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Understanding cellular mechanics is fundamental for advancing developmental biology and 
reproductive medicine. However, conventional techniques such as atomic force microscopy and 
micropipette aspiration, while informative, are constrained by limited throughput [1]. To address 
this, we present a novel microfluidic device that enables real-time, impedance-based 
biomechanical characterization of single oocytes under flow. The system integrates three 
coplanar microelectrodes (E1, E2, E3) (Figure 1) within a constriction microchannel, allowing 
simultaneous mechanical deformation and electrical impedance measurement as cells transit 
through the chip. Impedance signals were acquired using a lock-in amplifier and current amplifier 
across a range of frequencies at 0.700 Vrms. Differential impedance readings between electrode 
pairs (E1–E2 and E2–E3) reflected variations in cell deformation and depth of penetration into the 
constriction channel. System calibration was performed using deformable hydrogel spheres, with 
impedance responses validated relative to distilled water. The use of SU-8-based microfluidic 
chips provided smooth channel surfaces and stable electrode performance, ensuring 
reproducibility and signal integrity under varying pressure conditions. This platform enables 
dynamic, label-free, and non-invasive assessment of oocyte biomechanics, establishing 
correlations between mechanical deformation and impedance responses. Unlike previous studies 
that focused on somatic cells, our system is specifically designed to accommodate the sensitivity 
of reproductive cells, broadening the applicability of impedance cytometry in reproductive biology. 
Our findings highlight the potential of this technique as a high-throughput screening tool for 
evaluating oocyte mechanical properties, with implications for diagnostics and assisted 
reproductive technologies. 
 

 
Figure 1: Schematic of the experimental setup. 
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