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Immunocytochemical characterization of adenohypophyseal cells
in the greater weever fish (Trachinus draco)
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Abstract

The adenohypophysis of the greater weever fish (Trachinus draco) was studied using histochemical and immunocytochemical methods.
The adenohypophysis comprised the rostral pars distalis (RPD), the proximal pars distalis (PPD), and the pars intermedia (PI). Neuro-
hypophysis showed a patent hypophyseal stalk which was divided into several branches intermingled with the adenohypophysis. Salmon
prolactin (PRL)-immunoreactive (ir) cells, arranged in follicles, resided in the RPD and the most rostral part of the ventral PPD. Human
adrenocorticotropin (ACTH)-ir cells were located in the RPD between PRL-ir cells and the neurohypophyseal processes. Salmon and
seabream somatotropin (GH)-ir cells were located in both the dorsal and the ventral PPD. Some GH-ir cells were seen in surrounding and
in contact with neurohypophyseal branches, whereas other isolated or clustered GH-ir cells were embedded in adenohypophyseal cells of
the PPD. In addition, isolated or clustered GH-ir cells were also detected in the tissue of the PPD covering the most rostral part of PI. Only
one class of salmon and carp gonadotropin (GTH)-ir cells was detected. Isolated or clustered GTH-ir cells resided in both the dorsal and the
ventral PPD and were seen surrounding the PI and in the tissue of the PPD covering the most rostral part of PI. In addition, a few scattered
GTH-ir cells were observed in the ventral RPD. Scattered groups of thyrotropin (TSH)-ir cells were present in the anteroventral PPD.
Salmon and seabream somatolactin (SL)-ir and bovine melanotropin (MSH)-ir cells were intermingled surrounding the neurohypophyseal
tissue. SL-ir cells were negative to periodic acid-Schiff technique. MSH-ir cells showed a very weak immunoreactivity to anti-human
ACTH(1–24) serum. In addition to the PI location, few isolated or clustered SL- and MSH-ir cells were observed in the dorsal PPD.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The adenohypophyseal cells have been characterized in
several teleost species using histochemical and immuno-
cytochemical techniques. In general, the teleostean adeno-
hypophysis comprises three subdivisions: the rostral pars
distalis (RPD) containing prolactin (PRL) and adrenocorti-
cotropic cells; the proximal pars distalis (PPD) containing
somatotropic, gonadotropic, and thyrotropic cells; and the
pars intermedia (PI), including somatolactin (SL) and melan-
otropic cells (Ball and Baker, 1969; Holmes and Ball, 1974;
Follénius et al., 1978; Farbridge and Leatherland, 1986).

On the basis of molecular biochemistry, adenohypophy-
seal hormones in teleosts are grouped into three families:
(a) somatotropin (GH)/PRL family, including PRL, GH, and
SL hormones; (b) glycoprotein hormones containing go-
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nadotropins (GTHs) and thyrotropin (TSH); and (c) proopi-
omelanocortin (POMC)-derived hormones, such as adreno-
corticotropin (ACTH) and melanotropin (MSH) (Batten and
Ingleton, 1987). All these hormones, except SL, are present
in other vertebrates (Rand-Weaver et al., 1991; Kaneko,
1996). In some fish species, two forms of GTHs and/or go-
nadotropic cells have been reported (Kawauchi et al., 1989;
Nozaki et al., 1990; Swanson et al., 1991; Okada et al., 1994;
Elizur et al., 1996; Garćıa-Hernández et al., 1996, 1997; Gen
et al., 2000).

The greater weever fish (Trachinus dracoL.) is a ven-
omous marine teleost. This species is widely distributed in
the Atlantic Ocean and Mediterranean and Adriatic Seas.
Populations of the fish live on sandy, muddy or gravelly bot-
toms, ranging from a few to about 150 m deep. At night,
fish swim around freely, even pelagically. Spawnings usually
take place from June to August. During this period, greater
weever fish are quite aggressive and the number of stings to
humans increases (Maretic, 1988).
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Venom has been characterized biochemically in a few
species belonging to generaTrachinus, including T. draco
(Chhatwal and Dreyer, 1992a,b). In addition, there have been
several studies on venom apparatus and the clinical treat-
ment of the stings of the greater weever fish (Skeie, 1962;
Lemus and Boada, 2001). However, there is no information
about the adenohypophyseal cell types in the greater weever
fish. In this study, these cells were first characterized using
histochemical and immunocytochemical approaches.

2. Material and methods

Ten greater weever fish (T. draco L.) (100–130 g body
weight and 21–27 cm body length) were collected by gillnet
from the Málaga coast (Mediterranean Sea) of Spain. Fish
were transported to the aquarium of Aulas del Mar (Málaga),
where they were held for 1 month under natural photoperiod
and temperature for full acclimatation (May–June 1999).
Afterwards, they were kept in 500 l tanks with constant wa-
ter turnover and oxygen supply and fed daily on frozen
mussels.

Fish were anaesthetized with 2-phenoxyethanol dissolved
in water (1 ml/l water) and killed by decapitation. The
brains were dissected, placed in Bouin’s fluid for 48 h, de-
hydrated, and embedded in paraffin. Sagittal and transverse
(8�m thick) sections were obtained. The sections were
stained with hematoxylin–eosin, periodic acid-Schiff tech-
nique (PAS;McManus, 1948), and Alcian blue-PAS-Orange
G (AB-PAS-OG;Adams and Sweetenham, 1958) prior to
conventional histological examinations. For the immunocy-
tochemical study, the tissue sections were immunostained
according to the unlabeled enzyme method ofSternberger
(1986). The primary rabbit antisera and working concentra-
tions used in this study are shown in theTable 1.

The antisera against salmon (s) PRL, GH, SL,�-GTH I,
�-GTH II, and �,�-GTH II were kindly provided by Dr.
H. Kawauchi, Kitasato, Japan (seeKawauchi et al., 1983,
1986; Suzuki et al., 1988a,b; Kaneko et al., 1993). The
anti-recombinant seabream (sb) GH and SL were kindly pro-
vided by Dr. M. Valdivia, Cádiz, Spain (Mart́ınez-Barberá
et al., 1994; Astola et al., 1996). The anti-human (h)
ACTH(1–24) serum was obtained from the Peninsula Lab-
oratories (California, USA). The anti-bovine monoacetyl
�-MSH kindly provided by Dr. S.E. Wendelaar-Bonga has
shown a very weak cross-reaction with the ACTH cells of
the PDR inXenopus(van Zoest et al., 1989). The anti-carp
(c) �,�-GTH II and anti-carp�-GTH II sera were kindly
provided by Dr. E. Burzawa-Gerard (Dubourg et al., 1985).
The anti-human (h)�-TSH was kindly provided by National
Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK) and National Hormone and Pituitary Program
(NHPP) (California, USA).

All sections were first treated with 0.3% H2O2 in Tris
buffer for 15 min at 22◦C in order to inactivate endoge-
nous peroxidase activity, and then incubated in the primary

Table 1
First antisera used in this study

Antisera raised against Source Dilution

Chum salmon PRL Dr. H. Kawauchia 1:10000
Human ACTH(1–24) Peninsula Laboratoriesb 1:3000
Chum salmon GH Dr. H. Kawauchia 1:10000
Seabream GH Dr. M.M. Valdiviac 1:1000
Human�-TSH NHPPd and NIDDKe 1:200
Carp �,�-GTH II Dr. E. Burzawa-Gerardf 1:1000
Carp �-GTH II Dr. E. Burzawa-Gerardf 1:8000
Chum salmon�-GTH I Dr. H. Kawauchia 1:500
Chum salmon�,�-GTH II Dr. H. Kawauchia 1:1000
Chum salmon�-GTH II Dr. H. Kawauchia 1:5000
Bovine �-MSH Dr. S.E. Wendelaar-Bongag 1:3000
Chum salmon SL Dr. H. Kawauchia 1:1000
Seabream SL Dr. M.M. Valdiviac 1:1000

a Kitasato, Japan.
b Belmont, CA, USA.
c Cádiz, Spain.
d National Hormone and Pituitary Program (NHPP), USA.
e National Institute of Diabetes and Digestive and Kidney Diseases

(NIDDK), USA.
f Paris, France.
g Nijmegen, Holland.

antiserum for 18 h at 22◦C. Next, the sections were ap-
plied with the second antiserum (anti-rabbit IgG raised in
goat, kindly provided by Dr. P. Fernández-Llebrez, Málaga,
Spain) at a dilution of 1:40 for 45 min at 22◦C, followed by
rabbit–PAP complex (Dakopatts, Copenhagen, Denmark) at
a dilution of 1:100 for 45 min at 22◦C. Sections were rinsed
three times in Tris buffer after H2O2, antisera, and PAP
incubation. All antisera and the PAP complex were diluted
in Tris buffer, pH 7.8, containing 0.7% non-gelling seaweed
gelatin lambda carrageenan (Sigma), 0.5% Triton X-100
(Sigma), and 0.02% sodium azide (Merck, Germany). The
reagent of 0.025% 3.3′-diaminobenzidine tetrahydrochlo-
ride (DAB) (Sigma) in Tris buffer, pH 7.8, and 0.007%
H2O2 (Merck) was used as an electron donor in the dark
for 15-min incubation at 22◦C. Coplin jars were used for
incubation in the first and the second antisera, whereas PAP
incubation was carried out in a moist chamber. In order to
monitor the immunoreactive (ir) procedure, contiguous sec-
tions went through all the above steps except the incubation
in the primary antiserum. Also, normal rabbit serum was
used instead of primary antiserum. No positive structures
or cells were found in these sections.

3. Results

The pituitary ofT. dracopresented two well-outlined ar-
eas: adenohypophysis and neurohypophysis. Adenohypoph-
ysis showed the typical subdivisions of teleosts: the RPD,
the PPD, and the PI. Neurohypophysis displayed a patent
hypophyseal stalk and several processes that protruded the
adenohypophysis (Fig. 1). Seven different cell types were
identified in the adenohypophysis: PRL- and ACTH-ir cells
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Fig. 1. Sagittal sections through the pituitary of the greater weever fishTrachinus dracostained with hematoxylin–eosin showing the rostral pars
distalis (RPD), the proximal pars distalis (PPD), and the pars intermedia (PI). H: hypothalamus, NH: neurohypophysis. 65×. Figs. 2–4. Sagittal sections
immunostained with anti-sPRL serum. PRL-ir cells were located in the RPD (Fig. 2) and the ventral PPD (Fig. 3). Fig. 4. Some PRL-ir cells showed
extensions that were in contact with the neurohypophyseal branches (arrows).Fig. 2: 90×, Fig. 3: 200×, Fig. 4: 420×. Figs. 5 and 6. Sagittal sections
immunostained with anti-hACTH(1–24) serum.Fig. 5. ACTH-ir cells were detected in the surrounding of the neurohypophysis (NH). Note a weak
cross-reaction with cells in the PI that could correspond to MSH cells (arrows).Fig. 6. Details of ACTH-ir cells close to the NH had round or fusiform
shapes.Fig. 5: 90×, Fig. 6: 200×.

located in the RPD; GH-, GTH-, and TSH-ir cells situated
in the PPD; and SL-, MSH-, and GTH-ir cells present in the
PI (Scheme 1). Occasionally, isolated or clustered cells were
also observed in locations different from those described
previously.

The PRL-ir cells in the RPD were stained orange using the
AB-PAS-OG method and were strongly immunostained with
the anti-sPRL serum (Fig. 2). This antiserum was specific

and did not cross-react with other adenohypophyseal cells,
in particular, those cells producing hormones belonging to
the GH/PRL family. In addition, PRL-ir cells were detected
in the most rostral part of ventral PPD (Fig. 3). PRL-ir cells
were arranged in follicles and were ovoid-shaped with round
nuclei. Some labeled cells displayed cytoplasmic exten-
sions that were in contact with the neurohypophyseal tissue
(Fig. 4).
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Scheme 1. Schematic drawing of a representative sagittal section of the pituitary of the greater weever fishTrachinus dracoshowing the distribution of
different adenohypophyseal cells. RPD, the rostral pars distalis, PPD, the proximal pars distalis, PI, the pars intermedia, PRL (+), ACTH (−), GH (�),
GTH (�), TSH (�), MSH (�), and SL (�) cells.

Using the anti-hACTH(1–24) serum, ACTH-ir cells were
detected in the RPD between PRL cells and the neuro-
hypophyseal processes (Fig. 5). One or more layers of
ACTH-ir cells were seen in the area surrounding the neural
tissue. Furthermore, isolated or small ACTH-ir cell aggre-
gates were found dispersed in the RPD (Fig. 6). These cells
were stained purple using the AB-PAS-OG method and
presented round- or fusiform-shaped with round nuclei. The
anti-�-MSH serum immunoreacted weakly with cells in the
same area of the RPD that could correspond to ACTH cells
(Fig. 16).

After applying the AB-PAS-OG staining method,
orange-stained cells were observed in both the dorsal and
ventral PPD. These cells were specifically immunostained
with anti-sGH and anti-sbGH sera (Fig. 7), but not with
the antisera against PRL or SL (Figs. 2 and 14). In the
dorsal PPD, GH-ir cells were seen surrounding and in
contact with the neurohypophyseal processes. Isolated or
clustered GH-ir cells were observed in the ventral PPD
(Fig. 7). GH-ir cells presented round- or oval-shaped with
irregular oval-shaped nuclei. GH-ir cells in contact with
neurohypophyseal processes showed less immunoreactivity
with respect to isolated or clustered GH-ir cells. Isolated
or clustered GH-ir cells were also observed in the tissue of
PPD covering dorsally the most rostral part of the dorsal
PI (Fig. 8). The GH-ir cells from this area showed similar
morphology and immunocytochemical characteristics to
GH-ir cells from the central PPD.

In the dorsal and ventral PPD, cells were PAS-positive
and stained blue using the AB-PAS-OG method. After
the immunocytochemistry, these cells showed strong im-
munoreactivity to anti-carp�,�-GTH II, anti-carp�-GTH II
(Fig. 9), anti-salmon�,�-GTH II, and anti-salmon�-GTH
II. However, these cells never showed any immunoreactiv-
ity to anti-salmon�-GTH I serum (Table 2). Isolated or
clustered GTH-ir cells, differing in size and shape, were
present in the dorsal and ventral PPD. Similarly to GH-ir
cells, isolated or clustered GTH-ir cells were detected in the
PPD that dorsally covered the rostral most part of the PI.

In addition, GTH-ir cells were seen in the area surrounding
the entire PI (Fig. 11), while a few scattered GTH-ir cells
were observed in the ventral RPD (Fig. 10).

The use of anti-human�-TSH serum revealed iso-
lated or clustered TSH-ir cells in the anteroventral PPD
(Fig. 12). These cells were stained purple using the
AB-PAS-OG method and were PAS-positive. The anti-carp
and anti-salmon�,�-GTH II sera immunostained cells in
these same area that could correspond to TSH cells (see
Table 2), and were smaller and round-shaped (Fig. 13).

In the PI, ir cells to anti-sSL and anti-sbSL sera were de-
tected and showed similar immunoreactions (Fig. 14). SL-ir
cells were negative to PAS method (data not shown) and
to antisera developed against other hormones belonging to
the GH/PRL family (Figs. 2 and 7). SL-ir cells were seen
surrounding the neurohypophyseal tissue and intermingled
with immunonegative cells that could correspond to MSH
cells (Fig. 15). They displayed either ovoid or elongated
shapes, and had ovoid-shaped and central nuclei. Occasion-
ally, a few isolated or clustered SL-ir cells were observed in
the dorsal PPD (Fig. 14).

The anti-�-MSH serum specifically immunostained cells
in the PI (Fig. 16). A very weak immunoreaction was seen
in the PI using anti-hACTH(1–24) serum (Fig. 5). These
MSH-ir cells were PAS-negative (data not shown) and
stained orange using the AB-PAS-OG method. MSH-ir

Table 2
Immunoreactivity of GTH and TSH cells to different antisera used in the
study

Antiserum GTH cells TSH cells

Anti-carp �,� GTH II + +
Anti-carp �-GTH II + −
Anti-salmon�,�-GTH II + +
Anti-salmon�-GTH I − −
Anti-salmon�-GTH II + −
Anti-human�-TSH − +
(+) positive and (−) negative immunoreactivity.



F. Sánchez Cala et al. / Tissue & Cell 35 (2003) 169–178 173

Figs. 7 and 8. Sagittal (Fig. 7) and transverse (Fig. 8) sections through the most rostral PI immunostained with anti-sbGH serum. GH-ir cells were
observed surrounding and in contact with the neurohypophyseal processes in the dorsal PPD. Isolated or clustered GH-ir cells were seen in the ventral
PPD (arrow) (Fig. 7) and in the tissue of PPD covering the dorsal PI intermingled with cells that could correspond to GTH cells (compare withFig. 11).
Inset: detail of GH cell.Fig. 7: 90×, Fig. 8: 200×, inset: 420×. Figs. 9–11. Sagittal (Figs. 9 and 10) and transverse (Fig. 11) sections immunostained
with anti-carp�-GTH II serum. Isolated or clustered GTH II-ir cells of different sizes and shapes are visible in both the dorsal and the ventral PPD
(Fig. 9) and in the ventral RPD (Fig. 10, arrows). In the tissue of PPD covering the most rostral PI, isolated or clustered GTH-ir cells were intermingled
in the dorsal region with cells that could correspond to GH cells (seeFig. 8). GTH-ir cells were seen all over the PI (Fig. 11, arrows).Figs. 9 and 10:
90×, Fig. 11: 200×. Figs. 12 and 13. Sagittal sections immunostained with anti-hTSH serum.Fig. 12. TSH-ir cells were located in the anteroventral
PPD.Fig. 13. Details of round and small TSH-ir cells.Fig. 12: 200×, Fig. 13: 420×.

cells were fusiform-shaped, in contact with the neurohy-
pophyseal tissue and intermingled with immunonegative
cells that could correspond to SL-ir cells. Few isolated or
clustered MSH-ir cells were observed in the dorsal PPD
(Fig. 17).

4. Discussion

Overall, the adenohypophysis and the distribution of ade-
nohypophyseal cells inT. dracowere similar to those de-
scribed in a number of teleost species (Ball and Baker, 1969;
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Figs. 14 and 15. Sagittal sections immunostained with anti-sbSL serum.Fig. 14. SL-ir cells were seen surrounding the neurohypophyseal tissue of the
PI. A few isolated or clustered cells were seen in the dorsal PPD (arrows).Fig. 15. Ovoid- or elongated-shaped SL cells were intermingled with cells
that could correspond to MSH cells (arrows).Fig. 14: 90×, Fig. 15: 420×. Figs. 16 and 17. Sagittal sections immunostained with anti-�-MSH serum.
Fig. 16. MSH-ir cells were located mainly in the PI. A few isolated or clustered MSH-ir cells were also found in the dorsal PPD (arrows).Fig. 17.
Details of MSH-ir cells in the PI intermingled with immunonegative cells that could correspond to SL cells (arrows).Fig. 16: 90×, Fig. 17: 420×.

Holmes and Ball, 1974; Follénius et al., 1978) with a few
differences. The adenohypophysis was comprised of three
different regions: the RPD, the PPD, and the PI, but the bor-
der was unclear inT. draco. In particular, tissue of the RPD
was overlapped with the most rostral part of the dorsal PPD,
while tissue of the PPD overlaid on the most rostral part of
the dorsal PI. InT. draco, seven different cell types were
identified in the adenohypophysis: PRL- and ACTH-ir cells
located in the RPD; GH-, GTH-, and TSH-ir cells situated
in the PPD; and SL-, MSH-, and GTH-ir cells present in
the PI.

4.1. PRL-ir cells

It appears that the antiserum against salmon PRL provides
a specific immunoreaction with putative PRL cells ofT.
draco. The same antiserum has been useful previously in the
identification of PRL cells in other teleosts (Batten, 1986;
Cambré et al., 1986; Quesada et al., 1988; Rendón et al.,
1997; Parhar et al., 1998; Rodrı́guez-Gómez et al., 2001)
except the carpCyprinus carpio(Farbridge and Leatherland,

1986) and the ciclid fishCichlasoma dimerus(Pandolfi et al.,
2001), in which it showed a weak cross-reactivity with GH
cells. Our results showed that PRL-ir cells ofT. draco, as
in other teleosts, were mainly located in the RPD. However,
and because tissue of the RPD was overlapped with the
most rostral part of PPD, PRL-ir cell clusters were observed
below tissue of the PPD. A similar feature has been also
observed inPlecoglossus altivelis(Saga et al., 1999) and
Diplodus sargus(Segura-Noguera et al., 2000). In addition,
isolated or clustered PRL-ir cells have been described in the
anterior PPD of the stripped bassMorone saxatilis(Huang
and Specker, 1994) and the Mediterranean yellowtailSeriola
dumerilii (Garćıa-Hernández et al., 1996).

The physiological function of PRL-ir cells in freshwater
and euryhaline teleosts has been well established (Manzon,
2002). In marine fish, PRL-ir cells have been shown to be
involved in stress or reproduction (Wendelaar-Bonga, 1997).
This could also be the case inT. dracosince it is a steno-
haline marine teleost that does not encounter hypoosmotic
environments. However, further studies will be necessary to
link PRL functions to stress and/or reproduction inT. draco.
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4.2. GH-ir cells

Anti-sGH and anti-sbGH sera were employed in this
study. These two antisera have been used for the immuno-
cytochemical identification of GH cells in several other
teleost species, in none of which cross-reactions with other
cell types have occurred (see below). GH-ir cells ofT. draco
were observed in both the dorsal and ventral PPD, which
agrees with previous reports in teleosts (Batten, 1986;
Farbridge and Leatherland, 1986; Quesada et al., 1988;
Toubeau et al., 1991; Rendón et al., 1997; Vissio et al.,
1997; Parhar et al., 1998; Segura-Noguera et al., 2000;
Rodŕıguez-Gómez et al., 2001). An interesting feature con-
cerning the pituitary ofT. draco is the existence of tissue
of PPD covering the most rostral part of the PI. The GH-ir
cells from this area showed similar morphology and im-
munocytochemical characteristics to GH-ir cells from the
central PPD.

On the basis of morphology and immunocytochemistry,
two different types of GH-ir cells have been reported in
M. saxatilis (Huang and Specker, 1994). In S. dumerelii
(Garćıa-Hernández et al., 1996) and T. draco (present re-
sults), it has been found that those GH-ir cells located close
to neurohypophyseal tissue always showed less immunore-
activity than the isolated or clustered GH-ir cells in other
locations. Nonetheless, all the morphological characteristics
of these GH-ir cells were similar. It is thought that there is
only a single type of GH-ir cell as in other teleosts. How-
ever, studies on GH cells at different times of the year or
life cycle would be necessary to corroborate our suggestion.

4.3. SL-ir cells

SL is a quite conservative hormone among species
(Rand-Weaver and Kawauchi, 1993; Kaneko, 1996). Two
anti-SL sera (anti-salmon and anti-recombinant seabream)
were used in this study. Both antisera presented similar
and specific immunoreaction. SL-ir cells were seen sur-
rounding the neurohypophyseal tissue and intermingled
with MSH-ir cells in the PI. The distribution was agree-
able to previous results in teleosts (Rand-Weaver et al.,
1991; Kaneko, 1996). However, in some species, such as
Solea senegalensis(Rendón et al., 1997) and Thalassoma
duperrey (Parhar et al., 1998), SL-ir cells have been lo-
cated in the periphery of the PI surrounding MSH-ir cells
while in C. dimerus(Pandolfi et al., 2001) and T. thynnus
(Rodŕıguez-Gómez et al., 2001), the distribution has been
inversed. In addition to the PI location, isolated or clustered
SL-ir cells have also been found in the PPD inT. dracoas in
S. dumerilii(Garćıa-Hernández et al., 1996) andD. sargus
(Segura-Noguera et al., 2000). These SL-ir cells in the PPD
could be derived from cell migrations during the ontoge-
nesis of adenohypophysis (seeFarbridge and Leatherland,
1986; Villaplana et al., 1997).

SL-ir cells from different species reacted distinctly to the
PAS technique. SL-ir cells in several non-salmonid species

were PAS-positive due to glycosylated SL (Kaneko, 1996).
However, in salmonids (Rand-Weaver et al., 1991; Kaneko,
1996) and in the adults of some non-salmonid teleosts
(Villaplana et al., 1997; Segura-Noguera et al., 2000) SL-ir
cells were PAS-negative as a result of non-glycosylated SL.
Furthermore, some teleost species are both PAS-positive and
-negative indicating the presence of both glycosylated and
non-glycosylated SL (Sparus aurata: Cavari et al., 1995; S.
senegalensis: Pendón et al., 1998). Since SL-ir cells were
PAS-negative inT. draco, SL would be non-glycosylated.

It has been suggested that SL is involved in reproduc-
tion, calcium metabolism, stress, acid–base regulation, fat
metabolism, background adaptation, and osmoregulation
(Kaneko, 1996). However, the actual function of SL has not
yet been determined. Since this hormone shares a part of
structural homology with PRL and GH, there may be cer-
tain physiological associations between them (Rand-Weaver
and Kawauchi, 1993; Kaneko, 1996).

4.4. ACTH- andα-MSH-ir cells

In teleost, POMC is the precursor of ACTH in the corti-
cotropic cells of the RPD and�-MSH in the melanotropic
cells of the PI (Dores, 1990). Sequence analysis has revealed
that the first 13 amino acids are identical between two hor-
mones (Follénius and Dubois, 1980; Dores, 1990). Thus,
the anti-hACTH(1–24) serum has cross-reacted strongly
with native �-MSH in several teleost species (Cambré
et al., 1986; Quesada et al., 1988; Garcı́a-Hernández et al.,
1996; Rendón et al., 1997; Vissio et al., 1997; Parhar
et al., 1998; Pandolfi et al., 2001). In contrast, a very weak
cross-reaction between the ACTH antiserum and MSH-ir
cells inT. dracowas seen. In the barbelBarbus barbus, the
absence of this cross-reaction has been reported (Toubeau
et al., 1991). The same batch of antiserum used in our study
has cross-reacted strongly with native�-MSH in several
other teleosts (D. sargus: Segura-Noguera et al., 2000; T.
thynnus: Rodŕıguez-Gómez et al., 2001). On the other hand,
it has been reported that�-MSHs contain almost an identi-
cal primary structure among different groups of vertebrates,
including fish (Arends et al., 2000). Our immunocytochem-
ical results and those ofToubeau et al. (1991)in B. barbus
indicate that the amino acid sequences of�-MSH in T.
dracoandB. barbusmay be different from those in humans
and other teleost species. It would be interesting to sequence
the amino acids of the�-MSH in T. dracoin the future.

In T. draco, ACTH-ir cells were observed in the RPD be-
tween PRL cells and the neurohypophyseal tissue, whereas
MSH-ir cells detected in the PI were in contact with the
neurohypophyseal tissue and intermingled with SL cells.
This distribution was consistent with previous reports
in teleosts (Cambré et al., 1986; Quesada et al., 1988;
Garćıa-Hernández et al., 1996; Rendón et al., 1997; Vissio
et al., 1997; Parhar et al., 1998; Pandolfi et al., 2001). Some
scattered MSH-ir cells were also found in the anterodorsal
PPD inS. dumerilii(Garćıa-Hernández et al., 1996) andD.
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sargus(Segura-Noguera et al., 2000). Similar to SL-ir cells,
these ectopic MSH-ir cells found beyond PI could implicate
an event of cell migration during the development of ade-
nohypophysis (Farbridge and Leatherland, 1986; Villaplana
et al., 1997). The functions of ACTH and�-MSH have been
linked to stress response and background color adaptation
(Wendelaar-Bonga, 1997). Thus, it will be interesting to
design a specific experiment to elucidate the physiological
roles of these hormones inT. draco.

4.5. GTH- and TSH-ir cells

The family of PAS-positive glycoprotein hormones in-
cludes GTHs (GTH I and II) and TSH. These hormones
contain two subunits: a constant�-subunit and a variable
�-subunit specific for each hormone and responsible for hor-
monal activity (Pierce and Parsons, 1981). In some teleosts,
two forms of GTH, GTH I and GTH II, have been de-
scribed (Nozaki et al., 1990; Swanson et al., 1991; Okada
et al., 1994; Elizur et al., 1996; Garćıa-Hernández et al.,
1996, 1997; Gen et al., 2000). Some specific antisera against
�-subunits of GTH for the selective immunodetection of
these hormones have been developed.

In the present study, we used antisera against salmon
�-GTH I and II and carp�-GTH II to detect gonadotropic
cells containing GTH. However, anti-salmon�-GTH I
serum never showed any immunoreactivity in the pituitary
of T. draco. Similar results have been observed inD. sar-
gus(Segura-Noguera et al., 2000) andC. dimerus(Pandolfi
et al., 2001) using the same antiserum. In teleost, a high
divergence in amino acid sequence of�-subunit of GTH I
has been reported (Kawauchi et al., 1989; Swanson et al.,
1991). Consequently, GTH I ofT. dracocould not be de-
tected with a heterologous GTH I antiserum. Alternatively,
T. dracocould have one GTH, with high similarity to GTH
II but not to GTH I.

GTH-ir cells have been found in all three divisions of the
pituitary inT. draco. In PPD, they were seen in both the dor-
sal and the ventral zones (Olivereau and Nagahama, 1983;
Batten, 1986; Toubeau et al., 1991). In addition, GTH-ir
cells were detected intermingled with GH-ir cells in the tis-
sue of PPD covering the most rostral part of the PI. The
presence of GTH-ir cells in the border of the PI agreed
with the previous reports in other teleosts (Cambré et al.,
1986; Quesada et al., 1988; Garcı́a-Hernández et al., 1996;
Vissio et al., 1997; Rendón et al., 1997; Segura-Noguera
et al., 2000; Rodrı́guez-Gómez et al., 2001). In T. draco,
scattered GTH-ir cells were also observed in the RPD. The
existence of GTH-ir cells in the RPD has also been described
in some teleosts (Olivereau and Nagahama, 1983; Dubourg
et al., 1985) and could be due to the migration of GTH cells
from the PPD to the RPD during the ontogeny of the adeno-
hypophysis (Farbridge and Leatherland, 1986; Nozaki et al.,
1990).

In T. draco, GTH-ir cells have mainly been found in
the PPD and PI. However, these GTH-ir cells always pre-

sented similar shapes and immunocytochemical character-
istics. These observations suggest the existence of only one
class of GTH cells inT. draco. However, more evidences
will be needed to make this conclusion. For a complete study
of gonadotropic cells inT. draco, it will be necessary to de-
velop specific and homologous antisera against GTH I and
II. Furthermore, the GTH profile of males and females inT.
dracoduring the sexual cycle needs be established.

TSH-ir cells in teleosts have been detected with an
anti-human�-TSH serum. The antiserum did not cross-react
with the�-subunit of TSH in some species (S. senegalensis:
Rendón et al., 1997; T. thynnus: Rodŕıguez-Gómez et al.,
2001), whereas it immunostained both TSH- and GTH-ir
cells in some other species (Batten, 1986; Quesada et al.,
1988). Furthermore, it only identified TSH cells in some
other teleosts (Schreibman and Margolis-Kazan, 1979;
Ueda et al., 1983; Cambré et al., 1986; Quesada et al.,
1988; Garćıa-Hernández et al., 1996; Vissio et al., 1997;
Segura-Noguera et al., 2000). In the present study, we got
specific immunodetection of TSH cells inT. draco using
this antiserum. The location and cell morphology of TSH
cells agreed with previous results from some teleosts.
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Garćıa-Hernández, M.P., Koide, Y., Dı́az, M.V.Y., Kawauchi, H., 1997.
Isolation and characterization of two distinct gonadotropins from the
pituitary gland of Mediterranean yellowtail,Seriola dumerilii (Risso,
1810). Gen. Comp. Endocrinol. 106, 389–399.

Gen, K., Okuzawa, K., Senthilkumaran, B., Tanaka, H., Moriyama, S.,
Kagawa, H., 2000. Unique expression of gonadotropin-I and -II subunit
genes in male and female red seabream (Pagrus major) during sexual
maturation. Biol. Reprod. 63, 308–319.

Holmes, R.L., Ball, J.N., 1974. In: Holmes, R.L., Ball, J.N. (Eds.), The
Pituitary Gland in Teleost Fishes. The Pituitary Gland: A Comparative
Account. Cambridge University Press, pp. 170–220.

Huang, L., Specker, J.L., 1994. Growth hormone- and prolactin-producing
cells in the pituitary gland of striped bass (Morone saxatilis): immuno-
cytochemical characterization at different life stages. Gen. Comp. En-
docrinol. 94, 225–236.

Kaneko, T., 1996. Cell biology of somatolactin. Int. Rev. Cytol. 169, 1–24.
Kaneko, T., Kakizawa, S., Yada, T., Hirano, T., 1993. Gene expression

and intracellular localization of somatolactin in the pituitary of rainbow
trout. Cell Tissue Res. 272, 11–16.

Kawauchi, H., Abe, K.I., Takahashi, A., Hirano, T., Hasegawa, S., Naito,
N., Nakai, Y., 1983. Isolation and properties of chum salmon prolactin.
Gen. Comp. Endocrinol. 49, 446–458.

Kawauchi, H., Moriyama, S., Yasuda, A., Yamaguchi, K., Shirahata, K.,
Kato, J., Hirano, T., 1986. Isolation and characterisation of chum
salmon growth hormone. Arch. Biochem. Biophys. 244, 542–552.

Kawauchi, H., Suzuki, K., Itoh, H., Swanson, P., Naito, N., Nagahama, Y.,
Nozaki, M., 1989. The duality of teleost gonadotropins. Fish Physiol.
Biochem. 7, 29–38.

Lemus, J.N., Boada, C., 2001. La picadura del pez araña. Medifam 11,
344–347.

Manzon, L.A., 2002. The role of prolactin in fish osmoregulation: a
review. Gen. Comp. Endocrinol. 125, 291–310.

Maretic, Z., 1988. Fish venoms. In: Tu, A.T. (Ed.), Handbook of Natural
Toxins. Marine Toxins and Venoms, vol. 3. Marcel Dekker, New York,
pp. 445–476.

Mart́ınez-Barberá, J.P., Pendón, C., Rodrı́guez, R.B., Pérez-Sánchez, J.,
Valdivia, M.M., 1994. Cloning expression and characterization of a re-
combinant gilthead seabream,Sparus aurata. Gen. Comp. Endocrinol.
96, 179–188.

McManus, J.F.A., 1948. Histological and histochemical uses of periodic
acid. Stain Technol. 23, 99–108.

Nozaki, M., Naito, N., Swanson, P., Miyata, K., Nakai, Y., Oota, Y.,
Suzuki, K., Kawauchi, H., 1990. Salmonid pituitary gonadotrophs. I.
Distinct cellular distributions of two gonadotropins, GTH I and GTH
II. Gen. Comp. Endocrinol. 77, 348–357.

Okada, T., Kawazoe, I., Kimura, S., Sasamoto, Y., Aida, K., Kawauchi,
H., 1994. Purification and characterization of gonadotropin I and II
from pituitary glands of tuna (Thunnus obesus). Int. J. Pept. Protein
Res. 43, 69–80.

Olivereau, M., Nagahama, Y., 1983. Immunocytochemistry of go-
nadotropic cells in the pituitary of some teleost species. Gen. Comp. En-
docrinol. 50, 252–260.

Pandolfi, M., Paz, D.A., Maggese, F., Meijide, F.J., Vissio, P.G., 2001.
Immunocytochemical localization of different cell types in the ade-
nohypophysis of the cichlid fishCichlasoma dimerus(Heckel, 1840).
Biocell 25, 35–42.

Parhar, Y.S., Nagahama, Y., Grau, E.G., Ross, R.M., 1998. Immunocy-
tochemical and ultrastructural identification of pituitary cell types in
the protogynousThalassoma duperreyduring adult sexual ontogeny.
Zool. Sci. 15, 263–276.

Pendón, C., Astola, A., Pérez-Sánchez, J., Valdivia, M.M., 1998. Release
of glycosylated and non-glycosylated forms of somatolactin by fish
pituitary culture in vitro. In: Vaudry, H., Tonon, M.-C., Roubos, E.W.,
de Loof, A. (Eds.), Comparative Endocrinology and Neurobiology, vol.
839. Annals of the New York Academy of Sciences, pp. 478–479.

Pierce, J.G., Parsons, T.F., 1981. Glycoprotein hormones: structure and
function. Annu. Rev. Biochem. 50, 465–495.

Quesada, J., Lozano, M.T., Ortega, A., Agulleiro, B., 1988. Immuno-
cytochemical and ultrastructural characterisation of the cell types in
the adenohypophysis ofSparus aurataL. (Teleost). Gen. Comp. En-
docrinol. 72, 209–225.

Rand-Weaver, M., Kawauchi, H., 1993. Growth hormone, prolactin and
somatolactin: a structural overview. In: Hochachka, P.W., Mommsen,
T.P. (Eds.), Biochemistry and Molecular Biology of Fishes, vol. 2.
Elsevier, Amsterdam, pp. 39–56.

Rand-Weaver, M., Baker, B.J., Kawauchi, H., 1991. Cellular localization
of somatolactin in the pars intermedia of some teleost fishes. Cell
Tissue Res. 263, 207–215.

Rendón, C., Rodrı́guez-Gómez, F.J., Muñoz-Cueto, J.A., Piñuela, C.,
Sarasquete, C., 1997. An immunocytochemical study of pituitary cells
of the Senegalese sole,Solea senegalensis(Kaup 1858). Histochem.
J. 29, 813–822.
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