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Abstract. The effects of the stereoisomers of naloxone during myocardial ischemia were 
studied. (-)-Naloxone (but not the (+)-isomer naloxone) attenuated the ischemia- 
induced cardiac arrhythmias, hypotension, and bradycardia that result from coronary 
artery occlusion in anesthetized rats. From these findings, it may be inferred that 
endogenous opioid peptides may play a role in the pathophysiology of myocardial 
ischemia. It is also suggested that naloxone may have therapeutic value in the prevention 
and treatment of ischemic heart disease. [P.S.E.B.M. 1992, Vol ZOO] 

he endogenous opioid system includes three ma- 
jor families of peptides: dynorphins (derived T from pre-proenkephalin B), endorphins (derived 

from pre-proopiomelanocortin), and enkephalins (de- 
rived from pre-proenkephalin A). Multiple forms of 
opioid peptides are derived fro these major precursors 
and many of them possess potent cardiovascular prop- 
erties. 

Endogenous opioid peptides (EOP) and opioid re- 
ceptors are widely distributed throughout the body, 
including the heart ( 1 ,  2). Lang et al. ( 3 )  have demon- 
strated the presence of enkephalins in the guinea pig 
heart. Immunoreactive dynorphin (4) and prodynor- 
phin-derived opioid peptides ( 5 )  have also been shown 
to be present in the hearts of rats and guinea pigs, 
respectively. The existence of opioid receptors in the 
heart has been demonstrated by the blocking action of 
the opioid antagonist naloxone against cardiac effects 
of opioids, as well as by the receptor binding studies 
(6). Because EOP are secreted by the pituitary gland in 
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response to stress (7), it seems likely that EOP may also 
be released from the heart during various cardiovascular 
stress situations, such as hypovolemic shock (8), heart 
failure (9), and myocardial ischemia (lo), which might 
contribute to their respective detrimental effects. We 
have previously shown that naloxone reversed the car- 
diac arrhythmias induced by myocardial ischemia in 
the rat ( 1 1 - 1 3 )  and dog ( 14). To determine whether the 
protection observed is related to antagonism to opioid 
receptors and prevention of putative disturbing effects 
of EOP, or whether it is a result of nonopiate effects of 
the drug, the effects of the stereoisomers of naloxone 
were examined. (-)-Naloxone (but not the (+)-isomer 
naloxone, which has no opioid antagonistic activity) 
attenuated the ischemia-induced cardiac arrhythmias, 
hypotension, and bradycardia that result from coronary 
artery occlusion in anesthetized rats. The results 
strongly suggest that EOP may have a role in the 
pathophysiology of myocardial therapeutic value in the 
prevention and treatment of ischemic heart disease. 

Materials and Methods 
Spraque-Dawley rats of either sex weighing be- 

tween 350 and 400 g were used. They were anesthetized 
with pentobarbitone sodium (60 mg/kg) intraperito- 
neally, tracheotomized, intubated, and artificially ven- 
tilated. The respiratory rate was similar to that of the 
rat (60-80 strokes/min, 1 m1/100 g). The left femoral 
artery and vein were cannulated for the measurement 
of blood pressure (BP) and heart rate (HR) by a Statham 
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pressure transducer and a Biotechnometer (Gould), 
respectively, and for the administration of drugs. Elec- 
trocardiograms were recorded from lead I1 limb leads 
using the Lifepak ECG Monitor (Physio-Control 
Corp.). 

Left thoracotomy in the fifth intercostal space was 
then performed, the heart was exposed and a ligature 
(6-0 silk suture) was placed around the left coronary 
artery. The rat was then allowed to equilibrate for 15 
min. Afterward, (-)-naloxone (Sigma at the doses of 
0.92 and 2.75 pmol/kg, (+)-naloxone at the dose of 
2.75 pmollkg, or saline as control were administered 
intravenously 10 min before the ligature was tied. BP, 
HR, and the electrocardiogram were continuously 
monitored before and throughout the 30-min postliga- 
tion period. 

To enable a quantitative comparison, an arrhyth- 
mia scoring system modified from that of Curtis and 
Walker ( 1  5) was used. Each rat was given one score 
representing the most severe type of arrhythmia ob- 
served anytime during the entire postligation period of 
30 min. The arrhythmias were scored as follows: 0, no 
arrhythmia; 1, occasional ventricular premature con- 
traction (VPC); 2, frequent VPC when there were three 
or more VPC occurring within 1 min; 3, ventricular 
tachycardia (VT; one to two episodes); 4, VT (three to 
five episodes); 5, VT (more than five episodes); 7, VF 
(three to five episodes); and 8, VF (more than five 
episodes). 

The chi-square test was used to analyze the differ- 
ence in the number of rats with VT or VF present 
versus the number with no VT or VF between control 
and treated groups, and between the groups receiving 
2.75 pmol/kg of (+)- and (-)-naloxone. Student’s t test 
was used to test the difference in arrhythmia score and 
the difference in the onset of arrhythmias between 
control and treated groups and between the groups 
receiving 2.75 pmol/kg of (+)- and (-)-naloxone, re- 
spectively. Repeated-measures analysis of variance, fol- 
lowed by multiple comparisons, was used to compare 
the difference in time course changes in mean arterial 
pressure and heart rate between control and treated 
groups, and between the groups receiving (+)- and (-)- 
naloxone. A 0.05 significance level was used for the 
analysis of variance and a 90% overall confidence level 
was used for the multiple comparisons. 

Results 
Table I summarizes the effects of (-)- and (+)- 

stereoisomers of naloxone on cardiac rhythm after cor- 
onary artery occlusion. Myocardial ischemia invariably 
caused ventricular arrhythmias, including VPC, VT, 
and VF. Of the eight rats in the control group, eight 
showed VPC, eight showed VT, and four showed VF, 
with onset of arrhythmias at 3.18, 13.88, and 20 min, 
respectively. The overall arrhythmia score was 4.88. 

Pretreatment with 0.92 pmol/kg of (-)-naloxone before 
coronary artery occlusion significantly reduced the in- 
cidence and severity of ischemia-induced arrhythmias. 
Of the eight rats, eight showed VPC, but only five 
showed VT and two showed VF, with onset of arrhyth- 
mias at 9.63 min, 11 min, and 8 min, respectively. The 
overall arrhythmia score was 3, in which was signifi- 
cantly lower than the score for the control group (P < 
0.05). At a higher dose, 2.75 pmol/kg, (-)-naloxone 
further reduced the incidence and severity of ischemia- 
induced arrhythmias. All rats had VPC, but only six 
and two out of eight rats exhibited VT and VF, with 
onset of arrhythmias at 11.63 min, 11.75 min, and 8 
min, respectively. The overall arrhythmia score was 2.5, 
which was significantly lower than that for the control 
group (P < 0.01). The antiarrhythmic effect of (-)- 
naloxone was dose related. Pretreatment with (+)-nal- 
oxone (2.75 pmol/kg) before coronary artery occlusion, 
however, was not effective in reversing the ischemia- 
induced arrhythmias. Of eight rats, eight showed VPC, 
eight showed VT, and five showed VF, with onset of 
arrhythmias at 6, 8.38, and 10.4 min, respectively. The 
overall arrhythmia score was 5.38, which was statisti- 
cally not different from that of the control group but 
significantly higher than the group receiving (-)-nal- 
oxone (P < 0.0 1). 

Figures 1 and 2 show the effects of (-)- and (+)- 
stereoisomers of naloxone on the changes in BP and 
HR after coronary artery occlusion. Myocardial ische- 
mia invariably caused a marked decrease in both BP 
and HR. Pretreatment with .(-)-naloxone at the dose 
of 2.75 pmol/kg before coronary artery occlusion sig- 
nificantly prevented the reduction in both BP (P < 
0.01) and HR (P < 0.05). Pretreatment with (+)-nal- 
oxone (2.75 pmol/kg) before coronary artery occlusion, 
however, was not effective in reversing the ischemia- 
induced hypotension and bradycardia, which were sta- 
tistically not different from the control group but sig- 
nificantly lower than the group receiving (-)-naloxone. 

Discussion 
It is well known that coronary artery occlusion 

leads to cardiogenic shock, bradycardia, and ischemia- 
induced arrhythmias, all of which may become fatal 
complications secondary to acute myocardial infarc- 
tion. Similar effects were shown in the present study in 
the rat, in which coronary artery ligation soon led to 
marked reduction in the arterial blood pressure, brady- 
cardia, malignant arrhythmias, and even death. 

The findings of this study clearly demonstrate that 
naloxone blocks the arrhythmias, hypotension, and 
bradycardia secondary to myocardial ischemia. Such 
findings are in agreement with our previous experi- 
ments on the ischemic, isolated rat heart, in which 
naloxone markedly attenuated the cardiac arrhythmias 
and abolished the reduction in left ventricular pressures 
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Table I. Effects of (-)- and (+)-Stereoisomers of Naloxone on the Cardiac Rhythm after Coronary Artery 
Occlusion in the Rata 

VPC VT VF 
Arrhythmia Onset Survival 

(rnin) n Onset 
(min) n Onset 

(min) score n 
n 

Control 8 4.88 f 0.55 8 3.18 5 1.27 8 13.88 f 3.33 4 20 k 0.35 7 
(-)-Naloxone 8 3 f 0.57' 8 9.63 f 2.49' 5 11 f 2.45 2 8 k 2  8 

(-)-Naloxone 8 2.5 f 0.65' 8 11.63 k 3.02' 4* 11.75 f 4.77 1 8 8 
(0.92 bmol/kg) 

(2.75 gmol/kg) 

(2.75 bmol/kg) 
(+)-Naloxone 8 5.38 k 0.53e 8 6 f 0.63 8' 8.38 5 1.9 5' 10.4 f 3.12 5 

'Values are mean k SEM; n,  number of rats. 
Statistical difference to the corresponding control group at the level of P < 0.05 by Student's t test. 
Statistical difference to the corresponding control group at the level of P < 0.01 by Student's t test. 
Statistical difference to the corresponding control group at the level of P < 0.05 by chi-square test. 
' Statistical difference to the group receiving 2.75 pmollkg of (-)-naloxone at the level of P < 0.01 by Student's t test. 
'Statistical difference to the group receiving 2.75 pmol/kg of (-)-naloxone at the level of P < 0.05 by chi-square test. 
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Figure 1. Effects of (-)- and (+)-stereoisomers of naloxone on the 
change in mean arterial blood pressure (AMAP), expressed in mm- 
Hg, after coronary artery occlusion in the rat. Values are mean and 
SE (vertical bars) of eight animals. 0, Saline; 0, (-)-naloxone (0.92 
pmol/kg); A, (-)-naloxone (2.75 pmol/kg); A, (+)-naloxone (2.75 pmol/ 
kg). Asterisks signify statistical difference to the corresponding saline- 
injected control group by repeated-measures analysis of variance (df 
= 1,14; F = 9.82; P = 0.008). Stars signify statistical difference to 
the group receiving 2.75 pmol/kg of (-)-naloxone by repeated-meas- 
ures analysis of variance (df = 1,14; F = 10.32; P = 0.006). 

resulting from myocardial ischemia and reperfusion 
(1 1). These findings are also compatible with those of 
Fagbemi et al. (16), in which naloxone reduced the 
incidence and severity of arrhythmias resulting from 
coronary artery ligation in the rat. Moreover and most 
importantly, the above effects of naloxone were stereo- 
specific, the above effects of naloxone were stereo- 
specific, because naloxone's (+)-isomer (without opiate 
antagonistic property) was not effective in reversing the 
ischemia-induced arrhythmias, hypotension, and 
bradycardia. Thus, the present study, using the two 
stereoisomers of naloxone, indicates that the effects of 
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Figure 2. Effects of (-)-I and (+)-stereoisomers of naloxone on the 
change in heart rate (AHR), expressed in beats per minute, after 
coronary artery occlusion in the rat. Asterisk signifies statistical 
difference to the corresponding saline-injected control group by re- 
peated-measures analysis of variance (df = 1,14; F = 6.45; P = 
0.024). Star signifies statistical difference to the group receiving 2.75 
pmollkg of (-)-naloxone by repeated-measures analysis of variance 
(df = 1,14; F = 7.80; P = 0.014). For details see Figure 1. 

naloxone against myocardial ischemia are mediated by 
opiate receptors. 

The efficacy of the opiate antagonist naloxone as a 
modifier of physiologic events has been used as a tool 
to infer EOP in various systems (17). From that per- 
spective, the effects of the two stereoisomers of nalox- 
one in the present study strongly implicate EOP as a 
factor in the pathophysiology of myocardial ischemia. 
Our results are also consistent with the hypothesis that 
EOP may be released from the heart upon myocardial 
ischemia, thereby causing arrhythmias, hypotension, 
and bradycardia. Naloxone, by virtue of its antagonistic 
action against opiates, rectifies these fatal complications 
secondary to myocardial ischemia, which suggests an 
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important role for EOP in ischemic heart disease. The 
beneficial effects of opiate antagonism certainly have 
great clinical implications in the prevention and treat- 
ment of ischemic heart disease. More studies are needed 
to define the therapeutic values of opiate antagonists. 
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