Linking Renal Medullary Hypoxia to Mitochondrial Dysfunction in Septic Acute Kidney Injury.
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Introduction. Renal medullary hypoxia occurs during sepsis-induced acute kidney injury (AKI). An early onset of sepsis-induced hypoxia and inflammation can cause deficits in mitochondrial complexes I-IV thereby impairing electron transport chain function, and decrease ATP production, worsening cellular injury and organ dysfunction culminating in AKI. However, there is a paucity of evidence on renal medullary tissue mitochondrial injury in clinically relevant large animal models of septic AKI. 
Aims. To quantify mitochondrial injury in the renal medulla of a clinically relevant model of ovine septic AKI. 
Methods. Sepsis was induced in five Merino ewes via an intravenous bolus (2.8 x 109 CFU/ml) followed by a continuous infusion (1.26 x 109 CFU/ml/h) of live Escherichia coli for 31 h. At the end of 31 h sepsis, the renal medullary tissue was collected and mitochondria injury was determined by assessing for mitochondrial respiration using the gold-standard ‘Seahorse’ approach. Renal medullary tissue from five healthy naïve sheep served as controls for this assay. Next, we utilised quantitative real-time PCR in plasma samples collected before and after sepsis, to assess for mitochondrial DNA leakage, which is often associated with compromised mitochondrial structural integrity. 
Results. Ovine septic AKI recapitulated clinical symptoms of human septic AKI, including the hypotension, hyperlactatemia and elevations in plasma creatinine and oliguria. We identified significant reductions in the activity of mitochondrial complexes I (526±34 vs 320±743 pmol/min, P=0.03) , II (137±21 vs 56 ± 13 pmol/min, P=0.01) and IV (595±47 vs 233±65 pmol/min, P=0.002) of the electron transport chain in the renal medullary tissue of septic sheep with AKI compared with healthy sheep. Mitochondrial DNA encoding components crucial to complexes I and III of the electron transport chain in plasma was significantly increased in septic sheep with AKI. 
Discussion. Renal medullary hypoxia in sheep with septic AKI was associated with impaired mitochondrial respiration and structural disruption. These findings highlight mitochondria as a key therapeutic target and provide a rationale for developing interventions that preserve mitochondrial integrity to promote adaptive and functional repair in sepsis-induced AKI.
