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P748 is a dimeric peptide which incorporates two high affinity
GPIIb/llla receptor-binding domains and a novel 99mTc binding
sequence, which provides the platelet imaging agent 99mTc-P748.
The aim of this study was to evaluate 99mTc-P748 preclinically for
use as a hot spot scintigraphic thrombus imaging agent. Methods:
Technetium-99m-P748 was prepared by either a ligand exchange or
a one-vial kit. The oxorhenium congener, [ReO]P748, was prepared
by ligand exchange from Bu4NReOBr4. The binding of P748 peptide
and [ReO]P748 to GPIIb/llla receptors on activated platelets was
assessed by their inhibition of ADP stimulated human platelet
aggregation in platelet rich plasma (PRP). The localization of 99mTcP748 in deep vein and pulmonary thrombi was assessed in a canine
thrombosis model and the biodistribution of 99nrTc-P748 was de
termined in rats. Results: P748 peptide inhibited the aggregation of
human platelets in PRP by 50% at a concentration (IC50)of 28 r\M
and [ReO]P748 had an IC50 of 36 n/W showing the high in vitro
receptor binding affinity of both the peptide and its rhenium complex
(and by analogy its technetium complex). Technetium-99m-P748
was readily prepared at room temperature in 15 min in >90%
radiochemical yield and purity and provided definitive images of
femoral vein thrombi within 20 min and pulmonary thrombi within 1
hr in the canine model. Femoral vein thrombus-to-blood and throm
bus-to-muscle ratios at 4 hr averaged 6.7 and 46, respectively.
Pulmonary thrombus-to-blood and thrombus-to-normal lung ratios
at 4 hr averaged 29 and 27, respectively. Dog and rat studies both
showed rapid clearance of the radiotracer from the blood and with
no significant hepatobiliary excretion but with notable early kidney
retention. Conclusion: The combination of high in vitro receptorbinding affinity, high thrombus uptake and definitive in vivo images
of both femoral vein and pulmonary thrombi show that 99mTc-P748
has considerable potential as a clinical imaging agent for the
detection of venous thromboembolism.
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Venous thromboembolism, comprising pulmonary embolism
(PE) and deep vein thrombosis (DVT), is a common condition,
especially in hospitalized patients. Estimates of the prevalence
in the United States of venous thromboembolism have ranged
from about 250,000 to over 600,000 cases per year (7,2). Others
have estimated the prevalence of PE alone to be 550,000
nonfatal and 140,000 fatal cases per year (3). It is generally
agreed that untreated PE is associated with high mortality
(18%-35%), which can be reduced substantially (to 2%-8%)
with prompt treatment (4,5).
However, the usual method of treating PE and DVT, which is
to anticoagulate the patient, is not without hazard (6). It has
been estimated that heparin-associated morbidity and mortality
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are quite high [30% and 2%, respectively (7)] and that heparin
is the most common cause of drug-related death in reasonably
healthy patients (8). Therefore, it is undesirable to anticoagulate
unnecessarily. A rapid, noninvasive, cost-effective, definitive
diagnosis of venous thromboembolism would allow prompt
initiation of anticoagulant treatment when necessary, but avoid
its use when unnecessary.
Unfortunately, the state-of-the-art does not provide such a
diagnosis. The most common diagnostic procedure for PE, the
V/Q scan (9), often provides indeterminate results (10,11).
Although pulmonary angiography is the most sensitive and
specific method for the diagnosis of PE (5), it is a technically
demanding procedure which is often avoided.
It has been estimated that approximately 70% of PE cases
arise from DVT of the pelvis and lower extremities (12).
Therefore, the accurate detection of DVT is important both to
allow prompt treatment to avoid formation of an embolus and as
an adjunct to the diagnosis of PE, especially in cases with low
and intermediate probability V/Q scans (13). Duplex ultrasonography is the test most frequently used to detect DVT in the
United States. However, although duplex ultrasonography is
highly accurate (99%) in the thigh, it has been reported that
approximately 40% of studies below the knee are technically
inadequate (14). It has also been reported that this technique
shows poor sensitivity in asymptomatic, high-risk patients (/5).
Thus, contrast venography is considered to be the gold standard
for detection of DVT. This procedure, however, is associated
with significant complications and patient discomfort, leading
to a decline in its use in the United States.
A hot spot scintigraphic thrombus imaging agent that allows
for the direct visualization of PE and DVT has been a
long-desired goal (16). Radiopharmaceuticals
that have been
investigated for this use include: radiolabeled plasma proteins,
radiolabeled platelets and radiolabeled monoclonal antibodies,
but these have suffered from lack of specificity, poor pharmacokinetics or cumbersome radiopharmaceutical
preparation,
including derivation from human blood or involving the ma
nipulation of autologous blood (17-19). As recently as 1993, it
has been opined that "... the development of an inexpensive,
noninvasive, accurate test for the detection of pulmonary
embolism and venous thrombosis is the most pressing imme
diate diagnostic need." (26).
A radiotracer that binds to platelets should provide scinti
graphic images representing sites of platelet accumulation and
hence active thrombosis. Based on this premise, we carried out
an extensive study of a series of small, synthetic, 99mTc-labeled
peptides which bind with high-affinity to the glycoprotein
Ilb/IIIa (GPIIb/IIIa) receptor on platelets (20). We have re
ported on one of these compounds, peptide P280, which has
high affinity and specificity for the GPIIb/IIIa receptor and

PLATELETIMAGING
TECHNETiuM-99m-P748â€¢
Lister-James et al.

105

FIGURE 1. P748.

when labeled with 99mTc has given definitive images of DVT in

milliliter of peptide solution 250 /xl "Tc-glucoheptonate

initial clinical studies (21,22).
From our continuing investigation of this class of com
pounds, we have identified a new peptide, P748, which has
higher affinity for the GPIIb/IIIa receptor than P280 and can be
radiolabeled at room temperature. This article describes the
preclinical evaluation of
Tc-P748.

added, the reaction was allowed to proceed at room temperature for
15 min and then the solution was filtered through a 0.22-/j,m low
protein-binding filter. Technetium-99m-P748 was also prepared by
reconstituting an instant kit, containing 50 jag P748 peptide with
99mTc-pertechnetate, allowing the reaction to proceed at room

MATERIALS AND METHODS
P748 Peptide Trffluoroacetate
P748 peptide trifluoroacetate salt was prepared by solid phase
peptide synthesis using an ABI 431A peptide synthesizer (Applied
Biosystems Inc., Foster City, CA), ABI FastMocâ„¢ chemistry and
Rink amide resin (Advanced Chem Tech, Louisville, KY). The
peptide was purified by preparative C18 reversed-phase HPLC
using a Delta-Pak C,8, 15 /j,A/, 300 A, 47 X 300 mm column
(Waters Chromatography, Millipore Corp., Milford, MA) and 0.1%
trifluoroacetic acid in water (0.1% TFA/H2O) modified with 0.1%
trifluoroacetic acid in 90% acetonitrile/10% water [0.1% TFA/
(90% CH3CN/H2O)] as eluents and then lyophilized. The identity
of the P748 peptide trifluoroacetate was confirmed by amino acid
analysis and electrospray mass spectrometry (ESMS). Peptide
purity was determined by analytical Clg reversed-phase HPLC in
two different solvent systems and peptide content was determined
by analysis of total nitrogen.
P748 Oxorhenium (+5) Complex
The oxorhenium complex of P748 ([ReO]P748) was prepared by
ligand exchange using Bu4NReOBr4 (23) in DMF, followed by
purification by preparative HPLC and confirmation of composition
by ESMS.

was

temperature for 15 min.
Radiochemical yield and purity were determined by ITLC
(ITLC-SG, Gelman Sciences, Ann Arbor, MI) using saturated
saline (99mTc-P748 and 99mTc-microcolloid remain immobile;
other species are mobile) and pyridine/acetic acid/water (3:5:1.5)
(99mTc-microcolloid immobile; all other species, including 99mTcP748, are mobile) as developing solvents.
Radiometric-HPLC was performed using an HPLC equipped
with an in-line gamma detector linked to an integrating recorder, an
analytical reversed-phase column (Delta-Pak C]8, 5 ju,M, 300 A,
3.9 X 150 mm) eluted at 1.2 ml/min with a gradient of 0.1%
TFA/H2O modified with 0.1% TFA/(90% CH3CN/H2O).
In Vitro Inhibition of Human Platelet Aggregation Assay
Peptide P748 and [ReO]P748 were evaluated in vitro for
inhibition of platelet aggregation essentially as described by
Zucker (24). Each assay used fresh human platelet-rich plasma at
approximately 300,000 platelets per microliter. Aggregation of
platelets was induced by 10-20 \iM ADP and measured using a
Bio/Data aggregometer. The concentrations of P748 and
[ReO]P748 varied from 100 /xg to 0.1 /Â¿gper ml. The concentra
tions of P748 and [ReO]P748 which reduced platelet aggregation
by 50% (IC50) were determined by interpolation from plots of
percent aggregation versus P748 or [ReO]P748 concentration
(inhibition curves).

Technetium-99m-P748
Animal Model
P748 was labeled with 99mTcby ligand exchange using 99mTcThe model used was that previously reported by Knight et al.
glucoheptonate as ligand exchange reagent. Thus, P748 peptide (25). Mongrel dogs ( 13 kg-26 kg, fasted overnight) were sedated
trifluoroacetate was dissolved to 1 mg/ml in 0.9% saline. Techne(ketamine and acepromazine i.m.) then anesthetized with sodium
tium-99m-glucoheptonate was prepared by reconstituting a Glu- pentobarbital intravenously. In each animal, an 18-gauge angiocath
coscanK vial (DuPont Pharma, Billerica, MA) with 1.0 ml of 99mTc was inserted into the inferior vena cava and a 5 or 8 mm
sodium pertechnetate containing up to 7.4 GBq (200 mCi) which Dacron-entwined stainless steel embolization coil was allowed to
was allowed to stand for 15 min at room temperature. To each embolize to the lungs. The catheter was then repositioned into the

FIGURE 2. P748 oxotechnetium/oxorhenium complex (proposed structure). Tc
may be replaced by Re.
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FIGURE 3. HPLC comparison of 99mTc-P748 and [ReO]P748. Upper trace: [ReO]P748 UV (/WJ

distal half of the right femoral vein and an 8 mm coil was placed
in the femoral vein at approximately midfemur. The catheter was
then removed, the wound was sutured and the placement of the
coils were documented by radiograph. In some animals, a coil was
also placed in the left femoral vein. The animals were allowed to
recover overnight.
Imaging Studies

On the day after coil placement, each animal was reanesthetized,
intravenous saline drips were placed in each foreleg. The animal
was placed supine under a gamma camera fitted with a highresolution collimator photo-peaked for 99nTc. Images were stored
in 128 X 128 image matrix on a computer system.
Ten dogs were injected with 99mTc-P748 (370-1500 MBq
(10-40 mCi) 99mTc and 0.05-0.4 mg P748) into one foreleg
intravenous line at its point of insertion. The second line was
maintained for blood collection. As a positive control, one animal
was co-injected, and two additional dogs were injected with
"'In-oxine labeled platelets [37-110 MBq (1-3 mCi)].
Gamma camera imaging was started simultaneously with injec
tion. Anterior images over the heart were acquired as a dynamic
study ( 10 sec image acquisitions) over the first 10 min then as static
images at 1, 2, 3 and 4 hr postinjection. Anterior images over the
legs were acquired for 500,000 count or 20 min whichever came
sooner, at 20 min and at approximately 1,2,3 and 4 hr postinjec-

trace; lower trace: 99nTc-P748 radiometrie trace.

tion. Leg images were collected with a lead shield placed over the
bladder. After each leg image, a lateral 20 min image of the lungs
was also obtained.
After the final image, each animal was deeply anesthetized with
pentobarbital. A final blood sample was collected and a euthanasing dose of sodium pentobarbital was administered by bolus
intravenous injection. The lungs were excised and dissected to
isolate the coil and associated thrombus. The femoral veins
containing the thrombi, a section of nonthrombosed vein (usually
from the contralateral leg), sections of vessel proximal to the
thrombus and samples of thigh muscle also were carefully dis
sected out. The thrombus, coil and coil-fibers were dissected free
of the vessel and the thrombus was separated from the coil and
dacron fibers. In 8 of the 10 studies, the thrombus proximal to the
coil and the thrombus distal to the coil were excised separately. The
thrombi, saline-washed vessel samples and samples of blood,
muscle, liver, kidney and spleen were weighed and, along with
known fractions of the injected doses, were counted in a gamma
well counter in the 99mTcor '"in channel as appropriate. Tissues
from the animal injected with both radiotracers were counted in a
gamma well-counter set to count in both 99mTcand '"in windows.
Technetium-99m counts were corrected for " ' In spillover and 3
days later the samples were recounted for '"in only.
Percent injected dose (%ID) and %ID/g in the excised tissue

TABLE 1
Four-Hour Femoral Vein and Pulmonary Thrombi Data of Technetium-99m-P748 in the Canine Thrombus Model

Femoral vein thrombus
Entire thrombus*
Distal segment
Pulmonary thrombus1"

Thrombus wt (mg)

%ID/g thrombus

280 (36-770)

0.018(0.0067-0.068)
0.025(0.013-0.051)

120(17-250)
52(1-114)

0.11(0.013-0.33)

Thrombus-to-blood

6.7(1.5-20)
9.2 (4-25)
29 (6-59)

Thrombus-to-muscle

46 (8-200)

57(11-150)
27 (8^70)

*n = 14.
*n = a
Mean (range).
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TABLE 2
Four Hour Femoral Vein Thrombi Data of lndium-111-OxineLabeled Platelets in the Canine Thrombus Model
Thrombus
Wt(mg)

%ID/g
thrombus

232 Â±190 0.31 Â±0.037

Thrombus-to-blood

9.5 Â±0.93

Thrombus-to-muscle

870 Â±260

n = 3; mean Â±s.d.

samples and thrombus-to-blood and thrombus-to-muscle ratios
were determined. From the computer-stored images of seven
studies, thrombus-to-background ratios were determined from
counts/pixel measured in regions of interest (ROI) drawn manually
over the thrombus and adjacent medial and lateral muscle.
Biodistribution Studies in Normal Rats

Normal Sprague-Dawley rats (200-300 g) were restrained and
injected intravenously via the lateral tail vein with 99mTc-P748
(40-110 MBq (1-3 mCi) 99mTc,0.04-0.06 mg P748 peptide per
kilogram). A retroorbital blood sample was taken from all animals
at 1 min postinjection. Groups of three animals were killed by
cervical dislocation at 15, 30 min, l, 1.5, 3, 7 and 24 hr and
necropsied. Excised tissues were rinsed with saline, blotted dry,
weighed and, along with a known fraction of the injected dose,
were counted in a well-counter photo-peaked for 99mTc.
RESULTS

P748 Peptide Trifluoroacetate
The structure of P748 is shown in Figure 1. The purity of the
P748 peptide trifluoroacetate was >90% by HPLC. Amino acid
analysis showed the expected ratios of Gly (7), Asx (2), Lys (3)
and Tyr (2); Amp and Cys were not assayed. Electrospray mass
spectrometry gave M = 2573.5, in agreement, within the
experimental error of Â±1 amu, with the calculated molecular
weight (for C^H^NjjG^Ss)
of 2573.9.
[ReO]P748

A single complex was isolated by preparative HPLC. Elec
trospray mass spectrometry gave M = 2272.8, in agreement,
within the experimental error of Â±1 amu, with the calculated
molecular weight of the expected complex (P748-3H + ReO)
of 2272.1. The proposed structure of the technetium and
rhenium complexes of P748 is shown in Figure 2.
Technetium-99m-P748
P748 was readily labeled within 15 min at room temperature
either by ligand exchange using 99mTc-glucoheptonate or using
an instant kit. Radiochemical yield was routinely ^ 90% with
a specific activity of approximately 60 Ci/mmole P748 peptide.
Radiochemical purity was >90% by ITLC. Reversed-phase
HPLC analysis showed the presence of two closely-eluting

radioactive components, Rt approximately 12 min, with the
later-eluting component usually being present in marked abun
dance. Technetium-99m-pertechnetate
and 99mTc-glucoheptonate, if present, eluted within 2 min. An HPLC comparison of
99mTc-P748 and [ReO]P748 showed that the isolated rhenium
complex eluted at approximately the same Rt as the 99mTc-P748
(Fig. 3).
In Vitro Inhibition of Human Platelet Aggregation Assay

The concentration of P748 peptide required to inhibit 50% of
human platelet aggregation (IC50) in PRP was 28 Â±2 nM in
three assays. [ReO]P748 gave an IC50 of 36 nM.
In Vivo Results

Technetium-99m-P748 uptake in selected samples from stud
ies in 10 dogs is presented in Table 1. Venous thrombi in these
studies varied considerably 36-770 mg (average 280 mg). At 4
hr postinjection, the percent of injected dose (%ID) in the
femoral vein thrombi also varied from 0.0055% to 0.075%
(average 0.0085%) but there was much less in the vessels, both
which contained the thrombi (0.00089%) and which did not
(0.00048%). Average percent of injected dose per gram
(%ID/g) in the thrombi was 0.018% and 0.0043% in the vessels,
respectively, which contained the thrombi. Thrombus-to-blood
and thrombus-to-muscle ratios were high, averaging 6.7 and 46,
respectively. Maximal radiotracer uptake was seen consistently
in the distal portion of the thrombus (average 0.025%ID/g) and
distal thrombus-to-blood and thrombus-to-muscle ratios were
9.2 and 57, respectively.
In comparison, '"in-oxine-labeled
platelets used as a posi
tive control gave higher 4 hr uptake in the thrombi (0.31 Â±
0.037%ID/g) and a higher thrombus-to-muscle ratio (870 Â±
260) but an almost equivalent thrombus-to-blood ratio (9.5 Â±
0.93) (Table 2).
The pulmonary thrombi formed in these studies also varied in
size. Using 5 mm coils, the thrombi were very small, ranging
from 1 to 47 mg (average 18 mg). However, using the 8 mm
coils, larger thrombi were formed (30-110 mg). The %ID/g in
the pulmonary thrombi was variable but was very high in some
studies (range 0.013 to 0.33%ID/g). Thrombus-to-blood ratios
ranged from 6-59 and thrombus-to-lung ratios ranged from
8-470.
Percent ID/g at 4 hr postinjection in the blood (0.0030 Â±
0.0011 ) reflected the fast blood clearance. Data from seven
studies showed the minimal liver uptake (0.0046 Â±
0.00026%ID/g), spleen uptake of only 0.0048 Â±0.0016%ID/g,
much less than that seen with radiolabeled circulating platelets
(approximately 0.25%ID/g) and kidney uptake of 0.34 Â±
0.14%ID/g reflecting the early kidney retention seen with this
agent.
Examples of images acquired in the anterior view over the
hind legs of a dog at 20 min, 1,2,3 and 4 hr are presented in

'

:
â€¢
D

FIGURE 4. Technetium-99m-P748 canine DVT model imaging study. (A) 20-min image of hind legs. (B) 1-hr image of hind legs. (C) 2-hr image of hind legs.
(D) 3-hr image of hind legs. (E) 4-hr image of hind legs.
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FIGURE 5. Technetium-99m-P748 canine PE model imaging study dog with
an 8-mm embolization coil in the left lung. (A) 1-hr left lateral image of chest.
(B) 4-hr left lateral image of chest.

Figure 4. The images show distinct thrombus uptake as early as
20 min postinjection, with unequivocal localization by 1 hr,
which was persistent for at least 4 hr. The thrombus definition
in the images obtained with l)y'11Tc-P748 are comparable to
those obtained using '"in-oxine-labeled
platelets (Fig. 6).
However, the WmTc-P748 images show the faster blood clear
ance of the labeled peptide compared to labeled platelets with
consequently better early thrombus definition in the WmTcP748 studies.
ROÃ•measurements taken from the 4-hr images of five studies
gave thrombus-to-background
(muscle) ratios ranging from 1.7
to 4.2 (mean 2.9 Â±1.0). One and 4 hr images of the lungs of an
animal bearing an 80-mg lung thrombus are shown in Figure 5,
in which the delineation of the thrombus is clearly seen.
Blood clearance was determined from serial blood samples
taken in six of the studies. A plot of the results is presented in
Figure 7 and shows the very fast initial clearance of the
radiotracer from the blood.

FIGURE 6. lndium-11-oxine labeled platelets canine DVT model imaging
study; 1,2,3 and 4 hr images.

The results of the biodistribution

studies of <WmTc-P748 in

rats are shown in Table 3 and generally confirmed the biodis
tribution observed qualitatively in the dog. Blood clearance was
biexponential with t, 2a = 9.6 min and t, 2ÃŸ= 2.4 hr. Excretion
was primarily renal with notable early retention in the kidneys.
Two kidney measurements ( 1.5 hr and 3 hr) were invalid due to
long deadtimes. However, the kidney uptake values before and
after those timepoints allowed a single input function and decay
curve to be fitted which provided estimates of the missing data
which correlated with overall recoveries of radioactivity. A
difference noted between the dog and the rat was the high initial

TABLE 3
Biodistribution of Technetium-99m-P748

in the Rat*

pointsTissueBloodLungHeartThymusSpleenKidneyLiverAdrenalsTestesMuscleBone(femur)Salivarygland%ID%ID/g%ID%ID/g%ID%ID/g%ID%ID/g%ID%ID/g%ID%ID/g%ID%ID/g%
Time
min16

min19

min12

min8.3

4.11.3
Â±
Â±0.521.8
Â±0.441.6
Â±0.380.48
0.230.49
Â±
0.230.06
Â±
00.1Â±
0.022.0
Â±
72.8Â±0.1
0.3829
Â±
1.614
Â±
1.129
Â±
7.02.4
Â±
0.630.01
Â±
00.1 Â±
0.020.4
8 Â±
0.030.11
Â±
0.020.06
Â±
0.010.32
Â±
0.080.15
Â±

Â±0.79
Â±0.97
Â±0.97
Â±0.3
Â±0.37
Â±0.06
Â±0.10
Â±1.3
Â±1.9
Â±36
Â±19
Â±36Â±4.0

0.010.25
Â±
Â±0.0830

0.050.1
Â±
8 Â±0.0460

Â±0.1
0.020.11
Â±
0.010.08
Â±
0.01
6 Â±4.10.300.150.340.080.100.040.060.750.771.53.27.40.640.010.190.050.010.010.130.0020.0490
Â±0.033
Â±0.0271.90.120.390.040.060.060.020.030.50.6459288.10.850.003

Â±0.26
Â±0.07

1.40.37
Â±
0.090.54
Â±
0.150.22
Â±
0.040.14
Â±
0.060.1
Â±
0.090.03
7 Â±
00.05Â±
0.010.96
Â±
0.341.3
Â±
Â±0.1764^31

hr0.350.020.050.210.010.010.00

9.50.85
Â±
0.511.3
Â±
Â±0.180.93
0.220.57
Â±
0.210.51
Â±
0.080.09
Â±
0.020.13
Â±
0.041.7
Â±
Â±0.522.4
0.7314
Â±
3.66.2
Â±
Â±2.1536
3.42.9
Â±
0.150.01
Â±
00.1 Â±
0.020.33
8 Â±
0.080.10
Â±
0.030.11
Â±
Â±0.010.32
0.040.14
Â±

Â±0.02
Â±0.39
Â±0.25
Â±0.08^0.05

2.10.52
Â±
Â±0.131.1
Â±0.30.87
0.250.26
Â±
0.130.29
Â±
50.04Â±0.1
0.010.06
Â±
0.011.2
Â±
Â±0.11.7
Â±0.2248T24t24

hr5.9

119
2.42.4
Â±
0.220.01
Â±
00.14Â±
0.020.21
Â±
0.020.05
Â±
0.010.04
Â±
0.0010.3
Â±
0.070.06
Â±

5.82.0
Â±
0.510.004
Â±
0.0010.09
Â±
0.010.13
Â±
0.030.03
Â±
0.010.03
Â±
0.0010.25
Â±
0.010.04
Â±

0.32Â±0.02Â±0.11Â±0.01Â±0.02Â±0.02Â±0Â±
0.01â€¢
0.001Â±0.01Â±0.01Â±

0.005t
0.001i
0.001!
0.001t
0.02i
0.02t
0.09Â±2.8Â±2.1Â±0.84Â±0.13Â±0.001Â±
1.9r
0.79Â±0.44Â±

0.01r
0.001t
0.02Â±0.02Â±
0.001i
0.005ÃŽ
0.0010.001^0.02Â±0.02Â±0.00
0.001Â±0.01Â±0.02Â±0.0224

*n = 3 per time point; mean Â±s.d.
Interpolated

data (see text).
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FIGURE 7. Blood clearance of ""Tc-748
in six canine model studies by wholeblood sampling.
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Time (minutes

uptake of WmTc-P748 in the rat liver, whereas little hepatic
uptake was seen in the dog.
DISCUSSION

GPIIb/IIIa receptors are present on the surface membranes of
all platelets. However, only the GPIIb/IIIa receptors on acti
vated platelets bind the dimeric plasma protein fibrinogen,
resulting in platelet cross-linking and aggregation (27). A
number of small, synthetic peptides and peptidomimetics have
been shown to behave as fibrinogen antagonists (28-36). These
compounds bind to the GPIIb/IIIa receptor, block the binding of
fibrinogen and consequently inhibit platelet aggregation. There
fore, in order to provide an platelet imaging agent, our approach
was to combine the preferred radionuclide 99mTc, with a small,
synthetic, high-affinity GPIIb/IIIa receptor-binding peptide.
We previously reported the successful use of one of this class
of agents, WnTc-P280 (Fig. 8) to provide easily readable
images of DVT in humans (27). Although peptide P280 shows
high affinity and specificity for the GPIIb/IIIa receptor, we
showed that for successful imaging of PE, which may be
characterized by smaller thrombus fragments and fewer sites of
active thrombosis than DVT, the affinity of the peptide needs to
be even higher. Additionally, since the preparation of WmTcP280 requires heating, we sought a 99mTc chelating sequence
that would allow formulation as a convenient room temperature
labelable kit.

X

Peptide P748 (Fig. 1) incorporates the GPIIb/IIIa receptorbinding sequence, -(4-amidinophenylalanyl)-glycyl-aspartyl-,
i.e., -Amp-Gly-Asp-, in a conformationally constrained cyclic
sulfide designed to enhance receptor-binding affinity. The
synthetic amino acid Amp has been shown to provide increased
receptor-binding affinity over simple amines (33). In addition,
P748 was designed as a dimer, incorporating two receptorbinding domains, in order to mitigate the fast receptor off-rate
which may occur with small receptor-binding peptides and
consequently to enhance retention of g')mTc-P748 at the recep
tor. Furthermore, P748 peptide contains the novel -e-lysylglycyl-cysteinyl-99mTc-chelating
sequence. This sequence was
designed to provide an amine bisamide thiol donor set which
was expected to form a neutral oxotechnetate ( + 5) or oxorhenate (+5) complex and to be labeled readily at room
temperature.
Indeed, P748 was found to be three times more potent than
P280 in inhibiting the aggregation of human platelets in platelet
rich plasma which is an assay which reflects GPIIb/IIIa recep
tor-binding affinity (IC50 of 28 nM for P748 versus 79 nM for
P280). Moreover, the oxorhenium complex of P748, which
because of the close similarity between the chemistries of
rhenium and technetium in the ( + 5) oxidation state can be
considered to be representative of the P748 oxotechnetium
complex, substantially retained the affinity of the parent pep
tide, having an IC50 of 36 nM. It is noted that two of the highest
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potency GPIIb/IIIa binding fibrinogen antagonists previously
reported in the literature, Ro 44-9883 and MK-383 have IC50's
of 25 and 36 nM, respectively (37). Thus, both P748 peptide
and, by inference from the oxorhenium complex assay, 99rnTcP748 have high receptor binding affinity.
The results of studies of 99mTc-P748 in the canine thrombosis
model confirmed the expectations from the in vitro results,
showing clear definition of femoral vein thrombi in images and
high thrombus-to-blood and thrombus-to-muscle ratios. Inter
estingly, the distal segments of the femoral vein thrombi
showed greater radiotracer uptake than did the proximal seg
ments consistent with the initial delivery of the dose to the distal
end of the thrombus. Although the pulmonary thrombi were
very small in many of the studies, when larger embolization
coils were used, definitive images of the lung thrombi were
obtained using 99mTc-P748. The biodistribution of 99mTc-P748
in the rat was unremarkable

except for the kidney retention.

CONCLUSION
The combination of high in vitro receptor-binding affinity,
high thrombus uptake and excellent in vivo image definition of
both femoral vein and lung thrombi indicate that 99mTc-P748
has considerable potential as a clinical imaging agent for the
detection of venous thromboembolism.
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