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Outline

 Nanoparticles in Magnetic fields:
Using external time dependent
magnetic fields to
mechanically(ultrasonic waves)
manipulate magnetic nanoparticles
resulting in new interesting and
useful phenomena
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Magnetic Hyperthermia with
Superparamagnetic Nanoparticles

Brownian Relaxation

Mechanism of Energy disposal
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Fig. 7 Dependence of SAR on particle size for magnetite fine powders
in rf-field (2 MHz, 6.5 kA m™ ") dotted line — hysteresis losses, full line
Neéel losses. (Reprinted from ref, 89. @ 1998 IEEE.)

Bossmann, S.; Chikan, V.; Dani, R. K., Magnetic Nanoparticles for

Biosensing and Cancer Treatment Biosensing and Cancer Treatment with

N . . Magnetic Nanopatrticles. In Biosensors Based on Nanomaterials and
P Kansas State University  nanodevicos, Ly 2. we, N. £ds, CR Pross: 2013

. Mater. Chem., 2004, 14, 2161-2175




Magnetic Heating

Heating Steel

NP Synthesis-Alternative to hot injection technique

Our Work:

*ACS Omega 2018,3 (5), 5399-5405.
Nanomaterials 2016,6 (5), 85.
*ACS Omega 2020.

Heating with NPs

*Typical SAR values are on the order of few
hundred W/g

*The frequency of the AC magnetic is a few
hundred kHz (problem non-specific heating and
cardiac and muscle stimulation at high frequency)
*Field amplitude is around 10 kA f7 . ¢
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Magnetic hyperthermia
treatment of melanoma and
pancreatic tumors
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Bossmann . Troyer
Tumor volume measurements over time
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Balivada, S.; Rachakatla, R. S.; Wang, H.; Samarakoon, T.; Dani, R. K.; Basel, M. T.; Balivada, S.; Wang, H.; Shrestha, T. B.; Seo, G. M.; Pyle, M.;
Pyle, M.; Kroh, F.; Walker, B.; Leaym, X.; Koper, O.; Tamura, M.; Chikan, Abayaweera, G.; Dani, R.; Koper, O. B.; Tamura, M.; Chikan, V.;

V.; Bossmann, S.; Troyer, D., A/C magnetic hyperthermia of . ; ; ;
melanoma mediated by iron(0)/iron oxide core/shell magnetic Bossmann, S. H.; Troyer, D. L., Celldelivered magnetic nanoparticles

nanoparticles: a mouse study. BMC Cancer (2010) 10, (1), 119. caused hyperthermia-mediated increased survival in a murine
pancreatic cancer model. International Journal of Nanomedicine 2012, 7,
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http://www.biomedcentral.com/1471-2407/10/119
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RKotating Magnetic Field

Utilizing mechanical force from the
rotation of magnetic nanoparticles
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Pulsed Magnetic Fields Homogeneous vs. inhomogeneous magnetic fields
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Evolution of magnets in Chikan Lab

Discharging cireuit  Charging circuit
Re2so

Beryllium copper attains the highest strength (to
1,400 MPa (200,000 psi)) of any copper-based alloy
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Magnet

Discharging cireuit Charging circuit
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Podaru, G.; Moore, J.; Dani, R. K.; Prakash, P.; Chikan, ;
V., Nested Helmholtz Coil Design for Producing r

Homogeneous Transient Rotating Magnetic Fields.

Review of Scientific Instruments 2015, 86. -
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Pulsed magnetic field induced
drug delivery from magneto
liposomes
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Podaru, G.; Dani, R. K.; Wang, H.; Basel, M. T.; Prakash, P.; Bossmann, S. H.; Chikan, V., Pulsed Magnetic Field
Induced Fast Drug Release from Magneto Liposomes Via Ultrasound Generation. J. Phys. B (2014), 118(40),
11715-11722.
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Podaru, G.; Ogden, S.; Baxter, A.; Shrestha, T.; Ren, S.; Thapa, P.; Dani, R. K.; Wang, H.; Basel, M. T;
Prakash, P.; Bossmann, S. H.; Chikan, V., Pulsed Magnetic Field Induced Fast Drug Release from Magneto

Liposomes Via Ultrasound Generation. The Journal of Physical Chemistry B 2014, 118, 11715-11722.
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Drug release mechanism: ultrasound
from magnetic nanoparticles
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Podaru, G. V.; Chikan, V.; Prakash, P., Magnetic Field Induced Ultrasound
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Chemistry C 2016, 120, 2386-2391



Magnetostriction vs. particle movement
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Trigger&Drug inside Trigger outside&

Drug inside
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_pomon Magnetoliposomes and
pocvas ppppase  wmos  their efficiencies in drug

R i = iy delivery

=>100%0N = 5p; ON

Intensity of Unit Time

Ref l;gs;zx;:{l:: ol.f.oTcraitlon . lMa;v( . ?}Jpllcat{on Dl\t/}ty Cycl:/ of the Magnetic Release
gger elease (%) ime (min) agnet (%) Field (mT) (% Release/s)
1 PC/CoFe;O4 Bilayer 90 50 100 330 0.03
2  DSPC/PEG/IONPs Bilayer 180 30 100 - 0.1
3 MPPC/SPION Bilayer 90 6 100 94.5 0.25
4 HSPC/Fe;04 Core 20 180 9.77 1.5 0.00185
5 DPPC/FePt Core 8.4 3.3x107° 0.001 3000 248,000

1. Nappini, S.; Bonini, M.; Ridi, F.; Baglioni, P. Structure and permeability of magnetoliposomes loaded with hydrophobic magnetic
nanoparticles in the presence of a low frequency magnetic field. Soft Matter 2011, 7, 4801-4811.

2. Amstad, E.; Kohlbrecher, J.; Muller, E.; Schweizer, T.; Textor, M.; Reimhult, E. Triggered Release from Liposomes through
Magnetic Actuation of Iron Oxide Nanoparticle Containing Membranes. Nano Lett. 2011, 11, 1664-1670.

3. Shaghasemi, B.S.; Virk, M.M.; Reimhult, E. Optimization of Magneto-thermally Controlled Release Kinetics by Tuning of
Magnetoliposome Composition and Structure. Sci. Rep. 2017, 7, 7474.

4. Nardoni, M.; Valle, E.D.; Liberti, M.; Relucenti, M.; Casadei, M.A.; Paolicelli, P.; Apollonio, F.; Petralito, S. Can Pulsed
Electromagnetic Fields Trigger On-Demand Drug Release from High-Tm Magnetoliposomes? Nanomaterials 2018, 8, 196.

5. Podaru, G.; Ogden, S.; Baxter, A.; Shrestha, T.; Ren, S.; Thapa, P.; Dani, R.K.; Wang, H.; Basel, M.T.; Prakash, P.; et al.
Pulsed Magnetic Field Induced Fast Drug Release from Magneto Liposomes Via Ultrasound Generation. J. Phys. Chem. B
2014, 118, 11715-11722.
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