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The results obtained by the study of the mi togenet ic  radia t ion  of ske le ta l  muscles at  rest in vivo have shown 
that the molecular  substrate of the sarcoplasm is charac te r ized  by the continuous formation of extremeIy lab i le  
molecu la r  un i t s - "cons te l l a t ions , "  supplying energy for metabol i sm.  Their spat ia l  arrangement largely depends on 
the ac t ion of the nervous centers. In other words, rest must be regarded as a continuously regulated state, playing 
an ac t ive  part in the formation of reactions to s t imuli  [1-5].  

The objects of the present invest igat ion was to study the structural and energet ic  state of the sarcoplasm of 
hear t  muscle.  

Besides the automatism character is t ic  of the conducting system of the heart, which must be connected in some 
way with the organizat ion of its molcular  substrate, a factor of no less interest is the character  of the substrate of the 
ma in  muscle syncytium, i tself  changing in accordance with these changes, and thus creat ing conditions for the cor-  
responding reactions of the contrac t i le  apparatus. 

E X P E R I M E N T A L  M E T H O D  

The experiments were carried out on frogs and rabbits. In frogs the radia t ion  was recorded from the whole sur- 
face  of the ventr ic le  of the heart,  and in the rabbits from a loca l ized  area of the surface (1.0-1.5 cm z) of the apex 

of the left  ventr ic le .  Some experiments were carried out without anesthesia, including the pre l iminary  operat ion 

of thoraeotomy (in the rabbits, in addit ion,  the making of an incision into the t rachea for a r t i f ic ia I  respiration).  

For spectra l  analysis of the radiat ion,  the frog was p laced  ver t ica l ly  in front of the co l l ima tor  of the spectro-  

graph and the heart  was centered opposite the entrance slit. The radiat ion from the heart  of the rabbit  bound hori-  
zontal ly  to a f lame was ref lected from an a luminum mirror si tuated at an angle of 45 ~ and thus directed into the 
entrance slit  of the spectrograph. 

A specia l ly  prepared yeast  culture was used as detector  of the radiat ion.  The method of working with this 
culture has often been described [1-3].  

E X P E R I M E N T A L  R E S U L T S  

Two series of experiments  were carried out. In series I the intensity of the radiat ion from the heart  of the 

frog and rabbit  was studied in states as close as possible to normaland  during genera l  anesthesia. In frogs, pa ra l l e l  
experiments  were carried out in which the exposed cerebra l  hemispheres were cooled with physiologica l  sal ine at 

a temperature  of 2-8 ~ In the experiments of series II, a spectra l  analysis was made of the i rradiat ion from thehear t  
of both groups of animals ,both in a normal  state and under anesthesia. 

The evaluat ion  of the intensity of the radiat ion was based on a comparison of threshold exposures (taking into 
account  the emi t t ing  surfaces). The shorter the exposure required, the greater  the intensity of the radia t ion [1, 2]. 
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Determination of Threshold Exposures 
of Radiation from the Frog's Heart* 

Exposure 
(in sec) ~ ~ .~ 

10 I 8 50 
15 / 4 45 
20 3 80 
30 0 - -  
4 5  3 0  - -  

60 16]" - -  
9 0  l--I 1 - -  

* The results are shown as the percent-  
age increase in budding of yeast cul -  
tures. Mean data of 4-5 experiments 
are shown. 
]"The decrease in the positive mi to -  
genetic effects with an increase i nex -  
posure (often cornered by the onset of 
negative effects) is well known from 

! 

0a) ,,--i 

22 
34 
26 

It was found that the radiation from the rabbit's heart was approxi- 
mately three ~irnes more intensive ~ a n  the radiation from the frog'sheart.  

In the rabbits anesthesia (injection of 3-4  ml of 20% urethane solu- 
tion into the auricular vein) did not change the intensity of the radiation 
from the heart. In the frogs, on the other hand, reversible ether anesthesia 
caused a considerable increase in the intensity of the radiation. 

The numerical results, including those obtained during cooling of the 
cerebral hemispheres of the frog, clearly revealed a considerable shorten- 
ing of the threshold exposures during exposure to both types of factor (see 
table). 

The fact that the reaction was consistent, i.e., an increase in the in- 
tensity of the radiation during anesthesia and during cooling of the hemi -  
spheres, is understandable because in both cases these factors inhibited the 
activity of the nervous centers. 

Some interesting results were obtained by spectral analysis, showing 
that the spectra of the radiation in the animals of both groups in normal 
conditions were similar as regards the width of the bands on the spectra of 
the resting skeletal muscles. In the heart of the warm-blooded animals the 
width of the bands was still more marked (Fig. 1). 

previous investigations. The spectra were characterized by a small number of bands and by 
their grouping into a comparatively small range of frequencies. 

It was previously shown that the wide-band character of the spectra must be regarded as an indication of the 
state of orderliness of the molecular subs!rate, i.e., an indication of the presence of common energy levels between 
the elements (molecules, molecular complexes) of the subs!rate. 

A sharp change in the spectra was observed during anesthesia- the wide bands were replaced by narrower (Fig. 
2). The border between the active region in the frogs was very slightly widened. For the rabbits, the scatter of the 
narrow bands throughout the range of spectral frequencies was characteristic. This sharp change in the spectra dur- 
ing anesthesia stresses that the state of the substrate of the heart is dependent on central factors and it suggests that 
the unbalanced molecular orderliness of the cardiac syncytium, specific for the waking state, is largely maintained 

by a continuous influence from these centers. 

The starting point of this discussion is the idea of chain-like energy prqcesses continuously generated in the 
nervous centers, spreading along the nervous pathways, and producing a corresponding adaptation of the molecular 
subs!rate of the sarcoplasm of the heart. With a considerable depression of the activity of these centers during anes- 
thesia, and a weakening, or perhaps a qualitative change in the chain processes on account of this, the orderly mole -  

cular state of the sarcoplasm becomes less pronounced. 
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Fig. 1. Spectra of mitogenetic radiation of muscle systems, a) Spectrum of 
gastrocnemius muscle (of the frog and rabbit) at rest; b) spectrum of spon- 
taneous radiation of the frog's heart; c) spectrum of the spontaneous radia- 
tion of the rabbit's heart. 

658 



IIII IIIIII 

A t#O0 ZOO0 ZtO0 gZO0 Z300 gr gSO0 g600 g700 g800 ggO0 J000 3/00 JZOO 

Fig. 2. Spectra of mitogenetic radiation of the heart during anesthesia, a) frog 
(during general ether anesthesia); b) rabbit (during general urethane anesthesia). 

The results suggest that in the frog the unbalanced state of the substrate is Iess dynamic.  It is shown mainly 
by spatial deformations of the large protein (peptide) complexes. During anesthesia the deformation of the c o m -  
plexes is diminished with the possible liberation of functional side groups, the radiation of which is characterized by 
narrow bands on the spectrum. 

Concerning the sarcoplasm of the heart muscle of the rabbit it may be supposed that, in contrast, it possesses 
a more dynamic type of unbalanced s t a t e -wi th  the predominance of mutually oriented molecules or small  mole -  
Cular complexes ("unbalanced molecular constellations"), whose ability to emit  radiation is higher than that of 
macromolecular  compounds. 

Evidently both types of state of the molecular substrate, determined above all by the distribution of excited 
moIecules in accordance with definite spatial principles, must facil i tate the spread of locally arising deviations. In 
these circumstances the variety of spreading steric processes may be very great. 

The results described and the conclusions deduced from them thus associate the concept  of reactivity of the 
heart muscle with certain ideas concerning the state of its molecular substrate and they emphasize the continuous 
regulation of the substrate by the nervous centers. 
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