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B
y using fluorescent organic dyes to
luminescent nanocrystals, optical ima-
ging raises growing interest for the

understanding of physiological mechanisms
or new diagnosis and therapeutic applica-
tions.1 Photonic probes offer not only practic-
able living sensors, but also rely on low-cost or
affordable imaging devices and techniques.
The semiconductor quantum dots2,3 exhibit
high quantum yield, good photostability, and
tunable emission wavelength. Luminescent
porous silicon nanoparticles can act as both
diagnostic4 and therapeutic tool.5 At last, near-
infrared fluorescent molecules,6 show some
ability to overcome the autofluorescence from
tissues under constant illumination.
Each of the above quoted probes displays

characteristics that limit future therapeutic
application. First, the emission wavelength of
semiconductor QDs must be tuned by chan-
ging the particle diameter (ranging from 2 to
10 nm) or the composition. On the one hand,
this opens alternatives for renal clearance,7 but
it also shortens circulation time of the probe
and impairs effective targeting, levying strict
regulationson itsdesign.8 Luminescentporous
silicon nanoparticles show great promise as
nontoxic, self-destructive, and traceable cargo
for anticancer drugs, but they suffer from
limited quantum yield9 (∼10%) compared to
QDs (>80% in organic solvent). As for near-
infrared fluorescent probes, it is now well
established that organic dyes are susceptible
to photobleaching and are most often un-
stable under physiological conditions, which
make them hardly the best candidate for a
long-term biological or biomedical purpose.10

We previously reported the synthesis of an
inorganic optical nanoprobe (Ca0.2Zn0.9Mg0.9-
Si2O6) doped with rare-earth cations (Eu2þ,
Dy3þ, Mn2þ), which possesses near-infrared

persistent luminescence.11 Mimicking a capa-
citor, this material can be excited under UV
light a few minutes before use and subse-
quently emits in the near-infrared window for
about 1 h without the need for further illumi-
nation. Thismaterial could be used tomonitor
real-time biodistribution in mice,12 but it dis-
played major uptake by reticulo-endothelial
system (RES) organs (mostly liver and spleen),
even after surface functionalizationwith 5 kDa
PEG polymers.
Starting from the recent observation that

increasing PEG chain length could slow down
RES uptake,13 we have presently studied the
effect of methoxy-PEG coating of different
molecular weights (5, 10, and 20 kDa) on the
biodistribution of PLNP of various sizes in
healthy and tumor-bearing mice.

RESULTS AND DISCUSSION

PLNP Characterization. Starting from hydro-
xyl-PLNP, polyethylene glycol coating of our
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ABSTRACT A growing insight toward optical sensors has led to several major improvements in

the development of convenient probes for in vivo imaging. Efficient optical detection using quantum

dots (QDs) as well as near-infrared organic dyes relies on several key driving principles: the ability to

lower background absorption or autofluorescence from tissue, a good photostability of the probe,

and a high quantum yield. In this article, we report the real-time biodistribution monitoring of

lanthanide-doped persistent luminescence nanoparticles (PLNP), emitting in the near-infrared

window, in healthy and tumor-bearing mice. We focused on the influence of hydrodynamic

diameter, ranging from 80 to 180 nm, and polyethylene glycol (PEG) surface coating on the behavior

of our probes. Tissue distribution was found to be highly dependent on surface coverage as well as

core diameter. The amount of PLNP in the blood was highly increased for small (d < 80 nm) and

stealth particles. On the opposite, PEG shield molecular weight, ranging from 5 to 20 kDa, had only

negligible influence on the in vivo biodistribution of our silicate-based material.

KEYWORDS: nanoparticle . luminescence . biodistribution . PEGylation . tumor
targeting . 3LL

A
RTIC

LE



MALDINEY ET AL. VOL. 5 ’ NO. 2 ’ 854–862 ’ 2011 855

www.acsnano.org

silicate-based nanoparticles was achieved through the
formation of amino-PLNP (Scheme 1). Hydrodynamic
diameter and zeta potential were monitored to follow
the functionalization. Prior to any modification of the
surface, hydroxyl groups are responsible for a global
negative zeta potential (-50 mV) of the core particle
(Figure 1). After aminosilanization, all intermediates
were characterized by a straight positive zeta potential
ranging from þ35 to þ40 mV corresponding to
the amino-terminated silanes covering the probe

(Figure 1). Once the PEG layer coated the nanoparticle,
zeta potential switched from positive to neutral values,
no matter how long the chain length or wide the
particle (Figure 1).

Table S1 (in Supporting Information) displays the
hydrodynamic diameter in water before any surface
modification and after PEG grafting. First, selective sedi-
mentation allowed us to isolate three different popula-
tions from the initial polydisperse colloidal solution,
approximately centered on 80, 120, and 180 nm. TEM of

Figure 1. Zeta potential distribution in 20 mM NaCl for differently coated nanoparticles.

Figure 2. TEM of hydroxyl-PLNP suspended in water: 80 nm (A), 120 nm (B), and 180 nm (C). Scale bar represents 100 nm.

Scheme 1. Schematic representation of amino-PLNP and PEG-PLNP synthesis from the unconjugated hydroxyl-PLNP
(x referring to PEG molecular weight, being 5000, 10000, or 20000 Da).
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hydroxyl-PLNP suspended in water for all three popula-
tions are shown in Figure 2. We notice a significant shift
from core diameter obtained by transmission electron
micrographs andDLSmeasurements. This gapwas highly
predictable, since DLS measurements uses Brownian
movement of the solvated particle, it assumes that the
particle is spherical in shape and covered with a solvent
layer, whereas in the case of TEM, the solvent cannot be
seen and we distinguish that bare PLNP are not exact
spheroids. The addition of polyethylene glycol signifi-
cantly changes the average value of hydrodynamic dia-
meter, leading to particles from 40 to 70 nm larger than
the initial hydroxyl-PLNP and providing high colloidal
stability in normal saline solution, as shown in Figure 3.
The PEG coverage is certainly not the only reason that
explains such a wide increase in the particle diameter.
Indeed, it has been observed that the aminosilanes used
in the first functionalization step are likely to form a layer
on the particle whose thickness can be up to 10 nm.14 As
shown inSupporting Information Table S1 andcontrary to
an already assumed trend for a core-diameter to expand
with the polymer chain on its surface,15 in the case of our
silicate-based nanoparticles, PEG length does not seem to

havemuch impact on theoverall hydrodynamicdiameter.
This tendency, which has already been observed for poly
methoxypolyethyleneglycol cyanoacrylate-co-n-hexade-
cyl cyanoacrylate (PEG-PHDCA) nanoparticles16 with sizes
approximately ranging from 80 to 250 nm, may be
because larger PEG chain lengths attach to a lesser extent
on the surface of PLNP, then limit the size effect of longer
PEG, or to the relatively big size of the core, masking the
effect of polymer extension.

To further characterize surface properties of our
probes, weight loss curves for 120 nm PLNP were
obtained from thermogravimetric analysis (TGA) after
each functionalization step (Figure 4). From amino-
PLNP to PEGylated PLNP we clearly distinguish two
stages in surface decomposition. First, water trapped in
the organic layer on the surface of PLNP evaporates
before 325 �C. The second stage begins after 325 �C
and corresponds to the decomposition of organic
APTES and PEG coverage on the particles. When
comparing TG curves for different PEG, we notice that
the longer the PEG chain length, the fewer PEGylated
chains remain grafted on the surface. Calculated values
from weight loss percentages indicate that in the case
of 5 kDa PEG, polymer concentration reaches about 15
nmol/mg of PLNP. This value drops significantly when
increasing the size of the PEG to 9 nmol/mg for 10 kDa
PEG and 3 nmol/mg for 20 kDa PEG. Despite the 20-fold
molar excess of PEG (compared to the amount of free
amino groups previously estimated on the surface:
about 60 nmol/mg), it seems that steric hindrance
hampers the approach of larger PEG near the particle,
thus preventing quantitative reaction as well as equi-
molar loadings of the different PEG.

In a previous work, we have demonstrated that
particle functionalization has only a negligible effect
on the persistent luminescence properties (data not
shown). As the same mass was to be injected for each

Figure 4. Weight loss curves for 120 nm PLNP with different surface coverage.

Figure 3. Colloidal stability of 5 kDa PEG-PLNP: evolution of
the hydrodynamic diameter in 150 mM NaCl for 45 min.
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size population, we wanted to compare their lumines-
cence properties under the photon-counting system.
Figure 5 shows the influence of diameter on the emission
behavior of hydroxyl-PLNP during the first 13 min after
excitation. Luminescence intensity decreases with the
diameter of the particle: 180 nm crystals were approxi-
mately 5 times brighter than 80 nm ones. To date, the
mechanism of persistent luminescence has not yet been
elucidated, and the major driving forces responsible for
this phenomenon remain unclear.17 Among the many
processes discussed in literature, incorporated defects18

in the structure (typicallyholes andelectrons), or surface19

properties, seem to have a major impact on the final
optical signature of the crystal. In the case of our silicate-
based nanoparticles, the loss of luminescence energy
associated with smaller cores could be either due to a
decreased probability to find all three doping cations in
an infinitesimal volume element (volume effect), or to a
variation in the surface to volume ratio, which can be
related to nonradiative recombination and quenching.20

However, the emission lifetime was equivalent for all
populations.

Imaging Study and Semiquantitative Biodistribution in RES.
PLNP biodistribution is dramatically dependent on
surface functionalization (Figure 6). Within a fewminutes
only, 120nmhydroxyl-PLNP appear to bequickly trapped
in the liver. Indeed, the main lower and pectoral limbs'
circulation routes remain hardly distinguishable. Adding
the PEG coverage leads to an improved PLNP systemic
distribution and to the lighting of the most vascularized
areas, such as lower limb and liver which permanently
shelters about 10% of the total blood. For larger particles,
of 180nmcorediameter, PEGcoverage seemed to lead to
spleen accumulation (Figure 6). These observations
highly corroborate the results fromour first imaging study
with carboxyl-PLNP and 5 kDa PEG-PLNP, emphasizing
the critical role of surface charge in PLNP distribution.
Owing to the global negative charge of their hydroxyl
groups under physiological conditions inmice (pH = 7.4),

hydroxyl-PLNP happened to be quickly localized within
liver, subjected to the same recognition process than
carboxyl-PLNP with Kupffer cells in liver. Neutral PLNP,
acquired through PEGylation, hamper interaction with
opsonins and circumvent uptake process. This selectivity
for negatively charged nanoparticles toward liver was
also observed with organically modified silica (ORMOSIL)
nanoparticles. In a recent study combining PET and
fluorescence imaging, Kumar et al. proved that interaction
with serum proteins was favored for nanoparticles dis-
playing a global negative surface charge, leading to larger
particle-protein systems (more likely to undergo the
uptake process). A great majority of dye (DY776) con-
jugatedORMOSILnanoparticles thusquickly accumulated
in liver.21

Since liver and spleen are blood reservoirs, it can be
hard to visually dissociate the amount of free PLNP in the
blood circulation from the PLNP trapped in Kupffer cells
or splenic macrophages. Therefore, in order to precise
the short-term PLNP biodistribution, we focused on two
well-defined regions of interest (ROI), comprising liver
(Figure 6, left) and spleen (Figure 6, right), and compared
the luminescence emitted from these ROI to the global
luminescence signal arising from the mouse. The use of
our biospace photon-counting process (Photon-Imager)
led to an optical semiquantization of the amount of PLNP
localized in the liver and spleen 15min after the injection.
Given the little difference observed between 5, 10, and
20 kDa PEG-covered nanoparticles (data not shown), an
average value was calculated from all three PEG chain
lengths. Figure 7 reports the percentage of total lumines-
cence retained within these two major RES organs for
hydroxyl-PLNP and PEG-grafted PLNP.

As shown in Figure 7A, crude material predomi-
nantly ends in the liver. Indeed, 15 min after the
injection of negatively charged 180 nm particles, al-
most 70% of the total intensity is located in the liver.
This percentage decreases with the diameter and
finally reaches the value of approximately 25% for
80 nm hydroxyl-PLNP. As larger particles are almost
instantly trapped in the liver, they do not have enough
time to circulate through the other organs (spleen, in
particular). On the contrary, small particles run longer
through the vascular network gaining time to come
across splenic macrophages. This is probably the rea-
sonwhyweobserve, yet less intense, an opposite trend
for hydroxyl-PLNP in the spleen (Figure 7B).

PEG-coated nanoparticles globally distributed much
better through the organism. Indeed, with 180 nm PEG-
PLNP, only 23% of total luminescence was observed in
liver after 15min (compared to 70%with hydroxyl-PLNP).
For 80 nm PEG-PLNP, this proportion falls down to 14%,
which represents almost the same value as the percen-
tage of blood constantly running through the organ.
Ballou et al. witnessed the same effect with PEGylated
covered QDs and showed that methoxy-terminated
5 kDa PEG could slowed down the uptake process in

Figure 5. Luminescence decline curve of hydroxyl-PLNP in
water (2 mg). The insert represents the corresponding
image obtained after a 15min acquisition (from left to right:
80, 120, and 180 nmhydroxyl-PLNP; luminescence intensity
is expressed in gray unit: 1 unit = 2800 photons per s cm2

steradians).
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liver and allowed longer visualization of their probe
within the animal.22 Interestingly, although PEG-covered
particles distribute much better through the body, they
seem to be directed more likely toward spleen. This
tendency, which is particularly noticeable for larger
particles, declines with the diameter of the core. Thus,
80 nmPEG-PLNP seemmore likely to evadeboth liver and
spleen. These variations canbe summarizedby calculating
the ratio of luminescence in the liver as compared to that
in spleen. As shown in Table S2, this ratio, subsequently

growing with the hydrodynamic diameter for hydroxyl-
PLNP, was stabilized to a much lower value for the PEG-
covered PLNP, indicating that stealth PLNP were more
likely trapped in spleen.

Unfortunately, luminescence from the smallest par-
ticles was hardly distinguishable for periods longer
than 15 min after the injection. Therefore, to quantify
the PLNP biodistribution after a long period of time, we
used an ex vivo determination of the delayed fluores-
cence from europium ions, entrapped in the crystal.

Figure 6. In vivo imaging of different PLNP under the photon-counting system. The signal was acquired for 15 min following
systemic injection of the probes (300 μg). Luminescence intensity is expressed in false color unit (1 unit = 2800 photons per s.cm2.
steradians). Dark lines represent drawn ROI for the optical semiquantization (liver on the left image; spleen on the right image).

Figure 7. Semiquantitative image-based evaluation of the amount of PLNP located within RES organs, 15 min after the
systemic injection in the tail vein (percentage of total luminescence represents the signal from the ROI compared to the one
arising from the whole mouse). (A) liver; (B) spleen (n = 6). Error bars correspond to standard deviation.
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Ex Vivo Quantitative Biodistribution in Healthy Mice. Rela-
tive long-term biodistribution in healthy mice was
achieved 6 h after systemic injection to validate a poten-
tial use of this probe for in vivo applications. Delayed
fluorescence from europium ions allowed an ex vivo

quantitative analysis through tissue homogenates after
animal sacrifice. As shown in Figure 8, similarly to several
classes of nanoparticles, and regardless of surface cover-
age, long-term PLNP biodistribution occurs predomi-
nantly within liver and spleen.23 Combined uptake in
the kidneys and lungs remains below 5% of the injected
dose. PEG chain length seems to have little influence on
the global RES accumulation (combined uptake in liver
and spleen), being responsible for a slight change in the
liver/spleen ratio (only noticeable for 120 nm PLNP). On
the contrary, core diameter appears to be critical. As
shown in Supporting Informationi, Table S3, decreasing
the particle core diameter from 180 to 80 nm causes a
much lower combined RES uptake of PEG-PLNP from
100% down to around 35% of the injected dose. The
correlation between particle size and RES accumulation
(liver and spleen) 6 h after i.v. injection follows a very
similar trend to that observed by semiquantitative anal-
ysis 15 min after PLNP administration.

To validate this ability of smaller PEGylated nano-
particles to escape RES uptake, and to assess their
propensity to circulate within the body, novel experi-
ments were conducted for which blood was collected
by cardiac puncture. As PEG chain length has only poor
influence on the combined uptakes within RES organs,
we selected the 10 kDa PEG-grafted nanoparticles for
this experiment. Indeed, for smallest particles, up to
12.6 ( 0.8% of the injected dose were retrieved in the
blood, indicating that 80 nm PEG-PLNP were still
circulating 6 h after the administration. This value is
particularly high for nanoparticles of this size and
represents approximately three times the percentage

retrieved in the blood for 12 nm PEGylated QDs.24 The
amount of material in the blood quickly decreased
when increasing the core diameter, down to 3.3( 0.5%
for 120 nmPLNP, and to 1.2( 0.1%of the injected dose
for 180 PLNP. Our results can be compared to those
obtained by Lipka et al. with smaller (5 nm inorganic
core diameter) radioactive-labeled gold nanoparticles
(Au-NPs). They managed to increase, in a significant
manner, the circulation time of their Au-NPs after
functionalization with PEG 10 kDa and reported that
18% of the injected dose were still circulating 24 h after
intravenous injection.25

Decreasing nanoparticle size limits RES uptake and
allows sustained PLNP blood circulation, thus making
them suitable for prospective applications in active
targeting. Availability of 10 kDa PEG-covered PLNP,
defined as the amount of PLNP in the blood compared
to that in harvested organs (see Figure 9A), can be
quantified by validating a dimensionless parameter. It
is almost increased by a factor of 33 when switching
from 180 nm PLNP to 80 nm PLNP.

Spleen/liver ratios, estimated from semiquantitative
and quantitative biodistributions of PEGylated PLNP at
15 min and 6 h, are compared in Figure 9B. The relative
uptake in spleen and liver is the lowest for 80 nm PLNP,
and only slightly increases after 6 h, suggesting that
nanoparticles evade the spleen and that distribution
remains unmodified after relative long circulation. On
the contrary, for 120 and 180 nm PLNP, the ratio switches
from a value lower than 1 to one higher, emphasizing a
greater accumulation in spleen than in liver, and a highly
time-dependentdistribution, characteristic of larger PLNP.
Schipper et al.26 have already observed a similar trend for
smaller particles made of polymer- or peptide-coated
64Cu-labeled QDs to be more likely trapped in spleen
after 2 kDa PEG grafting. They showed that PEG func-
tionalization has not only the ability to slow down the

Figure 8. PLNP tissue distribution 6 h after systemic injection to healthy mice (n = 6). Error bars correspond to standard
deviation.
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uptake process by liver and spleen, but that it can also
significantly increase theuptakeofnanoparticlesby spleen.

Ex Vivo Quantitative Biodistribution in Tumor-Bearing Mice.
We finally examined the ability of the long circulating
PLNP (80 nm, 10 kDa PEG-covered) to passively target
the tumor microenvironment on subcutaneous 3LL
tumor-bearing mice. Delayed fluorescence from euro-
pium ions allowed quantitative analysis through tumor
tissue homogenates after animal sacrifice. Measure-
ments indicate that a non-negligible amount of PLNP
(5.9( 2.8% of the injected dose, n = 3) was still located
within the tumor microenvironment 6 h after systemic
injection. This result, yet certainly due to the fact that
3LL tumor is highly vascularized, is promising for the
development of targeted PLNP.

CONCLUSION

We have managed to dramatically extend PLNP
circulation in mice by showing that blood retention

was highly dependent on the particle core diameter
and surface coating. The PEG coverage allowed the
formation of stealth particles that globally distributed
much better through the animal. However, in opposi-
tion to studies reporting the influence of PEG chain
length on the biodistribution of small probes,11 we
observed that increasing the molecular weight of the
PEG moiety from 5 to 20 kDa had no significant effect
on combined uptakes in major RES organs such as liver
and spleen.
We also demonstrated that persistent luminescence

could be used as a powerful tool for real-time monitor-
ing and semiquantization, in a noninvasive manner.
Unfortunately, the long-lasting afterglow remains far
too low, preventing access to long-term exploration.
Improving PLNP composition could open alternative to
new materials with higher quantum yield and brighter
luminescence that would allow quantification as well
as noninvasive long-term optical imaging.27

EXPERIMENTAL SECTION
Chemicals. BOP reagent (benzotriazole-1-yl-oxy-tris-pyrroli-

dino-phosphonium hexafluorophosphate) was purchased from
Advanced ChemTech. (3-Aminopropyl)-triethoxysilane (99%)
was obtained from Sigma-Aldrich. Triethylamine (>99.5%) and
dimethylformamide (>99.9%) were purchased from SDS. Alpha-
methoxy-omega-carboxylic acid poly(ethylene glycol) PEG MW
10.000 and 20.000 Da were bought from Iris Biotech GmbH. The
5.000 Da PEG was previously synthesized from a published
protocol of our team.28

PLNP Synthesis and Size Selection. Crude and crystallized ma-
terialwas synthesizedaccording toapreviouslydescribedprotocol
based on a sol-gel approach11 followed by a heating at 1050 �C.
Nanometer-sized particles were obtained by basic wet grinding of
the solid (500 mg) for 15 min with a mortar and pestle in a
minimumvolumeof 5mMNaOHsolution.Hydroxylationwas then
performedovernight bydispersing thegroundpowder in 50mLof
the same NaOH solution to get hydroxyl-PLNP.

Nanoparticles with a diameter of 180 nmwere selected from
thewholepolydisperse colloidal suspensionby centrifugationon a
SANYO MSE Mistral 1000 at 4500 rpm for 5 min (centrifugation
time was lengthened to 30 min in order to obtain 120 nm PLNP).
They were located in the supernatant (assessed by dynamic light

scattering). The supernatants were gathered and concentrated to
a final 5 mg/mL suspension. Nanoparticles with a diameter of
80nmwereselected fromthe120nmconcentrated suspensionby
centrifugation on an Eppendorf MiniSpin Plus at 8000 rpm for
5 min. Following the same approach, the centrifugation step was
repeated four times and the resulting suspension concentrated to
a final amount of 5 mg/mL.

PLNP Functionalization. Nanoparticles were coated according
to slightly modified existing protocols.11 Amino-PLNP were
obtained by the addition of 20 μL of 3-aminopropyl-triethoxy-
silane (APTES) to a suspension of 5 mg of hydroxyl-PLNP in 2 mL
of DMF (Scheme 1). The reaction mixture was sonicated the first
15 min using a Branson Ultrasonic Cleaner 1210 and kept under
vigorous stirring for 5 h. Particles were washed from the un-
reacted APTES by three centrifugation and redispersion steps in
DMF.

PEGx-PLNP were obtained by adding 10 μmol of MeO-PEGx-
COOH (50 mg of MeO-PEG5,000-COOH, 100 mg of MeO-PEG10,000-
COOH,and200mgofMeO-PEG20,000-COOH), 5mgofBOP reagent,
and5μLof triethylamine to a suspensionof 5mgof amino-PLNP in
1mL of DMF (Scheme 1). To ensure amaximumPEGdensity for all
distributions, the last functionalization step was achieved over-
night, under vigorous stirring, with a large excess of PEG and BOP

Figure 9. (A) Evolution of the rate (% ID in the blood/cumulated % ID in harvested organs) as a function of the particle core
diameter for 10 kDa PEG-covered PLNP (6 h after injection). (B) Evolution of the rate (% ID in the spleen/% ID in the liver) as a
function of the particle core diameter at 15 min and 6 h for PEGylated PLNP. Error bars correspond to standard deviation.
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reagent (20-foldmolar excess compared to the free amino groups
on the surface of amino-PLNP).

Each type of nanoparticles was characterized using trans-
mission electron microscopy (TEM, JEOL JEM-100S), dynamic
light scattering, and zeta potential measurements in 20 mM
NaCl, performed on a Zetasizer Nano ZS (Malvern Instruments,
Southborough, MA) equipped with a 632.8 nm helium neon
laser and 5 mW power, with a detection angle at 173�
(noninvasive back scattering).

Thermogravimetric analysis (TGA) was performed using a
Setaram Setsys evolution 1600 (argon atmosphere; tempera-
ture range from 20 to 780 �C, 10 �C/min) on 10 mg dry samples
of 120 nm core PLNP, at each functionalization step.

Biodistribution in Healthy Mice. Five weeks old female BALB/c
mice (Janvier, Le Genest St. Isle, France) were anesthetized by i.p.
injection of a mix of ketamine (85.8 mg/kg) (Centravet, Planco€et,
France) and xylazine (3.1 mg/kg) (Bayer, Leverkusen, Germany)
diluted in 150 mM NaCl. A 100 μL portion of a colloidal solution
(1 mg PLNP resuspended in 1 mL of sterile 150 mM NaCl) was
injected in the tail vein. Six hours after the injection, mice were
anesthetized, and thebloodwas collectedby cardiacpuncture. For
extraction of PLNP from the blood, red cells lysis was performedby
mixing the specimen with a 5x cell culture lysis reagent from
Promega. Hemoglobin was then removed by a series of centrifu-
gation and PLNP were redispersed in 10 mM PBS. Right after
cardiac puncture, mice were euthanized by cervical dislocation,
and the different organs (liver, spleen, kidney, and lungs) were
harvested, weighed, and crushed in 10 mM PBS (5 mL/g tissue).
The amount of nanoparticles in a sample was evaluated by
measuring delayed fluorescence from europium ions (rare earth
doping cations, trapped in the core of our material) using aWallac
Victor2 Multilabel Counter from Perkin-Elmer (excitation filter,
D340; emission filter, D615; counting delay, 1000 μs; counting
window, 5000 μs; counting cycle, 6100 μs). Results are given as
percentage of the injected dose (% ID).

Biodistribution in Tumor-Bearing Mice. 3LL tumors fragments
(about 3 mm3) were implanted s.c. in both flanks of 5-week-
old female C57BL/6mice (Janvier, Le Genest St. Isle, France), and
15 days later, tumors were harvested for quantization (see
method described in previous section for tissue quantization).

Imaging Study. Nanoparticles (1 mg/mL) were excited for
5 min under UV light (254 nm) and injected via the tail vein.
Immediately after the injection, the animal was placed on its
back under the photon-counting device, and the acquisition
was performed during 15 min. Signal acquisition was done
using a photon-counting system based on a cooled GaAs
intensified charge-coupled device (ICCD) camera (Photon-
Imager; Biospace, Paris, France) without external excitation
source. Acquired images processing, ROI drawing, and semi-
quantization were achieved through the use of Biospace devel-
oped software, PhotoVisionþ. Experiments were conducted
following the NIH recommendations and in agreement with a
regional ethic committee for animal experimentation.
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