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T
he development of novel materials
for biological and biomedical applica-
tions has attracted a great amount of

attention during the last years. For example,
ferrous nanoparticles are used as contrast
agents in magnetic resonance imaging, and
different nanomaterials are under investiga-
tion to act as drug delivery systems in
oncology in order to reduce the toxicity of
chemotherapeutics.1 The general require-
ments for these materials include good
biocompatibility, sufficient blood residence
time to reach the target, fast clearance from
the body, and high accumulation in the
target organs to be therapeutically effica-
cious with minimum side effects.2 Among
the multiple applications proposed for such
materials,3 probably the one receiving the
most attention nowadays is their use as
drug delivery systems to control the release
of an active therapeutic drug into a specific
target.4 In particular, nanomaterials have
been proposed to selectively release che-
motherapics into tumors while the expo-
sure to the rest of the organs is kept at a
minimum. Most of the studies describing
the use of nanomaterials as drug delivery
systems have been carried out in vitro

using cell cultures to test their toxicity and
internalization,5 while, to determine their ac-
tual potential in biomedical applications,
in vivo biodistribution studies are mandatory.
In this regard, several parameters influence
the fate of nanomaterials in a livingbody such
as particle size, composition, surface coating,
solubility, and the presence or absence of a
directing agent attached to their structure.6

Some techniques such as post mortem

nanoparticle determination and in vivo op-
tical imaging have been used to evaluate
the biodistribution of nanocompounds.7,8

Nevertheless, isotopic labeling with radio-
active elements has been shown to be
superior to evaluate pharmacokinetics and
biodistribution in preclinical and clinical
research,9 as they are extremely sensitive
and enable absolute quantification of the
compound. The labeled compound can be
injected into living animals, which are sub-
sequently sacrificed at different time points
to collect the organs and quantify their
radioactivity content.10 Alternatively, stud-
ies can be performed in vivo with single
photon emission computed tomography
(SPECT)11 or positron emission tomography
(PET)12 in both laboratory animals and
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ABSTRACT Nanoparticles have been proposed for several biomedical applications; however,

in vivo biodistribution studies to confirm their potential are scarce. Nanodiamonds are carbon

nanoparticles that have been recently proposed as a promising biomaterial. In this study, we labeled

nanodiamonds with 18F to study their in vivo biodistribution by positron emission tomography.

Moreover, the impact on the biodistribution of their kinetic particle size and of the surfactant agents

has been evaluated. Radiolabeled diamond nanoparticles accumulated mainly in the lung, spleen,

and liver and were excreted into the urinary tract. The addition of surfactant agents did not lead to

significant changes in this pattern, with the exception of a slight reduction in the urinary excretion

rate. On the other hand, after filtration of the radiolabeled diamond nanoparticles to remove those

with a larger kinetic size, the uptake in the lung and spleen was completely inhibited and

significantly reduced in the liver.

KEYWORDS: nanodiamonds . PET . pharmacokinetics . in vivo evaluation . rodent .
surfactant . filtration
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humans. However the in vivo imaging methods pro-
vide a limited spatial resolution that could be a limita-
tion for the quantification of small tissues or organs in
small animals.
Nanodiamonds (DNPs) are sp3-carbon nanoparticles

that have been recently proposed as a promising
biomaterial since they present good biocompatibility,
ability to cross the cell membrane, and capability to be
functionalized to act as carriers.13 These carbon nano-
composites are commercially available, as they can be
obtained in large quantities by explosive detonation.14

In order to increase their solubility in aqueous media
and reduce particle aggregation, commercial DNPs are
submitted to a Fenton treatment with hydrogen per-
oxide in order to remove the soot matrix that embeds
DNP, forming large aggregates.5 In addition, the Fen-
ton reaction also produces hydroxyl radicals, which
reduce the initial particle size from the 20 nm of the
commercial sample to about 7 nm on average.

Additionally, the surface of the treated DNPs has a
large population of hydroxyl groups, and, thus, they
will be denoted from now on as HO-DNPs.
In this work we present the first rodent biodistribu-

tion study of Fenton-treated HO-DNPs that have
been functionalized with amino groups and in which
syntons containing radioactive 18F atoms have been
anchored. Herein we study the influence of the nano-
material size and formulation in the biodistribution of
such compounds.

RESULTS AND DISCUSSION

Preparation of Radioactive 18F-Labeled DNPs. The poten-
tial application of DNPs in several biomedical fields has
been previously described.16�18 However, to confirm
their true potential in biomedical applications, in vivo

biodistribution studies of nanoparticles aremandatory.
In addition, the influence of formulation parameters
such as the size and presence of surfactants needs to

Figure 1. (a) TEM representative picture showing an aggregate of NH2-npD. (b) The size of these aggregates was also confirmed
by AFM. (c) LASER scattering experiment showing the particle size distribution of an aqueous suspension of NH2-npD.

Figure 2. Scheme of nanodiamond production.
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be assessed and optimized. Previously, purification by
the Fenton reaction has been reported to remove the

amorphous soot matter and to form hydroxyl groups
on the nanoparticle surface. Consequently, a reduction
of the average particle size is achieved by chemical
surface erosion.18 The presence of surface OH groups
in the Fenton-treated DNPs allows covalent anchoring
of different molecules by conventional organic reac-
tions. Previous studies have shown the feasibility of
attaching long-chain alkyl groups by esterification of
the surface OH groups or anchoring of aromatic com-
pounds by a modification of the classical Friedel�Crafts
reaction.5

In the present study, we have covalently attached
ω-aminopropyl groups to the surface of HO-DNPs by
means of the reaction of ω-aminopropyl trietoxysilane
with the surface OH groups. This reaction occurs with
high yields under mild conditions.17 Silylation of sur-
face OH groups is a well-established methodology in
surface chemistry to functionalize different solid ma-
terials including silicas and metal oxides. The resulting
amino-DNPs were treated with 18F-SFB, thus achieving
18F-radiolabeled nanoparticles to asses their biodistri-
bution in living rodents.

Nanoparticles tend to spontaneously aggregate in
aqueous solutions due to hydrophobic/hydrophilic
forces experienced in water. Therefore, it has to be
taken into consideration the difference between the

Figure 3. Coronal sections of PET images acquired 120 min
after injection of the four different DNP preparations. Images
show animals injected with 18F-DNPs dorsal (A) to ventral
(B), with filtered 18F-DNPs dorsal (C) to ventral (D), with
18F-DNPsþ Tween 80 dorsal (E) to ventral (F), and finally with
18F-DNPs þ PEG8000 dorsal (G) to ventral (H). Organs that
presented elevated uptake of the radiolabeled compound are
labeled with numbers for easy identification. Note the similar
biodistribution pattern between 18F-DNPs, 18F-DNPsþ Tween
80, and 18F-DNPsþ PEG8000 in contrast with filtered 18F-DNPs,
especially at the level of the lung and spleen.

Figure 4. Mean time�activity curves of the different organs obtained from PET images. Bars represent standard deviation.
Similar patterns obtained from 18F-DNPs (A), 18F-DNPs þ PEG8000 (C), and

18F-DNPs þ Tween 80 (D). Different patterns were
obtained for filtered 18F-DNPs (B). Radioactivity of lungs and spleen was undetectable, and bladder presented higher
accumulation of radioactivity.
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sizeof thenanoparticle asdeterminedbyTEM(about7nm
in our case) and their kinetic size in aqueous dispersion as
determined by laser scattering (around 680 nm).

Influence of Surfactant Agents. In the biodistribution
study, visual inspection of the images showed accu-
mulation of the 18F-DNPsmainly in lungs, liver, kidneys,
and spleen. The bladder was also clearly visible, espe-
cially in the later frames of the dynamic images, which
is suggestive of urinary excretion of the radiolabeled
compound (Figures 3 and 4). The addition of PEG8000 or
Tween 80 to the labeled nanoparticles did not signifi-
cantly modify organ uptake. Radiolabeled nanoparti-
cles with or without surfactants showed the high-
est concentration in the lungs followed by liver and
spleen and finally by the kidneys (Figure 5a). The
uptake of 18F-DNPs in the lungs strongly suggests

trapping in the capillary pulmonary bed by size exclu-
sion. In contrast, the early rise in uptake observed in the
liver and spleen could potentially reflect phagocitosys
of 18F-DNPs by the reticuloendothelial system. This
system is known to phagocytize foreign materials of
sizes similar to the administered nanoparticles and,
depending on the particle characteristics, is one of the
major causes of nanoparticle removal from blood. The
fraction of 18F-DNPs that were not phagocytized was
excreted in the urine, as shown by the progressive
increase in urine concentration. Usually, the concen-
tration of a compound that is not trapped by phago-
cytosis decreases in the organs proportionally to the
excretion rate. In our case, however, the 18F-DNP
concentration in the reticuloendothelial system liver
and spleen is kept constant in spite of the observed

Figure 5. Biodistribution of 18F-DNPs obtained 2 h after administration in (a) rats and (b) mice. Results expressed as
percentage of injected dose per gram of tissue (%ID/g) from the PET study showing the biodistribution of 18F-DNPs, filtered
18F-DNPs, and 18F-DNPs supplemented with Tween 80 or PEG8000. Uptake in lung and spleen in filtered 18F-DNPs groups was
below the detection limits in both cases. (a) Statistical analysis in rats: Student's t-test ***(p< 0.001); $(p = 0.018). (b) Statistical
analysis in mice: Student's t-test **(p = 0.002); $(p = 0.017); #(p = 0.015); &&(p = 0.005).
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progressive excretion, which is compatible with the
trapping of the nanomaterial in macrophages.

The continuous increase in bladder concentration
of 18F-DNPs strongly suggests that a fraction of the
injected nanoparticles remained in the blood despite
the trapping of most of them in the lungs and reticu-
loendothelial system. Interestingly, 18F-DNPs supple-
mented with Tween 80 or PEG8000 showed a slower
urinary excretion rate (Figure 4), suggesting that the
addition of these agents could reduce the renal excre-
tion of the nanoparticle and, consequently, increase
their bioavailability in the blood, in accordance with
previous studies with other nanomaterials.19�21 Sup-
porting this hypothesis, the bladder activity at the end
of image acquisition tended to be lower in animals
receiving 18F-DNPsþ PEG8000 or

18F-DNPsþ Tween 80
(Figure 5a).

Similar findings were obtained in the ex vivo study
in which the addition of PEG8000 or Tween 80 only
modified the accumulation of 18F-DNPs in blood and
urine, respectively (Figure 5b). Animals administrated
with 18F-DNPs þ Tween 80 showed a significant de-
crease in urinary concentration of radioactivity (p =
0.015). Analysis of blood samples showed higher levels
of radioactivity in animals receiving 18F-DNPs þ
PEG8000 (p = 0.005). These results are in agreement
with the PET study in rats, confirming that surfactant
agents such as Tween 80 or PEG8000 could reduce renal
excretion of DNPs and increase their blood bioavail-
ability. Future studies should focus on this effect of
stabilizing agents on the blood bioavailability of DNPs.

Influence of Nanoparticle Kinetic Size. In contrast to the
lack of influence of surfactant agents, filtration notably
changed the biodistribution pattern in the in vivo study
with rats, especially in the lung and spleen (Figure 4).
Time�activity curves reflect these differences between
filtered 18F-DNPs and the other three preparations
(Figure 4). In the filtered case, the radioactivity content
in the lung and spleen was undetectable, and the liver
presented a much lower uptake (p = 0.018) than the
nonfiltered 18F-DNPgroups (Figure5a). Therefore, 18F-DNPs
that passed through the filter were neither trapped in
the pulmonary capillary bed by size exclusion nor
phagocytized by the reticuloendothelial system. This
result confirms that the high uptake in lungs and
spleen in the nonfiltered studies was caused by accu-
mulation of the 18F-DNPs with larger kinetic sizes. In
contrast, the similar kidney uptake and urinary excre-
tion pattern among all groups is indicative of it being
originated by the circulating 18F-DNPs (Figure 4). How-
ever, the percentage of injected dose per gram of
tissue (%ID/g) in the urine of the filtered 18F-DNPs
was 4-fold higher than the other 18F-DNP preparations
(p < 0.001) (Figure 5a). An explanation for this fact
could be that the lack of trapping in the lungs or
reticuloendothelial system would increase the avail-
able amount of 18F-DNPs for urinary excretion.

The results obtained in the ex vivo study performed
inmicewere concordant with those obtained by PET in
all the tissues, with the exception of the lungs, in which
nonfiltered 18F-DNP preparations presented a higher
concentration compared to that in rats (Figure 6). To

Figure 6. Results from the ex vivo study (A�D) and PET (E�H) biodistribution studies expressed as standard uptake values to
correct the mass differences betweenmice and rats. Lungs presented radically different standard uptake value (SUV) in mice
than in rats. Uptake in the lung and spleen in filtered 18F-DNPs groups was below the detection limits.
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our knowledge, such behavior has not been previously
described for the biodistribution of nanoparticles. This
unexpected discrepancy was not caused by the differ-
ent injected masses between mice and rats, as, after
normalization by animal body weight, only in the mice
was the 18F-DNPs þ PEG8000 group higher than that in
the rat. One possible explanation for this fact could
arise from the different total pulmonary vascular bed
size between rats and mice. Purportedly, a smaller
pulmonary vascular bed could trap higher amounts of
nanocompounds, but further studies are required to
pinpoint the exact nature of this phenomenon. This
behavior is not normally observed with conventional
drugs and, thus, is particularly important for the devel-
opment of nanocompounds for biomedical applications.
With respect to the rest of the organs, the results were in
accordance with those found with PET. Filtration com-
pletely eliminated theuptake in the lungs and spleen and
significantly reduced it in the liver (p = 0.005). On the
other hand, the concentration of radioactivity in the urine
at the end of the study was significantly higher in
comparison to nonfiltered 18F-DNPs (p = 0.002).

In summary, DNPswere properly labeledwith 18F by
reacting 18F-SFB on ω-aminopropyl-functionalized,
Fenton-treated DNPs. In the rodent biodistribution
study, 18F-DNPs were mainly retained in the lungs
and reticuloendothelial system probably by size exclu-
sion and phagocytosis, respectively. 18F-DNPs with a
kinetic particle size small enough not to be trapped in
the pulmonary capillary bed or the reticuloendothelial
system were finally excreted in the urine. Apparently,
the addition of suspension surfactant agents such as
Tween 80 and PEG8000 had little effect on the biodis-
tribution of 18F-DNPs but could reduce their urinary
excretion, thereby increasing the blood bioavailability.
Although our biodistribution study refers to a specific
DNP derivative with amino functional groups, it is
reasonable to assume that most of the conclusions
are valid for many other functionalized DNPs with
similar hydrophilicity and kinetic sizes. In this regard,
our study shows that quantitative biodistribution
studies are extremely useful and informative for
future evaluations of nanoparticles as therapeutic
agents.

MATERIALS AND METHODS
Study Design and Statistical Analysis. The biodistribution of the

18F-labeled DNPs was evaluated under four different formula-
tions: (i) suspended in saline; (ii) suspended in saline and filtered
trough a 0.45 μm hydrophilic filter, (iii) suspended in saline
containing 5% Tween 80; and (iv) suspended in saline with 5%
PEG8000. The effect of filtration and addition of surfactants was
evaluated both in vivo in rats and ex vivo in mice. Between-
group concentrations of 18F-labeled DNPs in the different
organs were compared by Student's t-tests, setting a threshold
for statistical significance of p < 0.05.

Materials and Instrumentation. All the reactants for synthesis
including the DNPs were purchased from Advanced Biochem-
ical Compounds (Radeberg, Germany), Sigma-Aldrich (Madrid,
Spain), and Scharlab (Sentmenat, Spain). QMA, C18 HELA car-
tridges were obtained from Waters (Cerdanyola del Vallès,
Spain), and animals from Charles River (France). The cyclotron
used for 18F productionwas an 18/9model from IBA (Louvain-la-
Neuve, Belgium). Analytical and purification HPLC were ob-
tained with an Agilent 1100 series coupled to a diode array
UV�vis Agilent 100 detector (Madrid, Spain) and a Raytest GINA
isotopic detector (Barcelona, Spain). The centrifuge used was a
Hettich-Zentrifugen (Tuttlingen, Germany).

HO-DNP Production. Commercial DNPs (1 g) were suspended
in distilled water (50 mL) in a 500 mL open flask and mixed
directly with FeSO4 3 7H2O (5 to 20 g) as a source of Fe2þ. After
complete dissolution of the ferrous salt, concentrated sulfuric
acid (30 mL) was added to the slurry, and the corresponding
volume of H2O2 (30 v/v%) (20 mL) was slowly dropped while
observing evolution of CO2. Caution has to be taken, as H2O2 is a
strong oxidant and the Fenton reaction at high concentration is
highly exothermic, occurring with evolution of heat and gases.
Thus, the process has to be done in a well-ventilated fume hood
wearing the appropriate personal safety items. This slurry was
sonicated on an ice-refrigerated ultrasound bath and held at
1�5 �C for 5 h.

After the Fenton treatment, the suspensions were diluted
with distilled water and allowed to reach room temperature.
The excess of acid was removed by five consecutive centrifuga-
tion�redispersion cycles with Milli-Q water. HO-DNPs sediment

occurred at the bottom of the centrifuge tube under these
conditions. The pH value of the supernatant at the fifth centrifu-
gation�redispersion cycle was neutral. Finally, the Fenton-treated
DNPs were submitted to overnight freeze-drying to obtain a
brownish dust-like material. The increase in the population of
OH groups was determined bymonitoring the intensity of the OH
stretching band in quantitative IR spectroscopy.

3-Aminopropyltriethoxysilane (50 mg) was suspended in
dry acetonitrile (15 mL); then Fenton-treated DNPs (200 mg)
were added. The mixture was stirred for 20 h at reflux tempera-
ture and then cooled at room temperature and filtered. The
solid was washed with methanol and dichloromethane. The
amino-functionalized DNP was dialyzed for 3 days using a
membrane in distilled water in order to remove the excess of
the silyl reagent.

The degree of functionalizationwas determined bydifferent
techniques (see Supporting Information). Finally, the size of the
nanoparticle was determined by TEM, and the kinetic size in
aqueous dispersion was determined by laser scattering and
atomic force microscopy (AFM). TEM experiments were carried
out using a Philips CM300 FEG system at an operating voltage of
100 kV. As for theAFMmeasurements, 2μL of colloidal NH2-npD
solution was deposited on a fresh piece of graphite (1 � 1 cm)
and allowed to adsorb for 2 min at room temperature. Imaging
was performed under dry conditions in air with 250 μm long
cantilevers with a resonance frequency of about 8 kHz. No
image processing was carried out in the presented image. Size
measurements were performed using a Zetasizer Nano ZS
(Malvern Instruments, UK) to determine the size of the colloidal
aqueous solutions of NH2-npD. A 5mg amount of NH2-npDwas
suspended in 100mL formeasurements, whichwere carried out
in an automatic mode. The size values were averaged after 30
runs (Figure 1).

N-Succinimidyl 4-[18F]Fluorobenzoate (18F-SFB). The synthesis was
done in assembled Eckert & Ziegler modules following the
methodology described in ref 15. Briefly, 18F� was produced
in the cyclotron by bombardment of [18O]-H2O with high-
energy protons (18 MeV). The 18F� was sent to the automatic
module, where it was trapped in a QMA cartridge. Then, it was
extracted toward the reactor by transferring a mixture of 2 mg
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of K2CO3 and 1.8 mg of Kryptofix 222 in 1 mL of a mixture of
H2O/CH3CN (1:1) through the QMA cartridge. The reactor was
heated at 100 �C, and in order to dry the 18F� present, He flow
and vacuum were applied for 5 min. To ensure that the drying
process was done successfully, an extra 1 mL of anhydrous
CH3CN was added, drying the mixture as before. The next
step consisted in adding a solution of 5 mg of 4-(tert-
butoxycarbonylmethyl)phenyl trimethylammonium trifluoro-
methanesulfonate in 1 mL of anhydrous CH3CN. The mixture
was stirred for 10 min at 90 �C, and then, 0.5 mL of 1 M HCl was
added. The reaction mixture was heated at 100 �C for 5 min.
After cooling to 25 �C, the reaction mixture was diluted with
9mL of water and passed through a C18HELA cartridge for solid
extraction. Subsequently, 3 mL of CH3CN was passed through
the cartridge and the solution was sent to a second reactor. This
eluate was treated with 20 μL of 25% methanolic Me4NOH in
500 μL of CH3CN. Then, the reaction mixture was dried at 90 �C,
passing a continuous He flow and applying vacuum. Drying was
completed by the addition of 3mL of anhydrous CH3CN. After, a
solution of 15 mg of N,N,N0 ,N0-tetramethyl-O-(N-succinimidyl-
)uronium tetrafluoroborate in 500 μL of anhydrous CH3CN was
added, and the mixture was heated at 90 �C for 2 min. The
mixture was cooled to 25 �C and dilutedwith 5% aqueous acetic
acid. The reaction crude was purified by semipreparative HPLC
using a Teknokroma Mediterranean Sea-18 (25 � 1 cm, 5 μm)
column and working in isocratic mode with a mobile phase
composed by CH3CN/ammonium formate (3.15 g/1 L H2O, pH =
5) (42.5:57.5) at a flow rate of 5 mL/min and monitored by
gamma and UV�vis (254 nm) detectors. The desired fraction
(9�11 min) was collected over 20 mL of a 0.9% saline solution.
This solution was passed through a C18 cartridge, rinsed with
20 mL of water, and extracted with 3 mL of anhydrous acetone.
The solvent was dried by bubbling N2, the residue was solved in
200 μL of DMSO, and an aliquot was submitted to quality
testing. Quality control was done by HPLC using a Teknokroma
Mediterranean Sea-18 (25 � 0.46 cm, 5 μm) column and work-
ing at 2 mL/min in gradient mode using CH3CN/ammonium
formate (3.15 g/1 L H2O, pH = 5) as mobile phase starting with a
mixture 10:90 and achieving 40:60 in 10 min. The detection was
monitored by gamma and UV�vis (254 nm) detectors, obtain-
ing 18F-SFB at 10.3 min. With this methodology, 18F-SFB was
obtained with a yield of 37 ( 5%, with chemical and radio-
chemical purity exceeding 98% and 102 ( 7 GBq/μmol of
specific activity.

18F-labeled DNP Production. A 2.0 ( 0.3 mg amount of ω-
aminopropyl-functionalized DNPs was stirred at room tempera-
ture for 1.5 h with a solution composed of aproximately 70 mCi
of pure 18F-SFB in a mixture of 150 μL of DMSO and 100 μL of
phosphate buffer at pH = 7.4. After this, 1.8 mL of phosphate
buffer at pH = 7.4 was added, and the mixture was centrifuged
at 4000 rpm for 10min. The resultant solid was washed twice by
centrifugation at 4000 rpm using 2 mL of phosphate buffer.
After checking the absence of radioactivity in the liquid of the
centrifuged dispersion, thewashed 18F-DNP solidwas dispersed
in 2 mL of the desired solvent (physiologic saline/physiologic
saline þ 5% Tween 80/physiologic saline þ 5% PEG8000) and
sonicated for 5 min just before injection. In one preparation the
dispersion was passed through a 0.45 μm hydrophilic filter.
Using the described procedure a radiochemical yield of 21.3 (
4% was obtained after washing. A scheme summarizing the
nanodiamond production is shown in Figure 2.

Animals. For the in vivo PET biodistribution study, adult male
Sprague�Dawley rats weighing 375 ( 49 g (mean ( standard
deviation; Charles River, France; n = 14) were used. The ex vivo
study was performed in male and female adult Swiss CD1 mice
weighing 29 ( 1 g (mean ( standard deviation; Charles River,
France; male n = 6, female n = 6). Animals were housed in
controlled laboratory conditions with the temperature main-
tained at 21 ( 1 �C and humidity at 55 ( 10%. Food and water
were available ad libitum. Animal procedureswere conducted in
strict accordance with the guidelines of the European Commu-
nities Directive 86/609/EEC regulating animal research and
were approved by the local ethical committee (CEEA-PRBB).

PET Image Acquisition. Animals were anesthetizedwith isoflurane
and received an intravenous bolus injection of the 18F-radiolabeled

nanoparticle preparation. Doses administered were 5.7 ( 0.9
MBq for the 18F-DNP dispersed in saline (n= 4); 1.5( 0.9MBq for
the filtered DNPs (n = 3); 23.4 ( 11.9 MBq for 18F-DNP in saline
with 5% Tween 80 (n = 4); and 22.4( 3.3 MBq for 18F-DNP with
5%PEG8000 (n=3). Immediately after injection, the animalswere
placed in an animal-dedicated camera (microPET R4; Concorde,
Siemens, Knoxville, TN, USA) for dynamic whole body image
acquisition. Whole body data were acquired for 120min. During
all the acquisition procedure anesthesia was maintained with a
facialmask and a concentration of 2.5% isoflurane vaporized inO2.

Image Analysis. To obtain the dynamic whole body images
(frames = 18), PET data were corrected for nonuniformity,
random coincidences, and radionuclide decay and recon-
structed with a filtered backprojection algorithm into a matrix
size of 128 � 128, a voxel size of 0.85 � 0.85 mm, a slice
thickness of 1.21 mm, and an axial field of view covering the full
length of the animal (approximately 20 cm). After reconstruc-
tion, volumes of interest were manually drawn for the different
organs, and the individual time�activity curves were obtained.
Activity concentration at the end of the acquisition was used to
calculate the percentage of injected dose per gramof tissue and
the standard uptake value. Mean time�activity curves of the
four animal groups were also derived for each organ.

Ex Vivo Study. For the ex vivo biodistribution study, animals
were anesthetized with isoflurane, given an intravenous bolus
injection of the 18F-labeled nanoparticle preparation, and re-
turned to their cages. The injected doses were 1.6( 0.1 MBq for
the DNPs dispersed in saline (n = 3); 0.12( 0.01 MBq for filtered
DNPs (n = 3); 1.6( 0.9MBq for DNPs in 5% Tween 80 (n= 3); and
7.1 ( 0.6 MBq for DNPs in 5% PEG8000 (n = 3). After 120 min,
animals were sacrificed, and the different organs were dis-
sected, weighed, and measured in a gamma counter (Wallac
1470 Wizard, Perkin-Elmer, Waltham, MA, USA) for 18F radio-
activity determination. The experimental radioactivity data
were corrected for decay, injected dose, mass of the tissue
sample, and animal weight to obtain the percentage of injected
dose per gram of tissue and the standard uptake values,
respectively.
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