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During stimulation of the spinal afferent sys tem of the epicardium and per icard ium with acetylchoiine 
in concentrat ions of 0.001-1000 #g/ml,  any concentrations above threshold produces p r e s s o r  effects ex-  
clusively. These can be divided into two groups: interoceptive proper ,  and nociceptive. By recording  the 
blood p r e s s u r e  it was shown that the f i r s t  group of reflexes a r i ses  in response to concentrat ions of 0.001- 
0.5 pg/ml,  and the second group, i.e., the nociceptive ref lexes,  to concentrat ions of 1-10 pg/ml.  The graph 
of acetylcholine concentrat ion versus  amplitude of reflexes consists  of three l imbs,  and in principle it 
resembles  the graph for  the reflexogenic zone of the small intestine obtained by Khavutin and co-workers  
(1964). At the same time, threshold concentrat ions of acetylcholine for  the cardiac  reflexogenic zone are  
lower than for r ecep to r s  of the small  intestine. 

Injection of acetylcholine and other chemical  st imulants into blood vesse ls  of the small  intestine leads 
to the development of two types of p r e s s o r  reflexes:  interoceptive proper ,  and nociceptive [1-3,5,6].  The 
la t ter  a r i se  as the resul t  of di rect  excitation of afferent  f ibers  [2, 3, 5, 6]. Threshold concentrat ions of 
acetylcholine for the development of interoceptive and nociceptive p r e s s o r  ref lexes evoked by stimulation 
of the recep tor  zone of the small  intestine are  0.] and 10 #g/ml, respect ively.  

The object of the present  investigation was to determine whether the principles discovered during the 
study of acetyleholine action on the refIexogenic zone of the small  intestine extend also to the spinal afferent  
sys tem of the epicardium and per icardium.  

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

A "window" measur ing 4x6 cm was formed in the chest wall opposite the hear t  in 24 cats anesthetized 
with urethane (1 g/kg, intravenously),  and maintained on art if icial  respirat ion.  The per icardia l  cavity was 
opened and the edge of the Parietal  layer  of per icard ium carefully sutured to the borders  of the "window". 
In this way the thoracic  cavity was shut off by the per icard ia l  membrane  and the hear t  remained outside 
[9]. The vagus and aor t ic  nerves (and somet imes  also the phrenic nerves)  were divided so that impulses 
ar is ing during the action of acetylcholine on the membranes  of the hear t  could reach the brain only along 
afferent  f ibers of spinal origin. 

For  stimulation, acetyleholine was applied in concentrat ions of between 10 -9 and 10 -3 g /ml ,  and this 
was subsequently washed out with 50-70 ml of warm Ringer ' s  solution. Depending on the conditions of 
st imulation the experiments  were divided into two ser ies .  In ser ies  1 (17 experiments) ,  the membranes  of 
the hear t  were i r r iga ted  with 1 ml of acetylcholine solution (38~ or  cotton wool swabs, soaked in this 
solution, were applied to the epicardium. The intervals between stimulation were 10 min. In 7 experiments  
of ser ies  II these intervals  were increased  to 20-30 rain. 

To prevent  the action of acetylcholine on the hear t  through its parasympathet ic  elements,  and also to 
prevent  the vasodi la tor  effect af ter  absorption f rom the surface of the heart,  in all exper iments  atropine 
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(0.5-] mg/kg) was injected intravenously.  The 
p res su re  in the femoral  a r t e ry  was recorded by a 
U-type m e r c u r y  and a spring manometer .  

Fig. 1. Disappearance of Mood p ressu re  response 
to stimulation of cardiac  membranes  with ace ty l -  
choline after  application of procaine.  F rom top to 
bottom: ar ter ia l  p ressu re  r ecorded  by spring and 
m e r c u r y  manometers ,  ma rke r  of st imulation 
(numbers give acetylcholine concentration in g/ml), 
t ime marke r  5 sec.  

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  

Application of acetylcholine to the epicardium 
and per icardium of animals with divided vagus and 
aort ic  nerves  invariably produced p r e s so r  responses  
only. Division of the phrenic nerves  caused 
vir tual ly no change in the amplitude of the reflexes.  
The elevation of the ar ter ia l  p re s su re  was reflex 
in origin, for it was abolished by i r r igat ion of the 
epicardium and per icardium with 2% procaine 
solution (Fig. 1). The curves recorded  by the spring 
manometer  (Fig. 2) indicate a link between the 
p r e s so r  ref lexes and elevation of the diastolic 
p ressure ,  and hence the predominant role of the 
vascular  component in the mechanisms of these 
reflexes.  

In 9 of 17 experiments ,  acetylcholine concentrations adequate to reach the threshold for generation 
of interoceptive ref lexes were 0.01 #g/ml,  in 5 experiments  they were 0.1 #g/ml,  and in 2 experiments 
0.5 pg/ml .  In one of the three experiments  in which the action of acetylcholine was also tested in a con- 
centration of 0.001 pg/ml,  a threshold reflex appeared. 

An increase  in the acetylcholine concentration from 0.01 to 0.5 #g/ml was accompanied by a com-  
parat ively small increase  in amplitude of the reflexes:  f rom 2~ =L0.7 to 9~ • mm Hg. However, a 
further  increase  in concentration, even if only twofold, (to I #g/rot), led to the development of d i sp ropor -  
tionately l a rge r  reflexes,  with a mean amplitude of 1.8.5 • ].5 mm Hg. As a result ,  an inflection was 
formed on the concen t r a t i on -  effect curve, and a second limb appeared. The point of inflection of the 
curve in 13 of the 17 experiments  corresponded to a concentration of 1 #g/ml,  and in three experiments  
to 10 pg/ml~ In one experiment  the second limb was fll defined. On the average (of 17 experiments)  the 
ref lexes reached their maximum (25.5 =L 1.5 mm Hg) at a concentrat ion of 100 gg/ml .  

Since in the experiments  of ser ies  I, the reflexes,  especial ly interoceptive,  were relat ively small ,  
and in three experiments  these reflexes were absent, in the experiments  of ser ies  II the interval between 
st imulation was lengthened. This lead to an increase  in amplitude of the reflexes (Fig. 3) and to a s teeper  
jump in the cri t ical  region. In 5 experiments  the action of acetylcholine was tested in a concentrat ion of 
0.001 pg/ml,  and in 7 experiments  in a concentration of 0.01 gg/ml .  Threshold reflexes at these con-  
centrations appeared in 3 and 4 experiments,  respect ively.  By analogy with the receptor  zone of the small 
intestine [1, 4], ref lexes in the region of the second limb of the curve must  be regarded  as nocicpetive. 
As a rule they were  accompanied by movements  of the forel imbs,  the shoulder girdle, and head. The 
threshold concentration for nociceptive effects was 1 pg/ml in 5 experiments  and 0.5 ~g/ml in 2 
experiments .  

The shape of the curve of concentrat ion versus  amplitude of p r e s s o r  ref lexes was the same as in 
experiments  in which the cardiac  membranes  were st imulated with potassium ions [7]. Similar curves 
have been descr ibed for  st imulat ion of the reflexogenic zone of the small  intestine [1, 4]. This s imilar i ty  
is presumably  due to the fact that the cardiac  membranes  and intestinal t issues are  innervated by afferent 
f ibers  with identical functional proper t ies .  

In the present  experiments  the minimum concentration of acetylcholine at which nociceptive reflexes 
appeared was lower than the concentrat ion determined by other invest igators .  

The threshold of nociceptive react ions for  the reflexogenic zone of the small  intestine was 10-50 
~g/ml [1, 4], and for injection of acetylcholine into the blood s t r eam it was 250-500 #g/ml [10]; while the 
threshold of pain sensation in man (by application of acetylcholine to the base of an opened blister)  is 
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Fig. 2. Relationship between ref lex  elevation of a r te r ia l  p r e s su re  and 
concentrat ion of acetylehol~ne stimulating epicardium and per ica rd ium.  
Legend to kymogram as in Fig. 1. Fo r  graph: ordinate,  amplitude of 
re f lexes  (in mm Hg), abscissa ,  acetylcholine concentrat ion (in g/ml) .  
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Fig. 3. Comparison of mean amplitudes of p r e s s o r  re f lexes  evoked 
by acetylcholine st imulation of ref lexogenic  zones of epicardium and 
per ica rd ium (experiments of se r ies  I and II, graphs A and B, r e spec -  
tively),  and of small  intestine (C). Legend as for  graph in Fig. 2. 

reached in a concentration of 10-50 #g/ml [8]. One of the reasons of the lower threshold of nociceptive 

effects when acetylcholine is applied to the cardiac membranes could be that it did not come into contact 

with the blood, and was not therefore broken down by the cholinesterease of the blood. Another important 

factor is the different distances of receptor zones from the spinal cord. According to Khayutin's hypo- 

thesis [6], nociceptive responses are responses to synchronized volleys of impulses in microbundles of 
nonmedullated afferent fibers. From this point of view, a decrease in the threshold concentration of 

acetylcholine can be attributed to a lower degree of desynchronization of afferent discharge on account of 
the closer position of the reflexogenic zones of the heart to the spinal cord compared with that of the 
small intestine. 
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