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4. CC14 is known to reduce the  ac t iv i ty  of drug meta-  
bolizing enzymes  as soon as 60 rain af ter  in t ragas t r ic  
appl ica t ion  :. Hence  we measured  the  ox ida t ion  of hexo-  
barb i ta l  a t  var ious in tervals  af ter  i n t roduc t ion  of the  
haloalkane.  We  did no t  find, however,  any  decrease in 
hexobarb i t a l  me tabo l i sm when  compared  wi th  control  
expe r imen t s  f rom 0-150 min  af ter  CCI~ t r e a t m e n t .  Per-  
haps  th is  lack of drug enzyme damage  is due to t he  shor t  
t ime  of CC14 influence dur ing  l iver  perfusion.  Therefore  
the  m e t h o d  of in t roduc ing  gaseous CC14 into a l iver  
perfusion sys t em can be regarded as a 'pulse '  t r e a t m e n t ,  
al lowing the  de tec t ion  of early and reversible  funct ional  
changes. 

Zusammen/assung .  Durch  kurzzei t ige Appl ika t ion  von 
gasf6rmigem Tet rachlorkohlens tof f  w~ihrend Leberper fu-  
sion t r i t t  eine rasche und  reversibel  ver laufende  Galle- 
s ek re t i onshemmung  ein. Diese H e m m u n g  k6nn te  auf 
Vef i inderungen yon  Transpor t -  oder  Permeabi l i t~ tse igen-  
schaf ten  der Lebe rze l lmembran  durch CC1, zuri ickgefi ihr t  
werden.  
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An Histochemical Study of the Nerve Supply to the Developing Alimentary Tract 

His tochemica l  t echniques  for t he  demons t r a t i o n  of 
subs tances  involved in nerve  t ransmiss ion  processes have  
been  used b y  several  workers  in the  s t u d y  of a l imen ta ry  
canal  nerve  s t ruc tures  in adul t  m a m m a l s  and birds.  
F ibres  and  nerve  cells r ich in ace ty lchol ines terase  1-s and 
adrenergic  fibres v-~ have  been d e m o n s t r a t e d  in Auer-  
bach ' s  and Meissner 's  plexuses  and in the  muscle  layers of 
t he  in tes t ina l  wall. Very  l i t t le work, however ,  has  been  
done in th is  field as far as embryon ic  and  pos tna t a l  deve- 
l opmen t  is conce rned l~  

The a im of the  p resen t  s t u d y  was to  inves t iga te  t he  
d i f fe ren t ia t ion  of intr insic  nerve  cells as well as t he  in- 
g rowth  of extr ins ic  nerve  fibres, in the  developing al imen- 
t a r y  t r ac t  of the  rat ,  r abb i t  and  chicken using KOELLE'S 1 
method  for the  d e m o n s t r a t i o n  of ace ty lchol ines terase  
act iv i ty .  His tochemica l  f indings were compared  w i t h  
morphological  differences in s i lver-s ta ined embryos  f rom 
the  early stages of d e v e l o p m e n t  to bi r th .  

R a t  and  r abb i t  embryos  f rom the  11th day  ~3 and  chick 
embryos  f rom stage 23 H.H.  ~ were  t r ea t ed  wi th  t he  
me thod  of Koe l le -Fr iedenwald  as modif ied  by  GEREB- 
TZOFF ls. The reac t ion  was carr ied ou t  on in to to  dissected 
a l imen ta ry  t r ac t  and  on 20-40 ~ th ick  sect ions;  t he  sam-  
ples were p re - incuba ted  wi th  1 X 1 0 - 6 M  lViipafox to  
inh ib i t  non-specif ic  cholinesterases.  Silver impregna t ion  
of embryos  a t  the  same stages of deve lopmen t  was carr ied 
out  by  means  of Cajal-De Castro, Bie lschowsky-Gros  and  
Bie lschowsky-Boeke  techniques .  

Nerve  fibres f rom the  vagus nerve  are found in the  
oesophagus  and  s tomach  wall, f rom the  13th day  on, in 
ra t  and  r ab b i t  embryos ;  in the  chick, t h e y  appear  a t  
s tage 24-25. In  the  s t o mach  these  fibres are ga thered  in to  
2 f l a t t ened  bundles  on the  anter ior  and  poster ior  face (of 
b o t h  provent r icu lus  a n d  gizzard in the  chick), bu t  are 
absen t  f rom the  grea ter  and lesser curvatures .  The 
fibres show a clear ace ty lchol ines terase-pos i t ive  react ion,  
as do the  rare unipolar  neuroblas t s  observed in these  
organs (Figure 1). 

F r o m  the  14th day  on in the  rat,  and f rom the  16th day  
on in the  rabbi t ,  the  vagal  f ibres spread r an d o ml y  over  all 
the  s t o mach  and  beyond  the  pylorus  into the  duodena l  
loop. A nega t ive  reac t ion  is observed  in the  remain ing  
par t s  of the  anter ior  and poster ior  intest ine.  Fu r the rmore ,  
Koel le-posi t ive  nerve  fibres proceed f rom the  coeliac 
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Fig. 1. Monopolar neuroblasts in the wall of the proventrieulus show 
a clear aeetyleholinesterasic activity in a small perinuelear area as 
well as in their processes. Chick embryo at stage 25 H.H. Koelle 
method. X 600. 
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Fig. 2. Vagal nerve fibres (white arrows) and processes of intrinsic 
neuroblasts are intermingled in a primitive network. A few bipolar 
neuroblasts are distributed along thicker bundles of nerve fibres. 
Auerbach's plexus in the stomach of an 18-day rabbit embryo. 
Bielsehowsky-Gros method. • 400. 

Fig. 3. The branching of the vagal nerve bundles and the meshes of 
Auerbacb's plexus are evidenced by the Koelle reaction on an in toto 
preparation from a 19-day-old rabbit embryo. White arrow points to 
the left vagal trunk. • 60. 

gang l ion  a long t h e  super ior  mesen te r i c  a r t e r y  a n d  r each  
t he  d u o d e n a l  wal l  whi le  pos i t ive  f ibres  f rom the  pelvic  
ne rves  r each  t he  wal l  of t he  t e r m i n a l  i n t e s t i ne ;  a long t h e  
l a t t e r  f ibres  s i lver  s t a i n a b l e  neu rob l a s t s  show also 
ace ty l cho l ines t e ra se  reac t ion .  

F r o m  t h e  15 th  d a y  (rat) a n d  1 7 - 1 8 t h  d a y  ( rabbi t ) ,  
Koel le -pos i t ive  f ibres  a n d  neu rob l a s t s  sp read  f rom t h e  
d u o d e n u m  a n d  t he  t e r m i n a l  i n t e s t ine  in to  t he  s egmen t s  in  
be tween .  The  ear ly  p lexus  m y e n t e r i c u s  is t h u s  ou t l i ned  
be low t h e  s p l a n c h n o p l e u r a  a long t h e  whole  of t h e  
a l i m e n t a r y  t rac t .  

I n  t he  ch ick  embryo ,  Koe l l e -pos i t iv i ty  is obse rved  in 
t he  ne rvous  s t r u c t u r e s  of t he  a n t e r i o r  i n t e s t i n a l  wal l  d o w n  
to t he  or igin of t he  yo lk  s t a lk  f rom the  s tages  29-30.  
Only  f rom s tage  31 on  do a few f ibres  f rom the  coeliac 
gangl ion  r each  t he  R e m a k ' s  gang l ion  and  t he  wal l  of t h e  
d u o d e n a l  loop r u n n i n g  w i t h i n  t he  m e s e n t e r y ;  Koelle-  
pos i t ive  f ibres  a n d  cells w i t h i n  t he  wal l  e x t e n d  down  to 
t he  level  of t he  caeca, in p a r t  v ia  c o n n e c t i n g  b r a n c h e s  
of R e m a k ' s  gangl ion.  Koel le -pos i t ive  f ibres  a n d  cells do 
n o t  a p p e a r  in  t he  t e r m i n a l  in t e s t ine  u n t i l  s tage  34. 

The  e n z y m a t i c  a c t i v i t y  of t h e  i n t r a m u r a l  neu ro b l a s t s  
undergoes  v a r i a t i o n s  in  i n t e n s i t y  in  d i f fe ren t  t r a c t s  s ince 
i ts  onset .  A few s t rong ly  pos i t ive  cells are obse rved  
ini t ia l ly ,  b u t  these  g radua l ly  increase  in n u m b e r  as deve-  
l o p m e n t  proceeds.  A t  b i r t h ,  t h e  i n t r a m u r a l  gangl ia  con- 
s is t  of a p r o p o r t i o n  of s t rong ly  pos i t ive  cells a longside  a 
few cells w i t h  a w e a k  or v i r t u a l l y  a b s e n t  reac t ion .  Such  
differences  in  s t a in ing  i n t e n s i t y  m a y  r ep re sen t  expres-  
sions of t he  v a r y i n g  degrees  of n e r v e  cell d i f fe ren t ia t ion ,  
wh ich  are  ref lec ted  also b y  d i f fe ren t  d e v e l o p m e n t  of t h e  
neuro f ib r i l l a r  n e t w o r k  w i t h i n  neurob las t s .  I n  t h e  p r e n a t a l  
per iod,  t he  dens i t y  of Koel le -pos i t ive  f ibres  a n d  cells is 
h igher  in  those  segments ,  where  t h e y  f i r s t  a p p e a r e d  
(oesophagus,  s t o m a c h  a n d  t e r m i n a l  i n t e s t ine  in t he  case of 
m a m m a l s ) ;  in  t he  same  segments ,  t h e  i n t r a m u r a l  or- 
g a n i z a t i o n  of gangl ionic  nodes  a n d  meshes  is more  com- 
p lex  a n d  more  c lear ly  def ined (Figures 2 a n d  3). 

Pos i t ive  f ibres a n d  cells be long ing  to  t he  p lexus  of 
Meissner  can  be  d e m o n s t r a t e d  in t he  s u b m u c o s a  on ly  
a r o u n d  t h e  4 t h - 5 t h  day  a f t e r  b i r t h  in t h e  r a t  a n d  in t h e  
r a b b i t ;  in  t he  ch ick  embryo ,  n e r v e  f ibres  cross t h e  muscle  
layer  a n d  r e a c h  t he  v e n t r i c u l a r  s u b m u c o s a  a t  s tage  34 a n d  
ace ty lcho l ines te rase -pos i t ive  neu rob l a s t s  are d i s t r i b u t e d  

a long  t h e  l e n g t h  of t h e  a l i m e n t a r y  cana l  s u b m u c o s a  a t  
s tage  36. 

P r e s e n t  obse rva t ions  c lear ly  ind ica te  t h a t  t h e  i n t r a -  
m u r a l  neu rons  d isp lay  h i s tochemica l ly  d e t e c t a b l e  ace ty l -  
chol ines te rase  ac t iv i ty ,  s ince t h e i r  ear l ies t  d i f f e ren t i a t ion  
stages.  T h e  i n t e n s i t y  of t h e  Koelle  r eac t ion  increases  as a 
func t ion  of deve lopmen t ,  t h o u g h  i ts  e x t e n t  is n o t  t he  
same  in all t h e  n e r v e  cells of each  gangl ion.  T h e  d i s t r ibu-  
t i on  of Koel le -pos i t ive  n eu ro b l a s t s  m a y  be  cor re la ted  to  
t h e  a p p e a r a n c e  of ex t r ins ic  f ibres  showing  s imi la r  h is to-  
chemica l  fea tures .  T h e  i n g r o w t h  of Koel le -pos i t ive  ex- 
t r ins ic  ne rve  f ibres  a n d  t h e  d i f f e r en t i a t i on  of ace ty l -  
chol ines te rase  c o n t a i n i n g  neu rons  in A u e r b a c h ' s  p lexus  
follows a d i f fe ren t  p a t t e r n  in  m a m m a l s  as c o m p a r e d  to t he  
chick. I n  t h e  r a t  a n d  r abb i t ,  t h e  f i rs t  a p p e a r a n c e  of ner-  
vous  s t r u c t u r e s  ill t h e  s t o m a c h  a n d  t e r m i n a l  i n t e s t i ne  is 
fol lowed b y  a progress ive  merg ing  of t h e  u p p e r  a n d  lower 
n e rv o u s  popula t ions ,  whereas  in  t h e  ch ick  a c au d a l d  expan-  
s ion f rom t h e  s t o m a c h  to  t h e  t e r m i n a l  i n t e s t ine  t akes  
place.  T h e  o rgan iza t ion  of t h e  p lex i fo rm n e t w o r k  follows 
t h e  s ame  spa t i a l  a n d  t e m p o r a l  p a t t e r n  1~. 

Riassunto. I neu robIas t i  dei plessi  i n t r a m u r a l i  del  
cana le  a l i m e n t a r e  m o s t r a n o  a t t i v i t k  ace t i lco l ines te ras ica  
i s t o c h i m i c a m e n t e  d i mo s t r ab i t e  sin dal le  p r i m e  fasi  di  dif- 
ferenziazione.  Ess i  sono r iconoscibi l i  nei d i f fe ren t i  t r a t t i  
del cana le  secondo u n a  successione cronologica  sovrap-  
ponib i le  a quel la  di  c o m p a r s a  di f ibre  es t r iseche con  
iden t ic i  c a r a t t e r i  i s tochimici .  Le t a p p e  di  p en e t r az i o n e  di  
ques te  f ibre  sono d i f fe ren t i  nel  pollo, a con f ron to  con  
q u a n t o  si osserva  nel  r a t t o  e nel  coniglio. 
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