
more when considering particular patterns of increased uptake
that are frequently caused by sterile inflammatory processes
(e.g., uptake around the neck of a total hip prosthesis or uptake
in the synovial lining only).
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Imaging of the Pancreas and Related Diseases with
PET Carbon-11-Acetate
Paul D. Shreve and Milton D. Gross
Department of Nuclear Medicine, Ann Arbor Veterans Affairs Medical Center and Department of Internal Medicine, Division
of Nuclear Medicine, University of Michigan Medical Center, Ann Arbor, Michigan

The purpose of this study was to evaluate [1-11C]-acetate as a tracer

for functional imaging of the pancreas and related diseases using
positron emission tomography (PET). Methods: Thirty-three pa
tients underwent 30 min of dynamic attenuation-corrected PET after
intravenous administration of 740 MBq (20 mCi) of [1-11C]-acetate.

Results: The normal pancreas demonstrates prompt uptake of
[1-11C]-acetate and is visualized as early as 2 min post-injection,

with maximal activity achieved by 5 min. Subsequent clearance of
tracer from the pancreas is slow relative to adjacent organs and
background, such that by 10 min post-injection the pancreas is the
most prominent organ in the imaging field of view. Pancreatic uptake
of [1-11C]-acetate was unaffected by pancreatic endocrine insuffi

ciency, but is absent in chronic pancreatitis complicated by exocrine
insufficiency. Moderately reduced [1-11C]-acetate uptake was ob-
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served in acute uncomplicated pancreatitis. The level of tracer
accumulation was substantially reduced in phlegmatous masses
complicating pancreatitis and in chronic mass forming pancreatitis.
Adenocarcinoma of the pancreas likewise demonstrated no signifi
cant uptake of [1-11C]-acetate. Conclusions: Accumulation of [1-
11C]-acetate by the pancreas allows rapid metabolic imaging using

PET, and may be a useful metabolic probe for the study of pancre
atic physiology and disease.

Key Words: pancreas; PET; acetate; neoplasm; pancreatitis
J NucÃMed 1997; 38:1305-1310

Imaging diagnosis of pancreatic disease has been primarily
based on descriptions of anatomic pathology. Despite improve
ments in cross-sectional structural imaging, many important
pancreatic diseases remain inadequately characterized by ana
tomic criteria alone. For example, the severity of acute pancre
atitis can only be inferred by nonspecific morphologic alter
ations in the pancreas itself and in adjacent tissues, attendant to
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the appearance of complications such as the formation of
inflammatory masses, pancreatic necrosis and parapancreatic
fluid collections (/). In mild to moderate chronic pancreatitis,
the severity of the morphologic abnormality of the gland or duct
structures does not correlate with exocrine dysfunction (2). A
discrete pancreatic mass, when identified, can be a nonspecific
finding with respect to cancer without corroborative evidence of
malignancy (3-5).

Images that depict tissue physiology rather than anatomy
would thus be particularly useful in the study of pancreatic
physiology and disease. The first functional imaging agent of
the pancreas, 75Se-selenomethionine, was described by Blau

and Bender in 1962 (6). Specificity for both identification of
masses and imaging diagnosis of impaired pancreatic exocrine
function was low, however, due in part to the limited spatial and
temporal resolution (7). Furthermore, 75Se-selenomethionine is

subject to metabolic pathways independent of L-methionine (8).
L-methionine labeled with "C is a true tracer of the amino acid

and follows the pathway of active transport into the acinar
pancreas cells with subsequent incorporation into the pancreatic
/ymogens. When imaged with positron emission tomography
(PET), "C-L-methionine allows for substantially improved

spatial and temporal resolution over the single photon agent
7"Se-selenomethionine (9). Absence of functioning acinar tissue

due to the presence of a space occupying mass or chronic
pancreatitis could be identified on images by the absence of

C-L-methionine tracer uptake (9,10). Additionally, by duode
nal intubation and aspiration, subsequent secretion of the
labeled protein into excreted pancreatic juices under secreta-
gogue stimulation has been used as an index of pancreatic
exocrine function (//).

Both L-methionine tracers are limited by the pathway of
amino acid carrier-mediated uptake and incorporation into
exocrine proteins, a process resulting in prolonged tracer
kinetics. A tracer capable of similar high pancreas target-to-
background ratios but with more rapid uptake and clearance
reflecting a more central aspect of pancreatic tissue metabolism
may provide greater versatility and applicability in the study of
pancreatic function and disease, or serve a complimentary role
to other functional tracers for pancreas imaging.

As a probe of intermediary metabolism, [1- 'C]-acetate has

been widely investigated for the study myocardial metabolism
(12-15). The behavior of this tracer elsewhere, particularly the
visceral organs, to date has received little attention. In vitro
studies over 2 decades ago using [l-'4C]-acetate and rat

pancreatic fragments demonstrated highly active basal lipid
metabolism with rapid incorporation of [l-14C]-acetate into
fatty acids (16). In our recent studies of [l-"C]-acetate behav

ior in the kidney ( / 7), we observed remarkably high uptake and
retention of [l-"C]-acetate tracer activity in the pancreas

relative to other visceral organs, suggesting the earlier in vitro
observations of pancreas acetate metabolism apply to in vivo
imaging applications. We describe here our initial findings
concerning the use of [l-"C]-acetate as a functional imaging

agent for the pancreas and related diseases.

MATERIALS AND METHODS

Patients
After institutional human use committee approval, 33 patients

from the Ann Arbor Veterans Affairs Hospital were studied. All
patients gave written informed consent. Twelve patients with no
history of pancreatic related disease, or laboratory or clinical
Undings to indicate pancreatic disease ranging in age from 24 to 69
yr were used as normal controls. Six patients with a long standing

history of insulin-requiring diabetes mellitus and five patients with
a long standing history of chronic pancreatitis complicated by
clinical signs and symptoms of exocrine insufficiency were studied
to assess the effect of pancreatic endocrine and exocrine insuffi
ciency, respectively, on pancreas uptake and retention of [1-"C]-

acctate. Three patients were studied during episodes of acute
uncomplicated pancreatitis, with serum amylase and lipase levels
in excess of 500 international units/liter and 200 international
units/dl, respectively, at the time of scanning. Three patients with
inflammatory pancreatic masses were also studied; one patient with
chronic mass forming pancreatitis and two with active phlegmatous
masses. Additionally, five patients with pancreatic adenocarci-
noma, one adenocystic, were studied. Diagnosis of the pancreatic
masses was by histopathology, except for one case of phlegmatous
masses for which diagnosis was confirmed by 2-yr clinical and
serial computed tomography (CT) scan follow-up.

Radiotracer Preparation
Carbon-11 was produced using a CS-30 cyclotron by proton

bombardment of I4N2. The resultant "CO2 was then reacted with

methyl magnesium bromide by a modified method of Pike et al.
(18). Radionuclide purity of the [1-"C]-acetate was greater than

98% and radiochemical purity determined by radio high pressure
liquid radiochromatography was consistently greater than 95%.

Imaging Protocol
Patients underwent dynamic PET using a Siemens ECAT 931 or

ECAT Exact 921 scanner. All patients studied fasted 6-12 hr
before scanning to minimize variability in substrate availability due
to meals and to preclude bowel uptake of tracer (which we had
observed incidentally in past [l-"C]-acetate studies of patients

who had inadvertently eaten before scanning). Serum glucose in all
patients was between 80 and 150 mg/dl at time of scanning.
Patients were positioned in the scanner gantry such that the
pancreas was centered in the axial field of the scanner based on the
relationship of the pancreas so such landmarks as the xiphoid,
umbilicus and iliac crests on CT. A 15-min transmission scan using
a 68Ge ring source (931 scanner) or 6XGeretractable rod source

(ECAT Exact 921 scanner) was performed for attenuation correc
tion purposes before tracer administration. Carbon-11-acetate [740
MBq (20 mCi)] in normal saline was then administered intrave
nously over 30 sec using a calibrated dose injector, with simulta
neous initiation of 30 min of dynamic emission imaging. The
image sequence included ten 10-sec imaging frame acquisitions
followed by ten 20-sec frames, two 2.5-min frames and four 5-min
frames.

Image and Data Analysis
Attenuation- and decay-corrected images were reconstructed

transaxially and displayed in a 128 X 128 matrix. Images were
visually evaluated using a computer display of the transaxial
reconstructions of image frames from 10-20 min, as well as the
entire dynamic sequence at selected axial levels. In all patients
except normal controls, correlative CT scans were available for
comparison to aid in locating focal pathologies, which were not
tracer avid. To examine tissue tracer time-activity relationships,
two regions of interest (ROIs) were drawn, one predominantly in
the pancreas head, the other centered in the body and tail of the
gland. These ROIs ranged in size from 12-40 pixels (pixel size 4.7
and 4.2 mm for the 931 and 921 model scanners, respectively).
Additional regions of interest were drawn for masses or focal areas
of inflammation in those subjects with such pathologies, as well as
regions of liver and renal cortex included in the field of view. ROIs
were drawn well within the tissue tracer activity to minimize partial
volume averaging error. Tracer activity was then expressed as
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FIGURE 1. Sequential decay- and attenuation-corrected transaxial images
of the pancreas after intravenous administration of 740 MBq (20 mCi) of
[1-11C]-acetate. Image frame times are post-tracer administration.

average counts per pixel for the ROI normalized to I cm3 voxel

volume.
ROI tracer activity was additionally expressed as standardized

uptake value (SUV) using the following relationship: SUV equals
average recorded counts per pixel X patient weight (kg)/scanner
calibration factor X administered dose (mCi). For comparison of
tissue tracer activity among normal pancreas and various pathologies,
the SUV at 10-20 min post-tracer administration (SUV|0 2(>min)
was chosen as optimal target-to-nontarget ratio was achieved beyond
10 min and changed little thereafter. Differences in the SUV,0_20min
values of normal control subjects, endocrine and exocrine insufficient
categories were tested for statistical significance using unpaired
Student's t-test, after homogeneity of variance between the SUV|0_
20minvalues of the categories was confirmed by the Bartlett's test.

RESULTS

Images of the Pancreas
Uptake of [l-"C]-acetate by pancreatic tissue is rapid, with

the organ clearly visualized by 2 min (Fig. 1). Tracer continues
to accumulate in the pancreas relative to adjacent organs and
background, such that by 10 min the pancreas is the most
prominent organ in the imaging field. By 30 min post-injection,
the pancreas remains well-defined and is the only remaining
conspicuous structure in the imaging field. The head, body and
tail of the pancreas are well-delineated on images beyond 10
min due to the high target-to-background ratio. The pancreas-
to-liver ratio 10-20 min post-injection ranged from 2.1-4.5,
with a mean of 3.1, among the normal subjects studied.

Pancreatic uptake of [ 1- C]-acetate in subjects with greater
than 10 yr of insulin-requiring diabetes mellitus was not
visually altered (Fig. 2), nor was uptake and retention of tracer
as measured by SUV,0_20min significantly different from pa
tients with normal pancreatic endocrine function (Fig. 3).
Patients with chronic pancreatitis complicated by exocrine
insufficiency, however, demonstrated no discernible accumula
tion of tracer above background in the pancreatic bed (Fig. 2)
and the SUV10_20min was significantly (p < 0.001) less than
normal controls and diabetic patients (Fig. 3). Moderately

^ ^>
a

FIGURE 2. Transaxial [1-11C]-acetate Â¡magesat the level of the pancreas
10-20 min after tracer administration, (a) Normal patient, (b) Patient with
long-standing insulin-requiring diabetes mellitus. (c) Patient with chronic

alcoholic pancreatitis complicated by exocrine insufficiency. Images are
attenuation and decay corrected.

reduced uptake of [I-1 'C]-acetate was observed in the pancreas

of patients with acute uncomplicated pancreatitis (Fig. 3).
Inflammatory masses including phlegmatous masses and a

pseudomass of chronic pancreatitis did not accumulate [1-UC]-

acetate (Fig. 3). Masses due to pancreatic adenocarcinoma
likewise did not accumulate [ 1- C]-acetate (Fig. 3). Such
non-[l-"C]-acetate avid masses could be typically identified,
however, by distortion or displacement of [l-"C]-acetate avid

uninvolved pancreas tissue. For example, as shown in Figure 4,
an adenocarcinoma in the head of the pancreas is clearly
identified by a hole of absent tracer activity surrounded by
acetate avid nonneoplastic pancreatic tissues. Similarly, in
another patient, a neoplastic mass is identified by effacement of
the anterolateral aspect of the pancreatic head. Absent sustained
uptake of tracer in a case of chronic mass-forming pancreatitis
originating in the posterior aspect of the pancreatic tail is
revealed by anterior displacement and draping of the nonin-
volved pancreatic tail is over the mass. In another patient shown
in Figure 4, a phlegmatous mass is displacing the uninvolved
pancreatic head laterally.

No significant bowel uptake of the tracer was present in
fasted patients. Subjects who inadvertently ate before scanning
demonstrated intense small bowel uptake of tracer, which was
readily apparent throughout the small bowel on the earliest
imaging frames indicating that the tracer uptake was due to
direct extraction from blood rather than excretion of tracer
contained in pancreatic secretions. Intense renal uptake was
seen in all the subjects that cleared rapidly, concordant with our

16-
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o0efi

o
8o

oo00088

gl

lNL

DM AP PH CP NP

FIGURE 3. Comparison of standardized uptake values of tissue tracer
activity in the pancreas at 10-20 min post-[1-11C]-acetate administration

(SUV, 0.20min)in normal patients (NL), insulin requiring diabetes mellitus (DM),
acute uncomplicated pancreatitis (AP), and in the pancreatic bed of patients
with chronic pancreatitis with exocrine insufficiency (CP). Also shown are
(SUV, 0.20min)of pancreatic masses including phlegmon (PH) and pancreatic
adenocarcinoma (NP).
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FIGURE 4. Transaxial [1-11C]-acetate images at the level of the pancreas
10-20 min post-tracer administration in patients with pancreatic masses, (a)

Adenocarcinoma in the head of the pancreas. Acetate avid normal pancre
atic tissue is distorted around the neoplasm. The neoplasm itself is seen as
a relative photopenic defect in the pancreatic head because it shows no
appreciable uptake of [1-"C]-acetate. (b) Chronic mass forming pancreatitis

in the posterior tail of the pancreas. The uninvolved pancreas tissue is
displaced anteriorly and draped over the mass, which itself shows only low
level uptake of [1-11C]-acetate. (c) Neoplastic mass at the anterolateral

margin of the head of the pancreas, causing effacement and displacement of
the nonneoplastic pancreas tissue of the pancreatic head (arrow), (d) Phleg-

matous mass displacing the pancreatic head laterally (arrowhead). Unin
volved pancreas tissue shows normal tracer uptake.

previously described findings (17). The liver was generally
associated with modest [ 1- C]-acetate uptake, but in a few
patients tracer uptake was relatively intense, approaching nearly
one-half the intensity of pancreas tissue. In all cases, however,
the pancreas was readily distinguishable from the liver.

Tissue Time-Activity Curves
The pancreas rapidly accumulated [I-1 'C]-acetate, with peak

activity reached by roughly 5 min (Fig. 5). Among normal
subjects, the time-to-peak pancreas tracer activity ranged from
3-7.5 min with a mean of 4.6 min and s.d. of 1.1 min.

0 200 400 600 800 1000 1200 1400 1600 1600

SECONDS

FIGURE 5. Tissue time-activity of [1-'1C]-acetate for normal pancreas (

normal kidney (â€¢),and normal liver (o). All curves are decay corrected.

Thereafter, clearance of tracer activity was slow, with only
about one-third of peak activity lost by 30 min. Among normal
subjects, the percent of peak pancreas tracer activity remaining
at 30 min ranged from 52% to 75%, with a mean of 64% and
s.d. of 6.5%. This is in contrast to tracer activity in the renal
cortex, which although it achieved slightly earlier attainment of
peak tracer activity, was consistently characterized by much
more rapid subsequent clearance of "C tracer activity. The

time-activity of liver also shown in Figure 5 was characterized
by slow clearance of tracer activity, somewhat similar to
pancreas time-activity, but at a much lower overall level of
uptake. The initial rise and falloff of liver tracer activity in the
first 3 min of the time-activity curve was usually present but
never substantial.

DISCUSSION
Functional imaging agents for the pancreas were anticipated

by Josef RÃ¶schthree decades ago (79) as a means of approach
ing what was then considered a radiologically hidden organ.
Until now, the only physiologic imaging agent available for
pancreas imaging has been labeled amino acids, chiefly 75Se- or

C-labeled L-methionine. Carbon-11-acetate represents a new
physiologic tracer for the pancreas, one with a metabolic
pathway related to intermediary metabolism, distinct from
amino acid metabolism pathway delivered by L-methionine-
based tracers.

PET studies of intermediary metabolism using [l-nC]-ace-

tate have been limited to myocardial oxidative metabolism. We
recently reported that the uptake and clearance of [1-"C]-

acetate by renal parenchyma was similar to that of myocardium
(IT), concordant with the high blood flow and intense oxidative
metabolism associated with the renal cortex. Substantial uptake
of [l-"C]-acetate, but with quite different overall subsequent

clearance as compared with myocardium or renal parenchyma,
occurs in the pancreas, a finding of potential utility in the study
of pancreatic physiology and disease.

The substantial retention of tracer activity beyond IO min by
pancreatic tissue suggests that the "C of [l-"C]-acetate is

actively incorporated into a molecular form of relative stability
rather than predominantly and rapidly converted to ' 'CO2, as in
the heart or kidney. This relatively stable form of the "C of
[l-"C]-acetate is most likely in acinar tissues, which comprise

85% of the human pancreas (20), rather than trapping ofendogenously generated UCO2 to HnCO3~ by the pancreatic

tubular cells. For example, acetazolamide (Diamox) had no
effect on the degree of [I-1 'C]-acetate uptake by the pancreas or

the time-activity curves (data not shown). Acinar cells are
characterized by prodigious production of digestive proteins
and packaging of these zymogens in the endoplasmic reticulum
for subsequent secretion. The ' 'C of [I-1 'C]-acetate could, after

incorporation into the citric acid cycle, be routed to amino acids
derived from citric acid intermediates and incorporated into
zymogens. Alternatively, acetyl-CoA can follow the acetyl-
CoA carboxylase pathway to lipid biosynthesis. Given the
highly active basal lipid metabolism associated with zymogen
granule membrane turnover and the importance of lipid metab
olism as a respiratory fuel in pancreas acinar tissue as demon
strated in in vitro studies of rat pancreas fragments (76),
[l-"C]-acetate may principally be a probe of this anabolic

pathway of intermediary metabolism in the pancreas.
Compared with [I-1 'C]-acetate, the time-activity of L-methi-

onine-based tracers in the pancreas is prolonged, with peak
tissue tracer activity reached in 15-20 min and little subsequent
clearance, reflecting carrier-mediated amino acid transport into
acinar cells and subsequent incorporation into exocrine proteins
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(21,22). Clearance of ' 'C-L-methionine is then limited predom

inantly to excretion of the formed proteins on stimulation (10).
In contrast, attainment of peak tracer activity in the pancreas is
comparatively prompt with [l-"C]-acetate occurring within 5

min. Subsequently, slow, but measurable clearance of tracer is
observed. It is doubtful that this loss of tissue tracer activity is
in the pancreatic juices, since pancreatic juice flow is minimal
in the fasted state, and in any case, no substantial accumulation
of tracer was observed in the duodenum on later imaging frames
in any of the subjects we studied. The considerably faster
clearance of [l-HC]-acetate from pancreas relative to the

methionine tracers underscores the different metabolic path
ways available to [l-"C]-acetate, which, as a tracer of inter
mediary metabolism, can undergo direct catabolism to UCO2 in

the citric acid cycle or after deposition in fatty acid pools. A
much lower level of oxidative metabolism in pancreas tissue
relative to myocardium or renal cortex could account for the
slower clearance of tissue tracer activity from the pancreas
relative to the heart or kidney.

Anatomic delineation of the pancreas on the [l-"C]-acetate

images is very good due to the high intrinsic tracer uptake
and the absence of significant adjacent background tracer
activity bowel and liver tracer activity. The pancreas-to-liver
ratios at 10-20 min post-tracer administration averaged
slightly over 3:1, with a range of 2.1-4.5 in normal subjects.
These ratios are comparable to that reported for 75Se-selenome-
thionine in human subjects (23) or " C-L-methionine observed
in mice (22). The variation in the pancreas-to-liver ratios in
part reflected variability of liver uptake of [l-"C]-acetate,
where SUV10_20mÂ¡nranged from 2.5-6.1 in normal subjects.
Even fairly elevated persistent hepatic tracer activity did not
interfere with delineation of the pancreas in the patients
included in this study, in part due to the high level of tracer
activity in the pancreatic tissue, but also the presence of
intra-abdominal fat in the middle-aged and elderly patients
studied. In patients with little intra-abdominal fat and elevated
hepatic tracer uptake, the delineation of pancreas, particularly
the pancreatic head, could be less clear. The etiology of the
variability of hepatic uptake requires further investigation and
may itself provide useful in the study of hepatic metabolism.

As with the L-methionine-based tracers, space-occupying
masses could be delineated by distortion or displacement of the
uninvolved tracer-avid pancreatic tissue by a nontracer avid
neoplasm. Pancreatic adenocarcinoma showed little avidity for
[l-"C]-acetate, with uptake approaching that of background

activity, suggesting the operative pathways responsible for
accumulation of the "C tracer by pancreas tissue are lost on

transformation. Chronic inflammatory masses, including the
pseudomass of chronic pancreatitis and phlegmatous masses,
also showed no sustained avidity for [l-"C]-acetate above

background, consistent with the loss of functional pancreas
tissue to scar or inflammatory digestion, respectively. Unlike
the reported absence of L-methionine uptake during acute
pancreatitis (9), we observed only a moderate decrease of
[I-1 !C]-acetate uptake throughout the pancreas in three cases of

acute uncomplicated pancreatitis. A larger series of patients
with acute pancreatitis, including a range of severity, will be
needed to fully assess whether [l-"C]-acetate can serve a

marker of inflamed but nonnecrotic pancreas tissue.
As with the L-methionine tracers, the state of the endocrine

pancreas did not influence [1-"C]-acetate uptake, consistent

with the small mass of islet cells relative to the exocrine
component of the pancreas. We observed little or no [1-"C]-

acetate uptake in the pancreatic bed of patients with exocrine
insufficiency, concordant with observations reported for L-

methionine tracers (9,11). Early attempts using pancreatic
uptake of 75Se-selenomethionine as an index of exocrine

pancreatic functional reserve were limited by the image quality
and nonquantitative assessment (24). More quantitative mea
sures of pancreatic accumulation of " C-L-methionine using

PET did correlate with pancreatic exocrine insufficiency, but
some discrepancies were found, possibly related to amino acid
back diffusion and disassociation of methionine transport and
zymogen incorporation (10). The more rapid uptake of [1-"C]-
acetate and different metabolic pathway relative to "C-L-
methionine suggests that [l-"C]-acetate could serve as an

alternative tracer for a noninvasive imaging method of quanti
fying pancreatic exocrine functional mass.

Although not a specific tracer for pancreatic tissue, 2-
[fluorine-18]-2-deoxy-D-glucose (FDG) can be use to identify
pancreatic neoplasms due to the generalized increased accumu
lation of this tracer in neoplasms (25-29). Specificity of FDG
however can be limited by the elevated FDG uptake associated
with inflammation, specifically with respect to diagnosis of a
pancreatic mass due to acute mass-forming pancreatitis (26).
Delineating normal and diseased pancreas tissues by their
characteristic metabolism of [I-1 'C]-acetate may be of value as

a complement of the metabolic abnormalities revealed with
FDG, particularly with respect to distinguishing inflammation
from neoplasm and functioning exocrine pancreas from scar
tissue of chronic pancreatitis, and warrants further investiga
tion.

CONCLUSION
We have demonstrated that [l-"C]-acetate is a potentially

useful tracer for PET studies of the pancreas and related
diseases. Maximal tracer activity and optimal target-to-nontar-
get activity is achieved rapidly, within 10 min of tracer
injection. The metabolic pathway of [l-"C]-acetate appears to
be distinct from that of the L-methionine tracers, and thus this
tracer may provide a new tool for the study and diagnosis of
pancreatic diseases. PET studies using [l-"C]-acetate warrant

further investigation in the abdominal organs, where this tracer
may have utility as a probe of intermediary metabolism.
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Technetium-99m-Labeled Chemotactic Peptides in
Acute Infection and Sterile Inflammation
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Jos W.M. van der Meer and Frans H.M. Corstens
Departments of Nuclear Medicine and Internal Medicine, University Hospital Nijmegen, Nijmegen, The Netherlands; and
Radiopharmaceuticals Division, The Du Pont Merck Pharmaceutical Company, North Billerica, Massachusetts

Chemotactic peptides have been proposed as vehicles to image
infection and inflammation. Previous studies have shown high up
take at the site of infection soon after injection, most likely because
of specific binding to receptors on locally present leukocytes. To
investigate this hypothesis, the in vivo behavior of a synthetic
Chemotactic peptide was compared to a control peptide of similar
molecular weight with low receptor binding affinity. In addition, the
potential to target to different infections and sterile inflammation was
tested. Methods: Twenty-four hours after induction of Escherichia
coli, Staphylococcus aureus and zymosan abscesses, rabbits were
i.v. injected with either 1 mCi of ""Tc-labeled formyl-methionyl-
leucyl-phenylalanyl-lysine-hydrazinonicotinamide ("Tc-fMLFK-
HYNIC) or ""Tc-labeled hydrazinonicotinamide-methionyl-leucyl-
phenylalanyl-OMe (""Tc-HYNIC-MLFOMe, control peptide).

Gamma camera images were obtained at 5 min and 1, 4, 8 and 20
hr postinjection. Biodistribution was determined at 20 hr postinjec-
tion. Results: The blood clearances of ""Tc-fMLFK-HYNIC and
""Tc-HYNIC-MLFOMe were similar. With time, 99mTc-fMLFK-

HYNIC was retained in the abscess (E. coli), whereas the control
agent 99mTc-HYNIC-MLFOMe was cleared from the abscess

(0.049 Â±0.011 versus 0.005 Â±0.0003%ID/g at 20 hr postinjection;
p < 0.0005). Abscess-to-contralateral muscle ratios of "Tc-
fMLFK-HYNIC rose to 36.8 Â±4.3 at 20 hr postinjection. E co//, S.
aureus and zymosan abscesses were clearly visualized from 4 hr
postinjection onward. Abscess-to-background ratios increased to
values varying from 4.4 Â±0.2 (zymosan) to 7.1 Â±0.6 (S. aureus) at
20 hr postinjection. The uptake in S. aureus and zymosan abscesses
did not differ significantly from the uptake in E coli abscesses.
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Conclusion: fMLFK-HYNIC is retained in both acute infectionand
sterile inflammation by means of specific receptor binding if suffi
cient cellular infiltration is present.
Key Words: Chemotactic peptides; infection;inflammation;biodis-
tribution; imaging
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.LJuring the past few years, there has been a growing interest
in the development of radiolabeled immunopeptides and pro
teins as radiopharmaceuticals for the imaging of infection and
inflammation. Their small size and receptor binding capacity
may make radiolabeled immunopeptides suitable agents for the
rapid detection of inflammatory foci. The potential of several
immunopeptides and proteins has already been demonstrated
(7-5). One promising approach is the use of Chemotactic
peptides (6).

Chemotactic peptides, released by bacteria, cause leukocytes
to marginate to nearby endothelial surfaces, move extravascu-
larly and accumulate at sites where a chemotactin has been
generated, a process called chemotaxis (7). Migration of cells
from the blood to sites of tissue damage in the extravascular
tissue is crucial to the development of inflammation. Schiff-
mann et al. (8) found that formyl peptides, synthetic analogs of
natural bacterial products, were potent chemotactic factors for
polymorphonuclear neutrophils (PMNs) and monocytes. These
peptides initiate leukocyte chemotaxis by high-affinity binding
to receptors present on both PMNs and mononuclear cells
(9,JO).

Fischman et al. (/) and Babich et al. (2) showed that acute
infection in rats, rabbits and nonhuman primates can be clearly
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