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In ra ts  developing f rom the age of 1 month during exposure to skeletal muscle loading the r e -  
duced general  level of oxygen consumption in a state of res t  is combined with an increase  in 
the concentrat ions of ATP, creatine phosphate, and glycogen in the muscles  and also with an 
increase  in the pyruvate concentration and a decrease  in the lactic acid concentrat ion in them. 
In ra ts  developing under hypodynamic conditions the increase  in the total oxygen consump- 
tion in a state of res t  is combined with intensification of energy metabolism in the skeletal 
mu s cle s. 

Investigations in the au thor ' s  labora tory  have shown that in developing mammals  of different species 
the level of energy metabolism and of activity of the r e sp i ra to ry  and card iovascular  systems,  together with 
charac te r i s t i c s  of the red blood cells at different age per iods  are determined by differences in the pat tern  
of function of the skeletal muscle [1-9]. This general  pat tern has been descr ibed as the energy rule of 
skeletal muscles.  It has  also been shown that the established level of energy metabolism and of activity of 
the var ious  sys tems and organs differs depending on the charac te r  of motor  activity taking place while the 

animal develops. 

In view of the importance of the problem, it was decided to investigate the charac te r  of energy meta-  
bolism, based on the oxygen consumption and cer tain biochemical  indices, in developing rats  during expo- 
sure to skeletal muscle loading (running on a treadmill) and of hypodynamia. 

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

Exper iments  were  ca r r i ed  out on noninbred male albino rats  aged 30 days and over  (weight 48-50 g), 
subdivided into 3 groups with 9 animals in each group. Observations continued for 2 months. Group 1 con- 
sisted of control  ra ts  developing under ordinary  conditions of life in cages; group 2 consisted of exper imen-  
tal ra ts  subsequently descr ibed as "muscular ,  ~ made to run on a t readmil l  (after 1 day) during development. 
At the beginning of the observat ions  the animal ran on the t readmil l  for 20 min, af ter  1 month the per iod of 
running was 60 min, and after  2 months 120 min; group 3 consisted of experimental  ra ts  subsequently des-  
cribed as nhypodynamic," kept in soli tary conditions in small chambers  great ly  res t r ic t ing  motor  activity. 
To est imate the oxygen consumption, which ref lected the level of energy consumption in the rest ing state 
(in the ra t s  of group 2 af ter  the end of the r ecovery  period following muscular  exertion), the chamber  
method [6] slightly modified in the w r i t e r ' s  l abora tory  was used. The tempera ture  in the chamber  was 
22-23~ All the animals, after their  res t ing level of oxygen consumption had become stabilized and had 
been recorded,  were sacr i f iced by decapitation, and a hind limb was amputated at the same time and fixed 
instantly in liquid nitrogen. The concentration of ATP {by the method of Meshkova and Severin), of creatine 
phosphate (by Alekseeva 's  method), inorganic phosphorus {by Lowry ' s  method), creatine (by Yaffe 's  r eac -  
tion), lact ic  and pyruvic acids (by the method of Meshkova and Severin), and glycogen (by the anthrone 
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TABLE i. 
Age of 3 Months (M • m) 

E n e r g y  Ind ices  in  Contro l  and E x p e r i m e n t a l  Rats  at the 

Group of rats 

control "muscular" Index studied 

22,6~0,8 18,8-+0,6 
34,3+3,8 45,0----- 1,9 
198-+-13,4 276-+-16,9 

37,3• 25,2-+ 1,99 
549• 400-4-17,1 
497--+69,1 679-+33,0 
56,6-+ 17,9 36,4_+2,44 
7,7_+0,73 9,05_+0,76" 
7,48-----0,50 4,08_+0,29 
2403-----385 3730---240 

Oxygen consumption (in ml/kg/min) . . . 
ATP (in mg%) . . . . .  
Creatine phosphate (in mg %) . . . . .  
Inorganic phosphorus (in mg %) . . . . .  
Creatine (in mg %) . . . . .  
Glycogen in muscles (in mg %) . . . . .  
Lactic acid (in nag %) . . . . .  
Pyruvate (in mg %3 . . . . .  
Lactate/pvruvare . . . . .  
Liver gl/cbgen . . . . .  

*Di f fe rence  be tween  i nd i c e s  in  con t ro l  and e x p e r i m e n t a l  
s ign i f ican t .  

36,4-- 1,9 
31,2-----5,3" 

216,4-----16,1" 
31,9+2,29 * 

389~49 
416~47" 
121,7~5,8 
7,2-----0,53* 
17,2-- 1,08 

2926----- 431 * 

ra t  s not 

TABLE 2. Weight  C h a r a c t e r i s t i c s  of Cont ro l  and E x p e r i m e n t a l  
Rats  (M • m) 

Weight of rats and their organs congol 

Group of rats 

"muscular" 

Weight (in g) . . . . . . . . . . . . . . . . . . . . .  329 -~ I0,1 377--+-I2,0 
Vusfile mass (in percent of total body weight) 40,10_+0,53 46,8_+0,70 
Heart: 

mg . . . . . . . . . . . . . . . . . . . . . . . . .  1023_+27 1219--55 
%of total weight . . . . . . . . . . . . . . . . .  0,30_+0,003 0,33• 

Liver: 
g% . . . . . . . . . . . . . . . . . . . . . . . . .  12,500+0,290 12,5-+0,53" 

of total weight. ............... 3,86+---0,32 3,31--0,32" 
Kidneys (rag) .... , ............... 2610_+60 2930_+149" 

70 of tota~ weight . . . . . . . . . . . . . . . .  0,79~0,10 0,78_+0,09* 
SpIeen: 

mg . . . . . . . . . . . . . . . . . . . . . . . . .  1300--+90 1575--+88 
%of total weight . . . . . . . . . . . . . . . .  0,40--+0,16 0,42-+0,15" 

*Di f fe rence  be tween  i nd i c e s  of con t ro l  and e x p e r i m e n t a l  
s ign i f ican t .  

"Hypody- 
namic" 

271--6,08 
37,7• 

85i_+44 
0,28• 

10,6_+0,38. 
3,81_+0,41. 
2580_+80* 
0,95-0,18" 

820• 190 
0,30_+0,07" 

r a t s  not 

method) w e r e  d e t e r m i n e d  in  the p r e v i o u s l y  weighed  l imb  m u s c l e s .  The body weight  of the a n i m a l s ,  the ab -  
solute  and r e l a t i v e  weight  of the m u s c l e  m a s s ,  and the  weight  of the hea r t ,  l i ve r ,  k idneys ,  and sp leen  a lso  
w e r e  d e t e r m i n e d .  

E X P E R I M E N T A L  RESULTS 

The r e s u l t s  showing the spec i f i c  v a l u e s  of oxygen c onsumpt i on  in  a s ta te  of s t a b i l i z e d  r e s t  and the r e -  
su l t s  of the b i o c h e m i c a l  t e s t s  o n t h e  s k e l e t a l  m u s c l e s  of the con t ro l  and e x p e r i m e n t a l  a n i m a l s  a r e  g iven  in  
Table  1. The weight  of the r a t s  and the weight  of the o r g a n s  t e s t ed  a r e  g iven  in  Tab le  2. To be g i n  with it 
w i l l  be  no ted  that  the  weight  of the " m u s c u l a r "  r a t s  was  s ign i f i can t ly  h igher ,  whi le  that of the: "hypodynamic"  
r a t s  was  lower  than  in  the con t ro l s .  T h i s  o c c u r r e d  ma in ly  as  the r e s u l t  of an i n c r e a s e  in  the r e l a t i v e  va lue  
of the to ta l  m u s c l e  m a s s  in  the f o r m e r  and i t s  d e c r e a s e  in  the l a t t e r .  In the f o r m  in  which it was  u sed  in 
th i s  case,  ske l e t a l  m u s c l e  loading  had both d yna mi c  and s ta t ic  componen t s  (as we l l  as  runn ing ,  the r e s i s t a n c e  
e x e r t e d  by the moving  be l t  of the t r e a d m i l l ) .  I nves t i ga t i ons  in the w r i t e r ' s  l a b o r a t o r y  have shown that  the i n -  
c r e a s e  in  m a s s  of the ske l e t a l  m u s c l e s  t akes  p l ace  m a i n l y  on account  of the i n c r e a s e  in  the s ta t ic  c o m p o -  
n e n t s  of the load [10]. The w e l l - m a r k e d  economy of ene rgy  expend i tu re ,  as r e f l ec t ed  in  the l eve l  of oxygen 
consumpt ion  in  the r e s t i n g  s ta te ,  wi l l  be noted in the " m u s c u l a r "  r a t s  (17% lower  than in  the con t ro l s ) ,  and 
the  high e n e r g y  expend i tu re  in  the "hypodynamic"  a n i m a l s  (62% h igher  than  i n t h e  cont ro ls ) .  E c o n o m y  of 
e n e r g y  expend i tu re  in  the r e s t i n g  s ta te  in  the " m u s c u l a r "  r a t s  w a s  combined  with a high c o n c e n t r a t i o n  of 
A T P ,  c r e a t i n e  phosphate ,  and g lycogen  in  the m u s c l e s  when  d e t e r m i n e d  in  a r e s t i n g  s ta te  (the s ta te  a f t e r  
comple t ion  of the  r e c o v e r y  p e r i o d  fol lowing s k e l e t a l - m u s c l e  loading).  In these  a n i m a l s  a high g lycogen  c o n -  
c e n t r a t i o n  was  found in  the  l i v e r .  P a r a l l e l  wi th  t h i s  f inding,  t he re  w a s  an i n c r e a s e  in  the p y r u v a t e  c o n c e n -  
t r a t i o n  and a d e c r e a s e  in  the  l a c t a t e  c o n c e n t r a t i o n  in  the m u s c l e s  of the " m u s c u l a r "  r a t s  c o m p a r e d  wi th  the 
con t ro l s .  The m a r k e d  d e c r e a s e  in  the l ac ta te  p y r u v a t e  r a t io  (by 1.9 t imes)  c o m p a r e d  with the con t ro l  i s  
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evidence of the p redominance  of r e s p i r a t o r y  phosphorylat ion over  glycolytic in the nmuscula r"  ra ts .  
Fur the r  evidence of th is  is  given by the higher ATP concentrat ion in the i r  musc l e s  compared  with the con- 
t rol .  The lower  concentrat ions of inorganic phosphorus  and crea t ine  in the i r  musc les  (compared  with the 
control  rats) i s  evidence of a m o r e  intensive uti l ization of these  subs tances  for  crea t ine  phosphate f o r m a -  
tion. 

The f igure given in Table 1 for  the Whypodynamic" r a t s  a re  evidence that high specif ic  va lues  of oxy-  
gen consumption were  combined in these  an imals  with high energy  metabo l i sm in the skele ta l  musc les .  As 
invest igat ions c a r r i e d  out in the w r i t e r ' s  l abora to ry  but not yet published (]~. Z. Rabinovich) show, notwith- 
standing the fact  that in the "hypodynamic N ra t s  there  was no dynamic load on the i r  skeletal  musc les ,  the i r  
high energy  metabo l i sm was  connected with the t h e r m o r e g u l a t o r y  function of the musc les ,  n e c e s s a r y  to 
maintain a s ta te  of homothe rmia  under  the external  environmenta l  conditions used (20-22~ The t h e r m o -  
regula tory  function of the skeletal  musc l e s  of the "hypodynamic" r a t s  was  intensified, in pa r t i cu la r ,  by the 
fact that the i r  re la t ive  total  musc le  m a s s  was  reduced. The sharp  inc rease  in the lacta te  pyruva te  ra t io  
in the "hypodynamic" r a t s  compared  with the controls  indicates  that in these  an imals  there  was  a cons ide r -  
able e lement  of glycolytic  phosphorylat ion as  well  as r e s p i r a t o r y .  It is  impor tan t  to note the dec rea se  in the 
re la t ive  s ize of the l i ve r  in the "muscu l a r "  r a t s  compared  with the controls .  The sharp  dec rea se  in r e l a -  
tive s ize of the spleen in the "hypodynamic" r a t s  was assoc ia ted  with the i r  lowered  react ivi ty .  The g r e a t e r  
re la t ive  weight of the kidneys of the "hypodynamic" r a t s  by compar i son  with the control  and "muscu l a r "  
groups  mus t  also be  noted. 
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