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EXTENDED ABSTRACT ONLY: DO NOT CITE

It has previously been shown, through pharmacological blockade and nerve transection, that the degree of cardiac vagal or adrenergic tone on the fish heart varies greatly between species and with activity levels, temperature or oxygen level within species (Taylor, 1992). Consequently, a systematic study of variations in tonic control of the heart in fishes, at a range of temperatures and activity levels, may serve to clarify the mechanisms of beat-to-beat control of the fish heart.

In an initial study (Campbell et al, 2004) we explored the use of Power Spectral Analysis in examining the neural influences on the teleost heart. The short-horned sculpin (Myoxocephalus scorpius) was chosen as an example of a labriform swimmer of limited aerobic scope associated with sit-and-wait predation. We also explored the neuranatomy of the vagal sensory and motor columns and the role of glutamate as a neurotransmitter in the modulation of vagal control of ventilation, heart rate and blood pressure in the sculpin (Sundin et al, 2004). In order to explore the influence of ecological factors such as temperature on heart rate, ventilation and oxygen uptake, this study was extended to the sub-Antarctic black cod (Paranotothenia angustata).

Oxygen consumption (MO2) and heart rate (fH), measured as the ECG and expressed as R-R interval, were monitored simultaneously in the short-horned sculpin. Anaesthesia and minor surgery to place e.c.g. recording electrodes caused an initial increase in MO2. This was accompanied by a decrease in mean R-R interval and in heart rate variability (HRV), measured as the standard deviation in the R-R interval (SDRR). Mean R-R interval increased to a steady state value 72 h post-surgery, but mean SDRR took 120 h to stabilise. The progressive, post-surgical recovery in MO2 showed a good correlation with both mean R-R interval and the mean SDRR, although a more significant covariance existed between the decrease in MO2 and increase in SDRR. 

Power spectral analysis (PSA) applied to recordings of instantaneous heart rate showed no spectral peaks immediately after surgery, though high and low frequency peaks were identified 120 h post- surgery. Bilateral cardiac vagotomy abolished the variability in beat-to-beat interval and both peaks, suggesting that much of the regulation of heart rate and HRV in sculpin was under parasympathetic, cholinergic control that was withdrawn as a result of surgical and handling stress. These data suggest that sculpin use fH as a way of moderating oxygen consumption, fine-tuned on a beat-to-beat basis by cholinergic control.

The locations of the vagal sensory (Xs) and motor (Xm) areas in the medulla were established by the ortho- and retrograde axonal transport of the neural tract tracer Fast Blue, following its injection into the ganglion nodosum. Unilateral microinjection of glutamate into defined locations in the Xs caused marked changes in fH, blood pressure, ventilation frequency or amplitude. Often these responses occurred simultaneously in different combinations, but occasionally, they appeared singly, suggesting specific projections into the Xs, for each cardiorespiratory variable and local determination of the modality of the response. Response patterns related to chemoreceptor reflex activation were predominantly located rostral of obex, whereas patterns related to baroreceptor activation were more caudal, around obex. 

The e.c.g, ventilation rate and oxygen consumption were measured simultaneously in the black cod, during 96 h periods of recovery from surgical intervention or feeding. Both caused an elevation of MO2, accompanied by shortened R-R and V-V intervals. Over the subsequent 96 h there was a progressive reduction in MO2 which showed a significant correlation with increases in R-R and V-V interval. Vagotomy caused a similar decrease in R-R and V-V intervals, but MO2 did not increase to the same extent. With time post-vagotomy R-R or V-V interval did not show any significant increases and MO2 did not significantly alter from immediately after vagotomy.

The present study revealed, for these two species, that mean heart rate (fH) varied directly with MO2.  However, in the sculpin, while mean R-R interval recovered at a faster rate than MO2, SDRR recovered at the same rate as MO2, following disturbance. Thus, there was a close correlation between HRV and MO2, implying that HRV may serve to optimise respiratory gas exchange (Taylor, 1992). We conclude that PSA is a useful method of determining HRV in fish, and that HRV is a more sensitive measure of recovery from disturbance than fH alone.

This study highlights the importance of cholinergic innervation of the heart in M. scorpius. Stimulation of the vagus caused cardiac inhibition similar to that observed in dogfish (Agnisola et al, 2003), suggesting that cholinergic innervation has a major influence on the cardiac pacemaker. In addition, sectioning of the vagus nerve led to an increase in fH and abolition of the HRV in resting fish. A glutamate-induced bradycardia was N-Methyl-D-Aspartate (NMDA)-receptor dependent and atropine-sensitive, providing evidence that glutamate is a putative player in the reflex control of the heart.
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