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ABSTRACT

Sea bass Dicentrarchus labrax is one of the most important cultured species in
Mediterranean aquaculture. This species remains sexually immature most of the first
year of life, and at the time of marketing (2 years old), females are 18-40% heavier than

males. However, in cultured populations, it is frequently reported skewed sex ratios in

favour of males (reaching 70-99%), and thus, the acquisition of all-female stocks is an

attractive option for sea bass aquaculture. The underlying hypothesis of this work is that

in intensive culture, the sea bass interrenal tissue produces corticosteroids in response to
stress, and together with them an excess of adrenal androgens shifting the normal

androgen/ estrogen ratio and thus leading to gonadal masculinization. Thus, blocking

cortisol production with an antagonist (Dexamethasone) during the androgen sensitive
period would most likely decrease the androgen levels and thereby the sex ratios would

be altered.

Administration of 75 mg Kg`1 food dexamethasone to fish during the period of

sexual differentiation did not alter the sex ratios in sea bass (60-65% males; 35-40%

females), however, 150 mg Kg`l food dexamethasone induced some alterations to the

normal development of the gonads. In this respect, 7% of the fish had testicular tissue
with scattered intra testicular oocytes and 4% of the fish were still undifferentiated at 10

months of age. However, the doses of dexamethasone administered to the fish had
significant side- effects on the normal growth of the fish. Furthermore, all stress

experiments performed failed to show a correlation between the elevated levels of
cortisol and androgen levels (testosterone and ll-ketotestosterone) in sea bass. Overall,

no conclusive data was obtained to establish a direct role of the interrenal tissue

corticosteroidogenesis on sexual differentiation.

Two steroidogenic enzymes (CYP 19 and CYP 11B1) and four steroid receptors

(ERoú, ERBI, ERB2 and ARB) were isolated in sea bass. In sexually differentiated fish,

the expression of CYP 19, ERB1 was higher in the ovarian tissue than in the testicular

tissue. On the contrary, the expression of CYP 11B1, ERB2 and ARB was higher in the

testicular tissue than in the ovarian tissue. The expression of ERot was never detected in

either gonad.

During the androgen sensitive period, the expression of CYP11B1 and ARB Was

high but decreased towards the end of this period. CYP 19 and ERB2 Were initially



weakly expressed but at the end of this period, the expression of these genes increased.

ER|31 presented a high dispersion of expression throughout this period. The expression

of ERo‹. was never detected. Moreover, the expression of CYP1 1Bl and ARB was

inversely correlated to the expression of ERB2. From all the genes isolated, only the

expression of ARB presented a dimorphic pattem of expression during the androgen

sensitive period.
Altogether: (1) no correlation between cortisol and androgens could be found in

response to stress; (2) administration of dexamethasone induced some alterations on the

normal differentiation of the gonads, although no conclusive effect could be seen on the

sex ratios; (3) during the androgen sensitive period there was a negative correlation

between the expression of CYPl1B1 and ARB with the expression of ERB2. From all

the genes studied only the ARB presented a dimorphic pattern of expression, which

points out that this gene most likely possesses an essential role in sexual differentiation

in sea bass.
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I- INTRODUCTION

Sea bass Dicentrarchus labrax is one of the most important cultured species in
Mediterranean aquaculture. With the enonnous expansion of fish culture in the past
years, it has become evident that there is a necessity to enhance the expression of the

associated morphological and physiological characteristics that would be advantageous
tmder certain culture strategies. In this respect, it is desirable to eliminate the sex that

shows less growth and to prevent precocious sexual maturation that is associated to
weight loss and to decreased flesh quality (Piferrer et al., 1989).

Sea bass remains sexually immature most of the first year of life. Most males
reach puberty in the second year of life, while females reach puberty in the third year

(Blázquez et al., 1995). Thus, males divert energy resources into gonad development,

while females use those resources for somatic growth. As a result, females are 18-40%

heavier than males at the time of marketing (at 2 years of age) (Blázquez et al., 1995;

Pavlidis et al., 2000). Since females do not mature before the time of marketing, and

grow faster than males, the acquisition of all-female stocks is an attractive option for sea

bass aquaculture.

In natural populations, predominance of female or male fish has been equally

reported in sea bass (Chatain et al., 1999). In cultured populations, however, skewed

sex ratios in favour of males are frequently reported (reaching 70-99%) (Blázquez et al.,

1998). For this reason several studies have been conducted aiming to understand the

factors affecting sexual differentiation in this species, and to achieve more balanced sex

ratios or even female-dominant stocks.

Sea bass lack heteromorphic sex chromosomes and ploidy manipulations failed

in modifying the sex ratio (Pavlidis et al., 2000; Chatain et al., 2000). Similarly,

attempts to obtain a molecular probe to identify the genetic sex in this species have also

failed (Ollevier et al., 1998).

In this species, size rather than age, has been shown to be a critical marker of the

timing of sex differentiation (Blázquez et al., 1998). Nonetheless, the failure to identify

sex during the early developmental stages does not allow to determine whether within a

certain population, individuals become males because of their smaller growth, or

smaller because of their maleness (Pavlidis et al., 2000).

The high diversity of reproductive strategies in fish, together with this diversity

of sex-influencing factors, explains why no pattern of sexual differentiation can be
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generalized for fish. Sex steroids, however, are involved both in triggering and/or
throughout the differentiation of the gonads in all fish species (Yamamoto, 1968).

It has been shown that in sea bass, the critical period during which the gonads
are still undifferentiated but exhibit increased sensitivity to exogenous steroids
treatments is located between days 57 and 137 post-fertilization (Pavlidis et al., 2000).

The critical period for androgen-inducible masculinization is between 96 and 126 days

post-fertilization (Blázquez et al., 2001). Thus, administration of androgens during this

period of development results in all-male populations (Chatain et al., 1999; Blázquez et
al., 2001; Blázquez et al., 1995). Moreover, oral administration of estrogens (estradiol)

has been shown to result in all-female populations in sea bass (Chatain et al., 2000).

Several attempts have been made to show that enviromnental parameters used

under rearing conditions are responsible for the excess of males in sea bass

aquacultures. So far, it has been shown that the period of ontogenesis in sea bass seems

to coincide also with a thermosensitive period and that the sex ratios can be manipulated
by controlling water temperature (Pavlidis et al., 2000; Bláquez et al., 1998). However,

results are contradictory and suggest different effects of the same range of temperatures

on sex ratios, depending on the stage of development of the fish. In this respect, eggs

incubated at low temperatures (l5°C) will result in female-biased populations (Pavlidis

et al., 2000), while fish larvae (57 days post-hatching) incubated at the same

temperature will result in male-biased populations (Bláquez et al., 1998). Even though it

is still not possible to establish how temperature influences sex ratios in this species, a

recent report has given evidence for a genotype temperature interaction (Saillant et al.,

2002). Thus, breeding fish (both female and male fish), raised at high temperatures

strongly affect the sex ratios of the progenies, by increasing the proportion of females

(Saillant et al., 2002).

Despite the possible effects of temperature on sex differentiation, it is possible

that other environmental factors in the fish farm may be influencing the sex ratios.

These may include the stocking density, amount of food, confinement and social

interactions. Most of these enviromnental parameters elicit stress responses, which are

patent in the elevated cortisol levels in several captive fish species, including in sea
bass. In addition, acute forms of handling stress, such as those associated with the

routine hatchery procedures of grading, transportation and artificial stripping, also

contribute to the elevation of plasma catecholamines and corticosteroids in captive fish

(Pickering, 1981; Barton and Iwama, 1991).
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Aim of the study

The underlying hypothesis of this thesis is that in intensive culture, the sea bass
interrenal tissue produces corticosteroids in response to stress, and together with them
an excess of adrenal androgens shifting the normal androgen/ estrogen ratio and thus

leading to gonadal masculinization. In order to test this hypothesis: (1) dexamethasone,
a synthetic glucocorticoid was used to block the Hypothalamus-Pituitary-Interrenal

(HPI) axis production of cortisol and possibly androgens, starting at the period of

highest sensitivity to androgens, until gonads were differentiated; (2) sea bass were

exposed to either confinement or handling stress experiments in order to test if the
elevated cortisol levels are accompanied by the elevation of androgen levels; (3) In

addition, a study was conducted of expression of mRNA for steroidogenic enzymes

involved in androgen and estrogen production as well as of steroid receptors covering

the period of sex differentiation.
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1.1- Sex determination

Fish, amphibians and reptiles, exhibit several mechanisms of sex determination.
No simple gonadal sex determination (GSD) model can be generalized for fish and,

even though some species display simple heterogametic models (XX/XY or ZW/ZZ),

other variations can be found, including male and female heterogamety within the same
species, and hermaphroditic species (Scherer, 1999).

The molecular mechanisms involved in GSD have been intensively studied in

mammals and increasing information is now becoming available for non-mammalian

(birds, reptiles, amphibians, fish) and invertebrates species (e.g. insects, nematodes).
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Figure 1- Molecular events during gonad development and sex induction in mammalians.
Effector genes or gene products are shown in black boxes.

A number of genes involved in mammalian gonad development have been

identified. As shown in figure 1, these can be roughly sub-divided in three classes based

on their order of action. Firstly, the genes required for the formation of the sexually

undifferentiated gonad, such as steroidogenic factor-1 (SF1) and Wilms tumor-1 (WT1).

Secondly, genes such as the testis- determining factor on the Y chromosome; SRY,

SOX- 9 and possibly Dax-1, which prepare the gonad to differentiate either into male or

female. And thirdly, genes that promote male or female differentiation of the gonad

once its sex has been determined, including SF1, DMRT-1 and WT1 (Raymond et al.,

1999; Parker et al., 1999).
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Although vertebrates exhibit an array of sex determining mechanisms, and even
though the GSD upstream pathways can diverge among different taxa, it is becoming
apparent that some downstream sex determining genes are functionally similar in

several species. For instance, DMRT-1, a gene involved in testicular differentiation, is
highly conserved both at structural and ftmctional levels, from invertebrates to higher

vertebrates (Raymond et al., 1999; Smith et al., 1999; Raymond et al., 1998; Raymond
et al., 2000; Marchand et al., 2000). This supports the hypothesis that there may be

some degree of functional evolutionary conservation of sex determining genes across

taxa (Ottolenghi and McElreavey, 2000).

In fish, little is known on the molecular mechanisms regulating sex

determination. Nonetheless, it has been hypothesized that sex differentiation is

controlled ultimately by specific sex-determining genes (Baroiller et al., 1999). In

contrast with other taxa, there is an enormous plasti_city in gonadal development, and

interactions between the genome and internal and/or external factors can influence

gonadal differentiation or may even lead to complete sex reversal (Pavlidis et al., 2000).

1.2- Sex differentiation

Like all vertebrates, fish go through a sex-neutral stage during early embryonic

development. Prior to sexual differentiation, the ovaries and testes cannot be

distinguished and therefore are called bipotential or undifferentiated gonads. These

bipotential gonads arise from the urogenital ridge, a region that interestingly also

contributes cell lineages to the adrenal cortex (the functional equivalent of interrenal or

head kidney in fish), kidney and gonads (Parker et al., 1999; Scherer, 1999).

In teleosts, only a single primordial cortex appears to be involved in the

ontogeny of both testes and ovaries (Hoar, 1961), but the timing of gonadal

development differs among species as shown in Table 1.
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Table l- Timing of gonadal development in different fish species. (dph- days post hatching).

Group/Species Age at gonadal differentiation References
Pe rcifo rmes
Tiiapia zillii
Oreochromis niloticus
Dicentrarchus iabrax

Salmoniformes
Onconrhynchus mykiss

Cypriniformes
Cyprinus carpio

Mugiliformes
Mugil cephalus

Silu riformes
Ictaiurus punctatus

15 dph Yoshikawa & Oguri, 1976
23-26 dph Hines et al., 1999
9 months Blázquez et al., 1998

2-3 months Liu et ai., 2000

2-4 months Davies & Takashima, 1980

7-14 months Chang et ai., 1995

3-4 months Patiño et al., 1996

In some species, however, it is not accurate or even possible to consider a time

scale for gonadal differentiation since it has been shown that sexual differentiation is
more closely related to fish length than to fish age, as shown in Table 2, emphasizing

that it is a developmental process.

Table 2- Relative size necessary for gonad differentiation.

Group/Species Length at gonadal References
differentiation _

Atheriniformes
Odontesthes bonariensis 1 1-18 mm Strüssmann et ai., 1997

Myxiniformes
Eptatretus stouti

Perciformes

20-33 cm Gorbman, 1990

Cichiasoma citrinetium _ 52 mm Francis and Barlow, 1993

A broad range of literature is available on the control of gonadal sex

differentiation in gonochoristic and hermaphroditic (protandric, protogynic and

synchronous hermaphroditic) fish species and it is well established that in fish, as in

other vertebrates (e.g. reptiles), there is an enviromnental as well as endocrine control of

the phenotypic sex of the gonads (Baroiller et al., 1999). Consequently, the genotypic

and phenotypic sex in fish may not necessarily coincide.
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1.2.1- Environmental sex differentiation

Several environmental factors have been tested for their influence on sex

differentiation in fish as shown in figure 2. From those we can highlight stocking
density and temperature by the fact that fish reared in aquaculture systems are often

subj ected to extremely high stocking densities and extreme temperatures (both high and
low), which usually do not occur in natural conditions.

>tSâ1ifififsff 8 ro f
- pH of the water (til)
- Donsity (o)
- Temperature (Í)

, saa  ,Maze

Figure 2- Environmental factors suggested to influence gonadal differentiation. (a) Badura and
Friedman, 1988; Francis and Barlow, 1993; (b) Craig et al., 1996; (c) Abucay et ai., 1999; (d) Römer and

Beisenherz, 1996; (e) Baroiller et ai., 1999; (Í) Blázquez et al., 1998.

Among the enviromnental factors involved in sex differentiation, temperature is
the most studied. Thus, rearing temperature has been shown to influence sex

differentiation in several vertebrates such as amphibians (Baroiller et al., 1999), reptiles

(Pieau et al., 1999; Pieau et al., 1998; Dorizzi et al., 1996) and fish (Pavlidis et al.,

2000; Blázquez et al., 1998; Craig et al., 1996; Abucay et,al., 1999; Strüssmann et al.,

1997; Patiño et al., 1996).
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In most fish species with therrno labile sex-determination (TSD), interactions

between enviromnental factors and genotype have been strongly suggested. Thermo
sensitivity in fish resembles the case of amphibians in which, genetic sex determination

governs sex differentiation at ambient temperatures, whereas extreme temperatures
(both low and high) strongly affect gonadal sex differentiation (Baroiller et al., 1999;
Strüssmami et al., 1997; Patiño et al., 1996; Craig et al., 1996).

Several studies have suggested a link between sex steroids and the mechanism of
TSD. It has also been suggested that there may be a relationship between the critical

period for response to exogenous sex steroids and the critical period for response to

temperature in fish (Blázquez et al., 1998). Also, administration of steroid hormones,

steroid antisera, and steroid antagonists has proven to be successful in disrupting normal

gonadal differentiation in TSD species (Smith and Joss, 1994; Merchant- Larios et al.,

1997)

Likewise, most studies performed in reptiles point out that temperature exerts its

action on the metabolic route(s) that lead to the Synthesis of sex steroids. Thus, it has

been suggested that the ratio of estrogens to androgens, or the production of estrogens

alone, may be temperature sensitive and may mediate the influence of temperature on

gonadal sex differentiation in TSD species (Smith and Joss, 1994).
Experiments carried out with different models such as reptiles (Pieau et al.,

1999; Desvages and Pieau, 1992; Chardard et al., 1995; Rhen and Lang, 1994; Smith

and Joss, 1994), birds (Villalpando et al., 2000) and fish (Chang et al., 1999, Cotta et

al., 1999; Kwon et al., 1999) have demonstrated the implication of estrogens and the

key role played by the enzyme complex that converts androgens to estrogens-

cytochrome P450 aromatase- in ovary differentiation during TSD. This hypothesis has

gained further support since it has been shown that in most TSD species, the sensitive

period in which changes in gonadal aromatase activity can be induced by temperature

shifts corresponds to the thermo sensitive period for gonadal differentiation (Chardard

etaL,1995)

In fish, the effects of other environmental factors such as pH, salinity, density

and social interactions have also been shown to affect gonadal development in different

species. An influence of water pH on sex differentiation, either alone or through

interactions with temperature, has been reported in a number of species, e. g.

Xiphophorous helleri (Rubin, 1985 Copeia), Poecilia melanogaster (Römer and
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Beisenherz, 1996) and some species of Apistogramma (cichlids) (Römer and

Beisenherz, 1996).

Density and/or social interactions within the fish population have also been
shown to affect the sex ratio in several species, e.g. Cichlasoma citrinellum (Francis and
Barlow, 1993); Anthias squamipinnis (Fishelson, 1970); Labroides dimidiatus (Shapiro,

1980); Gonostoma bathyphylum (Badcock, 1986) and Betta splendens (Badura and

Friedman, 1988).

1.2.2- Endocrine sex differentiation

The levels of endogenous sex steroids change during embryonic and early

development of teleosts (Hines et al., 1999). Generally, developing embryos exhibit
relatively high levels of sex steroids just after fertilization, which decline during fry

emergence (Khan et al., 1997; Chang et al., 1995). This suggests that the temporal
change in steroid levels during development reflect initial metabolic processing of

maternal steroids by embryos. Furthermore, it has been shown that in teleost species,
embryos have the capability of conjugating steroids, thus providing a means of

elimination of some compounds (Iwata et al., 1994; Stouthart et al., 1998).

Early exposure of embryos or larvae to estrogens or androgens has proven

effective in manipulating the phenotypic gender of the gonads (Patiño et al., 1996;

Kime, 1978; Gilling et al., 1996; Blázquez et al., 1999; Chatain et al., 1999). Such

studies indicate that steroid hormone production is not only essential for the normal

expression of gender, but also that the early embryos of fish appear to have the ability to

synthesize and metabolise steroids. In fact, the presence of steroid synthesizing enzymes
has been demonstrated during early life stages of several fish species, namely in guppy

(Poecilia reticulata) and in rainbow trout (Oncorhynchus mykiss) (Yeoh et al., 1996;

Feist and Schreck, 1996).

It has been hypothesized that gonadal sex is determined by the local androgen to

estrogen ratios with relatively higher or lower ratios yielding testicular or ovarian

development, respectively (Hines et al., 1999). Considering this hypothesis, a more or
less clear sexual dimorphism of plasma profiles of sex steroids around the period of

sexual differentiation would be expected. There are only a few reports of the profiles of

sex steroids during the period of sexual differentiation in fish, but it is evident that there
is no clear pattern, which can be generalized. It has been shown that in tilapia (O.
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niloticus) (Nakamura and Nagahama, 1989) and coho salmon (Onconrhyncus Kisutch)
(Feist et al., 1990), the levels of either testosterone or testosterone plus 11-

ketotestosterone, respectively, reflect the process of sexual differentiation. In contrast,
in the grey mullet (M cephalus), no clear sexual dimorphism of plasma profiles in

testosterone or estradiol was found during the period of sexual differentiation (Chang et
aL,1995)

Assuming that steroid hormones are critical for directing initial sex

differentiation, steroid-producing cells should be apparent prior to morphological
differentiation of the gonad. One possibility is that the adrenal gland can function as the

principal site of steroid biosynthesis during sexual differentiation, long before gonad
differentiation. This is clear in several reptile species such as the tropical lizard Caiotes

versicolor, the sea turtle Lepidochelys olivacea, T. scripta and Crocodylus porosus

(Doddamani, 2000). In fish, however, there is no individualized adrenal gland, but

homologous functions are carried out by a specialized tissue- the interrenal or head
kidney. Several reports have shown that fish interrenal tissue is able to synthesize

several steroids, which are typically secreted in the gonadal tissue. In fact, in some fish

(e. g. African catfish Clarias gariepinus), most steroids usually synthesized in the testes
are still detected in blood plasma after castration, as they can also be synthesized in the

interrenal and other tissues (Vermeulen et al., 1995).

Furthermore, in several fish larvae such as tilapia Oreochromis niloticus (Hines

et al., 1999), and rainbow trout Onchorhynchus mykiss (Susuki et al., 1997), the

hypothalamus-pituitary-interrenal axis (HPI) is already functional at early stages,

consistent with the hypothesis that a steroid biosynthetic capacity precedes gonadal

differentiation.

Several reports have established a relationship between hormones of the HPI

axis (which are released during stress) and the hypothalamic- pituitary- gonadal (HPG)

axis (Rivier and Rivest, 1991; Pickering et al., 1987; Huang et al., 1999; Teitsma et al.,

1998; Carragher and Sumpter, 1990; Pankhurst et al., 2000). At the level of the gonads,

adrenal corticoids, pro-opiomelanocortin (POMC)-like peptides, and corticotropin-

releasing factor (CRF) are reported to interfere with the stimulatory action of

gonadotropins on sex steroid-producing cells and thus alter the reproductive function.
However, despite the well-established relationship between the HPI and HPG axis in
fish, little is known on the influence of adrenal steroids on sex differentiation in
vertebrates.
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In humans, several cases of sexual ambiguity have been reported due to
malfunction of the adrenals. An example is the Congenital Adrenal Hyperplasia (CAH)
syndrome. CAH is a form of adrenal insufficiency in which the enzymes involved in the

production of adrenal corticosteroid hormones, is deficient: because cortisol production

is blocked, the adrenal gland overproduces androgens, which lead to the virilization of

female foetuses (Forest and David, 1992). This syndrome results from deficiencies of

the enzymes 21- hydroxylase (Forest and David, 1992; Schawab et al., 2001), 11- beta

hydroxylase (Bouchard et al., 1989) or 315-HSD (Pang, 2001).

In rats, cortisol administration during pregnancy induced a shift of the
differentiation of the foetus female genital tract into the male direction (Roland et al.

(1977). In fish, however, few studies have shown effects of adrenal steroids in the

process of sex differentiation. High dosage treatments of rainbow trout with

cyanoketone (a 313-HSD inhibitor) resulted in a significant shift of the sex ratios towards

the male differentiation. This inhibitor also increased the 313 -HSD activity in the

interrenal tissue, but not in the gonads, suggesting that stimulated steroidogenesis in the

interrenal tissue, could lead to dramatical changes in the sex ratios (van den Hurk and

van Oordt, 1985).

In vitro experiments, namely in rainbow trout Onconrhyncus mykiss, Esox iucius

and perch Perca fluviatilis have shown that adrenal corticosteroids can be metabolised

by 1115-HSD into 1115- hydroxyandrostenedione and 1113- ketoandrostenedione, which

are known to be potent masculinizing steroids (Goswami et ai., 1985; Kime, 1978).

Furthermore, administration of cortisol and cortisone to rainbow trout fry has been

shown to skew the sex ratio in favour of males, which suggested that the two
corticosteroids could have been converted into 11-oxygenated androgens (Schulz,

1986). It has been hypothesized that 11-oxygenated androstenedione derivatives which

are present in large amounts within the free steroid metabolites produced by newly

hatched larvae in several fish species, e.g. Artic Charr (Khan et al., 1997), catfish

Clarias gariepinus (Khan et al., 1997) and Asian sea bass (Lates calcarzfer) (Guigen et

al., 1995), are involved in sustaining the differentiation and early development of the

testis in fish (Baroiller et al., 1999). This could be a possible pathway through which
adrenal corticosteroids may influence sex differentiation. »
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1.3- Interrenal tissue

Several experimental approaches over the last decades have established that the
pituitary hormone adrenocorticotrophin (ACTH) is the principal regulator of the

interrenal tissue (Bradford et al., 1992). ACTH is not only responsible for maintaining
interrenal homeostasis in adult animals (acting as a growth factor and preserving the

differentiated state of the interrenal) and promoting interrenal development in larvae but
it is also involved in increasing the levels of precursors for steroid synthesis and the

synthesis and activation of enzymes leading to the formation of steroid hormone
molecules namely mineralocorticoids, glucocorticoids and androgens (Bülow et al.,

1996)

Steroid hormones are synthesized from precursor steroid-cholesterol.
Presumably, all tissues have some capacity for cholesterol synthesis, although most of

the circulating cholesterol is synthesized in the liver. Adrenocortical tissue can

synthesize cholesterol, and can also take it up from the blood when circulating levels are

sufficiently high (Gorbman et al., 1983).

In most steroidogenic tissues cholesterol that is not directly required for

hormone production is stored within the cell under the form of cholesteryl esters. When
a high demand for steroid hormones occurs, cholesteryl esters are cleaved to yield free

cholesterol, stimulating the synthesis of steroid hormones either by making substrate

available to the steroidogenic enzymes in the cell, or by increasing the transcription of

several key cAMP- responsive genes that encode steroidogenic enzymes (Feige et al.,

1998)

There is considerable information available concerning the properties of

enzymes involved in the synthesis of corticosteroids, androgens and estrogens. Most of

the enzymes involved in this process belong to the family of mixed-function oxygenases

known as cytochrome P450 (Bülow et al., 1996).
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1.3.1. - Corticosteroids

Two types of corticosteroids, mineralocorticoids (aldosterone) and

glucocorticoids (cortisol, corticosterone) are produced by the adrenal cortex/ interrenal

from lungfish and amphibians to mammals (figure 3). Tissue effects of glucocorticoids

are mediated by the type II corticosteroid receptor- also termed the glucocorticoid

receptor (GR)-, and in addition, by the mineralocorticoid receptor (MR). Cortisol has

significant affinity for both receptors, while aldosterone clearly possesses higher affinity
for MR (Ray, 1996).

P450 (1113) (1113-hydroxylase) or CYP1 IB (according to accepted nomenclature

proposed by Nelson et al ., 1993) catalyses the final steps of corticosteroid biosynthesis:

from 11-deoxycorticosterone (DOC) to aldosterone or 11-deoxycortisol to cortisol,

respectively (Jiang et al., 1998).

Cholesterol

P450 scc

P450 017
Pf€gI1€fl0l0I1€ P* l7r1- OH- prosniorioloiio

313-I-ISD 311-I-[SD

Pro esterone P450 Cl? -Ir-g l7ot-OH progesterone

P450 c2l P450 c2l

1 1-deoxycorticosterone 1 1-deoxycortisol compounds

P450 11Beta P450 1 1 Beta

Corticosterone Cortisol

P450 11Beta (aldo)

18-OH-corticosterone

P450 1lBeta (aldo)

Aldosterone

Figure 3- Schematic representation of the main pathways for corticosteroid biosynthesis (adapted
from ldler, 1972).
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Previous studies have shown that in several species including htunan (Fisher et

al., 2000), mouse (Domalik et al., 1991), rat (Mukai et al., 1993), and hamster (LeHoux

et al., 1994), two distinct isoforms of the CYP11B subfamily exist, namely CYP11B1

(P450 1113-hydroxylase) and CYP11B2 (Aldosterone synthase or AS). In bovines

(Ogishima et al., 1989), ovines (Sun et al., 1995; Anwar et al., 1998), bullfrog (Nonaka
et al., 1995) and Guinea pig (Büllow et al., 1996), only one type of enzyme could be

detected (P450 1113-hydroxylase, AS or CYP1 1B0) which has the activity of both

knoxni isozymes. In rat, in addition to these two isozymes, a third form CYP11B3 is

also present (Mellon et al ., 1995).

Although some earlier studies reported that small amounts of aldosterone could

be detected in the interrenal of some teleosts such as the lungfish, Fundulus, the

coelacanth Latimeria and in sockeye Salmon blood (Chester Jones et al., 1969;

Barrington, 1963), still no conclusive data has been shown for aldosterone synthesis in

teleost fish.

Moreover, the CYP 1113 (1113-hydroxylase) gene has been cloned in eel Anguilla

japonica (Jiang et al., 1998), in zebra fish Danio rerio (GenBank accession number
BG73 8320), and in rainbow trout Oncorhynchus mykiss (Kusakabel et al., 2000), but so

far none of these genes present any evidence of AS activity.

1.3.2- Androgens

11-Ketotestosterone is a fish specific androgen implicated in male sexual

differentiation and development (Takeo et ai., 1999). The enzyme P450 1113-

hydroxylase is not only involved in corticosteroid biosynthesis, as it is also involved in

the synthesis of 11-ketotestosterone in fish gonads and interrenal tissue. 11-

Ketotestosterone is synthesized from testosterone by the actions of two enzymes, P450

1113-hydroxylase and 1113-hydroxysteroid dehydrogenase (1113-HSD) (Jiang et al.,

1996) (figure 4). The androgen receptor (AR) mediates most actions of 11-

ketotestosterone (Todo et al., 1999). So far, two different isoforms of AR (ARot and

AR13) have been identified in fish, namely in red sea bream Pagrus major (Touhata et

al., 1999), rainbow trout Onchonrhyncus mykiss (Takeo and Yamashita, 1999), kelp

bass Paralabrax ciathratus (Sperry and Thomas, 1999), Atlantic croaker
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Micropogonias undulatus (Sperry and Thomas, 1999) and in eel Anguilla japonica

(Ikeuchi et al., 1999; Todo et al., 1999).

Cholesterol

P450 SCC

3B-HsD/
A 5 isomerase

Ilrügrlultrllllllu __í› Progesterone

P450 (317 P450 017

313-HSD
Ot- OH- pregnenolone M l70t-OH- progcsterone

P450 cl? P450 c17

3B_HSD P450 11Beta 11 B-HSD

ydroepiandrostenedione íí› Androstenedione M 11 5-011 And¡0S¡cned¡one *Mp 11-K¢t0Andm5ten¢d¡0m

1713-Hsn 1713-Hso 1715-1

P450 1lBcta ll 13-HSD
Testosterone › 1 1 -OH Testosterone 1 i 11-Ke totestosteronc

Figure 4- Schematic representation of the main pathways for androgens biosynthesis (adapted
from Nagahama, 1999).

1.3.3- Estrogen

Aromatase cytochrome P450 (P450arom or CYP19) is the catalytic component

of the aromatase complex responsible for the synthesis of estrogens from androgens. In

fish it is responsible for the conversion of testosterone to 1713- Estradiol (Corbin et al.,

1999) and therefore plays a unique role in maintaining a physiological balance between

androgens and estrogens, which is critical for gonadal development and function in

vertebrates (Trant, 1994).
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1 713-HSD
Androstenedione gi; Testosterone

P450 amm P450 arom

Estrone qiíp 1713- Estradiol

1713-HSD

Figure 5- Schematic representation of 1713- Estradiol biosynthesis, the major estrogen in fish.

The aromatase gene has been isolated in several fish species such as tilapia

Oreochromis niloticus (Kwon et al., 2001; Chang et ai., 1997), Atlantic stingray

Dasyatis Sabina (Ijiri et al., 2000), medaka Oryzias latipes (Fukada et al., 1996),

rainbow trout Onchonrhyncus mykiss (Tanaka et al., 1992), zebra fish Danio rerio

(Kishida and Callard, 2001), Atlantic croaker Micropogonias undulatus (Corbin et al.,

1999), goldfish Carassius auratus (Callard and Tchoudakova, 1997; Tchoudakova and

Callard, 1998), Japanese flounder Paralichthys olivaceus (Kitano et al., 1999) and sea

bass Dicentrarchus labrax (GenBank accession number AJ311177).

In both males and females, estrogen programes and coordinates developmental,

physiological, and behavioral responses essential for reproduction (Ando et al., 2000;

Tchoudakova and Callard, 1998). It is well established that many of the effects of

estrogens are mediated by classical nuclear receptors- estrogen receptors (ER), which

can bind estrogen and act as transcription factors (Kishida and Callard, 2001 ; Andrews

etaL,1997)

So far, three distinct ER subtypes (termed ERot, ER13 and ERy) have been

identified in fish, sea bream Sparus aurata (Socorro et al., 2000), rainbow trout

Onchonrhyncus mykiss (Pakdel et al., 2000), channel catfish Ictalurus punctatus (Xia et

al., 1999; Xia et al., 2000; Patiño et ai., 2000), Atlantic croaker Micropogonias

undulatus (Hawkins et at., 2000) and tilapia Oreochromis niloticus (Chang et al., 1999).
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II- MATERIAL AND METHODS

Experiment I: Preliminary examination of the effect of dexamethasone on

plasma levels ofcortisol and androgens.

Twenty sexually immature sea bass (1 year old) were distributed in two 50-liter
tanks (density: 9 Kg/m`3) with constant temperature (18°C), salinity (3 7%0) and aeration.

After one week of acclimation, the normal daily ration (commercial dry pellets,

Provimi) at the rate of 1% body wt day`l was replaced by a control meal or an

experimental meal fed at the same rate. The pellets were prepared either by spraying
food with ethanol (control) or with dexamethasone dissolved in ethanol and allowing

the ethanol to evaporate overnight at room temperature. The fish in one tank were given

a control meal, and the fish in the other tank received pellets with a 150 mg Kg _'

dexamethasone (Dex). After one week of treatment, fish Were allowed to recover for

two weeks by feeding them with the normal daily ration of untreated pellets. Fish were

sampled at the begimiing of the experiment (no treatment had been administered), after

one week of treatment and after one and two Weeks upon treatment removal. On

sampling, fish were captured, anaesthetized with phenoxyethanol (1:10000, Sigma) and

blood was collected from the caudal vessels. Blood was immediately centrifuged (7

minutes at 13000 rpm), aliquoted, frozen in liquid nitrogen and stored at -20°C, until

assayed for cortisol and androgens (see below).

Experiment H: Efièct of dexamethasone administration on the sex ratios of sea

bass populations

Sea bass larvae 80 days-post-hatching were obtained from a fish farm (TIMAR,
Peniche). Fish larvae were acclimated in 200-L tanks in a closed seawater system,

equipped with biological and mechanical filters. Fish were fed twice a day with

commercial food (PROVIMI) at the rate of 1-2% body Wt day`l. At the age of 100 days-

post-hatching, 1500 larvae were distributed in six 1000-L tanks (250 larvae per tank)

with constant aeration and natural ambient temperature and salinity. Four tanks were

given dexamethasone treated food (two tanks with 75 mg Kg`l and two tanks with 150
mg Kg "), prepared as previously described and other two tanks were given a control
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meal. These concentrations of dexamethasone were chosen because with the previous
experiment 150 mg Kg 71 blocked cortisol production. VVhen the fish reached 10 months

of age 50 fish from each tank were anaesthetized, sacrificed and the gonads were
removed for histological determination of the gonadal sex.

Experiment III: Ejfiact ofconfinement and handling stress on hormone levels.

For the following experiments 2.5-year sea bass were used (mean weight 120g).

Confinement stress

Twenty sea bass were divided evenly between two 500-L tanks, ten fish per
tank. After one week of acclimation, the water level in one of the tanks was reduced to

half, increasing the stocking density (density: 8 Kg m`3). Fish were exposed to this type
of stress for 16 hours, after which they were netted, anaesthetized and blood was

collected. Blood samples were treated as described above and each sample was assayed

for cortisol, testosterone and 11-ketotestosterone.

Handling stress

Twenty fish from the stock population were distributed in two 1000-Liter tanks.

After one week of acclimation, the fish from one tank were subjected to a handling

stress. The handling stress consisted of submitting the fish to manipulation of the tank

with a hand net, throughout six hours. After six hours of stress, fish were netted,

anaesthetized and blood was collected. Blood samples were treated as previously

described and assayed for cortisol, testosterone and 11-ketotestosterone.
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Experiment IV: Eflect of confinement and handling stress in sea bass treated

with dexamethasone.

For the following experiments 2.5-year sea bass were used (mean weight 110g).

Confinement stress

The same confinement experiment, as previously described, was repeated but
this time in one of the tanks, fish were given ethanol treated food, and the fish, which

were subjected to confinement stress, were given dexamethasone treated food (150 mg

Kg `l). Sampling procedure was as described for experiment III and each sample was

also assayed for cortisol, testosterone and 11-ketotestosterone.

Handling stress

The same handling experiment, as previously described, was repeated with some

alterations. In one tank, fish were fed with ethanol treated food and the fish which were

subjected to handling stress, were given dexamethasone treated food (150 mg Kg `l).

Sampling procedures were as previously described and the blood samples were assayed
for cortisol, testosterone and 11-ketotestosterone.

2.1- Histology

At the end of experiment II, fish were sampled (50 fish per group) and the sex of

each individual was determined by histological analysis. On sampling, fish Were

anaesthetized (1:10000 phenoxyethanol, Sigma), killed and gonads were dissected and

fixed in Bouin°s solution (Sigma) for 24 hours. The tissues were dehydrated in grade

alcohol series, paraffin embedded and cross-sectioned (5-7um). The cross-sections were

stained with Erlich°s hematoxilin-eosine and observed at the microscope. Gonads Were

scored as testis when they exclusively contained predominantly undifferentiated tissue

with a few scattered germ cells and as ovaries When they presented groups of germ cells

With solitary oocytes. Gonads that only presented undifferentiated tissue with no typical

features as in testis or ovaries were classified as undifferentiated. All gonads that

presented all the characteristics of the testis but also presented scattered oocytes were
classified as intersexes.
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2.2- Steroid assays

For steroids radioimmunoassay (RIA), aliquots (I00ul) of plasma were

denatured with (900ul) gelatine buffer at 80°C for one hour. For cortisol, the denatured

plasma was diluted to 1:50 and 100ul of this dilution was used in the radioimmunoassay

as described in (Condeça, 2001). The samples were counted under standard 3H

conditions, using a Beckman L60000IC Scintillation counter (Beckman Instruments

Inc., Fullerton, USA). Testosterone and 11-ketotestosterone assays were performed

using the same procedure described for cortisol assays (Condeça, 2001), with the

exception that the plasma samples were not diluted prior to assay.

2.3- RNA lsolation

Total RNA from Dicentrarchus labrax tissues and whole individual larvae at
different developmental stages was extracted using TRI reagent (Sigma), based in the
acid guanidinium thiocyanate-phenol-chloroform method by Chomczynski and Sacchi

(1987). The isolated RNA was subsequently run in a 1.0% agarose gel stained with EtBr

(0.5 ug ml 71) to verify its integrity and quantity.

2.4- Amplification ofpartial genes by RT-PCR

Complementary DNA was synthesised from 2-4 ug of total RNA by reverse

transcription in 40ul at 37°C for 2 h using 50 U of M-MLV Reverse Transcriptase

(Gibco BRL), 4ul 5x Buffer (Gibco, BRL), 0.25mM of each' dNTP, 20uM oligodT

primer, 2.5mM DTT and 5 U of RNA Guard (Gibco, BRL). Twenty-five microliters

PCR reactions were performed with 2-4ul of RT reaction in the presence of 0.5U of Taq

Polymerase (Promega), 5ul 10x Buffer (Promega), 0.12 mM of each dNTP, 0.5pmol of

forward and reverse primers and variable concentrations of MgCl2 which varied

according to the primers used for each target gene (see table 1). After PCR, the reaction

products were analysed on 1% agarose Agel and stained with EtBr (0.5 ug ml `1).
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forward and reverse primers and variable concentrations of MgCl2 which varied

according to the primers used for each target gene (see table 1). After PCR, the reaction

products were analysed on 1% agarose gel and stained with EtBr (0.5 ug ml `1).

Table 1: Conditions for PCR amplification of target genes.

Genes Primers Expected Size PCR conditions MgCl2 Tissue
concentration

issi 18 S For/ 18S
Rev

450 bp 94°C 30 sec
58 °C 30 sec
72°C 30 sec

1.0 mM Undifferentiated
Gonads

CYP 19 dlarom fw/
dlarom rev

400 bp 94°C 1 min
60°C 1 min
72°C I min

2.0 mM Undifferentiated
Gonads

CYP l1B1 3F/6R 350 bp 94°C 1 min
58 °C 1 min
72°C I min

2.5 mM Kidney/I-[K

Ane roar fl/
roar rl

325 bp 94°C 1 min
54°C Í min
72°C l min

2.5 mM Larvae

ERot ER3/ER4 1000 bp 94°C I min
56°C I min
72°C I min

1.5 mM Liver

ERB1 sberb 1 f3/
sberbl r3

650 bp 94°C Í min
54 °C Í min
72°C 1 min

2.5 mM Testis

ER 52 ER3/ER4 1000 bp 94°C 1 min 1.5 mM Testis
52°C 1 min
72°C 1 min

2.5- Cloning and sequencing

PCR products with the expected size were excised from the agarose gel, and

eluted from the agarose using a commercial kit (GFXTM PCR DNA and Gel band

purification kit, Amersham Pharmacia), according to the manufacturer°s instructions.

The DNA fragments isolated were inserted into the pGem T-easy plasmid (Promega)

vector and subsequently used to transform Escherichia coli XL-1Blue strain

(Stratagene) using a standard method by Inoue et al. (1990). The transformed bacteria

were then plated in Lb-Agar (Sigma) supplemented with 50ug/ml ampicilin (Sigma),

0.05M IPTG (Sigma) and 80ug/ml X-Gal (Sigma). The plates were incubated overnight

at 37°C and the clones with the insert of the correct size were selected by PCR colony

screening. For PCR colony screening, white colonies were transferred into 200 ul Lb-

Broth medium (Sigma) supplemented with 50ug/ml ampicilin and incubated at 37°C for
a.
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2 hours. Two microliters of grown cultures were used in 25ul PCR reactions using 0.5U

of Taq Polymerase (Promega), 2.5ul 10x Buffer (Promega), 0.12 mM of each dNTP, 0.5

pmol of T7 and SP6 primers and 2mM MgCl2. The PCR conditions used were 30” at
95°C, 30” at 50°C and 45” at 72°C, for 25 cycles. The colonies with inserts of the

correct size were then transferred to Sml Lb-Broth medium supplemented with 50ug/ml

ampicilin and incubated at 37°C ovemight. The plasmids were recovered using the

alkaline lysis method (Sambrook et al., 1989) and subsequently sequenced in an

automated sequencer (ABI 373A) with Thermo Sequenase TM Dye terminator cycle

Sequencing Pre-Mix Kit (Amersham Pharmacia). The obtained sequences were

compared to GenBank database at NCBI to determine the similarity with other known

genes.

2.6- SEMI-QUANTITA TIVE PCR

2.6.1- PCR Optimisation

Sea bass larvae total RNA extraction and cDNA synthesis was prepared as

previously described with the exception of the primer used in the reverse transcription,

which was done with 4ug of random hexamers (pdN (6), MWG- Biotech AG) in order

to use the 18S as an internal control. Specific primers for the genes CYP11B1, CYP19,

AR13, ERot, ER131, ER132 and l8S were designed and PCR conditions were optimized

(see table 2). For each gene, the Specific primers were optimised in order to obtain a
single product and the linear range for the PCR reaction was determined. To determine

the linear range, a 60ul PCR reaction was set-up for each gene, 5ul aliquots were

removed every two cycles, starting in cycle 16 until cycle 35 and subsequently resolved

by electrophoresis on 1% agarose gel stained with EtBr (0.5 ug ml "l). The products

Were quantified with the program ImageMaster ID Primer (Pharmacia Biotech) and

cycle numbers were plotted against log of the signal. Once the linear range was

established, a cycle number in the middle of the linear range of the plot was chosen in

order to perform semi quantitative PCR.



Table 2: Optimisation conditions for semi quantitative PCR

Genes Primers Expected Size PCR conditions MgCl2
concentration

Cycles

pdN (6)

CYP 19 dlaromforll
dlarom revl

450 bp 94°C
5 8°C
72°C

1 min
1 min
1 min

2.5 miví 22

CYP llB1 ro1lblor/
rollblrev

290 bp 94°C
48°C
72°C

Ã min
1 min
_ min

7 2mM 26

Ants roar fl/
roar rl

300 bp 94°C
5 8 °C
72°C

Â min
Â min
Í min

2.5 mM 26

ERot roera fl/
roera rl

550 bp 94°C
60°C
72°C

4 u

0 [T1111

_ l'l'1llT

_ 1T11l'1

1.5 mM 35

ER151 sberb1f`3/
sberbl r3

650 bp 94°C
58°C
72°C

Â min
I min
Â min

2 mM 35

Enbz roerb2 fl/
roerb2 rl

200 bp 94°C
48°C
72°C

Â min
_ mm
1 min

2.5 mM 35

l8S 18S for/
18S rev

450 bp 94°C
60°C

4 u1 mm
l min

lmM 18

_ 72°C Í min _

2.6.2- RT-PCR Southern Blot analysis

PCR reactions were performed with the optimised conditions (see table 2) and

subsequently run in 1% agarose gel stained with EtBr (0.5 ug ml "). After

electrophoresis, the gel was denatured in a 1.5M NaCl/ 0.5M NaOH solution for 30

minutes, washed briefly in distilled water and neutralized in a 1.5M NaCl/ IM Tris-HCl

solution for 30 minutes. After neutralisation, the gel was washed with 6X SSC and the

DNA samples Were transferred into a Hybond- N Nylon membrane (Amersham

Pharmacia) by a capillary method (Sambrook et al., 1989). The membrane was cross-

linked with UV radiation and the membrane was pre-hybridised at 58°C for 2 hours in

Church-Gilbert buffer. Hybridisation was carried out overnight in Church-Gilbert buffer

with the respective probe labelled with o‹.32P-dCTP and RediPrime It II Random Primer

labelling kit (Statagene), according to the manufacturer°s instructions. The blots were

then washed twice with 2X SCC/ 0.1%SDS at RT for 10 minutes, twice with IX SSC/

0.1%SDS at 58°C for 20 minutes and twice with 0.1X SSC/ 01% SDS at 65°C for 30
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minutes. The membrane signals were quantified by phosphoimaging and expressed as

the ratio of amplified target over arnplification of 18 S ribosomal RNA.

2.7- Statistical analysis

Results are presented as mean i SEM. The effect of dexamethasone treatment on

weight, length, condition factor, gonad differentiation and the effect of stress on steroid

levels was tested by two-Way Analysis of Variance (ANOVA) followed by Tuckey°s

Honestly Significant Difference test. Correlation between steroid levels was assessed

using the Pearson product moment correlation. Analysis of covariance (ANCOVA) was

used to assess whether the effect of dexamethasone on the condition factor was due to
its influence on the weight or length of the fish. Before the analysis, the data was log

(weight, length, and concentrations) or inverse sine (condition factor) transformed. Plots

in figures are based on untransformed data. Correlation between the expressions of the

different genes was assessed using the Pearson Product Moment Correlation. Statistical

significance was considered at the 5% level.
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III- RESULTS

3.1- Preliminary examination of the efifect ofdexamethasone on plasma levels of

cortisol and androgens.

800 -. *
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Figure 6- Dexamethasone suppression test. Black bars- control fish (n=l0); Grey bars- fish
treated with dexamethasone (n=10). Pre treatment- fish fed with ethanol treated food; Dexamethasone
treatment- fish fed with dexamethasone at a dose of 150 mg Kg* food for one week after which they were

sampled; Post treatment- Fish were sampled one week and two weeks after treatment removal. Significant

differences between treatment groups are marked with * if the value of p= 0.03 and with ** if p< 0.001.

At the beginning of the experiment, the mean cortisol levels were in the range of

388.6- 636.9 ng ml`l in control groups, although throughout the experiment, the levels

of cortisol were significantly (p< 0.03) reduced (156.8 ng ml`l) (fig.6). Dexamethasone

at a dose of 150 mg Kg`l food had a significant (p<0.001) suppressive effect on the

plasma cortisol levels (12.13 ng ml") after one week of steroid treatment. One week

post-treatment the suppressive effect of dexamethasone was still present (p<0.001) and

the cortisol levels only recovered to control levels, two weeks after dexamethasone
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removal (fig.6). The levels of both testosterone and ll-ketotestosterone were below the
detection limit of the assay.

3.2- Effect of dexamethasone administration on the sex ratios of sea bass

populations.

¡ % Male gonads
1:] % Female gonads

100 T % Intersexes
1:1 % Undifferentiated
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Figure 7- The effect of dexamethasone administration on the sex ratios of sea bass. Cl and C2-
lcontrol fish fed with ethanol treated food; Dex-75- fish treated with 75 mg Kg' food of dexamethasone;

1Dex-150- fish treated with 150 mg Kg` food of dexamethasone.

Control groups had between 60-65% of males and 35-40% females; Dex-75

group presented 64% males and 36% of females and the Dex-150 group presented 44%

males and 44% of males (figure 7).

When gonads were examined at I0 months of age, all fish from the control

groups and those treated with the lowest dose of dexamethasone (75 mg Kg`l food)

presented fully differentiated gonads either into testis (figure 8.a) or ovaries (figure 8.b).

4 % of the fish treated with the highest dose of dexamethasone (150 mg Kg 'I food)

were undifferentiated (figure 8.c) and 7% had ovotestes (figure 8.d).
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Figure 8- Histological cross sections (8um) of gonads from experiment II at 10 months of age. a)
gonad showing a developed testis; b) gonad showing a developed ovary; c) gonad showing testicular

tissue with 5 intra scattered oocytes; d) undifferentiated gonad.
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Since no significant differences in weight, length and condition factor could be

seen between the two control groups, the data were pooled for subsequent analysis. In

both control and Dex-75 groups, female fish were heavier (p<0.00l and p=0.011,

respectively) (figure 9.a) and larger (p<0.001 and p=0.011, respectively) than male fish

(figures 9.b). Female and male fish treated with the highest dose of dexamethasone did

not present any significant differences in weight or length.
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Figure 9- Fish weight (a) and length (b) at the end of the experiment II. C- control fish; Dex-75-

fish treated with 75 mg Kg" food dexamethasone; Dex-l50- fish treated with 150 mg Kg* food

dexamethasone. Significant differences in weight and length between female and male fish in each group

are marked with * if p= 0,011 and ** if p< 0,001.

There were no significant differences in condition factor between females and

males within the same group. However, females from the control group had a

significantly higher condition factor than fish treated with the lowest dose of

dexamethasone (P = <0.001) or with the highest dose (P = <0.001) (figure 10).

Similarly, male fish from the control group also had a significantly higher condition

factor than males treated with the lowest (P = <0.001) and the highest (P = 0.001) dose

of dexamethasone (figure 10).
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Figure 10- Condition factor at the end of experiment II: C- control fish; Dex-75- fish treated with

75 mg Kg" dexamethasone; Dex-l50- fish treated with 150 mg Kg`l dexamethasone. Condition factor

was calculated according to the formula: K= [(W/L3) x l00]. Significant differences in condition factor in

each group in comparison to the control are marked with ** if p< 0,001.

3.3- Ejfect ofconfinement stress on hormone levels

After 24 hours of confinement, there were no alterations in cortisol levels or in

testosterone (figure 11). The levels of 11-ketotestosterone in most fish were below the
detection limit of the assay.
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Figure 11- Cortisol and testosterone levels in sea bass blood plasma after 24 hours of

confinement.

3.4- Effect ofhandling stress in sea bass.

Handling stress caused a highly significant (p<0.00l) elevation of blood cortisol

levels, and no alterations could be detected on plasma testosterone levels (figure 12).

The levels of 11-ketotestosterone in most fish were below the detection limit of the

assay.
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Figure 12- Cortisol and testosterone levels in sea bass blood plasma after 6 hours of handling

stress. Significant differences between treatment groups are marked with ** if the value of p< 0.001.
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3.5- Effect ofconfinement stress in sea bass treated with dexamethasone.

Dexamethasone treatment (150 mg Kg* food) had no suppressive effects on the

cortisol levels after 24 hours of confinement stress (figure 13). In contrast, testosterone

levels were significantly higher (p=0.0l) in fish treated With dexamethasone When

compared With the control fish. The levels of 11-ketotestosterone in most fish were

below the detection limit of the assay.
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Figure 13- Cortisol and testosterone levels in sea bass blood plasma after 24 hours of

confinement. Before the experiment control fish were given ethanol-treated food and fish subjected to
confinement stress were given food treated with 150 mg I(g" dexamethasone. Significant differences

between treatment groups are marked with * if the the value of p= 0.01
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3.6- Eflect ofhandling stress in sea bass treated with dexamethasone.

Handling stress caused a highly significant (p<0.001) increase of blood cortisol

levels despite dexamethasone treatment, and no alterations on plasma testosterone levels

could be detected (figure 14). The levels of 11-ketotestosterone in most fish were below
the detection limit of the assay

n=10 n=l0 n=l0 'F1°Em , 0,18 -
0,16 -

5°” J-¬ _ 0,14 ‹-)
IX! I

(ne/m)
â

e(ng/m

.CJ.Q.Q88R3

1-.;i;¡i;...._

nim' |

'Im
0,02 - ! |

|
, - , Um ' 1 ' 1 -f -

Comol Handling Coma Hmdnng

Cortso

zz.ë

Testosteron .Q.OE8

Figure 14- Cortisol and testosterone levels in sea bass blood plasma after 6 hours of handling

stress. Before the experiment, control fish were given ethanol-treated food and fish subjected to handling
stress were given food treated with 150 mg Kg' dexamethasone. Significant differences between

treatment groups are marked with ** if the value of p< 0.001.

Although there appeared to be a trend for higher level of testosterone when
levels of control cortisol decreased there was no significant correlation between cortisol

testosterone levels for the pooled data of confinement and handling stress experiments
(figure 15).
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correlation analysis was performed.

3.7- Gene cloning

In order to determine the enzymatic expression profile in sea bass during the

period of sexual differentiation, two key enzymes involved in the final steps of estrogen

and androgen synthesis were isolated- CYP 19 and CYP 1lBl. CYP 19 (P450
aromatase) had 100 % similarity with the sequence that had been previously published

for sea bass. As seen in table 5, the CYP llBl sequence had a high similarity to the

sequence of CYP llBl isolated in Oncorhynchus mykiss. Four other genes, which had

high similarity to the three estrogen receptors (ot, B1, B2) identified in fish and to the

androgen receptor ([5), were also isolated in sea bass.



Table 5 - Target genes identified with corresponding similarity to known sequences obtained by

BLAST X of Genebank.

Genes Obtained E value
Size

Species

CYPI9 400 bp 0.0 Dicentrarchus labrax

CYPIIBI S50 bp lem Oncorhynchus my/ciss

lARfl 3:5 bp 6e"m Pagrus major

5 Ena 1000 bp Sem Spams aurata

lenpi 650 bp l efif Spams aurata

Enpz 1000 bp lem Micropogonias undulanzs

3.8- Gene expression- Semi-quantitative PCR

As seen in figure 16 (a), the expression of CYP1 lB1 enzyme was highest at 80

days post-hatching and showed a higher dispersion of values among individual fish

From that age onwards, the expression decreases to a stable level and the expression of
this enzyme is similar in all individuals. In mature gonads, the expression of this gene is

highest in testis than in the ovaries.
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Figure 16- CYP ll Bl gene expression from day 80 until day 170 post-hatching (a) and in

mature gonads (b). Gene expression was measured by specific RT-PCR followed by southem blot as the

ratio of amplified target over amplification of l8S ribosomal RNA.

The highest expression of androgen receptor was observed at 80 days post-
hatching, and after it progressively decreased (figure 17 a). From day 80 until day 130

post-hatching, the expression of this gene presented a dimorphic pattem. The expression

of this gene was higher in testis than in the ovaries (figure 17 b).
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Figure 17- AR beta gene expression from day 80 until day 170 post hatching (a) and in mature

gonads (b). Gene expression was measured by specific RT-PCR followed by southem blot as the ratio of

amplified target over amplification of 185 ribosomal RNA.

As seen in figure 18 (a), the enzyme CYP 19 showed low expression levels from

day 80 to day 130 post-hatching, after which it increased and showed a high dispersion

of values among the different individuals. In mature gonads, this gene had higher

expression in ovaries than in testis (figure 18 b).
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Figure 18- CYP 19 gene expression from day 80 until day 170 post hatching (a) and in mature
gonads (b). Gene expression was measured by specific RT-PCR followed by southem blot as the ratio of

ainplified target over amplification of l8S ribosomal RNA.

The expression of estrogen receptor subtype or. was not detected at any age or in

the gonads.

The expression of the estrogen receptor subtype B1 was similar at all ages, even

though it showed a slight and progressive dispersion of values from day 80 to day 130

post-hatching (figure 19 a). The expression of this receptor was higher in ovaries than in

testis (figure 19 b).
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Figure 19- Estrogen receptor B1 gene expression fi'om day 80 until day 170 post-hatching (a) and

in mature gonads (b). Gene expression was measured by specific RT-PCR followed by southem blot as
the ratio of amplified target over amplification of l8S ribosomal RNA.

The estrogen receptor subtype B2 had low expression levels from day 80 to day

100 post-hatching (figure 20 a). From day 130 onwards, the expression of this gene

increased and showed a high dispersion of values among the different individuals. In

mature gonads, this gene showed higher expression in testis than in ovaries (figure 20

b).
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Figure 20- Estrogen receptor [52 gene expression from day 80 until day 170 post-hatching (a) and

in mature gonads (b). Gene expression was measured by specific RT-PCR followed by southem blot as
the ratio of amplified target over amplification of l8S ribosomal RNA.

Altogether, the analysis of these results showed that, sea bass larvae had higher

expression of CYP llB1 and ARB during the androgen sensitive period. After this

period, the expression of these genes was inversely correlated to the expression of the

ERB2 (table 6).

Table 6- Correlation between the expression of AR, ERB2, and CYP 11B1 from day
130 until day 170 post hatching.

Cell Contents:
Correlation Coefficient

P Value

AR0 E1152
CYP1lB1 0.650 -0.820

0.162 0.0422

ARB -0.353
0.0310

E1102
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IV- DISCUSSION

Valuable information has been obtained by the administration of hormones and
drugs to modify the activity at various points along the HPI axis. Dexamethasone, a

synthetic glucocorticoid, has been shown to be effective in suppressing the axis both in

mammals (Brody et al., 1994; Swab et al., 1989; Forest and David, 1992) and in fish

(Pickering et al., 1987; Lee et al., 1992; Pottinger et al., 2000). This synthetic

glucocorticoid has been shown to inhibit corticotrophin-releasing hormone (CRH) in the
hypothalamus, and specifically inhibit proopiomelanocortin peptide (POMC) secretion

from the anterior lobe, and by thus suppress the secretion of ot-MSH and ACTH in the

pituitary (Kooistra et al., 1997). As a result, the cortisol production in the interrenal

tissue is suppressed. Furthermore, dexamethasone has also been shown to bind to

glucocorticoid receptors (Knoebl et al., 1996) with higher binding affinity than

endogenous cortisol (Allison and Omeljaniuk, 1998). For all these reasons,

dexamethasone was tested for its effectiveness in suppressing the HPI axis in sea bass.

One week of dexamethasone administration at a dose of 150 mg Kg`l food
effectively suppressed the cortisol secretion. The levels of cortisol were only restored to

control levels after two weeks upon removal of the treatment. In brown trout, one single

dose of dexamethasone (200 mg Kg`l) had a marked suppressive effect on the cortisol

response to confinement stress (Pickering et al., 1987). However, the suppressive effect

had disappeared 96 hours post treatment. These contrasting results between the two

studies are not surprising since differences in frequency of administration and length of

the treatment, together with the prolonged plasma half-life of this glucocorticoid (Brody

et al., 1995), have been shown to delay the recovery of the axis.

Determining basal levels of cortisol is one of the most common problems in

most studies, as factors such as the method of capture and blood sampling, season, time

of the day and sex can all influence plasma cortisol levels (Planas et al., 1990; Haddy

and Pankhurst, 1999). In this experiment it is noteworthy the extremely elevated cortisol

levels before administration of the treatment. However, considering that throughout the

experiment, the subsequent blood analysis of untreated fish presented consistently lower

cortisol levels, it is likely that the initial levels were due to the stress induced by capture

prior to first blood Sampling.

Overall, dexamethasone was shown to be effective in suppressing the HPI axis

in sea bass. Since in most fish species, embryos/larvae are able to synthesise and
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metabolise cortisol (Barry et al., 1995), and the HPI axis can be activated in response to

stress (Stouthart et al., 1998), then it is most likely that the HPI axis in larvae is also
susceptible to dexamethasone inhibition. If dexamethasone is effective in suppressing
the HPI axis during the period of highest sensitivity to androgens, both cortisol and as
hypothesised the androgen levels should decrease, and thus invert the skewed sex ratios

in favour of females.

For effective sex reversal, steroids must be administered at a sufficient dosage

while the gonad is undifferentiated, and must continue to be administered throughout

the period of sexual differentiation (Hendry et al., 1999). For this reason, sea bass

larvae were given dexamethasone throughout most of the period of sexual

differentiation, starting at the beginning of the androgen sensitive period (100 DPF),

when the gonads are still undifferentiated, and ending when gonads were fully

differentiated (10 months).

At the end of the experiment, untreated fish (controls) had skewed sex ratios in

favour of males (60-65% males), similar to most sea bass cultured stocks so far

reported. Treatment with 75 mg Kg`l food dexamethasone did not alter the sex ratios in

sea bass. Treatment with 150 mg Kg "I food dexamethasone lead to a population with a

sex ratio of 1.00, but the latter result could be due to selective mortality, since only a

limited number of fish survived the experiment (n=22). Despite the high mortality, it is

important to notice that in this treatment, 4% of the fish were still undifferentiated at 10

months of age and 7% of the fish presented testicular tissue with scattered intra

testicular oocytes (ovotestes).

Steroid administration has been reported to induce the appearance of intersexes

in reptiles (Dorizzi et al. (1994), and fish (Blázquez et al., 1995). In sea bass it has been
reported the existence of testicular tissue with scattered intra testicular oocytes

(ovotestes) when fish exposed to 17ot-methyl testosterone (Blázquez et al., 1995;

Chatain et al., 1999). However, in these same studies, it was also reported that fish,

which had not been exposed to any hormonal treatment, also presented some cases of

intersexes. Similar results have also been reported by Strüssmann et al. (1996) in

pejerrey (0d0ntesthes bonaiensis) during the process of gonad differentiation. Even
though intersexes may appear in fish that were not exposed to any exogenous steroids,

in our study, the cases of intersexes were exclusively present in the group exposed to

the highest dose of dexamethasone. This suggests that dexamethasone may have had an

effect in tissue differentiation, but probably it only induced a temporal shift of gonad
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differentiation in the female direction. Consequently, normal testicular development
could have been resumed when the transformed gonads failed to produce their own
feminising steroids. In fact, it has been shown that excessive treatments can lead to

disruptions in gonadal development, which, in most cases, reflect incompatibilities
between the exogenous and physiological processes, or pathological effects on gonadal

development (Devlin and Nagahama, 2002). In this respect, species differences point

out for a contradictory effect of dexamethasone on testicular activity. For example, in
several vertebrates, e. g. reptiles and mammals, adrenalectomy caused a marked

suppression of the steroidogenic activity of the testis. However, administration of

dexamethasone resulted in normalization of testicular activity (Yajurvedi and
Chandramohan, 1994). In contrast, dexamethasone has been shown to inhibit testicular

steroidogenesis in rats when administered at high doses or for extended periods (Gow et
al., 2001). Thus, it is possible that the extended period of administration of

dexamethasone in this work may have been the reason for the observed intersexes in sea

bass, rather than a direct effect of coiticosteroids on gonadal differentiation.

This experiment was performed during the period of highest sensitivity to

androgens, but the period in which these fish exhibit increased sensitivity to exogenous
steroid treatments starts earlier, around 57 DPF (Pavlidis et al., 2000). Thus, the timing

at which dexamethasone was administered in this experiment may have been one of the

factors that could account for the failure to alter the sex ratios. In fact, earlier studies on

sexual differentiation in sea bass have shown that the time frame at which a treatment is

administered is determinant. For example, two different studies have reported different

effects of the same range of temperatures on the sex ratios in sea bass, depending on the

stage of development at which the experiment was performed (Pavlidis et al., 2000;

Blázquez et al., 1995), and a third experiment suggest that sex liability may be

genetically determined (Saillant et al., 2002).

During gonad development, sea bass males divert energy resources into gonad

development, while females use most resources for somatic growth. Thus, females grow

faster than males (Blázquez et al., 1995). Similarly, in this experiment, both in control

fish and Dex-75 treated fish, females were heavier and larger than males. Comparing

the weight and length of either female or male fish from these two groups, it is clear that
fish that received dexamethasone treatment had significantly less weight and were

smaller than fish from the control group. These results are in accordance to several
reports in humans (Brody et al., 1994), where glucocorticoid treatment has been shown
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to decrease the weight and length, when administered at high doses and throughout

extended periods. In fact, glucocorticoids have been shown to affect protein,
carbohydrate and lipid metabolisms, and also to be directly involved in regulating the
transcription of both growth hormone (GH) gene (in rats) (Jux et al., 1998) and growth
hormone receptor (GHR) in fish (Bernardini et al., 1999).

In most fish species, length is positively correlated with weight, a relationship

that can be expressed by the condition factor. Thus, the condition factor will remain

constant no matter how large a fish becomes providing that linear proportions (shape)

remain constant, which for practical purposes can be applied for sized fish, as is the case

in these experiments. A change of weight at a particular length, or a change of length,

without corresponding change in weight, will alter the condition factor. Fish populations

display changes in average condition over time, reflecting fluctuations in their metabolic

balance and also during sexual development (Weatherley and Gill, 1989). In this

experiment, there were no significant differences in condition factor between female

and male fish within each experimental group. However, there were significant

differences in condition factor between control fish and fish from both Dex-75 and Dex-

l50 experimental groups, so that administration of dexamethasone decreased the

condition factor of the fish, in a dose dependent marmer.

Contrary to all other fish groups, there were no significant differences in weight

and length between females and males in Dex-150 treated fish. It is important, however,

to notice that due to high mortality, the Dex-150 fish were grown with lower density

than the rest of the fish groups, and it is also known that population density influences

the growth rate of fish (Weatherley and Gill, 1989). Thus, in this experiment, the

different density in the Dex-150 treated fish may have been great enough to allow both

female and male fish to grow as much as control fish.

Earlier studies on sexual differentiation in sea bass have shown that the size of

the fish is a critical marker of the timing of sex differentiation (Blázquez et al., 1998),

even though it is still not known whether within a certain population, individuals

become males because of their smaller growth, or smaller because of their maleness

(Pavlidis et at., 2000). Thus, if size is indeed determinant for sexual differentiation then,

it is not possible to determine if the doses of dexamethasone that were administered had

no effect on sexual differentiation, or if the effect of this steroid on growth was great

enough to overcome its effect on gonad development. In fact, the presence of intersexed

fish was only observed in treated fish grown under low density (Dex-150) and was also
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where the fish were bigger than untreated fish. despite dexamethasone treatment. Thus,

it is possible that the lower density at which the fish were raised may have counter

balanced the influence of dexamethasone on growth in these fish, and thereby the effect

of dexamethasone on gonad development could be detected.

Altogether, it should be taken into account that glucocorticoids have been shown

to function both as inhibitors and stimulators of GH secretion and/or action, in a time-

and dose-dependent manner (Giustina and Veldhuis, 1998). Therefore, it is possible that

there is a threshold value, above which, the growth and metabolism of the fish is

affected. which may have been the case of the doses administered in sea bass

throughout this study.

Regardless the effects of dexamethasone on growth, there was no conclusive

evidence demonstrating a role for the interrenal on sexual differentiation. lt is possible

that in sea bass, in contrast to salmonid species, the elevated stress responses are not

accompanied by the increased release of androgens. To test this hypothesis two stress

experiments were designed, and both cortisol and androgens were measured in fish that

were exposed to either chronic (continuous) or acute (short-term) forms ofstress.

ln the confinement stress experiment, the levels of cortisol in unstressed sea bass

were of a similar magnitude to other fish species, e.g. cpmmon carp (Pottinger et al.,
1999), goldfish (Pottinger et al., 2000), chub (Pottinger et al., 2000). and brown trout

(Pottinger et al., 1996). Plasma cortisol levels of chronically confined sea bass were

similar to control levels, showing no signs of a response to the strešsor. These results

are in agreement with earlier reports where confinement stress did not also elicit a stress

response in other fish species, e.g. juvenile pallid sturgeon (Scaphirhynchus albus)

(Barton et al., 2000), red porgy (Rotllant and Tort, 1997), and rainbow trout (Pottinger

et al., 1996).

Despite the well-documented increases in plasma cortisol in response to

different types of stress, not all stressful stimuli will necessarily result in chronic

elevations of cortisol levels (Rotllant et al., 2000). For example, it has been shown that

several factors such as individual variation, strain of fish and repetition of the stimulus

may modify the HPI axis response to stress (Pottinger et al., 1996). In this experiment,

confinement did not induce any alteration to the levels of cortisol in sea bass. However,

even though the levels of cortisol observed in unstressed sea bass were within the range

of some other species, they still exceeded the levels of cortisol reported to elicit adverse

effects on growth, reproduction, and in the immune system of, for example, salmonid
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species (>80 ng m1"). Thus, the failure to induce a stress response in sea bass may have

been due to the fact that they already possessed a higher set point regulation for

glucocorticoids, and therefore reduced sensitivity for stressors. Moreover, it has been

shown that there are strain differences in cortisol responsiveness to stressors, and that

the relative magnitude of the plasma cortisol response to stress of individual fish is a

stable trait within a proportion of the population (Pottinger and Carrick, 1999; Overli et

al., 2002; Pottinger and Carrick, 2001). In salmonids, the demonstrated heritability of

the stress response (Fevolden et al., 1993), suggest that domestication pushes

populations through a narrow selection gate for low sensitivity to stress (Panl<hurst and

van der Kraak, 2000). Thus, it is likely that the fish used in this experirnent already

presented less sensitivity to stress, which could explain why no response was observed

after they had been subjected to overcrowding.

Another possibility is that the fish are quick to adapt to the continuous presence

of a stressor. In tilapia (Oreochromis niossambicus), high responses to several stressors

have been reported (Balm et al., 1994). However. it has also been shown that the

animals are able to rapidly lower the plasma cortisol levels in the continuous presence

of the stressor, which is facilitated by the short half-life of cortisol in tilapia plasma

(Foo and Lam, 1993). The ability to quickly down regulate the activity of the HPI axis

is advantageous to fish since in this way they can avoid the deleterious consequences of

prolonged elevations in plasma cortisol. Thus, low cortisol response to high stocking
density could be indicative of enhanced cortisol clearance, as mixed-function

oxygenated and conjugating enzymes rnay stimulate inactivation and excretion of

corticosteroids (Rotllant et al., 2000). This leads to the assumption that depending on

the time frame studied, stress related elevations in circulating cortisol could be

misinterpreted and that if these fish had been exposed for a different period of time to

the stressor, a response to the stressor could have been detected.

In addition, the level of cortisol in the blood of both unstressed and stressed fish

is also subject to modulation by a number of internal factors, including the degree of

sexual maturation (Pottinger et al., 2000; Planas et al., 1990). For example, several

salmonid species appear to be less sensitive to stress at more advanced stages of sexual

maturity (Pankhurst and van der Kraak, 2000); e.g. in brown trout, mature male fish
respond to a standardized stressor with a significantly lower elevation of blood cortisol

than in immature fish (Pottinger and Carrick, 2000), and it has been suggested that the

reduced cortisol response to chronic stress is the result of elevated androgens present
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during sexual maturation (Pottinger et at., 1996). In the present work, however, both

testosterone and ll-ketotestosterone were present only at very low levels and therefore

the low response to confinement stress in sea bass cannot be related to the levels of

androgens in blood plasma.

Even though 24 hours of confinement did not elicit a stress response in sea bass,

short-term stress (handling) did induce a highly significant elevation of cortisol in blood

plasma. Similar results have been reported in different fish species, e.g. gilthead sea

bream (Rotllant et al., 2001), rainbow trout (Blom et at., 2000; Demers and Bayne,

1997, Pickering et al., 1991), Chinook salmon (Palmisano et al., 2000), Coho salmon

(Shrimpton and Randall, 1994) and whitefish Coregonus lavaretus (Lappivaara, 2001).
Despite the elevation of cortisol levels in response to acute stress, no significant

alterations were observed in androgen levels. Even though enhanced testosterone

secretion in response to certain stressors was detected in some studies, in other studies

either no effect or a marked suppression of androgens in blood plasma was found. In

brown trout and rainbow trout (Pickering et al., 1987), acute handling stress induced a

marked suppression of testosterone and ll-ketotestosterone levels in blood plasma.
However, this effect is not always consistent within the same species since studies

among different salmonid species (Pottinger et al., 1995; Young et al., 1996) and non-

salmonids (Hobby et al., 2000; Campbell et al., 1994) failed to show a consistent

suppression of androgens by stress. Several hypotheses have been given to justify these

inconsistent data. For example, Pankhurst and van der Kraak (2000) suggested that

plasma cortisol needed to reach a certain absolute threshold before depression of plasma

testosterone could occur, and Fenske (1997) proposed that the inhibition of testosterone

takes place if the intracellular cortisol concentration exceeds the capacity of the llB-

HSD to inactivate it (Fenske, 1997). Furthermore, it has been shown that in some

vertebrate species, the testosterone response to stress depends on the type of stressor

applied. In adult white Leghorn cockerels, confinement stress increased the cortisol

levels in blood plasma, but no significant alteration was observed in testosterone levels.

However, the same regime of blood sampling applied to animals that had not been

exposed to any type of stress, led to a significant elevation of testosterone levels

(Heiblum et al., 2000). Altogether, it is possible that: (1) in sea bass there is no
correlation between the testosterone and cortisol levels during stress; or (2) the levels of

testosterone are simply not affected by the specific type of stressor to which they were
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subj ected; or (3) that the magnitude of the stressor was not great enough to influence the
production and/or release of testosterone.

Together with the stress experiments that were discussed above, two other stress
experiments were simultaneously carried out, differing only in the fact that the fish that

were exposed to either confinement or handling stress had been treated with

dexamethasone for one week until the blood was sarnpled. Dexarnethasone treated sea
bass exposed to confinement stress had approximately the same cortisol levels as

untreated fish. Considering that dexamethasone had been previously shown to be

effective in suppressing the cortisol levels in sea bass, then if these fish did also not

react to confinement, it would be expected that at least the levels of cortisol would be

lower than untreated fish, which suggests that dexamethasone or the dose administered

may have not been suppressing the HPI axis of these fish. Moreover, since in most fish

species the level of cortisol in the blood of both unstressed and stressed fish is subj ect to

modulation by the degree of sexual maturation (Pottinger et at., 2000; Planas et al.,
1990), then it is possible that there may be also a different sensitivity to dexamethasone

with the increase of age, or that mature fish have a different set point regulation for
glucocorticoid levels and therefore the dose of dexamethasone was probably no longer

effective in mature fish. lt is possible, however, that confinement did indeed elicit a
stress response in these fish and that the doses of dexamethasone administered were

enough to block the stress response, but not enough to decrease basal production.

Similarly, the levels of testosterone in fish treated with dexamethasone were also

within the same range as those iii untreated fish.

Acute stress on the other hand, induced a highly significant response as shown

by the elevated cortisol levels, despite dexamethasone treatment. These results suggest

that once again dexamethasone administration did not appear to have any suppression

effect of the HPI.

In teleosts, corticosteroids secreted by the interrenal tissue exert a classical or a

long negative feedback loop at the level of the hypothalamus and/or pituitary to

influence ACTH secretion (Bradford et al., 1992). However, several studies have

provided evidence for the involvement of multiple hypothalamic (corticotrophin

releasing hormone- CRH and thyroid releasing hormone-_,THR) and pituitary (ACTH

and melanocortin stimulating hormone- oc- MSH) peptides on the activation of the HPI

axis triggered by stressful conditions in fish (Rotllant et al., 2000; Rotllant et al., 2000

b). These studies point out that species differences in the cortisol response to a stressor
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reflect different responses of not only the corticotropes (ACTH) but also of the

melanotropes of the pituitary gland (Rotllant et al., 2000; Rotllant et al., 2000 b; Ruane

et aí., 1999). Several studies have reported that in some vertebrates (e.g. dogs)

dexamethasone inhibits CRH, and specifically inhibits proopiomelanocortin peptide

(POMC) secretion from the anterior lobe and thus suppresses the secretion of ot-MSH

and ACTH in the pituitary (Kooistra et al., 1997). However, species differences exist.

For example, in rats after dexamethasone pre treatment, ACTH release is blocked but ot-

MSH release is not affected (Szalay and Polly, 1992; Katalin et al., 1992). ln addition,

the production of U.-MSH in response to a stressor has been shown to be capable of

inducing the production of cortisol in some fish species (e.g. sea bream) (Rotllant et al.,

2000). Altogether, this suggests that even though the production of ACTH in sea bass

may have been reduced by dexamethasone, the ot-MSH release may have not been

affected and thereby able to stimulate cortisol production in response to acute stress,

regardless dexamethasone administration.

In some vertebrate species, the regulation of the stress response is not always

linked to the HP axis. Studies with lines of rainbow trout selected for high (HR) and low

(LR) responsiveness to a standardised stressor have shown that there is a sustained

divergence in plasma cortisol levels betwveen the two lines of fish, although no

significant differences in plasma ACTH levels were evident. In fact, the plasma cortisol

levels in DEX-blocked HR and LR fish after sham injection were low, but also

significantly different between the two groups. These results indicate that modulation of

cortisol responsiveness to stressors in HR and LR fish resides, at least in part,

downstream of the hypothalamic-pituitary axis (Pottinger and Carrick 2001 b). In fact,

studies with sea bream (Sparus aurata) have shown that confinement induced a cortisol

response without changes in ACTH levels, and also provided evidence that a stressor-

specific activation of the brain-s}mpathetic-chromaffin cell (BSC) and brain-pituitary»
interrenal (BPI) axes may occur in fish (Arends et at., 1999). In trout (Salmo

gairdnerií), the production and/or release cortisol is also under the influence of other

hormonal substances acting on the adenyl-cyclase system (Gupta et al., 1985),

independent of ACTH regulation. In salmonids, it has also been shown that cortisol may

it self exert an ultra-short-loop negative feedback at the level of the interrenal tissue,

functioning as a degree of self-regulation. which does not involve the H-P axis

(Bradford et at., 1992). Altogether, it is possible that the sea bass also have developed
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alternative regulatory pathways to respond to stress without directly affecting the H-P
axis, which could explain why despite dexarnethasone administration the animals were
still responsive to the stressor.

Even though dexarnethasone administration did not prevent the rise in cortisol
levels in response to stress, no alterations were seen in testosterone levels.

Considering all the stress experiments that were performed, no correlation was

found between cortisol and testosterone. Also, the levels of ll-ketotestosterone

measured both in immature and mature fish in all experiments were either below or

close to the detection limit of the assay. Similar results have also been obtained in other

species, e.g. the degu (Octodon degus), a caviomorph rodent, in which the androgen

levels (testosterone and ll-ketotestosterone) in males remained low all year, and only at

mating, the levels could be detected (Kenagy et at., 1999). Since in all stressful

conditions, the ll-ketotestosterone remained mostly undetected, it suggests that there is

probably no correlation between cortisol and this steroid either. It is possible, however,

that testosterone and ll-ketotestosterone may have been metabolised to other steroids

not detected by the assays, which could influence the normal gonadal development.

Nonetheless, whether or not stress can influence the sex differentiation in fish is
a question that still remains to be answered. In fact, several possible mechanisms

through which cortisol can influence this process exist, including a direct effect of

cortisol at one or more sites in the endocrine cascade, or an effect from some other

component of the secondary response to stress.

Earlier studies have suggested that the ll-oxyandrogens are potent
masculinizing androgens and have also been proposed to be important in sustaining the

differentiation and early development of the testes in fish (Guigen et at., 1999). In most
fish species, these steroids appear to be testis specific (Guigen et al., 1995). However, it

has been shown that some fish larvae, e.g. Arctic charr, are able to synthesize these

steroids prior to gonad differentiation (Khan et al., 1994). ln rainbow trout fry, treated

with equimolar quantities of cortisol and cortisone, the sex ratio was skewed in favor of

males, which was suggested to be due to the conversion of these exogenous

corticosteroids into ll-oxyandrogens. Since the interrenal tissue is the most
steroidogenic active tissue in fish prior to testis development, it has been suggested that
the interrenal is the most probable source of precursors for the synthesis of these

androgens.
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Two types of ll-B HSD isozyrnes, type 1 and type 2, which are able to catalyse
the conversion of ll-hydroxysteroids (e.g. cortisol) into ll-ketosteroids (Quinkler et

al., 2001). It has been suggested that cortisol from the adrenals, can be converted into

110- hydroxyandrostenedione and 110- ketoandrostenedione and subsequently into

110- hydroxytestosterone and 1113- ketotestosterone (Goswami et al., 1985), functioning

as a source of masculinizing androgens prior to testis differentiation. This hypothesis

has gained further support throughout the years since it has been shown that in castrated

African catfish (Clarias gariepínus), there are detectable levels of 1 IB- ketotestosterone

and 1113- hydroxytestosterone in the plasma (Vermeulen et al., 1995), which further

einphasizes that there is a peripheral conversion of, most probably, an adrenal precursor

steroid into these two steroids (Vermeulen et al., 1995).

Sex differentiation, in many lower vertebrates, is dependent upon the balance

between androgens and estrogens at critical stages during development (Gonzalez and

Piferrer, 1999). Steroids given at the appropriate time have been shown to influence sex

differentiation both in gonochoristic and hermaphrodite species (Chang et al., 1995).

Early exposure of embryos or larvae to estrogens or androgens has proven effective in

manipulating the phenotypic gender of the gonads (Patiño et al., 1996; van den Hurk

and Cordt, 1985; Kime, 1978; Gilling et al., 1996; Blázquez et al., 1999; Chatain et al.,

1999). Such studies indicate that steroid hormone production is essential for the normal

expression of gender, which lead to the hypothesis that gonadal sex is determined by the

local androgen to estrogen ratios with relatively higher or lower ratios yielding

testicular or ovarian development, respectively (Hines et at., 1999).

It has been reported that in some species, e.g. black porgy (Acanthopargus

Schlegeli), in Sparidentex hasta (Kime et al., 1991), and in the anemonefish

(Amphiprion melanopus) (Godwin and Thomas, 1993), the development of testicular

tissue and the levels of ll-ketotestosterone in blood plasma are correlated (Guigen et

al., 1995). On the other hand, in several lower vertebrates, e.g. reptiles (Pieau et al.,

1999; Desvages and Pieau, 1992; Chardard et al., 1995; Rhen and Lang, 1994; Smith
and Joss, 1994), birds (Villalpando et al., 2000) and fish (Chang et at., 1999, Cotta et

al., 1999; Kwon et al., 1999, Nagahama, 1999), it has been shown that endogenous

estrogens act as natural inducers of ovarian development. z

In fact, in most fish species studied, it has been shown that the enzyme

responsible for the final conversion of testosterone to estradiol, CYP 19 or P450
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aromatase, is mainly expressed in the ovarian tissue. In Japanese flounder (Paratichthys
olivaceus) (Kitano et al., 1999), in different tilapia species (Nagahama, 1999; Kwon et
al., 2001), in rainbow trout (Guigen et al., 1998), and in medaka (Scholz et al., 2000),

CYP 19 is highly expressed in the ovary and no expression or only weak expression can
be detected in the testis. Similarly, in sea bass the expression of CYP 19 mRNA was
very high in ovarian tissue and only weakly expressed in testicular tissue.

Nuclear receptors- estrogen receptors (ER) mediate many of the effects of

estrogens (Kishida and Callard, 2001; Andrews et al., 1997). So far, three distinct ER

subtypes (termed ERo‹., ER13 and ERY) have been reported in fish (Socorro et al., 2000;

Pakdel et al., 2000; Xia et at., 1999; Xia et al., 2000; Patiño et al., 2000; Hawkins et al.,

2000; Chang et al., 1999). However, there is still no general consensus on the existence

of the ER'y, and in addition it has been shown that in fish there are two different ERB

subtypes- ERBI and ERB2. In this study three distinct estrogen receptors were isolated

in sea bass, which presented higher similarity to the ERot, ERBI, and ERB2 already

reported in other fish species.

The estrogen receptors are widely expressed in several tissues, and they have all

(ERot. ERBl, and ERB2) been detected in the gonads of several fish species. In tilapia

and catfish, ERot mRNA is detected both in the testis and ovaries (Chang et al., 1999;

Xia et al., 2000). In sea bream (Sparus aurata), ER or mRNA is present in the mature

testis but it has not been detected in mature ovaries (Socorro et al., 2000; Socorro,

2001). ln rainbow trout the ERot mRNA expression has been detected in the ovaries

(Nagler et at., 2000). In sea bass however, the expression of ERot mRNA was never

detected in either gonads, however its presence camiot be excluded, since the levels of

this receptor could be below the detection level of RT-PCR and/or restricted to only a

few cells.

In sea bream (Sparus aurata) (Socorro et at., 2000; Socorro, 2001), in eel

(Tchoudakova et al., 1999), in the channel catfish (Xia et al., 2000), and in tilapia

(Chang et al., 1999), the ERB1 was clearly expressed in ovary and testis. Similarly, in

sea bass, the ERBI mRNA was expressed in both types of gonads. Nonetheless, the

expression of this receptor was a lot higher in ovaries than in testis, in which only a

faint signal could be detected. These results are consistent with the expression of CYP

19 mRNA in mature gonads, which suggest that this receptor most probably has a

determinant role on the regulation of the enzymatic activity of aromatase, and thereby
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could probably be implicated in maintaining the differentiation and the specific
steroidogenic activity in this tissue.

On the contrary, in sea bass, the expression of the ERB2 mRNA was a lot higher

in the testis than in the ovaries, which points out that probably, these two receptors have

different physiological roles in fish.

In most fish species, CYP 11151 or P450 110-Hydroxylase, one of the key

enzymes involved in the conversion of testosterone to ll-ketotestosterone, is mainly

expressed in testicular tissue. In rainbow trout (Onconrhynchus rnyktss) (Liu et at.,

2000; Baroiller et at., 1999), and in eel (Anguilla japonica) (Jiang et at., 1998), CYP

1lBl mRNA is highly expressed in testicular tissue, and no expression or only weak

signals can be detected in ovarian tissue. In sea bass, although CYP 1lBl mRNA

expression was apparently higher in testicular tissue than in ovaries, the difference was

small, suggesting that this enzyme may not be as determinant as arornatase.

The action of androgens is mediated by the androgen receptors. So far, two

different isoforms of AR (ARor and ARB) have been identified in fish (Touhata et at.,

1999; Takeo and Yamashita, 1999; Sperry and Thomas, 1999; Morrey and Nagahama,

1999; Sperry and Thomas, 1999; Ikeuchi et at., 1999; and Todo et at., 1999). In this

study, however, only one receptor was isolated that possessed higher similarity to the

subtype B (ARB).

The ARO inRNA has been shown to be expressed in both testis and ovaries in

some fish species, e.g. in eel (Ikeuchi et at., 1999) and Thatassorna duperrey (Morrey

and Nagahama, 1999). Similarly, in sea bass, ARB mRNA was expressed in both

gonads, whereas the expression of this receptor in the testis was very high, and in ovary
it was only weakly expressed. These results are in accordance to recent reports in

Thatassoma duperrey, in which not only this receptor was more expressed in the testis,

as also its expression was shown to be correlated to the development and proliferation

of the testicular tissue (Morrey and Nagahama, 1999). Moreover, the higher expression

of ARB mRNA in the testis is consistent with the higher expression of CYP 11B1

mRNA also in the testis, which, further emphasizes the previous suggestion that in sea

bass the enzyme 110-hydroxylase is probably involved in maintaining testicular

differentiation and steroidogenic activity, most probably through interaction/activation

of the androgen receptor.
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Assuming that gonadal sex is determined by the local androgen to estrogen

ratios, then a more or less clear sexual dimorphism of plasma profiles of sex steroids

and/or enzymatic expression around the period of sexual differentiation would be

expected. For this reason the expression of all isolated genes was determined in sea bass

during the steroid sensitive period.

Before the steroid sensitive period starts (80 dph), there is a high expression of

both CYP llB1 and ARB rnRNAs, after which the expression decreases. CYP llB1

mRNA expression showed higher expression and higher dispersion of values before the

androgen sensitive period started, and throughout this period the expression is similar in

all individuals and no dimorphic profile can be observed. On the contrary, the

expression of ARB mRNA presents a highly dimorphic pattern before and during the

androgen sensitive period, and the expression of this receptor is only similar in all

individuals, when this period ends.

It has been shown that in this species, the critical period for androgen-inducible

masculinisation is between days 96 and 126 post-fertilization (Bláquez et at., 2001).

Thus, several studies where the administration of androgens during this period of

development was performed, all-male populations were obtained (Chatain et at., 1999;

Blázquez et al., 2001, Blázquez et at., 1995). In fact, in this study the expression of

CYP l1Bl and ARB mRNAs are higher during this period, which suggests that indeed

after 130 dph the larvae are most likely less sensitive to androgen treatments. In

addition, the dimorphic expression profile of ARB mRNA, together with the higher

expression shown in mature testicular tissue than in ovaries suggests that the fish, which

presented higher expression, will have a higher probability of differentiating as males.
Recently, several reports have described the expression of CYP 19 mRNA

during sexual differentiation in several species. ln chicken, CYP 19 mRNA is detected

in the gonads of genetic females but not in males during sexual differentiation (Yoshida

et at., 1996; Nakabayashi et at., 1998); in reptiles an amphibians aromatase activity is

significantly higher during ovarian differentiation (Desvages and Pieau, 1992; Chardard

et at., 1995); in tilapia (Oreochromís nr`t0t1`cz1s) positive immunostaining against

aromatase appears in differentiating ovaries, but not in differentiating testis (Chang et

aL,l997)

ln addition, it has been shown that in tilapia (Ore0ct1r0mis n1`t0tz`cus) (Kwon et

at., 2001), and in the Japanese flounder (Paratíctit/iivs otivaceus) (Kitano et at., 1999),
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there is a sexual dimorphisin of CYP 19 mRNA expression, in that in females, the

expression level is maintained or increased throughout ontogeny, while the level in

males is always low (Kwon et at., 2001)- In sea bass, during the period of androgen

sensitivity, CYP 19 mRNA was very low expressed in all individuals, and after day 130

dph the expression increased. However, no dimorphic pattern in the expression could be

observed. Nonetheless, considering that CYP 19 mRNA expression only started to

increase at the end of period that was analysed in this study, and that this increase was

accompanied by the increase of expression of the ERB2 mRNA, it suggests that if there

is a dimorphic expression in sea bass it is more likely to be detected after 170 dph.

The expression of ERot. and ERBI mRNAs was also studied in sea bass. ERor

mRNA was never detected at any stage of development. On the contrary, ER[5l mRNA

was expressed independently of the stage of development, but no differences in level of

expression could lie detected. Similar results were also obtained in immature sea bream

(Spams aurata), in which ER ot mRNA could not be detected until the gonads were

fully differentiated but ERBI mRNA was always expressed throughout development

with no differences in expression (Socorro, 2000; Socorro et at., 2001). Thus, the

presence of ERBI and not ER0t mRNAs in immature gonads of sea bass suggest a

possible role for ERBI gene in gonadal development.

The correlation analysis performed with the expression of the various enzymes

and receptors obtained in this study point out that the decrease in the expression of CYP

1lB1 and ARB mRNAs after 130 dph is correlated with the increase in the expression

of the ERB2 mRNA. These results suggest that in sea bass, the high sensitivity to

androgens between 96 and 126 dph is most likely due to the low expression of ERB2

mRNA. Similar results have also been obtained in different vertebrate species. In

reptiles, e.g. lizards, changes in the levels of sex hormones and their related receptors

appear to be correlated with testicular regression, so that when estrogens appear,

androgens fall (Andó et at., 1992). In fact, it has been shown that in mature male lizards

(P. sícuta), there is a marked down- regulatory effect of estrogens on AR mRNA

expression. In contrast, there was never a positive or negative effect of androgens upon

the expression of ER mRNA (Cardone et at-- 1998).

In fish, e.g. rainbow trout, expression of CYP 19 mRNA is highly expressed in

female gonads 2 weeks before the first sign of histological differentiation (Guigen et at.,

1998), whereas in male rainbow trout, the expression is detected but a few hundreds
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times less than in female gonads (Guigen et al., 1999). Conversely, CYP llBl mRNA

is highly expressed in male gonads (Baroiller er al., 1999). In addition, in this species,

treatment with estrogen in genetic all male populations, significantly decreased the

levels of expression of CYP llBl mRNA, which also suggested that the inhibition of

the synthesis of testicular androgens may be an important step required for the active

feminisation of genetic males (Govoroun et al., 2001). Similar results have also been

reported in sex reversing fish, e.g. in sea bream (Condeça and Canario, 2001) and in

black porgy (Chang et al., 1997), in which estrogen treatment caused a marked

reduction of llfi-Hydroxylase activity, and thus a strong inhibition of testicular growth

These results led the authors to suggest that the effect of estrogen in these species is to

increase the proportion of ovarian tissue at the expense of testicular (Condeça and

Canario, 1999), most probably due to the shift of 1 l-ketotestosterone synthesis through

aromatase activity (Chang et al., 1997).

Sex steroids have local, direct effects on germ-cell development, but also act as

endocrine hormones to influence other cell types and organs involved in sex

differentiation. This multilevel control is very complex in order to provide the necessary

plasticity for gonadal development to proceed in context with intrinsic and external

factors (Devlin and Nagahama, 2002). This complexity also provides many levels at

which sex differentiation can be disrupted. In this work, it Was assumed that

administration of dexamethasone during the period that has been established as being

the time during sexual differentiation at which fish present highest sensitivity to

androgen treatments, Would most likely be the period at which the hypothesized adrenal

androgens would influence sex differentiation in this species. However, considering that

the expression of CYP 11Bl and ARB mRNAs were higher before this period (80 dph),

and that in this work dexamethasone was administered latter on (100 dph), it is most

likely that the observed alterations to the normal development of the gonads in treated

fish is an indication that this drug should have been most probably administered earlier.

Moreover, since the expression of CYP llBl and ARB mRNAs were shown to be

correlated to the expression of ERB2 mRNA, it is probable that if dexamethasone had

been administered earlier in development, the expression of CYP l1B1 mRNA would

have been probably reduced or inhibited at the begiming of the period of sexual

differentiation, and the expression of CYP 19 and ERB2 mRNAs would probably

increase earlier during sexual development and thereby the sex ratios might have been
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skewed towards the female direction. Nonetheless, further work is still necessary to
establish a relation between the interrenal tissue and sexual differentiation in sea bass.



58

V- FINAL CONSIDERATIONS

The underlying hypothesis of this thesis was that in intensive culture, the sea

bass interrenal tissue overproduces glucocorticoids in response to stress, which is

accompained by the production of adrenal androgens, and thus shifting the normal

androgen/ estrogen production and consequently skewing the sex ratios in favour of

males.
Dexamethasone was shown to be effective in suppressing the HPI axis in

juvenile sea bass. Administration of 75 mg Kg' food dexamethasone to fish during the

period of sexual differentiation did not alter the sex ratios in sea bass (60-65% males;

35-40% females), however, 150 mg Kg`l food dexamethasone induced some alterations

to the normal development of the gonads. In this respect, 7% of the fish had testicular

tissue with scattered intra testicular oocytes and 4% of the fish were still

undifferentiated at 10 months of age.
Nevertheless, the use of this synthetic glucocorticoid induced significant

alterations to the relationship between length and weight (condition factor) in a dose
dependent manner. Thus, the higher the dose of dexamethasone, the lower the condition

factor was obtained. These results point out that the doses of dexamethasone had

significant side- effects, and by thus altering the normal growth of the fish.
Despite the referred effects of dexamethasone on gonad differentiation, still no

conclusive data was obtained in order to establish a relationship between the interrenal

and sexual differentiation. In fact, all stress experiments performed failed to establish a

correlation between the elevated levels of cortisol and androgen levels (testosterone and
11-ketotestosterone). Altogether it is suggested that even though cortisol may be

influencing the sexual differentiation, it most probably not through its direct influence

on testosterone or ll-ketotestosterone levels.
Three steroidogenic enzymes (CYP 1 and CYP 1lB1) and four steroid receptors

(ERoc, ERB1, ERB2 and ARB) were isolated in sea bass.

In the ovarian tissue, the expression of CYP 19, ERB1 was very high and in the

testicular tissue they were only weakly expressed. These results suggest that this

receptor most probably has a deterrninant role on the regulation of the CYP 19 activities,
and thereby could probably be implicated in maintaining the differentiation and the

specific steroidogenic activity in this tissue. On the contrary, the expression of CYP
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1 1B1, ERB2 and ARB was higher in the testicular tissue than in the ovarian tissue. The

different expression of the ERBI and ERB2 in the testis and in the ovaries, suggest that

these two receptors most likely have different physiological roles in fish. Moreover, the

higher expression of ARB and CYP 11Bl in the testis suggests that in sea bass, CYP

llBl is probably involved in maintaining testicular differentiation and steroidogenic

activity, most probably through interaction/activation of the ARB. The expression of

ERot was never detected in either gonad, which suggests that this receptor is probably

not essential for the activity and/or maintenance of the differentiated state of the

gonadal tissue.

Assuming that gonadal sex is determined by the local androgen to estrogen

ratios, then a more or less clear sexual dimorphism of the expression of CYP 19,

CYP11B1, ERot, ER13 1, ERB2 or ARB around the period of sexual differentiation would

be expected.

Before the steroid sensitive period starts (80 dph), the expression of both CYP

11B1 and ARB was high, but decreased throughout this period. On the contrary, the

expression of CYP 19 and ERB2 was always low throughout the androgen sensitive

period, but towards the end of this period the expression progressively increased. The

expression of ERB1 was similar in all individuals throughout the androgen sensitive

period. The expression of ERot was never detected throughout the androgen sensitive

period, which suggests that it is probably not essential for gonadal differentiation at this

stage of development.

Comparing the expression profiles of all the genes studied, a negative correlation

between the expression of CYP 1lB1 and ARB and the expression of ERB2 was found.

Nonetheless, only the ARB presented a dimorphic pattern of expression throughout the

androgen sensitive period, which suggests that this gene most likely has a fundamental

role in sexual differentiation in sea bass.



60

VI- REFERENCES

Abucay, J.S.; Mair, G.C.; Skibinski, D.O.F.; Beardmore, J.A. (1999).

Environmental sex determination: the effect of temperature and salinity on sex ratio in

Oreochromis niloticus. Aquaculture. 173: 219-234.

Allison, C.M.; Omeljaniuk, R.J. (1998). Specific binding sites for [3H]

Dexamethasone in the hypothalamus of juvenile rainbow trout. Onconrhynchus mykiss.

General and Comparative Endocrinology. 110 (1): 2-10.

Ando, S.; Carani, C.; Lombardi, G. (2000). Insights into the role of estrogen in

the male genital tract: a report on estrogen and male reproduction workshop, Isola Capo

Rizzuto, Italy, 23-24 September 1999. TEM. 11 (6): 248-250.

Andrews, J.E.; Smith, C.A.; Sinclair, A.H. (1997). Sites of estrogen receptor and

aromatase expression in the chicken embryo. General and Comparative Endocrinology.

108: 1 82- 190.

Anwar, A.; Coghlan, J.P.; Jeyaseelan, K. (1998). Structure of an ovine

CYP11B1 gene. DNA Sequences. 8 (6): 357-374.

Arends, R.J.; Mancera, J.M.; Munoz, J .L.; Wendelaar Bonga, S.E.; Flik G.

(1999). The stress response of the gilthead sea bream (Sparus aurata L.) to air exposure

and confinement. Journal ofEndocrinology. 163 (1): 149-157.

Badura, L.L. and Friedman, H. (1988). Sex reversal in female Betta splendens as

a function of testosterone manipulation and social influence. Journal of Comparative

Psychology. 102 (3): 262-268.

Balm, P.H.M.; Pepels, P.; Helfrich, S.; Hovens, M.L.M.; Wendelaar-Bonga, S.E.

(1994). Adrenocorticotropic hormone in relation to interrenal function during stress in

tilapia (Oregchromis mossambicus). General and Comparative Endocrinologzv. 96: 347-

360.



61

Baroiller, J .F.:, Guigen, Y.; Fostier, A- (1999). Endocrine and environmental

aspects of sex differentiation in fish. Cellular and Molecular Life Sciences. 55: 910-931.

Barrington, E.J.W. (1963). An introduction to comparative endocrinology.

Clarendon Press, Oxford. 387 p.

Bernardini, S.; Argenton, F.; Vianello, S.; Colombo, L., Bortolussi, M. (1999).

Regulatory regions in the promotor and tirad intron of the growth hormone gene in

rainbow trout, Onconrlzynclzus mykiss Walbaum. General and Comparative

Endocrinology. 116 (2): 261-271.

Blázquez, M.; Piferrer, F., Zanuy, S.; Carrillo, M.; Donaldson, E.M. (1995).

Development of sex control techniques for European sea bass (Dicentrarcluzs labrax L.)

aquaculture: effects of dietary 17ot- methyltestosterone prior to sex differentiation.

Aquaculture. 135: 329-342.

Blázquez,M.; Zanuy, S.; Carrillo, M.; Piferrer, F. (1998). Effects of rearing

temperature on sex differentiation in the European sea bass (Dicentrarchus labrax L.).

The Journal ofExperimental Zoology. 281: 207-216.

Blázquez,M.; Carrillo, M.; Zanuy, S.; Piferrer, F. (1999). Sex ratio in offspring

of sex-reversed sea bass and the relationship between growth and phenotypic sex
differentiation. Journal offish biology. 55 (5): 916-930.

Blázquez, M.; Pelip, A; Zanuy, S.; Carrillo, M.; Piferrer, F. (2001). Critical

period of androgen-inducible sex differentiation in a teleost fish, the European sea bass.

Journal ofFish Biology. 58 (2): 342-358.

Blom, S.; Andersson, T.B.; Forlin, L. (2000). Effects of food deprivation and

handling stress on head kidney 17alpha-hydroxyprogesterone 21-hydroxylase activity,

plasma cortisol and the activities of liver detoxification enzymes in rainbow trout.

Ac¡z‹atic7¬oxicolo,\g-gy. 48 (2-3): 265-274.



62

Bouchard, M.; Forest, M.G.; David, M.; Dechaud, H.; Juif, J.G. (1989). Familial

congenital adrenal hyperplasia caused by 11 beta- hydroxylase. Failure of prevention of

sexual ambiguity and prenatal diagnosis. Pediarrie. 44 (8): 637-640.

Bradford, C.S.; Fitzpatrick, M.S.; Schreck, C.B. (1992). Evidence for ultra-

short-loop feedback in ACTH-induced interrenal steroidogenesis in Coho salmon: acute

self-suppression of cortisol secretion in vitro. General and Comparative Endocrinology.

87: 292-299.

Brody, T.M.; Lamer, J.; Minneman, K.P.; Neu, H.C. (1994). Human

Pharmacology. Molecular to clinical. Second edition. Mosby. 952 p.

Bülow, H.E.; Möbius, K.; Bähr, V.; Bernhardt, R. (1996). Molecular cloning and

functional expression of the cytochrome P450 11B-Hydroxylase of the Guinea pig.

Biochemical and Biophysical Research Communications. 221: 304-312.

Callard, G.V. and Tchoudakova, A. (1997). Evolutionaty and functional

significance of two CYPI9 genes differentially expressed in brain and ovary of

goldfish. Journal ofSteroid Biochemistry and rlíolecular Biology. 61 (3-6): 387-392.

Campbell, P.M.; Pottinger, T.G.; Sumpter, J.P. (1994). Stress reduces the quality

of gametes produced by rainbow trout. Biology ofReproduction. 47: 1140-1150.

Carragher, J.F. and Sumpter, J.P. (1990). The effect of cortisol on the secretion

of sex steroids from cultured ovarian follicles of rainbow trout. General and

Comparative Endocrinolog/. 77: 403-407.

Cardone. A.; Angelini, F.; Varriale, B. (1998). Auto regulation of estrogen and

androgen receptor mRNAs and down regulation of androgen receptor mRNA by

estrogen in primary cultures of lizard testis cells. General and Comparative

Endocrinology. 110: 227-236.



63

Chang, C.F.; Lau, E.L.; Lin, B.Y. (1995). Gonadal histology and plasma sex

steroids during sex differentiation in grey mullet. Mugil cephalus. The Journal of

Experimental Zoology. 272: 395-406.

Chang, C.F.; Lin, B.Y.; Lau, E.L.; Lee, M.F.; Yueh, W.S.; Lee, Y.H.; Chang.

C.N.; Êuang, J.D.; Tacon, P.; Lee, F.Y.; Du, J.L.; Sun, L.T. (1997). Isolation and

characterization of the cDNA encoding the tilapia (Oreochromis niloticus) cytochrome

P450 aromatase (P450 arom): changes in P450 arom mRNA, protein and enzyme

activity in ovarian follicles during oogenesis. Journal of Molecular Endocrinology. 18

(1)z 57-óó.

Chang, X.T.; Kobayashi, T.; Todo, T.; Ikeuchi, T.; Yoshiura, Y.; Kajiura-

Kobayashi, H.; Morrey, C.; Nagahama, Y. (1999). Molecular cloning of estrogen

receptors or. and [3 in the ovary of a teleost fish, the tilapia (Oreochromis niloticus).

Zoological Sciences. 16: 653-658.

Chardard, D.; Desvages, G.; Pieau, C. ; Doumon, C. (1995). Aromatase activity

in larval gonads of Pleurodeles waltl (Urodele Amphibia) during normal sex

differentiation and during sex reversal by themial treatment effect. General and

Comparative Endocrinology. 99: 100-107.

Chatain, B., Saillant, E., Peruzzi, S. (1999). Production of monosex male

production of european sea bass Dicentrarchus labrax L. by use of the synthetic

androgen 17ot-methyldehydrotestosterone. Aquaculture. 178 (3-4): 225-234.

Chatain, B.; Peruzzi, S.; Saillant, E. (2000). Sex determination in Dicentrarchus

labrax: no evidence for male or fcmale heterogamety. Genetics in Aquaculture.

Townsville. July 16-22, p. 22.

Chomczynski, P.; Sacchi, N. (1987). Single-step method of RNA isolation by

acid guanidinium thiocyanate-phenol-chloroform extraction. Analls Biochemistry. 162

(1)z15ó-159.



6-1

Condeça. J .B.; Canário, A.V.M. (2001). Gonadal steroidogenesis in response to

estradiol-178 administration in the sea bream (Sparus aurata L.). General and

Comparative Endocrinology. 124: 82-96.

Condeça, J.B. and Canário, A.V.M. (1999). The effect of estrogen on the gonads

and on in vitro conversion of androstenedione to testosterone, 11-ketotestosterone, and

estradiol-170 in Sparus aurata (Teleostei, Sparidae). General and Comparative

Endocrinology. 116: 59-72.

Corbin, C.J.; Trant, J.M.; Walters, K.W.; Conley, A.J. (1999). Changes in

testosterone metabolism associated with the evolution of placental and gonadal
isozymes of porcine aromatase cytochrome P450. Endocrinology. 140 (11): 5202-5210.

D'Cotta, H.: Fostier, A.; Guiguen, Y., Govoroun, M.; Baroiller, J.F. (2001).

Aromatase plays a key role during normal and temperature-induced sex differentiation

of tilapia Oreochromis niloticus. Molecular Reproduction and Development. 59 (3):

265-276.

Craig, J.K.; Foote, C.J.; Wood, C.C. (1996) Evidence for temperature-dependent

sex determination in sockeye salmon (Onconrhynchus nerka). Canadian Journal of

Fisheries andAquaculture Sciences. 53: 141-147.

Davies, P. R. and Takashima, F. (1980). Sex differentiation in common carp.

Cyprinus carpio. Journal ofthe Tokyo University ofFisheries. 66 (2): 191-199.

Demers, N.E.; Bayne, C.J. (1997). The immediate effects of stress on hormones

and plasma lysozyme in rainbow trout. Development and Comparative lmmunology. 21

(4)z 363-373.

Desvages, G. and Pieau, C. (1992). Aromatase activity in gonads of turtle

embryos as a function of the incubation temperature of eggs. Journal of Steroid

Biochemistry and Molecular Biology. 41 (3-8): 851-853.



65

Doddamani, L.S. (2000). Development of the adrenal gla11d in the tropical lizard

Calotes versicolor. General and Comparative Endocrinology. 117: 89-102.

Domalik, L.J.: Chaplin, D.D.; Kirkrnan, M.S.; Wu, R.C.; Liu, W.W.; Howard.

T.A.; Seldin, M.F.; Parker, K.L. (1991). Different isozymes of mouse 11 beta-

hydroxylase produce mineralocorticoids and glucocorticoids. Molecular Endocrinology.

s(12)z1s53-1861.

Dorizzi, M.; Richard-Mercier, N., Pieau, C. (1996). The ovary retains male

potential after thennosensitive period for sex determination in the turtle Emys

orbicularis. Diffierentiation. 60: 193-201.

Dorizzi, M.; Richard-Mercier, N.: Desvages, G., Girondot, M.; Pieau, C. (1994).

Masculinization of gonads by aromatase ir1hibitors in a turtle with temperature-

dependent sex determination. Dijferentiation. 58: 1-8.

Feige, J.J.; Vilgrain, 1.; Brand, C.; Bailly, S.; Souchelnitskiy, S. (1998). Review.

Fine tuning of adrenocortical functions by locally produced growth factors. Journal of

Endocrinology. 158: 7-19.

Feist, G.; Shreck, C. B.; Fitzpatrick, M. S.; Redding, J.M. (1990). Sex steroid

profiles of coho salmon (Onconrhynchus kisutch) during early development and sexual

differentiation. General and Comparative Endocrinology. 80: 299-313.

Feist, G. and Schreck, C.B. (1996). Brain-pituitary-gonadal axis during early

development and sexual differentiation in the rainbow trout, Onconrhynchus mykiss.

General and Comparative Endocrinology. 102: 394-409.

Fenske, M. (1997). Role of cortisol in the ACTH-induced suppression of

testicular steroidogenesis in guinea pigs. Journal ofEndocrinology. 154 (3): 407-414.

Fevolden, S.E.; Refstie, T; Gjerde, B. (1993). Genetic and phenotypic

parameters for cortisol and glucose stress response in Atlantic salmon and rainbow

trout. /lquaculture. 118: 205-216.



66

Fishelson, L. (1970). Protogynous sex reversal in the fisl1 Anthias squaznipínnis

(Teleostei, Anthiidae) regulated by the presence or absence of a male fish. Nature 227:

90-91.

Fisher, A., Fraser, R., Mc Connell, J., Davies, E. (2000). Amino acid residue

147 of human aldosterone synthase and llbeta-hydroxylase plays a key role in llbeta-

hydroxylation. Journal ofClinical Endocrinology and Metabolism. 85 (3): 1 261-1266.

Forest, M.G. and David, M. (1992). Prevention of sexual ambiguity in children

with 21-hydroxylase deficiency by treatrnent in utero. Pediatrie. 47 (5): 351-357.

Francis, R.C. and Barlow, G.W. (1993 ). Social control of primary sex

differentiation in the Midas cichlid. Proceedings of the Natural Academy ofSciences of

the United States ofAmerica. 90: 10673-10675.

Fukada, S., Tanaka, M., Matsuyama, M., Kobayashi, D., Nagahama, Y. (1996).

Isolation, characterization, and expression of cDÍ\`As encoding the medaka (Oijvzia
latipes) ovarian follicles cytochrome P-450 aromatase. Molecular Reproduction and

Dvelopment. 45 (3): 285-290.

Gilling, C.J., Skibinski, D.O.F.; Beardmore. J.A. (1996). Sex reversal of tilapia

fry by irnmersion in water containing estrogens, p. 314-319. ln: Pullin, R.S.V.; Lazard,

J ., Kothias, J.B.A. and Pauly (eds.). “The third S}rnposium on tilapia in aquaculture.
ICLARM Conf. Proc. 41”, 575 p.

Giustina, A. and Veldhuis, J .D. (1998). Pathophysiology of the neuroregulation

of growth hormone secretion in experimental animals and the humans. Endocrine

reviews. 19 (6): 717-797.

Godwin, J.R. and Thomas, P. (1993). Sex change and steroid profiles in the
protandrous anemonefish Amphiprion melanopus (Pomacentridae, Teleostei). General

and Comparative Endocrinology. 91: 144-157.



67

Gonzalez, A. and Piferrer, F (1999). Cytochrome P450 aromatase enzyme

activity and reproduction in teleost fish: studies in the European sea bass

(Dicentrarchus labrax). In: “Proceedings of the 6m Intemational Symposium on the

Reproductive Physiology of Fish”. Bergen, 39-42

Gorbman, A- (1990). Sex differentiation in the Hagfish Eptatretus stouti.

General and Comparative Endocrinology. 77: 309-323

Gorbman, A., Dickhoff, W.W., Vigna, S.R., Clark, N.B., Ralph, C.L. (1983).

Comparative endocrinology. John Wiley and Sons. United States of America. 572 p.

Goswami, S.V., Lamba, V.J., Sundararaj, B.I. (1985). Gonadotrophin-induced

oocyte maturation in the catfish, Heteropneutes fossilis (Bloch), requires

steroidogenesis in both interrenal and ovary. General and Comparative Endocrinology.

57: 53-63.

Govoroun M., McMeel, O.M., Mecherouki. H., Smith, T.J., Guigen, Y. (2001).

l7beta estradiol treatment decreases steroidogenic enzyme messenger ribonucleic acid

levels in the rainbow trout testis. Endocrinology. 142 (5): 1841-1848.

Gow, R.M, O'Bryan, M.K.O., Camty, B.J., Ooi, G.T., Hedger, M.P. (2001).

Differential effects of dexamethasone treatment on lipolysaccharide-induced testicular
f

inflammation and reproductive hormone inhibition in adult rats. Journal of

Endocrinology. 168 (1): 193-201.

Guigen, Y., Jalabeit, B., Benett, A., Fostier, A. (1995). Gonadal in vitro

androstenedione metabolism and changes in some plasma and gonadal steroid homiones

during sex inversion of the protandrous sea bass, Lates calcarifer. General and

Comparative Endocrinology. 100: 106-118.

Guigen, Y., Baroiller, J.F., Ricordel, M.J.; Iseki, K., McMeel, O.M., Martin,

S.A.M.; Fostier, A. (1999). Involvement of estrogen in the process of sex differentiation

in two fish species: the rainbow trout (Onconrhynchus mykiss) and a tilapia

(Oreochromis niloticus). Molecular Reproduction and Development. 5-1: 154-162.



68

Gupta, O.P., Lahlou, B., Porthe-Nibelle, J. (1985). ln vivo and in vitro studies on

the release of cortisol from interregnal tissue in trout. 1. Effects of ACTH and

prostaglandins. Experimental Biology. 43 (3): 201-212.

Hawkins, M.B.; Thorton, J.W., Crews, D., Skipper, J.K., Dotte, A., Thomas. P.

(2000). Identification of a third distinct estrogen receptor and reclassification of

estrogen receptors in teleosts. PNAS. 97 (20): 10751-10756.

Haddy, J .A. and Pankhurst, N.W. (1999). Stress-induced changes in

concentrations of plasma sex steroids in black bream. Journal ofFish Biology. 55 (6).

1304-1316.

Heiblum, R., Amon, E., Gvaryahu, G., Robinzon, B.: Snapir, N. (2000). Short-

term stress increases testosterone secretion from testes in male domestic fowl. General

and Comparative Endocrinology. 120: 55-66.

Hendry, C.I., Martin-Robichaud, D.J., Benfey, T.J. (1999). Histological

determination of sexual differentiation in Atlantic halibut (Hippoglossus hippoglossus

L.). In: “Proceedings of the 6m International Symposium on the Reproductive

Physiology of Fish”. Bergen, p. 266.

Hines, G.A., Boots, L.R., Wibbels, T., Watts, S.A. (1999). Steroid levels and

steroid metabolism in relation to early gonadal development in the tilapia Oreochromis
niloticus (Teleostei: Cyprinoidei). General and Comparative Endocrinology. 114: 235-

248.

Hoar, W.S. (1961). Fish Physiology: Reproduction, Part B: Endocrine tissue

and hormones. Academic Press. London.

Hobby, A.C.; Pankhurst, N.W.; Haddy, J.A. (2000). The effect of short term

confinement stress on binding characteristics of sex steroid binding protein (SBP) in

female black bream (Acanthopagrus butcheri) and rainbow trout (Onconrhynchus

my/(iss). Comparative Biochemistry and Ph_1°siology Part A. 125: 85-94.



69

Huang, Y-S., Rousseau, K. ; Sbaihi, M. , Le Belle, N. ; Schmitz, M. ; Dufour- S.

(1999). Cortisol selectively stimulates pituitary gonadotropin B-subunit in a primitive

teleost, Anguilla anguilla. Endocrinology. 140 (3): 1228-1235.

Idler, D.R. and Truscott, B. (1972). Corticosteroid in f1sl1. ln: Steroids in

mammalian vertebrates. D.R. Idler, Academic press. 504 p.

Ijiri, S., Berard, C., Trant, J.M. (2000). Characterization of gonadal and extra-

gonadal fonns of the cDNA encoding the Atlantic stingray (Dasyatis Sabina)

cytochrome P450 aromatase (CYP 19). Molecular and Cell Endocrinology. 164 (1-2):

169-181.

Ikeuchi, T., Todo, T., Kobayashi, T., Nagahama, Y. (1999). CDNA cloning of a

novel androgen receptor subtype. The Journal of Biological Chemistry. 36 (3): 25205-

25209.

Jiang, J.Q., Kobayashi, T., Ge, W., Kobayashi, H., Ge, W., Tanaka, M.,

Okamoto, M., Nonaka, Y., Nagahama, Y. (1996). Fish testicular 11|3-hydroxylase:

cDNA cloning and mRNA expression during spermatogenesis. Federation ofEuropean

Biochemical Societies Letters. 397: 250-252.

Jiang, J.Q., Young, G., Kobayashi, T., Nagaham, Y. (1998). Eel (Anguilla

japonica) testis 118-hydroxylase gene is expressed in interregnal tissue and its product

lacks aldosterone synthesizing activity. Molecular and Cellular Endocrinology. 146:

207-211.

Jux, C., Leiber, K., Hügel, U., Blum, W., Ohlsson, C., Klaus, G., Mehls, O.

(1998). Dexamethasone impairs growth hormone (GH)- stimulated growth by

suppression of local insulin-like growth factor (IGF)-I production and expression of

GH- and IGF-I-receptor in cultured rat chondrocytes. Endocrinology. 139 (7): 3296-
3305.



'Ç-

70

Kenagy, G.J.: Place, N..1.: Veloso, C. (1999). Relation of glucocorticosteroids

and testosterone to the annual cycle of free-living degus in semiarid central Chile.

General and Comparative Endocrinology. 115 (2): 236-43.

Khan, M.N.; Renaud, R.L., Leatherland, J.F. (1997). Steroid metabolism by

e111bryonic tissues of Arctic charr, Salvelinus alpinus. General and Comparative

Endocrinology. 105 (3): 344-57.

Kime, D.E. (1978). The hepatic catabolism of cortisol in teleost fish-adrenal

origin of ll-oxotestosterone precursors. General and Comparative Endocrinologzv. 35:

322-328.

Kime, D.E., Lone, K.P.; Al-Marzouk, A. (1991). Seasonal changes in serum

steroid hormones in a protandrous teleost, the sobaity (Sparidentex hasta Valenciennes).

Journal ofFish Biology. 39: 745-753.

i Kishida, M. and Callard. G.V. (2001). Distinctocytochrome P450 isoforms in

zebrafish (Danio rerio) brain and ovary are differentially programmed and estrogen

regulated during early development. Endocrinology- 142 (2): 740-750.

Kitano, T., Takamune, K., Kobayashi, T., Ngahama, Y., Abe, S.I. (1999).

Suppression of P450 aromatase gene expression in sex-reversed males produced by
rearing genetically female larvae at a high Water temperature during a period of sex

differentiation in the Japanese flounder (Paralichthlys olivaceus). Journal ofMolecular

Endocrinology. 23: 167-176

Knoebl, I., Fitzpatrick, M.S., Schreck, C .B. (1996). Characterization of a

glucocorticoid receptor in the brains of Chinook Salmon, Oncorhynchus tshawytscha.

General and Comparative Endocrinology. 101 (2): 195-204.

Kooistra, H.S.; Greven, S.H., Mol, J.A., Rijnberk, A. (1997). Pulsatile secretion

of alpha-melanocyte-stimulating hormone (alpha MSH) by the pars intermedia of the

pituitary gland and the differential effects of dexamethasone and haloperidol on the



71

secretion of alpha-MSH and adrenocorticotrophic hormone in dogs. Journal of

Endocrinology. 152 (1 ):

Kusakabel, M., Kobayashi, T., Todo, T., Nagaham, Y., Young, G. (2000).

Molecular cloning of a cDNA encoding testicular ll beta-hydroxylase (P450 l1Beta)

and sites of expression in rainbow trout (Oncorhynchus mykiss). ln: “4“' Intemational

Symposium on Fish Endocrinology”. July 31- August 3.

Kwon, J.Y., McAndrew, B.J., Pemnan, D.J. (1999). Inhibition of aromatse

activity suppresses high-temperature feminisation of genetic male Nile tilapia. ln:

“Proceedings of the óth International Symposium on the Reproductive Physiology of

Fish”. Bergen, p. 268.

Kwon, J.Y., McAndrew, B.J., Pemnan, D.J: (2001). Cloning of brain aromatase

gene and expression of brain and ovarian aromatase genes during sexual differentiation

in genetic male and female Nile tilapia Oreochromis niloticus. Molecular Reproduction

and Development. 59 (4): 359-370.

Lappivaara, J . (2001). Effects of acute handling stress on whitefish Coregonus

lavaretus after prolonged exposure to biologically treated and untreated bleached kraft

mill effluent. Archives ofEnvironmental Contamination and Toxieology. 41 (1): 55-64.

LeHoux, J.G.; Mason, J.I., Bernard, H., Ducharme, L., LeHoux, J., Veromteau,

S. , Lefebvre, A. (1994). The presence of two cytochrome P450 aldosterone synthase
mRNAs in the hamster adrenal. Journal of Steroid Biochemistry and Molecular

Biology. 49 (2-3)z 131-137.

Liu, S.; Govoroun, M., Dcotta, H., Ricordel, M.J., Lareyre, J.J.; McMeel,

O.M.,Smith, T., Nagahama, Y., Guigen, Y. (2000). Expression of cytochrome P450

(llbeta) (11 beta-hydroxylase) gene during gonadal sex differentiation and

spermatogenesis in rainbow trout, Onconrhynchus mykiss. Journal of steroid

Biochemistry and Molecular Biology. 75 (4-5): 291-298.



72

Marchand, O., Govoroun. M., D'Cotta, H., McMeel, O.: Lareyre, J ., Bernot, A.,

Laudet, V., Guiguen, Y. (2000). DMRT1 expression during go11adal differentiation and

spermatogenesis in the rainbow trout, Oncorhynchus mykiss. Biochemical and

BiophysicalActa. 1493 (1-2): 180-187.

Mellon, S.H., Bair, S.R.: Monis, H. (1995). P450c11B3 mRNA, transcribed

from a third P450cl1 gene, is expressed in a tissue specific, developmentally, and

hormonally regulated fashion in the rodent adrenal and encodes a protein with both 1 1-

hydroxylase and 18-hydroxylase activity. The American Society for Biochemistry and

Molecular Biology. 270 (4): 1643-1649.

Merchant-Larios, H., Ruiz-Ramirez, S., Moreno-Mendoza, N., Marmolejo-

Valencia, A. (1997). Correlation among thermosensitive period, estradiol response, and

gonad differentiation in the sea turtle Lepidochelys olivacea. General and Comparative

Endocrinology. 107: 373-385.

Morrey, C.E. and Nagahama, Y. (1999). 110-hydroxylase and androgen receptor

mRNA expression in the ovary, testis and brain of the protogynous hermaphrodite

Thalassoma duperrey. In: “Proceedings of the óth Intemational Symposium on the

Reproductive Physiology of Fish”. Bergen, 157-159 p.

Mukai, K., Imai, M.; Shimada, H., Ishimura, Y. (1993). Isolation of rat CYP11B

genes involved in late steps of mineralo-and glucocorticoid syntheses. Journal of

Biological Chemistry. 268 (12): 9130-9137.

Nagahama, Y. (1999). Gonadal steroid hormones : major regulators of gonadal

sex differentiation and gametogenesis in fish. ln: “6th International Symposium on the

Reproductive Physiology of Fish”. (B. Norberg, O.S. Kjesbu, G.L. Taranger;

E.Andersson, Stefansson, Eds.) John Grieg AS, pp. 211-222.

Nagler, J.J., Krisfalusi and Cyr, D.G. (2000). Quantification of rainbow trout

(Onconrhynchus mykiss) estrogen receptor-ot messenger RNA and its expression in the

ovary during the reproductive cycle. Journal ofMolecular Endocrinology. 25 (2): 243-

251.



73

Nakabayashi, O., Kikuchi. H., Kikuchi, T.: Mizuno. S. (2000). Differential

expression of genes for aromatase and estrogen receptor during the gonadal

development in chicken embryos. Journal of Molecular Endocrinology. 20 (2): 193-

202.

Nelson, D.R., Kamataki. T., Waxman, D.J., Guengerich, F.P.; Estabrook, R.W.,

Feyereisen, R., Gonzalez, F.J., Coon, M.J., Gunsalus, I.C., Gotol1, O., Okuda, K.,

Nebert, D.W. (1993). The P450 superfamily: Update on new sequences, gene mapping,

accession numbers, early trivial names of enzymes, and nomenclature. DNA and Cell

Bzatoggz. 12 (1)z 1-51.

Nonaka, Y., Takemori, H., Halder, S.K., Sun, T., Ohta, M., Hatano, O:,

Takakuso, A., Okamoto, M. (1995). Frog cytochrome P-450 (1115, aldo), a single

enzyme involved in the final steps of glucocorticoid and mineralocorticoid biosynthesis.

Federation ofEuropean Biochemical Societies Letters. 229: 249-256.

Ogishima, T., Mitani, F., Ishimura, Y. (1989). Isolation of two distinct
cytochromes P-450 11 beta with aldosterone synthase activity from bovine

adrenocortical mitochondria. Journal ofBiochemistry. 105 (4): 497-499.

Ottolenghi, C., McElreavey, K. (2000). Review. Deletions of 9p and the quest

for a conserved mechanism of sex detennination. Molecular, Genetics and Metabolism.

71 (1-2); 397-404.

Overli, O., Pottinger, T.G., Carrick, T.R., Overli, E., Winberg, S. (2002).

Differences in behaviour between rainbow trout selected for high- and low-stress

responsiveness. Journal ofExperimental Biology. 205 (3): 391-5.

Pakdel, F., Métivier, R. , Flouriot, G., Valotaire, Y. (2000). Two estrogen recepto

(ER) isoforms with different estrogen dependencies are generated from the trout ER
gene. Endocrinology. 141 (2): 571-580.



74

Palmisano, A.N.; Winton, J .R.; Dickhoff, W.W. (2000). Tissue-specific

induction of Hsp90 mRNA and plasma cortisol response in Chinook salmon following

heat shock, seawater challenge, and handling challenge. Marine Biotechnology. 2 (4):

329-338.

Pang, S. (2001). Congenital adrenal hyperplasia owing to 3 beta-hydroxysteroid

dehydrogenase deficiency. Endocrinology, Metabolism Clin. North America. 30 (1): 81-

99.

Pankhurst, N.W. and van der Kraak, G. (2000). Evidence that acute stress

inhibits ovarian steroidogenesis in rainbow trout in Vivo. through the action of cortisol.

General and Comparative Endocrinology. 117: 225-237.

Parker, K.L., Schimmer, B.P., Schedl, A. (1999). Review. Genes essential for

early events in gonadal development. Cellular and Molecular Life Sciences. 55 (6-7):

831-838.

Patino, R., Davis, K.B., Schoore, J.E, Uguz, C., Strüssmamt, C.A., Parker, N.C.,

Simco, B.A.; Goudie, C.A. (1996). Sex differentiation of chamtel catfish gonads:

normal development and effects of temperature. The Journal ofExperimental Zoology.

276: 209-218.

Patiño, R., Xia, Z., Gale, W.L., Wu, C., Maule, A.G :, Chang, X. (2000). Novel

transcripts of the estroagen recetor ot gene in chamtel catfish. General and Comparative

Endocrinology. 120 : 314-325.

Pavlidis, M., Koumoundouros, G., Sterioti, A., Somarakis, S., Divanach, P.;

Kentouri, M. (2000). Evidence of temperature-dependent sex determination in the

European sea bass (Dicentrarchus labrax L.). Journal of Experimental Zoology. 287:

225-232.

Pickering, A.D.; Pottinger, T.G., Sumpter, J.P. (1987). On the use of

dexamethasone to block the pituitary-interrenal axis in the brown trout, Salmo trutta L.

General and Comparative Endocrinology. 65: 346-353.



75

Pickering, A.D., Pottinger, T.G.; Carragher, J ., Sumpter, J .P. (1987b) The effects

of acute and chronic stress on the levels of reproductive hor1no11es in the plasma of

mature male brown trout Salmo trutta L. General and Comparative Endocrinology. 68:

249-259.

Pickering, A.D. (1981). The concept of biological stress. ln: Stress and fish.

(A.D. Pickering). Academic Press. London. 367p.

Pickering, A.D., Pottinger, T.G., Sumpter, J.P.; Carragher, J.F., Le Bail, P.Y-

(1991). Effects of acute and chronic stress on the levels of circulating growth hormone

in the rainbow trout, Oncorhynchus mykiss. General and Comparative Endocrinology.

33 (1)z só-93.

Pieau, C., Dorizzi, M., Richard-Mercier, N., Desvages. G. (1998). Sexual

differentiation of gonads as a function of temperature in the turtle Emys orbicularis:

endocrine function, intersexuality and growth. The Journal of Experimental Zoology.

281: 400-408.

Pieau, C., Dorizzi, M.; Richard-Mercier, N. (1999). Temperature-dependent sex

determination and gonadal differentiation in reptiles. Cell and Molecular Life Sciences.

55: 887-900.

Piferrer, F., Donaldson, W.M., Zanuy, S.; Carrillo, M. (1989). Manipulation of

the mechanisms of sex differentiation in fish by using genetic and physiological

techniques. Biologia de la Reproducció. 1: 122-130.

Planas, J., Gutierrez, J .; Fernandez, J _, Carrillo, M., Canals, P. (1990). Amrual

and daily variations of plasma cortisol in sea bass, Dicentrarchus labrax L.

Aquaculture. 91: 171-178.

Pottinger, T.G., Balm, P.H.M.; Pickering, A.D. (1995). Sexual maturity modifies

the responsiveness of the pituitary-interrenal axis to stress in male rainbow trout-

General and Comparative Endocrinology. 98 (3): 31 l-320.



76

Pottinger, T.G., Carrick, T.R., Hughes, S.E., Balnn, P.H.M. (1996). Testosterone.

11-ketotestosterone, and estradiol. and estradiol-17-B modify baseline and stress-

induced interregnal and corticotropic activity in trout. General and Comparative

Endocrinology. 104: 284-295.

Pottinger, T.G., Carrick, T.R., Appleby, A., Yeomans, W.E. (2000). High blood

cortisol levels and low cortisol receptor affinity: is the chub, Leuciscus cephalus, a

cortisol-resistant teleost? General and Comparative Endocrinology. 120: 108-117.

Pottinger, T.G., Carrick, T.R. (1999). Modification of the plasma cortisol

response to stress in rainbow trout by selective breeding. General and Comparative

Endocrinology. 116 (1): 122-132.

Pottinger, T.G., Carrick, T.R. (2000). Contrasting seasonal modulation of the

stress response in male and female rainbow trout. Journal ofFish Biology. 56 (3): 667-

675.

Pottinger, T.G., Carrick, T.R. (2001). Stress responsiveness affects dominant-

subordinate relationships in rainbow trout. Hormones and Behaviour. 40 (3): 419-427.

Pottinger, T.G.; Carrick, T.R. (2001). ACTH does not mediate divergent stress

responsiveness in rainbow trout. Comparative and Biochemical Physiology. 129 (2-3):

399-404.

Quinkler, M., Oellkers, W., Diederich, S. (2001). Review. Clinical implications

of glucocorticoid metabolism by 1113-hydroxysteroid delnydrogenases in terget tissues.

European Journal ofEndocrinology. 144: 87-97.

Ray, D.W. (1996). Molecular mechanisms «of glucocorticoid resistance.

Commentary. Journal ofEndocrinology. 149: 1-5.



77

Raymond, C.S., Murphy, M.W., O'Sullivan, M.G., Bardwell, V.J., Zarkower, D.

(2000). Dmrtl, a gene related to worm and fly sexual regulators, is required for

mammalian testis differentiation. Genes and Development. 14 (20): 2587-2595.

Raymond, C.S., Kettlewell, J.R., Hirsch, B., Bardwell, V.J.; Zarkower, D.

(1999). Expression of Dmrtl in the genital ridge of mouse and chicken embryos

suggests a role in vertebrate sexual development. Developmental Biology. 215 (2): 208-

220.

Raymond, C.S., Shamu, C.E.; Shen, M.M., Seifert, K.J., Hirsch, B., Hodgkin, J .;

Zarkower, D. (1998). Evidence for evolutionary conservation of sex-determining genes.

Nature. 391 (6668): 691-695.

Rivier, C. and Rivest, S. (1997). Review. Effect of stress on the activity of the

hypothalamic-pituitary-gonadal axis: peripheral and central mechanisms. Biology of

reproduction. 45: 523-532.

Romer, U. and Beisenherz, W. (1996). Environmental determination of sex in

Apistogramma (Cichlidae) and two other freshwater fishes (teleostei). Journal of Fish

Biology. 48: 714-725. °

Rotllant, J., Balm, P.H.M., Ruane, N.M., Pérez-Sánchez, J , Wendelaar-Bonga,

S.E., Tort, L. (2000a). Pituitary proopiomelanocortin-derived peptides and

hypoyhalamus-pituitary-interrenal axis activity in gilthead sea bream (Sparus aurata)
during prolonged crowding stress: differential regulation of adrenocorticotropin

hormone and ot-melanocyte-stimulating hormone release by corticotropin-releasing

hormone and thyrotropin-releasing hormone. General and Comparative Endocrinology.

119: 152-163.

Rotllant, J ., Balm, P.H.M., Pérez-Sánchez, J , Wendelaar-Bonga, S.E., Tort, L,

(2001). Pituitary and interrenal function in gilthead sw bream (Sparus aurata L.,

teleostei) after handling and confinement stress. General and Comparative

Endocrinology. 121: 333-342.



78

Rotllant, J . and Tort L. (1997). Cortisol and glucose responses after acute stress

by net handling in the sparid red porgy previously subjected to crowding stress. Journal

ofFish Biology. 51 (1) : 21-28.

Rhen, T., Lang, J.W. (1994). Temperature-dependent sex determination in the

snapping turtle: manipulation of the embryonic sex steroid environment. General and

Comparative Endocrinology. 96 (2): 243-54.

Ruane, N.M.; Wendelaar Bonga, S.E., Balm, P.H.M. (1999). Differences

between rainbow trout and brown trout in the regulation of the pituitary-interrenal axis

and physiological performance during confinement. General and Comparative

Endocrinology. 115: 210-219.

Rubin, D.A. (1985). Effect of pH on sex ratio in Cichlids and a Poecilliid

(Teleostei). Copeia. 1: 235-238.

Saillant, E., Fostier, A., Haffray, P., Menu, B., Thimonier, J., Chatain, B.

(2002). Temperature effects and genotype-temperature interactions on sex
determination in the European sea bass (Dicentrarchus labrax L.). Journal of

Experimental Zoology. 292 (5): 494-505.

Sambrook, J _, Fritsch, E.F., Maniatis, T. (1989). Molecular cloning. A laboratory

manual. 2"“ edition. Cold Spring Harbor Laboratory Press.

Schawab, K.O.; Kruse, K., Dorr, H.G., Horwitz, A.E:, Spingler, H. (2001). The

effect of matemal dexamethasone treatment after the 12th week of pregnancy on fetal

genital development in adrenogenital syndrome with 21-hydroxylase deficiency.

Monatsschr Kinderheilkd. 137 (5): 293-296.

Scherer, G. (1999). Introduction: vertebrate sex determination and gonadal

differentiation. Cellular and Molecular Life Sciences. 55: 821-823.



79

Scholz, S. and Gutzeit, H.O. (2000). 17-ot-ethilestradiol affects reproduction,

sexual differentiation and aromatase gene expression of the medaka (Oryzias latipes).

Aquatic toxicology. 50: 363-373.

Shulz, R. (1986). In vitro metabolism of steroid hormones in the liver and in the

blood cells of male rainbow trout (Salmo gairdneri Richardson). General and

Comparative Endocrinology. 64: 312-319.

Shrimpton, J.M.; Randall, D.J. (1994). Downregulation of corticosteroid

receptors in gills of coho salmon due to stress and cortisol treatment. American Journal

ofPhysiology. 267 (2): 432-438.

Smith, C.A., McClive, P.J.,Westem, P.S., Reed, K.J., Sinclair, A.H. (1999).

Conservation of a sex-determining gene. Nature. 402 (6762): 601-602.

Smith, C.A. and Joss, J.M.P. (1994). Steroidogenic activity and ovarian

differentiation in the saltwater crocodile, Crocodylus porosus. General and

Comparative Endocrinology. 93: 232-245.

Socorro, S., Power, D.M., Olsson, P.E., Canário, A.V.M. (2000). Two estrogen

receptors expressed in the teleost fish, (Sparus aurata): cDNA cloning, characterization

and tissue distribution. Journal ofEndocrinology. 166: 293- 306.

Socorro, S.C.C. (2001). Cloning and characterization of seabream (Sparus

aurata) estrogen receptors. Phd Thesis. University of Algarve. Faro. 135p.

Sperry, T.S. and Thomas, P. (1999a). Characterization of two nuclear androgen

receptors in Atlantic croaker: comparison of their biochemical properties and binding

specificities. Endocrinology. 140: 1602-1611.



80

Sperry, T.S. and Thomas, P. (l999b). ldentification of two nuclear androgen

receptors inkelp bass (Paralabrar clathratus) and their binding affinities for

xenobiotics: comparison with Atlantic croaker (Micropogonias undulatus) androgen

receptors. Biology ofthe Reproduction. 61 (4): 1152-1 161.

Stouthart, A.J.H.X., Lucassen, E.C.H.E.T., van Strien, F.J.C., Balm, P.H.M.,

Lock, R.A.C., Wendelaar-Bonga, S.E. (1998). Stress responsiveness of thye pituitary-

interrenal axis during early life stages of cornrnon carp (Cyprinus carpio). Journal of

Endocrinology. 157: 127- 1 3 7.

Strüssmamr, C. A., Saito, T., Usui, M., Yamada, H., Takashima, F. (1997).

Thermal thresholds and critical period of thermolabile sex determination in two

atherinid frshes, Odontesthes bonariensis and Patagonia hatchery. The Journal of

Experimental Zoology. 278: 167-177.

Strüssmann, C.A., Takashima, F., Toda, K. (1996). Sex differentiation and

hormonal feminization in pejerrey Odontesthes bonariensis. Aquaculture. 139 (1-2): 31-

45.

Sun, T., Zhao, Y., Nonaka, Y., Okamoto, M. (1995). Cloning and expression of

cytochrtome P450 (llbeta) of porcine adrenal cortex. Journal ofSteroid Biochemistry

and Molecular Biology. 52 (3): 227-232.

Susuki, S., Bennett, P., Levy, A., Baker, B.I. (1997). Expression of MCH and

POMC genes in rainbow trout (Onconrhynchus mykiss) during ontogeny and in

response to early physiological challenges. General and Comparative Endocrinology

107: 341-350.

Szalay, K. Sz. and Folly, G. (1992). Interaction of ACTH, [3-endorphin and ot-

melanocyte stimulating homrone in relation to the corticosteroid production of isolated

rat adrenocortical zona fasciculate and zona glomerulosa cells. Federation ofEuropean

Biochemical Societies. 296 (1): 87-89.



81

Takeo, J . and Yarnashita, S. (1999). Two distinct isofomrs of cDNA encoding

rainbow trout androgen receptors. Journal ofBiological Chemistry. 274: 5674- 5680.

Tanaka, M., Tekecky, T.M.; Fukada, S., Adachi, S., Chen, S., Nagahama, Y.

(1992). Cloning and sequence analysis of the cDNA encoding P-450 aromatase

(P450aro1n) from a rainbow trout (Onconrhynchus mykiss) ovary, relashionships

between the amount of P450 arom mRNA and the production of oestrogen- 1713 in the

ovary. Journal ofMolecular Endocrinology. 8: 53-61.

Tchoudakova, A. and Callard, G.V. (1998). Identification of multiple CYP19

genes encoding different cytochrorne P450 aromatase isozymes in brain and ovary.

Endocrinology. 139 (4): 2179-2189.

Tchoudakova, A., Pathak, S., Callard, G.V. (1999). Molecular cloning of an

estrogen receptor beta subtype from the goldfrsh Carassius auratus. General and

Comparative Endocrinology. 113 (3): 388-400.

Teitsma, C., Lethimonier, C., Tujague, M.; Anglade, I., Saligaut, D., Bailhache,

T., Pakdel, F., Kah, O., Ducouret, B. (1998). Review. Identification of potential sites of

cortisol actions on the reproductive axis in rainbow trout. Comparative and Biochemical

Physiology. 119 (3): 243-9.

Todo, T., Ikeuchi, T., Kobayashi, T., Nagahama, Y. (1999). Fish androgen

receptor: cDNA cloning, steroid activation of transcription in transfected mammalian
cells. and tissue mRNA levels. Biochemical and Biophysiological Research Community.

254: 378-383.

Touhata, K., Kinoshita, M., Tokuda, Y., Toyohara, H., Sakagushi, M.,

Yokoyama, Y., Yamashita, S. (1999). Sequence and expression of a cDNA encoding

the red seabream androgen receptor. Biochemical and Biophysical Acta. 1450 (3): 481-

485.



82

Trant, J.M. (1994). Isolation and characterization of the cDNA encoding the

cham1el catfish (lctalurus punctatus) form of cytochrome P450 arom. General and

Comparative Endocrinology. 95: 155-168.

Van den Hurk, R. and Oordt, P.G.W.J. (1985). Effects of natural androgens and

corticosteroids on gonad differentiation in the rainbow trout, Salmo gairdneri. General

and Comparative Endocrinology. 57: 216-222.

Vermeulen, G.J.; Lambert, J.G.D., Teitsma, C.A., Zandbergen, M.A., Goos,

H.J.T. (1995). Adrenal tissue in the male African catfish, Clarias gariepinus:

localization and steroid honnone secretion. Cell and Tissue Research. 280: 653-657.

Villalpando, I., Sánchez-Bringas, G., Sánchez-Vargas, I., Pedernera, E.,

Villafán-Monroy, H. (2000). The P450 aromatase (P450 arom) gene is assimetrically

expressed in a critical period for gonadal sexual differentiation in the chick. General and

Comparative Endocrinology. 117: 325-334.

Weatherley, A.H. and Gill, H.S. (1989). The Biology of Fish Growth. Academic

Press. London.

White, P.C., Mune, T., Agarwal, A.K. (1997). 1113-Hydroxysteroid

dehydrogenase and the syndrome of apparent mineralocorticoid excess. Endocrine

Reviews. 18 (1): 135-155.

Xia, Z., Patiño, W.L., Gale, W.L., Maule, A.G., Densmore, L.D. (1999).

Cloning, in vitro expression, and a novel phylogenetic classification of a channel catfish

estrogen receptor. General and Comparative Endocrinology. 113: 360-368.

Xia, Z., Gale, W.L., Chang, Z., Langenau, D., Patiño, R., Maule, A.G.,

Densmore, L.D. (2000). Phylogenetic sequence analysis, recombinant expression, and

tissue distribution of a Channel catfish estrogen receptor [3. General and Comparative

Endocrinology. 118: 139-149.



83

Yajurvedi, H.N. and Chandramohan, K. (1994). Effects of dexamethasone and

gonadotropins of the testis of the adrenalectomized lizard Mabuya carinata (SCI-1`N.).

General and Comparative Endocrinology. 93 (2): 224-231.

Yamamoto, T. (1969). Fish Physiology. Vol.3. W.S. Hoar and D.J. Randall

(eds.), Academic press, New York, p. 117.

Yeoh, C.G., Schreck, C.B., Feist, G.W., Ftzpatrick, M.S. (1996). General and

Comparative Endocrinology. 103: 107-

Yoshida, K., Shimada, K., Saito, N. (1996). Expression of P450 17ot-

Hydroxylase and P450 aromatase genes in the chicken gonad before and after sexual

differentiation. General and Comparative Endocrinology. 102: 233-240.

Yoshikawa, H. and Oguri, M. (1978). Sex differentiation in a Cichlid, Tilapia

Zillii. Journal ofthe Tokyo University ofFisheries. 44 (4): 313-318.

Young, G., Thorarensen, H., Davie, P.S. (1996). 11-ketotestosterone suppresses

interregnal activity in rainbow trout (Oncorhynchus mykiss). General and Comparative

Endocrinology. 103: 301-307.

3111:?LL- É .II T-:.-gi..

1 '.:|.":.z.š1 -11-_-ƒrf*
fl;.“'=" 'iffÍá=':f

ÉÍ;-if..


