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INTRODUCTION 
 

During an isometric  te tanus, tension and rate  o f  heat production show 

a characteristic  dependence on muscle  length: they both show a maximum 

at a length about the mean muscle  length in  s itu ,  lo .  

The rate  o f heat production can be analyzed as a sum of two terms, 

one which decreases exponential ly with time, called ' lab ile  heat' ,  and the 

other,  time—independent,  called 's table  heat'  (Aubert,  1956) .  The  stable  

heat is  strongly corre lated to  tension, and therefore  to  muscle  length: the 

re lat ionship is  however di f ferent at d i fferent muscle  lengths: at lengths 

larger than 1 0 ,  the stable  heat rate  is proport ional to  tension,  fal l ing to 

zero at zero tension. At lengths smaller than  lo ,  heat rate does  

not point to zero at zero tension, but to about a half of its maximum value. 

Moreover, at lengths about 10 ,  tension and heat rate appear dissociated: the 

length for maximum heat rate  is about 0.9 l o  (sarcomere length 1.9 µm), 

whereas the length for maximum tension is about 1.05 l o  (sarcomere length 

2.25 µm). As a result, identical tensions can be obtained at two different 

lengths about l0 ,  with very different stable  heat rates (Gilbert & Aubert, 

1980). 
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The  aim of  this  study was to  explore  the expenditure o f  chemical 

energy (essential ly  phosphorylcreatine hydrolysis ) at  lengths about lo  

particularly in re lation to tension production: is  there a lso a d issociation 

between tension and chemical energy expenditure  in that range o f  

length? 

 

METHOD 

The fol lowing experiment was designed: frog sartorius  muscle ] 

stimulated at 0 °C at e ither one o f  two lengths: 0 .85 lo ,  (sarcomere  1.8 

µm),  or 1 .15 lo  (sarcomere  length 2.42 µm).  At these two lengths, the  

muscles were expected to  produce roughly the same tension, but t he  heat 

rate  at 1.15  lo  was expected to be about two thirds o f i ts  value at 0 .85 lo .  

One muscle  of each muscle  pair was set at 0.85 l o  and the other at 1.15 

l o ,  both of  them being s timulated s imultaneously.  The muscles were 

frozen e ither 6s or 12s after the fi rst  st imulus, and the musc les were 

analyzed for phosphorylcreatine and total creatine by the diacetyl 

method. 

Heat production was measured using a Hil l—Downing type 

thermopile  in separate muscles.  Each muscle  pair was spli t , and 

measurements were  obtained from single  muscles;  as in the case o f 

chemical  measurements,  muscle  of  each pair was set at 0 .8510  and the 

other one at 1 .1 lo .  Great care was taken to  control  the muscle  length, 

the uncertainty be one percent o f the muscle  length. After the tetanus, 

the  muscle  used for the  heat measurements were  frozen and analyzed  for 

total  creatine for the  purpose o f normal iz ing the data.
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      RESULTS  

 

 The results  are g iven in Table  1 ,  in the form of an energy balance -sheet.  Q e x p  re fers  to 

the  amount o f  energy which could be expected from  the  observed hydro lys is  o f 

phosphorylcreatine,  and obtained as fol lows.   The  amount o f  phosphorylcreatine 

hydrolyzed is  mult ipl ied by -34 kJ.mo1 - 1which is  the accepted value of  the enthalpy 

change of  the reaction (Curtin & Woledge, 1978).  The result is  the energy accounted for 

by the  only s igni ficant energy-yie lding chemical reaction. Other re actions involving 

nucleotides,  g lycolysis  or oxidative  phosphorylations have been shown to contribute 

insigni ficantly to  the  overall  energy expenditure  (see Curtin & Woledge, 1978 for a 

rev iew) . This  explained enthalpy is  compared to the heat measured with the thermopile , 

reported in the Table  as  Q o b s  I t  can be  seen (column Qobs )  that for both time intervals  

considered more heat was produced at the shorter length. A corresponding di f ference  is 

found in co lumn Q e x p  In other words, phosphorylcreatine remains corre lated to  heat 

production at both lengths.  

     On the other hand, column Q o b s  -  Q e x p  shows insigni ficant fluctuat ions about zero , 

which means that in these  experiments,  al l  the heat l iberated by the  muscles could be 

accounted for by phosphorylcreatine hydrolysis. 

 

CONCLUSION 

 

I t seems that at the lengths explored, tension is dissociated not only from physical 

energy output (essentia lly  heat in isometric  tetani )  but also  from chemical  energy 

expenditure.  
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Table 1. Energy balance-sheet at either 0.85 lo, or 1.15 lo, during the interval 0 to 6 s or 6 to 12 s after the 

first stimulus of a tetanus at 0°C. .PC/CT: decrease in phosphorylcreatine content, a. fraction of total 

creatine, CT.  Qexp heat accounted for by phosphorylcreatine hydrolysis, using a molar enthalpy change 

of-34 kJ/mol. Qobs: heat liberated by the muscles (measured by the thermopile). Heat is given in 

kJ/molCT. 

time length      ΔPC/CT Qexp Qobs    Qobs — Qexp 

  sec l/lo      mol/mol    kJ/molCT   kJ/molCT    kJ/molCT 

0 to 6 0.85 0.138 4.7 4.9 0.2 

      1.15 0.124 4.2 3.9 -0.3 

6 to 12      0.85 0.085 2.9 3.5 0.6 

      1.15 0.079 2.7 2.6 -0.1 
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