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Abstract
DMP444 is a 99mTc-labeled cyclic RGD peptide, which has been evaluated in pre-clinical canine
deep vein thrombosis (DVT) and pulmonary embolism (PE) models, and in patients with DVT and
PE by SPECT (single photon emission computed tomography). Clinical data indicated that
DMP444 is useful for imaging DVT; but it had limited utility for imaging PE in patients. To
understand its clinical findings, we prepared a new radiotracer P4-DMP444 by replacing the
lipophilic 6-aminocaproic acid (CA) in DMP444 with a highly water-soluble PEG4 (15-
amino-4,7,10,13-tetraoxapentadecanoic acid) linker. The objective of this study was to explore the
impact of PEG4 on biological properties (biodistribution, excretion kinetics and capability to
image thrombi) of 99mTc radiotracer. We also used canine DVT and PE models to perform
imaging studies with/without the heparin pre-treatment. These studies were specifically designed
to explore the impact of heparin treatment on thrombosis uptake of P4-DMP444. It was found that
replacing the CA linker with PEG4 could enhance the radiotracer clearance kinetics from blood
and normal organs in both rats and dogs. The fact that P4-DMP444 and DMP444 share very
similar thrombosis uptake in both DVT and PE models suggests that the PEG4 linker has little
effect on GPIIb/IIIa binding affinity of cyclic RGD peptide. Even though P4-DMP444 had less
accumulation than DMP444 in the blood, heart, lungs and muscle over the 2 h study period in both
rats and dogs, their difference in PE/lung and DVT/muscle ratios is marginal, suggesting that one
PEG4 linker is not sufficient to dramatically change the contrast between thrombus and
background. It is very important to note that the heparin treatment of dogs with DVT and PE
resulted in dramatic decrease in accumulation of P4-DMP444 in fresh thrombi. On the basis of
these results, we believe that both DMP444 and P4-DMP444 is an excellent radiotracer for
imaging both DVT and PE, and should be used in patients without anti-thrombosis treatment at the
time of imaging.

INTRODUCTION
Deep vein thrombosis (DVT) is the formation of blood clots in veins and is also known as
venous thromboembolism.1–3 DVT occurs when a thrombus forms in one of large veins in
the lower extremities, leading to partially or completely blocked blood circulation. The
condition may result in complications, such as a pulmonary embolism (PE) or death if not
diagnosed and treated effectively. A majority of DVT patients will experience PE (~30% are
symptomatic, and 40% are asymptomatic and at high risk) because the blood clot is unstable
and can travel to and lodges in the lungs. More than one million people in the United States
suffer from DVT every year. Complications from DVT kill almost 300,000 people a year –
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more than AIDS and breast cancer combined.1,3 Thus, accurate early detection of DVT and
PE is highly desirable so that various therapeutic regimens can be given.

Contrast-enhanced venography remains the gold standard for diagnosis of DVT, but
compression ultrasonography is the most common technique used to detect DVT in the
lower extremities. The main limitation of these procedures is that neither technique can
distinguish between chronic and unstable thrombi.1,4,5 Contrast venography and
ultrasonography are imaging procedures that detect changes in venous anatomy. However,
these procedures may overestimate the presence of active clots.3 Nuclear imaging by single-
photon emission computed tomography (SPECT) and positron emission tomography (PET)
has the potential to furnish functional information on cell biologic events which determine
the risk of plaque rupture and thrombosis formation.6–8 Radiolabeled antibodies have been
used to target the fibrin and activated platelets on acute thrombi in humans,9–15 but they
have limited clinical usage due to their long blood circulation time and radioactivity
accumulation in the lungs. These limitations can be alleviated by using small peptides that
are cleared quickly from the blood circulation.16–33 Examples of small peptide radiotracers
include 99mTc-apcitide16–22 and DMP444,23–32 both of which target GPIIb/IIIa receptors on
the activated platelets. 99mTc-TP850 is a 99mTc-labeled small peptide targeting the fibrin
component of thrombi.33 The 99mTc-labeled peptide radiotracers have been reviewed
extensively.34–39

Activated platelets express GPIIb/IIIa receptors which recognize proteins and small peptides
bearing RGD (arginine-glycine-glutamic acid) tripeptide sequences while non-activated
platelets express no GPIIb/IIIa receptors in their active conformation.25 DMP444 (Figure 1)
is a 99mTc-labeled cyclic RGD peptide,23 and has been evaluated extensively in pre-clinical
animal models,24–30 and in the patients with DVT and PE.31,32 Among the 99mTc
radiotracers evaluated in canine DVT models, DMP444 had the best thrombus uptake,
thrombus/blood and thrombus/muscle ratios.24 It was reported that DMP444 has higher
thrombus uptake and better thrombus-to-background ratios than 99mTc-apcitide.25 It was
also found that microthromboemboli could be detected after primary percutaneous
transluminal coronary angioplasty, and the infarct size was proportional to the magnitude
and extent of microthromboemboli.30 At 10 – 40 min post-injection (p.i.), eight of ten
patients with suspected DVT demonstrated an area of the increased radioactivity that was
clearly related to the abnormality as noted by ultrasound methods.31 On the basis of clinical
data, it was concluded that DMP444 is useful for imaging DVT; but it had very limited
utility for imaging PE in patients.31,36,37 Its lack of sensitivity and specificity might be
caused either by anti-thrombosis treatment (heparin alone or combination with Coumadin®)
in the patients suspected with thrombosis at the time of imaging31 or by its slow blood
clearance (45 % of the injected dose at 2 h p.i. in the canine model) and lung radioactivity
accumulation.24,25

To understand these clinical findings, we have prepared a new radiotracer P4-DMP444
(Figure 1) by replacing the lipophilic 6-aminocaproic acid (CA) linker in DMP444 with a
highly water-soluble PEG4 (15-amino-4,7,10,13-tetraoxapentadecanoic acid). The main
purpose of using PEG4 linker was to reduce radioactivity accumulation in the blood pool
and lungs while maintaining high thrombosis uptake of 99mTc radiotracer. PEG4 has been
successfully used to improve excretion kinetics of many radiolabeled small peptides.38–44 In
addition, we also used the canine DVT and PE models to perform imaging studies in the
dogs with/without heparin pre-treatment. These studies were specifically designed to explore
the impact of heparin treatment on thrombosis uptake of P4-DMP444. In this report, we
present biological evaluations of P4-DMP444 in the rat and dog models.
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EXPERIMENTAL
Materials and Instruments

Chemicals were purchased from Sigma/Aldrich (St. Louis, MO), and were used without
further purification. Cyclic RGD peptide c[R(Me)GDV(Mamb(PEG4))] (P4-DMP757) was
custom-made by Peptides International, Inc. (Louisville, KY). Succinimidyl 6-(2-(2-
sulfonatobenzaldehyde)hydrazono)nicotinate (HYNIC-NHS), HYNIC-
c[R(Me)GDV(Mamb(CA)] (HYNIC-CA-DMP757) and [99mTc(HYNIC-CA-DMP757)
(tricine)(TPPTS)] (DMP444) were prepared according to the procedures described in our
previous report.23 Na99mTcO4 was obtained from a commercial Lantheus 99Mo/99mTc
Technelite® generator (North Billerica, MA). The ESI (electrospray ionization) mass
spectral data were collected on a Finnigan LCQ classic mass spectrometer, School of
Pharmacy, Purdue University.

HPLC Methods
The semi-prep HPLC method (Method 1) used a LabAlliance HPLC system equipped with a
UV/vis detector (λ = 254 nm) and Zorbax C18 semi-prep column (9.4 nm x 250 mm, 100 Å
pore size; Agilent Technologies, Santa Clara, CA). The flow rate was 2.5 mL/min and the
mobile phase was isocratic with 70% A (0.1% TFA in water) and 30% B (0.1% TFA in
methanol) at 0 – 5 min, followed by a gradient mobile phase going from 30% B at 5 min to
70% B at 20 min. The radio-HPLC method (Method 2) used the LabAlliance HPLC system
equipped with a β-ram IN/US detector (Tampa, FL) and Zorbax C18 column (4.6 mm x 250
mm, 300 Å pore size; Agilent Technologies, Santa Clara, CA). The flow rate was 1 mL/min
with a gradient mobile phase started with 90% A (25 mM NH4OAc, pH = 6.8) and 10% B
(acetonitrile) to 85% A and 15% B at 5 min, followed by another gradient mobile phase
going from 15% B at 5 min to 20% B at 20 min and to 60% B at 25 min.

HYNIC-P4-DMP757
HYNIC-NHS (5.8 mg, 13 μmol) and PEG4-DMP757 (2.2 mg, 2.6 μmol) were dissolved in
anhydrous DMF (2 mL). To the mixture above was added diisopropylethylamine (DIEA: 3
drops). The reaction mixture was then stirred at room temperature for 20 h. After addition of
2 mL water and 2 drops of acetic acid, the solution was subjected to HPLC purification
(Method 1). Fractions at 14.26 min were collected. Lyophilization of the combined
collections afforded the expected product HYNIC-P4-DMP757 as a white powder 1.7 mg
(yield 57.4%). ESI-MS: m/z = 1162 for [M + Na]+ (1139.5 calcd. for [C50H69N13O16S]).

99mTc-Labeling and Dose Preparation
To a clean 5 cc vial filled with 1.0 mL solution (pH = 4.8) containing 5 mg TPPTS, 6.5 mg
tricine, 40 mg mannitol, 38.5 mg disodium succinate hexahydrate, and 12.7 mg succinic
acid, were added 0.2 mL of the HYNIC-peptide conjugate solution (100 μg/mL in water)
and 0.3 mL of Na99mTcO4 (10 – 30 mCi/mL) in saline. The vial was heated at 100 °C for 20
min in a lead-shielded water bath. After radiolabeling, the vial was placed back into the lead
pig, and allowed to stand at room temperature for 5 – 10 min. A sample of the resulting
solution was analyzed by radio-HPLC (Method 2). The Log P values were determined using
the literature procedure.46, 47 For biodistribution studies, all new radiotracers were prepared
and purified by radio-HPLC. Volatiles in the HPLC mobile phase were removed under
vacuum. Doses were prepared by dissolving the HPLC-purified radiotracer in saline to a
concentration of ~30 μCi/mL. For imaging studies, doses were prepared by dissolving the
radiotracer in saline to 1 – 5 mCi/mL depending upon the animals (rats versus dogs). The
resulting solution was filtered with a 0.20 micron Millex-LG filter to remove any foreign
particles before being injected into animals.
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Biodistribution Protocol
Biodistribution studies were performed using Sprague-Dawley (SD) rats in compliance with
the NIH animal experiment guidelines (Principles of Laboratory Animal Care, NIH
Publication No. 86-23, revised 1985). The animal protocol was approved by the Purdue
University Animal Care and Use Committee. In short, 16 SD rats (200 – 250 g) were
anesthetized with intramuscular injection of a mixture of ketamine (80 mg/kg) and xylazine
(19 mg/kg). Each animal was administered with ~3 μCi of 99mTc radiotracer by tail vein
injection. Four animals were sacrificed by sodium pentobarbital overdose (~200 mg/kg) at 5,
30, 60, and 120 min post-injection (p.i.). Blood samples were withdrawn from the heart of
rats. The brain, eyes, heart, spleen, lungs, liver, kidneys, muscle and intestine were
harvested, washed with saline, dried with absorbent tissue, weighed, and counted on a
Perkin Elmer Wizard – 1480 γ-counter (Shelton, CT). The organ uptake was calculated as
the percentage of injected dose per gram of organ mass (%ID/g). Biodistribution data (%ID/
g) are reported as an average plus the standard variation based on the results from four
animals. Comparison between two radiotracers was made using the two-way ANOVA test
(GraphPad Prim 5.0, San Diego, CA). The level of significance was set at p < 0.05.

Animal Preparation for Studies in Dogs
All experiments were performed in accordance with the NIH animal experiment guidelines
(Principles of Laboratory Animal Care, NIH Publication No. 86-23, revised 1985). The
protocols for animal studies in dogs have been approved by the Fu Wai Hospital Animal
Care and Use Committee (Beijing, China). Five adult mongrel dogs (20.6 ± 1.8 kg, range
18~25 kg, fasted overnight) were anesthetized with intravenous (i.v.) injection of a mixture
of ketamine (25 mg/kg) and diazepam (1.1 mg/kg), incubated with a cuffed endotracheal
tube, and ventilated on a respirator with positive end-expiratory pressure of 4 cm H2O.
Additional sodium pentobarbital were used via i.v. injection to maintain anesthesia, when
needed.

Blood Clearance Kinetics in Normal Dogs
Once under anesthesia, each animal was administered with 370 MBq of 99mTc radiotracer
via the femoral vein. Venous blood samples (2 mL) were collected via a femoral vein
catheter at 0.5, 2, 3, 4, 5, 10, 15, 30, 60, 90 and 120 min post-injection. The collected blood
samples were weighed and counted for radioactivity in a gamma-counter (FT-646, Beijing
Nuclear Instrument Factory, China). The radioactivity counts were corrected for radiation
decay.

Planar Imaging in Normal Dogs
Once the animal was under anesthesia, it was placed supine on a dual-head γ-camera (E-
cam, Siemens Medical Systems, Hoffman Estates, IL) equipped with a parallel-hole, low-
energy, high-resolution collimator and 20% window centered on the 140 keV 99mTc
photopeak. After administration of P4-DMP444 (~370 MBq) via the contralateral femoral
vein, anterior planar images were acquired at 5, 15, 30, 60, 90 and 120 min p.i., and were
stored digitally in a 128×128 matrix. The acquisition count limits were set at 500 K. After
completion of imaging, animals were allowed to recover at the Center for Experimental
Animals (Fu Wai Hospital). To quantify images, regions of interest (ROIs) were drawn
around heart, lung and liver on each image acquired at each time-point. The raw
radioactivity data in each ROI was expressed as counts/pixel per min. For comparison
purposes, DMP444 was also evaluated for blood clearance and planar imaging in normal
dogs using the same injection dose and same protocol. The time interval between two
imaging studies for P4-DMP444 and DMP444 in the same dogs was at least 24 hours.
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Deep Venous Thrombosis (DVT) Model
99mTc radiotracers were evaluated in vivo in canine model which has been reported
previously for the evaluation of thrombus imaging radiotracers.17,45 Five adult mongrel dogs
were anesthetized with intravenous injection of a mixture of ketamine (25 mg/kg) and
diazepam (1.1 mg/kg). In each animal, an 18-gauge angiocath was inserted into the distal
half of right femoral vein and a 10-mm two-stranded spiral stainless steel coil was placed in
the femoral vein at approximately the mid-femur. The catheter was then removed, the
wound was sutured and the placement of the coils was documented by radiograph.

Pulmonary Embolism (PE) Model
Five adult mongrel dogs were anesthetized with pentobarbital (30mg/kg) administered by
intravenous injection. A 10-mm two-stranded spiral stainless steel embolization coil was
inserted into left lower pulmonary artery through catheter in each dog. At 30min after coil
placement, X-ray angiography was performed to document the pulmonary embolism and the
locations of the coils. After catheter was removed, the wound was sutured. During the
operation for generating pulmonary embolism, the dogs were anesthetized, and
electrocardiogram (ECG) and SaO2 were recorded. ECG was changed during the insertion
of catheter and was recovered quickly after removal. All animals were allowed to recover
for 24 h before imaging with 99mTc radiotracer. There was no animal death before the
completion of imaging.

Thrombus imaging
The animal was placed supine under a SPECT camera (SIEMENS, Germany) which was
equipped with a low-energy, all-purpose collimator and set to acquire the 140 keV
photopeak of 99mTc with a 20% window. 99mTc radiotracer (~370 MBq) were injected
intravenously into a foreleg line and flushed in with saline. The 30° left anterior oblique
images over the chest region (for PE) or the anterior images over leg (for DVT) were
acquired at 15, 30, 60, 90 and 120 min p.i. The total counts over the chest region (for PE
model) or the leg (for DVT model) were set up to 500,000. From the computer-stored
images, thrombus-to-background ratios were determined. Average counts per pixel were
computed from ROIs drawn manually around the areas of known thrombus (corresponding
to the locations of coils in radiographs). ROIs were drawn over the thrombus-containing
lung to evaluate adjacent lung background for PE models. The PE/Lung ratios were
determined by dividing mean counts per pixel for PE by mean counts per pixel for lung
background. Similarly, ROIs were drawn over both medial and lateral thigh in the thrombus-
containing leg to calculate the muscle background for DVT models. The DVT/muscle ratios
were determined by dividing mean counts per pixel for DVT by mean counts per pixel for
muscle (average of medial and lateral ROIs).

Heparin Treatment on Radiotracer Thrombus Uptake
Two mongrel dogs with the PE were used to explore the impact of heparin treatment on the
pulmonary thrombus uptake of P4-DMP444. A dose of 200 units/kg heparin (Changzhou
Qianhong Bio-Pharma Co. Ltd., China) was intravenously injected at 10 min before the
embolization coil was placed into left lower pulmonary artery. The chest region imaging
protocol was performed as aforementioned.

Statistical Analysis
Statistical computations and analysis were made with SPSS 13.0 software (SPSS Inc,
Chicago, IL). The results are expressed as mean ± SD. Changes between the means within a
group at different time points were assessed with one-way repeated-measures ANOVA test.
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Comparison between two radiotracers was made with 2-way ANOVA test. The level of
significance was set at p < 0.05.

RESULTS
HYNIC Conjugate Synthesis

Synthesis of HYNIC-P4-DMP757 was straightforward by reacting P4-DMP757 with excess
HYNIC-OSu in anhydrous DMF in the presence of base, such as DIEA. It was purified from
the reaction mixture by semi-prep HPLC. Its composition has been confirmed by ESI-MS,
and is completely consistent with the proposed structure (Figure 1). Its HPLC purity was >
95% before being used for 99mTc-labeling.

Radiochemistry
P4-DMP444 was prepared according to the same method for DMP444.23 No
significant 99mTc-colloid (<0.5%) was detected using the non-SnCl2 formulation, in which
TPPTS acts as a reducing agent for 99mTcO4

− and a coligand at the same time to stabilize
the 99mTc-HYNIC core. The partition coefficients of P4-DMP444 and DMP444 were
determined in an equal volume mixture of 1-octanol and 25 mM phosphate buffer (pH =
7.4). The calculated log P values for P4-DMP444 and DMP444 were −3.96 ± 0.20 and
−4.02 ± 0.16, respectively. Apparently, there was no significant difference in their
lipophilicity.

Biodistribution Properties
SD rats were used to compare biodistribution patterns of DMP444 and P4-DMP444. This
animal model was used to evaluate peptide radiotracers, such as 99mTc-apcitide.16,17 The
selected biodistribution data are listed in Tables SI1 and SI2, respectively. Figure 2
compares organ uptake of P4-DMP444 and DMP444 in blood, heart, lungs and muscle of
SD rats. We are particularly interested in these organs because the radioactivity
accumulation in the blood and heart will have significant impact on detection of arterial
thrombi, in the lungs for PE, and in the muscle for DVT. The uptake of P4-DMP444 and
DMP444 was low in the blood, heart, lung and muscle. At 5 min p.i., P4-DMP444 had
significantly lower (p < 0.05) uptake than DMP444. However, this difference disappeared at
later times (>15 min p.i.). It was clear that replacing the CA linker with PEG4 resulted in
lower radioactivity accumulation in normal organs. These promising data led us to explore
the blood clearance kinetics and biodistribution patterns of P4-DMP444 and DMP444 in
dogs.

Blood Clearance Kinetics
Figure 3 shows blood clearance curves of P4-DMP444 and DMP444 in normal dogs. The
radioactivity is expressed as a percentage of initial radioactivity level at 30 seconds p.i.
Clearly, P4-DMP444 had faster blood clearance with >50% of initial radioactivity remaining
at 5 min p.i. and 24.6% of initial radioactivity remaining at 120 min p.i. In contrast,
DMP444 had nearly 50% of initial radioactivity remaining at 10 min p.i. and 34.6% of
initial radioactivity remaining at 120min p.i. (p < 0.05 for P4-DMP444 vs. DMP444 at 120
min p.i.)

Planar Imaging in Normal Dogs
Figure 4 illustrates the clearance kinetics of P4-DMP444 and DMP444 from normal organs
in dogs. The radioactivity in the heart, lung and liver decreased markedly for both P4-
DMP444 and DMP444 over the 2 h study period. P4-DMP444 had faster clearance than that
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of DMP444 from the heart, lung and liver. There was a significant uptake difference (p
<0.05) between P4-DMP444 and DMP444 in the heart, lung and liver at 120 min p.i.

Thrombus Imaging in Canine DVT and PE Models
Figure 5 compares the DVT (top: in right femoral vein) and PE (bottom: in the left lung)
images obtained in dogs administered with P4-DMP444 and DMP444. Figure 6 shows the
comparison of their PE/lung and DVT/muscle ratios at 15, 30, 60, 90 and 120 min p.i. in
canine PE and DVT models. The lower uptake in the heart and lungs were observed for P4-
DMP444. The PE/lung and DVT/muscle ratios were improved steadily from 15min to
120min p.i. P4-DMP444 had a significantly higher PE/lung ratio than DMP444 at 120min
p.i. (4.04 ± 0.13 vs 3.72 ± 0.14, p < 0.05). The difference between P4-DMP444 and
DMP444 was not statistically significant for their DVT/muscle ratios (4.56 ± 0.41 vs 4.38 ±
0.28, p > 0.05) at 120min p.i.

Impact of Heparin on Thrombus Uptake
Figure 7 shows planar images of the chest region in the dogs with PE (top: in the right lung)
and DVT (bottom: in the right thigh) at 120 min after injection of P4-DMP444 with (right)
and without (left) the anti-thrombosis treatment. It was quite clear that pre-treatment of the
dog with heparin at a dose of 200 units/kg significantly reduced the DVT and PE uptake of
P4-DMP444.

DISCUSSION
In this study, we compared the biodistribution properties of DMP444 and P4-DMP444
(Figure 1) and their excretion kinetics from normal organs of the rats (Figure 2) and dogs
(Figure 3). We are surprised to find out that replacing the lipophilic CA linker with PEG4
had little effect on lipophilicity of 99mTc radiotracers (log P = −3.96 ± 0.20 for P4-DMP444
and −4.02 ± 0.16 for DMP444). However, using the PEG4 linker resulted in lower
radioactivity accumulation in normal organs (e.g. blood, heart, liver and lungs) of rats and
dogs. These results are consistent with those obtained with radiolabeled PEG4–containing
small peptides in our previous studies.38–44

We also compared their capability to image thrombi in canine DVT and PE models. The fact
that P4-DMP444 and DMP444 share similar thrombosis uptake (Figure 5) strongly suggests
that replacing the CA linker with PEG4 has little impact on GPIIb/IIIa binding affinity of
cyclic RGD peptide. On the basis of their clearance kinetics from the blood, heart, liver and
lungs (Figures 3 and 4), one might expect better DVT/muscle and PE/lung ratios for P4-
DMP444 as compared to DMP444. However, we found that P4-DMP444 and DMP444
shared very similar DVT/muscle ratios (Figure 6), probably because they both had low
muscle uptake (Tables SI1 and SI2). Even though P4-DMP444 seems to have better PE/lung
ratios (Figure 6) than DMP444 over the 2 h study period, their difference is marginal,
suggesting that the addition of only one PEG4 linker is not sufficient to dramatically change
the contrast between thrombus and background, particularly muscle and lungs. Due to their
very low lung uptake (Tables SI1 and SI2), it is reasonable to believe that the radioactivity
accumulation in lungs is not the key factor contributing to the limited utility of DMP444 for
imaging PE in patients.

Heparin is a naturally-occurring anticoagulant that prevents the formation of blood clots and
extension of existing clots within the blood. Heparin and its low molecular weight
derivatives (e.g. enoxaparin, dalteparin, tinzaparin) are used as anti-thrombosis agents to
prevent DVT and PE in patients at risk.48 In fact, most of the patients suspected with
thrombosis take heparin alone or in combination with Warfarin® (Coumadin®) at the time
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of imaging.31,36 Thus, we explored the impact of heparin treatment on imaging quality in the
dogs administered with P4-DMP444. In this study, we found that the heparin treatment in
dogs with DVT and PE before administration of P4-DMP444 resulted in dramatic decrease
in radioactivity accumulation in the fresh thrombi (Figure 7). While heparin does not break
down clots that have already formed, it allows the body’s natural clot lysis mechanisms to
work normally to break down blood clots that have formed. It is well-established that
heparin binds to the enzyme inhibitor antithrombin III (AT) causing a conformational
change, resulting in its activation through an increase in the flexibility of its reactive site
loop.49,50 The activated AT then inactivates thrombin and other proteases involved in blood
clotting, most notably factor Xa,49,50 which often leads to the deactivation of platelets and
related receptors, such as GPIIb/IIIa. The rate of inactivation of these proteases by AT can
increase by up to 1000-fold due to the binding of heparin.57 Thus, it is not surprising that
DMP444 has very limited utility for imaging PE in the patients who were on anti-thrombosis
medication at the time of imaging.35,36 We believe that DMP444 and P4-DMP444 will have
better sensitivity and specificity in the DVT and PE patients without anti-thrombosis
treatment (heparin alone or in combination with Warfarin®).

CONCLUSION
In this study, we found that replacing the CA linker with PEG4 can improve the excretion
kinetics from normal organs (blood, heart, liver and lungs). Even though P4-DMP444 seems
to have better PE/lung ratios than DMP444 over the 2 h study period, the addition of one
PEG4 linker in P4-DMP444 is not sufficient to dramatically change the contrast between
thrombus and background. It is very important to note that the heparin pre-treatment of dogs
with DVT and PE can result in dramatic decrease in radioactivity accumulation in fresh
thrombi. On the basis of the results from this study, we believe that P4-DMP444 is an
excellent radiotracer for imaging both DVT and PE, and should be used in the patients
without anti-thrombosis treatment at the time of imaging.
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Figure 1.
Structure of cyclic RGD peptides targeting GPIIb/IIIa receptors on activated platelets, and
their corresponding ternary ligand 99mTc complexes [99mTc(HYNIC-RGD)(tricine)
(TPPTS)] (DMP444: RGD = 6-CA-DMP757, and CA = 6-aminocaproic acid; P4-DMP444:
RGD = PEG4-DMP757, and PEG4 = 15-amino-4,7,10,13-tetraoxapentadecanoic acid).
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Figure 2.
Comparison of organ uptake (%ID/g) of DMP444 and P4-DMP444 in the blood (A), heart
(B), Lung (C) and muscle (D) of Sprague-Dawley rats (n = 4) at 5, 30, 60 and 120 min p.i.
At 5 min p.i., P4-DMP444 had significantly lower (p < 0.05) uptake than DMP444; but this
difference disappeared at later times (>15 min p.i.).
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Figure 3.
Comparison of blood clearance kinetics as determined by γ-counting between DMP444 and
P4-DMP444 over 2 h study period. The blood radioactivity for P4-DMP444 was
significantly lower (P <0.05) than that for DMP444 at >90 min p.i.
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Figure 4.
Organ distribution kinetics from imaging quantification in dogs administered with DMP444
and P4-DMP444 in the heart, lungs and liver. There was significant difference (p<0.05)
between DMP444 and P4-DMP444 for their heart, lung and liver radioactivity at 120min p.i.
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Figure 5.
Top: planar images of lower body parts of the dogs with DVT in their right thigh at 120 min
after injection of DMP444 (right) and P4-DMP444 (left). Bottom: planar images of chest
region of the dog with PE in the right lung at 120 min after injection of DMP444 (right) and
P4-DMP444 (left). The blood pool radioactivity in the heart was higher for DMP444 than
that for P4-DMP444.
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Figure 6.
Comparison of PE/lung and DVT/muscle ratios for DMP444 (n = 5) and P4-DMP444 (n =
5) in dogs. The PE/lung ratio of 99mTc-P4-DMP444 was significantly better than that of
DMP444 at 120min p.i. There was no significant difference between DMP444 and P4-
DMP444 for their DVT/muscle ratios.
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Figure 7.
Planar images of the dogs with PE in the right lung (top) and DVT in their right thighs
(bottom) at 120 min after injection of P4-DMP444 with (right) and without (left) the anti-
thrombosis treatment with heparin (200 units/kg). Arrows indicate the presence of thrombus.
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