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e thanol  series, cleared in xylol, and m o u n t e d  in Pe rmoun t .  
Results. Of the  94 Con A- t r ea t ed  embryos ,  86 had  a 

ma l fo rmed  brain,  which  was shor t ened  and d i s to r ted  by  
irreguIar foldings. The neura l  t ube  showed va ry ing  
degrees of openness.  Somites,  a l though  less numerous  
t h a n  controls,  were a lmos t  normal  in appearance .  Other  
s t ruc tures  were usual ly unaffec ted .  E lec t ron  microscopic 
observa t ions  on the  Con A- t r ea t ed  neuroep i the l ium 
revealed t h a t  cells were more  rounded  t h a n  those  of 
controls ,  were no t  closely apposed,  and showed loss of 
la teral  cy toplasmic  ex tens ions  (Figures 1 and  2). The 
apical surface was  smoo the r  t h a n  in the  un t r ea t ed  cells 
and had  no apical  folds. Con A, a t  the  concen t ra t ion  used, 
had  no a p p a r e n t  effect  on the  in tegr i ty  of micro tubules  
(Figure 2) and  microf i l aments  (Figure 3) excep t  in 
severely affected neuroepi the l imn.  Rad ioau tog raph ic  
s tudies  showed t h a t  labeled mater ia l s  were  found  mos t ly  
on the  cell surface (Figure 4). 

Discussion. The p re sen t  s t u d y  showed t h a t  1. cellular 
processes associated wi th  closure of the  neura l  tube  were 
more  sensi t ive to  Con A t h a n  were those  essent ial  to  the  
fo rma t ion  of microf i laments  and  micro tubules ;  2. the  

init ial  site of Con A effect  on neuroep i the l ium was  the  
cell surface. These f indings along wi th  the  known bio- 
logical p r o p e r t y  of Con A6, v indica ted  t h a t  the  observed  
neural  t ube  defects  were consequences  of a l te ra t ions  in 
the  cell surface of developing neuroepi the l ium.  Indeed ,  
the  presence  of g lycoprote ins  and g lycosyl t ransferases  
on the  surface of cells which  are in con tac t  wi th  a lumen  
has  been impl ica ted  in cell adhes ion  and  recogni t ion  
dur ing  embryonic  d e v e l o p m e n t  l~ F u r t h e r  expe r imen t s  
are p re sen t ly  u n d e r w a y  in our  l abora to ry  to inves t iga te  
the  possible role of cell surface coat  mater ia l  in neuru-  
la t ion of chick embryos .  
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Summary. Using a f luorescence t echn ique  numerous  developing noradrenerg ic  nerve  te rmina ls  were observed in t he  
muscle  coat  of the  ra t  duc tus  deferens  be tween  2 and  6 days  p o s t p a r t u m .  In  the  e lectron microscope similar developing 
nerve  te rminals  possessed an extens ive  sys tem of tubu la r  endoplasmic  re t icu lum bu t  did no t  conta in  the  small  dense 
cored vesicles charac ter i s t ic  of ma tu re  noradrenergic  nerve terminals .  Thus  the  tubu la r  re t iculum is proposed as an 
a l t e rna t ive  s torage site for noradrena l ine  in developing adrenergic  nerves.  

Noradrena l ine  (NA) is bel ieved to occupy  m e m b r a n e  
b o u n d  stores wi th in  per iphera l  adrenergic  (sympathet ic)  
nerve  te rmina ls  and bo th  pharmacologica l  and electron 
microscopic  s tudies  ~-a have  shown t h a t  in t ra -axona l  
dense cored vesicles - b o t h  small  (50 n m  diameter)  and 

large (90 n m  diameter)  - are the  s t ruc tures  concerned  
wi th  th is  amine  storage.  However ,  these  and m a n y  o the r  
s tudies  app ly  to adu l t  mater ia l  and re la t ively  li t t le infor- 
ma t ion  is avai lable on NA in i mma t u re  per iphera l  adren-  
ergic nerves.  Consequent ly ,  the  d i s t r ibu t ion  of NA in 
developing axons  was  examined  using a microfIuorescence 
t echn ique  and these  results  have  been corre la ted  wi th  the  
fine s t ruc tu re  of s imilar  i mma t u re  adrenergic  nerves.  The 
ra t  duc tus  deferens was chosen for examina t ion  since th is  
t issue has been used extens ive ly  in s tudies  on adu l t  
au tonomic  inne rva t ion  and  it is known to  possess a r ich 
supp ly  of NA conta in ing  nerves  4, 5. 

Mater4als and methods. Male Sprague Dawley ra t s  were  
killed a t  b i r t h  and on a l t e rna te  days  the rea f t e r  to  p rov ide  
a series of animals  in age f rom 0-24 days.  For  each group,  
a m i n i m u m  of 2 animals  was examined  and f rom every  
ra t  one duc tus  was processed h is tochemical ly  for t issue 
NA using the  t echn ique  descr ibed by  FALCK and OWMAN 6. 
The o the r  duc tus  deferens  f rom each animal  was exam-  
ined electron microscopical ly  following f ixa t ion  in e i ther  
buffered po tas s ium pe rmangana te7  or osmium te t roxide .  
Pa r t i cu la r  a t t en t i on  was focused on the  u re th ra l  end  of 

Fig. 1. An oblique section through the duetus deferens of a 6-day-old 
rat showing a dense plexus of fluorescent nerves throughout the 
museIe coat. Note the large fluorescent adventitiat nerves {arrows). 
x 200. 
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the  duc tus  since this  por t ion  is known  to be suppl ied  
ma in ly  wi th  NA conta in ing  t e rmina l  regions s. 

Results asd  discussion. Using the  h is tochemica l  tech-  
n ique  on new-born  animals,  the  charac ter i s t ic  f luorescence 
associa ted  wi th  NA was found in nerves  confined to the  
ex te rna l  aspec t  of the  muscle coat.  These  nerves  were 
re la t ive ly  large and  NA f luorophores  were un i fo rmly  dis- 
t r i bu t ed  along the i r  l ength ;  f inely beaded  nerve  fibres 
were absen t  f rom these  prepara t ions .  At  2-4 days,  fine 
b ranches  ex t ended  into the  muscular is  f rom the  adven-  
t i t ia l  nerves  and, by  6 days  p o s t p a r t u m ,  the  comple te  
th ickness  of the  muscle wall was associated wi th  NA 
posi t ive  nerves  (Figure 1). At  th is  s tage some fibres pos- 
sessed small  varicosi t ies  no t  unlike those seen in the  adult .  

8-10 days  af ter  b i r th  the  muscle coa t  was well i nne rva ted  
and a par t i cu la r ly  rich plexus of b r igh t ly  f luorescent  
f inely beaded  nerves  was ev iden t  along the  inner  aspec t  
of the  muscle. This  general  a r r a n g e m e n t  was seen in older 
animals  a l though  the  f luorescence associated wi th  ad- 
ven t i t i a l  nerves  con t inued  to decrease so t h a t  24 days  
af ter  b i r th  large nerves  in th is  s i tua t ion  could no t  be vi- 
sualized. E lec t ron  microscopy  of t issue f rom new-born  
animals  revealed large bundles  of axons on the  ex te rna l  
aspec t  of the  i m m a t u r e  muscle layer. These axons con- 
t a ined  an extens ive  sys t em of tubu la r  smooth  endo-  
plasmic re t icu lum (TIR) toge the r  wi th  neuro tubules  and 
neurof i laments .  A similar fine s t ruc tu re  was seen in oc- 
casional single axons laying in close associat ion wi th  
myob las t s  in the  muscle coa t  of 2-day-old specimens.  At  
4 days, small  groups  of axons,  the  ma jo r i t y  of which con- 
t a ined  tubu la r  m e m b r a n o u s  cis ternae were observed 
amongs t  the  myoblas t s .  By  6 days  p o s t p a r t u m  the  coat  
was increased in th ickness  and the  f requency  of associated 
axons was also marked ly  raised. However ,  in all the axons  
examined  up to this  stage, small  (50 nm diameter)  dense 
cored vesicles similar to those  found in the  adul t  were 
never  observed (Figure 2). 

8 days  af ter  b i r th ,  in addi t ion  to quant i t ies  of TR, some 
axon profiles now conta ined  occasional  small  and /or  large 
dense cored vesicles. In  la ter  s tages there  was a gradual  
increase in the  occurrence of small  dense cored vesicles 
and th is  was accompanied  by  a concomi t an t  decrease in 
T R  wi th in  the  axoplasm.  Whi l s t  such changes  occurred 
gradually,  the  ma jo r i t y  of axon profiles wi thin  the  
smoo th  muscle coat  a t  24 days  were indis t inguishable  
f rom those  observed  in adul t  p repara t ions  (Figure 3). 

Our h is tochemicaI  resul ts  suppor t  ~hose of OWMAN 
et  al. 9 and conf i rm the  presence  of NA in developing auto-  
nomic nerves of the  ra t  duc tus  deferens.  Similar f indings 
have  also been descr ibed recent ly  in the  r abb i t  duc tus  
deferens by  SCHUL~AN ~~ The character is t ic  fluoro- 
phores  of NA were found  to be p resen t  a t  b i r th  and 
to gradual ly  increase t h r o u g h o u t  the  early pos tna t a l  
period. In  the  adul t  a p ropor t ion  of NA in per iphera l  
te rminals  is s tored  wi th in  small  dense cored vesicles 
readi ly  ident i f ied after  f ixa t ion  for electron microscopy in 
po tass ium p e r m a n g a n a t e  7. The p resen t  s t u d y  however ,  
has  shown t h a t  in t ra -axona l  NA occurs in the  ra t  duc tus  
deferens in the  absence of theses  s t ruc tures  in early pos t -  
na ta l  life. An a l t e rna t ive  site for NA storage mus t  there-  
fore exist  in i m m a t u r e  per iphera l  nerves  and one possible 
cand ida te  is the  T R  found in these  nerves.  Indeed,  b o t h  
ERANKO 11 and  more  recent ly  t{ICHARDS and T R A N Z E R  12 

have  suggested t h a t  T R  in the  cy top la sm of adul t  adren-  
ergic neurons  m a y  represen t  the  s torage site for ex t ra-  
vesicular  NA in these  cell bodies. The la t t e r  workers have  
also proposed t h a t  the  smaI1 dense-cored vesicles m a y  be 
der ived f rom the  T R  wi th  which t h e y  are of ten associated.  
This process m a y  also occur in developing adrenergic  
nerve  te rmina ls  and our resul ts  indicate  t h a t  fu r ther  de- 
tai led s t u d y  of 6 8-day-old specimens  (duritlg which t ime  
small dense cored vesicles are first  recognized) m a y  pro-  
vide direct  evidence for th is  process. 

Fig. 2. A group of axons adjacent to a smooth muscle cell (SM} in 
the ductus deferens of a 6-day-old specimen. Each axon contains an 
extensive system of TR but is devoid of 50 mn diameter dense cored 
vesicles. Permanganate fixation. • 40,000. 

Fig. 3. Two axons in the adult ductus are seen to contain numerous 
small granulated vesicles typical of noradrenergie effector regions. 
Endoplasmic reticulunl is absent from these profiles (compare with 
Figure 2). SM, smooth muscle. Permanganate fixation. • 40,000. 
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