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%3 - CCMP  94-RD-031 FH4F 2

N B 2 7E A Yrkk tetramethylpyrazine 4f i aspirin ¥ 78 By 8-
s PR RZH R

HEXIHA FELE
PAITEM : LB REARBE2HRA

BE |
A8 B O AEFTMPZ 20 mg/kgHf A aspirin 5 mg/kg R B 6 F AME SRR EAE R
Kot REEAEANMBAHFELHEILR  URALL LS FRE > L ARAFRHERRY
RABEUARCERZBA BRI KMBRAZEREL -

ARBRERZARRBETABEAEREAZIGHEA LA AKERZ I EHERSY
BERZETF GE0)F A EF BEE (Western blotting) R E RSB EI| RBFHFE—ALLS
BB H (NOS) - HIF-lao fecaspase3 Z X R4 ¥ * QH A a & & 5& % &%
(Immunohistochemical staining) #2 5442 % nitrotyrosine #94 g% * Q)& AE H R /LB 4
5 (Lipid peroxidation)fv (4) R 3§ ¢k - 3 4 8 % i& 44 R J& (Reverse transcription-polymerse
chain reaction ; RT-PCR) R AR/ mRNA#) kB2 ¥ °

TMPZ (20 mg/kg) st # AR E A & ARV 59.3% a s BE ARG EMI I RZIBERH -
BERXRABALE-FTRLS TR ORIRTMPZE b EXAH B RBRE BhEFRRERLAR
K EEHE  BRAK L ATMPZAEBA #7320 INOS - nitrotyrosine ~ HIF-1a.& caspase-3
A0 BhRBE-REOFE TR RBY E4H B R > TMPL#EH I # TNF-o mRNA &3 - i
2 S R BAEI ERZ A BAARER T » HFRTMPZE R AEM 448 FArd 2B R
et R B —% @ TMPZAf Raspirin’ZF E /B A ERAMR AR TRLEAAFFATMPL
4A-Ptaspiring & & A H R R AMEATMPZR aspirinE 2 X RAAEA SR ET C#
BAME AARBM AR BB ERAETRES LR BOIHR MAABKRL
BIEBAARGE BB RBRAAMELGEER  ARR BFITRAABRBERBE L - P K
3 TMPZA ffaspirin ¥ 7 4k fo /B E MK R P AR R I BE » RARSFHREG2FH -

MiseE (20 =3E]): ¥ RESEAK > FAEH#E M » TMPZ > aspirin
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Study the effect of tetramethylpyrazine combined with aspirin
on ischemic cerebral infarction

Joen-Rong Sheu

Graduate Institute of Medical Sciences, 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-q
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, mitrotyrosine,
HIF-10. and caspase-3. By reverse transcription-polymerase chain reaction analysis, TMPZ
also suppressed the expression of TNF-o 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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% Py fA2 (intravascular thrombosis) & 3] AL 3F % & f F J& /R B9 A
WHz — > EE Pk ¥ (arterial thrombosis) &) 82 3% %] % (plaque
disruption) & 24 %M £ #1128 (acute vascular syndromes)’ €,35 S AL
## £ (myocardial infarction) - < 4& &£ M 4% (unstable angina pectoris)
LR P )& (stroke) (Fuster & Lewis, 1994) o & M4 P4 8% F /&, (acute
ischemic stroke) i& % & & # cardio- or athero-embolic #97 &, * & 23R
by f B LK (Albers et al., 2001) = ¥ 4R A A B A&y oA g R AR M 14
FRGARTHER  ERAMAENEZH T Z KW ILER » o
INRAE SBAT A% dn % & 4 fn A (progressive microvascular thrombosis)
MRS FHEE R A & (Choudhri et al, 1998) » B &£ RAKMEEZKR
f 8 AR 0 B4k g 4 lipid ~ platelets Fo fibrin (44 %& &) &) a2
B ek BRET A % (Okada et al.,, 1994) » i& s i f ik
Z A& F o (FFBP no-reflow 3 %) > Bp{# reperfusion fe B4 @ 3 %
BB RR BT RRGERE LE SRR MRS E—TRER
f& (Pinsky et al., 1994) > 4 B4% & fa B %48 © % — 3R X 4% postischemic
hypoperfusion #3445 #7~ * £4% A intraluminal MCAO (middle cerebral
artery occlusion) & 4 48 % PL&k @t ¥ BELEF > reperfusion 3R g4 CBF
(cerebral blood flow) k4 £ &k & AT 8945 % (Connolly et al., 1996) ; £ &
F AR T 69 #50 upk WAL 4 B 3R 3% 00 N £ B R 2 3R, degranulated
platelets £4 & fibrin &4 B #% (del Zoppo et al., 1991) o 2k M > ##>5 3 A 44
dn % AR BS BR )N S B IR &Y platelets B A% 0 -2 microvascular no-reflow
DERE—F et R s RANRIRIAREHESR
(Abumiya et al., 2000) -

)

i}

SR 2 RERKBEHEF R T LERR & RIS
leukocytes #L 4 HiBf » AEBSOBAMETHMMBEIRENEE
£ f4 &,(Connolly et al., 1996) o g # leukocytes % 8 %) X B #1858 &) — 4
4 f (stiff cells) » R E#HERE T » PMN 89 % [ 4-F - P-selectin #v
ICAM-1 » 4 %] 4£ B% & o 24 B reperfusion &9 AT#1 » € R E M £
lenticulostriate k14 & 4% &% %k 3R, > 1& leukocytes & Z 3R Mt £ X & 4m
B3t B 3513 E AL 0 B2 5 SR B8k dafe reperfusion #9 no-reflow 3,
% (Okada & Copeland et al,, 1994) ; #: 4 » B %45 B £ F #7527
neutrophil depletion (Connolly et al., 1996) » 3 & FA Ef P-selectin
(Connolly et al., 1997) » A& 7% 7V B8 B B M Ao 2 & BRI BS & B fifi 0 1247
£ERTARE LR - 48T F Z » fibrinogen ~ polymorphonuclear leukocytes
Ao k&I ey platelets Pofk 4L A% 2R microvessels @ & % 2k microvascular &
E &y =% % (del Zoppo et al., 2000) » 4% 4F % s ;o & &9 W5 3@ M



(microvascular patency) # % °

BAT b MR B CHREBREREAVER LS RO T R E
Blho S PURE ~ FRFo S B IR o

fEEER L0 B AT S A SO AR B A B A AR TR AR PSR b
B &y A% » 8,4 T aspirin ~ ADP receptor anagonist (ticlopidine #v
clopidogrel) $4 & glycoprotein IIb/Illa antagonist > aspirin &9 4% F ##& & R
T 1 &9 3p %) cyclooxygenase i 20 T thromboxane A2 #4 & & i & #p %l fo
ARG ERE LB S HE BN P > B aspirin £ TR By @ SR PR
B R 5~ B S  EEKBIFLEA REHRH 0 A 23%ED TR
BAEMAKRER 18% RV TR SHEER QTR TCHELHLRE
(Antiplatelet Trialists Collaboration, 1994)> A7 ¥A aspirin 75 & B 3] A RFAL
#Watsht PR EERY FHATERSAHSE LS LM FE
B 0 B Be R 3XER(ESPS 11 study)ff i R #& R F] 45 A # 3 sh Hudo MR
% 4 B 3 A ¢ dipyridamole & aspirin SRR - R FERR S E 37T%
BYYRBEHAKRE BAGRAMELHERER aspiin L TR
3% #a(Diener et al.,1996) » Fl 878 A 5 — @ B2 SRR (MATCH study) E 42
374 clopidogrel 4 A aspirin R T8 B ¥ J& &9 2 R (Diener et al., 2004) -

HARM LTI EF AN B 2 7F M A iR tetramethylpyrazine
(TMPZ) R TAW ¥ R Sy X, F > A58 TMPZ (20 mg/kg)fie B & &
D AR 2 B AR 4 60% 8048 #k ) £ (P<0.01) ETRMFAKET
AT LIf MRIERSER | TMPZ $£$/2 i cGMP #) 4 F 34 ho LA R 47
%] phospholipase C #97& 4 > 2. HLAALB4ER -

FRoA s A EH B EZZH A TMPZ #o aspirin RIFFERER
Bl Aot MR ENR BREEA KA FRAHAR  EHART &
AR KIS © Sk b B PR/ FE R XS F A X R RS M B
PR MBS RE SR AIFRARR A EEE K
BEGBZAE - TAHRK  BEEBEGRE - R EIIS
B2, o

F 3] 2 TMPZ & aspirin B £ &H & FH -

Tetramethylpyrazine (TMPZ)& &5 Il & & A7 £ B2 F 2 A i TIR
Y Ao % 46 5B B 45 % A (Beijing, 1977) - TMPZ % #7i8 & # ‘Bacillus
Sultitis &4 4, %4 (Jeffreys et al., 1970)> B 84 B &b fbfo &4E T H 1977
FAREEI o P B AM:  —ARRANIEHE SN2 E EK 0 TMPZ (40-120
mg/day)sA ivIESHEEA 1-3 2% HF 90 %em EAABRGOKE
myodynamic Fv %% & ##(Beijing, 1977) - % 4} » Wang (1984)z& 84 » TMPZ
B EaEMSaEREY » AN EE nail fold microcirculation &4
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W mB TMPZ ARG AAREMNEER - AAMARESR L TMPZ &
A 1§ dn JB Fo o ] /N AR B 5 6945 A (Ojewole, 1981) » MR$HAKIE /7 B3
ho i fo % (Zeng et al., 1982) & 7 ik 8 Bk £ (Beijing, 1977) - TMPZ [ 8
A By P42 & microcirculation Bk 2 4% dn - & 38 iF M (Xue, 1989) © Liu
Sylvester (1990)&95F K4k 445 i » TMPZ 7 &40 F 5 P T 40 %] £ 42 89 7
A B TMPZ 5T #p 4] % #7516 #] (%o collagen, thrombin Fv ADP)FR 34
Z_fn /N AR 5t 46 (Hoet al., 1989)» & H 4 ) A2 T X, 89 4 A =T AE3F - B 7%
H¥pd T f ARG ERE - B > Huietal(1987)% 3 » TMPZ K & F & —
#& 2-adrenergic B 6928 - 7E LA o B 2L 0 3R] TMPZ 4 $) do/ AR &9
BERETEREHETIRR - 38 TMPZ 84478 R B # nitrovasodilator
MEY EENAAEREE T TMPZ $#MF SRS REIER A
endothelium-dependent & nitric oxide-mediated & #% %] (Peng et al,
1996) - th7E A BAVZAT A R ELEET TMPZ feF & R AL fo /)N ARIE o
NO & cGMP &) & 4 » H #4388 7T 4t & £ & 7E 16 NO synthase (NOS) (Sheu et
al, 2000) » %193 B 4% F TMPZ 4 &L & F (0.5 mM)AS 4 %l
phospholipase C » #p#] collagen (5 M) 77 35 ¥ &4 phosphoinositide
breakdown & thromboxane A2 ¢4 £ 4 » £ 52 E T (1 mM) » TMPZ %
# T3 GPIIb/Illa %8 » mipH T oo ey %% (Sheuetal., 1997) -

Aspirin RAHEREFELHERAGENZ—» LRG GHHRF&—
1B 3 vk Bk 45 salicin (Maclagan, 1876) & #k 74 B % ¥ 1t &4 s salicylic
acid » f£ 1897 4 s 3h 844 A i acetylsalicylic acid @ 5] B4y % % aspirin °
42 9 7 469 4% - aspirin & 2 F 45 A #(Stone, 1760) » 4 1890 4808k
31 EA A8 A A 06 B K- HA 09 X R JE (Dreser, 1899) » fm4e 1970 #K.& F
8 okt E A A ik L (Weiss & Aledort, 1967) » 3 B & %
S ER T A AR A AR TR RS S % R gk b o Aspirin #94F A
#4388 B R 5T 3 dodp H s AR cyclooxygenase enzyme (COX-1) (Roth &
Majerus, 1975): & 2V arachidonic acid #& % s, prostaglandin #= thromboxane
A, > thromboxane A, & — 18 1R 3% #4942 5% o 3] R o % W L5 B > A7 LA > aspirin
Wi E A £ &R ¥4 T thromboxane A, 897 & » P9k » aspirin 75 5
# & neutrophil R R I H L R FIL > HEBFIT L&D
NO/cGMP-dependent process (Lopez-Farre et al., 1995) » LA & aspirin Hp 4
postacyclin &) & € 1% i N & 41 fa 4~ i, NO (Bolz & Pohl U, 1997) » i
A M MREIL o SLEEAR L 0 45 A aspirin RGBS 0 E K
o BN T RE % LDL 4% 816 & M 8k 20 8 Mk 3 Ak 28 167 mk (Steer et
al.,, 1997) > Bl IR T & W & %38 & H M (Husain et al., 1998) » H i
% e 8] aspirin & — 1B £ 1b4p(Ghiselliet al., 1992) ; $ HEFHE S8
BE AR IRER 3R, aspirin 89FEAE B RABRY T EA CHEE R &bt § &
0 A B & R R I R (Awtry & Loscalzo, 2000) o -



B~ AR IR
1. KBS BBk 0. 4 P2/ S AR X

AEEAE R ERE WA KA 250-350 g (% 4 Wistar) > £-# Longa
%A (1989) & Hwang %A (2002) 2 ikho i fsfh - £RM 3 %
isoflurane (GE# 95 % 02 #v 5 % CO2) R BRI EMBE LU 2 %
isoflurane #:3F B4 o SAAR R K b P ARWIEA 0 X B A RIESAEAK (right
common carotid artery) -~ #FEE Bk (external carotid artery) ~ $2 M SE &)k
(internal carotid artery) » # 14-17 mm & & & 4-0 B #£ 4 (nylon thread °
MHAE—RYE) ShSAHRBAZNATIK §REME TG
8] KBS & $9 Bk (right middle cerebral artery) 8.2 (ischemia) » 2R 1%
BAGO (B2 8 8 REEE - HAEF A AT A R (behavioral test » i
JoF) HARKBENA R E— RGNS o F— /R > BREE
R0 B 4-0 RFE SR AL s iR B R (reperfusion) E &Rb il Bk o —
+ua N A ABIRTHRE- TN - FITBRETERABRNE
HAEBE3TC -

2. 7433 (behavioral test)

%-# Borlongan % A (2000) » fe &k 0 — NEFEY B R SA B =+
w N R B A RAEREAT) RFFBRERAOATREHRT
W3 (354 forelimb akinesia > X 4% postural tail-hang test) » LAZE3 K R
Rt B — R B3R - A RBXEAZ TR HEEE"R
RIS TSI > AR A "RRBES R WAE (ERERE) Bihik
4o F (DeVries et al., 2001) : IEXRECERL BB EZ T BERKAATRK
MES > ZAROHMREESRFRE S (FRERLMGHRR
c-shape bending) > BF & S5 94 R AAS F Sk B MK » 35 BILR K
RZ KBS RS ELER T B AR K TR RN E R

3. B E B H (infarct size) Z R

4% B3 Bederson & Pitts £ A (1986) &9 F 5 R RE » FF—+ /| \BF
B4 3% B 4 4% 0 48 B chloral hydrate 200 mg/kg Fi &£ & 0 WRB R4
S THAMESRE > Bz KhA &2 mm EAE - 222 % TTC (2, 3,
5-triphenyltetrazolium chloride) £ & 37°C T % & 30 4481% » B BP AN
10 % formaldehyde solution Bl & - faX > B3k A a4 8848 (Nikon
Coolpix 5000) » £ 14 BA $54% 047 k% (Image-Pro Plus) =t E A48 E A8 7%
Z B 4tk (% infarction volume): % # Lee % A (2002) #v Swanson % A
(1990) z X » SAHFFRBEKAEZ T4

A FERIEEFR (B RLBBEHR
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B : #pAEFER (258 BH
RERAMTIAE  (B—A)YB x100 %
4. B5’H B A1t (lipid peroxidation) &3] &

% B8 Okhawa % A (1979) #hF ik A& 46 » B ITH —BLEE
(malondialdehyde » 4 & s B @ & bty F542) a98 & - 4§ Wistar A K
R KA A BRIIRBGRE ~ B aifo o ¥ B 7% » A Dounce #E 5
B LA B8 % 42 & 49 7K % Krebs buffer [10 mM Glucose ~ 10 mM Hepes ~ 140
mM NaCl ~3.6 mM KCl- ~3.6 mM KCl~ 1.5 mM CaCi2 ~ 1.4 mM
KH2PO4 ~ 0.7 mM MgSO4 » pH 7.4] Aa SABH B 3 8 16 RIS B 3k » A8
ik 3000 rpm #HEoFo4ER 0 REFRAETETBEALETR - #
lycopene fo AR AR AR B 3TC T RIE+ 448 BEBP A S48 & (200
uM) $) 4T RIE =+ 48w 10 ul k% trichloroacetic acid solution
[4 % (w/v) in 03 N HCl] # Lt RE#R > AloAfibBb &k
(thiobarbituric acid, TBA) & & & [0.5 % (w/v) thiobarbituric acid in 50
% (v/v) acetic acid] - F+AEA 5 4EmBHEEEL » o 1 ml ETE
(n-1-butanol) LRI A EZREGHEY » MERALAF =T o ERHREE
Ko RIEMAMERYE > EA A L K KHMAR (Hitachi, Model U3200) %
£ 532 nm B & 2 & n-l-butanol = R K 1E - Bs B & &1 B A
thiobarbituric acid-reactive substances (TBARS) % & & F LA3H4E

5. AR H 44 (neurological deficits)

#& 3% Bederson H A (1986b) A & Lee H A (2002) ArtEZ o4&
FIE  FREARTRALAEGHNECZRARE -2 HNEE I HER -+
W N AR BERNE  FEREAFERANTAEX  AERAR
REBG TR - R EF LT FAALRABRRENFR > AR
REAERTHE - HEREREBRER IS s -

EhABMEBERXRACELBIERCD - AR BRENEY &
MR - FARORALRGELEROEE > LERARED Ltbayid
BEHBRE BAEFTHER AT0R - FHEENAKATHKATEK -
M 304 B 48 45 F 3K 69 # ) (contralateral) W kE > M ATARICHEE F R G
EARE Mm% wEHREwmSd - FRRREE - B8R ZR4ER
WA ALY SREHNKG NG - KAAH Ll E TR
WMRAAFEERE  FHEAY LR - AKABREKENRELBBERAAOKR
4% (counter protection paper, Kimberly Clarke) EBF » € BANF & FIR{E
Bk MFMEERHAEC  HEAEUAN TABRAGATRFH IR
ot o RIL T BRME AR E B F @B EER ) B REBUTRYGREHNTE
FEaeRhRABR GRS RETRORAFHAMERAGREEN
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GRS 0 FRBE 28 - BERARB GEH  MELBB O
B Sk ARRBGBASS  FRAE 3B BAARKALKE R
WA RS 4 -

BRBEZBMERAZH MM (convulsions) &K &Z4F &M E®H
#L 8L (sustained disturbances of consciousness) * & HEIR AT &SN o B B =T
RERAFHHBETY > NGB AOEN 0 EEBRMES FE K IR
H o Wbk T H & (Belayev etal., 2003) °

6. IR A7 AR (grip test)

488 Moran % A (1995) e #ey k47T - FERBHBREA T B3
MBS SO AN X2 X EM B mEEE TR TH 40 2
o AR —IERE T e R BRI RRAENLE
BialB b B 0 AL R WIS ¢

0&--KR¢% o

1 8- AEUARATLIRN B LE - 2 K- KRR\ LRV aB L
mERBERRE ta B L -

3B--REURHNENME—BRERXRRE LR FINaE L -
AB--KBERTREAEEGWENRN @B Bt BEOELEN @G-
54 --KBTAK mB PR B X 4x LMk o

7. ®F BBk (Western blotting) 7] B§4E £ 3| H M — AL
[EmEH (INOS) 228

Bh REER B EI RFHEE - ACRSRE TN LS
7k % B Radrigo % A(Radrigo et al., 2001)&y ikl 4545 - KALF K
B & Wk 6k o / B VR it v BE 2 4R 0 BRI S B]E 400 mgkg Kb
#.85(chloral hydrate)o LA Fi 8% » B 24 50-100ml Z PBS AR AV E#
FTER B MACERORIMEIRAE - KAEEREL > D UHR
TRELEFAZKRIR » KA TR HEEAR R3O mm &35
BoEmAL RBFR  REBRERAIHBAEN -70°C A - 4
W E-70°C @Bz 0 # 4°C Fho lysis buffer po ABFEE - ERZ %
& g B 4% western blotting & %5 #F * B v A — & HL B (anti-INOS -
aniti-HIF-1co ~ anti-caspase-3 ~ a-tubulin and B-actin primary antibody) #
FBTF—/N0F 54448 B S8R EH enhanced chemiluminescence (ECL)
western blotting detection reagent {# & B &K% > AR E G HAHRRAG
T o B RGEGRRTFREANTE AR E 04 A& (Bio-Profil) &

10
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8. 44k %.7% & &% (Immunohistochemical staining) #2 & BE4E R
¥ nitrotyrosine &4 s,

40 4k %,k 4 & R k48 Han % A(Han et al., 2002) &5 7 & Ao SA 545 - X
REY RS 0R BEAFH YO X RBERELRE 400
mg/kg 7K 4 .85 (chloral hydrate)fo LA E: 44 - & K B A FBITHER -
UL 5 ml/min 2 % ik 4¢ B PBS i# i+ o483 % 4 % paraformaldehyde # i
Hpsh o BWAALSEELLRIERRE T o RABRRE N SRT A
B% 3t B4 4 % paraformaldehyde E] 5 (fixation)d /N8 > 3348 A 30 Y% 4%
BB E KBS R 2 BRI A Ak - A %R 1 k& (cryostat) iF
KBS 48 8 B K 31 A (coronal section) iR /E E 4 10 My kR » EERN
&R silane 2 {3k k- FHIRRARIN-T0°C JolRFF -

bl

mBd -70°C BSR4 A% %k (phospate-buffered saline, PBS)
iR BB EREE (coplin jar) PHIER=ZR > BRAED ;54 -
$4 B sk o % L 2 % BSA (bovine serum albumin) & & H 448 LA D
BLE Ak JEEIEMY LS o B F L anti-nitrotyrosine — & 4L B8
(monoclonal primary antibody, 1:50) & f& /N6 B4 & AR R X =
#4788 (FITC-conjugated secondary antibody, 1:100) & J& — 18/~ 8- f£ &
K BE4 45 (excitation: 450-490 nM, emission: 520 nM) T #L5% th & K B 7
B @sk & nitrotyrosine 242 EWEE o

9. R¥%ék-R 48 %Kik R Reverse transcription-polymerse
chain reaction ; RT-PCR)

(a) Pre-PCR(R A B 32 44 R JE AT F B1)Br & cDNA &) R 4% 6 %
BB

TNF-q.& GAPDH # 50°C F R J& 30 /4% » T84 & RNA R ¥4k
2 cDNA» B 95°C RJE 3 /54845 cDNA 4% g 32 5% A2 B & Ll A PCR
BKRBFEFP -

(b) PCR amplification(# K R &)

TNF-q.& GAPDH % 95°C F R JE 30 #>» #E 4% cDNA o 4 A% 4% B
BRI > BBk 62°C & 63°C RJE 40 54T anneal preimers &9
$y4F > 4# primers &5t cDNA » &L 72°C R JE 40 #4# cDNA wiTAH
B ko b BBE 95 C EH XA =SB A —BMBEE > L EH 40 B8
B BBARBE—EAEEOGRE -

(c) Final extension(#& #% — B 4E 3% R JE) -

11



TNF-a.& GAPDH X 72°C RJE 5 4% » %% — BB LS
Vs k4% B3 4ACIRGEHRA Nk cDNA KR 22 KkHAMKRFAE
#-80°C o

(d) B %8 & k(Agarose gel elctrophoresis)

4% RT-PCR R IZATERIFMK AZ cDNA ZMk 41 1 ey B LH Ao
5 4% sample loading dye (25 % glycerol $v 0.25 % bromophenol blue) 7, 4~
A4 > % —% sample loading £ 1.5 % # % B H (4 0.5 pg/ml)
ethidium bromide * £ B &% & cDNA 24 4) » #» 0.5 % TBE buffer
F o0 A 150 V/33 mA 4T 84T E ko S B - TNF-a& GAPDH %
mRNA & & R 38245514 2 cDNA 4 %7 203 bps & 493 bps #4418 B] - & 1%
BB E BERNEIL 5 A #u(Viber Lormat ; France) » 24 CCD 34 #k 3% 4
R4S BA R B Z %14 5 k8 (Bio-1D version 99)#AT MR 4
#7 R 3Z - TNF-o cDNA 2 48 #1478 A GAPDH #( P33/ 4R E » THRER
AL E A BAE AT 0 H T AL BEE B S o

10. K aekst © A BRBE - M - B @B

KNE B3t 4 A sham control (n=5)>solvent control (n=5)~TMPZ (10
mg/kg #= 20 mg/kg, n=5) ~ TMPZ (10 mg/kg #v 20 mg/kg)Ae £ aspirin 30
mg/kg (n=5) ; # ¥ 06% P4 2 & ischemia A7 15 #-4% > & ischemia 1 /\B§1%
B 25240 Brat A SIR TR Mk RIBR > RAER
BB HAL AT RIPE RS R RO o A BB a SR T A A a8
%.7% 7k 2R 4 # nitrotyrosine ~ western blotting 2& 247 iINOS expression A
& #| A chemotactic chamber 2R 34 neutrophil migration » iZ b8 & A R
EBEMHNTRHELERTARE Rtz RIAVFT LR rat
ZH RIGEFTRITHEARRT A LS (U EAXNA 1457F)
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— ~ MR TMPZ #7K & 7 A8 6 ki 2 = A 3 SRS
mHEZHE
KR By Ak AR /B R F 4R 24 ) B A RS BRER i 3290 AR 2 mm
BRI A LR ER2 % TTC &%k » A ABMBPILMER image)
St BB RS o EFSMF ARG LIRLE  SraBERZBETR
HAHAEES > WwEFigure 1) HTRERER > ERAEICEM R
(frontal pole) 3-9 mm &3 5 H ERAAHE > SLERER T KEEHRER
B R BB BEERS F B IR An A ST 2 R H L BS4 F AR A 4 tb(Cole
et al,. 2001) - FEHA R &4 24w » (a) sham control (b) vehicle control
(cremophor : ethanol : PBS = 1: 1: 4) (c) TMPZ 10 mg/kg (d) TMPZ 20
mg/kg * & ¥ » vehicle $2 TMPZ 10 mg/kg %, 20 mg/kg X & F K A2 E
AT+ 48 e R 4T4% 0 > & R B (Figure 1) - E B 698G ¥ RIEH a2
BSER BRI R BT 0 SRS BERGE2A  ZRGEZ AL
LR Z A5 Z F RS LR A A ﬁﬁz{{ﬁ B R A& a S E A KEZ
B AL 5 £ sham #EH b H b BRI 2 F08 > BATE T RBEEE
BHERFHZE HERRABLATRNBGEMH AW £4% TMPZ
10 mg/kg Z K@ g TMPZ NMRARELR 5 LEA &R D M
BEBGES - B 7 TMPZ20 mg/kg @R B4k 8% > MIRAREHA
B3 dpdler M BT S R 2 G E RN KENEH LR BB 8
s R YE 4 PABR o £ image] HITRBAUASITRZ ST E R0 E
(Figure 2) » Sham & 4|4 B E @ ML % A 03+£1.5% 0=6)' k&F
JEAT 8 4y 255 ] 64 B b JR 3% %) 48 (vehicle control)ggiE E @A b £ A 35.8
+2.1% (n=14) > Sham ¥ 4|44 A Y BRREKEE » BIEFERBE LRI
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8 b KBS BBk B2 dn > B # laser doppler flowmetry B8R F i & A ¥ KA
Wk R F B A o S Bl ey B P RIEH AR R & T RABHRENZIE
B o RETRYZ BB AR FRIEFALIBSG DR FABRARN sham
¥EH 4 (P <0.001, Figure 2) » A7 RAE AR EREQ2mm)Z BHRER
EEHE P BHRBRERN T R AARTHEEY > FRERKE LK
Sheh ¥ KRGS Wk dn 31 B RARG - 4F TMPZ 10 2% 20 mg/kg #l &
FhalEEafIRasERMzmE4ER  §4F TMPZ 10 mgkg
BEZERELBHEHLRTHEB A FREFNALBKEIRE ER
W% AE B (23.8 £ 2.9 %, n =8, P<0.05); % F TMPZ 20 mg/kg & &l
B2 R REEFEBHRAEH AP RIZEM LR EZRMEARLE
Bt EEH2RY > “ABREEAMZ 408 % (14.6 £1.3%,n =8, P <
0.001) (Figure 2) e

= TMPZ Z FF5thé B8R ¥ XR 8 Wk o o 2 73 LT 5 et
ERMFINVE

BARZAGITBIKIA £ R AR 2% TTC F &4% » RERSLRG AT
BRIV ERMBRMAGERRIKN D TRtr—a -
] ol s P R 48(1:25.4+13.8%52:48.7+7.6%:3:58.6+4.1%;
4:571+41%;5:48.0+55%:6:245+74%;7:128+48%)>
TMPZ 20 mg/kg # % 42(1:5.0+2.3 %;2:18.7+5.1%;3:37.6+4.7% ;
4:31.1+56%;5:80+9.0%:6:1.6+15%;:7:06=08%)> &
AMERPER > EKETRWA ¢ 0 ERTAM 3-9 mm X340 R
ZZw R BB B Pt 845 E 5 A 9A BA(Figure 3) - 4&& TMPZ
(20 mg/kg) My AR TR A H E RO T 62.7 % (P<0.01):36.9 % (P
<0.01)~45.6 % (P<0.01) » st @R E & 4 P KA S Ik 2 3 304 A8 7F

14



FBENRBISIRE A 0 sbsh 0 BREATH 39 mm 2 BREGERA
RE RLBENARELARELABZROANREGEN 9-13 mm &3
ZAREFR - BEZFTHE—PAZRINEMATE 3-9 mm BIRAT
BA MR BERRZ,TRERSE - UTHABY BB ERARE
M-BABFRYRBES MR GEZIRT - F5 ERBARERR
BRAGERABZE =R Bk H & (Fr-0.3 mm from bregma ) °
=~ TMPZ # A B ¥ Mgy a2 E R A B ALAT 5] & nitrotyrosine &
RZGE
TMPZ # K & A& k42 E 5] & nitrotyrosine £ RZEH - A1 A @
@ %% 8 & k3454 F TMPZ 4 nitrotyrosine 4 s &9 R © B 10 um
Z P 3R B AR 4 R 91 A (-0.3 mm from bregma)tk %% & AR & 0 HRAMHR
kS 2 & (cortex) I E R AR ER A » BP & A 4 KF nitrotyrosine
3: #% (Figure 4B) - #&F TMPZ (20 mg/kg)#t B3 ik ) & 4 nitrotyrosine
B 3 &9 -1 91 % B (Figure 4C) » mfuttéhb KBS F K2 HRARA & F5 A
nitrotyrosine #j & 4 (Figure 4D, 4E and 4F) -
W -TMPZ # A & ¥ M S k2 B R AR AT - — RIERERER
RRZHE
AWM TMPZ # X & 788 Ik E 8 B3R AT 5 A2 — RAL R A B
EEARZBE FRFERBEANEAE - Bt REF S EE
(Western blotting)#] Fi X 86305 SR/ B R F 4574 24 /0 oF» AT A&
AE¥— AR A RBEE R EARLE  INOS ZRBT RMMARN R
B 130kDa 24 F & A/ NMLE - TR & 85 %] & sham control ~ 75 %] &)
A% o JR 3% %] 48 (vehicle control) & TMPZ (20 mg/kg)é % 4 o %42 iNOS &

REZRTEAENH B0 E R F LA MmF o Sham # 45 4
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(ipsilateral: 1.00 + 0.00, contralateral: 0.82 + 0.23) » ;& & &4 5% T Rix 4l 4
(ipsilateral: 1.48 + 0.07, contralateral: 1.04 + 0.07)> TMPZ 20 mg/kg 5 % 48
(ipsilateral: 1.13 + 0.06, contralateral: 0.97 £ 0.07) & & & 5 & R tb 48
] K GBS B B bk o B R F 44744 24 /)N8F 0 #2 sham control Eb#
G B E A — RAL R A RBE RO RRET A AMe Lo > A3E sham
control 2 iNOS #3684 1.5 4&(Figure 5, P <0.01) » R F L H P KA
B EERIEES EHAEAESEMIES INOS 2435, @ TMPZ 20
mg/kg FARF MEIZ S & 9 F LT 0 3 TMPZ #8549 A B8R 3 5l sk Ff 38
R—EALR A REE RN ey FR 0 3 B EIER 6B P RIE B Atk
BlEKE¥ AL £ E(P<0.001). 4 Sbih B2 FH  NERE
P&at RABIMNTER -

F ~ TMPZ # X & ¥ B4 $) Ik 42 R 7 3 A7 5] & caspase-3 R AX
¥E

# B TMPZ # X & ¥ 8% Sy Akt X 91 B 8 R P7 5] A caspase-3 R BLZ
B F R kR IE AT AR ) - 7L A& 84 caspase-3 4 17 A 17-19 kDa
ZRE&E Bt BMAAESREESMEAT AR  TAMBRBLE
{883 17kDa & & % » Bp A caspase-3 Z &k 3.1 E(Figure 6) » &tk A
R K RIS 3R B Bk /B R AR 24 AR B KBS R A A R
UA-# caspase-3 Z R B, ERESZABERAL FH AN/ 4 > lane
12 &3 Bérb @l E8  laned 5 & 6 Bbkd Z4a A > lane 1 &
4 % sham #% 4/ 48 (ipsilateral: 1.0 £ 0.0, contralateral: 1.06 + 0.12) > lane 2
B 5 BB ey b R IE %] s(ipsilateral: 1.51 £ 0.07, contralateral: 1.02 +
0.07) > lane 3 & 6 % TMPZ 20 mg/kg % #: fa(ipsilateral: 1.11 £ 0.06,

contralateral: 0.91 + 0.09) » & 4B %3t 2 &k TE 'S A F B2 LE4E @
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B(n=4) - BERERFHR > KRL B AEIRE Rk b/ FHIEIRFHF 24 /)
B 1% > & fn 5] 18] 3 B 2 caspase-3 &k BLAEF A BABA L # 4 i sham control
Z caspase-3 & BL#y 1.5 4Z(P<0.01)> &R A FA Py M 46 B 15 4 31, TMPZ 20
mgkg HEAEASKI BRBEXH B L BBERGERIILH
caspase-3 Z & IR(P<0.05)° B4 > Stk BRI ZFHE > WERE T L4
TRERABIHITEE -

A ~ TMPZ # X & F Mgy ka2 B R A& A7 5| A2 HIF-1ok B2 %
z

AEWZHERBERMEARF A A BT BEEFHARE TR
AR /B F 45 24 ) 05HR 0 A& F K HIF-lox /R 3 & k544
HIF-log B RS TE 120kDa 24 8 > B S = REEREL F I
Z </ (Figure 7) 0 lane 12 &R 3 A& b BlRIZ F A4 > lane 4~5 & 6
Bk B ERS o lane 1 B 4 % sham 3% 4] 4 (ipsilateral: 1.0 = 0.0,
contralateral: 0.95 £ 0.0) » lane 2 & 5 & & %] &9 A P A% %] & (ipsilateral:
1.27 £ 0.00, contralateral: 0.96 + 0.00)’lane 3 & 6 & TMPZ 20 mg/kg % %
4a (ipsilateral: 0.98 + 0.00, contralateral: 0.99 + 0.00)> &4 43t 2 &~ %%
Utk RS Z A mF0=1) SFRERER > LBHLBERG
% 24 ) 3t% 0 HIF-loz 2 B7 LA 69157 - 7 TMPZ 20 mg/kg T F i+
Stz g HNeEh BHENGEI e HIF-lokREHER - 75
i BRIZ FME A ERAABLEE -

£ ~ TMPZ $ 7 B335 o fs R BAMCMERA B E

AEHRAR BRETFHURBMHEREmBEE LR RS
3 e H B AL R » M TMPZ B ALZ S - TMPZ iR

BEO0SuM~125uM~25uM & 5 uM > SR FHpH B4 F AT 5l e 2
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f5 4 8 SAL R IE » 12% & TMPZ ¥45 hu A 2 thiobarbituric acid X #] &6
BB 7 R o =B BBk T > A% R 4 T8 thiobarbituric acid #7 & &
# 28 &, 4 1t(Figure 8) -

A~ TMPZ B30 g 48 b K AGAE £ B # #h 8 TNF-a mRNA %
RLZHGE

RN F AT > BAGENEB i E 1L 645 ZRTER
L RAY BB a0 R FE XM R ENN R FAELE
#infE &b o TNF-afp AR AEREARGHE X AT iz —
K ERSA LB EGRE O WRE C RBRRE S AEME ~ AIG R
R KRBT ZRAEF 5] A2 TNF-oZ R & R R R B &) & £ 4RG3 H%
BB he 0 BB R EREE R BEEERRIGE - A R
H) R R4 TR A4 RE R AR 0 E BEIRE B B/ BB IR FAITAR 24 /]
BEH K SIS 2R & ¥4 TNF-a2 mRNA &%, > £ &3R4 T4 203bps 2
B AR Y c AEHRENS A= MBITILE o sham #H @ ~ EE &
% B4 4] & TMPZ 20 mg/kg 4 #m > &L n BERIZ & T 54
BREY AR ERERFHE 24 )& H 2 TNF-o mRNA & H R
sham ¥ %] A b 26 B A A v sy 1.29 4% » ¥ TMPZ 20 mg/kg TR 14
ik 0 T 3 TMPZ 4 9 88 #9349 %] TNF-o2 mRNA z 4 (Figure
9) o

7t ~ TMPZ 4 aspirin $17 X & ¥ XA 8 kAR B 7% AR5
ZHE

& Figure 10 & 11 1540 54 Al TMPZ 2 aspirin f6 F E R AR F
PSR EIKILE BRI EZB BN bR BY S FZIBRAL
mMEBEARAEERNEER -
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RATRT » #BF T TMPZ 3454 20 mg/kg S B E R MR LKA
ZH O RAEEF@mER > & 2%TTC % &4 R4F 4077 LAH 28 [E1KAS
Wb /B AR 24 NEEAEROGEDR  RLERE > RMERE
—% T# » TMPZ Lxﬁif%‘é%*iii'ﬁ%éﬁéﬁ'f%%%f’ﬁFﬂ » Bk FIA BT R
Bk R B R BT &0k RA B BSEF INOS - nitrotyrosine - caspase-3 »
HIF-la% & 6§ 2 %4t XA ERAREG- RO TEHRB M
TNF-aZ mRNA % 33, °

BHREFREEHIAZE FHTAT 10 2 sEFRAH MR E TMPZ 20
mg/kg » HE 59D T K G By Bk Sk o/ B R AR Bl B B IR AT T AR
(a) iNOS # %38, E 7 (b) nitrotyrosine X & &3, (c) HIF-lazx &R L F
(d) TNF-az mRNA % 3.3¢ fu (e) caspase-3 Z &ZH, LH » #H TMPZ T
UL 3% B34 2 % 48 B2 INOS ~ peroxynitrite & TNF-oo mRNA &3 5 #
RITRE A B Ak SR 25 E » B3 S48 X e Bk M B RE XK
EEA  EMYPIEMBEFAFERENR - A —F @ TMPZ LiEF93p#]
4m B, B #5-48 caspase 2 7EAL 0 MR e e BT R & BT B la ek
16 °

et PREHEEREOFRREBEE HEFIRF S BE
#y % 3. (Rothwell et al., 1993) - A — L FEZHHRNHWEEEZ N EHE
KX 2 i 3| A2 INOS # % B.(Galea et al,, 1992) > B EZBRAREL
W5 TEILE L - R LRGP RER » Sidepr3lAes INOS RR
TR EE - FEL A LYFHR KA E LS Y T RS
XFPRABI AR B CEET ARG H LT A FiER INOS
mRNA ~ & & 6 & &£ %M 6 A& & #(ladecola et al., 1995) - 8¢ M T
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@ 0 INOS 2 f& REN ML 12-24 X R RKAHAMR > BAE
W% 5 B3R 2 % A 4% oE + M 3K (polymorphonuclear neutrophils)~ £ 4k BB
H tm i (astrocyte) B fn F 4a B, 0 R AP 48 4a B P 4% 55 3. (Tadecola et al.,
1995) « gk » &tk F EFEIE INOS AR Z MBI EAMALBRER S
A X F SN E R AT e R CRRET N SRR LTI A
INOS z %% - £ P73 &89 & interleukin-1§ (IL-1B) ~ TNF-a &
interferon-y > & & 4m L B4 K At 59 42 B 3R B fo PEAG T O BF AR R IR 30
B mBERBZIEMA INOS RBNEKRB L tali - B Etaf ~ 57
B R E R IHIERER #EXA W8 RAAmE
(Minc-Golomb et al., 1996) - A& EE &M% » INOS £ &7 # & NF-xB
FriAdE » NF-xB 43 A% INOS KB XRAE MR FXie e al,
1994) o i » NF-kB i K AN R a5 0 T4 5 de B30 2 80
F1t(Moro et al., 1998) - bz b » INOS € # & interferon-yA7 & 2
interferon regulatory factor-1 (IRF-1)3g #& 47 iNOS 3 B % g &) -+ M iE 1k
(Xie et al., 1994) - B il R Z BB N ARG R ER B AL
iNOS » £ — MR TR » —H45 k60 2 INOS 48 Il 2 R RS RS9 7
Hr A K B8 T 4% 35 % - hypoxia indusible factor-1a. (HIF-1o) B] #&AL#> iNOS
Z B BT B M AR PIE INOS Z A B A H - Bk iNOS bk 38 A R4
HHA R — Melilloetal., 1995) -
RBIEHRaRRTER > bR ERIBEETREET » FlA
glutamate % E B M ARG 8 4 T K M5/t NMDA S8R E2Z P a4
iNOS = % 31,> M gk INOS & 38, A 3% 1845 8 F 75 1t NF-xB Ff # 4% (Cardenas
etal.,2000) - 2Rk > F B glutamate 3] A2 INOS &k #H.69F tmihdd » BE R
RARIE R > A2y 7T A4 — sk 4k B IR F #8) NMDA L F R H
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R AERM KA A RANHRAR  HlloBARETEGA
(superoxide anion) (Lafon-Cazal et al., 1993) - Fr b2 b » Fetm o F €
B A HAED BE R 2 BE N B AR & &R R (Bock er al,
1996) « 4R 3% & BT 49 #F K 46 i > glutamate #E$93% jm TNF-o convertase
(TACE)%& 3, » 4 % 3| #& TNF-0.#8 3 (Hurtado et al., 2001) « % — 18T fistt
# glutamate i i #4% B F NF-xB 2 754t % 2 iNOS & R.(Guerrini et al.,
1995) -

Ko f— B Y B K TACE/ TNF-o8%4% £ 4 iINOS & .8
f2 % » 4 #| B TACE #p#4]#| 1,10-phenanthroline st BB3103 R {£ #%7
Hp 5] 48 i & o 3] A2 2 TNF-o 8% ] 5 & 40 4] iINOS % 3,(Hurtado et al.,
2001) s XL A—EHEE TiE > AR TNF-osy#iiig TNF-o P
Fobe ##p 5] INOS & 3,0 45 2 s pa A TNF-ofk € i 87 8 f ik 8 BB3103
Fr 3 A INOS Z ¥p#l4E A » B REIL T INF-of A ¥IeiT & 4 fréih
M5 E A3 A2 2 INOS £ 3 -

#] 4244 4y INOS 39 %| #](aminoguanidine 2 1400W)<T 24 A R
72 B &b 9k RE 3] A2 2 INOS & #.(Zhang et al., 1996) - e dn & 4R B8
T BONERE ST INOS B @d T RABIKARER 12-24 /B
3 INOS #p#| B35, > £ INOS @M ARGHNT » EHFEM INOS
Ho 5 B4R T AP 51 A5 SR 45 £ B 4 30-40 %(ladecola et al., 1995) - #| A
antisense Z oligodeoxynucleotide ¥t INOS & 4 #p 414k A 4L Bl AR AE$9 4% 3%
B ER B 4, S 4R Ao B 3% X, 89 45 E (Parmentier-Batteur ef al., 2001) » $bgf > #
A RN R 0 HIFR INOS 22 A H 1 » 48 by B & /AR
B 2 ELEHEE b (adecola e al., 1997) - &4 oA L& RF
ko o B4R M ARG E E B NO $ R LG d INOS R R MR -
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AEHY > ARATRBEHKLEFHA 10 2EFEHRLHE
(TMPZ 20 mg/kg) * B K A2 7% 0 B30 4238 24 /N shn/ B Z5E » B
G EHF BB ER RS- EEREREN R bR EERTRAE
#Bip 4] INOS & TNF-ouf 4 ° #tinth ik o) BERE o EHIAGERE
(Barinaga et al., 1996)3 B A£EE 55 X R B AGAT 3% 3-9 mm X & =& » 4
B b G f KR B K e iR AT 3] A oy (Feuerstein, 1994)- 18 db 4§ X 4 iy
#w—F AL KB NO RO, it Bk A peroxynitrite » i i iNOS
% nNOS #p%| %30 NO 4 s i f & % peroxynitrite & 4 > E59 ¥ B
M fk b o/ 58 545 E (Hirabayashi ef al., 2000) - Bt NO & O, AE
17988 REPE & 7R # (peroxynitrite) # 7 & o B 3 A 5] A2 Z B35 TR
HhRE—EEENAE .

AREHRY > HAEASLEEHRAR KA LY nitrotyrosine
B 24 BER b B A4S £ 2 &3 - Nitrotyrosine & peroxynitrite $1
tyrosine K& & 4% » ¥ peroxynitrite JF ¥ R L REH R ALY
o b i d %% %% & 498 nitrotyrosine 24 € 0 ARKER
peroxynitrite & RA2EIEAE - HBAFIGARERER > T £ LI
2 KBS f % 1A R 2] X & ¢4 nitrotyrosine A s > 12 d A AR A
& % & J74 4 nitrotyrosine & 3, 0 B s ] P KB By Ak 4R A/ B IR AR 24
JNE54% > peroxynitrite & K ER R AN LGN AR MELGE > BT
4 2 3% i INOS & nNOS £ #Ei z NO 2 & H b reactive oxygen spacies
(ROS)F?i& A © FA My #4% 2 TMPZ 20 mg/kg % =T 230 i 5 2| e oo B2 IR
16 = 2 B 48 8k A7 3] A2 84 nitrotyrosine R I o R LT —FEE
TMPZ <T £ 4& &g #p %] INOS &3 » 48 NO A sk ik 2] 4Rl A 30 & %,
b/ BHEA 2 FAMGEE L B —F @ TMPZ ¥R BT ER
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ERBRABIEALZESN » A f » » Zhang % A(Zhang et al., 2003) 2 7
RIsH > EABES VUMK EKEIE TMPZ T AFRE IMLP R
superoxide anion £ 4 * MEAFH AR - Bk b BIHBRTHEE
ZAME—FHERER

TNF-ou 2 — % % B 30 B B s 5 0T AEAR 38 Ao S35 69 %72 98 80 BB
XAt > KT ) RB IR T - RIFEF R AR TR
1 > TNF-o L F 2GR » &3E £ (Dawson et al., 1996) K47 HEE A
(Bruce et al., 1996) » $bBUAR # TNF-oud% A5 2 85 Fal R £ © TACE 7B
B4 — A% A& T KRB A5 35 4 4k & FL(Karkkainen et al., 2000) » £ 357 # K
7K 3% M TNF-0.7% 1t A& (membrane-anchored precursor)Z & & f &,(Black et
al., 1997); TACE X £ 4R AR ~ ERWEBH AN Lo
(Goddard et al., 2001) - 3% % # &7 % 4= i, (cultured forebrain slices)# & 2
BriE B P 45 & 30 TACE » 3t B 2 38K TNF-oufe 480 4] B 3 Ao &
#,(Hurtado ef al., 2001) » ¥ 5 R & SRk 35 & - 34 3R B F M TACE #p
#| %] DPH-067517 ££ K B B X FHRE A EAEHR > AKX
Mz TNF-od € BR8AT % » #8746 A TACE sy ¥pHlATiE s © Bk
Mgk EM TNF-oBA TR GEB Sl GEn LA EREER
(Wang et al., 2004) -

WERGARTRAG M/ BEAGEI e K FHERZE
W A-LHMERTER  RlmnE BB ETREPAXK
MY BEERLE  KAFTRTREK-REBFTEHRERA
TNF-o, mRNA % 3,2 4 £ 7T S hu SUE S ¢ B3R R P45 T 44 24 /N 6F
BT AR T AR B TNF-a B A% » ROT A 3T o B 34T B b
BB, A7 8K % B R 3 35 B RRRCE X ATABM E TNF-of 2 A XRRE > &
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#% 2 TMPZ 20 mg/kg 2 1% 4 3,8 e 49 A 249 %] TNF-o mRNA & 3, -
PRDHRRBEERZIEGHEGE -

Hypoxia inducible factor-1 (HIF-1)& —f& 4 £ & tafi ¥ R 2 8
B F 0 45 3] R AR R R A AREET R 15 DL T A 7E 1b(Matrone et al.,
2004) - & B F& # 18Kk & 7t (subunits) » HIF-1a & HIF-IIB » R EBoE T
REH HIF-1 Z7EH - £EFSANERT > HIF-logH 5 R
B & #2 R_J&(ubiquitin-proteasome system)-F- 4 » 4 Z fRIF A4 € 69k 8&
a4t HIF-1BR| RAE X H&RR - EH AR BT » HIF-1 #H/E 4%
BFzAd el THUEEARAR AMBLEEARRRAZATR
mip e BB ENKETAHAEL  JosbXHARER » &4 T haikA
A% (erythropoiesis) ~ o & # 4 (angiogenesis) -~ 4% &t -+ -F £ (iron
hemeostasis) ~ ) % # & £t % /X #(glucose and energy metabolism) ~ %m
36 # (cell proliferation) & 4= iz 77 7% (cell survival) < Erythropoietin (EPO)#*
1992 FRBBEHEE G Y 2KEAREAZ 89 5 B (hypoxia response target
gene)iE & HIF-1  [F] #k#b > vascular endothelial growth factor (VEGF)

AL BRFEHIF-1 A ek R EANMABEURBEA BTSN 0
BB ERRAEN B BH glycolytic enzymes & insulin-like growth
factor 2 (IGF-2)% » A FZ @Y wARNEZRRHAN A AR K=
X3t F & (Matrone et al., 2004) -

WARFF SRS HIF-1 A5 EWmMpF B > ERWR
#HHEE > HIF-l REARWBATE T - IFZRBGEBAATRA
HIF-1 T sl % 4k @ Em AT » Bk > HIF-1 43R A LK ER
MR ATRAH AR KR E A AEER - LB MAT @ RAAFE
Z HIF-1 g4 4] p53 Fb ¥ K ba f 17 7% (Li et al., 2004) - 5 — 75 & ° 1R A
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Uk BEEE BT LB BUA t%é § % 3, 4w inhibitor of apoptosis protein-2
(IAP-2) 3%, & apoptosis repressor with caspase recruitment domain (ARC) »
R ER LA B HIF-1 ABHBEMR - A—RERHERES >
SR ERWEEG AT HH BB HIF-1 #3812 F & - RE LIk
B B2 R R HIF-1 a0 oA AT AT E & B H » 4o BNIP3 &
NIX » # & % % Bcl-2 family 3| A tm A £ & - 2R @ > F B HIF-1 fi4a
Fo R CHRBZ MBI E R R S 6B ho LA1E 3 (Goda ef al., 2002) - 4R
# Schmid ¥ A(Schmid ef al., 2004)&9 57 5 45 i > &A1& A HIF-1o & 4%
BRiFlL A EREZMEELEEEKE » pS3 H ¥ FILE & HIF-1askt $
#1 p300 &4 - RAHL B AKEHRHBAA » p53 B9 RAME > AEb
HIF-1af s % o FnRAS At b ¢ « e RRTHI » HIF-1 X $#84k
Fhefdead AT AL MESAREMAX - HIF-1 2 MR
B pS3 FALF AR MBRTAAATRERA LB L ATEL -
b/ BERGETCRR@BBEAR LA T R @A T
BEHEMESHE B KEHEE caspases EIL L & o Caspases 2
cysteine aspartyl-specific protease » “f~BF LA zymogens 8% pro-caspase &9
RE &R ¥ v EIuF €4k ol ax, aspartic acid residues  Caspases 3 4~ 4
M oAHE 0 — R sz a8 F(caspase-8 0 -9 0 -10) » BRE T H L &EH
(caspase-3 > -6 » -7) > ZAAM ARG AN > FAEEILiE THE Rt R
H 422 caspase-1:-27-4>-5:-11:-12 B| R E % T - £ ¥ » X LA caspase-3
# caspase A Z Bl A THRE P RAHMEERESEE - B #A
{878 caspase-3 X R  AEH THEaf ACHERERZE -
AT ERBET > ERA T RIS IRS o/ F R IR 24 /K
7% 37, HIF-1o& caspase-3 ¥ty FH » A raf ACELE 4 » HH

25



TMPZ 20 mg/kg T8 5 1 4 8 45 % 5% - HIF-1o& caspase-3 &9 & 3 » &2
mp AT AL BB R REZH X AT ik TNF-afe$2 &
caspase-3 7& 1t » HIF-1abu 4E 3% i p53 2 A4F M R &% & caspase-3 Z7& 4
MY T mi A THBEE AL - Bk HM1#R TMPZ & & ¥#p#| HIF-1a
2Bz HERBET B THABFRESCAEDNESROFMERGGER
& Wik R e85z HIF-loREARELRR - H—FH @ EHERE
¥p%) HIF-1o4g im0 7275 248 0 M B8R+ » R A4l HIF-1o R #%
Rtz mpn AT E A LIEHRTE—F B caspase-3 X HpH| oL
Pt o

ATBRNEY RS ot T RELERRBIHAR  THERRAS
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Figure 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 20 mg/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 20 mg/kg), the attenuation of the infarct region.
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Figure 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 20 mg/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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Figure 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 ([J)]. 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)



ipsilateral contralateral

Figure 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 (-0.3 mm 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 (20 mg/kg) (scale bar = 100 pm in A-F. Magnification: x200).
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Figure 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 (20 mg/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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Figure 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 (20 mg/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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Figure 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 (20 mg/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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Figure 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
puM Fe®*. Results are presented as the absorbance at 532 nm/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.
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Figure 9. Effect of TMPZ attenuated expression of TNF-oo 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 MCAOQO 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 (20 mg/kg) group.
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Figure 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 20 mg/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 20 mg/kg), the attenuation of the infarct region.
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Figure 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 20
mg/kg, aspirin Smg/kg, TMPZ 20 mg/kg plus aspirin Smg/kg or vehicle (cremophor :

ethanol : PBS = 1: 1: 4) 15 mins before MCAO compared to sham control. Data are
eﬁgressed as percentage (%) 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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