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The neuronal  composi t ion of the in t r amura l  p lexuses  of the gas t ro - in t e s t i na l  t r ac t  in cats  was 
studied by luminescence  m i c r o s c o p y ,  The in t r amura l  ganglia were  found to contain three  pop-  
ulations of neurons .  The neurons of the f i r s t  population showed no specif ic  ca techolamine  
f luorescence .  Those of the second population had f luorescence  of the pe r ika ryon  and p r o c e s -  
ses .  The p e r i k a r y a  of the third neuron population were  not f luorescent  but ad renerg ic  synap-  
ses  were  seen  on their  sur face .  In t raper i tonea l  injection of exogenous noradrena l in  (1 mg) 
led to an inc rease  in the number  of neurons of the third population with specif ic  f luorescence .  
On this basis  it  was concluded that as well as pa ra sympa the t i c  in t r amura l  neurons the in t r a -  
m u r a l  ganglia of the gas t ro - in t e s t ina l  t r a c t  a lso  contain sympathe t ic  cel ls ,  mos t  of which ex-  
hibit  specif ic  f luorescence  only af ter  their  med ia to r  content has  been ar t i f ic ia l ly  inc reased .  
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Until r ecen t ly  the view has been held in the l i t e ra tu re  that i n t r amura l  motor  neurons ,  or  Golgi type 
I cel ls ,  in the walls of the gas t ro - in t e s t ina l  t r a c t  a r e  mainly,  if not en t i re ly ,  pa ra sympa the t i c  in nature  [3, 
6, 7, 18, 2t] .  Meanwhile, a d i amet r i ca l ly  opposite view is held about the nature  of these in t r amura l  in tes -  
tinal p lexuses .  Van Campenhout [10, 11] showed by exper imenta l  morphological  studies that neurons  of the 
intest inal  p lexuses  a r e  sympathe t ic  in or igin  and that the vagus ne rve s  t e rmina te  in sympathe t ic  s t r uc tu r e s  
only on some of the in t r amura l  ganglion cel ls .  

Recent  luminescence  mic roscop i c  invest igat ions have shown that in the i n t e rmuscu la r  plexus of c e r -  
tain par t s  of the gas t ro - in t e s t ina l  t r a c t  in m a m m a l s  ad renerg ic  neurons  a re  p resen t .  Fu rnes s  and Costa  
[13, 16] found adrenerg ic  neurons  in the wall of the smal l  intest ine of the guinea pig. Krokhina [4] detected 
speci f ica l ly  f luorescent  neurons  in the i n t e rmuscu l a r  plexus of the pylor ic  pa r t  of the s tomach  and in the 
duodenum in the cat .  

As well as pa rasympa the t i c  and sympathe t ic  neurons ,  neurons  whose p e r i k a r y a  a re  not f luorescent  
in intact  an imals  but which p o s s e s s  adrenerg ic  synapses~ have been found in the in t e rmuscu la r  plexus of 
the esophagus [8, 12, 17], s tomach  [9], and intest ine [1, 4, 19, 22, 23]. The nature  of these neurons is not 
yet  c l ea r .  Some worke r s  [18, 22] have cons idered  that these nonluminescent  neurons a re  pa ra sympa the t i c  
and have concluded that inhibition of p r o c e s s e s  in the gas t ro - in t e s t ina l  t r ac t  is brought  about by p a r a s y m -  
pathet ic  neurons .  

There  is informat ion in the l i t e ra tu re  that among ad rene rg ic  neurons in intact  an imals  there  a re  
some that do not f luoresce ,  for they a re  distinguished by rapid  m e t a b o l i s m  of the media to r  in the cytoplasm.  
Because  of the low noradrena l in  concentrat ion it  cannot be detected h is tochemica l ly  in the p e r i k a r y a  of  
these neurons [14]. By increas ing  the media tor  concentra t ion ar t i f ic ia l ly  in the cy top lasm of these  neurons ,  
they can then be demons t ra t ed  h is tochemica l ly .  

Because  of these  observa t ions  the wr i t e r s  postulated that neurons  whose bodies do not f luoresce ,  but 
which have adrenerg ic  synapses  occurr ing  in the gas t ro - in t e s t ina l  t rac t ,  a re  also adrenerg ic  neurons  with 
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Fig.  1. Cateeholamines  in i n t r amura l  ad rene rg ic  neurons  arid ne rve  f ibers  
in walls of cat  smal l  and la rge  intest ine af ter  in t raper i tonea l  injection of 
exogenous noradrena l in :  a) ad rene rg i c  f ibers  in connections between gang-  
lia of Auerbach ' s  plexus in smal l  intest ine (120• b and c) ad renerg ic  
neurons in i n t r amura l  ganglia of i leum and large  intest ine r e spec t ive ly ,  
nuclei  of neurons  do not luminesce  (360• d and e) isolated ad rene rg ic  
neurons  in i n t e rmuscu l a r  plexus of sma l l  and la rge  intest ine r e spec t ive ly  
(360x); f and g) t e rmina l  ad rene rg ic  plexus in outer  longitudinal l ayer  of 
smooth  musc le  of la rge  intest ine (120• h) ad rene rg ic  innervat ion of m u s -  
cle coat  of a r t e r y  f rom wall of l a rge  intest ine (120x). 

a low media to r  content.  The object  of the invest igat ion descr ibed  below was,  by a r t i f ic ia l ly  increas ing  the 
noradrena l in  concentra t ion in the pe r ika ryon  of these neurons  and by making use of the in t r ins ic  p rope r t i e s  
of sympa the t i c  ne rve  ce i l s ,  to " a s s i m i l a t e "  exogenous  noradrena l in ,  to "compel"  these  neurons  to f luoresce  
spec i f ica l ly ,  and in that way to c la r i fy  thei r  na tu re .  
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E X P E R I M E N T A L  M E T H O D  

Noradrenal in  (1 rag) was injected in t raper i tonea l ly  into the eats  2 h before  the m a t e r i a l  was taken. 
The an imals  were  killed by exsanguination under inhalational anes thes ia .  P ieces  of all  pa r t s  of the smal l  
and la rge  intest ine were  washed with physiological  saline to r e m o v e  the contents .  Sections were  cut for 
h i s tochemica l  invest igat ions  [5] by the method of Fa lck  and Owman [15]. Unembedded sect ions  were  s tud-  
ied and photographed with the ML-2 mic roscope .  Autoluminescent  s t r uc tu r e s  were  identified by heating 
the sect ions  without pa ra fo rma ldehyde .  

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

As was s ta ted p rev ious ly  [4],  many va r i cose  adrenerg ie  f ibers  run "en passant"  through Auerbach ' s  
plexus in intact  an imals ,  without touching nonlumineseent  ne rve  cel ls .  Other ad renerg ic  f ibers  t e rmina te  
in synapses  on some of the neurons  with nonluminescent  bodies.  

After p r e l i m i n a r y  noradrena l in  loading the number  of ad renerg ic  f ibers  pass ing  through the ganglia 
of Auerbach ' s  plexus and in the communica t ions  between the ganglia was not apprec iab ly  inc reased  but the 
c h a r a c t e r  of their  luminescence  was sharp ly  a l te red .  The ad rene rg ic  f ibers  los t  their  marked  beading and 
their  luminescence  was sharp ly  intensif ied (Fig. la) .  Whereas  in the s tomach  and duodenum of intact  ani-  
ma l s  single ne rve  cei ls  with specif ic  luminescence  were  found, p r e l i m i n a r y  noradrena l in  loading led to the 
appearance  of whole groups of neurons  and smal l  ganglia in the smal l  and la rge  intestine in which all the 
neurons  gave specif ic  luminescence ,  which was absent  only in thei r  nuclei  (Fig. lb ,  c). Isolated adrenerg ic  
ne rve  cel ls  a lso  were  found (Fig. ld ,  e).  

Noradrenal in  loading caused a marked  inc rea se  in the intensi ty of luminescence  also in the axons of 
the t e rmina l  plexus in the c i r cu l a r  and longitudinal l aye r s  of smooth  musc les  (Fig. l f ,  g). These  f igures  
c lear ly  show an i nc rea se  in the number  of t e rmina l  f ibers  pe r  unit of innervated a r e a  of the musc le .  The 
luminescence  of the adrenerg ic  axons was intensified equally in the musc le  coat  of the in t r amura l  vesse l s  
in the walls of the smal l  and large  intest ine (Fig. lh).  

Ability to take up and as s imi la t e  exogenous noradrena l in  f rom the blood s t r e a m  is a p rope r ty  r e s t r i c t -  
ed to neurons  of the sympathe t ic  nervous s y s t e m  [14, 20, 24]. On this bas i s  it  can thus be concluded tha~ in 
Auerbach ' s  plexus in the sma l l  and large  intest ine there  a re  many neurons  that become capable of l umines -  
cence af ter  adminis t ra t ion  of exogenous noradrenal in  to the animal ;  consequently,  these neurons  can jus t i -  
fiably be r ega rded  as sympathe t ic  in na ture .  

The obse rva t ions  desc r ibed  above conf i rm e a r l i e r  views [4] that the in t e rmuscu la r  plexus of the g a s -  
t ro - in tes t ina l  t r a c t  contains three  neuron populations:  nonluminescent  pa r a sympa the t i c  neurons ;  sympathe t ic  
neurons whose p e r i k a r y a  and p r o c e s s e s  a re  luminescent  in intact  an imals ;  sympathe t ic  neurons  with a low 
concentrat ion and rapid  ra te  of me tabo l i sm  of  ea techolamines  in the cy top lasm,  which become luminescent  
only as the r e su l t  of an ar t i f ic ia l  i nc rease  in the media to r  concentrat ion in the i r  cytoplasm.  

The possibi l i ty  cannot be ruled out that the degree  of luminescence  of the neurons  depends on d i f f e r -  
ences  in their  functional s ta te ,  i .e . ,  that  the adrenerg ic  neurons ,  like the o thers ,  do not function all at the 
same  t ime.  There  is morphologica l  evidence in suppor t  of this hypothesis  [2, 5]. 

Since the neurons  do not all  function at the s ame  t ime,  some  of them a r e  obse rved  at  a t ime when they 
do not pos se s s  adequate r e s e r v e s  of media to r ,  but o the r s ,  on the o ther  hand, a re  observed  when they a re  
once again r eady  for  function and they contain a sufficiently high concent ra t ion  of media to r ,  capable of 
h i s tochemica l  demons t ra t ion .  This hypothesis  regard ing  d i f ferences  in the t imes  of function of the neurons 
applies  not only to their  p e r i k a r y a  but also to their  postganglionic f ibers  which fo rm the t e rmina l  synaptic 
s t ruc tu re s  d is t r ibuted among the smooth musc le  and other  t i s sues  in the walls of the intest ine.  

In intact  an imals  substant ia l ly  fewer t e rmina l s  a re  found in the smoo th -musc l e  l ayer  of the intest inal  
wall. The i r  number  r i s e s  sharp ly  af ter  adminis t ra t ion  of exogenous noradrenal in .  

Regard less  of the t ruth or  o therwise  of these hypotheses ,  what is ce r t a in  is that there a re  m a n y a d r e n -  
e rg ic  neurons  in the i n t r amura l  ganglia  of the gas t ro - in t e s t ina l  t rac t .  
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