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EIXFPHEERH PRAZIEMEAFR

HEIHA HER

HATEM  SLBELRRER 2T AT

&

FHROKBBEI N EREIRY  SRELRAZER LY AETRY
Nl #5% TBS PR (stroke) o B ¥ EAKE & 4 898 E R 4 A bt (ischemic)
#1 4 o 4 (hemorrhagic) ¥ Bl o B & b3 fA K s A7 5 ALt ¥ B Ask i PR 4
BB AR TRBANCENR AR PTRAOBLEEAFZ—ALERET L
¥ MM &35 A ) IR 4k AR 1 (atherosclerosis) @ 4k B2 4 SR B R F) 7T fE i —
5] A2 do APk (thrombotic) & #2 38 #£ (embolic) # £ dn ¥ & © 155 &) B o B A% 2R AT 3)
AR ) et PR 0 T A & 8 Bk /2 (aneurysm) &, & £ & ¥ F  (arteriovenous
malformation)#f 3| & e

st T BARGKARGE  CHENFZ BMHETHHTRARE
RHR > L iE4N ~ 47 - 45 &k F FA B & (sodium, potassium, calcium channel
blockers) * NMDA 4% 4 #) (NMDA antagonists) - AMPA # #i # (AMPA
antagonists) ~ 4% B (magnesium) - GABA #]i%# (Y-aminobutyric acid agonist)

B d % % Pk Bl(free radical scavengers) ~ & Mt 2~ -F 4% 3%l (anti-adhesion molecule
agents) ~ A % £ /8 & & 8 % H#p 4] B (matrix metallo-proteinase inhibitors) % -

TMPZ (2, 3, 5, 6-tetramethyl-pyrazine) & ¥ # ¥ B aibm & "N Z 9L 5
3



EARE T BRI H f MRERE AR E 0 E R (vasodilation) e)1E R o AR UK
34 TMPZ ¥4k fo 81 B 38 7% (ischemia-reperfusion) K 856 FRE S KX 7325 E
iR B ARIEAS Ak R R A RSRERBr TMPZ REAIE M& (10 2 20
mg/kg) THV TR RZBESRBEE  LAESHT 20 mgke) HEAFER

B0 B 2R P KBS A (middle cerebral artery) 3[AeRRE BB Eiafoth f5F 0 12
HABWEHBERERBIPE - sbi KA F A F E (immunohistochemical
staining) # R 8w TMPZ £ £ &4 20 mghkg BPT#HH K AMMNB AL EHEZ
HeAk o A ¥ ES 4% £ % INOS (inducible nitric oxide synthase) # 347 AR Z 34
% o

GARRYEE  TMPZ TUARE ERABS M TR HE

EH TMPZ AR AR ARl mit B Gt ) fE A B MY - HFE—F 6K -

BssE BT R PRSI S @B ER 0 TMPZ
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Set up of stroke animal model for evaluation of

Chinese herbal medicine

Joen-Rong Sheu

Graduate Institute of Medical Sciences, Taipei Medical University

ABSTRACT

Stroke is the state of ischemia that localized tissue is unable to maintain
physiological condition due to obstruction or rupture of blood vessels in the brain.
According to the pathological mechanisms, stroke is classified into two main types,
ischemic and hemorrhagic stroke. Ischemic strokes are caused by blood clots that form
and obstruct a blood vessel. Ischemic strokes are caused in part by atherosclerosis
which is the process of abnormal lipid deposit around the vessel wall. Ischemic strokes
are subtyped to thrombotic and embolic strokes according to where the blood clot forms
and where it causes obstruction. Hemorrhagic stroke is defined as the rupturing of
cranial blood vessels caused in part by aneurysm or arteriovenous malformation.

Various drugs have been intensively researched in many animal experiments and
clinical trials for the treatment of stroke including sodium, potassium and calcium
channel blockers, NMDA (N-methyl-D-aspartate), and AMPA
(a-amino-3-hydroxy-5-methyl-4-isoxazole) anta-gonists, magnesium, Y-aminobutyric

acid agonist, free radical scavengers, anti-adhesion molecule therapy, matrix



metalloproteinase inhibitors and therapeutic hypothermia.

TMPZ (2, 3, 5, 6-tetramethylpyrazine) is extracted from the root of Ligusticum
wallichii, a common herb used in traditional Chinese medicine. TMPZ has antiplatelet
and vasodilation activity. It is shown to improve changes in microcirculation of patients
with acute cerebral thrombosis. In this study we evaluated the protective effects of
TMPZ in a cerebral ischemia-reperfusion injury model in rats.

Volumes of cerebral infarct decreased when rats were pretreated with 20 mg/kg
TMPZ. However, the neurblogical deficits didn’t change after drug treatment. Moreover,
immunohistochemical staining showed that the accumulation of peroxynitrite in
cerebrum with infarct was reduced by TMPZ pretreatment.

According to the findings, TMPZ have protective effects against cerebral
infarction. However, the exact mechanisms of their protective effects at cellular level

need to be clarified in the future.

Keywords : stroke, ischemia-reperfusion, TMPZ
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# % W @A (intravascular thrombosis) R 3| ¥ S OB ERBAL B HEZ
— i $y ikt do A2 (arterial thrombosis) #3a3%] % (plaque disruption) € %% &M
4o % B 4E & (acute vascular syndromes) @ @45 SHLE E (myocardial infarction) ~ R
% F Mo & A (unstable angina pectoris) X & F A (stroke) (Fuster & Lewis,
1994) » % M & & Pk BS F A (acute ischemic stroke) i % & & # cardio- or
athero-embolic B9 &, » BRI B FRE (Albersetal., 2001)- 5 £ R F| A & #
BB AERFREFROARLTHER  ARFREENEER 0T Z LW
e R N ARABITHM DN ETE E 4 R (progressive microvascular thrombosis)
R L PHEEEAE (Choudhrietal, 1998) B AL R Lk EZ K & th fnie
3, 0 B F 4 lipid > platelets #o fibrin (B4 E &) el » L ERBBETH
K%ty % (Okada et al., 1994) » & g dh o 14 Z AKE B (5 BP no-reflow 37,
%)’ Bp4E reperfusion R AH L HEMPLTERBEZIHLROBEE - BE ¢
BR AR E—FBRERE (Pinskyetal., 1994) s S RGsb & tafh S48 B —B X
#4 postischemic hypoperfusion #93&E# 88~ > £ A intraluminal MCAO (middle
cerebral artery occlusion) # 4 42 ¥ & o4 F B BF  reperfusion i K €4 CBF
(cerebral blood flow) &8 Z &4 876942 % (Connolly et al., 1996); £ & F ML T
R bR ASAE RSN 2% R 2R degranulated platelets 1A & fibrin
th E# (del Zoppo et al., 1991) o 2R o 75 3 BG e i B AL B 2R B4/ )S fo B TR &Y
platelets Z#% > % # microvascular no-reflow U R~ fim LB MR L A
FlA AR EEEE (Abumiya et al., 2000) o

WG X REREEGE T  RT LR AR 0 leukocytesdr, £
MEGE AR EAEEN NS RRERFEEEA & (Connolly et al,
1996) - & #rleukocytes & 48 B K B 72 o) — A da i, (stiff cells) » K E#9#E I
7~ » PMN# R #t 4-F * P-selectinfeICAM-1 1 % %] £ B &~ fn LA B reperfusiondy &7 &7
& K £ #y 4t lenticulostriate #) Bk 1% 89 2 & & 3, + {# leukocytes & B #h&k it £ 79 & 4
e it B 45 838 4L 0 204 B 3 B4k s Foreperfusion#yno-reflowsf, & (Okada &
Copeland et al., 1994) ; 2 2k > #f X 45 & &£ F #§ A7 i neutrophil depletion (Connolly et
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al., 1996) » %% A #iP-selectin  (Connolly et al., 1997) » sE#.7) fs 42 LB M Ao & F)
RIS & B fim o 1A Bk A RE AR - 8% F 2 fibrinogen ~ polymorphonuclear
leukocytesfa k. iE {b # plateletsih #% 42 B4 #f microvessels » & ¥ #microvascularfa & &4
= 2% (del Zoppo et al., 2000) » 4% 1§ #4 /) o & 899538 M (microvascular patency) &
% o

thin MR P RABAR LA ETRMN MR THZHIMS 0T REGHR

¢1,4% global & regional ~ complete & incomplete - permanent = transient#? ff Ba 4 &,
HARCARLAOYMBERMERAZTLETREN  ESHARAARBETRG
(cerebrovascular dysfunction) &4 &9 & 4E % K 8 (rat) M TR H4F4g4Es &
i% % + F42 # K 8, &neurotransmitter systems * neurochemistry ~ neuropharmacology
MRLRFRE  LBERABEABRARBERGAS CbREBREEA DA ~ #H&K
#) BF#H AR (Tamuraetal, 1981)° F 3 A K Bl o B B R, 6045 ©
bilateral carotid occlusion - intracranial compression ~ unilateral carotid occlusion plus
hypoxia or hypotension & four-vessel occlusion® » 423t 3k & A B 2R BS 42 fa (focal
cerebral ischemia) (Bederson et al., 1986b) «

5P R 8% BAE 0 KBS P #BL (middle cerebral artery, MCA) =& ¥ H A ME
by —1{kfe & (Karpiak et al,, 1989) - F £ 19754 » ©.A H K& AMCAOT it X
AERBE LA L BN 2 (Robinson et al,, 1975) & 4% &2 % A HMCAO
R AR A BT AAMCAYER B A AHEEEGERE R AT LR
Bi# R (reperfusion) Z#:f &hs4 4 (Tamura et al., 1981) ; & A$AH 4 &b & tE BS
PR B AREMR PR B4 0RBHEE (recirculation) ZEASAMAE IR G
49 (Ringelstein et al., 1992) » & 3 — 1B 4840 ASAH 4 Bl & & 05 % 89 By 40 T 5 5
BB L2 Herit AMCAOH ¥ %k fl4o A © AR 34 4EMCA (Buchan et al., 1992)
RAFMBENSABEUALRBEBMCAZ £ BB ot (Markgraf et al, 1994)
¥ o EErTRABLIRBEMGMBET K -

1986 FKoizumi ¥ A% B T — 289 ~ a2 R MCAr % F 5k » 144
REAN—RRRAELEERN » AEFTEMHMCAO ; Hi14Zea Longa ¥ A
(1989) Afsbiriesh A G A TmBR AR BATCHBEZEANA R0

8



MRS PR b RERA LisER BRERAETE (D) TEFH Q) F
b itathitie F sk s a9/ & (intracranial location) ; (3) Hesk @B TAE H &
(subarachnoid hemorrhage) (Belayev et al., 1996) -

B b A 84 T EarL X 09 2% 3h 3k B 3545l Zea Longa £ AZ F ARG ¥ 8k A
SRE/BAEAMAE UL R R P BE AT HA RS TR R GIE
1% Z AR -

Tetramethylpyrazine (TMPZ) & &3 )| 8 A 3 B Z 4 20 4 i TR 8 fo R AF 3R
R 4% 7% (Beijing, 1977)° TMPZ % #1 & & #>Bacillus Sultitis &g 4X # 47 (Jeffreys et al,
1970) * A B X - s bfo B ENI9TTF 4 - A PRAME  —RANERE
B0k B 0 % R 0 TMPZ (40-120 mg/day)skiviE St 82 P9 1-3 E #A44 » 44 90 %87
5.7 BA 88 #Y 7L & myodynamicFv & = B # (Beijing, 1977) - 5 % » Wang (1984)#% 81 >
TMPZ 2455 &M B E L » A 872 &nail fold microcirculationé) 5 #, » M
BETMPZA H A FABHEER - AFMERESE L TMPZR A K o B Fo ) fo
AR SR 875 B (Ojewole, 1981) » MBSy Ak IR /7 B 38 Au % 2 4 (Zeng et al.,, 1982) &
53 ik ) Bk dn % (Beijing, 1977) - TMPZF) 8% By #*42 i microcirculation B & 2 #i da &
84 3% i 14 (Xue, 1989) » LiufoSylvester (1990) 89 5 %5 38 4 45 1 » TMPZH $h40 T 5% P
Tiphl i e i, - B NTMPZT #p 4] % #& 7 1 &l (Recollagen, thrombinfo ADP)Ff
HHz b REREHo et al, 1989) SR dp e R R G E A TR IR AN H ¥y
5] T da ARG E - HE - Huietal (1987)% 3, TMPZA & F & —4& ,-adrenergic
LRI EALE - Bk HATMPZp $ s MR BRERBTE B L CRE - #
SR TMPZ &4 4 #% 7% & B # nitrovasodilator# 8 4% - 12 B 31 & # 03k 4 83~ * TMPZ
¥ 5F 8 Bk &9 2234 A A endothelium-dependent B nitric oxide-mediated &) # %] (Peng et
al., 1996) -+ A R ZWH AR LE T TMPZAEE & £ 12 &/ R H0NOR
cGMP#) & 4 » H #3857 4 & 48 & 7% /LNO synthase (NOS) (Sheu et al., 2000) » & 11
it B 4% F TMPZ A 1% 8 & T (0.5 mM) A& #p #phospholipase C» #p#icollagen (5 M)
Fi 3% & &4 phosphoinositide breakdown & thromboxane A,89 & 4 » AHEET (U
mM) > TMPZ#E #9 F 4GP 1Ib/llla %48 > & dmigH T o reh % (Sheu et al,
1997) «



FIALAFTET AFAKATEE )N S TMPZ RILEECHEFHARBEN
PR By R aR i S AE A AT RS TR R -
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A~ M ik

— P AR S Bk BB A (ischemia-reperfusion) 4% =,

+ KBS & Bk (middle cerebral artery, MCA) [AE 42 & T 5 4% X, & #& Longa
(1989) #1 Nagasawa (1989) % A& ki sh 545 £ A 984 Bkt K 8 (Wistar
Bk) BEZEHIE 250 E 350 DAZE 4 95%0, & 5%CO;, UAKLALS
5 3% & Isoflurane AR BRARE - KARL L TH M KB LREES
gk (common carotid artery, CCA)~ S5 8k (external carotid artery, ECA) #2 pq 85 &)
Bk (internal cartid artery, ICA) « A/} SEBH AR S MB G R & ¥ > L osh %
RIBSENBHRESNEHRSRRY S FHRLEEB T s LB
HABEAT TR - R—BFHEEMA 25 mm REMEREALL (4-0 nylon
suture) » AT3% SAZ B F 4 (Surflex F) 28 » @ SEHMIE R LIBARNEHIKE

BoEENAL 0 BPITRE P A EAK (middle cerebral artery) i gk A 5% /B &F 4
(focal cerebral ischemia) - Sham =4/ pi i A RERKEKESL 15 mm > WL EKE
ZREBBERNEELE P ABEMZ b - BEFUE KR ARERE  F AT
%83 (behavioral test » $#fufi4v F) MAEFE K A E RSk F AR © kAR A A
EPABOHRZKBMFRNTRIIIFRIIANGR - — B F2H > BRARBAE
ARBME  RERREKLBG I4E  TRARBEM (reperfusion) o £ F 4
BERIIE R A FE G2 A  BERFAFRAZEHA 10 2420 - FHERT
AR EASLEE BB EIFAE 37 3 37.5°C 2/ -
= ~ 47433 (behavioral test) #¥ 48 &2 14 4~ 4% (neurological deficits)

% #Borlongan% A (2000) » £ d— [NEFHABF R UR —+ @/ F e ik B
R (BRBERAN) RMBEREXEAHTHRES R T (4 4 forelimb
akinesia » X #&postural tail-hang test) + LABE WA B AN R B — ] 65 B4Rk . o
HAARXERZTRBRAAREE"RMAB PO A AR L RBEES

11



A (£RaH)  BibF k4 F (DeVriesetal, 2001) © #iE R A B4 L B4
TE o MRAANEGNRY 2RO HMRBENKERE S (SHREIALEN
4 3 % » c-shape bending) * P A RN ERMRE PR FTRE  FHILRE
BZ  REWHRATRENELERGME » MRXARFE  FHRAT8HS -

=~ B$4E E & 3% (infarct area) 2RI

4 B Bederson & Pitts® A (1986) 84 F AR RHE » ot w ) 0Feh ik B E
#t% » & A chloral hydrate 200 mg/kgfi# £ & » MABER S AT A asIiy -
Bz kA &2 mmEE o 22 % TTC (2, 3, S-triphenyltetrazolium chloride) f£/%
B37TCT H &304 » BBPAAL0 % formaldehyde solution® & - fa X @ 7 A
F #t{xa #8848 (Nikon Coolpix 5000) » %4 A #1845 £ 88 (Image-Pro Plus) 3t
B RKIE R IE 2 B 4t (% infarction volume) » 2% Lee ¥ A (2002) FoSwanson%
A (1990) Z 5, » AHER RS K REZ T3

A RIS FIR (FH8) RA%HEBM

B #ARGFIR (ZAE) BR

KERAETEER  (B—A)YB x100 %

W~ 4TS 4 (neurological deficits)
%45 Bederson % A (1986b) L& Lee A (2002) AEZ 4 &4 E » X
RYERAEHWEXBYRE - AR~ AR+ o/ ey R BER
B B FBRAAACRKANTARN  BEARRMUERAER - b RH|EH#
Mo T  FAAZABBRENER UBRENTRIB - HEEREBRER
3~5 rdE o
FABFMBEARLCELBRBEEE-— AR  BENEYHHYRE -
ERAMBAERNGERANEG > LAREFREIN L0 EEER L AL

12



FEER > AT 0 & - FREEGAR MBI — B BIR G F 3R o
(contralateral) ¥4 ' MATRK B ZRGHRERE RS > ARG RY
B AR FHEE - BREEWERERR 2% BB e rido by skl -
ARALABENMBKELAFEAESE  BHAE 1 & - REABKENK
B 98B % & 9 K4 (counter protection paper, Kimberly Clarke) F&% > € U AFE B
WAERTR « RFINEERHRE  REARAN EAHRRAAATREHHA T -
RIETBRAR T QBERR  EFIBUTFERORBHENRR TSR N E
AEHBIRS  RETRAORXAHBARBEROBARN SRMBBINS > GRS
2R -BERARAGITY BMELGENTA  SEAAREBEOBASS
RHEARIR S RARAABIBENTE  BEAL 4K -

REBEBEALZLZRMK MG (convulsions) 2 & 45 4 & # R AL
(sustained disturbances of consciousness) » # HkFRF T B sk - B B 7T 4 2 £ F 74518
B aNEROEN > EEARBEGEEMSREE SRR EOE TR LA
(Belayev et al., 2003) «

A~k k& F &% (immunohistochemical stamlng) BREMEELE nitrotyrosine

4 K

AR %R F & RAKIE Han (2002) A& H & he sA 1545 o K BLE P AR Bksh
d S BERF Y NS R EIEH B E 400 mg/kg KA BB AT IAFE 0 B4
HEA 30-50 mL Z 4 A HBKR 4% paraformaldehyde &5 K 840 ERATHEA 3
HRESERARAERRE D - KAERA D SRTRBIER 4%
paraformaldehyde Bl & (fixation) #-heF > #HZHF A 30% BBEARRKEABR
DREEB BRI B B AR R & (cryostat) AR A KB (coronal
section) A K4 10uM i R E587N CER silane Z || K - H3BEA
RF ~70°C fobd 42 4f o

13



1B & -70°C )B4 LA 4 % (phospate-buffered saline, PBS) #4408 » &
HELEE (coplin jar) PHARZ R BREH T 548 - Hmh @55 2%
BSA (bovine serum albumin) R EH 548l VI A A RN ELS - BE U
anti-nitrotyrosine —#& 474 (monoclonal primary antibody, 1:50) K & & /8% » &1
BB KRR EZ %48 (FITC-conjugated secondary antibody, 1:100) &_J& — 18]
o 4L B R AEM4E (excitation: 450-490 nM, emission: 520 nM) F#3 &R tbi2 K fs41 B
WEH K E (cortex) BLAKHE (striatum) nitrotyrosine F4 E&H £ H o
N BIESH

TRBERFGEAE R R E (meantS.EM.) &R R RA7 &8 14 0 R EHE A
Kruskal-Wallis test 15 #4039 47 » AR T 5 IE % 2L Student’s r-test 1 &t 47 -
% P<005 AlATTRBHFERLAEAZEE -

14



283

—~TMPZ # AR+ REHREE DK OHE

BATRE T RS IE L EBERFHT  RARRARRMEE SRR
BRu| A4t TR — B Ex TMPZ (10 2 20 mgkg) HEM TMPZ 2 &5 H|
(cremophor: ethanol: normal saline = 1: 1: 4) « # F#f4 H @/ 6§ > &FHE 400
mgkg ZAKERBERAMSR  BERERXARE ABAL  BRIA R 2 mm
#her TTC 2 & - E¥ BBl TTC FRARR4 &2 formazan (Figure 10A) -
BEGHEERERE® 24 ¢ (Figure 10B, C and D) o ¥ X 5% &) Bk 4 o S0 B 5
RER G RARAIEIEM R (frontal pole) 3-9mm & E B E £ 3845 - 5 B H 448
#t Image] BETHEHIVREERZ DN EFHBRLK T Eiok ik
B2 % o Sham LB EGMILES -0321.5% =6) RE&TFETEHZ
¥Ed 4 (control) WARE ML E A 41.4228% (n = 10) > AR a2 EBHK
tb & % 38.5£6.5% (n=6) #&F TMPZ 10 # 20mgks B B2 KM E DML
EEmapiEsatb R IR ARERANZREAER g TMPZ B EA 10
mg/kg 8% 0 2 M2 AR EAER (22.654.0%,n1=6, P> 0.05)» f L& F TMPZ 20
mghkg Bl EX R RABEGMLEIAZRZHAULBIZIRFEANKYD
(13.9+1.5%,n=6, P <0.01) (Figure 1, 2) -
= TMPZ #+ KB REER BN B HBERHVE

P F W% — B NEF LA B G B 4R 0 sham ZE# A ER A 0.5£0.3 (n=6) -
EEEAAER S 23203 (n=6) £F TMPZ 10 mg/kg %8 2 5% 4% (& 4148
Wi RA 25502 (m=6) & F TMPZ20 mgkg B EX FiRAP EHBHERE
27503 (n=6) A ME RS Ak R B £ A E R 25 (P> 0.05, Kruskal-Wallis

EREHBERS 21204 (n=6) > &F TMPZ 10 mg/ke # B 2 B 5t b 48 5148

15



WERE 13203 0 =6)> m&L&F TMPZ20 mghkg Bl EZThap S8 %R
2 12503 (n=6) dFEEBTEHAILEFKEABRESR £% (P> 0.05) (Figure
3) o
=~ TMPZ # A B ¥ Bi# ki & 3] 4 nitrotyrosine 4 X #H &

F) A B R R F B0k 54T TMPZ #p#] nitrotyrosine 4 g 8920 R o AR #t
d R 3% K E (cortex) B ALK EE (striatum) #F ¥ A %] nitrotyrosine &9 3 F5
(Figure 4A, B) » #F TMPZ (20 mg/kg) t9 K &£ £ 4 nitrotyrosine & 34 & 4% £
% & &% 0 (Figure 4C, D) » @ sham control KA ¥ HZ AL FLAHR

nitrotyrosine &5 & # (Figure 4E, F) »

16



o 3

BHTRTREVAB LT EABRY TES THRARTEYZHE - 1
¥ mRAELBFEAM (invasive) B9 F 2R UBFRGEIAE o £ 2 2| Y B (transient)
FH KA (permanent) T A& k42 E (middle cerebral artery occlusion, MCAO) = B
By BHHTERECEASMRAmMELS  BARTRETHMO T4 AR
CHERARBRMHELTHIAGE TR GRA B AL E (Koizumi et al,
1986) » AR EAAER G KE TSR E Fi#F 2R LK Longa (1989) MR
Nagasawa (1989) H A B R F ik G EHRIGAREL R EFIAE PSS
Gh B FRNBRETEEER LT AMIIEEIK  MAERIESHIRERART
B RGEH LR BRI RIANA LB TR R INFF AR - ARAES
ARG TP ERANERSRBETHEYERR AN DN T ERAYE T
) Bk 48 15 & 3 8g Koy (Dittmar et al., 2003) -

TRAEAREE TR Y BT F AT FE—RIE2 TMPZ 28R 48 M
PRBERERM ASHEX TMPZ RREERARDARABERS MHNKE
PRI EFMRSL 24 NEAFHNERBEREAMER IR M ERLE
B MRE  ERMARBESRI LHER HUALHBERTUHRER > KRS
(histology) L #92 & KR KE £ L&1T A% (neurological behavior) ey z &
(Yamamoto et al., 1991; Belayev et al., 2003) - T 4E 89 R F 61,32 K B sh et o9 R 18 &
48 /& (funcitonal compensation or recovery) "!’F a2 ey R4 (histological
limitations) A 5|4 (DeVries et al., 2001)

B AT AR A RS MCAO B8 RAKRBEHFT 2o B R 4WIEHE B
(volume of infarcted area) = &3#4 %4 (morphology) A4t H LM BET i E
BB > BREFEHRATUASHETRATHEE BRI BEFEFES
BkE B (non-MCA territory) # 8% #5204 (Aronowski et al., 1996) » H 4 » {¢

17



B EmnttREFT EARET AN (ntracellular) = 4o A8 i
(intercelluar) MEFA AR AABRLCHE G ENNE W TREETR B
ARADBEAEARAZAE  FloARBHEEROE RS0 I 2B ETRE
ERRANABRLEAREE BNTHERWMTAS L6 &R (Aoyagi et al., 1998;
Sopalaetal., 2000) e Xy R LB HRAF LA THRE  BITASL LY T+
RIFBELERPHTHEGEBH AN RGHE R (DeRycketal, 1992) - Bt > &
MAERTHAERGREBEXVELER Do BRGS0 FRERBHOK
Rzt BALE-SHARYERA @B AR DORE  floBihy ¥t
TG RGN FP O ABREARNRE X et Ea iR -
tafn ik % (cytokines) RAr X BAA M IS F HHEEAREW (T @ E
Elafpfor 8B i) REMZ el (oibBmibde B kimia) /F ot T EE
RERBERXRE - BAMMLAHERO IR E S Ew+ 44 (Kogure et al,
1996) - iFetm B F T A5 AR W ASR © -&@ % (interleukins, ILs) - B8 @ 38 56 B F
(tumor necrosis factors, TNFs) » F# % (interferons, IFNs) #4 #% B -+ (trophic
factors) « B PR €3I S mib i F A4 » Hlo B — A &% (interleukine-1,
IL-1) Feo#! B2 3% 8 B -F (tumor necrotic factor-o,, TNFot)» if 4k 4m fi 3k % € 75103
B -BMRERABENEAR BHALREN—GILABAGE  HEELE
TELAHMEARARNEHZ BRI BRI HMEREELESKR
nitrotyrosine » T A R MM A BB XA MY LRl (of TG 0IR) P
R BRACZHBETARE > ZHRELHE KA @ nitrotyrosine A b £,
LA ERAE X » B LA E nitrotyrosine T ABRILDHE S T2 4548 - A
REFRELERER > Atk LR KM K€ E L K E nitrotyrosine » 12 % & 4]
e F 3K A & F 2 K B nitrotyrosine &9 &R, 0 B LR B RS HENETEE
TREFHSERIALATHEGEE - £F TMPZ T sl ip 4] 4 b £ 38 @8 8 N

18



nitrotyrosine &9 & 4 B 4 TMPZ B4 f1ue94E A (Burton et al., 1986;
Zhang et al., 2003) » TR EFBR VB EmI B B HRGE -

e EMH R AR CEMTHAR BT TMPZ 7T LF @D KA
ABPABAEGANSE > RABIPHE PHELKGFL  LRERRD KAKME
M-S RBENARMALGRELR - EAHN AR R min R B ek
Aiddkt o FRE-FAHTHRRER -
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16~ BHEEE

LERBRTPHROUEERK T £FHBEH TMPZ TAE A R A A& MK
£ B Y R BER RGABRGE - M TMPZ (R &1 A RET
% TMPZ A5 FrEA AL RIABRLENAM » BRI E PG L3k 4 g2
4.6 bARRIPH AR INOS #7EeR M -

HBRHE BB TRER—F T TMPZ R R BB RN LG
oM mER > HARTH TMPZ iR Ataft & DORE  wHBENMTER
tmie s ERm R R eg R BATAR  MERERMER T RN EEREM
B3 R, -
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Figure 1. Effect of TMPZ on MCAO-induced brain infarction. TMPZ (10 and 20
mg/kg) or solvent (cremophor : ethanol : normal saline =1 : 1 : 4) was administered 20
minutes before MCAO in male Wistar rats. Sham (A), solvent (B), TMPZ 10 mg/kg (C)
and TMPZ 20 mg/kg (D) treated groups were euthanized 24 hours after MCAO.
Coronal brain sections were incubated with TTC at 37°C for 30 minutes. Dark red
colored region in the TTC stained sections indicates non-ischemic and pale colored

region indicates ischemic portion of brain.
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Figure 2. Effect of TMPZ on MCAO-induced brain infarction volume. TMPZ (10-20
mg/kg) or solvent (cremophor : ethanol : normal saline =1 : 1 : 4) was treated 20
minutes before MCAO in male Wistar rats which were euthanized 24 hours after
MCAO. Coronal brain sections stained with TTC were analyzed by image processing
software for calculating the infarction volume. Data are expressed as percentage (%) of
contralateral (control) hemisphere and presented as meant+SEM (**P < 0.01 compared

with solvent group, #P < 0.001 compared with sham group, n = 6-10).
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Figure 3. Effect of TMPZ on neurological deficits after MCAQ. Neurological deficits
(normal score = 0, maximal score = 4) of sham, solvent or TMPZ (10-20 mg/kg) treated
groups were evaluated at 1 and 24 hours after MCAOQ. Data are presented as

mean=SEM (#P < 0.01 compared with sham group, n = 6).
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Cortex Striatum

Figure 4. Effect of TMPZ on the production of nitrotyrosine in coronal brain
cryosections after MCAO. Immunohistochemical stains of anti-nitrotyrosine and
FITC-conjugated antibody. A: control ischemic cortex, B: control ischemic striatum, C:
TMPZ (20 mg/kg) treated ischemic cortex, D: TMPZ treated ischemic striatum, E:

sham control cortex, F: sham control striatum. Arrows show nitrotyrosine-positive cells.
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