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Saturday September 1

8.30-14 hs: Registration. Front Desk

SATELLITE SyMPOSIUM 1

“Endocrinology of Chondrichthyans” Room Leopardi (6º floor)

9:00-9:10 hs: Opening. Cynthia Awruch.

9:10-10:10 hs: Reproductive endocrinology of male elasmobranchs. Jim Gelsleichter.
 
10:10-10:40 hs: The control of embryonic diapause in the Australian sharpnose 
shark, Rhizoprionodon taylori. Daniela Waltrick, Colin A. Simpfendorfer, Susan M. 
Jones, Cynthia Awruch. 

10:40-11:10 hs: Coffee break

11:10-11:40 hs: Endocrine stress responses in elasmobranchs. Cynthia Awruch, 
Ned Pankhurst, Colin Simpfendorfer.

11:40-12:10 hs: Analysing the pharmacological properties and origins of the elephant 
shark melanocortin-2 receptor and the dogfish melanocortin-5 receptor. Robert M. 
Dores, Christina Reinick, Liang Liang, Joseph K. Angleson.

12:10-13:00 hs: General Discussion and Closing.

SATELLITE SyMPOSIUM 2

“Fish Neuroanatomy and Brain Evolution” Room Leopardi (6º floor)

13:30-13:45 hs: Opening remarks. Matías Pandolfi. 

13:45-14-45 hs: Evolution of lamprey and hagfish neuroanatomy and neurohormones. 
Stacia Sower.
 
14:45-15:45 hs: Reanalyzing the evolution of Opioid/Orphanin networks in cartilaginous 
fishes, ray-finned fishes and lobe finned fishes. Robert Dores. 

15:45-16:15 hs: Coffee break.

16:15-17:15 hs: Neuroanatomy resources for a behavioural neuroendocrinology study 
model, the Mozambique tilapia (Orecochromis mossambicus): a MRI stereotaxic brain 
atlas and characterization of adult neurogenesis. Rui F. Oliveira, Magda. Teles, José. 
M. Simões, Marleen Verhoye, Annemie van der Linden, Günther Zupanc.

17:15-18:15 hs: Steroid actions in brain development and plasticity of teleost fish. 
Olivier Kah, Nicolas Diotel, Isabelle Anglade, Colette Vaillant, Elisabeth Pellegrini.  

18:15-18:30 hs: Closing statements. Matías Pandolfi. 
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Saturday September 2

8.30-18 hs: Registration. Front Desk

SATELLITE SyMPOSIUM 3

“Impact of climate change on fish endocrine systems” Room Leopardi (6º 
floor)

9:30-10:20 hs: Interactions of temperature and endocrine disruptors on reproductive 
fitness. Glen Van Der Kraak, A. Lister. 

10:20-11:10 hs: Nordic climate changes and fish endocrine systems; temperature 
effects on reproductive function in Atlantic salmon and Atlantic cod. Eva Andersson, 
B. Norberg, O. Sigurd Kjesbu, A. Thorsen, G. L. Taranger.

11:10-11:30 hs: Coffee break

11:30-11:50 hs: Impacts of Global Change: Disruption of Endocrine and Reproductive 
Functions in Marine Fish Exposed to Coastal Hypoxia and Predictions of Long Term 
Population Declines. Peter Thomas, Md. S. Rahman.
 
11:50-12:10 hs: Effects of elevated temperature on estrogenic induction of Vtg and 
Zp gene expression in salmon. Kelli Anderson, H. King, N. Pankhurst, N. Ruff, P. 
Pankhurst, A. Elizur. 

12:10-12:30 hs: Effects of climate change on pejerrey (Odontesthes bonariensis) 
reproduction. Leandro Miranda, M. Elisio, T. Chalde.

12:30-12:50 hs: Effects of warm water pulses on sexual steroids and thyroid hormones 
during pejerrey Odontesthes bonariensis vitellogenesis. Tomás Chalde, L. Miranda.
 
12:50-14:00 hs: Lunch

14:00-14:50 hs: Seasonal variation in the effects of growth and feed restriction on the 
pituitary- gonad axis in salmon. Penny Swanson, J.A. Luckenbach, Y. Yamamoto, F. 
Celino, G. Young.
 
14:50-15:10 hs: Elevated temperatures results in similar growth regulation of IGF-I and 
IGF binding proteins in Atlantic salmon and rainbow trout. Ernst Hevroy, C. Tipsmark, 
S. Remo, T. Hansen, P. Olsvik, R. Waagbo, M. Shimizu.

15:10-15:30 hs: Catabolic and anabolic actions of IGF-I and IGFBPs in Atlantic salmon 
(Salmo salar L.) reared at high temperature during starvation and restricted feeding. 
Sofie Remo, C. Tipsmark, M. Shimizu, T. Hansen, R. Waagbo, E. Hevroy. 

15:30-16:00 hs: Final statements. Abigail Elizur, Leandro Miranda.  

18:00-20:00 hs: Welcome Cocktail. Gaudí Room (4º floor).
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Monday September 3

7TH  INTERNATIONAL SyMPOSIUM ON FISH ENDOCRINOLOGy

8:00-9:00 hs: REGISTRATION

8:30-9:00 hs: Opening Ceremony. Gaudí Room (4º floor)
 
9:00-10:00 hs: Plenary Lecture I. Gaudí Room (4º floor)
Past, Present and Future of Fish Endocrinology. Olivier Kah. France

10:00-12:30 hs: OS.1: Evolution and origin of the peptide hormones and receptors: 
                              structure and function
                           Chairpersons: Nancy Sherwood (Canada) and Robert Dores (USA). 
                           Leopardi Room (6º floor)

                           Molecular evolution of the growth hormone receptor family: insights
                           from studies in sea lamprey. Mark Sheridan. USA

                               Putting fish in context: a search for the evolutionary origins of GNRH and 
                           its receptor. Nancy M. Sherwood. Canada

                          Evolutionary origin of gonadotropin-inhibitory hormone: Insights from 
                          lampreys. Kazuyoshi Tsutsui. Japan

11:00-11:30 hs: Coffee break

                            Diversity and evolutionary history of the Kiss/Kissr system in vertebrates:
                          new data from fish genome. Jérémy Pasquier. France

                           Activation of Rainbow Trout Melanocortin-2 Receptor. Robert Dores. USA

                          Evolution of the corticotropin-releasing factor (CRF) family of peptides 
                          in vertebrates: Novel findings in phylogenetically older fishes.  David 
                             A. Lovejoy. Canada

                            OS.2: Neuroendocrinology of Reproduction 
                         Chairpersons: Olivier Kah (France) and Stacia Sower (USA). Gaudí Room  
                         (4º floor)

                         Neuroendocrinology of fish metamorphosis and puberty. 
                         Sylvie Dufour. France

                         The reproductive axis of Astyanax altiparanae: Emphasis on GnRH3. 
                         Chayrra Chehade Gomes. Brazil

                         Two Independent Kisspeptin Systems in Fish. Ishwar S Parhar. Malaysia

11:00-11:30 hs: Coffee break
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                            A shortened photocycle depresses brain and pituitary kisspeptin 2 (kiss2)    
                         Expression in the adult female rainbow trout. James Nagler. USA

                         The effect of chronic treatment of kisspeptin on the reproductive axis of 
                        “dummy run” striped bass females. Nili Zmora. USA

                         GNIH positively regulate both LH and FSH release in the tilapia 
                         (Oreocromis niloticus). Jakob Biran. Israel

12:30-14:00 hs: Lunch

14:00-16:30 hs OS.3: Neuroendocrinology 
                          Chairpersons: Chin-Fong Chang (Taiwan) and Balasubramanian 
                          Senthilkumaran (India). Gaudí Room (4º floor)

                                 Brain aromatase: Relationship to aggressive behavior in a Southamerican 
                          cichlid fish. Martín Ramallo. Argentina

                         Mechanisms of TPH and 5-HT regulation by hypoxia in fish. Md. Saydur 
                            Rahman. USA

                         Hormonal control of drinking behavior in fish. yoshio Takei. Japan

15:00-15:30 hs: Coffee break

                       The Neurokinin B / Neurokinin B Receptor System in fish reproduction.
                       Berta Levavi-Sivan. Israel.

                       Endocrine regulation of pejerrey (Odontesthes bonariensis) ovarian 
                            maturation throughout natural reproductive cycle. Mariano Elisio. Argentina

                           Aspects of the endocrine regulation of feeding in fish. Helene Volkoff.  Canada
 

                         OS.4: Steroid/Thyroid hormones and receptors 
                       Chairpersons: Hamid Habibi (Canada) and Peter Thomas (USA). 
                       Leopardi Room (6º floor)  

                      Identification of a putative plasma membrane glucocorticoid receptor in the
                      Mozambique tilapia. Russell Borski. USA

                       Nuclear estrogen and thyroid hormone receptor structural and functional
                     diversity in goldfish. Hamid R Habibi. Canada

                      Expression of cyp19a, cyp19b, ERα, ERβ1 and ERβ2 in testes of rainbow trout
                     (Oncorhynchus mykiss). Florence Le Gac. France

15:00-15:30 hs: Coffee break

                       Progestin and Sox transcription factors regulate aquaporin-1ab gene
                       promoter in fish oocytes. Cinta Zapater. Spain
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Membrane associated thyroid hormone receptors mediate 
development and angiogenesis in zebrafish. Shaelen Konschuh. 
Canada

16:30-18:30 hs Poster Session I. Odd Poster Numbers. Cibeles Room (6º floor)

Tuesday September 4: 

9:00-10:00 hs:  Plenary Lecture II. Gaudí Room (4º floor)
Nonclassical steroid actions and membrane steroid receptors: 
potential roles in neuroendocrine regulation and endocrine disruption 
of the reproductive system. Peter Thomas. USA

10:00-12:30 hs:  OS.5: Pituitary gland: Molecular and cellular endocrinology
Chairpersons: John Chang (Canada) and Wei Ge (China). Leopardi 
Room (6º floor)  

  
Relationship between PI3K, PKC, and PKB signalling in GnRH actions 
on LH and GH release in goldfish. Joshua Pemberton. Canada

Environmental salinity modulates osmotic responsiveness of Tilapia 
prolactin cells via TRPV4. Andre P. Seale. USA 

Kisspeptin 1 stimulates LH and GH release from goldfish pituitary 
cells in a Ca2+-dependent manner. John P. Chang. Canada

Secretoneurin: a conserved hormonal peptide with paracrine and 
neuroendocrine actions to regulate pituitary function. Vance L. 
Trudeau. Canada

11:00-11:30 hs: Coffee break

Transgenic tilapia reveals fsh gonadotroph hyperplasia in territorial 
males. Matan Golan. Israel

Pituitary gland morphogenesis and ontogeny of adenohypophyseal 
cells in South American teleost Salminus brasiliensis (Teleostei, 
Characiformes). Jesús Lázaro Wender. Brazil

OS.6: Endocrine disruption 
Chairpersons: Glen Van der Kraak (Canada) and Nancy Denslow (USA). 
Gaudí Room (4º floor)

Neonatal Exposure to BPA or E2 Increases Female Ratio but Suppresses 
Ovarian Growth in the Zebrafish. Wei Ge. China 

The first indication of immunotoxicity induced by reproductive endocrine 
disruptors is the location of sex-steroid receptors in the rainbow trout 
immune tissues. Sophie Massart. Belgium
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disrupting compounds in Micropterus salmoides. Tara Sabo-Attwood. 
USA

11:00-11:30 hs: Coffee break

Depressing male reproduction with waterborne anti-depressant and 
contraceptive pharmaceuticals. Vance L. Trudeau. Canada

Both somatolactin genes respond to estrogen and zinc in pituitary of 
Cyprinus carpio. Guillermo E. Valenzuela. Chile

Reverse engineering the molecular machinery underlying the response 
of fathead minnow ovaries (Pimephales promelas) to endocrine 
disruptors. Natalia Garcia-Reyero. USA

12:30 - onwards:  SOCIAL PROGRAM

Wednesday September 5

9:00-10:00 hs:  Plenary Lecture III. Gaudí Room (4º floor)
Regulation of Pituitary Function in Larval Zebrafish by the Central 
Melanocortin System. Roger D. Cone. USA

10:00-12:30 hs: OS.7: Endocrine control of ion and osmoregulation
Chairpersons: Stephen McCormick (USA) and Yoshio Takei (Japan). 
Leopardi Room (6º floor) 

Hormonal control of differentiation and function of fish gill/skin 
ionocytes: zebrafish as a model. Pung-Pung Hwang. Taiwan

The hormonal control of smolt development and seawater performance 
in salmon. Stephen McCormick. USA

Role of corticosteroid receptors in fish osmoregulation: Is GR the only 
regulator?. Patrick Prunet. France

11:00-11:30 hs: Coffee break

Role of cardiac natriuretic peptides in seawater adaptation in medaka 
embryos as revealed by knockdown experiments. yoshio Takei. Japan

The yolk-sac ionocyte lineage ontogenesis and its regulation by MR and 
GRs in Medaka embryo. Vincent Trayer. France

Hepatic leptin mRNA induction during seawater challenge: possible 
role in glucose metabolism. David Baltzegar. USA

OS.8: Gonadal endocrinology
Chairpersons: Penny Swanson (USA) and Florence Le Gac (France). 
Gaudí Room (4º floor) 
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Effects of androgens on the spermatogonial stem cell niche in zebrafish 
after estrogen-induced androgen insufficiency. Rafael Henrique 
Nóbrega. Brazil

Fsh, but not Lh, turns on testicular recrudescence in sea bass 
(Dicentrarchus labrax) promoting germ. Silvia Zanuy. Spain

Androgen-mediated increases in oocyte lipid accumulation. Erin 
Forbes. New Zeland

Contribution of germinal compartment to ovarian estradiol synthesis. 
Julien Bobe. France

11:00-11:30 hs: Coffee break

Roles of Multi-functional Y-Box Binding Protein 1 (YB-1) in Zebrafish 
Ovarian Follicle Activation. Wei Ge. China

Multiple roles of 17α, 20β dihdroxy-4-pregnen-3-one in Zebrafish 
reproduction. Glen Van Der Kraak. Canada

12:30-14:00 hs: Lunch

14:00-16:30 hs  OS.9: Endocrine regulation of feeding and growth
Chairpersons: Nicolas Bernier (Canada) and José Miguel Cerdá 
Reverter (Spain).Gaudí Room (4º floor)

Peripheral regulation of the growth hormone (GH)-insulin-like growth 
factor-1 (IGF-1). System in fish. Mark Sheridan. USA

Involvement of the GH/IGF-I System on Skeletal Muscle Growth in the 
Fine Flounder (Paralichthys adspersus). Eduardo Fuentes. Chile

Delineating the differences between danio and devario: the effects of 
growth hormone on myogenic precursor cells in three closely related 
cyprinid species. Jacob Michael Froehlich. USA

15:00-15:30 hs: Coffee break

New and Emerging Players in the Regulation of Growth Hormone 
Secretion and Feeding in Goldfish. Suraj Unniappan. Canada

An overview of leptin endocrinology in salmonids. Thrandur Bærnsson. 
Sweden

Effects of dopaminergic system activation on feeding behavior and 
growth performance of the sea bass (Dicentrarchus labrax): a self-
feeding approach. Miguel Cerdá-Reverter. Spain
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OS.10: Developmental endocrinology and sex differentiation
Chairpersons: Carlos Strüssmann (Japan) and Denise Vizziano 
(Uruguay). Leopardi Room (6º floor)

Y chromosome-linked amhy gene and sex determination of atherinopsid 
species. Ricardo Hattori. Japan

Foxl2 expression during early gonad development in the Siberian 
sturgeon, Acipenser baerii. Denise Vizziano-Cantonnet. Uruguay

The cortisol and androgen pathways cross-talk in high-temperature 
induced masculinization: 11β-hydroxysteroid dehydrogenase as a key 
enzyme. Juan Ignacio Fernandino. Argentina

15:00-15:30 hs: Coffee break

Expression patterns of gonadotropin hormones and their receptors 
during early sexual differentiation. yan Hongwei. Japan

sf-1, dax-1 and steroidogenic enzyme genes in the early brain of 
orange-spotted grouper Epinephelus coioides during gonadal sex 
differentiation. Ching-Fong Chang. Taiwan

16:30-18:30 hs Poster Session II. Even Poster Numbers. Cibeles Room (6º floor)

Thursday September 6

9:00-10:00 hs: Plenary Lecture IV. Gaudí Room (4º floor)
Novel molecular approaches in fish ecotoxicology and physiology. 
Nancy Denslow

10:00-12:30 hs: OS.11: Endocrine aspects of behavior
Chairpersons: Rui Oliveira (Portugal) and Svante Winberg (Sweden).  
Gaudí Room (4º floor)

What triggers a neuroendocrine response to a social challenge? The 
role of cognitive appraisal. Rui Oliveira. Portugal

Effect of day-length on aggressive interaction and androgen level in 
cichlid fish. Eliane Goncalves-de-Freitas. Brazil

Molecular and functional relationship between environmental allostatic 
loads and learning and memory in salmon. Lars Ebbesson. Norway

11:00-11:30 hs: Coffee break

Distinctive serotonergic and AVTergic neuromodulatory patterns 
underlie different types of aggression in weakly electric fish. Ana Silva. 
Uruguay
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Possible relationships between time of emergence, stress coping and 
life history of Baltic salmon. Svante Winberg. Sweden
Social control of reproduction in Cichlasoma dimerus: dominance, 
social isolation and agonistic interaction between non-dominant 
individuals. Matias Pandolfi. Argentina

OS.12: Fish Endocrinology in the Post-Genomic Era: from 
transcriptomics to transgenics
Chairpersons: Vance Trudeau (Canada) and Chris Martyniuk (Canada). 
Leopardi Room (6º floor)

Insight from the lamprey genome: Glimpsing early vertebrate 
development via neuroendocrine-associate. Stacia A. Sower. USA

Proteins of the fish reproductive axis: modulation by hormones and 
endocrine disruptors. Christopher J. Martyniuk. Canada

GH transgene effects on growth performance are inconsistent among 
transgenic offspring. Wei Hu. China

11:00-11:30 hs Coffee break

Proteomic and immune responses to corticosteroid treatments in 
Eurasian perch, Perca fluviatilis. Sylvain Milla. France

Molecular signatures associated with endocrine disruptions in rainbow 
darter (Etheostoma caeruleum) after sewage effluents exposure. 
Paulina Bahamonde. Canada

Transcriptomic study on the effects of ethinylestradiol on rainbow trout 
fry gonads. Sophie Depiereux. Belgium

14:00-16:30 hs OS.13: Endocrinology of stress
Chairpersons: Patrick Prunet (France) and Carl Scherck (USA). Gaudí 
Room (4º floor) 

Stress, parasite burden and senescence: Reproductive dilemmas of 
Chinook salmon (Oncorhynchus tshawytscha). Susan Benda. USA

Difference in stress responses between immune and endocrine 
systems in rainbow trout. Takashi yada. Japan

Inhibition of GR transactivation activity by the MR: A potential regulatory 
role of the MR?. Pia Kiilerich. Denmark

15:00-15:30 hs: Coffee break

Serotonin directly stimulates cortisol secretion from the interrenals in 
goldfish. Nick Bernier. Canada

Gluco- and mineralocorticoids differentially modulate the LPS
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stimulated immune system in Eurasian perch (Perca fluviatilis, L.). 
Mathieu Cédric. Belgium

Role of melatonin and serotonin and its interaction with cortisol and 
thyroid hormones in stress response of fish. MC Subhash Peter. India

OS.14: Aquatic biotechnology related to fish endocrinology
Chairpersons: Manuel Carrillo (Spain) and Berta Levavi-Sivan (Israel). 
Leopardi Room (6º floor) 

The effect of GonazonTM (GnRH analog) on LH and 17α20βDHP secretion 
and sperm parameters in rainbow trout. Tomasz Mikolajczyk. Poland

In vitro expansion of Nile-tilapia (Oreochromis niloticus) spermatogonial 
stem cells: a potential approach for the production of transgenic fish. 
Samyra Lacerda. Brazil

Puberty onset in Atlantic salmon - effects of diet and photoperiod. Eva 
Andersson. Norway

15:00-15:30 hs: Coffee break

Continuous light administered during the photolabil period affects 
hormonal regulation of early gametogenesis in prepubertal male sea 
bass. Manuel Carrillo. Spain

Insulin-like Growth Factors and Myostatin expression in Pejerrey 
during starved/refeeding periods. Ignacio Simo. Argentina

A novel growth hormone secretagogue designed by molecular modeling 
exhibits enhanced growth activity. Rebeca Martinez. Cuba

19:00- onwards: Closing Ceremony, Banquet & Tango Show. Gaudí Room (4º floor)
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PLENARy LECTURES

Monday. September 3. 9.00-10.00 hs. Room Gaudí

Richard Peter Lecture:

Past, Present and Future of Fish Endocrinology.

Dr. Olivier Kah
Research Institute in Health, Environment and Occupation. INSERM U1085, BIOSIT. 
Université de Rennes 1, Rennes, France. 

Tuesday. September 4. 9.00-10.00 hs. Room Gaudí

Nonclassical steroid actions and membrane steroid receptors: potential roles 
in neuroendocrine regulation and endocrine disruption of the reproductive 
system.

Dr. Peter Thomas
University of Texas at Austin, Marine Science Institute, 750 Channel View Drive, TX 
78373, USA.

Wednesday. September 5. 9.00-10.00 hs. Room Gaudí

Regulation of pituitary function in larval zebrafish by the central melanocortin 
system.

Dr. Roger D. Cone
Department of Molecular Physiology and Biophysics, Vanderbilt University School of 
Medicine, Nashville, TN 37232, USA.

Thursday. September 6. 9.00-10.00 hs. Room Gaudí

Novel molecular approaches in fish ecotoxicology and physiology.

Dr. Nancy Denslow
University of Florida, Gainesville, FL, USA.
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ORAL SyMPOSIA

OS.1 Evolution and origin of the peptide hormones and receptors: structure 
and function. Dr. Nancy Sherwood (Canada) and Dr. Robert Dores (USA).

OS.2 Neuroendocrinology of Reproduction. Dr. Olivier Kah (France) and Dr. Stacia 
Sower (USA).

OS.3 Neuroendocrinology. Dr. Chin-Fong Chang (Taiwan) and  Luis Fabián Canosa 
(Argentina).

OS.4 Steroid/Thyroid hormones and receptors. Dr. Hamid Habibi (Canada) and 
Dr. Peter Thomas (USA).

OS.5 Pituitary gland: Molecular and cellular endocrinology. Dr. John Chang 
(Canada) and Dr. Wei Ge (Hong Kong).

OS.6 Endocrine disruption. Dr. Glen Van der Kraak (Canada) and Dr. Nancy Denslow 
(USA).

OS.7 Endocrine control of ion and osmoregulation. Dr. Stephen McCormick 
(USA) and Dr. Yoshio Takei (Japan).

OS.8 Gonadal endocrinology. Dr. Penny Swanson (USA) and Dr. Florence Le Gac 
(France).

OS.9 Endocrine regulation of feeding and growth. Dr. Nicolas Bernier (Canada) 
and Dr. José Miguel Cerdá Reverter (Spain).

OS.10 Developmental endocrinology and sex differentiation. Dr. Carlos 
Strüssmann (Japan) and Dr. Denise Vizziano (Uruguay).

OS.11 Endocrine aspects of behavior. Dr. Rui Oliveira (Portugal) and Dr. Svante 
Winberg (Sweden).

OS.12 Fish Endocrinology in the Post-Genomic Era: from transcriptomics to 
transgenics. Dr. Vance Trudeau (Canada) and Dr. Chris Martyniuk (Canada).

OS.13 Endocrinology of stress. Dr. Patrick Prunet (France) and Dr. Carl Schreck 
(USA).

OS.14 Aquatic biotechnology related to fish endocrinology. Dr. Manuel Carrillo 
(Spain) and Dr. Berta Levavi-Sivan (Israel).





Satellite Symposium 1
“Endocrinology of Chondrichthyans”

ABSTRACTS
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Reproductive endocrinology of male elasmobranchs

Jim Gelsleichter

University of North Florida. 1 UNF Drive Jacksonville, FL 32224. USA.

jim.gelsleichter@unf.edu

Because of their phylogenetic position and diverse array of breeding strategies, 
sharks and their relatives are an interesting taxon for investigating the evolution and 
function of hormones involved in reproduction.  Despite this, however, the reproductive 
endocrinology of cartilaginous fishes has been poorly studied in comparison with 
that in other major vertebrate groups, and many of the endocrine pathways typically 
involved in vertebrate reproduction remain largely uncharacterized in these 
fishes.  In this review, I will discuss the results of our laboratory’s efforts to better 
understand the reproductive endocrinology of male sharks and rays, highlighting 
research on the role of both steroid and protein hormones in reproductive tract 
function. Topics such as circulating androgen concentrations and androgen receptor 
distribution in reproductive organs, plasma relaxin concentrations and relaxin 
receptor-like activity, cell markers of steroidogenesis, and preliminary data on 
gonadotropin, inhibin, and anti-Mullerian hormone activity in male sharks and rays 
will be discussed.

NOTES:
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The control of embryonic diapause in the Australian sharpnose shark, 
Rhizoprionodon taylori

Daniela Waltrick1, Colin A. Simpfendorfer1, Susan M. Jones2, Cynthia Awruch1,2,3.

1Centre for Sustainable Tropical Fisheries and Aquaculture & School of Earth and Environmental 
Sciences, James Cook University, Townsville, QLD 4811, Australia. 2School of Zoology, University 
of Tasmania, Hobart, TAS 7001, Australia. 3CENPAT-CONICET, Puerto Madryn, Chubut, Argentina 

daniela.waltrick@my.jcu.edu.au

The arrest of development at any stage of embryogenesis, embryonic diapause, 
is widespread among species from unrelated taxa in all vertebrate groups. In 
elasmobranchs, diapause have only been confirmed in 2 species, however, the 
observation of fertilized eggs without visible embryos during extended periods 
suggests the occurrence of this trait in at least another 14 elasmobranchs. The 
control mechanisms of diapause have not been investigated in this group but, as 
in other vertebrates, it possibly involves hormones and environmental cues. Blood 
samples from 125 mature Rhizoprionodon taylori were collected for plasma steroid 
analysis. Levels of progesterone (P4), testosterone and estradiol were measured by 
radioimmunoassay for all reproductive stages. In R. taylori, large and active corpora 
lutea (CL) were observed in the ovary during the early pregnancy, suggesting that, as 
in other vertebrates, high levels of P4 are needed to induce diapause. Steroid levels 
during pregnancy will be discussed in regards to possible mechanisms controlling 
entry, maintenance and termination of diapause in R. taylori.

NOTES:
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Endocrine stress responses in elasmobranchs

Cynthia Awruch1,2,3, Ned Pankhurst4, Colin Simpfendorfer3.

1CENPAT-CONICET (National Patagonian Centre) Puerto Madryn, Chubut, Argentina. 2School of 
Zoology, University of Tasmania, Tasmania (7001), Australia. 3Fishing and Fisheries Research 
Centre, School of Earth and Environmental Science, James Cook University Townsville QLD 
(4811), Australia. 4Australian Rivers Institute, Griffith University, Gold Coast, Queensland (4222), 
Australia.

Cynthia.Awruch@utas.edu.au

In the last few years, studies to explore and understand stress responses in 
elasmobranchs have importantly increased.  However, much of the research has 
focused in secondary stress responses (e.g. measurement of chemical metabolites 
such lactate and glucose) as the laboratory tools to measure the primary stress 
responses, involving steroid hormones, are very limited. Unlike teleosts fish, where 
cortisol is well known to play a crucial role in the stress response, elasmobranchs 
produce a unique steroid 1α-hydroxycorticosterone (1α-OH-B). The particular 
chemical nature of this steroid has presented distinct disadvantages as it has 
proven to be difficult to synthesise, and as a consequence studies examining the 
mineralocorticoid and glucocorticoid actions of this steroid are limited. Although 
1α-OH-B is considered the main stress hormone, serum corticosterone was 
previously studied in numerous elasmobranch fishes but the role of this steroid 
has yet to be defined. The goal of this study was to test whether corticosterone 
varied in response to different stress levels, and across different elasmobranchs 
species. Serum levels of circulating steroid hormones in corticosterone units 
were quantified and correlated with lactate and glucose values during capture and 
release of different elasmobranch species, to determine the degree of variability in 
the steroid hormones and the relationship being found between the hormones and 
different levels of stress.

NOTES:
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Analyzing the pharmacological properties and origins of the elephant shark 
melanocortin-2 receptor and the dogfish melanocortin-5 receptor

Robert M. Dores, Christina Reinick, Liang Liang, Joseph K. Angleson

University of Denver, Department of Biological Sciences, Denver, Colorado U.S.A. 80210. 

rdores@du.edu

The proliferation of the melanocortin receptors (MCRs) gene family in chordates has 
been influenced by at least two genome duplications, and a local gene duplication 
event to yield five paralogous genes (i.e., MC1R, MC2R, MC3R, MC4R, MC5R) in the 
genomes of ray-finned fishes and tetrapods. Five paralogous MCR genes have also 
been detected in cartilaginous fishes, but not in the same species. In the elephant 
shark (Callorhynchus milii) genome there are orthologs of MC1R, MC2R, and MC3R; 
whereas in the dogfish (Squalus acanthias) genome there are orthologs of MC3R, 
MC4R, and MC5R. This presentation will focus on elephant shark MC2R, a MRAP-
independent MCR that can be activated by ACTH or α-MSH, and dogfish MC5R, a MCR 
whose pharmacological activation can be enhance by MRAP1. The origins of these 
cartilaginous fish MCRs will be discussed as well as the potential roles that these 
receptors may play in the HPI axis of the cartilaginous fishes.

NOTES:
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Evolution of lamprey and hagfish neuroanatomy and neurohormones

Stacia A. Sower

Center for Molecular and Comparative Endocrinology, Department of Molecular, Cellular and 
Biomedical Sciences

sasower@unh.edu

In the late 1970s, it was thought that lampreys and hagfish did not have the same 
neuroendocrine control of reproduction as in all other vertebrates, in part to the 
lack of the typical anatomical hypothalamic-pituitary (H-P) connection. The question 
whether there is hypothalamic control over reproduction has special significance 
since these fishes represent the oldest lineage of extant vertebrates and hold a basal 
position to all vertebrates. During the past three decades there have been major 
advances in our knowledge of the structure and function of the hypothalamic and 
pituitary hormones and respective receptors in lampreys with limited information on 
hagfish. This presentation will summarize the latest information on the H-P system 
that is now considered to be a vertebrate innovation and seminal event that emerged 
prior to or during the differentiation of the ancestral agnathans. In lampreys, we 
propose the neuroendocrine control of reproduction and thyroid functions in the 
lamprey exhibits an overlapping, simplified organization represented by one 
glycoprotein hormone interacting with two receptors serving as a model for analysis 
of the evolutionary mechanisms leading to emergence of the highly specialized 
gnathostome endocrine axes. Support: NSF IOS-0849569, AES NH00571.

NOTES:
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Reanalyzing the evolution of Opioid/Orphanin networks in cartilaginous 
fishes, ray-finned fishes and lobe finned fishes

Robert M. Dores

University of Denver, Department of Biological Sciences, Denver, Colorado U.S.A. 80210. 

rdores@du.edu

While there is consensus that the proliferation of the opioid/orphanin gene family 
was influenced by the genome duplications that occurred during the evolution of 
the chordates, the organization of the ancestral opioid-precursor gene remains 
unresolved. However, it is clear that during the radiation of the gnathostomes 
distinct proenkephalin, prodynorphin, pomc, and proorphanin genes evolved in the 
teleosts and the tetrapods. This presentation will summarize the organization of 
these opioid –coding genes in the extant classes of gnathostomes (i.e., cartilaginous 
fishes, ray-finned fishes, and lobe-finned fishes and tetrapods), and identify trends 
in the evolution of each paralagous gene. Correlation of molecular studies with 
anatomical studies on this gene family indicate that 1) in the lungfish CNS met-
enkephalin  (enkephalinergic) and leu-enkephalin (dynorphinergic) are expressed in 
different neurons; 2) new immunological probes are needed to map enkephalinergic 
and dynorphinergic circuits in teleosts; 3) it appears that leu-enkephalin antisera 
may be useful for detecting dynorphinergic circuits in cartilaginous fishes; and 4) the 
distribution of endorphinergic/melanocortin cells in the pituitary are remarkably 
uniform in the classes of gnathostomes.

NOTES:
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Neuroanatomy resources for a behavioural neuroendocrinlogy study model, 
the Mozambique tilapia (Orecochromis mossambicus): a MRI stereotaxic 
brain atlas and characterization of adult neurogenesis  

Rui F. Oliveira1,2, Magda Teles1,2, José M. Simões1,2, M. Verhoye3, A. van der Linden3,  G. 
Zupanc4.

1Unidade de Investigação em Eco-Etologia, ISPA - Instituto Universitário, Lisboa, Portugal. 
2Champalimaud Neuroscience Programme, Instituto Gulbenkian de Ciência, Oeiras, Portugal. 
3Bio-Imaging Lab, University of Antwerp, Antwerp, Belgium. 4Department of Biology, 
Northeastern 24 University, 360 Huntington Avenue, Boston, MA 02115, U.S.A.

ruiol@ispa.pt

In our lab we have been investing in the development of such resources for a model 
cichlid fish, the Mozambique tilapia, Oreochromis mossambicus. Here we will 
present a 3D brain atlas using MRI, supported by Nissl staining. Resulting images 
were viewed and analysed in all orientations and manually labelled to reveal 
areas of interest. This high resolution tilapia brain atlas is available online and 
can be annotated with multiple layers adding information on different aspects of 
functional neuroanatomy such as the distribution of different neurochemicals and 
gene markers. We have also mapped the different steps of adult neurogenesis. By 
labeling mitotically dividing cells with 5-bromo-2’-deoxyuridine (BrdU), we have 
characterized the proliferation zones, the migration paths and the differentiation 
of new born cells. As shown in the olfactory bulb and the lateral part of the valvula 
cerebelli, some of the young cells migrate from their site of origin to specific  target 
areas. Double labeling of cells with BrdU combined with anti-Hu or anti-glial 
fibrillary acidic protein demonstrated differentiation of the adult-born cells into 
both neurons and glia. Taken together, the present results support the hypothesis 
that adult neurogenesis is an evolutionary conserved vertebrate trait.

NOTES:
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Steroid actions in brain development and plasticity of teleost fish

Olivier Kah, Nicolas Diotel, Isabelle Anglade, Colette Vaillant, Elisabeth Pellegrini 

Team NEED, IRSET, Université de Rennes 1, France. Différenciation et Communication 
Neuronale et Neuroendocrine, INSERM U982, PRIMACEN, IFRMP 23, Université de Rouen, 
Mont-Saint-Aignan, France

olivier.kah@univ-rennes1.fr

Compared to that of other vertebrates, the brain of adult fish shows some interesting 
features (1) an intense adult neurogenesis supported by the persistence of radial 
glial cells (RGC), (2) a high aromatase activity due to massive expression of the 
estrogen-synthesizing enzyme, aromatase B, generated by cyp19a1b, (3) a high 
sexual plasticity that permits sex change in adult and (4) an outstanding regenerative 
capacity. We previously documented that aromatase B is only expressed in RGCs and 
this observation raises important questions notably regarding the roles of locally 
produced estrogens on neurogenesis and the origin of androgens available for 
aromatization. Recently, we reported that the brain of adult zebrafish also exhibits 
3α- and 3β-HSD, CYP17, 17 β-HSD and 5α-reductase activities. Consequently, it is 
possible that radial glial cells express a large set of steroidogenic enzymes and could 
be true steroidogenic cells. Furthermore, we have documented the fact that radial 
progenitors are also targets for steroids or neurosteroids, expressing a variety 
of estrogen and progesterone receptors. Accumulating data show that estrogens 
modulate neurogenesis in adult fish. These results provide strong indication that 
estrogens, and possibly progestins, produced by radial glial progenitors, can act in 
an autocrine manner to modulate their proliferative activity. It will be of great interest 
to explore whether similar mechanisms could occur in the brain of mammals during 
embryonic development. Supported by the CNRS, INSERM, MRT, the ANR NEED and 
the LIFECYCLE European project (n° 222719)
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Interactions of temperature and endocrine disruptors on reproductive fitness

Glen Van Der Kraak1, Andrea Lister2.

1Department of Integrative Biology, University of Guelph, Canada. 2Department of Biology, 
Wilfird Laurier University, Canada 

gvanderk@uoguelph.ca

Temperature affects endocrine homeostasis and in turn virtually all aspects of 
reproduction in fish including gametogenesis, and gamete maturation, ovulation/
spermiation, spawning and gamete development. Recent studies have shown that 
temperature also modifies the actions of environmental chemicals that act as 
endocrine disruptors. This presentation will summarize various case studies to 
illustrate the manner by which temperature and/or endocrine disruptors affect 
reproductive fitness. These findings have shown that responses to temperature 
and EDC act in a gene and stage specific manner. In particular estrogen responsive 
genes such as vitellogenin are particularly responsive to the actions of temperature. 
The presentation will emphasize the difficulty in establishing cause and effect 
relationships with various stressors in wild fish populations and that there may be 
no surrogates for whole animal testing when trying to predict the effects of elevated 
temperature regimes on the reproductive fitness of fish.

NOTES:
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Nordic climate changes and fish endocrine systems; temperature effects on 
reproductive function in Atlantic salmon and Atlantic cod.

Eva Andersson, Birgitta Norberg, Olav Sigurd Kjesbu, Anders Thorsen and Geir Lasse 
Taranger.

Institute of Marine Research, PO Box 1870 Nordnes, 5817 Bergen, Norway

evaa@imr.no

Photoperiod is the key environmental factor adjusting seasonal timing of spawning in 
Atlantic salmon while water temperature during the spawning season can modulate 
this by allowing or inhibiting ovulation/spermiation. Less is known about effects of 
water temperature during the period of rapid gonadal growth prior to the spawning 
season. Photothermal manipulation to control timing of spawning in salmon farming 
modulates the neuroendocrine input to the pituitary gonadotroph cells, change 
gonadotropin release, ovarian hormone production and oocyte development, and 
may in some cases lead to reproductive dysfunction. Experimental studies with 
altered photothermal regimes during both vitellogenesis and spawning in salmon 
are reviewed and discussed. In adult Atlantic cod, links between water temperature, 
body size, vitellogenesis, and spawning time were investigated and confirmed by 
measurements of oocyte growth collected from wild-caught cod. These findings, 
reviewed and discussed here, have considerable relevance for future studies of fish 
recruitment in relation to climate change.

NOTES:
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Impacts of global change: Disruption of endocrine and reproductive functions 
in marine fish exposed to coastal hypoxia and predictions of long term 
population declines.

Peter Thomas, Md. Saydur Rahman

University of Texas at Austin, Marine Science Institute, Port Aransas, Texas, USA 

peter.thomas@mail.utexas.edu

The long-term effects on marine ecosystems and fisheries of the recent worldwide 
increase in the incidence of coastal hypoxia are unknown. Recently we obtained 
evidence for widespread reproductive impairment in both male and female fish 
collected over a large coastal hypoxic region in the northern Gulf of Mexico. The 
production of eggs and sperm production was greatly reduced and sperm were 
present in some of the ovaries. In addition, the sex ratio was skewed towards males 
at the hypoxic sites. This masculinization of the ovaries and other reproductive 
dysfunctions were associated with disruption of the endocrine system, including 
down-regulation of ovarian aromatase activity and inhibition of reproductive 
neuroendocrine function. Population models predict that the hypoxia-induced 
decrease in female fecundity will eventually lead to a decline in the population 
abundance of this species over the entire hypoxic coastal region in the northern 
Gulf of Mexico, the second largest hypoxic zone in the world. These results suggest 
that hypoxia-related declines in reproductive output may occur in fish inhabiting 
other coastal regions with potential long-term impacts on fishery resources, which 
employ 300 million people worldwide and are valued at $80 billion annually.

NOTES:
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Effects of elevated temperature on estrogenic induction of Vtg and Zp gene 
expression in salmon

Kelli Anderson1,2, Harry King4, Ned Pankhurst3, Nicole Ruff4, Patricia Pankhurst3, 
Abigail Elizur1.

1University of the Sunshine Coast, 2Seafood Cooperative Research Center. 3Griffith University. 
4Salmon Enterprises of Tasmania

ando.kelli@gmail.com

Fertility and embryo survival rates are often low in eggs from Tasmanian Atlantic 
salmon exposed to high summer temperatures, partly due to a reduction in plasma 
17β-estradiol (E2) levels, and a subsequent decrease in the transcription levels of 
vitellogenin (Vtg) and zona pellucida (Zp) genes. We used juvenile Atlantic salmon in 
a pilot study to assess whether hepatic tissue remains responsive to stimulation by 
E2 at two temperatures that are relevant to the salmon industry. E2-administration 
stimulated Vtg and estrogen receptor alpha transcription and increased the levels 
of plasma Vtg at 14 °C and 22 °C. However, hepatic Zp B and C transcription was 
significantly lower in E2-treated fish at 22°C relative to 14°C, indicating that these 
genes display traits of thermal inhibition. Trialling E2-therapy in adult fish resulted 
in a marked increase in egg size at 22 °C due to enhanced Vtg production. However, Zp 
transcription, egg fertility and embryo survival were unaffected by E2-treatment at 
high temperature. This suggests that unique (non-E2-dependent) factors regulating 
the expression of Zps but not Vtg are temperature-sensitive, and thermal inhibition 
of endocrine process is difficult to overcome using hormonal therapies.

NOTES:
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Effects of climate change on pejerrey (Odontesthes bonariensis) reproduction

Leandro A. Miranda, Mariano Elisio, Tomás Chalde

Laboratorio de Ictiofisiología y Acuicultura, IIB-INTECH (CONICET-UNSAM), Chascomús, 
Buenos Aires, Argentina.

lmiranda@intech.gov.ar

Analysis of the mean daily air temperature in Pampas region (Chascomús county) 
over the last 45 years indicated an increase of 1.3° C. The aim of this research 
was to study how high water temperature impairs the reproductive activity of an 
emblematic fish from this region, the pejerrey Odontesthes bonariensis. Fish 
exposed at high water temperature fluctuations (over 23 ° C) during few days quit 
spawning, presenting clear signs of gonadal regression. At endocrine level, GnRH-I 
and FSH-β in both sexes, LH-β and GPH-α in males and FSH-R, LH-R and cyp19a1a 
in females decreased significantly in treated fish. Also, a strong reduction in plasma 
sex steroid levels was found for both sexes. In vitro assays demonstrated that ovary 
functions are directly disrupted by high temperature independent of the brain-
pituitary axis, being the inhibition of aromatase expression and consequently E2 
synthesis a primary effect provoking female reproductive impairment. Temperature 
increase as consequence of global warming, coupled with the mechanism of high-
temperature sensitivity shown in this study, may be one of the reasons for the decline 
in pejerrey populations observed in this region over recent decades.                

NOTES:
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Effects of warm water pulses on sexual steroids and thyroid hormones 
during pejerrey Odontesthes bonariensis vitellogenesis

Tomás Chalde, Leandro A. Miranda.

Laboratorio de Ictiofisiología y Acuicultura, IIB-INTECH (CONICET-UNSAM), Chascomús, 
Buenos Aires, Argentina.

tomaschalde@intech.gov.ar

It has been demonstrated that exposure of pejerrey, a multiple-spawner fish, to 
elevated water temperature during the spawning season impairs its reproductive 
performance. In this study it was evaluated the effect of high temperature during 
vitellogenesis and the role of sexual steroids and thyroid hormones on this 
process. Four groups of fish of both sexes were kept under natural conditions until 
spawning. The fish were exposed during 4 days to warm water pulses during early 
vitellogenesis (June), mid-vitellogenesis (July), or final vitellogenesis (August), 
and a control group without warm pulses. In all groups subjected to warm pulses 
spawning was advanced compare to control fish, however fertilization and hatching 
rate were negatively affected in fish exposed during mid and late vitellogenesis. In 
these groups it was also observed that E2 levels in females were lower than control 
fish while T3 increased only after June treatment. In treated males, 11-KT decreased 
only in June group and T3 levels increased after all treatments. The results obtained 
showed that pulses of warm water during early reproductive stages impair the 
reproductive performance, diminishing eggs and larvae quality, being this damage 
more evident in females at late vitellogenesis affecting mainly steroids levels.

NOTES:
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Seasonal variation in the effects of growth and feed restriction on the 
pituitary- gonad axis in salmon

Penny Swanson1,2, J. Adam Luckenbach1,2, Yoji Yamamoto1,3, Fritzie Celino4, Graham 
Young2,4.

1Northwest Fisheries Science Center, NOAA Fisheries, Seattle, WA 98112, USA Fax: 01-206-860-
3467. 2Center for Reproductive Biology, Washington State University, Pullman, WA 98164, USA. 
3Department of Marine Biosciences, Tokyo University of Marine Science and Technology, Tokyo 
108-8477, Japan. 4School of Aquatic and Fishery Sciences, University of Washington, Seattle, 
WA 98195, USA 

penny.swanson@noaa.gov

Growth and body energy stores have profound effects on reproduction in fishes, 
including alterations in age of puberty, fecundity, egg size and adult body size. 
Thus, changes in water temperature and food availabilty due to climate change 
could significantly alter reproductive fitness. We found that in Pacific salmon, 
body size/growth rate during critical seasonal periods influences age of puberty 
onset in both sexes. The rate of previtellogenic oocyte growth is directly related 
to the rate of body growth. Reductions in growth during the fall-early winter, when 
ovarian follicles normally make the transition from the early to late cortical alveolus 
stage, delayed age of puberty, while in the spring (after vitellogenesis was initiated) 
fecundity was reduced but not the number of females maturing. Severe nutritional 
stress (fasting) during previtellogenic stages reduced pituitary FSH and plasma 
IGF1 and E2 levels, retarded follicle development and induced atresia. Fasting also 
altered ovarian mRNAs for genes associated with FSH signaling, steroidogenesis, 
apoptosis, autophagy, and follicle development. These results indicate that the 
effects of environmental factors that alter growth/energy status in salmon depend 
on reproductive stage and/or season during which growth is altered.

NOTES:
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Elevated temperatures results in similar growth regulation of IGF-I and IGF 
binding proteins in Atlantic salmon and rainbow trout

Ernst M Hevrøy1,3, Christian Tipsmark2,3, Sofie C Remø1,3, Tom Hansen3, Pål A Olsvik1,3, 
Rune Waagø1,3, Munetaka Shimizu3,5

1National Institute of Nutrition and Seafood Research (NIFES), Bergen, Norway.
2University of Arkansas, Fayetteville, AR, USA. 3Institute of Marine Research, Matre Aquaculture 
Research Station, Matredal, Norway. 4Institute of Nutrition and Seafood Research (NIFES), 
Bergen, Norway. 5Hokkaido University, Faculty of Fisheries Sciences, Hokkaido, Japan.

ernst.hevroy@nifes.no

For salmonid species there is scarce information on growth hormone (GH) - 
insulin-like growth factors (IGFs) and IGF-binding protein growth regulations at 
elevated temperatures, and no comparative experiment between Atlantic salmon 
and rainbow trout have yet been executed. Large Atlantic salmon show severe 
reduction in appetite and growth when exposed to continuous temperatures of 17 
- 19 °C. Global warming is expected to give warmer summers and more frequent 
periods of elevated sea temperatures. Post smolt of Atlantic salmon (Salmo salar) 
and rainbow trout (Oncorhynchus mykiss) were reared at 13 and 19 °C for 35 days. 
The rainbow trout grew better than the Atlantic salmon, and did not show reduced 
growth at 19 °C as was the case for Atlantic salmon. Detailed regulation of the GH-
IGF systems and identification of the IGFBP-1a gene in Atlantic salmon, together with 
measurements of circulating IGF-I and IGFBP-1b proteins at elevated temperature 
will be presented. This work has been carried out with support from the Research 
Council of Norway project no. 199683/S40.

NOTES:
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Catabolic and anabolic actions of IGF-I and IGFBPs in Atlantic salmon (Salmo 
salar L.) reared at high temperature during starvation and restricted feeding

Sofie C. Remø1, Christian K. Tipsmark2, Munetaka Shimizu3, Tom Hansen4, Rune Waagbø1, 
Ernst M. Hevrøy1.

1National Institute of Nutrition and Seafood Research (NIFES), Bergen, Norway. 2University 
of Arkansas, Department of Biological Sciences, Fayetteville, AR, USA. 3Hokkaido University, 
Faculty of Fisheries Sciences, Hokkaido, Japan. 4Matre Aquaculture Research Station, Institute 
of Marine Research, Matredal, Norway.

Sofie.Remo@nifes.no

Periods of elevated sea water temperatures cause unfavorable farming conditions 
for Atlantic salmon, resulting in a number of physiological and fitness consequences, 
including reduced feed intake and growth. During prolonged periods of high 
temperature, salmon enters a state of voluntary anorexia, resulting in changes 
in the GH-IGF axis. Atlantic salmon (1+, 682 ± 71 g) were randomly distributed in 
four groups (n=3 for each treatment) and exposed to the following experimental 
conditions for 60 days: 19 °C starved; 19 °C fed; 13 °C fed; 13 °C pair fed (as 19 °C 
fed group). The temperature treatment was followed by a 49 days recovery phase 
at 13 °C with feeding in excess. Rearing salmon at 19 °C resulted in a lower growth 
compared to both 13 °C groups, and the growth rate remained reduced during 
the recovery phase. The 19 °C starved group had negative growth during the high 
temperature period, accompanied by a reduction in plasma IGF-I concentration. 
Further, the reduced growth was not compensated for during the recovery phase, 
despite restored plasma IGF-I concentration. The results will be presented with 
focus on the effects of a reduced feed intake during periods of elevated water 
temperatures, in relation to plasma IGF-I and IGFBPs and corresponding tissue 
gene expression and receptors. 

NOTES:
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Plenary Lecture I: Richard E. Peter Lecture 

Past, Present and Future of Fish Endocrinology

Olivier Kah

Research Institute in Health, Environment and Occupation
INSERM U1085, BIOSIT, Université de Rennes 1, Rennes, France

olivier.kah@univ-rennes1.fr 

In 1975, Professor R.E. Peter published his famous stereotaxic atlas of the goldfish 
brain, the most cited of his numerous articles1. This paper had a tremendous 
impact on the field of fish endocrinology by opening the doors onto the mysteries 
of fish brains. This work allowed two generations of scientists to search for 
neurohormones/neuropeptides, or their receptors and to try deciphering the 
mechanisms mediating brain control over the endocrine systems of fish and, vice 
versa, to analyse feedback loops. In this lecture, I intend to look back on some of 
Professor Peter’s main contributions to our field and to stress out how his input 
impacted my own research or that of others. Today, fish endocrinology has reached 
maturity. Thanks to the progress brought about by molecular biology, it is no longer 
the “little sister” of mammalian endocrinology. On the contrary, the long evolutive 
history of fishes, their duplicated genome, their rapid speciation and their diversity 
provide outstanding opportunities to pin down key mechanisms on the evolution 
of hormones and endocrine functions. Tomorrow, one can predict that the field 
of comparative endocrinology will further develop as global changes continue to 
raise serious issues in search of solutions. Fish production, adaptation, endocrine 
disruption, welfare and biodiversity, among others; rely in large part on our capacity 
to understand hormonal communication in fishes. 
1Peter RE, Gill VE. (1975) J Comp Neurol. 159(1):69-101

NOTES:
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Plenary Lecture II

Nonclassical steroid actions and membrane steroid receptors: potential roles 
in neuroendocrine regulation and endocrine disruption of the reproductive 
system

Peter Thomas

University ot Texas at Austin, Marine Science Institute, 750 Channel View Drive, TX 78373, USA

peter.thomas@utexas.edu

In addition to the classic genomic mechanism of steroid action mediated by 
activation of intracellular nuclear receptors, there is now extensive evidence that 
steroids also activate receptors on the cell surface to initiate rapid (i.e. nonclassical) 
intracellular signaling and biological responses that are often nongenomic. Two 
novel seven-transmembrane proteins, G protein-coupled receptor 30 (GPR30), and 
membrane progestin receptors (mPRs), have been identified in fish and mammalian 
cells with the ligand binding and signaling characteristics of estrogen and progestin 
membrane receptors, respectively. Recent results suggest that GPR30 and mPRs 
are intermediaries in steroid regulation of oocyte maturation in fish and reproductive 
neuroendocrine functions in rodents. The finding that allopregnanolone displays 
high binding affinity to mPRs and acts as a potent mPR agonist suggests that mPRs 
can mediate neurosteroid actions in the brain. Evidence that xenobiotic estrogens 
interfere with nongenomic steroid actions in fish oocytes and sperm through binding 
to these receptors is reviewed. Collectively, the results suggest that nonclassical 
steroid actions and their receptors have critical roles in reproductive physiology 
as well as its interference by endocrine disrupting chemicals. Nonclassical steroid 
actions have been identified in fish gonads and gametes and are also probably 
involved in regulating reproductive neuroendocrine functions in teleosts.

NOTES:
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Plenary Lecture III

Regulation of Pituitary Function in Larval Zebrafish by the Central 
Melanocortin System

Chao Zhang1,2, Paul M. Forlano3, Roger D. Cone1

1Department of Molecular Physiology and Biophysics, Vanderbilt University School of Medicine, 
Nashville, TN 37232, USA, 2Department of Cell and Developmental Biology, Oregon Health & 
Science University, Portland, OR 97239, USA, 3Department of Biology and The Aquatic Research 
and Environmental Assessment Center, Brooklyn College and Graduate Center, The City, 
University of New York, Brooklyn, NY 11210, USA

roger.cone@vanderbilt.edu

Identification of genes causing obesity in mammals, such as leptin and the 
melanocortin-4 receptor (MC4R), have elucidated how the CNS regulates energy 
homeostasis.  We have characterized melanocortin signaling in zebrafish, to 
develop a genetic system for the unbiased identification of obesity genes.  Much 
of the system is conserved in fish, and inhibition of MC4R signaling by transgenic 
overexpression of the AgRP gene causes obesity in the fish, as in mice and humans.  
We also studied the physiological role of the MC4R in larval growth in zebrafish, and 
these findings may help explain the mechanisms underlying the plasticity in growth 
and reproductive behavior in male teleost fish. The P locus mediates this phenotypic 
variation in Xiphophorus and encodes variant alleles of the melanocortin-4 receptor 
(MC4R). Here we show in a larval teleost that, in contrast with mammals, the 
hypothalamic POMC and AgRP neurons are hypophysiotropic, projecting to the 
pituitary to coordinately regulate multiple pituitary hormones, including growth 
hormone and gonadotropins. This identifies the mechanism by which the central 
melanocortin system coordinately regulates growth and reproduction in teleosts 
and suggests it is an important anatomical substrate for evolutionary adaptation.

NOTES:
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Plenary Lecture IV 

Novel molecular approaches in fish ecotoxicology and physiology

Nancy Denslow1, Alvina Mehinto1, Christopher Martyniuk2, Natalia Garcia-Reyero3. 

1University of Florida, Gainesville, FL, USA 2 University of New Brunswick, St. John, CA 3 
Mississippi State University, Mississippi State, MS, USA.

ndenslow@ufl.edu

New high-throughput DNA sequencing and advances in proteomics have revolutionized 
medical sciences and now have offer the same promise for environmental sciences. 
Non-model species important for ecology and eco-toxicology are now amenable to 
molecular studies. The big breakthrough has been with the development of next 
generation sequencers that have reduced the time and cost of obtaining high quality 
genomic and transcriptomic sequences that can be used for the molecular studies. 
These new sequencing techniques use small volumes of reagents (and are thus 
cost effective) and perform sequencing in parallel from 500,000 sequences up to 
50 million sequences per lane. Moreover, more sophisticated sequencers are on 
the horizon, suggesting that in the near future it will be feasible and economical to 
sequence any species. The DNA sequencers are complemented by new equipment 
and approaches for proteomics research that includes using non-gel based 
methods for quantitative proteomics. Underlying these new molecular approaches 
is bioinformatics, required to annotate DNA sequences into assembled gene 
sequences and to use this information to characterize fish proteomes. These new 
developments offer applications for ecotoxicology, population genetics and general 
biology of aquatic species. 

NOTES:
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September 3 - 10:00-12:30 hs 

OS.1: Evolution and origin of the peptide hormones and receptors: structure 
and function

Moleculer evolution of the growth hormone receptor family: insights from studies 
in sea lamprey

Elizabeth Ellens1, Jeffrey Kittilson1, Stacia Sower2, Mark Sheridan1.

1Department of Biological Sciences, North Dakota State University, Fargo, ND, USA
2Department of Molecular, Cellular and Biomedical Sciences , University of New Hampshire, 
Durham, NH, USA

mark.sheridan@ndsu.edu

We used lamprey, one of the oldest extant lineages of vertebrates, Agnatha, to 
clarify the evolutionary origin and divergence of the growth hormone receptor (GHR) 
family. A single full-length cDNA encoding a protein that shares amino acid identity 
with GHRs and prolactin receptors (PRLRs) previously characterized from teleost 
fish was identified. Expression of the GHR/PRLR-like transcript was widespread 
among tissues, including brain, pituitary, heart, liver, and skeletal muscle, which 
is consistent with the broad physiological roles of GH-family peptides. Phylogenetic 
analysis suggests that lamprey possess an ancestral gene encoding a common GHR/
PRLR that diverged to give rise to distinct GHRs and PRLRs later in the course of 
vertebrate evolution. After the divergence of the actinopterygian and sarcopterygian 
lineages, the GHR gene was duplicated in the actinopterygian lineage during the fish-
specific genome duplication event ca. 320 MYA giving rise to two GHRs in teleosts, 
type 1 GHR and type 2 GHR. A single GHR gene orthologous to the teleost type 1 
GHR persisted in the sarcopterygian lineage, including the common ancestor of 
tetrapods. Within the teleosts, several subsequent independent duplication events 
occurred that lead to duplicated type 1 and type 2 GHRs.

NOTES:
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Putting fish in context: a search for the evolutionary origins of GnRH and its receptor

Graeme J. Roch, Ellen R. Busby, Nancy M. Sherwood.

Department of Biology, University of Victoria, Victoria, BC, Canada

nsherwoo@uvic.ca

Gonadotropin-releasing hormone (GnRH) and its receptor (GnRHR) play a central 
role in vertebrate reproduction. The identification of multiple forms of GnRH and 
its receptors in bony, cartilaginous and jawless fishes suggests the evolutionary 
origin of this neuropeptide system is deeper than vertebrates. The question is 
whether GnRH-related peptides and receptors from invertebrate groups extend the 
evolutionary history from fish to the bilaterian radiation. We have used genomics to 
further examine GnRH in fishes and to delve deeper into its ancestral relationship 
with other neuropeptide systems. New peptide sequences found in invertebrates 
revealed GnRH-like peptides of 10 to 14 amino acids. Structural conservation 
suggested homology between the known GnRHs (19 invertebrate and 16 vertebrate). 
We suggest that structurally related families of invertebrate peptides including 
corazonin and adipokinetic hormone form a superfamily of neuropeptides with the 
GnRH family. Also, large-scale phylogenetic analysis using maximum likelihood 
has identified the relationship of invertebrate and vertebrate receptors. For the 
receptors, the roots of the GnRH and vasopressin/oxytocin superfamilies are very 
deep and indistinguishable before the origin of the bilaterians, suggesting shared 
ancestry.

NOTES:
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Evolutionary origin of gonadotropin-inhibitory hormone: Insights from lampreys

Kazuyoshi Tsutsui1, Tomohiro Osugi1, Dana Daukss2, Kristen Gazda2, Takayoshi 
Ubuka1, Takayoshi Kosugi2; Masumi Nozaki3; Stacia A. Sower2.

1Department of Biology and Center for Medical Life Science, Waseda University, Tokyo 162-8480, 
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Durham NH 03824, USA. 3Sado Marine Biological Station, Faculty of Science, Niigata University, 
Niigata 952-2135, Japan.
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Gonadotropin-inhibitory hormone (GnIH) is a novel hypothalamic neuropeptide 
that inhibits gonadotropin secretion by acting on gonadotropes and gonadotropin-
releasing hormone (GnRH) neurons within the hypothalamic-pituitary-gonadal 
(HPG) axis. GnIH identified in gnathostomes has a C-terminal LPXRFamide (X = 
L or Q) motif (LPXRFamide peptide). However, LPXRFamide peptide had not been 
identified in agnathans, the most ancient vertebrates whose lineage dates back 
over 500 million years, thus the evolutionary origin of GnIH was unknown. Recently, 
we identified an LPXRFamide peptide gene and its mature peptides in the brain of 
sea lamprey, one of the representative species of agnathans, by synteny analysis 
followed by cDNA cloning, immunoaffinity purification and mass spectrometry. The 
lamprey LPXRFamide peptide precursor mRNA was expressed in the hypothalamus 
and one of the mature peptides stimulated the expression of lamprey GnRH-III in 
the hypothalamus and gonadotropin beta in the pituitary. We thus propose that the 
function of GnIH on the regulation of the HPG axis emerged in this basal vertebrate, 
with its function retaining an ancestral stimulatory character that later diverged to 
inhibitory during the course of evolution from agnathans to gnathostomes.

NOTES:



62

Diversity and evolutionary history of the Kiss/Kissr system in vertebrates: new 
data from fish genom

Jérémy Pasquier, Anne-Gaelle Lafont, Karine Rousseau, Sylvie Dufour

MNHN UMR BOREA CNRS, 7 rue Cuvier, CP 32, 75231 Paris cedex 05. France. 

jpasquier@mnhn.fr

In 2003, Kisspeptin (Kiss) and its receptor (Kissr) arose as new key actors of the 
gonadotropic axis in mammals. The breakthrough of multiple Kiss and Kissr genes 
in lineages, such as amphibians and teleosts, stimulated the interest into the 
origins of their diversity and respective evolutionary histories. We investigated the 
presence of these genes in the genomes of fish species of relevant phylogenetical 
positions, including a cyclostome (sea lamprey), a chondrictian (ghost shark), a non-
teleost actinopterygian (spotted gar), a basal teleost (European eel) and a basal 
sarcopterygian (coelacanth). We performed phylogenetic and synteny analyses to 
determine the homologous relationships among the different Kiss and Kissr genes. 
The two approaches brought new evidences for a larger diversity of both gene 
families, which can be clearly classified in three Kiss clades and four Kissr clades 
leading to updated nomenclatures. They also suggest that such diversity originated 
from the early vertebrate genome duplication rounds (1R and 2R), with no impact of 
the teleost-specific 3R. This highlights the complex evolutionary histories of both 
gene families, involving many independent losses of Kiss and Kissr genes in the 
various vertebrate lineages. 

NOTES:



63

Activation of rainbow trout melanocortin-2 receptor: ACTH analog studies

Liang Liang1, Kristin Schmid1, Navdeep Sandhu2, Joseph Angleson1, Mathilakath 
Vijayan2, Robert Dores1.

1University of Denver, Department of Biological Sciences, Denver, Colorado U.S.A. 80210. 
2Waterloo University, Department of Biology, Waterloo, Ontario, Canada N2L 3G1 

rdores@du.edu

The melanocortin-2 receptor (MC2R) plays a critical role in HPA axis of teleost 
fishes. Structure function studies on rainbow trout MC2R functionally expressed 
in heterologous mammalian cells (CHO) indicate that this receptor can only be 
activated by ACTH, and the functional activation of rainbow trout MC2R requires 
co-expression of MRAP1 (melanocortin-2 receptor accessory protein 1). We have 
evaluated the effects of performing alanine substitutions in the HFRW motif, the 
GKPVG motif, and KKRRP motif of ACTH(1-24). The differential effects of these ACTH 
analogs on the activation of rainbow trout MC2R expressed in CHO cells, and on 
cortisol production by trout head kidney tissue, will be discussed. Based on these 
experiments we propose a two-step model for the activation of teleost MC2 receptor. 
This research was supported by NSF grant 0516958 (RMD) and NSERC discovery 
grant (MMV).
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Evolution of the corticotropin-releasing factor (CRF) family of peptides in 
vertebrates: Novel findings in phylogenetically older fishes

David A. Lovejoy1, Richard Manzon2.

1Department of Cell and Systems Biology, University of Toronto, Toronto, Ontario, Canada. 
2Department of Biology, University of Regina, Saskatchewan, Canada.

david.lovejoy@utoronto.ca

The corticotropin releasing factor (CRF) family of peptides in vertebrates is 
associated with a set of paralgous peptides related to CRF, which is responsible 
for the regulation of the hypothalamus-pituitary-adrenal/interrenal (HPA/I) axis. 
Urotensin-I, originally found in the urophysis of teleosts, is a direct paralogue of 
CRF, and is, in addition, found predominately in the midbrain of tetrapods and is 
termed, urocortin, although another orthologue, sauvagine is highly expressed in 
the integument of neotropical tree frogs. However, an additional paralogous lineage 
to CRF and urotensin-I/urocortin/sauvagine includes two similar peptides called 
urocortin 2 and 3.All four peptide orthologues are generally found throughout 
vertebrate taxa and appear to reflect the 2R hypothesis of genome duplication. 
As expected, only a single form of a CRF-like peptide is found in the urochordate, 
Ciona intestinalis, and displays sequence motifs similar to the insect orthologues 
(diuretic hormone, DH) as well as the vertebrate CRF family.  However, new studies 
in lampreys and holocephalans indicate that the evolution and function of these 
peptides may have diverged as a result of speciation in these taxa. 

NOTES:
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OS.2: Neuroendocrinology of Reproduction.

Neuroendocrinology of fish metamorphosis and puberty

Sylvie Dufour, Karine Rousseau
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Metamorphosis and puberty are major late developmental events in vertebrate 
life cycles. Puberty is the acquisition of the capacity to reproduce for the first time. 
Metamorphosis occurs only in some groups, lampreys, amphibians and teleosts, 
and is defined as remarkable body changes related to drastic shifts in habitat 
and behavior. Puberty and metamorphosis are controlled by the gonadotropic or 
thyrotropic neuroendocrine axis, respectively, and are both triggered by internal 
and environmental factors. Teleosts may present two types of metamorphoses. 
First (larval or “true”) metamorphosis, initially reported in elopomorphs and 
pleuronectiforms, also occurs in some other species, such as perciforms (gobiids). 
It is classically controlled by the thyrotropic axis. A secondary metamorphosis 
is described in juveniles of some migratory teleosts, salmons and eels. Salmon 
smoltification is controlled by thyrotropic and somatotropic axes. In contrast, eel 
silvering is controlled by the gonadotropic axis and can be considered as a pre-
puberty. Regarding the components of the gonadotropic and thyrotropic axes, they 
have been largely conserved among vertebrates, including teleosts, but important 
variations may concern brain neurohormones, as well as teleost-specific duplicated 
genes.

NOTES:
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The reproductive axis of Astyanax altiparanae: Emphasis on GnRH3

Chayrra Chehade Gomes, Sara Zago Gomes, Gisele Melo Dias, Lazaro Oliveira de 
Jesus, Cruz Mendoza Rigonati, Maria Ines Borella

Institute of Biomedical Sciences USP

chayrra_bio@yahoo.com.br

GnRH coordinates reproductive axis by stimulating the pituitary to release GTHs, 
which promote gonadal maturation. Our objective is to study this axis in the 
reproductive cycle of Astyanax altiparanae, with emphasis on GnRH. Tissues were 
fixed in Bouin and embedded in paraffin. To morphological studies, we used H&E, 
Nissl, PAS and Mallory staining, and to GnRH, peroxidase IHQ with anti-GnRH3. The 
brain regions were described, and the GnRH was found in the telencephalon, olfactory 
bulbs, preoptic area, terminal nerve ganglia, periventricular magnocellular and 
parvocellular nuclei, lateral tuberal nucleus, and neurohypophysis. GTH cells were 
cianophilic and PAS-positive. The testes were in maturation stage, with tubules filled 
with sperm. The GnRH3 in A. altiparanae probably has reproductive function due to 
its immunoreactivity in the NH and in brain nuclei related to reproduction. The GtH 
cells are similar to those described in the literature. At the stage of maturation, 
in which the males were, there is evidence of intense activity of the reproductive 
axis, considering the presence of great among of spermatozoa in testis, indicating 
preparation for reproduction.

NOTES:



67

Two Independent Kisspeptin Systems in Fish

Ishwar S Parhar

Brain Research Institute, School of Medicine and Health Sciences, Monash University Sunway 
campus 

ishwar@monash.edu

Kisspeptin is a potent hypothalamic regulator of the reproductive function, 
in particular, the onset of puberty. We have previously identified two types of 
kisspeptin encoding genes (kiss1 and kiss2) in teleost species, of which kiss1 is a 
conserved ortholog of mammalian Kiss1, while kiss2 has been found only in non-
mammalian vertebrates. Teleosts possess two kisspeptin receptor types (Kiss-R1 
and Kiss-R2). In the zebrafish brain, kiss1 gene is expressed in the habenula which 
projects to the interpeducular nucleus. Laser capture microdissection coupled 
with real-time PCR showed Kiss-R1 gene expression in the ventral habenula. 
Therefore, the habenular kiss1 neurons could modulate the serotonergic system 
through an auctocrine mechanism. The kiss2 gene is expressed in the hypothalamic 
nuclei and is considered a potent regulator of reproductive function. Recent 
studies have demonstrated a critical role for neurokinin B (NKB) in reproductive 
functions. Therefore, we explored the neuroanatomical relationship between NKB 
and kisspeptins in the zebrafish. We found no coexpression of NKB and kisspeptin 
in the zebrafish, which indicates the presence of independent NKB and kisspeptin 
pathways in the control of fish reproduction.

NOTES:
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A shortened photocycle depresses brain and pituitary kisspeptin 2 (kiss2) 
expression in the adult female rainbow trout

James Nagler1, Timothy Cavileer1, Lucius Caldwell1, Andrew Pierce1,2, Irvin Schultz3. 

1Department of Biological Sciences and Center for Reproductive Biology, University of Idaho, 
Moscow ID, USA. 2Columbia River Inter-Tribal Fish Commission, Portland OR, USA. 3Battelle 
Marine Sciences Lab, Pacific Northwest National Laboratory, Sequim WA, USA. 
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Kisspeptin controls the onset of reproduction in fishes and in seasonally spawning 
species could be influenced by environmental cues such as photoperiod. This study 
identified a kisspeptin cDNA sequence in rainbow trout and examined the effect of 
a shortened photocycle on kisspeptin mRNA expression in the brain and pituitary 
of post-spawned adult females. The cDNA identified in the brain was kisspeptin 
2 (kiss2). The expression of kiss2 mRNA was measured by RT-PCR in brains 
(-hypothalami), hypothalami, and pituitaries of females on a 7-month photocycle 
compared to fish on a normal, 12- month photocycle. The brain and pituitary showed 
significant, increased kiss2 expression in normal photocycle females after 3 
months. A similar trend was observed in the hypothalamus. In fish on the shortened 
photocycle these increases were not observed. These results demonstrate that the 
onset of a new reproductive cycle stimulates kiss2 expression in the female brain 
and pituitary. A shortened photocycle prevents these increases. Females on the 
shortened photocycle ultimately fail to successfully develop ovaries; the absence 
of an initial increase in kiss2 expression may be one of the first endocrine signals to 
indicate that ovarian development will not proceed normally. 
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The effect of chronic treatment of kisspeptin on the reproductive axis of “dummy 
run” striped bass females

Nili Zmora, John Stubblefield, Yonathan Zohar

Institute of Marine Technology, Department of Marine Biotechnology, 701 E. Pratt street, 
Baltimore MD 21202 USA.
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Kisspeptin ś role as the gatekeeper of puberty has recently been suggested in 
mammals. In the striped bass, that possesses two kisspeptins (kiss: kiss1 and 
kiss2), kiss receptors (kiss1r and kiss2r) are associated with GnRH1 neurons in the 
hypothalamic preoptic area of mature fish, but are absent in this region in juveniles. 
To test kisś s role in controlling puberty, juvenile females in the “dummy-run” phase, 
defined by transient and incomplete ovarian development, were chronically treated 
with Kiss peptides. 27 and 75 ug/Kg BW of each kiss was administered via sustained-
delivery implants over 10 weeks. Transcript levels of GnRH1, 2 and 3, kissr ś, LH and 
FSH, indicate that chronic administration of kiss has generally a negative effect. 
Kiss1 (27 ug/Kg BW), increased FSH expression and slightly advanced oocyte 
development, compared to the other treatments. However, all females remained at 
early stages of ovarian development compared to the mid-vitellogenic adults. In situ 
hybridization testing the distribution of the kisś s and kissr ś in the brains of dummy-
run and mature females reveals some neuro-anatomical differences. In summary, 
chronic kiss treatment did not promote puberty of the dummy-run females, thereby 
questioning the role of kiss in controlling puberty in these females. 

NOTES:
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GnIH positively regulate both LH and FSH release in the tilapia (Oreocromis 
niloticus)

Jakob Biran, Tal Zvi, Matan Golan, Berta Levavi-Sivan

Department of Animal Sciences, Robert H. Smith Faculty of Agriculture, Food and Environment, 
Hebrew University of Jerusalem, Rehovot 76100, Israel.

biranj@agri.huji.ac.il

Gonadotropin (GTH)-inhibitory hormone (GnIH) is a novel hypothalamic neuropeptide 
that inhibits GTH secretion in mammals and birds by acting on gonadotropes and 
GnRH neurons within the hypothalamic-pituitary-gonadal axis. However, in the 
frog GnIH acts as a GH-releasing peptide (fGRP), while in some lower vertebrates, 
GnIH acts as a positive regulator. We aimed to investigate the role of GnIH in the 
neuroendocrine regulation of reproduction in a highly evolved fish, the tilapia 
(Oreochromis niloticus). As a first step we identified the tilapia GnIH precursor 
that contains three putative LPXRFamide peptides, and one GnIH receptor (GnIHR) 
that shared high sequence homology with other vertebrates GnIHRs (GPR147). By 
using double-label ISH and immunohistochemistry we detected both GnIH and 
GnIHR mRNAs in LH-expressing cells. Intraperitonial injection of tiGnIH-2 peptide 
elicited gonadotropin release to the plasma and increased pituitary LHβ and FSHβ 
mRNA levels. We also studied the signal transduction pathways relaying GnIH action 
and demonstrated that the tilapia GnIHR signals by stimulating both PKA and PKC 
pathways. Further research is conducted in order to define the specific role of GnIH 
in fish reproduction. 

NOTES:
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Brain aromatase: Relationship to aggressive behavior in a Southamerican cichlid 
fish
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Teleost fish represent a unique model for the study of the relationship between brain 
estrogens and behavior. Every known kind of social system has evolved in fish, from 
monogamy to sex-changing. Teleost, unlike any other vertebrate group, posseses two 
aromatase enzyme genes: cyp19a1b which codes for the brain aromatase, whereas 
cyp19a1a codes for the gonadal aromatase. As a part of an initial characterization of 
the brain estrogen system in the Southamerican cichlid fish “chanchita”, Cichlasoma 
dimerus, (a) simple and double immunohistochemestries were performed to 
analyze brain aromatase localization, (b) brain aromatase expression distribution 
across different organs was analyzed by PCR, (c) changes in brain aromatase protein 
levels in whole brain extracts were studied by Western blot in males of different 
social status: dominant vs. submissive. Brain aromatase positive cells were radial 
glial cells mainly located in forebrain regions (primarily in the preoptic area and 
hypothalamus). Expression of brain aromatase gene was mainly found in brain and 
pituitary. Finally, submissive males showed higher brain aromatase protein levels 
than dominant males. Thus in C. dimerus, brain aromatase appears to be mainly 
present within the brain and its protein levels are socially regulated.

NOTES:
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Mechanisms of TPH and 5-HT regulation by hypoxia in fish

Md. Saydur Rahman1, Peter Thomas2
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Recently we reported that hypoxia causes a marked decline in reproductive 
neuroendocrine function in Atlantic croaker which is due to decreases in 
hypothalamic tryptophan hydroxylase (TPH) expression and activity and serotonin 
(5-hydroxytryptamine, 5-HT) levels. In the present study, the involvement of 
estrogen, nitric oxide, and antioxidant status in the TPH and 5-HT responses to 
hypoxia (dissolved oxygen: 1.7 mg/L for 4 weeks) were investigated in croaker. 
Treatment in vivo with the aromatase inhibitor, ATD, significantly decreased TPHs 
(TPH-1 and TPH-2) mRNA and 5-HT levels in croaker hypothalamus, whereas 
estradiol-17β (E2) treatment restored TPHs mRNA, 5-hydroxytrytophan (5-HTP) 
and 5-HT levels in hypoxia-exposed fish. Administration of the sulfhydryl modifying 
agent, N-ethylmaleimide, markedly reduced TPHs mRNA, 5-HTP and 5-HT levels, 
whereas the antioxidant, vitamin E, and nitric oxide (NO) inhibitor, N-nitro-L-
arginine methyl ester, restored TPHs mRNA, 5-HTP and 5-HT levels in hypoxia-
exposed fish. Taken together the results suggest that the hypoxia-induced TPH 
and 5-HT inhibitions are mediated by NO and are dependent on the estrogen and 
antioxidant status. We propose that NO-free radicals generated during hypoxia may 
lead to altered neuroendocrine functions. 
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Hormonal control of drinking behavior in fish

yoshio Takei, Shigenori Nobata, Masaaki Ando
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Fish are unique in that they can drink surrounding water without forebrain that 
is essential for thirst elicitation in terrestrial animals. We have identified several 
hormones that regulate drinking in eels and found that they act on the sensory 
circumventricular structure in the hindbrain (area postrema, AP) for regulation. It 
was shown that some hormone receptors are present in the AP and lesioning of 
the AP abolished the regulatory action of peripherally injected hormones. Further, 
we identified neurons in the AP that specifically respond to the hormones by the 
electrophysiological technique in vitro. The distal pathway from the AP that leads 
to the regulation of water intake has also been suggested. It was shown that 
catecholaminergic neurons in the AP send their axons to the glossopharyngeal vagal 
complex for regulation of the cranial nerves, and the vagus nerve then regulates 
the constriction of the sphincter at the entrance of esophagus for water intake. 
Therefore, fish seem to have a simple mechanism for regulation of drinking without 
thirst elicitation, which consists of only reflex swallowing at the level of medulla 
oblongata. However, a possibility still remains that hormones act on the forebrain 
structure to regulate thirst as in mammals.

NOTES:
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The neurokinin b/neurokinin b receptor system in fish reproduction

Berta Levavi-Sivan, Matan Golan, Lian Holander, Jakob Biran.
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In a similar way to kisspeptin, human genetic studies have revealed that neurokinin 
B (NKB) and its receptor are essential elements for normal reproduction. We 
studied the evolutionary conservation and physiological functions of NKB. 
Tachykinin (tac) and tac receptor (NKBR; tac3r) genes were identified in several fish 
species. Surprisingly, we found that the piscine Tac3 gene encodes for two putative 
tac peptides, and termed the fish peptide neurokinin F (NKF). In adults zebrafish 
tac3a-expressing neurons were localized in specific brain nuclei that are related 
to reproduction. Estradiol treatment of prepubertal zebrafish elicited significant 
increase in tac3a and tac3 receptors expression.The synthetic zebrafish NKBs 
activated Tac3 receptors via both PKC and PKA signal-transduction pathways. We 
developed NKB analogs with enhanced activity. Moreover, a single ip injection of 
NKBa or NKF significantly increased LH levels in mature female zebrafish, while 
NKF analog increased both LH and FSH in juvenile tilapia. NKB analogs were also 
found to significantly increase the release of LH and FSH from dispersed pituitary 
cells of tilapia, pointing that the pituitary may serve a direct site for NKB action. 
These results may demonstrate for the involvement of the NKB/NKBR system in fish 
reproduction

NOTES:
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Endocrine regulation of pejerrey (Odontesthes bonariensis) ovarian maturation 
throughout natural reproductive cycle

Mariano Elisio, Tomas Chalde, Leandro A. Miranda
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Fish reproduction regulation is a complex process involving the brain-pituitary-
gonad axis and environmental cues. In this work, it was studied pejerey ovarian 
maturation in correlation with the expression of GnRHs, GtHs, GtH-Rs, cyp19a1b, 
cyp19a1a genes and E2 plasmatic levels throughout natural reproductive cycle. 
Primary growth stages were found when the day-length and water temperature were 
maximum (summer) while cortical alveoli and the beginning of vitellogenesis stages 
were observed when water temperature and day-length decreased (autumn-winter). 
A major number of ovulated females were found when the temperature and day 
length increased again (end of winter-spring) with temperature below 21° C. Above 
this temperature atretic females were found. Low levels of E2 and gene expression 
were associated with previtelogenic and atretic stages. On the other hand, FSH-R, 
cyp19a1b, cyp19a1a and E2 levels were increasing during vitellogenesis, while FSH-β 
expression remained high in all vitellogenic stages. GnRH-I, GtHs and LH-R showed 
a significant increase during late vitellogenesis and final maturation. These results 
suggested that pejerrey vitellogenesis is controlled by FSH, stimulating aromatase 
and E2 synthesis, while final maturation is related with LH stimulation.

NOTES:
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Aspects of the endocrine regulation of feeding in fish

Helene Volkoff
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In vertebrates, feeding is regulated by a number of hormones produced by mainly by 
the brain but also by peripheral tissues. In fish, homologs of mammalian appetite-
regulating hormones have been identified and for the most part, appear to have 
similar appetite-regulating effects. However, fishes are extremely diversified with 
regards to habitat (e.g. marine vs. freshwater, tropical vs. cold-water) as well as 
feeding habits (e.g. omnivore vs. carnivore, diurnal vs. nocturnal), which suggests 
that the endocrine control of feeding in fish might occur through molecules and 
mechanisms that are species-specific. This presentation will give a brief overview 
of the endocrine regulation of feeding and describe known appetite regulators (e.g. 
NPY, orexins, CART...) in some fish, including freshwater temperate (e.g. goldfish) 
and cold water marine (e.g. cunner, flounder) species (Supported by NSERC). 
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Identification of a putative plasma membrane glucocorticoid receptor in the 
Mozambique tilapia
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Glucocorticoids (GCs) can rapidly alter cell function through mechanisms that appear 
to preclude classical, intracellular receptor mediated events involving changes in 
gene expression. Cortisol acts within seconds or minutes in a nongenomic fashion to 
alter pituitary, gill, and liver cell function in the tilapia (Oreochromis mossambicus). 
The receptor mediating these actions in vertebrates is poorly characterized. 
Radioreceptor binding assays identified a putative GC membrane-binding site in 
tilapia tissues. A high affinity (Kd = 9.527 ± 0.001 nM), low-capacity (Bmax = 1.008 
±0.116 fmol/mg protein) and a low affinity (Kd = 30.08 ± 2.373 nM), low capacity (Bmax 
= 4.690 ± 2.373 fmol/mg protein) binding site in liver and kidney were identified, 
respectively. The high affinity binding site did not show any affinity for compounds 
that bind classical intracellular GC receptors, including RU486, dexamethasone, and 
11-deoxycorticosterone. Binding exhibited rapid association and dissociation (1.717-
2.665 minutes) kinetics distinct from the intracellular receptor. Specific binding was 
also detected in gill and pituitary, but not in brain tissue. This study represents the 
first characterization of a membrane GC binding site in fishes and one of the few in 
the vertebrate lineage.
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Nuclear estrogen and thyroid hormone receptor structural and functional diversity 
in goldfish

Hamid R. Habibi, Shaelen Konschuh
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Thyroid hormone (TH) is a key regulator of metabolism, growth and development in 
vertebrates. The actions of THs are mediated by a number of nuclear and membrane 
associated TH receptors (TRs). Fish species contain different subtypes of nuclear 
TRs, and in goldfish there are two isoforms containing all molecular domains 
(TRα-1 & TRβ) as well as two variants with partial ligand binding domain (LBD) 
(TRα partial truncated) and a TRα truncated form totally lacking LBD. Nuclear TR-
mediated transcriptional control is mediated by histone deacetylase activity, and in 
goldfish both TRα-1 and TRβ are required for the normal induction of TH-induced 
response. In goldfish, TRα-truncated attenuates TH signaling through TRα-1 and 
TRβ, which contributes to negative feedback mechanism of TH-mediated response. 
There is also evidence for the presence of membrane-associated TRs that mediate 
TH-induced control of angiogenesis in developing zebrafish embryos. Overall, 
studies in fish provide information on an integrated control mechanism including 
nuclear TRs as well as membrane TRs involved in the regulation of reproduction, 
growth, development and metabolism. The findings provide a framework for better 
understanding of TH structure and function in fish and other vertebrates. Supported 
by NSERC. 
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Expression of K, cyp19b, ERα, ERβ1 and ERβ2 in testes of rainbow trout 
(Oncorhynchus mykiss) 

Christelle Delalande1,2, Jean Jacques Lareyre3, Anne-Sophie Goupil3, Elisabeth 
Sambroni3, Florence Le Gac3
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To understand the role of estradiol during spermatogenesis we investigated the 
expression pattern of the aromatases and estradiol receptors genes in trout testis 
over the reproductive cycle and in isolated populations of germ cells. Cyp19a mRNA 
decreased during maturation and became undetectable in the fully mature gonad. 
In contrast cyp19b increased in later stages, as post meiotic cells accumulate in the 
testis. Consistently, cyp19a was not detected in isolated germ cells whereas cyp19b 
transcript was detected in spermatogonia and increased in the fractions containing 
spermatocytes and spermatids. Imuno-localization confirmed that besides a strong 
labeling of interstitial cells, aromatase was also detected in spermatids. Three 
forms of estrogen receptor mRNA were detected and preferentially expressed 
in somatic cells. Interestingly, a dramatic increase of Erα1 and Erβ1 levels was 
observed at spawning time. In vivo, E2, and less efficiently T, down regulated cyp19a, 
whereas11-KT up regulated erα1 and erβ1 mRNA levels. In conclusion, cyp19a, 
would be expressed in interstitial/somatic cells and could be involved in early testis 
maturation. In contrast, cyp19b, expressed in the differentiated germ cells, and erα1 
and β1 could be involved in stages of sperm maturation/excretion.  
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Progestin and Sox transcription factors regulate aquaporin-1ab gene promoter in 
fish oocytes

Cinta Zapater1, Francois Chauvigne1, Tingaud-Sequeira Angele1, Roderick N. Finn2,3, 
Joan Cerda1

1IRTA-Institut de Ciències del Mar (CSIC), 08003 Barcelona, Spain. 2Department of Biology, 
University of Bergen, Norway.3Institute of Marine Research, Bergen, Norway.

joan.cerda@irta.cat

Oocyte hydration in marine teleosts is mediated by the aquaporin-1ab (Aqp1ab) 
water channel during meiosis resumption. However, no information exists on the 
transcriptional control of aqp1ab, which mRNA and protein product are accumulated 
in primary growth oocytes. To investigate this mechanism, the 5´-flanking region of 
the gilthead seabream aqp1ab gene was cloned. In silico analyses revealed putative 
binding sites for the nuclear progestin receptor (nPgr) and Sox transcription factors. 
Subcellular localization studies indicated that the nPgr mRNA and protein, as well as 
sox3 and sox8b, are co-expressed in oogonia and primary oocytes, whereas sox9b 
transcripts were only found in more advanced oocytes. Transactivation assays using 
wild-type and mutated aqp1ab promoter demonstrated that aqp1ab transcription is 
dependent on the nPgr, with Sox3 and Sox8b acting synergistically, while Sox9b acts 
as a repressor. In vitro incubation of primary growth ovarian explants with 17,20β-
P, in the presence or absence of the nPgr inhibitor RU486, followed by chromatin 
immunoprecipitation assays, confirmed that 17,20β-P-activated nPgr enhanced 
Aqp1ab synthesis. These data provide the first evidence for the nPgr-mediated gene 
regulation during early oogenesis in teleosts (S4 or S8 sessions)

NOTES:



81

Membrane associated thyroid hormone receptors mediate development and 
angiogenesis in zebrafish

Shaelen Konschuh1, Sarah Childs2, Hamid Habibi1
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Thyroid hormone plays a central role in the regulation of growth, development, and 
metabolism in vertebrates. Past studies have focused on the functional significance 
of nuclear thyroid receptors, but little is known about the more recently discovered 
membrane thyroid receptor (mTR) found on cell surface integrins αV and β3. In the 
present study we tested the hypothesis that T3 and T4 interact with mTR and exert 
pro-angiogenic activity in developing zebrafish embryos. Using quantitative RT-PCR, 
we investigated the expression levels of integrin αV and β3 and other angiogenic 
factors when embryos were treated with thyroid agonists and antagonists. We also 
examined the effect of T3 and T4 on vascular morphology and patterning during 
development by imaging kdrl:mCherry transgenic zebrafish, which express a 
fluorescent protein in their vascular tissue, using confocal microscopy. In order 
to antagonize thyroid actions, we used Tetraiodothyroacetic, a deaminated T4 
analogue which blocks activity of T3 and T4 through mTR. The results demonstrate 
developmentally dependent patterns of gene expression for integrin αV and β3 and 
abnormal vascular development when mTR is blocked. These findings suggest a 
novel role for thyroid hormone in the regulation of angiogenesis, involving mTR.
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OS.5: Pituitary gland: Molecular and cellular endocrinology.

Relationship between PI3K, PKC, and PKB signalling in GnRH actions on LH and GH 
release in goldfish

Joshua Pemberton, James Stafford, John Chang

Department of Biological Sciences, University of Alberta, Edmonton, Alberta, Canada.

jp28@ualberta.ca

In goldfish (Carassius auratus), two endogenous gonadotropin-releasing hormones 
(sGnRH/GnRH-3 and cGnRH-II/GnRH-2) control LH and GH secretion via multiple 
signal transduction cascades, including protein kinase C (PKC) and phosphoinositide 
3-kinase (PI3K). PI3K is known to target PKC and protein kinase B (Akt) signalling in 
many systems. Whether and how PI3K interacts with PKC and Akt in the control of 
LH and GH release from goldfish pituitary cells was investigated. The selective PI3K 
inhibitor LY294002 did not alter LH or GH release responses to PKC-activators TPA 
or DiC8. Interestingly, application of a specific Akt inhibitor (Akt 1/2 Inhibitor VIII; 
Akti) had no effect on GnRH-stimulated LH release, however co-treatment with Akti 
significantly increased GnRH-3- but not GnRH-2-stimulated GH release. Although 
both sGnRH and cGnRH-II increased phosphorylation of immunoreactive Akt, co-
treatment with LY294002 significantly reduced Akt activation in untreated and 
GnRH-stimulated pituitary fragments. Taken together, these results indicate that 
in terms of GnRH actions on LH and GH secretion in goldfish, PKC is not upstream 
of PI3K and Akt effects are cell-type- and GnRH-isoform-dependent. (Supported by 
NSERC and the Killam Trusts)

NOTES:



83

Environmental salinity modulates osmotic responsiveness of tilapia prolactin cells 
via trpv4

Andre P. Seale1, Soichi Watanabe 2, Jason P. Breves3, Toyoji Kaneko 2, Darren T. 
Lerner1 4, E. Gordon Grau1.
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Characterization of the mechanisms that mediate osmoreception in vertebrate 
pituitary has been made possible by using the prolactin (PRL) cell model of the 
euryhaline tilapia, O. mossambicus. A decrease in osmolality elicits an increase in 
PRL cell volume, which leads to an influx of Ca2+ via transient receptor potential 
vanilloid (TRPV4) channels that triggers PRL release. This mechanism is consistent 
with the hyperosmoregulatory function of PRL. Transcriptional and secretory 
responses of PRL cells to osmotic alterations were characterized based on previous 
acclimation salinity. Hyposmotically-induced PRL release from PRL cells of 
freshwater (FW) tilapia is greater than that from PRL cells of seawater (SW) fish. 
Hyposmotically-induced increase in PRL gene expression is observed only in cells 
from SW fish. Conversely, expression of TRPV4 in PRL cells increases as osmolality 
is raised. While a Ca2+ ionophore and a phosphodiesterase inhibitor stimulate PRL 
release, they reduce TRPV4 expression. Together, these data suggest that TRPV4 
expression is regulated through the same second messenger pathways involved 
in hyposmotically-induced PRL release to provide a concerted mechanism for 
modulating osmosensitivity. This work was supported by NSF, JSPS, USDA and the 
Pauley Foundation.
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Kisspeptin 1 stimulates LH and GH release from goldfish pituitary cells in a Ca2+-
dependent manner

John P. Chang1, Alan Mar1, Michael Wlasichuk1, Anderson O.L. Wong2
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Kisspeptin regulates reproduction via stimulation of hypothalamic gonadotropin-
releasing hormone (GnRH) secretion which then induces pituitary luteinizing 
hormone (LH) release. Kisspeptin also directly stimulates pituitary hormone release 
in some mammals. However, in teleosts, kisspeptin has been reported to either have 
no direct pituitary effects (goldfish), to directly stimulate LH and growth hormone 
(GH) release (goldfish) or to reduce LH mRNA levels (eel). In this study, synthetic 
goldfish pituitary kisspeptin 1 (1-10, gkiss1) enhances LH and growth hormone 
(GH) release from primary cultures of goldfish pituitary cells in column perifusion. 
gKiss1 stimulation of LH and GH secretion were still manifested in the presence 
of the two native goldfish GnRHs, sGnRH (GnRH-3) and cGnRH-II (GnRH-2), but 
were attenuated by two voltage-sensitive calcium channel blockers, verapamil and 
nifedipine. gKiss-1 induced increases in intracellular Ca2+ in Fura-2AM pre-loaded 
goldfish pituitary cells were also inhibited by nifedipine. These results indicate 
that, in goldfish, direct gKiss1 actions on pituitary LH and GH secretion exist, are 
independent of GnRH and involve calcium signalling. (Supported by NSERC.)
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Secretoneurin: a conserved hormonal peptide with paracrine and neuroendocrine 
actions to regulate pituitary function

Vance L. Trudeau1, E Zhao1, Hongxia Hu2, Gustavo M. Somoza3, Chris Martyniuk4, Ajoy 
Basak5
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Secretoneurin (SN) is 31-42 amino acid peptide derived from selective processing 
of secretogranin-II. Immunoreactivity for SN is found either in lactotrophs, 
somatotrophs or somatolactotrophs, depending on the species. In goldfish, SN is 
released from lactotrophs under GnRH stimulation to enhance LH release from 
adjacent gonadotrophs by a paracrine mechanism. SN is found in magnocellular 
isotocin neurons and in other hypophysiotropic neurons, e.g., nucleus lateralis 
tuberis. SN also stimulates LH release by a neuroendocrine mechanism. Microarray 
analysis of dispersed pituitary cells in vitro revealed other functions of SN; ~500 
transcripts were increased and ~200 transcripts were decreased after SN treatment. 
These included genes important for the notch pathway, glucose metabolism and 
the guanylate cyclase pathway. Pathway enrichment and sub-network enrichment 
analysis revealed that SN affects the same network of genes that are affected 
interferon gamma (INFG) and brain-derived neurotrophic factor. That SN shares 
expression targets with the cytokine INFG strengthens the notion that SN is acting 
as a paracrine signaling molecule. We suggest that SN is part of a growing list of 
vertebrate intrapituitary factors regulating cellular metabolism and hormone 
synthesis. 
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Transgenic tilapia reveals FSH gonadotroph hyperplasia in territorial males

Matan Golan, Berta Levavi-Sivan 
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Despite their popularity in aquaculture and as model organisms, transgenic tilapia 
are rarely produced. The rarity of transgenic tilapia can be attributed to technical 
difficulties associated with the special features of the eggs, the relatively long 
generation times, and until recently, lack of a published genome. Using the tol2 
transposon system we established a modular and efficient approach for inducing 
transgenesis in tilapia. This protocol was used to produce transgenic tilapia in 
which FSH gonadotrophs are fluorescently labeled.Chimeric founders transferred 
at least 3 genomic integrations of the transgene to approximately 16% of F1 
offspring. Fluorescent microscopy studies of FSH-EGFP transgenic fish show an 
EGFP expression pattern that corresponds to the known expression pattern of FSH 
in the tilapia pituitary and differs from that of LH.Transgenic FSH-EGFP males were 
used to study the effect of social dominance on pituitary cell population dynamics. 
Dominant males were found to possess larger gonads as well as higher levels of 
androgens and gonadotropins in plasma. Pituitaries of dominant males exhibited 
higher gonadotropin content and gene expression. FACS analysis revealed pituitary 
hyperplasia as well as FSH cell hyperplasia and increased granulation. 
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Pituitary gland morphogenesis and ontogeny of adenohypophyseal cells in South 
American teleost Salminus brasiliensis (Teleostei, Characiformes) 

Lázaro Wender Jesus, Chayrra Gomes, Gisele Melo, Sara Gomes, Cruz Rigonati, 
Maria Inês Borella.
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Pituitary gland of teleost presents a species-specific heterogeneity on the appearance 
of adenohypophyseal cells, which may result in morphophysiological differences 
during early development. This study characterized the pituitary morphogenesis 
and ontogeny of adenohypophyseal cells in Salminus brasiliensis, a Characiform 
with great potential for aquaculture in Brazil. Specimens were obtained at zero, 12, 
24, 36, 48, 60, 72, 120, 300, 600 hours after hatching (hah). The samples were stained 
with Mallory trichrome, PAS and immunoperoxidase with anti-sGH, PRL, SL, bFSH, 
bLH, hACTH and TSH antisera. The primordial pituitary was detected at 12 hah, the 
neurohypophysis at 72 hah and early formation of the stalk at 300 hah. In juveniles, 
600 hah, the pituitary showed a similar morphology to that observed in adults. PRL 
cells were detected 12 hah together with ACTH and MSH cells, followed by GH and 
SL cells at 36 hah. FSH cells were detected at 600 hah, while LH cells at 120 hah. 
No immunostaining was observed with the anti-hTSH. Our findings corroborate the 
heterogeneity on ontogeny of the adenohypophyseal cells in teleosts and they raise 
questions about the mechanisms of pituitary morphogenesis and the functions of 
each pituitary hormone on teleost ontogeny. 
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OS.6: Endocrine disruption

Neonatal exposure to BPA or E2 Increases female ratio but suppresses ovarian 
growth in the zebrafish
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Bisphenol A (BPA) is a well-known endocrine disruptor that mimics estrogens. In 
this study, we investigated the effect of early exposure to BPA on the reproductive 
axis in the zebrafish. Our results showed that early exposure to BPA (10 µM) and 
E2 (10 nM) increased the ratio of females; however, they both significantly reduced 
ovarian size as compared to the control and T (10 nM)-treated groups. This correlated 
well with their effects on gonadotropin expression in the pituitary. BPA and E2, but 
not T, significantly increased lhb but dramatically suppressed fshb expression. No 
effects of BPA and E2 were observed in the brain on the expression of kiss1, kiss2, 
GnrH2 and GnRH3. In the ovary, BPA and E2 did not seem to affect the expression 
of FSH receptor (fshr), but both decreased that of LH receptor (lhcgr). Interestingly, 
E2 and BPA displayed different effects in the liver. E2 induced significant hepatic 
hyperplasia with average HSI being 4.698. However, BPA exposure had no such 
effect. Proteomic analysis of the livers revealed distinct protein profiles in the E2 
group as compared to control/BPA/T groups. These results indicate that BPA has 
estrogenic effects on female reproduction, but it does not mimic E2 in all aspects.
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The first indication of immunotoxicity induced by reproductive endocrine disruptors 
is the location of sex-steroid receptors in the rainbow trout immune tissues

Sophie Massart1, Sylvain Milla2, Patrick Kestemont1.
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In vertebrates, sex hormones act on the reproductive system but also affect the 
functioning of non-reproductive tissues, notably the immune system. Although 
much is known about the end effects of endocrine disrupting chemicals (EDCs) 
exposure, the knowledge of mechanisms induced by EDCs on the immunity is 
fragmentary. Our objective was to locate and quantify the estrogen receptors (ER) 
and androgen receptors (AR) in various immune tissues. To address this issue, (1) 
the gene expression of ERs and ARs was quantified by quantitative real-time PCR; 
(2) the immunohistochemistry was used to locate the ERα and ARα and (3) the ERα 
and ARα proteins were quantified by western blot. The expression of receptors was 
detected and quantified in all immune organs. This ubiquitous distribution supports 
the idea of a potential influence of sex steroids on the immune system in rainbow 
trout. This postulate has been confirmed by the immunohistochemistry results. A 
positive staining of specific cells or tissues involved in immunity was observed. For 
instance, ERα was detected in the mucous cells, in the hematopoietic tissues or, 
again, in the lamina propria in intestine. This expression in immune related cells and 
tissues indicates a possible regulation of the immune activity by the sex steroids.
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Modulation of vitellogenin receptor expression; a target of endocrine disrupting 
compounds in Micropterus salmoides
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Uptake of vitellogenin into oocytes is a process essential to successful reproduction 
that occurs via vitellogenin receptors (vtgr). Molecular cues that control vtgr 
expression are not well studied. To assess the role of the endocrine system in 
controlling vtgr expression, we cultured pre-vitellogenic follicles in the presence 
of insulin, IGF-1 or 17β-estradiol (E2). Both insulin and IGF-1 significantly increased 
vtgr expression in a dose dependent manner, however, co-exposure to E2 and 
insulin resulted in repressing insulin-induced levels of vtgr by 50%. The decrease in 
transcript levels of vtgr was further observed in ovarian tissues of fish injected with 
E2, and the xenoestrogens ethinyl estradiol and bisphenol-A. Finally, to assess the 
direct contribution of estrogen receptors (ER) on vtgr transcriptional control, HepG2 
cells were transfected with a luciferase reporter gene containing a partial LMB vtgr 
promoter sequence and each ER subtype; esr1, esr2a and esr2b. These studies 
revealed that luciferase activity was repressed primarily by esr2a in response to 
E2 and xenoestrogens. Overall these data expose the complex regulation of vtgr 
expression through potential crosstalk between insulin and estrogen and highlight 
the vtgr as a possible target of EDCs.
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Depressing male reproduction with waterborne anti-depressant and contraceptive 
pharmaceuticals
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Fluoxetine (FLX), clinically known as the anti-depressant Prozac, inhibits the 
ability of male goldfish to respond to female sex pheromones, thereby inhibiting 
milt production. FLX can also increase estradiol levels in male blood. Other 
studies indicate that the contraceptive ethinyl-estradiol (EE2) upregulates hepatic 
vitellogenin (VTG). This led us to test the effects of a mixture of FLX and EE2. Hepatic 
estrogen receptor α (ERα) and VTG gene expression increased by approximately 
2-fold in the FLX and EE2 groups, but this was not statistically significant. In contrast, 
exposure to the FLX+EE2 mixture upregulated hepatic ERα and VTG gene expression 
by ~5-fold (p<0.05). Proteomic profiling indicted that there was a significant increase 
in the number of plasma proteins that were related to endocrine system disorders 
in the FLX and FLX+EE2 co-exposure. In response to FLX+EE2, plasma VTG protein 
levels was greatly increased whereas the FLX metabolic enzyme CYP2C9 was 
absent. These data indicate that the anti-depressant FLX is anti-reproductive. 
We demonstrate that an ecotoxicologically-relevant binary mixture of FLX and 
EE2 produces strong estrogen-like effects in the male goldfish, supporting the 
neuroendocrine disruption hypothesis. 
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Both somatolactin genes respond to estrogen and zinc in pituitary of Cyprinus 
carpio 
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Environmental changes affect gene expression and with the aim to develop 
hypophyseal factors as early alert biomarkers for changes in the aquatic environment 
we characterized somatolactin (SL) in Cyprinus carpio. SL, a fish specific pituitary 
hormone belonging to prolactin (PRL) superfamily, is involved in background 
adaptation, osmoregulation, reproduction and fatty acid metabolism. Two SL genes 
(α and β) exist in carp and transcripts of both were detected and cloned. In addition, 
the proximal promoter region of SLα was cloned. Binding of nuclear factors using 
extracts from carp pituitary was detected by electro mobility shift assays at potential 
sites in the SLα promoter for Pit-1, estrogen receptor and MTF-1/Sp1, and in the 
SLβ promoter from Danio rerio for Pit1. Clearly, expression of SLα and SLβ was 
modulated significantly in pituitary of male adult carp in response to treatment with 
17-β-estrogen or ZnCl2, respect to control carp as shown by RT-qPCR analyses. 
These data suggest that SL seems to be involved in the response to estrogen and 
heavy metals and could serve as early indicator of endocrine disrupting effects to 
assess biological relevant changes in the aquatic environment.
Acknowledgment: FNC 1070724, DAAD 50750108, DID-UACh, Fermelo S.A.

NOTES:



93

Reverse engineering the molecular machinery underlying the response of fathead 
minnow ovaries (Pimephales promelas) to endocrine disruptors
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The different concentrations of multiple chemicals present in the environment 
and a poor understanding of the compensation mechanisms in fish complicate the 
estimation of the risks posed by endocrine disrupting chemicals. Here, we applied 
a systems toxicology approach to understand the effects of endocrine disrupting 
chemicals in the Hypothalamus-Pituitary-Gonadal axis of the fathead minnow 
(Pimephales promelas). Fathead minnows were exposed to known endocrine 
disruptors and impacts on ovaries were examined through the analysis of a large 
compendium of gene expression and hormone data sets. The microarray data 
included were generated in twenty-three different in vivo exposure experiments 
encompassing 13 different chemicals, 1 complex mixture, 5 ovary stages, multiple 
time points, and multiple chemicals doses. Using network inference techniques 
we identified potential pathways and transcriptional regulators underlying 
compensation responses to endocrine disrupting chemicals. 
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Hormonal control of differentiation and function of fish gill/skin ionocytes: 
zebrafish as a model
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To cope with fluctuating environment, fish regulate their iono-/osmoregulatory 
mechanisms. Many neuroendocrines were proposed to control these regulatory 
pathways, however, most of which still lack convincing evidence to support. We 
adopted zebrafish as a model to dissect the molecular/cellular mechanisms of 
several neuroendocrines related to fish ion regulation. Both stanniocalcin 1 and 
calcitonin control the Ca2+ uptake function through specifically downregulating 
ECaC expression in a type of skin/gill ionocytes without effect on the other 
transporters (PMCA and NCX), whereas cortisol stimulates expression and function 
of ECaC via the glucocorticoid receptor. During acclimation to a harsh environment, 
zebrafish embryos enhance their ion regulation by increasing ionocyte number, 
which originates from stimulation of stem cell proliferation and/or the terminal 
differentiation of ionocyte progenitors via specific transcription factors, p63, 
foxi3a/3b and gcm2. Isotocin controls these cellular events by upregulating p63 
and foxi3a. On the contrary, stanniocalcin 1 suppresses ionocyte number by 
downregulating foxi3a. Taken together, zebrafish provides a platform to precisely 
study the targets of a neuroendocrine and the actions on ionocytes proliferation 
and/or differentiation for the function.
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The hormonal control of smolt development and seawater performance in salmon
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In this talk I will review recent advances in our understanding of the hormonal 
control of physiological changes that occur during smolt development and how 
they affect whole animal performance. We have recently found that the abundance 
of the “seawater” isoform of Na+/K+-ATPase, NKAα1b, increases dramatically 
during smolt development, whereas the freshwater isoform (NKA?1a) is largely 
unchanged. Cortisol alone increased the abundance of both NKAα1a and NKAα1b. 
When growth hormone is also elevated, cortisol decreases NKAα1a and increases 
NKAα1b, indicating that growth hormone is acting as a “switch” to alter the actions 
of cortisol to primarily support salt secretion. Cortisol and growth hormone also 
interact to increase the ability of juvenile salmon to osmoregulate, grow and swim 
in seawater. Relaxed selection in “land-locked” salmon populations has resulted 
in lower levels of plasma growth hormone and cortisol, gill NKAα1b and seawater 
performance. The pathways for interaction of growth hormone and cortisol, and 
the effects of prolactin, thyroid hormones and sex steroids on smolt development 
will be discussed. By integrating developmental and environmental information, 
the endocrine system induces behavioral and physiological changes that increase 
seawater performance of salmon.
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Role of corticosteroid receptors in fish osmoregulation: Is GR the only 
regulator?
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It is now well established that cortisol acting through a intracellular receptor is a 
major hormone regulating hydromineral balance in teleost fish. Altough fish lack 
aldosterone, the discovery of a mineralocorticoid receptor (MR) is fish raises the 
question about its physiological role in fish osmoregulation aside the glucocorticoid 
receptor (GR). Moreover, characterization of DOC (11-deoxycorticosterone) as a 
high-affinity ligand for MR also led us to question about a possible osmoregulatory 
role of this hormone through MR signalling system. Several recent studies including 
ours have been carried out on the regulation by corticosteroids of various ion-
exchange mechanisms including ionocyte ontogenesis and confirmed the major role 
of the cortisol acting through GR for the regulation of salt secretion. In addition, 
these studies have also brought some lights on differential physiological roles 
between the two GR isoforms (GR1 and GR2) and also suggested MR as a possible 
regulator of the cortisol-GR pathway. Finally, analysis of plasma DOC during various 
osmoregulatory adjustements do not support this steroid as an osmoregulatory 
hormone. The present talk will discuss these recent data and bring new hypothesis 
on specific roles of corticosteroid receptors.
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Role of cardiac natriuretic peptides in seawater adaptation in medaka embryos as 
revealed by knockdown experiments

Hiroshi Miyanishi1,2, Kataaki Okubo2, yoshio Takei1.
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Agricultural and Life Sciences, The University of Tokyo, Japan.

takei@aori.u-tokyo.ac.jp

The natriuretic peptide (NP) family comprises seven members (cardiac ANP, BNP, 
VNP and brain CNP1-4). Cardiac NPs and their ancestral NP, CNP3, have potent 
osmoregulatory actions in eels. In order to evaluate further the role of cardiac NPs 
in teleost osmoregulation, we applied gene knockdown technique to euryhaline 
medaka (Oryzias latipes), which has only BNP as a cardiac NP. We initially examined 
ontogenic changes in NPs and their receptor expression and found that they 
expressed in the early embryonic stages. After knockdown of BNP or CNP3, body 
fluid osmolality significantly increased in embryos kept in seawater. The cause of 
the increase is not due to the impaired expression of the genes involved in NaCl 
excretion (ion-excretory transporters in mitochondria-rich cells) and water 
production (key metabolic enzymes), but to impaired water retention by enhanced 
aquaporin gene expression (only in CNP3 knockdown embryos) and more importantly 
to impaired blood circulation caused by abnormal cardiac development in BNP or 
CNP3 knockdown embryos. These results show that cardiac NPs play crucial roles 
in maintenance of the normal body fluid osmolality by maintaining circulatory and 
water homeostasis and further suggest that they are holistic regulators of the 
system for SW adaptation.
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The yolk-sac ionocyte lineage ontogenesis and its regulation by MR and GRs 
in Medaka embryo

Vincent Trayer1, Isabelle Leguen1, Jiun-Lin Horng3, Pung-Pung Hwang2, Patrick 
Prunet1, Violette Thermes1

1INRA, SCRIBE, Campus de Beaulieu, 35042 Rennes, France. 2Academia Sinica, Nangang, 
Taipei, Taiwan (R.O.C.). 3Department of Life Science, National Taiwan Normal University, Taipei 
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During morphogenesis of the yolk sac epidermis in the embryo, the regulation of 
cellular processes is essential for an ordered epithelial architecture and correct 
final functions. Future osmoregulatory capacities indeed depend on proliferative 
dynamics of ionocyte progenitors and progenies proportions, which will affect 
cellular composition. Besides this, it has recently been shown that the main 
osmoregulatory hormone, the cortisol, is involved in some developmental processes 
in teleost. But its role during ionocytes ontogenesis is unknown. First, we examined 
the relative dynamics of ionocyte and progenitor appearance in the different zones 
of the epidermis, using immunostaining and in situ hybridization. We observed 
different kinetics of ionocyte appearance, suggesting different mode of cell division 
and epidermal morphogenesis. Then, the role of cortisol and its receptors (MR 
and GRs) on ionocytes ontogenesis was analyzed by using morpholinos. Only GR2 
morphants display a significant ionocyte number reduction. At larva stage, they also 
display reduced H+ fluxes, as measured by vibrating probes. Conversely, cortisol 
treatments increase the ionocyte number. All together, these data suggest that 
cortisol, through GR2, is critical for medaka epidermal ionocyte ontogenesis.
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Hepatic leptin mRNA induction during seawater challenge: possible role in glucose 
metabolism

David Baltzegar, Benjamin Reading, Jonathon Douros, Russell Borski
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Leptin is a 16 kDa anorexigenic cytokine that acts with insulin to regulate glucose 
and triglyceride metabolism. We characterized a leptin (lep) ortholog in Mozambique 
tilapia (Oreochromis mossambicus) and measured hepatic mRNA during acute 
osmotic challenge. Upon transfer of freshwater (FW, 0-2 ppt) acclimated fish to 2/3 
seawater (SW, 25 ppt), a 25-fold increase in hepatic lep mRNA was observed at 4 
hours (p < 0.001, relative to FW). Leptin mRNA decreased and was not different from 
controls by 12, 24, and 72 hours post-transfer. Hepatic lep mRNA did not change 
during
hypoosmotic challenge. After SW transfer, hepatic glycogen and triglyceride levels 
were measured concomitant with plasma glucose, free amino acids, free fatty 
acids, triglycerides, beta-hydroxybutyrate, and free glycerol. Hepatic glycogen 
phosphorylase, hormone-sensitive lipase, and lipoprotein lipase mRNA were also 
measured. A strong correlation between plasma glucose and amino acids (p < 
0.001, R2 = 0.614) was observed, with little evidence of hepatic glycogenolysis or 
adipose lipid mobilization. Our findings suggest that hepatic gluconeogenesis is a 
major bioenergetic component during acute hyperosmotic stress. In vivo injection of 
recombinant tilapia leptin were performed to discover its specific function.
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OS.8: Gonadal endocrinology

Effects of androgens on the spermatogonial stem cell niche in zebrafish after 
estrogen-induced androgen insufficiency

Rafael Henrique Nóbrega1,2, Nuria Esther Gómez González1, Daniel Dantas Wildner2, 
Emanuel Ricardo Monteiro Martinez2, Irani Quagio-Grassiotto2, Jan Bogerd1, Rüdiger 
W. Schulz1
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In vertebrates, cross-talk between Sertoli and interstitial cells is crucial for 
regulating spermatogonial stem cells (SSCs) behaviour in the niche. While 
oestrogens seem to influence SSC in juvenile fish, their role is poorly understood 
in the adult testis. Using a model of oestrogen-induced androgen insufficiency, fish 
were either exposed for 5 weeks to 10nM oestrogen (E2) in the water alone, or were 
also exposed to 100nM 11-ketoandrostenedione (OA) for the last 2 of the 5 weeks. 
An additional group was kept in steroid-free water. We investigated incorporation 
of BrdU into type A undifferentiated (Aund) and differentiated spermatogonia 
(Adiff). Moreover, mRNA levels of selected genes were quantified by qPCR. There 
was a significant increase in the number of BrdU-positive Aund spermatogonia in 
the E2 and E2+OA treated groups, suggesting that E2 but not OA stimulated Aund 
proliferation. OA clearly stimulated E2-inhibited spermatogenesis, as shown by the 
increased numbers of Adiff, B spermatogonia, spermatocytes and spermatids. Since 
androgen-stimulated germ cell differentiation was not associated with elevated 
mRNA levels of the pro-differentiation factor Igf3, independent pathways seem to 
exist for activating spermatogonial differentiation in adult zebrafish testis.
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Fsh, but not Lh, turns on testicular recrudescence in sea bass (Dicentrarchus 
labrax) promoting germ

María José Mazón, Ana Gómez, Silvia Zanuy
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(CSIC). 12595 Torre la Sal s/n, Ribera de Cabanes, Castellón, Spain.
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Pituitary gonadotropins Fsh and Lh drive teleost reproduction but their specific 
roles are not well established. It has been suggested that Fsh would act at early 
stages of spermatogenesis and Lh would support the final ones. Here we analyzed 
the effects of Fsh and Lh administration, alone or sequentially, in immature yearling 
sea bass at the time of testicular recrudescence. Plasmids coding for Fsh and Lh 
were administered intramuscularly and their effect on gonad morphology, plasma 
hormone levels and gonad gene expression analyzed. Sequential exogenous 
administration of Fsh/Lh significantly increased plasma 11-KT. Fsh treatment 
resulted in the highest proportion of testes with cysts of spermatocytes, 36 days 
after first injection instead Lh treated and control fish remained mainly immature. 
Fsh treatment also increased gene expression of germinal cell markers, such 
as piwi, pcna and scp3. Lh alone prompted that of steroidogenic enzymes like 
cyp17a1, cyp17a2 and 3βhsd. Results allow concluding that Fsh but not Lh triggers 
spermatogenesis in sea bass, while Lh potentiates the action of Fsh allowing the 
progression of spermatogenesis. Supported by MICINN (AGL2008-02937), EU 
Project LIFECYCLE (FP7-222719-1) and GV REPROBASS (PROMETEO/2010/003).
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Androgen-mediated increases in oocyte lipid accumulation in the shortfinned eel 
(Anguilla australis)

Erin Forbes, Mark Lokman
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As a prerequisite to producing viable young, fish need to provision their eggs 
with yolk proteins and lipids. The liver packages lipids into lipoprotein complexes 
facilitating their transport and uptake. Uptake is dependent on lipoprotein lipase 
(LPL), a catalyst for cleavage of free fatty acids from triacylglycerides contained 
in lipoproteins. The androgen 11-ketotestosterone (11-KT) increases ovarian LPL 
mRNA levels and when co-incubated with very low density lipoprotein (VLDL) it 
increases accumulated lipid in oocytes. This study aimed to determine if androgen-
mediated increases in lipid accumulation are linked to increased levels of lipid 
packagers (apolipoprotein B (apoB) and microsomal triacylglyceride transport 
protein (MTTP)). We artificially raised serum levels of 11-KT in female shortfinned 
eels (Anguilla australis) in a time course experiment and measured hepatic mRNA 
levels of apoB and MTTP and ovarian mRNA levels of lipoprotein receptors. We 
conclude that 11-KT can increase hepatic packaging of lipids by increasing both 
mRNA levels of packagers and liver size. However, 11-KT did not profoundly affect 
mRNA levels of the ovarian receptors, suggesting that increases in accumulated 
lipids are probably driven by LPL not increases in lipoprotein uptake.
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Contribution of germinal compartment to ovarian estradiol synthesis

Maella Gohin1,2, Alexis Fostier2, Franck Chesnel1, Julien Bobe2
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It is generally well accepted that the ovarian follicular sites of estradiol-17β 
(E2) synthesis are restricted to somatic cells. Previous studies have however 
suggested the expression of ovarian aromatase (cyp19a1a) in the germinal 
compartment in several teleost species. Our aim was to investigate the expression 
of cyp19a1a transcript, aromatase activity, and E2 accumulation in the rainbow 
trout (Oncorhynchus mykiss) oocyte during final maturation, a key period for 
oocyte developmental competence acquisition using In Situ Hybridization, QPCR, 
aromatase activity and Radio-ImmunoAssay (RIA) analyses. A significant ovarian 
aromatase expression and activity were detected in the late vitellogenic oocyte that 
dramatically decreased during maturation concomitantly with the trend observed in 
surrounding follicular layers. We also report an unexpected increase of E2 levels 
in the oocyte during this period. Altogether, our data support the hypothesis of the 
participation of the oocyte in follicular estrogen synthesis and a biological role of E2 
for oocyte and/or early embryo development. In addition, similar observations made 
in Xenopus suggest that participation of the germinal compartment to E2 synthesis 
could be a conserved feature of the vitellogenic vertebrate oocyte.
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Roles of multi-functional y-Box binding protein 1 (yB-1) in zebrafish ovarian follicle 
activation 

S.-W. Lau, L. Zhang, S.M. Ngai, W. Ge
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Folliculogenesis in fish ovary consists of two major phases: the gonadotropin-
independent primary growth (PG) phase and gonadotropin-dependent secondary 
growth (SG) phase. The transition between the two phases has been a major issue for 
research in ovarian physiology. Using proteomics approach, we have identified the 
50-kD Y-box binding protein 1 (YB-1) as a potential gatekeeper that controls follicle 
activation in the zebrafish. YB-1 is the most abundant protein in the PG oocyte, but 
its level decreases dramatically during the transition from PG to SG stage. Our data 
point to pleiotropic functions of YB-1 in follicle activation. First, YB-1 may serve as 
a transcription factor to regulate gene expression. Second, it functions as an mRNA 
binding protein to stabilize transcripts but block their translation. Third, YB-1 may 
also be secreted as a ligand to regulate follicle cell function. These functions of 
YB-1, together with its dramatic change in abundance during the PG-SG transition, 
prompt us to hypothesize that YB-1 may play a critical role in follicle activation. This 
is further supported by the observation that YB-1 in the zebrafish ovary is subject to 
regulation by external endocrine and paracrine factors such as IGF-1.
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Multiple roles of 17α, 20β dihdroxy-4-pregnen-3-one in zebrafish reproduction

Glen Van Der Kraak1, Nicholas Melnyk1, Olivia Knight1, David Irwin1, Andrea Lister1,2

1Dept of Integrative Biology, University of Guelp. Canada. 2Dept of Biology, Wilfrid 
Laurier University, Canada. 

gvanderk@uoguelph.ca

For many years it has been known that 17α, 20βdihdroxy-4-pregnen-3-one (17,20βP) 
mediates oocyte maturation and the resumption of meiosis in fish and is also an 
important releasing pheromone involved in the induction of sperm release in males. 
We have recently shown through in vitro studies that addition of 17,20β-P caused 
an increase in phospholipase A2 (cpla2) expression and increased production of 
PGF2αby full grown ovarian follicles from the zebrafish. Interestingly, 17,20β-P 
had no effect on cpla2 or PGF2αproduction in mid-vitellogenic follicles suggesting 
that follicles acquire the ability to respond to 17,20βP just prior to ovulation and 
spawning. Separate studies showed that exposing adult female zebrafish to 17,20βP 
in the water induced ovulation within 4 hr and increased the expression of cpla2 
and cyclooxygenase 2 (ptgs2) within 2 hr. Collectively these studies have shown that 
17,20βP plays multiple roles in reproduction in the zebrafish including a pivotal role 
in mediating ovulation through its effects on prostaglandin synthesis.
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OS.9: Endocrine regulation of feeding and growth.

Peripheral regulation of the growth hormone (GH)-insulin-like growth factor-1 
(IGF-1) system in fish

Mark Sheridan
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To date, much of the research on the regulation of fish growth has focused on the 
production and release of GH from the pituitary by neuroendocrine factors from 
the hypothalamus. Recent work has shown that hormones from peripheral organs 
acting via the systemic circulation also affect GH release. For example, cortisol, 
thyroxin (T4), 17β-estradiol (E2), ghrelin (made by hypothalamus as well as 
stomach/small intestine), and leptin stimulate GH release, whereas somatostatins 
(SS, made by hypothalamus as well as gut/pancreas) and IGF-1 inhibit GH release. 
Fish growth also can be regulated at levels outside of the pituitary. For example, 
insulin, testosterone, cortisol, and T4 stimulate the expression of growth hormone 
receptor (GHR), insulin-like growth factor-1 (IGF-1), and type 1 IGF receptors (IGFR1). 
By contrast, SS and E2 inhibit expression of GHR, IGF-1, and IGFR1s. Peripheral 
regulation of growth consists of 1) hormones produced by peripheral organs 
that influence GH production/secretion and 2) hormones that adjust peripheral 
sensitivity and response to GH (by altering GHR synthesis/surface expression and 
IGF-1 synthesis/release) as well as peripheral sensitivity to IGF-1 (by altering IGFR1 
synthesis/surface expression). (Supported by NSF grant 0920116).
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Involvement of the GH/IGF-I System on Skeletal Muscle Growth in the Fine Flounder 
(Paralichthys adspersus)

Eduardo Fuentes1, Diego Safian1, Ingibjörg Einarsdottir2, Juan Antonio Valdes1, Björn 
Björnsson2, Alfredo Molina1

1Laboratorio de Biotecnología Molecular, Departamento de Ciencias Biológicas, Facultad 
de Ciencias Biológicas, Universidad Andrés Bello, Av. Republica 217, Santiago, Chile. 2Fish 
Endocrinology Laboratory, Department of Zoology/Zoophysiology, University of Gothenburg, 
Box 463, S-40530 Göteborg, Sweden. 
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In fish, a detailed description of molecular and endocrine basis controlling skeletal 
muscle growth is still lacking. In the present study, the complete GH/IGF-I system was 
assessed in skeletal muscle by using fasting and refeeding trials. The fine flounder, 
which is a flatfish with remarkably slow growth, was used as a model. We found, 
that this species displayed an inherent systemic and local (muscle) GH resistance, 
characterized by a disproportion between GH and IGF-I, and truncated versus full-
length GHR. Also, impaired activation JAK2/STAT5, and low IGF-I expression was 
observed. Fasting leads to further increase GH resistance, by increasing plasma GH 
levels, inactivating JAK2/STAT5 and decreasing IGF-I. Moreover, IGF-IR increases 
during fasting; however, ERK and Akt signaling pathways are inactivated during this 
period. IGFBP2, 4, and 5 were downregulated, whereas IGFBP3 was upregulated. 
During refeeding, GH resistance decrease and all the components of the GH/
IGF system swiftly change showing an opposite trend than fasting. Finally, in vivo 
treatments with rapamicyn and PD98059 affected the whole IGF system concomitant 
with decrease muscle mass. Grants: FONDECYT (Nº1090416), UNAB (DI-14-11/I), 
FORMAS (2008-1258).
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Delineating the differences between Danio and Devario: the effects of growth 
hormone on myogenic precursor cells in three closely related cyprinid species 

Jacob Michael Froehlich1,2, Zachary G. Fowler1, Ethan A. Remily1, Sinibaldo R. Romero1, 
Nicholas J. Galt1,2, Peggy R. Biga1,2
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While the actions of growth hormone (GH) have been well-documented in fishes at 
several levels, little is known about the effects of GH on the specific cells responsible 
for muscle fiber hypertrophy and hyperplasia, the myogenic precursor cells 
(MPCs). In addition, it is unclear whether intergeneric differences exist between 
closely related determinate- and indeterminate-growing fishes. Capitalizing on a 
comparative model utilizing giant danio (Devario spp.), moustached danio and zebra 
danio (Danio spp.), we examined the effects of GH on the expression of Pax, MRF 
and MEF transcription factors and the chalone myostatin. Results indicate that 
indeterminate growth is not restricted to Devario, as moustached danio (a true Danio) 
grow similarly to their giant danio relatives. Further, GH increases MPC numbers in 
all three species, regardless of growth paradigm. Interestingly, MPC proliferation 
between species is similar, despite differences in absolute MPC number and cell 
fate choice. These results corroborate our hypothesis that evolutionary changes 
have resulted in divergent growth strategies among the danionins and that these 
differences are driven by differential MPC gene expression.
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New and emerging players in the regulation of Growth Hormone secretion and 
feeding in goldfish

Suraj Unniappan, Ronald Gonzalez, Elsie Tachie-Mensah, John Chang
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The neuroendocrine regulation of feeding and growth in fish is complex and 
multifactorial. In the past decade, a number of putative bioactive peptides have 
been identified, and many were shown to be bioactive, mainly in mammals. We 
have been characterizing a number of these peptides in fish, including ghrelin, 
peptide YY, galanin, nesfatin-1 and xenin. The focus here is to discuss the role of 
anorexigen nesfatin-1 on growth hormone (GH) secretion, and the effects of galanin-
like peptide (GALP) on food intake in goldfish. We found abundant nesfatin-1-like 
immunoreactivity in the pituitary of goldfish. Intraperitoneal (IP) administration of 
synthetic nesfatin-1 inhibits GH mRNA expression (quantitative PCR) in the pituitary 
at 15 minutes post-injection. Serum GH levels (radioimmunoassay) was also found 
attenuated at 15 and 30 minutes post-injection in nesfatin-1 treated goldfish. These 
in vivo results suggest a new growth regulating effect for nesfatin-1 in fish. The 
metabolic effects of GALP, the orexigen galanin related peptide in mammals is 
controversial. In goldfish, intracerebroventricular, but not IP injections of GALP 
caused an increase in food intake. While the native GALP remains elusive, our 
results suggest that GALP contributes to the regulation of feeding in fish. 

NOTES:



110

An overview of leptin endocrinology in salmonids

Thrandur Björnsson, Marcus Johansson, Ingibjörg Eir Einarsdottir, Ningping Gong
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The physiological function of leptin in fish is not fully elucidated. Using cloning, 
protein characterization, recombinant production of homologous peptides, 
raising of receptor and hormone antibodies for immunohistochemical (IHC) and 
radioimmunoassay methods for leptin, its receptor and binding proteins, combined 
with in vitro and in vivo approaches, various aspects of leptin endocrinology have 
been studied. Both the hormone and its receptor show wide tissue distribution at the 
gene expression and the protein level. For adipose tissue, leptin gene expression 
appears low, but IHC and in vitro studies indicate active leptin secretion. The receptor 
distribution indicates that the hormone has multiple roles at the peripheral and 
central level. While leptin appears to inhibit appetite in fish as in mammals, leptin 
levels increase during fasting or feeding restriction, rather than decrease as in 
mammals, suggesting an alternative appetite-regulating strategy during periods of 
food unavailability. Leptin levels are rapidly effected by nutritional state (refeeding), 
indicating active regulation of leptin secretion. Plasma leptin is associated with 
binding proteins, which are alternative splicing products of the leptin receptor. 
Supported by the EU (Project LIFECYCLE FP7-222719). 
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Effects of dopaminergic system activation on feeding behavior and growth 
performance of the sea bass (Dicentrarchus labrax): a self-feeding approach

Esther Leal1, Begoña Fernández-Durán1, Marta Conde-Siera2, Jesús M Míguez2, Jose 
Miguel Cerdá-Reverter1
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Dopamine is synthesized from L-dopa and subsequently processed into 
norepinephrine and epinephrine. The excess of neurotransmitter can be re-uptaken 
back into neurons and subjected to enzymatic breakdown into DOPAC. The effect 
of dopamine on mammalian food intake is controversial. Mice unable to synthesize 
central dopamine die of starvation. However, studies have shown also that central 
injection of dopamine inhibits food intake. The effect of dopaminergic system in 
the fish feeding behavior has been scarcely explored. We report that the inclusion 
of L-dopa in the diets results in an activation of sea bass central dopaminergic 
system but in a significant increase of the serotonin levels. Dietary L-dopa induces 
a decrease of food intake that results in a decline of all growth parameters tested. 
Unexpectedly, dietary administration of haloperidol, a D2-receptor antagonist, 
cannot block dopamine effects but it induces a decline of the food intake. We 
conclude that oral L-dopa inhibits sea bass food intake and growth. Mechanism can 
involve an increase of hypothalamic serotoninergic tone. Data suggest also that D2-
like receptors can induce a constitutive stimulation of food intake. 
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OS.10: Developmental endocrinology and sex differentiation.

y chromosome-linked amhy gene and sex determination of atherinopsid species
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In many vertebrates, gonadal sex determination follows a sequence of genetically 
programmed events. However, only a few sex determining genes have been 
described and the mechanisms of genotypic sex determination in teleosts still 
remain elusive. In order to clarify such process in atherinopsids we conducted 
transcriptomic analyses of several sex-related genes during early sex differentiation 
in Odontesthes hatcheri. Those studies lead to the identification of the Y-specific 
anti-Müllerian hormone (amhy), a paralogue of the autosomal amh (amha). Coding 
and non-coding sequences of amhy were used for chromosome mapping. mRNA 
expression was analyzed by RT-PCR and ISH, and knock-down was conducted by 
antisense morpholinos. Amhy shared 92.2% of amino acid identity with amha and its 
physical mapping allowed the identification of the Y chromosome. Amhy transcripts 
were detected from before hatching in presumptive Sertoli cells and its knockdown 
resulted in XY females. These findings establish amhy as a master sex-determining 
gene candidate in O. hatcheri. The presence of amhy has since been examined in 
several congeners species and matched the phenotypic sex in half of them. These 
results suggest that amhy may be important for testis determination in some but not 
all Odontesthes species.
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Foxl2 expression during early gonad development in the Siberian sturgeon, 
Acipenser baerii
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K is a transcription factor, member of the winged helix/forkhead group that shows a 
sex dimorphic expression during the ovarian molecular sex differentiation period in 
some teleost fish. Foxl2 regulates the transcription of aromatase (cyp19a1a), which 
is involved in estrogen production. In sturgeons, little is known about the factors 
regulating gonad differentiation. We studied the expression of foxl2 in gonads around 
the period of sex differentiation and in well differentiated gonads using β-actin 
for normalization. Phylogenetic studies of foxl2 showed that it is unambiguously 
orthologous to all the foxl2 proteins. Comparative expression of foxl2 in fish showing 
the first signs of gonadal sex differentiation (16 month old fish) revealed that there 
is no sex dimorphic expression of this gene as is the case in teleosts. Interestingly, 
analyses showed a clear increase of foxl2 levels when comparing ovaries with the 
first signs of differentiation and ovaries in pre-vitellogenesis. In conclusion, foxl2 
seems no to be involved in ovarian differentiation as was reported in other teleost 
fish, but probably controls follicledevelopment as was described in mammals.
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The cortisol and androgen pathways cross-talk in high-temperature induced 
masculinization: 11β-hydroxysteroid dehydrogenase as a key enzyme
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In many ectotherm species the gonadal fate is modulated by temperature early in 
life (Temperature-Dependent Sex Determination, TSD). We have recently shown 
that cortisol is involved in the TSD process of pejerrey, Odontesthes bonariensis. 
Thus, all larvae exposed to a male-producing temperature (MPT) after hatching 
showed increased whole-body cortisol and 11-ketotestosterone (11-KT) levels and 
developed as males. In order to clarify the link between stress and masculinization, 
the expression of hsd11b2, glucocorticoid receptors gr1 and gr2, and androgen 
receptors ar1 and ar2 was analyzed by RT-qPCR and in situ hybridization in larvae 
reared at MPT and FPT (female-PT) during the sex determination period. We also 
analyzed the effects of cortisol treatment in larvae reared at MixPT (Mix sex-PT) 
and in adult testicular explants incubated in vitro. MPT and cortisol treatment 
produced significant increases in hsd11b2 mRNA expression. Also, gonadal explants 
incubated in the presence of cortisol showed increased medium 11-KT levels. Taken 
together these results suggest that cortisol promotes 11-KT production during high 
temperature-induced masculinization by modulation of hsd11b2 expression and 
thus drives the morphogenesis of the testes.
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Expression patterns of gonadotropin hormones and their receptors during early 
sexual differentiation

Hongwei yan1, Shigeho Ijiri1, Quan Wu1, Tohru Kobayashi2, Shuang Li1, Taro Nakaseko1, 
Shinji Adachi1, Yoshitaka Nagahama3
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In Nile tilapia, sex-specific expression of foxl2 and cyp19a1a in XX gonads and dmrt1 
in XY gonads during 5-6 days after hatching (dah) is critical for undifferentiated 
gonads develop into either ovaries or testes. However, factors triggering such 
expression of these genes are unknown and whether the gonadotropin hormones 
are involved in early sexual determination and differentiation is still unclear. Here, 
we determined the precise timing of expression of FSH and LH and their receptor by 
quantitative RT-PCR and immunohistochemistry here. Expression of fshb mRNA and 
FSH protein in the pituitary was detected on the first sampling day (3 dah) to 25 dah 
in both XX and XY larvae without sexual dimorphism, and increased gradually after 
25 dah. The fshr mRNA was expressed from 5 dah, and was present at significantly 
higher levels in the XX gonads than in the XY gonads at 6-25 dah. On the other hand, 
lhb mRNA was not detected until 25 dah in the pituitaries of both sexes and sexual 
dimorphism in lhr mRNA levels appeared later (10-25 dah) than that of fshr in the 
gonads. Taken together, these results indicate that the expression level of fshr 
in the undifferentiated gonad has a potential role in determining gonadal sexual 
differentiation in tilapia.
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sf-1, dax-1 and steroidogenic enzyme genes in the early brain of orange-spotted 
grouper Epinephelus coioides during gonadal sex differentiation

Ganesan Nagarajan, Adimoolam Aruna, Ching-Fong Chang
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B0044@mail.ntou.edu.tw

The molecular role of sf-1 and dax-1 in the fish brain and pituitary is poorly 
understood. We thus studied the expression and localization of steroidogenic 
enzyme genes, sf-1 and dax-1 in the grouper brain and pituitary during gonadal 
sex differentiation. Q-PCR, in situ hybridization and immunohistochemistry were 
carried out. Peak expression of steroidogenic enzyme genes (star, cyp11a1, hsd3b1, 
cyp17a1 and cyp19a1b), aromatase activity, estradiol (E2) and estrogen signaling 
in the early brain had been associated with gonadal sex differentiation in the 
grouper. The mRNA expression and positive hybridization of star, cyp19a1b and 
sf-1 were found to be increased however dax-1 levels exhibited a decrease in the 
early brain. Further, exogenous E2 upregulated steroidogenic enzyme genes and 
sf-1 transcripts in the brain and pituitary. Co-expression of sf-1 with steroidogenic 
enzyme genes in the brain and pituitary was found. sf-1 and dax-1 have an antagonist 
effect in the brain. Increased expression of steroidogenic enzyme genes together 
with sf-1 during gonadal sex differentiation suggests that sf-1 play a regulatory role 
in the brain steroidogenesis. The association in the development between brain and 
gonad is suggested during early age.

NOTES:
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OS.11: Endocrine aspects of behavior

What triggers a neuroendocrine response to a social challenge? The role of 
cognitive appraisal

Rui Oliveira, Magda Teles,José Miguel Simões, Ana Faustino, Rodrigo Abreu, Leonor 
Galhardo
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Social interactions elicit changes in circulating levels of cortisol and androgens 
that have been interpreted as adaptive responses that adjust the internal state and 
the behavior of the animal to fluctuations in the social environment. However, the 
mechanisms underlying the triggering of these responses have remained poorly 
understood. We propose that the cognitive appraisal of cues (e.g. stressors) that 
signal environmental changes play a key role in the activation of neuroendocrine 
responses, so that it is not the objective structure of the event but rather the 
evaluation of what that stimuli or event means to that organism at that moment in 
time that triggers the response. Therefore, the exactly same stimulus may elicit 
different responses, depending on the way it is appraised by different individuals or 
by the same individual at different moments in time, for example in different social 
contexts. Here we present data on that demonstrates the involvement of cognitive 
appraisal in the activation of neural, genomic and endocrine responses to social 
challenges in zebrafish. These studies help to uncover the genetic pathways and 
neural circuits involved in cognitive appraisal.
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Effect of day-length on aggressive interaction and androgen level in cichlid fish

Eliane Goncalves-de-Freitas1, Thais Billalba Carvalho2, Rui F. Oliveira3 
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Aggressive interaction in many vertebrates increases as reproductive season 
comes nearer and, as predicted by the challenge hypothesis, the levels of androgen 
increase accordingly. Such seasonal effects could be mediated by environmental 
cues, as photoperiod. We tested the effect of light regimes on social challenge in 
males of the cichlid Tilapia rendalli. We designed 2 treatments referred to as long-
day (16L:08D) and short-day (08L:16D). For each photoperiod, 50 fish were kept in 
250-L tanks for 20 days and then, they were isolated for 4 days in glass aquaria to 
evaluate testosterone (T) and 11-Ketotestosterone (11KT) basal levels. On the 4th 
day, 2/3 of remaining isolated fish were paired for 60 min to evaluate androgens 
in the winner and loser fish (long-day: n=13; short-day: n=10). Long-day increased 
aggressive interaction and time to settle hierarchy, meaning that photoperiod 
affects quantity and intensity of social aggression. In both day-lengths, isolated 
fish had higher T and 11KT than winner or loser and winner fish show higher T and 
11KT than loser one, thus following challenge hypothesis predictions. Reduced 11KT 
levels were found in long-day fish, probably due to delay in establishing hierarchy. 
Photoperiod did not affect T levels. Funded by CNPq, CAPES, FAPESP
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Molecular and functional relationship between environmental allostatic loads and 
learning and memory in salmon
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Brief mild stress can enhance learning and memory while chronic stress impairs 
them, linked to a reduction in neural plasticity in specific brain regions. We focused 
on two chronic mild stressors (CMS) in salmon, hyperoxia and acid-aluminium (acid-
Al). A group was also implanted with cortisol. After 2 weeks of CMS, pre-smolts were 
sampled before and after a cognitive challenge. Two weeks of hyperoxia, acid-Al or 
cortisol treatment influenced forebrain gene expression and circulating glucose, 
cortisol, and α-MSH levels. After experiencing the maze, these parameters changed 
differentially, indicating different stress systems or allostatic loads. The hyperoxia 
and acid-Al groups were slower learners than control and cortisol groups. While 
CMS upregulates the glucocorticoid system in the short term, additional challenges 
(such as exposure to a maze) move the fish to allostatic overload, resulting in 
a diminished stress response. This was the case in acid-Al and hyperoxia, with 
decreasing cortisol levels following the maze challenge, whereas levels increased 
in control fish. Neural plasticity and stress genes in the forebrain before and after 
the maze challenge, indicate that CMS affects neural plasticity regionally, and the 
HPI axis responds differentially depending on the stress type. 

NOTES:
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Distinctive serotonergic and AVTergic neuromodulatory patterns underlie different 
types of aggression in weakly electric fish

Ana Silva1,2, Rossana Perrone1, Lucía Zubizarreta1, Gervasio Batista1, Philip Stoddard3 
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Though agonistic behavior exhibits diverse types of displays and dynamics, its neural 
control depends on conserved networks modulated by the same mediators across 
vertebrates. Among these, serotonin is known to inhibit aggression, and arginine-
vasotocin (AVT) or vasopressin in mammals, underlie sexual and social context 
differences in behavior. We comparatively analyzed the neuromodulation of 2 types 
of aggression in 2 species of weakly electric fish. Brachyhypopomus gauderio, 
gregarious, displays intrasexual reproduction-related aggression; and Gymnotus 
omarorum, solitary, displays non-breeding territorial intra/intersexual aggression. 
Serotonergic modulation through 1A receptors inhibited the territorial aggression 
of G. omarorum but not the reproduction-related aggression of B. gauderio. These 
differences were paralleled by differences in the telencephalic activity of serotonin. 
AVT modulation did not affect overt aggression in B. gauderio (though it enhanced 
dominant and submissive electric displays); whereas its antagonist (Manning 
compound) evoked a decrease in both overt aggression and submissive signaling 
in G. omarorum. Our data allow us to speculate on distinctive conserved strategies 
of neuromodulation among different types of aggression and of social organization. 
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Possible relationships between time of emergence, stress coping and life history 
of Baltic salmon
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In Baltic salmon (Salmo salar) some fry swim up from the nest early, long before 
consuming the yolk, whereas others stay in the gravel until the yolk is completely 
consumed. The time of swim up appears to be related to behavioural and physiological 
traits. For instance, early and late emerging fry differ in boldness, a trait that is 
consistent over time. Also, when exposed to confinement stress differences in brain 
gene expression between early and late emerging salmon were found. Genes linked 
to aggression such as GABA-RAP, Ependymin, and 5HT1A, point towards a reduction 
of aggression in late emerging salmon. Behavioral differences in response towards 
hypoxia could also be found between the early and late fraction. Together, gene 
expression data and behaviour in early emerging larvae, indicates that time of 
emergence, boldness and aggression are linked to each other, forming a behavioural 
syndrome in juvenile salmon. The time of swim up may also be related to life history 
traits, such as smoltification, migration and reproduction. Such differences as well 
as differences in behavior, survival and growth rate between the early and late 
emerging salmon will be discussed
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Social control of reproduction in Cichlasoma dimerus: dominance, social isolation 
and agonistic interaction between non-dominant individuals

Felipe Alonso1, Leonel Morandini1, Renato Massaaki Honji2, Renata Guimarães 
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In cichlid fish most studies on group living strategies and related physiology had 
focused on differences between dominant(D) and subordinated(S) individuals without 
exploring differences among the last. In this work we studied the correlation of 
physiological parameters with different social status: a) D and S males(m) in a stable 
colony, b)Socially isolated Dm and Dm in a stable colony, c)Sm and females(f) before 
social status ascent. Dm in a stable colony showed higher concentrations of 11-keto-
testosterone but no differences in their gonadosomatic indexes compared to Sm of 
the same colony. They also showed lower concentrations of cortisol (C) and lower 
nuclear area of steroidogenic interrenal cells. Sm or Sf higher in the linear social 
hierarchy always ascends in social status when the opportunity is given. Sm higher 
in social hierarchy showed more relative gonad weight, and FSH pituitary content 
and lower plasmatic concentrations of C compared with S males lower in hierarchy. 
S females did not show differences in the selected physiological parameters. These 
results suggest that these animals anticipate social status ascent opportunity by 
gonad investment, with C probably mediating gonad development inhibition in lower 
ranked and socially isolated individuals.

NOTES:
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OS.12: Fish Endocrinology in the Post-Genomic Era: from transcriptomics to 
transgenics

Insight from the lamprey genome: Glimpsing early vertebrate development via 
neuroendocrine-associate
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The first genome assembly has been completed in a basal vertebrate in which we 
annotated several neuroendocrine genes and performed synteny analysis. Genome-
wide analyses verify that the development of the hypothalamic-pituitary axis was a 
seminal event in the evolution of vertebrates. Importantly, the lamprey assembly 
suggests that two whole genome duplication (WGD) events that generated the 
different fish and tetrapod paralogs likely took place before the divergence of the 
ancestral lamprey and gnathostome lineages. Specifically, analysis of GnRH shared 
synteny provides an evolutionary scenario that differs substantially from existing 
paradigms. A GnRH1 paralog was lost from the lamprey genome, similar to a parallel 
loss in several bony fish. GnRH3 was lost in tetrapods rather than arising as a result 
of the teleost WGD (3R). The functional group IV GnRHs (lGnRH-I & III) in lamprey 
share a common ancestry with GnRH2 and 3 paralogs. In summary, we propose 
that an ancestral GnRH2-like gene existed before the lamprey/gnathostome split 
and that paralogous genes (GnRH-I/III and GnRH 3) independently evolved divergent 
structure/function in lamprey and gnathostome lineages. Funding Support: NSF 
IOS-0849569, AES NH00571, NIH F32GM087919 & the Lamprey Genome Consortium. 
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Proteins of the fish reproductive axis: modulation by hormones and endocrine 
disruptors
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Studies in fish are utilizing quantitative proteomics (e.g. DIGE and iTRAQ) to investigate 
hormone action and endocrine disrupting chemicals (EDCs) at the molecular level. 
In the neuroendocrine brain, estrogens and weak estrogens modulate proteins 
required for cell metabolism, cell structure, and synaptic transmission. In the 
liver, androgens and anti-androgenic chemicals decrease vitellogenin production 
and also modulate protein networks that involve interferon gamma, MAPK, and 
epidermal growth factors. These proteomic studies have provided novel insight 
into hepatic protein networks that correspond to depressed vitellogenin production 
in the liver. Investigations of the fathead minnow testis proteome have identified 
proteins involved in DNA replication and meiosis, consistent with the role of the 
testis in spermatogenesis. Comparisons of omics data reveal similar cellular 
responses of both genes and proteins. Improvements to databases searches and 
the use of mass spectrometers such as the hybrid LTQ Orbitap, protein identification 
rates in fish are increasing; however challenges remain as there are unexplored 
questions about individual variation in protein changes to EDCs. Challenges of using 
quantitative proteomics to study the fish endocrine system will be discussed.
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GH transgene effects on growth performance are inconsistent among transgenic 
offspring
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We established different lines of homozygous GH transgenic common carp and 
analyzed their biological characteristics. Comparing transgenic and control larvae 
derived from the same control fish mother, we found that both the #TG2 and #TG3 
lines exhibited greater average body weight, specific growth rate (SGR), feed 
conversion efficiency (FCE) and protein retention efficiency (PRE), as well as lower 
feeding rate (FR) and lipid and energy content than control fish. The energy retention 
efficiency (ERE) was significantly lower in the #TG3 line, while no difference was 
observed between the #TG2 line and control fish. These results indicate that the 
GH transgene initiated effects on growth enhancement in the early developmental 
stages and played an important role in improving protein synthesis and lipolysis. 
Conversely, homozygous transgenic fish No. 14960 grew faster than the control 
fish, but the culture traits of its hemizygous offspring were comparatively reduced, 
including lower SGR, FCE, PRE and ERE levels, and higher FR and lipid contents. 
Our results suggest that even if fast-growing GH-transgenic homozygous parental 
fish are generated, we still need to practice classical selective breeding in order to 
produce transgenic fish with improved traits that can meet aquaculture demand.
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Proteomic and immune responses to corticosteroid treatments in Eurasian perch, 
Perca fluviatilis
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The comparative effects of cortisol and 11-deoxycorticosterone (DOC), the two major 
corticosteroids in fish, have yet received little attention in teleosts. We evaluated 
the proteomic and immune responses of Eurasian perch to chronic corticosteroid 
treatments. We implanted immature perch with cortisol or DOC and measured the 
proportions of blood leucocytes, immune indices in the plasma, spleen and liver 
and differential proteome expression (corticosteroid versus control) in both organs. 
Implantation of cortisol decreased the ratio of blood leucocytes and depressed 
Ig levels in both organs while DOC modulated the proportion of leucocyte sub-
populations. In contrast, the only immune parameter that was significantly affected 
was lysozyme, after DOC treatment. 50 proteins were differentially regulated by 
these hormones in both organs. However, none of the proteins was directly linked to 
immunity, except the natural killer enhancing factor, which was repressed by cortisol 
in the spleen. Our results support that the proteins involved in energetic and glucose 
metabolism are affected by corticosteroids. Furthermore, these corticosteroids 
differently regulate immune status in Eurasian perch and they primarily impact 
cellular immunity, as opposed to innate immune function.
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Molecular signatures associated with endocrine disruptions in rainbow darter 
(Etheostoma caeruleum) after sewage effluents exposure
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Sewage effluents contain anthropogenic substances with endocrine disrupting 
activity. They exert adverse effects on fish, including changes in gonad and liver 
size, hormone and proteins levels, and intersex. Intersex is used as an indicator for 
disruption of endocrine systems. However, it is unknown what molecular pathways 
are altered that lead to intersex. Rainbow darter is a sensitive fish found in the Grand 
River, Ontario, Canada. The objectives were to measure responses associated with 
exposure to sewage effluents across different levels of biological organization. Sex 
ratio, intersex (up to 80%), and changes in condition, LSI and GSI at exposed sites 
are some changes observed. Using a customized microarray, gene expression and 
gene ontology show an enrichment of oogenesis, and a decrease of genes associated 
with spermatid development in intersex fish. In females exposed to effluents, 
genes related to hatching and ovulation are down-regulated, genes involved in 
immune responses are increase. In the non-intersex males exposed to effluent, cell 
processes such as sperm cell adhesion were depressed. In addition, apoptosis and 
necrotic processes related to stress are also major changes in males. This study 
provides insight into cell pathways underlying intersex condition in teleosts. 
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Transcriptomic study on the effects of ethinylestradiol on rainbow trout fry gonads 
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This study investigated how XY germ cells can develop into oocytes within a fish 
testis under chronic exposure to xenoestrogens. An in vivo study was conducted on 
rainbow trout male fry exposed to ethinylestradiol (EE2: 0.01; 0.1; 1 and 10 µg/L) from 
the first feeding to 136 dpf. Microarray analysis on the Agilent array 60K was done 
on testes mRNA, and data analysed with a pathway approach. Several physiological 
variables were assayed, namely sex steroids in gonads, key genes expression in 
brain, and a histological analysis of the gonads was performed. Intersex structures 
were found from 0.01 µg EE2/L and sex inversion from 0.1 µg EE2/L. Numerous 
DEG were found and confronted with existing pathways. Over-expression of female 
genes and under-expression of male genes were observed, while ER isoforms 
displayed different patterns in gonads and brain. Brain aromatase overexpression 
increased with increasing levels of EE2 exposure. There were no changes in gonad 
E2 concentration but a sharp decrease of 11-KT and T. The histological results are 
consistent with the microarray analysis which revealed distinct gene expression 
patterns according to level of EE2 exposure. Other variables also suggested a great 
disruption in fish endocrinology exposed to EE2 at environmental level.
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Stress, parasite burden and senescence: Reproductive dilemmas of Chinook 
salmon (Oncorhynchus tshawytscha)
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As Pacific salmon begin their freshwater migration to spawning grounds, they lose 
the ability to regulate and clear cortisol (the hormone associated with stress). This 
process is known as Cushing ś syndrome, and the high levels of cortisol make the 
fish more susceptible to disease. After spawning, they die naturally as a result 
of energy depletion and disease. However, there are fish dying before spawning, 
termed prespawn mortality (PSM). It is possible that fish are entering freshwater 
already Cushingoid; with the entire process occurring sooner, fish would fail 
to survive to spawning season. Alternatively, an environmental factor could be 
exacerbating the process, also resulting in PSM. By examining potential causes of 
PSM, we hope to discover if Chinook salmon are physiologically predisposed or if an 
environmental factor such as temperature or parasite burden is responsible. Living 
and freshly dead fish were collected from river and laboratory settings. Necropsies 
were performed and samples were taken for histology. PSM had a higher severity of 
infection when compared to healthy fish sampled along the same time period. These 
findings are consistent with the hypothesis that pathogen burden plays an integral 
role in PSM. Possible role of endocrine system will be discussed. 
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Difference in stress responses between immune and endocrine systems in rainbow 
trout
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Relationship between stress and immunosuppression was investigated in 
peripheral blood leucocytes (PBL) in rainbow trout, with reference to the expression 
of corticosteroid receptors (CRs) and de-sensitization to lipopolysaccharide (LPS) 
and cortisol treatments. Confinement stress under shallow water resulted in a 
sustained elevation of plasma cortisol, whereas immunoglobin and lysozyme levels 
were suppressed. There were decreasing tendencies for the mRNA levels of CRs 
in the PBL of stressed fish. Confinement stress also suppressed the expression of 
pro-inflammatory cytokine, interleukin (IL)-1 beta, in PBL. In vitro treatment of LPS 
on isolated PBL from control trout increased both IL and CR mRNA expression. On 
the other hand, in the PBL from stressed fish, LPS treatment increased only IL-1 but 
not CR expression. In the PBL from control trout, CR mRNA levels were significantly 
elevated in response to cortisol treatment in vitro. However, in the stressed fish, 
CR mRNA levels were not responsive to the cortisol treatment. These results may 
reflect that the immune system was de-sensitized by long term stress and sustained 
cortisol stimulation.
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Inhibition of GR transactivation activity by the MR: A potential regulatory role of 
the MR?
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Two glucocorticoid receptors (GR1 and GR2) and one mineralocorticoid receptor 
(MR) has been characterized in rainbow trout. Despite their structural homology 
and similarities in terms of DNA- and ligand-binding surprisingly little is known 
about interaction between these corticosteroid receptors, even in mammals. Co-
localization of GR1 and MR in osmoregulatory tissue led us to investigate interaction 
between MR and GRs in regulation of corticosteroid-responsive genes. 
Co-transfections of GR1 and GR2 with MR in COS-7 cells were used in combination 
with different GRE-reporters. Specific MR agonism/antagonism, and site-directed 
mutagenesis in the DNA-binding and dimerization domains were applied to study 
the nature of the receptor interactions. A significant dose-dependent inhibition of 
transactivation activity is observed when GRs are co-transfected with MR. The effect 
is promoter-independent and insensitive to MR agonism/antagonism. Mutation 
of the MR DNA binding-, but not dimerization-ability, abolishes the MR mediated 
inhibition of GR transactivation. These results suggest an additionally regulatory 
role for MR - besides ligand dependent transcriptional activation - as inhibitor of GR 
activity in cells were the receptors co-localize.
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Serotonin directly stimulates cortisol secretion from the interrenals in goldfish
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While serotonin (5HT) can stimulate the hypothalamic-pituitary-interrenal stress 
axis in fish, the specific site(s) of 5HT action are poorly understood. In this study, 
goldfish were injected intraperitoneally with either saline or the 5HT1A/7 receptor 
agonist 8-OH-DPAT. Relative to unhandled controls, saline- and 8-OH-DPAT-injected 
fish were characterized by a transient and sustained increase in plasma cortisol 
levels, respectively, but all treatments had similar plasma ACTH as well as pituitary 
POMC and brain preoptic area CRF mRNA levels. To assess the direct actions of 5HT 
on cortisol secretion relative to those of ACTH, head kidney tissue were superfused 
with 5HT, 8-OH-DPAT, cisapride (a 5-HT4 receptor agonist) or ACTH. Overall, while 
ACTH was more potent, all 5HT receptor agonists induced similar 3-fold increases 
in cortisol secretion that were blocked by specific 5HT receptor antagonists. Finally, 
double-labeling with anti-tyrosine hydroxylase and anti-5HT revealed that the 
chromaffin cells of the head kidney contain 5HT. Thus, in goldfish, 5HT can directly 
stimulate cortisol secretion from the interrenals via multiple 5HT receptor subtypes 
and the chromaffin cells may be involved in the paracrine regulation of cortisol 
secretion via 5HT (Supported by NSERC to NJB).
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Gluco- and mineralocorticoids differentially modulate the LPS stimulated immune 
system in Eurasian perch (Perca fluviatilis, L.)

Cédric Mathieu1, Sylvain Milla2, S.N.M. Mandiki1, Patrick Kestemont1
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Corticosteroid pathways and immune system are closely interacting together. Until 
now, few experiments investigated a co-stimulation of both systems. To complete 
our knowledge on the relation linking these two systems, Eurasian perch juveniles 
were injected with either lipopolysaccharide (LPS) from E. coli or a combination 
of LPS and cortisol or 11-deoxycorticosterone (DOC). DOC is evidenced to act 
as a mineralocorticoid in fish. Gills, spleen and blood were sampled on 1, 3 and 
7 days post-injection for evaluation of the immune activity and the expression of 
genes related to corticosteroid pathways. LPS privileged neutrophils instead of 
lymphocytes in blood and regulated the splenic expression of the gene coding for 
TNF-α and, if associated with DOC, for C3 complement. Both corticosteroids inhibited 
the modulation of the expression of TNF-α gene induced by LPS. LPS, associated 
or not with corticosteroids, modulated the expression of the genes coding for all 
the gluco- and mineralocorticoid receptors as well as 11?-HSD2 in the spleen. 
The results support a modulation of corticosteroid and immune relays, especially 
receptors, C3 and TNF-α gene expression. Association of corticosteroids to LPS 
modulated the response induced by LPS only on the expression of some immune 
related gene.
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Role of melatonin and serotonin and its interaction with cortisol and thyroid 
hormones in stress and ease responses of fish

M C Subhash Peter1 

1Department of Zoology, University of Kerala, Kariavattom, Thiruvananthapuram 695 581, 
Kerala, India.
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The actions of melatonin and serotonin in stress and ease responses and their 
interactions with cortisol and thyroid hormones (THs; T3 and T4) are less understood 
in fish than in mammals. Consequently, the effects of melatonin and tryptophan, a 
serotonin precursor, on acid-base, osmotic and metabolic homeostasis and their 
interaction with T3, T4 and cortisol in net-confined and hypoxic fish were examined. 
Physiologic evidences indicate that melatonin and serotonin besides showing their 
own specific integrative roles in physiologic processes modify the pattern of stress 
response in fish. Further analyses showed that melatonin and serotonin with the 
support of cortisol and THs produce compensatory actions on acid-base, osmotic 
and metabolic indices that can reduce the magnitude of stress response. The 
data also clearly indicate that some of the actions of these hormones may require 
the presence of THs and cortisol. Evidence is presented that as part of stress 
adaptation, fish rely on the mechanisms involving inter-hormonal interference that 
reestablishes homeostasis by fine-tuning the physiologic processes.
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The effect of GonazonTM (GnRH analog) on LH and 17α20β-DHP secretion and sperm 
parameters in rainbow trout.

Tomasz Mikolajczyk1, Jaroslaw Chyb2, Henryk Kuzminski3, Florence Legac4, Stefan 
Dobosz3, Andrzej Ciereszko5, Grzegorz Dietrich5, Elisabeth Sambroni4, Anne-Sophie 
Goupil4
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The effect of a single injection of GonazonTM (GnRH analog, Intervet) on LH and 
17α,20β-OHP secretion and sperm parameters in sexually matured rainbow trout 
neomales was investigated. GonazonTM at doses of 16 and 32 μg/kg was injected 
at the beginning, in the middle and at the end of spawning season. Gonadotropin 
hormone (LH), 17α,20β-OHP concentrations were measured in blood plasma 
sampled 0, 1, 2, 4 and 8 days after injection. At the end of each experiment the fish 
were sacrificed and the sperm was analyzed by CASA. Spermatozoa motility and 
their fertilization capacity were evaluated. The highest and most pronounced (up 
to 8 days) stimulation of LH secretion was detected at the beginning of spawning 
season with no differences in potency between 16 and 32 μg of Gonazon dose. The 
later the experiments were done the weaker response of LH secretion and higher 
differences between low and high dose of GonazonTM were observed. Secretion 
profile of 17α,20β-OHP followed exactly that of LH. Despite of elevated LH and 
17α,20β-OHP concentrations no significant differences in sperm parameters were 
detected between Gonazon-treated and control neomales. Our results suggest that 
single injection of Gonazon is unable to significantly improve sperm parameters in 
rainbow trout neomales. 
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In vitro expansion of Nile-tilapia (Oreochromis niloticus) spermatogonial stem 
cells: a potential approach for the production of transgenic fish

Samyra Lacerda1, Mariana Silva1, Guilherme Costa1, Paulo Henrique Campos-Jr1, 
Anderson Santos2, Tânia Segatelli1, Rodrigo Resende2, Luiz Renato França1
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We established recently a novel spermatogonial stem cell (SSC) transplantation 
technique in adult tilapia, which successfully resulted in donor-derived offspring. 
Among other possibilities, this technique represents a very powerful tool for 
producing transgenic animals through transplantation of genetically modified 
SSCs. However, there is no available methodology to prospectively characterize 
and isolate SSCs prior to transplantation in fish. Therefore, several SSCs specific 
markers (ex: GFRA1, NOTCH1, POU5F1, Nanos1 and Nanos2) were evaluated in adult 
tilapia. Subsequently, we investigated the effective long-term culture conditions for 
propagating tilapia SSCs and found that SSCs actively proliferated for at least one 
month, with a doubling time between 3-4 days, as observed by Alamar Blue assay 
and BrDU incorporation. These SSCs remained euploid for at least 10 passages. 
More importantly, immunostaining and RT-PCR analysis showed that cultured 
SSCs retained the expression of GFRA1, POU5F1, Nanos1, Nanos2. In conclusion, 
this study provide the first step in establishing an in vitro system that will allow 
fish SSCs expansion and consequently the development of new biotechnologies in 
aquaculture. In this regard, we are currently transfecting tilapia SSCs using carbon 
nanotubes.

NOTES:



137

Puberty onset in Atlantic salmon - effects of diet and photoperiod

Eva Andersson1, Ingibjörg Einarsdottir2, Lisa Jönsson2, Marcus Johansson2, Thrandur 
Björnsson2, Jan Bogerd3, Rüdiger Schulz3, Geir Lasse Taranger1
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The Kiss/Gpr54 system determines puberty onset in mammals by activating the 
Gnrh/Gnrhr/Fsh-Lh system, and may be influenced by growth and energy balance 
parameters, such as leptin, ghrelin, growth hormone and insulin-like growth factor 
I. This study aims to characterize these systems in Atlantic salmon in context of 
different feeding and photoperiod treatments that modulate puberty entry of 
importance in aquaculture. Salmon were either fed to satiation (HF) or fed ~40% 
of satiation (LF), and subjected to either continuous light (LL) or to natural light 
(NL), creating 4 groups: HF-NL, HF-LL, LF-NL and LF-LL. LF reduced body size, 
condition factor and adiposity. Early puberty of males was reduced from 100% in the 
HF-NL group to 31, 76 and 14% in the HF-LL, LF-NL and LF-LL groups, respectively. 
Both LF and LL affected pituitary fshb transcript levels and plasma sex steroid 
profiles. The first increase in fshb preceded the increase in plasma sex steroid 
levels, supporting that Fsh stimulate puberty entry. Findings will be discussed in 
the context of activation of the Kiss/Gpr54 system and correlated with plasma levels 
of leptin, ghrelin, growth hormone and insulin-like growth factor I. (EU LIFECYCLE 
FP7-222719).
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Continuous light administered during the photolabil period affects hormonal 
regulation of early gametogenesis in prepubertal male sea bass

Rafael Rodríguez, Alicia Felip, Silvia Zanuy, Manuel Carrillo
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In sea bass continuous light (LL) suppress early puberty and recently a photolabil 
period (August-September) has been identified. Here we report the effects of LL on 
gene expression and levels of hormones of the brain-pituitary-gonad axis during this 
period. Results show that the extended release of GnRH1 and GnRH2 likely favors 
the early surge (September) of plasma FSH in controls. On the contrary LL shortens 
GnRHs release delaying the surge plasma FSH. Also this early FSH plasma rise 
coincided with the first increase of spermatogonial mitosis (SPGA), supporting the 
proliferative role of FSH. The inverse correlation between Anti Müllerian Hormone 
(Amh) gene expression and mitosis of SPGA cells supports the claimed inhibitory 
role of Amh on cell proliferation which in turn seems to be upstream regulated by 
the FSH. Besides, high levels of plasma estradiol, testosterone and 11-KT appear to 
be maintained by the increasing levels of FSH. In conclusion apparently high levels 
of GnRHs, rising plasma FSH and high plasma sexual steroids during early or mid 
September are key factors to elicit SPGA cells mitotic proliferation. This concurrence 
of factors is lessen or delayed by LL being responsible for the prevention of male 
precocious puberty. Funded by MICINN grants AGL2006-04672 and AGL2009-1108
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Insulin-like Growth Factors and Myostatin expression in pejerrey during starved/
refeeding periods

Ignacio Simó1, Pablo Botta1, Daniel Fernández2, Silvia Arranz1

1Instituto de Biología Molecular y Celular de Rosario (CONICET-UNR), Área Biología, Facultas 
de Ciencias Bioquímicas y Farmacéuticas, Universidad Nacional de Rosario. 2Centro Austral de 
Investigación Científica (CADIC), Laboratorio de Fisiología, Ecología y Evolución, Ushuaia. 

simo@ibr.gov.ar

Insulin-like growth factors (IGFs) are crucial in the formation and maintenance of 
skeletal muscle. Myostatin is a key negative regulator of skeletal muscle growth 
acting as an inhibitor of myoblast cell cycle progression.
Here we have examined the gene expression changes in muscle of juvenile pejerrey 
(Odontesthes bonariensis) under fasting and re-feeding conditions. As a result of 
gene expression-analysis by real time PCR we observed decreased levels of IGF-I 
and myostatin in starved fish compared to control group. After refeeding IGF-II 
levels were significantly lower than controls but IGF-I and myostatin did not differ 
from controls. To gain insight into muscle growth parameters, a comparison of 
the number and fibre size in starved and normal fish was performed. A significant 
increase in the percentage of new fibres was observed after starving.
The data showed that IGF-I and IGF-II act in different stages of muscle growth in 
response to starved/refeeding periods. A significant decreased in myostatin levels 
during starvation could be associated with muscle progenitor cell proliferation.
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A novel growth hormone secretagogue designed by molecular modeling exhibits 
enhanced growth activity

Rebeca Martinez; Kenia Ubieta; Fidel Herrera; Osvaldo Reyes; Mario Pablo Estrada
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In teleosts fish secretion of growth hormone is regulated by several hypothalamic 
factors there is an interaction between immune and endocrine systems through 
hormones and cytokines. GH in fish is involved in many physiological processes. 
The aim of this study has been the evaluation of the decapeptide A233 designed by 
molecular modeling, as growth hormone secretagogue, in pituitary cell culture A233 
induces GH secretion and it is able to increase superoxide production in tilapia head-
kidney leukocyte cultures. This effect is blocked with growth hormone secretagogue 
receptor antagonist. Immunoneutralization of GH blocked the stimulatory effect 
of A233 on superoxide production; it proposes a growth hormone-mediated 
mechanism for the action of A233. In vivo biological action of the decapeptide was 
also demonstrated for the growth stimulation in goldfish and tilapia larvae and some 
parameters of the innate immune system were studied. A233 is able to function as 
a growth hormone secretagogue in teleosts and enhance parameters of the innate 
immune system in the fish larvae.
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P1.-Characterization of novel RFamide peptides in the central nervous 
system of the brown hagfish.

Tomohiro Osugi1, Katsuhisa Uchida2, Masumi Nozaki2, Kazuyoshi Tsutsui1

1Department of Biology and Center for Medical Life Science, Waseda University, Tokyo 162-
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RFamide peptides play various important roles in the central nervous system in both 
invertebrates and vertebrates. However, there is no evidence of the existence of any 
RFamide peptide in the brain of hagfish, one of the oldest lineages of vertebrates. 
In this study, we identified two types of cDNAs encoding novel RFamide peptides 
which had the C-terminal Pro-Gln-Arg-Phe-NH2 motif in the brains of hagfish 
Paramyxine atami by cDNA cloning, and the mature peptides by immunoaffinity 
purification and mass spectrometry. Molecular phylogenetic analysis indicated that 
the hagfish RFamide peptides belong to the PQRFamide peptide group that includes 
mammalian neuropeptide FF and AF. The hagfish PQRFamide peptide precursor 
mRNA and its translated peptides were localized in the infundibular nucleus (IN) of 
the hypothalamus. Immunoreactive fibers were terminated on blood vessels in the 
IN. One of the hagfish PQRFamide peptides significantly stimulated the expression of 
gonadotropin beta mRNA in the cultured hagfish pituitary. These results indicate that 
the control mechanism of gonadotropin expression by a hypothalamic neuropeptide 
evolved in the agnathan brain. This is the first evidence describing the identification 
of RFamide peptides in the hagfish brain.
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P2.-Kiss1r in the forebrain of three populations of the genus Chirostoma.

Mónica Chávez Maldonado1, Jorge Eduardo Campos Contreras2, Antonio Campos-
Mendoza3, Carlos Cristian Martínez-Chávez4, Rodolfo Cárdenas Reygadas1.
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KiSS-1/Kiss1R is a ligand-receptor system, identified in the reproductive axis in 
vertebrate. The Kiss1 receptor (Kiss1R) is a receptor coupled to G proteins. In this 
study, adult male and female fish from two species of the genus Chirostoma were 
collected: C. humboldtianum from Zacapu lagoon (Mich., Mex), C. estor estor from 
an experimental hatchery unit, (IIAF UMSNH) and C. estor copándaro from Zirahuen 
Lake (Mich., Mex.). The brains were removed and kept in RNAlater. Total RNAs were 
extracted with Trizol reagent. cDNAs were synthesized using a commercial kit. For 
PCR amplification, the primers used with two set originally designed according the 
consensus sequences for Kiss1R reported in Gen Bank. The partial sequences of 
Kiss1R in the three populations of Chirostoma were approximately 500 bp which 
include parts of the transmembrane domain III to the transmembrane domain VI 
receptor. The sequences obtained from the three populations are identical indicating 
the close proximity between them. The identity for Kiss1R from Chirostoma was 92% 
and 88% compared with Odontesthes bonariensis and Haplochromis, respectively. 
Our results further support the common close origin of the studied species and the 
importance of the KISS-1/Kiss1r system in teleosts and vertebrates alike.
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P3.-The effects of human Kisspeptin on LH secretion in Prussian carp 
[Carassius gibelio (Bloch, 1782)].

Grzegorz Gosiewski, Miroslawa Sokolowska-Mikolajczyk, Magdalena Socha
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The aim of the experiments was to check the in vivo and in vitro influence of 
human kisspeptin on LH secretion in sexually regressed females of Prussian 
carp (Carassius gibelio). For in vivo study human Kisspeptin (Kiss-1) (0.1 mg/kg), 
GnRH analogue [D-Ala6] LHRH (20 µg/kg), dopamine antagonist (Pimozide) (10 
mg/kg) were used alone or in combinations. At 3, 6, 12, 24 hour after injection(s) 
blood samples were collected from all fish. LH levels were measured in plasma 
with the use of ELISA method. For in vitro experiment pituitary cells from Pimozide 
and saline injected fish were enzymatically disspersed and incubated with Kiss-1 
(10-6 to 10-9 M) and/or GnRH-A (10-7 M). After 24 hours of incubation media were 
collected for LH determination. Kiss-1 did not show any significant effect on the 
spontaneous LH secretion. The combination of Kiss-1 with Pimozide or with GnRH-A 
showed the potentiation of LH secretion by Pimozide or GnRH-A in Kiss-1 treated 
fish. The combination of pimozide, GnRH-A, and Kiss-1 was less effective than the 
GnRH-A and pimozide given together. In vitro experiment showed that the Kiss-1 at 
the concentration of 10-9 M was the most effective in the stimulation of LH release 
from pituitary cells originating both from control and Pim-injected fish.
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P4.-The GnRH system in the black sea bass (Centropristis striata), a 
hermaphroditic teleost.

Scott J. Morin1, Wayne A. Decatur1, Timothy S. Breton2, David L. Berlinsky2, Stacia A. 
Sower1.
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Black sea bass are protogynous hermaphroditic teleosts that change from females 
to males between 2 and 5 years of age. In captivity, sex change may be hastened 
(precocious development), which poses a significant problem for aquaculturists. As 
an initial step in understanding the underlying neuroendocrine mechanisms of this 
sex change, we determined the deduced primary structure and tissue distribution 
of GnRH. To accomplish this objective, RNA was extracted from adult male black 
sea bass brains and cDNAs encoding GnRH2 and GnRH3 were amplified and cloned 
using primers based on teleost GnRHs. The deduced sequence reveals that the two 
GnRHs have typical signal peptides, processing sites, and GAP regions. Examination 
of GnRH2 and GnRH3 RNA expression in various tissues of black sea bass at three 
different reproductive stages showed that GnRH3 is more widely distributed 
compared with GnRH2. Ongoing studies on the role of these GnRHs during sex 
change will provide key information on the underlying neuroendocrine mechanisms 
of reproduction of black sea bass and assist in management of this important 
commercial fish species. Funding Support: AES NH00571 & NH00566; NSF IOS-
0849569; and UNH CME & SURF.
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P5.-Molecular characterization of Kisspeptins in Odontesthes bonariensis.
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During the last seven years the Kisspeptin system has been studied mainly in fish 
and mammals due to its importance in reproduction and puberty. The objective of 
this study was to characterize this system in an atherinopsidae fish, O. bonariensis, 
commonly named as pejerrey. Adult pejerrey from the IIB-INTECH broodstock 
were sacrificed, the brain and pituitary gland removed and stored separately at 
-80°C until RNA extraction. We have first obtained short fragments of kisspeptin1 
(kiss1), kisspeptin2 (kiss2) and kisspeptin receptor (kissR) using consensus and 
degenerated primers. The obtained fragments were 127 pb for kiss1, 275 pb for 
kiss2 and 873 pb for kissR. Then, the 3´ and 5 énds were amplified by the Rapid 
Amplification cDNA Ends (RACE) method using specific primers for kiss1, kiss2 and 
kissR. In addition, specific primers were used for studying kisspeptins and kissR 
tissue distribution. The phylogenetic analyses of kiss1, kiss2 and kissR will be 
presented. Pejerrey kisspeptins and kissR partial sequences showed high homology 
to kisspeptins mRNA from Perciform species.
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P6.-Expression profiles of kisspeptin system genes in the hypothalamus of 
the European sea bass during different gonadal stages.

María Victoria Alvarado, Manuel Carrillo, Alicia Felip
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Kisspeptins are now considered as key players in the neuroendocrine control of 
reproduction in vertebrates. The European sea bass (Dicentrarchus labrax) has two 
kiss genes (kiss1, kiss2) and two gpr54 receptors (gpr54-1b, gpr54-2b) that have 
been recently cloned and characterized. In this study, the relative mRNA expression 
profiles of kisspeptin system genes in the hypothalamus of adult male and female 
fish were analyzed in relation to the reproductive status using qRT-PCR. We also 
analyzed the expression of gnrh-1 in the hypothalamus and gnrhr-II-1a, fshβ and lhβ 
in the pituitary in order to investigate the relationship between both kisspeptin/gnrh 
systems in this perciform fish. Results demonstrated that the patterns of changes in 
all these genes followed the profile of the gonadosomatic index increase in females, 
showing high expression levels at the vitellogenesis and maturation-ovulation 
stages. In males, the tight association between these two neuroendorcine systems 
and the involvement of kisspeptins in the puberty onset was not evident. To date, the 
reproductive function of kisspeptins in fish merits further investigation. Funded by 
grants AGL2009-11086 and CSD2007-00002 from MICINN and PROMETEO/2010/003 
from GV. M.V.A. was supported by a FPI fellowship from MICINN (Spain).
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P7.-GnRHir and melatonin receptors in the brain of the catfish, bagre sierra, 
Oxydoras sifontesi.
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O. sifontesi has an annual gonadal cycle related to changes in the environmental 
conditions of Venezuelan floodplain. In fish, physiological data suggested an 
involvement of melatonin (Mel) in the synchronization of rhythmic processes, like 
the reproductive cycle and behaviour. In this work we aimed to localize Mel receptors 
(MelR) and GnRH producing neurons in the telencephalon (Tel) and diencephalon 
of O. sifontesi. Receptor autoradiography (AR) with 2-[125I] iodomelatonin and 
immunohistochemistry using anti-LHRH antibody, were chosen to study MelR and 
GnRHir neurons respectively. MelR and GnRHir were detected in dorsal and ventral 
Tel. GnRHir somas were located in all nuclei of POA, however, MelR were only 
detected in the nucleus parvocellularis anterioris and preopticus magnocellularis. 
In the hypothalamus (H), high density of GnRHir somas and MelR were located in 
anterioris and lateralis tuberis nuclei. The presence of GnRHir neurons and MelR 
in common areas of the H, suggests that both systems could associate to modulate 
the pituitary secretions. These findings agree with the concept that Mel has a role in 
the modulation of the production of GnRH in this species like has been reported in 
various species of teleosts. Supported by grants from CDCH-UCV.
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P8.-Localization of Gonadotropin-Inhibitory Hormone (GnIH) neurons in the 
brain of zebrafish (Danio rerio).
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Gonadotropin-inhibitory hormone (GnIH) inhibits the release of follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH) and reduces the firing rate of 
gonadotropin-releasing hormone (GnRH) neurons. However, very little research has 
focused on GnIH ś molecular mechanisms of action (MOA), particularly in teleosts. 
To elucidate GnIH ś MOA, we localized GnIH gene and protein expression in the 
zebrafish (Danio rerio) brain and began developing a transgenic line, expressing a 
fluorescent protein specifically in GnIH neurons. Whole-mount in situ hybridization 
(using a DIG-labeled antisense riboprobe for the gnih ORF) on 24 and 48 hours post-
fertilization (hpf) embryos and immunohistochemistry (using a polyclonal antibody 
against the GnIH precursor) on 72 hpf embryos revealed hypothalamic expression. 
Our observations reveal that GnIH is expressed in close proximity to GnRH3 neurons. 
As part of generating a GnIH:eGFP Tg line, we demonstrated transient eGFP 
expression in GnIH neurons of embryos (using a bacterial artificial chromosome 
(BAC) construct and the Tol2 transposon), which corroborated with the hybridization 
and immunohistochemistry results. Altogether, these results indicate potential 
structural and functional relationships between GnRH3 and GnIH in teleosts.
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P9.-Gonadotropin inhibitory hormone mediated control of gonadotropin 
production in goldfish.
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While there is evidence that the LPXRF-amide peptide gonadotropin (GTH)-inhibitory 
hormone (GnIH) may inhibit GTH production in some species, its physiological 
significance is not fully understood. We have investigated the effect of goldfish (g)
GnIH on basal and GnRH-induced LH release, and pituitary LH-β, FSH-β, and GnIH 
receptor (GnIH-R) expression, in vivo and in vitro in goldfish. Injection with gGnIH 
had variable effects on serum LH levels and pituitary expression of LH-β and 
FSH-β subunits in a seasonally dependent manner. gGnIH also affected sGnRH- 
and cGnRH-II-induced GTH expression differentially and in a seasonally dependent 
manner. Injection with gGnIH inhibited GnIH-R expression, while GnRH treatment 
increased its expression in mid and late stages of recrudescence. In vitro, gGnIH did 
not affect basal, but selectively affected cGnRH-II-induced, LH release in perifused 
goldfish pituitary cells. The results demonstrate for the first time that in goldfish 
gGnIH response is dependent on 1) dose 2) reproductive stage and 3) mode of 
administration. Overall, the findings support the hypothesis that GnIH plays a role in 
the seasonal regulation of brain-pituitary function and the control of reproduction in 
goldfish. (Supported by NSERC.)
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P10.-Kisspeptin/GPR434 expression in the brain of the European sea bass.

Sebastian Escobar1, Felipe Espigares Puerto1, Alicia Felip1, Silvia Zanuy1, Marie-
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Kisspeptins are considered key players in the neuroendocrine control of puberty 
and reproduction in mammals. Kiss genes, as kiss receptor genes, are present in 
vertebrates and derived from an ancestral gene that underwent gene duplication 
followed by gene losses. In most fish species two kiss genes (kiss1 and kiss2) and 
two kiss receptor genes (kiss1r and kiss2r) are identified but the organization and 
the functions of these systems are still poorly understood. With the aim to investigate 
whether both kiss genes are involved in the neuroendocrine control of reproduction 
in fish we investigate Kisspeptin/GPR434 expression in the European sea bass 
(Dicentrarchus labrax), a highly evolved Perciform fish. We also investigated whether 
Kiss neurons have any special relationships with the GnRH neurons and express 
estrogen receptors. Finally, the nature of the abundant cells expressing kiss2r was 
studied using combination of in situ hybridization and immunohistochemistry. The 
main kiss1 expression site is the habenula, whereas kiss2 mRNA is mostly observed 
at the lateral recess in both species. No sexual dimorphism was observed but an 
additional kiss1 expressing cells population was reported into the mediobasal 
hypothalamus in sea bass during the spawning period. A few kiss2 cells of the 
preoptic region could make synaptic contact with the hypophysiotrophic GnRH 
neurons. The kiss population sensible to estrogens is in the ventral hypothalamus 
and corresponds to a kiss1 cell population. Our findings suggest that both kiss1 
and kiss2 genes in sea bass would be more likely to participate in the regulation of 
reproduction.

Supported by EU Project LIFECYCLE (FP7-222719-1).
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P11.-Central ventilatory and cardiovascular actions of calcitonin gene-
related peptide in trout.

Jean-Claude Le Mevel1, Frédéric Lancien1, Nagi Mimassi1, Marc Kermorgant1, J. 
Michael Conlon2.
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The present study was undertaken to compare the central and peripheral actions 
of of trout CGRP (5-50 pmol) on ventilatory and cardiovascular variables in the 
unanesthetized rainbow trout. Compared to vehicle, intracerebroventricular 
(ICV) injection of CGRP elevated the ventilation frequency (VF) and the ventilation 
amplitude (VA) and the total ventilation (VTOT). The maximum hyperventilatory 
effect of CGRP (VTOT: + 300 %), observed at a dose of 50 pmol, was mostly due to 
its stimulatory action on VA (+ 200 %) rather than VF (+ 30%). In addition, CGRP 
produced a dose-dependent increase in mean dorsal aortic blood pressure (PDA) 
(50 pmol: + 40 %) but the increase in heart rate (HR) was not significant. Intra-
arterial (IA) injections of CGRP were without effect on the ventilatory variables but 
significantly elevated PDA (50 pmol: + 36%) without changing HR. At the highest 
dose tested, this hypertensive phase was preceded by a hypotensive response. In 
conclusion, our study suggests that endogenous CGRP within the brain of the trout 
may act as a potent neurotransmitter and/or neuromodulator in the regulation of 
cardio-ventilatory functions. In the periphery, endogenous CGRP may act as local 
and/or circulating hormone preferentially involved in vasoregulatory mechanisms. 
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P12.-Nesfatin-1 modulates the hypothalamo-pituitary-interrenal axis in 
goldfish.

Vi Pham, Brent Kerbel, Ronald Gonzalez, Suraj Unniappan

York University, Toronto, Ontario, Canada

phamv3@yorku.ca

Nesfatin-1 is a novel metabolic hormone encoded in nucleobindin-2 (NUCB2). 
Nesfatin-1 co-expresses CRF in the brain, and stimulates both ACTH and cortisol 
secretion in rats. The main aim of my research is to understand the relationship 
between the stress/hypothalamo-pituitary-interrenal (HPI) axis and nesfatin-1 in 
goldfish. Immunohistochemical studies reveal nesfatin-1 colocalizing with CRF 
receptor 1 in the hypothalamic neuronal perikarya and in the pituitary. Abundant 
nesfatin-1 immunoreactivity was found in ACTH-immunopositive pituitary 
corticotropes. Netting stress for 10 minutes followed by 5 minutes of restraint stress 
upregulates NUCB2 mRNA expression by 50% in the hypothalamus and by 150% in 
the forebrain. Intracerebroventricular injection of goldfish synthetic nesfatin-1 into 
the third ventricle of the brain caused a significant ~4-fold increase of CRF mRNA 
expression at 30 minutes post-injection. Intraperitoneal injection of nesfatin-1 
resulted in a significant 2-fold increase in serum cortisol levels at 15 minutes post-
administration. Together, my results indicate that nesfatin-1 is a stress-responsive 
protein that could modulate the brain, pituitary and interrenal tissues of the HPI axis 
in fish, possibly through endocrine, autocrine and/or paracrine actions. S3 S13 
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P13.-Secretoneurin in the brain of an electric fish: localization and putative 
functional role.

Paula Pouso1,2, Laura Quintana2, Gabriela C. López4, Gustavo M. Somoza4, Vance 
Trudeau5, Ana Silva2,3.
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Secretoneurin (SN) is a secretogranin-II derived neuropeptide found in central 
and peripheral neuroendocrine cells and neurons. In goldfish, SN is present in the 
CNS and it has been shown to be both a neuroendocrine and paracrine regulator 
of luteinizing hormone release. In the weakly electric fish, Brachyhypopomus 
gauderio basal electromotor output rate shows vasotocin-dependent modulations. 
Here we identify the presence of SN in the brain of B. gauderio and found that SN 
may modulate electrical behavior. SN-immunoreactivity (SN-ir) was evident in both 
parvocellular and magnocellular cells of the preoptic nucleus with fibers projecting 
to the neurohypophysis suggesting that SN could be released into circulation. 
These SN-ir fibers colocalize with isotocin (fish homolog of mammalian oxytocin) 
and suggest that both neuropeptides are co-released. Some adenohypophyseal 
cells also showed SN-ir. SN-ir fibers were detected in the hindbrain where the 
electromotor pacemaker nucleus (PN) lies. In an in vitro preparation (500-µm thick 
brain slice containing the PN), goldfish SN (1µM) affected the spontaneous PN firing. 
These data show that B. gauderio is an advantageous neuroethological model to test 
novel functions of SN.

CSICI+D2010-PEDECIBA-Uruguay/ANPCyT-CONICET-Argentina/NSERC-Canada
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P14.-Serotonin modulates proliferation of radial glial cells in the 
hypothalamus of adult zebrafish (Danio rerio).
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Serotonin (5-HT) is a major neurotransmitter in the central nervous systems. 
In teleost fish, 5-HT neurons have a wide distribution and are abundant in brain 
regions exhibiting proliferative activity, such as the hypothalamic nucleus of the 
posterior recess (NRP). In order to understand the functional link between 5-HT 
and neurogenesis in fish, we combined neuroanatomical and BrdU experiments in 
adult zebrafish. We focused our investigation in the NRP which contains radial glial 
cells (RGC) that actively divide. Using a transgenic zebrafish line expressing GFP in 
RGC, we showed that 5-HT neurons were positioned between the ventricle and the 
RGC and were of the cerebrospinal fluid-contacting type. In vivo BrdU incorporation 
experiments have demonstrated that 5-HT neurons could be generated from RGC. 
5-htr1ab mRNA were visualized in the NRP close to/or in RGC. To investigate whether 
the 5-HT modulates the proliferation, p-chlorophenylalanine (pCPA) treatments 
designed to reduce endogenous 5-HT were performed. The number of proliferating 
cells significantly decreased in the NRP after pCPA administration. These results 
suggest a close functional relationship between 5-HT neurons, RGC and proliferative 
activity in the zebrafish brain. 
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P15.-Central pituitary adenylate cyclase - activating polypeptide (PACAP) 
and vasoactive intestinal peptide (VIP) decrease baroreflex sensitivity in 
trout.

Frédéric Lancien1, Nagi Mimassi1, J. Michael Conlon2, Jean-Claude Le Mével1.
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Previous studies in trout have shown that intracerebroventricular (ICV) injections of 
picomolar doses of trout PACAP, but not VIP, produce a slight but significant increase 
in mean dorsal aortic blood pressure with no significant change in heart rate. 
The lack of heart rate response to elevation of blood pressure suggests that the 
baroreflex sensitivity (BRS) may be depressed following ICV PACAP. Consequently, 
the aim of this study was to examine in our experimental model, the unanesthetized 
rainbow trout, whether PACAP and VIP are involved in the regulation of the cardiac 
baroreflex sensitivity (BRS). For this purpose, we investigated the effects of 
intracerebroventricular (ICV) and intra-arterial (IA) injections of trout PACAP and 
VIP (25-100 pmol) on BRS in trout. Cross spectral analysis techniques were employed 
to calculate the BRS. Compared with vehicle, ICV injections of trout PACAP and trout 
VIP dose-dependently reduced cardiac BRS to the same extent. When injected IA 
at the same doses as for ICV injections, only the highest dose of VIP significantly 
attenuated BRS. Our findings indicate new roles for PACAP and VIP, functioning as 
neurotransmitter or neuromodulator peptides, in the control of neural pathways 
involved in the cardiac baroreflex sensitivity in trout.

NOTES:



158

P16.-MT1 and Mel1c melatonin receptor subtypes in tropical catfish, bagre 
sierra Oxydoras sifontesi: Cloning and mRNA expression in various tissues 
of during the gonadic maturity cycle

Gilmer Vanegas1, Jack Falcón2, Anabel Espinoza1, Elizabeth Cardillo1, Rubén Carvajal1, 
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In fish, melatonin has been involved in the control of seasonal reproduction and 
other important physiological processes. Melatonin receptors (MelR) are expressed 
in neural and peripheral tissues and mediate melatonin actions on circadian and 
photoperiodic control of fish reproduction. Partial sequences of MelR MT1a 
and Mel1c were cloned to study gene expression and distribution in central and 
peripheral tissues during the reproductive cycle, using semi quantitative RT-PCR. 
We found expression of MT1 and Mel1c mRNAs, in female specimens from early to 
advanced ovarian maturity stages, in all brain structures studied (telencephalon, 
hypothalamus, optic tectum and cerebellum). In the pituitary, however, only MT1 
mRNA was detected. Interestingly, gonadic tissue from both sexes expressed the 
two MelR transcripts, in all maturity stages studied. No day/night differences were 
found in mRNA expression, neither in brain structures nor in gonadic tissues. Both 
receptors mRNA were found expressed in the peripheral tissues assayed (liver, skin 
and gills). The expression of two MelR subtypes at all levels of the neuroendocrine 
reproductive axis strongly supports the involvement of melatonin in the reproductive 
function of Bagre Sierra. Supported by CDCH-UCV-0969752007. 
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P17.-Characterization of melatonin binding sites in the hypothalamus and 
optic tectum of the catfish Oxydoras sifontesi.
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In fish, melatonin has been demonstrated to affect physiological and behavioral 
events such as seasonal reproduction. These effects seem to be mediated by 
specific melatonin receptors. In this work we aimed to characterize the melatonin 
receptors in the hypothalamus (H) and optic tectum (OT) of O. sifontesi by receptor 
autoradiography (AR) and by radioreceptor binding assay (RBA) using 2-[125I] 
iodomelatonin (I-mel) as radioligand. By AR, the presence of melatonin binding sites 
in both areas was revealed. Particularly intense staining was found in H, at nuclei 
anterioris and lateralis tuberis; and in OT at the isthmus. RBA shows the higher 
specific binding in the OT (4.87 fmol/mg prot), compared to the H (0.94 fmol/mg prot). 
Saturation experiments demonstrated that the specific binding reached a plateau 
near 200 pM I-mel. KD values, in both structures, were in the picomolar range, 
which suggest the presence of high affinity melatonin binding sites. Furthermore, 
1 mM GTP?S significantly decreased the specific binding of I-mel to H and OT 
membranes to 61% and 53% respectively. These results suggest that melatonin 
plays neuromodulatory roles in the catfish brain via G protein-coupled melatonin 
receptors. Supported by FONACIT (2002000292) & CDCH-UCV (0969752007). 
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P18.-Characterization of pituitary adenyl cyclase activating polypeptide 
(PACAP) and growth hormone-releasing hormone (GHRH) in pejerrey 
(Odontesthes bonariensis).

Mauricio Kraemer, Pedro Gómez-Requeni, Luis Fabián Canosa,
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Both PACAP and GHRH stimulate growth hormone (GH) secretion in teleost fish. 
The aim of this work was to characterize these peptide sequences in pejerrey 
(Odontesthes bonariensis) and to analyze their expression levels under different 
physiological conditions known to affect growth and/or GH secretion in fish. First, 
we have cloned the full length cDNA for pjPACAP and pjGHRH by RT-PCR and 3’ and 5’ 
RACE. Sequences of pjGHRH and pjPACAP yielded respectively 70% and 75% identity 
compared to other fish species. Both transcripts were expressed in the brain and 
pjGHRH mRNA was also expressed in the liver. In situ hybridization studies revealed 
pjPACAP expression in the dorsal and ventral areas of the telencephalon (TEL) 
and in the antero-ventral part and the diffuse nucleus of the inferior lobe (NDLI) 
of the hypothalamus (HYP) whereas pjGHRH was found in the olfactory bulb, the 
dorsal TEL, the preoptic area, the ventral and tuberal HYP and the NDIL. Estradiol 
administration (50µg/gr) significantly increased pjGHRH expression but had no 
effect on pjPACAP expression. Effects of water temperature and increasing dietary 
lipid content were also tested revealing a differential regulation which suggests 
differences in peptide functionality. Grants: PICT06-74, PICT10-1493, PIP271.
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P19.-Studies on the brain-pituitary-ovaries axis of Steindachneridion 
parahybae (Siluriformes: Pimelodidae) females when reproductive migration 
is blocked.
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Steindachneridion parahybae is a freshwater catfish endemic to the Paraíba do 
Sul River Basin, Brazil, classified as an endangered Neotropical species. We 
investigated the brain-pituitary-ovaries axis in S. parahybae in captivity. GnRH and 
GtH cells were visualized by immunocytochemistry and molecular weight (MW) were 
measured by western blot. Plasma levels of sex steroids were quantified by ELISA. 
cfGnRH neurons were found in the forebrain, extending in rostrocaudal direction 
from telencephalon to caudal hypothalamus, including ventral hypothalamus 
fibers and hypophyseal stalk. cIIGnRH neurons are restricted to anterior dorsal 
midbrain tegmentum, close to ventricular surface. Positive immunostaining was 
observed only for LH (mummichog antisera). MW was 18 (FSH), 19 (LH), 9 (cfGAP) 
and 26kda (cGAP-II). Estradiol and testosterone levels were essential for oocytes 
development, and seem not to be the cause of reproduction failure, but the low levels 
of 17α-hydroxyprogesterone suggest that reproductive failure of S. parahybae can 
be due to progestogens dysfunction. 11-ketotestosterone levels were higher in 
vitellogenic stage, suggesting an involvement in S. parahybae reproduction. This 
data provide important tools for further investigations of reproduction of this 
threatened catfish.
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P20.-Isolation of partial sequence of the growth hormone of pituitary 
Chirostoma humboldtianum.

Humberto Gallegos, Monica Chavez Maldonado, Rodolfo Cardenas Reygadas.

Laboratorio de Endocrinología de Peces, Unidad de Morfología y Función, F.E.S. Iztacala, 
U.N.A.M., CP. 54090. Tlalnepantla, Edo de Mexico. Mexico. 

rodolf@unam.mx

The Silverside Chirostoma humboldtianum is an endemic fish from central 
highlands and western of Mexico. Traditionally, Chirostoma genus has been used as 
fed in Mexico. Growth hormone (GH) is key polypeptide for growth and development 
of vertebrates. Besides its role in somatic growth, in fish, GH participates in other 
physiological events such as reproduction and osmoregulation in euryhaline fish. 
In this study, adult male and female fish from Chirostoma humboldtianum were 
collected from Zacapu lagoon (Mich., Mex). The pituitaries were removed and kept in 
RNAlater. Total RNAs were extracted with Trizol reagent. cDNAs were synthesized 
using a commercial kit. For PCR amplification, the primers were designed according 
the consensus sequences of fish GH reported in Gen Bank. The product was purified 
through Qiagen column system and sequenced in an ABY system 3600 sequencer. 
The partial sequence of GH was of 501 bp which includes from 26 to 192 residue of 
the hormone. The Chirostoma humboldtianum GH sequence is 96% similarity with 
GH of Odontesthes bonariensis (AA031982.2), O. argentinensis (AF236091.1) and O. 
hatcheri (ACM47741.1) and 92% with Siniperca scherzcri (ABP02006.1).
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P21.-Pituitary gland morphology and distribution of adenohypophyseal cells 
in Astyanax altiparanae (Teleostei, Characifomes).
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Pituitary gland in teleost fish may present morphofunctional modifications 
depending on fish species, sex, age and reproductive status. In this study, we 
characterized the pituitary morphology and the distribution of adenohypophyseal 
cells in Astyanax altiparanae. This is a small Characiform, important for Brazilian 
aquiculture, which became a potential native species for reproductive and 
ecotoxicological studies. Pituitaries of five males were collected, fixed in Bouin 
and processed for histology. Sections were stained with Mallory trichrome, PAS, 
and submetted to immunoperoxidase with anti-sGH, PRL, SL, bFSH, bLH, hACTH 
and TSH antisera. Pituitary of A. altiparanae has an oval shape and is connected to 
hypothalamus by a short and thin stalk. The gland is composed by neurohypophysis 
(NH) and adenohypophysis (AH). AH is divided in three lobes, RPD, PPD and PI. RPD 
is composed by numerous PRL cells, and ACTH cells were present mainly around the 
NH branches. In PPD, isolated GH cells and numerous PAS positive bLH and bFSH 
cells were detected. TSH cells were not immunostained by anti-hTSH. In PI, SL and 
MSH cells distributed in lobes formed by NH branches were detected. This pattern 
of pituitary gland organization is similar to that found in other Characiformes.
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P22.-Characterization of gonadotropin response to dopamine and GnRH in 
tilapia.
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The inhibitory effect of dopamine on LH secretion in teleost is well documented while 
studies on the dopaminergic effect on FSH secretion are scarce. In the current study 
we examined the expression of the dopamine D2 receptor (DRD2) in gonadotrophs 
and the effect of dopamine on gonadotropin secretion.
Using a combination of in situ hybridization and immunofluorescence we investigated 
the expression of DRD2s on the gonadotrophs of mature tilapia. Confocal microscopy 
analysis revealed DRD2 to be widely expressed in LH cells; however, we could not 
identify dopamine receptor expression in FSH gonadotrophs. When applied in 
vivo, the dopamine agonist quinpirole was very potent in inhibiting the secretion 
of LH but did not affect plasma levels of FSH, both in the presence or absence of 
GnRH. Metoclopramide, a dopamine D2 antagonist, elevated LH plasma levels and 
enhanced the response of LH to GnRH but had no effect on FSH secretion. Taken 
together, these results suggest that the role of dopamine in the regulation of FSH 
is negligible in comparison to its effect on LH. Research is now concentrated on 
further characterization of the effect of different secretagogues on the secretion 
and gene expression profiles of FSH.
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P23.-Hormonal changes during sex inversion in young dusky grouper 
Epinephelus marginatus (Teleostei: serranidae).
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Young Epinephelus marginatus were sexually inversed using nonsteroidal aromatase 
inhibitor (AI) (letrozole, 100ug/kg) or synthetic androgen (methyltestosterone; MT, 
15 mg/kg) during 90 days. Plasma sexual steroids and immunostaining of pituitary 
gonadotropic cells (GC), using chum salmon antibodies, were analyzed. The results 
showed that follicle-stimulating (FSH) and luteinizing hormones (LH) were produced 
in different cells and the semi-quantitative analysis revealed no differences in 
immunostaining in FSH and LH cells during sex inversion. However, while in control 
fish FSH cells were restricted to pars intermedia (PI) of adenohypophysis, in fish 
treated with AI and MT they were present in PI and proximal pars distalis (PPD). 
Estradiol levels did not change in fish treated with AI but decreased in animals treated 
with MT. Testosterone (T) levels progressively increased in AI and MT fish during the 
first 60 days, decreasing in the end, while in AI group, 11-ketotestosterone profile 
was inverse of T profile. Histological analysis of the gonads showed that in young E. 
marginatus sexual inversion was more efficient using MT than AI. The differential 
distribution pattern of GC in experimental fish suggests that the involvement of 
gonadotropins in sex inversion must be investigated.
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P24.-Role of prolactin in the cytotoxic activity of non-specific-cytotoxic-cells 
of Atlantic salmon.
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Natural killer cells (NK) are involved in the defence against viral infections and 
tumoral cells. A subpopulation of NK cells has been described in teleost, the non-
specific cytotoxic cells (NCCs), proposed to constitute the evolutionary precursors 
of mammalian NK cells. With the aim to characterize NCCs, a population of small 
cells were purified and the presence of several cell marker proteins very similar to 
mammalian NK cells were detected by RT-PCR in Salmo salar. 
On the other hand, in our laboratory since years we study the effect of prolactin 
(PRL) on the immune system and showed that this protein seems to be a good 
immunostimulant in salmon. First we purified PRL from pituitary of salmon, with 
two different chromatographic methods. To evaluate the effect of PRL in the NK 
activity, head kidney cells were treated with PRL at different concentrations, and 
the cytotoxic activity was measured by flow cytometry. Results revealed that PRL 
is capable to stimulate the cytotoxic activity. In parallel we analysed the effect or 
PRL on the innate immune response, via measuring of different markers by RT-
qPCR. This is the first study about NCCs in salmon and PRL as stimulant of cytotoxic 
activity. 
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P25.-Impacts of intersex in rainbow darters in the Grand River watershed in 
Ontario, Canada.
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The Grand River in the area of Kitchener-Waterloo, Ontario, Canada has been 
shown to have a high incidence of intersex in male fish downstream of wastewater 
treatment plants (WWTP). While this high rate of intersex is associated with 
decreases in androgen production and delayed gonad development, it is unclear 
whether there is a direct impact on reproductive capability. The purpose of this 
study was to determine if intersex severity is associated with reduced reproductive 
success in Rainbow Darters (Etheostoma caeruleum). Fish were collected directly 
downstream of the Kitchener WWTP, at reference sites directly upstream of the 
WWTP and upstream of the city limits. Sperm count, fertilization success, and 
embryo survival of artificial crosses within a sampling site were analyzed in the field 
to evaluate reproductive success. These same measures, along with reproductive 
behaviour were assessed in fish acclimated in the laboratory. While sperm count 
did not differ between sampling sites in the field or laboratory, fertilization success 
and embryo survival were lower in fish collected from the WWTP exposure site. The 
relationships between intersex severity and fertilization success, embryo survival, 
and reproductive behaviour are being developed (Supported by NSERC to MRS). 
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P26.-GnRH and GtH cells of juvenile fish are affected by endosulfan, a widely 
used organochlorine pesticide.
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The organochlorine insecticide endosulfan (ES) can act on the hypothalamus-
pituitary-gonad axis and affect reproduction in vertebrates. ES is banned in several 
countries due to its high toxicity to non-target animals but is still widely used in 
Argentina. We analyzed the effect of ES in sexually undifferentiated and differentiated 
juveniles of the freshwater cichlid fish Cichlasoma dimerus. Larvae were exposed 
to environmentally relevant concentrations of ES (0.03 & 0.1 µg/l) for 30 and 90 
days. Head and trunk were processed for IHQ and histology. Cell morphometry 
and optical density of GnRH I, II & III,βFSH & βLH cells were measured. Sex ratio 
and feeding behaviour was not affected. Gonads showed no morphological or 
histological changes. At 30 days, GnRH I neurons showed decreased and βFSH cells 
increased activity. At 90 days, GnRH I & βFSH cells were hypertrophied; GnRH II & 
III cells exhibited decreased synthesis. These results suggest that at 30 days, when 
the connection between GnRH I and GtHs cells is not yet established, only the most 
susceptible cell types respond independently to ES. After 90 days, the connection is 
established and the effects of ES on GnRHs cause FSH cell hypertrophy. Due to the 
lack of effect on gonads, other mechanisms would counteract the increase of FSH.
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P27.-Differential effect on expression of pituitary factors in metal treated 
Cyprinus carpio.

Andrés Perez1, Guillermo E. Valenzuela1, Ariel Munoz1, Marianella Navarro1, Alex 
Romero2, Jaime Figueroa1, Gudrun Kausel1.
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Hormones and transcription factors (TF) play pivotal roles as central nodes in the 
network of gene expression regulation, therefore we determined the effect of metal 
in carp pituitary. In carp injected with ZnCl2 with respect to control treated fish, 
significantly increased expression of metallothionein (MT) and MTF1 was detected by 
RT-PCR in liver, indicating an organismal response to metal treatment. In pituitary, 
however, no change for MT and MTF1 was apparent. In addition, the pituitary specific 
TF Pit1 did not change, but Pitx2 increased significantly, and increased prolactin 
(PRL) and decreased growth hormone (GH) mRNA levels were observed. MTF1 might 
be involved in regulation of GH expression, since clearly co-immunoreaction of anti-
cMTF1 and anti-cGH in a subset of somatotrophs in carp pituitary was detected. In 
lactotrophs, where anti-cMTF1 immunoreaction was completely absent, another 
factor might be involved, that could be PRL regulating factor Pitx2 for which we 
found significantly increased transcripts in metal treated respect to control carp. 
For the first time we showed differential effect of metal on factors important in 
growth and health of fish in pituitary of Zn treated carp.
Acknowledgment: FNC 1070724, DAAD 50750108, DID-UACh, Fermelo S.A.
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P28.-Evidence of reversible effects of ethinylestradiol after exposure to 
trenbolone in male eelpout Zoarces viviparus.
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The worldwide use of human and veterinary pharmaceuticals and their occurrence 
in aquatic ecosystems has become a great concern due to their potential as 
endocrine disrupters. In aquatic ecosystems the interaction of xenobiotics is a 
common condition; therefore, we wanted to evaluate if trenbolone (TB) modulates 
the effects of 17α-ethinylestradiol (EE2). Male eelpout (Zoarces viviparus) were 
exposed to 5 ng/L EE2 continuously for 19 days (EE2-C) or discontinuously (11 days, 
EE2-D) alone or in combination with low (50 ng/L, TBL) or high (500 ng/L, TBH) 
concentrations of TB (19 days). Exposure to EE2 caused reduced gonadosomatic 
index, increased concentrations of plasma vitellogenin, lowered concentrations of 
plasma 11-ketotestosterone, up-regulated vtg and era mRNA expression and severe 
alterations in gonadal histology. TBL and TBH concentrations counteracted the EE2-
induced reduction in 11-KT and era mRNA expression after EE2-D exposure as did 
TBH concerning vtg mRNA expression. Exposure to both high trenbolone and EE2-
C+TBH lead to severe gonadal histology alterations. Low trenbolone and EE2-D+TBH 
showed less histopathological alterations. These results show that the effects 
induced by discontinuous EE2-exposure are reversed by the androgen trenbolone.
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P29.-Generation of stable transgenic medaka lines to study endocrine-
disruption of corticosteroid signaling pathway.

Xavier Terrien, Stephanie Gay, Patrick Prunet.
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Our project aims to characterize the effects of endocrine disruptors on glucocorticoid 
receptor (GR) in vivo on the medaka (Oryzias latipes). We created transgenic medaka 
lines, in which expression of the green fluorescent protein (GFP) is a marker for 
the presence of molecules with endocrine-disrupting effect on the GR. We created 
two reporter systems using two promoter sequences containing glucocorticoid 
response element (GRE) linked to GFP gene: (i) a synthetic minimal promoter 
containing GREs from rat tyrosine amino-transferase gene, (ii) a 2 kb of the zebrafish 
interleukine 8 promoter (“IL8-GFP” construct). We created stable transgenic lines 
(F2 generations) and analyzed expression of GFP. The TAT-3-GFP fluorescence was 
mainly expressed in muscle and skin, and the IL8-GFP fluorescence was mainly 
expressed in brain. Moreover, when exposed to dexamethasone (10-6M and 10-
5M), both transgenic lines showed a significant increase in GFP expression. Further 
studies using GR agonist and antagonist suggest that these lines could be used to 
characterize chemical with disrupting effects on GR signaling system.
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P30.-Brain metabolic disruption and neurotransmitters imbalance by low 
environmental concentration of environmental contaminants in the goldfish.

Julia Jordan, Ava Zare, Aalim Weljie, Hamid Habibi
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Recent studies demonstrated that environmental contaminants disrupt fish 
health in the Southern Rivers in Canada. Chemical analysis identified a number of 
contaminants in both Oldman and Bow Rivers. The objective was to evaluate net 
phenotypic changes in the midbrain tissue metabolites after ten days of exposures 
to bisphenol A, nonylphenol, DEHP, fucosterol and their mixture at exact same 
concentrations found in the environment. We used 1H-NMR and mass spectrometry 
to measure the concentrations of metabolites in the midbrain tissue extracts. 
All compounds tested significantly altered the levels of detected metabolites 
and neurotransmitters in the goldfish midbrain. Significant differences were 
observed between endogenous hormone and contaminant treatments. The results 
demonstrate that the observed contaminant-mediated brain metabolic disruptions 
do not simply arise through single hormone-receptor mediated pathway, and are 
likely involving multiple pathways mediated by estrogen, androgen and T3. The 
findings also demonstrate that metabolomics approach provides a sensitive tool to 
detect neuroendocrine disruption at low concentration of contaminants found in the 
environment. Supported by NSERC grants.
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P31.-Effects of endosulfan and malathion on the gonadal development of the 
catfish, Clarias batrachus.

Chawngte Laldinsangi, Anbazhagan Rajakumar, Balasubramanian Senthilkumaran. 
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Widespread use of pesticides such as endosulfan and malathion causes reproductive 
impairment on both terrestrial and aquatic organisms which led to the ban of 
endosulfan in the Stockholm Convention, 2011. Previous studies from our laboratory 
revealed gene level changes. Here, we intend to analyze the effects of these pesticides 
using 2D gel electrophoresis with MALDI-TOF on gonadal development of catfish 
Clarias batrachus. Catfish were exposed to 1 ppb endosulfan and 5 ppb malathion 
for 21 days. In the resulting proteomic profile of testis, ubiquitin and ESCO2 showed 
down-regulation, and in ovary, expression of melanocortin-2 receptor showed up-
regulation after endosulfan treatment. Physiological functions of these proteins 
include development, differentiation, reproduction and stress. Proteomic analysis 
is underway for malathion treated groups. These data might provide insights to 
understand the toxic effects of these pesticides. We did in vitro studies to determine 
changes in the expression of sex steroid receptors, steroidogenic enzyme genes and 
transcription factors using real-time PCR which might provide key information to 
understand the possible mode of action of these pesticides. Our study may warrant 
awareness to reduce and ameliorate pollution in aquatic systems. 
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P32.-MTF1 expression is modulated in response to Zn in hypothalamus of 
Cyprinus carpio.

Gudrun Kausel1, Guillermo Valenzuela1, Andrés Pérez1,Ariel Muñoz1, Marianella 
Navarro1, Alex Romero2, Jaime Figueroa1.

1Instituto de Bioquímica y Microbiología, Facultad de Ciencias, Universidad Austral de Chile, 
Valdivia, Chile. 2Laboratorio de Biotecnología y Patología Acuática, Facultad de Ciencias 
Veterinarias, Universidad Austral de Chile, Valdivia, Chile. 

gkausel@uach.cl

Factors of the hypothalamo-hypophyseal axis constitute top hierarchical regulators 
to adapt an organism to changing environments. The expression of hypothalamus 
factors was evaluated by RT-qPCR in hypothalamus of adult male carp that were 
injected intraperitoneally for three days consecutively with ZnCl2 (0,6mg/kg) and 
processed on the fourth day. Clearly a significant increase was determined by 
RT-qPCR of the transcription factor MTF1 expression normalized for beta-actin 
expression in hypothalamus from Zn- respect to water-treated male carp. However, 
other hypothalamic factors such as the prolactin (PRL) releasing factor C-RFa and 
the PRL releasing factor copeptin (Cp), the C-terminal part of the isotocin precursor, 
did not show significant changes. MTF1, a factor binding to metal responsive 
elements (MRE) in the promoter of multiple target genes was shown to play a role 
in stress response. We immunodetected a size variant in total protein extract from 
hypothalamus of carp by SDS-PAGE. MTF1 might play an important role in response 
to heavy metal in carp and determination of MTF1 expression in hypothalamus 
could serve as biomarker for potentially noxious effects in the aquatic environment. 
Acknowledgment: FNC 1070724, DAAD 50750108, DID-UACh, Fermelo S.A.
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P33.-AVT and IT regulate chloride secretion in the operculum of killifish 
Fundulus heteroclitus.
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The killifish Fundulus heteroclitus is a euryhaline teleost with an unmatched capacity 
of salinity adaptation. In seawater, chloride secretion is the branchial driving force 
for removal exceso NaCl from the plasma. Previous studies in this species have 
used the opercular epithelium as a proxy for gill. Here, we assessed the actions 
of the neuropeptides arginine vasotocin (AVT) and isotocin (IT) mediated by their 
specific receptors (AVTRs and ITR) on the regulation of absorption/secretion in the 
killifish operculum in Ussing chambers. The opercular bioelectrical response to 
AVT treatment showed a clear two-phase response in short circuit current variation 
(DIsc, mAmp/cm2), with a short-term (~3 min) increase of absorptive processes 
and a subsequent stimulation (>3 min) of chloride secretion. V1 or V2 receptor 
antagonists totally and selectively inhibited either the absorptive or the secretory 
effect of AVT in Isc. In contrast, IT treatment only elicited a response in the chloride 
secretion. Our results demonstrate a regulatory role for the neuropeptides AVT and 
IT in the regulation of chloride secretion at putative physiological circulatory levels 
in seawater-acclimated teleost fishes.
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P34.-Effects of prolactin on smolt development, salinity tolerance and gill 
ion transporters in Atlantic salmon (Salmo salar L.)

Tom O. Nilsen1,2, Sigurd O. Stefansson1, B.Th. Björnsson3, Arne K. Christensen4,5, 
Stephen D. McCormick4,5.

1Department of Biology, University of Bergen, Bergen, Norway. 2Uni Research AS, Bergen, 
Norway. 3Fish Endocrinology Laboratory, Department of Zoology/Zoophysiology, Göteborg 
University, Göteborg, Sweden. 4USGS, Conte Anadromous Fish Research Center, Turners Falls, 
MA, USA. 5Department of Natural Resources Conservation, University of Massachusetts, 
Amherst, USA.

Tom.nilsen@bio.uib.no

In teleosts, prolactin (PRL) is generally thought to be a freshwater (FW) adapting 
hormone and growth hormone (GH) is known to stimulate seawater (SW) tolerance, 
whereas cortisol (F) may stimulate both hypo- and hyper-osmoregulatory capacity. 
During smoltification, changes in circulating GH, insulin-like growth factor I (IGF-I), 
PRL and F are important in regulating the development of SW tolerance. However, 
contrasting findings on the effect of PRL on SW tolerance in salmonids warrant 
further investigations of the role of PRL, particularly during important developmental 
events such as smoltification. In early April, salmon pre-smolts were injected with 
ovine PRL and samples collected from both FW and SW (24h) challenged smolts 
after two weeks of treatment. Changes in circulating hormone levels together with 
transcriptional changes of their receptors suggests that PRL treatment decreases 
expression of key gill ion transporters and hypo-osmoregulatory ability in smolts, 
either directly and/or through interaction with the GH-IGF-I axis and cortisol.
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P35.-Changes in transcript levels encoding corticosteroid receptors and 
11β-hydroxysteroid dehydrogeneases in gills of Atlantic salmon (Salmo 
salar) during seawater transfer or starvation stress.
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Cortisol is the major corticoid of teleost fishes and has major glucocorticoid (e.g. 
increase blood glucose in response to stress) and mineralocorticoid actions (e.g. 
regulation of numerous osmoregulatory processes). However, how fish tissues 
discriminate between these distinct corticosteroid actions is not clearly understood. 
We performed an osmotic challenge experiment to examine the physiological 
responses and transcript levels of cortisol signaling-related genes, glucocorticoid 
receptors (GR1, GR2), mineralocorticoid receptor (MR) and 11β -hydorxysteroid 
dehydrogenases (11β -HSD2, 11β -HSD3), in gills of Atlantic salmon (Salmo salar). 
We also subjected fish to starvation, a treatment known to alter circulating cortisol 
levels. As expected, after 2 weeks of starvation, GR2, MR and 11β -HSD2 transcripts 
were significantly higher than those in the control fed group. However, after transfer 
to seawater (SW), transcript levels of GRs, MR and 11β -HSD2 showed no change 
or were lower than those of freshwater control groups throughout 2 weeks of 
acclimation, although Na+/K+ ATPase (NKA) activity, NKA-α1b and CFTR transcripts 
increased in SW. These results suggest that increases of corticosteroid receptor 
transcripts are not an indispensable phenomenon in order for SW acclimation to 
occur.
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P36.-Molecular characterization of the activin/inhibin signalling system in 
European sea bass.
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Activins and inhibins are the main factors regulating pituitary FSH release and 
play important direct roles in controlling gonad development. To unravel their 
potential roles in regulating reproductive functions of marine fish, we have cloned 
the 3 main subunits composing activin/inhibin (i.e. inha, inhba, and inhbb) and 3 
activin receptors (i.e. acvr1b, acvr2a, and acvr2b) in European sea bass (SB), an 
important aquaculture species. SB activin/inhibin subunits consist of a N-terminal 
signal peptide, a pro-peptide, and a C-terminal cleavable mature peptide with 7 or 
9 conserved cysteines important for 3D structure and dimerization. While SB Inhba 
and Inhbb show high identities with those of other fish (69-92%), SB Inha exhibits 
only moderate conservation (56-76% identity). SB activin receptors contain an 
extra-cellular region with 10 conserved cysteines important for ligand binding, 
a hydrophobic trans-membrane helix domain, and the typical motif of serine/
threonine protein kinases in the intra-cellular region. Maximum identities of SB 
activin receptors with other fish species are 82-96% for Acvr1b (for which two 
different sequences, with 86% identity between them, were identified in SB), 78-83% 
for Acvr2a, and 73-95% for Acvr2b.
Support: Spanish MICINN (AGL2010-17774); CSIC-JAE.
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P37.-Endocrine control of spermatogenesis in European sea bass 
(Dicentrarchus labrax): Investigations via application of unilateral 
orchiectomy.
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Unilateral orchiectomy (ULO; the surgical removal of one testis) was performed in 
sea bass at late immature stage. Plasma androgen levels, testicular proliferation, 
and the expression of relevant genes in the testis, brain and pituitary were analyzed 
up to 12 weeks post-ULO (wpU) to evaluate their involvement in the compensatory 
development of the remaining testis. Compensatory testis growth became evident 
from 2 to 7 wpU in coincidence with higher amounts (vs. SHAM fish) of type B-late 
spermatogonia and spermatocytes cysts and post-meiotic germ cells. During 
this period, the GSI increased 3.9-times more in ULO than in SHAM fish together 
with 3.4-fold higher testis pH3 levels (indicative of total proliferation), and with 
1.8-fold higher levels of the spermatocytes marker sycp3l. Testicular levels of 
cyp11b2 and amh increased 2 wpU, but decreased at 7 wpU together with lower 
amounts of fshr, arb, esr2b, amhr2, bmp15, and igf1. At pituitary level, testicular 
compensation period was associated with an early increase of fshb amounts and 
with down-regulated gnrhr2a, ara, and esr1 levels. The application of ULO provides 
an excellent in vivo model to elucidate the endocrine mechanisms controlling early 
testicular development in sea bass.
Support: Spanish MICINN (AGL2010-17774); CSIC-JAE.
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P38.-Expression profiles of three types of GnRH during sex-change in the 
protandrous cinnamon clownfish.

NaNa Kim, Cheol Young Choi.
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Gonadotropin-releasing hormones (GnRHs) play pivotal roles in the control of 
reproduction and gonadal maturation in teleost fish. We investigate the roles of 
GnRHs in cinnamon clownfish sex differentiation and gonadal development.
Methods: We identified the cDNA species for three types of GnRHs (sGnRH, sbGnRH, 
cGnRH-II) from cinnamon clownfish using RT-PCR. We investigated GnRHs mRNA 
expression in the gonads by Q-PCR, and measured plasma E2 levels in immature 
fish following treatment with the GnRHs. The expression levels of sGnRH, sbGnRH, 
and cGnRH-II mRNA were higher in mature testes and ovaries, as compared to 
the levels in gonads at earlier stages of maturity. The levels of the three GnRHs 
mRNA species and the plasma E2 levels increased after injection of the three GnRH 
variants. These findings support the hypothesis that GnRH peptides play important 
roles in the regulation of the hypothalamic-pituitary-gonadal axis and are probably 
involved in paracrine control of gonadal development and sex change in cinnamon 
clownfish.
Acknowledgements: This research was supported by the Ministry of Knowledge 
Economy under the ITRC support program supervised by the NIPA (2012-C1090-
1221-0015).
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P39.-Localization and differential expression profiles of two gonadotropin 
receptors in the ovarian follicles of chub mackerel (Scomber japonicus).
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In multiple spawning fish with asynchronous-type ovary showing developing 
oocytes at various stages of development, the function of pituitary gonadotropins 
(GtHs), follicle stimulating hormone (FSH) and luteinizing hormone (LH), remains 
largely unknown, especially of FSH. In this study, we localized FSH and LH receptors 
(FSHR and LHR) in the ovarian follicles of chub mackerel (Scomber japonicus) using 
in situ hybridization and examined mRNA expression of FSHR and LHR in the ovarian 
follicles at various stages of development by real-time PCR assay. FSHR and LHR 
mRNAs were localized in the granulosa cells, while they were hardly detectable in 
the theca cells. Each developmental stage of ovarian follicles was isolated during 
the spawning season. FSHR mRNA levels were high throughout vitellogenesis, 
while they low during final oocyte maturation (FOM). In contrast, LHR mRNA levels 
were low during early and middle vitellogenesis, then remarkably increased at 
the late vitellogenesis and remained high during germinal vesicle migration. The 
present results clearly indicated that switching in the expression of FSHR to LHR in 
granulosa cells likely control FSH and/or LH actions on vitellogenesis and FOM in 
the ovarian follicles of chub mackerel.
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P40.-Effects of triiodothyronine (T3) on testicular explants of zebrafish 
(Danio rerio).
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Thyroid hormones play an important role in Sertoli cell (SC) differentiation in non-
cystic spermatogenesis. In vertebrates showing the cystic type of spermatogenesis, 
such as fish, little information is available on SC differentiation. Adult zebrafish 
testes were incubated ex vivo with or without recombinant zebrafish follicle-
stimulating hormone (Fsh) or triiodothyronine (T3); 5-bromo-2’-deoxyuridine (BrdU) 
was added during the last 6 h. We found a higher number of undifferentiated type A 
spermatogonia (Aund) after exposure to T3 alone, and these cells moreover showed 
a higher BrdU labeling index, suggesting that T3 stimulated Aund proliferation. 
Intriguingly, T3 nearly tripled the percentage of BrdU-positive SCs. Moreover, T3 in 
combination with Fsh increased 17 β-hydroxylase (cyp17β1) and androgen receptor 
(ar) mRNA levels. Also androgen release was higher from tissue exposure to T3+Fsh 
compared to Fsh alone. Finally, thyroid hormone receptors were located to Sertoli 
and Leydig cells. In conclusion, we speculate that T3 stimulates SC proliferation, 
leading to an increased availability of niche space for type Aund to proliferate and 
subsequently differentiate.

NOTES:



183

P41.-Ovarian cathepsin D expression in Inanga (Galaxias maculatus)
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Cathepsin D (ctsd), an aspartyl protease, is believed to be a key enzyme involved in 
the conversion of vitellogenin into its constituent yolk proteins. Ovarian mRNA levels 
of this enzyme have previously been determined by quantitative RT-PCR throughout 
a reproductive cycle of the giant kokopu (Galaxias argenteus), a declining galaxiid 
species endemic to New Zealand. Ovarian ctsd mRNA levels appeared to correlate 
with plasma levels of estradiol-17β (E2) which could reflect a causal relationship 
between these variables. The aim of this study, therefore, was to investigate whether 
E2 regulates ovarian ctsd transcript abundance in inanga (G. maculatus) in vivo and 
in vitro. Juvenile galaxiids were taken into captivity and divided between four groups, 
each receiving a different dose of E2 in its diet. Morphometric measures and ovarian 
tissues were collected for analysis at weeks zero, one and three. In conjunction with 
the in vivo study, ovarian tissue was collected and fragments were incubated in vitro 
with different concentrations of E2. Gonadosomatic indices appeared to increase 
in a dose-dependent manner; ctsd mRNA levels are currently being determined by 
quantitative RT-PCR. 
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P42.-Gender determination in Arapaima gigas (Pirarucu) using a vitellogenin 
detection kit.
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Arapaima gigas (Pirarucu or Paiche) is an emblematic species of the Amazonian 
basin. This species has been intensively targeted by fishing and is presently depleted 
over almost all its distribution area. This situation led it to be inscribed in the red list 
of the threatened species (CITES II), and its fishing and international trade are now 
strictly regulated. In order to satisfy a commercial demand constantly increasing, 
its aquaculture began to develop principally in the Peruvian, Colombian and 
Brazilian Amazonia. Owing to its particular reproductive biology, it remains difficult 
to produce significant amounts of fingerlings for on-growing of this species and fry 
production is the principal bottleneck for aquaculture development of Pirarucu. The 
knowledge of its behavior and specifically the optimum conditions for the formation 
of mating pairs is a prerequisite for efficient breeding management in captivity. 
Nevertheless it is practically impossible to distinguish males and females out of 
the period of reproduction. The investigations carried out the last few years allowed 
us to determine the sex of the Pirarucu by means of a simple blood sample using a 
sexing kit, based on plasma vitellogenin detection, which can be implemented in the 
field by the farmers themselves.
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P43.-Early markers of precocious puberty in European sea bass 
(Dicentrarchus labrax) testis.
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Puberty is the acquisition of the first mature reproductive stage. Early events 
leading to puberty/precocious puberty of male sea bass have not been elucidated 
yet. To study the initial steps occurring in the testis of precocious fish before the 
first histological differences took place and to compare with those of non precocious 
ones, a hemigonadectomy approach was used. Then expression levels of several 
genes with a putative role in the onset of spermatogenesis were determined by 
quantitative real-time RT-PCR. The steroidogenic acute regulatory protein (StAR) 
gene expression was found up regulated in precocious testes suggesting a role for 
sex steroids in this very early stage of spermatogenesis. More, the gonadal soma-
derived factor 1 (gsdf1) and the nuclear receptor nr5a1a were down regulated in 
precocious animals suggesting an implication of both genes in the onset of puberty in 
sea bass and pointing out a putative role for nr5a1a in the transcriptional regulation 
of gsdf1. In contrast, the up regulation of star was apparently independent of nr5a1a 
transactivation. To conclude we have identified star, gsdf1 and nr5a1a as early 
markers of precocious puberty in sea bass.
Supported by AQUAGENOMICS (CSD2007-00002-MICINN) and REPROBASS 
(PROMETEO/2010/003-GV)
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P44.-The final oocyte maturation regulated by the pheromone released from 
male in the honeycomb grouper.

Kiyoshi Soyano1, Daisuke Izumida1, Masato Nakachi1, Ryosuke Murata2, Masaru 
Nakamura2. 

1Institute for East China Sea Research, Nagasaki University, Nagasaki, Japan. 2Sesoko Station, 
Tropical Biosphere Research Center, University of Ryukyus, Motobu, Okinawa, Japan.

soyano@nagasaki-u.ac.jp

The honeycomb grouper, Epinephelus merra, which is one of the smallest grouper, 
inhabits a lagoon of coral reef in the sub-tropical and tropical regions. The species 
is lunar-related spawner, and the spawning is performed a few days after the full 
moon between late spring and summer. In addition, the grouper has communication 
system between male and female by pheromone in the spawning phase. However, 
the role of the pheromone is not clarified. Therefore, we investigated the influence of 
the pheromone released from male on the final oocyte maturation (FOM) in female. 
The female fish were divided into 3 groups which are the groups of female alone, 
female reared with mature male, and female exposed to the rearing water of mature 
male. In this experiment, the FOM was observed in females reared with mature 
male and exposed to the rearing water of mature male. Moreover, plasma levels 
of testosterone and estradiol-17β in females of these groups were significantly 
higher than in female alone group. Some kind of substance contained within the 
rearing water of mature male induced FOM and steroid synthesis via gonadotropin 
production, suggesting that the pheromone released from male has an important 
role on final step for oocyte maturation.
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P45.-Gonadal development and serum steroid levels during pubertal 
development in captive-reared Pacific bluefin tuna.
 
Koichiro Gen1, Hideki Nikaido1, Yukinori Kazeto2, Takahiro Matsubara3, Sayumi 
Sawaguchi1, Shukei Masuma4.
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Pacific bluefin tuna is one of the most commercially valuable species in the world. 
Recently, wild fish stocks have been subjected to intense pressure due to overfishing, 
and tuna aquaculture is becoming increasingly important. However, very little 
is known about the reproductive habits of this species. The aim of this study was 
conducted to gain a better understanding of the physiological changes during 
pubertal development in the female bluefin tuna. We sampled fish from 3-year-old 
female and studied the changes in oocyte development and serum steroid levels 
during first reproductive cycle. Histological observations revealed that pubertal 
development took place in about 20 % of the female, whereas the rest of the fish 
remained at immature phase. In maturing females, the mean gonadosomatic index 
(GSI) gradually increased from May to reach a peak during the spawning season 
(June-July). Following the spawning period, the GSI decreased during the regressed 
phase in August. The maturing females had relatively high estadiol-17 β levels during 
the early spawning season, which rapidly declined to undetectable levels in the 
regressed phase. These results suggested that under the captive condition, ovarian 
development was initiated in approximately 20% during the first reproductive cycle. 
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P46.-The involvement of gonadotropins and gonadal steroids in the ovulatory 
dysfunction of the potamodromous Salminus hilarii (Teleostei: Characidae) 
when prevented from reproductive migration.

Renata Moreira1, Renato Melo2, Amanda Narcizo1, Juliane Amaral1, Renato Honji1, 
Ronaldo Araújo3, Alexandre Hilsdorf2.
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Potamodromous teleosts require migration to reproduce, consequently, females 
show reproductive dysfunctions that block ovulation and spawning while in captivity. 
To understand the physiological basis of these reproductive dysfunctions, an 
analysis of the follicle-stimulating hormone β subunit (fshb) and luteinizing hormone 
β subunit (lhb) gene expression by real time quantitative PCR (qPCR), together 
with measurements of estradiol (E2) and 17α-hydroxyprogesterone (17α-OHP) 
levels, were carried out throughout the reproductive cycle of the neotropical fish 
Salminus hilarii. The data showed that Fsh and Lh were expressed differently in wild 
and domesticated females, but even with lower E2 levels, domesticated females 
underwent through vitellogenesis. Domesticated females expressed lower Lh 
levels but had higher 17α-OHP levels, therefore, dysfunctions in Lh and progestogen 
synthesis path were proposed in domesticated females, suggesting that ovulation 
dysfunctions, which are common in domesticated fish, do not necessarily have a 
common physiological basis. In most females of teleost species, the ovulation 
dysfunction in captivity is attributed to a lack of Lh release from the pituitary cells, 
but in S. hilarii, the problem is in an earlier step, in the expression of the lhb gene.
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P47.-FSH and LH have shared and separate effects on gene expression in 
fish testis.
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In fish, the respective actions of the 2 gonadotropins remain confused because 
FSH is as potent as LH to stimulate steroidogenesis and the presence of FSHR on 
Leydig cells has been described. In particular, the molecular pathways that relay 
the action of FSH in fish at puberty are poorly understood. Pubertal trout testicular 
explants were cultured for 4 days, with or without gonadotropin, and transcriptome 
variations were analyzed using specific trout cDNA microarrays. We found that 
FSH and LH have similar effects on a subset of genes, while other genes were 
preferentially regulated by one or the other gonadotropin. Most of the responsive 
genes have somatic cell expression in the testis and reveal relevant patterns during 
the reproductive cycle. Besides FSH action on steroidogenesis, we identified new 
original FSH-responsive genes that could be relevant mediators of FSH action on 
testicular function. Among them, Igf1b/3, the gonad specific paralog of IGF1 in 
teleost expected to regulate germ cell proliferation, is stimulated by FSH. Amh, 
activin signaling and the Wnt pathway were found responsive to FSH and/or LH, and 
could participate in the way gonadotropins adjust the balance between germ cell 
proliferation and differentiation during the pubertal transition.
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P48.-Comparative assessment of sex steroids of the curimbatá Prochilodus 
lineatus in three sites of the Grande River basin, Southeastern Brazil: 
Influence of tributaries on reproduction.
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Specimens of P. lineatus were collected in three sites: (S1) Grande River downstream 
from the Porto Colômbia Dam; (S2) Pardo River; (S3) Mogi Guaçu River. Four gonadal 
maturity stages were established: (1) resting, (2) maturation, (3) spawning, (4) 
regression. Blood samples were used to determine plasmatic levels of testosterone 
(T), 17β-estradiol (E2), and 17α-hydroxyprogesterone (17α-P). In site S1, there 
were no significant variations in sex steroids concentrations throughout gonadal 
maturation, except E2 in females which increased in stage 2. In sites S2 and S3, 
concentrations of T and E2 in females and T in males showed wide variation during 
the gonadal maturation cycle, with a significant increase in stage 2 and fall in stages 
3 and 4. In contrast to T and E2, concentrations of 17α-P remained high until stage 
3. High values of 17α-P occurred in fish from sites S2 and S3, where fish achieved 
the final oocyte maturation and females spawned. Regarding fish from site S1, sex 
steroids levels were lower than in fish from sites S2 and S3. This work evaluates 
for the first time endocrine parameters of the reproduction of P. lineatus from the 
Grande River, and highlights the importance of tributaries in regions with dams, as 
a favorable environment to migration and spawning of fish.
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P49.-Validation of plasma estradiol and testosterone enzyme immunoassay 
(EIA) kit for common snook, Centropomus undecimalis.

Fabio Carneiro Sterzelecki1, Gabriel Passini1, Felipe Schwahofer Landuci1, Renata 
Guimarães Moreira2, Renato M. Honji2, Vinicius Ronzani Cerqueira1.
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Plasma hormone levels can be measured using a variety of methods. Enzyme 
immunoassay (EIA) kits are a simple method; however, a validation process is 
necessary when new species are used. The objective of the present study was 
to validate two commercially available EIA Kits of Interteck, in order to measure 
plasma testosterone and estradiol in common snook, Centropomus undecimalis. 
The validation process consisted of verifying parallelism from diluted sample and 
standard curve, accuracy from spike recovery and precision from intra- and inter-
assay. Plasma estradiol and testosterone kits showed high coefficient of variation 
(>20%), however, estradiol EIA Kit decreased to 19.5% after plasma extraction with 
ethyl ether, while testosterone EIA kit variability was maintained at high levels 
(28.13%). Therefore, inter-assay, spike recovery and parallelism were assessed 
only with estradiol EIA Kit, showing high accuracy and precision from inter-assay 
(2.48%) and spike recovery (108.15 %). The curve using four plasma dilutions was 
found to run parallel to that obtained from standard curve. In conclusion, Interteck 
estradiol EIA Kit showed acceptable precision, accuracy and parallelism to analyze 
estradiol in common snook plasma, while Interteck testosterone EIA Kit still needs 
more tests.
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P50.-Seasonal profiling of leptin: effects of early sexual maturation and 
restricted feeding in male Atlantic salmon parr.
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In mammals, leptin is a crucial link between nutritional status and the reproductive 
axis, influencing timing of puberty and modulating reproductive function. Few 
studies have investigated the link between leptin and energy balance during 
sexual maturation in teleosts. Changes in the leptin system were studied during 
early sexual maturation in 1-year old male Atlantic salmon parr under fully fed and 
feed restricted conditions. Expression of leptin genes (lepa1 and lepa2) and leptin 
receptor (lepr) was assessed using qPCR. Plasma leptin levels were measured by 
radioimmunoassay. In maturing males there was a tendency of elevated lepa1 and 
lepa2 gene expression in the liver throughout spermatogenesis and a significant 
up-regulation during final maturation. Feed restriction decreased the incidence 
of sexual maturation by 53 % and up-regulated both leptin genes, independent 
of developmental status. Lepr expression in the pituitary was up-regulated by 
restricted feeding, while maturational state did not have an effect. No clear effect 
of maturation and feed restriction was observed on plasma leptin levels. Hepatic 
leptin gene expression in male salmon parr is linked to nutritional status and altered 
through sexual maturation. 
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P51.-Reduced feed intake during early secondary oocyte growth induces 
atresia and alters follicle development, plasma hormone levels, and ovarian 
gene expression in coho salmon.
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To gain an understanding of the effects of nutritional status on oogenesis, we 
conducted 2 experiments in which previtellogenic coho salmon were normally fed 
or fasted (up to 18 wks), or fasted (15 wks) and re-fed for 3 wks. Long-term fasting 
reduced ovary weight and plasma E2 levels, induced atresia, and delayed ovarian 
follicle development relative to fed animals. Refeeding of fasted fish resulted 
in a partial recovery of ovary weight and plasma E2. Suppression subtractive 
hybridization libraries using ovaries from fed and fasted fish were generated 
to identify molecular changes induced by fasting. Transcripts upregulated in 
ovaries from fed fish were associated with steroid production, cell proliferation 
and differentiation, and epithelialization (e.g. steroidogenesis-related, TGF beta 
members, and cytoskeletal components). In contrast, mRNAs upregulated in 
ovaries of fasted fish included genes encoding cortical alveoli and zona pellucida 
components and apoptosis-related factors, which were likely, associated with a 
reduced rate of follicle development or onset of atresia. In summary, these studies 
identified genes involved in normal previtellogenic oocyte growth as well as those 
affected by poor body growth, which may be useful markers of early atresia.
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P52.-Opposing (yin-yang) effects mediated by fsh on spermatogonial 
differentiation in zebrafish.
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Spermatogonial stem cells (SSCs) can either self-renew to produce new SSCs or to 
differentiate into proliferating spermatogonia that develop into sperm. While this 
equilibrium between these two paths is regulated by the specific microenvironment 
in the stem cell niche and is critical for male reproductive fitness, information on the 
regulatory mechanisms is still limited. When activating SSCs with a cytotoxic drug, 
down-regulation of TGFβ family member anti-Müllerian hormone (amh) is seen. 
Simultaneously igf1b (aka igf3), a new member of the Igf family of growth factors 
is upregulated. Down- and up-regulation of amh and igf3 mRNAs, respectively, 
were also found in the Atlantic salmon when SSC activity increased naturally at 
the beginning of spermatogenesis. We produced recombinant zebrafish (rzf) Amh 
and found that it inhibited spermatogonial proliferation and differentiation, and that 
Fsh decreased amh mRNA levels. In addition, Fsh also increased igf3 mRNA levels. 
Testing rzf Igf3 in a primary testis tissue culture system, we found that it stimulated 
spermatogonial proliferation and differentiation. We propose that Fsh is a major 
regulator of the SSC niche, regulating Sertoli cell production of growth factors that 
exert opposing (yin-yang) effects on germ cell differentiation.
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P53.-Oocyte development and sex steroid plasma concentrations during the 
reproductive cycle of females Metynnis maculatus (Teleostei: Characiforme).
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Aquaculture Center of UNESP, Brazil.

thiago.scremin@gmail.com

Metynnis maculatus is an Amazon Basin fish that presents potential for aquaculture 
specially as ornamental fish due to its particular shape and staining. Thus, aiming to 
obtain information for its use in aquaculture, we evaluated its reproductive biology 
in natural environment. To that, 36 females were bimonthly sampled in the Reservoir 
Nova Avanhandava for ovary and plasma collection. The species presented an 
asynchronous ovary development with multiple spawners. The vitellogenic phase 
occurs during the autumn/winter when plasma concentrations of 17β-estradiol (E2) 
increased and correlates positively with gonadossomatic index (GSI) and oocytes 
in the vitellogenic phase. The peak of spawning season occur in spring/summer 
(October), when plasma concentrations of 17α-hydroxyprogesterone (17α-OHP) 
reaches maximum levels and correlates positively with the post-ovulatory follicles 
frequency and negatively with GSI. Thus, unlike previously thought, the species does 
not spawn with a constant frequency throughout year and gonadal steroids E2 and 17 
α-OHP are responsible for oocytes for maturation and ovulation, showing a similar 
profile to the tropical total spawners.
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P54.-Tandem Sp1/Sp3 binding sites are essential for FSH receptor gene 
expression in European sea bass (Dicentrarchus labrax).
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Follicle-stimulating hormone (FSH) plays a key role in gonadal function regulation 
by binding and activating a specific membrane receptor (FSHR) that in sea bass 
is exclusively expressed in ovary and testis. Unlike in mammals, there is scarce 
information regarding the specific regulation of fshr expression in teleosts. We have 
isolated 7 kb of the 5´ flanking region of the sea bass fshr, and analysed in silico 1355 
bp upstream of the translation start site. Then, serial deletion fragments of this 
region were tested for their ability to direct transcription of a reporter gene through 
transient transfection of mammalian cell lines and primary cultures of sea bass 
ovarian follicular cells. We found a region proximal to the transcription start site 
apparently necessary for fshr expression. Electrophoretic mobility shift and super-
shift assays revealed three tandem Sp1/Sp3 binding sites within this region. The 
functionality of these binding sites was verified through co-transfection of wild type/
mutated promoter constructs with expression plasmids containing heterologous 
Sp1 and Sp3. To conclude, this study presents transcription factors of the Sp1 family 
as major regulators of the fshr expression in sea bass.
Supported by MICINN (AGL2001-1257, AGL2008-02937) and GV (ACOMP/2010/083).
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P55.-Molecular cloning and functional analysis of two foxl2 paralogs in the 
European sea bass.
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Foxl2 has been demonstrated to be a crucial transcription factor involved in gonadal 
development and physiology. Two foxl2 paralogs have been identified in several 
teleost species, but studies have been focused on foxl2a while the function of foxl2b 
remains unclear. We have cloned foxl2a and b cDNAs from sea bass (Dicentrarchus 
labrax). Multiple alignments and phylogenetic analysis revealed a higher degree of 
conservation among foxl2s from higher vertebrates and teleostean foxl2a, while 
foxl2b seemed more divergent. Tissue distribution analysis showed expression 
of both genes in several tissues with a remarkable difference between testis and 
ovaries. Gonadal expression of these genes through an annual cycle in adult animals 
suggested a role for foxl2a in ovarian development while foxl2b appeared to be 
involved in testicular functions. This idea was supported by transient transfection 
of primary cultures of ovarian follicular cells with foxl2a or b. This functional study 
showed some target genes already known in other species, but also new putative 
transactivation pathways. However, further studies will be required to elucidate 
specific roles for foxl2a and foxl2b in fish.
Supported by MICINN (AGL2008-02937, AGL2011-28890) and GV (REPROBASS, 
PROMETEO/2010/003
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P56.-Investigation on two putative androgen-responsive genes expressed in 
the gonads of teleostean fish species.
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Androgens play a crucial role in puberty onset but the low number of androgen 
responsive genes known so far limits the comprehension of the underlying 
mechanisms of their pleiotropic actions. In the present study, we investigated 
the androgen regulation of slc26a4 and gsdf genes in trout and zebrafish. In vivo 
androgen treatment strongly up regulated slc26a4 but down regulated gsdf in 
trout testis. In zebrafish exposed to methyltestosterone for 5 days, slc26a4 gene 
expression was up-regulated in a dose dependent manner in juvenile and adult 
testis and ovary. In contrast, gsdf was slightly down-regulated in juvenile only. 
We identified a putative androgen response element in the proximal promoter of 
zebrafish slc26a4. Transient transfection assays with a 2.2 kb promoter of this gene 
in a mammalian cell line did not reveal a functional ARE. We recently generated 
transgenic zebrafish lines carrying the slc26a4 proximal promoter fused to the open 
reading frame encoding the GFP protein that will be used to investigate whether cell-
specific or species-specific factors could be required to androgen responsiveness. 
Our study reveal slc26a4 as a new candidate androgen dependant gene in fish.
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P57.-High temperature inhibits cyp19a1a expression and estradiol synthesis 
in pejerrey (Odontesthes bonariensis) ovaries in vitro.
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High water temperature impairs fish reproduction inhibiting gonad steroidogenesis 
and gametogenesis. In pejerrey, it has been demonstrated that water temperatures 
above 23° C affect all levels of reproductive axis blocking its spawning. Because 
it remains unclear if high temperature directly affects fish ovary functions 
independently of pituitary control, in vitro pejerrey ovary assays were done. 
Fragments of approximately 200 mg of vitelogenic ovaries were incubated with 10 
UI of HCG at 20 °C or at 27° C. After 3, 6, 9 and 12 hs, culture media were removed 
for testosterone (T) and estradiol (E2) analysis, and ovary fragments were taken to 
measure the expression levels of FSH-R and cyp19a1a. The results showed that E2 
levels and cyp19a1a expression significantly decreased since 3 hs of culture at 27 °C 
compared with 20 °C, meanwhile T levels and FSH-R expression remained without 
changes. These findings demonstrated that ovary functions are directly disrupted 
by high temperature independent of the brain-pituitary axis, being the inhibition of 
aromatase expression and consequently E2 synthesis a primary effect provoking 
female reproductive impairment. 
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P58.-Genes involved in the sex steroid control of sperm hydration and final 
maturation in fish.

Johanna Bellaiche1, Anne-Sophie Goupil1, Antoine Rolland2, Vanessa Mella1, Florence 
Le Gac1.

1INRA, UR1037, LPGP ( Campus de Beaulieu, Testicular Physiology and Puberty, Biosit, 
Biogenouest, F-35000 Rennes, France. 2Inserm, U625, GERH Université de Rennes1, Biosit, 
Biogenouest, Rennes, 35042, France.

johanna.Bellaiche@rennes.inra.fr

We identified new androgen up-regulated genes in rainbow trout whose products 
are likely involved in water transport and in chloride, potassium or proton transport. 
These functions are highly relevant for the final maturation of spermatozoa in 
salmonids, which relies on seminal plasma pH and Ca2+ concentrations, their motility 
in the male tract, which depends on K+ concentration, and their excretion, which 
involves H2O transport. The expression pattern of aqp1, aqp4 and avt/vt1, slc26a4, 
cahz, lgi1, atp1b1 and smtn were analysed during the śpermiation´ process using 
RT-qPCR and ISH. Strikingly, these genes were strongly up-regulated in the ultimate 
stages of normal testicular development, in correlation with sperm excretion. 
Expression of some candidate genes was localized in the seminiferous tubule 
walls and in the efferent duct epithelium. Others were localized in the testicular 
interstitium or in the efferent duct stroma. In addition, transcript expression 
levels were correlated with the plasmatic concentrations of 11Ketotetosterone 
and/or 17,20Dihidroxyprogestérone. In conclusion, we identified new genes likely 
involved in the sex steroid control of sperm hydration and final maturation in fish 
seminiferous tubules and efferent ducts.
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P59.-Differential effects of FSH and LH on gene expression in the 
previtellogenic salmon ovary.
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Follicle-stimulating hormone (FSH) is a key regulator of ovarian growth in fishes, but 
specific functions of FSH compared to luteinizing hormone (LH) are poorly defined. 
Our studies examined in vitro effects of both native and recombinant salmon FSH 
and LH produced in mammalian cell lines on ovarian gene expression during early 
secondary growth (early cortical alveolus to lipid droplet stage) of coho salmon 
follicles. At these stages of oogenesis, both FSH and LH stimulated estradiol-17β 
production, but differed in their effects on levels of mRNAs for steroidogenesis 
related proteins. FSH increased levels of mRNAs for star, hsd3b and cyp19a1a, 
while LH increased lhcgr, star and cyp17a1. FSH specifically upregulated genes 
associated with gap junction formation, extracellular matrix (ECM) remodeling, and 
cell survival and differentiation. The genes that were most highly up- and down-
regulated by FSH were whey acidic protein domain-containing protease (wap-
like) and connective tissue growth factor (ctgf), respectively. These data suggest 
FSH in fish, like mammals, plays a role in granulosa cell differentiation and the 
development of the follicle structure prior to vitellogenesis. Funded by National 
Research Initiative Competitive Grant no. 2007-35203-18088 from the USDA NIFA.
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P60.-Insulin-like growth factors and leptin are early signals of energy 
deficiency in Oncorhynchus mykiss.
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Energy availability affects reproduction in fishes, but the endocrine factors 
orchestrating this phenomenon are not well understood. The purpose of this study 
was to identify factors that signal growth status in adult female rainbow trout 
(Oncorhynchus mykiss) after spawning. To do this, a group of fish was food-restricted 
for 30 weeks after spawning and compared to a group that was fed a control ration. 
It was hypothesized that food-restriction would cause decreased expression of 
insulin-like growth factors (IGFs) and leptin, increased expression of IGF binding 
protein-1 (IGFBP1), and increased plasma ghrelin concentration. RT-qPCR was used 
to measure gene expression; RIA was used to measure plasma ghrelin. IGF1, IGF2, 
and leptin gene expression were all significantly greater in food-restricted fish 
than control fish at 5 weeks. IGFBP1 gene expression decreased after spawning in 
both groups but did not differ between treatments. Plasma ghrelin showed no clear 
trend. The results suggest the signal communicating growth status in female O. 
mykiss comprises IGFs and leptin but not in the hypothesized direction. The results 
support neither the hypothesis that IGFBP1 is a key regulator of the GH axis nor that 
ghrelin is involved in signaling energy deficiency in this species.
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P61.-Differential Regulation of Leptin A and B Gene Expression in Carp Liver 
by Insulin and Glucagon.

Ting Chen1, Quan Jiang1, Mathew K.H. Wong1, Wensheng Li2, Anderson O.L. Wong1.

1School of Biological Sciences, University of Hong Kong, Pokfulam Road, Hong 
Kong SAR, China. 2Institute of Aquatic Economic Animals, Sun Yat-sen University, 
Guangzhou, China.

chan1010@hku.hk

Leptin, the gene product of obese gene, is a potent anorexic factor in mammals. 
Its protein sequence is highly variable from fish to mammals. At present, the 
endocrine regulation of leptin in lower vertebrates has not been fully characterized. 
In this study, two isoforms of leptin, lep-A and -B, have been cloned in grass carp. 
Although carp lep-A and -B share a low homology in a.a. sequence, their 3D-protein 
structure are highly comparable. The highest level of leptin expression was 
detected in liver with lep-A as the dominant form. Recombinant proteins of lep-A 
and -B were produced in E. coli and found to inhibit both basal and NPY-stimulated 
food consumption and feeding behavior in goldfish. In carp hepatocyte culture, 
insulin treatment could reduce lep-A but not lep-B mRNA level through MAPK but 
not PI3K/Akt pathways coupled to insulin receptor. In contrast, glucagon was found 
to up-regulate lep-A but not -B mRNA expression via activation of the cAMP/PKA 
cascades and this stimulatory effect could be blocked by insulin co-treatment. Our 
studies provide evidence for the first time that two functional leptins with anorexic 
actions are expressed in fish model and the dominant form, namely lep-A, can be 
differentially regulated by insulin and glucagon at the hepatic level.

NOTES:



204

P62.-Grass carp leptin receptor: Functional characterization and regulation 
by insulin and glucagon.

Shuang Chen, Ting Chen, Wendy K.W. Ko, Anderson O.L. Wong.

School of Biological Sciences, University of Hong Kong.

chenss@hku.hk

Leptin (Lep), the gene product of obese gene, is a well-documented satiety factor 
and its biological actions are mediated by its cognate receptor ObR. Based on 
comparative studies, the a.a. sequence of Lep is known to be highly variable from 
fish to mammals. However, the structural feature, functional coupling and endocrine 
regulation of ObR in fish models are still unclear. To shed light on the functional 
aspects of ObR in carp species, the cDNA of ObR was cloned in grass carp. The a.a. 
sequence deduced reveals that carp ObR is a member of class I cytokine receptor. In 
grass carp, ObR is a single copy gene widely expressed in various tissues including 
the liver. Functional expression of carp ObR in CHO cells also confirmed that the 
newly cloned receptor could bind with carp Lep and its activation was functionally 
coupled to the JAK/STAT pathway. In carp hepatocytes, ObR mRNA level could be 
elevated by insulin via MAPK & PI3K/Akt cascades. In contrast, ObR mRNA level 
was reduced by glucagon via cAMP/PKA pathway and glucagon co-treatment also 
blocked the stimulatory effect of insulin. Our findings provide evidence that (i) 
functional ObR is expressed in the carp model, and (ii) its expression at the hepatic 
level can be differentially regulated by pancreatic hormones.
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P63.-GH-receptor derived plasma GH binding protein in rainbow trout: 
Effects of fasting and refeeding

Ingibjörg Eir Einarsdottir, Ningping Gong, Marcus Johansson, Björn Thrandur 
Björnsson.

University of Gothenburg, Department of Biological and Environmental Sciences, Sweden.

ingibjorg.einarsdottir@bioenv.gu.se

Plasma growth hormone binding proteins (GHBPs) transport circulating growth 
hormone (GH), function as a GH pool and prevent GH from degradation. In mammals, 
high-affinity GHBPs are identical to the extracellular domain of the growth hormone 
receptor (GHR). GHBPs have been demonstrated in fish, but their molecular identity 
has not been confirmed. To examine a possible GHR origin of plasma GHBPs in 
rainbow trout, a GHBP radioimmunoassay was established, using antibodies raised 
against a synthesized peptide sequence of the salmonid GHR extracellular domain, 
and recombinant proteins for iodination and standards.
In order to examine effects of nutritional state on GHBP levels, rainbow trout were 
fasted for four weeks while a control group was fed to satiation. Then, all fish 
received a single meal and were sampled 2, 4, 8, 24 and 72 h postprandially. During 
the 4-week fasting, GHBP levels did not change, while plasma GH levels increased, 
as has been shown in earlier studies. Following the meal, a transient decrease in 
both GH and GHBP was seen in the fasted fish, lasting 2 to 4 h. This is the first time 
plasma GHBP levels have been measured in fish. The data indicate that GHBP and 
GH levels may be regulated independently or in concert. Supported by EU (Project 
LIFECYCLE FP7-222719).
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P64.-Central and peripheral administration of xenin suppresses food intake 
in goldfish.

Brent Kerbel, Kimberly Badal, Suraj Unniappan.

York University, Canada.

bkerbel465@gmail.com

Xenin is a highly conserved 25 amino acid peptide cleaved from the N-terminus 
of the coatomer protein alpha (COPA). In rodents and chicks, xenin inhibits food 
intake, reduces gastric emptying, and stimulates exocrine and endocrine pancreatic 
secretions. Is xenin a bioactive peptide endocrine factor in fish. Here we used RT-PCR 
to identify goldfish COPA, quantitative PCR to determine COPA mRNA expression, 
fluorescence immunohistochemistry to identify xenin protein expression in goldfish. 
Further, the role of exogenous xenin on food intake was also tested. The N-terminus 
of COPA, including the xenin sequence, was identified from goldfish. Goldfish xenin 
is 25 amino-acids long and is identical to all known xenin from mammals, birds 
and fish. COPA mRNA and xenin-like immunoreactivity is detectable in tissues 
that regulate feeding in goldfish, including the hypothalamus and gut. COPA mRNA 
expression was reduced (~60%) at the time of feeding and increased (~60%) 3 h post-
feeding in the hypothalamus. COPA mRNA expression was reduced (30%) in the gut 
of fish fasted for 3 days. Intracerebrovenricular (central; 32%) and intraperitoneal 
(peripheral; 48%) injection of xenin reduced food intake in goldfish. Collectively, our 
results indicate that xenin is a novel anorexigen in goldfish.
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P65.-GH/IGF-I axis and starving/re-feeding processess in thick-lipped grey 
mullet (Chelon labrosus).

Isabel Maria Pujante-Rodriguez1, Juan Antonio Martos-Sitcha1,2, Juan Miguel 
Mancera1, Gonzalo Martinez-Rodriguez2.

1Departamento de Biología, Facultad de Ciencias del Mar y Ambientales, Universidad de Cádiz, 
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Thick-lipped grey mullet, Chelon labrosus (Risso, 1827), is a euryhaline marine 
teleost of the family Mugilidae. This species is characterized by amphidromic life 
cycles where long periods of insufficient food can occur. This situation affects some 
of the physiological processes in which growth hormone (GH) and insulin-like growth 
factor-I (IGF-I) are involved. In the present work, we evaluated different nutritional 
regimens (feeding and starving groups during 21 days; and re-feeding during 7 days, 
after 14 days of fasting) in C. labrosus to examine the regulation of GH/IGF-I axis in 
order to understand the endocrine mechanism of growth. We cloned pituitary GH 
and hepatic IGF-I by screening a cDNA library, using specific probes obtained by PCR 
with degenerated primers, designed from the conserved regions of other teleost 
sequences from GeneBank. Furthermore, changes in these hormonal expressions 
were assessed in specimens maintained under different nutritional regimens by real 
time QPCR. Moreover, plasma cortisol levels were evaluated in order to assess the 
stress of specimens, showing the higher values the specimens maintained during 21 
days under starved regimen. In addition, pituitary GH as well as hepatic IGF-I mRNA 
expression will be presented and discussed under this hypothesis.
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P66.-Effects of LED light spectra on the growth of the yellowtail clownfish, 
Amphiprion clarkii.

HyunSuk Shin, Gyung-Suk Kil, Cheol young Choi.

Korea Maritime University.

choic@hhu.ac.kr

Growth hormone (GH) is an essential polypeptide required for normal growth and 
development of vertebrates. The present study aimed to test the effects of different 
light-emitting diodes (LEDs) (red, green, and blue) on GH in the yellowtail clownfish. 
We cloned the full-length GH cDNA from the pituitary of the yellowtail clownfish. 
PCR amplification was performed using a Takara Taq DNA polymerase (Takara, 
Japan). We then measured the expression of GH mRNA by QPCR under the different 
light spectra. In green and blue light, the expression of GH mRNA was significantly 
higher than that under the red light spectra. To investigate the effects of melatonin 
on growth, we injected melatonin, we found that the expression levels of GH mRNA 
were significantly higher than those of the control. This study indicated that green 
and blue spectra promote growth and melatonin stimulates GH secretion, thereby 
playing a role in promoting the growth of the fish. These study results can be applied 
to an artificial photic system for effectively enhancing the growth of reared fish. 
Acknowledgements: This research was supported by the Ministry of Knowledge 
Economy under the ITRC support program supervised by the NIPA (2012-C1090-
1221-0015).
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P67.-Novel function of spexin as a feeding inhibitor in fish model: a pilot 
study in goldfish

Matthew Ka Hei Wong1, Ting Chen, Haoran Lin2, Yong Zhang2, Anderson On Lam 
Wong1.

1School of Biological Sciences, University of Hong Kong, Hong Kong. 2School of Life Sciences, 
Sun Yat-sen University, Guangzhou, China. 

mattwkh@hku.hk

Spexin (SPX), a novel neuropeptide discovered recently in mammals, was shown to 
induce contractility in rat stomach, suggesting that it may play a role in the control 
of food intake. Using goldfish as a model for bony fish, we tested the hypothesis 
that SPX may serve as a feeding regulator in lower vertebrates. As a first step, the 
structural identity of goldfish SPX was established by 5 /́3´RACE. The full-length 
cDNA obtained reveals that the mature peptide of goldfish SPX is highly homologous 
to that reported in other vertebrate classes. In goldfish, a transient rise in SPX 
mRNA levels could be noted in the telencephalon, optic tectum and hypothalamus 
shortly after feeding. In vivo treatment of SPX was effective in triggering a dose-
dependent drop in food consumption and surface foraging activity with concurrent 
rise in food rejection behavior. These feeding responses also occurred with a drop of 
NPY mRNA expression in the telencephalon and hypothalamus. These findings, as a 
whole, provide evidence that SPX may serve as a postprandial satiety signal in fish 
model via modulation of central expression of feeding regulators.
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P68.-Catabolic and anabolic actions of IGF-I and IGFBPs in Atlantic salmon 
(Salmo salar L.) reared at high temperature during starvation and restricted 
feeding.

Sofie C. Remø1, Christian K. Tipsmark2, Munetaka Shimizu3, Tom Hansen4, Rune 
Waagbø1, Ernst M. Hevrøy1.

1National Institute of Nutrition and Seafood Research (NIFES), Bergen, Norway. 2University 
of Arkansas, Department of Biological Sciences, Fayetteville, AR, USA. 3Hokkaido University, 
Faculty of Fisheries Sciences, Hokkaido, Japan. 4Matre Aquaculture Research Station, Institute 
of Marine Research, Matredal, Norway.
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Periods of elevated sea water temperatures cause unfavourable farming conditions 
for Atlantic salmon, resulting in a number of physiological and fitness consequences, 
including reduced feed intake and growth. During prolonged periods of high 
temperature, salmon enters a state of voluntary anorexia, resulting in changes 
in the GH-IGF axis. Atlantic salmon (1+, 682±71 g) were randomly distributed in 
four groups (n=3 for each treatment) and exposed to the following experimental 
conditions for 60 days: 19°C starved; 19°C fed; 13°C fed; 13°C pair fed (as 19°C fed 
group). The temperature treatment was followed by a 49 days recovery phase at 13°C 
with feeding in excess. Rearing salmon at 19°C resulted in a lower growth compared 
to both 13°C groups, and the growth rate remained reduced during the recovery 
phase. The 19°C starved group had negative growth during the high temperature 
period, accompanied by a reduction in plasma IGF-I concentration. Further, the 
reduced growth was not compensated for during the recovery phase, despite 
restored plasma IGF-I concentration. The results will be presented with focus on 
the effects of a reduced feed intake during periods of elevated water temperatures, 
in relation to plasma IGF-I and IGFBPs and corresponding tissue gene expression 
and receptors. 
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P69.-Duplicated leptin/leptin receptor system in a basal teleost, the 
European eel.

Anne-Gaelle Lafont, Marina Morini, Jérémy Pasquier, Karine Rousseau, Sylvie Dufour.

MNHN UMR BOREA CNRS, 7 rue Cuvier CP32, 75231 cedex 05 Paris, France.

lafont@mnhn.fr

Leptin is involved in many physiological regulations such as fat metabolism, feeding, 
reproduction, growth and stress. The eel is a particularly interesting model to study 
the leptin system. Eels accumulate metabolic stores during the growth phase then 
fast during the reproductive migration. Their metabolic stores will be mobilized 
to perform both the long oceanic journey and the sexual maturation. This study 
aimed at characterizing the leptin system in the European eel and investigating its 
potential role during sexual maturation. So far in teleosts, up to two leptin genes 
have been identified but only one receptor. Duplicated genes in teleosts may result 
from the whole genome duplication that occurred in this group. Their conservation 
may reflect sub- or neo-functionalization. The analysis of the European eel genome 
led us to characterize two leptin genes and, for the first time, two leptin receptor 
genes. Based on this new discovery, we performed phylogenetic analyses of both 
leptin and its receptor families. We developed specific qPCRs to investigate their 
differential tissue distribution. We also analyzed their differential regulation during 
experimental maturation. This provides the first evidence of a conserved duplicated 
leptin/leptin receptor system in teleosts.
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P70.-Ghrelin and Nesfatin-1 regulate ovarian physiology in goldfish and 
zebrafish.

Erin Shepperd, Sneha Lohan, Chun Peng,Suraj Unniappan.

York University, Canada.

sheppeev@yorku.ca

Ghrelin is multifunctional gut hormone, while nesfatin-1 is an anorexigenic protein. 
Both ghrelin and nesfatin-1 regulate the hypothalamo-pituitary-gonadal axis in 
mammals. We wanted to determine whether these peptides influence fish ovarian 
physiology. PCR studies were used to show ghrelin receptor expression in the 
gonads of goldfish. Oocyte maturation assays, immunohistochemistry and western 
blots were performed on fish tissues to obtain information on possible direct roles of 
ghrelin and nesfatin-1 within the ovaries. We found ghrelin, ghrelin receptor, ghrelin 
O-acyl transferase and nesfatin-1 like immunoreactivity in the follicle cells of the 
goldfish and zebrafish ovary. Nesfatin-1 like immunoreactivity was found in GnRH 
immunopositive cells in the goldfish hypothalamus. Ghrelin and nesfatin-1 inhibited 
basal and maturation inducing hormone stimulated oocyte maturation in zebrafish 
follicles. When the follicles were incubated with ghrelin and the ghrelin receptor 
antagonist, the inhibitory effect of ghrelin on oocyte maturation was abolished. 
Our results for the first time indicate a direct role for ghrelin and nesfatin-1 in 
the gonadal biology of fish. Further studies are required to elucidate the roles of 
endogenous ghrelin and nesfatin-1 on ovarian physiology in fish.
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P71.-Dynamics of circulating leptin in the fine flounder (Paralichthys 
adspersus) during fasting and refeeding: correlations to signaling pathways 
in skeletal muscle.

Eduardo N. Fuentes1, Diego Safian1, Peter Kling2, Ingibjörg E. Einarsdottir2, Juan 
Antonio Valdés1, Alfredo Molina1, Björn Thrandur Björnsson2.

1Laboratorio de Biotecnología Molecular, Departamento de Ciencias Biológicas, Facultad 
de Ciencias Biológicas, Universidad Andrés Bello, Av. Republica 217, Santiago, Chile. 2Fish 
Endocrinology Laboratory, Department of Biological and Environmental Science, University of 
Gothenburg, Box 463, S-40530 Gothenburg, Sweden.
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In fish, a description of the intracellular mechanisms that modulate actions of leptin 
and its possible involvement in the regulation of energy balance and growth is still 
lacking. In two experiments leptin dynamics were assessed in the fine flounder. In the 
first experiment, three groups of fish were fasted for 2, 3, and 4 weeks, respectively, 
and then reefed. During fasting, plasma leptin levels increased gradually, and after 
refeeding the fish a single meal, leptin levels declined to lower than initial levels 
within 2 h. In the second experiment, fish were subjected to 3 weeks fasting followed 
by 4 weeks of refeeding. AMPK and TOR activation (regulators of cellular growth 
and energy status), and PGC-1α/OXPHOS (mitochondrial biogenesis) was assessed 
in muscle, as well as leptin plasma levels. Fasting increased leptin plasma levels 
as well as AMPK activation and PGC-1α/OXPHOS content. TOR activation decreased 
during fasting. During refeeding all the analyzed components swiftly reversed 
showing an opposite trend to fasting. These correlations indicate that the link 
between leptin and AMPK may be of importance for cellular processes such as 
metabolism and growth in skeletal muscle. Grants: FONDECYT (Nº1090416), UNAB 
(DI-14-11/I), FORMAS (2008-1258), LIFECYCLE (FP7/2007?2013).
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P72.-Transient inactivation of the myostatin in zefrafish during refeeding 
after a fasting period induces muscle hypertrophy: involvement of the ERK, 
Akt and SMAD signaling pathways.

Eduardo Fuentes, Juan Antonio Valdés, Kathy Pino, Cristina Navarro, Alfredo Molina.
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edua.fuentes@gmail.com

Myostatin (MSTN) is a member of the transforming growth factors superfamily 
(TGF-β), and a negative regulator of muscle mass. Several studies have inactivated 
myostatin in fish by using different methodological approaches; however, there 
are no studies that have inactivated the myostatin during compensatory growth. 
Three groups of zefrafish were used, group 1 (G1) was continuously feed, group 2 
(G2) was fasted by 2 weeks and subsequently reefed, and group 3 (G3) was fasted 
by two weeks and afterwards reefed, inactivating myostatin by the administration 
of a dominant negative LAPD76A during the whole refeeding period. During fasting 
G2, G3 displayed an atrophic phenotype showing a reduction muscle fiber area; this 
was along with ERK and Akt inactivation and SMAD2 activation. Interestingly, during 
refeeding, SMAD2 was still activated in G2 after 2 weeks of refeeding; whereas, 
SMAD2 activation in G3 was lower than G2. At the end of the trial, (i.e. 8 week of 
refeeding after fasting), G3 displayed a significant increase in muscle fiber area than 
the other groups G1 and G2. These results suggest that the inactivation of myostatin 
during anabolic periods of rapid compensatory growth trigger muscle hypertrophy. 
Grants: FONDECYT (Nº1090416).
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P73.-Isolation and characterization of the (IGFBP)-1 to -6 in the fine flounder: 
Dynamic transcriptional regulation of autocrine/paracrine IGFBPs in the 
skeletal muscle during different nutritional statuses.

Diego Safian, Eduardo Fuentes, Juan Antonio Valdes, Alfredo Molina.
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The IGF binding proteins (IGFBPs) play a dual role in the modulation of the 
bioavailability of IGFs. IGFBPs can also be synthesized in different tissues, exerting 
an important role in the local regulation of IGFs. In this study, igfbp1 to 6 were 
isolated and characterized in the fine flounder (Paralichthys adspersus), a flat fish 
species that display an inherent growth hormone (GH) resistance, triggering low 
production igfI in muscle. Moreover, the igfbps expressions were assessed in the 
skeletal muscle of fine flounder underwent different nutritional statuses, fasting 
and refeeding. In basal conditions Igfbp1 was not expressed in muscle during any 
of the nutritional conditions, whereas igfbp3 and igfbp5 were the lowest and the 
highest igfbps expressed, respectively. During the fasting period, igfbp2, 4, and 5 
decreased, whereas igfbp3 increased. Igfbp2, 3, and 6 decreased during short-term 
refeeding, whereas igfbp5 increased. During long-term refeeding the expression 
of igfbp2, 4, 5, and 6 increased, while igfbp3 remained unchanged. In conclusion, 
the present study shows a dynamic nutritional and time-dependent response in the 
igfbps expression in skeletal muscle. Grants: FONDECYT (Nº1090416), UNAB (DI-14-
11/I).
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P74.-IGF-1 and growth hormone receptor type 2 (GHR2) in Cichlasoma 
dimerus: sequencing, tissue specific expression and regulation by fasting

Tomás Delgadin1, Daniela Pérez Sirkin1, Silvia Arranz2, Paula Vissio1.
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Teleosts are known to be a diverse group of fish, some of which are capable of 
enduring long periods of food restriction. The aim of the present study was to 
investigate the effect of fasting on somatic growth, liver histology and IGF-1 and 
GHR2 expression in C. dimerus. GHR2 and IGF-1 transcripts were sequenced from 
liver, and their tissue distribution and regulation by fasting were studied by RT-PCR 
and RTqPCR respectively. Both IGF-1 and GHR2 transcripts showed a widespread 
distribution, been detected in pituitary, whole brain, liver and gonads among others. 
Fasting for 4 weeks resulted in a significant reduction in body weight, total and 
standard length, as well as in hepatosomatic index and hepatocyte area (p<0,01). 
Glucosa plasma levels were not different between treatments. In the liver of food 
restricted fish both IGF-1 and GHR2 relative mRNA levels were increased (p<0,01). 
These data suggest that nutritional status alter somatic growth and affect the 
histology of the liver. The up-regulation of IGF-1 and GHR2 transcripts in the liver of 
fasted fish could be related to an IGF-1 negative.
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P75.-Distribution of neuropeptide y (NPy)-immunoreactive endocrine cells 
in the gastrointestinal tract of dourado (Salminus brasiliensis)

Raquel Pereira1, Fabricio Vigliano2, Leandro Costa1, Jamile Araújo1, Natália Mourad1, 
Renan Paulino1, Maria Júlia Logato3, Silvia Arranz2, Rilke Freitas1, Priscila Rosa1. 

1Federal University of Lavras, Lavras. MG. Brazil. 2National University of Rosario, Casilda. 
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Neuropeptide Y is a highly conserved orexigenic peptide that is mainly expressed 
by hypothalamic neurons but also by endocrine cell of the gastrointestinal tract 
(GIT). The aim of this study was to describe the distribution of NPY-immunopositive 
(NPY+) cells in the GIT of the dourado (Salminus brasiliensis) by means of 
immunohistochemistry. We used 12 juvenile of S. brasiliensis (144.8 g ± 21.7 g). 
After 24 h of fasting, fish were euthanized and samples from esophagus, stomach 
(cardial, fundic and pyloric regions), midgut (pyloric caeca, second and third loops) 
and hindgut were dissected out, fixed in Bouin solution for 12 h and processed for 
embedding in paraffin wax. Finally, an indirect immunohistochemistry technique 
using a polyclonal primary antibody against porcine NPY was made, and the number 
of NPY+ cells mm-2 was calculated in each region. Significant differences (p <0.05) 
among regions were assessed by a Kruskal-Wallis test with a Dunn’s post hoc test. 
Pyloric caeca, the second and third loops of the midgut showed significantly higher 
values of NPY+ cells mm-2 than the remaining regions of the GIT. The higher density 
of NPY+ cells at these locations suggest their primary role as a source of peripheral 
signals for stimulation of food consumption.feedback in GH release.
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P76.-Elevated temperatures results in simmilar growth regulation of IGF-I 
and IGF binding proteins in Atlantic salmon and rainbow trout.

Ernst M Hevrøy1,3, Christian Tipsmark2,3, Sofie C Remø1,3, Tom Hansen3, Pål A Olsvik1,3, 
Rune Waagbø1,3, Munetaka Shimizu5,3.
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For salmonid species there is scarce information on growth hormone (GH) - 
insulin-like growth factors (IGFs) and IGF-binding protein growth regulations at 
elevated temperatures, and no comparative experiment between Atlantic salmon 
and rainbow trout have yet been executed. Large Atlantic salmon show severe 
reduction in appetite and growth when exposed to continuous temperatures of 17 
- 19 °C. Global warming is expected to give warmer summers and more frequent 
periods of elevated sea temperatures. Post smolt of Atlantic salmon (Salmo salar) 
and rainbow trout (Oncorhynchus mykiss) were reared at 13 and 19 °C for 35 days. 
The rainbow trout grew better than the Atlantic salmon, and did not show reduced 
growth at 19 °C as was the case for Atlantic salmon. Detailed regulation of the GH-
IGF systems and identification of the IGFBP-1a gene in Atlantic salmon, together with 
measurements of circulating IGF-I and IGFBP-1b proteins at elevated temperature 
will be presented. This work has been carried out with support from the Research 
Council of Norway project no. 199683/S40.
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P77.-Glucocorticoid regulation of myostatin in salmonids.

Nicholas Galt1, Stephen McCormick2, Jacob Froehlich1, Peggy Biga1.
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Myostatin (mstn) promoter analyses in salmonids have demonstrated putative 
glucocorticoid response elements (GREs) in regulatory region of mstn-1b in both 
brook trout (Salvelinus fontinalis) and Atlantic salmon (Salmo salar). Interestingly, 
no GRE has been identified in rainbow trout (Oncorhynchus mykiss) mstn gene 
promoters. The current studies were conducted to empirically demonstrate 
glucocorticoid regulation of mstn in these Salmonids. A short-term glucocorticoid 
treatment and a 48 hr crowding stress were implemented to assess direct and 
indirect response to stress. Glucocorticoid treatment increased mstn-1b mRNA 
expression in both red and white muscle from brook trout, while mstn-1a mRNA 
expression was increased in only red muscle. Alternatively, mstn-1a expression 
was decreased by cortisol in Atlantic salmon red and white muscle. Interestingly, no 
change in mstn mRNA expression was observed in rainbow trout following a similar 
treatment which supports the previously described promoter analyses. These data 
indicate species-specific responses in mstn expression in response to cortisol and 
could indicate differential adaptive responses to stress and growth regulation. 
Further work is needed to determine if this response is conserved in other fishes. 
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P78.-Regulation of somatic growth and gene expression of the GH/IGF 
system and muscle growth biomarkers myostatin and myogenin by dietary 
lipids in juveniles of the pejerrey (Odontesthes bonariensis).

Pedro Gómez-Requeni1, Marisa Villian2, Ricardo Boeri2, Luis Fabián Canosa1.

1Laboratorio de Neuroendocrinología Comparada. IIB-INTECH, CONICET-UNSAM, Intendente 
Marino Km. 8.2, Chascomús, Argentina. 2INTI, Mar del Plata, Buenos Aires, Argentina

lcanosa@intech.gov.ar

Growth and mRNA levels of growth hormone receptors (GHRs), insulin-like growth 
factors (IGFs) and muscle growth biomarkers myostatin (MSTN) and myogenin 
(MyoG) were analyzed in juveniles of pejerrey fed with graded levels of dietary 
lipids (L) ranging 6%, 10% and 25%. At the end of the 14-week trial, growth rates 
were higher with L10 and L25 paralleled by a decrease in liver IGF-I expression. 
Hepatic GHR-I mRNA levels followed the same trend whereas GHR-II and IGF-II 
did not change. Muscle IGF-I expression slightly increased in groups L10 and L25 
whereas GHR-I decreased in L10. GHR-II, IGF-II and MyoG mRNA levels increased 
in L6 while MSTN did not differ between treatments. These results suggest an 
apparent inhibition of hypertrophic mechanisms to counteract excessive muscle 
growth hyperplasia in groups L10 and L25. In the adipose tissue, a decrease of IGF-I 
mRNA levels was evident in group L10, whereas GHR-I did not change. Similarly, 
IGF-II and GHR-II mRNA levels were not modified although a slight increase with 
dietary lipids was observed. Taking these results together, it is clear a particularly 
fine tuning of the GH/IGF system with 10% dietary lipid levels, suggesting that the 
energy demands for growing pejerrey were met in this condition. Grants: PICT06-74, 
PICT10-1493, PIP271.
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P79.-Effect of food deprivation on MCH and GnRH variants in the cichlid fish 
Cichlasoma dimerus. A morphological and functional study
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In vertebrates, the regulation of appetite is complex and involves the brain and 
peripheral signals. There are several neuropeptides implicated in the regulation of 
nutrition and reproduction, suggesting a clear link between feeding and reproductive 
functions. In particular, both chicken GnRH II (GnRH-II) and MCH have been involved 
in the regulation of food intake in teleost fish. The main aims of the present study 
were to examine the effect of fasting over theMCH and the three GnRH variants 
expression and a possible interaction between these peptides in C. dimerus. We 
first obtained the full length sequence of the GnRH variants. Then, we studied the 
effect of fasting by RTqPCR. One-week fasted fish had lower expression levels of 
both GnRH-II and MCH compared to the fed ones; however, 3 and 4 week fasted fish 
showed no statistical differences compared to the control group. Concomitantly, by 
double label immunofluorescence and confocal microscopy we could demonstrate 
that GnRH-II fibers are in contact with MCH neurons in the NLT. No association was 
found between MCH and the other GnRH variants. Taken together, these results 
suggest that GnRH-II and MCH may have an anorexic function in C. dimerus and that 
there is a functional association between these two neuronal systems. 

NOTES:



222

P80.-Exploring the roles of leptin in Atlantic salmon
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Leptin is primarily produced by adipose tissue in mammals and is a central link 
between adiposity, appetite and weight. Its role in teleosts is unclear. Atlantic salmon 
has a wide range of life histories linked to body size and energy stores. We have 
described four leptin paralogs in salmon: slepa1, a2, b1, b2. The slepa duplicates 
show 71.6% identity, while slepb duplicates share 98% identity. Expression profiles 
show differences between tissues, life stages and short and long-term feeding 
status. High mRNA levels for slepa1 is observed in the brain, white muscle, liver, 
and ovaries. In most tissues slepa2 is generally lower expressed than slepa1 except 
for the GI-tract. slep b has in general a low expression but the highest in brain and 
gill. We have identified two leptin receptor long form duplicates in salmon (slepr1, 
r2). Both duplicates are widely expressed in 14 tissues although their distribution 
pattern varies. Expression changes during smoltification, maturation and is 
affected by feeding status. slepr1 is higher expressed in the brain, while slepr2 is 
higher in the liver. slepr1 are expressed in symmetric clusters of neurons of the 
hypothalamus as in mammals. Studies using recombinant protein suggest that 
sLepA1 has an anorectic role in salmon.
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P81.-Circulating salmon insulin-like growth factor binding proteins: 
Duplication matters
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Since the identification of fish insulin-like growth factor binding proteins (IGFBPs) 
in 1992 by Dr. Bern?s group at University of California, accumulating evidence 
suggests that fish IGFBPs play crucial roles in regulating embryonic development 
and postnatal growth directly or indirectly through modulating actions of IGFs. Six 
IGFBPs have been found in fish as in mammals and teleost-specific third round 
of whole genome duplication resulted in the presence of paralogs of five IGFBPs. 
Three major IGFBPs at 20-25, 28-32 and 40-50 kDa are typically detected in the 
circulation of teleosts. However, identity of these IGFBPs is not well established. We 
identified three IGFBPs in Chinook salmon through protein purification and cDNA 
cloning. Salmon 22- and 28-kDa IGFBPs are co-orthologs of IGFBP-1. They respond 
to catabolic states such as stress and fasting but might undergo spatial subfunction 
partitioning. Salmon 41-kDa IGFBP, a major IGF-I carrier as is mammalian IGFBP-3, 
is not IGFBP-3 but IGFBP-2b, suggesting that it acquired a role similar to mammalian 
IGFBP-3 after gene duplication. Duplicated salmon/fish IGFBPs thus offer an 
excellent opportunity to investigate subfunction partitioning and the structure-
function relationship of IGFBPs. (Supported by JSPS 19580198 and 21580214).
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P82.-Feminization of fat snook Centropomus parallelus by oral adminstration 
of 17β estradiol
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Steroid hormones, such as estradiol 17β (E2), are important regulators of sex 
control in fish. In this study we examined the effect of oral administration of E2 
during gonadal differentitation on juveniles of fat snook Centropomus parallelus. 
Juveniles were fed with E2 at 0, 25, 50, 75 e 100 mg. Kg-1 diet for 45 days. After 
the feeding period, fishes were cultured for more 11 months to determine growth, 
survival and sexual proportion with a diet without E2. The results showed by 
macroscopic and histological evaluation that E2 were successful for feminization. 
The highest incidence of females in the groups were treated with the 50, 75 e 100 
mg.Kg-1. Treatments 25 mg.Kg-1 e control group also had incidence of females, 35% 
e 18.75%, respectively. There was no significant difference (P>0.05) detected among 
treatments in survival after feeding period. Hormonal treatments affect grew of the 
fat snook. The final body length and weight of the groups treated with 25, 50, 75 e 
100 mg.kg-1 E2 were significantly lower than those of control (P<0.05). This study 
suggests that 50 mg.kg-1 E2 is the optimal dosage for feminization in fat snook, C. 
parallelus.
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P83.-Induced sex inversion on protandrous common snook, Centropomus 
undecimalis, using 17- β estradiol implants.
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Common snook Centropomus undecimalis is a protandrous hermaphrodite 
species with potential for aquaculture. Steroid hormones have a pivotal role for 
differentiation and sex change in fish and for protandrous hermaphrodite are most 
administrate estrogens. The present study was undertaken to evaluate the effect 
of implants of the hormone 17-β estradiol (E2) for sex inversion of C. undecimalis 
males. There were used Ethylene Vinyl acetate (EVAc) implants in 4 levels of E2 (0.5; 
1.0; 4.0 e 8.0) mg kg-1 and a control group (n=7), implants were introduced in the 
abdominal area. At the end of the experiment, 100 % of the fishes were sacrificed 
for histological analysis of gonads and liver. Sexual steroids (T, E2) in plasma were 
determined in 0, 15, 45 and 90 days. Treatments 0,5, 1,0 and 4,0 mg/kg of E2 had 
induced sexual transition and completion of ovarian development. Gonadosomatic 
index were significantly higher (P>0,05) in sex inverted fishes. In control, all fishes 
were functional males. In treatments 4,0 and 8,0 mg/kg of E2, there were observed 
mortalities, 48,8 and 100 % respectively. These fishes had liver damage, including 
swelling and hepatocellular disarray. Stimulus for sex change was possible with 
implants of E2, however high dosages (8 mg/kg) of E2 can be lethal.

NOTES:



226

P84.-Heterosexual gonads in phenotypic males of Apistogramma bitaeniata, 
an ornamental Amazonian cichlid.
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Gender determination in Apistogramma is usually based on external appearance, 
the male and female having different colors and fins development patterns which 
allow generally the definition of sexual status. However, histological observation of 
Apistogramma bitaeniata gonads allowed us to systematically observe the presence 
of previtellogenic oocytes in the testes of males with normal external appearance. 
On the contrary, we did not observe any testis-like structure in the ovaries of adult 
or immature females. The size distribution of a fish population captured in the 
region of Iquitos (Perú) with regard to sexual status showed that male total lengths 
ranged from 1.6 to 9.6 cm while female sizes ranged from 2.9 to 9.6 cm. From these 
observations we concluded that the presence of bisexual fish corresponded to 
hermaphroditic functional males with proteroginic-type sexual determinism. But 
we never observed male phenotypes with vitellogenic oocytes, suggesting that the 
transformation of functional males into females is unfrequent, or absent, in natural 
conditions. The adaptive significance of this phenomenon is unknown but discussed 
in the light of the thermally dependent sexual determinism in the genus and the 
climate change-driven temperature previsions in Amazonia.
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P85.-Sex change of females dusky grouper (Epinephelus marginatus) by 
nonsteroidal aromatase inhibitor (Letrozole).
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In the early spring Epinephelus marginatus females were sex reversed using a 
nonsteroidal aromatase inhibitor (AI) (letrozole, 100 µg/kg). Gene expressions of 
FSH, LH and plasma levels of sex steroid hormones were examined. After 30 days of 
the AI implant, there was an increase in 11-ketotestosterone (11KT) levels, however 
estradiol (E2) concentration did not change; after 77 days, there was a significant 
increase in testosterone (T) levels, a decrease in 11KT levels and the maintenance 
of E2 plasma concentration. The number of copies of pituitary βFSH produced by 
experimental animals was lower than in the control group. In the sex changed males 
gonadossomatic index decreased compared to control group. In this point of view, 
mainly the concentrations of T and E2 may have activated the negative feedback loop 
and probably, with the activation of the kisspeptin system may have promoted the 
action of gonadotropin-releasing hormone (GnRH) diverting the production of FSH 
to LH. The increase in plasma 17-α OHprogesterona levels observed could suggest 
that the action of GnRH increased the secretion of LH, the main gonadotropin that 
stimulates the production of progestogen. These physiological events seemed to 
trigger the sex inversion from female to male in E. marginatus.
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P86.-Temperature effects on sex determination of Chirostoma estor, a 
freshwater atherinopsid.
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Chirostoma estor is an endangered freshwater atherinopsid endemic to central 
Mexico. In this work we investigated the possibility of temperature-dependent sex 
determination (TSD) that could be applied as a biotechnological tool for sex control 
in the culture of this species. This information could be useful also as a bioindicator 
of anthropogenic or climate change effects on its reproduction. Gametes from 
three single pair broods were manually fertilized, immediately divided in three 
groups, and incubated at 14, 21, and 29ºC. These thermal treatments were 
continued through hatching until 4 weeks after hatching (wah). All groups were then 
transferred to 21ºC. About 40-60 fish per treatment were sampled at 12 wah and 
processed histologically to determine phenotypic sex ratios. The mean proportions 
of males in the three broods were 85, 65, and 55% at 29, 21, and 14oC (p<0.01), 
respectively, but there were substantial differences in the response of each brood 
to temperature. These results suggest that incubation at high temperatures during 
early development can lead to male-biased sex ratios in this species. The effects 
of lower and medium temperatures were not so clear, suggesting a mixture of 
genotypic and TSD mechanisms in C. estor.
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P87.-Sex differentiation in the Siberian sturgeon (Acipenser baerii): a 
morphological and immunochemical study.
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In the undifferentiated gonads of Acipenser baerii primordial germ cells are 
restricted to the gonadal periphery. At 16 months post-fertilization, gonads show 
differences relative to the distribution of the germ cells. In the ovaries, oogonia, 
which are located along the ventral region, proliferate and form cell clusters, 
surrounded by somatic cells. In these clusters, oogonia enter meiosis. With the 
beginning of the steroidogenic activity, the prophase oocytes are labeled by anti-
cyp17. Ventrally, the gonadal tissue invaginates giving rise to the lamellae. In the 
dorsal region, the mesenchymal cells move away from one another forming the 
extravascular spaces, giving origin to the stroma. The oocytes enter into primary 
growth and remain labeled by anti-cyp17. The ovary develops as well as the lamellae. 
At this point the central region of testes shows few spermatogonia surrounded by the 
pre-Sertoli cells. They proliferate, filling the gonadal tissue, forming sinuous cord-
like structures. Testes develop and a duct is formed in the dorsal region. Among 
spermatogonia, the interstitial tissue develops. At this time, meiosis of the germ 
cells does not occur and anti-cyp17 labelling is not detected. Thus, the supposed 
male gonads are composed only by spermatogonia and somatic cells.
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P88.-Fibroblast growth factor 9/16/20 subfamily: establishment of its role 
during gonadogenesis in medaka
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The morphological development of a functional gonad from an undifferentiated 
primordium is a critical period where the gonad will develop into a testis or an ovary. 
In mammals have been identified FGF9 (Fibroblast Growth Factor 9) as a key player 
during this period, directing the gonadal primordium towards the development of a 
testicle. In turn it has been observed that FGF9 is not found in the genome of fish. 
Nevertheless, other members of the FGF9 like subfamily could be identified (fgf20a, 
fgf20b and fgf16). To test if any of the members of the fgf subfamily 9 and their 
receptors could be involved on the gonadogenesis we analyzed their expression 
during testicular differentiation and adulthood by RT-qPCR using medaka (Oryzias 
latipes, himedaka stain). We observed that fgfg20a was expressed in testis, 
but present a weak expression in ovary. However, the expression of fgf20b was 
restricted to the ovary. On the contrary, it could not be observed expression of fgf16 
on male of female gonad during ontogeny or adulthood. The expression of these 
two fgf20 paralogs supports the idea that they could be involved in the process of 
gonadogenesis in this species. Grants: CONICET PIP D731 and ANPCYT PICT #1980.
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P89.-The pineal complex morphology of the cichlid fish Cichlasoma dimerus 
and its relation with gonadal sex differentiation.
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The pineal organ of teleost fish is a photorreceptor structure that transduces 
photoperiodic information into nervous and neuroendocrine messages. The most 
important neurohemal messenger is melatonin, synthesized by pinealocytes and 
released during nighttime. This rhythmicity gives information about daytime 
and time of the year, as its duration and quantity changes during the year in a 
photoperiodic dependent manner. In the present study, we analyzed the functional 
morphology of the pineal complex of the Southamerican cichlid fish “chanchita” 
Cichlasoma dimerus. We also analyzed the influence of changes in day lenght on: 
a) larvae pineal complex morphometry, b) larvae gonadal sex differentiation. The 
pineal complex of C. dimerus has three major components: pineal organ, divided in 
pineal vesicle and pineal stalk, parapineal organ, and dorsal sac. Larvae exposed 
to short photoperiod (8:16 hours light/darkness) showed an increased nuclear area 
of vesicle pinealocytes, compared with long photoperiod exposed larvae (14:10 
hours light/darkness) and also showed a lower proportion of sexually differentiated 
larvae than expected. Based on these results, we conclude that photoperiod plays a 
key role in gonadal sex differentiation, process in which might be involved the pineal 
complex. 
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P90.-Expression profile of two amh homologues during gonadal development 
in pejerrey Odontesthes bonariensis.
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Sex determination in pejerrey Odontesthes bonariensis is characterized by a very 
strong temperature dependence and the absence of a thermal plateau for production 
of balanced sex ratios. In contrast, its congener O. hatcheri shows a Y chromosome-
linked amh duplication (amhy) that is crucial for testis determination and formation 
of balanced sex ratios at intermediate temperatures. In this study we report the 
occurrence of a amhy homologue in pejerrey, in addition to the autosomal amha. 
The amhy gene cDNA was cloned and sequenced and its expression was analyzed 
in the progeny from a amhy+/- male and amhy-/- female at female- and male-
promoting temperatures (FPT and MPT, respectively) until 10 weeks after hatching. 
Sequence analysis revealed the amhy-characteristic 0.5Kbp insertion in the third 
intron and the deduced AMHY protein was comprised of 514 amino acids. RT-PCR 
revealed transcripts of amhy in fish reared at MPT and FPT only before and during 
the thermolabile period of sex determination but not after it. In contrast, amha 
transcripts were only observed in fish reared at MPT during the sex determination 
period. Unlike O. hatcheri, whereby amha seems to be irrelevant for sex 
determination, both amhy and amha appear to be involved in the sex determination 
of O. bonariensis. 
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P91.-Water temperature decrease triggers hormone mediated downstream 
migratory behavior in Pacific salmon.
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We suggest that a minute water temperature decrease triggers or regulates 
hormone mediated downstream swimming behavior, an initial step of seaward 
migration in juvenile Pacific salmonids. In tanks, masu salmon (Oncorhynchus 
masou), Chinook salmon (O. tschawytscha) and steelhead trout (O. mykiss) smolts, 
exposed to a minute decrease in water temperature (<2 C) exhibited high plasma 
cortisol levels within an hour. On the other hand,non-migratory forms of masu 
and O. mykiss (rainbow trout) did not show an increase of plasma cortisol levels. 
In artificial streams, masu salmon, coho salmon and Steelhead trout juveniles 
exhibited the downstream swimming behavior when exposed to a 1 C drop in water 
temperature. However, coho salmon (O. kisutch) juveniles given cortisol implants 
via cholesterol pellets showed constant downstream movements independent 
of water temperature changes. Furthermore, masusalmon juveniles exhibited 
downstream swimming behavior when exposed to cortisol suspended in the water 
(1mg/L). Therefore, we suggest that a slight decrease in water temperature is one 
of the environmental cues resulting in occurrence and modification of downstream 
swimming behavior in Pacific salmonids. Moreover, this behavior is mediated partly 
by minute increase of plasma cortisol levels.
 

NOTES:



234

P92.-Mapping neuronal pathways and gene expression networks underlying 
sex pheromone actions in male gold
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The neural pathways underlying sex pheromone actions have not been elucidated. 
We developed a novel goldfish brain explant preparation with intact olfactory 
circuitry to the telencephalon (TEL) for detailed patch clamp electrophysiological 
characterization. Cluster analysis of intrinsic membrane properties indicates five 
different functional classes of ventral preoptic area (vPOA) neurons. Stimulating 
the olfactory bulb (OB), and bath application of agonists and antagonists revealed 
abundant monosynaptic glutamatergic (GLU) connections with vPOA neurons. Males 
were exposed (6h) to waterborne PGF2a (P) and 17,20bP (R), the primer and releaser 
pheromones in goldfish that stimulate milt release. Real-time PCR examination of 
mRNA levels indicated that P increase sGnRH while R increased cGnRH-II. Microarray 
analysis of TEL following P exposure revealed rapid modulation of genes involved 
in biological processes of transmission of nerve impulse and neuron development. 
Increased expression of aldolase C and ependymin-II following pheromone exposure 
are indicative of increased energy demand and neuroplasticity, respectively. We 
speculate that activation of GLU pathways from the OB to the POA is important for 
the long-term modulation of neuronal function in males engaged in sexual activity.
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P93.-Mechanisms of imprinting and homing migrations in salmon
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Salmon have an amazing ability to migrate a long distance from the open water 
to their natal stream for reproduction after several years of feeding migration. 
Three different researches from behavioral to molecular biological studies have 
been applied to clarify physiological mechanisms of salmon imprinting and homing 
migration using anadromous chum salmon migrating from the North Pacific Ocean 
to Hokkaido, Japan as well as lacustrine sockeye and masu salmon in Lake Toya, 
Hokkaido, where the lake serves as the model oceanic system. The behavioral 
studies using biotelemetry techniques showed swimming profiles from the Bering 
Sea to Hokkaido in chum salmon as well as homing behaviors of lacustrine sockeye 
and masu salmon in Lake Toya. The endocrinological studies on hormone profiles 
in the brain-pituitary-gonadal axis of chum salmon and lacustrine sockeye salmon 
clarified the hormonal changes during homing migration. The neurophysiological 
studies revealed crucial roles of olfactory functions that the long-term stability of 
dissolved free amino acids composition in natal streams is essential for olfactory 
imprinting and homing. These findings are discussed in relation to physiological 
mechanisms of juvenile imprinting and adult homing migration in anadromous and 
lacustrine salmon.
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P94.-Gonadectomized individuals exhibit territorial aggression but not 
winner in the weakly electric fish Gymnotus omarorum.
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Winner experience increases the probability of wining a future agonistic contest 
with a different opponent (winner effect). In teleosts, aggression and winner 
effect depend on androgenic hormones. Gymnotus omarorum (solitary, seasonal 
breeder) is a highly aggressive electric fish that defends its territory in inter/intra-
sexual combats. During the non-breeding season (gonads regressed, low levels of 
androgens), G. omarorum displays territorial aggression and winner effect (85% of 
previous winners won a pair-sized second contest 1 h after). To study if agonistic 
behavior depends on gonadal steroid hormones levels (GSHL), we evaluated dyadic 
contests between naïve gonadectomized (GTX) individuals (n=7, 5-20% weight 
asymmetry). All GTX individuals exhibited the same agonistic behavior (locomotor & 
electric displays, predicted outcome) as intact animals. To explore if winner effect 
depends on GSHL, we tested previous GTX winners against pair-sized GTX naïve 
individuals. GTX fish showed no winner effect: only 43% of prior winners won the 
second interactions. We speculate that basal levels of androgens during the non-
breeding seem irrelevant for the establishment of dominance but are essential for 
the integration of winner previous experience. Partially supported by PEDECIBA.
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P95.-Inhibitory effects of testosterone on the sensitivity to short-term 
decrease in water temperature in Steelhead, Oncorhynchus mykiss.
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The Pacific salmons are categorized by two different behavioral types: migratory 
and non-migratory forms. For the migratory forms, water temperature is suggested 
as one of the cues for downstream migration. On the other hand, for the non-
migratory forms such as precociously matured masu salmon, Oncorhynchus masou, 
migration is inhibited by sex steroid, testosterone (T). We examined the difference 
in the sensitivities between two forms of O. mykiss and elucidated the effects of T 
on the sensitivity of Steelhead to water temperature changes. We compared body 
temperature changes during decrease in water temperature between (1) Steelhead 
and rainbow trout, (2) dead Steelhead and rainbow trout, and (3) high-T and low-T 
Steelhead. While water temperature fell by 3 °C in 30 min, body temperature of 
Steelhead having low condition factor (CF) decreased faster than that of rainbow 
trout. On the other hand, there was no difference in body temperature changes 
between dead fishes. Body temperature of low-T Steelhead decreased faster than 
that of high-T Steelhenad, while there was no difference in CF. Our results suggest 
that migratory forms are more sensitive to water temperature decrease than non-
migratory forms, and T has an inhibitory effect on sensitivity to water temperature 
decrease. 
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P96.-Is sex reversal a step-wise process that depends on rank in the 
social hierarchy? A look into the lives of the kyusen wrasse, Halichoeres 
poecilopterus

Mark Lokman1, Masaki Nagae2, Daisuke Izumida3, Kiyoshi Soyano3. 
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Functional sex reversal is a strategy geared towards maximizing reproductive 
fitness. It is common in wrasses, groupers and marine gobies, whose members 
often start life as female and change to male later in life. The hormonal signals 
and architectural changes that lead to reconstruction of the gonad have been well-
documented; however, little is known about the changes that occur in the brain, 
i.e., the control centre that initiates sex change. Sex change in wrasses is seen as 
an abrupt change, one in which the dominant female will assume the sex of the 
terminal-phase male on his removal - the idea that sex change could occur in a 
step-wise fashion, with increased maleness (aggression) as rank in the hierarchy 
is higher, has, to our knowledge, not been tested. Therefore, we set out to correlate 
body length (a proxy of rank) with mRNA levels of a suite of candidate genes in brains 
and pituitaries from kyusen wrasse. Analyses to date indicate that body length did 
not correlate with mRNA levels of follicle-stimulating hormone-b or androgen 
receptor-a or -b in the pituitary. Furthermore, mRNA levels of these genes did not 
show clear sexual dimorphism. Our hypothesis - that size reflects rank and hence, 
“maleness” of the brain and pituitary - is not supported by the partial data.
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P97.-Medullary nucleus that controls electric communication exhibits a 
differential distribution pattern of AVT-ir fibers in two species of electric fish 
with different sociality.

Rossana Perrone1, Ana Silva1,2. 
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Vasotocin (AVT) modulates the agonistic electric displays of intermale reproduction-
related aggression in the gregarious Brachyhypopomus gauderio, but not of intra/
intersexual territorial aggression in the solitary Gymnotus omarorum. To test if the 
organization of the AVTergic system underlies these interspecific differences, we 
investigated the AVT-inmunoreactivity (AVT-ir) of fibers close to the location of the 
medullary pacemaker nucleus (PN), responsible for electric displays. We expected 
to find AVT-ir projections to the PN only in B. gauderio. We focused on medullary 
AVT projections in breeding and non-breeding male brains of both species in 
which AVT-ir somata were identified at the preoptic area. AVT-ir fibers to the PN 
were found all year round in B. gauderio; being more abundant during the breeding 
season. Unexpectedly, AVT-ir projections to the PN were also found in G. omarorum 
though their distribution pattern was different between species. In G. omarorum 
AVT-ir fibers reach the PN dorsally, along the midline, whereas in B. gauderio fibers 
approach the PN from many directions. Our results suggest that AVT, acting directly 
on the PN, is a key factor in the modulation of social electric displays, that may 
contribute to shape the different sociality of both species. 
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P98.-Gene regulatory networks affected by progesterone in male fathead 
minnow (Pimephales promelas) testis.

Yasmin Chishti, Christopher J Martyniuk.
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Progesterone (P4) is a sex steroid that plays a significant role in teleost reproduction 
and while the effects of P4 in the teleost ovary have been extensively investigated, 
less is known about the action of P4 in males. The objectives of this study were 
to evaluate the effects of P4 on gene expression in the testis of sexually mature 
male fathead minnows (FHM; Pimephales promelas) and to identify P4-responsive 
gene regulatory networks. Testis explants from reproductive males (n=10) were 
incubated with 10-6 M and 10-8 M P4 for 6 and12 hours in an in vitro bioassay. P4 
potentiated hCG-stimulated production of testosterone but there was no significant 
effect of dose or time on 11-ketotestosterone. Gene expression analysis revealed 
that there were approximately 700 genes that were differentially affected in the 
testis after P4 treatment. There were no direct effects of P4 on steroid related gene 
expression; however, P4 significantly depressed cell pathways involving insulin-
like growth receptor 1 and prostaglandin signaling by approximately 15-20%. Cell 
processes such as glycogen and tryptophan metabolism increased by 50-70%. This 
study improves our understanding of P4 action in the mature male FHM testis and 
characterizes gene regulatory networks that are P4-responsive. 
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P99.-Transcriptomics provides a systemic approach to fish endocrinology.

Aleksei Krasnov, Sven Martin Jorgensen, Harald Takle, Gerrit Timmerhaus, Stanko 
Skugor, Sergey Afanasyev.
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Oligonucleotide microarrays and a bioinformatic system STARS developed by 
our team for several aquaculture fish species are used for many research tasks. 
Combination of high-throughput gene expression profiling, functional annotations 
and meta analyses provides a highly integrative view, which supports or questions 
existing biological paradigms. Well illustrate this with examples related to fish 
endocrinology. (1) Effects of cortisol on fish skin have been studied mainly in the 
context of coloration. We showed that in salmon infected with parasitic copepodites, 
cortisol implants inhibited virtually all components of the healing cascade 
including genes related to functions of thrombocytes, inflammation, deposition and 
modification of extracellular matrix and differentiation of cells and tissue structures. 
An unexpected finding was massive down-regulation of myofiber proteins that 
were probably required for wound contraction. (2) Chemically induced hemolysis 
activated erythropoiesis under control of EPO. Hallmarks were up-regulation of 
multiple markers of RBC and genes of heme and iron metabolism. Results indicated 
a suite of potential regulators and elucidated relationship between erythropoiesis 
and immune pathways.
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P100.-Estrogenic contribution of wastewater effluent and its impact of fish 
transcriptomic profile.

Alvina Mehinto1, Dalma Martinovic-Weigelt2, Nancy Denslow1. 
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Wastewater treatment plants (WWTPs) are an important source of anthropogenic 
chemicals in the aquatic environment. Some pharmaceuticals, personal care 
products and pesticides detected in WWTP effluents have shown some potential as 
endocrine disruptors. This study assessed the estrogenic potential of water near and 
at the outfall of a WWTP. Male fathead minnows were deployed in the Ely watershed 
(Minnesota, USA) and exposed to grab water samples from upstream, downstream 
the Ely WWTP and 100% effluent for 4 days. Total estrogenicity of the water samples 
was measured using an estrogen receptor assay. Results indicated that the WWTP 
effluent was highly estrogenic (17.38 ng E2 equivalent/L). Hepatic transcriptomic 
profiles were examined using a 22K oligonucleotide microarray. Fish exposed to 
the effluent had the highest number of genes altered followed by those exposed to 
the downstream and upstream water samples. Our findings corroborated previous 
studies that found 39 chemicals in the effluent but only 9 chemicals downstream 
and 3 chemicals upstream. Transcripts related to steroid metabolism, immune 
response and protein degradation were altered by the WWTP effluent. Comparisons 
of the transcriptomic profiles suggested an effluent signature at the downstream 
site.
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P101.-Role of melanocortin accessory proteins (MRAPs) in the melanocortin 
signaling of the zebrafish. 

Maria Agulleiro, Begoña Fernández-Durán, Raúl Cortes, Elisa Sánchez, Raúl Guillot, 
Jose Miguel Cerdá-Reverter.

Department of Fish Physiology and Biotechnology, Instituto de Acuicultura de Torre de la Sal, 
Consejo Superior de Investigaciones Científicas (IATS-CSIC), Ribera de Cabanes, Castellón, 
SPAIN.

cerdarev@iats.csic.es

Zebrafish has three MRAPs, i.e. MRAP1, MRAP2a, MRAP2b. MRAP1 is essential 
for the functional expression of MC2R by supporting receptor trafficking to the cell 
membrane. MRAP2a and MRAP2b colocalize with MC2R but the function is unknown. 
We hypothesized that MRAPs could serve as a nodal point in the regulation of 
melanocortin signaling. We explore endocrine regulation of MRAPs expression in 
vivo and the role of MRAPs in the function of remaining MRCs. Our results show that 
MRAPs are hormonally regulated and could function as a regulatory node of the 
melanocortin signaling. We demonstrate that MRAP2a and MRAP2b, but not MRRAP1, 
immunoprecipitate with zfMC4R. Both zfMC4R and zfMRAP2a are expressed in the 
brain and coexpression in HEK-293 cells increase zfMC4R sensitivity to ACTH to the 
nanomolar range. The sensitivity of the receptor to ACTH when expressed alone 
fall into the micromolar range. The sensitivity of zfMC4R to ACTH was non altered 
by MRAP1 or MRAP2b. zfMC4R sensitivity to a-MSH was never affected by MRAPs. 
zfMC5Ra sensitivity to ACTH or a-MSH was not affected by MRAPs coexpression in 
HEK cells. These results demonstrate that zfMC4R works like an ACTH receptor 
when coexpressed with MRAP2a and hardly suggest that zfMC4R can manage stress 
response mediated by ACTH. 
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P102.-The effects of long-term cortisol treatment on growth in the tilapia 
(Oreochromis mossambicus).

Elizabeth Braschayko, Larry Riley. 
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The endocrine mechanisms regulating the negative effects of cortisol on growth 
are poorly understood in teleosts. This study investigated the effects of long-term 
cortisol treatment on the growth hormone/insulin-like growth factor-1 (GH/IGF-
1) axis in the tilapia (Oreochromis mossambicus). Fish were fed an excess amount 
of a cortisol laden feed at 50 mg/kg (low), 500 mg/kg (high), or control diet (0 mg/
kg) for 32 days twice a day. The control and low cortisol group exhibited positive 
growth, whereas the high cortisol dose inhibited growth. Plasma IGF-1 levels were 
significantly reduced by both cortisol treatments. Liver and muscle IGF-1 mRNA 
levels were significantly elevated by the high and low cortisol doses, respectively. 
The high cortisol dose significantly elevated GHR2 mRNA levels in liver and muscle 
tissue. These data suggest that cortisol’s negative effect on growth is mediated by a 
reduction in plasma IGF-1 levels. The up-regulation of GHR2 and IGF-1 transcripts 
following cortisol treatment suggests a role in regulating non-growth cellular 
pathways. This project was supported by Agriculture and Food Research Initiative 
Competitive Grant no. 2010-65206-20615 from the USDA National Institute of Food 
and Agriculture to LGR.
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P103.-Different stressors induce a differential response of the CRH-stress 
system in the gilthead sea bream.
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Important players in the hypothalamus-pituitary-interrenal (HPI) axis, which is 
involved in the regulation of the neuroendocrine stress responses, are corticotropin 
releasing hormone (CRH, generally considered as the initiator of this pathway) 
and CRH binding protein (CRH-BP, considered as an antagonist of CRH function). 
CRH and CRH-BP full length cDNA sequences were obtained from Sparus aurata 
by screening a brain cDNA library, and their roles in the acute and chronic stress 
responses were investigated. mRNA expression levels and plasma cortisol 
concentrations were measured by RT qPCR and ELISA, respectively, in S. aurata 
juveniles submitted to: i) different environmental salinities in a short-time course 
response; and ii) food deprivation during 21 days. Salinity transfer induces stress 
as indicated by enhanced plasma cortisol levels, as well as by up regulated crh and 
down-regulated crh-bp expressions. On the other hand, food deprivation did not 
affect crh and crh-bp expression levels, although plasma cortisol concentrations 
were enhanced. These results suggest that different stressors are handled through 
different stress pathways in S. aurata.
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P104.-Effects of LED light on oxidative stress and protective role of melatonin 
in yellowtail clownfish

Hyun Suk Shin, NaNa Kim, YoungJae Choi, Gyung-Suk Kil, CheolYoung Choi
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The present study aimed to test the effects of melatonin on oxidative stress in the 
yellowtail clownfish, as produced by LEDs: red, green, and blue. We performed this 
study using red, green, and blue LEDs on oxidative stress by measuring the mRNA 
expression of AANAT2, the expression and activities of antioxidant enzymes, plasma 
H2O2 and melatonin levels by QPCR and plate readers, respectively.
In red light, the expression of AANAT2, antioxidant enzymes mRNA and activities, 
plasma H2O2 and melatonin levels were significantly higher than those under the 
other light spectra. Also, we injected or treated with melatonin, and then found 
that AANAT2 and antioxidant enzymes mRNA and activities, plasma H2O2, lipid 
peroxidation and melatonin levels were significantly lower than those for the 
controls. The red spectrum is a factor in inducing oxidative stress, and melatonin 
likely plays a strong antioxidant role to reduce oxidative stress in fish. Light is known 
as a factor that affects various physiological changes in fish. 
This research was supported by the Ministry of Knowledge Economy under the ITRC 
support program supervised by the NIPA (2012-C1090-1221-0015).
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P105.-Stress response in migrating glass eel Anguilla japonica.
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Stress response in glass eel (Anguilla japonica) during swimming behavior was 
investigated by measuring whole body contents of cortisol, and expression of 
several genes involving production and reception of cortisol. Stocking density 
showed a positive correlation with duration of swimming behavior. There was no 
significant influence of crowding stress on the whole body contents of cortisol 
and mRNAs of cytochrome P450 11beta and 21-hydroxylases. On the other hand, 
crowding stress increased mRNA levels of corticotrophin-releasing hormone (CRH) 
and glucocorticoid receptor (GR) expressed in brain. Responses of brain CRH and 
GR were also observed after air exposure and elevation of water temperature. 
Swimming glass eels captured at estuary showed higher levels of cortisol, P450 
11beta, and CRH than the fish stocked in aquarium. Those results suggest the 
importance of stress responses in the hypothalamo-pituitary-interrenal axis during 
upstream migration of glass eels. 
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P106.-Infection with the parasite Cryptobia salmositica alters the 
transcriptional activity of the HPI axis and impairs the cortisol synthesis 
capacity of rainbow trout.
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Despite clear physiological duress, rainbow trout infected with the protozoan 
hemoflagellate Cryptobia salmositica do not appear to mount a cortisol stress 
response. Therefore, we hypothesized that Cryptobia infection suppresses the 
stress response by inhibiting key effectors of the HPI axis. To test this hypothesis, 
we characterized the basal activity of the HPI axis and the cortisol response to 
air exposure in saline- and parasite-injected fish. Relative to controls, parasite-
infected fish had a reduced plasma cortisol response to air exposure. Under basal 
conditions, parasite-infected fish were also characterized by higher brain preoptic 
area CRF gene expression, lower plasma ACTH levels and reduced gene expression 
of key proteins that regulate the rate limiting steps in interrenal steroidogenesis. 
Finally, parasite-infected fish also had significantly lower in vitro ACTH-stimulated 
cortisol release rates than controls. These findings show that C. salmositica 
infection results in complex changes in the transcriptional activity of both central 
and peripheral regulators of the HPI axis and in a reduction in the interrenal capacity 
to synthesize cortisol (Supported by NSERC to NB).
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P107.-Leucogram stress response of the Antarctic fish Notothenia coriiceps 
under acute and chronic hiperthermic exposition.
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The Antarctic fish N. coriiceps is an endemic species adapted to live in near freezing 
temperatures (≥0°C). It is known by the absence of an upregulation in HSP70 genes 
after heat stress. HSP70 act as chaperonins stabilizing glicocorticoid receptors 
and proteins from thermal denaturation. Fishes (n=30) were captured next to the 
Polish Station, and transferred to the Brazilian Station where the experiments 
were performed. Fishes were acclimatized at 0°C (6d). After, they were exposed 
to hiperthermic temperatures, 2°C (n=5) and 4°C (n=5), for acute (24h) and chronic 
exposition (6d). Control groups were kept at 0C° (n=5). Blood extensions were stained 
with giemsa 5%. The leucogram were based on the counting of 100 cells, being 
monocytes, lymphocytes, neutrophils, eosinophils and basophils. Typical stress 
alterations on the leucogram (leucopenia and monocytosis) were observed only in 
the 2°C acute exposition. Probably the absence of an upregulation in the transcription 
of HSP70 genes promoted a competition between glicocorticoids receptors and 
denaturized proteins in the others conditions assay. If the glicocorticoid receptors 
are not stabilized by the HSP70, the hormonal stress response is lost. The extreme 
tested conditions may have overcome the homeostatic ability of N. coriiceps.
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P108.-The effects of cortisol administration on Oncorhynchus mykiss 
myoblast proliferation and myostatin isoform expression.
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In mammals, glucocorticoids appear to enhance myoblast proliferation in primary 
myoblast models and decrease overall proliferation rates in C2C12 cells, while 
up-regulating myostatin, a potent negative regulator of muscle tissue. In salmonid 
fishes, however, the actions of cortisol on myoblast proliferation and myostatin 
expression have been little studied. Here, we present data indicating that primary 
myoblasts isolated from juvenile rainbow trout (Oncorhynchus mykiss) exhibit a 
differential response to cortisol as compared to mammalian systems. Cortisol 
decreased the total number of myoblasts present at 24 hr after treatment compared 
to controls, and this decrease was removed with the addition of a glucocorticoid 
antagonist, RU-486. However, cortisol treatment did not alter myostatin-1a, -1b, or 
-2a mRNA expression in total myoblast lysates 24 hr following treatment. These data 
suggest evolutionary changes in the regulation of salmonid myoblast proliferation 
by glucocorticoids, a phenotype that may be linked to geographic adaptations in 
these salmonids. Likewise, the absence of mRNA transcription changes in response 
to cortisol supports the in silico finding that the promoters of the functional rainbow 
trout myostatin isoforms do not contain glucocorticoid response elements. 
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P109.-Stress in a schooling freshwater Atherinopsid (Chirostoma estor): 
circadian, ambient and handling cortisol levels.
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Species-specific differences towards culture-induced stress are commonly 
known to occur in teleosts. However, schooling behavior is often overlooked when 
attempting to understand stress related mechanisms. In this work we determine 
basal and handling related stress in a schooling fish commonly perceived as being 
highly stressful. Firstly, juvenile C. estor fish were sampled every 4 hours during 
a 24hr. period from different tanks. In a second trial, fish were sampled at 0,1,5,10 
and 10 minutes after being placed under two different anesthesia treatments and a 
control. Thirdly, fish were acclimatized for 2 weeks at 4 different temperatures and 
sampled at 0 and 3 minutes after being handled. Finally, a similar trial using salinity 
and photoperiod was tested. Cortisol was analyzed using a commercial ELISA 
Kit. Basal circadian levels are shown. Also, the effects of different anesthetics 
are presented. Finally the effects of temperature, salinity and photoperiod are 
shown. Our results confirm the highly stressful nature of this species and set the 
first milestone to understand stress related mechanisms in schooling species. 
Furthermore, we discuss the implications for the culture biotechnology and the 
need for further research.
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P110.-Effects of ammonia on the CRF system and the stress response during 
zebrafish development. 
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High environmental ammonia (HEA) increases CRF (corticotropin-releasing factor) 
expression and cortisol levels in adults of various fish species but little is known of 
the effects of HEA during development. Since HEA can be neurotoxic, it is likely that 
it affects the development and long term function of the CRF system and HPI axis. 
Here we show that, in zebrafish embryos, CRF and UI (urotensin) but not CRFBP 
(CRF binding protein) increase during HEA. This increase was seen at 5 dpf but not 1 
dpf and is dependent on HEA severity. An increase in cortisol follows the changes in 
CRF but not UI, suggesting a greater role of CRF in HPI axis signaling of ammonia-
induced stress. HEA was also shown to decrease the expression of neurogenic 
markers suggesting an impact on neuronal proliferation. This was most pronounced 
for oligodendrocytes and neurons but was also seen for astrocytes. The effects of 
HEA on neurogenesis and the ontogeny of the CRF system will also be examined 
through changes in levels and distribution of neurogenic markers and CRF system 
members. Lastly, to determine whether HEA affects the development of the HPI 
axis, the effects of early life exposure to HEA on the ability of developing zebrafish 
to mount a stress response will be explored (Supported by NSERC to NJB).
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P111.-Isolation, characterization and expression of glucocorticoid receptor 
(GR) in the skeletal muscle of fine flounder (Paralichthys adspersus)
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Glucocorticoids are steroid hormones involved in the stress response, and produce 
their actions via interaction with glucocorticoid receptors (GRs). GR acts as a ligand-
dependent transcription factor, which once activated by glucocorticoid translocates 
into the nucleus and binds to the promoters of target genes, promoting or inhibiting 
their expression. GR was isolated from muscle and characterized in the fine flounder 
(Paralichthys adspersus). The partial sequence contains 872 bp which encodes a 
sequence of 290 amino acid that included the DNA-binding domain (DBD) and the 
ligand-binding domain (LBD). The DBD contains Zinc-binding and DNA-binding sites 
whereas the LBD contains ligand-binding and coactivator site. The partial sequence 
exhibits high identity with other fish species (93%); whereas, with human and bovine 
identity decreased (73%). In addition, the GR expression was assessed in the skeletal 
muscle of fine flounder underwent fasting and refeeding by using qPCR, showing 
dynamic expression pattern. These preliminary results represent the first approach 
into the dynamic of GR and the stress system in muscle growth regulation in teleosts 
showing a nutritional-mediated transcriptional response of GR in this tissue fish. 
Grants: FONDECYT (Nº1090416), UNAB (DI-14-11/I).
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P112.-Chronic stress and shelter seeking in hatchery reared Atlantic salmon 
Parr.
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Wild populations of Atlantic salmon have declined the past century due to human 
impact, leading to implementation of stocking programs. However, the survival of 
released fish is low and studies suggest that the hatchery environment can lead 
to maladaptive traits. Hatchery reared parr were exposed to three environmental 
treatments for 31 weeks: standard barren environment, plastic tube enrichment 
and plastic shredding enrichment. Basal and acute levels of plasma cortisol were 
assessed using a confinement stress-test, together with shelter seeking behaviour, 
growth and fin damages. The basal cortisol levels were higher in barren-reared 
parr compared to the enriched groups. There was no difference in acute levels, 
but in behaviour, where shredding-enriched salmon showed higher activity during 
confinement. Fish from the enriched tanks also sought shelter to a higher degree, a 
behaviour important for survival in the wild. No difference in growth was found but 
barren-reared fish showed more fin damages, possibly linked to the higher stress 
levels. Our results suggests that environmental enrichment positively affect both 
behaviour and stress levels in Atlantic salmon parr and may thus provide a tool to 
produce stock fish better adapted to the environment encountered upon release. 
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P113.-Inhibitory effect of β-endorphin on cortisol release in the goldfish, 
Carassius auratus.

Yuki Kobayashi1, Kannta Mizusa1, Yuta Arai2, HIroaki Chiba1, Akiyoshi Takahashi1. 

1School of Marine Biosciences, Kitasato University. Japan. 2School of Medicine, Kitasato 
University. Japan.

akiyoshi@kitasato-u.ac.jp

β-Endorphin (β-END) is an endogenous opioid peptide derived from a common 
precursor proopiomelanocortin, together with adrenocorticotropic hormone (ACTH) 
and melanocyte-stimulating hormone (MSH). Although the roles of ACTH and MSH 
in fish are well known, the roles of β-END have not been elucidated. In the present 
study, we evaluated the biological roles of β-END in the goldfish. First, we cloned the 
cDNAs of β-opioid receptor (DOR), β-opioid receptor (KOR), and β-opioid receptor 
(MOR) from the brain of the goldfish. Second, we analyzed the tissues that expressed 
these genes by using reverse transcription-polymerase chain reaction. Among 
several tissues that contained opioid gene transcripts, the mRNAs of Dor, Kor, and 
Mor were detected in the head kidney that contained interrenal cells, which produce 
cortisol. On the basis of these results, the effects of β-END on cortisol release 
were examined in vitro. β-END alone suppressed the basal release of cortisol in a 
dose-dependent manner. Moreover, β-END inhibited the cortisol-releasing activity 
of ACTH (1-24). Therefore, it is probable that the role of β-END in the head kidney 
is suppression of cortisol release. Interestingly, no suppressing effects were 
observed in N-acetyl-β-END, indicating that acetylation decreases the activity of 
β-END in interrenal cells.
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P114.-Estradiol 17β modifies the pattern of stress response of air-breathing 
fish (Anabas testudineus BLOCH). 
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Estradiol-17β (E2) has been implicated in fish osmotic regulation in addition to its 
own specific reproductive functions. However, the action of E2 and its interaction with 
cortisol and thyroid hormones (THs) during stress are less known in fishes. The role 
of E2 in acid-base, osmotic and metabolic regulations and its interaction with cortisol 
and THs were investigated in an air-breathing fish (Anabas testudineus) kept under 
net confinement. The acid-base, osmotic and metabolic responses of pre-stress fish 
to E2 indicate that this sex steroid has specific role in these processes. The pattern of 
physiologic action of E2 was different in net-confined fish. A permissive interaction 
of E2 with cortisol and T4 was found in pre-stress fish but E2 had no interaction with 
T4 in net-confined fish, though this hormone retained a permissive interaction with 
cortisol during stress response. The modified physiologic response of stressed fish 
to E2 indicates that this sex steroid plays a modifier role in the stress response of 
this fish (Thanks are due to UGC, New Delhi for granting Research Award).

NOTES:
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Clear evidence for a physiological role of the mineralocorticoid-like hormone 
11-deoxycorticosterone (DOC) and the mineralocorticoid receptor (MR) in fish is 
still lacking. Here, we investigate the onset of de novo DOC synthesis in parallel 
with endogenous corticosteroid receptor mRNA production from fertilization to the 
swim-up stage in rainbow trout. Whole egg DOC content decrease from fertilization 
until immediately before hatching, followed by an increase to pre-fertilization levels 
around hatching. Onset of de novo transcription of corticosteroid receptor mRNA?s 
was observed from the midblastula transition; initially glucocorticoid receptor 2 
(GR2) followed by MR and then GR1. These significant DOC levels associated with 
an increase in MR levels suggest a physiological role for the DOC-MR signalling 
pathway during fish ontogenesis. Non-invasive introduction of DOC or cortisol at 
fertilization resulted in altered corticosteroid receptor regulation between 14 and 27 
dpf and an acceleration of the hatching date compared to an untreated group. These 
results confirm the functionality of the cortisol-GR pathway during embryogenesis 
and establish the DOC-MR signalling pathway as another functional member of the 
corticosteroid signalling system in fish during early development.

NOTES:
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Syngeneic spermatogonial transplantation in adult tilapia successfully results 
in donor spermatogenesis. Here we investigated the viability of adult tilapia as a 
recipient model for spermatogonial transplantation using donor cells from a fish 
species belonging to a different taxonomic order. In this way, we utilized the catfish 
P. maculatus, from the order Siluriforme, as the germ cell donor. Four adult tilapias 
received through the common spermatic duct donor germ cells labeled with PKH26. 
In order to investigate the presence of P. maculatus cells in the tilapia seminiferous 
tubules recipient fishes had their testes analyzed after 7 to 9 weeks post-
transplantation. The fluorescence microscopy analysis revealed the presence of 
PKH26 labeled spermatogenic cysts and spermatozoa into the tilapia seminiferous 
tubule lumen at 7 and 9 weeks post-transplantation, respectively. Therefore, these 
important results suggest that the interactions between germ cell and testicular 
somatic cells, specifically Sertoli cells, are at a certain extent very flexible and 
functionally competent among fish species. These findings also provide a new 
approach for fish bioengineering, preservation of genetic resources of endangered 
fish species or carrying commercially valuable traits.

NOTES:
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Virginia Villafañe, Agustina Birba, Matías Pandolfi
vir.villafanie@gmail.com

P90.-Expression profile of two amh homologues during gonadal development 
in pejerrey Odontesthes bonariensis
yoji yamamoto, Yan Zhang, Munti Sarida, Ricardo S. Hattori, Masashi Yokota, Carlos 
A. Strüssmann
yoji@m.kaiyodai.ac.jp

P91.-Water temperature decrease triggers hormone mediated downstream 
migratory behavior in Pacific salmon
Arimune Munakata, Go Miura, David Noakes, Carl Schreck 
munakata@staff.miyakyo-u.ac.jp
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P92.-Mapping neuronal pathways and gene expression networks underlying 
sex pheromone actions in male gold
Vance L. Trudeau, Wudu Lado, Dapeng Zhang, Jan A. Mennigen, Jake M. Zamora, 
Jason T. Popesku, John E. Lewis
vancetrudeau@gmail.com

P93.-Mechanisms of imprinting and homing migrations in salmon
Hiroshi Ueda
hueda@fsc.hokudai.ac.jp

P94.-Gonadectomized individuals exhibit territorial aggression but not 
winner in the weakly electric fish Gymnotus omarorum
Cecilia Jalabert, Gervasio Batista, Ana Silva 
ceciliajalabert@gmail.com

P95.-Inhibitory effects of testosterone on the sensitivity to short-term 
decrease in water temperature in Steelhead, Oncorhynchus mykiss
Go Miura, Arimune Munakata, Takashi Yada, Carl Schreck, David Noakes, Hiroyuki 
Matsuda 
miura-go-ps@ynu.ac.jp
 
P96.-Is sex reversal a step-wise process that depends on rank in the 
social hierarchy? A look into the lives of the kyusen wrasse, Halichoeres 
poecilopterus
Mark Lokman, Masaki Nagae, Daisuke Izumida, Kiyoshi Soyano 
mark.lokman@otago.ac.nz

P97.-Medullary nucleus that controls electric communication exhibits a 
differential distribution pattern of AVT-ir fibers in two species of electric fish 
with different sociality
Rossana Perrone, Ana Silva 
rossanaperrone@gmail.com

P98.-Gene regulatory networks affected by progesterone in male fathead 
minnow (Pimephales promelas) testis
Yasmin Chishti, Christopher J Martyniuk
cmartyn@unb.ca

P99.-Transcriptomics provides a systemic approach to fish endocrinology
Aleksei Krasnov, Sven Martin Jorgensen, Harald Takle, Gerrit Timmerhaus, Stanko 
Skugor, Sergey Afanasyev
aleksei.krasnov@nofima.no

P100.-Estrogenic contribution of wastewater effluent and its impact of fish 
transcriptomic profile
Alvina Mehinto, Dalma Martinovic-Weigelt, Nancy Denslow 
amehinto@ufl.edu
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P101.-Role of melanocortin accessory proteins (MRAPs) in the melanocortin 
signaling of the zebrafish. 
Maria Agulleiro, Begoña Fernández-Durán, Raúl Cortes, Elisa Sánchez, Raúl Guillot, 
Jose Miguel Cerdá-Reverter
cerdarev@iats.csic.es

P102.-The effects of long-term cortisol treatment on growth in the tilapia 
(Oreochromis mossambicus)
Elizabeth Braschayko, Larry Riley 
lriley@csufresno.edu
P103.-Different stressors induce a differential response of the CRH-stress 
system in the gilthead sea bream
Juan Antonio Martos-Sitcha, Justin Straatjes, Arleta Skrzynska, Juan Miguel 
Mancera, Gonzalo Martínez-Rodríguez, Yvette S. Wunderink 
juanantonio.sitcha@uca.es
 
P104.-Effects of LED light on oxidative stress and protective role of melatonin 
in yellowtail clownfish
Hyun Suk Shin, NaNa Kim, YoungJae Choi, Gyung-Suk Kil, CheolYoung Choi
tellmenana@hanmail.net

P105.-Stress response in migrating glass eel Anguilla japonica
Takashi yada, Kenzo Kaifu, Katsumi Tsukamoto
yadat@fra.affrc.go.jp

P106.-Infection with the parasite Cryptobia salmositica alters the 
transcriptional activity of the HPI axis and impairs the cortisol synthesis 
capacity of rainbow trout
Nick Bernier, Barry Madison 
nbernier@uoguelph.ca

P107.-Leucogram stress response of the Antarctic fish Notothenia coriiceps 
under acute and chronic hiperthermic exposition 
Yuri Zebral, Bruna Zafalon-Silva, Adalto Bianchini, Carlos Rosa, Luis Marins, Elton 
Colares, Pablo Martínez, Ricardo Robaldo 
ricardo.robaldo@pq.cnpq.br

P108.-The effects of cortisol administration on Oncorhynchus mykiss 
myoblast proliferation and myostatin isoform expression
Peggy Biga, Jacob Froehlich, Nicholas Galt, Ethan Remily 
peggy.biga@ndsu.edu

P109.-Stress in a schooling freshwater Atherinopsid (Chirostoma estor): 
circadian, ambient and handling cortisol levels 
Luis W. Canseco Murillo, Carlos A. Martinez-Palacios, E. Mayra Toledo-Cuevas, 
Carlos C. Martínez Chávez 
cristian.martinez.chavez@gmail.com
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P110.-Effects of ammonia on the CRF system and the stress response during 
zebrafish development 
Tegan A. Williams, Nicholas J. Bernier
teganwilliams@gmail.com

P111.-Isolation, characterization and expression of glucocorticoid receptor 
(GR) in the skeletal muscle of fine flounder (Paralichthys adspersus)
Diego Safian, Eduardo Fuentes, Juan Antonio Valdes, Alfredo Molina
safian11@gmail.com

P112.-Chronic stress and shelter seeking in hatchery reared Atlantic salmon 
Parr
Joacim Näslund, Malin Rosengren, Kristina Sundell, Johnny Norrgård, Diego Del 
Villar, John Winkowski, Lars Gansell, Lo Persson, Eli Kvingedal 
malin.rosengren@bioenv.gu.se

P113.-Inhibitory effect of β-endorphin on cortisol release in the goldfish, 
Carassius auratus
Yuki Kobayashi, Kannta Mizusa, Yuta Arai, HIroaki Chiba, Akiyoshi Takahashi 
akiyoshi@kitasato-u.ac.jp

P114.-Estradiol 17β modifies the pattern of stress response of air-breathing 
fish (Anabas testudineus BLOCH) 
Valsa S. Peter
valsasp@yahoo.in

P115.-Functionality of the DOC-MR signalling pathway during trout 
ontogenesis
Pia Kiilerich, Claudiane Valotaire, Patrick Prunet 
pkiilerich@bio.ku.dk

P116.-Development of spermatogenesis by xenogeneic germ cell 
transplantation from the catfish (Pimelodus maculatus) to the Nile-tilapia 
(Oreochromis niloticus) 
Mariana de Araújo da Silva, Samyra Maria dos Santos Nassif Lacerda, Guilherme M. 
J. Costa, Paulo Henrique Almeida Campos-Jr., Tânia Mara Segatelli, Luiz Renato de 
França 
marianaaraujo_vet@yahoo.com.br
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Satellite Symposium 1: “Endocrinology of Chondrichthyans”

Reproductive endocrinology of male elasmobranchs
Jim Gelsleichter
jim.gelsleichter@unf.edu

The control of embryonic diapause in the Australian sharpnose shark, 
Rhizoprionodon taylori
Daniela Waltrick, Colin A. Simpfendorfer, Susan M. Jones, Cynthia Awruch
daniela.waltrick@my.jcu.edu.au

Endocrine stress responses in elasmobranchs
Cynthia Awruch, Ned Pankhurst, Colin Simpfendorfer
Cynthia.Awruch@utas.edu.au

Analyzing the pharmacological properties and origins of the elephant shark 
melanocortin-2 receptor and the dogfish melanocortin-5 receptor
Robert M. Dores, Christina Reinick, Liang Liang, Joseph K. Angleson
rdores@du.edu

Satellite Symposium 2: “Fish Neuroanatomy and Brain Evolution”

Evolution of lamprey and hagfish neuroanatomy and neurohormones
Stacia A. Sower
sasower@unh.edu

Reanalyzing the evolution of Opioid/Orphanin networks in cartilaginous fishes, 
ray-finned fishes and lobe finned fishes
Robert M. Dores
rdores@du.edu

Neuroanatomy resources for a behavioural neuroendocrinlogy study model, the 
Mozambique tilapia (Orecochromis mossambicus): a MRI stereotaxic brain atlas 
and characterization of adult neurogenesis  
Rui F. Oliveira, Magda Teles, José M. Simões, M. Verhoye, A. van der Linden,  G. Zupanc
ruiol@ispa.pt

Steroid actions in brain development and plasticity of teleost fish
Olivier Kah, Nicolas Diotel, Isabelle Anglade, Colette Vaillant, Elisabeth Pellegrini 
olivier.kah@univ-rennes1.fr

Satellite Symposium 3: “Impact of climate change on fish endocrine systems”

Interactions of temperature and endocrine disruptors on reproductive fitness
Glen Van Der Kraak, Andrea Lister
gvanderk@uoguelph.ca
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Nordic climate changes and fish endocrine systems; temperature effects on 
reproductive function in Atlantic salmon and Atlantic cod
Eva Andersson, Birgitta Norberg, Olav Sigurd Kjesbu, Anders Thorsen and Geir Lasse 
Taranger.
evaa@imr.no

Impacts of global change: Disruption of endocrine and reproductive functions in 
marine fish exposed to coastal hypoxia and predictions of long term population 
declines.
Peter Thomas, Md. Saydur Rahman
peter.thomas@mail.utexas.edu

Effects of elevated temperature on estrogenic induction of Vtg and Zp gene 
expression in salmon
Kelli Anderson, Harry King, Ned Pankhurst, Nicole Ruff, Patricia Pankhurst, Abigail 
Elizur
ando.kelli@gmail.com

Effects of climate change on pejerrey (Odontesthes bonariensis) reproduction
Leandro A. Miranda, Mariano Elisio, Tomás Chalde
lmiranda@intech.gov.ar

Effects of warm water pulses on sexual steroids and thyroid hormones during 
pejerrey Odontesthes bonariensis vitellogenesis
Tomás Chalde, Leandro A. Miranda.
tomaschalde@intech.gov.ar

Seasonal variation in the effects of growth and feed restriction on the pituitary- 
gonad axis in salmon
Penny Swanson, J. Adam Luckenbach, Yoji Yamamoto, Fritzie Celino, Graham Young
penny.swanson@noaa.gov

Elevated temperatures results in similar growth regulation of IGF-I and IGF binding 
proteins in Atlantic salmon and rainbow trout
Ernst M Hevrøy, Christian Tipsmark, Sofie C Remø, Tom Hansen, Pål A Olsvik, Rune 
Waagø, Munetaka Shimizu
ernst.hevroy@nifes.no

Catabolic and anabolic actions of IGF-I and IGFBPs in Atlantic salmon (Salmo salar 
L.) reared at high temperature during starvation and restricted feeding
Sofie C. Remø, Christian K. Tipsmark, Munetaka Shimizu, Tom Hansen, Rune Waagbø, 
Ernst M. Hevrøy
Sofie.Remo@nifes.no
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ORAL SyMPOSIUMS

OS.1: Evolution and origin of the peptide hormones and receptors: structure 
and function 
September 3 - 10:00-12:30 

Moleculer evolution of the growth hormone receptor family: insights from studies 
in sea lamprey
Elizabeth Ellens, Jeffrey Kittilson, Stacia Sower, Mark Sheridan
mark.sheridan@ndsu.edu

Putting fish in context: a search for the evolutionary origins of GnRH and its receptor
Graeme J. Roch, Ellen R. Busby, Nancy M. Sherwood
nsherwoo@uvic.ca

Evolutionary origin of gonadotropin-inhibitory hormone: Insights from lampreys
Kazuyoshi Tsutsui, Tomohiro Osugi, Dana Daukss, Kristen Gazda, Takayoshi Ubuka, 
Takayoshi Kosugi; Masumi Nozaki; Stacia A. Sower
k-tsutsui@waseda.jp

Diversity and evolutionary history of the Kiss/Kissr system in vertebrates: new 
data from fish genom
Jérémy Pasquier, Anne-Gaelle Lafont, Karine Rousseau, Sylvie Dufour
jpasquier@mnhn.fr

Activation of rainbow trout melanocortin-2 receptor: ACTH analog studies
Liang Liang, Kristin Schmid, Navdeep Sandhu, Joseph Angleson, Mathilakath Vijayan, 
Robert Dores
rdores@du.edu

Evolution of the corticotropin-releasing factor (CRF) family of peptides in 
vertebrates: Novel findings in phylogenetically older fishes
David A. Lovejoy, Richard Manzon
david.lovejoy@utoronto.ca

OS.2: Neuroendocrinology of Reproduction.
September 3 - 10:00-12:30 

Neuroendocrinology of fish metamorphosis and puberty
Sylvie Dufour, Karine Rousseau
dufour@mnhn.fr

The reproductive axis of Astyanax altiparanae: Emphasis on GnRH3
Chayrra Chehade Gomes, Sara Zago Gomes, Gisele Melo Dias, Lazaro Oliveira de 
Jesus, Cruz Mendoza Rigonati, Maria Ines Borella
chayrra_bio@yahoo.com.br

Two Independent Kisspeptin Systems in Fish
Ishwar S Parhar
ishwar@monash.edu
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A shortened photocycle depresses brain and pituitary kisspeptin 2 (kiss2) 
expression in the adult female rainbow trout
James Nagler, Timothy Cavileer, Lucius Caldwell, Andrew Pierce, Irvin Schultz 
jamesn@uidaho.edu

The effect of chronic treatment of kisspeptin on the reproductive axis of “dummy 
run” striped bass females
Nili Zmora, John Stubblefield, Yonathan Zohar
nzmora@umbc.edu

GnIH positively regulate both LH and FSH release in the tilapia (Oreocromis 
niloticus)
Jakob Biran, Tal Zvi, Matan Golan, Berta Levavi-Sivan
biranj@agri.huji.ac.il

OS.3: Neuroendocrinology
September 3 -14:00-16:30

Brain aromatase: Relationship to aggressive behavior in a Southamerican cichlid 
fish
Martín Ramallo, Gustavo M. Somoza, Matías Pandolfi
mramallo@bg.fcen.uba.ar

Mechanisms of TPH and 5-HT regulation by hypoxia in fish
Md. Saydur Rahman, Peter Thomas
rahman@mail.utexas.edu

Hormonal control of drinking behavior in fish
yoshio Takei, Shigenori Nobata, Masaaki Ando
takei@aori.u-tokyo.ac.jp

The neurokinin b/neurokinin b receptor system in fish reproduction
Berta Levavi-Sivan, Matan Golan, Lian Holander, Jakob Biran
biranj@agri.huji.ac.il

Endocrine regulation of pejerrey (Odontesthes bonariensis) ovarian maturation 
throughout natural reproductive cycle
Mariano Elisio, Tomas Chalde, Leandro A. Miranda
melisio@intech.gov.ar

Aspects of the endocrine regulation of feeding in fish
Helene Volkoff
hvolkoff@mun.ca

OS.4: Steroid/Thyroid hormones and receptors.
September 3 -14:00-16:30
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Identification of a putative plasma membrane glucocorticoid receptor in the 
Mozambique tilapia
Russell Borski, William Johnstone, Peter Thomas, Kathryn Mills
russell_borski@ncsu.edu

Nuclear estrogen and thyroid hormone receptor structural and functional diversity 
in goldfish
Hamid R. Habibi, Shaelen Konschuh
habibi@ucalgary.ca

Expression of K, cyp19b, ERα, ERβ1 and ERβ2 in testes of rainbow trout 
(Oncorhynchus mykiss) 
Christelle Delalande, Jean Jacques Lareyre, Anne-Sophie Goupil, Elisabeth Sambroni, 
Florence Le Gac
florence.legac@rennes.inra.fr

Progestin and Sox transcription factors regulate aquaporin-1ab gene promoter in 
fish oocytes
Cinta Zapater, Francois Chauvigne, Tingaud-Sequeira Angele, Roderick N. Finn, Joan 
Cerda
joan.cerda@irta.cat

Membrane associated thyroid hormone receptors mediate development and 
angiogenesis in zebrafish
Shaelen Konschuh, Sarah Childs, Hamid Habibi
sakonsch@ucalgary.ca

OS.5: Pituitary gland: Molecular and cellular endocrinology.
September 4 - 10:00-12:30

Relationship between PI3K, PKC, and PKB signalling in GnRH actions on LH and GH 
release in goldfish
Joshua Pemberton, James Stafford, John Chang
jp28@ualberta.ca

Environmental salinity modulates osmotic responsiveness of tilapia prolactin 
cells via trpv4
Andre P. Seale, Soichi Watanabe, Jason P. Breves, Toyoji Kaneko, Darren T. Lerner, E. 
Gordon Grau
seale@hawaii.edu

Kisspeptin 1 stimulates LH and GH release from goldfish pituitary cells in a Ca2+-
dependent manner
John P. Chang, Alan Mar, Michael Wlasichuk, Anderson O.L. Wong
john.chang@ualberta.ca
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Secretoneurin: a conserved hormonal peptide with paracrine and neuroendocrine 
actions to regulate pituitary function
Vance L. Trudeau, E Zhao, Hongxia Hu, Gustavo M. Somoza, Chris Martyniuk, Ajoy 
Basak
vancetrudeau@gmail.com

Transgenic tilapia reveals FSH gonadotroph hyperplasia in territorial males
Matan Golan, Berta Levavi-Sivan 
golanm@agri.huji.ac.il

Pituitary gland morphogenesis and ontogeny of adenohypophyseal cells in South 
American teleost Salminus brasiliensis (Teleostei, Characiformes) 
Lázaro Wender Jesus, Chayrra Gomes, Gisele Melo, Sara Gomes, Cruz Rigonati, 
Maria Inês Borella.
lazarowender@usp.br

OS.6: Endocrine disruption
September 4 - 10:00-12:30

Neonatal exposure to BPA or E2 Increases female ratio but suppresses ovarian 
growth in the zebrafish
W. Chen, S.-W. Lau, Rudolf S.S. Wu, W. Ge
weige@cuhk.edu.hk

The first indication of immunotoxicity induced by reproductive endocrine disruptors 
is the location of sex-steroid receptors in the rainbow trout immune tissues
Sophie Massart, Sylvain Milla, Patrick Kestemont
sophie.massart@fundp.ac.be

Modulation of vitellogenin receptor expression; a target of endocrine disrupting 
compounds in Micropterus salmoides
Tara Sabo-Attwood, Gustavo Dominguez, Kevin Kroll, Nancy Denslow
sabo@phhp.ufl.edu

Depressing male reproduction with waterborne anti-depressant and contraceptive 
pharmaceuticals
Vance L. Trudeau, Helena C. Silva de Assis, Denina D.B. Simmons, Jake Zamora, 
Wudu E. Lado, James P. Sherry
vancetrudeau@gmail.com

Both somatolactin genes respond to estrogen and zinc in pituitary of Cyprinus 
carpio 
Guillermo E. Valenzuela, Andrés S.A. Pérez, Marianella Navarro, Alex Romero, Jaime 
E. Figueroa, Gudrun Kausel
gkausel@uach.cl

Reverse engineering the molecular machinery underlying the response of fathead 
minnow ovaries (Pimephales promelas) to endocrine disruptors
Natalia García-Reyero, Tanwir Habib, Daniel Villeneuve, Lynn Escalon, Stephen 
Edwards; Gerald Ankley, Edward Perkins
natalia@icnanotox.org
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OS.7: Endocrine control of ion and osmoregulation
September 5 - 10:00-12:30

Hormonal control of differentiation and function of fish gill/skin ionocytes: 
zebrafish as a model
Pung-Pung Hwang
pphwang@gate.sinica.edu.tw

The hormonal control of smolt development and seawater performance in salmon
Stephen McCormick
mccormick@umext.umass.edu

Role of corticosteroid receptors in fish osmoregulation: Is GR the only regulator?
Patrick Prunet, Pia Kiilerich, Vincent Trayer, Violette Thermes
patrick.prunet@rennes.inra.fr

Role of cardiac natriuretic peptides in seawater adaptation in medaka embryos as 
revealed by knockdown experiments
Hiroshi Miyanishi, Kataaki Okubo, yoshio Takei
takei@aori.u-tokyo.ac.jp

The yolk-sac ionocyte lineage ontogenesis and its regulation by MR and GRs in 
Medaka embryo
Vincent Trayer, Isabelle Leguen, Jiun-Lin Horng, Pung-Pung Hwang, Patrick Prunet, 
Violette Thermes
vtrayer@rennes.inra.fr

Hepatic leptin mRNA induction during seawater challenge: possible role in glucose 
metabolism
David Baltzegar, Benjamin Reading, Jonathon Douros, Russell Borski
dabaltze@ncsu.edu

OS.8: Gonadal endocrinology
September 5 - 10:00-12:30 

Effects of androgens on the spermatogonial stem cell niche in zebrafish after 
estrogen-induced androgen insufficiency
Rafael Henrique Nóbrega, Nuria Esther Gómez González, Daniel Dantas Wildner, 
Emanuel Ricardo Monteiro Martinez, Irani Quagio-Grassiotto, Jan Bogerd, Rüdiger 
W. Schulz
biorhn@yahoo.com.br

Fsh, but not Lh, turns on testicular recrudescence in sea bass (Dicentrarchus 
labrax) promoting germ
María José Mazón, Ana Gómez, Silvia Zanuy
Zanuy@iats.csic.es

Androgen-mediated increases in oocyte lipid accumulation in the shortfinned eel 
(Anguilla australis)
Erin Forbes, Mark Lokman
forer069@student.otago.ac.nz
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Contribution of germinal compartment to ovarian estradiol synthesis
Maella Gohin, Alexis Fostier, Franck Chesnel, Julien Bobe
julien.bobe@rennes.inra.fr

Roles of multi-functional y-Box binding protein 1 (yB-1) in zebrafish ovarian follicle 
activation 
S.-W. Lau, L. Zhang, S.M. Ngai, W. Ge
weige@cuhk.edu.hk

Multiple roles of 17α, 20β dihdroxy-4-pregnen-3-one in zebrafish reproduction
Glen Van Der Kraak, Nicholas Melnyk, Olivia Knight, David Irwin, Andrea Lister
gvanderk@uoguelph.ca

OS.9: Endocrine regulation of feeding and growth.
September 5 -14:00-16:30 hs  

Peripheral regulation of the growth hormone (GH)-insulin-like growth factor-1 
(IGF-1) system in fish
Mark Sheridan
mark.sheridan@ndsu.edu

Involvement of the GH/IGF-I System on Skeletal Muscle Growth in the Fine Flounder 
(Paralichthys adspersus)
Eduardo Fuentes, Diego Safian, Ingibjörg Einarsdottir, Juan Antonio Valdes, Björn 
Björnsson, Alfredo Molina
edua.fuentes@gmail.com

Delineating the differences between Danio and Devario: the effects of growth 
hormone on myogenic precursor cells in three closely related cyprinid species 
Jacob Michael Froehlich, Zachary G. Fowler, Ethan A. Remily, Sinibaldo R. Romero, 
Nicholas J. Gal, Peggy R. Biga
jacob.froehlich@ndsu.edu

New and emerging players in the regulation of Growth Hormone secretion and 
feeding in goldfish
Suraj Unniappan, Ronald Gonzalez, Elsie Tachie-Mensah, John Chang
suraju@yorku.ca

An overview of leptin endocrinology in salmonids
Thrandur Björnsson, Marcus Johansson, Ingibjörg Eir Einarsdottir, Ningping Gong
thrandur.bjornsson@bioenv.gu.se

Effects of dopaminergic system activation on feeding behavior and growth 
performance of the sea bass (Dicentrarchus labrax): a self-feeding approach
Esther Leal, Begoña Fernández-Durán, Marta Conde-Siera, Jesús M Míguez, Jose 
Miguel Cerdá-Reverter
cerdarev@iats.csic.es
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OS.10: Developmental endocrinology and sex differentiation.
September 5 -14:00-16:30  

y chromosome-linked amhy gene and sex determination of atherinopsid species
Ricardo S. Hattori, Yu Murai, Miho Oura, Shuji Masuda, Sullip Majhi, Takashi Sakamoto, 
Juan I. Fernandino, Gustavo M. Somoza, Lurdes Almeida-Toledo, Carlos Strussmann
shuheibio@yahoo.co.jp
 
Foxl2 expression during early gonad development in the Siberian sturgeon, 
Acipenser baerii
Anabel Martinez-Bengochea, Gabriela Bedo, Frédéric Brunet, Jean-Nicolas Volff, 
Denise Vizziano-Cantonnet 
vizziano@gmail.com

The cortisol and androgen pathways cross-talk in high-temperature induced 
masculinization: 11β-hydroxysteroid dehydrogenase as a key enzyme
Juan I. Fernandino, Ricardo S. Hattori, Ai Kishii, Carlos A. Strüssmann, Gustavo M. 
Somoza
fernandino@intech.gov.ar

Expression patterns of gonadotropin hormones and their receptors during early 
sexual differentiation
Hongwei yan, Shigeho Ijiri, Quan Wu, Tohru Kobayashi, Shuang Li, Taro Nakaseko, 
Shinji Adachi, Yoshitaka Nagahama
yanhongwei_1985@hotmail.com

sf-1, dax-1 and steroidogenic enzyme genes in the early brain of orange-spotted 
grouper Epinephelus coioides during gonadal sex differentiation
Ganesan Nagarajan, Adimoolam Aruna, Ching-Fong Chang
B0044@mail.ntou.edu.tw

OS.11: Endocrine aspects of behavior
September 6 -10:00-12:30  

What triggers a neuroendocrine response to a social challenge? The role of 
cognitive appraisal
Rui Oliveira, Magda Teles,José Miguel Simões, Ana Faustino, Rodrigo Abreu, Leonor 
Galhardo
ruiol@ispa.pt

Effect of day-length on aggressive interaction and androgen level in cichlid fish
Eliane Goncalves-de-Freitas, Thais Billalba Carvalho, Rui F. Oliveira 
elianeg@ibilce.unesp.br

Molecular and functional relationship between environmental allostatic loads and 
learning and memory in salmon
Lars Ebbesson, Tom Nilsen, Cairsty Grassie, Marnix Gorissen, Gert Flik, Sigurd 
Stefansson, Sigurd Handeland, Valentina Tronci, Jonatan Nilsen, Victoria Braithwaite 
smoltbrain@me.com
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Distinctive serotonergic and AVTergic neuromodulatory patterns underlie different 
types of aggression in weakly electric fish
Ana Silva, Rossana Perrone, Lucía Zubizarreta, Gervasio Batista, Philip Stoddard 
asilva@iibce.edu.uy

Possible relationships between time of emergence, stress coping and life history 
of Baltic salmon
Svante Winberg, Per-Ove Thörnqvist, Erik Höglund
svante.winberg@neuro.uu.se

Social control of reproduction in Cichlasoma dimerus: dominance, social isolation 
and agonistic interaction between non-dominant individuals
Felipe Alonso, Leonel Morandini, Renato Massaaki Honji, Renata Guimarães Moreira, 
Matias Pandolfi
pandolfi@bg.fcen.uba.ar

OS.12: Fish Endocrinology in the Post-Genomic Era: from transcriptomics to 
transgenics
September 6 -10:00-12:30  

Insight from the lamprey genome: Glimpsing early vertebrate development via 
neuroendocrine-associate
Stacia A. Sower, Wayne A. Decatur, Jeffrey A. Hall, Jeramiah J. Smith, Weiming Li
sasower@unh.edu

Proteins of the fish reproductive axis: modulation by hormones and endocrine 
disruptors
Christopher J. Martyniuk, Sophie Alvarez, James Elphick
cmartyn@unb.ca

GH transgene effects on growth performance are inconsistent among transgenic 
offspring
Chengrong Zhong, Yanlong Song, Yaping Wang, Zuoyan Zhu, Wei Hu
huwei@ihb.ac.cn

Proteomic and immune responses to corticosteroid treatments in Eurasian perch, 
Perca fluviatilis
Sylvain Milla, Sophie Massart, Cédric Mathieu, Neil Wang, Caroline Doun, Jessica 
Douxfils, Marie-Louise Scippo, Marc Dieu, Frédéric Silvestre, Patrick Kestemont 
sylvain.Milla@univ-lorraine.fr

Molecular signatures associated with endocrine disruptions in rainbow darter 
(Etheostoma caeruleum) after sewage effluents exposure
Paulina Bahamonde, Mark McMaster, Mark Servos, Kelly Munkittrick, Christopher 
Martyniuk
paulina.bahamonde@unb.ca
 
Transcriptomic study on the effects of ethinylestradiol on rainbow trout fry gonads 
Sophie Depiereux, Bertrand De Meulder, Michaël Pierre, Eric Bareke, Yann Guiguen, 
Florence Le Gac, Alexis Fostier, Eric Depiereux, Patrick Kestemont
sophie.depiereux@fundp.ac.be
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OS.13: Endocrinology of stress
September 6 - 14:00-16:30 hs  

Stress, parasite burden and senescence: Reproductive dilemmas of Chinook 
salmon (Oncorhynchus tshawytscha)
Susan Benda, Carl B. Schreck, Michael Kent, Julia Unrein, Rob Chitwood, Christopher 
C. Caudill, George Naughton
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