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    Abstract
The cellular mechanisms by which excess exposure to the excitatory neurotransmitter glutamate can produce neuronal injury are unknown. More  than a decade ago it was hypothesized that glutamate neurotoxicity (GNT) is a direct consequence of excessive neuronal excitation (“excitotoxicity”  hypothesis); more recently, it has been hypothesized that a Ca influx  triggered by glutamate exposure might mediate GNT (Ca hypothesis). A basic test to discriminate between these hypotheses would be to determine the  dependence of GNT on the extracellular ionic environment. The excitotoxicity hypothesis predicts that GNT should depend critically on the presence of extracellular Na, since that ion appears to mediate glutamate neuroexcitation in the CNS; the Ca hypothesis predicts that GNT should  depend critically on the presence of extracellular Ca. The focus of the  present experiments was to determine the effects of several alterations in the extracellular ionic environment upon the serial morphologic changes  that occur after mouse neocortical neurons in cell culture receive toxic  exposure to glutamate. The results suggest that GNT in cortical neurons can be separated into 2 components distinguishable on the basis of differences in time course and ionic dependence. The first component, marked by  neuronal swelling, occurs early, is dependent on extracellular Na and Cl, can be mimicked by high K, and is thus possibly “excitotoxic.” The second component, marked by gradual neuronal disintegration, occurs late, is  dependent on extracellular Ca, can be mimicked by A23187, and is thus  possibly mediated by a transmembrane influx of Ca. While either component alone is ultimately capable of producing irreversible neuronal injury, the Ca-dependent mechanism predominates at lower exposures to glutamate.  Glutamate exposure likely leads to a Ca influx both through glutamate-activated cation channels and through voltage- dependent Ca  channels activated by membrane depolarization. Addition of 20 mM Mg,  however, did not substantially block GNT; this finding, together with the observation that GNT is largely preserved in sodium- free solution,  supports the notion that the activation of voltage- dependent Ca channels may not be required for lethal Ca entry. The possibility that N-methyl-D-aspartate receptors may play a dominant role in mediating  glutamate-induced lethal Ca influx is discussed.
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