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Stress-induced injuries, adrenergic in nature, are of great importance in the mechanisms of cardiac arrhythmias and 
fibrillation [10, 12]. An important role in the realization of these mechanisms is played by catecholamine-induced activation 
of lipid peroxidation [2, 10]. In recent years stress injuries of the heart have occupied an important place in clinical 
cardiology [1, 8, 9], for stress is often the cause of arrhythmias and of sudden cardiac death [7-9]. Because of the impor- 
tance of this problem, the relationship between disturbances of electrical stability of the heart and its contractile function 
in fl-adrenergic lesions, and the possibility of preventing these disturbances by cardioprotective drugs, especially antio,'d- 
dants, has become an urgent topic for research. 

The aim of this investigation was to compare the contractile function and electrical stability of the heart in 
adrenergic damage, produced with the aid of the well-known fl-adrenoreceptor agonist isoprenaline [4, 11]. Isoprenaline, 
like catecholamines, has an arrhythmogenic action [5] and causes activation of lipid peroxidation [6]. Another aim of the 
investigation was therefore to study the possibility of preventing isoprenaline-induced damage by using the synthetic 
antioxidant ionol (butylated hydroxytoluene). 

EXPERIMENTAL METHOD 

Experiments were carried out on male Wistar rats weighing 250-270 g. The animals were divided into five groups: 
1) control; the animals of groups 2 and 3 were given a subcutaneous injection of isoprenaline in a single dose of 10 and 40 
mg/kg respectively; animals of groups 4 and 5 were first given the synthetic antioxidant ionol (per 08), dissolved in sunflow- 
er oil (0.05 ml/100 g body weight) in a dose of 30 mg/kg daily for 3 days, and again on the 4th day, 1 h before injection of 
isoprenaline in the same doses. Acute experiments under pentobarbital anesthesia (50 mg/kg) were carried out 24 h and 30 
days after injection of isoprenaline. In the first stage of the experiments the response of the heart to electrical stimulation 
of the peripheral end of the divided vagus nerve by square pulses (frequency 20 Hz, duration 2 msec, delay 5 msec) by 
means of an I~SL-2 electrostimulator was studied. After determination of the threshold value of the stimulus, which in the 
groups compared varied from 0.17 to 0.21V, the response to stimulation with a strength of 1, 2, 3, and 4 thresholds was 
assessed successively, with an interval of 5 min. During 30 sec of electrical stimulation, the ECG was recorded in lead I to 
assess the degree of bradycardia and the character of the arrhythmias and of conduction. Next, under open chest conditions 
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Fig. 1. Effect of vagus nerve stimulation on HR in control animals (1) 
and 24 h after injection of isoprenaline in a dose of 10 mg/kg (2). Abscis- 
sa, strength of stimulation of vagus nerve (in threshold units); ordinate, 
H R  (beats/min). *p < 0.05. 
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Fig. 2. Typical arrhythmias during vagus nerve stimulation, a and b) ECG 
in lead I before and during vagus nerve stimulation respectively in con- 
trol animals (1) and 24 h after injection of isoprenaline in a dose of 10 
mg/kg (2-4). Arrow indicates beginning of stimulation. Explanation in 
text. 

and with artificial ventilation, the threshold of ventricular fibrillation (TVF) was determined by the method in [3]. TVF was 
determined only in rats receiving isoprenaline in a dose of 10 mg/kg, but in animals receiving the drug in a dose of 40 
mg/kg this was impossible because of the formation of foci of necrosis in the apical region of the heart. At the second stage 
of the experiments, also under open chest conditions, contractility of the heart was studied at rest and during maximal 
isometric loading, produced by ligating the ascending arch of the aorta for 60 sec. The following parameters were deter- 
mined from the curve of pressure recorded in tho left ventricle by means of a "Mingograf-34" electromanometer CSie- 
mens-Elema," Sweden): The heart rate (HR), systolic, diastolic, and developed pressures, the intensity of functioning of 
structures (IFS -- the product of the developed pressure and HR, divided by the mass of the left ventriclo); the maximal 
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TABLE 1. Effect of Vagus Nerve Stimulation on Frequency of Arrhythmias and Character of Rhythm Disturbances in 
Rats 24 h after Injection of Various Doses of Isoprenaline 

. . . .  , J L  _ _ _  0 

Number of animals..Wit~h arrhyt!'~..ia~ 
Experimental i idioventricula~ ibradyarrhy_ [ total number o f conditions AV block rhythm i extrasys- 

toles i thmia ., animals with .... ar,'hyl-hm'i ;,.~ 

C~nt ro l  0 0 2 (5) 0 2 
Isoprenaline: 

10 mg~kg 2 4 2 (10) 2 7 
40 mg/kg 6 4 4 ~23) 2 9 

Legend. Each group contained nine animals: in the "extrasystoles" column the total number of extrasystoles arising during 
30 sec of vagus nerve stimulation is given in parentheses. 

rate of development and of fall of pressure, which reflects the velocity of contraction and relaxation of the myocardium 
respectively. The results were subjected to statistical analysis by Student's method. 

EXPERIMENTAL RESULTS 

No deaths were observed after injection of isoprenaline in a dose of 10 mg/kg, but with a dose of 40 mg/kg 
mortality was 11%. The absolute weight of the heart after injection of isoprenaline in both doses was increased by 15%. 
HR in the control animals was 344 _ 12 beats/min, whereas after injection of isoprenaline in doses of 10 and 40 mg/kg it 
was 358 +_. 15 boats/min (p > 0.1) and 380 _ 12 beats/rain (p < 0.05). When the ECG was recorded in a state of relative 
physiological rest, no arrhythmias or conduction disturbances were found after injection of isoprenaline in both doses. 

The study of the response of the heart to vagus nerve stimulation showed that both doses of isoprenaline more 
than doubled the degree of vagus bradycardia compared with the control (Fig. 1). This points to the onset of a unique 
syndrome of sinus node weakness in isoprenaline-induced injury. 

The main result of these experiments, however, is that various conduction blocks and ectopic rhythms arise in 
animals receiving injections of isoprenaline. Typical ECGs recorded during inhibition of sinus node function are illustrated 
in Fig. 2. Unlike in the control (Fig. 2, lb), in which only sinus bradycardia occurred in response to vagus nerve stimula- 
tion, in animals with isoprenaline-induced injury a rhythm from the atrioventricular (AV) junction was observed; excitation 
spread, moreover, 80 that the ventricles were excited before the atria (Fig. 2, 2b). In another case an idioventricular rhythm 
was recorded, alternating with the sinus rhythm from the AV junction (Fig. 2, 3b). Finally, on the 4th ECG a block of the 
I degree can be seen (2:1 rhythm), when atrial complexes occur in regular sequence, and each second ventricular complex 
is missing. Table 1 shows the frequency of the different types of arrhythmias during vagus bradycardia. Clearly idioventricu- 
lar rhythms are commonest, AV blocks are observed less frequently, and bradyarrhythmias less frequently still. With an 
increase in the dose of isoprenaline to 40 mg/kg the frequency of the arrhythmias described above increased, with the 
exception of bradyarrhythmias. Preliminary injection of ionol completely prevented vagal arrhythmias in animals receiving 
isoprenaline in doses of 10 mg/kg, but only partially in animals receiving 40 mg/kg. The further study of the character of the 
disturbances of electrical stability of the heart showed that in animals receiving isoprenaline in a dose of 10 mg/kg vulnera- 
bility to arrhythmias was increased, as shown by the fact that TVF in these animals was half as high as in the control (3.1 +_ 
0.21 and 7.5 _ 0.24 mA respectively; p < 0.001). This effect was completely prevented by ionol. Disturbances of electrical 
stability of the heart thus revealed were reversible in character, and had completely disappeared 30 days after injection of 
isoprenaline. 

The results are evidence that isoprehaline, in moderate doses, can cause latent disturbances of electrical stability of 
the heart, manifested as a syndrome of sinus node weakness, conduction disturbances, abnormal activation of cardiomyo- 
cytes, and increased risk of fibrillation. 

Comparison of disturbances of electrical stability and parameters of contractility of the heart showed that in the 
intact animal neither dose of isoprenaline caused disturbances of cardiac function whether at rest or during maximal 
isometric work. Thus after 60 sec of compression of the aorta. HR in the control group and in animals receiving isoprena- 
line in a dose of 10 mg/kg was 216 _+ 7 and 258 __+ 6.7 beats/min (p < 0.05) respectively, the developed pressure was 209 _ 
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6.7 and 199 +__ 9.3 mm Hg (p > 0.1), and the diastolic pressure was 21 • 3.3 and 12 +_ 2.1 mm Hg respectively (p < 0.05). 
It will be noted that in animals with isoprenaline-induced injuries HR was increased during this period, but the diastolic 
pressure was significantly reduced. This led to the fact that the product of HR and developed pressure in these animals was 
actually higher than in the control (45, 144 • 720 and 51, 342 • 1147 mm Hg respectively; p < 0.001). However, if this 
parameter was calculated per unit of mass of the myocardium, the difference between the groups disappeared, for after 
injection of isoprenaline the mass of the left ventricle rose by 15% compared with the control. As a result, the value of the 
parameter IFS was similar in the groups compared, and in the control and in animals receiving isoprenaline it was 89 __. 7 
and 88 • 6 mm Hg .n/mg respectively (where n denotes HR). These data indicate that in the intact animal local distur- 
bances of myocardial contractility, associated with the formation of microfoei of necrosis under the influence of isoprena- 
line [11] are compensated by the function of the undamaged myocardium. 

Thus in fl-adrenergic damage a unique kind of dissociation is observed between the increased electrical stability and 
the undamaged contractile function of the whole heart. When this phenomenon is analyzed it must be recalled that 
microfocal lesions of the myocardium, not affecting the function of the whole heart, may nevertheless cause disturbances of 
conduction and of impulse generation. These phenomena were observed in the experiments described above. Essentially, 
disturbances of this kind may be prevented by the antioxidant ionol, whose protective action is in all probability linked with 
its ability to inhibit activation of lipid peroxidation, caused by isoprenaline (unpublished data). 

It will be evident that the mechanisms of tho disturbance of electrical stability of the heart in fl-adrenergic injuries 
require further study. Meanwhile the data so far obtained suggest that stress-induced lesions, adrenergic in nature, of the 
myocardium, while not causing disturbances of cardiac contractility, nevertheless may be the cause of certain types of 
arrhythmias observed in clinical practice, and may perhaps be the cause of sudden cardiac death. 
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