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In the physiological  l i terature  and in the c l in ic ,  
numerous data have been amassed concerning the pres- 

ence  of marked in terocept ive  effects,  not only on neigh-  
boring internal organs, but also ondistant  ones. The 
mechanism of these effects is st i l l  poorly understood. 

In a number of papers i t  has been shown that  they can 

be produced within the per ipheral  divisions of the sym-  
pa the t ic  nervous system after destruction of the spinal 
cord [1, 4, 13, 15, 16, 17, 18, 20, 21, and 22]. 

In studying the interneuronal connections of the or- 
gans of the abdominal  cavity,  we [10] established that  

in man  and the rabbit  the two mesenter ic  nervous 
plexuses that  innervate the smal l  and large intestine 
are connected by a short cut by means of the in ter -  

mesenter ic  tract.  This is located to the  left ,  and pa r t i a l ly  

in front of, the abdominal  aorta and is connecmd with 
the inferior mesenter ic  ganglion. These data and exper i -  

ments on rabbits [6, 9] have  shown tha t ,except  for 
monkeys [3], the t ract  is the most di f ferent ia ted in these 
animals ,  and as was supposed [2], i t  contains ascending 
and descending fibers, which allows us to regard i t  as a 

complex  of interorgan connections,  creat ing the func- 
t ional  in teract ion between the caudal  division of the 

large intest ine and the sma l l  intest ine that has been 
demonstrated by a number of authors [8, 11, 12, 14]. 

In the present invest igat ion we undertook the fur- 
ther study of the s ignif icance of the in termesenter ic  

t ract  in this interaction.  

METHOD 

The work was carried out on 23 rabbits. In rabbits 
immobi l i zed  by high spinal cord transect ion,  the abdom-  

inal  cav i ty  was opened. A loop of je junum was ptaced 

in a glass cyt inder  with no bot tom,  which was held f i rm-  
ly in an incision in the anterior  abdominal  wall  and 
f i l led with Ringer's solution at  88". The movements  of 

the intestine were recorded on kymograph paper. From 
the caudal  portion of the large intest ine,  a segment  

8-10 cm long was separated with its mesentery.  A 

rubber bal loon was inserted into i t  that  could be inflated 
with air  to obtain a pressure of 80-200 m m  Hg. During 
the experiments  or ten days previously,  the caudal  rues- 
enter ic  ganglion was decent ra l ized  by severing a l l  its 
nervous comaections with the marginal  sympathe t ic  
trunks and the abdominal  aort ic  plexus. The hypogastr ic  
nerve, which connects this gangl ion with the pe lv ic  ner-  

vous plexus, was sect ioned at  this t ime ,  and in some 
experiments  the spinal cord was destroyed below the 
tenth thoracic  segment ,  Diplacine was used to block 

synapt ic  connections in the. ganglion. After this the 

invest igat ion proceeded.  

RESULTS 

In the i n i t i a l  background, rhythmic  contractions of 

the jejunum occurred at a frequency of 12-18 waves per 
minute ,  and slight variations in tone were noted. Upon 
mechan ica l  s t imula t ion  of the caudal  portion of the 
large intest ine against  a background of intensive move-  

ments of the smal l  intest ine,  inhibi t ion of these m o v e -  
ments and a reduct ion in tone occurred (Fig. l a ) ;  i f  a 
segment  of smal l  intest ine was in a state of compara t ive  
rest, mechan ica l  s t imula t ion  of the large intest ine pro-  
duced no percept ib le  changes in the kymograph tracing. 

In addi t ion,  the intensi ty of s t imula t ion  of the 

large intest ine and the rate of increase of stimulus in-  

tensity were important :  an intense mechan ica l  stimulus 
(200 m m  Hg instead of 100 ram), or a rapid inflat ion of 
the bal loon,  caused more pronounced inhibi t ion of the 

per is ta l t ic  movements  of the smal l  intestine.  These 
changes ordinari ly were observed at  the moment  of 
s t imula t ion  of the large intest ine;  aftereffects were not 

seen. 
Decent ra l iza t ion  of the cauda l  mesenter ic  gangl ion,  

ei ther  10 days in advance or at  the t ime of the exper i -  
ment , resul ted in enhancement  of the movements  of the 

smal l  intest ine:  the rhythm of contractions was intensi-  

f ied,  the frequency of the waves increased to 2O per 

minute ,  and unusual variations in tone appeared.  Under 

785 



a 

i �9 ! ....... 

It l l l l l l l l  l l l l l l  I I I I I I  I I I I I  I I I I I I I I I I I I I I I I  

I ! 

_ I I  I I  I I I I I I I I  I I I I I I I  I I I I | I I I I I I I I I I I I I I I I I I I I I I  

I I 

I I I I I I I I I  I I  I I I I I I I I I I I I I I I I I I I I  

i i i i 

l J ~ l l J I I i l l l  i l l l l l l l l l l l l l l ~ i ] ~  r 

Pig. 1. Changes in,interoceptive afferent effects ex- 
erted on the small intestine by the caudal portion of 
the large intestine in the rabbit, a) Initial back- 
ground (rabbit No. 22, experiment of December 28, 
1958); b) after decentralization of caudal mesenter- 
ic ganglion (rabbit No. 18, experiment of June 16, 
1958); c) after destruction of the spinal cord (rabbit 
No. l l , exper iment  of December 27, 1957); d) after 
section of the intermesenteric tract (rabbit No. 11, 
experiment of December 27, 1957). Interpretation 
of curves (from top): movements of small intestine ; 
mechanical  stimulation of large intestine; time (5 
s e e ) .  

these conditions mechanical  stimulation of the segment 
of large intestine continued to il~hibit the small intest- 
inal movements,  with this effect even being enhanced 
at times (Pig. lb),  and being observed even after des- 
truction of the spinal cord (Fig. lc).  Sectioning of the 
intermesenteric tract performed against this background 
caused a considerable reduction in the inhibition of 
motor activity of the small intestine, or complete ab- 
sence of such inhibition (Fig. ld), and in only two ex-  
periments was it as pronounced as in the initial state. 

The data obtained confirm the presence of a re- 
flex interconnection, not only between adjacent seg- 
ments of the gastrointestinal tract [16,22], but even 
between such distant segments as the initial portion of 
the small intestine and the caudal portion of the large 
intestine. On the basis of the fact that these interorgan 
interoceptive effects are predominantly of a neuro- 
reflex nature [11, 14, 22], we sought to determine the 
specific pathways by which they are mediated. 

Analysis of the distribution of the interneuronal 
connections of these organs in the rabbit (Fig. 2) 
allowed us to suggest three main pathways of afferenta- 
tion from the portion of the large intestine under invest- 
igation: 1) along its intramural nervous plexuses and 
the arciform connections of the mesenteric nerves ac-  
companying the vascular arcades, in the cranial direc- 
tion; 2) along the mesenteric nerves to the caudal 
mesenteric ganglion, and then along its connections 
with the sympathetic trunks, through the corresponding 

spinal ganglia into the spinal cord, from which, along 
pre- and pcstganglionic neurons within the cel iac and 
cranial mesenteric plexuses, impulses arrive at the 
small intestine; 3) along the mesenteric nerves to the 
caudal mesenteric ganglion, and from there along the 
intermesenteric tract connected with it, directly to the 
sinai1 intestine, within the cranial mesenteric plexns. 

The possibility that these interoceptive effects were 
spreading toward the pelvic plexus and out from it, or 
along the first of the pathways indicated above, was 
excluded,since the balloon was introduced into a seg- 
ment of large intestine that was isolated from its proxi- 
mal and distal portions. In order to interrupt transmis- 
sion along the second pathway, formed by afferent spinal 
fibers, an anatomically thorough decentralization of the 
caudal mesenteric ganglion was carried out under the 
magnifying glass, and in some experiments, destruction 
of the spinal cord as well. Under these conditions the 
most probable pathway for reflex interaction of the 
isolated fragment of large intestine with the small 
intestine was the third, the shortest and most direct ex- 
traspinal pathway, represented by the intermesenteric 
tract (12, 14, and 15, Pig. 2). 

The fact that after decentralization of the caudal 
mesenteric ganglion even more intense inhibition of 
peristalsis was observed in the small intestine, and a 
reduction of its tone, when the caudal portion of the 
large intestine was stimulated, apparently indicates that 
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this autonomic ganglion was liberated from inhibitory 
centrifugal influences from the spinal cord [19, 28, 24]. 
This type of enhancement of viscerovisceral reflexes 
was noted by E. I. Sinel 'nikov et al. [16] after destruc- 
tion of the spinal cord. According to M. G. Durmish'yan 
[4], the spinal cord"imposes," so to speak, definite func- 
tional characteristics upon the autonomic ganglia. 

Subsequent section of the intermesenteric tract led 
in most experiments to complete disruption of the reflex 
connection between the large and small intestine. The 
same results were obtained with prior decentralization 
of the ganglion, where, as I. P. Razenkov has shown [13], 
all the preganglionic effector fibers of spinal origin are 
found to have degenerated,and the possibility of trans- 
mission of stimulation by axon-reflex connections is 
eliminated. It must be suggested that the transmission 
of interoceptive influence~ in our experiments might to 

Fig. 2. Interneuronal connections of the caudal 
portion of the large intestine and the first portion 
of the small intestine in the rabbit. Semischemat-  
ie drawing from preparation. 1) Posterior trunk of 
the vagi; 2) caudal rami of the posterior trunk; 3) 
right splanchnic nerve; 4) pancreas; 5) right adrenal; 
6) cranial mesenteric plexus; 7) sympathetic trunk; 
8) abdominal aorta; 9) left splanchnic nerve; 10) left 
cel iac ganglion; 11) cranial mesenteric ganglion; 
12) cranial portion of the intermesenteric tract; 18) 
left adrenal; 14) intermediate portion of the inter- 
mesenteric tract; 15) caudal portion of the inter- 
mesenterie tract; 16) caudal mesenteric ganglion; 
17) caudal mesenteric plexus; 18) caudal portion 

of the large intestine. 

some extent be brought about (the two experiments men-  
tioned give evidence of this) along "short pathways," 
formed by the extremely fine retroperitoneal nerve fibers 
[7] and vascular nerves which run along the branches of 
the caudal mesenteric artery to the abdominal aorta and 
from there to the perivascular plexus of the cranial rues- 
enteric artery. 

From histological study of preparations impregnated 
by the Bielschowsky-Gross method,it  was established that 
after section of the intermesenteric tract a large number 
of intact fibers remain in its distal portion along with 
the degenerated ones. In addition, in the ganglia and 
connections of the cel iac and cranial mesenteric plexuses 
we found many more altered fibers than in the caudal 
mesenteric ganglion and the plexus surrounding it. 
Finally, section of the tract results in degeneration of 
some of the neural elements in the first part of  rile 
small intestine and its mesentery, and stimulation of 
the tract with an induction current produces inhibition 
of peristalsis of the small intestine [9]. All of this con- 
firms the opinion that predominantly ascending fibers 
are present in the tract [ 2; 10, 25]; these fibers, it must 
be supposed, have a relation to the nerve cells Of the 
ganglion itself or constitute a continuation of those af-  
ferent sympathetic comaections that enter into the com-  
position of the mesenteric nerves from the caudal portion 
of the large intestine. These nerves, according to I. P. 
Ivanov [5], represent the processes of Dogiel's type II 

O 

Fig. 3. Diagram of possible intemeuronal connections 
mediating transmission of interoceptive afferent influ- 
ences from the caudal portion of the large intestine to 
the small intestine in the rabbit, along the interrnes- 
enteric nerve tract. 1) recording of small intestinal 
movements with an Engelmann lever; 2) loop of jejun- 
um; 3) intermesenteriC tract; 4) sites of section of 
central connections of the ganglion; 5) caudal mes- 
enteric ganglion; 6) caudal portion of the large intes- 
tine with balloon inserted into it; sensory ceils are 

dark, motor cells are light, 
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receptor cells and can be traced to the prevertebral 
ganglia. According to Kuntz [22], fibers of intestinal 
origin enter into synaptie connections with motoneurous 
of the caudal mesenteric ganglion. In addition, it is 
known [13, 17] that this ganglion also contains sensory 
cells. 

Experiments with blocking of the caudal mesenteric 
ganglion with diplacine showed that the observed vis- 
cerovisceral influences are not completely eliminated. 
This indicates that some of the afferent intestinal fibers 
penetrate into the tract without interruption in the gang- 
lion. Finally, the fact that in a number of experiments, 
the observed reflex remained even after extirpation of 
the ganglion is explained by the presence of nerve 
trunks, readily distinguishable in total preparations 
stained with methylene blue, that enter into the tract 
from the mesentery without passing through the ganglion. 
All these possible afferent interneuronal connections 
are represented in Fig. 3. 

The data obtained show that the intermesenteric 
tract is one of the main autonomic extramedullary path- 
ways along which interoceptive afferent influences from 
the caudal portion of the large intestine spread to the 
first portion of the small intestine. 

SUMMARY 

In rabbits the transmission of inhibitory interocept- 
i re  effects from the caudal portion of the large intest- 
ine to the first portion of the small intestine takes place 
mainly along the intermesenteric nerve tract, following 
decentralization of the caudal mesenteric ganglion. 
When this nerve tract is divided, in most experiments, 
no viscerovisceral reflex effects are observed. 
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