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Å laborious fractionation for narrowing size polydispersity 

Åpoor adhesion between dextran and magnetite preventing any further 

chemical modification 

but 

Ådextran limits particle growth and ensures the steric stabilization and 

later the stealthiness of particles  

Synthesis 



Conventional (U)SPIO 

Size-dependent distribution of (U)SPIO in tissues 

Åclearance rates increase with increasing size 

Åcurrent applications restricted to passive targeting 

SPIO (50-100 nm) for liver MR imaging 

USPIO (17-20 nm) for MR lymphography 

VUSPIO requirements 

Åsame ingredients : iron oxide and dextran 

Åcovalent bonding between magnetic cores and dextran 

Åpossibility of dextran tailor-derivatization 

Molecular MRI (active targeting) 

Åneeds for a long plasma half-life : USPIO 

Åalso ligand surface conjugation 

Å too tricky dextran derivatization of current USPIO 

Čnew platform : 

Versatile USPIO 
but 

Corot and coll., Adv. Drug Deliver. Rev., 58, 1471 (2006)  



Versatile USPIO 
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VUSPIO 

Duguet, Mornet and coll., French Patent FR 285 5315 (2003)  



Versatile USPIO 

VUSPIO Å tunable overall size (no fractionation step) 

Åelectrically neutral: z  = - 3 mV at pH = 7 

Å for very small cores : R2/R1 Ą 1.59: potential T1 

contrast agents for MR angiography at low B0  

50 nm 50 nm 50 nm 

TEM images (negative staining) 

Duguet, Mornet and coll., J. Magn. Magn. Mater., 293, 127 (2005)  
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Å in vitro nanoparticle uptake 

proportional to the folate 

receptor expression: 

control ~ MCF7<<<< KB < HeLa 

Couvreur, Duguet and coll., Bioconjugate Chem., 16, 1181 (2005) 

Folate- 

mediated 

VUSPIO 

Versatile USPIO 



Antibody- 

mediated 

VUSPIO 

Å rhodamine-labelled VUSPIO-VH10 conjugate 

Å inducible P-selectin expression in human activated 

platelets involved in early stages of atherosclerosis 

Clofent-Sanchez and coll., NMR Biomed., 24, 413 (2011) 

Versatile USPIO 



Duguet, Mornet and coll., Nanomed., 1, 157 (2006) 

Hyperthermia nanomediators 

Å in alternating magnetic fields (50 kHz < n < 10 MHz) 

Åmagnetic materials may act as heat mediators 

Specific absorption rate (SAR) 

Åcrucial for administered dose  

Ådependent on particles and AC magnetic field 

Ådetermined by calorimetry 

Inductive radio-frequency method 



Hyperthermia nanomediators 

Magnetic fluid hyperthermia  

Åaminated-magnetite nanoparticles 

Ådirectly injected in tumor 

Åpreferential uptake by glioblastoma cells 

www.magforce.de  

Jordan and coll. at Charité hospital, Berlin 

ÅH ~ 10 kA/m ; n ~ 100 kHz 

Åcombined with radiotherapy 

ÅPhase II: glioblastoma multiforme and prostrate 

carcinoma 

Å restricted to solid tumors 

Å inoperative for small and scattered tumors 

Ånecessary calculations of isothermic lines from 

computed tomography for deposit positions 

Å invasive thermometry 

but 



Self-regulating hyperthermia nanomediators  

Manganese perovskite nanoparticles 

Á Stop to heat when therapeutic the temperature is reached 

Á TC-tuned ferromagnetic nanoparticles 
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17-nm particles 

108 kHz 

70 kA/m i.e. 88 mT 

SAR37° C ~ 40 W/gMn 

Tmax = 48° C 

Time (s) 

Mn concentration : 

Goglio and coll., J. Mater. Chem., 21, 4393 (2011) 



Towards heat-triggered controlled release 

Magnetic nanoparticles in drug reservoirs  

Faure and coll., Nanomed.: Nanotechn., Biol., Med. 7, 18 (2011)  

Size: 0.1-1 µm 

ÅOnion-like liposomes 



Towards heat-triggered controlled release 

Magnetic nanoparticles in drug reservoirs  

Sanchez and coll., J. Mater. Chem., 17, 1563 (2007) 

ÅMesoporous silica particles 



Towards heat-triggered controlled release 

Magnetic nanoparticles in drug reservoirs  

Lecommandoux, Schatz and coll., submitted 

ÅBlock-copolymer 

 self-assemblies 


