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Tensorial Representation of Ionophoresis Effects by MRI

Keigo Hikisumva,*** Kazuhiro HomMa,* Kikuko Hayamizu,” Yuichi AtHArA,™**
Tomokazu Numano,™ Naotaka Nitta,* Kazuo Yacr™

Abstract The goal of this study is to make active or passive electrical characteristics of biological systems
visible by magnetic resonance imaging (MRI). As a starting investigation, we visualized a precise flow effected by
ionophoresis. We used CuSO. doped water (25 mM) electrolytes in an ionophoresis cell composed of a pair of hori-
zontal copper electrodes. An evaluation of ion drift, we made by MR diffusion tensor imaging method. The im-
pressed voltage was 0.0-0.5 V, and the current density at that time increased monotonously was 0.00-1.06
mA/cm? With increasing current density, higher values of drift diffusion coefficient (DDC) induced by the elec-
tric field were observed.

The diffusion tensor ellipsoid in current density of 1.06 mA/cm? was successfully visualized as the effects of ion
drift induced by the electric field. By applying this method to biological systems, it has a possibility to make func-
tional electrical characteristics visible.
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Fig. 1 Pulse sequences for the acquisition of the three-dimen-
sional diffusion signals.
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Fig. 2 (a)A scheme of MPG encoding for tensor analysis.

The directions can be obtained from the 6 vertices (1-
6) of a Cuboctahedral hemisphere. (b)An ellipsoidal
approximation of directional anisotropy. The coordi-
nate systems of MR magnet and diffusion tensor ellip-
soid are given by (XYZ) and (X' Y'Z'), respectively.
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Fig. 4 The DDC maps of an axial section of the ionophoresis
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1.06 mA/cm? The spatial resolution is 0.625 mm/pixel
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Fig. 5 Tensor ellipsoid model of (a) axial and (b) coronal sections of the ionophore-
sis cell in current density of 1.06 mA/cm?
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Fig. 6 Fractional Anisotropy (FA)histogram for anode and
cathode side in the ionophoresis cell. The ROI were

set on the anode and cathode side as the FA map.
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