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We have previously described [1] reflex effects on 
the motility of the small intestine which can be elicited 
by stimulation of the receptors of the esophagus. 

It was found that the reflex could be produced after 
sectioning flae intestine rostra1 to the portion from which 
the recording was made, and this procedure eliminated 
the possibility of the excitation being transmitted along 
the walls of the gut; we concluded that the effect must 
be transmitted through lengthy reflex paths. 

A number of studies of the innervation of the esophag- 
us have been made [5-10, 12], and these describe afferent 
pathways which would account for the reflexes; in the 
present investigation we have studied the afferent path- 
ways of the esophago-intestinal reflex. 

sympathetic chains, while the vagi were intact; in a third 
experiment, in two dogs, both vagi and splanchnic nerves 
were cut. In all, 122 experiments were performed. In 
addition, 48 tests were applied in 16 experiments by in- 
jecting 0.15-0.8 mg per kg of atropine in order to el im- 
inate parasympathetic transmission. 

RESULTS 

In the animals with the nerve supply to the gut in- 
met, the balloon was inflated with air to a volume of 40- 
50 ml; when the esophagus was relaxed, the pressure re- 
quired was from 2 to 10 ram, and when contracted, from 
8 to 30 ram; when the intestine was relaxed or in a state 
of mild contraction, the effect was to produce contrac- 

Fig. 1. Reflex excitation of movements of the 
small intestine caused by inflating a balloon 
to 50 ml in the esophagus of,a dog with intact 
gastric and intestinal nerve supply. Curve~ 
from above downwards: Gastric contractions; 
contractions of the jejunum; stimulus marker; 
time marker (15 see). 

METHOD 

Chronically esophagotomtzed dogs were used. The 
esophageal receptors were stimulated by the inflation of 
a thin-walled rubber ballon attached to the nipple of a 
pipe introduced through the artificial aperture. Ntestinal 
movements were recorded on a kymograph operated by 
pressure changes in the balloon. In two dogs the reflexes 
were recorded before and after transdlaphragmal section 
of the vagI while the splanchnie nerves were left intact; 
ha one dog, recordings were made before and after sec- 
tion of the splanchnie nerves and removal of the lumbar 

tions or to increase the strength of any that were akeady 
taking place (Fig. 1). When the intestine was already 
contracting vigorously, inflation of the esophagial balloon 
had no noticeable effect. In some experiments, the bal- 
loon was inflated to 75 ml, which required a pressure of 
from 5 to 20 mm when it was reiaxed, and from 30 to 45 
mm when contracted; in others, 100 ml were introduced 
at a pressure of 10-35 ram when the esophagus was re- 
laxed or of 50-60 mm when contracted; if the intestine 
had previously been relaxed, tonic oontractions now oc- 
curred. Inflation up to 75-100 ml caused still more power- 
ful contractions to occur. Inflation to 100-150 ml during 
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a period of intestinal motility, caused the average ampli-  
tude of the movements to be reduced on account of changes 
in intestinal tone, which, however, could not be attributed 
to any inhibitory effect. 

In dogs treated with atropine, and in whom intestinal 
movements had ceased, inflating the balloon to 50-75 ml 
produced no effect (Fig. 2). Because large concentrations 
of atropine block Auerbach's plexus and other eholinergic 
systems, it is not entirely justifiable to deduce that the ex-  
citatory effect is transmitted only by parasympathetic 
nerves. We therefore studied the efferent paths after cut- 
ting off the nerve supply to the gastrointestinal tract. 

Fig. 2. Absence of reflex excitation of intestinal 
movements by esophagus, a) In atropinized ani- 
mal; b) in the dog Bimba after sectioning thevagi; 
c) ditto in Laddie. Curves, from above downwards: 
Contractions of jejunum; stimulus marker (75 ml  
air); time marker (15 see). 

Stimulation of the esophageal meehanoceptors after 
dividing the splanchnic nerves and removing the lumbar 
sections of the sympathetic chains produced approximate-  
ly the same motor response from the small intestine as it 
did in dogs with an intact nerve supply. 

After the vagi had been divided, stimulating the eso- 
phagus by inflation to 40-50 or 75-100 ml when the in- 
testine was at rest, caused no contractions in the latter 
(see Fig. 2). In some experiments, inflating the balloon 
to 75-100 or 150 ml during the latter third of a rest period 
caused some reduction in gastric and intestinal tone to 
occur at the time of inflation. The effect was better 
shown when the stimulus was applied during a period of 
weak intestinal movements. In Bimba0 in three out of 18 
experiments, after the vagi had ])een divided and immedi-  
ately after the stimulus had been removed and the gastrk 
and intestinal tone had increased, intestinal movements oc- 
curred. A dissection confirmed that both the vagi had 
been divided completely above the diaphragm. The con- 
tractions occurring after vagal section can not therefore 
be attributed to incomplete section of these nerves. It 
occured as a result of a rapid increase in gastric and in- 
testinal tone, which in the latter third of a rest period are 

regularly excited. The rapid increase in gastric and in- 
testinal tone occurring after the end of the excitation 
causes intestinal contractions to occur. 

In Bimba, the reduction in gastric and intestinal tone 
observed during the esophageal stimulation could be ex-  
plained as being due to an inhibitory effect mediated by 
the splanchnic nerves after the vagi had been divided. It 
is less llkely that the inhibition is produced by a myen-  
teric reflex. 

After bilateral transdiaphragmal vagal section no re- 
flex effects occurred between esophagus and small in- 
testine, even when strong stimuli were applied. In some 
of the experiments, stimulating the esophageal receptors 
by inflating the balloon to '/5 ml after the vagi had been 
divided but the splanchnie nerves left intact caused some 
inhibition of intestinal contractions, but when the balloon 
was inflated to 100-150 ml,  in most cases, a marked in- 
hihitory effect was observed (Fig. 3). These results indicate 
that th e inhibitory effect from the esophagus is transmitted 
through the sympathetic (splanchnfc) nerves to the small 
intestine. This hypothesis does not exclude the possibility 
that inhibitory effects are transmitted from the esophagus 
to the upper part of the small intestine by sympathetic 
flbexs rimning in the vagi. 

Confirmation that both excitatory and inhibitory in- 
fluences are transmitted through the nerves to the gastro- 
intestinal tract is afforded by experiments on dogs in 
which both vagi and sympathetic trunks were divided, 
Of the 14 experiments on the two dogs in which the lum- 
bar sympathetic chains had been removed and vagl and 
splanchnic nerves divided, no single case was observed 
of any influence being transmitted from the esophagus to 
affect movements of the small intestine, even though the 
balloon was inflated up to 100-150 ml. These results af-  
ford further confirmation that in the dog Bimba the trans- 
mission of inhibitory effects resulting from esophageal 
stimulation during a period when the stomach and intes- 
tine were at  rest does not result from inhibitory effects 
being transmitted by the myenterie reflex. 

Fig. 3. Effect of esophageal stimulation on in- 
testinal movements in the dog Laddie, after sec- 
tion of the vagi. Curves, from above downwards: 
Gastric contractions; contraction of jejunum; 
stimulus marker; t ime marker (15 see). 
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The results indicate rather that when an adequate 
stimulus is applied to the esophageal receptors, reflex ex- 
citation of movements of the small intestine takes place 
and is transmitted through the vagi. When esophageal stlm- 
ulation is increased, in addition to reflex excitation of 
small Intestinal movements mediated by the yogi,reflex 
inhibition may also be transmitted by the sympathetic 
supply. This effect is not usually observed, because the 
excitatory effect predominates. The inhibitory influence 
is however well shown after vagal section. 

It is known that strong stimulation oftheesophageal 
receptors causes vomiting [1]. The reaction involves a 
number of other reflex mechanisms, and the process can- 
not be followed beyond the stage of inhibition of move- 
ment of the small intestine. The inhibitory effect may 
be shown when there is a sudden large inflation of the 
esophageal balloon, It also occurs if the dog chokes ona 
lump of food. 

Douglas and Mann [11] have pointed out that there is 
no convincing evidence that the vagi play any part in medi 
ating intestinal reflexes. The only demonstration of their 
motor function has been made on acute preparations. The 
results of our work reported in the present and in previous 
communications [2 -4], which have been made on chronic 
preparations ha.re shown that reflex excitation of move- 
ments of the small intestine is transmitted by the vagi. 

SUMMARY 

It was shown that in chronically esophagotomized 
dogs, when the splanchnic nerves are left intact, the ex- 
citatory effect on movements of the small intestine pro- 
duced by esophageal stimulation are eliminated by bi- 
lateral transdtaphragmal vagotomy, but are still present 
if the vagi are lefr intact and the splanchnic nerves di- 
vided, After division of both the vagi and the splanchnic 
nerves, stimulation of the esophagus does not influence 
movements of the small intestine. In ardmals with divided 
vagI and intact splanchnic nerves, pronounced inhibition 
of 12ntestinal movements is caused by esophageal stimula- 
tion whereas when both vagus and splanchnic nerves are 
intact, the Inhibition seldom occurs and it is thought that 

the reason for the failure is the prevalence of the excita- 
tory effect of esophageaI stimulation. It is concluded that 
the excitatory effect from the esophagus (esophagointestlnal 
reflex) Is transmitted through the vagi, and the inhibitory 
influence through the sympathetic nerves. 
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