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After pre l iminary  adaptation of ra t s  to heat (for 3 h daily at 350C for i month) the amplitude of 
contract ions of the isolated papil lary muscles  f rom the left ventr icle  at 28~ at high frequency 
was higher than in control  animals.  This difference pers is ted  at 36~ and disappeared at 25~ 
It is postulated that adaptation to heat leaves a definite s t ruc tura l  imprint  in hear t  muscle cel ls .  
KEY WORDS: myoeardium; relationship between frequency and amplitude of contract ions;  
adaptation to heat; t empera ture .  

In a hot cl imate the activity of the cardiovascular  system of animals and man shows a number of special 
features.  In par t icular ,  in the initial period of adaptation considerable tachycardia  a r i ses  [7, 10]. This adap- 
tive response  is evidently due to a change in neuroendocrine influences on the myocardium. However, under 
the influence of a long- te rm functional load the possibility of the development of changes in the hear t  muscle 
itself cannot be ruled out. 

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

Male albino ra t s  weighing initially 240-270 g were used in the experiments .  The ra t s  were adapted to 
heat for 1 month. For  the f i r s t  2 weeks the ra t s  were  kept in an incubator with se l f -act ing ventilation at a t em-  
pera ture  of 35~ for 3 h daily. During the next 2 weeks the exposure of 3 h at 35~ was supplemented by 
ra i s ing  the t empera tu re  in the chamber  to 40~ for 30 min. The weight of the hear t  and c ~ the papil lary mus-  
c l e s d i d  not change as a resu l t  of adaptation. The pos ter ior  papillary muscle was excised from the left ventr i -  
cle of the anesthetized ra ts .  The muscles  were made to contract  in Krebs '  solution saturated with carbogen by 
e lec t r ica l  stimulation under isotonic conditions with a load stretching it at res t .  In each experiment  the re la -  
tionship between the frequency and strength of the contract ions was studied success ively  at 28, 25, and 36~ 
The initial frequency of contract ion was 0.2 He. I t  increased rapidly to 1, 2, and 3 Hz and so on, until the high- 
est  reproducible  frequency. Each period of increase  of frequency was 15 sec. During this t ime, as the pre-  
l iminary experiments  showed, the amplitude of contract ion of the muscle at a given frequency reached a maxi-  
mum. This method was used because the amplitude of contract ions under such conditions was limited by a much 
lesse r -degree  by the ra te  of energy formation than if the frequency increased more  slowly [1]. 

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

In the control  experiments  at 28~ an increase  in the frequency of contract ions led to depression of their 
amplitude, a fact well known for the ra t  myocardium [8, 9]. The highest reproducible frequency was 5 He. Dur-  
ing reproduct ion of a frequency of 4 Hz (Fig. 1) the amplitude of contraction reached a maximum for that f r e -  
quency after  10-15 sec, and in the control  experiments it averaged 67% of the initial amplitude. The dynamics 
of the amplitude of contract ions of the papillary muscles  f rom the hear t s  of heat-adapted ra t s  showed a higher 
r i s e  after the initial fall (Fig. 1). As a resul t  the maximal amplitude of contract ions averaged 87~ of the initial 
level and was stat ist ically significantly higher than in the control  (P < 0.05). This difference was observed not 
only at a frequency of 4 Hz, but also over a lmost  the whole range of frequencies tested, namely 2 to 5 Hz (Fig. 2) 
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Fig. 1. Dynamics of amplitude of contraction of papil lary muscles  
with increase  in frequency from 0.2 to 4 Hz at 28~ Abscissa ,  
t ime (in sec); ordinate, amplitude of contract ions (in ~ of initial, 
taken as 100) at frequency of 0.2 Hz. 1) Rats adapted to heat; 2) 
control  animals.  Values given a re  M :~ 2m. 

Fig. 2. Maximal amplitude of contract ions of papillary muscles  
during increase  in frequency at 28 and 36~ Abscissa ,  frequency 
of contract ions (in Hz); ordinate, maximal amplitude of contract ions 
(in c~ of initial, taken as 100). Remainder  of legend as in Fig. 1. 

at a given tempera ture .  With a frequency of 4-5 Hz the amplitude of myocardial  contract ions of the adapted 
animals was higher than at a frequency of 2 Hz (P < 0.05). In the control  this difference was not significant. 

At 25~ the amplitude of myocardial  contract ions of the control and adapted ra t s  was vir tually unchanged 
over a range of frequencies from i to 3 Hz and was the same in the animals of both groups. At 36~ (Fig. 2) 
the decrease  in amplitude of the contract ions with an increase in frequency up to 3-4 Hz was replace d by an in- 
c rease  at the high frequency. The change of the frequency range within which a difference in amplitude of con- 
traction was observed was connected with a decrease  in the highest frequency reproducible  by the muscle  un- 
der the influence of hypothermia.  At 28 and 360C the difference between the myocardium of the control  and 
adapted animals was observed essential ly at a frequency close to the highest. 

At a frequency of 8-10 Hz the amplitude of contract ion of the muscles  f rom the hear t s  of the adapted 
animals was on average almost  three t imes gTeater than the amplitude at 3-4 Hz (P < 0.05). In the coi~rol 
animals the increase  in amplitude of the contract ions did not reach a s tat is t ical ly significant degree.  

The myocardium of adapted animals is thus charac te r ized  by a smal ler  depress ion of the amplitude of 
contract ions at a high frequency than the myocardium of control animals.  This could be due to the more  effi- 
cient energy supply for  the contract i le  function at the higher frequencY. 

This hypothesis is supported also by the fact that in other types of a d a p t a t i o n -  to high-alt i tude hypoxia 
[2] and to physical  exertion [6} - the analogous increase in the strength of contract ions at a high frequency is 
combined with a proven increase  in power of the oxygen t ranspor t  sys tem and the utilization of energy in the 
myocardium [3, 4]. Opposite changes are observed in the presence of great  hypertrophy of the hear t  caused by 
stenosis of the aor ta  [3, 5]. 

Another poss ib i l i~  is connected with a change in the system of coupling of excitation with contract ion in 
the myocardial  cells as a resul t  of which, in response  to a given increase  in frequency, a la rger  number of 
Ca ++ ions reac t s  with the myofibrils.  

Whatever its mechanism, the fact that the myocardium of adapted animals can reduce the amplitude of its 
contract ions by a l e s se r  degree as their frequency r i s e s  indicates that adaptation to heat leaves a definite 
s t ructura l  imprint in the heart  muscle.  
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EFFECT OF DISTRIBUTION OF FREQUENCY OF STIMULI 

IN THE VOLLEY ON WORKING HYPEREMIA OF THE 

GASTROCNEMIUS MUSCLE IN CATS 

E .  S. V e s e l o v a  UDC 612.741.61 

The effect  of the distr ibution of f requency of s t imul i  in the volley on indices of pos tcontrac t ion  
hype rmia  of the gas t rocnemiuS musc le  was studied in acute exper iments  on cats .  The introduc-  
tion of a high initial f requency into the rhythmic  volleys was shown to inc rease  the indices of 
pos tcontrac t ion  hyperemia :  the peak blood flow and the supplementa ry  blood volume.  
KEY WORDS: gas t rocnemius  musc le  of cats ;  muscu la r  contract ion;  pos tcontrac t ion  hyperemia .  

The study of pos tcontrac t ion  h y p e r e m i a  (PCH) in musc les  of the human f o r e a r m  during stat ic and rhythmic  
e x e r c i s e s  has  shown that  the c h a r a c t e r  of the re la t ionship  between the indices of PCH (peak blood flow and sup- 
p l emen ta ry  blood volume) and the s t rength of contract ion is the same  in both types of e x e r c i s e s  [1, 2]. However,  
a f te r  rhy thmic  contract ions  with a force  of 40-50% of the maximal  voluntary effor t  the values of the peak blood 
flow and supplementa ry  blood volume were  significantly higher than these  indices of PCH af te r  stat ic con t rac -  
tions of the same  strength.  This  difference has tentat ively been explained [2] by the appearance  of a h i g h - f r e -  
quency burs t  of d i scharges  of motoneurons  at the beginning of each contract ion in a rhythmic  s e r i e s  [3, 4, 8, 9]. 

To tes t  this hypothes is  the effect  of a shor t  h igh-f requency burs t  at the beginning of vol leys inducing con- 
t rac t ion  of the gas t rocnemius  musc le  was studied in exper imen t s  on cats .  It was expected that  such a burs t  
would lead (provided that  the total  number  of impulses  in each volley r ema ined  the same)  to an inc rease  in the 
peak blood flow and the supplementa ry  blood volume.  

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

The hindlimb of anes thet ized ca ts  (0.03 g /kg  ch lora lose  and 0.5 g /kg  urethane) was fixed [6] and the gas -  
t rocnemius  musc le  was mobil ized.  To r e c o r d  the outflow of blood f rom the gas t rocnemius  muscle  the popli teal  
vein (all b ranches  of which excep t  those supplying the gas t rocnemius  muscle  were  ligated) was connected to the 
main trunk probe of an RKE-1  e lec t romagne t ic  f lowmeter  [7], f rom which the blood passed  through a photo- 
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