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Abstract

Nociception, the physiological mechanism by which harmful stimuli are detected,
has previously been demonstrated in fish. The aim of this project was to characterise
the responses of noxious stimulation in comparison to a control, which comprised
subcutaneous injections of mild acetic acid or physiological saline, respectively.
Three species of fish - zebrafish (Danio rerio), rainbow trout (Oncorhynchus mykiss)
and common carp (Cyprinus carpio) - were assessed using an integrated approach
applying behavioural observations, microarray analysis, real-time polymerase chain

reaction, in situ hybridisation and Western blotting.

Behavioural responses to a nociceptive stimulus, which included ventilation rate and
swim rate, were examined in common carp (n = 5) and zebrafish (n = 4). Differences
between individuals were too great in carp to draw conclusions; treatment zebrafish
consistently demonstrated an increase in ventilation rate from a baseline value of
83.6 + 3.3 beats/min to 140.6 + 12.5 beats/min after 30 min. Also in zebrafish, swim
rate decreased from a baseline mean of 15.8 + 1.2 swims/min to 5.1 =+ 0.8 swims/min

30 min after treatment. These changes were not observed in control fish.

Changes in gene expression induced by nociception in common carp and rainbow
trout were assessed using a microarray, which consisted of 14,496 cDNA probes.
Brain samples from forebrain, midbrain and hindbrain were analysed at 1.5 h, 3 h
and 6 h after treatment to assess time series changes in gene expression compared to
controls. The forebrain and midbrain were affected most with the highest number of
transcript changes occurring, indicating that nociception induces molecular changes

in higher brain areas. Transcriptomic regulation occurred primarily in the first 3 h



after the évent, corresponding to the time scale in which behavioural responses were
greatest. Several genes associated with mammalian nociception were also regulated
in fish, for example brain-derived neurotrophic factor (BDNF) and the cannabinoid
CBI receptor, thus indicating that regulation of these genes after nociception was

conserved through evolution.

Many of the genes identified as regulated in the microarray study were previously
unlinked to nociception. The Van Gogh-like 2 (Vangl2) gene was selected for
further study on the basis of consistent regulation in common carp and rainbow trout
in the microarray study. The Vangl2 protein exhibited a trend for up-regulation in
the forebrain after nociception, compared with controls. After in situ hybridisation,
the Vangl2 gene was densely expressed in the telencephalon and in epithelial cells.
A greater number (P = 0.018) of Purkinje cells expressed Vangl2 after nociception (n

=7) compared to controls (n = 5).

In this thesis, species-specific responses to nociception, both in behaviour and
transcription were revealed. Insights gained into behavioural differences are
particularly important when defining behavioural criteria for assessing nociception in
different species of fish. Genes with altered expression after nociception in fish may
provide novel analgesic targets for humans, but these targets need to be validated
further. Expression of Vangl2 at the transcript and protein level appeared to be
strongly linked to nociception in carp and trout, and further work should examine
this candidate in mammalian models of pain. Involvement of Vangl2 in nociception
demonstrated a previously unappreciated role for Wnt signalling in the mature carp

brain.
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