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Egg Pigment: Early Elimination from the Developing Retina of the Frog 

I n  t he  a m p h i b i a n s ,  m e l a n i n  granules  are p roduced  in 
large q u a n t i t i e s  du r ing  o0genesis.  1-6 A t  t h e  t i m e  of 
fer t i l iza t ion,  th i s  egg p i g m e n t  is no t  un i fo rmly  d i s t r i bu t ed  
wi th in  t he  egg cy top lasm.  More p i g m e n t  is f ound  in t h e  
a n i m a l  h e m i s p h e r e  of the  egg t h a n  in t h e  vege ta l  hemi -  
sphere  a n d  more  p i g m e n t  resides in  the  cor t ical  c y t o p l a s m  
t h a n  in deeper  regions. The  cor t ical  c y t o p l a s m  of the  a n i m a l  
h e m i s p h e r e  w i t h  th i s  large c o m p o n e n t  of p i g m e n t  is 
u l t i m a t e l y  conf ined  to  t he  ec tode rma l  cells of t he  embryo .  

Since severa l  t issues in t he  eye deve lop  f rom p i g m e n t -  
l aden  e c t o d e r m  i t  is necessa ry  to r id  these  t issues of 
p i g m e n t  t h a t  will in te r fere  w i t h  l ight  t r ansmiss ion .  In  t h e  
v e r t e b r a t e  eye, l ight  m u s t  pass  t h r o u g h  t he  cornea,  lens 
and  r e t i n a  before  r each ing  t he  pho to recep to r s .  Excess  
l igh t  no t  abso rbed  b y  t he  pho to r ecep to r s  is ab so rbed  
b y  me lan in  located  b e h i n d  t he  re t ina .  The  presence  of egg 
m e l a n i n  in cells of t h e  cornea,  lens and  r e t i n a  would  
cause  these  t issues to  a b s o r b  l igh t  r a t h e r  t h a n  al low t h e  
free t r a n s m i s s i o n  of l igh t  to  the  pho to recep to r .  Egg  
p i g m e n t  is e l imina t ed  f rom the  t i ssues  associa ted  w i t h  
l igh t  t r a n s m i s s i o n  s ign i f i can t ly  earl ier  t h a n  i t  is r e m o v e d  
f rom o the r  t issues.  This  p a p e r  descr ibes  t he  u n i q u e  mecha-  
n i sm  b y  wh ich  egg p i g m e n t  is r emoved  f rom the  neura l  
r e t i n a  of t h e  frog, Rana pipiens. 

Methods. E m b r y o s  were selected wh ich  confo rmed  
closely w i t h  t he  s tages  of d e v e l o p m e n t  descr ibed  b y  
SHUMWA'ZL T h e y  were f ixed for 1 h in  a m i x t u r e  of 1% 
g lu t a ra ldehyde ,  1% acrolein  and  1% p a r a f o r m a l d e h y d e  
w i t h  1% sucrose, 0.02~ CaC12 and  0.0073 m o l a r  KC1 in 
0.067 mo la r  cacody la t e  buf fe r  a t  p H  7.5. Af te r  r ins ing  in 
0.1 mo la r  buf fe r  w i t h  6% sucrose t h e y  were pos t - f ixed 
for 1 h in 1 ~  4 w i t h  1% sucrose in buffer  as above.  
The  m a t e r i a l  was t h e n  d e h y d r a t e d  and  e m b e d d e d  in 
Epon .  Af ter  po lymer iza t ion ,  1 txm sect ions  were cu t  w i th  
glass knives.  These  were s t a ined  w i t h  to lu id ine  b lue  'O'  
and  e x a m i n e d  u n d e r  oil immers ion .  The  p i g m e n t  granules  
are c lear ly  vis ible  a t  t h i s  magn i f i ca t ion  (x  1000). The  
blocks  were t hen  t r i m m e d  down  and  t h i n  sec t ions  cu t  
w i t h  a d i a m o n d  knife. These  were p icked  up  on 300 mesh  
coa ted  grids a n d  e x a m i n e d  in a Zeiss e lec t ron  microscope.  

Results. The  ova r i an  p i g m e n t  granules  in  th i s  a n i m a l  
are nea r ly  spher ica l  par t ic les  (0.6-0.7 ~m in d iameter )  of 
h igh  e lec t ron  dens i ty .  Shor t ly  before t he  a p p e a r a n c e  of 
t he  lens (stage 17), t h i s  p i g m e n t  is r a n d o m l y  d i s t r i bu t ed  
w i t h i n  t h e  cells of t h e  r e t ina l  n e u r o e p i t h e l i u m  and  t h e  
deve lop ing  p i g m e n t  ep i the l ium.  C o n c o m i t a n t  w i t h  t h e  
a p p e a r a n c e  of the  lens (stage 18), p i g m e n t  in  t h e  cen te r  of 
t he  r e t ina l  n e u r o e p i t h e l i u m  beg ins  to  a c c u m u l a t e  a t  t h e  
ou te r  surface ot the  ceils and  some granules  are e l imina t -  
ed in to  t he  space be tween  t he  deve lop ing  r e t i n a  a n d  
p i g m e n t  ep i the l ium.  

A t  s tage 19, all phases  in t he  mob i l i za t ion  and  elimi- 
n a t i o n  of p i g m e n t  f rom the  r e t i n a  can  be  observed .  At  t h e  
m a r g i n  of t h e  re t ina ,  p i g m e n t  granules  are r a n d o m l y  
d i s t r i b u t e d  in t he  cell c y t o p l a s m  in a m a n n e r  s imi lar  to  
t h a t  obse rved  t h r o u g h o u t  t h e  r e t ina l  n e u r o e p i t h e l i n m  a t  
s tage  17 (Figure  1). No free p i g m e n t  g ranu les  are found  

b e t w een  t h e  epithel ' ial  layers  a t  t h e  m a r g i n  of t h e  re t ina .  
Midway  b e t w een  t h e  m a r g i n  a n d  cen te r  of t h e  re t ina ,  
p i g m e n t  is a c c u m u l a t e d  nea r  t h e  ap ica l  ends  of t h e  neuro-  
ep i the l ia l  cells an d  occas iona l ly  p i g m e n t  g ranu les  can be  
found  in t h e  space b e t w een  t h e  ep i the l ia l  layers.  A t  t h e  
cen te r  of t h e  re t ina ,  large n u m b e r s  of p i g m e n t  granules  
are found  b e t w een  t h e  p i g m e n t  ep i the l i um a n d  t h e  r e t ina l  
n e u r o e p i t h e l i u m  (Figure  2). On ly  ra re ly  are p i g m e n t  
granules  found  in t h e  neu rop i the l i a l  cells in  t h e  cen te r  of 
t h e  deve lop ing  r e t i n a  a t  th i s  stage.  
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Figs. 1-3. Electron micrographs of the retinal neuroepithelium (RE)- 
pigment epithelium (PE) interface in the developing frog eye illustrat- 
ing different stages in the elimination and removal of egg pigment. 
I. Pigment granules are present in both these tissues. 2. Pigment is 
eliminated from the retinal neuroepithelium into the intraepithelial 
space. 3. The pigment granules are engulfed by the pigment epithe- 
lium. 
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In  the  cent ra l  region of the  re t ina  a t  s tage 20, m a n y  
more  p i g m e n t  granules  are wi th in  the  cells of the  p i g m e n t  
ep i the l ium t h a n  were observed in th is  t issue a t  t he  
previous  stage and  only a few granules r emain  in t h e  
space be tween  the  epi thel ia l  layers.  M o s t  of these  ex t ra-  
cellular granules appear  to  be ac t ive ly  engulfed by  cyto-  
p lasmic  processes f rom the  p igmen t  ep i the l ium (Figure 3). 
Ins ide  the  p i g m e n t  epi thel ium,  some of" the  p igmen t  
granules aggregate  to  form a larger unit .  Up to 18 granules  
have  been observed  in some sections b u t  usual ly only  3 
to 6 granule profi les are observed.  Never  were aggregates  
of egg p i g m e n t  observed in the  re t inal  neuroepi the l ia l  
cells or in the  space be tween  the  epi thel ia l  layers. 

The rod shaped  melanosome (2.0-2.5 ~m long, 0.6-0.7 
am wide) typ ica l ly  found in the  p igmen t  ep i the l ium of th is  
an imal  8-1~ first  appears  dur ing  late  s tage 20. At  th is  t ime  
there  are 2 t ypes  of melanin  granules in the  p i g m e n t  
ep i the l ium:  one p roduced  dur ing  the  d e v e l o p m e n t  of the  
egg and  the  o the r  syn thes ized  de novo by  the  p i g m e n t  
epi thel ium.  These are the  melanosomes  of 2 d i f ferent  
morphologies  t h a t  have  bee~ observed in t h e  p i g m e n t  
ep i the l ium of the  tadpolel~.  

A comple te  e lec t rore t inogram (ERG) can be recorded 
f rom the  developing  eye of th is  an imal  only when  b o t h  
receptor  outer  segments  and receptor  synapses  have  
developed lo. In  m y  mater ia l  b o t h  these  s t ruc tures  are 
p resen t  a t  s tage 24. Also a t  th is  s tage the  d i f fe ren t ia t ing  
re t ina  and  in t raepi the l ia l  space are free of p igmen t  excep t  
for a few granules which pers is t  in the  cells a t  the  marg in  
where  the  re t ina  merges wi th  the  p igmen t  epi the l ium.  
Thus,  by  the  t ime  the  re t ina  has d i f fe ren t ia ted  to the  
degree t h a t  i t  r e sponds  to l ight  wi th  the  usual p a t t e r n  of 
electrical  ac t iv i ty ,  mos t  of the  egg melanin  has been  elimi- 
na t ed  f r o m  its cells. 

The early e l iminat ion  of egg p i g m e n t  f rom the  neural  
re t ina  is in sharp  con t ras t  to  the  t ime  th is  p i g m e n t  is 
e l imina ted  f rom neurons  of the  bra in  and  spinal  cord. In  
t he  cent ra l  ne rvous  sys t em of young  tadpoles  I have  

found  large amo u n t s  of p i g m e n t  w i th in  neurons  2 to  3 
weeks af ter  the  re t ina  is free of p igment .  In  some species 
of frogs, egg p i g men t  is p resen t  in t he  cent ra l  nervous  
sys t em well af ter  metamorphosis l~ .  

The role of the  p i g m e n t  ep i the l ium in removal  of egg 
p i g m e n t  e l imina ted  by  the  embryonic  re t ina  offers a 
prev iew to a role of th is  t i ssue  in the  adul t .  I n  t he  ma tu re  
ret ina,  p ro te in  is assembled  in the  cell body  and added  a t  
the  base of the  rod outer  segments .  The mater ia l  lost 
f rom the  outer  s egmen t  t ips  is engulfed and des t royed  by  
the  p i g men t  ep i the l ium s, 0,13,14. 

Zusammen[assung. Die w/ihrend der  Oogenese en t s t an -  
denen  Melaningranula  werden  aus dem neura len  Ne tzhau t -  
antei l  ausgeschieden und vom P i g men t ep i t h e l  aufge- 
n o mmen .  Dies geschieht ,  bevor  das Zen t r a lne rvensys t em 
p igment f re i  geworden ist, und erm6gl icht  wirkungsvot le  
L i ch t au fn ah me  in den Pho to rezep to ren .  
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Scanning Electron Microscopy of Golden Hamster Spermatozoa Before and During Fertilization 

Recen t  d e v e l o p m e n t  of scanning  electron mic roscopy  
has made  possible  the  inves t iga t ion  of detai ls  of cellular 
surface topography ,  which would be very  diff icul t  or 
impossible  to  examine  by  convent iona l  l ight  microscopy  
or t r ansmiss ion  e lec t ron microscopy.  This  re la t ive ly  new 
techn ique  has a p p a r e n t l y  not  been  fully appl ied for 
s tudies  of morpho logy  of m a m m a l i a n  gametes  1-4. This  
pape r  repor t s  the  resul t  of our  scanning electron micro-  
scopic observa t ions  on golden hams t e r  spe rma tozoa  before 
and dur ing  fer t i l izat ion.  The detai ls  of the  in te rna l  ana to-  
m y  of t he  golden h a m s t e r  spe rma tozoon  and its changes  
dur ing  fer t i l izat ion have  been publ i shed  5-1~ 

Fresh  spe rma tozoa  were ob ta ined  f rom the  caudae  
ep id idymides  of fert i le golden h a m s t e r  males.  Capac i ta ted  
spe rma tozoa  were p repa red  as descr ibed by  YANAGI- 
MACH111. The spe rma tozoa  were spread  over  clean slides, 
quickly air-dried,  and  f ixed 1 h in cold 2.5% glutaral-  
dehyde  in 0.1 M p h o s p h a t e  buffer  (pH 7.4). Af ter  t ho ro u g h  
r ins ing in 0.1 M p h o s p h a t e  buffer  (pH 7.4), the  spe rm 
smears  were d e h y d r a t e d  wi th  a graded acetone  series. 
Af te r  comple te  dehyd ra t i on  wi th  100% acetone,  the  
smears  were al lowed to  d ry  in air. The smear -ho ld ing  slides 
were then  cut  in to  smal l  pieces (1 • 1 cm ~) and  wi th  
smear  surface up each piece was glued to  an a l u m i n u m  
s tub  using an electron conduc t ive  cemen t  (si lpaint;  

Fans tee l  Electr ic  Mater ia l  Lab.) .  The specimen s tubs  were 
placed in a v acu u m evapora to r  (JEOLCO, model  4B) and  
a t h in  fi lm of gold was evapora t ed  at  a h igh v acu u m (10 4 
m m  Hg) onto  the  specimens,  which were ro t a t ed  con- 
s t an t l y  so t h a t  t he  gold coa ted  all pa r t s  of t he  specimens.  
The coa t ing  process was s topped  when  the  slides t u rned  
s l ight ly  bluish-green.  Observa t ions  and  p h o t o g r a p h y  were 
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