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The durat ion of sys to le  of the hea r t  in si tu is  usual ly  de te rmined  ind i rec t ly  by m e a s u r i n g  the d u r a -  
t ion of the mechanica l ,  e l e c t r i c a l ,  o r  e l ec t romechan ica l  equivalent  of sys to le .  To ove rcome  the di f f icul t ies  
a s soc i a t ed  with de te rmina t ion  of the length of sys to le  by the ind i r ec t  method, the author has  s tudied the 
re la t ionsh ip  between the leng-Lh of sys to le  and the hear t  r a te  in the i so la ted  hear t .  An e s s e n t i a l  condition 
was to make  p rov i s ion  for  regula t ion  of the f requency of spontaneous ca rd i ac  cont rac t ions  within a wide 
range .  Hypothermia  of the i so la ted  hea r t  was used as this r egu la to r .  

EXPERIMENTAL METHOD 

Experiments were carried out on the heart of Wistar albino rats. After preliminary heparinization 

of the anes the t ized  an imals  the h e a r t  was ex t r ac t ed  f rom the animal  and pe r fused  by Langendor f f ' s  method 
with a co rona ry  p r e s s u r e  of 60-70 ram. The composi t ion  of the per fusa te  (per l i t e r  of solution) was as 
follows: NaC1 7.5 g, KC1 0.35 g, CaC12 0.15 g, MgC12 0.10 g, NaHCO 3 1.70 g, NaH2PO r 0.05 g, g lucose  2.00 
g, B e l e n ' k i F s  se rum 12 ml,  insulin 5 units,  a s c o r b i c  acid 20 rag, thiamine 0.6 g, v i tamin  ]312 2 pg, nicot inic  
acid 16 rag, r ibof lavine  2 rag. 

Af te r  the end of the control  pe r iod  the t e m p e r a t u r e  of the pe r fusa t e  was no longer  main ta ined  con- 
stant and the t e m p e r a t u r e  of the h e a r t  fel l  f rom 37 to 20-22 ~ . As the t e m p e r a t u r e  changed, the t r a n s v e r s e  
mechanogram and the unipolar  e l e c t r o g r a m  were  r e c o r d e d  eve ry  0.5 ~ using a tape winding speed of 160 
r a m / s e  c. 

EXPERIMENTAL RESULTS 

The mechanogram of the rat's heart is in the shape of an unequal-sided trapezium (Fig. I). For this 

reason the duration of the principal phases of the meehanogram cycle can be determined relatively accu- 
rately: true contraction (p), tonic contraction (6), relaxation (~), rest (~), and the total period of the cy- 

cle (7). The time interval from the beginning of contraction until complete relaxation was regarded as the 
phase of the active state of the myocardium (~). 

As the temperature of the heart fell, the frequency of its spontaneous contractions fell in a strictly 
linear fashion. This was accompanied by an increase in the duration of the complete heart cycle with an 
increase in the duration of all its phases. The points corresponding to the duration of each phase for dif- 

ferent temperature values were plotted on the curves given in Fig. 2. Analysis of the shape of the curves 

thus obtained showed that they were all regular hyperbolas with a common axis ToM , a common center T o 

and common asympto tes  (one asymptote  - -  the t e m p e r a t u r e  axis ,  the other  - -  ToN ). Analy t ica l ly ,  a r e g u l a r  
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Fig .  1. Phase s  of the meehanogram of the i so la ted  r a t ' s  hear t .  
Explanation in text.  

Labora to ry  of Radiat ion Genet ics  and Late Radiat ion Pathology, Cent ra l  Roentgeno-Radio logiea l  Re -  
s e a r c h  Inst i tute,  Min is t ry  of Health of the USSR, Leningrad  (Presented  by Act ive M e m b e r  of the Aeademy 
of Medieal  Sciences of the USSR D. A. Biryukov).  T r a ns l a t e d  f rom Byulleten '  t~ksperimental 'noi  Biologii  
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TABLE 1. Phase Composition of Mechanogram of the Isolated Heart 
and Sensitivity of Phases  to Change of Tempera ture  (M~m) 

Phases of m e c h a n o g r a m  

olo1~ 
I 

Parameter a (in conven- ] 3.16• 
tional units) I Relat ive  durat ion of phase t00,o 
(in %) 

I 
0,98_0,053 1,43_0,053 1,80+--0,075] 1,92+_0,147 

9,3__.1,49 21,1-,-1,16 32,8----.1,9g I 36'84"3'46 
I 

2,50:!::0,077 

63,2-*-3.44 
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Fig. 2. Relationship between duration 
of phases of the mechanogram and tem-  
pera tu re  of the heart .  Coincidence be- 
tween experimental  points and curves 
constructed analytically. A b s c i s s a - -  
temperature ,  ordinate- -  duration of va-  
rious phases of mechanogram (in msec ) .  

1 
hyperbola (xy = 2 a2) is determined by the single pa ramete r  a, 

i.e., by the length of the segment of the t r ansve r se  axis f rom 
the center  of the hyperbola to its apex. The biological signifi- 
cance of this pa rame te r  is essentially as follows: the g rea te r  
the value of a, the grea te r  the change in the duration of the in- 
vestigated phase during the given change of tempera ture  
(24-37~). 

In this way a hyperbolic model of the phase composition 
of the mechanogram of the isolated hear t  was constructed and 
used as a convenient working instrument  for  analyzing the ex- 
perimental  data. The proper t ies  of this model were as follows. 
1) All the hyperbolas were monocentr ic  andhad common asymp-  
totes. This meant that the various functional s t ruc tures  of the 
hear t  - -  the sinus node whose activity determines  the frequency 
of contraction, and the contract i le  mass  of the myocardium,  
whose state determines the t ime s t ructure  of the various phases 
of contraction, showed s t r ic t  conformity in the conditions of hy-  
pothermia.  2) The values of the duration (~) of each phase of 
the mechanogram expressed as functions of the tempera ture  (t) 
are given by: 

x i . t  = - - ~ - ,  

where i is the symbol of any phase of the mechanogram (p ,  5, a, /3, ~, 3/). The ratio between each "com-  
ponent" of the function and the "complete" function T (t) is expressed ultimately by the rat io between the 
squares of the corresponding values of a: 

�9 ~- t - -  amg- �9 

This means that for  any value of the tempera ture  this ratio for each "component" of the function is 
a constant value. Consequently, the relative contribution of each phase to the duration of the complete cy-  
cle in the region T o < t -< 37 ~ is constant and independent of temperature ,  although the absolute values of 
these durations differ at different tempera tures .  For  example, the duration of the phase of relaxation (~) 
for  the hear t  of ra ts  8 months old is 32.8% of the duration of the cycle at both 37 ~ and 25 ~ althought, ex-  
p res sed  as mill iseconds,  this duration is 95 and 334 msee,  respectively.  

Table 1 shows that the phases of mechanical  activity could be arranged in the following order  of de- 
creas ing t empera tu re  sensit ivity (magnitude of the pa rame te r  a) and of relative duration of these phases 
at any tempera ture :  the phase of rest ,  relaxation, tonic contraction, and true contraction. 

In the l i terature,  the relationship between the duration of any of the equivalents of systole during in- 
vestigation of the heart in situ is usually descr ibed as l inear [1, 2, 6, 7], parabolic [1-5], or  logari thmic 
[4]. Despite the var ie ty  of formulas  suggested, they all refer  to intervals  of the functions which can be ex-  
p res sed  by a straight  line or  may easily be approximated to it. This means,  however, that the relat ive 
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contribution of systole to the total duration of the cycle remains constant whatever the heart rate and is 
expressed quantitatively by the tangent of the angle of inclination of this straight line to the axis of dura- 
tion of the complete cycle. In the present experiments further proof was obtained of the constancy of the 
relative duration both of systole and of its component phases. 
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