Precise electrical manipulation of oxygen and reactive oxygen species gradients in biological environment
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We present the concept of using electrochemical methods to manipulate the levels of oxygen and/or ROS in biological systems. The method relies on the oxygen reduction reaction (ORR). ORR can be tuned to proceed via a 4-electron process, giving hypoxia, or it can be engineered to follow the 2-electron pathway and yield hydrogen peroxide. We show in vitro and in vivo examples of using microelectrode systems to create on-demand hypoxic and/or oxidative stress conditions. Hypoxia can be precisely tuned from normoxic to anoxic levels, depending on electrode geometry and applied electric potential. We demonstrate this method using wired systems, including multichannel multiwell plate experiments, as well as wireless variants, allowing precise and remote tuning of hypoxia with micrometric precision. Electrochemical hypoxia or ROS delivery methods are useful in a range of applications, from basic research to medicine. 
