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Currently incurable neurological disorders such as Alzheimer s
disease, Parkinson s disease and brain cancer drastically reduce
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disease, Parkinson s disease and brain cancer drastically reduce
the quality of life of millions of people worldwide. Successful therapy
involves two critical components: the detection of pathologies and
effective drug delivery. Magnetic nanoparticles provide both of these
important therapy components since they have the dual function of
acting as contrast agents for magnetic resonance imaging as well
as carriers for drug or gene delivery. With the application of an
external magnetic field, these nanoparticles can efficiently target the
diseased tissue of interest – a process known as magnetic
t ti M ti t ti i t i i th ifi it f

Maxwell’s Equation:

Force Equation:

Brinkman’s Equation:
targeting. Magnetic targeting aims at increasing the specificity of
drug delivery to tissue in order to treat neurodegenerative diseases
and brain cancer. Current convection-enhanced delivery procedures
lack specificity of drug delivery and can lead to system toxicity,
disease progression and tumor metastasis.

Convection and diffusion equation:
Diffusive flux magnitude (mol/m2s)0.6 T, 4 min.

PURPOSE

Magnetic field streamlines, 0.6 T.

Method for Precipitating and Cleaning the Nanoparticles
Uniformly mixed magnetite (8 nm and 10 nm) in a stable acidic solution were neutralized with
NaOH in a 1:1 ratio. Solution was centrifuged for 20 minutes at 9300 RPMs. The supernatent was
pipetted off and 20 microliters of distilled water were added. Similarly, the nanoparticles were
centrifuged and the supernatant was pipetted off two more times. Finally, 20 microliters of distilled
water were added while the nanoparticles bulk was vortexed at each stage.

Method for Detecting Nanoparticles

PURPOSE
Our project focuses on developing a model for systematic drug
delivery to determine how magnetic nanoparticles can be
magnetically driven through brain phantoms in order to improve the
targeting specificity and volume distribution of therapeutics. We
simulate magnetically guided nanoparticles using 0.6% agarose
brain phantoms both experimentally and in a 2-D COMSOL
Multiphysics model Our iron oxide nanoparticles are g p

A 2.5% Prussian Blue Stain is used for detecting the magnetite nanoparticles in 0.5% agarose
gels. The final product was vortexed. The stain slowly diffused onto the gel in a roto mixer for 2
hours.

Nanoparticle Experiments
A 0.5% agarose gel brain phantom was placed in 6 petri dishes at 1/6 inch or 1/3 inch thickness.
200 microliters of 10 nm diameter Iron Oxide magnetic nanoparticles in distilled water were
placed on top of gel. Half of the dishes were control and the other half had Neodymium-Iron-
Boron magnets placed under them These magnets have a pull force of 35 lbs and a diameter of

Multiphysics model. Our iron oxide nanoparticles are
superparamagnetic in order to counteract agglomeration and were
externally guided by Neodymium Iron Boron magnets. Movement
and the resulting distribution of magnetically guided nanoparticles
using external magnets were obtained in the COMSOL model and
the results were verified with experimental brain phantom models.
Ultimately, our outcomes demonstrate the capacity to treat
neurodegenerative diseases and brain cancer by directing
therapeutic agents to targeted areas in the brain, which presents an
i t t b kth h i th fi ld f bi di l i i d

Diffusive flux magnitude (mol/m2s), 0.6 T, 4 min Convective flux magnitude (mol/m2s), 
magnetic field density norm (T), 0.6 T, 4 min

Boron magnets placed under them. These magnets have a pull force of 35 lbs and a diameter of
0.75 inches and a thickness of 0.5 inches. After 3 hours, the Prussian blue stain was applied and
the agarose gel was cut in cross sections.

important breakthrough in the field of biomedical engineering and
medicine.

We have determined a simple, inexpensive and effective way of detecting
nanoparticles in agarose gels using Prussian blue stain. Our
nanoparticles are attracted by external magnets without CED Our

Experimental setup.

Another

CONCLUSION

Velocity magnitude (m/s) 
and magnetic flux density, 0.6 T, 4 min

.

Velocity field (m/s), y component
and magnetic flux density norm (T), 0.6 T, 4 min

1/3 “ agarose control. 1/3“ agarose with magnet underneath for 3 hours.
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nanoparticles are attracted by external magnets without CED. Our
COMSOL model verifies our results. The next step would be to show CED
with external magnets for increased speed and accuracy.
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Left: Control. Right: 0.6 T magnet under brain phantom for 1 hour.
1/6 “ agarose control. 1/6“ agarose with magnet underneath for 3 hours.
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