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Abstract: Amrinone, a phosphodiesterase inhibitor, is a non- 
glycosidic noncatecholamine with both vasodilator and posi- 
tive inotropic effects. We were interested in assessing the 
effect of amrinone on postischemic cardiac performance in the 
isolated heart-lung preparation. Twenty-four male Wistar-ST 
rats were used. They were randomly divided into three 
groups. Amrinone, 10 ~tg.ml ~ or 100 ~tg.m1-1 was adminis- 
tered 8min after the start of perfusion except in the control 
group. Ten minutes after the start of perfusion, all hearts were 
made globally ischemic for 8min. Subsequently, the prepara- 
tions were reperfused for 10min. At the end of the experi- 
mental period, the hearts were freeze-clamped, and then 
myocardial high-energy phosphates, lactate, pyruvate, and 
glycogen were measured. Hemodynamic parameters in all 
groups decreased significantly during ischemia. However, 
there were no significant differences among the groups. The 
myocardial ATP level in the 100 ~tg-m1-1 group was signifi- 
cantly higher than that in the control group. Adenosine 
diphosphate (ADP) and adenosine monophosphate (AMP) 
levels in the 100 ~tg-m1-1 group were significantly lower than 
those in the control group. Myocardial lactate, pyruvate, and 
glycogen levels were not significantly different among the 
groups. This result suggests that amrinone improves postis- 
chemic myocardial metabolism. Although we could not mea- 
sure coronary flow, amrinone might increase coronary flow 
with direct coronary vasodilation which would have increased 
the myocardial ATP and energy charge levels. 
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Introduction 

Amrinone,  a phosphodiesterase  inhibitor, is a nong- 
lycosidic noncatecholamine with both vasodilator and 
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positive inotropic effects. Amrinone  may be useful to 
treat  the clinical patients with poor  left heart  function 
after cardiopulmonary bypass and patients with heart  
failure associated with acute myocardial  infarction. In 
previous studies, amrinone was repor ted  to improve 
cardiac performance in patients undergoing cardiac sur- 
gery [1-4]. In those studies, the effects of amrinone 
were modified by autonomic sympathet ic  and parasym- 
pathetic reflexes. As the isolated heart-lung prepara t ion 
eliminates any confounding neurohumora l  effects of 
in vivo studies, it is interesting to assess the effect of 
amrinone on postischemic cardiac per formance  and 
metabol ism in this model. 

Materials and methods  

This study was approved by the animal care commit tee  
of Yamanashi  Medical University. The techniques used 
were almost identical to those used in earlier studies 
[5,6]. Twenty-four  male Wistar-ST rats weighing 300-  
320g were used. They were randomly divided into three 
groups (each group n = 8) as follows. (1) Control  group 
which received no drugs. (2) 10~tg.ml -~ group, which 
received 10~tg.ml -~ of amrinone.  (3) 100~tg.ml 1group, 
which received 100~tg-ml 1 of amrinone.  All rats were 
anesthetized with isoflurane during the preparat ion.  
Tracheo tomy was performed,  and intermittent  positive 
pressure ventilation was instituted with room air. Imme-  
diately, the chest was opened and flooded with ice-cold 
saline and the heart arrested. Cannulae were inserted 
into the aorta and the superior and inferior venae cavae. 
The cannula in the superior vena cava was used for 
monitor ing right atrial pressure. 

The heart-lung preparat ion was perfused with a solu- 
tion (total volume 25ml) containing red blood cells 
collected f rom another  rat as well as Krebs-Ringer  bi- 
carbonate  buffer, with a hematocri t  and p H  of 25% and 
7.4, respectively. The concentrations (mM) of the buffer 
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Fig. 1. Perfusate blood coming from the aorta (Ao) was 
passed through a pneumatic resistance, collected in a reservoir 
kept at 37~ and then returned to the inferior vena cava 
(IVC). RA, right atrium; PA, pulmonary artery 

constituents were: NaC1 127, KC1 5.1, CaC12 2.2, 
KH2PO4 1.3, MgSO4 2.6, NaHCO3 15, glucose 5.5, and 
heparin. The blood pumped out from the heart was 
passed through a pneumatic resistance and was col- 
lected in a reservoir kept at 37~ and then returned to 
the inferior vena cava. In this model, no other organs 
except the heart and lung were perfused, cardiac output 
was determined by the inflow as long as the heart did 
not fail, and mean arterial pressure was regulated by the 
pneumatic resistance (Fig. 1). 

After all the cannulae were inserted completely, the 
cooling heart was warmed with saline and kept at 37~ 
during the experiment. As soon as the heart had been 
warmed, it beat spontaneously. Pneumatic resistance 
and the inflow to the inferior vena cava from the reser- 
voir were increased by degree, and all hearts were per- 
fused initially with a cardiac output of 30 ml.min -1 and 
mean arterial pressure of 70 mmHg. 

Heart rate was recorded with a bioelectric amplifier 
(AB-621G, Nihonkohden, Tokyo, Japan) and cardiac 
output was measured with an electromagnetic blood 
flow meter (MFV-1200, Nihonkohden). Arterial pres- 
sure and right atrial pressure were measured with trans- 
ducers (TP101T and LPU-0.1A) and carrier amplifiers 
(AP-621G, Nihonkohden). The rates of left ventricular 
tension development (LV dP/dt) were calculated from 
aortic blood pressure obtained electronically [7]. 

Eight minutes after the start of perfusion, either 
amrinone 250gg + saline 0.45ml or amrinone 2500~tg 
was administered in the reservoir. As a result, the con- 
centration of amrinone (Amcoral, Meiji Pharmaceuti- 
cal, Tokyo, Japan) in the perfusate rose to 10 ~tg-ml i or 
100~tg.m1-1, respectively (total volume of the perfusate 
was 25 ml). Saline 0.5 ml was administered in the reser- 
voir in the control group. 

Ten minutes after the start of perfusion, all 
hearts were rendered globally ischemic for 8min by 
clamping the venous return and reducing pneumatic 
resistance to zero. Subsequently, the preparations 
were reperfused for 10min by regulating venous return 
and pneumatic resistance (Fig. 2). The recovery time 
was recorded when the cardiac output and the mean 
arterial pressure returned to preischemic values 
(30ml.min -~ and 70mmHg, respectively). At the end 
of the experiment, the hearts were frozen by liquid 
nitrogen and freeze-dried for 6 days. An aliquot 
supernatant was extracted with perchloric acid and cen- 
trifuged at 3000 rpm (r = 16.2cm). Myocardial high- 
energy phosphates [ATP, adenosine diphosphate 
(ADP), and adenosine monophosphate (AMP)] were 
measured by high-performance liquid chromatography 
[8]. The lactate level was determined spectrophoto- 
metrically by standard techniques [9]. Another piece 
of freeze-dried sample was placed in 30% KOH and 
digested at 100~ Tissue glycogen was extracted, 
hydrolyzed, and assayed as glucose equivalents [10]. 
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Fig. 2. Experimental protocol. Ten minutes after the start of 
perfusion, all hearts were rendered globally ischemic for 8 min 
by clamping the venous return and reducing the pneumatic 
resistance to zero. Subsequently, the preparations were 
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reperfused for 10 min by regulating the venous return and the 
pneumatic resistance. CO, cardiac output; MAP, mean arte- 
rial pressure 
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The values were expressed as micromoles per  gram 
of dry weight. 

Hemodynamic  data within groups were analyzed by 
two-way analysis of variance with repeated measures.  
Recovery  time was analyzed by the Kruskal-Wallis test. 
The other data were analyzed by one-way analysis 
of variance followed by the Dunnet t  test for multiple 
comparisons. A probabil i ty of P < 0.05 was regarded 
as statistically significant. The data are given as mean  
_+ SD. 
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Results 

The ventricular rate and atrial rate in all groups de- 
creased significantly during ischemia. The ventricular 
rate decreased more  than the atrial rate during ischemia 
due to atrioventricular (AV) conduction block in all 
groups. However ,  there were no significant differences 
in ventricular rate and atrial rate among the groups, 
respectively (Fig. 3). Cardiac output  at 10min after re- 
covery (R10) in the 10~tg.ml 1 and 100~tg.m1-1 groups 
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Fig. 4. Changes in cardiac output after administration of 
amrinone and from the time of recovery from ischemia. Data 
are presented as means + SD. *P < 0.05 vs the values at 5 min 

Fig. 3. Changes in atrial (a) and ventricular (b) rate after 
administration of amrinone and from the time of recovery 
from ischemia. Arial and ventricular rate in all groups de- 
creased significantly during ischema. However, there were no 
significant differences in heart rate among the groups. Data 
are presented as means -+ SD 

increased slightly when compared  with those at 5min 
after the start of the perfusion. However ,  there were no 
significant differences in cardiac output  among the 
groups (Fig. 4). Left  ventricular (LV) dP/dtmax was not 
significantly different among the groups (Fig. 5). There  
were also no significant differences in recovery time and 
right atrial pressure among the groups (Figs. 6,7). The 
myocardial  A T P  level in the 100gg.ml 1 group was sig- 
nificantly higher than that in the control group. A D P  
and A M P  levels in the 100~tg.m1-1 group were signifi- 
cantly lower than those in the control group (Fig. 8). 
Therefore ,  the energy charge (EC) in the 100~tg.ml ' 
group was significantly higher than that in the control 
group (0.82 _+ 0.04 vs  0.79 __ 0.02; P < 0.05). However ,  
myocardial  lactate, pyruvate,  and glycogen levels were 
not significantly different among the groups (Fig. 9). 

Discuss ion 

In the present  study, amrinone improved postischemic 
myocardial  metabolism. It is repor ted that amrinone did 
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Fig. 5. Changes in left ventricular (LV) dP/dtm~x after admin- 
istration of amrinone and from the time of recovery from 
ischemia. Data are presented as means 2 SD 

Time 

Fig. 6. Changes in right atrial pressure after administration 
of amrinone and from the time of recovery from ischemia. 
There were no significant differences in right atrial pressure 
among the groups. Data are presented as means _+ SD 

CONTROL 

10pg/ml 

s e c  
0 50 100 150 200 250 

J 
100pg/ml 

not increase anatomic infarct size induced by coronary 
occlusion and reperfusion in anesthetized, open-chest  
dogs [11] and isolated rabbit  hearts [12]. Another  study 
showed that amrinone did not have a deleterious effect 
on myocardial  metabol ism [13]. For  what reason did 
amrinone improve postischemic myocardial  metabo-  
lism in this study? 

In general, inotropic agents tend to increase myocar-  
dial oxygen consumption through an augmentat ion of 

Fig. 7. Recovery time after ischemia. There were 
no significant differences in recovery time among 
the groups. Data are presented as means +_ SD 

myocardial  contractility. In the setting of acute myocar-  
dial ischemia any possible beneficial effect of a positive 
inotropic agent on myocardial  oxygen consumption will 
depend on the balance between augmentat ion in con- 
tractility and reduction in ventricular wall tension [14]. 
Jentzer  et al. [15] repor ted  that the net improvement  in 
myocardial  oxygen consumption during amrinone-  
t reated left ventricular failure was caused by a reduction 
in ventricular wall tension, offsetting the increase in 
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Fig. 8. Myocardial concentrations of 
ATP, adenosine diphosphate (ADP), and 
adenosine monophosphate (AMP). Data 
are presented as means +_ SD. *P < 
0.05 vs control 
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Fig. 9. Myocardial concentrations of gly- 
cogen, lactate, and pyruvate. Myocardial 
lactate, pyruvate, and glycogen levels 
were not significantly different among the 
groups. Data are presented as means 2 
SD 

myocardial  contractility due to amrinone. Ventricular 
wall tension is dependent  on the pressure generated 
during systole and the left ventricular volume according 
to the Laplace relation. However ,  in our heart-lung 
preparat ion,  preload and afterload were kept  constant 
throughout  the experiment.  Moreover ,  right atrial pres- 
sure (RAP)  and LV dP/dtmax were not significantly dif- 
ferent among the groups. These results suggest that 
amrinone did not affect the ventricular wall tension in 
our model.  Thus, the improvement  of myocardial  me- 
tabolism in our study seems not to have resulted from 
the reductions in wall tension and oxygen consumption. 

It is well known that the myocardial  ATP  level after 
reperfusion is lower and A D P  and A M P  levels are 
higher than those in the normally perfused heart. These 
were the same with all groups in this study because A T P  
was about  27, A D P  was about  5.5, and A M P  was 
0.41~tmol.g 1 in nonischemic hearts [6]. However ,  the 
100~tg.ml ] group tended to recover f rom ischemia 
more quickly than the control group, though there was 

no significant difference in recovery t ime among the 
groups. The sooner the recovery f rom ischemia, the 
more  the A T P  level was restored. This may have con- 
tr ibuted to higher ATP  and EC levels in the 100 ~tg.ml -I 
group than those in the control group. 

The most  probable  reason may be the coronary circu- 
lation. Rooney  et al. [16] have observed that amrinone 
did not increase coronary flow to a level greater  than the 
metabol ic  requirement  of the heart  and that amrinone 
was not a direct coronary vasodilator. However ,  other 
studies have reported that  amrinone caused direct coro- 
nary vasodilation and increased myocardial  oxygen sup- 
ply in excess of the increase in myocardial  oxygen 
demand [13,17[. Milrinone, a bipyridine-positive inotro- 
pic agent that is closely related to amrinone,  increased 
coronary blood flow without significant changes in 
systemic hemodynamics  in the conscious rat [18]. Al- 
though we did not measure  coronary flow, amrinone 
might have increased coronary flow with direct coro- 
nary vasodilation which would have caused the ira- 



274 

provement  in the myocardial  ATP  and EC levels in the 
100 ~tg.ml-~ group. 

This study indicated that amrinone had a cardiopro- 
tective effect probably due to improving myocardial  
perfusion and oxygen supply to the myocardium. How-  
ever, we cannot determine whether  the beneficial effect 
of amrinone on the myocardial  metabol ism occurred 
during ischemia or postischemia or both. Sidi et al. [19] 
repor ted  that administration of amrinone before coro- 
nary occlusion appeared  to improve left ventricular per- 
formance and increase blood flow to the ischemic 
myocardium while not worsening regional metabolic  
effects during ischemia. In our heart-lung preparat ion,  
all hearts were rendered globally ischemic for 8 min by 
clamping the venous return and reducing pneumatic  
resistance to zero during the ischemic period. In this 
period all hearts  were beating by themselves and we did 
not clamp outflow; thus, the coronary blood flow might 
not have been completely blocked during the ischemic 
period. 

Usually amrinone causes a positive inotropic effect 
when it is administered to maintain a therapeutic 
plasma concentrat ion of 1.5-2.0[~g-m1-1 [1-4]. In 
ischemia-damaged hearts,  1009g.ml 1 amrinone had 
an apparent  inotropic action, provoking significant 
increases in cardiac output  (11%) and aortic flow 
(10%) in the isolated working rat heart  [20]. However ,  
in the present  study we could not observe significantly 
positive inotropic effects of amrinone in the 10 ~tg-m1-1 
group or even in the 100 gg.m1-1 group when compared  
with the control group. Onuaguluchi  and Tanz [21] 
also repor ted  that amrinone,  50-1000 9g.m1-1, produced 
a dose-dependent  inotropic action on rabbit  papillary 
muscle. It may be possible to observe the inotropic 
effects of amrinone if we administer a higher dose 
of amrinone than the one we used. Rude  et al. [22] 
have shown that amrinone,  when infused to produce 
positive inotropic effects, yielded greater  acute myocar-  
dial ischemic injury as evidenced by augmentat ion 
of the epicardial ST segment  elevation and intramy- 
ocardial carbon dioxide pressure in the normal  canine 
heart  during coronary artery occlusion. However ,  they 
administered a much higher dose of amrinone 
(1-3 mg.kg -1 intravenous bolus followed by a constant 
infusion dose of 420~tg.kg-~.min -~ required to maintain 
the increased LV dP/dt) compared  with the therapeutic 
dose. 

The activity and distribution of phosphodiesterase  
differs f rom species to species, especially in the rat. 
Milrinone, which is closely related to amrinone,  exerts 
significant regional vasodilating effects in the conscious 
rat model,  being most enhanced in the coronary artery 
at a dosage that does not alter the central hemodynam-  
ics [18]. On the other hand, in the isolated, perfused 
working guinea pig heart,  amrinone was a positive ino- 
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tropic drug with vasodilating propert ies  only at high 
doses [23]. Therefore ,  the results f rom animal studies 
have an only limited applicability to human beings. 

In conclusion, 100 ~tg.ml 1 amrinone increased postis- 
chemic myocardial  A T P  and EC levels in the rat  heart-  
lung preparat ion,  which means that amrinone improved 
myocardial  metabolism. Although the effects of 
amrinone on coronary artery and myocardial  contractil- 
ity differ f rom species to species, the above dose of 
amrinone may dilate the coronary artery at a level with- 
out any positive inotropic effect. Amr inone  may be a 
useful drug for patients who have undergone open heart  
surgery using cardiopulmonary bypass, and patients 
with heart  failure associated with acute myocardial  
infarction. 
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