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PR TRESE s e FIEESAN R @ BIFEL VA REME
R Jf]i; ” ko (stroke) - u® B ixH F 4 SEECELR FEEE O e
(lschemlc) g dig M (hemorrhagic) ¥ kb o Fli m BLfE B o ondrilded? b &
ik w4 PR BA R ;g;b'ur# Y b },—,‘3 O = e N U g,;:i,]@_:* B ﬁ—:;bgiér_'ﬂ—?
2 - ax BRERF AR WA 0 0 fEG FRRE A T (atherosclerosis) o ik H 3
4R B oA iE- Hsldes 14 (thrombotic) #4>% 1+ (embolic) 3t
2R P R oo B33 ehRgn B L TR P b P i d $ %% (aneurysm)

& & g w745 (arteriovenous malformation) #7314 o

fwﬁ}i EAN S HECE R T R ISR S N P L A
FRAE 0 & 354 ~ 40~ 4TS e %A (sodium, potassium, calcium channel
blockers ) ~ NMDA # <% ( NMDA antagonists ) ~ AMPA 3 & ( AMPA
antagonists )~ 4% % ( magnesium )~ GABA 1;&#| ( vy -aminobutyric acid agonist ) ~
pod AR ,ffflﬂ] (free radical scavengers ) ~ = 't & = 3548 (anti-adhesion molecule
agents) ~ A F £ b 3 %% #r41# (matrix metallo-proteinase inhibitors) % -

TMPZ (2, 3, 5, 6tetramethy| pyrazine) % 7 ZEF ¥ Fi bRE DT o
wA 0 LR L e AR - W g R (vasodllatlon) FE* o
N 2 R TMPZ %44 o '—f’qﬂ 7# 7w (ischemia-reperfusion) = &7 kb F ZH#-
Rerslde i T hiGE T RN R M P R DT KRS z«ﬁ TMPZ &%) £ B
% (10 ¥2 20mg/kg ) ¥ " *"E—}t‘ b3ldez fpawipd o £HABHE (20 mg/kg)
PRE G R &S iR Y < g#e Pk (middle cerebral artery) 3 ﬁg A
mieehig E o e gA RA +a,»¢53; BRI L e LR R
(immunohistochemical staining) % % & -1 TMPZ 4% & 5 20 mg/kg T ¥ |
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< RGP EF LA 0 & 2 g% B ¥ INOS (inducible nitric oxide
synthase) # I+ J M2 2% o

FER RS > TMPZ 7 2 35 1« Blid o M%7 b #7rildeenip 2 o

I3 TMPZ ’é—_”\{%‘_@_‘%‘«ﬂ f?"ﬁmgé/@i BoiLimeniTr B 0 & FiE— b hdE It o

BAER DG B s YRR gk B R 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 (« -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
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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 neurological 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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T

& F P x> (intravascular thrombosis) & 51423% % i § 5 i FAe 4o X H 2
- B e 2 (arterial thrombosis) shsai. )% (plaque disruption) ¢ 3%
&M g #ciz ¥ (acute vascular syndromes) @ @ 4. 3oL % ( myocardial
infarction )~ # £ = 4.« % 5 (unstable angina pectoris )2 2 ¢ k (stroke) (Fuster
& Lewis, 1994 )- £ 444w (4757 B (acute ischemic stroke ) & % F_d > cardio-
or athero-embolic =77 =& » F 3 g0 ¢ 12 % (Albersetal, 2001) - i1 # 9&4}'
PRPEFEA R ASLEY R TP FIR AR ARIERE DE R o B2

* ] b f R ] P AR ] & A 2 & > (progressive microvascular
thrombosis) 3. % ¢ 7 £ & £ ¢ (Choudhrietal.,, 1998) > #]2 A n LAk fe %
2 & w F o i B F 7 lipid s platelets fe fibrin (& 8 39 ) o ot o

g%ﬁ;“gﬁ;_J. TR T n ? (Okada et al., 1994 ) » % = 4% 0 {4 2. ¥ sk
& (7 no-reflow 3. % ) » < # reperfusion ic £ % 2 > 3% % fie] o f B EE 2
2P LR h’ﬂff—)'f% P g k- HREF B (Pinsky etal., 1994 ) >
i Mot hmre X AF ¥ — 38 L 4F postischemic hypoperfusion svzE g kg > B id
* intralummal MCAO (middle cerebral artery occlusion) & # —f.vzﬁ*;,‘r ik Y R
p > reperfusion I % ¢ i CBF ( cerebral blood flow ) &x4g % 4 x = cofl &
(Connolly etal., 1996) ; #& 7 + B Acs ™ LR » & FEil ik o T B2 gl )
& F kX 3R degranulated platelets 2 % fibrin 0% 4 (del Zoppo etal., 1991 ) - #&
B FET R FRGAR i S BRI o k cplatelets R A% 0 #3k microvascular
no-reflow % & - HPgmie LI ARG 0 B F 5l Mo Ty Jﬁz S EPERE R
( Abumiya et al., 2000 ) »

B AN AL (82 MR AR PF] S "f 7 it k2 g o) 4F ¢k > leukocytes
J«»‘ Z;Ui’ﬂ WA BBk (S b’“r%‘ K- L F RPFEL &9 (Connolly et
., 1996 ) - d ** leukocytes £ 484 ~ ¥ # A - fAmre (stiffcells) =~ & 7
aa%%grr 'PMN e v 4 5 1 P-selectin fv ICAM-1 4 %] 754 o 14 % reperfusion
sy > € < & chi lenticulostriate #-#% 15 crfica F A IR 0 i@ leukocytes BT" ?T?E: 28
IR AL e I e R R AR IV L reperfusion ¢ no-reflow
% (Okada & Copeland etal., 1994) ; BEZR 0 BT Y 4 ) &£ s m % neutrophil
depletlon (Connolly et al., 1996 ) - v %7 P-selectin (Connolly et al., 1997) »
fo U P B AR oL I RPE A %Tm ;ﬁl viegra i w DRI L e B F 2
fibrinogen ~ polymorphonuclear leukocytes 4c F 7% it i platelets 4 ff & %o 3%
microvessels - ¥_% 3z microvascular f2 % 7= & % (del Zoppo et al., 2000) - i#

- 203 -



¢ ?ﬁ{é&ﬁ? %238 6P

& fico| o g eFdF 2 (microvascular patency ) # £ -
Bk BT R ATRR L NE R Pl 3 5 B L RS R
E > & #% global 2 regional ~ complete ¢ mcomplete permanent &t transient
?"Eé%%s- o BEAR S § R AE AR A R AR 0 EA LA
% Max # 45 % (cerebrovascular dysfunction) # it cfod 4~ fE 4 8~ & (rat) o
g Wi s A3 - EATE &Hﬁﬂneurotransmitter systems ~ neurochemistry ~

neuropharmacology 77 3 = & iF % > £ ¥ + Bl A 87 AP0 TR efE3] (W AcH &
FEER G 4o B~ e Zéj ) v B3 s adp e (Tamura etal, 1981) - % #p 2 %
Bl %ot o F B Pt : bllateral carotid occlusion -~ intracranial compression -

unilateral carotid occlu3|on plus hypoxia or hypotension & four-vessel occlusion
%o e 3 2bid a2 B IR Pg4k w (focal cerebral ischemia ) ( Bederson et al., 1986b ) -

vk P BAm s < rg e $57% (middle cerebral artery, MCA) & &% % 2
[l s P ? (Karpiak etal., 1989 ) % % 1975 # » ¢ 5 &= 7 ¥ A re‘ * MCAO
BB A RE P g s Bivigit e (Robinsonetal., 1975) - # @ 4R 2

& * 3> MCAO eng s g 1 B igen— ;83 MCA 1 4 » fe Bt ficst #E *i-Jf” RE %
R 2 Fw L R (reperfusion) I 4 i 5% fa .t (Tamuraetal., 1981 ) ;
BAE A M Y b FRERERY R o2 wRE #5% (recirculation)
I re3nadp F %% 7 (Ringelsteinetal., 1992 ) » i = — B A4p i A 5558 4 %
B R RE S R e & o LA S MCAO 3 2 bldcg B HRE
# 44 MCA (Buchanetal., 1992) & £ 1% i » ¥ k#1512 % Rigz4 MCA &

4 Bnrgn 1> (Markgrafetal, 1994) % » 2zt F Zifeys HE2 BRI %

—'7;\40

1986 £ Koizumi & A 2 E 7 — E 31 ip ¥ 238 M MCA FeiF = 2
Al R - ERATMI & F g ) o T E 1 MCAO; g 18 Zea Longa
A (1989) #-ptiE fais &F o ¥ Ak HE ’"‘*’%Eﬁﬁﬁk’i}iﬁﬁr » B A S AR Y

PG Y bt R G FatahipEh s RHAZES TG (1)
B (2) 2 b BemRipe s g et "J SREPN T (mtracranlal location ) ; (3) tm
kR4 3T #2 0  (subarachnoid hemorrhage ) (Belayev et al., 1996 ) -

e W oo
6*‘3‘

b

PR S F BN Rk ety B #7002 Zea Longa £ A 23 E (4 e
”’T\L B/ E th\) T rlET R ’#ft B BRSO L Y R AT
B telf 2 R E

Tetramethylpyrazine (TMPZ) &_d "' 57¢ #7572 5 x4 frdg > ¥ REE L
RUEHRE PR G (Beijing, 1977) - TMPZ % #p JR p »+ Bacillus Sultitis < 38
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$ (Jeffreysetal, 1970) > 2 ¥ e B ~ s it fold e 20 1977 & 4bpgs o ¥
B~ o - 0% NSk & e F Bk 0 TMPZ (40-120 mg/day ) 4 v, s4d
PI13EHE 0T 0%IEET P kg e L myodynamic {5 w4 F)£( Beijing,
1977) - ¥ ¢t > Wang (1984) %P > TMPZ tish & i § gk b o F 8430
:z & nail fold microcirculation 7352 > @ ¥ TMPZ & £ 15 P A chg| (% o ¥ 3
FEAREdp 0 TMPZ £ 5 '8 o B {edrild | 752 chiT* (Ojewole, 1981)
PR E PR FE 4 PO 4o on F (Zeng et al, 1982) % mofed % w e (Beijing,
1977) - TMPZ Fe 55 B4+ 238 microcirculation % j& 5 fice ¢ e0id 35 1% (Xue,
1989) - Liu - Sylvester (1990) 97 3 4 4 45 2t » TMPZ * 44 F % ¥ ¥ $rd]
w22 5 d 3 TMPZ 7 $rd % #8675 i & (4o collagen, thrombin = ADP) #7
FF 2w ik E (Hoetal., 1989 ) s H Frd)m 225 20 eni® % ¥ p R4 Jh p >t
HPrd] 7 o Faug s o @ » Hui et al. (1987) # 3 > TMPZ 4 £ 7% § - f&
2-adrenergic < %8 e33Rt & 5 it 3?1] o TPt 5 4&p] TMPZ $rd|n | g F BV 5
d Hvig/s o 828R TMPZ chig g™ 7 >+ nitrovasodilator sh# % > e p i § &
1 3F 2 R or o TMPZ 7% & 7% engt s it * 5 endothelium-dependent 2 nitric oxide-
mediated 4] (Pengetal., 1996 ) > sz X P2 w8 7 » #F TMPZ v 7
XA MESER R 4 NO 2 cGMP ch2 4 > H 88+ i 8.5 d & it NO synthase
(NOS) (Sheuetal.,2000) 2P x 2 » FF TMPZ kg ™ (0.5mM) &t
F#r+4] phospholipase C - #r+#1 collagen (5M ) #73% i 1 phosphoinositide breakdown
% thromboxane A2 & 24 » &3 & ™ (ImM) > TMPZ i 43+ # GP llb/llla
XK a0 n ) FauEE (Sheuetal., 1997) -

LA E Y o AP P X E T2 TMPZ kR h v HIEAE S B
IEEERS SECET A S Pkl L O =g sl )
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B~

= FIPVIEREYIEET SRR T (ischemia-reperfusion ) f812

P o= g% (middle cerebral artery, MCA) FE % 4 n 7 B -5 ik 4% Longa
(1989) £ Nagasawa (1989) % A thi3 j24c i3 4F » & % o de L 22 % &
(Wistar & % ) #8 &£ #4250 3 350 = 5o 2. [F - #-95% O, 5% CO, 4 #
1R £ B & 3% Isoflurane & ~ Bl » firfig o < RGN Y R F o H i+
pligp 7% (common carotid artery, CCA) ~ ¢t g #+ "% (external carotid artery,
ECA) ¥ p sgé: %% (internal cartid artery, ICA) o »> ?F FE &5 7% 3T 2B 21 g w s A&
Bl 1T R R SRR R ) 3 mm o B s B
LT SR A R [T T HE T KL 25mm £ B
Ho R ass (4-0nylonsuture) » mzg i g2 95 44 (Surflex F) % % » 5t g#
MR ATERIE A MR B S0 TE R Y L gErk (middle

cerebral artery ) % = % %4 & #8044 & (focal cerebral ischemia) - Sham 41 % 91 ié
PR AEME RS IEMmMy MR B2 AR EZ S HIEE ALY X RHR2 o

oM A B v R A Blp AALEAE > % {7 5 Bl (behavioral test » 3t 4T ) 1y
FEILS RH kb d L0 5 o AXHIER Y L gk & w\;rs.#ufé*ﬁ‘v B~
22 RPN B e — B PE (S 0 B B R U F prps - PR AR T -1
CHLE > A kiR (reperfusion) o Ak x EHEREE R A AL B 2N
R pep ] 6 10 A 452 oo I pEARY o I T AR K BV i
%373 375C2 FF o

=~ ERHERC behavioral test )i 25 #%( neurological deficits )

%+ Borlongan % 4 (2000)° fadt i — ] PFEEER QN U E = Lo | o
e IS (RS B ) PR X R s B F 143 (i forelimb
akinesia » * # postural tail-hang test) » 12 FER =~ Bt = 7 el — R ePgIR4k
oo d ARG R E 2 v B Jfg:}\ 128 %"4 RN SR gié,:,\, R |
& ;fw% 2 (ZREBF) > Fp 22407 (DeVriesetal., 2001) @ #rf 4 &
RHARHEZY P BB ﬂfﬂ"""mﬁézﬁl"?wn*rﬁvﬁl? | i L Tk g
(885 R = RI% % > c-shape bending ) » " % =5 ch ] % PP # % F
FRg o FAEMLRE > F2 0 A Had RSB Ee g o X RAP R
Prparg s o
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FVF{% UBhisk (infarctarea) 3

% PR Bederson & Pitts % 4 (1986) 1= 2% RiT > F- Luw | EFdn R
f£iginte o @ * chloral hydrate 200 mg/kg Jfrps-€ & > *T R 2 7§ T R gl
BB o Mz e B 2mm B & o 2 2% TTC (2, 3, S-triphenyltetrazolium
chloride) A 8 & 37°CT % ¢ 30 &~ 45fs » S T2 » 10 % formaldehyde solution
Bl E o [fx o Fgtr B ﬁitf* ip s P 4p (Nikon Coolpix 5000 ) 5 # s 12 82 fgun\ #fr
#ic 48 (Image-Pro Plus) & "ol 84 2 7 » +* (% infarction volume) -

Lee & < (2002) erwanson £ A (1990) EENE .u#%“,!rt -m?}\’iﬁa—‘%& :

(=) FRPPaLs (+%) A0 f#

(=) ezt (25%) & #
RO 15 e 35 % 0 (B—A) /B x 100 %

PH -~ S T A% (neurological deficits )

124% Bederson # % (1986b) 12 % Lee ¥ 4 (2002) #7iF2 A &gk > 3%
PR B R BERA SR MRR o AW s - RS e o R E
VL PE %ﬁ—-&i TN BT AR 0 R R AR B g sk o A
#lj}i?‘;iﬁﬁr‘f P EAREBRERFE TR NRFEDE RSN oA EER A
WEALFEPE 3~5 4 45 o

BRAEfrr FEO S BET AR FERE 6 - 2 ¢ ,ﬁ%‘zwj@w IR
FoF A Behd B E NG E e G o T BRI B AR SRR %
SEF R L7 0% 0 F G R eht B g B B ﬂk_, AR 5 L3k en
¥t+ig (contralateral ) 4z g @ 14:2%'&3{3*:}5 BEfER A R TR ER G
Sphemeid A oot R o R E T 1F]‘EJ NS R DR R e T
foo pEdE o < B AR G ST R 7 HB B YR &P\:Z‘»E”;”l,?ho
S EARTE R E R R ) (counter protectlon paper, Kimberly Clarke )
FRE g RT RRPNE AR o A PREAE RPE T KA s 4 F 8 )<
B efmh B b e wvd o (RN BT e ehS e B IV 0 B A i B
K2R3 a4 5 4pk i o Bd ¢ b o S RN R OR »
BRI S Y 2k BER ARG d b R BEE S
FERAFRARPBE o FEE P 38 B AL ARATITAF

W ¥ A4

&‘F’ﬁ-\ 4530

BLFEARBER A R L IRE 45 (convulsions) & B i g3
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(sustained disturbances of consciousness ) » #-3t % R o o F|V gy A_A S
HREATY 0 od R E ~ 0 A2 REG T R AR IR R ET
= 4w (Belayevetal., 2003) -

T AR R ERCNE (immunohistochemical staining ) Fﬁ@
5% nitrotyrosine Iy % 1Y

BB R ¢ A ikdy Han (2002) % 4 e 2 de g b o & BT P A
S '*’ RS ] S ”,B.”q-_/._ﬁfff’?'ﬂ 400 mg/kg -k & & ggéc S
% f 4 w12 30-50 mL 2 4 32 & #-k 2 4% paraformaldehyde ¢ + & = < ¥ i&
T TPR LS TR REERRN T o A BURIE BT A RgT
4% paraformaldehyde 7 %_ (fixation) & | & > & ¥ @& * 30%f #&4 % M-k T
R 2L F BAIVG AL o I Ak B E (cryostat) B Ry e Sk
(coronal section) = & & % 10y M e & » ¥ 5430 % % % silane 2 gt &
FIcE e A3 70 CHAc L i3 -

~N
- p

7 #d - T70CwE {8 % =% (phospate-buffered saline, PBS) # 4v % »
E#H2 %4 ¢ (coplinjar) @ jie==t > & =T |- 44 o My 5 m e B0
2% BSA (bovine serum albumin) & Jig= 2 480 D FkE A 4 2LEE P S L o
£ ¥ 2 anti-nitrotyrosine — & 348 ( monoclonal primary antibody, 1:50) ¥ & /|
BF o Bofs i@ % ¥ kiR w2 - Byt (FITC-conjugated secondary antibody, 1:100 )
FR- Bl PF o B Sk B st (excitation: 450-490 nM, emission: 520 nM ) T g
Bk gt e H LR (cortex ) £ k%8 (striatum) nitrotyrosine # 4 &

- BT

PSR Bchp 1 TS BRI L (meantS.EIM.) £ 7 o & B4 Gk ek sl
511 Kruskal-Wallis test i se3> 4 47 0 H 47 S ficyy & 12 Student's t-test e 53+~
{1+ FP<O0S LR HAAHE T LHL LS -
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=~ TMPZ S~ Ll A R IR Ao fy

BT AR & de iRk g g R R 0 30 S B MR ER A S  2
6w L B8 H - HE 2. TMPZ (10 2 20 mg/kg ) 247% f2 TMPZ\,pff»ﬂJ

(cremophor: ethanol: normal saline = 1: 1: 4) o 3t £ jis{s > w J =R 6
400mg/kg 2.k & # ﬁ}fxé * E;Uﬁ,ﬁsr BEHEE RGeS SR P E 2
mm {12 TTC % ¥ ke Jm B TTC B R R 2 formazan (Figure

10A)’ﬁ%??9‘9' FIMB keskz v ¢ (Figure10B,CandD)o ® + #g#s %
How BRENLE €13 T l?Jﬂ *alE*o < (frontal pole) 3-9 mm &% 3 & 4 3F
%@ % FeirApis e Image) ik T A AT B R F 2 g 0 X Ry i o
R At k2 E’”‘Q‘%Shamjr’b%}:' FEREEHFAF L -03+£15% (n=6)>
AL TR ES 2 (control) L E R A 55 41.4+£28% (n=10)>

A Fr A i ,wa x5 385+6.5% (n=6) %+ TMPZ 10 2 20 mg/kg
HE 2 FHREME S i F 2R A Bb“i?&,LEEﬂt?}zJi#BFﬁ? B IEH o Bl
% TMPZ #|€ 5 10 mg/kg P> & s piez w3k 7% (22.6 £4.0%,n=6,P>0.05)"

@ 2 %S TMPZ 20 mg/kg ) £ 2. 3 Sk el % & ff v F 2R3 Mipdle R TR

2

PR &S (139+£1.5%,n=6,P<0.01) (Figurel,2) -

= TMPZ S PRGBS Ry

WL S - B PR S E S % o sham frdle %% i 05+03 (n=
6) ABPrHleE s i 23+03 (n=6) %3 TMPZ 10 mg/kg #| & 2. 9 2 =
‘.:,fa.»\#p?misi %% 25202 (n=6)> %+ TMPZ20mglkg #| & 2.7 % w24 1§
A sk 27+03(n:6),a7§ﬁ,g%r¢ PR B R &L (P>
0.05, Kruskal-Wallis test) o @ 4L % & jivis + w /] pFot gt 35 & %% > sham #7241
BEHLZ020(n=6) AAIH et ai 21£04 (n=6) %25 TMPZ 10
ma/kg A & 2. F s A ek dF et sl 1.3+£03(n=6) A %5 TMPZ 20 mg/kg
AR 2Pk eA G NERL 1.2203(n=6)" ﬁ%—,i’ AR A ot i R
ZEP AR ALY (P>0.05) (Figure3) -

» TMPZ S Bl VR TR 3 [ nitrotyrosine % 75 '/4{/4255

T _B_ﬁ« £ R4 EFTEES TMPZ 74 nitrotyrosine 2 = g3k o < 25
4 L
¥ %

ik IR )3 F;ff (cortex ) £7 %} &8 (striatum ) AR nitrotyrosine 3 f
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(Figure4A,B)» %+ TMPZ (20 mg/kg) s~ R H & i nitrotyrosm iﬁvrﬁ‘i
REBRERD (Figure4C D) @ shamcontrol « *qX 3k 2 % & P& I 2
I nitrotyrosine =& 4 (Figure 4E, F) -

P R RSB E T UBEAGEHY LN RERTES L
FoHP o B3 E &M (invasive) 07 2 E U LIS R 8 p 1 DR
(transient) 2% 2 (permanent) ¥ *&%*%4>% (middle cerebral artery occlusion,
MCAO) 2 P e izt 2 51T B A EWA & > FIi 2 FREFR%
e i AT R R R R R o iy T e .,; RIS TR ﬁf}gm‘é z«g\
(Koizumi et al., 1986) - ~#T 3 #7i¢ * chx & ¢ P ix gk £ fFi
Longa (1989) r % Nagasawa (1989) % 4 #v3 £ e & > o ¢FFEHF%FE X~ R
TRKEDEFE P BB p ho Llaniffer §EBAETTY \
oM R EERR R T L gﬁé.g‘ﬁf PE AR IR dorFFE ~ E ER o
B [P B G B ;;;ig B b EE R ¢ R B 8 ERAEE T
fenk oL@ a3 42 B NG iRd i % i eh+ | (Dittmar et al., 2003 )-

PESE IR RE R ST AL ST - B E 2 TMPZ R Ik B 4p
RO AR EMA T BHEZ TMPZ (it 480 2 IR A H
< RP R g LSy 24 /J~E%E’Lr]5’§'hd G R BB AREFHEH R
lﬁ,c{i e 0 BH MARAES PR A o K BEET NEIR A R

wF (histology ) F ez %w» LrgEy ST g (neurologlcal behavior) + &
w:ﬂi (Yamamoto et al., 1991; Belayev et al., 2003 ) - ¥ it e F] @ 35 < B it (£
ik i & 48 o (funcitonal compensation or recovery ) % » & LS g P

| (histological limitations ) #73142 (DeVriesetal., 2001) -

g ki * kg MCAO {83 = E'_%«;}ﬁ' Iag SEIIPER o) W %%zfﬁ' % T B
(volume of infarcted area) & j % (morphology ) ® #3857~ £33 55
#é i féml“é’ﬁ;tﬁ T i ;ﬂaﬁ: YA %

QB % ¥ % & (non-MCA terrltory) it B e g (Aronowski et al., 1996 ) -
£H 0 ERBH Gwie = N 3E 0 37 00 R o (intracellular) &
se i (intercelluar) 3 & @ vfeniffe » FIZ SR F G T o Twe v i 3735
TR REF AR 2FELE R 200 BTy :",‘,4 Bk Rt dhw fril4e

ERGEARAR kR I U W LE BE R SR
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N

(Aoyagi et al., 1998; Sopalaetal., 2000 ) o * 4r& 47 % & BB p H Sz 5= 5
AR D FLEITOFERITFREVER AP RS ki & (De
Ryck etal., 1992 ) F]pt » x 57 3 f P A E D B RE N R G b 5 % J
Fekdtn Y g g okt o B E - HFEES T Ller B
]%‘«é] oo o B|dcE S —E%%“F%’ Poite o IR G aE e s ’f’?%#?"mﬂ%‘«]ﬁ
B AR R e R ek L o

IV RAZLARNERFTHTIE > RV RERTEEFIF AR

fn¥e g% (cytokines) quég BB S d g M (AT e

= V%’ ‘m”a‘fr;ﬂ’ W mre ) BN Fﬁé 7_ % (4opd & & e fo b gk ‘m”é’) Dl s T
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