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ABSTRACT
We applied quantitative phase imaging (QPI) with digital holographic microscopy (DHM) [1]
for quantification of nanocapsule-induced morphology and migration changes in single cell
layers. Capsaicin filled chitosan capsules were used as drug delivery model as both substances
show a wide range of biological activities. We investigated the nanosystem's influence on
migration and morphology of Madin Darby canine kidney (MDCK-C7) epithelial cells in
comparison to the capsaicin-free nanoformulation, free capsaicin, and control cells. In
repeated time-lapse observations, cells were monitored with a Mach-Zehnder interferometerbased off-axis DHM setup up to 18 hours. For minimally invasive quantification of cell
migration, single cells were tracked in the recorded series of quantitative DHM phase images.
In addition, quantitative DHM phase images were used as novel stain-free assay to quantify
the temporal course of global cellular morphology changes during the observation period. The
obtained QPI results were compared to complementary data from investigations on
cytoskeleton alterations and tight junction protein redistributions with immune fluorescence
microscopy and calcium influx measurements. The retrieved label-free QPI data show that
capsaicin-loaded and unloaded chitosan nanocapsules, and also free capsaicin, significantly
influence the direction of cell migration and cellular motility [1]. Moreover, the observed
increase of velocity and directionality of cell migration correlates with the label-free detected
global morphology changes of the cell layers, tight junction integrity and cytoskeleton
alterations. In conclusion, our results demonstrate for the example of DHM the capabilities of
QPI for multi-modal quantification of the impact of nanosystems and drugs.
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