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Due to the significant health and economic costs associated with complications caused by inadequately controlled diabetes mellitus, a great deal of research remains focused on the development of clinical monitoring systems with the capability to continuously detect glucose levels in vivo. Optical biosensing methods, analogous to pulse oximetry for monitoring blood O2 saturation, are attractive for this application in that they offer the possibility of a less invasive, real-time solution. However, the direct detection of glucose in this way has been hindered by the lack of spectroscopic features that can be easily resolved against the background of interfering species and strong light scattering by the skin. We are currently involved in a proof-of-concept study on a novel reagentless biosensing platform that circumvents this problem by instead utilizing the chemochromic absorption properties of a thin film of the conjugated polymer polyaniline (PANI) containing immobilized glucose oxidase (GOx).
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Figure 1. Polyaniline
The optical properties of the polymer are strongly dependent on its oxidation state, which may take on a virtual continuum of values. Specifically, in the half oxidized form (y=0.5), a strong absorption peak is present near 630 nm due to a molecular exciton transition from a reduced (amine) repeat unit to an oxidized (imine) one. This feature is absent in the reduced form (y=1), since no oxidized units remain. 
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Figure 2. Polyaniline UV-VIS Chemochromism

The change can then be monitored by taking the ratio of the absorbance at this peak and at the isosbestic point (390 nm). The reversible oxidation state change is achieved via a redox reaction catalyzed by GOx in the presence of glucose. In this process, two protons and two electrons are donated from the glucose molecule to polyaniline, which reduces the polymer. 
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Figure 3. Redox reaction
These optical measurements can be performed non-invasively at wavelengths of light to which human skin is transparent, which then provides a quantitative measure of the glucose concentration. Because of the high specificity of GOx, the sensor can be made to be robust against many interfering species that be also be present. Enzyme entrapment in these devices is accomplished via a facile “reprecipitation” method, in which the addition of an aqueous solution modifies the molecular conformation of the polymer chains during the film casting procedure, causing a series of irreversible cross-linking events. This immobilizes the enzyme within the polymer matrix without the need for linking reagents. In addition to being fast and inexpensive, the fabrication protocol also provides a level of control over the micromorpholgy of the resultant devices.  This allows for the creation of devices with a very high surface to volume ratio, which leads to faster response times.

Our current and future efforts will be directed towards optimizing the prototype’s sensitivity and functional lifetime. To achieve this, we have begun using a scanning electron microscope to characterize the effect of the reprecipitation conditions on the resulting micromorphology of the devices. Further, we are looking to start a collaboration with researchers in the health sciences field in order to initiate the process of animal trials. A patent for our technology is pending and we hope to license the technology once it is approved. In the envisioned clinical device, a thin film of PANI with entrapped GOx is drop cast on a reflective substrate, which is then implanted just underneath the skin. The implant is in contact with the interstitial fluid, where the glucose concentration has been shown to be proportional to that of the bloodstream. The patient would wear a watch-type reader over the implant, which would probe it with light using specific diagnostic wavelengths. Electronics within the reader would calculate the glucose concentration from the dynamic optical response of the modulated reflectance. The result would then be output as a digital display, stored for future analysis, and/or output wireless to an insulin pump to create a closed-loop system. 
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