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Introduction: Recent murine evidence suggests mitochondrial succinate accumulation during ischaemia is the key 
metabolic pathway that generates reactive oxygen species (ROS) during reperfusion resulting in injury. We examined if this 
metabolic signature was conserved in mice, pigs and humans, and investigated whether its inhibition can prevent the 
greater detrimental impact of warm compared to cold ischaemia in transplantation. 

Methods: Comprehensive metabolomic analysis of myocardial tissue exposed to warm and cold ischaemia was performed 
in mouse (whole hearts) [n=5-8], pig [n=5] and human hearts [n=4]. Under appropriate regulatory and ethical approval, 
apical heart tissue was procured immediately after exsanguination in pigs and human DBD donors. The impact of succinate 
dehydrogenase (SDH) inhibition by dimethyl malonate (DMM) on reperfusion injury was examined in a heterotopic mouse 
heart transplant model. 

Results: Succinate accumulation relative to normoxic controls was much greater after 12 mins of warm ischaemia 
compared to 240 mins of cold ischaemia in mouse (11.7±1.1 vs 6.3±0.6 p=0.003; n=5), pig (5.9±0.8 vs 1.7±0.8 p=0.01; n=5) 
and human (8.0±1.4 vs 3.2±0.9 p=0.03; n=4) myocardium (Fig 1). DMM, administered at the onset of warm ischaemia, 
inhibited the accumulation of succinate during warm ischaemia  in mice (431.6±17.3 vs 242.9±27.0 p=0.001; n=4) . 
Administration of DMM to donor mouse hearts ameliorated myocardial injury after transplantation (24-hour serum 
troponin; 8.6±1.9 vs 3.0±0.4 p=0.03 [n=5-6]; Fig 2). Data are mean±SEM. 

Discussion: Succinate accumulation is greater during warm compared to cold ischaemia and this metabolic signature is 
conserved across species. Greater accumulation of succinate underlies increased ischaemia reperfusion (IR) injury following 
DCD compared to DBD transplantation. Prevention of succinate accumulation by SDH inhibition is effective in ameliorating 
IR injury and is a promising therapeutic strategy to improve organ function in transplantation. 

 


