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Gap Junction Mediates the Cardioprotective Effect of Ischemic Postconditioning and Heptanol

MAO Hongjiao'”*, CHEN Baoping', YU Tunan®, YE Zhiguo®, XIA Qiang’* (1. Department of Physiology, School of
Medicine ,Shaoxing University ,Shaoxing 312000 , China; 2. Department of Physiology ,School of Medicine , Zhejiang University , Hangzhou
310058, China)

ABSTRACT :OBJECTIVE To determine whether the cardioprotection of ischemic postconditioning and heptanol against ischemia/
reperfusion (I/R) is mediated by gap junction. METHODS The isolated perfused hearts of male rats were subjected to 30 min of
regional ischemia followed by 120 min of reperfusion. The infarct size and the level of lactate dehydrogenase (LDH) in the coronary
effluent were measured. The arrhythmia scores and conduction velocity of ventricular myocardium were measured in global ischemia
model of rat heart subjected to 30 min of ischemia followed by 120 min of reperfusion. Gap junction uncoupler heptanol and opener
antiarrthythmic peptide 10 (AAP10) were administrated at the beginning of reperfusion for 15 min, respectively. RESULTS  In the
Langendorff perfused rat heart model, ischemic postconditioning (3 cycles of 10 s reperfusion/10 s regional ischemia starting at the
beginning of the reperfusion) and heptanol reduced infarct size and LDH release, ischemic postconditioning also improved the recovery
of the left ventricular developed pressure, maximal rise/fall rate of left ventricular pressure and rate-pressure product (left ventricular
developed pressure multiplied by heart rate). Ischemic postconditioning (6 cycles of 10 s reperfusion/10 s global ischemia starting at
the beginning of the reperfusion) and heptanol reduced arrhythmia scores and conduction velocity of ventricular myocardium.
Administration of AAP10 attenuated the cardioprotection of ischemic postconditioning and heptanol. CONCLUSION  The
cardioprotection of ischemic postconditioning and heptanol may be related to the attenuation of gap junction communication on
myocardial ischemia/reperfusion injury.

KEY WORDS :ischemic postconditioning; gap junction; heptanol; ischemia/reperfusion injury; heart
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5 heptanol ) , 6 = 4 36 10 M (tripheny]
tetrazolium chloride, TTC) >}y Sigma 2\ &) 7= fi s H, N-
Gly-Ala-Gly-4Hyp-Pro-Tyr-CONH, ( AAP10 ) Z53E il &
NHTIRAEE W B2 25 R TR A w5
1.2 B4 Langendorff 3 it A1 Ze 2 DIREVT
SD R, &,1&H 220 ~280 g H#fiLE E¥
FlzBededtt, s g = : SCXK (#f 2003 —0001) ], W
LG HGEBCHO]E, BT 4 C 8t B Krebs-Henseleit
(K-H) W e i g, Bk 56 88 ([ 5 T Langendorff
PETR S, ISR K-H AT # HE (76 mmHg) 3
o PR K-H 4> (mmol - L™") :NaCl 118. 0,
KCl 4.7,K,P0O,1.2,MeSO, 1.2 ,NaHCO, 25.0,CaCl,
1.25, 7524588 10.0 g, pH 7.3 ~7.4,24 95% 0, +5%

Hh [ AR 22 245 2009 41 3 7 45 26 4555 3 1)




CO, TN, AE+r HE WM FE 37 Co PIF A0 B 4%
FKFU AT AL O % RN T ) &R R AR 18
ZEE LIS, i MedLab A=) {5 5 RELF RS
WCSRFN AT o I AZEC 3 N B FLIRC SR AR 200
FE4F 9 K JE (left ventricular end-diastolic pressure,
LVEDP) 435 F 4 ~ 8 mmHg, 3% 4210 58 20 5 K i
JE (left ventricular developed pressure, LVDP) | .[» &
(heart rate, HR) ,.> R 5 k& J& JE ) 3 F ( rate-
pressure product, RPP) (25,003 N R _ETHFIT B
# # ( maximal rise/fall rate of left ventricular
pressure,, (dP/dt,,, ) FEFE AR I 52 A I (] B
AL R 1) PR SEE MK IS o 7 SR PR A I T S S B
W, R 20 06 O B vk I G FL R B S B ( lactate
dehydrogenase , LDH) ) & & .
1.3 Ryl i/ 5 A B R it 1 i Ak B0 J7 vk

ABHYR S Dk e Lk o Ze i 2o H A3l ik B
e Z (AR AR ER DK T 7 (0 2 5k , T (2o Beid il
WK T3 05 ANk ot — BRI, AR e e o —
NS FATAE S L A TP A I o AL P,
PLZ5HL 30 min, 52 #E 120 min 4y sk i/ 5 9 72
TEAHE e S RERN 2N BN 257 3 IR /A5 HEATR 3T
10 s M3t 1 min, SCHER LS L0
1.4 .0 URHAE T A 2

K FH TTC G a2 00 7 AR AR, 34 G S
fdi ] Tmage J i1 (S NIH) 3155 LIRS X 18 AR
fe i DX T AR A LA
1.5 AUfsiE/ 52 RERSRURI R 5 AL B0 7 ik

AR R ] 420550 30 min SZHE 120 min 4L
7 TEAHE IS S RE RV 2057 B 25 77 6 A O B2/
PFHEDRER B3R 10 s 3t 2 min, IR /5 40 2R
1.6 DR IEME

RO AR TP A AR T AR B AT
e BRI L 1
R1 NEREIESE
Tab 1 Arrhythmia scoring system

DHR I DHR Y2
0 PN
1 P PO T A A 2 A 1A
2 R FE R
3 FEOE (L ~2 )
4 FEPOLFhid (>3 B) el E LB

L7 O LA Sk B

SD K BTk Jo T Bt s B O, BT 4 C Rk
ROK-H O o e o i, )R 5% 88 [ e T
BT R 257 2 5 2000 4 3 155 26 %56 3 M)

Langendorff 3% &, DAk B K-H A7 5 R e 7
WMo CAMETEE 3 XM, MR A% Z R R
AN AN 22 ] ), A0 25 3 B () A R L Al — X
A U2 ) B 5 HL AR TP T, 79 et b A 2 1 HE 5] [
ELE— TR b, BN HARAREE 2.5 mm, HLAR
AR, YT 10 AT T OB WA g, A
e E R — I AER R DB . LR
2% SHz FHPAE 67 5K 0T 1 (5004 oL G2 18, 000 o 79 %)
S FLA I I S 300 A B F T ) RS 0 i P S ] 22,
BUESE 5 AR K 0 B 8] 22 178 3, K i
PH B BR LA A R A% S 3%
1.8 SLEpdl
1.8.1  Jayifik i/ & HE.OWUE 73 358 K EBEDL I
Jo10 41, 4 6 H, @ /R 4 ( ischemia/
reperfusion , I/R) + .0 7 20 min J5, 45 FL A2 6 IR
B kAR Z 30 min, SR )5 EHE 120 min; Q6 i )5 ik
2 (ischemic postconditioning, Postcond 41) : [7] I/R
M ABFEE HEVIA S R4S R 3 R 8 (1) e IR 3
T 9% S S B/ ke 1 A 3, AR 10 s, 2594 1 min;
QP g AbFH ¢ [F) 1/R 41, (5462 BEA 45 ) LAk
J&#°40.05,0.1,0.5,1.0 mmol - L' B se s
FREER PHRERE R 15 ming @I/R + AAPIO 41 5] I/R
4 ABAE S FEDTIA R 45 7 5% Bt 7% 2 T ) AAPLO
(1 x10°7 mol - L™") #E % 15 min; G Postcond +
AAP10: [i] Postcond 2H , {H 75 & 3 ) 1 [W] i} 25 ¥
AAPIO(1 x 1077 mol - L™") 3% 15 min; © BT
WFR A W] VR 4, (B AE 44L& IR AT 45 7 0.5
mmol « L™" BEEEAY K-H ERAREHETR 15 min; DB
Pt + AAPLO 2 : [] B st i ik R4, (B 7E 52 0 ) 1 57
BT EE R 1 x 1077 mol - L™" ) AAP1O i 15
min
1.8.2 A FHE/ R WIER /L8 KREBEYLS>
9 4, gd 6 o OXFRRAL O BERRE 20 min 5,
URZERETR 15 min; QAAPIO 41 .0 EFESE 20 min f5,
PREE A IR E R 1 x107° .1 x1077 1 x 107°
mol - L™" 19 AAP10 3% 15 min; @L/R 41 .0 IF P
5 20 min J5, 4045 30 min, SR J5 K 120 min;
@Postcond 4 : [7] I/R 41 ,H7E E A7 BN 25T I
526 Y I 2O EREAFREMIE I, B4 10 s,
312 min; ©PIREIG AL A < [A] /R 4, {H7E &2 R
AL B/ 0.05.0.1.0.5.1. 0 mmol - L~ fy e
FEEHER 15 min; @L/R + AAPIO 41:[5] I/R 41, {H1E
S HERI R AR EE A 1 x 10 "mol - L™'f#%) AAP10
FEWR 15 min; @Postcond + AAP10 4. [] Postcond
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Y1, BRI R B LAY 1 x 1077 mol « L™
AAPIO0 ) K-H 5 H#EJL 15 min; @ PEEE AL FRAL : [F]
VR 4, (HAEAEHERTS T 0.5 mmol - L™ PRk 4k
HEVE 15 min; QPEEETRALFE + AAP10 41 . [7) Jefi 4,
AAEEHERT LAY EE R 1 x 1077 mol + L™ f) AAPI0
VEV 15 min,

L9 Zitsrth

SEEEHE VL ¥ £ 5 #n, R One-way ANOVA
F1 Newman-Keuls VL1581 H22 5017
2 SR
2.1 I A BT S 0L/ A B LK) S i)

5 /R 4L, Bl A B 4] LVDP RPP B i
W = dP/du,, JEOR K Y 22, 520 I [A) el Jok
U LDH s AR, 45 R L 1, 3R 2, R
(O T PR T B A5 R 46 3, O A% 3 FE
1%, 45 5 UL 2, 0 LA B8 1 AR B S s/ (/R 4]
49.11% =+ 18.29% , &k Ifil J5 4b PR 4H 25.51% =+
8.94% ,P <0.05)

75 ) o
/R
E==Postcond

T, 50 | E=1/R+AAP10
= MMM AAP10+Postcond
=
=
— 251

0

5 10 20
STHERTIH] /min
B 1 S s AAPIO (1 x107 mol + L71) 3 & &

JIE 8% 1 30 min , & 7 120 min B 7 i 7 LDH 89 % 0 (n
=6,x£5s)

T - ki LS, P <0.05,%) P <0. 015 5 il /5 4k AL b
#,YP<0.05,4P<0.01

Fig 1 Effect of postconditioning ( Postcond) and AAP10 (1 x
107 mol - L") on LDH activity in the coronary effluent of the
isolated rat hearts subjected to 30 min of regional ischemia and
120 min of reperfusion (I/R)(n=6,x +s)

Note:"" P < 0.05, P < 0.0l vs I/R;¥ P <0.05,Y P <0.01 vs

Postcond

F2 HmFAIEM AAPIO M B RS JES L/ FE R PO EF A FAANE N (n=6,x%5)
Tab 2 Hemodynamic parameters in the isolated reperfused rat hearts(n =6 ,x +s)
S HE/ min
2 S 1L T
30 60 90 120

LVDP (kI Fi % )

I/R 100(91.12 +22. 83 mmHg) 63.37+11.00 58.62+ 5.39 50.53+ 0.24 45.78 + 4.43
Postcond 100(75.50 £11.58 mmHg) 90.44 + 4.56" 79.51 £15.81% 77.62 = 8.27% 76.59 = 6.50%
I/R + AAPI10 100(88.54 + 3.05 mmHg) 7275+ 9.77 67.84+ 5.73 64.95+ 4.73 55.30+ 5.38
Postcond + AAP10 100(92.42 + 7.05 mmHg) 60.68 +31.17%) 58.19 £11.05> 55.55 +20.44% 51.00 £26.48%
RPP (1 IfLFTHI% )

/R 100(18548. 18 £4656.92 mmHg - beat ="' ~min~') 67.44 = 2.11 57.64+ 7.99 54.87+ 8.46  46.08 £23.78
Postcond 100(20132. 10 +6511.83 mmHg - beat ™' - min~!) 98.22 +13.34% 85.80 +14.68" 84.21 +12.34" 82.10 +12.22"
I/R + AAPI10 100(20878.09 +3601.33 mmHg « beat ™' - min~') 74.39 = 8.18% 68.99 £24.45 59.19 +23.61% 57.14 =18.06
Postcond + AAP10 100(22598.43 £3919.64 mmHg - beat ™' - min~') 66.95 = 1.72% 62.61 £10.30% 59.31 =14.20> 50.12 =18.22%
+ dP/ dtmax ( SR IfiL T Y% )

I/R 100(1960.05 £778.22 mmHg - s~ ') 63.25+ 3.26 56.86+ 4.44 58.30% 5.45 51.10% 4.11
Postcond 100(1587.12 +526.38 mmHg - s ") 96.46 = 3.41% 83.37 £12.93% 82.01 +18.38% 82.88 +20.67%
I/R + AAPIO 100(2798. 66 £395.39 mmHg - s ') 63.63+ 4.51 58.86+ 6.28% 55.36+ 2.72Y 50.98 = 5.80%
Postcond + AAP10 100(2797.29 £279.59 mmHg - s 1) 76.30 £19.72% 70.52 £ 9.56% 67.65+ 9.34% 60.75 £10.73Y
— dP/ dtmax ( R IR % )

/R 100( —1351.58 +486.55 mmHg + s ') 69.10 £19.56  61.49 +14.73 59.8 +11.82 52.67 +12.31

Postcond 100( —1197.16 +£307.57 mmHg - s ")
I/R + AAPI0 100( —1463. 11 £388.33 mmHg - s ')
Postcond + AAP10 100( —1460.02 +274.64 mmHg - s ')
CF(BRINATIY% )

/R 100(8.28 +0.28 mL - min~!)
Postcond 100(7.17 £1.04 mL + min ")
I/R + AAPIO 100(7.57 £0.88 mL + min ")
Postcond + AAP10 100(7.77 0. 15 mL - min~")

93.73 + 3.02% 78.49 +13.75" 73.73 +22.26 3.13 +24.03"
54.86+ 0.16% 45.02+ 3.46% 44.94+ 3.41% 37.40 + 3.42%
56.18 + 2.29% 47.69 + 5.24 48.61+ 6.81% 38.70 + 3.30%

65.68 + 8.09 57.25+ 3.46 47.68+ 6.62 41.43x 3.54
79.94 £15.45" 73.19 £11.64" 69.44 +20.16" 64.06 = 8.11%
63.19+ 9.21% 51.46+ 7.60" 46.58 =+ 9.16% 42.47 +10.46"
62.15+ 9.00% 59.52 +10.63% 56.94 +11.44  50.55 +10.55>

S/ R HE D P <0.05,7 P <0.01 5 5§ F 4 B4 He g > P <0.05, P <0.01

Note:"" P <0.05,2 P <0.01 vs I/R;> P <0.05,Y P <0.01 vs Postcond
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F3 G5 AIE AAPIO(1 x 107 mol - L™1) Ao A Rl o
B2 (0.05,0.5,0.1,1 mmol - L") ¢ & K% I 5 fr 30 min,
AV 120 min O ZRKFITF LN T H(n=6,x+5)

Tab 3  Effect of postconditioning ( Postcond) , AAP10 (1 x
10 " mol - L™") and different doses (0.05, 0.5, 0.1,1 mmol
- L™, respectively ) heptanol on arrhythmia scores in the
isolated rat hearts subjected to 30 min of regional ischemia and

120 min of reperfusion (I/R) (n=6,x xs)

S HE I 5]/ min

0~30 31 ~60 61 ~120
I/R 3.16£0.75 2.50+0.84 1.60 +0.38
Postcond 0.50 £0.54% 0.33 £0.51% 0.33 +0.512
I/R + AAP10 1.00 £0.89% 0.66 +0.52" 0.66 +0.52%
Postcond + AAP10 2.50 £1.34% 2.00 +1.67% 0.66 +0.52%
JEfE/mmol - L
0.05 3.57£0.86 2.33+0.61 0.30+0.31"
0.1 0.83 £0.75% 0.66 +0.52% 0+0%
0.5 0.83+0.75Y  0=x0% 0+0%
1.0 1.16 £0.75% 0.33 +0.51% 0+0%

i/ HEA D P <0.05, 2 P <0.01; S fi 4b B4l
H#% .3 P<0.05, ¥ P<0.01
Note:" P<0.05, ¥ P <0.01 vs /R;* P <0.05, ¥ P <0.01 vs

Postcond

= [/R
—+—Postcond

—— [/R+APP10

—— APP10+Postcond

e P /me s
cooooo o ==
W A OO NN 00O =N

1% lb 2b 3‘0 6IO 9IO 120

SHEIRIE] /min
B2 5408 A AAPIO(1 x 1077 mol « L") %t 3 fRls i (%
3 30 min (Z I 120 min B0 JLE FHEE R (n=6,5£s5)
W S/ B A R, Y P <0.05,2 P <0.01; 5 Bl f5 b B4 L
#%,3P<0.05,YP<0.01
Fig 2 Effect of postconditioning ( Postcond) and AAP10 (1 x

0

107 mol + L™") on conduction velocity of ventricular
myocardiaum from the isolated rat hearts subjected to 30 min of
global ischemia and 120 min of reperfusion (I/R) (n=6,x +s)
Note:") P <0.05,2 P <0.01 vs /R;¥ P <0.05,Y P <0.01 vs

Postcond

2.2 BRI/ A0 O LA SE R

MR 4 7 0.05,0.1, 0.5, 1.0
L BB, 5 /R AR, 4% el 4a 1.0 L
SERERT RO R VAT TR, S5 R WK 3wk
BEBE(0. 1 ~ 1.0 mmol - L~") {0 LT BE S 45 7>
(I/R 41 49.11% +18.29% ,0. 1 mmol - L~" Bifisig
27.93% +1.38% ,0.05 mmol - L' BEE4H 21. 26%
£5.00% ,1.0 mmol - L' BifiEzH 16. 24% +3.44% ,

526 B 3

mmol *

Hh E AR T 252 2 75 2000 4E 3 1

=21 P <0.01), & ¥ Wi (8 56 Bk ot % h LDH 5 &
REAIG AL T FERRAIG, S5 2R LA 3 4

I/R

nr E=A0.05 mmol - L P
E=10.1 mmol -L™" PifE
50 [ 0.5 mmol - L™ PEfE

XY 1 mmol-L ™" PifiE

SMERSIA) /min
B3 f R E K (0.05,0.5,0.1,1 mmol -
W B of 30 min & ¥ 120 min B & kR & LDH B &y
(n=6,x%s)
T i LR, P <0.05,%) P <0.01
Fig 3 Effects of heptanol of different doses (0.05, 0.5, 0.1,1

L) s Bk

mmol - L™', respectively) on LDH activity in the coronary
effluent of the isolated rat hearts subjected to 30 min of regional
ischemia and 120 min of reperfusion (I/R) (n=6,x +s)
Note:" P <0.05,2 P <0.01 vs I/R

1.2

1.1

1. 0F —=—1/R
T‘_” 0.9 ——0.05
g 0. 8 ——0.1
0.7k ——0.5
1\_?' 0. 6 —o—1

0. 5F

0.4t

0.3— . . .

JLgk 5 10 20 30 60 90 120
SRERTA] /min

B4 FEKEFEE(0.05,0.5,0.1,1 mmol - L") 3t Bk
N5 JIE 45 30 min & ¥ 120 min B L R EE WP (n =

6,xxs)
S/ Z Al A, P <0.05, 2 P<0.01
Fig 4 Effects of heptanol of different doses (0.05, 0.5, 0.1,1
mmol + L™ respectively) on conduction velocity of ventricle
muscle from the isolated rat hearts subjected to 30 min of global
ischemia and 120 min of reperfusion (I/R) (n=6,x +s)
Note:") P<0.05, ¥ P <0.01 vs /R
2.3 AAPLO XJIEH L LI S BE 52 5
1)(10_6,1)(10_7,1)(10 1 - L™"f) AAP1O
Y BIBLCNURAE FRE (m - s71) HIIERBIY 1.05 +
0.05 #in%) 1. 13 £0.04(P <0.05) ,1.30 £0.05(P <
0.01),1.43 £0. 11 (P <0.01) , F-EFIEEMNER R,
2.4 AAPI0 X BRI/ SZHECLIR A H]
5 I/R AL, AAP10 + I/R 409 RPP,LVDP,
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+dP/dt,, ALk i  LDH & 1 0 LR SE 1 AR
WIS AR Ak, S5 R LI 1,38 2 (H BT AR 1 S I 45
IF PR AR O 2R R PR ), S5 IR LR 3, B I AZ 9 30
min {ijf .0 UL ST, 28R ILE 2,
2.5  AAPIO Jek 55 ik i f5 b R O ILER 4
SHERIARIEFZE T 1 x 1077 mol « L™' % AAP10
WO T O A BB = 5 Y RPPLVDP, + dP/
d,, AER L S5 R L2 2, O 1 6k a5 Ab B3 5
ik it e AN AR et ok ikt i LDH R 7, 25
DL 1, 3% 2, B0 T Hi i 5 Ab R A0 B OS H T 4
MIVERT, 25 R 3, B0 1 B 5 AL 345 /N0 L
FEAE R AE (SR AR #R4 25.51% +8.94% ,
AAP10 + il If J5 Ab PR 4H 44.79% + 14.77% , P <
0.05) o SHEMT O LA T3 BE b e Il 5 Ak 2 28
PRI 2,
2.6 AAPI0 Jaki 55 B O ILER B4
EHEMMFE AT 1 x107 mol « L7
AAP10, 3855 1 B4 /N U FE AR A A ( B i
21 6.96% +3.69% , JilEt + AAP10 4] 43.97% =+
8.67% ,P <0.01) ,J8 55 1 PR B A0 L 2R P 4
HIVE T (B4 0. 88% +0. 64% , BFfEE + AAPIO 4
2.0% +0.89% ,P <0.05) , 55 T P FELRAIG & e
WA UL R EE VR, 45 R WAL S .
1.2r
1.1¢

1.0r
-=—I/R
— iR
—v— JEE +AAP10

0.9}
0.8}
0.7}

fE G /me s

0.6

0.5}
0.4

4 5 10 20 30 60 90 120
SRENSI] /min
B 5 BFE# (0.5 mmol - L™')f1 AAP10 (1 x1077 mol - L")
X4 B o0 42 7 30 min £ ¥ 120 min B0 AL B3 8 B
(n=6,x%s)
e S/ S HEAL R, P <0. 05 ; S HEmEAL L, P <0. 05
Fig 5 Effects of heptanol (0.5 mmol - L™") and AAP10 (1 x

1077 mol + L™") on conduction velocity of ventricle muscle from
the isolated rat hearts subjected to 30 min of global ischemia and
120 min of reperfusion (I/R) (n=6,x +s)
Note: ') P <0.05 vs I/R; P <0. 05 vs heptanol
3 i

ARSLEG T B O W AU R B R B, R I ) Ak
B ] W S PACSE T A A R Ik 1/ 52
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P JF R KA, WO WL A b A5 i LDHL (9 H
iU JUUREBE TR, i/ 2 0 T 2 3 1 e
G0 22 T R ) R st A 28 (LA D, 3k A LA
SPUE P AT i B 1 2 T 0] AAPLO. FTBELIT , 3713 4
BT RES S T B b3 A O WU R

5 I 2 R A0 200 2 (1) 4 65 1, A 40 T
YRR LA A fOE B, 8 Al AT R kAT
3 0T AR S A R I R IR X T £ S T ek
BB B S — 40 i, 2 30 4 B e 5 TR A A T
ALAE RITFEF A, o JULZH I ) 4 HL R IR X 00 JUE 2%
I B 2 G L S R RS E MRV T, R, 7 ke
SE 1 G 7 THT , A B P B ) T R ST
TEASZH i, 535 e JT 90 A2 Pt 4 78 0 25 UL 40
Fi L S P TT L V42 52 e o JUL P 1] 42 I 2 2 o
B H 5 0

TESEHG b, B R B2 Bl JF AL RO L, 76 52
P Y[R Co LA B B o A [ 30 ik ) BB A
S YR ) O LA 5 0 B TR S [ B 12, [
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