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Abstract

Objectives: We assessed the effect of milrinone application timing after reperfusion

against myocardial stunning as compared with levosimendan in swine. Furthermore,

we examined the role of p38 mitogen-activated protein kinase (p38 MAPK) in the

milrinone-induced cardioprotection.

Design: All swine were subjected to 12-min ischemia followed by 90-min reperfusion to

generate stunned myocardium.  Milrinone or levosimendan was administered

intravenously either for 20 min starting just after reperfusion or for 70 min starting 20

min after reperfusion. In another group, SB203580, a selective p38 MAPK inhibitor,

administered with and without milrinone. Regional myocardial contractility was

assessed by percent segment shortening (%SS).

Results: Milrinone starting just after reperfusion, but not starting 20 min after

reperfusion, improved %SS at 30, 60, and 90 min after reperfusion compared with that

in the control group. SB203580 abolished the beneficial effect of milrinone. On the

other hand, levosimendan starting 20 min after reperfusion, but not for 20 min starting

just after reperfusion, improved %SS at 60 and 90 min after reperfusion.

Conclusions: Milrinone should be administered just after reperfusion to protect

myocardial stunning through p38 MAPK, whereas levosimendan improvement of
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contractile function could be mainly dependent on its positive inotropic effect. (194

words)
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Introduction

Myocardial stunning is defined as reversible post-ischemic left ventricular (LV)

dysfunction following a brief ischemic episode that does not result in necrosis [1]. In

clinical situations, myocardial stunning occurs after percutaneous transluminal coronary

angioplasty (PTCA) or cardiac surgery [2, 3].

Milrinone, a phosphodiesterase Il (PDE I1lI) inhibitor, leads to sequential

elevation of intracellular cyclic adenosine monophosphate (cAMP) and

CAMP-dependent protein kinase (PKA) activation and exerts positive inotropic and

vasodilatory effects. Milrinone has been clinically used for the treatment of acute

heart failure or low-output syndrome caused by myocardial dysfunction after

cardiopulmonary bypass [4, 5]. It has been shown that milrinone has both

preconditioning (PreC) and postconditioning (PostC) properties against myocardial

infarction [6, 7]. Milrinone also protects against myocardial stunning when

administered before ischemia and just after reperfusion [8]. However, the underlying

mechanisms involved in the milrinone-induced cardioprotective effect against

myocardial stunning have not been fully clarified.

The clinical efficacy of levosimendan in patients with heart failure resulting

from ischemic heart disease, dilated cardiomyopathy, and acute myocardial infarction
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has been well documented [9, 10]. Levosimendan produces PreC and PostC against

myocardial infarction via activation of adenosine triphosphate (ATP)-sensitive

potassium (Karp) channels [11]. It is also reported that levosimendan administered 10

min after PTCA improves contractile function in stunned myocardium [12]. In

contrast, Brendt et al. [13] reported that levosimendan exerted an anti-stunning effect

when started before ischemia, but not when started after ischemia in isolated guinea pig

hearts.

PostC is more likely than PreC to be feasible as a clinical application, and may

be useful in unpredictable myocardial ischemia-reperfusion injury. The majority of the

injury responsible for myocardial stunning and infarction develops during the early

phase of reperfusion [1]. Our previous study also reported that fasudil administered

just after reperfusion but not 30 min after reperfusion protects the stunned myocardium

[14]. Therefore, a pharmacological cardioprotective effect depends on the application

timing after reperfusion.

p38 mitogen-activated protein kinase (p38 MAPK) has been shown to play an

important role in the cascade of not only PreC [15] but also PostC [16-18]. Lemoine et

al. [17] showed that desflurane, a halogenated anesthetic, administered during

reoxygenation activates p38 MAPK, and enhances the recovery of developed force in
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human atrial myocardium. Sanada et al. [6] also showed that milrinone administered
before ischemia reduce myocardial infarct size via cAMP-, PKA-, and p38
MAPK-dependent mechanisms.

The aims of this study were to clarify whether the administration timings of
milrinone and levosimendan during reperfusion have critical influences on this
compound-induced cardioprotection against myocardial stunning in anesthetized
open-chest swine, and whether p38 MAPK is involved in the protective effect of

milrinone.
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Materials and methods

All experimental procedures used in this investigation were reviewed and

approved by the Institutional Animal Care Committee of Nagasaki University. Date of

issue and registration number is December 4 2007 (No. 712040634) and January 11

2011 (No. 1012270891). The experiments ended by euthanasia with a high dose of

potassium inducing ventricular fibrillation (VF).

Surgical procedure

Seventy-six swine of either sex weighing 19-34 kg were sedated with 20

mg/kg intramuscular ketamine hydrochloride. Surgical preparation was performed as

described previously [8, 14, and 19].  Briefly, swine were anesthetized with 100 mg/kg

intravenous a-chloralose and 10 pg/kg fentanyl, followed by continuous infusion of 10

mg/kg/h a-chloralose and 5 pg/kg/h fentanyl throughout the study period. Through a

midline cervical incision, the trachea was intubated for connection to a Harvard

respiratory pump (Harvard Apparatus Co., South Natick, MA, USA). Mechanical

ventilation was facilitated by intermittent infusion of 0.2 mg/kg vecuronium, and

adjusted to maintain the arterial carbon dioxide tension (PaCO,) at 35-40 mmHg and the

arterial oxygen tension (PaO,) at 100-300 mmHg. The body temperature was
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maintained throughout the study period using a warming blanket and a heating lamp.

A catheter was inserted into the right carotid vein to administer fluid and drugs.

Lactated Ringer’s solution was infused at a rate of 5 ml/kg/h.  Systemic

anticoagulation was achieved with sodium heparin, at 750 U/kg i.v., followed by

continuous infusion at 250 U/kg/h.  Sodium bicarbonate was administered to maintain

base deficit within 5 mmol/l.  Arterial blood glucose concentration was maintained at

70-140 mg/dl. A standard peripheral lead electrocardiogram was monitored

continuously. Medial sternotomy was performed and the pericardium was opened to

expose the heart. The left anterior descending coronary artery (LAD) distal to the first

diagonal branch was cannulated with a stainless steel cannula and perfused with blood

from the left carotid artery through an extracorporeal circuit. Coronary blood flow

(CBF) of the perfused area of LAD was measured with an ultrasonic flow probe

(ADP17; Crystal Biotech, Hopkinton, MA, USA) attached at the extracorporeal circuit.

Pressure transducer-tipped catheters (PC500; Millar Instruments, Houston, TX, USA)

were connected to the LV chamber cannula through an incision in the apex and right

internal carotid artery cannula for continuous recording of left ventricular pressure

(LVP) and arterial blood pressure, respectively. The peak rate of increase in LVP

(LVdp/dt max) was determined by electric differentiation of the LV pressure waveform.
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Two ultrasonic segment length transducers were implanted 10-15 mm apart in the

subendocardium of the perfused area of the extracorporeal circuit and aligned such that

the intercrystal axis was parallel to the direction of myocardial fiber shortening. The

regional contractile function was assessed by percent segment shortening (%SS).

Segment length was monitored by ultrasonic amplifiers (VF-1; Crystal Biotech,

Hopkinton, MA, USA). The end-systolic segment length (ESL) was determined to be

10 ms before maximum negative LVdp/dt, and the end-diastolic segment length (EDL)

was determined to be 10 ms before the LVdP/dt max first exceeded 140 mmHg/s

(immediately before the onset of LV isovolemic contraction). %SS was calculated

using the following formula: %SS = (EDL — ESL) x 100 x 1/EDL. All hemodynamic

data were continuously monitored on a polygraph and digitized through a computer

interfaced with an analog-to-digital converter (HEM; Physio-Tech, Tokyo, Japan).

Experimental protocols

Figure 1 shows the experimental time course. Baseline systemic and coronary

hemodynamics and %SS were recorded 30 min after instrumentation was completed.

Seventy-six swine were randomly assigned to one of seven groups. If the pig was

excluded before completion of the experiment, the next one was assigned to the same
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group. Each swine was subjected to 12-min ischemia with complete occlusion of the

extracorporeal circuit followed by 90-min reperfusion. In large mammals, dogs, and

pigs, myocardial stunning can be induced by a single completely reversible episode of

regional ischemia lasting less than 20 min. We carried out preliminary study to

determine the ischemic period. We aimed at about 50% recovery from baseline after

90-min reperfusion. Group A (n = 12) received intravenous infusion of saline after

ischemia until the end of the reperfusion period. Group B (n = 11) received

intravenous milrinone starting just after reperfusion at a rate of 5 pg/kg/min for 10 min

followed by 0.5 pg/kg/min for 10 min. Group C (n=12) received intravenous

milrinone starting 20 min after reperfusion at a rate of 5 pg/kg/min for 10 min followed

by 0.5 pg/kg/min until the end of reperfusion. Group D (n=9) received intracoronary

SB203580 starting just after reperfusion at a rate of 1.2 ug/kg/min for 20 min. Group

E (n=11) received a combination of intravenous milrinone at a rate of 5 pg/kg/min for

10 min followed by 0.5 pg/kg/min for 10 min and intracoronary SB203580 at a rate of

1.2 pg/kg/min for 20 min starting just after reperfusion. Group F (n = 10) received

intravenous levosimendan starting just after reperfusion at a rate of 1.2 pug/kg/min for 10

min followed by 0.2 pg/kg/min for 10 min. Group G (n = 11) received intravenous

levosimendan starting 20 min after reperfusion at a rate of 1.2 pug/kg/min for 10 min

10
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followed by 0.2 pg/kg/min until the end of reperfusion. The administration rates of

intravenous milrinone and levosimendan were set on the basis of the clinical doses [5,

10] and our previous study [8]. The administration rate of intracoronary SB203580

was set on the basis of a previous study [6] and our preliminary study.

Hemodynamics and contractile function were monitored continuously

throughout the experiment and recorded at the time points illustrated in Figure 1 (Po:

baseline, R.1,: just before ischemia, Ry: just before reperfusion, Rs Rz Rsp Reo, and

Roo: 5, 20, 30, 60, and 90 min after reperfusion, respectively).

All swine received 2 mg/kg intravenous lidocaine at 1 min before reperfusion.

When five or more premature ventricular contractions per minute or multifocal

premature ventricular contractions were observed after reperfusion, 1 mg/kg intravenous

lidocaine was administered and repeatedly given if necessary. Swine with continuous

VF or ventricular tachycardia (VT) after reperfusion were excluded from the study.

The incidence of VF or VT and the total amount of lidocaine used for 10 min after

reperfusion were compared among groups.

Statistics

All data are expressed as mean = SD. One-way analysis of variance

11
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(ANOVA) for non-repeated measures followed by the Student-Newman-Keuls (SNK)
post hoc test was used to test for differences in baseline hemodynamics, %SS, and total
dose of lidocaine administered after reperfusion among groups. Data within groups
were analyzed with one-way ANOVA for repeated measures, and data between groups
were analyzed with two-way repeated measures ANOVA followed by the SNK post hoc
test. The incidence of VF or VT was analyzed by the x* test. P values < 0.05 were
considered statistically significant.  Statistical analysis was performed using SPSS 15.0
software (SPSS Japan, Tokyo, Japan) or GraphPad Prism 5.0 (GraphPad Software, San

Diego, CA).

12
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Results

There were no significant differences in weight or sex among the groups.

Arterial blood gas values and blood glucose were maintained within physiological

ranges in all swine throughout the study period (data not shown).

Reperfusion-induced arrhythmias

Table 1 summarizes the assessment of reperfusion-induced arrhythmias. Four

swine in each of groups A and E, three swine in each of groups B, C, D, and G, and two

swine in group F had continuous VF or VT after reperfusion and were excluded from

further analysis. The incidence of VF or VT and the total amount of lidocaine used

were not significantly different among groups.

Hemodynamics

Table 2 shows the systemic and coronary hemodynamics throughout the time

course of the study. There were no significant differences in any measured systemic or

coronary hemodynamics at baseline among groups. There were no significant

differences among groups at any measured point in terms of heart rate. Mean arterial

pressure and LV systolic pressure in group F at Rgy and Rgy, and LV end-diastolic

13
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pressure in group F at Ro, were significantly increased from the baseline values.

LVdp/dt max was significantly decreased in group F at R,. CBF increased

significantly at Rs compared with that at baseline in all groups and returned thereafter,

and there were no significant differences between groups at any measured point.

Regional myocardial contractility

There were no significant differences in baseline values of %SS among groups

(Table 2). The percent changes of %SS from baseline throughout the time course are

shown in Figures 2 and 3. All swine showed negative %SS values at the end of the

ischemic period (Ro), which indicates bulging. The values of %SS at R3g, Reo, and Ry

in group B (60 £ 7%, 72 + 5%, and 79 = 5% of baseline, respectively) were significantly

higher than those in group A (38 + 7%, 41+ 7%, and 44 + 11% of baseline, respectively).

The values of %SS at Rgo and Ry in group G (63 £ 13% and 63 + 15% of baseline)

were significantly higher than those in group A. However, there were no significant

differences in the values of %SS in groups C, D, E, and F compared with those in group

A at any measured point.

14
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Discussion

The present results show that milrinone administered starting just after

reperfusion, but not starting 20 min after reperfusion, improves myocardial stunning in

anesthetized open-chest swine. The p38 MAPK inhibitor, SB203580, alone did not

alter the extent of myocardial stunning, but it abolished the beneficial effect of

milrinone administered just after reperfusion. In contrast, levosimendan administered

intravenously starting just after reperfusion for 20 min did not improve myocardial

stunning, whereas continuous infusion for 70 min starting 20 min after reperfusion

could improve regional myocardial contractility.

Effects of milrinone

An important aspect of the pathophysiology of stunned myocardium is that the

contraction can be restored when exposed to inotropic stimuli [20]. Therefore,

milrinone administered after reperfusion might produce both inotropic and

cardioprotective effects. However, in the present results, it is unlikely that milrinone

administered just after reperfusion for 20 min in group B could have improved

myocardial contractility through its direct inotropic action because it was reported that

there is a positive correlation between the plasma concentration of milrinone and its

15
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inotropic effect, and that the plasma concentration of milrinone is undetectable 60 min

after the administration of 60 pg/kg over 6 min [21]. Furthermore, the present results

also show that milrinone administered starting 20 min after reperfusion until the end of

reperfusion in group C could not have improved myocardial contractility, in spite of a

probably higher plasma concentration than in group B. Thus, the beneficial effects of

milrinone administered just after reperfusion would be exerted through its PostC effect

against myocardial stunning, but not through its positive inotropic effect.

In the present results, milrinone administered just after reperfusion, but not 20

min after reperfusion, protects myocardial stunning, suggesting that treatment with

milrinone should be applied just after reperfusion to protect myocardial stunning. Our

previous study showed that a Rho kinase inhibitor, fasudil, administered just after

reperfusion but not 30 min after reperfusion protects the stunned myocardium [14]. It

is likely that a pharmacological cardioprotective effect would depend on the application

timing after reperfusion.

Role of p38 MAPK

Several studies have suggested the involvement of p38 MAPK in the cascade

of cellular events triggered during ischemia—reperfusion, and also following PreC [15]

16
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and PostC [16-18]. Lemoine et al. [17] showed that desflurane administered during

the first 5 min of reoxygenation activates p38 MAPK and enhances the recovery of

developed force in human atrial myocardium. They also showed that SB202190, a

specific p38 MAPK inhibitor, abolished the enhanced recovery of contractile force

resulting from desflurane-induced PostC. Liu et al. [16] showed that hypoxic PostC

attenuated ischemia/reperfusion-induced endoplasmic reticulum stress and apoptosis via

p38 MAPK activation. We carried out preliminary study to clarify the role of p38

MAPK in the cardioprotective effect of milrinone administered before ischemia against

myocardial stunning. Milrinone, administered intravenously at a rate of 5 pg/kg/min

for 10 min followed by 0.5 pg/kg/min for 10 min until 30 min before ischemia,

enhanced the functional recovery from myocardial stunning. Cotreatment with

SB203580, administered by continuous intracoronary infusion at a rate of 1.2 ng/kg/min

for 20 min until 30 min before ischemia, prevented this protective effect. Furthermore,

our present results show that SB203580 abolished the beneficial effect of milrinone

administered just after reperfusion, suggesting that milrinone administered before

ischemia or just after reperfusion would exert the cardioprotective effect against

myocardial stunning through activation of p38 MAPK.

17
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Effects of levosimendan

Sonntag et al. [12] reported that 24 pg/kg levosimendan administered

intravenously 10 min after PTCA improves contractile function in stunned myocardium.

In the present results, levosimendan administered intravenously starting 20 min after

reperfusion (group G), but not starting just after reperfusion (group F), improved

regional myocardial contractility at 60 and 90 min after reperfusion. Levosimendan is

known to cause dose-dependent improvements in systemic and pulmonary

hemodynamics and reduction in clinical symptoms in patients with heart failure [22].

The elimination half-life of levosimendan is 1.3 hours in patients who receive 0.2

pg/kg/min continuous infusion for 24 hours [23]. It is likely that the plasma

concentration of levosimendan in group F would be insufficient to improve regional

myocardial contractility at 60 and 90 min after reperfusion because these time points are

40 and 70 min after discontinuation of levosimendan. Brendt et al. [13] reported that

an anti-stunning effect was seen when levosimendan was started before ischemia, but

not when administered for 10 min just after ischemia in isolated guinea pig hearts.

They suggested that levosimendan administered after reperfusion could not produce

cardioprotective effects against myocardial stunning. In the present results, the

improvement of contractile function induced by levosimendan administered after

18
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reperfusion would be dependent on its positive inotropic effect, but not on the protective

effect against myocardial stunning.

Conclusion

Both milrinone and levosimendan administrated after reperfusion improve

contractile function in stunned myocardium. The effect of milrinone would be

mediated by the activation of p38MAPK, excreted when milrinone is applied just after

reperfusion. In contrast, the effect of levosimendan would be dependent on its positive

inotropic effect, but not on the protective effect against myocardial stunning.

19
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Tables

Shibata

Table 1. Incidence of ventricular fibrillation (VF) or ventricular tachycardia (VT) and
total amount of lidocaine used during the first 10 min after reperfusion

GroupA  Group B

GroupC GroupD GroupE GroupF  Group G

Total Number 12 11
Incidence of 4 3
VT/IVF

Lidocaine 2.4+1.0 2.8+0.9
(mg/kg)

12 9 11 10 11
4 3 3 2 3

23+06 2.2+0.7 2.4+0.9 2.1+0.4 2.8+1.5

Values are mean + SD.
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Table 2. Systemic and coronary hemodynamics, and contractility
Group Py Rz Ro Rs Rao Rao Reo Reo
HR A 93 15 90+16 95 17 100 16 101 18 102 £19 103 £16 101 17
B 87+10 85+13 84+13 90+13 93 £13 92+12 87 11 85+12
C 83+13 8314 89 18 84 £19 85+19 89+24 88+24 86 £19
D 90+13 90 £17 93 18 89 18 9017 90+18 87+21 89 +20
E 85 *12 85 *12 89 14 89 11 89+15 88 +14 86 £13 84 11
F 108+19 109 18 109+19 110£19 113 22 111421 105 13 101+19
G 9111 90 £13 93 14 95 +14 95+15 9517 100 £21 96 +28
MAP A 99 +20 96+19 96 £16 92 £13 95 +20 97 £19 96 +20 96 +22
B 88+17 88+18 84 17 8114 82+17 85 *15 89 15 91+19
C 98+16 96 £17 98 £17 96 £18 102+18 103 £15 105 £13 10711
D 88+10 87 10 85 *12 84 11 92+12 95 +12 96 £11 98+9
E 95 *16 94 17 95 +21 95 £19 99 £16 102 £14 105 15 106 £17
F 100 £16 10117 100 £16 98 £18 102+20 106 £17 110+18* 113+18*
G 112+13 112+15 109 £12 103 +14 10712 106 £17 110 16 111+19
LVSP A 114 +23 112421 102 £15 106 *19 105 22 109 £24 107 £23 107 £25
B 102+14 103+15 95 14 96 £14 95+13 98 £12 102 £17 10317
C 103+18 103+18 95 16 103 £19 10217 107 £16 113 +18 116+14
D 10619 104 £19 98 +21 105 *15 109+17 111 +14 115 16 114+14
E 110 17 109 £17 102 £23 110 +23 114 21 116 +16 120 £15 120 £16
F 112 17 114+18 105 14 110 17 114+18 116 +16 121+18* 122+20*
G 128+19 130+18 115 %14 118 16 120+13 123 £19 127 £19 128+21
LVEDP A 9.4+1.9 9.8+1.8 11.0+2.4 11.0+2.4 10.5+2.4 10.7£1.9 9.6 £2.0 9.8+2.8
B 8.7£3.2 8.5+2.8 10.8+4.6 9.6 +4.0 8.8 3.7 9.0+3.3 8.7+3.3 9.0+35
C 8324 8423 9.3+2.3 8.717 8.7+1.8 8114 8.1+1.4 7.6%1.9
D 7.4 +3.6 7432 7.7£3.4 7329 7.0£3.2 6.8 +3.5 7.0£3.3 8.4+3.4
E 8.5+25 8.4 £22 9841 9.845.0 8935 9.1£35 7923 7322
F 7.4%22 7.7£2.3 9.1+2.8* 9.2+2.8* 8.4+26 8226 7526 8.2 3.7
G 9526 9.7+23 10.4+2.3 10.0£3.0 9.4+2.3 9116 8.7x2.1 8319
Lvdp/dt A 2367+761 2292+702 2091775 2120+566 2189+712  2290+697 2300%652 2134657
max B 2220 +359 2168+350  1994+408 2018519 2126492  2110+491 2166+472 2163+408
C 2113 +474 2150457 1944 £365  1923+416 1886+451 21774554 1972+321 2043+356
D 2025 +375 2049+454 1836 £207  1926+405 1859+251  1887+£372 1887+445 2028585
E 2165 794 2110796  1904+634 2191746 2160+818 2087+593 21924612 2237728
F 2547 449 2512+401 2209+280*  2325+375 2483+411  2472+482 2396+448 23424584
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G 2369 +276
CBF A 34.4 £10.5
B 28.5+8.8
C 29.0£5.0
D 31.6+3.6
E 32.0+6.2
F 34.4+7.1
G 35.2+7.9
%SS A 23.8+5.0
B 27.4+4.3
Cc 24.8+3.3
D 27.4+4.4
E 24.6%5.0
F 25.0 £6.7
G 20.2+3.9

2340+295

35.6+11.4

29.5+11.0

28.7+5.8

32.1+3.6

31.8+6.4

34.9+7.1

35.948.5

23.845.6

27.5+45

248 £3.5

271.2+44

24.6%5.1

244 +7.1

20.4 £3.8

2216 +219

-2.0£1.9*

-2.9+1.7*

-2.3 £1.4*

-2.6 £1.7*

-2.8+1.6*

-0.9 +0.8*

-2.5+1.8*

23194317

46.7+11.4*

45.0+15.4*

46.6+8.4*

46.9+6.3*

49.3+12.4*

45.3+10.8*

45.9+5.4*

7.9 £2.3*

10.1 +3.5*

10.2+2.2*

9.5£1.9*

9.5 +£3.7*

8.7 £3.9*

8.0£2.7*

2376367
29.8+10.6
27.0£10.4
26.4+6.4
34.0 +4.7
34.3£7.8
29.8+4.1
28.6 £7.6
8.8+2.5
13.4+2.31
10.0+2.1
10.8 +2.0
11.5+4.1
10.8+5.8

8.0+4.0

2615+451
30.9+9.8
27.3+10.1
30.2+6.1
32.6 £2.2
32.1+4.7
30.4 5.0
311474
9.0+2.0

16.4+3.1%1
10.6 +2.6
11.1+£3.7
12.2+5.1
11.7 6.6

10.2+3.2

2643+403
33.9+11.1
28.9+9.7
29.1+6.9
33.7£3.0
33.246.3
31.4+5.6
36.3+7.3
9.6+2.2
19.7+3.5%
11.3+2.6
11.2+34
12.945.8
11.4+5.7

12.5£3.3

2567+445
35.0+13.1
30.0+10.3
31.5+9.3
35.745.2
32.0£5.7
30.545.2
36.6 £6.9
10.4+2.9
21.6+4.0t
11.6 £2.8
11.9+3.8
12.645.5
11.1+6.4

12.6 £3.5

Values are Mean £ SD. N =8 ingroup A, B, C, E, F,and G. N =6 in group D.
HR: Heart rate (beat/min), MAP: Mean Arterial Pressure (mmHg), LVSP: Left
Ventricular Systolic Pressure (mmHg), LVEDP: Left Ventricular End-diastolic Pressure
maximal rate of increase of left ventricular pressure

(mmHg), LVdp/dt max:

(mmHg/sec), CBF: Coronary Blood Flow (ml/min),
*.p<0.05vs Py T:p<0.05vs Group A
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Legends of Illustrations

Figure 1: Time course of the experimental protocol.

Hemodynamic and percent segment shortening (%SS) measurements were

performed at the times indicated by triangles @) in the figure.  Po: baseline, R.;5: just

before ischemia, Ro: just before reperfusion, Rs, Rao, R3p. Reo, and Rgp: 5, 20, 30, 60, and

90 min after reperfusion, respectively.

Figure 2: Effects of milrinone and/or SB203580 on percent segment shortening.

Values are expressed as mean = SD. #; p < 0.05 vs. group A. o: group A

(n=8), A: group B (n=8), ¥: group C (n=8), & group D (n=6), and V¥ group E (n=8).

Po: baseline, R.12: just before ischemia, Ro: just before reperfusion, Rs Rz Rso. Reo, and

Roo: 5, 20, 30, 60, and 90 min after reperfusion, respectively.

Figure 3: Effects of levosimendan on percent segment shortening.

Values are expressed as mean = SD. #; p < 0.05 vs. group A. o: group A

(n=8), o: group F (n=8), and m: group G (n=8). Py: baseline, R.12: just before ischemia,

Ro: just before reperfusion, Rs, Ry Rsp Reo, and Rgo: 5, 20, 30, 60, and 90 min after

reperfusion, respectively.
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Figure 1.
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Figure 2.
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