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Strips of papillary muscles from the left ventricle of rats were stretched by weights of in-
creasing size. Extensibility of the myocardium was characterized by plotting lengthening

of the strips as a function of load. Extensibility of the myocardium was considerably in-
creased 7-11 weeks after the beginning of regular physical exercises (swimming for periods
of 30-60 min). As a result the maximal amplitude of the contractions was reached in re-
sponse to a smaller stretching force. The increased extensibility of the heart muscle may
be one of the factors in the dilatation of the "trained" heart and the more rapid mobilization

of its contractile function during physical exertion.
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Dilatation of the heart is an invariable component of adaptation of the organism to periodic physical ex-
ertion, especially in athletes trained in endurance [2, 5, 6, 11, 13]. The dilatation may arise both through an
increase in the number of sarcomeres in the consecutive series and also through an increase in the extensi-
bility of the heart muscle tissue itself.

In this investigation the extensibility of isolated capillary muscles of rats adapted to physical exertion
was studied,

EXPERIMENTAL METHOD

Rats were made to swimin water at 32°C 5 times a week for periods of 30~60 min daily, Each experi-
ment lasted 7-11 weeks. As a result of exertion the weight of the left ventricle of the experimental animals
increased to 107 = 1.2% of its expected value in control rats of the same body weight. Strips of posterior
papillary muscles of the left ventricle were investigated. Strips of about equal thickness (0.5-1 mm) were
taken so as to exclude differences in their function [3, 12] resulting from unequal diffusion of oxygen. The
strips were made to contract for 1 h in Krebs' solution at 30°C during electrical stimulation at a frequency
of 20/min while raising a small weight of 0,25 g. Extensibility was characterized as the ratio between the
stretching weight and the length of the strip, The minimal weight was 0.05 g and it was increased gradually
to 1.5 g. At each increase in weight a pause of 5-7 min was allowed for the slow "creep" of the muscle to be
completed, The change in length of the muscle strips was estimated from the movement of an isotonic lever,
to the arm of which the muscle was attached. This displacement was measured by a capacitance transducer
and recorded on a "Disa" indicator by means of a "Cossor" camera. The design of the apparatus was des-
cribed previously [8]. To compare the results of different experiments the area of cross section of the strips
was calculated (from their length and weight) and the ratio between the stretching weight and this area was
determined. The degree of lengthening was measured in per cent of the length of the strip when stretched by
a minimal weight of 0.1 g/mm?,
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Fig. 1. Relationship between stretching
load and extensibility of strips of rat pa-
pillary muscles: 1) control; 2) experi-
ment, Values of M £ m shown, Ordinate,
increase in length of strip relative to ini-
tial length (with load of 0.1 g/mm?), taken
as 100%; abscissa, stretching weight ap-
plied (in g/mm?),

EXPERIMENTAL RESULTS AND DISCUSSION

The relationship between the stretching weight and the increase in length of the strips of myocardium
from the control and experimental animals is shown in Fig. 1 (mean data from 14 experiments on control
strips and 9 experiments on strips from experimental rats). The myocardium of the adapted animals clearly
possessed much higher extensibility. The difference was statistically significant (P < 0.05) starting from a
resting tension of 0.3 g/mm? and it rose progressively with an increase in the resting tension, To stretch the
strips by 10% of their initial length a load of 0,55 £ 0.07 g/mm? was required for the adapted animals and one
of 0.90 + 0,05 g/mm?, i.e., 1.5 times greater, for the control animals. The more extensible the muscle, the
smaller the weight which had to be attached in order to stretch it to the length at which maximal amplitude of
contraction was observed, For the control strips this value averaged 0.6 g/mm?® and for strips from adapted
animals it was 0.2 g/mm?,

The increase in extensibility of the heart muscle was evidently not connected with a decrease in rigidity
of the elastic skeleton of the heart muscle, for the concentration of collagen — the main structural protein of
the supporting tissues — is unchanged during training for physical exertion [10]. Consequently, an increase in
the extensibility of the contractile component of the muscle can be postulated, Hill's view that the contractile
component is freely extensible and exerts no resistance to the stretching force, which has been favored until
recently, is now disputed, at least for heart muscle 4, 16].

The extensibility of the contractile component depends on the degree of interaction between actin and myo-
sin filaments in the myofibrils, which is controlled by the residual Ca™" concentration in the myoplasm. The
available data suggests that the power of the system removing Ca*™ from the myofibrils increases during adap-
tation to physical exertion [9]. This leads to an increase in the degree of relaxation of the fibers [9] and to a
small decrease in the Ca** concentration in heart musecle [14]. Increased extensibility may thus be the direct
result of increased power of the ion transport system.

When assessing the physiological role of increased extensibility of the myocardium it must be remem-
bered that it may be a component of the formation of dilatation of the heart which, in conjunction with other
factors, brings about the great increase in the pumping function of the myocardium in trained persons and

animals.

Under conditions of physiological rest, when the tissue oxygen demand is reduced, the activity of the
dilated heart of the athlete is characterized by a normal or even reduced stroke volume and by bradycardia.
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This means that the usual dependence of stroke volume on final diastolic volume is altered and the expulsion
fraction may be reduced by 1,5-2 times [6]. At rest the degree of shortening of the sarcomeres in the hearts
of trained persons and animals is evidently reduced, the process taking place against the background of a
lowered intensity of sympathetic influences (1, 7, 15]. Meanwhile the high residual volume is a rapidly mo-
bilizable reserve of contractile function of the heart.
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