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Brain-on-a-chip axonal strain injury model highlights 
mitochondrial membrane potential threshold and 
assesses potential new therapeutic

Two organotypic hippocampal slices are cultured on an elastic surface.

Researchers from the Biomedical Engineering Department of Rutgers, Th e State University of New Jersey recently dem-
onstrated the use of their “Brain-on-a-Chip” microsystem to assess specifi c eff ects of traumatic axonal injury.  While their 
model uses the three dimensional cell structure and networks found in intact animals, it is capable of visualizing individual 
axons and their responses to mechanical injury.  Th is is done by utilizing organotypic slices taken from specifi c areas in the 
brain that are susceptible to injury during a traumatic brain injury event.  “What’s really nice about the system is that it is 
very versatile, in that specifi c physiologically relevant pathways or networks can be monitored depending on the orientation 
of the slices placed in the device, or by which brain slices are used” says Jean-Pierre Dollé, Ph.D., lead author.  Th rough 
the use of very small microchannels, the authors direct the natural response of brain slices to extend axons to connect one 
brain slice to another. Once the extending axons have traversed the distance and made functional connections between 
the brain slices, these axons are ready to be selectively injured.

Th is innovative approach was used to characterize the biochemical changes that are induced following traumatic axonal 
injury and highlights an apparent injury threshold that exists in axonal mitochondria.  Th eir research shows that below 
the injury threshold mitochondria undergo a delayed hyperpolarization, whereas above the threshold they immediately 
depolarize. Using their system, the authors tested a novel therapeutic candidate, in which they showed that the sodium/
hydrogen exchange inhibitor EIPA could signifi cantly reduce the mitochondrial responses to injury resulting in an overall 
improvement in axonal health.  “Since therapeutic options are currently limited, these results are exciting and highlight 
the value of our brain-on-a-chip technology that can be used for high-throughput screens of potential agents to ameliorate 
the consequences of diff use axonal injury, which oft en accompanies traumatic brain injury” says senior author Martin 
Yarmush MD, Ph.D.  
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Additional co-authors of the TECHNOLOGY paper are Rene R. Schloss Ph.D. from Biomedical Engineering, Rutgers 
University and Barclay Morrison III Ph.D. from Biomedical Engineering, Columbia University.  

Th is work was supported in part by grants from the New Jersey Commission for Brain Injury Research (BIR-1.08.016), 
the National Institute of Biomedical Imaging and Bioengineering (NIH P41 EB002503), and the National Institute of 
General Medical Sciences (Rutgers-UMDNJ Biotechnology Training Program: T32 GM008339).

Corresponding author for this study in TECHNOLOGY is Martin L. Yarmush, yarmush@rci.rutgers.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 independent publisher of books and journals for the scholarly, research and 
professional communities. Th e company publishes about 500 books annually and more than 120 journals in various 
fi elds. World Scientifi c collaborates with prestigious organisations like the Nobel Foundation, US National Acad-
emies Press, as well as its subsidiary, the Imperial College Press, amongst others, to bring high quality academic and 
professional content to researchers and academics worldwide. To fi nd out more about World Scientifi c, please visit
www.worldscientifi c.com.
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