechanism that directly inhibits oxidative damage by repelling free radicals before they cause molecular
damage within cells. 2) secondary defense mechanism (chain-breaking defense) includes vitamin C, vitamin E
and uric acid.
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H,0, + 2GSH —> GSSG + 2H,0

Glutathione disulfide (GSSG) Qﬂ%ﬁaéﬁﬂam U
GSH 198 GSH reductase:
GSH reductase

GSSG + NADPH + H* —> 2GSH + NADP* 2%
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tocopherol wananiilula peroxyl radicals %78
silsinnsvihviiiives endothelium ity

c) Bilirubin aaaqm%‘”u&aamﬁm%”u
yoslusauilvnisnszduukazaIuidanUnfves
endothelium 5217140191 A N 11IUTE SMC anas
§fuds leukocyte adhesion #ewadiioyvaoniden

d nsag3n nsnginilunanassliain
ourine catabolism faesa1sfafudefy fe
hypoxanthine Wag xanthine azgniasulngefe
AL99UA3817 8 xanthine oxidase (XO) nalnwaq
nsng3nazifiunisndn cytokine ld OH waz HOCL B
HushlunseilviAnnisneuausnanissniay, i
SMC viliinauraun@ves endothelium

e) Lipoic acid aggnafislaglulnaouinie
\8u cofactor dSu mitochondrial a-ketoacid

dehydrogenases (1% pyruvate dehydrogenase
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complex) Gaazlududanisiauivesseslsavann
den wonanildvlludn ONOO, HOCL way peroxyl
radicals qzyLLﬁ]ﬁwﬁmiuﬂ13aaﬂqw§6uaq lipoic acid o
A1358A endothelial dysfunction, inflammatory
markers waglUifisgnvas eNOS?

3) ansinueyyadaszililvieulniannaouen
1M (asdueyyadasildansssuni):

a) Andiud Jasdunisiinniiznasniaon
wislaensvineyyadasylu VSMC anoanBinduves
LDL Tnen1sdfudeass Cluster Differentiating 36
(CD36) waznns expression U8Y Scavenger receptor
class B type | (SR-BI) Tu VSMC annassfindiusu
VSMC sumnansdudevas protein kinase C (PKC)
Yoafunsiin foam cells ann1swas cytokines Lag
matrix Aeuanaaly VSMC Jasiunisunsnduves
mononuclear cell aan158nLaU vInANliLates
Y94 fibrous plaque §v 5’@ apoptosis Y83 VSMC
U§uldsunsenevendaauas gene expression
T VSMC il expression Y84 connective tissue
growth factor (CTGF) Tu VSMC Jasdumnuiaun@
284 endothelium fiduusiunasiaainesoa
USuasuiadifeyvaoaiden uay expression 184
VCAM-1 wag ICAM-1 Uadriu lysophosphatidylcholine
(LPQ) fitniinliAnAuAnUn@ives endothelium
YSuaou monocytes, macrophages, T-cells wag
mast cells Ll expression U84 phospholipase A,
(PLA,), cyclooxygenase ket prostacyclin (PGl,) i
mmwaamﬁamlumaa‘ﬁaqmamﬁaﬂ Fudannsiin
N59ARLYDIVIADNALEDN

b) 3niiud \Juarsiueyyadassiiazany
Tudhuaziinuaunsaluadn peroxyl radicals uaz
HOCL wonanigsilausauaes vasomotor function
ffufu NO ﬂ’]iLﬁ@JQV]éﬁJaﬂ NOS (n15H&a®n NO)

U3uU59n15¥1191uv09 endothelial dysfunction uag
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¥nlmaonidonnateds Suds cyclooxygenase an
cell-cell adhesion vinlsAnn153loiAavesansau
auyadaszniglusnnie lawn In1aud duinliiin
n13NAfuAISINIENGgUALYBY leukocyte warn13En
finsio endothelium wazluadn ROS (U O,, HOCL)

O3nfiuleuag carotenoids 9z lUvdn
ay%aﬁaiwaxﬂmﬁ’u LDL peroxidation [-carotene
svansyiuratnaniadnasoalneduds HMG-CoA
reductase (3-hydroxy-3-methyl-glutaryl-coenzyme
A reductase) wenani carotenoids St LDL
receptor activity Y89 macrophage azan LDL Tu
szuulnadeu annsdniau annneaseafiinann
20nTLATU am endothelial dysfunction

d) Polyphenols asUszneviuvslévans
ngu lawn flavonoids, phenolic acids (19u caffeic
acid, gallic acid), stilbenes (1% resveratrol) Lag
lignans (19U secoisolariciresinol) flavonoids 1Ju
naulvgjgaudsentaidu flavonols (WWu quercetin),
flavones (L4 apigenin, luteolin), flavanones
(naringenin, hesperetin), flavan-3-ols (catechin &y
oligomers: proanthocyanidins), isoflavones (L%u
genstein) Way anthocyanins (14U delphinidin,
cyanidin)

nalnues polyphenols aziigadesiune
n15a519 ROS, U39 ROS, il expression U834 eNOS
waraing NO inannisiineondiaduves NO lay
madinanduduveswaadendaszneluvaduay
lnenseiuiisulealasiauluiwadues endothelium,
ﬂﬁﬁz‘quésum XO uag protein kinase C et
nIHan O,, Ussiulgaa endothelium v09nasn
\donuaz NO 91nnnsiineendndu uanainisan

Y N A ! aaa a a
n1snsziuBuiilidauisen redox, tiuN1SHER

v
o

vasodilatory factors, U4 angiogenesis, anN13LN1Y

naufiureundnidonuazanuiulaings?
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unasy

ROS 21nAT2UIUNITANN ) Tun1sadudinag
AertestunmaiAalsaunninesuianigvasaidon
uda Inofinnsdsaunaduiiosainndnoyyadass
(ROS) lannifuANuaBNIavesasinueyyadaTzas
fdaliiliAnnnsiaieaiiinaineendindu e
Wudadedraglunenanmvesnisiinnngvasa
Foaudeaziieatesfuanudenaninvesluiunas
nsudenveanaeniden fnsvunduazufstuves
vaoalden lasfansiusyyadaseivinlhidunans
Y99 aLAneendiadures ROS neuilazluvifizen
fudhluanavewadlminnsasulassaimie
My asiueyyadaszifussuudesiuiiioan
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