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Atherosclerosis, adisease occurring in arteries, is one of the primary
causes of heart diseases and stroke. The complications of atherosclerosis
often lead to death. The oxidative modification of low density lipoprotein
plays a key role in the pathogenesis of atherosclerosis. Antioxidative
reagents, which can effectively inhibit LDL oxidation, may prevent
atherosclerosis via reducing early atherogenesis, and slowing down the
progression to advance stages.

Asshownin previous studies Mulberry is a nature fruit containing a
lot of pigments that was found to possess antioxidative activity. In this
study, we evauated the antioxidative activity of the mulberry extracts,
mulberry water extracts (MWESs) and mulberry anthocyanins extracts
(MACs) by measuring their effects on LDL oxidation (in vitro) and
anti-atherosclerotic abilities (in animal). The antioxidative activity of the
extracts on LDL oxidation was defined by Apo B fragmentation, relative
electrophoretic mobility (REM), thiobarbituric acid-relative substances
(TBARS) assay and diene conjugation. Our results showed that MWEs
and MACs were able to inhibit the Apo B fragmentation, REM, TBARS
assay and delay the diene conjugation in the Cu**-mediated oxidative
LDL. MWEs and MACs adso possessed the ability of DPPH radical
scavenging. Taken together, both MWEs and MACs showed strong
potency to inhibit the LDL oxidation induced by copper. Further studies
demonstrated that MWES and MACs could reduce the cholesterol
accumulation in macrophage, and that, subsequently, inhibit the
formation of foam cdlls. In the in vivo experiment, male New-Zealand
rabbits fed with a 1.3% cholesterol diet were used as the anima model.
The results showed that the New-Zealand rabbits fed with the MWEs and
high cholesterol diet revealed a less extent of the aherosclerotic lesion
and total cholesterol concentration than the animals fed only with ahigh
cholesterol diet.

In concluson, mulberry extracts, mulberry water extracts MWES),
and mulberry anthocyanin extracts (MACS) possess strong antioxidative
ability to inhibit LDL oxidation and foam cell formation. Therefore, it is
suggestive the mulberry could be a healthy food to prevent individuals
from atherosclerosis.
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4. oxidative LDL

atherosclerosis

modified lipoproteins monocyte-derived macrophages T

cell

modified lipoproteins

oxidative LDL components
Oxidative LDL components oxidized phospholipids

phosphatidyl choline modified apoB proteins oxidized lipids

1. oxLDL endothelium cell
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hages ) ( smooth muscle cells) apoptosis  necrosis
necrotic core cholesterol oxidized lipid

insoluble lipid "Grud”
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atherosclerosis
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pathogenesis

1 atherosclerosis

endothelia cdll vascular

lumen intima

myeloperoxidase nitric oxide synthase
15-lipoxygenase ox-LDL
39~43 ox-LDL endothelial cell cell adhesion molecules

VCAM-1 vascular cell-adheson molecule-1 E-sdsctin

P-sdlectin  ICAM-1 intercellular adhesion molecule- 1 44~46
T cdl monocyte
migration oxL DL migration

MCP-1 monocyte chemotactic protein-1 MCP-1
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47~51
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macrophage monocyte-colony-stimulating factor
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mulberry

aba L.

Toscano  Lamonica 1975
?  awobanin

cyandin 3rutinoside 25

gossypetin  hibiscetin
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protocatechuic acid
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LDL

MWEs
1:2
-80 12
MWEs 1~2%
MWEs 0.45um filter MILLEX®-HA
100g 200

MILLIPORE CPROPO402

KUBOTA 2010 RS-240 3000rpm 15 mins

-80 12



2. :(MACs)

0.1%
4
Amberlite XAD-7 2hr
0.1% 0.1%
MACs
1.5% MFs
0.22um filter MILLEX®-HA
0.1% 4
|
Amberlite XAD-7 2hr

0.1%

0.1%
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3.LDL 60

0.7ml 0.15M
NaCl 0.3mM EDTA PH7.4 90,000 rpm, 10 , 10mins
2ml 3.5hrs 2ml
KBr 3.5hrs LDL
LDL 4
2ml 0.15M NaCl  0.3mM EDTA  0.7ml
BECKMAN Optima™ TL100
90,000 rpm, 10 , 10mins
2ml 0.15M NaCl 0.3mM EDTA  O.7ml

BECKMAN Optima™ TL100
90,000 rpm, 10 ,35hrs

2ml 166.8 mg KBr

BECKMAN Optima™ TL100
90,000 rpm, 10 ,35hrs

LDL
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4. Ox-LDL 34

LDL PD-10 desalting column S5uM CusSO4 37
48hrs PD-10 desdlting column
Ox-LDL Ox-LDL
500ug/ml 50pg/ml Ox-LDL
0.45um filter

Ox-LDL 4

LDL 26ml/

PD-10 desdlting column

5uM CuSO4 37 48hrs

oxLDL
PD-10 desalting column

0.45um filter MILLEX®-HA
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5. LDL apoB protein fragmentation assay
1. 61
3~15% gradient acrylamide gel sample  buffer

400V , 48Amp,2hr  LDL apoB protein LDL
3~15% gradient

acrylamide gel 0.1% coomassie
blue 1 hr 40% 10% 50%
2 .

LDL 100ug/ml

MWEs 001 005 01 05 1mg/ml
MACs 0001 0005 001 005 01 05 1mgml

1hr
CuSO, 10uM
37 4h
sample
sample mix 40? loading 3~15% gradient
acrylamide gel

250Volt 48mA 3 hr

0.1% coomassie blue 30 min

40% 10% 50%
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6. LDL electrophoretic mobility assay

1. 62
BECKMAN lipoprotein LIPO electrophoresis system
lipoprotein
buffer 100V 30 min 5
5 band
electrophoretic mobility EM LDL
LDL EM 1
2.
LDL  100ug/ml

MWEs 001 005 0.1 05 1mg/ml

MACs 0001 0005 001 005 0.1 05 1mgmi
1hr

CusO, 10uM

37 24 hr

sample

sample  mix 10? loading BECKMAN
lipoprotein  LIPO gd

100V 30 mins

gdl 5

band EM sample
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7. TBARS assay

1.
Yagi 1987 30
LDL Malondialdehyde (MDA) MDA
thiobarbituric acid (TBA)
TBARS (thiobarbituric acid reactive substance) Ex
532 nm Em 600 nm
1,1,3,3-tetramethoxypropane TEP 31
LDL TBARS/ ml LDL
2 .
LDL 100ug/ml

MWEs 001 005 01 05 1mg/ml
MACs 0001 0005 001 005 01 05 1mgml

1hr
CuSO, 10uM
37 24 h
sample
sample  mix 0.2ml

02ml TCA 20 WV

0.2ml TBA 0.67 W/N in0.3 NaOH

90-95 45 mins

fluorescence EX/Em  532nm/600nm
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8. Diene conjugation assay

1.
Diene
230~235nm
sample 37 LDL 540 min
( 9hn) 30 min Diene

LDL 100pg/ml

MWEs 001 005 0.1 05 1mg/ml

MACs 0001 0005 001 005 0.1 05 1mgmi
1hr

CusO, 10uM

37

sample

37 sample 0 ~540min

sample 30mins UV spectrophotometry  234nm
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9. DPPH bleaching
1.

DPPH 1,1-diphenyl-2-picrylhydrazyl
517nm 32

DPPH

bleaching A; A Ag /A0 x100

Ag DPPH only
A DPPH
Ag only

2.87 ml methol 30?10 mM DPPH

100 ? 100? MWES(0.01 005 0.1 05 1mgml)
100? MACs(0.001 0.005 0.01 0.05 0.1mg/ml)

30 mins

Iml reditilled water 3 ml toluene

3000rpm 10 mins

spectrophotometry  OD517nm
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oxL DL

1
murine macrophage J774A.1 cells J774A.1
cdls monaocyte
Jr74A1 cels
DMEM GIBCOBRL® PH7.3 10
FBS foeta bovine serum GIBCOBRL® 1 penicillin
streptomycin  GIBCOBRL® 1 L-glutamine GIBCOBRL® J774A.1
cdls 37 5% CO,
filter
J774A.1 cdls 10cm or 15 cm culture dish  FALCON®
DMEM
37 5% CO,
cell
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3. Foam cdll formation assay

Foam cell formation assay Qil-Red O
A
PBS 6 paraformaldehyde 30
min 30 min paraformadehyde PBS Oil-Red
O overnight Gil-Red O hematoxylin
foamcélls
J774A.1 cdls 6 well culture plate
8x10° / well | FALCON®

MWEs 001 005 0.1 05 1mg/ml
MACs 0001 0.005 001 0.1 1mg/ml
37 5%CO, 2h
oxLDL 50ug/ml 5uM CuSO, 37 4hr
37 5% CO, 5h

medium  PBSwashing
6 paraformaldehyde 30min
6 paraformaldehyde PBS washing

Gil-Red O overnight
Oil-Red O PBS washing
hematpxylin 30

hematoxylin 6 paraformaldehyde washing

32



2. MTT Microculture Tetrazolium  assay  Cytotoxicity assay

Al |l ey 33
MTT Thiazolyl blue dehydrogenase
Isopropanol
OD563nm
J774A.1 cdls 12 well culture plate
4x10° / well FALCON®

MWEs 001 005 01 05 1mg/ml
MACs 0.001 0.005 001 0.1 1mg/ml

LDL 100ug/ml

CusO, 5uM
37 5%CO, 20h

medium medium

MTT 0.5mg/ml

37 5 CO, 4h
medium MTT PBS washing

Isopropanol

OD563nm
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feed | cholesterol | lard | Mwes
oil
100 0 0 0
control group
98.4 1.3 3 0
(High cholesterol diet feed ;
Positive group
99 0 0 1
Toxic group
105 95.2 1.3 3 | 05
Positive  0.5% MWES feed group
+1 94.7 1.3 3 1
Positive 1% MWES feed group
4,

Rabbit Chow-complete blend. Purina ®Mills, Inc.

509/

Rabbit Chow-complete blend( Purina ®Mills, Inc.)

cholestero Sigma |

Toxic group

lard oil Sigma

Positive group

( cholesteral + lard oil)




120mg/kg  pentobarbitol

9 %

aortic arch right common carotid

artery left common carotid artery  left subclavian artery

PBS -80

C.

1. H&E stain

1. ( Hematoxylin) 2-15 (
)



0.5%

( 1000ml 2 )

0.5% Y 2
80% 90% 95%

100% -100% (L1:1)

() (1)

4

Dulbecco’ s phosphate-buffered saline  PBS

Sudan

PBS

photo density meter
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2. Apo B protein fragmentation

1.

3~15 acrylamide gradient gel

1. acrylamide GILSON

2 TEMED Bio-RAD

3. Ammonium peroxodisulfate APS
4.SDS MERCK

5 TrissHCL  SIGMA

Running buffer

1. Trishase GILSON

2.SDS MERCK
3.Glycine SIGMA
4x Dye

1.SDS MERCK

2.Glycerol SIGMA
3. 2-mercaptoethanol SIGMA
4.Bromophenol blue SIGMA

non-stand high ranger maker Bio-RAD

Coomassie blue SIGMA

SE400-15-1.5 Pharmacla Biotech

Bio-Rad powder PAC3000 Bio-RAD

KSorbital shaker OS701 TKS



3. LDL €lectrophoretic mobility assay
1.

1 BECKMAN lipoprotein LIPO eectrophoresis system

1. LIPOgels 05%agerose 1 barbital buffer

2. B-2 barbitd buffer PH8.6 607 g B-2 barbital
493.93 ml deionized water
3. Paregon Lipo Stain solution 165 ml reagent alcohol
3 ml Paragon LIPO Stain
135 ml deionized water
4. Fixative solution 180 ml reagent alcohol
30 ml glacial acetic acid
90 ml deionized water
5. Destain solution 450 ml reagent alcohol

550 ml deionized water

1 BECKMAN LIPO eectrophoresstank.

2 BECKMAN LIPO eectrophoresispowder supply.
4. TBARS assay
1

1 TBA 2-thiobarbituriaacid SIGMA

2 TCA trichloroacetic acid  SIGMA

3 TEP 1,1,33tetramethoxypropane SIGMA

1 HITACHI F-2000



5. DPPH bleaching assay

1.

1

2

2

DPPH SIGMA

HITACHI U-2001

cdl culture

medium DMEM  GIBCOBRL®
serum  FBS foeta bovine serum
penicillin streptomycin - GIBCOBRL®
L-glutamine GIBCOBRL®

culture dish FALCON®

sodium bicarbonate GIBCOBRL®

Dulbecco’ s phosphate-buffered saline PBS

NUAIRE us autoflow

NUAIRE class2 typeA/B3

7. Foam cdll formation

1

Oil-Red O

GIBCOBRL®

GIBCOBRL®



2 paraformadehyde SIGMA
3 hematoxylin
8. MTT assay
1.
1 MTT Thiazolyl blue SIGMA
2 isopropanol Fisher Chemic

3 HITACHI U-2001

a4



LDL

LDL
LDL oxidative modifications
lipid pre-oxidation Apo B
Apo B fragmentation assay LDL
peroxidation - relative eectrophoretic mobility LDL

TABRS assay diene

conjugation assay

1 LDL peroxidation-relative electrophor etic mobility assay

LDL lysine histidine
€ -amino group malondialdehyde
MDA  hexanad  4-hydroxynonea 4-HNE Schiff base
LDL LDL
gd band

control group band EM eectrophoretic mobility 1

in vitro 10uM LDL 37 24

band control group EM 3 Fig3

MWEs 05

42



mg/ml band EM 15 1 mg/ml

EM 05 0.01 0.05 0.1mg/ml EM  postive group
EM 3
MACs 005 01 05 1 mgml band
EM 15 0.001 0.005 0.01mg/ml

EM  postivegroup EM 3  Fig4

0.5 1 mg/ml
MWEs 0.05 0.1 0.5 1mg/ml MACs EM  postive
group LDL MWEs
MACs MACs 0.05 mg/ml
MWEs
2 Apo B fragmentation assay
in vitro 10uM LDL 37 4
LDL Apo B 50%
MWEs 0.1mg/ml Apo B
30% 70% 05 1 mg/ml Apo B
20% 80% 001 0.05mg/mi Apo B
positive group Fig.1
0.5 1 mg/ml MWEs Apo B positive group
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LDL
MACs
001 005 01 05 1 mgml Apo B
20% 80% 0.001 0.005 mg/ml
Apo B postivegroup Fig.2 MACs 0.01
mg/ml Apo B LDL

MWEs

3 TBARSassay
LDL Malondiadehyde (MDA)
MDA thiobarbituric acid (TBA)
MDA
I n vitro 10uM LDL 37 24
MDA 3mg/ml
MWEs 0.5 mg/ml MDA

0.5mg/ml 1 mg/ml MDA 0.3mg/ml
0.01 0.05 0.1mg/mi MDA 3.5mg/ml

positive group Fg.5 05 1

mg/ml MWEs MDA positive group 5~6



LDL

LDL MACs
MACs 0.05 mg/ml MDA
Fg.6 MDA positive group
05 1mg/ml

4 Dieneconjugation assay
Diene

I n vitro 10uM

LDL 37 0~540 min 30 min  OD234nm
diene 200
min diene 05 1
mg/ml MWEs diene
positive group Fg.7 positive group
LDL
MACs 0.1mg/ml diene
Fig.8 LDL MWEs

(5) DPPH bleaching assay:
DPPH 1,1-diphenyl-2-picrylhydrazyl

517nm DPPH

45



in vitro 10mM DPPH  positine group
MWEs DPPH
MWEs 001 005 01 05 1mg/m  DPPH
5 12 30 80 75 Fig.9
MACs DPPH MACs 0.001
0.005 001 005 O0.1mgm  DPPH 16 72

88 8 8 Fig.l0

MWEs 0.5 1 mg/ml DPPH
70~80% MACs  0.005mg/ml 80
DPPH MACs MWES



oxLDL
1 MTT assay Cytotoxicity assay

LDL oxLDL

"necrotic core’

insoluble lipid plague
LDL
5um LDL 37 5% CO2
RAW 264.7 20 MTT assay
MWEs

MWEs 001 005 01 mg/mi
positive group 05 1 mg/ml
control group Fig.1l
MWEs LDL
MACs MWEs
0.01lmg/ml 50% (0.1 1mg/ml)

Fig.12
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2 Foam cell formation assay
scavenger reveptor
oxLDL uptake oxLDL oxLDL
LDL oxLDL
uptake oxLDL
foam cell fatty streak
foam cell

foam cdl

50ug/ml oxLDL 37 5% CO2

JI74A.1 5 Gil-Red O
foamcdl Fgl3.A oxLDL 1mg/ml
MWEs 2hr oxLDL 5
foam cdll
Figl3.C MACs
Figl3.D MWEs MACs 0.5mg/ml



1.

(1).Triglycerode

triglycerode TG

Figl5 TG

(2). Cholesterol

total cholesterol high cholesterol diet feed
group postive group basal diet feed group
control group
high cholesterol diet 05% 1% MWEs
positive group
950mg/d 300~400mg/dl  positive group 30~40

Figld MWES
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(3). HDL

HDL cholesterol
HDL
HDL positive group 80mg/dl control group 20mg/dI
HDL
05% 1% MWEs HDL
positive group 30 25mg/dl Figl6
MWEs
MWEs HDL
(4). LDL
LDL
65 LDL
LDL
LDL
LDL Friedewald
LDL mg/dl = HDL TG
positive group 880mg/dl control group
05% 1% MWEs LDL

50



positive group 330~350mg/dl Figl6 positive group

30~40  Figld MWESs
LDL
(5). Non-HDL
non-HDL HDL
chylomicrons VLDL LDL
IDL
cholesterol ester
triglycerides free fatty acid
non-HDL
positive group non-HDL 800mg/dl
05% 1% MWEs non-HDL
positive group 200~300mg/dl non-HDL
positivegroup  30~40 Figl8 MWEs

non-HDL
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(6). Risk ratio (LDL-C/HDL-C)

Risk ratio

LDL -cholesterol HDL-cholesterol

risk ratio
positive group ratio 11

ratio positive group
MWEs HDL
(7). MWES
MWEs
MWESs

1 MWEs

Fgl9

7 0.5 MWEs

glutamic oxaloacetic transaninase ( GOT )  glutamic pyruvic

transaninase ( GPT ) ? (ALP)

(CRE)

MWEs

(BUN)

control group Fg20A B

MWEs

52



control group

media M

positive group

intima

inima Fg21.B

1%
" Grud”
group Fg21.C

MWEs

inima |

Fig2L.A

" Grud”

intima

MWEs

intima positive



fatty streak

Sudan ?
control group
fatty streak
MWEs 1% only control group
positive group
aortic arch
36%
05% 1%
13% Fig22D E MWEs

FHg22.A

Fig22.C

Sudan ?

Fg22.B

MWEs

positive group

21%



MWEs MACs LDL

MWEs
MACs LDL
LDL MWEs MACGCs
LDL MACs MWEs
MACs  0.05mg/ml LDL
MWEs 0.2mg/ml 0.5mg/mli
MACs MACs MWEs
LDL
LDL
LDL
LDL
36 DPPH bleaching assay
MWEs MACs LDL
LDL

LDL



oxL DL

foam cell foam cell
foam cdll uptake
oxLDL
(1). uptake oxL DL
scavenger receptor ox-LDL
ox-LDL family
proteins
modified LDL ox-LDL
Ac-LDL 37
ox-LDL
CD36 38 CD36

PPARy PPARy ligands BRL rosiglitazone  TZD

thiazolidonedione  0X-LDL CD36 15
foam cell formation foam cdll

CD36



(2).

VLDL-IDL-LDL

reverse cholesterol
transport HDL
ABCALl
ABCAl transporter protein
HDL HDL
ABCA1l

ABCA1l PPARy -LXR
35

ABCA1l

57






0

MWEs(mg/ml) - - 0.01 0.05 0.1 0.5 1.0
LDL(100mg/ml) + + + + + + +
CuSO,(10 MM) - + + + + + N

Fig 1. Inhibitory effects of MWESs on the Cu*-induce L DL-preoxidation-relative

electrophoretic mobility LDL(100ug/ml)was incubated with 10 uM CuSO, at 37
24hr in the presence or absence of different concentrations of MWEs 0.01~1

mg/ml  .The data were means = SD from 3 samples for each group. ** P<0.001

compared with positive group.
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MACs(mg/ml) - - 0.001 0.005 0.01 0.05 0.1 0.5 1.0
LDL(100mg/ml) + + + + + + + + +
CuSO,(10 mv) . + + + + + + + +

Fig 2. Inhibitory effects of MACs on the Cu*-induce L DL -preoxidation-relative
electrophoretic mobility LDL(100ug/ml)was incubated with 10 uM CuSO, at 37

24hr in the presence or absence of different concentrations of MACs 0.001~1
mg/ml  .The data were means = SD from 3 samples for each group. * P<0.01, **
P<0.001 compared with positive group.



1 2 3 4 5 6 7

ApoB—Pa ' . T - -

100 A
* *

80 - * -
m -
o
a
< 40 A

20 A

O T T T T T T T

MWEs(mg/ml) - - 0.01 0.05 0.1 0.5 1.0
LDL(100ng/ml)  + + + + + + +
CusO,(10 M) - + + + + + +

Fig3. Inhibition of Cu?-mediated ApoB protein fragmentation in LDL by
MWEs LDL(100pg/ml)was incubated with 10 pM CuSO4 at 37 24hr in the
presence or absence of different concentrationsof MWEsS 0.01~1 mg/ml .The data
were means + SD from 3 samples for each group. * P<0.01, compared with positive
group.
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100 A
*%
- * *% *
80 - * _ —
g 60 -
o)
o
o
< 40 -
20 4 T T
0 T T T T T T T T T
MACs(mg/ml) - - 0.001 0.005 0.01 0.05 01 0.5 1.0
LDL(100mg/ml) + + + + + + + + +
CusSO (10 mM) . + + + + + + + +

Figd. Inhibition of Cu?-mediated ApoB protein fragmentation in LDL by
MACs LDL(100pg/ml)was incubated with 10 uM CuSO, at 37 24hr in the
presence or absence of different concentrations of MACs 0.001~1 mg/ml .The data
were means £ SD from 3 samples for each group. * P<0.01, ** P<0.001 compared
with positive group.
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MDA (mg/ml)
N

. C 1 =

MWEs (mg/ml) - 0.01 0.05 0.1 0.5 1.0
LDL(100mg/ml) + + + + + +
CuSO,(10mv)  + + + + + +

Fig 5. Inhibitory effects of MWEs on the Cu?-induce LDL oxidation product
MDA formation LDL(100pg/ml)was incubated with 10 uM CuSO4at 37  24hrin
the presence or absence of different concentrations of MWEs 0.01~1 mg/ml .The
data were means + SD from 3 samples for each group. ** P<0.001 compared with
positive group.
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MACs (mg/ml) - 0.001 0.005 0.01 0.05 0.1 05 1.0
LDL(100my/ml) + + + + + + + +
CusSO,(10mv) + + + + + + + +

Fig 6. Inhibitory effects of MACs on the Cu*-induce LDL oxidation product
MDA formation LDL(100pg/ml)was incubated with 10 uM CuSO, at 37

the presence or absence of different concentrations of MACs 0.001~1 mg/ml

24hr in
.The

data were means + SD from 3 samples for each group. ** P<0.001 compared with

positive group.



1.5 A

1.0

OD 234 nm

0.5 A

0.0

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 510

linel: Positive
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were means = SD from 3 samples for each group.
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Figl3. Inhibitory effects of mullberry exctracts ( MWEs MACs) on foam cell
formation. J774A.1 cells was incubated in DMEM medium with 1 mg/ml MWEs and
MACs for 2 hr than added to 50pg/ml oxLDL at 37 5%CO; for 6 hrs. The cells
were stained with Oil Red O and observed under the microscope. The red droplets
accumulated in the cells were stained lipids. (A) Normal (B) postive (C) MACs

Img/ml (D) MWEs group 1mg/ml . The arrows pointed locations are foam cells.
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Figl4. Inhibitory effects of MWEs on total cholesterol concentration in high
cholesterol diet feed New-Zealand Rabbit serum. New-Zeadand Rabbits are fed
with high cholesterol 1.3% diets and different concentrations of MWESs .The data
were means = SD from 6 animals for each group.*p 0.05, ***p 0.001, compared
with high cholesterol diet feed group.
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Figl5. Inhibitory effects of MWEs on total triglyceride concentration in high
cholesterol diet feed New-Zealand Rabbit serum. New-Zeadand Rabbits are fed
with high cholesterol 1.3% diets and different concentrations of MWESs .The data
were means = SD from 6 animals for each group.
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Figl6. Inhibitory effects of MWEs on HDL-cholesterol concentration in high
cholesterol diet feed New-Zealand Rabbit serum. New-Zealand Rabbits are fed
with high cholesterol 1.3% diets and different concentrations of MWESs .The data
were means = SD from 6 animals for each group.
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Figl7. Inhibitory effects of MWESs on decreasing L DL-cholester ol concentration
in high cholesterol diet feed NewZealand Rabbit serum. New-Zeadand Rabbits are
fed with high cholesterol 1.3% diets and different concentrations of MWES .The data
were means + SD from 6 animals for each group.*p 0.05, compared with high
cholesterol diet feed grouwp. LDL was counted by Friedewad formula LDL(mg/dl)=
total cholesterol HDL triglyceride(TG)/5.
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Figl8. Inhibitory effects of MWEs on decreasing non-HDL-cholesterol
concentration in high cholesterol diet feed NewZealand Rabbit serum.
New-Zeadland Rabbits are fed with high cholesterol 1.3% diets and different
concentrations of MWEs .The data were means + SD from 6 animals for each
group.*p 0.05, **p 0.01, compared with high cholesterol diet feed group.
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Figl9. The effects of MWEs on risk ratio ( LDL-C/HDL-C ) in high cholesterol
diet feed New-Zealand Rabbit . New-Zealand Rabbits are fed with high cholesterol

1.3% diets and different concentrations of MWES .The data were means + SD from
6 animals for each group.
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Fig20A. The liver toxicity of MWEs on New-Zealand Rabbits. New-Zealand

Rabbits are fed with high cholesterol 1.3% diets and different concentrations of
MWESs .The data were means + SD from 6 animals for each group.
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Fig21. Inhibitory effects of MWEs on aortic atherosclerotic lesion in high
cholesterol diet feed New-Zealand Rabbit . (A) Normal (B) High cholesterol diet
(HCD) (C) HCD +MWEs 1%. The arrows pointed locations are gruel. Light
micrograph %200 .l intima M media A adventitia
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Fig22. Inhibitory effects of MWES on aortic fatty streak in high cholesterol diet
feed New-Zealand Rabbit. (A) Normal (B) High cholesterol diet (HCD)(C) MWEs
only (D) HCD +MWEs 0.5% (E) HCD +MWEs 1%. The arrows pointed locations are

fatty streak .

81






Endothelial Dysfunction in Atherosclerosis

Endodhadial
et rssalbsiliny

Laukiacy Enckthalial Laukoty
migratian alhesica

1

Fatty-Streak Formation in
Atherosclerosis

Smoosh-rmuscle
mikgraton

Foam-cell
lormatien

T-caell
activation

and anirg

of lnukacytes

agyragation af
pletelsts

Formation of an Advanced, Complicated L esion of Atherosclerosis

Hernorrhage from plagus
[ET =TT

Thinnig of fibrous cap

Fagus rophars

Unstable Fibrous Plaquesin Ather oscler osis

Formstion of
necric core

Memphege scoumulation

Fikroua-cap farmaticon

. The pathogenesis of Atherosclerosis.
modefied from Heinecke, JW. 1998




Adhesion Vascular
VCAN-1 lumen
Mon QE-F'IE P-salectin

- q E-salectin

! 1ICAM-1

"/ ™Ncsa  Migration Endothelial

2, MECP-1 cells -~
el . (e CCR-2 e

Extracellular
matrix E==

R e I

= Homeostatic

Differentiation i LIJI.O LD |-1:fi;|ﬂtlun

el INOS

Intima
A

AT ox LDL uptake
Macrophage coss
R-

. Initiating Eventsin the Development of a Fatty Streak Lesion.
from Christopher K. G. and Joseph L. W., 2001



Vascular

Fibrinogen

. Lesion Progression.
from Christopher K. G. and Joseph L. W., 2001



Vascular
a i

_~* Extracellular
: --:.F. :I.;lplcr :;

"Gruel"

. Plague Rupture and Thrombosis.

from Christopher K. G. and JosephL. W., 2001



Atherosclerosis Lesions

from Christopher K. G. and Joseph L. W., 2001

87






LDL

oxLDL O o oo TChO|eHSt;Ir_OI Efflux

Macrophage up—take% O ° \
[ ——)

oxLDL promoter scavenger receptor oxLDL promoter ABCAlexpression

expression

uptake oxLDL



LDL

oxidation | generation of
9-, 13-HODE, and oxysterols

activators induce
expression

oxLDL

activates
mediates LXR transcription
oxLDL uptake
induces
expression

activates transcription

MEs CD36 ABCAl
modefied from Tontonoz, P. et al., 1998



LIVER Processing
CETP
PLTP
S5R-B1

HL

Catabolism |

Hidney(7)

R

LAkl
Py ™)

L%

LIVER

TR

A e |

Reverse Cholesterol efflux.
from Ajay Chawla, William A., 1998

91

PERIPHERAL
TISSUE

PERIPHERAL
TISSWE



Fenton-like reaction to generate OH

Cu®t 0,. Cu” 0,

cut 0O, 2H" —— Cu® H,0O,

Cu* H,0, —Cu® OH OH'

Initiation of chain reaction

LH OH L H,O L linoleic acid

propagation of autoxidation

L O, LOO

LOO LH— LOOH L

(from Ferns et al., 1997)
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