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(HFZ] HM  HIHMK pH TE FESHASMEER (extracorporeal circulation, ECC) R Ha ikt Ifif F7# 13 (ischemia/reperfusion,
/R) DL ER 5 Bel2 Bax /XA KR, Kk BEHEZRAR30 J, B8R 5 H(n=6) X BAH
(C 4) 5B, RAMIEZR 180 min; i PR 4L (/R 41) 408 1M 40 min, T 120 minspH =7.4 4155 pH =6.9 T
HETERT 2 min T2 37 CHY95% 0, +5% CO, 4 A pH {E Ny 7.4 55 6.9 (1 K-H WHE 1 ; M f5 4L #EZH (P 2H) TR0 1 i i
2 min 5 THRIE AR, IRSMERRES UGS , ISR 0 U A28 4k ELISA Y2 1 ¥ L5528 1 1( cardiac troponin I, ¢Tnl)
WRIE 5 RT-PCR Al Bel-2 \Bax mRNA [ 3K ; G 1AL Bel-2 Bax AW FRE, &8 5 /R A HE ,pH =6.9 Z0F
P 20 VSR 55 , o Tnl ¥R BEFAR (P <0.05) ,pH =6.9 2l Bel-2 mRNA FIEE [ 2255 7K 0 B[ (1.058 1 +0.165 7)
vs (0.648 2 +£0.070 8),(0.233 1 £0.0225) »s (0.156 5 £0.019 2),P <0.05 ], Bax mRNA 175 (4 75 1k 7K - B 5 J& A%
[(1.3533+0.138 1) »s (1.901 7+0.198 1),(0.173 50.015 1) vs (0.247 1 £0.021 3) ,P <0.05] ;pH =6.9 41 P 4
Z[A] Bel-2 Bax ik K P2 FHAEITH (P >0.05) . 858  IRSMEAR T TP E % pH(pH =6.9) IREHE W] LI
BN 5 Ak 38 6O LR 1 T, SLOR AP B 5 98775 Bel-2 \Bax FZRIBAH X,
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Correlation between protective effect of low pH solution reperfusion on myocardial

ischemia/reperfusion and expression of Bcl-2 and Bax in rabbits
Liu Liu, Yang Haiyan, Liu Xinwei, Wang Qunying ( Department of Anesthesiology, First Affiliated Hospital of Chongqing Medical
University, Chongqing, 400016, China)

[ Abstract |  Objective To study the correlation between protective effect of low pH solution
reperfusion on myocardial ischemia/reperfusion (I/R) and expression of Bel-2 and Bax in rabbits undergoing
extracorporeal circulation. Methods  Thirty adult New Zealand white rabbits were randomly divided into
control group, 1I/R group, pH 7.4 group, pH 6.9 group, and post-ischemia conditioning group (6 in each
group). Rabbits in control group underwent extracorporeal circulation for 180 min, those in I/R group
underwent reperfusion for 120 min after 40 min of myocardial ischemia, those in pH 7.4 group and pH 6.9
group received a K-H solution at 37 °C containing 95% O, +5% CO, at pH 7.4 or pH 6.9 in 2 min before they
underwent reperfusion, and those in post-ischemia conditioning group were conditioned 2 min before they
underwent reperfusion. Changes in their myocardial morphology were observed under light microscope, their
serum cardiac troponin I (c¢Tnl) level was measured by ELISA, expressions of Bcl-2 and Bax mRNA and
protein were detected by RT-PCR and immunohistochemistry, respectively. Results  The myocardial tissue
injury was milder and the c¢Tnl level was lower in pH6. 9 group and post-ischemia conditioning group than in
I/R group (0.648 2 +0.070 8 vs 1.058 1 £0.165 7, 0.156 5 +0.019 2 »s 0.233 1 £0.022 5, P<0.05).
The expression level of Bel-2 mRNA and protein was significantly higher and the expression level of Bax mRNA
and protein was significantly lower in pH 6.9 group than in I/R group and post-ischemia conditioning group
(1.058 1 +0.165 7 vs 0.648 2 +0.070 8 and 0.233 1 +0.022 5 »s 0.156 5 +0.019 2,1.353 3 +0. 138 1 vs
1.901 7+0.198 1 and 0. 173 5 £0.015 1 vs 0.247 1 £0.021 3,P <0.05). No significant difference was
found in expression level of Bel-2 and Bax mRNA and protein between pH6. 9 group and post-ischemia
conditioning group (P >0.05). Conclusion Transient low pH solution reperfusion can protect heart against

I/R injury in rabbits undergoing extracorporeal circulation by mimicking the post-ischemic conditioning and
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regulating the expression of Bel-2 and Bax.
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N1 (I REERY: R AR Vbl W I = 4 o R Rl BN OB 73
i, HoaiE B O DI REA 4, 2 O A AP I -3 ST
oW —I B B R, ke il i Ab 28 (ischemic postcondi-
tioning) CL A 5 Z2 BT 5 ) HIF 52 B AT W ek e 0
JULER P B A T B LR AN 58 i A, HL
ik 0L Ah FRARAE 1) 52 ik S L BELIBTY 3 B JDk i T e X
B T AT TE XURS: , #BR ) 1 FLAE O I A8 A Il IR
FE N o AR RAIESE S T R i A B AT 3 5 A
7 118 S R AT P 0 WL P PR v R, I T 38
O LA TR PE R CRAP AL, 7 A O LR P E T, 3 2
il JE b BRAY pH . BFSE " 22 W1 B 0 708
T IRIE SR WE ELA 5 Bl 5 AL BRAR AL O LR 3P A
FH A RO O LB AR E T B . AR SE IR L 5 A4
HMIEIR T FRRE LR pH I S HE X SR B il
O R YER S Bel-2  Bax FRIXH R, IRITIRTE
SEREC WA R AT BEML] o

1 #MREFE

1.1 ##
L1.1 SERzhY ARAT flt BB PG 22 K A %R 30 1, MR
45T 2.5 ~3.0 kg, HERERNRZ LI S 0484t
112 FERH GG A 1 ELISA {7 & (RD A #],
FE) ,PCR R & (LI RARA ) , Bt Bel-2 FPL Bax FRTTFE
P (Santa Cruz A F], S5 M) , 44k PR &0 DAB i
A& (AL FEAT) o
1.2 F#*
12,1 SEBR4ydl B2 kA% 30 H 5 e Rdlrh 5 4
(n=6) XHRA(C4) BemFH#EEHA (/R4 pH=T7.4 4,
pH =6.9 21 kil /5L BEL (P 41) o C AU ARIMEIR, A5
Bb, AR ANE A 180 ming H 4y 45 21 7 57 (K MG 38 )5 I 47 118 26
20 min, FF45 00 40 min, I/R 204006 1M 40 min J5 B 3T
Tk, FRESARIME R 120 mingpH =7.4 41 pH =6.9 21
FEHEV) 2 min 2 Sk HIFFLEHE R pHE R 7.4 F 6.9 1)
37 C [ 95% 0, +5% CO, FITRA S AR 30 min (Y K-H
i (mmol/L:118. 5 NaCl 4.7 KCI.1.2 MgS0, .1.2 KH, PO, 2.5
CaCl, 25.0 NaHCO, .11. 1 #j%58#)4. 5 ml/kg, P 241 F 5 4] 2 min
YT IF SNk 10 s FERHIT 10 s, 255 6 WAk ING 403,
1.2.2  ARAKIMEFR (extracorporeal circulation, ECC) FH () 5 57
SIS A K TE BT 3% 1% L H 4 30 mg/ke R, Y
FEEE , /NSh YW BT, W el ] ORI A B bk
206G EAEF I 22 Sl Bk R . 4 5 AT ZE 1k (680 Urkg) , 728
BEIPKGETT B A 18C EEEMTEIIIENR: , 42 4 mm ARG 1R
B AT AL O 5 5 O A 2 4 SR S kb 4
AZE TSRS, BT-300E &% 5h %2 (& A G 3h 5 A FR 2

A FEATHEFL, D901 B LA ( Dideco /A H], B KH)) #ATE A,
HETEUR N 70 ~ 100 ml/ (kg - min) , 4EF CPB Hh-P-24 3 ik [E7E
55 ~60 mmHg LJ [, FFATHEER 15 min, FFURFEIR AT IR A5 28 ~
30 °C & BH W7 3 2h Bk, 3= of BkoAR 30 3 7 15 ~ 20 ml/kg 4 C
St. Thomas I 5 4 & ( mmol/L: 110. 0 NaCl, 1. 2 CaCl,
10.0 NaHCO, ,16.0 KC1,16.0 MgCl, ) , 4.0l 1fil 40 min, & #E Fij
10 min JFERAE TR, 3 34 CIFUREHE, (0 IER Bk, &3 120 min
T RIMIEIR , REFRAS
1.3 MEIAF
1.3.1 OUAHLTES¥MEE S E R — A0 LA
2, 4% 2R P EEEE 12 h, Aig sl U1 5 HE Je )5, b2 W
s T ME DSBS ks .
1.3.2  IiE OIS B 1( cardiac troponin T, c¢Tnl) 3% A ] E

ARG IR I 25 B sh Ik R 45 sh Bk I, #8500 L R,
HRAE ¢Tnl ELISA 3277 & UL EH 45 I A2 -4 Tl ¥R,
1.3.3 RT-PCR #ll.0> ILZH 4T Bel-2 . Bax mRNA [ &35
Bel-2 \ N2 B-actin 519 H BB TR AR S A BRA R
A, Bel2 E RIS 1543 3] K -5/ -CAAGCCCGGAGAA-
CAGGGTATGATA-3', 5’-ACGGTAGCGACGAGAGAAGTCATCC-
3, P K B 312 bp; B-actin: 5'-TGGCATCCACGAGACCACCT-
TCA-3', 5'-GACTGCTGTCACCTTCACCGTTCC-3', 7= #) K Ji&F
496 bp; Bax 5¥Z&% 3Clk [ 7] A7 51 i B TREE R
AR 454G BR S 7] 4 i 3 5'-AAGCTGAGCGAGTGTCTCCGGCG-
3", F ii% 5'-GCCACAAAGATGGTCACTGTCTGCC-3', = ) K jiF
284 bp,, ffi] Quantity One ${AXF47 1 7= 4y v Tk B 1 472
3T, HRYSER A L% B = B AEEREE EE/ NS B-actin
HeE
1.3.4  GE4ERoNIA S B2 Bax ik FABUL
FER AL NN, AV R, Bk kbt RAE &, s £ 67,
—Pr(1:100) 4 CiIR; =P 37 CHFH 30 min; FAR T ALY
B bRIC O EE R 00 (R TAEW 37 CHEE 30 min; DAB €4, 1%
BE T B R B s IRACKE R g, K, BT, i B, P M i
H OGBS T M= BA i, Bk YR BEPLEE S P,
Image-Pro Plus #4400 22 0 LA 2L A B 7= 4 - 3406 2 BE A,
T 2 R /N s e H 2R 1 ) 2R IR T L
1.4 %it oM

SRH SPSS 17.0 Goit- 84 I F 3R L & 5 Foom, 48] 1L
BRI Z A ) P H 2y 25 08T, IR L AR FH SNK-g R 56

2 HR

2.1 kElE SMARTYESF

C 0 LA 58 o, BRI 2, TG S A8 PR IR A VR
N pH =7, 4 LG WU M FRANTE , B 25 g R P08 i, 08 7 240
AT UL 25 Y AR P R AR AE BB [ 4, 4 JULTRD SR ok B A 5
pH =6.9 411 P 250 JJL 20 g B J58 A X 52 &, 722 1R R 2 ¥ [T 45
ZIN ]ORN TR, DLIAT 1



5534 B 11 ) B O= FE B OK ¥ o R

201246 A 15 H

Vol. 34, No. 11

Med Univ Jun. 15 2012 1073

2.2 B4R fiE S U cTnl SR Em 7 4 %

5 C Y3, A4l ool WEBEIN(P <0.05) ; 5/R
LA, pH =6.9 211 P 41 Tl 3 HIFEAE (P <0.05) ,pH =
7.4 4 Tl YREZR GBS (P>0.05); pH=6.9 41F1
P 422 [B] b5, Tl Y322 5 T04E 428 (P >0.05) , WL 2,

—

6
5 a
a

~ 4
E ab
3:33_ ab
=
=,

(=)

C4l  UR4l pH=744l pH=694] P4l
a:P<0.05,5 C Z8r4;b.P<0.05,5 /R ks
B2 FAMFOCNANBER IREHLER

2.3 RT-PCR @2 Bel-2 . Bax mRNA 74&-F
5 C A, 441 Bel-2 5 Bax mRNA &35 K 33
(P<0.05) ;5 /R 4[4, pH =6.9 2071 P 4 Bel-2 mRNA %
PRS- W T (P < 0.05), Bax mRNA BB REAR (P <
0.05); pH=6.9 411 P 2 [ b3 /R 41H1 pH=7.4 42 [A]
[#¢,Bel-2 \Bax mRNA 35K V-2 B ¥ RG24 L (P >
0.05), lLE3,%# 1,
2.4 B48 % U Bel-2 Bax A 6 %, 0% 2AALAR ] 45 R
FALONAIM TR 4 Bel2 Bax F 335, 5 C A HE,
K41 Bel-2 55 Bax B IR AHHAN (P <0.05) 5 5 /R 41H 4%,
pH =6.9 411 P 4] Bel-2 F235 01 B RINI(P <0.05) ,Bax Fiky

Ly e

A. C#;B: I/R41;C. pH=7.448;D. pH=6.9 40;E. P41
B1 AEURESHOINE

e

LFHRE(HE x400)

FEAIR(P <0.05) ; pH =6.9 211 P 412 ] L4 /R 411 pH =
7.4 HZ A AL, Bel-2 Bax mRNA K kK22 78 LR B
(P>0.05), LK 4.5,% 1,

M 1 2 3 4 5

- e Lt -actin(496 bp )

Ll —Bcl-2(312 bp)

600 bp—

451.88 l};p_’ B -actin(496 bp)
p*}

300 bp— Tl Bax (284 bp)

200 bp—

100 bp—
" (B]

M. DNA #7f; 1: C20;2; /R 483 pH=7.448;4. pH=6.9 20;5;. P 4
A: Bel-2; B: Bax
3 &ZAHEDAALA Bel-2 Bax mRNA Rix

®1 ZBHGOH Bel2 Bax X RIAM LB (n =6, xx5)

Bel-2 Bax

A1)
RT-PCR sk, RT-PCR

cH4 0.5357+0.069 1 0.9450+0.190 9
VR4 0.6482+0.070 82 0.1565+0.01922  1.901 7+0.198 12 0.247 1 £0.021 32

pakeiva
0.12510.011 7

0.1352+0.020 3

PH=7.44] 0.6609+0.06722 0.1513+0.021 78 1.8383+0.12978  0.2457 +0.023 62
PH=6.941 1.0581+0.16573> 0.233 1+0.0225ab 1.3533=0.138 1ab 0.173 5£0.015 13ab
P4 1.0629+0.132 63> 0.221 9+0.024 63> 1.323 1 £0.131 9ab  0.178 6 +0.017 22b

a:P<0.05,5 C 2104 ;b.P<0.05,5 /R tArbk

C

A.C#;B: I/R#4;C, pH=7.440;D: pH=6.9 40;E. P41
B4 KA%OA B2 RiEx  (S-P x400)

A: C41;B: VR41;C, pH=7.4%1;D; pH=6.9 21;E. P4
E5 &@A%0OH Bax £iE  (S-P x400)
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VAR R I A B M) AL BERE S /O LA R )
PRI , W0 R A P 0, 7 A O LR AP PE
TR PR VO UL Bel-2 1 Bax 3 [N 263K p 45 & H &
B HLE 2 — . Bel-2 J PR 55 2 18 9 40 g 4 ki
TRIAT- AR 8™ Bel-2 Fl Bax J2& Bel-2 B 51K
Hh ) — AR, LR GA W) Bel-2 2 L HA
10l 248 10 3 T F)  H s Bax 2 9 DU BE £k 2 40 O 1, T
Bel-2 I Bax YRI5 LG i) /2 TR 20 2 75 A7 17 1 SR B
St i fe AbFRE I E A Bel-2 AR I Bax # 3R IA(2 #E
WETE D WUELE PO U PR 1

207 14 38 135 1 55 £ ( mitochondrial permeability
transition pore, MPTP) J&{v FZRiAR N IMK I, £
T EA S 5 B fLIE , IR H SO0 T MPTP 40
S P s AR B IR A Bt P S A A P Ca”
B GEPEA(ROS) HEAR  pH A2 AL X REAL {ff MPTP JF
Jilo MPTP JFJiit— 75 T3 BOCA AR i 8 T X 7~ 40
MofE 28 C  ATF S5EE AT, 20k 11 93507 240 it 2 b A o 12
wAe, A R AR T 55— 7 1 25 MPTP KT
B, SRR ARS8 375 A 48t 5 | P9 A AT 308 P g 4 A PN R
LR, R B D T LS S MRS
T FIPRAE 2 it L P T S0 0 JUL AT L S8 T ) P o = 22
B Bel-2 FMG & i MPTP 1) IF AR 25 1Y 21 22 [
Z , Bax REfEiE MPTP JFil, B dn il (o= C, 7% 400
JET, Wang 451 % SIS A0 FIE 1 Bel-2 6]
il MPTP 5k, v /b ke 1 P08 3O LR B TR AR, A
ORI

ASHIFSE 6 A S P15 56 S ) 4o e L PR T A
Y ASALLC I AR T AR v O R e il P v A R, S v
pH =6.9 [ K-H 2 HA 5 6k M5 420 BHAH 1T 79
TR I PR O LA OB 288 AL A LT ¢ Tl
JETHR RIE R, $R 7K pH i 52 9 RE AL 4PL R 1ff 5 Ak 3
MO IR ER . 5 /R 4081 pH =7.4 4148, pH =
6.9 4 Bel-2 (EE H M mRNA K35 KF- U] 8 75 , Bax
FRIKV U A, AR AL 5 SR i f5 AL BRZE AR L, $2 75
A% pH ¥ 52T X tofe P58 O WLER APV T, 5 3 et 3
9 Bel-2 b Bax i PHAH N ) 28 38 12846, B0E O LA
PEPELRAPHLI A G o TR pH 2 9 38 2o A 1) 40 i
WG 5 S WS O WU DEPECR AP LA, 45 Bel 2 2k
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