Microelectrochemical smart needle for real time minimally invasive oximetry
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Oxygen plays a critical role in physiological and pathological processes. Oxygen concentration is particularly important for viability in certain tissues, such as the brain. A variety of brain disorders such as neural injury, brain dysfunction, vascular malformation and neurodegenerative diseases are associated with abnormal levels of oxygen, whether it is hypoxia or even hyperoxia. Current methods to directly monitor tissue oxygenation in the brain are expensive and invasive, suffering from a lack of accuracy. Electrochemical detection has been used as an invasiveness and cost-effectiveness method, minimizing pain, discomfort and injury to the patient. As an alternative catalyst to non-selective Pt, laccase -which is an oxidoreductase able to reduce oxygen into water- has been used in many process including developments of biosensor and biofuel cells (Liu et al., 2019; Mohtar et al., 2019). These enzymes are highly specific to oxygen and the reduction reaction produces electrons which can be continuously monitored. Taking advantage of the selectivity of laccase for oxygen, this project focused on decreasing the interference to the electrode surface without the need for a selective membrane as a key to perform O2 monitoring. Minimizing the sensor to a needle-size diameter is an engineering method to obtain a sensor suitable for a deep brain measurement.  In this work we developed a minimally invasive needle-sensor with a high surface area to monitoring O2 levels in brain using acupuncture needles. The approach was to directly etch the iron from stainless steel acupuncture needles via a controlled pitting corrosion process, obtaining a high microporous surface area. In order to increase the conductivity and selectivity, we designed and applied for the first time a low-cost coating process using non-toxic chemicals to deposit high surface area carbon nanoparticle, catalytically active laccase and biocompatible polypyrrole. The physicochemical properties of the materials have been characterized, as well as their efficacy and viability as probes for the electrochemical detection of PO2. Our modified needles exhibited efficient electrocatalysis and high selectivity toward O2, with excellent repeatability. We well engineered a small diagnostic tool to monitor pO2, minimally invasive, able to monitor real-time O2 in vivo complex environments.
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