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Interrelat ions  of glial  cells  and axons  in the p o s t e m b r y o n i c  d e v e l o p m e n t  of the nervous  s y s t e m  
of Tubifex tubifex 

C. Calenda Cimmino and  W. Djaczenko 

Institute o/Microbiology, University o/ Rome, I-O0100 Rome (Italy), 24 April 1976 

Summary. Transmiss ion  e lec t ron microscopy was used to s t u d y  the  role of gliosomes ill the  pos t embryon ic  deve lopmen t  
of the  cent ra l  nervous  sys t em in Tubifex (Oligochaetes).  

Chemical  and  electrophysiological  s tudies  1-4 have  con- 
t r i bu t ed  to  the  unde r s t and ing  of the  t roph ic  in te rac t ion  
of glia and  neurons,  b u t  morphological  techniques ,  and 
especial ly n l t r amorpho logy ,  cons t i tu te  the  basis for the  
s t u d y  of tile neuron-gi la  relat ionships,  main ly  by  pre-  
serving normal  topograph ica l  re la t ions be tween  these  2 
s t ruc tures .  We  observed  t h a t  dur ing pos t embry o n i c  
d e v e l o p m e n t  of Tubifex,  the  spat ia l  re la t ions be tween  
glia and  neurons  and  the  u l t r a s t ruc tu ra l  aspec t  and  size 
of the  gliosomes 5 were s ignif icant ly  d i f ferent  f rom those  
of m a t u r e  worms.  In  th is  note  we descr ibe these  dif- 
ferences,  t oge the r  w i th  the i r  quan t i t a t i ve  aspect ,  and  
in t e rp re t e  our  f indings in t e rms  of the  significance of 
gl iosomes for the  m a t u r a t i o n  of the  neurons.  

Materials and methods. Tubifex  tub i fex  specimens (Miill) 
were cu l t iva ted  in l abora to ry  condi t ions  6. Pos t embryon ic  
forms ranging f rom 1 m m  to 8 m m  length  and  ma tu re  
worms (ca. 60 ram) were pref ixed in to to  wi th  a mix tu re  
of 2.5% g lu ta ra ldehyde ,  1% acrolein and  1% T A P O  for 
1 h, and  pos t f ixed  w i t h  4% unbuf fe red  OsO 4 for 3 h. 
Dur ing  embedding ,  spec imens  were appropr ia t e ly  or iented  
so as to  faci l i ta te  ident i f ica t ion of analogous nerves  in 
all g roups  s tudied.  
Results and discussion. We have  chosen the  me tamer ic  
nerves  t t la t  i nne rva te  b o d y  muscu la tu re  for our analysis,  
compar ing  the i r  u l t r a s t ruc tu re  a t  t he  last  s tage of pos t -  
embryon ic  d e v e l o p m e n t  (figure 1) w i t h  the  u l t r a s t ruc tu re  
of analogous nerves  of ma t u r e  worms  (figure 2). 

Fig. 1. Cross-section of metamerie nerve of Tubifex at the last stage of postembryonic development. The nerve is surrounded by the basement 
lamina (empty arrows). Glial processes are closely applied to the basement lamina, sometimes 0nly as thin cytoplasmic sheets (full arrows). 
Groups of maturing axons (ax) are separated by glial processes tightly packed wit h glycogen granules. Note the large number of electro n- 
opaque gliosomes (G). m, Muscle cells. • 24,000, 
Fig. 2. Cross-sectiou of metameric nerve of adult Tubifex. The electron microgl'aph is reproduced at lower final magnification because the 
overall dimensions of the nerve have increased relationship to the stage represented in figure 1. The percentage of the cross-sectional area 
of glial processes and the number of gliosomes have greatly diminished. Some gliosomes have low electron opacity (g). Mature axons are 
marked 'ax'. • 16,000. 
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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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The effect of pros tag landin  E 1 on cyclic AMP product ion in the sal ivary g lands  
of Calliphora erythrocephala 
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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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