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Introduction: Alzheimer disease (AD) is a major cause of age-related dementia. Although AD has a multifactorial nature, 
multiple studies indicate a relationship between AD neurodegeneration and impaired glucose metabolism. Thus, it is conceivable 
that the provision of an alternative substrate for use by glucose-compromised neurons might promote neuronal survival. Recent 
studies indicate that, in health and disease, glutamate has a critical role as intermediary metabolite for ATP synthesis through 
a mechanism involving the Na+-Ca2+ exchanger (NCX) and the Na+-dependent Amino Acids Transporters (EAATs). Based on 
these premises, the aim of the present study was to assess whether glutamate might weaken the progression of the AD-like 
phenotype by boosting cell energy metabolism in an NCX-EAAT-dependent fashion. 

Materials and methods: We used both rat cortical primary neurons and SH-SY5Y human neuroblastoma cells differentiated 
with retinoic acid (RA) to a neuron-like state. The AD-like phenotype was induced by exposing cells to the glycolysis 
inhibitor glyceraldehyde (GA). Cell viability was assessed by lactate dehydrogenase (LDH) assay and fluorescein diacetate/
propidium iodide (FDA/PI) double staining, while mitochondrial damage was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. Intracellular ATP levels were monitored by using a commercially available luciferase-
luciferin system. Reactive Oxygen Species (ROS) production was monitored by using specific fluorescent probes. Alterations 
of AD marker (extracellular Aβ42and intracellular hyperphosphorylated tau-pTau) were tested by using specific ELISA kits. The 
specific contribution of NCX and EAAT was tested by using both molecular (RNA silencing, siRNA) and pharmacological 
approaches. NCX activity was studied by single-cell computer-assisted video imaging using an LSM 510 confocal system and 
by electrophysiology techniques. 

Results: In both rat cortical neurons and RA-differentiated SH-SY5Y cells, GA caused a concentration and time-dependent 
cellular damage that was accompanied by alterations of Aβ42and pTau levels. The oxidative status of the cells resulted 
compromised as well. Interestingly, NCX activity was not affected by GA treatment. The provision of 0.5mM glutamate fully 
prevented GA-induced cytotoxicity, reduced the increase of AD marker levels and increased ATP intracellular content. ROS 
production was also limited. The inhibition of either NCX or EAAT fully abrogated the beneficial effects of glutamate on cell 
survival. A specific siRNA approach performed in SH-SY5Y cells revealed that NCX1and EAAT3were the isoforms specifically 
involved in the metabolic response boosted by glutamate. 

Discussion and conclusion: By refilling the TCA cycle at the alpha-ketoglutarate level, glutamate may boost cellular 
bioenergetics, and, in turn, reduce Aβ levels, which are well known to increase when cell metabolism is impaired. Overall, these 
effects positively affected cell survival, as revealed by LDH assay, FDA/PI staining and MTT assay. Notably, glutamate action 
was NCX/EAAT-mediated. We hypothesize that, in mitochondria, glutamate entry may induce a Na+ increase that may force 
the exchanger to work in a Na+ efflux-Ca2+ influx mode, therefore causing a slight increase in intramitochondrial Ca2+ levels. 
This, in turn, may act as a trigger for Ca2+-dependent dehydrogenases and ultimately promote ATP synthesis. Furthermore, by 
promoting the synthesis of scavenging molecules, glutamate may preserve mitochondria from oxidative stress, thus improving 
their performance and, in turn, their ability to boost ATP synthesis. Overall, we provide evidence that, by ameliorating cell 
energy status, glutamate may halt the degenerative process leading to neuronal death in an AD-like model. This phenomenon 
appeared to occur in an NCX-EAAT dependent fashion. Although preliminary, our findings may provide a promising basis for 
future pharmaceutical intervention.


