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Abstract

Thrombus formation plays a major role in cardiovascular diseases, but noninvasive thrombus
imaging is still challenging. Fibrin is a major component of both arterial and venous thrombi, and
represents an ideal candidate for imaging of thrombosis. Recently we showed that 84Cu-DOTA-
labeled PET probes based on fibrin-specific peptides are suitable for thrombus imaging in vivo,
however the metabolic stability of these probes was limited. Here we describe four new probes
using either $4Cu or AI'8F chelated to two NOTA derivatives.

Methods—Probes were synthesized using a known fibrin-specific peptide conjugated to either
NODAGA (FBP8, FBP10) or NOTA-monoamide (FBP9, FBP11) as chelators, followed by
labeling with 4Cu (FBP8 and FBP9) or AI*8F (FBP10 and FBP11). PET imaging efficacy,
pharmacokinetics, biodistribution and metabolic stability were assessed in a rat model of arterial
thrombosis.

Results—All probes had similar nanomolar affinity (435-760 nM) for the soluble fibrin
fragment DD(E). PET imaging allowed clear visualization of thrombus by all probes, with a 5-fold
or higher thrombus-to-background ratio. Compared to the previous DOTA derivative, the

new 54Cu probes FBP8 and FBP9 showed substantially improved metabolic stability (>85% intact
in blood at 4h post-injection) which resulted in high uptake at the target site (0.5-0.8% ID/g) that
persisted over 5h, producing increasingly greater target-to-background ratios. The thrombus
uptake was 5- to 20-fold higher than the uptake in the contralateral artery, blood, muscle, lungs,
bone, spleen, large intestine and heart at 2h post-injection, and 10 to 40-fold higher at 5h. The
AI8F derivatives FBP10 and FBP11 were less stable, in particular the NODAGA conjugate
(FBP10, <30% intact in blood at 4h post-injection) which showed high bone uptake and low
thrombus:background ratios that decreased over time. The high thrombus:contralateral ratios for
all probes were confirmed by ex vivo biodistribution and autoradiography. The uptake in the liver
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(<0.5% ID/qg), kidneys and blood were similar for all tracers, and they all showed predominant
renal clearance.

Conclusion—FBP8, FBP9 and FBP11 showed excellent metabolic stability and high thrombus-
to-background ratios, and represent promising candidates for imaging of thrombosis in vivo.
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INTRODUCTION

Cardiovascular diseases, including heart attack, stroke, deep vein thrombosis and pulmonary
embolism, are leading causes of death and disability worldwide (1). Thrombosis is a
common feature and often the underlying cause of the majority of cardiovascular disorders,
therefore the early detection of thrombus formation is critical for both diagnosis and
intervention. Current imaging modalities for thrombus detection can be somewhat invasive
(e.g., transesophageal echocardiography (TEE) (2)) and do not offer a single approach with
high sensitivity and specificity to detect thrombosis in different vascular territories, rather
multiple techniques specific for distinct territories are used (e.g., TEE for atrial thrombus
(2), ultrasonography for pelvic and carotid thrombosis (3), computed tomography for
pulmonary embolism (4)). Direct targeting of thrombus components using molecular
imaging approaches offers instead a non-invasive solution with high sensitivity and potential
full-body application. Many components of the coagulation system have been targeted to
image thrombosis, including Factor X111 (5), activated platelets (6), fibrinogen and fibrin (7,
8). Among these, fibrin represents a potentially ideal target for molecular imaging of
thrombosis (9): it is present at high concentration in all thrombi (arterial and venous, fresh
and aged) resulting in potentially high sensitivity, but is absent in circulating blood
suggesting high specificity. In the last decade, fibrin-specific MR probes showed high
feasibility for thrombus imaging in both preclinical research (7, 10) and clinical trials (11).
Building on our previous results using the fibrin-targeted MR contrast agent EP-2104R, we
recently developed PET/MR and PET-only probes for molecular imaging of thrombosis (12,
13). We conjugated 54Cu-DOTA to 3 specific fibrin-binding peptides, and assessed imaging
properties, uptake and stability of these probes in a rat model of carotid thrombosis (13).
However, the metabolic stability of these probes was limited by some dissociation of $4Cu
from the DOTA chelator resulting in persistent blood background. To address the issue of
copper dissociation, here we synthesized two new fibrin-binding probes by replacing DOTA
with either the NODAGA or NOTA-monoamide chelator, both known to form stable
complexes with copper (14). These NOTA derivatives can also be labeled with 18F via
complexation of aluminum fluoride (AI'8F) (15). The goal of this study was to evaluate
these four new fibrin-binding probes (FBP) and to directly compare how these different
chelators and radioisotopes affect target uptake, imaging efficacy, pharmacokinetic
properties, and metabolic stability using a rat model of arterial thrombosis.

MATERIALS AND METHODS

Additional information is reported in Supplemental Data.
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Precursor and Cold Probe Syntheses

The cyclic disulfide peptide precursor FHCHypY (3-CI)DLCHIL-PXD (Hyp=L-4-
hydroxyproline, Y (3-Cl)=L-3-chlorotyrosine, PXD=para-xylenediamine) was prepared with
the using solid phase peptide synthesis from a xylenediamine trityl resin. The general
synthetic route of FBP8, FBP9, FBP10 and FBP11 is depicted in Fig. 1. Briefly, the
activated ester NODAGA-NHS was directly coupled to the N- and C- termini of

FHCHypY (3-CI)DLCHIL-PXD (Pep) affording the precursor (NODAGA),Pep. The
precursor (NOTA-monoamide),Pep was prepared by coupling di-toutyl protected NOTA as
the pentafluorophenol ester to the cyclic peptide, followed by hydrolysis of the thutyl
protecting groups. Reaction of (NODAGA),Pep and (NOTA-monoamide),Pep with an
excess of either CuSO4 or AICI3 and NaF resulted in the synthesis of the non-radioactive
surrogates FBP8 (Cu), FBP9 (Cu), FBP10 (AIF) and FBP11 (AIF). All intermediates and
final compounds were purified by HPLC and characterized by LC-MS. Chemical purities of
these compounds were >97% determined by analytical HPLC analysis.

Synthesis, in vitro stability, and affinity of 84Cu and AI8F Labeled Probes

A 50 pL aliquot of a 1 mg/mL solution of either (NODAGA),Pep or (NOTA-
monoamide),Pep (23 nmol) was added to 54CuCl, (10 mCi), diluted in 400 uL of NaOAc
pH 5.5, and heated at 50°C for 30 min. No further purification was required. Fluorination of
the fibrin biding peptides was based on the chelation of the [AI*®F]2* complex by
NODAGA or NOTA-monoamide as described elsewhere (15). Briefly, a QMA cartridge
was used to concentrate 18F~, which was eluted from the column with KHCOj3 and acidified
to pH 4.1 with acetic acid. Then, 15 uL of a 2.5 mM solution of (NODAGA),Pep or
(NOTA-monoamide),Pep (37.5 nmol) were mixed with 6 nmol of AICI3 and ~25 mCi

of 18F~, heated for 15 min at 104°C and purified by Sep-Pak. Radiolabeling yields and
radiochemical purities were monitored by analytical HPLC.

Stability in bovine serum was assessed by radio-HPLC analysis after incubation of the
probes at 37°C (up to 18 hours for copper derivatives FBP8 and FBP9, up to 3 hours for the
aluminum-fluoride derivatives FBP10 and FBP11). Transchelation experiments for FBP10
and FBP11 were performed by incubating the probes with an excess of NOTA for up to 30
min at 37°C and 104°C, followed by radio-HPLC analysis (Sup. Tables I11).

Fibrin affinity of the non-radioactive surrogates was assessed using an established
fluorescence polarization assay by measuring the displacement of a fluorescent peptide
bound to the soluble fibrin fragment DD(E) as a function of added fibrin binding probe (13).

Animal Model and Probe Administration

All experiments were performed in accordance with the NIH Guide for the Care and Use of
Laboratory Animals and were approved by the Institutional Animal Care and Use
Committee at Massachusetts General Hospital. Adult male Wistar rats (n=37, 330-360 g,
Charles River Laboratories) were used for this study. Arterial thrombosis was induced by
carotid crush injury. Under isoflurane anesthesia, the right common carotid artery was
exposed, and a deep external crush injury was induced by clamping the vessel for 5 min, as
previously described (13). Injury was performed 1-2 cm proximal to carotid bifurcation,
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using the same hemostat and by the same investigator to minimize variability. Femoral vein
and artery were catheterized using PE-50 tubing for probe injection and blood sampling,
respectively. Probes were injected 15-30 min after thrombus formation. Each rat was
injected with ~300 pCi in ~0.4 mL of the dose solution measured with a dose calibrator
(Capintec CRC-25PET). This relatively high radiochemical dose was needed to ensure that
there was measurable activity in the clot and contralateral vessel, both of which weighed less
than 10 mg.

PET Imaging and Analysis

PET scans were performed with a dedicated small-animal PET/SPECT/CT scanner
(Triumph; TriFoil Imaging), equipped with gas anesthesia and heating system. Instrument
calibration was performed each day by scanning a phantom of known activity. After carotid
crush induction, rats were transferred into the scanner and imaged either for 90 min
immediately after the injection of the probe, or for 45 min at 240 min post-injection. The
PET field of view was 80 mm and covered the head to the base of the heart with the neck at
the isocenter. Following the PET acquisition, a CT scan was obtained with a constant
infusion of iodinated contrast (iopamidol, Isovue 370, Bracco, 0.3mL/min). Images were
acquired over 6 min with 512 projections with 3 frames per projection (exposure time per
frame, ~200 ms; peak tube voltage, 70 kV; tube current, 177 mA). Animals were euthanized
at the end of the imaging session, tissues were harvested and processed for biodistribution,
autoradiography, metabolic stability and functional fibrin binding assay.

PET and CT images were reconstructed using the LabPET software (TriFoil Imaging) to a
voxel size of 0.5x0.5x0.6 mm?3 (PET) and isotropic 0.3 mm3 (CT). Data obtained from the
90 min scan were framed into a dynamic sequence of 10x60, 10x180 and 5x600 seconds; an
additional image was reconstructed from the 45-90 min data. Data of each frame were
reconstructed employing an iterative algorithm (maximum-likelihood expectation-
maximization (MLEM), 30 iterations). All images were corrected for decay, randoms, and
dead time; CT data was used to provide for attenuation correction. Reconstructed PET/CT
data were quantitatively evaluated using AMIDE (16) and PMOD 3.2 (PMOD Technologies
Ltd, Switzerland) software packages. Volumes of interest (VOI) were drawn using fused,
co-registered CT and PET images to localize the hot spot at the site of the injured common
carotid artery. VOIs were also drawn in the brain, bone (spinous process of cervical
vertebrae), muscle (acromiotrapezius), heart and contralateral artery. Results were expressed
as percent of injected dose per cubic centimeter of tissue (%ID/cc).

Ex Vivo Studies

Serial blood samples were collected in EDTA tubes and the radioactivity measured on a
gamma counter (Packard, Cobrall Auto gamma) to assess clearance of total activity. To
measure the amount of functional probe, plasma samples were checked for fibrin binding by
incubation with immobilized fibrin in a microtiter plate. To evaluate in vivo stability, blood
plasma samples at 2, 15, 120 and 240 min were filtered and injected onto an analytical
HPLC column. The eluent was collected every 30 seconds and the activity of each fraction
was measured by a gamma counter. Probe half-lives were calculated from a bi-exponential
fit to the clearance data of the functional probes.
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For the biodistribution studies, the animals were euthanized 2 or 5 hours post-injection, and
the distributions of 84Cu- and AI*8F-labeled probes the thrombus, contralateral left carotid
artery, blood, internal organs, brain, left rectus femoris muscle, and left femur bone were
quantified. The tissues were weighed, and radioactivity in each tissue was measured and
compared to an aliquot of the injected dose solution, to determine the %ID per gram of
tissue. Right and left carotid arteries were further analyzed by autoradiography using a
multipurpose film and a Perkin-Elmer Cyclone Plus Storage Phosphor system, and
quantified using PerkinElmer OptiQuant 5.0 software. Regions of interest were drawn
around ipsilateral (injured) and contralateral carotid arteries to obtain raw values expressed
as digital light units/mm2. Ipsi:Contra activity ratios were obtained by dividing matched
ipsilateral and contralateral raw values from each animal.

Data were expressed as mean+SEM. Differences between groups were compared using
Student’s t-test and ANOVA followed by Bonferroni’s or Dunnett’s post hoc test, as
appropriate. A p-value <0.05 was considered significant.

Synthesis, in vitro stability, and affinity of Fibrin-Binding Probes

The general synthetic route for the probes is depicted in Fig. 1. FBP8 and FBP9 were
obtained by reaction of the ligands with 84CuCls, in yields >99% and with specific activities
of 0.21-0.43 mCi/nmol. In optimized conditions, FBP10 and FBP11 were obtained with
yields of 57£6% and 81+5%, respectively (Sup. Tables I and Il). Considerable
improvements in radiochemical yield were obtained when the labeling was performed in the
presence of an organic solvent. Pure FBP10 and FBP11 (=97%) were obtained after Sep-Pak
purification with specific activities of 0.30-0.36 mCi/nmol. The non-radioactive surrogates
were obtained by reaction of the ligands with an excess of metal ion, followed by HPLC
purification (purity =298%).

All probes showed high stability in serum (>99%). NOTA challenge experiments revealed
similar stability for FBP10 and FBP11 after incubation at 37°C; however, FBP11 was less
susceptible to transchelation than FBP10 when incubated at 104°C (Sup. Table III).
Competitive binding studies showed that all probes displayed similar affinity to fibrin (435—
760 nM, Sup. Table 1V), comparable to that of the MR probe EP-2104R.

PET Imaging

Radiolabeled probes were investigated in a rat model of arterial thrombosis. The presence of
mural thrombi was verified by histology (Sup. Fig. V). Representative CT, PET and fused
PET/CT images, summed over 30-90 min following administration of FBP8, are shown in
Fig. 2. The thrombus was visualized as a region of high activity in PET. Fused images show
that the hyperintense PET signal corresponds to the level of the common carotid artery as
visualized with CT angiography. An additional area of high activity in PET was seen
superficially at the surgical site, most likely due to FBP8 binding to clotted blood at the
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wound site (10, 13). The wound uptake did not affect PET quantification at the level of the
carotid arteries (Sup. Fig. VI).

Direct comparison of the imaging properties and region of interest analyses for all four
probes at 30-90 min post-injection is shown in Fig. 3. All the probes were able to clearly
detect the thrombus from background, with minimal non-target uptake. For both copper
probes (FBP8 and FBP9), the thrombus was easily identified as a “hot spot”, with high
contrast between the target and the background tissue and organs. Time-activity curves
showed a steady level of probe uptake at the target thrombus but fast washout from non-
target organs. Fig. 3B shows the averaged time-activity curves in the thrombus and
contralateral carotid for the four probes. Additional time-activity curves for bone, heart and
muscle are presented in Sup. Fig. Il. One-way analysis of variance between activity values
for thrombus vs. background tissues revealed strong statistical differences (Fig. 3C,
P<0.0001). Aluminum-fluoride probes (FBP10 and FBP11) were also able to detect the
thrombus but with lower target:background ratios. Off-target signal in the bone was evident,
especially for FBP10. This effect was probably due to the partial dissociation of 18F fluoride
from the chelate. For FBP11, the activity in the thrombus was greater than in the
contralateral artery, heart, bone, muscle or brain (Fig. 3C, P<0.0001). Statistical analysis for
FBP10 showed no significant differences between target and background organs (Fig. 3C).
At the later time-point (240-285 min post-injection, Sup. Fig. IA-H), the copper probes
allowed a better visualization of the clot than the fluorine probes. AI'8F-labeled tracers,
especially FBP10, showed substantive bone accumulation, suggesting in vivo defluorination.

The retention of activity in the thrombus and the time-dependent reduction of the off-target
activity results in an increased thrombus:background ratio with time. In particular, all the
probes showed a 4- to 10-fold contrast between thrombus and contralateral artery, heart and
muscle at 30-90 min post-injection (Sup. Fig. I11A). In the case of the copper probes FBP8
and FBP9, continued off-target washout resulted in increased thrombus conspicuity with
thrombus:background ratios >20:1 (240-285 min post—injection, Sup. Fig. I11B).
Differently, fluorine derivatives FBP10 and FBP11 did not benefit from delayed imaging.

Ex vivo studies

Biodistribution studies confirmed the high uptake of all the probes in the thrombus (Fig. 4).
At 120 min post-injection the thrombus was the tissue with the second highest uptake (0.6—
0.8% ID/qg), just after the kidneys (A), except for FBP10, which also showed high bone
activity (1.5% ID/g). For all the probes, there was 3-6 times more activity in the ipsilateral
thrombotic artery than in the contralateral vessel. Notably, liver uptake was ~50% lower
than the thrombus for both copper probes and for FBP10; FBP11 showed comparable values
instead. VVery low uptake was detected for muscle, brain and blood, as well as for chest and
abdominal organs, except for FBP11, which slightly accumulated in spleen (~0.2% ID/qg)
and intestine (~0.5% ID/qg). For all the probes, the thrombus had more than 10-fold higher
activity than heart, lungs, muscle, brain and blood (Sup. Fig. IVA).

At 300 min post-injection the thrombus uptake (~0.4% ID/g) was 40-50% lower than at 120
min, but still much higher than the background (Fig. 4B). Besides kidney and liver, and bone
in the case of FBP10, the uptake in the other organs and tissues was extremely low (<0.1%
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ID/g). This resulted in very high thrombus-to-background ratios (Sup. Fig. 1VB), especially
in the heart (15-30 fold), blood (10-20 fold) and muscle (30-40 fold) for the copper probes
and 10-20 fold for the fluorine probes. A complete list of biodistribution values for all four
probes is reported in Sup. Tables V and VI.

Ex vivo autoradiography confirmed the results obtained from PET imaging and
biodistribution. A hyperintense region was detected in the right carotid segment
corresponding to the location where the artery was crushed, but not in the contralateral
vessel (Fig. 4C). As shown in Fig. 4D, at 120 min post-injection there was a 4-8 fold
difference between right and left carotid with all the probes, and this difference increased to
15-20 fold at the later time-point for FBP8 and FBP9. For the AI8F probes FBP10 and
FBP11 there was no enhancement of target:background at the later time-point.

Serial blood draws were collected up to 120 min post-injection to determine the clearance of
activity from the blood, to assess the fraction of functional fibrin-binding probe, and to
calculate blood half-lives. All probes showed a similar and rapid elimination from
circulation, congruent with the low background activity in biodistribution and imaging
studies (Fig. 5). The results from the fibrin-binding assay (filled symbols) showed that the
concentration of fibrin-binding (functional) probe for FBP8, FBP9, and FBP11 was very
similar to the total activity in the blood, suggesting a high in vivo metabolic stability for
these three probes. We estimated elimination half-lives for the intact probes of 13.8+3.8 min
(FBP8), 17.945.8 min (FBP9), 18.4+10.0 min (FBP10), and 17.3+£12.5 min (FBP11).

HPLC of blood plasma confirmed the functional assay data (Fig. 6). FBP8 and FBP9 were
largely intact (>85%) over the entire study. FBP10 (AI'8F chelated by NODAGA) was the
least stable probe, showing 20% decomposition even at 2 min post-injection. HPLC traces
for FBP10 showed a peak corresponding to intact probe and a peak with a retention time of
free fluoride, supporting the hypothesis that the high bone uptake of this probe is due to in
vivo defluorination. The AI*8F-NOTA-monoamide, FBP11, was more stable (>70% intact).

DISCUSSION

The goal of this study was to perform a head to head comparison of target uptake, imaging
properties, pharmacokinetic and metabolic stability of four new fibrin-specific PET probes.
We recently reported the efficacy of a 54CuDOTA labeled peptide, FBP2, for molecular
imaging of thrombosis (13). The strategy of using a small peptide for targeting offers
potential advantages of high clot penetration, faster blood clearance, and lower cost of
production when compared to nanoparticle- or antibody-based approaches (17). With FBP2
we noted partial release of 54Cu from the DOTA chelator resulting in elevated background
signal (13). We reasoned that replacing DOTA with NOTA would limit 84Cu release and
result in increased target:background ratio. It was not obvious which NOTA chelator would
perform better, so we tested NODAGA (anionic copper complex, 3 carboxylate donors) and
NOTA-monoamide (neutral complex, 2 carboxylate donors). We were also interested in
directly comparing the 54Cu probes to AI'8F labeled probes, and in assessing which chelator
performed better with AI8F.
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All probes showed similar fibrin affinity and good stability when incubated in plasma. All
four probes were obtained with high radiochemical purity and without the need for HPLC
purification. The copper complexes FBP8 and FBP9 were radiolabeled in quantitative yields
under mild conditions (30 min at 50°C). FBP11 (AI18F-NOTA-monoamide) consistently
showed higher labeling efficiency than FBP10 (AI'8F-NODAGA) suggesting that the
presence of the third free carboxylate group in NODAGA interferes with the coordination of
AI8F, These findings are supported by in vitro stability studies with free NOTA showing
that FBP11 is less prone to transchelation than FBP10.

PET imaging showed that the thrombus target was clearly visualized by all probes at both
time points, with at least a 5-fold thrombus-to-background ratio. Ex vivo autoradiography
and biodistribution were highly consistent with imaging data. Pharmacokinetic analysis
showed a biexponential, rapid elimination of the probes from the blood (elimination
t1,=15-20 min). Compared with the DOTA derivative FBP2, both 84CuNOTA derivatives
displayed improved metabolic stability (>85% intact in blood from 0-4h) resulting in low
blood and liver values and excellent target to background ratios that increased with time. For
the 54Cu probes FBP8 and FBP9 the thrombus was the tissue with the highest uptake just
after the kidneys. The AIY8F NOTA-monoamide FBP11 also showed high target:background
and good metabolic stability, however there was no benefit to delayed imaging as in the case
with the %4Cu probes. On the other hand, the AI'8F-NODAGA derivative FBP10 showed
decomposition in vivo that was consistent with defluorination. AI'8F-NODAGA labeled
peptides have also displayed more bone uptake than AI*8F-NOTA in mouse models of
prostate cancer (18, 19).

The rapid target uptake and retention combined with the fast systemic of FBP8, FBP9 and
FBP11 make these probes useful candidates for fibrin imaging in several pathological
conditions. Since fibrin is the predominant thrombus component (20), these probes are well
suited to cardiovascular imaging to detect the presence of pulmonary embolism, carotid
thrombus, cardiac chamber thrombi, or deep vein thrombosis. Moreover, these probes may
be useful for atherosclerosis imaging since increased fibrin deposition is associated with
higher plaque vulnerability (21). Furthermore, since fibrin accumulates in tumor stroma and
plays a role in growth, invasion, and metastasis these probes can be also tested for cancer
imaging (22).

The ability to generate either 18F or 84Cu labeled peptides with similar properties provides
versatility of use. We adopted an emergent method for 18F labeling (15) and optimized the
synthetic route to prepare FBP11 in good yield with no HPLC purification. This method is
readily adapted to automated synthesis in any radiopharmacy with access to 18F~ water; a
lyophilized kit for rapid radiofluorination has been recently tested in clinical settings (23).
On the other hand, the long half-life of $4Cu (~12.7 hours) allows synthesis of FBP8 or
FBP9 in advance, or to be shipped to remote sites on demand. The rapid renal clearance and
low whole body retention of FBP8 and FBP9 suggest that dosimetry concerns will not limit
their clinical translation.

The goal of this work was to vary the chelator and radionuclide to optimize thrombus
imaging properties of a fibrin-targeted peptide. Three strong candidates emerged with high
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thrombus uptake, rapid systemic clearance, and low off-target retention. We hypothesize
that these properties, along with the small size of the probes, make them improved
candidates for fibrin imaging compared to other approaches (2-6). Moreover the higher
spatial resolution of clinical PET (vs. SPECT) combined with the ability of CT or MR to
localize PET signal within the vascular tree offers great potential for detection of small
thrombi. These hypotheses are currently being tested in additional animal models and
ultimately in human trials.

CONCLUSION

In this study we demonstrated the optimization and successful application of 3 new probes
for PET detection of acute thrombus formation in vivo. Either of these probes represents a
very promising candidate for clinical translation of molecular imaging of thrombosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2.
Representative sagittal views of CT, PET and fused PET/CT images reconstructed from data

30-90 min after injection of FBP8. Arrow, thrombus; arrowhead, surgical area; thin arrow,
common carotid artery visualized by CT angiography.
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Side-by-side comparison of: PET images (A) after injection of FBP8 (n=7), FBP9 (n=5),
FBP10 (n=3) and FBP11 (n=5); correspondent time-activity curves (B) of thrombus and left
carotid obtained from dynamic PET imaging; correspondent mean PET activity values (C)
of thrombus, left carotid, heart, bone, muscle and brain (30-90 min post-injection). Bone
activity for FBP10 is off scale. Arrow, thrombus; arrowhead, bone uptake. * p<0.0001, vs.
Thrombus.
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Figure4.
Biodistribution for FBP8, FBP9, FBP10, and FBP11 at 120 min (A, n=3-7/probe) and 300

min (B, n=3-5/probe) post-injection. Representative photograph and autoradiogram of
ipsilateral and contralateral carotid arteries taken from a rat 120 min after FBP8 injection
(C). Mean activity ratios from autoradiography for each probe at 120 and 300 min post-
injection (D, n=3-6/probe).
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Figureb5.
Pharmacokinetic data from ex vivo blood analyses for FBP8 (A, n=7), FBP9 (B, n=5),

FBP10 (C, n=3) and FBP11 (D, n=5). Clear symbols indicate total 4Cu/18F activity in the
blood, filled symbols indicate functional fibrin-binding (intact) probe.
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