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Protective effect of ATP sensitive potassium channel opener on cerebral ischemia/reperfusion injury and its
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[ Abstract] Objective To study the protective effect of ATP sensitive potassium channel (Kare)
opener against neuronal apoptosis following focal cerebral ischemia/reperfusion (I/R) and its signal
transduction mechanism. Methods Two hundred male Wistar rats were randomly divided into four groups:
sham operation group (A group), I/R group (B group), Karr opener treatment group (C group) and Kare
opener and blocker treatment group (D group). The middle cerebral artery occlusion (MCAO) by
intraluminal suture method was used to reproduce cerebral ischemia, and perfusion was restored 2 hours after
MCAO. Five rats in each group were used. Brain sections were made 6, 12, 24, 48 and 72 hours after I/R
injury, and neuronal apoptosis was detected by terminal deoxynucleotidyl transferase — mediated deoxyuridine
5 triphosphate nick end labeling (TUNEL). The expressions of caspase — 3 and caspase — 9 proteins were
detected by immunohistochemical method. Another five rats in each group were used for assessing the
expressions of caspase — 3 mRNA and caspase ~ 9 mRNA by reverse transcription ~ polymerase chain reaction
(RT - PCR). Results The number of apoptotic neurons, the expression of caspase — 3 and caspase - 9
mRNA and protein in B, C and D groups were significantly higher than A group at all time points (P<C0. 05
or P<<0.01). The number of apoptotic neurons, the expressions of caspase — 3 and caspase - 9 mRNA and
protein in C group were significantly lower than B and D groups at all time points (P<0. 05 or P<C0. 01).
There were no differences between B and D groups at all time points (all 7>>0. 05). Conclusion Karp opener
can significantly mitigate neuronal apoptosis and inhibit the expressions of caspase - 3 and caspase ~ 9 mRNA
and protein after cerebral I/R injury. This result indicates that Kare opener can decrease neuronal apoptosis
by inhibiting mitochondria signaling pathway.

[Key words) cerebral ischemia/reperfusion injury; apoptosis; ATP sensitive potassium channel;
mitochondria signaling pathway; caspase - 3; caspase -9
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1.1 SCEsh¥ 4. 45 R I Wistar KR,
200 K E 250~300 g, FEHENLBFRES ABRT
REAMAH..BrMEABA .Kare FEFNIGITH
(C 4 K Kare FF BRI FIBH BT I B S I6 97 A (D 4D,
BHBESNK /R BAG)E 6.12.24,48 F1 72 h 54
B ], AN R AL 10 RoRR . 3P 5 R T4
W RABZEAAEN, B 5 AATEER-BEH
R R (RT - PCRK .

1.2 WYPHBEHERAHFEAERSEN
10% f 7k & S B (350 mg/ke) I 0 1 5T BRI K B,
SH YR KBREDH & KB KB 3 kA E
(MCAOYERY , K BURK B I ER02 [E 2E T IR Sr A%
PN E.BMREPRRYO,BBHX, THIXE
0.8 mm BEFLAM 1.5 mm L, EEHFH
4.5 mm, U EMESREANSH A HARYF. A
ZEH,. C HAES M AT 30 min R M IEA 2 mmol/L
MEARHE/R 10 p1,30 min J547 MCAO, D B E X
HEA 0.2 mol/L ¥%|HtEE 10 ul,15 min JFHA Tl
AR #/R 10 p1,30 min J54T MCAO, BHENEA
SEAEE/KGTT MCAO,

1.3 FRAHH & A TR TR AL 8K R
F i 1/R 7 J5 & B 6] SR B, JF IR 88 O B, O
REWALELE . HEZXHKIHFELE RE
A 100 ml EBEEKWUEE, BUEBRIE N 4%
MERPBETEC BB, ZRFEEEE
2h, EHBK. B . A A, EgER A BT
RT - PCRE i i K BR7E B 1/R R 45 J5 45 B 6] S PR
T BT Sk R A0 » B A0 ket 00 K 2 R 2 B XY R
RAFRESEN.

1.4 RRREBGEREBHB N FH JUTP ok
¥ bRi0H: CTUNEL) A 03 2 75 08 = ) 4 1%
Aoy 321 H0, Zifl 4b 3 10 min, KK B
2 min X3 W MEBEE H 0.1 mol/L | Tris B
W (TBS)1 + 2008 137 C 4k 10 min; MIARIEER
37 CH¥# 2 h,TBS ¥% 2 min X 3 K ME AR, ER
30 mins A BB S A RE AR 1 -
100 B #),37 ‘C K 30 min, TBS ¥ 2 min X 3 1K
MEBE-EFEEX- EPE-TALYE (SABC),
37 "CJRJW 30 min, TBS ¥ 5 min X4 ;3,3 - &

REERDAB BE KB . FARERERYL,TBS
e BRI, BKEW B R .EMBETRE . A
BhEGRAER AN EEAR. ArENaEwT
RBLEEAPTEERAA.

1.5 HEHAKB M caspase — 3 F1 caspase — 9
B0 R # LIRS 2K s wim 3% H.O, i 10 min,
FEMEKEE 3 min X3 K, MBEBESE ;B 5%
3 A% BSA, Z R 20 min i E L LW Hin—
PR AR 1gG),37 CIBE 120 min, BiMREL 2 rh
W (PBS) ¥ 2 min X 3 YK WM =5 (EWRFRC W
4% 1gG), 37 CHH 20 min, PBS ¥ 2 min X
3 ¥ s m SABC,37 ‘C K JE 20 min,PBS #5 min X
4%;DAB B &5 R EKBER. FARBESE L, K
K.EWH . HEF BHETUE WEECREREN
Mg, fEAERNEWTRUELEEYT
BAEMRAA.

1.6 RT - PCR # | caspase — 3 I caspase — 9
mRNA #HE MY EREBUE RNA, BHFRN: R
MARR S 20 pl, B3 2 X B W buffer 10 pl|
MgSO, 4 pl, dNTPs 1 pl, BcaBEST Polymerase
1 pl,oligo —dT15 1 pl, Rnase - Inhibitor 0.5 ul,
dd. H;O 0.5 pl 5 RNA 2 ul,PCR ¥ 85| 4hdt
REWEEEPERER AR A M. caspase -3 5|
) 5 7 (GenBank NM _ 012922) . 3% (IE X B #1)
5-CTG GAC TGC GGT ATT GAG -3, Fi#f (R
XBI#)5 -GGG TGC GGT AGA GTA AGC -3,
=Y A B K E 102 bp;caspase - 9 5| 4 )5 5
(GenBank NM _ 031632) : L (IF X545 - CCA
GAT GCT GTC CCA TACC -3, FI (R X51¥D
5'- ATT GGC GAC CCT GAG AAG -3, ¥ #5 =
)l Be K 228 bp; NS B —actin SI1YF 5 : L3
(IE X 81#5)5'- CAC CCT GTG CTG CTC ACC
GAG GCC - 3, Fi#f (R X5 #)>5 - CCA CAC
AGA TGA CTT GCG CTC AGG - 3/, ¥ =¥ K
BK B 690 bp, PCR R w4k % .dd. H,0 17.1 ¢,
¢DNA 3 ul,dNTPs 2 ul,10 X buffer ZEM¥ 2.5 pl,
Taq - E 0. 2 pl,caspase — 3,caspase — 8.caspase — 9,
B-actin E F#5I P4 0.1 pl, R AM:94 C.
10 min 48 #:,94 'C.40 s Z#,51.5 C.1 min B
K ,72 C.1 min ZEf#,32 MER,72 C.7 min &K 1k
RN . HY =R RE S 2 XSRS B
M Tris - -2 — B4 2 8 (TBE) B 3k 28 th K
Bk, RT-PCRIEANEMTFREZEDEARER

/A\EO
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F1 EERI/RHAGEHETATHELRBR cLs,n=5)
Table 1 Comparison of apoptosis after cerebral I/R injury in each group(x-+s,n=5)
g 6h 12h 24 h 48.h 72 h
AH 1.05+0. 65 0. 95+0. 60 1.0540. 48 1. 0540. 57 0. 95+0. 60
B 14.45+6.04"* 21.70+£7.93** 44,50+15.97** 30.19:4+6. 46" * 21.95+5.23**
CH 10.554+5.15* 12.3545.25* *&# 22.65+9.21* *oL## 19.054+4. 80" *bo## 13. 9044, 93 * A%
D# 13.05+7.05"* 20.65+7.14* * 44,05+13.54> ~ 31.45+8.29* 22.30+6.26**

B:5 AHKEE. " P<0.05,**P<<0.01; 5 BHA KK .4P<0.05,28P<C0.01; 5§ D 4 %k . * P<C0. 05, # ¥ P<C0. 01
®2 HAKI/RMGS caspase — 3 # caspase - I I BHER B G +ts,n=5)

Table 2 Comparison of caspase -3 and caspase — 9 protein expression after cerebral I/R injury in each group (x+s,n=35)

it A5 6h 12h 24 h 48 h 72 h
caspase -3 EH A#  1.7540.88 1.5540. 88 1. 7240. 70 1. 60+1.02 1.4540.78
B4  8.70+1.41** 18.204+4.49* * 39.0449.04* " 26.6047.95** 21.60+8.26* *
CH  6.45-42.26**8%  0.20-42.59* *AA# % 2] 6244 88* *OA## 17,9545, 11**4%  12.4046.23* 4%
D#H  8.65+1.43"* 17.6044. 28" * 38.5448.20% " 27.90£7.42%* 22.0048.80* *
caspase —9 EH A#  1.49+1.08 1.7040. 67 1.7240. 70 1.684+0.70* * 1.8640. 82
B# 11.66+3.19** 21.9547.95* * 39.04+9.04% " 27.7148.63"* 22.70+7.08* *
CH 7.20%2.60"*4% 13.1743.81* 4% 21.6244.88* " o## 16.74+6.20" * &% 13.26+4. 99" * &%
D# 11.21+3.30"* 21.2647. 46" * 38.5448.20* " 27.50+9.28* * 22.1447.74%*

H. 5 AHKE:*P<0.05,** P<{0.01; 5 B#H L :4P<C0.05,40P<C0.01; 5 D 4 b # ¥ P<C0. 05, * * P<C0. 01

1.7 HEWE -HETHATMERBELALT AR
B (X400 T , ek i AL & XIS AHE AR
HEM 4 MUE, A A Meta Morph (R E) BB &
BT R G54 5 0 € A T BH 4 # 4& JT B Al caspase - 3,
caspase ~ OB B HEHE . RT - PCR ¥4 A
1Dkodak B8 43 #7 & G Xt 8 3k 4k 4 AT R OE B
(MEXEBEDH, R caspase — 3.caspase — 9
mRNAF=HY Ry A5 B-actin Y8y A HAKE
RER.

1.8 SH¥N:-MELBRBEE USRI r LS
@tHER AREBRAREEFEN.P<
0.05 AEFHGEITEB L.

2 & R

2.1 #HETAT - B/THETEELSATAARM
J& iy X CBP gk ot 2 % 45 9D, ZE SR PO KB T &
LRIV REFATHETEEEM TR B RAHK
KR HBLETER.EFAR . FE.KEAE IR
MNEEZEERERR  ZNF RRR A K TUNEL
EREEAEIED. F14R28xR,A 4R
SLEBBT-MZ7T,.B.C.D AR T-MELTT I/R s
J56 hFFfh4 % ,24 h Af X Fid,48 h F1 72 h T
ZuBEHR LY. CA6hmfET-#H2TS5B.DA
MEEFA TR AR X8 ENE, THAL6ELH
8 ER A (P<<0.05 8. P<<0.01), D 44} E
BERTHEZTS BUKRERYLBENE.

2.2 caspase — 3 Fl caspase - 9 B EH FEiK:FE 2

SBRER,A Hrh & BE S AE DB caspase - 3 H
caspase - 9 H &KX, B.C.D i & o M A EH X
BN BERL, RS T HMELEEF N, POLRA
BORKCEEEEE 2,8 3), AT 24 h xH %,
EHETATARER -SGCHAENEAEHRR
% B ELFB AM D 4 (P<0.05 5 P<0.01),
BAHSDUARLEERH LB EN.

2.3 caspase — 3 Flcaspase -9 B mRNA ZE A
(B4, 5,% 3): A 2 & Bt [| & caspase — 3
caspase — 989 mRNA N W HFEXL. B.CHDHAH
B 1/RIA G50 R FE K RIA B ETHE IR, 24 h K&, D
GERERS, SHETRTHEER—B . C A&
[8] &5 caspase — 3 Fl caspase — 9 B) mRNA £ZEH B
EF LT BHAMDH P ¥<0.01),D H LB E A
caspase — 3 caspase — 9 i mRNA x5 B4
KRERYT R FWNE P ¥>0.05),

p-actin
(690 bp)
caspase-3
(102 bp)

M 1 2 3 4
M :Marker;1~4 ¥ A F AR kM4
Kare JF B H497 A Kare JF R MBS A K A 8774A
B4 MK I/RIBHE 24 h caspase ~ 3 mRNA T
Figure 4 Change of caspase ~ 3 mRNA at 24 hours after

cerebral 1/R injury in each group
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%3 HKEHI/R BB E caspase - 3 F caspase - 9 iy mRNA Rk LB (xts,n=5)
Table 3 Comparison of caspase -3 mRNA and caspose - 9 mRNA expression
after cerebral I/R injury in each group (x=s,n=>5)
LR Ei: R 6h 12h 24¢h 48 h 72 h

caspase - 3 mRNAA 4 0.66+0.06 0.65+0.05 0.6310.06 0.65+0.05 0.6710.07
B4 1.031+0.09"* 1.37£0.16* 1.96+£0.14* 1.684+0.12** 1.32£0.10% "
CH 0.8440.07**2A%# 1,1340,09* *2A%#  1,6840.11**2A%%  1,2840.12* *AA%% (9440, 08 LA #
D#4 1.07+0.10** 1.38+0.13* 1.97+0.11* 1.65+0.12 1.314+0.11%~

capase — 9 mRNAAH4H 0.60£0.05 0. 63+0. 07 0. 6210. 06 0.63+0.07 0. 64+ 0. 07
B4 1.13+0.11** 1.41£0.13** 2.00+£0.15** 1.70£0.10* * 1.34%£0.11"
C#l 0.92+0.06**24%% 1 1540,09% *AA##%  1,664£0.10" *2A%#  1,3040.07" *LA%# (), 9540, 08" ~AA##
D& 1.124+0.10"* 1.404+£0.13* 2.0410.17** 1.69+0.10* * 1.3040.10* *

.5 AHHE. *P<0.01; 5 BAKE .AA2P<0.01; 5 D H HE: ** P<0.01

2 000 bp

1 028 gp B —actin
500 bp (690 bp)
250 bp caspase—9

(228 bp)

M :Marker;1~4 KRB F AL BRI,
KareFF BRI 36 77 20  KareFF B F1BEL T ] BK 636 7 4
Bs5 HERI/RBGIE 24 h caspase -9 mRNA T

Figure 5 Change of caspase - 9 mRNA at 24 hours after

cerebral I/R injury in each group
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3.1 KareFF B3 X B LSS M 2 S0 P8 T M R 1 4E
B:— A A LS &t T e X EEER R
PR TR R I B R il PO X AR TR R
T {5 oL > I 3 DX U LA 2T o o R BB A
TWE R BN Bl 4878 T & o0 F B 4 A A Gk i
RMX, BERE N, KB SBRTFAAM LB EH
£, X 5P SCIRIRIE M EA —B( ., Teshima F1A
R Kare FF BV BB 4E R OB IR B B LB AE B
N BGE /DR BN AT, AR RAR
S Y K arp JF 7500 0k B0 M 2R 5 0 8% R 4R 4P 1 AL
. GERWUESLS T LR b AR VG T S Rk I 2 W Y
MWL TR E W BE L, T F ST RER A Kare
TEHUAAR PR J5 R A 7% T AR s /R PR
YERS . XU B Kare T B0 BB A 38008020 o S5k 1L J5 i 22
TR, KERRFER.

3.2 KanpJFBEHIRFEPERNGESZSUHE: BaT
AR REREARATHNEEFSRIERZ
— A EHE . SEBRFHTRB R R ELRNKE
7 VE 3 I, 28 6 4 B B E AL (AW m) T RE, B 40 M
BEXC, MAMEER C v #IE caspase - 9, # M

T U#H) caspase - 3, RAFEFHMB =" . ALRSE
BFEH, B I/R $i45)5 caspase — 9.caspase — 3 &
HMERRAVABAS  HRELB S HETH
THEAMEES -BLXRFEREERS ST
Wi /R MG EMETH T AR, AERERER
BR, mi AR b /K BB BA & 0 M T/R R 45 J5 & A Bt () &
caspase — 3.caspase - S W ER REHEL, MHEF
MEBREEAIRI T AR M R X R IX W, 7R Kare
FFHCH B B & T 38 caspase — 9, caspase - 3 {1 HEH
ME O FRE  E I LRI AE B L W8/ ek i S B
ST, M /RRGELRERPER XHE -5
Ui B Kare FF BRI B I/R #1455 WA TR T M #
P46 A AT BB E o SR A8 B R ST Y .
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B IR T TR\ B0k B M R 5 ) S 0 R R B AL AR

( EEXT2097 )

A: ﬁzﬁiz h,xﬁkaPMNraztﬂ B: Fih4 h,au;k,TPMNi%rtﬂ C: ﬁz{% h, Wik “WhE” B, D: 24 h,%%ri#/ﬁﬂﬂm)ﬁz&ﬁﬂ
E1 AR T {L(HE, x 200)
Figure 1 Pathological change of lung tissues (HE, x 200)

AT P R $ 37 18 FF A7) 3o B R /P E 45 4 /Y
RIFMEARGESESVHHR

(ELR2217 )

A: BEAA, B: S, C. KareFF BMIEITA s D: KaredF Bl FibRET 5k & 16 T4
B FEAM/RRG E24 M2 TTATHEL(TUNEL, x 400)
Figure 1 Change of neuronal apoptosis at 24 hours after cerebral I/R injury in each group (TUNEL, x 400)

A: BFEAMA, B: M4, C: KareFFMFIETTE s D2 KareFF M FIBHMT B & GTA
B2 &EMRI/RIRGIS24 h caspase-3B AWM FRIA(REHAL, x400)

Figure 2 Expression of caspase-3 protein at 24 hours after cerebral [/R injury in each group (immunohistochemistry, x 400)

A: BFAA, B fmA; C; KatpIFIHFIEITA, D: KaeIF HORFBEET 7B 40674
E3 &AMI/RIRGIE24 hcaspase-9E AR RIX(RZ AL, x400)

Figure 3 Expression of caspase-9 protein at 24 hours after cerebral [/R injury in each group (immunohistochemistry, x 400)
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