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af te r  t he  drug  is admin i s te red .  These  d a t a  are cons i s t en t  
w i t h  t h e  f ind ings  o b t a i n e d  b y  EAGLING ~ w i t h  d i f fe ren t  
e x p e r i m e n t a l  me thods ,  a n d  could sugges t  t h a t  PGE~ is 
able  to  affect  no t  on ly  t h e  ca lc ium s torage  capac i ty  of 
in t race l lu la r  o rgand ies ,  b u t  also t he  f lux of ca lc ium across 
cell m e m b r a n e s .  B o t h  m e c h a n i s m s  lead to  a larger  ava i la -  
b i l i ty  of free in t r ace l lu l a r  ca lc ium and  could be  p roposed  
to exp la in  t he  s t imu lank  ac t ions  of PG s  2~ 

Riassu~to. L a  PGE~ d e t e r m i n a  ne l l ' u t e ro  di r a t t o  u n  
a u m e n t o  del la  f raz ione s cambiab i l e  del calcio cellulare, 
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u n  a u m e n t o  del la  cessione del calcio dal  c o m p a r t i m e n t o  
a r a p i d s  l iberazione,  e m e t r e  in  ev idenza  la es i s tenza  di  u n  
c o m p a r t i m e n t o  da l  qua le  il calcio pub  ven i re  l i be ra to  
dopo o l t re  u n ' o r a  di c o n t a t t o .  I da t i  spe r imen t a l i  avva lo -  
r ano  l ' ipo tes i  che il meccan i smo  d ' az ione  del la  PGEe  
possa  essere sos tenu to  da l l ' az ione  da  essa svo l t a  sul t u r n -  
over  del calcio. 

~. VILLANI, A. CHIARRA, S. CRISTALLI a n d  F.  PICCININI 

Istituto di Farmacologia dell' Universitd~ di Milano, 
and Caltedra di Saggi e Dosaggi Farmaeologici, 
Via Taramelli 14, 1-27100 Pavia (Italy), 
25 October 7973. 

A N e u r a l i z i n g  Inf luence  of D i b u t y r y l  Cycl ic  A M P  

N s, O2-dibutyry l  adenos ine  3' : 5 '-cyclic m o n o p h o s p h a t e  
(d ibutyry l -cyc l ic  A M P  --  D B c A M P  --) ha s  been  shown  to  
induce  morpholog ica l  d i f f e ren t i a t ion  and  b iochemica l  
changes  of mouse  n e u r o b l a s t o m a  cells in v i t ro  ~-~. This  
s t u d y  was m a d e  to i nves t i ga t e  w h e t h e r  D B c A M P  could 
h a v e  a neura l i z ing  in f luence  on  c o m p e t e n t  ch ick  ecto- 
derm,  wh ich  is k n o w n  to  r eac t  to  va r ious  neura l  i n d u c t i v e  
and  neu ra l  suppor t i ve  s t imul i  ~-9. The  immunof luo rescence  
m e t h o d  was used for t he  iden t i f i ca t ion  of neu ra l  diffe- 
r en t i a t ion ,  as neu ra l  an t i gen  p r o d u c t i o n  in cu l tu res  m a d e  
f rom chick  ec tode rma l  exp lan t s  could be  used as an  in- 
d i ca t ion  of such  a d i f f e ren t i a t ion  ~0. 

Method. E x p l a n t s  were t a k e n  f rom t he  p r e s u m p t i v e  
ep ide rma l  region of t he  ch ick  ec tode rm a t  s tage 4 (stage 
accord ing  to HAMBURGER and  t-IAN2ILTON 11)  aS shown  in 
t he  F igure  and  w r a p p e d  in a piece of v i te l l ine  m e m b r a n e  
p r epa red  f rom a n  u n i n c u b a t e d  egg. T he  v i te l l ine  m e m b r a n e  
w i t h  i ts  c o n t e n t  was  p u t  on  a mi l l ipore  f i l ter  str ip,  a n d  
place d on  a piece of gel - foam prev ious ly  set  ins ide  a 
L e i g h t o n  tube c o n t a i n i n g  I ml cu l tu re  m e d i u m .  The  
cu l tu re  m e d i u m  was composed  of 3 p a r t s  h u m a n  serum,  3 
p a r t s  50% ch ick  e m b r y o  ex t rac t ,  and  7 p a r t s  Tyrode .  The  
subs t ances  t e s t ed  were added  to t he  cu l tu re  m e d i u m  on 
t he  f i rs t  d a y  of i ncuba t ion .  The  Le igh ton  t u b e s  were 
i n c u b a t e d  a t  37~ for  8-10 d a y s ;  t h e r e a f t e r  t h e  cu l tu res  
were freed, crushed,  a n d  processed for immunof luo rescence  
inves t iga t ion .  An t i s e ra  specific to  an t igens  p r e s en t  in  t h e  
chick  cen t r a l  ne rvous  sys t em were used for t i le f i rs t  of t he  
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Stage 4. Explanted areas from presumptive epidermal ectoderm. 

on C o m p e t e n t  Chick  E c t o d e r m  

4 s teps  in  t h e  immunof tuo re scence  process  (for f u r t he r  
de ta i l s  of t i le  immunof luo re scence  m e t h o d  a n d  i ts  
specif ici ty,  see ref2).  

Results. 421 cu l tures  were e x a m i n e d  w i t h  d i f fe ren t  
add i t ives  to  the  cu l tu re  m e d i u m ;  101 of t h e m ,  be ing  
necrot ic ,  were d iscarded.  Thus ,  76% were useful.  T h e  
necrot ic  exp l an t s  were a p p r o x i m a t e l y  even ly  d i s t r i b u t e d  
be tween  t h e  d i f fe ren t  e x p e r i m e n t a l  groups,  w i t h  one 
except ion .  I n  t h e  series of exp l an t s  g rown in t h e  h ighes t  
c o n c e n t r a t i o n  of t h e o p h y l l i n e  (1.0 raM), more  t h a n  50% 
were necro t ic  a t  t he  end  of t h e  cu l tu re  period.  General ly ,  
t he  su rv iv ing  cu l tures  showed good growth ,  and  - w h e n  
p r e sen t  - cells c o n t a i n i n g  neu ra l  an t igens  could be  seen as 
large shee ts  of f luorescen t  t issue.  

The  Tab le  shows t he  n u m b e r  of n e u r a l  a n t i g e n - c o n t a i n -  
ing cul tures  in  t he  d i f fe ren t  e x p e r i m e n t a l  groups.  The  
con t ro l  series d e m o n s t r a t e s  a fa i r ly  h igh  capac i t y  of au to-  
neu rMiza t ion  (30%) for t he  c o m p e t e n t  e c tode rm in t he  
p r e s e n t  sys tem.  W h e n  t he  4 g roups  of e x p e r i m e n t s  w i t h  
D B c A M P  (0.005-0.1 m M )  p r e s e n t  in  t h e  cu l tu re  m e d i u m  
are c o m p a r e d  w i t h  t he  con t ro l  cul tures ,  however ,  a s ta-  
t i s t ica l ly  s ign i f ican t  increase  in neura l  a n t i g e n - c o n t a i n i n g  
cu l tures  is noted .  A Z~ ana lys i s  for h e t e r o g e n e i t y  be tween  
t he  con t ro l  group and  t he  4 e x p e r i m e n t a l  groups  gives )~ ~ 
= 12.6 a t  4 d.f., 0.01 < _P < 0.02. T h i s  is n o t  on ly  due  
to a difference b e t w e e n  t h e  con t ro l  group a n d  t he  experi-  
m e n t a l  groups,  as exclus ion of t h e  cont ro l s  st i l l  gives a 
s ign i f ican t  h e t e r o g e n e i t y  (Z2 = 10.6 a t  3 d.f., 0.01 < P < 
0.02). The  s ign i f ican t  h e t e r o g e n e i t y  b e t w e e n  t he  4 t r e a t e d  
groups  is comple te ly  due  to  t h e  lowest  c o n c e n t r a t i o n  of 
D B c A M P  (0.005 mM);  exclusion of th i s  gives ;/2 = 3.1 
a t  2 d.f., no t  s ign i f ican t  (N. S ) .  Thus ,  a c o n c e n t r a t i o n  of 
0.005 m M  D B c A M P  seems to h a v e  no  effect, b u t  con- 
c e n t r a t i o n s  of 0.01-0.1 m M  h a v e  a s t a t i s t i ca l ly  s ign i f ican t  
effect  on  c o m p e t e n t  ec toderm,  caus ing  a n  increased  
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Addition to the culture medium Concentrations (mM) Results 

None -- 9/30 (30%) 

DBcAMP 0.005 5/25 (20%) 
0.01 18130 (60%) 
0.05 16/30 (53%) 
0.1 10/27 (37%) 

5'AMP 0.01 15/3Z (48%) 

Sodimn butyrate 0.02 9/26 (35%) 

Theophylline 0.01 7/24 (29%) 
0.1 5/15 (33%) 
t.0 I119 (5%) 

0.01 mM DBcAMP + theophylline 0.01 14/30 (47%) 
0.1 19/33 (58%) 

On the first day of incubation, the various substances were added to the culture medium in order to obtain the final concentrations de- 
scribed. Controls were grown without any addition to the medium. Fraction of cultures producing neural antigens. 

f r equency  of n e u r a l  a n t i g e n - c o n t a i n i n g  cu l tu res  to  
develop .  

The  effect  of 5 'ANIP a n d  sod ium b u t y r a t e ,  d e g r a d a t i v e  
p roduc t s  of D B c A M P ,  on  c o m p e t e n t  e c tode rm was also 
t e s t ed  b y  a d d i n g  these  s u b s t a n c e s  to  t he  cu l tu re  m e d i u m  
in m o l a r  c o n c e n t r a t i o n s  co r r e spond ing  to  0.01 m M  
D B c A M P .  W h e n  c o m p a r e d  w i t h  t h e  con t ro l  series, n e i t h e r  
5 ' A M P  no r  sod ium b u t y r a t e  resu l ted  in a s t a t i s t i ca l ly  
s ign i f i can t ly  increased  f r equency  of neu ra l  an t igen -  
p r o d u c i n g  cul tures .  The  sod ium b u t y r a t e ,  b u t  no t  t he  
5 'AMP,  series of cu l tu res  seemed to differ, however ,  f rom 
the  D B c A M P  (0.01 raM)  series of cul tures ,  b u t  t h e  s ta t i s -  
t ica l  s ignif icance of t h e  dif ference was  u n c e r t a i n .  

Theophy l l ine ,  wh ich  i nh ib i t s  t he  c leavage  of cyclic 
A M P  b y  phosphod ies te rase ,  d id  no t  increase  t he  f r equency  
of n e u r a l  a n t i g e n - c o n t a i n i n g  cu l tu res  w h e n  a d d e d  sepa-  
r a t e ly  to  t h e  cu l tu re  m ed i um .  Nor  did  t h e  a d d i t i o n  of 
t h e o p h y l l i n e  increase  t h e  effect  of D B c A M P  (0.01 m M ) .  
R a t h e r ,  i t  was found  t h a t  D B c A M P ,  a t  c o n c e n t r a t i o n s  
0.01-0.1 raM,  w i t h  or w i t h o u t  t he  a d d i t i o n  of theophy l l ine ,  
was  equa l ly  effect ive  on  c o m p e t e n t  e c t o d e r m  (Z 2 = 2.7 
a t  2 d.f., N. S.), r e su l t ing  in a m e a n  f r equency  of neu ra l  
a n t i g e n c o n t a i n i n g  cu l tu res  of 51%. The  resul t s  p r e sen t ed  
in t he  Table ,  however ,  sugges t  t h a t  D B c A M P  alone is more  
effect ive a t  t he  c o n c e n t r a t i o n s  0.01 a n d  0.05 m M  t h a n  
a t  t he  c o n c e n t r a t i o n  0.1 m M .  

Discussion. Cul tu r ing  ec toderm,  neu ra l  p la te ,  or n e u r a l  
t u b e  pieces, NORD 10 showed t h a t  t he  p r e s en t  m e t h o d  gave  
an  a p p a r e n t l y  fa i r  record  of neura l  d i f f e r en t i a t i on  w h e n  
recorded  as n u m b e r  of cu l tu res  c o n t a i n i n g  neura l  an t igens .  
The  resu l t s  p r e s e n t e d  here  show a neurMiz ing  in f luence  of 
D B c A M P  on c o m p e t e n t  ch ick  ec toderm.  T he  concen t ra -  
t i on  of D B c A M P  giv ing  t h e  m a x i m a l l y  increased  fre- 
quency  of neura l  a n t i g e n - c o n t a i n i n g  cu l tu res  in  t h i s  s y s t e m  
is low c o m p a r e d  w i t h  o the r  in  v i t r o - s y s t e m s  showing  
effects b y  th i s  s u b s t a n c e ;  e.g., morpho log ica l  d i f fe ren t ia -  
t ion  of mouse  n e u r o b l a s t o m a  cells was  induced  b y  
D B c A M P  a t  a b o u t  50-100 t imes  h ighe r  c o n c e n t r a t i o n s  1. 
Th i s  p r o b a b l y  ref lects  t he  genera l  l ab i l i t y  of c o m p e t e n t  
e c tode rm in t he  in  v i t ro - s i t ua t ion .  The  lack of effects of 

t heophy l l i ne ,  b o t h  a lone  a n d  w h e n  added  to  t he  cu l tu re  
m e d i u m  t o g e t h e r  w i t h  D B c A M P ,  do no t  give a n y  f u r t h e r  
i n f o r m a t i o n  a b o u t  t he  way  in wh ich  D B c A M P  ac ts  on t he  
c o m p e t e n t  ec toderm.  I n  t he  h ighes t  c o n c e n t r a t i o n  tes ted ,  
1.0 m M ,  t h e o p h y l l i n e  appea r s  to  h a v e  a n  i n h i b i t o r y  effect  
on  t he  a u t o n e u r a l i z a t i o n  of t h e  sys tem.  Th i s  is p r o b a b l y  
due to  a toxic  effect  on  t he  e x p l a n t e d  ec toderm,  re f lec ted  
b y  t he  h igh  p e r c e n t a g e  of necro t ic  e x p l a n t s  found  in t h e  
series of cu l tu res  w i t h  1.0 m M  t h e o p h y l l i n e  p r e sen t  in  t h e  
cu l tu re  m e d i u m .  

As also 5 ' A M P  seemed to  increase  t he  f r equency  of 
neu ra l  a n t i g e n - p r o d u c i n g  cu l tu res  in t h e  p r e s e n t  sys tem,  
a l t h o u g h  n o t  s t a t i s t i ca l ly  s igni f icant ly ,  i t  c a n n o t  w i t h  
c e r t a i n t y  be  ru led  ou t  t h a t  t h e  effect  of D B c A M P  on 
c o m p e t e n t  ch ick  e c t o d e r m  is p a r t l y  due  to one of i ts  
d e g r a d a t i v e  p roduc t s .  Anyhow,  i t  would  be  i n t e r e s t i ng  to  
i nves t i ga t e  f u r t h e r  t he  neu ra l i z ing  inf luence  of D B c A M P ,  
pa r t i cu l a r l y  in  r e l a t i on  to o t h e r  specific neura l i z ing  s t imul i  
on  c o m p e t e n t  ec toderm,  for i n s t ance  n e r v e  g r o w t h  factor .  
Th i s  p ro te in ,  shown  to  a c t  s t rong ly  neu ra l i z ing  on  
c o m P e t e n t  ch ick  ec tode rm in t he  p r e s e n t  s y s t e m  - p r o b -  
ab ly  b y  s u p p o r t i n g  t he  a u t o n e n r a l i z a t i o n  s, 9 _ was r ecen t ly  
sugges ted  as s t i m u l a t i n g  a x o n a l  m a t u r a t i o n  of e m b r y o n i c  
sensory  gangl ia  v ia  cyclic A M P  as a ' second messenger  
sy s t em '  12, 13 

Zusammenfassung. Mit  e iner  I m m u n o f l u o r e s z e n z -  Tech-  
n ik  wi rd  gezeigt,  dass  D B c A M P ,  gemessen  als F r e q u e n z  
der  n e u r a l e n  A n t i g e n - p r o d u z i e r e n d e n  Ku l tu r en ,  neura l i -  
s ie rend  auf  k o m p e t e n t e s  Ki~kenec toderm in  v i t r o  wi rk t .  
5 ' A M P  u n d  N a t r i u m b u t y r a t ,  A b b a u p r o d u k t e  des 
D B c A M P ,  sch ienen  tei ls  e inen  gewissen, tei ls  gar  ke inen  
E f f e k t  zu haben .  Teophy l l in  h a t t e  ke inen  a d d i t i v e n  
E f f e k t  au f  D B c A M P  allein.  
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