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Abstract
Pituitary gland morphogenesis of the adenohypophyseal (AH) cells of Astyanax lacustris are presented
herein. This Characiformes species show great ecological and commercial importance, and it has been
increasingly used as a biological model. The �rst AH cells of A. lacustris were detected at 1 dah by the
immunostaining of PRL producing cells. The morphology of the gland presented changes in shape
throughout the development, starting elongated but more oval at the end. The neurohypophysis was
differentiated at 3 dah, along with the identi�cation of ACTH, MSH, TSH, and FSH producing cells.
Identi�cation of the immunoreactive cells to anti-LH, anti-SL, and anti-GH antibodies occurred at 5 dah. At
20 dah, an increase in pituitary size and the presence of the pituitary stalk were observed. At 60 dah, the
pituitary already had the same shape seen in adults. The ontogeny of adenohypophyseal cells in A.
lacustris corroborates the heterogeneity in the appearance of these cell types in teleosts and suggests
that these hormones actively participate during the early development of this species. Our results
collaborate with the understanding of the morphogenesis of the hypothalamic-pituitary-gonadal axis in
South American teleosts, showing essential data for the development of future studies related to pituitary
morphophysiology.

Introduction
The pituitary gland is considered the “master gland” of vertebrates (Schreibman 1986) since the
hormones produced by its several adenohypophyseal (AH) cells play a crucial role on the neuroendocrine
control of all endocrine axes. So, this gland is involved in the early development, growth, reproduction,
metabolism adaptation to the environment, as well as to stress responses (Kawauchi and Sower 2006).

In teleost, peptides produced by the hypothalamic nuclei are transported by amyelinic �bers through the
neurohypophysis (NH) branches to be released adjacent to the AH cells, since �sh do not have a
hypophyseal portal system (Yaron and Levavi-Sivan 2011). The different types of endocrine cells are
found isolated or in small groups located in speci�c regions of the pituitary gland. The hormones
secreted by AH cells reach the bloodstream and can interact with their cognate receptors in endocrine
glands or in different tissues distributed throughout the body. This interaction triggers the production of
other hormones or signaling molecules, culminating with their speci�c biological responses (Agulleiro et
al. 2006). Based on their structural and functional similarities, the AH hormones can be grouped in three
families: (1) the growth hormone (GH), prolactin (PRL) and somatolactin (SL) family; (2) the glycoprotein
hormone family, composed by the thyroid stimulating hormone (TSH), and the two gonadotropic
hormones (GTHs) – the follicle stimulating hormone (FSH) and the luteinizing hormone (LH); and (3) the
proopiomelanocortin family, with the adrenocorticotropic hormone (ACTH) and melanotropic hormone
(MSH) (Kawauchi and Sower 2006).

Many developmental studies have pointed to the species-speci�c variations in the emergence of the
different populations of AH cells, corroborating the structural diversity of the pituitary gland seen in adult
�sh (Agulleiro et al. 2006; Schreibman 1986). Since the early development of the embryonic period is
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variable between different species and groups, this may result in a heterochrony in the activation of the
endocrine axis (Agulleiro et al. 2006; Laiz-Carrión et al. 2003). Despite the importance of these studies,
and considering the great diversity and relevance in aquaculture, only few studies have been done on
Neotropical �sh species, as Odontesthes bonariensis (Atheriniformes; Miranda et al. 2001), Salminus
brasiliensis (Characiformes; Jesus et al. 2014), and Cichlasoma dimerus (Perciformes; Pandol� et al.
2001, 2003).

The yellow tail tetra Astyanax lacustris (Chaciformes, Characidae) is a South American species widely
used in �sh farming and human consumption. Due its small size, easy handling, early sexual maturation,
sexual dimorphism, and multiple spawning, this species has been pointed out as an emerging
Neotropical �sh model species. An increasing number of data has been accumulated about its biology,
regarding its early development (Adol� et al. 2015; Dos Santos et al. 2016), gametogenesis (Camargo et
al. 2017; Cassel et al. 2017; Chehade et al. 2015; Costa et al. 2014; De Jesus et al. 2017; Rodrigues et al.
2017), reproductive physiology (Brambila-Souza et al. 2019; Branco et al. 2019; De Jesus et al. 2017), as
well its use in biotechnological applications (Adamov et al. 2017; Ferreira do Nascimento et al. 2017;
Yasui et al. 2015) and as bioindicator in ecotoxicological studies (Cimbaluk et al. 2018; Kida et al. 2016).

In this study we used Astyanax lacustris as a model species to analyze the pituitary gland development,
the ontogeny of AH cells, and its topographic organization in adults. Our results provide, then, the basis
for further studies related to the endocrine axis mediated by the pituitary gland in this Neotropical
species.

Material And Methods

Animals and sampling
A. lacustris specimens were donated by the Hydrobiology and Aquaculture Station of Votorantim Energia
Group, company formerly called CESP, Paraibuna, São Paulo, Brazil (23°24’51’’S, 45°35’59’’W). Fertilized
eggs were obtained from a reproductive management, as described by Chehade et al. (2015) and Cassel
et al. (2017). Time zero (0) was considered when at least 70% of the eggs hatched, which occurred after
18.5 hours of incubation. From this time, larvae were sampled at 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 8, and 12 days
after hatching (dah). The juveniles were sampled at 20, 30, 60, 90 dah, and adults at 120 dah (n = 20 in
each sample).

All specimens were euthanized by benzocaine overdose. Larvae until 12 dah had the whole body �xed;
late larvae, juveniles, and adults had only their head �xed, after jaw extraction and brain exposition. All
samples were �xed by immersion in Bouin’s solution for 24 hours at room temperature. All experimental
procedures were performed according to the procedure approved by the Ethics Committee on Animal
Experiments of the Institute of Biomedical Sciences (ICB) of the University of Sao Paulo (USP), #53/2013.

Histological and histochemical preparations
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After �xation, samples were washed in running water to remove the excess of �xative solution. Head
fragments were decalci�ed in RDO Gold (Apex) according to the instructions of the manufacturer. Then,
all samples were dehydrated in increasing concentrations of ethanol, diaphanized in xylene, and
embedded in Paraplast. To further use in histochemical and immunohistochemical analyzes, serial 5 µm
sections were obtained and placed on poly-L-lysine-coated slides.

For histochemistry, some sections were depara�nized in xylene, rehydrated in ethanol series, and stained
with Mallory trichrome. All sections were dehydrated, mounted, and analyzed using an Olympus BX51
light microscope coupled with a digital QColor5 camera (Olympus) and equipped with Image Pro-Plus
digital image capture software.

Immunohistochemistry
After a previous selection, the sections with the pituitary gland were depara�nized in xylene and
rehydrated in ethanol series and phosphate-buffered saline (PBS, pH 7.4). Endogenous peroxidase and
non-speci�c binding sites blockages were performed using the solutions from the Kit Spring Reveal -
Polyvalent Free Biotin-DAB (SPD-125). Sections were then incubated overnight in a humid chamber at 4°C
using different polyclonal primary antibodies diluted in PBS. The primary antibodies and the dilutions
used herein are detailed in Table 1.

Table 1
Primary antibodies used in the immunohistochemistry reactions

Antibody Source Code Dilution

Anti-salmon PRL a,* Dr. H. Kawauchi 8206 1:5000

Anti-salmon GH a,* Dr. H. Kawauchi 8502 1:200

Anti-salmon SL a,* Dr. H. Kawauchi 8906 1:1000

Anti-human ACTH1−24 a,* Dako - 1:1000

Anti-human β-TSH a,+ Dr. A.F. Parlow 55741789 1:100

Anti-A. lacustris Fshb a,# - 630158-1 1:1500

Anti-A. lacustris Lhb b,# - 630159-1 1:20

Host species: a Antibody produced in rabbit; b Antibody produced in rat.

Antibodies previously standardized in *# De Jesus et al. (2017) and + Nozaki et al. (2005).
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After that, sections were washed in PBS and incubated with the Complement and Conjugated solutions
from the same Kit Spring Reveal, according to the instructions of the manufacturer. Sections were
rewashed in PBS, revealed with 3,3’-diaminobenzidine (DAB), and counterstained with Harrys
hematoxylin. Finally, slides were mounted, analyzed, and photo documented, as already described. The
primary antibodies were omitted in some sections as negative control. The speci�city of each antibody
may also be veri�ed in previous studies, in which all these antibodies have already been characterized
(Table 1).

Results
All the AH cells were detected in Astyanax lacustris during the �rst days after hatching, as shown in Table
2. In general, the different cell populations were found presenting a few cells during their �rst appearance.
We are not able to detect the pituitary anlage (Fig. 1A). However, at 1 dah we observed a small group of
cells strongly immunostained by the anti-PRL antibody, the PRL cells, which are shown as small cells with
a large, central nucleus (Fig. 1B).

Table 2
Chronology of the appearance of AH cells in Astyanax lacustris during the larval

period
Time AH cells

PRL ACTH MSH TSH FSH LH SL GH

Hatching - - - - - - - -

0.5 dah - - - - - - - -

1 dah + - - - - - - -

1.5 dah + - - - - - - -

2 dah + - - - - - - -

2.5 dah + - - - - - - -

3 dah + + + + + - - -

4 dah + + + + + - - -

5 dah + + + + + + + +

Abbreviations and symbols: days after hatching (dah), presence (+), absence (-).

 

The pituitary could be distinguished from the hypothalamus at 2.5 dah being a round gland ventrally
located in relation to the brain (Fig. 1C). At 3 dah, the pituitary gland presented an elongated shape, where
the early segregation of the pituitary regions can be seen, i.e. the glandular portion, or adenohypophysis
(AH), and the nervous portion, or neurohypophysis (NH) (Fig. 1D). In parallel, we also detected the �rst
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appearance of ACTH, MSH, TSH, and FSH-expressing cells. ACTH and MSH cells were immunostained by
the same antibody, but the two groups of positive cells were seen in the anterior and posterior regions of
the pituitary, respectively (Fig. 1E). On the other hand, in the central region of the pituitary gland, a
reduced group cells were recognized, the TSH cells (Fig. 1F). The FSH cells, the �rst type of gonadotropic
cell to appear during the larval period, were immunodetected in the border of the pituitary gland (Fig. 1G).

At 5 dah, an increase in the size of the gland was noted (Fig. 1H). In addition, the three remaining AH
cells, the SL, GH, and LH cells were detected at this phase. The SL cells were immunodetected in the
posterior region of the pituitary gland (Fig. 1I), whereas few GH cells were detected in its central region
(Fig. 1J). The LH cells (Fig. 1K) were round and more numerous than the �rst detected FSH cells. The LH
cells were also distributed in the central region of the pituitary gland.

From 20 dah on, the specimens were considered as juveniles. At this time, the pituitary was located on the
�oor of the hypothalamus where the development of the stalk was seen (Fig. 2A). At this stage, the three
AH lobes were distinguished – rostral pars distalis (RPD), proximal pars distalis (PPD) and pars
intermedia (PI) – as they displayed different staining properties when submitted to the Mallory trichrome
technique (Fig. 2A). In addition, an increase in the area occupied by the NH was observed, as well as its
rami�cation by the three AH lobes.

In this phase, a stronger immunostaining in PRL cells was noted (Fig. 2B). The ACTH and MSH cells were
elongated with an eccentric nucleus, and ACTH cells presented a granular immunostaining (Fig. 2C). We
found some elongated TSH cells in the PPD lobe, where these cells were isolated or grouped (Fig. 2D).
Elongated FSH producing cells were found in the PPD and RPD lobes (Fig. 2E). The SL cells were round
cells with a lighter immunostaining than when they were �rst detected and were seen on the periphery of
PI lobe (Fig. 2F). The GH cells presented a strong labeling and were distributed throughout the PPD lobe
(Fig. 2G). Finally, few LH cells were found in the PPD lobe (Fig. 2H).

Until 30 dah, the pituitary did not show marked changes in its size and shape. However, from then on, the
pituitary development had a great increase in size, accompanied by an increase in each AH cell
populations. At 60 dah and on (Fig. 3A), the pituitary gland showed a marked morphological change,
acquiring an oval shape, similar to the morphology found in adult specimens of A. lacustris. The gland
was bigger and connected to the hypothalamus by a short and thin stalk.

At the adult pituitary, the PRL cells were round cells with a large, central nucleus. A large population of
PRL cells was found in the RPD lobe (Fig. 3B), especially in their border and close to blood vessels that
were present in this region. On the other hand, ACTH cells were distributed between PRL cells, mostly
around NH branches (Fig. 3C). These cells were found elongated with an eccentric nucleus. MSH cells
were morphologically similar to the ACTH cells and were abundant in the PI lobe distributed along the NH
branches (Fig. 3C). A large population of elongated TSH cells were observed in all PPD lobe extension
(Fig. 3D). FSH and LH cells were distributed in the PPD lobe. FSH cell were seen in all PPD lobe (Fig. 3E),
while LH cells were less numerous and distributed in the ventral region of PPD lobe, and in its border with
the PI lobe (Fig. 3H). The SL cells were round cells with an eccentric nucleus located surrounding the
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blood vessels in the PI lobe (Fig. 3F). The GH cells maintained a strong labeling appearing in groups of
rounded cells distributed throughout the PPD lobe (Fig. 3G).

The key aspects of pituitary gland development and the ontogeny of AH cell in A. lacustris are
summarized in Figure 4.

Discussion
Once there are a few data related to the pituitary gland development in Neotropical �sh species, this study
provides a systematic and detailed description of the pituitary morphogenesis in the characid �sh A.
lacustris, since hatching until adult period, using histochemistry and immunohistochemistry methods.

In A. lacustris the prolactin cells (PRL) were detected with 1 dah. They were also found with up to 0.5 dah
in Salminus brasiliensis (Jesus et al. 2014), with 2 dah in Cichlasoma dimerus (Pandol� et al. 2001), and
with 7 dah in Sparus aurata (Villaplana et al. 2000). In juveniles of Ctenopharyngodon idella, PRL cells
were found in individuals with 51-69 mm (Grandi et al. 2014), and in zebra�sh (Danio rerio) they were
detected only 30 hours after fertilization (Herzog et al. 2003).

On the timing of the onset of adenohypophyseal cells, prolactin is typically the �rst cell type found in the
secretory portion of the gland. This early onset is related to key stages, since the development of
osmoregulatory functions is hormonally controlled by PRL (Varsamos et al. 2005), hence the importance
of this hormone in the initial stages after hatching (Laiz-Carrión et al. 2003; Saga et al. 1999). In teleosts,
PRL is also involved in larval growth, and embryos and larvae differentiation (Majumdar and Elsholtz
1994; Naito et al. 1993) and immunoregulation (Dorshkind and Horseman 2000). Thus, it seems that PRL
is essential from the beginning of larval development in A. lacustris also.

In A. lacustris, ACTH-producing cells were detected at 3 dah, at the same time of larval development as
MSH-producing cells. This synchrony was also observed in S. brasiliensis at 0.5 dah (Jesus et al. 2014),
and C. dimerus at 1.5 dah (Pandol� et al. 2001). The adrenocorticotropin (ACTH) and melanocortin
(MSH) hormones are polypeptides that display homologous amino acid sequences, so, the �rst 13 amino
acids of the ACTH sequence coincide with those of MSH. In addition, these hormones present a common
precursor, the proopiomelanocortin (POMC) (Kawauchi and Sower 2006).

The POMC family hormones can be detected at different times, having been detected even at the time of
hatching in Plecoglossus altivelis (Saga et al. 1999). In species in which these hormones were detected
after hatching, this always occurs in early stages of larval development. It is known that ACTH acts on
the adrenal glands promoting the release of glucocorticoids and cortisol, which, in turn, participate in
important physiological processes, such as stress response, metabolism adjustment and osmoregulation
(Wendellar-Bonga 1997). On the other hand, MSH promotes the dispersion of melanin granules (Agulleiro
et al. 2006). Thus, the presence of these hormones seems to be related to the adaptation of the newly
hatched larvae to a new environment (Laiz-Carrión et al. 2003; Tsalafouta et al. 2017).
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The thyroid hormone (TSH)-producing cells were also detected at 3 dah. Few studies have described the
chronology of the appearance of these cells. TSH cells were detected in Oncorhynchus keta prior to
hatching (Naito et al. 1993), in S. aurata during hatching (García-Ayala et al. 2003), and in P. altivelis up to
50 dah (Saga et al. 1999). In the species in which it was not possible to detect TSH-producing cells, the
main problems reported were associated to the reduced size of the pituitary gland in the larval stage
(Laiz-Carrión et al. 2003), the absence of this hormone in the early stages of development or yet to the
non-immunoreactivity of anti- human TSH in some �sh species (Jesus et al. 2014).

TSH acts on the thyroid by regulating the synthesis of thyroxine (T4) and triiodothyronine (T3), which, in
turn, regulate many physiological processes in �sh (Peter 2011). TSH also acts during development,
giving the body shape, head size, �n and skin growth, scales, blood tissue, and liver development (Power
et al. 2001). All these functions punctuate the need for TSH during the early development.

This is the �rst study to use homologous antibodies to investigate the ontogeny of gonadotropic cells in
a Neotropical �sh species. The anti-A. lacustris Fsh and Lh beta subunits here used were developed and
standardized previously by De Jesus et al. (2017). These homologous antibodies allowed us to avoid the
several known problems related to the immunodetection of �sh gonadotropins employing heterologous
antibodies. In A. lacustris, FSH-producing cells were initially detected at 3 dah, followed by LH-producing
cells at 5 dah. This fact corroborates the detection of the FSH cells prior to the detection of the LH cells in
the existing ontogeny studies of the AH cells of other teleosts, such as C. dimerus [FSH - 21 dah and LH -
60 dah] (Pandol� et al. 2006), S. aurata [FSH - 22 dah and LH - 82 dah] (Power and Canário 1992), and D.
rerio [FSH - 4 dah and LH - 25 dah] (Herzog et al. 2003).

The asynchrony in the appearance of FSH and LH cells in the different teleosts species reveals that these
hormones are likely to be produced in distinct populations of AH cells, as occurs in C. dimerus (Pandol�
et al. 2006). In addition, at 20 dah in A. lacustris, the number of FSH cells was greater than the number of
LH cells, which also corroborates with that assertion. The variation in the appearance and detection of
these cells may still be related to the reproductive cycle, since the gonadotropic hormones produced by
the pituitary gland act directly on the gonads and are still capable of controlling the production of sexual
steroids (Agulleiro et al. 2006). The FSH and LH-producing cells in A. lacustris appeared before the
beginning of sexual differentiation, as the gonadal differentiation occurs at 58 dah in females and at 72
dah in males, according to Adol� et al. (2015). At 20 dah, a great synthesis activity of the gonadotropic
hormones was observed in juveniles of A. lacustris. These results corroborate the �ndings in Odontesthes
bonariensis (Miranda et al. 2001) that had FSH and LH cells detected with 28 dah and 21 dah,
respectively, suggesting that these hormones are produced before the gonadal differentiation (Grandi et
al. 2014).

In A. lacustris, somatolactin (SL) cells were detected at 5 dah. These cells are responsible for producing
somatolactin, a hormone only described in �sh so far (Kawauchi and Sower 2006). These cells were also
detected in D. rerio at 30 dah (Herzog et al. 2003), in S. brasiliensis at 1.5 dah (Jesus et al. 2014), in C.
dimerus at 2 dah (Pandol� et al. 2001), and in S. aurata at 3 dah (Villaplana et al. 1997). Furthermore, SL
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may be present in two forms, α-somatolactin and β-somatolactin, that may be produced by the same cell
or by separate cells, as in the Carassius auratus pituitary, where the presence of polymorphism of SL-
producing cells has been suggested (Azuma et al. 2012).

SL is found in the initial stages of development because it participates in processes related to the
adaptations of the organism, mainly in key stages for the proper development of the larvae. In this way,
SL is involved in aspects of adaptation to the environment (Rand-Weaver et al. 1995; Zhu and Thomas
1998), as the adaptation to the background color of the environments (Cánepa et al. 2012) and to the
pigmentation regulation in �sh (Fukamachi et al. 2004). In the latter study, the authors demonstrated that
the mutation of the SL gene produces alteration in the color of the animal, generating white individuals.
The SL is also linked to the metabolism processes, participating in the metabolic regulation of calcium
(Kaneko and Hirano 1993), immune function (Dorshkind and Horseman 2000), reproduction process
(Mousa and Mousa 2000), lipid metabolism, and cortisol secretion (Fukamachi et al. 2005).

GH-producing cells in A. lacustris were also detected at 5 dah. Immunostaining was initially observed in
only a few cells. However, in the subsequent phases, the sections submitted to the anti-GH antibody
presented intense immunostaining in almost the entire PPD lobe, and at 20 dah also in the PI lobe. GH
was also detected at distinct times in different teleosts species. However, it was detected at the same
stage of larval development as PRL-producing cells in C. dimerus (Pandol� et al. 2001) and S. aurata
(Villaplana et al. 2000). In addition, it has been reported in the literature that GH-producing cells were also
found in PPD and PI lobes (Quesada et al. 1988), or even in RPD lobe (Laiz-Carrión et al. 2003; Power and
Canário 1992; Segura-Noguera et al. 2000).

In teleosts, GH is the main hormone acting in the promotion of animal growth, being present in the �rst
stages of development. This is a crucial hormone for larval development, as it plays a role in energy
mobilization and osmoregulation (Björnsson et al. 2002). Recent functional studies in zebra�sh, using
knockouts for GH, PRL, and SL, indicated that these hormones play an important role in the development
and growth of the swim bladder, head, body, eyes, and melanophores (Zhu et al. 2007). In A. lacustris
(herein), H. hippoglossus (Einarsdóttir et al. 2006), S. brasiliensis (Jesus et al. 2014), and C. dimerus
(Pandol� et al. 2001) the SL-producing cells appeared simultaneously to the GH-producing ones. This
may be related to the fact that these hormones belong to the same family, and the difference in the
chronology of the appearance is probably due to the larval development being different among the �sh
species.

Finally, the pituitary gland of A. lacustris was detected shortly after hatching and presented some
morphological changes throughout its development. The early detection of all AH cells during larval
development suggests that these hormones actively participate in A. lacustris larval process. The
ontogeny of AH cells in A. lacustris corroborates the heterogeneity in the appearance of these cell types in
teleosts. Most of the morphological features in the adult pituitary are similar to those described for other
teleosts species.
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Figures

Figure 1

<p>Development of the pituitary gland and immunodetection of the adenohypophyseal cells during the
larval period of <em>A. lacustris</em>. (<strong>A</strong>) At 1 dah, the pituitary anlage was not
detected, but (<strong>B</strong>) a small group of cells was strongly immunostained by the anti-PRL
antibody, the PRL cells, which are shown as small cells with a large, central nucleus (n).
(<strong>C</strong> and <em>inset</em>) At 2.5 dah, the pituitary (dashed circle) could be distinguished
from the hypothalamus. (<strong>D</strong> and <em>inset</em>) At 3 dah, the pituitary gland
presented an elongated shape and it is divided in adenohypophysis (AH) and neurohypophysis
(arrowhead). It was also detected the �rst appearance of (<strong>E</strong>) ACTH and MSH in the
anterior and posterior regions of the pituitary, respectively, (<strong>F</strong>) TSH in the central region
of the pituitary gland, and (<strong>G</strong>) FSH cells in the surroundings of the pituitary gland.
(<strong>H</strong> and <em>inset</em>) At 5 dah, an increase in the size of the gland was noted. The
(<strong>I</strong>) SL, (<strong>J</strong>) GH, and (<strong>K</strong>) LH cells were also detected
at this phase, the �rst one in the posterior region and the other two in the central region of the pituitary
gland. The rectangles in the �gures indicate the areas shown in the <em>insets</em></p>

Figure 2
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<p>Pituitary gland in juveniles of <em>A. lacustris</em> and the distribution of the adenohypophyseal
cells. (<strong>A</strong>) Pituitary is located on the �oor of the hypothalamus presenting an
adenohypophysis, which is divided in <em>rostral pars distalis</em> (RPD), <em>proximal pars
distalis</em> (PPD) and <em>pars intermedia</em> (PI), a better-developed neurohypophysis (NH), and
the stalk. (<strong>B</strong> and <em>inset</em>) A stronger immunostaining in PRL cells was noted
at this phase. (<strong>C</strong> and <em>inset</em>) ACTH and MSH cells were elongated with an
eccentric nucleus; ACTH cells presented a granular immunostaining. (<strong>D</strong> and
<em>inset</em>) TSH cells were distributed singly or in groups in the PPD lobe. (<strong>E</strong> and
<em>inset</em>) Elongated FSH producing cells were found in the PPD and RPD lobes.
(<strong>F</strong> and <em>inset</em>) Round, light stained SL cells were located on the periphery of
PI lobe. (<strong>G</strong> and <em>inset</em>) GH were strong labeled and were distributed
throughout the PPD lobe. (<strong>H</strong> and <em>inset</em>) Few LH cells were found in the PPD
lobe. The squares in the �gures indicate the areas shown in the <em>insets</em>, and the (*) indicates
the direction of the pituitary based on the RPD</p>

Figure 3

<p>Pituitary gland in adults of <em>A. lacustris </em>and the �nal distribution of the adenohypophyseal
cells. (<strong>A</strong>) The pituitary gland presented an oval shape, with a new conformation of the
RPD, PPD, and PI regions, and was connected to the hypothalamus by a short and thin stalk.
(<strong>B</strong> and <em>inset</em>) Round PRL cells with central nucleus were found in the border
of the RPD lobe and close to blood vessels. (<strong>C</strong> and <em>inset</em>) Elongated ACTH
and MSH cells with an eccentric nucleus were distributed between PRL cells in the RPD lobe and in the PI
lobe, respectively, both located mostly around NH branches. (<strong>D</strong> and <em>inset</em>)
Elongated TSH cells were observed in all PPD lobe extension. (<strong>E</strong> and <em>inset</em>)
FSH cells, as well as TSH cells, were distributed in all PPD lobe extension. (<strong>F</strong> and
<em>inset</em>) Round SL cells with an eccentric nucleus were located surrounding the blood vessels in
the PI lobe. (<strong>G</strong> and <em>inset</em>) Rounded GH cells maintained a strong labeling
and were distributed throughout the PPD lobe. (<strong>H</strong> and <em>inset</em>) LH cells were
less numerous and were distributed in the ventral region of PPD lobe and in its border with the PI lobe.
The squares in the �gures indicate the areas shown in the insets. The squares in the �gures indicate the
areas shown in the <em>insets</em>, and the (*) indicates the direction of the pituitary based on the
RPD</p>

Figure 4

<p>Overview of the key aspects of pituitary gland development and the ontogeny of AH cell in
<em>Astyanax lacustris</em>. It is possible to comparatively observe the growth of the pituitary and its
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conformational change, as well as the distribution and establishment of adenohypophyseal cells
throughout this development</p>


