. . + : .
hypertension in rats and leads to an increase in the Na excretion of these animals compared
with its corresponding value in rats with an intact sympathetic innervation of the kidney
and receiving DOCA and NaCl [13].
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PREVENTION OF DISTURBANCES OF CARDIAC CONTRACTILITY
DURING LONG-TERM STRESS BY PRELTMINARY ADAPTATION
TO SHORT-TERM STRESS

F. Z. Meerson, L. S. Katkova, UDC 616.12-008.3-02:613.863]-092:
Yu. P. Kozlov, and E. B. Manukhina 612.014.46
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As aresult of prolonged exposure to stress, damage toheart musclemay ariseunder the influence
of an excess of catecholamines [3, 11], its contractile function may be disturbed, and its
resistance to hypoxia and to excess of calcium may be lowered [4, 6]. When the ways of pre-
venting stress injuries of this kind are studied it must be remembered that during repeated
exposure to stress of limited duration and, in particular, during repeated immobilization of
animals, the response to stress gradually diminishes: Excitation of the adrenergic and
pituitary—adrenal systems becomes weaker [10].

The object of the present investigation was to study the possibility of using adapta-
tion of animals to repeated short-term stress in order to prevent disturbances of cardiac
contractility during long-term immobilization stress.

EXPERIMENTAL METHOD

Experiments were carried out on male Wistar rats weighing 160-240 g. The animals were
divided into four groups: 1) control, 2) long-term immobilization stress, 3) adaptation to
repeated short-term immobilization stress, 4) adaptation to short~term immobilization stress
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Fig. 1. Effect of preliminary adaptation to short-term stress on development of de-
pression of the Starling curve in animals exposed to long-term stress. Abscissa,
length of atrium (in percent of Zmax’ taken as 100); ordinate, developed tension (in

mg). Here and in Fig. 2: 1) control, 2) immobilization stress, 3) adaptation to
short-term stress, 4) adaptation + immobilization stress.

Fig. 2. Effect of preliminary adaptation to short-term stress on development of
hypercalcium (a) and hypoxic (b) contracture of heart muscle in animals exposed to
long-term stress. Abscissa, time of experiment (in min); ordinate, index of contrac-
ture (in percent).

+ long-term immobilization stress. Each group contained from 8 to 11 animals. Long-term
immobilization stress was evoked by fixation of the animals lying on their back for 6 h;

all the limbs under the head were secured. Adaptation to short-term stress was carried out
by similar fixation of the animals, but on the first day the rats were tied for only 15 min,
on the second day for 30 min, on the third day for 45 min, and on the next ten days for 1 h.

With this procedure, long-term immobilization stress regularly gave rise to the develop-
ment of ulcers of the gastric mucosa; the mean length of the ulcers per stomach was 7.7 mm.
Repeated short-term immobilization never caused the development of gastric ulcers, but led
to a decrease in the animals' body weight by 20%. Long-term immobilization stress after pre-
liminary adaptation to short-term stress gave rise to less marked ulcers of the gastric mu-
cosa: The mean length of the ulcers was 5.2 mm. The immobilization procedures used caused
no changes in weight of the different parts of the heart, notably the right atrium, which
was used as the physiological test object. The weight of the atria in all series was 22-23

mg.
The contractility of the right atrial myocardium was assessed by the method described
previously [1]. Extensibility of the atrium was judged from the increase in length (A7)
during gradual stretching by loads of 100 mg up to maximal length. Myocardial contractility
was judged from the maximal developed tension (Td) during isometric contraction, and also

from the length versus developed tension curve (Starling curve).

To assess the reaction of the atrium to excess of calcium, thecalcium concentration in
the working solution was increased threefold for 5 min, and to assess the reaction of the
atrium to hypoxia, oxygenated working solution was replaced by nonoxygenated for 20 min.

The reaction to both factors was assessed as the index of contracture (IC), developing under
the influence of excess of calcium or hypoxia. 1IC is given by the ratio of temsion during
contracture to the developed tension before the beginning of action of the factor inducing
contracture.

The adrenoreactivity of the atrium also was studied. This was determined by the in-
crease in developed tension in response to increasing concentrations of noradrenalin (NA)
in the working solution: 3 x 107%, 1 x 1077, 1 x 10=°, and 3 x 10~° g/ml. Adrenoreactivity
was estimated quantitatively as the reciprocal of the NA concentration inducing a reaction
equal to half the maximal strength [3].
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TABLE 1. Effect of Preliminary Adaptation
to Repeated Stress on Disturbances of
Contractile Function Evoked by Long-Term

Stress
Experimental Load, | Changes in lengthj Developed tension
conditions mg (A, mm (Tq), mg
Control 200 4,140,20 151,4+12,0
(n=9) 400 5,7+0,25 251,9+422,50
600 6,6+0,20 317,1+32,40
800 7,0+0,20 335,04-35,0
Stress 200 | 2,7940,26%** 40,0-4-6,83***
(n=8) 400 | 4,29+4-0,38* 85,0+ 15,0%**
600 | 5,06+0,23* 135,0+18,21%**
800 | 5,17+0,23* 123,3+8,8%**
Adaptation 200 | 3,33%0,21* 82,8+9,41%*
(n=11) 400 | 4,83--0,28% 174,5+12,91%*
600 | 5,67+0,33* 223,0-+41,48
800 | 6,30+0,33 256,0+47,39
Adaptation + 200 | 3,64+40,12 80,0-£6,17
stress 400 | 5,0840,21 177,11+-16,57
(n=11) 600 | 5,94+0,25 277,1+19,61
800 6,3710,24 257,56+21,75

Legend. n) Number of animals in group. *P < 0,05, **P < 0.01,
#%¥p < 0,001,

EXPERIMENTAL RESULTS

The results given in Table 1 show that long-term immobilization stress, like the emo-
tional-painful stress in previous investigations [1l, 9], caused a marked decrease in extensi-
bility of the myocardium with the development of poststress rigidity, and at the same time it
led to depression of the developed tension and efficiency of realization of the Starling
mechanism. These parameters of contractile function were lowered by 50-60%. The Starling
curve was correspondingly depressed (Fig. 1). As Table 1 and Fig. 1 show, adaptation to
short -term stress itself gave rise to a small decrease in parameters of atrial contractile
function and to moderate depression of the Starling curve. Meanwhile long-term stress does
not lead to a decrease in extensibility, the principal parameters of contractile function, or
significant depression of the Starling curve in adapted animals.

The dynamics of atrial contracture developing in response to an excess of calcium and
to hypoxia is illustrated in Fig. 2. Long-term immobilization stress, like the emotional-
painful stress in investigations published previously [1], substantially reduced the resis-
tance of the myocardiumto excessof calciumand hypoxia. As aresult theindex of contracture in
these testswas considerablyhigher inanimals exposed to immobilizationstress thanin the control.
Adaptation to short-term stress had no significant effect on the degree of contracture, but
at the same time it completely prevented the potentiating effect of stress on the develop-
ment of calcium and hypoxic contracture. Moreover, in adapted animals exposed to stress the
contracture was weaker than in the control.

Determination of the adrenoreactivity of the atria of the adapted rats showed that after
adaptation, adrenoreactivity (0.54 + 0.04) was 1.6 times less (P < 0.02) than that of the con-
trol atria (0.87 + 0.11).

On the whole the results are evidence that preliminary adaptation to short-term stress
reduces the adrenoreactivity of the myocardium and prevents the combination of disturbances
of contractile function of the heart muscle typical of stress, namely poststress rigidity,
depression of the developed temnsion, and a decrease in resistance of the myocardium to ex-—
cess of calcium and to hypoxia.

When the probable mechanism of this phenomenon is contemplated two factors must be
borne in mind. The first is that during exposure to sfress, activationof the inhibitory
mechanisms of the brain has been demonstrated: the GABA-ergic inhibitory system [6], the
enkephalin system [2], etc. During repeated exposure to stress and, correspondingly, re-
peated activation of these systems, their functional power may increase. This, in turnm,
may lead to reduction of the stress reaction, and it may thus prevent adrenergic injuries to
the heart muscle during long-term exposure to stress.
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The second hypothesis is that the action of an excess of catecholamines on the heart
during stress is accompanied regularly by activation of the cellular regulatory mechanisms
which limit the adrenergic effect, namely the prostaglandin system [10, 13, 14], the sys-
tem responsible for adenosine production [8, 9], and the antioxidant systems [4]. A
gradual increase in the activity of these systems during repeated exposure to short-term
stress could be the cause of the reduction of adrenoreactivity discovered in the present
experiments, and which evidently plays a role in the limitation of the damaging effect of
catecholamines during long-term stress.

A comparative experimental analysis of the role of central and cellular mechanisms
leading to an increase in resistance of the body during adaptation to stress would appear to
be very promising.
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