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ABSTRACT: Pituitary gonadotropes were studied in the adult male sand goby (Oxyeleotris marmoratus) during
its annual reproductive cycle. Pituitary glands were taken from each of the 5 stages of testicular development:
resting, developing, mature, spawning and spent. The pituitary glands were processed for Masson’s trichrome
staining and immunocytochemistry using anti-chum salmon GTH Iβ and GTH IIβ antibodies. Most of the
basophils in the proximal par distalis showed immunoreactivity to GTH IIβ. No cell showed
immunoreactivity to GTH Iβ at any stage of testicular development. The number of GTH IIβ labeled cells
was relatively low in the resting stage (22.46 ± 4.34 cell/mm2) but significantly higher during the developing
stage (49.21 ± 7.71 cell/mm2) (P<0.05) compared to the resting stage. The number of immunoreactive cells
decreased during the mature stage (31.29 ± 7.23 cell/mm2) and was relatively constant in the spawning stage
(30.41 ± 2.56 cell/mm2) and spent stage (29.16 ± 2.21 cell/mm2). Based on the well known function of GTH,
the presence of only GTH IIβ but not GTH Iβ in the pituitary gonadotropes suggested the involvement of
GTH IIβ in spermatogenesis of the male sand goby. Moreover, the high number of GTH IIβ immunoreactive
cells during testicular developing stage correlated with the maturation of sperm further confirmed the role
of GTH IIβ in controlling cell proliferation during spermatogenesis.
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INTRODUCTION
The sand goby (Oxyeleotris marmoratus, Bleeker,
1852) is one of the most important freshwater Gobiidae
for commercial aquaculture in Asia due to its tender
flesh and good flavor. However, breeding and
production are very limited owing to a lack of
information concerning the regulation of its
reproductive cycle. The pituitary gland is directly
involved in controlling reproduction. It contains
gonadotropes, producing gonadotropin hormones,
that stimulate the growth and development of the ovary
and testis. Two gonadotropic cell types, producing two
chemically distinct gonadotropins, (GTH I and GTH II)
in the teleost are characterized in several fish, e.g.
chum salmon (Oncorhynchus keta)1,2,3, coho salmon
(Oncorhynchus kisutch)4 and Japanese eel (Anguilla
japonica) 5 . GTH I and GTH II are structurally
homologous to the tetrapod follicle stimulating
hormone (FSH) and luteinizing hormone (LH),

respectively1,2,4,6. It has been suggested that GTH I and
GTH II possess different functions; GTH I contributes
to early spermatogenesis and follicular growth, whereas
GTH II encourages the maturation of gametes and is
implicated in spermiation and ovulation6,7,8. Although,
the two distinct GTHs have been identified in several
fish, there are still a number of species, such as the
European eel (Anguilla anguilla)9, chinook salmon
(Oncorhynchus tschawytsha) 10, tilapia (Orechromis
mossambica)11, the African catfish (Larias gariepinus)12,13,
and female sand goby (Oxyeleotris marmoratus)14 in
which only GTH II has been identified. In the male sand
goby (Oxyeleotris marmoratus), the information on the
gonadotropic cell types and their function in relation
to reproductive cycle is still unavailable. Therefore,
this study aims to investigate the gonadotropic cell
types and the changes in the cell number of
gonadotropes during the annual reproductive cycle of
the male sand goby (Oxyeleotris marmoratus). This study
will provide an understanding in the role of the two
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GTHs in the endocrine regulation of the reproductive
cycle of the male sand goby.

MATERIALS AND METHODS
Tissue Preparation and Ordinary Histology
Six male, 20-28 cm long, sand gobies (Oxyeleotris
marmoratus) were collected each month from natural
freshwater marshes at Pattani Provice, Southern
Thailand between March 2003 and March 2004. The
pituitary glands were removed, fixed in 10% formalin
for preservation and processed for paraffin embedding.
The glands were divided into 5 groups according to the
stage of testicular development: resting, developing,
mature, spawning and spent15. Deparaffinized mid
sagittal pituitary sections were stained with Masson’s
trichrome staining which has been shown to stain
gonadotropes and thyrotropes with aniline blue16.
Antibodies and Immunocytochemistry
The antisera used in these studies were anti-chum
salmon GTH Iβ and GTH IIβ, which were kindly given
by Professor H. Kawaushi (School of Fisheries Science,
Kitasato University, Iwate, Japan). The specificity of
these antisera were proven for immunochemical
detection of the GTH I and GTH II gonadotropes in
several fish, e. g. Pejerrey (Odontestes bonariensis)17 and
Nile Tilapia (Oreochromis niloticus)18. The origin and
characteristics of these antisera have been described
previously1,2.
The sections were deparaffinized, rehydrated and
incubated sequentially with 0.3% Triton X-100 in
phosphate buffered saline (PBS: 0.14 M NaCl, 0.01
phosphate buffer) pH 7.4 (30 min), 3% H2O2 in methanol
(30 min), 10% normal goat serum (Vector Laboratories,
Burlingame, USA) in PBS (60 min), and finally with the
anti-chum salmon GTH-Iβ or anti-chum salmon GTHIIβ at dilutions of 1: 500, 1: 1000, 1: 2000, 1: 4000, 1:
6000, 1: 8000, 1: 10000, 1: 15000, 1: 20000 in PBS
overnight at 4 oC. The sections were then rinsed with
PBS and incubated with the biotinylated secondary
anti-rabbit IgG (Vector Laboratories), at a dilution of
1: 200 in PBS for 2 hours at room temperature. After
three rinses, the avidin-biotin–peroxidase complexes
were constructed using ABC reagent (Vector
laboratories) and visualized using the chromogen-based
system, diaminobenzidene (DAB). A negative control
was performed by omitting the primary antibodies. A
positive control was performed under the same staining
condition with Wistar rat’s pituitary gland sections.
Pars distalis of rat’s pituitary gland is known to contain
both FSH and LH gonadotrophs19,20,21. Finally, the
sections were counterstained with hematoxylin,
dehydrated in a graded series of alcohol, cleared in
xylene and mounted with DPX. Images were captured

with an Olympus DP11 digital camera and image files
were processed using Microimage software (Olympus).
Counting of Immunostained Cells
The number of immunostained cells per mm2 in
each group was calculated as followed: six pituitary
glands from each testicular stage (total 30 glands) were
randomly selected. Ten sections of each gland were
systematically selected22. Pictures of the proximal par
distalis (PPD) of each section were taken by using an
Olympus DP11 digital camera. The number of
immunostained cells were counted and the area of
sections examined was estimated by Microimage
analysis software (Olympus). The results were expressed
as mean± S.E of immunostained cells per mm2.
Data Analysis
Statistical analysis was performed by one way
ANOVA and Least-Significant Difference (LSD) for post
hoc analyses, to compare the number of immunostained
cell/ mm2 in the pituitary glands of the five different
testicular stages. Statistical significance was determined
at a value of P<0.05.

RESULTS
Gross Morphology of the Male Sand Gobies
(Oxyeleotris marmoratus) Pituitary Gland
The pituitary gland of sand gobies consisted of the
adenohypophysis and the neurohypophysis. The
adenohypophysis was divided into three regions: the
rostral pars distalis (RPD), the proximal par distalis
(PPD) and the pars intermedia (PI). The rostral pars
distalis was separated from the rest of the pituitary
gland by a distinct circumferential constriction (Fig. 1a
and b). A considerable increase in the size of the PPD
was observed in the developing stage compared with
the resting stage (Fig. 1a and b). The PPD size then
gradually reduced through the mature, spawning and
spent stages. However, the average weight of the
pituitary gland in each stage of reproductive cycle was
not significantly different (resting: 0.72± 0.26 mg,
developing: 0.75±0.46 mg, mature: 0.71±0.34 mg,
spawning: 0.67±0.40 mg and spent: 0.65±0.42 mg). All
stages were found throughout the year, except for
November, when only the spawning stage was
identified.
Identification of Cell T
ypes in Pituitar
Types
Pituitaryy Gland of
Male Sand Gobies
The overall histological structure of the pituitary
gland was shown in Fig. 2. In the RPD, acidophils formed
the major component, whereas the PPD consisted of
two cell types: acidophils and basophils (Fig. 2b and c).
Basophils which appeared to be homologous to the
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Fig 1. Pituitary gland of male sand gobies, showing a considerable increase in size of the PPD in the developing stage (b)
compared with the resting stage (a).
RPD: Rostral pars distalis; PPD: Proximal pars distalis; PI: Pars intermedia.

Fig 2. (a) Mid sagittal sections of the male sand goby’s pituitary gland, stained with Masson’s trichrome, showing the cellular
composition of the pituitary gland in the developing stage. Insets of higher magnification of acidophils (b) and basophils
(c). RPD: Rostral pars distalis; PPD: Proximal pars distalis; PN: Pars nervosa, PI: Pars intermedia.
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Fig 3. Mid sagittal sections of the sand goby’s pituitary gland, stained with Masson’s trichrome, showing a considerable increase
in number of basophils (blue cytoplasm) in the PPD in the developing stage (b) compared with resting stage (a). RPD:
Rostral pars distalis; PPD: Proximal pars distalis.

Fig 4. Mid sagittal sections of the male sand goby’s pituitary
gland, adjacent to Masson’s trichrome stained sections,
stained with anti-GTH IIβ antibody showing an intense
immunoreactivity (brown color) in the cytoplasm of
gonadotropes in the PPD region of resting (a), developing (b), mature (c), spawning (d) and spent (e) stages.
PPD: Proximal pars distalis.
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somatotrope and gonadotrope described in other
teleostes16, 23 were observed mainly in the PPD. Most of
the cells in PI showed clear cytoplasm. A considerable
increase in the number of basophils in the PPD was
observed in the developing stage compared with the
resting stage (Fig. 3a and b) whereas the number of
basophils gradually reduced through the mature,
spawning and spent stages. It was noticed that vacuoles
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Fig 5. The number of anti-GTH IIβ labeling gonadotropes/
mm2 in the PPD of the male sand goby pituitary gland
at different maturity stages of the testis. N=6, one way
ANOVA and Least-Significant Difference (LSD) for post
hoc analyses, *denotes significant difference between two
groups.

appeared in the basophils of all stages. However, these
vacuoles appeared more in the developing and mature
stages than in the resting, spawning and spent stages.
The neurohypophysis, pars nervosa (PN) had an
intrusive structure into the adenohypophysis (Fig. 2a).
Immunocytochemistry
Immunoreactivity of anti–GTH IIβ antibody was
detected on most of the basophils. The optimal dilution
of GTH IIβ antiserum was 1:8,000. Gonadotropes
intensely reactive with anti-GTH IIβ antibody were
found in the PPD of the pituitary gland in all stages (Fig.
4a-e). In the resting stage, the number of anti-GTH IIβ
labeled gonadotropes was relatively lower than in other
testicular stages (22.46 + 4.34 cell/mm2). In the
developing stage, the number of labeled gonadotropes
significantly increased (49.21 + 7.71 cell/mm2) (P<0.05),
whereas in the mature stage (31.29+ 7.23 cell/mm2),
they decreased. The number of immunoreactive
gonadotropes in the spawning (30.41 + 2.56 cell/mm2)
and spent (29.16 + 2.21 cell/mm2) stages significantly
reduced compared with the developing stage (P<0.05)
(Fig. 5). Treatment with anti–GTH Iβ antibody revealed
minimal staining in any stage of testicular development
and at any dilution of anti–GTH Iβ antiserum (Fig. 6a-

Fig 6. Mid sagittal sections of the male sand goby’s pituitary
gland, adjacent to the anti-GTH IIβ treated sections,
exposed to anti-GTH Iβ antibody showing minimal
immunoreactivity detected in the cytoplasm of
gonadotropes and other cells in the resting (a),
developing (b), mature (c), spawning (d) and spent (e)
stages.
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e). No immunoreactivity was found in the negative
control sections (data not shown). Negative staining of
anti-GTH Iβ was not a false negative result, as this
antibody was still able to label gonadotropes in the rat
pituitary gland (positive control sections) (Fig. 7 a and
b).

DISCUSSION
This study showed that the change of PPD at each
testicular stage correlated with the testicular
development in which a change of basophils in the PPD
was clearly found (Fig. 3a and b). In a teleost (Rhamdia
hilarii Val.) and indian freshwater major carp (Cirrhinus
mrigala), basophilic cells, considered to be
gonadotropes, discharge their contents and become
increasingly vacuolated during the mature gonadal
stage24,25. A similar characteristic was also found in the
sand goby in which more vacuoles appeared in the
developing and mature stages than in the resting,
spawning and spent stages. After treating with antiGTH IIβ antibody, intensely labeled gonadotropes were
found and formed the major component in the PPD of
the pituitary gland at all stages. Treating with anti-GTH
Iβ antibody, on the other hand, showed no labeled
gonadotropes at any stage of testicular development.
Similar results have also been found in other teleosts
such as European eel (Anguilla anguilla)9, chinook
salmon (Oncorhynchus tschawytsha)10, tilapia, (Orechromis
mossambica)11, African catfish (Larias gariepinus)13 as
well as female sand goby (Oxyeleotris marmoratus)14.
This indicates that only GTH IIβ but not GTH Iβ may be
involved in testicular development in many teleost
species including sand gobies. The changes observed
in the number of anti-GTH IIβ labeled gonadotropes
correlated with the work previously reported by
Suwanjarat et al.15 on testicular development in male
sand goby (Oxyeleotris marmoratus). In the resting stage,

ScienceAsia 32 (2006)

only early developing germ cells were found in the
testis corresponding with the low number of the antiGTH IIβ labeled gonadotropes found in pituitary gland,
as reported herein (Fig. 5). In the developing stage, the
number of anti-GTH IIβ labeled gonadotropes greatly
increased and there was also a considerable increase
in mature sperm. The number of GTH IIβ labeled
gonadotropes reduced in the mature stage when the
quantities of mature sperm were high. This may be due
to the anti-GTH IIβ labeled gonadotropes exerting their
activity on immature sperm, which were abundant in
the developing stage, to become mature sperm. The
number of anti-GTH IIβ labeled gonadotropes was
relatively constant in the spawning and spent stage
where a considerable reduction in the number of mature
sperm was observed. Thus, these findings suggest that
GTH II plays an important role in mediating sperm
maturation. It has been shown that GHT II regulates
spermatogenesis by activating receptors expressed by
Leydig cells and the main biological activity of GTH II
is to regulate Leydig-cell steroid production. The steroid
is required for spermatogenesis26. While GTH II has
been identified in some fish, e.g., chum salmon
(Oncorhynchus keta)1,2,3, coho salmon (Oncorhynchus
kisutch)4 and Japanese eel (Anguilla japonica)5 and its
role in regulating reproduction has been well known,
a specific role for GTH I in fish spermatogenesis has not
been established27. For further studies, in order to
confirm the findings on gonadotropic cell types and
their activity during reproductive cycle, the
immunogold labeling method for electron microscopy
should provide better qualitative data.
In summary, the present results showed that only a
single type of gonadotrope was present in the male
sand goby (Oxyeleotris marmoratus), namely the antiGTH IIβ labeling gonadotrope. This gonadotrope
increased in cell number that correlated with sperm
maturity, suggesting that GTH II may regulate

Fig 7. Sagittal sections of the Wistar rat’s pituitary glands (a) stained with anti-GTH Iβ antibody and (b) stained with anti-GTH
IIβ antibody showing immunoreactivity (brown color) in the cytoplasm of gonadotropes in the PPD region.
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downstream hormonal functions required for
spermatogenesis. Further investigation should be
performed to gain more knowledge about GTH
function, prior to the hormonal application for
increasing breeding and production.

ACKNOWLEDGEMENTS
We thank Prof. H. Kawauchi (Kitasato University,
Japan) for the donation of anti-chum salmon GTH Iβ
and GTH IIβ antisera and Prof. Brian Hodgson editing
the English language. This study was supported by the
Department of Anatomy, Faculty of Science, Prince of
Songkla University.

REFERENCES
1. Suzuki K, Kawauchi H and Nagahama Y (1988a) Isolation
and characterization of two distinct gonadotropins from
chum salmon pituitary glands. Gen Comp Endocrinol 71
71, 292301.
2. Suzuki K, Kawauchi H and Nagahama Y (1988b) Isolation
and characterization of subunits from two distinct salmon
gonadotropins. Gen Comp Endocrinol 71
71, 302-6.
3. Kawauchi H, Suzuki K, Itoh H, Swanson P, Naito N,
Nagahama Y, Nozaki M and Nakai Y, et al (1989) The duality
of teleost gonadotropins. Fish Physiol Biochem 7 , 29-38.
4. Swanson P, Suzuki K, Kawauchi H and Dickhoff WW (1991)
Isolation and characterization of two coho salmon
gonadotropins, GTH I and GTH II. Biol Reprod 44
44, 29-38.
5. Yoshiura M, Suetake H and Aida K (1999) Duality of
gonadotropin in a primitive teleost, Japanase Eel (Anguilla
japonica). Gen Comp Endocrinol 114
114, 121-31.
6. Suzuki K, Nagahama Y and Kawauchi H (1988c)
Steroidigenic activities of two distinct salmon gonadotropins.
Gen Comp Endocrinol 71
71, 452-8.
7. Tyler CR, Sumpter JP, Kawauchi H and Swanson P (1991)
Involvement of gonadotropin in the uptake of vitellogenic
into vitellogenic oocytes of the rainbow trout, Oncorhynchus
mykiss. Gen Comp Endocrinol 84
84, 291-9.
8. Planas JV, Swanson P and Dickhoff WW (1993) Regulation
of testicular steroid production in vitro by gonadotropins
(GTHI and GHTII) and cyclic AMP in coho salmon
(Oncorhynchus kisutch). Gen Comp Endocrinol 91
91, 8-24.
9. Querat B, Moumni M, Jutisz M, Fontaine YA and Counis R
(1990) Molecular cloning and sequence analysis of the cDNA
for the putative b subunit of the type-II gonadotropin from
the European eel. J Mol Endocrinol 4 , 257-64.
10. Breton B, Purnet P and Reinaud P (1978) Sexual difference
in salmon gonadotroph. Annual Biol. Animal Biochem. Biophys
18
18, 739-65.
11. Farmer SW and Papkoff H (1977) A teleost (Tilapia
mossambica) gonadotropin that resembles luteinizing
20, 1227-32.
hormone. Life Sci 20
12. Koide Y, Noso T, Schouten G, Bogerd J, Peute J, Zandbergen
M.A, Schulz RW and Kawauchi H (1992) Maturational
gonadotropin from the African catfish, Clarias gariepinus:
Purification, characterization, localization, and biological
activity. Gen Comp Endocrinol 87
87, 327-41.
13. Schulz RW, Zandbergen MA, Peute J, Bogerd J, van Dijk W
and Goos HJ (1997) Pituitary gonadotrophs are strongly
activated at the beginning of spermatogenesis in African
catfish, Clarias gariepinus. Biol Reprod 57
57, 139-47.

343

14. Vongvatcharanon U, Kirirat P, Suwanjarat J and Boonyoung
P (2005) Alteration of gonadotrophs in the pituitary gland
during the annual reproductive cycle of the adult female
sand goby (Oxyeleotris marmoratus). Songklanakarin J Sci
Technol 27 (suppl 1)
1), 437-45.
15. Suwanjarat J, Amornsakun T, Thongboon L and Boonyoung
P (2005) Seasonnal changes and spermatogenesis in the
male sand goby (Oxyeleotris marmoratus) Bleeker, 1852
(Teleostei Gobiidae). Songklanak J Sci Technol 27 (suppl 1)
1),
425-36.
16. Shimizu A, Tanaka H and Kagawa H (2003)
Immunocytochemical applications of specific antisera raised
against synthetic fragment peptide of mummichog GtH
subunits: examining seasonal variations of gonadotrophs
(FSH cells and LH cells) in the mumichog and applications
to other acanthopterygian fishes. Gen Comp Endo 132
132, 3545.
17. Miranda LA, Strussmann CA and Somaza GM (2001)
Immunocytochemical identification of GtH1 and GtH2 cells
during the temperature-sensitive period for sex determination
in Pejerrey, Odontesthes bonariensis. Gen Comp Endocrinol 124
124,
45-52.
18. Mousa SA and Mousa MA (1999) Immunocytochemical and
histological studies on the hypophyseal-gonadal system in
the freshwater Nile Tilapia, Oreochromis niloticus (L), during
sexual maturation and spawning in different habitats. J Exp
Zool 284, 343-54.
19. Kerdelhue B, Jutisz M, Gillessen D and Studer RO (1973)
Ontention of antisera against a hypothalamic decapetide
(luteinizing hormone/follicle stimulating hormone releasing
hormone) which stimulates the release of pituitary
gonadotropins and development of its radioimmunoassay.
Biochim Biophy Acta 297
297, 540-8.
20. Hall TR and Meites J (1982) Effects of monoaminergic and
cholinergic drugs on release of follicle stimulating hormone
from co-incubated pituitary glands and hypothalami. Gen
13, 327-31.
Pharmacol 13
21. Marta EA (1987) Effect of serotonin on the basal and
gonadotrophin-releasing hormone-induced release of
luteinizing hormone from rat pituitary glands in vitro. Life
Sciences 41, 2029-76.
22. Mayhew TM (1991) The new stereological methods for
interpreting functional morphology from slices of cells and
organs. Exp Physiol 76
76, 639-65.
23. Yan HY and Thomas P (1991) Histochemical and
immunocytochemical identification of the pituitary cell types
in three sciaenid fishes: Atlantic croaker (Micropogonias
undulatus), spotted seatrout (Cynoscion nebulosus), and red
drum (Sciaenops ocellatus). Gen Comp Endo 84
84, 389-400.
24. Val-Sella MV and Sesso A (1980) Thin section and freeze
fracture studies of the hypophyseal proximal pars distalis in
a teleost (Rhamdia Hilarii Val.) during different stages of the
reproductive cycle. Cell Tissue Res 208
208, 433-44.
25. Moitra SK and Sarkar SK (1976) Seasonal variations in the
histology of the pituitary gland of Cirrhinus mrigala (Ham.)
an Indian freshwater major carp, in relation to gonadal
activity. Z Mikrosk Anat Forsch 90
90, 154-74.
26. Miwa SL, Yan G and Swanson P (1994) Localization of two
gonadotropin receptors in the salmon gonad by in vitro
ligan autoradiography. Biol Repro 50
50, 629-42.
27. Schulz RW, Vischer HF, Cavaco J, Santos EM, Tyler CR, Goos
HJTh and Bogerd J (2001) Gonadotropins, their receptors,
and the regulation of testicular functions in the fish. Comp
Biochem Physio 129
129, 407-17.

