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The study of the age changes in cardiac metabolism is of essential importance to an understanding of the struc- 
tural and functional changes in the myocardium in normal and pathological conditions. So far, however, little sys- 
tematic  investigation has been made of the changes in the metabolism of heart muscle at various age periods. 

The functional activity of the heart is associated with the presence of high-energy phosphorus compounds (ATP, 
creatine phosphate). Their formation in the myocardium takes place in two ways: primarily as a result of respira- 
tion, and also by glycolysis. There are reports in the literature of a decrease with age of the oxygen consumption 
of various tissues and, in particular, of heart muscle [1, 2, 5, 6, 7, 8, 9]. 

No investigation of the changes in the course of glycolysis in the myocardium and its relationship with respira- 
tion at different age periods has yet been undertaken. The object of the present research was to study the age differ- 
ences in the course of two processes: the intensity of oxygen utilization and of glycolysis in heart muscle. 

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

Experiments were conducted on animals of different age groups: rabbits aged from 1-2 days to 3-31/2 years and 
rats aged from 3-4 weeks to 2-21]~ years. 

After decapitation of the animal the heart was extracted and washed free from blood, the fat and connective 
tissue were removed, and the organ was dried between sheets of filter paper and minced. 

Because of the heart of an animal during the first days or weeks after birth is too small to allow the necessary 
material to be taken for all the investigations, the hearts of several animals (usually of the same litter) were used in 
these investigations and a homogeneous mince was prepared. This was used for studying the oxygen consumption of 
the myocardium, the intensity of glycolysis, and the lactic acid content. To determine the glycogen content pieces 
of heart muscle weighing 250-300 mg were excised immediately  after death of the animal. 

The oxygen absorption of the heart muscle was determined in a Wathurg's apparatus over a period of 46 rain 
at a7 ~ in a phosphate-saline buffer mixture (pH 7.4) and expressed in the form of QO2. The intensity of anaerobic 
glycolysis was judged by the increase in lactic acid and by the decrease in inorganic phosphorus during incubation 
of minced tissue in a phosphate-saline buffer mixture (pH 7.4) containing glycogen, in Thunberg's tubes. The lact ic  
acid content was determined colorimetrically using p-hydroxydiphenyl [3] and the phosphorus content by the ordinary 
method of Fiske and Subbarow. The glycogen content in the heart tissue was determined by a slightly modified 
Pfltiger's method [7]. All the quantities were calculated in terms of fresh tissue and dry weight of tissue, for accord-  
ing to reports in the literature [2] and personal observations the water content (and, hence, the quantity of dry residue) 
in the heart muscle of animals changes significantly during growth. 

The experimental results were analyzed by the method of variance analysis, with determination of the standard 
error of the mean (~: m) and the degree of significance of the series ( t - -  3). 
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E X P E R I M E N T A L  R E S U L T S  

The results given in Table  1 show that in rabbits between birth and the age of 4-5 weeks a considerable in- 

crease in oxygen absorption by the heart  muscle took place,  Subsequently the intensity of the tissue respirat ion of 

the mycardium fell gradually,  reaching its lowest values in the old animals  (QOz = 2.61 :k 0.19). The same pat tern 

of results, in principle,  was observed in the rats. 

Meanwhile in the rats and rabbits the intensity of glycolysis increased with age. This was shown by an increase 
in the accumulat ion of l ac t i c  acid during glycolysis as the animals  grew older (Table  2). At the same t ime  the loss 

of inorganic phosphorus also increased: from 96.8 :k 10.5 mg % in rabbits 2 weeks old to 136.6 ~ 8.5 mg % at the 
age of 3 - 3 ~  years. When ca lcu la ted  in terms of dry weight the corresponding figures were 509 and 600 mg %. A 

similar  pat tern was observed in the rats, 

Further evidence of the more intensive glycolysis during aging was also given by the l ac t i c  acid content  of the 
myocardium of the rabbits and rats (Table  3). Our figures for the l ac t i c  acid content were sl ightly greater than those 

given in the l i terature.  This was presumably at t r ibutable to the fact that our investigations were made  without f ixa-  
t ion of the heart  in liquid air. However, since the results we obtained in al l  the series of exper iments  were needed 
for compara t ive  evaluat ion of the processes under investigation, we consider that  they may  be used. 

I t  wil l  be clear  from the results c i ted above that the l ac t i c  acid content in the heart  muscle a t ta ined its high-  
est values in the old animals.  

Hence the relationship between the intensity of tissue respiration and the l ac t i c  acid content in hear t  muscle 

changes with age. During aging the intensity of the tissue respiration fails  and the l ac t i c  ac id  content  in the m y o -  
cardial  tissue rises. In other words, during aging the re la t ive  part p layed by oxidat ive processes in the metabol i sm 
of the myocardinm falls and the re la t ive  intensity of anaerobic reactions increases. 

This was also demonstrated by the fact  that, along with the accumula t ion  of l ac t ic  acid in the old animals,  the 
glycogen content  in their  myocardium also fel l  (Table  4). These results were par t icu lar ly  demonstrat ive when ex-  

presed in terms of dry weight. They indica ted  a fa l l  in the glycogen reserves of the myocardium in the old animals ,  
and this also could be the result of intensified glycolysis.  

Hence, during aging of animals  the metabol ism of their heart  muscle undergoes changes in the form of a de-  
crease in their oxygen consumption and an increase in the intensity of glycolysis. This trend in the metabol i sm of 
older animals may  be regarded as a unique compensatory mechanism arising as the intensity of respiration of the 
heart  muscle falls. 

Heart  muscle is character ized by a well  marked oxidat ive metabol ism.  The decl ine in this e n e r g e t i c a l l y m o r e  
eff ic ient  process in the myocardium of older animals  leads to intensif icat ion of glycolysis, a decrease in the reserves 
of glycogen, and accumulat ion  of the pr incipal  product of anaerobic  breakdown of ca rbohydra tes -  l ac t i c  acid. The 
fal l  in the intensity of tissue respiration and the simultaneous increase in the intensi ty of glycolysis are evidence of 
a definite modif ica t ion  of myocard ia l  metabol ism in old age, and this may  be of s ignif icance when expla in ing the 
differences observed in the onset and course of cer tain pathologica l  conditions of the heart  at this age period. 

1. 

2. 
3. 

S U M M A R Y  

A study of metabol is  pecul iar i t ies  in the cardiac  muscle, character is t ic  of different ages, is of considerable 
importance for the understanding of structural and functional  changes in the myocardium,  both in normal  and patho-  
logica l  conditions. However, current b iochemis t ry  possesses almost  no systematic  information on the m e t a b o l i c p e c u -  
l iar i t ies  of card iac  muscle at different age periods. 

A s known, the functional ac t iv i ty  of the heart  was connected with the presence in i t  of phosphorus compounds, 
rich in energy. The formation of these compounds in the myocardium occurs in two ways: chiefIy as a result of res- 
pirat ion and also during glycolysis. 
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