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[ ABSTRACT)] Aim To investigate the mechanism of intracellular calcium overload of endoxin mediating myocardial isch-
emia reperfusion(MIR) injury, the changes of endoxin level, ATPase activities, intramitochondrial Ca”™ concentration and gene
expression of Na" -K" - ATPase isoforms in myocardium of rats with MIR were observed. Methods Thirty-two male Sprauge
Dawley rats were randomly divided into 4 groups.  Sham operation group ( control group) : silk suture threading the left anterior
descending coronary artery without ligature; MIR group (MIR) : left anterior descending coronary artery was subjected to 30 min I
gation followed by 45 min reperfusion; normal saline group (NS) : MIR model was given 5 ml/ kg 1 normal saline; verapamil group
(Ver) : MIR model was given 5 mg/kg verapamil. ~ Drug and NS were injected into vessel via femoral vein within 5 min before
reperfusion. After reperfusion left ventricle myocardium samples were processed immediately in order to measure the activities of
Na" -K* -ATPase and Ca’" -Mg2+ -ATPase, endoxin level, intramitochondrial Ca™ concentration and the changes of mRNA and
protein levels of a;, @, a3 and B, isoforms of Na" -K* - ATPase were measured by RT-PCR and westerr blot technology respec
tively. Results After MIR, the level of endoxin in myocardium was obviously increased, the activities of Na” -K' - ATPase
and Ca” -Mg"" - ATPase in myocardial membrane were significantly decreased while the concentration of intramitochondrial Ca™*

increased, the levels of mRNA and protein of the a;, @, 03 and Bl isoforms of Na* -K" - ATPase were reduced markedly.  Vera-
pamil had only effect of reducing the concentration of intramitochondrial Ca™ . Conclusion MIR resulied in increase of myo-
cardial endoxin secretion. The latter could depress the activity of Na" =K"= ATPase by changing the gene expression of a;, @,
0 and B, isoforms of Na" -K" -ATPase in myocardial membrane, and induce intramitochondrial Ca™ overload, thereby mediate

MIR injury.
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1.1 i

& 3 % HE 1 Sprauge Dawley A i 32 F, 1K & 260
T0g, WTFERFALZRAY KA, &% IL
5 SCXK( 77) 2003-0004
1.2 TERMIR #EBE T

SDARZER 12h BEWES 20 548 5
ml/kg FREE, 160 B 2, # #.0 B EH OF BT Medlab
EWfESILFABRR(NTS.5 R); MFTFAE, TA
EIEE, B WG-2000 A /N34 1 R ALAT ALK E R
(BAIME N 60 %/2, A EHN 20 m/kg) « VTFF
Fafs, B FF 08, o0 BE, T A TR 3 BkoRT R
EHHAARI 2~ 3 mom & F 40 24 FRXF K EA -
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EMEFL, CEEBA ] AR E S & H
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SD AR 32 A, Bl a 44, FHS R, BF
AA: & ZHX TR bk, EAE3L ¥ E 90 min;
MIR A H: F&E%0EEE 15 min, £ 0¥,
30min EMFF 4L, BEE 45 ming £BH KA 54
gk A T HEEE 5 min &R # Bk o B E S A
B b K S B R0 K 5 mg/kg, AR A 5 ml/kg, 5 min
EAT R, AR MIR EA A,

1.4 1OALEIESIE

HEEERTHRE R, THANAEEH K
R E MR, EROERAENE. GHORIFOM
EPHREL0.2g OEAMAN SmL B/ NEAF, 5
FHA B9 5 A (Tris 1. 21 g/L. EDTA-Na, 37. 23
mg/L B A% 34. 2 o/L.. F LA 200 mmol/L HCI # = £ pH
BHT.4H LM, G RNEBAIREFHE
F10% R ER. THEF LA F L3 000 r/min
%2 10 min, B _EF R E - 20 Cok 48 F KR 1R 77,
O MARATP BBE A ERE XS 2.
Na' -K* -ATP B&#1 Ca”™ -ATP B 5 1 46 91 % F (L% 1
Bk, UEDHEE G0 #TEALE, RAEH
THREREMBAFRAT . AEMEZ RN E
Rt emakE, AWM T AR T EHMBEAHR
i
1.5 ZRRiiRHl&

MELHO01g CENBEAN S mL /NERF, 5
FAWAENRCE L) UL 129 B b, 88 5 B3
BARESHEHKR 10% WEER. TEEE O
AL L 2 000 #/ 488 10 min, T E3F &, TRIES
B QAL F LA 10 000 %5/ 4 & 2 15 min, 7 EF R,
MEMAEF LR, EEEEN 20 mgmL. K E
-T0CKAFRERFEANE KA Ca™* & E.
SHEE C A ENERARFRUK LS HAXE .
1.6 RT-PCR ;E#& M Na* -K* -ATP B§ & T £ mRNA
gL
1.6.1 3l4i%st X DNAstar 3 & i R
005 B & T 5|4, ¥ F B-Actin 1F 7 W £ B,
HrtEATARIRENTER. £51WF7 0T
a T % F 3% 34 5-AAG GAC GCC TTT CAG AAT
GCCT-3, Ti# 24 5-TGA CCA TGA TGA CCT TAA
TCC-3 (248 bp); @ I % F 33| 4 5-TGG GCG GCT
TCT TCA CCT ACT TTG-3, T # 3l 4 5-CAC CCC
ATC TCC CCT GIT CIT CCG-3 (523 bp); a5 T 3 F i
2|41 5-CGG GGC GAT CCT TTG CIT CCI-3, T3]
#1 5 -TTC CGG GTC TCC AGT GGG TTG TCG-3 (405
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bp) ; Bl I % + 33| # 5-ATC GCC GCC GIC TGT TIT
ATT TAG-3, T ¥ 3l 4 5-TTC GGA GCA CAC TGG
AGG ACA AG-3 (429 bp); W % B B-Actin £ 5 4
5-TCA TGA AGT GTG ACG TTG ACA TCC GTA AAG-
3, T# 5|4 5-CCT AGA AGC ATT TGC GGI' GCA
CGA TGG AGG-3 (285 bp) -

1.6.2 RNA ##f= RT-PCR A & e i X% R
WOV A B B RNA $2 BXUR Al Trizol R 7 & ( pro-
mega, USA), BE#H R A & W H H #HAT. REHAE
RNA £ 753BI & £ 414 o8 oF & 1 (L ¥) A260/A280
WeE e 548, B2 g 3 #F K DNA, #HAT
PCR 4 3 ( # promega RT-PCR kit # € it B #£1T) »
1.6.3 ZBayAET &M WE q T
95°C 5 min, FUE %~ & 95°C 1 min, 3 % 52°C 1
min  FEf# 72°C 1 min, 3£ 483 32 5k; 72 °C 10 min %
JEHEH, 4R w T E:95C 5 min, & M ¥
95°C 1min_ 3B X 58°C 1 min_ X 72 C 1 min, £1&
F33K; 72C10min KRG HEM . #F o LH:95C
Smin, AR FH 95C 1 min_~ B K 52C 1 min
FEf# 72°C 1 min, 3£ & FF 35 %k; 72°C 10 min & 5 &
M, #4F B, TH:95C 5 min, FEM~ FH95C 1
min 3K 58°C 1 min £ 72°C 1 min, 3£ & 3} 32
W 72°C 10 min F /5 ZEAF . Bactin: 95 C 5 min, &
P A& 95C 1 min Bk 55C 1min ZEM#72C1
min, £ 7EFF 25 ;72 °C 10 min & 5 & f#.,

B4 B o3 E 45 P 4 10 VL, 2 37 B5 8 5 B e,
W, RS, EAMT TR E 4B, XA Bio
1D & & 441 & Se(USA) 34T 7= 41 & & & & 2 #7, DA
£THELE BActin BHHE KA LT EENLEE N
LETEFEFANHESRILE.
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#4 M .SDSPACE &, i mEya ez hx
T HT. Western blot 16 M: B 3k 45 X 5, # 4T B 4% %,
HYEEH PVDF B BT E gk T ERE.
A FF R FE R R 5 min, A 5% B RS WM B9
HIEE A, S, 2 FF N 20 UL —Hi(a @ a8
T H ¥ 5 EH MR, 101 000, Santa Cruz, USA), 4 Cit
o RN 20 WL — i ( AR L A b4 8 4710 80
BT TG 04K, 101 000), @M F 2 h, %, ECL
KA B # . KA ImagePro plus B % A R 4 (USA)
HAT WK E A, LA TR E BActin 8 & &
R EEME,
1.8 HitZF4iE

B #4E X Fl SPSSI13. 0 B AL B, &R
Rblx £s %57, SEKEE LRRA LE £ 7 2
A HT(ANOVA) , % B A 2 306 7 7 B3k A SNK-q 4
B, FEHEMXXRXAE L ELEELAM, P<
0.05HEFRFEEZEULTFERE X,

2 4R

S5 LK B 7 e IR B0 K T B 3, &5 LB A) L B
PO T AR, BRI0 5~ 25 min J 55 QRS 3 K&
T 4 kA T A A 28 R RS, O B QRS I PR P&
% BV, O AR S8 AR L, R 7R E
JE BRI w0 T O [ B
2.1 MIR X KBR/OBEL R F I E RKFATP B
EM R RE S ENEN

MIR B, Co VL 2R P9 P b 3 2R KT B 2 e, O
LA S Na® -K* -ATP f . Ca™ -Mg™ -ATP 354 B
ETRE, QUL RAR R Ca™ WU BT, 4E Ry
KR A EE AT DA B S B O LT 28 0 4 P A 45 7K
S, AR O LZH 23 P 3 35 R /KPR ATP Bl 3 P G
(R 1) .

& 1. MIR X ARROAARPF B E TR T ATP BEE M RA SIS EHENE (1= 9)

P Py B Na* -K* - ATP fi§ Ca® -Mg** - ATP fi M Ca®
(pgs) (mmol/g*h) (mmol/g*h) (mmol/L)
BFEARH 414. 68 £26. 40 3.86%0.23 3.89%0.44 0. 135 0. 049
MIR 41 454. 18 £17. 84" 2.88 £0.26" 2.6210.31" 0. 206 £0. 039"
A H K 4L 451.92 +21. 68° 2.95+0.17° 2. 66 0. 34 0. 193 0. 47"
R EPIS 447. 66 £36. 89 2.99 £0.33" 2.90%0.27 0. 140 £0. 041°

ay P<0.05 bA P<0.01, 5BBFARHALLK; ¢ A P<0.01, 5 MIR HFAI KA.
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AR AT RBLO AL A F R KPS
ONLYIAE ATP iy X R RiAR Ca™ SR A A L
fIAH <P, 5 Na“ -K' -ATP B f1 Ca™ -Mg™ -ATP
EHEEAAEIE, r 58— 0. 483 Fl- 0.397, ] P<
0.01; S£kitk ca™ S EZIEMRE, r= 0. 889, P<
0.01.

2.2 MIR 3t KO 4R Na™ -K" -ATP B & I
£ mRNA RIEHIF N

S5 F R A, MIR K &0 AL4H f 5 Na® -
K* -ATP fif a; a5 % By TEFEH) mRNA RKIA K
B S5 [, 2 E oK T A BE X % W0 34 ) mRNA %A
TR (R 2 FIE 1) .

2. MIR 3 KER/OAAAEER Na' -K" -ATP B§ & I & mRNA
RIEZWHEEEN (n=9)

! a I o K oy W By Wk

BFEARLL 0.4610.04  0.53%0.02  0.61X0.02 0.57 £0. 02
MIR 41 0.24%0.03" 0.19%0.02" 0.24F0.02>  0.2330.03
AR 0.2630.04"  0.22%0.03"  0.2630.05"  0.2230.04
R AEPS 0.2230. 02>  0.24F0.02>  0.23F0.03>  0.24 30, 4

b P< 0.01, SERFRYALLE.

1000 | —
500 actin
100

1000 ' “TT““‘
500 BN a1phal]
100

1000
500
100

1000
500
100

100

1. Na"-K"-ATP B8 a; ., \0; B, TE KNS B B actin PCR
gER | ABFERLL, 2 HMIR 41, 3 AAEB KA, 4 H%
FIMAKAH, 54 Markero

2.3 MIR 3t KO 4R Na™ -K' -ATP B & I
EERRILHNEN

S5 F R, MIR K &0 AL4H f 5 Na® -
K" -ATP B oy 05 K B WRMEAKFPHEET
Rk, 24 R K T Ak T 6 4% WV 365 ) 2 A /K T 3Rk 2

SR 3 RIE D) .

%= 3. MIR T AB /OIS Na' -K -ATP BE R T EE R &
BEMBEEE ST (n=8)

a4l o EH:  WH: o W By W3

BFARH 0.48%0.03 0.55%0.03  0.62%t0.03 0.57 £0.08
MIR 41 0.21%0.03" 0.22%0.03" 0.2320.03"  0.2130.04"
AEEhAk4l  0.23%0.060  0.21F20.02°  0.2230.06>  0.2330.01"
EiZER N 0.2240.03" 0.23%0.06" 0.22F0.02>  0.24 0. 04"

b P< 0.01; a )y P< 0.05, SRFARYLLE.
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KEFRIEER URBFEARL, 24 MIR 41, 3 NEH k4,
4 R gERIIAK AL,
3 Wi

[ 1979 4 Hauport 2" 55— W\ AL 010 T
Fefioi s 73 25 P e B T 4R, AT N R TR R
AT O3 40 48, H T O RA A e 3% K2 —F
R ANEIY, B 5O R PRFD4E 1R L B RE
A4 A B Na™ -K* -ATP B i vE vk, Al & o
IR R R R L e R 1 R N A R C
B B FE R B, L O LR L 7R A O T R
T O IRH O U BB SV 2 00 I/ 5 97 11 3L
A RE R E AT P B AR

R RR AT 4E RR A0 IE ShRE AN E
B, Na' -K' -ATP BLEH M & AR A B @ K g —
AN ATP SRASRE &L, 1 FEAG 5200 B T Al R Ah e iz 3 A
Na' , [AIB [ 4 354z 2 N KT, 4ERF 4B v K
ik Na™ 4R, Ca™ -Mg™ -ATP gt & — Fh i 5% 35 15
FL SRR N Ca™ RS EEAEH, E EE S
AR E B UURLCo BT P 350 00 L2 L, 6 0 UL 48
MM & ERAEE, 295 HAE AT 90% LA
b, BRI AR R R Ca™ R AR T B LI R Y
T, AE M SR R Ca® U B AE R I I T B B JE R )
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1/100, Ca™ -Mg™ -ATP F i P4 Fl Na’ -K* -ATP Bih
A X PR 5 4T P T A RO LY A W R B R
AR,

AT RIN, MIR B, K BR G UL 7 b 35 36 7K P
SETHE, M Na' -K' -ATP B Ca™ -Mg™ -ATP
MG TR 2 TR, SUEER, DAL RIA RN Ca™ K
FREE. SRR, AFERERKTES
Na" -K" -ATP B§F1 Ca™ -Mg™ -ATP B i Mk 5 & 3 i
FIRKR, SOUGRERAEA Ca™ KT EEEIE
FK. RN EEHEEE R AE N5 MIR 400 P9 5 51 2
LR R YA B R ML TR T RE R FE EEAE R . TUAS
R T2 OEL i 71 4 i K B AR B R 3 PR T KR O
ILZRREAAR Y Ca™ 7K, (BN A 6 3t 3 25 7K 7 A0 L
SRR ATP B A5 P JC B 2 52 e, 3R 00 P e b 3 3R
AR I 1 5| RS LRk N A R A

Na' -K" -ATP & — A/ o A1 B B A7 2H B 10
SR RAR, a WER T &N 112 kD, B WA 35
kDo a WA PIF T RED a0 Al oo o WEE L
DL o WEEHT 75% , SIS R B, = o, WAk
LRI ) /N B LR B 8% LIS 46 7 BEAR, A5 L2
WS84 H 4 A A AR SZ R, T I o, 7 3 R U 48 1
TS A P AR EEER, a W23 ZR W 5H
ORIFHEER AT Y o o Ay T3 HE
ELR B b oy L3R, B2 oo TEIEFEDR A/ R
O JIURNE B LSO P 3 i, 30 LA IR o PR
BV 50% AT T B4 A i 4 T, kT 3 T
B 5 LA T Uk 48 R S ARk T e T . A
WFFE A2, MIR B, O L0 BRI Na™ -K* -ATP BgiE
PER B[R £ A B A T 36 A AL D AR, v ao s AT B
WAETE mRNA FIEE A G KFRIA S R R, T4
T8 T8 P i 77 2 R KGO LN B B Na™ -K* -ATP g
FWHEFREHTHELM, 3 MIR B8, RS
HIE 2 5 4l P S AL, O LY B Na® -K -
ATP i 37 J5 A 700 2 25 th, 2 400 P 1A 45 68 8 1) B 2 L )
2o RSEWMIPIS SRR Y], KR MIR B, 5
CVLA PEHD TR 2R 23 36 /K ST 38, T o I P P 3 R
Al 50 LA A AR B Y Na® -K* -ATP BE 45 &, 18

005 A By IR R R I 2 o B DR RIS IR,
Mif# Na" -K" -ATP B 7% 01, f Na’™ -K™ 4% 18
55, ZHMA Na* ZKCF3 &, fRAE Na™ -Ca™ 224389,
SR A Ca™ AKFHE . 5 R, Na'-K' -
ATP ity 3 o 52 30 S 4K 10 32 — 25 30 H1 AL R Ca™ -
Mg™ -ATP B, (LI R Ca™ FRERRE A0 BE )1 %
1, NI SBLRLR RN Ca™ #80 B 4% 0 L4 B .
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