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Ammonia Toxicity

Ammonia is an unusual toxicant that it is continuously produced by animals themselves. It has to be constantly removed from the body or detoxified into other substances. Most teleost fish normally excretes ammonia directly into the surrounding water via the gill down a concentration gradient. There are, however, situations under which ammonia excretion is impeded (for example, when there is a lack of water, or when the ambient pH or ammonia concentration is high). Under these situations, ammonia concentration in the body builds up and could reach a level that is harmful to the fish. If the ammonia level is too high, the fish will enter into convulsion and eventually die.

Although ammonia has been known to be toxic for more than a century, the exact nature of its toxicity is not clear. NH4+ has been shown to affect the activities of key enzymes involved in metabolism such as phosphofructokinase-1 (PFK-1), α-ketoglutarate dehydrogenase and isocitrate dehydrogenase. Being a weak base, NH3 affects intracellular pH and may disturb the general environment in which numerous chemical reactions take place (see Cooper and* Plum, 1987 for review). These, however, did not seem to be the main cause of death due to ammonia which is associated with convulsions followed by neuronal cell death.

Recently there have been a number of studies on the role of N-methyl-D-aspartate (NMDA)-type glutamate receptors in the nervous system in ammonia toxicity. It was reported that administration of NMDA receptor blockers, such as MK-801, protected mice from acute ammonia toxicity (Marcaida et al., 1992). During ammonia intoxication, NMDA receptors are excessively stimulated, resulting in a larger influx of Ca2+ than usual into neurons. This would elicit a cascade of reactions and eventually lead to neuronal cell death. Ammonia toxicity in fish seems to involve NMDA receptors, too, as we found that administration of MK-801 (2 mg kg-1) protected the oriental weatherloach from acute ammonia toxicity.

How does ammonia cause excessive activation of NMDA receptors? It has been shown that NH4+ induced depolarization in cultured rat cortical astrocytes (Allert et al., 1998). This ammonia-induced depolarization could also take place in neuronal membranes and result in removal of Mg2+ that normally blocks the NMDA receptor channel, leading to excessive activation of the NMDA receptor (Felipo and Butterworth, 2002).

Background Potassium Channels
The ammonia-induced depolarization of nervous tissues is Ba2+-sensitive, which suggests that it involves some kind of K+ channels (Allert et al., 1998). This is not surprising because NH4+ and K+ ions are very similar in size. NH4+ can thus also pass through K+ pathways. Therefore, increase in extracellular NH4+ concentration will increase the Nernst potential of neuronal membranes.

A new family of two P domain (2P) K+ channels has recently been identified (see Goldstein et al., 2001 for review). These are channels that open at resting membrane potential and are, therefore, responsible for the background, or leak, current. Some members from this family have been shown to be sensitive to hypoxia, others to pH mechanical stretches or anesthetics. We think that it is these background K+ channels that are responsible for the ammonia-induced depolarization.

Ammonia-Tolerance of the Oriental Weatherloach 
In order to test the hypothesis, we take advantage of the ammonia-tolerance of the oriental weatherloach, Misgurnus anguillicaudatus. This teleost can tolerate very high external (LC50 value is 75 mM NH4Cl at pH 6.7, 20°C) as well as internal (5 mM in the plasma) ammonia levels. We measured the K+ and NH4+ distribution in the plasma, muscle and the brain, and found that the Nernst equilibrium of K+ in the brain was within the expected range (-60.7 mV), whereas that of NH4+ in the brain was very far off (+10.4 mV). These results suggest that the background K+ channels of the brain from this fish show very high selectivity for K+ over NH4+. As a result, the neuronal resting membrane potential is not affected until the extracellular NH4+ becomes extremely high. This is one of the reasons why this fish is so ammonia-tolerant. Whole-cell patch clamping technique is being applied to its neurons in order to verify the results. This study should establish the role of background K+ channels in ammonia toxicity.
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