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Abstract.

Immunoreactive tyrosine hydroxylase (ir-TH), the rate-

limiting enzyme for the synthesis of dopamine and other catechol-
amines, was localized in the brain and pituitary gland of sexually

mature platyfish (Xiphophorus maculatus).

This is the first report

of ir-TH in the nucleus olfactoretinalis, an LHRH-containing nucleus
in the brain which plays an important role in the development and

functioning of the reproductive system in platyfish.
localized in the nucleus preopticus and paraventricular organ.

Ir-TH was also
In

the pituitary gland ir-TH is found in the prolactin cells and in
some fish, in some of the gonadotropin-containing cells of the pars
intermedia, but not in the gonadotrops of the pars distalis.

The localization of ir-TH in brain centers and pituitary cells
associated with reproductive system regulation is discussed in the
context of the interaction of monamines, neuropeptides and pitui-
tary hormones during the maturation and operation of the brain-pit-

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

In teleosts, both aminergic and
peptidergic neurons directly innervate
pituitary gonadotrops (4). Immuno-
cytochemical (ICC) methods have been
used to localize LHRH (4-6) and sero-
tonin (7-9), while the distribution of
dopamine has generally been analyzed by
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formaldehyde induced fluorescence tech-
niques (10). Few studies, however,
have utilized antibodies to dopamine it-
self, or to the enzymes necessary for
catecholamine synthesis (9,11).

The platyfish, Xiphophorus
maculatus, a small freshwater teleost,
is a useful model with which to study
genetic and neuroendocrine-regulated
processes. In platyfish, the age at
sexual maturation is determined by a
specific gene (P), and developmental
changes in the brain-pituitary-
gonadal (BPG) axis occur at specific
chronological ages which are deter-
mined by P allele constitution (12).
Our success in identifying various
pituitary hormones (13), neuro-
peptides (5,7,14), and neurotrans-
mitters (7) has enabled us to develop
calendar/maps for the distribution
of these substances at various stages
during the sexual development and aging
of platyfish. 1In order to study
catecholamine distribution, we employed
ICC methods to localize immunoreactive
tyrosine hydroxylase (ir-TH), an enzyme
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necessary for the synthesis of dopamine,
norepinephrine and epinephrine, in
young, sexually mature fish.

Materials and Methods. One-year old,
sexually mature male @=5)and female (n=5)
platyfish of known genetic constitution
(Jamapa gtock;P alleles for early matu—
ration) were studied. Animals were
sacrificed by decapitation, and heads
were immersed in Bouin's fluid con-
taining acetic acid (under vaccuum for
24 hours), decalcified ("Decal", Omega
Chem. Co.), dehydrated in ethanol and
butanol and embedded in paraffin. Five
um thick sagittal sections were mounted
serially on gelatin-coated slides.

The indirect immunoperoxidase anti-
peroxidase (PAP) method (15) as modi-
fied for our material (13) and utiliz-
ing antiserum against rat TH (16) at
dilutions of 1:250-1:500, was employed.
Control procedures included the absorp-
tion of the final dilution of antiserum
with synthetic LHRH (Peninsula) or bo-
vine serum albumin, and the substitu-
tion of normal rabbit serum or other
antisera for the primary antiserum.

The TH antiserum used in this study has
been previously characterized and run
with homologous (TH) antigen controls
(16).

Results. The anatomical terms used in
the descriptions below are according to
Peter et al. (17) and Minz et al. (6).
Observations are similar for both male
and female platyfish.

In the forebrain, ir-TH is local-
ized in perikarya and processes of the
nucleus olfactoretinalis (NOR) (fig. 1).
Ir-perikarya are fusiform in shape and
give rise to thick processes which ex-
tend dorsocaudally and ventro-caudally.
Ir-TH perikarya are also present in the
pars magnocellularis and pars parvocellu-
laris of the nucleus preopticus (NPO)
(figs. 2,3). These neurons are fusi-
form or multipolar in shape and have
processes which are difficult to trace.
Ir-TH is present in perikarya in the
wall of the third ventricle and the
nucleus recessus lateralis (NRL) and
nucleus recessus posterioris (NRP) of
the paraventricular organ (PVO; fig,
4), however, immunoreactive staining
is considerably less intense than seen
in the NPO and NOR. In the pituitary
gland, ir-TH is localized in the pro-
lactin cells of the rostral pars dis-
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talis (RPD) and in some fish, ir-cells
are also localized in the pars inter-
media (PI; fig. 4).

Discussion. In this report, we have
demonstrated that in platyfish, ir-TH
is localized in the NOR, NPO, PVO and
pituitary gland (RPD and PI), regionms
which play important roles in the de-
velopment and maintenance of the re-
productive system in teleosts (4). Ir-
TH has been localized in various cen-
ters of the brain in several teleosts
(9; Joh, unpublished), however, this
is the first report in which ir-TH has
been demonstrated within perikarya and
processes of the NOR of fishes.

It is generally believed that in
vertebrates LHRH and monoamines act in
concert to regulate GTH synthesis and
release by both stimulatory and inhibi-
tory actions (1-4, 18). In platyfish,
the appearance of LHRH in the NOR, nu-
cleus preopticus periventricularis
(NPP; an area in the anterior preoptic
region), and nucleus lateralis tuberis
(NLT) in sequence according to a spec-
ific timetable of maturation, precedes,
and is essential for, the development
of gonadotrops and subsequently the
gonads (19). Therefore, the presence
of ir-TH in the NOR and the preoptic
region (NPO) strongly suggests a func-
tional relationship between catechol-
amines and LHRH during reproductive
system development and operation. It
may be that catecholamines, acting
alone or together with other neuro-
transmitter substances, serve to reg-
ulate the time of sexual maturation.

In goldfish, a gonadotropin-

release-inhibitory factor (GRIF) is be-
lieved to originate from the anterior
preoptic region (18) and it has been
suggested that dopamine is the agent re-
sponsible for the GRIF action (20).
Our ability to localize ir-TH in the
NPO lends support to these hypotheses
and suggests that similar mechanisms
may operate in platyfish.

The presence of ir-TH in some ir-
GTH containing cells of the PI but not
in the vCPD of sexually mature fish
supports our contention that these two
GTH producing areas play different
roles in reproductive physiology.
Based on temporal immunocytochemical
and physiological studies (19,21) we
have suggested that PI cells play their
primary role in immature fish from
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Figure 1. Sagittal section through the NOR showing ir-perikarya (arrow)

and processes. 595X.

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

610X.
695X.

Pituitary: ir-prolactin cells (arrow) and paler ir-cells in the

dorsal pars intermedia (arrowheads).

120X.

Note: 1In all figures anterior is to the left and ir-TH appears black.

birth to puberty and that the CPD gon-
adotrops are most essential in sexually
mature platyfish. A study of ir-TH
localization from birth to puberty in
the light of our developmental studies
on LHRH (19,21) may clarify the specif-
ic interrelationships which exist be-
tween neurotransmitter and neuropeptide

during brain-pituitary-gonadal develop-
ment.
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