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Synapses of the Ribbon Type in the Pineal Organ of Lacerta vivipara (Reptiles, Lacertilians) 

T h e  p inea l  o rgan  of Lacerta h a s  a d u a l  func t ion .  Bes ides  
a n e u r o - h u m o r a l  1,~, a n d  poss ib ly  a n e u r o - h o r m o n a l  
a c t i v i t y  ~, i t  is cha rac t e r i zed  b y  r e m n a n t s  of a p h o t o -  
recep tor  func t ion  1,, as ev idenced  b y  cy tophys io log ica l  1, 
a n d  e lec t rophys io logica l  4 inves t iga t ions .  W i t h  some  few 
except ions*,  5, cha rac t e r i s t i c  s y n a p t i c  c o n n e c t i o n s  h a v e  
no t  been  obse rved  in t he  r ep t i l i an  p inea l  o rgan  j u s t  because  
th i s  r ep resen t s  a n  i m p o r t a n t  s tage  in t h e  regress ion  of 
d i r ec t  p inea l  p h o t o s e n s i b i l i t y  occur r ing  d u r i n g  t h e  phy lo -  
genesis  of v e r t e b r a t e s  I,*. T h e  p r e s e n t  p a p e r  i l l u s t r a t e s  
s y n a p t i c  r i b b o n s  in t he  p inea l  o rgan  of a l izard  (Figures  
2 a n d  3). 

In  a r e c e n t  i n v e s t i g a t i o n  of t h e  p inea l  o r g a n  of a d u l t  
Lacerta vivipara ( Jacqu in) ,  p e r f o r m e d  d u r i n g  t h e  s u m m e r ,  
we h a v e  been  ab le  (see S for -~echniques  used) to  con f i rm  
the  presence  of a h i g h l y  d i f f e r en t i a t ed  p h o t o r e c e p t o r  
a p p a r a t u s  in  t h e  d i s t a l  region of t h e  organ .  Q u a n t i t a t i v e l y ,  
however ,  t h i s  is l i t t l e  developed,  t h e  n u m b e r  of c h a r a c t e r -  

is t ic  n eu ro s en s o ry  p h o t o r e c e p t o r  e l e m e n t s  b e i n g  r e l a t i ve ly  
s m a l l  in  c o m p a r i s o n  w i t h  t h a t  of r u d i m e n t a r y  p h o t o -  
r ecep to r  cells 2. T h e  fo rmer  show morpho log ica l  f ea tu res  
s imi l a r  to  those  of t h e  p h o t o r e c e p t o r  cells in  t h e  p inea l  
o r g a n  of Lacerta muralis, ear l ie r  def ined  2 I n  t h e  basa l  
p a r t  of t h e  p inea l  s enso ry  ep i the l i um,  some  few senso ry  
n e r v e  cells could  be  d e t e r m i n e d  s. I n  sp i te  of t h e i r  r e l a t ive  
scarceness,  a b o u t  30 cha rac t e r i s t i c  s y n a p t i c  co n n ec t i o ns  
could be  obse rved  fo rmi n g  j u n c t i o n s  b e t w e e n  t h e  r ecep to r  
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Fig. 1. Outer and inner segments of a typical photoreceptor. C, axial centriole; Di, discs; L, lumen of the pineal organ; Sc, connecting segment; 
Se, external segment; Si, internal segment, x 25,000. 
Fig. 2a and b. Synaptie ribbons (Rs) in the processes (Ps) of photoreceptors in close proximity to dendritic processes (D) of nerve cells. Vs, 
synaptic vesicles. ×48,000; x42,000. 
Fig. 3. Demonstration of 3 synaptic contacts. D, dentritic process; Gd, dense granule; Ps, synaptic processes of the photoreceptor cells; Rs, 
synaptic ribbons. × 30,000. 
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and conductor  e lements  of the  phot ic  s t imuli .  Studies  of 
the  middle  region of the  organ, now in progress, do no t  
show these s t ructures  so far. 

I n  cont ras t  to some o ther  authors,  we dis t inguish  
' synap t ic  r ibbons '  f rom 'vesic le-crowned rodlets '  *. Synap-  
t ic  r ibbons show an axo-dendr i t ic  localization.  They  are 
sur rounded by  clear vesicles and form p a r t  of a complex  
of o ther  morphologica l  fea tures  charac ter iz ing  a t rue  
synap t ic  junct ion,  such as free synap t ic  vesicles, a pre- 
and pos t synapt ic  thickening,  and possible f i l amentous  
mater ia l ,  present  in t he  synap t ic  cleft.  Synap t i c  r ibbons 
are  f r equen t ly  observed  in Anamnio tes .  Vesicle-crowned 
rodlets,  on  the  o ther  hand,  show a somato-somat ic  posi- 
t ion and are  never  associated wi th  o ther  s t ructures ,  typ ica l  
of a t rue  synap t ic  connect ion.  T h e y  are  essent ia l ly  present  
in Amnio tes  inc luding mammals .  So far, i t  is no t  known 
whe the r  vesicle-crowned rodle ts  represen t  a form of 
synap t ic  regression or  a func t iona l  m u t a t i o n  of the  con- 
ven t iona l  r ibbon- type  synapses.  

The  e lements  descr ibed in t he  present  pape r  have  to be 
considered synap t ic  r ibbons.  T h e y  are  s t r ic t ly  localized 
in the  basal  processes of the  pho torecep tor  cells (Figures 
2 and 3), which  are  typ ica l ly  charac ter ized  by  the  presence 
of ex te rna l  segments  (Figure 1), and lie in close topo-  
graphica l  re la t ionship  wi th  nerve  cells (Figures 2 and 3). 
Moreover ,  these s t ructures  show the  same di f ferent ia t ion  
as those  present  in a h ighly  di f ferent ia ted  photosensory  
pineal  organ (.Lampetra planeri ~). 

The synap t ic  r ibbons are  in close p r o x i m i t y  to the  
fol lowing nervous  cons t i tuents :  processes showing mi to-  
chondria ,  microtubules ,  clear and dense-core vesicles *, 
smooth  or  granular  endoplasmic  re t i cu lum (Figure 3). 
I n  the  case of Lampetra, all  of these  organelles are consid- 
ered c h a r a c t e r i s t i c  of dendr i tes  of in t rap inea l  sensory 
neurones x, ~. P r o x i m i t y  of synap t ic  r ibbons  to  cell bodies  
of ne rve  cells is on ly  except iona l ly  observed.  

I n  cont ras t  to the  processes of r u d i m e n t a r y  photo-  
receptor  e lements ,  the  synap t ic  process of typ ica l  photo-  
receptor  cells contains,  l ike the  in terna l  segment  and the  
cell  body,  some rare dense granules  of an average  d iamete r  
of 1,000/k (Figure 3). The  t e rmina l  ending of the  synapt ic  
processes abounds  in synap t ic  vesicles (Figures 2 and 3), 
con t r a ry  to  the  t e rmina l  of the  basal  process of rud iment -  
a r y  pho to recep to r  cells. A t  t he  level  of the  ' ac t ive  zones' ,  
invo lved  in synap t ic  t ransmiss ion,  t he  fol lowing s t ructures  
can be  observed (Figures  2 and 3): a) A t  t he  p resynap t i c  

side, in t he  t e rmina l  ending of the  basal  process of the  
pho to recep to r  cell:  Synapt ic  r ibbons  associated wi th  
vesicles as well  as free vesicles. The  vesicles are clear and 
show an average  d iamete r  of 500 A. A presynapt ic  dense 
zone, ad jacen t  to the  presynapt ic  membrane ,  b) At  the  
pos t synap t ic  side, in the  dendri t ic  process and in the  cell  
body  of the  neurones :  A pos t synapt ic  dense zone, ad jacen t  
to  t he  pos t synap t ic  membrane ,  c) In  t he  synapt ic  cleft,  
bordered  by  the  pre- and pos t synap t ic  m e m b r a n e :  
f i l amentous  mater ia l ,  mos t  of ten directed para l le l  to  t he  
membranes .  

I t  seems possible t h a t  several  pho torecep tor  cells m a k e  
synap t i c  con tac t  w i th  a single in t rap inea l  neuron because,  
actual ly ,  a n u m b e r  of such di rec t  contac ts  is established,  
no t  only  wi th  t he  dendr i t ic  processes, b u t  also wi th  t he  
cell  bodies. So far, we h a v e  no t  been able  to  demons t r a t e  
whe the r  some photorecep tor  cells m a k e  synap t ic  con tac t  
w i th  dendr i tes  exclusively,  while  o thers  make  such a 
con tac t  w i th  the  cell  body  only,  or  whe ther  a single photo-  
receptor  e l emen t  establishes synap t ic  junct ions  wi th  both,  
t he  dendr i tes  as  well as the  soma  of a sensory nerve  cell. 

The  demons t r a t ion  of r ibbon- type  synapt ic  connect ions  
be tween  pho to recep to r  cells and nerve  cells conduc t ing  
phot ic  s t imul i  in the  pineal  organ of Lacerta is an  argu-  
men t  in f avour  of the  convers ion of rad ia t ing  energy into 
nervous  impulses  a t  the  level  of the  character is t ic  photo-  
receptors  (Figure 1). This  is in accordance wi th  the  achro-  
mat ic  response obta ined  in the  pineal  organ of Lacerta 
sicula 4 in e lect rophysiological  invest igat ions.  

R~sumd. Un apparei l  photor~cepteur  et  neuroconduc-  
teur  est h a u t e m e n t  diff6renci6 mais  q u a n t i t a t i v e m e n t  peu 
d~velopp6 dans l 'o rgane  pin6al de Lacerta vivipara adulte .  
L ' ex i s tence  de rubans  synapt iques  typiques ,  ~ la jonct ion  
des photor6cepteurs  et  des cellules gangl ionnaires  est 
d~montr~e. 
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A c t i o n  t ~ r a t o g ~ n e  d e s  a l t e r a t i o n s  v a s c u l a i r e s  

L 'ac t i on  t~ratog~ne de l ' hypoglyc~mie  1, ~, de  l ' an~mie ~, 
de  l 'hypoxie* ,  s, du CO, 6, 7 etc. ,  est  a t t r i b u t e  g6n6ralement  

l ' ac t ion  di recte  de  ces agen ts  sur  les cellules de l ' em-  
bryon.  Cependant ,  dans  diverses  des experiences,  nous 
avons  consta t6  que  les pe r tu rba t ions  vasculaires  cons*- 
cut ifs  k l ' ac t ion  de cer ta ins  t6ratog~nes sont,  aussi, un 
fac teur  i m p o r t a n t  dans  la gen~se de  cer ta ines  ma l fo rma-  
tions. 

Au cours de t r a v a u x  pr6c6dents s, 9, nous avons  d~cri t  
les a l t6rat ions vasculaires  qui  appara issent  apr~s l 'h6mor-  
ragie exper imenta le  chez les embryons  du poulet ,  al t6ra-  
t ions qui  sont  responsables des ma l fo rmat ions  caudales.  

Plus  r~cemment  nous avons  6tudi6 les a l t6rat ions  
vasculaires  qui  se pr6sentent  apr~s l ' hypox ie  et  des inter-  
ven t ions  sur les somites.  Les embryons  soumis k l ' hypox ie  
(caus6e par  le r ev~ temen t  de la coquil le  avec  de la paraf-  
fine, apr~s 32 h d ' incuba t ion ,  en la issant  1/3 de la chambre  

air, ou 1/v selon les cas, sans rev~tement) ,  pr6sent~rent ,  
30 h apr~s, les a l t6rat ions su ivantes :  

1. Une  notab le  d i la ta t ion  des va i s seaux  ex t r a  e t  in t ra  
embryonnai res ,  propor t ionnel le  k la  surface paraff in6e 
de  la coquille.  
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