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Mitochondria-targeted nitroxides (MTNs) (Mito-Tempol, Mito-CP) are a group of compounds generated by 
conjugating a positively-charged triphenylphosphonium moiety to a simple nitroxide (Tempol and carboxy 
proxyl) via an alkyl chain. Depending on the carbon-carbon chain length, a variety of short and long-chain 
MTNs (Mito-CP11, Mito-CP4) can be synthesized. MTNs (with a positive charge) are taken up into 
mitochondria (with a negative membrane potential) to a varying degree depending on their chain lengths. MTNs 
protect against the oxidative damage induced by radiation and antitumor agents in normal cells. However, 
MTNs are “mitochondriotoxic” in most tumor cells. Emerging research in cancer chemotherapy is focused on 
exploiting the biochemical differences between cancer cell and normal cell metabolism. In cancer cells, there is 
a shift in energy metabolism from oxidative phosphorylation to glycolysis to generate ATP (the Warburg 
effect). Agents [e.g., 2-deoxy-D-glucose (2-DG)] that specifically inhibit glycolytic metabolism have been used 
as effective anticancer agents. We observed that MTNs synergistically enhanced 2-DG-mediated breast and 
pancreatic cancer cell death. MTN (Mito-CP11) treatment dramatically affected the cellular bioenergetic 
function and ATP levels in breast cancer cells (MCF-7) but not in control noncancerous cells (MCF-10A). 
Similarly, MTN and 2-DG synergistically enhanced pancreatic 
cancer cell death. Targeting mitochondrial bioenergetic 
metabolism with cationic MTN and glycolytic inhibitors is a 
potentially promising chemotherapeutic therapy. The dual 
mechanism (cytoprotection in normal cells and cytotoxicity in 
cancerous cells) of mitochondria-targeted nitroxides may also be 
responsible for overcoming drug resistance. 
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