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Summary. The organization of Gn-RH systems in the brain 

of teleosts has been investigated previously by immunohis- 

tochemistry using antibodies against the mammalian deca- 

peptide which differs from the teleostean factor. Here, we 

report the distribution of immunoreactive Gn-RH in the 

brain of goldfish using antibodies against synthetic teleost 

peptide. 

Immunoreactive structures are found along a column 

extending from the rostral olfactory bulbs to the pituitary 

stalk. Cell bodies are observed within the olfactory nerves 

and bulbs, along the ventromedial telencephalon, the ven- 

trolateral preoptic area and the latero-basal hypothalamus. 

Large perikarya are detected in the dorsal midbrain tegmen- 

turn, immediately caudal to the posterior commissure. A 

prominent pathway was traced from the cells located in 

the olfactory nerves through the medial olfactory tract and 

along all the perikarya described above to the pituitary 

stalk. In the pituitary, projections are restricted to the proxi- 

mal pars distalis. A second immunoreactive pathway as- 

cends more dorsally in the telencephalon and arches to the 

periventricular regions of the diencephalon. Part of this 

pathway forms a periventricular network in the dorsal and 

posterior hypothalamus, whereas other projections con- 

tinue caudally to the medulla oblongata and the spinal cord. 

Lesions of the ventral preoptic area demonstrate that most 

of the fibers detected in the pituitary originate from the 

preoptic region. 

Key words: Gonadotrophin-releasing hormone - Teleosts 

- Immunohistochemistry Neuroendocrine control - Re- 

production - Goldfish (Carassius auratus) 

The primary structure of a teleostean Gn-RH isolated 

from extracts of chum salmon brain has been recently re- 

ported as (TrpV-LeuS)-luteinizing hormone-releasing hor- 

mone (Sherwood et al. 1983). This confirms previous results 

by King and Millar (1980) and Barnett et al. (1982) demon- 

strating that the teleostean Gn-RH differs from the mam- 

malian Gn-RH (mGn-RH) by amino-acid substitution in 

Send offprint requests to." Dr. O. Kah, Laboratoire de Physiologie 
des Interactions Cellulaires, Avenue des Facult+s, 33 405 Talence, 
France 

position 7 and 8 of the ten amino-acid peptide. Recent 

data indicate that this structure is also found in other teleost 

species, including the goldfish (Breton et al. 1984; Sher- 

wood et al. 1984). Differences in the structure of Gn-RH 

in vertebrates have also been documented in birds where 

the sequence of one form of Gn-RH has been found to 

be (GlnS)-mGn-RH (King and Millar 1982; Miyamoto 

et al. 1982) and a second form to be (His 5, Trp 7, Leu8) - 

mGn-RH (Miyamoto et al. 1984). However, there is no in- 

formation concerning the distribution of these native pep- 

tides in fish and birds. To date, with the exception of a 

short report on the sole (Nunez-Rodriguez et al. 1985), anti- 

bodies to only mGn-RH have been used in order to investi- 

gate the distribution of immunoreactive (ir) material in the 

central nervous system of non-mammalian vertebrates. In 

teleosts, mGn-RH-ir structures have been described in the 

brain and pituitary gland of many species, in particular 

the rainbow trout (Goos and Murathanoglu 1977; Dubois 

et al. 1979), platyfish (Schreibman et al. 1979, 1982, 1983; 

Mfinz et al. 1981, 1982; Halpern-Sebold and Schreibman 

1983), common carp (Nozaki and Kobayashi 1979), gold- 

fish (Kah et al. 1982, 1984a; Miinz et al. 1982; Stell et al. 

1984), three-spined stickleback (Borg et al. 1982) and Afri- 

can catfish (Goos et al. 1985). Although these results have 

been obtained by means of a heterologous system, their 

value is reinforced by the fact that ir perikarya and fibers 

can be demonstrated, in most cases, in areas known to 

be involved in the central regulation of reproduction (see 

Peter 1983), to concentrate labeled steroids (Kim et al. 

1978) and to exhibit high levels of aromatase activity (Cal- 

lard 1983). 

The availability of antibodies to salmon Gn-RH makes 

it possible to reinvestigate the distribution of ir structures 

using an homologous system and thus to check the results 

obtained with antisera to mGn-RH. Because of the low 

cross-reactivity of antibodies to mGn-RH with salmon Gn- 

RH in vitro (B. Breton, unpublished observations), one 

could expect a better recognition of the native peptide using 

antisera to salmon Gn-RH; this, in turn, should lead to 

more detailed information. Here, we report our observa- 

tions concerning the organization of Gn-RH systems in the 

central nervous system of male goldfish. 

In order to investigate the origin of the Gn-RH fibers 

in the pituitary gland, electrolytic lesions were placed in 

a number of forebrain nuclei. The distribution ofir  material 
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was also examined in the brain and olfactory bulbs of  ani- 

mals after section of  the olfactory tracts. Another aim of  

this study was to provide the morphological data needed 

for the interpretation of  further Gn-RH investigations 

based on radioimmunoassays. 

Materials and methods 

Materials. 50 male goldfish (Carassius auratus) weighing 

15-35 g were either obtained from a natural pond located 

near Bordeaux (France) or purchased from Ozark Fisheries, 

Stoutland, Missouri, USA. Most  males were in mating con- 

dition at the time experiments were conducted. 

Antibodies. For  immunocytochemistry, three different anti- 

sera directed towards salmon Gn-RH were employed. Two 

antisera were raised against salmon Gn-RH synthesized at 

the University of  Bordeaux (Laboratoire de Cristallogra- 

phie et de Physique Cristalline) by Drs. G. Pr6cigoux and 

S. Geoffre (see Breton et al. 1984, 1986), and the third was 

against salmon Gn-RH prepared at the Salk Institute by 

Drs. J.E. Rivier and W.W. Vale. Each antiserum was raised 

in a rabbit by injecting the peptide coupled to bovine serum 

albumin with glutaraldehyde, mixed with Freund's com- 

plete adjuvant. 

Immunocytochemical procedure. The brains (including the 

olfactory bulbs) and pituitaries were fixed in 4% para- 

formaldehyde in phosphate buffer (0.1 M;  pH 7.4) either 

by immersion for 12 h or by perfusion via the aortic bulb 

followed by a 12 h immersion. In some animals, the retinae 

and a piece of  the rostral spinal cord were also dissected 

out. The tissues were rinsed and immersed overnight in 

12% sucrose in phosphate buffer. After freezing on dry 

ice, the brains were placed in a cryostat for temperature 

equilibration at - 1 5  ~ C and cut at 10-15 gm. The sections 

were collected on gelatin-coated slides, allowed to dry and 

rehydrated in phosphate buffer (0.1 M;  pH 7.4) which was 

used for all further dilutions and rinses. The slides were 

incubated overnight in the presence of  antisera to salmon 

Gn-RH diluted 1:3000 to 1:8000, rinsed three times 

(10 rain each) and exposed for 2 h to swine immunoglobu- 

lins against rabbit immunoglobulins (1:200; Dako, Den- 

mark). After rinsing the sections were incubated for 1 h 

with peroxidase-antiperoxidase complexes (1:1000; Dako, 

Denmark). Peroxidase activity was revealed using 0.025% 

3-3'-diaminobenzidine (Sigma, Grade II) to which 0.006% 

hydrogen peroxide was added. The sections were then dehy- 

drated and mounted in Permount. 

Brain lesioning studies. Electrode placements were carried 

out in different areas of  the forebrain according to the pro- 

cedure developed by Peter and Gill (1975). In the preoptic 

region, large medial lesions were performed at the level 

of  the anteroventral nucleus preoticus periventricularis 

(NPP; A =  1.2; M;  V = 2 . 2 ;  n = 6 )  or bilaterally at the same 

level (A=1 .2-1 .4 ;  L = 0 . 2 ;  V = 2 . 0  then R = 0 . 2 ;  V = 2 . 0 ;  

n = 8). Lesions were also placed at different levels in the 

ventral telencephalon along the midline ( A =  1.6-1.9; M;  

V =  1.3 1.4; n = 5). The electrolytic lesions were induced us- 

ing a radiofrequency current generator set at 25 30 V for 

45-60 s. To ensure the total disappearance of  immunoreac- 

tive material in the degenerating structures, the operated 

fish were allowed to survive for at least 11 days. The anteri- 

or brain, i.e., the area encompassing the lesions, was fixed 

in formalin or Bouin's solution for routine histology where- 

as the remaining part of  the brain and the pituitary were 

processed for immunocytochemistry. The extent of  the le- 

sions was evaluated by drawing transverse sections every 

50 Jam. In one case, the entire brain of  a fish with a large 

lesion of  the preotic area was studied by immunocytochem- 

istry. 

Olfactory tract sections. 5 animals with bilateral sections 

of  the olfactory tracts were studied. After checking the sec- 

tions at the time of  dissection (under the dissecting micro- 

scope), both brain and pituitary gland were processed for 

immunohistochemistry. 

Control procedures. The specificity of  the antisera was 

checked by radioimmunoassay (Breton et al. 1984; RE 

Peter and CS Nahorniak,  unpublished results). In addition, 

routine tests for the specificity of  the immunocytochemical 

reaction were performed. Replacement of  the primary anti- 

serum by normal rabbit serum, omission of  one step of  

Fig. 1. Gn-RH cell body (arrow) in the antero-ventral telencephalon (Tel). Longitudinal section, anterior on the left. x 285 

Fig. 2. Gn-RH perikarya (arrows) located at the ventral surface of the telencephalon (Tel). Longitudinal section, anterior on the left. 
x 285 

Fig. 3. Gn-RH perikarya (arrows) in the ventro-lateral preoptic area (POA). Longitudinal section, anterior on the right, x 280 

Fig. 4. Gn-RH cell body (large arrow) and fiber tract (small arrow) running caudally in the ventro-lateral preoptic area (POA). Longitudinal 
section, anterior on the left. x 180 

Fig. 5. Gn-RH cell body (large arrow) located in the anterior basal hypothalamus (Hyp) along the fiber tract (small arrow) running 
from the preoptic region to the pituitary gland. Longitudinal section, anterior on the left; ct connective tissue, x 375 

Fig. 6. Gn-RH cell bodies (arrows) located close to the midline in the anterior dorsal midbrain tegmentum (MT). Transverse section. 
x 240 

Fig. 7. The pathway located in the medial olfactory tract (mot) and the ventral telencephalon (Tel). Dark field, longitudinal section, 
anterior on the right, x 115 

Fig. 8. More caudally, this pathway appears to divide into two parts, one ascending dorsally (large arrow), the other running ventrally 
(small arrow). Dark field, longitudinal section, anterior on the right, x 115 



329 



330 

the reaction or liquid phase absorption of  the specific im- 

muneserum with salmon Gn-RH alone or coupled with bo- 

vine serum albumine resulted in the suppression of  the im- 

mune reaction. 

Results 

Control animals 

Each of  the three antisera used in this work gave similar 

results in terms of  the general distribution of  the peptide. 

There were differences, however, in the intensity of  the reac- 

tion and the density of  the ir structures. No  significant 

differences were noted between the different groups of  fish 

studied in France and Canada. 

Most ir cell bodies and fibers are found along or close 

to the midline. The perikarya are not confined to any classi- 

cal brain nucleus, but tend to be located along a nearly 

continuous column extending from the rostral olfactory 

bulb to the ventral telencephalon and hypothalamus. How- 

ever, it is possible to distinguish several groups based on 

their shape, size, localization and frequency. 

The most rostral cell bodies were observed in the olfac- 

tory nerves and lobes. In the nerves, large multipolar so- 

mata were found immediately rostral to the olfactory bulbs. 

They possessed numerous dendritic processes, none of  

which appeared to extend up to the rostral aspect of  the 

nerve or to the nasal epithelium. From these perikarya, 

very thick smooth axons ran caudally around the periphery 

of  the olfactory bulbs and into the olfactory tracts. Along 

their course, a few isolated cell bodies were detected. In 

addition to these large axons seen at the periphery, thin 

varicose fibers were found in the inner layers of  the bulbs. 

A small group of  ir perikarya was consistently observed 

immediately caudal to the junction between the medial ol- 

factory tract (mot) and the ventral telencephalon. More 

posteriorly, isolated cell bodies were found in the vicinity 

of  the midline close to the ventral surface of  the telencepha- 

lon, and in some cases more dorsally (Figs. 1, 2). These 

perikarya were observed along the rostro-caudal extent of  

the telencephalon up to the preoptic region. They were 

small and characterized by an elongated shape because of  

their bipolar aspect; most were oriented rostro-caudally. 

The preoptic area contained the highest density of  ir 

structures in terms of  both fibers and cell bodies. From 

the rostral part o f  the preoptic recess to the posterior extent 

of  the optic chiasma, ir cell bodies were seen lateral to 

the periventricular nuclei (Figs. 3, 4; nucleus preopticus 

periventricularis: NPPv;  nucleus preopticus: NPO;  nucleus 

anterior periventricularis: NAPv;  Peter and Gill 1975). 

These bipolar rostro-caudally oriented perikarya were lo- 

cated near the ventral surface of  the brain in the area anteri- 

or to the optic chiasma and more posteriorly immediately 

dorsal to the optic tracts. They tended to be situated more 

laterally in the caudal preoptic area. A few isolated cells 

were also found close to the optic tracts at the level where 

they ascended laterally towards the rectum. Additional iso- 

lated perikarya were also detected in the basal hypothala- 

mus at the level of  the nucleus lateralis tuberis, pars lateralis 

(NLT1; Peter and Gill 1975; Fig. 5). 

The last group of  ir cell bodies was found in the dorsal 

tegmentum immediately caudal to the posterior com- 

missure. These large multipolar perikarya were located 

along or close to the midline (Fig. 6). 

Compared with the relatively small number of  ir cell 

bodies, the density of  Gn-RH fibers was extremely high. 

Gn-RH fibers branched profusely and appeared as well- 

defined oriented pathways of  parallel running fibers, or in 

other areas as loose networks without any particular orien- 

tation. The majority of  the fibers were located in close vicin- 

ity to the midline, although some were also present in more 

lateral regions. 

A distinct pathway of  smooth axons originating from 

the large cell bodies located in the olfactory nerves and 

bulbs runs caudally at the periphery of  the bulbs and enters 

the ventral portion of  the mot;  thin varicose fibers were 

detected more dorsally in the mot  (Figs. 7, 8). Numerous 

thin varicose fibers were observed in the deeper layers of  

the olfactory bulbs. From the junction of  the mot  with 

the telencephalon, two main pathways were observed to 

run caudally (Fig. 8). 

A continuous bundle of  fibers could be traced from 

Fig. 9, Dark field micrograph showing the numerous fibers located in the preoptic area (POA, large arrow) and in the optic nerve 
(OpN, small arrows). Longitudinal section, ventral on the right, x 200 

Fig. 10. The preoptico-hypophyseal pathway (arrow) in the anterior basal hypothalamus (Hyp). Dark field, longitudinal section, anterior 
on the left; ct connective tissue. • 120 

Fig. 11. Immunoreactive fibers in the neurohypophysis (nh) and entering (arrows) the adenohypophysis (ah) at the level of the proximal 
pars distalis. • 170 

Fig. 12. Dark field micrograph showing the numerous fibers running in the lateral regions of the preoptic area (POA) adjacent to 
the ascending optic tracts. Longitudinal section, anterior on the left. • 200 

Fig. 13. Transverse section showing the periventricular pathway at the level of the nucleus anterior periventricularis (NAPv). Dark 
field. I l l  third ventricle, x 180 

Fig. 14. Longitudinal section showing the projections ascending in the periventricular regions from the ventral to the dorsal telencephalon 
(Tel). Dark field. • 200 

Fig. 15. Gn-RH fibers (arrow) between the inner plexiform layer (ipl) and the inner nuclear layer (inl) of the retina; dr distal (outer) 
retina, x 250 

Fig. 16. Transverse section at the level of the preoptic recess (por). Numerous fibers are located in the ventral wall (arrow). NPP 
Nucleus preopticus periventricularis, x 235 
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Fig. 17. Transverse section at the level of the posterior commissure (PC). Numerous fibers decussate in the commissure whereas none 
are observed in the subcommissural organ (sco). Dark field. TL torus longitudinalis, IV IV ventricle, x 190 

Fig. 18. Immunoreactive fibers in the optic tectum (OT). Dark field, longitudinal section. • 190 

Fig. 19. Immunoreactive fibers in the medulla oblongata (MO). Dark field, longitudinal section, x 190 

Fig. 20. Gn-RH bipolar perikarya (arrows) observed in the caudal parts of the medial olfactory tracts (mot) after their bilateral section. 
Longitudinal section, anterior on the right, x 525 

the rostral telencephalon to the ventral preoptic area and 

medio-basal hypothalamus (Figs. 9, 10). This tract ran in 

the vicinity of  the perikarya described above, making the 

precise contribution of  the different cell bodies difficult to 

discern. The density of  ir fibers at the level of  the rostral 

preoptic area was very high (Fig. 9). From the perikarya 

in the preoptic region, fibers ran laterally in a caudal direc- 

tion above the optic tracts (Figs. 4, 9), they arched ventrally 

along the nucleus anterior hypothalami (NAH;  Peter and 

Gill 1975), reached the ventral surface of  the hypothalamus 

(Fig. 10), and converged towards the pituitary stalk. In the 

pituitary gland itself, fibers were mainly located in the prox- 

imal pars distalis (Fig. 11), although a few were also de- 

tected in the pars intermedia. These fibers were located in 

the neurohypophysis and in the adenohypophysis, in close 

contact with the secretory cells. No  fibers were observed 

in the rostral pars distalis. 

The second pathway observed in the anterior telence- 

phalon ascended dorsally and arched through the telence- 

phalon and the medial and lateral forebrain bundles 

(Fig. 12) to reach the periventricular regions of  the dorsal 

and posterior hypothalamus. These fibers did not form a 

well-defined pathway, but a periventricular network was 

observed at the level of  the nucleus anterior periventricular- 

is (NAPv;  Fig. 13), nucleus posterior periventricularis 

(NPPv), nucleus recessus lateralis (NRL) and nucleus reces- 

sus posterioris (NRP). These projections were difficult to 

trace and may also have contributed to the innervation 

of  the pituitary. 

In addition to the preoptico-hypophyseal and periven- 

tricular pathway, numerous other projections were ob- 

served in the forebrain. Fibers were seen in the dorsal and 

lateral parts of  the telencephalon, especially at the level 

of  the anterior commissure, supracommissural regions and 

pars medialis of  the dorsal telencephalon (Dm; Peter and 

Gill 1975). The ependyma also received numerous ir fibers 

(Fig. 14). Their origin is not known, but all cell bodies of  

the telencephalon (including those from the olfactory bulbs) 

and rostral preoptic region may contribute to these projec- 

tions. 
Gn-RH fibers were observed in many parts of  the dien- 

cephalon. In addition to the dense network of  ir fibers in 

the preoptic area, a number of  ir fibers were seen to enter 

the optic tracts (Fig. 9) and may have contributed to ir 
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Fig. 21. Diagram summarizing the proposed organization of the Gn-RH systems in the goldfish brain as seen in a longitudinal section. 
Black circles represent the cell bodies and arrows indicate their main projections. CC corpus of the cerebellum; Dm area dorsalis 
telencephali, pars medialis; HOC horizontal commissure; LI  inferior lobe; MO medulla oblongata; mot median olfactory tract; M T  

tegmentum of the midbrain; N H  habenular nucleus; NLTp nucleus lateralis tuberis, pars posterior; OB olfactory bulb; ON olfactory 
nerve; OpN optic nerve; O T  optic tectum; P pituitary; PC posterior commissure; POA preoptic area; Ret retina; RL lateral recess; 
RP posterior recess; VC valvula of the cerebellum; Vs" area ventralis telencephali, pars supracommissuralis ; Vv area ventralis telencephali, 
pars ventralis 

fibers in the inner plexiform layer of the retina (Fig. 15). 

From the perikarya located in the ventrolateral parts of 

the rostral preoptic area, numerous fibers were seen to reach 

the ventral wall of the preoptic recess (Fig. 16). Fibers were 

observed in the epithalamus: habenular nucleus, habenular 

commissure and saccus dorsalis. No observations were 

made in the pineal organ which normally remains attached 

to the cranium following dissection. Numerous projections 

were also found in the dorsal and ventral thalamus, mostly 

along the periventricular regions. 

A large number of fibers was detected within the torus 

longitudinalis (Fig. 17) and optic tectum, particularly in the 

stratum album centrale (Fig. 18). Projections were observed 

in the pretectal area, posterior commissure (Fig. 17) and 

in all parts of the tegmentum (in particular the torus semi- 

circularis). From the periventricular network described 

above, fibers were seen to continue caudally and to reach 

the ventral medulla oblongata (Fig. 19). These rostro-cau- 

dally oriented fibers continued into the rostral spinal cord. 

A few ir axons were also observed in the cerebellum and 

vagal lobe. 

E x p e r i m e n t a l  animals  

Large electrolytic lesions were placed in a number of fore- 

brain nuclei in order to gain more information about the 

origin of the Gn-RH fibers observed in the pituitary gland. 

No attempt was made to quantify the density of the ir 

material in the gland following the lesions: our results were 
therefore divided into two classes. 

Lesions producing significant changes in the density and 

the distribution of ir fibers as compared with controls: In 

a number of fish (N = 6), we observed a dramatic reduction 

in the number of ir fibers in the proximal pars distalis. 

In all cases the lesions encompassed the ventral preoptic 

area (ventral NPP and surrounding area), whereas the me- 

diobasal hypothalamus was intact. It was difficult to appre- 

ciate whether such lesions influenced the Gn-RH fibers of 

the neurointermediate lobe. 

Lesions producing no significant changes in the density 

and distribution of ir fibers as compared with controls: 

such lesions were found in a number of forebrain nuclei 

(dorsal NPO, anterior or posterior Vv, AC, optic chiasma) 

without affecting the ventral preoptic area. 

Since the forebrain was processed for routine histology, 

only the posterior part of the brain could be investigated 

by means of immunohistochemistry. None of the lesions 

performed produced dramatic changes in the distribution 

of ir fibers in the different areas investigated: optic rectum, 

torus longitudinalis, midbrain tegmentum and posterior 

part of the inferior lobe. However, in some cases, the den- 

sity of immunoreactive material appared to be reduced. In 

particular, a slight reduction in the amount of ir material 

was noted in the optic tectum and habenular nucleus of 

animals with lesions of the anterior ventral telencephalon. 

In one case we processed the entire brain of a lesioned 

animal for immunohistochemistry. The lesion was found 

to be located in the ventral preoptic area. Accordingly, the 

density of ir fibers in the proximal pars distalis was very 

low. In this fish, it was found that the entire telencephalon 

rostral to the lesion exhibited a very high density ofir fibers. 

In particular, the fiber tract originating from the mot was 

prominent. Compared with the high density of ir fibers 

observed rostral to the lesion, very little could be observed 

more posteriorly in the ventral diencephalon. Immunoreac- 

tive cell bodies were observed in close vicinity to the optic 

tracts where these ascend towards the rectum, and in the 

lateral parts of the basal hypothalamus. 

Ol fac tory  t rac t - sec t ioned  animals.  The brains of 5 olfactory 

tract-sectioned animals were processed for immunohisto- 

chemistry. In two of them, we detected numerous ir cell 
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bodies in the caudal portions of the mot, immediately ros- 
tral to their junction with the ventral telencephalon. These 
perikarya formed small clusters interconnected by ir fibers 

(Fig. 20). In one case, up to fourteen ir cells were detected 
on a single 10-pm-thick longitudinal section at the level 

of the rostral telencephalon, where the mot is still separated 

from the telencephalic hemisphere by a ventricular recess. 

These cells send processes rostrally and ir fibers were ob- 

served just caudal to the section of the mot. Caudally fibers 
were seen to ascend within the telencephalon as in control 

animals. Along these fibers, a few isolated cell bodies were 

detected. The distribution of ir profiles did not appear to 
be dramatically affected following the section of the mot, 
although the density of ir material was markedly reduced 

in some areas such as the dorsal telencephalon, the habenu- 

lar nucleus and the optic tectum. 

Discussion 

The present investigation confirms the validity of the pre- 

vious studies, using antibodies to mGnH-RH,  in the gold- 

fish brain and in other teleost species (see Introduction). 
In addition, it provides new information concerning the 

organization of Gn-RH systems in the goldfish, e.g. the 

presence of ir perikarya in the olfactory tracts, the ventral 
telencephalon, the latero-basal hypothalamus and the ros- 

tral midbrain tegmentum. New data have also been ob- 
tained concerning some major projections in particular the 

preoptico-hypophyseal and the periventricular pathways. 
Finally, this work confirms the widespread distribution of 

Gn-RH in the brain and outside of the central nervous 
system, as already demonstrated for the retina (Mfinz et al. 

1981; Stell et al. 1984) and suggested for the spinal chord 

(M/inz et al, 1981). Our results are summarized in Fig. 21, 

which provides a tentative representation for the organiza- 
tion of Gn-RH systems in goldfish brain. 

The presence of a Gn-RH-containing group of cells re- 

lated to both olfactory and visual systems was first reported 
in the platyfish by Mfinz et al. (1981, 1982). Using horserad- 

ish peroxidase transport, these authors were able to demon- 

strate that cell bodies located in the nucleus olfactoretinalis 

are connected to both olfactory bulbs and retina. According 
to these authors, such a system is present only in teleost 

species having olfactory bulbs closely attached to the telen- 
cephalon (Mfinz et al. 1982). However, Stell et al. (1984) 

have recently demonstrated in the goldfish that LH-RH 
immunoreactive perikarya, located in the rostro-medial as- 

pect of the bulbs are connected to the pars supracommissur- 

alis (Vs) and to the retina via fibers running in the ventral 

telencephalon and the optic nerves. Using horseradish per- 

oxidase and cobaltous lysine, Springer (1983) has also 
clearly demonstrated that cell bodies located in the olfacto- 

ry nerves send projections to Vs and the retina. Our results 
confirm the presence of ir structures in the bulbs, the Vs 
area and the retina. According to Stell et al. (1984), such 

a Gn-RH system is a component of the nervus terminalis, 
a cranial nerve having connections with the olfactory or- 
gans, the Vs and the retina (Demski and Northcutt 1983). 
The presence of cell bodies reacting to anti-mGn-RH has 

also been demonstrated in the terminal nerve of the guinea 
pig (Schwanzel-Fukuda and Silverman 1980) and the rat 

(Witkin and Silverman 1983). 
In the present study, we have found numerous ir fibers 

in the deep layers of the olfactory bulbs. Most of these 

fibers originate from the cell bodies located within the olfac- 
tory nerve, since they are still present after section of the 
mot. However, some fibers may also originate from the 

cells detected within the caudal portion of the medial olfac- 
tory tract; these appear to have processes directed both 

rostrally and caudally. In the hamster, the terminal nerve 

sends projections to the deeper layer of the olfactory bulbs 

and to the amygdala (Phillips et al. 1980), a situation which 
also seems to occur in teleosts, since it has been proposed 

that the Vs area of fish is homologous to the amygdala 
of mammals (Northcutt 1981 ; Kyle et al. 1982). Thus, the 
organization of the terminal nerve with respect to olfactory 

and limbic projections (but not retinal) appears to be similar 
in fish and mammals. 

It is not clear whether the Gn-RH cell bodies located 
within the medial olfactory tract at its junction with the 

telencephalon represent a ganglion of the terminal nerve 

or part of the Gn-RH cell population of the ventral telence- 
phalon. Multiple interconnecting ganglia have been re- 

ported for the terminal nerve of mammals such as the ham- 

ster (Phillips et al. 1980) and guinea pig (Schwanzel-Fukuda 
and Silverman 1980) and dogfish (Stell, unpublished re- 

suits). In the goldfish, Stell et al. (1984) have reported that 
the Gn-RH-cell bodies of the terminal nerve also react with 

antibodies to the molluscan cardio-excitatory peptide 

FMRFamide. According to a recent study, other Gn-RH 
perikarya of the goldfish brain do not stain for FMRFa-  

mide and based on this difference, the authors suggest that 
the Gn-RH neurons of the terminal nerve constitute a dif- 
ferent population (Kyle et al. 1985). It would be interesting 

to investigate whether the Gn-RH neurons observed in the 

caudal medial olfactory tract also react to FMRFamide 

antibodies. 
Neurobehavioral and neurophysiological investigations 

have suggested that the terminal nerve, rather than other 

classical olfactory centers, mediates responses to sex phero- 
mones (Demski and Northcutt 1983). The bilateral section 

of the olfactory tracts reduces the response of males to 
pheromones of sexually-active female goldfish (Stacey and 

Kyle 1983), whereas electrical stimulation of these tracts 

in codfish induces courtship behavior (Doving and Selset 
1980) or sperm release in male goldfish (Demski and 

Hornby 1982; Demski and Dulka 1984). The Vs area is 
of primary importance for sexual behavior in male goldfish 

(Kyle and Peter 1982; Koyama et al. 1984) and is a steroid- 

concentrating area in teleosts (Kim et al. 1978). The amyg- 
dala has been implicated in sexual behavior in mammals 

(Lehman et al. 1980) and is also a steroid-concentrating 

area (Sheridan 1979). 
With the exception of the platyfish (Mfinz et al. 1981, 

1982; Schreibman et al. 1982), no ir cell bodies have been 
reported in the ventral telencephalon of teleosts. In the pla- 
tyfish, the localization and connections of the Gn-RH cells 
of the nucleus olfactoretinalis with both olfactory bulbs 

and retina suggest that they are equivalent to the Gn-RH 
cells of the goldfish terminal nerve and not to the perikarya 
of the ventral telencephalon described in the present study. 
This finding is interesting since the medio-ventral telence- 

phalon is presumably homologous to the mammalian me- 
dial septum (Northcutt 1981) which also contains numerous 
Gn-RH cell bodies (see Merchenthaler et al. 1984) and is 
a steroid-concentrating area (Pfaff and Keiner 1973). The 
ventral telencephalon, immediately anterior to the anterior 
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commissure, has been reported to concentrate steroids in 

Macropodus (Davis et al. 1978). 

In all previous studies based on antibodies to mGn-RH, 

the ventral preoptic region has been shown to contain ir 

cell bodies (see Introduction). In the African catfish, ir cell 

bodies have also been observed in the nucleus preopticus 

(Goos et al. 1985). The present work confirms that the high- 

est density of perikarya is found in the ventrolateral parts 

of the preoptic area. These cells are not located in any 

classical brain nucleus; we consider the term nucleus preop- 

ticus basalis lateralis (NPBL), introduced by Miinz et al. 

(1981) in the platyfish, to be the most appropriate of those 

previously used. The preoptic region is a steroid-concentrat- 

ing area in the goldfish, however the distribution of Gn-RH 

cell bodies does not overlap that of steroid-concentrating 

neurons described by Kim et al. (1978). According to these 

authors, such cells are located along the preoptic recess 

within the nucleus preopticus periventricularis (NPP; Peter 

and Gill 1975), which is devoid of Gn-RH cell bodies. The 

precise functions of the NPBL are not clear, but it has 

been implicated in the control of sperm release (Demski 

and Hornby 1982) and sexual behavior (Koyama etal. 

1984) in male goldfish. Lesioning the anterior preoptic area 

results in a dramatic increase in serum gonadotrophin level 

in the goldfish, as a result of the presence in the ventral 

preoptic region of a gonadotrophin release-inhibiting fac- 

tor, which is suspected to be dopamine (Peter and Paulencu 

1980; Chang and Peter 1983). Accordingly, dopaminergic 

cell bodies have recently been described in the ventral wall 

of the preoptic recess of the goldfish (Kah et al. 1984b). 

Because of the near proximity of these structures, it would 

be very difficult to destroy selectively the Gn-RH cell bodies 

in the NPBL without affecting the dopaminergic neurons 

or their projections to the pituitary. The present work dem- 

onstrates that the majority of the Gn-RH fibers observed 

in the pituitary gland originate from the NPBL, since large 

lesions of the preoptic area severely reduce the amount of 

ir Gn-RH fibers in the pituitary, whereas lesions of the 

ventral telencephalon do not significantly modify their dis- 

tribution. The remaining fibers observed in the pituitary 

after the lesion of the preoptic area probably originate from 

the cell bodies observed along the preoptico-hypophyseal 

tract and/or from the periventricular network. The projec- 

tions to the neurointermediate lobe do not appear to be 

affected by any of the lesions and their origin is unknown. 

Gn-RH cell bodies occur in the preoptic region in all classes 

of vertebrates, in particular in mammals (see Merchenthaler 

et al. 1984), in which this region is also a steroid-concentrat- 

ing area (Pfaff and Keiner 1973). 

We report the presence of numerous Gn-RH fibers in 

the ventral wall of the preoptic recess. Their topographical 

localization and the fact that this area is located outside 

the blood brain barrier (it is sensitive to monosodium gluta- 

mate; Peter et al. 1981) suggest that this area is homologous 

to the mammalian organum vasculosum laminae terminalis 

(OVLT) as already proposed by Wenger and T6rk (1968). 

In mammals, the OVLT also receives numerous Gn-RH 

projections from cell bodies located in the preoptic area 

(Jennes and Stumpf 1980; Bennett-Clarke and Joseph 

1982). These similarities suggest that, in fish, Gn-RH is 

released into the blood at the level of the ventral wall of 

the preoptic recess as described in the OVLT of mammals 

(Weindl and Sofroniew 1978). Nevertheless, ultrastructural 

immunocytochemical studies are necessary to ascertain this 

point. Gn-RH has been reported in other circumventricular 

organs such as the subcommissural or the subfornical or- 

gans (Weindl and Sofroniew 1978). Although the posterior 

commissure contains numerous Gn-RH fibers, none has 

been observed in the subcommissural organ of the goldfish. 

No ir cells contacting the cerebrospinal fluid, similar to 

those described in the stickleback (Borg et al. 1982), have 

been detected in the present investigation. 

The presence of cell bodies reacting to mGn-RH anti- 

bodies in the dorsal midbrain tegmentum was first reported 

by Miinz et al. (1981) in the platyfish. Our observations 

confirm these data and suggest that these perikarya send 

numerous projections to the entire tegmentum of the mesen- 

cephalon and possibly to other brain areas. Such neurons 

have never been reported in the dorsal tegmentum of mam- 

mals which, however, is a steroid-concentrating area (Mor- 

rell et al. 1975). To date, no precise function can be attrib- 

uted to this area in teleosts. In mammals, it is known that 

mGn-RH injections in the dorsal tegmentum can elicit a 

lordosis reflex in the female rat (Sakuma and Pfaff 1980). 

Furthermore, neurons responsive to mGn-RH have been 

reported in the midbrain central gray (Samson et al. 1980). 

Therefore, we can speculate that, as in mammals the dorsal 

tegmentum of fish is involved in reproductive events, 

especially sexual behavior. 

In the present study, we have not observed any Gn-RH 

cell bodies in the posterior NLT similar to those already 

reported (Schreibman et al. 1979; Kah et al. 1984a). The 

posterior NLT has been implicated previously in the neuro- 

endocrine control of reproduction (see Peter 1983). Lesion- 

ing the posterior NLT results in a decrease in the gonadoso- 

matic index without affecting the basal levels of gonadotro- 

phin (Hontela and Peter 1980). However, the daily fluctua- 

tions of gonadotrophin are abolished in sexually mature 

animals, suggesting that the NLT is implicated in the con- 

trol of gonadal recrudescence. There are also indications 

for direct relationships between the NLT and the pars dista- 

lis (Zambrano 1971 ; Kah et al. 1983). In addition, the pos- 

terior NLT is a steroid-concentrating area (Kim et al. 1978). 

We cannot exclude the possibility that Gn-RH cell bodies 

are present in the posterior NLT and remain undetected 

by the immunocytochemical procedure used in this study. 

It is well known that Gn-RH cell bodies are difficult to 

visualize (Barry 1979) because of the low concentration of 

the peptide in the perikarya or the occurrence of a prohor- 

mone masking antigenic determinants. However, the almost 

total absence of Gn-RH fibers in the pituitary after lesions 

sparing the entire basal hypothalamus rather suggests that 

the NLT supplies very few Gn-RH fibers to the pituitary 

compared with the preoptic region. The presence of two 

forms of Gn-RH in teleosts has been demonstrated by Sher- 

wood et al. (1983). Perhaps the second form of Gn-RH 

is more prevalent in the NLT. It is interesting to note that 

a similar controversy occurs in mammals concerning the 

presence of Gn-RH perikarya in the arcuate nucleus (see 

Merchenthaler et al. 1984) which is also a steroid-concen- 

trating area (Pfaff and Keiner 1973). 

It is clear that further investigations are necessary to 

elucidate the organization of Gn-RH systems in the brain 

of teleosts. However, we have obtained new information 

concerning the main pathways, in particular those sending 

projections to the pituitary gland. Most of these originate 

from the cell bodies of the NPBL and travel to the pituitary 

following a route similar to that of the preoptico-infundibu- 
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lar pathway extensively described in mammals (see Mer- 

chenthaler et al. 1984). The periventricular network origi- 

nates from more anterior cell bodies located in the ventral 

telencephalon and/or  the olfactory bulbs and sends projec- 

tions to the posterior hypothalamus (possibly the pituitary), 

the inferior lobe and the posterior brain (medulla oblongata 

and spinal chord). Such a periventricular pathway originat- 

ing from the septal area and sending projections to the 

dorsomedial hypothalamus, median eminence and mesen- 

cephalon has been reported in rat brain (Merchenthaler 

et al. 1984). This pathway also supplies the mammillary 

complex which in the present study has been found to be 

devoid of any ir material. 

Fibers originating from the olfactory bulbs and asso- 

ciated with the terminal nerve seem to project not  only 

to the Vs and retina (Demski and Northcutt  1983; Stell 

et al. 1984), but also more caudally as already suggested 

(Springer 1983). In particular, they may contribute to the 

innervation of the habenular  complex and the optic tectum. 

However, the optic tectum also receives projections from 

the preoptic area. In the platyfish, Schreibman et al. (1984) 

describe the existence of a tract originating from the nucleus 

olfactoretinalis and running to the habenular  nucleus. 

In conclusion, there is a high degree of similarity be- 

tween the Gn-RH systems in teleost fish, as exemplified 

by the goldfish, and mammals,  not  only with regard to 

the distribution of the perikarya in homologous areas of 

the "primitive bra in" ,  but also in the organization of the 

main pathways. In both groups, with the exception of the 

midbrain tegmentum, the distribution of the steroid-con- 

centrating areas overlaps that of the regions containing Gn-  

RH cell bodies (olfactory bulbs, septal and preoptic areas, 

latero-basal hypothalamus) or a high density of fibers (Vs- 

amygdala). The functions of these different areas also seem 

to be similar suggesting that such a system has been highly 

preserved along the course of evolution. 

Acknowledgments: We wish to thank Drs. S. Geoffre and G. Pr6ci- 
goux (Laboratoire de Cristallographie et de Physique Cristalline, 
Universit6 de Bordeaux I) for the synthesis of salmon Gn-RH. 
This work was supported by grants from the CNRS to OK, INRA 
to BB, NSERC to REP, AHFMR to JGD and NIH to JER and 

WWV. Travel to Canada by OK was supported by a grant from 
the AHFMR. Thanks are due to Dr. A.L. Kyle for reviewing 
the manuscript. 

References 

Barnett FH, Sohn J, Reichlin S, Jackson IMD (1982) Three lutein- 

izing hormone-releasing hormone like substances in a teleost 
fish brain: none identical with the mammalian LH-RH deca- 
peptide. Bichem Biophys Res Commun 105:209-216 

Barry J (1979) Immunohistochemistry of luteinizing hormone-re- 
lesing hormone-producing neurons of the vertebrates. Int Rev 
Cytol 60:179 221 

Bennett-Clarke C, Joseph SA (1982) Immunocytochemical distri- 
bution of LHRH neurons and processes in the rat: hypothalam- 
ic and extrahypothalamic locations. Cell Tissue Res 
221:493-504 

Borg B, Goos HJTh, Terlou M (1982) LHRH-immunoreactive cells 

in the brain of the three-spined stickleback, Gasterosteus aculea- 
tus L. (Gasterosteidae). Cell Tissue Res 226:695-699 

Breton B, Motin A, Kah O, Le Menn F, Geoffre S, Precigoux 
G, Chambolle P (1984) Dosage radio-immunologique homo- 
logue d'un facteur hypothalamique de stimulation de la fonc- 
tion gonadotrope hypophysaire de Saumon s-Gn-RH. C R 
Acad Sc 299: 383-388 

Breton B, Motin A, Billard R, Kah O, Geoffre S, Pr+cigoux G 
(1986) Immunoreactive gonadotropin-releasing hormone-like 
material in the brain and pituitary gland during the periovula- 
tory period in the brown trout (Salmo trutta): relationships 
with the plasma and pituitary gonadotropin. Gen Comp Endo- 

crinol 61 : 109-119 
Callard GV (1983) Androgen and estrogen actions in the vertebrate 

brain. Am Zool 23:607-620 
Chang JP, Peter RE (1983) Effects of dopamine on gonadotropin 

release in female goldfish, Carassius auratus. Neuroendocrino- 

logy 36:351-357 
Davis RE, Morrell JI, Pfaff DW (1978) Autoradiographic localiza- 

tion of sex steroid-concentrating cells in the brain of the teleost 
Macropodus opercularis. Gen Comp Endocrinol 33:496-505 

Demski LS, Dulka JG (1984) Functional-anatomical studies on 

sperm release evoked by electrical stimulation of the olfactory 
tract in goldfish. Brain Res 291:241-247 

Demski LS, Hornby PJ (1982) Hormonal control of fish reproduc- 
tive behavior: brain-gonadal steroid interactions. Can J Fish 
Aquat Sci 39 : 3647 

Demski LS, Northcutt RG (1983) The terminal nerve: a new che- 
mosensory system in the vertebrates. Science 202:435-437 

Doving KB, Selset R (1980) Behavior pattern in cod released by 

electrical stimulation of olfactory tract bundlets. Science 
207 : 559-560 

Dubois MP, Billard R, Breton B, Peter RE (1979) Comparative 
distribution of somatostatin, LH-RH, neurophysin and alpha- 
endorphin in the rainbow trout: an immunocytological study. 

Gen Comp Endocrinol 37:22(~232 
Goos HJTh, Murathanoglu O (1977) Localization of gonadotropin 

releasing hormone (GRH) in the forebrain and neurohypophy- 
sis of the trout (Salmo gairdneri). Cell Tissue Res 181:163 

168 
Goos HJTh, de Leeuw R, Zoeten-Kamp C, Peute J, Bl/ihser S 

(1985) Gonadotropin-releasing hormone-immunoreactive neu- 

ronal structures in the brain and pituitary of the African catfish, 
Clarias gariepinus (Burchell). Cell Tissue Res 241 : 593 596 

Halpern-Sebold LR, Schreibman MP (1983) Ontogeny of centers 
containing luteinizing hormone-releasing hormone in the brain 
of platyfish (Xiphophorus maculatus) as determined by immuno- 

cytochemistry. Cell Tissue Res 229:75 84 
Hontela A, Peter RE (1980) Effects of pinealectomy, blinding and 

sexual conditions on serum gonadotropin levels in the goldfish. 

Gen Comp Endocrinol 40 : 168-179 
Jennes L, Stumpf WE (1980) LHRH systems in the brain of the 

golden hamster. Cell Tissue Res 209:239-256 
Kah O, Chambolle P, Dubourg P, Dubois MP (1982) Distribution 

of immunoreactive LH-RH in the brain of the goldfish. In: 

Richter C J J, Goos HJTh (eds) Fish physiology. Pudoc, Wagen- 

ingen, The Netherlands, p 56 

Kah O, Peter RE, Dubourg P, Cook H (1983) Effects of monoso- 
dium L-glutamate on pituitary innervation in goldfish, Caras- 

sius auratus. Gen Comp Endocrinol 51 : 338-346 
Kah O, Chambolle P, Dubourg P, Dubois MP (1984a) Immunocy- 

tochemical localization of luteinizing hormone-releasing hor- 
mone in the brain of the goldfish Carassius auratus. Gen Comp 

Endocrinol 53 : 107-115 
Kah O, Chambolle P, Thibault J, Geffard M (1984b) Existence 

of dopaminergic neurons in the preoptic region of the goldfish. 

Neurosci Lett 48 : 293 298 
Kim YS, Stumpf WE, Sar M (1978) Topography of estrogen target 

cells in the forebrain of the goldfish, Carassius auratus. J Comp 

Neurol 182:611 620 
King JA, Millar RP (1980) Comparative aspects of luteinizing hor- 

mone-releasing hormone structure and function in vertebrate 
phylogeny. Endocrinology 106:707 717 

King JA, Millar RP (1982) Structure of chicken hypothalamic lu- 
teinizing hormone-releasing hormone. II. Isolation and charac- 

terization. J Biol Chem 257:10729-10732 
Koyama Y, Satou M, Oka Y, Ueda K (1984) Involvement of the 

telencephalic hemispheres and the area preoptica in sexual be- 



337 

havior of the male goldfish, Carassius auratus: a brain lesion 

study. Behav Neural Biol 40:70-86 
Kyle AL, Peter RE (1982) Effects of forebrain lesions on spawning 

behavior in the male goldfish. Physiol Behav 28:1103-1109 

Kyle AL, Stacey NE, Peter RE (1982) Ventral telencephalic lesions: 

effects on bisexual behavior, activity, and olfaction in male 
goldfish. Behav Neural Biol 36:229-241 

Kyle AL, Stell WK, Kah O (1985) Luteinizing hormone-releasing 
hormone (LH-RH)-immunoreactive (Jr) cells of the terminal 
nerve, but not other LHRH-ir neurons in the goldfish brain, 

are also FMRFamide- and tachykinin-ir. Soc Neurosci Abst, 
Vol I1 p 350 Abst 107-8 

Lehman MN, Winans SS, Powers JB (1980) Medial nucleus of 
the amygdala mediates chemosensory control of male hamster 
sexual behavior. Science 210:557 560 

Merchenthaler I, G6res T, S6talo G, Petrusz P, Flerko B (1984) 

Gonadotropin-releasing-hormone (GnRH) neurons and path- 
ways in the rat brain. Cell Tissue Res 237:15-29 

Miyamoto K, Hasegawa Y, Minegishi T, Nomura M, Takahashi 
Y, Igarashi M, Kangawa K, Matsuo H (1982) Isolation and 

characterisation of chicken hypothalamic luteinizing hormone- 
releasing hormone. Biochem Biophys Res Commun 
107 : 820-827 

Miyamoto K, Hasegawa Y, Nomura M, lgarashi M, Kangawa 

K, Matsuo H (1984) Identification of the second gonadotropin- 
releasing hormone in chicken hypothalamus: Evidence that 

gonadotropin secretion is probably controlled by two distinct 
gonadotropin-releasing hormones in avian species. Proc Natl 
Acad Sci USA 81:3874-3878 

Morrell JI, Kelley DB, Pfaff DW (1975) Sex steroid binding in 
the brain of vertebrates. In: Knigge KM, Scott DE, Kobayashi 

H, Ishii S (eds) Brain-endocrine interaction II The ventricular 
system in neuroendocrine mechanisms, Karger, Basel pp 230- 
256 

Miinz H, Stumpf WE, Jennes L (1981) LH-RH systems in the 
brain of platyfish. Brain Res 221:1-13 

Miinz H, Claas B, Stumpf WE, Jennes L (1982) Centrifugal inner- 

vation of the retina by luteinizing hormone-releasing hormone 
(LH-RH) immunoreactive telencephalic neurons in teleostean 

fishes. Cell Tissue Res 222:313-323 
Northcutt RG (1981) Evolution of the telencephalon in nonmam- 

mals. Ann Rev Neurosci 4:301-350 
Nozaki M, Kobayashi H (1979) Distribution of LH-RH like sub- 

stance in the vertebrate brain as revealed by immunohistochem- 
istry. Arch Histol Jpn 42:201 219 

Nunez-Rodriguez J, Kah O, Breton B, Le Menn F (1985) Immuno- 
cytochemical localization of GnRH (gonadotropin releasing 

hormone) systems in the brain of a marine teleost fish, the 
sole. Experientia (41:1574-1576) 

Peter RE (1983) The brain and neurohormones in teleost reproduc- 

tion. In: Hoar WS, Randall D J, Donaldson EM (eds), Fish 
physiology, IX A, Academic Press, New-York, pp 97-135 

Peter RE, Gill VE (1975) A stereotaxic atlas and technique for 
forebrain nuclei of the goldfish, Carassius auratus. J Comp Neu- 
rol 159:69-102 

Peter RE, Paulencu CR (1980) Involvement of the preoptic region 
in gonadotropin-release inhibition in goldfish, Carassius aura- 

tus. Neuroendocrinology 31:133-141 
Peter RE, Kah O, Paulencu CR, Cook H, Kyle AL (1981) Brain 

lesions and short-term endocrine effects of monosodium L-glu- 
tamate in goldfish, Carassius auratus. Cell Tissue Res 
212: 429442 

Pfaff DW, Keiner M (1973) Atlas of estradiol-concentrating cells 
in the central nervous system of the female rat. J Comp Neurol 
151:121-158 

Phillips HS, Hostetter G, Kerdelhu6 B, Kozlowski GP (1980) Im- 
munocytochemical localization of LHRH in central olfactory 
pathways of hamster. Brain Res 193:574-579 

Sakuma Y, Pfaff DW (1980) LHRH in the mesencephalic central 

gray can potentiate lordosis reflex of female rats. Nature 

283 : 566-567 

Samson WK, McCann SM, Chud L, Dudley CA, Moss RL (1980) 
Intra- and extrahypothalamic luteinizing hormone-releasing 

(LHRH) distribution in the rat with special reference to mesen- 
cephalic sites which contain both LHRH and single neurons 

responsive to LHRH. Neuroendocrinology 31:66-72 
Schreibman MP, Halpern LR, Goos HJTh, Margolis-Kazan H 

(1979) Identification of luteinizing hormone-releasing hormone 
(LH-RH) in the brain and pituitary gland of fish by immunocy- 
tochemistry. J Exp Zool 210:153 160 

Schreibman MP, Margolis-Kazan H, Halpern-Sebold L (1982) Im- 

munoreactive gonadotropin and luteinizing hormone releasing 
hormone in the pituitary gland of neonatal platyfish. Gen 
Comp Endocrinol 47:385-391 

Schreibman MP, Halpern-Sebold L, Ferin M, Margolis-Kazan H, 

Goos HJTh (I 983) The effect of hypophysectomy and gonado- 
tropin administration on the distribution and quantity of LH- 
RH in the brains of platyfish: A combined immunocytochem- 
istry and radioimmunoassay study. Brain Res 267:293 300 

Schreibman MP, Margolis-Kazan H, Halpern-Sebold L, O'Neill 
PA, Silverman RC (1984) Stuctural and functional links be- 
tween olfactory and reproductive systems: puberty-related 

changes in olfactory epithelium. Brain Res 302:180-I 83 
Schwanzel-Fukuda M, Silverman AJ (1980) The nervus terminalis 

of the guinea pig: a new luteinizing hormone-releasing hormone 
(LHRH) neuronal system. J Comp Neurol 191:213-225 

Sheridan PJ (1979) The nucleus interstitialis striae terminalis and 
the medial nucleus of the amygdala, prime targets for androgen 
in the rat forebrain. Endocrinology 104:13~136 

Sherwood N, Eiden L, Brownstein M, Spiess J, Rivier J, Vale 
W (1983) Characterization ofa teleost Gn-RH. Proc Natl Acad 
Sci USA 80:2794-2798 

Sherwood NM, Harvey B, Brownstein M J, Eiden LE (1984) Gona- 
dotropin-releasing hormone in striped mullet (Mugil  cephalus), 

milkfish ( Chanos chanos) and rainbow trout (Salmo gairdneri) : 

Comparison with salmon Gn-RH. Gen Comp Endocrinol 
55:174~181 

Springer AD (1983) Centrifugal innervation of the goldfish retina 
from ganglion cells of the nervus terminalis. J Comp Neurol 
214:404-415 

Stacey NE, Kyle AL (1983) Effects of olfactory tract lesions on 

sexual and feeding behavior in the goldfish. Physiol Behav 
30:621-628 

Stell WK, Walker SE, Choban 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 

Weindl A, Sofroniew MV (1978) Neurohormones and circumven- 
tricular organs: an immunohistochemical investigation. In: 

Scott DE, Kozlowski GP, Weindl A (eds), Brain Endocrine 
Interaction. III. Neural hormone and reproduction. Karger 

Verlag, Basel, pp 117-137 

Wenger T, T6rk I (1968) Studies on the organon vasculosum la- 
minae terminalis, lI. Comparative morphology of the organon 
vasculosum laminae terminalis of fishes, amphibia, reptilia, 

birds and mammals. Acta Biol Acad Sci Hung 19:83-96 
Witkin JW, Silverman AJ (1983) Luteinizing hormone-releasing 

hormone (LHRH) in rat olfactory systems. J Comp Neurol 
218 : 426432 

Zambrano D (1971) The nucleus lateralis tuberis system of the 
gobiid fish (Gillichthys mirabilis). III Functional modifications 
of the neurons and gonadotropic cells. Gen Comp Endocrinol 
17:164-182 

Accepted December 19, 1985 


