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[Results of the Research]

In this research and development, novel paramagnetic gadolinium nanoparticles as a positive MRI contrast agent were
developed, successfully, which could realize case stratification of unruptured cerebral aneurysms through the selection of
“active” one with considerable high risk of the rupture and prompt necessity of surgical treatment. These cases are thought to
be major cause of subarachnoid hemorrhage. The development of the contrast agents could achieve appropriate therapeutic
intervention in the case with high risk of aneurysm rupture, as well as diminishment of unnecessary therapeutic intervention,
such as surgical craniotomy, in stable aneurysm with low risk of rupture.

(1) Ten candidates of paramagnetic gadolinium nanoparticles with surface modification by biocompatible and functional
organic polymers were newly prepared as a positive MRI contrast agent to accumulate surrounding tissue of cerebral aneurysm,
in which the particle size can be controlled, precisely. The physical properties of these candidates the physical properties such
as those stabilities in water, size control, Gd content, and MRI relaxivity were clarified by dynamic laser scattering (DLS),
transmission electron microscope (TEM), atomic absorption spectrometry and thermogravimetric-differential thermal
analysis (TG-DTA) and 7T MRI. In addition, all nanoparticles candidates showed no cytotoxicity to macrophage cell lines.

(2) Effectiveness validation of the nanoparticles candidates as a positive MRI contrast agents was performed through T:-
weighted and T.-weighted MRI images of suspension phantoms with various concentration of nanoparticles candidates, and
longitudinal and transversal *H relaxivity (r1 and r,) of water was calculated. Through all evaluation above, two nanoparticles
candidates with stability in water, higher ri/r» values, and higher uptake ability in macrophages were selected, and in vivo
MRI evaluation with cerebral aneurysm rat models established was carried out.

(3) Preparation of animal model was started to distinct acceptance or rejection of nanoparticles candidates as a positive
MRI contrast agent which could detect lesion part of cerebral aneurysm. As the first step, optimization of the aneurysm model
was promoted to induce enlarged lesion, and accordingly, definite verification of the effect of nanoparticles candidates through
MRI was facilitated. In the concrete, the model was revised to prepare newly formation of vascular bifurcation through
angiostomy of rat carotid arteries.

(4) Patent application regarding synthesis of novel biocompatible gadolinium nanoparticles as a positive MRI contrast
agent for cerebral aneurysms was completed. Almost ten patents about gadolinium nanoparticles were found, but no
application of them to a positive MRI contrast agent for cerebral aneurysms was found so far.

(5) Non-GLP safety assessment of the most superior nanoparticles was carried out, and no serious problems such as the
death (rats) were not observed. The regulatory science pre-consultations for nonclinical study with PMDA were also carried
out twice. Next face to face consultations with PMDA to establish a protocol package of the non-clinical study will be planned

as soon as possible.
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