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’ INTRODUCTION

Colloidal nanoparticles have been intensively investigated for
their biomedical applications related to imaging, diagnostics, and
therapeutics due to their unique electronic, optical, and magnetic
properties.1 Injected nanoparticles can evade phagocytosis of
reticuloendothelial system (RES) and accumulate in targeted
organs. Circulation time and interactions with various cells such
as macrophages are highly dependent on the size and surface
properties of nanoparticles. Consequently, there have been exten-
sive efforts to develop effective nanobiomedical platforms based
on inorganic nanoparticles.2 For example, semiconductor nano-
particles, also known as quantumdots (QDs), have been extensively
studied as fluorescent probes for optical imaging.3 On the other
hand, magnetic nanoparticles have been used as contrast agents
in magnetic resonance imaging (MRI).4

X-ray computed tomography (CT) is one of the most popular
diagnostic imaging techniques in clinical use, due to its merits such
as cost effectiveness, high-contrast resolution, unlimited penetra-
tion depth, and facile image processing.5 However, for accurate

diagnosis, administration of a large amount of contrast agent is
often required because sensitivity and soft tissue contrast are
inherently low in X-ray CT imaging. Therefore, cost should be
seriously considered in the design of new X-ray CT contrast
agents.6a,b Currently, iodinated compounds are widely used as
CT contrast agents with an emphasis on its cost-effectiveness and
safety than its performance. However, small iodinated com-
pounds are rapidly excreted via renal elimination, resulting in
short circulation time that limits their applications for target-
specific imaging and angiography.6

Recently, various nanoparticles have been introduced as potential
candidates for X-ray contrast agents.7 As compared to conven-
tional iodine-based contrast agents, nanoparticle-based agents
are characterized by superior contrast enhancement and pro-
longed blood circulation time. Furthermore, nanoparticles can be
easily functionalized with various biomolecules for tissue-specific
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ABSTRACT: Ever since Au nanoparticles were developed as X-ray contrast
agents, researchers have actively sought alternative nanoparticle-based
imaging probes that are not only inexpensive but also safe for clinical use.
Herein, we demonstrate that bioinert tantalum oxide nanoparticles are
suitable nanoprobes for high-performance X-ray computed tomography
(CT) imaging while simultaneously being cost-effective and meeting the
criteria as a biomedical platform. Uniformly sized tantalum oxide nano-
particles were prepared using a microemulsion method, and their surfaces
were readily modified using various silane derivatives through simple
in situ sol�gel reaction. The silane-modified surface enabled facile
immobilization of functional moieties such as polyethylene glycol (PEG) and fluorescent dye. PEG was introduced to endow
the nanoparticles with biocompatibility and antifouling activity, whereas immobilized fluorescent dye molecules enabled
simultaneous fluorescence imaging as well as X-ray CT imaging. The resulting nanoparticles exhibited remarkable performances
in the in vivo X-ray CT angiography and bimodal image-guided lymph node mapping. We also performed an extensive study on
in vivo toxicity of tantalum oxide nanoparticles, revealing that the nanoparticles did not affect normal functioning of organs.



5509 dx.doi.org/10.1021/ja200120k |J. Am. Chem. Soc. 2011, 133, 5508–5515

Journal of the American Chemical Society ARTICLE

uptake and multimodal imaging applications, resulting in more
dependable diagnostic information.8 However, dissolution or ag-
gregation of the nanoparticles in blood vessels can cause severe
toxicity or fatal embolism, respectively, and it can become even
more serious when large dose is used during X-ray CT imaging.
Therefore, colloidal stability of the nanoparticles has been the
most important issue for their clinical applications. This require-
ment is also closely related to the surface chemistry of the nano-
particles. Consequently, the development of inexpensive and
nontoxic nanoparticles with facile and reliable surface modifica-
tion capability is highly desirable.

Until now, the most studied nanomaterials for X-ray contrast
agents are nanoparticles of Au and Bi2S3.

7 Bi2S3 nanoparticles
have apparent limitations due to the intrinsic toxicity of Bi. Although
it is relatively easy to synthesize and functionalize Au nanopar-
ticles, the cost of using gold as X-ray contrast agent is a huge
obstacle to their clinical utilization. Tantalum is another strong
candidate as a CT contrast agent due to its high X-ray attenuation
coefficient and bioinertness.9 Because of their relative nontoxi-
city, tantalum and tantalum oxide have been widely used in
clinical applications as a part of radiographic markers, implants,
artificial joints, stents, and vascular clips.9 Moreover, tantalum is
much cheaper than gold while possessing a comparable X-ray
attenuation coefficient (Ta, 4.3 and Au, 5.16 cm2/kg at 100 eV).
Recently, water-soluble sub-10 nm tantalum oxide nanoparticles
were synthesized for X-ray/CT imaging applications.10 Although
X-ray contrast was enhanced by the tantalum oxide nanoparti-
cles, rapid renal clearance occurred. While rapid clearance of
nanoparticles is desirable in some cases, the limited image acquisi-
tion time should be problematic for applications other than
angiography. Herein, we report facile and large-scale synthesis
of uniform-sized tantalum oxide (TaOx) nanoparticles via micro-
emulsion method under ambient conditions. The surface of the
TaOx nanoparticles was easily modified by silane derivatives.
Surface modification with fluorophore or polymer allowed the
nanoparticles to be successfully used as an in vivo X-ray CT
contrast agent for angiography and bimodal image-guided lymph
node mapping.11 For the first time, in vivo toxicity of tantalum
oxide nanoparticles was systematically examined. It was found
that the nanoparticles did not cause any significant adverse effect
on liver and other organs.

’EXPERIMENTAL SECTION

Synthesis of TaOx Nanoparticles in Microemulsion. Micro-
emulsion (ME) was prepared by adding 0.25 mL of NaOH aqueous
solution (75 mM) to the oil phase composed of 2.3 g of Igepal CO-520
(Aldrich), ethanol (Samchun, 99.5%), and 20mLof cyclohexane (Samchun,
99.5%). After 0.05 mL of tantalum(V) ethoxide (0.3 mmol, Strem,
99.8%) was added to the ME at room temperature, a resulting mixture
containing tantalum oxide nanoparticles (designated as TaOx-ME) was
synthesized within 5 min. To control the size of the TaOx nanoparticles,
the amount of ethanol was varied (0, 0.25, 0.5, and 0.75 mL).
One-Pot Surface Modification of TaOx Nanoparticles:

Pegylation and Rhodamine-B-isothiocyanate (RITC) Func-
tionalization of TaOx Nanoparticles for Bimodal Imaging
Applications. To prepare rhodamine-B-isothiocyanate (RITC)-func-
tionalized silane, 110 μL of aminopropyltriethoxysilane (APTES, Aldrich)
was reacted with 50 mg of RITC in 3.75 mL of ethanol at room
temperature for 24 h. The resulting solution along with 12.5 mL of
2-methoxy(polyethyleneoxy)propyltrimethoxysilane (PEG-silane, Gel-
est, 596�725 Da) was added to 1 L of the as-prepared TaOx-ME.

The mixture was then stirred at room temperature for 24 h, becoming a
red turbid solution. The resulting solution was evaporated at 60 �C until
the solution became transparent, after which the functionalized TaOx

nanoparticles were precipitated by adding a mixed solution of 1:1 (v/v)
ether/n-hexane. The precipitates were purified with ether and dispersed
in ethanol. To this solution was added 100 mg of methoxypoly(ethylene
glycol) succinimidylglutarate (mPEG-SG, MW 2000, Sunbio). The
mixture was stirred overnight at 30 �C to conjugate PEG onto residual
amine groups on the surface of the functionalized TaOx nanoparticles.
After being washed several times with deionized water, the final product,
designated as PEG-RITC-TaOx, was dispersed in phosphate buffered
saline (PBS) buffer.
X-ray CT and Fluorescence Imaging with PEG-RITC-TaOx.

Phantom Test. Various concentrations of PEG-RITC-TaOx (0.22, 0.45,
0.9, 1.8, 3.6, 7.2, 14.5, and 29mg of Ta/mL) dispersed in deionized water
were prepared in 1.5 mL microtubes. CT images were acquired using a
dual-source CT system (Somatom Definition, Simens). Imaging param-
eters were as follows: thickness, 1 mm; pitch, 1; 120 kVp, 90 mA; field of
view, 84 � 84; gantry rotation time, 0.5 s; table speed, 6 mm/s.

Cell Culture. RAW264.7 (murine macrophage cell line) was grown in
monolayers in Dulbecco’sModified Eagle’sMedium (DMEM,WelGENE)
supplemented with 10% (v/v) fetal bovine serum (FBS, Gibco) and
penicillin/streptomycin (100 U/mL and 100 μg/mL, respectively, Gibco)
in a humidified 5% CO2 atmosphere at 37 �C.

Cellular Uptake. To observe cellular uptake of the TaOx nanoparti-
cles, 1 � 104 RAW 264.7 cells per well were cultured in an 8-well
chamber slide (NalgenNunc, Naperville, IL) and incubated with PEG-
RITC-TaOx at various concentrations (0, 0.6, 1.2, and 2.4 mg of Ta/
mL). After 24 h, the cells were washed with PBS, fixed with 4% para-
formaldehyde, and stained with 40,6-diamidino-2-phenylindole (DAPI, 1
μg/mL in PBS, Roche). Fluorescence images were acquired by confocal
laser scanning microscopy (CLSM) (LSM 510, Carl Zeiss, Germany).

Cell Viability Assay. The viability and proliferation of cells in the
presence of TaOx nanoparticles were evaluated by 3-[4,5-dimethylthial-
zol-2-yl]-2,5-diphenyltetrazolium bromide (MTT, Sigma) assay. The
assay was performed in triplicate in the following manner. RAW264.7
cells were seeded into 96-well plates at a density of 1� 104 cells per well
in 200 μL of media and grown overnight. The cells were then incubated
with various concentrations of PEG-RITC-TaOx (0, 0.075, 0.15, 0.3, 0.6,
1.2, and 2.4 mg of Ta/mL) for 24 h. Following incubation, cells were
incubated in media containing 0.1 mg/mL of MTT for 1 h. Thereafter,
MTT solution was removed, and precipitated violet crystals were
dissolved in 200 μL of DMSO. The absorbance was measured at
560 nm using a VersaMax microplate reader (Molecular Devices).

In Vitro CT Imaging. RAW264.7 cells were seeded onto culture dishes
at a density of 1 � 106 cells per plate in 10 mL of media and grown
overnight. Subsequently, various concentrations of PEG-RITC-TaOx

(0, 0.63, 1.3, and 2.5 mg of Ta/mL) dispersion were added. After 24 h,
the cells were washed twice with PBS to remove free nanoparticles and
detached by the addition of 1 mL of trypsin/EDTA (Gibco). After
centrifugation at 1500 rpm for 5 min, cells were dispersed in 1 mL of
culture media and transferred to a 1.5 mL microtube. Cell pellets were
prepared by centrifugation at 2000 rpm for 5 min. CT images were
acquired using a dual-source CT system (SomatomDefinition, Simens).
Imaging parameters were as follows: thickness, 1 mm; pitch, 1; 120 kVp,
90 mA; field of view, 84 � 84; gantry rotation time, 0.5 s; table speed,
6 mm/s.

In Vivo CT Imaging. CT images were acquired prior to injection of
PEG-RITC-TaOx as well as at appropriate time points after adminis-
tration. Rats were anesthetized by intraperitoneal injection of a mixture
of Zoletil (1.92 mg/kg; Virbac, France), Rompun (0.48 mg/kg; Bayer
Korea, Korea), and saline. Next, 1 mL of PEG-RITC-TaOx dispersion
(840 mg/kg) was injected through the tail vein of the rat. For lymph
node imaging, 100 μL of the PEG-RITC-TaOx solution was injected
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intradermally into the paws of rats, whichwere repeatedly imaged up to 2
h after injection. CT images were acquired using a Brilliance 64-slice CT
Scanner (Philips Medical System). Imaging parameters were as follows:
thickness, 0.1 mm; pitch, 0.648; 120 kVp, 192 mA; field of view, 108 �
108; matrix, 1024 � 1024 pixels; gantry rotation time, 0.75 s; table
speed, 16.7 mm/s. Thin-section axial images were reformed to coronal
images through a computational technique referred to as multiplanar-
reconstruction (MPR). The three-dimensional (3-D) reconstructed images
were obtained using OsiriX (version 3.8.1; 32 bit; OsiriX foundation,
Geneva).
In Vitro and In Vivo Fluorescence Imaging. In vitro and in vivo

fluorescence images were acquired using a fluorescence imaging system
at an excitation wavelength of 550 nm (Kodak IS4000MM pro, U.S.).

’RESULTS AND DISCUSSION

The overall synthetic process of the TaOx nanoparticles was
adopted from the microemulsion synthesis of silica nanoparticles
with some modifications (Scheme 1).12 We used 75 mM NaOH
solution as a base catalyst for the sol�gel reaction of tantalum(V)
ethoxide instead of typical ammonia catalyst used in silica
sol�gel reactions because the reaction rate of tantalum(V)
ethoxide is much faster than that of TEOS and ammonia catalyst
would lead to uncontrolled agglomeration of nanoparticles. After
emulsification of a mixture composed of cyclohexane, ethanol,
NaOH, and Igepal CO-520 surfactant, tantalum(V) ethoxide was
added to the emulsion. Controlled sol�gel reaction in the reverse
micelles at room temperature led to the formation of uniform
nanoparticles within 5 min. The transmission electron micro-
scopy (TEM) image of the as-prepared TaOx nanoparticles in
micelles (TaOx-ME) showed that the size distribution of the
nanoparticles was very narrow (σr e 5%) (Figure 1a). X-ray
photoelectron spectroscopy (XPS) data (Figure S1a in the

Supporting Information) revealed that the nanoparticles are
composed of tantalum suboxides (TaOx, x≈ 1).13 X-ray diffrac-
tion (XRD) and electron diffraction (ED) patterns showed that
the nanoparticles were amorphous (Figures S1b,c in the Sup-
porting Information). The size of the nanoparticles could be
controlled in the range of 5�15 nm by varying the amount of
ethanol (Figure 2).14 The increased amount of ethanol seems to
have resulted in a decrease of hydrolysis rate of tantalum ethoxide,
which eventually led to production of large nanoparticles.15

Surface modification of the TaOx nanoparticles was directly
performed using various silane agents without purification after
the synthesis of the TaOx-ME. Because the surface of unmo-
dified TaOx nanoparticles is acidic and reactive toward con-
densation reactions, TaOx nanoparticles would be irreversibly
aggregated without additional stabilization. Among the various
silane moieties, PEG-silane and dye-conjugated silane were
chosen because they are representative biocompatible polymer
and fluorescent probe, respectively. Simple silica sol�gel reac-
tion between the hydroxyl groups of the TaOx-ME and silane
reagents led to the formation of functionalized-silica-coated
TaOx nanoparticles, which can be applied to multifunctional
imaging platforms with multiple modality and/or targeting/
therapeutic functions.16

Long-circulating nanoparticles are required for effective X-ray
CT imaging, such as angiography and tissue specific imaging. To
avoid rapid clearance from the bloodstream by reticuloendothe-
lial system (RES) uptake, PEG-silane was immobilized on the
TaOx nanoparticles as an antifouling agent. For fluorescence
imaging, rhodamine B isothiocyanate (RITC)-conjugated aminopro-
pyltriethoxysilane (APTES) was attached to the TaOx nanopar-
ticles. RITC-conjugated-APTES and PEG-silane were simulta-
neously immobilized on the TaOx-ME to produce tantalum

Scheme 1. Schematic Illustration of the Synthesis and Surface Modification of TaOx Nanoparticles, and Their Applications to
X-ray CT Imaging
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oxide nanoparticles conjugated with both PEG and RITC,
designated as PEG-RITC-TaOx. The TEM image of PEG-
RITC-TaOx (Figure 1b) showed that the nanoparticles were
well dispersed in water, whereas no agglomerated nanoparticles
were observed. 29Si NMR spectroscopy revealed a single band
corresponding to T2 bonding sites centered at δ ≈ �55 ppm,
demonstrating that PEG-silane formed on the surface of the
nanoparticles while no separate silica particle formed (Figure S2a
in the Supporting Information).17 As shown in the inset of Figure 1c,

PEG-RITC-TaOx was transparent, which is advantageous for
fluorescence imaging. RITC-conjugated TaOx exhibited compar-
able photoluminescence to free RITC (Figure 1c), indicating
that the conjugated dyes were stable and that their fluorescence
was preserved even after the conjugation reaction. The hydro-
dynamic diameter (HD) of the particles as measured by dynamic
light scattering (DLS) was approximately 19 nm, demonstrating
that no aggregation occurred (Figure S2b in the Supporting
Information), which matched very well with the TEM data. The
XPS spectrum of PEG-RITC-TaOx was similar to that of the
TaOx nanoparticles in microemulsion, and Ta 4f7/2 (red) and Ta
4f5/2 (blue) peaks at 26 and 24.1 were in good agreement with
the positions of peaks associated with TaO in the literature
(Figure S3 in the Supporting Information).13 The current synthetic
process is relatively easy to scale up. For example, when we ran
the reaction with 50 times as much material, as much as 6.4 g of
PEG-RITC-TaOx was obtained in a single batch (Figure S4).

X-ray CT phantom images were acquired using various con-
centrations of PEG-RITC-TaOx dispersed in deionized water.
The CT numbers, called Hounsfield units (HU), increased linearly
as the concentration of the nanoparticles increased (Figure 3a).
Although the contrast enhancement of Ta atom is slightly smaller
than that of Au atom in diagnostic X-ray spectra (4.302 and
5.158 cm2/g, respectively, at 100 keV), the measured HU values
of the TaOx nanoparticles were much higher than those of
current iodine-based X-ray contrast agents.6a,7a,10 MTT assay
revealed that cell viability was not hindered by PEG-RITC-TaOx

up to a concentration of 2.4 mg of Ta/mL (Figure 3b), which is
an extremely high concentration. Cellular X-ray CT and fluo-
rescence imaging were conducted to demonstrate dose-depen-
dent uptake and in vitro multimodal imaging capability of PEG-
RITC-TaOx. Cellular uptake was investigated by incubating
murine macrophage cells (RAW264.7) with different concentra-
tions of nanoparticles in serum-containing media. The confocal
laser scanning microscopy (CLSM) images in Figure 3c revealed

Figure 1. (a) TEM image of as-prepared TaOx nanoparticles in
microemulsion, and (b) TEM image of PEG-RITC-TaOx dispersed in
water (inset: photograph of the aqueous dispersion of nanoparticles).
(c) Absorbance and fluorescence spectra of PEG-RITC-TaOx and free
RITC in PBS solution. Optical densities were equalized to match the
number of RITC molecules in both samples (λex = 520 nm, inset:
photographic image of the fluorescent nanoparticles in PBS solution
excited with UV light).

Figure 2. Size-controlled synthesis of TaOx nanoparticles. (a�d)
TEM images of 6, 9, 13, and 15 nm-sized TaOx nanoparticles in
microemulsion.
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that the nanoparticles were taken up by RAW264.7 cells via
endocytosis. Fluorescence images of the cells after uptake of the

nanoparticles show that the red luminescence becamemore intense
and that HU values increased as the concentration increased

Figure 3. In vitro characterization of PEG-RITC-TaOx. (a) HU measurements (left) and phantom CT image (right) of PEG-RITC-TaOx in water.
(b) RAW264.7 cells (murine macrophages) were cultured with the nanoparticles of various concentrations. Cytotoxicity of the nanoparticles was
determined by MTT assay. (c) CLSM images of RAW264.7 cells incubated with PEG-RITC-TaOx for 24 h (scale bar: 20 μm). The nuclei were stained
blue with 40-6-diamidino-2-phenylindole (DAPI). (d) Cellular imaging results of RAW264.7 cells incubated with various concentrations of PEG-RITC-
TaOx. Bright field image (top), fluorescence image (λex = 550 nm) (middle), and X-ray CT image of cell phantom (numbers indicate CT values in HU)
(bottom).

Figure 4. In vivo X-ray CT imaging. (a,b) Serial CT coronal views of a rat following injection of 1 mL of PEG-RITC-TaOx solution (840 mg/kg) into
the tail vein. (a) Heart and liver (coronal view cut along the yellow dotted line in (c)). (b) Spleen, kidney, and inferior vena cava (coronal view cut along
the white dotted line in (c)). (c) 3D-renderings of in vivoCT images reveal the ventral (top) and lateral (bottom) sides of the heart and great vessels. The
images were obtained immediately after injection.
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(Figure 3d). These fluorescence and X-ray CT results demon-
strated in vitro bimodal imaging capability as well as dose-
dependent uptake of the TaOx nanoparticles by mammalian cells.

To perform in vivo X-ray CT imaging, PEG-RITC-TaOx (840
mg/kg) was injected intravenously into the tail vein of a rat.
Distribution of the particles was tracked by X-ray CT imaging
before injection as well as immediately, 5 min, 30 min, 1 h, 2 h,
3 h, and 24 h after injection (Figure 4a,b). Once the nanoparticles
were injected, the vessels were preferentially enhanced, enabling

spatially described, volume-rendered images of the blood pool
(Figure 4c and Supporting Information movie 1). The en-
hancement continued for over 3 h, indicating long circulation
of the particles. The nanoparticles were eventually accumulated by
macrophages in the spleen and liver. The HU values of the blood
vessels and heart reached maximum values immediately after
injection and then decrease slowly, whereas the HU values of the
liver and spleen gradually increased (Table S1 in the Supporting
Information).

Figure 5. Time course of histological changes in the liver, spleen, heart, kidney, and lung of rats that received single intravenous injection of 1 mL of
either PBS (control) or PEG-RITC-TaOx (840 mg/kg dose in PBS) followed by dissection at the indicated times. Sections were stained with H&E and
observed under a light microscope at 100� magnification.

Figure 6. Sentinel lymph node mapping and resection. (a) In vivo CT volume-rendered (upper left) and maximum intensity projections (MIP)
images (upper right and lower panels) of the sentinel lymph node of the rat were obtained 2 h after intradermal injection of 100 μL of PEG-RITC-
TaOx solution (210 mg/mL) in both paws. The yellow circles and arrows indicate the locations of the lymph nodes. (b) White light photographs
(upper panels) and fluorescence images (lower panels) of the rat injected intradermally with 100 μL of PEG-RITC-TaOx solution in both paws.
Lateral views of the rat 2 h after injection show highly intense red emission from the lymph node and injected part (left and middle). Arrows and
circles indicate the putative axillary sentinel lymph nodes and injection point, respectively. Sentinel lymph nodes of the two rats dissected by bimodal
image-guided surgery (right).
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After 24 h of CT imaging, the rat was sacrificed, and the bio-
distribution of PEG-RITC-TaOx was visualized by fluorescence
imaging of the dissected organs. CLSM images of the samples
showed that most of the nanoparticles were found in the liver and
spleen (Figure S5 in the Supporting Information). To determine
whether PEG-RITC-TaOx caused any harmful effects or any
diseases in these organs, long-term toxicity of the nanoparticles
was investigated by monitoring histological changes in several
organs, including the liver, spleen, heart, kidney, and lung, for
more than 2 weeks. Rats were dissected at 1 day, 3 day, 7 day, and
15 day after the injection of single dose (840 mg/kg) of PEG-
RITC-TaOx. Hematoxylin and eosin (H&E) stains of their
organs showed no evidence of adverse effect of the nanoparticles
(Figure 5). Serum levels of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were also measured over time
to determine the effect on liver function. The single dose injection
induced a transient increase of the serum level, which declined
rapidly and returned to normal at day 3 (Figure S6 in the Supporting
Information).18 These results demonstrate that tantalum oxide
nanoparticles exhibit little toxicity on liver as well as other organs.

Sentinel lymph node mapping is very important for the
precise determination of tumor metastasis.19 By precisely
mapping the lymph nodes, unnecessary dissection from sur-
gery can be avoided. To deliver the contrast agent to sentinel
lymph nodes, 100 μL of PEG-RITC-TaOx solution was
intradermally injected into the rats’ paws. Two hours following
injection, the locations of the lymph nodes were determined by
X-ray contrast enhancement (Figure 6a and Supporting In-
formation movie 2). To investigate whether or not the resec-
tion of lymph nodes can be assisted by bimodal imaging, the
locations of the lymph nodes were first determined using the
volume-rendered CT images. Once a site was located, the area
of the lymph nodes to be dissected was specified using
fluorescence imaging during the operation, followed by suc-
cessful extraction (Figure 6b). In the dissected lymph nodes,
nanoparticles were found by fluorescence imaging, but no histolo-
gical changes were observed by H&E staining (Figure 7).

’CONCLUSIONS

Gram-scale synthesis of uniform-sized TaOx nanoparticles
was achieved using a simple microemulsion method. One-pot
surface modification using various silane derivatives was success-
fully integrated to themicroemulsion synthetic system, providing
PEGylated and dye-immobilized TaOx nanoparticles with anti-
fouling and multimodal capabilities. In vivo X-ray CT imaging
using RITC-conjugated and PEGylated TaOx nanoparticles re-
sulted in bright and well-resolved CT images with long

circulation time. Time-course of histological studies and liver
toxicity test revealed no adverse effect of the nanoparticles,
possibly due to their bioinertness. Bimodal image-guided surgery
using the particles was also advantageous in the resection of
lymph nodes. These results clearly demonstrate that TaOx

nanoparticles can be used for various multifunctional medical
applications. In terms of practical clinical applications, tantalum
oxide nanoparticles have potentials for angiography as well as
RES-targeted imaging to improve the detection of metastases in
the liver and lymph nodes.19
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