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Characterization of Blast Injury in an Animal Model to Support
Development of a Human Blast Injury Criterion

There is a large body of work examining blast exposures and blunt impact on brain injury in animal
models, but their correlations to the human condition are less well defined. Researchers at the
New Jersey Institute of Technology (NJIT; Newark, NJ) are working toward a validated master dose-
response curve for blast exposure that correlates the biomechanical properties of blast waves to
specific brain tissue injuries in a manner that is independent of blunt injury. This goal furthers their
long-term objective to produce an interspecies transfer function and develop a human “Blast Injury
Criterion” for assessing the risk of brain injury in humans exposed to a single or repeated blast.

A number of findings towards this aim have recently been published. In rats exposed to a single

180 kPa overpressure event in a shock tube, levels of NOX 1 and NOX 2 (nicotinamide adenine
dinucleotide phosphate oxidase 1 and 2), a superoxide producing enzyme, in the cerebellum and
cerebral hemisphere were significantly higher than in sham controls four hours after exposure (Rama
Rao et al., 2018). Correspondingly, levels of superoxide were significantly higher in the frontal cortex,
hippocampus, thalamus, and cerebellum of blast-exposed animals than in sham controls. These
observations indicate that there is an increase in oxidative stress and oxidative damage occurring in the
brain in the acute phase of blast exposure.

In a separate study of a single blast event, rats exposed to 180 kPa overpressure experienced
disruption of the blood-brain barrier as measured by the concentration of tracer agents (e.g., Evans
blue dye and sodium fluorescein) peaking in the brain parenchyma four hours after injury and returning
to pre-injury levels within 24 hours (Kuriakose, et al., 2018). The most robust changes occurred in

the frontal cortex, striatum, and thalamus, while minimal to no statistically significant extravasation
was observed in the cerebellum, demonstrating an anterior to posterior pattern of differential blood-
brain barrier permeability. In addition, separate studies on rats exposed to a single 110-130 kPa
overpressure event suggest that the highest intensity of electrophysiological activity occurred in
cerebellum within the first 24 hours after injury (Ordek et al., 2018).

Ultimately, this work supports the development of dose-response curves correlating blast exposure
levels to specific types of pathological findings. This knowledge will inform the design of improved

diagnostics and personal protective equipment for Service members.

This effort was managed by CDMRP with support from PH/TBIRP and MOMRP/JPC-5.

=
E

0
&

FY18 EA Report: https://go.usa.gov/xVfcG

#4»[E Advancing Blast Injury Research to Protect and Heal Those Who Serve
I'E‘%'I
[£8 T4


https://go.usa.gov/xVfcG

US DEPARTMENT OF DEFENS

BLAST INJURY:RESEARCH PROGRAM

COORDINATING OFFICE

REFERENCES:

Kuriakose, M., Rama Rao, K. V., Younger, D., & Chandra, N. (2018). Temporal and Spatial Effects of Blast Overpressure on Blood-Brain
Barrier Permeability in Traumatic Brain Injury. Sci Rep, 8(1), 8681. doi:10.1038s41598-018-26813-7

Ordek, G., Asan, A. S., Cetinkaya, E., Skotak, M., Kakulavarapu, V. R., Chandra, N., & Sahin, M. (2018). Electrophysiological Correlates of
Blast-Wave Induced Cerebellar Injury. Sci Rep, 8(1), 13633. doi:10.1038 s41598-018-31728-4

Rama Rao, K. V., Iring, S., Younger, D., Kuriakose, M., Skotak, M., Alay, E., ... Chandra, N. (2018). A Single Primary Blast-Induced
Traumatic Brain Injury in a Rodent Model Causes Cell-Type Dependent Increase in Nicotinamide Adenine Dinucleotide Phosphate
Oxidase Isoforms in Vulnerable Brain Regions. J Neurotrauma, 35(17), 2077-2090. doi:10.1089/neu.2017.5358

-

1E|_;_"+ [=] Advancing Blast Injury Research to Protect and Heal Those Who Serve
Al FY18 EA Report: https://go.usa.gov/xVicG 2
E:'.' Lot 4



https://go.usa.gov/xVfcG

