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Kota Kurisu, Takeo Abumiya, Hideki Nakamura, Daisuke Shimbo, Hideo
Shichinohe, Naoki Nakayama, Ken Kazumata, Hiroshi Shimizu, Kiyohiro
Houkin. Transarterial Regional Brain Hypothermia Inhibits Acute
Aquaporin-4 Surge and Sequential Microvascular Events in
Ischemia/Reperfusion Injury: Neurosurgry. (Accepted; 2015 Oct 29/Epub
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[#H8 4 ; Focal hypothermia induced by post-ischemic intra-arterial infusion
has a neuroprotective effect on cerebral ischemia reperfusion injury.
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USA

3. ZEMN =%, s REE, R K, L HR B ME il AR
& IEHE

L, 7 v MR EERREE T T 9 5 R ENIRAY R AT I R IEIR R D A %)
DR

g 39 M H AR A AR, 201443 A 13 H., Kk



4. Kota Kurisu, Takeo Abumiya, Daisuke Shimbo, Ken Kazumata, Naoki
Nakayama, Hideo Shichinohe, Kiyohiro Houkin.

Bi#E4 ; Trans-arterial regional hypothermia therapy protects ischemic
reperfusion injury through the supression of endothelial cell damage.

F24 ; 82nd AANS Annual Scientific Meeting, Apr 5, 2014, San Francisco,
CA, USA.

5. BEM =%, gen REE R KW, B FR O BE il
R

THEEA ; RREIIRA R AT IR & 2 e i BRI A5 (2 ok d 2 A Al VR P — 1%
/INHLAE C D JIE S PN EH —

T 815 B H ARy IR RN 201449 A 25 H, (L

6. il %, B RKE R KEE, BF FHR, BOC MR Tl S
Fa IGHE

A BRI D PTIMRIRIC & 2 M i PR (5 5 et D i R E . — 1
/N T DT SIS I —

Fd 73 B H AR AR R e . 2014 4R 10 A 9 B, U

7. Kota Kurisu, Takeo Abumiya, Hideki Nakamura, Daisuke Shimbo, Ken
Kazumata, Naoki Nakayama, Hideo Shichinohe, Hiroshi Shimizu, Kiyohiro
Houkin.

[H&4, ; Post-ischemic trans-arterial regional hypothermia therapy
attenuates microvascular narrowing due to astrocytic end-foot swelling and
inhibits subsequent inflammatory reactions in ischemia reperfusion injury.
¥4, ; International Stroke Conference 2015, Feb 10, 2015, Nashville, TN,
USA.

8. BEMN =%, REE. PR BEE Bk Kl BF Bk B
il R K Z. B IS

AL, 5 R I PR PR 5 L a3 2 R BN IREY /) BT I AR TR 88 D I PR b SR D e it
- NLE B IME & AQP4 S8 HL~ 0D B -

g 40 B H AR AR SR, 201543 H 26 H, L&



9. Kota Kurisu, Takeo Abumiya, Masaki Ito, Hideo Shichinohe, Naoki
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=R EARPAZEIC K AIMAEZEIR, EEOMBREEZ &S L, BBt iafti
2D AREMED & H EERFERTH 5, BRIV TIEL, BIEZRESLHNTPAZE
M8 % FBE S B MM~ MK 2 EIEE LoD Z ENFETH L, Mk
VAfREIE, I NIMARBREZIRIED IR TIThivTnsd 16, LavL, ZOFBRE
BIEOR ML, RBIED S I £ TOW# (therapeutic time window) (& 17 L
TEY ., HHEE CTITREM D5 & i FRET S % (Ischemia-reperfusion
injury: /R injury) D72 DI PR AR Lo TLE D 2 ERHMBLILTN D, BIfE,
A TIE UR injury (ZxF T D HARGERIER E LT TV —F VAN AIR Uy
—THDLHZHXTRUBDEHAINTHDEN, K UR injury IX7EEICIFML
TIEWRWIERAR S 2,

PEd L0 MNPRFEIRTE & U ChR 2 7o 3 7 ST & 7oy, MRIRIETE R 1%, &
DREH RS DTIH 2D 79, ZiE 1980 FAUCHIRZ 0T 0N 2CTIF 72D HT
T ARRRGEER 2o Lo #iiE 10128258 L. 2 < O JEREIFSE 710 T4k e
XA S (IREZE - I - < SN HML - #ESME 72 &) I3V THIRR IR
EEHEZAT LI ENFEHINTE o, b ZxT, RIRIRIRI T8R4 1%
JIE 1112 EETEEAME 1814 70 BTk LT3 TR S a3k b 1A < R
HMINLTW5D, LanL, 20— ChEEEICK LTk, B ERL L TIEE
B 722 iR PRV E FH VS ST D 08 78, M D REUARER R 55k © & D A %01k
ot 2 E DB TWARW 1517, Z DA & UL, ARIRIE S oS il - Ok
REIfl e 2 ~OEH A L, ml CRIEERBL AT 570 80N RE2 oMM
FEEERFICB W TCTEKRAREEEL 725 2 ENREBEZ LN TWD 1718 F 7= fifEzE
B IIRIRIRTR IR 217 9 121X, shivering i <720 DO Wi B3 LnETH Y . £
HMBHCHEC T E A BT 5 FOMEL H 5,

ZOX D MEE RS D722, ME RFTICmEIT 5 &0 9 TR 235
2 B, BEEHZED TV D 1828 REDRAY S PTINRIR TG (trans-arterial
regional hypothermia)2123 {3 Z DIREHZ2 H DT, WEEFIK % REBARAI I
AL, JEFThZ @ IRIARIR L U THIREI R 2 BT 2 6 O THh 5, BRI
HEZBE LSE, IENMRREREICBW T, MRRERICHE LT
— 7 b ABEERIC A AR 2 EANT 2 OB TEGICHEBLAETH
DRI BRI TV S 1828 KIgRIEE W27 > NOEMFERTT
JVCIE, R injury 23 L < JIfl 25 2 &3 STV 5 28 2126 2 DOAE %
FRAZ DU TIERIE S DO HIH 23 STV A RREE TR+ I S Tn
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A [EIFR & 13 2 OFERMED @O IM PR ERR L C & 5 RRENIRAEY J5 BT IR L 2 AfF 78
FHE Lo, AWETIR, £9. BREVIRAY R ITIMEIRIEE O /E T 2 81 & 2
T 57D, U NILE L~V TOME ROSICE R 2K > TR 21T 72, 7
> N O—WHENEE LE 7L A T, B0 A8 O/ 72 TE RB 22 (b 4 F - BRI
BCBIE L, £7o. o FIBR EORIEE 5 AW TR - SRk
RFEEZ TR Lic, IRWT, RIBFIEDAINED . — @M 721 T
1372 < KA CHIIFRFCEX 2002 L MNCT 572D, 7y FO
partial reperfusion injury €7 /L&l H L T, SRR 2 LI 0
PR PR N R & et LT



EiZE 3

AQP4: aquaporin4

BBB: blood brain barrier

BSA: bovine serum albumin

CCA: common carotid artery

CC3: cleaved caspase 3

CS: cold saline

DAPI: 4, 6-diamidino-2-phenylindole
ECA: external carotid artery

FIHC: fluorescent immunohistochemistry
GFAP: glial fibrillary acidic protein

HRP: horse radish peroxidase

Ibal: ionized calcium binding adapter molecule 1
ICA:! internal carotid artery

ICAM1: intercellular adhesion molecule 1
ITHC: immunohistochemistry

IL-1 B : interleukin-1 beta

I/R injury: ischemia-reperfusion injury
MCA: middle cerebral artery

MCAO: middle cerebral artery occlusion
MMP9: matrix metalloproteinase9

MPO: myeloperoxidase

PPA: pterygopalatine artery

ROI: region of interest

TEM: transmission electron microscopy
tMCAQO: transient middle cerebral artery occlusion
TNF- « : tumor necrotic factor-alpha
TTC: 2,3,5-triphenyltetrazolium chloride
vWEF': von Willebrand factor

WB: western blotting

WS: warm saline
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PRENIRA R T IARIRTE R X, N EREERIE & L CEA MR EIER Z b6 L
182127 RO FEEGIR ~ DI H DN HIFE S A D72 1R ETH D 18, L,
HANZZE il » 72 BRSO RN & T8 £ L~V TIRRA N - Zets
REET 2 Z L IFEETH D, AETIEL, £ TREBIRAIREFTIKHIKIED IR injury
ETNT y MIXT D MmEAN RO EER 2R T2 2 L2 HWE LT,
F7o. TOMBEICZE OMBREE R IIPIRIEMERA N BE 2 %E 2 B4 v
IE X BRI NIZO T ARETIEZORREFEAbRFT 2 & Lz,

(=28 51E]
1) Ischemia Reperfusion injury 5/ v bk

LIRS~ ToERIL, dbiiE R EZEBRIZE T 2 BUEICHE - THEM L7,
FERENY) 1L 6-8 MMt Sprague-Dawley (SD)7 v~ kT, {KHE 240~310g D, D
ZAE Uiz, — i i KAMEHREA 2E (transient middle cerebral artery occlusion,
tMCAO) D FFiE TR EITHRE 28 I TV D21 %2 L7- 5 %EGntra-luminal
suture method) T1T - 7=,

Z v M 4.0%isoflurane +
N20/02(70:30) THRREHE A %
1TV 2.0%isoflurane +
N20/02(70:30) THERF, firHh
EMREBE L, KR [ i Pl
36.5~37.5°CIZHERE L 7=, ' P RN
Fiti(Figure DI, FEEBAEM & ) = =
WCIEH B 21T\ WA R R ED Figure 1. Intra-operative photograph of tMCAQO model rats.
fi(common carotid artery. (Left) The right CCA, ICA, and ECA were exposed. (Middle)
CCA). A48k (external The ECA was ligated and cut down. And PPA was also

carotid artery, ECA). 45 ligated. (Right) Silicone coated monofilament was inserted

internal carotid artery toward the ICA via the incised ECA.



(ICAZFEH L=, ECAIZHmENME CTHEHE L CTREL - BEEYIWT L CTECAZ T
F7MA~FIBE - FREs, T ICA %2 +47iEAL £ THIEE L Pterygopalatine
artery(PPA)2S ICA LV EAA L TWDH D E MR LA TR LT, T D,
ICA & CCA %Eiﬁ@]ﬂﬁ?rifﬁﬁﬁ OD~Ar7ar )y Ty 77 L s L7 ECA
WL RR T, SR/ie 72 BAZEWN ICA 12T T 20mm fiEA L T\ <, 47 ﬁ
AT 5 & DT DRI E L U R DSehnns MCA B G 2 PAZE L 72 O 03 iR
TEXHDT, ZOWRRETHRIEITICA & & HiZ 4-0 fBR THEE LTz, Rt 11X
PV Ay INR=THREENA—T 4 7 SHTCEL 0.3Tmm OF A 1 kD
MCAO suture (Doccol Corp., Redlands, CA, USA) &£ L 7=,
tMCAO D MAERRFEITI W T, R/ 23 F o lc iz 7 v v 7 T&E T
WIRWT— 2R SRR OSEiE A I & Bl LIBESNOFICFHFEI LTV D
AT D, T, EROMANNIERE L LT MCAO FilTaiiz Ik
it (Cerebral blood flow, CBF)% OMEGAFLOW FLO-C1(OMEGA WAVE,
Tokyo, Japan) % W THITE L., CBF ® 70%LA EOIK T2 2 L., 2 OfRIER
7% Bederson score?® grade3 LA L THDH T v NEEDOHOERIHEHTHZ L &
L7-. 222980
2 FEI O MAM 21T > 721, 7 v FEFONEHMEE N ICE S ke T2k E
T 5 Z & CNEATME D M 2 7B & & CARERIRAE 2 /ERL L . I/R injury % 5eA% S
7=,

" “Cannulation of the

2) RRENARE T AMILIE (trans-arterial regional hypothermia) N microcatheter

R IR ) JR PIT A AR U SR T AR PN ZE D AR L2 v B A PR MR R 2 B
bt L CE L7z (Figure 2), £, skie 72 kE LERZIT/N
#i A 517 —7 /v PE 50 catheter (brck LTD, Tokyo,
Japan)(%8H) % ECA O/NLOGIEA L, ICA FTHEL, B
T =T NVEMREBIREFITHO~A 7 u 2 ) v 7 CERE L, Z
DAT—T NV oo OR S
FP1000E(Melquestt Ltd, Tokyo, Japan) Z#%ft L. mEIZEH
B 2 Frfe i 5- L7z,

B - B HHE - BEHRITE EOHE 2128 255

e 20ml/kg OEREHIK A 15 %) %#TT%M&@?%;
& & LTz, TRIRIC K DM AN R 2 sl 3 5 7o O IR -

Figure 2.  Intra-operative
photograph of trans-arterial
regional hypothermia. A micro
catheter (arrow heads) was
inserted into the ECA and
advanced into the ICA.

RITTRIRELRT 2 DIER S (15 431 . 159 %(60 72 DR, &5 mluikie L84
L7z,
R ERGR 2 78 L. IR bregma @ 3mm % 7MAI D 12 burr-hole % 1ERK



L. #HRGEEF TH 5 BAT12 Microprobe Thermometer(Physitemp
Instruments, Inc., NJ, USA)Z#| A L. ¥ (cortex) « #p5iA(striatum) DR E
BRI - SEER LT,

3) EB7 v b =— /L (Figure 3)

2 FE] D tMCAO (2 L 72T v MILLT D 3 BRI Y 70T 7=,

cold saline (CS)A:: F#EFiATIC ICA LV 10°CITHH L= AH AR % 20ml/kg,
5 Mg TG 5,

warm saline (WS)&E : CS Rt & [RIFRIC ST CICHHE L= AHARR 2% 5T 5,

control B : 18 O FHEGE D Ix,

/R injury 726 24 Ffffl#% ChieFiHE% 24 Kf2) 127 v MIBHHEETIC

X LRI S, ABRAEIRIC L ARETTALE R . KA i U AR & S0 L

77,
MCAO Sacrifice

-2h |ischemi

reperfusion

i,
aresthiedia anesthedia _“"-h-___h
—

Treatrment{15min)
Control group
C5 group
W5 group

Figure 3. Scheme of the experimental protocol. Rats were devided into control group, Cold saline
(CS) group, and Warm saline (WS) group after the tMCAO surgery.  After 24hrs of reperfusion injury,

all rats were sacrificed for further evaluation.

4) MREER

%, I/Rinjury B, IR injury24 K% (EF%EH)IZ 18-point neurological
scale score3! Z H\N THIRIEIRFEN 21T - 72,

5) MMtEZE, VRREARE
AMFEZE - FEREIATEIT 2,3,5-triphenyltetrazolium chloride (TTC; Sigma-Aldrich

Chemice GmbH, Buchs, Switzerland)(Z L 240 Ci1 - 7=, fatiid% 2mm O
JEXTHEIRICAT A AL, 2%TTC wikIZ 37°C. 20 75 fdE Li-, Yt L7-H§



HMIZ BB L, Image J software (NIH, Bethesda, MD, USA) % {i Ff] L Cfi#
Mr L7z, WEZEMRRE « VHIEMARIZLL T oAU TR L,

- FEZE(RAE : Infarct volume (%) = (measured infarct volume / edema
volume)/contralateral hemispheric volume
- F#RE{AFE : Edema volume (%) = ipsilateral hemispheric volume/

contralateral hemispheric volume

6) MXM#&ESFY (Blood Brain Barrier. BBB) #f%E D ¥

BBB g DFEE 2o TiL, Evans blue (EB) 2.3 O NN H %2 € &I EEM
L7-., EB #(2%. 4ml/kg; Sigma-Aldrich Chemie GmbH, Buchs,
Switzerland) % FHERIFIZ /2 REREFAR L 0 B¢ 5- L7, TR injury 24 REfE#% 1S
Sacrifice UM% -80°C FICHRIRATE1T - 72,

ZNENORHNIL 3ml D 50%? trichloroacetic acid THE VA X&E1TU,
Rk % 12000 [FlH5 - 30 Fr il OB L 7o, 2o BiE & Y EB ISR OWSLE
(620nm) ZHIE L, Wiko EBRELZFH L7z, ERMERIIN 1g U7 IEF
N5 EB Oy gle S8 TR LT 2,

7) %Y (Immunohistochemistry, ITHC)

4%/3T7 RV LT VT b RCHEREER. 2 A OREEE 21T > 7o/ o
TNEATA AL, 2mm EORRYIT & Lz, 2T 7 0 El LTS
KL~ Taum OFEGEIR Z1ER LTz, SURZF T LT 30 7FIR L, /)
77 4 UREEIToT-, pH6.0 7 = U EERRETR 2 INEVIES S ¥, YR 2 & T 2
S OMBGLE I X 2 PURRIE 21T > 72, 10%1E% -7 MiF (2 T Blocking 4 .
BRE—RPUA(FRES ) 2 H L, =il 1RGS2, 2 RS
BV a VR <~ —ikdk(Dako, Glostrup, Denmark) % == 1 B Tt S H 72,
DAB T X % 3 £121% Dako Real DAB+Chromogen(Dako, Glostrup, Denmark)
IZTATV, A~ R U Ui T o7,

R L7 —RPUR L 2 DRE, BRUILLTO®@Y TH D,

- Anti-myeloperoxidase (MPO) (1:100; Abcam, Cambridge, MA, USA) : 4N
\ZIZH U 72 4 R ER O f

- Anti-intercellular adhesion molecule 1(ICAM1) (1:100; Abcam, Cambridge,
MA, USA): & PN Bl e FE g L R B9~ 5 HEA5 R 7 O

10



- Anti-matrix metalloproteinase 9 (MMP9) (1:50; Cell Signaling Technology,
Danvers, MA, USA): ffatGEMICIER T2 & v /37 iRl o fr

- Anti-ionized calcium binding adapter molecule 1 (Ibal) (1:1500, Wako,
Tokyo, Japan): X 7 v 7' U 7iEMEDFH

8) Western blotting (WB)

TTC Yeta1%12-80°C THHIRT L CW = lia HW T WB 217> 7=, BAIKINZ
RIPA lysis buffer (Santa Cruz Biotechnology, Santa Cruz, CA, USA) Z{#H L
homogenize L. =0 HE L7 BIEZREL CH o7 BRIt 21T o7z, il L
7B R E 10ug %, vkEITH 7 /L (NuPage 4-12% Bis—Tris Gel (Life
Technologies, Carlsbad, CA, USA))Z i L T 200mV. 35 2y OB IKEN 21T
eole, Tvid= hutko—REIZERE LT, KL 5%bovine serum albumin
(BSA)C=ii 1 Ko 7 1 » % 0 7 &24T70 1 IREUAGIE 4°C over night TfT
>7-, =D . Horse Radish Peroxidase (HRP)fZGk 2 kH14&(1:10000, GE
Healthcare, Piscataway, NJ, USA) & iz S 7, ik S nvi=# v X7 B3 b=
I~ (ECL detection kit; GE Healthcare, Piscataway, NJ)IZ & % # H 247\ lumino
image analyzer CHgi L7, &= ¥ /X7 H D 3 R Image J soft
ware #HWWCTE&EL L, WEEa L ba—LZ X7 B-actin & el L7-,
R L7 —REUEA L ZDREIILLTOEY TH D,

+  Anti-MPO (1:1000; Abcam, Cambridge, MA, USA)

+ Anti-ICAM1 (1:2000; Abcam, Cambridge, MA, USA)

- Anti-MMP9 (1:1000; Cell Signaling Technology, Danvers, MA, USA)

- Anti- 8 -actin (1:10000; Santa Cruz Biotechnology, Santa Cruz, CA, USA)

9) WEHERIMEYT

7 —#1%, mean®=SD TH L7, 2 BEHDHEZIZIE two-tailed Student’s t-test
Z N, 3 BEEILL_E D el 213 one-way analysis of variance & Bonferoni’s test
ZHW, p<0.05 ZHEHFIICAEE L LT,

11



[R5 FR]
1) BRENRERETERIRIC X 2 BmHIZh R

CSEHIZEB W T, MiE (Cortex: 36.9+1.0—34.8+0.6°C. Striatum : 37.6+0.8
—35.4%20.7C) %, a2 hr—AREL g LEC»IZ, £ L TARICIKRTLE
(Figure 4), 169 T4, 772 B HREETE KT U2 3R 2 1ZFE LTz,
NMIR DA B AR TR RITIeH% 30 7rf. T2 BIREMG D 45 sk L
7oo HEHMFIZERROA B RZITRO R o T,

c) cortex temperature ) striatum temperature c) rectal temperature
38 39 40
; 1 i I ‘ I I l R T ——p i
37 28 -
i %
‘ 38 1 | l — I
36 i 7 l 37 -
‘ﬁ # ‘ ! ‘ 37
HH |
A - ==control
35 36 "

—&—warm saline

| cold saline
34 a5 . 35
Before During 1 min S min 10 min 20 min 30 min 40 min 50 min 60 min pefore During 1 min Smin 10 min 20 min 30 min 40 min 50 min 60 min Before During 1 min 5 min 10 min 20 min 30 min 40 min 50 min 60 min

Figure 4. Effects of trans-arterial regional hypothermia on brain temperatures. Although the 15-minute 10°C

saline infusion rapidly and significantly reduced brain temperatures in the cold saline group (stratum: from 37.6+0.8
to 35.4+0.7°C, cortex: from 36.9+1.0 to 34.8+0.6°C), this effect only lasted for 30 minutes after the end of the saline

infusion (Figure 1A). No significant reductions were observed in rectal temperatures. (#p<0.05, ##p<0.01,

significantly different from before, *p<0.05, **p<0.01 significantly different from the control group. #p<0.05,

##p<0.01, significantly different from before, *p<0.05, **p<0.01 significantly different from the control )group.
2) EBFHINTA—F—IZEZ2 DHE

éfi%ﬂ@/\o ? )l — 57 — c?_%b \ ’C MCAO ﬁﬁ‘\ Control Warm saline Cold saline
o . H\ VA7 - Al 2 liElt‘f Pre MCAO
IR Injury24 BRIt & b ICHBF TR R AR BT(°C) 36.7+0.4 36.5+0.6 36.8£09 ns.
%7\8\ D /‘oﬁ o 77’:0 mABP(mmHg) 87.1+17.1 98.4%+21.2 92.6+11.3 n.s.
pH 7.49+0.03 7.46+0.03 7.47+0.06 n.s.
pCo2 (mmHg) 27954 34.0£3.9 33.4%65 n.s.
pO2 (mmHg) 145.4+36.8 139.7+31.0 131.3+29.0 ns.
Ht (%) 36.7%+3.5 39.1+3.8 404+23 n.s.
Table 1. Physiological parameters. No Hb (meg/dI) 115+1.0 127+12 129%10 ns.
significant reductions were observed in Reduction of CBF(%) 22136 219+76 19.7%79 ns.
rectal temperatures. Furthermore, no
After 24hr reperfusion

significant differences were observed in BT(°C) 36.1£0.6 36.2+16 369=1.0 ns.
R R mABP(mmHg) 82.9+19.0 79.9£15.0 97.9£41.0 n.s.
phy3|olog|cal parameters or the percentage pH 7.52+0.05 7.48+0.06 7.50+0.04 n.s.
. pCO2 (mmHg) 34.3%7.3 38.1£9.0 33.4%47 n.s.
of cerebral blood flow (CBF) reductions pO2 (mmHg) 210+63.3 1613+464  146.1+580 n.s.
between the three groups examined Ht (%) 421%25 447%22 437+14 n.s.
Hb (mg/dl) 13.7+0.8 14.6£0.7 14205 n.s.

12



3) FHRRAEIR

18-point neurological scoring scale % F 7= #RIEARFEM T1E. /R injury 24hr
BIZBWT, CS#E(12.6+0.9)0C= > b — (9.6 £0.5,p<0.01) - WS ££((10.0
+1.1,p<0.01)) Hig LA B 72 e O dE 2 R 7o, (Figure 5)

tMCAO reperfusion 24hr

P
14 14 14

o | 1
12 | | ! 12 { | i 12 J

m I I l ) I I l ) i
8 8 8

‘warm cold warm cold cold
control . . control ; .
saline  saline salne saline sallne saline

Neurological score

Figure 5. Neurological scores of the 18-point scale examined early after the onset of MCAO, early after
the onset of reperfusion, and at 24 hours of reperfusion. Significant neurological improvements were
observed in the cold saline group at 24 hours of reperfusion.(*p<0.05, **p<0.01)

4) PEFRZE, RMVRIERTR

I/R injury 24hr #% ® TTC Yo DfE R Tlid, CS B TO MMM ZERTEIL 15.1+13.7%
T, 2> b —/L#(53.9+8.9%, p<0.01), WS £(50.9+£8.9%, p<0.01) & Lt L
THEIDNShotz, o, IMFERFED CS B CTHRE M/ N 2RO 72 (CS # -

10.0+9.9%, = hur—/LBf : 25.5+8.8%., WS # : 24.7+6.6%) (Figure 6),

50

(2]
o

40

I =%
30 t
40
20
10
0 0

wa warm cold
control m  cold control 3 "
saline saline saline saline

Infarct volume (%)
Edema volume (%)

n
o

Figure 6. Coronal brain sections of TTC stain. A quantitative analysis of infarct volume and edema
volume revealed a significant reduction in the cold saline group. (*p<0.05, **p<0.01)
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5) BBB DOz

CS BETIE= > hr—/L R, WS B & bl L C EB OO e
N~ A/7 < BBB ORI T ST (i el o

W= (Fig 7).

warm cold
control
saline saline

Figure 7. Evaluation of BBB disruption. A quantitative analysis of

Hgig tissue (%)

Evans blue content revealed a significant reduction in vascular

Evans blue content

leakage in the cold saline group
(*pD<0.05, **p<0.01)

6) HLIIELEM

/R injury 24 F§fitc, & %0E G BERK -MPO(A), ICAM1 (B), MMP9 (C),
Iba-1 (D)) D5 Yeta, Western blotting & & 2 #iFt 217 - 72 (Fig. 8),

MPO @ THC TIIMMAIZIRE L TV D 4FHERGRED OB, CS #E THfl &
T2, WBIZ & % E &3 CS BElZ = > b o — Lt WS B & b LA E(p<0.05)
72 MPO FELMHIEH 2580 7= (Fig. 8A),

ICAM1 @ THC Tld=t» b —/LEE, WS BECIHLAE N EHIIEIZ I - 72 ICAM1 %
BOREN 2RO 5705, CS BETIXREIH Sh, WBIZ X éﬁﬂﬁ’( X CSEETD
A E(p<0.05)72 ICAM1 NI 2hH % 788 7= (Fig. 8B),

MMP9 & IHC TlZ = b —/LRE « WS BTl P Rz fIR (R ED) <7234 L 7=
I HRER(RER) 7> 5 OBE 72 MMP9 FEA 25887228, CS BETIXZRBLIGHI =,
WB T A 5 (p<0.05) 72 4filzh R 25807, (Fig. 8C)

Iba-1 ® IHC TiX, = bo—/UE - WS BECIIiEM b snzI sz 7
(amoeboid shape. ZFH)/3E5E L T 7273, CS %f'( WTZEREDI 70 7 )T
(ramified shape, KIA) Z RO DDA T, ITHCIZ X5 EEFMIC T CSHETO
7 a7 ) T IEHALOF B 72 (p<0.05) i 2h 2R & 78 &5710 (Fig. 8D)
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Figure 8. Trans-arterial regional hypothermia attenuated inflammatory reactions at 24 hours of reperfusion.
(A) MPO immunohistochemistry showed that the parenchymal infiltration of MPO-positive neutrophils (arrows)
was frequently observed in the control group and warm saline group, but not in the cold saline group. A
guantitative analysis of immunoblots revealed the significant attenuation of MPO expression in the cold saline
group. (B) ICAM1 immunohistochemistry showed that ICAM1 expression on the endothelium (arrows) was
frequently observed in the control group and warm saline group, but not in the cold saline group. A quantitative
analysis of immunoblots revealed the significant attenuation of ICAM1 expression in the cold saline group. (C)
MMP9 immunohistochemistry showed that MMP9 expression on the endothelium (arrows) and perivascular cells
(arrowheads) was frequently observed in the control group and warm saline group, but not in the cold saline
group. A quantitative analysis of immunoblots revealed the significant attenuation of MMP9 expression in the
cold saline group. (D) Ibal immunohistochemistry showed that ramified Ibal-positive cells (arrowheads) were
diffusely observed in the ipsilateral sides of the cold saline group and in the contralateral side of all three groups,
whereas amoeboid Ibal-positive cells (arrows) were increasingly observed in the ipsilateral side of the control
group and warm saline group. A quantitative analysis by the counting of positive cells showed the significant
attenuation of Ibal expression in the cold saline group. Inset figures show results obtained in the contralateral
side. Scale bar=20um. (*p<0.05, **p<0.01)
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[%& %]

A E D FHR IR ENIRAY SR T AR IR R DM HZ R & . E 0T K DR
VER « BIRIEVE 2 MGE L=, 15 2 OB H(10°C) LB AR DVETTIC L » T
30 /35 45 43T b T v MMM AR 2°C) 2R 7=, ZOEHIZE Y |
I/R injury &2 Z 2R EEIR O AL, A ZE - IR R I3l S v Tz,
Z DR ERN RIT, 212 Ding 5 2028 39D THE L2 b 0 & AHER
WIERTH o7, Fx L Z OMRREMEH ORGFHIM A . TR injury % ¢ BBB
DRFECIIE S ~DO LB L TR Lz, BRENRMRITMKIRIX,. TR
injury % ® BBB BfECRIE SRS %T LT b B A2 B2 7Rd 7,

FRENIRED R PTREEIR DERBE P IS & Lz B O g 2426 TiX, £ OHIRIEE
HAPBEETHLEHRESNTETND, I DO 2426 T, RRENIRA R PN
fXIE1 interleukin-1 beta (IL-1 8). tumor necrotic factor-alpha (TNF-«a ).
ICAM1, MMP9 &\ o 7o RAERE R 1 2 i35 Z & 23, 0 AW FRIRmEHT
TRE SN TV D, [ARRIZ, Fox OFERTH IR injury 24 FEH#ZICE Z 5
ICAM1 OFEL, FHEROIMNIRE, X7 v 27 U7 OiEMH L, MMP9 EA TR
BRI R PTINIRIE CHEICIHI ST Y . RIGROTRIEIEH 2R LT,
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B_E
BN A L~V T A RO IZ R B Y T R R B IRA R ET BN AR
B DVER B D fiF A

[#E5]
FRENREY P IMAEIR DAE AR ICRI L Tk, AR AR Z WV ONTLRTH
%18, F—E THx DB LT LIZHURIEE LSO E R IZE - 7o #ds 1
eV, RREVIRA RT3 T DR & LT Frex OMFREREREGE — )il &
DO 2128285 & VRRIC L DM AR R 75 DIFR < &6 60 srHifE
JEQRIEIFIIE 15 o) T 5, LavL., ##kToO IR injury 13, WEHENK
Divicth b R LETT 5, RONTIRGHIRERICHEED 63, 8E 72
R E 2 b 72 638 & LT, BREARAYR AT I IR injury #2242 ©
OGO Bz L T\aD Z MBI, £2C, RENRA T
MR L 0 e b B < ImEAWEH £ 321 2 s N ig L~ L T o i BOS T 5
ZUTTHRETHZ &L Lz, FRICRRFIZRRRGHT L0 . A& RS OB iE % 1
LT LT, MRRERN R OBTFEINC SR T H 2 &R T,
AWFFETIE, BUh g TOIREZ LA KEE L~V TOEEAIMRET & BB
I X DMHIEEEIZE TIT O 2 & & Lie, BIBEHERIZH T 2 EFHEMEE oMk
FHZOWTIE, Tto & BOWERDH Y | BUNLERRIZETH T 5 K 5 IHFET
HT A Mat A MEROIL E . FHUTEE S B OB IE 2 X D50 i
WHES IMERAE L D E ENTWD, ZOT7 A oA MEEDOALIZ, s
PEOEE % IRJRRE TR Z 5 2 & DAy 3335 STV 5, A lalFkx (3R EN IR R P
FAIRIRIE DS, 207 A bAoA MER DAL & U g N IMulz 5-2 %
WELRFTLHZL L L, MAT, 7 A bt A MERDOBALDRIE & LT,
MBI CFAET DK F N T AR—=2—D7T 7 7R > 4(aquaporin-4.
AQPY) DG Z 5t L1z, AQP4 XA TT A ha A MERIZEF LT
G347 3637 L AN~ K OB BN Z3E 38 L TRV . Z D41 ORI AR
HECTCOERITRFHMEST 5 B R T,
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[R5 T7ik]
1) —EMEH K NEIAREA ZE(tMCAO) & B R & P INEIR

LN~ CToFERT, AbiEE R FEM FERICE T 2 e ICiE > TERM L7z,
FERENY) 1L 6-8 Mt D Sprague-Dawley (SD)7 v~ kT, K& 240~310g D, D
R L7z, IMEEZEGCMCAO £ 7 /V)DVER, FHEVE. RREIIRA R ITIMARIR TG %
DIFETFE —ETRREY 1T 7,

LEIOFERTIL, 7> MI2BEHIIRY 4531 T To?’_o H—ETWSH LY b
2 — /LI TR RGE M E O RIE E IS ZZRITER D o 7D T CS L 2

= ““/I/ﬁ—‘f@yf’fﬁﬁﬁ ]\/J_;[:;ﬁi‘ L 7”:0 o Sacorll]f'l.ce Saczrrl‘f'l.ce Sacsrtllfrllce Sazclliitfli:e
Fo, AREBRTIEISREITEH ORRIRFHY l l l l
Rl 2 B & L7272 30 B0 iy MCAO

ischemia

). I/Rinjury 2 FEfE1# . I/R injury 6
FFff1% . I/R injury 24 FEfE/#% ORE AT
JERE A AT ST IA H (FEZE - V7 IE (A FE .

4 Treatment(15min)
BBB e, Ff 2 0E B Al 1~ AN i Control grous
DFGHERIZEA L AQPY) DI 51T - 12, cs group

Figure 9. Scheme of the experimental protocol. For time
course analysis, rats (Control and CS groups) were sacrificed at

2) MNIEZE, REEERROBRREZEIL  different designated time-points.

—7

I/R injury O FFfH, 2 BffE], 6 BFfH, 24 BFERICHTH L7228 L, find
D TTC Reta AT o7z, MREZEMARE, TRIEIRRE b [ARRICH I LT,

D

3) BBB W DREFHIEL
BBB e ORI S 0IE UR injury 2 BEE. 6 REfE]. 24 BRI OB CTRME L

726
FiEE ERETH D,

4)  RIERISDRRRFIZEAL

B IAEBHE K ORFT S BT & FERIZAT > 72, MPO - ICAM1 - MMP9 D ¥
X WBIE T, Ibal ORBUITHC I TEEMTZ1T o7, B IR RIT 0 K
il I/R injury D5 & ik L7=,
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5) /ML DIERBZFHIFAM & £ DRRIFRIZEAL

/NS OFRELRIFE X THC (2 TfT > 72, THC XA o< TH 5238, 1k
Pk & LTI NI D~ — 51— "CT& % anti-von Willebrand factor (VWF)
(1:200, Chemicon International Inc., Billerica, MA, USA) &5 H L 7=, #U/NILE DN
Ve, % o JE PR EY) (Astrocytic end-foot) D FFAMi 1% Image J software % H\ " CTHT
7,

B BB R IE TR PR N & T & AT 6 BB (X400) A il L TRl L7z, G
N REN O TOMUNLE (<20 1 m) T, L NFEE (microvascular diameter)
& L CTHEWT o e (cross section width) 5 HI L 7=, X512, 2N HTXTO
)N L A8 C i A8 R PR TS PR (perivascular halo) & #HHI L. cross section width & @
hREREH L,

IHC EOEREZMZELOFERIBR D=0, /N LE & JE T EY %2 1% iE A E 1
A S (transmission electron microscopy. TEM) % W THIZ L7=,

6) TEM % 7=/ & DBl

T MI2.5%7 VAT ILT B R E 0.1mol/L 1 =3 /L IRFRENR CHETTE E L.
X BIRBEE BT T2, BT S 72 BRI ERAR SR IA L~V D B L
2mm KO7 vy 7 #2810 HL, 1%4 A U ABTEEE L, T0D% 0.5%HE
e T = N+50%T X /) — )L CT ay 7 Yeta AT\, =X ) — )L CEMERY 22 ik
MR A DTt 71 v 713 Epon812 WIZE# L7=, 60CHOA—7 > T 3 HfH
BEASEEMESE-71 v 7% 60nm ([ZHEY) L., YN ZEEE Y 7 = /LT @ L
72 RIS OB 2213 TEM(JEM-1400; Joel, Tokyo, Japan) Zf fl L T1T-
72,

7) AQP4 EHORERRIE(L

AQP4 DFBUL THC OFiEZ W THE L7c, AQP4 HBLII/K 1 ORI
FITEIC L AT A haY A MEROALICBE G AREMER S D & 2 T,

IHC XA D < 1ZAT > 7225, 1 kPR & LT anti-AQP4 (1:200; Abcam,
Cambridge, MA, USA)Z i H L7z, FEBAIEE OFEZEJE & 7 & AT 3 1HEF
(X 200)HH L CHIZR L7z, BN T AQP4 2 FEEL L T AN D% HH
LiE s R 217> 7o,
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8) WLETEHIMRMT

7T — 41X, mean+SD T L7, 2 B O HEZIZ 1T two-tailed Student’ s t-test
Z F ., 3 BEMI LA B Eeft 2 1% one-way analysis of variance & Bonferoni’s test
Z AV, p<0.05 ZHEEHFRICHERE L Lz,

[ =B R]
1) 2 - ZEARE. BBB G DRRIFRIZELL

I/R injury O B, 2 BERET. 6 FFR. 24 FERNIZ IS C M ZEATE & VIR IATE 0%
IR b 28122 L 7o (Fig 10A), £ 3 2 I 28408 & A o ns =2 > k
0 — L HECRO LA, CS BETIE Z OETIZIH STz, et FaE
FEITFEIEINFE - HIEMAFE & 12 IR injury 6 BRI OERES TR H LTz,
BBB i #E ¢ control # Tl I/R injury 6 FffEi % DEESNGERE L 720 CSHETOD
BHEMHIR %2R 7= (Fig 10B),
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Figure 10. Trans-arterial regional hypothermia showed neuroprotective effects and
attenuated vascular leakage from 6 hours of reperfusion. (A) Coronal brain sections were
stained with TTC to evaluate infarct and edema volumes. A quantitative analysis of the infarct
volume and edema volume showed that infarct and edema volumes were reduced by
trans-arterial regional hypothermia at 6 and 24 hours of reperfusion. (B) Evans blue
extravasation was examined to evaluate vascular leakage. A gquantitative analysis of Evans blue
content showed that BBB disruption was reduced by trans-arterial regional hypothermia at 6 and
24 hours of reperfusion. (*p<0.05, **p<0.01)
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2) RIEER G DRI,

ICAM1., MPO

. MMP9 . Ibal O3 OBRBFHIZE(ZEIZ2 L2 (Fig 11),

ICAM1 O% 3% I/R injury 6 FEf1#(p<0.05) L 0 AEICTLE L, 24 K%

(p<0.05) & TILHERFGE L TV A, ZAuE CS BETIXAEIZ(p<0.05)##] ST
VW72, MPO & MMP9 O FBTLHEIL /R injury 24 B4 1272 5 & HHL L (p<0.05),
b CS HETHEIZ(<O.05)H ST W=, 227 a7 ) 7okt 24 i

M1
Tz,

25

15

0.5

ICAM1/B-actin

25

n

tn

MMP9/g-actin

Figure 11. Temporal profiles of inflammatory reactions. A quantitative analysis of immunoblots showed
that the significant up-regulation of ICAM1 from 6 hours of reperfusion was attenuated by trans-arterial
regional hypothermia. A quantitative analysis of immunoblots showed that the significant up-regulation of
MPO and MMP9 at 24 hours of reperfusion was attenuated by trans-arterial regional hypothermia. A
quantitative analysis by the counting of lbal-positive cells in immunohistochemistry showed that the

significant activation of microglia at 24 hours of reperfusion was attenuated by trans-arterial regional

hypothermia. (*p<0.05, **p<0.01)

BElZ(p<0.0) EH LTz, CSHETIIZN L AZEIZ(p<0.0D)H#H L

MPO/B-actin

aaaaa

Iba1-positive cells
ipsilateral/contralateral (%)

llllllllllll

PLEX Y I/Rinjury & X 2 RIER S OEITIE, NEMaREE I L 5 ICAM1 %
BN UTAEL, ZOERFREEZ I L T ERDINNIRE, MMP9 FEAE
a7 ) TIEMALe SO RIERSDER - T T b0 LB X BT,
F7o. RPTEIRIE 2 b RIEKS O - #AT 22T L T,
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(VWF) immunohistochemistry.

3) ML DT RBFRY 2RI EAL

WUINIE DFEREFAY 72 A DWW Cid, THC TEEMZRFHE 217V, TEM T
AREE DB 21T o 7=, THC IZ X 28123(Fig 12A) TIPS/ M U 7= 0 i 58
(REDR 2y ha— L ECIEZERD LN b OO, CSEETIERRD bt ho
7o

oI L NIPE R O B 72 (Fig 12B) 2475 &, =2 b e — LEETIE 0 R
(5.1+£2.1pm) & Hei L C 2 1R (4.5+2.3um, p<0.05). 6 Ffi(3.2+1.8pum, p<0.01)
EMMED A B EIT RO, CSEETIZZ oA biTA RIS S, a2 b
v—/LRE & g 5 & 2 IFf, 6 RER]CRUNILE WIER XA BEICR 72 TUz,
F 72 A JE PR OFEHIC R LTI IHC (2C, = b v — LRBETIImlEs/ Me
L 7=/ N L& o B PRIZ 135K L 7= perivascular halo(Fig 12A., &EH) & £ > TV
72o Z @ perivascular halo & & NIEER O LR O E E&:FHl(Figl2C) T, =2
ka2 — LEECIX 2 K2 6 24 FEREIZZE 5 % T perivascular halo O & (p<0.01)
IR EFROT-, —FH T, ZOBRIIT X TORFFE2~24 FfH] IR injury %) T
CS B TITA E (p<0.0DIZHf S LTz
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Figure 12. Temporal profile of microvascular morphological changes evaluated by von Willebrande factor
(A) VWF immunohistochemistry showed that microvascular narrowing
(arrowheads) with enlargement of the perivascular halo (arrows) was observed slightly at 2 hours of reperfusion
and frequently at 6 hours of reperfusion in the control group, but not in the cold saline group. Scale bar=20um (B)
A quantitative analysis of the microvascular diameter showed that the significant decrease in diameter at 2 hours
egional
hypothermia. (C) A quantitative analysis of the cross section width ratio of the perivascular halo showed that the
significant increase in the ratio observed at all time points and enhanced at 6 hours of reperfusion was attenuated
by trans-arterial regional hypothermia. (*p<0.05, **p<0.01; # p<0.05, ## p<0.01 significantly different from the



[FERAL. D TEM 12 L A i@ 22(Fig 13)1238 VW TiE, IHC T perivascular
halo & FFE S TWIZEMLITIE, Mg &ML E NEERL & B 2 S H 17
FELTEY, ZAUIhnE 280 A THFEELTWD T A hat 1 MEEN
JOFTHNCHAL LT b O LB C& 7o, IR 2 281523 5 &, THC TOpT
ﬁ & [FIREIZT A b YA MEEOALIZ UR injury % 2 FFE~24 BEE O MR

BT — 7 Lo T, ZORMETIE, MERREEIC K D BEE e
1"‘5(/J\J]‘.I1”£Ijﬂﬂ O/ ME b REFR ATRE T h o 72,

control

cold saline

Figure 13. Temporal profile of microvascular morphological changes evaluated by TEM.
Trans-arterial regional hypothermia attenuated microvascular narrowing due to astrocytic end-foot
swelling enhanced at 6 hours of reperfusion. Swollen astrocytic end-feet containing membrane
structures and organelles were perivascularly observed at all time points in the control group. Marked
swollen astrocytic end-feet compressed and narrowed microvessels, which was frequently observed at 6

hours of reperfusion. This was rarely observed in the cold saline group. Scale bar=2pum
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4) AQP4 REHDORERRIZE(L

AQP4 O BUiENTIL THC(Fig 14) D FIETITo 72, AQP4 131 R/ E i E
HWENTFEBRH) LT\ =28, I/R injury 2 Rt O S Clida v b »—/l/ﬁif
AQP4 BH I 70 5 TLHELRO T, CSHTIXZORISITRO ONT ., EENR
FHECTH 2> b r—/LEETIE IR injury 2 FFfI#2 OB E fci(p<0.05)§‘\r§fﬁbe ¢
CS Tl & 41TV 7= (p<0.05),

control
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Figure 14. Temporal profile of Aquaporin 4 (AQP-4) expression evaluated by immunohistochemistry.
AQP4 immunohistochemistry showed that constant AQP4 expression (arrows) was observed on the rim
of microvessels. Its expression was enhanced at 2 hours of reperfusion in the control group, but not in
the cold saline group. Scale bar=20um. A quantitative analysis by the counting of AQP4-positive
microvessels in immunohistochemistry showed that the significant increase in AQP4-positive
microvessels at 2 hours of reperfusion was attenuated by trans-arterial regional hypothermia. (*p<0.05,
**p<0.01; ## p<0.01 significantly different from the control group)
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ARl IR TREEIREY R AT IR & 2% 9 AR e (E B 2 #E R4 5 72
O, a2 liE 2 B R injury RIS & 2 ROSORRRELEZBIE LE < 0fF
ORI S s

I/R injury & IZ&FHRIZB W TBIE SN2 ST LL F O Y Th - 72 (Fig 15),
- 2 B[ - AQP4 FEHL T

- 2 IF[H-6 IFfH] © 7 A bu A MEEOIZ b, Ui NP IME

- 6 FFf-24 IR - IMRESE - FEIEORL. BBB ftfE, ICAMI 35

- 24 WE[H] - RIERS (AFHERDIRE, ~ A 7 v 27 ) 7iEMH{L, MMP9 FE4)
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Microvascular narrowing
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" | Inflammatory activation
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JL
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Figure 15. Scheme of the time course analysis of events in I/R injury.

A RIOEEBRFE R TIZHFTEROMNIZE., 27 v 7 U 7 OiEMH(L, MMP9 #EAIC
R N D RIESULTLETE IR injury 24 R OFF R TG LS Tz, L
U, HFESE - FEIEO HBL - HE1T, M N ARG E(ICAML % 8L, BBB
FOIE IR injury 6 B0 S HBL L TE Tz, 72, RERAE TR IX
I/R injury 6 FEf#Z ORFRIZBWTH T TIC I GIZHT A2 HERIBFEIEE b
725 L TWe, ZOREENS, IR injury # ORMFEZEH B « #E1TITIIRAE SR L
SOFEFFNTFE L, 2 OBk LT HRENIRAY R FTIRIE I R 2 R L T
WD Z EDIRIBE I T,

I/R injury % RN Z 2R E LT 7 A b A MEEDBMLL ZNIZ LD
o g NIES IME 2 T/R injury 6 FFRIFRIZEED T2, BEOHIIETIT, Z OBk
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HUA X ME IR injury 3~8 FffEJZICAE LD Z EAWmE B INTEY, Fx
DBIERER A2 LT b0 Th o7z, Z ORUNMLE RIES MU ERER % O 2
WM 25 2 L, MIEEEZBE L TV AR SH S, 20 2K
PERM LTI 1%, @BV T tMCAO £ 5 /L TR I & K HE IR RE
(post-ischemic hypoperfusion)3® >F#E % i IR {k.(secondary deterioration
of /R injury)% LB L TWAH D EEZ BT,

ARIOFERTIZ AQP4 @ IR injury 2 FFff# O3 8L (acute AQP4 surge) &
WO, ZoatElo AQP4 FEBITENT A h a1 MEROILIZHEA L
TEE TWEZ &IDMA T, AQP4 D#El UK+ DML HR Y A A figie) 4142
& DRI 3 AT (7 A b a YA MERICFEIT/EAR)3637 )0 6 | BT o
AQP4 FEHLITHED IR injury %2 O—H DO KGO EIZH D H OO REERNH Y |
PEEDARAY SR AT, Z o arEE o AQP4 FEHLTTHE 2 i U P e it Ok
ENRE LT O L TWD DO LEEZ LT, AERICE - T, REWRARPTIK
IR DB T 72 o FAEMF IR AT 2 2B 2 2 L N TE T,
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B=E
REEVIREY R ETIAEIRIC X 5 B72 DR 7 VI T D IniEhR

€

[l

]

PRENIRAY SR PTIEIR 7Y TR injury (23 3 72X R EEH 2~ 3 i3l £ O i
2026 0. ZNFETHIRARTZML THh D, L LERENREY R P AIMRIRIC B3 D &
AT T & T R SRR 2126 |3 3~ C ik KANENIREAZECMCAO) 7 /v
Ty MR LI DT, B HHEETE T /VITKT 5 DIRRIRZ G L
T T,

FEFIR TIE, ¥RDO Z L2 HINFESED IR IBI TS BT R 72 5, TRIK R IRAE
Ky RBMRESHIPE, FERORE R E, ZERWELZ 23 5, KBRS ET
JRARIR D RIS HIZ AT T, Bx RIRRE A fBE LI St 217 9 Z L ITEE
T D ARBETIL, ZIVE T & B2 D KGRI A2 &1 5 &7 /L& LT partial
reperfusion injury €7 /L7 v bk Z 4 H U CRENIRAY R PTIKARIE O A 2 2
R R R Y

MZ T, B FEMFERSFERTE U ORI MG E% 24 U DRk
#Mfa st (neuronal apoptosis) & SR BIE (reactive gliosis) ~D#EEIRAY
AR D E & FEt L 72,

[ 58 5 1E]
1) partial reperfusion injury (Craniotomy MCAO) EF /L7 » b

LN~ CoFERIZ, AbiEE R FE FZRICEE T 2 B ICiE > TERM L7,
EEREMWIT 6-8 Il lH D Sprague-Dawley (SD)7 » kT, K& 210~280g Dt D
LT,

Rat % 4.0%isoflurane +N30/02(70:30) THREHE A %217\ 2.0%isoflurane +
N20/02(70:30) THERF L. fiTH{AIRIE 36.6~37.5 CIHERF L7z,

F T AN EP IR 21TV, il CCA 8 L7z, A FERiCkLTiah 7
—7 /Ui URRENIRIY S8 T IMIEIE 21T 9 72912 CCA 725 ECA - ICA - PPA ¥
THAERRERR L 21T, oMl TEH Lz, B—F & [AERICAH ECA XA %5Y)
Wr LR, 7 — 7 VAR AR O/NMLERR T T,

27



W T, HIRE O HOHRIZ Z 1.5ecm FEO K EUIB 247V, ISAAR 2 18]
ﬁ%i@%%br/&w%)w%ﬁﬁbﬁﬁm@mm@wﬁ%ﬁ@gun@m
AT o7, BREARL, M _E2NS MCA 2 i LEER L7z, il =25 10-Onylon
T MCA &g & fERs LYW L MCA D7k /AF%E(Fig 16, left) Z 52k S ¥ 7=, +
D%, BHAIL, ~A4 7 ua 27 U v 7 CHifl XE@JH}T%JLFU?% 1 H#F'Eﬁﬁo Tco RET IV
i+, MCA O itigia HATE, H— A | P
O L7 tMCAO E5 /L & Mg L *
T, BEMEORBWET L TH o7 43,
#i71% Bederson score2? grade 3 UL E®D
RIEREZ 2 LT v FEFEH LT

44,45
Figure 16. Intra-operative photograph of caraniotomy MCAO

model rats. After the 5x5-mm temporal craniotomy the right
MCA was ligated using 10-0 nylon thread and cut off through
the dura mater.

2) RERVBITNER L B8R0 ha—L

oo
B\‘aQ

R ETOM < FEBIRE R S50
{KiiE ECA 2° 5 ICA 211 T =17 aon

JL

D]?? E_FJE" IE L 77:__ 7\7 7 —T )L 73 ) % /A DEerr— " neurological assessment

brain harvesting
iﬂé@ﬁtﬁ«ﬁz@l C N 20m1/k . 15 control
8 ecs %%

N BEVE ] 24T - ’ ,
BRI ZTL I, e W s
zligggﬁ VC\‘ !j: \]éy:ﬁ Fﬂlﬁ ﬁA O) EE‘?‘?% Zﬁ % dcs ;////% P intra-arterial
DRI R BT 50 w B o

bR 272, MEMERICT Figure 17. Scheme of experimental protocol. Rats sub jected to

BEAT O REL M LV BT MCAO were divided into the following groups: early cold saline

RREAT OB BIER LT (eCS), early warm saline (eWS), delayed cold saline (dCS), delayed

AL L7, warm saline (dWS), and control group.  All rats were sacrificed at
48hrs after the MCAO surgery for further evaluation.

FRITMEH U7-BEIFLL T 5 L L

2%,

Ty ha—VBE BRI AZITDR,

early cold saline (eCS)&: : MCAO E#% 0> bR BRI R FATIMIKIR 21T 9,

early warm saline (eWS)& : eCS At & [RIARIZ 37TCOEBBIEIR A K57 5,

delayed cold saline(dCS)# : MCAO1hr % 7> & R ENREY B ATIMIKIR 21T 5,

delayed warm saline(dWS)& : eCS #f & [FI#kIZ 37COEBBIEIR A K595,
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MCAO 75 48 FFfEI#RIC T v MIEHMFE FICE S ZHIE S, KIMAZfH L
AR AT 2 S L 72,

MmN FRIL, eCSHE - eWS BE - =2 b w— LRETHIE & [FARRIIREE RN E 217
W, AR T A — 42— MCAO Hif - MCAO48 IRl #% 12 THIE L7,

3) FHRRAEIR

MCAOA48 #1714 (B E) | A RE IR O 3 24T - 7=, #E4fi1% Bederson score
grade?? & 18-point neurological scale score3! D} & F VT 5 Hi L 7=,

4) PUAEEE - RIEARR

MFESE - FIEARFEIXRTIR D TTC Y TIT o7,
FEIERFE « HIEAEIILL T OFEXZHWTHET L,
- FEFE(RTE : Infarct volume (%) = (left hemisphere volume — right non-infarct
volume)/left hemispheric volume
- #HE{AFE - Edema volume (%) = (right hemisphere volume — left hemisphere

volume)/left hemispheric volume
5) s Yt (Fluorescent Immunohistochemistry, FIHC)

4%/3T7 RV LT VT b RCHEREER. 2 A OREEE 21T > 7o/ o
TN ATA AL, 2mm JE® coronal YWlF & L, ZHN&2 /N7 7 ¢ i LT
PRERIR L1 T 4 pm OB R 2R L FIHC 217> 72,

KU ZXT LT 30 5MIR L, NT T 4 VEBREEITo T2, pH6.0 7 = kR
TR 2 INENIR IS =, UlR 2 U 2 0 OMEBLEIZ X 2 Pty 217 - 72,
PR 13 10%1E % ¥ F1m{E 2 T Blocking L 7=,

MRS DRt D72, TR h— AD~— 4 —"Tdh 5 Cleaved caspase
3(CC3) & MM D~— 1 —Td % NeuN O —HYa 417> 7=, Y1341 CC3
FUA&(1:200; Cell Signaling Technology, Danvers, MA, USA)+ #T NeuN Hi{&
(1:100, Millipore, Billerica, MA, USA)IZ TR T 1 Bl S B 72, ZIRPLIAE
& L C. Alexa Fluor 594-conjugated goat anti-rabbit IgG (1:200, life
technologies, Carlsbad, CA, USA) 3 L' Alexa Fluor 488-conjugated goat
anti-mouse IgG (1:200, life technologies) % =818 C 1 KRR St S 7=,

F I SOSHEARRIBIE OFHEIZ X, 7 A ha¥A hO~——Th b GFAP(glial
fibrillary acidic protein)ifa . 2 7 a7/ U 7 O~—h—"Tdh 5 Ibal Yo% Fi
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FThAT->72. 1 PUKRICITHT GFAP Hif&(mouse monoclonal, 1:500, BD
Bioscience, San Jose, CA, USA) F721%. Ibal (rabbit polyclonal, 1:1000,
Wako, Tokyo, Japan) %1 L . /k#ﬁ—‘ & LT GFAP %:(4(21% Alexa Fluor
594-conjugated goat anti-mouse IgG (1:200, life technologies) . Ibal ¥:f4lZ
I% Alexa Fluor 488-conjugated goat anti-rabbit IgG (1:200, life technologies)
Z Tz,

sk, TTOYTIE 4, 6-diamidino-2-phenylindole (DAPT;
Sigma-Aldrich Chemie GmbH, Buchs, Switzerland)(Z & 5 82444 24TV vEF A
L7,

IR I3RS TS L, (RO T XV AT Tiddk LT, & &R
I% Fig 18 ™ X 5 IZ+57E L 7= region of
interest(ROI) C Image J software % LS
FH R R 500 A0 el i £ 0 I 2 2 B )
TiT-72, ROI X Figl8 ® X 91z,
JBE A ZEN (ischemic core) & A 2E50
& (penumbra) (ZEILEIL 2, 4 AT
RE LT, Figure 18. ROIs for IHC analysis. ROIs of ‘infarct

core’ and ‘penumbra’ were set for 2 and 4 spots as

shown.

6) WEHFRIMRYT
T — XX, mean®=SD TH L7-, 2 HEDLEIZIE two-tailed Student’s t-test

Z M, 3 BERILA B O i lZ13 one-way analysis of variance & Bonferoni’s test
Z AV, p<0.05 ZHtet AR L LT,
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1) AR

[ =B R]

eCS FEIZ B W T IREZ L) e iR T (Cortex : 34.1+1.2°C—382.5+0.9C,
RO JREDOH. ZOFE
RTRARS T 20 SR VTR S AL, TR TR ICITESCNMTHE IR L7z, Rectal
DA B2 EACITRO 2o T2,

Striatum:36.4+0.8°C—34.3+1.0C) %

temperature
(°C)
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Figure 19. Effects of trans-arterial regional hypothermia on brain temperatures. In eCS group, brain
temperature was rapidly and significantly lowered by the cold saline infusion in both cortex (from 34.1+

1.2°C to 32.50.9°C) and striatum (from 36.4=£0.8°C to 34.3£1.0C).

The lowered temperature in

both striatum and cortex were maintained as statistically significant (striatum: p<0.01; cortex; p<0.01)
Rectal temperature did not show any change during the observational period, in

throughout the treatment.
all groups. (*p<0.05, **p<0.01 significantly different from the before temperature)

2) ABEBHNRT A —F —

BRI NT A — 2 =28\ T MCAO #if, MCAO48 IF[#l#% & & I A FERMICA
BRREITRD R o1,

Table 2. Physiological parameters. No significant

differences were

observed

in

physiological

parameters between all of five groups.

Control eWs eCS dws dcs
Pre MCAO
Body weight (g) BIDEIBS 2E5E1A6 2TEE10 252384 0T g
Body temperature (°C) 36.4%11 368410  369%10  359%11  365+14  ns.
%ES”HQA)"E"E' Blood Pressure 102#132  00.9+19.1 673205  08.1%268  00.0+141 ns.
Blood gas assessment
oH 7484005 7.44+005 747+004 7452008  7.47+004 ns.
pCO2 (mmHg) 344+50  303+43 33438 30400  340%66  ns.
pO2 (mmHg) 1480290 16042136 15062193  153.0%351  O00FH g
HE (%) 403%19  400%10  395%27  40.0%24 36339  ns.
Hb (mg/d) 131206 13003  12.8+09 134+08 11814  ns.
HCOy (mEg/L) 250413 264+17  236%2.2 26417 243227  ns.
48hr after MCAO

Body temperature  ("C) 35.8+086 35.3%£08 35.8%0.7 35.3+06 34.9£05 n.s.
?;'ﬂer:)”_‘g"e”a' Blood Pressure 04.8=140 040%201 B7.5+18.4  00.0+19.8  81.0+1498 ns.
Blood gas assessment

7524005 7.49+008 7462007 7462010  7.49=005 ns.
pPCO2 (mmHg) 359466 4112127 4232129 430164 380260  ns.
pO2 (mmHg) 156.4+26.1 135.1+38.1 136.4+313 180.1%£13.0 168+13.7 n.s.
HE (%) 129°49  A46+23  435+38  446+22  438%24  ns.
Hb (mg/d) 14.0516 146208  14.2%12 14.6£07 143208  ns.
HCO3- (MEq/L) 285422  284%25 28946  280%33 285220  ns.
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3) FHRRAEIR

Bederson grade score2?? z W\ 7= #RERFEME TIX, =2 b 7 —/LEE(3.1£0.3)
&b LT eCS #£(2.5+0.5, p<0.01) T3 A B 2RIk Ot #5278 7273, dCS
#(2.9+0.3) TITA B RUEITRD oo Tz,

18-point neurological scoring scale3! Z F W\ 723l Tlx, =2 b —/Lff
(9.4+0.9)%° WS Bf & Ho L 7oA Bk O e, eCS #£(12.5+0.5,
p<0.01) + dCS F£(12.340.8, p<0.01) D fE TR H LT,

Bederson grade 18 points neurological score
control eWSeCS dWSdCS control eWSeCS dwSdCS

Figure 20 Neurological scores of the Bederson grade and 18-point scale. In Bederson scoring
test, neurological deficits scores were significantly reduced only in the eCS groupbut not in the dCS
group compared with the control group. In 18-point scale scoring system, neurological scores were
significantly improved not only in the eCS groupbut also in the dCS groupcompared with the control
group. There were also significant difference between the eCS group and the eWS group, as well

as the dCS group and the dWS group.

4) RREZE, RATZIEARE

TTC Yetal & 2 INFHZE - i IEIAFE O RN 21T - 7= (Fig 21),

FEFERTEIL eCS #E(8.124.7% ) T2 > b B —/LE#£(35.1£8.9%), eWS #f
(35.8+5.6%) & b L CTHE 72 (p<0.0 DFFZE(AFEHME /) & 38 72, dCS BE(15.7+5.9% )
THay e —/LE#E(35.1£8.9%). dWS #£(34.0+£3.6%) & LL#E L CA E e ZER
FEffE/ N2 g7z, eCS B & dCS BETO il Tld eCS BED 7 13 A E 12 (p<0.05)
FEFERFE I TN/ S, K0 BHICIEHE L 7= 5 3 A B2 (p<0.05) FEZE (R FEHE /N 3
MR Z & ARIB S T,
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M EARFE 1T eCS BE(p<0.05), dCS #(p<0.05) & bz = bu— Vit WS #E
&S U T B NI S E R &2 38 7=,

control eWS eCS dws

Infarct Volume Edema formatlon

(%) - (%)
50 —_—

40

30

20

10

9 control eWS eCS dWws dCS control eWsS eCS dWs dCS

Figure 21. Coronal brain sections of TTC stain and the analysis of infarct volume and brain edema. In
rats of the eCS group and the dCS group, infarct volumes was significantly decreased. Furthermore,
infarct volume in the dCS group was significantly greater than that of eCS group.

In a quantitative analysis of edema formation, the edema volume was significantly decreased not only in
the eCS group but also in the dCS groupcompared with the control group. There were also significant
difference between the eCS group and the eWS group, as well as the dCS group and the dWS group.
(*p<0.05, **p<0.01)

5) Neuronal Apoptosis

MCAO # ORI SE D 3 2 CC3+NeuN O — E SRR YL IZ TIT - 7=,
CC3 3BT cell apoptosis Z <& L, NeuN DOFHLIL viable 72t Hlfin 2 o
HDOERET D,

ischemic core fEJk CTid CC3+NeuN UK HER] OB 5 72 221380 e o 72,
penumbra fEIK(Fig 22) Cix= > b e —/L, eWS #ETiZ CC3 IGEHMla D3 BiE
MEFED ., ZIUTHV NeuN Bt I Lz, w2, eCS #ETIE CC3
BE AR I X L, NeuN BEMEARRITEMN L Tz, 2 OFT I eCS BEICH T
2 PR R e A R LT,

FERR2FHEZ 35V TS penumbra I T eCS #F THE 2 CC3 BBIEMIIL O
BB (p<0.01) &, NeuN FtEAlIE O #I1(p<0.01) Z 7B 7=,

eCS Ff & dCS BED g TlE, CC3 Bt EAHl, Neu N Bl o 78 Bl
FOMEMIT eCS DO NA B (<0.0DIZEETH Y . L BRI OIEHENT AT
PREEMIRRAE A 2 0 s®E ICHH T&E b & B X b,
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Cleaved Caspase 3
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eWsS

eCS
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ischemic core penumbra
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T L
s N AT )

control eWs eCs dWs dCs control eWs eCs dWs dCs

tive cells/ROI
tive cells/ROI

2 40

40 - ;
1 L

control  eWSeCS dwsdCs control eWSeCS dWsdCs

eaved Caspase 3

0S|

posil
NeuN-positive cells/ROI

NeuN-positive cells/ROI

Figure 22. FIHC analysis for neuronal apoptosis. In both the control and the eWS group, CC3 was
frequently expressed accompanied with the reduction of viable neuronal cell (Neu N positive cell). On the
other hand, CC3 expression was strongly suppressed with preserved viable neuronal cells, in the eCS group. A
quantitative analysis for the number of CC3-positive cells revealed that the apoptotic cell number was
significantly lower in the eCS group than that in the control group and the eWS group, in the area of
‘penumbra’.  Furthermore, the number of viable neuronal cells was significantly retained in the eCS group
compared to the control and the eWS group. Although the similar significant difference was observed
between the control group, dWS group, and dCS group, the treatment effects on both suppression of cell
apoptosis and preservation of viable neuronal cells were stronger in eCS group than that of dCS group.
(*p<0.05, **p<0.01)

6) Reactive gliosis

MCAO # O SO BAE X, 7 A b e A MEM(L(GFAP-FIHCO) & X 7 v/
U 7 OiEMALIbal-FIHC) D 24T - 7=,

GFAP %:ta(Fig 23)1% penumbra fEIK CORBITTHEN 2> b —/LEE, eWS B

TIEHEFERHIZRO NS DO, eCS FETIL Z OISTMH STz, EEM

ST % . penumbra fEIIZ BV TIL, eCS B TH 72 (p<0.01)GFAP BB i f%
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OTCHEMFIER 25807, ZiuE dCS BT H [AERIZ(p<0.0D)FRD iz, #X#)
AIRES R FE AR I penumbra FEI TO 7 & b oY1 MEME(LE IR L T,
F 72, Ibal ¥t (Fig24) T% penumbra fEIRIZISW T hr— Lt eWS B
DFEF72FEBTCEZ RO =AY, ZHE eCS BETIEIIH STz, BRI
T, penumbra fEIK TliX, eCS BED A E 72 (p<0.01)Ibal 5 AMiE o> % Hl4mH|
AR, dCSRETH AR 1EM (p<0.05) Z 380 =73, & DIEMIL eCS BEDJ7
s dCS B X v 8&[EH TH DN H - 7=,

control

: _

Figure 23. FIIHC analysis for astrocyte activation. In
both the control and the eWS group, GFAP was

remarkably expressed reflecting activated astrocyte. On
the other hand, the astrocyte activation was strongly
suppressed in eCS group. A quantitative analysis for
°cs activated astrocyte demonstrated that significant reduction
in the eCS group compared to that in the control group and

eWS group in the area of ‘penumbra’.  Likewise,

ischemic core penumbra

GFAP-positive area was significantly reduced in dCS

%)

group than that in the control group and dWS group.

=

GFAP positive area/ROI (%)
) o

There was no significant difference between the eCS
D group and the dCS group (*p<0.05, **p<0.01)

GFAP poslve area/ROI (%

control eWs eCS dws cCS control eWs eCS dws dCs

0

control
Figure 24. FIHC analysis for microglial activation. In

both the control and the eWS group, Ibal-positive
eWsS

eCS —

penumbra

microglia, especially amoeboid shape, was remarkably

increased. On the other hand, in eCS group, decreased

number of Iba-1 positive cells was observed, and most of
these cells were the ramified shape. The quantitative

analysis demonstrated the significant suppression of

microglial activation in the eCS group compared with that

ischemic core

in the control group and in the eWS group. The similar

statistically significant difference was observed among the

control group, the dWS group, and the dCS group.
I ’ ‘ (*p<0.05, **p<0.01)

»
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5NN i

rol eWsS eCS dWs dCs
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PR SE R SME B OTEHRE & L T tPA iRk 615 ORREh RN A B 5 1k 2.8
FAEDRIERE L TASHEL L TEY,, @URIEERICE > TEOE MMM EE
AR T HZ ENFREE D, UL, PAZEMEHBHBICARIILIZE LTHE
1M RS HE R injury) 1355 SN EE R R TREEETH 5, REIRI)E
AR R 2% UR injury (23 U MERRREIER 2535 2 L 182126 5
RIS MENIRROT 7 a—F 0o FEHAEETH D Z &b, ARIGHITPAZE
M8 BRI 21T > T B OBINER & L CORKICHNBRENTH D L #& 2
5TV 18,

Z ZCINE TORBENIE TIE tMCAO model % H\TZ O EERH 23
AES T & 72, tMCAO model IZ I/R injury &5 9-RFKA 72 IMFEFEE 7 /L 2843
Th O, B~ OFER72 FBIE 34647 2 HBLTE 5, UL, FEERKT
(FPAZEIME FBAE A B Lol G A T o7 LTh, RET LD LI
RE MR DTERTR D HREM 215 DAV D 77— A I 0 TR, it R I,
BT DT S A ZARLHA 2 BEAE U 72 M NIRRT L 2 REUE i 28 T H5%E4e
7oK IE A 1S O N A BIIE 25-30% & AL TV D, KAF-D BE 13557 FFBRER
Re(partial reperfusion) CIEHE & & 2 5,

A Al Feox MEH L7z craniotomy MCAO model &3 )72 il SEE 5 /1 43,44
TH DN, Z i MCA =N D 7k A ZE(permanent MCAO, pMCAO) & CCA
D—HFFPAZE 2 A A 7=t D T partial reperfusion injury model43:46.48 L ¢,
PRIV, ERERE LS KM LTEET LV E S 2D, AWZE TIERRENRE R T AM AR
JE A partial reperfusion injury £ /WIZx%F LT, JRIEZRRAHEIER 2 A9
DTl LI, ZORFEIEL, ARIRREOERKRE 72 IO 2 7/ U RS A
R 7-HEREsIcEELILOTH D,

F I AWERE RN TlE, eCSHEL dCS FEDOIRENRITITHEERZDRH VD | IME
Mm% & 0 B OREARE FFTIEKIR DI L 0 B2 RRIRE 7692
ExR LTz, MEICHEEOME 272030 0 . BREVIRAY R PT IR X FTRE 72 BR ¥
HONZEATHIENEE LN EEZI LN,

F A4 [EFRRAIRSE & RO PEARRRIBYE 2 X .44 O REFE E O R D 72 12
FRET L7223, T EBERIREY —7 >y F e L THMmE 8490 i Tnb, BifE
DEZAH, HIETRD T AQP4 MITERSCTRIEE N & OBEOFEMITIAR T
BDHDY, T OFPREHII AN SO AR R IBE S & FR BN IRAY J& AT AR AR IR oD ik
REEHOEELRBRLTHDL EE X DL,
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ARWFZETIE. REIRA RTINS IZ £ 2 TR injury (ZxF9 2 SRR AR GEVE A
ZRAE L. ZOERERF & L CREMEN AQP4 BELUTHEDR - & £l fEd
T A hat A MEROAL, BUNUERIMEDRE 5 2R LT, AT, ZDiR
PPN D FREREEICH L THL A TH S Z L bRl Lz,

AIEHIE, MENBFRICL DT 7o —F CEMiGE T, WH LB SEK%
FHTH2OALTIRETE L7700, RHESGIEHERICHIZ N7 VA L—v 3
HsEZ ATREMEIZE W E B X DD, 8RO LR EER 182126 LIk 4 D4 [ D RS
IZBWTZOMRGEFERIIMETRELR D THDH Z RS, HEER
WO T L —T AN—L 0B H0EEZTND,
ZOBWRREFERZZ R LIGE. S RIRERRE S IXETRE R DEAN
EBLRIND, EHEEKIRIGERIC L > TROWDHRREFERAZ G5 72023707
e (duration) & RE (depth) O 2 FHEI 2 EI 25 7, LivL, R{EFEIZHT ) 15
Sy OVRHEIRERT, 30 23706 1 KRR DRI AN R O AT, E I 72 iR AR EH
L5 L TS, RSO TNCKR 2CRIETE 504 THL, 2D, &2
AR & e U C & 0 B CREC D 2R IR H D 2 THR VR R EEH &
H7- b2 EiE, REWRMFBIIIEIEOR M THY AV v hDO—D>THDH, =
DEHIRMIE L 1X R D 0 E2HHAT DI, TORBRDIBHV AT ANRBES
D, RRENIRA R FTINARIE X F T N I 2> & i HIZh R 2 IS ~ & e &
5, BEICL - T, ETMENEMESCZE OB EDNmEISND, 20
MW Z i & LTz, BRI ) TR0 072 14 H) 28 50 [ 72 AR
HEERHEZ LT OTERO—D2THDLEEZ LN, LL, ZOFFMMRA =
A LDOIEBNNIE R DM M ETH 5,

AL T7 v FEFERHLEZEZERTHY ZOENEZOEE L MM ELD 0
FEERRBI SN TV, BIREIC X o CRIMME PARR S E 1T R 7 5 G %
AT ERMON TS, BERIGHIZEBW T, WA K O 515,
BeHER EEREICT DD OMMNNMLEID EEZD, . BKRIZKBT
2 ME FBEIX RO L 2 I —RICEEHHET 254 1E00 T/, BpE
FICHBRET 2 2 b A VAL, 20Xk Tid, BR21HFET7 7 —F
MBI D AlRetE S &0 . N LFEFREMA DM 30 72 B3 — D DBEAHIZ 72 5
NH LIl
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HAES L U

ABFFEC L > TLEUF O 7 MRS Tz,

D RRENIREYJR TR 130E 00 TR RAY 22 R AT i Al 2 ZE28L L, IR injury (2
b U ol e it PR E ] (PR IEIR S, IAREZE - P&/, BBB Al
DET2 L) b6,

2) AKIBROBEERIEMEF L LT, FIRIEFERTZT T UMl To
AQP4 HBIMBIZ R0 EHNTE Z 57 A bt A MER Ok, fUh i
B NIEES IMEAM IR 2580 5,

3)  FE 7z ARIAHIXPAZE M AE T BREIRE % O o B R B A A T i IE £ T L
(craniotomy MCAQO model){Z 5} L "C & Fi il B 5Bl <0 S ME A R B #11
fill 2 AT L7 sV ER 2 6 T 5,

VLB RS RRENIRA ST RIE X B T RENE « JRIRARIME & BICE WA
WTH VS %OBMEHMEEDOH - /2RI R0 Es EE 2 b, Ll
Rzl E 2 TS OIZEEM e FHERET ORI, BRRISAICmT 727 —ZIL
O DO TEOLERENLEEND,

F7o, BURTIIARER A & MIERICH L72BEIZ, 7 v N CTodEW3Eh b [
DR E ST LTONIAHTH S, & MIIOWEFE CORBEERPIE T
%o BT, RIGROBKRIGHZZB LiZGE, TOmMyleFiE (GHARES
RO, G, R E) L3RI LIeRIT E 28y, 4
®BiX, ZORICER LTOMREORENLETHAS I,
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