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Abstract

Biomaterials science and engineering is widely regarded as one among frontier and growing areas of research and
innovation within the scientific community in the world; considering the number of scientific discoveries and their
societal impact. In the field of bioelectronic medicine, electrical stimulation devices have been clinically used for a
wide spectrum of applications, ranging from deep brain stimulation to drug and gene delivery. Despite such clinical
relevance, the impact of electrical stimulation on the mechanistic insights into cellular biophysical processes has not
been explored significantly, more so in the quantitative space. As a part of our research program on regenerative
bioelectronics, I shall first present the experimental results to demonstrate the electric field stimulation on the
modulation of stem cell fate processes. In rationalizing the experimental results, I shall further discuss the analytical
results to develop quantitative biophysical insights into the influence of lateral electric field stimulation on bioelectric
stresses in the intercellular/ extracellular region and the membrane tension, while solving Laplace equation with
appropriate boundary conditions in an azimuthally asymmetric system with a single cell. The solution provides the
spatial variation (radial and angular dependence) of the bioelectric stress tensor in both intracellular and extracellular
microenvironment. The impact of the bioelectric stresses on the mechanotransduction induced cytoskeletal
reorganization in the intracellular region as well as stress driven cellular signaling modulation in the cellular
microenvironment will also be discussed. In the context of healthcare-related applications, I shall present our recent
efforts towards translational research involving clinicians and industries towards indigenous manufacturing of
biomaterial implants in India. I shall close my talk with key recommendations for the sustained growth of this field of
research in India.
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