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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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well as the i r  overal l  popu la t ion  dens i ty  in the  dish. The 
ages of the  sponges  are coun ted  in days  elapsed f rom the  
s t a r t  of incubat ion .  The t ime  it t akes  the  sponges  to  
h a t c h  (generally 3 to 4 days) is therefore  inc luded in 
the i r  age. 

Results. 1. W i t h  theophyl l ine :  dose-response curve.  
P re l imina ry  expe r imen t s  had  shown  us t h a t  theophy l l ine  
(pure, Knoll) enhances  gemmula t ion  a t  concen t ra t ions  in 
the  range of 10 -4 M/1 and is inac t ive  a t  concen t ra t ions  less 
t h a n  10 -5 M/1. Therefore,  we res t r ic ted  our dose-response 
expe r imen t s  to  concen t ra t ions  in t h a t  range, wi th  t he  
purpose  of de t e rmin ing  the  mos t  conven ien t  dose for 
la ter  use. 
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Percentages of sponges that undergo gemmulation as a 
function of the duration of treatment with various concentrations of 
tbeophylline. The gemmulation rate of untreated controls is zero. 
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Fig. 2. Duration of exposure to various concentrations of theophylline 
needed by a sponge population to achieve a 50% gemmulation. 

The exper imen t s  were made  on popu la t ions  of 30 
sponges,  in 25 ml  Pet r i  dishes, each sponge being ha t ched  
f rom 4 gemmules .  Theophyl l ine  was added,  to  the  proper  
concent ra t ions ,  on day  7. Three Pe t r i  dishes were observed 
for each concent ra t ion .  

The sponges  were counted  as gemmula t i ng  as soon as 
t he  local aggregat ion of a rchaeocytes  was clearly visible, 
as a dense spot ,  unde r  the  s tereomicroscope.  In  the  case 
( tha t  is f requen t  under  condi t ions  of s t rong  s t imula-  
tion) where  2 gemmules  were being p roduced  a t  t he  same 
t ime,  the  case was recorded as a single event .  Figure 1 
shows the  gemmula t ion  percentages  as a func t ion  of age, 
Figure 2 shows the  t ime  at  which  a 50% gemmnla t i on  is 
achieved,  as a func t ion  of concent ra t ion .  

I t  Call be seen f rom these  da ta  t h a t  10-4 M/1 is t he  lowest  
concen t ra t ion  at  which  a m a x i m u m  speed of gemmula t ion  
is achieved and also tile smal les t  one for which  a 100% 
yield is a t t a ined  in 1 week. Tile la t te r  cons idera t ion  makes  
s t imula t ion  b y  10 -4 M theophy t l ine  t h e  more  valuable  for 
l abora to ry  work  t l la t  dur ing  the  same period,  the  sponta -  
neous gemmula t ion  ra te  of un t r ea t ed  controls  is nil. 

In t e rac t ion  of theophyl l ine  s t imula t ion  wi th  o ther  
expe r imen ta l  condit ions.  

We have  descr ibed preciously 4,5 t he  incidence on the  
gemmula t ion  of sponges of some var iables  such as 
ind iv idua l  size, nu t r i t iona l  s tate,  renewal  of the  me-  
dium, l ight ing condi t ions  and s t ra in - to -s t ra in  differ-  
ences. A whole a r ray  of expe r imen t s  has been m a d e  
to  assess t he  effect  of theophy l l ine  in c o m b i n a t i o n  
wi th  these  various factors.  As all example ,  we m a y  men-  
t ion an expe r imen t  ill which each expe r imen ta l  lot  is 
made  0f 3 Pe t r i  dishes, con ta in ing  10 ml  m e d i u m  and 12 
sponges, each of t h e m  being h a t ch ed  f rom 4 gemmules .  
F rom day  8 on, the  med i u m was renewed  3 t imes  a week. 
Some cul tures were kep t  in cons t an t  darkness  (D), some 
o thers  in a 25 lux l ight  f rom incandescan t  bulbs  (L). At  
each renewal  of the  medium,  some cul tures  (N) were fed 
dead  E. coli (8 ixg n i t rogen /ml  culture),  or given theophy l -  
line (T) (final concen t ra t ion  : 10 -4 2VI/1). The Table  gives 
the  exper imen ta l  results ,  expressed  as n u m b e r s  of gem- 
mules,  fo rmed at  day  21, pe r  100 sponges,  in each experi-  
men ta l  condi t ion.  

W i t h o u t  en te r ing  in to  repe t i t ious  details,  we can sum 
up the  resul ts  of th is  expe r imen t  and m a n y  o thers  by  
saying t h a t  in every  exper imen ta l  condi t ion  we t r ied  the  
gemmula t ion  ra te  was s ignif icant ly  higher  in the  cul tures 
t r ea t ed  wi th  theophyl l ine  as in t he  un t r ea t ed  controls .  

2. W i t h  cyclic nucleotides.  Single appl ica t ions  of cyclic 
A M P  (cr~gst. Boehringer) ,  in concen t ra t ions  ranging  f rom 
10 .9 to 10 .3 2VI/I, as well as of N~-2 ' -O-dibutyryl  3' 5' 
adenos ine  m o n o p h o s p h a t e  (monosodium,  A grade,  Cal- 
biochem) and  3', 5' guanosine  m o n o p h o s p h a t e  (potass ium 

D 0 0 0 0 
D + T 100 100 0 83 
D + N  11 3 0 3 
D + N + T 140 136 77 170 
L 0 0 0 0 
L + T 31 0 0 12 
L + N  0 0 0 0 
L + N + T 104 72 67 43 

Number of gemmules formed at day 21, per 100 sponges of different 
strains 0%/~, y, ~ gild in various experimental conditions. D, darkness; 
L, light; N, nourishment; T, theophylline. For values of these 
variables, see text. 
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d ihydra te ,  A grade, Calbiochem) in concen t ra t ions  rang-  
ing f rom 10 .2 to 10 -5 M/1, on unfed sponges,  e i ther  a t  day  
7 or a t  day  14, had  no s ignif icant  effect  Oil gemmula t ion .  
Various combina t ions  of repe t i t ive  add i t ion  of cAMP 
were also tr ied,  w i thou t  any  posi t ive  result .  A single 
appl ica t ion  of 10 -a M cAMP alters revers ib ly  the  organi-  
sa t ion of the  sponge;  3 successive appl ica t ions  a t  2 day  s 
in tervals  lead to an i r reversible  d isorganiza t ion  of the  
aquiferous sys tem.  

To sum up th is  aspec t  of our exper iments ,  we can say 
t h a t  we did no t  encounte r  one exper imen ta l  s i tua t ion  in 
which  a rise in overall  concen t ra t ion  of cAMP had  any 
effect  on  gemmula t ion .  

Discussion. I t  has  been a b u n d a n t l y  subs t an t i a t ed  tha t ,  
in ver tebra tes ,  theophy l l ine  and,  more  generally,  metlayl- 
xanth ines ,  in te rac t  w i th  m a n y  hormona l  p h e n o m e n a  by  
inhib i t ing  the  cAMP-phosphodies te rases  t h a t  help  to 
regulate  the  intra-cel lular  concen t ra t ion  of cAMP ~6. In  
o ther  organisms,  however,  the  s i tua t ion  m a y  be d i f ferent  : 
theophyl l ine  does no t  inh ib i t  the  cAMP-phosphod ies te r -  
ase of Escherichia coli 17 and inhib i t s  only s l ight ly  one of 
the  extra-cel lular  phosphodies te rases  of Dictyostelium 
discoideum is. 

In  the  p resen t  s ta te  of our knowledge of the  biochemis-  
t ry  of sponges, it  is very  diff icul t  to  in t e rp re t  our f inding 
t h a t  theophyl l ine  s t imula tes  gemmula t ion  whereas  a 
general  appl ica t ion  of cAMP does not .  The two facts,  
however ,  are no t  in con t rad ic t ion  to  the  hypo thes i s  t h a t  
theophyl l ine  acts on gemmula t ion  by  enhanc ing  a cAMP- 
d e p e n d a n t  mechanism.  

Cyclic AMP migh t  be impl ied in gemmula t ion  as a 
f irst  messenger*9, ac t ing in t he  aggregat ion of sponge cells 
in the  same way  as in the  aggregat ion of some cellular 
s l ime-molds.  In  such a hypothes is ,  the  signal for the  
coming toge the r  of amoeboid  cells would be a local 
concen t ra t ion  grad ien t  of cAMP. Al though  such a grad ien t  
could no t  be mimicked  by  a rise in overall  concen t ra t ion  
of cAMP, its bui lding up migh t  be accelerated by  the  
inhib i t ion  of cAMP phosphodies te rases  in or a round  cAMP 
emi t ing  cells. 

In  th is  respect ,  it  is wor th  not ic ing tha t ,  on m a n y  
occasions, theophy l l ine  s t imula ted  sponges s t a r t  produc-  

ing at  the  same momen t ,  in 2 di f ferent  places, 2 gemmules  
of equal  size, t hough  smaller  t h a n  a normal  gemmule.  
In  contras t ,  control  sponges  of the  same size, when  t h e y  
gemmula te ,  a lways produce  only 1 gemmule  a t  a t ime.  
This migh t  be an indica t ion  t h a t  theophyl l ine  acts  on 
gemmula t ion  by  elicit ing a local process,  r a the r  t h a n  by  
modify ing  the  physiological  s t a t e  of the  whole sponge. 

However ,  cyclic AMP migh t  even  well be involved at  
the  intracel lular  level, some t r igger ing even t  of the  gem- 
mula t ion  depend ing  on the  accumula t ion  of cAMP in a 
par t icu lar  cell- type.  In  th is  case, our con t rad ic to ry  
results  w i th  cAMP and  theophyl l ine  migh t  be expla ined 
by  differences in the  pe rmeab i l i t y  of the  m e m b r a n e  of 
t h a t  cel l - type to b o t h  agents.  

Finally,  it  is possible t h a t  theophyl l ine  acts  on sponges 
in a way t h a t  has  no th ing  to  do wi th  the  me tabo l i sm of 
cAMP. I t  is therefore  essent ial  t h a t  we acquire some 
knowledge abou t  the  exis tence and  the  proper t ies  of 
cAMP phosphodies te rases  in these  organisms,  and about  
a possible secret ion of cAMP dur ing  gemmula t ion .  This 
p rob lem is a t  p resen t  being deal t  w i th  in our labora tory .  

Rdsumd. La fo rma t ion  de gemmules  dans  les @onges  
d 'eau  douce eat f o r t emen t  st imul6e par  la th6ophyl l ine  
10 4 M, mais  non par  une a u g m e n t a t i o n  globale de la 
concen t ra t ion  en ad6nosine m o n o p h o s p h a t e  cyclique darts 
le milieu. 
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L y s o s o m a l  F u n c t i o n  o f  J u x t a g l o m e r u l a r  G r a n u l e s  

The jux tag lomeru la r  appa ra tu s  or complex  is made  up 
of t he  macula  deusa, the  lacis cells and the  juxtaglo-  
merular  (JGC) or epi thel ioid  cells of the  af ferent  glome- 
rular  arteriole.  The macula  densa,  a por t ion  of t he  dis ta l  
tubule,  is in i n t ima te  con tac t  wi th  t he  vascular  pole of the  
glomerulus.  The lacis cells of OBERLING and HATT z are 
located  be tween  the  af ferent  and  efferent  ar ter ioles and  
the  macula  densa  2. The jux tag lomeru la r  granules (JGG) 
of t he  JGC are cur ren t ly  recognized as t he  si te of renin  
syn thes i s  and s torage 3-8. 

Microdissect ion s tudies  have  verif ied t h a t  renin ac t iv i ty  
is localized in the  af ferent  ar ter io leL A good corre la t ion 
has been es tab l i shed  be tween  the  renal  pressor  ac t iv i ty  
and  the  n u m b e r  of granules in JGC s. The pressor  ac t iv i ty  
has been shown to  be localized in ] G G  9, in which  renin 
has been  ident i f ied  by  immunof luorescence  1~ Elec t ron  
microscopic s tudies  on the  JGC of ra t s  w i th  uni la te ra l  
renal  i schemia  n,  magnes ium t~, ~3 or sod ium deficiency ~4 
have  revealed numerous ,  va r iab ly  e lec t rondense ,  homo-  
geneous JGG enclosed by  a uni t  membrane .  

Our inves t iga t ion  into the  possible lysosomal  func t ion  15 
of JGG was p r o m p t e d  by  the i r  u l t r a s t ruc tu re  as well as by  
the  presence  of ren in  (a pro teo ly t ic  enzyme) and acid 
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