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Abstract: Apoptosis is a programmed cell death that has been attributed to the
action of stress hormones, such as cortisol. We investigated the in vitro effect of
cortisol in goldfish (Carassius auratus) mature (GSI: 2.75-4.65) or immature (GSI:
1.94-2.4) testes. Testes were taken out and transferred into culture medium (M 199),
cut into 20um thick slices and supplemented with fetal bovine serum (FBS), added
different doses of cortisol (0, 50, 100, 200, 400, 750 and 800 ng/ml) and incubated
for 24h, 48h or 72h at 18°C. Samples were rinsed and homogenized with phosphate
buffered saline (PBS) after incubation period. Duplicates or triplicates processed for
caspase-3 activity. The results showed a significant increase in caspase-3 activity in
immature testes after 72h treatment with 750ng/ml of cortisol (P<0.05), and also at
400ng/ml (P<0.05). In contrast, no significant differences were observed between
non-treated and cortisol-treated samples from mature goldfish testes. In this study
we have demonstrated, for the first time that the stress hormone cortisol induces
apoptosis in the goldfish testis in a stage-specific manner (immature testis).
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Introduction

The type of cell death today known as apoptosis was first observed by Carl
Vogt in 1842 (Hsu & Hsueh, 2000). Apoptosis or programmed cell death, displays
morphological and biochemical characteristics that differ from those of
pathological cell death or necrosis (Kerr ef al., 1972; Wyllie et al., 1980).

Caspases are apoptogenic proteases (Kroemer et al., 1998) that play critical
roles in the initiation and execution of apoptosis (Earnshaw et al., 1999). Caspases
are present in all living cells as inactive pro-enzymes (Rotonda et al., 1996: Hirata
et al.. 1998), which, once activated, will drive and execute the apoptotic program
by cleaving critical cellular proteins in cytosol and nucleus (Wolf er al., 1999).
Although apoptosis can be initiated in different ways, in most cases its program
converges into the activation of the so-called effector caspases, such as caspase-3
(Earnshaw er al., 1999: Strasser et al., 2000; Kaufmann & Hengartner, 2001; Shi,
2002).Caspases have been shown to be well-conserved proteins (Johnson &
Bridgham, 2000; Nakajima et al., 2000; Yabu et al., 2001; Laing et al., 2001
Lamkanfi er al.. 2002) and to be present in mammalian testes (Kim ef al., 2000:
Giannattasio et al., 2002; Omezzine et al., 2003). The presence of caspase-like
proteins has also been described in teleosts, although their tissue distribution in
adult tissues has not been investigated to date (Yabu er al., 2001; Laing et al.,
2001; Guo et al., 2003; Masumoto et al., 2003).

In the testis, apoptosis has been shown to occur during normal spermatogenesis
in mammals as well as in cartilaginous fish (Prisco ef al., 2003). The occurrence of
spontaneous or induced testicular apoptosis has been also described in both
cartilaginous and teleost fish (Kwak et al., 2001; Kuwahara et al., 2002; Prisco et
al., 2003). Beside gonadotropine releasing hormone has been shown to induce
apoptosis in a stage dependent manner in the goldfish testis (Andreu-Vieyra &
Habibi, 2000, 2001a,b).

High levels of cortisol were shown to decrease testosterone production by direct
action on guinea pig testis (Fenske, 1997). Similarly, high cortisol levels were
shown to delay puberty and decrease the levels of active androgens via a direct
action on carp testes (Consten ef al., 2002 a,b). Indeed, expression of glucocorticoid

receptors has been described in the trout testis (Takeo et al., 1996).
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The aim of the present studies was to evaluate the response of goldfish testicular
tissues to cortisol (Bahmani, 2002), to test the hypothesis that high levels of stress
hormones may detrimentally affect gametogenesis by inducing apoptosis.

Materials and Methods
Animals:

Male goldfish (Carassius auratus) of the comet variety (length 8-10cm) were
purchased from Aquatic Imports (Calgary, AB, Canada). Fish were maintained in a
1500-L semi-recirculating aquarium (60% replacement per day) at 18°C on a 16h
light: 8h dark photoperiod and fed a commercial fish diet (Nutrafin floating pellets;
Rolf C. Hagen Inc., Montreal, QC, Canada).

Hormone and chemicals:

Cortisol (110,17, 21-trihydroxypregn-4-ene-3, 20-dione or hydroxycortisone)
was purchased from SIGMA (St. Lois, MO), solubilized in 1:1 absolute ethanol
and propylene glycol (propane-1,2-diol) mixture and stored at -20°C until use.
Appropriate concentrations of the hormone were prepared by diluting the stock
solution in sterile culture medium immediately prior to use. Caspase-3 colorimetric
substrate (Ac-DEVD-pNA; pNA: p-nitroanilide) and p-nitroanilide standard were
purchased from SIGMA (St. Lois, MO) and solubilized in dimethyl sulfoxide
(DMSO) (SIGMA, St. Lois, MO) to prepare a 20mM and Img/ml stock solutions
respectively that were stored protected from light at —20°C until use.

Isolation of testes:

Animals were killed by a blow in the head, in accordance with the principles
and guidelines of the Canadian Council of Animal Care, followed immediately
by spinal transection. Mature testes (gonadosomatic index: 2.75-4.65) or
immature (GSI: 1.94-2.4) were dissected out and transferred into M199 culture
medium (SIGMA, St. Lois, MO) containing 7.5% sodium bicarbonate
(SIGMA), pH=7 on ice. Testes were washed with medium and cut into 20pum
thick slices by using a tissue chopper (Mcllwain, The Mickle Laboratory of
Engineering, Co., Ltd.).

Incubation of testes:
Slices from mature or immature testes grouped by size (24 pieces/well) were

transferred to sterile 24-deep-well culture dishes (Falcon; Becton Dickinson,
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Franklin Lakes, NJ) containing 1ml M199 medium (pH=7) supplemented with 2%
FBS (fetal bovine serum). Cultures were carried out per duplicated in the case of
testis. Different doses of cortisol (0,50.100,200,400,750 and 800ng/ml) were added
immediately and the tissue slices were incubated for 24h, 48h or 72h at 18°C. In
order to minimize tissue degradation, tissues were kept on ice during the dissection
procedure. The experiments were carried out 4 (males) times and in each experiment,
gonads from one fish were used for all treatments, to take into account individual
variability. At the end of each incubations period, duplicates or triplicates were
pooled and processed for caspase-3 activity.

Caspase-3 activity assay:

After the incubation period, samples were rinsed with PBS (phosphate buffered
saline). Testis slices were pooled and homogenized through different gauze needles
in 300ul (testis) extraction/substrate caspase Buffer [SOmM Pipes-KOH pH=7.4,
220mM mannitol, 68mM sucrose, 50mM KCIl, 5SmM EGTA, ImM MgCl, ImM
DTT, 10pg/ml proteinase inhibitor phenylmethylsulfonyl fluoride (PMSF)].
Samples were incubated for 30 min on ice and frozen at -80°C for 3-4h, after which
they were thaw and re-frozen overnight. Before use, samples were spun down at
14,000g at 4°C for 15 min and the supernatant was assessed for caspase-3 activity.
Total protein content in testicular samples was determined by Bradford reagent
(Bio-Rad, CA, USA) at 595nm, using BSA as standard. Samples (20pg total
protein for testis) were run per duplicate on 96 well-plates (Falcon). Caspase-3
colorimetric substrate (10ul 2mM) and extraction/substrate caspase buffer were
added to a final volume of 100ul/well. Samples were incubated at 37°C for 2h and
read immediately in a plate reader (Molecular Devices) at 405nm. A standard curve
was prepared by performing serial dilutions of the colorimetric product p-
nitroanilide in extraction/substrate caspase buffer and read concomitantly with the
samples. Results were expressed as caspase-3 activity (mg of product/mg total
protein/h) after correction for protein content and incubation time and referred to
the enzyme activity of the control samples (no cortisol), taken as 100.

Data analysis:

Statistical analysis was performed by one-way analysis of variance (ANOVA)

and significant differences between treatment groups were determined by the

Fisher test. Statistical significance was inferred at P<0.05.
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Results

We initially tested the time-related effect of two different concentrations of
cortisol (100 and 750ng/ml) on immature goldfish testes. Samples were harvested
after 24h, 48h and 72h treatment and assessed for caspase-3 activity, a marker for
apoptosis. The results presented here show a significant increase in caspase-3
activity in immature testes after 72h treatment with 750ng/ml of cortisol (Fig. 1A,
P<0.05). We subsequently expanded the concentration response curve for cortisol
and tested its effects on both mature (GSI: 2.75-4.65%) and immature (GSI: 1.94-
2.4%) testes after 72h treatment. Treatment of immature testes with cortisol
significantly increased caspase-3 activity at 400ng/ml (Fig. 2A. P<0.05). This
activity appeared to be maximal, since no further increases were observed at higher
concentrations of cortisol (800ng/ml). In contrast, no significant differences were
observed between non-treated and cortisol-treated samples from mature goldfish
testes (Fig. 2B.).
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Figure 1: Time and concentration related effects of cortisol on immature

goldfish testes.

Slices (20-pm thick) from immature testes (GSI1<2.4) were cultured at 18°C
for 24h, 48h or 72h in M199 media supplemented with 2%FBS in the
presence of different cortisol concentrations , which was used as positive
control. Caspase 3 activity was determined as indicated in materials and
methods. Results were referred to the control and expressed as the mean +/-
S.E. from 4 separate experiments. The results were analyzed by one-way
ANOVA and Fisher test. Values displaying different letters are significantly
different (P<0.05).
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Figure 2: Concentration-related effects of cortisol on immature (A); vs.

mature (B) goldfish testes after 72h treatment.

Slices (20-wm thick) from immature (GSI < 2.4) or mature (GSI > 2.4) testes
were cultured at 18°C for 72h in M199 media supplemented with 2%FBS in
the presence of different cortisol concentrations. Caspase 3 activity was
determined as indicated in materials and methods. Results were referred to the
control and expressed as the mean +/- S.E. from 4 separate experiments. The
results were analyzed by one-way ANOVA and Fisher test. Values displaying
different letters are significantly different (P<0.03).
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Discussion

Prolonged and elevated cortisol levels, which are involved in stress adaptation,
have been shown to inhibit the onset of puberty in male fish. In this context,
cortisol has been shown to decrease testicular androgen production in male fish via
a direct gonadal effect (Consten et al., 2002a,b).

In the testis, an early apoptotic wave appears to be essential for normal mature
spermatogenesis, probably because it maintains the appropriate ratio between
germinal to Sertoli cells (Rodriguez et al., 1997; Lee et al., 1997). The relevance of
apoptosis in the mammalian male gonad is highlighted by the fact that
dysregulation of apoptosis leads to infertility (Pentikainen er al.. 2002). The control
of apoptosis in the mammalian testis appears to be exerted by both gonadotropin
hormones and locally produced factors such as gonadal steroids (Tapanainen et al.,
1993; Billig ef al., 1995, 1996; Erkkila er al., 1997; Pentikainen et al., 2000).

The occurrence of spontaneous or induced testicular apoptosis has been also
described in both cartilaginous and teleost fish (Kwak ef al., 2001; Kuwahara et al..
2002; Prisco et al., 2003). However, to our knowledge, there is no information
about the role of stress hormones, such as cortisol, in the induction of apoptosis in
fish gonadal tissues, although apoptosis has been shown to occur in response to
cortisol in fish lymphocytes (Weyts er al., 1997, 1998). In the present study, we
demonstrated that in vitro treatment with cortisol induced an increase in the levels
of apoptotic marker, namely caspase-3 activity, in the immature goldfish testis. The
results presented here are in agreement with previous studies performed in rats, in
which in vivo treatment with stress hormones was shown to induce spermatogonia
apoptosis (Yazawa et al., 2000; Sasagawa et al., 2001). Indeed, spermatogonias are
the main germ cell type present in immature testis (Billard, 1986). At present, it is
not known whether the stage-specific effect of cortisol is mediated by a decrease in
steroid hormone production, or the inhibition of growth factors required for the
proliferation of spermatogonias. In this context, estradiol has been shown to induce
spermatogonia cell proliferation in Rana sculenta and to increase the levels of anti-
apoptotic Bel-2 like proteins in goldfish mature testis (d'Istria et al., 2003). Thus, a

decrease in Bcl-2 proteins may offset the balance of anti- to pro-apoptotic proteins
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(Antonsson & Martinou, 2000; Borner, 2003) in the testis and induce apoptosis.
Alternatively, it is possible that cortisol may directly decrease the levels of anti-
apoptotic Bel-2 related proteins, an effect that has been shown to be cell type
specific in mammals (Amsterdam et al., 2002; Sasagawa et al., 2001). The findings
presented here provide evidence that the induction of apoptosis maybe controlled
by different factors during gametogenesis.

These results are in agreement with in vivo studies, which have shown that
treatment with glucocorticoids decreased testosterone production only in peri-
ovulatory trout females (Pankhurst & Van Der Kraak, 2000). The sensitivity of
peri-ovulatory follicles to cortisol increased with the time in culture and it was
shown to be higher for the ovary than the testis (Bahmani, 2002). The results
presented here argue against the hypothesis that during folliculogenesis, increased
levels of 11-beta-hydroxysteroid dehydrogenase, which is the enzyme responsible
for the conversion of cortisol to the inert metabolite cortisone, may protect the
teleost ovary against the detrimental effects of glucocorticoids (Kusakabe et al..
2003).

In summary, the present studies provide support for the hypothesis that high
levels of stress hormones may detrimentally affect gametogenesis by inducing
apoptosis. The results show that the induction of apoptosis by cortisol in goldfish
testicular tissues is stage-dependent. Furthermore, the stages affected by this
hormone differ in females and males, suggesting a possible sexual dimorphism in
the control of the hypothalamic-pituitary-gonadal axis by stress hormones in
goldfish. Overall, the results presented here provide support for the hypothesis that
stress may cause impaired fertility in fish due to the production of stress hormones
such as cortisol, which in turn may lead to the onset of gonadal cell apoptosis at

critical stages of gametogenesis.
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