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Real-time measurement of cholesterol secreted by 
human hepatocytes using a novel microfluidic assay

18 January 2019 — Small chip enables the real-time detection of cholesterol in liver-on-chip cultures of human liver cells. 

Microfl uidic assay device which detects the secretion of cholesterol from human hepatocytes in microfl uidic culture 
(Small insert) and the schematic showing the assay chemistry. 

A team of researchers from the Department of Biomedical Engineering at Illinois Institute of Technology, Chicago has 
developed a novel microfl uidic device for measuring in real-time the cholesterol secreted from liver tissue-chip contain-
ing human hepatocytes. Th eir innovation not just lies in the development of fi rst on-chip real-time assay for cholesterol 
detection but also in adapting the assay chemistry which is common in the conventional well-plate based enzymatic assay 
for cholesterol to microfl uidic format and localizing it on the microscopic beads. Th is innovation can help researchers 
employing microfl uidic cultures to study the eff ects of drugs such as statins on lowering cholesterol in real-time. Th e report 
appears in the Sep/Dec 2019 issue of the journal TECHNOLOGY.

Tissue-chips are an important tool in developing drugs which treat diff erent health conditions as well as to understand 
the underlying mechanisms of diff erent tissues. However, there is a general challenge in utilizing the tissue-chips for broad 
applications as due to the small sample volumes, on-chip assessment of cellular function is oft en quite limited. Abhinav 
Bhushan, Ph.D., Assistant professor at IIT Chicago, who is the principal investigator of this research says “Perfusion based 
microfl uidic cell cultures produce low sample volumes which cannot be used for analysis using conventional biochemical 



assays. Our bead-based enzymatic assay for cholesterol measurement is the fi rst reported assay which can quantify cholesterol 
secreted by human hepatocytes in real-time on-chip. Th is method is novel as this is the fi rst reported use of a bead-based 
enzyme immobilized system in combination with visual detection for quantifying cholesterol in real-time and we envision 
our assay can pave way for enabling studies that use perfusion in microfl uidics which produces low sample volumes.” 

Th e bead-based enzymatic cholesterol detection system uses horseradish peroxidase that is immobilized on polystyrene 
beads; the entire oxidation reaction of cholesterol takes place on the bead. Th is oxidation reaction generates fl uorescent 
signal by forming resorufi n, making the beads appear fl uorescent. Each bead can be imaged as a series of images, where 
the intensity of fl uorescence is directly proportional to the amount of cholesterol in the sample. Th e simple chemistry and 
detection used in this assay makes the assay more adaptable to a lab setting. 

“While the application of detection systems for biomolecules such as electrophoresis, mass spectroscopy, electrospray 
ionization, and fl uorometric detection using a photomultiplier tube have been carried out in the past, this is the fi rst time 
a non-protein molecule has been quantifi ed in real-time and on-chip using immobilized enzyme beads. It’s the simplicity 
of the assay chemistry and its potential for adaptation that makes our microfl uidic assay unique”, says Sonali Karnik, Ph.D. 
who is the lead author of the article. 

Th e next step for them, the team says, is to multiplex their enzymatic assay with a diff erent assay chemistry for simul-
taneous detection of multiple molecules. 

Additional co-authors of this TECHNOLOGY paper are Andrea Cancino and Chaeeun Lee both form the Dept. of 
Biomedical Engineering, IIT, Chicago. 

Th is research was funded by NIH grant (DK095984). 
Corresponding author for this study in TECHNOLOGY is Dr. Abhinav Bhushan, Ph.D., Assistant Professor, 

 Biomedical Engineering, IIT. Chicago; abhushan@iit.edu

About TECHNOLOGY
Fashioned as a high-impact, high-visibility, top-echelon publication, this new ground-breaking journal — 
 TECHNOLOGY — will feature the development of cutting-edge new technologies in a broad array of emerging fi elds 
of science and engineering. Th e content will have an applied science and technological slant with a focus on both 
innovation and application to daily lives. It will cover diverse disciplines such as health and life science, energy and 
environment, advanced materials, technology-based manufacturing, information science and technology, and marine 
and transportations technologies.

About World Scientifi c Publishing Co.
World Scientifi c Publishing is a leading international independent publisher of books and journals for the scholarly, 
research and professional communities. World Scientifi c collaborates with prestigious organisations like the Nobel 
Foundation and US National Academies Press to bring high quality academic and professional content to researchers 
and academics worldwide. Th e company publishes about 600 books annually and 146 journals in various fi elds. To fi nd 
out more about World Scientifi c, please visit www.worldscientifi c.com.
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