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Fig. 2. a) and b) HRP-treated frog myofibres. Product of the enzymatic reaction is seen in the extracellular space ( ~' ) and in the T-tubules 
(T), which run perpendicularly to the long axis of the myofibres at the level of successive Z-lines. In a) the T-tubules are cut longitudinally 
( x 20,000) ; in b) the apertures of the TT (T) are cut transversely ( • 40,000). 

I n  t he  m a m m M i a n  card iac  muscle,  coupl ings  are 
r ega rded  as a func t iona l  b i n d i n g  of t he  s a r c o l e m m a  an d  
the  sa rcoplasmic  re t i cu lum.  Depo la r i za t ion  of t he  surface 
m e m b r a n e ,  w h e t h e r  i t  is t he  wal l  of a t r a n s v e r s e  t u b u l e  or 
t he  pe r iphe ra l  enve lope  of t he  muscle  fibre, leads  to  t h e  
release of ca lc ium-ions  s tored  in t he  SIR. I n  t h e  case of t h e  
ven t r i c le  of t he  frog, phys io logica l  e x p e r i m e n t s  ind ica te  
t he  presence  of a n  in t ra -ce l lu la r  ca lc ium storeK Hence,  i t  
would  a p p e a r  t h a t ,  s ince t he  d i f f icul ty  caused b y  t h e  
supposed  absence  of coupl ings  has  been  e l imina ted ,  i t  is 
no t  necessary  to  cons ider  a d i f fe ren t  m e c h a n i s m  of exci ta-  
t i o n - c o n t r a c t i o n  coupl ing  in t h e  frog h e a r t  f rom t h a t  of 
t he  m a m m a l i a n  card iac  muscle.  

Zusammen[assung. Auf G r u n d  des g runds~ tz l i ch  iden- 
t i s chen  Fe inbaus  (Vorhandense in  v o n  T - S y s t e m  u n d  

Koppe lungen)  des Myocards  bei  F roseh  u n d  M a m m a l i a  
is t  a n z u n e h m e n ,  dass  in  be iden  Fa l len  auch  die e lektro-  
m e c h a n i s c h e n  K o p p e l u n g e n  iden t i sch  sind.  
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Development of the Adrenergic Innervation in the 

T he  pe r iphe ra l  s y m p a t h e t i c  ne rvous  s y s t e m  has  been  
ex tens ive ly  s tud ied  w i t h  t he  f luorescence m e t h o d  of 
FALCK and  HILLARP 1. Th i s  h igh ly  specific h i s tochemica l  
a p p r o a c h  ha s  t h r o w n  new l igh t  on  t he  morpholog ica l  a n d  
functional aspects of the adrenergic transmitter. However, 
most investigations have been concerned with the comple- 
tely deve loped  adrenerg ic  ne rvous  sys tem.  A t  t he  p r e s en t  
t i m e  only  a few h i s tochemica l  s tud ies  on  t h e  ontogenes is  
of t he  pe r iphe ra l  s y m p a t h e t i c  ne rvous  sys t em h a v e  been  
repor ted2-% I n  these  inves t iga t ions ,  va r ious  pe r iphe ra l  
o rgans  were s tud ied  b u t  t he  d e v e l o p m e n t  of t he  sym-  
p a t h e t i c  i n n e r v a t i o n  of t he  u re t e r  was  neve r  considered.  

W e  h a v e  i n v e s t i g a t e d  t he  d e v e l o p m e n t  of t h e  adrenerg ic  
i n n e r v a t i o n  in t h e  r a b b i t  u r e t e r  and  vas  deferens,  t h i s  
l a t t e r  o rgan  be ing  cons idered  as a reference for f luores- 
cence neu roh i s t ochemiea l  s tudies .  The  appearance ,  dis t r i -  
b u t i o n  a n d  s u b s e q u e n t  d e v e l o p m e n t  of ca t echo lamine -  
c o n t a i n i n g  ne rves  ill these  effector  o rgans  are repor ted .  

Material and methods. 34 y o u n g  male  r a b b i t s  were 
s tud ied  a t  age 1, 2, 3, 4, 6, 8, 10, 14, 18, 21, 30 a n d  45 days.  
12 e m b r y o s  of t he  las t  week  of ges t a t ion  per iod  were 
o b t a i n e d  b y  h y s t e r o t o m y  u n d e r  n e m b u t a l  anes thes ia .  
Spec imens  consis ts  of t he  d i s ta l  p a r t s  of t he  u re te r  a n d  
vas  deferens.  All p r e p a r a t i o n s  were e x a m i n e d  for t h e  
d e m o n s t r a t i o n  of f luorescent  ca t echo lamines  accord ing  
to t he  m e t h o d  of ~'ALCK a n d  HILLARP 1. The  sect ions 
were e x a m i n e d  u n d e r  a Zeiss f luorescent  pho tomic roscope  

Ureter and Vas Deferens in Rabbits 

using  a Ph i l ips  h igh-pressure  m e r c u r y  lamp,  a B G  12 
exc i t a t i on  f i l ter  a n d  a 470 u b a r r i e r  fi l ter.  

All  sect ions  were s tud ied  a t  t h e  same  magn i f i ca t ion  
and photomicrographs taken with the same exposure 
time. The number of fluorescent nerves were counted on 
these pictures. 

Some tissues were incubated at 37 ~ for 30 mill in a 
modified Krebs-Ringer bicarbonate buffer containing 
norepinephrine in a concentration of 10 -5 M 7. The 
specificity of the fluorescence reaction was checked by 
omission of the paraformaldehyde reaction and supported 
by the fact that no fluorescence was observed after 
pretreatment of some animals with reserpine and ~-methyl- 
metatyrosine s. 
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Results  and discussion. Before bir th ,  the  ureter  and vas 
deferens  muscu la tu re  are devoid  of f luorescent  nerve  
fibres. At  bir th ,  b o t h  organs w-ere still devoid  of fluo- 
rescent  varicose nerve  f ibres suggest ive  of a func t iona l  
neuro t ransmiss ion  mechanism.  However ,  large fluo- 
rescent  non- t e rmina l  nerve  bundles  were observed in the  
sur rounding  connect ive  t issue issuing f rom the  anter ior  
pelvic ganglia (also called hypogas t r i c  ganglia)9,10 which 
lay be tween  the  vas deferens,  seminal  vesicle and b ladder  
base. This  ganglia is p a r t  of the  pelvic plexus 9-11 and is 
connec ted  by  the  hypogas t r i c  nerve  which appears  as 
large f luorescent  non-var icose  nerve  bundles.  The ganglia 
give rise to a large n u m b e r  of f luorescent  nerve  bundles  
runn ing  towards  the  vas deferens,  seminal  vesicle, b ladder  
base and lower ureter .  At  3-4 days,  rare f luorescent  
f ibres s t a r t ed  to  appear  in t he  muscu la tu re  of b o t h  organs. 
These del icate  f ibres exh ib i t ed  a low fluorescence in tens i ty  
and  the  varicosi t ies  were irregularly d i s t r ibu ted  along the  

nerve  fibres.  The f luorescent  fibres began  to  grow into the  
s m o o t h  muscle layer  and  dur ing  the  2nd week the  ent i re  
muscula ture  was invaded  by  a n e t w o rk  of f luorescent  
varicose nerve  fibres. This  ear ly  ne twork  of adrenergic  
nerves  was grossly s imilar  to t he  adul t  s mo o t h  muscu la tu re  
p a t t e r n  of innerva t ion ,  a l though  the  nerve  te rmina ls  
were less numerous  and  had  no t  ye t  the i r  final appea rance  
wi th  regularly d i s t r ibu ted  and h ighly  f luorescent  vari-  
cosities. During the  following 3-5 weeks, the  dens i ty  of 
the  adrenergic  ne twork  increased rap id ly  and the  final  
adul t  p a t t e r n  of inne rva t ion  of t he  effector  organ was 
reached abou t  4 to 6 weeks af ter  b i r th .  I ncuba t i on  of 
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Fig. i. Vas deferens (3 days). Rare 
fluorescent fibres start to appear 
in the musculature. • 300. 

Fig. 2. Vas deferens (9 days). The 
entire musculature is invaded by a 
network of adrenergic nerves. 
• 300. 
Fig. 3. Vas deferens (21 days). The 
densit~r of the fluorescent vari- 
cosities has rapidly increased to 
reach the final adult pattern of 
innervation. • 300. 
Fig. 4. Ureter (4 days). Discrete 
fluorescent varicosities appear at 
the periphery of the muscular 
layer. • 300. 
Fig. 5. Ureter (14 days). The early 
network of adrenergic nerves is 
grossly similar to the adult pattern 
of innervation. • 300. 
Fig. 6. Ureter (45 days). Definitive 
adult network of adrenergic nerves. 
X 300. 



792 Specialia EXPERIENT~A 30]7 

t issues in norep inephr ine  increased the  in t ens i ty  of the  
f luorescence bu t  did no t  increase the  a m o u n t  of f luorescent  
nerve. 

This suggests  t h a t  the  fo rma ldehyde- induced  fluores- 
cence of ca techolamines  had  de tec ted  mos t  of t he  develop-  
ing adrenergic  nerves,  a s imilar  suggest ion was made  
af ter  admin i s t r a t ion  of noradrena l ine  or inhibi t ion of the  
metabo l i sm 2, a. 

The deve lopmen t  of adrenergic  nerves  of b o t h  organs 
proceeded a lmost  ident ical ly;  however ,  t he  vas deferens 
seemed to develop i ts  adrenergic  innerva t ion  somewha t  
ear l ie r  t h a n  the  ureter .  Difference be tween  b o t h  organs 
was also quan t i t a t i ve ly  s ignif icant :  l ikewise in adul t  
animals,  the  dens i ty  of adrenergic  nerve  te rmina ls  is much  
iower in the  ure ter  compared  to  the  r ich s y m p a t h e t i c  
innerva t ion  of the  vas deferens lg. 

The h is tochemica l  s tudy  d e m o n s t r a t e d  t h a t  before 
reaching the  t e rmina l  p a r t  of the  adrenergic  nervous  
network,  the  outgrowing non-var icose  nerve  fibres had  a 
larger d iamete r  and  a higher  f luorescence in t ens i ty  t h a n  
the  adul t  p re t e rmina l  axons.  The f luorescence of these  
non- t e rmina l  f ibres decreased concomi t an t l y  w i th  a 
progressive increase in the  f luorescent  varicosi t ies  of the  
developing t e rmina l  nerve  fibres. Similar  observa t ions  
were made  in o ther  organs and species 2, 4. This  suggests  
t h a t  dur ing early deve lopmen t  the  adrenergic  t e rmina l  
nerve  f ibres move  into, r a the r  t h a n  form within ,  the  
effector  organ to  form the  au tonomic  ground plexus.  

At  bir th ,  the  k idney  is no t  fully d i f fe ren t ia ted  la, 14, and  
it has  been shown recent ly  t h a t  full d i f ferent ia t ion  of the  
ure ter  is also no t  achieved at  birthl~,  ~6. Dur ing  develop-  
m e n t  there  appears  to  be a correla t ion be tween  the  amo u n t  
of muscle  and  the  presence  of funct ion.  LEa;SON and 
LEESON 15 have  observed t h a t  the  ra t  ure ter  is composed  
of ma tu r e  smoo th  muscle cells only by  the  5th pos t -na ta l  

day  and a fully developed lamina  propr ia  and muscular is  
are acquired over  a per iod of 7 days.  The rap id  acquisi- 
t ion of a fully developed ureteral  muscu la tu re  coincides 
w i th  the  loss of the  p lacen ta  as the  pr incipal  excre tory  
organ~5. The fact  t h a t  the  ure ter  is devoid  of funct ional  
adrenergic  nerves a t  b i r th  correlates  well wi th  the  above-  
men t ioned  observat ions .  The subsequen t  deve lopmen t  of 
the  adrenergic  t e rmina l  i l lnervat ion appears  to be re la ted  
to the  under ly ing  m a t u r a t i o n  of t he  smoo th  muscula ture .  

Rdsumd. A la naissance,  la muscu la tu re  de l 'uret~re et  
du canal  d6f6rent du lapin est  d6pourvue d ' une  innerva-  
t ion  adrgnergique  fonct ionnel le .  Les fibres nerveuses  
te rmina les  appara i ssen t  vers  le t rois igme et  quatr i~me 
jour  et  l ' i nne rva t ion  augmen te  r a p i d e m e n t  pour  a t t e indre  
l '6 ta t  adul te  ent re  la quat r igme et  la sixi~me semaine.  
Le d6ve loppement  de l ' i nne rva t ion  adr6nergique p6ri- 
ph6rique est  li6 ~ la m a t u r a t i o n  sous- jacente  de la muscu-  
la ture  lisse. 
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S t i m u l a t i o n  of Cell A g g r e g a t i o n  by T h e o p h y l l i n e  
F r e s h - W a t e r  S p o n g e s  (Ephydatiafluviatilis) 

The gemmules  of f resh-water  sponges arise t h rough  the  
local aggregat ion  in the  mesohyle  of the  sponge of several  
types  of amoeboid  ceils. The f i rs t  to  aggregate  are the  
archaeocytes ,  which  will eventua l ly  become the  vitellus- 
s tuffed embryonic  ceils and  the  t r ophocy t e s  a t  the  expense  
of which  the  vi tel lus is build up by  phagocytos i s  1. We 
have  previous ly  s tudied  the  phys io logy  of gemmula t ion  
on popula t ions  of sponges  of specified strain,  age and  
size, grown in Pe t r i  dishes under  var ious  exper imenta l  
condi t ions  2-5. I t  has  also been possible to observe the  
fo rmat ion  of a gemmule  in very  th in  sponges  6, grown 
be tween  2 glass slides 7. 

These exper imen t s  and observa t ions  s t rongly  suggest  
t h a t  1. the  aggregat ion  of cells dur ing the  bui lding of a 
gemmule  is or iented  by  a chemical  signal and t h a t  2. 
several  of the  physiological  var iables  t h a t  m6dula te  the  
f requency  of gemmula t ion  in a sponge popula t ion  bear  a 
s t r iking resemblance  to those  impl ied in the  aggregat ion 
of cellular s l ime-molds  2. The ident i f ica t ion  of acrasin as 
cyclic 3', 5' adenosine  m o n o p h o s p h a t e  and of acrasinase 
as a phosphodies te rase  2-1~ suggested t h a t  we should 
inves t iga te  a possible effect  of e i ther  cyclic AMP or an 
inhib i tor  of phosphodies te rase  on gemmula t ion .  

Material and methods. We used f resh-water  sponges of 
the  species Ephydatia/luviatilis; s t ra ins  ~, fl, y and d 15. 
The sponges were cu l t iva ted  f rom gemmules  t h a t  had  
been  ga thered  f rom open-air  cul tures  in a pond  near  

in the A s e x u a l  R e p r o d u c t i o n  of 

Brussels.  Culture me t h o d s  have  been descr ibed in deta i l  
previous ly  2-*. Briefly, the  gemmules  are incuba ted  in a 
minera l  medium,  a t  20~ in the  dark,  excep t  for some 
expe r imen t s  bear ing on the  influence of l ight.  

By  grouping these  gemmules  in clusters  before t h e y  
ha tch ,  we can control  the  indiv idual  size of the  sponges as 
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