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Nowadays, MRI contrast agent plays an indispensable role not only in clinical diagnostics but also in the bioscience research,
because of their ability to aid discrimination by enhancing specific features. Over the last decades, numerous attempts have been
made to improve the sensitivity and specificity of contrast agent using ditferent techniques to achieve better image contrast
continuously. The primary research object of the paper is about a new super paramagnetic iron oxide (new SP10) nanoparticles as
one kind of MRI contrast agents, which have concentrated polymer brushes in the outer shell and are difficult for phagocytes to
absorb. The principal aim of this study was to investigate the biodistribution and retention properties of this new SPIO, and also
aimed to verify the possibility of this new SPIO to be used as a new biofunctional imaging method to assess organs function by
using kinds of disease mouse models of nephritis and multiple sclerosis in ultra-high field MRI system.

Firstly, I investigated the biodistribution and retention properties of new SPIO in normal mouse, and to compare the
new SPIO with clinically approved SPIO (Resovist). I found that the contrast pattern of new SPIO is quite different from
Resovist, especially in the kidney of mouse, new SPIO exhibited a unique MRI contrast pattern which can not observed with other
contrast agents. And the results of TEM showed that numerous of new SPIO particles were engulfed by mesangial cells in kidney
glomeruli, even though the new SPIO was absorbed in only negligible amounts by phagocytes in liver and lymphatic tissues due
to its stealth. These results indicate that the new SPIO may be potentially be used as a new contrast agent for the assessment of
kidney function because mesangial cells play important roles in renal physiology and immune function.

Secondly, I verified the possibility of this new SPIO to be used as a new contrast agent for the assessment of kidney function by
using a kind of IgA nephritis mouse model, due that new SPIO particles were engulfed by mesangial cells in glomeruli and
exhibited a unique MRI contrast pattern in normal mouse kidney. And I also compared the new SPIO with Resovist in this
study. I found that new SPI1O didn’t show any contrast effect in the kidney of nephritis mouse model, which is quite different from
that in normal mouse. However, the Resovist did not show any difference in the kidneys between the normal mouse and IgA
nephritis mouse model. These results indicate that Resovist and the new SPIO have an entirely different mechanism of
accumulation in glomeruli. I also verified that the new SPIO can be used as a new approach to the assessment of kidney function
due that the contrast effect changes when inflammation occurred in glomeruli.

Thirdly, I combined the anti-Smith (anti-Sm) antibody which is a specific marker for SLE to the new SPIO, aimed to
synthetize a new particle with more sensitivity and specificity. And used this antibody combined particle into SLE model mice
to investigate whether this new particles show the specific distribution and retention properties in the kidneys. The MRI images
revealed that the antibody combined particle shows a specific distribution and long retention time in the cortex of the kidney in
lupus nephritis mouse model, but not in wild type WT mice. These results suggest that the distribution pattern of this new
particle in the renal corpuscle may retlect the symptoms of kidney disease in lupus nephritis mouse models, and it also shows
the potential for use as a molecular-targeted imaging agent to assess the lupus nephritis in vivo.

The first study’s results showed that the new SPIO didn’t show contrast effect in normal mouse brain because of its stealth
property and the existence of blood -brain barrier (BBB). Therefore, I speculated that the new SPIO would exhibit a different
contrast pattern in the brain when BBB was breakdown, and could be used for the assessment of BBB as a new approach. In the
last study I investigated the usability of new SPIO to assess the damage of BBB in a multiple sclerosis mouse model (EAE), and
also evaluated the activity of immune cells in different stages of EAE model mouse by using the Resovist. I found that the new
SPIO showed a specific distribution in the brain and spinal cord which corresponding to the ruptured BBB of onset mouse, but
not in the recovery model and the normal mice. And the Resovist showed different contrast effect in the different stage which is
corresponding to the dynamics change of cellular immunity. I also found that new SPIO group’s results showed us that there is a
time different on the rupture and recovery of BBB between the brain and spinal cord in EAE model from the MRI results of new
SPIO groups. These results suggest that the possibility of a new imaging method using a combination of new SPIO and
Resovist, which could make a contribution to the research on the pathogenesis of EAE.

In this study, I have developed some new applications for the new SPIO and Resovist, and successfully got the unique MRI
contrast patterns which could not obtained by other contrast agents. The results suggest that they can be used as a new
biofunctional imaging method to assess the organs function, and make a contribution to the bioscience research.
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