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Feasibility Study of Magnetic Particle Accumulation with a Magnetic Drug Delivery System Using
a Bulk High-temperature Superconductive Magnet

Kaku IRISAWA', Yoshihiro MURAGAKT, Hiroshi ISEKT,
Masaru TOMITA® and Shigehiro NISHIJIMA*
!Graduate School of Medicine, Tokyo Women’s Medical Univerisity

*Faculty of Advanced Techno Surgery, Institute of Advanced Biomedical Engineering and Science,
Tokyo Women’s Medical University

3 Applied Superconductivity Laboratory, Materials Technology Division, Railway Technical Research Insutitute
“Division of sustainable energy and environmental engineering, Graduate School of Engineering, Osaka University

Magnetic drug delivery systems (MDDS) using targeting magnetic responsive drugs and permanent mag-
nets have been examined twice in clinical trials, but have yet to gain clinical use. One possible reason is the lack
of availability of strong magnets. Accumulation of sufficient magnetic responsive drugs into the tumor region is
central to MDDS. Recent technical progress has brought to attention a high magnetic field strength of 5.8 T and
a steep magnetic field gradient of —480 T/m using bulk high-temperature superconductive (HTSC) magnets,
compared with parameters of 0.6 T and — 31 T/m using permanent magnets. The present study evaluated the
accumulation performance of magnetic responsive drugs in an MDDS utilizing a bulk HTSC magnet. We adopted
magnetic iron-oxide particles of 25, 80, 170 nm in diameter and magnetoliposomes as magnetic responsive drugs.
The measured accumulation range to realize an accumulation rate >50% were 12, 48,114, and 26 mm, respec-
tively, 2.2 times longer than those measured using a permanent magnet. An in vivo experiment using swine liver
was conducted to deliver iron-oxide particles of 100 nm in diameter. High accumulation of magnetic delivered
drugs was shown in T2*-weighted magnetic resonance imaging, under microscopic observation of stained histo-
logical sections, and with use of a superconducting quantum interference device (SQUID).

Key Words: MDDS, HTSC, permanent magnet, magnetic field, magnetic responsive drug
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face of magnets in an axial direction.
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Fig. 2 Magnetic field distributions for (a) bulk high-temperature superconductive (HTSC)
magnet and (b) permanent magnet at 1.5 mm from magnet surfaces, and (c) bulk HTSC
magnet and (d) permanent magnet at 30 mm from magnet surfaces.
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Fig. 3 (a) Volumetric distribution of water-dispersed magnetic particles. (b) Experimental
arrangement of bulk HTSC magnet and 8 X 24 microplate.
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Fig. 4 (a) Distance dependence of accumulation rate in iron oxide particles of 25, 80, 170
nm in diameter and magnetoliposomes in magnetic fields of 54 T by bulk HTSC magnet
and 0.6 T by Nd-Fe-B permanent magnet. (b) Relationship with water-dispersed diameter

of magnetic particles and accumulation range.
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Fig. 5 (a) Swine liver after magnetic targeting by bulk HTSC magnet. The magnetic-tar-
geted part and control part are shown as solid and dotted circles, respectively. Resected
segments from each part are shown as dotted rectangle areas in which microscopic
observation and magnetization measurements by SQUID were conducted. (b) Proton
density-weighted, (c) T2-weighted, and (d) T2*-weighted images.

27

(d)

Fig. 6 Microscopic images of (a) magnetic-targeted and (b) control sections after Berlin
blue staining.
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