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RADIOLABELED PEPTIDES 

BACKGROUND OF THE L'jVENTION 

t. Field or the Invention 

This invention relates to therapeutic agents and peptides. radiotherapeutic 
agents and peptides, radiodiagnostic agents and peptides, and methods for 
producing such labeled radiodiagnostic . and radiotherapeutic agents. 
Spccifical1y, the invention relates to cyclic peptide derivatives and analogues 
·of somatostatin, and embodiments of such peptides labeled with gamma­
radiation emitting i.rotopes such as technctium-99m (Tc-99m), as well as 

methods and kits for making, radiolabeling and us~i:~ such peptides to image 
sites in a mammalian body. The invention also relates to peptide deriYatives 
and analogues of somatostatin labeled with cytotoxic radioisotopes such as 
rhenium-186 (116Re) and rhenium-188 (mRc). and methods and kits for 
making, radiolabeling and using· such peptides therapeutically in a mammalian 

body. 

2. Description of the Prior Art 
. . 

Somatostatin is a tetradecapeptide that is endogenously produced by the · 
hypothalamus and pancreas in humans and other mammals. The peptide has 
the formula: 

Formula I 

Ala-Gly-Cys-Lys-Asn· Phe·Pne. T~Lys· Thr·Phe· Thr·Ser-Cys 

(Single letter abbreviations for amino acids .can be found in G. Zubay, 
Biochemistrv (2d ed.). 1988, (MacMillan Publishing: New York), p.33). This 
peptide exerts a wide variety of biological effects in vivo. It is known to act 

physiologically on the central nervous system. the hypothalamus, the pancreas. 

and the gastrointestinal tract. 

Somatostatin inhibits the release of insulin and glucagon from the 
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pancreas, inhibits growth hormone release from the hypothalamus, and reduces 
gastric secretions. Thus, somatost.atin has clinical and therapeutic applications 
for the alleviation of a number of ailments and diseases, both in humans and 

other animals. Native somatostatin is of limited utility, however, due to its 
short half-life in vivo, where it is rapidly degraded by peptidases. For this 
reason, somatostatin analogues having improved in vivo stability have been 
developed in the prior art. 

Frcidinger, U.S. Patent No. 4,235 .886 disclose cyclic hcxapeptide 
somatostatin analogues useful in the treatment of a number of diseases in 
humans. 

Coy and Murphy, U.S. Patent No. 4,485, 101 disclose synthetic 
dodccapcptide somatostatin analogues. 

Freidinger, U.S. Patent No. 4,611.054 disclose cyclic hexapeptide 
somatostatin analogues useful in the treatment of a number of diseases in 
humans. 

Nutt, U.S. Patent No. 4,612,366 disclose cyclic hexapeptide somatostatin 
analogues useful in the· treatment of a number of diseases in humans. 

Coy er al., U.S. Patent No. 4,853,371 disclose synthetic octapeptidc 
somatostatin analogues. 

Coy and Murphy. U.S. Patent No. 4,871,717 di.sctose synthetic 
heptapeptide somatostatin analogues. 

Coy er al., U.S. Patent No. 4,904,642 di.sclose synthetic oetapcptide 

somatostatin analogues. 

Taylor et al .• U.S. Patent No. 5,073,541 disclose a method of treating 
small cell lung cancer. 

Brady, European Patent Application No. 83111747. 8 discloses dicyclic 
he:<apeptide somatostatin analogues useful in the treatment of a number of 
human diseases. 

Bauer et al., European Patent Application No. 85810617.2 disclose 

somatostatin derivatives useful in the treatment of a number of human diseases. 
Eck and Moreau .• European Patent Application No. 90302760.S disclose 
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therapeutic octapeptide somatostatin analogues. 

Coy and Murphy, International Patent Application Serial No. 

PCT/US90/07074 disclose somatostatin analogues for therapeutic uses. 

Schally er al., European Patent Applit."ation Serial No. EPA 

911048445.2 disclose cyclic peptides for therapeutic use. 

Bod.gen and Moreau, International Patent Application Serial No. 

PCT/US92/01027 disclose c;ompositions and methods for treating proliferative 

skin disease. 

Somatostatin exerts it effects by binding to specific receptors ex.pressed. 

at the cell surface of cells comprising the central nervous system, the 

hypothalamus,. the pancreas, and the gastrointestinal tract. These high-affinity 

somatostatin binding sltos have been found to be abundantly expressed at the 

cell surface of most endocrine-active tumors arising from these tissues. 

Expression of high-affinity binding site.s for sornatostatin is a marker for these 

tumor cells, and specific binding with somatostatin can be exploited to locate 

and identify tumor cells in vivo. 

Methods for radiolabeting somatostatin analogues that have been 

modified so as to contain a tyrosine amino acid (Tyr or Y) are known in the 

prior art. 

Albert et al., UK Patent Application 8927255;3 disclose radioimaging 

using somatostatin derivatives such as octreotide labeled with •llr. 
Bakker et al., 1990, J. Nucl. Med. J.l: 1501-1509 describe radioactive 

iodination of a somatostatin analog and its usefulness in detecting. tumors in 

vfro. 

Bakker et al., 1991, J. Nucl. Med. ll: 1184-1189 leach the usefulness 

of radiolabeled somatostatin for radioimaging in ~·i\.'O. 

Bomanji et al., 1992, 1. Nucl. Med. J.l: 1121-1124 desciibe the use of 

iodinated (Tyr-3) octreotide for imaging metastatic carcinoid tumors. 

Alternatively, methods for radiolabcling somatostatin by covalently 

modifying the peptide to contain a radionuclitle-chclating group have been 

disclosed in the prior art. 
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Albert et al., UK Patent Application 8927255.3 disclose radioimaging 

using somatostatin derivatives such as octreotide labeled with 111In via a 
chelating group bound to the amino-terminus. 

Albert et al., European Patent Application No. WO 91/01144 disclose 
radioimaging using radiolabeled peptides related to growth factors, hormones. 
interferons and cytokines and comprised of a specific recognition peptide 
covalently linked to a radion~clide chelating group. 

Albert et al., European Patent Application No. 92810381.1 disclose 
somatostatin peptides having amino-terminally linked chelators. 

Lyle et al., PCT International Patent Application, Publication No. 
W093/1S770 discloses radiolabcted somatostatin peptides. 

Faglia et al., 1991, J. Clin. Endocrl11ol. Metab. ll: 850-856 describe 

the detection of somatostatin receptors in patients. 

Kwekkeboom et al., 1991, J. Nuc:l. Med. J.2.: 981 Abstract #305 relates 
to radiolabeling somatostatin analogues with 111In. 

Albert et al., 1991, Abstract LM 10, 12th American Peptide Symposium: 
1991 describe uses for 111In-labcled diethylcnc-triaminopcntaacetic acid­
derlvatized somatostatin analogues. 

Krenning et al., 1992, J. Nucl. Med. 33: 652-658 describe clinical 
scintigraphy using {' 11In} (DTPA}octreotide. 

These methods can be readily adapted to enable detection of tumor cells 
in vivo by radioimaging, based on the expression of high affinity binding sites 
for somatostatin on tumor cells. Radionuclides which emit gamma radiation 
can be readily detected by scintigraphy after injection into a human or an 

animal. A variety of rddionuctides are known to be useful for radioimaging, 
including ~7Ga; 68Ga~ 99m-fc (Tc-99m), 1111n, 1231 or r:ur. The sensitivity of 

· imaging methods using radioactively-labeled peptides is much higher than other 

techniques known in the art, since the specific binding of the radioactive 

peptide concentrates the radioactive signal over the ceUs of interest, for 

example, tumor cells. This is particularly important for endocrine-active 
gastrointestinal tumors, which are usually small, slow-growing and difficult to 
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detect by conventional methods. 

Labeling with tcchnctium-99m (Tc-99m) is advantageous because the 

nuclear and radioactive properties of this isotope make it an ideal scintigraphic 
imaging agent. Tc-99m has a single photon energy of 140 keV and a 
radioactive half-life of about 6 hours. and is readily available from a "Mo­
"-Tc generator. Other radionuclides have effective half-lives which are much 
longer (for example, min, which has a half-life of 60-70 h) or ai:e toxic <for 

example, '251). Although Tc-99m is an ideal radiolabeling reagent, it has not 

been widely used for labeling peptides in the art prior to the present invention 
(see, for example, Lamberts., 1991, J. Nucl. Med. 32,: 1189-1191). 

Somatostatin and radiolabelcd somatostatin analogues can also be used 

therapeutically. .For these applications, cytotoxic radioisotopes are 

advantageous, such as scandium-47, copper-67, gallium-72, ytaium-90, tin-

117m, iodine-125, iodine-131, samarium-153. gadolinium-159, dysprosium-165, 
holmium-166, ytterbium-175, lutetium-177, rhenium-186, rhenium-188, astatine-
211 and bismuth-212. The rhenium isotopes 116Re and isxRe, as well as Sn-

117m arc particularly advantageous. 

The use of chelating agents for radiolabcling proteins are known in the 

prior an, and methods for labeling peptides with :rc-99m are disclosed in co.­

owned U.S. Patent Serial No. 5,225, 180 and in co-pending U.S. Patent 
Applications Serial Nos. 071653,012, 07/807,062, 07/851,074, 07/871,282, 

07/886,752, 07/893,98l, 07/902,935, 07/955,466, 07/977,628, 08/019,864, 
08/044,825 and 08/073,577, 08/092,355, 081095,760, 08/210,822, and PCT 
International Applications PCT/US92/00757, PCT/US92/10716, 

PCT/US93/02320, PCT/US93/03687, PCT/US93/04794, PCT/US93/05372, 

PCT/US93/06029, PCT/US93/09387. and PCT/US94/01894, which are hereby 

incorporated by reference. ADD ALL THE PATENTS 

Fritzberg, U.S. Patent No. 4,444,690 describes a series of technetium­

chelating agents based on 2,3-bis(mercaptoacetamido) propanoate. 

Gansow et al., U.S. Patent No. 4,472,509 teach methods of 

manufacturing and purifying Tc-99in chelate-conjugaled monoclonal antibu<lit:s. 
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Reno and Bottino, European Patent Application 87300426.1 disclose 

radiolabcling antibodies with Tc-99m. 

Pal< tu al., Eurnpean Patent Application No. WO 88/07382 disclose a 

melhud for labeling antibodies with Tc-99m. 

Cox, International Patent Application No. PCT/US92/04559 discloses 

radiolabeled somatostatin derivatives containing two cysteine residues. 

Rhodes, 1974, Sent. Nucl. Med. 4: 281-293 teach the labeling of human 

serum albumin with technetium-99m. 

Khaw el al., 1982, J. Nucl. Med. 23: 1011-1019 disclose methods for 

labeling biologically active macromolecules with Tc-99m. 

Byrne and Tolman, supra, disclose a bifunctionat thiolactone chelating 

agent for coupling Tc-99m to biological molecules. 

Cox el al., 1991, Abstract, 7th International Symposium on 

Radiopharmacology, p. 16, disclose the use of, Tc-99m-, 1311- and "'In-labeled 

somatostatin analogues in radiolocalization of endocrine tumors in vivo by 

scintigraphy. 

Methods for directly labeling somatostatin~ derivatives of somatostatin, 

analogues of somatostatin or peptides that bind to the somatostatin receptor and 

contain at least 2 cysteine residues that form a disulfide or wherein the 

disulfide is reduced to the sulfhydryl form, are disclosed in co-pending U.S. 

Patent Application Serial No. 07/807,062, now U.S. Patent No. 5,225,180, 

issued July 6, 1993 which is hereby incorporated by reference. 

There remains a need for synthetic (to make routine manufacture 
practicable and to ease regulatory acceptance) somatostatin analogues having 

increased in viva stability, to be used therapeutically, as scintigraphic agents 

when radiolabeled with Tc-99m or other detectable radioisotopes for use in 

imaging tumors in vivo, and as radiotherapcutic agents when radiolabeled with 

a cytotoxic radioisotope such as rhenium-188. Small synthetic somatostiltin 

analogues are provided by this invention that specifically fulfill this need. 
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SUMMARY OF THE INVENTION 

The present invention provides somatostatin analogues that are cyclic 

peptides for therapeutic applications, including radiotherapeutic applications, and 

diagnostic applications, including radiodiagnostic applicationst in particular 

scintigraphic imaging applications. Distinct from native somatostatin and 

somatostatin analogues known in the prior art, the cyclic peptides of the 

invention do not comprise a disulfide bond. The invention also provides cyclic 

peptide reagents comprised of the cyclic peptide somatostatin analogues of the 

invention, wherein such peptides arc covalently linked to a radiolabel-binding 

moiety. The invention provides such cyclic peptides, cyclic peptide reagents 

and radiolabeled cyclic peptide reagents that are scintigraphic imaging agents, 

radiodiagnostic agents and radiotherapeutic agents. Scintigraphic imaging agents 

of the invention comprise cyclic peptide reagents radiolabeled with a 

radioisotope, preferably technetiuni~99m. Radiothcrapeutic agents of the 

invention comprise cyclic peptide reagents radiolabeled with a cytotoxic 

radioisotope, preferably tin-l 17m, rhenium-186 or rhenium-188. Methods for 

making and using such cyclic peptides, cyclic peptide reagents and radiolabeled 

embodiments thereof are also provided. 

The invention provides a cyclic peptide that is a somatostatin analogue 

as a composition of matter comprising a somatostatin-receptor binding peptide 

having the formula: 

Formula II 

where R1
, R\ R' and R' are each independently H, lower alkyl or substituted 

alkyl, aryl or substituted aryl; R) and R4 are each independently H, lower alkyl 

or substituted alkyl, aryl or substituted aryl, or wherein either R> or R' is X1; 

A1 and CJ are independently a bond or a D- or L-amino acid; A2, A> and C1 

are each independently a bond or a lipophilic D- or L-amino acid; B1 is D- or 

L-Phe or 0- or L-Tyr or 0- or L-2-naphthylalanine (Nal) or 2-aminoindan-2-
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carboxylic acid (Ain) or a substituted derivative thereof; B2 is D- or L-Trp or 
a substituted derivative thereof; B3 is D- or L-Lys or homolysine (Hly), 4-
amiao-cyclohexylalanine (Achxa), 4-aminomethylphenylalanine (Amf), S-(2-

aminoethyl)cysteine (Aec), S-(3-aminopropyl)cysteine (Ape), 0-(2-arninoethyl) 
serine (Aes), 0-(3-ami-nopropyl)serine (Aps) or a substituted derivative thereof; 
B4 is Tur, Ser, Val, Phe, tie, Leu, 2-amino-isobutyric acid (Aib), 2-

aminobutyric acid (Abu), norvaline (Nva), or norleucine (Nle); C:- is a bond 
or the D- or L-stereoisomers of Thr, Ser, Val, Phe, Ile, Abu, Nlc, Leu, Nva, 
Nal or Aib or a substituted derivative thereof; X1 is N(R'°)2, where each R10 

is independently hydrogen. lower alkyl or substituted lower alkyl, aryl or 

substituted aryl or a hydrophilic moiety of less than about 1500 daltons; X2 is -
COOR9

, -CH20H, CH2COOR9
, or -CON(R9)2, where each R9 is independently 

H, lower linear or cyclic alkyl or a substituted derivative thereof or a 

hydrophilic moiety of less than about 1500 daltons; and where m is 0, 1,2 or 
3 and p is 0, l or 2; R7 and Ra are independently H, lower alkyl or 
substituted lower alkyl, or either R7 or R8 arc -COOR or ·CO.N(R1°}2 or -
COOR12, or R7 and R' together are an oxygen atom; R12 is hydrogen, lower 

alkyl or substituted lower alkyl, aryl or substituted aryl; Z is a sulfur atom, 
an oxygen atom, NR13

, NR1~NR", NRIJ.CO.NRn, SOi, NR13S02 or the moiety 
(S=O); and further where R13 is hydrogen, lower alkyl or substituted lower 
alkyl, aryl or substituted aryl; and where Z is NR13, R7 and R8 are not 
together an oxygen. In a preferred embodiment, the X1 moiety is an amino 
acid or a }JCPtide sequence comprising 10 or fewer amino acids, or a 
monosaccharide or oligosaccharidc comprising 10 or fewer saccharide units, or 
a poly(N-carboxyalkyl)amine or a poly-oxy anion and the X2 moiety is poly(N· 
carboxyalkyl)amine or a polyoxy-anion, or an amino acid or a peptide having 
an amino acid sequence of no more than 10 residues (including peptides 
wherein the carboxyl group of the carboxyl-terminal amino acid is reduced to 
an alcohol), or a monosaccharide or oligosaccharidc comprising 10 or fewer 
saccharide units. In another preferred embodiment, B1 is phenylalanine or 
tyrosine, B2 is D-tryptophan, B3 is lysine and B4 is threonine or vatine. 
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The invention also provides a cyclic peptide that is a somatostatin 

analogue as a composition of matter comprising a somatostatin-receptor binding 

peptide having the formula: 

Formula III 

CJ'('lo-A4-J3ll3.2J3'13.'·c:"-

where B1 is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or a 

substituted derivative thereof; B2 is D- or L·Trp or a substituted derivative 

thereof; B3 is D- or L-Lys or Hly, Achxa. Amf, Aec, Ape, Acs, Aps or a 

substituted derivative thereof; B4 is Thr, Ser, Val, Phc, ne, Abu, Nle, Leu, 

Nva or Aib; C4 is an L·amino acid comprising a sidechain having a mcrcapto 

group; and A4 is a lipophilic D-amino acid or a lipophilic L-(a-N-alkyl) amino 

acid or L-cystcine or L-proline or a substituted derivative thereof. This moiety 

is a cyclic peptide moiety, where the amino terminus of the A4 residue is 

covalently linked with the carboxyl terminus of the C4 residue. In a preferred 

embodiment, J31 is_phenylalanine or tyrosine, S2 is D-tryptophan, B:J is lysine 

and B4 is threonine or valine. 

The invention also provides a cyclic peptide reagent comprising a 

somatostatin-receptor binding peptide having the formula: 

Formula TV 

where R1, ~1 , R' and R' are each independently H, lower alkyl or substituted 

alkyl, aryl or substituted aryl; R.> and R4 are each independently H, lower alkyl 

or substituted alkyl, aryl or substituted aryl, or wherein either R3 or R' is X1; 

A1 and C' are independently a bond or a D· or L-amino acid; A2, AJ and C1 

are each independently a bond or a lipophilic D· or L-amino acid; B1 is D- or 

L-Phe or D- or L-Tyr or D· or L-2-naphthylalanine (Na\) or 2-aminoindan-2-

carboxylic acid (Ain) or a substitut~d derivative thereof; B1 is D· or L-Trp or 

a subsdtuted derivative thereof; B3 is D· or L-Lys or homolysine (Hly), 4· 

amino-cyclohcxylalanine (Achxa), 4-aminomethylphenytalanine (Amf), S-(2-
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arninoethyl)cysteine (Aec), S-(3-aminopropyl)cysteine (Ape), 0-(2-aminoethyl) 

serine (Aes). 0-{3-aminopropyl)serine {Aps) or a substituted derivative thereof; 

B' is Thr, Ser, Val, Phe, Ile, Leu, 2-amino-isobulyric acid (Aib), 2-

aminobutyric acid (Abu). norvalinc (Nva), or norlcucine (Nle); C2 is a bond 

or the D- or L-stereoisomers of Thr, Ser. Val, Phe. Ile, Abu, Nle, Leu, Nva, 

Nal or Aib or a substituted derivative thereof; X1 is N(R1°)2• where each R'0 

is independently hydrogen, lower alkyl or substituted lower alkyl, aryl or 

subsrituted aryl or substituted with a hydrophilic moiety of less than about 1500 

daltons; X2 is -COOR', -CH20H, CH2COOR', or -CON{R'h, where each R' 

is independently H, lower linear or cyclic alkyl or a substituted derivative 

thereof or substituted with a hydrophilic moiety of less than about lSOO 

daltons; and where m is 0,1,2 or 3 and p is 0, 1 or 2; R1 and R' are 

independently H, lower alkyl or substituted lower alkyl, or either R7 or R' are 

-COOH or -CO.N(R1°)1 or -COOR12. or R1 and R' together are an oxygen 

atom; R12 is hydrogen, lower alkyl or substituted lower alkyl, aryl or 

substituted aryl; Z is a bond, a sulfur atom, an oxygen atom. NR13, NR13NRu, 

NR'3.CO.NR13, S02, NR"S~ or the moiety (S=O): and further where R11 is 

hydrogen, lower alkyl or substituted lower alkyl, aryl or substituted aryl; and 

where Z is NR13, R7 and R1 are not together an oxygen. In a preferred 

embodiment, the X1 moiety is an amino acid or a peptide sequence comprising 

10 or fewer amino acids, or a monosaccharaide or oligosaccharide comprising 

10 or fewer saccharide units, or a poly{N-carbox.yalkyl)amine or a poly-oxy 

anion and the X2 moiety is poly(N-carboxyalkyl)amine or a polyoxy-anion, or 

an amino acid or a peptide having an amino acid sequence of no more than 10 

residues (including peptides wherein the carboxyl group of the carboxyl· 

terminal amino acid is reduced to an alcohol), or a monosaccharide or 

oligosaccharide comprising 10 or fewer saccharide units. In another preferred 

embodiment, B1 is phenylalanine or tyrosine, B1 is D".'tryptophan 1 B3 is lysine 

and 54 is threonine or valinc. In such preferred embodiments. the cyclic 

peptide is covalently linked to a radiolabel-binding moiety, wherein the 

radiolabel-binding moiety is not covalently linked to the moieties B1, B2, Bl, 
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B4 or A 4 of the peptide. 

The invention also provides scintigraphic imaging agents comprising the 

cyclic peptide reagents of the invention wherein the cyclic peptide is covalently 

linked to a radio1abel-binding moiety, wherein the radiolabel-binding moiety is 

not covalently linked to the moieties B1
, B2

, B3
, B", or A4 of the peptide. 

The invention also provides a cyclic peptide that is a somatostatin 

analogue as a c~mposition of matter comprising a somatostatin-receptor binding 

peptide having the formula: 

Formula V 

cyclo-A '-B1B2B3B4-C'· 

where B1 is D- or L-Phe or 0- or L-Tyr or D- or L-Nal or Ain or a 

substituted derivative thereof; B2 is D- or L-Trp or a substituted derivative 

lhereof; B3 is D- or L-Lys or H1y, Achxa, Amf, Aec, Ape, Aes, Aps or a 

subslituted derivative thereof; B" is Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu, 

Nva or Aib; C' is an L-amino acid; and A' is a lipophilic D-amino acid or a 

Hpophilic L-(a-N-alkyl) amino acid or L-cysteine or L-prolinc or a substituted 

derivative thereof; • This moiety is a cyclic peptide moiety, where the amino 

terminus of the A4 residue is covalently linked with the carboxyl tenninus of 

the C' residue. In a preferred embodiment, B1 is phenylalanine or tyrosine, . 

B2 is D-tryptophan, B, is lysine and B4 is threonine or valine; and the cyclic 

peptide is covalently linked to a radiolabel-binding moiety, wherein the 

radiolabel-binding moiety is not covalently linked to the moieties B1
, B2

, B1
, 

B4 or A 4 of the peptide. 

The invention also provides scintigraphic imaging agents comprising the 

cyclic peptide reagents of the invention wherein the radiolabel-binding moiety 

is stably complexed with a radioisotope. In one such embodiment is provide~ 

a scintigraphic imaging agent wherein the somatostatin analogue, cyclic peptide 

reagents of the invention are radiolabeled with technetium-99m. In other 

embodiments of the scintigraphic imaging agents of the invention the 

radioisotope is indium-111 or gallium-68. In still other embodiments, the 

scintigraphic imaging agents of' the invention are cyclic peptides that are 
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radiolabeled with iodinc-123 or iodine-125. 

The invention also provides radiotherapeutic agents that are the cyclic 

peptide reagents of the invention radiolabeled with a cyloloxic radioisotope that 

is selected from the group consisting of scandium-47, copper-67, gallium-72, 

yttrlum-90, tin-117m, samarium-153,- gadolinium-159, dysprosium-165, 

holmium-166, ytterbium-175, Iutetium-177, rhenium-1861 rhenium-188, and 

bismuth-212. In preferred embodiments, the radioisotope is tin-117m, rhenium-

186 or rhcnium-l 88. In additional preferred embodiments, the cyclic peptides 

of the invention are radiolabeled with iodine-125, iodine-131 or astatinc-21 t. 

The invention further provides therapeutic agents comprising the cyclic 

peptide reagents of the invention, optionally wherein the reagents fonn a 

compiex with a non-radioactive meta), preferably rhenium. Combination 

embodiments, wherein such a complex is also radiolabeled, either directly or 

via a radiolabel-binding moiety, are also provided by the invention and are 

within its scope. 

The invention also provides pharmaceutical compositions comprising the 

somatostatin receptor-binding peptides of the invention in a pharmaceutically 

acceptable carrier. 

The somatostatin analogues of the invention are therapeutically useful 

in the alleviation of diseases or other ailments in humans or other animals. 

The invention provides a method for alleviating somatostatin-related diseases in 

animals, preferably humans, comprising administering a therapeutically effective 

amount of the so~atostatin analogues of the invention to the animal. In 

preferred embodiments, the amount of the somatostatin analogue administered 

is from about 0.1 to about 50 mglkg body weight/day. 

Another aspect of the present invention provides reagents for preparing 

radiotherapcuic and radiodiagnostic r.tdiopharmaceuticals, including preferably 

scintigraphic imaging agents. Each such reagent is comprised of a peptide that 

is somatostatin analogue covalently linked to a radio label-binding moiety. 

It is an advantage of the somatostatin analogues provided by the 

invention that the non-di-sulfide cyclic linkage is stable in the presence <;>f 
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reducing agents used to form a complex between a radioisotope and a 

radiolabel binding moiety of the invention comprising a thiol group. The 

somatostatin analogues of the invention are advantageous over somatostatin and 

previously-used disulfide-containing somatostatin analogues. These prior art 

reagents contain a disulfide bond, which disulfide bond is unstable in th~ 

presence of reducing agents useful in the production of radiolabel complexes 

with various radiolabel binding moieties. The biological activity of these 

previously-known reagents was thereby reduced, and the efficacy of 

scintigraphic imaging agents derived therefrom cumpromisedt by reduction of 

these peptide structure-determining disulfide bonds. Such destabiliz.ation of the 

structure of the peptide reagents of this invention does not occur due to the 

lack of such unstable disulfide bonds in the 5omatostatin receptor binding 

compounds comprising the instant invention. Thus, the use of thiol-containing 

radiolabel chelating moieties and the use of reducing agents to form 

radioisotope complexes therewith does not result in loss of biological accivity 

of the somatostatin receptor binding compounds of this invention. 

It is another advantage of the somatostati n analogues provided by this 

invention that formation of the covalent conjugate between the peptides and 

thiol-containing radiolabcl binding moieties of the ·invention does not result in 

"scrambing" of structurally-important disulfide bonds. Unlike peptide moieties 

comprising a disulfide bondt the non-disulfide cyclic linkage contained in the 

peptide reagents of the invcntio11 does not interfere witll thiol-containing 

radiolabel binding moieties. Conversely, the thiol-containing radiolabel binding 

moieties cannot disn1pt the three-dimensionaJ structure of the peptide by 

"scrambling" structurally-importarit disulfide bonds. In contrast, for example, 

a thiol-containing Tc-99m binding moiety covalently linked to native 

somatostatin, or to a somatostatin analogue having a disulfide bond, can result 

in disulfide bond formation between a sidcchain sulfur of a peptide amino aicd 

and tile thiol group of the radiolabel binding moiety. Such •scrambling" or 
disulfide bonds t."clil be accompanied by a loss of biological activity. The 

orcscnt invention is not subject lo similar losses in biological activity In \1ivo 
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because the non-disulfide cyclic linkages in each of the somatostatin analogues 

of the invention comprise stable covalent bonds • 

. Such loss of biological activity can also occur In vivo using native 

somatostatin, or to any somatostatin analogue having· a disulfide bond. Thus, 

the peptides of the present invention are per se advantageous as somatostatin 

analogues over native somatostatin or somatostatin analogues comprising a 

disulfide bond because they are intrinsically more stable and resistant to 

chemical oxidation. 

It is another advantage of the somatostatin analogues provided by this 

invention that the cyclic covalent linkage acls to proteet the peptide from 

degradation by cxopeptidases. Further. the cyclic structure confers a degree 

of conformational rigidity to the peptide that can act co enhance binding of the 

peptide to its biological target ( i.e., the somatostatin receptor). 

A first aspect of the reagents provided by the invention for preparing 

radiolabeled agents are reagents that are each comprised of a cyclic 

somatostatin receptor-binding peptide as described above that is covalently 

Hnked to a radiolabel-binding moiety having the formula: 

C(pgp)l'-(aa)-C(pgp)5 

where (pgp)5 is hydrogen or a lhiol protecting group and (aa) is an a- or n­
amino acid not comprising a thiol group. In a preferred embodiment, the 

amino acid is glycine. In another preferred embodiment, the agent is a 

scintigraphic imaging agent. In yet another preferred embodiment, the agent 

is a radiotherapeutic agent. 

In a second embodiment, the invention provides cyclic peptide reagents 

capable of being radiotabeled to form radiodiagnostic and radiotherapcutic 

agents, each comprising a somatostatin analogue covalently linked to a 

radiolabel-binding moiety of formula: 

A-CZ(B)-{C(R•R")}a.·X 

wherein A is H, HOOC, H2NOC, (peptide)-NHOC, (pcptide)-OOC, R'2NCO, 

or RJi B is H, SH or -NHR~, ·N(R")-(peptldc) or R•; Z is H or R11
; X is SH 

or -NHRc, ·N(Re)-(peptide) or Rd; R\ R11, Re and Rd arc independently H or 
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straight or branched chain or cyclic lower alk-yl; n is 0, 1 or 2; a· is C1-C4 

alkyl, an amino acid or a peptide· comprising 2 to about 10 amino acids; and: 

{1) where B is -NHR.: or -N(Rc)-(peptide), X is SH and n is 1 or 2; (2) where 

X is -NHRc or -N(Rc)-{peptide), B is SH and n is 1 or 2; (3) where B is H 

or R11, A is HOOC, H2NOC, (peptide)-NHOC, or (peptide)-OOC, Xis SH and 

n is O or l; (4) where A is H or R', then where B is SH, X is -NHR• or -

N(Ri-Cpeptide) and where Xis SH, Bis -NHR0 or -N(Rc)-(peptide); (5) where 

Xis Hor R', A is HOOC, H2NOC, (peptide)-NHOC, or (peptide)-OOC and 

B is SH: (6) where Z is methyl, X is methyl, A is HOOC, H2NOC, (pcptide)­

NHOC, or (peptide)-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 moiety is in the reduced form.. In 

a preferred embodiment, the agent is a scintigraphic imaging agent. In yet 

another preferred embodiment, the agent is a radiotherapeutic agent. 

Preferred embodiments of this radiolabel-binding moiety have a chemical 

formula that is: 

1. 

R1-CO-(amino acid)1-(amino acid)2-Z 

wherein (amino acid)1 and (amino acid)2 arc each independently any primary 

cx- or ~-amino acid that does not comprise a ·thiol group, Z is a thiol• 

containing moiety that is cysteine, homocystcine> isocysteinc, peniciUamine, 2-

mercaptoethylamine or 3-mcrcaptopropylaminc, and R 1 is lower (C1-C4) alkyl, 

an amino acid or a peptide comprising 2 to \0 am1no acids. When Z is 

cysteine, homocysleine, isocysteine or pcnicillamine, the carbonyl group of said 

moiety is covalently linked to a hydroxyl group, a NR'R4 group, wherein each 

of R3 and R4 are independently H or lower (C1-c4) alkyl, an amino acid or a 

peptide comprising 2 to 10 amino acids; or 

II. 

Y-{ainino acid)2-(amino acid)1-NHR2 

wherein Y is a thio1-containing moiety that is cysteine. homocysteine, 

isocysteine, penicillamine, 2-mercaptoacetatc or 3·mcrcaptopropionate, (amino 

acid)1 and (amino acid)2 are each ·independently any primary a- or 13-amino 
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acid that does not comprise a thiol groupt and R2 is H or lower (C1-C4) alkyl, 

an amino acid or a peptide comprising 2 to 10 amino acids. When Y is 

cysteine. homocysteine •. isocysteine or penicillamine, the amino group of said 

moiety is covalently linked to -H, an amino acid or a peptide comprising 2 to 

10 amino acids: or 

or Y4ro 
ct: R~:1:i 

ll R 

In panicular embodiments of this aspect of the invention, the radiolabet­

binding moiety has a formula that is: 

Ua. -(amino acid)l·(amino acid)2-A-CZ(B)-{C(R1R2>l.·X}. 
IIb. -A-CZ(B)·{C(R'Rl)}0-X}-(amino acid)1-(amino aciM', 

Uc. -(a primary a,w· or ~.w-diamino acid)-(amino acid)1·A-CZ(B)· 

(C(RlR2)}"·X}, or 

Ild. -A-CZ{B}-{C(R1R2)} 11-X}-(amino acid}1-(a primary a,w- or fi,w-
diamino acid) wherein (amino acid)1 and (amino acid)1 are each independently 

any naturally-ocurring, modified, substituted or altered a· or P-amino acid .not 

containing a thiol group; A is H. HOOC, H1NOC. (amino acid or pcptidc)­

NHOC, (amino acid or peptide)-OOC or R": B is H, SH or -NHR3, -N(R1)­

(amino acid or peptide) or R"': Z is H or R•; X is SH or -NHR1, -N(l~,,)­

(amino acid or peptide) or R~; R 1, R2, R1 and R~ arc independently H or 

straight or branched chain or cyclic lower alkyl; n is an integer that is either 

0, 1 or 2: (peptide) is a peptide of 2 to about 10 amino acids; and: (1) where 
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B is -NHR3 or -N(R3)-(amino acid or peptide), X is SH and n is l or 2; (2) 

where X is -NHR3 or -N{R3)-(amino acid or peptide), B is SH and n is 1 or 

2; (3) where B is H or R", A is HOOC, H2NOC, (amino acid or peptide)­

NHOC, (amino acid or peptide)-OOC, X is SH and n is 0 or 1; (4) where A 

is H or R\ then where B is SH, X is -NHR' or -N(R3)-(amino acid or 

peptide) and where X is SH, B is -NHR2 or -N(R3)-(amino acid or peptide); 

(5) where Xis Hor R', A is HOOC, H2NOC, (amino acid or peptidc)-NHOC, 

(amino acid or peptide)-OOC and B is SH; (6) where Z is methyl, X is 

methyl, A is HOOC, H2NOC, (amino acid or peptide)-NHO.C, (amino acid or 

peptide)-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 group is in the reduced form. 

Additional preferred embodiments include radiolabel binding moieties 

having the formula: -Gly-Gly-Cys-. Cys-Gly-Gty-, Gty-Gly-Cys-, -(E-Lys)-Gty­

Cys-. (6-0m)-Gly-Cys-, -('y-Dab}-Gty-Cys-. and -~-Dap)-Oly-Cys-. (ln these 

formulae, it will be understood that e-Lys represents a lysine residue in which 

the e:-amino group, rather than the typical O!·amino group, is covalently linked 

to the carboxyt group of the adjacent amino acid to form a peptide bond; 8-

0m represents an omithine residue in which the a-amino group, rather than the 

typical a-amino group, is covalently linked to the carboxyl group of the 

adjacent amino acid to form a peptide bond; -y-Dab represents a 2,4-

diaminobutyric acid residue in which the -y-amino group is covalently linked to 

the carboxyl group of the adjacenl amino acid to form a peptide bond; and P­
Dap represents a l ,3-diaminopropionic acid residue in which the ~-amino group 

is cova1ently Jinked· to the carbox.yl group of the adjacent amino acid to form 

a peptide bund.} 

In another embodiment, the invention provides cyclic somatostatin 

receptor-binding peptide reagents capabl~ of being radiolabeled with a 

radioisotope to form radiodiagnostic and radiolherapeutic agents, each 

comprising a somatoscatin analogue that is covalently linked to a radiolabcl­

binding moiety of formula: 
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~..::.-CO - (amino acid) - cystcinc - CO - peptiue 

l8J ~x . 
{for purposes of this invention, radiolabct-hinding moieties having this structure 

will be referred to as picolinic acid {Pic)-based moieties} 

or . ©' peptide - HN - cystteine - (amino acid) - NH • CH2 - Q 
sx . 

wherein X ls Hor a protecting group; (amino acid) is any amino acid and the 

radio1abel-bind1ng moiety is covalently linked to the peptide. For purposes of 

this invention, radiolabel-binding moieties having this structure will be referred 

to as picolylamine (Pica)-based moieties. In a preferred embodiment, the 

amino add is glycine and X is an acctamidomethyl protecting group. In 

another preferred embodiment, the agent is a scintigraphtc imaging agent. In 

yet another preferred embodiment, the agent is a radiotherapeutic agent. 

Yet another embodiment of the invention provides cyclic peptide 

reagents capable of being radiolabeled with a radioisotope for imaging sites 

within a mammalian body or for radiotherpeutic purposes, each comprising a 

somatostatin analogue that is covalently linked to a radiolabel-binding moiety 

that is a bisamino-bisthiol radiolabcl-binding moiety. The bisamino bisthiol 

radiolabel-binding moiety in this embodiment or the invention has the formula: 

/(CR2). 

NH 'N-A-CO-X 

c!.R2).. (~R2)p 
I l 
S-(pgp)s S-(pgp)s 

wherein each R can be independently H, · CH3 or C2H$; each (pgp)s can be 

independently a thiol protecting group or H; m, n and p are independently 2 

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

substituted derivatives lhereof; and X is peptide: or 
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/(CR2~ 
NH N-A-CH(V)NHR' 
I \ 

(CR~m (CR:z), 

~H ~H 
wherein each R is independently H, CH3 or C2H5; m, n and p are 

independently 2 or 3; A is linear or cyclic lower alkyl, aryl, heterocyclyl, 

combinations or substituted derivatives thereof; V is H or CO-peptide; R' is 

H or peptide; provided that when V is H, R' is peptide and when R' is H, V 

is peptide. For purpo"scs of this invention, radiolabel-binding moieties having 

these structures will be referred to as •BAT" moieties. In a preferred 

embodiment. the agent is a scintigraphic imaging agent. In yet another 

preferred embodiment, the agent is a radiotherapeutic agent. 

This invention provides methods for preparing peptide reagents of the 

invention by chemical synthesis in vitro. In a preferred embodiment, cyclic 

peptides arc synthesized by solid phase peptide synthesis. 

This invention provides reagents for preparing a radiolabted somatostatin 

receptor-binding agent comprising the somatostatin receptor·binding cyclic 

peptides of the invention covalently Unked to a radiotabel-binding moiety. In 

a preferred embodiment, the reagent is radioactive~y labeled with Tc-99m. In 

another preferred embodiment, the reagent is radioactively labeled with mmsn, 

n6Re or 1•11Re. 

The invention also comprises agents that are complexes of the cyclic 

somatostatin receptor-binding peptide reagents of the invention with a 

radioisotope, as well as methods for radiolabeling the peptide reagents of the 

invention.· For example. scintigraphic imaging agents provided by the invention 

comprise Tc-99m labeled complexes formed by reacting the peptide reagents 

of the invention with Tc-99m in the presence of a reducing agent. Preferred 

reducing agents include but are not limited to dithionite ion, stannous ion and 

ferrous ion. Such Tc-99m complexes of the invention are also formed by 

labeling the peptide reagents of the invention with Tc·99m by ligand exchange 

of a prereduced Tc-99m complex as provided herein. 
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The invention also provides kits for preparing radiolabeled somatostatin­

anaJogue, cyclic peptides from the peptide reagents of the invention. Kits for 

radiolabeling the peptide reagents of the invention are comprised of a sealed 

vial containing a predetermined quantity of a peptide reagent of the invention 

and a sufficient amount of reducing agent to radiolabcl the reagent. In a 

preferred embodiment, the radiolabeled somatostain analogue is a scintigraph.ic 

imaging agent. Also preferred is radiolabeling the peptide reagents of the 

invention with Tc-99m. Kits for preparing radiotheapcutic agents arc also 

provided, wherein the preferred radioisotopes are tin-l 17m, rhenium-186 and 

rhenium-188. 

This invention provides methods for using the radiolabelcd somatostatin 

receptor-binding peptide reagents of the invention diagnostically and 

therapeutically. In one embodiment of the invention, methods are provided for 

using scintigraphic imaging agents that are Tc::-99m labeled peptide reagents for 

imaging sites within a mammalian body by obtaining in vivo gamma 

scintigraphic images. These methods comprise administering an effective 

diagnostic amount of radiolabeled peptide reagents of the invention and 

detecting the gamma radiation emitted by the radiolabet localized at the site 

within the mammalian body. 

The invention also provides methods for alleviating somatostatin-related 

diseases in animals, preferably humans, comprising administering a 

therapeutically effective amount of the ra.diolabelcd somatostatin-binding peptide 

reagents of the invention to the animal. tn preferred embodiments, the reagent 

is radioactively labeled with 111°'Sn, 116Re or mRe. 

This invention also provides somatostatin receptor-binding peptides 

covalently linked to a metal-binding moiety that are complexed with a 

magnetic, paramagnetic, supermagnetic, or superparamagnetic metal atom, ion 

or particle, and methods for using such complexes for magnetic-based detection 

of localization of such somatostatin receptor binding peptide complexes at 

tumor or other tissue sites In vivo. Thus, tile invention provides non­

radioactive methods for localizing tumor and other somatostatin receptor 
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expressing tissues in vivo. 

The cyclic peptides and cyclic peptide reagents of the invention may 

also be comprised of a polyvalent linking moiety. Polyvalent linking moieties 

of the invention are comprised of at least 2 identical linker functional groups 

capable of covalently bonding to somatostatin analogue cyclic peptides or 

radiolabel-binding moieties or both. Preferred linker functional groups are 

primary or seconda?)' amines, hydroxyl groups. carboxylic acid groups or thiol­

rcaclive groups. In preferred embodiments, the potyvalent linking moieties are 

comprised of bis-succinimidylmethylether (BSME) 1 4-(2,2-dimcthylacetyl)benzaic 

add (DMBA), N-{2-(N',N'-bis(2-succinimido-ethy\)aminoethyl)}-N',N'-bis(2-

methyl-2· mercapto-propyl)-6, 9-diazanonanamide (BAT-BS), 

rris(succinirnidylethyl)amine (TSEA), bis-succinimidohexane (BSH), 4-(0-

CH2CO-Gly-Gly-Cys .amidc)-2-mcthylpropiophenone (ETAC), 

1rls(acetamidoethyl)amine, bis-acetamidomethyl ether, bis-acetamidoethyl ether, 

a,e-bi.r-acetytlysine, lysine and 1,8-bis-acetamido-3,6-dioxa-octane, or 

derivalivcs thereof. 

Specific preferred embodiments of the present invention will become 

evident from the following more detailed description of certain preferred 

embodiments and the claims. 

BRIEF DESCRIPTION OF TIIE DRAWINGS 

Figure 1 illustrates localization of a somatostatin receptor expressing 

tumor in a tumor-bearing rat in vivo. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides cyclic peptides that are somatostatin 

analogues and that are not comprised of a disulfide bond. Such somatostatin 

analogues thereby possess increased in vivo stability compared with native 

somatostatin or somatostatin analogues that comprise a disulfide bond. These 

cyclic peptides are themselves therapeutic agents for nl1eviating diseases and 

other ailments in animals including humans. 
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Also provided by the invention are cyclic peptides that may be 

radioiodinated or radioastatinated and which are thereby useful in 

radiotherapcutic and radiodiagnostic applications. 

Another embodiment of these cyclic peptides that is provided by this 

invention arc cyclic peptide reagents wherein the cyclic peptides of the 

invention are covalently linked to a radiolabel-binding moiety. Such cyclic 

peptide reagents arc capable of being radiolabelcd to provide radiodiagnostic 

or radiotherapeutic agents. One example of a radiodiagnostic application using 

the radiolabeled agents of the invention is scintigraphic imaging. wherein the 

location and extent of somatostatin receptor-bearing tumors may be determined. 

The cyclic peptide reagents of the invention can also advantageously be 

radiolabeled with cytotoxic radioisotopes such as tin-117m, rhenium-186 or 

rhenium-188 for radiotherctpeutic uses. The cyclic peptide reagents of the 

invention are also useful in preparing complexes with non .. radioactive metals, 

said complexes being useful diagnostically ·and therapeutically. 

The invention provides a method for using the somatostatin analogues 

of the invention to alleviate diseases or other ailments in animals, preferably 

humans. These diseases and ailments include but are not limited to diabetes 

and diabetes-related retinopathy, cirrhosis of the liver and hepatitis infection, 

bleeding ulcers and other gastrointestinal bleeding, pa.ncreatitis, central nervous 

system disorders, endocrine disorders, Alzheimer's disease, acromegaly and 

other diseases and disorders related to the production of inappropriate levels of 

growth hormone in vivo, and cancer, particularly lhose cancers whose growth 

is dependent or influenced by growth hormone or somatostatin production. 

Dosages of the somatostatin analogues provided by the invention may be the 

same as those dosages of native somatostatin routinely used for treatment of the 

above or other diseases, or less of the compounds of the invention may be 

administered due to their longer in vivo half-life. 

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

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

scintigraphic imaging agent. This isotope has a single photon energy of about 
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140 keV and a radioactive half-life of about 6 hours, and is readily available 

from a 99Mo-'9aa'fc generator. Other radionuclides may aJso be used in the 

practice of the invention a.s disclosed herein. 

The term scintigraphic imaging agcnL as used herein is meant to 

encompass a radiolabeled agent capable of being detected with a radioactivity 

detecting means (including but not limited to a gamma-camera, a Geiger-Muller 

counter and a scintillation detector probe). 

Radiotherapeutic embodiments of the invention. on the other hand, are 

advantageously labeled with a cytotoxic radioisotope, including but not limited 

to scandium-47. copper-67, galUum-72, yltrium-90, tin-117m, iodine-125, 

iodin~J3l, samarium-153, gadotinium-159. dysprosium-165, holmium-166, .. 
ytterbium-175, lutetium-177, rhenium-186, rhenium-188, astatine-211 and 

bismuth-212, most preferably 156Re or '"Re. Such embodiments arc useful in 

the treatment of somatostatin-rclated diseases or other ailments in animals, 

preferably humans, including but not limited to cancer and other diseases 

characterized by the growth of malignant or benign tumors capable of binding 

somatostatin or somatostatin analogues via the expression of somatos1atin 

receptors on the cell surface of cells comprising such tumors. 

In the radiolabel-binding moieties and cyclic peptides covalently linked 

to such moieties that contain a thiol covatently linked to a thiol protecting 

group {(pgp)5
} provided by the invention, the thiol-protecting groups may be 

the same or different and may be but are not limited to: 

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

-CH-{aryl)2, (aryl is phenyl or alkyl or atkyloxy substituted phenyl); 

-C-(aryl)3 , (aryl is phenyl or alkyl or atkyloxy sub~tituted phenyl); 

·CH2·( 4-methoxypheny\); 

·CH-(4-pyridyl)(phenyl)z; 

-C(CH3), 

-9-phenylfluorenyl; 

-CH2NHCOR (R is unsubstituted or substituted alkyl or aryl); 

. -CH2-NHCOOR (R is unsubstituted or substituted alkyl or aryl); 
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-CONHR {R is unsubstituted or substituted alkyl or aryl); 

-CH2-S-CH1·phcnyl 

Preferred protecting groups have the formula -CH2-NHCOR wherein R 

is· a lower alkyl having l and 8 carbon atoms, phenyl or phenyl-substituted 

with lower alkyl, hydroxyl, lower alkoxy 1 carboxy, or lower alkoxycarbonyl. 

The most preferred protecting group is an acetamidomethyl group. 

Each somatostatin receptor-binding cyclic peptide-containing embodiment 

of the invention is comprised of a sequence of amino acids. The term amino 

acid as used in this invention is intended to include all L- and o- amino acids, 

naturally occurring and otherwise. Reagents comprising somatostatin reccptor­

binding peptides provided by the invention include but are not limited to the 

following illustrative examples of the peptide embodiments of the invention: 

cyclo. CN-CH,>F. YW 0l<V .Hcv 
CH.co.FYW 0KTFC.amide 
.QLCO.FFW1,KTF. Hhc.amide 
cyclo.CYW oKY£. 
t:Ji:CD.FFWuKTEC.amide 
cyclo.CN-CH.>F. YWnKV.K.(BAD 
cyclo.CN-CH3lF.YW0 KV.Hcy(CH:CO.K(E-K)GC.amide) 
cyclo.!tl:Qi,>F. YW uKV I Hcy(CH:Co.c,. .... ocACll&'amide) 
cyc/o.~3>F. YW uKV ,Hcy(CH2CO.CGC.amide) 
cyclo.CN-CH,)F.YW0KV.Hcy(CH:Co.CGC) 
cn.co.FFW0KTFC.(BAM) . 
cyc/o.CN-CH3lF. YW uKV. HQ'{CH;CO. (e-K)GC.amide) 
c:yclo.!li:Qi1lF.YWDKV.Hc)'.(CH:CO.GGC.amide) 
cyclo.~3lf. YWuKY.J:;.(BAM) 
cu.co.NFfW0 KTETC 
~CO,FFW0KTFC 
CH2CO,FfWJ<TFC(e·K)GC.amide 
.cH1CO. FfW.,KTFCC,.cmGCAcm•amide 
CH2CO, FfWJ<TF. Hc:t 
Q!,CO. YW1,~ 
CJbCO. YWJ<T.Hcy.amide 
CH2CO. YW 11KT.Hh~. T(CH:OH) 
CH2CO.YW~GGCMob.amide 
CH2CO. YW DKT,Hhc . 
D·phenyl-CH:CH.CO. YW uKIC. 
Qi2CO. FW 0KT. Pen 
,Cli2CO. FW 0KTHcy.amide 
CH2CO. YW 0KTCT 



CH2CO. YWoKTCT(CH:OH) 
.Qi~TCAcmGC,.cm•amide 
CttiCO. FW 0KIHcy 
.Cl:iJCO.yW oKIC.amide 

25 

{N· Mc)FYW 0 KV. Hc,y(CffaCO.CGCE.amide) 

.cH,CO.FF\VoKTFCKCA_oc,., •• amide 

ai2CO. FEW oKTFCCAcmGC"_K.amide 
CH2CO. FEW 1>KIFCC"cmGC"_KKKKI<.amide 
CH2CO. FEW 0KTFCKKKKK(e-K)GC.amide 
Q{2CO. FFW 0 KTF<;(e· K)GCKKKKK.amide 

cyclo.<N-CH3>F¥W0KV.Hc,y(c~co.KKKKK(e-K)GC.amidc) 
CH.co. FFW 0KTFCGGC.amide 

cyclo.CN-CH3 )fYW 0KV. Hcy(CH:CO.GGCK.amide) 

cydo.(N-CH3lFVWnKV.Hc;~(Cff:CO.(e-K)GCK.amide) 

eyclo. CN-Mc:)FYW oKV .Hcy(CH:CO.GGCR.amidc) 

cyclo.{N-MelFYW0 J<VHcy(cH;co.GGCR.amide) 

eyclo. (N-MelFYW 0KV .Hcy(CH:CO.(E·K}KC.amide) 

cyclo.(N-MelFYW0 KV.Hcy(CH:CO.GGCKK.amide) 

c:yclo. CN-Me)FYW J<V. Hcy(CH~co.GGC.Om.amide) 

cyclo.(N-MelFYWt>KV.Hcy(CH:CO.GGC.Orn.DOm .. amide) 

cyclo. CN-MelFXW0KV. Hcy(CH:CO. K(e-K)KCK.arnidc) 

cyclo. CN-MelFYW oKI 
cyclo. < N-Me>FYW 0 KVHcy(CH:CO. (E-K)GCKK.amide) 

cycfo. (N-CH3 )fYW1.KV. Hcy(CH:COKKC.amide) 

cyclo • .Q:i:CH1>FYW uKV. Hcy(C::ltiCOKKCK.amide) 

cyclo.lli.:CHJ)FYW ol<V. H£,v(CH:CoGGCKKK.amide) 

cyclo. (N-CH3>FYW 0KV .HcyCH:CO, OGCRR.amidc 

cydo.lli:QiJ)FYWiJ<V.HcylCU:CO.GGCRK.amide 

cyclo.!.N-CH,) FYW rJ<V .HcyCH:CO.GGCRD.amide 

cyc/n.!N-CliJ)FYW 0 KV. Hs.yCH:CO. (E-K)DCK.amidc 

eyclo. (N-CH,) FYW .,KV. HcyCH3COGGC. Om.amide 

c.yc/0;~3)FYW0KV.Hcy(CH:CO.GGCKDKD.amide) 

cyclo. CN-CH3)FYW11KV. HcyCH:CO.GGCKD.amide 

cyc/o.!N-CH3lFYWDKV.HcyCH:Co.GGCKDK.amidc 

cyc/o,(N·CH3lFYW0 KV.HcycH:CO.(e-K)GCKKK.amide 

cydo.(N-CH3lFYW0 KV. Hcy(Cff:CO. (.8-Dap)GCK.amide 

cyc/o.(N-CH3lFYWuKV.Hcy(cH:CO.(o·Om)GCK.amide) 

eyclo.( N-CH3)FYW J<V, Hcy(CH:CO. (e· K)GCRK.amide) 

cyclo.CN-CH,lFYW,,,KV.Hc;y(CH:CO.(e-K)GCR.amide) 

c:yclo.CN·CH3lFYW~· 
cyc/a.!N:QI3)fYW 0 'KT. He~ 
cyclo.'Erl:l.0 KV. Hs;y 
cylfo.!H::Q:I,lEYWnKV.Hcy(cH~CO.(')'-Dab)OCK.amide) 

c:yc/o.(N-CH,)FYW oKV. Hcy(CH:CO.GRCK.amide) 

cydo.(N-CH,)FYW uKY. Hcy(CH:CO.KRC.amidc) 

cyc/(J,(N-CH,)FYWl),.l(V.Hcy(cH:CO.GKCR.amide) 
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cyc/o.(N-CH,lFYWoKV.Hcy(cH:CO.RRC.amide) 
cyc/o.CN-CH3lFYW0 KV.Hcy(cff:CO.GGCE.amide) 
cyclCJ.CN-CH3)FYW DKV. Hcy(ctr::co.GGC.Apc.amide) 
cyclo. (N-CHJlS~J< V. Hey 
cyclo.PYW 0KV .Hcy(cH2co.GGCK.amide) 
cyc/o.fNMelrwoKY.CccH:Co.GOCK.amide) 
cyclo.CNMelFWoKf.H,~(CH1co.GOCK.arnidc) 
cyclo. CN-CH3)EYW,,KV. Hcy(CH2CO.RKC.amide) 
cyclo.CN-CHJSa.Xtl.r>KV.Hcy(CH:CO.OGCK.amide) 
eyclo. <N-CH3)FYW1J<V. He,y(Cff:CO.GKCK.amide) 
eyclo. CN-CH~nKV .Hcy(CH:Co.KGCK.amide) 
cyclo. CN-CH3)FYW 0 KV .Hcy(cttico.KGGCK.amide) 
eyclo. CN-CH3lFYW 0KV. Hcy(CH:CO.KGGC.amidc) 
cyclo.CN-CHl)FYWuKY.Hcy(cH:CO.GGGCK.amide) 
cyclo. CN-CH3>FYW 0KV .Hcy(CH:CO. RGGC.arriide) 
cyc/o.<N-CH3lFYW 0 KV. Hcy{CH:CO.SSC.amide) 
cyclo.CN-CH,lFYWoKV.Hcy(CH2CO.SSCK.amide) 
cyc/o.(N-CH3lfYW1>KV.Hcy(cff:CO.(t3-Dap)KCK.arnidc) 
cyclo.£N-CH3)FYW 0 KV .Hcy(CH:C0.(/3-Dap)DCK.amide) 
cyc/o.CN-CH,)FYW pKV. Hcy(CH:CO.(.B·Dap)KCD.amide) 
cydo.CN-CH,lFYW"KV.Hcy(cH:CO.(P-Dap)KCR.amide) 
cyclo.(N-CH3lFYW0 KV.Hcy(cH:CO.(_G-Dap)GCR.amide) 
cyc/o.CN-CH,lFYW0 KV. Hcy(CH:CO. (P-Dap)RCK;amide) 
cyclo.CN-CH3lFYW0KV.Hcy(GK(-cH:CO.)C.amide) 
cyclo.CN-CH3)FYW0 KV.Hcy(CH2co.GGCR.acid) 
cyclo.CN-CH~ol<V. Hcy(Cff:CO.GRC.amide) 
cyclo.CN-CH3lFYWuKV.Hc}:(CH::CO.GGCK.acid) 
cyclo.CN-CH3lFYWnKV. Hcy(CH:CO.GKC.acid) 
cyc/o.CN-CH3)FYW0 KV.Hcy(CH:co.GRC.acid) 
cyclo.CN-CH.lFYW 0 KV. Hcy(CH:CO. KKC.acid) 
cyclo.CN-CH3lFYW0 KV.Hcy(cH:CO.CG.Dap.Dap.amide) 
cyc:lo.(N-Cli.J)FYWJ.(V.Hcy(cH:CO.(o-O)GCR.amide) 
_cyclo.<N-CH3lFYW11J<V. Hcy(CH:CO. GNCR.amide) 
cydo.CN-CH3lFYW,,KV.Hcy(Cl!:CO.(o-O)GCN.amidc) 
cyclcl,(N-CH3) FYW 0 KV. Hcy(CH:CO. GGC. Dap.amidc) 
cyclo.<Hvg. YW 0 KV .Hey) 
eyclo. CHyp. YW 0 KV. Hcv)(Cff:CO. GGCK.amide) 
cydo.CN-CH3)FYW0KV.Hcy(CH:CO.(-y-Dab)KCK.amide) 
cycln.lli-CH3lFYW0KV.H~(CH:CO.(-y-Dab)KCR.amide) 
cyclo. CN-CH3)FYW 0KV. Hcy(CH:CO. (0-0)KCK.amide). 

As used herein, the foJlowing amino acids and amino acid analogues are 

intended to be represented by the following abbreviations: Ac is an acetyl group; 

ma is mercaptoacetic acid group; Aca is 6-aminocaproic acid; Hey is 

homocysteine; Hhc. is homohomocysteine (3-mercaptopropylglycine); Pen is 

penicillamine: Mob is the sulfhydrul protecting group 4-methoxybenzyl; Acm is 
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the sulfhydryl protecting group acctamidomethyl; Aib is aminoisobutyric acid; Nal 

is 2-naphthylalaninc; Ain is 2-amirtoindan-2-carboxylic acid; Hly is homolysine; 

Achxa is 4-amino-cyclohcxylalanine; Amf is 4-aminomethyt-phenylalanine; Aec is 

S-(2-aminoethyl)cysteine; Ape is S-(3-aminopropyl) cysteine; Aes is 0-(2-

aminoethyl)serinc; Aps is 0-(3-aminopropyl)serine; Abu is 2-aminobutyric acid; 

Nva is norvalinc; Fu is D-phenylalanine; W o is D-tryptophan; Y 0 is D-tyrosine; 

Cpa is L-(4-chlorophenyl) alanine; Thp is 4-arnino-tetrahydrothiopyran-4-carboxylic 

acid; D-Nal is o-2-naphdtylalaninej Dpg is dipropylglycine; and Nte is norleucine. 

All riaturally-occurring amino acids arc abbreviated using standard abbreviations 

(which can be found in G. Zubay, Bfochemistry (2d. ed.). 1988 (MacMillen 

Publishing: New York) p.33). 

For the purposes of this invention, the naturalty-occuring amino acids are 

characterized as liQOl>hilic (alanine, isoleucine, leucinc, methionine; phenylalanine, 

tyrosine, praline, tryptophan and valin~, as well as S-alkylated derivatives of 

cysteine), hydrophilic (asparagine, glutamjne, threonine, serine), acidis; (glutamic 

acid and aspartic acid), ~ (arginine, histidine and lysine). T{CH10H) represents 

a threoninol residue, wherein the carboxyl group of the amino acid is reduced to 

a primary alcohol, incorporat.ed into the peptide using the procedure or Neugebauer 

er al. (1990, Peotjdcs: Proceedings of the 11th American Pf;l?tide Svmposium, pp. 

1020-21). e-K is intended to represent a covalent· linkage via the E-amino group 

on the sidechain of a lysine residue. 0-0rn represents an omithine residue in 

which the 6-amino group, rather tnan the typical cc·amino group, is covalently 

linked to the carhoxyl group of the adjacent amino acid to form a peptide bond. 

-r-Dab represents a 214-diaminobutyric acid residue in which the -y-amino group 

is covalently linked to the carboxyt group of the adjacent amino acid to form a 

peptide bond .. P·Dap represents a l,3-diaminopropionic acid residue in which the 

13-amino group is· covalently linked to the carboxyl group of the adjacent amino 

acid to form a peptide bond. Pie is picolinoyl {pyridinc-2-carbony\); Pica is 

picolylamine (2-(aminomethyl)pyridine); (BAT) represents /-1 tN"'-bis(2-mercapto-2-
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methyl-propyl)-6,9-diazanonanoic acid: K.(BAT) and Lys.(BAT) represent the 

amino acid lysine, . acylated at the E-amino group on the amino acid sidechain to 

(BAT); (BAM) is (N" ,N'·bis(2-mercapto-2-methylpropyl)-1,4, \0-triazadccane; 

E.(BAM) and Glu.(BAM) represent the amino acid glutamic acid having a -y-arnide 

linkage between the sidechain carboxylic acid group "of gluramic acid and a 

(BAM)-derived primary amino group; (BAT-BM) is N-l2-(N',N'-bls(2-

maleimidoethyl)aminoethyl}-!l-(t-butoxycarbony1}-N,ll'-bis(2-methyl-2-triphenyl­

methylthiopropyl)-6, 9-diazanonanamide; (BAT-BS) is N-{2-(N',N'-bis(2-

succ in imidoeth yl)amin oethyl)-N', N'-bis(2-mercapto-2-methylpropyl)-6, 9-

diazanonanamide; (BMME) is biJ-maleimidomethylether; (BSME} is. bis­

succinimidomcthylether; and (DTPA) is dicthylcnetriaminepentaacetic acid. 

Hcy(alkyl group) is homocyteinc, S-alkylated with the group in parenthesis. 

The convention used herein of representing by underlining a covalent bond 

between atoms and groups of atoms, such as the am\no terminus and carboxyl 

terminus resulting in the cyclic peptides of the invention, or similar representations 

of covalent bonding between the sidechajn sulfur atom of a cysteine residue or 

derivative .thereof and an amino terminal acyt group or other residue will also be 

understood by those with skill in the art. The use of the term "cyclo" herein is 

intended to indicate that the peptide is cyclized by formation of a covalenr bond 

between the atoms of the amino terminal substituted or unsubstituted amino group 

and the carboxyl terminus of the peptide. 

For the purposes of this lnvention the term "poly(N-carboxyalkyl)amine" in 

intended to describe a series of compounds exemplified by nitrilotriacetic acid, 

iminodiacetic acid, ethylenediaminctetraacctic acid (EDTA) and 

diethylcnepentaacetic acid (DTPA). 

For the purposes of this invention the term "polyoxyanion" is intended to 

encompass sulfates. phosphates, sulfonates, phosphonates, and like compounds. 

Somatostatin analogue peptides of the present invention can be chemically 

synthesized in· \.'itro. Peptides of the present invention can generally 
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advantageously be prepared on a peptide synthesizer. The peptides of this 

invention can be synthesized wherein the radiolabel-binding moiety is covalently 

linked to the peptide during chemical synthesis in vitro, using techniques well 

known to those with skjll in the art. Such peptides covalently-linked to the 

radiolabel-binding moiety during synthesis are advantageous because specific sites 

of covalent linkage can be determined. 

Radiolabcl binding moieties of the invention may be introduced into the 

target somatostatin analogue peptides during peptide synthesis. For embodiments 

comprising picotinic acid (designated (Pie-); e.g., Pic-Gly-Cys(protecting group)-), 

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

residue in the synthesis. In addition, the picolinic acid-containing radiolabet­

binding moiety may be covalently linked to the e-amino group of lysine to give, 

for example, aN(Fmoc)-Lys-EN{Pic-Gly-Cys(protecting group)}, which may be 

incorporated at any appropriate position in the peptide chain. This sequence is 

particularly advantageous as it affords an easy mode of incorporation into the 

target· somatostatln analogue peptide. 

Similarly. the picolylamine (Pica)-containing . radiolabel-binding moiety ( • 

Cys(protccting 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 

route requires that reactive side-chain functionalities remain masked (protected) and 

do not react during the conjugation of the picolylaminc. 

This invention also provides small synthetic peptides that are somatostatin 

analogues and incorporate bisamine bisthiol (BAT) chelator~ that may be labeled 

with Tc-99m. 

This invention provides for the incorporation of BAT chelators into virtually 

any position in the peptide, via covalently linkage lo any appropriate functional 

group of the peptide, except that the chelating moieties of the invention are not 

covalently linked to functional groups comprising the amino acid side chains of the 
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amino acids B1, B1, B1 or B4 as defined above. 

In forming a complex of radioactive technetium with the reagents of this 

invention, the technetium complex, preferably a salt of Tc-99m pertechnetate, is 

reacted with the reagent in the presence of a reducing agent. Preferred reducing 

agents are dithionite, stannous and ferrous ions; the most preferred reducing agent 

is stannous chloride. Means for preparing such complexes are conveniently, 

provided in a kit form comprising a sea.led vial containing a predetermined 

quantity of a reagent of the invention to be labeled and a ·sufficient amount of 

reducing agent to. label the reagent with Tc·99m. Alternatively, the complex may 

be fonned by reacting a reagent of this invention with a pre-formed 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 art. The 

labile complex may be formed using such transfer ligands as tartrate, citrate, 

gtuconate or mannitol, for example. Among the Tc-99m pertechnetate salts useful 

with the present invention arc included the alkali metal salts such as the sodium 

salt, or ammQnium .salts or lower alkyl ammonium salts. 

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

labeled peptides is provided. An appropriate amount of the peptide reagent is 

introduced into a vial containing a reducing agenr, such as stannous chloride, in 

an amount sufficient to label the peptide with Tc·99m. An appropriate amou"nt of 

a transfer ligand as described (such as tartratc1 citrate, g1uconate or mannitol, for 

example) can also be included. The kit may also contain conventional 

pharmaceutical adjunct materials such as, fur example, pharmaceutically acceptable 

salts to adjust the osmotic pressure, buffers, preservatives and the like. The 

components of the kit may be in liquid, frozen or dry form. In a preferred 

embodiment, kit components are provided in lyophilized form. 

Tc-99m labeled imaging reagents according to the present invention may 

be prepared by the addition of an appropriate amount of Tc-99m or Tc-99m 

complex into the vials and reactio~ under conditions described in Ei<amplc 2 

hercinbelow. 
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Radioactively-labeled scintigraphic imaging agents provided by the present 

invention arc provided having a suitable amount of radioactivity. In forming Tc-

99m radioactive complexes, it is generally preferred to form radioactive complexes 

in solutions containing radioactivity at concentrations of from about 0.01 millicurie 

(mCi) to 100 rnCi per mL. 

The imaging reagents provided by the present invention can be used for 

visualizing OJianS such as the kidney for diagnosing disorders in these organs, and 

tumors, in particular gastrointestinal tumors, myclomas, small cell lung carcinoma 

and other APUDomas. endocrine tumors such as medullary thyroid carcinomas and 

pituitary tumors, brain tumors such as meningiomas and astrocytomas, and tumors 

of the prostate, breast, colon, and ovaries. can also be imaged. In accordance with 

this invention, the Tc-99m labeled peptide reagents are administered in a single 

unit injectable dose. The Tc·99m labeled peptide reagents provided by the 

invention may be administered intravenously in any conventional medium for 

intravenous injection such as an aqueous saline medium, or in blood plasma 

medium. Generally, the unit dose to be administered has a radioactivity of about 

0.01 mCi to about 100 mCi, preferably 1 mCi to 20 mCi. The solution to be 

injected a\ unit dosage is from about 0.01 mL to about 10 mL. After intravenous 

administration. imaging in vivo can take place in a matter of a few minutes. 

However, imaging can talce place, if desired, in hours or even longer, after the 

radiulabcled peptide is injected into a patient. Jn most instances, a sufficient 

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

about 0.1 of an hour to permit the taking of scintiphotos. Any conventional 

method of scintigraphic imaging for diagnostic purposes can be utilized in 

accordance with this invention. 

The somatos!alin receptor-binding cyclic peptides and non-radioactive metal 

complexes of the cyclic peptide reagents of the invention may be used clinically 

as therapeutic agents to promote regression of certain types of tumors, particularly 

those that express somatostatin receptors. The somatostatin analogue cyclic 

peptides of the invention can also be used to reduce the hormonal hypersecretion 
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that often accompanies certain cancers, such as lh~ APUDomas. Peptides of the 

invention used as therapeutic agents may be administered by any appropriate route, 

including intravenous, intramuscular or by mouth, and in any acceptable 

pharmaceutical carrier, in doses ranging from about 0.1 to about 49 mg/kg body 

weight/day. 

This invention also provides peptides radiolabled with cytotoxic 

radioisotopes such as tin-ll 7m, rhenium-186 or rhcnium-188 that may be used 

for radiotherapy of certain tumors as described above. For this purpose, an amount 

of radioactive isotope from about LOmCi to about 200mCi may be administered 

via any suitable clinical route, preferably by intravenous injection. 

This invention also provides somatostatin receptor-binding peptides 

covalently linked to a metal-binding moiety that are complexed with a magnetic, 

paramagnetic, supcrmagnetic, . or superparamagnetic metal atom, ion or particle, 

and methods for using such complexes for magnetic-based detection of localization 

of such somatostatin receptor binding peptide complexes at tumor or other tissue 

sites in vivo. Thus, the invention provides non-radioactive methods for localizing 

tumor and other somatostatin receptor expressing tissues in vivo. 

This invention provides methods for using the diagnostic and radiodiagnostic 

and therapeutic and radiotherpaeutic agents of the invention. For radiolabeled 

embodiments of the agents of the invention, .for example, Tc-99m labeled 

scintigraphic imaging agents, lJl effective diagnostic or therapeutic amount of the 

diagnostic or radiodiagnostic or therapeutic or radiotherapeutic agent of the 

invention are administered. In radiodiagnostic embodiments, localization of the 

radiolabel is detected using conventional methodologies such as gamma 

scintigraphy. In non·radioactive diagnostic embodiment~. localization of sites of 

accumulation of the paramagnetic metal-labeled diagnostic agents of the invention 

is achieved using magnetic resonance imaging methodologies. The imaging agents 

provided by lhe invention have utility for tumor imaging, particularly for imaging 

primary and metastatic neoplastic sites wherein said neoplastic cells express 

somatostatin receptors (SSTR), and in particular such primary and especially 



33 

metastatic tumor cells that have been clinically recalcitrant to detection using 

conventional methodologies. In addition, the imaging agents of the invention are 
useful in detecting sites of' T lymphocyte accumulation associated with occult 

disease or pathology, e.g., as occurs in patients suffering from Luberculosis. 

The methods for making and labeling these compounds arc more fully 

illustrated in the following Examples. These Examples illustrate certain aspects 

of the above-described method and advantageous results, and are shown by way 

of illustration and not limitation. 

EXAMPLE 1 

Solid Phase Peptide Synthesis 

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

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

using 9-fluorenylmethyloxycarbonyl (Fmoc) amino-terminus protection, coupling 

with dicyclohexylcarbodiimide/hydroxybenzotrlazolc or 2-(lH-benzotriµol-1-yl)-

1, 1,3,3-tetramethyluronium hexafluorophosphate/ hydroxybenzotriazole 

(HBTU/HOB1), and using p-hydroxymcthyl henoxymethyl-polystyrene (HMP) resin 

or Sasrin,.,. resin for carboxyl-terminus acids or Rink amide resin for carboicyI­

terminus amides. 

Where appropriate, the following amino acid derivatives were synthesized. 

Homocysteinc was prepared by alkaline hydrolysis of L-homocysteine lactone1 or 

by reduction of L-homocystine using metallic sodium in liquid ammonia. 

Threoninol residues, wherein the carboxyl group of the amino acid is reduced to 

a primary alcohol, can be introduced into the peptides of the invention where 

appropriate using the procedure of Neugebauer er al. (1990, Peptides: Proceedings 

of the 1 lrh American Peptide Symposium, pp. 1020-21). Fmoc.Hcy(frt) and 

Fmoc.Pen(Trt) were prepared from the appropriate amino acids by tritylation with 

triphenylmethanol in TFA. followed by Fmoc derivitization as described by 

Atherton et al. (1989. Solid Phase Peptide Synthesis. IRL Press: Oxford)~ 
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Fmoc.homohomocystcine(Trt) was prepared by reducing N,N-bis-Boc-glutamic acid­

tl-methyl ester with borane-THF. followed by mesylation and reaction with trityl­

mercaptide, followed by removal of the Boe groups with BF30Et2 in acetic acid, 

and then Fmoc derivitization as described above. pheny!-CH2CHBrCOOH was 

prepared by treating phenylalanine (in a solution of water and TFA/ saturated with 

NaBr) with sodium nitrite, followed by distillation to recover the pure product. 

Where appropriate, 2-chloroacetyl, 2-bromoacetyl and 2-bromo-3-

phcnylpropionyl groups were introduced either by using the appropriate 2-halo acid 

as the last residue coupled during SPPS, or by treating the N-terminus free amino 

acid peptide bound to the resin with either 2-halo acid/ diisopropylcarbodiimidc/N­

hydroxysuccin\mide/NMP or 2-halo acid anhydride/ diisopropylethylamine/NMP. 

Where appropriate, HPLC-purified 2-haloacylated peptides were c:yclized by 

Stirring an Q.1-1.Q mg/mf. ~)11tinn ;n phosphate or bicc:LrbonQtC bvffcr or dilute 

ammonium hydroxide (pH 8.0), optionally containing 0.5-1.0 mM EDTA, or 

acetonitrile or THF for l-48 h followed optionally by acidification with acetic 

acid, lyophilization and HPLC purification. 

Where appropriate, thiol-containing peptides were reacted with chloroacetyl­

contalning, thiol-protected Tc·99m complexing moieties at pH 10 for O.S-4 hours 

at room temperature, followed by acetic acid acidification and evaporation of the 

solution to give the corresponding peptide-sulfide adduct. Deprotection and 

purification were routinely performed as described to yield the che\ator-peptide 

conjugate. 

Where appropriate, BSME adducts were prepared by reacting single thiol­

containing peptides (5 to 50 mg/mL in DMF buffered to pH 7 with N­

methylmorpholine or N-ethyl-morpholine. or SOmM sodium phosphate buffer. pH 

7-8, optionally containing O.SmM EDTA or DMF or THF or acetonitrile) with O.S 

molar equivalents of BMME (bi.r-maleimidomethylether) pre-dissolved in 

acctonitrile at room temperature far approximately 1-18 hours. The solution was 

concentrated and the product was purified by HPLC. 

Where appropriate. TSEA adducts were prepared by reacting single thiol-
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containing peptide (at concentrations of 10 to 100 mg/mL peptide in DMF 

buffered to pH 7 with N-methylmorpholine or N-ethylmorpholine, or 5 to 50 

mg/mL peptide in SOmM sodium phosphate, pH 7-8, optionally containing 0.5mM 

EDT A or DMF or THF or acetonitrlle) with 0.33 molar equivalents of TMEA 

(tris(2-maleimidoethyl)amine) pre-dissolved in acctonitrile or DMF, with or without 

1 molar equivalent of triethanolamine, at room temperature for approximately 1-

18h. Such reaction mixtures containing adducts were concentrated and the adducts' 

were then purified using HPLC. 

Where appropriate, (SAM} (N ,N'·bl~(2-mercapto-2-methylpropyl)-l ,4, 10-

triazadecane) was conjugated to the peptide by first activating the peptide 

carboxylate with a mixture of diisopropylcarbodiimide/ N-hydroxysuccinimide or 

HBTU/HOBt in DMF, NMP or melhylene chloride, followed by coupling in the 

presence of diisopropylcthytamine. After coupling, the conjugates were 

deprotected as described above. 

Where appropriate, (BAT) ('fl' ,N'-bis(2-mercapto-2-methylpropyl)-6,9-

diazanonanoic acid) was incorporated into peptide as (Na(Fmoc)-Nc(N-Boc)-S,S' -

bistrityl-BA T)lysine (prepared from Na(Fmoc)-lysine and Ne(N-Boc)-S,S' -bistrltyl­

BAT as described in Example 2 of co-owned and co-pending U.S. Patent 

Application Serial No. 081 ___ • incorporated by reference) during peptide 

synthesis and then deprotected after cleavage of ~he complete.d peptide from the 

synthetic resin. 

Where appropriate. BAT-BS (N-{2-(N',N'·bis(2-succinimidoethyl) 

aminoethyl)}-N ,N'-bis(2-mcthyl-2-mercaptopropyl)-6, 9-diazanonanamide) adducts 

were prepared by reacting single thiol-containing peptide (at concentrations of 2 

to SO mg/mL peptide in DMF buffered to pH 7 with N-methylmorpholine or N­

ethylmorpholine, or in SOmM sodium phosphate (pH 7-8), optionally containing 

O.SmM EDTA or DMF or THF or acctonitrlle) with 0.5 molar equivalents of 

BAT-BM (N-{2-(N',N'·b/s(2-maleimidocthyl)aminoethyl) }·N 9-(t-butoxycarbonyl)­

ll' ,N9-bi.r(2-methy1-2·trlphenylmcthylthiopropyl)-6,9-diaza-nonanamidepre-dissolved 
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in acetonitrile or THF, at room temperature for approximately l-18h. TI1e 

solution was then evaporated to dryness and (BAT-BS)-peptide conjugates 

dcprotected by treatment with lOmL TFA and 0.2mL triethylsilanc for th. The 

solution was conc.entrated, the product adducts precipitated with ether, and then 

purified by HPLC. 

Where appropriate, the (DTPA) moiety can be introduced using· the method 

of Bakker et al. (1991, Life Sci. ~: 1583-1591, bereby incorporated by 

reference). 

Where appropriate, peptide precursors were cyc:lized (between the amino­

and carboxyl-termini) by reaction of the sid~hain-protcctcd, N-terminal free amine 

and C-terminal free acid with diphenylphosphorylazide. 

Sasrin,.. rcsin-bo\lnd peptides were cleaved using a solution of 1 % TFA in 

dichloromethane to yield the protected peptide. Where appropriate, protected 

peptide precursors were cyclized between the amino- and carboxyl-termini by 

reaction of sidechain-protected, amino-terminal free amine and carboxyl-terminal 

free acid using diphenylphosphorylazide. 

HMP or Rink amide resin-bound products were routinely cleaved and 

protected cyclized peptides dcprotectcd using a solution comprised of trifluoroacetic 

acid (TFA), or TFA and' methylene chloride, optionally comprising water, 

thioanisole, ethanedithiol, and tricthylsilane or trllsopropylsilane in ratios of 190 
: 5 : 5 : 2.5 : 2, for O.S - 3 hours at room temperature. Where appropriate, 

products were re-S-tritytated in trlphenolmethanol/ TFA, and N-Boc groups re­

introduced. into the peptide using (Boc),O. 

Resin-bound products were routinely cleaved using a solution of 

trifluoroacetic acid or trifluoroacetic acid and methylene chloride, optionally 

containing water, thioanisole, ethanedithiol, and triethylsilane, prepared in ratios 

of 100 : 5 : S : 2.5 : 2 for 0.5 - 3 h at room temperature. Crude peptides were 

purified by preparative high pressure liquid chromatography (HPLC) using a 

Waters Delta Pak C 18 column and gradient elution using 0.1 % trifluoroacetic acid 

(TFA) in water modified with acctonitrile. Acetonitrile was evaporated from the 
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eluted fractions which w~re then lyophili~ed. The identity of each product was 

confirmed by fast atom bombardment mass spectroscopy (F ABMS) or by 

electrospray mass spectroscopy (ESMS). 

Sornatostatin analogues synthesized as provided herein, as well as the 

products of such synthesis identified by FARMS. arc shown in Table I below. 

EXAMPLE 2 

A General Method for Radiolabeling with Tc-99m 

0.1 mg of a peptide prepared as in Example 1 was dissolved in 0.1 mL 

of water or 50150 cthanoVwater or pho~-phate-buffcred saline or 50 mM potassium 

phosphate buffer (pH = 5, 6 or 7.4), or 0.9% saline or 10% 

hydroxypropylcyclodextrin (HPCD) in water. Tc-99m gluccptate was prepared by 

reconstituting a Glucoscan vial (E.I. DuPont de Nemours. Inc., Wilmington, DE) 

with 1.0 mL of Tc-99m sodium pertechnetate ·containing up to 200 rnCi and 

allowed to stand for 15 minutes at room temperature. 25 ,µ1 of Tc-99m gluceptate 

was then added to the peptide and the reaction allowed to proceed at room 

temperature or at IOO"C for about 5·30 min and then filtered through a 0.2 µm 

filter. 

The Tc-99m labeled peptide purity was determined by HPLC using the 

following conditions: a Waters Delta Pak RP-18, 5µ, 4.6mm x 220mm analytical 

column. or a Waters NovaPak Radial Compression C-18, 4µm, 8mm x lOOmm 

analytical column was loaded with each radiolabelcd peptide, and the peptides 

eluted at a solvent flow rate equal to 1 mLlmin (Delta-Pak) or 3mUmin 

(NovaPak). Gradient elution was performed beginning with 100% solvent A 

(0.1 % CF3COOH/Hi0) and ending with 100% solvent B90 (0.1 % CP3COOH/90% 

CH3CN/H20) over the course of 10-20 min. 

Radioactive components were detected using an in-line radiometric detector 

linked to an integratfog recorder. Tc-99m gluceptatc and Tc-99m sodium 

pertechnetate elute between 1 and 4 minutes under these conditions, whereas the 

Tc·99m labeled peptides eluted after a much greater amount of time, as illustrated 

in Table I below. 
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MH+ 
FABMS 

eyclo.CYW .,KVC 783 

cyclo. CN-CHJ}p. YW0 KY.KCBAT> 1185 

c:yclo. CN-CH1)F. YW0 KV. Hcy(cu~co. CGC_.amide) 1176 

cyclo .{N-CHJ)E. YW0 K V. Hcy(c111co.CGC) 1117 

CH.CO. FEW1>KTFC.(BAM) 1322 

cyclo.CN-CHJ)F. YWpKV.Hcy(CUJCO.(E-K)GC.amide) 1201 

Lydo.(N-CH1)F. YW0KV .HC)!(CH1co.GGC.amide) 1129 

cydo.CN-CHJlF. YW~(8AM) 1171 

QjJ;O. FEW 11KTEC(t·K)GC.amide 1305 

CH1CQ. FFW1,KTFCCAcnGCAaa·amide 1422 

Cf12CO. YWiJITCfC11•111GC,."'.amide 1246 

lN·CH3lFfW0 KTFGKCAF111GC"cm.atnide) 1609 

CH2CO. EFW11KTFCKKKKK(E-K)GC.amide 1947 

q1,co. EFW 11KTFC(E-K)GCKKKKK.amide 1947 

cyclo . .cNCH3)FYW uKV, Hc)'.(CH~co. KKKKK(t:-K)GC.amide) 184-1 

Cl:lJCQ, YW1Jo:C.arnide 740 

RCY 

00 
981 

90' 

99• 

99' 

99 

991 

9s4 

981 

9~ 

99 

941 

92• 

99' 

99l 

981 

N.D. 

Ri 
!min} 

11.41 

13.3. 14.41 

16.11 

lS.8. 17.81 

18.8 

15.31 

15. l t 11.2> 

12.J, 13.61 

16.51 

15.1-16.9 

16.6, 16.91
( 

15.S1 

15.83 

14.91 

13.4) 

N.D. · 

w 
CX> 



TABLE I (cont'd.) 

MH+ RCY Re 
J>e.ptjde EABMS 00 !min} 

cn.co.FFW'0 KIFCGGC.amide 1434 9~ 16.2·17.21 

cyc/o.CN-Cfu)FYW0 KV.Hs;y(cn1co.GGCK.amide) 1258 99' IS.O, 

I w 
cyc/o. (N-CI l~FY\V 0 KV .Hey( cl l:CO.{ E·K)GCK.amidc) 1329 9~ 14.7, \0 

cyc/o.CN-MelFYW0 KV.Hcy(c11ieo.GGCR.amide) 1285 99J 15.Jl 
eyc/o.(N-MelFYWpKV.lrcy(cH1CO.(c:·K)KC.amide) 1472 95>4 14.5' 
cyc/o.CN-MelFYW0 KV.Hcy(c11ieo.GGC.Orn.amide) 1244 9gs 7.0' 
cyc/o.(N-CH,JFYW 0 KV. Hcl!{CH:CO. (P-Dap)KCK.amide) 1358 975 7.ot 
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* The following labeling conditions were used with the appropriate peptides: 

l. The peptide is dissolved in water and labeled at room temperature. 
2. The peptide is dissolved in water and labeled at 100°C (15 min). 
3. The peptide is dissolved in 10% hydroxypropylcyclodextrin and labeled 

at room temperature. 
4. The peptide is dissolved in 50% ethanol/water and labeled at room 

temperature. 
5. The peptide is dissolved in 0.9% saline and labeled at 100°C (5 min). 
6. The peptide is dissolved in water made pH 9 with bicarbonate and 

labeled at 100°C. 

•• HPLC methods: 

general: solvent A = 0.1 % CF3COOH/H10 
solvent ~ = 0.1 % CF3COOH/90% CH3CN/H10 
solvent flow rate = l mUmin or 3mUmin 

Vydak column = Vydak 218TPS4 RP-18, Sµ x 220mm x 4.6mm analytical 
column with guard column 
Waters column 1 = Waters Delta-Pak C18, 5µ.m, 39 X 150mm 
Waters column 2 = Waters NovaPak Ra.dial Compression C-18, 4f'm, 8 X 
lOOmm 

Method 1: 
Method 2: 
Method 3: 
Method 4: 

Waters column 1 
Vydak column 
Waters column l 
Waters column 2 

100% A to 100% ~ in 10 min 
100% A to 100% B"° in 10 min 
t 00% A to 100% ~ in 20 min 
100% A to 100% ~ in 10 min 

Single-letter abbreviations for amino acids can be found in G. Zubay, 
Biochemistry (2d. cd.) 1 1988 (MacMillen Publishing: New York) p.33; Ac = 
acetyl; Acm = acetamidomethyl: ma = m·ercaptoacetic acid; Mob = 
4-methoxybenzyl; Aca ... 6-aminocaproic acid; Hly = homolysine; Ape = L­

{S-(3-aminopropyl)cysteinc; F0 = o-phenylalanine; W 0 = o-tryptophan; Y 0 = 
D-tyrosine; Cpa = L-(4-chlorophenyl)al~ine; Thp = 4-amino­
tetrahydrothiopyran-4-carboxylic acid; o-Nal = o-2-naphthylalaninc; Dpg = 
dipropylglycine: Nle = norleucine; Hey = homocystcine; Hhc = 
homohomocysteine; Pen = peniciltamine; Aib = arninoisobutyrlc acid; Nal = 
2-naphthylalanine; o-Nal = D-2-naphthylalanine; Ain = 2-aminoindan ... 2-
carboxylic acid; Achxa = 4-amino-cyclohcxylalanine; Amf = 4-aminomethyl­
phenylalanine; A~ == S-(2-aminocthyl)cysteine; Ape - s.:(3-

aminopropyl)cysteine; Aes = 0-{2-aminoethyl)scrine; Aps = 0-(3· 
aminopropyl)serlne; Abu = 2-arninobutyric acid; Nva = norvalinc; T(CffiOH) 
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= threoninol (on which the carboxylic acid moiety has been reduced to a 
primary alcohol); e-K = a lysine residue in a peptide in which the peptide 
bond involves the E-amino group on the lysine sidechain rather than the oc­
amino group; 0-0m = an omithine residue in which the o-amino group, rather 
than the typical cc-amino group, is covalently linked to the carboxyl group of 
the adjacent a~ino acid to form a peptide bond; ")'-Dab = ·a 2,4-diaminobutyric 
acid residue in which the 'Y·amino group is covalently linked to the carboxyl 
group of the adjacent amino acid to form a peptide bond; P-Dap = a 1,3-
diaminopropionic acid residue in which the ~-amino group is covalently linked 
to the carboxyl group of the adjacent amino acid to form a peptide bond; Pie 
= picolinoyl (pyridine-2-carbonyl); Pica == picolylamine 
{2-(aminomcthyl)pyridine}; BAT == N',N'-bis(2-mercapto-2-methylpropyl)-6,9-
diazanonanoic acid; BAT acid (protected) = N'-(r-butoxycarbonyl)-N5,N'-bis(2-
methyl-2-triphenylmethylthiopropy1)-6,9-diazanonanoic acid~ BAM = N1,N'­
bi.r(2-mercapto-2-methylpropyl)-l,4, I 0-triazadecanc; BAM (protected) = N·(r· 
butoxycarbonyl)-N' ,N'-bis(2-methyl-2-triphenylmethylthiopropyl)-1,4,10-
triazadecanc.: {BAT-BM} = N-{2-{N',N'-blr(2-maleimidoethyl)aminoethyl}-N9-(t­
b u toxyca rbon yl)-."16. N'-b/s(2-methyt-2-triphenylmclttylthiopropyl)·6, 9-
diaz.anonanamide: {BAT ·BS} = N-{2-(N' ,N' ·bi.r(2-succinimidoethyl)aminoethyl}­
.N5 ,N'-bi.r(2-mercapto-2-methylpropyI)-6,9-dfazanonanamide; {BMME} = bis­
malcimidomethylcther~ {BSME} = bls-succinimidomethylether; {DTPA} = 
diethylenetrlamincpentaacctic acid. 

Non-radioactive Thcnium complexes were prepared by co-dissolving each 

of the peptide: reagents of the invention with about one molar equivalent af 
. •. 

tetrabutylarnmonium oxotetra-bromorhenatc (+5), prepared as described by 

Cotton et al. (1966, lnorg. Chem. i: 9-16) in dimethylformamide or 

acctonitrllelwater and stirred for 0.5-5 days. The rhenium complexes were 

isolated by reverse phase HPLC as described above for Tc-99m labeled 

peptides and were characterized by FABMS or ESMS. 

Radioactive rhenium complexes, using for example Re-186 or Re-188, 

are prepared from the appropriate perrhenale salts using the same protocol as 

for Tc-99m labeling, or by adding a reducing agent to a solution of the peptide 

and perrhenate1 or optionally using a ligand transfer agent such as citrate and 

incubating the reaction at a temperature between room temperatut'e and 100°C 

for between 5 and 60 min. 

. 
) 
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EXAMPLE 3 

Inhibition or Binding or {1ul-Tyr"}somatostatin-14 
to AR42..J Rat Pancreatic Tumor CelJ MembtaQ§ 

The ability of various somatostatin analogues of the inven[ion to bind 

to somatostatin receptors in vitro was demonstrated by assaying the ability of 

such analogues to inhibit binding of a radiolabeled somatostatin analogue to 

somatostatin receptor-containing cell membranes. The rat-pancreatic tumor cell 

line AR42J which expresses the somatostatin receptor was cultured in 

Dulbecco•s minimal essential media (DMEM) supplemented with 10% fetal 

bovine serum (FBS} and SmM glutamine in a humdified 5% C02 atmosphere 

at. 37°C in T-flasks. Harvested cells were homogenized in cold SOmM Tris­

HCl buffer (pH 7.4) and the homogenate then centrifuged at 39,000g for lOmin 

at 4 °C. Pellets were washed once with buffer and then resuspended in an ice­

cold solution of lOmM Trls·HC1 (pH 7.4). Equal aliquots of this cell 

membrane preparation were incubated with {125I-Tyr11 }somatostatin-14 (at a final 

concentration of 0.SnM and 750.000cpm/mL, at a specific activity of 

2000Ci/mmo1, Amersham, Arlington Heights. IL} and peptide or peptidc­

rhenium complex at a final concentration of from 10-11M to 10o6M in a solution 

of 50mM HEPES (pH 7.4) containing 1 % bovine serum albumin (BSA), SmM 

MgC12, Trasylol (200,000 International Units), bacitracin (0.02mg/mL) and 

pheny\methylsulfonyltluoride (0.02mg/mL) for 25min at 30°C. Using a 

filtration manifold, this mixture was filtered through a polyethyleneiminc­

washed GC/F filter (Whatman, Maidstone, England), and the residue remaining 

on the filter washed thrice with SmL cold HEPES buffer. The tilter and a 

sample of the filter washings were then counted in a gamma counter. To 

assess non-specific binding, the assay was performed in the presence of 

unlabeled somatostatin-14 at 200nM. Data analysis including Hill plots of the 

data provided inhibition constants (see Bylund & Yamamura, "Methods of 

receptor binding•, in Methods jn Neurotransmitter Beceptor Analysis. 

Yamamura et ell., eds., Raven Press: New York, 1990). 

These results are presented in the following Tables. The data show that 

the peptides of the instant invention have a high affinity of binding for 
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somatostatin receptors. 

TABLE II 

{Re=O}-complexed Peptides 

cyclo.!li=CB.)r. YWJ.V. Hcy(cHzCO.K(E·K)GC.amide) 

cycln.CN-CH3lF.YW0KV.Hc.y(cH:CO.GGC.amide) 

CH,CO.fFWJCTFCCMmGC"""''amide 

cyclo. (N-CH3lf. YW 0KV.Hc,y(CHzCO.(E·K)GC.amide) 

cydo.{N-CH,lF. YW uKY.Hcy{CH:CO.CGC.amide) 

cyc/o.(N-Me)FYW uKV .Hcv(CH:Co.GGCKK.amidc) 

cyclo.CN-CH3)FYW 0 KV .Hcy(Cff:CO. GGCK.amide) 

cyclo.(N-MelFYW.,KVH<;y(CH:CO.GGCR.amide) 
....... ~v· •• ,. D" 1 •"\.c\t-r.J'1\,,.~l\.11..t\.,am1ac 

cyclo.fN-CH,\FYW0KV.Hcy{cH:CO.(E-K)GCK.amide) 

cyclo. (N-MelFVW:0KV .Hcv(CH:CO.(t-K)KC.amidc) 

cH.CO.fFW0KifCGGC.amide 

~2CO.FFW0KTFC(f-K)GC 

MB! 
1529 

1330 

1480 

1401 

1375 

1386 

1458 

1485 
214~ 

1529 

1472 

2042 

1506 

K; (nM) 

0.51 

0.59 

0.67 

0.92 

1.7 

0.06 

0.15 

0.23 
0.33 

0.34 

0.42 

1.3 

5.6 
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TABLE lll 

cyclo.CN-CH3)F. YVfuKV .He~ 

CH2CO, FYWnKIFC.amidc 

CH,CO. FFW 0KIF. Hhc.amide 

cyclo.CVWJ<VC 

CH,CO,FFW0KTFC.amide 

eyclo.!l:fQ13lF. YW0 KV.K.{BAT} 

cyclo.ill:Qi1)F.YW0KV.Hcv(CH2CO.K(e--K)GC.amidc) 

cyclo.flH:H3)F. YW0 KV .lic.'£(CH2CO. C,..cmGCAcrn·amide) 

cyclo.CN-CH3lF. n¥0 T<V .Hc)!(CH2CO.CGC.amide) 

cyclo.!&s;Ji,lF. VWnKV. Hcy(CHiCO. CGC) 

.cH2CO.FFW nKIFC.{BAM} 

cydo.CN-CH3lf.YV!_1,KV.Hcy(CH2C0.(E-K)GC.amide) 

cyc/o.CN-CH,lF .YW0KV .Rcx(CH2CO.OGC.amide) 

cyclo.(N-CH;>F.YW1,KV .E.{BAM} 

CHiCO.NfFWr>KTITC 

CJLCO. FFV{J<TFC 

C}LCO. FFW 0 KTFC(e--K)GC .amide 

CH2CO. FFW 0KTECCAcmOC"c"''amide 

,CH2CO. FfWnKIF.Hcy 

K; CnM) 

< 0.01 

0.16 

0.41 

0.43 

0.45 

0.46 

0.6S 

0.79 

1.5 

1.8 

1.9 

2.0 
2.4 

2.6 

2.7 

4.0 

5.2 
7.5 

9.8 
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TABLE Ul (cont'd.) 

Peptide 

cyclo.(N-MelFYWJcr 

cyc/o.m-MclFYWrJ(V.Hc;>:(CH:CO.OOCKK.amide) 

c:yclc.CN-MelFVW0KVHccy(cHzco.GOCR.amide) 

CH,CO,FEW.J<TFCCAcmGC"_KKKKK.amide 

cyclo. {N-MelFYW 0KV. Hcx(CffiCO. (E-K)KC.amide) 

cyclo.CN-CH3lFYWiJC,V.Hcy(CH2CO.GGCK.amide) 

cyclo.(N-CH~FVWpl<V .Hcy(CH2CO.{e-K)GCK.amide) 

.· CH'%CO. FF'WoKTFCC,t.c.GC,.cmK.amide 

CN-MelFYW 11KV. Hcy(CH:CO.CGCE.amide) 

CH&0.FfW0KTFCGGC.amide 

K; (nM) 

0.26 

0.26 

0.29 

1.4 

2.2 
2.5 

4.2 

8.4 

8.S 
9.4 
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EXAMPLE 5 

Localization and In Vivo Imaging of Somatostatin Receptor (SSTR)M 
Expressing Tumors in Rats 

In vivo imaging of somatostatin receptors expressed by rat tumor cells 

was performed essentially as described by Bakker er al. (1991, Life Sciences 

~= 1593-1601). 

CA2094S rat pancreatic tumor cells, thawed from frozen harvested 

tumor brei, were implanted intramuscularly in a suspension of 0.05 to 0.1 

mUanimal, into the right hind thigh of 6 week old Lewis rats. The tumors 

were allowed to grow to approximately 0.5 to 2g, harvested, and tumor brei 

was used to implant a second, naive set of Lewis rats. Passaging in this 

fashion was repeated to generate successive generations of tumor-bearing 

animals~ The tumor·bearing animals used for the in vivo studies were usually 

from the third to fiflh passage and carried 0.2 to 2g tumors. 

For studies of the specificity of radiotracer localization in the tumors, 

selected animals were given an subcutaneous SSTR-btocking dose (4 mg/kg) of 

oetreotidc 30 minutes prior to injection of the radiotracer. (This protocol has 

been shown by Bakker el al. to result in a lowering of t1 11n-{DTPA}octreotide 

tumor uptake by 4090.) 

Third· to fifth·passage <:;A20948 tumor-bearing Lewis rats were . 
restrained and injected intravenously via the dorsal tail vein with a dose or 

0.15-0.20 mCi ~c-labeled peptide corresponding to 3 to 8 µg peptide in 0.2 

to 0.4 mL. 

At selected times, the animals were sacrificed by cervical dislocation and 

selected necropsy was performed. Harvested tissue samples were weighed and 

counted along with an aliquot of the injected dose in a gamma well-counter. 

The 90-minute biodistribution results of selected radiolabeled peptides 

are presented in Table IV. ·Not.ably, Y'lnt-fc-P587, 99n?fc-P617, P9infc-P726, and 

99nrfc-P736 showed very high tumor uptake and tumor/blood ratios 

demonstrating their high specific uptake in target (tumor) tissue. 

Figure 1 shows an image of ""'Tc-P587 in a tumor-bearing rat. The 

high uptake in the tumor in the lower leg (arrow) is clearly visible. 
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"°'Tc-PS87 uptake in tumors in rats was compared with and without pre­

injcction treatment with octrcotide, a somatostatin analogue known to bind to 

the somatosta.tin receptor In vivo. In the:se experiments, receptor-blocking by 

administration of octreotide prior to administration of "°'Tc-P587 reduced 

specific tumor uptake of the radiolabeled peptide by 76%. These results 

confirm~ that binding of ""'Tc-PS87 in vivo was SSTR-specific .. 



TABLE IV 

~ feptidcs Tumor 

P617 cyc/o(N=melbyllFYW0KV. Hey. (CHzCO, GGCR.amide) 6.7 

P587 cyc/olN-methyllFYW0KV.Hcy.(cHzCO.GGCK.amide) 3.4 

P829 cyclo.CN-CHJFYWDKV.Hcy(c11zco.(p-Oap)KCK.amide) 2.7 

P832 cyc/o.CN-CH1lFYW0KV.Hcy(cHJco.(/J-Dap)KCR.amide) 2.7 

P625 eye lo. (N-Mci)fYW0KV. Hcy(c11ico. (e-K)KC.arnide) 0.97 

PS50 KKKK.Naln.Cpa. YW0 KTFT(e-K)GCDDDD.amidc 0.74 

%10/g 

.Tlll 
9.4 

6.0 

13 

13 

0.85 

0.91 

T{M 

36 

33 

49 

37 

4.6 

7.4 

.i:o. 
00 
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EXAMPLE 6 
In Vivo Imaging of Human Somatostatin Receptor (SSTR)­

Expressine Tumors with Tc-99m Labeled P587 

In a clinical trial, scinrigraphic imaging of human patients bearing 

SSTR-expressing tumors was achieved using the Tc-99m labeled P587 reagent. 

A total of 10 patients, four females and six males ranging in age from 

27 to 69 years, had been previously diagnosed with growth hormone-secreting 

pituitary adenoma (4 patients), melanoma (l subject), medullary thyroid cancer 

(1 subject), small cell lung carcinoma (SCLC; 1 patient), non-Hodgkin's 

lymphoma (1 patient) or gastric carcinoid (1 patient). each of these patients 

were administered Tc-99m labeled P587 at a dose of 10-22mCi per 0.2-0.Smg 

by intravenous injection. Scintigraphic imaging was them performed as 

described herein on each patient for 4 hour:s post-injection. 

Gamma _camera imaging is started simultaneously with injection. 

Anterior images were acquired as a dynamic study (10 sec image acquisitions) 
. . 

over the first 10 min, and then as static images at 1, 2, 3 and 4h post-

injection. Anterior images were acquired for 500,000 counts or 20 min 

(whichever is shorter), at appro:itimatcly 10-20 min. and at approximately l, 

2, 3 and 4h post-injection. 

The scintigraphic imaging agent was foµnd to clear rapidly from the 

bloodstream, resulting in less than 10% of the injected. dose remaining in the. 

circulation within 30 minutes of injection. This allowed image acquisition of 

tumor sites to be achieved as early as 15-30 min after injection of scinrigraphic 

imaging agent. All known tumors were detected in this study, as well as· two 

previously-undetected metastatic lesions which were later confirmed using 

computer-assisted tomogrdphy (CAT scan). 

These results demonstrated that the scintigraphic imaging agents of this 

invention were highly effective in detecting SSTR-expressing primary and 

metastatic tumors in humans in vivo. 

It should be understood that the foregoing disclosure emphasizes certain 

specific embodiments of the invention and that all modifications or alternatives 

equivalent thereto are within the spirit and scope of the invention as set· forth 

in the appended claims. 
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wherein 

so 
CLAIMS 
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A somatostatin receptor-binding peptide having a formula: 

cyclo-A 4-B 1 B2B3B4-C4
-

B 1 is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or a substituted 

derivative thereof; 

B2 is D- or L-Trp or a substituted derivative thereof; 

B3 is D- or L-Lys or Hly, Achxa, Amf, Aec, Ape, Aes, Aps or a substituted 

derivative thereof; 

B4 is Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu, Nva or Aib; 

C4 is an L-amino acid having a sidechain comprising a mercapto group; 

A4 is a lipophilic D-amino acid or a lipophilic L-(a.-N-alkyl) amino acid or L­

proline or a substituted derivative thereof; 

wherein A4 and C4 are covalently linked to form a cyclic peptide. 

2. The peptide of claim 1, wherein B1 is phenylalanine or tyrosine, B2 is D-

tryptophan, B3 is lysine, and B4 is threonine or valine. 

3. A reagent comprising: 

a) a somatostatin receptor-binding peptide having a formula: 

wherein 

cyclo-A 4-B1B2B3B4-C4
-

B1 is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or a 

substituted derivative thereof; 

B2 is D- or L-Trp or a substituted derivative thereof; 

B3 is D- or L-Lys or Hly, Achx.a, Amf, Aec, Ape, Aes, Aps or a 

substituted derivative thereof; 

B4 is Thr, Ser, Val, Phe, Ile, Abu, Nie, Leu, Nva or Aib; 

C4 is an L-amino acid having a sidechain comprising a mercapto 

group; 
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A4 is a lipophilic D-amino acid or a lipophilic L-(a.-N-alkyl) a 

mino acid or L-cysteine or L-proline or a substituted derivative 

thereof; 

wherein A 4 and C4 are covalently linked to form a cyclic peptide; and 

b) a radiolabel-binding moiety covalently linked to the peptide other than through 

B1
, B2

, BJ, B4
, or A4

• 

4. The reagent of claim 3, wherein B1 is phenylalanine or tyrosine, B2 is D-

tryptophan, BJ is lysine, and B4 is threonine or valine. 

5. The reagent of any of claims 3 or 4, wherein the radiolabel-binding moiety is 

selected from the group consisting of: 

(a) C(pgp)5-(aa)-C(pgp)5 

wherein (pgp)5 is Hor a thiol protecting group and (aa) is an amino acid; 

(b) a radiolabel-binding moiety comprising a single thiol containing moiety having a 

formula: 

wherein 

A-CZ(B)-{C(RaRb)}n -X 

A is H, HOOC, H2NOC, (peptide)-NHOC, Re 2 NCO, (peptide)-OOC or Rd; 

Bis H, SH, -NHRc, -N(Rc)-(peptide), or Rd; 

X is H, SH, -NHRc, -N(Rc)-(peptide) or Rd; 

Z is Hor Rd; 

R8
, Rb, Re and Rd are independently Hor lower straight or branched chain or 

cyclic alkyl; 

Re is C1 -C4 alkyl, an amino acid or a peptide comprising 2 to about 10 amino 

acids; 

n is 0, 1or2; 

and where B is -NHRc or -N(Rc)-(peptide), X is SH, and n is 1 or 2; 

where X is -NHRc or -N(Rc)-(peptide), B is SH, and n is 1 or 2; 
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where B is H or Rd, A is HOOC, H2NOC, (peptide)-NHOC, or (peptide)-

OOC, Xis SH, and n is 0 or 1; 

where A is H or Rd, then where B is SH, X is -NHRc or -N(Rj-(peptide) 

and where Xis SH, Bis -NHRc or -N(Rc)-(peptide); 

where Xis Hor Rd, A is HOOC, H2NOC, (peptide)-NHOC, or (peptide)­

OOC and B is SH; 

where Z is methyl, X is methyl, A is HOOC, H2NOC, (peptide)-NHOC, 

or (peptide)-OOC, B is SH and n is O; 

and wherein the thiol moiety is in the r~uced form; 

wherein 

wherein 

fl N~CO-(amino acid}-cys,ine-CO-

~ sx 

X = H or a protecting group; 

(amino acid) =any amino acid; 

-HN-cystjine-(amino acid}-HN-CH2-rf N~ 
sx ~ 

X = H or a protecting group; 

(amino acid) =any amino acid; 

-A-CO-peptide 
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wherein each R is independently H, CH3 or C2H5; 

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

m, n and p are independently 2 or 3; 

A = linear or cyclic lower alkyl, aryl, heterocyclyl, a combination 

thereof or a substituted derivative thereof; 

and 

(f) 

-A-CH(V)NHR I 

wherein each R is independently H, CH3 or C2H5; 

m, n and p are independently 2 or 3; 

A = linear or cyclic lower alkyl, aryl, heterocyclyl, a combination 

thereof or a substituted derivative thereof; 

V = H or -CO-peptide; 

R' = H or peptide; 

and wherein when V = H, R' = peptide and when R' = H, V = -CO-peptide. 

6. A composition comprising a peptide having a formula selected from the · 

group consisting of: 

cyclo-(N-CH3)FYW J<.V .K; 
cyclo-(N-CH3)FYW J<.V .E; 
cyclo.CN-CH3)F .YW0KV .Hey; 
cyclo.CYW.j<.VC; -
cyclo.<N-CH:JF. YWJ(V.K.<BAT); 
cyclo.CN-CHJF. YW 0KV.Hcy( CH2CO.K(e-K)GC.amide ); 
cyclo.(N-CHjF.YW~KV.Hcy(CH2CO.CAcmGCAcm·amide); 
cyclo.(N-CH;)F.YW'j<.V.Hcy(cH2CO.CGC.amide); 
cyclo.(N-cH;)F.YW'j<.V.Hcy(CH2CO.CGC); 
cyclo.(N-CH;)F.YW~KV.Hcy(cH2CO.(e-K)GC.amide); 
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cyclo.CN-CH3)F .YW J<V .Hey( CH2Co.GGC.amide ); 
cyclo.(N-CH;)F .YW ""jr..V .E.(BAM); 
cyclo.<N-CH~lFYWJ<.V.Hey(cH2CO.KKKKK.(s-K)GC.amide); 
cyclo.<N-CH;)FYW Jr.,v .Hey( CH2CO.(s-K)GCK.amide ); 
cyclo.(N-Me)FYW0KV.Hey(CH2CO.(s-K)KC.amide); 
cyclo.(N-Me)FYW0KV.Hey(cH2Co.GGC.Om.amide); 
cyc/o.(N-Me)FYW~KV.Hey(CH2co.GGC.Om.DOm .. amide); · 
cyclo.(N-MelFYW0KV.Hey(cH2Co.K(s-K)KCK.amide); 
cyclo. (N-Me)FYW~KT; 
cyc/o.(N-Me)FYW""jr..VHey(CH2CO.(s-K)GCKK.amide); 
cyclo. (N-CH3lFYW0KV.Hey( CH2COKKCK.amide); 
cyclo. (N-CH;lFYW 0KV.Hey( CH2coGGCKKK.amide ); 
cyclo.(N-CH;lFYWoKV.HeycH2CO.(s-K)DCK.amide; 
cyclo.(N-CH;)FYW 0 KV.Hey(CH2Co.GGCKDKD.amide); 
cyclo.(N-CH;lFYW0 KV.HeycH2co.GGCKD.amide; 
cyc/o.(N-CH;)FYW~KV.HeycH2co.GGCKDK.amide; 
cyclo. (N-CH;lFYW ~KV.HeycH2co.(s-K)GCKKK.amide; 
cyclo.(N-CH;)FYW ""jr..V.Hey( CH2CO.(~-Dap )GCK.amide; 
cyclo.(N-CH;)FYW ~KV .Hey( CH2CO.(S-Om)GCK.amide ); 
cyclo.(N-CH;)FYW ~KV.Hey( CH2CO.(s-K)GCRK.amide ); 
cyclo.(N-CH;lFYW ~KV.Hey( CH2CO.(s-K)GCR.amide ); 
cyclo.(N-CH;)FYW Jr.,vc; 
cyclo.(N-CH;lFYW""jr..T.Hey; 
cyclo.PYW 0f<.V.Hey; 
cyclo.(N-CH3)FYW 0KV .Hey( CH2Co.(y-Dab )GCK.amide ); 
cyc/o.(N-CH;)FYW~KV.Hey(CH2Co.GRCK.amide); 
cyclo.(N-cH;)FYW~KV .Hey( CH2Co.KRC.amide ); 
cyclo.(N-CH;)FYW~KV.Hey(cH2co.GKCR.amide); 
cyclo.(N-CH3)FYW 0KV .Hey( CH2Co.RRC.amide ); 
cyclo.(N-CH;)FYW~KV.Hey(cH2co.GGCE.amide); 
cyclo.(N-CH;lFYWoKV.Hey(CH2co.GGC.Ape.amide); 
cyclo.(N-CH~8n YW 0KV.Hey; 
cyclo.PYW j(v-:-Hey(cH2co.GGCK.amide ); 
cyclo.(NMe)FW0KVC(CH2Co.GGCK.amide ); 
cyclo.<NMe)FW~KT.Hey( CH2Co.GGCK.amide ); 
cyclo.(N-CH3)FYW 0KV .Hey( CH2Co.RKC.amide ); 
cyclo.(N-CH;:llien YW 0KV .Hey( CH2CO.GGCK.amide ); 
cyclo.(N-CH;lFYw0KV.Hey(CH2Co.GKCK.amide); 
cyclo. (N-CH;lFYW~KV .Hey( CH2Co.KGCK.amide ); 
cyclo. (N-CH;)FYW ~KV.Hey( CH2co.KGGCK.amide ); 
cyclo.(N-CH;)FYW""jr..V.Hey( CH2CO.KGGC.amide); 
cyclo.(N-CH;)FYW~KV.Hey(CH2CO.GGGCK.amide); 
cyclo.(N-CH;)FYW""jr..V.Hey(CH2Co.RGGC.amide); 

11111~ 1111~ 11~1l~I111111 
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cyclo.CN-CH3lFYW0KV.Hey(cH2co.SSC.amide); 
cyclo.CN-CH;)FYW~KV .Hey( CH2co.SSCK.amide ); 
cyclo.CN-CHjFYW~KV.Hey(CH2CO.(~-Dap)KCK.amide); 
cyclo.(N-CH;)FYW~KV.Hey( CH2CO.(~-Dap )DCK.amide ); 
cyc/o.(N-CH;)FYW0KV.Hey( CH2CO.(~-Dap )KCD.amide ); 
cyc/o.(N-CH;)FYW 0KV.Hey( CH2CO.(~-Dap )KCR.amide ); 
cyc/o.<N-CH;)FYW ~KV.Hey( CH2co.(~-Dap )GCR.amide ); 
cyclo.(N-CH;)FYW ~KV .Hey( CH2CO.(~-Dap )RCK.amide ); 
cyclo.(N-CH;)FYW~KV.Hey(GK(-cH2co.)C.amide); 
cyclo.(N-cH;)FYW~KV .Hey( CH2Co.GGCR.acid); 
cyclo.(N-CH;lFYW0KV.Hey(cH2Co.GRC.amide); 
cyclo.(N-CH;)FYW~KV.Hey( CH2Co.GGCK.acid); 
cyclo.(N-CH;)FYW 0 KV.Hey( CH2Co.GKC.acid); . 
cyclo.(N-cH;)FYW ~KV.Hey( CH2CO.GRC.acid); 
cyclo.(N-CH;)FYW~KV.Hey( CH2Co.KKC.aeid); 
cyc/o.(N-CH;)FYW'j<.V.Hey( CH2Co.CG.Dap.Dap.amide ); 
cyc/o.(N-CH;)FYW~KV.Hev( CH2Co.(B-Om)GCR.amide ); 
cyc/o.(N-CH;)FYW~KV.Hev( CH2co.GNCR.amide ); 
cyclo.(N-CH;)FYW 'j<.V.Hev( CH2CO.(C5-0m)GCN.amide ); 
cyclo.(N-CH;)FYW~KV .Hey( CH2co.GGC.Dap.amide ); 
cyclo.(Hyp.YW0KV.Hey); 
cyclo.(Hyp.YW"J(V.Hey)(cH2CO.GGCK.amide); 
cyclo.(N-CH3)FYW0KV.Hey(CH2CO.(y-Dab)KCK.amide); 
cyc/o.(N-CH;lFYW ~KV .Hev(CH2co.(y-Dab )KCR.amide ); and 
cyc/o.(N-CH;)FYW~KV.Hey(cH2co.(C5-0m)KCK.amide). 
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7. The composition of claim 6, wherein the peptide has the formula: 

cyc/o.(N-CH1)FYW ~KV.Hey( CH2CO.(C5-0m)GCK.amide ). 

8. The composition of claim 6, wherein the peptide has the formula: 

cyclo.(N-CH1lFYW Jt<V.Hey( CH2CO.(~-Dap )KCK.amide ). 

9. A radiotherapeutie agent·comprising the peptide of any of claims 1 or 2 

radiolabeled with iodine-123, iodine-125, iodine-131 or astatine-211. 
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10. A radiotherapeutic agent comprising the reagent of any of claims 3 through 

5 radiolabeled with a radioisotope selected from the group consisting of scandium-47, 

copper-67, gallium-72, yttrium-90, tin-117m, iodine-125, iodine-131, samarium-153, 

gadolinium-159, dysprosium-165, holmium-166, ytterbium-175, lutetium-177, rhenium-

186, rhenium-188, astatine-211, and bismuth-212. 

11. A radiotherapeutic agent comprising the composition of claim 6, wherein the 

peptide is radiolabeled with a radioisotope selected from the group consisting of scandium-

47, copper-67, gallium-72, yttrium-90, tin-117m, iodine-125, iodine-131, samarium-153, 

gadolinium-159, dysprosium-165, holmium-166, ytterbium-175, lutetium-177, rhenium-

186, rhenium-188, astatine-211, and bismuth-212. 

12. Use of the peptide of any of claims 1 or 2 for preparing a medicament for 

treatment of a somatostatin-related disease. 

13. A scintigraphic imaging agent comprising the peptide of any of claims 1 or 2 

radiolabeled with iodine-123 or iodine-125. 

14. A scintigraphic imaging agent comprising the reagent of any of claims 3 

through 5 radiolabeled with a radioisotope selected from the group consisting of gallium-68, 

technetium-99m, indium-111, and iodine-123. 

15. A scintigraphic imaging agent comprising the composition of any of claims 6 

through 8 and a radioisotope selected from the group consisting of gallium-68, technetium-

99m, indium-111, and iodine-123. 

16. The agent of claim 15, wherein the radioisotope is technetium-99m. 
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17. Use of the agent of any of claims 13 through i6 tp prepare a medicament for 

imaging a site within a mammalian body. 

18. A pharmaceutical composition comprising the peptide of any of claims 1 or 2 

and a pharmaceutically acceptable carrier. 

19. A pharmaceutical composition comprising the reagent of any of claims 3 

through 5 and a pharmaceutically acceptable carrier. 

20. The composition of any of claims 6 through 8, further comprising a 

pharmaceutically acceptable carrier. 

21. A kit for preparing a radiopharmaceutical preparation, said kit comprisi~g a 

sealed vial containing a predetermined quantity of the composition of any of claims 19 or 

20. 

22. A kit for preparing a radiopharmaceutical preparation, said kit comprising a 

sealed vial containing a predetermined quantity of the composition of claim 20 and a 

sufficient amount of a reducing agent to label the composition with technetium-99m, 

rhenium-186, or rhenium-188. 

23. A method for labeling a reagent according to any of claims 3 through 5 

comprising reacting the reagent with technetium-99m, rhenium-186, or rhenium-188 in the 

presence of a reducing agent. 

24. A composition comprising a complex formed by reacting the reagent of any 

of claims 3 through 5 with a non-radioactive metal. 

25. The complex of claim 24, wherein the non-radioactive metal is rhenium. 
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26. A composition comprising a complex formed by reacting the radiotherapeutic 

agent of any of claims 15 through 17 with a non-radioactive metal. 

27. A composition comprising a complex formed by reacting the scintigraphic 

imaging agent of any of claims 9 through 11 with a non-radioactive metal. 


