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ABSTRACT

Immunocytochemical identification of the different
cell types in the pituitary gland of Bagrus bayad was
performed using antisera against mammalian (human
and rat) and piscine hormones. The adenohypophysis
was composed of rostral pars distalis (RPD), proxi-
mal pars distalis (PPD) and pars intermedia (PI).
Prolactin and adrenocorticotrophic cells were located
in the rostral pars distalis of the pituitary. Gonad-
otrophic and growth hormone cells were distributed
in the proximal pars distalis, but gonadotrophic cells
appear also at the border of the pars intermedia.
Somatolactin cells, as well as alpha-melanotrophic
cells were located in the pars intermedia of B. bayad
pituitary. The prolactin (PRL) cells were distributed
in the RPD stained with orange G and showed strong
immunoreactivity with antiserum to chum salmon.
The adrenocorticotrophic (ACTH) cells were lead
hematoxylin-positive (PbH') and showed strong im-
munoreactivity with anti-human ACTH; these cells
bordered the neurohypophysis and grouped in islets
between PRL cells in the RPD. Growth hormone (GH)
cells were densely distributed with the gonadotrophic
(GTH) cells in the PPD. They were orange G positive
and reacted with antiserum to chum salmon. GTH
cells were located in the central area of the PPD and
in the external border of the PI. These cells were Al-
cyan Blue and PAS positive, and immunostained with
anti-chum salmon GTH If and anti-chum salmon
GTH IIp. In addition, antiserum to rat thyrotropin
stimulating hormone # (TSHp) reacted positively to
the GTH cells. These results suggest that GTH 1,
GTH II and TSH are synthesized in the same cells in
the pituitary of B. bayad. The PI was composed
mainly of PbH" cells and a PAS" cell adjacent to the
neurohypophysis. The PAS" cells from the PI bound
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specifically to anti-chum somatolactin. Anti-alpha-
melanin stimulating hormone (MSH) stained only the
PbH" (alpha-melanotrophic) cells of the PI.

Keywords: Immunocytochemistry; Pituitary Gland; Ba-
grus Bayad (Teleostei)

1. INTRODUCTION

The pituitary gland of teleosts has already been the
subject of research for many years. The identification
and the distribution of the different cell types in the
pituitary gland of teleosts have been studied using
histochemical and different physiological techniques [1-
4]. In addition, the adenohypophyseal cells have been
characterized by immunocytochemical techniques using
antisera against mammalian and piscine hormones [4-9].
Seven different classes of hormones, grouped into three
main families have been described: 1) growth hormone
(GH)/prolactin (PRL) family, containing PRL, GH and
somatolactin (SL); 2) glycoprotein hormones including
gonadotrophins (GTHs) and thyrotropin (TSH); and 3)
proopiomelanocortin-derived hormones such as adreno-
corticotropic (ACTH) and melanotropic hormone (MSH)
[2,4,6,8,10].

B. bayad (Forsskal, 1775) is an important food fish in
tropical and semitropical waters. It grows fast and attains
112 cm in length with maximum weight of 12.5 kg [11].
B. bayad is locally known as “Bayad” and is so far one
of the most important economic species as food fish in
Egypt and finds good marketing in the different parts of
Egypt. During the past years with the development of
industries and modern civilization, large amount of
pollutants have been discharged into the Nile and the
surrounding lakes. These pollutants not only affect the
growth, health, and nutritional value of fishes but also
the distribution (i.e., survival) and reproduction of eco-
nomically important fishes. B. bayad is one of those
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fishes, which affected by environmental factors and its
distribution was restricted only to Lake Nasser and the
Nile River. On the other hand it disappeared from the
most of north lakes; Manzalah and Borollus and most of
the Nile River.

In spite of the extensive importance of B. bayad, it is
somewhat surprising that such limited information con-
cerning its reproduction is available. [12] studied the
breeding biology, the life cycle and mating behavior of B.
bayad. In addition, [13] investigated the sexual maturity
of B. bayad macropterus (synonym of B. bayad) in both
wild and under captivity. They obtained that gonad de-
velopment was faster under captivity than in wild. How-
ever, a detailed description of the cell types in the pitui-
tary of this species has not yet been done. The anatomi-
cal localization of different cell types in the pituitary is
important in understanding their functional role and
physiological relevance during the reproductive cycle of
this economic species. The aim of the present study was
to localize and characterize the different pituitary cell
types using histochemical and immunocytochemical ap-
proaches.

2. MATERIAL AND METHODS
2.1. Animals

From Nile River, 20 fish of adult B. bayad (mature males
and females) with standard length larger than 30 cm,
were collected alive during the prespawning and spawn-
ing season (March to June).

2.2. Histological and Histochemical Methods

Prior to dissection, the fishes were anesthetized in a
solution (20 mg/1) of clove oil (Sigma) and then perfused
via the ascending aorta with 20 ml of normal saline,
followed by 50 ml of Bouin's fluid at 4°C. Immediately
after the dissection, the pituitary gland, attached to the
brain, was postfixed in Bouin's fluid for 24 hr at 4°C. The
fixed brain and pituitaries were thereafter dehydrated
through graded ethanol solution, cleared and embedded
in paraplast (mp: 56°C - 58°C). Consecutive median sa-
gittal sections of the pituitary gland were made at 4 um
thickness. For each specimen, selected sections were
stained with the following techniques:

1) Harris’s alum hematoxylin, according to [14] and
aqueous solution of eosin (1%) was used as a counter
stain.

2) Periodic Acid-Schiff-Lead hematoxylin (PAS-PbH):

Lead hematoxylin “PbH” [15] combined with PAS [16].
3) Performic acid-Alcyan Blue (PFAAB)-Periodic
Acid-Schiff (PAS)-Orange G (OG) stain [17].

2.3. Immunocytochemical Procedures

Antibodies: Rabbit antisera directed against human
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ACTH and rat thyrotropin (rBetaTSH) was obtained
from National Institute of Health. The a-MSH antiserum
was kindly provided by Dr. R. M. Dores (University of
Denver, USA). Antisera to chum salmon (Oncorhynchus
keta) hormones; chum salmon GTH 1§ subunit (Lot No.
8707), chum salmon GTH IIf subunit (Lot No. 8506),
chum salmon somatotropin (chum GH) (Lot No. 8208),
chum salmon prolactin (Lot No. 8502) and chum salmon
somatolactin (Lot No. 8906) were obtained from Dr. H.
Kawauchi (School of Fisheries Science, Kitasato Univer-
sity, Iwate, Japan).

Immunocytochemical reactions: Immunocyto-che-
mical staining for the sections of the pituitary gland was
performed with a vectastain ABC (Avidin-biotin peroxi-
dase complex) Kit (Vector Laboratories) as described
previously [18]. In brief, sections were deparaffinized in
xylene, rehydrated through graded ethanol, washed in 10
mM phosphate-buffered saline (PBS; pH 7.4) for two
times 10 min each. All incubations were done at room
temperature and PBS was used for washing after each
step. Sections were incubated with the antisera to the
various hormones for 12 - 18 hr. The dilution of the hor-
mone antisera was determined empirically and their
working dilutions were shown in Table 1. Thereafter, the
sections were incubated with the biotinylated secondary
antibody (Vector Laboratories) for 1 h. and with avidin-
biotin-conjugated peroxidase for 45 min. Finally, the
sections were washed and stained with 3, 3’-diaminoben-
zidine tetrahydrochloride (DAB) (Sigma) including
0.01% H,0, in 0.05 M Tris-buffered saline (pH 7.6) for
3 - 5 min. After the enzyme reaction, the sections were
washed in tap water, dehydrated in alcohol, cleared in
xylene and mounted in DPX.

In order to confirm the specificity of the immunoreac-
tive procedures, adjacent sections were stained according

Table 1. Immunocytochemical staining of the adenohypophysis
of B. bayad.

Antiserum to Dilution RPD PPD PI
C S G PAS" PbH"
chum PRL 1:5000 ++ - - - - -
h ACTH 1:500 -+ - - - +
chum GH 1:5000 - - - - -
chum GTH I 1:1000 R
chum GTH 115 1:5000 - - - 4+
rfTSH 1:500 ST }
Chum SL 1:5000 - - - - ++ -
a-MSH 1:1000 - - - - - ++

Note. RPD, rostral pars distalis; PPD, proximal pars distalis; PI, pars inter-
media; P, PRL cells; C, ACTH cells; T, thyrotrophs; S, somatotrophs; G,
gonadotrophs; PAS", periodic acid-Schiff reaction positive cell; PbH", lead
hematoxylin positive cell; PRL, prolactin; ACTH, adrenocorticotropin; TSH,
thyrotropin; GH, growth hormone; GTH, gonadotropin; SL, somatolactin;
chum, chum salmon; h, human; r, rat; -, +, ++, negative, weak and strong
immunostaining responses, respectively.
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to the above described protocol but incubation in the
primary antisera was omitted. In addition, normal bovine
serum was used instead of primary antiserum. No posi-
tive structures or cells were found in these sections.

3. RESULTS

The pituitary gland of B. bayad consists of the neurohy-
pophysis, and the adenohypophysis, which showed the
three major subdivisions typical of teleost; an anterior
rostral pars distalis (RPD), a medium proximal pars dis-
talis (PPD) and posterior pars intermedia (PI) (Figures 1
(a)-(c)). Moreover, neurohypophysial processes pene-
trated the different adenohypophyseal areas. According
to the histochemical and immunocytochemical behavior,
six endocrine cell types were identified in the pituitary
gland of B. bayad.

3.1. Prolactin (PRL)-Secreting Cells

The PRL cells occupy the major part of the RPD (Fig-
ures 1(a), (b)). These cells have variable sizes, with ir-
regular shapes and have spherical nuclei with a distinct
nucleolus (Figure 2(a)). They are frequently arranged in
cords bordering the neurohypophysis. The PRL cells
form a compact mass being stained orange with orange G
stain (Figure 2(b)) and are accordingly termed “orangeo-
philous acidophils”, and also stained with eosin (Figure

Figure 1. Sagittal section of the pituitary gland of
mature female B. bayad stained with Harris’s he-
matoxylin and eosin (a), AB-PAS-OG (b) and PAS-
PbH combined stain (c) showing the rostral pars
distalis (RPD), proximal pars distalis (PPD) and
pars intermedia (PI) which comprise the adenohy-
pophysis, and neurohypophysis (NH). Scale bar =
300 um.
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2(a)). The PRL cells showed strong immunoreactivity to
anti-chum salmon PRL (Table 1 and Figure 2(c)).

3.2. Adrenocorticotropin (ACTH)-Secreting
Cells

The ACTH cells appear as cords bordering the PRL cells
or as islets among PRL cells and the neurohypophysis
(Figures 3(a) and 3(b)). They are varied in size, spheri-
cal or oval in shape and with small centric nuclei (Fig-
ures 2(a) and 3(a)). These cells stained positively with
lead hematoxylin (PbH") and have no affinity for PAS
(Figures 2(b) and 3(a)). Anti-serum to human ACTH
bound strongly to the ACTH cells (Figure 3(b)). Also,
anti-hACTH showed cross-reaction with the PbH" cells
of the PI (Table 1).

3.3. Somatolactin (SL) and Alpha-Melanin
Stimulating Hormone (a-MSH)-Secreting
Cells

Two types of cells were found in the PI of B. bayad; one

Figure 2. Sagittal section of the pituitary gland of mature fe-
male B. bayad. (a) A magnified por- tion of (Figure 1(a)) dis-
playing the prolactin (PRL) cells with irregular shapes and have
spherical nuclei with a distinct nucleolus, ACTH cells and nerve
fibers (arrowheads). (b) A magnified portion of (Figure 1(b)),
showing the PRL cells stained with orange G, in addition to
ACTH cells and nerve fibers (arrowheads). (c) A magnified
portion of sagittal section immunostained with anti-chum
salmon prolactin antiserum. PRL positive cells are restricted in
the rostral pars distalis. Scale bar =25 pm.
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Figure 3. Sagittal section of the pituitary gland
of mature female B. bayad: (a) Stained with
PAS-PbH combined stain, showing the ACTH
cells, the PRL cells and the neurohypophysis
(arrowheads). (b) Immunostained with anti-hu-
man ACTH antiserum. The ACTH cells appear
as cords bordering the PRL cells or as islets
between PRL cells. Scale bar =25 um.

is stained with periodic acid-Schiff (PAS® cells) and the
other cell type is stained with lead hematoxylin (PbH"
cells) (Figure 4(b)). Anti-aMSH stained only the PbH"
cells of the PI (Figure 4(c)). In addition, anti-aMSH
positive cells showed cross-reaction with the anti-hACTH
(Table 1). Alpha-melanotropin (MSH)-immunoreactive
cells were PAS negative in the PAS-PbH-stained section.
These cells showed variable shapes and sizes (Figures
4(a)-(c)).

The PAS" cells of the PI have variable sizes and
shapes and were found either singly or in-groups (Fig-
ures 4(a), (b), (d)). The PAS" cells showed strong im-
munoreactivity to anti-chum salmon SL (Figure 4(d)).

3.4. Somatotropin (STH) or Growth Hormone
(GH)-Secreting Cells

The GH cells are distributed in the PPD and are in close
contact with neurohypophysis (Figures 1(b), 5(a), 5(b)).
They are dispersed singly or in groups between the ba-
sophils. The cytoplasm of these cells is densely granu-

lated and their nuclei were oval or rounded (Figure 5(a)).

These acidophilic cells were strongly stained with eosin
and orange G (Figures 5(a), 5(b)) but negative to PAS.
The somatotrops showed strong and specific immunore-
activity to anti-chum salmon GH which showed no
cross-reaction with other cell types (Figure 5(c)).

3.5. Gonadotropins (GTH 1§ and GTH I1f) and
Thyrotropin (TSH)-Secreting Cells

The GTH cells are present in the central part of the PPD

Copyright © 2012 SciRes.

Figure 4. Sagittal section of the pituitary
gland of mature female B. bayad: (a) Stained
with Harris’s hematoxylin and eosin, showing
the cell types of the pars intermedia; SL cells
stained with eosin and have small sizes and
MSH cells stained with haematoxylin and
have large variable sizes and shapes. (b) Stained
with PAS-PbH, showing the cell types in the
pars intermedia; the PAS-positive cells (ar-
rows) and PbHpositive cells (arrowheads). (c)
Immunostained with anti-o-MSH antiserum,
displaying the intensely stained MSH cells in
the PI. (d) Immunostained with anti-chum
salmon somatolactin (SL) antiserum, showing
SL immunoreactive cells in the PI. Scale bar
=25 pm.

(Figures 1(b), 1(c)), and the external border of the PI.
These basophilic cells manifest variable shapes and sizes
and exhibit spherical nuclei (Figures 5(a), 5(b), 6(a)).
The GTH cells contained numerous basophilic granules,
which were positive to PAS and Alcyan blue (Figures 5
(b) and 6(a)). They also exhibited a large unstained in-
tra-cytoplasmic vacuole. Anti-sera to chum salmon GTH
I and chum salmon GTH IIf bound strongly and spe-
cifically to the GTH cells (Figures 6(b), 6(c)). In addi-
tion, antiserum to rat TSHf subunit showed strongly and
specifically immunoreaction to the gonadotropins (GTH
15 and GTH IIp)-secreting cells (Figure 6(d) and Table

1.
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. -ﬂ
Figure 5. Sagittal section of the pituitary gland
of mature female B. bayad: (a) Stained with Har-
ris’s hematoxylin and eosin, displaying the growth
hormone (GH) cells stained red with eosin. (b)
Stained with AB-PAS-OG, showing the growth
hormone (GH) cells stained orange with OG in
the PPD, beside GTH cells. (c¢) Immunostained
with anti-chum salmon growth hormone (anti-
chum GH) antiserum, showing GH immunore-
active cells in the PPD. Scale bar = 25 pm.

4. DISCUSSION

B. bayad adenohypophysis was studied by both histoche-
mical and immunocytochemical methods, the general
structure conforming to that described for other teleosts.
Six cell types were identified in the adenohypophysis of
B. bayad. In the RPD two cell types could be distingui-
shed, the prolactin (PRL) cells and the ACTH cells.
Somatotrophs (GH cells) and gonadotropins (GTH 15
and GTH 11f) and thyrotropin (TSH)-secreting cells have
been identified in the PPD and in the external border of
the PI. The PI was mainly composed of two cell types;
the somatolactin (SL) cells and the melanotrops (MSH
cells). The distribution of the different types of cells
identified in the present work is in a good agreement
with previous studies in teleost fish [19-22]. The secre-
tory cells show segregation into the different zones of the
adenohypophysis.

4.1. PRL Cells

In the present study we have used an antiserum against
chum salmon PRL that showed a quite good and specific
immunoreaction with PRL cells of B. bayad, as has been
reported for other teleosts [20-22]. Moreover, in contrast

Copyright © 2012 SciRes.

Figure 6. Sagittal section of the pituitary
gland of mature female B. bayad: (a) Stained
with PAS-PbH, showing GTH cells stained
positively with PAS. (b)-(d) Three suc-
cessive sections through the external bor-
der of the PI immunostained with anti-
chum salmon GTH IIf subunit (b), anti-
chum salmon GTH If subunit (c) and
anti-fTSH (d). GTH 18, GTH IIf and
PTSH immunoreactivity are localized in
the same cell types. Scale bar =25 um.

to other PRL antisera [23], it did not cross-react with GH
cells. As for other freshwater and marine teleosts, B.
bayad PRL cells are exclusively localized in the RPD [21,
22,24,25]. The osmoregulatory role of PRL in hypo-
osmotic environments is well established in teleosts, and
especially in euryhaline species [26-28].

4.2. GH Cells

In this study we used anti-chum salmon GH that has
been utilized to reveal GH cells of salmonids [29] and
non-salmonid species [20-22,30,31]. This antiserum
strongly stained GH cells of B. bayad that were restricted,
similarly to other teleost fish, to the dorsal and ventral
parts of the PPD [20,21,24,25,31].

The physiological role of GH as a growth-promoting
hormone has been well established in teleosts [32]. Also
GH has been involved in metabolism, reproduction and
immune response [33]. In addition, an osmoregulatory
role of GH has been reported in salmonids and non-
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salmonid species [34,35,28].

4.3. SL Cells

Two types of cells were found in the PI of B. bayad; one
is stained with lead hematoxylin (PbH" or MSH cells)
and the other cell type is stained with periodic acid-
Schiff (PAS" cells). Immunocytochemical studies indi-
cated that PAS-negative were MSH cells while PAS-
positive were SL cells.

The SL is the latest pituitary hormone of the GH/PRL
family described [36]. In the last few years, several
studies have analyzed the structure, localization and
physiological role of SL. In this study, we used antiserum
against chum salmon SL. The SL genes seem to be
highly conserved and the protein homology is high
among the different teleost species [36,37]. Our results
showed that anti-SL reacted only with the SL cells of B.
bayad. The distribution and localization of SL in this
species is similar to those in other teleosts [18,38-41].

The physiological function of SL is still unknown.
This hormone has been related to reproductive maturation,
calcium metabolism, stress, acid-base regulation, fat
metabolism, background adaptation and osmoregulation
[37,40,41]. The possible involvement of SL in gonadal
maturation was determined by correlating changes in cell
number and distribution, and intensity of staining (using
immunocytochemistry) with gonadal maturation and
spawning of Oncorhynchus nerka and O. Keta, Oreo-
chromis niloticus, Mugil cephalus and Latus niloticus
[18,40-42].

4.4. ACTH and a-MSH Cells

The ACTH cells of B. bayad were immunostainesd by an
antiserum against human ACTH, the same one used for
other teleost species [22-24,26,29]. This antiserum also
showed cross-reactivity with the MSH cells present in
the PI of these species and also in B. bayad as depicted
by our results. The family of proopiomelanocortin (POMC)-
derived hormones includes ACTH, MSH, p-endorphin
and LPH. These hormones proceeded from differential
processing of a common precursor molecule POMC and
the amino acidic sequence of a-MSH is identical to the
13 first amino acids of the ACTH molecule [43,44]. This
may account for the cross-reactivity observed in B. ba-
vad using anti-human ACTH.

The ACTH cells were located in the RPD, forming a
palisade between PRL cells and the branches of neurohy-
pophysial tissue. According to their locations, both
ACTH cells in the RPD and MSH cells in the PI stained
with lead hematoxylin (PbH") and were PAS-negative.
This result agrees with previous reports for other teleosts
and suggests that teleosts do not have the capacity to
glycosylate the precursor proopiomelanocortin [45].

Copyright © 2012 SciRes.

With respect to the melanotropic cells, immunocyto-
chemical studies have shown that a-MSH antiserum
specifically immunostained melanotropic (MSH) cells in
all the teleost species so far studied [19,21] including B.
bayad. In B. bayad the MSH cells distributed in the PI,
intermingled with SL cells. This is the typical distribution
for MSH and SL cells reported for other teleosts [6,8,20-
22]. However, in Solea senegalensis [46] and Thalassoma
duperry [31] MSH cells appear to surround the SL cells.

The physiological role of ACTH is the stimulation of
synthesis and release of cortisol from the inter-renal
tissue [47]. On the other hand, MSH has been related to
adaptation to a different background colour [48,49] and
also in stress response [26].

4.5. TSH and GTH Cells

The family of adenohypohyseal glycoprotein hormones
includes TSH and GTH. Both hormones have an identical
a-subunit but different S-subunit [4,50]. Thus, the use of
specific antiserum against S-subunit of TSH and GTH is
necessary for the specific immunocytochemical detection
of TSH or GTH cells. To our knowledge, there is no
specific antibody against the piscine f-subunit of TSH.
However, antiserum raised against human-f-TSH have
been demonstrated to cross-react selectively with the
TSH-producing cells of several teleost species [19,21],
although a weak immunoreactivity to this antiserum was
observed in the gonadotrophs of some teleosts [51,52]. In
our study, anti-human S-TSH showed a strong immuno-
reactivity with the gonadotrophs of B. bayad.

The present study showed that GTH 15 and GTH 11Ip
immunoreactivities were colocalized in the same cells in
the pituitary of B. bayad. Similarly, in Seriola dumerilii,
from which GTH I and GTH II have been obtained,
chum salmon SGTHI and AGTHII immunoreactivities
were colocalized in the same cells [19]. The use of
antisera against human-f-TSH and chum salmon p-
GTHs (GTH I and GTH II) on consecutive sections
showed that f-TSH and f-GTHs (GTH I and GTH 1)
immunoreactivities were colocalized in the same cells
located in PPD and PI in the pituitary of B. bayad. These
results suggest that GTH I, GTH II and TSH may be
synthesized in the same cells in the pituitary of B. bayad.
The distribution of GTH cells in B. bayad is similar to
that reported in other telesosts, the GTH cells being
located in the dorsal and ventral portions of PPD, as well
as were found around the PI of B. bayad [6,8,19-22].

Gonadotropin produced by gonadotrophs is most
closely associated with reproduction, stimulating steroid
production, uptake of vitellogenin, oocyte maturation
and ovulation, and spermiation [53-58]. Furthermore, [59]
added that FSH may trigger the female-to-male sex
change in Epinephelus merra.
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