Stress-induced catalase dysfunction compromises alcohol’s antidepressant-like effects via disrupting brain ethanol oxidation
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Introduction. Alcohol is a widely used as self-medication to relieve stress in individuals with depression; however, current evidence on its actual effects on depression remains conflicting. The mechanisms are not fully understood.
Aims. This study aimed to characterize the effects of acute ethanol intake on depression-type behaviors and its underlying mechanisms using a chronic social defeat stress (CSDS) depression model paradigm. 
Methods. Behavior tests, western blotting, stereotaxic injection, biochemical analysis, RNA sequencing.
Results.  We found that a single intraperitoneal injection of ethanol (2.5 g/kg) reduced immobility time in the tail suspension test and forced swim test in normal mice, but not in CSDS-exposed mice. Stress appeared to block the antidepressant-like effects of alcohol observed in normal mice, whereas central inhibitory effects of ethanol were enhanced. Notably, intraperitoneal injection of ethanol metabolites, acetaldehyde (0.1 g/kg) and acetate (0.625 g/kg), elicited rapid-onset antidepressant effects in CSDS-exposed mice. Pharmacological inhibition of ethanol oxidation metabolism abolished the effect of ethanol on despair behaviors in normal mice.  Through regional brain probing, we identified the ventral hippocampus (vHip) as a key site for ethanol’s antidepressant-like action. Ethanol specifically increased histone acetylation in the vHip via acetate-dependent activation of acyl-CoA synthetase short-chain 2 (ACSS2), which mediated its antidepressant effects. Catalase, the primary enzyme responsible for ethanol oxidation in the brain, was significantly reduced in CSDS-exposed mice. Restoring catalase activity in the vHip conferred rapid-onset antidepressant effects to ethanol in CSDS-exposed mice. RNA sequencing of vHip tissue identified that Cd274, a gene encodes the immune checkpoint protein, programmed cell death protein ligand 1, as a critical downstream effector of ethanol and acetate by attenuating microglia-dependent neuroinflammation. Supplement of acetic acid with vinegar, a common fermented cooking ingredient in China, reversed CSDS-induced depression-type behaviors.
Discussion. These data demonstrate that the oxidation of ethanol to acetate in the vHip mediates the antidepressant-like actions of alcohol through ACSS2-dependent histone acetylation, and altered metabolic profiles under stress may blunt the self-medication potential of alcohol in individuals with depression.
