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Abstract

The distribution of immunoreactive GnRH was studied in the brain and pituitary gland of normal and human
chorionic gonadotrophin (hCG) injected silver eels. It was found that the general organization of GnRH sys-
tems in this species is similar to that reported in other teleosts. Cell bodies were present in the olfactory bulbs,
ventral telencephalon, periventricular hypothalamus and dorsal tegmentum. No positive perikarya could be
detected in the preoptic region. Only scarce fibers were observed in the proximal neurohypophysis. Treatment
with hCG does not modify the distribution of GnRH but it increases the density of positive structures, in
particular at the level of the pituitary. The results are discussed in relation with the present status of
knowledge of the mechanisms underlying the blockage of sexual maturation in the European eel at the silver

stage.

Introduction

At the silver stage, the European eel is still an im-
mature fish whose brain-pituitary-gonadal axis re-
mains undeveloped until its reproductive migration
to the Sargasso Sea occurs. This lack of sexual de-
velopment in the silver eel results from deficient
pituitary gonadotropin (GTH) synthesis and release
(Dufour er al. 1983; Dufour 1985). The administra-
tion of exogenous steroids strongly enhances the
synthesis but not release of GTH (Olivereau and
Chambolle 1978; Dufour er al. 1983). In males, a
similar effect can be obtained following stimulation
of endogenous steroid production by treatment
with human chorionic gonadotrophin (hCG;
Dufour er al. 1983). The release of this GTH ac-

cumulated in the pituitary following estrogen in-
duction can be induced by a conjugated treatment
with a mammalian gonadotrophin hormone-releas-
ing hormone (mGriRH) and an antidopaminergic
drug, pimozide (Dufour et al. 1984). This latter
result is in agreement with the prevrous demonstra-
tion of a double neuroendocrine control of the
gonadotrophic function in adult teleosts by GnRH
and dopamine (Peter 1983). The presence of a
GnRH-like factor in the eel brian and pituitary has
been demonstrated by means of radioimmunoassay
(Dufour er al. 1982). An increase in brain GnRH
content and a strong elevation in pituitary GnRH
content were reported following estradiol or hCG
treatment, suggesting a positive effect of sexual
steroids on GnRH synthesis but not release (Dufour
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et al. 1985). However, more precise data on the
cerebral and pituitary distribution of GnRH, in par-
ticular following steroigs or hCG injections, were
needed. The present immunocytochemical study
aimed at providing neuroanatomical data on the dis-
tribution of GnRH in the brain and pituitary of con-
trol male and female eels. In addition, it was rele-
vant to gain information about the eventual modifi-
cations in the regional distribution and subcellular
localization of GnRH following hCG treatment.

Material and methods

This study was conducted on freshwater female
(250-350 g; N=10) or freshwater male (70— 100 g)
silver eels. The males received one injection of 250
UI hCG (Sigma) dissolved in saline solution accord-
ing to Boetius and Boetius (1967; N =9) or saline
alone (N = 6), and were sacrificed 4 months after in-
jectjon.

For immunocytochemistry, the fish were anes-
thetized in MS 222 (Sandoz) and perfused via the
aortic bulb with 4% paraformaldehyde in phos-
phate buffer (PB; 0.1 M; pH 7.4). The brain and
pituitary were removed and postfixed overnight in
the same fixative at 4°C. After washing in PB, they
were immersed in 12% sucrose for 12 hours, frozen
on dry ice and cut with a cryostat. 10—15 um trans-
verse or longitudinal sections were collected on
gelatin coated slides, air dried and rehydrated in
PB.

The sections were processed for the peroxidase-
antiperoxidase method, the primary antibody dilut-
ed 1:2000 being either directed against mGnRH
{Dubois 8631) or salmon GnRH (sGnRH; Breton er
al. 1986; Kah er al. 1986). Peroxidase activity was
revealed using 3—3'-diaminobenzidine (0.0225%;
Sigma) and hydrogen peroxide (0.003%).

The specificity of the antisera against sGnRH has
been previously carefully examined (Breton er al.
1984, 1986) and that of the immunohistochemical
procedure was assessed by routine controls.

Results

Both antisera were tested on adjacent sections and

revealed the same distribution of positive cell bod-
ies and fibers. However, since the antiserum against
sGnRH gave, at the same dilution, less background
than the antibodies to mGnRH, it was choosen for
conducting this study.

Control animals

The overall pattern of distribution of immunoreac-
tive (ir) structures, similar in both normal females
and saline injected males, is represented in Fig. 1.
The most anterior ir perikarya were detected within
the olfactory bulbs. A few bipolar cell bodies were
detected in the anterior part of the bulbs adjacent
to the olfactory nerves (Fig. 1). More caudally, at
the junction between the olfactory bulbs and telen-
cephalon, a group of large perikarya was consis-
tently found at the ventral surface of the brain (Fig.
2). These cells form a very well defined nucleus
most likely equivalent to the nucleus olfactoretina-
lis (NOR) of Miinz e al. (1981). At the level of the
caudal portion of this nucleus, smaller bipolar or
multipolar perikarya were also detected (Fig. 2).

This latter population of small cells extended
along the ventral anterior telencephalon (Fig. 1)
where they are located quite laterally. These ir cells
were isolated or formed small clusters of 2 to 4
perikarya (Fig. 3). This population could be ob-
served within the anterior half of the telencephalon.

More caudally no ir cells have been detected at
the level of the preoptic area (POA; Fig. 5), nor in
any part of the nucleus lateralis tuberis (NLT). A
group of small weakly ir perikarya was noted in the
dorsal posterior hypothalamus at the level of the
paraventricular organ (PVO; Fremberg et al. 1977,
Fig. 1).

Finally, a group of very large cell bodies was ob-
served in the dorsal tegmentum, just caudal to the
posterior commissure (Fig. 1).

ir Fibers were observed in numerous parts of the
brain and in many cases, it was not possible to trace
them. However, several main tracts could be distin-
guished.

A continuous rostro-caudally oriented bundle
was observed from the anterior olfactory bulbs to
the POA (Fig. 1). This bundle crossed all ventral
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Fig. /. Diagram summarizing the distribution of GnRH cell bodies and fibers (dotted lines) on a longitudinal section of the eel brain.
AC: anterior commissure; CC: corpus of the cerebellum; MO: medulla oblongata; MT: midbrain tegmentum; NH: habenular nucleus;
NOR: nucleus olfactoretinalis; NPPv: nucleus posterioris periventricularis; OB: olfactory bulb; olf n: olfactory nerve; op n: optic nerve;
OT: optictectum; PC: posterior commissure; POA: preoptic area; ppd: proximal pars distalis; sv: saccus vasculosus; Tel: telencephalon;

VC: valvula of the cerebellum; Vv: ventral telencephalon.

areas where ir cell bodies were described above and
reached the rostral preoptic region (Fig. 5). From
the POA, fibers ascended laterally along the optic
tracts. Part of these fibers enter the habenular
nucleus (NH; Fig. 1), while others continued more
caudally to ascend in the torus longitudinalis and
the optic tectum.

From the POA, another important tract reached
the pituitary stalk through the lateral preoptic
region and the laterobasal hypothalamus. At the
level of the pituitary stalk, fibers converged to enter
the digitations of the proximal neurohypophysis
where scarce positive profiles were detected (Fig.
6). No ir fibers were observed in the adenohypophy-
sis, the rostral neurohypophysis or the neurointer-
mediate lobe.

In addition to these main tracts, ir profiles were
found in other brain territories such as the dorsal
parts of the olfactory bulbs and telencephalon, the
optic nerve, the tegmentum and the medulla oblon-
gata (Fig. 1).

HCG treated males
In hCG treated males, the qualitative distribution

of ir fibers and cell bodies was similar to that ob-
served in control males and females. The most

striking difference was the dramatic increase in the
number and intensity of ir endings at the level of the
proximal neurohypophysis of hCG treated males
compared to control animals (Fig. 7, compare with
Fig. 6). Although it is difficult to objectively ap-
preciate visually, it appeared that the density and
number of ir structures in the anterior brain, in par-
ticular the ventral telencephalon (Fig. 4) was higher
in hCG treated males than in controls, but this in-
crease was not as evident as in the pituitary.

Discussion

The present immunohistochemical investigation
confirms that a GnRH-like factor is present and
widely distributed in the eel brain at the silver stage.
This is in agreement with a previous report based on
radioimmunoassays (Dufour et al. 1982). In addi-
tion, it provides more detailed information con-
cerning the distribution of this factor within the
brain and pituitary.

The general organization of the GnRH systems in
the European eel is in accordance with that reported
so far in teleosts (for review see Kah 1986) and in
particular in the Japanese eel (Nozaki 1985). In-
deed, the large ir cell bodies observed in the NOR
have been described already in a number of species,
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Figs. 2—7. Transverse cryostat sections of silver eel brain processed for immunocytochemistry with an antiserum against salmon GnRH.
Fig. 2. The ir cell bodies of the nucleus olfactoretinalis (NOR) located at the junction of the olfactory bulbs and telencephalon. While
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the cells of the NOR are large and globular, smaller ir perikarya (arrow) are frequently located in their vicinity (x 180).

Figs. 3 and 4. In both control (Fig. 3) and hCG treated males (Fig. 4), ir cell bodies were detected in the ventral telencephalon (Vv),
without significant differences in their number and intensity (x 180).

Fig. 5. No ir cells bodies could be observed at the level of the preoptic area, but numerous ir fibers (arrows) were present lateral to the
nucleus preopticus periventricularis (npp) and in the ventral wall of the preoptic recess (rpo). npo: nucleus preopticus (x 180).
Figs. 6 and 7. Transverse sections at the level of the proximal pars distalis (ppd) of a control male (Fig. 6) and an hCG-injected male
(Fig. 7). Note the striking difference in the number of ir terminals observed in the digitations (arrows) of the neurohypophysis. ri: infun-

dibular recess (x 67).



such as the platyfish (Miinz et a/. 1981; Halpern-
Sebold and Schreibman 1983) and the sole (Nunez
Rodriguez er al. 1985). This nucleus according to
recent data is a component of the terminal nerve,
a cranial nerve having connections with both olfac-
tory and visual systems, and involved in the integra-
tion of environmental cues (Demski and Northcutt
1984; Stell et al. 1984; Kah et al. 1986). In mam-
mals, the terminal nerve is composed of several
mGnRH containing ganglia located at the ventral
surface of the anterior brain (Shwanzel-Fukuda
and Silverman 1980). In the European eel, there is
a possibility that the different populations of ir cell
bodies observed in the olfactory bulbs as suggested
in the Japanese species by Nozaki (1985), and even
that of the anterior ventral telencephalon all belong
to the terminal nerve. This latter population, ac-
cording to its situation and the size and shape of
its neurons, appears similar to that previously de-
scribed by Kah et al. (1986) in the goldfish.

The presence of ir perikarya in the periventricu-
lar diencephalic area has already been reported by
Borg et al. (1982) in the stickleback. However, ac-
cording to these authors, such positive cells were
found in a large region extending from the dorsal
hypothalamus to the dorsal thalamus. In the pres-
ent study, ir neurons were detected only in an area
described as being part of the monoamine contain-
ing paraventricular organ (Fremberg et al. 1977).
Most likely, this area corresponds to the goldfish
nucleus posterioris periventricularis of Peter and
Gill (1975), which was reported to concentrate sex-
ual steroids (Kim er al. 1978).

Large ir perikarya similar to those observed in
the eel have already been described in the anterior
dorsal tegmentum of the platyfish (Miinz er al.
1981), the stickleback (Borg er a/. 1982) and the
goldfish (Kah et al. 1986). However, their function-
al significance remains unknown.

In addition to these similarities concerning the
distribution of cell bodies, a high level of homology
also occurs in the organization of their main projec-
tions (Miinz et al. 1981; Nozaki 1985; Schreibman
et al. 1984; Kah et al. 1986).

Nevertheless, in contrast with most previous
studies (see review by Kah er al. 1986), no positive
cell bodies could be observed in the ventral POA
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which, however, contains numerous ir fibers. This
fact could be related to the immature status of the
eel at the silver stage. Indeed, Halpern-Sebold and
Schreibman (1983) in the platyfish have suggested
that during the ontogeny of the GnRH systems, the
ir perikarya appear first at the level of the NOR,
and then, at the onset of puberty, in the POA. In
addition, several lines of evidence suggest that the
preoptic region is mainly involved in the final steps
of sexual maturation (Kah 1986).

In hCG treated males, the slight elevation in the
brain immunoreactivity is consistent with the jow
increase in brain radioimmunoassayable content
(Dufour et al. 1985). The effect of hCG on GnRH
levels and on gonadotrophin level is probably medi-
ated by the elevation of the production of en-
dogenous androgens (see Dufour 1985), aithough a
direct effect of hCG itself cannot be, at present, to-
tally ruled out. A positive action of sexual steroids
on brain GnRH was suggested in platyfish by
Schreibman et al. (1986) and in trout by Goos e al.
(1986). A stimulation of GnRH synthesis by sexual
steroids is also well documented in mammals
(review in Kalra 1985).

It must be pointed out that, in hCG treated eels,
only the GnRH structures already existing in con-
trols could be detected and that perikarya did not
appear in other brain regions, in particular the
POA. In the pituitary, the strong increase in the
number and density of nerve endings in hCG treat-
ed animals is in good agreement with the finding of
a large elevation (up to 10 times) in the radioim-
munoassayable GnRH content (Dufour et al.,
1985). In addition, the present immunochistochemi-
cal study demonstrates that GnRH is accumulated
in the axonal endings of the proximal neuro-
hypophysis. In particular, GnRH does not appear
to be internalized in adenohypophyseal cells as ob-
served by Margolis-Kazan et al. (1981) in the platy-
fish. These data strongly suggest a lack of GnRH
release in the eel pituitary, which could play, beside
the dopaminergic inhibition (Dufour er al. 1984),
an important role in the blockage of the gonado-
trophic function and gonadal development at the
silver stage.
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