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Abnormalities in endothelium-dependent control of vascular tone may develop from the course 
of atherosclerosis because of the oxidative modification of low density lipoproteins. This study was 
aimed to investigate the effects of grape seed extract (GSE) on serum lipid profiles, vascular filnction 
and pathological changes of endothelial cell in high fat diet-fed rats. The study was divided into acute 
phase and long term phase of high fat diet ingestion. In acute phase: rats were fed with lipid emulsion 
(LE); LE+orlistat 0.05 mgkg; LE+ GSE 100 mgkg; L E S S E  250 mgkg and L E S S E  500 mg/kg. 

Plasma total cholesterol (TC) and triglyceride (TG) levels were analyzed at 0-1 0 hour. Initial plasma TG 
and TC levels were not significantly different among the five groups. After lipid emulsion feeding, TC 
level of 100,250 and 500 mgkg GSE groups were significantly lower than the LE group at 2 ,4 ,6  and 8 
hours, at the same time point TG levels in 100 mgkg GSE group was significantly lower than the LE 
group at 2 and 4 hours. In long term phase, rats initially weighing 120-150 g were randomly divided into 
five groups as following: group 1, normal diet (ND); group 2, high fat diet (HF); group 3, HF+fenofibrate 
100 mglkg; group 4, HF+0.5% GSE and group 5, HF+l% GSE. Each group comprised of 8 rats and all 
of them were fed for 8 weeks consecutively. Blood was obtained prior to dietary treatment and at the 
time of sacrifice. Plasma was analyzed for the content of TC, TG, HDL-C and NO. Aortic ring was 
isolated and used for the assay of vascular function. At the end of selected experiments, a representative 
rings was fixed and prepared for examination of the pathological changes of vascular cells structure. 
After 8 weeks body weight gain of rats receiving 0.5% and 1% GSE were significantly lower than high 
fat diet group.Compared to HF group, rats receiving HF diets containing 0.5% and 1% GSE showed 
significant reductions of plasma TC, LDL-C, TG level and LDLIHDL ratio. NE induced contraction in 
HF group decreased comparing with ND group while rats treated with GSE demonstrated significantly 
improved in contractile response induced by NE. The endothelium-dependent relaxation to Ach was 
significantly impaired in the HF group as compared to ND group, whereas, relaxation to Ach of the GSE 
treated groups were significantly restored. There was no significant differences in the extent of relaxation 
to SNP, a direct smooth muscle relaxation and nitric oxide donor among the five groups of rats. 
Comparing with the aortae obtained from ND rats, the pathological changes examination revealed the 
deposit of foam cell and fat in tunica intimal and tunica media layer of those from the HF group. 
Impaired endothelial cell and migration of vascular smooth muscle cells from tunica media layer into 
tunica intima were found in this group. The 0.5 and 1% GSE treated groups were slightly found fat 
deposits. Endothelium cells and vascular smooth muscle cells were still in good condition. The results of 
this study indicate that dietary supplement of GSE may benefit for patients with atherosclerosis by 
preserving endothelial functions through a mechanism related to its lipid lowering effect. 
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i~ i ldw iour iuo im~ id~ i~ i~ i i tn iu i i~a  uinnii 95 doil$u; a:Qncioudd~l#i~nriauXu 
9 w o r  

(duodenum) ~ d ~ ~ ~ m ~ i n b ~ u d u ~ b ~ d ~ l # ~ ~ n ~ z ~ n ~ ~ n ~ z ~ u m a r u  cholecystokinin A (CCK A 

receptor) UUOIGUII~IX (acinar cell) i~du?iaa0i~dDuiiaz~q~iAiida.iiilw'~ni5nXq~o5'luu 
4 

cholecystokinin ataaiIuukndi~ozn5z$u1w*ijni5nk~~i~~e,nuioin~ueiou~dil#~~nriau 

;;u i l j;alau~a~l~nluliuin"~~u'~~u (emulsification) ~ l~~~~u i imn~onl~un*ou~uu 'uuu iw  
d d 

mnirunii mixed micelle o i n ~ u ~ u d ~ u o z ~ ~ . a  pancreatic lipase o~nuit iounaiulm~nZ~~11~I~a'  
d d  A nrjw'uazi~ni~osnnou~zni~tn~~lu~u~~a~nZiao~oan~t~~iinli~~ 1 iiaz 3 wnnistjounn~u 

~zliwiwin~w~un5aluu'u 2 Iuiaqa iiaz 2-IuIuiolnnZiaoroa i Tumqa ainihnrmluriu 

muiu (shod chain fatty acid) a z ~ n ~ ~ ~ u d i ~ ~ w ' t u o t d i ~ # i ~ n  (entemcytes) ~ ~ a ~ d l l d ~ h i u  

riauiitquotiitmulknu riau 2-IuTuioianZ~~oronn'un~wluu'uniuu1a (long chain fatty 

acid) a z l d ~ a u ~ a f i ~ n h ~ ~ ~ ~ I ~ ~ n Z ~ c l r o n l ~ ~ l u ~ a ~ a l ~ i ~ u u ~ l u w w ' ~ d ~ l # ~ d n  ~ z l ~ ~ ? h  

1clrn&otdil#idn~zn5'itozIdId~Zuio-i iiazozTdIdGi~d-48 (apoprotein A-1, apoprotein B- 

48) 6Wdou1%aufi~~~n~~a~~i6az~n~n~iclr~~sR"b~16aqn1~iu?iaw~w'tu~tdi~d~~ni~0n~1t 



g u  i&~lntnh.~nrou (chylornicron) ~ m u ~ n ~ n ~ u n r o u ~ n f i a u u u i ~ ~ z ~ n d ~ o u i u * i ~ n r z i i n ~ n ~ ~  

h~dlun14  thoracic duct io ld  ( k i i ~ ~ 4 1 ~ ~ d f i  2.1) (Sheng er al., 2006, Rahul et ol., 2007) 

Dietary fats 

I Pancreas 

Stomach 

1 Pancreatic lipasel 

*- 
Cholesterol 

+ 
"030 * h 0  

og> 
' a= -0- r,'. Btle ac~ds 

_" Fclixccl " 
., 7 : ---r : rnicelles o" 
+.b... --- * 

3 
- . >  0 

0 
Absorption 

LPA 
D b g  U;+comry T0da.v 

2.1 n l z u 3 u n l 5 L i o ~ 6 6 n z ~ ~ ~ u ~ 1 ~ 1 5 ~ ~ o J " ~ ~ ~ i l ~ ~ l ~  (Rahul et al., 2007) 

rnai i i~~a?~oJ"~~unazi~a~dom (Lipid transport in plasma) 

1u~ul3uai3~5znoud11;nzaiuA k$unitiii6ua1unrziinin"om$a~oaoia'ugai3u 

nzmuduniilnldldrtu (lipoprotein) i~uni51~z1uinqndiiln3aafia~iuu~ui~n6 (micells) . 

14 -  9 9 4.a: ~~drmouhulu~u<.n'~dni~~iu1uu~~i~imiululn~~~fiaiinz~udn1u~uu~~on~1uuon 

1nrqnk.r uonoin~n~d~dr~uau"m~nta!un58~ (chylomicron) B ~ i i u u i ~ ~ w q j ~ ~ ~ m z i i m  

inoi ~ R U Q I R * U ~ U ~ W ~  lecithin-cholesterol acyltransferase (LCAT) i o ~ ~ & 4 n d l ? O : ~ l ~ ~ l #  

nmunrm'lu~uiuli~uoan'd5zn8uu~adon1~l1nilm HDL u13?ur iu~nmninorod  HDL 



VLDL iinzinPanisnn1uns~ruu'uu~~1pl~nfiiclrss"a~6lu VLDL oonlauiou2clru~nldlds~u 

lnida (lipoprotein lipasel ~ ~ i 8 ~ n r ~ k L j U B n ~ z i 1 0 n 1 ~ ~ 0 z 3 1 n ~ a ~ u u " u 5 n ~ z ~ d l ~ ~ 1 u ~ ? o  

li1na'uh'1di8~nznul~uiclrnn"luu'u dm VLDL ~riiul~rn5iclrofi~6~zs'~lninnimo~oa1orr 
2 2' inahln HDL ~ ~ ~ 7 ~ i 1 1 i i i j n ~ i u ~ ~ 1 i i r i u ~ ~ u ~ ~ n n 1 u 1 8 u  IDL iinzito IDL 5~~1nlna1~1o~onlgn 

K 
inoiu~n HDL 1huiiilXijn?iunuiuriul~uu~nuunniui8u LDL ulniu LDL O ~ N I  

w a u  9 . 4 .  1ninni~osoaioninofuidou~1niud6u (Gmss er al., 2035) k;uOqnoii LDL ezrimuinui 

~nm~~ploronioamo5"1ui1~n1uuinniudn'u~in~~clrn6$u~ mrd LDL ~milnmaaasonorra 
d a w  u ~noii$1~lrllclra6~u~~oi~11n68u~~~u do.rainan6~u~io1aaauuqupl~~~vo~ LDL (LDL 

receptor) d ~ i i w i z f i ~ l ~ m ~ n ~ o ~ ~ d 5 ~ u ~ o ~ n ' u  LDL i~liidiui$i jiclrn6"lX i~oi4idt~11n66~ 

LDL OzOn~n1u~~~6~u~clr6~nln~~plo5~n~oni~ol5n (cholesterol esterase) ~ninmnorano'arz 
2.: -8'2 Y 

oonul ~ n i ~ ~ i p l o r o ~ o ' ~ r z ~ ~ ~ ~ u ~ u 0 z ~ 1 ~ ~ i ~ a d ~ ~ u l u * ~ ~ ~ a ' u  (feed back inhibition) 1di7uh 

rnsiisiuvotiou'1.a6 HMG-COA reductare J ~ i S ~ i o ~ ~ c l r 6 ~ n ~ ~ ~ u n i ~ ~ ~ i n ~ i z G 1 n i n a ~ p l o ~ o n  

d k  i j~ni7u~~rn~8~mnz~In~nn~plo5ond6u luv~zii;u~n'ulninn~plo~on5n~z~~id~uu~d 
a A tSunra&ii n d u ~ ~ u 6 ~ 0 i I u u  iinzjmGu~ clr~ni~~~~6~~iti~ii'ri1l~5'1.jn1~n1u1~0na~~u 

d i u 1 ~ u o ~ l n m r n ~ o r o a 5 ~ ~ ~ l ~ i a " o ~ l w ' o ~ l ~ ~ z ~ u d n ~  (Corninacini et a,, 1996) 

1 kCt.~n La: .BI-! A!L. 0,-bk ,ah! 

t I>ol:~ct*~!  t l :~4t>tr1~~i  

,../ \,., ! 111 

,/----- 
LM-C ---. i l,l 

A' ".. : c, L I'C,.l ----- , --'- cpt<M 
% .  -,. , , . :c 1cr8 

.*.. . - A ci1rr-1l.t 
.; . ;, 

:a q.tas14 
. . Liver 1 : u. ~reahepae~ 

-. >A . ; .  / thtKJs 
. . 

Chylomctom Chylomcron 
rernmnb 

Capillaries 

L :pqr@t.=n1 ! I~. IY 

F a r  b t n .  m.h 

Adpose tisue 
and muscle 

Adipose tinrue 
and muxle 

qd 2.2 ii~a~rn~dii~u~luu'ulunrziinin"oa (Gross, 2005) 



nlaz??I~fdilu&nq~ (Hyperlipidemia) 

R i l l 4  2.1 6 6 t 7 ~ 4 d ~ ~ I l l ~ f ? I i ~ I ~ l i ' W  'Iw I a " 8 ~ ~ 4  (Fredrickson classification of Hyperlipidemias) 

(Gross, 2005) 

Type 

I 

IIa 

IIb 

I11 

IV 

v 

Elevated 

particles 

Chylomicrons 

LDL 

LDL, VLDL 

IDL 

VLDL 

Chylomicrons 

,VLDL 

Synonyms 

Hyperlipoproteinaemia or 

Familial hyperchylomicronemia 

Familial hypercholesterolemia 

Familial combined- 

hyperlipidemia 

Dysbetalipoproteinemia 

Familial hypertriglyceridemia, 

Familial combined 

hyperlipidemia, Diabetes 

Endogenous 

hypertriglyceridemia, Diabetes 

Elevated 

Lipids 

TGs 

Cholesterol 

TGs and . 

cholesterol 

TGs and 

cholesterol 

TGs 

TGs and 

cholesterol 

Problems 

Decreased lipoprotein lipase 

(LPL) or altered -ApoC-2 

LDL- receptor deficiency 

Decreased LDL- receptor 

and increased Apo-B 

Defect in Apo-E synthesis 

Increased VLDL production 

and decreased elimination 

Increased VLDL production 

and decreased LPL 



niaz~voJ"uluiiietilgan"~~niai"ntilban~~~tilidetil~itila~~Qa (Atherosclerosis) 

mrd i i .m iu i i imm~z Iuu '~ lu in"om~. j~m~on"u i~~ i~n iu~~~z i~ l i ;~n 'mn~r~~u~~uo~  

~uriutinzjinimznudu~iatuw~'.jnaomi~om ein~uIuriudo~u?i~tuwW'~nnomia"om~ziin~n~3 

I~i~nrnulunX1ui~onnomin"om (lipid infiltration) dudnr iu l~~ i iX~~ i~z~u1uu"~ lu ia"~~  

Gc~buflimqd~niyuo~lsn~zuunne)~~ia"omii~ziial~ ivl~iz~uu'uiuau'm LDL a%~noon$lmG 

(oxidized) ~ ~ u m 3 o ~ ~ n ~ f l 1 : ~ ~ n l z i ~ ~ 1 i ~ o m ~ 8 1 3 ~ ~ b n $ ~ m ~  LDL (oxidized-LDL) ?ll~?% 
rnlnrotuhri?iu LDL Aiani~u~iul~miudnft (Niki er a], 2004) tu'o.rainoTdTdrlu~-l~ 

(apoprotein-B 100) ~ i ~ u d ~ u d ~ z n o u ~ n r . r ~ ~ i ~ ~ d ~ ~ u ~ o ~ ~ a ? u ~ d ~ u u ~ d  (g9i6fW191u~dd 2.3) 

ih LDL ls~df$%~100"$1~$Uiin*? polyunsaturated fatty acids (PUFAs) $ I ~ u ~ ? u ~ ~ Z ~ O U U Q J  

phospholipids trid$uudu lipid hydmproxide iln:: unsaturated aldehydes ih.4 malondisldehyde 
4 -  K Y 

(MDA), 4-hydroxynonenol (HIVE), Ling hexenol ~ ~ ~ n i n m u u i n ~ i ~ ~ r i ~ l w ' o z ~ d l d ~ G ~ ~ - i ~ ~  s 
1lrzgii9unuiw'ud ~ u " ~ t ~ ~ ~ T I l l I l ~ t u i i - ~ ~ ~  iSu ligand B I ~ ~ V B J  LDL $ ~ z ~ u ~ i ~ ~ i ? i u  LDL 

i;ln~.rnfisnJbuuld i.rlrimuiroCuriuA?ul8niudnft (corninacini et or ,  1996) uonoinirh 

w u ~ i i ~ ~ i a " ~ m u i ? a ~ ~ i i u n b n r d ~ ~ n i ~ ~ i ~ o m s ~ ~ ~ u n ? i u i ~ u d r z g n u u o ~ ~ ~ n $ ~ m ~  LDL 18Gn 
w d W  w ~9liun1nrdieuclm?ru CD36 lmz SR-A (CD36 receptor, SR-A receptor) ~iiiwizdooon$lmi 

LDL (Febbraio er al., 2004) i i ~ l i ~ ~ ~ n l ~ h u ~ u f l u o o n $ ~ ~ G  LDL oznrnui9uTduiaad (foam 

cell) imsni?iu*ildnznuluiu tunica intima n~~i.roinXiunlnrdia~ziinisnX9nis~Iu1nd 

(chemokine) L ~ U  monocyte chemoattractant protein-1 (MCP-l), interleukin-8 (IL-8), IFN, TNF 

6 6 X  fractalkine (FKN) 6 ~ ~ ~ 9 i 6 ~ ~ ~ ~ ~ ~ h U ~ ? ~ ~ ~ u " l O J l f l % f l ~ ~ W n a ' 9 n ~ D ~ i a " D  (Gu el al., 1998) 
J iinrnlz~u~i;n~uiio~uunaomi~om~ini.j~anuivu j i n i r ~ i u n ~ ? u o ~ ~ ~ ~ ~ a o ~ i d b m w f o u n " u i  

ml~~9mlnloPJuloniau (thrornbroxane) i ~a i11* imi i~ i~o~5au~a~3un*~u  (platelet 
K 

aggregation) ~ ~ s r ~ ~ ~ i ~ ~ ~ z ? i ~ w ' i f l ~ n ~ s n z n u u o ~ i i n n i ~ ~ u u i n v ~ u ~ i ~ u n s ~ u m z n o u  (plaque) 

~1~8n'~mr~u~uiuuo~nno~ia*~m ri~wa~~nirlnniiuuuo;I~aiinftm~'mvuido~do~~?uoon~iQu 
a d  4 -  a = '  

I ~ ~ ~ ~ M ~ ~ X ~ ~ " R ~ ? : U I W ~ O ~ G L O U U B ~ ~ U - ' ~ ~ U O ~ ' U  (tissue ischaemia) u U i & $ o i ~ ~ m i u ~ ~ d  
Y 

(infarction) lu~r(mnaomii;omiim.ji~u.joa'uazdi<q idu Hl?~runznao9Qz~~~rii~mmr~u.'u 

1&i%nil~?~?r&.J.1 ~11w'L~~~?~n~IuidOi l '3fOnlU (myocardial infarction) i~uflimq~o9 

~sn~ilmnr~~m~~mG~u~~nnomia"o~~n'~dnuo~~?il~~n'~ni~znu~nftotii.~i~~unn"~ 

(stroke) in'~hn5uw~n65unin iinzlrnm~nuo~$u7 



/-------. 

apo I 
_+ LDL --' modification a t h e r o r l c r d ~  

t 
I 

+ aldehydes ---+ 

t Mcl, foam 
'uptake c d l  

- 1.0Oll ---+ 

r-J 

2d 2.3 i t a ~ . j S . j n n b n i  oxidized-LDL ~ Q I I ~ ~ ~ ~ s ~ ? R ~ ? ~ ~ ~ ~ R L ~ " D R L L R . ~ I I $ Q  (Niki, 2004) 

wri~uoanno~m~o~~~i.jooniifiu 3 i u  (r i . l lm~.j~up~ 2.4) ~ I L R O U J ~ U  

4 "  
1. ~ ~ I ~ J I M B ~ ~  Tunica intima d ~ z n o u ~ ? ~ ~ ~ u ~ u n o n n i ~ u u n ' u ~ n i n ~ n r i i ~ ~ n n o ~ ~ d o ~ ~  

nnu8Rnrju uonulni;wfihy~3uL%na'L6oynnoR~~8R (endothelial cells) ~ ~ ~ ~ 3 1 ~ d l ~ ~ l ~ l f l  

lV.~6&3UHaBR184BR (endothelial cells) %kJU09i%aa'$~UUlRU1J 1-2 prn UI? 10-20 pm iLi7zz 

u'3m'l~ff 1 <U ~Ikl.j?~ldUF~U laai~uQ63iuL;u? (simple squamous epithelium) o ~ i u i ? # l u  
Y Y A y d  luq~uo . jwQnno~~do~  h ~ z n ~ i . j ~ ~ o ~ ~ u ~ ~ u u n @ u u ~ ~ a z ~ u u o ~ w w ' . j n a o ~ ~ n " o ~  %.muin 

Y 
4 w  4 nn'nu~s endothelial cells LJR.jW 

2. ~ I H I I I ~ L ~ ~ ~ U  selective filters ~ o ~ T u l n ~ n d d i ~ ~ ~ i o o n 3 ~ n i i ~ ~ a " o ~ ~ ~ a z ~ w ' . j n n 0 ~ ~ a " o ~  
i ' ~do~uin~n1r~u.j6~n'un'~o~i.jnui~~iurzni1.j~o~douo~~~n~ (overlapping) IIIOIGU 

n~iull~.jrlr.jrlfiwU'.jnno~~doa 

3. ~9uuil~oldriiIJ j f fu iuo~Tu~n~n (interaction sites) ~ d o . j n n ~ ( a n ~ o ~ w w ' . j ~ n o ~ ~  

1n"o~ dxnouti?aih?u (receptor) ~ d i ~ n n i u 6 ~  I?U& adhesion molecules 
4 -  d 

I%~~~;QRuI? (leucocytes) ~ ~ I ~ ~ ~ I U U ~ ~ ~ ~ ~ R I ~ ; ~ R ~ I ~ ' . ~ P ~ ? ~ ~ ~ ~ G ~ I T < ~ I ~ ~ H S ~ ~ R L ' H D  
8?mu?uni5 diapedesis 



4. ~ ~ 1 9 ~ ~ D ~ k ~ 1 ~ K l ~ n d l  i¶h Factor VIII, von Willibmd's Factor ~ijn311181<q 

iouu~unisa~sG~uo~idom 1 ~ u ~ ~ ~ k ~ m s d ~ i ~ ~ n n o m i ~ o m n n i u ~ 3 1 m u o 1 a ' u ~ o ~ w w ' ~  
e w dd 

n n8~ia"fJ~ (endothelium-derived-relaxing factor, EDW) %918U$$6lnURn~ nitric oxide 
I "  e 

2. ~bi~iUQv'un.14 (Tuniea media) d s s n ~ ~ ~ 3 u n ~ l u ~ i o i j ~ ~  a.11~ arterioles uulml~n iitIliua 
I.# 4 ' d a  2 

~ ~ L U U  spiral ~ ~ B ~ ~ O R ~ ~ " ~ A ~ U U ~ R I W ~ U U ~ ~ I U L U O ~ ~ I W I I V U L ~ ~ ~ ~ U . J < ~ L ~ ~ ~  circular MU1 1-2 
Y 

iYu 
A "  

3. dmnhuiuaa'uuan (Tunica adventitia) 1 3 ~  connective tissue d ~ z n o ~ h u  fibroblasts lm:: 
e l e  

collagen fiben ~ ~ ? u ~ ~ ~ ? C U L ~ U I I  longitudinal .at~uo~uo~um~~zduind4mlunaomidoaiim~fn~ 

imzrznm~iu~un~~unnomia"omiim~uui~idn n5.m~u~iun'u(lu3uVoQnf;1uLU"oliuu#o:nu 

uindqmlunnomia"omiim~idniinzwu~~d~.jlunno~~d~m~im~vulml~~ n i r i i r i u ~ i u d d u ~ ~  

nno~ma"omazR'oooiBni~n~~q~n~s~miinznni~G~uo~~n~mia"om (vascular tone) buoiriu 

d~Zu~u~s:ni4ic$orlwu'tnnomia"om (vascular endotheliurn) 6Un~luiU"o~UuUo~nnomin"oR 

(vascular smooth muscles) 

Endothelial 

Tunics med~a 
Tunica externa 

/ 

basement - .- - 

Tunica intima 





~ ~ U W U ~ I % U M ~ ~ R ~ ~ " O R L L R ~ ? ~ ~ ~ ? I J I N  CAMP I J ~ ~ ~ ~ I H ~ ~ R ~ ~ " Q R ~ ~ R ~ ¶ ~ ~ ~ ~ U I ~  (Okarnura et al, 

1986) 

receptor - G-proce in  
(a.A~=bunns) 

adenylae cydase 
(inact be) 

CAMP ATP 

4' d 4 13umr;d~nisnh~uu~iu~u~~11nsr"1iu~~u~n"~~u~~n1o1o0~ (CAMP) ~~dllmndiadn~r; 
Y 

d d d  s a d  
f f&3G~van96~¶ .J~  (cGMP) ~iiRolnni3nalu~lsaww (guanosine triphosphate, GTP) <U@~QU!U 

4 -  o, a d  n ~ r n k a ~ i i ~ e ~ n ~ i r d o m ~ ~ ~ ~ ~ n u ~ ~ ~ ~ t ~ o ~ ~ ~ ~ ~ ~ : ~ ~ n : ~ u ~ ~ u ~ ~ r ~ i u  
Y 

oinw"ra?Idsiuo: 
d u  4 A d  9 d d  d d d  

nr:quniou?vunautnmGu~nan (guanylate cyclase) aat~~l~11~d~nn~:$u~o~1dnniunir0n~ 

(guanosine triphosphate, GTP) 1613~ cGMP (Mateo er al, 2000, Murad er of., 1986) flI31Wdl.J 

di lnoluot  CGMP l ~ n X i u ~ ~ ~ i i ~ u ~ a ~ ~ ~ a " ~ ~ ~ ~ a ~ i f 6 ~ a o ~ ~ a " ~ ~ n a i ~ $ a 1 ~ t i u ~ ~ u ~ n ' ~  CAMP 

6 t d ~ n n ~ n ~ u m r d 1 ~ ~ ~ n o ~ ~ a " o ~ n n i ~ ~ a t 6 m n d 1 a n " ~  TAU CGMP o:'ldnr:(iUlXimr;<~~ 
t~nnGuu (calcium extrusion) oonuiuontvnd d?uicuuo.runnduuniufuivnn'nn*iuLie,aRn.j$9 

iiwndilknno~m'cAnnlwi?nniu (~toh et al, 1985) ( ~ j i m ~ ~ l ~ ~ d d  2.6) ~ i d ~ ~ n d i f ~ n n ~ ~ ~ d o ~  

n a i u R 1 ? ~ m u ~ n ? i u ~ i ~ ~ w ~ o . ~ ~ i a ' u  CGMP ittunirdo~%~iommuiulrnd ~tiiillriuiauiunno~ 
B 

~ ~ ~ O R ~ ~ ~ U ~ U I A J R  %4o~dl1knii9 nitric oxide o ~ n ~ i o i n d o ~ ~ ~ ~ n n ~ ~ ~ d e , ~  



cGZIP GTP 1 '  

2. d~tdd'ihd?!~d (phosphoinositide) 

?~~8$nn;~~1(858n (diacyl glycerol, DAG) L l n z ~ % U ~ V l 0 ~ ? ~ 1 5 d ~ f l l d f l  (inositol 

hiphosphate, IP,) ? & ~ 7 9 7 n " 7 5 f l ~ l ~ U 0 4 t l 7 5  PIP2 (phosphatidylinositol bisphosphate) $68~ 
~ ~ r d ~ z n o u n ~ n ~ o f l ~ d ? n ~ n ~ ~ a z ~ ~ u d a u d ~ z n ~ u ~ ~ n s r " ~ ~ u ~ u u  1:oml8omii~u5u?'u'~1~~1~~ 

uu~.anbu~u~uuX~~~1dn~z~u~$ul~u'de ,n ld1n~dn3 (phorpholipase C) 1d~uufllf d0fld1 

lU8~0n  (phosphatidyl inositol) IuL%~&uuIu~uI#L~u~IQ"O (DAG) LLnZ 10fblf (IP,) dl 

n ~ i d ~ ~ u r n ~ d o ~ ~ ~ 1 s u n i u 1 u ~ ~ a a " i ~ 1 d  lnurnrffm'o (DAG) c-IJntzb;utdul.n;Td=Gu~ 
B eia luflj (protein Kinase C) I f  tun~udand. (phosphorylate) ~ # 6 6 ~ ~ u l a 4 n ~ ~ m ~ 8 ~ u l . a n s r "  . 

io?dnaz~~ndil#~~~uu~uni~~z~ua~asr"ci~~~ d3uloft-~17 (IPS ~zWCu'UnuGai?iU IP, (IP,- 
B B e i d  

receptor) U U ~ ~ U Q ~ L ~ U ~ R W ~ ~ ~ ~ ~ L ~ ~ ~ ~ ' U  (endoplasmic reticulum) .a~i8u~md9nutntnunrnu 

~lnn~$uUnlu?ul%n (Zhou et al., 2008) ~ # ~ n l 2 d n a d ~ ~ ~ l ~ n a 1 ~ ~ u $ ~ 8 u 0 ~ n u l n 7 9 ~ ~ 9 w l u  
d K  lmal~ua (~a*-channel) ~ l ~ 6 d ~ ~ l ~ l l 6 ~ n l ~ u ~ ~ 0 8 ~ n l u f u ~ u ~ e l ~ n l f l u  (cytoplasm) ~ Y I U U U I I I I ~  

A 2  = # A '  K nnnAuumvluuuuorldCu5u calcium-binding protein lb7nuu L<U h b g % ~  (calmodulin) 

~mzlnrldu'uQ (boponin C) ~ ~ n ~ i n $ u ~ l ~ ~ i i n i ~ d n ~ d ~ ~ ~ ~ ~ n n ~ ~ ~ ~ 0 0 n ~ i u ' ~ i j n 1 ~ n ~ ~ ~ ~ 1 ~  

i~~d~uannt3uu5oou ca*-channel) ~ l . l ~ ~ ~ ~ ~ ~ u 1 ~ l ~ ~ Q ~ n ~ ~ n ~ i ' 1 . n ' l 1 n n ~ ~ ~ u ~ 0 8 ~ f ~ n ~ u * i ~  
3 . 4  Wt6UinUu ~9nAnl~~~~QQ~QlnuOnl.lna'~1nn1u'l~1~u'9~11~6n'Rd~~ul calcium induce 

calcium release (CICR) ~ ~ W t n d u ~ ~ i ~ ~ G i i f ~ ~ r n k . j ~ t n n ~ Q ~ ~ ~ ~ ~ ~ e , ~ n ~ i ~ i n ~ ~ ~ ~ a ~ n ~ n ~ " n ~ r ~  



-4 
Ibduuinuu&au dil#tmntGuu~ooumu~ut~11nn"~~otii~~amt~ad~~nlw'tn'md~~uini~t5u. 

4' n ~ d o a d a u ~ n u u t d ~ ~ ~ t t ~ n ~ u ~ ~ n z u ' ~ ' b o ~ u ' ~ ~ ~ n a ' i u ~ d o ~ ~ ~ ~ n ~ m t a " ~ m t d o ~ n ' a t u ' ~ ~ m n ' u  

nnomtiio~tii~rnlnm~a ( ~ j i t a m q ~ u ~ ~ ~ i  2.7) Gao(iiauo~tGwtmoii~oqni30'1u~non~on 

Id'laYm i~uoado~qqiorrnulu~c11n~&ttri .iiI~Tnu'ui~~*ltp10i-~ (5-HT,) linniiu'nith 
a  a d  

tp1o$-%l (MI) GIfltu'nIn8lUi~~a~i (nicotinic cholinoceptor) I ~ A I u u ~ L c ~ ~ * ~ ~ R D ~ - ~ u  (HI- 

receptor) ttn~tt~ndi-k QIR? IutGwt~o$ (Coulson, 1988) 

NE. EPI 
All. ET-1 
AVP. ACh 

DAG + IP? PIP, 

+.  
I .-?-- 

PK-C ,+ ::" - C a  + * SR,;:~ 
- - - - .  - ' 

r +  Contraction - Ca--' ' 

?d$ 2.7 ~lflR.rnllflh.rml%o~qqlU~o9 DAG ila: IP, (Richard, 2007) 

9 J a a  A' m~uutuoun~iutbbuuo.ri~nat~~u5~~u5a~zn1u~ut~~aa'tdu~.ruuuinni lo-' M 
2 2 . 4  

fiuioltmai~uunrnuvu~~~uio7n 2 tmi.r (ri~ltam.rlu~dd 2.8) ~onii.rointniqnrtvu 

L ~ ~ ~ ~ ~ U U ~ U I U I I I E ~ ~  (Intracellular environment) 6o ( a l f l f l ~ a l t f ~ n t l  tta:olnmuuon 

,ma' (extracellular environment) ~ ~ u ~ i u t i o ~ n i ~ i f # t ~ ~ a t ~ u u ~ o ~ u t i i u t b i t ~ ~ n ~ ~ m u t ~ w ~ z  
2  d 

(calcium-selective channels) (Somlyo er ol, 1980) 

(agonist) ~1ln~na'1ui~oljuunno~ta"om~mG~ijn~ln~t3uldl~ 3 nic n1o I. 15mCiiuiotrntlff 
d . 4  =I Y u u d  i m n ~ u u ~ o o u t < 1 t ~ 1 1 n n t u ~ u n 1 ~ ~ d n ~ ~ ~ u ~ a ~ ~ n ~ ~ ~ u t 6 o ~ ~ 1 w ' ~ ~ n ~ ~ t a " ~ m  (recepto~pcrand 

d i  u 
channel) 2. t ~ m c i i u i o ~ m ~ i ~ w ' t t n n t . i i u u ~ ~ ~ u t < i t ~ ~ n ~ u o ~ n ~ ~ ~ ~ n i o u t ~ n a ' t u u i ~ ~ ~ u t ~ m ~ ~ ~  

dduuttdnq (voltageoperated channel) imr 3. ~mum~~k~~mnt~uu~oouoiniin~~66uflznu 

muluwnd 1~udrn3n.rz;iu (agonist) ~ i u i 3 n o o n ~ n ~ ~ f l m u d i u ~ ~  3 nnln niooiaoziiIu 



A 
nnlnlwnn~nnua ih noradrenaline, angiotensin 11, vasopressin, endothelin-! 118: thromboxane 

2 
~2 ~ ~ n ~ i ~ ~ i n n i ~ ~ u ~ o o o ~ n i ~ ~ ~ n n ' ~ u i d o d ~ u u o ~ n n ~ w i d o w ~ ~ u u ? ~ ~ w ~ ~ i ~ n n ? n ~  1 lie 

9 c r d  n~rnrz~u~iarrisloi~o~u~i~~~~w'.~nnowia"owiidai~li;io~n~~uo~iin~i;ii~~~o'oo~iilw~inzij 

mr'lnnuo.runnAuu5oouuinuoni~~nn'i~1ni~~ui~11n~ iinrnnlnd 3 3onisnrz8jul4'~mrn& 

~ m n ~ u u u i n i m r i . r i ~ u n z n u n i u ~ u ~ ~ n ~  sin~uimni~uu~nrziniiC:uziu<u calmodulin 
A 

firnumu calcium-calmodulin complex a~din~i~ldn~a{uni~hiuuo~iou1~116 myosin light 

chain kinase (MLCK) in'~fll5i~lJ~~Y(0flidsl~~fh myosin light chain (MLC) T w u o i i m ~ ~ ~ i u  

sin ATP MLC dijni~i~uvlondsliu'~ld~ilX~n'wni~o'un'~~znii~iia myosin h n i u  actin imz 
Y 

ii"1n6iuiu"sduuin'~n15nwGa ( ~ h o u  et a]., 2008) 

5 ~ d  2.8 i r ~ ~ d n n l n n i s n w & u ~ ~ ~ a ~ m ~ a " o ~  (Richard, 2007) 

- 2  i mmuuiuoi.an~ndiuidod~unnow~i;o~ij~~a~uiu'usu*~vo~iinai~uu~n~a~~ni~nniaz 

Jng ~o lo-' M ~ t u u a u m r i u z ~ i 1 ~ ~ r ~ ~ 1 ~ n n i J u u ~ n ~ z n 1 u u i a n n ~ 1 2  uuaumr nPo 

I.  nrz{ul~ijnirnhqni=i cyclic GMP (~GMP) P~ijwn~i~ni~~~imni~uuoon1dn1uuonic11nn' 

im:: 2. nim~zsjumrnhrnir cyclic AMP (CAMP) ~wn~i~m~iiiinniduu~~i~~i~un::nu~~u 
A d U  d 

sarcoplasrnic reticulum ~ ~ i ~ ~ i ~ ~ ~ ~ ~ ~ n ~ ~ i ~ n ~ ~ ~ ~ n i ~ f u i ~ 1 1 n n n ~ o i n u ~ ~ u i i ~ r i . j n z n 1 1 ~ d ~  iiu 

~ulslnoui~% (Matco et 01,2000) i ~ ~ ~ n n ~ ~ o ~ u P i ? j i i d o ~ w ~ . ~ n a o w i d o w i j n ~ i u i S i n ' ~ i ~ n i ~  
9 J ' a  nniu~auownowidom nn~ndi~aotnirnnluGauo.~nnowidow i n~uu i~~on i r&d~zn in i~ iu  



acetylcholine hh$a?u<ajp(m?ih (muscarinic recepter) ~ O ~ U U L ~ O ~ H C ~ H ~ O R I ~ " ~ W ~ ~ ~ Y ~ ~ ~ ~ ( ~ U  
4 U 44 

~;Siimm&a~rdriunii endotheliurn-derived-relaxing factor (EDRF) % q t $ ~ d f h n ~ l m ~  nitric 
A s  1 a 

oxide (NO) NO W ~ ~ R U U Q ~ ) ~ ~ ~ ~ Z ~ ~ ~ ~ ~ ' ~ ~ ~ W U Q . J L ~ U ) ~ I ~  guanylate cyclase (GC) ldnuu 

guanosine hiphosphate (GTP) I X i h  cyclic panosine monophosphate (cGMP) !Un~iUlu'oMn8R 

i i ;o~  ~ ~ n l n l z ~ ~ ~ ~ n n ~ ~ ~ ~ 5 0 0 e , u n ~ ~ l ~ i ~ n ~ a m a ~ ~ i a ~ i n ' ~ 1 n 1 ~ n n 1 ~ ~ a ~ ~ ~ ~ a o ~ i a "  %tinma 

!uZd8 2.9 

ACh Shear stress Bradvkinin 

Endothelium 

Cyclo- EDHF 

Relaxation 

;dd 2.9 1~n~.ma~nrnsnaiu~avo~~.1nom1a"e,~ (Nevada, 200!) 

Nicotinic Acid 
d 4 

na1nmsesnqn'i~ia:qnP~i~m~~"anai 
A s'w * 

Nicotinic acid H% Niacin ~ ~ u ? P ~ I ~ u ~ ~ ~ R w u ~ ~ L Q D ~ ~ ~ ~ ~ ~ % u Y ~ ' . J ~ o u ~ J ~  adenyl cyclase 

1ui&do1uliurilI~in1r~fl~ CAMP ljouaq CAMP ijnljidn~z~u~ou)lwu~n~dni11~~~~'1w6 



9 2  a ~ndn~u'~nmz~u~wn!~auo~uo1uu"u~n"m l y p ~ l y ~ . : ~  $oun9 wni;on~~k~uiUanrz~nddouoin . 

liodo'lutiudntzunLdomlk;u'oua9 ~ 1 1 ~ t u i m n r ~ l u G u 5 n ~ z ~ w " o l ~ u n i ~ n ~ i ~  VLDL Gil t? 

VLDL !uiBa~nmdoun.r u o n o i n d z ~ ~ ~ m ~ ~ l r o l ~ 6 l ~ ~ d ~ ~ 8 n ~ n . j 1 d ~ ~ ~ i n Z i a u d 3 z n o ~ n a ' n  

1184 VLDL ~ ~ u I H ~ o ~ ~ u ~ ~ v ~ ~ ~ R ~ ~ ~ L c H D ? ~ ~  d ? u q n ~ ~ n i ~ n ~ ~ z ~ ~ n l n d 6 n o ~ ~ n v ~ . j  

nicotinic acid ~Suwn~i~inrnrnm cholesterol biosynthesis I ~ ~ Z I ~ U ~ ~ ~ ~ Y I ~ ~ ~ ~ ~ ~ Q I ~ T O ~ O ~ ~ U O ~  
a i l ~ i ~  ld€).jWlfl nicotinic acid L U O ~ V ~ ~ ~ I J ~ I J D ~ ~ ~ ~ ~ ~ U U ~ ~ U  nicotinuric acid 61'31~1d5?~@?28lJ 

B 
glycine ~ ~ J I U ~ ~ I S I ? U R ~ ~ U & Z S  coenzyme A L~u;?$?u $ 9 1 ~ ~ ~ 1 ! $ i l 9 n l ~ ~ l ~  coenzyme A 

do1flunisasi~1n~nnrmo50~1 ~~os~uds=niuuiId1~51'aoznmrz$~lp1~n~1illol~~k;iuu 1-4 

irr 1mzn~~zGulninaao5on1Aniulu 5-7 i u  uonainiu'.jaiuiroiiu5:a'v HDL lunrzlm 

ra"o~Xau 

~Zlu"1~l;tJ.j 

n a o ~ ~ ~ o ~ 6 n " m n i ~ u u i u 6 a ~ a n s i a  (Flushing) IRUQLL~A~U~~UZ 1-2 tYdm16ii5n~lCijUui 

ndoinitaz~iu~o.r~SalGuiu~ oims5~nludo~rnt1n"uol~i51~u nduM oi iuu  $oeiiu oimr 

$u7 idu r i U ~ i ~ T i 7 o i ~ w ~ l k B n G ~ u  

.jl,d,%,Y 

uinrju~l:laln;tnffn"unia~Iuo~"ulu~a"~~~~~n~~m u n h  type I 

Fibric acid derivative 

Y 

~aodi.juilun jUcz0 Clofibrate, Bemafibrate, Gemfibrozil, Ciprofibrate, Pirifibrate 6 6 t K  

Fenofibrate U ~ U Z ~ ~ Z { U ~ I ~  ~ l T l ~ 9 1 ~ 9  Peroxisome proliferator activated receptor-alpha (PPAR-(I) 
A d 2 .  

~ ~ ' 3 1 6 ~ U ~ l 5 ~ l J l ~ U 0 . j ~ ~ ~ ~ C 1 1 u '  lipoprotein lipase (LPL) W L Q U ~ C ~ ~ U U V ~ ~ H U ~ ~ ~ ~ . ~ ~ ~  lipolysis UDJ 

VLDL Llnz LDL uonQin6uiQrld6u~~ni5.iii9iuvD9 CAMP dependent lipase 1Uli€l6601t~U 
Y 

i i I ~ n r ~ l a l 5 ~ r z l u l a " o w n ~ n . ~ 5 ~ u " u  hianmnirnk.juazddou lipoprotein oonjn5zltfi 

L~;QR&?U H ~ . ~ Q ~ ~ ~ U ~ I ~ ~ ~ U U ~ I ~ ~ ~ ' ~ U I U ~ $ ~ ~ ~ ~ ~ U ~ ~ Q ~ ~ ~ ~ . ~ I ~ U ~ I ~ I ~  6 1 ' 3 1 :  hydrolyzed oi1.j 

~ ~ w d ~ G 1 I t i r z c i u l n ~ n d ~ ~ ~ ~ l 5 ~  1mzlnmano~onn~n.jniu9u 2-3 i u  imiqnfluum~narzciu 

Ipl~n~~relrhzdunii~n"nu"ou uansini~.jmuisoiw'usza'u HDL lunr:ltadom#?u 



$DY'4?4 

wlun judl+<~n1azlvo~'ulu1a"o~~9 type I I ~ ,  11, I, IV, v 

Bile acid sequestering agent 
i 4 

nalnm~e~nqnPaa~qn3wiam~nSwai 
Y 

I au 
Bile acid sequestering agent ~aodi~uilunqo~uno Cholestyramine, Colestipol 6laz 

Colesevelam Qzr?B$U bile acid I U ~ I ~ ~ ~ ~ R L ~ U ~ ~ ~ ~ ~ ~ D U I ~ ~ ~ O M ~ ~ ~ Q ~ ~ B $ ~ I ~ ~ ~ ~ I ~ ~ I ~  
d a .'=,a 

l~rg~<U88nul<Ug9~15z L:~IJ~"I~~R$~J bile acid L ~ I ! ~ I ~ U M ~ ~ U ~ R Q ~ ~ ~ ~ ~ "  bile acid lI.4 

a w  
5LUU enterohepatic circulation aRn9 I$uwZ~I~Y~U~$U LDL-receptor l ~ F I Q ~ ~ f i l ~ f l ~ 0 5 0 ~  

%un~zbl~6~0Ruilfl~uul~u bile acid ~~o~u~~ulLbffa8auna!n~9ndia~ziauaR3z~U 

S n ~ a ~ ~ ~ s ~ e a l u ~ a " o ~ 1 A f i l i u l u  4-9 ?u 

wa4ialZaa 

lu"ogainui~1Oj~n~R~u1pd5zupImiqi~uoi~is k t u i c ~ i w u  systemic side effect I L ~  

oin~r<i~duc~wuliouih nduld o1~ouui6osoin"1iiniui~~u o imsWiou  rioqyn 5mi1m-29 

A n?ir ~.rnas~w'~d'iu~uliiuin~ uonsin$oiaii~&m'R steaorrhea ~inziiiu?miiiudnzaiulu ' 

'luriu k~u~daudt4uin ju$9na5lw"?~i~u~a?uX'iu 

.u"e,ni4?4 

uilun jud1~n'Ufi)l2z!uu"U1PdLa"QR~9 type Ira 



HMG-CoA reductase inhibitor 
4 4 

na'lnmaoanqn9~iazqn9~isiaG'11Smai 

HMG-CoA reductase inhibitor ih4 Simvastatin, Lovastatin, Pravastatin, Atorvastatin, 

Fluvastatin LLa: Rosuvastatin U l ~ ~ ~ & ~ ~ ~ ~ q ~ ~ ~ ~ ~ d ~ i ~ ~ 1 9 i ~ V 0 9 1 ~ U ~ 0 1 1 u "  HMG-CoA 
B 

reductase (3-Hydroxy-3 methyl-glutaryl-CoA-reductase) L l ¶ J ¶ J l l ~ ~ ' & 4 6 J  (competitive inhibitor) g9 

ioulaGf5oiilflu rate limiting step enzyme ~o~nisnk~ln~anmosoa iu"oroulriiQnu'uefqii 

waiilfihanmsnhqTn1an~~;1osoa uonuin$guuzdiugaTnuiiud?uisMvoq LDL-receptor 
d 4  a, a d 

iwfiiclraalwoou LDL oinnszLL~i~onul%~un1Snf19 bile acid LWUVW ~ a ~ i n n l 5 ! ~ u l ~ l ! ~  

szn"Ybniaaimosoaimzlwsn?irols6lunsziinia"onam ~raziwai$usz$u HDL 

era.u"isl$ers 

{d'il?udlGuiodu~oz~oinisdan~a mffould uou'lli~iiu ii;nm-xnaiui~ooduInJ 

uonuind~qnuiirz~ alkaline phosphatase, transaminase L~o:: creatin kinase L$U ~qGu~daui 

wiuui~~unlsz i inas~;1sa~nis$i~ iu~~~~ui f lu~zuz 

$ads%; 
Y 

uilunFjudlG5uniaz1voJ"ulwia"onq~ type IIa, I I ~  

Pancreatic lipase inhibitor 
d 4 

na'lnrn.raonqniaazqn3wis~a~'11?neri 
-'A P 

tnluniuC%io Orlistat ~doiudszmiu~ i~au iuz~on~~nwus~asMdi~d~dn uiuz~uhnis 
d 

~14lu%oq6~ul%u pancreatic lipase b ~ f l i i % ~ ~ l i t :  covalent I:w~I~ p-lactone llami hydroxy 

serine 41lfi pancreatic lipase I ~ R I U I S ~ ~ I - I I U I X  dwaa~m1~m~u1~ljU1su"1dww'~Wi~&~iaz 

~~uoonul~uquulrr  u l n n l s d ~ u 0 i ~ l s ~ u ~ o 8 n u 1 ~ f o u n " u ~ u u 1 ~ z u z ~ l ~ . ; 1 " s z ~ u ~ o 9  bile 

acid a@aq$3u Cii.r~uGuiuitdiuG'il?bmuni~L~unl?uia"uo-I LDL-receptor L ~ O C ~ ~ I O I  LDL iodlu 

ns-irnta"onui~diuu~h bile acid ~ a ~ ~ ~ ~ ~ b i  un~brntiirols~a~a.1 imz%-m 

19uszCu HDL 4au 



~in judz~~~n~u1uszuup?1~i~ue, iu is  & iuk?u '~u  systemic side effect iiuiffuahfiunju 

bile acid sequestering agent ~d~a&96f fu9~z~o~n~i  t; i laui~~1~oi~ioln1sdanin~9na'1upl"e,~ 
Y 

oimrlinuiu$~q ~ Y ~ q i i i u  ij!uliuduoonuiw~ou<uqooi~z uonoin~~~i ]?uui - rs iubio~nis  
A 

Bu"u oxalate ~ ~ ~ U ~ W ~ B ~ J ~ ~ Y ~ ~ ~ I ~ ~ I ~ " ~ ( U ~ ~ I ~ W ~ ~ & I ~ U ~ ~ ~ " ~ ~ ~ U  

4 ~ ~ 9 1 4  
Y 

tnlun~u~l~n"uniaz3J"w~u~uaa"on~a type Ila an: IIb 

Q l % Q ~ ~ ~ l f ~ l ~ ~ ~ ~ l b $ d  (Vitis vinrem Linn.) 

o(u~%omt'in~iffiflfl<'-7 Viris vinfera Linn. o~~unsztp VITIDACEAE 6 f i ~ I f i i O l  

u o n o i n ~ ~ ~ w u ~ i ~ u i u d ~ 0 ~ u u " ~ ~ ~ i s d 1 ~ q ~ ~ ' b w s 6 6 o u ~ ~ ~ 1 u i w " ~ u ~  

(Proanthocyanidins) k l g ~  ai~dsznouii w anFwG3u oa (polyphenolic compounds) I~~:o$u 
9.- 4 n  juuoavlaihuod (Flavonoids) iqmnufi~aiuisnazaiuli'i~wn ~ f n s ~ t ~ h . ~ d u ~ i u i ~ u n i a u  



k.$"?V09 flavon-3-01 (monomeric unit flavon-3-01) $OV~~?U~$U?V~P flavon-3-01 J ~ u ~ ~ - - J ~ Q z o ~  . 

l u ~ d  oligomeric proanthocyanidins (OPCs) n40 polygorneric proanthocyanidins alnnlr8nvi 

o~6dils~nouuo.rFns~ar3i~wu~ia,is proanthocyanidins ~ ~ ~ I ~ ~ L O O U ~ O U ~ O  (+hatechin, 

(-)epicatechin, (-)epigallocatechin, (-)epicatechin-3-0-gallafe ( & i l ~ R 9 1 ~ ~ d d  2.10) (Patricia et al., 
B 

2007) % ~ Q L W U ~ ~ I ' I W ? ~ & ( ~ ~ T L U I ~ ~  60-70 I ~ O J L C ~ U ~  U O ~ ~ I I ~ ~ X X K I U W ~ ~  polyphenols ~ u i ~ l i f ~  

O/U unn01n~~~~~1uldt i~n&uaru EnilaL~alfi  iifl'1UiU86 id$0flfi%J % U E I U O U ~  L L ~ Z Y I  (Fine 

et al., 2000) 

R I 

2d# 2.10 d~udrznnulns~nTil-rvm proanthocyanidins (Patricia et al., 2007) 

Ids~ioulaI.auiu^Cud~5ut11sdsz~n'~1dailau0~6 ~.rr la i~~unuRuasruai~~ni in i~  

oonigu 12 niu  fid 
a 9  B 

1. l6Tfalfl (Chalcone) tlHaJ'6l916R9 

2. IRb%R3i iYa'bf l  (Dihydrochalcone) 

3. ~ B ~ T U  (Aurone) i ? ~ ~ ? 1 0 9 ~ 0 9  

4. Islarrls~Faa (Isoflavone) YaOjii? 

5. d t l l3 l l~~d  (Flavanone) )aid3 
6. I~Ia l~sda ia iuna  (Dihydroflavanol) 

7. daiFausa (Flavonol) i?in$~~de)u;~iid 

8. dailau (Flavones) i?in$n9d~u~9llfi 



9. iiFl%h4 (Catechin , Flavon -3-01) 33%; 

10. ~ ? ' ~ F ~ ~ ~ Q U % % ! ' I ( U I ~ ~ U  (Leucoanthocyanidins , Flavan-3-4-diols) ?I.%: 

11. ~IDU%%!'I(UI~~M (Anthocyanidin) ;6bR9, dl, G39 

12. !~da1%3~0tlF? (Biflavonoids) !lh%? 

Aurone 4 Chalcone -------------+ Dihydrochalcone 

Isoflavone 4 Flavanones + Flavones 

+ 
Dihydroflavanol , Flavonols 

(Leucoanthocyanidins ) 

Proanthocyanidins 

Flavan-3-01 , (Catechin) 

Anthocyanidins 

~ i n o i s ~ n l n ~ n ~ a i ~ a , n " ~ ~ i n i u d ~ o ~ u  (grape seed extract) doniSu'uihiouk6 

pancreatic lipase liar lipoprotein lipase I~ i l i3d 3T3-Lladipopocyte T~ul4ai~aFiR~iniu~wo~u 
9 9 4  dn~huiomuon 3 nmunuuuno 0.01,o.i iin:: i I~JoG'IuAI ii~3iini5jRwn1uni~ni5~ukq 

m r i i ~ i u u o c m u 1 a u T n i 1 ~ ~ i i n r ~ ~ ~ l ~ u i m n i s ~ ~ ~ 0 ~ v ~ ~ n ~ ~ ~ ~ ~ ' u ~ ~ n ~ i ~ ~ ~ o r 7 u i u  3 ~ 3 - ~ 1  

adipopocyte W ~ ~ 5 M R ~ ~ J ~ ~ ~ l ~ l 5 ~ 6 R Q i ~ i ~ ~ ~ 8 ~ W d i ~ i ~ ~ u ' ~ ~ 9 ~ 1 S ~ i 9 i l d ~ Q . j I ~ U 1 C 1 1 ~ ~ ~ i 1 1 ~  

In' 3, 22 a 80 idoiiJu6 miuiiiFiUn~i~i~u~u'~o~ari~nn'~v'i~Xu uon~inikwuilnm 

ruliulu adipopoeyte 3T3-Ll i 3~a .1 ido~u~n"un~u~ lau~p~  i i n ~ ~ ~ ~ ~ i ; u j i m ~ a n ' n ~ i n ~ u d ~ ~ ~ u  
* ' - 4 '  muirou'u&nirii~iuuo~iouI~uTnidn9n' ~ ~ u d u l o i u ~ u h r u ~ u u ' ~ ~ w " u ' ~ ~ ~ i u v ~ ~ ~ ~ ~ ~ n i ~  

t76R (Moreno et al., 2003) 



n i r ~ n l n r i o u n ~ i u  1995 d~rn1~n~anszriulur iuuo~nisn~noin~u~no4u 

s'?un'uTns~$uuIu~d'il?udodluniazlu~uIuia"amq9 (210-300 rngldl) ~nuiki . ]n iun~ao~ 

oonigu 4 ndudo niudlGuinaon (placebo), n4u;lNY chromium polynicotinate 200 mcg, ndud 

Ir inirnheinlu~no ju loo mg i~azodu~lGnisan-~ain1u~nojuwarun"uFn3~~uu T~uln'pn5 

i u a z  2 nkhdoi+iu 2 isou waoinmsnnao9ind3uior total cholesterol IUQ~~LULGOU~GUU~IJ 

ilSJlorqluu89rz~¶J cholesterol dn~1Ula"DR!~iWn~4d n~~i1~ulni3FInnnn9 3.5 ld€l/l$~i, 

niuA1fi~i~~ti~ainrn8nojun~a.r s idoiGud, nzjudlflnniiuanam l o  idoii$uX imzn4u 

dlGn~.rnr i~ lo in~ua"no~uwnu~~~~ns~~uuana~ 16.5 idofiZuX ~inwnnisnnao.1~~d1Xi1a1~ 

fl6nolniu~n~~ulm%bnsL~uu~1ulf O5Z<'LI9109 total cholesterol ling LDL- cholesterol ~ULBOR 
1K ~nudmsn~~ainmiino~uwau~u~ns~iuuniuiroaulsz~~uo.r total cholesterol im:: LDL- 

cholesterol ?.81Jlfldq~ (Bornbardelli er al., 1995) 

~i30tilla40~ (Atherosclerosis) 

w d o  i~udnsiunirlo~n~~iinia~l"~%J'uluia"o~q~~~~~u~~o"unanw'~~i~~in'nn~a~~non 

i%~tllra9ll$4fllUJl k $ U l u ~  1998 Yamakoshi LiXflN:: ~ ~ ~ I ~ I s ~ R ~ o u ~ w ~ ~ I ~  

proanthocyanidins dwu~uiu8~ojuoinnlsnn"n~aufi wuiiijwnt¶J&msliin atherosclerotic 

~ u ~ 8 u ~ ~ o ~ i ~ n ~ ~ ~ ~ u o ~ n s z ~ i u ~ 1 ~ ? ~ 1 ~ 1 ~ i s ~ u 1 j l l ~ ~  n i s n ~ a o ~ ~ ~ n d i ? ! k ~ ~ ~ e , ~ n ~ ~ u  5 nju 

n'o nljun?uqu, nrjuoiwis~uiiug9, n~uoimsluliug~uazui probucol, n ~ u o i m s ~ u ~ q ~  

6ia:ms proanthocyanidins ~R?IUI~J&J 0.1 idofi$uX ~~nzniuoimshljUq4~~nza11 ' 

proanthocyanidins ~R?IUI$U<U 1 1d0fi4~6 Tm~lGRmiot iU~ iu  8 f?dRld 74~9Qlfl$U%l 

d f u i f ~  cholesterol, oxidized-LDL iln: macrophage dodluEdu~( foam cell wanisnmno9wuii 

mS proanthocyanidin ~ W I U ~ ~ G U  1 l d ~ f 1 $ ~ 6  ~ U I ~ O ~ ~ R ~ ? U I I V O ~  cholesterol, oxidized 

LDL ktEI% macrophage &I~IU~~JVO~ foam cell ~ & o ; O d ~ ~ ~ ~ u i ~ d i 6 ~ i f 9 i ~ u t ~ a ~ i ~ w " ~ o ~ i n 1 ~ i n ' n  

atherosclerosis 1 ~ l 8 ~ i ~ 0 ~ l i ~ 9 1 ~ $ ~ ~ 9 n ~ ~ d i U d ~ ~ ? ~ 1 B i W 1 S k ~ ~ ~ 9 ~ R ~ 9  

Auger il%flN.% (2004) l&8;amlqVIf antiatherosclerotic UD9 phenolic compounds 

01nninvo9oju, lui?no.ju rlnzninwnuluifnoju luny hamster dmdu~dilriiii~m~z1vu'ulu 

donq98~uoimsIuGuq9 Tntlriin~rdnumsniimIuii~azn~u~ndon"uuiu 3 i8ou oinfu 

f l 5 ? 9 ~ 1 9 % ~ ' L I  cholesterol, plasma antioxidant capacity (PAC) i k ~ ~ ~ ~ f l ~ 1 1 ~ 5 ~ 1 4 7 ~ ~ a 8 @ i a " 8 ~  

&?u isolation organ technique H ~ W U ~ i ~ l 3 f l t i ~ ~ 9 f l i U 6 i ~ ' L I ~ i ~ i S O ~ ~ 5 ~ ~ P I  cholesterol 18 11 



~ d ~ f i $ u A  L A ~ L ~ U I ~ ~ ~ U ~ ~ ~ I S ~ P R  aortic atherosclerosis 68 id0$l$~6,  63 ld0$l$~6 6lP: 34 . 

idO~L$ui  f4l~~il&J ~ l a ~ 0 1 n n l f  W ~ ~ 0 f l n 1 3 $ 1 9 1 ~ d % 8 9 M a ~ ~ l a " 6 R 1 6 ~ 9 ~ M ~ & a ~ ~ f  isolation organ 

technique WUiim5nfi~~9nluL~Up1~i1~Mabw6a"ORa6R91w~Ralu~a~~ 77 ldO$l$ui, 

84 ~do$~$uA Lraz 72 ado$&wi' ~ i u i i & ~  

h.13 1985 Thebaut ~ ~ n : n ~ l a ~ ~ 8 f l ~ 1 ~ n ~ w o ~ n 1 s n n ' ~ ~ 1 n 1 u $ m b ~ u n " p 1 ~ d a u n 1 a ~  
dd l 

peripheral venous insufficiency ~ u % ~ P o I ~ o ~ ~ : M ~ I ~  24-62 ( 1 ~ 7 ~  92 R U  6bi?~?; double- blind 

placebo-controlled l ~ t l l # f l 1 5 f l h l l f i ~ d a ~ a ' l d a z  300 mg R~don'~irlSu~?a128 a'U WafllJMRaO9 
d d  d d  

wu~i~dau6~?un~~nn'm~1n~'u$mo~uuinfli~ 41 i d o s ~ a u ~  uJrz3nimwniriic1uuoc 
e 42 d 

w a o m ~ a " o m m n u u ~ u o ~ ~ i u ~ n " ~ n ~ u d ~ ~ ? ~ ] u ~ ~ a ~ f l  

uonainriimsnmao~lun~u~daufiiaz peripheral venous insufficiency 1183 1 ~ 3  1998 

Lesbre LlnzhOJZ 1d; i i lm58n~ l l iu~un~u~daunla~  hyperpermeabillity l iar  hepatic cirrhosis 

ki?~?; randomized placebo-controlled double-blind study T~ul#~~au?~d5~mua15f ln '~~in  

IU$RQ jujuar' 300 UPaBniu ~ ~ P i o ~ u l i l u ~ a a i  6 lirlmn' wan~rnmao.rwui~~~audI#?~aris 
42'- 4 n r i ~ ~ 1 n t u 8 ~ o ~ u i ; 6 1 ~ ~ u ~ a m 0 ~ ~ a 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ " ~ o ~ n a o m ~ a " o m ~ n d 1 n ~ u ~ ! 8 ~ ~ ~ 1 ~  a m  

2002 Bentino l6aZRDl:: 8 f l ? 4 1 q ~ 6 6 ~ f l 1 5 M ~ 9  nitric oxide ! U W ~ O A L ~ O R I I R ~ ~ ~ @ V ~ (  

M ~ c i ~ ~ d  !Gi.~ms polyphenolic compound Q I ~ I ~ ~ ~ ~ ~ ~ ~ T ~ R L B I L I B ~ ~ Q B ~ ~ " o ~ , ~  (dealcoholated 

red wine, DRW) 1 ~ 0 1 # f l 1 5 6 9 0 $ 1 3 ~ 9 n ] l n ~ ~ ~ ~ n " ~  10 TU W C ~ W U ~ I  polyphenolic compound IU 
-4' ldor a u 

DRW m d u a ~ i i l ~ ~ n i s i l t i  nitric oxide L W ~ U U U  L i a z j i i ~ ~ w i n a ~ m l ~ ~ ~ i L m ~ t w ~ p ? u ~ u L J ~ ~ w ~ ' ~  
B 

M a O ~ l a ' ~ ~ l ~ ~ m s n a 1 ~ ~ ~  UonQlnb: polyphenolic compound 6 j a ~ f l l l l i i R  peroxynitrite %9l3U 

m5oyun~nrrdliimain5z~~6uo9 nitric oxide d i j u i n ~ B u ~ n ] ~ a : ~ ~ a ~ u ~ a ~ o n i s ~ n " m d ~ ~ u i o o f l  

BimGu 

rioulluq 2003 Aldini ll11%RDlZ 8n~l()n~dfldo9~a0~l~0mllaZ16un15nalu~a~aOm 

l a " O ~ ~ O 9 m S  procyanidins d ~ n " ~ I b ; s l f l l U ~ ~ ~ j ~  T R U I ~ ~ U ~ J I ~ # ~ ~ ^ R  peroxynitrite hfl 

3-morpholinosydnonimine (SIN-1) W ~ ~ ~ I ~ W R D D ~ W U ~ I  procyanidins < u & n l 3 6 ~ ~ d ~ ~ u l ~  
a a 

I R ~ Y U O ~  2',7'-dichloro-dihydro fluorescein (DCFH) SIN-1 TmuDdl IC, l$lh 



0.28 pM u o n a i n 8  procyanidins m u ~ ~ ~ ~ u ~ ~ m s i ~ a ~ u i v a a " w ~ ~ ~ a ~ ~ i a " ~ ~ n ' a u n a ~ u i s u ' u ~ u  

A I ~ R  (1 pM) i ia:niu15a~u&niri i?~ lipid peroxidation d i i ? ~ a i n m r m d u ~ i i n ' ~ u  AAPH 

(site-specific peroxyl radical inducer) ~ l n n 1 3 & 0 ~ 8 i i ~ z 6 1 9 ~ ~ 9 1 1 9 ~ a ~  fJl~%lCJl WU<I phenol group 

U D ~  procyanidins Q I W ~ ~ U U Q  phospholipid d i $ u ~ 3 : ~ u a n  (cation polar head 
w da 

phospholipids) ~W~~~uU0nq~~~d~a0~ia"0~siau~o9n"unl3ilal~~vaa"ulnfll3in~iinz9~~n 
9 Y w d o r  

& ~ p l 3 1 ~  Q I ~ ~ ~ v R ~ D - ~ ~ s ~ u u ~ w ~ ~ I  procyanidins S q ~ & ~ u n 1 5 n f 1 ~ i m z ~ k . ~  nitric oxide fiilt? 

nno~ia"o~dw~. '?Fi7un1~n3z~w~e,~ NE inP~n13~1aiu.ja.a"% 85 i d ~ i i $ u &  iin:Emuji 
Y 

procyanidins ~ w ~ ~ ~ ~ ~ ~ I ~ M R ~ ~ ? u o ~ ~ ~ Q R ~ ~ " ~ ~ $ ~ ~ L M < u ~ J I ~ ~  ET-1 

ldufiu w a a ~ n m r d o l n ~ m ~ & i u e , y ~ a ~ a ~ ~ " ~ ~ ~  polymeric grape seed tannins I u n u i i r n d  

~w~uaiihuoimr I % G U Q ~ ~ ' ~ ~ G ~ ~ U W R U U D ~ ? R I G U ~  Tnuulitn y o o d u  4 n j u  f o niu$ I. 
ad 1 

IX~iwirnun2uwauu~q?niGodZ n j u d  2. ~ X o ~ r n r d l i S t i a u w ~ u ~ ~ ~ ~ p l i G u ~  n j u d  3 . 0 1 ~ 1 3  
1 4 9  9 4 149 9  4 dluuamuuownuiiu monomeric tannin UUIR 71 rngntg n j u d  4. oirnr6Iuu~muuow~uCp1 

polymeric tannin WIR 71 mgAcg T ~ U I X O I W I Z M I Q ~ I ~ ~ ~ ~ O C U U I M  10 +d~itlb ~ i 6 2 i f i ~ i i h m i ~ a z  
a ' a  a 

~ U D L U B ~ W D ~ R S ~ ~ ~ S I ~ ~  superoxide dismutase (SOD), catalase (CAT) Ling glutathione peroxidase 

(GSH) w a ~ u j l  SOD, CAT, GSH ~ u n y n j u d  2 Ma: 4 ~r%~uilna:wurnsrn'R lipid 

peroxidation V P ~ W ~ ~ ~ I J ~  4 (polymeric grape seed tannins) XI&?U i d n y n j u d  3 (monomeric 

grape seed tannins) S r ~ 6 u ~ 0 ~ i 0 ~ k 6 &  3 u i n s u ' ~ ~ n i i n ~ t ~ 8 i ~ u i i  polymeric grape seed 

tannins ~qn<&luoy  u~~nr: lu)- lY d L ~ < u a & ; a u o l ~ l ~ ' b U o ~ ' u Q 9 ~ ~ L ~ ~ i ~ u a n " u ~ p l l ~ U  (Tebib et 

al., 1997) 

1 ~ ~ 1 4  macrophage cell lines (J774A.l) iia:: neuroacfive cell lines (PC-12) M U ~ U ~ U . I I ~ ~ ~ R D ~ ~ ~ ~  
d a  s 5ns:hu H,O, imzkniri~o-run~'~e,~d~o~i~ni~11u~win~01noyya~n~: w n r n ~ n ~ a o . t n u i i  

2 A' 
fluorescence intensity ~ ~ U U U Q U  5.8 [la:: 4.5 id1 ~ o q i v a ~ ~ q a ~ q ~ ~ ~ ~ m i u d 1 6 ' ~  I I ~ ~ F I  pretreat 

d,Y 
i.annVdn~dEi?u grape seed proanthocyanidins extract (GSPE) ~ f 0 ~ n " ~  H , O , N ~ ~ I  fluorescence 

intensity a~aan 'migu  36 iiaz 70 ido i i JuX onuziiliu u n ~ a I X i A u i i  GSPE &IU~I~~GROYI.JLI  
d a  ' 

~ n 3 % i l a l ~ i ~ a a ~ ~ ~ 0 2 w " 1 & ; 2 ~  H202 (Bagchi et ol., 1998) 



luYJidu2n'u Nuttall iiazn~1: ~ n ~ i ~ ~ l ~ u m s ~ i u ~ ~ ~ a ~ f l s z v ~ 9 f l i ~ f l ~ m ~ 1 n i u ~ m 0 ~ u  . 

dodlu2diind(eavuim 300 mg (~eucoselec?) 8a;?tl?$ randomized placebo-controlled study 

1uoimnlinsdqvmw5ioi~sznii~ 19-31 3 (luau 20 nu I R U ~ $ ~ ~ ~ S ~ ~ ' R Q I ~ ~ U ~ ~ O ~ U ~ O ~ I W  

~dund(ea5uaz 300 mg ~mdofiu 5 n f io in~u  wash out i i h i d d ~ ~ l $  placebo ~uuIFI~!~~:: 

diuauiudin'u wwwuiiszriu total antioxidant lu~~uv~~ndud~&?uflisnfimoiniu~m~ju 
A' A, u w  

i w ' u v u o 6 1 9 ~ ~ 8 1 ~ i ~ 9 1 1 9 f l ~ ~ i $ o i ~ u ~ 1 n " u n ~ R s u  placebo UOnQlrl<~9w¶J~llL(i~U09 

im1u^u3imzim1~u~l~~;dIX?'~1n1~nn'~~1niu~mojuIL;~dduuiida~ idoiiuutiun judlL;l& 

%J~15fln'F1 (Nuttall et al., 1998) 

n 1 s ~ n l n ~ n ~ l u n i s 8 i u ~ p $ ~ a ~ n ~ z v ~ ~ n i s ~ f i m o i n i u ~ m ~  jui&n'm~auii &~unirdou 

msnn'miRkn~1aurinyi1s~1l~in1s~m~ui1uni~n~ziwizo1~1~ imzln' AAPH IW~U-JJI~~ '  

it?md~~uioon.a^in~u aintui8uwainuinyiismii8msao~nisin'm CE-OOH (cholesteryl ester . 

hydroperoxide) wawuiinyln4uA~&funisafino7niutnojuiwa0"u~9nisin' CE-OOH ?&J~TJ 

iliu8i~iqidoi~uufi's_ln4una~1~u i i a z w u i 1 ~ n ~ l u n i r ~ i u o p $ ~ a 5 n s z o z ~ ~ ~ ~ I u ~ a ~ u ~ d  8 

uonoiniv~tain~~msfln'moinioJdmojuiia'a 15 u i i  ~imri~iswznaindomsao~ metabolites 

vo~ni~nfi~oiniutmo/u wuiimsnriPlKqndiai metabolites ~OI~%LJ 3 6$0 gallic acid, 

(+) catechin iia: (-) epicatechin (Koga et al., 1999) 

m ~ ~ n u i ~ a i u d a s n b u ~ ~ m i ~ ~ n " n ~ i n 6 ~ d n b ~ u  (Safety and toxicity tests) 

Yamakoshi LiEIzfltX! (2002) !hflfl0~6&IV09ffll proanthocyanidins f ! ~&~ l f~ f l l l d t i ~  

hu~ivo9ii;mnju ~mu~mnouw'~uuui~uuwa'uiiazn"~iduuwa"u~auil~~~~'n~~~~~d~n~~f~~; ' 

$ 1 ~ 7 ~  344 6a i ? n ~ n ~ ~ m  snmuiYuI (mutagenic test) iaul?: reverse mutation test Tmul l  

SaZrnonelZo fyphimuriurn nmnouT?naiui7~dR~~~FnsFuFvu&~u CHL cell nazmnaou 

mi~r~nucleus lmuI#ny ddY mice ~am5n~a~9~l i~una'n~1uni~in"m~~~~uuiduu~a'u~a'9~1n 

lnYrnrnn"mii6v~dvuim 2 i iaz 4 gikg 1liwuniin~iumsi~~w'pIiiuun"~iduuwa"una'~oin1n'nis 

niimiirin;dvuim 0.02,0.2 i iaz 2 id~iiBuPi (WIW) PIIUP~IF~U ~ ~ i o f i ~ u i u  90 ju (nirdln'i 

i i iaiuivi ir iu 1,410 mgikglday h6a$ iiazidin'u 1,501 mgkglday fu6aiiu) iia::h.inuna'n21u 
9 d  4 msibmn~iuw'mdnn'lusz<uFnsFuTvu ~ 1 n $ ~ ~ ~ t u ' 9 ~ ~ i u u ~ R 9 ~ ~ i ~ ~ ~ 9 ~ ~ l ~ d a ~ ~ n ' ~ ~ 0 ~ s u ' i 9 ~ d  

i i az i ;n~ iu~du~ud~~uuin~o~ar is~~m~in iu6moju  

Bentivegna ikiXflB1z (2002) % W ~ Y  U Q ~ P ~ ~ ~ ~ " ~ Q I ~ ~ I ~ ] ~ R B ~ M  (grape seed extract, GSE) 

iiazalnii3ida'onvod~ju (grape skill extract, GSKE) YO9 ~ e ~ a n a t u r a l ~  lot 2501-040157 1111:: 



lor 251 1-040060 n i ~ i i r i ~  Iiini~ii~uX~tiiuu~~u~un~tt~~i~ua~d 40 A (twni 20 ~ i 7 ,  twntiu 

20 iia) %nuIfia(isa(iYwoin GSE WIR 0.63, 1.25, 2.5 rda6Guad (WIW) nlui i+Y~~ traznirein 

GSKE UUIR 2.5 tdoit$usi (WIW) SRF~O~~UUIU 3 t~ou  tda~5u I L ~ ~ U ~ Q I L G O R M ~  10 g~i?nnn/ 

n ju  iw'~d1"15%1 clinical pathology t~ilztUdan5~ 3 l f f o ~  t i ( u ~ b ~ ~ ~ ~ ~ ~ a i ? l ~ ~ ~ n w ~ y n ~ a ~ w ' o i ~  

ms%61m.r clinical pathology 6 i a z 6 ~ u a ~ u a z r ? n d ~ ~ o ~ n n ~ u n a u q u ~ t a z n ~ u w ~ n ~ ~  bwazlilv 

~ i u ~ z t a w 1 z n ~ u d l b 1 ' ~ ~ n " ~ I ~ v u i ~ d ~ ~ ~ ~ t w " 0 n ~ a o n 1 ~ w u i 3 ~ w u 1  wnsinni~nr~awuiiny 
w 4 1  ynn2ummc clinical pathology d d n ~  'Iriwunaiuti~dnR'ni~wu15?nu1 ttozlrinunirt5own5u 

Iliw'.rdrzntn' (No-observed-adverse effect level, NOAEL) I u M ~ ~ ~ ~ ~ o ~ u ~ ~ & Y u H I ' s ~ ~ ~ ' R I u  
UUiRiBddqR $ ~ ~ ~ u I D ~ ~ ( I ~ ~ ( ~ " R $ I x ~ ~ I L ~ I ~ Y u  1,784 mgntgiday ~unylannni !taztiliYu 







Triglyceride test kit 

Vitamin mix 

Human Gesellschaff, Germany 

Union chemical, Thailand 

-4 
25n13l9I%J~1 Krebs-Henseleit buffer solution 

NaCl 119 mM, KC1 4.7 rnM, CaCI, 2.5 mM, MgSO, 1 mM, NaHCO, 25 mM, KH,PO, 1.2 

mM llnr Glucose 11.1 mM ImuiiTiinai~1Bun~m-di9 (pH) 7.4 ll~llG61'% carbogen (95%0,+ 

5%C02) Inadiuolnomnai 

- 1 R  Isolated organ bath 6lUu double walled Harvard type ~ S Z ~ O U ~ ~ U W ~ O R L ~ ~ ?  2 

~ u ~ u u r ~ g n i s n r r n u d i 1 ~ ~ u ~ ; i o n 1 ~ ~ 1 ~ ~ 3 ~ ~ ~ o ~ ~ ~ o 1 $  (Physiological salt solution) din~iug 
A 

25 ml lltl~%FI9l%?l&l6fl carbogen (95%0,+ 5%C02) diu14iIX ~ U Q n i j i l 1 H ~ ~ U U T 9 d 9 U l  

9ln water bath IRU?J thermoregulator naurlUqDlHP~uo9Ha~mLln*?$u~u~~n9d 37' C maomril 

f l I S W R ~ Q 9  

9, 
- Helotherm water bath WSOU thermoregulating water pump, model C40 turbo, Australia 

.4 4 -  - msoaunamnirnmg?ro9idoL$o (isometric force transducer) uodu??h AD 

instruments, model MLT050/D, Australia 

- m ~ o J l l d n c ~ % ~ i r u ~ i  uo9uiA PowerLab, model ML1199, Australia 

- mf 8 9 % ~ 1 ~ t ? ~ ~ l ~ ~ d b h  uo-ruirjn PowerLab, model ML785, Australia 

- o j u ~ r g ~ i r  carbogen (95%0,+ 5%C02) VQ~U?GW Thailand Industrial Gas (TIG) 

- T~m:09u'odl;mli;n 

- Autopipett Gilson, France 

- Centrifuge Denville, USA. 

- Incubator Digital heat, Thailand 

- Magnetic stirrer GEM, Thailand 

- Microplate reader GDV, Itaty 

- pH meter Beckrnan instruments, Thailand 

- Suction Vaccubrand, Germany. 

- Spectrophotometer (UV 160A Shimadzu) Shimadzu, Japan 

- Vortex mixer Vortex mixer, USA. 



1.1 iiwiqm~~duuw~pd1odniannazZpI cholesterol 118% triglyeeride ~ 0 a a i ~ a i i n ~ l n 1 a ~ d n 8 j p d  

6%J¶J%JUl orlistat 'lUMyU3?Iafi lipid emulsion 

d i r n ~ ~ n l n T ~ u ~ ~ l i t n ~ ~ ~ ~ ~ ~ i u a u  30 $2 oondu 5 n j i  n+az 6 h ~ a t m i 3 ~ u l d  

Aw~n3?uuntn~luliiaznjulna*l5u9n'u r i i n i ~ o ~ o i r n r n ~ i b u ~ ? a i  12 k l u d  ~iour i in13 

n a a m  l ~ u q n n  juaz1ASu lipid emulsion (LE) d d r z n o u h u  cholic acid 93 mg, cholesterol 0.14 

g, olive oil 7 ml, distilled water 7 ml. ~ O U  LE r n t h n b u ~ 8  feeding tube 1 ~ 0 i 1 8  d ~ 7 ~ l f l f l l l R ~  

i a n  
Y ,  

n jud 1 Id lipid emulsion ilazdintYu 

n jud 2 Id lipid emulsion i inzu i  orlistat UUIR 0.05 m@g 

njud 3 In' lipid emulsion ~ ~ a r n i ~ n k ~ i n ~ u d ~ o j u ~ u i ~  100 mgntg 

n jud 4 i d  lipid emulsion i i ~ ~ ~ l 3 ~ t i R ~ l ~ l ~ ~ ~ ~ ~ ~ U ~ l R  250 mgkg 

njud 5 in' lipid emulsion liazn13nfiR01niui;~oju~ui~ 500 mgntg 

~ri-rainln' lipid emulsion iiazni~m~ln~uiia*~ i ~ ~ i ~ ~ R ~ l ~ l 8 ~ l ~ ~ ~ ~ 1 ~ ? l ? P l ~ 1 9 ~ ~  

d d d W  A 
Tavdimsinunr?ai  0,2,4,6,8 lmz 10 h ~ u a  n~9ainh~uirun.a;unnaiuL~a 5,000 roudo 

u i i  ibulaai 15 UIG 4 ~ ~ t u u ~ n ~ n o u ~ i l z g u ~ 0 9  1 ~ ~ n ~ i r o ~ ~ F i l m m 0 1 3 n i ~ o ~ o a  1 ~ ~ 1 4  
triglyceride i iaz cholesterol test kit ~ i w a d ~ ~ u i r i i n i ~  plot graph f ~ n ~ 1 9 i ? a i n ' u 3 z h 1 ~ o ~ a ~ r n ~  

~.aoIsLrnz~nnnnos~a~u~tu  ~ i a z i i i u ~ ~ ~ ~ ~ u d ~ ~ n ~ i ~ a i n 3 a ~ u ~ d  o 6910 (AUC,,,) TRU 
90, d 14 trapezoidal rule ~ 9 S ~ l i ~ ~ 9 ~ ~ 2 ~ ~ ~ l l t f R 9  



Acute effects 

1 
1. LE 2. LE + orlistat 0.05 mgkg 3. LE + GSE 100 mgkg 

CoIlededhlood sample &om 

tail vein at 0, 2,4, 6,s and10 hour 

1 
Determinat ion  of triglyceride and total  cholerterol level 

AUC (0- 10) 

Y 
S J l W  lli;nrj,1niminuimziBuq1uaniazLLaaa*ouL;ua5u taionlu 2 ~Aou miun jukG 

niud 1 In' ~ o r r n a l  diet 

niud 2 In' High fat diet 

n jud 3 7 n ' ~ i ~ h  fat diet iL1IZU1 fenofibrate. UUiR 100 rngkglday $u~n'~dai$d 4 V D U ~ ~ " I = ~ W R ~ D ~  

fliufi 4 In' ~ i g h  fat diet ~~a:n i~nh~ in~u ibo+ 0.5% (wlw) VOPii;?4ljnElY415 

n jud 5 In' ~ i g h  fat diet i ~ a z r n ~ n k ~ ? n ~ u ~ ~ o i u  1 .O% (wlw) ~ ~ q ~ i i ; n l j n ~ i i ; n i ~  

1~uoirnrluriuqt~:~m~uu~n 3 iu ~~a: i i r i~udr~nouoiwi~dnt~1a:o iw151~~uq~~~~~aa~la"  



wkalnl$uqnun3u 2 1ffnul6&aY?ril~~wynumfl~~aun13~n pentobarbital UUlR 60 

t-ia~d3~n~u 

Casein 

Sucrose 

Constarch 

Cellulose 

Lard 

Cholesterol 

Mineral mix 

Vitamin mix 

Methionine 

Choline bitartrate 

Soybean oil 

3aSniuioiilaniulsu"i+09w"oq iudonunaun&ariinis ii5mdn ~o.aw"oq11azn3zi7qau nizlbnn 

ainiil~alRupl3.r (Cardiac puncture) (iuau 5 ml ~ i a : ~ i ~ n a o ~ ~ b o ~ t 6 ~ ~ 1 ) . t ~ 6 ~ o n m a , o u n 1 ~  
s u  ei ri1~1u~otwao~6bo~66az8n'~lin1f 6 d ~ ~ u ~ 1 d a ~ a " n ~ ~ ~ ~ ~ 1 ~ u 1 f l 1  +h~duuuqiuaauw!ta,n.a 

Normal diet (ND) 

15.30 

10.00 

45.26 

5.00 

- 

- 

3.50 

1 .OO 

0.18 

0.25 

4.00 

High fat diet (HF) 

15.30 

10.00 

33.26 

5.00 

5.00 

1 .OO 

3.50 

1 .OO 

0.18 

0.25 

10.00 



Long term effects (treatment 2 months) 

4 
1. Nmmal diet 2. High fat diet 3. High fat diet + lknobbrate 100 mgAcg 

Blood Aorta 

Lipid profile s Nitric oxide level Isolation organ Histopathological study 

technique 1 

LDL - C 

HDL - C 
Intima foam c e ~  t,' 

Calcification -i 
Endothelid smooth mu#cle cell +--' 

2.1 n l ~ n % a ~ w 1 9 ~ ~ 1 ~ 3 0 1 ~ 1 R ~ ~ n  (Blood chemistry) 

2.1.1 macilaa~6iwi-aQam$ (lipid profile) 

d19h yiisnnu~n38?un~~;n pentobarbital VUIR 60 u^a8niuion'lnn% i414os8o.r 
~ u d o n y ~ a u ~ ~ d ~ i i i n ~ 3 ~ ~ ~ m ~ ~ ~ i ~ ~ ~ n ~ ~ a z ~ ~ ~ ~ i a " o m ~ ~ n ~ a ~ ~ l m u m s ~  (Cardiac puncture) ( 1 ~ 3 ~  5 

a& 9 
ml liidondln~uidUllunv3umauLn$o~ centrifuge dn31u$-~ 5,000 ~ D U ~ O U I ~ ~  LSUIXII 15 UI~? 

c ( w  4 ~ i & ~ ~ l l u n v ~ u l w o ~ l ~ d ~ i n ~ 1 z w " ~ 1 d ~ u 1 ~ ~ ~ s  total cholesterol, HDL- cholesterol, triglyceride 

61 LDL- cholesterol AIU?NBI"QP~~ LDL = Total cholesterol - HDL - (115) TG LLflL~l~il~ll~U~ 

18¶J161~3N Atherogenic index of plasma (A1 = [ TC-HDL-C] I [HDL-C]) 



2.1.2 frI5m3a4a"(;1fi~na Nitric oxide 

Y 

l$?f non-enzymatic assay (Schmidt et al., 1995) '&~l4AQUdQ?d6 

Y 

1. r i1 rn r~1~1- ln~1unnd~n~~noin  cadmium bead QQn 2 flf4 &JU H20, O.1M HCl lm:: 0.1M NH, 

R1¶Jdl&I 1l~?$n1fidD1fiU&mDlddQ?d 
Y .  

2. d l ~ ~ U ~ 1 1 ~ ~ 8 a u d l n a " u 1 8 ~ d ? u l m ~ n 5 u  190 p1 Qln$ul.~U 30% ZnSO, 10 pl ~ ~ Q R ~ R Z O Q U  

Y P I W  9 Tdr%.4 wnunlr~nnInuR?ua~Q4 vortex mixture dlu incubate igo lnQ~w*b4  15 ulf! uln$u 

d11d centrifuge ~ ~ T I U B ~ ~ D U  3,000-4,000 I Q U ~ Q U I ~  lfl~11t315 U I ~ !  

3. l8udaudlfluuocmnadauuu (supernatant) I ~ & ~ ? U I P I U I ~ ~ ~ R I L ~ ' ~ L Z U  ~d bead dP;1413 
I ~ ~ I ~ & I . J  $ 1 ~ 7 ~  0.5 g L ~ D L ~ ~ U U  nitrate 14'lfl~ nitrite i~t3:: incubate dqrunnGi?o4 &11$1~lrm'u 

Y Y 

ainrjut~ung~~~udYu~auuue,~nu~ centrifuge tnnk 
9 n 

4. 4 ~ ~ ~ 4 i ~ a ? d ? U ~ ~ d ~ ~ ~ ~ ~ n ~ i a * 3 ~ 1  100 p1 LlII3LmU color reagent 1 Sulfanilamide 

(p-Aminobenzene sulfonamide) d?4~1ol 50 pl lla:: color reagent 2 N-(1-Naphtyl) ethylenediamine 

dihydrochloride) d ? ~ l o l  50pl l'Udl!~17%fil~l?i~ 

5. d l ~ R ~ 7 n l r g ~ n ~ u ! l f l c d  540 m. lla::61~7olm~l7ulol nitrite Qln standard curve 

s4 4 as!m%U%J color reagent 1 1% Sulfanilamide (p-Aminobenzene sulfonamide) a::alU%~a 3N HCI 

Y ,  
99) w 

!R HCI UI  24.85 ml oin$uAouq lud1n<ul$n3u 100 ml n d i i u i ~ l n n i n u  id344 . 

99) or d a 
Sulfanilamide 1 fl?U 3N HCl $ 1 ~ 3 ~  100 ml $lR~t l¶J1 ' !~14h I I ~ % ~ ? I V ~ I ~ W I ? I V I ~ U  inun 

golngG 4" c 

s4 
a~lFl%u color reagent 2 0.1% N-(1-Naphtyl) ethylenediamine dihydrochloride ~ L ~ I U ~ U  

deionized H20  

Y 

$4 N-(1-Naphtyl) ethylenediamine dihydrochloride U l  0.1 g Q I ~ ~ U ~ S U  deionized H20 

d a aiudiui~rd.'o~mr1~~u1~~~a'a1vd11fi~~1?iu ~8uliluua~Gulm.r~nup1~mn~G 4" c 



n<90iniifu!;pwynru 2 i~ouii&adi~w"~ynumn~Xaunis~m pentobarbital UUIR 60 

u'abniudon'Taniuihsioqw"o9 do~~nauii&a??riimsdi~mi~msi~~w"o~ii~znrzs~'~au unoiua:: 
A' m u l u u u l h u m  mnanmibomii~t1wqid~mn"unrz~n~u~~9 (thoracic aorta) nkna~~ii iomiima 

a, .Y Y Y  

~ n ~ ~ i i u i a i ~ m i r i ~ u  petri dish n u u i u i ~ d o i ~ l u . ~ ~ ~ o i d o  (Krebs-Henseleit buffer solution) imzg 
B a  

carbogen gas (95%0, iiaz 5%CO,) ?nndiunaom!aai ain&~mi~undaudi~ui~~iuoinuaw'u 
Y 

uazluriuoonlGnum im::lg Pasteur pipette ~ ~ i i ~ l & l 9 ~ l u ~ ~ ' ~ ~ 9 ~ a ~ ~ i i i 8 m ~ ~ ~ z 8 1 ~  Q10iu 

~ini~~miiunnaomadom~w"i~ua~ii~au ~lwimdszuitu 5 u'abiunr i inzusnunuian 2 <ui$ua 

nnomibomA 2 51u iinaomiiiomdIkmauriuu organ bath d i ~ i s a z a i u  ~rebs-~ensele i t  buffer 
9 9 4  4 4  

solution ( luau 30 uaaanr 119%~ carbogen gas d i u o ~ n a o ~ i a a i  ~ f ~ ~ f i U ~ ? ~ f p J g D l ~ g ~ n l ~ ~ U  
B 

organ bath l w " f l 9 i  37 o- lmiva i~un s )a0~ i7a idd i f l 15~~a0 (  ~ n ~ d d a i u & ~ n u ~ v e , ~ n : : ~ o ~ : : d ~  
4 8 9  ~ m < u m B o s i i d n ~ ~ t y ~ i m  (isometric force transducer) imzda i~Bn~ i~~n<u i~w '~wa innnu~n~  

h organ bath ain~ud?unbiut$olw"inaiuSaGa (resting tension) d I ni3.J ii&~??ril~lr incubate 
I Y Y Y  

i 9 1 1 '  45-60 uifl (~ i~ i inm9lu~dd3.1)  ~ m u ~ m r i d ~ u u ~ i u ~ ~ ~ o i ~ u ~ i ~ o i d ~ ~ n ~  15 uifl roau 
9 B  0 iirtltuotn&iui$oinaiun9diiaaa9mii~uniswmnoulu~unoudoId lumrwmnouni r r i iq~u 

u o . r n a o m i ~ n ~ i i ~ ~ I n q i ~ i i u n ~ i n n i u w ~ i i s ~  nirnmiiaznaiu~auotwao~i~omaza'm1~~1nn1r 
a ,  A' a  i d d u u u d a ~ u o ~ i i ~ ~ 6 ; 1 ~ ~ 1 n w ~ ~ u n  isometric transducer aintuii~z~flljuffni.U*i~"bd3iin4'11 chart , 

4 for window (AD Instruments) 



Transducer 
1. 7 I ,  

Aortic ring 

Organ bath 

Carbogen gas (95%o2+5%CO2) 8 

zd 3.1 nisiiuauwaomiBom aorta i$i6uin?ot~uiu~~~imiiar organ bath tSirn6es et 

al., 2002) 

3.2 n n a ~ u n ~ ~ n c l ~ a u o ~ n a p r c l ~ i ~ c l ~ ~ n ~ ~ n ~ ~ ~ n ~ n d ~ a ~ ~ ~ " a  norepinephrine 

nmnouiinaomia" endothelium dnuu5&odbunua NE nnui$uh 1x10' M i d  
9 99 

tIq!dlu organ bath $i Krebs-Henseleit buffer 30 uaanm ~ ~ o ~ d u a l j i ~ n ' n a o ~ i a " o m w m 6 a  

iionasmia"emwm6an~iiidawum A C ~  naiut$uh 1x10' M ~~o$i~W'~mm~a"omnaiu6a 61 
w a u  

waomiBommm~onaiu~a1X 60% tioi~;cun~~nirinduaiiI~wm6aXau NE iinm.aiiutu~;o~ 

w~qnaomia"omdGtniui5oiiqiuI~niudn~ sinh8imaomta"om 3 nf'q ih6'qI'j 30 uid in' 
naomi3omnqdiiA?wum NE n ~ i u ~ ~ u < u ~ t u u n r n u ~ ~ t i ~  i ~ i o - ~ ,  ixio", ixio.', ixlod, 1x10-', 

1 x 1 0 ~ ~  niuiiih atldtu organ bath i~oiwdualj11n'naomia"omwm6a ni=Y~oindinisnmnou 

ia~s i i~a i in id i twaomia"om~au  Krebs-Henseleit buffer solution t h ~ ? t I i  30  id I R U ~ ~ $ U W  

m5araiuyn l o  uid oin~uro1n'n'naomi~om~ii5t~t~an~ifioun15nmao~Fu~o1~ mr 

n~unwotiummm6a~o~~a~mta"om~~iinm~wai5uii~~~t6av~twaomta"o~i~~1X~u NE i 
naiui4uhiis7 iduun'Yfioul8fu NE 



3.3 n a ( ~ ~ ~ n ~ ~ ~ a ~ ~ h ~ o ~ ~ a ~ ~ ~ a " ~ ( ; ~ ~ t a ~ ~ ~ ~ ~ ~ ~ a " a ~ d e , ~ e r o d " ~ ~ a ~ a ~ a " ~ a b a e r ~ ~ d a a ~ ~ & a a  

acetylcholine 

nkoinnirnmnouiinaom~a"o~u'~~ endothelium dnuyraiotj (6.an%uiu!%itdiu) 
.4 9 ainifuwum NE uuim 1 x 1 0 ~  M ~~omdualiif$waom~a"omwm~at~ufiou tu'onirw~ganqnttaa 

1 ~ i  A c ~  naiut4u4uttuunznuRqtti ixio+, 1x10'. ixioq, ixio4, ixio', lxlo4 M MU~IT~U 

~ ~ d ~ i n $ i n i 5 ~ ~ ~ 8 u t f l ~ ~ t ~ a " ~  V?ifli5a"i~wa~~6a"8~#~~ Krebs-Henseleit buffer solution tihtaai 

30 1.1; fnutd~uuairaza~u~n lo  ui; a ~ n ~ u i r l o l h a o n ~ a " o m i t t ~ ~ ~ ~ ~ a n ~ $ f i o u n i ~ n m a o ~  

Rdold m r m o u n u o ~ ~ u m s n a i u 6 a ~ : ~ t ~ m ~ ~ a t 3 u ~ 1 f o ~ a z u ~ ~ t t ~ ~ l u n i ~ n a 1 ~ ~ a v o ~ w a o m  
a a ma"omtu'ol#~u A C ~  ~naiut4u4udiq7 t~uun'umsnm6aq.rqmu~~waomta"om ntwuuaiil$win~ 

6a iau  NE 

3.4 n ~ ~ ~ ~ ~ n ~ ~ ~ a ~ a ~ a ~ ~ ~ ~ a ~ a ~ ~ ~ ( ; ~ ~ ~ ~ ~ ~ ~ ~ h ~ e , ~ a " a t d e , ~ ~ o d " ~ ~ a ~ a ~ a " ~ ~ ' b ( ; ~ e r t ~ d e r a J ~ & a u  

Sodium nitroprusside 

A 9 M NE uuim ~ x ~ o - ~ M  t ~ o m d u ~ ~ i 1 ~ w ~ o m t a " o m w ~ ~ a t d u f i o u  tu'omswmhnqnuaa 
Y 

Q Z % ~  sodium nitroprusside ~ ~ I ~ J L ~ O J ~ W L ~ ~ ~ ~ ~ : ~ O J ~ ~ L L ~  l x l ~ - ~ ,  1x10-*, 1x10-', 1xlO4, 1x10-~, 

1 x 1 0 ~  M miuii&~ ni~mou~uo~luni~~aiu6a ~ : t t ~ ~ ~ w a ~ ~ u ~ i ~ ~ u a z v o ~ t t ~ ~ l u n i 3 n a i u ~ a  

~ ~ ~ n o ~ t a " o ~ t d o l A s ' u  SNP t ~ u u K ~ r n s n n 6 a q ~ q ~ u o ~ w a o ~ ~ a " o m  dmduarii I f iw~n iE i?u  
NE 

tw"odnw~ninvruzm~wui~arniw$Ld~uu~Lda~lduo~wao~ta"o~lu~iudo1dd intima 

foam cell, calcification, smooth muscle cell migration ~ R U $ % ? ) ~ ~ F J R L ~ " B ~  thoracic aorta ?~IM~%QI~I 

n i ~ ~ m ~ ~ u n i ~ V ? i ~ i w v o ~ ) . t a o m t a " ~ m  ~aiuuiad~zuiru 2-3 1~11uEtum3 ttS/%uni3azaiu 10% 
Y Y  

formalin in phosphate buffer Lw"Od~~ii~~l5t~lRa1U~Q9tdO!dB O I ~ ~ ~ $ U A O U ~ U ~ ~ ~ U U  
y a y  Y 

ai7s~uo~um;louGqG 



I U  a 
4.1 Tissue processing ~0n3~U1U~5LRi~0iO0MaD~ia"b~fPd ethyl alcohol R~IU~Y~YUQI~XIW 
mqtAoiinis~.r&oonoinidoido (dehydration) ainifuiidlu xylene (clearing reagent) iWd0i1 
92 2 n 9 s 2  4 9-2 

~n.auiuoun?iuldr'& i in~a '?u~h is i~umaa i iwsn~u  (infiltration) nigiuoiuobtnvu 

Y Y  

4.2 Embedding ~ o n i r t 1 ~ ~ u ~ $ ~ a ~ ~ u ~ 1 ~ 1 ~ u i ~ a a ~ n u i i i ~ w ' u w " s ~ ~ ~ ' ~ 1  ~ ~ u w i s i ~ u ~ w a ~ ~ z ~ u  
p, l a  a 9.4' a a 

mSIi;oiuoiilniuoiuounaiuii$siisq siniu?i.rdw'u6nqpIu cold plate idolfiwl~i*lau~$u 

~ui5nnaiui i~s~ai i lX41ulunis~np11~ 

B Y  
4.3 Cutting woi~owim~uii$qg~iia*as;iinisgniioiie, naIUHU1 

9 A d ~ z ~ l t l l  5-6 bJlrbn3io~Pl3 82~% ultrasectioning % ~ ~ l ' l l i ~ 5 0 9  microtome 

2 2 a, 
4.4 Staining ?IWiUB'YIWh'L)lS 5-6 !IJ%n?iiU~5 i i i b ~ h l h s J & ' 2 ~ ~  hernatoxylin-eosin (H&E) 

iWdo8nvinisid~uuuda~a'n~tllz"bns~.a~i~~id~~1~d1plwo~naon~a"e,n iiazGou&-aud oil  Red 0 

d o 8 n ~ n 1 s . a z r r u u o ~ ~ ' ~ o ~ " u ~ ~ ~ ~ ~ a 0 ~ 1 a " o n  fiirdnlngnwuiiliwuiwoqwaonia"on~uQzGnis 
A 9  K 

~finzi iuu~iusz~~wui~rrniw~?innwu~iuwisisi  3.2 

a 9  K 
msl-ri 3.2 I i ~ n s n l s ~ f i n z i i u u ~ l s J a ' n ~ l ~ z ~ u 1 ~ ~ n 1 w ~ ? i n n u  (Chen er al., 2003) 

~zn'una~or~uum 

Non-remarkable lesion 

Mild degree 

Moderate degree 

Severe degree 

WLLIWM 

0 

+1 

+2 

+3 

A n  Z W ~ J I Z Q ~ I W W L ~ A ~ ~  

- 1iiwuiE.arniwnisin'nFsn 

- i j n i s i d o u w ~ o n i s ~ i u ~ ~ s i ~ ~ ~ w a ~ n ~ a " ~ n ~ ~ u ~  1-2 PA 

- G ~ i s ~ d ~ u n l o m s m ~ $ ~ ~ ~ d ~ ~ w a ~ ~ i a " ~ n w a i u ~ ~  
Y 

- nisdus6awosna*7uiG~naonia"onw^ndn? 
Y 

- ~fll5zn4nn~89$~ elastic lamina LLaZ elastic lamella 

- i i r n s i ~ o n w i o m s ~ i u u o ~ i ~ o ~ w a o ~ i a " ~ n w a i u ~ ~  
Y 

- nisdus~awssn~iui~~wa0nia"~n3nnln? 
Y 

- % l 1 9 z f l ~ l ' i ? ~ 8 9 < ~  elastic lamina LLOI elastic lamella 3 7 ~ & l 2  

foam eel1 iJ4Pi?o~fIluluwld"9~a0nba"~n iinzi~~mswuiuiYai~az 

nrisasw~swPd'swaonstim 



ftl3?6Ft3lZ'A1~~~1191~ (Statistic Data Analysis) 

w r t n i ~ n ~ r t o s s ; i u ~ i u ~ ~ u d ~ ~ ~ ~ u  + F ~ I ~ ~ I ~ ~ R ~ B ~ ~ ~ I B s ~ I ~ ~ B ~ ~ I I Q ~ ~  (Mean k 

Standard error of means) ?6n5lzd$~~n;3u one-way analysis of variance (ANOVA) LLII:: 

1f iuu$uun?1rr i~~ndia~zwi i~n~u~4 least significant difference test (LSD) T~uw'airruin'in-riu 
944 H ' A  

~ ~ n ~ ~ ~ o t i i ~ ~ G u d ~ ~ ~ n i ~ a ~ r n n ~ z n ' ~ ~ n a ~ u ~ ~ o p J " ~ d w  95% (p < 0.05) 

d l  ED,, V Q Q ~ ~ ~ ~ M F ~ ~ ~ W D P J ~ ~ W B ~ ~ F J  NE 1 l ~ ~ ~ l 5 ~ r t l ~ ~ 3 C l ~ ~ ~ ~ ~ 9 d B  Ach LbaZ SNP 

~iuaruainTds~~nso~ sigmaplot 



wamdmnzd3zn"u total phenolic compounds V ( I P H I ~ H ~ Q ~ ~ ~ % J ~ " ( ; I B ~ U  

n1sn~m~zd16qein~u~no~u~8n1snn"nnu1u 30% iu'o4imsnri~nuiu?d~1nsizw" 
9  -a 

W I S Z ~ Y J  total phenolic compounds WlUaB Foline-Ciocalteu colorimetric medthod w ' u ~ I ~ s ~ ~ ~  

total phenolic compounds 4.97M.13 mglg 

1. waus.raiaan"noinluBne,~~I~dni~a(;I~z~u cholesterol lmz triglyceride ll~¶Jlatl¶Jnair%d 

6~11~n"Ilt l l  orlistat .[UHIJM?lfh'8 lipid emulsion 

i a i z ~ a " n n a i n ~ a o n d o n 6 i u ? i a n a ~ i ~ ~ d ~ ~ s a ~ ~ i s z ~ u  total cholesterol (TC) iiaz 
Y 

triglyceride (TG) f i ~~V? l fWiYt~a~ - l  ain6udou lipid emulsion (LM) ilfiHl?ilsYtYf9 5 f l i ~  

daunYnjud?8?uui orlistat uaz GSE UUIR 100, 250 bin:: 500 mgntg wu~iijszTiUuoq TC 

a~a-rotji .r i jr iudi6qYti~ar~~ (P<o.o~) 1~oibiuu~uniunau~u9uia1u~~ 2, 4, 6 uaz 8 
Y Y U  miu~iriunaiuibC;luo~aris~n"~ ~ n u w y n j u d ~ 8 ~ u n i r n ~ n o i n i u ~ m o j u ~ ~  3 naiunuuuu 



n~qaind~nY lipid emulsion lunqn~unmqu ~~~~~~siu TG ~ U Q ~ I J ~ ~ I ~ ~ R  

274.92k11.23 mgidl I U ~ T U - ~ ~  4 d~~n~d~&?u;C~s;Ct i~~ in iu$mo~u~pdvu~~ 100 mgkg nuji 

iis::<u'uvo-r TG amaaociit i jGuB1$1'qwi~~~~ (~<o .os )  idoiiiuuriun jun-auq~~luia lud~ 2 iia:: 

4 d?unqnjudl&?uui orlistat iia::airntiRainiu$~oiuIuvu~n 250 iia:: 500 mg/kg nu41 

r::bvo.r TG a ~ a ~ o c i i ~ i i ~ u i U d i $ 1 ' q ~ i ~ n ~ ~  (P<o.o~) i d ~ i ~ ~ ~ ~ u n j u n ~ u q u ~ u i a ~ u . j d  2 , 4 , 6 , 8  

ua:: l o  mur i i~n~ iu i$u~uvo~ni~nEn ~ ~ o n ~ n j u d I ~ ~ ~ n ~ r n ~ ~ a i n i u d ~ o ~ u h . j  3 n?iu 
9 9 a  nuruurzR'u TG ccq~nPo 224.39*2.96, 179.38k2.52 lm'. 152.12*2.22 mg/kg P)IU%I<UAIIU 

w 4 1  i6$~un-lrnrnii~ainGou1dniu1n imrwui13:riu TG ~ j o i ~ ? u ~ u m ~ . r ~ ~ l u ~ a l u . ~ d  4 

i.dui~u?~unjun?uqu idoii~iia8uvotr-R'Yu TG u i i ~ ~ u i ~ u n ~ i ~ ~ ~ & k i i d ~ ~ ~ u ~ f l d  4.3 

idoiiirrciu TO voqnY)lnnjuuiniiud~8nsi~ (AUC) wuiinl?n judlCiiu GSE 

UUIR 250 iia:: 500 m a g  % I  AUC diiniin~n?u~uocii~iGtldi$iqwion5G (AUC 

=1,526.04*46.50 tin:: 1,384.50+12.70 mg d~- ' .h- '  ~ ) l u d l h )  <4! l f i~41U~dd 4.4 



n151ti 4.1 A L ~ R ~ ~ I ~ A ~ ~ U U I I ~ S I ~ V B ~ T : ~ ' L I  total cholesterol ~ U ~ T W S I I ~ I ~ ~  niidc~nd~P;iu lipid 
Y 

emulsion % l d ~ \ $ d  5 n@ 

byaQimuolu2d mean + S.E.M. (n=6) 

* P < 0.05 I ~ U ' L I ~ U ~ ~ ~ O J  control (lipid emulsion) 

Groups 

Control 

Orlistat 0.05 

mgn<g 

GSE 100 

m%kg 

GSE 250 

mg/kg 

GSE 500 

m%kg 

Total cholesterol levels (mgtdl) 

Time (Hours) 

0 

76.01f 2.26 

72.02f 0.78 

72.19f0.68 

73.8 1f 0.75 

73.73k1.16 

2 

81.335 2.06 

75.1~0.30' 

* 
77.85f 1.19 

77.02f 0.68' 

75.26f 0.82' 

4 

89.37f 1.72 

80.35f 0.7 1 

t 

83.29f 1.72 

8 1.47k0.52' 

80.02k 0.60* 

6 

95.43f2.40 

84.72f0.41* 

90.62f 1.41 

86.86f 0.80' 

83.52k0.95' 

8 

89.36f 1.98 

80.8 1f0.25' 

t 

85.04f 1.55 

82.25f 0.49' 

80.30f 0.62' 

10 

80.3gS.42 

76.75f 0.88 

77.74k 1.93 

76.43f 0.87 

76.5 1f 1.15 



+- Control 

+ Orlistat 0.05 mgkg 

GSE 100 mgkg 

* GSE 250 rnglkg 

-0- GSE 500 mglkg 

4.1 llfl~95:R'u total cholesterol IUW~$I&%I lipid emulsion $4 5 f14U 

bqnu'ilauolu2J mean k S.E.M. (n=6) 

* P < 0.05 f tlU6lIn4U control (lipid emulsion) 



Control Orlistat 0.05 mglkg GSE 100 rnglkg GSE 250 mg/kg GSE 500 @g 

2dd 4.2 uaas~u~l&ninsidvo9s:gu total cholesterol I U M ~ ~ I ~ G U  lipid emulsion $9 5 n iu  

~ o ~ a G i m u o l u ~ d  mean S.E.M. ( n = ~ )  

* P < 0.05 Auuiiuniu control (lipid emulsion) 



n1n.r; 4.2 im~.rmsid~uuildn.r"ue,~5:~~1 triglyceride 1ui?rll?mPii.r') n 5 ~ o i n d I Z ~ u  lipid 
Y 

emulsion IUM~YYI 5 niju 

Triglyceride levels ( mgldl ) 

Groups 

Control 

Orlistat 0.05 

mg/kg 

GSE 100 

mgncg 

GSE 250 

mg/kg 

GSE 500 

m%kg 

Time ( Hours ) 

buaJimuoluld mean 5 S.E.M. (n = 6 )  

* P < 0.05 ift?JPIhnc@ control (lipid emulsion) 



Control 

Orlistat 0.05 mgkg 

GSE 100 mgkg 

GSE 250 mgkg 

GSE 500 mgkg 

;dd 4.3 ~6t l~91~6I l  triglyceride ~ u n ~ d ~ f i f u  lipid emulsion $9 5 " 4 ~  

4oyariilnuoluyJ mean k S.E.M. (n = 6) 

* P < 0.05 l ~ ~ I l % . . l n 4 U  control (lipid emulsion) 



Control Orlistat 0.05 @kg GSE 100 %/kg GSE 250 @kg GSE 500 nglkg 

p!d 4.4 1ma.r&dl8ninnvlu~.rs~~p1 triglyceride ' l ~~~d1E i jU  lipid emulsion i d  5 niu 

h~a i imuo lu2d  mean k S.E.M. (n=6) 

* P < 0.05 L ~ U P ~ ~ % J ~ ~ U  control (lipid emulsion) 



2. m%~nlnqm~azazuia (Long term effects) k n i r a n ~ z R " ~ 1 ~ ~ o J " u ~ u ~ a " ~ ~ 1 ~ ~ a ~ d n d ~ a w a ~ n ~ a " ~ n  

usam~st%oinluiiro{u 

byai imuoluZJ mean + S.E.M. (n = 8) 

* P < 0.05 l$~¶ln"fl~if iJ high fat diet 

~~~¶JwFI.BI 

ND (Normal diet) 

HF (High fat diet) 

HF + fenofibrate 100 m g k g  

HF + 0.5% GSE 

HF + 1% GSE 

v 

~ l ~ p d " n & ( f l % J )  

325.0~2.50~ 

378.5W0.47 

3 15.41~.29* 

343.99*0.35* 

330.83*1.2gt 



b~t ld lE lu8lu~d mean k S.E.M. (n = 8) 

* P < 0.05 !~~~l~lJfli¶.J high fat diet 



~tlf115Gl5309:gLl total cholesterol, LDL-cholesterol, HDL-cholesterol Lia: triglyceride 

nld!ilurnsi.ad 4.4 W ~ ~ ~ W R ~ Q ~ W U ~ I ~ ~ ~ ~ ~ ~ ~ ~ ? P I ~ I W ~ S ~ ~ ~ ~ Q ~ ~ S : ~ ~  total cholesterol, 

LDL-cholesterol q ~ n i ~ n y n ~ u d ~ ~ ~ ~ ~ i s d n 5 0 E i ~ ~ i G ~ d i ~ f i l ? ~ ~ ~ n S Z  (P<0.05) d?unyniu 

d!i?uu~ fenofibrate ~~n :mrnn 'ma in iu i i~o~u~u~a  0.5 un: 1% (wiw) WU~I~S:&.I  total 

cholesterol 1151: LDL-cholesterol n ~ l n ~ o ( i i ~ i G u d 1 5 ~ ~ 1 q n Z Z  (Pi0.05) P I 7 3 ~ 2 1 ~ 1 ~ ~ ~ U ~ l ~ ~ n ' R  

d~~iiu~iiuuii l ln~ud!#?uoiwis~v~u~~ nun~ud~~~~nisnnbioiniui i~o~uian~anaiu 
9 9 0 ,  

L V U V U U ~ ~ U I I O ~ R ~ : ~ ~  total cholesterol ~6n: LDL-cholesterol 1Xliti~lndiqo(iitiGudi$1'%wia 

nSZiu'oi~uu~uun"un~n~ud1X?uuinms:Gu1vGu fenofibrate ~ ~ ~ E Y R . I I u ~ ~ ~  4.6 

w a m m r 2 a r : h  triglyceride ~ u ~ ~ n ~ u d ~ ~ ~ u o i n i r k ~ u ~ ~ w p ~ i i ~ s : ~ u  triglyceride 

~n"ilwy n judl~iuoiwi~dfi~~(ii~i~udi$ifil?~i~arZZ (p<o.os) k 2 u n  n j u i l ~ i i u u i  
fenofibrate 11tl:m3~n'R~in1~~m~~u~uVuiR 0.5 1 :  1 i d o i ~ Q u A  (wlw) WU~$S+$%J 

triglyceride n ~ a a ~ ( i i q ~ ~ u d i 6 % ~ i a n Z g  (P<0.05) ~ 1 i u ~ i ~ n ? i u 1 ~ u ~ u n i s n ~ m a 1 n ~ o u ~ d ~ i  
Y 

uin  ~mus:& triglyceride ~ ~ ~ m s n k ~ ~ n 0 ~ n ~ i u 6 ~ u ~ u ~ ~ a i ~ 1 n d 1 ~ n ' u o ~ i ~ ~ ~ u d 1 ~ f i l ? w 1 ~ n ~ ~  

1u'oi~uu~tiuutiun~n~ud1X?uuinns:~u1vGu fenofibrate &liffRq~u~dd 4.6 

iu'Qlfi~ul~~u~B1nd3~3:Wil~ LDL- cholesterol n ' ~  HDL-cholesterol (LDUHDL ratio) 

luwynjud16;iuoinisdn~Kun~ud1A~uoinis1~GuB~~a 5 n i u  ( ~ w n m . r l u n i ~ i q i  4.4) . 

wuiiQsid2uuo;l~:riu LDLIHDL ratio Iunyn~udli?uiiuoiwisdn~Ainiintd,niudl~?~ 

wuiiis:uiuQsid2uvo.r LDLIHDL ratio n R n ~ ~ d o ~ ~ u u t i ~ n ~ u n a u ~ u ~ 4 i u ~ ~ u a ~ w  kunclqlu 

qdd 4.7 
2.4 

U B ~ ~ Q I ~ U L ~ Q  J1 ~~g7.l total cholesterol Lln: HDL-cholesterol U I $ ~ I U ~ S M W  141 atherogenic 

A 
index of plasma (AI) ( 6 q ~ ~ 1 ~ q l u ~ n t i q d  4.4) a ~ ~ ~ u ~ i d u ~ n ~ ~ m ? : n ~ s ~ n " m ~ s n ~ a o ~ ~ a " o ~ ~ ~ ~ i ~  

d d  d 
(atherosclerosis) ~uiin~n~udl~?unisn~moin~ud~e,juIuvu~~ 0.5 1in: 1 L ~ O I I % U R  (wlw) 

itii atherogenic index of plasma AiniinUn~ud1A?uoiwis1vGu4~n~ud~G~ 1 ~ u i 4 i n ~ ~ i n ~  
~ i u n ~ i u ~ i u ~ u u o ~ a r i s ~ K ~ d 1 X ? ~ 1  6~1mclqIu~dd 4.7 



~ B ~ t 3 ~ l k t l ~ B I U ~ d  mean +_ S.E.M. (n = 8) 

P < 0.05 L.~?uPII~!UY<¶J~@.J high fat diet 

(IC$JII~IDO'I 

ND (normal diet) 

HF (high fat diet) 

HF+fenofibrate 

100 mgkg 

HF+0.5%GSE 

HF+ 1% GSE 

% z ~ u ~ w ~ ~ ~ ~ M I ~ ~ ( ; ~ C I  (mgtdl) 

LDWHDL 

ratio 

0.46k1.34' 

1.98k 0.58 

0.73k0.79' 

1.54f0.44' 

1.01f0.56' 

TG 

125.24k1.29' 

546.42f 6.69 

203.81k0.95' 

233.28f0.96' 

205.02f0.78' 

A1 

1.01f 0.56' 

3.00f0.76 

1.12k 0.91' 

2.15k1.74' 

1.53f0.39' 

HDL-C 

45.2 1f 0.50' 

12 1.00f0.75 

104.10k0.71* 

73.59f0.68' 

75.91f 0.58' 

TC 

91.29k1.19' 

482.87k8.17 

220.92k 0.78' 

232.24k1.78' 

192.24f0.64' 

LDL-C 

20.97'0.95' 

240.09f 13.56 

76.05k0.99' 

113.51k2.53' 

77.37f 1.50' 



mTC 

[3 TG 

HDL-C 

LDL-C 

HF HF+ Fenofibrate HF+ 05% GSE HF+ 1% GSE 

loo ng/kg 

&;CidlEl~D1~~d mean k S.E.M. (n = 8) 

* P < 0.05 L ~ ~ l l n ' l l f ~ j l J  high fat diet 



El LDL/HDL ratio 

N D HF HF + Fenofibrate H F t  05% GSE H F t  1% GSE 

I00 lrgl'kg 

4.7 ~ ~ I Y ~ ~ ~ H R . I s z F ~ V  LDUHDL ratio lla:: AI I U L ~ ~ D R M ~ A  5 niu 

buadimuoIu2J mean + S.E.M. (n = 8) 

* P < 0.05 l;~¶Jfhf~$.~ high fat diet 



2.3 Hauata1.raba1nlu~nadpdn'~n1*tdtuuhtdaa*z~"pI Nitric oxide 

nYn jud1&?uo1n1s1uo~"u~q~3z&'~1 nitric oxide ~ ~ ~ ~ o n n ~ n ~ o ( i i ~ i i ~ ~ d 1 6 q ~ 1 ~ n ~ ~  

(P<o.o~) ~ d o ~ ~ u u C u n ~ u i ~ n i u d l X ~ u o i n i ~ d n ~  d ~ u n y n i u d l ~ ~ u n i s n n ' a o i n ~ u ~ w ~ ~ u l u  
2' 

uUlR 0.5 llnr 1 IdOiiCu6 (wlw) W ' L I ~ I ~ ~ L & ' L I  nitric oxide I U ~ O R L ~ ~ V U O ( ~ I ~ ~ W ' U ~ I ~ ~ W I ~  

~ i i l  ( ~ 0 . 0 5 )  i d ~ i i i ~ ~ i i ~ n ~ n ~ ~ d I & ? ' ~ 0 1 ~ 1 ~ 1 ~ o l ' ~ ~ t  ln~3161.1 nitric oxide uoqvyniltd 

l & ? u n i ~ n n k ~ i n ~ u ~ a o ~ u ~ ~ n o ~ n a i o J ~ ~ u ~ u ~ o j ~ ~ n n ~ ; i i ~ o t i i ~ ~ G u d i ~ ~ m i ~ n ~ G  (p<o.os) tdo 

~ ~ ~ U ' L I ~ G U ' L I ~ ' ~ ~ ~ ~ ~ ~ ~ ~ # Y Y U I ~ R ~ ~ & P I I % ~ J " U  fenofibrate ~UVUIR 100 mgkg (~1151~d 4.5) 

~doriidiladuuoqsz~iu nitric oxide I u ~ ~ ~ ~ d n : n ~ ~ u i ~ 0 ~ u ~ ~ u n ~ 1 ~ 6 ~ i ~ n n ~ l ~ ~ n l d  4.8 

~13iqd 4.5 ~hn~t3161.1 nitric oxide I U ~ ~ F I R M ~ ~ I ~ W I ' ? ~  5 flilt d!&?'LIOlMIf ~llol'Uq9~FI~~n'Wldlld 

8 ~dRlpAd 

bynQirnuotup.l mean k S.E.M. (n = 8) 

* P i 0.05 I ~ ? U Y L ~ U Y  f%Jfl i l~ high fat diet 

n~unnaa.a 

ND (Normal diet) 

HF (High fat diet) 

HF + fenofibrate 100 rngkg 

HF + 0.5% GSE 

HF + 1% GSE 

%IEIJ NO (PM) 

35.55 f 2.55 

21.49-1 1.21 

32.86 + 2.40' 

* 
27.66 -1 1.72 

3 1.93 -1 0.94 



ND HF HF+Fenofibrate HF+ 0.5% CSE HF+ 1% CSE 

4.8 im~195Gh.1 nitric oxide I U ~ B D R ~ ~  ii511fL 5 n i ~  $ ~ # ~ U D I ~ ~ I U G U ~ ~ ~ F ~ ~ B ~ ' U  8 

5dF11i 

* P < 0.05 ~ ~ ? u P I I ~ c I Y ~ ~ ~ ~ ¶ . J  high fat diet 



2.4.1 waniann~av8waonid8nti(;191nJ$tp.odua~i&au Norepinephrine 

iu 'o~inuInYn~iuidoEuu~aonia"~ni i i is~~~n~~ai5u1aa130 uiCiliXa nntu 

nr:si;rlrinnoni~oann~a&au NE n7iui4u;uiiuua:aui 1xi0-~-1x10~ M fiil9dufnua:: 

mrnn~auoanaon~onlun~l i sw~q 5 n ju Jiunian~~dunsivl contraction response curve 

1&gq3dA 4.9 im:~inwanimnao-la1ui~n~1~~~iuana~161 ED, ? & ~ q m i s i - l d  4.6 

wamrnnaoswui1n;n ju~1&Yue,i~islutiu~c (HF) iimsnnhuo;lnaocl 

doadmouauocdo NE dnaiukh~u 1 ~ 1 0 ~ ~ - 1 ~ 1 0 ~ ~ ~  *11Mouniiniud?X~uoimsdn~ (No) 

ociitiiliudiniymsnn'n' (P<o.o~) n&iil l l~~~~uunaonia"onuo~n~n~ud?&Yu~is~1n'n~in~u8a 

njuuuin 0.5 im: 1% (WIW) iinisnnAmnuauo.rPio NE dnmulb4u i ~ i o ~ * - i ~ i o ~ ~  Gnii 

n jud?n*iu HF nrii~iiliudi<~ni-raBn' (P<0.05) miunaiui~u~uotaisan"n~~n~e,u?d~iuin 

2.4.2 wani~na1unius~p.oaen1a"~ntin91p.o~d~ia"at~8~~~9p.oa~nia"~n~nuip.odua 4ik;au 

acetylcholine 

idonr:{ulX~aon~a"onin"nnisnn~aXau NE dnaiui$u4u 11x0' M 

il{a~iou~nYn&iilllidonaonia"oawRgaounqd ainXmdua~ilXnaonia"nnnaiu~a~au A C ~  

naiuib$ui;ruuun:auR~li 1xlo-9-lxlo4 M ~ i i ~ d u ~ o ~ n i s n a i u ~ a v ~ ~ ~ a 8 n i a " ~ n 1 u ~ ~ ~ i a d ~  

5 nju Jiuiimntt~unsivl relaxation response curve l&h2dd 4.10 iiaa~inwanisnnan~ 

mlnsoJ11JAiuanaw-161 ED, I&&min.rd 4.7 

w~nisnnao~wuiiwr?njudlX?u~inislv~uQ~ (HF) i;nisnni~Fi?v~~naon 

don~iuuo~iiudo~wod"~naonia"onm~uauo~Pio A C ~  ~naiui4u4u i ~ i o ~ ~ - i ~ i o ~  M ?&<ounii 

njudI&Yuoirn:dn (ND) ociitiiod"uin<q~i.aa~~ (p<o.os) da~w~njudltiiumsnn'nain 

iu~no-juuuin 0.5 im: 1% (WIW) wuiin~1uIdo~uunaonIa"onnaiugamnuaruoqio A c ~  

dnaiui64u ; r i x ~ - ~ - i x i o ~  M tniin judl6;iu HF lGu~o(i i . t i i iu~oti i~i ;Gudi<~n~~a~~ 

(P<0.05) miunaiu14u~uu~~~11san"n~1n~~u1dn1u1n 



2.4.3 ~ R ~ b V ~ l 3 R I I I U ~ ~ U B 9 P g ~ b R I ~ B ( ; 1 I 1 ~ 9 ~ W ~ ~ ~ ~ l a " U i ~ b p a H ~ 9 M I I b ~ I ~ b ~ ~ R ~  

IHdu-ni1;au Sodium nitroprvsside 

iu"onr:+I$wnoni~~ni~nnis~^~mga~au NE dnaiuibGu ixlod M 

ii~adioulGn&iuidownomiZ8mwn~aoundi QiniumduaiiIGwnomia"8nnaiugak;au SNP 
' 9  

naluib4uiiuun-nui4iii 1 ~ 1 0 - ~ - 1 ~ 1 0 ~  M c i i m ~ u n ~ ~ n a i u ~ a u o ~ n n o n i a " ~ m l u ~ ~ u i a n ' ~  5  

niu ~luliilfn4i$unsld relaxation response curve 1664~dd 4.1 1 iin~91n~nlm~n84d1~15n 

iiiI~iiuaarwici1 ED,, I#6qnis19d 4.8 

wnnisnnnocwuiiwyid 5 n ju ~ m s n n i u ~ ~ ~ ~ . m n o n ~ Z o n i i ~ ] u l ~ o i a ' u i 6 ~ ~  

~G~nnoniZonnounuotPio SNP dna~u~GuGu i x i ~ ~ ~ - i ~ i o ~  M L[f lJ~inn~i~f iU~Li i .~CtlaSi~~ 

wisn5; (P<0.05) 



1 x10-9 1 XI 0-8 1 XI 0-7 1 XI 0-6 1 XI 0-5 1x1 0-4 

Norepinephrine (log M) 

? I J ~  4.9 nsidun~ddica-m~9~a%89~ae,m~a"8n6~f l9~~~ (g) dnsz{ulirW~~i?A~u 

norepinephrine 1uw~ll5nniud?~ijuBlwIsdn~, njudl~~¶I;iuolwlslu~u~9, nju~?&?¶Jiiuolnlr 

h i h i u g 9 ~ a ~ " i  fenofibrate, n j u ~ ~ ~ ~ ~ 8 1 w i s ~ ~ o ~ ' u ~ 9 ~ ~ a z ~ ~ ~ n h u 1 n ~ u i ; ~ 0  ju 0.5% 66aLni=j~d 

lCiiuoirnrluGuqs~~a~~isnn"nuin~u~fi;iuoju 1% ~ i u t i i ~ ~  

* P < 0.05 L~fJ'IJ~'IJn@.J high fat diet 



Y 

'31519; 4.6 66t789Al ED50 ;~8~3'38¶.lt7~89Fi8 norepinephrine % M W \ L L S W $ ~  5 fit$ 

~ D ; ~ ~ I E I u F I ~ M ~ ~  mean k S.E.M. (n = 8) 

* P < 0.05 L ~ u P ~ ? I ¶ . ~ ~ I ~ o J  high fat diet 

~ + J ~ R B I ) J  

ND (Normal diet) 

HF (High fat diet) 

HF+Fenofibrate 100 mgkg 

HF+ 0.5% GSE 

HF+ 1% GSE 

ED,, (PM) 

0.091t1.24* 

1.141t1.50 

0.1 la.81* 

0 .21~.57* 

0.161t8.32* 



+ HF+ 0.5% GSE 

-+I+ HF+ 1 % GSE 

0 I 

1x10-9 1x10-8 1x10-7 1x10-6 1x10-5 1x104 
Acetylcholine concentration (log M) 

2 d i  4.10 ~ ~ ~ ~ L ~ ~ ~ ~ I ~ ~ U ~ Z ~ ~ ~ M ~ ~ ~ ~ ~ ~ W ~ B R L ~ " D R L ~ W ~ I W ~ ~ ~ O ~ ~ W O ~  acetylcholine 

Iunyii3nnrjadI8~uiiuo1wi3~n~, n j u d ~ E i i u o i m r  Iuriutp, n ~ u i I X i u o i r n r ~ u ~ u ~ ~ ~ i a z u ~  

fenofibrats, n ~ u i ~ d i i u o i m s ~ u l i u ~ ~ ~ i a ~ n i ~ n ~ m ~ i n ~ u ~ m o ~  0.5% imZnrjudlb;iuoiwir 

Iur iup~imzrnrnt iR~in iu~~o~w 1% niuriin'u 

* P < 0.05 L ~ U f l f h f l t $  high fat diet 



min.rd 4.7 iia~wii ED50 d n a i ~ c i ? m ~ ~ a ~ ~ ~ s i ~  acetylcholine 1un~ioni6 5 nju 

byaJimuoIu211 mean k S.E.M. (n = 8) 

* P < 0.05 ~ ~ U U ~ L I ~ I + . J  high fat diet 

fld~Tl.81)~ 

ND (Normal diet) 

HF (High fat diet) 

HF+Fenofibrate 100 mgkg 

HF+ 0.5% GSE 

HF+ 1% GSE 

EDSO (PM) 

0.0 1 *0.48* 

0.53h1.14 

0.02~.4 1' 

0.04i1.03* 

0.02*0.16* 



ND 

+ HF 

+ HFtFenofibrate - HF+ 0.5% GSE 

+HF+ 1% GSE 

1x10-9 1x10-8 1x10-7 1x10-6 1x10-5 1x10-4 

Sodium nitroprusside concentration (log M) 

* P < 0.05 ~Ciu~riUnju high fat diet 



nlnrd 4.8 i i f iclari~ ED50 dnaiupi?nounuorio sodium nitroprusside I U I I ~ L I ~ I I V ? ~  5 n i ~  

n+.J?l~la~s 

ND (Normal diet) 

HF (High fat diet) 

HF+Fenofibrate 100 mgkg 

HF+ 0.5% GSE 

HF+ 1% GSE 

ED,, (PM) 

0.002H. 15 

0.003*0.10 

0.004M. 1 1 

0.003M.23 

0.002+0.48 



diwaomia"~~u18ou&au Haematoxylin & Eosin iWio9rn~~dduui ida~~n~mzo1i~In3~ 

uodna'iul6oliuunaomia"om im~ni~bou~aui i  Oil RFI o iWiotni~nznuIv~dndiuiu'oZuu 
4 4  2' 

waamia*om w a n ~ s ~ n n r ~ a z % G n z ~ a u u ~ i u a " n ~ m ~ ~ ~ ~ ~ ~ i t ~ ~ ~ ~ ~ ~ n m ~ ~ ~ ~ ~ ~ a m ~ l ~ ~ ~ ~ i ~ ~  4.9 

w ?j nju$?&fuairnnhg (ND) .'mdotiuuiu 8 Zdiin' wui~iaa&ido~w~.;~naomia"o~ 

~~dnaiunuysd~ltii;ni5aonwqm raah'n6iuiu"oliuunaomta"omiu tunica intima h l 5 ~ ~ d $ ?  
Y Y  

%UI~U?MLLUJ (cell obligation) ~ ¶ . ~ Y I ¶ J ~ I I ~ ~ ~ W  (foam cell) i 6 a = n i ~ i i o 1 ~ n ~ a ' ~ o ~ i ~ m i a " o i v i a ~ u ~ u ~  

i m z ~ r i w u n i r m a " o u d 5 z ~ i 1 ~ 8 u v o ~ i a a ~ n ~ i u i 6 o ~ u u ~ a ~ m i ~ ~ m  (cell migration) W W I I ~ ~ U I ~  

~mwdm~m~qunm.rIu~J$ 4.12-A wrlnisbuhuZ Oil Red o i ~ n ~ ~ I l i l i i u i i l t i 6 n i ~ ~ ~ n u ' ~ o ~  
lvliuina'iui6oZuuwaom~a"om ;~IIRR~IU~~$ 4 . m ~  

Y Y  ,Y 2' 
wuiiGain~uana*7ui~~Zuuwa~mia"~m%u%u tunica intima inisSusw"mdnSImudu~~am~vu 

(cell perpendicular) i i a ~ ~ ~ ~ i z  foam cell L ~ ~ ~ & F J ~ I U ~ U ~ . & ~ U  ~ ? u ~ u $ u  tunica media liar 
d d 

tunica adventitia w u i i i ; m ~ ~ ~ ~ ~ a a ~ ~ u i d o ~ u i ~ i n Z n i ~ ~ n a o u  (cell migration) 'Uoqmad 
Y  Y  Y Y  Y  Y 

na*7u~GoZuuwaomia"omw'~ar~~%u~~du"~~u tunica intima ~au5uinis~iuuasna'iu~G0liu~l 

wao~~Bomnaiugm (smooth muscle cell degeneration) i i ~ i f l m . ~ ~ u ~ d i  4.12-8 ainm~$ou&?u8 

Oil Red 0 W U ~ I ~ ~ ~ ~ ~ ~ ~ U V ~ ~ I V ~ J ' ~ $ L ~ ~ ~ ~ ~ Q R ~ ~ " ~ ~  (sub-endothelial cells) i i ~ ~ i L W l n ~ ~ ~ ~ l 4  

U~R'+~~OR&L#UIU&.~ tunica intima Lmz tunica media &3iifl~q1~~dd 4.13-G 

w ?j n j u d l ~ ~ u o i m ~ ~ v o ~ ' w ~ ~ i L a z u i  fenofibr,:; 100 rngntg wuiidollwi!'waomia"oni 
d p l  U a  n a l u f l u ~ s d ~ ~ ~ n i 5 a o n ~ q m  ~ T R ~ ~ ~ I U ~ & ~ S U U W ~ ~ B ~ ~ " O R I M ~ W  tunica media Ui~l~nd;ilifl( 

ii?nuu.riin:ini'+liu 1-2 gm lli~um5mPm foam cell r~ammiim~n~auo~~Gm~a"omvia~u~~11aa' 

n6iu~ifoliuuwaoma"on &imnt%urd$ 4.12-c wamibul2uii Oil Red 0 immt%&iiuiiliZ 

nirnznuvo~lulju$uiiamndiu~doZuuMaomia"om ri.tirniqlu2dd 4.13-H 

w y n j u $ I & ~ u ~ ~ m r l u ~ u 3 ~ i ~ a ~ a , ~ ~ n ~ m ~ ~ n i u d u % u u ~  0.5 % (WIW) nuii 
d A  $ 1  ~ a m ' l u n ~ o ~ i a a n ~ u o ~ w ~ ~ w a ~ m ~ a " o i ~ 1 ~ ~ ~ a a " ~ u ~ ~ a m - a 6 ~ u i i a z w u n 1 ~ ~ q m a o n ~ o ~ i ~ o ~ w w ' ~  

waomia"om 1-2 gm iaa&nXiui~oZuuwaom~a"omSmZiu'u~~aa~ni~du~~avo~~aaa'dn~~tiwunis 

miuuotlaarinXiuiioliouvaomLa"e,m l iwunirimrn$~u~~iGmia"omv~a~~n~~uiU-'oduu~aoi 

ia"oii?~mu& ~.ILIIA~IU~~$ 4.12-D wnnirbuhuii Oil Red o ~ui;ni5nznuu~~1uCud 

~?nol sub-endothelial cells V Q P h  tunica intima I~"$OU g ~ i i f l ~ q ~ u ~ d i  4.13-1 



wyn j u d I ~ ~ u o i w i ~ ~ u o ~ ' u ~ ~ i i a ~ a ~ x a , ~ m ~ i n i u ~ m ~ ~ u ~ u u u i m  I % (w/w) wuiiiand 

idol (w~ao~ibomi?ud~aau'%I~w~~~un~~nqmaonuo~id~vwpa"9wa~mibom l.almwainJu 
s a 9  iinzu'ami;unuo~iaaa"~oummaiuua,61iau~~ wuuislaa6uoan~iuidoGu'uwnoRIiioRluh 

tunica media ~ ~ 9 ~ 2 i ? n l i ~ 4 ~ ~ ~ n " P 1 ~ ~ 1 ~ ~ 1 ~ ~ 1 9 ~ ~  ?iwum36i% foam cell iiamlli~3nri?~o9& 

domui?~uiaab~iuido~uuwaomia"bm ii.runm.rIuzdd 4.12-E W ~ O I ~ ~ B U & ~ U ~  Oil Red o !i 
wuin~3nzauuo-rlu~udu~iawnXiuido~uuwaomia"om ~qi iamt lu~~d 4.13-1 

fl+JTl61~01 

ND (Normal diet) 

HF (High fat diet) 

HF + fenofibrate 100 mgkg 

HF + 0.5% GSE 

HF + 1% GSE 

% ~ ~ ~ f l 1 % 6 ~ 6 1 ~ ~ 1 ~ ~ ~ 1 ~ 9 1 ~ 9 ~ 0 ~ 6 1 ~ d 8 6 1  

Non-remarkable lesion 

Severe degree 

Mild degree 

Mild-Moderate degree 

Mild degree 



?dd 4.12 I I ~ R ~ ~ ~ T ~ Y ~ u I ~ P ~ ~ ~ v ~ ~ w o o R L ~ " D R Q I ~ ~ I S ~ ' O U ~  Haematoxylin & Eosin #3Ufli!?~( 

gnmrrdii~~9%tnu 400 141 ~ 0 9 n ~ n i u  ND (4.12-A), HF (4.12-B), HF+Fenofibrate (4.12-C), 

HF + 0.5% GSE (4.12-D) Ira: HF + 1% GSE (4.12-E) (n=8) 



4.13 ~ ~ R ~ ~ L T ~ U W ~ I ~ ~ I W V O ~ P ~ ~ O R L ~ " O R D ~ ~ ~ I S ~ O U ~  Oil Red 0 Fi.lunXosgnnss~6 

f'ha'9Vulu 400 Lil V O ~ P ~ Q ~ ~ + . J  ND (4.13-F), HF (4.13-G), HF+Fenofibrate (4.13-H), HF + 0.5% 

GSE (4.13-1) lla% HF + 1% GSE (4.13-5) (n=8) 



1. waus~ai~atina~n~udn~)~~d7~dniaan3z5~1 cholesterol 18:: triglyceride i ~ ~ ~ i d t l ~ ~ l i h  i i t l ~  

h t l 1  o r l i s t a t 1 P d ? l ~ U 3 ? l  lipid emulsion 

Y 

Bu"pdm~~di&$?~ emulsification, hydrolysis, micellar solubilization iiaz transmembrane transport 
B 

(Sheng et ol., 2006) a~mxn~~z~ukoJ"uj~1uia"8m~fiu~ui9n~zuaufli~ci6uiiaz~m~1~?voJ'uiu'i~ 

n~zimia"omi~u'onnn~ndi$1"~d~ni~8n~1iot i i~~iw~~aiuvo~u1af i~zn'u~voJ'u1uia"~~~u'uu~~ . 

A 4  4' lu lu%pIh (Gross, 2005) I U ~ ~ ~ Y ~ U ~ ~ ~ O U ~ V C ~ W ~ ~ ~ % W H ~ ' ~ B I ~ ~  bile acid V?lln?voJ'u~~! 

l u ~ d  emulsion iida ain~uioula~nlaidaaz93autiouaaiu1m3n5tao1s~msqw'uszioaino~d 

Y Y 

Iuiaqa ~ i a z  2 - I u T u i o 3 a n ~ i a o s n a  1 Tumqa aintiunsfi~uriuaiu~u (short chain fatty acid) 
a 
asqqm~uriiuwfivo~di~dia"n (enterocytes) i i n z i ~ W I ~ m ~ u d a u ~ i ~ q v o ~ i ~ ~ n ~ u  d?u 2-Iu 

Tuio3an~moxoariun~filvoJ'uniuuia (long chain fatty acid) ~ ~ ~ d 3 ? ~ ~ 3 f i ~ f l f l 9 i 8 ~ l ~ ~ n " n  

iaoalrri~umqalnzj~uuiIuwGqdi1didn volzlua~uiaakoad11d~$nazarf1~ozTdIdx~u 

lo-1 iiazozIdtdrRui7-48 (apoprotein A-1, apoprotein 8-48) i~ou~~aun"u~(oaId?a~miiaz 

~ m 3 n ~ l a o ~ 3 ~ 1 u m ~ a 1 ~ ~ u ~ i a o l w u ' 9 v ~ J d l ~ d i ~ n i ~ ~ a f 1 9 ~ ~ u ~ n 1 a n x u  (chylorniemn) 



K Y  
~ u l n l a ~ u n ~ n u 6 n f i l p v u u i ~ a z D n d d o u ~ ~ i ~ n ~ z ~ ~ a r ~ a " o ~ F a u F i ~ u w ~ ~  thoracic duct do1d 

(~4~na'la%uuwwu~aua33Nn330~) (Sheng et al., 2006, Rahul et al., 2007) 
4 4 

~ i o 6 ~ a A n d i a  bile acid I I I I L I F I U ~ T ~ "  pancreatic lipase a~rrunuinfficylu 

nr:uaunisciout~az~m+oJ~vo~"~ a ~ n m r i n w ~ u ~ a o ~ n m a o ~ i F i i u u i v o ~  Moreno i inznaz 

(2003) Yl¶JZh GSE ~ u l 3 n ~ ~ ~ ~ ~ ~ d l ~ l U U ~ 9 6 8 U ? 0 1 1 u "  pancreatic lipase enzyme (PL) Lm:: 

lipoprotein lipax (LPL) i j w a a ~ m 3 q m J ~  fatty acid 6hd 3T3-L1 adipopocyte cell ~ u V ~ Q R ~ A ~ O ~  
sd 

wnknd1?6jflomn8~io.r6un1~8nu1d~~~nuuu"~n1~~1~i~uo~~ou?1 pancreatic lipase V Q ~  
s'w 

Adisakwattana IlaZflN: (2009) ~ ~ 4 1  GSEVUlm 0.30 mg/mL ~ ~ ~ 5 ~ ~ 1 ~ 4 f l 1 3 ~ 1 4 1 ~ ~ 0 9  porcine 
Y  

- 0 1  d 

pancreatic Iipase l ~ ( i i ~ i j G u i u d i ~ ~ m i ~ a , ~ ~ X a u d ~  IC,, 3.71 npiml U O ~ Q I ~ U U ~ U ~ ~ ~ J ~ Y I ~ ~ U ? ~  
d w  

~5qnnuuihn136191uuo4 bile acid % U S ~ ~ O R M ~ ~ D S  W Y ~ I  GSE VUlR 1 mglml I3l¶Jl50&J~¶J 

glycodeoxycholic acid 66az taurodeoxycholic acid 14 70 id0f6$~; 1111% 25 L~O&$U;  P l l ¶ . l ~ l < ~  
A 
%4 GSE f l l ~ l 3 0 o " ~ h ~ ~ o J " ~ ~ ~ n ~ 6 ~ ~ 4 6 ~  cholestyramine (Adisakwattana, 2009) QIflWNl13 

Y Y  

n~aocluszuziiiuuwa'un?~~wu~iwod,~ia~1X?pJ GSE irz6u1urjulu~~oma~a~wa~I&;diaz 

~n"mainni~~u~~mrdou~~az9m$oJoiwis?voJ"u lnuCin13a~szriu triglyceride l u 3 z u z i ~ u u n i h  

l % ? ~ l n  GSE ~ p J ~ 4 m 3 d l 4 l u V D 4 1 D u ~  pancreatic lipase ~ ~ ~ ~ ~ f l l l C . i ~ ~ f l i 3 1 ~ k l h  ' i l l f i f ~ h  

free fatty acids 66az monoglycerides d ~ z q m $ u ~ ~ ~ ~ ~ G ~ ~ ~ ? d d a u ~ ~ ~ ~ ~ ~ ~ d o ~ f l u n i ~ a r f ~ ~  
18 a 

triglyceride ~ u L ~ ~ ~ ~ w u % ~ ~ ~ ~ I ~ ~ u ~ ~ o ~ ~ ~ ~ ~ o P I P ~ ~ ~ ~ u ~ I J ~ ~ ~ I ~  chylomicron Aw~qii~tYama~ 

~mzdawal&riYu chylomicron ~ ~ o ~ i ~ ~ u G ~ ~ 1 ~ u o J " u l u n ~ z 1 1 ~ 1 a " o ~ ~ n a f 1 ~ ~ ~ a z ~ 6 ~ o o n ~ 1 n  

w G ~ i i l d ~ d n a ~ a s ~ a u ~ i u 6 u  uonaind bile acid dn~~oonoJiainGuiYdu?ia~di11dadndauqFo 

iiriurznii~n~~ciouoinisluliuez~nCuhu GSE dil~o;odlu2d#lriaiui~nq~3~na"U~Gi~ 

n r z l m l ~ o m ~ n n R  (enterohepatic circulation) I~FI~VGUIIEI: :  bile acids ~rignq~$ui?a:gnriu 

~FJfl~wf€IU6uqoQl3: msdiisniuuim bile acid ~ ~ ~ d 1 ~ ~ ~ 1 9 ~ 1 ~ 6 ~ ~ ~ 1 3 ~ d ~ ~ l d ~ , ~ 1 ~ f l 6 ~ ~ 3 ~ ~  

' 2  
lo f l !~of l%gu  bile acid ~ % O J U U  ~ m u d ~ u ~ ~ ~ n i ~ n f i ~ G a ? u v o ~  LDL (LDL-receptor) LAotu LDL 

l u n r z 1 m t ~ o ~ i 6 a z t d d u u  LDL ~f i~~~~nmf l6~1o1~~~f l3z~mu81a"u6~u~1u"bn6af l6m~~oa1of l6mo 

6XT (cholesterol esterase) Q l n ~ U ~ ~ Q z d l ~ R 1 ~ f l 6 ~ O S b a ~ f l 3 ~ ~ ~ f l d f l f I 9 1 ~  bile acid (Hofinann 

er al., 2008) ctakndiaao~nXor6un13inuivo~ Tebib unzntu: (1994) d w u 4 i n i ~ f i f i ~ a i n  

i u d a n j u d o i ~ u ~ d u o - a  monomeric imz polymeric I&.J~IJGII bile acids I U V ~ U I ~ # ~ X ? U B I V I ~  
luGuq4 

d 7 u n a ? m I 3 ~ ~ 3 : %  cholesterol 6 ~ R a i n  GSE ~u&nl3f l? lq  micells d u ? i a ~ 1 w ~ j i i ? #  

G n  l~udn~~~8a~ur iuaz~1ui~0qm$0~1u '1~wG~d1~f lu~dvo~ micells i~u&nrn . rd iwi  

cholesterol d ? h l f l W l 3 ( i ~ ~ ~ 0 4 6 0 ~ 1 ' % u "  pancreatic lipase R ~ $ ~ t $ 1 d ~ G 4 ~ ~ 1 k i ~ n  & & . j n l 3 h ~ &  



mrnht  micells ~t~wnnmrz~uiumrqm$u cholesterol i G i ~ i i t n i u  wnnl r~n~lc tnd1anomn6ot  

h Adisakwattana LI~IZROIZ  (2009) danYi1unn~mmn0twu4i  GSE % U I ~  20 imz 40 mgiml 

t f M . I l ~ n ~ ¶ J ~ t m ~ H ~ I t  micells 18 2.91 idofi$uX tin:: 11.87 idofi$Ui nluti l&J &Il?nd 
Y Y  w 4 4  

d l ~ U % ~ ~ U ~ 1 5 ~ ~ s l ~ t n ~ t U ~ ~  GSE R I U I ~ ~ Q R ~ : ~ ~  total cholesterol !~?miocUt$raaaa7 4 

hbt dauqn<lumsnRrr~u triglyceride n t o ~ s m i o f i U i f i ~ i a n 1  6 ~ T U J  n;t~inl6?u lipid 

emulsion i i n z n \ n i u d ~ t i i u  GSE vft 3 rniuiGuGu (100, 250, 500 Apikg) i;s::+Yu total 

cholesterol r r t q @ l ~ & d ~ u t d  6 iin:: rz&I triglyceride q t q ~ ~ U k ~ U l d  4 iJuduaTiyniunauq~ 

(lipid emulsion group) iiflRtlfii$u% GSE n i u 1 r 0 n ~ ~ z ~ u ~ v f i ~ 8 ~ m u ) a d ~ w a n r : : ~ u ~ b n 1 r  
B 

indouGavntwri . l t i i l~ .a.m1~n~n~~iw'um~ina"0u~av~t~~td1~d0~.ji1lw"i5mo1n1~w'ot~n 
K 

Qtiiiu n?omnlrWnuiuiiot ~uiSuwnhtiiiutndt$~1~in'm~u1Xvotn~uu1~I4a~n1rti~u 

i i a ~ ~ f i l u l u r i u  

944- 

lui logl juwq~nrrumsu?Tnn~~~ir~voJ"uqt~~uii~uan~am~~anza"wnni~u2n~~in~ 

n;nuotm?zIvriuluia"omqt ibudnsiuriu~o~ii6a~iniaz~v~uIuia"o~Gna1u~u~'u~~un1r 
Y Y  

i~m~sn~u~~uuii?~o~tazvaomia"e,mmiuui ~unisnmrra.lnki;a:l+~~~ir~v~uqtiifinyiif n 

idnmdua~ilfiiiimrna:1v~uluia"o~qt~~m v (Fredrickson~WHO classification) (Gross, 2005) 

wnmsnnnotwu<i GSE n ~ r r ~ u l u h l u n  n r ~ ~ ~ ~ ~ u o ~ n i r ~ % ~ ~ ~ t i ~ ~ ~ ~ u z t a a l u l u ~ ~ d  

dlQzi5~Qln GSE f! wnb-nr z{umr V?ltlU peroxisome proliferator activated receptor-alpha 

(PPAR-a) riilfii5mnirid~uuiiflatlurz~udu L N ~ u ~ ~ L P I ? u ~ I ~ ~ I ~  transcription ~ I I ~ ~ G ~ I I S  
nhtun:nr:$~rnrii1t1~dvoti~u1elloJ" lipoprotein ~ipase dwniw'unlrnn~uvot VLDL imz LDL 

I ~ n r z i m i a " ~ ~  Q I ~ W H O I ~ I ~ I S T I R ~ D ~ ~ O ~  Tebib iinzn~l: (1994) d w u j i n i r n ~ m ~ i n i u ~ m o ~ u i  

F I ~ I U Z ~ V Q ~  monomeric i t  polymeric ~ I U I ~ O ~ ~ U ~ ~ Y ~ I ~ I U V ~ ~  lipoprotein Iipase, hepatic 
a 2 

lipase iiwadilfis~th VLDL Linz LDL HF1i79 i i n z ~ r z & J  HDL iwuvu I U W ~ ~ I ~ ~ ~ I ~ ? ~ ~ U O I ~ J  
Y Y  01 d W  

~ ~ l a n i n o r ~ n q t  (hypercholesterolemic) ~ n n l ~ n R ~ o t n 3 t U ~ 4 ~ b R f l d 8 9 n ' ~ l n 1 ~ 9 1 ~ ~ 8 4 ~ 8 . ~  Bachi 

iinznol:: (2003) d W U ~ l ~ ~ ~ l ? d ~ 6 ? ~  GSE VUIR 50 LiIIz 100 mgkg %%&J triglyceride aRnt 

25 kin: 30 idFl;i$u6 ilflz!3zt%J total cholesterol amn4 10 idd{i$u6 LLAz 34 ifj~$i'$u6 

niua°i+Yunaiuigu'usu'~nirnn'm 

1unmazdn~~uiut~u~n8a"uazd1~~d~ii1~.;d'1$1un1rn~it cholesterol ?uiitmt) ?RUG 
iutoul.ru' HMG-CoA reductase i ~ U ~ 3 i i t ~ ~ m 5 f l ? l . I  $ o ~ n Q l n w n m f  ~ ~ ~ 8 t f l l ~ u 8 n ~ l t n l u v o . I  



Adisakwattana iLnlRDll (2009) 1ly41 GSE VUIR 1 pgiml ~ U l 3 f l ~ ~ ~ 9 ~ 5 ~ 1 9 I U V ~ 9 L 8 U ! ~ s ~ "  
d d  d  a 

HMG-CoA reductase !ti 13 i d 0 3 ~ ~ ~ 9 l  i ~ ~ i ~ ~ ~ f % J l  simvastatin $ 9 ~ U Q l ~ W a f l l ~ W R ~ ~ . I i 8 U ! d  
d d  d a  

~ R ' ~ I ~ ~ ~ ~ ~ ~ ~ ' ~ ~ ~ I H I ~ ~ V ~ J ' U ~ ~ W ~ % ~ ~ " P ]  GSE uulR 0.5 im: 1 id85l%u9l u3:$u cholesterol 
A 

aRa9 ~ i Q ~ i ~ R Q l f l ~ ~ ! ~ ~ 5 u ' P ] ~ 9 ~ 1 3 ~ l 9 l U V ~ 9 ~ ~ U ! ~  HMG-CoA reductase 99i~Una!fl 

iZuariuuia~3:riu'lvoJ'uni=@ statin RYau 

u a 
nalUg3 iIdu endothelin-I, angiotensin-11, cytokine ~ f i 3  thromboxane-A, ~3Ufl~lui;Qi3UUWaQR 

ia"omozi1%~mabmia"o~na1u~atj1~d~19i~9~19isu"1-8on%~9n1~ (ion channel) ~"bi calcium ion 

channel, potassium ion channel (Nevala, 2001) 

nalno~~n~~a~etn~iuiG"o~uuwa~~ia"o~in"~i$o NE 6-1 a1 receptor #o~vu i~oywG~ 

I ~ i S R f l l 5  hydrolyzed 4 phosphatidylinositol4,5-bisphosphate (P!P2) ?&i8¶.J DAG i iaZ IP3 I:& 
eia 2 

uoc I P ~  n m u u U m u ~ u i a a ~ d o ~ n s z ~ u ~ ~ i n i ~ n ~ a ~ ~ ~ o u i i n a i ; i j u u o o n o i n a i ~ ~ n w a i n ~ n i ~ ~  
2 u d 9 % ~  (SR) i1lw"~ihrliuuna~uu5n~:n1uI~iaaa"i~u0~1r7~ $iI~n"nnl3wnri?uo~n~-Ix)iu'oisuu 

9 8 1  A 
waaRi~omlbRs%wd (Zhou et al., 2008) ~ a w n i 5 n a l u ~ a ~ o 9 w a o R i a " 0 ~ ~ n R ~ ~ ~ % ~ 0  Ach ~un"y 

hiuhmfu'n (muscarinic recepter) ~ o ~ ~ u i ~ o ~ w ~ ~ w a o m i a " ~ ~ i i d a n ~ : $ u ~ ~ ~ n i ~ ~ ~ ~ n i ~ ~  
A dun41 endothelium-derived-relaxing factor (EDRF) % 9 i g ~ i $ h 6 U ~ i i 8 2 ~ 1 &  nitric oxide (NO) 

A -  81 
NO ~ ~ f l ~ V ~ ~ : ! d f l 3 : $ ~ ~ 5 ~ 1 9 1 0 d ~ ~ 9 ~ ~ U ! % s J "  guanylate cyclase (GC) id&U guanosine 

triphosphate (GTP) IXigU cyclic guanosine monophosphate (cGMP) 1Uf1blUid0MaDRia"OR B W ~  
Iw"waonia"omin"~nimaiu6a 

i.aaa"idollw~9waomia"om (Endothelial cell) i;wGidwaiuodi~m~n~5rnwuo.ri1~mu 

1muiamzo~i~~~iduau"o~n'~1n1~~~iia:na1u~a~o~wao~ia"~~~~uin1~do (mediators) wa~uga 
ad 0 iduab;rhns:uaunisiwdlU'~n16q!~iifi Twrn~iimauR'un' (PGS) !um?noon!ri (NO) im:: 

ioubn'i%~ (ETs) m~id~uu~ida~mtwu13nn1~tiou~wadon1~i1~~1#~o~iaa6~do~wG~ 



a 
~nmuimzi~unmw~uni~w"191u maz~dounmwuotiuoPdwG~waonia"on (endothelial 

Ijwj m?z?uriuluii;ongr maonaum3:: oxidative siress ~ I ~ ~ & ~ ~ I ~ ~ $ ~ ~ R L ~ U X U ~ S ~ $ ~ ~ V B ~  

A A .  
m f  l%?ni?z oxidative stress n 1 ~ ~ u n a ~ ~ i b o ~ i ~ u ~ ~ ~ ~ ~ u 9 n u l ~ d ~ ' b 3 n w a ~ n i a " ~ n i l ~ t  

id9 ~ l ~ l 3 " b ~ ~ ~ t ~ ~ ~ l ~ ~ ~ ~ l ~ ~ 1 ~ ~ d ~ ~ 1 3 i ~ ~ ~ l  oxidative stress 1~09~l f l1~ l j~Ul l lY l ln  

h n z n a d ~ d o q w ~ ~ w n ~ n i a " o n ~ ~ a z $ i a i u i d o ~ w ~ ~ w a o ~ ~ a " ~ n i ~ u ~ u n " ' ~ i n  iid?uuiuuounsl 
Y Y 

m r ~ i a i u 6 ~ 1 ~ d ~ ~ u n d 1 a ~ w " ~ ~ u u n a o a ~ a " o a a i ~ ~ a ~ $ n l 3 n n ~ ~ ~ i a z n a l ~ ~ ~ u o ~ ~ a o n i a " ~ R i i u u  . 

o ~ & i $ o ~ w & n a o ~ d ~ n ~ ~ u n n i w ~ d  uonalnd oxidative stress ~ 1 ~ ~ L ~ ~ n l ~ l ~ a l ~ ~ ~ ~ u ~ a  

r-tliwnlr i;noy y n 6 ~ ~ z n ' u n s : u a u n i ~ ~ o t h b u ~ o u ~ ~ ~ i i a z n ~ ~ ~ ~ u n ~ ~ i ~ n o 8 n % i n . a " u ~ u  

r'ltniu nlrm'n oxidative stress ~ 1 n m a z ~ u l j ~ f u l a " o ~ ~ 9 i n ' n ~ 1 n ~ ~ o ~ " u i ~ n d ~ ~ ~ 1 o ~ n ~ i n ~ ~ i i d a  
2 ~ m f z ~ ~ $ i ~ a ~ i ~ n i a " o n v i a w a " m  reactive oxygen species (ROS) ~ U I U W ~ O R ~ ~ O R ~ ~ U U I ~ ~ ! ~  

I * a  
ld83:h ROS iduuinuulou"brG$odlui~oiuodit7 liu glutathione peroxidase, catalase tin'. 

9 49 
superoxide disrnutase ~ z ~ 1 n u l n ~ l ~ n i s r n ' n  ROS i i d ~ 1 d 1 3 n " 9 ~ ~ i ~ ~ ~ l ~ 6 n ' ~ ~ ~ 1 i ~ ~ ~ ~ 1 1 u ' ~ 1 ~  

2' oyyao'n3zoz&lulfl& ROS uzi~uiiuaumnuu~un3uiinlb~ni~unii~~~w'i~n chronic 

oxidative smss  m ? z n " t n d 1 a ~ z ~ ~ w a 1 ~ u n 1 ~ $ i a 1 u n i ~ ~ a z ' b u i a ~ a ~ i ~ ~ ~ u ~ i ~ n i ~ ~ i ~ ~ i ~ 1 1 a a " i n " n  

f l l 3 ~ l ~ i f  U I ~ P ~ A I U P ~ ¶ J ~ . J ~  id8 ROS ~ ~ ' R ~ U I U ~ ~ ~ R ~ ~ ~ R Q ~ ~ ~ ~ ~ ~ T $ I ~ I U L $ ~ ~ W G J H ~ Q ~ ~ ~ " ~ R  

I 2 d '  IGiiiunrnwId uonsinhzriu ROS di iuu~nuuuozi~n~~Euioe,n~in.a"u~~ NO nwri.r . 

~onuioindo~w~twaomaa"o~L~u peroxynitrite 8-lnirdl&~tnii?iwaiduni3.ii1aiuidoqw~9 
I A 

naonia"on~w'uuulinzanni~nfit~iazwa"~ eNOS ~11~~guiou1~i$n~z~unisnf i~ NO r i i l ~ o i 3  

n i t  NO ~ o n d n ~ i l ~ l i ~ Q ~ a R n 9  (Endemann et al., 2004) ~ ~ ~ l ~ m 3 ~ 1 0 n u i d ~ ~ w ~ ~ ~ a o n i a " o n  
A a  A' u z ~ i l ~ n i ~ n n K a u o ~ ~ a o n i a " o n ~ i n ~ u u ~ i n n ~ z i ~ d ~ a i ~ ~ a ~  NE anaq iiaz$il$n13naiuK? 

L i u u m ~ ' u i ~ ~ ~ w ~ 9 ~ ~ o ~ l a " ~ n a ~ a 9 ~ ~ ~  (Dupasquier el al., 2006) 
- 9  Y 

wnu1nm1~nlnlunit~no~ndo~n'un1~8n~11~tl1u~1wui1w~ L ~ J W $ ~ X % J  o i ~ i ~ 1 v u ' u  



n8iuiifo~uunaomia"omiL tunica intima tunica media ~ ~ U ~ I U ~ U U I ~  ' I v l j ~ d i m ~ n l u i L  
K 

~a0~ i8~~$ l lw * i% ln l2z  oxidative stress iWdUvu dqwalw* tight junctions voaiva6$o4w~naoa 
P,w w 

ia"om~n$iaiuiiaznqmaonoon~doun~~n ibumrllnna3u (receptor) I& adrenergic receptors 

ila: cholinergic receptors ~ o ~ U U ~ $ ~ ~ W ~ ~ ~ ~ O R ~ ~ " ~ ~ Q ~ ~ I ~ I U ' I ~ & ~ U ~ ~ ~ ~ ~ U ~ ~ " W  ~ 8 ~ n 0 l n  

ni18nwuo-r Reil iLaznm:: (1999) d & ~ 1 1 u n ~ v 1 ~ ~ u ~ 1 ~ 1 ~ 1 ~ ~ v u ' u ~ ~ n ~ z ~ u ~ w * ~ ~ 1 ( a n ' ~ ~ o ~  
A d  er 

w ~ 4 t 4 a ~ ~ ~ ~ ~ i w ' ¶ l f l 1 3 ~ f 1 9  superoxide anion (0;) 5:;U Od, N l W U ~ ~ ~ l l ~ ~ d ~ ~ ~ l ~ ~ f l ~ i ~ ~ l d  
.4 A s  K 

n"u NO OXi5u NO; kin: NO-, r~m~nin~uuozdimu~$o~wra"~~aomidom iwnn~o i snk . r  
Y 

guanyl cyclase, cGMP iinz NO m u ~ i & u  ~ ~ ~ ~ i f l ~ $ ~ . l n U ~ l ~ ~ ~ ~ ~ u ' ~ ~ ~ i a " ~ ~ ~ J d l ~ w * i n ' ~ ~ 7 3  

n3:{ulw*inirnfi4 asymmetric dimethylarginine (ADMA) ~13~and i?~qn$d1a iu  L-arginine d 
¶ J ? l ? o l l h t l f 4 ~ J ~ Q ~ ~ i a " ~ a  d9wa~~3zTiU NOS I U L % ~ R I I R ~ I  (Endemann er al., 2004) HQ 

Y Y  

nirdnvin?.ri~~vlu.;iisz~u NO luibomnudl~?uo~rnsIv~uB~aa~in~inydIX~uoini~ 

doffotiiqgmiou ~ ~ ~ u k n l d l & ~ i n y i i ~ ~ n ~ ~ d ' I X ? ~ ~ i ~ i ~ 1 v u ' u ~ ~ i n i 3 ~ k ~  NO luidoaamac 

ido.rainiaadi$oy w ~ ~ ~ a o m i a " b m ~ i a z i v a a " n a * ~ ~ ~ i i o ~ u u n a ~ m i a " o m ~ n i ~ a ~ u d ~ w a ~ w * n i ~ n ~ ~ u  

~ivo~naoni~omiiuuoia"ui~~~w.;d"~naomadomana~ 

d--aunyui?n jud lX?u GSE wujii;ni~nm<a~iaznaiu~avo~na~mia"om~niin~ud 

~ & ? u o i m r l v r i u q ~  idotoin GSE ~qn$amrzn'u~vrju~u~a"omiinzam~m51n~36~~ lipid 

peroxidation i i a x l a z  oxidative stress (Tebib et al., 1997, Bagchi et al., 1998) i l % w * a ~ f l l 5 ~ i ~ 3 n  
r(l d <--mot OX-LDL ~ $ ~ l d m ~ ~ u ~ u i ~ o ~ w . ; d " ~ ~ a o ~ i a " o m i i a z n a " i ~ i u ' o ~ ~ u u ~ a ~ m i a " ~ m i i a z a m n ~ a z n ~ ~  

iiia~3nnnomia'nm6im9ii$9 (atherosclerosis) oinwam5n32~:1TiU NO I U ~ B O R W ~ ~ L $ ~ ~ I ~ ; ~ U  

GSE iqnoqn2iui~u$u&~3z;ud~qn-dindoJdl~?u HF orii.aiGuivdin'ry 4h.rzriu NO diw'u 
K 
u u l n ~ i f l n a ~ n ~ u n i ~ ~ ~ 0 ~ ~ i ~ ~ i \ 3 ~ i ~ a z w i ~ ~ ~ ~  n i l l n rnsdusz~ i ,  NO l a u m a b u d o a n n  GSE 

~ q n ~ a m ~ u ~ u ~ u i ~ o m i i a z $ ~ ~ q w ~ ~ ~ u n ~ ~ i n " m o y ~ a ~ ~ ~ z  ~ ~ ~ ~ u d n d o . r d a ~ w & ~ a o m ~ a " o m o i n  

msQndiaiuR'~urn~z~vJu~uia"~m~~ i11w'i6o~ w~~naomia"om0"~~naiu~u~~dniui~nnk~ 

NO oondnrzuni8omlKniudn5 ~1nms~nln~ounu'~~d1&~o~ai3uld~un1~i~uan'u1 GSE 

~%~IJI%J~&J~I~W& NO o o n ~ i n d o ~ w ~ n a o n i a " o m ~ ~ ~ a u n ~ ~ i ~ u ~ u  (Bentino et ol., 2002, 

Aldini et al., 2003, Mendes et al., 2003) oinmqwaknd~a~i~&u:Udswa~w'~aomia"om~ni~nm~a 

nounwosio NE aiaznaiu~amouauo-aio A C ~  OXniudnff ~ani~nmao~~l&~oana 'oqn"u 

ml8nlnuo.r Auger iiaz(Imz id03 2004 dnmao~lunY hamster W U ~ I  phenolic compounds $ 
nn'Ra1f l f l inuo~o~uiU~m~~u1iaznlnwnBJ10~~m~~~~10~13naa~z~u cholesterol I& 11 l d o t t ~ u 6  

d d  d I l a L ~ l U l 3 ~ ~ ~ f f J ~ l 3 i i i ~  aortic atherosclerosis 68 6 d ~ f i $ ~ i ,  63 i d 8 3 1 ~ ~ ~  iiaz 34 ido{l$u& 



l p, -4 

F;~PJ~I&.I  ~ia:~1nni5nmnounl5ii~1uuo9wabmia"omiim~~w~~aua6 isolation organ technique 

wuiimsnri~~amuiiuuiil~waoRia"omiiRq~w$naiu~aiiuuoia"uido~wGqwaomia"om?& 77 

idt3fi$~&, 84 idt3~6$~& Ling 72 L d ~ i i $ ~ &  F ' I l U i 1 6 ~  

o1nwamrmduai1lXwa~mia"~~in"mn1~na1u~aiiu~]lio1a"ui6~~~G~~aomia"om&au 

SNP nuiinaomia"omnYiq 5 n ~ u d n i ~ n a i u ~ a l i i i m n d i ~ n " u o r i i ~ i 9 a ' u a S i ~ ~ ~ i ~ a ~ ~  ii!01uin 

SNP i g u  NO-donor iUdoi~~i~iiqmuiia"ao:i$u5:~u NO I U ~ ~ O R ~ ~ O R ~ & T R ~ ~ J ~ ~ ~ ~ Q ~ B I ~ " ~ ~ ~ Q  

ywGanaomdomlunisni19 NO ~ ~ ~ u r : i i ; u i i ~ y n ~ u d i 6 ~ y ~ ~ ~ ~ a ~ ~ i ~ o m i i a : n ~ ~ u i d o f i u u  

n a o ~ i ~ o ~ Q n i i n i u ~ ~ n n i ~ 1 & ? u o i ~ i s 1 u o J " u q ~ u " ~ i n i ~ n a i u ~ a u o ~ w a o ~ i a " ~ m o ~ n n ~ ~ i ~ d u a i ~  
1 9  a I 

Y Y  

&au SNP l&~'11udnftl i i imndi~orii~iGudi~~n"un~u6u im~ . r~u inu lua inn i~nmao~n?~ i  

wu~ inaom~o~nyu~an~~d~&?ue , in i~~voJ"uq~~ i iua~w 'una iu~a~&~oun~ in~u~u  mmp! 

idntuinwamridbuuiida~ni~wui~nniwdiiam~l.A"i~uiina"iuid~duuwao~ia"omwyn~u~ 
d e d  

l&?uiiuoimrluliua;linl?uimama~iia:luv~:i~ua<u~:~nii~ud&auivnn~umou (non- 

muscular cell) iJu fat cell, fibroblast cell, foam cell :it?: ~ ~ R ~ ~ o R v I ~ I Q ~  macrophage dil.A"ni;n5 
Id l d 

naiugauosnaomia"om2uminiinas 

Y Y  

a i n n i ~ b n v i l u n ? ~ d w u i ~ ~ ~ n ~ u d ~ & ? u o ~ w ~ ~ l u r i u ~ t f ~ d o n " u u i u  8 d ~ i d  oinml 

~ouEi7u H ~ E  iw"oqFns-mksuo~iclIaa"~doywGqMa~mia"omiia:ndiutde,fiuuwao~ia"o n u i i i  

niraonnpmvat$oy ~ G ~ ~ a ~ m i a " o m ~ u ~ n " o ~ ] ~ u m i a u n " u G n i ~ ~ ' ~ ~ u ~ ~ ~ n a " ~ u ~ ~ ~ ~ u u ~ a ~ m i a " ~ ~  
Y v 

M ~ I U ~ R ~ U G U  tunica intima iia: tunica media ~ 0 ~ 9 l ~ ~ k ~ ~ n l ~ i n " ~  foam cell R G a o ~ l u n n ~ m  

ii;om&au im:~inmf $u&au?: Oil Red 0 i ~ ~ S ~ 5 ~ : ~ U ~ ~ . l h o J " ~ ~ ~ ~ ~ 8 ~ i a " 8 ~  ~ ¶ J ~ l i l v h  
u c( 

buftmiiumqiinr n~a~~lui6o~~G~~aomia"o~iia:i~aa"na'1uiU'oiuunaomi8omo~ialnn 

f f l ~ p ! i 6 o 9 ~ l n l % h ~ u ' ~  LDL u:in"~dQGui lipid peroxidation iia"3 polyunsaturated fatty acids 

(PUFAs) d i f l ~ d 7 ~ d 1 ~ n 0 1 . 1  phospholipids ~ : Q f l i d ~ ~ ~ i $ ~  lipid hydroperoxide 

unsaturated aldehydes 6 ; ~  malondialdehyde (MDA), 4-hydroxynonenol (HIVE), !in: hexenol a15 
4 9  9 
nm~uumdi~u:riilw'o:bdFd~~u~-i~ idr:gdiflunuiw"ud i ~ o ~ a i n T d ~ d r ~ u ~ - i o o  iSu 

ligand i t i tky~oa LDL do:t iu~u~ai?i~ LDL ~ ~ n ~ ~ n i i ~ i d ~ ~ u l d i ~ l i n 1 u 1 ~ n o " ~ n ' u ~ a ~ ~ 1 1 ~  
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78.93 

84.70 

88.69 

90.02 

88.57*1.21 

92.23 



C I ~ ~ I Q I B " ( ~ L % J  Total cholesterol ~ul~8lv891a"8(;IP9~~9 5 ndu n"l~~wsirnduh~9fitild8n"u 

%zuzena 8 iYdn1-d 

n+~p1tila89 

3. High fat diet + 

Fenofibrate 100 

mgfkg 

%Z&J Total cholesterol (mgldl) 

1 

n"aq 

1 

2 

3 

4 

5 

6 

7 

8 

4 LQaU 

1 

2 

3 

4. High fat diet + 4 

0.5% GSE 5 

6 

7 

4 
LQtIU 

Baseline 

85.58 

81.15 

87.80 

88.69 

85.58 

89.13 

83.81 

87.36 

86.13M.14 

87.80 

89.13 

90.02 

87.80 

86.47 

88.69 

86.03 

87.52M.13 

1 L ~ D W  

224.39 

221.28 

22 1.72 

224.83 

218.18 

224.39 

224.39 

225.27 

223.05*1.02 

201.33 

204.43 

207.98 

202.2 1 

204.43 

204.43 

210.19 

205.37M.25 

2 6 8 ~ ~  

223.96 

222.17 

222.17 

220.39 

220.17 

2 18.62 

222.61 

2 17.29 

220.92M.78 

227.49 

228.39 

238.58 

23 1.04 

229.26 

239.02 

23 1.92 

232.254J.78 



~ I ~ I ~ I I H R . I ~ I T ~ U  T O ~ P I  cholesterol ~ I ~ B A V B ~ ~ Z O C I H ~ ~ ~  5 nirr h&zwBlH13~v~Motansis& 
szerzula 8 

~ ~ < N ~ c I . M  

5. High fat diet + 

1 % GSE 

%:t%J Total cholesterol (mgldl) 

$25 

1 

2 

3 

4 

5 

6 

7 

8 
a 

6QaU 

Baseline 

85.14 

84.25 

84.25 

86.03 

88.24 

89.57 

94.0 1 

80.70 

86.52iO.12 

1 6 % ~  

188.47 

190.68 

186.25 

189.35 

189.35 

185.88 

188.02 

186.25 

188.03M.41 

2  DM 
190.24 

191.57 

191.13 

195.12 

192.90 

194.67 

191.57 

190.68 

192.23M.64 





n~959161a)89 

3. High fat diet + 

Fenofibrate 100 

mg/kg 

4. High fat diet + 

0.5% GSE 

%=;PI Triglyceride (rngldl) 

1 

3. 

3 

4 

5 

6 

7 

8 

4 
LQBU 

1 

2 

3 

4 

5 

6 

7 

4 
lnau 

Baseline 

121.52 

124.74 

125.95 

124.34 

125.97 

126.76 

127.16 

125.95 

125.29M.41 

126.76 

127.16 

127.56 

128.37 

124.74 

123.94 

120.72 

125.61M.55 

1 L$BU 

232.99 

228.87 

239.43 

232.59 

230.58 

240.64 

243.46 

245.87 

236.80M.22 

22 1.73 

218.10 

216.09 

224.14 

228.97 

235.41 

224.94 

224.2W0.14 

2 ~ $ D W  

201.20 

201.60 

202.4 1 

208.85 

203.62 

205.63 

205.63 

20 1.60 

203.81M.95 

230.18 

232.59 

235.41 

236.21 

235.01 

229.77 

233.80 

233.28M.96 



~~9191611~19 

5. High fat diet + 

1 % GSE 

%Z$U Triglyceride (mgldl) 

636 

1 

2 

3 

4 

5 

6 

7 

8 

4 
LQDPI 

1 6$Sla . 

204.42 

178.67 

168.72 

192.75 

197.76 

208.45 

206.03 

164.58 

190.17M.21 

Baseline 

124.74 

123.94 

121.52 

119.91 

126.76 

127.16 

127.96 

124.74 

124.59M.11 

2 L~%M 

203.62 

206.84 

205.63 

202.8 1 

20 1.60 

205.63 

208.45 

205.63 

205.02iO.78 



1. Normal diet 

2. High fat diet 



4. High fat diet + 

0.5 % GSE 

3. High fat diet + Fenofibrate 

1 

2 

3 

4 

5 

6 

7 
4 

m 3 U  

104.1W.71 

70.00 

75.32 

72.65 

74.87 

73.43 

74.65 

74.22 

73.5M.68 



5. High fat diet + 



1. Normal diet 

2. High fat diet 



4. High fat diet + 
0.5 '10 GSE 

3. High fat diet + Fenofibrate 100 

1 

2 

3 

4 

5 

6 

7 
4 

IQElU 

106.16 

1 10.56 

1 18.83 

108.83 

109.81 

125.41 

1 14.94 

113.51*2.53 



5. High fat diet + 

1 % GSE 





e w 
~ l l ~ l 9 L 1 ~ ~ 9 d l ~ 9 ~ ~ ( i l 3 6 ~ ~ 9 ~ 9 a ~ R ~ a " 8 ~ 1  aorta IU~Q~ABOVA~B NE lunrji9 5 nirr 

Tension (gram) 

fti$JVlblBQ( I 1x10-9 M I 1x10-8 M I 1.10-7 M 1 1x104 M I 1x10-5 M I 1.10-4 M 

I Normal diet group I 

High fat diet group (HF) 
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4 w 
P I ~ ~ ~ ~ I I I I C I J ~ ; I ~ ~ ~ F I ~ P I ~ ? I B ~ P ~ ~ B ~ ~ ~ I ~ " Q C I  aorta I~BI IA~YBUX~U NE I U H ~ ~  5 ndrr 

Tension (gram) 

fId~TlGt(109 1.10-9 M 

HF+0.5% GSE 

1x10-8 M 

41 1 

412 

413 

414 

415 

416 

417 

4 
6Q'Rat.J 

1x10-7 M 

0.01 

0.00 

0.02 

0.0 1 

0.02 

0.01 

0.02 

0.01M.02 

HF+1% GSE 

1x10-6 M 

0.22 

0.08 

0.29 

0.05 

0.39 

0.43 

0.03 

0.2 1i.062 

511 

512 

513 

514 

515 

516 

517 

518 

4 
mau 

1x10-5 M 

0.88 

0.75 

0.73 

0.65 

0.67 

0.77 

0.69 

0.73M.29 

0.03 

0.04 

0.02 

0.01 

0.04 

0.03 

0.02 

0.03 

0.03a.03 

1x10-4 M 

1.22 

1.21 

0.94 

1.06 

1.24 

1.23 

1.11 

1.14M.42 

0.2 1 

0.10 

0.37 

0.44 

0.15 

0.09 

0.18 

0.1 1 

0.2 1~.46 

1.47 

1.34 

1.37 

1.21 

1.42 

1.45 

1.37 

138M32 

0.52 

0.84 

0.74 

0.78 

0.64 

0.78 

0.84 

0.73 

0.73&038 

1.52 

1.41 

1.44 

1.32 

1.51 

1.54 

1.42 

1.45M.29 

1.41 

1.39 

1.31 

1 .OO 

1.1 1 

1.09 

1.13 

1.21 

1 . 2 1 ~ ~ 2  

1.55 

1.84 

1.52 

1.63 

1.28 

1.38 

1.28 

1.58 

1.5 1 M.67 

1.63 

1.91 

1.60 

1.71 

1.54 

1.45 

1.35 

1.67 

1.61M.60 



n1~1~ttcxnd1?auozn1~no1an"a6~~~~fa~ntdan aorta ~annaoutha ~ e h  I M W ~ ~ ' I  5 ndu 

% Relaxation 1 

I Normal diet group I 

High fat diet group (HF) 

21 1 

212 

213 

214 

Z5  

216 

217 

218 

4 
LQIIU 

4.00 

6.00 

0.00 

16.60 

7.50 

4.00 

20.00 

6.06 

8.02h2.39 

13.00 

26.66 

18.03 

33.33 

10.00 

8.00 

23.33 

12.12 

18.06S.16 

28.88 

70.00 

37.70 

50.66 

12.50 

12.00 

26.66 

15.15 

31.6W7.22 

51.11 

84.52 

42.62 

9 1.66 

37.50 

52.00 

36.66 

30.30 

533W.04 

60.00 

95.00 

55.73 

100.00 

57.50 

80.00 

76.66 

75.75 

75.086.90 

69.22 

102.00 

63.93 

1 15.00 

82.50 

120.00 

86.66 

81.81 

90.14i7.21 



~ i ~ i c i ~ m c n ' i ~ o u n ~ ~ i ~ n a i u n " a ~ o c w a o ~ ; 1 i a " e  aorta idennaeu~au Aeh I U H ~ ~ I  5 ni$ 

% Relaxation 

1 x 1 0 - 6 ~  1x10-SM 1 x 1 0 - 4 ~  1 x 1 0 - 7 ~  n~unnaaq 

HF+0.5% GSE 

1 x 1 0 - 9 ~  1 x 1 0 - 8 ~  

54.66 

89.36 

50.66 

1 19.23 

167.50 

160.85 

157.50 

1 14.25h18.97 

65.77 

1 10.63 

63.33 

132.30 

172.50 

191.42 

197.50 

13335a1.23 

13.33 

29.78 

1 1.33 

21.15 

25.00 

5 1.42 

67.50 

3136h7.89 

25.1 1 

5 1.06 

24.00 

55.76 

97.50 

80.00 

90.00 

60.4w12.25 

41 1 

4/2 

413 

414 

415 

416 

417 

a 
LQaU 

HF+1% GSE 

41.33 

72.34 

40.33 

71.15 

142.50 

100.00 

120.00 

83.95h14.64 

2.22 

14.89 

2.60 

5.70 

20.00 

8.57 

17.50 

10.21h2.74 

511 

5 0  

5/3 

514 

515 

516 

517 

518 

~Q%J 

6.38 

20.00 

26.00 

37.83 

46.66 

45.71 

40.00 

92.85 

39.4339.06 

2.12 

10.00 

6.00 

12.00 

26.66 

20.00 

10.00 

16.66 

12.93h2.78 

14.89 

53.33 

54.00 

44.16 

70.00 

80.00 

76.66 

1 1  1.90 

63.12h10.14 

27.65 

93.33 

84.00 

53.00 

1 10.00 

102.85 

1 16.66 

130.95 

89.81h12.14 

44.04 

130.00 

96.00 

74.50 

136.66 

148.57 

176.66 

159.52 

120.74h16.02 

85.3 1 

173.00 

116.00 

115.16 

160.00 

180.00 

186.66 

178.57 

14934*13.52 
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n1~i.rlmn.rn'iSbaarn1~na1~n"a6~o.r~aon~don aorta ~&nnaou&ao S N P I M H ~ ~ . I  5 n i a ~  

% Relaxation 

fIiaJn.88.1 I 1x10-9M I 1x10-8 M I 1x10-7M 1 1x10-6M I 1x10-5 M I l x 1 0 4 M  

Normal diet group 

176.47 

220.23 

210.12 

208.33 

225.47 

180.00 

: 95.45 

21 0.89 

20337631 

111 

112 

1 13 

114 

115 

116 

I f7 

1 I8 
4 m u  

162.05 

204.34 

187.33 

175.00 

90.00 

160.00 

144.00 

124.00 

155.84*11.02 

High fat diet group (HF) 

170.58 

210.45 

195.65 

193.64 

2 10.00 

177.50 

162.79 

198.00 

189.836.1 9 

2.90 

16.66 

30.00 

0.00 

2.80 

10.00 

25.00 

18.00 

13.1733.89 

21 1 

212 

213 

214 

215 

216 

217 

218 
4 

LQBU 

29.4 1 

90.00 

5 1.45 

75.00 

20.00 

30.1 1 

30.22 

36.00 

45.27G.81 

170.13 

174.1 1 

120.83 

130.59 

140.00 

103.76 

134.28 

1 12.35 

135.76i8.95 

123.52 

200.00 

1 10.00 

121.44 

75.00 

120.33 

88.37 

56.00 

1 1 1.833930 

7.95 

5.70 

3.17 

23.07 

4.00 

17.77 

1 1.42 

9.67 

1034G.45 

HF+Fenofibrate 100 mglkg 

175.1 1 

182.95 

173.78 

173.07 

160.00 

144.95 

154.28 

13 1.30 

161.93S.22 

311 

312 

313 

314 

315 

316 

317 

318 

IQGU 

173.65 

208.57 

185.90 

173.07 

180.00 

173.33 

162.85 

175.69 

179.13i4.80 

20.1 1 

32.42 

53.44 

63.52 

20.4 1 

56.77 

42.85 

52.04 

42.7M.89 

167.06 

1 14.28 

55.55 

1 10.00 

120.00 

71.11 

65.71 

56.45 

95.02i13.94 

11.60 

35.71 

44.44 

2.70 

8.06 

10.86 

10.00 

9.52 

16.61S.27 

17.83 

107.14 

98.88 

13.51 

21.81 

42.51 

40.01 

38.09 

47.47*12.72 

50.83 

142.85 

188.88 

75.67 

1 12.90 

86.95 

63.33 

74.60 

99.5W16.40 

174.00 

205.00 

255.55 

172.97 

120.96 

108.69 

105.00 

95.23 

154.68*18.24 

2 12.50 

225.00 

300.00 

186.48 

129.03 

150.00 

1 16.66 

138.09 

18222*14.29 

2 17.80 

225.00 

311.11 

197.27 

154.83 

191.30 

160.00 

147.6 1 

200.62M8.77 



m1m.rt6an.rn'18uazn1'6naiun"av~.r~a~til6d~n aorta tdannrreutim S N P I U H ~ &  5 ntju 

O/O Relaxation 

n+nna~~ 1 x 1 ~  M 1x10-9 M 

HF+0.5% GSE 

1x10-5 M i x i ~ a  M 1x10-s M 1x10-7 M 

161.76 

140.47 

148.06 

250.00 

157.44 

168.87 

144.44 

167.2W14.29 

41 1 

4/2 

413 

414 

415 

416 

417 

6Q:u 

50.00 

35.71 

74.19 

41.58 

38.29 

44.57 

40.00 

4633M.95 

176.47 

150.00 

179.03 

252.00 

1 70.2 1 

180.72 

180.00 

184.0e12.03 

17.00 

7.14 

22.58 

30.00 

10.63 

6.02 

13.33 

15.24K3.27 

HF+l% GSE 

511 

512 

513 

514 

515 

516 

517 

5/8 

IQ'~O 

1 17.00 

100.00 

131.93 

98.56 

63.82 

97.59 

88.88 

99.68a.09 

138.23 

135.7 1 

144.80 

240.00 

9 1.48 

108.43 

1 15.55 

139.17*18.24 

8.77 

0.00 

8.00 

5.00 

14.51 

16.66 

17.64 

1 1.49 

10.26*2.13 

30.70 

20.36 

12.00 

48.00 

70.96 

73.33 

76.47 

46.03 

47.23a.80 

131.57 

51.81 

60.00 

83.00 

120.96 
- - 

113.33 

1 17.64 

131.14 

101.18*11.25 

169.9 1 

130.90 

104.00 

105.00 

150.00 
- 

166.66 

176.47 

196.72 

149.96i11.99 

185.37 

156.36 

136.00 

140.00 

161.29 

183.33 

188.23 

2 14.75 

170.67i9.50 

230.24 

156.36 

166.00 

156.00 

208.06 

200.00 

205.88 

221.31 

192.98*10.41 
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adaam.mmaHn$=ua~~~~n!d~m~n8uapde,dn'8 NE V O ~ H ~ ~ ~ U $ ! X Y U  normal diet (ND) 

Time (minute) 



3direnammmn"?ue~wa8mr~bm~(i18p1zxpdedn'b m ue.m4nduA6?p1 high fat diet 

(HF) 

Time (minute) 
41uaunyisnn jtln:: 8 ;a 



Time (minute) 



l~am~nl%nn$~uQ9na8n188nd(i18pIapde,9n' NE u o w r j n ~ % J ~ ~ ~ p I  HF+0.5% GSE 

l6:40 25 :00 338.2 0 41:40 5O:OO 58 :ZO 

Time (minute) 



Time (minute) 



Idiian.ml~nalu~39189~~8ni~861i(i18~a~b9~ Aeh V09Wyh&?¶J normal diet (ND) 

Ach 11 I ' L 

Time (minute) 



a d a ~ 6 1 w m ~ n a l o h v ~ 9 ~ a ~ 6 1 ~ a " ~ 6 1 ~ ~ ~ ~ a ~ e , ~ ~ o  Aeh uawrlfhfi  high fat diet (HF) 

Time (minute) 



Idlmul.mm~na~un"a"u~do1a~n~~e,(;1~(i18pIau8dn' Aeh "u0dHYa&~¶l HF+fenofibrate 

NE lod M ~ c h  lod M I 
A C ~  1 o-' M 

Ach lo4 M 

Time (minute) 



A C ~  lo4 M 

16140 25 $00 33120 41 140 50 100 58120 1106140 1115 m0 

Time (minute) 



Time (minute) 



adaan~nl~ns1uni6U89~a~(;1L~8(;1~m8~~~09n' SNP UOPH~~;YPI normal diet (ND) 

SNP lod M I I 
SNP 1 o-' M 

I 

SNP 1 o4 M 

Time (minute) 



3~tmndm~nala6~voa')faBnt~Bn~mbpIauBdol' SNP u a . m v ~ ~ u  high fat diet (HF) 

I 
SNP 10" M 

SNP 1 o4 M 

Time (minute) . 



a ~ ~ ~ r m . r o ~ r n ~ ~ s s l a ~ e , . r ~ a e , n ~ d e , n ~ ~ ~ ~ a ~ e , . r d  SNP uo.rnyn"l&?pI HF+fenofibrate 

SNP 1 o4 M 

16 I 40 25100 33 120 4 1  140 50 100 58120 1106140 1115 100 

Time (minute) 

Biu~unyrlswn+az 8 $3 



Time (minute). 



I~lcm~m~naiun"?ve,~o.sae~~de,(;I~me,pIa~e,~n' SNP vawrjhhjpI HF+I% GSE 

SNP lo-' M I 
SNP lo4 M 

2 5 ~ 0 0  3312 0 41 140 50:OO 58 :20 1:06:40 1 :15:00 1:23120 1131840 

Time (minute) 
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