
1320 Specialia EXPERIENTIA 30/11 

Fig. 2. Effects of 10 [xM fluphenazine on responses to kC 
mieroeleetrophoretic application of dopamine (400 
nA for 1.5 see), 5-hydroxytryptamine (250 nA for 2.0 
see) and aeetyleholine (250 nA for 0.4 see) in a spon- 
taneously active cell type LC. The response to dopa- OA 1,5 seo 
mine is blocked; this effect is reversible by washing 
in drug-free seawater. Iontophoretie currents from 
electrode to ground, measured as potential differ- 
ences across a 2 MOhm resistance, are shown in lower 
trace of each recording. 
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and  comple t e ly  b locked  w i t h i n  15 m i n  b y  100 [zM 
f luphenaz ine .  I n  these  neu rones  10 a M  mepaz ine  h a d  no  
effect  (Figure lc) a n d  100 ~ M  mepaz ine  did  n o t  i m p a i r  
d o p a m i n e  response  a f te r  15 m i n  perfus ion.  W h e n  per fus ion  
w i t h  100 [zM mepaz ine  was c o n t i n u e d  for f u r t h e r  20 min,  
response  to d o p a m i n e  s t a r t e d  to  decrease.  However ,  t h i s  
decrease  did  no t  seem to  be  specific for d o p a m i n e  and  
was accompan ied  b y  i m p a i r m e n t  of t he  ace ty lcho l ine  
response  which  was also obse rved  a f t e r  long- las t ing  
per fus ion  w i t h  100 [ ,M f luphenaz ine .  

Discussion.The resul t s  p rov ide  a d i rec t  neurophys io log-  
ical ev idence  for t he  b lock ing  effect  of 2 a n t i p s y c h o t i c  
d rugs  on  d o p a m i n e  receptors  a n d  agree  w i t h  n e u r o c h e m -  
ical, pha rmaco log ica l  a n d  ind i r ec t  phys io logica l  observa-  
t ions .  Poor  so lub i l i ty  and  t he  long l a t ency  of effect  m a y  
h a v e  been  respons ib le  for an  ear l ier  f ind ing  t h a t  hMoperi -  
dol  was  n o t  a n  a n t a g o n i s t  of d o p a m i n e  on  mol luscan  
neu rones  3~ D- and  H-responses  to  d o p a m i n e  invo lve  
d i f fe rent  ionic m e c h a n i s m s  and  are  b locked  select ively  b y  
t u b o c u r a r i n e  a n d  s t r y c h n i n e  (D) 26,29 or e r g o t a m i n e  
(H)36. Thus ,  i t  h a s  been  conc luded  t h a t  t he  effects  of 
dopami l l e  are m e d i a t e d  b y  2 d i s t i nc t  receptors~% The  
revers ible ,  p r o b a b l y  com pe t i t i ve  b lock ing  effect  of an t i -  
p sycho t i c  d rugs  on  b o t h  t ypes  of responses  in  t he  p r e sen t  
s t u d y  m i g h t  ind ica te  t h a t  t he  recep tors  are  s t r u c t u r a l l y  
s imilar .  

Zusammen[assung. I n  Aplysia Gangl ienze l len  blockier-  
t en  F l u p h e n a z i n e  u n d  Ha lope r ido l  in  K o n z e n t r a t i o n e n  
zwischen 10 u n d  100 {zM hyperpo la r i s i e rende  u n d  depola-  
r i s ie rende  A n t w o r t e n  auf  m i k r o e l e k t r o p h o r e t i s c h  appl i -  
z ier tes  D o p a m i n .  A n t w o r t e n  auf  Ace ty lcho l in  u n d  5- 
H y d r o x y t r y p t a m i n  b l ieben  unbee inf luss t .  Mepazine,  ein 
P h e n o t h i a z i n  ohne  a n t i p s y c h o t i s c h e  Wi rkung ,  h a t t e  
wenig  Effekt .  Die Ergebn i s se  s ind ein d i r ek t e r  neuro-  
phys io logischer  Beweis  ftir die spezif ische Blockade  yon  
D o p a m i n r e z e p t o r e n  d u r c h  Neuro lep t ika .  
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Effec t  of  6 - H y d r o x y d o p a m i n e  o n  R e t i n a l  D e v e l o p m e n t  in  t h e  C h i c k  1 

A t t e m p t s  h a v e  been  m a d e  to cor re la te  the  ontogenes is  
of r e t ina l  n e u r o t r a n s m i t t e r  sys tems  w i t h  t he  d e v e l o p m e n t  
of opt ic  funct ion .  T he  role of va r ious  n e u r o t r a n s m i t t e r  
sys tems,  pa r t i cu l a r l y  t he  chol inergic  a n d  m o n o a m i n e r g i c  
sys tems  in t he  r e t i n a  is largely  obscure,  a l t h o u g h  i t  is well  
e s t ab l i shed  t h a t  b o t h  chol inergic  and  adrenerg ic  inner-  
r a t i o n s  are found  in t he  layers  and  cells of t h e  r e t i n a  in 
mos t  m a m m a l i a n  a nd  a v i a n  species2-% For  example ,  in 
t he  deve lop ing  ch ick  re t ina ,  SHXN e t a l .  ~ h a v e  d e m o n s t r a t -  
ed h i s tochemica l ly  t he  presence  of chol ines te rase  (ChE) 
in t he  p rospec t ive  gangl ion  cells as ear ly  as t he  4 th  day  of 
i ncuba t ion ,  and  ace ty lcho l ines te rase  was shown in t he  
i n n e r m o s t  layer  a n d  t he  amac r ine  cells on t he  6 th  day.  
LINI)EMAN S r epo r t ed  t he  presence  of ace ty lcho l ine  (Ach) 
and  C h E  a c t i v i t y  in  t he  r e t i n a  on  t h e  8 th  day.  The  peak  

ra t e  of i n c r e m e n t  in C h E  a c t i v i t y  cor responds  to the  
a p p e a r a n c e  of t he  cons t r i c to r  ref lex on  t he  19th  day.  
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EHINGER 9 descr ibed the  presence  of adrenergic  nerves  in 
the  middle  and inner  layers of t he  av ian  re t ina  as com- 
parable  to  those  of m a m m a l i a n  species. Adrenergic  
neurons  poss ibly  represen t  the  displaced amacr ine  cells; 
e remite  and alloganglionic ceils are also repor ted .  More 
recent  s tud ies l~  revealed t h a t  a sys t em of i l l t raret inal  
dopamine -con ta in ing  neurons  exists  a t  the  j unc t ion  of the  
inner  p lexi form and inner  nuclear  layers and a plexus of 
norep inephr ine -con ta in ing  nerve  t e rmina l s  are p resen t  
in the  choroid of several  m a m m a l i a n  species. Funct ional ly ,  
it  was suggested t h a t  dopamine  (DA) m a y  act  as an 
inh ib i to ry  n e u r o t r a n s m i t t e r  on the  basis t h a t  3H-DA 
was t aken  up and released f rom the  re t ina  and  t h a t  in 
the  d a r k - a d a p t e d  animals,  the  ra te  of release can be 
increased by  the  flash of light. 

To the  bes t  of our knowledge,  no s tudies  have  appeared  
in the  l i te ra ture  on the  role of ca techolamines  in the  
deve lopmen t  of the  chick ret ina.  In th is  s t u d y  we used 
6 -hydroxydopamine ,  an agent  which  is known to p roduce  
prolonged deple t ion  of ca techolamines  and degenera t ion  
of ca techo lamine-con ta in ing  neurons  and n e r v e  te rmi-  
nals 13-15, in order  to  e lucidate  the  possible role of neuro- 
t r a n s m i t t e r  sys tems,  par t i cu la r ly  the  ca techolamines ,  on 
re t ina l  deve lopmen t  in the  chicken. 

Mater ials  and methods. 120 fert i le chicken eggs were 
ob ta ined  f rom a nea rby  farm and placed in an incuba tor  
under  cul ture condit ions.  6 -OHDA (supplied by  Regis 
Chemical  Co., Chicago, Illinois) was dissolved under  sterile 
condi t ions  ill chilled, normal  saline conta in ing  0.1% 
ascorbic acid. The embryos  were d iv ided  into 3 groups:  
the  1st group was t r ea t ed  wi th  6-OHDA, the  2nd group 
was t r ea ted  wi th  the  vehicle solution, and the  3rd group 
(control) received no t r ea tmen t .  The embryos  were 
fu r the r  d iv ided in to  sub-groups  for t r e a t m e n t  on the  3rd 
and 8th days  of incubat ion ,  respect ively .  2 doses of 
6 -OHDA were used:  a h igh dose of 0.2 mg/0.1 ml and  a 
low- dose of 0.1 mg/0.1 ml. Unde r  cul ture condi t ions  a 
small  w indow was opened  on the  shell in a steri l ized 
cul ture chamber ,  and the  drug or vehicle solut ions were 
inj coted d i rec t ly  into the  yolk-sac. The window was closed 
wi th  mol ten  paraff in,  and the  eggs were r e tu rned  to the  
incuba tor  immedia te ly .  

Af ter  a per iod of incubat ion,  eggs wi th  19-day-old 
chick embryos  were r emoved  f rom the  incubator ,  opened,  

and the  embryos  were examined  for gross abnormal i t ies .  
The eyes f rom these  embryos  were then  removed  and cut  
in to  anter ior  and pos ter ior  halves  a t  the  equators .  The 
poster ior  halves, wi th  the  v i t reous  removed,  were fixed in 
neut ra l  buffered formal in  (10%), processed and  emb ed ded  
in paraff in.  H and E was used as a rout ine  histological  
stain.  

Results.  The histological  appearance  of a normal  19-day 
chick embryonic  re t ina  is shown in Figur  e 1. T r e a t m e n t  
wi th  6 -OHDA in e i ther  0.l  nag or 0.2 nag doses showed no 
s ignif icant  reduc t ion  in t he  survival  ra te  of the  embryos  
incuba ted  for 19 days.  A survival  ra te  of ap p ro x i ma te ly  
70% was obta ined.  Histological  examina t ion  of the  re t ina  
showed t h a t  all groups of embryos  t r ea t ed  wi th  6-OHDA 
had  di f ferent  degrees of pho to recep to r  ma l fo rma t ion  
which appeared  to be re la ted  to  dosage and t ime.  

In  embryos  in jec ted  on the  3rd day  wi th  a 0.2 mg dose, 
the  s t ra t i f ica t ion  of the  re t ina  appeared  normal  except  
for the  pho to recep to r  layer, and to a lesser degree the  
outer  plexi 'form layer.  The layer  of rods and cones was 
devoid of inner  and  outer  segments  (Figure 2). The pig- 
m e n t  ep i the l ium appeared  in e i ther  close or loose a t t a c h -  
m e n t  to  the  neural  re t ina  which  conta ined  a t h in  eosino- 
philic layer  of acellular mater ia l  ad jacen t  to it. The oute r  
nuclear  layer  (nuclei of pho to recep to r  cells) possessed the  
normal  2 to 3 layers of cell bodies  whereas  the  outer  
p lexi form layer  appeared  abnormal ly  thin .  The inner  
nuclear  layer  appeared  to  be normal .  The inner  p lexi form 
layer  was th icker  i n  appearance  and conta ined  more  
displaced ganglion cells (arrow, Figure 2) t h a n  the  control  
re t inas .  The ganglion cell layer, on  the  o the r  hand,  
appeared  to be morph01ogically comparab le  to  the  
control ,  a l though in some spec imens  conical ly-shaped 
ceils wi th  dark,  condensed  oval nuclei  were ev iden t  in th is  
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COSTA, Science 766, 1248 (1969). 
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Fig. 1.19-day-old chick embryonic 
retina. Note layer of photoreceptor 
(arrow). Fast green stain, x 600. 

Fig. 2. 19-day chick embryonic 
retina treated on 3rd day with 6 
hydroxydopamine (0.2 mg/egg). 
Note absence of photoreceptors 
(arrow) and presence of displaced 
ganglion cells (G) ill the inner 
plexiform layer. H & E. • 900. 

Fig. 3. 19-day chick embryonic 
retina treated with 6 hydroxYdO p- 
amine (0.1 mg/egg) on the 3rd 
day. Note presence of small inner 
segment buddings (arrow). H &E. 
x 900. 
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Layers Control Treatment 

0.2 mg/egg (3rd day) 0.1 rag/egg (3rd day) 0.2 mg/egg, 0.1 mg/egg (8th day) 

Pigment epithelium + + + 
Photoreceptors 

Outer segments + -- -- 
Inner segments + -- + (buds) 

Outer nuclear layer + + § 
Outer plexiformlayer + + (thin) + (thicker) 
Inner nuclear layer + + + 
Inner plexiform layer + + + 
Ganglion cell layer + + + 
Nerve fibre layer + + + 
Internal limiting nlembrane + + + 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

(buds) 

(thicker) 

layer.  The  i d e n t i t y  of these  ceils has  ye t  to  be  es tab l i shed .  
The  ne rve  f ibre layer  and  the  i n t e rna l  l im i t i ng  m e m b r a n e  
were p r e sen t  and  normal . .  

The  e m b r y o s  g iven  a lower dose of 6 - O H D A  (0.1 rag) 
on  t he  3rd day  showed s imi la r  d e v e l o p m e n t a l  defects.  The  
p h o t o r e c e p t o r  ou te r  segments  were absen t .  The  inne r  
segments ,  a l t h o u g h  no t  comple t e ly  missing,  appea red  as 
smal l  buds  (Figure 3) wh ich  a p p a r e n t l y  fai led to deve lop  
fur ther .  The  b u d d i n g s  were of v a r y i n g  sizes and  were 
usual ly  seen in close associa t ion  w i t h  t he  p i g m e n t  
ep i the l ium.  A layer  of eos inophi l ic  m a t e r i a l  was  also 
observed  on  t he  surface of t he  budd ings .  W h e t h e r  th i s  
layer  of eos inophi l ic  m a t e r i a l  was secreted b y  the  p i g m e n t  
e p i t h e l i u m  or was  a p a r t  of a b a s e m e n t  m e m b r a n e  could 
no t  be  de t e rmined .  T he  ou te r  nuc lea r  layer  c o n t a i n e d  
nuclei  w i t h  ka ryo r rhex i s  or ear ly  karyolysis ,  a cond i t ion  
no t  seen w i t h  a h ighe r  dosage of 6 -OHDA.  Likewise,  t he  
ou te r  p lex i fo rm layer  appea red  s ign i f i can t ly  th icker ,  and  
t he  inne r  nuc lea r  layer  showed  no a p p a r e n t  difference f rom 
the  control .  The  inne r  p lex i fo rm layer  was  th ick ,  and  
displaced gangl ion  cells were r a re ly  observed.  The  
gangl ion  cell layer,  t he  ne rve  f iber  l ayer  and  the  i n t e rna l  
l imi t ing  m e m b r a n e  were all  present .  

I n  e m b r y o s  t r e a t e d  w i t h  b o t h  0.1 mg  a n d  0.2 m g  doses 
of 6 - O I t D A  on t he  8 th  day,  t he  resu l t s  were s o m e w h a t  
s imi la r  to  t he  0.1 m g  dose on  the  3rd d a y :  ou te r  s egmen t s  
st i l l  fai led to  deve lop ;  t he  inne r  segments  were p re sen t  
on ly  as buds .  No a p p a r e n t  dosage dif ference was obse rved  
be tween  these  2 groups.  All t he  o the r  r e t i na l  layers  
appea red  normal ,  a nd  t he  d isplaced gangl ion  cells were 
ra re ly  seen. The  p i g m e n t  e p i t h e l i u m  e x t e n d e d  as far  
i n t e rna l ly  as neu ra l  r e t i n a  t h r o u g h  t h e i r  long p ro jec t ing  
microvil l i .  The  Tab le  s u m m a r i z e s  t he  effects of 6 - O H D A  
t r e a t m e n t  on  r e t i na l  d e v e l o p m e n t  in  t he  chick. 

Discussion. The  resu l t s  o b t a i n e d  in th i s  s t u d y  revea l  
t h a t  6 - O H D A  can u n d o u b t e d l y  induce  d e v e l o p m e n t a l  
defects  in  the  pho to recep to r s  of t h e  ch i cken  re t ina .  
The  defect ive  d e v e l o p m e n t  of t h e  inne r  s egmen t s  a n d  t he  
fai lure  of t he  ou te r  segments  to  deve lop  a t  all  u n d e r  the  
e x p e r i m e n t a l  cond i t ions  used are i nd i ca t i ve  t h a t  the  
n o r m a l  d e v e l o p m e n t  of t he  ou te r  segments  is a n  even t  
wh ich  t akes  place on ly  a f te r  t he  inne r  s egm en t  develop-  
m e n t  has  r eached  a ce r t a in  stage.  

6 - O H D A  is a c o m p o u n d  k n o w n  to  p roduce  select ive 
degene ra t i on  of the  s y m p a t h e t i c  ne rves  of t h e  a u t o n o m i c  
ne rvous  sys t em in n e w b o r n  and  adu l t  an imals .  However ,  
t he  poss ib i l i ty  exis ts  t h a t  d e s t r u c t i o n  of t he  adrenerg ic  
e lements  b y  6 - O H D A  m a y  lead to  p ro teo ly t i c  and  in- 
f l a m m a t o r y  processes wh ich  p roduce  d i rec t  cy to tox ic  
effects on  t h e  a u t o n o m i c  ne rvous  sys tem.  D u r i n g  n o r m a l  
chick d e v e l o p m e n t  t h e  s y m p a t h e t i c  ne rvous  sys t em 

beg ins  to  deve lop  a r o u n d  t he  3rd dayl~. For  th i s  reason,  
6 - O H D A  was a d m i n i s t e r e d  a t  t h i s  cr i t ica l  per iod  of 
deve lopmen t .  R e c e n t  s tud ies  b y  Ange le t t i  e t  al. 1~ ind ica te  
t h a t  t h e  ne rve  g r o w t h  fac to r  (NGF) inf luences  t he  develop-  
m e n t  of s y m p a t h e t i c  gangl ia  and  t h a t  6 - O H D A  reduces  
t he  a c c u m u l a t i o n  of NGF.  I t  is t e m p t i n g  to speculate ,  
therefore ,  t h a t  t he  t r oph i c  inf luence  on  t he  a u t o n o m i c  
ne rvous  sys tem,  pa r t i cu l a r l y  t he  dopamine rg i c  neu rons  
wh ich  are k n o w n  to  be  p re sen t  a t  t he  j u n c t i o n  of t he  i nne r  
nuc lea r  and  p l ex i fo rm layers,  and  t he  no rep inephr ine -  
con ta in ing  ne rve  t e r m i n a l s  in t he  choroid,  m a y  affect  
t he  d e v e l o p m e n t  of t he  pho to recep to r s .  T r e a t m e n t  w i t h  
6 - O H D A  on t he  3rd day  m a y  b lock  t he  d e v e l o p m e n t  of 
t he  ca t echo lamine rg i c  sys tem,  wh ich  in t u r n  m a y  b lock  
t he  d e v e l o p m e n t  of t he  inne r  a n d  ou te r  segments .  
E m b r y o s  in jec ted  w i t h  6 - O H D A  on the  8 th  d a y  of 
d e v e l o p m e n t  also e x h i b i t  defec t ive  inne r  segments  a n d  
lack ou te r  segments ,  a p h e n o m e n o n  resu l t ing  f rom prob-  
ab ly  t h e  same  chemica l  basis.  There  is no a p p a r e n t  
dosage effect  p e r h a p s  owing to  t he  fac t  t h a t  t he  inne r  
segments  h a v e  a l r eady  s t a r t e d  to  deve lop  b y  t he  8 th  day,  
a t  t he  t i m e  w h e n  6 - O H D A  was in jected.  

F u r t h e r  s tud ies  are now in progress  to  e luc ida te  t he  role 
of n e u r o h o r m o n e s  on  the  d e v e l o p m e n t  and  func t i on  of t he  
ch icken  re t ina .  

Zusammen[assung. H i i h n e r e m b r y o n e n  w u r d e n  arn 3. 
u n d  8. I n k u b a t i o n s t a g  m i t  6 - H y d r o x y d o p a m i n  be- 
hande l t .  Die h is to logische  Ana lyse  der  R e t i n a  e rgab  a m  
19. Tag  eine cha rak t e r i s t i s che  H e m m u n g  der  P h o t o -  
r ezep to ren  (St~tbchen u n d  Zapfen).  
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