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Inter-relationship between consequences of mild brain mitochondrial-dysfunction and agents that 
promote mitochondrial respiration
Odeya Damri, N Shemesh and G Agam 
Ben-Gurion University of the Negev, Israel 

Mitochondrial-function is at the nexus of pathways regulating synaptic-plasticity and cellular resilience. The involvement 
of brain mitochondrial-dysfunction along with increased reactive oxygen species (ROS) levels, accumulating mtDNA 

mutations and attenuated autophagy are implicated in psychiatric and neurodegenerative diseases. We aimed to model mild 
mitochondrial-dysfunction assumed to occur in bipolar-disorder (BPD) using exposure of human neuronal cells (SHSY5Y) 
to rotenone (an inhibitor of mitochondrial-respiration complex-I) and to find out whether ROS scavengers and/or autophagy 
enhancers can ameliorate neuronal mild mitochondrial-dysfunction. Incubation with an extremely low rotenone dose (10 pM) 
for 72 and 96 hours did not affect cell viability but induced a dual effect on mitochondrial-respiration. Exposure for 72 hours 
induced an overshooting several-fold increase in basal, maximal and ATP-linked oxygen-consumption-rate (OCR) but not in 
non-mitochondrial OCR while exposure for 96 hours significantly decreased all OCR parameters. The autophagy enhancers 
lithium, trehalose, rapamycin and resveratrol added for the last 24 of the 72 hours exposure to rotenone counteracted rotenone`s 
effect on OCR parameters. Only lithium added for the last 48 of the 96 hours exposure to rotenone reversed rotenone’s effect 
on OCR parameters. The effect of 10 pM rotenone mimics BPD studies in which neuronal cell death is not discerned despite 
reproducible reports of mitochondrial-dysfunction. The enhancing effect of the low dose of rotenone on mitochondrial-
respiration parameters is interpretable as the cells compensatory response to the very mild mitochondrial-dysfunction. Our 
regime differs from the rotenone-induced Parkinson’s model (10 pM vs. at least 10 nM) by not affecting ROS levels nor cell 
viability but reducing most OCR parameters following 96 hours of exposure. The effect of lithium reversing rotenone’s effect 
on OCR parameters is compatible with lithium’s known positive effects on mitochondrial-function, in general, and oxidative 
phosphorylation complexes, in particular.
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