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Abstract

The properties of magnetic nanoparticles (MNPs) are key to the effectiveness of magnetic particle imaging (MPI).
While commercial MNPs are used extensively in clinical and research applications, there are still challenges in
understanding the effect of certain MNP properties on its resolution and sensitivity. Being able to understand these
trends will enhance efforts in optimizing parameters in MNP production for specific applications. In this study,
we looked at MNP core size, clustering, and coating and their effects on its FWHM, and compared the sensitivity
of different commercial particles. We identified a trend in FWHM and MNP core size as well as effects of certain

coating on FWHM.

. Introduction

Magnetic particle imaging (MPI) is a tracer-based molec-
ular imaging technique that directly detects and quanti-
fies magnetic nanoparticle (MNP) tracers by exploiting
their magnetization [1]. This imaging modality produces
clinical-grade images with zero tissue signal attenuation,
high contrast, high sensitivity, and high resolution. MPI
is well-suited for clinical application such as angiogra-
phy [2], lung perfusion [3], stem cell tracking [4],[5], white
blood cell tracking [6], brain perfusion [7], gut bleed de-
tection [8], cancer imaging [9], and localized magnetic
hyperthermia [10].

The point spread function (PSF) and its correspond-
ing full width at half maximum (FWHM) are key param-
eters for characterizing tracer performance in MPI be-
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cause they describe the image spatial resolution of the
MNPs [11]. The dosage requirements of tracers are de-
pendent on the sensitivity of the respective tracers. In
this abstract we aim to identify a trend in resolution in
relation to particle core size and characterize the sensitiv-
ity of commercial particles using the arbitrary waveform
relaxometer (AWR) [12].

Il. Methods and materials

Six types of magnetic nanoparticles were used in this
work: Synomag®-D, Perimag® (micromod Partikel-
technologie GmbH, Germany), NanoXact® Magnetite
Nanoparticles — Polyvinylpyrrolidone (PVP) (nanoCom-
posix, USA), SHP25, SMG30 (Ocean Nanotech, USA),
and Vivotrax (Magnetic Insight, USA). NanoXact (NN),
SMG30-01 (SMG), and SHP25-02 (SHP) are single-core
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MNP type Name Diameter Particle Coating FWHM (mT) Relative
(nm) Type Sensitivity

Ms1 70 cluster Dextran 2.8 1.66
Synomag®-D Ms2 50 cluster PEG 25 122 13.48
MS3 50 cluster Dextran 104 14.73
Perimag® MP1 130 cluster Dextran 4.4 1.08
NanoXact™ NN 16 cluster PVP 10 3.74
SMG30 SMG 30 single core PEG 18.6 0.56
SHP25 SHP 25 single core COOH 16.1 7.31
Vivotrax VT 4.2 cluster Carboxydextran 7.6 1.00

Table 1: Key properties and results of particles evaluated in
this work, *Particle diameters listed here are cluster diameter
for cluster-type MNPs and core diameter for single-core MNPs
respectively. The exception is Vivotrax, as it does not have well-
defined cluster sizes.

particles while Synomag-D (MS1, MS2, MS3), Perimag
(MP1), and Vivotrax (VT) are cluster-type particles. Their
properties are listed in Table 1. The FWHM of each parti-
cle was evaluated from the PSF data obtained through
the AWR.

For these measurements, a sinusoidal AC magnetic
field at 20 kHz with field strengths up to 24 mT was ap-
plied. The actual concentrations of the samples were
measured using the model 721 UV-VIS spectrophotome-
ter. Prussian Blue assay was conducted to stain for iron
using Sigma HT20-1KT Iron Stain Kit (Sigma Aldrich,
USA), and Iron Standard for ICP (Sigma-Aldrich, USA)
was used for calibration. 5, 10, and 25 uL of each sample
was run through the AWR to obtain the peak signal volt-
age corresponding to the lowest FWHM for each MNP.
Using the measured concentration values, a standard
curve for each MNP was plotted to determine their sensi-
tivity in V/g of iron. The relative sensitivity of each MNP
was normalized to the sensitivity of VT (Figure 2).

I1l. Results and Discussion

As shown in Figure 1(a), the FWHM of single-core par-
ticles (SMG and SHP) increases with core diameter. On
the other hand, the FWHM of cluster-type particles de-
creases significantly between 50 nm and 70 nm and in-
creases again, reaching a value of 4.4 mT at sizes close
to 130 nm. The differences in FWHM are also compared
via the PSFs of MS1, MS3, and SHP in Figure 1(b). The
FWHM values of all the tested particles are listed in Ta-
ble 1.

The relative sensitivity of the MNP samples are shown
in Figure 2. From the data obtained, there is no conclu-
sive indication that the sensitivity of a MNP correlates
with its size or surface chemistry. It should be noted that
the sensitivity of the particles are analyzed based on the
limited dataset obtained from the 2 to 24 mT drive field.
It is observed that for some particles, there is a trade-off
between image resolution and sensitivity.

Finally, effects of PEG25 surface coating on FWHM
is observed. From this work, PEG25 coating appears to
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Figure 1: (A) Particle diameter is plotted against FWHM values.
For this plot, the hydrodynamic diameter of VT is used. Parti-
cles marked with a [x] are coated with PEG25. (B) PSF curve of
MSI1 (red), MS3 (green), and SHP (blue).

increase the FWHM of MNPs of similar size (see Figure

1(a)).

IV. Conclusion

The Langevin function predicts a cubic reduction in
FWHM with an increase in magnetic core diameter. How-
ever, our previous work demonstrated a deviation from
this Langevin theory due to relaxation wall effect [13],
[14]. In the current abstract, larger-sized nanoparticles
with clustered cores showed better FWHM in the sizes of
50-130 nm than the non-interacting single core nanopar-
ticles of 25 nm in size. This potentially shows that inter-
acting magnetic particles can improve MPI resolution
and sensitivity.

From this work, we observe that multiple factors af-
fect the FWHM of a MNB such as core size and coating.
It is worthwhile to note that while the FWHM of MNPs
affect the resolution of MPI images, other factors such as
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Figure 2: The relative sensitivity of each particle with respect
to Vivotrax, in order of particle diameter.

coating, particle size, and sensitivity of the MNPs are im-
portant factors to be considered in specific applications.
Further studies in this direction including clustering ef-
fects of MNPs can help identify a trend in characteristics
that will aid in the selection and production of MNPs for
targeted applications.
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