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Introduction

The increased use of Magnetic Resonance Imaging (MRI) methods as clinical diagnostic tools has prompted for the development of new, more
powerful and selective MRI contrast agents (CAs)'. Effectiveness of diagnosis by MRI is joined to the design of new MR sequences as well as the
development of new CAs increasing the quality, resolution and specificity of the MR images>*. In the last two decades, our research group actively
work in this field contributing to the preparation and evaluation of new paramagnetic CAs for MRI*®, and others responsive CAs such as, pH probes
aimed to measure the extracellular pH within tumours through Proton Magnetic Resonance Spectroscopic Imaging ('"H MRSD)®’. At present, we are
interested in the development of a new generation of paramagnetic CAs with anisotropic magnetic properties, being the Single Wall Carbon
Nanotubes (SWNTs) the ideal systems®. Functionalization of SWNTs constitutes an active area because of their applicability as organic materials or
even used as vehicles in drug delivery systems. Furthermore, many synthetic organic transformations of SWNTs have been reported in order to
modulate their solubility properties in water or in organic solvents, making them as promising candidates in biotechnology and nanomedicine’ [8].

M ethods

Our aim is the development of a new generation of paramagnetic CAs with anisotropic magnetic properties. We propose the utilization of anisotropic
materials in order to distinguish between laminar or turbulent flow in the normal or pathologic biological systems. With this goal, commercial
SWNTs were purified by treatment with concentrated HCL Then, the structures were either treated with GdCl; to obtain nanotubes Gd containing, or
oxidized with HNOj; to yield the corresponding acids. These can be used to chelate gadolinium in a covalent manner in order to improve the
paramagnetic character of the SWNT. Relaxivity measurements of the new structures were made at low field in a 0.5 T Bruker Minispect ®. MRI in
Vitro studies were carry out at high filed in a 7 T Bruker PharmaScan®).

Results

Single Walled Carbon Nanotubes SWNTs synthesized by chemical vapor deposition (CVD) with a purity of 10-40 % have been used in these studies.
Dimension of SWNTs: 0.7-1.2 nm diameter, and 2-20 um length. Characterization was performed by the following thecniques:

TEM. Commercial and treated SWNTs images (100 kV) show different characteristics depending on the SWNTs modification. SWNTsCOOH and
SWNTsCOOHGJ [III] appear as diffuse images being necessary high resolution TEM analysis.

TG. Thermogravimetric profiles show the presence of carboxylic groups for the SWNTsCOOH and SWNTsCOOH-Gd [III] samples. In both cases,
CO, loss is observed in a temperature range between 200 to 300 °C. For the samples SWNTs-Gd [1II] and SWNTsCOOH-Gd [III], calcination
residues correspond approximately to the Gd contents determined as Gd,Os.

TXRF. Total Reflection X-ray fluorescence provided quantitative information of metals expressed as % weight. The paramagnetic metals residues
such as Ni, and Co on SWNTsCOOH are responsible for the magnetic properties.

MRI. Magnetic SWNTs induce an anisotropic relaxivity being the intensities of the MRI acquired parallel to Bo bigger than those acquire
perpendicular to Bo, as it is depicted in the intensity histograms.
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Figure 1: TXRF Profile of A) SWNTs, B) SWNTs-Gd(III), C) SWNTsCOOH D)  Figure 2: T1 weighted images A) perpendicular to B0, B) parallel to B0, C)
SWNTsCOOH-Gd(III) Intensity histogram of A and B

Conclusion
We have probed that magnetic tubular materials induce anisotropic magnetic properties in MRI. In this line, single wall nanotubes are promising
systems for the preparation of anisotropic paramagnetic contrast agents able to distinguish between laminar (normal) and turbulent (pathologic) flow.

! Krause W. Ed. Contrast Agents I: Magnetic Resonance Imaging, Top. Curr. Chem., 2002.

? Meerbach, A. E., Toth, E. Eds. In The chemistry of contrast agentsin medical magnetic resonance imaging. John Wiley & Sons, Ltd., Chichester, 2001

* Krause W. Ed. Contrast Agents I: Magnetic Resonance Imaging, Top. Curr. Chem., 2002

4p. Lopez-Larrubia, C. G. Seipelt, P. Merkling, L. Sturz, J. Alvarez, A. Délle, M. D. Zeidler, S. Cerd4n, P. Ballesteros, Bioorg. Med. Chem. 1999, 7, 517

3 Mayoral EP, Garcia-Amo M, Lépez P, Soriano E, Cerdan S, Ballesteros P. Bioorg. Med. Chem. 2003, 11, 5555

® Garcia-Martin ML, Hérigault G, Rémy C, Farion R, Ballesteros P, Coles JA, Cerdan S, Ziegler A. Cancer Res. 2001, 61, 6524

" Provent P, Benito M, Hiba B, Farion R, Lopez-Larrubia P, Ballesteros P, Rémy C, Segebarth C, Cerddn S, Coles JA, Garcia-Martin ML., Cancer Res. 2007, 67, 7638
8 Sitharaman B, Kissell KR, Hartman KB, Tran LA, Baikalov A, Rusakova I, Sun Y, Khant HA, Ludtke SJ, Chiu W, Laus S, T6th E, Helm L, Merbach AE, Wilson LJ.
Chem. Commun.2005, 31, 3915

% A. Bianco, K. Kostarelos, M. Prato, Curr. Opinion Chem. Bial. 2005, 9, 674

Proc. Intl. Soc. Mag. Reson. Med. 17 (2009) 886



