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Fig. 1 (Color online) Schematic diagram of microtomographic
analysis of neuronal circuits of the human brain. The three-
dimensional structure of human brain tissue labeled with
high-Z elements was determined by microtomographic analy-
sis (a). The obtained three-dimensional maps were used for
network tracing (b), giving the structural model (c). Neu-
ronal circuits responsible for human brain functions were de-
termined from the model (d). Modified from R. Mizutani:
SPring-8 Research Frontiers (JASRI, 2010) p. 42.
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Fig. 2 Three-dimensional structures of neurons of the human fron-
tal cortex. The brain surface is toward the top. Linear ab-
sorption coefficients are rendered from 10 cm~! (gray) to 50
cm~! (white). Scale bar, 40 um. Modified from ref. 4.
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Fig. 3 (Color online) Microtomographic analysis of a loop-mount-
ed sample at the BL20XU beamline of SPring-8.
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Fig. 4 Structure of human cerebral tissue. The layered soma distri-
butions are indicated by triangles. The brain surface is
toward the top. Linear absorption coefficients are rendered
at 11.0 cm~!. Scale bar, 500 um. Modified from ref. 10.
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Fig. 5 (Color online) (a) In the crystallographic structure determination, the observed diffraction amplitudes are sub-
jected to a Fourier transform to generate electron density maps. Atomic coordinates are then determined by plac-
ing atoms on the map. The resultant model can be used for discussing the chemical mechanisms or molecular
interaction2?. (b) In microtomographic structure determination, the observed X-ray images are subjected to
tomographic reconstruction, yielding a 3D map of the X-ray absorption coefficient. Neuronal network structures
are built by placing and connecting nodes on the map. The resultant model can be used to determine brain
circuits®. Modified from R. Mizutani et al.: Microscopy: Science, Technology, Applications and Education,

(Formatex Research Centre, 2010) p. 379.
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Fig. 6 Stereo drawing of the structure around the internal pyramidal layer of the human cerebral cortex. Skeletonized
models of neurons built by tracing the 3D distribution of the linear absorption coefficients are differentiated by
color. Closed circles indicate soma coordinates. The brain surface is toward the top. Reproduced from ref. 7.
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Fig. 7 Neuronal circuits of the human frontal cortex. Pyramidal neurons are indicated with triangles with cell numbers.
Interneurons are indicated with crosses. Orphan processes having no linkage to cell soma are indicated with cir-
cles. Dendrites are shown with lines and axons with arrows. Possible synaptic connections are shown with closed
diamonds with their contacting distances. Cortical layer borders are indicated with broken lines. Pyramidal neu-
rons 1017, 1020, and 1023 form a loop circuit. Modified from ref. 6.
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Determination of neuronal circuit of human
cerebral cortex by using X-ray microtomography

Ryuta MIZUTANI Department of Applied Biochemistry, School of Engineering, Tokai University,
Kanagawa 259-1292, Japan

Rino SAIGA Department of Applied Biochemistry, School of Engineering, Tokai University,
Kanagawa 259-1292, Japan

Abstract Neuronal circuits, which are essential for brain functions, are built up by neurons as a three-dimen-
sional network. Therefore, analyzing the three-dimensional network of human brain tissue is the
first step to understanding the mechanism of human brain functions. Here we report our recent
progress in three-dimensional analysis of neuronal circuits of the human cerebral cortex.
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