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Gold-Plated CNTs Used as
Photoacoustic and Photothermal
Imaging Agents and Laser-Ablation
Therapeutic Agents

The photothermal (PT) and photo-
acoustic (PA) properties of carbon nano-
tubes (CNTs) make them promising can-
didates for deep-tissue imaging and
treatment of tumors and infections. The
possibility of toxicity, however, is a con-
cern. In contrast, gold nanoparticles, such
as gold nanoshells, gold nanorods, and
gold nanocages, have minimal toxicity
and show near-infrared absorption higher
than CNTs. Recently, an interdisciplinary
team led by J.-W. Kim at the University of
Arkansas, Fayetteville, and V.P. Zharov at
the University of Arkansas for Medical
Sciences (UAMS), Little Rock, combined
the advantages of gold nanoparticles with
CNT properties, including mechanical
flexibility, large surface area, small diame-
ter, and the ability to cluster, to enhance
PA and PT responses.

As reported in the August 23 online
publication of Nature Nanotechnology (DOI:
10.1038/NNANO.2009.231), Kim, Zharov,
and co-researchers E.I. Galanzha of UAMS
and also of Saratov State University in
Saratov, Russia, E.V. Shashkov of UAMS

and also of Prokhorov General Physics
Institute, Moscow, and H.-M. Moon of the
University of Arkansas fabricated gold-
plated CNTs (GNTs) by depositing a thin
Au film (2-8 nm thick) onto single-walled
CNTs with diameter of ~1.5 nm. The GNTs
are water soluble, well dispersed, and rod-
shaped with average dimensions of
100 nm + 36.7 nm in length and 11 nm +
4.1 nm in diameter. Optical spectral analy-
sis showed that the GNTs have a trans-
verse plasmon adsorption in the visible
spectral range similar to gold nanospheres
and a longitudinal resonance peak in the
NIR similar to gold nanorods. Plasmon
responses for GNTs in the NIR were
85-150 times higher than those for CNTs
at the same concentration. PT images of
individual GNTs showed high contrast
even at extremely low laser fluences in the
range of 1-10 mJ cm-2 at 850 nm. In-
creasing the pulse energy resulted in
increased image contrast and bubble for-
mation, demonstrating the possibility of
controlled, localized cell damage with lim-
ited damage to surrounding cells.

Live cells were exposed to concentrations
of GNTs ranging over 0.05-0.5 mg/ml.
The researchers observed no adverse cell
viability or toxicity effects after exposure

for 10 days. The researchers said that these
preliminary results imply minimal toxicity
for GNTs.

The researchers then used GNTs to tar-
get lymphatic endothelial cells (LECs line
the internal surface of lymphatic vessels
and are in direct contact with immune-
related cells, tumor cells, bacteria, and
other cells present in the lymph flow).
GNTs were conjugated with an antibody
specific to an LEC receptor, such as
LYVE-1, delivered to a mouse lymphatic
system, and exposed to a laser pulse
using an integrated intravital microscope.
Non-invasive diagnostics through PA/PT
imaging were performed with low laser
energy, followed by therapy—ablating
individual cells—with increased laser
energy. In addition, the researchers
demonstrated PA detection and PT abla-
tion of individual GNT-labeled tumor
cells in lymph nodes in vivo.

The researchers said, “We are currently
investigating the potential of GNTs for
molecular detection and eradication of
metastasis in the sentinel lymph nodes and
real-time tracking of GNTs in ear and skin
animal vasculatures, as well as an in vivo
toxicity study of GNTs on animal models.”
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