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As a result of repeated exposure to short-term stress situations adaptation develops
and serves to prevent the harmful action of emotional-painful or immobilization stress on
the heart, the stomach, and the system of normal killer cells, which play a role in anti-
tumor immunity [3-5]. The question of how long this regression of the adaptive increase
in resistance to stress injury lasts and how it takes place has not hitherto been studied,
although it is of great importance for our understanding of the nature of adaptation of the
organism to environmental influences of this kind.

The aim of this investigation was to examine this problem by assessing disturbances
of myocardial contractility arising under the influence of prolonged immobilization stress,
induced immediately after a course of short (adaptive) exposures to stress and at different
times after the end of such a course.

EXPERIMENTAL METHOD

Experiments were carried out on male Wistar rats weighing 220-300 g and they consisted
of 10 series: series I) control experiments; II) prolonged immobilization stress produced
by fixing the animals in the supine position for 6 h; III) animals exposed daily to short
(adaptive) periods of stress by fixation in the same way: On the lst day the rats were fixed
for 15 min, on the 2nd day for 30min, on the 3rd day for 45 min, and during the next 10 days
for 1 h; IV) immediately after a course of adaptive exposures to stress the animals
were subjected to prolonged immobilization stress; V) the animals were exposed to the same
course of adaptive stress as in the previous series, but were used in the experiments 3 days
after the end of adaptation; VI) animals adapted to short exposures to stress were subjected,
3 days after the end of the course, to prolonged immobilization stress, and used in the ex-
periments later; VII) the animals were exposed to adaptive stress and used in the experi-
ments 5 days after the end of the course; VIII) adapted animals, 5 days after the end of the
course of adaptation were exposed to prolonged immobilization stress, and used in the experi-
ments later; IX) the animals were used in the experiments 10 days after the end of the course
of adaptation; X) adapted animals were exposed to immobilization stress for 6 h 10 days after
the end of the course of adaptation.

To assess contractility of the heart muscle the right atrium was excised and placed in
a constant temperature bath containing oxygenated Krebs—Henseleit solution (957 02, 5% COg2,
pH 7.4, 34°C). Under these circumstances the base of the atrium was fixed immovably, and
the apex. of the auricle was attached to the F-50 myograph of a DMP-4B Physiograph (''Narco
Biosystems,"” USA). The atrium contracted spontaneously for 40-50 min, after which it was
gradually stretched by means of a weight to the length at which it developed maximal tension
under isometric conditions of contraction (Ipzx). Changes in length of the atrium were re-
corded by a micrometer as the load was increased by every 100 mg. Extensibility of the at-
rium was judged from the increase in length (Al) up to Ipzy. Contracility was judged from
the maximal value of developed tension (Tp) under isometric conditions of contraction, and
by calculation of the intensity of functioning of structures (IFS), determined as the ten-
sion developed by unit mass of myscardium in unit time, and calculated by the equation:

Institute of General Pathology and Pathological Physiology, Academy of Medical Sciences
of the USSR, Moscow. (Presented by Academician of the Academy of Medical Sciences of the
USSR D. S. Sarkisov.) Translated from Byulleten' Fksperimental'noi Biologii i Meditsiny,
Vol. 98, No. 12, pp. 655-657, December, 1984, Original article submitted November 18, 1983.

0007-4888/84/9812-1625508,50 ® 1985 Plenum Publishing Corporation 1625



TABLE 1. Effect of Preliminary Adaptation to Short Periods of Stress on Resistance
of Myocardial Contractility to Prolonged Stress

Series of experiments
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Legend. Parameters of contractility determined at Ipgx, i.e., on the plateau of the
Starling curve. P < 0.05; *) between control and remaining series, **) between "adapt-
ation" and "adaptation + stress" series for each time of adaptation respectively.
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where T, is the developed tension (in g), F the heart rate in beats/min, and M the weight of
the atrium. To assess the atrial response to an excess of calcium the Catt concentration in
the working solution was trebled (to 7.5 mM) for 5 min, and to assess the atrial respomse to
hypoxia, the oxygenated working solution was replaced for 20 min by a nonoxygenated soluticn.
The response to both factors was estimated as the index of contracture (IC) developing under
the influence of hypoxia or of excess of calcium. IC is the ratio of resting tension during
contracture (Tp) to the developed tension:

Ic ='1*(,/ ;: -100 % .

EXPERIMENTAL RESULTS

The main results of all series of experiments are given in Table 1, from which certain
basic principles can be distinguished. :

The first principle is that the atrial function of animals exposed to prolonged stress
was significantly disturbed. Extensibility, estimated as Al, was reduced in these animals
by one-third, and the developed tension and IFS by about half. Resistance of the myocardium
to hypoxia and to excess of Ca*t also was reduced, and the index of contracture arising in
response to these situations was correspondingly by 1.5 times after exposure to stress.
These disturbances of myocardial contractility are in agreement with results published pre-
viously [1, 3].

The second principle is that adaptation to repeated stress may itself give rise to dis-
turbances of extensibility and contractility of the myocardium, which follow a definite time
course after the end of the course of exposures to stress. In fact, extensibility and con~
tractility of the atria taken from animals immediately after a course of short exposure to
stress, i.e., from adapted rats, were lower than in the control. However, this effect of
repeated exposures to stress was small: as regards extensibility it was 15%, and as regards
developed tension and IFS it was 20-307%. Resistance of the atria of the adapted animals to
excess of Ca'tt was not significantly changed, and resistance to hypoxia was increased. Con-
sequently, immediately after the end of the course of short exposures to stress a limited
reduction of atrial myocardial contractility was observed, a unique manifestation of what
has been called the price of adaptation {2, 3]. Three days after the end of adaptation, the
"price" of adaptation was significantly increased relative to the basic parameters.of con-
tractility. The developed tension was reduced by half and IFS by 39%. Later (after 5 days)
all these disturbances were sharply reduced and ceased to be significant. As a result the
extensibility, contractility, and resistance to hypoxia and to excess of Catt did not differ
significantly from the control. Ten days later a tendency appeared for all these parameters
to increase. Thus after completion of adaptation to short exposures to stress the function
of the heart and its resistance to hypoxia and to excess of calcium changed so that initial
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marked depression of these parameters was followed (by the 5th day) by their restoration to
the control level,

The third and most important principle is that adaptation to short periods of stress
completely prevents disturbance of myocardial contractility due to ordinary prolonged stress.
The experimental results are evidence that (Table 1) this prophylactic effect is completely
preserved as long as 5 days after the end of the course of adaptive exposures, i.e., under
conditions when myocardial contractility of the adapted animals no longer differed from the
control. 1In other words, complete recovery of all parameters of myocardial contractility in
animals undergoing a course of short adaptive exposures to stress is in no way accompanied
by disappearance of resistance to prolonged stress acquired as a result of such adaptation.
This situation arises much later, namely 10 days after the end of the course of short expo-
sures to stress (Table 1).

Consequently, a stage of the process is reached at which the negative effect of adapta-~
tion, or its "price," is not manifested at all, whereas its positive effect, namely increased
resistance to the harmful action of prolonged stress, is completely preserved. As a result,
extensibility of the myocardium, developed tension, and resistance to hypoxia and to excess
of calcium after prolonged stress were completely indistinguishable from the control values.
This main fact established by this investigation is in agreement with the view that the pro-
phylactic effect of preliminary adaptation to short periods of stress is closely linked with
activation of the inhibitory antistress systems of the brain [2, 3] and is therefore pre-
served for quite a long time.
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Motor and hemodynamic disturbances in the hollow abdominal organs lie at the basis of
intramural ischemia and are responsible for viability of the stomach and intestine. These
two important functions are nowadays beginning to be considered in conjunction with each
other, having regard to their mutual interaction in hollow orgamns [1, 6, 7, 9]. The anatomi-
cal substrate for this interaction is the intimate arrangement of the principle collector of
the intramural blood flow in the submucosa with the subjacent muscular coat., The main draw-
back to the investigations mentioned above is the use of different methods of determining
the motor and hemodynamic parameters of the wall of hollow organs. The indirect nature of
the methods of determining the intramural hemodynamics {2, 3, 8] and the traumatic nature
of methods of investigation of motor function, which affect the reliability of the results,
must also be borne in mind. 1In the investigation described below motor and hemodynamic para-
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