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Abstract 
Globally, millions suffer from brain disorders, highlighting the urgent need for advanced therapeutic 
interventions. Achieving this requires a comprehensive understanding of neural circuits across molecular, 
cellular, systemic, and behavioral dimensions. Our research addresses this by leveraging innovative 
engineering solutions to bridge critical knowledge gaps. Traditional neural technologies have focused 
primarily on electrical activities, overlooking the potential of intrinsic chemical signals within neural circuits. 
Our research involves the development of polymer-based microelectronic fibers developed through thermal 
drawing techniques, which integrate electrical, chemical, optical, and mechanical functionalities with in a 
single thin strand of fiber with its footprint at microscales. These multifunctional fibers serve as advanced 
bio-interfaces, facilitating both detailed mechanistic studies and therapeutic applications. 
 
One particular focus of our work is the integration of novel bioreceptors, such as aptamers and ionophores, 
into these fibers to enable high-sensitivity in vivo neurochemical sensing[1]. Additionally, we are pioneering 
the development of shape-programmable smart fibers that act as multimodal catheters. These fibers 
dynamically adjust their orientation based on chemical sensing data, enhancing their functionality[2] 
(PCT/JP2022/17664). By incorporating microfluidics, we enable precise manipulation of biofluids, pioneering 
lab-in-fiber (LoF) bioanalytical applications.[3] Extending their utility further, we have also developed fiber-
based smart textiles for continuous health monitoring[4], capable of measuring diverse physiological 
parameters including sweat compounds, brain waves, body temperature, and respiration rate. 
 
This innovative approach not only propels forward fundamental neuroscience research but also 
revolutionizes the study of brain-body interactions. Our ongoing research into these microelectronic fiber-
based multimodal bio-interfaces is poised to pioneer new frontiers in in vitro Lab-in-Fiber (LoF) analyses, in 
vivo neuroscience studies, and the wearable technology domain for health surveillance. 
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