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A549
Fe3O4
10 nm

20 µg/ml
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Magnetic nanoparticles
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MNP

Vehicle & Actuator

Biocompatible 

Coating
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10 nm

15 – 100 nm

MNP can be manipulated with

static and dynamic magnetic

fields and delivered to an

specific place to perform a task



Complexes
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NP

Virus shell
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15 nm

100 -900 nm

MNP can be combined with other nanoscale entities to accomplish more complicated tasks
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Ferrofluids stability
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Electric charge

Binding of charged surfactant chains
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Manipulation of MNP
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Stable ferrofluid
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Drug release MR Imaging hyperthermiaTransfection
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Manipulation of MNP
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Manipulation of MNPMagnetic field

Problem: field intensity B decreases fast away from magnet pole

And B2 decreases even faster!!
Eulanest
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Manipulation of MNPMagnetic field

Motion in capillars, v ∼ 2mm/s
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Vizimag bidimensional simulation: “plate” + “cone” magnets
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3.2 cm

Caja de Petri

2,4 ml

A549
2.6 x 
106

Fe3O4 13 nm

20 µg/ml

10 µg/ml

50 µg/ml

Citotoxicidad

3 días

0 µg/m
l
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CoFe2O4@SiO2

.. aletGirardínP

Fe3O4

∼10 nm MNP

A549 cells
dunpublishe

Manipulation of MNPMagnetic field

What would the mechanical effects of FB on cells?  

Effective elastic constants in cells

mNmNk /104/104 45 −− ×−×≈



Manipulation of MNP

Eulanest

What else MNP do?
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INTROMagnetic nanoparticles

For µBapp << kBT:
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Manipulation of MNP
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a magnetic field
produces a Torque 

on the particle
moment

Particle moment
tends to align with

field
B
rrr ×= µτ

Thermal energy kT
Prevents complete 

alignement

B
r

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

Absorption is largest when time τ equals the
inverse of field frequency ω

RF Field

relaxation



hyperthermia

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

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

Basic Principle

EulanestEulanest

Manipulation of MNPRF Field

Andreas Jordan Hospital 

Charitè, Berlín. 100 kHz, 

15 kA/m

Ingrid Hilger, Institute of

Diagnostic and Interventional

Radiology, Jena 
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RF generator and
oscillator

Duty Coil - dewar

OeH 7000 ≤≤
kHzf 300≤

SAR

Experimental

INTRO
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Ferrofluid (FF)

SAR / SLP in FF

MHzkHzf 150 −≈
ferrofluid

fibers
optic

rconditione
signal

temperature

measurement

tvsT

INTRO

OeH 7000 ≤

SAR
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RF   FF A549MNP: 20 µg/ml

applicación de RF
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Ferrofluid

(Fe3O4 in 

aqueous

solution) 

tumor

coils

Dissipated Power-SAR

→T ≈ 42-45 °C

(hyperthermia)

Ferrofluids

Therapy by selective localized hyperthermia

RF field

Hyperthermia INTRO
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X = 0

TEM

magnetosomes

X = 0.1

Fe3-xZnxO4 0 ≤ x ≤ 0.5

Hergt et al. 2005

MNP - SAR

gW /90070− gkW /1>

RF Field



MNP - SARRF Field
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 Experiment

 η = 1 10-3 Pa.s

 η = 2 10-3 Pa.s

 η = 6 10-3 Pa.s
 Néel (η infinite)

K = 1.85 104 J/m3
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ProjectosMagnetofección terapia
génica c/invasividad mínima
en cerebro envejecido

Rodolfo Goya

Virus 

shell

gen

Neurona defectuosa

virus ~ 80 nm
ADN viral + gen terapéutico

penetración ⇒ mecanismos biologicos

⇒ producción de proteina terapeutica
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assisted 
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Prueba animal



10 µl de solución Zona Blanco



Zona Blanco



magnetofección

Aplicador de 
campo 

magnético DC

Región blanco

TERAPIA GÉNICA MÍNIMAMENTE INVASIVA POR  
MAGNETOFECCIÓN PARA  CEREBRO ENVEJECIDO

Espacio epidural

espina dorsal

Projectos
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