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Abstract

In an ultrastructural immunocytochemical study we investigated the development of the gonadotropic cells
in the pituitary of two to six months old male African catfish in relation to testicular development. In this peri-
od, pituitary and testicular tissue samples were collected on five occasions (groups I-V). Blood samples could
only be taken from the fish in groups III-V. The testicular development was divided in three stages i.e., im-
mature (only spermatogonia, group I), early (spermatogonia and spermatocytes, groups II and III) and ad-
vanced (all germ cell stages including spermatozoa, groups IV and V) spermatogenesis. 11-Ketotestosterone
blood levels were low, except for the last group. Antisera were raised against the complete catfish a,/3GTH-II,
as well as to the separate a- and f-subunits of catfish GTH-II. In the proximal pars distalis of immature fish,
undifferentiated cells, somatotrops, putative thyrotrops (pTSH) and putative gonadotrops (pGTH) were
found. In the two latter, secretory granules were labeled with anti-acGTH, but not with anti-OGTH-II. pTSH-
and pGTH-cells were distinguished on the basis of the size of their secretory granules. During early spermato-
genesis, two classes of putative gonadotrops could be distinguished. One type had the same im-
munocytochemical and ultrastructural characteristics as in immature fish; the secretory granules in the second
cell type, which was more abundant, were also immunopositive for anti-OGTH-II. The mean volume of the
secretory granules in these GTH-II cells was three times larger than that in the early appearing pGTH-cells.
In addition, the later appearing GTH-II cells contained large inclusions, known as globules. These structures
labeled with anti-a/3GTH-II and with anti-OGTH-II, but not with anti-oaGTH. It is assumed that the globules
are involved in a differential storage and/or breakdown of the GTH-II subunits. During advanced spermato-
genesis the two gonadotropic cell types could still be distinguished, but the early appearing pGTH-cell type
was scarce. The present observations permit the conclusion that the early appearing cells may be GTH-I cells.
However, definitive proof about their identity depends on the availability of antibodies or cDNA probes
specific for GTH-I.

Resume

A l'aide d'une etude d'immunocytochimie ultrastructurale, nous avons suivi chez le poisson chat africain
male ge de 2 a 6 mois le developpement des cellules gonadotropes hypophysaires en relation avec celui des
testicules. Pendant cette periode, 5 prelevements hypophysaires et testiculaires ont ete effectues (groupe I-V)
alors que les prelevements sanguins n'ont pu etre pratiques que dans les groupes III-V. Le developpement
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testiculaire a t6 divis6 en 3 stades c'est A dire immature (spermatogonies seulement, groupe I), debut de sper-
matogenese (spermatogonies et spermatocytes, groupe II et III), spermatogense avance (tous les stades de
cellules germinales incluant les spermatozoides, groupe IV et V). Les niveaux sanguins en 1 l-ketotestosterone
6taient bas except dans le dernier groupe. Des anticorps ont t6 fabriqu6s contre l'a,OSGtH-II et les sous-
unites a et de GtH-II de poisson chat. Dans la partie proximale distale de l'hypophyse du poisson immature,
des cellules indiff6rencies, des cellules somatotropes, des cellules putatives thyrotropes (pTSH) et gonado-
tropes (pGtH) ont 6t6 trouv6es. Dans les deux derniers types cellulaires, des granules de s6cr6tion ont t6 mar-
qu6s avec l'anti-aGtH mais pas avec l'anti/-GtHII. Les cellules pr6sum6es a TSH et GtH ont et6 distingu6es
par la taille des granules de scr6tion. Pendant le debut de la spermatogenese, 2 classes de cellules gonado-
tropes putatives ont pu etre distingu6es. Un type a les memes caract6ristiques immunocytochimiques et ultras-
tructurales que chez les immatures; les granules de s6cr6tion dans le second type cellulaire, qui 6tait plus abon-
dant, rpondaient aussi immunopositivement a l'anti-/GtHII. Le volume moyen des granules de scr6tion
de ces cellules A GtHII tait 3 fois sup6rieur A celui des cellules putatives A GtH apparaissant t6t. De plus,
les cellules A GtHII apparaissant tardivement contiennent de grandes inclusions, connues sous le nom de glob-
ules. Ces structures 6taient marquees avec l'anti-a3GtHII et avec l'anti-/GtHII, mais pas avec l'anti-ceGtH.
II a 6t6 suppose que les globules sont impliqu6s dans un stockage diff6rentiel et/ou destruction des sous-unites
de GthII. Pendant les stades plus avanc6s de la spermatogenese les 2 types gonadotropes pouvaient encore
etre distingu6s, mais les cellules putatives a GtH apparaissant t6t taient rares. Les pr6sentes observations
permettent de supposer que les cellules a GtH apparaissant t6t peuvent etre des cellules A GtHI. Cependant,
la preuve definitive de leur identity depend de la disponibilit6 d'anti-GtHI ou de cDNAs sp6cifiques de la
GtHI.

Introduction

It is now firmly established that in several salmonid
species, in carp and in tuna two chemically distinct
GTHs, GTH-I and GTH-II, are synthetized in the
pituitary (Kawauchi et al. 1986; Ando and Ishii
1988; Suzuki et al. 1988 a,b; Chang et al. 1990). The
question is raised whether these two hormones are
synthetized and secreted by two gonadotropic cell
types. With specific antibodies to the subunit of
GTH-I and GTH-II respectively, two GTH-cell
types were localized in the salmonid pituitary at the
light microscopic level Nozaki et al. 1990a; Naito et
al. 1991).

In a review on the cellular origin of pituitary
gonadotropins, Van Oordt and Peute (1983) dis-
cussed that, at least in adult teleosts, only one
GTH-cell type may be responsible for the produc-
tion of gonadotropin. As for adult African catfish,
Clarias gariepinus, in fact only one GTH-cell type
was and is observed in ultrastructural and im-
munocytochemical studies (Peute et al. 1984,
1986). Recently, however, the separate a- and -
subunits of catfish GTH-II have become available

(Koide et al. 1992) and were used to generate an-
tisera.

The aim of the present study was the im-
munocytochemical re-examination of the GTH-
cells in the catfish pituitary, using these GTH-II
subunit specific antisera. A stereological analysis of
the secretory granules in the GTH-cells is included.
In order to account for possible changes in the
gonadotropes' population, pituitaries were exa-
mined at different stages of testicular development
during ontogenesis. Testis development was moni-
tored by histological analysis of the spermatogenet-
ic stages and by quantification of a major andro-
gen, 11-ketotestosterone, in the blood samples.

Materials and methods

Experimental animals

African catfish, Clarias gariepinus, were reared in
the laboratory. For the present study, males were
sampled on five occasions (between two and six
months after hatching). The grouping was based on
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the testicular histology: immature (group I: only
spermatogonia), early spermatogenesis (groups II
and III: spermatogonia and spermatocytes) and ad-
vanced spermatogenesis (groups IV and V: all
stages, including spermatozoa; in group V the num-
ber of spermatozoa was higher). The sper-
matogenetic stages were determined at the light
microscopical level and based on a study by Van
den Hurk et al. (1989).

Fixation and immunocytochemistry

The fish were decapitated and the pituitaries were
removed, fixed and Epon-embedded (Peute et al.
1986). Ultrathin sections were treated with 10%
hydrogen peroxide for 10 min and rinsed in distilled
water. Subsequently, the grids were placed for 10
min on droplets containing a mixture of Tris-buffer
(20 mM Tris and 130 mM NaCl, pH 8.2) and 50 mM
glycine, to block free aldehyde groups in the tissue.
The grids were then transferred to droplets of Tris-
buffer + 0.2% teleostean gelatin (Sigma, St. Louis,
Mo. USA) for 3 x 5 min and incubated for 2h on
droplets of primary antiserum. The primary an-
tisera, raised in rabbit, were used in the following
dilutions: anti-catfish somatotropin (1:2000); anti-
catfish a,j3 GTH-II (1:1000 or 1:5000), anti-catfish
aGTH (1:1000 or 1:2000), anti-catfish GTH-II
(1:1000 or 1:4000). Primary antibodies were visual-
ized using goat anti-rabbit (GAR) gold 10 nm
(Aurion, Wageningen, The Netherlands), as
described by Zandbergen et al. (1992). The sections
were stained with uranylacetate and leadcitrate and
examined in a Zeiss EM 109.

Stereological analysis

Electron micrographs (from GTH-cells of animals
during early and advanced spermatogenesis) were
digitized and analysed in a quantitative image
analyser (IBAS, Kontron). Profiles of secretion
granules were automatically discriminated and
identified based on their grey value in the digitized
image. An user edit step allowed the removal of er-
roneously identified structures such as mitochon-

Fig. 1. Diagram showing the point-sampling of linear intercept
lengths (Lo). Only intercepts through random points hitting a
granule profile are measured. This diagram is derived from Fig.
7.

dria. Subsequently, the volume-weighted mean
volume of the secretory granules was determined by
point-sampling of linear intercept lengths (Gunder-
son and Jensen 1985). The advantage of this
method, compared to classical morphometric tech-
niques (Weibel 1979), is the complete absence of as-
sumptions about the shape of the particles. A regu-
lar grid of test points was randomly projected on
each photograph. For profiles hit by a test point the
length (Lo) of the intercept through the point was
measured (Fig. 1). Since all profiles were convex, an
unbiased estimate of the volume weighted mean
volume of the granules is given by

(v= , 3 o

(Gundersen and Jensen 1985), resulting in a volume
estimate per photograph. Each electron micro-
graph was measured 10 times, with random posi-
tions of the test grid; the mean of the estimates per



Fig. 2 .  Cells in the proximal pars distalis (PPD) from immature male. STH somatotrop, pGTH putative gonadotrop (X 10,200). 
Fig. 3. PPD from immature male: secretory granules of somatotrop labeled with anti-STH; the granules of the putative gonadotrop 
(pGTH) are negative ( x  44,200). 
Fig. 4. PPD from immature male: a putative thyrotrop (pTSH), surrounded by STH-cells ( X  10,200). 
Fig. 5. Detail from Fig. 4: heterogeneous population of secretory granules in pTSH-cell, which are immunoreactive for the a-subunit 
of GTH ( x  44,200). 
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photo were used to calculate the mean volume of
the granules per GTH-cell type. The coefficient of
variation for the mean volume estimate over the ten
replications per micrograph was on the average
15%. A further increase in the number of replica-
tions did not reduce this variation.

Statistics

Differences in mean granule volume for three tissue
blocks (i.e., three animals) of GTH-II cells (group
V of advanced spermatogenesis) were tested with
one-way analysis of variance. Since no statistically
significant differences were found between these
blocks, the data of different blocks were pooled in
further analysis. Differences in the mean granule
volume between the two GTH-cell types and be-
tween the stages of spermatogenesis were tested
with a two-way analysis of variance. Statistical sig-
nificance was accepted at p < 0.05.

Steroid measurements

11 -Ketotestosterone (11-KT) levels in blood serum
were quantified by a specific radioimmunoassay
(RIA). Zero point two to zero point five ml of
blood serum was extracted twice with 4-5 ml of
ether. The combined ether phases were evaporated.
The dry residues were taken up in RIA-buffer and
were used for 11-KT quantification (Schulz 1984).
The assay procedure was evaluated for catfish se-
rum as described by Schulz et al. (1993).

Results

In the proximal pars distalis (PPD) of pituitaries
from immature animals (group I), undifferentiated
cells and three morphologically distinct granulated
cell types were observed. The secretory granules in
one cell type labeled with anti-catfish somatotropin
and not with the antisera raised against the GTH-
subunits (Fig. 3). These granules were strongly elec-
tron dense and mostly round or elongated (Figs. 2
and 3). This cell type is identified as the somato-
tropic cells.

The secretory granules in the two other cell types
were less electron dense and labeled with anti-
aGTH (1:1000) and anti-aoGTH-II (1:1000), but
not with anti-OGTH-II (1:1000). One of these
caGTH-positive cell types contained a heterogene-
ous granule population (Figs. 4 and 5) and will be
referred to as putative TSH cells. The secretory
granules in the other aGTH-positive cell type were
uniform (Fig. 6). This latter cell type will be
referred to as the putative GTH-I cells.

During early spermatogenesis (groups II and III)
a fourth granulated cell type appeared in the PPD,
in which the secretory granules were also less elec-
tron dense and uniform. The granules were im-
munopositive for anti-oaGTH (1:2000), anti-
ce/GTH-II (1 :5000) and anti-OGTH-II (1:4000, Fig.
7) and can therefore be identified as GTH-II cells.
In addition, these cells occasionally contained large
globular inclusions. The GTH-II cells were more
abundant than the pGTH-I cells.

During advanced spermatogenesis (groups IV
and V) the PPD contained the same four secretory
cell types as described above. However, the pGTH-
I cells became progressively scarce. Globular inclu-
sions were now regularly found in the GTH-II cells.
These globules labeled with anti-a3GTH-II and
with anti-I3GTH-II (Fig. 8), but they were im-
munonegative for anti-acGTH (Fig. 9).

The results of the stereological analysis of the
mean volume of the secretory granules in the puta-
tive GTH-I cells and the GTH-II cells are summa-
rized in Table 1. Two-way analysis of variance of
mean volume between GTH cell types and between
spermatogenetic stages showed a statistically sig-
nificant difference between GTH cell types (p =
0.022), but not between spermatogenetic stages.
The mean volume of the secretory granules in the
GTH-II cells is approximately three times larger
than that in the putative GTH-I cells. When the
volume equivalent diameter is calculated from the
mean volume per electron micrograph, the mean
granule diameter in pGTH-I and GTH-II cells is
2.61 and 3.69 nm, respectively (two-way ANOVA,
p = 0.001).



Fig. 6. Immature male: homogeneous population of secretory granules in putative GTH-I cell, immunoreactive for aGTH ( x  44,200). 
Fig. 7. Early spermatogenesis: PGTH-I1 positive secretory granules in GTH-I1 cell ( X  44,200). 
Fig. 8. GTH-I1 cell at advanced spermatogenesis: both the secretory granules (sg) and the globules (Gl) are immunopositive for PGTH-I1 
( x  44,200). 
Fig. 9. GTH-I1 cell at advanced spermatogenesis: note that the secretory granules (sg) are immunopositive for aGTH, whereas the glob- 
ule (GI) is not labeled ( x  44,200). 
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Fig. 10. Blood I 1-ketotestosterone (11-KT) levels (mean 
SEM; the number of samples analysed is given in parenthesis) at
different stages of testicular development. Groups marked with
the same underscore are not significantly different (Student's
t-test).

Table 1. Mean volume and standard deviation (SD) of secretory
granules in two types of GTH-cells (in nm 3 x 106)

Number of Mean SD
photos

pGTH-I 7 9.68 3.69
early 4 9.98 4.22
advanced 3 9.28 3.71

GTH-II 23 28.53 16.50
early 5 20.38 6.46
advanced 18 30.79 17.82

Steroid measurements

No blood could be collected from fish of groups I
and II. Plasma 11 l-KT levels were below 2 ng/ml
during early spermatogenesis (group III) and in
group IV of advanced spermatogenesis (Fig. 10). A
significant 4-fold increase was recorded in group V,
which showed a higher number of spermatozoa
than group IV.

Discussion

In the PPD of immature male African catfish two
cell types shared the immunopositive reaction of
their secretory granules with anti-aGTH and anti-

aIoGTH-II, and the absence of labeling with anti-
fGTH-II. Since the a subunits of thyrotropin
(TSH) and gonadotropin are similar (Burzawa-
Gerard 1974), this immunolabeling does not permit
to distinguish between TSH and GTH cells.
However, the morphological differences between
the two cell types, mainly reflected by their size and
by the type of secretory granules, allow their iden-
tification. The cells with the heterogeneous granule
population represent the smallest secretory cells
and resemble the small and angular TSH cells as ob-
served in the PPD of adult African catfish (Peute
et al. 1984). Thus, the third cell type in the PPD of
immature fish is a putative GTH cell, not only since
their secretory granules are immunopositive for
anti-caGTH and anti-a/3GTH-II, but also with
regard to their general ultrastructure. Based on the
size of their secretory granules, the absence of anti-
/OGTH-II labeling and the time of appearance, these
cells in the catfish pituitary strongly resemble the
GTH-I cells as described in the salmonid pituitary
by Kawauchi et al. (1989). Functionally, this cell
type has been related to the earlier stages of sper-
matogenesis and vitellogenesis in salmonids
(Nozaki et al. 1990b; Naito et al. 1991). In addition,
GTH-I was the main gonadotropin in blood plasma
of juvenile coho salmon (Swanson et al. 1989). In
the catfish pituitary these putative GTH-I cells were
only observed during the spermatogenetic develop-
ment in pre-adult fish.

At the time of early spermatogenesis (spermato-
cytes, groups II and III), a second gonadotropic cell
type appeared. In contrast to the granules of the
pGTH-I cells, their secretory granules were specifi-
cally labeled with anti-OGTH-II and these cells may
thus be regarded as the GTH-II cells. A similar cell
type was observed in the salmonid pituitary after
the onset of spermatogenesis until the spawning
period (Kawauchi et al. 1989). Both in the
salmonids and in the African catfish, these cells in-
crease in number during the course of spermatogen-
esis. In the adult catfish, reared under laboratory
conditions, only the GTH-II cell type has been en-
countered (Peute et al. 1984). Since the hormone
produced by the GTH-II cells is primarily involved
in the later stages of gonadal maturation (Swanson
et al. 1989; Nozaki et al. 1990b), further studies are
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necessary to elucidate the fate of the GTH-I cells in
fish pituitaries, not only during the first but also in
following reproductive cycles.

To determine the mean volume of the secretory
granules in the two GTH cell types, point sampling
of linear intercept lengths was used (Gundersen and
Jensen 1985). Based on this stereological analysis,
it appears that the mean volume of GTH-II gran-
ules is about three times larger than the volume of
the granules in the pGTH-I cells (Table 1), implying
a larger storage capacity of the GTH-II granules.

Apart from the secretory granules the GTH-II
cells contained some large globules. A new and in-
teresting observation is the presence of aoGTH in
granules but its absence in globules, whereas
/GTH-II is present both in granules and in globules
(see also Naito and Nakai 1993). Since globules were
shown to contain lytic enzymes as well (Peute et al.
1987), this phenomenon may be interpreted in
terms of differential storage and/or breakdown of
the GTH-II a- and -subunits.

I 1-Ketotestosterone (11-KT) is produced by the
catfish testis (Schoonen and Lambert 1986) and was
also detected in the blood of mature male catfish
(Vermeulen et al. 1991). 11-KT blood levels in-
crease after GnRH-induced elevation of plasma
GTH levels, and decrease after castration (Schulz et
al. 1993). This androgen can therefore be consi-
dered as being a qualitatively and quantitatively im-
portant one, also in the African catfish. 11-KT
blood levels were low during early spermatogenesis
(group III) and also in the first group of advanced
spermatogenesis (group IV). A significant 4-fold in-
crease was observed in the last group. There are
several possibilities to explain this increase. The
steroidogenic capacity and/or the GTH sensitivity
of testicular tissue may have become higher. Alter-
natively, GTH levels may have risen, but they could
not be determined in these samples. It is clear,
however, that the major changes in pituitary cytol-
ogy (appearance and then predominance of GTH-II
cells, groups III and IV) preceded the increase of
blood 11-KT levels in group V.
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