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Assessment of brain change by aging and neurodegeneration using transEarent
brain and diffusion MRI: 3 dimensional comparison of imaging with pathology
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To understand change of microstructure and neural networks in the brain by
aging, we performed basic research using mouse brain.

We compared imaging findings and pathological findings of normal mouse brain. A new method of
diffusion MRI and a histological method to render the mouse brain transparent were used for
analysis. Neurite density and degree of orientation dispersion of nerve fibers were compared between

areas containing crossing fibers (crossing areas) and parallel fibers (parallel areas) in the
anterior commissure and the hippocampus. Degree of orientation dispersion of nerve fibers was
consistent with pathological findings. The results validated that this new diffusion MRI method has
potential to assess microstructural change of the brain by aging at pathological level.
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p
(%) 44.244.06 42.9+4358 ns.
Vic 0.778==0.0685 0.847%0.173 ns.
oDl 0.227=0.169 0.0178+-0.0108 0.0247*
p value
(%) 17.6+1.67 12.06=+151 7.91E-07***
Vic 0.339=-0.0316 0.36240.0357 n.s.
oDl 0.589=-0.0856 0.373==0.0997 0.000219**
+

*P < 0.05, **P < 0.001, ***P < 0.0001
Vic; intracellular volume fraction, ODI; orientation dispersion index.

2 Vic 0Dl
2(a) 2(b)
0.8
12 *x%
0.7
1 T
0.6
08 - jL 05
0.6 * 0.4 I | W Ocrossing area
parallel area
04 I 0.3 ok J
0.2 - -
0.2 I * p<0.05
el 1 % p <0001
0 : & 0 **kx p < 0.0001
Density Vic oDl Density Vic oDl
2(a) oDl
2(b) oDI

Vic; intracellular volume fraction, ODI; orientation dispersion index.



*
NODDI MRI

FA
NODDI

]|
oDl

oDl oDl
Vic Vic

Vic
YFP

MRI 1

MRI

0Dl
MRI

®)

Colgan N, SiowB, 0° Callaghan JM, et al. Application of neurite orientation dispersion
and density imaging (NODDI) to a tau pathology model of Alzheimer’ s disease. Neuroimage
2016;125:739-744.

Zhang H, Schneider T, Wheeler-Kingshott CA, et al_NODDI: practical in vivo neurite
orientation dispersion and density imaging of the human brain. Neuroimage 2012;61:1000-
1016.

Susaki EA, Tainaka K, Perrin D, et al. Whole-brain imaging with single-cell resolution
using chemical cocktails and computational analysis. Cell 2014;157:726-739.

Kamagata K, Kerever A, Yokosawa S, et al. Quantitative histological validation of
diffusion tensor MRl with twophoton microscopy of cleared mouse brain. Magn Reson Med
Sci 2016;15:416-421.

Kamagata K, Kerever A, Yokosawa S, et al. Quantitative histological validation of
diffusion tensor MRl with twophoton microscopy of cleared mouse brain. Magn Reson
Med Sci 2016;15:416-421.

Mori S, Zhang J. Principles of diffusion tensor imaging and its applications to basic
neuroscience research. Neuron 2006;51:527-539.

Sato K, Ishigame K, Ying SH, et al. Macro- and microstructural changes in patients with
spinocerebel lar ataxia type 6: assessment of phylogenetic subdivisions of the cerebellum
and the brain stem. Am J Neuroradiol 2015;36:84-90.



1 1 0 1

Sato K, Kerever A, Kamagata K, Tsuruta K, Irie R, Tagawa K, Okazawa H, Arikawa-Hirasawa E, 6
Nitta N, Aoki I, Aoki S.

Understanding microstructure of the brain by comparison of neurite orientation dispersion and 2017
density imaging (NODDI) with transparent mouse brain.

Acta Radiologica Open 1-6

DOl
10.1177/2058460117703816.

1 0 1

Sato K, Kerever A, Kamagata K, Aoki S.

Advanced diffusion MR imaging (NODDI) : comparison with a transparent mouse brain

Organization of Human brain Mapping

2016

(Aoki Shigeki)

(80222470) (32620)

(Kamagata Koji)

(60568153) (32620)

(Kerever Aurelien)

(70623594) (32620)




