The zebrafish was introduced in biological research in the late 1970s with the aim to provide a vertebrate system that would permit forward genetic analysis of complex biological processes. The zebrafish has grown into a highly respected model for developmental biology with a great number of techniques available for transgenesis and specific knock down of gene products and thousands of mutants. Besides, its genome is fully sequenced. Today, the zebra
The use of zebrafish in neurobiological research has speed up the discovery of novel mechanisms related to human diseases and has emerged as a key factor for translational research. Neurological disorders such as stress and anxiety can be easily addressed in this organism (Stewart et al., 2014). Besides, there is functional evidence of neural circuit conservation among vertebrates (Parker et al., 2013) and dopaminergic pathways have been comprehens
Zebrafish studies have revealed that Notch signalling is a key factor for endocrine cell specification in the pituitary. The posterior pars distalis (PPD) of the anterior pituitary placode is formed by three cell populations, namely thyrotropes (which produce tsh-β), somatotropes (GH) and gonadotropes (FSH and LH). Notch signalling restricts specification of lactotropes and thyrotropes, while it is necessary and sufficient for the specification of corticotropes and a
The neuroendocrine system of the zebrafish has been extensively studied (Weltzien et al., 2014), and much effort has been made to unravel the molecular mechanism underlying hypothalamus development (Biran et al., 2015). In fact, in 2009 a special issue of Molecular and Cellular Endocrinology Journal was dedicated to review the endocrine models in zebrafish (volume 312, Issues 1–2, Pages 1-80). Gonadotropin system is a well-known signalling pathw
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SUMMARY
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Drugs of abuse are considered a serious public health problem due to their addictive properties and the recreational use of new
compounds, either obtained from natural products or of synthetic origin, with potential to develop tolerance and dependence is
rapidly rising up. Drugs of abuse elicit their actions by stimulating the reward pathway and by increasing mesencephalic dopamine
release, but there is a lack of knowledge regarding their side effects, putative targets and signalling pathways, as well as their longterm consequences.
Zebrafish (Danio rerio) is an advantageous tool to evaluate the in vivo effects of pharmacological agents. Zebrafish neurotransmitter
systems share similar molecular, pharmacological and biochemical profiles with their human homologues, so that the obtained
results can be easily extrapolated to higher vertebrates. To analyze the biochemical effects of drugs of abuse, zebrafish embryos
were exposed to morphine and cocaine from 5 hpf (hours post-fertilization) to 6 dpf (days post-fertilization). We have analysed the
changes in dopamine content by ELISA. Besides, we have also performed Western Blotting to determine the changes in protein
levels of several transcription factors, namely Fos family members and CREB. Our results indicate that the expression of these
immediate early genes is modified by the drug used and by the length of the treatment. This finding may reflect the differences in
the modulation of the reward pathway between acute and chronic exposure to addictive agents.
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A. Amino acid sequence of an opioid peptide and its structural similarity
to morphine.
B. New morphan derivatives selected for analysis.
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Zebrafish Development

Morphological parameters analyzed in the embryos at 24 hpf, 48 hpf and 72 hpf:

10 minutes post
fertilization

Mortality.
Developmental delay: determined in hpf.
Alterations in Central Nervous System.
Malformations during eye development.
Heart deformities.
Abnormalities in the tail and body axis
Alterations in pigmentation.
Abnormal behaviour.

5,25 hours post
fertilization (hpf)

24 hpf

48 hpf

72 hpf

Zebrafish is currently used as an animal model in biochemical research. This success is probably due to its low cost of husbandry.
Besides, its genome is fully sequenced. Zebrafish embryos already show basic aspects of behaviour during embryonic and larval
stages (e.g. startle, optomotor response, circadian activity rhythms, avoidance and attraction). These features, together with the
transparency and small size of the animals provides an unique opportunity to study the Neurophysiology of simple behaviour.

Alterations in Central Nervous System

The use of zebrafish in neurobiological research has speed up the discovery of novel mechanisms related to human diseases and has
emerged as a key factor for translational research. In addition, there is functional evidence of neural circuit conservation among
vertebrates and dopaminergic pathways have been comprehensively revised using, anatomical, morphological as well as genetic
approaches.

Dose-dependent relationship between
the severity of malformations, the
number of embryos affected and the
concentration of drug used.

% Affected Embryos

Experimental Method

Alterations in Central Nervous System

Zebrafish Pair Intercrosses

Developmental delay?

Collection of Eggs

Comparison between the malformations found in control and drug-treated embryos in different stages of development:

Drug Treatment

A

B

A. Control 24 hpf

B. Drug-treated 24 hpf

C

D

C. Drug-treated 72 hpf

D. Drug-treated 72 hpf

Alterations in Pigmentation

Mechanical Digestion

Zebrafish intercrosses: 2 males and 3 females zebrafish adults were crossed and the females released the eggs after light induction.
These eggs were externally fertilized by the males.
Drug treatment: Zebrafish embryos were exposed to either 10 µM morphine or 15 µM cocaine in E3 embryo medium from 5 hpf
(hours post fertilization) until 72 hpf. A control group were run in parallel. Embryos were anaesthetized on ice and transferred to
eppendorfs, which were kept at -80ºC until use.
Mechanical digestion: Zebrafish embryos were mechanically homogenised and lysed in RIPA buffer with protease inhibitors (SigmaAldrich, P9599). Samples were centrifugated (10.000xg for 10 min at 4ºC) to eliminate the debris and the supernatants were
transferred to clean eppendorfs.

Opioid Receptors
Alterations in Pigmentation at 72 hpf

% Affected Embryos

% Affected Embryos

Alterations in Pigmentation at 48 hpf
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General structure of opioid receptors.
Opioid receptors are transmembrane receptors coupled to G proteins (GPCRs) that participate in several signalling pathways such as
MAP-kinases, inositol trisphosphate and adenylate cyclase. The binding of the ligand produces a decrease in the production of
cAMP, and as a consequence, thus blocking neurotransmission. The most well-known opioid receptor is the μ receptor (OPRM1),
although there are other types such as δ (OPRD1) and κ (OPRK1) receptors.
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