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are in progress  a t  t he  e lec t ron microscopic  and  biochemi-  
cal levels in order  to de te rmine  the  mechan i sm and  fine 
s t ruc tu ra l  loci of ac t iv i ty  I6,1~. 

Zusammen/assung.  Nachweis ,  dass  im R a t t e n - S t r i a t u m  
die Reserp in - induz ie r te  Dopamin -Dep le t i on  mi t  einer 
E r h 6 h u n g  der ATPase-Akt iv i t / i t  v e r b u n d e n  ist. 

~6 Supported by: NIH grant No. NB 06980, The University of Texas 
Medical School at San Antonio, NIH grant No. 10326, The 
University of Texas Medical School at Houston and Nathaniel 
Henry Asten Fund for Paralysis Agitans, San Antonio. 

1, Special appreciation: Dr. CAROLINE BEXJAMIN for performing the 
biochemical determinations. 

18 Formerly at The University of Texas Medical School at San 
Antonio, Texas. 

13 Formerty at Wilford Hall Air Force Base, Dept. of Neurosurgery, 
San Antonio, Texas. 
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The Histology of the Retina of Pomatoschistus (Gobius) microps (Kroyer) 

In  near ly  all m e m b e r s  of the  te leosts  there  are 3 types  of 
visual  ceils: rods, single cones and twin  cones. The twin  
cones are found only in teleosts.  I n  1911 HEss  1, hav ing  
s tud ied  d i f fe ren t  re t inae,  no ted  t h a t  in no o the r  ver te-  
b ra te  class is the re  such a va r i e ty  in s t ruc tu re  and distr i-  
bu t ion  of rods and cones. Subsequent ly ,  the  te leost  re t ina  
has received only scan t  a t t en t i on  2-~. 

Various te leos tean  re t inae  are cur ren t ly  being s tudied  
b o t h  his tological ly (light and electron microscope) and  
h is tochemica l ly  in th is  d e p a r t m e n t .  In  this  paper  t he  
s t r u c t u r e  of the  ret ina,  par t i cu la r ly  of the  photorecep tors ,  
of Pomatoschistus microps is given. 

. Material and methods. Pomatoschistus microps is a 
ka t ad romous  fish, found f rom October  to March in the  
Salt  Marsh,  Bull Is land,  Dubl in  ~. The fish were decap i ta t -  

t C. vo• HEss, Arch. vergl. Ophthal. 7, 12 (1911). 
.z G.L. WACLS, The Vertebrate Eye and its Adaptive Radiation (Cran- 

brook Inst. Set., Bloomfield, Michigan 1942). 
3 S. POLYAK, The Vertebrate Visual System (Univ. Chicago Press, 

Chicago 1958). 
4 j .  H. PRINCE, Comparative Anatomy o/the Eye. Charles C. Thomas. 

Springfield Ill. USA 1956). 
5 y. KIJNz Proc. R. Ir. Acad. 68, 77 (1969). 

Fig. 1. Retina of Pomatosehistus microps (dark adapted). 
C, cone; GCL, ganglion cell layer; INL, inner nuclear layer~ 
IPL, inner plexiform layer; ONL, outer nuclear layer; OPL, 
outer plexiform layer; PE, pigment epithelimn; R, rod. 
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ed and  the  heads  f ixed in Bou in  D ubos cq  or formol-  
alcohol,  t h e n  d e h y d r a t e d  and  e m b e d d e d  in paraff in .  
Sect ions  were cu t  a t  6 v m  a n d  s t a ined  w i t h  azan  a f te r  
HEIDENHAI~. I n  addi t ion ,  t he  p i g m e n t  was  b leached  f rom 
the  r e t ina l  ep i the l i um in severa l  spec imens  for b e t t e r  
v i sua l i za t ion  of t he  rods  (chlorine gas m e t h o d  afterMAIER). 
To o b t a i n  d a r k  a d a p t e d  eyes, t h e  f ish were k e p t  p r io r  to  
t r e a t m e n t  for 3 h in  a d a r k  room ; t h e y  were t h e n  decap i t a t -  
ed and  f ixed w i t h  t he  a id  of a red  light�9 A Wild-20 micro-  
scope w i t h  d rawing  t u b e  was used for observa t ions �9  

ResulXs. The  obse rva t ions  refer  to  t he  cen t ra l  p a r t  of t he  
r e t i n a  p roceed ing  f rom t h e  inne r  or v i t r ea l  to  t he  ou te r  or 
scleral  surface  (Figure 1). The  v i t r ea l  surface of t he  r e t i n a  
is suppl ied  w i t h  hya lo id  vessels, wh ich  do no t  p e n e t r a t e  it. 
The  gangl ion  cell layer  (GCL) is 2-3  cells thick�9 T he  inne r  
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Fig. 2. Pigment epith~limn and photoreceptors in light and dark 
adapted retina; far left, pigment bleached; el, ellipsoid; ELM, ex- 
ternal limiting membrane; my, myoid; os, outer segment; SC, siilgle 
cone; TC, twin cone. 
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Fig. 3. Regular mosaic pattern of single and twin cones (outer seg- 
ments). The field of Figure 4 is outlined, os/b, outer segment staining 
blue; os/p, outer segment staining pink. 

p lex i fo rm layer  ( IPL)  is of a s imi la r  t h i ckness  to  t he  i nne r  
nuc lear  layer  (INL).  The  cells of th i s  l ayer  are sha rp ly  
d i f f e ren t i a t ed  as to  size, shape  a n d  c h r o m a t i n  d i s t r ibu-  
t i on :  The re  are 3 rows of a m a c r i n e  ceils, w i t h  large 
l igh t ly  s t a in ing  spher ica l  nucle i ;  t he  nucle i  of Muller ' s  
f ibers  are also c o n t a i n e d  w i t h i n  th i s  region. The  a m a c r i n e  
cells are followed b y  6 rows of b ipo la r  cells, w i t h  smal le r  
a n d  more  deep ly  s t a in ing  nuclei.  The  b ipo la r  cells are 
borde red  scleral ly b y  a row of ho r i zon ta l  cells. Ad jo in ing  
these,  and  e m b e d d e d  w i t h i n  t he  o u t e r m o s t  b ipo la r  cell 
row, are ceils w i t h  a larger,  ovoid,  l i gh t ly  s t a in ing  
nucleus,  even ly  spaced  so t h a t  the re  is one such  cell to  
eve ry  f o u r t h  ho r i zon ta l  cell. The  ou te r  p lex i fo rm layer  
(OPL) is t he  t h i n n e s t  layer  of t he  re t ina .  I t  is fol lowed b y  
the  ou te r  nuc lea r  layer  (ONL), wh ich  is composed  of 2 
rows of nucle i :  one row of smal l  heav i l y  s t a ined  rod  
nuclei,  and  t he  o the r  of larger,  sp indle  shaped  cone nuclei  
w i t h  a loose c h r o m a t i n  ne twork .  

The  p h o t o r e c e p t o r  layer  ( C + R )  con t a in s  rods, single 
a n d  t w i n  cones. The  a p p r o x i m a t e  n u m e r i c a l  r a t io  of cones 
to rods is 5:4.  The  el l ipsoid of t he  rods  is ve ry  s lender  
a n d  s t a ins  un i fo rmly ;  t he  ou te r  s egmen t  appea r s  to  
cons is t  of a series of t r a n s v e r s e  discs. The  single cones lie 
nea re r  t he  ex t e rna l  l i m i t i n g  m e m b r a n e  t h a n  t he  tw in  
cones. The  el l ipsoid of t he  single cone s ta ins  un i fo rmly  
and  is more  s lender  t h a n  t h a t  of t h e  t w i n  cone. The  ou te r  
s egmen t  of t he  single cone is t h i n n e r  t h a n  t h a t  of t he  tw in  
cone and  s ta ins  p i n k  w i t h  azan.  The  el l ipsoids of t he  t w i n  
cones s t a in  heav i l y  and  d i sp lay  a coarse g ranu la t ion ,  
wh ich  is more  c o n c e n t r a t e d  in t he  scleral  two t h i r d s  of t he  
ellipsoid�9 One ou te r  s egmen t  of each t w i n  cone s ta ins  p i n k  
and  the  o the r  blue.  The  p i g m e n t  e p i t h e l i u m  (PE) is 
packed  w i t h  spher ica l  and  needle  s h a p e d  fuscin granules�9 

L i g h t  a d a p t e d  eye : D u r i n g  l igh t  a d a p t a t i o n ,  t he  ma jo r -  
i ty  of t he  needle  shaped  granules  m i g r a t e  v i t r ea l l y  a n d  
occlude the  ou te r  s egmen t s  and  el l ipsoids of t he  e x t e n d e d  
rods. The  spher ica l  granules  r e m a i n  c o n c e n t r a t e d  in t he  
basa l  p a r t  of t he  ep i the l ium.  The  cones m o v e  t o w a r d s  t he  
ex t e rna l  l im i t i ng  m e m b r a n e  and  t h e i r  c o n t r a c t e d  myoids  
become  a lmos t  as b road  as t h e  ellipsoids. D a r k  a d a p t e d  

�9 eye:  Dur ing  d a r k  a d a p t a t i o n  t he  needle  s h a p e d  p i g m e n t  
granules  move  sclerally.  The  rods  c o n t r a c t  v i t r ea l ly  so 
t h a t  t h e i r  el l ipsoids come to lie on t he  ex t e rna l  l imi t ing  
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Fig. 4. Diagram showing 3-dimensional arrangement of mosaic unit. 
N, nucleus. 
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m e m b r a n e .  The  cones e x t e n d  scleral ly to  t he  same e x t e n t  
as do t he  rods  in t he  l i gh t  a d a p t e d  eye. (Figure 2). 

T a n g e n t i a l  sect ions  r evea l  t h a t  t he  single a n d  t w i n  cones 
fo rm a regu la r  mosaic  p a t t e r n  (Figure  3). T he  single a n d  
t w i n  cones are  a r r a n g e d  in a l t e r n a t e  rows:  s ingle cones 
fo rming  s t r a i g h t  lines, t w i n  cones fo rming  zig-zag lines. 
Moreover,  sect ions  t r o u g h  the  ou te r  s egmen t s  show t h a t  in  
t he  zig-zag l ines a s eg m en t  of t he  t w i n  cone s t a in ing  p i n k  
a lways  lies oppos i te  a b lue  s t a in ing  one. T he  mosaic  u n i t  
of t w i n  cones/s ingle  cones is shown  (Figures 3 a n d  4). The  
rods  occupy  a t  r a n d o m  all  t he  spaces  be t w een  t he  cones. 

Discussion. Pomaotschistus mierops is a b o t t o m - d w e l l i n g  
f ish ; b e h a v i o u r a l  obse r va t i ons  sugges t  t h a t  t he  p e r c e p t u a l  
world  of gobies is essen t ia l ly  one of v i sua l  a n d  v ib ra -  
t i o n a r y  ( ' d i s t a n t - t o u c h ' )  s t imu l i  ~. I t  is e v i d e n t  t h a t  the  
r e t i n a  of Pomatoschistus mierops is of a p r o n o u n c e d  
d iu rna l  type .  The  cones are d o m i n a n t  in  n u m b e r .  The  
p i g m e n t  e p i t h e l i u m  a m o u n t s  to  r ough l y  1/5 of t h e  en t i re  
t h i ckness  of t he  r e t i n a ;  t he  ou te r  nuc lea r  l ayer  is t h i n ;  
the  i nne r  nuc lea r  l ayer  is r e l a t ive ly  t h i c k  a n d  t h e  gangl ion  
cell l ayer  c o m p a c t  - all these  fea tu res  are cha rac t e r i s t i c  
of a 'cone re t ina ' .  

The  t i e red  a r r a n g e m e n t  of cones, such  as obse rved  here,  
has  p rev ious ly  been  descr ibed  for Lebistes reticulatus a n d  
Phoxinus laevis, b o t h  d i u r na l  f ish ~. A func t iona l  exp lana -  
t ion  for th i s  a r r a n g e m e n t  of cones has  no t  as ye t  been  
found.  I t  has  been  suggested,  b u t  no t  conf i rmed ,  t h a t  t he  
t i e red  a r r a n g e m e n t  of t he  Lebistes cones minimizes ,  or 
even  comple t e ly  corrects ,  t he  c h r o m a t i c  abe r r a t i on ,  
t h e r e b y  r e su l t i ng  in a g rea t ly  increased  acu i ty  s. I t  is 
i n t e r e s t i ng  to no t e  t h a t  in  Pomatoschistus microps, as well  
as in  Lebistes reticulatus, t h e  t w i n  cones form t he  m o s t  
scleral  t ier .  Twin  cones are, accord ing  to  WALLS 2, 
clear ly  assoc ia ted  w i t h  exposure  to  b r i g h t  l ight .  

Regu la r  cone mosaics  are a t yp i ca l  p h e n o m e n o n  of t he  
te leos t  re t ina .  Aside f rom t he  te leos t  re t ina ,  r egu la r  cone 
a r r a n g e m e n t s  h a v e  been  descr ibed  in a species of b i rd" .  
On ly  t he  cones h a v e  been  cons idered  to fo rm a regu la r  
p a t t e r n ,  w i t h  t he  rods  occupy ing  t he  r e m a i n i n g  space, 
un t i l  t h e  s tud ies  of DuN~ 10. He  shows t h a t  in t he  pu re  rod 
r e t i n a  of t he  gecko (Coleonyx variegatus) single, t w i n  and  

t r i p l e t  rods  fo rm a regu la r  r ec t i l inea r  mosaic.  The  
func t iona l  s ignif icance of t he  p h o t o r e c e p t o r  mosaic  is 
obscure.  I t  has  been  sugges ted  t l l a t  in  te leos ts  i t  is 
a d v a n t a g e o u s  for t he  pe rcep t ion  of f a s t - m o v i n g  p r e y  11. 
There  is also in  Pomatosehistus microps a regu la r  spa t i a l  
a r r a n g e m e n t  in  r ega rd  to t he  b lue  a n d  p i n k  s t a in ing  
ou te r  segments  of t he  cones. These  m a y  ref lect  func-  
t iona l  differences.  I t  has  been  shown  b y  mic rospec t ro -  
p h o t o m e t r y  of single goldf ish cones t h a t  t he re  are 3 cone 
t ypes  each  c o n t a i n i n g  1 of 3 p h o t o p i g m e n t s  wh ich  is 
m a x i m a l l y  sens i t ive  in a p a r t i c u l a r  region of t he  s p e c t r u m  1~. 
Since pho to r ecep to r s  and  p i g m e n t  ep i the l i um c o n s t i t u t e  a 
func t iona l  s y s t e m  13, i t  would  be  i n t e r e s t i ng  to inves t iga te ,  
b y  e lec t ron  microscopy,  if a co r r e spond ing  mosa ic  
a r r a n g e m e n t  of organel les  w i t h i n  the  p i g m e n t  e p i t h e l i u m  
exists.  This  is c u r r e n t l y  be ing  done  in th i s  D e p a r t m e n t .  

Zusammen/assung. Der  h is to logische  B a u  der  N e t z h a u t  
yon  Pomatoschislus microps, i n sbesondere  der  Sehzel len in 
Hell-  u n d  Dunke ls te l lung ,  wurde  u n t e r s u c h t .  Die Zapfen  
s ind gestaffe l t  u n d  b i lden  ein regelm~issiges Mosaik :  
R e i h e n  yon  Zwi l l ingszapfen  a l t e rn i e ren  m i t  R e i h e n  yon  
Einze lzapfen .  Die Aussengl ieder  der  Zwi l l ingszapfen  
u n t e r s c h e i d e n  sich fh~rberisch v o n e i n a n d e r  u n d  s ind 
ihrerse i t s  regelmgssig  in des  Mosaik  e ingeordnet .  
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Cycloheximide-Induced Ultrastructural Changes 

Cycloheximide,  a p o t e n t  i n h i b i t o r  of p r o t e i n  syn thes i s  
a t  t he  t r a n s l a t i o n  level  1, p roduces  f ine s t r u c t u r a l  a l ter-  
a t ions  (mi tochondr i a l  abnorma l i t i e s ,  nuc leolar  segrega- 
t ion,  as well  as f o r m a t i o n  of i n t r a e y t o p l a s m i c  mye l in  
f igures  a n d  large l a m i n a t e d  whorls)  in  t he  r a t  ad r ena l  
cor tex  ~, a.  To d e t e r m i n e  w h e t h e r  these  changes  also occur  
in o the r  t issues,  p r i m a r i l y  in  s te ro id -secre t ing  cells, we 
s tud ied  t he  u l t r a s t r u c t u r e  of t he  corpus  l u t e u m  in r a t s  
t r e a t e d  w i t h  th i s  drug.  

T w e l v e  female  A R S / S p r a g u e - D a w l e y  rats ,  w i t h  a m e a n  
b o d y  we igh t  of 200 g, were g iven  10 m g  of cyc lohex imide  
(Upjohn) ,  d issolved in 1 ml  isotonic  NaC1, t h r o u g h  t he  
j ugu la r  ve in  u n d e r  l igh t  e the r  anes thes ia .  These  an i ma l s  
were ki l led 2, 4 or 6 h later ,  w i t h o u t  anes thes ia ,  b y  
d i s loca t ion  Of t he  cerv ica l  spine.  6 u n t r e a t e d  r a t s  were 
used as controls .  

I m m e d i a t e l y  a f te r  t he  an ima l s  were killed, spec imens  
were t a k e n  from the  corpus  lu t eum,  f ixed in a 2 .5% 
g l u t a r a l d e h y d e  solut ion,  pos t f ixed  in Caulf ie ld 's  buffered  
o s m i u m  te t rox ide ,  d e h y d r a t e d  in g raded  e thanol ,  and  
e m b e d d e d  ill E p o n  resin.  U l t r a t h i n  sect ions  were cu t  f rom 
selected areas  in  a P o r t e r - B l u m  MT-2 u l t r a m i c r o t o m e ,  
s t a ined  w i t h  u r a n y l  a ce t a t e  a n d  lead c i t ra te ,  a n d  exam-  
ined w i t h  a Ph i l ips  300 e lec t ron  microscope.  T he  u l t ra -  

in the Corpus Luteum of Rats 

s t r u c t u r e  of t he  corpus  l u t e u m  of t he  n o r m a l  r a t  o v a r y  
has  been  descr ibed  suff ic ient ly  e lsewhere 4. Hence,  i t  
would be  r e d u n d a n t  to  r epo r t  our  f ind ings  here.  

Two h a f t e r  cyc lohex imide  t r e a t m e n t ,  severa l  large 
l a m i n a t e d  i n t r a c y t o p l a s m i c  dense  bodies  a n d  c o m p a c t  
aggregates  of a g r a n u l a r  m e m b r a n e s  were de t ec t ed  in the  
corpus  l u t e u m  cells (Figure  1). A t  4 h, these  aggrega tes  
seemed to h a v e  increased in n u m b e r .  Some of t h e m  
d i sp layed  a c rys ta l lo id  p a t t e r n ;  o thers  were t r a n s f o r m e d  
in to  s m o o t h  f inge rp r in t - l ike  s t ruc tures .  The  n u m b e r  of 
l a m i n a t e d  dense  bodies  was st i l l  s ign i f ican t  a t  t h i s  s tage 
(Figure  2). 6 h a f te r  cyc lohex imide  t r e a t m e n t ,  on ly  a 
few dense  bodies  were v is ib le  in  the  corpus  l u t e u m  cells; 
however ,  m a n y  of t h e m  lay free in  t he  ex t race l lu la r  space 
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