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Evaluation of magnetic properties of magnetic nanoparticles
in buffer solution for Magnetic Particle Imaging
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Magnetic Particle Imaging (MPI) is an imaging modality that directly detects the nonlinear response of
magnetic nanoparticles (MNPs). Spatial encoding is realized by saturating MNPs almost everywhere except in the
vicinity of a special point called the field free point (FFP) using a static magnetic field. Recently, it has been shown
that the sensitivity of MPI can be significantly improved using a simultaneous encoding scheme by scanning with a
field free line (FFL) instead of FFP. The MPI with FFL device was developed using a neodymium magnet and an iron
yoke to image the object with small amount of magnetic nanoparticle such as in biological systems. The magnetization
response of magnetic nanoparticles in biological systems was studied using the developed MPI device. We developed
the imaging system that can evaluate the magnetic signal and relaxation time of magnetic moments which is
reflected by core and hydrodynamic size of MNPs. We found that iron concentration changes the MNP size, and then

the relaxation time is varied.
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Fig.1 Picturea and Illustration of developed system.
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Fig. 2 Schematic figure of the preparation of magnetically
fractionated MNPs from Ferucarbotran.
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Fig. 83 Static M-H curves of Resovist® and magnetically
fractionated MNPs from Ferucarbotran (FcM, FcN).
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Fig. 4 Measurement results of the 3rd harmonic signal
intensity.
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Fig. 5 Measurement result of the phase of the 3rd
harmonic signal.
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Fig. 6 Relationship between MPI signal and magnetization.
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Fig. 7 Magnetic particle sample. (a)Ferucarbotoran
Magnetic (FcM) is a magnetic nanoparticle obtained by
magnetically separating Ferucarbotoran and extracting
components with high magnetic field response collected in a
permanent magnet. (b) Sample (BUFFER 1) in which the
volume ratio of FcM to 10 times the concentration of PBS
Buffer solution was mixed at 1: 9 under conditions
simulating the same level of salt concentration biological
systems. (¢) Sample (BUFFER 5) was mixed at a volume
ratio of 5: 5 under simulated conditions for salt concentration
excessive.
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Fig. 8 Strength of harmonic MPI signal intensity under
an ac excitation field with frequency f =461 Hz.
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Fig. 9 Relationship between aggregation state of MNPs
and phase of 3rd harmonic signal under an ac excitation
field with frequency f = 461 Hz.

Table 1 Result of particle size estimated from
relaxation time difference estimated from phase

difference.
Sample dinm) d{nm) A ze(useo)
FeM 54 24
BUFFER 1 95 21 -19.0
BUFFER 5 N.A. +5.43
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Fig. 11 Lissajous curves and imaging results using real
part signal after rotation processing (rotation angle = —
66° ).
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Fig. 12 Lissajous curves and imaging results using real part
signal after rotation processing (rotation angle = —58° ).
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