Detection of copper ions in Organ-on-Chip platforms via Anodic Stripping Voltammetry
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Microfluidic devices known as Organ-on-Chip (OoC), which host living organs mimicking in vivo
conditions, benefit greatly from the sensors integration, enabling the monitoring of specific chemical-
physical parameters that can be correlated with biological processes. Real-time ions monitoring directly in
cell culture systems represents a significant investigation tool to understand ion regulation and
distribution in the body.

Copper is an essential trace mineral fundamental for our survival: dietary copper (largely in the form of
Cu?") is absorbed by intestinal epithelium and its management and regulation is fundamental to preserve
copper homeostasis in the whole body[1]. Imbalance of copper concentrations can be linked to specific
pathologies.

Hence, real-time monitoring of Cu?* concentrations in cell culture media can be an important tool to study
the processes of copper transport and uptake. Electrochemical methods are cheap, easy and fast and, in
particular, anodic stripping voltammetry (ASV) is a powerful technique for trace analysis of metal ions,
with low detection limits, good sensitivity, and selectivity [2].

In this study, the performance of ASV for copper detection in the complex cell culture media was
evaluated, and a medium pre-treatment protocol of acidification was tested to improve the voltammetric
signals intensity. First, the potential of the developed acidification protocol was evaluated by performing
measurements with a real intestinal epithelial monolayer of Caco-2 cells in a Transwell® culture system.
Then, a microfluidic device was engineered in order to enable an automatic acidification of the cell
culture medium in a separate sensing chamber without affecting the cell culture environment. A custom
silicon microelectrode was integrated in the sensing compartment to perform a continuous ion monitoring
in real-time.

To evaluate the integrity and differentiation of the intestinal epithelial monolayer Trans-Epithelial
Electrical Resistance (TEER) data were recorded in chip via impedance spectroscopy analysis, across a
selected spectrum of frequencies (10-10° Hz), and fitted with an equivalent electrical circuit.

The obtained microfluidic chip could be exploited to monitor the copper or different ions concentration in
an organ-on-chip model; these functionalities represent a great opportunity for the strategic high-
throughput experiments demand on biological systems, with conditions close to those in vivo.
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