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Background: Long-term alcohol use can lead to alterations in brain structure and functions and, in some cases, to 
neurodegeneration. Several mechanisms have been proposed to explain ethanol (EtOH)-related brain injury. One of the most 
relevant mechanisms of alcohol-induced neurodegeneration involves glutamatergic receptors, but their exact role is not yet 
fully understood. The aim of our study was to investigate the role of glutamate receptors and the neurochemical mechanisms 
underlying excitotoxicity induced by EtOH dependence and/or withdrawal with particular attention to the role of Ca2+-permeable 
AMPA receptors (AMPARs).

Methods: To mimic chronic EtOH assumption and withdrawal in vitro, we used rat organotypic hippocampal slice cultures 
exposed to 150 mM EtOH for 7days (chronic) and then incubated in EtOH-free medium for the subsequent 24h (withdrawal). 
We used different techniques to elucidate the mechanisms underlying EtOH withdrawal toxicity: electron and confocal 
microscopy, electrophysiology, western blotting and real time-PCR. 

Results: EtOH withdrawal led to a dose-dependent CA1pyramidal cell injury as observed using propidium iodide fluorescence 
and electron microscopy. This toxicity was mainly mediated by mGlu5and AMPA receptors since AMPA and mGlu5antagonists 
were able to attenuate EtOH withdrawal-induced toxicity in neuroprotection experiments. Moreover, our western blot results 
show an increase in the expression of GluA1AMPA subunit while GluA2is decreased, thus suggesting a shift to Ca2+-permeable 
AMPA receptor subunit composition that could explain the CA1injury observed in our slices following EtOH-withdrawal. These 
data were confirmed by immunofluorescence experiments. Twenty-four hours after EtOH withdrawal we observed a significant 
increase in GluA1but not GluA2expression in the CA1region of hippocampal slices. Furthermore, we studied the mRNA 
expression of the transcriptional repressor element-1(RE1) silencing transcription factor (REST) gene, one of the “transcriptionally 
responsive” genes involved in the editing process of the AMPA receptor subunit GluA2. Our results show that REST gene was 
upregulated after EtOH withdrawal, indicating that GluA2lacking AMPARs formation should be also due to an editing process. 
Finally, we tested whether 1-naphthyl acetyl spermine (NASPM), a selective blocker of Ca2+-permeable AMPARs, may protect 
CA1pyramidal neurons, as compared to NBQX (a non-selective AMPA antagonist). Our results show that both NASPM and 
NBQX significantly attenuated EtOH-withdrawal-induced injury, suggesting that Ca2+-permeable AMPA channels mediate the 
neurotoxicity induced by EtOH withdrawal. 

Conclusions: Our data suggest that chronic EtOH treatment in organotypic hippocampal slices promotes abnormal synaptic 
transmission and formation of Ca2+-permeable AMPARs that may lead to CA1pyramidal cell death after EtOH withdrawal.


