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1. Sources of reactive oxygen species produced endogenously by
the vessel wall and key metabolic pathways for these species

2 . Redox regulation of signal transduction components

3 . ig#al transduction pathways for thr mitogen-activated protein
kinasess MAPK

4 . Mode for mechanical stressinitiated-signal transductionsin
VSMCs

5 .Death receptor signaling

6 . Salvianolic acid B Magnolol DNA
7 .Savianolicacid B Magnolol PCNA

8 .SdvianolicacidB  Magnaolol RIP

9 .SalvianolicacidB  Magnolol Caspase-3

1 OSavianolicacidB  NF-?B promoter

1 1SalvianolicacidB  Magnolol



AP-1 activator protein-1

BHT butylated hydroxytoluene

BrdU 5-Bromo-2' -deoxyuridine

cAMP cyclic adenosine monophosphate

DEPC diethylpyrocarbonate

DMEM  Dulbeco' s modified eagle medium
DMSO dimethylsulfoxide

DTT Dithiothreitol

EGF epiderma growth factor

ELISA enzymelinked immunosorbent assay
ERK Extracelular signal-regulated kinase
FBS fetal bovine serum

FGF fibroblast growth factor

HPLC high performance liquid chromatography
ICAM-1 Intercellular adhesion molecule type 1
IGF insulin-like growth factor

MAPK  mitogen activated protein kinase

MCP-1 monocyte chemoattractant protein-1



MDA maondialdehyde

MOPS  4-morpholinepropanesulfonic acid

NF-k B nuclear factor-k B

NO nitric oxide

PBS phosphate buffer saline

PCNA proliferating cell nuclear antigen

PDGF platelet-derived growth factor

PTCA percutaneous tranduminal coronary angioplasty
RIP Receptor Interacting Protein

ROS reactive oxygen species

SAPK stress-activated protein kinase

SOD superoxide dismutase

TBA 2-thiobarbituric acid

TCA trichloroacetic acid

TEMED N, N, N', N'-Tetramethyl-ethylenediamine
TGF{ 1 transforming growth factor3 1

VCAM-1 vascular cell adhesion molecule-1



(angioplasty) (surgical bypass grafting)
(percutaneous tranduminal coronary

angioplasty, PTCA)

30~50%

sdvianolic acid B
magnol ol invitro

0.05mg/ml magnolol PCNA

DNA salvianolic acid B

RB FAK

western blot salvianolicacid B magnolol RIP
caspase-3 0.Img/ml salvianolic acid B NF-

K B promoter savianolicacidB  magnolol



MDA

Magnolol

salvianolic acid B

sdvianolic acid B

magnolol

NF-



(Percutaneous

Transluminal Cornary Angioplasty)

(coronary artery disease,
CAD) CAD
EKG (defect)
(reperfusion)
30% 1980
10%

12



%

(angioplasty) (surgical bypass grafting)

(percutaneous tranduminal coronary

angioplasty, PTCA) (stent)
40
30~50%
[1~3]
[ (antiplatelet)
(antithrombotic) (anticoagulant)...]
1995

(endovascular stenting)

20%



(mononuclear macrophage) (lymphocyte)

(remodeling) [4~7] (extracdlular
matrix) [8,9] [10~12]
[13]

migration proliferation
intima
(restenosis)
( )
recoil
[14]
24 72

DNA  [1516]



[17~20]
infiltration
cytokines cytokine
(platelet-derived growth factor, PDGF)
(chemoattractant) monocyte

chemoattractant protein-1 (MCP-1)

cytokines metalloproteinases  growth factors

(myointima cellular hyperplasia)

[20,21] Nugent et a. [22]

paracrine

10



peptides
proteoglygans [23~26]
transforming growth factorp  TGF{3

heparan sulate proteoglycans [27,28]

mitogen
PTCA adhesion recepters
Mac-1 (CD11b) the activated fibrinogen receptor (LIBSL)
[29]
[30,31] Mac-1 (CD11b/CD18)-deficient
Mec-1 [32,33]

PTCA

c-reactive protein [34]

1



acute phase reactant

freeradicals
ischemic damage

reactive oxygen species (ROS)

dismutase (SOD)

[35] Catdase, deferoxamine  dimethylthiourea

PTCA

superoxide

Nunes et d. [36,37]

14 Q

VitaminsC E Q

Probucol, butylated hydroxytoluene (BHT)

neointima [38~42] Probucol

PDGF A chain mitogen activated protein kinase  MAPK

Protein



C-kinase

[41,42] Probucol restenoss
multivitamins [43~50]
DNA
pro-oncogene c-myc  c-fos mMRNA [51]

vascular cdl adheson molecule-1

VCAM-1 [52]

(Arbault et,a. NADPH oxidase
H.,O, [53] ) ROS
Extracellular signal-regulated kinase  ERKsS pP38BMAPK

[54~57]

thiol-disulfide

Souza
nuclear factor-k B NF-k B

NADPH oxidase dyphenylene iodonium

13



[58] Probucol

protein-C kinase [42] Pollman

apoptosis
stress-activated protein kinase (SAPK)

[59] 1,2, 3

hyperplasia

vimentin a-SM actin

[60]

[61~63]

[66]

[4,7,67~69]

14

MAP kinase
3
vimentin
7~-14
[64,65]
a-SM actin)



PDGF fibroblast growth factor (FGF) epidermal growth

factor (EGF) insulin-like growth factor (1GF) TGF{ 1[70,71] IGF

TGFB 1 [72] Bilder G
et 4a,. active PDGF-receptor tyrosine kinase
- RPR101511A PTCA

[73] cilostazol
[74,75]

(thrombin)

[76~78]
heparin

[79] heparin

[80~84]
[85]



[71] cAMP,

protein kinase C, protein kinase A calcium

cytokines
cel cycle [86] Synthetic phenotype
chondroitin sulfate dermatan sulfate
proteoglycans proteoglycans
type collagen eadin
[71]
NO heparin
[87] 21
56 re-endothelialization
3 [9,88]
L-arginine ?
nitric oxide synthase
[89)]

L-arginine

16



[70]

smooth mucle myosin heavy chan isoforms (a -actin

h-caldesmon calponin) non-muscle
myosin heavy chan [70,84,90]
(autocrine)
(hypertrophy)

(intimal hyperplasia) [70,91,92]

17



PDGF receptor

[93] integrin avi33 receptor [94,95] stretch-activated
cation channels [100] G proteins [96~99]
MAPK cascades [101~107]
protein kinase C MAPKs c-fos C-jun gene
[108] AP-1  DNA
[109] 4

Salviamiltiorrhiza Bge.

18



1980

(Salvianolic acid)

( tanshinone) ? ? ? A 7?7 B
isotanshinone ? ? ? dryptotanshinone
Isocryptotanshinone hydroxytanshinone ? A

miltirone dihydrotanshinone ? ?

19



salviol

(1)

SOD  GSH-Px

(2

MDA SOD

(3



(4)

(5)

MDA
(6)
(7)
(8 Sod A

[110~112]

(Magnoliaceae)
Magnolia officinalis Rehd & Wils Magnolia officinalis

Rehd & Wils var bliobaRehd & Wils

21



35cm

2~5cm

(1
(2

(3



( 4 [113]

magnolol  honokiol

Mac-1  neutrophil

magnolol [114~119]

magnolol  honokiol [120,121]

23



1. 40 Acrylamide/Bis MDBIo

2. Agarose Sigma

3. Ammonium persulfate (APS) USB

4. Ampicillin (sodium salt) USB

5. Anti-Human p27 kip 1 Upstate

6. Anti-mouse IgG  horseradish peroxidase conjugated
7. Anti-p21 NeoMarkers

8. Anti-PCNA Upstate

9. Apoptosissampler kit BD
10.Bradford
11.Bromophenol blue USB

12.BSA Sigma

13.Cdll proliferation ELISA kit Boehringer Mannheim
14.Chloroform  Showa

15.Chloralhydrate Merck

16.Cupric sulfate (anhydrous) Sigma
17.DEPC
18.Developer Kodak

19.DMEM Biochrom

24

Pierce



20.DMRIE-C Reagent GIBCO

21.DMSO Sigma
2.DTT
23.ECL Amersham

24.Ethidium bromide USB

25.99.8 ethanol NASA

26.FBS Biowest

27.Fixer Kodak

28.Glycerol USB

29.Glycine USB

30.Haemocytometer Boeco
31.Heparin (ammonium salt) Sigma
32.Hydrogen peroxide Showa
33.1ron (I1) sulfate heptahydrate  Showa
3. Luciferase assay syssem Promega
35.Methanol TEDIA

36.Methyl-[>H] thymidine PerkinElmer
37.MOPS USB

38.NFK B promoter

39.Paraformaldehyde Merck

25



40.Phenol Merck

41. Pentobarbital

42.penicillin/streptomycin - GIBCO
43.Ponceu S Sigma

44, Potassium dihydrogen phosphate Merck
45.PVDF membrane Millipore

46.Sodium acetate USB

47.Sodium chloride Merck

48. Sodium dihydrogen phosphate  Merck
49. Sodium dodecy! sulfate (USB)
50. Sodium hydrogen carbonate Merck

51. Sodium hydroxide

52.Sodium Pyruvate Biochrom

53.TBA Sigma

. TCA Sigma

55.TEMED Pharmacia

56.Tri Reagent Molecular research center

57.Tris-base GERBU
58. Trypan blue
59.Trypsin GIBCO

26



60.Tween20 USB

61.Urethane Sigma

27



(Magnoliaceae Magnolia officinalis REHD. et WIL

methanol chloroform
chloroform chloroform
n-hexane n-hexane

magnolol ( TLC

90% magnolol)

10% FBS  DMEM 3.79/l NaHCO,, 4.5/
D-Glucose, 1.028g/l N-Acetyl L-alanyl-L-glutamine, 1% Na-Pyruvate,
100 units/ml penicillin G~ 100 ug/ml streptomycin sulfate 37

Cdl no.:60127 A10

37 (

) 70%

1 ml pipette

28



(10 ) 1,200

rom, 5 10
37 (95 0O, 5 COy
9
10 ml pipette 10 ml 1X PBS
9
1 ml pipette 1 ml trypsin (
) 5 2mi

trypsn 1 ml pipette
100ml
10 ml haemocytometer
: laminar flow 10 70%

laminar flow 70

pH

3. haemocytometer
100 ul
100 ul trypan blue 0.06 K,HPO,, 0.8 NaCl, 0.4 trypan

blue 10 ul haemocytometer 100

29



haemocytometer

5
10"  haemocytometer 1x10" ml
trypan blue
Iml
4. [*H]thymidine incor por ation assays
96 well wdl  5x10°
24 200ul 0.5 FBS DMEM 24
Synchornization 0,24,30,36
200ul 15% FBS DMEM (n=8) 48 44 2.5
uCi/ml methyl-[*H] thymidine 4
laminar flow
4ml catel ,
5. ( Western blot )
3.5x10° 6wl well
2 ml 24



wdl 2 ml PBS 05 FBS
DMEM 27 positive

control 15 FBS DMEM negative control 0.5 FBS

DMEM Salvianolic acid B 0.001mg/ml,
0.01mg/ml, 0.1 mg/ml Magnolol 0.001mg/ml,
0.01 mg/ml, 0.05 mg/ml (n  3) 24

wel  2ml 1xPBS 100ul SDS sample buffer

2 SDS, 50mM DTT, 625mM Tris-HCI, pH6.8

95 5 (
)

30 540nm 6
0,5,10,15,20,25 , Bradford, Bovine serum abumin
(BSA)

Bradford BSA
0 800 ul 200 ul oul
5 750 ul 200 ul 50ul
10 700 ul 200Ul 100 ul
15 650 ul 200 ul 150 ul
20 600 ul 200 ul 200 ul
25 550 ul 200 ul 250 ul

5 0~25

31



standard curve

R-squared 0.980~0.999

10ul sample  200ul Bradford 790ul

5 standard
curve
DS-PAGE
ddH,O 9.5 ml 6.08 ml
1.5M Tris, pH8.8 50ml
0.5M Tris, pH6.8 25ml
10 DS 200 ul 100 ul
0 50ml 1.22 mi
Acrylamide/bis
10 APS 100 ul 100 ul
TEMED 20 ul 12 ul
30 150V 30~60
95 5
100V
90~100V 4 PVDF
PVDF 1 transfer buffer
5 59 0.1ml Tween-20
100ml PBS 0.1 PBST Iml Tween-20

32



1L PBS )

4 PCNA 1:1000,
RIP 1:1000, Caspase-3 1:1000, Bcl-2 1:500, Bad 1:500, PARP 1:500,
Fas-ligand 1:1000, TRADD 1:250, p27 1:1000, p21 1:1000, p53 1:1000

01 PBST 5

peroxidase-conjugated anti-mouse 1gG

01 PBST 5
ECL
6. NFK B promoter
Gibco DMRIE-C 3.5x10°
6 wdl well 15 12
6 4ul DMRIE-C  500ul 6

lug NF-k B promoter-Luciferase Construct 500ul

20~30 lipid-DNA
lipid-DNA 6
10 FBS
Salvianolic acid B 0.001mg/ml, 0.01mg/ml, 0.1 mg/ml
postive control 15 FBS 24



5ml
30ug PBS 20ul
50ul luciferase reagent

luciferase reagent luciferase

7. cell proliferation ELISA BrdU Kit
DNA

Boehringer Mannheim  cell proliferation ELISA

kit 96 well wel  1x10*
15 1xPBS 05 FBS
30 postive control
15 FBS negative control 0.5 FBS
Salvianolic acid B 0.001mg/mi, 0.01lmg/ml, 0.1
mg/ml Magnolol 0.001mg/ml, 0.01 mg/ml, 0.05
mg/ml well 100ul 20
10ul/well BrdU 10uM 4
200ul/well FixDenat 30 FixDenat
100 ul/well anti-BrdU-POD 0



anti-BrdU-POD 200 ul/well 3 100 ul/well

substrate 3 25ul/well IM HSO,
450nm
8 . Malondialdehyde MDA
23 3ml 13000rpm 15
15ul 10ul 10ul 10 mM
CuSO, 50u  Cu 2~3 mM 10ul
Salvianolic acid B 0.001mg/ml, 0.01lmg/ml, 0.1
mg/ml Magnolol 0.001mg/ml, 0.01 mg/ml, 0.05
mg/ml 5ul 10ul 10ul 10 mM CuSO,
37 4 350ul 20
TCA 350ul 0.67 TBA 0.05N NaOH
69 30 10000 rpm 2.5
200ul 9% wdll
540nm
9.



350~450g SD

3.6 chlord hydrate 1ml/100g

S0c.c.
1.5
0.5
0.2
Forgaty 2F
3 1.3~1.5
1ml heparin

|.M Ampicillin



10.

meantS.E student-t test

P<0.05

37



Salvianolic acid B Magnolol

DNA
30 15
salvianolic acid B magnolol 24 4
BrdU 6 salvianolicacidB DNA
0.01 mg/ml magnolol P<0.05
mg/ml magnolol DNA
P<0.01

Salvianolic acid B Magnolol

PCNA
27 15
salvianolic acid B magnol ol 24 western blot
7 0.05 mg/ml magnolol  P<0.01
PCNA salvianolic acid B 6

Salvianolic acid B Magnolol

RIP



27 15
salvianolic acid B magnol ol 24 western blot
8 sdvianolic acid B magnol ol RIP
magnolol 0.01 mg/mi

P<0.05  005mg/ml  P<0.01

Salvianolic acid B Magnolol

Caspase-3
27 15
salvianolic acid B magnol ol 24 western blot
9 0.01lmg/ml salvianolic acid B P<0.05
magnolol Caspase-3 magnol ol

0.01 mg/ml P<0.05 005mgm  P<0.01

Salvianolic acid B NF-K
B promoter
liposome NF-k B promoter-Luciferase Construct
15 savianolic acid B
24 luciferase 10

0.01lmg/ml salvianolic acid B P<0.01 NF-?B promoter



Salvianolic acid B Magnolol

2mM CuSO, 0.001mg/ml,
0.01mg/ml, 0.1mg/ml Salvianolic acid B 0.001mg/ml, 0.01lmg/ml,
0.05mg/ml Magnolol 4 TBA TCA MDA
0.01lmg/ml salvianolic acid B P<0.01
0.05mg/ml magnolol P<0.01 MDA

0.01mg/ml salvianolic acid B



|Oxidation/Reduction | | Oxidation|

? cul T
_ S0D Catalase
02— .02 ———» Ho02 ———» Ho0+ O2
NADH /NADPH oxidase l Fe(ll)
Xanthine oxidase (Haber-Weiss and Fenton reaction)
Lipoxygenase
Cyclooxygenase -OH
P450 Mono-oxygenase
Mitochondrial oxidative
-phosphorylation

Oxidation

41



Membrane parmeable oxidants

{hydrogen peroxide) Cytokines and growth
Lipophilic substrate factors(PDGF)
{xenobiotics) \ l R l

R
-- ROS 1
Rac

/ ™~ o
'NADPH oxidase |

Mitochondria

PTPase
N
Src and Syk NF-«xB
MAPKs pathway Tyr kinases activation
AP-1 site NF-xB site

&



Growth Oxidative stress t Osmolarity
Oxidative stress factors 1 UV, Cytokines Cytokines
?Rho,
integrins Ras i s Tﬁﬂz
Src GCK/PAK PAK/GCK
Other MEKK1
MEKKs MEKKs Raf, Mos not Raf MEKK17?
MEKs MEKS MEK1/2 JNKK/SEK/MKK4 MKK3/6
® ® ® ® ® ® ® ®
MAPKs P I | Lo
—TEY— —TEY— —-TPY — —-TGY—
BMK1 ERK1/2 JINK1/2 p3s
Substrates ? Elk-1 (TCF) c~Jun ATF-2 CHOP
3.




Mechanical
stress Growth

4 lators
i regul

>

MEK1/2
MEKKs
MEKs
l 1 l A s
MAPKSs |\ ERK2, INK/SAPK p3d / | 4

;’ P Cal+er
; /
I
E{“Pj .-'j ,/ Protein synthesis

4
— =
] Gene expression
Cell proliferation & apoptosis

4 .Model for mechanicd stress initiated-signal transductionsin
VSMCs.




Death Receptor Signaling
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6. Salvianolic acid B Magnolol DNA
15 DMEM
0.001mg/ml, 0.01mg/ml, 0.1mg/ml Salvianolic acid B
0.001mg/ml, 0.01mg/ml, 0.05mg/ml Magnolol 30
15% control group 0.05mg/ml Magnolol  BrdU

Incorporation

P<0.01, P < 0.001 versus control group
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7. SavianolicacidB  Magnolal PCNA

15 DMEM
0.001mg/ml, 0.01mg/ml, 0.1mg/ml Salvianolic acid B 0.001mg/ml,
0.01mg/ml, 0.05mg/ml Magnolol 24 15%
control group 0.05mg/ml Magnolol PCNA

P < 0.01 versus control group
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= T <74kD

600p0

A1i1suaiu i

500p0

400p0

RIP

Magnol ol

8. Salvianolic acid B

DMEM

15

0.001mg/ml,

0.001mg/ml, 0.01mg/ml, 0.1mg/ml Salvianolic acid B

Salvianolic

24

0.01mg/ml, 0.05mg/ml Magnolol

RIP

15% serum control

acid B Magnolal

0.05mg/ml Magnolol

P < 0.01 versus control group

P < 0.05,



— — — D S AW DD

100000
800pO0
|
600pO0 }7
T
40090'{ [
[
200p0O %
O 1 1 1 ] 1 1 1 ]
ControbBal. BSal. BSal. BagnolMdgnolMdgnoll ol
0.001m@/ ML mgd Ml mgOmi0O0O1m@/ &l mgQd .ml 5 mg|/ ml
9. SdlvianolicacidB  Magnolal Caspase-3

15 DMEM

0.001mg/ml, 0.01mg/ml, 0.1mg/ml Salvianolic acid B

0.001mg/ml, 0.01mg/ml, 0.05mg/ml Magnolol 24
Salvianolic acid B Magnolol 15% serum control
Caspase-3 0.05mg/ml Magnolol

P <0.05, P < 0.01 versus control group
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10. Salvianolic acid B NF-?B promoter

NF-?B promoter-Luciferase Construct  liposome

transcient transfection 24 0.001mg/ml, 0.01mg/ml,
0.1mg/ml Salvianolic acid B 24
30ug luciferase substrate luciferase

0.1Img/ml Salvianolic acid B NF-?B promoter

P < 0.01 versus control group
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11. Sdvianolicacid B Magnolal
2mM CuS0O, 0.001mg/ml, 0.01mg/ml, 0.1mg/mi
Sdvianolicacid B 0.001mg/ml, 0.01mg/ml, 0.05mg/ml Magnolol
4 TBA TCA MDA  Salvianolic acid B

Magnolol MDA

P<0.01, P < 0.001 versus control group
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PTCA

PTCA
PTCA
30~50
savianolic acid B magnol ol
sdvianolic acid B
[122,123]
VCAM-1 ICAM-1 [124]

magnol ol

[116] neutrophil

[116,117,119]
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magnolol

restenosis savianolicacidB  magnolol
in vitro
PCNA PCNA
DNA polymerase d DNA polymerased  DNA
DNA DNA PCNA
S [125~128]
Cdl proliferation ELISA kit DNA
Thymidine 5-Bromo-2' -deoxyuridine BrdU
PCNA DNA
magnol ol COLO-205 Hep-G2 DNA
[129] magnolol  0.05 mg/ml
DNA
savianolic acid B
restenosis
DNA apoptosis  restenosis
magnolol



COLO-205 Hep-G2 p21, caspase-3, caspase-8,
caspase-9 bcl-2 cytochrome c
cd magnolol

apoptosi§130] savianolic acid B

apoptos's
p53 [131]
apoptosis
savianolicacid B magnolol
receptor-interacting
protein RIP caspase-3 5
apoptosis
NF-k B DNA p50  p65
oncogenesis
NF-k B
NF« B/Re NF- B promoter
transactivation
[132,133] TNF-o



NF-k B TNF-a

[134] NO protein kinase C

signaling NF-k B [135]

NF-k B restenoss L uciferase assay
savianolicacid B 0.1 mg/ml NF- B promoter

savianolic acid B
NFk B apoptosis 5

(Oxidatively modified LDL,0x-LDL)

LDL
[136~139] LDL  polyunsaturated fatty acid PUFAS
(lipid peroxidation)
malondialdehyde MDA
4-hydroxynonenal (4-HNE) hexanal
lipid peroxidation  LDL Apo-B
(lysne) e groups
Apo-B ( macrophage scavenger

receptors) [138,139]



oxLDL

Ox-LDL lipid
peroxidation [138] HNE 2-akenal 24
adkadiends  mmol [140]
ox-LDL
ox-LDL,
MDA HNE LDL
[141~143] lipid peroxidation lipid peroxidation
[ 144)] MDA-LDL
MDA PTCA
60 [145] ox-lipoprotein-A
PDGF-B [146]
DNA c-myc c-fos mRNA
magnol ol
savianolic acid B 2mM CuSO,
MDA MDA

dose-dependent manner
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The Inhibitory Effects of Salvianolic acid B and
Magnolol on Vascular Smooth Muscle Cells
Proliferation
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Institute of Medical Science,China Medica Collage

Abstract

There are approximately 250,000 people suffered from restenosis 6
months after percutaneous transluminal coronary angioplasty (PTCA)
every year in the USA. One of the pathological mechanisms of restenosis
has been attributed to abnormal proliferation of vascular smooth muscle
cells. The am of our study was to investigate the effect of Salvianolic B
and Magnolol to inhibit proliferation of vascular smooth muscle cells and
the mechanisms underlying the action of Salvianolic B and Magnolol.
A10 cells, rat aortic smooth muscle cells,was used in this study to clarify
these issues. From the in vitro result of western blot using antibody
against PCNA and BrdU incorporation assay, we observed that
0.05mg/ml Magnolol significantly inhibit the proliferation of rat aortic
smooth muscle cells. Whereas Magnolol demonstrated the inhibitory
effects on BrdU incorporation in a dose-dependent manner; Salvianolic B
did not show innibitory effect of vascular smooth muscle cells
proliferation. In our study, we also evauate the proteins that related to
RIP and caspase-3 can be affected by Salvianolic B and Magnolol. It was
found that the protein level of RIP and caspase-3 was significantly
induced by Salvianolic B and Magnolol. On the other hand, Salvianolic B

could inhibit the activity of NF-k B promoter. These results suggest that
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the proliferation of SMC can be regulated by Salvianolic B and Magnolol.
Although PCNA protein level can be affectd by Magnolol, but we did not

observe  dgnificant effect of Magnolol on P27 and RB protein

expression leve.
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