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Magnetic nanoparticles

MNP can be manipulated with

Vehicle & A static and dynamic magnetic
-, CLUALOr4 fiaids and delivered to an

specific place to perform a task
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Complexes

MNP can be combined with other nanoscale entities to accomplish more complicated tasks

100 -900 nm
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requirement Ferrofluids




Electric charge Ferrofluids stability

Binding of charged surfactant chains

a = area of surfactant “head”
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Electric charge Ferrofluids stability

Binding of charged surfactant chains
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Manipulation of MNP

Can MNP be delivered with a field
at a distance?

Stable fer"rb"ﬂuid Eulanest
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Manipulation of MNP
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Magnetic field Manipulation of MNP
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Magnetic field Manipulation of MNP

1,V xTOB?  siB << B
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And B2 decreases even faster!!
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Magnetic field Manipulation of MNP

Motion in capillars, v 12mm/s
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Magnetic field

Manipulatio
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Vizimag bidimensional simulation: “plate” + “cone” magnets
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SIU- Universidad de Antioquia

Caja de Petri

Fe;O, 13 nm



Magnetic field Manipulation of MNP

What would the mechanical effects of F; on cells?

A549 cells
unpublishe L Vet S (2006). T4 321 326]

CoFe2 4@SIO

Effective elastic constants in cells

k=4x10° N/m—-4x10"* N/m

. Jiilicher Wanichapichart, P., et al.
C. R. Acad. Sci. Paris, t. 2, Série IV, p. 849-860,2001  Vol. 24 (Suppl.) 2002 : Membrane Sci. &Tech.




Manipulation of MNP

What else MNP do?
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Magnetic nanoparticles INTRO

Relaxation Mechanisms
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T fluctuations Manipulation of MNP

Makes magnetic

Thermal energy moment fluctuate

anisotropy
axis

Free
particle
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RF Field

a magnetic field
produces a Torque
on the particle
moment

Thermal energy

Manipulation of MNP

Particle moment
tends to align with
field

Prevents complete
alignement
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RF Field Manipulation of MNP

a magnetic field o Particle moment
produces a Torque tends to align with

on the particle field
moment

Prevents complete
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MNP absorb power from the field and release
it to the surrounding medium (SAR)
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RF Field Manipulation of MNP
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RF Field Manipulation of MNP
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RF Field Manipulation of MNP

a magnetic field o Particle moment
produces a Torque tends to align with

on the particle field
moment

Prevents complete

Thermal energy alignement

relaxation

o

MNP absorb power from the field and release
it to the surrounding medium (SAR)

Absorption is largest when time t equals the
inverse of field frequency w
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RF Field Manipulation of MNP

hyperthermia

Basic Principle

cancer cells are more temperature sensitive than normal ones.

They undergo apoptosis at temperatures of 42 — 43 °C, while
normal ones do it at 46 —47 °C

R.K. Gilchrist et al., Ann. Surg. 146, 596, 1957

" Andreas Jordan Hospital
8 Charite, Berlin. 100 kHz,

Ingrid Hilger, Institute of
Diagnostic and Interventional
Radiology, Jena e .



energy Manipulation of MNP
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energy Manipulation of MNP
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energy Manipulation of MNP

absorption
from a RF field
(SAR)

SAR= f(Mq,Vye:Hor 0, T) . need for 1kW/ g

1+(ar)
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Ferrofluid (FF)
SAR / SLP in FF
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applicacion de RF

L8

NP: 20 pg/ml §

i
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applicacion de RF
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Ferrofluids

Hyperthermia

INTRO

Therapy by selective localized hyperthermia

Ferrofluid
(Fe;0,4 in
agueous
solution)

RF field

coils

Dissipated Power-SAR

—~»T=42-45 °C
(hyperthermia)
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RF Field MNP - SAR

magnetosomes

Hergt et al. 2005 &

>1kW/ g

70-900W/ g




RF Field MNP - SAR
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RF Field MNP - SAR

magnetit
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Magnetofeccion terapia Projectos INIBI:ELP

gén ica c/invasividad minima instituo de Investigacicnes Bioguimices de La Plata

en cerebro envejecido
’

Neurona defectuosa

virus ~ 80 nm
ADN viral + gen terapéutico

penetracion = mecanismos biologicos

— produccion de proteina terapeutica

Rodolfo Goya



Projects

Magnetic _
assisted animal model

transfection




Prueba animal







Zona Blanco




Projectos INIBILP

mag netOfECCi(’)n insBiuto de Investigaciones Bioquimicas de La Plata

o FACULTAD DE CIENCIAS MEDICAS

TERAPIA GENICA EN EL CEREBRO UTILIZANDO
CAMPOS MAGNETICOS

Aplicador de
campo
magnético DC

Espacio epidural
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Regiodn blanco

TERAPIA GENICA MINIMAMENTE INVASIVA POR
MAGNETOFECCION PARA CEREBRO ENVEJECIDO

U- Universidad de Antioquia
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