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Nociception is the detection and reflex response to a tissue-damaging, potentially painful stimulus and is distinct from pain perception since pain also comprises adverse behavioural and physiological reactions. To demonstrate nociception in a fish, techniques in neuroanatomy and electrophysiology were adopted to examine the trigeminal nerve, which conveys nociceptive information from orofacial areas in higher vertebrates, for the presence of A-delta and C fibres that may act as nociceptive neurons. Behavioural experiments were also conducted to assess the rainbow trout’s (Oncorhynchus mykiss) responses to potentially painful stimulation.

Methods

Rainbow trout were killed by overdose in anaesthetic, perfused with saline and the fixative, formal acetic alcohol (Sneddon 2002). Transverse sections of the trigeminal nerve were examined by staining with toluidine blue. To investigate if there were receptive fields on the fish’s head that had a nociceptive function, electrophysiological recordings were made from afferent cell bodies in the trigeminal ganglion (Sneddon 2003a). To assess pain perception, behavioural responses to administration of acutely acting noxious substances, bee venom and 1% acetic acid, were assessed and compared with handled controls and saline administered fish as well as fish administered with a painkiller, morphine (Sneddon 2003b; Sneddon et al. 2003a, b).

Results

The trigeminal of the rainbow trout did possess A-delta and C fibres (25% and 4% total fibre type respectively) that may act as nociceptors. A variety of somatosensory receptor types were located on the head of the trout and 31% of these were polymodal nociceptors preferentially stimulated by noxious mechanical, thermal and chemical stimuli. A further 7% of these receptors were mechanothermal nociceptors that only responded to noxious mechanical and thermal stimuli.  The fish administered with venom and acid performed anomalous behaviours, did not feed until the venom and acid effects had subsided and also showed an almost double fold increase in respiration rate. These effects were not seen in the controls or in fish that had been treated with an analgesic, morphine. 

Discussion

The rainbow trout does possess nociceptors that are strikingly similar to those found in higher vertebrates. The behavioural results suggest the potential for pain perception in the rainbow trout. Comparative analysis of nociception may provide insights into the evolution of nociceptive systems. By examining results from lower vertebrates, we can compare and contrast properties of nociceptors with higher vertebrates including humans. Hypotheses shall be presented to discuss the possible causes of the different properties between lower and higher vertebrates (Sneddon 2004). 
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