Ellagic acid inhibit vascular smooth muscle cell

proliferation and apoptosis induced by ox-LDL
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In the multifunctional pathogens of atherosclerosis, oxidatively
modified low dendty lipoprotein plays a central role in atherogenesss.
Previous studies demonstrated that both native LDL and ox-LDL could
stimulate the proliferation of vascular smooth muscle cells. However
ox-LDL has also been shown to induce apoptosis in vascular smooth
muscle cells (VSMCs). Ellagic acid, an antioxidant, is a phenolic
compound presenting in fruits (raspberries, blueberries, strawberries) and
walnuts. In this study, we investigated whether VSMCs proliferation and
apoptosis induced by ox-LDL would be affected by elagic acid.

Cdl viability was tested by MTT test and cell count and study
ox-LDL stimulated cell proliferation was inhibited by Ellagic acid.
Ellagic acid suppressed the increased the percetage of cell cycle S
phase induced by ox-LDL. The activitives of ErK 1/2 , pErK 1/2 and
PCNA were aso inhibited by ellagic acid. In apoptosis, elagic acid
aso inhibited cell apoptosis and cell morphologic change. However
ellagic acid suppressed expression of caspase genes could by ox-LDL.
These results might significantly advance the understanding of the
antioxidants implicated in the formation of atherosclerosis, and could
eventually lead to the development of new dietary supplements for the
prevention of atherosclerosis.

Key word: Ellagic acid, Ox-LDL, Smooth muscle cell, Proliferation,
Apoptosis.
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ErkK /2  Extracdlular sgna-regulated kinase 1/2
EA Ellagic acid

ICAM-1  Intercdlular adhesion molecule-1

LDL low dendty lipoprotein

MAPK  Mitogen activated protein kinase
ox-LDL oxidized low density lipoprotein

PCNA  Proliferating cell nuclear antigen

ROS reactive oxygen species

TBARS  Thiobarbituric acid reactive substances
VCAM-1 Vascullar cdll adheson molecule-1

VSMCs Vascular smooth muscle cdls

n



Atheroscleross

amooth musclecdl, SMC
extracellular matrix secretion

inimdl fibrogs

(1.2 ()
endothelial dysfunction [3,4] (2
fatty-streak fomation  (3) necrotic core and
Fibrous-cap (4) unstabl e fibrous
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plagues

endothelial dysfunction

[3]

( LDL

LDL

12-L.O (12/15lipoxygenase)
ox-LDL [6]

fatty-streak formation

ox-LDL ox-LDL
M CP-1(monocyte chemotactic
protein) ICAM-1 Intercdlular adheson molecule-l  VCAM-1

vascullar cdl adhesion molecule-1 E-sdectin ox-LDL

(monocyte)



subendothelial (cytokines)
Interlukin-1(1L-1)  Interlukin-4(IL-4) interfiron? ( -?
IFN-?) Tumor Necrosis Factor (TNF) [5, 7]
M-CSF  marophage
colony-stimulating factor

scavenger receptor ox-LDL

(mecrophagefoam cdl)

[8]
Fatty-streak  [7]
necr otic core and Fibrous-cap
ox-LDL
[9] Interferon
necrotic

core

FHbrous-cep

unstable fibrous plaques
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(atheroma)

[9]

low dengty lipoprotein, LDL
1.019-1.063g/ml  Gotto 1988 3000

Apolipoprotein-B, Apo-B, 50 Dalton

19-25 nm 180-250  Ddton
Keaney 1994 LDL LDL
LDL receptor
[10]
2 2

(reactive oxygen

speci es,

(superoxide anio



0O 2) (hydorxyl OHdAiIi cal

(hydrogen (gelrldxi de)

[ 10]

[12]

(Superox)yde, 02 (Hydrogen peroxi de,
(Hydr oxyl radical , (QH pi d

peroxi de)

lipd
peroxidation
chain reaction hydroxyl radical
OH polyunsaturated fatty acid  PUFAS
(double bonds)
R
ROO (ROCH)
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etd. (1990)  LDL [13]

(lipid peroxidation)

malondiadehyde (MDA)

4-hydroxynonenal  [14] LDL
apolipoprotein B apolipoprotein B [19]

LDL ox-LDL LDL

Rosenfeld et al. (1990) lipid peroxidation
lipid peroxidation
[16] ox-LDL  LOX-1
(nitric oxide, NO) Superoxid [17]
(hypercholesterolaemia) ox-LDL

(superoxide anion, O,)
Ox-LDL
(initiate coagulation)
(Plaouerupiure)
ox-LDL

ox-LDL [7]
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(Proliferation) (apoptosis)
(vascular smoth muscle cells VSMCs)
Li et d. (1997) ROS VSMCs
H,O,
apoptosis[ 18] ROS
O, H)O; VSMCs
[19] [20,

21] [22]

MAPK (Mitogen activated protein kinase pathway)

(stress)
Yang, e d.
MAPK  Erk1/2 [23] Native
oxidative low dengity lipoproteins



ERK1/2 MAPK

[24] 2003  Lipidresearch
PI3-kinase/Akt MAPK
[25] MAPK
Erk 1/2
p38 MAPK
SAPK/INK
[26, 27]
MAPK
cel cycle
Gl S G2 M S DNA
(synthesis) M (mitog9)
GO

Gl Gl DNA
(check point) (redtriction

point) DNA

DNA )



Gl S

(oncogenes) CDKs  Cyclins

CDK
Rb

E2F Rb
cyclinD/CDK6  cyclin E/CDK2

Rb E2F E2F

DNA
Gl S
cyclin/CDK
Ink 4
(CDKinhibitor; CDKI)
[28] Ink 4

p19 Cip/Kip p2l p27

DNA

Rb

cyclin D/ICDK4

Rb
CipKip

CDK

cydin/CDK
pl4 pl5 pl6 pl8

9374



cyclinlCDK Rb

E2F S

lysophosphatidylcholine

DNA
[29, 30]
Ellagic acid
polyphenolic
compounds antioxidants [31, 32]
antimutagens anticarcinogens

chemoprevention [33, 34] Ellagic acid

2,3,7,8-Tetrahydroxy(1)benzopyrano(5,4,3-cde)benzopyran-5,10-dio
ne

Ho ] g
0 OH
s}
ellagic acid
Ellagic acid
Hlagicadd
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P53 P21

[39] Ellagic acid
[36] Ellagic acid
chemoprevention 2001 LauraA.
NBBA F344 rat
[33] Hlegcadd

glutathione  glutathione reductase NADH
- and ascorbate-dependent (lipid peroxidation)[37] Hassoun
Ellagicacid 6mg/kg per day TCDD
Toxicology [38] Ellagic

acid H,0, Bleomycin DNA [39]



invitro

ox-LDL
Ellagic acid
ox-LDL
1 Ellagicacid
Ellagic acid
2 Hlagic acid



, Tawan
(Nuaire, USA)
(Haemocytometer; Boeco, Germany)
(Motic, Japan)
(Beckman)
(C831,; Consort, UK)
(Model 110001, Boekel)
(GR-200; A& D, Japan)
(Minipore, USA)
himac CS 120GX
Shaker bath (BT-350; YIH DER, Taiwan)
Sonicater (MISONIX,FarmingdaeNY ,USA)
Power supply ( Hoefer,San Francisco, CA, U.S.A)
ELISA reader ANTHOS-2020,Salzbrug,Austria
Vortex-genie 2 (SCIENTIFIC INDUSTRIESNY,USA)
SDS-PAGE (Amersham, UK)
(Bio-Rad, USA)
Water bath (TKS, Taipe, Tawan )

FACSCalibur,BD,USA
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Alphalmager™ 2200,USA

B
( , Talwan)
( , Talwan)
PVDF (Minipore, USA)
(Kimble, USA)
(Marriefeld, Germany)
( , Talwan)
( , Tawan)
( , Tawan)
Falcon ( , Tawan)

X-film ( Kodak,USA)
Paraffin ( American nationa can)
Amersham,UK
PD10 Amersham,UK
C
Acrylamide/Bis ( , Talwan)
APS (Ammonium persulfate; USB)
Bradford reagent (BIO-RAD, Hercules,Cdifornia USA)
BSA Bovinessrumabumin SIGMA, ST.LouisMO,USA
Bromophenol blue (USB)
DMSO (Dimethyl Sulfoxide; Sigma, USA)
DTT (1,4-Dithio-D,L-threitol; GERBU, Germany)
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DMEM (Dulbeccco’ s Modified Eagle’ s Medium; GIBCO, USA)
ECL kit (Amersham, UK)

Ellagic acid (Sigma, USA)

Ethanol ( ,Tawan)

FBS (Fetal Bovine serum; GIBCO, USA)

Glycine (AppliChem, Germany)

Glyerol (Scharlau, Spain)

Hydrochloric acid (Merck, USA)

Methanol ( , Tawan)

MTT (3-[4,5Dimethylthiazol-2-yl]-2,5-diphenyl-terazolium
bromide; Sigma, USA)

Paraformal dehyde ( , Tawan)
Penicillin-Streptomycin (GIBCO, USA)

Pl (Propidium iodide; Sigma, USA)

Potassium dihydrogen phosphate (Merck, USA)
Potassium chloride (Scharlau, Spain)

Protein assay-Dye reagent concentrate (Bio-Rad, USA)
Protein maker (Amersham, UK)

RNase A (Sigma, USA)

RT kit Invitrogen, Carlsbad, CA, U.SA

SDS (Sodium dodecyl sulfate; USB)

Sodium bicarbonate (Merck, USA)

Sodium chloride (Scharlau, Spain)
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Sodium hydroxide (SHOWA, Japan)
Sodium pyruvate (GIBCO, USA)
TBA (2-Thiobarbituric acid; Sigma, USA)
TCA (Trichloroacetic acid; Sigma, USA)
TEMED (N,N,N’ N’ -Tetramethyl-ethylenediamine; Pharmacia, Sweden)
Tris (Tris(hydroxymethly)-aminomethane; Pharmacia,Sweden)
Triton X-100 (USB)
Trysin-EDTA (GIBCO, USA)
Tween 20 (Pharmacia, Sweden)
( , New Zedland)
(Kodak, USA)
(Kodak, USA)

(a). anti-PCNA (Santa Cruz, USA)
(b). anti-p-Erk1/2 (Santa Cruz, USA)
(d). anti-Erk1/2 (Santa Cruz, USA)

(e). anti-bata actin (abcam, USA)

anti-mouse 1gG (horseradish peroxidase conjugated; Santa Cruz, USA)
anti-rabbit 1gG (horseradish peroxidase conjugated; Santa Cruz, CA)
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1 Ellagicacid
Ellagic acid 30.22 mg DMSO

ciuM 1pM 10pM 25uM 50uM 75uM 100 UM

2
37 1.5
4 lhr 3000rpm 4 15

3mi 0.9 NaCl0.7ml 95000 rpm
10 35 Acc 5 Dec 7 VLDL KBr 166.8
mg 3ml 95000 rpm 10 35hr Acc 9 Dec
7 [24]
3

LDL 1 mg/ml PBS no EDTA 1mM CuSO,
10uM 37 24hr 0.1ml EDTA 10mM
1mM 2 4ml  LDL

PBS noEDTA 4 dir 24y 3

lhr 2hr 2hr 24hr LDL

0.5ml PD10 0.22m



oxLDL TBAR [24]

60127 Al10
(the thoracic aortaof DB1X embryonic rat)

(vascular smooth muscle cells; VSMCs)

A Dulbecco’ sModified Eagle’ s Medium

( DMEM)Powder : high glucose, L-glutamien , pyridoxine
hydrochloride , 10 mg/L sodium pyruvate , soudium
bicarbante 3.79

B Fetal bovine serum ; FBS

56 0 ( 10%
FBS 1% FBS 0% FBYS)
A. HEPES Buffer Solution (1M) 1%
B. Strpotomycin/penicilline 1%

C. Trypsne-EDTA 0.25 % Trypsn with 1ImM EDTA-4Na
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(37
9
7 ml 1x PBS
1ml incubate 2
Trypsin-EDTA :

10m 10%
95 02
(pH:7.4)

5

CO2)

Trypsin- EDTA

1 ml 10% FBS- DMEM 2 ml

10% FBS-DMEM  10m

1500rpm 5

90 % culture medium + 10 % DM SO

10

(pH=7.4)

Iml  pipette

15ml

1ml

10 ml

Iml

7m IxPBS

Ix trypsin-EDTA

trypsn-EDTA

100



i 10 W typan-blue 96-wdl 2
0ul
(haemocytometer)
(
) 9 2
) (N ) N 4 11
x10 x 10° 10 ml
(cellg/10ml)
1]
= _Eu_ e
6 (synchronize)
dish plaes ( 6cmdish
35x10° cells well) 10 %
12 24
plates 1IXPBS pH:7.4
2 mliwel 1 2miiwdl 0%

31



24

7
6 cm dish 5mlIxPBS pH:74
2 500 pl lysisbuffer 3
95
5 30 4 13000 rpm 10
-20
Lysis buffer
/
Tris-Hd  PH:6.8 6.25M 0.5M 5ml
SDS 2% 10% aml
DTT 50mM 0.3M 6.67ml
DDW 20.33ml
40ml
8
o —No | 1 2 3 4 5 6
(ugml) 0 5 10 15 20 25
0.1mg/ml BSA (W) 0 50 100 150 200 250
DDW/(ul) 800 750 700 650 600 550
Baradford 200
ul 1000
NO. 1




Bradford

R? R? >0.99

Excel
V)
(ng/mi)
10 pl 790 DDW 200 Bradford
5 O.D 590
V)
(x)
9 SDS-PAGE
DDW

(10%Separation gel) (5% Stacking gd)
DDW 475 ml 95ml 3.04ml 6.08 ml
1.5M Tris(PH:8.8) 25ml 50ml
0.5M Trig(PH:6.8) 1.25ml 2.5ml
10%SDS 100 pl 200 50ul 100 pl
40%Acrylamide/big(29:1) 25ml 50ml 610 pl 1.22 ml
10%APS 50 100 pl 50 ul 100ul
TEMED 10 20 6 ul 12




DDW
30 TEMED
DDW
comb 30 comb DDW well
Running buffer loading sample
% 5 30 Marker 5 10ul
sample 18 24 y loading  well 100V 2
0.1 % Commeassie blue

PVDF  Western Blot [40]
10 Western blot

PV DF membrane Methanol 30

Filter paper
PVDF membrane (0d)

Filter paper

Transfer box
4 Transfer 100 vdtage 1
PVDF membrane 5 % fat-free milk bloclking 1
0.1% PBST 5 3 membrane

4 membrane



0.1 % PBST 5 3 membrane

1 membrane 0.1%PBST 5 3
[40]
1ml Pipet 1mltip cassete
ECL Developer Fixer memgrane ECL
11 30 membrane
membrane
1
[40]
Membrane
membrane  0.1%PBST 10 2 0.1%PBST

4 2

Commassie Blue

gd DDW 15 3 Commassie Blue
20 destain buffer band
Comassie Brilliant Blue R-250
/
Comasse Brilliant Blue 0.259
Methanal 100% 45m
Acetic acid 100% 10ml




DDW 45m
100ml
Dgan buffer
/
Methanol 10% 100% 100ml
Acetic acid 100% 70ml
DDW 830m
1000m
11 Cdl count
Trypen blueexcluson
trypan blue
24well 5x10" /el
10%FBS DMEM 1ml 24 1xPBS pH:7.4 1ml 1
0 FBS-DMEM 100 mi 24
200 p
Trypsin incubation 2 10% FBS-DMEM 800ul
100 10 Wl typan-blue  96-well
2 104
(haemocytometer)




12 MTT assay

MTT 3-(4,5-dimethyl
thiazol-2-yl)-2,5-diphenyl-tetrazolium bromide) tetrazolium

MTT formazan MTT

formazan 10 % SDS-Hcl
590nm MTT
MTT 2 8
96 well 1x10%well  10%
FBS-DMEM 100ul 24 1xPBS PH:7.4 100 pl
1-2 0 FBS-DMEM 100yl 24
10 FBS-DMEM 100 u 5mg/ml
MTT DMEM /10 4 100 10 SDOS-Hd

OD590 nm ref 620 nm

MTT 4
/
MTT 5mg/ml -- 250 mg
PBS(pH7.4) -- 50 ml
50 ml
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Solubilization solution

/
SDS 10% 109
Hdl 0.01M M 1ml
100 ml
13
6 cm dish 3.5x10°well 10%

FBS-DMEM 2 ml 24

0% FBS- DMEM 1ml

5mi

Trypsine 500 Wl incubate 2

Ix PBS2 ml 1-2
24 1% FBS-DMEM
Ix PBS5 mi 1-2

500 Yl 10% FBS-DMEM

pipet 1500 rpm 300g 5
Ix PBS1ml 1500rpm 300g 5
70% vortex  shack 3
2ml -20 [41]
1500 rpm 300g 10 1xPBS
Iml 1500 rpm 300g 10 Pl
incubater 30 FACON



Pl stain

/
Pl 0.4 mg/di 2 mg/dl 5mi
Triton 1% 5% 5ml
RNaseA 0.1 mg/ml 2 mg/mi 1.25ml
1xPBS - - 13.75ml
25 mi
14
Oneway ANOVA meen+ SE
1% FBS-DMEM P 0.05

P 0.05




Ellagic acid

MTT Ellagicadd
24 1%
Ellagic acid 24
MTT 4 solubilization solution
Trypan blue
( 89 100 uM
50 M
LDL Ellagicacd
MTT LDL ?
24 0.1%
(20 60 100 200pg/ml) LDL 24
MTT 4 solubilization solution
MTT
LDL ( 10
dose dependent



LDL100 pg/mi
50 uM
24

Ellagicacid 24

MTT

LDL100 pg/ml

24

Ellagic acid 50 pM

LDL

M

Ellagicacd LDL

24 01
50 uM  Ellagic acid
Ellagic acid 24 LDL100 pg/ml
LDL100 pg/mi 24 50 uM
Trypan blue
( 11 LDL Ellagicacid
LDL
L DL 100ug/ ml Ellagicacd
24 0.1
50 uM Ellagic acid
MTT 4 solubilization solution
( 12 LDL
ErK 1/2

24 01



100 pg/ mi ( 5 10 15

20 30 )
Erk1/2 ( 13
Erk 1/2 LDL 5 30
L DL 100 pg/ml Ellagicacd
ErK 1/2
24 0.1%
LDL100 pg/mi 50 uM  Ellagic acid 24
Ellagic acid Erk 1/2
( 14)LDL Hiagicaod
Erk1/2
L DL 100ug/ml Ellagicacid ERK 1/2
24 0.1%
LDL100 pg/mi 50 uM  Ellagic acid 24
Ellagic acid Erk 1/2
( 15 LDL Ellagic acid
Erk1/2

L DL 100 pg/mi Ellagicadd PCNA

V)



24 0.1%

LDL100 pg/mi 50 uM  Ellagic acid 24
Ellagic acid PCNA
( 16) LDL Hlagic acid
PCNA

ox-LDL  Ellagicacd

ox-LDL
24 1%
(20 60 100 200 300 pug/ml)  ox-LDL
24 MTT 4 solubilization solution
( 17 5 100pgml
1 FBS-DMEM 161 300
pg/mi 71
MTT ox-L DL 100pg/ml
Ellagic acid
24 1
0x-LDL 100 pg/ml 50 uM  Ellagicacid



24 Trypan blue
MTT 4 solubilization solution

( 18 19 20) ox-LDL 100 pg/mi

Ellagic acid 50 uM
Ox-LDL 100 pg/ml Ellagic acid Erk
1/2
24 1%
ox-LDL 100 pg/mi 50 uM  Ellagic acid 24
Ellagicaicd Erk 1/2
( 21) ox-LDL 100 pg/mi Ellagic acid
Erk1/2
Ox-LDL 100 pg/ml Ellagicacd
ErK 1/2
24 1%
0x-LDL 100 pg/ml 50uM  Ellagic acid 24
Ellagic acid Erk1/2
( 22 ox-LDL 100pg/ml
Ellagic acid Erkl1 052 Erk2 0.49



Ox-LDL 100 pg/ml Ellagic acid

24
1% ox-LDL 100ug /ml
Ellagic acid 50 uM DMSO 24
P
S (
23 ox-LDL 100 pg/mi S 1%
FBS-DMEM 6.76% 15.42% ox-LDL 100
pg /mi Ellagic acid S 94%
P 0.005
100 pg/ml ox-L DL Ellagicacid PCNA
24 1%
ox-LDL 100 pg/mi 50 uM  Ellagic acid 24
Ellagic acid PCNA
( 240 ox-LDL 100 pug/mi Ellagic acid

PCNA



Ellagic acid ox-LDL

43] ox-LDL

8, 30]

acetyl-L DL

ox-LDL

PI3-kinase/Akt ERK1/2

30, 44, 45] ox-LDL

invitro

ox-LDL
Ellagic acid
ox-LDL
[42,

[7,

ox-LDL
[44] LDL

MAPK patheway

cross link [24,

FGF-2

Marjorie ox-LDL

cyclinD1 cyclin-dependent kinase



cdks or PCNA [ 4 6 Proliferating cell nuclear antigen PCNA

DNA polymerased
cyclin  cdks P21 DNA
[46] ox-LDL 4-hydroxynonend
lysophosphatidylcholine [19, 47]
[24]
Ellagic acid
Ellagicadd
Ellagic acid 21
[35] CytoctromeP450
[33] TCDD
fetotoxicity oxidative stress 100 g /kg
Ellagic acid fatal death Speroxide
anion [38]
ox-LDL
MAPK [ 23]

Ellagic acid Erk

47



PCNA

10%

40 pM MTT

50 pmoal /I

ox-LDL
MAPK

PCNA

Ellagic acid

P450

Ellagic acid MAPK

Hlagcadd
EA
Ellagic acid 1
1 FBS-DMEM
50
100 g /ml
24
ErK S
50uM  Hlagicadd
Hlagicadd MAPK
ox-LDL MAPK
ROS P21
cytochromeP450
Ellagic acid cytochrome



Ellagic acid

ox-LDL 24

ox-LDL 2000
ox-LDLreceptor-1 LOX-1 ox-LDL
ROS ox-LDL ROS [49]

LOX-1  ox-LDL

lysophosphatidylcholine (L PC) LOX-1ImRNA
[50] ox-LDL
ox-LDL
freeradicas
[51-53]
[%4

[55] Hlagicadd

49



24 Ellagicacid LDL

EA LDL
LDL
ROS ROS
Ellagic acid LDL ROS
Blegcadd
50 uM LDL ox-LDL
2000 Cha
vitaminE 50 uM lyso PC
[56] Ellagicacid
[22] LDL ox-LDL ROS
ox-LDL
ox-LDL
Ellagic acid
Ellagicadd
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52

Ellagic acid

5

ROS

Ellagic acid



Atheroscleross

amooth musclecdl, SMC
extracellular matrix secretion

inimdl fibrogs

(1.2 ()
endothelial dysfunction [3,4] (2
fatty-streak fomation  (3) necrotic core and
Fibrous-cap (4) unstabl e fibrous
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plagues

endothelial dysfunction

[3]

( LDL

LDL

12-L.O (12/15lipoxygenase)
ox-LDL [6]

fatty-streak formation

ox-LDL ox-LDL
M CP-1(monocyte chemotactic
protein) ICAM-1 Intercdlular adheson molecule-l  VCAM-1

vascullar cdl adhesion molecule-1 E-sdectin ox-LDL

(monocyte)



subendothelial (cytokines)
Interlukin-1(1L-1)  Interlukin-4(IL-4) interfiron? ( -?
IFN-?) Tumor Necrosis Factor (TNF) [5, 7]
M-CSF  marophage
colony-stimulating factor

scavenger receptor ox-LDL

(mecrophagefoam cdl)

[8]
Fatty-streak  [7]
necr otic core and Fibrous-cap
ox-LDL
[9] Interferon
necrotic

core

FHbrous-cep

unstable fibrous plaques



(atheroma)

[9]

low dengty lipoprotein, LDL
1.019-1.063g/ml  Gotto 1988 3000

Apolipoprotein-B, Apo-B, 50 Dalton

19-25 nm 180-250  Ddton
Keaney 1994 LDL LDL
LDL receptor
[10]
? ?
(reactive oxygen species, ROS)

(superoxide anion Oy)



(hydorxyl radical  OH) (hydrogen peroxide)
[11]
[1]
[12]
(Superoxide, O,)
(Hydrogen peroxide, H,O,) (Hydroxyl radical,
OH) (Lipid peroxide)
lipid
peroxidation
chain reaction hydroxyl radical
OH polyunsaturated fatty acid  PUFAs
(double bonds)
R
ROO (ROCH)
R Jessup
et a. (1990) LDL [13]
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(lipid peroxidation)

malondiadehyde (MDA)
4-hydroxynonenal  [14] LDL
apolipoprotein B apolipoprotein B [19]

LDL ox-LDL LDL
Rosenfeld et al. (1990) lipid peroxidation
lipid peroxidation
[16] ox-LDL ox-LDL  LOX-1

(nitric oxide, NO) [17]

Superoxid (hyperchol esterolaemia)
ox-LDL

(superoxide anion, O5)
Ox-LDL
(initiate
coagulation) (plague
rupture) ox-LDL

ox-LDL

[7]



(Proliferation) (apoptosis)

(vascular smoth muscle cells VSMCs)

Li et d. (1997) ROS VSMCs
H,O,
apoptosis[ 18] ROS
O, H)O; VSMCs
[19] [20,
21] [22]
oxLDL
Apoptoss
[57] Apoptosis
1. cell membrane shrinkage 2.
chromosome condensation 3. DNA fragementaion
4, apoptotic bodies
caspase
pro- and anti-apoptosis protein Bcl-2
Apoptosis

(death receptor)



TNFR Fas Decoy receptor  death receptor[58, 59] receptor

ligand (cytoplasmic death
domain) cysten ligand (receptor)
(death domain) adaptor protein
caspase Bcl-2 protein
apoptosis DNA
cytochrome C caspase [60, 61]
Caspase
[62] Caspase

Caspase (aspartate-specific cystein protease) apoptosis

[63] caspase
caspase caspae 2 8 9 10
Caspase caspase 3 6
7 apoptosis [62] Caspase 3 apoptosis
caspase 3
cysteine proteases family
amino acid
caspase 3 dimer caspase 3



apoptosis
[28]
TNFR INK MAPK

pahtway JINK MAPK pahway MAPK

pro-apoptosis[63]

ox-LDL MAPK pathway

L ysophosphatidylcholine

scavenger receptors p38 MAPK monocytes CXCR2
[64]
Reactive oxygen-generating system Nuclear factor-?B
NF-?B Tumor Necrosis Factor-a TNF-a [65]
2,4-decadiena [21]
Hseh, et a. 2001 ROS caspase

[22]
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EI'l agic acid
polyphenolic
compounds antioxidants [31, 32]
antimutagens anticarcinogens

chemoprevention [33, 34] Ellagic acid

2,3,7,8-Tetrahydroxy(1)benzopyrano(5,4,3-cde)benzopyran-5,10-dio
ne

0
HO o
0 OH
o]

ellagic acid

Ellagic acid
Blegcadd
P53 P21
[35] Ellagic acid
[36] Ellagic acid

chemoprevention 2001 LauraA.

NBBA F344 rat
[33] Hlagicadd

glutathione  glutathione reductase NADH
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- and ascorbate-dependent (lipid peroxidation)[37] Hassoun

Ellagicacid 6mg/kg per day TCDD
Toxicology [38] Ellagic
acid H,O, Bleomycin DNA [39]



invitro

ox-LDL
Ellagic acid
ox-LDL
1 Ellagicacid
Ellagic acid
2 Hlagic acid



( , Tawan)
(Nuaire, USA)
(Haemocytometer; Boeco, Germany)
(Motic, Japan)
(Beckman)
(C831; Consort, UK)
(Mode 110001, Boekd)
(GR-200; A&D, Japan)
(Minipore, USA)
himac CS 120GX
Shaker bath (BT-350; YIH DER, Taiwan)
Power supply ( Hoefer,San Francisco, CA, U.S.A)
Gel Electrophoresis Apparatus ( Gibco BRL, Grand Island, N.Y.,U.S.A)
ELISA reader ANTHOS-2020,Sa zbrug,Austria
Vortex-genie 2 (SCIENTIFIC INDUSTRIESNY ,USA)
Water bath (TKS, Taipe, Tawan )
FACSCalibur,BD,USA
? (Bio-Rad,USA)
Alphalmager™ 2200,USA



( , Tawan)
( , Tawan)
(Kimble, USA)

(Marriefeld, Germany)

( , Tawan)
( , Tawan)
( , Tawan)
Falcon ( ,Tawan)

Paraffin ( American nationa can)
Amersham,UK
PD10 Amersham,UK
C
Agarose (Gibco BRL,Grand Island,N.Y.,U.S.A.)
Bradford reagent (BIO-RAD, Hercules,Cdifornia USA)
BSA Bovinessrumabumin SIGMA, ST.LouisMO,USA
Bromophenol blue (USB)
DMSO (Dimethyl Sulfoxide; Sigma, USA)
DTT (1,4-Dithio-D,L-threitol; GERBU, Germany)
DMEM (Dulbeccco’ s Modified Eagle’ s Medium; GIBCO, USA)
Ellagic acid (Sigma, USA)
Ethanol ( ,Tawan)
Ethidium bromide (Sigma, USA)
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FBS (Fetal Bovine serum; GIBCO, USA)
Glycine (AppliChem, Germany)

Glyerol (Scharlau, Spain)

Hydrochloric acid (Merck, USA)

Methanol ( , Tawan)

MTT (3-[4,5Dimethylthiazol-2-yl]-2,5-diphenyl-terazolium
bromide; Sigma, USA)

MPCR kite Maxim Biotech,USA

Paraformal dehyde ( , Tawan)
Penicillin-Streptomycin (GIBCO, USA)

Pl (Propidium iodide; Sigma, USA)

Potassium dihydrogen phosphate (Merck, USA)
Potassium chloride (Scharlau, Spain)

Protein assay-Dye reagent concentrate (Bio-Rad, USA)
RNase A (Sigma, USA)

RT kit Invitrogen, Carlsbad, CA, U.SA

SDS (Sodium dodecyl sulfate; USB)

Sodium bicarbonate (Merck, USA)

Sodium chloride (Scharlau, Spain)

Sodium hydroxide (SHOWA, Japan)

Sodium pyruvate (GIBCO, USA)

TBA (2-Thiobarbituric acid; Sigma, USA)

TCA (Trichloroacetic acid; Sigma, USA)
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Tris (Tris(hydroxymethly)-aminomethane; Pharmacia, Sweden)
Triton X-100 (USB)

Trysn-EDTA (GIBCO, USA)

1 Ellagicacid
Ellagic acid 30.22mg
DMSO 01lpuM 1pM 10puM 25uM 50 UM 75 uM
100uM
2
37 15hr 4
1hr 3000rpm 4 15
3ml 0.9 NaCl 0.7ml 95000 rpm 10
35hr Acc 5 Dec 7 VLDL KBr 166.8mg
3ml 95000 rpm 10 35hr Acc 9 Dec 7
[24]
3
LDL 1mg/mi PBS noEDTA 1mM CuS0O,
10pM 37 24hr 0.1ml EDTA 10mM
1mM 2 4ml LDL PBS no
EDTA 4 dir 24y 3



lhr 2hr 2hr 24hr LDL 0.5ml

PD10 0.22um

oxLDL TBAR [24]

4

[65]
60127 A0

(the thoracic aortaof DB1X embryonic rat)

(vascular smooth muscle cells; VSMCs)

A Dulbecco’ sModified Eagle’ s Medium
( DMEM)Powder : high glucose, L-glutamien , pyridoxine

hydrochloride , 10 mg/L sodium pyruvate , soudium

bicarbante 3.79

B Fetal bovine serum ; FBS

56 0 ( 10%

FBS 1% FBS 0% FBYS)

D. HEPES Buffer Solution (1M) 1%

E. Strpotomycin/penicilline 1%
F. Trypsne-EDTA 0.25% Trypsn with ImM EDTA-4Na



37
10 10m  10%

3 95 02 5 CO2

9
7ml 1x PBS (PH:7.4) Trypsin- EDTA
Iml incubate 2 1ml 10% FBS- DMEM 2ml
Trypsin-EDTA :

10% FBS- DMEM  10ml 1500 rpm 5

90% culture medium + 10% DM SO

10 7m IxPBS

(pH=7.4) 1m  Ixtrypsn-EDTA

1ml trypsn-EDTA

Iml  pipette
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15ml 10 ml

i 10 W typan-blue 96-wdl
10
(haemocytometer)
) 9 2 (
) (N ) N 4 11
x10 x 10* 10 ml
(cellg/10m)

-

o Rt &
B8
TETRETE L
19 1
6 (synchronize)
dish plaes ( ecmddh
35x10° cells well) 10 %
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plates 1XPBS pH:7.4
2 ml/wdl 2miwvdl 0%
24
7
o —Noe-| 1 2 3 4 5 6
(Lg/ml) 0 5 10 15 20 25
0.1mg/ml BSA () 0 50 100 150 200 250
DDW(u) 800 750 700 650 600 550
Baradford pl 200
ul 1000
NO. 1
Bradford
5 3
R? R? >0.99
Excd
\Y)

(g/mi)
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10ul 70u  DDW

) O.D 590

)
(X)
8 Cdl count

Trypen blue excluson

trypan blue

24-wdl|
10%FBS DMEM1mI 24

0 FBSDMEM2100mI

Trypsin incubation 2

200l

5x10*/well
IxPBS pH:7.4 1ml

24

10%FBS-DMEM 8004l

100 10 Jl typan-blue  96-well
2 10
(haemocytometer)
9 MTT assay

Bradford

2000

1



MTT 3-(4,5-dimethyl

thiazol-2-yl)-2,5-diphenyl-tetrazolium bromide) tetrazolium

MTT formazan MTT
formazan

590nm

MTT

96-well
FBS-DMEM 100 24
1-2 0%FBS DMEM 100
10% FBS-DMEM 100 p

MTT DMEM /10 4

10% SDS-Hcl

MTT

1x10%wel  10%
IxPBS pH:7.4 100ul
24
5mg/ml

1000 10 SDSHd

oD590nNm  ref 620 nm

MTT 4
/
MTT 5mg/ml 250 mg
PBS(pH:7.4) -- 50ml
50 ml

Solubilization solution
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DS 10% 10g
Hdl 0.01M Y iml
100 ml
10 Annexin-V-Fluos Staining kit

phosphatidylserine  PS

AedinV

C&"*- dependent phospholind-binding protein

phosphatidylserine

[67]

IxPBSpH 74
incubator 2 MEDM
1500rpm 5
pH 74 1ml 1500rpm 5

Pl Annexin-V 100l

11 TriSolution RNA

Trypsin-EDTA 200

Ix PBS

10 15

phenol guanidiumthiocynate  TriSolution Reagent
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RNA

TriSolution Trizol CHCL; Chloroform  2-propanol Isopropanol
75% ethnol inDEPCwater  DEPC water
Samplel (10~100 mg)

Sample? 5x10° 1ml Trizol

5x10° 1x PBS (pH 7.4) 2

2ml 1Ix PBS  Tryps-EDTA 200 1 2
Iml 10% DMEM 1500 rpm 5
pellet 1x PBS 1500 rpm
5 pellet 1mi Trizol 5
0.4 ml CHCL; 15 4 12000 xg
15
15 ml 0.75 ml 2-propanol
10 4 12000xg 8 75% ethanol
1ml ethanol/1ml Trozol 12000xg 5 ethanol

10 I DEPC water -80

12 Reverse transcription
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total RNA ? cDNA

cDNA sample
200 ul tube
/ pl
DEPC water 8-x
10 mM MgCh
oligodT
RNA X
Total 10p
Therma-cycler 65 5 4 1 tube
/ ul
10X RT buffer 2
25mM MgCh 4
0.IM DTT 2
Rnase out 1
Totd 9ul
Therma-cycler 42 2 Superscript |1 RT
SSIIRT 1ul Thermal-cycler 42 50 70
15 4 1ul RNase H mix Therma-cyde
37 20 cDNA -20

13 DNA Condensation Examination



Giemsa DNA

Giemsagtan
Giemsadan 10x
2% Paraformaldehyd
0.1% Triton X-100
IxPBSpH 7.4 2% paraformadehyde/ PBS
15 20 IXPBSpH 7.4
0.1% TritonX-100/ PBS 15
3 4 Giemsa solution
1 3 4

14 Multiplex PCR (MPCR)

PCR

78



2004 tube

/ ul
2X MPCR BufferMixture 25
10X MpCR Primers 5
Tag DNA Polymerase(5ull) 0.5
cDNA X
MQ water 19.5-X
Total: 50ul
MPCR Thermal-cycler
96 ¢ :
T H0C
67 °C .
1 min 10 min -
4 min 4 min
2oycles 30 cyeles 1 eyeles co
55 Ethidium bromide
MPCR
10 6X DNA dye2
100V 20 DNA dye 213
uv

16

7




ox-LDL

Oneway ANOVA
1% FBS-DMEM

P 005 )

P 005

meen+ SE



Ellagic acid

MTT Ellagicadd
24 1%
Ellagic acid 24 MTT

4 solubilization solution

Trypan blue
( 8 100 uM 50 uM

ox-LDL  Ellagicaad
ox-LDL
24 1%

(20 60 100 200 300pg/ml)
ox-LDL 24 MTT 4 solubilization
solution ( 25 300 pg/ml

1 FBS-DMEM 70

81

Ellagicacd ox-LDL



24 1

ox-LDL 300 pg/mi 50 uM Ellagicacid
50uM Ellagic acid 24 ox-LDL 300 pg/mi
24 ox-LDL 300 pg/ml 24 50
UM Ellagic acid 24 Trypan blue
( 206) ox-LDL Ellagicacid

ox-LDL Ellagic acid

300 pg/ml Ellagic acid
24 1
ox-LDL 300 pg/mi 50uM Ellagic acid
24 Trypan blue
MTT 4 solubilization solution

( 27 28 29) ox-LDL 300pgm

Ellagicacid 50 uM

300 pg/ml ox-L DL Ellagicacd



24 1

ox-LDL 300 pg/mli 50uM Ellagic acid
24 AnnexinV Pl
( 30 2) ox-LDL 76.3
AnnexinV 126 Ellagic acid 50 uM
85.7 AnnexinV 21
300 pg/ml ox-L DL Ellagicacd
24 1
ox-LDL 300ug/mi 50uM  Ellagic acid
24 2% Paraformaldehyd Giemsa
DNA
Giemsadain
31
33 1% FBS-DMEM 8.139% ox-LDL 300 pug/ mi
36.4%

ox-LDL 300 pg/ mi Ellagic acid



5.35%

MPCR Ellagci acid 0X-LDL300ug/ ml 24
Caspase
24 1
ox-LDL 300ug/mi 50uM  Ellagicacid
24 RNA cDNA MPCR kit
caspase 32 1%FBS-DMEM

ox-LDL  300pg/ml
Caspase ox-LDL 300ug / mi Ellagic
acid Caspase

0x-LDL300 pg/mi



invitro

Ellagic acid
Ellagic acid

Ellagic acid

Ellagic acid

Ellagic acid 1 40uM

1 FBS-DMEM

50 uM

300pg /ml ox-LDL

Ellagic acid 50 uM

Ellagic acid
MTT

oM

24

caspase

ox-LDL

caspase Ellagic acid



[68]

[69]
[22, 40] oxLDL
Lysophosphatidylcholine  2,4-decadiend

7-ketocholestero  Oxysterold[21, 70]

Fas/Fasligand
Bax/Bcl-2 cytochrome C caspase
3
Shear stree
Fas/Fas ligand [71] Chae 2004
Nitric oxide
cytochrome C caspase3  Bax/Bcl-2
[72]
300ug/ml ox-LDL MTT



)

necross

Phosphatidyl Serine PS

ATP
PS ox-LDL
caspase
ox-LDL MPCR
caspase Caspase (aspartate-specific cystein
protease) caspasel caspase 13 apoptosis
caspase capase
caspase2 8 9 10 capase
caspase3 6 7
apoptoss [62] caspase
2 3 6 9 8
[22]
[22]

Ellagic acid
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Ellagic acid 50 uM

50 uM  Ellagic adid ox-LDL
50uM  Ellagic acid ? PS
Ellagic acid
ox-LDL caspase
cytochrome P450 LDL [48] Ellagic acid
cytochrome P450 2000

ox-LDL receptor-1 LOX-1 ox-LDL

ROS ox-LDL ROS
[49] LOX-1  oxLDL
lysophosphatidylcholine (LPC) LOX-1
MRNA [50] Ellagic acid
ox-LDL ROS
cytochrome P450
caspas
Ellagic acid
ox-LDL 24



ox-LDL

ox-LDL

[51-53]

Hlagcadd
Ellagicacid  ox-LDL
24
ox-LDL 300 pg/ml 24
ox-LDL
ROS

ox-LDL 300 pg/ml 24

ox-LDL

[%4
[55]

Ellagic acid



Ellagicadid 24

ox-LDL EA

Ellagic acid 24 ox-LDL
Ellagic acid ox-LDL

ROS ox-LDL

Ellagic acid 50 uM ox-LDL
Ellagic acid
[22] ox-LDL
ROS ox-LDL
ox-LDL

Ellagic acid
Ellagic acid



a1



ROS
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Ellagic acid

7 Ellagic acid
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Fig.8 Cytotoxic effect of Ellagic acid on VSMCs with MTT test.
VSMCs were treated with increasing concentrations (0.1 100 uM) of
Ellagic aid for 24 h in the 1 FBS-DMEM. Results were from three
experiments each with triplicate determinations.

compared with control group 1 FBS-DMEM P< 0.05
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Fig.9 Cytotoxic effect of Ellagic acid on VSMCs with trypan blue
exclusion test. VSMCs were treated with increasing concentrations (1
50 uM) of Ellagic acid for 24 hinthel FBS-DMEM.

compared with control group 1 FBS-DMEM P< 0.05
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Fig.1l0 VSMCs proliferation stimulated by LDL by MTT test. VSMCs
were treated with increasing concentrations (20 200 pg /ml) of LDL for
24hinthe0.1 FBS-DMEM. Results were from three experiments each
with triplicate determinations.

compared with control group 1 FBS-DMEM P<0.05
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Fig. 11 VSMCs proliferation induced by LDL inhibited by Ellagic acid .
VSMCsincubated LDL 100 pg/ml and at different timepoint 1)
treatment with LDL 100 pg/ml and Ellagic acid 50 pM at same time for
24hs  2) pretreatment with Ellagic acid 50 uM for 24hs before adding
LDL 100 pg/ml  3) treatment with LDL 100 pg/ml for 24hs then adding
Ellagic acid 50 puM.
All cells were culture in the 0.1% FBS-DMEM.
compared with control group  0.1% FBS-DMEM P< 0.05
compared with LDL group P< 0.05
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Fig.12 VSMCs proliferation stimulated by LDL inhibited by Ellagic
acid . VSMCs incubated LDL 100 pg/ml with  Ellagic acid 50 uM for
24hinthe0.1 FBS-DMEM. control 0.1 FBS-DMEM
compared with control group 1 FBS-DMEM P<0.05
compared with LDL group P<0.05
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Fig.13 LDL stimulated ErK 1/2 phosphorylation in VSMCs.
Time-dependence of LDL stimulated ErK 1/2 phosphorylation , cell were
grown to confluence, made quiescent by serum-deprived for 24 h and
incubated with 100 pug/ml LDL for varioustimes O minto 30 min . (A)
Western blot of pERK /2 B Quantification of expression by
Alphalmager ™ 2200.
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Fig.14 Effects of Ellagic acid 50 uM on ErK phosphorylation
simulated by LDL . VSMCs were incubated with 100 pg /ml LDL with
or without EA for 24 h. After incubation, the cell lysates were subjected
to 10 % SDS-PAGE and transferred to nitrocellulose membrane. A
Western blot of pErK /2. B Quantification of expression by
Alphamager ™ 2200.
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Fig.15 Effectsof Ellagic acid 50 uM on ErK stimulated by LDL .
VSMCs were incubated with 100 pg /ml LDL with or without Ellagic

acid for 24 h. After incubation, the cell lysates were subjected to 10%
SDS-PAGE and transferred to nitrocellulose membrane. A Western blot
of ErK /2 B Quantification of expression by Alphalmager ™ 2200.
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Fig.16 Effectsof Ellagic acid 50 uM on PCNA stimulated by LDL .

V SMCs were incubated with 100 pg /ml LDL with or without Ellagic

acid for 24 h. After incubation, the cell lysates were subjected to 10 %
SDS-PAGE and transferred to nitrocellulose membrane. A Western blot
of PCNA. B Quantification of expression by Alphalmager ™ 2200.
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Fig.l7 VSMCs proliferation stimulated by ox-LDL by MTT test.
V SMCs were treated with increasing concentrations (50—300 pg /ml) of
ox-LDL for24hinthel FBS-DMEM. Results were from three
experiments each with triplicate determinations.

compared with control group 1 FBS-DMEM P<0.05
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Fig.18 Effect of Ellagic acid treatment on ox-LDL 100 pg/ ml induced
cell number changesin VSMCs. VSMCs were incubated with or without
50 uM Ellagic acid in 24 well culture platesin DMEM supplememted

withl FBSa 37 for 24h.
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Fig.19 VSMCs proliferation stimulated by ox-LDL inhibited by
Ellagic acid . VSMCs incubated oxL.DL 100 pg/ml with  Ellagic acid 50
UM for 24hinthel FBS-DMEM.

compared with control group 1 FBS-DMEM P<0.05
compared with ox-LDL group P< 0.05
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Fig.20 VSMCs proliferation stimulted by ox-LDL inhibited by

Ellagic acid . VSMCs incubated ox-LDL 100 pg/ml with  Ellagic acid
50 uM for 24hinthel FBS-DMEM.

compared with control group 1 FBS-DMEM P<0.05
compared with ox-LDL group P< 0.05
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Fig.21 Effectsof Ellagic acid 50 uM on ErK stimulated by ox-LDL .

V SMCs were incubated with 100 pg/ml ox-LDL with or without Ellagic
acid for 24 h. After incubation, the cdll lysates were subjected to 10 %
SDS-PAGE and transferred to nitrocellulose membrane. A Western blot
of ErK . B Quantification of expression by Alphalmager ™ 2200.
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Fig.22 Effectsof Ellagiacid EA 50 puM on pErK stimulated by
ox-LDL. VSMCs were incubated with 100 pg/ml ox-LDL with or without
Ellagic acid for 24 h. After incubation, the cell lysates were subjected to
10 % SDS-PAGE and transferred to nitrocellulose membrane. A
Western blot of pErK 1/2. B Quantification of expression by
Alphamager ™ 2200.



1 GO/GL: 75.91%
! GO/GL: 86,865
= G2M: 12.32%
! G2/M: 6.38%
1 S 117%
i S 7.76%
: ] \
2 |
1% FBS-DMEM 10 % FBS-DMEM
k] GOGL: 71.01% ; GOGL: 83.2%
% ‘ G2M: 1357% | G2/M: 7.32%
: 1 | S 15.42% S 94%

|

ox-LDL 100 pg/ml ox-L DL 100 pg/ml + EA 50 uM
23 Ell agic acid

100 pg/ ml 2 4

Fig.23 Cdl cycle analysison VSMCs stimulated by ox-LDL and
inhibited by Ellagic acid . VSMCs incubated ox-LDL 100 pg/ml with
Ellagic acid 50 uMfor 24hinthel  FBS-DMEM.
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Fig.24  Effectsof Ellagic acid 50 uM on PCNA stimulated by LDL .

V SMCs were incubated with 100 pg/ml ox-LDL with or without Ellagic
acid for 24 h. After incubation, the cdll lysates were subjected to 10 %
SDS-PAGE and transferred to nitrocellulose membrane. A Western blot
of ERK . B Quantification of expression by Alphalmager ™ 2200.
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Fig.25 VSMCs proliferation stimulated by ox-LDL by MTT test.

V SMCs were treated with increasing concentrations (50 300 pg/ml) of
ox-LDL for 24 hinthel FBS-DMEM. Results were from three
experiments each with triplicate determinations.

compared with control group 1 FBS-DMEM P<0.05
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Fig. 26 VSMCs apoptosisinduced by ox-LDL inhibited by Ellagic acid .
VSMCs incubated ox-LDL 300 yg/ml and at different timepoint 1)
treatment with ox- LDL 300 pg/ml and Ellagic acid 50 uM at same time
for 24hs  2) pretreatment with Ellagic acid 50 uM for 24hs before
adding ox-LDL 300 pg/ml  3) treatment with ox-LDL 300 pg/ml for
24hs then adding Ellagic acid 50 pM.
All cellswere culture in the 1 % FBS-DMEM.
compared with control group 1% FBS-DMEM P< 0.05
compared with ox-LDL group P< 0.05

124



FBS

1%

of

X
>~ 18¢
166
1468 1
S 126
8 Of
—_ 60 -
o aof
2 OF
0
1% FBS
oxL.DL 300 pg/ml
EA 50 pM
27 MTT ElIl agic acid

300pug / m | 2 4

Fig.27 Cytotoxic effect of sox-LDL on VSMC and inhibited by Ellagic
acid. VSMCsincubated ox-LDL 300 pg/ml with  Ellagic acid 50 uM
for 24hinthel FBS-DMEM.
compared with control group 1 FBS-DMEM P< 0.05
compared with ox-LDL group P<0.05
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Fig.28 VSMCsincubated ox-LDL 300 pg/ml with  Ellagic acid 50 uM
for 24hinthel FBS-DMEM.
compared with control group 1 FBS-DMEM P<0.05
compared with ox-LDL group P<0.05
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Fig.29 Effect of Ellagic acid treatment on ox-LDL 300 pg/ml induced
morphologica changesin VSMCs. VSMCs were incubated with or
without 50 uM Ellagic acid in 24 well culture platesin DMEM
supplememted with1 FBSat 37  for 24h.
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Fig.30 Apoptosis and necrotic death of VSMCs were distinguished
using FITC-annexinV AV label and propidiumiodide Pl sain
VSMCswere incubated ox-LDL 300 pg/ml with Ellagic acid 50 uM for
24hinthel FBS-DMEM.
compared with control group 1 FBS-DMEM P<0.05
compared with ox-LDL group P<0.05
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Fig.31 Giemsadain of VSMCs.VSMCswere treatment with various
groupA) 1 FBS-DMEM ascontrol B) Ellagicacid50uM  C)
ox-LDL 300 pg/ml D) 300 pg/ml with  Ellagic acid 50 uM for 24h in
thel FBS-DMEM.
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Gi emsa stain
Fig.32 Giemsadtain.VSMCswere incubated ox-LDL 300 pg/ml with
Ellagic acid 50 uM for 24hinthel FBS-DMEM.

compared with control group 1 FBS-DMEM P<0.05
compared with ox-LDL group P< 0.05
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Fig.33 ox-LDL 300 pg/ml stimulated caspase gene expression in
vascular smooth muscle cells VSMCs  and inhibited by Ellagic acid 50

UM . lanesl showed DNA marker  lanes 2 showed 1% FBS-DMEM as
control  lanes 3 showed Ellgic acid 50 uM only  lanes 4showed ox-LDL
300 pg/ml only  lanes5 showed ox-LDL 300 pg/ml plus Ellgic acid 50

MM bandslto6ael8S caspase6 2 3 9 8resectively.
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1
Cdl cycle digtribution of VSMCs in various treatment

Treatment VSMCs

GO/G1 G2/M S
1 % FBS DMEM only 86.86+2 2 6.38+1.2% 6.76+1.7°
10 % FBS DMEM 7591+28°  1232+1.7° 11.77+1.3°
ox-LDL 100 pg/ml 71.01+09° 1357+05° 1542+05°
ox-LDL pg/ml+ EA50 M 83.2+0.3° 7.32423%  9.40+19°

All vaues are the means + SD

#¢  Datawith different superscriptsin the same column are significantly

differentatp 0.05



2

Apoptosis and necrotic death of VSMCs were distinguished using
FITC-annexinV AV labd and propidiumiodide Pl an

Treatment SMCs %

Viddlity — A-V Pl A-V+P|
1% FBS-DMEM only  91.5+2.4 2.3+0.3* 3.1+1.9° 3.7+l5
ox-LDL 300 pg/ml 76.3+1.1° 12.6404° 45+24° 6.7+3.2
ox-LDL pg/ml+ 85.7+1.72° 21+0.4  7.3+24° 5:x1.0°
EA 50 uM

All values are the means + SD

aC

Data with different superscripts in the same column are significantly
differentat P 0.05



