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Study of blast-induced traumatic brain injury using laser-induced shock wave:
Real-time observation of the rat brain exposed to a shock wave

Satoko KAWAUCHI' and Shunichi SATO *

J. Natl. Def. Med. Coll. (2026) 51 (3) : 79— 89

Abstract: Most patients suffering from blast-induced traumatic brain injury (bTBI) have been
diagnosed as having mild bTBI in the acute phase, but many of them show chronic symptoms
such as higher brain dysfunction, migraine, depression and anxiety. However, its neuropathology
and mechanisms remain unclear. We have been using a laser-induced shock wave(s) (LISW[s])
for investigating bTBI. An LISW is a pure shock wave without a wind, and its spatially confined
nature enables targeted exposure and real-time monitoring of the tissue. We performed real-time
diffuse reflectance spectroscopy and DC potential measurements for the rat brain exposed to an
LISW and observed the occurrence of cortical spreading depolarization, which was followed by
long-lasting hypoxemia. The evaluation of oxygen extraction fraction revealed inadequate oxygen
supply and/or excessive oxygen consumption in the brain. We hypothesized that nitric oxide
(NO) was involved in such hemodynamic abnormalities. To validate this, we performed in vivo
imaging of NO using an NO-sensitive fluorescent probe and observed significant increases in the
NO-originating fluorescence mainly along arterioles, which coincided with the onset of
hemodynamic abnormality. The application of an NO synthase inhibitor suppressed NO
production, suggesting that shock wave-induced hemodynamic abmormalities can be mitigated by
controlling NO-related reactions.
blast-induced traumatic brain injury / shock wave / laser-
induced shock wave / cortical spreading depolarization / long-lasting
hypoxemia / diffuse reflectance spectroscopy / nitric oxide /
imaging
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