2002

@ ischemic stroke

cerebrovascular disease 80%

ischemic core area

penumbra
Necross
t-PA ¢ 1999
I/
recombinant tf 9 mg/kg -max. 90

given as a bolus followed by a 60-minute infusion
@

Ischemic penumbra

3

@

03]
ischemic
€)

1 10% of the dose



5% to 8%

©®)

time window

inflammation

oxide NO
damage

NO

1996 FDA
NMDA
3
3)
)
excitotoxicity nitric
free radica
apoptosis
ischemic cascade ©
4



1-5.

(proinflammation cytokines)

interleukin-1  IL-1 tumor necrosis factor-a TNF-a

(7-10) (11-13)
microglia
(3,11,12,14) TNF-a
interleukin-13  IL-113
microglia
blood brain
barier BBB %
(11)
(26) 200
41
30



(26)

(26)

100

(27)

(26)



(CL) counts

Sprague-Dawley SD
0 24

luciegnin-chemiluminesence
TNF-a IL-18
TNF-a  IL-11



©)

9

11

(29)

(29)

(29)



(30)

(30,31)
(30,31) |
»  (30,31)
(30)
(30,31)
(32)
(31,32)



» (33)

(33)

(30) w

(32,33)
(32,33)

(33

(31)
2-2.
2-2-1
Compositae

Carthamus tinctorious L. Iridacae

Crocus sativus L.



1 n (34)

Carthamus tinctorius L. flos carthanu
safflower False saffron African saffron Bastard saffron
Thisfle saffron

Ceocus sativus L. Stigma croci

— Saffron Crocus

(34)

2-2-2

(34)



2
1 ”
63-120
(34) «
10
5000 51
1000 100 1

»(34)

10

15

7.5

(34)

10



Cathamin  C21H22011 0.4-0.6
Carthamone  C21H20011 Neocarthmain
C21H22011 safflor
yellow  28-36

—45-115 20-30
2.1-6.1 0.3-0.6 1.7-8.0
0.6-1.5 3.6-6.5 38.4-50.4
253.0
(34,35)
2-3-1
Kinobeon A

NADPH-induced microsomal lipid peroxidation system
Kinobeon A (36)
Kinobeon A

tyrosinase inhibitor™®”

guercetin-7-O- (6"-O-acetyl) -beta- D-glucopyranoside
luteolin, quercetin, luteolin 7-O-beta-D- glucopyranoside,
luteolin-7-O- (6"-O-acetyl) -beta- D-glucopyranoside , quercetin
7-O-beta-D- glucopyranoside , acacetin 7-O-beta-D- glucuronide and
apigenin-6-C-beta-D- glucopyrano syl-8-C- beta- D- glucopyranoside
|uteolin-acetyl-glucoside quercetin-

acetyl-glucoside Luteolin , quercetin, and their corresponding

1



glycosides acacetin
)

glucuronide apigenin-6,8-di-C-glucoside
2-3-2
Safflower yellow —SY
lysozyme
(39)
Herbimycin A (HERB)  HHI Src
tyrosine kinase inhibitors IL-1beta, TNF-apha
IL-6 COX-2 mRNA PGE2
(40)
—N- (p-coumaroyl) serotonin (CS) 3
N- (trans-cinnamoyl) serotonin (Cin.S), N-(trans-cinnamoyl)

tryptamine (Cin.T)  N-(p-coumaroyl) tryptamine (CT)

LPS
pro-inflammation cytokins IL-1apha, IL-1beta, IL-6, IL-8, and
TNF-adpha CinS CS CS CT
Cin.S
IL-1dpha IL-lbeta Cin.T “D
2-3-3 glutamate-mediated
hydroxysafflor yellow A-HSYA
Wigar-Kyoto  WKY ras MCAO



HSYA 3.0 mg/lkg 6.0 mg/kgm

neurological deficit scores 6.0 mg/kg
- nimodipine- 0.2 mg/kg
glutamate  sodiumcyanide  NaCN
HSYA HYSA glutamate-mediated
NaCN
— HSYA

(42)

glutamate N-methyl-D-aspartate kainate quisgqualate,

(39)

permanent occlusion
trangent occlusion
intracluminal occlusion

extra-luminal occluson

13



BCCA+RMCAO
(“43) modified

transent focal middle cerebral artery occlusion

neocortex area

@ 2% 2,3,5-triphenyltetrazolium TTC
(44-46)
400
Willls circle
TTC

(excitotoxicity)

NaK ATPase

14



astrocyte
pre-synaptic terminal
glutamate™®” Na-K ATPase

Na- dependent glutamte
glutamate

pre-synaptic terminal gluatamte 21 ®

15



Hypoxia, Ischemia Extracellular

CoE e e

Glutamate Injury to Nearty
Relaase Axons and Glia
AMPAKA Rlu@r
Intracellular
\ Bnn
hh' e ?m?' \

Wiboc epredmal Cuidative
Disrupdion Dipss
« Anbowizant Lipese and Protease DMA Lipid Crihar
Dtonses Cromr-activation Gamage Parcidation Injuries

2.1 (Ischemic cascade)
Glutamate
neurotransmitter
Inotropic receptors NMDA receptor AMPA receptor
cation channels

glutamate second

messenger) — inosiotol-1,4,5- triphosphate  1P3
smooth endoplasmic reticulum-SER
Caoverload
protease phospholipase endonucleases

( 21

16



reactive oxygen radicals ROS

2 -5

superoxideanion O, hydrogen peroxide H,0, @

superoxide dismutase  SOD glutathione
peroxidase  GSHPXx catalase

glutathione GSH  ascorbic acid a-tocopherol
(49)

cytosolic prooxidant enzyme
cytosolic prooxidant enzyme
“9 (1) nitric oxide synthases  NOS ; (2)
cyclooxygenases Cox xanthine dehydrogenase XDH  xanthine
oxidase XO NADPH oxidase NADPHO ;(3) myeloperoxidase
MPO monoamine oxidase MAO 2.1

2-6-1
NOS

17



NOS neuronal
nitric oxide synthase  nNOS NOS1
NOS inducible nitric oxide synthase
INOS, NOS2 microglia/macrophages astrocytes
NOS endothelial
nitric oxide synthase eNOS, NOS3 nNOS eNOS

Ca*-dependent  iNOS Ca™*-independent
NNOS INOS NO
eNOS NO

(49)

cyclooxygenase-l cyclooxygenase-2 COX-2
xanthine dehydrogenase  XDH  xanthine oxidase XO
NADPH oxidase NADPHO

COX-2
leukocyte
NADPHO Nogawa et a. 1998
INOS NO COX-2

INOS-positive neutrophils

COX-2—positive neuron “9>0

myel operoxidase(M PO) monoamine
oxidase MAO MPO macrophage
hypochlorousacid HOCL MAO

18



H0O,

2-6-2
ROS superoxide anion hydrogen peroxide H,O, hydroxyl
radical OH nitricoxide NO  peroxy-nitriteanion  OONO

®) ROS
lipid peroxidation protein oxidation)
DNA DNA oxidative damage
(52-54) ROS
redox signal transduction pathways DNA
APE/Ref-1 nuclear transcription factors
(55,56)
21 prooxidant enzymes in ischemic brain
Eszyme Ciena/prolein Oxidant Ca* activatian Exprassion Cell
Meuronel nitrie oxide synthase NOSI1 Ny + Constitutive Beuron
Ieducible nites: oxide synthase NOSE N = Inchucdble LMAE
Endothelial slwric cxide synihasa NOR N i Constitutive Endothelium
Kamthine debydrogenasetanibine onidese XOHEHSKD o + Comslifutive Endirthelivm
Cyeloonygenase-1 COX-1 o, - Constitutive M, oA ME
Cyeloanygenase-2 X2 0, - Inducible B, A, ML E
MADPH oxidase NADPHO 0y = Constitutive Leukacyle
Myeloperoxidase MPO RO - Constitutive M
Mompamine cexidass MAD Hay 7 Comstirutive M AE

WOS, pitric coide symihase; WO, nitrie oxide radical; +, Co®'-dependens; —, C*'-independent; L, leakoowse; M, microglis'masrophags; A,
astrocyte; E. endothelium; Oy, superowide anion: M, newron: HOCL, bypochlonous scid; HyOw, hydrogen peroxide.

2-1.

(11
(11,12)
TNF-a IL-113

(11,13)

19



leukocyte

(11.57) neutrophils
/ monocytes/ macrophages
(11,58)
(11,59)
virus infection
immunological challenge
activation %
macrophage
2
activated microglia 2
3)
TNF-a IL-11R interferon-a
(15-20)
Microglia astrocytes endotheliad cells neurons

20



(20-25)

TNF-a IL-1R

TNF-a IL-18 chemokines IL-8 adheson
molecules proteinases MMPfamilys
TNF-a [IL-183
ICAM-1 chemckine  IL-8
chemokines
(1525

mononuclear phagocytes T-lymphocytes natura killer cells  and
polymorphonuclear leukocytes PMNs

leukocyte infiltration

lipid-membrane peroxidation

21



(11)

TNF-a IL-13 interferon-a

TNF-a IL-1R
BBB
2-7-1
@10 transcription
factors heat shock proteins cytokines
chemokines adhesion molecules
upregulated

TNF-a IL-13 IL-6 NOS cyclooxygenase2
(COX-2) intercdlular adhesion molecule-1  ICAM-1

2?2 NF-?2? (1.8

NE-27 (7,11,60)

2-7-2

polypeptides



(11)

IL-1  TNF-a™©

IL-1-receptor antagonist (IL-1ra)  interleukin-10  1L-10

2-7-3 —TNF-a
TNF-amRNA (11,6169
TNF-receptor |  STNF-RI TNF-a

(11,64,65) TNE-a
(6669 TNF-a
(11,19,65) TNE-a
TNF-a
(10,21,68)

1-3 TNF-a
mRNA protein (1517 TNF-a
MRNA 1

12 5 TNF-a mRNA
TNF-a
TNF-a Double-label
immunofluorescence TNF-a

) TNF-a

23



TNF-a TNF-a

micro-injection

TNF-a TNF-a
TNF-a mRNA

protein TNF-a

©2 TNF-a
(61)

2-7-4 —IL-11
IL-113
(68,69,70)
TNF-a IL-113
(15,18,67)

IL-1IRMRNA  expression

(3.13.60) IL-1R
57172 Liu et d. (1993) 36
IL-18 mRNA 12
5 (63)
IL-18
IL-1R 18731 -1

6

24



IL-1

(479 -1
(70 IL-1
(7577 IL-1
ICAM (79
Mulcahy etd. 2003
IL-1 IL-1 receptor antagonist
(77,78)
2-8. NMDA -MK801
MK801 NMDA receptor
antagoni st
MK801 glutamate NMDA
glutamte
cytotoxic edema MK801
®9 " Collaco-Moraes et . 1994
MK-801 3 mgkg
MCAO c-fos mRNA
®) Bertordli et al. 1998 MK801
MCAO TNF-a

62 Gorgulu et d. 2000
15 MK 801

25



3 MK 801

26



30
30
NMDA -MK3801

Sprague-Dawley (SD)
300-400 g 9

12
25+1

3-2.
chlora hydrate, 400 mg/Kg

- 0093-101L, BP-2, Columbus, Ohio, USA
(TM-906A, Dua Channel Thermometer, Taiwan)
(Laser Doppler Blood-Flow Monitor, DRT4, Moor
instrument Ltd, England)

27



(25)

RMCAO+BCCAQO right middle cerebra

artery occlusion and bilateral common carotid artery occlusion

38.5
chlord hyadrate,
400 mg/Kg
1
vagus nerve nylon
thread 0.5mMm
1.5mm
SD 2.5cm
PE-50 cannulated with PE-50
polyethylene catheters heparin 25 unit/ml
PE-50 PE-50

0093-101L BP-2 Columbus Ohio USA

PE-50

stereotaxic apparatus canthux

tempora muscle

(carniectomy) 510 mm

28



Laser Doppler Blood-Flow Monitor DRT4 Moor instrument Ltd,

England 800
LD units 8-0-0

8-0-0 mono-filament nylontie ETHICON Johnson & Johnson Ltd.

Belgium Olfactory tract Inferior
cerebral vein 30
8-0-0
50LD
units
33
331
80
7 50 100
5 50 100
27.48 34.35% 259
131.7 ml phosphate buffer sdine PBS PH7.4 0.2
g/ml

MK801 SIGMA SIGMA-ALDRICH CHEMIE Gmbh
P.O. 1120 89552 Steinheim, Germany 49-7329-970 phosphate
buffer saline PBS, PH 7.4 1 mg/Kg 4



3-3-2

pilot study
0.2g/Kg —
0.2 gKg 0.4 gKg 0.6 g/Kg
10 0.4 g/Kg
30 30
3-4.
341
34-1-1
54 SD 9 6 ( 31
1) (© 90
24
) (PBS) C 10
0.2ml/Kg PBS
©) (MK) C 10
MK801 1mg/Kg
(4) (9 8-0-0
(5)P-0.2 C 10 0.2
g/Kg
(6) P-0.4 C 10 0.4
gKg
(7)P-0.6 C 10 0.6
gKg



(8)0-0.4 C 30 0.4 g/Kg

(9 R-0.4 C 30 04 g/Kg
3-4-1-2
3.1
10 (P- A
02 P-04 P-0.6 MK)
2
5 0 5 20/ %0 ' 0 “
: : i — |\§\ hrd >
= Py
3
Q
c
(V25
< o
@) 5
>
30 30 (R-
(0-0.4) 0.4)
3.1

chlora hydrate

MCA 10
i.p. 0.2 gkg (P-02) 0.4 gkg (P-0.4)
06gkg P-06  MK80lL 1mgkg 0
04gky 004 0
049gKg R-0.4

31



3-4-2

18 SD 3 6 3.2
@ (© 0
24
2 (MK) C 10
MK801 1mg/Kg
(3 C 10 04
gKg
15 90
2 PE-50 0.3cc 0.1cc
EDTA 0.2cc heparin coated
30 o 90 2 24
S S
R
2
10 ) 30 )
3.2 chlord
hydrate PE-50
15 90 2
PE-50 0.3cc 24

32



351
24
352
2 24
15
353
15
354
24 30
cc
0.5ml EDTA
System KX-21, SYSTEM Ltd., KOBE, Japan
WBC RBC HGB
HCT MCV MCH
MCHC PLT Lym
Lym % cell pack SAN TUNG Instruments

Co. Ltd., Taiwan SWH-200 SYSMEX Co. Ltd, KOBE, Japan cel
cleen SYSMEX Co. Ltd., KOBE, Japan



2.5 ml

KUBOTA 6900, KUBOTA Co., Japan 3400 rmp 10
dropper -80

54 D

Roche, COBUS, MIRA GOT GPT BUN Creaatinine

GOT GPT BUN Sugar
—RAICHEM, San Diego, CA, US Credgtinine Bayer Co., NY,
USA

24 (49

3.3
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24 chlora hydrate 400mg/Kg
3cc 05cc
EDTA 25cc
0.9 % NaCl
35
brain matrix dicer coronal sections 2mm
34 2 %

2,3,5-triphenyltetrazolium chloride  TTC, MERCK, Germany
12-well CELLSTAR, greiner bio-one
37 20
TTC
10% MERCK, Germany
Nikon Coolpix 3100, Japan 34
Image-Pro plus, USA



34 2%
2,3,5-triphenyltetrazolium chloride TTC
TTC

38. superoxide anion; O,-
Chemiluminescene
anayzer system, CLD-110, SCINICS Co. Ltd., Japan
water circulation Mode CH-201  photon detector
Moddel CLD-110  chemiluminescence counter  Modd CLC-10
32-hit IBM
(27,8389 0.2 cc 0.1 cc

PBS, PH7.4 photon detector

37



Modd CLD-110 chemiluminescence

counter  Modd CLC-10 chemiluminescence CL
counts 200 1.0cc 001 mM  Lucigenin
-photon detector CL counts
600 0.2cc  Zymosan-A
1020 CL WBC
CL counts/ 1000 WBC 35

1. 022 1MM10.2 ccF A Heparin tube - #5E0KE
2.2 M0.1cci& A CBC tube » HIWBC count
\

2M0.2¢cc + 0.1cc PBS

l 200 Sec

I A25uML Luciginin 1cc

l 400 Sec

HAZymosan 0.2c¢cc

l Run 420 Sec

HY CL /WBC *1000 HIESFT
3

3.5



3-9.
391
24 Chlord hydrate 400 mg/Kg
4 %
paraformaldehyde  MERCK, Germany 200 cc
10
4 % paraformaldehyde 4
3 4 % paraformaldehyde 30 % Sucrose
GERBU, Biotechnik GmbH D-69251 Gaiberg 4
3
3 5
Tissue Freezing Medium TRIANGLE BIOMEDICAL
SCIENTIFIC Ltd., UK -20
20 pm gelatin
coated 0.92 mm 8.08
mm IL1-3 TNF-a

39-2I1L1-B TNF-a
PBS Phosphate
Buffer Saline D
3 % H,0O,/methanol 15 peroxidase
PBS

10 % Norma anima serum, LsABKit.
Zymed, San Francisco, CA 20 IL1-3

Dilution 1:200 TNF-a Dilution 1:200



30 PBS 3 3

biotinylated
10 PBS 3 LS-AB-peroxidase complex
3 10 DAB Liquid DAB substrate kit Zymed,
San Francisco CA, USA 2-3

hematoxylin  HARRIS hematoxylin solution MERCK
Germany Histological Mounting
Medium Permount SP15-500  New Jersey, USA

Zeiss Axioskop, Germany

Nikon E950, Japan optical imagine
400 X
1 mm’ IL1-R  TNF-a
3-10.
+ Mean+SD

ANOVA Scheffe s test
P<0.05



4-1. -

90
24 TTC
4.1
4-2. -
C 15.7042.22 PBS  PBS
15.72+2.16 S 0.61+0.65
dlp<000l 41 42 P02
02 gkg 9.46+1.82 P-0.4 0.4 gkg 5.60+2.57
P-0.6 06gkg 6.52+1.93 MK MK 801
10 mgkg 5.59+2.62 10
0-0.4 04 gkg 833t156 30
C  PBS dl p < 0.05
41 42 R-04 0.4 gkg 12.24+3.29 %
30 C  PBS dl p>0.05
41 42
4-3. -
90 24
D C 2.670.52
PBS  PBS 2.50+0.55 S
0.330.52 al p < 0.001

43 P04 04gkg 117+0.41 P-0.6

a4



0.6 gkg 1.33+0.52 MK MK801 1.0 mg/kg 1.00+0.00
10 C PBS
p<005 p<005 p<0.001 respectivey 4.3

P-0.2 0.2 gkg 10 1.670.52
0-0.4 04 gkg 30
2.000.63 R-0.4 30
1.830.75 C  PBS dl p> 005
4.3
44, —

C PSS S P02 P04 P06 0-04
R-0.4
15 30 45 60 75
dlp>005 41
C PSS S P02 P04 P06 0-04
R-0.4
15 30 45 60 75
dlp>005 42 43
C PS S P02 P04 P06 004

R-0.4
24 dip>005 4.4
C PS S P02 P04 P06 004
R-0.4 90
24 WBC RBC HGB HCT

MCV MCHC PLT LYM (%) LYM counts dl p > 0.05,

42



4.4
C PBS S P-0.2 P-0.4 P-0.6 0-0.4

R-0.4 90
24 GOT GPT BUN Credtinine
blood sugar dl p > 0.05, 4.5
4-5, -
Before C

lucigenin-CL  counts 19767.03£3807.78 P-04
19427.45+2366.50 MK 15954.70 +3270.56
dl p>0.05 45
90 0-90 C lucigenin-CL counts
24650.03 +3163.19 P-0.4 20535.83+4530.85 MK

23164.90+3449.99 al p> 0.05
4.5
2 R-2 C lucigenin-CL counts
20343.92+6262.63  P-0.4 14780.74+3081.87 MK
16323.64+4525.50 p <0001 p<005 reypectivedy
45 P-04 MK lucigenin-CL counts
p>0.05 45
0-90 MK lucigenin-CL counts  Before
p<005 45 R2 C lucigenin-CL counts  Before
p<0.05 45 R-2 P-0.4 MK lucigenin-CL
counts 0O-90 p<0.001 p<0.05 respectivdy 4.5



4-6. - TNF-a

90
1mm?* TNF-a
C 3375+47.1 P-04

0.4 gkkg 107.7£17.8 MK MK801 1.0 mg/kg

92.7+18.8 dl p < 0.001 4.6 4.9

4-7. - IL-1R
90
1mm®  IL-1R
C 378+53.7 P-04
04 glkg 96+21.5 MK MK801 1.0 mg/kg

82.7+13.3 dl p <0.001 4.7 4.9

24

24






