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Fig. 1. Magnetization curves for iron oxides. Ferromagnetic
iron oxide (o); superparamagnetic iron oxide (AMI-23),

(m); paramagnetic iron oxide, (a). MRI, Vol. 6 p647-653. 1988



Table 1. Relaxivities of materials with different types of magnetism, All values are in units of sec™' M™!
where M is the moles per liter of magnetic transition metal. All measurements are at 20 MHz.

Type of
Material R, R, R,/R; magnetism
AMI-25 4.0 x10* 16 x 10* 4 Sp
Ferromagnetic colloid 0.010 x 10 0.72 x 10 72 F
Paramagnetic colloid 0.010 x 10* 0.033 x 10* 33 P
Fel*/DTPA* 0.073 x 10* 0.085 x 10 1.2 P
Gd**/DTPA** 0.45 x10* 0.57 x 10 1.3 P

R2 relaxivities
Superparamagnetic>ferromagnetic>paramagnetic

MRI, Vol. 6 p647-653. 1988



external external
field M field M

Induced
- Tleld &M

magnetic




o 45#6









migration of salmon
(tens of thousand
kilometers)

FIGURE 1. Magnetic nanoparticle-assisted natural navigation system used by salmon during migration. Reprinted with permission from
NMature (http:/ v nature.com), ref 1. Copyright 1997 Nature Publishing Group.
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In nanometer scale, parameters such as size, shape, composition, and magnetocrystalline

anisotropy strongly affect the magnetism (e.g., coercivity, mass magnetization, remanence) of
nanoparticles.

Cheon, 2008, Ace Chem Hes
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magnetic anisotropic energy barrier from a spin-up state to spin-down state of the
magnet is proportional to the product of the magnetic anisotropic constant (Ku)
and the volume (V) of the magnet
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Hc (kOe)
Size-dependent transition of iron oxide nanoparticles from superparamagnetism

to ferromagnetism showing TEM images and hysteresis loops of (b) 55 nm and {c)

12 nm sized iron oxide nanoparticles.
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Size dependent saturation magnetization values of 4, 6, 9, and 12 nm magnetism-
engineered iron oxide (MEIO) nanoparticles: (a) hysteresis loops, mass
magnetization values at 1.5 T, and TEM images

Huh, 200%, J Am Chem Soc
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Plot of saturation magnetization and transverse relaxation rate vs. size of4, 6, 9,
and 12 nm Fe,O,, indicating that larger Fe_ O, nanoparticles possess higher
magnetization values and exhibit stronger negative MR contrast effects

Jun, 20058 J Am Chem Soc
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Marketed SPIO Nanoparticles

Brand name Company Other names Coating Size {(nm)
Endorem Guerbet Ferumoxides dextran 100-250
Feridex Advanced AMI-25
Magnetics (A.M.)
Sinerem Guerbet Ferumoxtran-10 dextran T-10 15-30
Combidex A M. AMI[-227
Resovist Schering Ferucarbotran carboxy-dextran 957
Clariscan GE-Healthcare  Feruglose pegylated starch 20
VSOP-C184 Ferropharm citrate 7
Abdoscan (GE-Healthcare Ferristene sulfonated- 3500
styrenedivinyl-
benzene
Lumirem Guerbet Ferumoxsil silicon 300
Gastromark A M. AMI-121
AM. Ferumoxytol semisynthetic 30
Code 7228 carbohydrate




Table 1z Conventional and new types of nanopartide-based MRI contrast agents.

Mame Magnetic Total Coating r2F [mm™'s7'] BT
core size [nm] material
size [nm]
Conventional MNP Agents
AMI-25 {Feridex; 56 80150  Dextran ca. 100 0.47
Endorem)F!
SHU 5554 (Resovist)™ ca. 4.2 ca. 62 Carbodextran 151 047
AMI-227 {Combidex;  4-6 20-40 Drextran 53 0.47
Sinererm}F]
CLIO; MIONF ca. 2.8 1030  Dextran ca. 69 1.5
New Types of Synthetic MNPs
Fe,0, {MEIC)™ 14 15 Cr WIS A 215 1.5
MnFe, O, {MnRMEIC)™ 12 15 Cr WIS A 35L& 1.5
FeCoF? 7 30 Carbon and phospholipids- 644 1.5
poly{ethylene glycol)

[2] The r2 values are literature values and can be slightly variable depending on the field strength and MR

pulse sequences.

Agew. Chem. Int. Ed. 2008, 47, 5122-35
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Figure 3. MIP-reconstructions of three-dimensional MRA of the aortoiliac vessels during first pass and equilibrium
phase at 6, 24 and 42 min for the highest injected dose of 40umol Felkg b.w.

NMR Biomed. 2004;17:500-506
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Time-dependent changes of signal intensities in liv er
parenchyma in T2/T2* WI



T2WI T2WI 10 mins after intravenous bolus
injection of Resovist



T2-TSE-F5: native Post Resovist®
(TR/TE/flip angle = 2790 ms/90 ms/1307%) Cilear demarcation of multiple satellites, =
Neuro-endocrine tumour. = Suspicion of further sateliites, Addionally, detection of a cyst in the splen.
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8 mol Fe/kg of Resovist 0.1 mmol/kg of Gd-based agent
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Magnetic Resonance in Medicine 53:999-1005 (2005)






MR images show detection threshold of ilabd&unetediselishwith
clinically available MR techniques
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hybrid iron oxide nanoparticles consisting of
SIO2@Fe304@Au and anti-HER2/neuantibody
for simultaneous MRI diagnosis and laser-assisted
hyperthermia therapy
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