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Abstract. Immunoreactive tyrosine hydroxylase (ir-TH), the rate- 
limiting enzyme for the synthesis of dopamine and other catechol- 
amines, was localized in the brain and pituitary gland of sexually 
mature platy f ish (Xiphophorus maculatus) .  his- is the first rePoit 
of ir-TH in the nucleus olfactoretinalis, an LHRH-containingnucleus 
in the brain which plays an important role in the development and 
functioning of the reproductive system in platyfish. Ir-TH was also 
localized in the nucleus preopticus and paraventricular organ. In 
the pituitary gland ir-TH is found in the prolactin cells and in 
some fish, in some of the gonadotropin-containing cells of the pars 
intermedia, but not in the gonadotrops of the pars distalis. 

The localization of ir-TH in brain centers and pituitary cells 
associated with reproductive system regulation is discussed in the 
context of the interaction of monamines, neuropeptides and pitui- 
tary hormones during the maturation and operation of the brain-pit- 
uitary-gonadal axis. @ 1985 soc ie ty  for Experimental Biology and Medicine. 

Considerable attention has been 
devoted to localizing monoaminergic 
neurotransmitters and to studying their 
role in modulating neuroendocrine proc- 
esses in vertebrates. In mammals, 
dopamine and serotonin (5-hydroxytrypt- 
amine) have been shown to regulate the 
activity of gonadotropin releasing hor- 
mone (LHRH) and the gonadotropins (GTH) 
of the anterior pituitary (1-3). 

In teleosts, both aminergic and 
peptidergic neurons directly innervate 
pituitary gonadotrops (4). Immuno- 
cytochemical (ICC) methods have been 
used to localize LHRH (4-6) and sero- 
tonin (7-9), while the distribution of 
dopamine has generally been analyzed by 

formaldehyde induced fluorescence tech- 
niques (10). Few studies, however, 
have utilized antibodies to dopamine it- 
self, or to the enzymes necessary for 
catecholamine synthesis (9,ll). 

The pla tyf ish, Xiphophorus 
maculatus, a small freshwater teleost, 
is a useful model with which to study 
genetic and neuroendocrine-regulated 
processes. In platyfish, the age at 
sexual maturation is determined by a 
specific gene (a, and developmental 
changes in the brain-pituitary- 
gonadal (BPG) axis occur at specific 
chronological ages which are deter- 
mined by P allele constitution (12). 
Our success in identifying various 
pituitary hormones (13), neuro- 
peptides (5,7,14), and neurotrans- 

pe up ported by the NIA (AGO 1938) and mitters (7) has enabled us to develop 
calendar/maps for the distribution 

the City University of New York (PSC- 
CUNY) . of these substances at various stages 

during the sexual development and aging 
2 ~ 1 1  correspondence should be addressed of platyfish. In order to study 
to M.P. Schreibman, Department of catecholamine distribution, we employed 
Biology, Brooklyn College, Brooklyn, ICC methods to localize immunoreactive 
New York 11210. tyrosine hydroxylase (ir-TH), an enzyme 
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necessary  f o r  t h e  s y n t h e s i s  of dopamine, 
norep inephr ine  and ep inephr ine ,  i n  
young, s e x u a l l y  mature f i s h .  

M a t e r i a l s  and Methods. One-year o l d ,  
szxually mature male (n=5) ahd female (n=5) 
p l a t y f i s h  of known g e n e t i c  c o n s t i t u t i o n  
( samapa .~~tock;P- a l l e l e s  f o r  e a r l y  matu- 
r a t i o n )  were s t u d i e d .  Animals were 
s a c r i f i c e d  by d e c a p i t a t i o n ,  and heads 
were immersed i n  ~ o u i n ' s  f l u i d  con- 
t a i n i n g  a c e t i c  a c i d  (under  vaccuum f o r  
24 hours ) ,  d e c a l c i f i e d  ("Decalt', Omega 
Chem. Co.), dehydrated i n  e t h a n o l  and 
bu tanol  and embedded i n  p a r a f f i n .  F ive  
um t h i c k  s a g i t t a l  s e c t i o n s  were mounted 
s e r i a l l y  on g e l a t i n - c o a t e d  s l i d e s .  

The i n d i r e c t  immunoperoxidase a n t i -  
perox idase  (PAP) method (15) a s  modi- 
f i e d  f o r  our  m a t e r i a l  (13) and u t i l i z -  
i n g  an t i se rum a g a i n s t  r a t  TH (16) a t  
d i l u t i o n s  of 1:250-1:500, was employed. 
Cont ro l  p rocedures  inc luded  t h e  absorp- 
t i o n  of t h e  f i n a l  d i l u t i o n  of an t i se rum 
w i t h  s y n t h e t i c  LHRH (Peninsu la )  o r  bo- 
v i n e  serum albumin, and t h e  s u b s t i t u -  
t i o n  of normal r a b b i t  serum o r  o t h e r  
a n t i s e r a  f o r  t h e  pr imary an t i se rum.  
The TH an t i se rum used i n  t h i s  s t u d y  h a s  
been p r e v i o u s l y  c h a r a c t e r i z e d  and run  
w i t h  homologous (TH) a n t i g e n  c o n t r o l s  
(16) 

R e s u l t s .  The ana tomica l  t e r m s  used i n  
t h e  d e s c r i p t i o n s  below a r e  accord ing  t o  
P e t e r  e t  a l .  (17) and Miinz e t  a l .  (6).  
Observa t ions  a r e  s i m i l a r  f o r  bo th  male 
and female p l a t y f i s h .  

I n  t h e  f o r e b r a i n ,  ir-TH is l o c a l -  
i z e d  i n  p e r i k a r y a  and processes  of t h e  
nuc leus  o l f a c t o r e t i n a l i s  (NOR) ( f i g .  1 ) .  
I r - p e r i k a r y a  a r e  f u s i f o r m  i n  shape and 
g i v e  r i s e  t o  t h i c k  processes  whit-h ex- 
t end  dorsocauda l ly  and ventro-caudal ly.  
Ir-TH p e r i k a r y a  a r e  a l s o  p r e s e n t  i n  t h e  
p a r s  magnoce l lu la r i s  and p a r s  parvocellu- 
l a r i s  of t h e  nuc leus  p r e o p t i c u s  (NPO) 
( f i g s .  2 ,3 ) .  These neurons a r e  f  u s i -  
form o r  m u l t i p o l a r  i n  shape  and have 
processes  which a r e  d i f f i c u l t  t o  t r a c e .  
Ir-TH is  p r e s e n t  i n  p e r i k a r y a  i n  t h e  
w a l l  of t h e  t h i r d  v e n t r i c l e  and t h e  
nuc leus  r e c e s s u s  l a t e r a l i s  (NRL) and 
nuc leus  r e c e s s u s  p o s t e r i o r i s  (NRP) of 
t h e  p a r a v e n t r i c u l a r  o rgan  (PVO; f i g ,  
4 ) ,  however, immunoreactive s t a i n i n g  
is cons iderab ly  l e s s  i n t e n s e  than  seen  
i n t h e  NPO and NOR. I n  t h e  p i t u i t a r y  
gland,  ir-TH is l o c a l i z e d  i n  t h e  pro- 
l a c t i n  c e l l s  o f  t h e  r o s t r a 1  p a r s  d i s -  

t a l i s  (RPD) and i n  some f i s h ,  i r - c e l l s  
a r e  a l s o  l o c a l i z e d  i n  t h e  p a r s  i n t e r -  
media (PI ;  f i g .  4 ) .  

Discuss ion .  I n  t h i s  r e p o r t ,  we have 
demonstrated t h a t  i n  p l a t y f i s h ,  ir-TH 
is l o c a l i z e d  i n  t h e  NOR, NPO, PVO and 
p i t u i t a r y  gland (RPD and P I ) ,  r e g i o n s  
which p l a y  impor tan t  r o l e s  i n  t h e  de- 
velopment and maintenance of t h e  re-  
p r o d u c t i v e  system i n  t e l e o s t s  (4 ) .  Ir- 
TH h a s  been l o c a l i z e d  i n  v a r i o u s  ten- 
t e r s  of t h e  b r a i n  i n  s e v e r a l  t e l e o s t s  
(9;  Joh,  unpubl i shed) ,  however, t h i s  
is  t h e  f i r s t  r e p o r t  i n  which ir-TH h a s  
been demonstrated w i t h i n  p e r i k a r y a  and 
p r o c e s s e s  of t h e  NOR of f i s h e s .  

I t  is  g e n e r a l l y  b e l i e v e d  t h a t  i n  
v e r t e b r a t e s  LHRH and monoamines a c t  i n  
c o n c e r t  t o  r e g u l a t e  GTH s y n t h e s i s  and 
r e l e a s e  by bo th  s t i m u l a t o r y  and i n h i b i -  
t o r y  a c t i o n s  (1-4, 18) .  I n  p l a t y f i s h ,  
t h e  appearance of  LHRH i n  t h e  NOR, nu- 
c l e u s  p r e o p t i c u s  p e r i v e n t r i c u l a r i s  
(NPP; a n  a r e a  i n  t h e  a n t e r i o r  p r e o p t i c  
r e g i o n ) ,  and nuc leus  l a t e r a l i s  t u b e r i s  
(NLT) i n  sequence accord ing  t o  a  spec- 
i f i c  t i m e t a b l e  of matura t ion ,  p recedes ,  
and is  e s s e n t i a l  f o r ,  t h e  development 
of gonadotrops and subsequent ly  t h e  
gonads (19) .  Therefore ,  t h e  p resence  
of ir-TH i n  t h e  NOR and t h e  p r e o p t i c  
r e g i o n  (NPO) s t r o n g l y  s u g g e s t s  a  func- 
t i o n a l  r e l a t i o n s h i p  between ca techol -  
amines and LHRH dur ing  r e p r o d u c t i v e  
system development and opera t ion .  It 
may b e  t h a t  catecholamines,  a c t i n g  
a l o n e  o r  t o g e t h e r  w i t h  o t h e r  neuro- 
t r a n s m i t t e r  subs tances ,  s e r v e  t o  reg- 
u l a t e  t h e  t i m e  o f  s e x u a l  matura t ion .  

I n  g o l d f i s h ,  a  gonadotropin- 
r e l e a s e - i n h i b i t o r y  f a c t o r  (GRIF) is  be-. 
l i e v e d  t o  o r i g i n a t e  from t h e  a n t e r i o r  
p r e o p t i c  reg ion  (18) and i t  h a s  been 
sugges ted  t h a t  dopamine is  t h e  a g e n t r e -  
s p o n s i b l e  f o r  t h e  GRIF a c t i o n  (20) .  
Our a b i l i t y  t o  l o c a l i z e  ir-TH i n  t h e  
NPO l e n d s  suppor t  t o  t h e s e  hypotheses 
and s u g g e s t s  t h a t  s i m i l a r  mechanisms 
may o p e r a t e  i n  p l a t y f i s h .  

The presence  of ir-TH i n  some ir- 
GTH c o n t a i n i n g  c e l l s  of t h e  P I  b u t  n o t  
i n  t h e  vCPD of s e x u a l l y  mature f i s h  
s u p p o r t s  our  c o n t e n t i o n  t h a t  t h e s e  two 
GTH producing a r e a s  p l a y  d i f f e r e n t  
r o l e s  i n  r e p r o d u c t i v e  physiology.  
Based on temporal immunocytochemical 
and p h y s i o l o g i c a l  s t u d i e s  (19,21) we 
have sugges ted  t h a t  PI  c e l l s  p l a y  t h e i r  
pr imary r o l e  i n  immature f i s h  from 
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Figure 1. Sagittal section through the NOR showing ir-perikarya (arrow) 
and processes. 595X. 

Figure 2. Ir-cells of the pars magnocellularis of the NPO. 610X. 
Figure 3. Ir-cells of the pars parvocellularis of the NPO. 695X. 
Figure 4. Brain: ir-cells of the third ventricle (111), NRL (L), and NRP (P). 

Pituitary: ir-prolactin cells (arrow) and paler ir-cells in the 
dorsal pars intermedia (arrowheads). 120X. 

Note: In all figures anterior is to the left and ir-TH appears black. 

birth to puberty and that the CPD gon- during brain-pituitary-gonadal develop- 
adotrops are most essential in sexually ment. 
mature platyfish. A study of ir-TH 
localization from birth to puberty in 
the light of our developmental studies 1. Barraclough CA, Wise PM* The 
on LHRH (19,21) may clarify the specif- role of catecholamines in the regula- 
ic interrelationships which exist be- tion of pituitary LH and FSH secretion. 
tween neurotransmitter and neuropeptide Endocrine Rev V O ~  3:91-119, 1982. 
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