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P r e c o c i o u s  re t ina  d e v e l o p m e n t  c a u s e d  by receptor  cell  i n d e p e n d e n t  l ight  effect 
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Lehrstuhl Spezielle Zoologie, Ruhr-Universit~it Bochum, D-d630 Bochum 1 (Federal Republic o/Germany), 9 June 1977 

Summary. In  the  re t ina  of the  mou th -b rood ing  te leos t  Tilapia leucosticta, l ight  causes an accelera ted deve lopmen  t of 
gangl ion ceils. This  effect  is p r e s u m a b l y  no t  med ia t ed  by  recep tor  and  in te rneurona l  cells. 

An influence of da rk  rear ing on re t ina  d e v e l o p m e n t  is 
e i ther  absen t  1, or resul ts  in a r educ t ion  s or a de lay  of 
m a t u r a t i o n  a. Correspondingly,  l ight  effect  has  been  shown 
to  be e i ther  s t imula t ing*  or accelerat ingK The la t t e r  re- 
ports ,  however ,  are conf ined to  evoked responses  w i t h o u t  
reference to s t ruc tu ra l  d i f fe ren t ia t ion  of the  ret ina.  So far, 
all a t t e m p t s  to p roduce  an effect  on eyes which  normal ly  
develop  in the  darkness ,  by  placing t h e m  into  a l ighted  
env i ronmen t ,  seem to have  failed~. 
In  the  p re sen t  s tudy,  an inf luence of l ight  on re t ina l  
ganglion cells will be shown,  which  normal ly  develop 
under  ve ry  d im l ight  condi t ions .  This  inf luence is p ro b ab l y  
i n d e p e n d e n t  of receptor  and in te rneurona l  cells, and 
causes a precocious  b u t  ordered d e v e l o p m e n t  of cer ta in  
re t ina l  s t ruc tures .  
The  s tudies  have  been  pe r fo rmed  on TiIapia leucosticta, 
a mou th -b rood ing  teleost .  The d e v e l o p m e n t  normal ly  
takes  place in the  re la t ive darkness  of the  mo the r ' s  mouth .  
The expe r imen ta l  condi t ions  consis ted  of placing the  em- 
bryos  in to  a b rood ing  appa ra tu s  w i th  e i ther  con t inuous  
l ight  (L; 6 40-W f luorescent  l amps  in a room of 18 m 3) 
or con t inuous  darkness  (D; same room, b u t  covered by  a 

Table 1. Ganglion cell number/200 [xm ~ (A), tractus opticus diameter 
as determined by the number of sections on which it occurs when 
leaving the retina (B), inner plexiform layer thickness in [• (C) and 
their changes with advancing age and under light (L) and darkness 
(D) conditions 

Day L D p ~  

A 6 6.8 + 0.6 6.2 -4- 0.5 
7 6.2 4- 0.4 6.1 -t- 0.6 
8 5.3 -4- 0.4 6.6 4- 0.5 0.001 
9 4.9 4- 0.5 5.6 -1- 0.6 0.001 

10 4.4 4- 0.5 6.8 4- 0.4 0.001 
11 4.2 4- 0.6 6.2 4-4- 0.8 0.001 
12 4.6 -1- 0.5 6.8 4- 0.6 0.001 
13 4.5 4- 0.7 5.8 4- 0.5 0.001 

B 6 31.4 4- 3.1 26.8 4- 2.3 0.05 
7 38.0 4- 3.6 34.7 -V 3.5 
8 43.3 4- 2.5 39.1 4- 4.8 
9 45.5 4- 4.4 38.8 • 4.0 0.02 

10 53.3 4- 7.2 37.9 4- 5.7 0.001 
11 51.5 4- 2.9 38.0 -t- 3.4 0.001 
12 50.4 -t- 1.9 38.7 4- 4.6 0.01 
13 50.0 4- 3.5 45.2 4- 6.6 

C 6 12.9 • 0.8 10.7 4- 1.1 
7 15.5 4- 1.4 14.5 4- 0.5 
8 16.4 4- 1.8 16.4 4- 1.1 
9 21.1 4- 0.8 16.7 4- 1.2 0.001 

10 20.1 4- 1.6 18.7 4- 0.8 
11 22.8 4- 2.1 17.1 4- 0.8 0.05 
12 25.1 4- 1.0 18.0 4- 0.6 0.001 
13 24.4 4- 2.1 21.1 4- 1.5 

Countings and measurements have been performed with the light 
microscope on 5 izm paraffin sections using an object micrometer and 
an ocular grid. Only the most advanced central part of the retina 
has been taken into account, p-values are given only when ~< 0.05. 

box, impene t r ab l e  for light) f rom the  3rd day  af ter  fer- 
t i l iza t ion up to the  day  of sacrifice. E m b r y o s  of b o t h  L- 
and D-series were reared  whol ly  alike, shar ing  wa te r  and 
room cond i t ions  excep t  for l ight  supply.  Specimens  were 
f ixed every  24 h up to  day  13, the  da te  t h e y  normal ly  leave 
the i r  m o t h e r ' s  mouth .  Dark  reared animals  were f ixed in 
to ta l  darkness .  Fo r  l i g h t  microscopy,  en t i re  heads  were 
f ixed in Carnoy ' s  fluid and  s ta ined  by  va ry ing  techniques .  
Fo r  e lec t ron microscopy,  re t inae  were excised and f ixed in 
g lu ta ra ldehyde ,  fol lowed by  e i ther  osmic acid or e thanol ic  
phospho tungs t i c  acidV, and  e m b e d d e d  in Maraglas.  Ex -  
pe r imen t s  were r epea ted  several  t imes  w i t h  embryos  of 
d i f fe ren t  paren ts .  
Table  1 shows the  changes  in a) n u m b e r  of gangl ion ceils 
per  200 txm 2, b) the  t r ac tus  opt icus  d i ame t e r  and c) the  
th ickness  of the  inner  pIexiform layer,  w i th  advanc ing  age 
and  unde r  L- and  D-condi t ions .  F r o m  d a y  7 on, gangl ion 
cell d en s i t y  in t he  L- re t ina  decreases s tead i ly  up to  d a y  
10, while in the  D-re t ina  it is found to r ema in  r a the r  con- 
s tan t .  Signif icant  differences (S tuden t ' s  t - tes t ,  p < 0.001) 
resul t  for days  9 t h ro u g h  13. The d i ame t e r  of the  t r a c tu s  
opt icus  (and wi th  t ha t ,  the  n u m b e r  of gangl ion  cell axons) 
increases  s teadi ly  f rom d a y  3 on, and a l ready  beg inn ing  
wi th  d a y  6, the  D- t r ac tus  remains  a l i t t le  b i t  smaller  t h a n  
the  L- t rac tus .  S ta r t ing  wi th  day  9, its increase s tops  t r an -  
s i tor i ly  while the  L - t r ac tus  cont inues  to  grow and  af ter  
day  9 a t t a ins  a level which  is a t t a i n ed  b y  the  D- t r ac tus  
only  a f te r  day  13. Signif icant  differences (p _< 0.001) were 
found  on days  10 and  11. The th ickness  of the  inner  plexi-  
fo rm layer  increases in t he  D- re t ina  only a t  a reduced  ra te  
af ter  day  8, a t  which  da te  the  g rea tes t  increase occurs in 
the  L-re t ina .  Al ready  before day  9, t he  inner  p lex i form 
layer  in the  D- re t ina  is cons t an t l y  lower t h a n  in t he  L- 
ret ina,  and  af ter  d a y  12 the  differences t e n d  to equalize.  
In tab le  2, the  resul ts  of synap t ic  junc t ion  coun t ings  in 
the  inner  p lex i form layer  are summar ized .  In  the  D-re t ina ,  
f i rs t  s y n ap t i c  junc t ions  appear  a t  t he  end  of day  7 ; t h e y  
are p r o b a b l y  no t  mature ,  b u t  t h e y  do n o t  increase es- 
sent ia l ly  before d a y  11. In  the  L-series t h e y  make  the i r  
appea rance  a l ready  on d a y  6 and  increase con t inuous ly  
on the  following days.  Signif icant  differences be tween  L 
and  D are found only  on days  9 and 10. Synap t i c  sites w i th  
a r ibbon  appear  for the  f i rs t  t ime in an i m m a t u r e  s t a t e  on 
d a y  7 in e i ther  series and  show a s imilar  d e v e l o p m e n t  
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Table 2. Number of synaptic junctions of conventional (A) or ribbon 
(B) type with advancing age and under light (L) and darkness (D) 
conditions 

Day L D p~< 

A 6 (0.2) - 
7 (0.1) (1.1) 
8 2.2 ! 0.8 1.0 • 0.2 
9 5.2 • 1.9 1.2 + 0.4 0.02 

10 4.2 • O.3 1.1 :k 0.3 0.001 
11 5.3 4- 0.6 2.S 4- 0.9 
12 (4.6) 4.3 4- 2.1 
13 5.5 4- 0.7 4.1 • 1.4 

B 6 - - 
7 0.2 0.1 
8 0.3 i 0.1 0.7 • 0.4 
9 0.6 4- 0.2 0.7 4- 0.3 

10 0.8 • 0.3 0.2 + 0.1 
11 1.5 4- 0.1 0.5 • 0.1 0.01 
12 (1.8) 1.0 -1- 0.6 
13 1.1 4- 0.4 1.8 • 0.6 

Junctions have been counted over the greatest possible area in the 
central part of the retina on E-PTA stained sections ~, and calculated 
to 100 [xm *. Before day 8, the number of junctions is very low and 
no statistical operation was possible. For day 12, L-values are in- 
complete, p-values are only given when ~< 0.05. 

w i th  tile except ion  of a sharp  regression in the  D- re t ina  
on day  10. The coun t ing  of synap t ic  vesicles in u l t r a th in  
sect ions  of axon  te rmina l s  revealed 3 groups of t e rmina ls  ; 
w i th  < 2 0 ,  20-50 and  >50  vesicles per  t e rmina l  sect ion 
(details  will  be given in ano the r  pape r  in p repara t ion) .  
In  the  D-series, unt i l  day  7 only  te rmina ls  w i th  less t h a n  
20 vesicles per  sect ion were found.  Terminals  w i th  more  
t h a n  20 and  more  t h a n  50 vesicles appeared  on days  8 
and  10 respect ively .  In  the  L-re t ina ,  t e rmina l s  wi th  20-50 
vesicles are  r ep resen ted  a l ready  on day  6, those  wi th  more  
t h a n  50 on day  7. Dense core vesicles of t he  inner  plexi-  
fo rm layer  do no t  occur  before day  10 in the  D-ret ina ,  
w h e n  t h e y  are found  in 6% of all te rminals .  This  per-  
centage  will no t  change  up to  d a y  13. In  the  L- re t ina  t h e y  
appea r  a l ready  on d a y  8, accoun t  for 8% on day  10 and  
for 10% on day  12. 
In  t he  re t ina  of embryos  and  larvae reared in l ight  con- 
di t ions,  we observe  a t  abou t  day  8 an increase in t h e  

n u m b e r  of gangl ion cell axons ,  thus  augmen t ing  t r ac tus  
opt icus  th ickness  and  lowering tile n u m b e r  of gangl ion 
ceils per  area, along wi th  an  increase of n u m b e r  and rami-  
f icat ions of ganglion cell dendr i tes .  This  l a t t e r  increase 
m a y  s t imula te  the  fo rma t ion  of synap t i c  con tac t s  and  of 
synap t i c  vesicles and r ibbons  in in te rneurona l  processes.  
In  t he  D-ret ina ,  all th is  occurs some 2 or 3 days  later,  
when  the  values  for the  L- re t ina  are a t t a ined .  The ne t  
increase for inner  p lex i form layer  th ickness ,  t r ac tus  op- 
t icus  d i ame te r  and synap t i c  junc t ion  n u m b e r  be tween  
days  6 and  13 is near ly  the  same in b o t h  L- and D-series.  
Therefore  one has to assume t h a t  con t inuous  light, be ing 
the  exper imen ta l  s i tua t ion  for a normal ly  dark  reared  
animal,  induces  a precocious r a the r  t h a n  a s imply  s t im-  
u la ted  g rowth  of re t ina l  s t ruc tures .  The sequence of 
deve lopmen ta l  processes seems no t  to  be al tered,  and  
ne i the r  l ight  nor  darkness  effects  a d isordered  develop-  
merit.  
At  t he  t ime  when  f irs t  differences be tween  L- and  D- 
re t inae  arise, recept ive  and  t r a n s m i t t i n g  s t ruc tures  of t he  
re t ina  jus t  s t a r t  the i r  deve lopment .  Recep to r  cell synap t i c  
vesicles and outer  segment  m e m b r a n e s  appear  on day  6 s, 
b u t  i t  is doub t fu l  w h e t h e r  t he  la t t e r  are capable  of re- 
ceiving l ight  impulses  a t  th is  da te  9. In  t he  inner  p lexi form 
layer,  f i rs t  synap t ic  junc t ions  are seen on day  7 and  t h e y  
are p r o b a b l y  no t  ma tu re  before day  8, t h a t  is to say  syn-  
ch ronous ly  to f i rs t  express ions  of l ight -darkness-di f fer -  
ences. Thus,  the  l ight  seems to  exer t  its effect  no t  via the  
recep tor  cells, b u t  d i rec t ly  on to  the  ganglion cells. There  
are several  examples  of a nonvisua l ly  med ia t ed  pho to -  
sens i t iv i ty  on deve lopmen ta l  s tages 1~ p re sumab ly  con- 
nec ted  to  ho rmona l  ac t ion .  I t  is, however ,  n o t e w o r t h y  
t h a t  Hansson  and  Sourander  11 descr ibed a p ronounced  
sens i t iv i ty  to  l ight  of re t ina l  ganglion cells in vitro.  The 
ques t ion  w h e t h e r  the  effect  is med i a t ed  by  receptor  cells 
of re t ina  or pineal  organ, or b y  the  t e c t u m  opt icum,  is 
p re sen t ly  unde r  s tudy.  

8 G. Griin, J. Embryol. exp. Morph. 33, 243 (1975) ; Verh. dr. zool. 
Ges. J97d, 167 (1975). 

9 S.L. Bonting, L. L. Caravaggio and P. Gouras, Expl Eye Res. 
1, 14 (1961). 

10 J. K. Lauber and J. V. Shutze, Growth 28, 179 (1964); P. B. 
Siegel, S. T. Isakson, F. N. Coleman and B. J. Huffmann, Comp. 
Bioehem. Physiol. 28, 753 (1969); see also Durand 6. 

11 H.A.  Hansson and P. Sourander, Z. Zellforseh. 62, 26 (1964). 

Histochemical  and ultrastructural modifications of mice endometrium,  vagina and pituitary 
fol lowing zeranol treatment  
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S u m m a r y .  The h is tochemica l  and u l t r a s t ruc tu ra l  changes  p roduced  by  zeranol  t r e a t m e n t  on the  e n d o m e t r i u m  and  the  
gonado t rop ic  F S H  cells of t he  adenohypophys i s  have  been  inves t iga ted  in mice a t  the  p repubera l  and  virginal stages.  
Modif icat ions  similar  to  those  induced  by  es t rogen t r e a t m e n t  were  observed.  I t  is concluded t h a t  b o t h  estrogens and  
zeranol  share  the  same ac t iv i ty  on the  t issues examined .  

The  a im of th is  s t u d y  was to  inves t iga te  the  effect  of a 
new compound ,  ob ta ined  f rom cul tures  of molds  F u s a r i u m  
graminearum 1 and  used in clinical prac t ice  for t r e a t m e n t  
of menopausa l  s y m p t o m s  2, on the  h is to logy of mice 
ovar ies  and  p i tu i ta ry .  

Mice a t  the  p repubera l  and  virginal  s tages were in jec ted  
i.p. w i th  50tzg and  100tzg of zeranol  6 (6 -10-dehydroxy-  
undecil) fl-resorcylic acid [z lac tone  suppl ied by  the  
I s t i t u t o  Chemioterapico  I t a l i ano  dai ly for a per iod of 
7 days.  Tissue slices f rom uterus,  ovary,  vagina  and  


