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Agonists of 5,- and 3,-opiate receptors prevent epinephrine-induced arrhythmias in rats
after intracerebroventricular administration. The antagonist of 3-opiate receptors ICI
174,864 blocks antiarrhythmic effect of the selective agonist of 8-opiate receptors DTLET
and exhibits no antiarrhythmic activity by itself. It is shown that antiarrhythmic effect of
DTLET is associated with increased vagal tone.
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Recent studies show that the probability and severity
of arrhythmias developed under extreme conditions
are strongly influenced by the functional state of the
stress-limiting systems of the organism [4]. We think
that the endogenous opioid system plays a key role
in this phenomenon [2]. However, there is contro-
versy over the role of opioid peptides in the forma-
tion of higher cardiac resistance to arrhythmogenic
influences. It was demonstrated that ligands of opiate
receptors (OR) produce both antiarrhythmic [3,13]
and arrhythmogenic [3,10] effects. This controversy
may be due to functional heterogeneity of central OR.
Previously, we showed that intracerebroventricular
(ICV) administration of p-OR agonists increases car-
diac resistance to arthythmogenic influences, while sti-
mulation of central xk-OR potentiates arthythmias [3].
In the present study we assessed the contribution
of central 3-OR to the processes determining heart
resistance to epinephrine-induced arrhythmias.

MATERIALS AND METHODS

Experiments were carried out on male Wistar rats
weighing 250-300 g. A stainless steel cannula was
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implanted in the lateral brain ventricle 5-7 days
before induction of arrhythmias. The operation was
performed under barbamil anesthesia (50 mg/kg intra-
peritoneally) using a SEZh-5 stereotaxic apparatus
(Konstructor, Kiev): AP -1.5 mm, L +2.0 mm, and
V -3.5 mm relative the bregma [12]. To check up the
localization of the cannula 5 pl methylene blue was
injected into it before decapitation. Arthythmia was
modeled by intravenous infusion of 120 pg/kg epi-
nephrine (Sigma) after ethyl ether anesthesia. The
ECG (standard lead II) was recorded for 5 min after
the infusion. The ligands of OR were dissolved ex
tempore in 0.9% NaCl and 10 pl of the solution was
infused at a rate of 5 ul/min 30 min prior to epi-
nephrine. The following OR agonists and antagonists
(Chiron Mimotopes Peptide Systems) were used:

1) selective &-agonist H-Tyr-p-Thr-Gly-Phe-
Leu-Thr-OH (DTLET) in a dose of 14 ug/rat [15];

2) selective agonist of 3, -OR H-Tyr-p-Pen-Gly-
Phe-D-Pen-OH (DPDPE) in doses 10 and 50 pg/rat
[11,14];

3) selective agonist of §,-OR H-Tyr-p-Ser-Gly-
Phe-Leu-Thr (DSLET) in doses 10 and 50 pg/rat
[8,11,14];

4) selective blocker of 8-OP N,N-diallyl-Tyr-
Aib-Aib-Phe-LeuOH — [N,N-diallyl-Tyr1, Aib2,3]-
Leu-enkephalin (ICI 174,864) in a dose of 25 pg/rat
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Fig. 1. Effect of the 3-OR antagonist ICI 174,864 on antiarrhythmic
effect of DTLET. Here and in Fig. 2: *p<0.05, **p<0.025, ***p<0.001
compared with the control. Ordinate: percent of animais with and
without arrhythmias.

[5,6]. The blocker is a weak organic acid poorly
soluble in water, therefore, during its dissolution pH
was adjusted to 7.0 with 0.01 N NaOH. The choice
of dose and time of administration of the prepara-
tions was based on the published data on dose-
dependent analgesic and cardiotropic effects of ICV
administered opioid peptides [6,8]. Preliminary ex-
periments showed that ICV administration of 0.9%
NaCl produces a moderate antiarrhythmic effect.
Therefore, before administration of epinephrine con-
trol animals were given 10 pl normal saline ICV
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Fig. 2. Effect of atropine on antiarrhythmic effect of DTLET.
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instead of opioids. The results were processed sta-
tistically using the y? test.

RESULTS

The selective agonist DTLET exhibited antiarrhyth-
mic activity after ICV administration (Table 1), sign-
ificantly decreasing the occurrence of cardiac arrhyth-
mias, particularly of ventricular tachycardia, which
often causes sudden death [9]. This finding is con-
sistent with our previous observations that the 5-OR
agonist DADLE produces antiarthythmic effects [3].

The 5-OR antagonist IC1 174,864 abolished the
antiarrhythmic effect DTLET (Fig. 1) and exhibited
no antiarthythmic activity by itself, indicating that the
antiarrhythmic effect of DTLET specifically depends
on activation of 5-OR.

Two types of 3-OR (3, and 3,) have been iden-
tified; activation of these OR subtypes results in
different physiological effects [1,11,14]. Therefore,
we decided to determine the contribution of & - and
3,-OR to the formation of increased cardiac re-
sistance to epinephrine-induced arrhythmias. The
selective agonist of 8 -OR DPDPE had no significant
effect on the occurrence of thythm disturbances in a
dose of 10 pg/rat, while at 50 pg/rat DPDPE re-
duced it by 4.5-fold. This indicates that the agonists
of 3,-OR receptors possess antiarrthythmic activity.
Similar effects were observed after ICV administra-
tion of DSLET, a selective agonist of 5,-OR, at the
same doses.

Thus, stimulation of central 5,-OR and cerebral
3,-OR with their ligands in a dose of 50 pg/rat in-
creases cardiac resistance to epinephrine-induced
arrhythmias. At the same time, the effects of agonists
of 3,- and 8,-OR are weaker than the antiarrhythmic
effect of DTLET. At the maximum dose for ICV
administration (50 pg), these agonists only increased
the percent of rats without arrhythmias. It can be
suggested that the higher antiarrhythmic activity of
DTLET is due to its interaction with both 8 - and 3,-
receptors. The hypothesis that the affinity of DTLET
for neuronal 5-OR is higher than that of DPDPE and
DSLET is quite logical.

What mechanism is responsible for the anti-
arrhythmic effects of 3-agonists? It can be suggested
that OR ligands modulate functional activity of the
autonomic nervous system. Indeed, pretreatment
with atropine almost completely abolished antiar-
rhythmic effect of DTLET (Fig. 2). At the same
time, atropine by itself had no effect on epinephrine-
induced arrhythmias. This indicates that antiarrhyth-
mic effect of the 5-OR agonist is associated with
increased tone of n. vagus, which was demonstrated
for other opioid peptides [7,13].
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TABLE 1. Effects of OR Agonists and Antagonists on the Occurrence of Epinephrine-induced Arrhythmias
Without . . .
Peptide, dose n ventricular Ventricular Ventnculay V.enfmcglar
» extrasystole tachycardia fibrillation
arrhythmias
Control (normal saline) 35 2 (6) 25 (69) 13 .(36) 1 (3)
DTLET, 14 pg 15 7 (47)*** 5 (33)** 1(M)* 0
DPDPE, 10 pug 15 0 13 (87) 7 (47) 1(7)
50 ug 15 4 (27)* 7 (47) 4 (27) 0
DSLET, 10 ng 20 2 (10) 14 (70) 5 (25) 2 (10)
50 nug 15 4 (27)* 10 (67) 8 (53) 0

Note. n = number of animals in experiment. Percent of the total number is given in parentheses. *p<0.05, **p<0.025, ***p<0.001 compared

with the control.

From our results it can be concluded that 1) ac-
tivation of central 3 - and 3,-opiate receptors in-
creases heart resistance to arrhythmogenic influences
and 2) antiarthythmic effect of DTLET, a selective
agonist of 8-OR, is due to increased vagal tone.

This study was supported by Dr. P. S. Hillery,
National Institute on Drug Abuse (NIDA, USA).
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