
ABSTRACT The liver is the main organ 
responsible for the modification, clearance, 
and transformational toxicity of most drugs 
and toxins. Primary hepatocytes, the 
parenchymal cells of the liver, are the 
main cell type responsible for drug 
metabolism. Regretfully, primary 
human hepatocytes are scarce and rapidly 
lose metabolic function in culture. 
Attempts to differentiate hepatocytes from 
pluripotent stem cells similarly result 
in minimal metabolic activity. In this talk 
we will describe our recent efforts create 
predictive models of liver toxicity using 
microfluidics, integrated sensors, and three-
dimensional cultures. We report on the 
fabrication of micro-well bioreactor capable 
of maintaining hepatocyte organoids for 
over 28 days in vitro. Cell viability is 
continuously monitored using on-chip 
frequency-based luminescence-quenching 
(FBLQ) nano-scale oxygen probes, and 
integrated off-chip glucose and lactate 
sensors. The approach is sensitive enough 
to identify sub-threshold effects of 
toxicity across multiple toxicological end 
points. We will also present a rapid 
differentiation of hepatocytes from human 
embryonic stem cells using a protocol 
mimicking important aspects in post-partum 
development. We show that self-assembled 

organoids and microfluidic perfusion 
critically affect hepatic 
differentiation.  Finally, end-point assays 
demonstrate utility of stem cells derived 
hepatocytes for toxicological screening.  
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