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The purpose of this project is to develop a non-invasive method to stimulate focal, deep
brain area and deliver a various drug to them by using transcranial focused ultrasound
stimulation (tFUS). The goal of this two-year project was to establish a proof of concept of
this revolutionary new technology for curing neurodegenerative disease, stroke, as well as
for brain science in general. An interdisciplinary team from Biology (Seki), Engineering
(Takagi), Medicine (Azuma), and Pharmacy (Maruyama) is pursuing to achieve this
objective using experimental animal, e.g. rodent and non-human primates. Since 2017 is
the first year of this project, we mainly engaged in to develop each technological element
that is required to achieve our goal.

At NCNP, Seki's team established the method to evaluate the effect generated by tFUS
using an animal model. Recording the evoked muscle activity of upper-arm muscle as a
useful neurophysiological landmark for efficient, focal stimulation of deep brain nuclei, the
established a way to record neural activity within these nuclei with sufficient stability and to
make a microinjection of drug that could modulate their activity. Also, they established a
way to evaluate the DDS effect by tFUS non-invasively. They introduced the angioCT
method into experimental animal and successfully visualized some of the vascular structure
within animals' brain.

At the University of Tokyo, Takagi's team has been engaged to establish the
mathematical simulation platform that could make us possible to simulate multiple
ultrasound parameters of multiple tFUS probes to make them focus onto smaller deep brain
nuclei. According to this simulation experiment, Azuma's group finished the design of tFUS
probe that will be used in the subsequent year of this project, and they also finished to
manufacture the actual device.

At the University of Teikyo, Maruyama's group developed a microbubble that could
extensively enhance the effect of tFUS when it delivers simultaneously with tFUS.
Microbubble is an essential element to obtain maximal tFUS effect without any risk of brain
damage. This year, they modified an existing type of microbubble so that they could stay
longer period in animal's circulation circuit with significantly higher stability. Fundamental
spec data was also obtained from the experiment using the experimental animal. Also, they
equipped a system to produce a larger amount of this microbubble so that it could be
applicable larger animal and human.
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