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The mechanical  response of skeletal muscles  in rabbits and rats  was investigated at d i f fer-  
ent ages.  The phenomenon of initial relaxation of the muscles  appears at a definite stage of 
ontogeny simultaneously with the onset of posttetanic activation of the musc les .  A change 
in the rest ing length of the muscle ,  ei ther  art if icial ly in the experiment or  by an increase  in 
the dynamic load on the muscle led to a marked increase  in the intensity of the initial r e -  
laxation. Some possible hypotheses for the origin of the initial relaxation of skeletal muscles  
a re  discussed.  

A conversion of energy processes  in ontogeny and the activity of many physiological sys tems of the 
body depend on the degree of development of the skeletal muscles  [1-3, 5, 7, 8]. With age both the con t rac -  
tile function itself and the general  biological function of skeletal muscles  at r e s t  gradually increase  [1,3]. 
During ontogeny specific s t ructura l  and physicochemical  t ransformat ions  take place in skeletal muscles  to 
provide for the more efficient accumulation of potential sources  of energy in them. The physiological role 
of initial relaxation (IR) in the degree of intensity of the mechanical  response of the muscles  to direct  
stimulation has been demonstrated by experiments on amphibian skeletal muscles  [15, 16]. A higher degree 
of IR corresponds  to a g rea te r  s trength of contraction of the muscle .  

The object of the investigation descr ibed below was to s tudy the  mechanism of IR in the contract i le  
reaction of mammalian skeletal muscles  during ontogeny. 

EXPERIMENTAL METHOD 

The initial phase of isometric contraction of the gastrocnemius muscle in rabbits and rats at differ- 

ent ages (control muscle) was investigated. For  comparison,  the same muscle  was investigated in animals 
brought up accustomed to increased motor  activity (the "t~ained" muscle) .  The animal was anesthetized 
with urethane, the hind limb fixed at the knee joint, and the distal end of the divided gas t rocnemius  muscle  
was attached to a strain gauge. Displacement  of the gauge was used to measure  the initial length (corre-  
sponding to the tension) of the muscle at res t .  A descript ion of the apparatus used to measu re  the mechani-  
cal  and thermal  pa ramete r s  of the skeletal muscles  was given previously [4]. The tempera ture  of the 
muscle  was kept between 34 and 36~ Indirect  over- threshold  stimulation by single or  repeated pulses of 
cur ren t  at the optimal frequency for the animal ' s  age was used in the experiments  [1, 6]. Muscle action 
potentials were recorded  by needle electrodes 0.1 mm in diameter  with an interelectrode distance of 2-5 
m m .  

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

In all experiments except those mentioned specially the dissected muscle was s t re tched up to the 
length at which the maximal  amplitude of mechanical  tension developed in it during a single i sometr ic  con-  
t ract ion.  
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Fig .  1 Fig .  2 

F ig .  1. E l e c t r i c a l  and m e c h a n i c a l  r e s p o n s e s  to s ing le  s t i mu l a t i on  of g a s t r o c n e m i u s  m u s c l e  
of r a b b i t  aged 10 days (1) and 40 days (2) and in sexua l ly  m a t u r e  a n i m a l  (3).. A) ac t ion  po-  
t e n t i a l  (bottom curve)  and i n i t i a l  phase  of m e c h a n i c a l  r e s p o n s e  ( re laxat ion;  top cu rve ) .  
C a l i b r a t i o n  of m e c h a n i c a l  t ens ion  (at the side) f r o m  above down: 0.05, 0.5, and 2.0 g; t i m e  
m a r k e r  (below) 20 m s e c .  B and C) e l e c t r i c a l  (top curve)  and m e c h a n i c a l  (bottom curve)  
r e s p o n s e s  be fo re  and a f te r  t e tan ic  con t r ac t i on  for 3 sec r e s p e c t i v e l y .  C a l i b r a t i on  of m e c h -  
an i ca l  t ens ion  (at the s ide)  f r o m  top to bo t tom.  100, 500, and 10,000 g; t ime  m a r k e r  (below) 
100 m s e c .  

Fig .  2. E l e c t r i c a l  and in i t i a l  phases  of m e c h a n i c a l  r e s p o n s e s  of cont ro l  (A) and t r a i n e d  (B) 
m u s c l e s  of sexua l ly  m a t u r e  r a b b i t s  (1) and r a t s  (2) to a s ing le  s t i m u l u s .  Ca l ib r a t i on  of 
m e c h a n i c a l  s t r e s s  (at the side),  f rom top to bo t tom,  2 and 0.5 g, t ime  (below) 20 m s e c .  

TABLE I. Mechanical Characteristics of Gastrocnemius Muscle of 
Rabbit and Rat at Different Ages 

Age of animal 
(in days) 

1 
10 
20 
40 

Sexually mature 

NO. Of 

animals weight (g) 

52-+8 
176-+ 12 
330-+ 10 
785-+ 10 

2560-+28 

Rabbits 

Po (g) 

28• 
100-+ 10 
224-- + 15 
427-+23 

1630-+27 

Pl (g) 

24--+2 
93 -+ 12 

206-+20 
465-+25 

1760-+ 32 

IR (g) 

0,21~0,03 
1,46-+0,05 

Age of animal 
(in days) 

1 
10 
20 
40 

Sexuatly mature 

No, of 
animals weight (g) 

6,8-+0,3 
15,3+--0,5 
28,7+0,7 
94,1--+l,2 
352-+2,3 

Rats 

Po (g) P1 (g) 

2,7~+0,04 2,6-+0,05 
8,4+0,1 8,2+0,2 

17,4+0,3 18,1• 
72,8+0,8 79,0-+ 1,1 
293 -+ 1,2 357-+2,2 

m (g) 

0,0l-----0,005 
0,13~---0,01 
0,51~0,04 

Legend:  P0 and Pl)  m a x i m a l  t ens ion  in m u s c l e  du r ing  s ing le  c o n -  
t r a c t i o n  b e f o r e  and af ter  t e t an ic  c o n t r a c t i o n  r e s p e c t i v e l y ;  IR) i n i -  
t i a l  r e l a x a t i o n  of m u s c l e s .  
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Mechanical  r e sponses  of the control  musc le  of rabbi ts  at different  ages during a single contract ion 
before  (B) and a f te r  (C) tetanic contract ion last ing 3 sec a re  shown in Fig.  1. The initial  phase of the 
mechanica l  r e sponse  of the musc le  (A) is also shown. C lea r ly  in rabbi ts  aged 10 days there  is ne i ther  m 
nor  posttetmi]c activation (PA) of the ske le ta l  m u s c l e s .  The f i r s t  signs of IR and PA appeared  in the rabbi t s  
at the age of 40 days and t he r ea f t e r  they inc reased  cons iderably .  The mechanica l  c h a r a c t e r i s t i c s  of the 
gas t rocnemius  musc le  in r a t s  and rabbi t s  at different  ages a re  compa red  in Table  1. It  will be seen that 
skele ta l  musc l e s  in r a t s  develop f a s t e r  than in r abb i t s .  For  instance,  IR of r a t  musc l e s  f i r s t  appears  at the 
age of 20 days.  It will be noted that the appearance  of IR coincides in t ime  with the appearance  of the PA 
phenomenon. The PA is usual ly  connected with the behavior  of the ca lc ium pump of the s a r c o p l a s m i c  
re t ieu lum of musc le  f ibers  [10, 14, 17]. The mechan i sm of IR is p r e sumab ly  also linked with t r ans fo rma t ion  
of the sys t em ca r ry ing  ca lc ium ions inside the musc le  f ibers  [15]. Hill [11] connects  the origin of IR with a 
dec r ea se  in the in ternal  tension of the "e las t ic  e lement  with a shor t  range  of action." At the s ame  t ime  he 
showed that s t rongly  hypertonic  solutions do not affect  the value of ]~ although they change the modulus o f  
e las t ic i ty  of the myof ib r i l s  cons iderably .  The resu l t s  of x - r a y  s t ruc tu ra l  analys is  of myof ib r i l s  [12] sug-  
gest  that the dec rea se  in e l ec t ros ta t i c  repuls ion between the f ibr i ls  at the beginning of t r igger ing  of the con-  
t r ac t i l e  act  mus t  evidently give r i s e  to some relaxat ion of the musc l e .  Without ruling out this explanation 
of IR other  work e r s  [14, 15] c la im that  the main cause of this phenomenon is a change in the sa rco tubu la r  
sy s t em of osmot ic  or igin.  Evidently both e las t ic  components  of the musc le  and the s y s t e m  of ca lc ium ion 
t r a n s p o r t  both par t ic ipa te  in the m e c h a n i s m  of IR. This is shown by exper iments  to study IR of the musc l e s  
of adult an imals  during a change in the length of the musc le  at r e s t .  In both r a t s  and rabbi ts  a sha rp  de-  
c r e a s e  in IR, amounting in some cases  to its complete  d i sappearance ,  was observed  when the initial length 
of the musc le  was reduced by more  than 5~c below its opt imal  level .  However ,  initial s t re tching of the 
musc le  by up to 5% led to a significant i nc rease  in IR. S imi lar  r e su l t s  were  obtained by Hill [11] on musc le  
f r agmen t s .  

Compar i son  of the values  of IR of " t ra ined" musc l e s  of r a t s  and rabbi t s  with the musc l e s  of control  
an imals  of the s a m e  weight (adult) showed that the " t ra ined" musc l e s  have a much g r e a t e r  IR capabi l i ty  
(Fig. 2). In r a t s ,  for  instance,  i t  was 160-I80~c and in rabbi ts  130-140% of the IR of musc l e s  of the control  
an imals .  This can be explained by an inc rease  in the na tu ra l  r e s t ing  length of the " t ra ined"  musc l e s  [9]. 
Poss ib le  cons iderab le  changes in the e lec t ro ly te  composi t ion of the " t ra ined" skele ta l  musc l e s  [13] mus t  
also be taken into account.  The high PA capabi l i ty  of " t ra ined"  musc l e s  mus t  also be noted.  
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