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Abstract
We report a formulation of near infrared (NIR) phosphorescent polymeric nanomicelles and their
use for in vivo high contrast optical imaging, targeting and detection of tumors in small animals.
NIR phosphorescent molecules of Pt(II)-tetraphenyltetranaphthoporphyrin [Pt(TPNP)] were found
to maintain their NIR phosphorescence properties when encapsulated into phospholipid
nanomicelles. The prepared phosphorescent micelles are of ~100 nm size and are highly stable in
aqueous suspensions. A large spectral separation between Pt(TPNP) absorption, peaked at ~700
nm, and its phosphorescence emission, with peak at ~ 900 nm, allows a dramatic decrease in the
level of background autofluorescence and scattered excitation light in the NIR spectral range,
where the signal from phosphorescent probe is observed. In vivo animal imaging with
subcutaneously xenograted tumor-bearing mice has resulted in high contrast optical images,
indicating highly specific accumulation of the phosphorescent micelles into tumors. Using optical
imaging with NIR phosphorescent nanomicelles, detection of smaller, visually undetectable
tumors has also been demonstrated.
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INTRODUCTION
In the arena of bioimaging, optical imaging possesses a unique position, providing the
highest sensitivity and spatial resolution. Optical imaging with fluorescent probes is the only
technique which provides cellular or molecular level information with almost single
molecule sensitivity. Therefore, it is being widely used for tracking and reporting functional
information on molecules, proteins, and cells/tissues in vitro and in vivo, with a wide range
of applications including early diagnosis of cancer and other diseases, study of
pharmacokinetics and pharmacodynamics of biomolecules in vivo, and gene expression in
light-producing transgenic animals.1, 2 However, in vivo applications of optical bioimaging
are severely limited owing to the poor tissue penetration of visible light. Therefore, in recent
years there is a surge in the development of new generation of optical probes, which absorb
and emit light in the near infra-red (NIR) range (~700-1000 nm). This spectral region is
considered as the “optical transmission window” of biological tissues where there is less
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absorption and scattering of the excitation and emitted light as well as reduced
autofluorescence, thus allowing penetration of light for deep-tissue imaging with higher
contrast.2-4 Recent rise in nanotechnology has further bolstered the prospects of in vivo
optical imaging through the development of a variety of NIR-luminescent nanoformulations,
which include quantum dots,5 upconverting nanophosphors,6 and luminophore-containing
nanoparticulate carriers such as liposomes,7 polymersomes,8 ceramic,9-11 or polymeric12

nanoparticles, etc.

Despite a large amount of efforts currently being directed to fight cancer, it continues to be
one of the principal diseases, which leads to a large number of fatalities in the world. This is
primarily because using currently available techniques the clinical diagnosis of cancer is
possible only at extremely advanced phases, when the tumor has extensively metastasized
over the body and is thus beyond surgical or chemo-radiative intervention. As per the
statistical NIH database on the pancreatic cancer, currently available on the NIH website,
53% of the pancreatic cancer patients have been diagnosed after the cancer has already been
metastasized (distant stage). Therefore, there is an urgency in the development of novel
imaging probes which will diagnose the disease at an earlier, pre-metastatic phase, thus
significantly reversing the poor prognostic scenario associated with this disease. NIR-
luminescent nanoparticles are fast emerging as extremely promising candidates in this
direction, as new generation of optical probes for in vivo imaging. Nanoparticulate optical
probes doped with organic NIR fluorescent molecules demonstrate a number of advantages
over molecular NIR fluorescent probes. Firstly, the nanoparticle formulations provide an
option for multimodal imaging by co-doping with imaging agents of other modality, such as
MRI12, 13 or PET/SPECT14, 15 imaging, thus allowing to obtain complementary anatomical
and physiological information. Next, the surface of nanoparticles can be easily modified
with (a) inert and biocompatible polymers such as polyethyleneglycol (PEG), which endow
them with the ability to evade capture and degradation by the reticuloendothelial system
(RES)16, 17, as well as (b) biorecognition molecules to target specific tissues in vivo (“active
targeting”).18-21 Finally, upon systemic administration, nanoparticles have inherent property
to be preferentially taken up by the malignant tissues (“passive targeting”) by virtue of the
“enhanced permeability and retention” (EPR) effect22, 23, which is the property of such
tissues to engulf and retain circulating macromolecules and particles owing to their “leaky”
vasculature and poor lymphatic drainage.

Polymeric nanomicelles (PNMs) made up of biocompatible, hydrophobic-hydrophilic
copolymers (e.g. poloxamers, ploxamines, pluronics, etc.), encapsulating a variety of
diagnostic and therapeutic agents, are being increasingly investigated pre-clinically as safe
and efficient drug delivery systems.24 The biocompatible composition of the PNMs, as well
as their small size and tunable surface properties, enable them to avoid capture/degradation
by RES, thus allowing their unimpeded, prolonged systemic circulation. Drugs encapsulated
within PNMs are reported to exhibit higher passive accumulation in tumors compared to free
drugs with reduced distribution in other tissues. Recently, PNMs based upon diacyllipid-
poly(ethylene glycol) composite molecules have attracted significant attention in drug
delivery due to their many unique characteristics. These micelles are stable at extremely low
concentrations and demonstrate an increased EPR-mediated passive tumor accumulation.22

In addition, these micelles can be actively targeted to tumor and other desired sites via
conjugation with targeting ligands.25, 26

In this communication, we report the use of polymeric nanomicelles encapsulating NIR
phosphorescent dye [Pt(II)-tetraphenyltetranaphthoporphyrin, Pt(TPNP)] as efficient probes
for the high contrast optical imaging and diagnosis of tumors in small animals. Such
phosphorescent molecules as heavy-metal-ligand complexes have been extensively used in
the development of the organic light emitting devices (OLED).27-35 Compared with organic
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fluorescent dyes, they possess interesting photophysical properties, which make them
attractive candidates as probes for autofluorescence-free optical bioimaging. The crucial
advantage of the NIR phosphorescent optical probes over conventional NIR-fluorescent
probes is a large spectral separation between absorption and phosphorescence emission
which ensures a dramatic decrease in the level of background autofluorescence and scattered
excitation light in the spectral range where the signal from phosphorescent probe is
observed. In addition, the phosphorescence lifetime for these molecules is essentially
different from the characteristic fluorescence lifetime, allowing an opportunity to exploit
this highly characteristic feature for time-resolved photoluminescence (PL) imaging.36-40

Time-gated detection can dramatically increase the contrast in imaging, allowing
reconstruction of the phosphorescence intensity and lifetime images in scattering (or
autofluorescent) volumes.39, 40 A few reports have been recently published on the use of
phosphorescent molecules emitting in the visible range for optical imaging in
vitro,36-38, 41-45 as well as biolabeling44 and flow cytometry45. Formulations of polymeric
nanoparticles encapsulating molecules, which phosphoresce in the visible range, have been
also reported. However, they are phosphorescent at room temperature only if the
atmospheric oxygen is removed,46 or in special polymeric matrix impermeable to
oxygen47-49 or, additionally, when the nanoparticle matrix consists of halogen-containing
copolymers,49 which are potentially harmful for in vivo applications. On the other hand, in
vivo imaging with phosphorescent probes has been known for a long time. Wilson and co-
authors first proposed the use of the phosphorescent metalloporphyrins as the oxygen-
sensitive probes for imaging hypoxic tissues in vitro and vivo.50, 51 Wilson, Vinogradov and
co-authors have further developed their approach, allowing use of phosphorescent probes as
oxygen sensors and imaging probes for in vitro and in vivo applications involving imaging
of the hypoxic cells and tissues.52 However, these applications were not aimed at the
specific targeting of tumors with phosphorescent imaging probes, as tumor sites were not the
only sites that were shown to be hypoxic. Here we report the application of a promising and
efficient formulation of NIR phosphorescent polymeric nanomicelles for high contrast
optical imaging in vivo, allowing targeting and detection of tumors in live animals.

EXPERIMENTAL
Pt(II)-tetraphenyltetranaphthoporphyrin [Pt(TPNP)] was prepared by literature
procedures.35, 53 The encapsulation of the Pt(TPNP) into the DSPE-PEG/PC phospholipid
micelles was carried out as reported earlier54, 55 and shown in Figure 1 with several
modifications. Typically, 100μL of phosphorescent dye stock solution in toluene (0.12mg/
ml) was evaporated and dried under vacuum. The obtained solid mass was then resuspended
in 1mL chloroform with 5.5×10−6 moles of phospholipids containing 20% of 1,2-distearoyl-
sn-glycero-3-phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000] (DSPE-
mPEG-2000), 20% of 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
[amino(polyethylene glycol)-2000] (DSPE-PEG-2000 NH2) and 60% of 1,2-
distearoylglycero- 3-phosphocholine (DSPC), all from Avanti Polar Lipids, Inc., Alabaster,
AL. The solution was sonicated for 1 min and evaporated the chloroform completely under
vacuum over the rotary evaporator, following which the residue was gently heated at 80 °C
and 2 mL of water was added to obtain an optically clear suspension containing DSPE-PEG/
PC micelles. Dye/micelle formulation was purified by ultracentrifugation at 500,000 g for 2
hrs. The supernatant was discarded and the pellet containing phosphorescent dye-micelles
was resuspended in water. Different concentrations of the dye loaded nanomicelles were
prepared in the same way as described above by varying the polymer to dye ratio. All the
formulations of the phosphorescent dye with approximate concentrations of 2.5, 12.5, 25
μM were stable in deionized water or phosphate buffered saline (PBS), with no observable
aggregation, dissociation or bleaching for at least 1 month of storage. The samples were
stored at 4 °C for further use.
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Absorption spectra were acquired using a Shimadzu 3600 spectrophotometer and a SPEX
270M spectrometer (Jobin Yvon), equipped with InGaAs TE-cooled photodiode (Electro-
Optical Systems, Inc.), was used to record emission spectra. A laser diode emitting at 630
nm was used as an excitation source. The sample in a quartz cuvette was placed directly in
front of the entrance slit of the spectrometer and the emission signal was collected at 90-
degrees relative to the excitation light. A Hamamatsu IR-PMT, attached to second output
port of the SPEX 270M spectrometer, was used to record emission decays on the Infinium
oscilloscope (Hewlett-Packard) coupled to the output of the PMT. A third harmonic (355
nm) from a nanosecond pulsed Nd:YAG laser (Lotis TII, Belarus), operating at 20 Hz, was
used as the excitation source.

The xenografted mouse models were generated by subcutaneously injecting Panc-1 cells at a
concentration of 2-3×106 cells/mouse in the scapular region of 5-6 week old female athymic
nude mice (Hsd:Athymic Nude-Foxn1nu) using a 1mL Monoject tuberculin syringe. Tumor
growth was monitored every 24-48 hrs until a tumor size of approximately 5 mm in diameter
was observed. The tumored mice was injected with the 200 μL of the nanoparticle
formulation (30 μg/mL) in water with 5% glucose and imaged at different time points
starting 2 hrs to 96 hrs post injection to study the biodistribution of the nanoparticle
formulation in tumor and other major organs.

RESULTS AND DISCUSSIONS
Dynamic light scattering (DLS) studies were carried out to determine the hydrodynamic
diameter of the nanomicelles. The size of the polymeric micelles varies with the loading of
the Pt(TPNP) with the polymer showing the dependence of size on the polymer to dye ratio.
Depending upon the polymer to Pt(TPNP) ratio, the hydrodynamic size of the polymeric
nanomicelles varied between ~130 nm to 170 nm (Table 1).

The dimension and morphology of the polymeric nanoparticle formulation were further
characterized by transmission electron microscopy (TEM) using a JEOL model JEM-100CX
microscope operating at an acceleration voltage of 80 kV. To visualize the phospholipid
layer, the samples were negatively stained using 1% PTA (phosphotungstic acid) at pH 7.
With this technique, the stained phospholipid micelles doped with Pt(TPNP) can be
visualized as irregular shaped light disks with average diameter at around 100 nm that stand
out against the stained dark background (Figure 2).

Photophysical characterization of Pt(TPNP) in CHCl3 and DSPE-PEG/PC nanomicelles was
performed using absorption and photoluminescence spectroscopy. Results of the
photophysical characterization of Pt(TPNP) are shown in Figure 3. Absorption and emission
spectra of Pt(TPNP) in organic solvent are similar enough to those reported for Pt(II)-
tetraphenyltetrabenzoporphyrin, Pt(TPBP).30 Pt(TPNP) has the first absorption maximum at
691 nm and the emission peak at 903 nm, against 611 nm and 765 nm in case of Pt(TPBP).
This bathochromic shift originates from the extension of the π-system by replacing the
benzannulated phenyl group of Pt(TPBP) with a benzannulated naphthyl group in Pt(TPNP).
The emission from the Pt(TPNP) is phosphorescence facilitated by a heavy-metal atom (Pt)
which increases the rate of the intersystem crossing between singlet and triplet states of the
metalloporphyrins, thereby enhancing the rate of radiative decay from the triplet
state.30, 56, 57 Absorption and emission of the Pt(TPNP) in DSPE-PEG/PC nanomicelles are
close to that of Pt(TPNP) in CHCl3, except strong quenching of phosphorescence from
Pt(TPNP) in DSPE-PEG/PC with increase in concentration (Figure 3B). This is apparently
caused by the aggregation of the metalloporphyrin molecules within micelles which
dominates at the high ratios of Pt(TPNP) to DSPE-PEG/PC and leads to triplet-triplet
annihilation.58 Manifestation of this aggregation can be also seen in absorption spectra,59-61
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when due to lower extinction of aggregates in comparison with that of monomers, a twofold
increase in concentration results only in ~ 30% of increase in absorption intensity (Figure
3A curves 3,4). However at lower ratios of Pt(TPNP) to DSPE-PEG/PC, phosphorescence of
the metalloporphyrin in polymeric nanomicelles is at least as efficient as in organic solvent.
As can be seen in Figure 3C, phosphorescence decays of Pt(TPNP) in CHCl3 as well as in
DSPE-PEG/PC cannot be fitted to a single exponential but can be characterized by the
average decay time, 3.3-3.9 μs for Pt(TPNP) in DSPE-PEG/PC, and ~1.3 μs for Pt(TPNP)
in CHCl3. It should be noted that room temperature phosphorescence is highly sensitive to
the environment. Longer phosphorescence lifetime of Pt(TPNP) when they are encapsulated
within polymeric micelles, over that when they are dissolved in an organic solution, can be
explained, in particular, by a hindered access of quenchers, i.e. oxygen molecules.
Phosphorescence quantum yield (φph) was measured, using methanol solution of
indocyanine green dye (fluorescence quantum yield of 0.1262) as a reference (see
Supporting information), and was found to be 0.01. Taking into account that φph of
Pt(TPNP) in argon degassed toluene was reported to be 0.22,35 one can suggest that the
phosphorescence of Pt(TPNP) in micelles is strongly quenched by oxygen. However, we
have found that purging of the Pt(TPNP)/DSPE-PEG/PC dispersion with nitrogen results in
only ~25-30% increase in the phosphorescence intensity of the Pt(TPNP) (Figure 4D). This
can be explained by the encapsulation of the Pt(TPNP) within polymeric micelles, which
significantly hinders access by oxygen molecules, similarly to that reported for dendrimers
with Pd/Pt porphyrin cores.52, 63 Thus, factors other than the presence of oxygen are
possibly playing major roles in the quenching of Pt(TPNP) phosphorescence within
micelles. Probably this quenching is a result of intramolecular interactions (aggregation of
the metalloporphyrin molecules) taking place within micelles, as indicated in Figures 3A
and 3B.

We believe that, even if phosphorescence quantum yield of the investigated Pt(TPNP)/
DSPE-PEG/PC formulation is found to be not high, it will still be useful in optical imaging
applications, considering the high molar extinction coefficient of the absorption band peaked
at 691 nm, which is the spectral range where phosphorescence is observed and large spectral
separation of the excitation and emission wavelengths. In addition, excitation/emission of
the Pt(TPNP) is red-shifted in a comparison with previously reported NIR phosphorescent
probes, thus allowing deeper tissue penetration and less background signal (scattering and
autofluorescence) during imaging. While the absence of oxygen mediated strong
phosphorescence quenching of the Pt(TPNP)/DSPE-PEG/PC nanomicelles impedes their
use for imaging hypoxic tissues in vivo, it favors their use as nanoparticulate probes for
optical imaging in vivo. All these results, along with excellent colloidal stablility of the
Pt(TPNP)/DSPE-PEG/PC nanomicelles, prompted us to investigate their applicability in
NIR phosphorescence optical imaging in vivo. Since the stability of nanomicelles is of
importance for optical imaging, we have also tested a possible leakage of the entrapped
Pt(TPNP) from DSPE-PEG/PC micelles. The release kinetics study has shown that the
release of the Pt(TPNP) from micelles was insignificant, when Pt(TPNP)/DSPE-PEG/PC
nanomicelles were incubated with 1% of the Tween-80 surfactant at 37°C (see Supporting
information).

We have tested the cytotoxicity of the Pt(TPNP)/DSPE-PEG/PC nanomicelles by
performing cell viability (MTS) assay64 ,which was carried out with pancreatic cancer cell
line Panc-1 (ATCC, CRL-1469), showing slight, dose-dependent toxicity of the
nanomicelles over a period of 24hrs (see Supporting information). The nanoparticle
formulation showed also no overt short-term toxicity in the injected mice after 96 hrs
postinjection.
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To verify the applicability the Pt(TPNP)/DSPE-PEG/PC nanomicelles for in vivo optical
imaging and their possible tumor targeting ability, we injected them intravenously (tail vein)
in nude mice bearing subcutaneous pancreatic tumor xenografts. In vivo PL imaging was
accomplished using the Maestro GNIR FLEX fluorescence imaging system (CRi) (for
details, see Supporting information). The phosphorescent dye formulation was excited using
a “Deep red” excitation filter (CRi), transmitting light from the source (Xe lamp) in the
range of 650-700 nm. An NIR emission filter (800 LP) in front of the imaging CCD camera
was used to cut off the excitation light. Figure 4 presents results of the in vivo imaging. The
whole-body images of the tumored nude mouse injected with nanomicelles were taken at
various time points post-injection, and spectrally unmixed using the Maestro imaging
software. The high contrast images clearly demonstrate the feasibility to spectrally
distinguish and image the phosphorescence from Pt(TPNP) (shown as red). Figure 4B shows
spectral profiles used to unmix the images shown in Figure 4A; spectral signatures from
backgrounds 1 and 2 were sampled from the imaging stage and pre-injected mouse,
respectively; an intense NIR emission spectrum peaked at around 900 nm was acquired from
the vial with the Pt(TPNP)/DSPE-PEG/PC nanomicelles. As can be clearly seen in the
Figure 4A, there is an intense phosphorescence from the tumor at 24 and 96 hrs post
injection, while the 2 hrs post-injection image shows only a bright signal at the injection site
(tail). Some emission from nanomicelles still can be seen in the lower abdominal region and
in the liver, when mouse was imaged from the dorsal side (see Supporting information). It is
quite evident that with a longer time period (24-96 hrs post injection) the accumulation of
the Pt(TPNP)/DSPE-PEG/PC nanomicelles in the tumor takes place, although considerable
amount of the phosphorescence can be observed in the liver as well. This can be attributed to
the prolonged circulation time of the Pt(TPNP)/DSPE-PEG/PC nanomicelles, thus
facilitating their passive tumor uptake via the EPR effect22, 23 However, a release of the
Pt(TPNP) from nanomicelles in vivo can also contribute to tumor targeting,65 thus
exploiting possible specificity of the porphyrin based molecules towards cancer cells66.
Thus, tumor targeting ability of the Pt(TPNP)/DSPE-PEG/PC nanomicellar formulation can
be caused by both EPR effect for the polymeric micelles and possible inherent tumor-avidity
of Pt(TPNP), resulting in efficient labeling of the xenografted tumors in vivo. Further work
needs to be done to clarify the mechanism of tumor targeting for the Pt(TPNP)/DSPE-PEG/
PC nanomicelles.

Figure 4C visualizes a biodistribution of the nanomicelles in major organs. To carry out the
studies, organs were resected after 96 hrs and imaged immediately, keeping the same
parameters as for whole body in vivo imaging. The biodistribution results confirmed the
accumulation of the polymeric nanomicelles mainly in the tumor and liver. It is interesting
to note that phosphorescence from the liver bleeds through the back of the mouse (Figure
4A, 24, 96 hrs), illustrating better tissue penetration for the NIR light. The amount of the
phosphorescence observed in other organs was insignificant.

Nanoparticles of different types are known to be efficiently captured by the liver,67 but the
relative amount of phosphorescence from the Pt(TPNP)/DSPE-PEG/PC nanomicelles which
is seen in the tumor is quite remarkable. The phosphorescence intensity from the tumor
looks even higher than that from the liver, thus implying a high efficiency of passive tumor
targeting in our system, which is not observed in previous reports of passive tumor targeting
employing other formulations of the DSPE-PEG nanomicelles and other PEG-grafted
formulations.68 Recently, Park et al12 reported preparation and in vivo application of the
PEG-phospholipid nanomicelles, co-doped with NIR emitting quantum dots, magnetic
nanoparticles and anticancer drug for bimodal (optical and MRI) imaging and drug delivery
and showed a moderate degree of tumor accumulation, which was significantly lower as
compared to the liver accumulation. We believe that tumor specificity of the Pt(TPNP)/
DSPE-PEG/PC nanomicelles can be even further improved by modifying the composition to
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optimize their size distribution and/or surface properties, as well as incorporating
biorecognition molecules on their surface for target specific delivery.19-21, 69

Following this, we have investigated whether it is possible to diagnose even smaller,
visually undetectable subcutaneous tumors in mice using this phosphorescent nanomicellar
formulation. With this purpose, we have intravenously injected the Pt(TPNP)/DSPE-PEG/
PC nanomicelles in nude mice only one week following cancer cell inoculation. Visually
undetectable small tumors demonstrated intense phosphorescence 24 hrs post injection of
phosphorescent nanomicelles (Figure 5), thus demonstrating the ability of Pt(TPNP)/DSPE-
PEG/PC formulation to detect tumors at very early stages of their development. In order to
verify whether a local damage of the vasculature as a result of the injection of cancer cells is
not a factor promoting accumulation of the phosphorescent micelles, a control experiment
was performed. Here, non-tumored mouse was subcutaneously injected with saline, and
subsequently injected in tail vein with Pt(TPNP)/DSPE-PEG/PC nanomicelles and imaged
24 hrs later. No localization of the Pt(TPNP)/DSPE-PEG/PC nanomicelles at the injected
site was observed, thus suggesting the specificity of the formulation towards the tumor
tissue (see Supporting information).

CONCLUSIONS
In conclusion, these nanosized probes for detection of cancer in a non-invasive manner can
have significant clinical implications on cancer diagnostics and therapeutics. Based on all
the preliminary results, it can be concluded that the phosphorescent polymeric nanomicellar
formulation provides a powerful tool for in vivo optical imaging and carries a great promise
as an efficient optical imaging probe aimed at the detection and imaging of tumors. Detailed
studies with the micellar formulation are underway, including histo-pathological studies and
studies using more advanced tumor models, including mice bearing orthotopically implanted
spontaneously metastasizing pancreatic tumors.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Structure of the Pt(TPNP) and the scheme showing the procedure used to prepare polymeric
nanomicelles encapsulating the Pt(TPNP) within PEG-modified phopholipid micelle.
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Figure 2.
Representative TEM images of the Pt(TPNP)/DSPE-PEG/PC nanomicelles.
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Figure 3.
Absorption (A), emission (B) spectra and emission decays (C) from Pt(TPNP) in CHCl3 (1)
and DSPE-PEG/PC nanomicelles (2-4) at room temperature. Concentrations of Pt(TPNP):
2.5 μM (1, 2), 12.5 μM (3), 25 μM (4). D. Pt(TPNP)/DSPE-PEG/PC phosphorescence
spectra in presence of oxygen (solid line) and under nitrogen purging (dashed line). Inset
shows change in the phosphorescence intensity at 900 nm with turning on/off N2 bubbling.
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Figure 4.
A. PL images of the tumored nude mouse at various time points (2, 24, 96 hrs) post-injection
with the nanomicelles. B. Spectral profiles used to unmix images shown in the panel A. C –
Bright field and PL images of the major organs resected from mouse 96 hrs post-injection.
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Figure 5.
Bright field (A), phosphorescence (B) and combined (C) images of the nude mouse
xenografted with a subcutaneous Panc 1 tumor in its early phase of growth. (1 week after
tumor cells injection). Images were taken 24 hrs after iv injection of the Pt(TPNP)/DSPE-
PEG/PC nanomicelles.
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Table 1

Average hydrodynamic size of the polymeric nanoparticle formulation containing different concentration of
the Pt(TPNP)

Polymer/Pt(TPNP) (w/w) 1/0.006 1/0.003 1/0.0006

Conc of Pt(TPNP) 25μM 12.5μM 2.5 μM

Hydrodynamic diameter (nm) 172.6 ± 1.1 153.9 ± 1.5 132.8 ± 1.8

Polydispersity 0.212 0.118 0.209
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