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Abstract The freshwater fish Serrasalmus spilopleura
(piranha) has a continuous type of reproduction; gametes
are constantly produced and released during the reproduc-
tive cycle. The testes do not undergo seasonal morpholog-
ical changes but exhibit two constant regions throughout
the year: the medullar region (involved with spermatogen-
esis) and the cortical region (involved with spermiation and
sperm storage). We have evaluated the ultrastructure of the
Leydig cells and the activity of 3β-HSD (an essential
enzyme related to steroid hormone biosynthesis) and acid
phosphatase (AcPase; lysosomal marker enzyme) in these
two regions. The activity of 3β-HSD is stronger in the
medullar region, and the Leydig cells in this region have a
variety of cytological features that reflect differences in
hormone synthesis and/or that could be linked to steroido-
genic cells under various degrees of hormonal activity. In
the cortical region, 3β-HSD activity is weak and the Leydig
cells exhibit signs of degeneration, as confirmed by their
ultrastructure and intense AcPase activity. These degener-
ative signs are indicative of cytoplasmic remodelling to
degrade steroidogenic enzymes, such as 3β-HSD, that
could lead to senescence or even to autophagic cell

degeneration. S. spilopleura thus constitutes an interesting
model for increasing our understanding of steroidogenesis
control in freshwater teleost fish.
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Introduction

The freshwater teleost, Serrasalmus spilopleura (Ostario-
physi, Characiformes, Characidae), also known as the
pirambeba (piranha), is an endemic species in South
America basins, with good adaptation to lentic environ-
ments (Leão 1996; Schleser 1997). This species is not
migratory and is commonly found in Brazilian reservoirs,
where its reproduction is continuous and frequent in the
raining seasons (Lamas and Godinho 1996; Fujihara 1997).
The males exhibit continuous spermatogenesis, in which
spermatozoa are constantly produced and released through-
out the reproductive cycle. Their testes do not undergo
cyclical morphological changes but possess a medullar
region and a cortical region that remain in a constant state
throughout the year (R.H. Nóbrega, unpublished). In the
medullar region, the germinal epithelium is constituted by a
“continuum” of cysts at various stages of spermatogenesis.
This type of epithelium is defined as continuous (Grier
2002; Lo Nostro et al. 2003) and is responsible for sperm
production (active spermatogenesis). In the cortical region,
the germinal epithelium is predominantly composed of
Sertoli cells separated by scattered germ cell cysts, a
morphology that results from spermiation (release of sper-
matozoa into testicular lumen) without cyst replacement. This
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type of epithelium is defined as discontinuous (Grier 2002;
Lo Nostro et al. 2003); it ceases to produce sperm and
becomes involved in sperm storage.

In contrast to the continuous spermatogenesis of S.
spilopleura, most fish exhibit discontinuous spermatogen-
esis (seasonal breeders) in which spermatozoa are present in
the testes only during a particular season of the year (for a
review, see Cinquetti and Dramis 2003). In seasonal
breeding teleosts, Leydig cells are well known to undergo
cyclical changes during the annual reproductive cycle (Van
den Hurk et al. 1978; Shanbhag and Nadkarni 1979; Borges
Filho 1987; Cauty and Loir 1995; Civinini et al. 2001;
Cinquetti and Dramis 2003; Lo Nostro et al. 2004). During
testicular maturation in these seasonal fishes, the Leydig
cells possess strong activity for 3β-HSD (an essential
enzyme related to steroid hormone biosynthesis), a well-
developed smooth endoplasmic reticulum, and numerous
mitochondria with a dense matrix and tubular cristae. On
the other hand, at the end of the reproductive cycle of these
types of fish, the Leydig cells show a reduced 3β-HSD
activity accompanied by cytoplasmic changes, such as
damaged mitochondria (swollen and with a clear matrix),
intense vacuolization and an increased number of lyso-
somes (Van Vuren and Soley 1990; Cauty and Loir 1995;
Cinquetti and Dramis 2003).

No studies have as yet focused on the changes that occur
in Leydig cells during continuous spermatogenesis in
fishes. Morphological and enzyme studies are necessary
for an accurate evaluation of testicular histoarchitecture and
steroidogenesis and, subsequently, of the endocrine control
of reproduction in fishes with continuous spermatogenesis.
In this study, we have evaluated the ultrastructure of Leydig
cells and their 3β-HSD activity in the medullar (predom-
inantly involved with spermatogenesis) and cortical (pre-
dominantly involved with spermiation and sperm storage)
regions of S. spilopleura. In addition, ultrastructural
cytochemistry for acid phosphatase (AcPase) has been
performed on the medullar and cortical region in order to
evaluate degenerative signs in Leydig cells (such as an
increased number of lysosomes).

Materials and methods

Animals

Adult S. spilopleura (males) were collected monthly in the
Piracicaba river (Santa Maria da Serra, São Paulo State,
Brazil) throughout the period of November 2003 to April
2005 (n=65). They were anaesthetized with 0.1% benzo-
caine, weighed, measured (standard and total lengths) and
killed by decapitation (according to the institutional animal
care protocols and approval). Their testes were quickly

removed, weighed and fixed by immersion for each of the
following methods.

Histology

Testes were fixed in 2% glutaraldehyde and 4% parafor-
maldehyde in Sørensen’s phosphate buffer (0.1 M, pH 7.2)
for at least 24 h, dehydrated and embedded in resin
(Technovit 7100, Jung HistoResin) according to normal
histological procedures. Sections (3 μm thick) were cut,
stained with periodic-acid-Schiff’s (PAS)/haematoxylin/
Metanil yellow (Quintero-Hunter et al. 1991) and docu-
mented by using a computerized image analyser (Leica
Qwin 2.5).

Enzyme histochemistry for 3β-HSD

The in situ localization of 3β-HSD in S. spilopleura testis
was conducted by enzyme histochemistry according to a
modified protocol of Borges Filho (1987) and Lo Nostro

Fig. 1 Cross section of the testis of S. spilopleura. Two regions can
be seen: medullar (M ) and cortical (C ). The cortical region consists of
a network of large anastomosing tubules (AT ) that are filled with
sperm. The testis is attached to the coelomic cavity by a mesorchium
(MS ). Staining: periodic-acid-Schiff’s (PAS)/haematoxylin/Metanil
yellow. Bar 200 μm
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and collaborators (2004). Testicular fragments of S.
spilopleura were cryopreserved in a sucrose solution,
immediately frozen in liquid nitrogen and stored at −80°C
until used. The frozen material was sectioned at 5 μm and
incubated in the dark at 37°C for 2 h in a medium
containing 11.9 ml phosphate buffer (PB; 0.1 M, pH 7.6),
900 μl nitro blue tetrazolium (NBT; prepared by dissolving
1.0 mg NBT in 1 ml distilled water), 600 μl substrate
(prepared with 4 mg dehydroepiandrosterone dissolved in
1 ml dimethylsulphoxide), 20.0 mg NAD+. After incuba-
tion, slides were washed in PB, lightly fixed with formol
Ca+2 and mounted in gelatin. Steroid substrate or NAD+

was omitted from control samples.

Transmission electron microscopy

Testis fragments were fixed in 2% glutaraldehyde and 4%
paraformaldehyde in Sørensen’s phosphate buffer (0.1 M,
pH 7.2) for at least 24 h. The material was post-fixed in 1%
osmium tetroxide (in the same buffer) for 2 h in the dark,
contrasted en bloc with an aqueous solution of 5% uranyl
acetate for 2 h, dehydrated and embedded in Araldite.

Testes were sectioned, contrasted with a saturated solution
of uranyl acetate in 50% alcohol and lead citrate and
documented by using a Philips-CM 100 transmission
electron microscope.

Ultrastructural cytochemistry for AcPase

Testis fragments were briefly fixed in 1% glutaraldehyde in
0.1M sodium cacodylate buffer (pH 7.2) for 1 h at 4°C, rinsed
in the same buffer and incubated at 37°C for 1 h in a medium
containing 25 mg cytidine-5′-monophosphate, 12 ml distilled
water, 10 ml 0.05 M acetate buffer (pH 5.0), 3 ml 1% lead
nitrate (Pino et al. 1981). After incubation, the material was
once more fixed in 2.5% glutaraldehyde in 0.1 M sodium
cacodylate buffer (pH 7.2), post-fixed in the dark for 2 h in
1% osmium tetroxide in the same buffer, rinsed again several
times in sodium cacodylate buffer, contrasted en bloc with
2% uranyl acetate for 2 h, dehydrated in acetone, embedded
in Araldite, sectioned and observed unstained by using a
Phillips-CM 100 transmission electron microscope. Negative
control samples were incubated in medium without substrate
(cytidine-5′-monophosphate).

Fig. 2 Histochemical reaction
for 3β-HSD. a, b A strong
enzymatic reaction is found in
the interstitial compartment (IC )
of the medullar region in which
the germinal compartment (GC )
is surrounded by a continuous
germinal epithelium (CGE ).
b A weak reaction for 3β-HSD
(arrowhead ) is seen on the wall
of the cysts. c, d The reaction to
3β-HSD is weak and diffuse in
the IC of the cortical region in
which the germinal epithelium is
discontinuous (DGE). Bars
100 μm (a, c), 50 μm (b, d)
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Results

Testicular structure and enzyme histochemistry for 3β-HSD

S. spilopleura has an anastomosing tubular testis that
exhibits two constant regions throughout the reproductive
cycle: the medullar region and the cortical region (Fig. 1).
In the medullar region, the interstitium is conspicuously
enlarged around the germinal compartment, which has a
reduced testicular lumen (Fig. 1). In contrast, the cortical

region has a less prominent interstitium and an enlarged
testicular lumen filled with spermatozoa (Fig. 1).

The enzymatic reaction for 3β-HSD occurs in the
cytoplasm of the Leydig cells, which exhibit distinct
patterns in the medullar and cortical regions (Fig. 2). The
Leydig cells from the medullar region show a strong
reaction for 3β-HSD (Fig. 2a) and preferentially accumu-
late in the angular interstices between three or more tubules
(Fig. 2a,b). The 3β-HSD reaction is also positive on the
wall of the cysts (Fig. 2b). In the cortical region, Leydig

Fig. 3 Ultrastructure of Leydig
cells in the medullar region. a
Note the continuous germinal
epithelium (CGE ), Sertoli cell
(SE ), germ cells (GC ), sper-
matogonia division (arrow-
head ), spermatozoa (SZ ), cyst
(CY ). In this region, Leydig
cells (LE ) display various fea-
tures (see LE*). Other structures
include blood vessels (BV ), a
myoid cell (MY ) and erythro-
cytes (ER). b Leydig cell (LE )
exhibiting abundant smooth en-
doplasmic reticulum (SER) and
numerous mitochondria (M )
with tubular cristae (N nucleus,
NU nucleolus, CF collagen
fibres). c Higher magnification
of Leydig cell (NE nuclear en-
velope). d Detail of the mito-
chondria boxed in c; they have a
dense matrix and closed tubular
cristae. e Leydig cell exhibiting
numerous mitochondria and di-
lated SER (arrowheads). Note
the nuclear pores (arrows). f
Detail of Leydig cell cytoplasm
with dilated SER and enlarged
mitochondria. Bars 5.5 μm (a),
1 μm (b–f )
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cells have a weak diffuse reaction for 3β-HSD within the
interstitial compartment (Fig. 2c,d).

Ultrastructure of Leydig cells

In the medullar region, the germinal epithelium is contin-
uous and constituted by cysts at different stages of
spermatogenesis (Fig. 3a). In the interstitium, Leydig cells
are commonly found near to blood vessels (Fig. 3a). Their
nucleus is slightly eccentric with an irregular shape and
contains a diffuse heterochromatin and an evident nucleolus
(Fig. 3b). The cytoplasm displays well-developed smooth
endoplasmic reticulum (SER) and numerous mitochondria
with tubular cristae (Fig. 3b). Lipid droplets have not been
seen in the cytoplasm of the Leydig cells (Fig. 3b). Apart
from these characteristics, which they share, Leydig cells
display the follow variations in their ultrastructure: (1)
some show numerous large mitochondria that have a dense
matrix and tubular cristae (Fig. 3b–d); (2) others present
numerous mitochondria (with a moderately electron-dense
matrix) and dilated perinuclear cisternae connected to an

highly vesicularised and dilated SER (Fig. 3e); (3) some
contain dilated SER cisternae and mitochondria that
become gradually larger (Fig. 3f ); (4) some can also
present abundant SER and a few mitochondria that have a
moderately electron-dense matrix and tubulo-vesicular
cristae (Fig. 4a,b); (5) some contain numerous dense
mitochondria (Fig. 4c). Associations between Leydig cells
and granulocytes and between Leydig cells and amyelinic
nerves have also been documented in the interstitial
compartment of this region (Fig. 4d).

In the cortical region, the germinal epithelium is
predominantly discontinuous being constituted of Sertoli
cells separated by scattered developing cysts (Fig. 5a). In
this region, Leydig cells have an irregular nucleus that
becomes denser and contains clumps of heterochromatin
(Fig. 5a,b). The cytoplasm possesses dense bodies and
vacuoles of variable shape and electron density (Figs. 5b,c).
In the mitochondria, the matrix becomes electron-lucent
and the cristae tend to become less dense (Fig. 5b,f ). In
others, the mitochondria tend to swell (Fig. 5c), showing
electron-lucent cristae that may be associated with myelin

Fig. 4 Ultrastructure of Leydig cells in the medullar region. a Leydig
cell (N nucleus, NE nuclear envelope) with a few mitochondria (M )
and a well-developed smooth endoplasmic reticulum (SER). b Higher
magnification of the mitochondria boxed in a (arrow dense deposit in
the mitochondrial matrix, arrowhead SER arranged in a sacular

structure surrounding the mitochondria). c Note that the mitochondria
have a dense matrix and closed tubular cristae (CF collagen fibres).
d Associations between Leydig cells (LE), granulocytes (GR) and an
unmyelinated nerve (AN). Note the Schwann cell nucleus (SCH). Bars
1 μm
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figures (Fig. 5d). The SER is more scarce and scattered
(Fig. 5e). Some cytoplasmic fragments of Leydig cells can
be found in the interstitium of this region (Fig. 6a,d).

Monocytes inside blood vessels (Fig. 6b,c) and associations
between macrophages and Leydig cells are commonly found
in the interstitium of the cortical region (Fig. 6a,d).

Fig. 5 Ultrastructure of Leydig cells in the cortical region. a Note the
discontinuous germinal epithelium (DGE ), spermatozoa (SZ ), multi-
vesicular body (MB), myoid cell (MY ), interstitial compartment (IC ),
Sertoli cell (SE ) and the disorganized cytoplasm (asterisk) of a Leydig
cell (LE ). b Detail of Leydig cell showing a dense nucleus (N ) and
vacuolated cytoplasm (arrowheads). In the mitochondria (M ), the
matrix is electron-lucent and the cristae are less dense. c In other

Leydig cells, the mitochondria seem to swell (SER smooth endoplas-
mic reticulum, NE nuclear envelope, arrowhead dense body). d Higher
magnification of mitochondria boxed in c. A myelin figure (double
arrow) can be found in association with the mitochondrial matrix. e
Detail of the disorganized Leydig cell cytoplasm. f Mitochondrial
cristae are less dense (arrows). Bars 2.32 μm (a), 1 μm (b–f)
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Ultrastructural cytochemistry for AcPase

In the medullar region, the reaction to AcPase is weak and
occurs only in the Leydig cells nucleus. In contrast, Leydig
cells of the cortical region exhibit a strong reaction to
AcPase in the nucleus, mitochondria and in some vesicles
(Fig. 7a–d). The largest vesicles, which are strongly
AcPase-positive, are lysosomes, whereas the smallest,
which show a weak reaction, are vesicles containing
hydrolytic enzymes (Fig. 7b,c). Gradually, the mitochondria
and other organelles are enveloped by an endomembranous
system (vacuoles) to which AcPase vesicles (lysosomes and

smallest vesicles) tend to fuse (Fig 7c,d). AcPase activity is
also found in some mitochondria (Fig. 7d).

Discussion

As in other teleosts, Leydig cells of S. spilopleura are
located in the interstitial compartment, singly or in small
groups, and usually lie near to blood vessels (Pudney 1996,
1999). In S. spilopleura, the steroidogenic potential of
Leydig cells has been confirmed by their ultrastructure,
which is typical of steroid-producing cells (a well-

Fig. 6 a Interstitial compartment (IC ) of the cortical region (GE
germinal compartment, SE Sertoli cell, MY myoid cell, LE Leydig cell,
BV blood vessel, MC macrophage, asterisk some cytoplasmic fragments
of Leydig cells found in the IC ). b Blood vessel with erythrocytes (ER)
and a monocyte (MO). Note the nucleus (N ), nuclear pore (arrow),
swollen mitochondria (M), smooth endoplasmic reticulum (SER),

endothelial cell (EN ), collagen fibres (CF ) and fibroblast (F ). c Double
arrows indicate associations between a monocyte (MO) and endothelial
cells (EN ). d In the cortical region, associations between macrophages
(MC ) and Leydig cells (LE ) are common. Note the damaged
mitochondria (double arrowheads) and vacuolated cytoplasm (double
asterisks). Bars 2.32 μm (a), 1 μm (b–d)
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developed SER and numerous mitochondria with tubular
cristae), and by enzymatic histochemistry for 3β-HSD.
The activity of 3β-HSD differs along the testicular
regions of S. spilopleura. In the medullar region, which
is mainly involved in spermatogenesis, 3β-HSD activity is
strong, corroborating that spermatogenesis is highly depen-

dent on sexual steroid hormones (Schulz and Miura 2002;
Miura and Miura 2003; Miura et al. 2006). In contrast, in
the cortical region, which is mostly responsible for
spermiation and sperm storage, the 3β-HSD reaction is
weak and is dispersed through the interstitium, suggest-
ing a downregulation of 3β-HSD activity. Miura and

Fig. 7 Ultrastructural cytochemistry for AcPase. a Strong reaction
was found in the nucleus (N ) and lysosomes (arrowheads) of cortical
Leydig cells (LE) but not in the mitochondria (M ). b Detail of Leydig
cell cytoplasm. Note that vacuoles (V ) fuse to each other (single
asterisks) or directly to mitochondria (double asterisk). Small vesicles
(arrows) and lysosomes (white arrowheads) fuse to large vacuoles
and/or mitochondria. c The smallest vesicles and the large vacuoles

(V ) appear to be fusing (arrows). Some vacuoles are full of dense
reaction product (arrowheads). d Some mitochondria (M ) have
AcPase activity (double white arrow). Fusion among the vacuoles to
envelope the organelles can also be seen (asterisks). e Weak reaction in
the Leydig cell nucleus. f Strong reaction in the multivesicular body
(MB) and lysosome (arrowhead) of Sertoli cells (SE). Bars 1 μm
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collaborators (2003, 2006) have recently shown that
progestins play an important role in spermiation and sperm
maturation in the Japanese eel (a teleost fish). Thus,
although further investigation is needed, the decrease in
3β-HSD activity in the Leydig cells from the cortical
region can be postulated as being attributable to an
accumulation of 17α-hydroxyprogesterone (negative
feedback), which is the precursor of progestins (for a
review, see Miura et al. 2006).

Our findings are also in agreement with histochemical
studies of seasonal breeding teleosts showing that 3β-HSD
activity increases during maturation (spermatogenesis) and
decreases after spermiation, becoming almost imperceptible
in testicular regression (Van den Hurk et al. 1978; Shanbhag

and Nadkarni 1979; Borges Filho 1987; Cinquetti and
Dramis 2003; Lo Nostro et al. 2004).

Leydig cells undergo ultrastructural changes along the
testicular regions of S. spilopleura. However, in the medullar
region, Leydig cells with different features are seen in the
interstitium. Despite the steroidogenic characteristics that
they share, medullar Leydig cells exhibit variations in their
ultrastructure, especially in the nucleus (shape and conden-
sation), mitochondria (number, size, electron density and
arrangement of cristae), SER (volume and degree of
dilation) and perinuclear space (distance between the
membranes of the nuclear envelope). These cytological
features are similar to those found in the interrenal cells of
Gasterosteus aculeatus (Civinini et al. 2001), suggesting
that these characteristics reflect differences in hormone
synthesis and/or might be linked to steroidogenic cells
under different degrees of hormonal activity.

Of note, steroidogenic enzymes are localized partly in
mitochondria and partly on the SER membranes (for a
review, see Akingbemi et al. 1999). After the mitochondrial
step in the cholesterol side cleavage, the synthesis of sex
hormones is performed on SER membranes on which 3β-
HSD, a key enzyme in the biosynthesis of steroid hormones
(for reviews, see Haider and Servos 1998; Haider 2004), is
localized. Thus, the stronger 3β-HSD activity found in the
medullar region might be correlated with those Leydig cells
that have abundant dilated SER. The expansion of the
perinuclear space is also seen in these cells and is
considered to be a reflex of endoplasmic reticulum activity;
under hormonal stimuli, the endoplasmic reticulum expands
and, in consequence, the perinuclear space becomes highly
dilated (for a review, see Carvalho 2001).

In the cortical region, Leydig cells show signs of
degeneration, such as a more condensed nucleus, damaged
mitochondria (swollen, electron-lucent matrix, degraded or
less-dense cristae, associations with myelin figures), lyso-
somes, myelin figures, dense bodies and vacuolization.
These characteristics have also been documented in Leydig
cells at the end of the reproductive cycle of some seasonal
teleosts (Van Vuren and Soley 1990; Cauty and Loir 1995;
Cinquetti and Dramis 2003) and during the steroidogenic
cycle of G. aculeatus interrenal cells (Civinini et al. 2001).
Some authors have reported that, in cells under stress-
induced conditions, the mitochondria undergo structural
and functional alterations, leading to the formation of
megamitochondria, also called giant mitochondria or
swollen mitochondria (Wakabayashi 1999; Bottone et al.
2006; Yoon et al. 2006). This mitochondrial characteristic is
considered as a marker of the senescence or death of cells.
This cytological feature of swollen mitochondria is also
observed in Leydig cells of the cortical region, suggesting a
moment of “crisis” in the cellular cycle that is overcome or
that precedes senescence or cell death.

Fig. 8 Changes in ultrastructure and enzymes in Leydig cells during
the continuous spermatogenesis of S. spilopleura. Status of spermato-
genesis: a–c active spermatogenesis; d spermiation and sperm storage.
a A medullar Leydig cell (N nucleus, NU nucleolus) initially has few
mitochondria (M ) and a well-developed smooth endoplasmic reticu-
lum (SER). b Mitochondria (M ) later become more numerous and
larger with a dense mitochondrial matrix. c The SER and the
perinuclear space become highly dilated. d In the cortical region, the
nucleus (N ) of the Leydig cell is dense and the cytoplasm becomes
vacuolated (V ). In some mitochondria (M ), the matrix is electron-
lucent and the cristae tend to become less dense. The mitochondria
can also swell and show myelin figures (arrowheads) associated with
the matrix. Increased numbers of lysosomes (LY ) are present. The
transition between each phase of steroidogenic cycle is indicated by
open arrows. Bottom Strong reaction (++++), weak reaction (+), weak
reaction only in the nucleus (+*)
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The degenerative signs in the cortical Leydig cells have
been confirmed by the strong activity of AcPase. The
AcPase reaction occurs in the nucleus, in lysosomes, in
vesicles containing hydrolytic enzymes and in mitochon-
dria. Recently, AcPase activity has been reported in the
nucleus indicating that AcPase could have cell-signalling
functions, through the dephosphorylation of specific nucle-
ar components, which would mean that AcPase controls
gene expression (Cruz Landim et al. 2002; Custodio et al.
2004). In S. spilopleura, the AcPase reaction in the nucleus
can be interpreted as a variation of the nuclear functional
state, being related to the changes occurring in the cortical
Leydig cells. The intense AcPase activity found in the
cytoplasm (lysosomes, vesicles containing hydrolytic
enzymes and autophagosomes) might be correlated with the
low 3β-HSD activity of the cortical region, suggesting an
involvement of the endosome-lysosome system in the
degradation of some of the steroidogenic enzymes, such as
3β-HSD. Cavaco and collaborators (1999) have also
reported lysosomes and autophagosomes in the Leydig cells
of young Clarias gariepinus treated with androgens and
attribute their presence to cytoplasmic remodelling to
diminish the number of mitochondria and to degrade
enzymes of the steroidogenic pathway in response to
negative feedback.

Associations between cortical Leydig cells and macro-
phages are also evident in S. spilopleura. In mammals,
macrophage-derived factors seem to modulate steroidogen-
ic activity in Leydig cells (for a review, see Gaytan et al.
1994). Studies of mammals have demonstrated that pro-
inflammatory cytokines produced by macrophages inhibit
androgen synthesis in Leydig cells by diminishing the
activity of the enzymes of the steroidogenic pathway (Sun
and Risbridger 1994; Watson et al. 1994; Hales 1996). In
teleosts, Lister and Van der Kraak (2002) have demonstrat-
ed that tumour necrosis factor α, which is produced by
macrophages, inhibits testosterone synthesis at several
enzyme sites and have suggested that the regulation of
steroidogenesis in fish, as in mammals, involves multiple
paracrine and autocrine factors. Therefore, although further
investigation is needed, cortical Leydig cells might be
regulated in a paracrine manner and, in response to negative
feedback, they might undergo cytoplasmic remodelling
involving the endosome-lysosome system to degrade certain
steroidogenic enzymes, such as 3β-HSD. The morphologi-
cal and enzymatic changes occurring in these cells might be
interpreted as a sign of cellular remodelling leading to
senescence or even to autophagic cell degeneration.

The main ultrastructural and enzymatic changes occur-
ring in Leydig cells throughout the continuous spermato-
genesis of S. spilopleura is summarized in Fig. 8. However,
these results give rise to questions, such as (1) do those
Leydig cells with characteristics of degeneration die or do

they undergo cytoplasmic remodelling in response to a
negative feedback; (2) if Leydig cells undergo cytoplasmic
remodelling, do they recover their steroidogenic potential;
(3) if Leydig cells die, how are they renewed and what
types of cell are their precursors? Since S. spilopleura has
different testicular regions, it is an interesting model for
studying these questions and for understanding steroido-
genesis control in freshwater teleost fish.
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