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Summary.  The colocalization of the peptides neuropep- 
tide Y (NPY) and P h e -  M e t -  A r g -  Phe -NH2 
(FMRFamide) in the brain of the Atlantic salmon was 
investigated with double immunofluorescence labeling 
and peroxidase-antiperoxidase immunocytochemical 
techniques. Colocalization of NPY-like and FMRF 
amide-like immunoreactivities was observed in neuronal 
cell bodies and fibers in four brain regions: in the lateral 
and commissural nuclei of the area ventralis telencepha- 
li, in the nucleus ventromedialis thalami, in the laminar 
nucleus of the mesencephalic tegmentum, and in a group 
of small neurons situated among the large catecholamin- 
ergic neurons in the isthmal region of the brainstem. 
All cell bodies in these nuclei were immunoreactive to 
both NPY and FMRF. We consistently observed larger 
numbers of FMRF-immunoreactive than NPY-immu- 
noreactive fibers. In the nucleus ventromedialis thalami 
NPY- and FMRFamide-like immunoreactivities were 
colocalized in cerebrospinal fluid (CSF)-contacting neu- 
rons. NPY-immunoreactive, but not FMRF-immunore- 
active, neurons were found in the stratum periventricu- 
lare of the optic tectum, and at the ventral border of 
the nucleus habenularis (adjacent to the nucleus dorsola- 
teralis thalami). Neurons belonging to the nucleus of 
the nervus terminalis were FMRF-immunoreactive but 
not NPY-immunoreactive. The differential labeling indi- 
cates, as do our cross-absorption experiments, that the 
NPY and FMRFamide antisera recognize different epi- 
topes. Thus, it is probable that NPY-like and FMRF 
amide-like substances occur in the same neurons in some 
brain regions. 
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It is generally accepted that neurons can produce, store 
and release more than one type of transmitter molecule. 
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However, it is difficult to determine the functional role 
of such coexistence. The colocalization of two neuropep- 
tides within the same neuron appears to be a widespread 
phenomenon in the nervous system of mammals (Wat- 
son et al. 1978; H6kfelt et al. 1983; Triepel and Grimme- 
likhuijzen 1984; Chronwall 1985; Sasek and Elde 1985; 
Sasek et al. 1990) and birds (Erichsen et al. 1982). It 
has also been described in certain regions of the central 
nervous system (CNS) of fish (Stell et al. 1984; Yulis 
and Lederis 1987; Olivereau and Olivereau 1988). 

The immunohistochemical relationship of neuropep- 
tide Y (NPY) and P h e - M e t - A r g - P h e - N H 2  
(FMRFamide) has been the subject of several investiga- 
tions (Triepel and Grimmelikhuijzen 1984; Sasek and 
Elde 1985; Muske et al. 1987). In rat and guinea pig, 
the peptides have been found colocalized in neurons of 
the hypothalamic arcuate nucleus, medulla oblongata, 
and the gray commissure of the spinal cord (H6kfelt 
et al. 1983; Triepel and Grimmelikhuijzen 1984; Chron- 
wall 1985; Sasek and Elde 1985). However, the function- 
al significance of this colocalization remains unknown. 

By using high-performance liquid chromatography 
and radioimmunoassay, Muske et al. (1987) and Pontet 
et al. (1989) have shown that NPY and FMRFamide 
are present in the CNS of teleosts. Kimmel et al. (1986) 
have isolated, from coho salmon endocrine pancreas, 
a peptide that has 83% homology with porcine NPY. 
Larhammar et al. (1990) have cloned the NPY gene from 
different vertebrates and have found a strong similarity 
between the NPY gene in shark, goldfish, and man. 

The distribution of NPY-like immunoreactivity (Val- 
larino et al. 1988; Brodin et al. 1989; Pontet et al. 1989; 
Vecino et al. 1989; Vecino 1989) and FMRFamide-like 
immunoreactivity (Boer et al. 1980; Bonn and K6nig 
1988; Ohtomi et al. 1989; {}stholm et al. 1990) has been 
investigated in the CNS of fishes. FMRFamide has been 
found to be colocalized with luteinizing hormone-releas- 
ing hormone in the olfactoretinal pathway of the gold- 
fish brain (Stell et al. 1984). NPY is colocalized with 
tyrosine hydroxylase in amacrine cells in the goldfish 
retina (Muske et al. 1987). In vitro experiments have 
demonstrated that NPY modulates the release of gona- 
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d o t r o p i n  f rom the p i t u i t a ry  in goldf i sh  ( K a h  et  al. 1989) 
and  r a i n b o w  t r o u t  (Bre ton  et  al. 1989). To date ,  there  
have  been  no  repor t s  on  the co loca l i za t ion  o f  N P Y  a n d  
F M R F a m i d e  in the  C N S  o f  fishes. 

In  the  p resen t  s tudy,  we r e p o r t  the co loca l i za t ion  o f  
N P Y  and  F M R F a m i d e  in the C N S  o f  sa lmon.  The  re- 
sults are  d iscussed  on the bas is  o f  the phy logene t i c  pre-  
se rva t ion  o f  the  coexis tence o f  these two pep t ides  and  
their  poss ib le  roles in the  fish CNS.  

Materials and methods 

Seven Atlantic salmon (Salmo salar L.), from one to two years 
old, were used. The animals were purchased from a commercial 
hatchery and kept in fresh water at 8 ~ C under a LD 12:12 cycle 
until used. 

The animals were anesthetized with tricaine methane sulfonate 
(MS-222) and perfused transcardially with 4% paraformaldehyde 
in 0.1 M phosphate buffer (PB), pH 7.4. The brains were postfixed 
in the same fixative for 2 h, rinsed in PB and then placed in 25% 
sucrose in PB until they sank. The brains were then frozen on 
a metal plate cooled by liquid nitrogen, and cut in the frontal 
or sagittal plane on a cryostat. Alternate 10-gm-thick sections were 
mounted on four sets of chrome alum-gelatine-subbed slides. In 
this way, four comparable series of adjacent sections were obtained 
from each brain. 

Immunocy tochemis t ry  

From three brains, the first and third sets of sections were incubat- 
ed with rabbit anti-FMRFamide (Immunonuclear, Stillwater, 
USA: lot # 8630014) diluted 1 : 3000. The second set was incubated 
with rabbit anti-NPY (1-36) (Cambridge Research Biochemicals/ 
Diagnostika, Falkenberg, Sweden: lot ~+ 00317/1098) diluted 
1:2000. They were then processed according to the peroxidase- 
antiperoxidase method (Sternberger 1979; Vecino and Ekstr6m 
1990). All antibodies were diluted in 0.01 M phosphate-buffered 
saline (PBS) containing 0.25% Triton-Xl00 and 1% bovine serum 
albumin. The fourth set was Nissl stained with cresyl violet. 

Control experiments 

The specificity of the immunostaining for NPY and FMRFamide 
was tested as follows: (1) replacement of the primary antisera by 
immune rabbit serum alone; (2) pre-incubation with the respective 
antigen of the antisera diluted to the concentration used in the 
immunocytochemical protocol; (3) cross-preabsorption of the 
NPY-antiserum with synthetic FMRFamide, and of the FMRF 
amide-antiserum with synthetic NPY. 

For the cross-reactivity test, four sets of alternate transverse 
10 lain-thick-sections from one brain were used. Excess synthetic 
FMRFamide (100 gg/ml) and NPY (10 nM/ml) were pre-incubated 
overnight with antisera against NPY and FMRFamide, respective- 
ly, diluted to the concentrations used in the immunocytochemical 
protocol. The concentration of the antigens used for preabsorption 
was chosen according to the suggestions of the manufacturers of 
the antibodies. The four sets of alternating sections were then in- 
cubated overnight as follows: the first set with NPY antiserum, 
the second with the mixture of NPY-antiserum and synthetic 
FMRFamide, the third with FMRFamide-antiserum, and the 
fourth set with the mixture of FMRFamide-antiserum and synthet- 
ic NPY. The sections were then processed for the peroxidase-anti- 
peroxidase method according to the protocol described above. 

The control experiments (i) and (2) resulted in the elimination 
of all immunostaining. After the cross-reactivity test (3), no differ- 

ences were observed in the immunoreactivity pattern between the 
series in which the NPY antiserum was pre-incubated with 
FMRFamide, and the series incubated with the NPY antiserum. 
Furthermore, preabsorption of the FMRFamide antiserum with 
NPY did not reduce the immunoreactivity. Thus, the NPY anti- 
bodies did not appear to cross-react with FMRFamide, or vice 
versa. 

The nomenclature for the telencephalon followed Northcutt 
and Davis (1983), that for the diencephalon followed Billard and 
Peter (1982), and that for the brainstem was after Nieuwenhuys 
and Pouwels (1983). 

Results 

The d i s t r ibu t ion  o f  F M R F a m i d e - l i k e  and  N P Y - l i k e  im- 
m u n o r e a c t i v i t y  in the b ra in  o f  Salmo salar was ana lyzed  
in f ron ta l  a n d  sagi t ta l  sections.  However ,  for  b rev i ty  we 
will,  when  re la t ing  to the poss ib le  co loca l i za t ion  o f  these 
immunoreac t iv i t i e s ,  refer to them as ~ F M R F a m i d e  and  
N P Y "  or  '~ the two p e p t i d e s " .  

We f o u n d  co loca l i za t ion  o f  N P Y  and  F M R F a m i d e  
in neu rona l  cell bodies  s i tua ted  in c i r cumscr ibed  nuclei  
in the  t e lencepha lon ,  d i encepha lon ,  mesencepha l i c  teg- 
m e n t u m  a n d  the i s thmal  reg ion  o f  the  b r a in s t em 
(Fig.  1 A - D ) .  We also obse rved  b ra in  areas  where  we 
found  neu rons  tha t  were i m m u n o r e a c t i v e  to only  one 
o f  the ant isera .  

Telencephalon 

A g r o u p  o f  N P Y - l i k e  i m m u n o r e a c t i v e  (NPYi r )  a n d  
F M R F a m i d e - l i k e  i m m u n o r e a c t i v e  ( F M R F i r )  neurons  
was loca ted  in the  la te ra l  nucleus  o f  the a rea  vent ra l i s  
te lencephal i  and  in the c o m m i s s u r a l  nucleus  o f  the  a rea  
vent ra l i s  t e lencephal i  (Fig. 1 A).  We f o u n d  N P Y i r  and  
F M R F i r  neurons  on  bo th  sides o f  the  an t e r io r  com-  
missure.  This  commissure ,  which  connec ts  the telence- 
pha! ic  hemispheres ,  d id  n o t  show any  i m m u n o r e a c t i v i t y  
to any  o f  the two pep t ide  s tudied.  

The  ir neu rons  in the t e l encepha lon  were smal l  (8 -  
10 x 10-14 gin)  wi th  fus i fo rm cell bodies ,  in  sagi t ta l  sec- 
t ions,  we obse rved  tha t  m o s t  o f  the ir  neu rons  were fusi- 
f o rm  wi th  ven t ro - cauda l l y  o r i en ted  long  axes. Thus,  in 
f ron ta l  sect ions,  the  cell bod ies  a p p e a r e d  to be round .  
N P Y i r  and  F M R F i r  neu rons  were o f  s imi lar  m o r p h o l o -  
gy. Moreove r ,  their  d i s t r i bu t ion  and  re la t ive  dens i ty  
wi th in  the  te lencephal ic  nuclei  were a lmos t  ident ical .  

> 

Figs. 1-8. Abbreviations used in figures. AC Anterior commissure; 
CCb corpus cerebelli; Dd dorsal zone of area dorsalis telencephali; 
Dm medial zone of the area dorsalis telencephali; tim fasciculus 
longitudinalis medialis; LA laminar nucleus; LC locus coeruleus; 
meba tractus mesencephalo-cerebellaris anterior; N A T  nucleus an- 
terior tuberis; NDLI nucleus diffusus lobi infelioris; ND TL nucleus 
diffusus tori lateralis; NL T nucleus lateralis tuberis; NPP V nucleus 
posterior periventricularis; ntdl nucleus tegmenti dorsalis lateralis; 
N V M  nucleus ventromedialis thalami; OT optic tectum; Pit pitui- 
tary; TL torus longitudinalis; TS torus semicircularis; v ventricle; 
Ve commissural nucleus of area ventralis telencephali; VCb valvula 
cerebelli; Vl lateral nucleus of area ventralis telencephali; Vs supra- 
commissural nucleus of area ventralis telencephali; Vv ventral nu- 
cleus of area ventralis telencephali 
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Fig, 1 A-D. Transverse sections showing brain areas containing cell 
bodies in which NPY-like and FMRFamide-like immunoreactivi- 
ties were colocalized (arrows). The levels A-D are represented in 
the upper drawing. A Cell bodies located in the Pc. B CSF-contact- 

ing and other neurons in the nucleus vemromedialis thalami. C 
Cell bodies in the LA. D Cell bodies in the LC of the isthmal 
region 
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Figs. 2, 3. FMRFir (Fig. 2) and NPYir (Fig. 3) CSF-contacting 
neurons in the nucleus ventromedialis thalami, located in and be- 

low the ependyma lining the third ventricle. Photomicrographs tak- 
en at the same level as in Figs. 4 and 5. Scale bars: 50 gm 

NPYir  and FMRFi r  fibers also showed similar distribu- 
tion. Unfortunately,  the small size of  the neurons pre- 
cluded conclusive demonstration of  colocalization of  
NPY and FMRFamide  by means of  comparison of  adja- 
cent sections. 

Diencephalon 

NPYir  and FMRFi r  neurons were located in the nucleus 
ventromedialis thalami (Figs. 1 B, 2, 3). All ir neurons 
were small ( 8 - 1 0 •  ~tm) and monopolar ,  with 
round or pyriform cell bodies. We classified the ir cells 
according to their position as (1) neurons that sent the 
main neurite away from the ventricle and that were not 
in contact with the cerebrospinal fluid (CSF), and (2) 
CSF-contacting neurons. Some of  the CSF-contacting 
neurons were located in the ependymal layer, whereas 
others were found in a subependymal position and emit- 
ted their main dendritic processes through the ependy- 
mal layer into the third ventricle (Figs. 2, 3). Both classes 
of  neurons were NPYir  and FMRFi r  (not shown). 

As in the telencephalon, NPYir  and FMRFi r  neurons 
were of  similar morphology,  and showed similar distri- 
bution. However, NPYir  neurons were generally more 
weakly immunoreactive, and the number of  NPYir  in 
neurons appeared more variable between specimens than 
NPYir  neurons. As in the telencephalon, the small size 
of  the ir neurons precluded conclusive demonstration 
of  colocalization of  NPY and FMRFamide.  

Differences in the distribution of  ir neurons were also 
noted. NPYir  CSF-contacting neurons were found ven- 
tral to the nucleus ventromedialis thalmi, and at the 
ventral border of  the nucleus habenularis, adjacent to 
the nucleus dorsolateralis thalami. FMRFi r  neurons 
were never observed in these locations. 

Mesencephalic tegmentum 

Colocalization of  NPY and FMRFamide  was observed 
in a group of neurons in the dorsal mesencephalic teg- 
mentum. This group of  neurons was located close to 
the ependymal layer of  the third ventricle, lateral to the 
point where the ependymal lining of  the valvula cerebelli 
unites with that of  the tegmentum, and dorsomedial to 
the tractus mesencephalo-cerebellaris anterior (Fig. 1 C). 
These neurons were monopolar  and of variable size (8- 
10 x 14-20 gm). All their processes extended away from 
the ventricle, toward the ventral tegmentum (Figs. 4, 5). 
It appeared that all the ir cell bodies of this nucleus 
were both NPYir  and FMRFir ,  whereas FMRFi r  fibers 
were more abundant  than NPYir  ones. 

The NPYir  and FMRFi r  neurons formed a fusiform 
nucleus, with its long axis oriented rostrocaudally. Thus, 
in the most rostral and caudal sections of  the nucleus, 
we found only one or two ir neurons per section, whereas 
in the middle of  the nucleus, we observed 14 16 neurons 
per section. The ir neurons were linearly arranged and 
were, at all levels, situated approximately at the same 
distance from the mesencephalic ventricle. The dorso- 
caudal length of  this nucleus was approximately 300 gin. 

Brainstem 

Colocalization of  FMRFamide  and NPY immunoreacti- 
vities was found in a group of  neurons situated among 
the large catecholaminergic neurons of  the isthmus re- 
gion in the brainstem (Figs. 1 D, 6 "locus coeruleus").  

The ir neurons were monopolar  and of  medium size 
(8-10 • 12-16 gm). The cell bodies were oriented toward 
the ventricle, with their ir processes projecting away 
from it. Adjacent series processed for FMRFamide  or 
NPY showed the same cells sectioned at different levels 
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Figs. 4, 5. Photomicrographs of adjacent 
transverse 10-p.m-thick sections of the 
laminar nucleus immunostained for 
FMRFamide (Fig. 4) or NPY (Fig. 5). 
Note that the same neurons were sec- 
tioned at different levels and stained for 
both peptides (arrows). Asterisks delin- 
eate the limit of the mcba. Scale bars: 
100 ~tm 

and labeled for both substances (Figs. 7, 8). More 
FMRFir than NPYir fibers were seen surrounding this 
nucleus. 

Discussion 

FMRFamide, a molluscan cardioexcitatory tetrapeptide 
(Price and Greenberg 1977), and NPY, a member of 
the pancreatic polypeptide family CYatemoto et al. 1982), 
have functions in the endocrine system (O'Donohue 
et al. 1985; Potter 1988; Chen et al. 1989; Pontet et al. 
1989). FMRFamide has also been reported to have an 
excitatory effect on brainstem neurons (Gayton 1982), 
playing a role in the modulation of pain (Sasek et al. 
1982; Sasek and Elde 1985). Thus, intrathecal injection 
of IgG purified from antiserum directed against 
FMRFamide induces long-lasting moderate analgesia in 
rat, and also attenuates morphine tolerance (Tang et al. 

1984). NPY, on the other hand, produces analgesia by 
blocking the release of substance P (personal communi- 
cation, T. Yask). The presence of NPYir cell bodies in 
the hypothalamus and preoptic nucleus suggests that this 
peptide may be involved in neuroendocrine regulation 
(Danger et al. 1985; Tillet et al. 1989). 

The distribution of NPYir and FMRFir neurons in 
the telencephalon and in the hypothalamus of the salm- 
on brain is similar to that of NPYir and FMRFir neu- 
rons in other fish species (Boer et al. 1980; Vallarino 
et al. 1988; Bonn and K6nig 1988; Brodin et al. 1989; 
Ohtomi etal. 1989; Pontet et al. 1989; Ostholm et al. 
1990; Vecino 1989), amphibians (Danger etal. 1985; 
Calliez et al. 1987), and mammals (Adrian et al. 1983; 
Allen et al. 1983; Pelletier et al. 1984; Triepel and Grim- 
melikhuijzen 1984; Chronwall 1985). 

However, this study provides the first evidence for 
the colocalization of NPY-like and FMRFamide-like 
substances in the CNS of a teleost fish. (Again, for brevi- 
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Figs. 6, 8. Photomicrograph of a Nissl-stained transverse section 
of the brainstem showing the LC neurons (Fig. 6). Adjacent sec- 
tions immunostained for FMRFamide (Fig. 7) and NPY (Fig. 8). 
The same cells sectioned at different levels are immunostained for 
both peptides (arrows). The large (noradrenergic) neurons of the 
LC can be discerned (arrowheads) among the immunoreactive cells. 
Scale bars: 50 gm 

ty, we will refer to them as NPY and FMRFamide  in 
this section). Colocalization of  FMRFamide  and NPY 
can be observed in neurons of  the laminar nucleus of  
the mesencephalic tegmentum, and in the isthmus re- 
gion. Colocalization was demonstrated by processing 
adjacent sections with antisera against FMRFamide  and 
NPY. We could clearly see the same neurons labeled 
by the different antisera in adjacent sections. Moreover, 
NPY-like and FMRFamide-like immunoreactivity may 
be colocalized in neurons of  the lateral and commissural 
nuclei of  the area ventralis telencephali, and in the nucle- 
us ventromedialis thalami, although this remains to be 
proven with other techniques. 

Some neurons in different locations of  the brain were 
labeled with only one antiserum. Thus, NPYir  neurons 
were found in the stratum periventriculare of the optic 
tectum (Vecino and Ekstr6m 1990), among CSF-contact- 
ing neurons situated ventral to the nucleus ventromedia- 
lis thalami, and in a group of neurons at the ventral 
border of  the nucleus habenularis, adjacent to the nucle- 
us dorsolateralis thalami. FMRFi r  neurons were never 
observed in these locations. On the other hand, FMRFi r  
neurons have been described in the nucleus of  the nervus 
terminalis (Ekstr6m et al. 1988) where no NPYir  cell 
bodies are located (Vecino 1989; present study). These 
findings, together with the observation that FMRFi r  
fibers generally occur in larger numbers than NPYir  
fibers, indicate that the distribution of  NPY and 
FMRFamide  is not the same in all areas of the salmon 
brain. However, there are four areas in the salmon brain 
that contain neurons in which both peptides appear to 
be present (see above). 

As mentioned above, FMRFi r  fibers generally occur 
in larger numbers than NPYir  fibers. Nevertheless, 
strongly NPYir  neurons have been observed in several 
areas. Whereas NPYir  fibers may have a more restricted 
distribution in the salmon brain than FMRFi r  fibers, 
the NPY recognized by the antiserum in the cell bodies 
may be further processed in the axons and will thus 
not be recognized by the antiserum. 

Several studies of  mammals have demonstrated that 
both NPY and FMRFamide  immunoreactivities are 
found in the same neurons in the arcuate nucleus, in 
the medulla oblongata, and in the gray commissure of  
the spinal cord (H6kfelt et al. 1983; Chronwall 1985; 
Sasek and Elde 1985). Our results indicate that these 
two peptides may also be colocalized in some neurons 
in the fish brain. Bearing in mind the limitations of  im- 
munocytochemistry this suggests that, during evolution, 
peptides have preserved not only their chemical structure 
but also their colocalization with other substances. The 
native peptides have to be isolated and sequenced to 
finally resolve this issue. 

In mammals, the amygdala and hippocampus have 
the highest concentrations of NPY in the forebrain 
(Chang et al. 1985). In these telencephalic areas, NPY 
has been demonstrated to modulate the processing of  
memory (Flood et al. 1987, 1989). Homology has been 
suggested to exist between the mammalian amygdala 
and the teleostean commissural nucleus of  the area ven- 
tralis telencephali (Northcutt  and Braford 1980), where 
we have observed FMRFi r  and NPYir  in some neurons. 
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Moreover ,  the goldfish telencephalon has been implicat- 
ed in food-re inforced color-discr iminat ion-learning 
funct ions (Ohnishi 1989). It  is thus possible that  the ir 
cell bodies that  we have described in the sa lmon telence- 
pha lon  could take par t  in modu la t ion  o f  m e m o r y  and 
learning processes. 

The locat ion o f  N P Y  and F M R F a m i d e  neurons  in 
the nucleus ventromedial is  thalami corresponds  with the 
locat ion o f  serotoninergic cell bodies in the hypotha la-  
mus o f  salmonids (Frankenhuis-van den Heuvel  and 
Nieuwenhuys  1984; Eks t r6m and Ebbesson 1989). N P Y  
and F M R F a m i d e  have been described in CSF-contac t -  
ing neurons  o f  the periventricular hypo tha lamus  in 
mammals  (Sabat ino et al. 1987; M c D o n a l d  e ta l .  1988; 
Chen 1989) and in fish (Vallarino et al. 1988; Os tho lm 
et al. 1990; Vecino 1989). It  is possible tha t  bo th  peptides 
could be released f rom these cells into the CSF.  More-  
over, in vitro experiments have demons t ra ted  that  N P Y  
modula tes  the release o f  gonado t rop in  in goldfish (Kah 
et al. 1989) and in ra inbow t rou t  (Breton et al. 1989). 
Thus,  the two peptides might  interact  in the neural  con-  
trol o f  h o r m o n e  release f rom the pituitary. 

In the mesencephalic  tegmentum,  we have found  a 
large number  o f  ir cell bodies in a nucleus that  corre- 
sponds to the laminar  nucleus (C)stholm et al. 1990). Al- 
t hough  cont inuous  with the torus semicircularis, the la- 
minar  nucleus shows different immunocy tochemica l  fea- 
tures compared  with this structure, and appears  to be 
a distinct nucleus. The laminar  nucleus o f  the sa lmon 
is no t  con t inuous  with the deep (periventricular) layer 
o f  the optic rectum, as is the case for  the laminar  nucleus 
o f  the mesencephalic  t egmentum in the lizard (Ebbesson 
1967). Thus,  we use the term laminar  nucleus to describe 
the m o r p h o l o g y  o f  this sheet-like cell mass,  ra ther  than  
to imply a h o m o l o g y  with its reptilian namesake.  

The mos t  caudal  g roup  o f  neurons  that  shows coex- 
istence o f  F M R F a m i d e  and N P Y  is located in the isth- 
mus region of  the brainstem, close to the catecholamin-  
ergic neurons  that  are usually termed the " locus  coeru- 
leus"  (for discussion, see Eks t rSm et al. 1986; Eks t r6m 
and Ebbesson 1989). The noradrenergic  neurons  in the 
locus coeruleus o f  m a m m a l s  are k n o w n  to costore other  
transmitters,  such as the neuropept ides  N P Y  and galan- 
in (Holets et al. 1988), enkephalins (Charnay  et al. 1982) 
and somatos ta t in  (Palkovits et al. 1982), and serotonin 
(Steinbusch 1981). Therefore,  it is striking that  the 
N P Y i r / F M R F i r  neurons  in the is thmus region of  the 
salmon are small and  clearly distinct f rom the large nor-  
adrenergic neurons  (Ekst r6m et al. 1989). 

Acknowledgements. This study was supported by grants from the 
European Science Foundation and the Spanish Ministry of Educa- 
tion (E.V.), and the Swedish Natural Science Research Council 
(8554-301 ; P.E.). 

References 

Adrian TE, Allen JM, Bloom SR, Ghatei MA, Rossor MN, Ro- 
berts GW, Crow TJ, Tatemoto K, Polak JM (1983) Neuropep- 
tide distribution in human brain. Nature 306:584-586 

Allen YS, Adrian TE, Allen JM, Tatemoto K, Crow TJ, Bloom 
SR, Polak JM (1983) Neuropeptide Y distribution in the rat 
brain. Science 221 : 877-879 

Billard R, Peter RE (1982) A stereotaxic atlas and technique for 

nuclei of the diencephalon of rainbow trout (Salmo gairdneri). 
Reprod Nutr Dev 22 : 1 25 

Boer HH, Shot LPC, Veenstra JA, Reichelt D (1980) Immunocyto- 
chemical identification of neural elements in the central nervous 
system in a snail, some insects, a fish, and a mammal with 
an antiserum to the molluscan cardioexcitatory tetrapeptide 
FMRFamide. Cell Tissue Res 213:21-27 

Bonn U, KSnig B (1988) FMRFamide-like immunoreactivity in 
brain and pituitary of Xenotoca eisenii. J Hirnforsch 29:121- 
132 

Breton B, Micolaszik T, Danger JM, Gonnet F, Vaudry H (1989) 
Neuropeptide Y stimulates in vitro gonadotropin secretion in 
the rainbow trout. Fish Physiol Biochem 7:77-85 

Brodin L, Rawitch A, Taylor T, Ohta Y, Ring H, HSkfelt T, 
Grillner S, Terenius L (1989) Multiple forms of pancreatic poly- 
peptide-related compounds in the lamprey CNS : partial charac- 
terization and immunohistochemical localization in the brain- 
stem and spinal cord. J Neurosci 9 : 3428-3442 

Caillez D, Danger JM, Polak JM, Pelletier G, Andersen AC, Le- 
boulenger F, Vaudry H (1987) Co-distribution of neuropeptide 
Y and its C-terminal flanking peptide in the brain and pituitary 
of the frog, Rana ridibunda. Neurosci Lett 74:163-168 

Chang RSL, Lotti VJ, Chen TB, Cerino DJ, Kling PJ (1985) Neu- 
ropeptide Y (NPY) binding sites in rat brain labelled with I- 
Bolton-Hunter NPY: comparative potencies of various poly- 
peptides on brain NPY binding and biological responses in 
the rat vas deferens. Life Sci 37:2111 2112 

Charnay Y, L6ger L, Dray F, B6rod A, Jouvet M, Pujol JF, Dubois 
PM (1982) Evidence for the presence of enkephalin in catecho- 
laminergic neurones of cat locus coeruleus. Neurosci Lett 
30:147 151 

Chen ST, Tsai MS, Shen ChL (1989) Distribution of FMRFamide- 
like immunoreactivity in the central nervous system of the For- 
mosan monkey (Macaca cyclopsis). Peptides 10:825-835 

Chronwall BM (1985) Anatomy and physiology of the neuroendo- 
crine arcuate nucleus. Peptides 6 : 1 11 

Coons AH (1958) Fluorescent antibody methods. In: J.F. Daniell 
(ed) General cytochemical methods. Academic Press, New 
York, pp 399-422 

Danger JM, Guy J, Benyamina M, Jegou S, Leboulenger F, Cot6 
J, Tonon MC, Pelletier G, Vaudry H (1985) Localization and 
identification of neuropeptide Y (NPY)-like immunoreactivity 
in the frog brain. Peptides 6:1225-1236 

Ebbesson SOE (1967) Ascending axon degeneration following he- 
misection of the spinal cord in the tegu lizard (Tupinambis nigro- 
punctatus). Brain Res 5 : 178-206 

Ekstr6m P, Ebbesson SOE (1989) Distribution of serotonin-immu- 
noreactive neurons in the brain of sockeye salmon fry. J Chem 
Neuroanat 2:201-213 

Ekstr6m P, Reschke M, Steinbusch H, Veen T van (1986) Distribu- 
tion of noradrenaline in the brain of the teleost Gasterosteus 
aculeatus L. : an immunohistochemical analysis. J Comp Neurol 
254:297-313 

Ekstr6m P, Honkanen T, Ebbesson SOE (1988) FMRFamide-like 
immunoreactive neurons of the nervus terminalis of teleosts 
innervate both retina and pineal organ. Brain Res 460:68 75 

EkstrSm P, Holmqvist B, Mov6rus B (1989) Monoamines and neu- 
ropeptides in the isthmal brain stem/locus coeruleus area of 
teleost fishes. Eur J Neurosci [Suppl] 2:203 

Erichsen JT, Reiner A, Karten JH (1982) Co-occurrence of sub- 
stance P-like and Leu-enkephalin-like immunoreactivities in 
neurons and fibers of avian nervous system. Nature 295:407 
410 

Flood JF, Hernandez EN, Morely JE (1987) Modulation of memo- 
ry processing by neuropeptide Y. Brain Res 421 : 280-290 

Flood JF, Baker ML, Hernandez EN, Morley E (1989) Modulation 
of memory processing by neuropeptide Y varies with brain in- 
jection site. Brain Res 503:73-82 

Frankenhuis-van den Heuvel THM, Nieuwenhuys R (1984) Distri- 
bution of serotonin-immunoreactivity in the diencephalon and 
mesencephalon of the trout, Salmo gairdneri. Cell bodies, fibers 
and terminals. Anat Embryol 169:193-204 



442 

Gayton RJ (1982) Mammalian neuronal actions of FMRFamide 
and the structurally related opioid Met-enkephalin-Arg6-Phe v. 
Nature 298 : 275-276 

H6kfelt T, Lundberg JM, Tatemoto K, Mutt V, Terenius L, Polak 
JM, Bloom S, Sasek C, Elde R, Goldsten M (1983) Neuropep- 
tide Y (NPY) and FMRFamide neuropeptide-like immunoreac- 
tivities in catecholamine neurons of the rat medulla oblongata. 
Acta Physiol Scand 117 : 315-318 

Holets VR, H6kfelt T, R6keaus 2t, Terenius L, Goldstein M (1988) 
Locus coeruleus neurons in the rat containing neuropeptide 
Y, tyrosine hydroxylase or galanin and their efferent projections 
to the spinal cord, cerebral cortex and hypothalamus. Neuro- 
science 24: 893-906 

Kah O, Pontet A, Danger JM, Dubourg P, Pelletier G, Vaudry 
H, Calas A (1989) Characterization, cerebral distribution and 
gonadotropin release activity of neuropeptide Y in the goldfish. 
Fish Physiol Biochem 7:69-76 

Kimmel JR, Plisetskaja EM, Pollock HG, Hamilton JW, Rouse 
JB, Ebner KE, Rawitch AB (1986) Structure of a peptide from 
coho salmon endocrine pancreas with homology to neuropep- 
tide Y. Biochem Biophys Res Comm 141:1084-1091 

Larhammar D, Lundell I, Blomqvist A (1990) Cloning of neu- 
ropeptide Y (NPY) gene from shark; strong similarity of shark 
NPY to mammalian NPY. Eur J Neurosci [Suppl] 2:101 

McDonald JK, Han C, Noe BD, Abel PW (1988) High levels of 
NPY in rabbit cerebrospinal fluid and immunohistochemical 
analysis of possible sources. Brain Res 463 : 259-267 

Muske LE, Dockray GJ, Chohan KS, Stell WK (1987) Segregation 
of FMRFamide-immunoreactive efferent fibers from NPY-im- 
munoreactive amacrine cells in goldfish retina. Cell Tissue Res 
247 : 29%307 

Nieuwenhuys R, Pouwels E (1983) The brain stem of actinoptery- 
gian fishes. In: Northcutt RG, Davis RE (eds) Fish neurobio- 
logy, vol 1. Brain stem and sense organs. University of Michi- 
gan Press, Ann Arbor, pp 25-87 

Northcutt RG, Braford MR (1980) New observations on the orga- 
nization and evolution of the actinopterygian fishes. In: Ebbes- 
son SOE (ed) Comparative neurology of the telencephalon. Ple- 
num Press, New York, pp 41-98 

Northcutt RG, Davis RE (1983) Telencephalic organization in ray- 
finned fishes. In: Davis RE, Northcutt RG (eds) Fish neurobio- 
logy, vol 2. Higher brain areas and functions. University of 
Michigan Press, Ann Arbor, pp 203-236 

O'Donohue TL, Chronwall BM, Pruss PM, Mezey E, Kiss JZ, 
Eiden LE, Massari VJ, Tessel RE, Pickel VM, DiMaggio DA, 
Hotchkiss AJ, Crowley WR, Zukowska-Grojec Z (1985) Neu- 
ropeptide Y and peptide YY neuronal and endocrine systems. 
Peptides 6: 755-768 

Ostholm T, Ekstr6m P, Ebbesson SOE (1990) Distribution of 
FMRFamide-like immunoreactivity in the brain, retina and ol- 
factory system of the sockeye salmon, (Oncorhynchus nerka 
Walbaum). Cell Tissue Res 261:403-418 

Ohnishi K (1989) Telencephalic function implicated in food-rein- 
forced color discrimination learning in goldfish. Physiol Behav 
46: 707-712 

Ohtomi M, Fujii K, Kobayashi H (1989) Distribution of FMRF- 
amide-like immunoreactivity in the brain and neurohypophysis 
of the lamprey, Lampetrajaponica . Cell Tissue Res 256:581- 
584 

Olivereau M, Olivereau J (1988) Localization of CRF-like immuno- 
reactivity in the brain and pituitary of teleost fish. Peptides 
9:13-21 

Palkovits M, Epelbaum J, Tapia-Arancibia L, Kordon C (1982) 
Somatostatin in catecholamine-rich nuclei of the brainstem. 
Neuropeptides 3 : 139-144 

Pelletier G, D6sy L, Kerk6rian L, Cot~ J (1984) Immunocytochemi- 
cal localization of neuropeptide Y (NPY) in the human hypoth- 
alamus. Cell Tissue Res 238:203-205 

Pontet A, Danger JM, Dubourg P, Pelletier G, Vaudry H, Calas 

A, Kah O (1989) Distribution and characterization of neu- 
ropeptide Y-like immunoreactivity in the brain and pituitary 
of the goldfish. Cell Tissue Res 255:529-538 

Potter EK (1988) Neuropeptide Y as an autonomic neurotransmit- 
ter. Pharmacol Ther 37:251-273 

Price DA, Greenberg MJ (1977) Structure of a molluscan cardioex- 
citatory neuropeptide. Science 197: 670-671 

Sabatino FD, Murnane JM, Hoffman RA, McDonald JK (1987) 
Distribution of neuropeptide Y-like immunoreactivity in the 
hypothalamus of the adult golden hamster. J Comp Neurol 
257 : 93-104 

Sasek CA, Elde R (1985) Distribution of nenropeptide Y-like im- 
munoreactivity and its relationship to FMRFamide-like immu- 
noreactivity in the sixth lumbar and first sacral spinal cord 
segments of the rat. J Neurosci 5:1729-1739 

Sasek CA, Elde R, Seybold VS (1982) Localization of FMRF-NH2 
like immunoreactivity in autonomic regions of brain stem and 
spinal cord of the rat. Soc Neurosci Abstr 8 : 809 

Sasek CA, Wessendorf MW, Helke CJ (1990) Evidence for co- 
existence of thyrotropin-relasing hormone, substance P and ser- 
otonin in ventral medullary neurons that project to the interme- 
diolateral cell column in the rat. Neuroscience 35:105-119 

Steinbusch HWM (1981) Distribution of serotonin-immunoreactiv- 
ity in the central nervous system of the rat-cell bodies and 
terminals. Neuroscience 6 : 557-618 

Stell WK, Walker SE, Chohan KS, Ball AK (1984) The goldfish 
nervus terminalis: a luteinizing hormone-releasing hormone 
and molluscan cardioexcitatory peptide immunoreactive olfac- 
toretinal pathway. Proc Natl Acad Sci USA 81:940-944 

Sternberger LA (1979) Immunocytochemistry, 1st edn. Wiley, New 
York 

Tang J, Yang HYT, Costa E (1984) Inhibition of spontaneous 
and opiate-modified nociception by an endogenous neuropep- 
tide with PHe - M e t -  Arg - P h e -  NHz-like immunoreactivity. 
Proc Natl Acad Sci USA 81:5002-5005 

Tatemoto K, Carlquist M, Mutt V (1982) Neuropeptide Y - a 
novel brain peptide with structural similarities to peptide YY 
and pancreatic polypeptide. Nature 296 : 659-660 

Tiller Y, Calkani M, Batailler M (1989) Anatomical relationships 
of monoaminergic and neuropeptide Y-containing fibers with 
luteinizing hormone releasing hormone systems in the preoptic 
area of the sheep brain : immunohistochemical studies. J Chem 
Neuroanat 2:319-326 

Triepel J, Grimmetikhuijzen CJP (1984) A critical examination of 
the occurrence of FMRFamide immunoreactivity in the brain 
of guinea pig and rat. Histochemistry 80:63-71 

Vallarino M, Danger JM, Fasolo A, Pelletier G, Saint-Pierre S, 
Vaudry H (1988) Distribution and characterization of neu- 
ropeptide Y in the brain of an elasmobranch fish. Brain Res 
448 : 67-76 

Vecino E (1989) Distribution de neuropeptidos en el sistema nervio- 
so central de Salmo gairdneri y de Salmo salar: Estudio inmuno- 
citoquimico, PhD thesis, University of Salamanca, Spain 

Vecino E, Ekstr6m P (1990) Distribution of met-enkephalin, leu- 
enkephalin, substance P, neuropeptide Y, FMRFamide, and 
serotonin immunoreactivities in the optic tectum of the Atlantic 
salmon (Salmo salar L.). J Comp Neurol 299 : 229-241 

Vecino E, Pinuela C, Lara J, Covenas R, Alonso JR, Aijon J (1989) 
Distribution of neuropeptide Y-like immunoreactive cell bodies 
in the brain of the rainbow trout Salmo gairdneri. Eur J Neuroci 
[Suppl] 2: 202 

Watson SJ, Akil H, Richard IICW, Brachas JD (1978) Evidence 
for two separate opiate peptide neuronal systems. Nature 
275 : 226-228 

Yulis CR, Lederis K (1987) Co-localization of immunoreactivities 
of corticotropin-releasing factor and arginine vasotocin in the 
brain and pituitary system of the teleost Catostornus commer- 
soni. Cell Tissue Res 247:267-273 


