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TECHNETWM-99m LABELED PEPTIDES FOR IMAGING 
INFLAMMATION 

BACKGROUND OF THE INVENTION 

field or the lnvelitigp .. 

·This invention relates to compositions that are radiolabeled scintigrapbic 

imaging agents, methods or using these compositions and methods for producing 

such radiolabeled compositions. Specifically, the invention relates to technetium-

99m. labeled scintigraphic imaging agents that are compositions of a polysulfated 

10 glycan or mixture thereof and a compound comprising a polybasic moiety 

covalently linked to a radiolabel binding moiety radiolabcled with tec:hnetium-99m 

15 

(fc-99m). Methods and kits for making such compositions, and methods for 

using such compositions to image sites of infection and inflammation in a 

mammalian body are also provided. 

2. Descriotion of the Prior Art 

There is a clinical need to be able to determine the location and/or extent 

of siteS of focal or localized infection and inflammation. In a substantial number 

of cases conventional methods of diagnosis (such as physical examination, x-ray, 

20 er ~d ullrasonography) fail 10 identify such sites (e.g •• an abscess). Although 

biopsy may be resoned to, it is preferable to avoid such invasive procedma. at 

least until they arc diagnostically appropriate to identify the pathogen responsible 

for an abscess at a kno~ location. Identifying the site of such "occult"' infection 

is imponant because rapid localization and identification of the problem is critical 

25 to effective therapeutic intervention. 

In the field. of nuclear medicine, certain pathological conditions can be 

localized or the extent of such conditions determined by imaging the internal 

distribution of administered radioactively-labeled tracer compounds (i.e. 

radiotracers or ridiophannaceuticals) that accumulate specifically at the 

. 30 pathological site. A variety of radionuclides are known to be useful · for 

radioimaging, including 670a. "-Tc (Tc-99m) 1 
111ln, 1231, 12'1, l6

9Yb and 1114Re. 

However, an abscess may be caused by any one of many possible 
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pathogens. so that a radiotracer specific for a particular pathogen would have 

limited scope.· On the other hand, infection is aJmost invariably accompanied by 

inflammation,_ which is a general response of the body to tissue injury. 

Therefore, a radiotracer specific for sites of inflammation would be expected to 

S be useful in localizing .sites of infection caused by any pathogen_, as well as being 

useful for localizing other inflammatory sites. 

One of the main phenomena associated with inflammation is the 

localization of leukocytes (white blood cells), usually monocytes and neutrophils, 

at the site of inflammation. A radiotraccr specific for leukocytes would be useful 

10 in detecting leukocytes a.t the site of a localized infection. Cu~ntly approved 

nuclear medicine procedures for imaging sites of infection use either jndium·l 11 

labeled leukocytes (111In-WBC) (.see, e.g. Peters. 1992, J. Nucl. Med. 33.: 65-61) 

or gallium-67 (610a) citrate (see, e.g. Ebright et al., 1982, Arch. Int. Med • .li2,: 

246-2S4). .A major disadvant,age of using 1111n-labeled WBCs is. that the 

lS preparation of the radiouacer requires a number of technical steps: sterile removal 

of autologous blood, sterile isolation of the leukocytes fr.om the blood, sterile 

labeling of the leulcocytes using conditions that do not damage the cells (since 

damaged WBC are taken up by the reticuloendothelial system when re-injected) 

and sterile return (re-injection) of the (now labeled) leukocytes to the patient. 

20 Funhennore; a . delay of 12 to 48 hours between injection and imaging may be 

required to obtain optimum imaging. While Tc-99m labeled leukocyces have been 

used to shonen this delay period (see. e.g. Vome et al., 1989, J. Nucl. Med. Jn: 
1332-1336), ex"'<=orporeal labeling is still required. A preferred radiotracer would 

be one that either would label leukocycs in whole blood or would not require 

25 removal and manipulation of autologous blood components ex corpora. 

Alternatively, 67Ga+Cittate can be administered. by intravenous injection. 

However, this compound is not specific for sites of infection or inflammation. 

Moreover, a delay of up to 72 hours is often required between injection of the 

radiotracer and imaging. In addition, the -y•(gamma) emissions energies of 67Ga 

30 arc not well suited to conventional gamma cameras. 

Radiolabelcd monoclonal and polyclonal antibodies raised against human 
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leukocyt.es (including monocytes, neutrophils, granulocytes and other cell types) 

have been developed. Tc-99m labeled antigranulocyte 1Donoclonal antibodies (see, 

e.g. Lind et al., 1990, J. Nucl. Med . .:U: 41'7-473) and 111In-labeled non-specific 

human imrnunoglobulin (see, 1.g. LaMuraglia 1:1 al., 1989, J. Va.re. Surg • .1.Q: 

S 20-28) have been teSted for the detection of inflammation secondary tO infection. 

min-labeled lgG shares the disadvantages of 111ln-labeled WBC. in tha.t ·24-48 

hours are required between injection and optimal imaging. . In addition, 

radiolabeled antibodies are difficult to produce and face protraeted approval 

procedun:s, as they are rou~nely classified as biologics by regulatory agendes. 

10 SmaJJ, readily synthesized molecules arc preferred as routinely-used radio-

pharmaceuticals. There is clearly a need for small synthetic molecules .that can 

be used either to label leukocytes in whole blood (i.e., without the need to isolate 

the leukocytes from the other components of whole blood) or that can be directly 

injected int<> a patient and will image sites of inf=tion and inflammation by 

15 localizing at sites where leukocytes have accumulated. 

One kind of small, readily synthesized molecule useful in such applications 

are peptides. The sensitivity of imaging methods using radioacliveJy-1.abelcd 

peptides is much higher than other techniques known in the an, since the specific 

binding of the radioactive peptide concentrates the radioactive signal over the area 

20 of inre.rest, for example, an inflammatory site. In addition, methods for achieving 

high-yield chemical synthesis of small peptides ·is well known in the art. 

Radiolabeled peptides, and in particular fonnyl-methionyl-Jeucyl­

phenyJalanyl (fMLF> -containing peptides. have been reported in the prior art. 

Zoghbi et al .• 1981, J. Nucl. Mtd. 22: 32 (Abst) disclose fo:rmyl peptide 

2S chcmotactic factors (fMLF) derived from bacteria coupled to 1111n·labClc:d 

transferrin. 

Jiang et al •• 1982, Nulcleannedidn 21.: 110.113 disclose a chemotactic 

fonnytated peptide (fMLF) radiolabeled with a:zs1. 

Fischman et al •• 1991, J. Nucl. Mm. 32: 482-491 relates to chemolaClic 

30 fonnyl peptide (fMLF) ·min-labeled DTPA conjugates. 

EPC 90108734.6 relates to chemotactic formyl peptide (fMLF) • 

··-------·------------,---- ----·-·····---·· -· -· ·-
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111In-labeled DTPA conjugates. 

U.S. Pi.tent No. 4t986.979 relates to the use of radiolabcled chemotactic 

formyl peptides (fMLF) to radiolabel leukocytes ex-corporeally via a photoaffinity 

label. 

PCT W090/10463 relates to the use of ra.diolabeled chemotactic fonnyl 

peptides (fMLF) to radiolabel leukocytes ex-corporeally via a photoaffinity label. 

The u!e of labeled fMLF peptides known in the aforementioned an suffers 

from the serious drawback that this peptide causes adverse physiological responses 

such as superoxide release from neutrophils (Niedcl and Cuauecasa.s. 1980. 

10 Foanyl Peptide Chemotactic Receptors of Leukocytes and_Macnmba1~, in Curr. 

Top. Ctll. Reg. l1: 137-170), and at sufficient doses these compounds can cause 

teukocytopenia (Jiang er al .• 1982, Nuklearmed. ZJ.: ll0-113). 

Another source of inflammatory sil&-specific peptides is platelet factor 4. 

a naturally-occurring chemotactic peptide, consisting of 70 amino acid~· having a 

15 molecular weight of 7800 daltons and known in the prior art to bind to ncutrophils 

and monoc:ytes, cell types known to be associated with sires of inflammation and 

infection in vivo. Of interest with regard to _the present invention, the carboxyl 

terminus of PF4 is known to bind to polysulfated glyc:ans sueh as heparin 

(Loscalzo i!I al., 198S, Arch. Bioch«m. Biophys. 240: 446-455). In addition, an 

20 . advaniage of PF4 over the fMLF compounds known in the an is that it does not 

cause superoxide release from neutrophils even at concentrations of 20/.'M 

(Bebawy ~r al., 1986. J. Lt!ukocyre Biol. 32: 423-434). 

Thorbecke & Zucker, 1989, European Patent Application No. 88111962. 2 

disclo!e cornpositions and methods for modulating immune responses comprising 

2S administering an immunomoduJating amount of platelet factor 4 ot peptides 

derived therefrom. 

Deuel e1 al., 1977, Proc. Natl. Acml. Sci. USA 74: 2256-2258 disclose the 

amino acid sequence of human platelet factor 4. 

Deuel ti al .. 1981, Proc. Natl. A.cad. Sci. USA 18: 45844587 disclose 

30 . that platelet factor 4 is chemotactic for neutrophils and monocyteS in vitro. 

Osterman ez al. 1 1982, Bioch~m. Biophys. Res. Comm. Jm: 130-135 



disclose that the carboxyl·terminal trideca.peptide of platelet factor 4 has 

chemotactic properties. 

Holt&. NiewiarowsJd; 1985, Stm. Hana1ol. 21: 151-163 provide a review 

of the biochemisuy of platelet a-granule proteins, including platelet factor 4. 

S Goldman e1 al., 1985. lmmunol. 2: 163-171 reveal that fMLF receptor-

mediated uptake is inhibited in human neutrophils by platelet factor 4 and a 

carboxyl·tenninal dodecapeptide thereof. 

Loscalm et al.,ibid., describe the biochemical interaction between platelet 

factor 4 and glycosaminoglycans such as heparin. 

10 Bebawy et al., ibid., describe the platelet factor ~mediated chemotactic 

response of neutrophils in vitro. 

Maione er al., 1989, Science 247: 77-79 disclose that angiogenesis is 

inhibited by recombinant human platelet faclOr 4 and peptide fragments thereof . .. 
The use of chelating agenrs for radiolabeling polypeptides, and methods 

IS for labeling peptides and polypeptides with Tc-99m are known in the prior art and 

are disclosed in co-pending U.S. Patent Applications Serial Nos. 071653,012, 

07/807,062, 07/871,282, 071886,752, 0718.93,981, 071955.466, 08/019,864, 

08/044.825, and 08/073,577, and PCT International ·Applications 

PCT/US92/007S7, PCT/US92110716, PCT/US93/02320 and PCT/US93/04794, 

20 which are hereby incorporated by reference. 

SUMMARY OF mE INVENTION 

The present invention provides scintigraphic imaging agents that are 

25 compositions comprising radioactively-labeled reagents and polysulfated glycans. 

The compositions of the invention accumulate at sites of inflammation in vivo. 

The reagents comprising the compositions of the invention are themselves 

comprised of polybasic compounds that are capable of specifically localizing ar 

sita of infection or inflammation or componenl5 thereof, wherein said compounds 

30 are covalently linked to radioisotope, preferably technctium·99m, binding 

moieties. 
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It has unexpectedly been found that the combination of a Tc-99m 

radiolabeled polybasic compound and a polysulfated glycan as provided by the 

. present. invention advantageously enables the acquisition of scintigraphic images 

of focal sites of infection and inflammation in vivo~ Administration of thi$ 

S combination results in a greater degree of localization of the Tc-99m radioactive 

signal at the site of infection when compared to administration of the Tc-99m 

labeled polybasic compound alone. As a result, such scintigraphic images 

produced by this combination are superior to the images obtained using Tc-99m 

labeled scintigraphic imaging agents comprising the radiolabelcd polybasic 

10 compound alone (see Example 3 and Table Il hcreinbelow). Higher ratios of the 

deteeted radioactivity at infection site versus blood and infection site venus 
norrnai tissue are also found using the compositions of the invention compared 

with the radiolabeled compounds alone. .. 
Accordingly, the invention provides radiolabclc.d compositions that 

15 accumulate at sites of inflammation in vivo. methods for preparing such 

compositions, and methods for using such radiolabeled compositions for imaging 

sites of infection and inflammation within a mammalian body. 

In a first aspect of the present invention, scintigraphic imaging agents for 

imaging sites ofinflammation within a mammalian body are provided, comprising 

20 compositions that comprise a technctiurn-99m labeled reagent having a molecular 

weight of about 500 daltons to about 15,000 daltons and having at least 5 residues 

that are basic at physiological pH. covalently linked to a technetium~99m binding 

moietyt the composition funher comprising a polysulfatcd glycan having a 

molecular weight of at least about 1000 daltons, wherein the reagent is 

25 radioactively labeled with tec:hnctium-99m, and wherein the composition· is 

capable of.accumulate at sites of inflammation in vivo. In preferred embodiments. 

the reagent is a peptide of S to 100 amino acids that is platelet factor 4 or a 

fragment or analog thereof. In other preferred embodiments, the polysuffated 

. glycan is heparin, heparan sulfate, dextran sulfate, chondroitin sulfate, dennatan 

30 sulfate or derivatives thereof. 

In a second aspect of the invention, Tc-99m labeled reagents are provided 



as ·components of the scintigraphic imaging ag~ts of the inventiont wherein the 

reagents are comprised of polybasic compound, preferably a platelet factor 4· 

derived peptide of fragment thereof, covalently linked to a radiolabel-binding 

moiety of fonnula 

I. 

Cp(aa)Cp 

wherein Cp is a protected or unprotected cysteinc residue and (aa) stands for an 

amino acid, and wherein the radiolabel.t>inding moiety is covalently linked to the 

polybasic compounds. In a preferred embodiment. the amino acid is glycine. In 

IO another preferred embodimenr, the radiolabeJwbinding moiety is linked to the 

polybasic compound via from about one to about lO amino acids. 

In a third aspect, a component of the scintigraphic imaging agents provided 

by the invention are reagents comprising a polybasic compound~ preferably a 

platelet factor 4-clerivcd peptide of fragment thereof, covalently tinted to a 

JS radiolabel·binding moiety having the following structure; 

n. 
11.-C:~(El)-[C~'Jt2)).·::X: . 

wherein A is H, HOOC. H2NOC, (peptide)-NHOC. (pcptide)-OOC or R4
; B is 

H, SH or ·NHR', -N(R1)-(peptide) or R4; Z is Hor R4
; Xis SH or -NHR3, -

20 N(R3)-C,peptide) or R": ll1, R2• R3 rand R4 are independently H or stnlight or 

branched chain or cyclic lower alkyl; n is 0, 1 or 2; and: (1) where B is -NHR1 

or -N(R1)-(peptidc), X is SH and n is 1 or 2: (2) where X is -NHR3 or ·N(R3)­

(peplide). Bis SH and n is I or 2; (3) where Bis Hor R', A is HOOC, H2NOC, 

(pepdde)-NHOC. (pcptide)-OOC, X is SH and n is 0 or l; (4) where A is H or 

25 R', then where B is SH. X is -NHR3 or -N(RJ)-(peptide) and whore X is SH, B 

is -NHR3 or -N(R3)-(peptidc); (5) where X is H or R', A js HOOC, H1NOC, 

(peptlde)-NHOC, (peptide)-OOC and B is SH; (6} where Z is methyl, X is 

methyl, A is HOOC, H2NOC, (pcptide)-NHOC, (pcptide)·OOC and B is SH and 

n is O; and (7) where Z is SH and X is SH, n is not O; and wherein the thiol 

30 moiety is in the reduced form. 

In another embodiment are provided components of the scintigraphic 
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imaging agents of the invention comprising .a reagent comprised of a polybasic 

compound, preferably a platelet factor 4-derived peptide of fragment thereof, 

covalently linked to a radiolabel-binding moiety of formula: 

~ III. I.BJ- co - (amino acid) -T-co - peptide • 

[for purposes of this invention, radiolabcl~binding moieties having this structure 

will be referred to as picolinic acid (Pic)-based moieties]: 

or 

JV. @ 
peptide - HN • cysfeine - (amino acid) - NH - CH2 -

sx 
[for purposes of this invention, tadiolabel-binding moieties having this structure 

will be referred to as picolylamine (Pica)-based moieties]; wherein X 'is Hor• 

protecting group; (amino acid) is any amino ac:id; the radiolabel-binding moiety 

is covalently linked to the peptide and the complex or the radiolabel-binding 

moiety arid the radio~l is electrically neutral. In a preferred embodiment, the 

amino acid is glycine and X is an acetamidomethyl protecting· group. In 

additional preferred embodiments, the polybasic cornpound is covalently linked 

20 to the radiolabel-binding moiety via an amino acid, most preferably glycine, and 

the radioJabel is technetium·99m. 

In yet. another embodiment of the invention. components of the 

radiolabcled scintigraphic imaging agents of the invention are provided that are 

reagents comprising a polybasic compound. preferably a platelet factor 4-derived 

2S peptide or· fragment !hereof. and a bisamino bisthiol radiolabel-binding moiety 

covalently linked to the polybasic compound. The bisamino bisthiol radiolabel­

binding moiety in this embodiment of the invention has a formula selected from 

the group consisting of: 



s 

v. 
/(CR'2t 

NH N-A·CO-X 
/, \ s 

(CR2). WR~, 

4.(pgp)S ~~(pgp)S 

-- --- -- --- ---- - ---

wherein each R5 can be independently H, CH, or CiHs; each (pgp)1 can be 

independently a thiol protecting group or H; m. n and p arc independently 2 or 

3; . A is linear or cyclic lower alkyl, aryl, heterocyclyl, combinations or 

substituted derivatives thereof; and X is peptide; 

10 VI. 

/(CR'2~ 
NH N~A-CH(V)NHR6 

cc!a'v. c~a'J), 
' I SH SH 

.. 
IS wherein each R5 is independently H, lower alkyl having 1 to 6 carbon atoms, 

phenyl, or ph~yl subsdtuted with lower alkyl or lower alkoxy; m. n and pare 

independently 1 or 2; A is linear or cycl~c lower alkyl, aryl, heterocyclyl, 

combinations or substituted derivatives thereof; Vis Hor CO-peptide; R6 is Hor 

peptide; provided that when V is H, R6 is pepti~ and when R6 is H, V is peptide. 

20 [For purposes of this invention. radiolabcl·bindlng moieties having these 

muctures will be rcfenul to as ·BAT• moieties]. In a preferred c:mbodiment, the 

polybasic compound is covalently linked to the radiolabel-binding moiety via an 

amino acid; most preferably glycine. 

The invention also comprises kits for preparing the compositions of the 

25 invention~ methods for radioJabeJing the reagents of the invention with Tc-99m 

and methods for using the radiolabeled compositions for imaging sites of infection 

or inflammation in mammalian body by gamma scintigraphy. 

The invention provides compositions that are scintigraphic imaging agents 

comprising complexes of the radiolabel binding moiety of the reagents of the 

30 in~ention with Tc-99m. Melhods for radiolabeling these reagents with ·Tc-99m 

are also provided. Radiolabeled complexes provided by the invention are fanned 

n 



by reacting the reagents of the invention with Te-99m in the presence of a 

reducing agent Preferred reducing agents include but are not limited to dithionite 

ion, stannous ion and ferrous ion. Complexes of the invention are also formed 

by labeling by ligand exchange of a prereduced Tc-99m complex as provided 

S herein. 

The invention also provides kits for preparing sc:intigraphic imaging agents 

that are a composition comprising a polysulf.ucd glycan and Tc-99m labeled 

reagents of the invention. Kits for preparing the scintigra.phic imaging agents of 

the invention, .wherein the radiolabcl is Tc .. 99m, are comprised of a first sealed 

10 vial c:o11taining a predetermined quantity of an unlabeled embodiment of a reagent 

of the invention and a sufficient amount of n:ducing agent to label the reagent 

with technetium-99m, and a second sealed vial containing a predetermined 

quantity of the polysulfated glycan of the invention. Compositions of the 

invention arc then made by labeling the contents of the first vial with teehnetium-

15 99m and then mixing the contents of the first vial with the contents of the second 

vial to provide the composition. Alternatively, appropriate amounts of the 

unlabeled reagent and lhe polys.ulfated glycan can be contained in a single vial. 

In preferred embodiments, the polysulfated glycan is heparin, heparan sulfate, 

dexttan sulfate, chondroitin sulfate, dermatan sulfate or derivatives thereof. 

20 This invention provides methods for preparing peptide embodiments of the 

scinti1raphic imagin& agents of the invention by chemical synthesis in vitro. In 

a preferred embodiment, peptides are synthesized by solid phase peptide synthesis. 

This invention _provides methods for using compositions comprising Tc-

99m labeled scintigraphic imaging agents for imaging sites of inflammation and 

25 infection within a mammalian body by obtaining in vivo gamma scintigraphic 

images. These methods comprise administering an effective diagnostic amount 

of a Tc-99m labeled composition and dete.cting the gamma radiation emitted by 

the Tc-99m label localized at the inflammation site within the mammalian body. 

Methods are also provided for specifically radiolabeling whole blood and 

30 using mixtures comprising radiolabeled whole blood to image sites of 

inflammation within a mammalian body. One such embodiment comprises 

_ 1n . 



mixing whole blood with an amount: preferably from about 1 microgram to 100 

milligrams, of a polysulfated glycan to form a mixture. A radiolabeled whole 

blood mixture is then formed by adding an amount, from about l microgram to 

100 miJJigrams, of a n.diolabeled, preferably Tc-99m labeled, composition of 

matter that is a reagent comprising a polybasic moitey covalently linked to a 

radiolabel binding moiety, to the first whole blood mixture. This radiolabeled 

whole blood mixture is then administered to an animal such as a human being 

having or suspected of having a site of inflammation in vivo, and die nufioactive 

signal detected to localize the site of inflammation as described herein. This 

10 method provides an advant.age over methods for labeling leukocytes known in the 

prior art, since the instant method eliminates the need for isolation of leukoc:ytes 

from whole blood and auendant extensive ex corpora manipulation of whole 

blood. 

The reagents of the invention may also be comprised of a jiolyvalent 

15 linking moiety. PoJyvalenr linking moieties of the inve121ion are comprised of at 

least 2 identicaJ linker functional groups capable of covalently bonding to 

polybasic compounds or Tc-99m binding moieties. Preferred linker functional 

groups are primary or secondary amines. hydroxyl groups, carboxylic ac:id groups · 

or thiol·reactivc groups. In preferred embodiments, the polyvalent linking 

20 moieties are comprised of bis-succinimidy1methylether (BSMB), 4-(2,2-

dimethylacetyl)bc::nioic acid (DMAB), N·[2-(N',N'-bis(2-succinimido­

ethy~)aminoethyl)]-N,N-bis(2-methyl·2-mercaptopropyl)·6,9-diazanonanamide 

(BAT-BS), tris(succinimidylethyl)aminc (TSEA), bis-succinimidohexane (BSH), 

4-(0-CH1CO-G1 y-Gly-Cys.amide)acetophenone (ETAC), trls(acetamido-

2S ethyl)amine, bi.r(acetamidomethyl)aminc, bis(acetamidoethyl)arnine. a,e­

bis(acetyJ)lysine, lysine, 1,8-biJ-acetamido-3,6-dioxa-octane or a derivative 

thereof. 

Specific preferred embodiments of the present invention will become 

evident from the following more detailed description of certain preferred 

30 embodiments and the claims. 

- 11 • 
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!2£SCRJPTION OF DIE DRAWINGS 

Figure 1 illustrates in vivo scintigraphic imaging of a human patient 

bearing a splenic bed abscess in a patient 8 weeks post-splenectomy using Tc-

99m/P322H scintigraphic imaging agent of the invention. 

QETAILED Df'litRIPflON OF mE INYENTJON 

The present invention provides scintigraphic imaging agents for imaging 

target sites within a mammalian body that accumulate at sites of inflammation 

comprising compositions of Tc-99m labeled reagents and polysulfated glycans. 

10 The reagents of the compositions of the invention comprise polybasic compounds 

that are covalently linked to a radiolabel binding moiety wherein the radiolabcl 

binding moiety binds a radioisotope, For the purposes of this invention. the tenn 

"polybasic compound" is inlelldcd to encompass chemical compounds having at 

least 5 chemical functionalities that are basic and are c:ationic at physiological pH 

IS (i.e. about pH 7.0 ± 0.5), for ex.ample but not limited to. primary amine$, 

whereby said polybasic compounds are polyc:ationic at physiological pH. 

Polysulfated glycans of the invention include but are not limited to heparin, 

heparan sulfate, dextran sulfate, chondroitin sulfate, dennatan sulfate or 

derivatives thcreo( 

20 The compositions of this invention specifically localize to sites of 

inflammation. These compositions may also bind to leukocytes, preferably 

monocytes and neutrophiJs and most preferably to neutrophils. For purposes of 

this invention, the term •bind to leukocytes" is intended to mean that the 

compositions of the invention are capable of accumulating at sites of infection or 
25 inflammation in mammalian body sufficient to allow detection of the accumulation 

of radiolabeled complexes prepared from the compositions as disclosed herein at 

sites of infe.ction or inflammation by gamma .scintigraphy. 

In· peptide embodiments of the scintigrapbic imaging agents of the 

invention, preferred peptides include platelet factor 4 and peptides derived 

30 therefrom. For purposes of this invention, the term •peptides derived therefrom• 

is inrended to encompass peptides having an amino acid sequence homologous to 
- - --------- - --
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all or a portion of the platelet factor 4 amino acid sequence. Also intended to be 

circumscribed by this tcnn are peptide fragments of platelet factor 4, whether 

generated by proteolytic degradation of native platelet factor 4 protein or by 

chemical synthesis of a portion of the platelet factor 4 amino acid sequence. 

S Peptide fragments useful in the practice of this invention include those fragments 

capable of accumulating at sites of infection and inflammation in a mammalian 

body. Examples of such peptides are presented hereinafter in the Examples. 

In Cp(aa)Cp-conlaining scintigraphic imaging agents, where Cp is a 

protected cystcine the S-protecting groups are the same or different and may be 

10 but not limited to: 

15 

20 

-CH2-aryl (aryl is phenyl or alkyl or alkyloxy substituted phenyl); 

· -CH-(aryl)2, Caryl is phenyl or alkyl or alkyloxy substituted ·phenyl); 

-C-(aryl)1• (aryl is phenyl or alkyl or alkyloxy substituted phenyl); .. 
..CH2·(4-methoxyphcnyl); 

-CH-(4+pyridyl)(pheny1)2: 

-C(CH3)i 

-9·phenylfluorenyl; 

-CH2NHCOR CR is unsubstituted or substituted alkyl or aryl); 

-CHrNHCOOR (R is unsubstituted or substiruted alkyl or aryl); 

-CONHR (R is unsubstituted or substituted alkyl or aryl); 

-CHrS..Cflt·Phenyl. 

RadioJabel binding moieties comprising cysteine-sulfur protecting groups 

desigrwed •(pgp)5~. such as the bisamino, bisthiol moieties of the invention, are 

also described by the abovc~mcntioned listing of protecting groups. 

2S The preferred proteeting group has the formula -CH2-NHCOR wherein R 

is a lower alkyl having 1 and 8 carbon atoms, phenyl or phcnyl·substituted with 

lower alkyl, hydroxyl. lower alkoxy, carbolCy, or lower alkoxycarbonyl. 

·Labeling with Tc-99m is an advantage of the present invention because the 

nuclear and radioactive properties of this isotope make it an ideal component of 

30 a scintigraphic imaging agent. This isoiope has a single photon energy of 140 

keV and a radioactive half~lifc of about 6 hours, and is readily available from a 

~ 11 . 



"Mo-99arfc generator. Other radionuclides known in the prior an have effective 

half-lives which arc much longer (for example, m1n, which has a half-life of 67 .4 

h) or are toxic (for example, 1251). 

Each polybasic peptide-containing embodiment of the invention is 

S comprised of a sequence of amino acids. The term amino acid as used in this 

invention is intended to include all L- and D- amino acids, naturally occurring and 

otherwise. Reagents comprising polybasic peptides provided by the invention 

include but are not limited to the following (the amino acids in the following 

peptides arc L-amino acids except where otherwise indicated): 
10 

acel)'l-KC.-.GCAQaQAPL YKKIIKKLLFS 
acety/-KKCA.-Gc"_QAPLYKKIIKKLLES 
·acety/-KKKCAcmGCAcmQAPLYKKIIKKLLES 
acel}'/-KKKKC"anGC"1111QAPL YI<KJIKKLLF.S 

15 acel)'l-KKKKKCAe•oc".QAPL YKKIIKKLLES 
acel)'l-KCA_Gc"_GGPL YKKIIKKLLES 
acezyl-KKC" ... GCAc•GGPL YKKIIKKll.ES 
acetyl-KKKC,._GC"<111GGPL YKKIJKKLLES 
acety/-K.K.KKC"eiaGC"ceGGPL YKKJIKKLLES 

20 ac:e1yl-KKKKKC"_Gc"_aoPL YKKIIKKLLES 
acel)'l".KKKKKCGCGGPL YKKIIKICLLES 
aceiyl·KKKK.KK. [BA TJ.GGPL YKKIIKKLLES. 

Polybasic peptide embodiments of theprcsenl invention may be chemically 

synthesized in vitro. Peptides of the present invention can generally 

25 advantageously be prepared on a peptide synthesizer. The peptides of this 

invention can be synthesized wherein the radiolabel binding moiety is covalently 

linke.d to the peptide during chemical in vitro synthesis, using techniques well 

lmown to those with skill in the art. Such peptides covalently·linkc:d to the 

radiolabel binding moiety upon synthesis are advantageous because specific sites 

30 of· covalent linkage can be determined the~ri. 

Radiolabel binding moieties of the invention may be introduced into the 

target specific polybasic peptide during peptide synthesis. For embodiments t~.g._, 

Pic-Gly·Cys(proteeting group)-] comprising picolinic acid (Pie-), the radiolabel­

binding moiety can be synthesized as the last (i.e., amino-terminal) residue in the 

35 syr.thesis. In addition, the picolinic acid·containing radiolabel-binding moiety may 
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be covalently linked to the E·amino group of lysine 10 give, for example, 

aN(Fmoc)-Lys-eN[Pic-Gly-Cys(protccting group)], which may ~e incorporated at 

any position in the peptide chain. Th.is sequence is particularly advantageous as 

it affords an easy mode of incorporation into the target binding peptide. 

S Similarly, the picolylarnine (Pica)-conraining radiolabel-binding moiety [-

Cys(proiecting group)-Gly-Pica] can be prepared during peptide synthesis by 

including the sequence [-Cys(protecting group)-Gly-] at the carboxyl terminus of 

the peptide chain. Following cleavage of the peptide from the resin the carboxyl 

terminus of the peptide is activated and coupled to picolylamine. This synthetic 

10 route requires that reactive side-c:hain functionalities remain masked (protected) 

and do not react (luring the conjugation of the picolylaminc. 

·· This invention provides for tne incorporation of these chelators into 

virtually any platelet factor 4-derived peptide. resulting in Tc-99m radiolabcled .. 
peptide components of the scintigraphic imaging agents of the invedtion. 

~S This invention also provides polybasic, small. synthetic compounds which 

incorporate bisamine bisthiol (BAT) chclators which may be labeled with Tc-99m. 

In forming a complex of radioactive. ~hnetium·99m with the reagents of 

this invention. the technetium complex, preferably a salt ofTc-99m penechnetate, 

is reacted with the imaging agent in the presence of a reducing agent; in a 

20 preferred embodiment, the reducing agent is stannous chloride. Compl~cs and 

me.ans for preparing such complexes are conveniently provided in a kir fonn 

comprising a first sealed vial containing a predetermined quantity of a reagent of 

the invention that is lo be labeled and a sufficient amount of reducing agent to 

label the re.agent with Tc-99m. Alternatively, the complex may be formed by 

2S reacting a reagent of the invention with a pre~fonned labile complex of technetium 

and another compound known as a transfer ligand. This process is known as 

ligand exchange and is well known to those skilled in the an. The labile complex 

may be fonned using such transfer ligands as tartrate. citrate, gluconate or 

mannitol, for example. Arnong me Tc~99m penechnetate salts useful with the 

30 present invention are included the alkali metal salts such as the sodium salt, or 

~m~niu~-~~ or Jower alkyl ammonium salts. Using either embodime11t, the 

,, 



vial containing the unlabeled reagent and reducing agent can also advantageously 

contain the polysulfated glycan components of the compositions of the invention. 

The reaction of the sdntigraphic imaging agents of this invention with Tc-99m 

penechnetate or preformed Tc-99m labile complex can be carried out in an 

S aqueous medium at room temperature. When an anionic complex is formed in an 

aqueous medium, the radiolabeled complex is in the form of a salt with a suitable 

cation such as sodium cation, ammonium cation, mono. di- or 1ri-lowcr alkyl 

amine cation, or any pharmaceutically acceptable cation. 

In a preferred embodiment of the invention, a kit for preparing technetium-

10 99m labeled peptides is provided. The peptide embodiments of the reagents of 

the invention can be chemicaUy synthesized using methods and means well-known 

to those with skill in the an and described hcreinbelow. An appropriate amount 

of such a reagent is introduced into a vial containing a rmucing agent. such as 

s1annous chloride or a solid-phase reducing agent, in an amount suffic~t to label 

15 the agent with Tc-99m. An appropriate amount of a transfer ligand as described 

(such as tartrate, citrate, gluconate or mannitol. for example) can also be 

included. Technetium·99m labeled reagents according to the present invention 

can be prepared by the addition of an appropri:ate amount of Tc .. 99~ or Tc--99m 

complex into the vials and reaction under conditions described in Example 2 

20 hereinbelow. Said kits also comprise a second sealed vial containing an 

appropriate amount of a polysulfated glycan. Examples of efficacious polysulfated 

glycans include but are not limited to heparin, heparan sulfate, dextran sulfatet · 

chondmitin sulfate, dcrmatan sulfate or derivatives thereof. Tc-99m labeled 

scintigraphic imaging agents of the invention can be prepared by mixing d1c Tc-

25 99m labeled polybasic component from the first vial with the polysulfatcd glycan 

from the second vial. 

Radioactively labeled scintigraphic imaging agents provided by the present 

invention are .provided having a suitable amount of radioactivity. ln forming the 

Tc-99m radioactive complexes, it is generally prefened to form radioactive 

30 complexes in solutions containing radioactivity at conc:entnuion! of from about 

0.01 millicurie (mCi) to 100 mCi per mt" . 

• .c 



Compositions compnsmg scintigraphi~ imaging agencs comprised of 

te.chnetium-99m labCled reagents and polysulfated glycans provided by this 

invention can be used for visualiZing sites of inflammation, including abscesses 

and sites of •occult• infection. The Tc-99m labeled compositions can als0 be 

used for visualizing sites of inflammation caused by tissue ischemia, including 

such disorders as inflammatory bowel disease and arthritis. In accordance with _ 

this invention, the technetium-99m labeled compositions. wherein the reagents a.re 

provided either as a complex or as a salt with a pharmaceutically acceptable 

counterion. are administered in a single unit injectable dose. Any of the common 

10 carriers known to those with skill in the art, such as sterile saline solution or 

plasma, can be utilized after radiolabeling for preparing the injectable solution 

to diagnostically image various organs, tumors and the like in accordance with 

this invention. Generally, the unit dose to be administered has a radioactivity of 

about 0.01 mCi to about 100 rnCi, preferably l mCi to 20 mCi. The ~~position 
15 to be injected at unit dosage is from about 0.01 ml to about 10 ml •. After 

intra.venous administration, imaging of the organ or tumor-in vi\IQ can take place 

in a matter of a few minutes. However, imaging can take place, if desircdt in 

hours or even tonger, after injecting into patients. In most instances, a sufficient 

amount of the administered dose will accumulate in the area to be imaged within 

20 about O.S of an hour to permit the takjng of scintiphotos. Any conventional 

method of sc::intigraphic imaging for diagnostic purposes can be utilized in 

accordance wilh I.his invention. 

The IC:Chnetium-99m labeled compositions of the invention may be 

administered intravenously in any conventional medium for intravenous injection 

25 sueh as an aqueous saline medium, or in blood plasma medium. Such medium 

may also contain conventional phannaceutical adjunct materials such as, for 

example, pharmaceutically acceptable salts to adjust the osmotic pressure, buffers, 

preservatives and the like. Among the preferred media are normal saline and 

plasma. 

30 Al[ematively, the invention provides methods for specifically radiolabeling 

whole blood and using such radiolabeled whole blood to image sites of 



inflammation within a mammalian bOdy. In this embodiment of the invention. 

whole blood is mixed with an amount, from about 1 microgram to l 00 

milligrams, of a polysulfatcd 1lycan to form a mixture. Then an amount, from 

about 1 microgram to 100 milligrams, of a radiola.beled, preferably Tc-99m 

5 labeled, composition of matter that. is a reagent comprising a polybasic moitey 

covalently linked to a radiolabel binding moiety, is added to form a radiolabeled. 

mixture. This radiolabeJcd whole blood mixture is then administered to an animal 

such as a human being having or suspected of having a site of innammation in 

vivo. and the radioactive signal detected to localize the site of inflammation as 

10 described herein. The requirement for antigenically-compatible, prefembly but 

not necessarily autologous, heparinized whole blood to be used in this 

embodiment of the experiment will be understood by those skilled in the an. 

The methods for making and labeling these compositions are more fully 

illustrated in the following Examples. These Examples illustrate ccrrain upects 

lS of the above-described method and advantageous results. These Examples arc 

shown by way of illustration and not by way of limitation. 

20 
EXAMPLE I 

Solid Phue Peptide Synthesis 

Solid phase peptide synthesis (SPPS) was carried out on a 0.25 millimole 

(mmole) scale using an Applied Biosystems Model 431A Peptide Synthesizer and 

using 9·fluorenylmethy1oxycarbonyl (Fmoc) amino-terminus protection, coupling 

25 with dicyclohexylcarbodiimidelhydroxybenzoniazoleor2-( I H-benzo-triazol-1-yl)­

l, l ,3,3-tetramethyluroni um hcxafluorophosphate/ hydroxybcnzotriazole 

(HBTU/HOBT), and using p-hydroxymetl:tylphenoxymcthyl·polystyrene (HMP) 

resin for carboxyl-tenninus acids or Rink amide resin for carboxyl-terminus 

amides. 

30 Where appropriate N-a-acetyl groups wme introduced by treating the 

resin-bound peptide with acetic anhydride in N-mcthylpyrrolidinonc (NMP). 

Resin-bound products were routinely cleavc:d using a solution comprised 

of trifluoroacctic acid, water. thioanisole, ethanedithiol, and lriethylsilane, 
. -·--·--··-- - ·- ··-- --
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prepared in ratios of 100 : 5 : 5 : 2.5 : 2 for l .S - 3 h. at room temperature. 

Crude peptides were purified by preparative high pressure liquid chromatography 

(HPLC) using a Waters Delta Pak C18 column and gradient elution using 0.19' 

trifluoroacctic acid (TFA) in water modified with acetonitrile. Acetonitrile was 

5 evaporated from the eluted f~ons which were then Jyophilized. The identity 

of each product was confinned by fast atom bombardment mass spectroscopy 

(FABMS) or by elcctrospray mass spectroscopy (ESMS). 

10 
EXAMPLE2 

Prena.ration or Sc:intlgraphif Imaging Agent:s 

Peptide (1.0) prepared as in Example l was dissol\'ed in l.OmL of 

phosphate buffered saline, O.OSM potassium phosphate buffer (pH 7.4) or water. 

Tc-99m gluceptate was prepared by reconstituting a Glucoscan vial (£.I. DuPont 

de Nemours, Inc.) with l.OmL ofTc-99m sodium pertc:c:hnetatc contaiil1n1 up to 

15 200mCi and allowed to stand for IS minutes at room temperature. 2SOµL of Tc-

99m gluccprate was then added to the peptide reagent and lhe reaction allowed to 

proceed at 100°C or ac room temperature for 30 min and then filtered through a 

0.2 µ.m filcer. 

The purity of the Tc-99m labeled peptide reagent was determined by 

20 HPLC under lhe conditions described in the foocnotes of the following Table. 

Radioactive components were detected by an in~line radiometric detcccor linked 

to an integrating recorder. Tc-99m gluceptate and Tc-99m sodium perteehnetate 

elute between l and 4 minutes under these conditions, whereas the Tc-99m 

labeled peptide eluted after a much greater amount of time. 

2S The following Table illustrates successful Tc-99m labeling of peptides 

prqmed aca>rding to Example 1 using the method described herein. 

tn 



TABLE I 

FABMS Radiochemical HPLC 
Peptides MR: ~ R.Unin) 

s I Ac·KKKKKCOCOOPL YKKllKKLLES 2633 99~ l4.8 

Ac·KKKKKK.(BATJ.OGPL YKKJIKKLLFS 2778 97$ JS.6 

AcKKKKKC*-GC~GGPL YKKUKKLLF.S 2776 989' J0.2,11.3 

Ac = acetyl; Acm = acelamidomethyl; single·lener abbreviations for amino acids can be found in 0. Zubay. Biochtmistry (2d. 
10 ed.), 1988 (MacMillen Publishing: New York) p.33. 

Qeneral HPLC method: solvent A = O. l 9' CF3COOHIH20 
solvent S. = 0.1 % CF1COOH/909' CHJCN/H10 
solvent flow rate = l.2mUmin 

lS Waters column = Waters Delta-Pak Cl8 51£ x 39mm x ISOmm column 

Melhod: 

-~ 
C/l ::r 

. g ------ .... ::c 
t1 
to 
S2 s 
~ -g_ 
~ a 

Gradient elution 100% A to 100~ 0., in 10 min 
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Scintigraphic imaging agents.of the invention are prepared from such Tc· 
99m labeled peptides by the addition of a polysulfated glycan. For example. 

particular embodiments of the scintigraphic imaging agents of the invention are 
prepared by the addition of heparin to Tc-99m labeled peptides prepared as· 

s described above at a concentration of O.l·lOmg peptide/ l-200mCi Tc-99m in a 

volume of 0.1-lOmL to a· final concentration of about 10-100 USP Units 

heparin/mL. 

10 
EXAMPLE3 

Imaging and Biodistributloa using Tc·9'm Labeled 
Sclntienphic: Ima1101 Agents 

The efficacy of scintigraphic imaging of inflammatory sites in vivo using 
the composition of the invention was demonstrated as follows. New 2'.ealand 

white rabbits were innoculated intramuscularly in the left calf with a ~JCnt strain 

lS of Escht!rlchia coli. After 24h, the animals were sedated by intramuscular 

injection with lcetamine and xylazine. The animals were then injected 
intravenously with Tc-99m labeled peptide ( s 150µg peptide/ 2·10mCi Tc"99m) 

alone or in a solution that contained 30 U.S,P. Units/mL heparin. The animals 

were positioned supine in the field of view of a gamma camera (LEAP eollimator, 

20 pbotopeaked for Tc-99m) and imaged over the first hour post-injection, and then 
at approxjmatc1y lh interVals over the following 3h or 13h. Animals wta 

allowed to recover between the times of image acquisition and rc.ancstetized as 
needed. 

Upon completion of the final imaging, each animal was s.crificed by 

25 phenobarbiraJ overdose induced by i. v. injection, and dissected to obtain samples 
of blood and of infected and control muscle. These tissue samples were weighed 

and counted using a gamma counter. A standard amount of the injected dose was 

also counted in this manner. The percent injected dose (per 1ram of tissue) 

remaining in the tissue was . calculated from the results of gamma counting. 

30 · Ratios of percent injected dose per gram of infected ~rsus non-infected muscle 

tissue, and ratios of percent of injecred dose per gram of infected tissue versus 
blood, were calculated; these results are shown in the following Table. 
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Rabbirs were injected with Tc-99rn labeled imaging agents of the 

invention. having formulae: 

aceq/ ... KKKKKCAto!IGC,_OGPL YKiaIKKLLES (P322). 
acetyl-KKKKKCOCGGPL YKKIIKXLLES (P483), and 

S acety/-KKK.KKK.[BAT].GGPLYKK.IlKKl..LF.S (PS14). 

The combination of Tc~99m labeled peptide and heparin resulted in a greater 

percenrage of the injected dose detected in the infected muscle. and higher ratios 

of infected muscle/blood and infected muscle to normal muscle, than were 

obtained using the labeled peptide alone (see Table II) . 

. -.,., -
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Comoosition 

s I P483 

P483 -t- Heparin 

P514 + Heparin 

P322 

P322 + heparin 

10 
N.T. = Nol leSte<I 

SID/g.:infected 
muscle 

4h J4h 

0.021 N.T. 

0.063 N.T. 

0.095 N.T. 

0.013 0.007 

0.019 0.018 

TABLE II 

SJD/g:normal infected infected ·muscle/ 
nmH SID/e:blood muscle/blood normal muscle 

4h 14h 4h 14h 4h 14h 4h J4h 

0.007 N.T. 0.0.SS N.T. 0.39 N.T. 3.2 N.T. 

0.003 N.T. 0.023 N.T. 3.0 N.T. 25.0 N.T. 

0.009 N.T. 0.050 N.T. 1.9 N.T. 10.0 N.T. 

0.003 O.OOJ 0.018 0.006 0.70 1.2 4.9 7.0 

0.004 0.001 O.OlS O.OIO 1.2 1.9 . 5.0 18.0 

! 
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EXAMPLE4 
Inui1hic In Vi'Va in Hwnau.s using Tc-99m Labeled 

Scintimuhic Imaaing Acents 

The efficacy of scintigraphic imaging· of inflammatory sites in vivo ~n 

S humans using P322H was determined. P322H is a scintigraphic imaging agent 

prepared by adding heparin t0 a final concentration of JOU/mL to 10-20mCi Tc-

99m labeled P322 peptide (comprising about lmg peptide), having the formula: 

ac~1yl-KKKKKC.-.GCAcmOGPL YKKDKKLLES. 

This scintigraphic imaging agent was tested in 4 human patients. each of whom 

10 had sites of infection that were confirmed using conventional diagnostic techniques 

(including computer-assisted tomography, surgery and/or clinical presentation). 

Each patient was administered 10..20 mCi Tc-99m/P322H by intravenous 

injec:tion. Gamma scintigraphy was started simultaneously with injection. and 

anterior and posterior scintigraphic images were then acquired over app!Oximatdy 

lS two hours post-injection using a large filed-of·vicw 1amma camera equipped with 

a high resolution collimator (photopeakcd at 140 keV, with a ± 20" window). 

Initially, a high degree of imaging activity was obser.red in the lung, which . 

activity decreased substantially over the course of the study. Spleen, liver and 

bone marrow uptake were also observed. Diagnoses of deep thigh abscess, 

20 appendicitis. peritonitis and splcnic bed abscess wen: made &om lhe Tc-

99m/P322H imaging scans; these diagnoses were consistent with confirmatory 

diagnoses made on other grounds. An example of one such imaging scan is 

shown in Figure 1, in which the splenic bed abscess in one patient has been 

successfully imaged. The arrow points to the image of a splenic bed abscess in 

25 a patient 8 weeks post-surgical removal of the patient's spleen. 

These studies illustrate the utility of the scintigraphic imaging agents of the 

invention for in Vivo ascintigraphic imaging in humans. 

· It should be understood that the foregoing disclosum emphasizes ccnain 

specific embodiments of the invention and that all modifications or alternatives 

30 equivalent thereto are within the spirit and scope of the invention as set forth in 
the appended claims. ··· ··----··-- ----- ----- -

- ?d. • 
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What ls claimed is: 

1. A composition that is a scintigraphic imaging agent for imaging 

sites of inflammation within a mammalian body, the composition comprising a 

reagent comprised of a polybasic compound having a molecular weight of about 

S SOO daltons to about lS.000 daltons and having at least 5 chemical functionalities 

that are basic at physiological pH, covalently linked to a teehnetium~99m binding 

moiety, the composidon further comprising a polysulfated glycan having a 

molecular weight of at least about 1,000 daltons, wherein the reagent is 

radioactively labeled wilh technetium-99m, and wherein the composition is 

10 capable of accumulating at sites of inflammation in vivo. 

2. The composition of Claim 1 wherein the polybasic compound is a 

peptide of 5 to 100 amino acids that is platelet factor 4 or a fragment thereof. 

3. The composition of Claim 1 wherein the. polysulfated glycan is 

heparin. hcparan sulfate, dextran sulfate, chondroitin sulfate, dermatarl
0

sulfate or · 
15 derivatives thereof. 

4. The composition of Claim 1 wherein the technetium·99m bindina 
moiety is selected from the group consisting of: 

I. 

Cp(aa)Cp 

20 wherein Cp is a protected or unprotccred cystcine and (aa) is an amino acid: 

25 
wherein 

30 

35 

II. 

A-CZ(B)-[C(R1R2)]0-X 

A is H. HOOC, H2NOC, (peptide)·NHOC, (peptide)-OOC or R4; 

Bis H, SH, -NHR3, -N(R~-(peptide), or R4; 

Z is Hor R4
; 

R 1, R2
, R] and R4 are independently H or lower sttaight or 

branchCd chain or cyclic alkyl; 

n is 0, l or 2; 



s 

·--- - -------- -
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and 
where Bis -NHR1 or -N(R')-(peptidc). Xis SH, and n is 1 or 2; 

where Xis -NHR1 or -N(R3)-(peptide), Bis SH. and n is 1 or 2; 

where B is H or R\ A is HOOC, H2NOC. (peptide)-NHOC, (peptide)-OOC. X 
is SH, and n is 0 or l; 

where A is Hor R', then wh~ Bis SH, Xis -NHR1 or -N(RJ)-(peptide) and 
10 where X is SH, B is -NHR3 or -N(R')-(peptidc); 

where X is H or R", A is HOOC, H1NOC, (pepdde)-NHOC, (peptide)·OOC and 
Bis SH; 

lS where Z is methyl, X is methyl, A is HOOC, H,NOC. (peptidc).NHOC, 
(pepdde)-OOC, B is SH and n is O; 

20 

25 

30 

whm B is SH and X is SH, n is not O; 

and wherein the thiol moiety is in the reduced fonn; and 

Ill 

wherein 

f"!:!... . co • (amino acid> . ·r=ic . co • 

~ - sx 

IV. ~ 
- HN - c:}steinc - (amino acid) • NH - CH2 • Q 

sx 
X = Hor a protcctinJ group; 

Camino acid) = any amino acid; · 

1111iii~i1ilf 
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wherein 

10 

15 

wherein 
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v . 
.l"(CR5

2)11 . 

/ ' . rr ~-A~O·pepude 

(J.RsJ). CyRsJ, 
S-(pgp)s S-9>BP>s 

each Rs is independently H, CH3 or C2li,; 

each (pgp)5 is independently a thiol protecting group or H; 

rn, n and p are independently 2 or 3; 

A = linear or cyclic lower alkyl, aryl, heterocyc:lyl, combinations 

or substituted derivatives thereof; 

VI. 
(CRsi)a 

/ ' NH N\·A-cH(V)NHR' 
,, 5 

CTR z>. «\R ;i), 
SH SH 

each R5 is independently H. lower alkyl having l to 6 carbon 

atoms, phenyl. or phenyl substitutal with lower alkyl or lower 

alkoxy; 

rn, n and pare independently 1 or 2; . 

20 A = linear or cyclic lower alkyl, aryl, heterocyclyl, combinations 

or substituted derivatives thereof; 

V = H or ·CO-peptide; 

R6 = H or peptide; 

and wherein when V = H, R6 = peptide and when R6 = H, V - -CO-peptide; 

2S wherein the radiolabel-binding moiety forms a complex whh a radioisotope' and 

the complex is electrically neutral. 

S. lbe composition of Claim 1 wherein the polybasic compound and 

the Iadiolabel binding moiety are covalently linked through from about one to 

about twenty amino acids. 

30 6. The reagent of Claim 4 wherein the protected cysteine of the 

radiolabel-binding moict~ having formula I has a protecting group of the fonnula 

....... 
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-CH2-NH-CO-R 

whenan Risa lower alkyl having I to 6 carbon atoms, 2-,3-,4-pyridyI. phenyl, 

or phenyl substituted with lower alkyl, hydroxy, lower alkoxy, carboxy, or lower 

alkoxycarbonyl. 

s 7. The reagent of Claim 4 wherein the radiolabel-binding moiety of 

10 

fonnula Cp(u)Cp has the f0rmula: 

8. 

CHz$CH~COCH, 

-HN-CH-CQ..NH .. CH2·CO-NH-~H-CO­
~Hi-S·CH2-NHCOCH3 . 

The reagent of Claim 2 wherein the polybasic compound is a 

peptide having an amino acid sequence comprising the sequence 

PL YKKIIKKLLES or KKIIKKLLES. 

9. The reagent of Claim l wherein the reagent funher comprises a .. 
polyvalent linking moiety covalently lined to a m\lltiplicity of the polybuic 

1S compounds and also covalently linked to a multiplicity of lhe technetium-99m 

binding moieties to comprise a multimcric polyvalent scintigraphic imaging agent, 

wherein the molecular weight of the multim~c polyvalent scintigraphic imaging 

agent is less than about 20,000 daltons. 

10. The multimeric polyvalent .scintigraphic imaging agent acc:on:ling 

20 to Claim 9 wherein the polyvalcnt linking moiety is bis-succinimidylmethylether, 

4·(2,2·dimethylacctyl)bcnzoic acid, N-(2·(N' ,N'-bi.s(2·succinimido­

ethyl)aminoethyl)]-N,/tl-bis(2-mcthyl-2-mcrcaptopropyl)-6.9-diazanonanamide, 

cris(succinimidylcthyl)aminc, bis-succinimidohcxane, 4-(0-CH2CO-Gly-Gly­

Cys.amide)acetoi>hcnonc, tris(acetamidoethyl)arnine, bi.r(acetamidomcthyl)amine, 

2S bis{acctamidocthyl)aminc, a,e·bis(acetyl)lysine. lysine, l,8-bi.r·acetamido-3,6-­

dioxa«tane or a derivative thereof. 

30 

11. An article of manufacture comprising . a kit for preparing a 

radiopharmaceutical preparation, said kit comprisina a first sealed vial containing 

a prederennined quantity of an unlabeled reagent according to Claim l and a 

sufficient amount of reducing agent to label the reagent with techneti.um-99m. 

12. 'Ibe article of manufacture of Claim 11~ wherein the reducing agent 
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in the first sealed vial is selected from the group of a dithionite ion, a scannous 

ion, or a ferrous ion. 

13. The anicle of manufacture of Claom 11 comprising a second sealed 

vial cot&taining a ~etermined quantity of the polysulfated glycan. when:in the 
S composition of Claim l is made by labeling the quantity in the first vial with 

technetium-99m and then mixing the contents of the first vial with the contents of 

the second vial. 

14. The article of manufacruie of Claim 13, wherein the unlabelt.d 

reagent and the polysulfated glycan are contained in a single vial. 

10 15. Use of the St:intigraphic imaging agent of Claim 1 for preparing a 

15 

medicament for imaging a site of inflammation within a mammalian body 

camprising administering an effective diagnostic amount of the composition of 

Claim 1 and det.ecting a radioactive signal from the Tc-99m loc:aliml at the site 

of inflammation. 

16. The process of preparing the aagen1 of Claim ~ wherein the 

reagent is chemically synthesized in vitro. 

. 17. The process of preparing the reagent according to Claim 17 

whetein the polybasic compound is a peptide and the peptide is synthesized by 

solid phase peptide synthesis. 

20 18. The reagent of Claim 2 wherein the radiolabel binding moiety is 

30 

3S 

covalently linked to the peptide during in vitro chemical synthesis. 

19. The rt.agent of Claim 18 wherein the radiolabel binding moiety is 

covalently linked co the peptide during solid phase peptide synthesis. 

20. A composition of matter having the formula: 

actl)'l-KC.u.CiCAcmQAPL YKKIIKKLLES 
aceql·KKC~GcA.QAPL YKKIIKKLLES 
acel)'l·KKKCA_oc,...,QAPL YKKJIKKLLES 
aceyz.ICKKKC,._GC,..QAPL YKKllKKLLES 
OC1?.ty/-KKKKKC,_OCAe11QAPL YKKIIKKLLES 
ace.ryl·KCAaiaGCAmOGPL YKKIIKKLLES 
acel}'/-JCKCACMGC,..GOPLYKKIIKKLLES 
acel}'l-KKKCAcmOCAe11100PL YKKIIKKLLES 
acetyl·KKKKC"1111GCAct11GGPL YKKIIKKLLES 
acttyl·KKKKKC"'*GCA.OGPL YKKllKKLLES 
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act!ry/ .. KKKKKCGCGGPL YKKIIKKLLES 
acezyl-KKKKKK.(BAT].OOPL YKKIIKKLLES. 

21. The composition of matter of Claim 20 that is labeled with 

tec:hnetium-99m. 

S 22. A composition of matter comprising the technetium-99m labeled 

reagent of Claim 21 and polysulfat.ed glyean. 

23. The composition of.Claim 22 wherein the polysulfated glycan is 

heparin. 

24. Use of the ta;hnetium-99m radiolabelcd reagent of Claim 22 for 

10 preparing a medicament for imaging a site of inflammation within a mammalian 

body comprising mixing whole blood with an amount from about 1 microgram to 

100 milligrams of a polysulfated glycan to form a mixture, and further id.ding to 

the mix.ture an amount from about 1 micrognun to .1~ milligrams of a 

composition of matter comprising a technctium-99m radiolabclcd' n:agent 

15 according to Claim l co form a radiolabeled mixture, administering said 

radiolabcle.d mixture to an animal having a site of inflammation in WW>, and 

delecting. a radioactive signal from the Tc-99m localized at the site of 

inflanimation. 

2S. A pharmao!!uticaJ composition comprising the scintipaphic imaging 

20 agent of Claim 1 and a pharmaccutically-accc:prablc canier. 

26. A phannaceutic:il composition comprising the scintigraphic;: imaging · 

agent of Claim 22 ·and a pharmac:eutically·acc:eprable carrier. 
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