ION CHANNEL ARREST

IN THE ANOXIC GOLDFISH BRAIN
Leslie T. Buck, Damian S. Shin, and Michael P. Wilkie

Department of Zoology, University of Toronto

25 Harbord St. Toronto, Ontario, Canada. M5S 3G5

Telephone: 416-978-3506   Fax: 416-978-8532

Email: buckl@zoo.utoronto.ca

EXTENDED ABSTRACT ONLY – DO NOT CITE

For most vertebrates anoxia results in serious injury or death within minutes of exposure.  However, several vertebrate species have a remarkable ability to survive long periods of anoxia.  Thus far only four vertebrate species have been identified as truly anoxia tolerant, these include: western painted turtle (Chrysemys picta bellii), red eared slider (Trachemys scripta elegans), goldfish (Carassius auratus) and the crucian carp (Carassius carassius).  These animals can survive hours of anoxia at high temperatures (25°C) and weeks to months at low temperatures (3-15°C) (Buck 2004).  From the study of these organisms it has become clear that the most important strategy to prolong anoxic survival is metabolic suppression or as Hochackha (1986) coined -“metabolic arrest”.  This involves the coordinated reduction of both ATP producing and utilizing pathways and critically, in a metabolically suppressed state, the maintenance of transmembrane ion gradients.  The maintenance of ion gradients during anoxia is especially important since two hallmarks of anoxia-sensitive cellular injury are a rise in extracellular K+ and intracellular accumulation of Ca2+.  Ion gradients can be maintained by reducing the activity of various ion channels – i.e. “channel arrest” (Hochachka, 1986).  Since ion pumping utilizes between 30 and 75% of the total cellular ATP turnover, a decrease in ion channel permeability would have the added benefit of dramatically decreasing ATP use anoxia. Indirect and direct evidence supporting a channel arrest phenomenon in anoxia-tolerant turtles has been obtained (Buck 2004), but thus far there is no evidence indicating that channel arrest occurs in anoxia-tolerant fish (Lutz and Nilsson 1997).  Therefore, the aim of this study was to determine if channel arrest occurs in the brain of the goldfish Carassius auratus.

Anoxic injury in brain of anoxia-sensitive organisms is characterized by a large influx of calcium through N-methyl-D-asparatate receptors (NMDA).  These receptors are ligand-gated calcium channels that underlie fast synaptic transmission in vertebrate CNS and are the major site of ischemic/anoxic mediated excitotoxic injury.  Contrary to what occurs in anoxia-sensitive organisms NMDA receptor currents decrease in the anoxia-tolerant turtle (C. picta), consistent with a neuroprotective role (Buck 2004).  We therefore chose to investigate the regulation of NMDA receptor whole-cell currents in goldfish neurons.

Whole-cell patch-clamp recordings of NMDA receptor currents where performed in goldfish brain slices during a normoxic-anoxic transition at 20°C.  NMDA receptor currents could be inhibited with 4 mM Mg2+ and the NMDA receptor antagonist MK801.  Following 20-40 minutes of anoxic perfusion, there was a 55-60 % reduction in NMDA currents (Fig 1).
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Figure 1.  Decrease in NMDA receptor current with the onset of anoxia.  Open bars represent normoxic control values and shaded bars represent anoxic data.  Data are the mean and SE of 4 to 5 replicate experiments.  Asterisks indicate anoxic values that are significantly different from control anoxic and normoxic data.  

We have shown that whole-cell NMDA receptor currents decrease significantly with the onset of anoxia in goldfish neurons and have demonstrated for the first time that channel arrest occurs in the anoxia-tolerant fish.  The oxygen sensing mechanisms and signal transduction pathways that mediate this response are unknown but our work indicates that intracellular calcium levels and differential phosphorylation of the NMDA receptor are important constituents.
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