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Comparison of the two bipolar cell types at stage 40 

Type I Type II 

Nuclear Close to outer 
position plexiform layer 

Nuclear Large (2 [xln wide 
morphology differ from horizontal 

cell nuclei which are 
spherical) 

Cytoplasm Scanty 

Cytoplasmic Mitochondria, more 
organelles, rough endoplasmic 

reticulum, free 
ribosomes, some 
neurotubules 

Morphology of Short branches of 
dendritic dendritic processes 
processes from cell body 

Close to inner 
layers 

Smaller (1.5 [xm 
wide) 

Scanty 

Long mitochondria 
less rough 
endoplasmic reticulum 
free ribosomes, 
prominent long 
golgi, more 
neurotnbules 

Long main dendrite 
leading from body, 
then giving out 
branches 

Fig. 2. Type I and II bipolar cells at the same stage. The nucleus of 
the type I bipolar is large and located more externally. Note the 
presence of some rough endoplasmic reticulum near the nucleus. 
On the other hand, the long dendritic trunk in the type II bipolar 
contains a golgi apparatus, mitochondria and neurotubules. • 28,800. 

Tab le  (Figures  1 and  2). In  ra re  ins tances ,  a cent r io le  m a y  
be  p r e sen t  in  t he  m a i n  d e n d r i t e  of t h e  t y p e  I I  b ipo la r  
cells (Figure 2) a t  t h i s  stage.  

Discussion. Bipola r  cells are  der ived  embryo log ica l ly  
f r o m  the  ou t e r  neu rob l a s t i c  l ayer  1~ n a n d  in i t i a l ly  t h e y  
a p p e a r  sp ind le - shaped  a n d  c a n n o t  be  easi ly  d i f f e ren t i a t ed  
f rom the  o t h e r  r e t i na l  ceils. B y  s tage 36, w h e n  t he  ou te r  
p lex i fo rm layer  appea r s  a n d  sepa ra tes  t he  p h o t o r e c e p t o r  
ceils f r om t h e  inne r  nuc lea r  layer ,  b ipo l a r  cells can  be  
c lear ly  ident i f ied.  Our  e lec t ronmicroscopic  d a t a  on these  
2 t ypes  of ch ick  b ipo la r  cells a p p e a r  to  con f i rm  RAM6~ 
v CAJAL'S studies .  Type  I b ipo la r  cells (RAM65! Y 
CAJAL'S ou te r  bipolars)  w i t h  large nucle i  a n d  sho r t  
dend r i t i c  b r a n c h e s  can  be  d i s t ingu i shed  f rom the  t y p e  I I  
b ipo la r  cells (RAM6N Y CAJAL'S inne r  bipolars)  each  of 

t h e m  h a s  a smal le r  nuc leus  an d  a single long m a i n  den-  
dr i t ic  t runk .  F u r t h e r m o r e ,  our  resul t s  also ind ica te  t h a t  
the re  are differences b e t w een  cy t o p l a s mi c  organel les  in  
t h e  2 types  of b ipo la r  cells. 

I t  is hoped  t h a t ,  based  on  t h e  u l t r a s t r u c t u r a l  charac-  
te r i s t ics  of these  2 types  of ch ick  b ipo la r  cells, add i t i ona l  
u n d e r s t a n d i n g  of t h e  c o m p l e x  re la t ionsh ips  be tween  the  
b ipo la r s  a n d  t h e  d i f fe ren t  r e t ina l  cell t y p e s  can  t h e n  be  
ob ta ined .  

Summary. Two types  of b ipo la r  cells are ident i f ied  in 
t h e  ch ick  e m b r y o n i c  re t ina .  T h e y  can  be  d i s t ingu i shed  b y  
t h e i r  cy top l a smic  organelles.  
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O v u l a t i o n  in  a n  E c h i n o d e r m  (Comanthus japonica) 
O v u l a t i o n  in severa l  i n v e r t e b r a t e  groups  m a y  be 

def ined as t he  passage  of oocytes  t h r o u g h  a layer  of 
ep i the l ia l  cells. Th i s  p h e n o m e n o n  h a s  been  obse rved  
d i rec t ly  for c t enophores  ~ a n d  has  been  in fe r red  f rom 
compar i sons  of ova r i an  h i s to logy  before  a n d  a f te r  
o v u l a t i o n  for coe len te ra tes  ~, p r i apu l ids  3, p e n t a s t o m i d s  4 
a n d  cepha lochorda tes6 .  The  p r e sen t  r e p o r t  descr ibes  the  
foregoing t y p e  of ovu l a t i on  6 for t he  f i rs t  t i m e  in an  
e c h i n o d e r m  ; moreover ,  t he  oocytes  are i l l u s t r a t ed  d u r i n g  
t h e i r  t r a n s e p i t h e l i a l  passage.  

The  e c h i n o d e r m  s tud ied  was Comanthus japonica, a 
cr inoid  for  wh ich  t he  s p a w n i n g  da te  is p r ed i c t ab l e  f rom 
tile l u n a r  ca l enda r  ~. On t he  p red ic t ed  day,  a l m o s t  all  t h e  

oocytes  in all  t h e  females  beg in  m a t u r a t i o n  w i t h  ge rmina l  
vesicle b r e a k d o w n  s h o r t l y  before noon,  an d  t h e  m a t u r e  
ova  are s p aw n ed  l a t e r  t h a t  af ternoonS,  9. To d e m o n s t r a t e  
o v u l a t i o n  in Comanthus, we r e m o v e d  ovar ies  eve ry  15 
mil l  t h r o u g h o u t  t i le m o r n i n g  a n d  a f t e r n o o n  of t h e  spawn-  
ing day.  These  ovar ies  were f ixed b y  p rev ious ly  pub l i shed  
me thods1~  for l ight -  an d  e lec t ron  microscopy.  

U p  t h r o u g h  11.30 h, eve ry  oocyte  h a d  a ge rmina l  vesicle 
c o n t a i n i n g  a s ingle nucleolus.  E a c h  oocy te  lay  m a i n l y  in 
t h e  i n t e r m e d i a t e  l ayer  of t h e  ovary11;  however ,  t h e  end  
of t h e  o0cyte  n e a r e s t  t h e  ova r i an  l u m e n  was closely asso- 
c ia ted  w i t h  a p l aque  of cubo ida l  somat i c  cells be long ing  to 
t h e  o therwise  s q u a m o u s  ep i the l ium l in ing t h e  ovary.  
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T r a n s m i s s i o n  e l ec t ron  m i c r o s c o p y  s h o w e d  t h a t  t h e  p l a s m a  
m e m b r a n e  of t h e  oocy t e  w a s  s e p a r a t e d  f r o m  t h e  p l a s m a  
m e m b r a n e s  of t h e  s o m a t i c  cells b y  an  e l ec t ron  lucen t ,  
i n t e rce l lu la r  space  severa l  h u n d r e d  ~ n g s t r o m s  wide.  
E x c e p t  a t  t h e  fo rego ing  cell-to-cell  a s soc i a t i on  zone,  t h e  
oocy t e  w a s  e n v e l o p e d  b y  a t h i n  chor ion ,  w h i c h  w a s  
a c t u a l l y  a c o n t i n u a t i o n  of t h e  ba sa l  l a m i n a  u n d e r l y i n g  t h e  
i nne r  l aye r  of t h e  o v a r y .  

]3y the  s a m p l e  of 11.45 h, t he  b r e a k d o w n  of t h e  g e r m i n a l  
vesicle  a n d  t h e  d i s a p p e a r a n c e  of t h e  nuc l eo lus  s igna led  
t h e  s t a r t  of  oocy t e  m a t u r a t i o n .  O v u l a t i o n  h a d  also s t a r t ed ,  
as  each  oocy t e  w a s  j u s t  b e g i n n i n g  to  e n t e r  t h e  o v a r i a n  
l u m e n  b y  p a s s i n g  t h r o u g h  t h e  e p i t h e l i u m  l in ing the  o v a r y .  
B y  s u b s e q u e n t  s a m p l e s  (12.00 h noon ,  12.15 h a n d  12.30 
h), a n  ever  i nc r ea s ing  p o r t i o n  of each  oocy te  w a s  p ro j ec t -  
ing  in to  t h e  o v a r i a n  l u m e n  (F igures  1 a a n d  2). T h e  oocy t e s  
were  c o n s t r i c t e d  b y  p a s s a g e  t h r o u g h  the  e p i t h e l i u m ,  b u t  
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Fig. 1. (top). Light micrographs of Comanthus ovaries fixed on the day of spawning. A) Ooeyte fixed at 12.15 h during ovulation. The 
ooeyte is passing through the inner ovarian epithelium (single arrow) and is emerging into the ovarian lmnen towards the top of the figure. 
In this figure, the chorion (twin arrows) cannot be distinguished from the epithelium lining the ovary. I3) Ooeyte fixed at 13.00 h, just 
after the end of ovulation. The oocyte, containing the metaphase plate (single arrow) of the first maturation division, lies free in the 
ovarian lumen. The stripped off chorion (double arrow), now much collapsed and thickened, lies beneath the inner epithelium of the 
ovary. The scale lines are 50 ~m long. 

Fig. 2. (bottom). Scanning electron inicrograph of the luminal surface of a Comanthus ovary fixed during ovulation (12.15 h on the 
day of spawning). 2 ooeytes are passing into the lmnen through circular openings in the epithelium lining the ovary. The cuboidal 
cells (arrows) of the epithelium are distributed around the periphery of each opening. Elsewhere the epithelium consists of squamous cells 
not individually distinct at this magnification. The scale line is 50 [zm. 
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e x p a n d e d  aga in  as t h e y  en t e red  t he  lumen.  Scann ing  
e lec t ron  mic roscopy  d e m o n s t r a t e d  t h a t  each  oocyte  
emerged  t h r o u g h  a c i rcular  open ing  loca ted  in t he  m i d s t  
of t h e  p l aque  of cubo ida l  soma t i c  cells ; du r ing  t h e  passage  
of t he  oocyte,  t he  cubo ida l  cells were d i s t r i b u t e d  a r o u n d  
t he  p e r h i p h e r y  of the  open ing  (Figure 2, arrows).  N o t h i n g  
is ye t  k n o w n  a b o u t  t he  d y n a m i c  cause(s) of o v u l a t i o n  in 
Comanthus; more  work  is needed  to assess t he  possible  
roles of oocy te  mot i l i ty ,  soma t i c  cell mot i l i ty ,  chor ion  
con t rac t i l i ty ,  o v a r i a n  p ro teo ly t i c  enzymes,  and  pressure  
changes  in t he  subchor ion ic  space. 

B y  12.45 h o v u l a t i o n  was  over,  h a v i n g  t a k e n  approx i -  
m a t e l y  1 h f rom s t a r t  to  finish. All  t he  oocytes  were now 
lying free in  t h e  o v a r i a n  lumen ,  a n d  m o s t  of t h e m  h a d  
r eached  m e t a p h a s e  of t h e  f i rs t  m a t u r a t i o n  divis ion (FigUre 
i b). The  chor ions  h a d  been  s t r ipped  off t he  oocytes  d u r i n g  
ovu l a t i on  a n d  r ema ined ,  m u c h  t h i c k e n e d  and  folded, 
b e n e a t h  t he  l in ing  e p i t h e l i u m  of t he  o v a r y  (Figure  l b ) .  
I n  t h i s  ep i the l ium,  no  conspicuous  openings  r e m a i n e d  a f te r  
ovu la t ion .  Fo r  a t  leas t  severa l  hou r s  a f te r  ovu la t ion ,  t he  
ep i the l i um l in ing  t he  o v a r y  was  sti l l  d i f f e ren t i a t ed  in to  
p laques  of cubo ida l  cells a n d  s q u a m o u s  cells. Oocyte  
m a t u r a t i o n ,  wh ich  h a d  s t a r t e d  s i m u l t aneous l y  w i t h  
ovu la t ion ,  c o n t i n u e d  for  severa l  more  hours  a f te r  t he  end  
of ovu la t ion .  M a t u r a t i o n  p roceeded  in t he  ova r i an  l u m e n  
t h r o u g h  t he  two  m a t u r a t i o n  divis ions  a n d  ended  w i t h  
t he  f o r m a t i o n  of an  egg p ronuc leus  in  each  ovum.  At  
spawning,  wh ich  t o o k  place s ho r t l y  before  16.00 h, t he  
ova  were expel led  f rom t h e  o v a r i a n  l umen  in to  t he  sea 
w a t e r  b y  s i m u l t a n e o u s  r u p t u r e  of t he  o v a r i a n  and  b o d y  
wails.  

I n  t he  P h y l u m  E c h i n o d e r m a t a ,  t he  t y p e  of ovu l a t i on  
descr ibed  a b o v e  for Comanthus p r o b a b l y  occurs  in  m a n y  
crinoids,  h o l o t h u r i a n s  a n d  oph iuro ids  12. In  mos t  echinoids,  
b y  con t ras t ,  m a t u r i n g  oocytes  pass  t h r o u g h  a s t r a t i f i ed  

e p i t h e l i u m  of n o n - g e r m i n a l  cells13; a n d  the re  are no 
chor ions  to  be s t r i pped  off and  lef t  b e h i n d  in t h e  inne r  
l ayer  of t he  ovary .  I n  asteroids ,  t he  r e t r a c t i o n  of t he  
follicle ceils f rom the  m a t u r i n g  oocytes l*  is u n d o u b t e d l y  
a p a r t  of o v u l a t i o n ;  u n f o r t u n a t e l y ,  a n  exac t  desc r ip t ion  
of as te ro id  o v u l a t i o n  is n o t  ye t  possible,  since t he  s t ruc-  
t u r e  of t h e  inne r  layer  of t he  o v a r y  is imper fec t ly  unde r -  
s tood a t  present .  

Summary. An i n v e r t e b r a t e  t y p e  of ovu l a t i on  is descr ib-  
ed for t h e  f i rs t  t ime  for a n  ech inoderm.  I n  th i s  ech inoderm,  
w h i c h  is a cr inoid,  o v u l a t i o n  is t h e  passage  of m a t u r i n g  
oocytes  t h r o u g h  t e m p o r a r y  open ings  in the  e p i t h e l i u m  
l in ing  t he  ovary .  Af te r  ovu la t ion ,  w h i c h  takes  a b o u t  1 h, 
t h e  oocytes  lie free in  t he  o v a r i a n  l u m e n ;  t he re  t h e y  
qu ick ly  f in ish  m a t u r i n g  in to  ova  w h i c h  are s p a w n e d  in to  
t h e  sea water :  
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Degeneration of Adrenergic Axons in the Longitudinal Muscle Goat of the Rat Duodenum 
Following Treatment with 6-Hydroxydopamine 

Severa l  a u t h o r s  1-~ h a v e  r ecen t ly  a l luded to t h e  v i r t u a l  
absence  of a n  adrenerg ic  i n n e r v a t i o n  of t he  l ong i tud ina l  
coa t  of t h e  muscu la r i s  e x t e r n a  of m a m m a l i a n  gut .  This  
c o n t r a s t s  w i t h  t h e  c i rcular  coa t  wh ich  is said to  receive a 
d i rec t  adrenerg ic  i nne r va t i on .  D u r i n g  t he  course of a 
s t u d y  on  t he  s u b m u c o u s  gangl ia  of t he  r a t  d u o d e n u m  
following t r e a t m e n t  w i t h  6 - h y d r o x y d o p a m i n e  4 (6-OHDA),  
degene ra t i ng  adrenerg ic  axons,  un re l a t ed  to  b lood  vessels,  
were obse rved  in pass ing,  in b o t h  coats  of the  muscu la r i s  
ex te rna .  I n  v iew of t h e  p a u c i t y  of i n f o r m a t i o n  on  t he  
adrenerg ic  i n n e r v a t i o n  of t he  l ong i tud ina l  coa t  of m a m -  
m a l i a n  gut ,  i t  was  decided to  s t u d y  t he  p r o b l e m  fur ther .  

A d u l t  a lb ino  r a t s  weigl~ing 250-300 g were g iven  a single 
i.v. i n j ec t ion  t h r o u g h  t he  s aphenous  ve in  of i 00  m g / k g  
6-OHD~k (25 m g / m l  6 - O H D A  HC1 dissolved in a so lu t ion  
c o n t a i n i n g  1 m g / m l  ascorbic  acid). Cont ro l  r a t s  were 
in jec ted  i.v. w i t h  a n  e q u i v a l e n t  vo lume  of ascorbic  acid. 
S u b c u t a n e o u s  h e p a r i n  (1 ,000 U) was a d m i n i s t e r e d  to all  
r a t s  a t  t he  t i m e  of t he  i.v. in ject ion.  All  r a t s  were sacr i f iced 
a b o u t  1 h a f te r  t he  expe r imen t s .  The  d u o d e n u m  was f ixed 
b y  i n t r aca rd i ac  per fus ion  for 15 m i n  w i t h  a so lu t ion  
c o n t a i n i n g  4 .0% g l u t a r a l d e h y d e  in 0.10 M cacody la te  
buf fe r  a t  p H  7.25. Fo l lowing  perfusion,  a sho r t  s e g m e n t  of 
d u o d e n u m  was  d i s t ended  s l igh t ly  w i t h  fresh f ixa t ive  a n d  
t i ed  a t  b o t h  ends  to  m a i n t a i n  t he  dis tension.  T he  whole  
s e g m e n t  was  r e m o v e d  a n d  i m m e r s e d  in f resh ice-cold 
f ixa t ive  for a f u r t h e r  2-3  h,  a f t e r  wh ich  i t  was  sliced in to  
t h i n  r ings.  The  m a t e r i a l  was  pos t - f ixed  in 1% o s m i u m  

te t rox ide ,  d e h y d r a t e d  w i t h  ace tone  a n d  e m b e d d e d  i n  
a ra ld i te .  Semi - th in  t r a n s v e r s e  sect ions  of t he  d u o d e n u m  
were s t a i ned  w i t h  m e t h y l e n e  blue  a n d  p repa red  for l igh t  
microscopy.  U l t r a - t h i n  t r a n s v e r s e  sect ions  were s t a i n e d  
w i t h  aqueous  s a t u r a t e d  u r a n y l  ace t a t e  and  lead c i t r a t e  
a n d  e x a m i n e d  in a H i t a c h i  HS-8  e lec t ron  microscope.  

The  l ong i t ud ina l  coa t  of t he  r a t  d u o d e n u m  was  30-35 
~ m  t h i c k  and,  t h o u g h  c lear ly  t h i n n e r  t h a n  t he  c i rcular  
coat ,  was  a b o u t  4/5 t he  l a t t e r ' s  t h i c k n e s s  (Figure 1). 

E l ec t ron  mic roscopy  of t he  6 - O H D A  t r e a t e d  r a t s  show- 
ed, in t he  core of t he  l ong i t ud ina l  coat ,  smal l  to  m e d i u m -  
sized ne rve  bund l e s  whose  axons  were somet imes  seen 
to  a p p r o a c h  ind iv idua l  muscle  f ibres  (Figures 2 a n d  3). 
Adrenerg ic  axons  w i t h i n  n e r v e  bund l e s  could be  recognized 
b y  t h e i r  c o n t e n t  of sma l l  g r a n u l a t e d  vesicles as well  as 
a g r a n u l a r  vesicles a n d  large g r a n u l a r  vesicles 6. F igure  2 
shows p a r t  of a n e r v e  b u n d l e  pa r t i a l l y  enve loped  b y  
S c h w a n n  cell c y t o p l a s m  a n d  c o n t a i n i n g  4 adrenerg ic  
axons,  3 of wh ich  (al-a3) were  showing  ear ly  degene ra t i on  
(general  da rken ing ,  swol len vesicles a n d  degene ra t i ng  
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