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A t  t h e  l a s t  s tage  of p o s t e m b r y o n i c  d e v e l o p m e n t  (figure 1), 
t he  glial  cell  processes  in t e rpose  b e t w e e n  t h e  deve lop ing  
ne rvous  cell processes  a n d  t h e  b a s e m e n t  l amina ,  fo rming  
a comple t e  p e r i p h e r a l  shee t  a r o u n d  t he  nerve .  Glial  cell 
processes  are also seen in t he  in te r io r  of t he  n e r v e ,  
where  t h e y  sepa ra t e  t he  n e r v o u s  cell processes  in to  severa l  
d i s t i nc t  groups.  U n l i k e  n e r v o u s  cell processes,  glial  
processes  are  t i g h t l y  packed  w i t h  g lycogen g ranu les ;  
one of t he  p r o m i n e n t  morpho log ica l  fea tu res  of glial 
processes  is t he  large n u m b e r  of e l ec t ron -opaque  granu les  
of va r i ab l e  size i.e. gliosomes.  M i t o c h o n d r i a  are  seen in 
b o t h  glial  a n d  n e r v o u s  cell processes.  
D u r i n g  t h e  m a t u r a t i o n  of t h e  n e r v o u s  sys tem,  t he  overa l l  
d i a m e t e r  of the  n e r v e  increases.  The  p e r c e n t a g e  of t he  
crosS-sect ional  a r ea  of gl ial  cells g r adua l l y  decreases ,  
whi le  t h a t  of n e r v o u s  cell processes  g r adua l l y  increases.  
The  n u m b e r  of gl iosomes d iminishes .  These  modi f i ca t ions  
lead to  t he  fol lowing re la t ions  b e t w e e n  glial cells a n d  
ne rvous  cells in  m a t u r e  w o r m s  (figure 2) : glial  cells fo rm 
a fa i r ly  un i fo rm  pe r iphe ra l  . layer on ly  1 or  2 cells t h i c k ;  
a p a t c h  of glial  processes  is occas ional ly  found  in t he  
i n t e r io r  of t he  n e r v e ;  t h e  gl iosomes a re  fewer t h a n  in 
ear l ier  s tages  of d e v e l o p m e n t ,  a n d  are  less e lec t ron-  
opaque .  The  cross-sec t ional  a rea  of t h e  whole n e r v e  is 
occupied  a l m o s t  c o m p l e t e l y  b y  ne r vous  cell processes.  
Fo r  t h e  ca lcu la t ion  of t he  cross-sec t ional  a rea  of glial  
a n d  n e r v o u s  cells in  t he  nerve ,  we used  a gr id  of r egu la r ly  
i n t e r sec t i ng  l ines L 

I n  t h e  p o s t e m b r y o n i c  nerve ,  t he  m e a n  over -a l l  cross- 
sec t iona l  a rea  of t he  n e r v e  is 60 ~tm z + 0.8 tzm z, of 
w h i c h :  41 .56% ( +  0:26%) glial  cells, 17% (-4-0.6%) 
gliosomes,  58 .44% n e r v o u s  cells. I n  t he  m a t u r e  w o r m  
nerve ,  t he  m e a n  overa l l  c ross-sec t iona l  a rea  of t he  n e r v e  
is 213 ~zm ~, of w h i c h :  11.8% ( +  0.31%) glial  cells, 2 .1% 
( •  0 .31%) gliosomes,  88 .2% ne rvous  ceils. 
The  p r e s e n t  d a t a  r evea l  a n  o rder ly  sequence  of even t s  in 
t h e  pos t embrYon ic  d e v e l o p m e n t  a n d  d u r i n g  t he  m a t u r a -  
t i on  of t he  ne rvous  s y s t e m  in Tubi fex .  D u r i n g  t he  m a t u r a -  
tion of t he  n e r v o u s  sys tem,  t h e  p e r c e n t a g e  of t he  cross- 
sec t iona l  a rea  of gl ial  ceils d imin i shes  para l le l  to  a d ras t i c  
fall  in  t he  n u m b e r  of gl iosomes,  and  i t  m a y  be  r e a s o n a b l y  
concluded t h a t  t he  gl iosomes a c c u m u l a t e  a t  a biologically 
s ign i f i can t  pe r iod  to  c a r r y  o u t  a specific biological  func-  
t ion .  Th i s  pe r iod  m a y  be  cons idered  as a t r a n s i t i o n  f rom 
the  s tage  of f o r m a t i o n  of t he  ne rve  to i ts  m a t u r a t i o n .  I t  
is, t hen ,  r easenab le  to  conc lude  t h a t  gl iosomes in Tub i f ex  
are  i nvo lved  i n  t he  m a t u r a t i o n  of t h e  n e r v e  ceils. 
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Summary. P r o s t a g l a n d i n  E~ n o n c o m p e t i t i v e l y  i nh ib i t s  5 - h y d r 0 x y t r y p t a m i n e -  a n d  t h e o p h y l l i n e - s t i m u l a t e d  cyclic A M P  
p r o d u c t i o n  in t h e  s a l i va ry  g lands  of Ca l l iphora  e r y t h r o c e p h a l a  b y  a n  i n h i b i t o r y  effect  on  a d e n y l  cyclase.  P h o s p h o -  
d ies te rase  is n o t  affected.  

P r o s t a g l a n d i n s  h a v e  been  i m p l i c a t e d  in t he  r egu la t ion  of 
t h e  ac t ion  of a v a r i e t y  of h o r m o n e s  p a r t i c u l a r l y  those  
whose  effects  are  t h o u g h t  to  be  m e d i a t e d  b y  t he  s e c o n d a r y  
messenge r  cyclic adenos ine  m o n o p h o s p h a t e  (cyclic 
AMP) x. D e p e n d i n g  u p o n  t h e  t i ssue  invo lved  p ro s t a -  
g l and ins  e i the r  increase  or decrease  t he  syn thes i s  of 
cycl ic  A M P  b y  a d e n y l  cyclase  or i t s  d e g r a d a t i o n  b y  
phosphod ies t e ra se .  P r o s t a g l a n d i n s  a p p e a r  to  i n h i b i t  
a d e n y l  cyclase  in ad ipose  t i ssue  where  t h e y  inh ib i t  t he  
l ipolyt ic  effect  of severa l  h o r m o n e s  2 a n d  in t o a d  b ladder  
i n h i b i t  a n  a d e n y l  cyclase assoc ia ted  w i t h  osmot ic  wa te r  
f low ( a l t hough  s t i m u l a t i n g  a n  a d e n y l  cyclase assoc ia ted  
w i t h  sod ium t r a n s p o r t )  where  t h e y  n o n c o m p e t i t i v e l y  
i n h i b i t  vasopress ln -  a n d  t h e o p h y l l i n e -  b u t  n o t  cyclic 
A M P - i n d u c e d  osmot ic  w a t e r  f low 3-s. In  m o s t  o t h e r  t is-  
sues  s tud ied  p r o s t a g l a n d i n s  effect  an  increase  in cyclic 
A M P  and  hence  mimic  m a n y  of t h e  h o r m o n a l  responses .  
F lu id  secre t ion  b y  the  i so la ted  s a l i va ry  g lands  of Calli- 
p h o r a  e ry- throcephala  is s t i m u l a t e d  b y  5 - h y d r o x y t r y p t a -  
m ine  (5-HT) a n d  ana logues  s, 7 t h e  ac t ion  of wh ich  appea r s  
to  be  m e d i a t e d  b y  cyclic A M P  b y  a c t i v a t i o n  of a d e n y l  
cyclase.  I n t l a c e l l u l a r  levels  of cyclic A M P  are e leva ted  
b y  t he  app l i ca t i on  of 5 -HT s a n d  t h e  app l i ca t i on  of exoge- 
nous  cyclic A M P  a n d  t h e o p h y l l i n e  (an i n h i b i t o r  of 
phosphod ies t e ra se )  mimic  t h e  effects  of 5 -HT on f luid 
sec re t ionL  P h a r m a c o l o g i c a l  s tud ies  7 h a v e  shown  t h a t  
prostaglandin E x (PGE~) is a n  i n h i b i t o r  of s t i m u l a t e d  
f lu id  sec re t ion  b y  i so la ted  s a l i va ry  g lands  ac t ing  v ia  a 

d i f f e ren t  r ecep to r  to  5 - H T  a n d  ana logues  b u t  one t h a t  is 
f u n c t i o n a l l y  connec t ed  w i t h  cyclic A M P  p roduc t ion .  I n  
t h i s  s t u d y  a n  i n v e s t i g a t i o n  was m a d e  in to  t he  m o d u l a t i o n  
of cyclic A M P  levels b y  PGE1 - speci f ica l ly  i n t o  w h e t h e r  
PGE1 acts  d i r ec t ly  on  a d e n y l  cyclase,  phosphod ie s t e r a se ,  
b o t h  or n e i t h e r  b y  c o m p a r i n g  the  effects  of P G E  1 on  t he  
response  of s a l i v a r y  g lands  to theophy l l ine -cyc l i c  A M P  
c o m b i n a t i o n s  (response i n d e p e n d e n t  of a d e n y l  cyclase 
a c t i v i t y  b u t  d e p e n d e n t  u p o n  phosphod ies te rase )  w i t h  t he  
response  to t h e o p h y l l i n e - 5 - H T  c o m b i n a t i o n s  (adenyl  
cyclase d e p e n d e n t  response) .  
Materials and methods. The  sa l i va ry  g lands  of 3-day-old  
Cal l iphora  e r y t h r o c e p h a l a  were se t  u p  for t h e  measu re -  
m e n t  of f luid secre t ion  us ing  t he  m e t h o d  of Ber r idge  a n d  
P a r e d  ~ E a c h  g land  was  isola ted in a 10 ~tl d rop le t  of 
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R inge r  so lu t ion  u n d e r  l iquid  pa ra f f in ;  the  cephal ic  end  
of t he  g l and  was d r a w n  o u t  of t he  R inge r  d rop le t  a n d  
a t t a c h e d ,  u n d e r  t h e  l iqu id  paraf f in ,  to  a sma l l  glass rod.  
The  r a t e  of f luid secre t ion  was m e a s u r e d  b y  r e m o v a l  of 
t h e  secre ted  d rop le t  a t  t he  cepha l ic  end  a t  s t a n d a r d  t i m e  
i n t e rva l s  a n d  i ts  v o l u m e  ca lcu la ted  f rom t he  m e a s u r e d  
d iamete r .  The  R i n g e r  so lu t ion  h a d  t he  compos i t ion  (mM) : 
NaC1 120; KC1 20; N a H , P O ~  8; CaC1, 2; MgCI~ 2; t r e h a -  
lose 5; glucose 5; g l u t a m i n e  2; sod ium g l u t a m a t e  2; 
p ro l ine  2; a l an ine  2; glycine 2; mal ic  acid 2; ci t r ic  acid 2; 
fumar i c  acid 2; p H  a d j u s t e d  to  7.2 us ing  KOH.  
All c o m p o u n d s  t e s t ed  were  d issolved in R inge r  so lu t ion  
and  f resh ly  p r e p a r e d  pr io r  to  use  since i t  h a s  been s h o w n  
t h a t  5 -HT r ap id ly  loses i ts  a c t i v i t y  w h e n  k e p t  in  solu- 
t i o n l L  S t a n d a r d  c o n c e n t r a t i o n s  of t h e o p h y l l i n e  (10 -~ M) 
a n d  P G E  1 (3 • 10 -~ M) were used  t h r o u g h o u t  t h e  s t u d y  
since t h e y  h a v e  been  s h o w n  to h a v e  m a x i m a l  effects  a t  
these  e o n c e n t r a t i o n s L  5 - H T  a n d  d i b u t y r y l  cyclic A M P  
were used a t  2 c o n c e n t r a t i o n s :  10-s M 5-HT a n d  
3 • 10 -a M cyclic A M P  el ic i t ing m a x i m a l  s t i m u l a t i o n  of 
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Fig. i. The effect of PGE 1 on the response of isolated salivary glands 
to the addition of theophylline-cyclic AMP combinations. The 
histograms represent the rate of fluid secretion in the presence of 
the various agonists in the absence (open histograms) and in the 
presence of 3 x 10 -~ M PGE i (cross-hatched histograms). Each 
histogram represents the mean -4- SEN of 12 experiments. 
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Fig. 2. The effect of PGE 1 on the response of isolated salivary glands 
to the addition of theophylline-5-HT combinations. The results 
are expressed as depicted in figure 1 and represent the mean ~ SEN 
of 12 experiments. 

f luid secre t ion  a n d  3 • 10 -11 M 5-HT a n d  10 -s M cyclic 
A M P  el ic i t ing s u b - m a x i m M  s t i m u l a t i o n  of f luid secre- 
t ion  e, 7. 
Results and discussion. A s  shown  in f igure 1 P G E  1 does 
no t  af fec t  t h e  basa l  r a t e  of f luid secre t ion  b y  i so la ted  
sa l iva ry  g l ands  n o r  t h e  response  to t h e  app l i ca t ion  of 
exogenous  cyclic A M P  b u t  does  i n h i b i t  t he  response  to 
t heophy l l i ne .  Theophy l l i ne  a n d  cyclic A M P  ac t  synergis-  
t i ca l ly  in s t i m u l a t i n g  f luid secre t ion  a n d  th i s  synerg is t ic  
effect  is n o t  af fected b y  P G E  v F igure  2 shows t h a t  wh i l s t  
t he  response  to  h i g h  c o n c e n t r a t i o n s  of 5 -HT is Unaffec ted  
b y  PGE~ t h e  response  to  low c o n c e n t r a t i o n s  is i n h i b i t e d  
b y  P G E  1. Low doses of 5 -HT a n d  t h e o p h y l l i n e  ac t  syner -  
gis t ical ly  in  s t i m u l a t i n g  f luid secret ion,  a n  effect  w h i c h  is 
abo l i shed  in t h e  presence  of PGEx. H i g h  c o n c e n t r a t i o n s  
of 5 -HT a n d  t h e o p h y l l i n e  do n o t  ac t  synerg i s t i ca l ly  a n d  
the  response  is una f fec ted  b y  P G E  v 
The  P G E  1 i n h i b i t i o n  of t h e  t h e o p h y l l i n e  response  could 
be exp la ined  b y  e i the r  of 4 m e c h a n i s m s :  a) P G E  1 could 
compe t e  w i th  t h e o p h y l l i n e  for t he  si te  on  phosphod ies -  
t e rase  a n d  b lock  i ts  i n h i b i t o r y  effect  as has  b e e n  sug- 
ges ted  for t he  ac t ion  of P G E  1 on  adipose  t issue 12 ; such  a n  
effect  h o w e v e r  would  be  expec t ed  to d imin i sh  t he  t i ssue  
response  to a cyclic A M P  + t h e o p h y l l i n e  c o m b i n a t i o n  - 
a n  effect  wh ich  is n o t  observed ,  b) P G E  l could s t i m u l a t e  
phosphod ie s t e r a se  b y  a n  a m o u n t  suff ic ient  to  ove rcome  
t h e  t h e o p h y l l i n e  i n h i b i t i o n ;  c) PGE~ could b i n d  to  a n d  
i n h i b i t  a d e n y l  cyclase whi le  a t  t h e  same  t i m e  s t i m u l a t i n g  
phosphod ie s t e r a se  a c t i v i t y  as in  b ;  h o w e v e r  t he  obse rva -  
t i on  t h a t  P G E  1 has  no  effect  on  t he  cyclic A M P  response  
(e i ther  s u b m a x i m a l  or  m a x i m a l  response)  nega tes  b o t h  
these  possibi l i t ies ,  d) P G E  1 could b i n d  to,  and  inh ib i t ,  
a d e n y l  cyclase;  th i s  idea is s u b s t a n t i a t e d  b y  the  obse rved  
ac t ions  of P G E  1 on  5 -HT s t i m u l a t e d  (adenyl  cyclase-  
d e p e n d e n t )  responses:  The  lack  of effect  of P G E  1 on  basa l  
secre t ion  r a t e  suggests  t h a t  cyclic A M P  does no t  p l a y  a 
m a j o r  role in  con t ro l l ing  u n s t i m u l a t e d  fluid secre t ion .  
The  response  to h i g h  c o n c e n t r a t i o n s  of 5 -HT is una f f ec t ed  
b y  P G E  1 whereas  t he  response  to  low c o n c e n t r a t i o n s  is 
i n h i b i t e d  a n  o b s e r v a t i o n  w h i c h  suggests  t h a t  t h e  P G E  1 
i n h i b i t i o n  m a y  be  compe t i t i ve .  A s imi la r  obse rva t i on  of 
P G E  1 on  t he  va sop re s s in - s t imu la t ed  w a t e r  flow across 
t o a d  b l a d d e r  ha s  been  i n t e r p r e t e d  b y  L ipson  and  S h a r p  4 
in t e r m s  of P G E  1 n o n c o m p e t i t i v e l y  b ind ing  to a d i f fe ren t  
r ecep to r  si te  on  a d e n y l  cyclase  wh ich  t h e n  effects a de-  
crease in t he  a f f in i ty  of t he  vasopress in  r ecep to r  site. 
The  5 -HT response  can  be  exp l a ined  in t e r m s  of a r ecep to r  
reserve  for 5 -HT in t he  s a l i v a r y  g lands  ~ w h e r e b y  h i g h  
doses of 5 - H T  p roduce  levels  of cyclic A M P  far  in  excess 
of t hose  requ i red  for t he  m a x i m a l  physiological  r esponse ;  
t h u s  a decrease  in t h e  a c t i v i t y  of a d e n y l  cyclase u n d e r  
these  cond i t ions  - b y  (noncompe t i t ive )  P G E  1 i n h i b i t i o n  - 
will  n o t  reduce  t he  i n t r ace l lu l a r  levels of cyclic A M P  suf- 
f ic ien t ly  to  af fec t  t he  phys io logica l  response.  Conversely ,  
inc reas ing  t he  level  of cyclic A M P  f u r t h e r  b y  t he  a d d i t i o n  
of t h e o p h y l l i n e  w i t h  h i g h  doses of 5 - H T  will n o t  induce  
a n y  f u r t h e r  increase  in phys io logica l  response.  A t  low 
c o n c e n t r a t i o n s  of 5 -HT a n  increase  in in t r ace l lu la r  cyclic 
A M P  levels  is a c c o m p a n i e d  b y  a co r re spond ing  increase  in 
f luid secret ion,  t h u s  t h e o p h y l l i n e  ac t s  synerg is t ica l ly  
w i t h  5 -HT a t  these  c o n c e n t r a t i o n s  a n d  i n h i b i t i o n  of 
a d e n y l  cyclase  b y  P G E  1 r e su l t s  in  a n  i n h i b i t i o n  of re- 
sponse.  I t  is conc luded  the re fo re  t h a t  P G E  1 n o n c o m p e t i -  
t i ve ly  i n h i b i t s  a d e n y l  cyclase  and  ha s  no  effect  on  
phosphod ies t e rase .  
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