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W ET2 B4 2 dk tetramethylpyrazine
& * aspirin $IEF # e PN EZFY

S o
LaFEs

B =

AF B P i df it TMPZ 20mg/kg % * aspirin Smg/kg f+ & ¢ & ¥
M ERLESATHRY AT ARNBRE RIS NI FETHE AL

W T O FR AR RERRT R EN S EATREZRT R EDIRY 25
fer g4 o

"o B
3

AFRAIRAY A HY AR ERZE G X I e 3 o
M E R NI L TS o #35 - A% & > K g2 (Western blotting)
BlE el Rl #F - F 1§ &£ 3p2% (INOS) ~ HIF-la {v caspase-3 2. %
Mzd o= -1 m® g A% ¢ 2 (Immunohistochemical staining) BL% "1
% ¢ nitrotyrosine 12 = > = ~ FgIRE; g F 14 48 ¢F ;2% (Lipid peroxidation )
few ~ F @ &-F & 2% 24 & & (Reverse transcription-polymerse chain
reaction ; RT-PCR) % 7 /] mRNA sh& 32 & -

TMPZ (20mg/kg)ic 59 P B8 & 3 & & ¥ B> 59.3%d 420 LG T #7351
ACZ HEGH BEFFHRLE- HIELSF A SRR TMPZ #2205 T 240 5%
Epp o ) § 2 BRI LR R ER S EAATE 0 R Lk TMPZ
it B &g 5 INOS ~ nitrotyrosine ~ HIF-1a % caspase-3 # 3L ; &d & #4-F &
Ak B F b~ 5 A 475 o TMPZ i 59 90 TNF-a mRNA % 5o kg2 o
A BIGIOT R P TiEF 3% Y 0 B TMPZ % 7 i frdl4Bap s i
N2 igF CiF* 5 ¥ - 35 > TMPZ # * aspirin /;i’ﬁ 2 EAvs Tk
B AR AR S AL B TMPZ & & aspirin 7 #% # Mo iR nies > 2 A e
B TMPZ % aspirin A F 1@ % B E T e FPHRE > TN PIEH 4o
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Number: CCMP94-RD-031

Study the Effect of Tetramethylpyrazine
Combined with Aspirin on Ischemic

Cerebral Infarction

Joen-Rong Sheu
Taipei Medical University

ABSTRACT

In this study, we investigated whether TMPZ 20 mg/kg combined with aspirin
5 mg/kg could potentiate their protective effect on the brain injury and determined
their molecular mechanisms in the middle cerebral artery occlusion/reperfusion
model in rats. Furthermore, we expected to decrease dosage of TMPZ and aspirin
in order to decrease size effect and correspond to clinical application.

In addition to analysis of infarct size, we also utilized brain tissue to (1)
measure the content of iNOS, HIF-1a and caspase-3 by western blotting, (2) study
nitrotyrosin formation by immunohistochemical staining, (3) test lipid peroxidation
in vitro and (4) analyze TNF-a mRNA expression by Reverse transcription-
polymerse chain reaction (RT-PCR).

We tested the effects of TMPZ in transient focal cerebral ischemia and
reperfusion rat modal. TMPZ (20 mg/kg ip.) markedly attenuated the infarct
volume about 59.3 % at 24 hours after middle cerebral artery occlusion.
Subsequently, we examined the neuropreotective mechanisms of TMPZ in the
molecular and cellular pathophysiology of brain injury after focal ischemia. By the
data of western and immunofluorescent analysis, we found that pretreatment of
TMPZ could significantly reduce the expression of iNOS, nitrotyrosine, HIF-1a
and caspase-3. By reverse transcription-polymerase chain reaction analysis, TMPZ
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also suppressed the expression of TNF-ao mRNA. Moreover, we found that TMPZ
couldn’t improve lipid peroxidation in rat’s brain homogenates in vitro. On the
other hand, our study found that TMPZ combined with aspirin didn’t potentiate
their protective effect on the brain injury, compared with TMPZ or aspirin alone.
We postulated that the dosage of TMPZ or aspirin almost reached optimal
protective effect on the brain injury in this study. Therefore, it was hard to
discriminate whether TMPZ combined with aspirin could potentiate their protective
effect on the brain injury. In the future, we will decrease the dosage of TMPZ and
aspirin and this approach will largely decrease size effect and correspond to clinical
application.

Keywords: middle cerebral artery, occlusion/reperfusion, TMPZ, aspirin
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B

= ¥ P = & (intravascular thrombosis) & 31423F 5 < i ¢ A A
&é% 2. - B %t 4> (arterial thrombosis ) enza sl 4% (plaque
disruption) ¢ ¥k &M F #ciF ¥ (acute vascular syndromes ) » & 35
il % (myocardial infarction ) ~ 7 #& = _{+ .~ %2 5§ (unstable angina
pectoris) 1 % ¢ Rk (stroke) (Fuster & Lewis, 1994 ) & {4k n {75
K (acute ischemic stroke ) i@ ¥ %_d *% cardio- or athero-embolic #775 = >
Wrrginan gre g (Albersetal., 2001) ¢ 37 & k4| * Blfd 4 050 8
ENESIE ]4\:* )}Lmﬁﬁ"’t‘%;ﬁ,, }g(j\?‘}tp%&hg‘_gﬁgi%‘% %ﬂ'iﬂi’,]‘ g
¥R moo] BB F M) 2 F A 2 & > (progressive microvascular
thrombosis) FI % ©? % £ & & ¢ (Choudhri et al., 1998) > F] % t
ARG 2 4 o F end a3l 0 B F 7 lipid ~ platelets e fibrin (4 & 3
vo)m AR s gAEH I T R & F (Okadaetal, 1994)
AN Ak w820 MBI R (77 7 no-reflow I % )0 T & reperfusion it £
FAoF Il P RAAZKII L R DR 2 L EF ke ik
- # &~ & (Pinsky et al., 1994) i "od! ‘Flmre X 4p ; ¥ - 78 L 3F
postischemic hypoperfusion g Jx 8 7+ » & * intraluminal MCAO

( middle cerebral artery occlusion ) 2 # “E#7 4+ 44 & 4 ¢ kb PF > reperfusion
I % ¢ i CBF (cerebral blood flow) x4 I 4 n v ¢71#% 2( Connolly et al.,
1996) 5 &R + BAE T TR > & Al i RN & F Rk
1 degranulated platelets 4 % fibrin 7% % (del Zoppo et al., 1991) - #&
Ao R R IV A b i A LG IRHC ] o F k¢ platelets R fF 0 F K
microvascular no-reflow 14 % & — ¥ "lnfe X IR %0 B F 5lA= b INA
=gy "ﬁ 77,1 X (Abumiya et al., 2000 ) -

oAk 182 MR A enF] S o IR Wk 2 oo o) E o
leukocytes + %-#7 Hiffz > i BATEE IR E LF RPHFL
& 4 4 (Connolly et al., 1996) d 3t leukocytes ¥ 4874 < ¥ # g A -
famre (stiffcells) > ~ & @ fpAgm » PMN ik g 4 3 & P-selectin fr
ICAM-1 » & %] & ®g 4% & ™ % reperfusion im0 8 » € =~ & H &
lenticulostriate # *% & irficx ¢ % 3R> ¢ leukocytes % f Bfl* N S G
e I T M E I EIR AR IV & fr reperfusion £ no-reflow IR
% (Okada & Copeland et al., 1994) ; 8228 > = 7 T Ap I e E R
neutrophil depletion (Connolly et al., 1996) » £ &_fe %7 P-selectin (Connolly
etal, 1997) » it > T B A o ¥ b PG4 T ik 0 mArEE R 2
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PRAR o o K@
it e platelet *wfa % Fa¥% microvessels > #_% & microvascular F& % 1=
& % (del Zoppo et al.,, 2000) » i ¥ fiz-] . ¢ 9953 #2 (microvascular
patency ) # % o

= 2. fibrinogen ~ polymorphonuclear leukocytes 4 + %
3

P du b AR E S BRI Y AR TR L A F o R
[EZJ R I B’bvﬁg ~ PR ’f\-’"b‘_\f’_ ’gﬁ_}?‘:, o

ARk B e G B FES Y AP SR AL Y
b e9A& 24 > ¢ 7 7 aspirin ~ ADP receptor anagonist (ticlopidine v
clopidogrel) 2 2 glycoprotein I1b/Illa antagonist > aspirin 7% * & 5 7
¥ i e cyclooxygenase @ - 7 thromboxane A2 e & = & Frda
IR R A SN E S P o d A aspirin BRI EF Ha e Y b
Tk sk 5 IR S SR B A F 23%R 0P b
FAOEEFE B%F P R sl EE L g F A RS
( Antiplatelet Trialists Collaboration, 1994 )> #7112 aspirin 7~ §_p # * &k 7f
PaFPge B R EEF O FRFL TR R AT S B
bk 0 © F TR ;é,%% (ESPS I study ) & * & 8% k(¥ % 4 chdn
w | & 3 £ > ) e dipyridamole % aspirin &k #UR]EE 0 B g & B
I 3% R EADE RS > ¥ AR T hFg 4 B2 H R aspirin
i & % &3 4 (Dieneretal., 1996) I P77 5 ¥ - 2§k % (MATCH
study )+ % 3= clopidogrel & * aspirin 7\1;’ 7 ¢ h 3% % (Diener et al.,
2004 ) -

d AP Lw a0 T2 F 4 Fdk tetramethylpyrazine
(TMPZ) %35 b3 @ R e 4o 45558 @ > 24 i3 s TMPZ (20mg/kg)ic 7 & &
SRS PG B o A9 60% A ¥R S F (P<0.01) 0 B W A eniTr i
£ 50 T— s pui ol EiER T D TMPZ & 47 e cGMP sy £ 3 4
v % ¥r+4)| phospholipase C siE 14 5 = ~ #uF (L epiE* o

0o At d enp ehi & £ % TMPZ e aspirin K534t & 87
o ie* g cniind [ B LT N FOEB Y R A BT S 3
FETEIENEES LT §LE-YE S Pt = S ‘55;.’}33‘:}\ Koid Ak 1

¢ R ’%@ﬁﬁ%ﬂlfg'tbrﬁyfﬁ%#%ﬁ?%;ﬁ\nt’i’r Pk HEBRE 3 2 & 45 g
HEFRFZRTGFRF T8 L pE ?f‘i Sk Tl VARG 1oF N
/?Ipé‘

7| % TMPZ % aspirin % i £ ¥ § T -
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Tetramethylpyrazine (TMPZ)&_d "' 577 #7582 5 322 ok 0 7 18
Tk BAERE P ER A (Beijing, 1977) - TMPZ % # /& p ** Bacillus
Sultitis e 4 (Jeffreys et al.,, 1970) » 2 ¥ chEZ Be ~ Wit foigfp e 3
1977 #ApFE* o f® WA B — % ﬂ‘s{\-/‘é,:}?i-:r’}’?%}i ? P ;1;3 » TMPZ,
(40-120 mg/day) 4 i.v.ii sfHE P 1-3 B8 18 > 95 90 %cp B P A ih
¢z ¥ myodynamic fr% * F#t ( Beijing, 1977 ) ¥ ¢t > Wang (1984)z& " >
TMPZ tivf & 2% g 2%t > 7 24> L nail fold microcirculation
m'F"] »m ¥ TMPZ ﬂ\f/ps PP AR m%‘] % o ¥ 3 T ARL #F] 41> TMPZ
B3 Fn Biedrdld o] F Rk ni®® (Ojewole, 1981) > *§ it #% fe 4
* i@ﬁ b Fam E (Zeng et al , 1982 ) 2 Zrk # *% i it (Beijing, 1977 )c TMPZ
fe P 5 B4 3T 184 microcirculation % 0 fcx F il B4 (Xue, 1989) -
Liu Sylvester (1990):79#7 3 3 £ 45 11> TMPZ 3t 8 2 1 % ¥ 7 e i foeh
A5 5 d 3 TMPZ ¥ #¢41] % #87% i &) (4o collagen, thrombin §- ADP )
b 2o o o) i E (Hoetal., 1989 ) B Frd| o 23, cni®* ¥ i1 3
A p e ged) 1 s ] R e o £ 4 0 Hui et al. (1987)3 L » TMPZ
*ETE ~ f2- adrenerglc X RGN A B VR o F P s Fiip] TMPZ Fr+)

PR EF TS B v igis o B TMPZ thi 7 3 B
nitrovasodilator enZ 4 > & P @ 5 T 7 4F 2 B om0 TMPZ ¥ 5% chgt
7 it % % endothelium-dependent % nitric oxide-mediated 7%+ (Peng et
al., 1996 )> g e A P2 W T 3 4 HF TMPZ it 7 & & Bag o -] 7 3
v NO 2 cGMP 12 4 » H @+ 5 £.45d F 1 NO synthase (NOS)
(Sheu et al., 2000) » 2 i+ 2 &5 FHF TMPZ A kR T (0.5mM) it $r
#] phospholipase C - #r+#]| collagen (5M)*#13% # ¢« phosphoinositide
breakdown % thromboxane A2 sz 4 » A8 kA T (ImM) > TMPZ it
33+ 3% GPIIb/IIa < #8 > & 4] 7 5 -] 45 598 (Sheuetal., 1997) o

Aspirin ¥ > 2 R BB AR Y hEH 2 - > HRd 9 frpte g-
® = F%%\ i» salicin (Maclagan, 1876) » A £ F ¥ it e & = salicylic
acid > 7 1897 & = 5 en & = ) acetylsalicylic acid » F» P¥ & & 5 aspirin °
B 5 Hp ehpFiE o aspirin 2 & * A fE4v (Stone, 1760) > #1890 & ik eh
HHp S ALY AL L aEew L F R (Dreser, 1899 ) @ A 1970 & X i
58 o U oendua freni®h A g 2 (Weiss & Aledort, 1967) > I ¥ &
Tl &R v AP e & 2 5 AR o Aspirin
T * 8 5 7 ¥ 3 drdla ] 7 cyclooxygenase enzyme (COX-1)
(Roth & Majerus, 1975) » > arachidonic acid # % = prostaglandin fr
thromboxane A2 - thromboxane A2 & - i {3 il @ & % & ¢ »]i,%{'ﬁ
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A > ATIL s aspirin engan 217 % 3 8 § Fr4] 7 thromboxane A2 075 »
% $L2_ ¢k > aspirin 7t ¥ %ﬁd neutrophil % Bagfrd|n ] 5t - H S
H_ & d NO/cGMP-dependent process (Lopez-Farre et al., 1995) > 2 %
aspirin #7 4 postacyclin <7 & = ¢ & p A P £ = NO (Bolz & Pohl U
1997) » i‘é‘%"‘ i¢ Fesdres i Bt o Al o @ % aspirin KSR
B AR 0 D T ic@ A LDL AR Va8 A du R 0 IR R A 1A
% (Steeretal, 1997) kv ¥ d p & %3 025 (Husain et al.,
1998 ) > H $#& 44 4 /p] aspirin ¥ - BFi i* $ (Ghisellietal., 1992); +
Pe G AR F TRk RSk R aspirin SRR R RF R B o
WHEZEidnt? b fs 4 F 4 &2 5= % (Awtry & Loscalzo,
2000 ) -

2
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R R

I

S AR SXLEA ’g FE % /R BN

B EMB S L X B 250-350g (5% Wistar) 0 %
Longa % 4 (1989) 7 %2 Hwang % % (2002) 2.3 j24c 1213 4F o X
811 3% isoflurane (7% %t 95% O, - 5% CO,) # %R fra?fﬁﬁ%v
2% isoflurane #FFrf% o FEINA K d ¢ R B o 450+ RIS #0%
(right common carotid artery) ~ “hgpde 7% (external carotld artery)
22\ #@#: 7% (internal carotid artery ) - #-14-17mm £ & 50 4-0 £ 355
(nylonthread> w3 B E - B # ) > 5 d hFHR4E > I P FFH% 0
TR A g A L R < PP $99% (right middle cerebral artery ) 2.
Fe% (ischemia) > AR{SEE G v > @ E &P RIFL o AP RA|* {7
% P32 (behavioral test » it 4o ) FEin -t B ESY & # i H - Py
ik o Ho L PRI L REE B A3 0h 40 R AT AU IE s R B
yred (reperfusmn) I RS o 2 L PRI R BT R
- FHenk 7 o LiFiEAEY £ RS AF AR R 37C -

7 % B3& (behavioral test)

%+ Borlongan % 4 (2000) » fadd s — | PFepFER QN L E - L
] e R RS (%:}4"\ B ) » Vi s & Bl BE 6
AT 43 (Fifa forelimb akinesia » * i postural tail-hang test) > r fx
sk BAST A M hE - RSN od AT R 20 b BN S
g Ty e B g A BT 2 RIRMER R (2
Bl FL) o F] B E AT (DeVries etal.,2001) :#hiix BE= @ H
R e B RD L 5o FH ke Hp AT e L Tk §d
(PR Ems i;zujm? o IR %& » c-shape bending) AN = s |
PR F PR FELIRG 0 F 2 & Reha AL 0 B e
hoo Bl ERAP R ’#”,ﬁ%‘v:“*;‘;',"ﬁé%‘f°
"9 & % & (infarct size) 2 | %

% P& Bederson & Pitts & 4 (1986) #4023 hE F- Lo )
P e L gL fS 0 @ * chloral hydrate 200mg/kg Jfrfs & B » 3 iR
ZOGF TRA R B M2 Sk 8 4 2mm B R o 2 2% TTC (2,
3, 5-triphenyltetrazolium chloride) #8 & 37°C T % ¢ 30 & 45is 4§ r
3z > 10% formaldehyde solution ] %_° ff % > "&*r 5 % Hc > 4p S PR AP
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(Nikon Coolpix 5000) - & {s 14§ g +7 348 (Image-Pro Plus) 3+
Ere A2 P A (% infarction volume) » 4% Lee % 4 (2002)
4v Swanson & * (1990) EPAE A . :}i”,f Park ’?E‘LL—I #

At FRPEESE (+%) AL
B: stz (%) o f
KBS a2 3 F 1 (B—A)/Bx100 %
® ~ fy FiE§ 1 (lipid peroxidation) R £

i Pg Okhawa % A (1979) eh= 2 T4 iZ4&F > 3£ 7/ - RfiE
(malondialdehyde » 1% % %5 i § i chdp i) hipl & o # Wistar & %
* Bleh R e S "/T‘ Yol s B e Erd g I eis 0 % Dounce A7
BRI A B & gki4d Krebs buffer [10mM Glucose ~ 10mM
Hepes~ 140mM NaCl ~3.6mM KCI-~3.6mM KCI-~1.5mM CaCl,~1.4mM
KH,PO, ~ 0.7mM MgSO, > pH 7.4] 4c 1137 i””}ﬁl" R FT e o 14
i# 3000 rpm e LA 4E(E 0 B FREE R TES L P Bk o %
lycopene 4v » R &3 7% il & 37CT F g+ A48 S L AR R

(200uM) & 7 F = - & 4o 4 » 10ul 7ki4 trichloroacetic acid
solution [4% (w/v) in 0.3N HCI] % 1+ # & Jigfs > £ 4c » it & 1L L&

( thiobarbituric acid, TBA) * & =£:V'*‘fﬂ [0.5% (w/v) thiobarbituric acid in
50% (v/v) acetic acid] © F+ I A 44 FF 4 {5 4er Iml & 7 BB

(n-1-butanol) # R ZI BT R L3353 > NEP Lz L oSk i
Bt o Bt K W K s F A 4k k¥ ik (Hitachi, Model U3200 )
ﬂwSﬂmnﬂ‘iﬁn&hMmli&%E°%F@§“ﬁ&U
thiobarbituric acid-reactive substances (TBARS) 2. 2 & & 1M 3E5 o

I ~ A Z3 s % (neurological deficits )

1295 Bederson & 4 (1986b) 142 Lee ¥ 4 (2002) #7iF2 A &
ﬁ'Jli 3P AR R SERA G AR o A B - ] FFE R
If‘é’:mn.n”i-ﬂ/&m ’ j‘aﬁ’ﬁi T_* w\.mf’fm’fi—:?\’-ﬂ-iz"“
/*”ﬁwmﬁ%°“¢&¢ali%f’ﬁﬂﬂim@ﬁéﬁ@
B URBRE MR BN oA S e A WA 35 Ao

HAB R L B e @ H R IERE G - 2 o mR e Y g
WA o F A RS B E NS Ee kG o 0 2 BRRTIE
H TR G R K E R AT 0o F OB R DA B g
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- R LGAR X sk et i) (contralateral ) g 5 @ B TSRS

FI G OARR T o d r0R o R DT g A ’IU““” P -

L TR A R 2 B A ﬂsz’rf* PR e B
Huw BAPFaa % 1o < B E

feHg L LR ¥
=~ K (counter protection paper Klmberly Clarke )

%
B R

—??f?:hxu HEE o ML PNAEXRhE ™ » K4 4%+
B chmh B b e vt o iRV BT e 0 e Fe Tl > LR
‘ﬁ%ﬂkm«&}ﬁz% P ihf 4 AR ddsiRA D BRE P R D
Q%ﬁﬂ&#@mﬁ®%4§ﬁﬁﬁhA’&ﬁy” &°%¥ﬁ
AEp A EE o BREEEDE L 0 B SR RIS B
2% 3% Fx R4 3 RN FIEFA EP:Z;\E";M oo

BELREABRRE X Q5T MEHIE (convulsions) & T IFF R
#4783 (sustained disturbances of consciousness ) > #-f “/TT YR Bk e
BoFF R A A AR o d R iE > A2 RS T R

kel A o ERperk T 20 L (Belayev et al., 2003)
P4 plEE (grip test)

%P8 Moran % 4 (1995) zefien= 2e{7 o 7t * ehRF 5 ° B
SAFEH S0 A L A EF N mBipids o mBERT R TG
40 28 o A B AR - | FEE S L [ FEaw BB B R

ENAEE B Y B T R i

3

0 B--% BEH % o
| Bt LA PR s 1 o

Boen X RUUA T EPAT B s A & ﬁﬂﬁ;ﬁ@_—f'l‘m%j °
SHEAD LEE PRI B o

2

3%--% RS 50 F 4 F -

4 ek BUR T W S A R B Bt B R 0 o
5

—\\

Bk BT U B BEe A L4 b @ oieEs o

73R ﬂ!»,z ( Western blottlng) B R R F L
- 51§ &£=p% (INOS) 2 3 &

G REERI T RN EIAHEE - F 1§ £ R mﬁ?f%’ﬁ
P& Radrigo % % (Radrigo et al., 2001 ) =7 & 4c 12 13 4F o
+ ARG R A /R R AR PR R ”E'J_B/Téfﬂ ;ii

;‘Ix‘

Jd
S ?\\4-
\\\?{r =P

171



PEEEER F2600 51

400mg/kg -k & % fg (chloral hydrate ) 4 4 i fs > £ 4 50-100ml 2. PBS
d ARz 3 BFRMTTELCSEL REE RS X B A
AT EINE A E s g P S R B R LR
42 5 B~ 3-9mm RN A B L3 2 S A Ak R AL AR
i -70°C @ ¥ o msid 70°C wig 2 183t 4°C T 4 lysis buffer
dv AR o XUP2_ Fow BT 3 A western blotting e 47 0 A B4 » -
B 3748 (anti-iINOS - aniti-HIF-1a ~ anti-caspase-3 ~ o-tubulin and a-actin
primary antibody ) ** % T - /] BF > B8 * 4 Kk & A enhanced
chemiluminescence (ECL) western blotting detection reagent & & 5 g
o VR B R IR o B (S R RS R Y s i~ R
B ik (Bio-Profil ) T & 4 47 °

A~ e E A 44 2 (Immunohistochemical staining ) %
a1 & B 38 nitrotyrosine 12 =

AR A kY Han % 4 (Han etal, 2002) 773 2 4e 12 13
A o % Eﬂx:;;“’ A Bk w BT BN Y o) PEZ 1S VYT SR E
400mg/kg 'k & & fg (chloral hydrate) v ™ frpsis - d « Kz 3
F@Eo o Sml/min 2 jRE % * PBS it A &EEFE 4%
paraformaldehyde ;# ;&7 4 ‘Eg_ y XPRE LS ST L L R E
roo & RGERIE ) o BT 4 RS ¥ 0 4% paraformaldehyde -
(fixation) & /| P& » - F # * 30%)? R R ER’}\_:L R A
BRICE O o JI* 4 g B2 (cryostat) H#-+ gl RS o
(coronal section) = & B % 10M g 5 » 3 538> % % silane 2
P w o FIE LA F-T07C e L T

d

¥

cd

R .ﬁ
SE b

N

7 5 d -70°C w iR 18 v ¥ e (phospate-buffered saline, PBS) A
B R H I % F (coplinjar) ¥ k==t 0 F =0T Bl A4 o
Bt ﬁ%‘s« s w12 2% BSA (bovine serum albumin) & = A 44 R
T A 4 A ERE MR L o 2 ¥ 1Y anti-nitrotyrosine — & g

( monoclonal primary antibody, 1:50) * &= /| PF » & {s & * § k4%
T 2. = 348 (FITC-conjugated secondary antibody, 1:100) » j&— &
P o fl Sk BE st (excitation: 450-490 nM, emission: 520nM ) T L
Bl ik gt B ,E'_%U‘l A § nitrotyrosine 2 2 & HZ £ o

1 ~ F #4&-R &t 224 F & (Reverse transcription
-polymerse chain reaction ; RT-PCR )
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(- )Pre-PCR (R & x4 @4 5 e 3 ) 5 cDNA ihF His
T
TNF-a 2 GAPDH ** 50°C T & J& 30 4~ 45 > ¥ #3% &% RNA
Fidrs cDNA > £33 95°C 7 Ji 3 &~ 48 0 i@ cDNA B3 f%
Bl ~» PCR 3+ :HA2 7 o

(= ) PCR amplification (3 F J& )

TNF-a 2 GAPDH £+ 95°C ™ F & 30 #) F& % cDNA d &
WfER G HEUGRER A1 62°C2 63°C F &40 F) ik {7 anneal
preimers 1§+ it > & primers 2+ cDNA > £ 14 72°C F J& 40 )
i€ cDNA 2 74F W 17> 4ot L ptw OS'C EAF 2w = H 3> &
- B X EAFA0 BHER > LR - BRRAF L -

(= )Final extension (&5 —- B A%~ &)

TNF-o0 2 GAPDH ™ 72°C F J& 5 &~ 48 > & 318 — 'l?ffﬁfﬁi
MEBEERE > 3 4°C HFH* - L cDNA %7 >
L £ TR E-80°C -

(=) %48 % & (Agarose gel elctrophoresis )

4 RT-PCR AJE #3734 2. cDNA A 4711 40 1 crlfi 4 v
b 4e » 5 & sample loading dye (25% glycerol f= 0.25%
bromophenol blue) v 4 & & 353 » #-% - % sample loading % 1.5%
pE 3? %% (7 0.5ug/ml) ethidium bromide » # £ ¥ sk 4 & c¢cDNA
25t * ) % 0.5% TBE buffer * > 2 150V/33mA if & T &7 7
N A é}ﬁ%} o TNF-0. 2 GAPDH 2 mRNA 54 & #4516 2. cDNA
A w5 203bps & 493bps AL T8 R] o Bfs o BT P B TR A 4T ,i‘i
% (Viber Lormat ; France ) > 4 CCD 4p #&# 5 $ci= B/ if &5 -
1% T a2 B o 3808 (Bio-1D version 99) i& {7 B s %‘-’r/*
1@ o TNF-0 cDNA 2z 4p %t 2 /£ 74 GAPDH #ap R » F % %
gty iTECE A T (S 0 OV P R T S A o

FHRET L ERE PR BRI TR

*F %K 34 5 sham control (n=5) ~ solvent control (n=5) ~ TMPZ
(10mg/kg - 20mg/kg, n=5)~TMPZ (10mg/kg f=20mg/kg)+r * aspirin 30
mg/kg (n=5) ; L E R 8L % ischemia % 15 4 48 » # ischemia 1 /] P&
R EIE 0 218 24 ] PF 0 Merat SR BT ko R T2 ERD 0 X
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P

&R AT N ‘;'g,\;n\ 5 j\'I_, n“‘ﬁ._% sk o ¥ oh s iha RS e a% 71 «N
rﬂ_ l

—\\

fe k4 %2 K 447 nitrotyrosine ~ western blotting % 4 7 iNOS
expression /4 % §]* chemotactic chamber % ;¥ neutrophil migration
A SR L e L EE

-~

L
w é_;%g:b‘_rati'@ o R HHY R FEARELTE G L o
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a?%—&fﬁ 268 %14
3L 3
> 5

- ~TEF R E TMPZ 3 < BJP S &R E oL %
W5 LB
PR NGB R AN B/ R B TS 24 ) PF o BARIRB AL T S
2mm Ty PR = 8 o @ * 2% TTC 44 18 > JI* i@\ x i *
imageJ %Lzt #it 48 4v 14 Av\ﬁ oL W eIt g R d ok fUER
Niﬁfmﬁppw § ®H > 4@ (Fig. 1) °r} PRI At R
;"3&19”“ % (frontal pole) 3-9mm e33R 4 i % B 5 P BE > oL H s I
v BERA B B RE O FEING T RS A2 PR g
E g ﬁf A~ (Coleetal,. 2001) o A B KA L G & (- )sham
control (= ) vehicle control (cremophor : ethanol : PBS = 1: 1: 4) (=)
TMPZ 10mg/kg (= ) TMPZ 20mg/kg > # ¢ > vehicle 22 TMPZ 10mg/kg
2 20mg/kg 3t & BLP & PRl e S A 4P e sk 2 & 4o B)(Fig.
1) o d 3Aag? b drd)e2 Bging ks PR T 0 %k e £
BT 2 f;; , ;“’LIE,L‘; T o MAP AL G LG P AL &
oo P F LR T A okE2 54 2 5 F 8 sham 4]t
Fak o e IEJ\‘# o BT R AR EL BRI ST g AP
B3 AATH G M o R0 K TMPZIOmg/kg - IR -
TMPZ >t Mk B+ F 304 F B4 RAK BRI EF GRS T2
3> TMPZ 20mg/kg % & B #2155 B #B B P AR Fraldk e R B
meraldes B F g kR m:ﬁ-ﬂﬂ PRI E IRl W I ReR
2‘2;‘ ° xé * imagel Fuit H0RR 4o L A H7 {8 20 St 2 % 4o @) (Fig. 2) » Sham
PR E R A 5-0321.5%M=6)> L7 Tin B2 3 H
%9 ¢ b #5741 % (vehicle control)) e % & &+ 5 & 35.8 £ 2. 1% (n=
14) > Sham ##%2 @ * cnRieMRE > mF @ * KA 4 5 aqvd < iy
B 7% 4% 5 > 7 3% laser doppler flowmetry & BT I A 5 ¢
TOREEAE A o B AT R4 R %S
RS BH 2 AR Y b A e B3 6 At 5P RS T sham 7
#l& (P<0.001,Fig.2) > 27 %3 & * E£EL AR (22mm) 2 &3¢
ME AT ka‘FK MY s fiq RS i e p BT O EA A a g & B
A4 X L gH %k g 27 ,vig,,, 3f % %4 TMPZ 10 & 20mg/kg
2R E—‘ﬁﬁ PR B R EARM 2 LT 5 %S TMPZ
10mg/kg & & 2. F % 223 5 o 7}3" A B [ M ol 1IN
FRF A ARDEET (23.8:&2.9%,n—8,P<0.05) ; m %4 TMPZ

we £, L ok
LM SR N

A~

FIIP N
)
%

2l LAY
?wp RE L 2 KR o
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20mg/kg % HE 2 FReH L E 7&].&5’,21\ B e ¢ b F ] el R R
ARG P EEY B st ,‘és%z\,ﬁk 5o KR R E G M2 40.8% (14.6
+1.3%,n=8,P<0.001) (Fig.2)

Z ~TMPZ 2. FEfp L E P X igd "k b B8 B 9751
RS E RS R
Bk B2 mgRREH e B E S 3 % 2% TTC %4 1 0 ik B2 5
wTRIRIN 2 JEHL A 4T E BigE ke BB T e S o R BRE A S
Eo AA G R e (1:254+13.8%52:487+7.6%:3:58.6
+4.1%;4:571+4.1%;5:480+£55% ;6:245+74% ;7 :12.8+
4.8%) > TMPZ 20mg/kg %% % (1:50+23%;2:187+51%;3:
376 +4.7% ;4 :31.1+£56%:;5:80£9.0%;6:1.6x1.5%;7:0.6
+0.8%) »d A% FI > AT R Y FERTE A 3-9mm
23R F DNz w PRk B sk fTid X i T B s P 8 (Fig,
3) ° 5 TMPZ 20mg/kg)Fg br H4k 2218 » & |5 R & T "% 62.7% (P
<001)‘369%(P<001)‘45 6%(P<001)’ AR RS &
2O EREAR AR T S BRI AL TR gt by B g 2 3-9mm
2. S\zf‘“ﬂ PSSy NIl f«%«#’m%é{ THR R R AR AR
B E30-13mm F 2 Wi FF o dRx 2 FRE- H BEEFEFE
"o 3-9mm T AT 2 ek 22 R A PRI o
TG > EEEEZE - R AR AR G T 2
oV R FERLSZREFTEPEZ Y- FEK RS
( #*-0.3mm from bregma )

= -TMPZ $+ B 7 g %> % & £ JE 7 9751 42 nitrotyrosine
4 %2 g5

TMPZ %+ B ¢ P58 "% 4> % 51 4= nitrotyrosine # = 2 F2 58 » f| #*

F A EFTEG LS TMPZ Fr4] nitrotyrosine # = etk o B~

IOMmL”m{:"Kﬂ:“}PW» A+ % (-0.3mm from bregma ) T4 K F kL F >

WKL it A2 R 'Fr ( cortex ) ;ang 2 EFKFL AL

= £ nitrotyrosine ¥ (Fig.4B) - %+ TMPZ (20mg/kg)s: & ¥ ¥ i

&y 21 mtrotyrosme RS FERE (Flg AC) » @ =34k 0 X 7
Lok #R|P YT 2 F nitrotyrosine =14 4 (Fig. 4D, 4E and 4F ) -

z ~ TMPZ $+ &7° Wgd e L #Einorilde- §F 14§ &
SRR AR
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7 M TMPZ ¥+ B¢ g kg & L gindrilde— 5 it § &=
fEZ2 22 F F%> 22 hREn AR - Gw » 1@ S B oEEE
( Western blottmg) FI# = BURGIR B 304k o R RO (S 24 0] BF
Azt Eig-F iV F AR A RAER 0 INOS 2 £ IRF AL
BN 130kDa 2 A F < 2B o F % A &AW 5 sham
control ~ ;3 #|e% ® kb 474 % (vehicle control) 2 TMPZ (20mg/kg)
L#w o £ m INOS 2B 2 &7 5 A BB 0 F iRz XG0t @
@ 1§ o Sham $7 ] % (ipsilateral: 1.00 + 0.00, contralateral: 0.82 +0.23) »
% A e ¢ b d4) % (ipsilateral: 1.48 + 0.07, contralateral: 1.04 +
0.07 )> TMPZ 20mg/kg % % ‘= (ipsilateral: 1.13 + 0.06, contralateral: 0.97

+£0.07) o f5d FHEF VRPN A G A ML LENS
{5 24 -] p¥ » ¥ sham control ** # » 4% 1 e IF‘J~ Y- 3 1V F LR
sk FER 3 P A ent 2 s 9:E sham control 2 INOS % IR 1.5 &
(Flg.S,P<0.0l) Foom MG d ¢ A FpAAn R ELE TS dg L
+ A& &3 INOS 2 43> @ TMPZ 20mg/kg 3f 7 {45 87 3 1 el
T o F I TMPZ a5 AE b Frdladw w133 X - §F L § & 23 4
A S 5 $ 8 AR R Y b gl e AT E R P AR A
B (P<0.001) o ¥ ¢ > @adn BRI2ZLig, N FHye Lerap
B2 WX B o

TMPZ #+ B g ka2 F & £ B/ 973142 caspase-3
2R BE

7 B TMPZ $~ B¢ "o "R fa % & L @/ #7514 caspase-3 % IR
ZREF % 2 RIDE T i #BPﬁo‘}é it ik encaspase-3 47 5 17-19
kDa 2. % B o Flpt o SN * F 3 R BR2 247 Fev FAIR 0 T O
-+ 1R F) 17kDa 3-v ?’r » I % caspase-3 2. 2= % (Fig.6) >
BRI R BGINR IRAk L /R B E ES 24 ) pF > Bl
. 4 LA 47 caspase-3 2RI FEE A Z xR AP L Ly

|
pig

W

e olane 1 2% 3 54 kiRl E % laned~5% 6 5 0
Bl X glane 1 2 4 5 sham #+ % (ipsilateral: 1.0 £+ 0.0, contralateral:
1.06£0.12 )>lane 2 2 5 5 ;3 & 0% ¢ b 4741 2 (ipsilateral: 1.51 = 0.07,
contralateral: 1.02 £ 0.07) - lane 3 2 6 7 TMPZ 20mg/kg % &
(ipsilateral: 1.11 + 0.06, contralateral: 0.91 +£0.09) » % % 33+2 % 57
B g g W iEa il (n=4) od FEEEFHR S B d

BN B RRAA o /L B 24 o) PETS > A e B L Y52 caspase-3 %
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PR 7 P AL A > XiE sham control 2 caspase-3 # e 1.5 &
(P<0.01) - @ A g % E S H M > TMPZ 20mg/kg i 43 £ 7 5t
FRE PP I L BTRE N f% T #7351 42 ¢ caspase-3 2. & I
(P<0.05) » ¥ ¢b» Brapi Biplo Lo 3@k ¢ 2 0% &4 P
Mo AR -

# ~ TMPZ $+ 8¢ g%k & £ #9734 HIF-1ok
B2 T

AR D FE AW RIS N S R
< P B/E R 24 6 2+21 1:HIF la 20 &3 > 557 7%
A F71s > HIF-la ¢ 21 IR i+ {g‘i 120kDa 2_ =% » F ok 2 = * &2
it g i =) 2 (Fig. 7) vlane 1 ~2 % 3 40 2 X
lane4~5 % 6 74 o 8 plL *geolane 1 2 4 % sham #7+4)] % (ipsilateral:
1.0 = 0.0, contralateral: 0.95 + 0.0) »lane 2 2 5 ARG Y R 3
@ (ipsilateral: 1.27 + 0.00, contralateral: 0.96 = 0.00) - lane3 % 6 A
TMPZ 20 mg/kg % % ‘e (ipsilateral: 0.98 + 0.00, contralateral: 0.99 +
000) » 2tz A7F Y NEde T2 v @EaE (n=1)
FHREFFR G L IBNGT 24P HIF—lai%i&”ﬁ s
s 5 3 TMPZ 20 mg/kg FE 682 18 > 304k 0 LI
T ald=2 HIF-lo & R F #rd]ie* o ¥ b > 420 Ripjlz Ligd w2 FF
FAIMFLE -

= TMPZ $% P53 % 5 [ § 1 167 B4

AR BRI - GBS P BB R R mre A 4 LR
f5lAery Brigs (v » i2m 373 TMPZ E #2423 250 4 - TMPZ
R AE 0.5uM ~ 1.25uM ~ 2.5uM 2 SuM > iR g Fedl = AR AT T
Slde2 P FriEs K i e 4§ TMPZ H jiHh4e » & thiobarbituric acid
FHEEE A A b = fﬁiﬁ%ﬁt; o HAE T 7 g -+ £ thiobarbituric
acid #74 = egp ¢ %1 (Fig. 8)

NS TMPZ #7304 Fia e A il & £ #in 18 $ TNF-a
mRNA % 3.2 58

BRI FRT o g RA S E s & R R G
W imee 2 A S e > I - g WA AR T2 & Pehimie ik A
4oim d T e o TNF-a 7 2 35 2 % & ehg U 8w it
2= R IR I e R A LA G F P

(L
=
T

._\4

Tl%

%
[

’,’ ’
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o BT 0 BRA 49514 TNF-o 2 £ g 3 W F pend
%{I_u_*gxé’x }’J—jﬁﬁua‘.m H_i% # = kAL 1-;.}:0‘/}3@! 2R 5]
?%??Fﬁ@‘xxr\%ﬁ;}@j\lgf T aiRiEd o /R
i ‘irﬂiﬁr 4] pER A BURIRA Fg‘”rz i TNF-o. 22 mRNA # 7> H %

?&203bps d 2L Ak 1 p) A °$?$%A;E,‘£3§fﬁbbﬁiv
sham #4173 & %@ b #5422 TMPZ 20 mgkg 4% > &3~
dh fo 2 AT BRI AT R R RIS 24 P AT
2. TNF-o. mRNA 4 JL¥? sham f4] %t red 5 P9 A8 40 69 1.29 &>
¥ TMPZ 20 mg/kg FE 4% » 7 03 TMPZ § P & cidr 4]
TNF-a 2. mRNA 2. 2 & (Fig.9) -

TMPZ £ # aspirin ¥t % B¢ X Q&R EF 2 FL #Fin
E‘f,}‘,;}ﬁ' f,‘; ?
d Fig. 10 2 11 ¥+ 5 jHpit * TMPZ X aspirin #c § & &IEF ¢

Mot BRI G BT ST A ARG B e f L sk
LA ELREHRET R ARDLE o

1
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¢ Fﬁa%iiﬁ ¥268 %1y

B

=2

2+

\d

‘S“i\"?"fﬁ\:‘ )
A%

-

%9 7 TMPZ 32 % 20mg/kg % #| & %

o AN E > 5 FRod 2% TTC % ¢ 5% 7407 115 sad
Ao [RGB 24 o) PRI ATid S enip

% 1 j& 0 TMPZ 2 e 84 % & T

ZE LR

AR L IREINS
£ TR

AR R 2
B OATENTE M PR
wAF o R “\'F B&E-
i g e 0 F s I F S B
i P %53 iINOS ~ nitrotyrosine ~ caspase-3 ~ HIF-1a,
Foakt FEs-REREERY F KA+ TNF-a
mRNA # I o
Ed < B¢ AR R £
20mg/kg o i Fg R b P & Rgds R
e — ~INOS eh& 3R H A
%I+t = > » ~TNF-a

mEm 10 & 483 B e e TMPZ
Kk /R EINIE T e TR

» =~ nitrotyrosine -

mRNA Z JRHf 4c >

Em ?:J”f"%i"z g

2

Biralde
+ %> = ~ HIF-1a 2
7 ~caspase-3 2. £+ H >
#P TMPZ + w0 @ Fri]3 L 4p B 2. INOS ~ peroxynitrite 2 TNF-a
mRNA Z 3R> 3R ¥ a5 Fla 2§ VR4 253 2 Frdl i e
A ERELE RAY ‘P
TMPZ » ¢ s Fr#)iw%e &= B JZ caspase Z
V2 LM LG R G

e

| I
b =5 14 _
#¢ 1-52‘3%11:'3* o ¥
or

i A
Mg E =

>
v iEm L me B
oY bW EREFRF O LR B2 BT A
P

14 3 (Rothwell eral,, 1993) « %@ » — & ¢ & m&f{-f#%‘“;fl
F87558 2 A G hmre 3142 INOS 14 R (Galea ef al., 1992)
T AT A A o MR o T RS F T 4
fmre if % cEF s A
BHCF P 2 A ek w05
iINOS mRNA ~ 3-¢ & % %%
no

B
2

LLz
S

#7151 42 e INOS
B BRI XA e y}ﬁsfn
EHRF bk DIERT gy € i

‘_l_x?ﬂ

B § 4 IR (Tadecolaetal., 1995) - 48
B> o o INOS 2 f 5 F B3tk f6 12-24 /| PFZ R AR B 5 P &g
F—l 22
O i ¥ (astrocyte) % m F e 0 H
(Iadecola et al., 1995) ° 2Kk @ » 41
LI %>Rt E A

Z
4

it ;a K RN LTS (R A S et S (polymorphonuclear neutrophils )

o m’?}\
faimre k3P 5142 INOS 2 2 3R o

Zé m fm S v Z;Bti}ﬁ IR_,
H ¢

zmﬂg&r% < z«c }t —’i’ g,—'\)’z
> =
PR B e ~ 5 Al f e 2 B BB L E R R

N1 F’H‘*’ iINOS # T2 #8483
e
1 % e 4_ interleukin-1f
(IL-1B) ~ TNF-a % interferon-y > _LE'JIL n ¥ ,;I-% At }g B g IRak 11 T i
JPER AP A 0 @ B A2 3R iNOS & IR &R R e e

9 "L ,.L —'q’\ﬁd :cc :m }JE
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% g+m & (Minc-Golomb et al., 1996) - ** A F|k & @ % » INOS 1 & ¥
JE9 NF-cB #i3 47 NF-kB ikia i £ INOS 7 14 4§ 2 73
(Xieetal,1994) - #8m > NF-kB » # & F it 4 o R TARF § ww
#rZE Pga B (Moro ef al., 1998) o “,ﬁ% gtz ¢k 5 INOS =~ ¢ %’ﬁfr}
interferon-y #7 7% 2 interferon regulatory factor-1 (IRF-1)ig4& =3+ iNOS 2
Fl2_fadsF @ 5t (Xieetal,1994) o 5d 35 #r3ldez % (VR4 A E
gL ARTIBA 2 INOSe - A Y P F IR > — fAEF7RNE INOS 4p B
2o F BB E R 59 2T 4 3 ki T AL F 4 o hypoxia indusible factor-la
(HIF-1a) F 4% =50 iNOS 2 gc#s 5 & & @ i 23 37 INOS 2 & F] 4 7 -

Flpt 0 INOS » # i s 44 % 3% A %2 - (Melilloetal., 1995) -

R P Rk ﬁ%ﬂ%ﬁ’d#»%é‘fﬁﬁﬁi?’ﬂﬁ
glutamate % 2 B (44 5 1B E 3 fﬁ’fﬁ 2 E Y NMDA £ #8529 ¢ 2
INOS 2. % > @ p INOS 4 I 5 & #E 47 4+ & it NF-kB #7233 #5( Cardenas
etal.,2000)° X @ - 7 B glutamate 5!42 INOS # Herziimib i » R 7 7
i § 0 i e ng - B ek g g P J2p) NMDA X #87% i 5 ehy
R4 Ay pd A am ko bldodgy RS A4 A

( superoxide anion) ( Lafon-Cazal et al., 1993 ) - "f pLzo ek s O e i
FETIABRANNEIPERZ B R AR RS AR (Bock et
al., 1996 ) » & g5 L% FFT  4p 1+ glutamate it 59 3 4¢ TNF-a convertase
(TACE)# 3 » # % 5142 TNF-a # *z (Hurtado et al., 2001 ) ¥ - B ¥ i;
M % glutamate % i # 4% F]+ NF-xB 2 /% i # & INOS # 3 ( Guerrini et
al., 1995) -

Ra oo - BT ® ¢ #F TACE/TNF-o /5 42 & iINOS # ILiE
Y > e ﬁ | * TACE #r+]#] 1,10-phenanthroline & BB3103 # i i 43
Fri)ied 40 51422 TNF-a T§ Tl FFy € pr4] INOS 4 3R(Hurtado et al.,
2001) = ii“é?i b- %A% % ¢ 422 0 1% TNF-a sk # TNF-o ¥
foit 53 #7041 INOS % m’;%ffﬂ e > TNF-a {8 ¢ 35 >4 5 ik i BB3103
“75142 INOS 2 #r]18% » 5 stz = 7 TNF-0 %8 &? ffdd 5k Sad o
Mg E arild=2 INOS % R o

F* iF # M 7 INOS F#r4]# (aminoguanidine 2 1400W ) +# 12 #* %k
3 Radd ek fk P73l 4220 INOS % I (Zhang et al., 1996 ) o >+d a ek
BB Bl PR § 518 INOS 2T gd ¢ X g Rt R 18 1224 )
PEHET INOS #r4 )% > & INOS & St & PR ™ » 2 H M INOS
P vV e et 3 oo 9 30-40% (Tadecola et al., 1995 ) - 41 *
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antisense 2_ oligodeoxynucleotide ¥+ iNOS #& # #r#| T % & & $k it 49 %L
FadR W L Nadk o PTid mu,; % (Parmentier-Batteur et al. 2001) R
UK St ¥k A - T INOS # Tz # ¥ > 5 *hdab /2§
I A SR © 2k (ladecola et al., 1997) o kFE I R
Bar s Mgaka R B ’;a-.—v( NO m’# A E & d INOS £ 3 % o

AR AR AR E ST 10 ST L E
(TMPZ 20mg/kg ) > A= F e F ° Po3iRiiE 24 /) Prad o /R B2 5 T
PEd F S REEZE R AR R R R BT WA
FiEdr4] INOS 2 TNF-a & 4 o4 u (55 R en jBin § e £ 50305 T 42
& (Barinaga ef al., 1996) & g_i& "E%‘Q‘F‘Fﬁ Pie IR E B mie A5
A2 W F R e 28 3-9 mm 2. % & (Feuerstein, 1994 ) o iz dt % ¥ fw
zig- A4 X ENO Z O, T 7 Eif b A5 = peroxynitritee i% 1 iNOS
2 nNOS #r4 &5 > NO 4 = i& @ §F ¢ peroxynitrite 2 4 > it 49 P B &=
"% M4k o /R JE7n 5 % (Hirabayashi ef al., 2000) o F]pt > NO 2 O, % v
ek it 4 =4 (peroxynitrite) $3t4k o f BRI A2 2 NG T IF

HobFEFE-BELELE DL o
WAF&HRY I LR F LI F W R A BUGIVAF nitrotyrosine
24 ) pEaE e LB E 18 2 & IR o Nitrotyrosine #_ peroxynitrite £
tyrosine & Ji 2 = 4 > d 3% peroxynitrite 25 # T 0 (A F F HH B
2L AR ’ﬁﬁr’ LAY R WP nitrotyrosme A2 E > * KiFi
peroxynitrite % ALK p ik o AV T T B R B IR 0 AP Gk NI
2. = ’-’“‘}i ’%‘r R 3]~ € ¢ nitrotyrosine 4 & - 2 §d 3tk n Boiplz L g
AF AT L% nitrotyrosine & TR Fpt 4Rl ¢ & rgds Rk /LRI 24
| EES peroxynitrite g EAREINI L e Ea A2 BT W
it £.3% i INOS 2 nNOS #7f#*x2. NO 2 f_H = reactive oxygen spacies
(ROS) *Fi& & o 35 7 1 31 2 TMPZ 20mg/kg % ¥ 2 ¥rd] £ P4 i £ 800
T 2 Pl oerilde o nitrotyrosine & IR o pr gk L V- R
TMPZ 7 1225 d 44| iNOS £ I8 > & NO 4 2> @ & 3| i w20 4,
B /LR Aez F T AY o F - 2 G o TMPZ 3t g 5% ¥
3ERE a‘%#’ué? itz a4 2 #Rm o 3 Zhang & £ (Zhang et al., 2003 )
LA A M b A B S AP T ke TMPZ ¥ 1ok 4 IMLP flje2.
supelroxlde:cmlon)i?L 4om L34 § fLiEH o Fpt s Pt 3 G 2 KV i F
BB RGE- P B AEL o

TNF-a % - 6% 5 35554 o Him T AR e B IR eh A A 3 & 2 5
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:,’g—,;f:i\%mvfe;;;r—% Il %izmﬁqﬁ‘gggﬁmﬁ,{n = o *n;y%,\;ﬁ—_& e g T
> TNF-0 & 3 % i€% » 2 43 44 (Dawson et al., 1996) = i3 {4 i
* (Bruce ef al., 1996) » j* B~jd-3t 87 TNF-a £f§ 2 R 2k R - TACE
RGN A— A4 T8k R G 3 4 4 9L (Karkkainen er al., 2000) > H 3%
¥ KA 4 TNF-a 7% i & (membrane-anchored precursor) 2. & & 4
¢ (Black et al., 1997); TACE i & % IR 4! S imbe ~ & R4 G H
2 2 N A o2 (Goddard ef al., 2001 )- 35 & ¢ & fm #2 (cultured forebrain
slices) *t4* § Brak L E% ¢ ot 2 TACE » ¥ ¥ srid-kia % TNF-a
i A T e 3 4e £ I (Hurtado ef al., 2001 ) ° ﬁr& & 1= ;,;L;;f;] dr %gé
21 iE 45 1 TACE #7413 DPH-067517 e+ %Rt ¢ I E § 4
Gk, o ¥ bk 2 TNF-o » ¢ P AT "% > 4287 iy 5 TACE
e orig A& o F|pt o FECORA M TNF-o f2cv a0 ¢ @ 235 3
m A ST (Wangetal., 2004 ) -

TE kR P R 4 B/ B 5l s s g ks 3
%,+—ﬁ%#ﬁ%ﬂ%ﬁ Yoo e ek X WA HIA R ARG ok
R A e BT E L AT F R SRR 4 5 kR TNF-a
MRNA # Lz B % F 423 L it ad e B T {8 24 ) pFenfn
T o RART AW RIT] TNF-o kA 0 &7 Feiten REBAH Lm0
e RUF - %?-3§?$”33:’f L mABSF TNF-a A 248 LF B s
TMPZ 20 mg/kg 2 {5 3% IE 4~ 5y 43 7 »cdr$] TNF-o mRNA % 3R >
LR X@i%%“—’;’—’m FE e

Hypoxia inducible factor-1 (HIF-1)5 — féit & & fAiwe P % B2 &
BrFS o FulE_Aak S AR S PlgcahiR T s v (Matrone et al.,
2004) - v £ 5 @ f#=x ¥ ~ (subunits) > HIF-1o 2 HIF-1f > 31 & 53§ o
HA®i HHIF-12#MHe A1 ¥ 2§ 99k8 ™ > HIF-1a g 3. E RN
#2525 & (ubiquitin- proteasome system ) T {7 & 2. FdF3t{E w
gk AL 5 AP ¥ > HIF-1B R E A& 2 end T o & § en4 32 F T » HIF-1
PAEEF]F 2 b d o SR T PFEE AT AR R el AT AR
A Z R T R TATAL > et 2 Aol > 2 70
i 3f 4 = (erythropoiesis )~ » ¢ #72 (angiogenesis )~ 48 3+ T = (iron
hemeostasis) ~ # % # % it £ 3 (glucose and energy metabolism ) ~ ‘w
#2 3 4 (cell proliferation ) 2 ‘m*2 73 /% (cell survival ) Erythropoietin (EPO)
01992 & A FREfA Y 2 MF F A F] (hypoxia response
target gene )it ¥_HIF-1- f¢ $% 3 > vascular endothelial growth factor (VEGF)
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s A g ieF HIF-1 4 e 23R 24 374 & %%ﬁl‘lﬁfﬁ—%i fmre {4 h
% F FF R AL o ¥eb o Eg glycolytic enzymes % insulin—like
growth factor 2 (IGF-2)% - 8 25 @ 40 § F chif i R B0 3 § i

£ fmre (N Bt9r 2 (Matrone et al., 2004 ) -

n

WRF AT AL HIF-1 &5 B8 wie 35 chi 4 23w B3R
ApEmEn o HIF-1 .F 5 dmie k= FlF o AF R ALarm 7 K 2
HIF-1 ¥ Mg d w2t 3 A 4 % &= > F]pt > HIF-1 48305 sc 9 i ¥
SRR T el e RN me 2 4 SR TE T o LR BT 0 My g
2. HIF-1 sc #74) p53 & 1 w92 5% (Lietal,2004) ¥ — 2 6 » %
FoREREF T LFBF 4 k9 F 4 IR > 4 inhibitor of apoptosis
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Fig. 1 Effect of TMPZ in ischemia/reperfusion brain injury by middle cerebral
artery occlusion (MCAO) in rats. Digital photographs show the infarct
region in brain sections stained by 2% TTC 24 hours after middle cerebral
artery occlusion (MCAO). Rats were pretreated with vehicle or TMPZ (10 or
20mg/kg, ip.) before the onset of MCAO compared to sham control. Panel A
means the sham control group. Panel B means the vehicle (cremophor :
ethanol : PBS = 1: 1: 4) control. Panel A and B present the damage region
enlarged after ischemia and reperfusion cerebral injury, and panel C and D
show after the administration of TMPZ (10 or 20mg/kg), the attenuation of
the infarct region.
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Fig. 2 Dose-response curves of TMPZ in ischemia/reperfusion brain injury induced
by middle cerebral artery occlusion in rats. Rats were pretreated with TMPZ
(10 mg/kg or 20mg/kg) or vehicle (cremophor : ethanol : PBS = 1: 1: 4) 15
mins before MCAO compared to sham control. Data are expressed as
percentage (%) of contralateral hemisphere and presented as mean + SEM
(***P < 0.001 compared with sham group, #P < 0.05 and ##P < 0.001
compared with vehicle group, n = 8-14).
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Fig. 3 Effects of TMPZ in attenuating the infarct volume at slices. Brains were
dissected 24 hours from reperfusion and sectioned at 2mm thickness in the
region from 1 mm to 15 mm of distance to frontal pole. Digital photographs
of Infarct area (%) stained by 2%TTC after 1 h MCAO and 24 h reperfusion
was showed in each brain sections. [vehicle control group (@) and TMPZ 20
mg/kg group ([_])]. The infarct size of the third section was largest than
others. The ischemic region was attenuated by the treatment of TMPZ 20
mg/kg in sections. ("P < 0.05, P < 0.01 and P < 0.001 means TMPZ
compared with vehicle control group)
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Fig. 4 Effect of TMPZ reduced expression of nitrotyrosine in ipsilateral brain
cortex against ischemia and reperfusion injury. Immunofluorescent staining
of nitrotyrosine in ipsilateral and contralateral brain hemisphere (-0.3mm
from the Bregma) 24 hours after middle cerebral artery occlusion. A, B and
C are ipsilateral cortex. D, E and F are contralateral cortex. A and D are
sham control. B and E are vehicle control. C and F are pretreated with TMPZ
(20mg/kg) (scale bar = 100um in A-F. Magnification: x200).
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Fig. 5 Expression of iNOS in ispilateral and contralateral brain hemisphere 24
hours after middle cerebral artery occlusion measured by immunoblotting.
Rats are pretreated with TMPZ (20mg/kg) before ischemia compared with
vehicle or sham control. 1, 2 and 3 are represented as ipsilateral hemisphere.
Land 4, 5 and 6 are represented as contralateral. Lane 1 and 4 are sham
control. Lane 2 and 5 are treated with vehicle. Lane 3 and 6 are treated with
TMPZ. ("'P < 0.01 compared with sham control group of ipsilateral brain
hemisphere, P < 0.01 and P < 0.001 compared with vehicle control

group of ipsilateral brain hemisphere, n = 5).
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Fig. 6 Expression of caspase-3 in ispilateral and contralateral brain hemisphere 24
hours after middle cerebral artery occlusion measured by immunoblotting.
Rats were pretreated with TMPZ (20mg/kg) before ischemia compared with
vehicle or sham control, and the group pretreated TMPZ 20 mg/kg was
significantly decrease ischemia-induced caspase3-activated in rat ipsilateral
brain hemisphere Lane 1, 2 and 3 are represented as ipsilateral hemisphere.
Lane 4, 5 and 6 are represented as contralateral. Lane 1 and 4 are sham
control. Lane 2 and 5 are treated with vehicle. Lane 3 and 6 are treated with
TMPZ. (P < 0.01 compared with sham control group of ipsilateral brain
hemisphere, “P < 0.05 and *P < 0.01 compared with vehicle control group of
ipsilateral brain hemisphere, n = 4).
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Fig. 7 Expression of HIF-1a in ispilateral and contralateral brain hemisphere 24
hours after middle cerebral artery occlusion measured by immunoblotting.
Rats are pretreated with TMPZ (20mg/kg) before ischemia compared with
vehicle or sham control. Lane 1, 2 and 3 are represented as ipsilateral
hemisphere. Lane 4, 5 and 6 are represented as contralateral. Lane 1 and 4
are sham control. Lane 2 and 5 are treated with vehicle. Lane 3 and 6 are
treated with TMPZ. (P < 0.01 compared with sham control group of
ipsilateral brain hemisphere, “P < 0.05 compared with vehicle control group
of ipsilateral brain hemisphere, n = 3).
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Fig. 8 Effect of TMPZ on lipid peroxidation in rat brain homogenate. The brain
homogenates were preincubated with vehicle or various concentrations of
TMPZ (0.5, 1.25, 2.5 and 5 mM) for 10 min followed by the addition of 200
UM Fe®". Results are presented as the absorbance at 532nm/mg protein in
brain homogenates. Data are presented as the means = SEM (n=3). P <
0.001 as compared with the normal saline (NS, resting group). TMPZ did not
interfere with the thiobarbituric acid test, since the color formation was not
changed if it was added after the incubation with thiobarbituric acid reagents.

202



CEEEE K 26W F 1

TNF-o

GAPDH

sham vehicle TMPZ

MCAO

1.4 -
3
%L 1.2
G
S 1.0
o
.2
B 08
g
]
o
< 061
Z
2
E 04
o
2
=
S 02
o~

0.0

Fig. 9 Effect of TMPZ attenuated expression of TNF-o0 mRNA on RT-PCR analysis
in cerebral cortex 24 hours after middle cerebral artery occlusion (MCAO).
The cDNA electrophoretic line represents a sample from separate animal. All
animals were subjected to MCAO following 24 hours after reperfusion, and
then brains were dissected from ipsilateral cortex. Samples were divided into
three groups. Lane 1 means sham control group. Lane 2 means vehicle
control group. Lane 3 means TMPZ (20mg/kg) group.
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Fig. 10 Effect of TMPZ in ischemia/reperfusion brain injury by middle cerebral
artery occlusion (MCAO) in rats. Digital photographs show the infarct
region in brain sections stained by 2% TTC 24 hours after middle cerebral
artery occlusion (MCAO). Rats were pretreated with vehicle or TMPZ (10
or 20mg/kg, ip.) before the onset of MCAO compared to sham control.
Panel A means the sham control group. Panel B means the vehicle
(cremophor : ethanol : PBS = 1: 1: 4) control. Panel A and B present the
damage region enlarged after ischemia and reperfusion cerebral injury, and
panel C and D show after the administration of TMPZ (10 or 20mg/kg), the
attenuation of the infarct region.
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Fig. 11 effects of TMPZ combined with aspirin in ischemia/reperfusion brain
injury induced by middle cerebral artery occlusion in rats. Rats were
pretreated with TMPZ 20mg/kg, aspirin 5mg/kg, TMPZ 20mg/kg plus
aspirin Smg/kg or vehicle (cremophor : ethanol : PBS = 1: 1: 4) 15 mins
before MCAO compared to sham control. Data are expressed as percentage

skokck

(%) of contralateral hemisphere and presented as mean + SEM ( P <

0.001 compared with sham group, ™P < 0.001 compared with vehicle
group, n = 8-14).
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