
anied by a corresponding fall in its concentration in the myocardial tissue. This must also 
have a beneficial effect on myocardial function, because an excess of ammonia can block sev- 
eral mitochondrial processes [2]. 
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HEMODYNAMIC CHANGES IN IMMOBILIEATION STRESS 
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Hemodynamic disturbances in emotional stress may be due mainly to changes in cardiac out- 
put (CO) [7, 8] and in total peripheral resistance (TPR) [3, i0, ii]. Marked disturbances 
of regulation of blood pressure (BP), possibly leading to death of the animals, have been 
found [5, 9] in rats with immobilization stress (IS). However, the hemodynamic mechanisms 
of these disturbances have not yet been studied. 

Changes in hemodynamic parameters of rats differing in resistance to IS and correlation 
between cardiac and vascular components of the hemodynamics during development of the termin- 
al state in the course of immobilization were studied in the investigation described below. 

EXPERImeNTAL ~THOD 

Experiments were carried out on 75 rats (Wistar, August, and noninbred, 25 of each). A 
model of IS was used (immobilization of the animals in a confined chamber for 30 h). BP was 
recorded in all experiments by means of a catheter introduced into the abdominal aorta through 
the caudal artery by the method in [4], and the ECG was recorded in standard lead II. As a 
first step, ultrasonic blood flow transducers were implanted on the ascending aorta of 20 of 
these animals (Wistar and August). By using an ultrasonic measuring technique it was possible 
to measure the linear velocity of the blood flow in the ascending aorta (VBA), and the stroke 
volume (SV) and CO could be determined by the use of electronic integrators [I, 2]. TPR also 

was calculated. 

EXPERIMENTAL RESULTS 

In unrestrained rats at rest, no differences in hemodynamic parameters could be found 
between the three different lines. The mean BP was 117.5 • 3.5 mm Hg, the heart rate (HR) 
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Fig. i. Hemodynamic changes during adaptation to IS: I) original 

hem0dynamic parameters in a rat before immobilization; 2) llth 
hour of immobilization: fall of BP and TPR, small increase in CO; 
3) 28th hour of immobilization: stabilization of hemodynamic pa- 
rameters at level different from original. I) HR (beats/min); II) 
mean BP in aorta (in mmHg); III) linear velocity of blood flow in 
ascending aorta (in cm/sec); IV) SV (in ml); V) CO' (in ml/min); 
VI) TPR (in mm Hg/ml-min). 
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Fig. 2. Death of a rat during IS on account of a progressive 
fall of TPR. I) Initial hemodynamic parameters of rat before 

immobilization; 2) 8th hour of immobilization: fall of BP and 
TPR, small rise of CO; 3) llth hour of immobilization: further 
fall of BP and TPR~ decrease of CO; 4) death at 12th hour of im- 
mobilization. Remainder of legend as to Fig. i. 

417 • 10.3 beats/min, VBA 73.13 • 2.8 cm/sec, SV 0.17 • 0.01 ml, CO 63 • 1.7 ml/min, and TPR 
1.7 • 0.i mm Hg/ml.min. 

Depending on the results of immobilization the animals were divided into the following 
groups: resistant, adapted, and predisposed to IS. All these groups were found among animals 
of each line, but in different relative percentages. Wistar rats were most resistant, August 
rats most predisposed. 

The resistant group consisted of 15 rats in which, throughout the period of immobiliza- 
tion, no ECG disturbances were found, HR was stable and did not undergo any significant chang- 
es, and fluctuations of BP did not exceed i0-15 mm Hg. These fluctuations were the result of 
small changes in both CO and TPR; an increase in CO was accompanied by a decrease in TPR, and 
vice versa. The mean BP was thus maintained at a stable level. 

The adapted groups consisted of 19 rats in which throughout immobilization marked fluc- 
tuations of BP (up to 30-40 mm Hg) and HR (up to 100-130 beats/min) w~re observed. Fluctua- 
tions of BP were usually accompanied by disturbances of the ECG. Toward the,~end of immobil- 
ization these parameters became stabilized at close to the original level~ Fluctuations of 
BP were associated mainly with marked changes in TPR. For instance, a rise in BP was caused 
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Fig. 3. Development of terminal state during IS with signs of 
cardiovascular failure, i) Initial parameters of hemodynamics of 
rat before immobilization; 2) 25th hour of immobilization: sharp 
increase in T wave, extra systoles originating from main branch of 
bundle of His, fall of BP, CO, and TPR; 3) death of rats at 26th 
hour of immobilization. Remainder of legend as to Fig. i. 

by an increase in TPR, while CO remained unchanged, or actually was reduced slightly, whereas 

a fall of BF was caused by a decrease in TPR accompanied by a slightly raised CO. Stabiliza- 
tion of BP toward the end of immobilization at close to the original level took place when 

the ratio of CO to TPR differed from that observed at the beginning of immobilization (Fig. 
i). 

The predisposed group consisted of 41 rats. The mean BP in 20 of them toward the end of 
immobilization stabilized at 25-40 mm Hg above or below the original level, and 21 rats died 
at different times of immobilization. Analysis of the mechanisms of death of the animals yield- 
ed the following result: 14 rats died with a sharp fall of BP -- to 30-40 mm Hg. During immo- 
bilization (before BP began to fall) CO and TPR remained close to the original level. A grad- 
ual fall of BP (to 60-75 mm Hg) was accompanied by a decrease in TPR, whereas CO was unchanged 
or actually increased a little. The subsequent fall of BP to 30-40 mm Hg was the result of an 
equally sharp decrease in TPR by 40-45% of its original value, and CO and HE did not begin to 
fall until this terminal stage (Fig. 2). 

Four rats died with severe bradycardia. During the first 7-10 hours of immobilization 
their HR did not change significantly. Periodic fluctuations of BP were observed with a tend- 
ency toward some decrease, followed by a return to the original level, due as a rule to a de- 
crease in CO and to some increase in TPR. Toward the 20th-22nd hour of immobilization HR fell 
to 240-260 beats/min. Under these circumstances BP could actually be a little higher than 
originally. CO fell to 60-70% of its original value on account of a fall in HR, whereas SV 
remained virtually unchanged. TPR under these circumstances increased, thereby compensating 
the reduced CO. The terminal stage developed with a further fall in HR and CO and an increase 
in TPR until immediately before the animal died, when all the parameters of the hemodynamics 
were close to zero. 

Two rats died with signs of acute cardiovascular failure. The terminal stage began to de- 
veloo when marked changes of isehemic character were already present in the ECG. Both hemody- 

namic parameters which reflect myocardial contractility (SV and CO) were reduced. Extrasys.- 
toles appeared. TPE also fell, and did not compensate the reduced CO (Fig. 3). 

In most cases death during emotional stress is due to ventricular fibrillation [6, 12, 
13]. An important role in the development of fibrillation has been shown to be played by in- 
creased functional and structural heterogeneity of the myocardium [6]. However, death during 
emotional stress may also arise as a result of acute cardiovascular failure [5~ 9]. This model 
of IS in rats can help to shed light on the hemodynamic mechanisms of this type of death. 

The results of the present experiments show that a leading role in disturbances of BP 
regulation in animals differing in resistance to IS is played by changes in TPR. The princi- 
pal and commonest cause of death of animals with IS is a progressive fall of BP, due to a 

1178 



sharp decrease in TPR. Meanwhile, the cardiac component of the hemodynamics may be the dom- 
inant factor in the mechanism of death: either rapidly progressive bradycardia or a combina- 
tion of myocardial damage of ischemic character with a fall of TPR. 
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In the modern view lipid peroxidation (LPO) is a continuous physiological process which, 
on intensification, participates in the development of a number of pathological conditions: 
it has been shown, in particular, that activation of LPO accompanies ischemic heart damage in 
experimental animals and is one of the key causes of disturbance of the functioning of heart 
muscle cells during ischemic injury [6]. It has also been shown that the level of primary 
products of LPO, namely lipid hydroperoxides, in the plasma rises significantly in chronic 
ischemic heart disease (CIHD) [3]. 

Experimental data also have been obtained to show that a combination of bioantioxidants 
(e-tocopherol + ascorbate + rutin + glutamate) significantly lowers the levels of LPO, choles- 
terol, and atherogenic lipoproteins in patients with CIHD [i]. Treatment with e-tocopherol 
reduced pain in the heart region, and positive changes in the ECG were observed in patients 
with ischemic heart disease (IHD) [2]. The investigations listed above indicate that it is 
possible to use the intensity of LPO in the clinical diagnosis of IHD and to assess the ef- 
fectiveness of treatment. A direct investigation of the intensity of LPO processes in human 
heart muscle is naturally impossible. 

The aim of this investigation was to study concentrations of LPO products in the blood 
plasma of patients with CIHD and the possibility of using vitamin E as a natural inhibitor of 
free radical processes in the treatment of ischemic heart disease. 
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