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The existence of an en te ro-en te ra l  inhibitory reflex has been demonstrated by many investigators, but the 
leve l  at  which the arc of this reflex is closed has not been agreed to unanimously in the l i terature.  Besides reports 
of experiments indicat ing that the spinal cord is concerned in the mechanism of inhibit ion of the motor ac t iv i ty  
of the smal l  intestine, developing during s t imulat ion of the mechanoreceptors  of the intest inal  wall  [4, 11, 12, 17- 
19, 21, 22], other data have been presented, indicat ing that the arc of the en te ro-en te ra l  inhibitory reflex may be 
closed at the level  of the autonomic ganglia  [1, 2, 5, 9, 10]. 

According to modern views of the pathways of the v iscero-viscera l  reflexes, one organ may exert  its influence 
on another via both these pathways, although the character  of these influences may differ [2]. It seems probable 
that the entero-enteraI  reflexes,closed at different levels of the nervous system,may differ s ignif icantly both in the 
magnitude of the threshold stimulus evoking the inhibitory reflex and in the duration of inhibit ion of the cont rac-  
tions of the intest inal  smooth muscle.  This is confirmed by our previous findings [3], according to which s t imula -  
tion of the interoceptors of a loop of bowel does not lead to permanent  depression of the motor act ivi ty  of its wal l  
in anesthet ized animals.  

The object  of the present investigation was to study the reflex pathways responsible for prolonged inhibit ion 
of the contractions of the smooth muscle of the intestine.  This is important  because the development  of dynamic 
obstruction is associated with prolonged inhibi t ion of the motor ac t iv i ty  of the smal l  intesti~m. Remembering ea rher  
results indicat ing that genera l  anesthesia affects the in i t i a l  motor act ivi ty  of the intestine and the character  of the 
reflex changes in response to s t imulat ion of the interoceptors,  the experiments  were conducted on unanesthet ized 
animals.  

E X P E R I M E N T A L  

To investigate whether en te ro-en te ra l  inhibitory influences could be transmitted along the in t ramural  nerve 
pathways of the intestine and the mesenter ic  nerves, 12 experiments were carried out on an. isolated loop of intestine 

perfused with the blood of a heal thy animal .  For this purpose, a loop of intestine (15-20 cm long) was resec tedfrom 
a heal thy dog along with the mesentery and the segmental  vessels. Catheters were introduced into the vessels and 
the loop was placed in an incubator at constant temperature.  The ar ter ia l  ca theter  was connected to a 13obrov's ap -  

paratus, f i l led with the aerated blood of a heal thy donor dog, Perfusion was main ta ined  under constant pressure (120 
mm Hg). A rubber balloon 15-20 ml  in volume, the pressure inside which was checked by means of a mercury 
manometer ,  was introduced into one end of the intest inal  loop to stretch it.  A smal l  rubber bal loon connected to a 
system for recording the motor act ivi ty  was inserted into the other end of the loop. The contractions of the longi-  
tudinal  muscle of the same part of the intest inal  loop were recorded simultaneously by means of an Englemann's  
leve l  (Fig. 1). 

The changes in the motor ac t iv i ty  of the loop of intestine resulting from stretching of another part of the loop 

were recorded on the drum of a kymograph both before and after division of the loop into two segments, communi -  
cat ion between which was mainta ined only through the mesentery.  
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Pig. 1. Method of studying entero-enteraI inhibitory influences on the isolated loop of 
intestine. 1) Isolated loop of intestine; 2) place of resection of loop of intestine; 3) bal-  
loon for recording contractions of circular muscle of intestine; 4) water manometer;  
5) recording capsule; 6) level for recording contractions of longitudinal muscle of intes- 
tine; 7) balloon for stretching intestine; 8) system for inflating balloon; 9) mercury 
manometer recording pressure in ballon; 10) arterial catheter; 11) venous catheter; 
12) venous reservoir; 13) system for pumping arterial blood; 14) thermometer; 
15) receptacle maintained at constant temperature. 

To determine the role of the autonomic ganglia, the spinal cord, and the higher levels of the central nervous 
system in the mechanism of the entero-enteral  inhibitory reflex, experiments were conducted on unanesthetized 
healthy dogs in which two Thi ry-Vel la  loops were first created. A stretching balloon was placed in one of the loops 
and a balloon for recording the motor activity in the other. The possibility of intramural transmission of inhibitory 

impulses was ruled out in these conditions. 

At the beginning of each experiment the reaction of a brief (less than 1 rain) and prolonged (less than 3 h 
stretching of the loop of intestine was recorded. The spinal cord was then transected at the level of the 6th-Tth 
cervical  vertebra. Next day, when the animal had recovered from the anesthesia, the character and duration of the 
entero-enteral inhibitory reflex were again investigated. Lysthenon was then given to the animal and artificial 
respiration apphed, after which the entero-enteral reflex was again investigated,and the spinalcord was removed 
below the level of transection by the usual method (by means of a gouge). The character of the entero-enteral  re-  
flex was then investigated once more. Clearly, when the experiments were performed in this manner, closure of the 
reflex arc was possible only at the level of the autonomic ganglia. 

D I S C U S S I O N  OF R E S U L T S  

The experiments on the isolated loop showed that intensive stimulation of the mechanoreceptors of the in- 
testinal wall by raising the pressure inside the stretching balloon to 180-200 mm Hg,caused marked inhibition of the 
motor activity in the neighboring portion of the intestinal loop. This inhibition lasted 18-25 sec and was followed 
by restoration of the motor activity despite the continuing stimulation of the mechanoreceptors. A sudden increase 
in pressure caused more clearly defined effects than a gradual increase (Fig. 2A). 

Similar results were obtained after division of the intestinal wall, the only difference being that the inhibition 
was still less marked in degree and shorter in duration (Fig. 2B). In 2 of the 12 experiments after division of the 
intestinal loop a reaction was observed only in the longitudinal muscle of the wall (the circular muscle did notreact).  

In the experiments on the animals with intestinal loops isolated by the Th i ry -Vel la  method it was found that, 
in the healthy unanesthetized dog, stimulation of the interoceptors arising during stretching of one loop by a balloon 
under a pressure of 120-140 mm Hg caused prolonged inhibitionof the contractiom of the smooth muscle of the second 
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Fig. 2. Changes in motor activity of a portion of the loop of intestine during stimulation of the 
mechanoreceptors of another portion, A) Reaction before division of intestinal loop; 13) reaction 
after division of intestinal loop; 1) contraction of circular muscle of intestinal wall; 2) con.- 
traction of longitudinal muscle of intestinal wall; 3) pressure inside stretching balloon; 4) per- 
fusion pressure; 5) time marker (30 sec). 

A 

o , ,  m+ . . . . .  + 

YO rain 

- - t  
l l l l l l l l i  i l l l l l  

B 

,~7 m i n J  

o J 1 4 o  m m  r~-O- rnm H~ 
, I  I I I T "  t I :1 : l  ~ 1  I I i I , I ' - - T " T I "  

i, 
�9 | 1 i I t I i l I I l i ! ~ I I | "  

r..i-, 2 J280 m m  Hg L ~7 60 mm Hg 
" '1.~0 m m  H~ 

, ,  ! I I I | I I I I | ' 1  I ' } I I I J I I i I 1 I I 

Fig. 3, Entero-enteral inhibitory reflex in a healthy dog (A) and in a dog after division 
(B) and removal (C) of the spinal cord. Significance of the curves (from top to bottom): 
recording of contractions of circular muscle of Thiry-Vel la  intestinal loop; marker of 
stimulation; time marker (30 see). 

intestinal loop. This inhibition lasted throughout the time of stimulation of the interoceptors and for 5-15 rain there- 
after. After the cessation of stimulation,the amplitude of the contractions of the intestinal muscle regained its ini- 
tial level only gradually (Fig. 3A). 
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In the animals undergoing transection of the spinal cord the threshold of the entero-enteral  inhibitory reflex 
was the same or slightly lower, and the inhibition also lasted throughout the period of stimulation of the mecahno-  
receptors. But restoration of the contractions of the intestinal muscle took place soon after the distension of the loop 
of intestine was discontinued (Fig. 3B). The same reaction was also observed in the dogs after administration of 
lysthenon. 

The character of the entero-enteral  inhibitory reflex in the dogs whose spinal cord had been removed was ex- 
actly the same as tha t  observed in the isolated intestinal loop (Fig. 3C). 

These experiments showed that inhibition of the contractions of the intestinal a~ooth muscle produced by sti- 
mulation of the interoceptors Of the small intestine was the result of both a true reflex, closed in the spinal cord, 
and peripheral reflexes closed outside the central nervous system. The character of the peripheral reflexes cannot 
be judged from these results. They may be either axon reflexes, as described by Langley [20], L. A, Orbeli [13], 
A. V. Tonkikh [16], and others, or intra-autonomic reflexes from Dogiel type II cells to Dogiel~ type I ceils [7, 8, 
11, 14]. All that can be said for certain is that neither these reflexes nor the reflexes dosed at the level of the 
autonomic ganglia are responsible for the protracted depression of the motor activity. The character of the ob- 
served reactions indicates that the degree of inhibition depends, not so much on the magnitude of the stimulus, as 
on the increase in pressure in unit time (Ap/At). 

The experiments showed that the prolonged inhibition of the motor activity developing during stimulation of 
up to a certain threshold intensity was caused by a reflex whose arc was closed at the level of the spinal cord. This 
follows from the fact that prolonged inhibition persisted after division, and disappeared after removal, of the 
spinal cord. 

The higher levels of the central nervous system also take part in the mechanism of prolonged inhibition. Its 
apparent role is to "form an impression" of the discontinued stimulus and in this way to maintain the inhibition of 
the motor activity after stimulation of the interoceptors of the intestine has ceased. This role is also manifested 
as the appearance of weak contractions before the motor activity proper is restored. The role of the higher levels 
of the central nervous system is evidently exerted, not by means of a special reflex whose arc is closed in them, but 
by means of mechanisms analyzing the incoming information and exerting a regulatory influence on the spinal cord. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some  or all  o f  t h i s  per i -  

od i ca l  l i t e r a t u r e  m a y  we l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A complete list of the cover-to- 
cover English translations appears at the back of this issue. 
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