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Currently, over 50 million people are affected by Alzheimer's disease (AD) globally of which more than 5.8 million are from the United States. Several years of intense research from our lab and others have revealed that multiple cellular changes are involved with the disease process, including synaptic damage, mitochondrial abnormalities, increased free radical production/oxidative stress, defective mitophagy, microRNA deregulation, the proliferation of astrocytes & microglia, in addition to production and accumulation of amyloid beta (Aβ) and phosphorylated tau (p-Tau). Among these, synaptic damage and mitochondrial dysfunction are early cellular changes in both early-onset familial and late-onset sporadic AD. Increasing evidence also suggests that mitochondrial abnormalities, including changes in mitochondrial DNA, mitochondrial gene expressions, mitochondrial ATP, mitochondrial enzymatic activities, mitochondria-induced increased free radicals, lipid peroxidation, reduced axonal transport, impaired mitochondrial biogenesis, mitochondrial dynamics and defective mitophagy are extensively reported in AD. Emerging studies from our lab and others revealed that impaired clearance of dead or dying mitochondria is an early event in the disease process. Based on these changes, it has been proposed that mitophagy enhancers are potential therapeutic candidates to treat patients with AD. Our lab has been studying the beneficial effects of mitophagy enhancers urolithin A, actinonin, tomatidine, nicotinamide riboside in vitro using immortalized mouse primary hippocampal (HT22) neurons transfected with mutant APP and mutant Tau cDNAs, and in vivo using recently developed humanized amyloid beta knockin (h AβKI) mouse model that represents late-on AD. In cell culture studies, we assessed mRNA and protein levels of mitochondrial dynamics, biogenesis, mitophagy and synaptic genes, cell survival; assessed mitochondrial respiration and mitochondrial morphology in mAPP-HT22 and mTau-HT22 cells treated and untreated with mitophagy enhancers. In hAβKI mice, we studied cognitive behavior, including Morris Water Maze, Y-Maze, Open Field and Rotarod tests. We also studied all other parameters similar to cell culture studies. Mutant APP-HT22 and mTau-HT22 cells showed increased fission, decreased fusion, synaptic & mitophagy genes, reduced cell survival and defective mitochondrial respiration, and excessively fragmented and reduced length of mitochondria. However, these events were reversed in mitophagy-enhancers-treated mutant mAPP-HT22 and mTau-HT22 cells. Our hAβKI mice findings revealed that significantly increased positive effects in urolithin A treated in hAβKI mice for cognitive behavior. Mitochondrial dysfunction is significantly reduced. Dendritic spines and lengths are significantly increased. Fragmented number of mitochondria is reduced and mitochondrial length is increased and mitophagosomal formations are increased. The levels of amyloid beta Aβ40 and Aβ42 were reduced. These observations suggest that mitophagy enhancers are protective against human Aβ and mutant tau-induced toxicities.

