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Abstract Superparamagnetic nanoparticles are of special interest for various applications in 
nanomedicine. Nowadays, one of the most important and rapidly growing fields is the use of iron oxide 
particles as contrast agents for magnetic resonance imaging (MRI). Also, the immobilization of 
poly(ethylene glycol) (PEG) onto the nanoparticles's surface is the most used strategy to avoid 
opsonisation and cellular recognition, improving biocompatibility and pharmacokinetic. In this study, we 
developed a MRI contrast agent based on PEGylated iron oxide nanoparticles. Magnetite nanoparticles 
(12 nm in diameter) were obtained via thermal decomposition of a iron coordination complex to assure 
nanoparticle homogeneity in size and shape (Fig. 1). Particles were coated with DMSA by a ligand 
exchange process to remove oleic acid, after which three distinct short-chain PEG polymers were 
covalently bound to the nanoparticle surface via EDC activation of the carboxylic groups. In all cases, 
colloidal suspensions had hydrodynamic sizes below 100 nm and low surface charge, demonstrating 
the effect of PEG coating on the colloidal properties and stability of the magnetic nanoparticles. We 
tested in vitro the internalization and biocompatibility of these materials in the HeLa human cervical 
carcinoma cell line. Cells preincubated with PEG-coated iron nanoparticles were visualized outside the 
cells and their biocompatibility at high Fe concentrations was demonstrated using a standard MTT 
assay. Finally, we used relaxivity parameters (r1 and r2) to evaluate the efficiency of suspensions as 
MRI contrast agents; r2 values were four times higher than that for commercial products, probably due 
to the larger nanoparticle size. The time of residence in blood after coating increased up to hours in 
New Zealand rabbits and Wistar rats (Fig. 2). Our results suggest that this PEGylation strategy for large 
magnetic nanoparticles (>10 nm) holds promise for biomedical applications. T2 MRI images of rat liver 
before and after injecting the synthesized contrast agent showed a significant increase in the contrast 
with time from 10 min up to 50 minutes (Fig. 3). 
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Figure 1. (a) TEM images of magnetite nanoparticles (b) Size-distribution graph. The red line is the log-
normal fitting function of the particle size data. 
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Figure 2. (e, f) ICP quantification of iron 
concentration in blood after injection into e) 
rabbits and f) rats. NP-DMSA-PEG-NH2 [○], 
NP-DMSA-PEG-(NH2)2 [■] and NP-DMSA-
PEG-Prop-(NH2)2) [∆]. 
 
 
 
 
 

 
Figure 3. T2 MR images of rat liver before and 
after injecting the synthesized contrast agent. In 
the left animal injected with NP-DMSA-PEG-
(NH2)2 and in the right control animal (a)T2 
image after 10 minutes of injection.(b)T2 image 
after 50 minutes of injection.  


