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PEPI'IDES 

BACKGROUNQ OF THB JNYENTION 

1. Field o( the Jayentlon 

This invention relates to therapeutic agents and. peptides, radiothecapeuti.c 

agems and peptides, and radiodiagnosdc agents and pepddcs. Spccifi~ally. die 

invention relates to cyclic peptide derivatives and analogues of somatosratin, and 

10 embodimcnrs of such peptides labeled with radioisotopes of iodine. 

2. Dtsqlption of the Prim: Art 
Somatostadn ia a tcua<1ccapcpddc t:bat ~ endogenously produced by the 

hypothalamus and pancreas in humans and other mammals. Tho peptide bas Che 

lS formula: 

20 

Formula I 

. : 

(Single letter abbreviations for amino acids can be found in G. Zubay, Blocbemisqy 

(2d ed.). 1988, (MacMillan Publishing: New York), p.33). This peptide exens a 

wide varler;y of biological effects in vivo. It is lcnown. to act physiologically on the 

2S central nervous system,· chc hypolhalamus, the pancRU. and the gastrointestinal 

tract. 

Somatostaeh\ inhibits the. release of lnsulin and glv.cagon froin the pancreas, 

Inhibits growth honnonc release from the hypothalamus, and reduces gastric 

secretions. Thus. somatostatin has clinical and therapeutic applications for the 

30 alleviation or a number of ailments and diseases. both in humans ancl other animals. 

Nadvc somatostatin is of limited utility, however, due to its short half-life in vivo, 

whe~ it is rapidly degraded by peptidases. For dlis reason. somatostatin analogues 

having improved in vivo stability have been developed in the prior art. 

Freidingcr, U.S. Patent No. 4,235,886 disclose cyclic hexapeptidc 

35 somatostadn analogues useful in the treatment of a number of diseases in humans. 

CoyandMurphy. U.S. Patent No. 4.48S,101disclosesynthcticdodecapcptidc 
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somatostatin analogues. 

Freidinger, U.S. Patent No. 4,611,054 disclose cyclic hexapeptide 

somatostatin analogues useful in Ehe treatment of a number of disease$ in humans. 

Nutt, U.S. Patent No. 4,612,366 disclose cyclic hexapeptide somatostatin 

5 analogues useful in the treatment of a number of diseases in humans. 

Coy et i:zl., U.S. Patent No. 4,853,371 disclose synthetic octapeptide 

somatostatin analogues. 

Coy .and Murphy, U.S. Patent No. 4,871,717 disclose synthetic beptapeptide 

somatostatin analogues. 

· 10 Coy et al.. U.S. Patent No. 4,904,642 disclose synthetic octapeptide 

somatostatin analogues. 

Taylor et al •• U.S. Patent No. 5,073,S41 disclose a method of treating small 

cell lung cancer. 

Brady, European Patent Application No. 83111747.8 discloses dicyclic 

15 bcxapeptidc 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 bw:nan diseases. 

Eck and Moreau, European Patent Application No. 90302'760.S disclose 

20 therapeutic octapcptidc somatostatin analogues .. 

Coy and Murphy, International Patent Application Serial No. 

PCT/US90/07074 disclose somatosratin analogues for therapewic usea. 

Schally et al., .European Patent Application Serial No. EPA 91104844S.2 

disclose cyclic peptides for therapeutic use. 

25 Bodgen and Moreau, International Patent Application Serial No . 
.. 

PCT/US92/01027 disclose compositions and methods for treating ptoliferative skin . 

disease. 

Somatostatin exerts it effects by binding to specific receptors expressed at the 

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

30 pancreas, and the gastrointestinal uact. These bigh-affmity somatostatin binding sites 

have been found to be abundantly expres$Cd at the cell surface of most cndocrtne-­

active tumors arising frOm these tissues. Expression of high-affinity binding sites for 
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somatostatin is a marker for these tumor cells, and specific binding with somatostatin 

can be exploited to locate and identify tumor cells in vivo. 

Method$ for radiolabeling somatostatin anafogues that have been modified so 

as to contain a tyrosine ~o acid (Tyr or Y) are known in rhe prior art. 

S Albert er al., UK Patent Application 8927255.3 d~lose radioimaging using 

somatostatin derivatives such as octreotide labeled with 1zi1. 

Bakker et al., 1990, J. Nucl. Med. Jl.: 1501~1509 desi;:rlbe radioactive 

iodination of a somatostatin analog and its usefUlness ln deteeting tumors in vivo. 

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

10 radiolabcled somatostatin for radioimaging in vivo. 

Bomanji et al., 1992, J. Nucl. Med. ll: 1121-1124 describe the use of 

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

The use of chelating agents !Or radiolabeling proteins are known in the prior . 

art, and methods for labeling peptides with Tc-99m are ~losed in co-pending U.S. 

15 Patent Applications Serial Nos. 07/902,935, 08/092,355, and 081095,160, and PCT 

International Applications PCT /US93/06029, which are hereby incotpOrated by 

reference. 

Many of tb.e somatostatin re<:cptor-binding peptides known in the prior art 

have been found to have poor bioavailability when tested for use as therapeutic 

20 agents, and poor biodistribution when tested for use as diagnostic agents9 due to their 

high lipopbilicity and eonsequently rapid uptake by the liver. Accordingly• there 

remains a need in the an for synthetic somatostatin receptor-binding compounds that 

have high In vivo stability and yet are sufficiently hydrophilic that they do not 

undergo rapid hepatic clearance from the systemic clreulation upon administration. 

2S The small synthetic peptides of the present invention fulfill this need in the art. 

SJJMMABY OF THE 'INVENTION 
The present invention provides somatostatin analogues that are cyclic peptides 

for therapeutic !lt>Plications. including radiotherapeutic applicad.ons, and diagnostic 

30 applications, including radiodiagnostic applications, 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 
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djsulfide bonrl. The Invention also provides cyclic: peptide reagents comprised of the 

cyclic peptide 8omatostatia analogues of the invention; wherein SQCh peptides are 

covalently linked to a moiety which modifies the pharmacokinetics of the compound. 

The invention also provides radiolabeled cyclic peptides that are scintigraphic 

S imaging agents, radiodiagnostic agents and radiotherapeutic agents. Radiotherapeutic 

agents of the invention comprise cyclic peptide reagents radiolabeled with a cytotoxic 

radioisotope. preferably iodinc-125 or iodine-131. Methods for making and using 

such cyclic peptides, cyclic peptide.reagents and radiolabeled embodiments thereof 

are also provided. 

10 . The invention prov·ides cyclic peptides, each of which is a. somatostatin 

analogue as a composition of matter comprising a somato~tatin".receptor binding 

peptide having the fonnula: 

Formula IJ 
cyclo(A 4-B1B2B'B4-C4) 

IS where Bl is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ah1 or a substituted 

derivative thereof; B2 is n .. or L-Trp or a substituted detivative thereof; B" is D- or 

L-Lys or Hly, Achxa, Amf, Aec. Ape, Aes, Aps or a substituted derivative thereof; 

B4 is 'Ibr, Ser, Val, Phe, Ile. Abu. Nie, Leu. Nva orAib; C4 is an Ira-amino acid 

wherein the sidcchaln is covalently linked to an amino acid or amino acid amide, or 

20 a monc>o or oligosaccharlde comprising from 2 to about 10 saccharidc rcsiduesi or . . 
a polyoxanion, a thiol, an hydroxyl, a sulfonyl or a sulfonamide, or a peptide 

comprising from 2 to about 25 amino acid residues, wherein the carboxyl tenninus 

of the peptide is a carboxylic acid ot amide; and A4 is a lipophilic D-amino acid or 

a lipophilic L-{a-N~allcyl) amino acid or L-prolino or substituted derivatives thereof. 

2S This moiety is a cyclic peptide moiety, where the amino tcmiinus of the A 4 residue 

is covalently linked wlth the carboxyl teaninus of die ct residue. In a preferred 

embodiment, ui is phenylalanine or tyrosine, 82 is D-tryprophan, 83 is lysine and B' 

is threonine or valine. tn a preferred embadimcnt, the C4 sidecbain is covalently 

linked to an amino acid or amide or a peptide comprised of two to ten amino acids. 

30 In certain embodiments of the somatostatin receptor-binding peptides provided 

by the invention, the sidecbain of C4 is covalently linked to an amino acid or amino 

acid amide, or a mono- or oligosaccharidc comprising from 2 tC? about 10 saccharide 
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residues. or a polyo11:anion. a duol, an hydroxyl. a sulfonyl or a sulfonamide. or a 

peptide comprising from 2 to about 2~ amino acid residues, wherein the carboxyl 

terminus of the peptide is a carboxylic acid or amide, said covalent linkage via a 

bivalent linking group selected from the group consisting of a sulfur atom, an oxygen 

S atom, an amine or substituted amine, or -HNO-, -CR2-CR1-, -cR.1-0-, -CR.i-S-, -
CR.i,-C(O)-, ·C(0)-~-1 -0:-CR2-, -S-C~-. -NRC(O)-.-CR1-SO-, -SO-Clti-. -COO-, 

-NHS01-, -S01-NH-. -SC(O)-, -C(O)S-, -C • C-, -CR=CR-, and-C(O)NR.-, wherein 

each R is independently Hor lower alkyl, and two geminal R. groups may be taken 

together as a lower alkylidene. 1n a preferred embodiment, B1 is phenylalanine or 

10 tyrosine, B2 is D-teyplophaJi, B3 is lysine and B4 is threonine or valine. 

In other embodiments of the somatostatin receptor-binding peptides provided 

by the invention, the sidechain of C4 is covalently linked to an amino acid or amino 

acid amide, or a peptide comprising from 2 to about 2S amino acid residues, wherein 

the carboxyl terminus of the peptide is a carboxylic acid or an amide, said covalent 

15 linkage via a thioether group. In a preferred embodiment, B1 is phen1lalanine or 

tyrosine, B2 is D..:tryptophan, B3 is lysine and B4 is threonine or valine. 

In fUnher embodiments of the cyclic somatostatin receptOt-binding peptides 

provided by the invention. the sidechain of C' is -(CHJ.SR1
• where n la an integer 

from 1-4 and R1 is H, lower alkyl, substitut~ alkyl, hydroxyalkyl, or alkoxyalkyl. 

20 In a preferred embodiment, R1 is -CffiCOR.2, whe.re R1 is an amino acid or amino 

acid amide or a peptide comprising from 2 to about 2S amino acid res"iducs. wherein 

the carboxyl terminus of the peptide ls a: carboxylic acid or an amide. In another 

preferred. embodiment, B1 is phenylalanine or tyrosine, B2 is D-tryptopban, B, is· 

lysine and B4 is threonine or valine. 

25 

30 

Somatostatin receptor-binding agents comprising multh:necs of the cyclic 

somatostatin receptor-binding peptides of the inventicn are also provided. Thus, the 

invention provides a composition . of matter comprising a somatostatin receptor­

binding peptide having the formula: 

fonnula m 
(cyclo(A 4-B1B2B3il4-C4))m 

where m Is an integer from 2 to 6i 81 is D- or L-Phe or D· or L-Tyr or D- or L-Nal 
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.. 

or Ain or a substituted derivative lhereof; B2 is D- or L-Trp or a substituted 

derivative thereof; B3 is D- or L-Lys or Hly, Achxa, Amf, Ace, Ape, Aes, Aps or 

a substituted derivative thereof; D4 is Thr, Ser, Val, Phe, Ile, Abu, Nle, Leu, Nva 

or Alb; ~ is an !.-a-amino acid wherein the sidecbain is -(CH2) 0SR2, where n is an 

s intege:r from 1-4 and R.2 is a bond covalently linking two somatostatin receptor 

binding peptides, or wherein R1 is a polyvalent linking. moiety that ls covalently 

linked to from 2 to about 6 of the somatostatin receptor-binding peptides to form a 

muitimeric polyvalent somatostatin receptor binding agent; and A4 ls a lipophilic D­

amino acid or a lipophilic L-(a-N-l!Jkyl) amino acid or L-proline or substituted 

10 derivatives thereof. In a preferred embodiment, B' is pbCnylalanine or tyrosine, B2 

is D-tryptopban, B:. is lysine and B4 is lhl'eonine or valine • 

lS 

. The invention also provides pharmaceutical compositions compdsing the 

somatostatin receptor-binding peptides of ~e 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 amoum of the 

somato1Jtatin analogues of che invention to the animal. In prefetted embodhnents. 

20 the amount of the somatostatin analogue administered is from about O.l to about SO 

mg/kg body weight/day. 

Another aspect of the preseDl invention provides reagents for preparing 

radiothmpeutic and radiodiagnostic radiopbarmal:euticals, including preferably 

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

25 somatostatin analogue covalently linked ·to a radiolabel-binding moiety. 

Loss ·of biological activity can 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 sornatostatin 

or somatostatin analogues comprising a disulfide bond because lhcy do not comprise 

30 such an unstable disulfide bond and hence are intrinsically more Stable and resistant 

to chemical o.iddation. 

It is an advantage of the somatostatin analogues provided by this invention 
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that the cyclic covalent linkage acts to prorect the peptide from degradation by 

exopeptidases. Further, the cyclic s~cture confers a degree of confonnational 

rigidity to the peptide that can act to enhance binding of the peptide to its biological 

target (i.e., the somatostatin receptor). 

Many of the somatostatin receptor-binding peptides known heretofore have 

been . found to have poor bio-availability . as therapeutic agents and poor 

biodistribution as diagnostic agents due to unsuitable phannacokinetics, such as too 

rapid uptake by the liver in vfro. It is another advantage of the somatostatin 

receptor-binding peptides of the present invention that their high ln vivo stability ls 

10 combi~ed with phannacoldnetics better suited to use as phannaceuticals. 

lS 

20 

· The cyclic peptides of the invention may also be comprised of a polyvalent 

linking moiety. Polyvalcnt linking moieties of the invention are comprised of at least 

2 identical linker functional groups capable of covalently bonding to somatostatin 

analogue oyclic peptides or radiolabel-binding moieties or both. Preferred linker 
functional groups are primuy or secondaxy amines, hydroxyl groups, catboxylic acid 

gtou.ps or thiol-reactive groups. In prefem:d embodiments, the polyvalcnt linking 

moieties arc comprised of bis-succinimidyhnethylethcr (BSMB), 4-(2,'2-

dime'_thylacetyl)benzoic acid (DMBA), . N-C2-(N'.N'-bb(2-

succinimidoethyl)aminoethyl))-N' ,N9-bis(2-nicthyl-2-mercap~o-prop~l)~6, 9-. 

diazanonanamide (BAT-BS), tris(succinimidylethyl)unine (TSEA), bis­

succinknidohexane (BSH), 4-(0-CH2CO-Oly-Gly-cys.amide)-2-methylpropiopheIV,lne 

(ETAC), tri.r(acetamidoethyl)amine, bis-acetamidomethyl ether, bl.s-acetamidoethyl 

ether, a,e-bl.r-acetyllysine, lysine aod 1,8-bis-a~tamido-3,6-dioxa.-occane. or 

derivatives thereof. 

25 Specific preferred embodiments of the present invention will become evidc:nt 

from the following more detailed description or certain preferred embodiments and 

the claims. 

DEIAILED DE8CRIPTION OF TllE INVENTION 
30 The present invention provicles cyclic peptides that are somatostatin analogues 

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

possess increased in vivo stability compared with native somatostatin or somatostatin 
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analogues that comprise a disulfide bond. These cyclic peptides are themselves 

therapeutic ag~nts for alleviating diseases and other ailments ln animals Including 

humans. 

Also provided by the invention are cyclic peptides that may be radioiodinated 

S or radioastatlnated and which are thereby useful in radiotherapeutic and 

radiodiagnostic applicatio~. 

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-

10 related retinopathy t ciirhosis of the liver and hepatitis infection, bleeding ulcers and 

· other gastrointestinal bleeding, pancreatitis, central nervous system disorders, 

endocrine disorders, Alzheimer's disease, acromegaly and other diseases and 

disorders related to the production of inappropriate levels of growth honnon.c tn vivot 

and r:ancer, particularly those cancers whose growth is dependent or influenced by 

15 growth hormone or somatostatin production. ·Dosages of the somarostatin analogues 

provided by the invention may be the same as those dosages of native somatostatin 

routinely used for trcallncmt of the above or other diseases. or less of the compounds 

of the invention may be administered duo to their longer in vivo half-life. 

Each somatostatin receptor-binding cyclic peptide-containing embodiment of 

20 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 receptor-binding 

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

illustrative examples of the peptide embodiments of the invention: 
25 

cyclo.f'bHJi,lF.YWJ..Y.Hcv 
cyclo.<N-cJLlF.YWnf<Y.Hcy,(cH.co.K(e-K)GC.amide) 
cyclo.CN-CfL>F.XWoKV.Hk)'(cH,co.CAcmGCAc111·amide) 
eyclo.<N-C!J3)F.XW~V .Hcy(cH,CO .CGC.amidc) 

30 eyclo.CN-CJ:LlF.YWJ(V .H~y(c1<,co.CGC) 
eyclo.CN-CB;)F.YW0 KV.Hcy(cH,ca.(e-K)GC.amide) 
cyclo.CN-CHJF.YW0 KV .Hcy(cH,co.GGC.amide) 
cyclo<N-CH3lFYWnKV .Hcy(cH,co.CGCE.amide) 
cyclo.<N-CJ{,)FX\YbK V .Hc,I(ca,co.KKKKK(e-K)GC.amide) 

3S cyclo.<N-CH3lFXW0KV.Hcy(cH.co.GGCK.amlde) 
cyclo.<N-Cij3lFXWoKV.Hca(cH,CO,(e-K)GCK.amidc) 
cyclo. CN-CJLlfll{0KV.HQ'.(c11,co.GGCR.amide) 
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cyclo. CN-CH,lFYWoKVHcy(ctt,c:o. GGCR.amide) 
cyclo. (N-CfL}FYW cJ<V. Hcy(cl!,c:o.(E·K.)KC.amide) 
cyclo.CN-CH3>FYWJ<V.Hcy(c:x,1.:o.GGCKK.amide) 
cyclo.CN-CH\>FYWpl<Y.Hcy(c11.r:o.GGC.Om.amide) 

S cyclo.<N-CHl)FYWoJ<,V.Hcy{c11,co.GGC.Orn.DOrn .. amide} 
cyclo.CN-CH3lfnYnKV.Hcy(c11,co.K(e-K)KCK.~) 
cyclo. CN-CH3lFYW ttKY.Hcy(cH,co.(e-K)GCKK.ami~) 
cyclo. CN-CH,>FYWoKY.Hcy(cH,coKKC.amide) 
cyclo, (N-CH1lFYW ol(.V.Hcy(cH.coKKCK.amide) 

10 cyclo. CN-CH,>FYWnKY.Hcy(cn,coGGCKKK.am.ide) 
cyclo.(N-CH;')F'YWoKV .HcycH,co. GGCRR.a.mide 
cyclo.(N-CH3)FYW Df{V .Hcy.cH,co. GGCRK.amide 
cyclo.<N-CH,lFYWo[\V .HcycH,co.GGCRD.amide 
cyclo.(N-CIQFYW oKY.Hcycu,c:o.(E-K)DCK.amide 

lS cycla. CN-CH,)FY'WoKV.HcycH,coGGC. Om.amide 
cyclo.<N-CH1>FtwnKV.lky(cu,i.::.>.GGCKDKD.amide) 
cyclo.!N:Cli3lEY.W..KV.H~cir,cu.GGCKt>.runide 
cyc/o.<N-CHJFXWi:J<Y.Hcyctt,co.GGCKDK.amide 
cyclo. CN-CH,)FY\YnKV .licycu,co. {E-K)GCKKK.amlde 

20 cyclo.CN-CH.lFY\YnKV .Hcy(cH,co. (tJ-Dap}GCK.amidc 
cyclo.CN-CH3lFYWJ(Y.ijcy(c>1,co.{6-0rn)GCK.amide) 
cyclo.{N-CH3lfYWi:J<V.Hcy(cH.co.(E-K)GCRK.amide) 
cyclo. CN-CH3)FYWoKy.Hc.y(cK,co. (E-K)GCR.amide) 
cyclo.<N-CH,)FY\VoKVC 

2S cyclo.<N-CH,>FYWnKT.ffcy 
cyclo.PYWr,KV .Hey 
cyclo.(N-CH~FYW oKY.Hcy(cH,co.('y-Dab)GCK.amide) 
cyclo.<N-CHi)FYWol<V.Hcy{ar.co.GRCK.amlde) 
cyclo.Ui-CH,>EYWnKY.H~(CH,co.KRC.amide) 

30 cyclo.CN-CH,lFY\11oKV.ffc.y(c~co.GKCR..amide) · 
cyc!o.CN-CH,lFY'WrJcy.Hcy(cH1co.RRC.amide) 
cyclo.<N-CJL)FYWtJCV.HcI(c1t,co. GGCE.amide) 
cyclo.CN-CfLlfYWiJCV.Hcy(CH,co.GGC.Apc.amidc) 
cyc/o.CN-CH,lS<BnlXWnKV.Hcv· 

3S cyclo.PYWi)KY.Hcy(ce,co.GGCK.amide) 
cyclo.CN£lLlFWr:J{VC(cH1co.GGCK.amide) 
cyclo.<N-CJLlF.YloKT.H~y(cH,co.GGCK.amide) 
cyclo.<N-CfLlFXWtJ<Y.Hcy(cK.co.RKC.amide) 
cyclo.<N-CH:,lSCBn)YWcJCV.ijcy(cli,co.GGCK.amide) 

40 eyclo. CN-CH:.lfY'&KY.Hcy(c11ico. GKCK.amide) 
cyc/o.{N-CH:JFYWnKV.lJcy(c1-11co.KGCK.amide) 
cyclo.<N-Clt)FYWJ(V .Hcy(c11,co.KGGCK.am.ide) 
cyclo.<N-CHJFY\1loKV.Hcx(cH,CO.KGGC.amide) 
cyclo.(NACHJFYW oKV .Hcy(CH1CO.GGGCK.amide) 

45 cyc/o.(N-CH1lFnY0KY.Hcy(cH,co.RGGC.amide) 
eyclo.CN-CH,>FYWJ(V .Hc,y(cll,co.SSC .amide) 
cyclo.(N-CH,,lFY\Y,,KV .H((l'.(CH,Co.SSCK.amide) 
cyclo.<N-CJtlFYW~V.ffcy(cH,CO.(/j-Dap)KCK.amlde) 
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cyclO.CN-CH3)FYWc$V.Hcy(cn,co.({j-Dap)DCK.amide) . 
cyclo.<N-CH.>FYWrJ<,Y.H~>::(c11,co.(/J-Dap)KCD.amide) 
cyclo.<N--CH,)fYWoKV.lJ&'f(cH,CO.(J3-Dap)KCR.amidc) 
cyclo.CN-CH.>FVWoKV.HQI(ct1,c:o.(/J-Dap)GCR.amidc) 

S cyclo.CN-CH,lFVWoKY.Hcv(cg,co.(fJ-Dap)R.CK.amide) 
cyclo.CN-Cff,) FYWnKV .Hcy(GK(-Cff.CO.)C .amide) 
cyclo.<N-CH,>FYW DKV .Hcy(cH,ca. GGCR.acid) 
cyclo. <N--CJJ.lFYWoKV .Hcy(cu,c:o. GRC .amide) 
cyclo.{N-CH3lPYWoKY.Hcy(cK,co.GGCK.acid) 

10 cyclo. CN-CH3)FYW .J(V .Hcy(c:H,co. GKC.acid) 
cyc/o.<N-CH,)FYWiJ(V.Hcy(c:H,co.GRC.acid) 
cyclo.(N-<;_fu)FXWr,KY.jJ~w(CH,CO.KKC.acid) 
cyclo.(fl-CH.>F¥W~.HcV(c11,co.CG.Dap.Dap.amide) 
cyclo.<N-CH,)fYWJ(Y.H!tY(ca,co.(o-Orn)GCR.amide) 

15 cyclo.<N-CH,)FY\V0KY.Hcy(ca,co.GNCR.amidc) 
cyclo.(N-CR.)FVWoKY. Hcy(ett,co.(a-Orn)GCN.amidc) 
cyc/o.(N-CJ.L)FYWoK,V .Hc.y(cH,co. GGC.Dap.amide) 
cyclo.CHvo.XW0 KY.Hcy} 
cyclo.<Hyp.YWJ<.V .ffi;y\(cKaCQ .GGCK.amidc) 

20 cyc/o.CN-CH3}FYWol(V .Hcy(cH,co.( "(-Dab)KCK.amide) 
eyclo.<N-C'fL,)FYW J,V .Hcy(cu,co.(')'-Dab)KCR.amide) 
cyclo. CN-CHJFXWnKV .Hcy(ca,co.(6-0m)KCK.amide) 
cyclo.CN-Clis)F.VWoKY.&I<cH,CO.K.amide) 
cyclo.CN-CH,>F.fWoKY;Hcy(c11,corm.) 

2S cyclo.<N-CU,>F. VWnKY,Hcy(CH,caoH) 
cyclo.CN-CH,>F.YWrJ{Y.Hcy(CH,co .. (e-K)GC.amide) 
cydo.CN-CHJF.Y\VoKY.H'!Y(e11,co.(e-K)KCYRALVDTLKFVTQAEGAK.amide) 
cyclo.CN-cJ{,}F.YWJCY.&Y(CH.co.(e-K)GCRALVDTLKFVTQABOAK.amide) 
cyc/o.CN-CH,lF.Y\VoKV.Hcy(CH,CO.(E-K)KCKRALVDTLKFVTQABGAK.amide) 

30 cyclo.CN-CH,>F.¥WrJ<Y.JJcy(c11,co.(E-K)GCYRAL VDTLKFVTQA1i9AK.amide) 
cyclo.<N-CH,>F.VWOKV.Hcy(ctr,co.(e-K)YRALVDTLKFVTQAEGAK.ami~). 

As used hercint the following amino acids and amino acid analogues are 

intended to be represented by the following abbreviations: Ac. is an acecy-1 group; 

ma is mercaptoacetic acid group; Aca is 6-aminQCaproic acid; Hey is holµocysteine; 

35 Hyp is hydroxyprolinc; Hhc is homohomocysteinc (3-mercaptopropylglycine); Pen 

is penic.illaminc; Mob is the sulfhydryl protecting group 4~methoxybenzyl; Acm is 

the sultbydryl protecting group acct.amidomethyl~ Aib is aminois~butyric acid; Nat 

is 2-naphthylalanine; Ain is 2·aminoindan-2-carboxylic acid; Hly. is homolysine; 

Achxa .ls 4-amino-cyclohexylalaninci Amf is 4-aminomethyl-phenylalanine: Aec is 

40 S-(2-am.inoethyl)cysteine; Ape is S~(3-aminopropyl) cysteine: Aes is 0-(2-

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

is nocvalinci FD is o-phcnylalan.inc; W0 ill o-t.Iyptophan; Y 0 ls D-tyroslne; Cpa is L-(4-

- 10 -
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· chlorophenyl) alanine; Thp is 4-amino-tetrahydrothiopyran-4-carboxylic acid; n-Nal 

is .o-2-naphthylalan.irie; Opg is dipropylglycine; and Nie is norleucine. All naturally· 

occurring amino acids are abbre'r'iarcd using standard abbreviations (which can be 

found in G. Zubay, Biochemistry (2d. ed.), 1988 (MacMillen Publishing: New York) 

s p.33). 

For the purposes of this invention, the naturally-occurring amino acids are 

characterized as !ipophilic (alanine. isoleucine. leucine. methionine, phenylalanine, 

tyrosine, proline, tryptophan a11d valine, as well as S-alkylated derivatives of 

cysteine), hydrophmc (asparagine, glutamine, threonine, serine), ~ (glutamic 

10 acid and aspartic acid), mime (arginine, histidine and lysihe). T(CH,Oa) represents a 

threoninoJ residue, wherein the carbo~yl group of the amino acid is reduced to a 

primary alcohol, incorporated into the peptide using the procedure of Neugebauer et 

at. (1990, Peptides; 'Proccedines of tb.9 11th All1crlcan Pe,mide Symposium, pp. 

l020-21). E-K is intended to represent a c:ovalent linkage via the e-amino group on 

15 the sidechain of a lysine residue. O..Om represents an omithinc residue in which the 

8-amino group, rather l:han 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 ')'-amino group is eovalently linked 

to the carboxyl group of the adjacent amino acid to form a peptide bond. /3-Dap 

20 represents a 1,3-diaminopropionic acid residue in which the P-amlno group is 

covalently linked to the carboxyl group of the adjacent amino acid to form a peptide 

bond. (BMME) is b/s-maleimidome.chylether: {BSME) isbls-succinimidomethylcther; 

and (DTPA) is diethylenetriaminepentaacetic acid. Hcy(alkyl group) is 

homocysteinc, S.alkylated with the group in parenthesis. S(Bn) is a serine residue 

25 wherein the sidechain hydroxyl oxygen comprises an ether linkage with a bemyl 

group. 

The convention used herein of representing by underlining a covalent bond 

between atoms and groups of atoms, such as the amino terminus and carboxyl 

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

30 of covalent bonding between the sidechain sulfur atom of a cysteine residue or 

derivative thereof and an amino terminal acyl group or other residue wl11 also. be 

understood ·by those with skill in the an. The use of rhe term "eyclo" herein is 
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intended to indicate that the peptide is cyclized · by formation of a covalent bond 

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

and ~e carboxyl terminus of the peptide. 

For the pWposes of this invention the term "poly(N-carboxyallcyl)amlne" in 

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

iminndiaceti.c acid. ethylenediaminetetrlU\cetic acid (EDTA) ~ud 

10 

· diethylenetriaminepentaacetic acid (DTPA). 

For the plirposes of this invention the term "polyoxyanion• is intended to 

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

Somatostatin analogue peptides of the present invention can be chemically 

synthesized in vitro. Peptides of the present invention can gcncmlly advantageously 

be prepared· on a peptide synthesizer. The peptides of chis invention can be 

synthesized wherein the radiolabel-binding moiety is covalently linked to the pqltide 

during chemical synthesis in vitro, using techniques well known to those with skill 

15 in the art. Such peptides covalently-linked to tho radiolabel-binding moiety ~uring 

synthesis arc advantageous because specific sites of covalent linkage can be 

determined. 

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

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

20 tumors, in particular gastrointestiDal tumors, myelomas, small cell lung carcinoma 

and other APUDomas, endocrine tumors such as medutlary thyroid carcinomas and 

pituitary twn~rs. brain rumorS such as meningiomas and astrocytoDlQ, and tumors 

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

this invention. the radiolabcled peptide reagents are administered in a single unit 

25 injectable dose. The radiolabeled peptide reagenm provided by the invention may be 

administered intravenously in any conventional medium !or 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 injec:ted at unit dosage is from about 

30 0.01 mL to about 10 mL. After intravenous adminisrration, imaging in vivo can take 

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

in hOurs or even longer. after the radiolabeled. peptide is injected into a patient. In 
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most instances, a sufficient amount of the administered dose will accumulate in the 

area to be imaged within about 0.1 of an hour to permit the taking of scintiphotos. 

Any conventional method of scintigraphi.c imaging for diagnostic purposes can be 

utilized in accordance with this invention. 

The radiolabeled embodiments of the invention also have uciJity as surgical 

guides for identifying somatosta.tin receptor·expressing tumor tissue during surgery. 

For such use in radioisotope guided. surgery, malignant tissue otherwise invisible to 

the surgeon can be recognized and excised during otherwise conventional surgery. 

The somatostatin receptor-binding cyclic peptides of the invention may also 

10 be used clinically as therapeutic agents to promote regression of certa.Jn, types of. 

tumors, particularly those that express somatostatin receptors. The somatosta.tin 

analogue cyclic peptides of the invention can also be used to reduce the hormonal 

hypersecretion that often accompanies certain cancers, such _as the APtJDomas. 

Peptides of the invention used as therapeutic agents may be administered by a.ny 

lS appropriate route, including intravenous, subcutaneous. 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 rad~olabetcd witheytotoxic tadioisotopes 

of iodine such as iodine-125 and iodine 131 dlat may be used for tadiotbetapy of 

20 ccnain tumors as described above. For this purpose. an amount of radioactive 

isotope from about lOmCi to about 200mCi may be administered \lia any suitable 

clinical route, preferably by intravenous injection. 

30 

The methods for making and labeling these compounds are more fully 

illustrated In the following Examples. These Examples illustrate certain aspects of 

me above-described merhod and advantageous results, and are shown by way of 

illustration and not limitation. 

EXAl\tlPLE 1 

Solid Phase Peptide Synthesis 

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

(nunole) scale using an Applied Biosystems Model 43 lA ·Peptide Synmcsizer and 

using 9-fluorenylrnethyloxycarbonyl (Fmoc) amino-tcnninus protection, coupling with 

- 13 -
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dicyclohexylcarbodiimide/hydroxybenzotriazoleor2-(1 H ·benzotriazol-1-yl)-1.1.3 ,3· 

tetramethyluronium hexafluorophosphate/ · hydroxybenzotriazole {HBTUIHOB'I), 

and using p-hydro~ymethyl henoxymeEhyI-polystyrene {HMP) resin or Sasrin ... resin 

for carboxyl-tcnninus acids or Rink amide resin for carboxyl-t.enninus amides·. 

Where appropriate, the following amino acid derivatives were synthesized. 

Homocysteine was prepared by alkaline hydrolysis of L-homocystcine lactone, or by 

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

residues. wherein the carbox.yl group of the· amino acid is reduced to a primary 

alcohol, can be introduced into the peptides of the invention where appropriate using 

10 the procedure of Neugebauer et al. (1990, Peptic(es; Proceedings of the 11d! 

American Pwtide Symoosium, pp. 1020-21). Fmoc.Hcy(Tn) and Fmoc.Pen(frt) 

were prepared from the appropriate amino acids by trltylation with triphenylmethanol 

in TFA, followed by Fmocderiviti.zation as described by Atherton et al. (1989. ~ 

. Phase Peptide Synthesis. IRL Press: Ox.ford). Fmoc.hom.ohomocystci.nc(Trt) was 
lS prepared by redw::ing N.N-bi.s-Boc-glucamic acid-a-methyl ester with borane·THF, 

followed by mesylation and reaction with crityl-mercaptide, followed by removal of 

tho Boe groups with BF30E~ in acetic acid, and then Fmoc derlvitization as 

described above. phenyl-CH1CHBtCOOH was prepared by treating phenylalanine 

(in a solution of water and TF Al saturated with NaBr) with sodium nitrite~ followed 

by distillation to recover the pure product. 

Where appropriate, 2-chloroacetyl, 2-bromoacctyl 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-tcnllinu$ free amine:> 

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

2S hydroxysuccinimide/NMP or 2-halo acid anhydride/ diisopropylethylamine/NMP. 

Where appropriate, thiol-containing peptides were reacted with chloroacetyl­

containing. thioJ .. protccted Tc-99m complexing moieties at pH 10 for 0.S-4 hours at 

room temperamre. followed by acetic acid acidification and evaporation of the 

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

30 . purification were routinely perfonned as described to yield the chelator-peptide 

conjugate. 

Where appropriate, BSME adducts were prepared by reacting single thiol· 

- 14 -

This Sheet Has Been Replaced 

11111111 IHlll 11111111111 



...... 

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

methylmorpholine or N-emyl·morpholine, or SOmM sodium phosphate buffer, pH 

7-8. optionally Containing 0.5mM EDTA or DMF or THF or acetonitrile) witli 0.5 

molar equivalents of DMME (bis-maleimidometbylether) pre-dissolved in acetonitrile 

S at room temperature for approximately 1-18 hours. The solution was concentrated 

and the product was ·purified by HPLC. 

Where appropriate, TSEA adducts were prepared by reacting single chiol· 

containing peptide {at cancentratio.os of 10 to 100 mg/mL peptide ill DMF buffered 

to pH 7 with N-methytmorpholine or N-ethylmorphotine. or 5 to SO mglmL peptide 

10 in 50mM sodium phosphate; pH 7-8, optionally containing 0.5mM EDTA ot DMF 

or THF or acetonitrile) with 0.33 molar equivalents of TMBA (trls(2-

malclmidoethyl)amine) pre-dissolved in acetonitrile or DMF. with or without 1 molar 

eq_uivalent of triethanolamine, at room temperature for approximately l-l8h. Su~h 

reaction mixtures containing adducts were concentrated and the adducss were then 

15 purified using HPLC. 

Whete appropriate, the (DTP A) moiety can be introduced using the method 

of Bakker et al. (1991, Life Sci. 49: 1583-1591, hereby lru;orporated by reference). 

Where appropriate, peptide precursors were. cyclized {bCtween the amino- and 

carboxyHermini) by reaction of the sidechain-protected, N-ierminal free amine and 

20 C-terminal free acid with diphenylphospho.cy[azide. 

Sasrinni resin-bound peptides were cleaved using a solution of 1 % TFA in 

dicbloromethanc to yield the protected peptide. Where appropriate, prot~ted peptide 

precursors were cyclized between the amino- and cari>oxyl-termini by reaction of 

sidecbain-protectcd, amino-terminal free amine and carboxyl-tenninal free acid using 

25 clipbenylphosphoxylazide. 

HMP or Rink ~ide resin-bound products were routinely cleaved and 

protected cyclized peptides depl'.otectCd using a solution comprised of trifiuoroacetic 

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

thioanisole, elhancdidtlol, and triethylsilane or triisopropylsi~ne in ratios of 100 : 

30 S: S: 2.S: 2, for O.S - 3 hours at room temperature. Where appropriate, products 

were re-S-tritylated in triphenolmethanol/ TFA, and N-Boc groups re-introduced into 

the peptide using (Boc)10. 

- 15 -
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Resin-bound products were routinely cleaved using a solution of 

trifluoroacetic acid or trlfluoroacetic acid and methylene chloride. optionally 

containing water, thioanisole, ethanedilhiol, and triethylsilane, prepared in ratios of 

100 : 5 : 5 : 2.S : 2 for 0 . .5 - 3 h at room temperature. Ctudc peptides were. 

5 . purified by preparative high pres~ure liquid chromatography CHPLC) using a Waters 

Delta Pak C18 column and gradient elution using 0.13 trifluoroacetic acid (TFA) 

in water modified with acetoniuiie. Acetonitrile was evaporated from the eluted 

fractions which were then lyophilized. The identity of each product was confm:ned 

by fast atom bombardment mass spectroscopy (FABMS) or by electrospray mass 
10 spectroscopy (ESMS). 

lS 

20 

25 

30 
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Somatostatin analogues synthesized as provided herein, as well as ~ 

products of such synthesis identified by FABMS, are shown in Table I below. 

TABLE I 

Peptide 

cyclo.CYWt,K'YC 

cyclo.CN-CHJF.YWoKY.Hcy(ar.co.CGC.amide) 

cyclo. (N-CfLlF.YWcJCV .Hcy(cw,co.CGC) 

cyclo.CN-CH,lF.YWrJ<V.Hcy(cH,co.(E-K)GC.amide) 

cyclo.(N-CH,>F.YW_J,<V.Hc)'.(cH.co.GGC.amide) 

cyclo.<N-Clb)ffWJSJFCCAc111GCAcm·amide) 

cyclo.<N-ClLlFYWJ<V .H~(cu,co.GGCK.amide) 

MH+ 
FABMS 
783 . 

1176 

1.177 

1201 

1129 

. 1609 

1258 
cyclo.CN-CHJFYYlnKY.Hcy:(cu,co.(e-K)GCK.amidc) 1329 

cyclo.CN-CH3lEVWnKY.&y(ctr,co.GGCR.amidc) 

cyclo.<tt-CHiJFY\YoKV .Hc,x(cH,CO, (e-K)KC.amide) 

cyclo.(N-CfblfYWnKY.Hcy(c11,co.GGC.Oro.amide) 

128S 

1472 

1244 
cyclo.(N-CJL)FYWrJCV.Hcy(cH.co~CP-Dap)KC.amide) 1358 

cyclo.CN-CH;>F~.XV.Hsc;t(c11,co.KKKKK(e-K)GC.amidc) 1841 

Single-letter abbreviations for amino acids can be found in G. Zubay, Biochemimy 
(2d. ed.). 1988 (MacMillcn Publishing: New York) p.33; Ac = acctyl~ Acm = 
a.cctamldomethyl; ma = mercaptoacctic acid; Mob = 4-methoxybenzyl~ Aca = 6-

aminocaproic acid; Hyp = hydroxyproline; Hly = homolysine; Ape = L-(Sa(3-
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aminopropyl)cysteine; F0 = D-phenylalanine; W n= ~tryptophan; YD == o-tyrosine; 
Cpa = i.-(4-chlorophenyl)alanine; Thp = 4-amhlcHetrahydrothiopyran-4-carboxylic 
acid; u-Nal = o-2-naphthylalanine; Dpg = dipropylglycine; Nle = norleucine; Hey 
= homocysteine; Hhc = homohomocysteine; Pen = penlcillami.ne; Aib . = 

S aminoisobutyric acid; Nal = 2-naphthylalanine: D-Nal = D-2-naphthyl~; Ain 
= 2-aminoindan-2-carboxylic acid; Achxa =· 4-amino-cyclohcxylalanine: Amf = 4-
aminomethyl-phenylalanine; Acc. = S-(2-aminoethyl)cysteinc; Ape == S.-(3-

aminopropyl)cysteine; Aes = 0-(2-aminoethyl)serine; Aps = 0-(3-
aminopropyl)serirte; Abu = 2-aminobutyric acid; Nva = norvaline; T(CH,oH) == 

10 threoninol (on which the carboxylic acid moiety bas been reduced to a primary 
alcohol); £-K = a lysine residue in a peptide in which the peptide bond involves· the 
e-amino group on the lysine sidecbain rather than tho a-amino group; 8-0nl = an 

ornithioe residue in which the cS-amino group. rather than the typical a-ainino group. 
is covalently linked to the carboxyl group of the adjacent amino acid to fonn a 

1' peptide bond; -y-Dab = a 2,4-diaminobutyric acid residue in which the -y-amino 
group is covalently linked to the carbo:cyl group of the adjacent amino acid to form 
a peptide bond; ,B-Dap = a 1.3-diaminopropionic acid residue in which the 6-amino 
group is covalenUy linked to the carboxyl group of the adjacent amino acid to form 
a peptide· bond; (BMME) = b.is-maleimidomethylether; (BSME) = bis-

20 succinimidomethylether; (OTPA) = diethylenettiaminepentaacetic acid. 

2S 

EXA1\1PLE2 

Inhibition of Binding of {wl·Tyr1)somatosta.tin-14 
to AR42l Rat Pancreatic Tumor Cell Membranes 

The ability of various somatostatin analogues of the invention to bind to 

somatostatin receptors in vitro was demonstrated b~ assaying the ability of such 

analogues to inluoit binding of a radiolabeled somatostatin analogue to somacostatin 

receptor-containing cell membranes. The rat pancreatic tum.or cell line AR42J which 

expresses the somatostatin receptor was cultured in Dulbecco's minimal essential 

30 media (DMEM) supplemented with 10% fetal bovine serum (FBS) arid 8mM 
glutaminc in a humidified 5% C02 atmo.,.phere Rt ~7°C in T-flasb. Huvested cells 

were homogenized in cold SOmM Tris-HCI 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 l OnlM Tris-HCl (pH 7.4). Equal aliquots 

35 of chis cell ~embrane preparation were incubated with (125I-Tyr11)somatostatin-14 (.at 

a final concentration of O.SnM and 750,000cpm/mL, at a specific activity of 

2000Ci/mmol, Amersham. Arlington Heights, IL) and peptide at a final 
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concentration of from io·uM to lO"°f..·t in a solution of 50mM HEPES (pH 7 .4) 

containing l % bovine serum albunti..n (BSA), 5ml'>tf MgCl2, Trasylol (200,000 

International Units), bacitracin {0.02mg/mL) and phenylmethylsulfonylfluodde 

(0.02mg/mL) for 25min at 30"C. Using a filtration manifold. this mixture was 

f'lltcred through a poJyethylencimine-washed GC/F filter (Wbatman. Maidstone, 

England), and the residue remaining on the filter washed thrice. with SmL .cold 

HEPES buffer. The filter and a sample of the filter washings were then counted in 

a gamma counter. To assess non-specific b~, the assay was pefform.ed in the 

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

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

receptot binding", in Mediods in Neurotransmitter Receptor Analysis, Yamamura et 

al., eds., Raven Press: New York. 1990). 

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

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

lS recepton. 

20 

25 

30 

TABLED 

Peptide 

cyclo.CN·Cli.J>F.YWolCY.Hcy 
cyclo. CN-CfiJ)f .YW,,ICT.Hcv 
cyclo.(N-CH3lF.XWoKY-~(CfliCO.GGCKK.amide) 
cyclo.(N-CH1>F.YJ!!J.Y. Hs:y(CH1CO.GGCR.amldc) 

cyclo.CN-CH:Jf,YwnKV.Hcy(CH1CO.K(e;.K)GC.amide) 

K1 fn~Jl 

< 0.01 
0.26 

0.26 

0.29 

· 0.6S 

eyclo.CN-CH:JF.YWJ{Y.Hcy(CH2CO.CAcmGCAcm.a.mide) 0.79 

cyclo.<N..cH3lF.xwoKY.Hcy(CH2CO.CGC.amide) 1.S 

cyclo.<N·CH3lF.YWJ<Y.Hcy(CH2CO.CGC) . 1.8 

eyclo.CN-CH;lF.YW~V.Hcy(CH2CO.(E-K)GC.amidc) 2.0 

cyclo.CN·Ctb>F.XWoK.V .Hcy(CH2CO.(e-K)KC.amide) . 2.2 

cyclo.!tl:QH.1>F. YW ..J.<V .Hs;y(CH2CO.GGC.amide) 2.4 

cyclo.CN·CH3lF. YW iJ<V .H~(CH2CO.GGCK.amide) 2.S 

cyclo.CN-CH,lF.YW.J<,V.Hcy(CH2C0.(E-K)GCK;amide) 4.2 

cyclo.il:l::ai1> F. yw .J<V .Hty(CH2CO.CGCE.amidc) 8.S 
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EXAM.PLE3 

Localization and In Vi..-o Imaging of Somatostatln Receptol' (SSTR)­
ljxpressinJl Tumors lo Rag 

In vivo imaging of somatostatin receptors expressed by rat tumor cells is 

S performed essentially as described by Balcker et al. (19911 Life Sciences~: 1593-

1601). 

CA20948 rat pancreatic tumor cells, thawed from frozen harvested tumor 

brei, at"C imp1anted intramuscularly in a suspension of O.OS to 0.1 mUanimal, into 

the right hind thigh of 6 week old Lewis rats. The tumors are allowed to grow to 

10 approximately 0.5 to 2g, .ha.fvestcd, and tumor brei was used to implant a second, 
. . 

naive set of Lewis rats. Passaging in this fashion is repeated to generate successive 

generations of tumor-bearing animals. The tumor-bearing animals used for the in 

vivo studies are usually from the third to fifth passage and carried 0.2 to lg tumors. 

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

. lS animals arc given an subcutaneous SSTR-bloclcing dose (4 mg/kg) of octreotide 30 

minutes prior to injection of the radiotracer. (This protocol bas be~ shown by 

Bakker et al. to result in a lowering of m1n-(DTPA~treotide tumor uptake by 

40%.) 

Third~ to fifth-passage CA20948 rumor-bearing Lewis rats are restrained and 

20 injected intravenously via the dorsal tail vein with a. dose of O. IS-0.20 mCi . 

radiolabeled peptide corresponding to 3 to 8 µg peptide in 0.2 to 0.4 mL. 
At ·selected times, the animals are .Sacrificed by cervical dislocation and 

selected necropsy was perfonned. Harvested tissue samples are weighed and counted 

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

2S It should be undetstood that the foregoing disclosure emphasizes certain 

specific embodiments of the invention and that all modifications or alternatives 

equivalent thereto arc within the spirit and scope of the invention as set forth in the 

appended claims. 
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What is claimed is: 

1. A composition of maner comprising a somatostatin receptor-binding 

peptlde having the fo1mula: 

wherein B1 is D- or L-Plte or D- or L-Tyr or D- or L-Nal or Ain ur 
substituted derivatives thereof; 
B2 is D- or L-Trp or substituted derivatives thereof; 
B3 is D- or L-Lys or Hly, Achxa, Amf. Aec, Ape. Aes. Aps or 
substituted derivatives thereof; · 
B4 is Thr, Ser, Val, Phe, Ile, Abu, Nlc, Leu, Nva or Aib; 
C4 is an L-a-ainino acid wherein the sidcchaJn is covalently linked to 
an amino acid or amino acid amide. or a mono-- or oligosaccharide 
comprising from 2 to about 10 saccbaride residues. or a polyox;anion. 
a thiol, an hydroxyl. a sulfonyl or a sulfonamide. ot a peptide 
comprising from 2 to about 25 amino acid residues, wherein the 
carbox.yl tenninus of the peptide is a carboxylic acid or amide; and 
A 4 is a lipophilic D-amino acid or a lipopbllic L-(a.-N-alkyl) ammo 
acid or L-prolllic or substituted derivatives thereof; 

wherein the peptide is a cyclic peptide having an amino temiima and a carboxyl 

terminus that arc covalently linked. 

25 2. A composition of matter according to Claim. 1 wherein the sidechain. 

of C" is covalently linked through a bivalent linking group selected from the group 

consisting of: 

a sulfur atotn, an oxygen atom, an amine or substituted amine, and 

groups having the fonnula 

30 -HNO-. -CR2-CR.i-. -CR1·0-, ·CR2-S·, -CRi·C(O)-, 

-C(O)-CRi-. -O-CR2-, -S-CR1-. -NRC(O)-. -C~·SQ.., -SO-CRi-, 

-COO·, -NHS02-, -SOi-NH-, -SC(O)-, -C(O)S-, -C•C·, 

-CR•CR·. and -C(O)NR-, 

wherein each R is independently H or lower atkyl, and two geminal~R. grolips may 

3S be taken together as a lower alkylidene; to an amino acid or amino ac~d amide. or 

a mono- or oligosaccharide comprising from 2 to about 10 saccharide residues, . or 

a polyoxanion, a thiol, an hydroxyl, a sulfonyl or a sulfonamide, or a peptide 

comprising from 2 to about 2S amino acid residues. wherein the carboxyl t.enninus 

of the peptide is a carboxylic acid or amide. 
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3. A composition of ~atter according to Claim 2 wherein the sidec:hain 

of C4 is covalently linked through a thioether group to an amino acid· or amino acid 

amide, or a peptide comprising from 2 to about 25 amino acid residues. wherein the 

carboxyl terminus of the peptide ls a carboxylic acid or an.amide. 

4. . The somatostatin receptor-binding peptide of Claim. l wherein B1 ls 

phenylalanine or tyrosine, B2 is D-tryptophan. B3 is lysine ·and B4 is threonine or 

Valine. 

· 10 S. A composition of matter comprising a somatostatin r~eptor-

lS 

20 

25 

binding peptide having the fonnuta: 

wherein 

cyclo(A4-B1S:iBlB4-C') 

B1 is D- or L-Phe or 0- ·or L-Tyr or D- or L-Nal or Ain or 
substituted derivati\'CS thereof; . 
B2 is D- or L-Trp or substituted derivatives thereof; 
B3 is D- or L-Lys or Hly, Acme.a. Amf. Aec, Ape, Aes, Aps or 
substituted derivatives thereof; 
B' is Thr, Ser, Val, Phe, Ile, Abu. Nlc, Leu, Nva or Alb; 
A4 is a lipophilic D-amino acid or a lipophllic L-(a-N-alkyl) amino 
acid or L-proline or substituted derivatives thereof; 
C4 is an L-a-amino acid wherein the sidechain is 

-(CHJ.SR1 

where n is an integer from 1-4 and R1 is H, lower alkyl, substituted 
alkyl, hydroxyalkyl, or alkoxyalkyl; 

wherein rhe pepti9e is a cyclic peptide having an amino terminus and a car_box.yl 

30 tenninus that are covalently linked. 

6. . A composition ~ccording to Claim 5 wherein R' is -CH2COR2., where 

R2 is an amino acid or amino acid amide or a peptide comprising from 2 to about 25 

amino acid residues, wherein the carboxyl tcnninus of lhe peptide is a ·carboxylic 

3S acid or an amide. 

7. The somatostatin receptor-binding peptide of Claim 6 wherein B1 is 

phenylalanine or tyrosine, B1 is 0-tryptophan, B1 is lysine and B' is threonine or 

- 21 -
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8. A composition of matter comprising a somatnstatin receptor-binding 

peptide having the fonnu1a: 

wherein B' is 0- or L-Phc: or D- or L-Tyr or D· or L-Nal or Ain or 
substituted· derivatives thereof; 
B1 is D- or L-Trp or substituted derivatives thereof; 
B3 is D- or L-Lys or Hly. Achxa, Amf, Aec. Ape. Aes, Aps or 
substituted derivatives thereof; 
B4 is Thr, Ser, Val, Phe, Ile, Abu, Nie, Leu, Nva or Aib; 
A' is a lipophilic D-amino acid or a Upophilic L-(a-N-alkyl) amino 
acid or L-proline or substituted derivatives thereof; 
C4 is an L-a-amino acid wherein the sidecbain b -(C~~R2 

where n is an integer from 1-4 aµd.R,2 is a bond covalently linking 
two somatostatin receptor binding peptides. or wherein R" is a 
polyvalent. linking moiety that is covalently linked to from. 2 to about 
6 of the somatostatin receptor-binding peptides to fonn a multimerlc · 
polyvalent somatostatin receptor binding agent; 
m is an integer from 2 to 6; 

· and wherein each of the peptides is a cyclic peptide having an amino tenninus and 

. 2S a carboxyl terminus that are covalently linked. 

30 

9. The somatostatin receptor-binding peptide of Claim 8 wherein B1 is 

phenylalanine or tyrosine, B2 is D-tryptophan, B3 is lysine and ~ is threonine or 

valine. 

10. The somatostatin receptor binding peptide of Claim 9 wherein the 

polyvalcnt linking moiety is bts-succlnimidylmethylcther, 4-(2,2-

dimcthy1acetyl)benzoic acid, N·(2-(N',N'-bi.s(2-succinimido-clhyl)aminoethyl))­

N6 ,N9-bi.s{2-methyl-2-mercapto-propyl)-6, 9-diazanonanamide. 

35 tri.s(S\lccinimidy1ethyl)aminc, bis-succinimidohexane, 4-{0-CH,,CO-Gly-Oly­

Cys.amide)-2-methylpropiophenonc, tris(acetamidoechyl)amine. bis· 

acetamidomethyl ether. bis-a~tamidoethyl ether, o:,E-bis-acetyllysine, lysine and 

l,8-bis-acetamid9-3,6-dioxa-octane. or derivatives thereof. 

111111111111111111111111111111 
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11. A composition of matter according to Claim 1. 2. 3, 4, S, 6, 7, 8, 9, 

or 10 that is radiolahded with. a radioisotope of iodine. 

12. A composition of matter according to Claim.. 11 wherejn the 

5 radioisotope of iodirie is 1·125or1-131. 

10 

13. A ph:mnaceutical composition comprising the composition of matter 

of Claim l, 2, 3. 4, S, 6, 7, 8, 9, 10, 11 or 12 and a phmnaceudcally-acceptable 

carrier or excipient. 

14. A method of performing radioisotope-guided surgery, or a 

radiodiagnostic or radiotherapeutic procedure using a pbmnaceutical composition 

according to Claim 11. 

15 15. The composition of matter according to Claim 1. 2, Sor 8 wherein 

20 

2S 

the somatostatin receptor-binding peptide is chemically synthesized In vitro, 

16. The composition of matter according to Claim 15 wherein the 

somatostatin receptor-binding peptide is symhesi7.ed by solid pbaSe peptide synthesis. 

17. A method for alleviating a somatostatin.-related disease in an animal 

comprising administering· a therapeutically effective amount of the somatostatin 

receptor binding peptide of Claim 1, 2, 3, 4, S, 6, 7, 8, 9, 10, 11 or 12 to the 

animal. 

18. The method of Claim 17 wherein the animal is a hwnan. 

19. A composition of matter comprising the peptide of Claim 1 selected. 

from the group consisting of somatostatin receptor binding peptides having the 

30 formula: 
. 

cyclo.c.r£-CJL)F.YW 0 KY.Hcy 
cyclo.<N.CfL>F.XW0KV;H~(c11.co.K(e-K)OC.amide) 
cyclo.CN-CH3lF.YWoKV.H_cy(ct1.co.CAcaaGCAcm.amidc) 

- 23 -
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cyclo.CN-CI-13)['. YW,J-:V.Hcy_(c111co.CGC.amide) 
cyclo.!N-CIIJl[.YW,.J:_:V.Hcy(r.:H,i.:u.CGC) 

cyclo.CN-CH3)F. YW r.KV.H~(c11,co.(E·K)GC.amide) 
eyclo. <N-Cij3}F. YW 0-K v. Hcy(CH,CO. GGC. amide) 

-cyc/o.CN-Cij3lFYW0 KV.Hcy(cH,co.CGCE.amidc) 
cyclo.{N-CH3)FYW0KY.Hcy(cH.co.KK.KKK(e-K)GC.amide) 
cyclo.(N-CH3lfYW0KV .~(c11,c~.GGCK.amidc) 
cyclo. <N-CH,lFYW oKV.Hcy(c11,co. (E-K)GCK.amiclc) 
cyclo.CN-CH3>FYW 0 KV ,Hcy(c11,co.GGCR.amide) 

10 cyclo.CN-Cff,)FyWDKVHC,l'.(CH,CO.GGCR~amide) 
cyclo.CN-Cij3)F\'WnKV.Hcy(cH,co.(i:-K)KC.amidc) 
cyclo.<N-CH;>fYW ol<Y,Hcy(c11,co.GGCKK.amide) 
cyc/cl.<N-CH3lFnycJ\V,Hcy(c11,co.GGC.Om.ainide) 
eyclo. CN-CH3lFYV{0KV, Hcy(cH,co.GGC .Om.DOm, .amide) 

lS cyclo:Ct{·CH:,lFXW0 KV.Hcy(c11,co.K(e-K)KCK.amide) 
cyclo.CN-CH,)FYWJ<V,Hc_y(c11,c;:o.(e-K)GCKK.amide) 
cyclo. CN-CH3lFYWoKV, H~(cH,coKKC.amid.e) 
eyclo.CN-CH»FTIYoKY. Hcy(cH.coKK.CK. amide) 
cyclo.CN-CH3lFYWJ< V .Hcy(cH,coGGCKKK.amide) 

20 cyclo.CN-CH3lfYWnK:V. Hc;ycH,co.GGCRR.amidc 
cyclo. CN-CH.,lFYWJ<:V .fky,cH,co.GGCRK.amide 
cyclo. CN-CH3)FYW0KY.H\'<Yct1,co. GGCRD.amide 
cyclo.<N-CH3lEYWcJ<Y.Ht:ycH,co.(e-K)DCK.amide 
cyclo. <N-CRJFY%J<:V. Hc;xc11,coGGC.Om.amidc 

2S cyclo.CN-CH3)fYWiJ(V.Hcy(c11,co.GGCKDKD.amide) 
cyclo.CN-Cfi,)FXWoKV.HcyPisco.GGCKD.amide 
cyclo.(N-CfLlFYWiJCV.&Yc11,co.GGCKDK.amidc 
·cyclo.CN-CH3>FXWnKV.Hcyc111co.(e-K)GCKKK.amide 
cyclo.<N-CH:ilFXWnKY,Hc;y(ca.co.(/J-Dap)GCK.amidc 

30 cyclo.W.Cli:i)FYW0KV,Hc;y(ca,co.(6-0m)GCK.amide) 
cyclo.CN-CfI3lFYWoK,Y.Hcy(cH,co.(e-K)GCRK.amide) 
cyclo.CN-CH3lFY\YnKV.Hcy(c»,co.(i:-K)GCR.amide) 
eyclo.CN-CH,lFYWJ<YC 
cyclo.{N-CfhlFY\\',J(T.Hcy 

35 cyclo.EYW:J<V.Hcy 
cyclo.CN-C&>FYWol(V.Hcy(cK.co.("(-Dab}GCK.amidc) 
cyclo.(.N-QL>FXW,J(V.Hc:i(cH,co.GRCK.amide) 
cyclo.CN-CH3lFYWtJ{Y.&x,(cu,co.KRC.amide) 
cyclo.CN-C&lfYW..KV;&y(cH,co.GKCR.amidc) 

40 cyclo.CN-CH;lFYWoKY.lk!Ccst,co.RRC.amide) 
cyclo.<N-Cfh!FYWoKV.Hcy(cH,CO.GGCE.amide) 
cyclo.<N-CH,lFYWof\Y.liu(c11ico.GGC.Apc.amide) 
cyclo,(N;CH.)S<Bn>XWJ{V .ID;y 
cyc/o.PYWnKV .Hc.Y,(cH,co.GGCK.amide) 

4S cyc/o.fN-CH.lFW cJ<VC(cH.co.GGCK.amide) 
cydo.CN-CH3lFW0 KT. Hcy(CH,co. GGCK. amide) 
cyclo.ClfCJi,>FXW0KV .l:Jsy(cH,co.RKC.amldc) 
cyclo.<N-CH,lSffin>YWJ<Y. ffil(cn,co.GGCK.amide) 
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cyclo. CN-CHJ£..nlloKYJ.fn1 cH,cc;i.GKCK.amide) 
cyclo.CN-CHll!:YW.J<V.Hc;v(cn,co.KGCK.amide) 
cyclo.CN-CI-LlFXWoKV.Hcv(cu,co.KGGCK.amide) 
cyclo.CN-CH,)f'YW,J{V.Hcyfctt,co.KGGC.amidc) 
cyclo.CN-CH3>FY%J<Y. Hcy(c11,co.GGGCK.amidc) 
cyclo.(N..CH,lFXWnKY,Hcy(c11,co.RGGC.amide) 
qclo.(N-CH,)J;YWJ<.Y,Hcy(,:11,co.SSC.amide) 
qclo.CN-CH,) I:YW oJ<Y.Hct(cu,co.SSCK.amide) 
cyclo.~,lFXWnKV.Hcy(cu,co.({J-Dap)KCK.amide) 
cyclo.CN-Cll1)FYWoKYJ.fil(::a,c:o.(f3-Dap)DCK.amide) 
cyclo.CN-CliJ>FXWoKV,lky(::u,c:o.({3-Dap)KCD.amide) 
cyclo.!N-CH,lFYW,,KV.Hcy(cu,co.(p-Dap)KCR.amide) 
cyclo.<N-CH3lFYWJ<,V. Hcy(c11,co.(f1-Dap)GCR.amide) 
cyclo.C.V..CH3lEYWoKV .Hc••(cH,co.{P-Oap)RCK.amide) 
cyclo.(N..CfblFYWnK V .Hcy(GK(-cn,co.)C.amidc) 
cyclo.CN~CH3lFXW.J(V .Hcy(cH,co.GGCR.acid) 
cyclo.CN-CU1ll1Yw,,KV.Hcy(cK,co.GRC.amidc) 
cyclo.CN-CH3lFX\Y,,KY.Hcy(cu,co.GGCK.acid) 
cyclo.CN-CILlEYW.,KY,Hcy(cH,t-o.GKC.acid) 
cyclo.CN-CH3lFY'WoKY.Hcy(cH,co.GRC.acid) 
cyclo. CN-CHllFXW,,I< V .Hcy(cH,co.KKC.acid) 
cyclo. CN-CH3lFVWJ< V. Hcy(c11,co.CG. Dap.Oap.amide) 
cyclo.<N-CH.lFYWnJ<V .Hcy(CH,CO. (0-0m)GCR.amide) 
cyclo.(N'"CH3)FXWrJ<Y.Hcy,(cH,co.GNCR.amide) 
cyclo.(N-CH3lFVWoKY.Hcy(cH,CO.(o-Om)GCN.amide) 
cyclo.lN-CH3lFVWJY.Hcy(c.i_co.GGC.Dap.amide) 
cyclo.CHyu,XWoKV.Hcyl 
cyclo.<Hm.YWnKY.Hcyl(cu,co.GGCK.amide) 
cyclo.(N-CH,>FXWoKY.Hcy(c1r,co.('y-Dab)KCK..amide) 
cyclo.CN-CH3lFYWoKV ,Hcy(c1i.co. ('y-Dab)KCR.amlde) 
cyclo.CN-CH;>F.YW.J<V.Hcy(cH,co.K.amide) 
cyclo.CN-CKJF,YWoKY.Hcy(cH,CONHJ 
cyclo.CN-CH,)F.YWJ<Y,Hcv(c11.cooH) 
cyclo.CN-cH,>F.YWol(Y1Hcy(cH,co.(11-K)GC.amide) 
cyclo.(N-CH.lF.XWcJ(Y.Hcy(cn,co.(E-K)KCYRALVDTLKFVTQAEGAK.amide) 
cyclo.CN-Cfb)F.YW.J(\1.Hcy{cH,co.(e-K)GCRAt.VDTLKFVTQABGAK.amide) 
cyckJ.(N-CH,>F,Y'WoKY...lfil(ct1.co.(e-K)KCKRALVDTLKFVTQAEGAK.amide) 
eyclo.<N-CJL)F.YWlJ<.Y.Hcy(CH,CO.(e~K)GCYRALVDTLKFVTQAEGAK.amide) 
cyclo.CN~CJtlP.YWoKV.Hcy(cH,co.(E-K.)YRALVDTLKFVTQAEGAK.amide) 

40 or 
cyclo.CN-CH3)fYWnKV. Hcy{cH,co.(o-Orn)KCK.amidc). 

20. A composition of matter according to Claim 1 wherein the sidechain 

of C' is covalently linked to an amino acid, and amino acid amide. or a peptide 

comprised of 2 to ~O amino acids. 
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