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Researches devoted to a study of the metabolism of cardiac muscle [11, 13, 157, the structure of the myocard-
ium [2, 4, 7, 8, 10] and its bioelectrical activity [1, 4, 8] in experimental adrenaline myocarditis furnish grounds for
supposing that the contractile capacity of cardiac muscle is reduced under certain experimental conditions. However,
no direct examination of the contractile function of the myocardium in myocarditis has been carried out.

The aim of the present work was to study the contractile function of cardiac muscle during experimental myo-
carditis induced by theophylline and adrenaline.

EXPERIMENTAL METHOD

Myocarditis was produced in 28 female rabbits each weighing 2-3 kg. The animals were injected with 1% so-
lution of theophylline (20 mg/kg) and 2 min later with 0.2 ml 0.1% solution of adrenaline hydrochloride injected
slowly for 3 min.

For studying the contractile function of the myocardium of the left ventricle we employed a method permitting
one to estimmate the maximal attainable strength of the contraction of the myocardium and to follow the develop-
ment of the process of muscular fatigue [3]. The method involved the opening of the thoracic cavity under com-
bined narcosis (urethane 1.4 g/kg and chlorolose 50 mg/kg) with the aid of artificial respiration. Near the origin of
the ascending aorta, distal to the exit of the coronary artery, a special appliance permitting the instantaneous pinch-
ing of the aorta was introduced. The pressure in the cavity of the left ventricle was registered electromanometrically
with the aid of needles inserted through the top of the heart.

A full constriction of the aorta for 30 sec was carried out 10 times at intervals of 56 min. The maximum systolic
pressure in the left ventricle at the time when the aorta was completely closed served to indicate the maximal at-
tainable strength of the contraction of the left ventricle as a whole. During the first pinching of the aorta this pres-
sure amounted, on an average, to 216-234 mm Hg and with each subsequent pinching it was reduced by 6-18 mm Hg.
Thus, successive pinchings of the aorta enabled a curve to be drawn tracing the gradual reduction in the contractile
function of the left ventricle and showing the course of development of myocardial fatigue.

As an index of the contractile capacity of the muscle tissue of the left ventricle, the maximal attainable inten-
sity of the functioning of the suucture (IFS) [11, 12], or the contractile capacity of unit mass of myocardium, was
employed. In order to determine the IFS, the maximum systolic pressure in the left ventricle, which is indicative of
the contractile function of the left ventricle as a whole, was divided by the weight of the ventricle.

The contractile funcrion of the myocardium was studied in 5 series of experiments. In the first series it was
determined in 10 control animals; in the 2nd series in 8 animals with acute myocarditis, that is, 3 days after myo-
carditis had been induced by means of the simultaneous injection of theophylline and adrenaline; in the 3rd series
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in 7 rabbits with chronic myocarditis, that is, 30 days following the injec-

70+ tion of the two compounds. The 4th and 5th series of experiments were de-
voted to a study of the contractile function of the myocardium in relaps-
50# ing myocarditis. Myocarditis was again induced by means of a secondary
5ok {\5- ) injection of theophylline and adrenaline a month after the 1st injection.
* ‘Kf/?\g\} p In the 4th series of experiments the contractile function of the myocardium
Wk } was determined in 7 rabbits 3 days after the 2nd induction of myocarditis
%‘} ‘%%.}%{ T+ (acute relapsing myocarditis); in the 5thseries, 6 rabbits were examined for
Jor \{“f 2 30 days following a repeated induction of myocarditis (chronic relapsing
2l myocarditis),
e EXPERIMENTAL RESULTS

/ 7 1
234567859 The weight of the left ventricle in rabbits with acute and chronic myo-

Dynamics of the maximal attain- carditis was raised by 25% in comparison with that of control animals. An
able IFS of the left ventricle during analysis of the curve tracing the development of fatigue in the myocardium
repeated pinching of the aortic aper- showed that, both in acute and chronic myocarditis, the increase in the
ture. 1) Control; 2) acute relapsing maximum systolic pressure, which is indicative of the strength of the con-
myocarditis. Abscissas) ordinal num- traction of the left ventricle as a whole, was no different from that in the
ber of aortic pinchings; ordinates) controls. The maximal attainable IES, characteristic of the contractile
magnitude of the maximal atiainable  capacity of the myocardial tissue of the left ventricle, tended to be re-

IFS in mm Hg. Vertical lines show duced in animals with acute myocarditis and was 20% lower than in the
the mean square errors. controls, while in animals with chronic myocarditis the given index, begin-

ning with the 8th pinching of the aocrta, was definitely lower than the con-
trols by 18%. This implies that in chronic adrenaline myocarditis the process of fatigue in the myocardium devel-
oped quicker than in animals of the control group.

Since, in clinical work, the course of myocarditis appears to be recurrent, the next stage of our studies dealt
with the experimental induction of myocarditis by repeating the injection of theophylline and adrenaline a month
after the 1lst injection.

In acute relapsing myocarditis the weight of the left ventricle was increased by 69% compared with that of the
control animals. The maximum systolic pressure peak in the left ventricle did not differ from that in the controls.
However, the maximal attainable IFS of the myocardium, characteristic of the contractile capacity of the myocard-
ial tissue, was reduced by 40% (see figure).

In rabbits with chronic relapsing myocarditis the weight of the left ventricle was increased by 15%. There was
an insignificant reduction in the maximum systolic pressure peak in the left ventricle, but the maximal attainable
IFS dropped very considerably —by 32%.

By comparing the results obtained in experiments on rabbits with myocarditis induced by a single injection of
theophylline and adrenaline with those on rabbits affected by relapsing myocarditis, it was found that in the former
the reduction in the maximal attainable IFS of the myocardium occurred only when the myocardium had become
fatigued (beginning at the 8th pinching), while the reduction in the IFS of the myocardium in animals with relapsing
myocarditis was noted already in the unfatigued myocardium from the first pinching of the aorta.

Thus, in animals with acute and chronic myocarditis the contractile function of the left ventricle as a whole
did not alter substantially, but the maximal attainable IFS of the myocardium was definitely reduced. This defect
in the contractile function of the myocardium is not apparent when a determination of the strength of the contrac-
tion of the ventricle as a whole is made. It is compensated for and disguised by an increase in the mass of the ven-
tricle and can be observed only by determining the IFS of the myocardium, that is, by determining the contractile
capacity of unit mass of myocardial tissue.

The reasons for the disturbance in the efficiency of the contractile function of the muscle tissue in myocarditis
might be understood on the basis of modern biochemical research. Laboratory data obtained by S. E. Severin indi-
cate that in experimental myocarditis the glycolytic [14] and the oxidizing [9] formation of ATP in the cardiac mus-
cle tissue is distupted,and, as a consequence, the content of high-energy compounds such as ATP, ADP, AMP, and
also phosphocreatine and creatine [15], necessary for accomplishing the contractile function, is reduced. Together
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with such disturbances in the energy metabolism during myocarditis,a drop in the content of the contractile myofibril-
lar proteins per unit mass of heart muscle is observed. It might be assumed that the combination of the disturbances
in the energy and metabolism of the myocardium and also the morphological changes in the structure of the myo-
cardial tissue are the reasons for the reduction in the contractile function of the muscle tissue of the heart which we
encountered in myocarditis.

SUMMARY

The study is devoted to the examination of the contractile function of the cardiac muscle in myocarditis caused
by adrenaline and theophylline. It was shown that in animals with acute and chronic myocarditis the contractile
function of the left ventricle is not,on the whole,changed substantially, whereas the contractile capacity of the unit
of the myocardial tissue is distinctly reduced. This defect in the contractile function of the cardiac muscle in myo-
carditis is not manifest in determination of the strength of ventricular contraction as a whole,since it is compensated
for by an increase in the mass of the ventricle and can be detected only by determining the contractile capacity of
the unit of the myocardial tissue mass.
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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