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The hear t  may adapt i tself  to prolonged s t imulat ion of ei ther the sympathet ic  or the parasympathet ic  nervous 
system. Adapta t ion  of the hear t  to prolonged nervous st imulat ion,  especia l ly  sympathet ic ,  has received l i t t le  study. 
Work al ready carr ied out has demonstrated the short duration of the inotropic reac t ion  of the hear t  to sympathet ic  
s t imulat ion,  not exceed ing  3-5 rain [7]. Adaptat ion of the blood pressure and heart  rate during reflex reactions has 

been studied by other authors [16, 20, 23]. Several  investigations have been concerned with the adaptat ion of the 
hear t  to prolonged appl ica t ion  of such factors as an increase in in t raeard ia l  pressure or the act ion of sympathet ic  

agents [3, 5, 9, 19, 24]. There are also reports that during adaptat ion of the frog's heart,  a periodic r ep l acemen t  of 
the sympathet ic  effect  by an inhibitory effect  may  be observed [12]. 

The ob jec t  of the present invest igat ion was to examine  the role of the hear t  i tself  in the process of adaptat ion,  
the dynamics of the sympathet ic  e f fec t  on the heart,  and also the relationship between the positive inotropic and 
chronotropic effects during s t imulat ion of the sympathet ic  nerve. 

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

Experiments were carried out on frogs (Rana ridibunda). The heart  was isolated together with the medul la  and 
the anterior portion of the spine on which the sympathet ic  chains of both sides l ie,  and was perfused with Ringer's 
solution by Straube's  method. To obtain a sympathet ic  effect ,  the sympathet ic  chain was s t imulated with p la t inum 
elecl rodes  at the leve l  of the second and third ganglia. Contractions of the heart  were recorded by means of a l ight 

lever and an ink-wri t ing device.  The frequency of s t imulat ion was constant (30 per sec), a rate considered to be 
op t imal  for s t imulat ion of the sympathet ic  nerve [2, 4, 18], and the strength of the current was over threshold. 

The results of 65 exper iments  (240 observations) were analyzed.  During their analysis a difference was found 
in the adapata t ion of the positive inotropic and chronotropic effects, so that the data for each will  be given separately.  

In aI1 cases in response to s t imulat ion of the sympathet ic  nerve the hear t  reacted by a positive inotropic ef-  
fect,  and the increase in the ampi i tude  of the contractions somet imes reached 400~ by comparison with the in i t ia l  
level .  During prolonged s t imulat ion of the sympathet ic  nerve the reac t ion  of the hear t  consisted of several  phases: 

after a definite la tent  period (up to 40 sec) the cardiac  contractions gradually increased in strength. The ma x ima l  
inotropic effect  Iasted from 2 to 8 rain. Later, despite continuing s t imulat ion,  the ampli tude gradually fell .  Inthese 
experiments  comple te  adaptat ion,  assessed from the inotropic effect  of the heart,  took place  on the average after 
30 rain. Often the ampli tude of these contractions did not return to normal  even after 30 rain. It was comple te ly  
restored only after s t imulat ion of the nerve was discontinued. A typ ica l  result  of these experiments  is shown in the 

figure, from which it can be seen that  after a short la tent  period (g sec), the ampli tude of the cardiac  contractions 

increased.  The max ima l  effect  (280~ persisted for 2 rain, after which the ampl i tude  gradually decreased,  without 
reaching  its in i t ia l  level  even after 30 rain. After s t imulat ion had been discontinued the ampli tude of the cont rac-  
tions was restored, but before this, frequently it was below the in i t i a l  level .  

The result  of some experiments  showed that the inotropic ef fec t  on the heart  during s t imulat ion of the sym- 
pathet ic  nerve sometimes persisted for 112 rain or more. In addit ion,  the react ion of the hear t  to s t imulat ion of the 
sympathet ic  nerve and the period of adaptat ion assessed from the inotropic effect  were unequal in the same exper i -  
ment, even though al l  the conditions remained ident ica l  throughout: during the first s t imulat ion the posit ive ino-  
tropic reac t ion  lasted longer than during the second, third, and subsequent stimulations. 

In 32 exper iments  the effect  of a stimulus of increasing strength (up to two or three t imes threshold strength) 
on the ampl i tude  of the reac t ion  of the hear t  and the duration of the adaptat ion t ime  was studied. Results showed 
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Adaptat ion of the heart  during prolonged s t imulat ion of the sympathet ic  nerve (exper i -  
ment  No. 50). Mechanogram of the heart.  } 1 --beginning and end of st imulation; t ime  
m a r k e r - 2  secs; strength of cu r r en t - tw ic e  threshold. 

that in these circumstances the inotropic effect  was intensified and the period of adaptat ion lengthened. Conse- 
quently, the degree and duration of the effect  dependend on the strength of st imulation.  

The strength of the cardiac contractions was restored during prolonged st imuIation of the sympathet ic  nerve 
and also by the destruction of the whole centra l  nervous system of the frog, but in that case the positive inotropic 
reac t ion  was approximately  40% stronger. 

In 50% of cases the hear t  reacted to s t imulat ion of the sympathet ic  nerve simultaneously by an increase in 
the ampli tude of the contractions and in the frequency of the rhythm, the mean  value of which was 5 beats / ra in .  

The results of these exper iments  showed that the chronotropic effect  does not develop in phase with the inotropic. 
It begins before the lat ter  and may persist unchanged until  s t imula t ion  ceases. The t ime of persistance of the chro- 
notropic effect  was the same as that of the inotropic effect .  After s t imulat ion had been discontinued the rhythm re -  

turned to normal,  but before this the rhythm was often slower than in i t ia l ly .  In this respect, the results are in agree-  
ment  with those obtained by other authors [16, 20, 28] studying the adaptat ion of the blood pressure during prolonged 

s t imulat ion of the interocept ive zones and the afferent nerves. Similar  phenomena are known in physiology as the 
"rebound" react ions or Sechenov's  reactions [21]. 

The magnitude of the positive chronotropic effects depended on the or iginal  rhythm. With a slow or iginal  
rhythm, s t imulat ion of the sympathet ic  nerve caused a more marked increase in its rate.  

As mentioned above, the frog's heart  adapts itself to prolonged s t imulat ion of the sympathet ic  nerve even 

after destruction of its connections with the cen~a l  nervous system. This means that the principal  processes re-  
sponsible for the adaptat ion of the heart  are local ized in the hear t  itself, where compIex neuro-humoral  mechan-  
isms are present. 

The snail 's  heart,  which possesses no intracardial  nervous apparatus, is known to be incapable  of adaptat ion 
when its connections with the central  nervous system are severed [5, 9, 24]. Consequently, the ganglia situated in 
the wails of the heart  are evident ly  peripheral  reflex centers. This is shown by results demonstrat ing the snyaptic 
connections of the per ipheral  ganglia  both with preganglionic nerve fibers and with axons of the per ipheral  sensory 
neurons [11, 21, 22]. According to some observations, the motor part of this reflex arc is composed of cholinergic 
fibers which supply al l  parts of the heart  [6]. Intramural  ref lex arcs have also been described for the intestine [8]. 
In other investigations, great importance has also been at tached to the nervous apparatus of the internal  organs [15], 
and of the hear t  itself [13] in the se l f - regula t ion of the act ivi ty  of the organ. Because of these findings, i t  is sug- 
gested that the int racardial  nervous apparatus evident ly  plays an important  role in the process of adaptat ion of the 
heart ,  but in the intact  organism it  is cer ta inly  dependent  on the centra l  nervous system, because the results of the 
present exper iment  showed that, after destruction of the centra l  nervous system, the influence of the sympathet ic  
nervous system was strengthened. 
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Likewise, of course, the importance of humoral factors in the mechanism of adaptation, described originally 
by A. A. Ukhtomskii, cannot be ignored. Evidence has now been obtained of the liberation of an acetylcholine-like 
substance in the heart in response to the action of adrenalin or stimulation of the sympathetic nerve [3, 10]. tt is 
also known that oxidation products of the sympathius depress the activity of tl]e heart, and especially of those systems 
responsible for the positive inotropic effect [7]. The present results,showing that after stimuIation of the sympathetic 
nervous system was discontinued the amplitude and rhythm of the cardiac contractions were sometimes diminished, 
confirms this statement. 
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AI1 a b b r e v i a t i o n s  of p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  

t i o n s  of the a b b r e v i a t i o n s  as  g i v e n  in  the o r i g i n a l  R u s s i a n  j o u r n a l .  S o m e  or  al l  of  t h i s  per i -  

oclical l i t e r a t u r e  m a y  w e l l  be  a v a i l a b l e  in E n g l i s h  t r a n s l a t i o n .  A c o m p l e t e  l i s t  of the  cove r - t o -  
cover  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at  the  b a c k  of  the  f i r s t  i s s u e  of t h i s  year .  
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