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Intracerebroventricular infusion of tel-opiate receptor agonists potentiated cardiac arrhythmias 
elicited by epinephrine. This effect was completely reversed by the ~cl-receptor antagonist 
norbintaltorphymine and the ganglioblocker hexamethonium. Norbintaltorphymine also 
exhibited an antiarrhythmic activity. It is suggested that endogenous ligands of ~c~-receptors 
play an important role in the regulation of arrhythmias. 
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Opioid peptides are involved in regulatory mechanisms 
of cardiac arrhythmic activity [1,2,12]. According to 
published data, antiarrhythmic activity is inherent to 
both agonists [1,2,12] and antagonists [5] of opiate 
receptors (OR). This discrepancy can be explained by 
the existence of  different types of OR with different 
roles in the regulation of arrhythmic activity. We have 
shown that stimulation of central ~t-OR increases the 
cardiac resistance to arrhythmogenic stimuli [1]. The 
question about the involvement of central ~c 1-OR in the 
regulation of  heart electrical stability remained un- 
solved. The objective of the present work was to eva- 
luate the role of  ~cl-OR in the regulation of arrhyth- 
mogenesis. 

MATERIALS AND METHODS 

Experiments were carried out on male Wistar rats weig- 
hing 250-300 g. Five to seven days before the experi- 
ment a stainless steel cannula was stereotaxically im- 
planted into the lateral ventricle (AP 1.5 mm; L+2.0 
mm, V - -  3.5 mm) and fixed on the skull with dental 
cement. The operation was performed under barbi- 
turate anesthesia (50 mg/kg, intraperitoneally) using a 
SEZH-5 stereotaxis apparatus (Konstruktor, Ukraine). 
To verily the position of  the cannula, methylene blue 
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(5 ~tl) was injected through the cannula at the end of 
the experiment. 

Arrhythmias were provoked by intravenous in- 
jection of 120 ~tg/kg epinephrine (Sigma) under ethyl- 
ester anesthesia. The ECG in standard lead II was 
recorded for 5 min after the injection. The OR ligands 
were extempore dissolved in normal saline and in- 
fused intracerebroventriculary (icv) in a volume of 
10 ~xl at a rate of 5 ~l/min 30 min prior to intravenous 
epinephrine. The following drugs were used: the non- 
selective ~cl-agonist lD-Ala2]-dynorphin Al-13 [6] (Bit- 
Pro, Novosibirsk) in a dose of 30 ~tg/rat; the specific 
•l-OR agonist U50488H, trans-(_+)-3,4=dichloro-N- 
methyl-N-(2-[ 1-pyrrolidinyl]cyclohexyl)-benzeneace- 
tamide [14], generously given by Dr. P. F. VonVoig- 
tlander (Upjohn Company), 35 ~tg/rat; the selective 
antagonist of KI-OR norbinaltorphumyne (NBPh) [11 ] 
(Research Triangle Institute] in a dose of 10 ~tg/rat, 
and the nonselective ~t-OR antagonist naloxone [4,8] 
(Sigma), 20 p.g/rat. The doses and administration sche- 
dules were determined from the reported data on dose- 
dependent analgetic and cardiotropic effects of opioid 
peptides after icv administration [1,6,8,12]. Hexame- 
thonium was injected intravenously in a dose of 10 
mg/kg [3]. Our preliminary tests showed that icv in- 
fusion of 10 ~tl saline induced a moderate antima'hyth- 
mic effect, theretore the control groups were-com- 
prised of animals given 10 ~tl 0.9% NaCI prior to the 
norepinephrine injection. To avoid potential effects of 
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seasonal variations in physiological responses, each 
experimental group with 1 or 2 drugs tested was com- 
pared with its own control group. The data were ana- 
lyzed statistically using the %2 test. 

R E S U L T S  

The nonselective agonist of KI-OR dynorphin poten- 
tiated cardiac ventricular arrhythrnias (Table 1). The 
incidence of  ventricle fibrillations increased 4 times 
after intracerebral administration of this peptide. 

Since some effects of  dynorphin are not mediated 
by OR [13], in an additional series of experiments we 
examined its effects on the epinephrine-induced fib- 
rillations in the presence of naloxone, a nonselective 
OR antagonist. When administered prior to dynorphin, 
naloxone completely prevented its potentiating effects, 
which confirmed the specific nature of  dynorphin's 
proarrhythmic activity. Naloxone did not affect ar- 
rhythmias induced by norepinephrine ( Table 1). 

As dynorphin is a nonselective ~:l-agonist, in fur- 
ther experiments we studied the effects of U50488H, 
a highly selective agonist of K1-OR. This compound 
showed strong proarrhythmic activity, dramatically 
increasing (16 times) the occurrence of ventricle tachy- 
cardia and aggravating fibrillations (Table 1). Intra- 
cerebroventricular infusion of the specific Kl-antago- 
nist NBPh prevented this proarrhythmic effect U50488H 
(Table 1). Interestingly, NBPh suppressed ventricular 
tachycardias and fibrillations. Therefore, stimulation 

of central ~:x-OR diminished cardiac resistance to ar- 
rhythmogenic effects, while their blockade prevented 
the development of arrhythmias caused by epinephrine 
injection. These findings suggest the involvement of 
the central K1-OR in tonic regulation of  the electrical 
stability of the myocardium. 

The mechanisms of proarrhythmic effects of K~- 
OR agonists remain unclear. Any direct effects of OR 
ligands on the myocardium after an icy injection could 
be excluded, since the blood-brain barrier is practically 
impermeable to opioid peptides [11], and the con- 
centration of  U50488H after icy infusion in peripheral 
blood is too low to affect the peripheral structures [8, 
14]. It can be suggested that proarrhythmic effects of 
~:l-agonists are mediated by the autonomic nervous 
system that plays an important role in the regulation 
of electrical stability of the myocardium [7]. Indeed, 
hexamethonium in a dose of 10 mg/kg, which is suffi- 
cient for complete blockade of peripheral autonomic 
neurotransmission [3], not only prevented the pro- 
arrhythmic effects of the agonists, but significantly 
lowered the responsiveness to epinephrine (increased 
the number of rats without arrhythmias) and reduced 
the occurrence of ventricular tachycardias (Table l). 
Its antiarrhythmic activity may result from nonspecific 
blockade of proarrhythmogenic effects of ~cI-OR ago- 
nists and its own weak antiarrhythmic effects. 

From our results it can be concluded that 1) the 
proarrhythmic effects of dynorphin and U50488H arise 
from activation of  central ~:a-OR; 2) central ~:I-OR are 

TABLE 1. Effects of Opiate Receptor Ligands and Hexamethonium on Epinephrine-Induced Arrhythmias 

Animals n Without VE VE VT VF 

Control 

Naloxone 

Dynorphin 

Control 

Naloxone+dynorphin 

Control 

U50488H 

Control 

NBPh 

NBPh+U50488H 

Control 

Hexameth oniu m+U50488H 

Control 

Hexameth oniu m+dyno rphin 

Control 

Hexamethonium 

25 

12 

15 

18 

15 

20 

15 

7 (28) 
2 (17) 

3 (20) 

1 (4) 

4 (27) 

1 (5) 

0 

12 (48) 

7 (58) 

10 (67) 

11 (53) 

4 (27) 

17 (85) 

15 (100) 

2 (8) 

0 

1 (7) 

5 (27) 

2 (13) 

1 (5) 

12"** (78) 

15 

15 

15 

t4 

15 

20 

15 

34 

19 

0 

0 

2 (13) 

0 

5**(33) 

3 (15) 

0 

3 (9) 

2 (10) 

12 (80) 

13 (92) 

9 (6O) 

12 (86) 

10 (67) 

16 (80) 

11 (73) 

13 (38) 

2** (10) 

8 (53) 

2** (14) 

t *  (7) 

3 (21) 

2 (13) 

12 (60) 

4** (27) 

15 (44) 

11 (58) 

5 (25) 

2 (17) 

9* (60) 

2 (11) 

2 (13) 

0 

8*** (56) 

4 (27) 

1" (7) 

0"* 

0 

0 

3 (15) 

1 (7) 
2 (6) 

1 (5) 

Note. VE: ventricular extrasystola; ~ ventricular tachycardia; VF: ventricular fibrillation; *p<0.01; **p<0.05; ***p<0.001 compared with the control. 
Percent ratio is given in parentheses. 
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involved in tonic regulation of  cardiac resistance to 
arrhythmogenic influences; 3) proarrhythmic effects of 
~fl-agonists are associated with modulation in the auto- 
nomic nervous system. 
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