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Abstract of Thesis

Microfluidics is a multidisciplinary field that deals with the manipulation of fluids that are
geometrically constrained in a small (sub-millimeter) scale. This technology can be utilized in a variety of
cell-related applications such as cell manipulation, cell separation, cell culture, and cell lysis. Culturing at the
microscale level allows control over microenvironmetal cues, such as cell-cell and cell-matrix interactions; the
potential to scale experiments; the use of small culture volumes; and the ability to integrate with microsystem
technologies for on-chip experimentation. There have been a couple of studies of biological cells in a microfluidic
chip. However, most chips require large auxiliary equipment like syringe pumps to maintain the cell culture and
basic technical knowledge for operation which limits the application of microfluidics and its integration to
common laboratory procedures.

This study presents the detailed discussion on the assembly and usage of the developed microfluidic
chip for single-cell level study of cardiomyocytes and its relevance. Cardiomyocyte cells are the contractile unit of
the heart that is responsible for its rhythmic beating. Contrary to common beliefs, the framework in explaining
how cardiomyocytes function still lacks in determining if these cells proliferate or regenerate, how they couple
and form a network, the response mechanism to different drugs and many other more. These phenomena are
usually masked by the average response from a cell population where cell heterogeneity is not taken into
account. That is why, analysis at individual cell level is the best approach. This study aimed to develop a
platform in studying cardiomyocytes at single cell level by utilizing centrifugal microfluidics. Centrifugal
microfluidics is desired because of its simplicity in manipulating fluids by just a change in the rotation speed. In
the case of a pump-based microfluidic device, several pumps and interconnects are needed for several inlets to be
operated in parallel. With centrifugation-based approach, multiple isolated single cells or groups of cells can be
easily prepared and studied. Preparing and observing a large number of isolated single cells has been a
painstaking task in conventional petri dish approach and limits single cell level analysis.

In addition, video microscopy, a non-invasive approach, was utilized in long term monitoring of the
observed cells which is believed to provide insights on its in vivo pathophysiology. Immunostaining, a standard
cell study tool, and other optical imaging analysis were successfully demonstrated in the fabricated
Polydimethylsiloxane (PDMS) device as well as it’s applicability for pharmacological reaction profiling
comparison of single and group of cardiomyocytes.

With this study, it expected that the developed microfluidic chip can aid in understanding the

cardiomyocyte behavior for arrhythmia therapy, tissue engineering, and drug admission appropriateness.
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