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We synthesized and evaluated four hydrazino nicotinamide
(HYNIC) derivatized chemotactic peptide analogs: For-NleLFK-
HYNIC (HP1), For-MLFK-HYNIC (HP2), For-MLFNH(CH2)6NH-
HYNIC (HP3), and For-MLF-(D)-K-HYNIC (HP4), for in vitro bio-
activity and receptor binding. The peptides were radiolabeled
with ®™Tc via a glucoheptonate co-ligand and their biodistribu-
tion determined in rats (n = 6time point) at 5, 30, 60 and 120 min
after injection. Localization of the peptides at sites of deep thigh
Escherichia coli infection was determined by radioactivity mea-
surements on excised tissues in rats (n = 6time point) and
rabbits as well as scintillation camera imaging in rabbits (n = 6).
All peptides maintained biological activity (EC.,s for O, produc-
tion by human PMNs: 12-500 nM) and the ability to bind to the
oligopeptide chemoattractant receptor on human PMNs (ECg.s
for binding: 0.12-40 nM). After incubation with ®*™Tc-glucohep-
tonate, radiolabeled peptides were isolated by HPLC at specific
activities of >10,000 mCi/uM. Technetium-99m-labeled pep-
tides retained receptor binding with EC,s < 10 nM. Blood clear-
ance of all four peptides was rapid. Biodistributions of the indi-
vidual peptides were similar, with low levels of accumulation in
most normal tissues. In rats, all of the peptides concentrated at
the infection sites (T/B ratio: 2.5-3:1) within 1 hr of injection. In
rabbits, outstanding images of the infection sites were obtained,
with T/B ratios of >20:1 at 15 hr after injection. This study
demonstrates that ®™Tc-labeled chemotactic peptide analogs
are effective agents for the external imaging of focal sites of
infection.
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T\C prompt identification, localization and characteriza-
tion of focal sites of infection is a critical step in the treat-
ment of patients with fever. This is particularly important
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when localizing symptoms are not present. Although nu-
merous radiopharmaceuticals, including $’Ga-citrate (1),
Mn-labeled white blood cells (2) and !''In-labeled IgG
(3,4) have been advocated for this purpose, in most cases
a delay of 12 and 24 hr between injection and effective
imaging is required. This represents a serious deficiency,
compared to other imaging modalities (ultrasound, com-
puted tomography or magnetic resonance imaging) which
can localize sites of infection much more rapidly.

The time between injection and lesion detection could be
significantly reduced by the development of low molecular
weight (MW) radiopharmaceuticals that bind to circulating
inflammatory cells as well as to cells already present at the
inflammation site. Candidate molecules with these charac-
teristics include: IL-8 (5), platelet factor-4 (6) and the pep-
tide, N-formyl-methionyl-leucyl-phenylalanine (For-MLF)
(7-9).

For-MLF is a bacterial product that initiates leukocyte
chemotaxis by binding to high affinity receptors on the
white blood cell membranes (10-12). These receptors are
present on both polymorphonuclear leukocytes (PMNs)
and mononuclear phagocytes. Previous studies have dem-
onstrated that many synthetic analogs of For-MLF bind to
neutrophils and macrophages with equal or greater affinity
compared to the native peptide (6,11, 13). As granulocytes
respond to the chemoattractant gradient, the affinity of the
receptors decreases as additional receptors are expressed,
until the cell reaches the site of inflammation, where the
concentration of chemoattractant is greatest (14-16). Due
to the very small size of For-MLF (MW 437), its molecular
structure can be readily manipulated to design an optimal
imaging agent.

Recently, we demonstrated that '!'In-labeled chemotac-
tic peptides are effective agents for the external imaging of
focal sites of infection in rats (/7). However, the short
biological half-time of the peptides makes '"'In a poor
choice for imaging. Due to its short physical half-life, high
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specific activity, excellent imaging properties, low cost and
widespread availability, ®™Tc is the ideal radionuclide for
labeling chemotactic peptides. Although numerous tech-
niques have been used for *™Tc labeling, the hydrazino
nicotinamide group has been especially promising. The
active ester of hydrazinonicotinic acid (SHNH) has been
successfully used to derivatize the epsilon amino groups of
lysine residues in proteins. Incubation of these conjugates
with simple complexes possessing the Tc(V) oxo core such
as ®™Tc-glucoheptonate results in quantitative labeling
(18).

The primary objectives of this study were fivefold: (1)
synthesize hydrazino nicotinamide (HYNIC) conjugated
chemotactic peptide analogs; (2) characterize their recep-
tor binding affinity and agonist properties; (3) characterize
the radiochemistry of these analogs; (4) study their biodis-
tribution in normal animals; and (5) study their infection
localizing properties in rats and rabbits.

MATERIALS AND METHODS

Peptide Synthesis and Characterization

We synthesized and purified by standard solid-phase techniques
(19,20) N-for-norleucyl-leucyl-phenylalanyl-lysine-NH2, N-for-me-
thionyl-leucyl-phenylalanyl-lysine, N-for-methionyl-leucyl-phenyla-
lanyl-diaminohexyl amide and N-for-methionyl-leucyl-phenylalanyl-
D-lysine-NH2 as previously described (17). All reagents were ob-
tained as the highest available grade from commercial sources. The
nicotinyl hydrazine conjugation of these compounds was performed
as described below for HP3.

Dimethylformamide (DMF) (2 ml) and 60 ul of diisopropyleth-
ylamine were added to 186 mg of N-For-Met-Leu-Phe-diamino-
hexyl amide followed by 154 mg succinimidyl-6-t-Boc-hydrazi-
nopyridine-3-carboxylic acid (18) in 1 ml DMF. The mixture
became yellow and the peptide dissolved within a short time.
After 2 hr, ether-pet ether was added to the reaction mixture and
the upper layer was discarded. Water was added to the oily
residue causing a solid to form. The solid was washed with 5%
sodium bicarbonate, water and ethyl acetate and the yield of
crude product was 183 mg. The t-BOC protecting group was
removed by stirring the crude product with 5 ml of trifluoroacetic
acid (TFA) containing 0.1 ml of p-cresol for 15 min at 20°C.
Prolonged treatment with TFA resulted in increased levels of a
side product. The TFA was removed by rotary evaporation and
ether was added to the residue to precipitate the deprotected
peptide. The product was purified by reverse phase HPLC on a
2.5 x 50 cm Whatman ODS-3 column eluted with a gradient of
acetonitrile in 0.1% TFA. Fractions containing the major compo-
nent were combined and the solvent removed to yield the desired
product. The peptides For-NleLFK-HYNIC (HP1), For-MLFK-
HYNIC (HP2), For-MLFNH(CH,),NH-HYNIC (HP3) and For-
MLF-(D)K-HYNIC (HP4) were characterized by UV and mass
spectroscopy as well as amino acid analysis.

Cell Preparation

Human peripheral blood PMNs were isolated by sedimentation
in 3% Dextran (Pharmacia, Nutley, NJ) followed by gradient
centrifugation on Lymphoprep (Organon Teknika, Durham, NC)
as previously described (8 17,21). Cell preparations contained
>95% PMN as assessed by light microscopy of Wright stained
specimens.
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For-MLF Receptor Binding Assay

For-MLF, N-formyl-norleucyl-leucyl-phenylalanyl (For-NleLF)
and N-formyl-norleucyl-leucyl-phenylalanyl-norleucyl-tyrosyi-ly-
sine (For-NleLPNleYK) were obtained from Sigma (St. Louis,
MO). For-ML[*HJF (60 Ci/mmol) was obtained from New England
Nuclear (Boston, MA).

Isolated human PMNss (obtained from healthy volunteers), 8 x
10°, were incubated in phosphate buffered saline containing 1.7
mM of KH,PO,, 8.0 mM of Na,HPO,, 0.117 M of NaCl, 0.15 mM
of CaCl,, 0.5 mM of MgCl, and 1.0 mM of PMSF pH 7.4 (incu-
bation buffer) at 24°C for 45 min in a total volume of 0.15 ml in the
presence and absence of varying concentrations of derivatized
peptide and 15 nM of For-ML[>H]F (6, 17,22). Following incuba-
tion, the cells were filtered onto glass fiber discs (Whatman GF/C;
Whatman, Inc., Clifton, NJ) which were then washed with 20 ml
of ice-cold incubation buffer. The filters were placed in scintilla-
tion vials with 10 ml of Safety-Solve (Research Products Interna-
tional Corp., Mt. Prospect, IL) and radioactivity was measured by
liquid scintillation spectroscopy. Specific binding is defined as
total binding minus nonspecific binding. Nonspecific binding is the
amount of residual bound radioactivity in the presence of 10 uM
of unlabeled For-MLF (17,19). Nonspecific binding was approx-
imately 10% of total binding.

To determine the effect of radiolabeling with *™Tc on binding
affinity, isolated human PMNs (2 x 10° cells) were incubated in
Hank’s balanced salt solution (HBSS) (GIBCO, Grand Island,
NY) containing 3.4 mM of NaHCO,, 10 mg/ml of bovine serum
albumin (BSA) (Sigma, St. Louis, MO), 10 mM of HEPES, pH 7.4
(HBSS/BSA) at 4°C for 60 min in the presence and absence of
varying concentrations of For-NleLPNIeYK or the corresponding
unlabeled peptide and a fixed amount of the ™Tc-labeled pep-
tide, in a total volume of 0.15 ml. Following incubation, a well
mixed aliquot (0.1 ml) of the cell suspension was layered over 0.2
ml of HBSS/BSA:Lymphoprep (1:1) in a 0.4-ml microcentrifuge
tube and the contents centrifuged for 4 min at 15,000 rpm (Mi-
crofuge E, Beckman, Columbia, MD). The tubes were frozen in
liquid nitrogen and the cell pellets were isolated. Radioactivity
was measured by gamma counting. Specific binding is defined as
total binding minus nonspecific binding. Nonspecific binding is the
amount of residual bound radioactivity in the presence of 5 uM
unlabeled For-NleLPNIe YK or the corresponding unlabeled pep-
tide. Nonspecific binding was approximately 10% of total binding.

Assay of Superoxide Production

Phorbol myristate acetate (PMA) and cytochalasin B were ob-
tained from Sigma (St. Louis, MO). Superoxide release was as-
sayed by monitoring the superoxide dismutase-inhibitable reduc-
tion of ferricytochrome C using an extinction coefficient of 29.5/
mmol/liter/cm as previously described (17,23). Briefly, isolated
human neutrophils were incubated with HBSS alone or with in-
creasing concentrations of peptide (HP1, HP2, HP3, HP4, For-
NleLF, For-MLF or For-NleLPNIeYK) ranging from 1 nM to 1
uM in the presence of 10 uM of cytochalasin B * superoxide
dismutase (50 ug/ml) at 37°C for 10 min. The reduction of ferri-
cytochrome C was measured spectrophotometrically.

Technetium-99m Labeling of Hynic Derivatized
Chemotactic Peptides

Technetium-99m-pertechnetate (**Mo/”*™Tc generator) and
stannous glucoheptonate (Glucoscan) were obtained from New
England Nuclear (Boston, MA). Technetium-99m-glucoheptonate
was used to provide the necessary Tc(V) oxo species for radiola-
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beling the hydrazinonicotinamide (I8) conjugated peptides. Ap-
proximately 2.5 ml of *™Tc-pertechnetate in 0.9% of NaCl was
added to the freeze-dried kit. The final radioactive concentration
was 5-10 mCi/ml and radiochemical purity of the product was
determined by instant thin-layer silica gel chromatography (ITLC-
sg) using both acetone and 0.9% NaCl as mobile phase solvents.

The following procedure was used to radiolabel the chemotac-
tic peptide analogs with ™Tc. Approximately 0.2 mg of peptide
was dissolved in 50 ul dimethylsulfoxide and the solution was
diluted to a final concentration of 0.1 mg/ml with 0.1 M acetate
buffer pH 5.2. Peptide solution (0.5 ml) was placed in a clean glass
vial and 0.5 ml of ™Tc-glucoheptonate was added. The mixture
was vortexed briefly and allowed to stand at room temperature for
1 hr. Radiochemical purity was determined by ITLC-sg in three
solvent systems: acetone, 0.9% NaCl and acetone and water (9:1).

The *™Tc-labeled peptide analogs were also analyzed by re-
verse-phase HPLC using two systems. System A employed a
Beckman C,4 reverse-phase column (5u, 4.5 X 46 mm, Beckman,
Columbia, MD) with the following elution conditions: Solvent A:
5% acetonitrile in 50 mM of acetate (pH 5.2); Solvent B: 50%
acetonitrile in 50 mM of acetate (pH S.2); Gradient: 0% B to 100%
B over 20 min; Flow rate 2 ml/min. System B employed a Vydac
C, g reverse-phase column (300 A, 5 u, 4.5 mm X 25 cm, Vydac)
with the following elution conditions: Solvent A: 0.1% trifluoro-
acetic acid in water; Solvent B: 0.1% trifluoroacetic acid in ace-
tonitrile; Gradient: 0% B to 100% B over 10 min; Flow rate 2
ml/min. UV absorption was monitored with a Milton-Roy/LDC
flow-through spectrometer and radioactivity was monitored using
a Beckman 170 radiation detector (Beckman, Columbia, MD).
The outputs from both detectors were recorded and analyzed
using a dual channel integrator (Waters Model 746 Data Module,
Waters, Marlboro, MA).

Maximization of Specific Activity

To avoid the neutropenic effects associated with pharmacolog-
ical doses of chemotactic peptide analogs, specific activity of the
99mTc-labeled chemotactic peptides was maximized so that for an
imaging dose of ™Tkc, the final mass of administered peptide is
well below the known EC,, concentration (~20 nM).

A Mo/ Tc generator was eluted 5 hr after a previous elution
in an attempt to minimize the proportion of **Tc while maintaining
a ¥™Tc eluant >300 mCi. The mass of the technetium and the
relative proportion of **Tc and *™Tc were calculated using gen-
erator kinetics equations (24) in conjunction with the known his-
tory of the Mo/ Tc generator used. Technetium-99m-gluco-
heptonate (*™Tc-GH) was prepared as described above.
Approximately 180 ug of the chemotactic peptide, HP3 (MW:
720), was dissolved in 50 pul of DMSO and diluted to a final
concentration of 100 ug/ml with 0.1 M acetate buffer, pH 5.2.
Aliquots of the peptide solution were serially diluted with acetate
buffer to yield a range of concentrations from 2 to 80 ug/ml.
Peptide labeling was initiated by adding 0.5 ml of *™Tc-GH to an
equal volume of peptide in acetate buffer. The solution was vor-
texed briefly and incubated at room temperature for 1 hr. The
extent of peptide labeling was determined by ITLC-sg using three
separate solvent systems; acetone, 0.9% NaCl, and acetone and
water (9:1). Specific activity of radiolabeled peptide were calcu-
lated using the relation: (%RCY x mCi present)/(umole of peptide
x 100).

In Vivo Studies
Three studies were performed in animals: (1) To define the in
vivo distribution of the radiolabeled peptide analogs in healthy
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animals, biodistribution studies were performed with each analog;
(2) To determine the ability of radiolabeled peptide analogs to
localize at focal sites of inflammation, tissue radioactivity mea-
surements were performed in rats with E. coli infection; and (3) To
evaluate the infection imaging properties of the radiolabeled pep-
tides, gamma camera imaging was performed in E. coli infected
rabbits.

Biodistribution in Normal Rats

Groups of 24 normal male Sprague-Dawley rats weighing ap-
proximately 150 g (Charles River Breeding Laboratories, Burling-
ton, MA) were injected with approximately 5 uCi of each ™Tc-
labeled peptide to determine the biodistribution at 5, 30, 60 and
120 min (each peptide was evaluated in six animals at each time
point). Samples of blood, heart, lung, liver, spleen, stomach,
kidney, GI tract, skeletal muscle, testes and bone were weighed
and radioactivity was measured with a well type gamma counter
(LKB Model 1282, Wallac Oy, Finland). To correct for radioac-
tive decay aliquots of the injected doses were counted simulta-
neously. The results were expressed as percent injected dose per
gram (%ID/g) (25).

Studies with Infected Rats

A single clinical isolate of E. coli, was employed to produce
focal infection. The bacteria were incubated overnight on trypti-
case soy agar plates at 37°C, and individual colonies were diluted
with sterile 0.9% NaCl to produce a turbid suspension containing
approximately 2 x 10° organisms/ml. Male Sprague-Dawiley rats,
weighing approximately 150 g (Charles River Breeding Laborato-
ries, Burlington, MA) were anesthetized with ketamine and in-
jected intramuscularly in their left posterior thigh with 0.1 ml of a
suspension containing approximately 2 X 10°® organisms.

Twenty-four hours after bacterial inoculation, animals with
gross swelling of the infected thigh were injected with approxi-
mately 5 uCi (3 pM) of ®™Tc-labeled peptide via the lateral tail
vein. At 30 and 120 min postinjection, groups of five animals were
killed by cervical dislocation. Tissue sampling, radioactivity mea-
surements and calculating of results were performed as described
above.

Imaging Infected Rabbits

In order to determine the feasibility of using radiolabeled che-
motactic peptides for infection localization in animals that are
sensitive to the neutropenic effects of these agents, imaging stud-
ies were performed in rabbits with focal E. coli infections. A high
specific activity *™Tc-labeled chemotactic peptide was used in
these studies. Six male New Zealand white rabbits weighing 2-3
kg were anesthetized with ketamine and xylazine (15.0 and 1.5
mg/kg) and injected in the left posterior thigh muscle with a 1.0-ml
suspension of approximately 2 x 10° of E. coli. Twenty-four hours
after inoculation, rabbits with gross swelling in the infected thigh
were injected via the lateral ear vein with 600-1000 ».Ci of HPLC
purified *™Tc-labeled-HP2 (specific activity >10,000 mCi/uM,
separated from unlabeled peptide by HPLC as described above).
The animals were anesthetized with ketamine and xylazine (15.0
and 1.5 mg/kg) and serial scintigrams were acquired at 0-3 hr and
16-17 hr postinjection using a large field of view gamma camera
(Technicare Omega 500, Solon, Ohio) equipped with a high-reso-
lution, parallel-hole collimator and interfaced to a dedicated com-
puter (Technicare 560, Solon, Ohio). Images were recorded for a
preset time of 5 min/view with a 15% window centered to include
the 140 KeV photopeak of *™Tc. To characterize the localization
of labeled peptide, region-of-interest (ROI) analysis was per-
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formed, comparing the infected thigh to the contralateral normal
thigh muscle as a function of time.

After acquiring the final images, the animals were killed by
pentobarbital overdose and samples of blood, heart, lung, liver,
spleen, kidney, stomach, intestine, testes, bone, marrow, normal
skeletal muscle, infected skeletal muscle and pus were weighed
and radioactivity was measured as described above. To correct
for radioactive decay, aliquots of the injected doses were counted
simultaneously. The results were expressed as %ID/g. To deter-
mine the amount of cell-bound activity in circulation, blood was
centrifuged and cells and plasma separated. The cells were
washed with 0.9% NaCl and the residual radioactivity in the cells
and supernatant measured. To determine the amount of cell-
bound activity at the site of infection, the pus was washed twice
using 0.9% NaCl and the residual radioactivity in the cellular and
soluble fractions was measured.

Statistical Methods

The results of the imaging and biodistribution studies were
evaluated by analysis of variance (ANOVA) with a linear model in
which organ and time were the classification variables: %ID/g or
%ID/organ = Organ + Time + Organ * Time. Post-hoc compar-
ison of peptide concentration was performed by Duncan’s new
multiple range test (26). The first subscript of each F value is the
number of degrees of freedom for: the first classification variable
(n — 1), the second classification variable (m — 1) or the interac-
tion ((n — 1) X (m — 1)). The second subscript is the number of
residual degrees of freedom (Total number of observations — n X
m). All results are expressed as mean * s.e.m.

RESULTS

Peptide Synthesis

All four HYNIC derivatized chemotactic peptide ana-
logs were prepared in good yield and purity. UV analysis
showed maximum absorption at 268 and 315 nm for all four
peptides. Mass spectroscopy and amino acid analysis were
found to be in agreement with the expected conjugated
peptide products.

Biological Activity of Chemotactic Peptide Analogs

The results of the superoxide production assay are
shown in Figure 1. The concentrations of peptides which
produced 50% of a maximal response (ECs) are given in
Table 1. Peptides HP2, HP3 and HP4 had potencies =
For-MLF (100 nM). The potency of HP1 was at least an
order of magnitude lower. Hence, the order of potency for
superoxide production was HP2 > HP3 > HP4 > HP1.

The efficacy of the peptides, defined as the maximal
amount of superoxide anion produced, was similar for all
peptides tested and ranged from 2.07 to 3.80 moles O3
produced/10° cells/10 min. The efficacy of all the peptides
was less than that of PMA, an unrelated activator of the
PMN oxidative burst, which yields a maximal response of
22.9 nmol O; produced/10° cells/10 min at a concentration

of 0.1 uM.
Binding of Chemotactic Peptide Analogs to
Chemoattractant Receptors

Figure 2 shows that the HYNIC derivatized chemotactic
peptide analogs inhibit binding of For-ML[>H]F to intact
human PMNs with an order of potency similar to that for

Technetium-99m Chemotactic Peptides ¢ Babich et al.

' %

3 Q== For-NleLFNcYK

|

Superoxide production (umol/L)
-

(2} 1 10 100 1000
Log [peptide) nM

FIGURE 1. Superoxide production by chemotactic peptide ana-
logs. Human PMNs were incubated with HBSS alone or the indi-
cated concentration of peptide for 10 min at 37°C, following which
the reduction of ferricytochrome was measured as described in the
text.

% of maximal superoxide production=E/M x 100,
where E is the amount of superoxide produced in the presence
of an indicated concentration of peptide and M is the maximal
amount of superoxide produced by the peptide. For-NleLFK-
HYNIC: HP1; For-MLFK-HYNIC: HP2; For-MLFNH(CH,)¢NH-
HYNIC: HP3, For-MLF(D)K-HYNIC: HP4.

production of superoxide anion. The concentrations of
peptide required to produce a 50% inhibition of For-
ML[*HJF binding to human PMNs (ECs,) are given in
Table 1. Peptides HP2, HP3 and HP4 had ECs, values
similar to that of the hexapeptide For-NleLFNleYK. The
affinity of HP1 for the chemoattractant receptor while ap-
proximately 100-fold lower than the other HYNIC deriva-
tized peptides in this series was only a factor of 2 lower in
potency than For-MLF. The tripeptide For-NleLF had
over 100-fold lower potency than both the hexapeptide and
For-MLF. Hence, the order of affinity for the chemoattrac-
tant receptor was HP3 > HP2 > HP4 > HP1. The ECs, for
#mTc-HP2 was <10 nM.

To determine the effect of *™Tc labeling on receptor
binding, the ability of unlabeled HYNIC-peptide to dis-
place ®™Tc-labeled peptides was evaluated using the assay
conditions described above. The results of these experi-
ments demonstrated that the concentration of unlabeled
peptide required to displace 50% of the neutrophil binding
of the ®™Tc-labeled peptide was approximately 10-fold
higher than when ForML|[*H]F was used as the tracer. This
increase in binding avidity could be explained if the radio-

TABLE 1
Maximal Responses (EC,,) for Super Oxide Production and
Binding Affinity of Chemotactic Peptide Analogs

Peptide  Super oxide production (M) Binding affinity (nM)

HP1 500 40
HP2 12 0.18
HP3 40 0.12
HP4 60 0.35
For-MLF 100 20
For-NieLF 320 300
For-NleLFNleYK 100 1
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labeled species contains more than one peptide unit per
Tc-glucoheptonate and binding is cooperative.

Radiolabeling with Technetium-99m

The Rf values for *™Tc-labeled peptide and *™Tc-glu-
coheptonate on instant thin-layer chromatography-silica
gel strips in the solvent systems used to monitor radiola-
beling were: 0.9% NaCl-*™Tc-peptide = 0.0, *™Tc-gluco-
heptonate = 1.0; acetone-*™Tc-peptide = 1.0, ™ Tc-glu-
coheptonate = 0.0; and acetone:water (9:1)- “™Tc-peptide
= 1.0 and ®™Tc-glucoheptonate = 0.0. The third system
minimized peak trailing, yielding sharper *™Tc-peptide
bands, compared with acetone alone. For all *™Tc-peptide
preparations, ITLC demonstrated that >90% of the radio-
activity was associated with the peptide after 1 hr of incu-
bation. Analysis of the labeled peptides using HPLC sys-
tem A demonstrated major radioactive peaks for *™Tc-
glucoheptonate, *™Tc-HP1, ®™Tc-HP2, *™Tc-HP3 and
#™Tc-HP4 with retention times of 0.3-0.5, 14.37, 11.25,
15.11 and 12.96 min, respectively.

Maximization of Specific Activity

The ®Mo/”*™Tc generator elution yielded a total activity
of 456 mCi. The total amount of technetium was 3.4 nmole
with a ®Tc-to-*™Tc ratio of 1.53:1 and the specific activity
of the ®™Tc was calculated to be 134,000 mCi/umole.
Technetium-99m-glucoheptonate (*™Tc-GH) was prepared
as described above; final radioactive concentration >150
mCi/ml at the time of preparation. Radiochemical purity of
9mTc-GH was determined to be >95% by instant thin-layer
chromatography using both acetone and 0.9% NaCl.

The pharmacological potency of the chemotactic peptide
analogs requires high specific activity radiolabeling to re-
duce the absolute amount of peptide present in the injected
solution. Ideally, this level of specific activity should be

i 100 ~—O— For-NkLFNIeYK
s —O0— HP2
® 75 —O— HP3
o
£ —a— HP4
b
3 % ——  HPI
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i' —Q@— ForMLF
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E l

[T I ¥ 1 10100 1000 10000

Log [peptide) aM

FIGURE 2. Effect of chemotactic peptide analogs on For-
ML{3HJF binding to human PMNSs. Intact human PMNs (8 x 10°)
were incubated with incubation buffer or the indicated concentration
of peptide in the presence of 15 nM For-ML[3H]F for 45 min at 24°C,
following which the specific For-ML[3HJF binding was determined.

% of maximal For-ML[3H]F binding=E/Cx 100,

where E is the specific cpom bound in the presence of the indi-
cated concentration of unlabeled peptide and C is the specific
cpm bound of For-ML[3HJF in the presence of buffer alone.
For-NleLFK-HYNIC: HP1; For-MLFK-HYNIC: HP2; For-
MLFNH(CH2)6NH-HYNIC: HP3, For-MLF(D)K-HYNIC: HP4.
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FIGURE 3. Effect of peptide concentration on radiochemical yield
(%) and specific activity (mCi/mole). Data is shown for For-
MLF([D)K-HYNIC. Similar results were obtained with all peptides
tested.

achievable without the need for purification. Figure 3 sum-
marizes the effect of peptide concentration on labeling
yield. From this data, it is clear that the final peptide
concentration of the reaction mixture has a significant in-
fluence on radiochemical yield; at peptide concentrations
below 10 pg/ml, poor labeling yields are obtained. When
the results are expressed relative to the peptide-to-techne-
tium molar ratio in the reaction mixture, it is apparent that
as this ratio increases, the percent of radiochemical yield
increases and specific activity decreases.

Using this procedure, it is possible to achieve specific
activities of >10,000 mCi/umole, however, the radiochem-
ical yield decreases substantially below peptide concentra-
tions of 10 ug/ml. At peptide concentrations of <10 ug/ml,
a purification step to remove unbound *™Tc is required.
Removal of unreacted *™Tc glucoheptonate and *™TcO;
can be achieved with reverse-phase Sep-Paks. A further
increase in specific activity can be obtained by removing
unreacted peptide by HPLC (using System B). Since the
peaks corresponding to *™Tc-labeled peptide, unlabeled
peptide and *™Tc-glucoheptonate are well resolved with
this HPLC system, carrier-free radiolabeled peptide can be
isolated. Under these circumstances, the specific activity
of the radiolabeled peptide is limited only by the specific
activity of the eluate from the ™Tc generator.

Biodistribution Distribution of Technetium-99m
Chemotactic Peptides in Normal Rats

The biodistributions of the four *™Tc-labeled chemotac-
tic peptide analogs are shown in Table 2. In all in vivo
experiments, the animals tolerated intravenous administra-
tion of the radiolabeled chemotactic peptide analogs with-
out apparent ill effects. With the exception of kidney,
stomach and the GI tract, the tissue concentrations of all
peptides decreased with time.

In blood, ANOVA demonstrated significant main effects
of peptide (F; 5 = 56.79, p < 0.0001) and time (F; 5, =
252.01, p < 0.0001), however, the peptide by time interac-
tion was not significant. The order of concentrations of the
peptides in blood was: HP1 > HP2 > HP3 > HP4 (p < 0.01).

In cardiac tissue, ANOVA showed significant main ef-
fects of peptide (F; 5, = 44.36, p < 0.0001) and time (F; g,
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TABLE 2
Biodistribution of Technetium-99m-Labeled Chemotactic Peptide Analogs*

Time
Organ (min) HP1 HP2 HP3 HP4

Blood 5 1.17 £ 0.070 1.18 £ 0.040 1.01 + 0.056 0.87 + 0.046
30 0.82 + 0.019 0.67 + 0.036 0.55 + 0.017 0.48 + 0.052

60 0.67 + 0.016 0.57 + 0.033 0.47 + 0.035 0.36 + 0.012

120 0.52 + 0.010 0.48 + 0.015 0.39 + 0.015 0.31 +0.010

Heart 5 0.75 + 0.045 0.50 + 0.019 0.72 + 0.089 0.42 + 0.027
30 0.50 + 0.010 0.32 + 0.016 0.27 + 0.021 0.22 + 0.024

60 0.40 + 0.012 0.28 + 0.018 0.29 + 0.026 0.20 + 0.013

120 0.37 + 0.028 0.26 + 0.013 0.25 + 0.024 0.16 + 0.012

Lung 5 1.54 +£ 0.122 0.85 + 0.043 10.65 + 1.473 1.11 £ 0.099
30 0.63 + 0.043 0.78 + 0.032 8.45 + 0.818 0.61 + 0.071

60 0.64 + 0.039 0.46 + 0.030 5.10 + 0.449 0.49 + 0.026

120 0.46 + 0.026 0.50 + 0.025 244 + 0435 0.37 + 0.027

Liver 5 0.76 + 0.056 0.99 + 0.023 5.72 + 0.467 0.74 + 0.091
30 0.53 + 0.012 0.62 + 0.019 481 + 0.205 0.52 + 0.022

60 0.45 + 0.012 0.50 + 0.022 4.60 = 0.101 0.51 = 0.010

120 0.43 + 0.016 0.58 + 0.026 475 + 0.175 0.46 + 0.016

Spleen 5 0.34 + 0.014 0.35 + 0.023 2.27 + 0.281 0.35 = 0.041
30 0.30 + 0.012 0.39 + 0.045 2.28 + 0.231 0.27 + 0.017

60 0.26 + 0.006 0.25 + 0.013 3.11 £0.191 0.32 £ 0.017

120 0.25 + 0.007 0.29 + 0.020 3.01 + 0.220 0.27 + 0.009

Kidney 5 3.08 + 0.092 3.30 = 0.173 1.90 + 0.199 3.67 + 0.436
30 5.13 + 0.282 482 + 0.246 1.68 + 0.064 5.22 + 0.139

60 5.16 £ 0.115 436 + 0.213 1.63 + 0.057 536 +0.178

120 5.68 + 0.143 417 £ 0.121 1.60 + 0.030 4.74 + 0.201

Stomach 5 0.17 = 0.024 0.10 + 0.004 0.38 + 0.053 0.19 + 0.011
30 0.12 + 0.012 0.15 + 0.010 0.56 + 0.029 0.09 + 0.023

60 0.15 + 0.013 0.10 + 0.005 0.51 + 0.034 0.15 + 0.017

120 0.16 + 0.015 0.11 = 0.011 0.39 + 0.008 0.15 + 0.012

Gl tract 5 0.20 + 0.013 0.25 + 0.012 0.33 + 0.038 0.16 + 0.005
30 0.32 + 0.026 0.64 + 0.074 0.64 = 0.046 0.32 + 0.039

60 0.23 + 0.020 0.64 + 0.089 0.70 + 0.050 0.39 + 0.030

120 0.32 + 0.028 0.72 + 0.055 0.81 + 0.047 0.41 = 0.035

Testes 5 0.15 + 0.010 0.12 + 0.008 0.12 + 0.011 0.19 + 0.006
30 0.14 = 0.005 0.11 +£0.003 0.11 = 0.006 0.14 = 0.015

60 0.13 + 0.005 0.10 + 0.006 0.11 + 0.004 0.13 + 0.008

120 0.14 + 0.003 0.10 + 0.005 0.10 + 0.005 0.11 = 0.004

Muscle 5 0.32 + 0.013 0.25 + 0.020 0.23 + 0.015 0.27 = 0.017
30 0.22 + 0.004 0.17 £ 0.018 0.10 + 0.005 0.17 £ 0.013

60 0.19 + 0.008 0.14 = 0.016 0.12 + 0.012 0.15 + 0.009

120 0.20 + 0.012 0.15 £ 0.014 0.10 = 0.007 0.12 + 0.006

Bone 5 0.55 + 0.026 0.39 = 0.011 0.39 + 0.023 0.37 + 0.038
30 0.41 + 0.009 0.32 + 0.013 0.26 + 0.017 0.37 + 0.019

60 0.33 + 0.007 0.30 + 0.020 0.28 + 0.023 0.34 + 0.009

120 0.32 + 0.011 0.28 + 0.012 0.24 + 0.017 0.28 + 0.009

*%ID/g (mean * s.e.m.)

= 98.06, p < 0.0001), and a significant peptide by time
interaction (Fy ¢4 = 3.69, p < 0.001). The order of concen-
trations of the peptides was: HP1 > HP3 = HP2 > HP4
(p < 0.01).

In lung, ANOVA demonstrated significant main effects

Technetium-99m Chemotactic Peptides  Babich et al.

of peptide (F; ¢s = 183.25, p < 0.0001) and time (F; ¢5 =
24.56, p < 0.0001), and a significant peptide by time inter-
action (Fy ¢s = 13.80, p < 0.0001). The order of concentra-
tions of the peptides was: HP3 > HP1 = HP4 = HP2 (p <
0.01).
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TABLE 3
Tissue Concentrations of Technetium-99m-Labeled Chemotactic Peptides in Normal and Infected Rat Muscle
(%ID/qg tissue + s.e.m.)

Time Per
Tissue (min) HP1 HP2 HP3 HP4
Normal 30 0.16 = 0.009 0.11 = 0.003 0.05 + 0.009 0.13 = 0.007
120 0.10 = 0.006 0.07 = 0.004 0.05 + 0.005 0.13 = 0.025
Infected 30 0.39 = 0.013 0.28 = 0.013 0.11 = 0.007 0.42 = 0.049
120 0.21 = 0.008 0.16 = 0.007 0.10 = 0.004 0.32 = 0.019

In liver, ANOVA showed significant main effects of
peptide (F; s = 1000.00, p < 0.0001) and time (F;¢5 =
12.80, p < 0.0001), however the peptide by time interaction
was not significant. As in lung, the order of concentrations
of the peptides was: HP3 > HP1 = HP4 > HP2 (p < 0.01).

In spleen, ANOVA demonstrated a significant main ef-
fect of peptide (F 63 = 431.00, p < 0.0001) and a significant
peptide by time interaction (Fy 3 = 4.64, p < 0.0001). In
this organ, the main effect of time was not significant. The
order of concentrations of the peptides was: HP3 > HP2 =
HP4 = HP1 (p < 0.01). In kidney, ANOVA showed sig-
nificant main effects of peptide (F; 49 = 291.58, p < 0.0001)
and time (F;¢ = 40.14, p < 0.0001), and a significant
peptide by time interaction (Fg ¢ = 10.94, p < 0.0001). The
order of concentrations of the peptides was: HP4 = HP1 >
HP2 > HP3 (p < 0.01).

In stomach, ANOVA demonstrated significant main ef-
fects of peptide (F; 53 = 202.98, p < 0.0001) and time (F; 53
= 3.10, p < 0.05), and a significant peptide by time inter-
action (Fg 53 = 5.56, p < 0.0001). The order of concentra-
tions of the peptides was: HP3 > HP4 = HP1 = HP2 (p <
0.01).

In the GI tract, ANOVA showed significant main effects
of peptide (F; 4, = 66.30, p < 0.0001) and time (F;4, =
36.32, p < 0.0001), and a significant peptide by time inter-
action (Fy ¢, = 5.56, p < 0.005). The order of concentra-
tions of the peptides was: HP3 = HP2 > HP4 = HP1 (p <
0.01).

In testis, ANOVA demonstrated significant main effects
of peptide (F34; = 26.97, p < 0.0001) and time (F;¢, =
14.94, p < 0.0001), and a significant peptide by time inter-
action (Fy; = 4.77, p < 0.001). The order of concentra-
tions of the peptides was: HP4 = HP1 > HP3 = HP2 (p <
0.01).

In skeletal muscle, ANOVA showed significant main
effects of peptide (F; 5o = 48.70, p < 0.0001) and time (F; 5o
= 97.69, p < 0.0001), however peptide by time interaction
was not significant. The order of concentrations of the
peptides was: HP1 > HP2 = HP4 > HP3 (p < 0.01). In
bone, ANOVA demonstrated significant main effects of
peptide (F; ¢ = 30.15, p < 0.0001) and time (F; ¢ = 52.84,
p < 0.0001), and a significant peptide by time interaction
(F363 = 5.15, p < 0.0001). The order of concentrations of
the peptides was: HP1 > HP4 = HP2 = HP3 (p < 0.01).
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Localization of Technetium-99m Chemotactic Peptides
in Infected Rat Muscle

The tissue concentrations (%ID/g) of the *™Tc-labeled
chemotactic peptide analogs in normal and infected thigh
muscle is shown in Table 3. ANOVA demonstrated a sig-
nificant main effect of peptide (F; 5 = 56.51, p < 0.0001),
time (F; 55 = 59.45, p < 0.0001) and a significant peptide by
time interaction (F; ,s = 6.74, p < 0.005). In normal mus-
cle, concentrations of HP1 (p < 0.01) and HP2 (p < 0.05)
decreased with time while concentrations of HP3 and HP4
remained unchanged. At 30 min after injection, the con-
centration of HP1 in normal muscle was greater (p < 0.01)
than the other peptides and the concentration of HP2 was
greater (p < 0.01) than HP3. At 120 min the concentration
of HP4 in normal muscle was greater (p < 0.01) than
HP2 and HP3; and the concentration of HP1 was greater
(p < 0.01) than HP3.

In infected muscle, the concentrations of HP1 (p <
0.01), HP2 (p < 0.01) and HP4 (p < 0.05) decreased with
time and the concentration of HP3 (which had the lowest
level of accumulation at both times) remained unchanged.
At 30 min after injection, the concentrations of HP1 and
HP4 were greater (p < 0.01) than the concentrations of
HP2 and HP3; and the concentration of HP2 was greater
(p < 0.01) than HP3. At 120 min, the concentration of HP4
was greater (p < 0.01) than HP1, HP2 and HP3; and the
concentration of HP1 was greater (p < 0.01) than HP3.

The target-to-background (T/B) ratios, (%ID/g infected
muscle-to-%ID/g normal muscle), are shown in Figure 4.
ANOVA demonstrated a significant main effect of peptide
(F3,22 = 5.87, p < 0.005). However, the main effect of time
and peptide by time interaction were not significant. The
T/B ratio for HP4 was significantly greater than for HP2
(p < 0.05), HP1 (p < 0.01) and HP3 (p < 0.01). Thus, HP4
demonstrated not only the highest absolute concentration
in infected tissue but also the highest T/B ratios at both
times after injection. In contrast, HP3 had both the lowest
absolute concentration in infected muscle and the lowest
T/B ratio.

Imaging of Focal Sites of infection in Rabbits

In the rabbit, high levels of 9mTc-HP4 were detected in
the lung, liver and spleen immediately after injection. Lung
activity decreased with time and at 1-3 hr after injection,
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FIGURE 4. Target-to-background ratios for ®*™Tc-abeled pep-
tides in rats with E. coli infections. The data were calculated by
dividing the %ID/g in infected muscie by the corresponding value in
contralateral normal muscle. In all cases, infections were established
24 hr prior to injection. Each point is the mean + s.e.m. for five to six
animals.

focal accumulation of radioactivity was observed in the
infected thigh. By 4 hr postinjection the T/B ratio was
~4:1. At 16 hr after injection (Fig. 5) the average T/B ratio
for the whole lesion increased to 10:1 with focal areas of
>20:1. In addition some bowel accumulation was noted at
later (>4 hr) time points. The percent residual circulating
radioactivity that was cell associated at 16 hr postinjection
was determined to be approximately 25%. In contrast,
fractionation of the pus demonstrated that approximately
90% of the radioactivity was associated with WBCs.

The tissue concentrations (%ID/g) at 17 hr postinjection,
as determined by direct tissue counting, are summarized in
Figure 6. The highest concentrations were in spleen > lung
> liver = kidney (p < 0.01). The T/B ratios (%ID/g infected
muscle or pus-to-%ID/g contralateral normal muscle) are
shown in Figure 7. The mean T/B ratios for pus and in-
fected muscle were 25.78:1 (maximum 48.54:1 and mini-
mum 8.84:1) and 14.17:1 (maximum 25.64:1, minimum
4.78:1), respectively.

FIGURE 5. Representative gamma camera image of a rabbit
with E. coli infections of the thigh after injection of a ®*™Tc-labeled
chemotactic peptide analog. The i was acquired at 17 hr after
injection of approximatety 1 mCi of c-labeled HP2. The infec-
tions were produced 24 hr prior to injection.

Technetium-99m Chemotactic Peptides  Babich et al.

FIGURE 6. Biodistribution in rabbits with E. coli infections of the
thigh 17 hr after injection of **™Tc-labeled HP2. The data are pre-
sented as mean %ID/g tissue. Error bars indicate standard error of
the mean. The infection was produced 24 hr prior to injection of
SomTc-HP2.

DISCUSSION

The results of this study demonstrate that HYNIC de-
rivatized chemotactic peptide analogs can be readily la-
beled with ™Tc at high specific activity using *™Tc-glu-
coheptonate as the source of the Tc(V) oxo core.
Furthermore, ®™Tc-labeled peptides are effective agents
for the external imaging of focal sites of infection in exper-
imental models of deep thigh infection.

Chemotactic peptides have been the focus of numerous
structure-activity studies directed at determining the spe-
cific features of the molecule that are responsible for re-
ceptor binding and activation (6,27-29). Most of these
studies have concentrated on substitutions of natural
amino acids in the For-MLF sequence, however, there
have been reports of extended peptides and highly nega-
tively charged peptides (17,30) that have ECs,s for recep-
tor binding and activation < that of the native peptide. In
general, the results of these structure-activity studies have
established that although modification at the N-terminus
has a profound negative effect on receptor binding and
activation, C-terminal modifications have minimal effects

o
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muscle

Target to background ratio
¥
o
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FIGURE 7. Target-to-background ratios for **Tc-labeled HP2 in
rabbits with E. coli infections 17 hr after injection. The data were
calculated by dividing the %ID/g in infected muscie or pus by the
corresponding value in contralateral normal muscle. In all cases,
infections were established 24 hr prior to injection. For infected
muscle, the data comprise 28 samples from six animals. For pus, the
data are six samples from six animals.
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(31). In addition, receptor binding and biological activity
are highly correlated (6,8). Based on these data, a model
for the conformation of the receptor-peptide complex has
been proposed in which only the N-terminal four amino
acid residues interact with the receptor (32).

Of the four HYNIC peptides that were synthesized in
the present study, three (HP2, HP3 and HP4) had ECss for
receptor binding similar to the hexapeptide, For-NleLFN-
leYK, while HP1 was within a factor of 2 of For-MLF. All
HYNIC conjugated peptides had an enhanced affinity for
the chemoattractant receptor compared to For-MLF. The
order of potency for receptor binding was HP3 > HP2 >
HP4 > For-NleLFNleYK > For-MLF > HP1 > For-
NIeLF. Substituting Nle for Met in For-MLF resulted in a
10-15-fold decrease in affinity for receptor binding. How-
ever, further derivatization at the C-terminus with -Lys-
HYNIC resulted in enhanced receptor binding.

The ECygs for super oxide production of HP2, HP3 and
HP4 were enhanced relative to the hexapeptide and For-
MLF by 2-8-fold. For-NleLF demonstrated 3-fold lower
potency than For-MLF. In contrast to the effect of en-
hanced receptor binding of HP1 compared with For-
NIleLF, the ECgs for superoxide production was increased
by a factor of 5 compared with For-MLF and For-
NleLFNleYK.

When interpreted in light of the proposed model for
peptide receptor interaction, these data suggest that
HYNIC derivatization at the fourth amino acid residue
may result in conformational perturbations that affect both
receptor binding and superoxide generation. The most
striking observation was the effect of substitution of Nle for
Met at position 2 which resulted in >15-fold increase over
For-MLF and a 300-fold increase over the hexapeptide in
the ECs,, for receptor binding and a >10-fold increase in the
EC;, for activation. This result is particularly significant
since for previously reported chemotactic peptide analogs,
this substitution had minimal effect. The twofold increase
in ECs,, for receptor binding and the fivefold increase in the
EC,, for activation produced by substitution of D-Lys for
L-Lys at position 4 also support this hypothesis. Interest-
ingly, the substitution of 1,6 diamino hexane for L-Lys at
this position resulted in only a slight decrease in the ECs,
for binding and a three- to fourfold increase in the ECs, for
activation. Labeling the HYNIC conjugated peptides with
9m™Tc resulted in an apparent increase in affinity. The re-
sults of the *™Tc-HYNIC-peptide binding assay experi-
ments demonstrated that the concentration of unlabeled
peptide required to displace 50% of the neutrophil binding
of the ®™Tc peptide was approximately 10-fold higher than
when ForML[’H]F was used as the tracer. This increase in
binding avidity could be explained if the radiolabeled spe-
cies contains more than one peptide unit per Tc-glucohep-
tonate and binding is cooperative. A similar increase in
binding was reported with tetrameric chemotactic peptide
analogs (33). These results also demonstrate the robust-
ness of the C-terminus toward derivitization.

These observations suggest that in addition to being

1972

excellent radiopharmaceuticals for infection imaging,
HYNIC peptides may also serve as model compounds for
further elucidating the molecular interaction that accom-
pany the binding of For-MLF to its receptor.

In maximizing the specific activity of HYNIC deriva-
tized chemotactic peptide analogs, we primarily focused on
manipulating the source of radionuclide, the eluate of the
®Mo/®™Tc radionuclide generator. A potential problem
with obtaining high specific activity ™TcOj is the buildup
of the long-lived ®™Tc (ground state, t,, ~ 10° yr). Since
%Tc is directly produced as a result of 87% of the decays of
%Mo and by 100% of the disintegrations of *™Tc, there is
always some amount of carrier available to compete in the
labeling reaction. We have tried to overcome this problem
by making frequent elutions of the generator and using the
%m™Tc when there is the minimum amount of **Tc present.
With these procedures we demonstrated that ™Tc-labeled
chemotactic peptide analogs with specific activities of
>10,000 mCi/umole can be readily prepared but a Sep-Pak
separation of the labeled peptide from other *™Tc species
is required. If in addition to optimizing the source of ™ Tc,
the conditions for chromatographic purification of the ra-
diolabeled peptide is also optimized, even higher specific
activities can be achieved. With the HPLC system cur-
rently in use in our laboratory, the peaks corresponding to
9mTc-labeled peptide, unlabeled peptide and *™Tc-gluco-
heptonate are well resolved and carrier-free radiolabeled
peptide can be isolated. Under these circumstances, the
specific activity of the radiolabeled peptide is limited only
by the specific activity of the *™Tc generator. Thus, based
on the theoretical specific activity of ™Tc, the maximum
specific activity of ™Tc-labeled HYNIC derivatized che-
motactic peptide analogs is approximately 500,000 mCi/
umole. Although achieving this level of specific activity in
routine practice is unlikely, it should be possible to prepare
radiolabeled peptides with specific activities similar to the
9™Tc-glucoheptonate that is used for labeling. Since we
have demonstrated that ™ Tc-glucoheptonate with specific
activity of >100,000 mCi/umole can be prepared on a rou-
tine basis, peptides at this level of specific activity should
be possible if HPLC purification is employed.

In addition to binding to WBC receptors in vitro, this
activity appears to persist in vivo as demonstrated by the
significant level of cell-associated radiolabel at the site of
infection, and the infection images. In our previous studies
with "In-labeled DTPA derivatized peptides in rats,
nearly all of the residual radioactivity in the circulation was
cell associated at 2 hr after injection (17). In contrast, with
$mTc-HYNIC peptides at 16-18 hr after injection, only
25% of the radioactivity remaining in the circulation was
associated with cells. Since it is unlikely that free peptide
persists in the circulation at this time, the residual radio-
activity (intact peptide or metabolites) is probably associ-
ated with plasma proteins. Although the circulating soluble
radioactivity has not as yet been characterized, previous
studies with 'ZI-labeled chemotactic peptide analogs have
demonstrated that peptide-receptor complexes are inter-
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nalized and degraded by PMNs with release of the radio-
label (11). Another difference between the infection imag-
ing properties of '!'In-labeled DTPA derivatized peptides
in rats and ®™Tc-labeled HYNIC peptides in rabbits is the
time course of the decrease in image intensity; the concen-
tration of '!'In decreased within a few hours after injection,
while the ®™Tc images continued to intensify. Currently,
we have no explanation for these differences in lesion ki-
netics. The rapid clearance of '''In peptides from sites of
infection has been considered to be useful for monitoring
response to therapy, since, repetitive injections and imag-
ing should not be confounded by residual activity from
earlier studies. Due to the short physical half-life of *™Tc,
PmTc-HYNIC peptides should be equally useful for this
purpose.

A further difference noted between '''In-DTPA peptides
and ®™Tc-HYNIC peptides was the higher accumulation
in the gastrointestinal tract of the latter. Studies in the rat
demonstrate that both For-MLF and For-MLY are rapidly
excreted in bile following portal venous infusion in rats or
after absorption from the gut lumen (34). Based on these
findings it is not surprising that the *™Tc-labeled peptides
exhibit some bowel activity. The difference observed be-
tween the !'In-peptides and *™Tc-peptides is probably
related to the metabolic handling of the radiochemical com-
plex and the radionuclide within the liver. Studies focusing
on the metabolism of *™Tc-HYNIC-peptides are under-
way.

There have been several previous attempts at using ra-
diolabeled chemotactic peptides for infection imaging
(17,35-37). However, the radiolabeling methods available
at the time of these studies yielded agents of relatively low
specific activity, requiring pharmacological amounts of
peptide for imaging. These doses of peptide were shown to
produce profound transient neutropenia in rabbits (38).
With the radiolabeling techniques developed in the present
study, these potential adverse effects can be totally elimi-
nated. In rabbits, a species highly sensitive to the neutro-
%li‘c effects of chemotactic peptides, HPLC purified

c-HP4 localized at focal sites of E. coli infection with-
in the first hour after injection and reached a maximal T/B
ratio at 15 hr.

Our results demonstrate that the HYNIC method of radi-
olabeling provides a unique and efficient means for preparing
9mTc-labeled peptides and proteins with extremely high spe-
cific activities. The robust nature of the HYNIC method is
exemplified by our recent investigations on the preparation
of a kit formulation of human polyclonal IgG containing both
DTPA- and HYNIC-conjugated protein that can be labeled
with either ®™Tc or !In (39). With this preparation, the
presence of millimol-micromole concentrations of Sn(Il) re-
sulted in a significant decrease in the efficiency of !'In label-
ing. In contrast, *™Tc labeling via ™ Tc-glucoheptonate re-
mained quantitative. These results suggest HYNIC may be
uniquely technetium-selective providing a means of direct
high specific activity labeling in the presence of metals which
interfere with labeling via other chelating agents.
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At the high specific activities achieved, it should be
possible to perform imaging experiments at peptide con-
centrations that are significantly below the EC, for the
neutropenic response. For example, with SEP-PAK puri-
fied peptide (~10,000 mCi/umole), an injected dose of 20
mCi contains approximately 2 nmoles of peptide. In a 70-kg
subject, this represents an injected dose of <30 pmole/kg.
Based on previous studies with Rhesus monkeys, this
amount of peptide is far below the dose that induces sig-
nificant neutropenia (unpublished results). With HPLC pu-
rified material, the margin of safety should be increased
approximately 10-fold. Although, HPLC purification is not
convenient for routine clinical practice, we are confident
that in the future simpler methods of preparation will be
developed.

The results of the in vitro receptor binding studies and
the biodistribution data strongly suggest that WBC binding
may be a mechanism by which radiolabeled chemotactic
peptides localize at sites of infection, however, this has not
yet been conclusively proven. If this is a major mechanism
of localization, radiolabeled chemotactic peptides should
be superior infection imaging agents than radiolabeled au-
tologous WBC:s since the peptides can bind to both circu-
lating cells and cells that have previously localized at the
site of infection. Another clear advantage over radiola-
beled WBCs is the ease of preparation and the fact that
blood handling can be eliminated. Although increased vas-
cular permeability could also contribute to infection local-
ization by chemotactic peptides, our previous studies with
#mTc-DTPA, have demonstrated that this reagent yields
T/B ratios of only ~2:1 and the intensity of localization
decreases rapidly (definitely within 3 hr). The rapid infec-
tion localization by radiolabeled chemotactic peptides has
clear advantages over other radionuclide techniques such
as ’Ga-citrate, !!'In-labeled WBCs and "'In-labeled IgG
which typically require 24 hr between injection and imag-
ing and thus are not useful for evaluating acute processes
such as appendicitis.

In conclusion, the results of this study establish that
HYNIC derivatized chemotactic peptide analogs retain re-
ceptor binding and biological activity; are readily labeled
with %™Tc at very high specific activities; and are excellent
radiopharmaceuticals for imaging focal sites of infection.
The potential advantages of these molecules over current
radionuclide techniques for localizing sites of infection are
numerous and definitely justify further investigation.
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