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ABSTRACT 

Reliable, rapid in vitro assays for properties such as metabolic stability, cytotoxicity, 

intestinal permeability, and the potential to cause drug-drug interactions are vital in 

predicting the likelihood of a drug candidate becoming an FDA approved drug. Since a 

majority of drugs are metabolized by the Cytochrome P450 (CYP450) enzyme family, 

CYP450 assays represent an important tool in drug development. Previous assays have 

been performed in well-plates and on microfluidic platforms, however, truly high-

throughput, nanovolume assays are yet to be explored. This thesis focuses on the 

development and validation of miniaturized, microarray-based screening platforms for 

use in very early stage drug discovery. Together, these tools potentially represent the 

next generation of in vitro assay methods for predicting the in vivo cytotoxicity, enzyme 

metabolism, permeability, and metabolic stability of drug candidates.  

 

We have in our results demonstrated the utility of miniaturized, 3D cellular arrays 

for cytotoxicity assays of drug candidates, as well as their CYP450-generated 

metabolites. We have also developed a solid-phase, alginate-based CYP450 microarray 

toward the high-throughput analysis of CYP450 inhibition, which is a common cause of 

drug-drug interactions in vivo. Further, we exploited the speed and ultra-high-throughput 

nature of the microarray platform to study the fundamental, underlying mechanisms of 

drug-induced enzyme inhibition, and to carry out structure-activity studies with a novel 

class of CYP450 inhibitory compounds. Currently, we are in the process of developing 

microarrays to estimate the permeability and metabolic stability of drug candidates. Our 

proposed methodology will ultimately provide us with a universal platform for the 

rational selection of drug candidates for future development in drug discovery. In 

addition, the ability to tailor the microarray-based assay to mimic different sections of 

population, and even individuals, potentially represents a vital precursor to personalized 

medicine. 

 


