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The chemical  changes in the heart muscle during growth and development of cerebral neoplasms has not yet  
been studied, although facts have been reported indicating the appearance of functional disturbances of varied char-  
acter in heart muscle in association with pathological processes of this nature [1, 4]. No investigations have been 
made of metabolism in heart muscle at various stages of growth of cerebral tumors, probably on account of the lack 
of an adequate biological model. Accordingly, the study of the phosphorus metabolism is of considerable interest, 
for this element is a component of a highly important group of biological compounds concerned in atl forms of 
metabolism and, in particular, in the processes of accumulation and dissipation of energy. 

In the present investigation an at tempt was made to study the incorporation of pa2 into the phosphorus-contain- 
ing fractions of heart muscle, which are of great importance in the mechanisms of its metabolism and function [2, 
5 , 6 , 7 ] .  

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

Investigations were conducted on noninbred male albino rats weighing 100-130 g, kept in ordinary conditions 
and on a normal diet. The animals were divided irkto 4 groups, of which 3 (each consisting of 5 rats) were experi- 
mental  and one (6 rats) was a control. As a first step a glial type of tumor of strain T-9 (an ependymoblastoma 
supplied by I. N. Dimant) was implanted into the brain of the experimental rats. 

Four hours before sacrifice the rats received an intraperitoneal injection of radioactive phosphorus in the form 
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Fig. 1. Histoautoradiograms of muscle  of the left  ventr ic le  of the heart  
of rats with transplanted brain tumors, a) 5th day of development  of i m -  
plant; b )10 th 'day ;  c ) 1 5 t h  day. Hematoxyl in-eosin .  Magnif icat ion 
40 X i0. 

of Na2HP=O4 in a dose of 1 ~ C i /g  body weight.  The animals  were sacrif iced by decapi ta t ion:  the rats of group 1 
on the 5th day, group 2 on the 10th day, group 3 on the 14th-15th day (the day when signs of a circumscribed brain 
lesion first appeared).  After sacrifice,  the heart  was careful ly freed from blood by washing. Part of the organ (an 
area of the myocardium of the left  ventricle)  was taken for radiometr ic  investigation, and the rest was fixed in Car-  
noy's  fluid and subjected to histoautoradiographic investigation.  

Fig. 2, His toautoradiogram of different areas of heart  muscle of left  ven-  
t r ic le  of a rat with a tumor  implanted  into the brain, on the 10th day af-  
ter implantat ion,  a) Region lying next to endocardium; b) middle  layer; 
c) region lying next to epicardium. Hematoxyl in-eosin .  Magnif icat ion 
40 x 10. 

Studies were made  of the radioact iv i ty  of the total  phosphorus, the incorporation of pa2 into the phospholipids, 
the phos.~orus-containing part of the ac id-so luble  fractions, the nucleic  acids, and phosphoproteins, The incorpora-  
tion of P-- was determined by Grakhovet 's  method, as modif ied by Sorokin and Ioffe [3]. The number of impulses 
was determined by means of a type B-2 apparatus with an MST-I?  end- type  counter. The radioact iv i ty  of the ta r -  
gets was es t imated per 100 mg fresh tissue. The results showing the incorporation of P= into the phosphorus-contain- 
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Fig. 3. Histoautoradiogram of different portions of heart  muscle  of a rat with tu-  

mor implanted  into the brain, on the 5th day after implanta t ion,  a) Right ven-  

tr icle;  b) left  ventr icle;  c) right atrium; d) left  atr ium. Hematoxyl in-eos in .  
Magnif icat ion 40 x 10. 

ing fractions were ca lcu la ted  as percentages of the radioact iv i ty  of the total  phosphorus, and expressed as percentages 
of the ac t iv i ty  of the corresponding fractions in the controI animals.  The numer ica l  results were analyzed by statis-  

t i ca l  methods. 

For contact  histoautoradiography sections of the heart  were cut, stained with hematoxyl in-eos in ,  and covered 
with type P (NIKPI) l iquid nuclear  emulsion in dilution of h 4 - h 6 .  The t ime of exposure was determined exper imen t -  
a l ly  and amounted to 25 days. 

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

It is c lear  from the results given in the table  that on the 5th day of growth of the tumor the intensity of incor-  
poration of p32 into the heart  muscle had increased to almost  3 t imes the control value.  The distribution of paZ in 
the phosphorus-containing fractions also showed changes: the radioact iv i ty  of the phospholipids had increased, while 
the intensity of incorporation of P~ into the ac id-so luble  phosphorus-containing fractions, nucle ic  acids, and phos- 
phoproteins showed a decrease,  On the 10th day of the exper iment  a decrease in the accumula t ion  of the isotope in 
the hear t  muscle was observed. The ac t iv i ty  of a l l  thephosphorus -containing fractions showed a pa ra l l e l  fall,  apart 
from the ac id-so lub le  compounds, which showed the opposite tendency.  During the period of marked c l in ica l  man i -  
festations of tumor growth (on the 14th-15th day) a further decrease was observed both in the to ta l  rad ioac t iv i ty  and 
in the intensity of incorporation of P~ into the phospholipids and phosphoproteins, while the p32 concentrat ion in the 
ac id-so lub le  fractions continued to rise, The indices of pS2 incorporation into the nucle ic  acids showed no s ignif i -  
cant  difference.  

On the t racer  autoradiograms of the heart  muscle of rats sacrif iced on the 5th day after t ransplantat ion of the 

tumor, the number of tracks of/3 -par t ic les  from p~Z was signif icantly greater than in the control  and at a l i  other t imes 
of the exper iment ;  a progressive fal l  in the intensity of incorporation of the indicator  was seen on the 10th and 14th- 
18th days of the exper iment  (Fig. 1). 

The longitudinal  and transverse sections of the heart  muscle show that the radioac t ive  t racer  was mainly  pres- 
ent in the intermuscular spaces, especia l ly  in the middle  part of the myocardium.  The intensity of incorporation of 
pa2 was lower in areas situated near the endocardium and epicardium (Fig. 2). A defini te  regulari ty of distribution 
of the isotope was also observed in the various portions of the heart: high intensity of incorporation was usually ob-  
served in the muscle of the left  ventr icle ,  and then followed the right ventr ic le ,  and the left  and right atr ia  (Fig. 3). 
The changes described above, character iz ing the incorporation of p32 into the tissue structures of the heart  in rats 
with transplanted brain tumors, developed para l le l  with the development  of the neoplast ic  process in the brain. 
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The results described indicate  that in the early stages of development  of a tumor implanted  into the brain the 

intensity of incorporation of p3Z into the heart  muscle rose distinctly; this fact evidently demonstrates the intensif i-  
cation of metabol ic  processes and an increase in the expenditure of e n e r ~ / i n  the myocardium.  Later, on account 
of progressive growth of the neoplasm, the intensity of incorporation of P'- into the tissue structures of the heart  was 
disturbed to an even greater degree, but in the direct ion of a decrease. It may be supposed that this was due t e a  dis- 

turbance of the metabol ic  processes in the heart  muscle on account of toxic influences from the mal ignant  focus, 
and to its direct  act ion on the regulatory centers of the p i tu i ta ry- -hypotha lamic  region. 

This connection between the changes described above and metabo l i c  processes, and,to an even greater  degree, 
with the character  of the c i rculat ion of the blood in the hear t  muscle,  was confirmed by a compara t ive  study of the 
accumulat ion of pan in the blood and heart  at  the same periods of investigation (see table),  

The pathological  changes observed in the dynamics of the phosphorus metabol ism in the heart  muscle of the 
exper imenta l  animals with implanted  brain tumors correspond to e lec t rophysiological  findings ref lect ing the changes 

in its functional state in the presence of a mal ignant  tumor affecting the central  nervous system. This conclusion is 
confirmed by c l i m c a l  observations [1, 4], and we have also confirmed it exper imenta l ly .  

S U M M A R Y  

The character  of radiophosphorus incorporation into the phosphorus-containing fraction of the cardiac  muscle 

was studied during various stages of the development  of transplanted g l ia l  tumors in rats, An intensified p3Z acemnu-  
lat ion was ascertained rad iomet r ica l ly  in the cardiac  muscle  at the in i t ia l  period (the 5th day) of development  of 
the tumor implant  chiefly at the expense of its incorporation into the phospholipids. Later, on the 10th and 14th- 
15th days of tumor development ,  there was a progressive reduction in P~ content in the cardiac  muscle and in its 
phosphorus-containing fractions, with some rise in the intensity of P~ incorporation into the acid  soluble fractions. 

The results of histoautoradiographic investigations corresponded to the radiometr ic  findings. 
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