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Adaptation to hypoxia and short-term immobilization stress, as well as preconditioning with 
Rhodiolae rosea extract produces pronounced antiarrhythmic and cardioprotective effects in the 
model of adrenergic damage to the heart. Preliminary blockade of opioid receptor significantly 
decreases the protective effect of adaptation. Using selective opiate receptor antagonists (naltrin- 
dole, ICI 174,864, and norbinaltorphimine) we show that the antiarrhythrmc effect of adaptation 
is mediated predominantly via activation of  n-receptors, and to a lesser extent ~t- and 8-receptors. 
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Adaptation to environmental changes is a fundamental 
biological property of living organisms. A number of 
general "cross" effects are involved in this process, in 
particular, improvement of cardiac tolerance to ex- 
cessive adrenergic stimulation [2]. The mechanisms of  
this phenomenon are still unclear. There is a good 
reason to assume an important role of endogenous 
opioid peptides in the protective effect of adaptation 
to extreme conditions in animals adapted to hypoxia 
or treated with the natural adaptogen Rhodiolae rosea 
extract (RRE) [ 1,10]. The ix-, 8- and )~-opiate receptor 
(OR) agonists possess antiarrhythmic activity [1]. It is 
unclear, to what degree the endogenous opioid pep- 
tides improve tolerance to arrhythmogenic and cardio- 
toxic effects of catecholamines. 

Our aim was to study the role of endogenous opioid 
system in the realization of antiarrhythmic and cardio- 
protective effects of adaptation. 

MATERIALS AND METHODS 

Experiments were carried out on male Wistar rats 
weighing 150-180 g. Control group comprised intact 
rats. The following adaptation schemes were used: 
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�9 daily short-term immobilization in the supine posi- 
tion during 15 days [3]; 

�9 preconditioning with RRE in a dose of 1 ml/kg per 
os during 8 days [4]; 

�9 adaptation to high-altitude hypoxia in a pressure 
chamber (daily 6-hour sessions, 5,000 m over the 
sea level, for 45 days [2]). 
Arrhythmias were modeled with intravenous epi- 

nephrine (100 ~tg/kg) under light ether narcosis. ECG 
was recorded for 5 min and the incidence of ventri- 
cular arrhythmias (paroxysmal tachycardia, extrasys- 
tole, and fibrillation) was accessed. To study the con- 
tribution of OR in the formation of the antiarrhythmic 
effect of adaptation, the rats were injected intrave- 
nously with the following OR blockers 15 min prior 
to arrhythmia modeling: 

�9 naloxone (Sigma), which in a dose of 0.2 mg/kg 
inhibits only )x-OR, and in a dose of 2 mg/kg 
blocks all types of OR [11]; 

�9 naltrindole, a selective 5-OR antagonist (synthe- 
sized by Dr. Portoghese, Department of Medical 
Chemistry, College of Pharmacy, Minneapolis) in 
a dose of 10 mg/kg sufficient to complete in- 
activation of central and peripheral OR [5]; 

�9 ICI 174,864 (N,N-diallyl-Tyr-Aib-Aib-Phe-Leu- 
OH([N,N-diallyl-Tyrl,Aib2,3] Leu-enkephalin, 
Chiron Mimotopes Peptide Systems), a selective 
5-OR blocker in a dose of 2.5 mg/kg [6]; 
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�9 norbinaltorphimine (Research Triangle Institute), 
a selective ~:-OR blocker in a dose of 10 mg/kg [13]. 
In special series, the cardioprotective effect of 

adaptation was studied on the model of isoproterenol- 
induced necrosis, the most  severe experimental ad- 
renergic damage to the heart [7]. The degree of cardio- 
myocyte damage was accessed by the accumulation of 
99mTc-pyrophosphate (Pyrphotech) in the myocardium 
[12]. The data are presented in percents of  the total 
dose of this agent per gram tissuexl0 -2. The isopro- 
terenol-induced damage was produced by subcuta- 
neous injection of  40 mg/kg  DL-Isopropylartere- 
nolxHC1 (Serva) 24 h prior to the experiment. In this 
case, the blockade of OR was effected via intravenous 
injection of naloxone (2 mg/kg, [11]) 15 min prior to 
injection of the [3-adrenomimetic. The results were sta- 
tistically analyzed using Student's t test and ~2 test. 

RESULTS 

All modes of adaptation improved cardiac tolerance to 
the arrhythmogenic effect of  epinephrine (Table 1 and 
Fig. 1). Adaptation to hypoxia and short-term im- 

mobilization stress, as well as preconditioning with 
RRE significantly increased the number of rats with- 
out cardiac rhythm disturbances (by 10, 12.5, and 4.5 
times, respectively) and prevented the development of 
ventricular tachycardia and fibrillation. The antiar- 
rhythmic efficiency of adaptation procedures decreases 
in the order: short-term immobilization stress>hypoxia> 
RRE preconditioning. 

To study the possible role of endogenous opioids 
in the antiarrhythmic effect of adaptation, arrhythmia 
was modeled in adapted rats against the background 
of pharmacological blockade of various OR. Naloxone 
in a dose of 2 mg/kg that blocks all types of OR com- 
pletely abolished the antiarrhythmic effect of repeated 
short-term immobilization (Table 1). In the rats sub- 
jected to hypoxia or treated with the phytoadaptogen, 
this dose of naloxone only partially reduced the anti- 
arrhythmic effect of  adaptation. The percentage of 
arrhythmia-resistant rats decreased 6- and 4-fold, re- 
spectively, but the incidence of severe rhythm dis- 
turbances (ventricular tachycardia) caused by epineph- 
rine remained unaffected. The antiarrhythmic effect of 
naloxone can be surely excluded, because iniection of 

TABLE 1. Effect of OR B lockade on Antiarrhythmic Action of Adaptation ( Induced by Short-Term Stress St imulat ion and 
by Course Treatment  wi th Rhodio lae Rosea Extract) on the Model of Adrenal Arrhythmias 

Adaptat ion type 

Control 

Naloxone, 2 mg/kg 

Naloxone, 0.2 mg/kg  

ICI 174,864, 2.5 mg/kg  

Norbinaltorphimine, 10 m g / k g  

Naltrindole, 10 mg/kg 

Rhodiolae 

Rhodiolae+naloxone, 2 rng /kg  

Rhodiolae+naloxone, 
0.2 mg /kg  

Rhodiolae+lCI 174,864, 
2.5 mg /kg  

Rhodiolae+norbinaltorphimine, 
t0  mg /kg  

STIS 

STIS+naloxone, 2 mg /kg  

STIS+naloxone, 0.2 m g / k g  

STIS+naltrindole, 10 m g / k g  

STIS+norbinaltorphimine, 
10 mg/kg  
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18 72 

11 65 

13 81 

13 65 

14 74 
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10 

7 

10 

10 

0 
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Note. STIS: short-term immobilization series. *p<0.05 compared with the control; *p<0.05, **p<O.O01 com 
groups. 
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all OR blockers to intact rats did not modify the ar- 
rhythmogenic effect of exogenous catecholamine. 

Under similar conditions, naltrindole (a selective 
6-OR blocker) did not affect markedly the enhanced 
tolerance of  stress-adapted rats to arrhythmogenic 
stimuli. Injection of ICI 174,864 (antagonist of 6-OR) 
to the rats preconditioned with RRE or adapted to 
hypoxia also did not modify essentially the antiar- 
rhythmic effect of  adaptation. This fact indicates that 
6-OR play only a minor role in the formation of car- 
diac tolerance to arrhythmogenic action of epineph- 
rine. Naloxone in a dose of 0.2 mg/kg that blocks only 
~t-OR produced similar effect in all types of adapta- 
tion. Our findings and published data on the presence 
of ~t-, 6-, and ~:-OR in cardiomyocyte sarcolemma 
[8,9] suggests the involvement of K-OR in the anti- 
arrhythmic effect of adaptation. Injection of  the se- 
lective K-OR antagonist norbinaltorphimine to adapted 
rats abolished cardiac tolerance to the arrhythmogenic 
action of epinephrine. 

In special experiments we studied the cardiopro- 
tective effect of  adaptation on the model of isopro- 
terenol-induced necrosis, which is the most severe 
experimental model  of adrenergic damage to the heart 
[7]. Taking into account previous data on the suppres- 
sive effect of enkephalins or their synthetic analogs on 
catecholamine synthesis in acute ischemia and iso- 
proterenol-induced necrosis [1 ], we proposed that cardio- 
protective effect of  adaptation in the isoproterenol- 
damaged heart results from activation of the endo- 
genous opioid system. 

Preliminary injection of 13-adrenomimetic to intact 
rats 4-fold increased 99mTc-pyrophosphate intake by 
cardiomyocytes. Adaptation to hypoxia, short-term 
immobilization stress, and preconditioning with phyto- 
adaptogen s ignif icant ly  reduced accumulat ion of 
99mTc-pyrophosphate in isoproterenol-damaged hearts 
(by 75, 60, and 71%, respectively), which attests to a 
pronounced cardioprotective effect of adaptation. 

To evaluate the contribution of OR into the cardio- 
protective effect of  adaptation, the degree of adrener- 
gic damage to the heart in adapted rats was assessed 
after pharmacological blockade of OR. The cardio- 
protective effect of all types of adaptation was com- 
pletely abol ished by naloxone, a nonselective OR 
blocker. 

Our f indings  suggest that antiarrhythmic and 
cardioprotective effects of these types of adaptation 
are mediated via activation of the opioid system. The 
antiarrhythmic effect of adaptation is mediated pre- 
dominantly via activation of ~c-OR, and to a lesser 
extent ix- and f-OR. 

We are grateful to Dr. K. Gormley (NIDA) for 
OR antagonists. This work was supported by the Rus- 
sian Foundation for Basic Research. 
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Fig. 1. Antiarrhythmic effect of adaptation to hypoxia under condition 
of opiate receptor blockade. 1) control; 2) hypoxia+epinephrine; 
3) hypoxia+naloxone (2 mg/kg)+epinephrine; 4) hypoxia+naloxone 
(0.2 mg/kg)+epinephrine; 5) hypoxia+lCI 174,864 (2.5 mg/kg)+epi- 
nephrine; 6) hypoxia+norbinaltorphimine (10 mg/kg)+epinephrine. 
a) without ventricular arrhythmias, b) multiple ventricular extrasystoles, 
c) ventricular tachycardia. Each series comprised at least 16 rats. 
*p<0.05 compared with the control; *p<0.05, **p<0.001 compared wilh 2. 
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Fig. 2. Effect of different types of adaptation on isoproterenol-induced 
myocardial damage in rats assessed by accumulation of 9gmTc-pyro- 
phosphate. 1) intact group; 2) isoproterenol, 40 mg/kg; 3) naloxone, 
2 mg/kg; 4) preconditioning with Rhodiolae rosea extract+iso- 
proterenol; 5) Rhodiolae+naloxone (2 mg/kg)+isoproterenol; 6) short- 
term immobilization+isoproterenol; 7) short-term immobilization+nalo- 
xone (2 mg/kg)+isoproterenol; 8) hypoxia+isoproterenol; 9) hypo- 
xia+naloxone (2 mg/kg)+isoproterenol. Each series comprised at least 
11 rats. *p<0.001 compared with 1; *p<0.05, **p<0.01, and §247 
compared with 2; ~ and ~176 compared with 8. 
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