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Effects and interaction of nicardipine and volatile anesthetics in the 
rat heart-lung preparation 
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Abstract: The effects of the calcium channel blocker 
nicardipine (N) and the volatile anesthetics halothane (H), 
enflurane (E), isoflurane (I), and sevoflurane (S) on myocar- 
dial metabolism after postischemic reperfusion were assessed 
in the isolated rat heart-lung preparation. Wistar-ST rats were 
randomly divided into six groups (each group n = 9) as fol- 
lows: control (C) group, no drugs; N group, N (100 ng.ml 1); H 
group, 1% H and N; E group, 2.2% E and N; I group, 1.5% I 
and N; and the S group, 3.3% S and N. In the presence of the 
volatile anesthetics, the preparations were perfused for 
10 min, made globally ischemic for 8 min, and then reper- 
fused for 10 min. N 100 ng.ml 1 was administered 5 min before 
ischemia except in the C group. Three hearts in the C and H 
groups (each n = 9) and one heart in the E group (n = 9) 
failed to recover from ischemia. The recovery times in the N, 
I and S groups were significantly shorter than controls. Al- 
though there was no significant difference in myocardial lac- 
tate concentrations among the groups, ATP content in the N, 
H, E, I and S groups was significantly higher than in controls. 
Glycogen content in the N, E, I and S groups was also signifi- 
cantly higher than in controls. These results suggest that N 
improves myocardial recovery from ischemia; however, in the 
presence of H or E it may cause significant myocardial depres- 
sion. 
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Introduction 

Nicardipine is a water-soluble, light-insensitive 
dihydropyridine derivative and relatively selective for 
vascular smooth muscle [1,2]. It interferes with a cal- 
cium-dependent slow current across excitable cell mem- 
branes. Volatile anesthetics also decrease free calcium 
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availability for contraction and probably interfere with 
several different steps in the excitation-contraction 
coupling process [3-6]. Significant cardiovascular inter- 
actions are likely to occur because of the similar phar- 
macological effects of these drugs. We knew of no other 
study of the direct effects of four volatile anesthetics 
and nicardipine on the isolated heart. 

The aim of this study was to assess the direct cardiac 
effects of nicardipine in the presence of halothane, 
enflurane, isoflurane, and sevoflurane in the isolated 
heart-lung preparation. This technique eliminates any 
confounding neurohumoral  effects of in vivo studies 
and can be used to determine any functional and meta- 
bolic effects of the interactions. 

Materials and methods 

The study was approved by the animal care committee 
of Yamanashi Medical University. The techniques used 
were almost identical to those used in earlier studies 
[7,8]. Briefly, 54 male Wistar-ST rats (300-320 g) were 
randomly divided into six groups (each group n = 9) as 
follows: (1) the control (C) group which received no 
drugs; (2) the nicardipine (N) group which received 
nicardipine (100 ng-ml-1); (3) the halothane (H) group 
which received 1% halothane and nicardipine; (4) the 
enflurane (E) group which received 2.2% enflurane and 
nicardipine; (5) the isoflurane (I) group which received 
1.5% isoflurane and nicardipine; and (6) the sevoflurane 
(S) group which received 3.3% sevoflurane and 
nicardipine. All rats, except in the C and N groups, were 
anesthetized with each volatile anesthetic in each group. 
Animals in the C and N groups were anesthetized with 
isoflurane during the preparation. Tracheostomy was 
performed,  and intermittent positive pressure ventila- 
tion was adjusted to maintain PaCO2 at 4.7-5.3 kPa and 
PaO2 at 40-53 kPa with a 95% 02 + 5% CO2 gas mix- 
ture. The chest was opened and flooded with ice-cold 
saline and the heart arrested. Cannulae were inserted 
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into the aorta and the superior and inferior vena cavae. 
The cannula in the superior vena cava was used for 
monitoring the right atrial pressure. 

The heart-lung preparation was perfused with a solu- 
tion containing red blood cells collected from another 
rat and Krebs-Ringer bicarbonate buffer, with hemat- 
ocrit and pH of 25% and 7.4, respectively. The concen- 
trations (mM) of the buffer constituents were: NaC1 
127, KC1 5.1, CaC12 2.2, KH2PO 4 1.3, MgSO 4 2.6, 
NaHCO3 15, glucose 5.5, and heparin. The perfusate 
blood pumped from the aorta passed through a pneu- 
matic resistance and was collected in a reservoir main- 
tained 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. 

Heart rate was recorded with a bioelectric amplifier 
(AB-621G, Nihon Kohden, Tokyo, Japan) and cardiac 
output was measured with an electromagnetic blood 
flow meter (MFV-1200, Nihon Kohden). Arterial pres- 
sure and right atrial pressure were measured with trans- 
ducers (TP101T and LPU-0.1A) and carrier amplifiers 
(AP-621G, Nihon Kohden). 

All hearts were perfused initially with cardiac output 
of 30 ml.min -~ and mean arterial pressure of 80 mmHg. 
In the four anesthetic groups, each anesthetic was 
added to the gas mixture using calibrated vaporizers 
throughout the experiment. Nicardipine, 100 ng.ml -~, 

was administered 5 min after the start of perfusion ex- 
cept in the C group. Ten minutes after the start of 
perfusion, all hearts were made globally ischemic for 
8 min by clamping the venous return and reducing the 
pneumatic resistance to zero. Subsequently, the pre- 
parations were reperfused for 10 min by regulating 
the venous return and the pneumatic resistance. The 
recovery time was recorded when the cardiac output 
and the mean arterial pressure returned to pre- 
clamping values. At the end of the experimental period, 
the hearts were freeze-clamped and freeze-dried for 
6 days. An aliquot was extracted with perchloric acid 
and centrifuged at 3000 rpm. Myocardial high energy 
phosphates (ATP, ADP and AMP) were measured by 
high performance liquid chromatography (HPLC) [9]. 
The lactate level was determined spectrophoto- 
metrically by standard techniques [10]. 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 [11]. 
The values were expressed as micromoles per gram of 
dry weight. 

Hemodynamic data within groups were analyzed by 
two-way analysis of variance (ANOVA) with repeated 
measures. Recovery time was analyzed by the Kruskal- 
Wallis test. The other data were analyzed by one-way 
ANOVA followed by the Dunnett test for multiple 
comparisons. A probability of P < 0.05 was regarded as 
statistically significant. The data are given as mean _+ 
S.D. 
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Fig. 1. Heart rate changes. Each group; n = 9. +P < 0.05, as compared with the values at 0 min 
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Results 

As expected, the heart  rate in all groups decreased sig- 
nificantly during ischemia. However ,  there were no sig- 
nificant differences in heart  rate among the groups (Fig. 
1). Right atrial pressure in the E group increased signifi- 

cantly at 10 min and 5 min after the recovery (Fig. 2). 
Cardiac output in the C group decreased significantly 
after ischemia. Cardiac output in the N, I, and S groups 
were greater  than that in the C group after ischemia, but 
those in the H and E groups were not (Fig. 3). Three  of 
nine control hearts did not recover after ischemia. How- 
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Fig. 3. Cardiac output changes. Each group; n = 9. +P < 0.05, as compared with the values at 0 min; *P < 0.05, as compared with 
the values in the control group 
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Fig. 4. Recovery time. Each group; n = 9 .  * P  < 0 . 0 5 ,  as 
compared with the values in the control group 

ever, all nine hearts in the N group recovered quickly. 
Three hearts in the H group and one in the E group did 
not recover after ischemia and the recovery time in the 
N, I, and S groups was significantly shorter than that in 
the C group (Fig. 4). 

Although there were no significant differences in 
myocardial ADP and AMP levels among the groups, 
ATP in the N and in all anesthetic groups was signifi- 
cantly higher than that in the C group (Fig. 5). Myocar- 
dial glycogen content in the N, E, I, and S groups was 
significantly higher than that in the C group. There was 
no significant difference in lactate levels among any of 
the groups (Fig. 6). 

Discussion 

Nicardipine is a second-generation dihydropyridine cal- 
cium channel antagonist, which is relatively selective for 
vascular smooth muscle [1]. It appears to have little 
cardiodepressant action in the experimental animal 
[12], and has been shown to improve indices of cardiac 
performance in normal volunteers [13] and in patients 
with coronary artery disease [14,15]. Beneficial actions 
have also been described in acute myocardial infarction 
[16] and in chronic heart failure [17,18]. During anesthe- 
sia, the use of nicardipine is reportedly associated with 
a dose-dependent decrease in mean arterial pressure, 
without significant changes in filling pressures and heart 
rate [19,20]. However, van Wezel et al. [21] reported 
that nicardipine was associated with increases in heart 
rate after sternotomy during fentanyl anesthesia. How- 
ever, in the present study, nicardipine did not show any 
significant changes in heart rate with or without volatile 
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Fig. 5. Myocardial high-energy phosphate concentrations. Each group; n = 9 .  * P  < 0 . 0 5 ,  as compared with the values in the 
control group 
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Fig. 6. Myocardial lactate and glycogen concentrations. Each group; n = 9. *P < 0.05, as compared with the values in the control 
group 

anesthetics. This may be because autonomic, acid-base 
balance, and circulating hormonal influences were ab- 
sent in the experimental model. 

It is well known that ischemia results in a decrease in 
the intracellular concentration of high-energy phos- 
phates [22,23]. In the present study, nicardipine en- 
hanced the recovery from ischemia and increased the 
myocardial ATP level at the end of reperfusion. Cal- 
cium antagonists have been reported to have beneficial 
effects in models of isolated hearts [24]. These effects 
may result from a decrease in myocardial oxygen de- 
mand as well as an inhibition in transmembrane flux of 
calcium into the myocyte and preservation of sarcolem- 
mal membrane permeability. 

Nicardipine showed the beneficial effects on function 
and metabolism in the ischemic rat heart, but 
nicardipine plus halothane or enflurane lacked these 
beneficial effects during post-ischemic reperfusion. As a 
result, the combination of nicardipine and halothane 
showed, to a lesser extent, decreased glycogen metabo- 
lism in the myocardium, although enflurane did not in- 
dicate any metabolic derangement and there was no 
significant difference in high-energy phosphate com- 
pounds among the anesthetic groups. It is likely that 
anaerobic glycogenolysis during ischemia would have 
occurred more in the H group than the other groups. 
The difference between halothane and enflurane may 
be reflected in the fact that three hearts in the H group 
did not recover after ischemia wheares only one heart in 

the E group did not. Reves et al. [25] have suggested 
that there is considerable potential for drug interactions 
related to the cardiovascular system between general 
anesthetic drugs and calcium antagonists. We have 
also reported that the combination of verapamil and 
halothane caused a significant increase in recovery time 
together with decreases in the myocardial ATP and 
glycogen contents in the same model [8]. Halothane 
and enflurane may have more depressant effect on the 
heart than isoflurane or sevoflurane. In fact, there are 
many in vitro reports indicating that isoflurane is a 
weaker cardiac depressant than halothane or enflurane 
[26-30]. In addition, the cardiovascular effects of 
sevoflurane are comparable to those of isoflurane [31- 
33]. These results suggest that additive depressant ef- 
fects of halothane or enflurane and calcium antagonists 
are more likely to occur than with isoflurane or 
sevoflurane. 

There was no significant difference in myocardial lac- 
tate concentrations among the groups. We have previ- 
ously reported that halothane or enflurane [7], but not 
isoflurane [34] or sevoflurane [35], increased intra- 
myocardial lactate concentrations after postischemic 
reperfusion, suggesting a deterioration in myocardial 
oxidation-reduction state. In this study, however, halo- 
thane or enflurane plus nicardipine did not increase 
myocardial lactate levels after postischemic reper- 
fusion. Nicardipine appears to have a protective effect 
possibly by maintaining cellular integrity by reducing 
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calcium influx and to have improved myocardial redox 
state. 

Extrapolation of in vitro animal studies to human 
clinical experience is difficult, but our results suggest 
that the combination of nicardipine and halothane or 
enflurane should be used with caution. 
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