
Enhanced permeability and retention effect of novel magnetic resonance imaging contrast agents using fatty acid 
Jaemoon Yang1, Yong-Min Huh2, Ho-Geun Yoon3 and Seungjoo Haam1* 

1Department of Chemical Engineering, College of Engineering, Yonsei University, Seoul 120-749, Korea 
2Department of Radiology, College of Medicine, Yonsei University, Seoul 120-752, Korea 

3Department of Biochemistry and Molecular Biology, Center for Chronic Metabolic Disease Research, College of Medicine, 
Yonsei University, Seoul 120-752, Korea 

 
Statement of Purpose: The magnetic nanocrystals can be 
utilized as magnetic probes and carrier due to magnetic 
sensitivity, which can apply the biomedical applications; 
such as targeted drug delivery1, cell labeling and 
separation2-3, immunoassay4, magnetic resonance imaging 
(MRI)5 and magnetic hyperthermia6. In this research, 
surface modification of magnetic nanocrystals was 
performed with amphiphilic ligand that composed of 
monometoxy polyethylene glycol and fatty acid 
(dodecanoic acid). The monodisperse ultra sensitivity 
magnetic nanocrystals were synthesized by thermal 
decomposition method. The magnetic and physico-
chemical properties of nanoparticles were analyzed. In 
addition, the applicapablity of magnetic resonance 
imaging contrast agents was evaluated with in vitro cell 
test and animals models. 
 
Methods: A synthetic scheme of dodecanoic acid (DA, 
Sigma, USA) conjugated monometoxy polyethylene 
glycol (mPEG, Fluka, USA) block copolymer is shown 
Scheme 1. These amphiphilic ligands were synthesized 
with DCC method and purified ethyl ether. The magnetic 
nanocrystals were thermally synthesized and keep in 
organic solvent7. The novel mPEG coated contrast agents 
were prepared by solvent evaporation methods and the 
products were dispersed in aqueous medium.  

 
Scheme 1. Synthetic scheme of fatty acid conjugate with 
mPEG and novel magnetic resonance imaging contrast 

agents. 
 
Results/Discussion: The chemical structure and 
molecular weight of prepared mPEG-DA block 
copolymer is confirmed by 1H-NMR and gel permeation 
chromatography, respectively (data not shown). The 
hydroxyl group of mPEG and the carboxyl group of DA 
were conjugated by DCC method. The size of magnetic 
nanocrystals was around 10 nm and the aqueous novel 
magnetic resonance imaging contrast agent was similar 
with MNC. The spherical shape of both nanoparticles was 
confirmed with TEM. 
 

    
Figure 1. TEM images of magnetic nanocrystals (left) and 

novel imaging contrast agents using mPEG-DA (right). 

 
Figure 2. The hysteresis loop of magnetic nano crystals 

and novel contrast agents (left). The superparamagnetic 
behavior was presented and high saturation of 

magnetization values was shown. The weight loss of 
novel contrast agents by thermogravity analyzer 

(medium). Approximately, 40 % of magnetic materials 
presented and the organic compounds were eliminated at 

200 �. FT-IR spectra of mPEG, DA and mPEG-DA 
(right). We could evaluate these results by FT-IR spectra; 

the shifting of C=O band and Fe-O: 570 cm-1. 
 
The MR images were captured for in vitro cell model and 
in vivo mouse model. The non-treated cells with novel 
contrast agents were shown with white and treated cells 
were black. In addition, we could verify same results at in 
vivo mouse model. The tumor site was changed with 
black and we could detect there. 

  

Figure. 3. The MR imaging of target cells and in vivo 
model. 

Conclusions: The amphiphilic ligands were synthesized 
with monometoxy polyethylene glycol and dodecanoic 
acid. The ligands were used to modify the organic 
magnetic nanocrystals for MRI contrast agents. These 
PEGylated novel magnetic resonance imaging contrast 
agents had high physico-chemical stability and magnetic 
sensitivity and the surface modification step could 
increase the blood circulation time and EPR effects. 

References:  
[1] J. Yang. Int. J. Pharma. 2006; 324: 185.  
[2] M. Zborowski. J. Magn. Magn. Mater. 1999; 194: 224.  
[3] K.E. McCloskey. Anal. Chem. 2003; 75: 6868. 
[4] U. Hafeli. Scientific and Clinical Applications of 
Magnetic Carriers, Plenum press, NY, 1996, p. 303.  
[5] L.X. Tiefenauer. Magn. Reson. Imaging 1996; 14 (4): 
391. 
[6] A. Jordan. J. Magn. Magn. Mater. 1999; 201: 413. 
[7] S. Sun. J. Am. Chem. Soc. 2004; 126: 273. 

Abstract Number - 557


