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[(FBE] HMY  WE K B R BT i 1 1L ( subarachnoid hemorrhage, SAH) Ji& KN B2 i Ht VDACT 338 Fll j7 B 4270
P, LUK Z (A A SR o OB T 28 il 3B 8 1 1 (voltage-dependent anion channell, VDACL) 25 SAH J5 .
WA O A AEALH . i H SD ORRL 108 AR FEALEU TR L7 BT AR (n =18 H) Hl SAH 4 (n =90, FiX SAH J5
6.12 .36 48 72 h 5 AAFAH 5, BB AH AT 18 H) o SR A 38 U b v 1 32 g 57 SAH 27, 1 Fl RT-PCR | %3 21 £k Al
Western blot 23 5K K L SAH J& A [A] B 4 5 VDACT £F mRNA 7K & (K F B9 2828 1k I8 T2 5007 A S ic i
(Tunel) WEE SAH Ji5 ANR]AH ORI B B 28T i 120 854 KIR BB R VDACT ik, JEi /e mRNA JK-F, i R AR H
JKE 78 SAH J5 12 h 340 B34 [ mRNA(2.40 £0.19) , 2 1 (1. 14 £0.08) ], T 36 h B ik ik 5 5[ mRNA (3. 40 +
0.65) , & 1(1.72+0.22) ], F 48 h FFUE F W[ mRNA(1.94 £0.30) , & 7(0.97 £0.07) ], E 72 h B AW E E#H (P>
0.05) . TUNEL Al 7R K B SAH J5 12 h, JKgi K o7 sk 80 I T 4 MBSO R 1 i, 36 h sk 3 i, 2 J B B AR (P <
0.05),72 h WfFEZRIEH ( P>0.05), &5 SAH AR £ VDACT Rik/K-F 18 S0 SR 2o Tk A R ey
AR & — B0y, 3278 VDACT T REE I MM T3R5 5 SAH J5 BB BA5 i is 2 #2
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Correlation between VDACI1 expression and neuronal apoptosis in cerebral cortex of

rats in early brain injury after subarachnoid hemorrhage
Lei Bo, Xie Zongyi, Ma Ying, Cheng Yuan (Department of Neurosurgery, Second Affiliated Hospital, Chongqing Medical Universi-
ty, Chongging, 400010, China)

[ Abstract | Objective To study the correlation between voltage-dependent anion channel 1 (VDACI)
expression and neuronal apoptosis in the cerebral cortex of rats after subarachnoid hemorrhage (SAH), and to
investigate the mechanism of VDACI involved in the early brain injury after SAH. Methods A total of 108 SD
rats were randomly divided into a sham operation group (n =18) and an SAH group (n =90). The SAH group
was subdivided into 6-, 12-, 36-, 48-, and 72-h subgroups (n =18 for each subgroup; 6, 12, 36, 48, and 72
hours after SAH, respectively). An SAH model was induced by injecting blood (300 wl) into the pre-chi-
asmatic cistern. VDACI expression in the cerebral cortex at both mRNA and protein levels were examined by
RT-PCR as well as immunohistochemistry and Western blotting at 6, 12, 36, 48 and 72 h after SAH. Neuronal
apoptosis in the cerebral cortex was evaluated by TUNEL at 6, 12, 36, 48 and 72 h after SAH. Results VDACI
expression increased significantly at 12 h after SAH [ mRNA (2.40 +0.19), protein (1.14 +0.08) ], peaked
at 36 h [ mRNA (3.40 £0.65) , protein (1.72 £0.22) ], decreased at 48 h [ mRNA (1.94 +0.30), protein
(0.97 £0.07) ], and fell to a normal level at 72 h (P >0.05). The number of apoptotic neurons in the cere-
bral cortex, as measured by TUNEL, increased at 12 h after SAH, reached the peak level at 36 h, then began
to decrease (P <0.05), and fell to a normal level at 72 h (P >0.05). Conclusion There is a positive cor-
relation between VDACI expression level and neuron apoptosis degree in the cerebral cortex of rats at different

time points after SAH, implying that VDAC1 may be involved in the pathologic process of early brain injury
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after SAH through apoptotic pathways.
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ok P R g HE 1fit ( subarachnoid hemorrhage, SAH)
SERSE R G SRR 2 — o AR RE T2
AN AR 2 1ML A ATRYT 7 TS TR 1
D B HAR AL R AN BRI ARG BN A= 1, vt
BAPIREE S, SEAEE T2 30% By 2 DR 4k & 1 ik 6
P, 15t FE AN AR B ) J a8UE |, 204 2 PN SR i ™ S 1Y
S SN R, 25 N 1k, R E R E
REA RO SAH 5 B 1 iR YT ik . IE4FER, SAH
J5 B ARG I R SAH HE T AE T R
S

H AR PERA B Tl E & 1 1 (voltage-dependent
anion channell , VDAC ) J2 A7 7E T 2R (AR SR L (1) J5
A ARXT T i R 31 x 107, RETE MR 18 Wi sE K
LR T30 . 53R T, VDACT A Zoh (438 7 P
Wi AL FEEH BUNSY , 28 SRR S 4 L R T
AE SN ES . HRTA 5 VDACL & (A8 50 IE
PR RGP LRI DT AR 2, (B [E N A0 i 2 DL H:
5 SAH J5 R M43 ¢ R B F 5 . ARWF G IE 2 EEr
KE SAH gy segai i, 51 SAH J5 B2 it VDACI &
HRIBFMLICI T Z IR

1 WS

1.1 s orias sttt

{ERR B AE B SD KRR 108 L, 440 i 5 250 ~280 g, fhF IR
ERIR LR s PR, SR A BEPLEC T R IE M KR4
TR (sham 41 ,n =18, i i 4] 6 H I8 T4 DU AN F
Z01k,6 JAFKN VDACT mRNA ik, 6 HAF 4l VDACI
HEHARIK) M SAH 41 (n =90) , Horp SAH AR 4 4k BRI ] T %
6.12.36 48 72 h 5 NS, ARSI AH S 18 R (A 6 H
PR R A e A ,6 R TFH VDACT mRNA £k ,6
HAFHR VDACL A 3RiK) o bt VDACL £ iREdiik .
BRAR I A AL YRR IC Y LB e R & D B AR B-actin
FATEREBT IR H %€ [ Abcam 23 F], TUNEL Kl & A 2%
[ Roche 24 F] , ECL {2 & it & W A 26 [E Amersham 3],
AL RNA B2 R & 304 sialn) & PCR TR & A TaKaRa
K FTAEEY A, &P & 8 P iR A A
7 & A 25 [# Bio-Rad 22w, PVDF R B 3 [& Millipore 2 ) ,
TigL i H BT Marker ( SE7 ) 1 H 28 [ Nacalai 24 7]
1.2 SAH BEA! ¢4 4] 1F

SR FH I B PR R SR 3 I 3 8 7 L SAHL B 1
35 o/L /K G MEFL 1 ml/100 g 8 RS R BRUG , &4 M 3
JokcArAG W K BRSOl P 5 o B2 W B WL, DA R AR T A,

HERE R BUARIRAE (37.0 £0.5)C, W AT IE 5 R 2R D) FF 2
R AERE BT X IE R BT 7. 5 mm b R 3 TR AL, FLER
1.0 mm, PRAEHENR L, 76 22 R DK PE10 5245 [ 17 0045} 30° 4
A, HZERE TS, R KR 1.0 om, DL i &
PR L A7 L 0 VR s 1 o 2 S 4 [l el DL 8 W VA
UESE ARG S 2 45 o DA Bl ok A 4l B S 2k i B 1
Pkl 300 pl, & FETE 30 s ATHE AR T IR, &5
B EWEEAE AL, A Sk, I YE RS K47 30 min, Sham 41
R R R AR T SRR R A A SR KA I A ik
R 2

1.3 Sk

1.3.1 RT-PCR #4541 VDACI mRNA ik SiibN
SO T B5F () A 25T 10% 7K G ST B s IR e , T K 9 i L
i, K s o B A TR B o, O BT W AR . B A
FRIGU B2 57 50 mg, i Trizol A% MR 4R BRI & #2 5 RNA | 5840
TN E RNA gl it A&, %88 RT-PCR X5
B URIA HEAT 8 St GG S PP ) AT PCR 4744 , VDACL 5|
Y 5. | 5'-GGCTGTGATGTGGACTTTGAC-3', F i 5'-
CGACCTGATACTTGGCTGCTAT-3', 4 14K 3% 307 bp, B-actin
NZEI¥): 15 -TGACGTGGACATCCGCAAAG-3', Tl 5'-CT-
GGAAGGTG GACAGCGAGG-3' , ##4 fif g 200 bp, 34 544
7 :94 °C FASPE 5 min;94 CASPE 30 5,55 °C 30 5,72 °C 45 5,30
MER ; Be5 72 °C 10 min, PCR =4 22 Sy NE o 58 I L Uk 43 15
SAMT T MG IR, Quantity One 5347

1.3.2  Western blot £l VDAC1 & H B ik B4%- 21 % T
57 5t 100 mg B F 53K, A 100 pl 2 (23, vk b 78
G351 H B 30 min J5 IR = B0 (4 °C,12 000 /min) i
B BB, - 80 C UK A-AF & . BCA LK
F R, 100 °CA8HE 10 min, 254 FFE 60 pg H9,12% SDS
-PAGE 43 B J5 6 5. 5% I e 938 & i3 2 h, 43 50 A
1:1 000 # &%) VDACI $14A 4 °C AR, PBST ki 3 Ik,
IMAZHTCHREES 1:5 000) , RS E 1 h, Ve 3 I, ECL 42
R, RBUKRM B-actin (1:5000) N2, TE Bio-Rad
BEME G AL AT I 53 HT

1.3.3 g dlfbikfass VDACL A FRE  SARRS N
TETIURE B 6] A5 45 T 109 7K A5 S0 L 8 JRR TOEC , 8 T g 25 2 o
Ik, /e 0 B BT sk, LA BRER KDL wh gk, i S A
4% Z2 T EEHETE 400 ml o Wik I 1 MBI, UIBAE ) 1 ~
5 mm AbIRTA L, A 4% 2 B B 4 CYKAE 2 24 h, brAciil
B S VI B AE LG 2 ~ 3 mm Ab 5 ER Y I, AR
5 wm, SRH S-PILHEAT g A AL G 6, & 20 TR e Ul B AT kAT
(VDACT —Hrik By 1: 1. 000) . BHP4 200 0 A 400 Jf o 5 3% € 3%
FRE, TERRE( x400) WLET T #EAT BUE R AR, ffi ] Image Pro
Plus 6. 0 Z/E%F EHGHEAT 40T , TH R340 B A

1.3.4 TUNEL yEAG0 52 B 2 onii T FH R R Lk
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SEH AR IS A U)o J5 , Y0 28 B 20K, AR
PR R P HOA T S UL I BT R, BB TR T AU R AR B
{6, Frafis ( x400) TR 10 MREF O BAREYI R K8 T
SESL AR AL, TSR B S bri B P i
1.4 %itFEoa

BB LA & s FR R SAS 8.1 Geit kb, i Jexd i vt
AT IE A PRG0S 25 5 M 56, 2 1) B Ak Hh s i B R R
Fr 225381, Bt I 535 4T Dunnett £ 56, 5 4 b 458 i ] LSD-¢ 45

. o

2 #R

2.1 SAH /& & Bt VDAC1 mRNA £iA64sh AT AL

5 sham 41(1.32 £0. 12) L%, 7 SAH J5 6 h i VDACI
mRNA 35 (1.33 20. 11) Z R T4 i2& X (P>0.05), 7F
SAH J5 12 h i VDACI mRNA F3Ak P44 E34(2.40 £0.19) ,F
Biit 2258 (P <0.05) ;36 h B 52w (3.40 £0.65) ,P <
0.05,P <0.01 ] ; LUSZEHT F (P <0.05) {H 48 h {h4ER AR 4
BRI (1.94 £0.30),P <0.05], 7£ SAH J5 72 h i} VDAC1
mRNA 357K (1.42 £0.23) {55 T sham 4, HE R L5
22 Y (P>0.05), WK1,
2.2 SAH & & i VDAC1 a9 £ 03 &5 %1k

5 sham 41(0.54 £0.05) Lk45%, 78 SAH J5 6 h it VDAC1 &
F#i%(0.65 £0.04) ZR LI FE X (P>0.05), 7F SAH
J5 12 h B VDAC] %5 (1 £k P46 FJE [ (1.14 £0.08) , P <
0.05];36 h H} VDACI 8 (#5854 (1.72£0.22) ,P <
0.05,P <0.01 ]; LLF &8 T ¥, {7 48 h {5 4k K7 7 48 55 7K °F
[(0.97 +0.07) ,P<0.05], 7 SAH J5 72 h it VDAC1 % (4%

i£(0.71 £0.06) 1575 F sham ZH/K V-, (HEFLHE T2 E XL
W—JE] 20

(P>0.05) .

2000 bp—

1000 bp—
750 bp—

500 bp—

«—VDACI(307 bp)
«—B-actin(200 bp)

250 bp—

100 bp—
M:DNA 4 # (DL 2000) ; 1 sham #1;2:SAH /& 6 h %8;3:SAH &
12 h 28;4:SAH J5 36 h 28;5:SAH 5 48 h 216 :SAH /5 72 h 41

1 RT-PCR #ill & i VDAC1 7£ mRNA 7k S H) R ik

1 2 3 4 5 6
VDACI— e s S S i s 3] ()

B-actin— W—— —— o — <10 ()

1:sham #8;2:SAH /5 6 h #48;3:SAH /= 12 h #8;4.:SAH )5 36 h %1;
5:SAH 548 h#0;6.:SAH 572 h 4a
2  Western blot #:illl VDAC1 & H )%k i%

2.3 GyEsfeikAbm kR VDACT & & &k

VDACT F25 3% 40 0 200 0 55 , e 3 281 b Y € 7T D JHC 240 ff
R A Y N B {0 B AR (0, Sham £ \SAH Ji5 6.12.36 .48 .72 h 44
JCB EE ) (309.1 £16.3) . (296.9 £12.8) (430.1 £21.2) .,
(685.8 +30.9) .(405.2+£19.7) .(329.9 £18.5) . 5 sham 2
AHLE,SAH J5 6 h B} iz it VDACI 2R A RA T R 2Z 57 (P >
0.05), SAH J5 12 h J Ji VDACI % (1 F ik FF R m (P <
0.01),36 h it VDACI FE R X FHFHE(P <0.01); I &
iR, (H 48 h AR R R K- (P <0.05) o 7 SAH J5 72 h
i VDACT 25 238K A T sham 41, {H 22 RS04 X
(P>0.05), WK 3,

A:sham 28 ;B:SAH /5 6 h#48; C:SAH 5 12 h 28;D:SAH &

36 h41;E:SAH 548 h41;F:SAH 572 h 4

B3 REALERNSHKXKER VDACI RiE (S-P x400)
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A:sham 28;B:SAH /5 6 h 21;C:SAH /& 12 h 42;D:SAH J& 36 h 48;E:SAH 5 48 h 48;F:SAH 5 72 h 48
B4 TUNEL L6 &AKREERMZTAT (x400)

2.4 TUNE ZAm B R AP 250 48 A =

TUNEL 7 ic 746 00 B 40 00 15 5 3 58 R 55 s i T
Y (T BIA0 M) FERYe (I RS0 ) /9 2 Firgn i, I A9 40
JL AT L B 5O T A% P L A PSS T4 P LR BT 400
KGR e R T 0T DR A R S 20 A RS A A A e 1 (3
TETURLARZEAE) , 33 W] BE 2 R TR L T/ MA R 1 22 4 . Sham
41 SAH J5 6,12 36 48 72 h i BHAE A0 AT 45043 31 R (15 £2) |
(16 £2) (26 £3) (35 +4) (22+2) (14 +1), SAHJ5 6 h
B AT UL TUNEL FEMERIZ 0, {H5 sham Z{AH LT @225 (P >
0.05), SAH J5 12 h J it TUNEL BH 1 40 ffd 20 JF LG 3%, 5
sham HAHH, 225 H il 228 L (P <0.05) ,36 h Ji7 i TUNEL
PH P 20 M &5 A% B 3R s (P < 0.05,P < 0.01) 5 U B T
[%,{H 48 h f 5T TUNEL PHYE4I A5 % , 15 sham ZHAH LY, 25
SABTEE X (P <0.05) . SAH J5 72 h i f7 it TUNEL Ff 1
AL sham G242 57 (P >0.05) . W4,

3 itig

O T TR W, 30k 4 45 (early brain injury,
EBL) nfgJE SAH B8 Y H 2O TN, B4R K A T
SAH &5 72 h RN BUR A= B0, 38 R A=
FEMG I PR A o B i A R 42, A5 B i
e TR AR RAERARSE , TR 20 T LI 5 R
R KR o 3 3 L 0 5 SAH RSB FE R
oo SR, HATENANET EBL BIRAMT TR, T
HOZ EBT A& AL i A BB

ARSI R R AE U M vk 57 SAH RS %
RERUAN [F] F LAFE [ PN B4 0 Rt — ok B 2,
LA I — YR AR AE SURi L, BB 4 T R A A

RS N LY/ LA b ) | I R R T X
T ER 20 FoR R i 2 1 I I 9000 A 0, R TGS S T
Xof B S ARG ZE 2 I A5 s B4R B O i AR, R T
AT R EIE A, TR AR & R G h iR 2]
ZWHIE . IREHFSEIESET ) SAH 5 SR A rh M 2
YA A 2 i 5 4 B DA B i B N R A0 B ke AR R T
TUNEL 4t % 3 SAH J& 12 h Bz B 2 e 1 B 40
MuBITba A, 36 h YA T B VRGN MU £, 2 5 TR
FBE,F 72 h T B AN B AR & 2 sham 417K
W BRI TR T EBI g P AR v it L % o B AR
foz—"1 Cahill 25 BFSE & BN 08 T4
SR E TOAR G A 2, A Y T T
EWD RN SRR S AT R R R B R S R
kst S 2 IIRE , F WA T-7E SAH J5 EBI EPEE%Z
YER M 98 - RE W5 08l e SAH J5 M T RE R . 1t
A, T 5 SAH ):Hmﬂl%f$7ﬁ3€,?fﬂﬂ?ﬂ()ﬁt_fu
A EaEE " . HATHTSE R, SAH J5 40 JH T
() & A T B A AR T A2 AR A% AR 8 AR AR > Jbk R
A1l (caspase ) A% ALK B R4 3 ﬁl%lﬁjﬂﬁiﬂti%
F0 laXTARUE T BB R B, LR AR T Y
LT R A DGR, U %ﬁ?’ﬁﬁéﬂw@ﬁt}_
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TF- 26 B 2 443 325 P 55 12 £ ( mitochondrial permeabili-
ty transition pore, MPTP) , 24A i 5. 2 C.Sma C., AIF
LWRTEF T FZRIE, MPTP 7 FZekifk iy 4h
FEET], R — R A I B B A A, EE R AMER H
FEARH ) ] 25 538 38 (VDAC) | P JIEE ) i R % A Tl
(ANT) K HE i i 55 R H D (CyP-D) ZH i, Hoth
VDAC J845 1838 09 TP b &, Hufr Je HiaE et

VDAC (i FLRLARSMEL, A 3 T[] 73 S A 44, 72X
k%R VDACL #1 VDAC2, HATE M RER £ W5
BATTIZ 2 VDACL, VDACT HA H 18 1% 5 1
TEPENE | HL H AR PE S AR e, T EL X S o e A% AR )
HoZm RS . VDACL fE2 MPTP 1 % i), il
it 5 bel-2 GG E FAHEAE 4% MPTP (71 H41, I8 5
ORI Y B8 T8 A A O (AR A R I ) A
A AR T HEARPE LS T - frgd
1 Bel-xL g5 VDACI B 454, 8 VDACL G,
i Cyt-C R fE -8 1 Bax (Bak 5 VDACI H
456 J5, s VDACT (3% M, i MPTP F, fie i
Cyt-C B, M2z, VDACT 242 8 T Ao i - & 1 iy
WA 5 L, SR AN 2 C BRI T8 A A 2 B A
ARS:% RT-PCR K 2. 7%, SAH J5 12 h VDACI 1%
mRNA JKF-Z8 FF 434,36 h ik £ =i, 3FF 48 h
TP TR, 72 h FEAFE Z sham 20 /K, 360 Hid% 5K
TR FRRTEE R A, H 5 s M T oK F R IE
AHOG 5 52 96 v 3 5 fe 2 2H A6 T Western: blot 43 31 46 1]
VDACT 748 1 B K- 1Y 3R 35728 4k, 45 2R [m] 4 55 B
VDACL HHRIXZAL S B B 2o T /e A1 B
A —E; [, VDACT i fse 2H AL R I, BH P40 i =
BUENLT R A 200, $E 8 VDACT 3 i 4o b (R i 12
Z g mmMaoET ., BEiPTE 2R, SAH f5
LRI 4 & A Sz oI T A . AR SR
GER R I, VDACT ({35784 T B h 7E SAH J5 Hij
3 d, 4D VDACT ik byl fE-5 10 i3 13 1) 2 A=
R Ko

PRI, AT SAH J5 VDACT 7] RE 3 i 4k 4
ARG R e kAT, 25 SAH J5 EBI 14K
AR, A e IR AW EBT B85 T SE 50 A, (A
WAIEIRIAYT SAH J5 EBI $2 43844 . {H )&, SAH
J& EBL B EARBLGN i A 8 205 5 A RFiE— Do

SE Lk
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