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Exper imen t s  on vagotomized  ca t s  and on ca ts  anes the t ized  with urethane showed that "pain-  
l e s s "  concentra t ions  of po tass ium ions became  algogenic under the influence of acetylcholine~ 
It  is postula ted that  pain a r i s ing  in the hear t  m a y  be the r e su l t  of accumulat ion of a ce ty l -  
choline as  the r e su l t  of  reduced  cho l ines t e r a se  act ivi ty  or  excess ive  act ivi ty  of chol inergic  
f ibers .  

As a r e su l t  of negative emot ions  some people develop pain in the hear t ,  an organ with a powerful 
chol inergic  innervation.  It  has  r ecen t ly  been shown that negative emotions  a re  accompanied  by act ivat ion 
not only of the sympathet ic ,  but a l so  of the pa ra sympa the t i c  nervous sy s t em [7, 13]. Acetylcholine i n c r e a s e s  
the exci tabi l i ty  of spinal a f fe ren t  f ibe r s  [8, 12] r e spons ib le  for  the conduction of nociceptive impulses  [3-5, 
101o 

With these  facts  in mind, the hypothesis  was put fo rward  that the i nc rea se  in sens i t iv i ty  of the spinal 
f i be r s  of  the hear t  up to the level  of hype ra lges i a  may be the r e su l t  of accumulat ion of acetylchol ine through 
reduced  cho l ines t e ra se  act ivi ty,  e spec ia l ly  in conjunction with act ivat ion of chol inergic  f ibers .  The object  
of the invest igat ion desc r ibed  below was to t es t  this hypothesis .  

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

In ca ts  anes the t ized  with urethane (1-1.5 g/kg) and vagotomized  ca ts  under a r t i f ic ia l  r e sp i r a t i on  the 
an t e r io r  pa r t  of the 5th and 6th left  r i b s  was removed~ The p e r i c a r d i u m  was opened and sutured to the 
edges  of the thorac ic  wound. 

In the e x p e r i m e n t s  of s e r i e s  I (8 animals)  KCI solution in a concentrat ion of 7.8 to 62.5 m m o l e s / l i t e r ,  
heated  to 37~C, was injected into the pe r i ca rd i a l  cavi ty  and the threshold  of the nociceptive r e sponse  d e t e r -  
mined.  After  each s t imulat ion the p e r i c a r d i a l  cavi ty  was washed out with 60-70 ml  w a r m  R i n g e r ' s  solution. 
The in terval  between s t imula t ions  was 10 rain. The next stage of the exper imen t  was to de te rmine  the 
min ima l  algogenic po tass ium ion concentra t ion  a f te r  injection of acetylchol ine into the pe r i ca rd ia l  cavi ty  in 
a concentra t ion  of 0.001 gg /ml ,  which can be r ega rded  as  physiological ly  p e r m i s s i b l e  [9]. Immed ia t e ly  be -  
fore  applicat ion of the po tass ium ions, the acetylchol ine was washed out with R i n g e r ' s  solution. 

In the 5 expe r imen t s  of s e r i e s  II the ampli tude of the ca rd iovascu la r  r e f l exes  evoked by 2 M NaC[ 
solution before and a f t e r  i r r iga t ion  of the ca rd iac  m e m b r a n e s  with acetylcholine was c o m p a r e d  and the 
re la t ionship  between the ampli tude of the r e s p o n s e  and repea ted  s t imulat ion with the s a m e  po tass ium ion 
concent ra t ion  (31.2 m m o l e s / l i t e r )  was  de te rmined .  

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  

I t  was  hoped to show by the e x p e r i m e n t s  of s e r i e s  I that exci tabi l i ty  of the spinal a f ferent  sy s t em of 
the ep ica rd ium and p e r i c a r d i u m  is i nc rea sed  by the action of acetylchol ine in the same way as has been 

Depar tment  of Norma l  Physiology,  Rostov Medical  Insti tute.  ( P r e s e n t e d  by Academic ian  V. Vo Par in  
[deceased],)  T rans l a t ed  f rom Byul le ten '  t~ksper imenta l '  noi Biologii i Meditsiny, Vol. 73, No. 2, pp. 11-15, 
F e b r u a r y ,  1972. Original  a r t i c l e  submit ted  Apri l  7, 1971. 

�9 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

109. 



Fig. 1~ Quantitative charac te r i s t i c s  of ca rd io -  
vascular  ref lexes in response  to stimulation of 
cardiac  membranes  with potassium ions before 
(A) and after application of acetylcholine to the 
membranes  (B). Blood p ressu re  r ecorded  by 
m e r c u r y  manometer .  Figures  show potassium 
ion concentrat ion (in mmoles / l i t e r ) .  Arrow in- 
dicates moment  of stimulation. Time m a r k e r  
(3 sec) also serves  as zero line for blood pressure .  
In graph (C): 1) increase  in blood p res su re  in 
response to potassium ions before application of 
acetylcholine; 2) after  injection of acetytcholine 
into per icardia l  cavity. 

shown for the reflexogenic zone of the small  intestine [8], the skin of the fo rea rm [14], and the dorsal  roots  
of the spinal cord [12]. 

As Fig. 1A shows, application of potassium ions to the reflexogenic zone of the epicardium and pe r i -  
cardium induced changes in a r te r ia l  p r e s su re  in concentrat ions s tar t ing with 7.8 mmoles / l i t e r .  The 
wr i t e r s  have previously shown that these changes in p res su re  are  reflex in origin [5]. On application of 
potassium ions in a concentration of 31.2 mmoles / l i t e r ,  the vasomotor  reflex increases  more  steeply and 
becomes disproport ionately large,  as is c lear ly  seen in the concentrat ion vs reflex graph in Fig. 1C. The 
zone of the charac te r i s t i c  incisura  on the graph is interpreted as the minimal algogenic concentration. 
After this zone more  marked card iovascular  ref lexes appear [11], the catecholamine concentrat ion in the 
blood is increased,  and increased electr ical  activity is visible in the e l ec t romyogram of the left forelimb 
[4]. Nociceptive effects in one experiment of this se r ies  were observed after concentrat ions of 23.4 
mmoles / l i t e r ,  in 4 experiments  after 31.2 mmoles / l i t e r ,  and in 2 experiments  after 46.8 mmoles / l i t e r ,  
while in yet another experiment  manifestat ions of a nociceptive response  were found after  62.5 m m o l e s /  
l i ter.  

After p re l iminary  i rr igat ion of the cardiac membranes  with acetylcholine, the amplitude of the 
ref lexes  in response  to algogenic potassium concentrat ions increased  substantially (Fig. 1B, C). For  
instance, with potassium ion concentrat ions of 31.2 m m o l e s / l i t e r  the amplitude of the reflex before appli-  
cation of acetylcholine averaged 19.3 • 2.2 mm Hg, while after application it averaged 24.9 =L 2.35 mm Hg, 
i.e., there  was an increase  of 24%. The threshold of the nociceptive reflex also fell: in one experiment  to 
11.7 mmoles /4 i te r ,  in one to 15.6 mmoles / l i t e r ,  in four to 23.4 mmoles / l i t e r ,  and in two to 31.2 m m o l e s /  
l i ter.  

Acetylcholine can thus convert  hitherto nonalgogenic stimuli  into algogenic. However, two objections 
can be ra ised  to this conclusion. Firs t ,  according to Vvedenskii [1], each success ive  st imulus can evoke a 
m o r e  marked  response because the previous st imulus increases  the excitabili ty of the reflexogenic field. 
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Fig. 2 rig. 3 

Fig. 2. Vasomotor  ref lexes in response  to repeated injections of potassium ions 
into the per icardia l  cavity (A) and increased sensit ivity of the per icardia l  re f lexo-  
genie zone to sodium ions against the background of an excess  of acetylcholine (B). 
Legend as in Fig. i. 

Fig~ 3. Increase in sensitivity of spinal afferent system of epicardium and peri- 
cardium to potassium ions before (A) and after suppression of cholinesterase 
activity combined with activation of the cholinergic structures of the heart (B)o C) 
Graphs plotted from kyrnographic data. Legend as in Fig, I. 

Second, under the influence of acetylcholine, bound potassium is converted into the active form [2], thereby 
increasing the s trength of st imulation of the solution applied. 

These problems were solved by the experiments  of se r ies  II~ They showed that repeated stimulation 
by the same concentrat ion of potass ium ions usually evoked an increase  in response  up to the 3rd or  4th 
stimulation. The amplitudes of the ref lexes shown in Fig. 2A are  in the following order :  12, 13, 17, and 
14 mm Hg. The increase  in amplitude of each success ive  reflex, judging f rom the mean values, was 
1.5 • 0.37 mm Hg. This means  that the preceding stimulus could not have caused any substantial increase 
in the response  amplitude. 

Comparison of the amplitudes of the ref lexes in response to injection of 2 M NaC1 solution into the 
per icard ia l  cavity before and after  sensi t izat ion with acetylcholine shows a marked increase  in the exci t -  
ability of the cardiac  afferents (Fig. 2B). Whereas before adminis t rat ion of acetylcholine the mean ampl i -  
tude of the reflex was 20.6 • 2ol ram Hg, after  application of acetylcholine it rose  to 25.1 • 2.9 mm Hg, an 
increase  of 21%. In the exper iment  demonstrated,  the amplitude of the reflex increased  by 72% after ace ty l -  
choline sensi t izat ion (38 mm Hg compared  with 22 mm Hg in the initial state). Consequently, acetylcholine 
cons iderably  potentiates the action not only of potassium, but also of sodium ions. 

It may  be assumed that a disturbance of chol ines terase  synthesis  or a decrease  in its activity, such 
as takes place for example af ter  ligation of the co ronary  a r t e ry  [6], leads to an excess of acetylcholine and 
to sensi t izat ion of nerve fibers.  A combination of increased activity of the cholinergic sys tem and de-  
c r ea sed  chol ines terase  activity may contribute to a still g rea te r  accumulation of acetylcholine and to the 
corresponding appearance or  continuation of nociceptive sensation. 

A situation s imi lar  to that descr ibed  above was crea ted  in experiments  which are  still only in the 
p re l iminary  stage. Physost igmine was injected into the per icardia l  cavity and the cardiac branch of the 
vagus nerve was stimulated. Since urethane anesthesia  abolishes the action of physostigmine, in these 
exper iments  chlora lose  anesthesia  was used. 

In these exper iments  the threshold of the nociceptive reflex was reduced f rom 23.4-46.8 to 11.7-23.4 
mrnoles / l i t e r  KC1, while the amplitude of the vasomotor  ref lexes was increased in the zone both of the 
interoceptive and of the nociceptive ref lexes  (Fig. 3). 

A possible explanation of the onset of pain in the heart  could therefore  be that an excess of ace ty l -  
choline can increase  the nociceptive sensi t ivi ty of spinal afferentso 
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