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An apparatus is descr ibed in which the force of contract ion and displacement of a muscle  
are  recorded  by means of a s t ra in  gauge and temperature  changes in the muscle  r ecorded  
by thermocouples during contract ion and the resul t ing electr ical  signals are amplified and 
recorded  photographically.  By means of this apparatus experiments can be ca r r i ed  out on 
the muscles  of animals of different s izes.  

The investigation of energy p rocesses  in the contracting muscle  is based on determinat ion of the m e -  
chanical and thermal  pa ramete r s  of the p rocess ,  f rom which the external work and the efficiency of the me-  
chanieal and thermal conversions can be est imated [12,13]. The l i te ra ture  contains descriptions of ap-  
paratuses  by means of which dynamic recordings  of these pa ramete r s  can be made s imultaneously on the 
isolated muscles  of cold-blooded animals [6, 11, 121. In some investigations [3, 41 the absence of a s imul-  
taneous r eco rd  of the mechanical  and thermal pa ramete r s  made the analysis of the energet ics  of muscu la r  
contract ion difficult, and some types of apparatus used for these purposes are  complex [10]. 

This paper  descr ibes  an attempt to produce a simple and sufficiently sensit ive apparatus for the com-  
bined recording of mechanical  and thermal  pa ramete r s  of muscular  contract ion in situ to allow synchronous 
recording  for animals o f  different s izes .  To convert  forces  and movements  into e lect r ical  signals the wel l -  
known tensometr ie  method was used [1, 21 while the temperatures  were recorded  by means of thermocouples 
which are  widely used in physioIogy [7, 9-13]. 

A block diagram of the apparatus is shown in Fig. 1. The experimental  animal is placed on a heated 
table fixed secure ly  to a heavy metal  plate (p). The femur  (for the gast rocnemius  muscles)  is r igidly fixed 
by means of prongs of suitable size. The tendon of the free end of the muscle  to be tested (M) is connected 
by a thin steel wire and rectangular  clip to force detector  (FD) or to the displacement detector  (DD) and to 
an isotonic load (R). This load is created by means of a rubber  band not less  than 100 cm long and 0.5-5 
mm wide (depending on the load required).  Displacement of the muscle during contract ion was usually less  
then 1% of the initial length of the s t re tched rubber  band, thus ensuring prac t ica l ly  isotonic conditions of 

muscu la r  contraction. Signals f rom the detectors  were  led 
TABLE 1. Pr incipal  Technical Charac-  
ter is t ics  of Detectors 

Type of detector 

Maximal 
sensitivity 

Range of per cm of 
changes recorder 

scale 

Force detector 
Displacement detecto, 
Temperature detector 

1--104 
10-1--1 em 
10-2_5 o 

0,05 
0, I  m m  
0,001 ~ 

time 

:onstant 

msec) 

3--5 
5--10 
50 

through a tensometr ic  amplif ier  (TU-4M) (TA) and a type 
UBP-02 amplif ier  (UBP) to a type N-102 loop osci l lograph 
(LO) and to a type SI-18 ca thode- ray  oscillosc'ope (CRO) for  
visual observation. The tempera ture  measur ing  channel con- 
s is ts  of a differential thermocouple (T), the control (cold) junc- 
tion of which is placed in a Dewar flask with melt ing ice (D) 
while the measur ing (hot) junction is in the muscle.  The ini- 
tial potential difference produced by a difference between the 
tempera tures  of the measur ing  and control junctions (the m u s -  
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Fig. 1. Block diagram of apparatus for investigating mechanical  and thermal 
pa ramete r s  of muscular  contract ion (explanation in text). 

Fig. 2. Mechanical (top curve) and thermal  (bottom curve) responses  of gas -  
t rocnemius muscles  of rabbits aged 10 days (A) and 3 months (B) under iso-  
tonic conditions to direct  st imulation at 6 0 / s e c  and with amplification of 2 G 
(A) and 200 G (B). Calibration f rom top to bottom: A) 0.5 mm, 0.2 ~ 2 sec;  
B) 1.5 mm,  0.2 ~ , 2 sec. 

cle at rest) is balanced by a-compensating circuit  (CC). The onbalance appearing during contract ion of the 
muscle between the EMF of the thermocouple and the compensating EMF is amplified by a type F -116 /2  
photogalvanic amplifier  (PGA) and then led through the UBP-02 amplif ier  to the recorder .  

The force detector consists  of a steel plate, measur ing  on the average 2 )e 10 x 60 mm, to which the 
r e s i s to r  elements are  secured  on both sides. The size of the plate is chosen on the basis of the sensi t ivi ty 
required and the maximum force permiss ib le  on the detector to maintain l ineari ty of the working charac -  
ter is t ic  curve [7]. The displacement detector  is a thin steel plate measur ing  0.5 ~ 10 • 60 mm. A thinsteel  
wire  by means of which the f rame is fixed to the musc le - load  sys tem is soldered to the free end of the plate 
and is displaced (bent) during contraction. The diameter  and length of the wire  are  calculated to correspond 
to the amplitude and rate  of shortening of the muscle.  For  example, for the gast rocnemins  muscle  of an 
adult rabbit  weighing about 3 kg the wire  must  be 0.5 mm in diameter  and about 20 m m  long. The tenso-  
met r ic  amplif ier  is connected to the two r e s i s to r  elements secured  to the plate and to two other r e s i s t o r s  
placed on a special  card  by means of an ord inary  bridge circuit  [10], ensuring high sensi t ivi ty and rel iable 
thermostabi l i ty  of the measur ing circuit.  The detectors are  calibrated by a load of known weight or  by dis-  
placement through a known distance. Meanwhile the l inear i ty  of the working charac te r i s t ic  curves and the 
absence of hys te res i s  phenomena are  verified. 

The tempera ture  detectors consist  of Chrome l -Cope l  thermocouples made of thin wire  (0.07-0.1 mm 
in diameter) by spot arc  welding without flux. The thermocouples are coated with a thin l ayer  of varnish,  
and the depth of their  inser t ion in the muscle is l imited by a kink at the necessa ry  height. Where 
the thermocouple  is inser ted into the muscle,  a drop of special glue is applied to ensure a stable position 
of the detector in the muscle  during contraction. To keep the muscle at constant tempera ture  it is s u r -  
rounded by cotton wool encased in gauze, not touching the muscle.  A "greenhouse effect" is created by con- 
stant moistening of the muscle  with warm physiological saline. 

The basic charac ter i s t ics  of all the measur ing detectors are  given in Table 1. Records of mechanical  
responses  of the gas t rocnemius  muscles  of rabbits aged 10 days and 3 months to direct  tetanic contract ion 
under isotonic conditions for 10 sec are  given in Fig. 2. 

1. 
2. 
3. 

4. 

5, 
6. 

L I T E R A T U R E  C I T E D  

A. A. Boldyrev, Vestn. Moskovsk. Gos. Univ. Biol .-Pochvoved,  No. 2, 109 (1969}. 
V. S. Gurfinkel ' ,  P. K. Isakov, V. B. Malkin, etal . ,  Byull. l~ksperim. Biol. i Med., No. 11, 12 (1959). 
S. I. Kondrashov, Dynamics of the Tempera ture  of a Muscle and Its Working Capacity, Author 's  Ab- 
s t rac t  of Candidate's Dissertat ion,  Kiev (1963). 
V. I. Korkach, Dynamics of Changes in Tempera ture  and Oxidative P r o c e s s e s  in a Skeletal Muscle 
in Various Functional States, Author ' s  Abst rac t  of Candidate's Dissertat ion,  Kiev (1965). 
G. F. Malikov et al. ,  Calculations of Elast ic  Tensometr ic  Elements [in Russian], Moscow (1964). 
N. A. Mishchieva, Fiziol. Zh. SSSR, No. 9, 1359 (1971). 

1248 



7. N.I .  Putilin and V. I. Korkach, in: Methods of Investigation of Heat Exchange and Thermoregulation 
[in Russian], Moscow (1968), p. 132. 

8. Z. Ruzga, Electrical Tensometers of Resistance [in Russian], Moscow (1964). 
9. G.A. Shminke, Electrical  Measurements in Physiology and Medicine [in Russian], Moscow (1956). 

10. N.A. Yakimenko, Fiziol. Zh. SSSR, No. 12, 1861 (1970). 
11. B.C.  Abbott, J. Physiol. (London), 112, 438 (1951). 
12. A. Hill, Trails and Trials in Physiology, London (1965). 
13. R.C. Woledge, J. Physiol. (London), 197, 685 (1968). 

1249 


