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Nanoscience and nanotechnology are in the spotlight nowadays because researchers from these fields
are now able to explain and control the phenomena observed at the nano and microscales. They are
trying to create new medical applications like treatment and diagnosis using magnetic micro and
nanoparticles by breaking down the frontiers between biology, chemistry and physics.

Researchers need to overcome several problems with these substances, such as toxicity issues or the
understanding of the human body complexity, if magnetic micro and nanoparticles (MNPs) are wanted
to be used in medical applications. Besides, there's a huge gap between in vivo and in vitro
experimentation with MNPs that researchers are trying to remove. Following this idea, the
Bioinstrumentation Laboratory is working on setting up a characterization platform of MNPs where
researchers or fabricants send their samples and receive several data, such as the magnetic and
mechanical response, relaxation time when are used as contrast agents in MRI, and movement
behavior of the particles.

The magnetic and mechanical response is measured using the Alternating Gradient Field
Magnetometer (AGFM) MicroMag Model 2900 AGM System®. Due to its high sensitivity, low noise floor
and its capability to accommodate a large range of samples of very different properties, such as solid
samples, ultra thin films, powders, liquids and even slurries, the AGFM can be used for characterizing
the magnetic and mechanical properties of MNPs in biological samples. Some examples of actual
research lines with the AGFM are the discrimination of the behavior of MNPs acquired by cells or
situated on the extracellular matrix and the use of the AGFM as biosensor. The final goal is to use the
AGFM combined with other techniques for the detection and identification of engineered MNPs as
contaminant in ex-vivo samples (see Figurel) [1-4].

The SMARTracer Relaxometer, in conjunction with a 2T Electromagnet, allows the acquisition of the T1
and T2 relaxation rates of water and biological solutions containing MNPs when are employed as
Contrast Agents in MRI. The relation between relaxation rates and the morphological and physical
properties of the particles can be obtained by adapting the information contained in the Nuclear
Magnetic Relaxation Dispersion (NMRD) profiles (dependence of the relaxivity on magnetic field
strength, Figure 2(a)) into a Theoretical Model. The main goal of this research line is to obtain the
concentration of MNPs on the tissue directly from a MRI using the information of the NMRD profiles and
the data from the Theoretical Model (see Figure 2 (a,b)) [5-7].

To achieve dynamic characterization, which means in this case movement of magnetic particles, it was
made a set up that involves: magnets, auxiliary geometries for focalization, viscometer, analysis and
simulation software as well as random laboratory material. With all these things together plus theoretical
phenomena, it is possible the understanding of this kind of magnetic particles characteristics. The
principal research lines are oriented to cellular filters fabrication, focusing of magnetic particles using
magnetostatic fields, mathematical model optimization of magnetic phenomena, and human and animal
models for in vitro experimentation (phantoms). The final goal is the use of these techniques to separate
cells and its implementation for treatment and diagnosis (see Figure 3) [8-12].
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Figure 1. Magnetic and mechanical
. response measured using an AGFM.
The hysteresis loops can been seen,

a) behavioral differences between
solid and liquid samples with MNPs,
and b) MNPs detection inside cells; a
picture of the AGFM is shown on c).
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Figure 2. MNPs Characterization as
Contrast Agent in MRI: a) NMRD
Profiles of a sample of MNPs. b)
Differences between images with (left)
and without (right) Contrast Agents.
c¢) Fast Field Cycling Relaxometer.
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Figure 3. Dynamic characterization of
magnetic particles. On a) different
equipment used for characterization,
and on b) an image of magnetic
particles dynamic characterization.




