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The result  of exposure to physical  exertion for  the same total period of t ime depends on 
the rhythm of its distribution. F o r  instance, animals of both sexes adapt themselves 
readily to regular ly  repeated swimming for  comparat ively  short  periods of t ime and 
separated b y  an interval  of res t  lasting 2-3 days. Less  prolonged but daily periods of 
swimming lead to considerable changes, detectable in the ECG, of the moderate ly  hyper -  
trophied myoeardium in one-quar te r  of the experimental  animals (males, as a rule), and 
the concentrat ion of sodium ions in the heart  muscle  is increased.  

Changes in the heart  associated with acute or  chronic straining of its activity under the influence of 
physical  exertion have received increasing attention in recent  years  [1, 3-7]. 

Changes in the heart  muscle  produced by different training p rograms  were studied. 

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

Noninbred albino rats  (33 males  and 26 females) weighing 206-~30 and 185~-25 g, respectively,  were 
used in the experiments .  The control  consis ted of 14 animals (7 males  and 7 females).  The experimental  
ra ts  were divided into two groups.  The animals of group 1 (15 males  and 7 females) were made to swim 
six t imes a week in water  at a t empera tu re  of 30-32~ at the beginning of the experiment for  5 min, and 
every two weeks the t ime of swimming was increased by 5 min, so that at the end of the experiment the 
males  were swimming for  35 rain and the females for  30 rain. The animals of group 2 (11 males  and 12 
females) were made to swim under the same conditions but only twice a week. At f i rs t  the duration of 
swimming was 15 rain, and every  two weeks it was increased by 15 min so that at the end of the experiment 
the males were swimming for  105 rain and the females for  90 min. The total t ime of swimming for  the 
males  of both groups was 35 h and for  the females  21 h. The animals '  behavior  was recorded during and 
af ter  swimming throughout the experiment,  and the ECG was recorded  in seven leads (three standard, three 
amplified leads f rom the limbs, one thoracic) before the beginning and at the end of the experiment,  af ter  
injection of pentobarbital (0.1 mg/g) .  

The males  were killed by decapitation af ter  30 and 112 days and the females af ter  84 days. The heart  
was weighed, af ter  which the concentrat ion of Na + and K + ions were determined separate ly  in the ventr icles  
by flame photometry (using the Zeiss HI photometer) and the potass ium/sodium ratio was calculated, p ieces  
of hear t  t i ssue were fixed in 12% formalin solution and in Zenker ' s  and Carnoy ' s  fluids for  microscopic  
investigation. Sections were stained with hematoxyl in -eos in ,  by Van Gieson's  method, with Heidenhain's 
i ron-hematoxy l in ,  and by Brache t ' s  method and examined in polar ized light. 
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TABLE 1. Relative Weight of the Heart  
of Albino Rats Undergoing Physical  
Exertion. 

Group of animals 

Control 

I . . . . . . .  

2 . . . . . . .  

Relative wt. of heart (g} 
males I females 

I 
0,33(0, 28--0,42)10,34(0,30--0,38) 
0,44(0,32--0,65) 0,34(0, 31 --0,37 ) 
0,41 (0,33--0,64) 0,36( 0,30--0.45 ) 

// 
a 

b 

Fig. 1. Myocardium of male rat 
group 1 (killed on 112th day): 
a) capi l lary muscle  f rom left ven-  
t r ic le .  Necros is  of group of m u s -  
cle cells with proliferat ion of 
macrophages  and leukoeytes at the 
per iphery .  Hematoxyl in-  eosin, 
230 • b) pectinate muscles  of left 
ventr icle .  Numerous tiny foei of 
prol iferat ing granulation t issue 
and formed sca r s .  Hematoxyl in -  
eosin, 120 • 

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

Daily swimming, even for short  periods, was to ler -  
ated less  well by the animals (especially the males) than 
swimming for periods three t imes longer but less  f r e -  
quent (with res t s  lasting 2-3 days). For  instance, in 
one-third in the male rats  of group 1 evidence of over-  
fatigue was observed regular ly  by the end of the f i rs t  
month: exophthalmos, brown rings around the eyes dur- 
ing swimming, res t l ess  movements  and convulsions after  
it [9]; by the end of the experiment these signs were 
observed in half of  the males.  In the female rats  of 
group 1 these phenomena somet imes appeared on the 
day when the duration of swimming was next increased.  
In the animals of group 2 symptoms of overfatigue were 
absent during the f i r s t  month, while in the last  week 
they appeared at t imes in the females .  

The most  rapid increase  in body weight was observed 
in the males of group 2; in the animals of group 1 the increase  
in weight began to slow down with the appearance of the f i rs t  
signs of overfatigue, but la ter  it began to increase  but only 
slowly, and by the end of the experiment it was definitely r e -  
duced. In the females of both groups the curves  of the gain 
in body weight remained for  a long t ime close to those for  
rats of the control  group, and only in the last weeks of the 
experiment did they acquire the same cha rac te r  as the curves 
for  the males .  

Comparison of the mean values of the relative weight 
of the hear t  of the experimental  and control  rats revealed 

hype r t rophy  of the myoeardium in all the experimental  ani-  
mals (Table 1). 

Regardless  of the conditions of swimming, the relative 
weight of the heart  in the females remained unchanged. Con- 
sequently, the hypertrophy of the myocardium corresponded 
to the gain in body weight. The highest relative weight of the 
hear t  in male rats  was found in the animals of group 1. 

Microscopic examination of the hear ts  of 15 males  in 
group 1 showed that in 11 of them disseminated focal injuries 
were superposed upon hypertrophy of the myoeardium, while 
in four hear ts  the changes were widespread. In six rats  sac -  
rificed on the thirt ieth day individual muscle  fibers had lost 
their  c ross - s t r i a t ion ,  somet imes  with homogenization of 

the i r  sa rcop lasm or, less commonly,  with contrac tura l  degeneration of coagulation necros is ;  c lus ters  of 
cells resembling fibroblasts,  with a cytoplasm rich in RNA, were found in the s t roma.  In four of the nine 
rats  sacr i f iced on the l l2 th  day the changes descr ibed above in the inner layers  of the ventr icular  m y o e a r -  
dium were combined with foci of coagulation necros is  of small  groups of muscle  cells,  surrounded by m a c -  
rophages and leukocytes (Fig. la) and by multiple foci of proliferat ing granulation t issue at a varied stage 
of maturation,  consist ing in some cases  of smal l  sca rs  (Fig. lb). 

Among the male rats of group 2 these foci of injury were found in three animals sacr i f iced after  112 
days; they were widespread in charac te r  in only one animal and in two cases  they consisted of tiny d i s sem-  
inated loci. In eight males  changes in the myoeardium were confined to its hypertrophy.  

I r respec t ive  of the p rogram of swimming, the hear t  muscle  of the females was indistinguishable f rom 
normal .  Focal  lesions of the myocardium like those in the males were observed in two of the seven females 
of group 1 and in one of the 11 females of group 2. 
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Clear ly ,  exposure  to physica l  exer t ion  at different  f requencies  had a benef ic ia l  effect on mos t  animals  
and only in some of the m a l e s  in group 1 were  les ions of the myocard ium produced, accompanied  by changes 
in the ECG of the s a m e  c h a r a c t e r  as in a thletes  during chronic myoca rd ia l  s t ra in  [6]. F o r  instance,  in the 
exper imenta l  ra t s  with signs of fatigue and widespread  lesions of the myocard ium,  the ECG showed lowering 
o r  invers ion of the T wave, an i nc rea se  in the hear t  ra te  (by 17-20 beats) ,  and a dec r ea se  in voltage of the 
QRS complex (on the ave rage  by 3 mm),  indicating a fal l  in the biological  act ivi ty of the myocard ium;  in 
individual ra t s  e l ec t r i ca l  a l ternat ion and ex t ra sys to le s  were  observed.  In the animals  which adapted t h e m -  
se lves  readi ly  to the exert ion,  the ECG showed elevation of the T wave, a dec r ea se  in the hear t  ra te  (on the 
ave r age  by 30 bea ts / ra in) ,  an i nc r ea s e  of 2.4 m m  in the voltage of the QRS complex,  and no signs of e l ec -  
t r i c a l  a l ternat ion o r  ex t r a sys to l e s .  

Two opinions, c o m p l e m e n t a r y  to each other ,  a re  held on the genesis  of the les ions of the myocard ium 
in the l i t e ra tu re .  Some worke r s  [2, 10] explain them by a d is turbance of me tabo l i sm based  on hypoxia 
caused by the d i f ference  between the volume of blood flowing into the hear t  and the volume requi red  to p e r -  
f o r m  the given amount of work.  This hypothesis  is conf i rmed by the w r i t e r s '  invest igat ions [8] demons t r a -  
ting dystonia of the walls of the co rona ry  a r t e r i e s  of the hear t  and inadequate capi l la r iza t ion  of the hear t  
musc l e  in ove r t r a ined  r a t s .  Some worke r s  [1, 4] cons ider  that damage  to the ove r s t r a ined  hear t  is due to 
the action of adrenerg ic  ca techolamines  on it, with d is turbance of the e lec t ro ly te  balance.  In ra ts  well  
adapted to hyperkines ia ,  the content of K + ions in the hear t  musc le ,  as the wr i t e r s  have shown, is inc reased  
while the content of Na + is reduced; the po ta s s ium/sod ium rat io is inc reased  on the ave rage  to 2.08. In 
ra t s  in a s ta te  of chronic fatigue the K + content in the hear t  musc le  is indist inguishable f rom the control ,  
while the Na + content increased ,  so that the e lec t ro ly te  coefficient is reduced to 1.78; this is one reason  for  
depress ion  of the cont rac t i le  function of the m y o c a r d i u m  [11]. 

One of the fac to r s  prevent ing the development  of o v e r s t r a i n  of the hear t  is thus individualization of 
the t ra ining p rog ram ,  drawn up to allow as f a r  as poss ib le  fo r  comple te  r e c o v e r y  of the damaged t i s sues .  
Obse rvance  of this condition allows the animals  to withstand cons iderable  physica l  exert ion regular ly .  
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