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ABSTRACT: Many characteristics of the South American teleost fish Cichlasoma dimerus (body size, easy
breeding, undemanding maintenance) make it amenable to laboratory studies. In the last years, many of the
fundamental aspects of its reproductive and developmental biology have been addressed in our laboratory.
Rather recently, the immunohistochemical localization of pituitary hormones involved in reproduction and in
background color adaptation has been described in both adult and developing individuals, and the role of
FSH in ovarian differentiation has been established. These findings have been correlated with mapping of
some of their brain-derived controlling hormones. The latter include brain-derived gonadotropins which were
shown to be active in vitro in the control of pituitary hormone secretions. The emerging picture shows C.
dimerus as an interesting species in which many of their basic features have already been investigated and
which conform a solid platform for comparative studies correlating neurohormones, pituitary hormones and

behavior, from the molecular to the organismic level.

1. Teleost fishes in physiological and developmental
studies.

Teleost fishes represent the most numerous and
diversified vertebrate group. Though fish physiology
has been studied for many decades (Ball and Baker,
1969; Hoar, 1969; Conlon, 2000; Price et al., 2008),
the use of very different species, together with the idea
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that differences were more important than similarities,
gathered a lot of data, and sometimes non coherent ones.

During the last years, however, several research
groups have put the emphasis in the importance of us-
ing teleost fishes not for comparative studies within the
class, but as general vertebrate physiological models,
by taking advantage of some of their unique properties.
One of these properties is an unusual characteristic of
the fish nervous system: fish brains can remain alive
and responsive for many hours after removal from the
animal (Teyler et al., 1981). This has allowed research-
ers to use intact-brain preparations that have the advan-
tage, compared to mammalian brain-slice preparations,
of allowing afferent and efferent connections to remain
functional (Wayne et al., 2005). Another interesting fea-



ture is the morphological arrangement of fish neuroen-
docrine systems: in teleost fishes there is no median
eminence or portal system; therefore nerve fibers origi-
nating from the hypothalamus should end in close con-
tact with pituitary cells. Immunocytochemical studies
have shown that neurohormonal fibers and nerve end-
ings are in close association with pituitary endocrine
cells. Because of this special anatomical arrangement,
teleosts are a unique experimental model for determin-
ing putative brain peptides or monoamines involved in
the regulation of pituitary endocrine cells (Peter et al.,
1990).

Also, over the past 15 years, the cyprinid zebrafish
Danio rerio (Hamilton, 1822) and the adrianichthyid
medaka Oryzias latipes (Temminck and Schlegel, 1846)
have become very popular fish models, due to their
transparency during embryonic and larval stages, for
investigating the molecular genetics that control organ
development. The by-product of this huge amount of
work is that their genes have been characterized provid-
ing fundamental tools for physiological and develop-
mental studies (Furutami-Seiki and Wittbrodt, 2004;
Crollius and Weissenbach, 2009).
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Cichlid fishes (Perciformes) are also becoming in-
tensively studied in the field of social control of repro-
duction and the most studied species have been the Af-
rican tilapia Astatotilapia burtoni (Glinther, 1894) and
Oreochromis mossambicus (Peters, 1858) (Fox et al.,
1997; Ogawa et al., 2006). The South American cichlid
fish Cichlasoma dimerus (Heckel, 1840) has been stud-
ied for several years in our laboratory, at the morpho-
logical, developmental, physiological, and molecular
levels. The aim of the current review has been to present
a comprehensive picture of all the data obtained in this
species, and to put them in the context of contempo-
rary, comparative fish physiology.

2. Cichlasoma dimerus (Fig. 1A) in the laboratory and
in nature.

It is a medium sized fish (12 cm standard length)
which is easily maintained and bred in the laboratory,
where it tolerates a wide range of water compositions
and temperatures (10 to 30°C, the optimal breeding tem-
perature is 26°C) (Meijide and Guerrero, 2000).

FIGURE 1. Some behavioral aspects of Cichlasoma dimerus under laboratory conditions. A: Fin
display and body colors of an adult male of high social rank. B: Pre-spawning behavior: the female
nibbles at the spawning substrate (a flat stone), while the male is on guard. C: Spawning behavior:
the female rubs the genital papilla while depositing the last egg rows. D: Parental care of the clutch:
the female is removing unfertilized or infected eggs. Scale bars = 20 mm.
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The natural range of this species encompasses the
entire system of the Paraguay river, the lower Alto
Parand, and the rest of the Parana river basin up to the
vicinity of Buenos Aires city (Kullander, 1983). Local-
ity records are known from four countries (Bolivia, Bra-
zil, Paraguay and Argentina) where it inhabits a wide
variety of both lentic and lotic environments. Its com-
mon names are “chanchita” (Spanish) and “acara” (Por-
tuguese) (Staeck and Linke, 1995; Casciotta et al.,
2005).

Its ground color is very variable, depending both
on the specimen’s “mood” and social status. Its body
may vary from greenish to light or dark grey and it may
also show golden-yellow and light blue reflections. It
shows several dark-brown vertical bands and two
blotches, one in the middle region of the trunk and the
other in the caudal peduncle. The eyes may show a bright
red border, particularly in reproductively active individu-
als (Fig. 1A). This species has a moderately developed
sexual dimorphism, with the males growing larger than
the females. In males, soft rays of the distal edge of the
dorsal and anal fins may be extended as filaments
(Alonso et al., 2007).

As many cichlids do, C. dimerus has highly orga-
nized breeding activities, as they may be observed in
the laboratory. A few days after fish have been trans-
ferred to a new aquarium, territories are progressively
established and defended by both males and females.
The dominant pair will aggressively defend the prospec-
tive spawning site (usually a flat stone) and will start to
display stereotyped prespawning activities, such as jerk-
ing and quivering, digging in the gravel, and nipping
off and nibbling at the spawning substrate (Fig. 1B).

Spawning will eventually initiate, with the female
rubbing her genital papilla over the substrate and the
sticky eggs being deposited in rows. After the female
lays its eggs, the male slides its erected genital papilla
over them, thus achieving fertilization. At the end of
the spawning process, which may last up to 90 min, some
1500 eggs have been deposited as a uniform rounded
layer over the substrate (Fig. 1C).

Spawning is followed by a period of parental care
during which the cooperative pair guards the eggs, both
by fanning them (alternately beating the pectoral fins
over the clutch) and by removing dead eggs, which are
usually attacked by fungi (Fig. 1D). At a water tem-
perature of 26°C, the larvae hatch at the beginning of
the third day and are transferred by both parents to a
previously dug pit. Another five days pass until the lar-
vae swim freely, and during this time they are recur-
rently transferred to several other pits. Mortality during

the first month of development is typically high (only
about 20% of hatchlings reach the juvenile stage). If
provided with enough food and space, the young will
grow rapidly, and may reach about 50 mm four months
after hatching. A pair may spawn every 20 days during
the extended breeding season (September to April).

The foregoing behavioral description was based on
the works of Greenberg ef al. (1965) and Polder (1971)
in Aequidens portalegrensis, which is a synonym of C.
dimerus. A comprehensive monograph on cichlid be-
havior by Baerends and Baerends-Van Roon (1950) is
also available.

3. Embryonic and larval development.

The freshly spawned eggs of Cichlasoma dimerus
are ovoid-shaped and light brown colored (Meijide and
Guerrero, 2000). They have a smooth translucent vi-
telline envelope surrounded by a mucous layer which
allows them stick to the substrate and to one another at
the time of spawning.

A detailed description of C. dimerus development
from oocyte activation until the beginning of the juve-
nile stage is found in Meijide and Guerrero (2000). The
micropyle is cone-shaped and located at the egg’s ani-
mal pole. Most of the egg volume is occupied by nu-
merous bright, tightly packed yolk globules. Polariza-
tion of the cytoplasm towards the animal pole becomes
evident within 60 min after fertilization, giving rise to a
prominent dome-shaped cytoplasmic layer known as the
blastodisc (Fig. 2A).

Cleavage is typically meroblastic, resulting in a
blastula with a blastodermal cellular region above the
yolk mass (Fig. 1B). The subsequent gastrulation pro-
cess is characterized by several morphogenetic move-
ments that result in a rearrangement of the blastoderm
relative to the yolk. Towards the end of the first day of
development, about 75% of the yolk mass has been cov-
ered by the blastoderm and the elongated embryo’s shape
is discerned along an anterior-posterior axis. The “yolk
plug” is the portion of uncovered yolk protruding in the
neighbourhood of the vegetal pole (Fig. 2C).

Organogenesis initiates soon thereafter, the optic
vesicles being one of the first organ primordia that be-
come distinct. Towards 26 h, paired somites start devel-
oping sequentially in an antero-posterior direction, on
both sides of the notochord. Otoliths become visible
within the otic vesicles (Fig. 2D). Before hatching, the
embryo shows conspicuous muscular contractions. The
beating heart is placed beneath the head and blood flow



is readily observed. Brain regions become distinct and
the lenses are evident within the eyes. Rudiments of the
adhesive glands are observed at the midbrain-hindbrain
boundary (Fig. 2E).

Larval hatching occurs 54 h after fertilization. Af-
ter hatching, yolk-sac larvae are readily transferred by
their parents to a pit dug in the gravel. These larvae
present three pairs of adhesive glands over the head,
this feature being characteristic of substrate-brooding
cichlids. The mouth is not yet formed, and the gut is
narrow and straight. No fins are differentiated but a pri-

FIGURE 2. Embryonic and larval development of Cichlasoma
dimerus. A-E. Transmitted light microscopy. F-J. Incident light
microscopy. A: Zygote stage (1 h); B: Blastula stage (6 h);
C: Yolk plug stage (22 h); D: 15-somite stage (30 h); E: Pre-
hatching stage (53 h); F: Post-hatching stage (55 h). G:
Opened-mouth stage (108 h). H: Free-swimming stage (190
h). I: Prejuvenile stage (25 days). J: Juvenile stage (45 days).
Ag, adhesive glands; bd, blastodisc; b/, blastoderm; e, eye;
ea, embryonic axis; fv, finfold vessels; g, gills; h, heart; i, in-
testine; m, melanophores; mi, micropyle; op, optic primor-
dium; ov, otic vesicle; rp, primordial rays; s, somites; sb, swim
bladder; ve, viteline envelope; y, yolk; yp, yolk plug. Scale
bars: A-E = 300 pym; F-H = 500 ym; I-J = 1 mm.
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mordial fin fold is already developed dorso-ventrally in
the sagittal plane. Melanophores are scattered over the
oblong yolk-sac and extend along the junction of the
body with the ventral fin fold (Fig. 2F).

During the fifth day of development, the mouth
opens and mobile jaws can be observed. The yolk-sac
has become smaller. Branchial arches are differentiated
and soon thereafter gill filaments will start to develop.
These larvae do not swim freely yet, but they rapidly
swing their tails while still attached to the substrate by
their adhesive glands (Fig. 2G).

The free-swimming stage is reached five days af-
ter hatching, i.e. during the eighth day of development.
The oval-shaped, refractive swim bladder becomes vis-
ible. Adhesive glands have been regressing, and will
completely disappear during the following days. Cau-
dal fin rays are well developed, while while both dorsal
and anal fins consist of thin, transparent membranes.
Melanophores are more heavily distributed over the head
and trunk (Fig. 2H). A few hours after the onset of free-
swimming, these larvae start to feed from the environ-
ment, though the yolk is not yet totally consumed.

Larval development continues with the progressive
differentiation of the dorsal, anal and pelvic fins and
with the acquisition of a pigmentation pattern that gradu-
ally resembles that of the adult (Fig. 2I).

The juvenile stage is reached around day 45 of de-
velopment and their body shape and pigmentation pat-
tern are similar to those of the adult (Fig. 2J). The fins
become fully developed and the adult complement of
rays is completed. The scales are present over the great-
est part of the body, which is almost completely cov-
ered with melanophores.

4. Gonadal development and sex differentiation.

C. dimerus is a gonochoristic fish, in which ova-
ries and testes develop directly from undifferentiated
gonads. A detailed description of early gonadogenesis
in C. dimerus, including ultrastructural features, is found
in Meijide et al. (2005). As it is known for other teleo-
sts (Bruslé and Bruslé, 1983), the extent of gonadal
development in C. dimerus depends both on age and
size, and gonadal sex differentiation will occur earlier
in specimens that grow faster. Therefore, the ages cor-
responding to the developmental events described in the
next paragraphs should be considered only as estima-
tions.

On day 12 posthatching, paired gonadal primordia
are present in the posterior region of the abdominal cav-
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FIGURE 3. Gonadal development and sex differentiation in Cichlasoma dimerus. Toluidine blue. A: Primordial gonads on day
14 post-fertilization are characterized by the occurrence of a few germ cells with round nuclei, which are surrounded by some
somatic cells. B: Sexually undifferentiated gonad on day 38. C: The appearance of meiotic figures is the first evidence of
sexual differentiation in prospective females on day 42. D: Increased gonial mitotic activity accompanies the first cells under-
going meiosis towards day 50. E: Arrows indicate somatic cell outgrowths in a female on day 50, which will lead to the
formation of the ovarian cavity. F: The ovarian cavity is already formed on day 65. Numerous basophilic diplotene oocytes are
also observed. G: Ovarian follicles containing perinucleolar oocytes are observed by day 80. H: An undifferentiated gonad on
a day 65 juvenile (a prospective male). I: Meiotic figures indicative of testicular differentiation are first seen on day 80 in a
prospective male. J: Lobules are becoming distinct in a testis on day 100. Secondary spermatocytes (but no spermatids) are
observed. Scale bars = 5 ym (A, B, H, 1); 10 um (C, D, J); 50 um (E, F, G).; C, blood capillary; DO, diplotene oocyte; E,
epithelial cell; F, follicle cell; G, germ cell; |, interstitial or stromal tissue; L, lobule; M, mitotic figure; ME, gonadal mesentery
/ mesovary / mesorchium; O, oogonium; OL, ovarian lumen; PF, prefollicle cell; PO, pachytene oocyte; PS, pachytene sper-
matocyte; S, spermatogonium; SE, Sertoli cell; SO, somatic cell; SP, spermatocyst; Sl, spermatocyte I; SlI, spermatocyte II.



ity, immediately below the kidney, and are suspended
from the dorsal peritoneal wall by short mesenteries.
The gonadal primordium consists of large, round to oval
germ cells surrounded by somatic cells. Germ cells con-
tain large and central euchromatic nuclei, with promi-
nent nucleoli. Occasional mitotic activity is observed
in these cells. Somatic cells are of varying shapes. They
have heterochromatic nuclei and a small cytoplasm (Fig.
3A). Gonads remain undifferentiated by day 38. How-
ever, the number of germ cells has augmented, and as a
result, gonads increase in size and several germ cells
(not just one or two as in earlier stages) appear in cross
sections (Fig. 3B).

Ovarian differentiation occurs at an earlier age than
that of testicular differentiation, as it is usually observed
in teleosts (Meijide et al., 2005). A prominent cytologi-
cal feature marking the onset of gonadal differentiation
is the appearance of meiotic figures in germ cells of the
prospective ovary. By day 42, many oogonia have en-
tered meiotic prophase and become growing primary
oocytes, which in addition to a moderate oogonial and
somatic cell proliferation result in an enlargement of
the prospective ovary. For the first time, blood capillar-
ies are observed in the gonadal dorsal region (Fig. 3C).
The onset of ovarian meiosis is soon accompanied by
an increase in germ cell mitoses. In addition, the ovary
becomes either triangular or kidney-shaped in sections
(Fig. 3D). A few days later, somatic reorganization of
the developing ovary is evidenced by somatic cell pro-
liferation, which forms appendix-like structures (Fig.
3E) which finally fuse to form the ovarian lumen. The
ovarian cavity is formed completely by day 65, when
numerous basophilic oocytes at the diplotene meiotic
stage are also present (Fig. 3F). From days 80 to 100,
the ovary consists mainly of follicles which contain
characteristically large, perinucleolar oocytes with
a basophilic cytoplasm: these previtellogenic oocytes
are arrested at the diplotene stage of the first meiotic
prophase and are characterized by the presence of mul-
tiple round nucleoli in the peripheral nucleoplasm. Each
perinucleolar oocyte is covered by a continuous layer
of flat follicle cells. Interstitial connective tissue is
present both in the ovarian periphery and in the angular
spaces between three or more follicles in the inner ova-
rian region (Fig. 3G).

In contrast to gonadal development in the female,
signs of histological differentiation in the prospective
males are not observed until day 72. Therefore, undif-
ferentiated gonads on day 65 are certainly diagnosed as
prospective testes. They retain the pear-like shape of
undifferentiated gonads and are much smaller than the
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ovaries of females of the same age. Spermatogonia at
this stage cannot be distinguished from the undifferen-
tiated germ cells at day 38, and their most characteris-
tic feature is a prominent nucleus with one or two
nucleoli (Fig. 3H). By day 72, spermatogonial prolif-
eration is occurring and blood vessels become evident
in the dorsal region of the testis. On day 80, meiotic
activity is apparent, and spermatocytes at early stages
of meiotic prophase become numerous. Spermatocysts
are formed by isogenic spermatocyte groups bound by
the cytoplasmatic processes of Sertoli cells. Spermato-
genesis progresses synchronously within each cyst.
Spermatogonia are recognized as isolated cells, indi-
vidually surrounded by the cytoplasm of a Sertoli cell
(Fig. 3I). By day 100, the testis is divided into lobules
composed by both Sertoli and germ cells, and which
are separated by interstitial tissue. Spermatogenesis has
reached the secondary spermatocyte stage (Fig. 3J).

Under laboratory conditions, mature gonads, i.e.,
ovaries containing full grown vitellogenic oocytes and
testes containing mature spermatozoa can be observed
in one year-old specimens, while the first spawnings
are recorded towards month 16 after hatching.

FIGURE 4. Sagittal section of the pituitary gland of an adult
male Cichlasoma dimerus. Hematoxylin-eosin. The adeno-
hypophyseal lobes (rostral -RPD- and proximal pars distalis
-PPD-, and pars intermedia-PIl) are indicated.
The infundibular stalk (I1S) is shown connecting the hypo-
thalamus (HPT) to the pituitary (arrow). The neurohypo-
physis (NH) also shows its numerous infoldings into the
pars intermedia, and in the rostral and proximal pars distalis
too. Scale bar = 50 ym.
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5. The adult pituitary gland.

The gross morphology of C. dimerus pituitary gland
is shown in figure 4. It is both an elongated and flat
gland, in which the mid-dorsal and caudal parts mostly
consist of neurohypophyseal tissue. As it is found in
other cichlids (e.g., Mattheij e al., 1971) the infundibu-
lar recess of the third ventricle is large and extends as
branches that penetrate the adenohypophyseal tissue.
The adenohypophysis is divided into the rostral pars
distalis, the proximal pars distalis and the pars
intermedia, the endocrine cells of these areas showing
different tinctorial and immunohistochemical proper-
ties. The adenohypophysis is penetrated by neurohypo-
physeal infoldings, particularly in the pars intermedia.

The distribution of endocrine cell types in the dif-
ferent adenohypophyseal lobes is summarized in figure
5. Information about the antisera used in this study and
the molecular weights of the detected C. dimerus pitu-
itary hormones (Western blot analysis) are summarized
in Table 1.

Rostral pars distalis

This lobe of the adenohypophysis is invaded by
narrow neurohypophyseal prolongations (Pandolfi ez al.,
2001a,b). In C. dimerus, two different cell types are typi-
cal of the rostral pars distalis, which are recognized by
their immunoreactivity to antisera against prolactin and
corticotropin (ir-PRL and ir-ACTH cells). Immunore-
active PRL cells are relatively large cells which form a

compact layer in the periphery of the rostral pars distalis,
while ir-ACTH cells are arranged in narrow bands or
small follicles along the neurohypophyseal branches but
without forming a continuous layer. Immunocytochemi-
cal labeling with the ACTH antibody was also observed
in the pars intermedia, where the cells reacting with o.-
melanocyte stimulating hormone (ir-aMSH) cells are
located (see below). This cross-reactivity was likely due
to the fact that both the corticotrops of the pars distalis
and the melanotrops of the pars intermedia elaborate
their distinctive hormones from the same large precur-
sory molecule, namely propiomelanocortin (POMC) and
that the whole o-MSH sequence is included in the ACTH
mature molecule, so that the antisera against ACTH rec-
ognize 0.-MSH also (Eipper and Mains, 1981; Pandolfi
etal., 2003).

Proximal pars distalis

In this region only some broad neurohypophyseal
branches are present but they do not reach the ventral
part of the pituitary. Four different cellular types are
distinguished immunochemically with heterologous
antisera against growth hormone, follicle-stimulating
hormone, luteinizing hormone and thyrotropin (desig-
nated as ir-GH, ir-FSH, ir-LH and ir-TSH cells). Im-
munoreactive GH cells form a layer surrounding the
centrally located neurohypophysis.

Particularly, the identification of ir-FSH cells us-
ing heterologous antisera was hindered by their low
cross-reactivity with the endogenous FSH. Antisera

TABLE 1.

Antisera used in immunohistochemical and Western blot analysis and estimated molecular weight of
Cichlasoma dimerus pituitary hormones.

Detected
Antisera Source Dilution Donated by ir-band/s
in C. dimerus
anti-PRL Oncorhynchus keta 1:3000 Dr Hiroshi Kawauchi 23 kDa
anti-GH Oncorhynchus keta 1:3000 Dr Hiroshi Kawauchi 25.5kDa
anti-SL Sparus aurata 1:2000 Dr Antonio Astola 32 & 28 kDa
anti-BFSH Fundulus heteroclitus 1:1000 Dr Akio Shimizu 19 &15 kDa
anti-pLH Fundulus heteroclitus 1:2000 Dr Akio Shimizu 24 kDa

Dr Hiroshi Kawauchi (School of Fisheries Sciences, Kitasato University, Iwate, Japan).
Dr Antonio Astola (Departamento de Bioquimica y Biologia Molecular, Facultad de Ciencias, Universidad de Cadiz, Spain).
Dr Akio Shimizu (National Research Institute of Fisheries Science, Fisheries Research Agency, Kanazawa, Yokohama. Japan).



raised against BFSH and BLH from the mummichog,
Fundulus heteroclitus, were successfully used to recog-
nize gonadotrops in several teleost fishes, since they
recognize conserved regions of FSH and LH in teleosts
(Shimizu et al., 2003a,b) and they were also successful
in C. dimerus (Vissio et al., 1996; Pandolfi et al., 2001a).

Gonadotrops are periodate reactive basophilic cells,
which are localized mainly in the proximal pars distalis
and the external border of the pars intermedia. Immu-
noreactive LH cells are located in central, ventral and
marginal zones of the proximal pars distalis and in the
external border of the pars intermedia. These cells are
arranged in either cords or small groups along the whole
proximal pars distalis and have conspicuous processes
directed towards the neurohypophyseal infoldings and
they showed a vacuolated cytoplasm (Pandolfi et al.,
2006). Immunoreactive FSH cells are detected in cen-
tral and ventral zones of the proximal pars distalis and
also in the external border of the pars intermedia. Im-
munoreactive FSH cells are either spherical or
polyhedrical cells, with a vacuolated cytoplasm, and they
appear either isolated or 2-3 cells groups. In general,
they are smaller and less numerous than ir-LH cells,
and are more anteriorly located in the proximal pars
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distalis. Our immunocytochemical analysis revealed that
FSH and LH are mainly produced in different cell popu-
lations of the adult adenohypophysis in C. dimerus, as
it was shown by both double-label immunohistochem-
istry and by the observation of adjacent sections
(Pandolfi et al., 2006).

Finally, ir-TSH cells were seen forming discontinu-
ous strands and small groups in the proximal pars
distalis. However, their number was very small if com-
pared with the other pituitary hormone cells of C.
dimerus.

Pars intermedia

The small lobules and cell rows of the most caudal
part of the pituitary gland are separated by numerous
irregular branches of neurohypophyseal tissue. In adja-
cent sections, somatolactin (SL) immunoreactivity was
found in groups of periodate reactive cells which sur-
round the most deeply located neurohypophyseal
branches. In spite of the chemical similarities between
GH, PRL and SL (Rand-Weaver et al., 1991; Takayama
etal.,1991), no labeling with SL antisera was observed
in either the rostral or the proximal pars distalis, where

FIGURE 5. Distribution map of hormone-secreting pituitary cells, as shown by their
immunoreactivity to specific antisera. ACTH cells ( D-ahd PRL ( O cklls occur in the
rostral pars distalis. GH (%), TSH (m) and GTH( ) cells are mainly located in the
proximal pars distalis, while SL (@) and o—MSH cells ( D dre located in the pars
intermedia. HPT, hypothalamus; PI, pars Intermedia; RPD, rostral pars distalis; PPD,
proximal pars distalis; NH, neurohypophysis; IR, infundibular recess. Redrawn from

Pandolfi et al. (2001a).
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ir-GH and ir-PRL cells are located. Also, in adjacent
sections, groups of periodate non-reactive cells can be
detected in the pars intermedia, which corresponds to
ir-oMSH cells.

Overview of our studies in the adult pituitary gland

A clear-cut lobar distribution of the common ver-
tebrate pituitary hormones was found, with a localiza-
tion of ir-PRL and ir-ACTH cells in the rostral pars
distalis, the glycoprotein hormones ir-FSH, ir-LH and
ir-TSH cells located in the proximal pars distalis (to-
gether with ir-GH cells), while the ir-SL cells (which
are specific of fish) are located in the pars intermedia,
where they are together with the non fish-specific ir-
aMSH cells. In general, this lobar distribution would
make the C. dimerus pituitary amenable to possibly in-
teresting in vitro studies after microdissection and sepa-
rate culture of the different lobes, since the chemically
related PRL, GH and SL are produced in different lobes,
as they are the chemically related ACTH and aMSH.
Cells involved in the production of the glycoprotein fam-
ily of gonadotropins and thyrotropin are located in a
single lobe (the proximal pars distalis) but they would
still be amenable to experimental manipulation with
different putative releasing hormones.

6. The larval pituitary

The cellular organization of the pituitary gland
during development in C. dimerus was described using
immunocytochemical methods (Pandolfi et al., 2001b;
2006). Although several cytochemical investigations of
pituitary cells ontogeny have been reported in teleosts
(Mal et al., 1989; Cambre et al., 1990; Nozaki ef al.,
1990; Naito et al., 1993; Saga et al., 1993; Saga et al.,
1999; Villaplana et al., 1997; Parhar ef al., 1998), ours
are the only studies performed in cichlid fishes. This
has the unfortunate derivation, however, of the diffi-
culty of making inter-familial or even inter-ordinal com-
parisons in such a diverse class as the Teleostei. In the
following paragraphs, developmental stages are indi-
cated as either hours or days after hatching.

Newly hatched larvae (1 h)

They show an incipiently differentiated brain, which
is curved over the ventral part of the body, and a large
yolk sac. At this stage, the brain and the pituitary gland
cannot be distinguished from each other and no immu-
noreactive cells were detected.

Vitelline larvae (1.5 days)

The brain becomes straightened out and its ven-
tricles are highlighted by the actively proliferating cells
which surround them. Near the prechordal cartilage,
which is in contact with the diencephalon, a mass of
presumptive adenohypophyseal cells appears, but none
of them is reactive to PRL, GH or SL antisera. At this
stage ir-oMSH and ir-ACTH cells are detected in the
posterior and anterior part of the developing pituitary,
respectively. No immunoreactivity to either B-FSH, 3-
LH or B-TSH was detected.

Vitelline larvae (2 days)

The pituitary gland is recognized as a rounded struc-
ture hanging from the floor of the diencephalon and which
is formed by morphologically similar epithelial cells. The
neurohypophysis has not yet been differentiated. A few
small ir-SL cells are scattered in the caudal part of the
gland, showing strong immunoreactivity. Immunoreac-
tive PRL cells also appear at this stage in the rostral area
of the adenohypophysis. Some few ir-GH cells are
immunostained weakly, and are distributed in the central
area of the developing pituitary gland. At this stage, ir-
oMSH and ir-ACTH cells are found in the posterior and
anterior part of the developing pituitary, respectively.

Opened-mouth larvae (4 days)

The pituitary gland is located over a ventral carti-
lage plate, and it still shows no clearly delimited lobes.
The detected pituitary cell types (ir-SL, ir-PRL and
ir-GH) increase both in their number and their
immunostaining intensity. A compact group of ir-PRL
cells begins to form at the more rostral part of the gland,
but these cells are not arranged in follicles as in adult
animals. Both ir-SL and ir-GH cells begin to increase
in number and size but still without forming compact
groups. From this day on, a topographic segregation of
the three cellular types in a rostral-caudal direction is
observed, which precedes the adult lobar distribution.

Free-swimming larva (6 days)

The infundibular recess develops at the junction of
the diencephalon and the pituitary gland. The adenohy-
pophysis becomes larger but the neurohypophysis is not
yet formed. The segregation of the endocrine cellular
types (ir-ACTH, ir- oMSH, ir-GH, ir-PRL and ir-SL
cells) is more evident at this stage, approximating their



10

final localizations; also, however, some few immunore-
active PRL, GH and SL cells remain isolated in differ-
ent regions.

Odd-fins larva (14 days)

The neurohypophysis becomes distinct in the cau-
dal part of the gland but it is still a thin structure and
does not show the adult deep infoldings. The adenohy-
pophysis becomes even larger and elongated in shape

MATIAS PANDOLFI et al.

with ir-PRL and ir-ACTH cells occupying most of the
rostral region (the prospective rostral pars distalis). The
pars intermedia is distinct now, and is characterized by
groups of ir-SL cells.

Prejuvenile larva (21 days)
The first pituitary ir-FSH cells are detected in the

anterior region of the adenohypophysis. From this stage
on, the number of ir-FSH cells augments steadily. By

TABLE 2.

Ontogenetic expression of pituitary hormones in Cichlasoma dimerus.

Days after Body length
ACTH oaMSH PRL GH SL BFSH | BLH
hatching (mm)
0 3.32+0.1 - - - - - - -
1.5 4.04 £0.15 + + - - - - -
2 420+0.15 + + + + + - -
4.95+0.22 + + + + + - -
6 5.50+£0.28 + + + + + - -
14 6.12 +£0.44 + + + + + - -
21 7.45+0.5 + + + + + + -
26 8.32+0.7 + + + + + + -
42 14.80 £ 1.2 + + + + + + -
60 16.80 £ 1.5 + + + + + + +
TABLE 3.

Localization, abundance and average diameter of GAP/GnRH-ir neurons in different brain zones.

Salmon GnRH

Seabream GnRH

Chicken IT GnRH

Average cell

Average cell

Average cell

diameter Abundance diameter Abundance diameter Abundance
(um) (um) (nm)

OB 16.6 £2.4 + 43+1.2 + - -
NOR 20.5+4 -+ 6.7+2.8 + - -
vTEL 6+1.7 ++ 156 £3.4 +++ - i,
POA 57+1.6 ++ 17+6.5 ++ - -

MB - - - - 212+3.7 et

OB: Olfactory bulb

NOR: Nucleus olfacto retinalis

VTEL: Ventral telencephalon
POA: Preoptic area
MB: Midbrain tegmentum
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day 90, when this ontogenetic study was ended, the num-
ber of FSH-ir cells was still increasing.

Prejuvenile larva (26 days)

Two neurohypophyseal branches project into the
adenohypophysis: a thicker one is directed towards the
anterior adenohypophyseal regions while the other en-
ters deep into the pars intermedia. At this time, a clear
boundary between the pars distalis and the pars
intermedia 1is seen, but there is still no clear demarca-
tion between the rostral and the proximal pars distalis.
Immunoreactive GH cells and SL-ir cells start to asso-
ciate to the neurohypophyseal branches, both at the an-
terior adenohypophyseal regions and at the pars
intermedia, respectively.

Juvenile (42 days)

The adult lobar topography is already distinct at
this stage. Immunohistochemistry applied to adjacent
sections showed that ir-SL cells are not periodate reac-
tive, as they will be in the adult pituitary (Pandolfi et
al., 2001a). All the pituitary cell types, except ir-LH
cells, are present at this stage. Close to the onset of sexual
differentiation, which will occur by this time of devel-
opment, the number of ir-FSH cells increases and they
can be observed along the proximal pars distalis and
the external border of the pars intermedia.

Juvenile (60 days)

Immunoreactive LH cells are first seen in central
zones of the proximal pars distalis (two and a half weeks
after the appearance of the first signs of ovarian differ-
entiation).

The foregoing results are summarized in Table 2.

Overview of our studies on pituitary ontogeny

Five immunoreactive cell types (PRL, GH, SL,
ACTH, MSH) appear at very early stages of develop-
ment, suggesting their functional importance for the fish
larvae. Further studies focused on the ontogeny of hy-
pothalamic factors that regulate their synthesis and se-
cretion should still be performed. Gonadotrops become
differentiated later: FSH cells appear prior to the onset
of sexual differentiation, while LH cells appear during
the sexual differentiation period. A possible role of FSH
in determining ovarian differentiation in this species will
be shown in section 8.

11

7. Neuroendocrine systems that control reproduction
and body color in C. dimerus.

Gonadotropin-releasing hormone (GnRH) systems

The chemical structure of GnRH was initially dis-
covered as a decapeptide which is present in the mam-
malian hypothalamus (Matsuo et al., 1971; Burgus et
al., 1972) and is released in the portal system, and whose
primary function was to induce pituitary gonadotropins
release into the bloodstream. It was also found that it
may act in neural tissue as a neuromodulator and/or
neurotransmitter involved in eliciting reproductive be-
haviors (Ogawa et al., 2006) and neuroendocrine reac-
tions (Parhar, 1997). In addition to that, there is evi-
dence suggesting that GnRH may play a role in the
release of other pituitary hormones such as PRL, GH
and SL (Weber et al., 1997; Parhar, 1997; Stefano et
al., 1999; Vissio et al., 1999).

Moreover, it was found that chemical forms other
than the decapeptide also occurred in mammals and
other vertebrates (Muske, 1993). At least three molecu-
lar GnRH forms exist in perciform species, which are
identified after the species where they were originally
found as sGnRH (salmon GnRH), sbGnRH (seabream
GnRH) and cIlIGnRH (chicken II GnRH). Their distri-
bution patterns in the perciform central nervous system
suggest the existence of three distinct neuronal popula-
tions located in (1) the olfactory bulbs, expressing
sGnRH; (2) the preoptic area, predominantly express-
ing sbGnRH; and (3) the midbrain tegmentum, express-

TABLE 4.

Timing of appearance (days after hatching) of ir-
GAP/GnRH populations in different brain zones.

Salmon Seabream Chicken
GnRH GnRH II GnRH
OB 1 20 -
NOR 10-12 22 -
vITEL 15-18 25-28 -
POA 16-22 27-30 -
MB - - 2-4

OB: Olfactory bulb

NOR: Nucleus olfacto retinalis
vTEL: Ventral telencephalon
POA: Preoptic area

MB: Midbrain tegmentum
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ing cGnRH II. Based upon these observations and those
of ontogenetic studies, it has been hypothesized that
sGnRH neurons originate from the olfactory placode,
c¢GnRH II neurons originate from a mesencephalic pri-
mordium, and two possible origins were proposed for
sbGnRH neurons: the diencephalic floor and the olfac-
tory placode (Parhar, 1997; Parhar et al., 1998;
Gonzalez-Martinez et al., 2002). This hypothetical triple
origin of GnRH neuronal systems differs from that pro-
posed for some fish and other vertebrates, according to
which all forebrain and diencephalic GnRH neurons
would originate from the olfactory placode (Schwanzel-
Fukuda and Pfaff, 1989; Wray et al., 1989; Muske, 1993;
Schwanzel-Fukuda, 1999).

In a recent study (Pandolfi et al., 2005), both anti-
bodies against different perciform GnRH-associated
peptides (GAPs), and riboprobes to different perciform
GnRH and GAPs were used. These GAPs are useful
markers of the different GnRH neuronal populations
since they are produced from GnRH precursor molecules
and they are co-localized within GnRH-expressing cells
(Ronchi et al., 1992; Polkowska and Przekop, 1993).

(A) :

FIJHI

(B) /

slinRH nearon [A) ‘;,.-
s shGnRH neuron (B) "
2 egllGnRH neurons () 11‘
I
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Furthermore, markedly different peptides are associated
with the different GnRH types. Therefore, these proce-
dures result in a more specific marking than that ob-
tained with antibodies and riboprobes to the smaller
GnRH molecules themselves, both for immunohis-
tochemistry and for in situ hybridization, respectively.

Results showed that distribution of both sGnRH and
sbGnRH neuronal populations in the C. dimerus fore-
brain are largely overlapped along the olfactory bulb,
the nucleus olfacto-retinalis, the preoptic area and the
ventral telencephalon. It was also shown (Pandolfi et
al., 2005) that sGAP immunoreactivity follows an
antero-posterior gradient, with the most conspicuous
immunoreactivity (both in terms of cell area and num-
ber) in the nucleus olfacto-retinalis, and a lesser one in
more posterior locations, as the preoptic area and the
ventral telencephalon. In contrast, sbGAP cells show a
postero-anterior gradient, with the most conspicuous
immunoreactivity in the preoptic area and a weaker one
in the nucleus olfacto-retinalis and olfactory bulb. The
distribution of GnRH neuronal populations is summa-
rized in Tables 3 and 4, and in figure 6.

FIGURE 6. Distribution map of neurons
producing the different types of GnRH
found in the brain of Cichlasoma
dimerus. The location of sGnRH,
sbGnRH and clIGnRH neurons was
studied by immunoreactivity of their re-
spective GnRH-associated peptides
(GAPSs). Insets A, B and C show details
of sGnRH, sbGnRH, and clIGnRH neu-
rons at the same magnification; scale
bar = 20 ym. Encephalic regions and
brain nuclei are indicated as: ce, cer-
ebellum; hpt, hypothalamus; mo, me-
dulla oblongata; mb, midbrain; nor,

'i'! nucleus olfacto retinalis; ob, olfactory
bulb; oe, olfactory epithelium; on, olfac-
'J' tory nerve; ot, optic tectum; pit, pituitary;

poa, preoptic area, tel, telencephalon;
v, ventricle; vtel, ventral telencephalon.
Redrawn from Pandolfi et al. (2005).
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Overview of our studies on neuroendocrine systems
that control reproduction (GnRH)

Our results showed that: (1) GnRH neuronal popu-
lations in the forebrain (SGAP and sbGAP) show an
overlapping pattern, (2) sGAP projections are mainly
located in the forebrain and contribute to the pituitary
innervation, with cGAPII projections being mainly dis-
tributed along the mid and hindbrain and not contribut-
ing to pituitary innervation, whereas sbGAP projections
are restricted to the ventral forebrain, being the most
important molecular form in relation to pituitary inner-
vation; (3) sbGAP neurons have an olfactory origin; (4)
GAP antibodies and GAP riboprobes are valuable tools
for the study of various GnRH systems, by avoiding the
cross-reactivity problems that occur when using GnRH
antibodies and GnRH riboprobes alone.

MCH and o-MSH systems

Melanin-concentrating hormone (MCH) is a 17
amino acids cyclic peptide synthesized in the hypothala-
mus, which together with o-melanocyte-stimulating
hormone (0i-MSH) regulates the aggregation and dis-
persion of chromatophores in teleosts (Fujii, 1993).
Other factors like norepinephrine, adenosine triphos-
phate (ATP), PRL and SL have also been reported as
potential regulators of teleost skin color changes (Baker
etal., 1986; Kiita et al., 1993; Zhu et al., 1999; Canepa
et al., 2000).

In adult C. dimerus, ir-MCH neurons are mainly
located in anterior and mid-hypothalamic positions
(Pandolfi et al., 2003) as they are also found in other
teleost fishes (Baker and Bird, 2002). Two kind of ir-
MCH cells are found in C. dimerus: magnocellular neu-
rons located in the nucleus lateralis tuberis, and parvi-
cellular neurons, which are less numerous ir-MCH cells,
localized between the third ventricle and the lateral ven-
tricular recess. Magnocellular neurons send their pro-
jections through the anterior and posterior infundibular
stalk to the three adenohypophyseal lobes, but mainly
to the pars intermedia. Other axons are also projected
to the thalamus, preoptic area and telencephalon. An-
other group of small MCH-ir neurons located outside
the nucleus lateralis tuberis show delicate immunore-
active nerve fibers that do not contribute to pituitary
innervation (Pandolfi et al., 2003).

The distribution of ir-MCH magnocellular neurons
and their fibers suggests two principal roles in C.
dimerus, (1) as a neurohypophyseal hormone, and (2)
as a hypothalamic regulator of pituitary hormones. The

13

presence of ir-MCH fibers in the thalamus, preoptic area,
ventral and dorsal telencephalon also suggests a poten-
tial role of MCH as a neuromodulator/neurotransmit-
ter, as proposed for amphibians, sauropsids and mam-
mals (Bittencourt ef al., 1992; Cardot et al., 1994;
Vallarino et al., 1989). The role of ir-MCH cell bodies
located outside the nucleus lateralis tuberis, as well as
the nerve fibers found in different brain regions is less
clear, but they might be involved in the control of feed-
ing, as it has been proposed for mammals (Qu ef al.,
1996).

In C. dimerus larvae, ir-MCH cells appear 4 days
after hatching, in a proliferating zone located on the floor
of the anterior hypothalamus (Pandolfi et al., 2003). At
this stage, the MCH innervation can be detected as a
dense bundle of fibers penetrating into the developing
pituitary. The number of immunoreactive neurons and
fibers increase with age and by day 30 (prejuvenile
stage) cell bodies and fibers already show an adult ar-
rangement in the nucleus lateralis tuberis. By day 6 post-
hatching, another group of small ir-MCH neurons de-
velops in the nucleus periventricularis posterior, located
close to the third ventricle in the medial part of the hy-
pothalamus. These cells have few and thin projections
that do not seem to reach the pituitary. The number of
these small ir-MCH neurons decrease with age and by
day 42 they are not detectable anymore. In Sparus
auratus, Mancera and Fernandez Llebrez (1995) ob-
tained similar results. Probably, these neurons differen-
tiate in the ependymal layer and then migrate to the
nucleus lateralis tuberis.

Involvement of SL in background color adaptation

SL is a pituitary hormone present at least in
Actinopterygian fish and in the Sarcopterygian lung-
fish, Protopterus annectens. This hormone is expressed
in the pars intermedia and belongs to the GH/PRL fam-
ily. A single main function of SL remains elusive, but it
is thought to be involved in different regulatory pro-
cesses, such as those controlling the stress response,
circulating calcium and phosphate levels, fat metabo-
lism, as well as some reproductive processes (Kawauchi
and Sower, 2006). Furthermore, studies suggest that SL
is involved in background color adaptation (Kawauchi
and Sower, 2006). In C. dimerus, a melanin dispersing
effect is observed in fish exposed during ten days to a
black background, while a concentrating one is observed
in those exposed to a white background. When we com-
pared Western blot-detected pituitary SL content in fish
adapted to either black or white backgrounds, we ob-
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served an important increase in those adapted to the
black background. In addition, fish exposed to a black
background had more SL-ir cells with a greater ir-area.
On the other hand, fish chronically adapted to a black
background showed a larger number of ir-aMSH cells,
while fish adapted to a white background had more
numerous ir-MCH neurons in the nucleus lateralis
tuberis (Canepa et al., 2006). Taken together, these re-
sults strongly suggest that SL interacts with both «MSH
and MCH in the regulation of background color adap-
tation in C. dimerus.

Regulation of SL release by GnRH and MCH

As we have seen, many studies have focused on SL
function, but there is scarce information on the regula-
tion of its secretion.

In cultured pituitaries of the rainbow trout,
Oncorhynchus mykiss, Kakizawa et al. (1997) have
shown that sGnRH, corticotropin releasing factor and
serotonin stimulate SL release. Also, in the masu salmon,
Oncorhynchus masou, Onuma et al. (2005) observed
that the addition of sGnRH to primary pituitary cell
cultures elevated SL mRNA expression.

In C. dimerus, we have shown by double label im-
munofluorescence that ir-SL cells are in close contact
with both ir-MCH and ir-GnRH fibers in the pars
intermedia (Canepa et al., 2008). We then performed in
vitro pituitary cultures of intact in order to investigate a
possible releasing or inhibiting function of MCH or
GnRH on SL cells. We found that MCH stimulated SL
release from pituitaries of male C. dimerus in a dose
dependent manner; but no such an effect was observed
in females. On the other hand, incubation with GnRH
showed similar results than the MCH assay in male pi-
tuitaries. Although female pituitaries did not evidence
significant differences between treatments, we observed
a noticeable increasing tendency. In conclusion, our re-
sults show that SL, like other pituitary hormones, would
be under hypothalamic control (MCH and GnRH) and
that they are implicated in diverse physiological pro-
cesses including background adaptation and reproduc-
tion (Canepa et al., 2008).

8. The roles of pituitary and brain gonadotropins.
The gonadotropins follicle-stimulating hormone

(FSH) and luteinizing hormone (LH) are glycoprotein
hormones produced in the proximal pars distalis of C.
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dimerus (see section 5). In fishes, as in other vertebrates,
these hormones are considered of central importance in
the control of gametogenesis and gonadal steroidogen-
esis (Blazquez et al., 1998). In several tetrapod and te-
leost species, they are formed by two protein chains,
namely the o and 3 subunits (Yoshiura ez al., 1999; Yaron
etal.,2001). The a-FSH and o-LH subunits have iden-
tical aminoacid sequences in a given species, while 3
subunits have different sequences, and are recognized
by different specific receptors, and are thus responsible
for their different actions (Suzuki et al., 1988; Tyler et
al., 1991).

In salmonid species characterized for spawning only
once a year, the different roles of FSH and LH have
been studied in detail (Suzuki et al., 1988; Tyler et al.,
1991). The functions of FSH, as well as the variations
of its circulating levels during the reproductive cycle,
are not completely understood in many non salmonid
species examined so far, though FSH is generally con-
sidered as a vitellogenic hormone, while LH is gener-
ally related to gonadal maturation and steroidogenesis
(Tyler et al., 1991).

Several developmental studies conducted in teleost
fishes, showed varying plasma levels and different ex-
pression patterns of FSH and LH in the pituitary (Dufour
et al., 2000). Taken together, these results suggest spe-
cific functions for both FSH and LH at the onset of
sexual maturation and in the control of gametogenesis.

As we have mentioned above, the identification of
FSH cells using heterologous antisera was very diffi-
cult to perform due to cross-reactions or low specific-
ity between FSH molecules from different species
(Vissio et al., 1996; Pandolfi et al., 2001a). Antisera
raised against the mummichog Fundulus heteroclitus
FSH and LH were successfully used to recognize GtH
cells in several teleost fishes, because they recognized
conserved regions of FSH and LH in teleosts (Shimizu
et al.,2003a,b).

The localization, characterization and ontogeny of
gonadotrops in the pituitary of Cichlasoma dimerus have
been already addressed in section 6 of this review. In
this species, pituitary ir-FSH cells appear before the
onset of sexual differentiation, while ir-LH cells differ-
entiate several days thereafter. This variation in the tim-
ing of immunoreactive FSH and LH expression was also
observed in several teleost species (Mal et al., 1989;
Nozaki et al., 1990; Saga et al., 1999; Magliulo-
Cepriano et al., 1994). The results of these studies sug-
gested that in salmonid species and in the platyfish
(Schreibman ef al., 1982; Parhar et al. 1995), as well as
in C. dimerus (section 6), the differentiation of ir-FSH
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cells precedes that of ir-LH cells. In the pejerrey
Odontesthes bonariensis, however, ir-LH cells are
known to appear before ir-FSH cells (Miranda et al.,
2001).

In salmonids, FSH, but not LH, is involved in the
onset of gonadal growth and development (Saga et al.,
1993). Also, FSH was shown to be involved in the onset
of meiosis in an amphibian (Ito and Abe, 1999). Since
ir-FSH was expressed in pituitary cells of sexually un-
differentiated prejuvenile larvae of C. dimerus (30 days
after hatching), we decided to study the effects of this
hormone on larval gonadal explants. LH effects was not
studied since ir-LH cells do not appear in the pituitary
until day 60, i.e. two and a half weeks after the first
indications of gonadal differentiation appear. When the
undifferentiated gonadal explants were left for 15 days
with no hormone in the control culture medium, no
sexual differentiation occurred, while exposure to hu-
man recombinant FSH for the same period resulted in
80% of cases differentiating as prospective ovaries
(N=80) (Pandolfi et al., 2006). These results reinforced
our previous hypothesis about a temporal correlation
between the innervation of pituitary cells by sbGnRH
fibers and the subsequent release of FSH to circulation,
and the onset of gonadal sex differentiation in both sexes
(Pandolfi et al., 2002).

In the course of our anatomical study of the C.
dimerus pituitary (Pandolfi et al., 2001a; 2006), ir-FSH
and ir-LH fibers were detected in both the neurohypo-
physis and the infundibular recess. These fibers were
deriving from cell bodies in the parvicelullar and
magnocellular preoptic nuclei, and in the hypothalamic
nucleus lateralis tuberis. Also, the developmental ap-
pearance of both brain- and pituitary-derived gonadot-
ropins was studied showing that ir-LH neurons appeared
on day 15 after hatching, while ir-FSH pituitary cells
and neurons appeared on day 21), and ir-LH pituitary
cells appeared only on day 60. To corroborate these find-
ings, specific PCR products of B-LH and B-FSH were
amplified from cDNA obtained from pituitaries and the
preoptic area and hypothalamus of adult C. dimerus
during the reproductive season. The partial nucleotide
sequences of mRNA from C. dimerus brain and from
the preoptic-hypothalamic brain fragment consisted of
approximately 258 bp for B-LH and 276 bp for B-FSH
(Pandolfi et al., 2009).

Furthermore, we settled an individual pituitary in
vitro culture system to study the possible modulatory
effect of brain derived gonadotropins on pituitary hor-
mone secretion. Whole pituitary explants were cultured
with different concentrations of Fundulus heteroclitus
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LH or FSH and the culture media were analyzed by
Western blot. Exogenous LH produced a dose-depen-
dent increase in pituitary B-LH and SL release and an
increase in B-FSH release. No effect was observed on
both GH and PRL release. Exogenous FSH produced
an inhibition in B-LH release, a dose-dependent increase
in B-FSH and SL release, and no effect on PRL and GH
release. This is the first work showing an effect of brain-
derived gonadotropins on different vertebrate pituitary
cells (Pandolfi et al., 2009).

9. Concluding remarks and future studies.

Cichlasoma dimerus is a very interesting fish spe-
cies for the study of reproductive biology because of
several characteristics already discussed in this review:
(1) it is easy to maintain and breed under laboratory
conditions; (2) it has a moderate size which allows ex-
traction of tissue samples and pituitary dissection eas-
ily and fast; (3) it shows a very interesting reproductive
behavior; (4) it is possible to specifically identify their
pituitary endocrine cells and hormone-producing neu-
ronal populations; (5) its brain anatomy is well known;
and (6) most of the important reproductive events (sexual
differentiation and maturity, annual reproductive cycle)
have been already described.

Future research in this species will be aimed to
understand how the brain influences behavior, and how
behavior correlates with the expression of brain hor-
mones. To analyze these interactions we will study re-
production, perhaps the most important process in an
animal’s life. All the presented data about neuroanatomy,
neuroendocrinology, reproduction and development of
this species will be extremely useful for us and any other
research group interested in using C. dimerus as a ver-
tebrate species which displays social interactions that
would be manageable in the laboratory.

After several years of observations we realized that
this species has a very sophisticated social system with
features we can manipulate in the laboratory. Our cur-
rent experiments are aimed at modifying the social cir-
cumstances, to analyze the consequences of our manipu-
lations on behavior and on the previously characterized
neuroendocrine systems. This species is also easy to
observe in the field, so a lot of behavioral experiments
could be performed not only for answering ecological
and behavioral questions but also to address evolution-
ary issues (they have incredibly robust social interac-
tions that are clearly important for natural selection).

The accessibility of its habitat enables observations
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in nature, something that is not as easy to achieve in
“model species” such as medaka or zebrafish. For all
these reasons and all the data gathered in this review we
think that C. dimerus might turn into a valuable verte-
brate model in the future.
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