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Nanoshell Magnetic Resonance Imaging Contrast Agents

Nano-contrast agents have great potential in applications of magnetic resonance (MR) molecular imaging
for clinical diagnosis. Au3Cu1 (gold and copper) nanoshells were synthesized and showed a promising MR
contrast effect. For in vitro MR images, the large proton r1 relaxivities brightened T1-weighted images. As for
the proton dephasing effect in T2, Au3Cu1 lightened MR images at the low concentration of 0.125 mg mL-1

(3.84 x 10-7 mM), and then the signal continuously decreased as the concentration increased. For in vivo MR
imaging, Au3Cu1 nano-contrast agents enhanced the contrast of blood vessels and suggested their
potential use in MR angiography as blood-pool agents. We hypothesize that the cooperativity originating
from the form of the nanoparticles and that the large surface area coordinated to water from their porous
hollow morphology are important for efficient relaxivity.

Nanoparticle systems are promising new paradigms in
pharmacotherapy and provide many applications in the areas of
gene therapy, drug delivery, imaging, and novel drug discovery
techniques. The aim of nanodiagnostics is to identify disease at
its earliest stage, particularly at the molecular level. Nanopar-
ticle-based molecular imaging has set a unique platform for
cellular tracking, targeted diagnostic studies, and image-moni-
tored therapy. As we known, the effective MR contrast agents
must have a strong effect to accelerate spin-lattice relaxation
(T1), which produces bright or positive contrast images, or short-
en spin-spin relaxation (T2), which creates a dark or negative
contrast effect. In the present study, we present a new class of
bimetallic MR contrast agent: Au3Cu1 hollow nanospheres.  We
proposed that (1) the cooperativity originating from the form of
the nanoparticles and (2) the large surface area coordinated to
water from their porous hollow morphology are important for
efficient relaxivities for Au3Cu1 hollow nanospheres. In a cytotox-
icity and animal survival assay, Au3Cu1 nano-contrast agents
showed a dose-dependent toxic effect: the viability rate of
experimental mice reached 83% at a dose of 20 mg Kg-1 and as
much as 100% at 2 mg Kg-1.

The characterization of Au3Cu1 nanoshells, the porous
nanoshells were composed of Au3Cu1 structures, determined by
selected-area electron diffraction (SAED) and XRD measure-
ments, with low crystallinity. The ξ-potential measurements
indicated that these Au3Cu1 hollow nanoparticles had a negative
surface charge of -18 mV, which could be further engineered to
assemble with multilayer polyelectrolytes on their surfaces as
nanocapsules.  The X-ray absorption near-edge spectroscopy
(XANES) measurements were conducted by taking advantage of
the broadband nature of synchrotron radiation and tuning the
excitation energy through an absorption threshold of interest.
The spectra provided information about the oxidation state and
local symmetry of the absorbing atomic center, and the edge
positions (E0) are sensitive to the oxidation state of the metals.
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