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Magnetic resonance imaging (MRI) is one of the most powerful tools for non invasive clinical diagnosis due to contrast in soft 
tissues. It may be useful for the early detection of lesions. Protons (hydrogen nuclei) from different tissues yield different 

relaxation times providing a picture of anatomical pictures. Contrast agents have made a significant impact in the use of MRI for 
various clinical indications and improve quality of images. It is shown that inclusion of contrast agents improves the quality of 
images and accentuates differences between normal and diseased lesions. Since the introduction of the first MRI contrast agent 
Gd-DTPA in 1988, there has been a tremendous increase in the number of contrast-enhanced examinations. Nanoparticles that 
possess magnetic properties can be manipulated by an external magnetic field gradient and thus useful for novel biomedical 
applications, such as magnetic drug targeting, hyperthermia, MRI contrast enhancement and magnetic separation. Advances in 
nanoparticle contrast agents for molecular imaging have made magnetic resonance imaging a promising modality for noninvasive 
visualization and assessment of vascular and cardiac disease processes.

MRI contrast agents contain paramagnetic or superparamagnetic metal ions that attract considerable interest due to their 
excellent properties such as large surface area and contrasting effects. The contrast agents are used primarily to increase the 
sensitivity of MRI for detecting various pathological processes and also for characterizing various pathologies. Since iron oxide 
nanoparticles have markedly higher value of the magnetic moment and thus, present much higher relaxivities than Gd-chelates.

MRI contrast in soft tissues is due to differences in the proton density, spin lattice relaxation time T1 and spin-spin relaxation 
time T2 of the protons. The modification in contrast is due to their effect of shortening the relaxation time T1 and/or T2 of the 
protons located in their vicinity. If the contrast agent reduces time T1 (paramagnetic contrast agents, such as Gadolinium chelates), 
we observe enhancement in T1 weighted sequences. On the other hand, if it shortens T2 (superparamagnetic contrast agents such 
as SPIO and USPIO), there will be a reduction in the T2 and T2* signal. Under an applied magnetic field, induced magnetic spins 
in magnetic nanoparticles perturb the nuclear spin relaxation processes of protons of water molecules surrounding magnetic 
nanoparticles. This effect leads to the shortening of spin-spin relaxation time (T2) of the protons due to inhomogeneities in 
local magnetic field and fluctuating magnetic fields at molecular level, which results in darkening of MR images. Thus regions 
containing SPIO contrast agents appear darker in an MRI than regions without the agent. For example, when SPIOs are delivered 
to the liver, unlike diseased cells, healthy liver cells can uptake the particles and darkened. The basis of T1 weighted imaging is 
the longitudinal relaxation. A T1 weighted magnetic resonance image is created typically by using short TE and TR times. Due 
to the larger longitudinal and transverse magnetization, fat has a higher signal and will appear bright on a T1 contrast MR image. 
Conversely, water has less longitudinal magnetization prior to a RF pulse, therefore less transverse magnetization after a RF pulse 
yielding low signal appearing dark on a T1 contrast image.

A brief review of superparamagnetic iron oxide (SPIO) based MRI contrast agents and their current clinical applications are 
presented. The effect of relaxation times of magnetic nanoparticles with varying size, surface modification etc on the development 
of contrast in MRI will also be discussed.
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