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Strips of pap i l l a ry  musc l e s  f r o m  the left  vent r ic le  of r a t s  were  s t re tched  by weights of in- 
c reas ing  s ize.  Extensibi l i ty  of the myocard ium was cha rac t e r i zed  by plotting lengthening 
of the s t r i p s  as a function of load. Extensibil iW of the myocard ium was cons iderably  in-  
c r e a s e d  7-11 weeks af ter  the beginning of r egu la r  physica l  e x e r c i s e s  (swimming fo r  per iods  
of 30-60 min). As a r e su l t  the max imal  amplitude of the cont rac t ions  was reached  in r e -  
sponse to a s m a l l e r  s t re tching force .  The inc reased  extensibi l i ty  of the hear t  musc le  may  
be one of the f ac to r s  in the dilatation of the " t ra ined"  hear t  and the m o r e  rapid  mobi l izat ion 
of its cont rac t i le  function during physica l  exert ion.  
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Dilatation of the h e a r t  is  an invar iable  component  of adaptation of the o rgan i sm to per iodic  phys ica l  ex-  
er t ion,  espec ia l ly  in a thle tes  t ra ined in endurance [2, 5, 6, 11,  13]. The dilatat ion may  a r i s e  both through an 
i nc rea se  in the number  of s a r c o m e r e s  in the consecut ive  s e r i e s  and also through an i n c r e a s e  in the ex tens i -  
bil i ty of the hear t  musc le  t i s sue  i tself .  

In this invest igat ion the extensibi t i ty  of i sola ted cap i l l a ry  musc les  of r a t s  adapted to phys ica l  exer t ion  
was studied. 

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

Rats  were  made to swim in water  at 32~ 5 t imes  a week for  per iods  of 30-60 min daily. Each ex p e r i -  
ment  las ted  7-11 weeks.  As a r e su l t  of exer t ion  the weight of the left  ven t r ic le  of the exper imen ta l  animals  
inc reased  t o  107 �9 1.2% of i ts  expected value in control  r a t s  of the s ame  body weight. Strips of p o s t e r i o r  
pap i l l a ry  musc l e s  of the left  ven t r i c le  were  investigated.  Strips of about equal th ickness  (0.5-1 mm} were  
taken so as to exclude d i f fe rences  in the i r  function [3, 12] resul t ing  f r o m  unequal diffusion of oxygen. The 
s t r ips  were  made to con t rac t  fo r  1 h in K r e b s '  solution at  30~ during e l ec t r i ca l  s t imulat ion at a f requency 
of 20 /min  while ra i s ing  a smal l  weight of 0.25 g. Extensibi l i ty  was cha r ac t e r i z ed  as the ra t io  between the 
s t re tching weight and the length of the s t r ip .  The min imal  weight was 0.05 g and it was inc reased  gradual ly  
to  1.5 g. At each i nc rea se  in weight a pause  of 5-7 min was allowed fo r  the slow ~creep"  of the musc le  to be  
completed.  The change in length of the musc le  s t r ips  was es t imated  f r o m  the movement  of an isotonic l ever ,  
to the a rm of which the musc le  was attached. This d i sp lacement  was m e a s u r e d  by a capac i tance  t r a n s d u c e r  
and r e c o r d e d  on a ~Disa" indicator  by means  of a " C o s s o r "  c amera .  The design of the appara tus  was d e s -  
c r ibed  prev ious ly  [8]. To com pare  the r e su l t s  of different  exper imen t s  the a r e a  of c r o s s  sect ion of the s t r ips  
was calcula ted (from the i r  length and weight) and the ra t io  between the s t re tching weight and this a r e a  was 
determined.  The degree  of lengthening was m e a s u r e d  in p e r  cent of the length of the s t r ip  when s t re tched  by 
a min ima l  weight of 0.1 g / m m  2. 
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Fig. 1. Relat ionship between s t re tching 
load and extensibi l i ty  of s t r ips  of r a t  pa -  
p i l la ry  musc les :  1) control;  2) expe r i -  
ment.  Values of M • m shown. Ordinate,  
i nc rease  in length of s t r ip  re la t ive  to ini-  
t ial  length (with load of 0.1 g/ram2), taken 
as 100%; absc i s sa ,  s t re tching weight ap-  
pl ied (in g/ram2). 

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

The re la t ionship  between the s t re tching weight and the i nc rea se  in length of the s t r ips  of myocard ium 
f r o m  the control  and expe r imen ta l  an imals  is shown in Fig. 1 (mean data f r o m  14 exper imen t s  on control  
s t r ips  and 9 expe r imen t s  on s t r ips  f r o m  exper imen ta l  ra ts) .  The myocard ium of the adapted animals  c l ea r ly  
p o s s e s s e d  much higher  extensibi l i ty .  The di f ference  was s ta t i s t ica l ly  significant  (P < 0.05) s ta r t ing  f r o m  a 
res t ing  tension of 0.3 g / m m  2 and it r o se  p r o g r e s s i v e l y  with an i nc rea se  in the res t ing  tension. To s t re tch  the 
s t r ips  by 10% of the i r  ini t ial  length a load of 0.55 • 0.07 g / r a m  2 was requi red  for  the adapted animals  and one 
of 0.90 • 0.05 g / r a m  2, i .e . ,  1.5 t imes  g r e a t e r ,  for  the control  animals .  The m o r e  extensible  the muscle ,  the 
s m a l l e r  the weight which had to be  at tached in o r d e r  to s t r e tch  it to the length at which max ima l  ampli tude of 
contract ion was observed .  Fo r  the control  s t r ips  this value averaged  0.6 g / r a m  2 and fo r  s t r ips  f r o m  adapted 
animals  it  was 0.2 g / m m  2. 

The i n c r e a s e  in extensibi l i ty  of the hea r t  musc le  was evidently not connected with a d e c r e a s e  in r igidi ty  
of the e las t ic  skele ton of the hea r t  musc le ,  for  the concentra t ion of col lagen - the main  s t ruc tu ra l  pro te in  of 
the support ing t i s sues  - is unchanged during t ra ining fo r  physica l  exer t ion  [10]. Consequently, an i nc r ea se  in 
the extensibi l i ty  of the cont rac t i l e  component  of the musc le  can be postulated.  Hi l l ' s  view that  the contract i le  
component  is  f r ee ly  extensible  and exe r t s  no r e s i s t a n c e  to the s t re tching force ,  which has  been  favored  until 
recent ly ,  is now disputed, at l e a s t  fo r  hea r t  musc le  [4, 16]. 

The extensibi l i ty  of the cont rac t i l e  component  depends on the degree  of in teract ion between actin and m y o -  
sin f i laments  in the myof ib r i l s ,  which is  control led by the res idua l  Ca ++ concentra t ion in the myoplasm.  The 
avai lable  data sugges ts  that  the power  of the sys t em removing  Ca ++ f r o m  the myof ibr i l s  i n c r e a s e s  during adap-  
ta t ion to phys i ca l  exer t ion  [9]. This leads to an i nc rea se  in the deg ree  of re laxa t ion  of the f ibe r s  [9] and to a 
smal l  dec r ea se  in the Ca ++ concentra t ion in hear t  musc le  [14]. Inc reased  extensibi l i ty  may thus be  the d i rec t  
r e su l t  of i nc reased  power  of the ion t r a n s p o r t  sys tem.  

When a s se s s ing  the physiological  ro le  of inc reased  extensibi l i ty  of the m y o c a r d i u m  it mus t  be r e m e m -  
be red  that it may be a component  of the fo rmat ion  of dilatat ion of the hea r t  which, in conjunction with other  
fan tors ,  b r ings  about the g r e a t  i nc r ea s e  in the pumping function of the myoca rd ium in t ra ined  pe r sons  and 
animals .  

Under conditions of physiological  r e s t ,  when the t i s sue  oxygen demand is  reduced,  the act ivi ty of the 
dilated hea r t  of the athlete is c h a r a c t e r i z e d  by  a no rma l  or  even reduced s t roke  volume and by b radycard ia .  
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This means that the usual  dependence of s t roke volume on final diastolic volume is a l te red  and the expulsion 
f rac t ion  may be reduced by 1.5-2 t imes  [6]~ At r e s t  the degree  of shortening of the s a r c o m e r e s  in the hea r t s  
of t ra ined persons  and animals is evidently reduced,  the p rocess  taking place against the background of a 
lowered intensi ty of sympathet ic  influences [1, 7, 15]. Meanwhile the high residual  volume is a rapidly mo-  
bil izable r e s e r v e  of cont rac t i le  function of the hear t .  
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