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The sympathe t ic  innervat ion of the walls  of the esophagus,  s tomach ,  and duodenum in cats  
was inves t iga ted  by the method of detect ion of ca techolamines  in a i r - d r i e d  p repa ra t ions .  An 
abundant sympa the t i c  innervat ion was found in all  l aye r s  of these  wai ls .  The t e rmina l  s y m -  
pathet ic  plexus of the smooth-musc le  l a y e r s  of the outer  coat  and the muscu la r i s  mueosae  is 
fo rmed  by ad rene rg i c  axons f r o m  three  sources :  1) axons a r i s ing  f rom the p e r i v a s c u l a r  
p lexuses ,  2) axons a r i s ing  f r o m  the i n t e rmuscu la r  plexus,  and 3) axons of ad rene rg ic  neu- 
rons  contained in the i n t r amura l  ganglia.  Pregangl ionic  ad rene rg ic  axons forming synaptic  
s t r u c t u r e s  on the i n t r a m u r a l  neurons of the walls  of these pa r t s  of the gas t ro - in t e s t ina l  t rac t ,  
a r e  found. Adrenerg ie  neurons a r e  p r e sen t  in the wall  of the duodenum. 

In monographs  dealing with the innervat ion of g a s t r o - i n t e s t i n a l t r a c t s  published wlthin the l as t  decade 
[2, 5] the authors  have drawn f r o m  an extensive l i t e ra tu re  and the i r  own exper ience  and have concluded that  
stil l  ve ry  l i t t le  is known of the dis t r ibut ion and endings of sympathe t ic  f ibers  in the wall  of the g a s t r o - i n t e s -  
t inal  t r a c t  and that  this is  due to the difficulty of identifying sympathet ic  nervous s t ruc tu r e s .  

The old quest ion of the sympathe t i c  innervat ion of the gas t ro - in t e s t ina l  t r a c t  is now being d iscussed  
in a total ly di f ferent  light in connection with the r e su l t s  obtained by luminescence  mic roscopy  [7-9, 15]. 
These r e su l t s  show the following: 

1. Many ad rene rg ic  f ibe r s ,  forming synaptic  connections with the i n t r amura l  cel ls  of the esophagus 
[8, 9], s tomach  [7], and intest ine [15, 17], a r e  found in the i n t e rmuscu la r  and submucous nervous plexuses .  

2. The ad rene rg ic  inne rva t ionof the  muscu la r  coa t i n the  walls  of the gas t ro - in t e s t ina l  t r ac t ,  according 
to some inves t iga tors  [17], is ve ry  poorly developed and has  no marked  d i rec t  influence of the smooth mus -  
cula ture .  These w o r k e r s  sugges t  that  both motor  and inhibitory effects  a re  achieved through p a r a s y m p a -  
thet ic  influences on the wall  of the digest ive tube. 

3. Other  w o r k e r s  [7, 9, 16] have found a wel l -developed ad rene rg ic  plexus in the muscu la r  coat  in 
"various pa r t s  of the ga s t ro - in t e s t i na l  t r a c t  of man and mammal s ,  and they cons ider  that  the smooth muscu-  
la ture  of the s tomach  and intest ine is under  the d i r ec t  influence of a med ia to r  s e c r e t e d  by this t e rmina l  
plexus.  

Since the r e su l t s  of invest igat ions  of the adrenerg ic  innervat ion of the gas t ro - in t e s t ina l  t r a c t  de- 
sc r ibed  in the world  l i t e r a tu r e  a re  con t rad ic to ry  and since only one pape r  [6] exis ts  in the Soviet l i t e r a tu re ,  
i t  was decided to inves t igate  the adrenerg ic  innervat ion of the walls  of the gas t ro - in t e s t ina l  t r a c t  in m a m -  
ma l s .  This pape r  gives data on the adrenerg ic  innervat ion of three  regions :  the esophagus,  the s tomach,  
and the duodenum of the cat .  

B. I. Lavrent'ev Laboratory of Neurohistology, Institute of Normal and Pathological Physiology, Aca- 
demy of Medical Sciences of the USSR, Moscow. (Presented by Academician of the Academy of Medical Sci- 
ences of the USSR A. M. Chernukh.) Translated from Byulleten' ]~ksperimental'noi Biologii i Meditsiny, 
Vol. 75, No. 3, pp. 105-108, March, 1973. Original article submitted July 5, 1972. 

l �9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

328 



Fig. 1. Luminescence of adrenerg ic  nerve fibers (a-h). Explana- 
tion in text, 360 x.  

EXPERIMENTAL METHOD 

The animal was killed by exsanguination under general anesthesia. The pieces of tissue removed 
were washed in physiological saline. Thin sections for histoehemical treatment were cut as described in 
[3], and the histochemical procedure of Falek and Owman [12] was carried out. Unmounted sections were 
studied in the ML-12 luminescence microscope during the 2 days after histochemieal treatment. The auto- 
luminescent structures were identified by heating the sections in the absence of parafermaldehyde. 

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

Specifically luminescent  nerve f ibers were found in both the adventitia and the muscular  coat  of blood 
vessels  of the esophagus,  s tomach,  and duodenum. The muscular  coat in a r te r ies  of large cal iber  was iden- 
tified by the presence  of an autoluminescent  elast ic  s t roma,  interweaving with a network of specifically 
luminescent  adrenerg ic  f ibers (Fig. la) .  The s t r ia ted muscle of the oral  portion of the esophagus had a 
poorly developed adrenergic  innervation connected anatomically with the per ivascu la r  plexuses (FAg. lb) o 

In the wal ls  of the caudal portion of the esophagus,  the s tomach,  and the duodenum the outlines of the 
in te rmuscular  nervous plexus and its in tersect ions  with the c lus ter  of ganglionic cells were identified by 

329 



the p resence  of whi t ish ,autolumineseent , th in ,  smooth f ibrous s t ruc tu re s ,  components  of the i n t r amura l  in-  
t e r m u s c u l a r  nervous plexus.  

The i n t e rm us cu l a r  nervous  plexus contained va r i cose  f ibers ,  with speci f ic  b r igh t  g reen  luminescence ,  
running "en passan t "  through the c lu s t e r s  of ganglionic cel ls  whose bodies  were  not luminescent  (Fig. l c ) .  

Not all ad renerg ic  f ibers  in the i n t e r m u s c u l a r  plexus ran  through "en pas san t , "  but some t e rmina ted  
on the neuron bodies as  speci f ica l ly  luminescen t  synaptic  s t r uc tu r e s  (Fig. ld) .  The bodies of these neurons 
were  not luminescent .  

The i n t r a m u r a l  plexus of the duodenum contained individual nerve cel ls  with specif ic  luminescence  
of the i r  cy top lasm and p r o c e s s e s  (Fig. l e ) .  

A t e rmina l  ad rene rg ic  plexus was c lea r ly  dist inguished in the outer  and inner l aye r s  of the smooth-  
musc le  coat  of the esophagus ,  s tomach ,  and duodenum. The axons forming  it  were  connected anatomical ly  
with the p e r i v a s c u l a r  ad rene rg ic  plexus or  with the in t e rmuscu lax  nervous plexus,  which they lef t  as thin 
bundles or  single t e r m i n a l s  and ran  along the smooth-musc le  cel ls .  Both the bundles (Fig. lf)  and single 
axons (Fig. lg)  had a we l l -marked  v a r i c o s e  s t ruc tu re .  

In the submucous and mucous l aye r s  of the wall  of the esophagus ,  s tomach ,  and duodenum there  were  
many  auto luminescent  f ibrous  s t ruc tu r e s ,  agains t  the background of which the speci f ica l ly  luminescen t  v a s -  
cu la r  nervous  p lexuses  and single t e rm i na l  f ibe r s ,  connected with the p e r i v a s c u l a r  nervous p lexuses ,  stood 
out c lea r ly .  The muscu l a r i s  mucosae  also had a we l l -marked  ad rene rg ic  innervat ion consis t ing of a plexus 
of thin, va r i cose  axons.  Many ad rene rg ic  t e rmina l  f ibe rs  were  found in the connect ive- t issue s t r o m a  at the 
base  of the glandular  c ryp t s  (Fig.  lh) .  

The method of luminescence  mic roscopy ,  which can be used to identify the sympathet ic  component  of 
the autonomic innervat ion of the walls  of ga s t ro - in t e s t i na l  t r a c t  with g r ea t  a ccu racy  f rom the p re sence  of 
ca techo lamines  in the nervous  s t r u c t u r e s ,  undoubtedly r evea led  new facts  both for morphology and for  
physiology.  Cont ra ry  to the opinion of Hill [13], who denied that  sympathe t ic  f ibers  ex is t  in the autonomic 
i n t e r m u s c u l a r  p lexuses ,  many  w o r k e r s  [9, 15, 16] have found numerous  ad rene rg ic  f ibers  in the i n t r amura l  
nerve  ganglia of the gas t ro - in t e s t i na l  t r ac t .  

According to the p r e s en t  expe r imen t s ,  speci f ica l ly  luminescen t  nerve f ibers  p r e sen t  in the p a r a s y m -  
pathetic i n t e r m u s c u l a r  p lexuse  s not only run  through "en pas san t , "  avoiding the ganglionic cel ls ,  but they 
also t e rmina te  on some of them as a x o - s o m a t i c  synapses  on the su r face  of the pe r ika ryons .  It can be con- 
cluded f r o m  this fact  that  the pa r a s ym pa t he t i c  pregangl ionic  f ibers  running to the i n t r a m u r a l  ganglia  of the 
esophagus,  s tomach ,  and duodenum also contain sympathe t ic  pregangl ionic  f ibe r s .  The i n t r amura l  ganglia 
of the gas t ro - in t e s t i na l  t r a c t  have not only cel ls  of Dogie l ' s  types 1 and 2, but also adrenerg ic  neurons.  
Such neurons were  found in the p r e s en t  invest igat ion in the wall  of the duodenum. 

Although there  is no quest ion rega rd ing  the nature  of isolated adrenerg ic  neurons  with specif ic  lumi-  
nescence  of the pe r ika ryon ,  with r e s p e c t  to the nature of neurons without specif ic  luminescence  in the i r  
cy top lasm,  but connected synapt ica l ly  with the pregangl ionic  ad rene rg ic  f ibers ,  the question of which c o m -  
ponent of the autonomic innervat ion  they belong to must  be asked.  

To answer  this quest ion it  is  useful to r e s o r t  to the observa t ions  of Ehinger  and Falck [10]. Adren-  
e rg i c  t e r m i n a l s  a re  very  r a r e l y  found in the c i l ia ry  ganglion of intact  an imals ,  and if they are  found i t  is  
only near  blood ve s s e l s .  No neurons wha tever  with specif ic  luminescence  were  observed .  If, however ,  
dopamine and a monoamine  oxidase  inhibi tor  were  given to the an imals  f i r s t ,  br ight ly  luminescen t  nerve 
cel ls  and a thin network of t e rmina l  axons around the luminescen t  bodies  of the neurons appeared  among 
the pa ra sympa the t i c  neurons in the c i l ia ry  ganglion of these  an imals .  The fact  that  ce r t a in  neurons of the 
c i l i a ry  ganglion can "ex t rac t "  ca techo lamines  f rom the blood s t r e a m  has led some worke r s  to sugges t  that  
they a r e  s i m i l a r  to ad rene rg i c  neurons.  The absence  of speci f ic  luminescence  in the ad rene rg ic  neurons 
of the c i l ia ry  body of in tact  an imals  is explained by Ehinger  and Falck on the grounds that  the content of 
med ia to r  in these  neurons under  no rma l  conditions does not r each  the level  of concentrat ion capable  of h is -  
tochemica l  detection.  These w o r k e r s  r e g a r d  the neurons as typical  ad renerg ic  neurons manifes t ing the i r  
functional act ivi ty with an unusually low concentra t ion of med ia to r  in the i r  cy top lasm.  

Neurons of the i n t e r m u s c u l a r  intes t inal  p lexuses  whose bodies  a re  not luminescen t  but have adren-  
e rg i c  synapt ic  s y s t e m s  can probably  be c l a s sed  as sympathe t ic  neurons.  
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Neurons of a s i m i l a r  type, as well  as neurons with specif ic  luminescence ,  a re  found in the i n t r a m u r a l  
ganglia of other  in ternal  organs  also [4, 11, 14]. 

The view that  all i n t r a m u r a l  autonomic neurons a re  pa rasympa the t i c  and that  the smooth -musc le  
coat  of the wall  of  the ga s t ro - in t e s t i na l  t r a c t  r e ce ive s  a poorly developed ad rene rg ic  innerva t ion  is incor -  
r e c t .  The r e su l t s  of  these expe r imen t s  show that  the muscu l a r i s  mucosae  and both l a y e r s  of  the muscu l a r  
coat  p r o p e r  of the wal ls  of the esophagus ,  s tomach,  and duodenum have an abundant postganglionic ad ren -  
e rg ic  innervat ion,  probably  a r i s ing  f r o m  s eve ra l  sou rce s .  The f i r s t  source  cons is t s  of axons leaving p a r a -  
va scu l a r  nervous  p lexuses ,  ~he second source,  of axons running through the i u t e r m u s c u l a r  plexus "en pas -  
san t . "  The t rophic  cen te r s  for  both these sources  lie outside the intest inal  w a l l - - i n  the s emi luna r  ganglia  
of the s o l a r  plexus [1]. The third source  cons is t s  of axons of ad rene rg ic  neurons lying in the i n t r amura l  
ganglia  of the gas t ro - in t e s t ina l  t rac t .  Inhibi tory influences on the wall  of the gas t ro - in t e s t ina l  t r a c t  a re  
thus brought  about by the d i rec t  action of the e x t r a m u r a l  and i n t r a m u r a l  postganglionic ad rene rg ic  inner -  
vation. 
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