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In r a t s  developing f r o m  the age of 1 month during exposure  to var ious  skele ta l  m u s c u l a r  
loads the oxygen consumption,  r e sp i r a t i on  ra te ,  and hear t  ra te  at r e s t  were  lower  than in 
control  animals .  These  findings coincided with an inc rease  in the concentra t ions  of ATP, 
c rea t ine  phosphate,  glycogen, and pyruvate  and a dec rease  in the concentra t ion of lact ic  acid 
in the mus c l e s .  These  changes var ied  depending on the type of load to which the e x p e r i m e n t -  
al an imals  were  exposed in the i r  development,  and the d i f ferences  were  re f lec ted  pa r t i cu -  
l a r ly  in the an ima l s '  working capaci ty .  

The role  of skele ta l  m us c l e s  as  an essen t i a l  fac tor  in de termining the a n i m a l ' s  pa t te rn  of development  
has been demons t ra t ed  by l abo ra to ry  invest igat ions.  This  pa t te rn  of development  is e x p r e s s e d  as  the c r e a -  
t ion of a ce r t a in  energy level  and a ce r ta in  level  of  act ivi ty  of the va r ious  autonomic s y s t e m s  of o rgans  (the 
r e sp i r a to ry ,  ca rd iovascu la r ,  and blood sys tems)  in the res t ing  state.  The pa t t e rn  thus revea led  has been 
desc r ibed  as  the "ene rgy  rule  of the skele ta l  m u s c l e s  ~ [1-3]. 

In connection with r e su l t s  obtained in the w r i t e r s '  l abora tory ,  it b ecame  n e c e s s a r y  to invest igate  the 
f o r m s  of skele ta l  muscu la r  loads to which the body is exposed during i ts  development  and to de te rmine  the 
s tate  which is m o s t  economical  with r ega rd  to energy  and mos t  efficient  as  shown by i ts  working capaci ty.  
Bes ides  physiological  cha rac t e r i s t i c s ,  b iochemica l  t e s t s  a lso  were  used to evaluate convers ions  in the ske l -  
etal  musc le  i tself .  

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

E x p e r i m e n t s  were  ca r r i ed  out on male  albino ra t s ,  divided into four groups (10 ra t s  in each group), 
beginning at the age of 30 days  (weight 48-50 g). The expe r imen t s  las ted  6 months.  Three  types of ske l -  
etal  m u s c u l a r  loads were  used  and were  applied on a l te rna te  days: in group i the r a t s  had to swim for  5-20 
rain, in group 2 a s tat ic  load was applied (hanging on a support) for  5-10 rain, and in group 3 running on a 
t r eadmi l l  for  20-120 min. Control  r a t s  developed while kept in cages  under  o rd inary  conditions (group 4). 
The oxygen consumption was de t e rmined  by the chamber  method, modified in the w r i t e r s '  l abora to ry  [4]. 
The t e m p e r a t u r e  in the cham be r  was  22-23~ Af te r  the i r  s tabil ized level  of oxygen consumption in the 
res t ing  s tate  had been determined,  the an ima l s  were  decapitated,  and one hind l imb was  s imul taneous ly  a m -  
putated and fixed immedia te ly  in liquid nitrogen. The concentra t ions  of the following subs tances  were  de-  
t e rmined  in the l imb muscles :  A T P  (by the method of Meshkova and Severin),  c rea t ine  phosphate (by Alek-  
s e e v a ' s  method), inorganic phosphorus  (Lowry), c rea t ine  (Jaffa), pyruvic  acid and lact ic  acid (Meshkova and 
Severin),  glycogen (by the anthrone method), and myoglobin (by De Duve ' s  method). To a s s e s s  the potential  
energy  capaci ty  of the an imal  as  a whole, not only concentra t ion c h a r a c t e r i s t i c s  (the intensi ty factor)  but 
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T A B L E  1. P h y s i o l o g i c a l  a n d  B i o c h e m i c a l  I n d i c e s  of  C o n t r o l  a n d  

E x p e r i m e n t a l  R a t s  a t  t h e  A g e  of  S e v e n  M o n t h s  

Parameter 
studied 

0 z consumption 
(ml/kg/min) 

Resp.iration rate per 
m i n u t e  

Heart rate per 
minute 

Concn. in muscle 
(Am~l~ el~ 

Creatine phosphate 
Creatine 
Inorganic 
phosphorus 
Lactate 
Pymvate 
Glycogen 
Myogf~bin (g) 

Lactate/pymvate 
ratio 

Glycogen eojacn, in 
hver (rag %) 

Control 
rats 

29,44",1,,24 

72-+2.5 

356-+3,8 

32,7-----2,6 
210~4,1 
509• 10,6 

31,2-+0,97 
42,7-+ 1,33 

7,7-----0,39 
454-+38 

0,72• 
0,68-+0,02 

5,54 

2572----- 192 

swimming 

21 ,!~-0,31 

63-+ 1,48 

309---+4,8 

56,3~3,7 
378-+ 8,1 
424-+9,5 

26,9~0,87 
27,5-+2,50 
12,7 .+. 1,5 

1005-----42 
1,46-+0,04 
1,25-+0,04 

2,16 

4385-+370 

Experimental rats 

static 
loading 

27,2~0,50 

66+--- 2,0 

329+---5,9 

47,0+~2,4 
469"*-9,1 
447-'-31,4 

28,6~---0,64 
30,1-+3,18 
12,7-+0,89 
859-+33 
1,21---~0,02 
0,79-+0.03 

2,3 

4947-+882 

running 

18,5-+0,65 

61--3,0 

300-+6,2 

62,1---.+ 1,31 
365-+3,45 
390-+ 15,6 

21,9-+0,82 
26,5 .+ 1,82 
14,2-+-0,79 
1150+70 

1,9 

5250~218 

T A B L E  2. G r a v i m e t r i c  C h a r a c t e r i s t i c s  ( in  a b s o l u t e  a n d  r e l a t i v e  

t e r m s )  a n d  I n d i c e s  o f  W o r k i n g  C a p a c i t y  of  C o n t r o l  a n d  E x p e r i m e n -  

t a l  R a t s  a t  t h e  A g e  of  S e v e n  M o n t h s  

Parameter 

studied 

Body wt. (g) 
Wt. of heart in mg 

in % of body wt. 
Wt. of lungs in mg 

in % of body wt. 
Wt. of liver fn mg 

in % of body wt. 
Wt. of kidneys in m~ 

in % of body wt. 
Wt. of adrenals 

in g 
in ~ of body wt. 

Wt. of thyrofd 
gland 
in mg 
in go of body wt. 

Wt. of muscle mass 
in 
tn ~o of body wt. 

Duration (in rain): 
of swimming 
of running 

Control 
rats 

260-+8,6 
980+-49,2 

0,35--0,008 
1530-+ 84,1 
0,55-+0,020 
921+---45 

3,53-+0,I4 
1820~--44,5 
0,68-----0,02 

60,7m3,06 
0,02+0,0001 

22,8-+0,86 
0,009+-0,0002 

106,9 
41,i---+0,37 

swimming 

265-+5,3 
1000--+22,3 
0,37"+-0,005 
1835+-35,7 
0,68• 
807-+ 172 

3,29-+0,15 
1830• 
0,69-+0,02 

61,8+2,11 
0,02-+0,001 

20,8-+0,87 
0,007-+0,00005 

119,7 
44,I-+0,34 

304• 14,2 

Experimental rats 

static 
loading 

294-+9,9 
996~ 41,3 

0,33-+0,004 
1825• 
0,62-+0,016 
951-+125 

3,22-+0,18 
1935-+ 23, l 
0,66-+0,04 

60,i~2,00 
0,02-+0,0005 

138-----4,6 
32,2---+5,4 

19,4-+0,81 
0,007-+0,0003 

140,4 
47,0~58 

95-+4,5 

running 

335-+3,3 
I 110-----47,0 
0,33--+0,001 
1408-+43 
0,43-+0,01 
1035-+305 
3,09~0,14 
1937 + 103 
0,59~0,01 

56,9-+4,9 
0,01-+0,002 

17,1+0,5 
0,005~0,0001 

162,8 
48.6-+0,6 

180+15,4 
430--+20,6 

also capacity characteristics (the extensiveness factor) were estimated, as is usual in thermodynamics. In 
this connection not only the body weight, but also the absolute and relative weights of the muscle mass were 
determined. This enabled the content of the test substances in the muscle mass as a whole to be obtained. 
In laboratory investigations the role of various components of the pattern of development of the skeletal mus- 
cles as a factor in the functional transformation of the autonomic systems of organs was established. In this 
connection several internal organs were weighed. The working capacity of the control and experimental rats 
was assessed 5-6 months after the beginning of the experiment by measuring the maximal duration of swim- 
ming and, in the rats of group 3 (and in the appropriate control) by determining the maximal duration of run- 
ning and of swimming. 

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

F i g u r e s  f o r  t he  o x y g e n  c o n s u m p t i o n  i n  a r e s t i n g  s t a t e  a n d  f u n c t i o n a l  a n d  b i o c h e m i c a l  i n d i c e s  ( c o n c e n -  

t r a t i o n  c h a r a c t e r i s t i c s )  of t he  s k e l e t a l  m u s c l e s  of t h e  c o n t r o l  a n d  e x p e r i m e n t a l  a n i m a l s  a r e  g i v e n  in  T a b l e  1. 
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The body weight of the an ima l s  and the weights of the organs  invest igated a r e  given in Table 2. It will f i r s t  
be  noted that  the weight of the exper imen ta l  an ima l s  was g r e a t e r  (except group 1) than that of the controls ,  
main ly  on account of an inc rease  in the musc le  m a s s  (Table 2). In a l l  the exper imenta l  an ima l s  a more  
economica l  ut i l izat ion of oxygen in the res t ing  s ta te  was combined with a lower  hear t  and resp i ra t ion  ra te  
and an inc rease  in the energy  r e s e r v e s  in the m u s c l e s  and l iver .  F o r  instance,  the glycogen content in the 
whole l i ve r  in the control  and exper imen ta l  an imals  in the four groups  r e spec t ive ly  was 236.8, 353, 470.5, 
and 543.4 rag. The glycogen content, calculated for  the whole musc le  m a s s ,  was  485.3, 1,203.0, 1,206.0, and 
1,872 rag, respec t ive ly .  The total  glycogen content in the m u s c l e s  and l ive r  was 722.1, 1556.9, 1676.5, and 
2415 rag, respec t ive ly .  The total  content of glycogen in the musc l e s  and l ive r  of the exper imenta l  r a t s  was 
inc reased  by 2.2 t imes  in group 1, 2.4 t imes  in group 2, and 3.3 t imes  in group 3 compa red  with the control .  
The c rea t ine  phosphate and ATP content in the m u s c l e s  was increased.  The ATP content, calculated for  the 
whole musc le  m a s s ,  was 34.95, 67.39, 65.99, and 101.1 mg  for  the control  and exper imenta l  ra ts ,  r e s p e c t -  
ively. The ATP content in groups  1 and 2 was i n c r e a s e d ' b y  1.9 t imes  and in group 3 by 2.9 t imes  compared  
with the control .  Breakdown products  in the musc l e s  (lactic acid, inorganic phosphorus,  creat ine)  were  p r e s -  
ent in much s m a l l e r  quanti t ies in the exper imenta l  r a t s  than in the control .  The working capaci ty  of the 
an ima l s  of group 1 and the glycogen content in the m u s c l e s  and l iver  of these an ima l s  were  2.2 t imes  higher  
than in the control .  These  r e su l t s  suggest  that the glycogen r e s e r v e s  in these o rgans  a r e  d i rec t ly  dependent 
on the working capaci ty  of the an ima l s  during the p e r f o r m a n c e  of the i r  specif ic  work fo r  which they were  
t rained.  The an ima l s  of group 3, when pe r fo rming  the i r  specif ic  work (running on the t readmil l ) ,  inc reased  
the i r  working capaci ty  by 13 t imes  while when p e r f o r m i n g  nonspecif ie  work  (swimming) the inc rease  was 
only 30%. The working capaci ty  during p e r f o r m a n c e  of specif ic  work, i.e., s t a t i c  work,  was  not de te rmined  
in the an ima l s  of group 2. However,  s ta t ic  loads a f t e r  t ra ining for  5 months  were  3 t imes  g r e a t e r  than a f t e r  
t ra in ing for  1 month. During the p e r f o r m a n c e  of nonspeci i ic  work  (swimming) the working capaci ty  of the 
r a t s  of this group was lower  than the control  by 30%. Consequently,  s tat ic  e x e r c i s e s  do not lead to an in- 
c r e a s e  in dynamic working capaci ty  (swimming). Of al l  the exper imenta l  groups,  group 3 stood out sharply .  
Compared  with the r a t s  of groups  1 and 2, the an imals  of this group were  heavier ,  and they  had a much 
g r e a t e r  total  musc le  m a s s ,  e x p r e s s e d  both in absolute  and in re la t ive  t e r m s .  They had a l a r g e r  r e s e r v e  of 
energy  m a t e r i a l s ,  a m o r e  economica l  energy me tabo l i sm in the res t ing  state,  and a s lower  r e sp i r a t i on  and 
hear t  ra te .  The skele ta l  m u s c l e s  of the r a t s  of this group showed the lowest  lact ic  acid and c rea t ine  con- 
tent  and the highest  pyruvate  content. 

The d e c r e a s e  in the re la t ive  weight of the thyroid gland in the exper imen ta l  r a t s  coincided with a lower  
oxygen consumption.  The absolute  weight of the hear t  in the exper imenta l  r a t s  was g r e a t e r  than in the con- 
t ro i s .  The hear t  was  re la t ive ly  l a r g e r  in the r a t s  of group 1 and s m a l l e r  in the an ima l s  of groups  2 and 3 
than in the control .  The adrena l s  were  the same  size in absolute t e r m s  in the exper imen ta l  an ima l s  as  in 
the control .  The dec rea se  inthe re la t ive  weight of the lungs and kidneys in the r a t s  of group 3 is  pa r t i cu l a r ly  
in teres t ing.  It is  worth noting that  the weight of the lungs in the r a t s  of group 3 c o r r e l a t e s  with the lowest  
specif ic  value of the oxygen consumption and the lowest  r e sp i r a t i on  ra te .  The re la t ive  weight of the l ive r  
in al l  the exper imen ta l  r a t s  showed a tendency to d e c r e a s e  compared  with the controls .  This  change in the 
expe r imen ta l  r a t s  was evidently compensa ted  by the fact  that the l i ve r  function (glycogen r e s e r v e s )  was 
taken  over  to some extent by the musc l e s  in which the glycogen content, both in to ta l  m a s s  and in concen-  
t ra t ion,  was  cons iderably  increased .  
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