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Abstract

Non-invasive medical imaging techniques such as positron emission tomography (PET) imaging
are powerful platforms to track the fate of radiolabeled materials for diagnostic or drug delivery
applications. Polymer-based nanocarriers tagged with non-standard PET radionuclides with
relatively long half-lives (e.g. 84Cu: ty, = 12.7 h, 78Br: ty)» = 16.2h, 89Zr: typ = 3.3 d, 1241: typ =
4.2 d) may greatly expand applications of nanomedicines in molecular imaging and therapy.
However, radiolabeling strategies that ensure stable /n vivo association of the radiolabel with the
nanocarrier remain a significant challenge. In this study, we covalently attach radioiodine to the
core of pre-fabricated nanocarriers. First, we encapsulated polyvinyl phenol within a poly(ethylene
glycol) coating using Flash NanoPrecipitation (FNP) to produce stable 75 nm and 120 nm
nanocarriers. Following FNP, we radiolabeled the encapsulated polyvinyl phenol with 1251 via
electrophilic aromatic substitution in high radiochemical yields (> 90%). Biodistribution studies
reveal low radioactivity in the thyroid, indicating minimal leaching of the radiolabel /n vivo.
Further, PEGylated [1251]PVPh nanocarriers exhibited relatively long circulation half-lives (ty/ , =
2.9 h, ty, ¢ = 34.9 h) and gradual reticuloendothelial clearance, with 31% of injected dose in blood
retained at 24 h post-injection.
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1. Introduction

Molecular imaging with radiolabeled compounds using positron emission tomography
(PET) enables non-invasive visualization and quantification of ligand biodistribution and
tissue-specific pharmacokinetics with high sensitivity (<M~19).1.2 Conventional
radionuclides have short half-lives (e.g. 1°0: t» = 2 min, 13N: ty/» = 10 min, 11C: t;;, = 20.4
min, 18F: t;, = 109.8 min), limiting the time frame for radiosynthesis and Jn vivo
imaging.3-> Nanocarrier applications for delivery by EPR (enhanced permeation and
retention) or targeting require longer circulation times; and therefore require non-standard
radionuclides with longer half-lives (e.g. 84Cu: ty, = 12.7 h, 7®Br: ty;» = 16.2 h, 89Zr: ty)p =
3.2d124: 40 = 4.2d).67

There have been two approaches for PET labeling nanocarriers. Most commonly, chelators
have been introduced on the surfaces of the nanocarriers which are subsequently complexed
with the PET cation.8:2 However, attachment of chelates and radionuclides to the surface of
nanoprobes can add surface charge, triggering adsorption of plasma proteins and a RES
response.3 10-13 Further, early detachment of these radionuclides from their nanoprobe
anchors Jn vivo confounds accuracy of probe distribution results.1426 Radionuclide
detachment can occur due to kinetically unstable radiometal chelate systems or metabolic
degradation of the nanocarrier-radiolabel linkage.8 27- 28 The second approach is to
synthesize the nanocarrier core as a metal oxide or sulfide of the PET cation. For example,
Zhou et al. generated chelator-free PEGylated [$4Cu]CusS nanocarriers, but the size was
limited to 30 nm.2% The time required for the synthesis of these radioactive cores sacrifices
radioactive activity; the complexity of synthesis, and the difficulty in subsequent passivation
of the metal particle with a biocompatible coating, make this approach problematic.
Biocompatible coatings, such as by poly(ethylene glycol) (PEG), is required to delay
reticuloendothelial (RES) clearance and improve circulation times.13:14.30.31

The particles and process we describe here are the first to address all of the limitations
currently encountered in PET active nanocarriers. Ideally, nanocarriers and processes to
produce them should have the following characteristics: (1) they can be produced over a
range of sizes, (2) the radionuclides are covalently bound to the carrier by a straightforward
and rapid process, (3) the core, rather than just the surface, is labeled to avoid addition of
surface charge and increase radionuclide loading (surface attachment suffers from the
surface to volume limitation), and finally, (4) the carrier requires a dense PEG coating to
enable long circulation, and possibly provide a platform for targeting. Thus, our goal was to
develop a strategy to radiolabel the core of pre-fabricated PEGylated nanocarriers. We
focused on radiolabeling nanocarriers with the low-energy gamma emitter 1251 (t;, = 60
days) to facilitate optimization of radiolabeling and assess /in vitro and in vivo properties.’
The same chemistry can be used to radiolabel nanocarriers with higher energy radioiodines,
including 1241 or 123| for PET or SPECT imaging, respectively. Since radioiodination of
phenols has been well studied, we encapsulated poly-4-vinyl phenol (PVVPh) within
PEGylated nanocarriers to provide a stable nanocarrier core and site for radioiodine
conjugation.
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In Flash NanoPrecipitation (FNP) (Figure 1), hydrophobic core material (e.g. PVVPh) and
amphiphilic block copolymer (e.g. PEG-b6-polystyrene (PS)) are dissolved in an organic
phase and rapidly mixed with a miscible aqueous anti-solvent. Rapid mixing causes
nucleation and growth of the precipitating core material. The hydrophobic segment of the
block copolymer adsorbs to the hydrophobic precipitate, arresting nanocarrier growth as the
hydrophilic PEG block sterically stabilizes the colloidal nanocarriers.32:33 As a process of
kinetic assembly, FNP provides control over nanocarrier size from 40 nm to 400 nm with
narrow polydispersity.3435 Following FNP, we performed 1271- or 125]-driven iodination
reaction on the nanocarrier PVVPh core to examine the accessibility of the encapsulated
polyvinyl phenol for electrophilic aromatic substitution. The /n vivo fate and biodistribution
of the nanocarriers radiolabeled with 125| were studied with nanocarriers.

2. Experimental

Materials

Nanocarrier

ACS grade sodium iodide, D-a-tocopherol, and chloramine-T trihydrate were purchased
from Sigma Aldrich. HPLC grade tertrahydrofuran (THF) was obtained from Fisher
Scientific. Phosphate buffered saline without Ca?* and Mg2* was obtained from Lonza.
Block copolymer, PEGsgqgg-6/ock-PS1600, Was from Polymer Source (Dorval, QC, CAN)
and PVVPh1500-7000 Was from Polysciences, Inc. (Warrington, PA). All materials were used as
received. Water (MQ) was purified by 0.2 um filtration and four-stage deionization to a
resistivity of 17 MQ or greater (NANOpure Diamond, Barnstead International, Dubuque,
IA).

Synthesis and Characterization

FNP was performed using a hand-operated confined impinging jet mixer with dilution as
previously described.3¢ The amphiphilic stabilizer PEG-4-PS and core material(s) PVPh and
D-a-tocopherol were dissolved in THF (40 mg/mL). The ratio of PVPh and D-a-tocopherol
was varied to tune the size of the nanoparticles. The organic mixture (typically 1 mL) was
rapidly mixed with an equal volume of NANOpure water in a manually operated confined
impinging jet mixer (mixing Reynolds number of ~1300)37 and collected into a stirred water
reservoir. The final volume was typically 10 mL containing 10 vol.% organic solvent. After
FNP, organic solvent was removed from the suspensions via dialysis using 6-8 kDa MWCO
dialysis tubing against 1 L of NANOpure water at room temperature, which was refreshed
four times over 24 h. Nanocarriers were concentrated to 10 mg/mL using Amicon® Ultra 3
kDa MWCO centrifugal filters in a centrifuge.

The hydrodynamic diameter and size distribution (PDI) of nanocarriers were measured with
a ZetaSizer Nano Dynamic Light Scattering (DLS) device (Malvern Instruments,
Worcestershire, UK). Measurements were done in triplicate at a wavelength of 633 nm and a
scattering angle of 173°. Nanocarriers were diluted in NANOpure water at a 1:10 ratio so
they were translucent. Samples for TEM were prepared by placing 5 pL of the nanocarrier
dispersion on an Ultrathin Carbon Film on a Holey Carbon Support film on 400 mesh
copper grid (Ted Pella, Inc., Redding, CA) and drying under ambient conditions. The
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samples were imaged using a Philips CM100 TEM (Eindhoven, The Netherlands) operated
at an accelerating voltage of 100 kV.

Nanocarrier lodination

Nanocarrier

PEGylated PVPh nanocarriers (4 mg/mL in deionized water, 100% PVPh core) were
iodinated via aromatic electrophilic substitution using a previously reported method3® to
determine if the phenols in the core of the nanocarrier were accessible for iodination.
Briefly, sodium iodide (1 eq.) was added to nanocarriers and cooled on ice. Sodium
hypochlorite (1 eq.) was added dropwise, every 10-15 sec over 10 min. After 2 h at 0° C, the
reaction was quenched by the addition of excess sodium metabisulfite and neutralized using
HCI. Following iodination, nanocarrier size was measured by DLS. The reaction mixture
was dialyzed against water for 65 h to remove excess sodium iodide, sodium hypochlorite,
and PBS salts, and then freeze-dried. Nanocarrier shell components were then redissolved in
deuterated DMSO and analyzed using 13C-NMR on a Bruker Avance-111 500 MHz device
(Bruker Biosciences, Inc. Billerica, MA).

Radioiodination and Radiolabel Stability

PEGylated PVPh nanocarriers were radiolabeled with [12°1]Nal (Perkin Elmer, Boston, MA)
using a shorter, alternative method. The nanocarriers (200 pL, 10 mg/mL in deionized water)
were combined with chloramine-T oxidant solution (2 L, 17.6 mM in PBS) and [*2°1]Nal
(approximately 250 uCi in 2 uL PBS) for 30 min with stirring. Unreacted free radioiodine
was removed by using a 10 kDa MWCO Amicon ultracentrifuge filter device (Millipore Inc.
Bellerica, MA, USA) at 16,400 g for 15 min. The sample was washed with 300 pL PBS
twice, and the purified radiolabeled nanocarriers were recovered by spin inversion. The
radiochemical yield and radiochemical purity was assessed by digital autoradiography
(DAR) (FLA-7000, FujiFilm Phosphorimager, Tokyo, Japan) of radioTLC SiO, silica gel
plates. TLC plates were run in 1:1 10% ammonium acetate/methanol and exposed for
approximately 1.5 h to the phosophor plate (BAS 2000, Fujifilm) before imaging. Under
these conditions, the nanocarrier remains at the origin whereas free radioiodine travels near
the solvent front (Supporting Information).

To examine nanocarrier-associated radiolabel stability, triplicate samples of nanocarriers (5
pL, 215 uCi) were added to 100 pL PBS or 100 pL human serum, and incubated with mixing
at 37 °C for 0 min, 5 min, 15 min, 30 min, 1 h,2h,4h,6 h,12h,24 h,and 48 h. A1 uL
sample was withdrawn at the indicated time point and then spotted for radio-TLC under the
TLC conditions listed previously.

In Vivo Fate and Biodistribution

All animal studies were carried out in accordance with the Guide for the Care and Use of
Laboratory Animals as adopted by the US National Institutes of Health and approved by the
University of Pennsylvania IACUC. Naive C57BL/6 mice (18-22 g) were anesthetized and
nanocarriers (150 pL, 5 mg/kg, 0.1 uCi/ug) injected intravenously via the jugular vein (n =3
per time point).
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Blood samples (approximately 50 pL each) were collected via retro-orbital bleeding from
anesthetized mice at 2 min, 10 min, 30 min, 1 h, 6 h, and 48 h post-injection. Each sample
was weighed, and then radioactivity was measured using a gamma counter (Wizard 2470
Perkin Elmer). Sample-associated radioactivity was measured and radioactivity levels were
normalized to the amount of nano-particle bound radioactivity in the injected dose to obtain
a fraction of the injected dose in the tissue of interest. Results are reported as either percent
of injected dose per gram of tissue (% ID/g) or percent of injected dose per whole organ (%
ID) where blood accounts for 7% of mouse body weight.14:39 Nanoparticle concentration in
blood as a function of time post-injection was fit to a bi-exponential decay curve for a
standard two compartment pharmacokinetic model. The a-, and B- half-lives were
extrapolated to describing the blood distribution and clearance phase, respectively, using
Prism 5.0 (GraphPad) software.

Based on the blood clearance, mice were euthanized at 5 min, 4 h, 10 h, 24 h, and 96 h post-
injection and selected organs were harvested and weighed. The liver, spleen, kidney and
thyroid were monitored to provide insight into /7 vivo particle stability over 96 hours.
Sample-associated radioactivity was measured and radioactivity levels were normalized by
the method described above. Results are reported as either percent of injected dose per gram
of tissue (% ID/g) or percent of injected dose per whole organ (% ID), where bone accounts
for 14% of mouse body weight, respectively.14:3% All data are expressed as mean + standard
deviation.

3. Results and Discussion

Nanocarrier Synthesis and Characterization

PEGylated PVVPh nanocarriers were produced using Flash NanoPrecipitation (FNP). PVPh
was dissolved with the amphilphilic block copolymer PEG-6-PS in THF, and then rapidly
mixing with deionized water (an antisolvent for PVPh). The PEG-4-PS self-assembled via
hydrophobic interactions between the PS block and PVVPh precipitates, while the PEG block
sterically stabilizes the nanocarriers. As a process of kinetic assembly, FNP provides control
over nanocarrier size — a property that influences /n vivo performance. According to the
literature, nanocarriers larger than 100 nm are easily sequestered in the sinusoids of the
spleen and fenestra of the liver, whereas nanocarriers smaller than 20 nm are rapidly filtered
by the kidney.3: 40-44 To create nanocarriers that avoid rapid clearance by these mechanisms,
our goal was to produce nanocarriers between 20 and 100 nm.

A representative TEM micrograph of PEGylated PVVPh nanocarriers is shown in Figure 2a.
The PVPh core of the spherical nanocarriers is evident in the TEM image. Nanocarriers
appear smaller than the hydrodynamic radius measured with DLS because the PEG layer is
not sufficiently electron dense to be visible with TEM. The PEG layer adds approximately
20 nm to the hydrodynamic diameter.32 The resulting PVPh-loaded nanocarriers were 120
+ 8 nm with a PDI of 0.228 + 0.008.

To reduce the size of the resulting nanocarriers, we co-precipitated the PVPh with D-a-
tocopherol (Vitamin E). D-a-tocopherol acts as nucleating agent to seed particle growth via
heterogeneous nucleation. Specifically, it lowers the activation energy for particle growth,
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induces nucleation, and controls the number of nuclei.*> Nanocarriers containing a 75:25
wt:wt D-a-tocopherol:PVPh core were 110 nm with a PDI of 0.151 + 0.009 (Figure 2b).

lodination

Proteins and peptides containing tyrosine can be radiolabeled via electrophilic aromatic

substitution of the phenol moiety. Initially, we use well-established iodination chemistry,
using sodium iodide with sodium hypochlorite as the oxidant, to radioiodinate the PVPh
core of the PEGylated nanocarriers.

Our preliminary goal was to establish that the encapsulated PVVPh could be iodinated via
electrophilic aromatic substitution. Since the iodination procedure has been reported at a
range of pH values,*®:47 we verified that the phenol-containing nanocarriers were stable
under potential reaction conditions. The nanocarrier dispersions were stable for at least 4
weeks in deionized water. Variable pH, from 3 to 10, did not significantly affect nanocarrier
size. At pH 12, the ionization of phenol destabilizes the nanocarriers (Supporting
Information). Nanocarrier size was not significantly affected by the iodination reaction
under the specified conditions (Supporting Information).

Following the iodination reaction and purification, we verified that the PVPh core was
radiolabeled in the ortho position. 13C NMR spectroscopy reveals that iodination causes an
upfield shift of the carbon signal ortho to the phenol from 115 to 84 ppm.*8 Di-iodination of
polyvinyl phenol core is evident from the downfield shift of the ortho 13C-I signal to 87 ppm
(Figure 3). Using one equivalent of non-radioactive 1271, 55% of the phenols were iodinated
and 54% of the iodinated phenols were di-iodinated. This demonstrated that the iodination
reaction reacts in the core of the nanocarrier, and not just on the surface. Furthermore, in
higher magnification TEM images the contrast in the iodinated particles appeared uniform
(ie uniformly dark from the higher contrast iodine) rather than the iodine being just in a shell
on the surface. In separate experiments, no iodine-addition to PEG-5-PS under the same
non-radioactive iodination conditions were observed by 13C NMR.

Radioiodination and Radiolabel Stability

Using a shorter, alternative procedure, we radiolabeled the PEGylated PVVPh nanocarriers
with gamma emitting 1251, as [1251]Nal, being the limiting reagent. The nanocarriers were
combined with an oxidant, chloramine-T in PBS and [*251]Nal for 30 min with stirring.
Following the reaction the nanocarriers were separated from unreacted free radioiodine by
ultracentrifugation for 15 minutes (10 kba MWCO Amicon ultracentrifuge filter device).
The sample was washed with 300 uL PBS twice, and the purified radiolabeled nanocarriers
were recovered by spin inversion. The total procedure time was 80-90 minutes comparable
to previously reported radiolabeling experiments.14.17:49

Given the results from non-radioactive nanocarrier labeling, our data suggest that
radioiodine would be introduced ortho to the hydroxyl group of phenol.14 50 Under the same
conditions as the radioiodination, no iodination of the PEG-4-PS was observed as confirmed
by 13C NMR. Post-radioiodination, particles were ~110 nm by DLS compared to 79 + 3 nm
(PDI 0.151 £ 0.009). The increase in particle size during radioiodination which was not
observed in the initial iodination experiments is likely due to the difference in reaction
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conditions. In the initial iodination experiments, the sodium hypochlorite oxidant and iodine
was added in excess to the particles and then the nanocarriers were isolated by protracted
dialysis. In contrast, in the radioiodination the 12°1 is the limiting reagent with Chloramine-T
oxidant added in excess. This likely affects particle size.

Radioiodination occurred at high radiochemical yields (>90%) with high radiochemical
purity (> 99%). We achieved specific activities of 0.1 uCi/ug nanocarrier, which is sufficient
for biodistribution studies. Only a small fraction (0.01-0.05%) of phenols needed to be
radioiodinated because of the large concentration of phenols encapsulated in the nanocarrier
core. However, nanocarriers with significantly higher specific activity can be easily
synthesized via addition of more radioiodine, which was the stoichiometrically limiting
reagent in this synthesis. This offers an advantage compared to chelation which often only
enables attachment of tens of radionuclides per particle®! and will enable acquisition of
high-quality images because nanoprobes will have a high signal to noise ratio at lower mass
dosages.>2

Radiochemical stability of radiolabeled nanocarriers /n vitrowas evaluated up to 48 h in
PBS and human serum. No free radioiodine was detected with TLC, indicating minimal
radiolabel leaching over 48 h (Supporting Information). This initial characterization
indicates these nanocarriers are sufficiently stable for in vivo fate studies. Separate analysis
of particle stability /n vivois discussed below.

In Vivo Fate and Biodistribution

To determine the appropriate time points to evaluate biodistribution, we first examined the
amount of radioactivity in the blood following injection. Blood levels of nanocarriers
declined in a bi-phasic manner, with a distribution half-life (t;/» o) of 2.9 hand an
elimination half-life (t1/, g) of 34.9 h (Figure 4). Nearly a third of nanocarriers remained in
circulation 24 h post-injection (31 + 2 % ID, 18 = 2 % ID/g). These circulation time are
consistent with circulation times for FNP nanocarriers measured by alternate
techniques.>3:54 In contrast, previous studies of PEGylated radiolabeled nanocarriers
produced by alternate techniques exhibit lower blood retention at 24 h (8-25% ID, 1-6%
ID/g)?% 556 and shorter circulation half-lives (ty/2 o: 14 min-2.4 h, ty; p: 6-22.5 h)29:56:58.62
(Supplementary Table 1). Our unique nanocarrier construct accounts for the longer
circulation times. First, FNP imparts a dense PEG layer (2.25 nm? per chain for a 5k
PEG),3 effectively shielding the nanomaterial from opsonization. Second, we avoid the
addition of surface charge to the nanocarriers, which inherently occurs for nanocarriers
prepared by chelation, since for FNP the radiolabel is neutral and is in the core. Together,
this likely delays a RES response that prematurely clears nanoprobes from the body.3:10-13

Based on the blood clearance half-lives, mice were euthanized at 5 min, 4 h, 10 h, 24 h, and
96 h post-injection and selected organs were harvested and weighed. The liver, spleen,
kidney and thyroid were monitored to provide insight into /n vivo particle stability over 96
hours. Decreasing radioactivity in the blood, heart, and lungs, and increasing radioactivity in
the liver and spleen over time are consistent with gradual RES clearance for this size particle
(Figure 5).9:63.64 Although hepatic uptake dominates at 24 h post-injection (16 + 2 % ID/g),
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previous studies of PEGylated 84Cu-labeled nanocarriers ranging from 20-30 nm
demonstrated higher liver uptake at 24 h, ranging from 22 to 31% ID/g.31.54

Low kidney radioactivity (Figure 5) confirms that the nanocarriers tend to avoid renal
clearance, partially accounting for the prolonged circulation time. Low lung and heart
radioactivity (Figure 5) suggest that there is no specific binding of the nanocarriers despite
the high blood perfusion level in these organ compartments.

At 24 h, the radioactivity in the thyroid is relatively low at 0.11 £ 0.09 % ID, and at 96 h it
only slightly increases to 0.16 £+ 0.05 % ID. Since free iodine naturally accumulates in the
thyroid, low thyroid radioactivity over time indicates that minimal 23| leached from the
radiolabeled nanocarrier core in vivo.85 Thus, PEGylated [1251]PVVPh nanocarriers are
circulating intact. For comparison, Novakova et a/. injected the free polymer [1251]
poly(D,L-lactide)- block-poly(ethylene oxide) into rats and found increasing uptake of
radioactivity in the thyroid over 24 h.57 In their study, radioiodine was covalently attached to
poly(D,L-lactide) via an added pmethoxyphenol end group.3’ The high radioactivity in the
thyroid 24 h post-injection (4 + 2 % ID) was attributed to release of radioiodine from
hydrolysis of the biodegradable poly(D,L-lactide) block®’. Given that our particle
components are non-biodegradable, free radioiodine would presumably result from
dissociation and metabolism of the radiolabel covalently bound to the polyvinyl phenol in
the core and would accumulate in the thyroid. However, thyroid radioactivity remains low
over 96 hours particle stability in vivo over the evaluated time course.

The liver, spleen, kidney and thyroid were monitored to provide insight into 7n vivo particle
stability over 96 hours. Examining the overall biodistribution: (1) the nanocarrier
concentration in the liver and spleen increase as a function of time, (2) the radioactivity in
the kidneys remains low, and (3) the radioactivity of the thyroid remains extremely low.
Taken together, (1) and (2) indicate the particles are gradually cleared by the RES as
expected for this size particle and the nanocarrier size appears to remain intact over 96
hours. Combined with the low thyroid radioactivity over 96 hours (3), the radiolabeled
particles remain stable in circulation during evaluated time course.

The delayed RES clearance and relatively long circulation half-life /n vivo, PEGylated
[1251]PV/Ph nanocarriers, are a promising platform for molecular imaging. Introducing a
phenol chemical handle via encapsulation of PVVPh allows us to easily tag these materials
with radioiodine to track their fate /n vivo ultimately by non-invasive diagnostic means using
PET or SPECT imaging.

4. Conclusions

We produced PEGylated PVVPh nanocarriers via Flash NanoPrecipitation and successfully
radiolabeled their phenol-containing core with 1251 at high radiochemical yields (>90%).
Radioiodination enabled facile characterization of /n vivo nanocarrier fate and
biodistribution. The nanocarriers demonstrated extended circulation half-lives (tyo g = 2.9 h,
t1/2 3 = 34.9 h) with 31% ID retained in the blood pool 24 h post-injection and gradual RES
clearance (liver 17% ID (24 h), 19% ID (96 h); spleen 1.2% ID (24 h), 1.4% ID (96 h))

J Mater Chem B Mater Biol Med. Author manuscript; available in PMC 2017 April 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tang et al. Page 9

indicating the nanocarrier size appears to remain intact over 96 hours. Further, the very low
thyroid radioactivity throughout the /n7 vivo study indicate radiolabeled nanocarriers circulate
intact over 96 hours. Given their delayed RES clearance and long circulation half-life /n
vivo, PEGylated [1251]PVPh nanocarriers are a promising platform for preclinical and
translational imaging. This study provides a starting point for evaluation of the circulation
and fate of nanoparticles produced by FNP based on size, charge, surface coating, and active
targeting moieties. It leads directly to studies of targeting and biodistribution, which are
extremely important as the field places more emphasis on targeted nanocarriers. The FNP
process enables the preparation of targeted nanocarriers in a facile, and scalable manner.56.67
Introducing a phenol chemical handle via encapsulation of PVVPh allows us to easily tag
these nanomaterials with radioiodine to track their fate /n vivo, ultimately by noninvasive
means using PET or SPECT imaging.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1. Flash Nanopreciptation of
phenol-loaded nanoparticles
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Figurel.

Schematic of nanocarrier synthesis by FNP and subsequent radiolabeling of the PVPh core

with 129].
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Figure 2. Characterization of PEGylated PVPh nanocarriers synthesized using FNP
a) Representative TEM micrograph of nanocarriers. Nanocarriers appear smaller than the

hydrodynamic radius measured with DLS because the PEG layer is not sufficiently electron
dense to be visible with TEM.

b) Size distribution of nanocarriers with (79 = 3 nm, PDI 0.151 + 0.009) and without (120
+ 8 nm, PDI 0.228 + 0.008) D-a-tocopherol. Coprecipitation of PVPh and D-a-tocopherol
reduced resulting nanocarrier size.
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Figure 3.
Aromatic section of 13C-NMR spectrum of nanocarrier components redissolved in

deuterated DMSO following iodination reaction and purification. lodination causes an
upfield shift of the carbon orthoto phenol from 115 to 84 ppm. Di-iodination of polyvinyl
phenol core is evident from the downfield shift of the iodinated peak to 87 ppm.
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Figure 4.

Blood clearance profile of radiolabeled nanocarriers following intravenous injection in
healthy mice (n = 3 per time point).
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Biodistribution of radiolabeled nanocarriers in the blood, lung, kidney, spleen, liver, thyroid,

and brain over time reported as % ID (n=3). Decreasing radioactivity in the blood and

increasing radioactivity in the liver and spleen over time is consistent with gradual RES
clearance of nanocarriers and prolonged systemic circulation. Decreasing radioactivity in the
kidney suggests minimal renal clearance. Low lung radioactivity suggests that there is no
specific binding despite the high blood perfusion level. Low thyroid radioactivity suggests
that 1251 did not leach from nanocarrier core.
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