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MR L, KXY 7 2=y b ORI B 2 1%E %2 R 2 L2 HE Lz, GOLRE F COlYA
GABAa ZZFE a4 ¥ 7 2=y b mRNA I, TR, $R&k, KINEE . ¥8BI0% < S L. /NIK. ZERE. 1
KTEHTRECEBRTH o7z, MUBEBIRES QV0) FFME M O FRET 6 B 13 & N
GABAa K a4 7 2=y } mRNA OFKBOENEED Sz, Lo L, FEEER 18 B 13 k.
MR ST D GABAa B ad ¥ 7 2=y I mRNA OFIIT 2VO MLEFT & N CEEE IS 6 h
%o Tz —J7, BRI U ELHRINIR 23 3 2 KR ERTHEEE . /M4, 38 & OF, ZEBETIZ 2VO FifE & Holge
LT, GABAa R a4 7 2=y + mRNA OFFRIFEEICE 1o 720 RHEEEHED 5. GABAa 224k

DHTH ad V7 2=y b OFEHEEN LI BFELIRE R 26 2 & LSRR & hiz,

T C ®IC

HIARHIHIE R T 5 GABA fltId . BRI
XU CHEEREN R RE 2B L TV 3 & L E S
NTw3Y, Lid ., GABAa ZEEDIEM: FH250HE
RRECES LW Z b RESATWS2Y, —),
GABAa ZFERIIIY 7 2=y P OFEEXHISNLTH
D. ZOHFTHERNV YO T PE VU ZRENEET 2
al. a2, a3, a5V 7 2=y N PMEEEREET 2
CEBHEZINTVDESI, Zh e DFERIZ, R Y'Y
7 X RIEY) D midazolam AR ELNE BT S
ZEZHHOPIC LT ERA DFEFR» S A 11519,

B B EIRIFREREE I & 2 BRIz D v TR
ZToTETEBY ., IhETIChA X 2 OjEESE R
fi %k 2VO) & 7 )V D F T . propofol 75 mid-

azolam & U b HmOWIXERESR 2 HE 5 Z & 285 H»
ELT, 512, ZD% GABAa ZEEOT T #
REMIREIDSBAEC 2 o1z ad 7 2= b DI
BCFAHS C5TBL/6) < w7 212 B W TR S vz, Fex
BRSO VTP E U RE Y DR, 2
propofol D FHKEZRFEHC GABAa ZEAKED T
ad Y7 a2=y s EEBERBEGNDZ LR REL
1219, F ZTARBFFEIE, CSIBL/6IJ = A B WL T
GABAa 25K ad ¥ 7" 2= v + OGHIFIEE . 81T
LIHEHE T B 2 L2 FEME Lz, Blcifes
ZLTWw3H, C5TBL/6) 7 A3+ X 3 LR
BAGHEBIIRI AR L TH D L 2VO JLE I X b fixrsi %
BHETED WY ne 2VO HLES OFEER 2. 4.
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2008 4E 1 A WL S % BYERILE I 81 2 4N GABAa ZAUE a4 V7 2= v b OERFENEE]
1T-o720
sy RNA
HZEMES LU HE
1) SEEREMD

FEREIYIZ. 9-10 BESIHEME C5TBL/6) < w7 A 2
Lizo AR 21T % £ T, BELHOKIE B HERR
r L7z, 15 SO MHHKA BB SALE 21T\ FIRE
Fits 2. 4, 6 B LU 18 BEHRIC B IERAL 2 L 7z 4
T L 2VO WUEB 21Th 3 I &I 2 i U 72 IRfE 2R
B, B SERCAEELI

k. REERR TS 5B L ., HEEREREE
MEZRESOF 257,

2) 2VO |2 & ZBEERME T IIAERL

FERENY) 2 RIS (B 20em, & S 15em) ICA
. T3 50%, HR hEEsR 50%. 1Y 77 > 2% (LA
T. GOl) CHiFEEAICSETRE . GOl Tk, B
K ORI 2 HERF U 7o o BB OBHIEERICKY S mm @
TRz, v—Y—R7F5—7a—7 (EG Fu—
7® OMEGAWAVE #8 H) 2255 L. JUli
DELEE=% 1 > (OMEGA FLOW CI1%
OMEGAWAVE #:44 B550) U7z, FEEREY) IR
2 SAMBASLIC AN ZE At . S I REYIBE 2 Adu, Tl
HaEER 2 P & D SE2 IR/ L 7z, vascular clip
% v C AR R % 15 4 TEAZE L . 7 0.
TEITo 770 FEEFECIE, WHREEIRE FH LD
SERCHEE L CE O F FRARIL 72, T, MRS
RO RS . BXIMETSS 60% LLEE T, & S AREINR
DIMFAE TIC & 0 HIRDSHERR T & 7 EEREIY) O A58
FIL. ALEs & OFRREYE & CHEVER CHRIE T
DGR D E BTz,

3) GABAa 2Bk a4t 7 1= b mRNA FIR

DRIE

A) mRNA O

U 72 S B4R 6712 ISOGEN 1,000 gl (= K >
Y- Bl BX) 2Nz TRkEY A AL O
Ok VA 200 pl B2 CHEHR L 2 B 0 o0 B
(15,000 rpm, 1043, 4C) L7z, LEOAELD HLA Y
T8 =) 500 ) (REHEE, KB HA) 2z T
Wt BOLSEE (15,000 rpm, 10453, 4C) LR
17 80% .5 ./ —) 900 x1 (FIDEHEE, KB, HA) %
Nz ¥ L. wo0srEE (15000 pm, 543, 4C) L7z,
WY % B THEEZ L, B A0l 202 T
mRNA solution & L7z,

B) genom DNA Dk
solution IZFHE#EF ~ V) 7 A buffer (pH: 5.5,
10 mM MgSO4, 100 mM FERE T U 7 A) (DGR,
KB, HA) 30 4l & DNase I 3 »1 (GIBCO BRL) %
Nz, 37°C T | B[4 incubate, & 5 IXERZAIESE
2% 72812 99°C T 10 43 incubate L7z,

C) RNA O & HHRE

X Wiz > 7z ISOGEN 500 yl, 27 & o ARy
20100 ] ZINZ TR L o, w0d0 Bt (15,000 rpm,
[543, 4C) Lizo EBOAIY LA Y 7 a8/ —
250 gl JNZ Tl (15,000 pm, 1053, 4°C) Lik
Bz 80% T8/ —)L 900 p I Z VM L. &laoy it
(15,000 rpm., 543, 4°C) Uiz, B % E/ TREZ L |
WK 30 ul Z/0% T Total RNA  solution & L7z,
RNA &3 500 1 &)V % v T, WIEERT (260 nm)
THIE L. 0.5 ug/ul WWHHEEL 72, Total RNA 1 ug il
Random Primer 5 gl 3 mM Tris-HCL; pH 7.0, 0.2
mMEDTA) (GIBCO BRL) % Jill 2 65°C T 10 57 ]
incubate U7z, 7K 1 5 IEGE L 724212, M-MLV
5% RT buffer 4 41 (250 mM tris-HCI : pH 8.3, 375 mM
KCI, 15mM MgCI2) (GIBCO BRL), 0.1 M DTT 2 xl
(GIBCO BRL), 10 mM dNTP Mix 2 il (GIBCO BRL),
M-MLV Reverse Transcriptase 0.5 g1 (20 mM  Tris-
HCl: pH 7.5,0.1 M NaCl, 0.1 mM EDTA, I mM DTT,
0.1% (v/v) NonidetP-40, 50% (v/v) glycerol) (GIBCO
BRL). RNase inhibitor 0.5 ] (FDGREE, KK, HA)
EHNZ AR L. 37°C T 1 K] incubate, & 512 99 ET
10 43[4 incubate U 729 > 7 )V W 7K 30 g1 200 A4
T cDNA solution & L7z,

D) E&EH PCR

GABAa ZFAE a4 7 2= b D sequences |2 5]
9 % probe & primer & Bf #'? & i€ > T the primer
design Soft ware (Primer Express®) % F\ TR L 72
(probe: STCA GTT TTC ACT TCT GTA GGA
CCC CCA) (forward primer: 5GGC CCA AAG
CTG GTG ACA TTA A) (reverse primer: 5CTG
GAC AGT TTG CTG GAT GGT TA) (Perkin Elmer
Applied Biosystems, Japan), PIEBIEHED glycer-alde-
hyde-3-phoshate-dehydrogenase (GAPDH) ZX )it 3
% probe & primer i& TagMan GAPDH  control  re-
agent kit % 7z,

I) cDNA 1 gl, TagMan universal PCR Master Mix
12.5 ul, GABAa receptor a4 subunit forward primer
225 41 (10 pmol/ul), GABAa receptor a4 subunit
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reverse primer 2.25 41 (10 pmol/yl), TagMan probe 1
b, PEEZK 6 11, Total 25 y1 DIREWE #AERK L 720

II) cDNA 1 gl, TagMan universal PCR Master Mix
125 41, GAPDH forward primer 025 ul (10 mM),
GAPDH reverse primer 0254l (10 mM), TagMan
probe 0.25 g1, JEE7K 10.75 11, Total 25 11 DIEEWE %
TR L 720

I D, I TER L 72 B E& WA S5 PCRIEIZ LD
GABAaZHfK a4 7 2=y b B L (* GAPDH %
RESAICHEIE X & 72, BRI PCR DZfF1E 40 cycle,
hot start 50°C 2 53] (stage I), 95°C 10431 (stage II),
95°C 15[, 60°C 143 % 40 cycle (stage [11) 1= 2%
TE L. WIBEHEICTT 2 GABAa ad 7 2=v D
HIEL COFE EFH LT,

4) ifEtHIIE

HETHIALER X . Non-paired ¢ #E CREFIULER 217
2o fEBRIEE 5% LINEHEDZE E Lz,

A) No anesthetic

BooE 15

& R

1) FERERBES L UEMEEICE TS GABAa =
BE ad 712y FDOHTDOLEE (Fig.)

GOI il T C 2VO L& %17 12 IR EED # %
Z T2, WHEH L 7o JEEaRE & | SRR T R R
ISR U 7- SEREEE, £ M2 M OMERALIC B 1) 5
GABAaa4/GAPDH X 1,000 DB L O3 % Hois L
7z (Fig. 1)o HI4E7 T GABAawd/GAPDH X 1,000
DAEIE, FERTERIE & R O M CHE L2338
DNmIpolz, 51, IHETRFEOERGERAIC BT 2
GABAaa4/GAPDH X 1,000 DEDEIE 13, KIS
(HITHHZE) 16.1%., KRIMRZE (RUEZE) 15.3%. /M4 2.8%.
AERE 1.4%. R 19.1%. R TEB 4.7%. #54ek 25.5%.
WG 15.0% Th o7z, —F ., FEREEEL . KINEEE (B
UREE) 16.8%, KIMEZE (FRUFEE) 16.8%. /NI 2.6%. 4E
i 1.2%., TR 14.8%., HK TEE 4.0%. $etk 28.9%. Y5
B 13% Tho7z, Wi D GABAa ZHMK g4 7 2
=y POSMIEE A EZZRD sk otz, Th
X, GABAa 2K a4 7 2= s mRNA O FFH

B) GOI anesthetic

Fig. 1 Distribution of brain GABAa @4 subunit in a C57BL/6J mouse. A : Non-anesthetized condition, B: GOI anesthetized
condition. Each value shows the mean of eight mice as a percentage of the total value of brain GABAaa 4 subunits.
@: Frontal cortex, @: Occipital cortex, @ : Cerebellum, @ : Medullar oblongata, ®: Thalamus, ® : Hypoth-

alamus, D : Corpus striatum, @) : Hippocampus.
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12 . GOI iR X 25 BIIF L A E R W &
R %,

2) 2VO LEBHERED GABAa ZHBE ad 7

a= vy P DORIKERGIIC BT D RREIEEE)

15 43 [l o 4 K 1L % © GABAaa4/GAPDH X 1,000
DAl % B EALV B W TREIFFINCHIE L7z £ 25, B
TO LIk Te, KMEE (F) : 0K (2VO A&
HT) 3247, 2 WL 5517, 4 WL 7516, 6 Kl
89+ 15, 18 [EIfE 58+8, KIME (%) : OFFfE] (2VO
JUETT) 34+8. 2 L S8+ 14, 4 IRfiIE: 7244, 6 I
R4% 7249, 18 IRE[H £ 50+9 (Fig. 2), ¥855 : OHE[H
(2VO QLETT) 27+5. 2 65+7, 4 FFfHEe 111+
3, 6 5L 9413, 18 HEEITE 48+ 10, HREEMA 1 O IR5H]
(2VO ALE R 47152 K 133+ 11,4 IR 141+
22, 6 % 138423, 18 B 9419 (Fig. 3), /IMiX :
0B (VO ALERT) 71, 2 Wik 1442, 41K
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I Al S 4 BMEEIRELC 517 BT GABAa 284 od 7 2= v b OIMERTERRE]

1842, 6 EEffE 1743, 18 B§fleL 132, ZERE : O B
(2VO WUERT) 4+1, 2R 6+ 1, 4K 81 6
EEf#e 71, ISHRMEL 611 (Fig. 4), IR @ O
(2VO KLETT) 416, 2 B 6119, 4 KfE 5642,
6 IR 678, 18 FRFM#L 6049, IR THE : O KF[H
(QVO RLERT) 1143, 2 Ik 15+4, 4 RERIEL 18+ 5,
6 L 1643, 18 [ 19+4 (Fig. 5).
PAEDOFER XD KRB /NI, ZERE T ISR
67 £ CGABAaZ Bk ad ¥ 7 2 = b
mRNA OFEFLIHEINL 723, 18 BRI 13D 2358
BHotz, Linl, ZOfE 0 FREE L iR L T f
BICEWETH -7z (p<0.05), —. M. #REAA,
HKTH . GABAa ZZUA a4 7 2= b mRNA O
FEIH T FIREVR 6 Brffe £ ¢ O BFEIE & iR L THE
WL 72 (p<0.05), Z AL S DIBAL T, 6 FFf LARE
GABAa Z&ME a4 V7 2=y I mRNA OFEHITE
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Fig.2 Changes in brain GABAa a4 subunit after reperfusion for 18 hours in 2VO C57BL/6)J mouse. Each value shows

mean=+S.E. of eight mice.

(

* . Significant difference vs the value obtained at 0 hr after reperfusion.

*P<0.05.
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Fig.3 Changes in brain GABAa a4 subunit after reperfusion for 18 hours in 2VO CS7BL/6] mouse.
*: Significant difference vs the value obtained at 0 hr after reperfusion.

meanS.E. of eight mice.
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TR T &8 Tk GABAaZ Bk a4 7 2 = |
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%

SEFRLIE, 2VOIC X W NEME2FEHK T 2
CSTBL/6] ~ w7 R % FIW T FEEFi# O GABAa
XK a4 V7 2= b mRNA OFE & R
TE U IEEZRN T O HIRIREE 21T > 72, FRREGRE 6 I
MICED  GABAa ZF4A a4 ¥ 7=y b mRNA O
FIIRE D7 2 Z i, TUK P&k 72 Eshi ¢
FIRREEIDSETRD STz, & 517 FRERE 18 I
BWTH, KIBE. /6, IEHETEI 7% GABAa %
a4V 7 2=y h mRNA OFEHNTD 5 iz,
I DFERIZ. TERDEZ OIREERIIRR D5 HS

<
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Each value shows
*P<0.05.

ZHIRT % & BRI X 2 R8s LIsFiE 259 2
M4EBAZIC GABAa 254K a4 72 = v b mRNA @
Rt LR sNle MRy T2 =y h &
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FE MU MGHAEZE 12 B 9 2 B bRl Fic B L T % <
DIFED RSN TS, MIFEPERRED GABA 1B L
T.GABA SZFAHIEEE T b 2 BHIRFRISE D RS
R%ET 22 &5 GABA ZEIRIEE D RE 12 B8
59 % Z EDVRIB S LT\ B, Saransaari and Oja? 13,
REIMS>RIMAERE I GABA B2 804 2 = & &
C DI S B PEAE A FIESE DI s By 2 &
EEREE LTz, BRIC., GABAa ZEARDRREIER I
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Fig.4 Changes in brain GABAa a4 subunit after reperfusion for 18 hours in 2VO C57BL/6) mouse. Each value shows

mean = S.E. of eight mice.

EROFERIGH & LT, GABAa 25k & H57: B
BB YT X RERORRNFGEY D
A F < ¥ = )V HGINE [ C DA O L7 R O
$512 SPECT TSR TWw 39,

—7. GABAa ZFMEKIZIZ, BEOY 7 2=y +D
BFEDHISGNT WS, Lrdb, 2OV 7T2=y MZE
VT b RS ER & OBIE & FREREL ] 5
MEINTEY ., MFEEIcB T 2%ENCEIL T b EH
B ThR T» 5, flZIE, Li 519 3WA XS %
AW CERIMEEREOEEICB T % al. g2V 72
—v b mRNA ZHIE L. Bl X 2 AR
BRSNI CAIEEE T, ThsyTa=y hOF
BRI 0ER0 s, Ho, Fuy ¥ —EHEkEd
ETFHEL S E2RE L, —H., Baloz Ot
52 & propofol 1 GABAa ZFEKD ad 7 2 =
MZERWES R F T 5 2 L0, Lab, propofol 23

* . Significant difference vs the value obtained at O hr after reperfusion.

*P <0.05.
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B HRIEEN B 42 U 31719, Verheul 519 13, 2VO ALiE
T ORRE MPFFEFT 30 438212 KIMEE O GABA 2%
D ClA F > F v FIIEEDTHEL . £ D, 5 K
BIZIE ATPEOEIEIC > TClLA 4 ¥ F v 2 IViE
PHERZELTL B EREL TS, &5, Schwartz
57 1% 4VO WLE > & FET I ERE © GABA ¥
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Fig.5 Changes in brain GABAa a4 subunit after reperfu
mean+S.E. of eight mice. *: Significant difference
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= b RABEIY)TO 2VO FFMEILIC & 2 B
HINIFEORRER 25T L T %,

(

8 10 12 14 16 18

Time after reperfusion (hr)

sion for 18 hours in 2VO C57BL/6J mouse.
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Each value shows
*P<0.05.
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Abstract

In order to evaluate the functional role of brain GABA 4 subunit in case of brain ischemia, changes in the expression
of this subunit were examined after reperfusion of two vessel occlusion (2VO) in C57BL/6J mice. Under GOI anesthesia, the
expressions of GABAa a4 subunit mRNA were highly detected in the frontal cortex, hippocampus, thalamus and striatum,
although the less expressions of this subunit were seen in cerebellum, medulla oblongata and hypothalamus. Between just
after reperfusion of 2VO and 6 hr later, the expressions of this subunit in all brain regions were increased. Over 18 hr later,
however, these expressions seen in thalamus, hippocampus and striatum were completely returned to the levels obtained before
reperfusion of 2VO.  These results indicate that the GABAa «4 subunit plays a role of the neuroprotection under the brain
ischemia, since the sustained increases of this subunit were expressed in the resistance brain areas to the 2VO induced brain
ischemia.

{Keywords) brain ischemia, brain protection, C57BL/6] mouse, two vessel occlusion, GABAa receptor a4subunit

(9)



