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KoL DIRe s, Jithk S SD R 72 K AR FT R 200 ~ 300 g, fEAfE 451 FBANLEC 732040 0 IE & 41 % IR 4 kit
TALERZ (IP 4 ) 5-¥52% 1R (5-HD) 5 S At #14] (HD 41) , 5541 18 ., R HH Langendorff ¥ i 2% B 2 37 K B AR AE
TR PV AR TR 2 RS 20 min, FRZEHEVE 100 min g X BB ZH 3 -4 20 min, 3FEEHE 1 30 min, S0 40 min, P
1 30 min; IP ZH 7 AT 20 min J5, 45T 2 YR G AL BE , AR BRI 5 min FEVE 5 min, A3ER 0 FE 73 R X 84 ; HD
HAETAL BEFTHEVE 5-HD 10 min, 4% [F] IP 2, #4050 ) F P4 A (T, ) VBRI AT RE 20 (T, ) FREEAR (1) il 0%
(HR) ZE0ZE K B (LVDP) MIZE L E & 5K K (LVEDP) |, SR A & RORH 635 00 O RO R & i, 858 5
T, T, i Eb A, 4541 Ty it HR \LVDP B R, LVEDP BH & 757 , O b A i i 5 i W B AR (P < 0. 05, P <0.01) 5 51E
HA HAE 4% 3 41 T, i) HR \LVDP B i F&AIK, LVEDP B B i, O WS4 B R 2 A i FEAIR (P < 0. 05, P <0.01) ; 5%} R
2 He#E, TP 4 & HD 4 T, B HR \LVDP B g F & , LVEDP B & R#AIG, O WL RO B is & 2 B . 7+ (P <0.05,P <0.01) ;
5 1P 4l tb%: , HD 4 T, HR .LVDP BH g [&{I%, LVEDP B & F & , O L br A B i 2 &2 B R AIK (P <0.05,P <0.01)
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Ischemic preconditioning maintains myocardial mitochondria cardiolipin and attenu-

ates heart impairment in isolated rat hearts
DENG Sheng-li, YU Tian, YU Zhi-hao ( Department of Pharmacy, Faculty of Anesthesiology, Zunyi Medical College, Zunyi 563003,

Guizhou Province, China)

Abstract. Objective To investigate the effect of ischemic preconditioning (IP) on the content of myocar-
dial mitochondria cardiolipin and the heart function in isolated rat hearts. Methods Seventy-two healthy SD
rats of both sexes (36 males, 36 females) weighing 200 to 300 g were randomly divided into 4 groups (n =18
for each group) ; normal group, control group, IP group (IP) and 5-hydroxydecanoate (5-HD) plus IP group
(HD). Langendorff apparatus were used to establish the model of ischemia/reperfusion in isolated rat hearts.
The hearts were perfused for 20 min to get stabilization followed by continuous perfusion in normal group for
100 min. In control group, after perfusing of 20 min for stabilization followed by continuous perfusion for
30 min, the hearts were then reperfused for 30 min after 40 min ischemia. In IP group, the hearts were given a
5-minute ischemia and 5-minute reperfusion for twice in order within a brief intermittent period, and ischemia
reperfusion was carried out in the same way as that in control group. In HD group, the hearts were perfused
with 100 wmol/L 5-HD before IP, and the following procedures were carried out as those in IP group. HR, left
ventricular end-diastolic pressure (LVEDP) , left ventricular developed pressure ( LVDP) were recorded at the
end of stable perfusion (T,), immediately before ischemia (T,) and at the end of reperfusion (T;) in all the
groups. The content of myocardial mitochondria cardiolipin was measured with HPLC. Results When the
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parameters at T, were compared with those at T, and T,, HR and LVDP were decreased, LVEDP was increased

and the content of myocardial mitochondria cardiolipin was decreased. All these changes were significant (P <

0.05, P<0.01). The changes mentioned above were also significant at T; in control, IP and HD groups than
in normal group (P <0.05,P <0.01). Conversely, HR and LVDP were increased, LVEDP was decreased,

and the content of myocardial mitochondria cardiolipin became higher at T, in IP group than in control group and

HD group (P <0.05, P <0.01). The values were also significant at T; in HD group than in control group

(P<0.05, P<0.01). Conclusion

IP maintains the stable level of myocardial mitochondria cardiolipin and

improves the cardiac function during ischemia/reperfusion in isolated rat hearts. The protective effect of 1P

probably may result from the activation of mitochondrial ATP sensitive potassium channels.
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I BERE &R . REFH TP XhO LA T T A 3, L0
BlE & R R AR A e 5 TP Bu sk i FRE A 2
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1.1 sh#kFR oA
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B2 RS =R RIS R L, SR AL R L
SR 4 AL IE R AL G IR Bl AR BRAE (TP 4) 5-FRBE IR TS
Pl WAL FRZH (HD 4H) , &40 18 H
1.2 FZFRXABAE

5-¥2 €82 (5-HD, #t 5. L1085, 35 [H Sigma /A ] ) , Bradford
B e DU 0 & (VL8 = RA M ARBIFT) , HoAr il 5|
K E FEA 4L, Langendorff 25440 IR V%% B (V§ BEZF PanLab
AT, PowerLab/8SP S B K 4 R 48 (1 K H I AD Instru-
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SISO 1] 09 7 30 R 7 8 o JUE T A AR R M A
S L Z 4 40 me/ kg JIFER 250 g/ ke JBRIE S UHURC O, B
4 CHA K-H i, W~ £ kGRE, E 8T Langendorff
HEeE 1, H 37 CHSRE A K-H O REs 17 e,
JE 5.8 kPa 45 A FLBOK BRI R 4 MM AL O E i
% PowerLab/8SP SHHHE SR A R 40, T 19 /K 2 i | 4 A 220
E &Pk A (LVEDP) 2 7 mmHg, B {00k Langendorff 3 75
I 25 BCIH AR - AT A0 3R > 160 YR/ min, 280 LS5 16 R
> 10 kPa, &= M B4 <2 4~/min,
1.4 #iExx¥k

IE 2P E A 20 min, FFELEE 100 min g Xof 8 20 S

1 20 min, KFLEHE T 30 min; IP 41 F 74 20 min J5 457 2 K 1P,
BFUBRIL S min FEEVE: 5 ming HD 26T 1P §ij 10 min 3= 3 ik
5-HD 100 pmol/L,##£% 10 min, Xf 2 . IP 41 fil HD 414 [iA
AL )5 45 T 4 °C ST. Thomas 15 Bk W, 40 61 1ML
40 min, & % 30 min,
1.5 g sen 2

U5 TP AR (T, ) (st i iy BV 220 (T, ) 0 P 1
AR(T)ME 02 (HR) (220 % K R (LVDP) Fil 20 % &7 7K
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SxtRegl teds, 1P 41 & HD 41 T, i HR \LVDP B & F 1,
LVEDP BH 5 B AIG, O JILE KA O B 7 2 B B T (P < 0. 05,
P<0.01); 5 IP 4%, HD 4 T, i HR .LVDP B g (&%, LV-
EDP B8 F 15, o0 LSRR M0 8 i & i B B AIK (P < 0. 05,
P<0.01); 51E# 4 L%, 4% 3 41 T, & HR LVDP BH i R AIK,
LVEDP Bf 5 T+ 5 , O LKL O I 7 2 B R B I (P < 0. 05,
P<0.01); 5 T, T,8f tb#, %41 T, & HR LVDP B g [ (%,
LVEDP B & F+&7 , O LR O B R 5 8 B B A (P < 0. 05,
P<0.01), W12,
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1 ROFEIRGAREASHSOEEBRBOLER (n=18, x+5)
a5 HR( Y/ min) LVDP( mmHg) LVEDP( mmHg)
T, T, Ty T, T, T, T, T, T,

IEH Y 324 17 326 + 14 301 +14M 98.1+6.6 95.0£6.5 87.1+2.5M  7.45+0.19 7.62+0.12 9.67 £0.87M
Xf BEZH 328 £15 325 +20 204 +13bsl 100.4 +6.5 97.0+3.2 49,2 +2.3b8  7.45+0.22  7.61£0.26 32.97 +1.64b¢
1P 4 32515 325 +6 286 + 10248 99.4+4.9 95.2+4.3 72.5+4.8Pd8  7.48+0.15 7.67£0.18 19.43 +1.72bdsi
HD 41 33313 312 14 202 +18beesi  100.2 3.4 95.4+3.2 61.3+5.8begi 7.50+0.18  7.62+0.25 23.47 +1.68bdes

a:P<0.05, b;P<0.01, 5 EHILE; c:P<0.05, d; P<0.01,5 3B kE; e; P<0.01,5 IP Zrkdk; . P<0.05, g: P<0.01,5 T, 1t

#; h: P<0.05,i: P<0.01, 5 T,k%&

F2 BROBEIRGARSESHSONENEOHRIESENLER
(pg/mg,n=18 x +s)
215 Ty T, T,
EHd 78.15 £5.89 78.60 +10. 52 68.15 £4.41
Xif AL 77.67 £8.93 78.35 £4.39 44.16 £2.84bsi
P4 76.57 £3.51 72.59 £6.77 60. 42 + 4. g0adei
HD 2 78.24 +5.36 73.28 +7.95 50.32 +5.77bcest

a: P<0.05, b: P<0.01,5 E&mbs; c: P<0.05, d: P<
0.01, 55 B4, e: P<0.01,5 IP i3kd; £ P <0.05,
g: P<0.01,5 T, 3tdk; h: P<0.05, i; P<0.01,5 T, ték
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Al REIA S sarc-KATP s HAMML] &5 —EE A <.

ZE LTk 1P Rl A gr0 WLZARL A B s 2 5 0 AH
PR , B0 AR B AR St i P O R T g, AL
5 mito-KATP 38 il A9 306 A %

SE k-

(1] 3k 3, my H, Nz, S5 Bl P Bk B ARG Lk
RRDIRERYEM [ T]. hARRRER 2%k, 2007, 27(8) : 745 -747.
[2] Paradies G, Petrosillo G, Pistolese M, et al. Decrease in mitochondrial
complex [ activity in ischemic/reperfused rat heart; involvement of re-

active oxygen species and cardiolipin[ J]. Circ Res, 2004, 94 (1) .



5518 1] XSREA) , A5t FOUAE B X B R R B UL R AR o B i B O DT RE AR 5211 1739
53 -59. openers protect cardiac mitochondria by attenuating oxidant stress at

[3] Zydowo M M, Swierczynski J, Nagel G, et al. The respiration and cal-
cium content of heart mitochondria from rats with vitamin D-induced
cardionecrosis[ J]. Biochem J, 1985, 226(1): 155 —161.

[4] Bligh E G, Dyer W J. A rapid method of total lipid extraction and puri-
fication[ J]. Can J Biochem physiol, 1959, 37(8): 911 -917.

[5] Lesnefsky E J, Stoll M'S, Minkler P E, et al. Separation and quantita-
tion of phospholipids and lysophospholipids by high-performance liquid
chromatography[ J]. Anal Biochem, 2000, 285(2) ; 246 —254.

[6] Petrosillo G, Di-Venosa N, Pistolese M, et al. Protective effect of melato-
nin against mitochondrial dysfunction associated with cardiac ischemia-
reperfusion; role of cardiolipin[ J]. FASEB J, 2006, 20(2) ; 269 —276.

[7] Gohil V M, Hayes P, Matsuyama S, et al. Cardiolipin biosynthesis
and mitochondrial respiratory chain function are interdependent[ J]. J
Biol Chem, 2004, 279(41) : 42612 -42618.

[8] X 7, EWGE, sKMEDY, 5. OZRRLIA ATP SR 57 E
R AL LRI FIDIRELT]. 25 F2%5E iz, 2003, 19(11)
1252 - 1254.

[9] Paradies G, Petrosillo G, Pistolese M, et al. Reactive oxygen species
generated by the mitochondrial respiratory chain affect the complex Il
activity via cardiolipin peroxidation in beef-heart submitochondrial par-
ticles[ J]. Mitochondrion, 2001, 1(2): 151 - 159.

[10] Morihira M, Hasebe N, Baljinnyam E, et al. Ischemic precondition-
ing enhances scavenging activity of reactive oxygen species and dimin-
ishes transmural difference of infarct size[ J]. Am J Physiol Heart
Circ Physiol, 2006, 290(2) : H577 - H583.

[11] Ozcan C, Bienengraeber M, Dzeja P P, et al. Potassium channel

reoxygenation[ J |. Am J Physiol Heart Circ Physiol, 2002, 282(2) .
H531 - H539.

[12] &5, Elk, iz, 45 o Bk 26 SME S do IUBE
JETE Ay I P 0 200 M B B AR A s ()] v E R PR A A,
2003, 18(5): 385 -387.

[13] Zhang M, Mileykovskaya E, Dowhan W. Cardiolipin is essential for or-
ganization of complexes [ll and IV into a supercomplex in intact yeast
mitochondria[ J]. J Biol Chem, 2005, 280(33) : 29403 —29408.

[14] Belikova N A, Vladimirov Y A, Osipov A N, et al. Peroxidase activi-
ty and structural transitions of cytochrome ¢ bound to cardiolipin-con-
taining membranes[ J]. Biochemistry, 2006, 45(15) : 4998 -5009.

[15] Qin Y, Vanden-Hoek T L, Wojcik K, et al. Caspase-dependent cyto-
chrome c release and cell death in chick cardiomyocytes after simula-
ted ischemia-reperfusion[ J]. Am J Physiol Heart Circ Physiol, 2004,
286(6): H2280 - H2286.

[16] Choi S'Y, Gonzalvez F, Jenkins G M, et al. Cardiolipin deficiency
releases cytochrome ¢ from the inner mitochondrial membrane and ac-
celerates stimuli-elicited apoptosis[ J|. Cell Death Differ, 2007, 14
(3): 597 - 606.

(17] BRHAE, Wy [, Az, 55 UG T B0 R BB 0 M dite
L IO LR M B S AL s [ ] AR BRI 2%
A, 2008, 28(1): 25 -28.

(18] B ¥, HFM, MR, 55 ZEWRTAL X R RSk PR
OMERR T RER DRy E LT ]. BB = ZEBE R4, 2008, 30
(9) : 807 —809.

(% K =)

(L3 1735 1)
IRE, DITREA 2R BILE O VR IR P ML 1R Y7 5 A ik K B )
LA T H SR W Bt K R i 5 O I DD REAS &= 1) s LR W 45 7 I
WG FAYT AR DUBOES W A8 L4 I 36 L 1f
E—RIERERIT -

2 #R

A 21 I RAE B ILEIRTT B 1 BISET-41,20 % i i
Bt , A ™ E A B

3 e

T TG Hh RO RE 5 1A , e L RS B9 2 B A16 Y
AfIE T EVTL B, LR 0 A 455 1 A PN A BT LIS
3 3 R B A A T ) e M T TE S B B R SR AR
TS T b AR Y R SBUL R AE M B 3858 . 0 b7
SEOFRAERINE D 21 BIFRAEEILE N 5 2 LI 24 L,
BREAR, R o AR . @ 19 Dk [ £ 881, S e A ks /0 24
A BRATS i A7 A, R ) ) P AR T A 1 X5 FLvp 3 49 0 B <
JUE, h S S W E S, 2 NTCRE ) b i L BEBE . 53 2
BHEALSZIEAE , SE TR TIRTT IAERBL, G S 4 JLACRE X
FRBIANRAE BRI BB T , AT 45 /R, s v
NG A R EBER T

AL 21 B LA S i AR AR e 1 RS R IR
B BRI R R A 2 WP R =R RS AEAR 7T G2 T
FOIE T2 R AOAR . T A 110 TAE 0 191 R A 2 4 OC B A

THRAGFHAS Jeivf o A BILABE)S , & G240 7 B JEA T G A 7
22 WG T INHE]_E A R B R T IR KR, S B
97,20 GLELIRTE Z e e Ja it Be . o3 1 Bl L T2
JRBE 55 N GO T R B INOR R, 123558 B B IR YT, R S
iz s EILARRE /N AL L %2 8 A H S I REAR T 5 E B it
HHY B E 8 I A A Y L A K SR R T A B P AR
WPl £ , b T B B AR SEIRAS 24 BORATISE T

PR 7T 2 R AT 23, A R Bl i 00 2 = (D3 e )™
o AL RAR EAE R AR TR T DO B R AR A B
AR B IR FIRE ST . i A 2 BR 55 A G I, 32 5
FOO T FR AR . DB B & SR B i LB & 1T 1Y
BT A U LA AR IR AT . @ KR R e
L, K Rah LT RE Rk e sE TR A

KR TR O I RAE; BL

HEESES: R725.1 MERFRIRES : B

S Xk

(1] EWz, 2= %, fmE, 2 293 TR Om 2 FIT].
R4, 2009, 9(5) ; 1212.

(2] #WE77, ¥ M, D3EIF, % 32 FlEEF L OREILG P E
[J]. rhaedpadesk, 2009, 44(3) ; 244 -246.

[3] Z=FHF2 PNLTFRAMOT L] 58 =FE K%, 2003, 25
(9): 838.

(4] ML, A . DNJLFR O 44 Bk s []. SEHGRE
274k . YRR, 2009, 5(5) : 68 —69.

(% Z9i)



