Ultra-low noise organic based devices to record bioelectrical signals in non-excitable cell populations: Applications in anticancer drug screening platforms  
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In contrast with the extensive research on devices that explore the neuron-neuron communication, the electronic technology to measure the long-range communication in non-electrogenic (or non-nervous) types of cells is still in its infancy. Non-electrogenic cells generate weak signals (a few micro-volts) with frequencies below 1 Hz. Designing low noise devices in a millihertz frequency range is extremely challenging due to the intrinsic thermal and 1/f type noise generated by the sensing electrode. Our group has pioneered this research in this area [1]–[3] and recently we developed devices with extremely low electrical noise[4]. These novel devices canare capable to detect the faint electrical fluctuations generated by the cooperative activity of non-electrogenic cells. The capacity of devices is capability to measure non-electrogenic cells was achieved by fabricating them devices using an inkjet-printed conducting polymer, the poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS). This soft and micro-fibrillar material enhances the effective area of the electrical double-layers formed between the electrolyte and the sensing surface. Furthermore, the PEDOT: PSS device is flexible, soft and biocompatible.
As an example of application of our devices and methods, we demonstrated that we can monitored in real-time the synchronization of cancer cells as they migrate and invade a cell free surrounding region [5]. Since cell bioelectrical activity is a result of a cell synchronization process, our devices also provide important information about cell-cell connectivity.
In this contribution, we present and discuss the sensing electrode specifications, namely the geometry, the design as well as the type of electroactive materials that can minimize the intrinsic electrical noise in the millihertz frequency range. The ultra-high sensitivity of our sensing surfaces was evaluated by recording electrophysiological signals from non-electrogenic or brain tumour cells in vitro. In a bandwidth of 12.5 Hz a noise level of 0.1-0.2 V r.m.s was achieved. 
In addition to the device specifications, we this contribution also discusses how the low noise polymer based devices can be usedare used to measure in real time and over extended periods of time (weeks) the effect of drugs on the bioelectrical activity of the cells. The goal is to establish the basis forof a drug-screening platform relying on extracellular measurements of the cell bioelectrical activity. A variety of cells populations have beenwere evaluated, including glioma cells and fibroblast type of cells. 
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