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Effect of Chungpaesagan-tang on Cerebral Ischemic Damage
Induced by MCAO in Rats

Gwang Sik Jung, Bum Hoi Kim & Won Duk Hwang*

College of Oriental Medicine, Dong—Eui University
Research Institute of Oriental Medicine, Dong-Eui University

Abstract

This study aimed to validate neuroprotective effect of Chungpaesagan-tang on the early stage of
cerebral ischemic damage. Cerebral ischemic damage was induced by the middle cerebral artery occlusion
(MCAO) for 2 hours in the Sprague-Dawley rats. Water extract of Chungpaesagan-tang(8.7g/kg) was
administered orally twice at 1 and 4 hours after the MCAO. Neurological score was tested at 3 and 24
hours after the MCAQO and Chungpaesagan-tang administration. At 24 hours after the MCAQ, infarct
volume and edema ratio was evaluated with the TTC staining. Apoptotic cell death in cerebral cortex
and caudate putamen was observed with cresyl violet staining and TUNEL labeling. Bax expression in
the MCAOQ rat brain was stained with immunohistochemistry. Chungpaesagan-tang improved neurological
and behavioral impairment of the MCAO rats and reduced infarct area, infarct volume and brain edema
formation. Chungpaesagan-tang attenuated cell death percentage in cortex penumbra and reduced TUNEL
positive cells in cortex penumbra and in caudate putamen of the MCAO rats. Chungpaesagan-tang
reduced Bax positive neurons in caudate putamen and reduced c-Fos positive neurons in cortex penumbra
of the MCAO rats. Chungpaesagan-tang intensified neuronal HSP72 expression in cortex penumbra of the
MCAOQO rats. In results, Chunpaesagan-tang reduces infarct volume and edema formation through
anti-apoptotic effect. This result suggests that Chunapaesagan—tang has an adequate neuroprotective
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effect on the early stage of cerebral ischemic damage.

Key words : Chungpaesagan-tang(5itEMFi5), Cerebral Ischemia, MCAO, TUNEL, Bax, c-

Fos, HSP72
o FaA F Syt B s
FAtR okEEse A% 5% 4 e
L M &2 A4 Qe HYFERYS AHsE Aol

Bel AR Z s ZAQ
| 2 Yehle Hgaass 23
B AOIZAN AFTHE, FEEBE DB,
SAEEY, REHMA 59 94E24e Jehs
Folt) ¥7AA HAIY 28 Ay
g 24 2 EYA HF 5¢
oEg FEL AlYEo) g B ofg A
749 E53L GrlBz oo
g g oy AT s
Apgto]ct?

FEo g AL weﬁon olshd
WIEEFSl 471 $Fo 7k wws A}
&5 A F so)nt? zﬁnmzﬁ%mt <K
SRRSO A KA BB i
MAREete] AR e (RRVETC]  AIHEEA
2 Bxoz flfE KA B B 2
%, HB R, RER, EBE S 859
stt? olel e WiHEFEe S5 v Ay
AT IS AWEW Wy 2 225 Azt
&3 gzug® aczwr #Hq, 3
2 ulgH?) diste] §od AFHIL Qe B
B4 JAATE S5t mug u Qo)
A2 WEIEEFE X8 tistd 28 o
74], _‘9__%713—. i’ﬂ, %unﬁﬂE 7L_}l\_ rg_,] o])&
A f%o] Utk tgel =Fo] wyd ul
ATk g2 Aav)de) dE 4¥d A

oE: mn o >

flo 2
s
£
ol
)

0| ;{o

THIE 443 v EE Aol
HAZAEL &4do] anzel g8 A7

AA FF X9 IAFHE M fASH
‘*Hi}lﬂt APFEEYo] HAFE 83
FUlHFHe ZHEE Hs= FuHE"
¥} (middle cerebral artery occlusion, MCAQ)
o) oldt W&y Aotk wa ojee
HEY &AM 7 FE HARAME A

714 o] AAAHapoptosis) 71 Ho|FE AL %
deiA ok
aez B AoME HitEEe =3

4 &4 27 2% B2 HHA ’SCH-‘“]

0 y
RS 2524748 5o O AFE
2 YA EY} HAM E AR

2 A4S dEEATh £ H AR A
ANBAEL APLEI AZBAE AdA A EA
terminal deoxynucleotidyl transferase(TdT)-
mediated dUTP nick end labeling(TUNEL),
ANAME 2AAAL G211l Bax 59 HEE
HAzZse2 whyos wAd H} fros
HANFAEEY REgFS #EE F Q7]
o ofoll Bisl= wjolrh

o}N
lo,
i
N
=2
=2

I, oi2ehe

1. 4

ot

S=

AYFEL vlo] A =T A(F)ollA FYUZE
1253, ¢F 300g A% e| Sprague-DawleyAl



A4 2 290: IEITZR) MCAOS] oig BF1s) X318 £ao] vx)E 9

2 AHE AR d3e *E(21~2370),
FE(40~60%), (12417 /9hel g3
282 FAS = ARgAM FHESe Ala)
AEA sEEHAeH, 484 R 1F
& HeAZ F AHgEch

2. o= =M ¥ F0f

Aol AFS3 B HIEEIFBSE A
el e 14 BHe Table 13 2ot” %
IR 53 33 260g
A round flasks) @il
B71olA 22Xk g
ol rotary evaporator
4d FEAURAA EFFAN A
o e #83] AF 10g 7 BEFEA)
1939mg s &5 =of FuxEw Ha |
A 4AZE 2o 1384 F 28] BFRo] &)
Ak

S H4do od HHY &4 2w
HE 85 AN ¢ (intraluminal method)
2 HY gHestn A WY e ¢

s poly-L-Iysine ZBH< Wasgat” ¢
A& s Ay o3 2o AF o
300g AFe] A8 Sprague-Dawley Al €%

2 70% NoO9F 30% Op7F 2191 EF 7o) 5%
9] isoflourane2.Z Wl & Al&stn % Fol
¥ isoflourane?) FEE 15%F FA31Ach A
28 feedback-regulated heating padZ %
A ok 370:05°CE 2T vk}
H AHAE &8 @rH(Carl Zeiss, Germany)
stollA] W\ AZFRe Z&E Aelete ¥
Ayl FH

5
AL F5EY

o
, FEA6-0 sik sutre)® 114
2EE F ) ©Ee] & 3 WREHH &4
Fule #=eA(3-0 silk sutwre)3 artery clamp
(microvascular clip) 8 AM&&te] oS obd &)
etk vlAMlE7 Y (Microdissecting Spring
Scissor)Z 97 FHe| JAHS ozt A &
poly-L-lysine £A(SIGMA Diagnostics, P8520,
0.1% w/v in water) 0.8 FE 3 & 4 9
B8AH4-0 nylon suture, Ethilon, England)
18~20mm Ax= Attt A = WA
TR FAEHE oA BFAE, AT

M ol

Table 1. Herbal Composition of Chungpaesagan-Tang

R 4B HIRY
B Puerarige Radix 16 g
HH Scutellariae Radix 8g
BN Angelicae Tenuissimae Radix 8g

HEIWT Raphani Semen 4g
F5AT Platycodi Radix 4g
e Angelicae Dahuricae Radix 4¢g
pIRA Cimicifugae Rhizoma 4g
K Rhei Rhizoma 4g
total 2 g
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Table 2. Effect of Chungpaesagan-tang on Infarct Area of Brain Sections of the MCAQO Rats

(mm?)
Brain Sections (Interaural Line) (mean+SE)
12 mm 10 mm 8 mm 6 mm 4 mm 2 mm
Control 17.2+1.2 291118 31.3123 22915 12.8£1.3 6.6%1.3
Sample 18.1£16 279£21 2.3+2.0 16.3t1.7 6.5+1.5% 35%1.1

Control : Ischemia group induced by the middle cerebral artery occlusion(n=6)

Sample : Chungpaesagan—-tang treatment group after the middle cerebral artery occlusion(n=6)

Statistical significancy was calculated between the control and the sample with Student’s t-test(x;
P<0.05, **; P<0.01 ).
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Fig. 1. Representative TTC-stained brain sections of the MCAO rats. Chungpaesagan-tang
treatment group(sample) demonstrated significant decrease of infarct area in the
interaural line 6 and 4 mm brain sections at 24 hours after the MCAQO compared to
control group.
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Fig. 2. Changes of infarct volume and edema ratio of the MCAOQ rats. Chungpaesagan-tang
treatment group{sample) demonstrated significant decrease of infaret volume and edema
ratio at 24 hours after the MCAQ compared to control group(*; P<0.05, n=6).
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Fig. 3. Changes of cell death ratio in cerebral cortex of the MCAQ rats. Chungpaesagan-tang
treatment group(sample) demonstrated significant decrease of cell death ratio in
penumbra, but not in infarct core at 24 hours after the MCAO compared to control

group(* ; P<0.05, n=6).
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Fig. 4. Changes of TUNEL positive cells in cerebral cortex and caudate putamen of the MCAO
rats. Chungpaesagan-tang treatment group(sample) demonstrated significant decrease
of TUNEL positive cells in both cerebral cortex and caudate putamen at 24 hours
after the MCAO compared to control group(*; P<0.05, **; P<0.01, n=6).
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Fig. 5. Changes of Bax positive neurons in cerebral cortex and caudate putamen of the MCAQO
rats. Chungpaesagan-tang treatment group(sample) dernonstrated significant decrease
of Bax positive neurons in caudate putamen, but not in cerebral cortex at 24 hours
after the MCAO compared to control group(*; P<0.05, n=6).
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Fig. 6. Representative c-Fos and HSP72-labeled cortical sections of the MCAO rats(l; c-
Fos-labeled section of Control; x200, 2; c-Fos-labeled section of Sample; x200, 3;
HSP72-labeled section of Control; x400, 4; HSP72-labeled section of Sample, x400).
Chungpae sagan-tang treatment group(sample) demonstrated significant decrease of
c-Fos positive neurons and significant increase of HSP72 positive intensity at 24 hours
after the MCAO compared to control group. Arrows indicate c-Fos or HSP72-

labeled neurons.

o st WA A AAPPHES v
WATHFig. 6).

Iv. o &

WIEIFBE <KEA S8 BEamER>
1Y BEE B kS JH)E Aoz
<KHBHUSFHR>NA AL 7148 £ ABA
o] FFBKRESIT FhEkkiste] MAEE 158k
mEY MEEAIIE Ao KKAS B
® ®K 2% W8, TR BOR BNE S
o &&=o gk’ EHEFEY TFALES
BiE, ®E, =K BRT BE AR, G X
%oz MY, ARILE HHER, B
B DBENE HARE IS TRSE Be
L%, ENRE, BERS HEME, B,
WTB, BARE, (THRER S 22yl

\_20) O].Q]O]] ES] Eﬁ,m) %XZZ) Fj:ﬁ%) %_

22

S HZ APATIAN H3E &4 gy
Folg a%0) & Ao wud v Yok
E3d) g I SAAT sy,
ALGA] A HEF Sxlol] Uigt FfAY
Z EIEREC) 323%2 7% wiWE Al E
E Ay F sgeln*? FAy) I8 &8
HE Wiz HIRFES 25 £9% 9
AATFNA FF AHE AAA7 T, Fol8HA
€575 ¢ EAANAYE At 2udwt 9
om® YASH 52 Fox5Ue] FH
FPFoz FUNHSH FHL FUF £4
5 T2AE SR HEIRFRel AN o
AZAat CAVI(Cardio-ankle vascular index)
g 3ANHY 2aEYn® CAVIZF 90 o
Aoz A ol FHAAEE JHA FA
7] ZZRAEL ooz 2537 EIHEFE
g 5 FUFH s} Weto] FojsiAl 7
298 YAATE F3t rugPg®
=3 HIEFB tE in vivo AYATE



-a 4 cytokme #d
Zae gs¥ol muEUS Wolrh
oj8lof] in vitro A ATZ PCIZME % mouse
neuroblastoma 2a cell oA AXEY BE
Z} Bag Qg

2 Aol e FEHAEE Fot IR
wol 3™ &4 27)ol vehlis

% i%e
2st7] s, MCAO ¥l 2sle] 33
&4 FEsta A4 e et HAA
2 HRFe] AY] AFAE AFFEY AEA
¥ AHAF 21 #] TUNEL FA40He, A7Z3AX

AAAL FEIAR] Bax 58 Wz 81EHA
Yo w @A
FHE HHol oJg FaHFHE &4
AMe 3 A 3T MM 12417 *}O] o
Aol Hgoq TAH7] Asle 6413
oA 24A17F Foll A9l Hu FAvle] o]=w,
UM Folx FapHor wAFMe] FIhEr]
v A 1 FFEEE ofg =goiia &
g gejpe FuuEue dste] WA
T oS WIMENG 59 341303 244]

ol AR PFFA4e dEIAT 1
A3 4M F FHR e 342 £+ Control
ool HEte folAd e AATH AT
o] 7B AT 24X Fo] Hx3 H
Hol Al TTC A& Fote] A A58 A
Aol HHARIE Fojo] osled FosiAl 7
A8t HAA A JA Controloll B3}
o Fo4 v #A4E WERUY oleig E
= WiEEREel H7Me ofdls AAsie
E%5°] USE HAFTE Holn)

& go] Yojubwl H¥ e Fapdo) g3
53, "3 (blood-brain barrier, BBB)o]
=EHAA Ho Eoa HEFe] fuan ¥
HEEFL T R e I, HE8F

o aaFFe Aol doA oAl Hs
Y &4e kA sz HdEde] $4E
B AEES Z7M1E dEssolnt Hy
Z vges FAY B, HERHGS S
T HHAZ I3 HFFE FolsA Hi
NVE B%E Stk He 2e 2us
& il 547 SEFRA] #olF A
Holw, %QM%‘%“ ANE Y A A
fiE kel 2 > TAAR

7} AapA 9] 159% o]stE wrobA]al, ATP7}

Apx| o] 5% olFtR wrolrl Rl MM
A% (infarct core)E A3t WA
Bolla MAMEEL & 6~1247k] &
AAAL 71Ho]l vebGI, o 7Y o] Felle
o AN AAMIESo] 25| Ak}
A= W3 AF8 A pan-necrosis)o] YrERITEY &
AR Fdo] usadn dzAdAa HE &t
15%~40%, ATPA7} 80%~70%2 Hx=&
Ash= Boe HAEA AARA pemunbra) 2
FH0® o) AAMEEE AAA7 M (apop-
tosis)ol] &%k x|AAlaHdelayed neuronal death
o] dojubr, XM HAFLeA 414 M E
A AAtg-g AAshE Zlo] HAMe &S
Ak o] Ak B Age)A 92}%19.
cresyl violet Mol 2lsted A
g Ao A FAFL o
Aol A M
e A F ﬁ‘é;ﬂfﬁ?%ﬂﬂ%% A8 Sample
T2 HAN FAFAMT ABAL AlTE
Controld-ell wahed ok 123% ZHashdovt
EAEE AL AR HAA H AR
A AAMEL AFgEo] Controlatel Hlsto]
oF 286% #HAast F

of¥ :
.,>L roh o> ol ox Tt o rlo

N

»

fy

T e o

-



thgtel el aha) ] 13 A|135(20099 49)

T A EFE JeRAA) ol2id ARE i
fRAFZe]l =AM FARe A3 AAAR
ALE foEtAl JAER e EakAw AAR
o] ARBAEY AAAIEE AAsE &%
ot HAFMe| AL dAlsts How A
Z+gio)

HHE &40l o3t AAAHEY Algo= 3
AHnecrosis)9t ArAAHapoptosis) 257} &<
AT AFAE AArge] Fo 7)ALe =}
AAz gHA Uok® AdAL A9 xR

A EAL AErt $5H3, gMF0 59
o 3" Aol gt av)e zzto
2 U593 apoptotic bodyE HASHA =H,

DNAZ} 180-200 base Zol2 YA A Hd s
o] EAXQ ladder pattem®| band® TEE
t}® o)eldt apoptotic body®} ladder pattern
9] DNA ddio] ME 9 zAALE = 7}
% 5olA AZo| Hm, TUNEL @Ad ¢
sl AAAL AAHEE B Fux
H F @EHREFGS 9% Sample& o
Hujde] HAN AAEHANME oF 31.2% 7
23R 3, AERANME oF 246% 7Astd 2
T o4 de FAE JERIRLY ol8d 2
Ye WitEFGel H8d &4 9d AF
AEe] AFAE dAEE Txo] USL B
oAFT Aol

FUETsE HA F HEFES 593
Samplew2 w3 Fd o] HBFM HAFAME=
°F 130% HAsIRov FAIEH [ gl
Fom, MEANME Controlol] vlshe <oF
210% At fd4d e BAE Y
ot el HAA HAFEYAM FelAdo)
= A3E BaxgA ZFHoA AARY 99
o] FRo] BEEHI wioz AztEn Mz
oA el Felg Bax el Al=-8&3 TUNEL
HHe AnE Fioz AUE o FHHFEN
Ho] Bax 2@ Aol 23 AAFMEL zHAA}
A4 E%E 7 e Rew AzEn,

24

c-Fos¥ immediate early genes(IEGs)e] &
FTo2 g AFo) oty FFAUAEA =
Ao A BHEh HHPEL FEd [EGs A=
8oz FHY HFSA Lo F7iH
B ¥ 8o oJstd &) e HRY
N ZstA BRASHDT wekg FaxE Yo
ME c-Fos Z@o] sdE Rl A=, A
F2HF Yo ME FHYEYY BoME EHo
BREgn 39ch® w4 heat-shock proteins
(HSPs) % HSPR2& H3HYEE H|Este] WAy
guldg AAElE BE AE# A WiE ¢
202 wae] 2749tt® Fadsye] A
7ol vlg ¥ HAE A EE Y
} A EelA HSP72 mRNA7F 4@y o
HSP72E ®iAddwde] g4% 9387 3
AFZe BYE it wAddNdy Fxo
N15E IEATE AES e AoE o
A Aok B 2¥el Az FudEA w4
¥ HmEFSS 548 Samplex2 Control
ol v]&te] c-Fos ¥AuHs AlFMELe 7}
HA 3] A on, dxaFde] HZAN A
oA HSP72 ¥43¥Hs A3 AME= Controld
I Sampled 25 F2<¢ Wsle oy
Sampleite] Controloll ®l3le] &3] 73t
AL AN YERNATE oleldt ATt W
RG] H2Ad gt Fli2Ed2d 7
& g3l ZAFLo] Y= AE FE3H 3
© Aot

B AgoA dolA HFHE &4 tigk W
RG] £58 F434, BB GS >
A z7)0) AAAEY AFE JAEtA M

e b o

o o

AAe] #4e AAFI FAl HREL o
Aoz AASE PEAES Adse Ao
2 Rztgc =9 old HimmEHGe 27
HE AFg A7) H e Bax 2@ dAE S35
o AAHZ AAANE AT Yoz A7}
gn, Z7bHoz IEGse wd oAl HSPs

B Fk % £PNY AR FEY 4



A4 9} 29): HEIETEC) MCAO] 23 B3] H3y &4

ATt Azt

Az
IR 52 "THH%““ Hafol o A3
boEFe AR PEFEE Fost
A, -‘4 A HAI A 9 HRE
A ARG =%, giEgd oA
2ol ABME AlFES FostA
om HAM AARAL MEA A
c} S AAME £E fosiA
, AFEAA Bax WAREg AAAE
HaAHY HIEREFES ¥4
~Fos @AHHe AFAME
Hew, HSP72 ¢3&

~ ool 3 g X
>
;ﬁ%goﬁ#omﬂ?
HH;&ELL&Q*

= 4}1
BAFAAA ¢
_ﬁ_:.

ol ~t>

e S5 &
Ae AAst,
%% 917(4]3}%5- Aol AE 3

gty

p

Tt AT

o

10.

1L

12.

gl viAle %

Hu=s

dsgolatiis AN, A
& A%, TAEIAL pp 331-332, 2006.
A9H. ddeT Ae HdD pp 303-
308, 317-329, 1997.

e, 23d, 271%, 94, WigA, ©
A, T AANE 4 el EW
AT 488 12(2) 1 200-213, 19%.
HE. SR Mg, FFEJAL pp
7-13, 115, 137-138, 1986,

HRARML REMSUR TR M-S, FHEBAL
pp 86-87, 114-115, 1991.

FRLk. KA EIERSe Atk W
HER THZE. APgelEhslA] 2(1) 1 136-147,
1990.

AAZ, v, g, 4%, 1494, o
AN, BEY, 273 HEEHGS A
o] BTRE B AYA A Kol

%;3?1@:!!& 20(3) : 87"93, 1999

97, BBF, 285 AWALR B4
stoll A AR 45 dE gke oAl
B SERESBEETETRCE 6(1): 81-87,
2001

o U]XT*E :‘;w
130-141, 2005.
A58, A, EimEFG) A%<l Lipo-
polysaccharide % BREIZC wlAle
Abara 2 o) ek3) R) 14(3) 1 114-131, 2002,
HER SEEL WEIEGC] Streptozotocin
o7 FHrd #F e mHm R niAe

WA KSR ORE 1101 227-247,
1997.
Aed, 467, AAF, A5Y, 4 F 4



thetel g ghe 82 2] 138 A15(2009d 49)

13.

14.

15.

16.

17.

18.

19.

20.

21.

26

Y H3YU AHARIG O] lipase 494
3 2 db/db moused] AFLH, XA,
UCP 1, 2 &) v)x]& 93 *P‘o e
8k3]%] 19(1) : 171-185, 2007.

Foq, olFs, A, Add. Gk
1T it&%/\}i[‘i{ﬁﬁﬂl e EEA S
KEEHBEGS FRKYN H%e #HmaEEs
BEEEE 8(1) - 34-56, 1998,

#3837, ojAsl, o] dg, AR, o4, o
71, wHinEFGS —r&l‘?} FUHEFHY
o] HZANHR} XY 1. o3t
2] 28(1) - 199-207, 2007.
R, 3319, AYE, AFY, A4, o
A g4 17]3—_ B HoA
iERgel 847 3849 sRFAE
2wt H|Xl& °§f%*. i gHghu 7} 83
X} 27(2) : 416-428, 2006.

il%-r B9, B4, 2715, 7394, H
T Al dig HHARE

B KummBEeit
9-14, 2002.

Ginsberg M.D,, Busto R. Rodent models
of cerebral ischemia. Stroke 20(12) : 1627~
1642, 1989.

Kirino T. Delayed neuronal death. Neuro-
pathology 20: S95-97, 2000.

Bederson JB., Pitts LH, Tsuji M,
Nishimura M.C., Davis R.L., Bartkowski
H. Rat middle cerebral artery occlusion:
Evaluation of the model and development
of a neurologic examination. Stroke 17:
472476, 1986.
RESDER LI E
Mg, 9¥AL pp 129-131, 132-133, 148~
149, 151-152, 178-179, 242-244, 373-374,
460-461, 1991.

Yan B., Wang D.Y., Xing DM, Ding Y,
Wang RF, Lei F, Du L.J. The anti-

s THA, Bz

23.

26.

29.

depressant effect of ethanol extract of

radix puerariae in mice exposed to cerebral

ischemia reperfusion. Pharmacol Biochem

Behav 78(2) : 319-325, 2004

Shang Y.Z., Miao H., Cheng J.J, Qi JM.

Effects of amelioration of total flavonoids

from stems and leaves of Scutellaria bai-
calensis Georgi on cognitive deficits, neu-

ronal damage and free radicals disorder

induced by cerebral ischemia in rats. Biol

Pharm Bull 29(4) : 805-810, 2006.

Son ILH, Park Y.H, Lee SI, Yang HD,

Moon HI. Neuroprotective activity of tri-

terpenoid saponins from Platycodi radix

against glutamate-induced toxicity in pri-

mary cultured rat cortical cells. Molecules

12(5) : 1147-1152, 2007.

WEg 273, oldd, YA,
AA, FEE HY HEF g %‘%‘ &l
A+ 73 dl=FF 10:666-687, 1987.

L2943 AHod, Wy, AdR, o|dHE W
fEGe] Si=E H F AFF v
2 9% uRkshwTeks)A] 22(2) :161-

174, 2001.

AEZ, AL, AAY, &4F, old@a A

g4 &9 HinEgel HiREE 2

9] FSMmiaEge] rIXe M2 Kiugss
ok 26(2) : 217-230, 2006.

2317, wimEEe Bukse]l hypoxia-

reoxygenation®] 23] &4 ¥ mouse

neuroblastoma 2a cells®l P|Rl& 2 &
oA A A4 28} 8] 2] 16(2) : 89-112, 2005.
AGZ, AAA/ABFEZRE HHALES
PCI2 A¥ B3 F3 AeFsta]=x] 36(2):
151-157, 2005.

Garcia JH, Yoshida Y., Chen H, Li Y,
Zhang Z.G., Chopp M. Progression from
ischemic injury to infarct following middle



31

32.

A4 9] 29): HiEITE] MCAOe o3t 8o H&d &gl viAle 9%

cerebral artery occlusion in the rat. Am
J Pathol 142:623 - 635, 1993.

Abbott N.J.,, Ronnback L. Hansson E.
Astrocyte-endothelial interactions at the
blood-brain barrier. Nat Rev Neurosci 7(1):
41-53, 2006.

Unterberg AW, Stover ], Kress B,
Kiening KL. Edema and brain trauma.
Neuroscience 129(4) : 1021-1029, 2004.
Tamura A., Graham D.I, McCulloch ],
Teasdale GM. Focal cerebral ischaemia
in the rat. 2: Regional cerebral blood flow
determined by 14C iododantipyrene auto-
radiography followed by middle cerebral
artery occlusion. ] Cereb Blood Flow Metab
1:61-69, 1981.

Lipton P. Ischemic cell death in brain
neurons. Physiol Rev 79(4): 1431-1568,
1999.

Du C, Hu R, Csernansky C.A., Hsu
CY., Choi DW. Very delayed infarction
after mild focal cerebral ischemia: a role
for apoptosis. J Cereb Blood Flow Metab
16:19% - 201, 1996,

Love S. Apoptosis and brain ischaemia.
Prog Neuropsycho-pharmacol Biol Psy-
chiatry 27(2) : 267-282, 2003.

36. Collaco-Moraes Y., Aspey B.S., de Belle-

37.

39.

40.

roche J.S., Harrison M.]. Focal ischemia
causes an extensive induction of immediate
early genes that are sensitive to MK-
801. Stroke 25:1855-1860, 1994.
Jorgensen M.B,, Deckert J., Wright D.C,,
Gehlert D.R. Delayed c—fos proto-oncogene
expression in the rat hippocampus induced
by transient global cerebral ischemia: an
in situ hybridization study. Brain Res 484:
393-398, 19%9.

An G, Lin TN, Liu ]S, Xue J.J, He
Y.Y. Hsu CY. Expression of c-fos and
c-jun family genes after focal cerebral
ischemia. Ann Neurol 33:457-464, 1993.
Kinouchi H., Sharp FR, Hill MP,
Koistinaho J, Sagar SM. Chan PH.
Induction of 70-kDa heat shock protein
and hsp70 mRNA following transient
focal cerebral ischemia in the rat. ] Cereb
Blood Flow Metab 13:105-115, 1993.
Welch W.J. Heat shock proteins func-
tioning as molecular chaperones: their
roles in normal and stressed cells. Philos
Trans R Soc Lond B Biol Sci 339:
327-33, 1993.

27



